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7HVWLQJ�WKH�GHVFULSWLYH�SHUIRUPDQFH�RI�WKH�UDQN�GHSHQGHQW�XWLOLW\�LQ�WKH�GRPDLQ�RIKHDOWK�SURILOHV�
>$FFHSWHG�LQ�WKH�6SDQLVK�(FRQRPLF�5HYLHZ��0DUFK������@
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-(/� '���,��


�&RUUHVSRQGHQFH�WR��-RVp�0DUtD�$EHOOiQ�3HUSLxiQ��'HSDUWPHQW�RI�$SSOLHG�(FRQRPLFV�8QLYHUVLW\�RI�0XUFLD��&DPSXV�RI�(VSLQDUGR��������0XUFLD��6SDLQ�
� :H�WKDQN�D�FR�HGLWRU�DQG�WZR�DQRQ\PRXV�UHIHUHHV� IRU� WKHLU�KHOSIXO�FRPPHQWV��6XSSRUW� IURP� UHVHDUFKJUDQW�6(&����������E\�0LQLVWHULR�GH�&LHQFLD�\�7HFQRORJtD�LV�JUDWHIXOO\�DFNQRZOHGJHG�

mailto:dionisos@um


�
$EVWUDFW

([SHFWHG� XWLOLW\� WKHRU\� �(87�� KDV� EHHQ� FKDOOHQJHG� DV� D� GHVFULSWLYH� WKHRU\� LQ
PDQ\� FRQWH[WV�� 7KH� PHGLFDO� GHFLVLRQ� DQDO\VLV� FRQWH[W� LV� QRW� DQ� H[FHSWLRQ�� 6HYHUDO
UHVHDUFKHUV�KDYH�VXJJHVWHG� WKDW� UDQN�GHSHQGHQW�XWLOLW\� WKHRU\� �5'87��PD\� DFFXUDWHO\
GHVFULEH� KRZ� SHRSOH� HYDOXDWH� DOWHUQDWLYH� PHGLFDO� WUHDWPHQWV�� 5HFHQW� UHVHDUFK� LQ� WKLV
GRPDLQ�KDV�DGGUHVVHG�D�UHOHYDQW�IHDWXUH�RI�5'8�PRGHOV���SUREDELOLW\�ZHLJKWLQJ���EXW�WR
GDWH�QR�GLUHFW�WHVW�RI�WKLV�WKHRU\�KDV�EHHQ�PDGH��7KLV�SDSHU�SURYLGHV�D�WHVW�RI�WKH�PDLQ
D[LRPDWLF� GLIIHUHQFH� EHWZHHQ� (87� DQG� 5'87� ZKHQ� KHDOWK� SURILOHV� DUH� XVHG� DV
RXWFRPHV�RI�ULVN\� WUHDWPHQWV��2YHUDOO��(8�EHVW�GHVFULEHG�WKH�GDWD��+RZHYHU��HYLGHQFH
RQ� WKH� HGLWLQJ� DQG� FDQFHOODWLRQ� RSHUDWLRQ� K\SRWKHVL]HG� LQ� 3URVSHFW� 7KHRU\� DQG
&XPXODWLYH� 3URVSHFW� 7KHRU\� ZDV� DSSDUHQW� LQ� RXU� VWXG\�� :H� IRXQG� WKDW� 5'8
RXWSHUIRUPHG�(8�LQ�WKH�SUHVHQWDWLRQ�RI�WKH�ULVN\�WUHDWPHQW�SDLUV�LQ�ZKLFK�WKH�FRPPRQ
RXWFRPH�ZDV�QRW�REYLRXV��7KH�LQIOXHQFH�RI�IUDPLQJ�HIIHFWV�RQ�WKH�SHUIRUPDQFH�RI�5'8
DQG�WKHLU�LPSRUWDQFH�DV�D�WRSLF�IRU�IXWXUH�UHVHDUFK�LV�GLVFXVVHG�
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�� ,QWURGXFWLRQ

'XULQJ� WKH� SDVW� GHFDGHV�� H[SHULPHQWDO� HYLGHQFH� LQYROYLQJ�PRQHWDU\� RXWFRPHV�KDV
FKDOOHQJHG�H[SHFWHG�XWLOLW\�WKHRU\��(87��DV�D�GHVFULSWLYH�WKHRU\�RI�GHFLVLRQ�XQGHU�ULVN�
1XPHURXV� SDUDGR[HV� KDYH� GLVSOD\HG� V\VWHPDWLF� YLRODWLRQV� RI� WKH� D[LRPV� XQGHUO\LQJ
(87��PDLQO\�ZLWK�UHVSHFW�WR�LWV�FUXFLDO�D[LRP��LQGHSHQGHQFH��$V�LW� LV�ZHOO�NQRZQ�� WKH
LQGHSHQGHQFH� D[LRP� FRQVWUDLQV� (8� WR� EH� �OLQHDU� LQ� SUREDELOLWLHV��� KRZHYHU�� PDQ\
HPSLULFDO�VWXGLHV��EHJLQQLQJ�ZLWK� WKH�VHPLQDO� WHVW�RI�3UHVWRQ�DQG�%DUDWWD� ��������KDYH
V\VWHPDWLFDOO\�VXJJHVWHG�WKDW�LQGLYLGXDOV�GR�QRW�WUHDW�SUREDELOLWLHV�LQ�D�OLQHDU�ZD\�

$V� VROXWLRQV� WR� WKH� GHPRQVWUDWHG� YLRODWLRQV� RI� (87�� QHZ� WKHRULHV� RI� GHFLVLRQ
XQGHU�ULVN�KDYH�EHHQ�SURSRVHG��$PRQJ�WKH�QHZ�D[LRPDWLF�QRQH[SHFWHG�XWLOLW\�WKHRULHV�
UDQN�GHSHQGHQW�XWLOLW\��5'87���ILUVW�LQWURGXFHG�E\�4XLJJLQ���������HPHUJHV�DV�WKH�PRVW
SRSXODU� DOWHUQDWLYH� WR� FODVVLFDO� H[SHFWHG� XWLOLW\�� 7KH� NH\� LGHD� RI� WKLV� WKHRU\� LV� WKDW
SHRSOH� WUDQVIRUP� SUREDELOLWLHV� LQWR� QRQOLQHDU� GHFLVLRQ� ZHLJKWV�� WKURXJK� D� FXPXODWLYH
SUREDELOLW\� ZHLJKWLQJ� IXQFWLRQ�� LQ� D� UDQN�GHSHQGHQW� PDQQHU�� &XPXODWLYH� SURVSHFW
WKHRU\��&37���LQWURGXFHG�E\�7YHUVN\�DQG�.DKQHPDQ���������DSSOLHV�WKH�4XLJJLQ
V�UDQN�
GHSHQGHQW�PHWKRG� IRU� WUDQVIRUPLQJ�SUREDELOLWLHV� VHSDUDWHO\� WR� JDLQ� DQG� ORVVHV�� ,Q� WKLV
ZD\�� &37� PD\� H[SODLQ� QRQOLQHDULWLHV� LQ� SUREDELOLWLHV� DQG� JDLQ�ORVV� DV\PPHWU\
DOWRJHWKHU�RQ�WKH�EDVLV�RI� UDQN�DQG�VLJQ�GHSHQGHQFH��&37�FRLQFLGHV�ZLWK�5'8�WKHRU\
ZKHQ�DOO�RXWFRPHV�DUH�JDLQV�

:KHQ� FRPSDULQJ� 5'8� ZLWK� RWKHU� QRQH[SHFWHG� XWLOLW\� WKHRULHV�� HPSLULFDO
HYLGHQFH�VWURQJO\�IDYRUV�5'8��,Q�JHQHUDO��PRVW�SDVW�HPSLULFDO�VWXGLHV�FDQ�EH�FODVVLILHG



�
LQWR�RQH�RU�PRUH�RI�WKH�WKUHH�IROORZLQJ�PHWKRGRORJLFDO�DSSURDFKHV�WR�WHVW�5'8��0DQ\
VWXGLHV� KDYH� WHVWHG� D� YDULHW\� RI� FRPSHWLQJ� QRQH[SHFWHG� XWLOLW\� WKHRULHV� WKURXJK� WKHLU
SUHGLFWLRQV� RQ� WKH� VKDSH� RI� LQGLIIHUHQFH� FXUYHV� LQ� WKH� SUREDELOLW\� WULDQJOH� �&DPHUHU
�������������������2WKHU�VWXGLHV�KDYH�ILWWHG�ERWK�WKH�XWLOLW\�IXQFWLRQ�DQG�WKH�SUREDELOLW\
ZHLJKWLQJ� IXQFWLRQ� WR� LQGLYLGXDOV� �/DWWLPRUH�� %DNHU� DQG� :LWWH� ������ 7YHUVN\� DQG
.DKQHPDQ�������:X�DQG�*RQ]DOH]��������)LQDOO\��VHYHUDO�UHVHDUFKHUV�KDYH�GHYHORSHG
QRQSDUDPHWULF�PHWKRGV� WR� HOLFLW� WKH� SUREDELOLW\�ZHLJKWLQJ� IXQFWLRQ� �&XUULP� DQG�6DULQ
������ :X� DQG� *RQ]DOH]� ������ DQG�� HYHQ�� WKH� XWLOLW\� IXQFWLRQ� DQG� WKH� SUREDELOLW\
ZHLJKWLQJ�IXQFWLRQ�VXFFHVLYHO\��$EGHOODRXL�������

+RZHYHU��SUHYLRXV�WHVWV�KDYH�LQ�FRPPRQ�WKDW�WKH\�WHVWHG�D�SURPLQHQW�IHDWXUH�RI
5'8� WKHRU\�� SUREDELOLW\� ZHLJKWLQJ�� EXW� WKH\� GR� QRW� WHVWHG� 5'8� WKHRU\� LWVHOI�� 5'8
WKHRU\� LV� DQ� D[LRPDWLF� GHFLVLRQ� WKHRU\� DQG�� DV� :DNNHU� HW� DO�� ������� DVVHUW�
�D[LRPDWL]DWLRQV�GHVFULEH�WKH�WHVWDEOH�LPSOLFDWLRQV�RI�D�PRGHO�RI�FKRLFH���S��������7KXV
D�GLUHFW�WHVW�RI�D�GHFLVLRQ�WKHRU\�FDQ�RQO\�EH�DFKLHYHG�E\�WHVWLQJ�WKRVH�D[LRPV�WKDW�JLYH
HPSLULFDO� FRQWHQW� WR� WKH� WKHRU\��7KDW� LV� WKH� �\DUGVWLFN�� WR� DFFHSW� RU� UHMHFW� DQ\� WKHRU\
FRPSHWLQJ� ZLWK� (8�� 2I� FRXUVH�� WKLV� GRHV� QRW� PHDQ� WKDW� ZH� VKRXOG� JLYH� XS� WR� RWKHU
DSSURDFKHV�� H�J�� JRRGQHVV�RI�ILW� WHVWV�� +RZHYHU�� ZH� VKRXOG� EH� DZDUH� WKDW� VXFK
DSSURDFKHV� ZLOO� EH� LQFRPSOHWH� XQOHVV� ZH� LQYHVWLJDWH� WKH� GHVFULSWLYH� YDOLGLW\� RI� WKH
D[LRPV�RI�WKH�WKHRU\�

:LWK�UHVSHFW�WR�5'8�WKHRU\��WKH�D[LRPDWLF�\DUGVWLFN�ZDV�IRUPDOO\�SURYLGHG�E\
:DNNHU �������ZKR� VKRZHG� WKDW� WKH� H[DFW�GHPDUFDWLRQ� EHWZHHQ�(8� DQG�5'8� LV� WKH
GLIIHUHQFH�EHWZHHQ�WKH�LQGHSHQGHQFH�D[LRP�DQG�D�ZHDNHU�IRUP�RI�LQGHSHQGHQFH�FDOOHG
FRPRQRWRQLF� LQGHSHQGHQFH�� 2WKHU� D[LRPDWLF� GLIIHUHQFHV� EHWZHHQ� ERWK� WKHRULHV� DUH



�
QRQHVVHQWLDO��7KXV�D�WHVW�EHWZHHQ�LQGHSHQGHQFH�DQG�FRPRQRWRQLF�LQGHSHQGHQFH�FDQ�EH
XVHG�DV�D�WHVW�RI�WKH�GHVFULSWLYH�YDOLGLW\�RI�(8�DV�FRPSDUHG�ZLWK�5'8�LQ�WKH�FRQWH[W�RI
ULVN��RU�XQFHUWDLQW\��

3UHYLRXV� DWWHPSWV� WR� WHVW� FRPRQRWRQLF� LQGHSHQGHQFH� LQ� WKH� PRQHWDU\� GRPDLQ
REWDLQHG�QHJDWLYH�ILQGLQJV�IRU�5'8��:DNNHU�HW�DO��������)HQHPPD�DQG�:DNNHU�������
:HEHU� DQG� .LUVQHU� ������� IRXQG� D� SRVLWLYH� UHVXOW� ZKHQ� MXGJPHQWV� RQ� SULFHV� ZHUH
UHTXLUHG� EXW� QRW� ZKHQ� LQGLYLGXDOV� PDGH� FKRLFHV� EHWZHHQ� JDPEOHV�� ,Q� RXU� RSLQLRQ�
GHVSLWH�WKHVH�QHJDWLYH�ILQGLQJV�WKH� WKHRU\�FDQ�QRW�EH�UHMHFWHG��1R�WKHRU\�FDQ�SUREDEO\
H[SODLQ� DOO� ULVN\� FKRLFH� EHKDYLRU� LQ� DOO� GHFLVLRQ�PDNLQJ� FRQWH[WV�� EXW� GLIIHUHQW
DOWHUQDWLYH�WKHRULHV�FDQ�EH�RI�GHVFULSWLYH�YDOXH�LQ�GLIIHUHQW�VSHFLILF�GRPDLQV�RI�GHFLVLRQ
PDNLQJ��$V� D� FRQVHTXHQFH�� DQ� LQWHUHVWLQJ� WRSLF� RI� UHVHDUFK� LV� WR� LGHQWLI\� GRPDLQV� LQ
ZKLFK�SHRSOH�EHKDYH�DFFRUGLQJ�WR�VRPH�VSHFLILF�WKHRU\��7KLV�SDSHU�LQWHQGV�WR�FRQWULEXWH
WR� WKLV� LGHQWLILFDWLRQ� WDVN� E\� WHVWLQJ� WKH� GHVFULSWLYH� YDOLGLW\� RI� (8� DQG� 5'8� LQ� WKH
VSHFLILF�GRPDLQ�RI�WKH�KHDOWK�RXWFRPHV�

5HFHQW�UHVHDUFK�LQ�WKLV�FRQWH[W�KDYH�H[SORUHG�WKH�UROH�RI�SUREDELOLW\�ZHLJKWLQJ�LQ
WKH�HOLFLWDWLRQ�RI�KHDOWK�VWDWHV�XWLOLWLHV��:DNNHU DQG�6WLJJHOERXW ������%OHLFKURGW �����
%OHLFKURGW ������ %OHLFKURGW HW� DO�� ����D�� %OHLFKURGW DQG� 3LQWR� ������ DQG� HYHQ� KRZ
LQFRUSRUDWH�5'8�DQG�&37�LQWR�WKH�PHGLFDO�GHFLVLRQ�DQDO\VLV� �%OHLFKURGW DQG�4XLJJLQ
������ %OHLFKURGW HW� DO�� ����E�� %D\RXPL DQG� 5HGHOPHLHU ������ EXW� WR� GDWH�� WR� RXU
NQRZOHGJH�� QR� GLUHFW� WHVW� EHWZHHQ� WKH� YDOLGLW\� RI� ERWK� (87� DQG� 5'87� IRU� KHDOWK
RXWFRPHV� KDV� EHHQ� SHUIRUPHG��+HQFH� WKLV� VWXG\� SHUIRUPV� D� GLUHFW� FRPSDULVRQ� RI� WKH
WKHRULHV�E\�WHVWLQJ�YLRODWLRQV�RI�LQGHSHQGHQFH�YHUVXV�FRPRQRWRQLF�LQGHSHQGHQFH�LQ�WKH
PHGLFDO�GHFLVLRQ�PDNLQJ�GRPDLQ�
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7KH�VWUXFWXUH�RI�WKH�SDSHU�LV�DV�IROORZV��6HFWLRQ���EULHIO\�H[SODLQV�WKH�GLIIHUHQFH

EHWZHHQ� (8� DQG� 5'8� WKURXJK� WKH� NH\� UROH� WKDW� LQGHSHQGHQFH� DQG� FRPRQRWRQLF
LQGHSHQGHQFH�D[LRPV�SOD\�LQ�HDFK�WKHRU\��6HFWLRQ���GHVFULEHV�WKH�H[SHULPHQWDO�GHVLJQ
XVHG� WR� WHVW� 5'8� DJDLQVW� (8�� 7KH� UHVXOWV� DUH� GHVFULEHG� LQ� 6HFWLRQ� ��� 'LVFXVVLRQ� LQ
6HFWLRQ���FORVHG�WKH�SDSHU�
�� 7KH� 5'8� WKHRU\� DQG� WKH� FRPRQRWRQLF� LQGHSHQGHQFH� SULQFLSOH� LQ� PHGLFDO

GHFLVLRQ�PDNLQJ
7KH� QRUPDWLYH� WKHRU\� E\� H[FHOOHQFH� LQ� GHFLVLRQ�PDNLQJ� XQGHU� ULVN� KDV� EHHQ� �DQG� LV�
H[SHFWHG�XWLOLW\��7KH�PDWKHPDWLFDO�H[SUHVVLRQ�RI�(8�LV�ZHOO�NQRZQ�

(8 ¦ Q�L LL ��X��S [[ >�@
(T�� ���� LPSOLHV� WKDW� HDFK� RXWFRPH� LV� ZHLJKWHG� OLQHDUO\� E\� LWV� SUREDELOLW\� RI

RFFXUUHQFH��+RZHYHU��HPSLULFDO�ILQGLQJV�WHQG�WR�VKRZ�WKDW�WKLV�PD\�QRW�EH�VR��,QVWHDG��LW
VHHPV� WR� VXJJHVW� WKDW� WKH� UHOHYDQFH� RI� RXWFRPHV� LV� QRW� SURSRUWLRQDO� WR� WKH� DVVRFLDWHG
SUREDELOLWLHV��2EYLRXVO\��VXFK�D�NLQG�RI�SUHIHUHQFHV� LV�QRW�FRQVLVWHQW�ZLWK� WKH�(8�UXOH
GHVFULEHG�E\�(T������

7KLV�LV�RQH�RI�WKH�UHDVRQV�WKDW�KDV�OHDG�VRPH�DXWKRUV�WR�VXJJHVW�WKDW�(8�LV�QRW�D
JRRG� GHVFULSWLYH� WKHRU\� RI� GHFLVLRQ� PDNLQJ� XQGHU� ULVN�� 5'8� DFFRPPRGDWHV� (8
GHYLDWLRQV� VXEVWLWXWLQJ� WKH�FXPXODWLYH�SUREDELOLWLHV�E\�GHFLVLRQ�ZHLJKWV��)RU� H[DPSOH�
OHW� XV� DVVXPH� WKDW� VRPHERG\� LV� GLDJQRVHG�ZLWK� D� FHUWDLQ� LOOQHVV� WKDW� FDXVHV�PLJUDLQH
TXLWH� IUHTXHQWO\� �VD\� ��GD\V�SHU�PRQWK���+H� LV� RIIHUHG� WUHDWPHQW�$� DQG� LWV� DVVRFLDWHG
RXWFRPHV� DQG� SUREDELOLWLHV� DUH� ������ FRPSOHWH� UHFRYHU\�� ����� �� GD\V� RI� PLJUDLQH� SHU
PRQWK�� ����� QR� LPSURYHPHQW��� 7R� HYDOXDWH� WKH� XWLOLW\� RI� WKLV� WUHDWPHQW� XQGHU� 5'8
WKHRU\�ZH�KDYH�WR�IROORZ�ILYH�VWHSV�
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���2XWFRPHV� DUH� UDQN�RUGHUHG� IURP� OHDVW� WR�PRVW� SUHIHUUHG�� L�H��� QR� LPSURYHPHQW�% �
GD\V�RI�PLJUDLQH�% FRPSOHWH�UHFRYHU\��ZKHUH�WKH�LQGLYLGXDO�SUHIHUHQFH�UHODWLRQ�% PHDQV
¦OHVV�SUHIHUUHG�WR§�
��� %RWK� WKH� FXPXODWLYH� SUREDELOLW\� RI� UHDFKLQJ� HDFK� RXWFRPH� RU� DQ\� RWKHU� PRUH
SUHIHUUHG�DQG�WKH�FXPXODWLYH�SUREDELOLW\�RI�UHDFKLQJ�DOO�RWKHU�RXWFRPHV�PRUH�SUHIHUUHG
DUH�FDOFXODWHG�

3UREDELOLW\�RI�UHDFKLQJ�DW�OHDVW�QR�LPSURYHPHQW� ��
3UREDELOLW\� RI� UHDFKLQJ� DOO� RWKHU� RXWFRPHV� EHWWHU� WKDQ� QR� LPSURYHPHQW�  � ���
3UREDELOLW\�RI�UHDFKLQJ�DW�OHDVW���GD\V�RI�PLJUDLQH�SHU�PRQWK� ����
3UREDELOLW\� RI� UHDFKLQJ� DOO� RWKHU� RXWFRPHV� EHWWHU� WKDQ� �� GD\V�RI�PLJUDLQH� SHU
PRQWK ����
3UREDELOLW\�RI�UHDFKLQJ�DW�OHDVW�FRPSOHWH�UHFRYHU\� ����
3UREDELOLW\�RI�UHDFKLQJ�DOO�RXWFRPHV�EHWWHU�WKDQ�FRPSOHWH�UHFRYHU\� ��

�� (DFK�RI�WKH�FXPXODWLYH�SUREDELOLWLHV�LV�WUDQVIRUPHG�E\�D�ZHLJKWLQJ�IXQFWLRQ�Z�
��o Z���������o Z�����������o Z���������o Z�����ZKHUH�Z��� ��DQG�Z��� ��

�� 7KH�GHFLVLRQ�ZHLJKW�M DVVRFLDWHG�ZLWK�HDFK�RXWFRPH�LV�FDOFXODWHG�DV�WKH�GLIIHUHQFH
EHWZHHQ�WKH�WUDQVIRUPHG�FXPXODWLYH�SUREDELOLW\�RI�UHDFKLQJ�DW�OHDVW�WKH�RXWFRPH�DQG
WKH� WUDQVIRUPHG� FXPXODWLYH� SUREDELOLW\� RI� UHDFKLQJ� DOO� RWKHU� RXWFRPHV� PRUH
SUHIHUUHG�

M�QR�LPSURYHPHQW�  ���¤�Z�����
M���GD\V�RI�PLJUDLQH�SHU�PRQWK�� �Z������¤�Z�����
M�FRPSOHWH�UHFRYHU\�� �Z�����
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��� )LQDOO\�� WKH�5'8�RI� WKH� JDPEOH� ������ QR� LPSURYHPHQW�� ����� �� GD\� RI�PLJUDLQH� SHU
PRQWK�������FRPSOHWH�UHFRYHU\��LV�FDOFXODWHG�DV�IROORZV�
>�� ¤� Z�����@X�QR� LPSURYHPHQW�� �� >Z������ ¤� Z�����@X��� GD\V�PLJUDLQH� SHU� PRQWK�� �
Z�����X�FRPSOHWH�UHFRYHU\� >�@

,Q� JHQHUDO�� WKH� 5'8� RI� D� JDPEOH� \LHOGLQJ� RXWFRPH� TL ZLWK� SUREDELOLW\� SL
�L ���������Q���ZKHUH�WKH�RXWFRPHV�DUH�UDQN�RUGHUHG�IURP�OHDVW�WR�PRVW�SUHIHUUHG��T��% T�
% ����% TQ� FDQ�EH�UHSUHVHQWHG�E\�

5'8 � �¦ Q�L LL TXM >�@
ZKHUH�WKH�GHFLVLRQ�ZHLJKWV�ML DUH�GHILQHG�E\�
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$V�LW�KDV�EHHQ�VKRZQ��5'87�DVVXPHV�WKDW�WKH�ZHLJKW�DWWDFKHG�WR�HDFK�RXWFRPH
LQ� D� JDPEOH� LV� GHSHQGHQW� RQ� WKH� UDQNLQJ� RI� WKH� RXWFRPHV�� LQ� RUGHU� RI� SUHIHUHQFH�
ZKHUHDV�LQ�(87�WKH�ZHLJKWV�RI�WKH�RXWFRPHV��WKH�SUREDELOLWLHV��DUH�LQGHSHQGHQW�RQ�WKH
UDQN�RUGHU��7KH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�WKHRULHV�LV�EDVHG�RQ�WKH�D[LRPV�WKDW�XQGHUOLH
HDFK� WKHRU\��:KHUHDV�(8� LV� EDVHG� RQ� WKH� LQGHSHQGHQFH� D[LRP��5'8� LV� EDVHG� RQ� WKH
FRPRQRWRQLF�LQGHSHQGHQFH�D[LRP�

7KH� LQGHSHQGHQFH�D[LRP�LPSOLHV� WKDW� LI�ZH�KDYH� WZR�JDPEOHV�$�DQG�%�ZLWK�D
FRPPRQ� RXWFRPH� DQG� $�  %�� WKHQ� SUHIHUHQFHV� ZLOO� QRW� EH� DIIHFWHG� LI� D� FRPPRQ
RXWFRPH� LV� UHSODFHG� E\� DQRWKHU� FRPPRQ� RXWFRPH�� ,I� SUHIHUHQFHV� FKDQJH� �%�  $�



�
LQGHSHQGHQFH�LV�YLRODWHG�DQG�(8�IDLOV�DV�D�GHVFULSWLYH�WKHRU\�RI�FKRLFH�XQGHU�ULVN��7KH
FRPRQRWRQLF�LQGHSHQGHQFH�D[LRP�LPSOLHV�WKDW�LI�ZH�KDYH�WZR�JDPEOHV�$�DQG�%�ZLWK�D
FRPPRQ�RXWFRPH�DQG�$� %��WKHQ�SUHIHUHQFHV�PD\�EH�DIIHFWHG�LI�D�FRPPRQ�RXWFRPH�LV
UHSODFHG�E\�DQRWKHU�FRPPRQ�RXWFRPH�VR�ORQJ�DV� WKH�UDQNLQJ�RI� WKH�FRPPRQ�RXWFRPH
FKDQJHV�� ,I� SUHIHUHQFHV� FKDQJH� �%�  $�� FRPRQRWRQLF� LQGHSHQGHQFH� LV� QRW� YLRODWHG�
+RZHYHU��LI�WKH�QHZ�FRPPRQ�RXWFRPH�GRHV�QRW�FKDQJH�WKH�UDQN�RUGHU�RI�WKH�RXWFRPHV
LQ� WKH� JDPEOHV�� WKHQ� SUHIHUHQFHV� VKRXOG� UHPDLQ� VWLOO� FRQVWDQW�� ,I� SUHIHUHQFHV� FKDQJH
FRPRQRWRQLF� LQGHSHQGHQFH� LV� LQGHHG� YLRODWHG� DQG� 5'8� IDLOV� WR� GHVFULEH� REVHUYHG
EHKDYLRU��:KHQ�WKH�UDQN�RUGHU�FKDQJHV�ZH�ZLOO� WDON�RI�D�QRQFRPRQRWRQLF�FKDQJH�DQG
WKH�UHYHUVH�

1RZ�ZH� GHVFULEH� WKH� LPSOLFDWLRQV� RI� ERWK� FRPRQRWRQLF� DQG� QRQFRPRQRWRQLF
LQGHSHQGHQFH�ZLWK� WKH�PLJUDLQH� H[DPSOH� XVHG� DERYH�� /HW� XV� DVVXPH� WKDW� WKHUH� LV� DQ
DOWHUQDWLYH� WUHDWPHQW� �%�� WKDW� JLYHV� ULVH� WR� QH[W� JDPEOH� ZKHUH� RXWFRPHV� DUH� UDQN�
RUGHUHG�IURP�ZRUVW�WR�EHVW�

������QR�LPSURYHPHQW���������GD\V�RI�PLJUDLQH���������GD\�RI�PLJUDLQH�
DQG�OHW�XV�DVVXPH�WKDW�WKH�SDWLHQW�SUHIHUV�JDPEOH�$��WKH�IRUPHU�WUHDWPHQW��WR�JDPEOH�%�

/HW� XV� QRZ� FKDQJH� WKH� ���� RI� QR� LPSURYHPHQW� LQ� ERWK� JDPEOHV� E\� D� ���
FKDQFH�RI���GD\V�RI�PLJUDLQH��7KH�QHZ�JDPEOHV�ZRXOG�WKHQ�EH�

$©� ���������GD\V�RI�PLJUDLQH���������GD\V�������FRPSOHWH�UHFRYHU\�
%©� ���������GD\V�RI�PLJUDLQH���������GD\V���������GD\�RI�PLJUDLQH�



��
8QGHU�(8� LI� WUHDWPHQW�$� WUHDWPHQW�%� WKHQ�$©� %©��KRZHYHU� XQGHU�5'8� LW

PLJKW� KDSSHQ� WKDW� WKH� LQGLYLGXDO� SUHIHUV� $� WR� %� ZKHQ� WKH� FRPPRQ� RXWFRPH� LV� �QR
LPSURYHPHQW���EXW�VKH�SUHIHUV�WUHDWPHQW�%©�WR�$©�ZKHQ�WKH�FRPPRQ�RXWFRPH�LV����GD\V
RI�PLJUDLQH���7KH�FKDQJH�RI�WKH�FRPPRQ�RXWFRPH�IURP��QR�LPSURYHPHQW��LQWR����GD\V
RI�PLJUDLQH��LPSOLHV�WKDW�WKH�FRPPRQ�RXWFRPH�LV�QR�ORQJHU�WKH�ZRUVW�UDQNHG�RXWFRPH�
7KHUH�KDV� WKXV�EHHQ�D�QRQFRPRQRWRQLF�FKDQJH� LQ� WKH�FRPPRQ�RXWFRPH��8QGHU�(87�
LQGHSHQGHQFH�VKRXOG�VWLOO�KROG��DQG� LQGLYLGXDO�SUHIHUHQFH� VKRXOG�VWLOO� UHPDLQ�FRQVWDQW�
+RZHYHU�� XQGHU� 5'8�� LQGHSHQGHQFH� KROGV� VR� ORQJ� DV� WKH� UDQNLQJ� RI� WKH� FRPPRQ
RXWFRPH� UHPDLQV� WKH� VDPH�� ,I� WKH� UDQN�RUGHU� FKDQJHV� SUHIHUHQFHV� DUH� WKHQ� DOORZHG� WR
YDU\��7KXV��XQGHU�5'8��WKH�VXEMHFW�ZKR�LQLWLDOO\�SUHIHUUHG�WUHDWPHQW�$�LV�QRZ�DOORZHG
WR�SUHIHU�WUHDWPHQW�%©�

1RW�PDQ\�WHVWV�KDYH�EHHQ�FRQGXFWHG�FRPSDULQJ�LQGHSHQGHQFH�DQG�FRPRQRWRQLF
LQGHSHQGHQFH��$V�ZH�KDYH�DOUHDG\�PHQWLRQHG��PRVW�RI� WKH�VWXGLHV�KDYH�FRQILUPHG� WKH
K\SRWKHVLV� WKDW�SUREDELOLWLHV�DUH� WUDQVIRUPHG�XVLQJ�ERWK�SDUDPHWULF�DQG�QRQSDUDPHWULF
PHWKRGV��+RZHYHU��WKH�PRUH�EDVLF�DQG�SXUH�WHVW�WR�FRPSDUH�WKH�GHVFULSWLYH�YDOLGLW\�RI
5'8� DJDLQVW� (8� �� WKH� GLUHFW� FRPSDULVRQ� EHWZHHQ� FRPRQRWRQLF� LQGHSHQGHQFH� DQG
LQGHSHQGHQFH� �� KDV� QRW� EHHQ� FRQGXFWHG� XQWLO� QRZ� LQ� WKH� PHGLFDO� GHFLVLRQ� PDNLQJ
FRQWH[W��:H�ZLOO�WKHQ�DWWHPSW�WR�DQVZHU�WKH�TXHVWLRQ��ZKDW�D[LRP�EHVW�GHVFULEH�FKRLFHV
EHWZHHQ�PHGLFDO�LQWHUYHQWLRQV��LQGHSHQGHQFH�RU�FRPRQRWRQLF�LQGHSHQGHQFH"

���7KH�H[SHULPHQW
��6WLPXOXV�GHVLJQ
:H� FRQVWUXFWHG� VHYHUDO� FKRLFHV� EHWZHHQ� SDLUV� RI� �ULVN\�� PHGLFDO� WUHDWPHQWV�

7ZR� GLIIHUHQW� FRQWH[WV� ZHUH� XVHG� GHSHQGLQJ� RQ� WKH� VHYHULW\� RI� WKH� KHDOWK� SUREOHP



��
GHVFULEHG� WR� WKH� SDUWLFLSDQWV� LQ� WKH� H[SHULPHQW�� FDQFHU� RU� GHUPDWLWLV�� (DFK� PHGLFDO
WUHDWPHQW�ZDV� SUHVHQWHG� DV� D� JDPEOH�� 2XWFRPHV�ZHUH� GHVFULEHG� DV� \HDUV� LQ� D� FHUWDLQ
KHDOWK�VWDWH�XQWLO� WKH�SDWLHQW�UHWXUQV� WR�QRUPDO�KHDOWK��7ZR�GLIIHUHQW�KHDOWK�VWDWHV�ZHUH
XVHG� ERWK� IRU� FDQFHU� DQG� GHUPDWLWLV� �$SSHQGL[� ���� 7KH� SUREDELOLWLHV� ZHUH� FRQWLQJHQW
XSRQ�WKH�NLQG�RI�WKH�GLVHDVH�H[SHULHQFHG��7KUHH�GLIIHUHQW�NLQG�RI�GLVHDVHV�ZHUH�SRVVLEOH
LQ� HDFK� FRQWH[W�� VSUHDG� HSLGHUPRLG� FDQFHU�� QRQ�VSUHDG� HSLGHUPRLG� FDQFHU�� DQG
HVRSKDJLF� DGHQRFDUFLQRPD� �LQ� WKH� FDQFHU� FRQWH[W��� DQG� LUULWDWLYH� FRQWDFW� GHUPDWLWLV�
DOHUJLF�FRQWDFW�GHUPDWLWLV��DQG�SKRWRGHUPDWLWLV��LQ�WKH�GHUPDWLWLV�FRQWH[W���(DFK�SDLU�RI
WUHDWPHQWV� LQ� D� FKRLFH� SUREOHP� DOZD\V� VKRZHG�� XQGHU� VRPH� RI� WKH� WKUHH� SRVVLEOH
GLVHDVHV��D�FRPPRQ�RXWFRPH�

>,QVHUW�)LJXUH���DERXW�KHUH@
:H� IXUWKHU� XVHG� IRXU� GLIIHUHQW� JDPEOH� GLVSOD\V� LQ� RUGHU� WR� FRQWURO� SRVVLEOH

SUHVHQWDWLRQ� HIIHFWV�� 7KHUH� H[LVWV� DPSOH� HYLGHQFH� LQ� WKH� GHFLVLRQ� DQDO\VLV� OLWHUDWXUH
DERXW�WKH�LQIOXHQFH�RI�WKH�GLVSOD\�IRUPDW�RQ�SUHIHUHQFHV��7YHUVN\�DQG�.DKQHPDQ������
�������)LJXUH���SUHVHQWV�WKH�GLVSOD\�RI�RQH�SDLU�RI�JDPEOHV�XQGHU�WKH�IRXU�IRUPDWV��)RU
H[DPSOH��LI�WKH�VXEMHFW�KDV�DOOHUJLF�GHUPDWLWLV�DQG�VKH�FKRRVHV�WUHDWPHQW���VKH�ZLOO�QHHG
��\HDUV�WR�EH�FXUHG��,Q�WKH�PHDQWLPH�VKH�ZLOO�EH�LQ�KHDOWK�VWDWH�$�ZRUVH�WKDQ�IXOO�KHDOWK�

:H� WKRXJKW� WKDW� WKH� LQFOXVLRQ� RI� GLIIHUHQW� H[SHULPHQWDO� FRQGLWLRQV�� L�H��� WZR
KHDOWK� FRQWH[WV�� WZR� KHDOWK� VWDWHV� DQG� IRXU� GLVSOD\V�� ZRXOG� DOORZ� XV� WR� H[DPLQH� WKH
FRQVLVWHQF\�RI�WKH�SHUIRUPDQFH�RI�5'8��)RU�H[DPSOH��LI�5'8�ZRXOG�ZRUN�LQ�D�FRQWH[W
EXW�ZRXOG� IDLO� LQ� WKH� RWKHU�ZH� VKRXOG� WKHQ� EH� FDXWLRXV� WR� YDOXH� WKH� UROH� RI�5'8� IRU
PHGLFDO�GHFLVLRQ�DQDO\VLV�



��
>,QVHUW�)LJXUH���DERXW�KHUH@

:H� FRQVWUXFWHG� ��� SDLUV� RI� JDPEOHV� IRU� HDFK� FRQWH[W�� EXW� RQO\� ��� SDLUV� ZHUH
UHOHYDQW�LQ�RUGHU�WR�WHVW�5'8�DJDLQVW�(8��7KHVH����SDLUV�ZHUH�GLVWULEXWHG�DFURVV�HLJKW
VHWV�RI� IRXU�SDLUV� HDFK�� IRXU� VHWV�XQGHU� FRQGLWLRQ�¦KHDOWK� VWDWH�$§�DQG� IRXU� VHWV�XQGHU
FRQGLWLRQ�¦KHDOWK�VWDWH�%§��(DFK�SDLU�RI�JDPEOHV�FRQVLVWHG�RI�D�¦VDIHU§�JDPEOH�6�DQG�D
¦ULVNLHU§�JDPEOH�5�ZLWK�VLPLODU�H[SHFWHG�YDOXH�EXW�GLIIHUHQW�YDULDQFH�

7KH�IRXU�SDLUV�ZLWKLQ�HDFK�VHW�ZHUH� LGHQWLFDO�H[FHSW� IRU� WKH�FRPPRQ�RXWFRPH�
$OO� VHWV� SURYLGHG� RQH� FKDQJH� RI� WKH� FRPPRQ� RXWFRPH� WKDW� GLG� QRW� DIIHFW� WKH� UDQN�
RUGHULQJ� RI� WKH� RXWFRPHV� DQG� WZR� FKDQJHV� RI� WKH� FRPPRQ� RXWFRPH� WKDW� DIIHFWHG� WKH
UDQN�RUGHULQJ�� 7KXV�� HDFK� VHW� RIIHUHG� RQH� WHVW� RI� FRPRQRWRQLF� LQGHSHQGHQFH� DQG� WZR
WHVWV�RI�QRQFRPRQRWRQLF� LQGHSHQGHQFH��$V�DQ�H[DPSOH��FRQVLGHU�VHW��� LQ�)LJXUH����$V
WKH� FKDQJH� RI� WKH� FRPPRQ� RXWFRPH� ��� LQWR� �� GRHV� QRW� DIIHFW� WKH� UDQN�RUGHU� RI� WKH
RXWFRPHV�� WKH�FKRLFHV�LQ� WKHVH� WZR�ILUVW�SDLUV�RI� WKH�VHW�SURYLGH�D� WHVW�RI�FRPRQRWRQLF
LQGHSHQGHQFH��,Q�FRQWUDVW��WKH�QH[W�WZR�FKDQJHV�RI�WKH�FRPPRQ�RXWFRPH����o �����o
���GR�DIIHFW�WKH�UDQN�RUGHULQJ�RI�WKH�RXWFRPHV��SURYLGLQJ�WZR�WHVWV�RI�QRQFRPRQRWRQLF
LQGHSHQGHQFH�

)RXU�SDLUV�ZHUH�UHSOLFDWHG�LQ� WKH�TXHVWLRQQDLUH��7KH�UHSOLFDWLRQV�ZHUH�DGGHG� WR
SURYLGH� VRPH� LQGLFDWLRQ� RI� WKH� GHJUHH� RI� FRQVLVWHQF\� RI� WKH� VXEMHFWV�� 7KH� UHPDLQLQJ
SDLUV�XS� WR����ZHUH� WKRVH� WKDW�:DNNHU�HW� DO�� �������QDPHG� ILOOHU�SDLUV�� L�H���SDLUV�ZLWK
FOHDUO\�GLVWLQFW�H[SHFWHG�YDOXHV�WR�PRWLYDWH�VXEMHFWV�WR�H[DPLQH�WKH�FKRLFH�DOWHUQDWLYHV
FDUHIXOO\�

��6XEMHFWV�DQG�SURFHGXUH



��
3ULRU�WR�WKH�DFWXDO�H[SHULPHQW�ZDV�FRQGXFWHG��WKH�TXHVWLRQQDLUH�ZDV�FKHFNHG�LQ

YDULRXV�SLORW�VHVVLRQV�ZLWK�PHPEHUV�RI�WKH�DFDGHPLF�VWDII�DW�WKH�8QLYHUVLW\�RI�0XUFLD�
6HYHQW\�WZR� HFRQRPLF� VWXGHQWV� RI� WKLV� 8QLYHUVLW\� SDUWLFLSDWHG� LQ� WKH� H[SHULPHQW�
6XEMHFWV� ZHUH� UDQGRPO\� DVVLJQHG� WR� RQH� RI� WZR� FRQWH[WV�� 7KLUW\�ILYH� VXEMHFWV� ZHUH
DVVLJQHG�WR�WKH�ILUVW�FODVV�RI�GLVHDVH��FDQFHU��DQG�WKLUW\�VHYHQ�WR�WKH�VHFRQG��GHUPD���,Q
WKH�VDPH�ZD\��WKH\�ZHUH�UDQGRPO\�DVVLJQHG�WR�RQH�RI�WKH�IRXU�GLVSOD\V��7KH�H[SHULPHQW
ZDV�FDUULHG�RXW�LQ�WZR�VHVVLRQV��,Q�ILUVW�VHVVLRQ�SDUWLFLSDQWV�UHFHLYHG�LQIRUPDWLRQ�DERXW
WKH� H[SHULPHQW�� LQVWUXFWLRQV�ZHUH� UHDG� DORXG� WR� WKHP� DQG� VHYHUDO� SUDFWLFH� WULDOV�ZHUH
PDGH� WR� DYRLG� OHDUQLQJ� HIIHFWV�� ,Q� WKH� VHFRQG� VHVVLRQ� VWXGHQWV� ZHUH� JLYHQ� WKH
TXHVWLRQQDLUH�ZLWK� WKH�FKRLFH�TXHVWLRQV� WR� WHVW�(8�YHUVXV�5'8��6XEMHFWV�ZHUH� WROG� WR
LPDJLQH�KDYLQJ�VRPH�V\PSWRPV�FRPPRQ�WR�D�JURXS�RI�WKUHH�GLVHDVHV��6XEMHFWV�KDG�WR
FKRRVH� WKH� SUHIHUUHG� WUHDWPHQW� IURP� HDFK� RI� ��� SDLUV� RI� WUHDWPHQWV�� 7KH� RUGHU� RI� WKH
TXHVWLRQV� ZDV� YDULHG� WR� DYRLG� RUGHU� HIIHFWV�� $IWHU� DOO� FKRLFHV� KDG� EHHQ� PDGH�� WKH
VXEMHFWV�ZHUH�GHEULHIHG�DQG�JLYHQ�FUHGLW�IRU�SDUWLFLSDWLQJ�

��+\SRWKHVLV�DQG�VWDWLVWLFDO�DQDO\VLV
:H�H[SHFW� WKDW�5'8�ZRXOG� SHUIRUP�EHWWHU� WKDQ�(8� LQ� WKH� VSHFLILF� FRQWH[W� RI

PHGLFDO�GHFLVLRQ�PDNLQJ��7KH� WKHRUHWLFDO�PHWKRG�FKRVHQ� LQ�RXU�H[SHULPHQW� WR� WHVW� WKH
SHUIRUPDQFH�RI�5'8�UHODWLYH�WR�(8�LV�WKH�GLUHFW�FRPSDULVRQ�EHWZHHQ�WKH�SHUIRUPDQFH
RI�FRPRQRWRQLF�LQGHSHQGHQFH�DQG�LQGHSHQGHQFH��$V�ZH�KDYH�GHVFULEHG�DERYH��HDFK�VHW
RI� ULVN\� WUHDWPHQWV� SUHVHQWHG� WR� WKH� UHVSRQGHQWV� RIIHUHG� RQH� WHVW� RI� FRPRQRWRQLF
LQGHSHQGHQFH� DQG� WZR� WHVWV� RI� QRQFRPRQRWRQLF� LQGHSHQGHQFH�� 2YHUDOO�� WKUHH� WHVWV� RI
LQGHSHQGHQFH�E\�VHW��7KXV�LI�5'8�SHUIRUPV�EHWWHU�WKDQ�(8�WKH�PDLQ�K\SRWKHVLV�RI�WKH
H[SHULPHQW� SUHGLFWV� WKDW� WKH� QXPEHU� RI� FRPRQRWRQLF� LQGHSHQGHQFH� YLRODWLRQV�ZLOO� EH
OHVV�WKDQ�RQH�WKLUG�RI�WKH�YLRODWLRQV�RI�LQGHSHQGHQFH��,Q�RWKHU�ZRUGV��WKDW�YLRODWLRQV�RI



��
LQGHSHQGHQFH�DUH�PRUH�OLNHO\�IRU�QRQFRPRQRWRQLF�FKDQJHV�RI�WKH�FRPPRQ�RXWFRPH�DV
IRU�FRPRQRWRQLF�RQHV��7KH�QXOO�K\SRWKHVLV�DVVXPHV��RQ�WKH�FRQWUDU\��WKDW�WKH�QXPEHU�RI
YLRODWLRQV� RI� FRPRQRWRQLF� LQGHSHQGHQFH� LV� RQH�WKLUG� RI� WKH� QXPEHU� RI� YLRODWLRQV� RI
LQGHSHQGHQFH��:H�ZLOO�IXUWKHU�GHILQH�WKUHH�VXE�K\SRWKHVLV��QDPHO\��WKH�PDLQ�K\SRWKHVLV
VKRXOG� EH� VDWLVILHG� IRU� GLIIHUHQW� KHDOWK� FRQWH[WV� �VXE�K\SRWKHVLV� ���� GLIIHUHQW� KHDOWK
VWDWHV��VXE�K\SRWKHVLV�����DQG�GLIIHUHQW�SUHVHQWDWLRQV�RI�WKH�FKRLFHV��VXE�K\SRWKHVLV����

7KH�PDLQ� K\SRWKHVLV�ZLOO� EH� WKHQ� FRQILUPHG� LI� WKH� SURSRUWLRQ� RI� YLRODWLRQV� RI
FRPRQRWRQLF� LQGHSHQGHQFH�GHQRWHG�E\�9FL�9LQG��������ZKHUH�9FL�DQG�9LQG�UHSUHVHQW
WKH� REVHUYHG� QXPEHU� RI� YLRODWLRQV� RI� FRPRQRWRQLF� LQGHSHQGHQFH� DQG� LQGHSHQGHQFH
UHVSHFWLYHO\��6WDWLVWLFDO�VLJQLILFDQFH�ZLOO�EH�WHVWHG�ZLWK�ERWK�SDUDPHWULF��RQH�VDPSOH�=�
WHVW��DQG�QRQ�SDUDPHWULF��ELQRPLDO�WHVW��WHFKQLTXHV��$OO�WHVWV�ZLOO�EH�RQH�VLGH�ZLWK�D  
������:H�ZLOO�GR�WKH�VDPH�ZLWK�VXE�K\SRWKHVLV�����

:H�ZLOO�IXUWKHU�LQYHVWLJDWH�WKH�SHUIRUPDQFH�RI�5'8�DQG�(8�DFURVV�WKH�GLIIHUHQW
H[SHULPHQWDO� FRQGLWLRQV�� )RU� H[DPSOH�� LI� VXE�K\SRWKHVLV� �� KROGV� WKHQ� 5'8� ZLOO
RXWSHUIRUP�(8�LQ�ERWK�KHDOWK�FRQWH[WV��:H�ZLOO� WKHQ� WHVW� LI�5'8�ZRUNV�EHWWHU� LQ�RQH
FRQWH[W�WKDQ�LQ�RWKHU�FRPSDULQJ�WKH�SURSRUWLRQ�9FL�9LQG�REVHUYHG�LQ�WKH�WZR�FRQWH[WV�
6WDWLVWLFDO� VLJQLILFDQFH�ZRXOG� EH� WHVWHG�ZLWK� ERWK� SDUDPHWULF� �WZR�VDPSOH� =� WHVW�� DQG
QRQ�SDUDPHWULF� �WZR�VDPSOH� ELQRPLDO� WHVW�� WHFKQLTXHV��2WKHUZLVH�� LI� VXE�K\SRWKHVLV� �
GRHV�QRW�KROG�ZH�ZLOO�WKHQ�WHVW�LI�(8�ZRUNV�EHWWHU�LQ�RQH�FRQWH[W�WKDQ�LQ�RWKHU��:H�ZLOO
WKHQ� FRPSDUH� WKH� UDWH� RI� YLRODWLRQ� RI� LQGHSHQGHQFH� UHDFKHG� LQ� ERWK� FRQWH[WV�� )RU
H[DPSOH�� LQ� WKH�FDVH�RI� WKH� FDQFHU� VDPSOH��ZH�KDYH� WKDW� IRU� ��� UHVSRQGHQWV�� �� FKRLFH
VHWV����VHWV�ZLWK�KHDOWK�VWDWH�$�DQG���VHWV�PRUH�ZLWK�VWDWH�%���DQG���WHVW�RI�LQGHSHQGHQFH
SHU�VHW��WKHUH�DUH�DOWRJHWKHU���[�[�� �����WHVWV�RI�LQGHSHQGHQFH��,Q�FRQVHTXHQFH��LQ�WKH



��
FDQFHU�VDPSOH�ZH�NQRZ�WKDW�DW�EHVW�����YLRODWLRQV�FDQ�RFFXU��7KXV��LI����YLRODWLRQV�DUH
REVHUYHG�WKH�UDWH�RI�LQGHSHQGHQFH�YLRODWLRQ�ZLOO�EH�������� ��������'LIIHUHQFHV�ZLOO�EH
WHVWHG�ZLWK�ERWK�SDUDPHWULF��WZR�VDPSOH�W�WHVW��DQG�QRQ�SDUDPHWULF��0DQQ�:KLWQH\�8�
WHVW�� WHFKQLTXHV�� 6LPLODU� SURFHGXUHV� ZLOO� EH� XVHG� ZLWK� WKH� UHPDLQLQJ� H[SHULPHQWDO
FRQGLWLRQV�

���5HVXOWV
7KH� OHIW� KDOI� RI� 7DEOH� �� OLVWV� WKH� QXPEHU� RI� YLRODWLRQV� RI� FRPRQRWRQLF

LQGHSHQGHQFH� DQG� (8�LQGHSHQGHQFH�� 7KH� ULJKW� KDOI� GLVSOD\V� ERWK� WKH� SURSRUWLRQV� RI
YLRODWLRQV�RI� FRPRQRWRQLF� LQGHSHQGHQFH�REVHUYHG� �3FL� REVG��� DQG� WKH� GLIIHUHQFH�ZLWK
UHVSHFW�WR�WKH�SURSRUWLRQ�SUHGLFWHG�E\�WKH�QXOO�K\SRWKHVLV��������7KH�WDEOH�VKRZV�WKDW�WKH
PDLQ�K\SRWKHVLV�RI� WKH�H[SHULPHQW�GRHV�QRW�KROG�� ,Q� WKH�VDPH�ZD\��QR�VXE�K\SRWKHVLV
KROGV�� :H� RQO\� IRXQG� SDUWLDO� HYLGHQFH� RI� UDQN�GHSHQGHQFH� IRU� WKH� FROODSVHG� WUHH
SUHVHQWDWLRQ��S����������7KLV�ODWWHU�UHVXOW��DOWKRXJK�YHU\�PRGHVW��KDV�QRW�EHHQ�UHSRUWHG
EHIRUH� LQ� WKRVH� VWXGLHV� WKDW� KDYH� WHVWHG� FRPRQRWRQLF� LQGHSHQGHQFH� ZLWK� PRQHWDU\
RXWFRPHV��:DNNHU�HW�DO��������)HQQHPD�DQG�:DNNHU�������:HEHU�DQG�.LUVQHU�������

:H�GR�QRW� WKLQN� WKDW� WKLV� ILQGLQJ�FDQ�EH�H[SODLQHG�E\� LQWHU�VDPSOH�GLIIHUHQFHV
JLYHQ� WKDW� WKH� VXEMHFWV� WKDW� XVHG� WKH� FROODSVHG� WUHH� IRUPDW FDPH IURP� WKH� VDPH
SRSXODWLRQ��8QLYHUVLW\�RI�0XUFLD�VWXGHQWV���$SDUW�IURP�WKDW��WKH�GLIIHUHQW�GLVSOD\V�ZHUH
DVVLJQHG� UDQGRPO\�� 1HYHUWKHOHVV�� WKH� UHVXOW� KDV� WR� EH� SXW� LQWR� SHUVSHFWLYH� VLQFH� WKH
VDPSOH�VL]H�WKDW�XVHG WKLV�SUHVHQWDWLRQ�ZDV�VPDOO��Q� ������7KXV�WKLV�SRVLWLYH�HYLGHQFH
RI�FRPRQRWLFLW\�KDV�WR�EH�LQWHUSUHWHG�ZLWK�FRQVLGHUDEOH�FDUH�



��
>7DEOH��@

,QGHSHQGHQFH� ZDV� PRUH� FRPPRQO\� VDWLVILHG� WKDQ� LW� ZDV� YLRODWHG�� ���� RI
UHVSRQGHQWV� VKRZHG� DQ� HTXDO� SURSRUWLRQ� RI� YLRODWLRQV� RI� FRPRQRWRQLF� DQG
QRQFRPRQRWRQLF� LQGHSHQGHQFH� LQ� WKHLU� FKRLFHV��7KLV�PHDQV�XQGHU� WKH�QXOO� K\SRWKHVLV
WKDW�WKH\�EHKDYHG�DV�(8�PD[LPL]HUV��7KLV�LV�D�SHUFHQWDJH�YHU\�VLPLODU�WR�WKDW�UHSRUWHG
E\�:HEHU�DQG�.LUVQHU��������ZLWK�PRQHWDU\�RXWFRPHV������RI�WKH�SDUWLFLSDQWV�LQ�WKDW
VWXG\� H[KLELWHG� DQ� HTXDO� SURSRUWLRQ� RI� ERWK� LQGHSHQGHQFH� YLRODWLRQV� LQ� WKHLU� FKRLFH
MXGJPHQWV�� +RZHYHU�� WKHVH� DXWKRUV� RQO\� XVHG� D� JUDSKLFDO� GLVSOD\� FRQGLWLRQ� IRU
SUHVHQWLQJ�WKH�JDPEOH�SDLUV�

:H�LQYHVWLJDWHG�QH[W�ZKHWKHU�VRPH�YLRODWLRQV�RI�LQGHSHQGHQFH�PLJKW�EH�GXH�WR
UDQGRP� LQFRQVLVWHQFLHV�� ,Q� IDFW�� WKHUH� DUH� HUURU� WKHRULHV� WKDW� DVVXPH� WKDW� UHVSRQGHQWV
PDNH�PLVWDNHV�ZKHQ�WKH\�H[SUHVV� WKHLU�SUHIHUHQFHV� �+H\�DQG�2UPH�������+DUOHVV�DQG
&DPHUHU��������,I�YLRODWLRQV�RI�LQGHSHQGHQFH�DUH�UDQGRP��WKHQ�WKH�UDWHV�RI�YLRODWLRQ�RI
LQGHSHQGHQFH� DQG� LQFRQVLVWHQFLHV�� L�H�� WKH� UDWH� RI� FKRLFHV� UHYHUVHG� ZKHQ� WKH� SDLU� RI
JDPEOHV� LV� UHSOLFDWHG�� ZLOO� QRW� GLIIHU� V\VWHPDWLFDOO\� IURP� HDFK� RWKHU�� 7KH� GLIIHUHQFH
EHWZHHQ� ERWK� UDWHV� ZDV� QRW� VLJQLILFDQW� LQ� DOO� FDVHV� �S� !� ������ W�WHVW�� H[FHSW� IRU� WKH
FROODSVHG�WUHH�GLVSOD\��S����������7KXV��DV�D�ZKROH��YLRODWLRQV�RI�LQGHSHQGHQFH�ZHUH�QRW
V\VWHPDWLF�

6LQFH� WKH� GLIIHUHQW� VXE�K\SRWKHVLV� GLG� QRW� KROG��ZH� QH[W� FRPSDUHG� WKH� UDWH� RI
YLRODWLRQV� RI� LQGHSHQGHQFH� REVHUYHG� RQ� WKH� GLIIHUHQW� H[SHULPHQWDO� FRQGLWLRQV�� $
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� WZR� KHDOWK� FRQWH[WV� ZDV� IRXQG� �S� �� ������� 7KH
GLUHFWLRQ� RI� WKH� GLVFUHSDQF\� �WKH� SURSRUWLRQ� RI� YLRODWLRQV� LV� ODUJHU� IRU� GHUPD� WKDQ� IRU
FDQFHU�� LV� FRQVLVWHQW� ZLWK� WKH� VR�FDOOHG� JDPEOLQJ� HIIHFW �*DIQL� DQG� 7RUUDQFH� ������



��
$FFRUGLQJ�WR�WKLV�HIIHFW�VXEMHFWV�H[KLELW�D�V\VWHPDWLF�GLVOLNH�WRZDUGV�ULVN�LQ�WKH�PHGLFDO
FRQWH[W��,W�SUHGLFWV�WKDW�WKH�VHYHULW\�RI�V\PSWRPV�DVVRFLDWHG�ZLWK�FDQFHU�OHDGV�VXEMHFWV
WR�FKRRVH�WKH�VDIHU�JDPEOH�LQ�PRVW�SDLUV��2EYLRXVO\��WKH�PRUH�SURQRXQFHG�WKLV�WHQGHQF\
LV��WKH�IHZHU�WKH FKDQJHV�LQ SUHIHUHQFHV��7KH�KLJK�FRUUHODWLRQ�IRXQG�EHWZHHQ�SURSRUWLRQV
RI� LQGHSHQGHQFH� YLRODWLRQV� DQG� SURSRUWLRQV� RI� VDIHU� FKRLFHV� VXSSRUWV� WKLV� H[SODQDWLRQ
�U ��������S���������6LJQLILFDQW�GLIIHUHQFHV�ZHUH�QRW�IRXQG�ZKHQ�YLRODWLRQ�UDWHV�XQGHU
KHDOWK� VWDWHV� $� DQG� %� ZHUH� FRPSDUHG� �S� !� ������ SDLUHG� W�WHVW� DQG� :LOFR[VRQ� WHVW��
+RZHYHU��ZH�REWDLQHG�HYLGHQFH�WKDW�GLIIHUHQW�SUHVHQWDWLRQV�KDG�DQ�LQIOXHQFH�RQ WKH�UDWH
RI�YLRODWLRQV�RI�LQGHSHQGHQFH��S���������RQH�ZD\�$129$�WHVW�DQG�.UXVNDOO�:DOOLV�+�
WHVW���0XOWLSOH�FRPSDULVRQV�DPRQJ�WKH�GLIIHUHQW�GLVSOD\V�DFFRUGLQJ�WR�WKH�6KHIIp�PHWKRG
UHYHDOHG�WKDW�WKH�YLRODWLRQ�UDWH�RI�WKH�FROODSVHG�WUHH�IRUPDW�ZDV�VLJQLILFDQWO\�ODUJHU�WKDQ
WKH�UHPDLQLQJ�GLVSOD\V��S����������0RUHRYHU��WKH�UDWH�RI�LQFRQVLVWHQF\�DQG�WKH�DYHUDJH
WLPH�WR�FRPSOHWH�WKH�TXHVWLRQQDLUH�ZHUH�DOVR�PXFK�ODUJHU�LQ�WKH�FROODSVHG�WUHH�IRUPDW�
7KXV��LW�VHHPV�WKDW�WKH�FRPSOH[LW\�RI� WKH�FROODSVHG�SUHVHQWDWLRQ�DIIHFWHG�YLRODWLRQ�DQG
LQFRQVLVWHQFLHV�UDWHV��)HQQHPD�DQG�:DNNHU��������DOVR�IRXQG�HYLGHQFH�RQ�SUHVHQWDWLRQ
HIIHFWV� IRU� GHFLVLRQ� XQGHU� DPELJXLW\� DQG�PRQHWDU\� RXWFRPHV��+RZHYHU��ZH� QRWH� WKDW
FRPSDUDEOH�UHVXOWV�ZHUH�QRW�UHSRUWHG�E\�:DNNHU�HW�DO���������

�� 'LVFXVVLRQ
7KLV� SDSHU� SURYLGHV� D� FULWLFDO� WHVW� RI� 5'8� LQ� WKH� GRPDLQ� RI� �ULVN\�� KHDOWK

RXWFRPHV��7KH�H[SHULPHQW�VXJJHVWV�WKDW�5'8��LQ�LWV�PRUH�JHQHUDO�IRUPXODWLRQ��GRHV�QRW
RXWSHUIRUP�(8��:H�H[SHFWHG� WKDW�5'8�ZRXOG�EH�RI�GHVFULSWLYH�YDOXH� LQ� WKH�PHGLFDO
FRQWH[W��7KLV�ZDV�WKH�PDLQ�PRWLYDWLRQ�RI�RXU�LQYHVWLJDWLRQ��7KH�VDPH�QHJDWLYH�UHVXOW�IRU
5'8�ZDV�IRXQG�IRU�PRQH\�E\�:DNNHU HW�DO���������DQG�)HQQHPD DQG�:DNNHU �������



��
7KH�VXSSRUW�IRXQG�LQ�WKLV�H[SHULPHQW�IRU�WKH�LQGHSHQGHQFH�DVVXPSWLRQ�LV�VLPLODU�WR�WKDW
IRXQG� E\�7UHDGZHOO ������� IRU� WKH� SUHIHUHQWLDO� LQGHSHQGHQFH� FRQGLWLRQ�� 7KHVH� UHVXOWV
DUH�FRQVLVWHQW�ZLWK�D��(8�SOXV�QRLVH��PRGHO�LQ�VXFK�D�ZD\�WKDW�VXEMHFWV�HYDOXDWH��ERWK
ULVN\� DQG� ULVNOHVV�� KHDOWK� RXWFRPHV� LQ� DQ� H[SHFWHG� XWLOLW\� IDVKLRQ� EXW� WKH\� VWDWH
SUHIHUHQFHV�ZLWK�D�UDQGRP�HUURU��QRLVH���2Q�WKH�FRQWUDU\��%OHLFKURGW�DQG�3LQWR�������
IRXQG�QR�HYLGHQFH�RQ�¦SURSDJDWLRQ�RI�HUURU§�WR�HOLFLW�WKH�SUREDELOLW\�ZHLJKWLQJ�IXQFWLRQ
LQ�D�PHGLFDO�GHFLVLRQ�DQDO\VLV�FRQWH[W�

+RZHYHU�� ZH� DOVR� IRXQG� DQ� LQWHUHVWLQJ� ILQGLQJ� WKDW� TXDOLILHV� WKH� DSSDUHQW
UHMHFWLRQ� WR� WKH� JHQHUDO� 5'8�PRGHO�� ,W� VHHPV� WKDW� WKRVH� UHVSRQGHQWV� DVVLJQHG� WR� WKH
GLVSOD\� LQ� ZKLFK� WKH� FRPPRQDOLW\� RI� WKH� RXWFRPHV� ZDV� QRW� REYLRXV� �FROODSVHG
SUHVHQWDWLRQ�� ZHUH� LQGHHG� VHQVLWLYH� WR� UDQN�GHSHQGHQFH�� 5'8� SURYLGHG� GHVFULSWLYH
LPSURYHPHQW�RYHU�(8�LQ�WKLV�GLVSOD\��7KLV�ILQGLQJ�LV�FRQVLVWHQW�ZLWK�WKH�H[SODQDWLRQ�RI
WKH�:DNNHU�HW�DO��QXOO�UHVXOW�VXJJHVWHG�E\�:HEHU�DQG�.LUVQHU���������$FFRUGLQJ�WR�WKLV
H[SODQDWLRQ��SHRSOH�FRQVLVWHQWO\�HGLW�DQG�FDQFHO�FRPPRQ�RXWFRPHV�LQ�FKRLFH�SDLUV�ZKHQ
WKH� IUDPLQJ� RI� WKH� GHFLVLRQ� SUREOHPV� LV� WUDQVSDUHQW� HQRXJK�� 7KLV� HGLWLQJ� DQG
FDQFHOODWLRQ�RSHUDWLRQ�LV�D�FRPSRQHQW�RI�ERWK�3URVSHFW�7KHRU\��.DKQHPDQ�DQG�7YHUVN\
������ DQG� &37� �7YHUVN\� DQG� .DKQHPDQ� ������ DQG� HPSLULFDO� HYLGHQFH� DERXW� LW� ZDV
UHSRUWHG�E\�:X ��������,I�VXEMHFWV�FDQFHOOHG�FRPPRQ�RXWFRPHV�LQ�RXU�H[SHULPHQW��WKHQ
WKH�IRXU�SDLUV�RI�JDPEOHV�ZLWKLQ�HDFK�VHW�ZRXOG�EHFRPH�LGHQWLFDO�DQG�SUHIHUHQFH�ZRXOG
QRW� YDU\� IURP�RQH� WR� DQRWKHU�� H[FHSW� IRU� UDQGRP� HUURU��2EYLRXVO\�� LI� YLRODWLRQV�ZHUH
UDQGRP�� WKHUH� ZRXOG� EH� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� WKH� RYHUDOO� UDWH� RI� FRPRQRWRQLF
YHUVXV� QRQFRPRQRWRQLF� LQGHSHQGHQFH� YLRODWLRQV�� 7KHUHIRUH�� FDQFHOODWLRQ� ZRXOG� QRW
DOORZ� XV� WR� WHVW� ZKHWKHU� UHVSRQGHQWV� DSSO\� WKH� 5'8� UXOH� WR� HYDOXDWH� WUDQVSDUHQW
JDPEOHV�



��
+HXULVWLFV� RI� FKRLFH� OLNH� HGLWLQJ� DQG� FDQFHOODWLRQ� RI� FRPPRQ� RXWFRPHV� PD\

KDYH�GLVWRUWHG�RXU�WHVW�RI�FRPRQRWRQLF�LQGHSHQGHQFH��,Q�IDFW��WKHUH�LV�UHFHQW�HYLGHQFH�RQ
WKH� LQIOXHQFH� RI� IUDPLQJ� HIIHFWV� RQ� WKH� SHUIRUPDQFH� RI� 5'8� PRGHOV� LQ� WKH� PHGLFDO
GHFLVLRQ� PDNLQJ� OLWHUDWXUH�� 6WDOPHLHU� DQG� %H]HPELQGHU� ������� IRXQG� HYLGHQFH� WKDW
VHQVLWLYLW\� WRZDUGV� IUDPLQJ� DQG� SUREDELOLW\� ZHLJKWLQJ� DOWRJHWKHU� FDQ� H[SODLQ� WKH
GLVFUHSDQF\�EHWZHHQ�ULVN\�DQG�ULVNOHVV�XWLOLWLHV��%HUQVWHLQ�HW�DO���������IRXQG�HPSLULFDO
VXSSRUW�IRU�HGLWLQJ�HIIHFWV LQ� WKH��&37��JDLQ�ORVVHV�KHDOWK�RXWFRPHV�GRPDLQ��6LQFH�ZH
KDYH� IRXQG�SRVLWLYH� �EXW�PDUJLQDO�� HYLGHQFH� IRU� FRPRQRWLFLW\�ZKHQ�D�QRQ�WUDQVSDUHQW
GLVSOD\� ZDV� XVHG�� LW� ZRXOG� EH� ZRUWK� IRU� IXWXUH� UHVHDUFK� WR� FODULI\� LI� 5'8� ZRXOG
RXWSHUIRUP�(8�XVLQJ�RWKHU�VWLPXOL�GHVLJQ��,Q�WKLV�VHQVH��%LUEDXP�DQG�0F,QWRVK�������
SURYLGH�DQ�LQWHUHVWLQJ�H[DPSOH��7KHVH�DXWKRUV�LQWHUPL[HG�D�ODUJH�QXPEHU�RI�ILOOHU�SDLUV�
LQ� ZKLFK� DOO� RXWFRPHV� ZHUH� GLIIHUHQW�� ZLWK� WKH� H[SHULPHQWDO� JDPEOH� SDLUV�� 7KH\
REVHUYHG� WKDW� WKLV� GLVWULEXWLRQ� RI� VWLPXOL� UHVWUDLQHG� WKH� FDQFHOODWLRQ� RI� FRPPRQ
RXWFRPHV��IRXQGLQJ�SRVLWLYH�HYLGHQFH�RI�UDQN�GHSHQGHQFH��7KH�LQFOXVLRQ�RI�ILOOHU�SDLUV
DQG�WKH�XVH�RI�QRQ�WUDQVSDUHQW�H[SHULPHQWDO�JDPEOH�SDLUV�WR�WHVW�5'8�YHUVXV�(8�LQ�WKH
PHGLFDO�ILHOG�LV�D�WRSLF�IRU�IXWXUH�UHVHDUFK�

7KH� FDQFHOODWLRQ� KHXULVWLF� FDQ� DOVR� H[SODLQ� ZK\� %OHLFKURGW� DQG� 3LQWR� ������
HOLFLWHG�DQ�LQYHUVH�6�VKDSHG�SUREDELOLW\�ZHLJKWLQJ�IXQFWLRQ�LQ�WKH�KHDOWK�GRPDLQ�EXW�ZH
FRXOG�QRW�ILQG�VXSSRUW�IRU�FRPRQRWRQLF�LQGHSHQGHQFH�LQ�WKH�VDPH�FRQWH[W��3HRSOH�PD\
WUDQVIRUP�SUREDELOLWLHV�LQ�D�UDQN�GHSHQGHQW�PDQQHU�EXW�WKH�FUXFLDO�WHVW�WKDW�OHDGV�WR�WKLV
WUDQVIRUPDWLRQ� IDLOV� EHFDXVH� VXEMHFWV� VLPSOLI\� WKHLU� WDVN� FDQFHOLQJ� RXW� WKH� FRPPRQ
RXWFRPH��+RZHYHU��LW�FDQ�DOVR�EH�WUXH�WKDW�SHRSOH�FDQ�WUDQVIRUP�SUREDELOLWLHV�IROORZLQJ
RWKHU�WKHRU\�RI�FKRLFH�GLIIHUHQW�WR�5'8��$W�WKLV�VWDJH��WKH�RQO\�WKLQJ�WKDW�VHHPV�FOHDU�LV
WKDW� WKHUH� VHHPV� WR� EH� D� FRQWUDGLFWLRQ� EHWZHHQ� WKH� SRVLWLYH� HYLGHQFH� LQ� IDYRXU� RI



��
SUREDELOLW\� WUDQVIRUPDWLRQ� DQG� WKH� QHJDWLYH� HYLGHQFH� DJDLQVW� FRPRQRWRQLF
LQGHSHQGHQFH�



��
$SSHQGL[����'HVFULSWLRQ�RI�WKH�KHDOWK�VWDWHV�
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�� 0LOG�KRDUVHQHVV�� 0RGHUDWH� GLVFRPIRUWLQ�HDWLQJ�� 0RGHUDWH� SDLQ� LQEUHDWKLQJ�� 1R�ORVV�RI�EORRG

�� 0RGHUDWH�UDVK�� 6OLJKW�LQIODPPDWLRQ�� $�IHZ�EOLVWHUV�� 6OLJKW�VNLQ�LWFKLQJ
�� ([WUHPH�UDVK�� 0RGHUDWHLQIODPPDWLRQ�� $�IHZ�EOLVWHUV�� 6OLJKW�VNLQ�LWFKLQJ
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5HIHUHQFHV

$EGHOODRXL��0���������3DUDPHWHU�)UHH�(OLFLWDWLRQ�RI�8WLOLWLHV�DQG�3UREDELOLW\�:HLJKWLQJ
)XQFWLRQV��0DQDJHPHQW�6FLHQFH �������������������
%D\RXPL�� $�� 0�� DQG� 5HGHOPHLHU�� '�� $�� ������� 'HFLVLRQ� $QDO\VLV� ZLWK� &XPXODWLYH
3URVSHFW�7KHRU\��0HGLFDO�'HFLVLRQ�0DNLQJ ������������
%HUVWHLQ�� /�0��� &KDSPDQ�� *�%�� DQG� (OVWHLQ�� $�� 6�� ������� )UDPLQJ� HIIHFWV� LQ� FKRLFHV
EHWZHHQ�PXOWLRXWFRPH�OLIH�H[SHFWDQF\�ORWWHULHV��0HGLFDO�'HFLVLRQ�0DNLQJ ������������
���
%OHLFKURGW��+���������$SSOLFDWLRQV�RI�XWLOLW\�WKHRU\�LQ�WKH�HFRQRPLF�HYDOXDWLRQ�RI�KHDOWK
FDUH��7KHVLV�(UDVPXV�8QLYHUVLW\�5RWWHUGDP��5RWWHUGDP��7KH�1HWKHUODQGV�
%OHLFKURGW��+���������/RVV�DYHUVLRQ�DQG�SUREDELOLW\�ZHLJKWLQJ�LQ�KHDOWK�FDUH�HYDOXDWLRQ�
0LPHR�
%OHLFKURGW�� +�� DQG� 4XLJJLQ�� -�� ������� &KDUDFWHUL]LQJ� 4$/<V� XQGHU� D� JHQHUDO� UDQN�
GHSHQGHQW�XWLOLW\�PRGHO��-RXUQDO�RI�5LVN�DQG�8QFHUWDLQW\ ���������������
%OHLFKURGW��+�� DQG�3LQWR�� -��/�� �������$�3DUDPHWHU�)UHH� (OLFLWDWLRQ� RI� WKH�3UREDELOLW\
:HLJKWLQJ�)XQFWLRQ�LQ�0HGLFDO�'HFLVLRQ�$QDO\VLV��0DQDJHPHQW�6FLHQFH ��������������
�����
%OHLFKURGW�� +��� YDQ� 5LMQ�� -�� DQG� -RKDQQHVVRQ�� 0�� �����D�� 3UREDELOLW\� ZHLJKWLQJ� DQG
XWLOLW\�FXUYDWXUH�LQ�4$/<�EDVHG�GHFLVLRQ�PDNLQJ��-RXUQDO�RI�0DWKHPDWLFDO�3V\FKRORJ\
�����������
%OHLFKURGW��+��� 3LQWR� -�� /�� DQG�:DNNHU�� 3�� 3�� �����E�� 8VLQJ� 'HVFULSWLYH� )LQGLQJV� RI
3URVSHFW� 7KHRU\� WR� ,PSURYH� 3UHVFULSWLYH� $SSOLFDWLRQV� RI� ([SHFWHG� 8WLOLW\� �ZRUNLQJ
SDSHU���'HSDUWPHQW� RI�0HGLFDO�'HFLVLRQ�0DNLQJ��8QLYHUVLW\�0HGLFDO�&HQWHU�� /HLGHQ�
7KH�1HWKHUODQGV�
%LUQEDXP��0��+�� DQG�0F,QWRVK��:��5�� �������9LRODWLRQV� RI� EUDQFK� LQGHSHQGHQFH� LQ



��
FKRLFHV� EHWZHHQ� JDPEOHV�� 2UJDQL]DWLRQDO� EHKDYLRU� DQG� KXPDQ� GHFLVLRQ� SURFHVVHV
��������������
&DPHUHU�� &�� )�� ������� $Q� H[SHULPHQWDO� WHVW� RI� VHYHUDO� JHQHUDOL]HG� XWLOLW\� WKHRULHV�
-RXUQDO�RI�5LVN�DQG�8QFHUWDLQW\ ����������
&DPHUHU�� &�� )�� ������� 5HFHQW� WHVWV� RI� JHQHUDOL]DWLRQ� RI� H[SHFWHG� XWLOLW\� WKHRU\�� ,Q�
(GZDUGV�� :�� �HG��� 8WLOLW\� WKHRULHV�� PHDVXUHPHQWV� DQG� DSSOLFDWLRQ� %RVWRQ�� .OXZHU
$FDGHPLF�3XEOLVKHUV�
&DPHUHU��&�)�� ������� ,QGLYLGXDO� GHFLVLRQ�PDNLQJ�� ,Q�� .DJHO�� -�� \�5RWK��$�� �HGV���7KH
KDQGERRN�RI�H[SHULPHQWDO�HFRQRPLFV� 3ULQFHWRQ�83��86$�
&XUULP��,��6��DQG�6DULQ��5��.���������3URVSHFW�9HUVXV�8WLOLW\��0DQDJHPHQW�6FLHQFH ���
������
)HQQHPD��+��DQG�:DNNHU��3�� �������$� WHVW�RI� UDQN�GHSHQGHQW�XWLOLW\� LQ� WKH�FRQWH[W�RI
DPELJXLW\��-RXUQDO�RI�5LVN�DQG�8QFHUWDLQW\�����������
*DIQL�� $�� DQG� 7RUUDQFH�� *�� :�� ������� 5LVN� DWWLWXGH� DQG� WLPH� SUHIHUHQFH� LQ� KHDOWK�
0DQDJHPHQW�6FLHQFH ���������������
+DUOHVV��'��DQG�&DPHUHU��&��)���������7KH�3UHGLFWLYH�8WLOLW\�RI�*HQHUDOL]HG�([SHFWHG
8WLOLW\�7KHRULHV��(FRQRPHWULFD ��������������
+H\�� -�� DQG� 2UPH�� &�� ������� ,QYHVWLJDWLQJ� *HQHUDOL]LQJ� RI� ([SHFWHG� 8WLOLW\� 7KHRU\
8VLQJ�([SHULPHQWDO�'DWD��(FRQRPHWULFD �����������������
.DKQHPDQ��'�� DQG�$�� 7YHUVN\� ������� 3URVSHFW� WKHRU\�� DQ� DQDO\VLV� RI� GHFLVLRQ� XQGHU
ULVN��(FRQRPHWULFD ���������������
/DWWLPRUH��3��0���%DNHU��-��5��$QG�:LWWH��$��'���������7KH�,QIOXHQFH�RI�3UREDELOLW\�RQ
5LVN\�&KRLFH��-RXUQDO�RI�(FRQRPLF�%HKDYLRU�DQG�2UJDQL]DWLRQ ������������
3UHOHF��'���������7KH�SUREDELOLW\�ZHLJKWLQJ�IXQFWLRQ��(FRQRPHWULFD ����������������
3UHVWRQ��0��&��DQG�%DUDWWD��3���������$Q�H[SHULPHQWDO�VWXG\�RI�WKH�DXFWLRQ�YDOXH�RI�DQ



��
XQFHUWDLQ�RXWFRPH��$PHULFDQ�-RXUQDO�RI�3V\FKRORJ\ ������������
4XLJJLQ��-���������$�WKHRU\�RI�$QWLFLSDWHG�8WLOLW\��-RXUQDO�RI�(FRQRPLF�%HKDYLRU�DQG
2UJDQL]DWLRQ ��������������
6WDOPHLHU�� 3�)�� DQG� %H]HPELQGHU�� 7�� *�� ������� 7KH� GLVFUHSDQF\� EHWZHHQ� ULVN\� DQG
ULVNOHVV�XWLOLWLHV��D�PDWWHU�RI�IUDPLQJ"��0HGLFDO�'HFLVLRQ�0DNLQJ ��������������
7UHDGZHOO��-��5���������7HVW�RI�SUHIHUHQWLDO�LQGHSHQGHQFH�LQ�WKH�4$/<�PRGHO��0HGLFDO
'HFLVLRQ�0DNLQJ ���������������
7YHUVN\��$��DQG�.DKQHPDQ��'���������7KH�)UDPLQJ�RI�'HFLVLRQV�DQG�WKH�3V\FKRORJ\�RI
&KRLFH��6FLHQFH ���������������
7YHUVN\��$�� DQG�.DKQHPDQ��'�� �������5DWLRQDO� FKRLFH� DQG� WKH� IUDPLQJ� RI� GHFLVLRQV�
-RXUQDO�RI�%XVLQHVV���������6����6����
7YHUVN\�� $�� DQG� .DKQHPDQ�� '�� ������� $GYDQFHV� LQ� SURVSHFW� WKHRU\�� FXPXODWLYH
UHSUHVHQWDWLRQ�RI�XQFHUWDLQW\��-RXUQDO�RI�5LVN�DQG�8QFHUWDLQW\������������
:DNNHU��3�� �������7KH�VXUH�WKLQJ�SULQFLSOH� DQG� WKH�FRPRQRWRQLF� VXUH�WKLQJ�SULQFLSOH�
DQ�D[LRPDWLF�DQDO\VLV��-RXUQDO�RI�0DWKHPDWLFDO�(FRQRPLFV ������������
:DNNHU��3���(UHY�� ,�� DQG�:HEHU��(��8�� �������&RPRQRWRQLF� LQGHSHQGHQFH�� WKH�FULWLFDO
WHVW� EHWZHHQ� FODVVLFDO� DQG� UDQN�GHSHQGHQW� XWLOLW\� WKHRULHV�� -RXUQDO� RI� 5LVN� DQG
8QFHUWDLQW\������������
:DNNHU�� 3�� DQG� 6WLJJHOERXW�� $�� ������� ([SODLQLQJ� GLVWRUVLRQV LQ� XWLOLW\� HOLFLWDWLRQ
WKURXJK� WKH� UDQN�GHSHQGHQW� PRGHO� IRU� ULVN\� FKRLFHV��0HGLFDO� � 'HFLVLRQ� 0DNLQJ ���
��������
:HEHU�� (�8�� DQG� .LUVQHU�� %�� ������� 5HDVRQV� IRU� UDQN�GHSHQGHQW� XWLOLW\� HYDOXDWLRQ�
-RXUQDO�RI�5LVN�DQG�8QFHUWDLQW\�����������
:X�� *�� ������� $Q� HPSLULFDO� WHVW� RI� RUGLQDO� LQGHSHQGHQFH�� -RXUQDO� RI� 5LVN� DQG
8QFHUWDLQW\����������



��
:X�� *�� DQG� *RQ]iOH]�� 5�� ������� &XUYDWXUH� RI� WKH� SUREDELOLW\� ZHLJKWLQJ� IXQFWLRQ�
0DQDJHPHQW�6FLHQFH��������������������
:X��*��DQG�*RQ]iOH]��5���������&RPPRQ�FRQVHTXHQFH�FRQGLWLRQV�LQ�GHFLVLRQ�PDNLQJ
XQGHU�ULVN��-RXUQDO�RI�5LVN�DQG�8QFHUWDLQW\�������������



��
7DEOHV�DQG�ILJXUHV

)LJXUH����'LVSOD\�IRUPDWV
��$�0DWUL[$OOHUJLF'HUPDWLWLV

����
3KRWRGHUPDWLWLV

����
,UULWDWLYH'HUPDWLWLV
����

7UHDWPHQW�� � � � <UV�LQ�VWDWH�$WLOO�FXUH
7UHDWPHQW�� � � � <UV�LQ�VWDWH�$WLOO�FXUH

��%�1RQ�FROODSVHG�GHFLVLRQ�WUHH

��&�&ROODSVHG�GHFLVLRQ�WUHH

��\UV�LQ�VWDWH�$�WLOO�FXUH
��\UV�LQ�VWDWH�$�WLOO�FXUH

��\UV�LQ�VWDWH�$�WLOO�FXUH

��\UV�LQ�VWDWH�$�WLOO�FXUH

7UHDWPHQW��

7UHDWPHQW��

,UULWDWLYH�GHUPDWLWLV�������
3KRWRGHUPDWLWLV�������

$OOHUJLF�GHUPDWLWLV�������
3KRWRGHUPDWLWLV�������

,UULWDWLYH�GHUPDWLWLV�������

��\UV�LQ�VWDWH�$�WLOO�FXUH

��\UV�LQ�VWDWH�$�WLOO�FXUH

$OOHUJLF�GHUPDWLWLV�������

��\UV�LQ�VWDWH�$�WLOO�FXUH
��\UV�LQ�VWDWH�$�WLOO�FXUH
��\UV�LQ�VWDWH�$�WLOO�FXUH

��\UV�LQ�VWDWH�$�WLOO�FXUH

7UHDWPHQW��

7UHDWPHQW��

$OOHUJLF�GHUPDWLWLV�������

,UULWDWLYH�GHUPDWLWLV�������
3KRWRGHUPDWLWLV�������

$OOHUJLF�GHUPDWLWLV�RUSKRWRGHUPDWLWLV�RU�,UULWDWLYHGHUPDWLWLV��������



��

��'�*UDSKLF
��\UV�LQ�VWDWH�$�WLOOFXUH

$OOHUJLF'HUPDWLWLV
����

��\UV�LQ�VWDWH�$�WLOOFXUH
7UHDWPHQW�� ��\UV�LQ�VWDWH�$�WLOOFXUH 3KRWRGHUPDWLWLV

����
��\UV�LQ�VWDWH�$�WLOOFXUH 7UHDWPHQW��

��\UV�LQ�VWDWH�$�WLOOFXUH ,UULWDWLYH'HUPDWLWLV
����

��\UV�LQ�VWDWH�$�WLOOFXUH



��
)LJXUH����6HWV�RI�JDPEOHV�UHOHYDQW�IRU�WHVWLQJ�FRPRQRWRQLF�DQG�QRQFRPRQRWRQLF�LQGHSHQGHQFH�+HDOWK�VWDWH�$�6HW��(YHQW�� �LUULWDWLYH�FRQWDFW�GHUPDWLWLV��VSUHDG�HSLGHUPRLG�FDQFHU(YHQW�� �DOOHUJLF�FRQWDFW�GHUPDWLWLV��QRQ�VSUHDG�HSLGHUPRLG�FDQFHU(YHQW��� �SKRWRGHUPDWLWLV�HVRSKDJLF�DGHQRFDUFLQRPD(YHQW�� (YHQW�� (YHQW��5LVN\�JDPEOH�5 &2 �©� �6XUH�JDPEOH�6 &2 � �&2��FRPPRQ�RXWFRPH� ���o ��o ��o ���\UV�LQ�VWDWH�$�3�(YHQW��� ��©���3�(�� ��©���3�(�� ��©���� 3�GHQRWHV�SUREDELOLW\�(9�5� (9�6������ �� (9�GHQRWHV�H[SHFWHG�YDOXH�

6HW��(YHQW�� �DOOHUJLF�FRQWDFW�GHUPDWLWLV��QRQ�VSUHDG�HSLGHUPRLG�FDQFHU(YHQW�� �LUULWDWLYH�FRQWDFW�GHUPDWLWLV���VSUHDG�HSLGHUPRLG�FDQFHU(YHQW�� �SKRWRGHUPDWLWLV��HVRSKDJLF�DGHQRFDUFLQRPD(YHQW�� (YHQW�� (YHQW��5LVN\�JDPEOH�5 &2 � �©�6XUH�JDPEOH�6 &2 � �©�&2��FRPPRQ�RXWFRPH� ���o ��o ��o ���\UV�LQ�VWDWH�$��3�(YHQW��� ��©���3�(�� ��©���3�(�� ��©��� �3�GHQRWHV�SUREDELOLW\�(9�5� (9�6������ (9�GHQRWHV�H[SHFWHG�YDOXH�
6HW��(YHQW�� �SKRWRGHUPDWLWLV��HVRSKDJLF�DGHQRFDUFLQRPD(YHQW�� �DOOHUJLF�FRQWDFW�GHUPDWLWLV��QRQ�VSUHDG�HSLGHUPRLG�FDQFHU(YHQW�� � LUULWDWLYH�FRQWDFW�GHUPDWLWLV���VSUHDG�HSLGHUPRLG�FDQFHU(YHQW�� (YHQW�� (YHQW��5LVN\�JDPEOH�5 &2 � �6XUH�JDPEOH�6 &2 � �&2�FRPPRQ�RXWFRPH� ���o ��o ��o ���\UV�LQ�VWDWH�$��3�(YHQW��� ��©���3�(�� ��©���3�(�� ��©��� �3�GHQRWHV�SUREDELOLW\�(9�5� (9�6��¤��©��\UV�LV�VWDWH�$���������� � (9�GHQRWHV�H[SHFWHG�YDOXH�
6HW��(YHQW�� �LUULWDWLYH�FRQWDFW�GHUPDWLWLV���VSUHDG�HSLGHUPRLG�FDQFHU(YHQW�� � DOOHUJLF�FRQWDFW�GHUPDWLWLV��QRQ�VSUHDG�HSLGHUPRLG�FDQFHU(YHQW�� � SKRWRGHUPDWLWLV��HVRSKDJLF�DGHQRFDUFLQRPD(YHQW�� (YHQW�� (YHQW��5LVN\�JDPEOH�5 &2 �©� �©�6XUH�JDPEOH�6 &2 � �&2�FRPPRQ�RXWFRPH� ���o ����o ��o �����\UV�LQ�VWDWH�$��3�(YHQW��� ��©����3�(�� ��©����3�(�� ��©���3�GHQRWHV�SUREDELOLW\�(9�5� (9�6��¤��©����\UV�LQ�VWDWH�$�������� � (9�GHQRWHV�H[SHFWHG�YDOXH�



��
7DEOH����3URSRUWLRQ�RI�REVHUYHG�YLRODWLRQV�RI�FRPRQRWRQLF�LQGHSHQGHQFH��3FL�REVG���YHUVXVSURSRUWLRQ�RI�YLRODWLRQV�RI�FRPRQRWRQLF�LQGHSHQGHQFH�SUHGLFWHG��3FL�SUHG���E\�WKH�QXOO�K\SRWKHVLV�'LIIHUHQWH[SHULPHQWDOFRQGLWLRQV

9LRODWLRQV&RPRQR�WRQLF�LQG��9FL�
9LRODWLRQV1RQFRPR�QRWRQLFLQG��9QFL�

9LRODWLRQV(8�LQGH�3HQGHQFH�9LQG 9FL�9QFL�
3FL REVG��9FL�9LQG� 'LIIHUHQFH�ZLWK3FL�SUHG������9FL�9LQG�

&DQFHU �� �� �� ���� ����6XE�+\SRWKHVLV�� 'HUPD �� �� �� ���� ����+HDOWK�VWDWH�$ �� �� �� ���� �����6XE�+\SRWKHVLV�� +HDOWK�VWDWH�% �� �� �� ���� ����0DWUL[ � �� �� ���� �����*UDSKLF � �� �� ���� �����7UHH �� �� �� ���� �����6XE�+\SRWKHVLV�� &ROODSVHG�WUHH �� �� �� ���� ������ +� SUHGLFWV�WKDW�WKH�SURSRUWLRQ�RI�YLRODWLRQV�RI�FRPRQRWRQLF�LQGHSHQGHQFH� ������ ��GHQRWHV�D�VLJQLILFDQW�GLIIHUHQFH�DW�WKH����OHYHO�


	Abstract
	Probability of reaching all other outcomes better than 6 days of migraine per month= 0.1
	Probability of reaching at least complete recovery = 0.1

