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6HOI�UDWHG�KHDOWK�DQG�FKDQJHV�LQ�VHOI�UDWHG�KHDOWK�DV�SUHGLFWRUV�RI�PRUWDOLW\

±�)LUVW�HYLGHQFH�IURP�*HUPDQ�SDQHO�GDWD

-RKDQQHV�6FKZDU]HD�E�G����+DQIULHG�+��$QGHUVHQF�G��DQG�6LONH�$QJHUD

D�8QLYHUVLW\�RI�%DPEHUJ��*HUPDQ\
E�5HVHDUFK�3URIHVVRU�DW�',:��*HUPDQ�,QVWLWXWH�IRU�(FRQRPLF�5HVHDUFK���%HUOLQ�

DQG�,=$��,QVWLWXWH�IRU�WKH�6WXG\�RI�/DERU���%RQQ��*HUPDQ\
F�7HFKQLFDO�8QLYHUVLW\�%HUOLQ��*HUPDQ\

G�%=3+��%HUOLQ�&HQWHU�IRU�3XEOLF�+HDOWK���*HUPDQ\

�&RUUHVSRQGLQJ�DXWKRU��H�PDLO��MRKDQQHV�VFKZDU]H#VRZL�XQL�EDPEHUJ�GH

$EVWUDFW�

(PSLULFDO�HYLGHQFH�IURP�VHYHUDO�FRXQWULHV�UHYHDOV�WKDW�VHOI�UDWHG�KHDOWK�LV�D�YDOLG�SUHGLFWRU�RI

PRUWDOLW\�� 6R� IDU�� WKHUH� KDYH� EHHQ� QR� VWXGLHV� FRQGXFWHG� IRU�*HUPDQ\��8VLQJ� GDWD� IURP� WKH

*HUPDQ� 6RFLR�(FRQRPLF� 3DQHO� 6WXG\� �*62(3�� ZH� FRQILUP� WKH� UHODWLRQVKLS� EHWZHHQ� VHOI�

UDWHG�KHDOWK�DQG�PRUWDOLW\�IRU�*HUPDQ\��,Q�DGGLWLRQ�WKH�*62(3�GDWD�HQDEOH�DQ�H[SORUDWLRQ�RI

WKH�WUDMHFWRU\�K\SRWKHVLV�

-(/�&ODVVLILFDWLRQ��,����&���

.H\ZRUGV��0RUWDOLW\��6HOI�5DWHG�+HDOWK��7UDMHFWRU\�+\SRWKHVLV�

:H� ZRXOG� OLNH� WR� WKDQN�0DUNXV� *UDEND��0DUNXV� 3DQQHQEHUJ��0DUWLQ� 6SLHVV�� DQG� *HUW� *�

:DJQHU��%HUOLQ��IRU�KHOSIXO�FRPPHQWV�RQ�WKH�ILUVW�GUDIW�
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�� ,QWURGXFWLRQ

7KH�:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2��DQQRXQFHG�D�ZKLOH�DJR�WKDW�LWV�IXWXUH�DVVHVVPHQWV�RQ

FRXQWU\�PRUELGLW\�VWUXFWXUHV�ZRXOG�LQFUHDVLQJO\�EH�EDVHG�RQ�VHOI�UDWLQJV�RI�KHDOWK��&RPSDUHG

WR� PHGLFDO� FKHFNXSV� FDUULHG� RXW� E\� SK\VLFLDQV� WKLV� PHWKRG� LV� QRW� RQO\� H[WUDRUGLQDULO\

LQH[SHQVLYH��EXW�DOVR�TXLFN�DQG�FDQ�EH�SHUIRUPHG� VLPXOWDQHRXVO\� IRU� YDVW� SRSXODWLRQ� DUHDV�

7KHUHIRUH�� WKLV� SURFHGXUH� PLJKW� EH� D� VLPSOH� LQVWUXPHQW� WR� KHOS� LQ� DOORFDWLQJ� UHVRXUFHV�� WR

MXVWLI\�LQWHUYHQWLRQV�E\�KHDOWK�SROLF\��DQG�WR�SUHGLFW�UHWLUHPHQW�RU�XWLOL]DWLRQ�RI�PHGLFDO�FDUH�

)ROORZLQJ�WKH�ILUVW�DQDO\VLV�RI�VHOI�UDWHG�KHDOWK�DQG�PRUWDOLW\�E\�0RVVH\�DQG�6KDSLUR��������

VWXGLHV� IURP� VHYHUDO� FRXQWULHV� ZLWK� PRVW� GLYHUVH� FXOWXUDO� DQG� LQVWLWXWLRQDO� FRQWH[WV� KDYH

VKRZQ�WKDW�VHOI�UDWHG�KHDOWK�LV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�PRUWDOLW\��IRU�D�VXUYH\�VHH�,GOHU�DQG

%HQ\DPLQL� ������� 7KHUH� DUH� VWXGLHV� IRU� WKH�86$�� &DQDGD��*UHDW� %ULWDLQ�� 6ZHGHQ�� )LQODQG�

1HWKHUODQGV��3RODQG��+RQJ�.RQJ��-DSDQ��$XVWUDOLD��/LWKXDQLD��)UDQFH��DQG�DOVR�&KLQD��EXW�QRW

IRU�*HUPDQ\�

7KXV�� WKH� DLP� RI� RXU� VWXG\� LV� WR� LQYHVWLJDWH� WKH� HIIHFWLYHQHVV� RI� VHOI�UDWLQJV� RI� KHDOWK� E\

LQGLYLGXDOV� DV� SUHGLFWRUV� RI� PRUWDOLW\� IRU� *HUPDQ\�� +RZHYHU�� RXU� REMHFWLYH� LV� QRW� RQO\� WR

UHSOLFDWH� WKH�HIIHFW�RI�VHOI�UDWHG�KHDOWK�RQ�PRUWDOLW\��ZKLFK�LV�DOVR�H[SHFWHG�WR�EH�VLJQLILFDQW

IRU�*HUPDQ\��:H�ZLOO� DOVR� DQDO\]H� WKH� HIIHFWV�RI� LQGLYLGXDO� FKDQJHV� LQ� VHOI�UDWHG�KHDOWK� RQ

PRUWDOLW\��:H�ZLOO� HVSHFLDOO\� SURRI� WKH� VR�FDOOHG� WUDMHFWRU\� K\SRWKHVLV�ZKLFK� VD\V� �WKDW� WKH

ORQJ�VWDQGLQJ� UHODWLRQVKLS� EHWZHHQ� SRRU� VHOI�UDWHG� KHDOWK� DQG� PRUWDOLW\�� DV� ZHOO� DV� RWKHU

DGYHUVH� KHDOWK� RXWFRPHV�� VLPSO\� UHIOHFWV� VHOI�DVVHVVPHQWV� RI� GHFOLQLQJ� KHDOWK� WUDMHFWRULHV

UDWKHU�WKDQ�FXUUHQW�KHDOWK�VWDWXV���:ROLQVN\�DQG�7LHUQH\�������������+RZHYHU��DQ�DOWHUQDWLYH

K\SRWKHVLV��QDPHO\��WKDW�SRRU�VHOI�UDWHG�KHDOWK�DQG�GHFOLQLQJ�KHDOWK�WUDMHFWRU\�DSSHDU�WR�KDYH

LQGHSHQGHQW� DQG� FRPSOHPHQWDU\� HIIHFWV� RQ� KHDOWK� RXWFRPHV�� �:ROLQVN\� DQG� 7LHUQH\� �����

�����PD\�DOVR�EH�WUXH�

6R�IDU��RQO\� IHZ�VWXGLHV� WKDW�DOORZ�DQ� LQYHVWLJDWLRQ�RI� WKLV�DOWHUQDWLYH�K\SRWKHVLV�DUH�NQRZQ

�,GOHU�DQG�%HQ\DPLQL������������2XU�GDWD�HQDEOH�IXUWKHU�LQGLFDWLRQ�RI�ZKHWKHU�VHOI�UDWLQJ�LV�LQ

IDFW�D�GHVFULSWLRQ�RI�WKH�DFWXDO�FRQGLWLRQ��DQG�RU�ZKHWKHU�WKH�GHYHORSPHQW�RI�WKRVH�VHOI�UDWLQJV

LV�DQ�LQGHSHQGHQW�H[SODQDWLRQ�YDULDEOH��6WXGLHV�WKDW�LPSOHPHQW�XWLOL]DWLRQ�LQGLFDWRUV�WR�FRQWURO

IRU�REMHFWLYH�PRUELGLW\�EHVLGHV� WKH�VXEMHFWLYH�FRPSRQHQW�DUH� UDUH�DV�ZHOO� �VHH��0HQHF�HW�DO�

������ 3����� 7KLV� VLPXOWDQHRXV� FRQVLGHUDWLRQ� LV� DQRWKHU� H[DPLQDWLRQ� RI� WKH� TXHVWLRQ� DV� WR
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ZKHWKHU� VHOI�UDWLQJ� LV� DQ� LQGHSHQGHQW� GHWHUPLQDQW� RI� WKH� H[SODQDWLRQ�� DQG�� LI� VR�� WR� ZKDW

H[WHQW�

7KH�LQWHUQDWLRQDO�GLVFXVVLRQ�LV� LQIOXHQFHG�E\�WZR�SDUDOOHO�SDWKV�RI� LQYHVWLJDWLRQ��2Q� WKH�RQH

KDQG��PRUH�VWXGLHV�WKDW�H[SODLQ�ZK\�VXFK�D�VLPSOH�LQGLFDWRU�GHSLFW�VXFK�D�EURDG�VSHFWUXP�RI

GHWHUPLQDQWV��H�J��,GOHU�DQG�%HQ\DPLQL�����������DUH�UHTXLUHG�DQG�QHHG�WR�EH�SXEOLVKHG��2Q

WKH�RWKHU�KDQG�� IXUWKHU�DUHDV�RI�XVH� IRU� WKLV� LQGLFDWRU�FDQ�EH�H[SHFWHG�� ,I� VHOI�UDWHG�KHDOWK� LV

TXDOLILHG�WR�JLYH�YDOLG�DQG�UHOLDEOH�LQIRUPDWLRQ�RQ�PRUELGLW\�VWUXFWXUHV�RI�ZKROH�FRXQWULHV��LW

VKRXOG�EH�SRVVLEOH� WR�GHVFULEH�DQG� WR�FRPSDUH�SRSXODWLRQV� WKDW�DUH�GLIIHUHQWLDWHG�E\�GLYHUVH

FKDUDFWHULVWLFV��$QG�LI�VHOI�UDWHG�KHDOWK�DQG�WKH�WUDMHFWRULHV�DUH�FRQQHFWHG�ZLWK�PRUWDOLW\��LW�LV

IDLU� WR� DVVXPH� WKDW� WKHUH� DUH� DOVR� FRQQHFWLRQV�ZLWK� RWKHU� KHDOWK� RXWFRPHV��:H� DVVXPH�� IRU

JRRG�UHDVRQ��WKDW�VHOI�UDWHG�KHDOWK�LV�TXDOLILHG�WR�SUHGLFW�WKH�XVH�RI�KHDOWK�VHUYLFHV�

��� 'DWD��PHDVXUHV��DQG�HVWLPDWLRQ�PHWKRGV

7KH�GDWD�WKDW�ZH�XVH�KHUH�FRPH�IURP�WKH�*HUPDQ�6RFLR�(FRQRPLF�3DQHO�6WXG\��*62(3���7KH

*62(3� LV� D� UHSUHVHQWDWLYH� ORQJLWXGLQDO� PLFUR�GDWD� EDVH� FRYHULQJ� D� ZLGH� UDQJH� RI� VRFLR�

HFRQRPLF�LQIRUPDWLRQ�RQ�KRXVHKROGV�LQ�*HUPDQ\��7KH�ILUVW�ZDYH�RI�GDWD�ZDV�FROOHFWHG�IURP

DERXW�������IDPLOLHV� LQ� IRUPHU�:HVW�*HUPDQ\� LQ�������)RUHLJQHUV�ZHUH�RYHUVDPSOHG��$IWHU

WKH�*HUPDQ� UH�XQLILFDWLRQ� LQ� ����� WKH�*62(3�ZDV� H[WHQGHG� E\� DERXW� ������ IDPLOLHV� IURP

IRUPHU� (DVW� *HUPDQ\�� $OO� VDPSOHV� DUH� PXOWL�VWDJH� UDQGRP� VDPSOHV� ZKLFK� DUH� UHJLRQDOO\

FOXVWHUHG�� 7KH� UHVSRQGHQWV� �KRXVHKROGV�� DUH� VHOHFWHG� E\� UDQGRP�ZDON�� 3ULQFLSDOO\�� DQ

LQWHUYLHZHU�WULHV�WR�REWDLQ�IDFH�WR�IDFH�LQWHUYLHZV��

2XU� GHSHQGHQW� YDULDEOH� GHVFULEHV� ZKHWKHU� D� VXUYH\� UHVSRQGHQW� GLHG� LQ� D� FHUWDLQ� \HDU� RU

ZKHWKHU�VKH�LV�VWLOO�DOLYH��,QIRUPDWLRQ�RQ�GHDWK�LV�FROOHFWHG�E\�LQWHUYLHZHUV��DQG�.OHLQ�������

VKRZV� WKDW� LQIRUPDWLRQ� RQ� GHDWK� LQ� WKH� *62(3� LV� UHSUHVHQWDWLYH� DV� FRPSDUHG� WR� RIILFLDO

VWDWLVWLFV��6LQFH������DERXW�������HYHQWV�RI�GHDWK�DUH�DYDLODEOH�IRU�WKH�UHVHDUFKHUV��+RZHYHU�

IRU�RXU�DQDO\VLV�RQ�WKH�G\QDPLFV�RI�VHOI�UDWHG�KHDOWK�LQIRUPDWLRQ�IRU�WZR�FRQVHFXWLYH�\HDUV�LV

UHTXLUHG�� ZKLFK� LV� DYDLODEOH� RQO\� IRU� WKH� ����� WR� ����� ZDYHV� RI� WKH� *62(3��� 7KXV�� ZH

FRQVWUXFW� EDVHOLQH� VXUYH\�GDWD�E\�SRROLQJ�*62(3� UHVSRQGHQWV�ZLWK� LQWHUYLHZV� LQ� ����� DQG

������������������������������ ����������������������������
��7KH�*62(3�GDWD�XVHG�LQ�WKLV�VWXG\�DUH�DYDLODEOH�DV�D��VFLHQWLILF�XVH��ILOH��VHH�:DJQHU��%XUNKDXVHU��DQG
%HKULQJHU��������)RU�IXUWKHU�LQIRUPDWLRQ�SOHDVH�FRQWDFW�WKH�*HUPDQ�,QVWLWXWH�IRU�(FRQRPLF�5HVHDUFK��',:��
%HUOLQ��KWWS���ZZZ�GLZ�GH�VRHS��
��%HIRUH�������WKH�TXHVWLRQ�RQ�VHOI�UDWHG�KHDOWK�ZDV�QRW�SDUW�RI�WKH�TXHVWLRQQDLUH�
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�����DQG�IRU�UHVSRQGHQWV�ZLWK�LQWHUYLHZV�LQ������DQG�������,Q�RWKHU�ZRUGV��ZH�KDYH�SRROHG

WZR��WZR�ZDYH�ORQJLWXGLQDO�VXEVDPSOHV�IURP�WKH�*62(3��)RU�UHVSRQGHQWV�ZLWK�LQWHUYLHZV�LQ

�����DQG�������UHVS��LQ������DQG�������ZH�WDNH�WKH�LQIRUPDWLRQ�ZKHWKHU�WKH\�GLHG�RU�DUH�VWLOO

DOLYH� IURP�ZDYH������ �UHVS���������7KH� UHVSRQGHQWV�KDYH� WR�EH�ROGHU� WKDQ����\HDUV�RI� DJH�

)XUWKHU��ZH�H[FOXGH�IRUHLJQHUV�WKDW�OLYH�LQ�*HUPDQ\�IURP�WKH�VDPSOH��EHFDXVH�PDQ\�RI�WKHP

UHWXUQ� WR� WKHLU� FRXQWU\�RI�RULJLQ�ZKHQ� WKH\�DUH�DJHG��7KHUHIRUH�� LQIRUPDWLRQ�RQ�GHDWK� LV�QRW

UHOLDEOH�IRU�IRUHLJQHUV��$OO�LQ�DOO�ZH�VWDUW�ZLWK�D�SRSXODWLRQ�RI�������SHUVRQV�DJHG����\HDUV�RU

PRUH��$OWRJHWKHU������RI�WKHVH�SHUVRQV�GLHG�����LQ������DQG����LQ�������

7KH�FRQVWUXFWLRQ�RI�RXU��EDVHOLQH�GDWD�� LV� LQ� OLQH�ZLWK�PRVW� VWXGLHV�DQDO\]LQJ� WKH� LPSDFW�RI

VHOI�UDWHG�KHDOWK�RQ�PRUWDOLW\�� WKH\�XVH�EDVH�OLQH�GDWD� WKDW� LV� VXUYH\HG� LQ� D� FHUWDLQ� \HDU� DQG

VXSSOHPHQWHG�E\�WKH�LQIRUPDWLRQ�RQ�ZKHWKHU�D�VXUYH\�UHVSRQGHQW�GLHG�RU�ZKHWKHU�KH� LV�VWLOO

DOLYH� LQ� WKH� IROORZLQJ�\HDUV��+HOPHU�HW� DO�� �������� H�J���XVHG�EDVH�OLQH�GDWD� IRU� D�SRSXODWLRQ

DJHG����\HDUV� DQG� ROGHU� FROOHFWHG� EHWZHHQ� ����� DQG� ������'DWD� RQ� YLWDO� VWDWXV� GXULQJ� ILYH

\HDUV� WKHQ�ZHUH�FROOHFWHG� IURP�IDPLOLHV��SK\VLFLDQV��DQG�FLYLO� VWDWH� UHFRUGV��%\�FRQWUDVW��RXU

GDWD��GRHV�QRW�RQO\�SURYLGH�LQIRUPDWLRQ�RQ�VXEMHFWLYH�KHDOWK�IRU�RQH�EDVH�OLQH�\HDU�EXW�IRU�WZR

FRQVHFXWLYH�\HDUV��7KXV��RQ�WKH�RQH�KDQG�ZH�DUH�DEOH�WR�OLQN�WKH�LQIRUPDWLRQ�RQ�GHDWK�WR�WKH

VHOI�UDWHG�KHDOWK�LQIRUPDWLRQ�RI�WKH�FXUUHQW�\HDU��2Q�WKH�RWKHU�KDQG��ZH�FDQ�VWXG\�WKH�LPSDFW

RI�FKDQJHV�LQ�VHOI�UDWHG�KHDOWK�RQ�PRUWDOLW\�

6HOI�UDWHG� KHDOWK� LV� PHDVXUHG� E\� WKH� LQWHUQDWLRQDO� ZLGHO\� DFFHSWHG� VFDOH� �+RZ� ZRXOG� \RX

HYDOXDWH�\RXU�SUHVHQW�KHDOWK"�,V�LW�����YHU\�JRRG������JRRG������IDLU������SRRU��RU�����EDG"��7R

DQDO\]H� WKH� LPSDFW� RI� VHOI�UDWHG� KHDOWK� RQ� WKH� SUREDELOLW\� WR� GLH�� ZH�ZLOO� VWDUW� ZLWK� D� IXOO\

VSHFLILHG�PRGHO�� FRYHULQJ� FXUUHQW� KHDOWK� VWDWXV� DV�ZHOO� DV� FKDQJLQJ� KHDOWK� WUDMHFWRULHV��7KLV

IXOO�PRGHO� HQDEOHV�XV� WR� WHVW� VRPH�K\SRWKHVHV� RQ�ZKHWKHU� VHOI�UHSRUWHG� KHDOWK� VWDWXV� DORQH�

GHFOLQLQJ� WUDMHFWRULHV�� RU� ERWK� FDQ� KHOS� WR� H[SODLQ� PRUWDOLW\�� /HW� <
W

 � EH� WKH� XQREVHUYHG

SUREDELOLW\� WKDW� D� UHVSRQGHQW� ZLOO� GLH� LQ� \HDU� W� ZKLFK� PLJKW� EH� LQIOXHQFHG� E\� VRFLR�

GHPRJUDSKLF� YDULDEOHV� ;
W
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D��E��F��DQG�G�DUH�SDUDPHWHUV�WR�EH�HVWLPDWHG��e�DUH�XQREVHUYDEOH�HIIHFWV��$V�VWDWHG�DERYH��<

FDQQRW�EH�REVHUYHG�GLUHFWO\��,QVWHDG�ZH�REVHUYH�ZKHWKHU�D�UHVSRQGHQW�LV�GHDG�DW�SRLQW�RI�WLPH
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W��< ���RU�ZKHWKHU�KH�LV�VWLOO�DOLYH��< �����$VVXPLQJ�WKDW�e�KDV�D�VWDQGDUG�QRUPDO�GLVWULEXWLRQ�

ZLWK�PHDQ�]HUR�DOO�SDUDPHWHUV�FDQ�EH�HVWLPDWHG�XVLQJ�D�VLPSOH�SURELW�PRGHO��H�J��*UHHQH

�������

,Q�PRGHO������SDUDPHWHU�G�PHDVXUHV�WKH�LPSDFW�RI�SUHYLRXVO\�UHSRUWHG�KHDOWK�VWDWXV�DQG�F�WKH

LPSDFW�RI�FKDQJHV��WUDMHFWRULHV��RQ�PRUWDOLW\��,I�WKH�HVWLPDWHG�SDUDPHWHU�F�HTXDOV�WKH�HVWLPDWHG

SDUDPHWHU� G�� LW� FDQ� HDVLO\� EH� VHHQ� WKDW� RQO\� FXUUHQWO\� VHOI�UDWHG� KHDOWK� FDQ� KHOS� WR� H[SODLQ

PRUWDOLW\��QR�DGGLWLRQDO� LQIRUPDWLRQ�FRPHV�IURP�SUHYLRXVO\�VHOI�UDWHG�KHDOWK�:H�FDQQRW� WHVW

WKLV� LQ� D� GLUHFW� ZD\�� KRZHYHU�� EHFDXVH� RI� VFDOLQJ� SUREOHPV� ZKLFK� ZLOO� ZH� GLVFXVV� EHORZ�

+RZHYHU��DIWHU�VRPH�UHIRUPXODWLRQ�LW�FDQ�EH�VHHQ�WKDW�PRGHO�����FDQ�DOVR�EH�ZULWWHQ�DV

��� e++++= *

-

*
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ZKHUH� *F �PHDVXUHV�WKH�LPSDFW�RI�FXUUHQWO\�VHOI�UHSRUWHG�KHDOWK�RQ�PRUWDOLW\�DQG� *G HTXDOV��G�

F��IURP�PRGHO������,I�WKH�HVWLPDWHG�SDUDPHWHU� *G �LV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR��RQO\

WKH�FXUUHQWO\�VHOI�UHSRUWHG�KHDOWK�VWDWXV�H[SODLQV�WKH�SUREDELOLW\�WR�GLH��,Q�RWKHU�ZRUGV��FKDQJHV

LQ�VHOI�UDWHG�KHDOWK�ZRXOG�QRW�KDYH�DQ�LPSDFW�RQ�H[SODLQLQJ�PRUWDOLW\�DQG�FXUUHQW�LQIRUPDWLRQ

RQ�VHOI�UDWHG�KHDOWK�ZRXOG�EH�D�YDOLG�LQGLFDWRU�DORQH��7KH�PRGHO�WKHQ�FDQ�EH�ZULWWHQ�DV

��� e+++= *
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ZKLFK�LV�QRWKLQJ�HOVH�WKDQ�WKH�VWDQGDUG�PRGHO��VHH�,GOHU�DQG�%HQ\DPLQL��������7KXV��ZH�DUH

DEOH�WR�UHSOLFDWH�LQWHUQDWLRQDO�HYLGHQFH�IRU�*HUPDQ\�

2Q�WKH�RWKHU�KDQG��LI�WKH�HVWLPDWHG�SDUDPHWHU� *F �LQ�PRGHO�����LV�QRW�GLIIHUHQW�IURP�]HUR��RQO\

FKDQJHV�LQ�VHOI�UDWHG�KHDOWK��WKH�WUDMHFWRULHV��ZRXOG�H[SODLQ�PRUWDOLW\��7HVWLQJ�PRGHO�����UHVS�

PRGHO�����DJDLQVW�PRGHO�����PLJKW�EH�D�ZD\�WR�WHVW�WKH�WUDMHFWRU\�K\SRWKHVHV�

)RU� HVWLPDWLRQ� SXUSRVHV� WKH� VFDOH� �65�� ZLWK� ILYH� LWHPV� LV� EURNHQ� GRZQ� LQWR� WKUHH� GXPP\

YDULDEOHV��VHH�7DEOH����ZKHUH�WKH�LWHPV��YHU\�JRRG��DQG��JRRG��VHUYH�DV�UHIHUHQFH�FDWHJRULHV�

7KLV� LV� LQ� OLQH�ZLWK�PRVW�RI� WKH� LQWHUQDWLRQDO� VWXGLHV�RQ� WKLV� WRSLF� �VHH� ,GOHU�DQG�%HQ\DPLQL

�������:H�FDQ�HVWLPDWH�RXU�PRGHO�����LQ�WZR�GLIIHUHQW�ZD\V��RQ�WKH�RQH�KDQG�ZH�FDQ�HVWLPDWH

LW� DV� IRUPXODWHG� LQ�PRGHO� �����1RWH� WKDW�PRGHO� ���� LV� QRWKLQJ�PRUH� WKDQ� D� UHIRUPXODWLRQ� RI

PRGHO� ����� 7KXV�� ZH� LQFOXGH� ERWK� FXUUHQWO\� VHOI�UHSRUWHG� KHDOWK�
W

65 � DQG� SUHYLRXVO\� VHOI�

������������������������������ ����������������������������
��([DFWO\��ZKHWKHU�KH�GLHG�DIWHU�WKH�ODVW�EXW�EHIRUH�WKH�QH[W�TXHVWLRQLQJ�
��:H�XVH�D�VLPSOH�SURELW�PRGHO�LQVWHDG�RI�D�GLVFUHWH�KD]DUGUDWH�PRGHO��EHFDXVH�WKH�SHULRG�EHWZHHQ�VXUYH\LQJ�WKH
GDWD�DQG�REVHUYLQJ�ZKHWKHU�WKH�UHVSRQGHQW�GLHG�RU�ZKHWKHU�VKH�LV�VWLOO�DOLYH�LV�QRW�ORQJHU�WKDQ�RQH�\HDU�IRU�HDFK
SHUVRQ��,Q�DGGLWLRQ��ZH�GR�QRW�NQRZ�H[DFWO\�WKH�WLPH��H�J���WKH�PRQWK��RI�GHDWK�
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UHSRUWHG� KHDOWK� 65
W
�� 3OHDVH� QRWH� WKDW� WKH� SDUDPHWHU� HVWLPDWHG� IRU� 65

W
�� *G �� VKRXOG� EH

LQWHUSUHWHG�DV��G�F��

2Q�WKH�RWKHU�KDQG��ZH�FDQ�HVWLPDWH�PRGHO����� LQ�D�GLUHFW�ZD\��ZKHUH�ZH� LQFOXGH�SUHYLRXVO\

VHOI�UHSRUWHG�KHDOWK� 65
W
�DV�ZHOO�DV�WKH�GLIIHUHQFH�EHWZHHQ�FXUUHQWO\�VHOI�UHSRUWHG�KHDOWK�DQG

SUHYLRXVO\� VHOI�UHSRUWHG� KHDOWK� � �65 65
W W
- �� +RZHYHU�� LW� GRHV� QRW�PDNH� VHQVH� WR� HVWLPDWH

PRGHO� ���� E\� VXEWUDFWLQJ� RQH� VFDOH� IURP� WKH� RWKHU�� EHFDXVH� ZH� IDFH� WKH� SUREOHP� RI� WKH

ERXQGHG�VFDOH�RI�VHOI�UDWLQJ�KHDOWK��(VSHFLDOO\�WKH�IDFW��WKDW�WKH�VFDOH�LV�ERXQGHG�IURP�DERYH

PDNHV� D� GLUHFW� HVWLPDWLRQ� RI� WKH� �WUDMHFWRU\�K\SRWKHVHV�� GLIILFXOW�� UHVSRQGHQWV� UDWLQJ� WKHLU

KHDOWK�DV�EDG�GR�QRW�KDYH�WKH�SRVVLELOLW\�WR�UDWH�WKHLU�KHDOWK�SRRUHU�LQ�WKH�IROORZLQJ�\HDU��7R

GHDO� ZLWK� WKLV� SUREOHP�� ZH� FUHDWH� ILYH� GXPP\�YDULDEOHV� WR� PHDVXUH� FKDQJHV� LQ� VHOI�UDWLQJ

KHDOWK�� VHOI�UDWHG� KHDOWK� GHFUHDVHG� E\� WZR�RU�PRUH� SRLQWV� RQ� WKH� VFDOH� ����� VHOI�UDWHG� KHDOWK

GHFUHDVHG� E\� RQH� SRLQW� ����� DQG� VHOI�UDWHG� KHDOWK� LQFUHDVHG� �����:H� FRQWURO� IRU� WKH� VFDOLQJ

SUREOHP�E\�LQFOXGLQJ�D�GXPP\�YDULDEOH�ZKLFK� LQGLFDWHV�D� UDWLQJ�RI��EDG�� LQ�ERWK�\HDUV� ����

1R��RWKHU��FKDQJHV�LQ�VHOI�UDWHG�KHDOWK�����VHUYH�DV�WKH�UHIHUHQFH�FDWHJRU\�

7R� FRQWURO� IRU� VRPH� ZHOO�NQRZQ� UHODWLRQVKLSV� EHWZHHQ� VRFLRGHPRJUDSKLF� YDULDEOHV� DQG

PRUWDOLW\�ZH�DOVR� LQFOXGH� WKH� IROORZLQJ�YDULDEOHV� �;W�� LQ� DOO�PRGHOV�� JHQGHU�� DJH� LQ� \HDUV�� D

UHJLRQDO�GXPP\�IRU�(DVW�*HUPDQ\��WKH�W\SH�RI�KRXVHKROG��LQIRUPDWLRQ�RQ�ZKHWKHU�WKH�SDUWQHU

GLHG� ODVW�\HDU�� D� VXEMHFWLYH�PHDVXUH� IRU� ORQHOLQHVV�� SHU�FDSLWD� GLVSRVDEOH�KRXVHKROG� LQFRPH�

HGXFDWLRQ� DQG� RFFXSDWLRQDO� VNLOOV�� :H� DOVR� LQFOXGH� LQIRUPDWLRQ� RQ� IXQFWLRQDO� GLVDELOLW\

SURYLGHG�E\�WKH�UHVSRQGHQWV�DV�REMHFWLYH�KHDOWK�LQIRUPDWLRQ��,Q�DGGLWLRQ��ZH�KDYH�LQIRUPDWLRQ

RQ�XWLOL]DWLRQ�RI�WKH�PHGLFDO�FDUH�V\VWHP�ZKLFK�DOVR�FDQ�VHUYH�DV�SUR[\�YDULDEOHV�IRU�REMHFWLYH

KHDOWK��7KHVH�SUR[LHV�DUH��YLVLWV�WR�D�SK\VLFLDQ�LQ�WKH�ODVW�TXDUWHU�EHIRUH�WKH�VXUYH\�WRRN�SODFH�

WKH� QXPEHU� RI� YLVLWV�� DQG� LQIRUPDWLRQ� RQ� KRVSLWDOL]DWLRQ� LQ� WKH� SUHYLRXV� \HDU�� 'HVFULSWLYH

LQIRUPDWLRQ�RQ�DOO�YDULDEOHV�XVHG�LQ�WKH�HVWLPDWLRQV�DUH�VKRZQ�LQ�7DEOH���

,W�KDV�WR�EH�QRWHG�WKDW�ZH�PDNH�XVH�RI�SDQHO�LQIRUPDWLRQ�IURP�WZR�FRQVHFXWLYH�\HDUV�IRU�VHOI�

UDWHG�KHDOWK�EXW�QRW�IRU�RWKHU�FRYDULDWHV��7KLV�ZRXOG�EH�RI�LQWHUHVW�IRU�YDULDEOHV�OLNH�IXQFWLRQDO

GLVDELOLW\�� SK\VLFLDQ� YLVLWV� DQG� KRVSLWDOL]DWLRQ�� 8QIRUWXQDWHO\�� YDOLG� SDQHO� LQIRUPDWLRQ� IRU

WKHVH�LQGLFDWRUV�LV�QRW�DYDLODEOH�EHFDXVH�VXUYH\�TXHVWLRQV�KDYH�FKDQJHG�GXULQJ�WKH�\HDUV�XQGHU

FRQVLGHUDWLRQ�� )RU�PRVW� RI� � WKH� VRFLR�GHPRJUDSKLF� FRYDULDWHV� LW�PDNHV� QR� VHQVH� WR� LQFOXGH

LQIRUPDWLRQ� IURP� WKH� SUHYLRXV� \HDU� EHFDXVH� WKHUH� LV� QR� �H�J��� DJH� DQG� VH[�� RU� RQO\� VPDOO

YDULDWLRQ�LQ�WKHVH�YDULDEOHV�RYHU�WLPH�
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7DEOH����'HVFULSWLRQ�RI�9DULDEOHV�XVHG�LQ�WKH�3URELW�0RGHOV
9DULDEOH�1DPH 'HVFULSWLRQ

'HSHQGHQW�YDULDEOH

'LHG 5HVSRQGHQW�GLHG�LQ�WKH�SUHYLRXV�\HDU� ����HOVH� ����GHSHQGHQW�YDULDEOH�

6RFLRGHPRJUDSKLF�YDULDEOHV

6H[ *HQGHU��� PDOH��� IHPDOH

(DVW 5HJLRQDO�GXPP\��� IRUPHU�ZHVW�*HUPDQ\��� IRUPHU�*'5

$JH $JH�LQ�\HDUV

&RXSOH 7\SH�RI�+RXVHKROG��� PDUULHG�FRXSOH��HOVH �

&RXSOH��FKLOGUHQ 7\SH�RI�+RXVHKROG��� FRXSOH�ZLWK�FKLOGUHQ��HOVH �

0RUH�*HQHUDWLRQV 7\SH�RI�+RXVHKROG��� PRUH�WKDQ�WZR�JHQHUDWLRQV�DUH�OLYLQJ�WRJHWKHU��HOVH �

7\SH�RI�+RXVHKROG��� SHUVRQ�OLYLQJ�DORQH��HOVH ���5HIHUHQFH�FDWHJRU\

3DUWQHU�GLHG 3DUWQHU�GLHG�ODVW�\HDU� ����HOVH� ��

/RQHVRPH 3HUVRQ�IHHOV�YHU\�ORQHVRPH� ����HOVH� ��

,QFRPH 3HU�FDSLWD�GLVSRVDEOH�KRXVHKROG�LQFRPH�LQ������'HXWVFKH�0DUN

+LJK�VFKRRO (GXFDWLRQ��+LJK�VFKRRO�GHJUHH� ����HOVH� �

1R�VNLOOV 6NLOOV��1R�VSHFLDO�RFFXSDWLRQ�WUDLQLQJ� ����HOVH� ��

+HDOWK�YDULDEOHV

'LVDEOHG )XQFWLRQDO�GLVDEOHG� ����HOVH� ��

3K\VLFLDQ 3HUVRQ�YLVLWHG�D�SK\VLFLDQ�LQ�WKH�ODVW�TXDUWHU�� ����HOVH� ��

3K\VLFLDQ�1XPEHU 1XPEHU�RI�YLVLWV�WR�D�SK\VLFLDQ�LQ�WKH�ODVW�TXDUWHU

+RVSLWDO 3HUVRQ�ZDV�KRVSLWDOL]HG�LQ�SUHYLRXV�\HDU� ����HOVH� ��

+RVSLWDO�QLJKWV 1XPEHU�RI�QLJKWV�KRVSLWDOL]HG�LQ�SUHYLRXV�\HDU

6HOI�UDWHG�KHDOWK��RULJLQDO�VFDOH�IURP����YHU\�JRRG��WR����EDG�

&XUUHQWO\�IDLU &XUUHQWO\��)DLU� ����HOVH� ��

&XUUHQWO\��SRRU &XUUHQWO\��3RRU� ����HOVH� ��

&XUUHQWO\�EDG &XUUHQWO\��%DG� ����HOVH� ��

&XUUHQWO\��9HU\�JRRG��JRRG� ����HOVH� ����5HIHUHQFH�FDWHJRU\

3UHYLRXVO\�IDLU 3UHYLRXV�\HDU��)DLU� ����HOVH� ��

3UHYLRXVO\�SRRU 3UHYLRXV�\HDU��3RRU� ����HOVH� ��

3UHYLRXVO\�EDG 3UHYLRXV�\HDU��%DG� ����HOVH� ��

3UHYLRXV�\HDU��9HU\�JRRG��JRRG� ����HOVH� ����5HIHUHQFH�FDWHJRU\

'HFUHDVH�� 6HOI�UDWHG�KHDOWK�GHFUHDVHG�IURP�SUHYLRXV�\HDU�WR�FXUUHQW�\HDU�E\�WZR�RU�PRUH
SRLQWV�RQ�WKH�VFDOH� ����HOVH� ��

'HFUHDVH�� 6HOI�UDWHG�KHDOWK�GHFUHDVHG�IURP�SUHYLRXV�\HDU�WR�FXUUHQW�\HDU�E\�RQH�SRLQW�RQ�WKH
VFDOH� ����HOVH� ��

,QFUHDVH 6HOI�UDWHG�KHDOWK�LQFUHDVHG�IURP�SUHYLRXV�\HDU�WR�FXUUHQW�\HDU�RQ�WKH�VFDOH

%RWK�EDG 6HOI�UDWHG�KHDOWK�ZDV�EDG�LQ�WKH�SUHYLRXV�\HDU�DV�ZHOO�DV�LQ�WKH�FXUUHQW�\HDU��D
GHFUHDVH�RI�VHOI�UDWHG�KHDOWK�LV�QRW�SRVVLEOH�E\�FRQVWUXFWLRQ�RI�WKH�VFDOH�

1R�FKDQJHV�LQ�VHOI�UDWHG�KHDOWK�LV�REVHUYHG��ZLWK�H[HPSWLRQ�RI�%RWK�EDG�
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7DEOH����0HDQV�SURSRUWLRQV�RI�YDULDEOHV�XVHG�LQ�WKH�3URELW�DQDO\VLV
9DULDEOH 7RWDO 0HQ :RPHQ

'LHG��LQ������RU������ ���� ���� ����

6H[ ���� ���� ����
$JH ����� ����� �����
&RXSOH ���� ���� ����
&RXSOH��FKLOGUHQ ���� ���� ����
0RUH�*HQHUDWLRQV ���� ���� ����
3DUWQHU�GLHG ���� ���� ����
/RQHVRPH ���� ���� ����
,QFRPH ������ ������� �������
(DVW ���� ���� ����
+LJK�VFKRRO ���� ���� ����
1R�6NLOOV ���� ���� ����

'LVDEOHG ���� ���� ����
3K\VLFLDQ ���� ���� ����
3K\VLFLDQ�1XPEHU ���� ���� ����
+RVSLWDO ���� ���� ����
+RVSLWDO�1LJKWV ���� ���� ����

&XUUHQWO\�YHU\�JRRG ���� ���� ����
&XUUHQWO\�JRRG ���� ���� ����
&XUUHQWO\�IDLU ���� ���� ����
&XUUHQWO\�SRRU ���� ���� ����
&XUUHQWO\�EDG ���� ���� ����

3UHYLRXVO\�YHU\�JRRG ���� ���� ����
3UHYLRXVO\�JRRG ���� ���� ����
3UHYLRXVO\�IDLU ���� ���� ����
3UHYLRXVO\�SRRU ���� ���� ����
3UHYLRXVO\�EDG ���� ���� ����

'HFUHDVH�� ���� ���� ����
'HFUHDVH�� ���� ���� ����
,QFUHDVH ���� ���� ����
%RWK�EDG ���� ���� ����

2EVHUYDWLRQV ����� ����� �����

6RXUFH��*62(3�������±������

�� 5HVXOWV

%HIRUH� ZH� ZLOO� KDYH� D� FORVHU� ORRN� RQ� VHOI�UDWLQJ� KHDOWK� YDULDEOHV�� WKH� LPSDFW� RI� VRFLR�

GHPRJUDSKLF� YDULDEOHV� DQG� �REMHFWLYH�� KHDOWK� PHDVXUHV� RQ� PRUWDOLW\� VKRXOG� EH� EULHIO\

GLVFXVVHG�� ,Q� RXU� ILUVW� HVWLPDWLRQ� DOO� YDULDEOHV� DUH� LQFOXGHG� H[FHSW� IRU� VHOI�UDWHG� KHDOWK

YDULDEOHV��VHH�7DEOH����ILUVW�FROXPQ���7KH�HVWLPDWHG�UHODWLRQVKLSV�EHWZHHQ�VRFLR�GHPRJUDSKLF

YDULDEOHV� OLNH� DJH�� VH[�� DQG� KRXVHKROG� FRPSRVLWLRQ� DQG� WKH� SUREDELOLW\� WR� GLH� KDYH� WKH

H[SHFWHG�VLJQV��DQG�WKHVH�UHVXOWV�GR�QRW�FKDQJH�ZKHQ�VHOI�UDWHG�KHDOWK�YDULDEOHV�DUH�LQFOXGHG



�

ODWHU�� (GXFDWLRQ� DQG� RFFXSDWLRQDO� VNLOOV� DUH� QRW� VLJQLILFDQW�� +RZHYHU��PRVW� RI� WKHVH� HIIHFWV

PD\� EH� FDSWXUHG� E\� RXU� LQFRPH� YDULDEOH� ZKLFK� LV� VLJQLILFDQWO\� QHJDWLYH�� 7KH� KLJKHU� WKH

GLVSRVDEOH� SHU�FDSLWD� LQFRPH� RI� WKH� KRXVHKROG�� WKH� ORZHU� LV� WKH� SUREDELOLW\� WR� GLH�� 7KH

RFFXUUHQFH� WKDW� UHVLGHQWV� IURP� WKH� IRUPHU� *HUPDQ� 'HPRFUDWLF� 5HSXEOLF� KDYH� D� KLJKHU

SUREDELOLW\� WR� GLH�� ZKLFK� HYHQ� LQFUHDVHG� DIWHU� UH�XQLILFDWLRQ�� LV� D� ZHOO�NQRZQ� IDFW� �VHH

(EHUVWDGW� ������� 7KH� GHDWK� RI� D� SDUWQHU� LQ� WKH� SUHYLRXV� \HDU� GRHV� QRW� KDYH� DQ� LPSDFW� RQ

PRUWDOLW\�� $OVR�� UHVSRQGHQWV� UHSRUWLQJ� WKDW� WKH\� IHHO� ORQHVRPH� GR� QRW� KDYH� DQ� LQFUHDVHG

SUREDELOLW\�WR�GLH�

7DEOH����3URELW�HVWLPDWHV�RQ�PRUWDOLW\
0RGHO�ZLWKRXW�LQIRUPDWLRQ

RQ�VHOI�UDWHG�KHDOWK
0RGHO����D 0RGHO����D

9DULDEOH 3DUDPHWHU 6WG��(UURU 3DUDPHWHU 6WG��(UU� 3DUDPHWHU 6WG��(UURU

,QWHUFHSW ������� ������ ������� ������ ������� ������
6H[ ������� ������ ������� ������ ������� ������
$JH ������ ������ ������ ������ ������ ������
&RXSOH ������� ������ ������� ������ ������� ������
&RXSOH��FKLOGUHQ ������ ������ ������� ������ ������� ������
0RUH�*HQHUDWLRQV ������ ������ ������ ������ ������ ������
3DUWQHU�GLHG ������� ������ ������� ������ ������� ������
/RQHVRPH ������ ������ ������ ������ ������ ������
,QFRPH ������� ������ ������� ������� ������� ������
(DVW ������ ������ ������ ������ ������ ������
+LJK�VFKRRO ������ ������ ������ ������ ������ ������
1R�VNLOOV ������ ������ ������ ������ ������ ������

'LVDEOHG ������ ������ ������ ������ ������ ������
3K\VLFLDQ ������� ������ ������� ������ ������� ������
3K\VLFLDQ�QXPEHU ������ ������ ������ ������ ������ �����
+RVSLWDO ������ ������ ������ ������ ������ ������
+RVSLWDO�QLJKWV ������ ������ ������ ������ ������ ������

3UHYLRXVO\�IDLU � � ������ ������ � �
3UHYLRXVO\�SRRU � � ������ ������ � �
3UHYLRXVO\�EDG � � ������ ������ � �

&XUUHQWO\�IDLU � � ������ ������ ������ ������
&XUUHQWO\�SRRU � � ������ ������ ������ ������
&XUUHQWO\�EDG � � ������ ������ ������ ������

/RJ�/LNHOLKRRG ������� ������� �������

c���/5�7HVW ��������

�������

6RXUFH��*62(3�������±������
D��7KH�PRGHOV�DUH�H[SODLQHG�LQ�VHFWLRQ���
�6WDWLVWLFDOO\�VLJQLILFDQW�DW�WKH�����OHYHO���DW�WKH����OHYHO����DW�WKH����OHYHO�



��

1HDUO\�DOO��REMHFWLYH��KHDOWK�YDULDEOHV�DUH�VLJQLILFDQW�GHWHUPLQDQWV�IRU�WKH�SUREDELOLW\�RI�GHDWK�

7KHUH�ZHUH�PRUH�GHDWKV�RI�UHVSRQGHQWV�ZKR�UHSRUWHG�GLVDELOLW\�WKDQ�RI�WKRVH�ZKR�GLG�QRW��2XU

RWKHU��REMHFWLYH��KHDOWK�YDULDEOHV�PHDVXUH�XWLOL]DWLRQ�RI�WKH�KHDOWK�FDUH�V\VWHP��3HUVRQV�ZKR

YLVLWHG�D�SK\VLFLDQ�LQ� WKH�ODVW�TXDUWHU�EHIRUH� WKH�VXUYH\�KDYH�D� ORZHU�SUREDELOLW\� WR�GLH��7KH

YLVLW�WR�D�SK\VLFLDQ�LQ�WKH�ODVW�TXDUWHU�EHIRUH�WKH�VXUYH\�WRRN�SODFH�FDQ�SHUKDSV�EH�LQWHUSUHWHG

DV�DQ�LQGLFDWRU�IRU�UHJXODU�YLVLWV��H�J��DV�WKH�XWLOL]DWLRQ�RI�SUHYHQWLYH�FDUH��5HJXODU�YLVLWV�WR�D

SK\VLFLDQ�WKHQ�ORZHU�WKH�ULVN�RI�PRUWDOLW\��HVSHFLDOO\�IRU�ZRPHQ��VHH�7DEOH�����,Q�IDFW��ZRPHQ

YLVLW�D�SK\VLFLDQ�PRUH�UHJXODUO\�WKDQ�PHQ��DQG�WKH\�KDYH�D�KLJKHU�XWLOL]DWLRQ�UDWH�RI�SUHYHQWLYH

FDUH��,Q�FRQWUDVW�WR�UHJXODULW\��WKH�IUHTXHQF\�RI�SK\VLFLDQ�FRQWDFWV�LV�SULPDULO\�DQ�LQGLFDWRU�RI

PRUELGLW\��7KHUHIRUH��WKH�PRUH�IUHTXHQW�WKH�YLVLWV�WR�D�SK\VLFLDQ��WKH�KLJKHU�LV�WKH�SUREDELOLW\

WR�GLH��ZKLFK�DOVR�PHDQV�D�KLJKHU�PRUELGLW\��%HLQJ�LQ�D�KRVSLWDO�GXULQJ�WKH�ODVW�\HDU�GRHV�QRW

KDYH� D� VLJQLILFDQW� LQIOXHQFH� RQ�PRUWDOLW\�� EXW� WKH� QXPEHU� RI� QLJKWV� LQ� D� KRVSLWDO� OHDGV� WR� D

VLJQLILFDQW�LQFUHDVH�LQ�WKH�OLNHOLKRRG�WR�GLH��7KH�KLJKHU�WKH�QXPEHU�RI�QLJKWV�D�SHUVRQ�VSHQW��LQ

D�KRVSLWDO�� WKH�KLJKHU�LV�WKH�SUREDELOLW\� WR�GLH�DQG�WKH�KLJKHU� LV� WKH�SUREDELOLW\�RI� LPSHQGLQJ

GRRP�

:H� VWDUW� ZLWK� DQDO\]LQJ� WKH� HIIHFW� RI� VHOI�UDWLQJ� KHDOWK� SURYLGHG� E\� WKH� UHVSRQGHQWV� DV

IRUPXODWHG� E\�PRGHO� �����:H� LQFOXGH� VHOI�UHSRUWHG� KHDOWK� IURP� ERWK� WKH� FXUUHQW� DV�ZHOO� DV

IURP�WKH�SUHYLRXV�\HDU��7KH�/5�WHVW�VWDWLVWLF�VKRZV�WKDW�WKLV�PRGHO�VKRXOG�EH�SUHIHUUHG�WR�WKH

PRGHO� ZLWKRXW� WKLV� LQIRUPDWLRQ�� ,Q� RWKHU� ZRUGV�� VHOI�UHSRUWHG� KHDOWK� YDULDEOHV� VLJQLILFDQWO\

LQFUHDVH�WKH�SUHGLFWLRQ�RI�PRUWDOLW\��,W�FDQ�EH�VKRZQ�IXUWKHU��KRZHYHU��WKDW�SUHYLRXVO\�UHSRUWHG

KHDOWK� LV� FOHDUO\�GRPLQDWHG�E\�FXUUHQWO\� UHSRUWHG�KHDOWK��1RWH� WKDW� WKH�SDUDPHWHUV� HVWLPDWHG

IRU� WKH� LPSDFW� RI� SUHYLRXVO\� VHOI�UHSRUWHG� KHDOWK� KDYH� WR� EH� LQWHUSUHWHG� DV� *G �� WKDW� LV� WKH

GLIIHUHQFH� �G�F���7KXV�� LW�PLJKW�EH�SRVVLEOH� WR� H[SODLQ� WKH� LPSDFW� RI� VHOI�UHSRUWHG� KHDOWK� RQ

PRUWDOLW\� E\� WKH� FXUUHQWO\� UHSRUWHG� KHDOWK� VWDWXV� DORQH�� 7R� WHVW� WKLV� K\SRWKHVLV� IXUWKHU�� ZH

HVWLPDWH� D� PRGHO� LQFOXGLQJ� WKH� FXUUHQWO\� VHOI�UHSRUWHG� KHDOWK� VWDWXV� RQO\� �VHH� PRGHO� ���� LQ

7DEOH����� �$�/5�WHVW�VKRZV�WKDW�PRGHO�����FRQWDLQV�QR�DGGLWLRQDO� LQIRUPDWLRQ�IRU�H[SODLQLQJ

PRUWDOLW\�� 7KH� FKL�VTXDUH� YDOXH� LV� ��������� DQG� WKH� FULWLFDO� YDOXH� RQ� WKH� ��� SHUFHQW� OHYHO� LV

������$V� D� UHVXOW�� WKH� WKHVLV� WKDW� GHFOLQLQJ� KHDOWK� WUDMHFWRULHV� KDYH� DQ� DGGLWLRQDO� LPSDFW� RQ

PRUWDOLW\��KDV�WR�EH�UHMHFWHG�

7KH� UHVXOWV� IURP�PRGHO� ���� FRQILUP� LQWHUQDWLRQDO� HYLGHQFH� �VHH� ,GOHU� DQG�%HQ\DPLQL� ������

7KH� SUREDELOLW\� WR� GLH� ZLWKLQ� WKH� \HDU� DIWHU� VXUYH\LQJ� LV� VLJQLILFDQWO\� KLJKHU� IRU� WKRVH

UHVSRQGHQWV�ZKR�UHSRUWHG� WKHLU�KHDOWK�DV�SRRU�RU�EDG��7KH�FDWHJRU\��IDLU�� LQ�QRW�VLJQLILFDQW�
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5HIHUHQFH� FDWHJRU\� DUH� UHVSRQGHQWV�ZLWK� VHOI�UDWLQJV� DV� JRRG� RU� YHU\� JRRG��0RUHRYHU�� VHOI�

UDWHG�KHDOWK�VHHPV�WR�EH�DQ�XQLTXH�LQGLFDWRU�IRU�H[SODLQLQJ�WKH�SUREDELOLW\�RI�GHDWK��EHFDXVH

ZH� LQFOXGHG� �REMHFWLYH�� LQIRUPDWLRQ� RQ� KHDOWK� DQG� WKHUH� DUH� RQO\� IHZ� FKDQJHV� LQ� VLJQ� DQG

VLJQLILFDQFH� RI� REMHFWLYH� KHDOWK� YDULDEOHV�� DV� ZHOO� DV� RI� VRFLR�GHPRJUDSKLF� YDULDEOHV�

UHJDUGOHVV�RI�ZKHWKHU�VHOI�UDWHG�KHDOWK�LQGLFDWRUV�DUH�LQFOXGHG�LQ�WKH�UHJUHVVLRQV�RU�QRW�

7DEOH����3URELW�HVWLPDWLRQ�RQ�PRUWDOLW\��&KDQJHV�LQ�VHOI�UDWHG�KHDOWK
0RGHO����D 0RGHO����D

9DULDEOH 3DUDPHWHU 6WG��(UU� 3DUDPHWHU 6WG��(UURU

,QWHUFHSW ������� ������ ������� ������
6H[ ������� ������ ������� ������
$JH ������� ������ ������ ������
&RXSOH ������� ������ ������� ������
&RXSOH��FKLOGUHQ ������� ������ ������� ������
0RUH�*HQHUDWLRQV ������� ������ ������ ������
3DUWQHU�GLHG ������� ������ ������� ������
/RQHVRPH ������� ������ ������ ������
,QFRPH ������� ������� ������� ������
(DVW ������� ������ ������ ������
+LJK�VFKRRO ������� ������ ������ ������
1R�VNLOOV ������� ������ ������ ������

'LVDEOHG ������� ������ ������ ������
3K\VLFLDQ ������� ������ ������� ������
3K\VLFLDQ�QXPEHU ������� ������ ������ �����
+RVSLWDO ������� ������ ������ ������
+RVSLWDO�QLJKWV ������� ������ ������ ������

3UHYLRXVO\�IDLU ������� ������ � �
3UHYLRXVO\�SRRU ������� ������ � �
3UHYLRXVO\�EDG ������� ������ � �

'HFUHDVH�� ������� ������ � �
'HFUHDVH�� ������� ������ � �
,QFUHDVH ������� ������ � �
%RWK�EDG ������� ������ � �

&XUUHQWO\�IDLU � � ������ ������
&XUUHQWO\�SRRU � � ������ ������
&XUUHQWO\�EDG � � ������ ������

/RJ�/LNHOLKRRG ������� �������

c���/5�7HVW �������

6RXUFH��*62(3�������±������
D��7KH�PRGHOV�DUH�H[SODLQHG�LQ�VHFWLRQ���
�6WDWLVWLFDOO\�VLJQLILFDQW�DW�WKH�����OHYHO���DW�WKH����OHYHO����DW�WKH����OHYHO�

1H[W�ZH�GHDO�ZLWK�FKDQJHV�LQ�VHOI�UHSRUWHG�KHDOWK�EHWZHHQ�WZR�VXFFHVVLYH�\HDUV�DV�IRUPXODWHG

E\�PRGHO� �����1RWH� WKDW� WKLV�PRGHO� LV� WKHRUHWLFDOO\�HTXLYDOHQW� WR�PRGHO� ����� ,Q� WKH�HVWLPDWHV
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VKRZQ� E\� 7DEOH� �� FKDQJHV� LQ� VHOI�UHSRUWHG� KHDOWK� DUH� H[SOLFLWO\� LQFOXGHG� DV� H[SODQDWRU\

YDULDEOHV� IRU� PRUWDOLW\�� ,W� FDQ� EH� VHHQ� WKDW� VRPH� RI� WKH� FKDQJH� YDULDEOHV� DUH� VLJQLILFDQWO\

GLIIHUHQW�IURP�]HUR��*LYHQ�VHOI�UHSRUWHG�KHDOWK�LQIRUPDWLRQ�IURP�WKH�SUHYLRXV�\HDU�D�GHFUHDVH

LQ�VHOI�UHSRUWHG�KHDOWK�E\�RQH�RU�WZR�SRLQWV�RQ�WKH�VFDOH�LQFUHDVH�WKH�SUREDELOLW\�WR�GLH��$OVR

VLJQLILFDQW�LV�WKH�YDULDEOH�WKDW�FRQWUROV�IRU�WKH�IDFW�WKDW�WKH�UDWLQJ�VFDOH�LV�ERXQGHG��+RZHYHU�

DJDLQ�WKH�TXHVWLRQ�LV�ZKHWKHU�WKLV�PRGHO�JLYHV�D�EHWWHU�H[SODQDWLRQ�LQ�WKH�VHQVH�WKDW�FKDQJHV�LQ

VHOI�UHSRUWHG�KHDOWK�H[SODLQ�WKH�SUREDELOLW\�WR�GLH�DGGLWLRQDOO\�WR�WKH�PRGHO�GHVFULEHG�LQ�PRGHO

�����7R�ILJXUH�WKLV�RXW��ZH�WHVW�PRGHO�����DJDLQVW�PRGHO�����E\�XVLQJ�D�/5�7HVW��7KH�FKL�VTXDUH

YDOXH� LV� ��������� DQG� WKH� FULWLFDO� YDOXH�RQ� WKH����SHUFHQW� OHYHO� LV� ������7KHUHIRUH�� DJDLQ�ZH

KDYH�WR�UHMHFW�WKH�WKHVLV�WKDW�FKDQJHV�LQ�VHOI�UDWHG�KHDOWK�JLYH�DGGLWLRQDO�H[SODQDWLRQ�

2XU� UHVXOWV� FRUUHVSRQG� WR� WKRVH� RI� :ROLQVN\� DQG� 7LHUQH\� �������� ZKR� DOVR� UHMHFWHG� WKH

WUDMHFWRU\�K\SRWKHVLV�XVLQJ�GDWD�IRU�WKH�8QLWHG�6WDWHV��7KH�UHODWLRQVKLS�EHWZHHQ�SRRU�VHOI�UDWHG

KHDOWK� DQG� PRUWDOLW\� LV� QRW� D� VLPSOH� UHIOHFWLRQ� RI� GHFOLQLQJ� KHDOWK� WUDMHFWRU\�� �5DWKHU�� WKH

HIIHFWV�RI�SRRU�VHOI�UDWHG�KHDOWK�DQG�GHFOLQLQJ�KHDOWK�WUDMHFWRU\�DSSHDU�WR�EH�LQGHSHQGHQW�DQG

FRPSOHPHQWDU\�� �:ROLQVN\� DQG� 7LHUQH\� ������ S�� ������ ,Q� IXUWKHU� UHVHDUFK� LW� VKRXOG� EH

H[DPLQHG� ZKHWKHU� WUDMHFWRULHV� PLJKW� KDYH� D� VSHFLDO� SUHGLFWLYH� TXDOLW\� IRU� KRVSLWDOL]DWLRQ�

QXUVLQJ�KRPH�SODFHPHQW�RU�UHWLUHPHQW�

)LQDOO\��ZH�ZLOO�SUHVHQW�GLIIHUHQW�HVWLPDWLRQV�IRU�PHQ�DQG�ZRPHQ��7DEOH�����$V�LW�ZDV�VKRZQ

EHIRUH�� LW� LV� VXIILFLHQW� WR� LQFOXGH� WKH� FXUUHQWO\� VHOI�UHSRUWHG� KHDOWK� VWDWXV�� )LUVW� ZH� ILQG� D

UHPDUNDEOH� VLPLODULW\� WR� D� UHFHQW� VWXG\� IURP� )UDQFH� �+HOPHU� HW� DO�� ������� VHOI�UDWHG� KHDOWK

VHHPV� WR� EH� D� EHWWHU� SUHGLFWRU� RI� PRUWDOLW\� IRU� PHQ� WKDQ� IRU� ZRPHQ�� )RU� ZRPHQ� RQO\� WKH

FDWHJRU\��EDG��LV�D�VLJQLILFDQW�SUHGLFWRU�IRU�PRUWDOLW\��$QRWKHU�LQWHUHVWLQJ�GLIIHUHQFH�EHWZHHQ

ZRPHQ�DQG�PHQ�DUH�WKH�HIIHFWV�RI�WKH��REMHFWLYH��KHDOWK�YDULDEOHV��7KH�RQO\�YDULDEOH�ZKLFK�LV

VLJQLILFDQW� IRU�ZRPHQ� LV� WKH�QHJDWLYH� LPSDFW� RI� YLVLW� WR� D� SK\VLFLDQ� RQ�PRUWDOLW\��$V� VWDWHG

DERYH��WKH�YLVLW�WR�D�SK\VLFLDQ�PD\�EH�LQWHUSUHWHG�DV�DQ�LQGLFDWRU�IRU�UHJXODU�YLVLWV��H�J��DV�WKH

XWLOL]DWLRQ� RI� SUHYHQWLYH� FDUH�� ,W� PLJKW� EH� LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� YDULDEOH� YLVLW� WR� D

SK\VLFLDQ�LV�QRW�VLJQLILFDQW�IRU�PHQ��EXW�DOO�RWKHU�XWLOL]DWLRQ�YDULDEOHV�DUH�VLJQLILFDQW�
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7DEOH����3URELW�HVWLPDWLRQV�RQ�PRUWDOLW\�IRU�PHQ�DQG�ZRPHQ
0HQ :RPHQ

9DULDEOH 3DUDPHWHU 6WG�(UU� 3DUDPHWHU 6WG�(UU�

,QWHUFHSW ������� ������ �������� ������
$JH ������ ������ �������� �������
&RXSOH ������� ������ �������� ������
&RXSOH��FKLOGUHQ �������� ������ ������� ������
0RUH�*HQHUDWLRQV ������� ������ �������� ������
/RQHVRPH ������� ������ ������� ������
,QFRPH �������� ������ �������� ������
(DVW ������� ������ ������� ������
+LJK�VFKRRO ������� ������ ������� ������
1R�VNLOOV ������� ������ ��������� ������

'LVDEOHG ������� ������ ������� ������
3K\VLFLDQ �������� ������ ������� ������
3K\VLFLDQ�QXPEHU ������ ������ ������ ������
+RVSLWDO ������ ������ ������ ������
+RVSLWDO�QLJKWV ������ ������ ������ ������

&XUUHQWO\�IDLU ������ ������ ������� �������
&XUUHQWO\�SRRU ������ ������ ������ ������
&XUUHQWO\�EDG ������ ������ ������ ������

/RJ�/LNHOLKRRG ������� �������

6RXUFH��*62(3�������±������
�6WDWLVWLFDOO\�VLJQLILFDQW�DW�WKH�����OHYHO���DW�WKH����OHYHO����DW�WKH����OHYHO�

�� &RQFOXVLRQV

8VLQJ� GDWD� IURP� WKH� *HUPDQ� 6RFLR�(FRQRPLF� 3DQHO� VWXG\� ZH� FRQILUP� WKH� LQWHUQDWLRQDO

HYLGHQFH�WKDW�VHOI�UDWHG�KHDOWK�LV�D�YDOLG�SUHGLFWRU�RI�PRUWDOLW\�IRU�*HUPDQ\��WRR��,Q�DGGLWLRQ�

RXU�GDWD�HQDEOH�XV�WR�SURYH�WKH�VR�FDOOHG�WUDMHFWRU\�K\SRWKHVLV��:H�IRXQG�WKDW�WKH�UHODWLRQVKLS

EHWZHHQ� VHOI�UDWHG� KHDOWK� DQG� PRUWDOLW\� LV� QRW� D� VLPSOH� UHIOHFWLRQ� RI� GHFOLQLQJ� KHDOWK

WUDMHFWRULHV�

,W�VKRXOG�EH�H[DPLQHG�LQ�IXUWKHU�UHVHDUFK�ZKHWKHU�VHOI�UDWHG�KHDOWK�FDQ�EH�XVHG�PRUH�JHQHUDOO\

LQ� KHDOWK� HFRQRPLFV�� )LQQLVK� LQYHVWLJDWLRQV� GR� QRW� RQO\� VKRZ� WKH� ZHOO�NQRZQ� FRQQHFWLRQ

EHWZHHQ� VHOI�UDWHG� KHDOWK� DQG� PRUWDOLW\� IRU� WKH� ZRUNLQJ�DJH� SRSXODWLRQ�� EXW� WKH\� DOVR

GHPRQVWUDWH� WKDW� VHOI�UDWHG�KHDOWK� LV� TXDOLILHG� WR� SUHGLFW� WKH� XVH� RI� SK\VLFLDQV
� VHUYLFHV� �VHH

0LLOXQSDOR�HW�DO���������'Z\HUV�DQG�0LWFKHOO��������KDYH�VKRZQ�WKDW�VHOI�UDWHG�KHDOWK�LV�DOVR

DQ� LQGLFDWRU� IRU�SUHGLFWLQJ� UHWLUHPHQW��7KHVH� VWXGLHV� VKRZ� WKH� LQFUHDVLQJ� LPSRUWDQFH�RI� WKLV

LQGLFDWRU�LQ�KHDOWK�HFRQRPLFV�
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5HIHUHQFHV

'Z\HU��'��6��DQG�2��6��0LWFKHOO���������+HDOWK�SUREOHPV�DV�GHWHUPLQDQWV�RI�UHWLUHPHQW��DUH

VHOI�UDWHG�PHDVXUHV�HQGRJHQRXV"��-RXUQDO�RI�+HDOWK�(FRQRPLFV����������������

(EHUVWDGW��1����������'HPRJUDSKLF�VKRFNV�DIWHU�FRPPXQLVP��(DVWHUQ�*HUPDQ\������������

3RSXODWLRQ�DQG�'HYHORSPHQW�5HYLHZ�����������������

*UHHQH��:��+����������(FRQRPHWULF�$QDO\VLV��7KLUG�(GLWLRQ��/RQGRQ�

+HOPHU��&���3��%DUEHUJHU�*DWHDX��/��/HWHQQHXU��DQG�-�)��'DUWLJXHV���������6XEMHFWLYH�+HDOWK

DQG�0RUWDOLW\�LQ�)UDQFH�±�(OGHUO\�:RPHQ�DQG�0HQ��-RXUQDO�RI�*HURQWRORJ\��6RFLDO

6FLHQFHV�����%����������

,GOHU��(��/��DQG�<��%HQ\DPLQL���������6HOI�5DWHG�+HDOWK�DQG�0RUWDOLW\��$�5HYLHZ�RI�7ZHQW\�

6HYHQ�&RPPXQLW\�6WXGLHV��-RXUQDO�RI�+HDOWK�DQG�6RFLDO�%HKDYLRU��������������

-XOKl��0��-��0��*XUDOQLN��/��)HUUXFFL���-��-RNHOD�DQG�(��+HLNNLQHQ���������,V�6HOI�5DWHG�+HDOWK

&RPSDUDEOH�$FURVV�&XOWXUHV�DQG�*HQGHUV"��-RXUQDO�RI�*HURQWRORJ\��6RFLDO�6FLHQFHV�

���%������������

.OHLQ��7K����������0RUWDOLWlW�LQ�'HXWVFKODQG�±�$NWXHOOH�(QWZLFNOXQJHQ�XQG�VR]LDOH

8QWHUVFKLHGH��,Q��:��=DSI��-��6FKXSS�DQG�5��+DELFK��HGV����/HEHQVODJHQ�LP�:DQGHO�

6R]LDOEHULFKWHUVWDWWXQJ�LP�/lQJVVFKQLWW��)UDQNIXUW�DQG�1HZ�<RUN����������

0HQHF��9��+���-��*��&KLSSHUILHOG��DQG�5��3��3HUU\���������6HOI�3HUFHSWLRQV�RI�+HDOWK��$

3URVSHFWLYH�$QDO\VLV�RI�0RUWDOLW\��&RQWURO��DQG�+HDOWK��-RXUQDO�RI�*HURQWRORJ\�

3V\FKRORJLFDO�6FLHQFHV�����%����3���3���

0LLOXQSDOR��6���,��9XRUL��3��2MD��0��3DVDQHQ�DQG�+��8USRQHQ���������6HOI�UDWHG�KHDOWK�VWDWXV

DV�D�KHDOWK�PHDVXUH��WKH�SUHGLFWLYH�YDOXH�RI�VHOI�UHSRUWHG�KHDOWK�VWDWXV�RQ�WKH�XVH�RI

SK\VLFLDQ�VHUYLFHV�DQG�RQ�PRUWDOLW\�LQ�WKH�ZRUNLQJ�DJH�SRSXODWLRQ��-RXUQDO�RI�&OLQLFDO

(SLGHPLRORJ\�����������������

0RVVH\��-��0���DQG�(��6KDSLUR���������6HOI�5DWHG�+HDOWK��$�3UHGLFWRU�RI�0RUWDOLW\�$PRQJ�WKH

(OGHUO\���$PHULFDQ�-RXUQDO�RI�3XEOLF�+HDOWK�����������������

)��'��:ROLQVN\�DQG�:��0��7LHUQH\���������6HOI�5DWHG�+HDOWK�DQG�$GYHUVH�+HDOWK�2XWFRPHV�

$Q�([SORUDWLRQ�DQG�5HILQHPHQW�RI�WKH�7UDMHFWRU\�+\SRWKHVLV��-RXUQDO�RI�*HURQWRORJ\�

6RFLDO�6FLHQFHV�����%������������

:DJQHU��*��*���5��9��%XUNKDXVHU�DQG�)��%HKULQJHU���������7KH�(QJOLVK�/DQJXDJH�3XEOLF�8VH

)LOH�RI�WKH�*HUPDQ�6RFLR�(FRQRPLF�3DQHO��-RXUQDO�RI�+XPDQ�5HVRXUFHV������������

����


