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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

+HDOWK�FDUH�VHUYLFHV

&KDUDFWHUL]LQJ�('�j6XSHU�8WLOL]HUVk�DPRQJ�8QGRFXPHQWHG�,PPLJUDQWV�LQ�WKH�+HDOWK�&DUH
6DIHW\�1HW�$KDO\D�3UDNDVK
�$KDO\D�3UDNDVK��$QQLH�5R��-XQJ�0LQ�&KRL�

,QWURGXFWLRQ��$SSUR[LPDWHO\������PLOOLRQ�XQGRFXPHQWHG�LPPLJUDQWV�LQ�WKH�8�6��DUH�QRW�HOLJLEOH�IRU
0HGLFDLG��OLPLWLQJ�WKHLU�DFFHVV�WR�SUHYHQWLYH�FDUH�DQG�LQFUHDVLQJ�WKHLU�UHOLDQFH�RQ�HPHUJHQF\
GHSDUWPHQWV��('���3URJUDPV�VXFK�DV�0\�+HDOWK�/$��0+/$��SURYLGH�SULPDU\�FDUH�WR�PRVWO\
XQGRFXPHQWHG�DGXOWV�LQ�/RV�$QJHOHV�&RXQW\��WKRXJK�VWUXFWXUDO�EDUULHUV�DQG�GHOD\HG�FDUH�SHUVLVW�
OHDGLQJ�WR�VHYHUH�RU�UHSHDW�('�YLVLWV��,GHQWLI\LQJ�('�}VXSHU�XVHUV~�LV�FULWLFDO�IRU�RSWLPL]LQJ
KHDOWKFDUH�UHVRXUFHV�DQG�LQIRUPLQJ�FRVW�FRQVLGHUDWLRQV�DV�&DOLIRUQLD�H[SDQGV�0HGL�&DO�FRYHUDJH�WR
XQGRFXPHQWHG�LPPLJUDQWV�

'DWD�	�0HWKRGV��('�XWLOL]DWLRQ�ZDV�H[DPLQHG�XVLQJ�PHUJHG�0+/$�HQUROOPHQW��0HGL�&DO�FODLPV
�0,&56���DQG�HOHFWURQLF�KHDOWK�UHFRUG�GDWD�IURP�/RV�$QJHOHV�&RXQW\�'HSDUWPHQW�RI�+HDOWK�6HUYLFHV
KRVSLWDOV������y�������7KH�VDPSOH�LQFOXGHG��������0+/$�HQUROOHHV�ZLWK����('�YLVLW��('�XVH�ZDV
FDWHJRUL]HG�DV�ORZ���y��YLVLWV�\HDU���KLJK���y����RU�VXSHU�������

5HVXOWV��('�XVHUV�KDG�D�PHDQ�DJH�RI����\HDUV�DQG�ZHUH�SUHGRPLQDQWO\�IHPDOH����������6SDQLVK�
VSHDNLQJ����������+LVSDQLF����������DQG�IURP�0H[LFR����������*XDWHPDOD����������RU�(O�6DOYDGRU
��������PRVW�ZHUH�QRW�KRPHOHVV��������������KRPHOHVV���3DWLHQWV�DYHUDJHG�����SULPDU\�FDUH�YLVLWV�
����('�YLVLWV��DQG�����\HDUV�RI�0+/$�HQUROOPHQW��2YHUDOO��������ZHUH�ORZ�XWLOL]HUV��������KLJK��DQG
������VXSHU�XWLOL]HUV��6XSHU�XWLOL]HUV�ZHUH�ROGHU�����YV������YV�������) ��������S����������PRUH
OLNHO\�PDOH��������YV�������YV��������eb ��������S����������KDG�PRUH�SULPDU\�FDUH�YLVLWV������
YV������YV�������) ��������S����������EXW�VKRUWHU�0+/$�HQUROOPHQW������YV�����YV������\HDUV�
) ��������S����������0XOWLQRPLDO�UHJUHVVLRQ�ZLOO�H[DPLQH�SUHGLFWRUV�RI�('�XWLOL]DWLRQ�FRQWUROOLQJ
IRU�UHOHYDQW�FRYDULDWHV�

&RQFOXVLRQ��$OWKRXJK�����RI�SDWLHQWV�ZHUH�VXSHU�XWLOL]HUV��WKH\�DFFRXQWHG�IRU�D�GLVSURSRUWLRQDWH
VKDUH�RI�('�YLVLWV��&KDUDFWHUL]LQJ�WKHVH�KLJK�XWLOL]HUV�PD\�KHOS�LQIRUP�WDUJHWHG�LQWHUYHQWLRQV�DQG
LPSURYH�FDUH�FRQWLQXLW\�ZLWKLQ�VDIHW\�QHW�V\VWHPV�DV�0HGL�&DO�H[SDQGV�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

+HDOWK�HTXLW\

7KH�,QWHUVHFWLQJ�$VVRFLDWLRQ�RI�6SHDNLQJ�D�1RQ�'RPLQDQW�/DQJXDJH�DQG�/RZHU�+HDOWKFDUH
$FFHVV�RQ�6HOI�5HSRUWHG�'HSUHVVLRQ�$PRQJ�8�6��$GXOWV��$�&URVV�6HFWLRQDO�6WXG\�XVLQJ
1+$1(6�'DWD�������0DUFK�������9LQFHQ]R�&RUQDFFKLRQH
�9LQFHQ]R�&RUQDFFKLRQH��&RUH\
/LQYHU��-HVVLFD�.LOLQVNL��.HOO\�5HDYLV��'HERUDK�.DUDVHN�

%DFNJURXQG��'HSUHVVLRQ�UHPDLQV�D�OHDGLQJ�SXEOLF�KHDOWK�FRQFHUQ�LQ�WKH�8�6���ZLWK�H[LVWLQJ
LQHTXLWLHV�LQ�GLDJQRVLV�DQG�WUHDWPHQW�E\�UDFH��HWKQLFLW\��DQG�ODQJXDJH�VSRNHQ��0HQWDO�KHDOWK
VHUYLFHV�DUH�OLPLWHG�E\�KHDOWKFDUH�DFFHVV�DQG��ZKHQ�DFFHVV�LV�DYDLODEOH��PXOWLOLQJXDO�LQGLYLGXDOV�IDFH
V\VWHPLF�FKDOOHQJHV�LQ�QDYLJDWLQJ�DQ�(QJOLVK�FHQWULF�KHDOWKFDUH�V\VWHP��7KH�MRLQW�LPSDFW�RI�ODQJXDJH
SUHIHUHQFH�DQG�KHDOWKFDUH�DFFHVV�RQ�GHSUHVVLRQ�SUHYDOHQFH�UHPDLQV�XQH[SORUHG�

2EMHFWLYH��:H�H[DPLQHG�WKH�LQGHSHQGHQW�DQG�MRLQW�DVVRFLDWLRQV�EHWZHHQ�ODQJXDJH�SUHIHUHQFH�DQG
KHDOWKFDUH�DFFHVV�RQ�PRGHUDWH�WR�VHYHUH�GHSUHVVLRQ�

0HWKRGV��:H�FRQGXFWHG�D�FURVV�VHFWLRQDO�DQDO\VLV�DPRQJ�QRQ�LQVWLWXWLRQDOL]HG�DGXOWV�DJHG����DQG
ROGHU�OLYLQJ�LQ�WKH�86�XVLQJ�QDWLRQDOO\�UHSUHVHQWDWLYH�GDWD�IURP�1+$1(6�����y0DUFK�������Q� 
���������'HSUHVVLRQ�ZDV�DVVHVVHG�XVLQJ�WKH�3+4����DQG�ZH�PHDVXUHG�KHDOWKFDUH�DFFHVV�XVLQJ�D
WKUHH�OHYHO�FDWHJRULFDO�PHDVXUH��DGHTXDWHO\�LQVXUHG��LQDGHTXDWHO\�LQVXUHG��DQG�XQLQVXUHG��EDVHG�RQ
3HQFKDQVN\�DQG�7KRPDV|V�7KHRU\�RI�$FFHVV��0XOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ�PRGHOV�DGMXVWHG�IRU
LQGLYLGXDO�VRFLRGHPRJUDSKLF�FRQIRXQGHUV�DQG�ZHUH�XVHG�WR�HVWLPDWH�RGGV�UDWLRV��25V���LQFOXGLQJ
LQWHUDFWLRQ�WHUPV�WR�DVVHVV�MRLQW�HIIHFWV�

5HVXOWV��$PRQJ�WKRVH�ZKR�ZHUH�DGHTXDWHO\�LQVXUHG��RGGV�RI�PRGHUDWH�WR�VHYHUH�GHSUHVVLRQ�ZHUH
VOLJKWO\�ORZHU�ZKHQ�VSHDNLQJ�D�QRQ�GRPLQDQW�ODQJXDJH�>D25� �����������&,�������������@��FRPSDUHG
WR�WKRVH�VSHDNLQJ�D�GRPLQDQW�ODQJXDJH��&RQYHUVHO\��PRGHUDWH�WR�VHYHUH�GHSUHVVLRQ�RGGV�LQFUHDVHG
DPRQJ�GRPLQDQW�ODQJXDJH�VSHDNHUV�ZKR�ZHUH�LQDGHTXDWHO\�LQVXUHG�>D25� �����������&,�������
�����@�RU�XQLQVXUHG�>D25� �����������&,�������������@��6LJQLILFDQW�LQWHUDFWLRQ�HIIHFWV�ZHUH�REVHUYHG
�S����������ZKHUH�LQGLYLGXDOV�ZKR�VSRNH�D�QRQ�GRPLQDQW�ODQJXDJH�KDG�VLJQLILFDQWO\�ORZHU�RGGV�RI
PRGHUDWH�WR�VHYHUH�GHSUHVVLRQ�ZKHQ�LQDGHTXDWHO\�LQVXUHG�>D25� �����������&,�������������@�DQG
XQLQVXUHG�>D25� �����������&,�������������@��FRPSDUHG�WR�DGHTXDWHO\�LQVXUHG��GRPLQDQW�ODQJXDJH
VSHDNHUV�

&RQFOXVLRQ��&RQWUDU\�WR�GRPLQDQW�QDUUDWLYHV��VSHDNLQJ�D�QRQ�GRPLQDQW�ODQJXDJH�ZDV�DVVRFLDWHG
ZLWK�ORZHU�RGGV�RI�PRGHUDWH�WR�VHYHUH�GHSUHVVLRQ��SDUWLFXODUO\�DPRQJ�WKRVH�ZLWK�ORZ�KHDOWKFDUH
DFFHVV��7KHVH�ILQGLQJV�FKDOOHQJH�GHILFLW�EDVHG�IUDPLQJV�RI�PXOWLOLQJXDO�SRSXODWLRQV�DQG�XQGHUVFRUH
WKH�LPSRUWDQFH�RI�LQWHUVHFWLRQDO�DSSURDFKHV�WR�PHQWDO�KHDOWK�GLVSDULWLHV�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

0LJUDWLRQ

'RHV�QHLJKERUKRRG�PDWWHU"�$VVHVVLQJ�WKH�UROH�RI�QHLJKERUKRRG�FRQWH[W�RQ�KHDOWK
LQVXUDQFH�VWDWXV�DPRQJ�6RXWK�$VLDQV�LQ�&DOLIRUQLD�$QJXEHHQ�.KDQ
�$QJXEHHQ�.KDQ��-HVVLFD
*LSVRQ��0LQ�=KRX��5DQGDOO�.XKQ�

%DFNJURXQG��1HLJKERUKRRG�FRQWH[W�LV�FULWLFDO�WR�KHDOWKFDUH�DFFHVV��HVSHFLDOO\�DPRQJ�LPPLJUDQWV�
'HVSLWH�KDYLQJ�SURPLQHQW�HWKQLF�QHLJKERUKRRGV�LQ�WKH�8�6��QR�VWXGLHV�H[DPLQH�KRZ�WKH
QHLJKERUKRRG�DIIHFWV�6RXWK�$VLDQ�KHDOWK�DFFHVV��7KLV�VWXG\�H[DPLQHG�KRZ�QHLJKERUKRRG�FRQWH[W
ZDV�DVVRFLDWHG�ZLWK�KHDOWK�LQVXUDQFH�VWDWXV�DPRQJ�6RXWK�$VLDQ�$PHULFDQV�

0HWKRGV��7KH�VWXG\�XVHG�WKH������$PHULFDQ�&RPPXQLW\�6XUYH\��7KH�VDPSOH�LQFOXGHG�&DOLIRUQLDQV
DJHG����\HDUV�DQG�ROGHU��1 ������������1HLJKERUKRRG�FRQWH[W�ZDV�DVVHVVHG�XVLQJ�DJJUHJDWH�FR�
HWKQLF�GHQVLW\��L�H��SHUFHQW�6RXWK�$VLDQ�LQ�D�QHLJKERUKRRG���IRUHLJQ�ERUQ�GHQVLW\��DQG�VRFLRHFRQRPLF
VWDWXV��L�H��SHUFHQW�FROOHJH�HGXFDWHG�DQG�KRPH�RZQHUVKLS�DQG�PHGLDQ�KRXVHKROG�LQFRPH���$
WKHRUHWLFDOO\�LQIRUPHG�QHLJKERUKRRG�W\SRORJ\�ZDV�FUHDWHG�XVLQJ�WKHVH�PHDVXUHV��:HLJKWHG
PXOWLYDULDWH�ORJLVWLF�UHJUHVVLRQ�PRGHOV�ZHUH�XVHG�WR�H[DPLQH�WKH�UROH�RI�QHLJKERUKRRG�FRQWH[W��DV
LQGLYLGXDO�PHDVXUHV�DQG�WKH�W\SRORJ\��RQ�KHDOWK�LQVXUDQFH�VWDWXV��:DOG�WHVWV�ZHUH�XVHG�WR�DVVHVV�LI
QHLJKERUKRRG�FRQWH[W�ZDV�DQ�LPSRUWDQW�SUHGLFWRU�RI�KHDOWK�LQVXUDQFH�VWDWXV��$QDO\VHV�ZHUH
FRQGXFWHG�LQ�67$7$����

5HVXOWV��&RPSDUHG�WR�:KLWHV��6RXWK�$VLDQV�KDG�KLJKHU�RGGV�RI�EHLQJ�LQVXUHG��S��������DQG�ORZHU
RGGV�RI�KDYLQJ�SULYDWH�KHDOWK�LQVXUDQFH��S���������6XEXUEDQ�UHVLGHQFH�DQG�KLJK�FR�HWKQLF�GHQVLW\
VLJQLILFDQWO\�LQFUHDVHG�WKH�RGGV�RI�DQ\�KHDOWK�LQVXUDQFH�DPRQJ�6RXWK�$VLDQV��S��������DQG�OLYLQJ�LQ
D�FHQWUDO�FLW\�DQG�KLJK�QHLJKERUKRRG�OHYHO�VRFLRHFRQRPLF�VWDWXV�LQFUHDVHG�RGGV�RI�SULYDWH�KHDOWK
LQVXUDQFH��S��������:DOG�7HVWV�LQGLFDWHG�WKDW�VHOHFW�QHLJKERUKRRG�IDFWRUV�ZHUH�EHWWHU�SUHGLFWRUV�RI
SULYDWH�KHDOWK�LQVXUDQFH�WKDQ�WKH�QHLJKERUKRRG�W\SRORJ\�

�'LVFXVVLRQ��7KH�VWXG\�GHPRQVWUDWHG�WKDW�WKH�QHLJKERUKRRG��HVSHFLDOO\�IDFWRUV�OLNH�FR�HWKQLF
GHQVLW\�DQG�QHLJKERUKRRG�OHYHO�VRFLRHFRQRPLF�VWDWXV��FDQ�LQIOXHQFH�KHDOWK�DFFHVV��5HVHDUFKHUV
VKRXOG�FRQWLQXH�WR�DVVHVV�WKH�UROH�RI�WKH�QHLJKERUKRRG�ZKHQ�H[DPLQLQJ�KHDOWK�GLVSDULWLHV�LQ�WKH
6RXWK�$VLDQ�LPPLJUDQW�FRPPXQLW\�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

0LJUDWLRQ

,PSDFW�RI������,PPLJUDWLRQ�3ROLF\�6KLIWV�RQ�+LVSDQLF�+,9�,QFLGHQFH�$FURVV�'LYHUJHQW
/RFDO�3ROLF\�(QYLURQPHQWV�LQ�WKH�8QLWHG�6WDWHV�-RUGDQ�+HUULQJ
�-RUGDQ�+HUULQJ��&DUORV
5RGULJXH]�'LD]�

%DFNJURXQG�DQG�2EMHFWLYH��,Q�������SURSRVHG�SXEOLF�FKDUJH�UXOH�FKDQJHVzDPLG�LQWHQVLILHG�DQWL�
LPPLJUDQW�UKHWRULF�DQG�KHWHURJHQHRXV�ORFDO�LPPLJUDWLRQ�HQIRUFHPHQWzZHUH�ZLGHO\�SXEOLFL]HG�DQG
KDYH�EHHQ�OLQNHG�WR�UHGXFHG�KHDOWK�FDUH�DFFHVV�DPRQJ�+LVSDQLF�SRSXODWLRQV��SRWHQWLDOO\�LQFUHDVLQJ
+,9�ULVN��\HW�OLWWOH�LV�NQRZQ�DERXW�KRZ�ORFDO�SROLF\�FRQWH[W�VKDSHV�WKHVH�KHDOWK�LPSDFWV��7KLV�VWXG\
H[DPLQHG�KRZ�VKLIWV�LQ�LPPLJUDWLRQ�SROLF\�DQG�UKHWRULF�SRVW������DIIHFWHG�+LVSDQLF�+,9�LQFLGHQFH
UDWHV�DFURVV�DQWL�VDQFWXDU\�DQG�VDQFWXDU\�FRXQWLHV�LQ�WKH�8QLWHG�6WDWHV�

0HWKRGV��&RXQW\�OHYHO�+,9�LQFLGHQFH�UDWHV�IRU�����������ZHUH�IURP�$,'69X��&RXQWLHV�ZHUH�VRUWHG
LQWR�DQWL�VDQFWXDU\�FRXQWLHV��VDQFWXDU\�FRXQWLHV��RU�EDVHOLQH�FRXQWLHV�XVLQJ�D�FRXQW\�OHYHO�SROLF\
VFRULQJ�V\VWHP�IURP�WKH�,PPLJUDQW�/HJDO�5HVRXUFH�&HQWHU��6DQFWXDU\�FRXQWLHV�DLPHG�WR�OLPLW
FRRSHUDWLRQ�ZLWK�IHGHUDO�LPPLJUDWLRQ�HQIRUFHPHQW��K\SRWKHVL]HG�WR�SURWHFW�DQG�HQFRXUDJH�KHDOWK
FDUH�DFFHVV�DPRQJ�+LVSDQLF�SRSXODWLRQV��&RQYHUVHO\��DQWLyVDQFWXDU\�FRXQWLHV��D�UHODWLYHO\�QHZ
SKHQRPHQRQ��DLPHG�WR�LQFUHDVH�FRRSHUDWLRQ�ZLWK�IHGHUDO�HQIRUFHPHQW�GUDPDWLFDOO\��K\SRWKHVL]HG�WR
GHWHU�KHDOWK�FDUH�DFFHVV�DQG�XVDJH�WKURXJK�DPSOLI\LQJ�IHGHUDO�LPPLJUDWLRQ�SROLF\�DQG�HQIRUFHPHQW
DPRQJ�+LVSDQLF�SRSXODWLRQV��$�WULSOH�GLIIHUHQFH�LQ�GLIIHUHQFHV��'''��PRGHO�HVWLPDWHG�FKDQJHV�LQ
+LVSDQLF�+,9�LQFLGHQFH�UDWHV�DIWHU������E\�FRXQW\�W\SH�XVLQJ�:KLWH�+,9�LQFLGHQFH�UDWHV�DV�D
FRPSDULVRQ�JURXS��%ODFN�+,9�LQFLGHQFH�UDWHV�ZHUH�LQFOXGHG�DV�SODFHER�WHVWV�

)LQGLQJV���'''�PRGHOV�HVWLPDWHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�������LQFUHDVH�LQ�+,9�LQFLGHQFH�UDWHV
DPRQJ�+LVSDQLF�SRSXODWLRQV�LQ�DQWL�VDQFWXDU\�FRXQWLHV�UHODWLYH�WR�EDVHOLQH�FRXQWLHV�DIWHU������
(VWLPDWHV�IRU�%ODFN�SRSXODWLRQV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��DQG�SRLQW�HVWLPDWHV�ZHUH�QHJDWLYH�
RSSRVLWH�WKH�GLUHFWLRQ�IRU�+LVSDQLF�SRSXODWLRQV��VXSSRUWLQJ�WKH�LQWHUSUHWDWLRQ�WKDW�SRVW�����
LPPLJUDWLRQ�SROLF\�VKLIWV�XQLTXHO\�DIIHFWHG�+LVSDQLF�SRSXODWLRQV�

&RQFOXVLRQ��5HVXOWV�IURP�WKLV�VWXG\�LQGLFDWH�WKDW�LPPLJUDWLRQ�SROLF\�FDQ�ZRUN�DJDLQVW�SXEOLF�KHDOWK
SROLF\�WR�HQG�WKH�+,9�HSLGHPLF��+LVSDQLF�+,9�LQFLGHQFH�UDWHV�PD\�KDYH�LQFUHDVHG�GXH�WR�IHDU�DQG
FKLOOLQJ�HIIHFWV�VWHPPLQJ�IURP�LPPLJUDWLRQ�SROLF\��LPSHGLQJ�WKH�SURJUHVV�WR�HQG�WKH�+,9�HSLGHPLF�LQ
WKH�8QLWHG�6WDWHV��,PSOLFDWLRQV�H[WHQG�EH\RQG�+,9��LQGLFDWLQJ�WKDW�DQWL�LPPLJUDQW�SROLFLHV�FRXOG
OHDG�WR�GHWHULRUDWLRQ�LQ�D�ZLGH�UDQJH�RI�KHDOWK�RXWFRPHV�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

/LIH�FRXUVH�GHYHORSPHQWDO

7KH�,PSDFW�RI�(DUO\�$GYHUVLWLHV�RQ�6H[XDO�$VVDXOW�5LVN�LQ�(PHUJLQJ�$GXOWKRRG�$PRQJVW
<RXQJ�:RPHQ��$�/RQJLWXGLQDO�$QDO\VLV�8VLQJ�WKH�)XWXUH�RI�)DPLOLHV�6XUYH\�'LDQD�$XJXVWLQ

'LDQD�$XJXVWLQ�

7KLV�VWXG\�H[DPLQHV�WKH�LPSDFW�RI�HDUO\�OLIH�DGYHUVLWLHVzVSHFLILFDOO\�SDUHQWDO�LQFDUFHUDWLRQ�DQG
KRPHOHVVQHVV�GXULQJ�DGROHVFHQFHzRQ�WKH�ULVN�RI�H[SHULHQFLQJ�VH[XDO�YLFWLPL]DWLRQ�LQ�HPHUJLQJ
DGXOWKRRG�DPRQJ�YXOQHUDEOH�\RXQJ�ZRPHQ��:H�RSHUDWLRQDOL]H�DGROHVFHQW�KRPHOHVVQHVV�DV�\RXWK
OLYLQJ�}GRXEOHG�XS~�ZLWKRXW�SD\LQJ�UHQW�RU�H[SHULHQFLQJ�OLWHUDO�KRPHOHVVQHVV��%RWK�DGROHVFHQW
KRPHOHVVQHVV�DQG�SDUHQWDO�LQFDUFHUDWLRQ�DUH�FULWLFDO�H[SHULHQFHV�WKDW�PD\�GLVUXSW�W\SLFDO
GHYHORSPHQWDO�WUDMHFWRULHV��7KH�UHVHDUFK�TXHVWLRQ�JXLGLQJ�WKLV�VWXG\�LV��+RZ�GR�H[SHULHQFHV�RI
SDUHQWDO�LQFDUFHUDWLRQ��KRPHOHVVQHVV��DQG�UHODWHG�DGYHUVLWLHV�LQ�DGROHVFHQFH�VHSDUDWHO\�DQG�MRLQWO\
LQIOXHQFH�WKH�ULVN�RI�VH[XDO�DVVDXOW�LQ�HPHUJLQJ�DGXOWKRRG"�7KH�VWXG\�LV�JURXQGHG�LQ�WKH�/LIH�&RXUVH
3HUVSHFWLYH��ZKLFK�SRVLWV�WKDW�HDUO\�DGYHUVLWLHV�FDQ�GLVUXSW�GHYHORSPHQWDO�SDWKZD\V�DQG�LQFUHDVH
YXOQHUDELOLW\�WR�IXWXUH�KDUP��LQFOXGLQJ�VH[XDO�YLFWLPL]DWLRQ��8VLQJ�:DYHV���DQG���RI�WKH�)XWXUH�RI
)DPLOLHV�DQG�&KLOG�:HOO�EHLQJ�6WXG\�GDWD��WKLV�ORQJLWXGLQDO�DQDO\VLV�WUDFNV�SDUWLFLSDQWV�IURP
DGROHVFHQFH�LQWR�HPHUJLQJ�DGXOWKRRG��IRFXVLQJ�RQ�\RXQJ�ZRPHQ|V�H[SHULHQFHV�RI�VH[XDO�DVVDXOW��7KH
SULPDU\�LQGHSHQGHQW�YDULDEOHV�DUH�SDUHQWDO�LQFDUFHUDWLRQ�DQG�KRPHOHVVQHVV�GXULQJ�DGROHVFHQFH�
ZLWK�VH[XDO�DVVDXOW�LQ�HPHUJLQJ�DGXOWKRRG�DV�WKH�GHSHQGHQW�YDULDEOH��&RQWURO�YDULDEOHV�LQFOXGH
IDPLO\�SRYHUW\��PHQWDO�KHDOWK�KLVWRU\��LQWLPDWH�SDUWQHU�UHODWLRQVKLSV��VXEVWDQFH�XVH�KLVWRU\��DQG
PDWHULDO�KDUGVKLS��:H�K\SRWKHVL]H�VLJQLILFDQW�DVVRFLDWLRQV�EHWZHHQ�ERWK�SDUHQWDO�LQFDUFHUDWLRQ�DQG
KRPHOHVVQHVV�LQ�DGROHVFHQFH�ZLWK�LQFUHDVHG�ULVN�RI�VH[XDO�DVVDXOW�LQ�DGXOWKRRG��$GGLWLRQDOO\��ZH
H[SHFW�WKDW�VRFLRHFRQRPLF�VWDWXV�DQG�PDWHULDO�KDUGVKLS�ZLOO�PRGHUDWH�WKHVH�UHODWLRQVKLSV��7KH
ILQGLQJV�ZLOO�FRQWULEXWH�WR�XQGHUVWDQGLQJ�WKH�SDWKZD\V�WKURXJK�ZKLFK�HDUO\�DGYHUVLWLHV�DIIHFW�ODWHU
RXWFRPHV��HVSHFLDOO\�VH[XDO�YLROHQFH��DQG�ZLOO�KDYH�LPSOLFDWLRQV�IRU�SROLF\�DQG�SUDFWLFH�
,QWHUYHQWLRQV�IRU�DW�ULVN�\RXWK��SDUWLFXODUO\�WKRVH�H[SHULHQFLQJ�SDUHQWDO�LQFDUFHUDWLRQ�DQG
KRPHOHVVQHVV��ZLOO�EH�FUXFLDO�LQ�PLWLJDWLQJ�WKH�ORQJ�WHUP�ULVNV�RI�VH[XDO�YLFWLPL]DWLRQ��
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/LIH�FRXUVH�GHYHORSPHQWDO

6FKRRO�3ROLF\�3XQLWLYHQHVV�DQG�0LGOLIH�&DUGLRPHWDEROLF�5LVN��*HQGHU��5DFH��DQG�+HDOWK�LQ
WKH�=HUR�7ROHUDQFH�(UD�6\OYLH�7XGHU
�6\OYLH�7XGHU�

,Q�WKH�86��\RXWK�UDFLDOL]HG�DV�%ODFN��}%ODFN~��DUH�VRUWHG�LQWR�GLVSURSRUWLRQDWHO\�SXQLWLYH�VFKRROV�DQG
SXQLVKHG�DW�GLVSURSRUWLRQDWH�UDWHV�WKDQ�WKHLU�SHHUV�UDFLDOL]HG�DV�:KLWH��}:KLWH~���%ODFN�:KLWH
GLVSDULWLHV�LQ�VFKRRO�SXQLVKPHQW�DUH�ODUJHU�IRU�JLUOV�WKDQ�IRU�ER\V��5HVHDUFK�VKRZV�WKDW�H[FOXVLRQDU\
VFKRRO�GLVFLSOLQH�KDUPV�QXPHURXV�VRFLDO�DQG�KHDOWK�RXWFRPHV��DQG�LQFUHDVLQJO\�GUDZV�OLQNV�EHWZHHQ
VFKRRO�VRFLRHFRQRPLF�DQG�UDFLDO�FRQWH[W�DQG�KHDOWK��6WLOO��OLWWOH�LV�NQRZQ�DERXW�ZKHWKHU�VFKRRO�SROLF\
SXQLWLYHQHVV�LV�DVVRFLDWHG�ZLWK�VWUHVV�UHODWHG�SK\VLRORJLFDO�G\VUHJXODWLRQ�DW�WKH�LQWHUVHFWLRQ�RI
UDFLDOL]HG�VRFLDO�VWDWXV�DQG�JHQGHU��8VLQJ�QDWLRQDOO\�UHSUHVHQWDWLYH�GDWD�IURP�:DYHV�,�DQG�9,�RI�WKH
1DWLRQDO�/RQJLWXGLQDO�6WXG\�RI�$GROHVFHQW�WR�$GXOW�+HDOWK��1� ��������DQG�DQ�LQWHUVHFWLRQDO��OLIH
FRXUVH�DSSURDFK��,�DVN������LV�H[SRVXUH�WR�VFKRRO�SROLF\�SXQLWLYHQHVV�GXULQJ�DGROHVFHQFH�DVVRFLDWHG
ZLWK�PLGOLIH��DJHV��������FDUGLRPHWDEROLF�ULVN"�DQG�����GRHV�WKLV�DVVRFLDWLRQ�YDU\�E\�UDFH�DQG�JHQGHU
IRU�%ODFN�DQG�:KLWH�DGXOWV"

,�FUHDWH�D�ODWHQW�FRQVWUXFW�RI�VFKRRO�SROLF\�SXQLWLYHQHVV��633��YLD�FRQILUPDWRU\�IDFWRU�DQDO\VLV�
1HJDWLYH�ELQRPLDO�UHJUHVVLRQV�VXJJHVW�WKDW�H[SRVXUH�WR�KLJKHU�OHYHOV�RI�633�LQ�DGROHVFHQFH�LV
DVVRFLDWHG�ZLWK�KLJKHU�FDUGLRPHWDEROLF�ULVN�DW�PLGOLIH�IRU�%ODFN�ZRPHQ�>&RXQW�5DWLR� �����������&,
 �>����������@��EXW�QRW�IRU�%ODFN�PHQ��:KLWH�ZRPHQ��RU�:KLWH�PHQ��1H[W�VWHSV�LQFOXGH�UHILQLQJ�WKH
633�PHDVXUHPHQW�PRGHOV��PXOWLSOH�LPSXWDWLRQ�ZLWK�FKDLQHG�HTXDWLRQV��FRQVLGHULQJ�HIIHFW�PRGLILHUV
�L�H���VNLQ�WRQH�RU�VH[XDO�LGHQWLW\���DQG�H[SORULQJ�PHGLDWRUV��,�DLP�WR�VKHG�QHZ�OLJKW�RQ�WKH�OLIH�FRXUVH
KHDOWK�LPSOLFDWLRQV�RI�VFKRRO�SROLF\��DQ�RYHUORRNHG�\HW�FRQWHVWHG�SROLWLFDO�WHUUDLQ��)LQDOL]HG�UHVXOWV
PD\�FRQWULEXWH�WR�D�JURZLQJ�HYLGHQFH�EDVH�DUJXLQJ�WKDW�DEROLVKLQJ�]HUR�WROHUDQFH�LQ�HGXFDWLRQ�LV�D
SRSXODWLRQ�KHDOWK�LPSHUDWLYH��$�ZRUOG�ZLWK�]HUR�WROHUDQFH�IRU�HGXFDWLRQDO�LQMXVWLFH�LV�RQH�ZKHUH�DOO
DGROHVFHQWV��DQG�SDUWLFXODUO\�%ODFN�JLUOV��OLYH�ORQJ�DQG�KHDOWK\�OLYHV�
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/LIH�FRXUVH�GHYHORSPHQWDO

/RQJ�5HDFK�RI�$GYHUVH�&KLOGKRRG�([SHULHQFHV�RQ�+HDOWK�DPRQJ�:RUNLQJ�$JHG�$GXOWV�$JHG
������LQ�WKH�8QLWHG�6WDWHV��7KH�5ROH�RI�6WDWH�RI�5HVLGHQFH�.HQW�-DVRQ�&KHQJ
�.HQW�-DVRQ
&KHQJ�

$EVWUDFW�
$GYHUVH�FKLOGKRRG�H[SHULHQFHV��$&(V��DUH�ZHOO�HVWDEOLVKHG�GHWHUPLQDQWV�RI�KHDOWK�DFURVV�WKH�OLIH
FRXUVH��\HW�OHVV�LV�NQRZQ�DERXW�KRZ�WKHLU�ORQJ�WHUP�HIIHFWV�YDU\�DFURVV�VWDWH�SROLF\�FRQWH[WV��7KLV
VWXG\�H[DPLQHV�ZKHWKHU�WKH�DVVRFLDWLRQ�EHWZHHQ�$&(V�DQG�DGXOW�KHDOWK�GLIIHUV�E\�8�6��VWDWH�RI
UHVLGHQFH��'DWD�FRPH�IURP�WKH������%HKDYLRUDO�5LVN�)DFWRU�6XUYHLOODQFH�6\VWHP��%5)66���UHVWULFWHG
WR�DGXOWV�DJHG���y���LQ�VHYHQ�VWDWHV�WKDW�DGPLQLVWHUHG�WKH�$&(�PRGXOH��)/��*$��+,��,$��19��1'��9$��
7KH�RXWFRPH�LV�VHOI�UDWHG�SK\VLFDO�KHDOWK��GLFKRWRPL]HG�DV�IDLU�SRRU�YHUVXV�JRRG�YHU\�JRRG�H[FHOOHQW�
.H\�SUHGLFWRUV�LQFOXGH�$&(�H[SRVXUH�����YV��QRQH�����YV�������/RJLVWLF�UHJUHVVLRQ�PRGHOV�DUH
HVWLPDWHG�VHSDUDWHO\�E\�VWDWH��DGMXVWLQJ�IRU�DJH��JHQGHU��DQG�UDFH�HWKQLFLW\�

3UHOLPLQDU\�UHVXOWV�VKRZ�D�JUDGHG�UHODWLRQVKLS�EHWZHHQ�$&(V�DQG�KHDOWK��DGXOWV�ZLWK����$&(�KDYH
����KLJKHU�RGGV�RI�UHSRUWLQJ�IDLU�SRRU�KHDOWK��DQG�WKRVH�ZLWK����$&(V�KDYH�PRUH�WKDQ�WZLFH�WKH
RGGV�FRPSDUHG�WR�WKRVH�ZLWK�IHZHU�RU�QR�$&(V��,PSRUWDQWO\��WKHVH�DVVRFLDWLRQV�YDU\�DFURVV�VWDWHV�
7KH�DGYHUVH�KHDOWK�HIIHFWV�RI�$&(V�DUH�PRUH�SURQRXQFHG�LQ�FRQVHUYDWLYH�OHDQLQJ�VWDWHV��ZKLOH�PRUH
OLEHUDO�SROLF\�FRQWH[WV�DSSHDU�WR�DWWHQXDWH�WKHVH�UHODWLRQVKLSV�

7KHVH�ILQGLQJV�VXJJHVW�WKDW�WKH�FRQVHTXHQFHV�RI�FKLOGKRRG�DGYHUVLW\�DUH�QRW�IL[HG�EXW�DUH�VKDSHG�E\
EURDGHU�SROLF\�HQYLURQPHQWV��6WDWH�OHYHO�GLIIHUHQFHV�LQ�VRFLDO�SURWHFWLRQV�DQG�SXEOLF�KHDOWK
LQIUDVWUXFWXUHV�PD\�HLWKHU�H[DFHUEDWH�RU�EXIIHU�WKH�ORQJ�WHUP�LPSDFWV�RI�HDUO\�OLIH�GLVDGYDQWDJH�
2QJRLQJ�ZRUN�ZLOO�H[WHQG�DQDO\VHV�WR�DGGLWLRQDO�VWDWHV�DQG�LQFRUSRUDWH�REMHFWLYH�KHDOWK�PHDVXUHV�
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+HDOWK�HTXLW\

6RFLDO�6SHQGLQJ�DQG�3RSXODWLRQ�+HDOWK�$FURVV�WKH�/LIH�&RXUVH��&URVV�1DWLRQDO�(YLGHQFH
6XVDQ�2VD\DQGH
�6XVDQ�2VD\DQGH��7KRPDV�)XOOHU�5RZHOO�

%DFNJURXQG��8QGHUVWDQGLQJ�KRZ�QDWLRQDO�SROLF\�HQYLURQPHQWV�VKDSH�SRSXODWLRQ�KHDOWK�LV�FHQWUDO�WR
DGYDQFLQJ�HTXLWDEOH�KHDOWK�SROLF\��:KLOH�SULRU�UHVHDUFK�VXJJHVWV�WKDW�VRFLDO�VSHQGLQJ�LPSURYHV
KHDOWK�RXWFRPHV��SDUWLFXODUO\�LQ�2(&'�FRXQWULHV��OHVV�LV�NQRZQ�DERXW�KRZ�WKHVH�SROLF\�HQYLURQPHQWV
UHODWH�WR�SRSXODWLRQ�KHDOWK�DFURVV�WKH�OLIH�FRXUVH�DQG�DFURVV�VRFLRHFRQRPLF�JURXSV�LQ�D�EURDGHU
JOREDO�FRQWH[W��7KLV�VWXG\�SURYLGHV�SUHOLPLQDU\�FURVV�QDWLRQDO�HYLGHQFH�OLQNLQJ�QDWLRQDO�VRFLDO
VSHQGLQJ�WR�SRSXODWLRQ�KHDOWK�ZKLOH�H[DPLQLQJ�VRFLRHFRQRPLF�DQG�DJH�UHODWHG�SDWWHUQV�

0HWKRGV��:H�XWLOL]HG�GDWD�IURP�WKH������*DOOXS�:RUOG�3ROO��1� ���������LQGLYLGXDOV�DFURVV����
FRXQWULHV���+HDOWK�ZDV�PHDVXUHG�XVLQJ�WKH�3HUVRQDO�+HDOWK�,QGH[��t� �������&RXQWU\�OHYHO�VRFLDO
VSHQGLQJ����RI�*'3��ZDV�OLQNHG�WR�LQGLYLGXDO�VXUYH\�UHVSRQVHV��:H�XVHG�ZHLJKWHG�UHJUHVVLRQ�DQG
PXOWLOHYHO�PRGHOV�WR�H[DPLQH�DVVRFLDWLRQV�EHWZHHQ�QDWLRQDO�VSHQGLQJ�FRQWH[WV��SRSXODWLRQ�KHDOWK�
VRFLRHFRQRPLF�SRVLWLRQ��DQG�DJH�

5HVXOWV��6XEVWDQWLDO�FURVV�QDWLRQDO�YDULDWLRQ�LQ�KHDOWK�ZDV�REVHUYHG��ZLWK�FRXQWU\�OHYHO�PHDQ�KHDOWK
DYHUDJLQJ�������6'� ������UDQJH� �������������$�VWURQJ�LQFRPH�JUDGLHQW�ZDV�HYLGHQW��PHDQ�KHDOWK
LQFUHDVHG�IURP������LQ�WKH�ORZHVW�LQFRPH�TXLQWLOH�WR������LQ�WKH�KLJKHVW��+LJKHU�QDWLRQDO�VRFLDO
VSHQGLQJ�ZDV�DVVRFLDWHG�ZLWK�EHWWHU�SRSXODWLRQ�KHDOWK��u� �������S����������+HDOWK�DOVR�GHFOLQHG
VLJQLILFDQWO\�ZLWK�DJH��u� �������SHU�\HDU���0XOWLOHYHO�DQDO\VHV�LQGLFDWH�WKDW�VRFLDO�VSHQGLQJ
PRGHUDWHV�DJH�UHODWHG�KHDOWK�GHFOLQH��HDFK�DGGLWLRQDO�XQLW�RI�VSHQGLQJ�ZDV�DVVRFLDWHG�ZLWK�DQ
HVWLPDWHG������UHGXFWLRQ�LQ�WKH�UDWH�RI�DJH�UHODWHG�KHDOWK�GHFOLQH�

'LVFXVVLRQ��7KHVH�SUHOLPLQDU\�ILQGLQJV�VXJJHVW�WKDW�QDWLRQDO�VSHQGLQJ�HQYLURQPHQWV�PD\�LQIOXHQFH
ERWK�DYHUDJH�SRSXODWLRQ�KHDOWK�DQG�DJH�UHODWHG�KHDOWK�WUDMHFWRULHV��2QJRLQJ�DQDO\VHV�ZLOO
LQFRUSRUDWH�DGGLWLRQDO�VRFLDO�SROLF\�LQGLFDWRUV�DQG�LQVWLWXWLRQDO�IDFWRUV�WR�EHWWHU�XQGHUVWDQG�KRZ
SROLF\�HQYLURQPHQWV�VKDSH�FURVV�QDWLRQDO�KHDOWK�GLVSDULWLHV�DFURVV�WKH�OLIH�FRXUVH�
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0HQWDO�KHDOWK�IXQFWLRQ

'HFRQVWUXFWLQJ�5DFH��5DFLDO�,GHQWLW\�'LVFRUGDQFH�DQG�0HQWDO�+HDOWK�2XWFRPHV�)DWLPD
)DLUID[
�)DWLPD�)DLUID[�

7KHUH�LV�D�ZHDOWK�RI�UHVHDUFK�WKDW�GHPRQVWUDWHV�UDFLDO�GLVSDULWLHV�LQ�86�PHQWDO�KHDOWK�RXWFRPHV�
+RZHYHU��PXFK�RI�WKLV�ZRUN�UHOLHV�RQ�VHOI�UHSRUWHG�UDFH�WR�PHDVXUH�UDFLDO�LGHQWLW\��:KLOH�VHOI�
UHSRUWHG�UDFH�LV�RQH�FRPSRQHQW�RI�UDFLDO�LGHQWLW\��KRZ�RWKHUV�SHUFHLYH�RQH|V�UDFH�LV�DQ�LPSRUWDQW
IDFWRU�LQWR�D�SHUVRQV�UDFLDOL]HG�H[SHULHQFH��$V�VXFK��FRQVLGHULQJ�D�SHUVRQ|V�DVFULEHG�UDFH��LV�FUXFLDO
WR�EHWWHU�XQGHUVWDQGLQJ�WKH�OLQNV�EHWZHHQ�UDFH�DQG�PHQWDO�KHDOWK�RXWFRPHV��,Q�WKLV�VWXG\��,�H[SORUH
KRZ�GLVFRUGDQFH�EHWZHHQ�VHOI�LGHQWLILHG�UDFH�DQG�DVFULEHG�UDFH�LV�DVVRFLDWHG�ZLWK�PHQWDO�KHDOWK
V\PSWRPV�DQG�WUHDWPHQW�DPRQJ�DGXOWV�ZKR�LGHQWLI\�DV�$VLDQ��%ODFN��+LVSDQLF��RU�1DWLYH�$PHULFDQ��,
OHYHUDJH�QDWLRQDOO\�UHSUHVHQWDWLYH�GDWD�IURP�WKH������%5)66��,�ILQG�WKDW�DGXOWV�ZKR�H[SHULHQFH
GLVFRUGDQFH�EHWZHHQ�WKHLU�VHOI�LGHQWLILHG�UDFH�DQG�WKH�UDFH�WKH\�EHOLHYH�WKH\�DUH�DVFULEHG�KDYH����
LQFUHDVHG�RGGV�RI�PHQWDO�GLVWUHVV�FRPSDUHG�WR�WKRVH�ZKR�DUH�FRQFRUGDQW��5DFLDO�GLVFRUGDQFH�LV�DOVR
DVVRFLDWHG�ZLWK�VLJQLILFDQWO\�LQFUHDVHG�RGGV��25� �������RI�GLDJQRVHG�GHSUHVVLRQ��)XUWKHUPRUH��,
ILQG�WKDW�WKLV�HIIHFW�LV�QRW�FRQVLVWHQW�DFURVV�JURXSV��,Q�UDFH�VWUDWLILHG�PRGHOV��IRU�DGXOWV�ZKR�LGHQWLI\
DV�%ODFN�RU�$VLDQ��UDFLDO�GLVFRUGDQFH�KDV�QR�VLJQLILFDQW�DVVRFLDWLRQ�ZLWK�LQFUHDVHG�PHQWDO�GLVWUHVV�
+RZHYHU��+LVSDQLF�DQG�1DWLYH�LGHQWLI\LQJ�DGXOWV�KDYH�LQFUHDVHG�RGGV�RI�PHQWDO�GLVWUHVV�LI�WKH\
H[SHULHQFH�UDFLDO�GLVFRUGDQFH��0HDQZKLOH��DOO�DGXOWV�H[FHSW�IRU�VHOI�LGHQWLILHG�%ODFN�DGXOWV�ZKR
H[SHULHQFH�UDFLDO�GLVFRUGDQFH�KDYH�LQFUHDVHG�RGGV�RI�EHLQJ�GLDJQRVHG�ZLWK�GHSUHVVLRQ��7KHVH
UHVXOWV�GHPRQVWUDWH�WKH�LPSRUWDQFH�RI�H[DPLQLQJ�GLIIHUHQW�IDFHWV�RI�UDFLDO�LGHQWLW\�WR�EHWWHU
XQGHUVWDQG�KRZ�UDFH�PDWWHUV�WR�PHQWDO�KHDOWK�RXWFRPHV�
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0HQWDO�KHDOWK�IXQFWLRQ

0HQWDO�+HDOWK�'LVSDULWLHV�:LWKLQ�WKH�8�6��%ODFN�3RSXODWLRQ��+HWHURJHQHLW\�LQ�3UHYDOHQFH
DQG�7UHDWPHQW�8WLOL]DWLRQ�$FURVV�%ODFN�(WKQLF�6XEJURXSV�LQ�WKH�$OO�RI�8V�5HVHDUFK
3URJUDP�+DUYH\�1LFKROVRQ
�+DUYH\�1LFKROVRQ��1DUL�<RR��1HOVRQ�-HDQ�)UDQFRLV��2OXZDWREL�$ODZRGH�

7KH�%ODFN�SRSXODWLRQ�LQ�WKH�8QLWHG�6WDWHV�LV�EHFRPLQJ�LQFUHDVLQJO\�HWKQLFDOO\�KHWHURJHQHRXV�
PDNLQJ�LW�LPSRUWDQW�WR�H[DPLQH�HWKQLFLW\�LQ�WKH�FRQWH[W�RI�PHQWDO�KHDOWK���3ULRU�ZRUN�KDV�H[SORUHG
ZLWKLQ�JURXS�YDULDWLRQ�LQ�PHQWDO�KHDOWK�FRQGLWLRQV�DPRQJ�WKH�%ODFN�SRSXODWLRQ��EXW�ZLWK�OHVV
DWWHQWLRQ�WR�$IULFDQ�RULJLQ�SRSXODWLRQV��VXFK�DV�1LJHULDQV�ZKR�DFFRXQW�IRU�WKH�ODUJHVW�%ODFN�$IULFDQ�
RULJLQ�SRSXODWLRQ�LQ�WKH�8QLWHG�6WDWHV��8VLQJ�$OO�RI�8V�5HVHDUFK�3URJUDP�GDWD��WKLV�VWXG\�HVWLPDWHV
PHQWDO�KHDOWK�FRQGLWLRQ�SUHYDOHQFH�DQG�WUHDWPHQW�UDWHV�DFURVV�ILYH�%ODFN�HWKQLF�JURXSV��$IULFDQ
$PHULFDQ��Q ���������&DULEEHDQ��Q ��������-DPDLFDQ��Q ��������+DLWLDQ��Q ��������DQG�1LJHULDQ
�Q ��������:H�HVWLPDWHG�DGMXVWHG�SUHYDOHQFH�RI�DQ\�PHQWDO�LOOQHVV��$0,���PRRG��DQ[LHW\��VHULRXV
PHQWDO�LOOQHVV��DQG�QHXURGHYHORSPHQWDO�FRQGLWLRQV�XVLQJ�ORJLVWLF�UHJUHVVLRQ�ZLWK�WKUHH�QHVWHG
PRGHOV�FRQWUROOLQJ�IRU�DJH��JHQGHU��VRFLRHFRQRPLF�IDFWRUV��QDWLYLW\��DQG�LQVXUDQFH��ZLWK�$IULFDQ
$PHULFDQV�DV�WKH�UHIHUHQFH�JURXS��3UHYDOHQFH�YDULHG�VXEVWDQWLDOO\��1LJHULDQ�$PHULFDQV�KDG�WKH
KLJKHVW�$0,�SUHYDOHQFH����������ZLWK�VLJQLILFDQWO\�HOHYDWHG�RGGV�UHODWLYH�WR�$IULFDQ�$PHULFDQV
��������DIWHU�IXOO�DGMXVWPHQW��25 ����������&,������y�������GULYHQ�E\�DQ[LHW\��25 ������DQG
QHXURGHYHORSPHQWDO�FRQGLWLRQV��25 �������+DLWLDQ�$PHULFDQV�KDG�WKH�ORZHVW�$0,�SUHYDOHQFH�������
DQG�VLJQLILFDQWO\�UHGXFHG�RGGV�LQ�WKH�DJH��DQG�JHQGHU�DGMXVWHG�PRGHO��25 ����������&,������y������
$PRQJ�WKRVH�ZLWK�$0,��WUHDWPHQW�UDWHV�UDQJHG�IURP������+DLWLDQ�$PHULFDQV��WR������&DULEEHDQ
$PHULFDQV���+DLWLDQ�$PHULFDQV�KDG�VLJQLILFDQWO\�ORZHU�RGGV�RI�WUHDWPHQW�UHFHLSW�WKDQ�$IULFDQ
$PHULFDQV��25 ����������&,������y�������ZLWK�WKLV�SDWWHUQ�FRQVLVWHQW�EXW�DWWHQXDWLQJ�WRZDUG�WKH
QXOO�DIWHU�IXOO�FRYDULDWH�DGMXVWPHQW��25 ����������&,������y�������7KHVH�ILQGLQJV�GHPRQVWUDWH�WKDW
DJJUHJDWLQJ�WKH�%ODFN�SRSXODWLRQ�LQ�WKH�8QLWHG�6WDWHV�PDVNV�FOLQLFDOO\�PHDQLQJIXO�ZLWKLQ�JURXS
YDULDWLRQ�DQG�SRLQW�WR�WKH�QHHG�IRU�WDUJHWHG�RXWUHDFK��SDUWLFXODUO\�IRU�+DLWLDQ�$PHULFDQV�IDFLQJ�ERWK
ORZHU�PHQWDO�KHDOWK�SUHYDOHQFH�UHFRJQLWLRQ�DQG�ORZHU�WUHDWPHQW�HQJDJHPHQW�
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1RQ�KHDOWK�LQVWLWXWLRQV��EXVLQHVV��SROLWLFDO��HGXFDWLRQ�V\VWHPV�

([DPLQLQJ�0HQWDO�DQG�3K\VLFDO�+HDOWK�'LIIHUHQFHV�$FURVV�)LUVW�JHQHUDWLRQ�DQG
5DFLDO�(WKQLF�0LQRULW\�6WDWXV�-DJUXWL�.ROOD
�.LPEHUO\�1DUDLQ��:DOWHU�6RORU]DQR��6RQ\D�%URRNV�
&DULQD�6DOD]DU��<DPRQWH�&RRSHU��$VKDXQWD�$QGHUVRQ��5HEHFFD�'XGRYLW]��0LWFKHOO�:RQJ��1LFKRODV
-DFNVRQ�

5HVHDUFK�2EMHFWLYH��7R�H[DPLQH�WKH�DVVRFLDWLRQ�EHWZHHQ�ILUVW�JHQHUDWLRQ�VWXGHQW�VWDWXV�DQG
KHDOWK��DFURVV�UDFLDO�HWKQLF�JURXSV

6WXG\�'HVLJQ��:H�FRQGXFWHG�D�FURVV�VHFWLRQDO�DQDO\VLV�RI�GDWD�IURP�D�VLQJOH�ODUJH�XQLYHUVLW\�ZLWKLQ
WKH�1DWLRQDO�&ROOHJH�+HDOWK�$VVHVVPHQW�6XUYH\���������2XU�RXWFRPHV�ZHUH�VHOI�UHSRUWHG�PHQWDO
KHDOWK��DQ[LHW\��GHSUHVVLRQ��ORQHOLQHVV��VWUHVV�����GD\�DQG���\HDU��DQG�IORXULVKLQJ��DQG�VHOI�UHSRUWHG
SK\VLFDO�KHDOWK��RYHUZHLJKW�REHVH�DQG�JHQHUDO�KHDOWK���2XU�SULPDU\�SUHGLFWRU�ZDV�WKH�LQWHUDFWLRQ�RI
WZR�GLFKRWRPRXV�YDULDEOHV��ILUVW�JHQHUDWLRQ�VWDWXV��QR�SDUHQW�JUDGXDWHG�IURP�D�86�FROOHJH��DQG
UDFLDO�HWKQLF�PLQRULW\�VWDWXV���2XU�VWDWLVWLFDO�PRGHOV�ZHUH�OLQHDU�DQG�ORJLVWLF�UHJUHVVLRQ�PRGHOV�
DGMXVWHG�VHTXHQWLDOO\�IRU�GHPRJUDSKLFV��VH[��DJH��JUDGXDWH�YV��XQGHUJUDGXDWH�VWDWXV��IXOO�YV��SDUW
WLPH�DQG�PDULWDO�VWDWXV���KHDOWK�EHKDYLRUV��GLHW��H[HUFLVH�DQG�VOHHS���DQG�DQ�LQGH[�RI
PLFURDJJUHVVLRQV�WUDXPD��07��H[SRVXUHV��$�WZR�VLGHG�DOSKD�OHYHO�RI������ZDV�XVHG�IRU�GHWHUPLQLQJ
VWDWLVWLFDO�VLJQLILFDQFH�

3RSXODWLRQ�6WXGLHG������XQGHUJUDGXDWH�DQG�JUDGXDWH�VWXGHQWV

3ULQFLSDO�)LQGLQJV��0LQRULW\�ILUVW�JHQHUDWLRQ�VWXGHQWV�KDG�KLJKHU�OHYHOV�RI����GD\�DQG���\HDU
VWUHVV��ORZHU�OHYHOV�RI�IORXULVKLQJ��DQG�ZRUVH�JHQHUDO�KHDOWK��UHODWLYH�WR�WKHLU�QRQ�PLQRULW\�ILUVW�
JHQHUDWLRQ�DQG�QRQ�ILUVW�JHQHUDWLRQ�PLQRULW\�FRXQWHUSDUWV��FRQWUROOLQJ�IRU�GHPRJUDSKLFV�DQG�KHDOWK
EHKDYLRUV��:KHQ�ZH�DGMXVWHG�RXU�PRGHOV�IRU�RXU�07�LQGH[��WKHVH�GLIIHUHQFHV�ZHUH�QR�ORQJHU
VWDWLVWLFDOO\�VLJQLILFDQW�

&RQFOXVLRQV��0LQRULW\�ILUVW�JHQHUDWLRQ�VWXGHQWV�UHSRUW�ZRUVH�PHQWDO�DQG�SK\VLFDO�KHDOWK�RXWFRPHV�
UHODWLYH�WR�WKHLU�QRQ�PLQRULW\�ILUVW�JHQHUDWLRQ�DQG�QRQ�ILUVW�JHQHUDWLRQ�PLQRULW\�FRXQWHUSDUWV��7KHVH
ILQGLQJV�PD\�EH�SDUWLDOO\�GULYHQ�E\�GLIIHUHQFHV�LQ�H[SRVXUH�WR�PLFURDJJUHVVLRQV�DQG�WUDXPD�

,PSOLFDWLRQV��7KHUH�LV�D�FULWLFDO�QHHG�IRU�LQWHUYHQWLRQV�WR�FUHDWH�HQYLURQPHQWV�WKDW�VXSSRUW�PLQRULW\
ILUVW�JHQHUDWLRQ�FROOHJH�VWXGHQWV�LQ�DFKLHYLQJ�WKHLU�DFDGHPLF�DVSLUDWLRQV�ZKLOH�PDLQWDLQLQJ�WKHLU
KHDOWK�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

0HQWDO�KHDOWK�IXQFWLRQ

+HDOWK\�,PPLJUDQW�3DUDGR[��'HSUHVVLYH�6\PSWRPV�DQG�$Q[LHW\�DPRQJ�0LGGOH�$JHG
$PHULFDQ�$GXOWV�XVLQJ�WKH�1DWLRQDO�/RQJLWXGLQDO�6WXG\�RI�$GROHVFHQW�WR�$GXOW�+HDOWK��$GG
+HDOWK��0LQ�.\XQJ�.LP
�0LQ�.\XQJ�.LP�

,QWURGXFWLRQ
7KH�&RYLG����SDQGHPLF�KHLJKWHQHG�OHYHOV�RI�PHQWDO�GLVWUHVVHV�LQ�WKH�86��:KLOH�IRUHLJQ�ERUQ��)%�
$PHULFDQV�IDFHG�DGGLWLRQDO�VWUHVVRUV�FRPSDUHG�WR�WKHLU�86�ERUQ�FRXQWHUSDUWV��WKH\�PD\�KDYH
H[SHULHQFHG�IHZHU�PHQWDO�GLVWUHVVHV��VXJJHVWHG�E\�WKH�+HDOWK\�,PPLJUDQW�3DUDGR[��+RZHYHU��LW
UHPDLQV�XQFOHDU�ZKHWKHU�WKLV�SDUDGR[�H[WHQGV�DIWHU�WKH�JOREDO�SDQGHPLF�DPRQJ�PLGGOH�DJHG�DGXOWV
ZKR�PLJKW�KDYH�H[SHULHQFHG�JUHDWHU�PHQWDO�GLVWUHVVHV�DV�VDQGZLFK�JHQHUDWLRQ��FDULQJ�IRU�ERWK�WKHLU
DJLQJ�SDUHQWV�DQG�WKHLU�RZQ�FKLOGUHQ��7KLV�VWXG\�VRXJKW�WR�GHVFULEH�WKH�PHQWDO�KHDOWK�GLVSDULW\�E\
LPPLJUDQW�JHQHUDWLRQ�DPRQJ�PLGGOH�DJHG�86�DGXOWV�
0HWKRGV
7KLV�VWXG\�GHVLJQ�ZDV�FURVV�VHFWLRQDO�DQG�XVHG�WKH�ODWHVW�GDWD��ZDYH����RI�WKH�1DWLRQDO�/RQJLWXGLQDO
6WXG\�RI�$GROHVFHQW�WR�$GXOW�+HDOWK��$GG�+HDOWK���7KH�GDWD�ZHUH�FROOHFWHG�LQ�����������LPPHGLDWHO\
DIWHU�WKH�SDQGHPLF��7KUHH�LPPLJUDQW�JHQHUDWLRQ�ZDV�GHILQHG�DV�����ILUVW�y�)%�WR�)%�SDUHQWV����
VHFRQG��86�ERUQ�WR�)%�SDUHQWV��DQG����WKLUG��86�ERUQ�WR�86�ERUQ�SDUHQWV��'HSUHVVLYH�V\PSWRP�ZDV
PHDVXUHG�XVLQJ�WKH�&HQWHU�IRU�(SLGHPLRORJLF�6WXGLHV�'HSUHVVLRQ�6FDOH�DQG�DQ[LHW\�ZDV�PHDVXUHG
XVLQJ�WKH�*HQHUDO�$Q[LHW\�'LVRUGHU���
5HVXOWV
$PRQJ��������SDUWLFLSDQWV�LQFOXGHG��WKH�DYHUDJH�DJH�ZDV����\HDUV�ROG��0DMRULW\�ZHUH�WKLUG
JHQHUDWLRQ��������IROORZHG�E\�ILUVW��������DQG�VHFRQG�������7KH�DYHUDJH�GHSUHVVLYH�V\PSWRPV�DQG
DQ[LHW\�VFRUHV�ZHUH��������6'� �������DQG��������6'� ��������UHVSHFWLYHO\��)LUVW�JHQHUDWLRQ
LPPLJUDQW�UHSRUWHG�WKH�ORZHVW�GHSUHVVLYH�V\PSWRP��������6'� �������FRPSDUHG�WR�VHFRQG��������6'
 �������DQG�WKLUG��������6G� ��������6LPLODUO\��WKH�ORZHVW�DQ[LHW\�ZDV�UHSRUWHG�DPRQJ�WKH�ILUVW
JHQHUDWLRQ��������6'� �������FRPSDUHG�WR�VHFRQG��������6'� ��������DQG�WKLUG��������6'� �������
&RQFOXVLRQ
'HVSLWH�DGGLWLRQDO�VWUHVVRUV�IDFHG�E\�)%�PLGGOH�DJHG�DGXOWV��WKHLU�LPPLJUDQW�VWDWXV�SURWHFWHG�WKHP
IURP�H[SHULHQFLQJ�GHSUHVVLYH�V\PSWRP�DQG�DQ[LHW\�FRPSDUHG�WR�86�ERUQ�FRXQWHUSDUWV�
,QYHVWLJDWLRQ�LQWR�SRWHQWLDO�VRFLR�SROLWLFDO�IDFWRUV�RI�WKLV�SDUDGR[�PLJKW�H[SODLQ�WKH�+HDOWK\
,PPLJUDQW�3DUDGR[�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

0HQWDO�KHDOWK�IXQFWLRQ

%LOLQJXDO�3URWHFWLRQ�RU�6WUXFWXUDO�&RQIRXQGLQJ"�$�1DWLRQDOO\�5HSUHVHQWDWLYH�$QDO\VLV�RI
+RXVHKROG�/DQJXDJH�DQG�3HGLDWULF�0HQWDO�DQG�%HKDYLRUDO�+HDOWK�'LVSDULWLHV�0DULQD
)ULPSRQJ
�0DULQD�)ULPSRQJ��0XQWDVLU�0DVXP�

$EVWUDFW

%DFNJURXQG��7KH�86�KDV�VXEVWDQWLDO�GLVSDULWLHV�LQ�SHGLDWULF�PHQWDO�DQG�EHKDYLRUDO�KHDOWK��3ULRU
ZRUN�VXJJHVWV�FKLOGUHQ�LQ�ODQJXDJH�PLQRULW\�KRXVHKROGV�IDUH�EHWWHU�GHVSLWH�VRFLRHFRQRPLF
GLVDGYDQWDJH��D�SDWWHUQ�FRPPRQO\�GHVFULEHG�DV�WKH�LPPLJUDQW�SDUDGR[��)HZ�QDWLRQDO�VWXGLHV�KDYH
H[DPLQHG�ZKHWKHU�WKLV�UHODWLRQVKLS�SHUVLVWV�DIWHU�DFFRXQWLQJ�IRU�DGYHUVH�FKLOGKRRG�H[SHULHQFHV
�$&(V���D�PDMRU�GULYHU�RI�FKLOG�PHQWDO�KHDOWK��7KLV�VWXG\�DVVHVVHG�ZKHWKHU�KRXVHKROG�ODQJXDJH
HQYLURQPHQW�LV�DVVRFLDWHG�ZLWK�LPSDLULQJ�PHQWDO�DQG�EHKDYLRUDO�FRQGLWLRQV�DPRQJ�86�FKLOGUHQ�

0HWKRGV��:H�DQDO\]HG�SRROHG�����y�����1DWLRQDO�6XUYH\�RI�&KLOGUHQ|V�+HDOWK�GDWD�RQ�FKLOGUHQ
DJHV��y���\HDUV��7KH�RXWFRPH�ZDV�DQ\�FXUUHQWO\�LPSDLULQJ�PHQWDO�RU�EHKDYLRUDO�FRQGLWLRQ��GHILQHG
E\�SDUHQW�UHSRUWHG�GLDJQRVLV�SOXV�FXUUHQW�LPSDLUPHQW�IRU�DQ[LHW\��GHSUHVVLRQ��$'+'��EHKDYLRUDO
SUREOHPV��DXWLVP��RU�GHYHORSPHQWDO�GHOD\��+RXVHKROG�ODQJXDJH�ZDV�FDWHJRUL]HG�DV�(QJOLVK�RQO\�
ELOLQJXDO��RU�QRQ�(QJOLVK��6XUYH\�ZHLJKWHG�ORJLVWLF�UHJUHVVLRQ�HVWLPDWHG�DGMXVWHG�RGGV�UDWLRV��D25V�
ZLWK�����FRQILGHQFH�LQWHUYDOV��&,V���DGMXVWLQJ�IRU�GHPRJUDSKLFV��VRFLRHFRQRPLF�IDFWRUV��LQVXUDQFH�
QDWLYLW\��XUEDQLFLW\��VXUYH\�\HDU��DQG�$&(�EXUGHQ�

5HVXOWV��2QH�LQ�ILYH�FKLOGUHQ�KDG�DQ�LPSDLULQJ�FRQGLWLRQ��%LOLQJXDO�KRXVHKROGV�KDG�����ORZHU�RGGV
WKDQ�(QJOLVK�RQO\�KRXVHKROGV��D25 ����������&,������y�������ZKLOH�QRQ�(QJOLVK�KRXVHKROGV�VKRZHG
QR�GLIIHUHQFH��D25 ����������&,������y�������VXJJHVWLQJ�D�ELOLQJXDO�DGYDQWDJH�QRW�VKDUHG�DFURVV�DOO
ODQJXDJH�PLQRULW\�KRXVHKROGV��$&(�EXUGHQ�VKRZHG�D�VWURQJ�GRVH�UHVSRQVH�SDWWHUQ��FKLOGUHQ�ZLWK
���$&(V�KDG�RYHU�IRXUIROG�KLJKHU�RGGV�RI�LPSDLUPHQW��D25 ����������&,������y�������,QWHUDFWLRQ
DQDO\VHV�ZHUH�QXOO�

&RQFOXVLRQV��7KLV�VWXG\�DGGV�QDWLRQDO�HYLGHQFH�WKDW�ELOLQJXDO�KRXVHKROG�HQYLURQPHQWV�PD\�SURWHFW
FKLOG�PHQWDO�DQG�EHKDYLRUDO�KHDOWK��ZKLOH�XQGHUVFRULQJ�$&(�EXUGHQ�DV�D�NH\�WDUJHW�IRU�VFUHHQLQJ
DQG�SUHYHQWLRQ�LQ�GLYHUVH�86�SHGLDWULF�SRSXODWLRQV��7KLV�KDV�LPSOLFDWLRQV�IRU�SROLF\�DQG�SUDFWLFH�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

+HDOWK�FDUH�VHUYLFHV

$VVRFLDWLRQ�EHWZHHQ�VWDWH�OHYHO�XWLOL]DWLRQ�RI�����/LIHOLQH�DQG�VXLFLGH�UHODWHG�RXWFRPHV�LQ
WKH�86��3DUYDWL�6LQJK
�3DUYDWL�6LQJK�

,Q�-XO\�������WKH�86�ODXQFKHG�WKH�����6XLFLGH�DQG�&ULVLV�/LIHOLQH��D�QDWLRQZLGH�WKUHH�GLJLW�QXPEHU
IRU�LQGLYLGXDOV�LQ�FULVLV��ZKLFK�SUHFHGHG�D�VKDUS�ULVH�LQ�WKH�XVH�RI�WKHVH�VHUYLFHV�QDWLRQDOO\��:H
H[DPLQHG�WKH�HFRORJLFDO�DVVRFLDWLRQ�EHWZHHQ�����/LIHOLQH�XWLOL]DWLRQ�DQG�VXLFLGH�UHODWHG�RXWFRPHV�DW
WKH�VWDWH�TXDUWHU�OHYHO�IURP�-XO\������WR�'HFHPEHU������DFURVV�DOO�86�VWDWHV�

:H�UHWULHYHG�VWDWH�OHYHO�TXDUWHUO\�GDWD�RQ�����VXLFLGH�PRUWDOLW\�IURP�&'&�:21'(5������VXLFLGH�
UHODWHG�HPHUJHQF\�GHSDUWPHQW��('��YLVLWV�IURP�WKH�6WDWH�(PHUJHQF\�'HSDUWPHQW�'DWDEDVH��DQG����
VXLFLGH�UHODWHG�KRVSLWDOL]DWLRQV�IURP�WKH�6WDWH�,QSDWLHQW�'DWDEDVH��:H�GHILQHG�RXU�WKUHH�RXWFRPHV�DV
VWDWH�TXDUWHUO\�UDWHV�SHU���������SRSXODWLRQ��:H�REWDLQHG�VWDWH�TXDUWHU�OHYHO�GDWD�RQ�����XWLOL]DWLRQ
IURP�WKH�/LIHOLQH|V�SXEOLF�UHSRUWV��IURP�-XO\��TXDUWHU����������HDUOLHVW�����GDWD�DYDLODELOLW\��WR
'HFHPEHU��TXDUWHU���������

:H�XVHG�WKH�WLPLQJ�RI�WKH�QDWLRQDO�����ODXQFK��ELQDU\����IRU�TXDUWHU��������RQZDUG����RWKHUZLVH��DV
DQ�LQVWUXPHQWDO�YDULDEOH��,9��WR�H[DPLQH�WKH�DVVRFLDWLRQ�EHWZHHQ�RXU�RXWFRPHV�DQG�WKUHH����
XWLOL]DWLRQ�UHODWHG�H[SRVXUHV�XVLQJ�WZR�VWDJH�OHDVW�VTXDUHV���6/6��OLQHDU�UHJUHVVLRQ�DQDO\VHV�����
YROXPH�RI�FDOOV�WR�����SHU�����SRSXODWLRQ������YROXPH�RI�����FDOOV�DQVZHUHG�LQ�VWDWH�SHU����
SRSXODWLRQ��DQG�����DQVZHU�UDWH��SHUFHQWDJH�RI�LQ�VWDWH�FDOOV�DQVZHUHG�WR�FDOOV�PDGH���$QDO\VHV
FRQWUROOHG�IRU�VWDWH��TXDUWHU�IL[HG�HIIHFWV��QRQ�VXLFLGH�UHODWHG�PRUWDOLW\�('�YLVLWV�KRVSLWDOL]DWLRQV
�SHU�RXWFRPH���DQG�FR�WHUPLQXV�DERUWLRQ�EDQV�

5HVXOWV�IURP�,9�DQDO\VHV�VKRZ�QR�FKDQJH�LQ�VXLFLGH�PRUWDOLW\�DQG�VXLFLGH�UHODWHG�KRVSLWDOL]DWLRQV�LQ
UHODWLRQ�WR�����XWLOL]DWLRQ��+RZHYHU��VXLFLGH�UHODWHG�('�YLVLWV�GHFOLQHG�ZLWK�LQFUHDVH�LQ�YROXPH�RI
FDOOV�WR������FRHII �������������&,��������������YROXPH�RI�����FDOOV�DQVZHUHG�LQ�VWDWH��FRHII ��������
����&,������������DQG�DQVZHU�UDWH��FRHII� �������������&,����������������

+LJKHU�XWLOL]DWLRQ�RI�����/LIHOLQH�PD\�FRUUHVSRQG�ZLWK�UHGXFWLRQV�LQ�VXLFLGH�UHODWHG�('�YLVLWV�



������

���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

0HQWDO�KHDOWK�IXQFWLRQ

6FKRRO�EDVHG�KHDOWK�FHQWHUV��FRPPXQLW\�VHUYLFHV��DQG�\RXWK�PHQWDO�KHDOWK�LQ�UXUDO
FRPPXQLWLHV�;XH�=KDQJ
�;XH�=KDQJ��0LOGUHG�:DUQHU�

5HVHDUFK�TXHVWLRQ��+RZ�DUH�VFKRRO�EDVHG�KHDOWK�FHQWHUV��6%+&��DQG�FRPPXQLW\�VHUYLFHV�DVVRFLDWHG
ZLWK�\RXWK�PHQWDO�KHDOWK�LQ�UXUDO�FRPPXQLWLHV"

�

6LJQLILFDQFH��5XUDO�\RXWK�IDFH�JURZLQJ�PHQWDO�KHDOWK�FKDOOHQJHV�DQG�OLPLWHG�DFFHVV�WR�KHDOWK�DQG
VRFLDO�VHUYLFHV��6FKRROV�FDQ�IXQFWLRQ�DV�FRPPXQLW\�KXEV�WR�DGGUHVV�WKHVH�JDSV��DQG�6%+&V�KDYH
HPHUJHG�DV�D�VWUDWHJ\�WR�H[SDQG�DFFHVV�WR�FDUH��+RZHYHU��OLWWOH�LV�NQRZQ�DERXW�KRZ�6%+&�DFFHVV
DQG�FRPPXQLW\�VHUYLFHV�MRLQWO\�VKDSH�\RXWK�PHQWDO�KHDOWK��8QGHUVWDQGLQJ�WKHVH�UHODWLRQVKLSV�FDQ
LQIRUP�FURVV�VHFWRU�VWUDWHJLHV�DPRQJ�HGXFDWRUV��KHDOWK�SURYLGHUV��DQG�FRPPXQLW\�RUJDQL]DWLRQV�

�

'DWD�DQG�PHWKRGV��:H�OLQNHG�HOHFWURQLF�KHDOWK�UHFRUG�GDWD�IURP������ZLWK�D�VFKRRO�VXUYH\�DFURVV���
VFKRRO�GLVWULFWV�LQ�D�IRXU�FRXQW\�UXUDO�UHJLRQ�RI�1HZ�<RUN�6WDWH��2XWFRPHV�LQFOXGH�ZKHWKHU�VWXGHQWV
KDG�PHQWDO�KHDOWK�UHODWHG�YLVLWV��ELSRODU�GLVRUGHU��DQ[LHW\��GHSUHVVLRQ��VXLFLGH�UHODWHG�FRQGLWLRQV��RU
VXEVWDQFH�XVH�GLVRUGHUV��DQG��DPRQJ�WKRVH�VWXGHQWV��ZKHWKHU�WKHVH�YLVLWV�RFFXUUHG�LQ�HPHUJHQF\
GHSDUWPHQWV��.H\�H[SRVXUHV�LQFOXGH�6%+&�DFFHVV�DQG�WKH�DYDLODELOLW\�RI�VHUYLFHV�SURPRWLQJ�VRFLDO
HQJDJHPHQW��H�J���DIWHU�VFKRRO�SURJUDPV��DQG�EDVLF�QHHGV��H�J���IRRG�SDQWULHV���:H�UDQ�ORJLVWLF
UHJUHVVLRQV�DGMXVWLQJ�IRU�DJH��VH[��0HGLFDLG�FRYHUDJH��VRFLDO�GHWHUPLQDQWV�RI�KHDOWK��6'2+�
GLDJQRVHV��DQG�EHKDYLRUDO�KHDOWK�SURYLGHU�YLVLWV�

�

3UHOLPLQDU\�UHVXOWV��$PRQJ��������VWXGHQWV�DJHG�����������KDG�DFFHVV�WR�D�6%+&��6%+&�DFFHVV
ZDV�DVVRFLDWHG�ZLWK�D�ORZHU�OLNHOLKRRG�RI�PHQWDO�KHDOWK�YLVLWV��DIWHU�DGMXVWLQJ�IRU�EHKDYLRUDO�KHDOWK
SURYLGHU�YLVLWV��0HQWDO�KHDOWK�YLVLWV�ZHUH�PRUH�OLNHO\�DPRQJ�IHPDOH�VWXGHQWV�DQG�VWXGHQWV�ZLWK
0HGLFDLG�FRYHUDJH��ROGHU�DJH��DQG�6'2+�UHODWHG�GLDJQRVHV��'LVWULFWV�ZLWK�PRUH�VRFLDO�HQJDJHPHQW
VHUYLFHV�ZHUH�DVVRFLDWHG�ZLWK�ORZHU�SUREDELOLWLHV�RI�ERWK�PHQWDO�KHDOWK�YLVLWV�DQG�HPHUJHQF\
GHSDUWPHQW�YLVLWV��7KH�ILQGLQJV�KLJKOLJKW�WKH�UROH�RI�6%+&V�DQG�FRRUGLQDWHG�VFKRRO�DQG�FRPPXQLW\
VHUYLFHV�LQ�LPSURYLQJ�\RXWK�PHQWDO�KHDOWK�LQ�UXUDO�FRPPXQLWLHV�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

0RUWDOLW\

,QHTXLWDEOH�LPSURYHPHQWV�LQ�WKH�86�GUXJ�RYHUGRVH�FULVLV�0DWKHZ�.LDQJ
�0DWKHZ�.LDQJ�
$QWRQLQR�3ROL]]L��0RQLFD�$OH[DQGHU��&RULQQH�5LGGHOO�

)URP������WR�������WKH�86�GUXJ�UHODWHG�PRUWDOLW\�UDWH�LQFUHDVHG�IURP���GHDWKV�SHU�������������
8QFHUWDLQW\�,QWHUYDO�>8,@������������WR����GHDWKV�SHU��������������8,���������������2YHU�WKLV����\HDU
SHULRG��WKHUH�ZHUH�RQO\�WZR�LQVWDQFHV�RI�VLJQLILFDQW�\HDU�RYHU�\HDU�GHFOLQHV�LQ�PRUWDOLW\��ILUVW�LQ
������ZKHQ�WKHUH�ZDV�D�GHFUHDVH�RI�����GHDWKV�SHU��������������8,���������������DQG�DJDLQ�LQ������
ZKHQ�WKHUH�ZDV�D�GHFUHDVH�RI�����GHDWKV�SHU��������������8,���������������8QGHUVWDQGLQJ�ZK\��LH�
ZKLFK�VXEVWDQFHV���ZKHUH��DQG�ZKR�EHQHILWWHG�IURP�WKHVH�LPSURYHPHQWV�LV�HVVHQWLDO�IRU�LQIRUPLQJ
SXEOLF�KHDOWK�LQWHUYHQWLRQV�

:H�XVH�D�GHPRJUDSKLF�GHFRPSRVLWLRQ�RQ�WKH�&'&�UHVWULFWHG�XVH�PXOWLSOH�FDXVH�RI�GHDWK�GDWD�WR
H[DPLQH�WKHVH�GHFOLQHV�LQ�GUXJ�UHODWHG�PRUWDOLW\�LQ������DQG�������8VLQJ�D�.LWDJDZD�GHFRPSRVLWLRQ�
ZH�TXDQWLI\�WKH�FRQWULEXWLRQ�RI�PXWXDOO\�H[FOXVLYH�GUXJ�FDWHJRULHV�WR�WKH�GHFUHDVH�LQ�WKH�QDWLRQDO
DJH�VWDQGDUGL]HG�GUXJ�UHODWHG�PRUWDOLW\�UDWH�E\�ERWK�JHRJUDSK\�DQG�VRFLRGHPRJUDSKLF�VXEJURXSV�

:H�IRXQG�VWDUN�JHRJUDSKLF��SKDUPDFRORJLF��DQG�VRFLRGHPRJUDSKLF�GLIIHUHQFHV�EHWZHHQ�WKH�����
GHFOLQH�DQG�WKH������GHFOLQH��*HRJUDSKLFDOO\��WKH������GHFOLQH�ZDV�KLJKO\�FRQFHQWUDWHG����VWDWHV
DFFRXQWHG�IRU�����RI�WKH�QDWLRQDO�GHFOLQH��DQG�DOO�VWDWHV�WKDW�KDG�D�GHFOLQH�ZHUH�ORFDWHG�LQ�WKH
(DVWHUQ�86��H[FHSW�IRU�$ODVND��,Q�FRQWUDVW��WKH������GHFOLQH�ZDV�JHRJUDSKLFDOO\�GLIIXVH�ZLWK���VWDWHV
DFFRXQWLQJ�IRU�����RI�WKH�GHFOLQH��3KDUPDFRORJLFDOO\��WKH�HQWLUHW\�RI�WKH������GHFOLQH�ZDV�GULYHQ�E\
D�UHGXFWLRQ�LQ�QRQ�IHQWDQ\O�GUXJ�GHDWKV��&RQYHUVHO\��WKH������GHFOLQH�ZDV�GULYHQ�HQWLUHO\�E\�D�GURS
LQ�IHQWDQ\O�LQYROYHG�GHDWKV��6RFLRGHPRJUDSKLFDOO\��WKH�GHFOLQH�ZDV�GULYHQ�H[FOXVLYHO\�E\�ORZHU
PRUWDOLW\�LQ�WKH�QRQ�+LVSDQLF�ZKLWH�SRSXODWLRQ�LQ�ERWK�����������������8,��������������DQG������������
����8,��������������

7KHVH�SUHOLPLQDU\�UHVXOWV�VKRZ�WKDW�GHPRJUDSKLF�GHFRPSRVLWLRQ�PHWKRGV�SURYLGH�LQVLJKW�LQWR
WDUJHWHG��HTXLWDEOH�LQWHUYHQWLRQV�DQG�SROLFLHV�WR�UHGXFH�GUXJ�UHODWHG�PRUWDOLW\�LQ�WKH�86�
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0HQWDO�KHDOWK�IXQFWLRQ

,QWHUVHFWLRQDO�'LIIHUHQFHV�LQ�'HVSDLU�LQ�D�8�6��3UREDELOLW\�6DPSOH�RI�6H[XDO�0LQRULW\�$GXOWV
,VDDF�:ULJKW
�(YDQ�.UXHJHU�

%DFNJURXQG��'HVSDLU�LV�D�PXOWLGLPHQVLRQDO�SV\FKRVRFLDO�VWDWH�DVVRFLDWHG�ZLWK�ZRUVHQLQJ
SRSXODWLRQ�KHDOWK�DQG�SUHPDWXUH�PRUWDOLW\��+RZHYHU��OLWWOH�LV�NQRZQ�DERXW�KRZ�GHVSDLU�YDULHV�DFURVV
LQWHUVHFWLQJ�VRFLDO�LGHQWLWLHV��7KLV�VWXG\�H[DPLQHG�GLIIHUHQFHV�LQ�GHVSDLU�DFURVV�LQWHUVHFWLRQV�RI�UDFH
DQG�HWKQLFLW\��DJH��DQG�VH[�DVVLJQHG�DW�ELUWK�DPRQJ�VH[XDO�PLQRULW\�DGXOWV�LQ�WKH�8QLWHG�6WDWHV�

0HWKRGV��'DWD�ZHUH�IURP�WKH�*HQHUDWLRQV�6WXG\��D�QDWLRQDO�SUREDELOLW\�VDPSOH�RI�VH[XDO�PLQRULW\
DGXOWV��1� ������GDWD�FROOHFWHG�LQ�������������'HVSDLU�ZDV�PHDVXUHG�XVLQJ�DQ�LQGH[�RI����LQGLFDWRUV
DFURVV�WKUHH�GHVSDLU�GRPDLQV��HPRWLRQDO�FRJQLWLYH��ELRVRPDWLF��EHKDYLRUDO���1HJDWLYH�ELQRPLDO
UHJUHVVLRQV�DVVHVVHG�GLIIHUHQFHV�LQ�GHVSDLU�DFURVV�LQWHUVHFWLRQDO�JURXSV�GHILQHG�E\�UDFH�HWKQLFLW\
�:KLWH��%ODFN�$IULFDQ�$PHULFDQ��/DWLQ[���DJH��\RXQJHU���������PLGGOH���������ROGHU����������DQG�VH[
DVVLJQHG�DW�ELUWK��IHPDOH��PDOH���0RGHOV�ZHUH�DGMXVWHG�IRU�HGXFDWLRQ��HPSOR\PHQW�VWDWXV��DQG
KHDOWKFDUH�DFFHVV�

5HVXOWV��2YHUDOO��GHVSDLU�VFRUHV�ZHUH�KLJKHU�DPRQJ�\RXQJHU��YV��ROGHU��UHVSRQGHQWV��IHPDOHV��YV�
PDOHV���DQG�%ODFN��YV��:KLWH�DQG�/DWLQ[��UHVSRQGHQWV��+RZHYHU��NH\�GLIIHUHQFHV�ZHUH�QRWHG�DFURVV
LQWHUVHFWLRQDO�JURXSV��$PRQJ�\RXQJHU�UHVSRQGHQWV��:KLWH�IHPDOHV�KDG�KLJKHU�GHVSDLU�VFRUHV�WKDQ
:KLWH�PDOHV�DQG�/DWLQ[�UHVSRQGHQWV��$PRQJ�PLGGOH�FRKRUW�UHVSRQGHQWV��/DWLQ[�IHPDOHV�KDG�KLJKHU
GHVSDLU�VFRUHV�WKDQ�:KLWH�PDOHV��%ODFN�PDOHV��DQG�/DWLQ[�PDOHV��$PRQJ�ROGHU�UHVSRQGHQWV��%ODFN
IHPDOHV�KDG�WKH�KLJKHVW�GHVSDLU�VFRUHV�UHODWLYH�WR�VHYHUDO�RWKHU�JURXSV��DOO�S��������,Q�GRPDLQ�
VSHFLILF�DQDO\VHV��\RXQJHU�UHVSRQGHQWV�KDG�KLJKHU�OHYHOV�RI�HPRWLRQDO�FRJQLWLYH�DQG�EHKDYLRUDO
GHVSDLU��DQG�PLGGOH�DQG�ROGHU�DJH�JURXSV�KDG�KLJKHU�OHYHOV�RI�ELRVRPDWLF�GHVSDLU�

&RQFOXVLRQ��'HVSDLU�YDULHV�VXEVWDQWLDOO\�DFURVV�LQWHUVHFWLQJ�VRFLDO�LGHQWLWLHV�DPRQJ�VH[XDO�PLQRULW\
DGXOWV��7KHVH�ILQGLQJV�KLJKOLJKW�WKH�LPSRUWDQFH�RI�LQWHUVHFWLRQDO�DSSURDFKHV�IRU�XQGHUVWDQGLQJ
SRSXODWLRQ�KHDOWK�GLVSDULWLHV�DQG�LQIRUPLQJ�SUHYHQWLRQ�VWUDWHJLHV�
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7KH�8VH�RI�&RPPXQLW\�%DVHG�3DUWLFLSDWRU\�5HVHDUFK�0HWKRGV�WR�&ROODERUDWH�ZLWK�3HRSOH
([SHULHQFLQJ�+RPHOHVVQHVV��$�6FRSLQJ�5HYLHZ�/DXUHQ�/RYH�3LHF]\NRODQ
�/DXUHQ�/RYH
3LHF]\NRODQ��0HJDQ�*ODYLQ��1LFROH�7KHLV�0DKRQ��0��.XPL�6PLWK�

%DFNJURXQG��7KH�86�LV�H[SHULHQFLQJ�XQSUHFHGHQWHG�OHYHOV�RI�KRPHOHVVQHVV��DFFRPSDQLHG�E\
JURZLQJ�LQWHUHVW�LQ�UHVHDUFK�RQ�LWV�FDXVHV�DQG�SRWHQWLDO�VROXWLRQV��&RPPXQLW\�EDVHG�SDUWLFLSDWRU\
UHVHDUFK��&%35��LV�SURPRWHG�DV�D�VWUDWHJ\�IRU�PHDQLQJIXOO\�LQYROYLQJ�DQG�FHQWHULQJ�SHRSOH
H[SHULHQFLQJ�KRPHOHVVQHVV��3(+��LQ�WKLV�ZRUN��+RZHYHU��WKHUH�LV�OLPLWHG�FRQVHQVXV�RQ�ZKDW
FRQVWLWXWHV�&%35�LQ�SUDFWLFH��FRQVWUDLQLQJ�LQVLJKWV�LQWR�LWV�LPSOHPHQWDWLRQ�DQG�EHVW�SUDFWLFHV��7KLV
UHYLHZ�DLPV�WR�FORVH�WKLV�JDS�E\�FKDUDFWHUL]LQJ�WKH�H[WHQW�DQG�QDWXUH�RI�&%35�PHWKRGV�FXUUHQWO\
XVHG�LQ�KRPHOHVVQHVV�UHVHDUFK�

0HWKRGV��7KH�VHDUFK�ZDV�GHYHORSHG�IRU�0('/,1(�5�$//��2YLG��DQG�WUDQVODWHG�DFURVV�$3$
3V\F,1)2��2YLG���&,1$+/��6FRSXV��DQG�:HE�RI�6FLHQFH�&RUH�&ROOHFWLRQ��UHWXUQLQJ�����SDSHUV�
6WXGLHV�PHW�LQFOXVLRQ�FULWHULD�LI�WKH\�ZHUH�SHHU�UHYLHZHG��SXEOLVKHG�LQ�(QJOLVK��VDPSOHG�3(+��DQG
XWLOL]HG�D�&%35�PHWKRG��7ZR�UHYLHZHUV�LQGHSHQGHQWO\�DVVHVVHG�HYLGHQFH�DJDLQVW�WKH�LQFOXVLRQ
FULWHULD�

5HVXOWV��,QYROYHPHQW�RI�3(+�DV�PHPEHUV�RI�FRPPXQLW\�DGYLVRU\�ERDUGV�RU�LQ�FRQVXOWDWLYH�UROHV�ZDV
WKH�PRVW�FRPPRQ�&%35�SUDFWLFH��1RYHO�PHWKRGV�LQFOXGH�WKH�'RFHQW�0HWKRG�ZKHUH�3(+�SK\VLFDOO\
DQG�QDUUDWLYHO\�ZDON�UHVHDUFKHUV�WKURXJK�VLWHV�RI�LQWHUHVW�LQ�WKHLU�FRPPXQLW\��DQG�WKH�$SSUHFLDWLYH
,QTXLU\�PRGHO�LQ�ZKLFK�3(+�LGHQWLI\�DQG�OHYHUDJH�FRPPXQLW\�VWUHQJWKV�WR�VROYH�SUREOHPV��7KH�OHYHO
RI�GHWDLO�ZLWK�ZKLFK�&%35�PHWKRGV�ZHUH�GHVFULEHG�YDULHG�JUHDWO\�

&RQFOXVLRQV��3UHOLPLQDU\�ILQGLQJV�KLJKOLJKW�WKH�GLYHUVLW\�RI�&%35�SUDFWLFHV��ERWK�LQ�WKHLU
LPSOHPHQWDWLRQ�DQG�KRZ�WKHVH�SUDFWLFHV�DUH�GRFXPHQWHG�DQG�GLVVHPLQDWHG��7KH�ODUJH�QXPEHU�RI
VWXGLHV�WKDW�FLWH�&%35�ZLWKRXW�GHVFULELQJ�KRZ�LW�ZDV�LPSOHPHQWHG�XQGHUVFRUHV�WKH�QHHG�IRU�FOHDUHU
UHSRUWLQJ�VWDQGDUGV�LQ�WKLV�ILHOG��*UHDWHU�FRQVHQVXV�DURXQG�SUDFWLFH�DQG�UHSRUWLQJ�LV�QHFHVVDU\�LI
&%35�LV�WR�UHDOL]H�LWV�SRWHQWLDO�WR�DPSOLI\�3(+�LQ�UHVHDUFK��LQWHJUDWH�FRPPXQLW\�NQRZOHGJH�DQG
LQQRYDWLRQ�LQWR�SURJUDP�DQG�SROLF\�GHVLJQ��DQG�PHQG�KLVWRULFDO�KDUPV�WKDW�UHVHDUFK�KDV�LQIOLFWHG�RQ
3(+�
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-XVWLFH�FHQWHUHG�UHFUXLWPHQW�DQG�UHWHQWLRQ�VWUDWHJLHV�LQ�D�UDQGRPL]HG�FRQWUROOHG�WULDO�RI
FRQFHQWUDWHG�LQYHVWPHQW�LQ�%ODFN�QHLJKERUKRRGV�.HYHQ�&DEUHUD
�.HYHQ�&DEUHUD��5LNOH\�&RVWD
3DL[DR��+HOHQD�-HXGLQ��$VKOH\�7U\ED��&UDLJ�7HUU\��+LOHQD�$GGLV��(YDQ�6SHQFHU��1LFROH�7KRPDV��$GLWL
9DVDQ��$WKHHQGDU�9HQNDWDUDPDQL��(XJHQLD�6RXWK�

5HVHDUFKHUV�IUHTXHQWO\�HQFRXQWHU�FKDOOHQJHV�ZLWK�UHFUXLWPHQW�DQG�UHWHQWLRQ�RI�PLQRULWL]HG
SRSXODWLRQV�LQ�FOLQLFDO�WULDOV��%DUULHUV�WR�VWXG\�SDUWLFLSDWLRQ��LQFOXGLQJ�LQVWLWXWLRQDO�PLVWUXVW��QHJDWLYH
SHUFHSWLRQV�RI�UHVHDUFK��KRXVLQJ�LQVWDELOLW\��DQG�LQHTXLWDEOH�DFFHVV�WR�WHFKQRORJ\��H�J��PRELOH
SKRQHV�RU�HPDLO���FDQ�ERWK�WKUHDWHQ�UHVHDUFK�YDOLGLW\�DQG�SHUSHWXDWH�GLVSDULWLHV�LQ�SRSXODWLRQ�KHDOWK
NQRZOHGJH�DQG�LQQRYDWLRQ��:H�FRQGXFWHG�DQ�1,+�IXQGHG�FRPPXQLW\�EDVHG�FOXVWHU�UDQGRPL]HG
FRQWUROOHG�WULDO�RI�D�VXLWH�RI�HQYLURQPHQWDO��YDFDQW�ORW�JUHHQLQJ��WUHH�SODQWLQJ��OLWWHU�UHPRYDO��DQG
HFRQRPLF��ILQDQFLDO�FRXQVHOLQJ��FRQQHFWLRQ�WR�SXEOLF�EHQHILWV��WD[�SUHSDUDWLRQ��DQG�D�����
PLFURJUDQW��LQWHUYHQWLRQV�LQ�PDMRULW\�%ODFN��ORZHU�VRFLRHFRQRPLF�VWDWXV�QHLJKERUKRRGV�LQ
3KLODGHOSKLD��3$�IURP��������WR����������:H�DSSURDFKHG�UHFUXLWPHQW�DQG�UHWHQWLRQ�RI�D�SRSXODWLRQ
WKRXJKW�WR�EH�}GLIILFXOW�WR�UHDFK~�E\�FHQWHULQJ�MXVWLFH�RULHQWHG�VWUDWHJLHV�LQ�WULDO�GHVLJQ�DQG
H[HFXWLRQ��2XU�VWXG\�WHDP�VXFFHVVIXOO\�UHFUXLWHG�����SDUWLFLSDQWV��������%ODFN��������)HPDOH��DQG
������ZLWK�DQ�DQQXDO�KRXVHKROG�LQFRPH������.���8VLQJ�DQ�RQJRLQJ�TXDOLWDWLYH�UHIOHFWLRQ�SURFHVV
DQG�ILHOG�QRWH�DQDO\VLV��ZH�KDYH�LGHQWLILHG�HPHUJLQJ�WKHPHV�RQ�KRZ�RXU�VWXG\�WHDP�RYHUFDPH
EDUULHUV�DQG�IRXQG�RSSRUWXQLWLHV�IRU�PHDQLQJIXO�SDUWLFLSDQW�HQJDJHPHQW�LQFOXGLQJ��FRPPXQLW\�,5%
DSSURYDO�EHIRUH�ODXQFKLQJ�WKH�VWXG\��KLULQJ�RI�ORFDO��LGHQWLW\�FRQJUXHQW�WHDP�PHPEHUV�WR�FRQGXFW
SDUWLFLSDQW�IDFLQJ�DFWLYLWLHV��D�PRGLILHG�UDQGRP�ZDON�UHFUXLWPHQW�PHWKRGRORJ\��VXVWDLQHG�RQH�RQ�
RQH�SDUWLFLSDQW�FRQWDFW�WKURXJKRXW�VWXG\�SHULRG��UHJXODU�WHDP�UHILQHPHQW�DQG�SUDFWLFH�RI�FXOWXUDOO\
KXPEOH�FRPPXQLFDWLRQ��VWUDWHJLF��SHUVRQDOL]HG�PHVVDJLQJ��VXVWDLQHG�FRPPXQLW\�SDUWQHU
LQYROYHPHQW��DQG�G\QDPLF�DGDSWLRQ�RI�IROORZ�XS�SURWRFROV�WR�UHDFK�DV�PDQ\�SDUWLFLSDQWV�DV�SRVVLEOH�
8VLQJ�WKHVH�DSSURDFKHV��ZH�PDLQWDLQHG�D�����IROORZ�XS�UDWH�RYHU�WZR�\HDUV��GHPRQVWUDWLQJ
IHDVLELOLW\�RI�PHDQLQJIXO�UHVHDUFK�HQJDJHPHQW�ZLWK�KLVWRULFDOO\�PDUJLQDOL]HG�FRPPXQLWLHV�
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$,�'ULYHQ5DFH�DQG�6NLQ�7RQH�0HDVXUPHQW�3XEOLF�+HDOWK�5HVHUDFK�-DFN�+DVFK
�0LFKDHO
(VSRVLWR��5RE�:DUUHQ�

3RSXODWLRQ�DQG�DGPLQLVWUDWLYH�GDWD�VRXUFHV�WKDW�FRXOG�EH�LQVWUXPHQWDO�IRU�VWXG\LQJ�KHDOWK�GLVSDULWLHV
DUH�IUHTXHQWO\�OLPLWHG�E\�D�ODFN�RI�VRSKLVWLFDWHG�UDFH�DQG�HWKQLFLW\�PHDVXUHPHQW��$GPLQLVWUDWLYH
UHFRUGV�OLQNLQJ�LQGLYLGXDOV�DFURVV�GHFDGHV�RI�REVHUYDWLRQ�z�IURP�VFKRRO�HQUROOPHQW�WR�GHDWK
FHUWLILFDWHV�z�FRXOG�WHOO�SRZHUIXO�VWRULHV�DERXW�KRZ�UDFLDO�LQHTXDOLW\�LQ�ULVN�RI�SUHPDWXUH�GHDWK
HYROYHV�RYHU�WKH�OLIH�FRXUVH��EXW�VRPHWLPHV�ODFN�EDVLF�UDFH�LQIRUPDWLRQ��DQG�HYHQ�PRUH�IUHTXHQWO\
ODFN�UDFH�DGMDFHQW�PHDVXUHV��OLNH�VNLQ�WRQH��WKDW�DUH�NQRZQ�WR�EH�LQVWUXPHQWDO�LQ�VWUDWLI\LQJ�KHDOWK
RXWFRPHV��3DVW�HIIRUWV�KDYH�DGGUHVVHG�WKLV�E\�HPSOR\LQJ�ODUJH�WHDPV�RI�KXPDQ�FRGHUV�WR�DVVHVV
QDPHV�DQG�SKRWRJUDSKV�IRU�UDFH�DQG�HWKQLFLW\��%H\RQG�EHLQJ�SURKLELWLYHO\�FRVWO\�KRZHYHU��WKLV
DSSURDFK�LV�HUURU�SURQH�DQG�RYHUO\�UHOLDQW�RQ�SRLQW�HVWLPDWH�FODVVLILFDWLRQV��D�OLPLWDWLRQ�WKDW
REVFXUHV�PHDQLQJIXO�YDULDWLRQ��JLYHQ�WKDW�SHUFHLYHG�UDFH�LV�QRW�VWDWLF�EXW�EHWWHU�FKDUDFWHUL]HG�DV�D
GLVWULEXWLRQ��,Q�WKLV�SURMHFW��ZH�LQWURGXFH�DQ�$,�GULYHQ�DSSURDFK�WR�UHFRYHULQJ�UDFH�DQG�VNLQ�WRQH
GDWD�IURP�DUFKLYDO�LPDJHU\��7KH�VFDODELOLW\�RI�WKLV�PHWKRG�DOORZV�XV�WR�FRQVWUXFW�GLVWULEXWLRQV�RI
SHUFHLYHG�VNLQ�WRQH�DQG�UDFH���FDSWXULQJ�PHGLDQ�SHUFHSWLRQV�DORQJVLGH�UDWHU�YDULDWLRQ���UDWKHU�WKDQ
FROODSVLQJ�WR�D�VLQJOH�FODVVLILFDWLRQ��$SSOLHG�WR�\HDUERRN�SKRWRJUDSKV�OLQNHG�WR�PRUWDOLW\�UHFRUGV�
WKLV�DSSURDFK�RSHQV�QHZ�SRVVLELOLWLHV�IRU�VWXG\LQJ�KRZ�UDFLDOL]DWLRQ�VKDSHV�KHDOWK�DFURVV�WKH�OLIH
FRXUVH�
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&UHDWLQJ�D�1DWLRQZLGH�$WODV�RQ�8UEDQ�3RSXODWLRQ�DQG�&DSLWDO�)OLJKW��$�7RRO�IRU�([WHQGLQJ
3RSXODWLRQ�+HDOWK�5HVHDUFK�h%H\RQG�5HGOLQLQJi�5LFKDUG�6DGOHU
�5LFKDUG�6DGOHU��$ODQ�+DUULV�
6DPDQWKD�*DLOH\��'DQLHOOH�%HDWW\�0RRG\��'RQ�/DIUHQLHUH�

/HJDF\�XUEDQ�GHYHORSPHQW�SURFHVVHV�DQG�GHFLVLRQV�KDYH�KDG�KXJHO\�GHWULPHQWDO�LPSDFWV�RQ�WKH
TXDOLW\�RI�RXU�FLWLHV�DQG�WKH�KHDOWK�RI�WKHLU�UHVLGHQWV��:KLOH�VWXG\LQJ�UHGOLQLQJ|V�LPSDFWV�KDV
UHFHLYHG�DWWHQWLRQ�DV�D�ZD\�WR�EXLOG�DQ�HYLGHQFH�EDVH�WR�UHPHGLDWH�SDVW�ZURQJVzLQFOXGLQJ�EXLOGLQJ
SXEOLF�WUXVW�LQ�VFLHQFH�E\�HQXPHUDWLQJ�LPSDFWV�RQ�SRSXODWLRQ�KHDOWKzDGGLWLRQDO�DVSHFWV�PXVW�EH
VWXGLHG�WR�GULYH�PRUH�PHDQLQJIXO�FKDQJH��+HUH�ZH�GLVFXVV�WKH�DGGHG�YDOXH�RI�FRQVLGHULQJ�SDWWHUQV
RI�ZKLWH�IOLJKW��RIWHQ�IURP�UHDO�HVWDWH�EORFNEXVWLQJ��IURP�$PHULFDQ�FLWLHV�GXULQJ�WKH�ODWHU���WK
FHQWXU\��LQ�SDUWLFXODU��IURP�WKH������)DLU�+RXVLQJ�$FW�WKURXJK�WKH�����V���,Q�RXU�LQLWLDO�ZRUN�RQ�WKLV
WRSLF��ZH�KDYH�FRQVLVWHQWO\�IRXQG�LPSDFWV�RQ�SRSXODWLRQ�KHDOWK�DQG�VPDOOHU�VXUYH\�EDVHG�KHDOWK
RXWFRPHV�VWURQJHU�WKDQ�WKRVH�IRXQG�IRU�UHGOLQLQJ��7KLV�VXJJHVWV�D�QHHG�WR�UHRULHQW�ZRUN�RQ�WKH
EURDGHU�WRSLF�RI�VWUXFWXUDO�UDFLVP�LQ�WKH�EXLOW�HQYLURQPHQW��GRLQJ�VR�PD\�IXUWKHU�KHOS�FRQIURQW�WKH
ULVH�LQ�VFLHQWLILF�VNHSWLFLVP�DURXQG�WKLV�WRSLF�E\�PRUH�DFFXUDWHO\�GHILQLQJ�WKH�SURFHVVHV�WKDW�GULYH
XUEDQ�GHFOLQH�DQG�KRZ�WKH\�QHJDWLYHO\�LPSDFW�RQ�NH\�SRSXODWLRQV��/LNHZLVH��LW�FRXOG�SURPRWH�ORFDO
XQGHUVWDQGLQJ�RI�DGGLWLRQDO�XUEDQ�GHYHORSPHQW�SURFHVVHV�{EH\RQG�UHGOLQLQJ|�DQG�WKH�QHHG�IRU�PRUH
HTXLWDEOH�DSSURDFKHV��:H�KDYH�EXLOW�D�QDWLRQZLGH�EORFNEXVWLQJ�DWODV��ZRUN�WKDW�LQFOXGHV
HQJDJHPHQW�ZLWK�NH\�SDUWQHUV��GDWD�SURFHVVLQJ��GHVLJQ�ZRUN��DQG�IXUWKHU�RXWUHDFK�HIIRUWV���DV�D
PHDQV�RI�HPSRZHULQJ�UHVHDUFKHUV�WR�SXVK�WKH�ERXQGDULHV�RI�SRSXODWLRQ�KHDOWK�VFLHQFH��7KH�DWODV
DOORZV�XVHUV�WR�YLVXDOL]H�HYHU\�WUDFW�ZKHUH�VLJQLILFDQW�ZKLWH�IOLJKW�RFFXUUHG�IURP�WKH�����V�WR�WKH
����V��2XU�LQWHQWLRQ�LV�WR�SURYLGH�D�UHVRXUFH�IRU�EORFNEXVWLQJ�VLPLODU�WR�WKH�RQH�FUHDWHG�IRU
UHGOLQLQJ�DQG�WKRVH�EHLQJ�FUHDWHG�IRU�UHVWULFWLYH�FRYHQDQWV��,Q�VR�GRLQJ��ZH�KRSH�WKDW�SRSXODWLRQ
KHDOWK�VFLHQWLVWV�FDQ�PRUH�HDVLO\�LQFOXGH�WKLV�SKHQRPHQRQ�LQ�WKHLU�ZRUN�DQG�FRQWULEXWH�IXUWKHU
LPSRUWDQW�ILQGLQJV�WR�WKLV�JURZLQJ�ERG\�RI�UHVHDUFK�
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3UDFWLWLRQHU�SHUVSHFWLYHV�RQ�,QGLJHQRXV�FHQWHUHG�TXDQWLWDWLYH�PHWKRGRORJ\�IRU�KHDOWK
UHVHDUFK�-HVVLFD�:LOOLDPV�1JX\HQ
�-HVVLFD�:LOOLDPV�1JX\HQ��&ROH�$OOLFN��0LFKDH/\QQ�.DQLFK\�
'HQLVH�'LOODUG��&OHPPD�0XOOHU�

4XDQWLWDWLYH�PHWKRGRORJ\�LV�FUXFLDO�WR�KHDOWK�UHVHDUFK�DQG�HYLGHQFH�EDVHG�VROXWLRQV��\HW�WKHUH�DUH
VLJQLILFDQW�EDUULHUV�WR�LWV�XVH�LQ�WKH�FRQWH[W�RI�,QGLJHQRXV�KHDOWK��7KHVH�LQFOXGH�OHJDFLHV�RI�KDUP�GXH
WR�PLVXVH�RI�UHVHDUFK�DQG�VWDWLVWLFV�DV�ZHOO�DV�HSLVWHPRORJLFDO�GLVFRQQHFW�EHWZHHQ�:HVWHUQ�DQG
,QGLJHQRXV�NQRZOHGJH�V\VWHPV��$Q�HPHUJLQJ�OLWHUDWXUH�SURPRWHV�TXDQWLWDWLYH�PHWKRGV�WKDW�LQFUHDVH
FXOWXUDO�VDIHW\�E\�FHQWHULQJ�WKH�ZRUOGYLHZV�RI�,QGLJHQRXV�3HRSOHV��7KLV�VWXG\�GRFXPHQWHG
SHUVSHFWLYHV�RI�SUDFWLWLRQHUV�RQ�WKH�YDOXH�DQG�DSSOLFDWLRQ�RI�,QGLJHQRXV�FHQWHUHG�TXDQWLWDWLYH
PHWKRGRORJ\�IRU�KHDOWK�UHVHDUFK��,Q�IDOO�������ZH�VXUYH\HG����PHPEHUV�RI�DFDGHPLF��JRYHUQPHQWDO�
DQG�7ULEDO�RUJDQL]DWLRQV�LQ�WKH�86�DQG�&DQDGD�ZKR�XVH�TXDQWLWDWLYH�VFLHQFH�IRU�,QGLJHQRXV�KHDOWK
UHVHDUFK��0RVW�UHVSRQGHQWV�KDG�D�GRFWRUDO�GHJUHH�������DQG�ZRUNHG�LQ�DFDGHPLD��������:KLWH
LGHQWLW\�ZDV�UHSRUWHG�E\������DQG�����UHSRUWHG�,QGLJHQRXV�LGHQWLW\�XVLQJ�D�WRWDO�UHVSRQVH
DSSURDFK��0RVW�UHVSRQGHQWV�HQGRUVHG�D�EHOLHI�WKDW�JUHDWHU�SRZHU�IRU�,QGLJHQRXV�3HRSOHV�LQ
TXDQWLWDWLYH�KHDOWK�VFLHQFH�GHFLVLRQ�PDNLQJ�DW�DOO�VWDJHV�ZRXOG�LQFUHDVH�VHOI�GHWHUPLQDWLRQ�������
DFWLRQDELOLW\�RI�UHVHDUFK��������DQG�KHDOWK�EHQHILWV�������IRU�,QGLJHQRXV�FRPPXQLWLHV��7KHVH
SURSRUWLRQV�ZHUH�HYHQ�JUHDWHU�������������DQG������UHVSHFWLYHO\��DPRQJ�UHVSRQGHQWV�ZKR
LGHQWLILHG�DV�,QGLJHQRXV��5HVSRQGHQWV�ZHUH�VSOLW�DV�WR�ZKHWKHU�,QGLJHQRXV�FHQWHUHG�TXDQWLWDWLYH
KHDOWK�VFLHQFH�PHWKRGRORJ\�DOUHDG\�H[LVWV��$PRQJ�WKRVH�ZKR�VDLG�WKDW�LW�GRHV��D�PDMRULW\�VDLG�WKDW�LW
ZDV�QRW�HDV\�WR�DFFHVV�RU�WR�LPSOHPHQW��1HDUO\�DOO�RI�WKRVH�ZKR�ZHUH�QRW�DZDUH�RI�VXFK�UHVRXUFHV
IHOW�WKDW�WKH\�ZRXOG�EH�YDOXDEOH��7KHVH�UHVXOWV�LQGLFDWH�ERWK�WKH�H[LVWHQFH�RI�DSSOLFDEOH�UHVRXUFHV�DV
ZHOO�DV�VLJQLILFDQW�SRWHQWLDO�IRU�LPSURYLQJ�WKHLU�WUDQVODWLRQ�WR�SUDFWLWLRQHUV��2XU�VWXG\�FRQFOXGHV
ZLWK�D�UHFRPPHQGDWLRQ�WR�UHRULHQW�WKH�TXDQWLWDWLYH�SURFHVV�WR�VXSSRUW�,QGLJHQRXV�FXOWXUDO�VDIHW\
DQG�HQVXUH�WKDW�LWV�EHQHILWV�DUH�IXOO\�DFFHVVLEOH�WR�,QGLJHQRXV�FRPPXQLWLHV�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

(FRQRPLF�GHYHORSPHQW

(IIHFWV�RI�D�0XQLFLSDO�,PPLJUDQW�(FRQRPLF�5HFRYHU\�3URJUDP�RQ�0HQWDO�+HDOWK�DQG
:HOOEHLQJ�$ULHOD�%UDYHUPDQ�%URQVWHLQ
�$ULHOD�%UDYHUPDQ�%URQVWHLQ��1DWDOLD�(VSLQRVD�7RNXKDPD�
/DXUD�0F(OKHUQH��5RODQGH��$\LQNDPL\H��-HVVLFD�6DQWRV�

%DFNJURXQG��(FRQRPLF�VHFXULW\�LV�FORVHO\�OLQNHG�WR�KHDOWK��\HW�LPPLJUDQW�FRPPXQLWLHV�RIWHQ�IDFH
EDUULHUV�WR�ILQDQFLDO�LQFOXVLRQ��'XULQJ�&29,'�����PDQ\�UHOLHI�SURJUDPV�LQWHQGHG�WR�UHGXFH�HFRQRPLF
DQG�KHDOWK�LPSDFWV�H[FOXGHG�LPPLJUDQWV��FRQWULEXWLQJ�WR�ZLGHQLQJ�GLVSDULWLHV��,Q�UHVSRQVH��ORFDO
JRYHUQPHQWV�DQG�FRPPXQLW\�RUJDQL]DWLRQV�LPSOHPHQWHG�LQLWLDWLYHV�WR�VXSSRUW�DIIHFWHG�FRPPXQLWLHV�
7KH�&LW\�RI�%RVWRQ�ODXQFKHG�D����PLOOLRQ�$53$�IXQGHG�,PPLJUDQW�(FRQRPLF�5HFRYHU\�,QLWLDWLYH
�,(5,��SURYLGLQJ�LPPLJUDQWVzLQFOXGLQJ�LQWHUQDWLRQDOO\�GLVSODFHG�IDPLOLHV�DQG�DV\OXP�VHHNHUVz����
PRQWKO\�SD\PHQWV��HGXFDWLRQ�DQG�VDYLQJV�LQFHQWLYHV��FDVH�PDQDJHPHQW��DQG�ILQDQFLDO�LQFOXVLRQ
VHUYLFHV���0HWKRGV��:H�FRQGXFWHG�D�SURVSHFWLYH�VLQJOH�DUP�ORQJLWXGLQDO�VWXG\�RI�LPPLJUDQW�IDPLOLHV
HQUROOHG�LQ�WKH����PRQWK�SURJUDP��2I�����HOLJLEOH�DSSOLFDQWV������ZHUH�UDQGRPO\�VHOHFWHG�DQG����
FRPSOHWHG�WKH�SURJUDP��&DVH�PDQDJHUV�FROOHFWHG�PRQWKO\�VXUYH\�GDWD�RQ�ILQDQFLDO�VWDELOLW\��PHQWDO
KHDOWK��DQG�EDVLF�QHHGV��)LQDQFLDO�VWDELOLW\�ZDV�PHDVXUHG�XVLQJ�D�FRPSRVLWH�VFRUH�FDSWXULQJ�IRRG
VHFXULW\��KRXVLQJ�VWDELOLW\��ILQDQFLDO�VWUDLQ��DQG�DELOLW\�WR�FRYHU�XQH[SHFWHG�H[SHQVHV��0L[HG�HIIHFWV
RUGHUHG�ORJLVWLF�UHJUHVVLRQ�PRGHOV�DVVHVVHG�DVVRFLDWLRQV�EHWZHHQ�ILQDQFLDO�VWDELOLW\�DQG�PHQWDO
KHDOWK�RYHU�WLPH��5HVXOWV��)LQDQFLDO�VWDELOLW\�LPSURYHG�DFURVV�DOO�GRPDLQV�RYHU�WKH����PRQWK
SURJUDP��SDUWLFXODUO\�KRXVLQJ�VWDELOLW\�DQG�UHGXFWLRQV�LQ�ILQDQFLDO�VWUDLQ��7KH�SURSRUWLRQ�RI
SDUWLFLSDQWV�FODVVLILHG�DV�ILQDQFLDOO\�XQVWDEOH�GHFUHDVHG�VXEVWDQWLDOO\�RYHU�WLPH��ZKLOH�WKH�SURSRUWLRQ
UHSRUWLQJ�ODQJXLVKLQJ�PHQWDO�KHDOWK�DOVR�GHFOLQHG��,Q�PL[HG�HIIHFWV�PRGHOV��KLJKHU�ILQDQFLDO�VWDELOLW\
ZDV�DVVRFLDWHG�ZLWK�EHWWHU�PHQWDO�KHDOWK��(DFK�RQH�SRLQW�LQFUHDVH�LQ�WKH�ILQDQFLDO�VWDELOLW\�VFRUH�ZDV
DVVRFLDWHG�ZLWK�KLJKHU�RGGV�RI�EHLQJ�LQ�D�EHWWHU�PHQWDO�KHDOWK�FDWHJRU\��ZLWK�KRXVLQJ�VWDELOLW\
VKRZLQJ�WKH�VWURQJHVW�DVVRFLDWLRQ��&RQFOXVLRQ��3DUWLFLSDWLRQ�LQ�WKLV�LPPLJUDQW�IRFXVHG�HFRQRPLF
UHFRYHU\�SURJUDP�ZDV�DVVRFLDWHG�ZLWK�LPSURYHG�ILQDQFLDO�VWDELOLW\�DQG�UHGXFHG�GLVWUHVV��7KHVH
ILQGLQJV�KLJKOLJKW�WKH�SRWHQWLDO�RI�ILQDQFLDO�VWDELOLW\�LQWHUYHQWLRQV�WR�SRVLWLYHO\�LQIOXHQFH�LPPLJUDQW
KHDOWK�DQG�ZHOO�EHLQJ��
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

0HQWDO�KHDOWK�IXQFWLRQ

0DNLQJ�/LIH�8QGHU�&RQVWUDLQW��3V\FKRVRFLDO�6WUHQJWKV�DQG�0HQWDO�+HDOWK�$PRQJ�/DWLQD
,PPLJUDQW�:RPHQ�-XDQ�*XGLQR
�-XDQ�*XGLQR��-HDQLH�6DQWDXODULD�*RPH]��%DUEDUD�%DTXHUR�
*DEULHOD�1DJ\�

%DFNJURXQG��/DWLQD�LPPLJUDQW�ZRPHQ�H[SHULHQFH�PXOWLSOH�IRUPV�RI�LPPLJUDWLRQ�UHODWHG�VWUHVV�
KRZHYHU��SV\FKRVRFLDO�VWUHQJWKV�PD\�VKDSH�KRZ�VWUHVV�LV�H[SHULHQFHG�DQG�SURWHFW�DJDLQVW�SRRU
PHQWDO�KHDOWK��)HZ�VWXGLHV�KDYH�H[DPLQHG�SV\FKRVRFLDO�VWUHQJWKV�DORQJVLGH�VWUHVVRUV�LQ�UHODWLRQ�WR
PHQWDO�KHDOWK�DPRQJ�/DWLQD�LPPLJUDQWV�LQ�FRPPXQLW\�EDVHG�VDPSOHV��7KLV�VWXG\�DLPHG�WR�DVVHVV
DVVRFLDWLRQV�EHWZHHQ�SV\FKRVRFLDO�VWUHQJWKV��LPPLJUDWLRQ�UHODWHG�VWUHVVRUV��DQG�GHSUHVVLRQ�DQG
DQ[LHW\�LQ�/DWLQD�LPPLJUDQW�ZRPHQ�

0HWKRGV��:H�DQDO\]HG�GDWD�IURP�D�FRPPXQLW\�EDVHG�VDPSOH�RI�/DWLQD�LPPLJUDQW�ZRPHQ��1 ����
LQ�6HDWWOH��:$��SDUWLFLSDWLQJ�LQ�D�PHQWDO�KHDOWK�LQWHUYHQWLRQ�WULDO�FRQGXFWHG�EHWZHHQ������DQG������
'HSUHVVLYH�DQG�DQ[LHW\�V\PSWRPV�ZHUH�PHDVXUHG�XVLQJ�FRQWLQXRXV�3DWLHQW�+HDOWK�4XHVWLRQQDLUH��
DQG�*HQHUDOL]HG�$Q[LHW\�'LVRUGHU���VFRUHV��DQG�SV\FKRVRFLDO�VWUHQJWKV�DQG�VWUHVVRUV�ZHUH�DVVHVVHG
XVLQJ�YDOLGDWHG�VXUYH\�VFDOHV��&UXGH�DQG�DGMXVWHG�RUGLQDU\�OHDVW�VTXDUHV�UHJUHVVLRQ�PRGHOV
HVWLPDWHG�DVVRFLDWLRQV�EHWZHHQ�SV\FKRVRFLDO�VWUHQJWKV�DQG�VWUHVVRUV�DQG�PHQWDO�KHDOWK�RXWFRPHV�

5HVXOWV��3HUFHLYHG�VWUHVV�ZDV�DVVRFLDWHG�ZLWK�KLJKHU�GHSUHVVLYH��u� �����������&,������y������DQG
DQ[LHW\�V\PSWRPV��u� �����������&,������y�������6RFLDO�LVRODWLRQ�ZDV�DOVR�DVVRFLDWHG�ZLWK�KLJKHU
GHSUHVVLYH��u� �����������&,������y������DQG�DQ[LHW\�V\PSWRPV��u� �����������&,������y�������ZKLOH
LPPLJUDWLRQ�UHODWHG�VWUHVV�ZDV�DVVRFLDWHG�ZLWK�KLJKHU�DQ[LHW\�V\PSWRPV��u� �����������&,�
����y�������6RFLDO�VXSSRUW�ZDV�DVVRFLDWHG�ZLWK�ORZHU�GHSUHVVLYH�V\PSWRPV��u� ������������&,������
WR��������

'LVFXVVLRQ��)LQGLQJV�KLJKOLJKW�WKH�LPSRUWDQFH�RI�VRFLDO�VXSSRUW�DV�D�SV\FKRVRFLDO�UHVRXUFH�IRU
PDLQWDLQLQJ�PHQWDO�KHDOWK�DPRQJ�/DWLQD�LPPLJUDQW�ZRPHQ�H[SRVHG�WR�PXOWLSOH�VWUHVVRUV��)XWXUH
UHVHDUFK�VKRXOG�H[DPLQH�KRZ�LPPLJUDWLRQ�SROLF\�HQYLURQPHQWV�VKDSH�FKURQLF�VWUHVV�H[SRVXUH�RYHU
WLPH��SDUWLFXODUO\�WKURXJK�ORQJLWXGLQDO�GHVLJQV�WKDW�FDSWXUH�FKDQJHV�LQ�VWUHVVRUV�DQG�SV\FKRVRFLDO
VWUHQJWKV�DFURVV�WKH�OLIH�FRXUVH�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

0HQWDO�KHDOWK�IXQFWLRQ

/HYHUDJLQJ�&RPPXQLW\�%DVHG�3DUWLFLSDWRU\�DQG�4XDOLWDWLYH�0HWKRGV�WR�,GHQWLI\�5LVN�DQG
3URWHFWLYH�)DFWRUV�IRU�6XLFLGH�DQG�0HQWDO�+HDOWK�DPRQJ�/DWLQD�,PPLJUDQWV�/DXUD�0DWD
/RSH]
�/DXUD�0DWD�/RSH]�

/DWLQD�LPPLJUDQWV�LQ�WKH�8QLWHG�6WDWHV��8�6���H[SHULHQFH�VLJQLILFDQW�PHQWDO�KHDOWK�LQHTXLWLHV�VKDSHG
E\�PLJUDWLRQ�UHODWHG�WUDXPD�DQG�VWUXFWXUDO�VRFLDO�GHWHUPLQDQWV�RI�KHDOWK��6'2+���0DQ\�HQGXUH
FXPXODWLYH�DGYHUVLW\�DFURVV�SUH�PLJUDWLRQ��PLJUDWLRQ��DQG�SRVW�PLJUDWLRQ�SKDVHV��LQFOXGLQJ�YLROHQFH�
IDPLO\�VHSDUDWLRQ��HFRQRPLF�SUHFDULW\��DQG�EDUULHUV�WR�KHDOWKFDUH��'HVSLWH�VXLFLGH�EHLQJ�D�OHDGLQJ
FDXVH�RI�GHDWK�DPRQJ�/DWLQDV�LQ�WKH�8�6���OLPLWHG�UHVHDUFK�KDV�H[DPLQHG�WKH�PXOWLOHYHO�IDFWRUV
�LQFOXGLQJ�PLJUDWLRQ�UHODWHG�WUDXPD�DQG�VWUXFWXUDO�GHWHUPLQDQWV�RI�KHDOWK��WKDW�VKDSH�VXLFLGH�ULVN
DPRQJ�/DWLQD�LPPLJUDQWV��7KLV�VWXG\�XVHV�D�FRPPXQLW\�HQJDJHG�TXDOLWDWLYH�GHVLJQ�WR�H[DPLQH
OLIHWLPH�VXLFLGH�WUDMHFWRULHV�DPRQJ�/DWLQD�LPPLJUDQWV�LQ�WKH�%DOWLPRUH�PHWURSROLWDQ�DUHD�
3DUWLFLSDQWV�ZHUH�UHFUXLWHG�WKURXJK�FRPPXQLW\�EDVHG�RUJDQL]DWLRQV��IDLWK�FRPPXQLWLHV��DQG�ORFDO
VHUYLFH�SURYLGHUV�VHUYLQJ�/DWLQD�LPPLJUDQW�SRSXODWLRQV��'DWD�ZHUH�FROOHFWHG�EHWZHHQ�1RYHPEHU
�����DQG�0DUFK������WKURXJK�OLIH�KLVWRU\�LQWHUYLHZV�ZLWK�/DWLQD�LPPLJUDQWV��Q ����DQG�IRFXV
JURXSV�ZLWK�SURYLGHUV��FRPPXQLW\�OHDGHUV��DQG�UHOLJLRXV�OHDGHUV�VHUYLQJ�/DWLQD�LPPLJUDQWV��Q ����
,QWHUYLHZV�DQG�IRFXV�JURXSV�ZHUH�FRQGXFWHG�LQ�6SDQLVK��'DWD�DUH�EHLQJ�DQDO\]HG�XVLQJ�W\SRORJ\
DQDO\VLV�WR�LGHQWLI\�SDWWHUQV�RI�OLIHWLPH�VXLFLGH�WUDMHFWRULHV�DQG�WR�H[SORUH�KRZ�PLJUDWLRQ
H[SHULHQFHV��6'2+��DQG�FRPPXQLW\�UHVRXUFHV�VKDSH�VXLFLGH�ULVN�DQG�UHVLOLHQFH��3UHOLPLQDU\
DQDO\VHV�VXJJHVW�FXPXODWLYH�DQG�LQWHUVHFWLQJ�VWUHVVRUV�DFURVV�PLJUDWLRQ�SKDVHV��LQFOXGLQJ�H[SRVXUH
WR�YLROHQFH��HFRQRPLF�KDUGVKLS��DQG�EDUULHUV�WR�KHDOWKFDUH�DQG�VRFLDO�VHUYLFHV��(DUO\�ILQGLQJV�DOVR
KLJKOLJKW�SURWHFWLYH�IDFWRUV�URRWHG�LQ�IDPLO\�QHWZRUNV��IDLWK�FRPPXQLWLHV��DQG�FROOHFWLYH�FRPPXQLW\
VXSSRUW��7KLV�VWXG\�DGYDQFHV�SRSXODWLRQ�KHDOWK�VFLHQFH�E\�LGHQWLI\LQJ�KRZ�VWUXFWXUDO�FRQGLWLRQV�DQG
FRPPXQLW\�UHVRXUFHV�VKDSH�VXLFLGH�ULVN�WUDMHFWRULHV�DPRQJ�/DWLQD�LPPLJUDQWV�DQG�E\�LQIRUPLQJ
FXOWXUDOO\�UHVSRQVLYH�SUHYHQWLRQ�VWUDWHJLHV�WKDW�DGYDQFH�KHDOWK�HTXLW\�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

&KURQLF�GLVHDVH

4XDOLWDWLYH�3HUVSHFWLYHV�RQ�6RXUFHV�RI�5HVLOLHQFH�DQG�6XSSRUW�DPRQJ�6RXWK�$VLDQ
$PHULFDQV�1DKHHG�$KPHG
�1DKHHG�$KPHG��6DELKD�6XOWDQD��6DLNDW�7DOXNGHU��+DURRQ�=DIDU�
+HPDODWKD�1DLN��6DGLD�2EDLGXO��6LUD]DP�0XQLUD��=DNLD�+RVVDLQ��.ODUD�:LFKWHUOH��$OND�.DQD\D�
1DPUDWKD�.DQGXOD��1DGLD�,VODP�

,QWURGXFWLRQ

7KH�0HGLDWRUV�RI�$WKHURVFOHURVLV�LQ�6RXWK�$VLDQV�/LYLQJ�LQ�$PHULFD��0$6$/$��LV�WKH�ILUVW
ORQJLWXGLQDO�HSLGHPLRORJLF�FRKRUW�VWXG\�RI�6RXWK�$VLDQV�$PHULFDQV���7R�XQGHUVWDQG�QXDQFHV�RI
SDUWLFLSDQWV|�OLYHV�WKDW�PD\�EH�OLQNHG�ZLWK�KHDOWK�VWDWXV��D�VXEVDPSOH�RI�0$6$/$�SDUWLFLSDQWV�ZLWK
ORZ�DQG�KLJK�ULVN�IRU�DWKHURVFOHURWLF�FDUGLRYDVFXODU�GLVHDVH��$6&9'��ZHUH�LQWHUYLHZHG�DERXW
DFFXOWXUDWLYH�VWUHVV��KHDOWK�UHVRXUFHV�DQG�DFFHVV��DQG�VRXUFHV�RI�VXSSRUW�DQG�UHVLOLHQFH�

0HWKRGV

$�WRWDO�RI����LQWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK�0$6$/$�SDUWLFLSDQWV�����%DQJODGHVKLV�����,QGLDQV����
3DNLVWDQLV��RQ�WKHLU�PLJUDWLRQ�MRXUQH\��DGMXVWLQJ�WR�OLIH�LQ�WKH�8�6���KHDOWK�VWDWXV��DQG�VRFLDO�DQG
IDPLO\�VXSSRUW�LQ�������,QWHUYLHZV�ZHUH�FRQGXFWHG�LQ�%DQJOD��8UGX��+LQGL��DQG�(QJOLVK��$XGLR
UHFRUGLQJV�RI�LQWHUYLHZV�ZHUH�WUDQVODWHG�DQG�WUDQVFULEHG�WR�(QJOLVK��0RGLILHG�JURXQGHG�WKHRU\�ZDV
XVHG�WR�DQDO\]H�GDWD��LQFOXGLQJ�DQ�LWHUDWLYH�SURFHVV�IRU�FRGHERRN�GHYHORSPHQW��GRXEOH�FRGLQJ�RI
WUDQVFULSWV��DQG�UHYLHZLQJ�FRGH�RXWSXWV�IRU�FRPPRQ�DQG�XQLTXH�WKHPHV��'DWD�ZHUH�DQDO\]HG�XVLQJ
'HGRRVH�

5HVXOWV

3UHOLPLQDU\�ILQGLQJV�LQGLFDWHG�FKDOOHQJHV�DVVRFLDWHG�ZLWK�UHORFDWLQJ�WR�WKH�8�6���DGMXVWLQJ�WR�8�6�
FXOWXUH��DQG�RWKHU�WUDQVLWLRQV�UHODWHG�WR�KRXVLQJ�DQG�HPSOR\PHQW��([DPSOHV�RI�FKDOOHQJHV�LQFOXGHG
OHDUQLQJ�(QJOLVK�DQG�H[SHULHQFLQJ�GLVFULPLQDWLRQ��6RXUFHV�RI�VXSSRUW�VKDUHG�E\�SDUWLFLSDQWV
LQFOXGHG�IDPLO\�PHPEHUV��IULHQGV��DQG�QHLJKERUV�LQ�WKHLU�KRPH�FRXQWU\�DQG�LQ�WKH�8�6��2WKHU
VRXUFHV�RI�VXSSRUW�LQFOXGHG�UHOLJLRXV�EHOLHIV�DQG�SUDFWLFHV��DQG�HWKQLF�QHLJKERUKRRGV�ZLWK�VKDUHG
ODQJXDJH�DQG�FXOLQDU\�WUDGLWLRQV��'HVSLWH�SDVW�H[SHULHQFHV�ZLWK�KDUGVKLS��SDUWLFLSDQWV�GHPRQVWUDWHG
UHVLOLHQFH�LQ�FDUH�IRU�WKHPVHOYHV�DQG�WKHLU�IDPLO\�PHPEHUV�

'LVFXVVLRQ

7KHVH�TXDOLWDWLYH�ILQGLQJV�SURYLGH�LQVLJKW�LQWR�WKH�OLYHG�H[SHULHQFHV�RI�0$6$/$�SDUWLFLSDQWV�DQG
WKHLU�PLJUDWLRQ�WR�DQG�VHWWOHPHQW�LQ�WKH�8�6��:KLOH�ZH�DUH�VWLOO�DQDO\]LQJ�GLIIHUHQFHV�EHWZHHQ
SDUWLFLSDQWV�ZLWK�ORZ�DQG�KLJK�$6&9'�ULVN��6RXWK�$VLDQ�VXEJURXSV��DQG�E\�JHQGHU��ZH�KDYH
LGHQWLILHG�VLJQLILFDQW�VRXUFHV�RI�VXSSRUW�DQG�UHVLOLHQFH�DPRQJ�SDUWLFLSDQWV��ZKLFK�DUH�SRWHQWLDO
LQWHUYHQWLRQ�SRLQWV�IRU�LPSURYLQJ�KHDOWK�RXWFRPHV�DPRQJ�6RXWK�$VLDQV�



������

���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

6RFLDO�UHODWLRQDO�IDFWRUV

2UJDQL]LQJ�DQRWKHU�ZD\�RI�EHLQJ�9LHWQDPHVH�$PHULFDQ��PHQWDO�KHDOWK�RI�\RXQJ�ZRPHQ�LQ
FRQVHUYDWLYH�IDPLOLHV�LQ�&DOLIRUQLD�(PPD�7UDQ
�(PPD�7UDQ�

7KH�VFKRODUO\�GLVPLVVDO�RI�ULJKW�ZLQJ�SHRSOH�RI�FRORU�IRUHFORVHV�RSSRUWXQLWLHV�WR�IRUJH
LQWHUJHQHUDWLRQDO�DQG�LQWHUUDFLDO�SROLWLFV�RI�VROLGDULW\�LQ�SXUVXLW�RI�DQ�H[SDQVLYH�}SXEOLF~�KHDOWK��7R
DGGUHVV�WKLV�LVVXH��,�FROODERUDWH�ZLWK�D�JUDVVURRWV�\RXWK�RUJDQL]LQJ�JURXS�EDVHG�LQ�2UDQJH�&RXQW\�
&DOLIRUQLD�WR�DVN��KRZ�GR�\RXQJ�9LHWQDPHVH�$PHULFDQ��9$��ZRPHQ�PDNH�VHQVH�RI�WKHLU�IDPLOLHV|�DQG
FRPPXQLWLHV|�FRQVHUYDWLYH�SROLWLFV"�+RZ�GRHV�SROLWLFDO�PLVDOLJQPHQW�DIIHFW�WKHLU�KHDOWK�DQG
ZHOOEHLQJ"

7KLV�FRPPXQLW\�HQJDJHG�SURMHFW�GUDZV�RQ�WKUHH�\HDUV�RI�HWKQRJUDSKLF�ILHOGZRUN�DV�D�YROXQWHHU�DQG
PHPEHU�RI�D�\RXWK�RUJDQL]LQJ�JURXS�EDVHG�LQ�2&��DV�ZHOO�DV����LQWHUYLHZV�ZLWK�9$�ZRPHQ�KLJK
VFKRRO�WHDFKHUV��RUJDQL]HUV��DQG�JLUOV�DJH�������OLYLQJ�LQ�&DOLIRUQLD��)LQGLQJV�VKRZ�WKDW�SDUWLFLSDQWV|
VHQVHPDNLQJ�FRQFHSWV�DUH�XOWLPDWHO\�XQGHUSRZHUHG�WR�PDNH�FOHDU�VHQVH�RI�WKHLU�IDPLOLHV|�DQG
FRPPXQLWLHV|�SROLWLFV��H�J���KRZ�WKHLU�UHIXJHH�IDPLOLHV�FRXOG�HQGRUVH�YHKHPHQW�DQWL�LPPLJUDQW
VHQWLPHQWV�ZKLOH�EHLQJ�LPPLJUDQWV�WKHPVHOYHV���ZKLFK�KDV�VHYHUH�DIIHFWLYH�FRQVHTXHQFHV��VXFK�DV
FKURQLF�IHHOLQJV�RI�EHWUD\DO��VKDPH��DQG�KRSHOHVVQHVV��,Q�SDUW�EHFDXVH�FRQVHUYDWLVP�KDV�D�SROLWLFDO
PRQRSRO\�LQ�2&��\RXQJ�9$�ZRPHQ�WUXVW�IHZ�WR�QR�SHRSOH�WR�VSHDN�DERXW�SROLWLFV��IXUWKHU�LVRODWLQJ
WKHP�DQG�WD[LQJ�WKHLU�PHQWDO�ZHOOEHLQJ�

0RUHRYHU��ZKLOH�ULJKW�ZLQJ�SROLWLFV�DUH�DWWULEXWHG�WR�DQWL�FRPPXQLVP�DV�D�WUDXPD�UHVSRQVH�WR�ZDU�
GLVSRVVHVVLRQ��DQG�DVVLPLODWLRQ��P\�UHVHDUFK�VXJJHVWV�WKDW�DQWL�FRPPXQLVP�PDVNV�RWKHU�SROLWLFDO
DJHQGDV��VXFK�DV�DQWL�LPPLJUDWLRQ��DQWL�%ODFN�VHJUHJDWLRQ��DQG�SDWULDUFK\��7KHVH�ILQGLQJV
XQGHUVFRUH�WKDW�FRPPXQLW\�RUJDQL]HUV�IDFH�DQ�LPSRUWDQW�RSSRUWXQLW\�WR�UHFUXLW�\RXQJ�GLDVSRUDQV
LQWR�VRFLDO�MXVWLFH�SURMHFWV�VDOXEULRXV�IRU�WKHLU�SHUVRQDO�DQG�FRPPXQLW\|V�KHDOWK��/DVWO\��WKLV�SDSHU
HPSKDVL]HV�WKDW�SXEOLF�KHDOWK�UHVHDUFKHUV�PXVW�DWWHQG�WR�LGHRORJLFDO�HFRORJLHV�WKDW�IXQFWLRQ�QRW�RQO\
DV�VRFLR�VWUXFWXUDO�GHWHUPLQDQWV�RI�KHDOWK��EXW�DOVR�DV�WKH�FRQWH[WV�WKURXJK�ZKLFK�WKRVH�YHU\
GHWHUPLQDQWV�HPHUJH�
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1RQ�KHDOWK�LQVWLWXWLRQV��EXVLQHVV��SROLWLFDO��HGXFDWLRQ�V\VWHPV�

3DUWLVDQ�*HUU\PDQGHULQJ�DQG�,QIDQW�0RUWDOLW\�$3�3LWWPDQ
�$3�3LWWPDQ�

,Q�WKH�SDVW�WHQ�\HDUV��SDUWLVDQ�JHUU\PDQGHULQJ�KDV�JDLQHG�PRUH�SXEOLF�DWWHQWLRQ��ZLWK�VFKRODUV�DQG
DFWLYLVWV�DOLNH�FDOOLQJ�IRU�PRUH�ULJRURXV�HPSLULFDO�UHVHDUFK�LQWR�WKH�WRSLF��(PSLULFDO�UHVHDUFK�RQ
SDUWLVDQ�JHUU\PDQGHULQJ�WR�GDWH�LV�VSDUVH��WR�WKH�H[WHQW�WKDW�LW�H[LVWV��LW�LV�SULPDULO\�FRQFHUQHG�ZLWK
WKH�FRQVHTXHQFHV�RI�JHUU\PDQGHULQJ�IRU�HOHFWLRQV��JRYHUQLQJ�ERGLHV��DQG�SROLWLFDO�SDUWLHV��+RZHYHU�
D�ODUJH�UDQJH�RI�SRVVLEOH�GRZQVWUHDP�FRQVHTXHQFHV�RI�SDUWLVDQ�JHUU\PDQGHULQJ�UHPDLQ
XQGHUVWXGLHG��ERWK�ZLWKLQ�DQG�RXWVLGH�RI�WKH�SROLWLFDO�VSKHUH��7KH�FXUUHQW�SDSHU�VLWXDWHV�SDUWLVDQ
JHUU\PDQGHULQJ�LQ�WKH�EURDGHU�IUDPHZRUN�RI�VWUXFWXUDO�GHWHUPLQDQWV�RI�KHDOWK�DQG�DVNV��'RHV
JHUU\PDQGHULQJ��DQG�WKH�GLOXWLRQ�RI�SROLWLFDO�SRZHU�WKDW�LW�UHSUHVHQWV��UHVXOW�LQ�WDQJLEOH�GLIIHUHQFHV
LQ�LQIDQW�KHDOWK"�,�XVH�D�PHDVXUH�GHYHORSHG�E\�OHJDO�VFKRODUV�WR�TXDQWLI\�JHUU\PDQGHULQJ��FDOOHG�WKH
HIILFLHQF\�JDS��LQ�UHVXOWV�IURP�WZR�ZD\�IL[HG�HIIHFWV�PRGHOV��,�VKRZ�WKDW�LQFUHDVLQJ�YDOXHV�RI�WKH
HIILFLHQF\�JDS�y�WKDW�LV��JHUU\PDQGHULQJ�WR�WKH�DGYDQWDJH�RI�5HSXEOLFDQV�y�UHVXOWV�LQ�VLJQLILFDQW
LQFUHDVHV�LQ�LQIDQW�PRUWDOLW\�UDWHV�IRU�ERWK�:KLWH�DQG�%ODFN�LQIDQWV��7KLV�HIIHFW�SHUVLVWV�HYHQ�DIWHU
FRQWUROOLQJ�IRU�FXUUHQW�SDUWLVDQVKLS��VXJJHVWLQJ�WKDW�5HSXEOLFDQ�JHUU\PDQGHULQJ�LPSDFWV�LQIDQW
PRUWDOLW\�WKURXJK�RWKHU�SDWKZD\V�LQ�DGGLWLRQ�WR�FKDQJLQJ�WKH�SDUWLVDQ�FRPSRVLWLRQ�RI�VWDWH
OHJLVODWXUHV�WR�EH�PRUH�5HSXEOLFDQ��7KLV�SDSHU�VLJQDOV�WKH�QHHG�IRU�SRSXODWLRQ�KHDOWK�UHVHDUFKHUV�WR
LQWHJUDWH�JHUU\PDQGHULQJ�LQWR�WKHLU�WKHRULHV�RI�VWUXFWXUDO�SROLWLFDO�GHWHUPLQDQWV�RI�KHDOWK�
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7KH�/RQJ�6KDGRZ�RI�WKH�*UHDW�0LJUDWLRQ��+LVWRULFDO�0LJUDWLRQ�,QIORZV�DQG�3HUVLVWHQW
5DFLDO�,QHTXDOLW\�LQ�3UHPDWXUH�0RUWDOLW\�6XGLSWD�6DKD
�6XGLSWD�6DKD�

%HWZHHQ�����������DQG������������PLOOLRQV�RI�%ODFN�$PHULFDQV�OHIW�WKH�8�6��6RXWK�IOHHLQJ�UDFLDO
WHUURU�DQG�VHHNLQJ�HFRQRPLF�DQG�SROLWLFDO�RSSRUWXQLW\��+RZHYHU��QRUWKHUQ�GHVWLQDWLRQV�RIWHQ
UHVSRQGHG�ZLWK�KRVWLOLW\�y�LQWHQVLI\LQJ�VHJUHJDWLRQ��H[SDQGLQJ�SROLFLQJ��DQG�GLVLQYHVWLQJ�IURP�SXEOLF
JRRGV��7KH�ORQJ�UXQ�FRQVHTXHQFHV�RI�WKHVH�PLJUDWLRQ�SDWWHUQV�IRU�UDFLDO�KHDOWK�LQHTXDOLW\�UHPDLQ
SRRUO\�XQGHUVWRRG�

:H�DVVHPEOH�D�KDUPRQL]HG�FRXQW\�OHYHO�PRUWDOLW\�SDQHO�VSDQQLQJ�����������DQG�HVWLPDWH�%ODFN�
:KLWH�SUHPDWXUH�������PRUWDOLW\�LQHTXLWLHV�XVLQJ�D�VPDOO�DUHD�%D\HVLDQ�VSDWLR�WHPSRUDO�PRGHO��:H
OLQN�WKHVH�HVWLPDWHV�WR�KLVWRULFDO�FHQVXV�GDWD�PHDVXULQJ�WKH�LQWHQVLW\�RI�VHFRQG�*UHDW�0LJUDWLRQ
LQIORZV������������GHILQHG�DV�WKH�QHW�LQFUHDVH�LQ�%ODFN�SRSXODWLRQ�UHODWLYH�WR�WRWDO������SRSXODWLRQ�
1RUWKHUQ�FRPPXWLQJ�]RQHV�DUH�GLYLGHG�LQWR�SRSXODWLRQ�ZHLJKWHG�TXDUWLOHV�RI�PLJUDWLRQ�H[SRVXUH�DQG
FRPSDUHG�WR�WKH�6RXWK��:H�ILQG�SHUVLVWHQW�PRQRWRQLF�UHODWLRQVKLS�EHWZHHQ�PLJUDWLRQ�LQWHQVLW\�DQG
ORQJ�UXQ�UDFLDO�PRUWDOLW\�LQHTXLW\��,Q�������%ODFN�:KLWH�SUHPDWXUH�PRUWDOLW\�UDWH�UDWLRV��55V��ZHUH
VLPLODU�DFURVV�QRUWKHUQ�TXDUWLOHV��������������ZKLOH�WKH�6RXWK�H[KLELWHG�KLJKHU�LQHTXLW\��55 ������
2YHU�WLPH��WKHVH�WUDMHFWRULHV�GLYHUJHG��%\�������55V�ZHUH�RUGHUHG�E\�KLVWRULFDO�PLJUDWLRQ�H[SRVXUH�
�����LQ�WKH�ORZHVW�LQIORZ�QRUWKHUQ�TXDUWLOH�������LQ�4��������LQ�4���DQG������LQ�WKH�KLJKHVW�LQIORZ
TXDUWLOH��FRPSDUHG�WR������LQ�WKH�6RXWK��+LJK�LQIORZ�QRUWKHUQ�DUHDV�H[SHULHQFHG�SHUVLVWHQWO\
HOHYDWHG�GLVSDULWLHV�DQG�VORZHU�FRQYHUJHQFH�

7KHVH�ILQGLQJV�VKRZ�WKDW�WKH�JHRJUDSK\�RI�FRQWHPSRUDU\�UDFLDO�PRUWDOLW\�LQHTXDOLW\�FORVHO\�WUDFNV
KLVWRULFDO�PLJUDWLRQ�H[SRVXUH��7KH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�DFFRXQWV�VXJJHVWLQJ�WKDW�PLJUDWLRQ
LQWHUDFWHG�ZLWK�ORFDO�LQVWLWXWLRQDO�DQG�VSDWLDO�VWUXFWXUHV�LQ�ZD\V�WKDW�PD\�KDYH�KDG�GXUDEOH
LPSOLFDWLRQV�IRU�SRSXODWLRQ�KHDOWK�
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0RUWDOLW\

6WDWH�/HYHO�9DULDWLRQ�LQ�0RUWDOLW\�DPRQJ�3HRSOH�([SHULHQFLQJ�+RPHOHVVQHVV�.DLWO\Q�%HUU\

.DLWO\Q�%HUU\�

6LJQLILFDQFH��3HRSOH�ZKR�H[SHULHQFH�KRPHOHVVQHVV�HQGXUH�H[WUHPH�DGYHUVLW\��SXWWLQJ�WKHP�DW�XS�WR
D�ILYH�IROG�LQFUHDVHG�ULVN�RI�HDUO\�GHDWK�FRPSDUHG�WR�WKH�JHQHUDO�SRSXODWLRQ�LQ�WKH�86��([LVWLQJ��EXW
OLPLWHG�GDWD��RQ�KRPHOHVV�PRUWDOLW\�VXJJHVWV�WKDW�GHDWK�UDWHV�YDU\�VXEVWDQWLDOO\�E\�ORFDWLRQ�
+RZHYHU��RQO\�D�KDQGIXO�RI�VWDWHV�FROOHFW�GDWD�RQ�KRPHOHVV�GHDWKV��DQG�EHWZHHQ�VWDWH�FRPSDULVRQV
DUH�OLPLWHG�E\�GLIIHUHQFHV�LQ�GHILQLWLRQV�DQG�HVWLPDWLRQ�VWUDWHJLHV��7KXV��D�EHWWHU�XQGHUVWDQGLQJ�RI
VWDWH�OHYHO�JHRJUDSKLF�YDULDWLRQ�LQ�KRPHOHVV�PRUWDOLW\�UDWHV�LV�GUDVWLFDOO\�QHHGHG�

$LP��:H�HVWLPDWH�WKH�ILUVW�FRPSDUDEOH�DQG�FRPSOHWH�HVWLPDWHV�RI�VWDWH�OHYHO�KRPHOHVV�PRUWDOLW\
UDWHV�LQ�WKH�86�

'DWD�	�0HWKRGV��7KH�GHFHQQLDO�86�&HQVXV�LQFOXGHV�LQGLYLGXDOV�H[SHULHQFLQJ�KRPHOHVVQHVV
�Q ��������LQ�������ZKR�DUH�HQXPHUDWHG�DW�HPHUJHQF\�DQG�WUDQVLWLRQDO�VKHOWHUV�DV�ZHOO�DV
XQVKHOWHUHG�ORFDWLRQV�VXFK�DV�VRXS�NLWFKHQV��PRELOH�IRRG�YDQV��YHKLFOHV��DQG�WHQW�HQFDPSPHQWV��:H
OLQN�LQGLYLGXDO�OHYHO�UHFRUGV�RI�SHRSOH�H[SHULHQFLQJ�KRPHOHVVQHVV�DW�WKH�WLPH�RI�WKH������&HQVXV�WR
WKH�86�&HQVXV�%XUHDX�1XPHULFDO�,GHQWLILFDWLRQ�ILOH��1XPLGHQW���ZKLFK�FRQWDLQV�IXOO�SRSXODWLRQ�GHDWK
UHFRUGV�IURP�WKH�6RFLDO�6HFXULW\�$GPLQLVWUDWLRQ��:H�WKHQ�XVH�GLVFUHWH�WLPH�VXUYLYDO�DQDO\VLV�WR
DVVHVV�PRUWDOLW\�GXULQJ�WKH���\HDU�SHULRG�IROORZLQJ�WKH������&HQVXV�DQG�HVWLPDWH�DJH�DGMXVWHG
KRPHOHVV�PRUWDOLW\�UDWHV�IRU�HDFK�86�VWDWH�

3UHOLPLQDU\�5HVXOWV��:H�KDYH�OLQNHG�WKH�GDWD��HVWDEOLVKHG�RXU�VDPSOH�RI�SHRSOH�H[SHULHQFLQJ
KRPHOHVVQHVV��DQG�EHJXQ�HVWLPDWLQJ�KRPHOHVV�PRUWDOLW\�UDWHV��7KHVH�SUHOLPLQDU\�HVWLPDWHV�VKRZ
VXEVWDQWLDO�YDULDWLRQ�E\�VWDWH��+RZHYHU��ZH�DUH�XQDEOH�WR�VKDUH�QXPEHUV�RU�FRPPHQW�RQ�SDWWHUQV�DV
WKHVH�UHVXOWV�KDYH�QRW�\HW�EHHQ�DSSURYHG�IRU�VKDULQJ�E\�WKH�86�&HQVXV�%XUHDX�

1H[W�6WHSV��%HIRUH�WKH�,$3+6�FRQIHUHQFH��ZH�ZLOO�ILQDOL]H�RXU�VWDWH�OHYHO�KRPHOHVV�PRUWDOLW\
HVWLPDWHV�DQG�JR�WKURXJK�WKH�UHTXLUHG�GLVFORVXUH�DYRLGDQFH�UHYLHZ�SURFHVV�WR�JHW�&HQVXV�%XUHDX
DSSURYDO�IRU�SUHVHQWLQJ�WKH�UHVXOWV�
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&RXQW\�OHYHO�GHFDUFHUDWLRQ�DWODV��PHFKDQLVPV�RI�GHFDUFHUDWLRQ�DFURVV�������8�6��FRXQWLHV�
����������<LUDQ�/LX
�<LUDQ�/LX��%HLHU�/L��-RVKXD�:DUUHQ��*UHJJ�*RQVDOYHV��(PLO\�:DQJ�

0DVV�LQFDUFHUDWLRQ�LV�LQFUHDVLQJO\�UHFRJQL]HG�DV�D�GULYHU�RI�SRRU�KHDOWK�DQG�KHDOWK�LQHTXLWLHV��\HW
OLWWOH�LV�NQRZQ�DERXW�WKH�KHDOWK�HIIHFWV�RI�GHFDUFHUDWLRQ��WKH�SURFHVV�RI�UHGXFLQJ�LQFDUFHUDWLRQ�UDWHV�
6WXG\�RI�GHFDUFHUDWLRQ|V�KHDOWK�HIIHFWV�LV�KLQGHUHG�E\�WKH�GLIILFXOW\�RI�V\VWHPDWLFDOO\�LGHQWLI\LQJ
ZKHUH��ZKHQ��DQG�KRZ�GHFDUFHUDWLRQ�KDV�RFFXUUHG��3ROLF\�VXUYHLOODQFH�LV�GLIILFXOW�WR�VFDOH��OHJLVODWLYH
UHIRUPV�GR�QRW�DOZD\V�WUDQVODWH�LQWR�UHGXFHG�LQFDUFHUDWLRQ��DQG�GH�IDFWR�FKDQJHV��H�J��SURVHFXWRULDO
GLVFUHWLRQ��ILVFDO�FRQVWUDLQWV��DUH�RIWHQ�RYHUORRNHG��7R�DGGUHVV�WKLV�JDS��ZH�GHYHORSHG�D�VFDODEOH
DSSURDFK�WR�LGHQWLI\�FRXQW\�OHYHO�GHFDUFHUDWLRQ�XVLQJ�SXEOLFO\�DYDLODEOH�DGPLQLVWUDWLYH�GDWD�
$SSO\LQJ�MRLQSRLQW�UHJUHVVLRQ�WR�ORQJLWXGLQDO�MDLO�DQG�SULVRQ�PHDVXUHV�IURP�RYHU�������8�6��FRXQWLHV
�������������ZH�GHILQHG�IRXU�RSHUDWLRQDO�W\SHV�RI�GHFDUFHUDWLRQ��UHGXFHG�SUHWULDO�GHWHQWLRQ��UHGXFHG
MDLO�WLPH��UHGXFHG�SULVRQ�DGPLVVLRQV��DQG�UHGXFHG�SULVRQ�WLPH��6HYHQW\�SHUFHQW�RI�FRXQWLHV
H[SHULHQFHG�DW�OHDVW�RQH�GHFDUFHUDWLRQ�W\SH�GXULQJ�WKH�VWXG\�SHULRG��5HGXFHG�SULVRQ�DGPLVVLRQV�DQG
UHGXFHG�SUHWULDO�GHWHQWLRQ�ZHUH�PRVW�FRPPRQ��HDFK�RFFXUULQJ�LQ�DERXW�����RI�FRXQWLHV��)UHTXHQF\
DQG�WLPLQJ�YDULHG�PDUNHGO\�E\�UHJLRQ��VWDWH��DQG�XUEDQLFLW\��'HFOLQHV�ZHUH�W\SLFDOO\�PRGHVW��PHGLDQ
WHQ�\HDU�UHGXFWLRQV�RI���������DQG�RIWHQ�IROORZHG�UHFHQW�JURZWK�WR�DERYH�DYHUDJH�LQFDUFHUDWLRQ
OHYHOV��VXJJHVWLQJ�UHDFWLRQV�WR�XQVXVWDLQDEOH�JURZWK�UDWKHU�WKDQ�SURDFWLYH�VWUXFWXUDO�UHIRUPV�
9DOLGDWLRQ�DJDLQVW�GRFXPHQWHG�LQVWDQFHV�RI�UHDO�ZRUOG�GHFDUFHUDWLRQ�LQGLFDWHG�DOLJQPHQW�ZLWK
NQRZQ�GULYHUV�ZKLOH�GHPRQVWUDWLQJ�WKH�DSSURDFK|V�DELOLW\�WR�GHWHFW�ZLWKLQ�VWDWH�KHWHURJHQHLW\
IROORZLQJ�VWDWH�OHYHO�UHIRUPV��7KLV�VWXG\�SURYLGHV�WKH�ILUVW�V\VWHPDWLF�FKDUDFWHUL]DWLRQ�RI�FRXQW\�OHYHO
GHFDUFHUDWLRQ�LQ�WKH�8�6��RYHU�WZR�GHFDGHV�DQG�SURYLGHV�D�IUDPHZRUN�DQG�K\SRWKHVLV�JHQHUDWLQJ
UHVRXUFH�WR�VXSSRUW�FRPSDUDWLYH�DQG�TXDVL�H[SHULPHQWDO�VWXGLHV�RI�GHFDUFHUDWLRQ|V�KHWHURJHQHRXV
KHDOWK�HIIHFWV�
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'HYHORSLQJ�D�VWDWH�OHYHO�PHDVXUH�RI�VWUXFWXUDO�FLVKHWHURSDWULDUFK\�LQ�WKH�8QLWHG�6WDWHV
'RXJLH�=XEL]DUUHWD
�'RXJLH�=XEL]DUUHWD��$ULHO�/��%HFFLD��6��%U\Q�$XVWLQ��$\GHQ�,��6FKHLP��-DTXHO\Q
/��-DKQ�

%DFNJURXQG��6WUXFWXUDO�FLVKHWHURSDWULDUFK\�RSHUDWHV�WKURXJK�ODZV�SROLFLHV��LQVWLWXWLRQDOL]HG
SUDFWLFHV��DQG�FXOWXUDO�QRUPV�WR�PDLQWDLQ�WKH�GRPLQDQFH�DQG�QRUPDOL]DWLRQ�RI�FRPSXOVRU\
FLVKHWHURVH[XDOLW\�DQG�SDWULDUFK\��7KLV�V\VWHP�RI�RSSUHVVLRQ�VXERUGLQDWHV�ZRPHQ��TXHHU�SHRSOH��DQG
WUDQV�QRQELQDU\�SHRSOH��ZKLOH�DGYDQWDJLQJ�FLVKHWHURVH[XDO�PHQ�y�WKHUHE\�FRQWULEXWLQJ�WR�KHDOWK
LQHTXLWLHV��7R�HQDEOH�IXUWKHU�VWXG\��ZH�GHYHORSHG�DQG�HYDOXDWHG�WKH�SV\FKRPHWULF�SURSHUWLHV�RI�WKH
ILUVW�PHDVXUH�RI�VWUXFWXUDO�FLVKHWHURSDWULDUFK\�

0HWKRGV��:H�FRQGXFWHG�H[SORUDWRU\�IDFWRU�DQDO\VLV��()$��WR�DVVHVV�FRQVWUXFW�YDOLGLW\�DQG�GHYHORS
DQ�LQGH[�FRPSULVHG�RI����LQGLFDWRUV�RI�SURWHFWLYH�KDUPIXO�VWDWH�ODZV�DFURVV�ILYH�GRPDLQV�LQ������
HFRQRPLF��\RXWK�HGXFDWLRQ��KHDOWKFDUH�UHSURGXFWLYH�MXVWLFH��SROLWLFDO��DQG�YLROHQFH��:H�JHQHUDWHG
GHVFULSWLYH�VWDWLVWLFV�DQG�KHDW�PDSV�WR�YLVXDOL]H�RYHUDOO�DQG�LQGLFDWRU�VSHFLILF�SDWWHUQV�

5HVXOWV��,QWHU�LWHP�FRUUHODWLRQV�UDQJHG�IURP������WR�������ZLWK������������DQG�&URQEDFK|V�DOSKD
DQG�FRHIILFLHQW�RPHJD��ERWK ������LQGLFDWHG�JRRG�LQWHUQDO�FRQVLVWHQF\�UHOLDELOLW\��()$�VXSSRUWHG�D
VLQJOH�XQGHUO\LQJ�ODWHQW�IDFWRU��6WUXFWXUDO�FLVKHWHURSDWULDUFK\�VFRUHV�ZHUH�ORZHVW�LQ�WKH�:HVW�DQG
1RUWKHDVW��DQG�KLJKHVW�LQ�WKH�6RXWK��ZLWK�VXEVWDQWLDO�KHWHURJHQHLW\�DFURVV�VWDWHV��UDQJH ����WR����
PHDQ ������1RWDEO\��HYHQ�VWDWHV�ZLWK�JHQHUDOO\�SURWHFWLYH�OHJDO�FOLPDWHV�HQDFWHG�KDUPIXO�ODZV�

&RQFOXVLRQV��7KLV�PHDVXUH�GHPRQVWUDWHV�VWURQJ�FRQVWUXFW�YDOLGLW\�DQG�DGGUHVVHV�FULWLFDO�JDSV�LQ
VWUXFWXUDO�GLVFULPLQDWLRQ�UHVHDUFK��)XWXUH�VWXGLHV�VKRXOG�H[DPLQH�KRZ�VWUXFWXUDO
FLVKHWHURSDWULDUFK\�VKDSHV�SRSXODWLRQ�KHDOWK�DQG�LQHTXLWLHV�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

+HDOWK�HTXLW\

7KH�7KUHVKROG�RI�7R[LFLW\��&RPSRXQGLQJ�&DUFHUDO�([SRVXUHV�DQG�%ODFN�5HSURGXFWLYH
+HDOWK�(PPD�%ODFNVRQ
�(PPD�%ODFNVRQ�

5HVHDUFK�4XHVWLRQ��'RHV�WKH�FR�ORFDWLRQ�RI�SXQLWLYH�VFKRRO�HQYLURQPHQWV�DQG�OHWKDO�SROLFH�YLROHQFH
HVFDODWH�WKH�ULVN�RI�DGYHUVH�ELUWK�RXWFRPHV�IRU�%ODFN�ELUWKLQJ�SHRSOH�EH\RQG�WKH�LPSDFW�RI
LQGHSHQGHQW�LQVWLWXWLRQDO�H[SRVXUHV"

%DFNJURXQG��:KLOH�SRSXODWLRQ�KHDOWK�VFLHQFH�RIWHQ�IUDPHV�HGXFDWLRQ�DV�D�SURWHFWLYH�DVVHW��WKLV�VWXG\
LQWHUURJDWHV�HGXFDWLRQDO�FDUFHUDOLW\��WKH�HPEHGGLQJ�RI�VXUYHLOODQFH�DQG�FULPLQDOL]DWLRQ�ZLWKLQ�VFKRRO
V\VWHPV��DV�D�VWUXFWXUDO�SDWKRJHQ��%\�VKLIWLQJ�WKH�DQDO\WLFDO�JD]H�IURP�LQGLYLGXDO�EHKDYLRU�WR�VWDWH
EHKDYLRU��WKLV�UHVHDUFK�FKDOOHQJHV�WUDGLWLRQDO�VLORV��FRQFHSWXDOL]LQJ�WKH�FDUFHUDO�VWDWH�DV�DQ
LQWHJUDWHG��PXOWL�V\VWHP�GHWHUPLQDQW�RI�KHDOWK�

0HWKRGV��7KLV�VWDJH�RI�D�PXOWL�VWDJH�LQYHVWLJDWLRQ�OLQNV�����������IHGHUDO�&LYLO�5LJKWV�'DWD
&ROOHFWLRQ�DQG�0DSSLQJ�3ROLFH�9LROHQFH�GDWD�WR�UHVWULFWHG�XVH�8�6��QDWDOLW\�UHFRUGV��DSSUR[
����PLOOLRQ�VLQJOHWRQ�OLYH�ELUWKV�WR�QRQ�+LVSDQLF�%ODFN�LQGLYLGXDOV���$�QRYHO�GLVWULFW�OHYHO�ODWHQW
PHDVXUH�RI�WKH�VFKRRO�WR�SULVRQ�SLSHOLQH��6733��ZDV�GHYHORSHG�WR�HPSLULFDOO\�GHILQH�WKH�6733�XVLQJ
ODZ�HQIRUFHPHQW�UHIHUUDOV�DQG�DUUHVWV��8VLQJ�PXOWLYDULDEOH�3RLVVRQ�UHJUHVVLRQ�ZLWK�UREXVW�VWDQGDUG
HUURUV��ZH�WHVWHG�IRU�D�WR[LFLW\�WKUHVKROG�LQ�+LJK�+LJK�GLVWULFWV�ZKHUH�SXQLWLYH�VFKRROLQJ�DQG�OHWKDO
SROLFLQJ�FRQYHUJH�

5HVXOWV��)LQGLQJV�UHYHDO�D�GLVWLQFW�WKUHVKROG�RI�FRPSRXQGLQJ�KDUP��5HVLGLQJ�LQ�D�GLVWULFW
FKDUDFWHUL]HG�E\�ERWK�KLJK�6733�H[SRVXUH�DQG�KLJK�SROLFH�OHWKDOLW\�ZDV�DVVRFLDWHG�ZLWK�D�����
KLJKHU�ULVN�RI�SUHWHUP�ELUWK��,55 �������S �������DQG�D������KLJKHU�ULVN�RI�ORZ�ELUWK�ZHLJKW
�,55 �������S �������FRPSDUHG�WR�ORZ�H[SRVXUH�GLVWULFWV��6LQJOH�GRPDLQ�KLJK�H[SRVXUHV�ZHUH�QRW
VWDWLVWLFDOO\�VLJQLILFDQW��VXJJHVWLQJ�WKDW�WKH�FDUFHUDO�DLU�RQO\�UHDFKHV�FULWLFDO�ELRORJLFDO�PDVV�WKURXJK
WKH�FRQYHUJHQFH�RI�SXQLWLYH�V\VWHPV��6HQVLWLYLW\�DQDO\VHV�UHVWULFWHG�WR�WHUP�RQO\�ELUWKV�DWWHQXDWHG
DVVRFLDWLRQV�WR�WKH�QXOO��LGHQWLI\LQJ�SUHPDWXULW\�DV�WKH�SULPDU\�ELRORJLFDO�SDWKZD\�

&RQFOXVLRQ��7R�UHLPDJLQH�SRSXODWLRQ�KHDOWK�VFLHQFH�DV�D�YHKLFOH�IRU�EXLOGLQJ�WUXVW��RXU�ILHOG�PXVW
ILUVW�FRQIURQW�WKH�JHRJUDSKLHV�RI�VLOHQFH�SURGXFHG�E\�IHGHUDO�GDWD�VXSSUHVVLRQ��ZKLFK�UHQGHU�WKH
FDUFHUDO�H[SHULHQFHV�RI�PDUJLQDOL]HG�FRPPXQLWLHV�LQYLVLEOH�WR�RYHUVLJKW��%\�HVWDEOLVKLQJ�D�WKUHVKROG
RI�WR[LFLW\�ZKHUH�SXQLWLYH�VFKRROLQJ�DQG�OHWKDO�SROLFLQJ�FRQYHUJH��WKLV�VWXG\�VKLIWV�WKH�DQDO\WLFDO�OHQV
IURP�LQGLYLGXDO�ULVN�WR�LQVWLWXWLRQDO�KDUP��8OWLPDWHO\��WKLV�ZRUN�EXLOGV�LQIOXHQFH�E\�SURYLGLQJ�WKH
HYLGHQWLDU\�EDVLV�IRU�D�SXEOLF�KHDOWK�DEROLWLRQLVP�WKDW�GHPDQGV�WKH�GLVPDQWOLQJ�RI�WKH�FDUFHUDO
DUFKLSHODJR�DV�D�SUHUHTXLVLWH�IRU�UHSURGXFWLYH�MXVWLFH�DQG�IDPLO\�IORXULVKLQJ�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

+HDOWK�HTXLW\

5HLPDJLQLQJ�3RSXODWLRQ�+HDOWK�WR�%XLOG�7UXVW��$Q�,QWHUGLVFLSOLQDU\�)RXUWK�7ULPHVWHU
0RGHO�WR�5HGXFH�3RVWSDUWXP�5HDGPLVVLRQV�-HQQ\�%HUQDUG
�$LPHH�*DEX\D�

5HVHDUFK�4XHVWLRQ�

,Q�SRVWSDUWXP�SDWLHQWV��GRHV�LPSOHPHQWLQJ�D�})RXUWK�7ULPHVWHU~�FDUH�PRGHO�ZLWK�VKDUHG�GHFLVLRQ�
PDNLQJ�DQG�ULVN�VWUDWLILHG�IROORZ�XS��FRPSDUHG�ZLWK�VWDQGDUG�FDUH��UHGXFH�KRVSLWDO�UHDGPLVVLRQV�DQG
LPSURYH�PDWHUQDO�KHDOWK�RXWFRPHV�ZLWKLQ�WKH�ILUVW�\HDU�SRVWSDUWXP"

6LJQLILFDQFH�

1HZ�-HUVH\|V�PDWHUQDO�PRUWDOLW\�FULVLV��ZKLFK�UDQNHG�WKH�VWDWH���WK�QDWLRQDOO\�ZLWK�D�UDWH�RI�����
GHDWKV�SHU��������������������f�c�d��GHPDQGHG�DQ�HYLGHQFH�EDVHG�UHVSRQVH��:LWK�RYHU�����RI
SUHYHQWDEOH�PDWHUQDO�GHDWKV�RFFXUULQJ�SRVWSDUWXP���RXU�KHDOWK�QHWZRUN��VHUYLQJ�����RI�WKH�VWDWH|V
ELUWKV��GHYHORSHG�DQ�HTXLWDEOH�HYLGHQFH�EDVHG�)RXUWK�7ULPHVWHU�FDUH�PRGHO��2XU�WUDQVIRUPDWLYH
PRGHO�HQVXUHV�HYHU\�PRWKHU�UHFHLYHV�YLWDO�SRVWSDUWXP�IROORZ�XS�UHVRXUFHV��UHJDUGOHVV�RI
EDFNJURXQG��EOHQGLQJ�ULJRURXV�GDWD�ZLWK�UHDO�ZRUOG�LPSDFW�WR�DGYDQFH�NQRZOHGJH�DQG�FUHDWH
PHDQLQJIXO�FKDQJH�

'DWD�0HWKRGV�

:H�FRQGXFWHG�GHVFULSWLYH��FRPSDUDWLYH��DQG�WUHQG�DQDO\VHV�XVLQJ�W�WHVWV��:LOFR[RQ��DQG�FKL�VTXDUH
WHVWV��2XWFRPHV�ZHUH�DVVHVVHG�E\�\HDU��E\�GDWD�W\SH��DQG�E\�GLVWULEXWLRQ�

2XU�IRXUWK�WULPHVWHU�PRGHO�VFUHHQV�IRU�VRFLDO�QHHGV�DQG�RIIHUV�ULVN�EDVHG�IROORZ�XS�DW�������RU���GD\V
IRU�KLJK���LQWHUPHGLDWH���RU�ORZ�ULVN�SDWLHQWV��ZLWK�SHUVRQDOL]HG�VXSSRUW��7R�HQKDQFH�RXU�DSSURDFK�
ZH�LQWURGXFHG�D�QHZ�LQLWLDWLYH��D�YLVXDO�FXH�IRU�UDSLG�HVFDODWLRQ�RI�FDUH�IRU�K\SHUWHQVLYH�GLVRUGHUV�
FRPSOHPHQWHG�E\�WHDFK�EDFN�HGXFDWLRQ�RQ�ZDUQLQJ�VLJQV�WR�HPSRZHU�SDWLHQWV�

5HVXOWV�

7KH�IRXUWK�WULPHVWHU�PRGHO�VLJQLILFDQWO\�UHGXFHG�SRVWSDUWXP�UHDGPLVVLRQV�E\��������IURP����LQ
�����WR����LQ�������DQG�DFKLHYHG�]HUR�PDWHUQDO�GHDWKV�ZLWKLQ�WKH�QHWZRUN�GXULQJ�WKH�VWXG\�SHULRG�
&RQFXUUHQWO\��1HZ�-HUVH\|V�VWDWHZLGH�PDWHUQDO�KHDOWK�UDQNLQJ�LPSURYHG��IURP���WK�WR���WK��7KLV
VFDODEOH�FROODERUDWLYH�DSSURDFK�DGGUHVVHG�XUJHQW�SRVWSDUWXP�QHHGV�DQG�UHEXLOW�WUXVW�EHWZHHQ
SDWLHQWV�DQG�SURYLGHUV��GHPRQVWUDWLQJ�D�VXFFHVVIXO�PRGHO�IRU�WUDQVODWLQJ�SRSXODWLRQ�KHDOWK�VFLHQFH
LQWR�PHDQLQJIXO��V\VWHP�OHYHO�FKDQJH�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

+HDOWK�HTXLW\

j7KH\�'LGQiW�([SHFW�0H�WR�%H�LQ�7KHUHk��%ODFN�)DWKHUV��WKH�%LUWK�([SHULHQFH��5HSURGXFWLYH
+HDOWK�6\VWHPV��DQG�WKH�&RVW�RI�([FOXVLRQ�'LDPRQG�&XQQLQJKDP
�'LDPRQG�&XQQLQJKDP�
'DUUHOO�&UHHF\��$QGUH�$SSDUDFLR�

/RXLVLDQD�OHDGV�WKH�QDWLRQ�LQ�PDWHUQDO�PRUWDOLW\��ZLWK�%ODFN�ZRPHQ�G\LQJ�IURP�SUHJQDQF\�UHODWHG
FDXVHV�DW�UDWHV�WKUHH�WR�IRXU�WLPHV�KLJKHU�WKDQ�ZKLWH�ZRPHQ��1HDUO\�KDOI�RI�WKRVH�GHDWKV�RFFXU�LQ
WKH�ILUVW�SRVWSDUWXP�\HDU��/RXLVLDQD�DOVR�OHDGV�WKH�QDWLRQ�LQ�LQFDUFHUDWLRQ��ZLWK�%ODFN�PHQ
GLVSURSRUWLRQDWHO\�LPSDFWHG�E\�VWUXFWXUDO�UDFLVP�OLPLWLQJ�KHDOWKFDUH�DFFHVV��7KHVH�FULVHV�KDSSHQ�LQ
WKH�VDPH�KRXVHKROGV��WR�WKH�VDPH�IDPLOLHV��GXULQJ�WKH�VDPH�FULWLFDO�ZLQGRZ�

7KH�5HSURGXFWLYH�(PSRZHUPHQW�DQG�$GYRFDF\�IRU�/RXLVLDQD��5�(�$�/���)DWKHUV�6WXG\�H[DPLQHV
%ODFN�IDWKHUV|�UHSURGXFWLYH�KHDOWK�HQJDJHPHQW�GXULQJ�WKH�ILUVW�SRVWSDUWXP�\HDU�LQ�SRVW�'REEV�1HZ
2UOHDQV�XVLQJ�D�FRQYHUJHQW�PL[HG�PHWKRGV�GHVLJQ��*XLGHG�E\�3XEOLF�+HDOWK�&ULWLFDO�5DFH�3UD[LV�DQG
UHSURGXFWLYH�MXVWLFH��WKH�VWXG\�H[DPLQHV�FRQWUDFHSWLYH�NQRZOHGJH��UHSURGXFWLYH�KHDOWK�VHOI�HIILFDF\�
DQG�SDUWQHU�FRPPXQLFDWLRQ�WKURXJK�FRPPXQLW\�EDVHG�VXUYH\V�DQG�IRFXV�JURXSV�FRQGXFWHG�ZLWK
%ODFN�IDWKHU�OHG�RUJDQL]DWLRQV�LQFOXGLQJ�)DWKHUV�0DWWHU�12/$�DQG�'DG�D�3RUW�

3UHOLPLQDU\�ILQGLQJV�IURP�VHYHQ�IRFXV�JURXSV�ZLWK����%ODFN�IDWKHUV�UHYHDO�FRQVLVWHQW�H[SHULHQFHV�RI
VWUXFWXUDO�H[FOXVLRQ�ZLWKLQ�KHDOWKFDUH�VHWWLQJV��)DWKHUV�GHVFULEHG�EHLQJ�UHQGHUHG�LQYLVLEOH�E\
SURYLGHUV�GHVSLWH�EHLQJ�SK\VLFDOO\�SUHVHQW��2QH�IDWKHU�VDLG�QXUVHV�ORRNHG�DW�KLP�OLNH�}WKH\�KDG�QHYHU
VHHQ�D�%ODFN�IDWKHU�LQ�WKH�GHOLYHU\�URRP�~�$QRWKHU�ZKRVH�VRQ�VSHQW����GD\V�LQ�WKH�1,&8�VDLG��},
ZRXOG�KDYH�KDG�D�EHWWHU�H[SHULHQFH�ZLWK�P\�EDELHV�~�$QRWKHU�VDLG�VLPSO\��}:H�DFWXDOO\�FDUH��3ODLQ
DQG�VLPSOH�~

7KH�PDWHUQDO�PRUWDOLW\�FULVLV�KDV�ODUJHO\�DVNHG�%ODFN�ZRPHQ�WR�VROYH�LW�WKHPVHOYHV��%ODFN�PHQ�PDNH
XS�DSSUR[LPDWHO\�����RI�SDUWQHUV�RI�%ODFN�ZRPHQ�JLYLQJ�ELUWK�DQG�DUH�DOUHDG\�SUHVHQW�DQG
PRWLYDWHG��5HLPDJLQLQJ�SRSXODWLRQ�KHDOWK�VFLHQFH�WR�EXLOG�WUXVW�UHTXLUHV�ILQDOO\�WXUQLQJ�WR�ORRN�DW
ZKR�LV�DOUHDG\�LQ�WKH�URRP�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

6WUXFWXUDO�IDFWRUV

$�0HWD�$QDO\VLV�RI�7UXVW�LQ�3ROLFH�DQG�LWV�5HODWLRQVKLS�WR�7UXVW�LQ�WKH�0HGLFDO�6\VWHP�2YHU
7LPH�&DLWOLQ�0F0XUWU\
�&DLWOLQ�0F0XUWU\��1DWKDOLD�*XWLHUUH]�6DFDVD�

3ROOLQJ�GDWD�LQGLFDWHV�WKDW�WUXVW�LQ�8�6��LQVWLWXWLRQV��HVSHFLDOO\�WKRVH�UHODWHG�WR�SROLFLQJ�DQG
KHDOWKFDUH��KDYH�GHFOLQHG�RYHU�WKH�SDVW�IRXU�GHFDGHV��EXW�WKHVH�WUHQGV�KDYH�QRW�XQIROGHG�HYHQO\
DFURVV�WLPH�RU�SRSXODWLRQ��7KH�GHDWK�RI�0LFKDHO�%URZQ�LQ�)HUJXVRQ��0LVVRXUL�RQ�$XJXVW���������DQG
WKH�VXEVHTXHQW�SRSXODUL]DWLRQ�RI�WKH�%ODFN�/LYHV�0DWWHU�PRYHPHQW�PDUNHG�D�FRQVHTXHQWLDO�WXUQLQJ
SRLQW�LQ�SXEOLF�GLVFRXUVH�RQ�SROLFLQJ��GUDZLQJ�VXVWDLQHG�QDWLRQDO�DWWHQWLRQ�WR�UDFLDO�GLVSDULWLHV�LQ
SROLFLQJ�DQG�WKHLU�UHODWLRQVKLS�WR�KHDOWK�DQG�FLYLF�OLIH��&URVV�VHFWLRQDO�VWXGLHV�VXJJHVW�WKDW�WUXVW�LQ
WKHVH�DUHDV�PD\�EH�GLUHFWO\�UHODWHG��DV�H[SHULHQFHV�RI�SROLFH�EUXWDOLW\�DUH�DVVRFLDWHG�ZLWK�ORZHU
OHYHOV�RI�WUXVW�LQ�PHGLFDO�LQVWLWXWLRQV��$ODQJ��0F$OSLQH��DQG�+DUGHPDQ�������DQG�JUHDWHU�RGGV�RI
XQPHW�QHHG�IRU�PHGLFDO�FDUH��$ODQJ�HW�DO���������+RZHYHU��LW�LV�XQFOHDU�ZKHWKHU�WKHVH�WUHQGV�DUH
OLQNHG�ORQJLWXGLQDOO\��(YHQ�OHVV�LV�NQRZQ�DERXW�ZKHWKHU�WKHVH�WUHQGV�LQ�WUXVW�YDU\�E\�UDFH�RU
HWKQLFLW\��7KLV�VWXG\�XVHV�D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�DSSURDFK�WR�DQDO\]H�DUFKLYDO�SROOLQJ
GDWD��PHDVXULQJ�FKDQJHV�LQ�SROLFH�FRQILGHQFH�RYHU�PRUH�WKDQ�WKUHH�GHFDGHV�DQG�WKH�FKDQJLQJ
UHODWLRQVKLS�EHWZHHQ�LQVWLWXWLRQDO�FRQILGHQFH�LQ�SROLFH�DQG�WKH�PHGLFDO�V\VWHP��7KLV�DSSURDFK�DOORZV
XV�WR�WHVW�ZKHWKHU�ULVLQJ�GLVWUXVW�LQ�SROLFH�LV�DVVRFLDWHG�ZLWK�WKH�SRSXODUL]DWLRQ�RI�WKH�%ODFN�/LYHV
0DWWHU�PRYHPHQW��DQG�WKH�VWDWH�YLROHQFH�WKDW�JDYH�ULVH�WR�LW���:H�DOVR�WHVW�ZKHWKHU�SROLFH�DQG
PHGLFDO�PLVWUXVW�LV�JUHDWHU�DPRQJ�UHVSRQGHQWV�RI�GLIIHUHQW�UDFHV�DQG�HWKQLFLWLHV�RYHU�WLPH�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

6WUXFWXUDO�IDFWRUV

$VVRFLDWLRQ�%HWZHHQ�5HVLGHQWLDO�3UR[LPLW\�WR�&DUFHUDO�)DFLOLWLHV�DQG�$VWKPD�('�9LVLWV�LQ
&DOLIRUQLD�%HLHU�/L
�%HLHU�/L��<LUDQ�/LX�

%DFNJURXQG��7KH�8�6��RSHUDWHV�URXJKO\�������FRUUHFWLRQDO�IDFLOLWLHV��ZLWK�QHZ�IDFLOLW\�FRQVWUXFWLRQ
RQJRLQJ��:KLOH�UHVHDUFK�KDV�GRFXPHQWHG�KHDOWK�KDUPV�DVVRFLDWHG�ZLWK�KLJK�FRPPXQLW\�OHYHO
LQFDUFHUDWLRQ�UDWHV��OHVV�LV�NQRZQ�DERXW�WKH�KHDOWK�HIIHFWV�RI�OLYLQJ�QHDU�SULVRQV�DQG�MDLOV�

0HWKRGV��7KLV�HFRORJLFDO��FHQVXV�WUDFW�OHYHO�DQDO\VLV�H[DPLQHG�FURVV�VHFWLRQDO�DVVRFLDWLRQV�EHWZHHQ
UHVLGHQWLDO�SUR[LPLW\�WR�MDLO�SULVRQ�DQG�DVWKPD�('�YLVLWV��DJH�DGMXVWHG�UDWH�SHU���������LQ�&DOLIRUQLD�
�����������7UDFWV�RYHUODSSLQJ�����������RU���PLOH�UDGLL�DURXQG�IDFLOLWLHV�ZHUH�FODVVLILHG�DV�SUR[LPDWH�
0XOWLYDULDEOH�OLQHDU�PRGHOV�DGMXVWHG�IRU�XUEDQLFLW\��VRFLRGHPRJUDSKLF�FKDUDFWHULVWLFV��KHDOWKFDUH
DFFHVV��DQG�DLU�SROOXWLRQ�PHDVXUHV�LQFOXGLQJ�R]RQH��SDUWLFXODWH�PDWWHU��30�������DQG�GLHVHO�30�

)LQGLQJV��$W�D���PLOH�UDGLXV������FHQVXV�WUDFWV��������ZLWK�DERXW�����PLOOLRQ�UHVLGHQWV�ZHUH
SUR[LPDWH�WR�D�MDLO��ZKLOH�����WUDFWV��������ZHUH�SUR[LPDWH�WR�D�SULVRQ��,QFUHDVLQJ�MDLO�SUR[LPLW\�ZDV
SRVLWLYHO\�DVVRFLDWHG�ZLWK�DVWKPD�('�UDWHV�LQ�D�GRVH�UHVSRQVH�PDQQHU������PLOH��u ������S� �������
��PLOH��u ������S� ����������PLOH��u ������S� ��������3ULVRQ�SUR[LPLW\�VKRZHG�QHJDWLYH�DVVRFLDWLRQV
DW�FORVH�UDQJH������PLOH��u �������S� ����������PLOH��u �������S� ��������EXW�D�SRVLWLYH�DVVRFLDWLRQ�DW
��PLOHV��u �������S� ���������,Q�D�VHQVLWLYLW\�DQDO\VLV�H[FOXGLQJ�FHQVXV�WUDFWV�FRQWDLQLQJ�D�SULVRQ�RU
MDLO��QHJDWLYH�DVVRFLDWLRQV�ZLWK�SULVRQ�SUR[LPLW\�DW�����DQG���PLOH�UDGLL�GLPLQLVKHG��RWKHU�HIIHFWV
ZHUH�FRQVLVWHQW�

&RQFOXVLRQV��0LOOLRQV�RI�&DOLIRUQLDQV�OLYLQJ�QHDU�MDLOV�H[SHULHQFH�KLJKHU�DVWKPD�('�UDWHV�WKDQ
H[SODLQHG�E\�PHDVXUHG�FRYDULDWHV��ZLWK�HIIHFWV�VWURQJHU�DW�FORVHU�GLVWDQFHV��$VVRFLDWLRQV�ZLWK�SULVRQ
SUR[LPLW\�ZHUH�LQFRQVLVWHQW�DQG�PD\�UHIOHFW�FHQVXV�HQXPHUDWLRQ�SUDFWLFHV�IRU�LQFDUFHUDWHG
LQGLYLGXDOV��)LQGLQJV�VXJJHVW�WKDW�UHVLGHQWLDO�SUR[LPLW\�WR�FDUFHUDO�IDFLOLWLHV�LV�DQ�DGGLWLRQDO
XQGHUVWXGLHG�SDWKZD\�WKURXJK�ZKLFK�PDVV�LQFDUFHUDWLRQ�PD\�KDUP�FRPPXQLW\�KHDOWK�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

3XEOLF�+HDOWK�&RPPXQLFDWLRQ�DQG�7UXVW

&RYHUDJH�RI�IHQWDQ\O�LQ�QDWLRQDOO\�FLUFXODWHG�8QLWHG�6WDWHV�QHZV�PHGLD��-XO\�����g-XQH
�����&UDLJ�&DXGLOO
�&UDLJ�&DXGLOO��(ULQ�$QQXQ]LDWR��(YDQ�(VFKOLPDQ�

7KH�RQJRLQJ�IHQWDQ\O�GULYHQ�RYHUGRVH�FULVLV�LQ�WKH�86�UHTXLUHV�LQWHUGLVFLSOLQDU\�LQWHUYHQWLRQ�DQG
UHPDLQV�D�WRSLF�RI�LQWHUHVW�LQ�QDWLRQDO�PHGLD��:H�FKDUDFWHUL]HG�WKH�FRYHUDJH�RI�IHQWDQ\O�LQ
QDWLRQDOO\�FLUFXODWHG�8QLWHG�6WDWHV�QHZV�PHGLD�FRQWHQW�IURP�-XO\�����y-XQH�������:H�XVHG�WKH
3UR4XHVW�8�6��1HZVVWUHDP�GDWDEDVH�WR�LGHQWLI\�QHZV�PHGLD�FRQWHQW�UHODWHG�WR�IHQWDQ\O�IURP�DOO�IRXU
QDWLRQDOO\�FLUFXODWHG�86�QHZVSDSHUV��L�H���7KH�1HZ�<RUN�7LPHV��7KH�:DOO�6WUHHW�-RXUQDO��7KH
:DVKLQJWRQ�3RVW��DQG�86$�7RGD\��SXEOLVKHG�IURP�-XO\�����y-XQH�������:H�DQDO\]HG�D�UDQGRP
VDPSOH�RI�����RI�DUWLFOHV�XVLQJ�D�GLUHFWHG�FRQWHQW�DQDO\VLV�FKDUDFWHUL]LQJ�DUWLFOHV|�RYHUDOO�IUDPLQJ�
FRQWHQW�HOHPHQWV��DQG�VRXUFHV�TXRWHG�FLWHG��:H�VXPPDUL]HG�UHVXOWV�DQG�WUHQGV�E\�FDOHQGDU�TXDUWHU
XVLQJ�GHVFULSWLYH�VWDWLVWLFV��2I�WKH�����LQFOXGHG�DUWLFOHV�DFURVV����TXDUWHUV��������KDG�LQWHUQDWLRQDO
UHODWLRQV�IUDPLQJ��������KDG�SXEOLF�KHDOWK�IUDPLQJ��������KDG�GRPHVWLF�SROLWLFV�IUDPLQJ��������KDG
FULPH�IUDPLQJ��DQG������KDG�DQRWKHU�IUDPLQJ��H�J���PRYLH�UHYLHZV���:H�REVHUYHG�DQ�RYHUDOO�LQFUHDVH
LQ�WKH�QXPEHU�RI�DUWLFOHV�IURP�-XO\�����y-XQH�������SHDNLQJ�DW����DUWLFOHV��������RI�RXU�VDPSOH��LQ
4��RI�������$UWLFOHV�PHQWLRQLQJ�LPPLJUDWLRQ�ERUGHU�VHFXULW\�DQG�FDUWHOV�JDQJV�DOVR�SHDNHG�LQ�4��RI
������������DQG�������RI�PHQWLRQV��UHVSHFWLYHO\���6WLJPDWL]LQJ�FRQWHQW�ZDV�SUHVHQW�LQ�RQH�WKLUG
��������RI�DOO�DUWLFOHV��KDOI�RI�ZKLFK���������ZHUH�DUWLFOHV�ZLWK�SXEOLF�KHDOWK�IUDPLQJ��1RQ�SXEOLF
KHDOWK�VROXWLRQV��H�J���LQFUHDVLQJ�ERUGHU�VHFXULW\��WDULIIV����������ZHUH�PHQWLRQHG�PRUH�RIWHQ�WKDQ
SXEOLF�KHDOWK�VROXWLRQV��H�J���KDUP�UHGXFWLRQ��H[SDQGLQJ�DFFHVV�WR�WUHDWPHQW�����������1DWLRQDOO\�
FLUFXODWHG�QHZV�PHGLD�FRYHUDJH�RQ�IHQWDQ\O�FRPPRQO\�PHQWLRQV�LPPLJUDWLRQ�ERUGHU�VHFXULW\�DQG
FDUWHOV�JDQJV��FRYHUV�QRQ�SXEOLF�KHDOWK�VROXWLRQV��DQG�FRQWDLQV�VWLJPDWL]LQJ�FRQWHQW��WKLV�FRYHUDJH
PD\�LQIOXHQFH�SXEOLF�SHUFHSWLRQ�RI�IHQWDQ\O�DQG�WKH�HIILFDF\�RI�SROLFLHV�DQG�SXEOLF�KHDOWK
LQWHUYHQWLRQV�LQWHQGHG�WR�PLWLJDWH�IHQWDQ\O�UHODWHG�KDUPV�
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3XEOLF�+HDOWK�&RPPXQLFDWLRQ�DQG�7UXVW

(YLGHQFH�:LWKRXW�$XWKRULW\��'HPRQVWUDWLRQ�&HQWHUV�DQG�WKH�+LVWRULFDO�5RRWV�RI�7UXVW�LQ
3RSXODWLRQ�+HDOWK�6FLHQFH�4XLQQ�9DOLHU
�4XLQQ�9DOLHU�

7KH�GLIILFXOW\�SRSXODWLRQ�KHDOWK�VFLHQFH�IDFHV�LQ�HVWDEOLVKLQJ�WUXVWZRUWK\�UHODWLRQVKLSV�DQG�GXUDEOH
LQIOXHQFH�ZLWK�PDQ\�FRPPXQLWLHV�LV�URXWLQHO\�IUDPHG�DV�D�SUREOHP�RI�FRPPXQLFDWLRQ�RU�UHFHQW
SROLWLFDO�SRODUL]DWLRQ��7KLV�SDSHU�DUJXHV�WKDW�LW�KDV�ROGHU�DQG�PRUH�VWUXFWXUDO�URRWV�z�RQHV�WKDW
KLVWRULFDO�DQDO\VLV�FDQ�PDNH�YLVLEOH�LQ�ZD\V�WKDW�QHLWKHU�SROLF\�UHIRUP�QRU�LPSURYHG�HQJDJHPHQW
SUDFWLFH�DORQH�FDQ�DGGUHVV�

'UDZLQJ�RQ�WKH�KLVWRU\�RI�SXEOLF�KHDOWK�DQG�PHGLFDO�GHPRQVWUDWLRQ�FHQWHUV�LQ�WKH�WZHQWLHWK�FHQWXU\
8QLWHG�6WDWHV��WKH�SDSHU�WUDFHV�KRZ�$PHULFDQ�SXEOLF�KHDOWK�DQG�PHGLFLQH�OHDUQHG�WR�OHDUQ�IURP
FRPPXQLWLHV��'HPRQVWUDWLRQ�FHQWHUV�ZHUH�GLVSURSRUWLRQDWHO\�VLWHG�LQ�PDUJLQDOL]HG�DQG�XQGHUVHUYHG
FRPPXQLWLHV�z�LQ�SDUW�EHFDXVH�SRYHUW\�DQG�VWUXFWXUDO�GHSULYDWLRQ�PDGH�FDXVDO�UHODWLRQVKLSV
EHWZHHQ�VRFLDO�FRQGLWLRQV�DQG�KHDOWK�RXWFRPHV�XQXVXDOO\�OHJLEOH��7KH�HYLGHQFH�WKH\�JHQHUDWHG�ZDV
GRFXPHQWHG�DQG�VRPHWLPHV�DFNQRZOHGJHG��EXW�UDUHO\�DOORZHG�WR�UHFRQILJXUH�EURDGHU�HYLGHQWLDU\
KLHUDUFKLHV�RU�SROLF\�FRPPLWPHQWV��7KDW�DV\PPHWU\�ZDV�FRQVWLWXWLYH�RI�KRZ�WKH�GHPRQVWUDWLRQ
PRGHO�ZRUNHG��DQG�WKH�LQVWLWXWLRQDO�ZD\V�RI�NQRZLQJ�WKDW�SRSXODWLRQ�KHDOWK�VFLHQFH�LQKHULWHG�FDUULHG
LW�IRUZDUG��7KH�HDUO\�WZHQW\�ILUVW�FHQWXU\�1,+�&OLQLFDO�DQG�7UDQVODWLRQDO�6FLHQFH�$ZDUGV�SURJUDP
IRUPDOL]HG�FRPPXQLW\�HQJDJHPHQW�DV�D�VWUXFWXUDO�UHTXLUHPHQW�ZKLOH�OHDYLQJ�UHODWLYHO\�XQGLVWXUEHG
WKH�KLHUDUFKLHV�WKDW�GHWHUPLQHG�ZKLFK�NQRZOHGJH�ZDV�ILW�WR�WUDYHO�

%XLOGLQJ�WUXVW�DQG�LQIOXHQFH�WKHUHIRUH�UHTXLUHV�DVNLQJ�QRW�RQO\�KRZ�WR�HQJDJH�FRPPXQLWLHV�EHWWHU�
EXW�ZK\�WKH�HYLGHQFH�WKRVH�FRPPXQLWLHV�KDYH�ORQJ�JHQHUDWHG�KDV�VR�UDUHO\�EHHQ�DOORZHG�WR�FKDQJH
ZKDW�WKH�ILHOG�WDNHV�IRU�JUDQWHG�
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3XEOLF�+HDOWK�&RPPXQLFDWLRQ�DQG�7UXVW

%XLOGLQJ�7UXVW�DQG�,QIOXHQFH�LQ�3RSXODWLRQ�+HDOWK�7KURXJK�&RPPXQLW\f&HQWHUHG�'DWD
&KLKDUX�.DWR
�&KLKDUX�.DWR��6KDQQRQ�/DLQJ��.ULVWLQD�7DODUHN�

$V�SXEOLF�WUXVW�LQ�VFLHQFH�FRQWLQXHV�WR�GHFOLQH��SRSXODWLRQ�KHDOWK�UHVHDUFKHUV�QHHG�QHZ�ZD\V�WR�ZRUN
ZLWK�GDWD�WKDW�IHHOV�UHOHYDQW��IDLU��DQG�XVHIXO�WR�FRPPXQLWLHV��7KLV�SUHVHQWDWLRQ�VKDUHV�ILQGLQJV�IURP
DQ����PRQWK�DVVHVVPHQW�RI�WKH�5REHUW�:RRG�-RKQVRQ�)RXQGDWLRQ|V�+HDOWK\�&RPPXQLWLHV�GDWD�ZRUN�
OHG�E\�WKH�0LFKLJDQ�3XEOLF�+HDOWK�,QVWLWXWH��:H�XVHG�PXOWLSOH�PHWKRGV��LQFOXGLQJ�GRFXPHQW�UHYLHZ�
LQWHUYLHZV�ZLWK�IXQGHUV�DQG�JUDQWHHV��IRFXV�JURXSV�ZLWK�FRPPXQLW\�GDWD�OHDGHUV��DQG�D�UHYLHZ�RI
SXEOLVKHG�DQG�JUD\�OLWHUDWXUH��WR�XQGHUVWDQG�KRZ�GDWD�SURMHFWV�DUH�GHVLJQHG��VXSSRUWHG��DQG�XVHG�DW
ERWK�QDWLRQDO�DQG�FRPPXQLW\�OHYHOV�

:H�LGHQWLILHG�D�VWURQJ�\HW�IUDJPHQWHG�GDWD�ODQGVFDSH��0DQ\�SURMHFWV�JHQHUDWHG�KLJK�TXDOLW\�GDWD
DQG�WRROV��HVSHFLDOO\�ODUJH�GDVKERDUGV�DQG�DFDGHPLF�OHG�LQLWLDWLYHV��EXW�RIWHQ�ODFNHG�FOHDU
FRQQHFWLRQV�DPRQJ�WKHPVHOYHV�RU�WR�FRPPXQLW\�SULRULWLHV��,Q�FRQWUDVW��FRPPXQLW\�EDVHG�SURMHFWV
ZHUH�PRUH�HIIHFWLYH�DW�EXLOGLQJ�WUXVW�E\�IRFXVLQJ�RQ�ORFDO�LVVXHV��XVLQJ�SDUWLFLSDWRU\�DSSURDFKHV��DQG
YDOXLQJ�OLYHG�H[SHULHQFH�DORQJVLGH�GDWD��$FURVV�DOO�SHUVSHFWLYHV��WUXVW�JUHZ�ZKHQ�GDWD�ZRUN�ZDV
WUDQVSDUHQW��UHODWLRQVKLSV�ZHUH�EXLOW�RYHU�WLPH��FRPPXQLWLHV�VKDUHG�GHFLVLRQ�PDNLQJ�SRZHU��DQG
}GDWD�WUDQVODWRUV~�PDGH�FRPSOH[�LQIRUPDWLRQ�XQGHUVWDQGDEOH�DQG�PHDQLQJIXO�

&RPPXQLW\�GDWD�OHDGHUV�KLJKOLJKWHG�WKDW�WUXVW�LVQ|W�EXLOW�RQO\�E\�VKDULQJ�GDWD��,QVWHDG��LW�JURZV
WKURXJK�OLVWHQLQJ��VKDULQJ�SRZHU��VWRU\WHOOLQJ�DORQJVLGH�VWDWLVWLFV��DQG�LQYHVWLQJ�LQ�SHRSOH�DQG
UHODWLRQVKLSV��7KH\�DOVR�QRWHG�WKDW�XQFHUWDLQ�IXQGLQJ�GHFLVLRQV��OLPLWHG�RSSRUWXQLWLHV�IRU�VKDUHG
OHDUQLQJ��DQG�D�ODFN�RI�VXSSRUW�IRU�FRPPXQLW\�RUJDQL]DWLRQV�WR�WXUQ�GDWD�LQWR�DFWLRQ�FKDOOHQJH�WKHLU
HIIRUWV�

7KLV�SUHVHQWDWLRQ�RIIHUV�SUDFWLFDO�OHVVRQV�IRU�UHVHDUFKHUV��IXQGHUV��DQG�SUDFWLWLRQHUV�ZKR�ZDQW
SRSXODWLRQ�KHDOWK�VFLHQFH�WR�EH�PRUH�PHDQLQJIXO�WR�WKH�SHRSOH�LW�VHUYHV��:H�HPSKDVL]H�GHVLJQLQJ
FRPPXQLW\�FHQWHUHG�GDWD�HIIRUWV�WKDW�EDODQFH�WHFKQLFDO�TXDOLW\�ZLWK�UHDO�ZRUOG�UHOHYDQFH��VXSSRUW
FRPPXQLW\�OHDGHUVKLS��DQG�WUDQVODWH�GDWD�LQWR�DFWLRQ�WKDW�FRPPXQLWLHV�ILQG�FUHGLEOH��XVHIXO��DQG
DOLJQHG�ZLWK�WKHLU�HIIRUWV�
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0HWKRGRORJLFDO�DSSURDFKHV�WR�VWXG\LQJ�SXEOLF�KHDOWK

'DWD�DV�D�3XEOLF�*RRG��7UXVW��7UDQVSDUHQF\��DQG�7HFKQRORJ\�LQ�3RSXODWLRQ�+HDOWK�0DUMRU\
*LYHQV
�0DUMRU\�*LYHQV��+DQQDK�2OVRQ�:LOOLDPV��.HLWK�*HQQXVR��&KULVWLQH�0XJDQGD��%HWKDQ\
5RJHUVRQ��0LFKDHO�6WHYHQVRQ�

3XEOLF�KHDOWK�GDWD�SODWIRUPV�DUH�YLWDO�WRROV�IRU�FRPPXQLW\�FKDQJHPDNHUV�VHHNLQJ�WR�LPSURYH
SRSXODWLRQ�KHDOWK��<HW�PDNLQJ�SRSXODWLRQ�OHYHO�GDWD�DFFHVVLEOH�DQG�DQDO\WLFDOO\�VRXQG�ZKLOH�DOVR
FULWLFDOO\�FKDOOHQJLQJ�VRFLDO��VWUXFWXUDO��DQG�VFLHQWLILF�QRUPV�UHTXLUHV�QDYLJDWLQJ�SHUVLVWHQW�{GDWD
GHPRFUDF\|�WHQVLRQV�DURXQG�ZKDW�DQG�KRZ�LQIRUPDWLRQ�LV�FROOHFWHG��DQDO\]HG�DQG�VKDUHG�SXEOLFO\�
7KHVH�FKDOOHQJHV�KDYH�LQWHQVLILHG�LQ�D�SRODUL]HG�SROLWLFDO�FOLPDWH�DQG�DPLG�IHGHUDO�DQG�SKLODQWKURSLF
GLVLQYHVWPHQW�LQ�GDWD�LQIUDVWUXFWXUH��$W�WKH�VDPH�WLPH��HPHUJLQJ�$,�WRROV�H[SDQG�SRVVLELOLWLHV�IRU
LQVLJKWV�DQG�QHZ�GDWD�VRXUFHV��ZKLOH�DOVR�LQWURGXFLQJ�ULVNV�RI�RSDFLW\��PLVXVH��DQG�FRPSRXQGLQJ
ELDVHV�RI�WKH�FRUSRUD�

&RXQW\�+HDOWK�5DQNLQJV�	�5RDGPDSV��&+5	5���D�QDWLRQDO�SURJUDP�FRPPLWWHG�WR�GHPRFUDWL]LQJ
GDWD�IRU�ORFDO�GHFLVLRQ�PDNLQJ��FRQIURQWV�WKHVH�FRPSOH[LWLHV�UHJXODUO\��)RU�QHDUO\�WZR�GHFDGHV�
&+5	5�KDV�ZRUNHG�WR�PDNH�GDWD�DFWLRQDEOH�IRU�D�UDQJH�RI�FRXQW\�W\SHV��LQFOXGLQJ�UXUDO�DUHDV�DQG
DPRQJ�PDUJLQDOL]HG�JURXSV�ZKHUH�VPDOO�QXPEHUV�FDQ�PHDQ�XQVWDEOH�RU�XQUHOLDEOH�HVWLPDWHV��RU
ULVNV�WR�DQRQ\PLW\�ZLWK�GDWD�GLVDJJUHJDWLRQ��&+5	5�VHHNV�D�EDODQFHG�DSSURDFK�LQ�GHPRFUDWL]LQJ
GDWD�WKURXJK�PHWKRGRORJLFDO�WUDQVSDUHQF\�DQG�HPSOR\LQJ�VXSSUHVVLRQ�WR�SURWHFW�SULYDF\�DQG�DYRLG
PLVLQWHUSUHWDWLRQ��$XGLHQFHV�YDU\�ZLGHO\�LQ�GDWD�IOXHQF\��WKXV��&+5	5�LQYHVWV�LQ�PHWKRGV�RI
FRPPXQLFDWLRQ�WKDW�LQFOXGH�SODLQ�ODQJXDJH�GRFXPHQWDWLRQ��WHFKQLFDO�DVVLVWDQFH�WR�VXSSRUW�DFFXUDWH
LQWHUSUHWDWLRQ��DQG�GDWD�VKDULQJ�WR�VXSSRUW�XVDELOLW\�

&+5	5�ZLOO�VKDUH�DSSURDFKHV�IRU�QDYLJDWLQJ�WHQVLRQV��LQFOXGLQJ�DXGLHQFH�HQJDJHPHQW�WR�LQIRUP
GHFLVLRQV�DERXW�GHPRFUDWL]LQJ�GDWD��FRPPXQLFDWLQJ�XQFHUWDLQW\�LQ�ZD\V�WKDW�EXLOG�WUXVW��DQG
HYDOXDWLQJ�WKH�UHVSRQVLEOH�XVH�RI�HPHUJLQJ�WHFKQRORJLHV��7KLV�SUHVHQWDWLRQ�LQYLWHV�GLVFXVVLRQ�RQ�KRZ
PDLQWDLQLQJ�GDWD�DV�D�SXEOLF�JRRG�LV�ERWK�D�WHFKQLFDO�WDVN�DQG�DQ�HWKLFDO�FRPPLWPHQW�WR�HTXLW\�
WUDQVSDUHQF\��DQG�UHVSRQVLEOH�VWHZDUGVKLS�LQ�VHUYLFH�RI�KHDOWKLHU�FRPPXQLWLHV�
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6WUXFWXUDO�IDFWRUV

6WUXFWXUDO�5DFLVP��%DOORW�0HDVXUHV��DQG�+HDOWK�$QQD�+LQJ
�$QQD�+LQJ�

9RWHU�VXSSUHVVLRQ�LV�D�FOHDU�H[DPSOH�RI�KRZ�VWUXFWXUDO�UDFLVP�IXQFWLRQV�WR�XQHTXDOO\
GLVWULEXWH�ERWK�SRZHU�DQG�UHVRXUFHV��,I�SHRSOH�FDQQRW�YRWH��WKH\�FDQQRW�VKDSH�WKH�SROLFLHV
GLUHFWO\�LPSDFWLQJ�WKH�FRQGLWLRQV�LQ�ZKLFK�WKH\�OLYH�y�WKHLU�6'2+�

2QH�XQGHUVWXGLHG�IDFWRU�OLQNLQJ�YRWLQJ�WR�KHDOWK�DUH�WKH�SROLFLHV�WKDW�DUH�HQDFWHG�E\�YRWHUV�RU
HOHFWHG�RIILFLDOV��6WDWH�OHYHO�EDOORW�PHDVXUHV�YRWHG�RQ�GLUHFWO\�E\�WKH�SHRSOH�ZLWKRXW
LQWHUPHGLDU\�UHSUHVHQWDWLYHV��FDQ�EH�XVHG�WR�GHWHUPLQH�LI�VWUXFWXUDO�UDFLVP��YLD�YRWHU�VXSSUHVVLRQ��LV
OLQNHG�WR�PRUH�HTXLWDEOH��DQWLUDFLVW��RU�KDUPIXO��UDFLVW��PHDVXUHV�EHLQJ�SDVVHG�WKDW�VKDSH�WKH
UDFLDOL]HG�SDWWHUQLQJ�RI�6'2+�

$LP��7R�XQGHUVWDQG�KRZ�VWUXFWXUDO�UDFLVP�FRQWULEXWHV�WR�WKH�UDFLDOL]HG�SDWWHUQLQJ�RI�VRFLDO
GHWHUPLQDQWV�RI�KHDOWK�E\�H[DPLQLQJ�LI�YRWHU�VXSSUHVVLRQ�FRQWULEXWHV�WR�PRUH�UDFLVW�EDOORW
PHDVXUHV�EHLQJ�SDVVHG�

+\SRWKHVLV��6WDWHV�ZLWK�D�KLJKHU�FRVW�RI�YRWLQJ��YRWHU�VXSSUHVVLRQ��ZLOO�EH�DVVRFLDWHG�ZLWK�D�KLJKHU
QXPEHU�RI�UDFLVW�EDOORW�PHDVXUHV�

'DWD��$OO�EDOORW�PHDVXUHV�ZLOO�EH�LGHQWLILHG�YLD�%DOORWSHGLD��%DOORW�PHDVXUHV�ZLOO�EH�FRGHG�DV
}UDFLVW~�LI�WKH�DQWLFLSDWHG�LPSDFW�LV�KDUPIXO�WR�UDFLDO�HTXLW\�RU�}DQWLUDFLVW~�LI�WKH�LI�LPSDFW�LV�OLNHO\�WR
DPHOLRUDWH�UDFLDO�LQHTXLWLHV��7KH�&RVW�RI�9RWLQJ�,QGH[��&29,�������SURYLGHV�VWDWH�OHYHO�GDWD�RQ
EDUULHUV�WR�YRWLQJ��L�H��YRWHU�VXSSUHVVLRQ���7KH�&29,�H[DPLQHV�HOHFWLRQ�ODZV�DQG�FDOFXODWHV�D�VLQJOH
VFRUH�DQG�VXEVHTXHQW�UDQN�IRU�GLIILFXOW\�RI�YRWLQJ�LQ�HDFK�VWDWH��7KH�$PHULFDQ�&RPPXQLW\�6XUYH\�
IUHHO\�DYDLODEOH�E\�WKH�86�&HQVXV�%XUHDX��ZLOO�SURYLGH�VWDWH�OHYHO�FRYDULDWHV�

0HWKRGV��)RU�$LP����,�ZLOO�HPSOR\�3XEOLF�+HDOWK�&ULWLFDO�5DFH�3UD[LV��3+&53��WR�FRGH�EDOORW
PHDVXUHV��7KH�&29,�VFRUH������ZLOO�VHUYH�DV�WKH�PDLQ�SUHGLFWRU�YDULDEOH�LQ�D�3RLVVRQ�RU�1HJDWLYH
%LQRPLDO�UHJUHVVLRQ�PRGHO�LQ�6WDWD03��7KH�RXWFRPH�YDULDEOHV�ZLOO�EH�D�FRXQW�RI�UDFLVW�EDOORW
PHDVXUHV�DQG�DQWLUDFLVW�EDOORW�PHDVXUHV��SURSRVHG�DQG�SDVVHG��6WDWH�OHYHO�FRYDULDWHV�ZLOO�EH
LQFOXGHG�

$QDO\VHV�KDYH�QRW�\HW�EHHQ�FRPSOHWHG�
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8QHTXDO�EHJLQQLQJV��8QHTXDO�SDLQ��7KUHH�DSSURDFKHV�WR�KRZ�:HOIDUH�6WDWH�PRGHUDWH�WKH
UHODWLRQVKLS�EHWZHHQ�FKLOGKRRG�6(6�DQG�ODWHU�OLIH�SDLQ��5XL�+XDQJ
�5XL�+XDQJ��<XKDQJ�/L�

3DLQ�LV�KLJKO\�SUHYDOHQW�DPRQJ�ROGHU�DGXOWV�LQ�(XURSH��DQG�FKLOGKRRG�GLVDGYDQWDJH�LV�D�VWURQJ�ULVN
IDFWRU��<HW��HYLGHQFH�UHPDLQV�OLPLWHG�RQ�ZKHWKHU�ZHOIDUH�VWDWH�FRQWH[WV�EXIIHU�WKH�ORQJ�UXQ
WUDQVODWLRQ�RI�FKLOGKRRG�VRFLRHFRQRPLF�GLVDGYDQWDJH�LQWR�SDLQ��:H�OLQNHG�LQGLYLGXDO�OHYHO�GDWD�IURP
6XUYH\�RI�+HDOWK��$JHLQJ�DQG�5HWLUHPHQW�LQ�(XURSH�������������1 ���������ZLWK�FRXQWU\�OHYHO
LQGLFDWRUV�IURP�(XURSHDQ�6\VWHP�RI�,QWHJUDWHG�6RFLDO�3URWHFWLRQ�6WDWLVWLFV�DQG�&RPSDUDWLYH�:HOIDUH
(QWLWOHPHQWV�'DWDVHW���WR�DVVHVV�KRZ�ZHOIDUH�VWDWH�DUUDQJHPHQWV�VKDSH�FKLOGKRRG�VRFLRHFRQRPLF
VWDWXV��F6(6��GLVSDULWLHV�LQ�PRGHUDWH�VHYHUH�SDLQ�DPRQJ�DGXOWV�DJHG���y����:HOIDUH�VWDWH
DUUDQJHPHQWV�ZHUH�H[DPLQHG�WKURXJK�WKUHH�FRPSOHPHQWDU\�OHQVHV��ZHOIDUH�UHJLPHV��UHJLPH
DSSURDFK���VRFLDO�SURWHFWLRQ�VSHQGLQJ��VRFLDO�SURWHFWLRQ�DSSURDFK���DQG�SROLF\�JHQHURVLW\
�LQVWLWXWLRQDO�DSSURDFK���8VLQJ�3RLVVRQ�JHQHUDOL]HG�HVWLPDWLQJ�HTXDWLRQV�ZLWK�FOXVWHU�UREXVW
VWDQGDUG�HUURUV��ZH�WHVWHG�ZKHWKHU�F6(6�SUHGLFWV�ODWHU�OLIH�SDLQ��ZKHWKHU�F6(6�GLVSDULWLHV�FKDQJH
ZLWK�DJH��DQG�ZKHWKHU�ZHOIDUH�VWDWH�FKDUDFWHULVWLFV�PRGHUDWH�ERWK�WKH�OHYHO�DQG�DJH�SDWWHUQ�RI�WKH
F6(6ySDLQ�DVVRFLDWLRQ��5HVXOWV�VKRZ�D�VWURQJ�F6(6�JUDGLHQW�LQ�ODWHU�OLIH�SDLQ��DQG�WKH�GLVDGYDQWDJHV
DVVRFLDWHG�ZLWK�ORZ�F6(6�DSSHDU�FRQVLVWHQW�DQG�SHUVLVWHQW�ZLWK�DJH��&URVV�QDWLRQDO�SDWWHUQV�LQGLFDWH
WKDW�F6(6�SDLQ�DVVRFLDWLRQV�DUH�ZHDNHVW�LQ�6FDQGLQDYLDQ�FRXQWULHV��VWURQJHU�LQ�6RXWKHUQ�DQG
(DVWHUQ�(XURSHDQ�FRXQWULHV��DQG�VWURQJHVW�LQ�,VUDHO��F6(6�GLVSDULWLHV�E\�DJH�SHUVLVWHQW�LQ
6FDQGLQDYLDQ�DQG�(DVWHUQ�FRXQWULHV��VKULQN�LQ�%LVPDUFNDLQ�DQG�6RXWKHUQ�FRXQWULHV��ZLWK�GLIIHUHQW
XQGHUO\LQJ�VXEVWDQWLYH�PHDQLQJV���DQG�ZLGHQ�LQ�,VUDHO���+LJKHU�VRFLDO�SURWHFWLRQ�H[SHQGLWXUHV�DQG
PRUH�JHQHURXV�ZHOIDUH�SROLFLHV�DUH�JHQHUDOO\�DVVRFLDWHG�ZLWK�VPDOOHU�F6(6�UHODWHG�SDLQ�JDSV�DQG
ZHDNHU�DPSOLILFDWLRQ�RI�FKLOGKRRG�GLVDGYDQWDJH�ZLWK�DJLQJ��7KLV�VWXG\�XQGHUVFRUHV�WKH�EXIIHULQJ
LPSDFWV�RI�VRFLRSROLWLFDO�FRQWH[WV�
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6WUXFWXUDO�IDFWRUV

6WUXFWXUDO�UDFLVP�DQG�/*%74��GLVFULPLQDWLRQ�LQ�VWDWH�SROLF\��$VVRFLDWLRQV�ZLWK�KHDOWK�DQG
KHDOWKFDUH�DFFHVV�&DURO\Q�)DQ
�&DURO\Q�)DQ��(OOH�/HWW��6WHSKHQ�0RRQH\��0HJKD�5DPDVZDP\�
:HQG\�%DUULQJWRQ�

%DFNJURXQG��5HVHDUFK�LV�HVVHQWLDO�WR�XQGHUVWDQG�QRW�RQO\�KRZ�V\VWHPV�RI�RSSUHVVLRQ�LQIOXHQFH
KHDOWK�LQHTXLWLHV��EXW�KRZ�PXOWLSOH�V\VWHPV�RI�RSSUHVVLRQ�LQWHUDFW�WR�FDXVH�WKHVH�KHDOWK�LQHTXLWLHV�
6WDWH�SROLF\�RIIHUV�D�ZD\�WR�LQYHVWLJDWH�D�FKDQJHDEOH�DQG�DFWLRQDEOH�DVSHFW�RI�VWUXFWXUDO�UDFLVP�DQG
GLVFULPLQDWLRQ�

0HWKRGV��7KLV�SDSHU�H[DPLQHV�LQGHSHQGHQW�DQG�MRLQW�DVVRFLDWLRQV�EHWZHHQ�VWUXFWXUDO�UDFLVP�
VWUXFWXUDO�FLVKHWHURVH[LVP��L�H���/*%74��GLVFULPLQDWLRQ���DQG�UDFH�DQG�VH[XDO�RULHQWDWLRQ�DQG
JHQGHU�LGHQWLW\��62*,��VXEJURXSV�RQ�RXWFRPHV�RI�KHDOWK�UHODWHG�TXDOLW\�RI�OLIH��FRVW�EDUULHUV�WR
VHHNLQJ�KHDOWKFDUH��DQG�LQVXUDQFH�VWDWXV��'DWD�VRXUFHV�LQFOXGH�����������%HKDYLRUDO�5LVN�)DFWRU
6XUYHLOODQFH�6\VWHP�GDWD��DV�ZHOO�DV�LQGLFHV�RI�VWUXFWXUDO�UDFLVP��$JiQRU�HW�DO�|V�GDWDEDVH�RI
6WUXFWXUDO�5DFLVP�UHODWHG�6WDWH�/DZV�IRU�+HDOWK�(TXLW\�5HVHDUFK�DQG�3UDFWLFH��DQG�VWUXFWXUDO
FLVKHWHURVH[LVP��0RYHPHQW�$GYDQFHPHQW�3URMHFW�/*%74�3ROLF\�7DOO\��LQ�VWDWH�SROLF\�

5HVXOWV��7KLV�VWXG\�IRXQG�WKDW�VWDWH�SROLF\�HQYLURQPHQWVzDQG�WKH�V\VWHPV�RI�RSSUHVVLRQ�WKH\
UHIOHFWzDUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�KHDOWK�DQG�KHDOWKFDUH�DFFHVV�DFURVV�D�QXPEHU�RI�UDFH�DQG
62*,�VXEJURXSV��/LYLQJ�LQ�PRUH�KDUPIXO�VWDWHV�IRU�����VWUXFWXUDO�UDFLVP������VWUXFWXUDO
FLVKHWHURVH[LVP��DQG�����ERWK�ZDV�JHQHUDOO\�DVVRFLDWHG�ZLWK�VLJQLILFDQWO\�ZRUVH�RXWFRPHV�IRU�QRW
RQO\�%,32&�DQG�/*%74��SRSXODWLRQV��EXW�DOVR�IRU�:KLWH�DQG�QRQ�/*%74��SHRSOH��2XU�UHVXOWV
VXJJHVW�D�EURDG�LPSDFW�RI�V\VWHPV�RI�RSSUHVVLRQ��KRZHYHU��WKH�PRVW�PDUJLQDOL]HG�VWLOO�EHDU�D
GLVSURSRUWLRQDWH�EXUGHQ�RI�SRRU�KHDOWK�DQG�EDUULHUV�WR�KHDOWKFDUH�

,PSDFW��7KHVH�ILQGLQJV�VKRXOG�EH�XVHG�WR�DGYRFDWH�IRU�VWDWH�SROLF\�FKDQJH�DQG�JDOYDQL]H
FKDQJHPDNHUV�LQ�DFDGHPLF��SROLF\��DQG�FRPPXQLW\��7KURXJK�WKHVH�UHVXOWV��VWDNHKROGHUV�FDQ�H[SORUH
ZKLFK�GHPRJUDSKLF�JURXSV�DUH�PRVW�LPSDFWHG�LQ�WHUPV�RI�KHDOWK�DQG�KHDOWKFDUH�DFFHVV��7KLV�FDQ
KHOS�SDUWQHUV�WDUJHW�WKHLU�SROLF\�DGYRFDF\��DV�ZHOO�DV�FRPPXQLW\�EDVHG�LQWHUYHQWLRQV�
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3ROLF\

,PSDFWV�RI�FRXQW\�OHYHO�HFRQRPLF�VXSSRUW�SROLFLHV�RQ�UDWHV�RI�FRPPXQLW\�ILUHDUP�YLROHQFH
5DIDHO�&KDUULV
�5DIDHO�&KDUULV��(OOLFRWW�0DWWKD\��0DWWKHZ�%UDQGQHU��0DJGDOHQD�&HUGD��,YDQ�'LD]�
6LGUD�*ROGPDQ�0HOORU��5LWD�+DPDG��6KDURQ�/LSSHUPDQ�.UHGD��%ULWD�5R\��5\DQ�7UHIIHUV�

,QVHFXULW\�LQ�KRXVLQJ��QXWULWLRQ��XWLOLWLHV��DQG�LQFRPH�DUH�UHFRJQL]HG�FRUUHODWHV�RI�FRPPXQLW\�ILUHDUP
YLROHQFH��\HW�OLWWOH�UHVHDUFK�KDV�DVVHVVHG�ZKHWKHU�SXEOLF�SROLFLHV�WKDW�VXSSRUW�DFFHVV�WR�WKHVH�EDVLF
QHHGV�KHOS�SUHYHQW�FRPPXQLW\�ILUHDUP�YLROHQFH��'XULQJ�WKH�&29,'����SDQGHPLF��VHYHUDO�FRXQWLHV
HQDFWHG�SROLFLHV�WR�PLWLJDWH�WKH�HFRQRPLF�FRQVHTXHQFHV�RI�WKH�SDQGHPLF�E\�RIIHULQJ�GLIIHUHQW�W\SHV
RI�HFRQRPLF�VXSSRUWV��:H�HVWLPDWHG�WKH�LPSDFW�RI�WKHVH�SROLFLHV�RQ�ILUHDUP�DVVDXOW�LQMXULHV�DFURVV
���&DOLIRUQLD�FRXQWLHV�IURP�-DQXDU\������WR�'HFHPEHU�������:H�DQDO\]HG�ZHHNO\�FRXQW\�OHYHO
SRSXODWLRQ�UHSUHVHQWDWLYH�GDWD�RQ�SROLFLHV�IURP�WKH�86�&29,'����&RXQW\�3ROLF\�'DWDEDVH��ILUHDUP
DVVDXOW�LQMXULHV�IURP�VWDWHZLGH�HPHUJHQF\�GHSDUWPHQW�DQG�LQSDWLHQW�KRVSLWDOL]DWLRQ�GLVFKDUJH
UHFRUGV��DQG�FRQIRXQGLQJ�YDULDEOHV�IURP�PXOWLSOH�SXEOLF�VRXUFHV��8VLQJ�PRGHUQ�FDXVDO�LQIHUHQFH
PHWKRG�DQG�DGMXVWLQJ�IRU�SRWHQWLDO�FRQIRXQGHUV��ZH�FRPSDUHG�FKDQJHV�LQ�ILUHDUP�DVVDXOW�LQMXU\
UDWHV�DVVRFLDWHG�ZLWK�HDFK�W\SH�RI�SROLF\�HQDFWHG�DV�REVHUYHG�YHUVXV�WKH�UDWHV�KDG�DOO�FRXQWLHV
SUHPDWXUHO\�VWRSSHG�WKH�JLYHQ�SROLF\�RQ�D�VSHFLILHG�GDWH��$FURVV�WKH�������FRXQW\�ZHHNV�RI
REVHUYDWLRQ��WKH�DYHUDJH�ZHHNO\�ILUHDUP�DVVDXOW�LQMXU\�UDWH�ZDV������SHU���������SHRSOH��1XWULWLRQ
VXSSRUW�SROLFLHV�ZHUH�DVVRFLDWHG�ZLWK�ORZHU�UDWHV�RI�ILUHDUP�DVVDXOW�LQMXULHV��5LVN�'LIIHUHQFH�>5'@
SHU����������������������&,�������������������DV�ZHUH�SDLG�VLFN�OHDYH�SROLFLHV��5'��������������&,�
�����������������EXW�RQO\�IRU�FHUWDLQ�SDQGHPLF�SHULRGV��WKURXJK�$SULO������DQG�DIWHU�2FWREHU������
UHVSHFWLYHO\���+RXVLQJ�SURWHFWLRQV��XQHPSOR\PHQW�VXSSRUWV��RWKHU�LQFRPH�VXSSRUWV��RU�XWLOLWLHV
SD\PHQW�VXSSRUWV�ZHUH�QRW�DVVRFLDWHG�ZLWK�ILUHDUP�DVVDXOW�LQMXULHV��$VVRFLDWLRQV�YDULHG�E\
UDFLDO�HWKQLF�JURXS��JHQGHU��DQG�DJH�JURXS��7KLV�VWXG\�DGGV�WR�D�VPDOO�EXW�JURZLQJ�OLWHUDWXUH�RQ�WKH
SRWHQWLDO�HIIHFWLYHQHVV�RI�HFRQRPLF�VXSSRUW�SROLFLHV�LQ�UHGXFLQJ�FRPPXQLW\�ILUHDUP�YLROHQFH�
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3ROLF\

61$3�3ROLFLHV�0DWWHU��)RRG�,QVXIILFLHQF\�$PRQJ�8�6��&KLOGUHQ�7DVQLP�7DEDVVXP
�7DVQLP
7DEDVVXP��%HQMDPLQ�:DONHU�

6XSSOHPHQWDO�1XWULWLRQ�$VVLVWDQFH�3URJUDP��61$3��LV�D�IHGHUDO�SURJUDP�WR�DGGUHVV�IRRG�LQVHFXULW\�
KRZHYHU��LW�YDULHV�DFURVV�VWDWHV�LQ�WHUPV�RI�SROLF\�JHQHURVLW\��:H�H[DPLQHG�ZKHWKHU�VWDWH�61$3
SROLF\�JHQHURVLW\�LV�DVVRFLDWHG�ZLWK�FKLOGUHQ|V�KRXVHKROG�IRRG�VLWXDWLRQ�DIWHU�DFFRXQWLQJ�IRU�FKLOG
DQG�KRXVHKROG�FKDUDFWHULVWLFV��DQG�ZKHWKHU�VWDWH�SROLF\�PRGLILHV�WKH�UHODWLRQVKLS�EHWZHHQ
KRXVHKROG�SRYHUW\��61$3�UHFHLSW��DQG�IRRG�LQVXIILFLHQF\�
:H�DQDO\]HG�GDWD�IURP�����������1DWLRQDO�6XUYH\�RI�&KLOGUHQ|V�+HDOWK��16&+���ZKHUH�FKLOGUHQ
ZHUH�QHVWHG�ZLWKLQ�VWDWHV��7KH�RXWFRPH�PHDVXUHV�KRXVHKROG�IRRG�VLWXDWLRQ�GXULQJ�WKH�SDVW���
PRQWKV�XVLQJ�D�IRXU�OHYHO�RUGHUHG�VFDOH��:H�HVWLPDWHG�PL[HG�HIIHFWV�RUGHUHG�ORJLVWLF�UHJUHVVLRQ
�PXOWLOHYHO��PRGHOV�ZLWK�UDQGRP�LQWHUFHSWV�IRU�VWDWHV��7KH�PRGHO�LGHQWLILHV�KRZ�LQGLYLGXDO�
KRXVHKROG��DQG�VWDWH�OHYHO�IDFWRUV�DUH�UHODWHG�WR�IRRG�VLWXDWLRQ��6WDWH�OHYHO�H[SRVXUH�ZDV�WKH�61$3
3ROLF\�,QGH[�������FROOHFWHG�IURP�86'$��7KLV�LQGH[�PHDVXUHV����SROLFLHV�UHODWHG�WR�61$3�HOLJLELOLW\�
WUDQVDFWLRQ�FRVWV��VWLJPD��DQG�RXWUHDFK�
*UHDWHU�VWDWH�61$3�JHQHURVLW\�ZDV�PRGHVWO\�DVVRFLDWHG�ZLWK�ORZHU�RGGV�RI�FKLOG�IRRG�KDUGVKLS��ZLWK
VLJQLILFDQW�EXW�VPDOO�VWDWH�OHYHO�YDULDWLRQ��,&& �������LQGLFDWLQJ�FRQWH[WXDO�SROLF\�LQIOXHQFHV��$�����
SRLQW�LQFUHDVH�LQ�WKH�61$3�JHQHURVLW\�LQGH[�ZDV�DVVRFLDWHG�ZLWK�DSSUR[LPDWHO\����ORZHU�RGGV�RI
EHLQJ�LQ�D�ZRUVH�IRRG�VXIILFLHQF\�FDWHJRU\��3DUHQWDO�KHDOWK�HPHUJHG�DV�D�VWURQJ�GHWHUPLQDQW�RI�FKLOG
IRRG�VXIILFLHQF\��&KLOGUHQ�ZKRVH�PRWKHUV�ZHUH�QRW�LQ�JRRG�KHDOWK�KDG������KLJKHU�RGGV�RI�ZRUVH
IRRG�VLWXDWLRQV��25� ��������ZKLOH�IDWKHU�DEVHQFH�ZDV�DVVRFLDWHG�ZLWK�����KLJKHU�RGGV��25� �������
,QWHUDFWLRQ�DQDO\VLV�VKRZHG�WKDW�WKH�SROLF\�HQYLURQPHQW�RI�VWDWHV�LV�QRW�GLVSURSRUWLRQDWHO\
SURWHFWLQJ�61$3�UHFLSLHQWV�FRPSDUHG�WR�HOLJLEOH�QRQ�UHFLSLHQWV��DQG�WKH�HIIHFW�DSSHDUV�XQLIRUP
DFURVV�LQFRPH�GHSWK��7KH�ILQGLQJV�VKRZ�WKH�LPSRUWDQFH�RI�WUDQVODWLQJ�WKH�EHQHILWV�RI�61$3�UHODWHG
SROLFLHV�WR�LPSURYH�FKLOGUHQ|V�IRRG�VHFXULW\�
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6RFLDO�UHODWLRQDO�IDFWRUV

$�/LIH�+LVWRU\�$SSURDFK�WR�,GHQWLI\LQJ�6RXUFHV�RI�'LVWUHVV�DPRQJ�6RXWK�$VLDQV��DQG
$VVHVVPHQW�RI�6WRU\WHOOLQJ�DV�D�0HQWDO�+HDOWK�,QWHUYHQWLRQ�1DKHHG�$KPHG
�1DKHHG�$KPHG�
6DLNDW�7DOXNGHU��+DURRQ�=DIDU��6DELKD�6XOWDQD��+HPDODWKD�1DLN��6DGLD�2EDLGXO��6LUD]DP�0XQLUD�
=DNLD�+RVVDLQ��.ODUD�:LFKWHUOH��$OND�.DQD\D��1DPUDWKD�.DQGXOD��1DGLD�,VODP�

,QWURGXFWLRQ

7KH�0HGLDWRUV�RI�$WKHURVFOHURVLV�LQ�6RXWK�$VLDQV�/LYLQJ�LQ�$PHULFD��0$6$/$��LV�WKH�ILUVW
ORQJLWXGLQDO�FRKRUW�VWXG\�RI�6RXWK�$VLDQ�$PHULFDQV��%XLOGLQJ�RQ�D�TXDOLWDWLYH�FRPSRQHQW�RI
0$6$/$��WKLV�VWXG\�LQWHJUDWHG�OLIH�KLVWRU\�LQWHUYLHZV�XVLQJ�D�WUDXPD�LQIRUPHG�DSSURDFK�WR�H[DPLQH
OLIHWLPH�VRXUFHV�RI�GLVWUHVV��,Q�DGGLWLRQ�WR�FRQGXFWLQJ�WKHVH�LQWHUYLHZV��SDUWLFLSDQWV�ZHUH�LQYLWHG�WR�D
VWRU\WHOOLQJ�ZRUNVKRS��ZKLFK�ZH�DVVHVVHG�DV�D�SRWHQWLDO�PHQWDO�KHDOWK�LQWHUYHQWLRQ�

0HWKRGV

$�WRWDO�RI����OLIH�KLVWRU\�LQWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK�D�VXEVDPSOH�RI�0$6$/$�SDUWLFLSDQWV�ZLWK
ORZ�DQG�KLJK�GHSUHVVLYH�V\PSWRPV��IRFXVLQJ�RQ�WKHLU�FKLOGKRRG��HGXFDWLRQ�DQG�HPSOR\PHQW�
PLJUDWLRQ�WR�WKH�8�6���OLIH�LQ�WKH�8�6���DQG�KLVWRULFDO�DQG�FRQWHPSRUDU\�VRXUFHV�RI�WUDXPD��,QWHUYLHZV
ZHUH�FRQGXFWHG�LQ�%DQJOD��8UGX��+LQGL��DQG�(QJOLVK��$XGLR�UHFRUGLQJV�RI�LQWHUYLHZV�ZHUH�WUDQVODWHG
DQG�WUDQVFULEHG�WR�(QJOLVK��0RGLILHG�JURXQGHG�WKHRU\�ZDV�XVHG�WR�DQDO\]H�GDWD��LQFOXGLQJ�DQ
LWHUDWLYH�SURFHVV�IRU�FRGHERRN�GHYHORSPHQW��GRXEOH�FRGLQJ�RI�WUDQVFULSWV��DQG�UHYLHZLQJ�FRGH
RXWSXWV�IRU�FRPPRQ�DQG�XQLTXH�WKHPHV��'DWD�ZHUH�DQDO\]HG�XVLQJ�'HGRRVH��7ZR�VWRU\WHOOLQJ
ZRUNVKRSV�ZHUH�KHOG�DQG�HYDOXDWLRQV�FRQGXFWHG�ZLWK�IDFLOLWDWRUV�DQG�SDUWLFLSDQWV�

5HVXOWV

3UHOLPLQDU\�ILQGLQJV�LQGLFDWH�PXOWLIDFHWHG�OLIH�WUDMHFWRULHV��0DQ\�SDUWLFLSDQWV�VKDUHG�MR\IXO
PHPRULHV�RI�WKHLU�FKLOGKRRG�UHODWHG�WR�FORVH�UHODWLRQVKLSV�ZLWK�IDPLO\�DQG�IULHQGV��DQG�FHOHEUDWLQJ
UHOLJLRXV�DQG�FXOWXUDO�KROLGD\V��0RWLYDWLRQV�IRU�PLJUDWLQJ�WR�WKH�8�6��YDULHG�DPRQJ�SDUWLFLSDQWV�
VXFK�DV�IDPLO\�UHXQLILFDWLRQ�DQG�VRFLRHFRQRPLF�RSSRUWXQLWLHV��3DUWLFLSDQWV�UHFRXQWHG�SDLQIXO�DQG
ODVWLQJ�PHPRULHV�IURP�WKH�FRQIOLFWV�LQ�6RXWK�$VLD��H�J���FRPPXQDO�YLROHQFH��ZDU���3UHOLPLQDU\
VWRU\WHOOLQJ�ZRUNVKRS�HYDOXDWLRQV�VXJJHVW�SDUWLFLSDQWV�WKRXJKW�WKH�ZRUNVKRS�ZDV�HIIHFWLYH�DQG
HQJDJLQJ�

'LVFXVVLRQ

7KHVH�ILQGLQJV�KLJKOLJKW�WKH�LPSRUWDQFH�RI�D�WUDXPD�LQIRUPHG�DSSURDFK�WR�XQGHUVWDQGLQJ�SDUWLFLSDQW
H[SHULHQFHV��DQG�KHDOWK�RXWFRPHV��:H�DUH�VWLOO�DQDO\]LQJ�GLIIHUHQFHV�EHWZHHQ�SDUWLFLSDQWV�ZLWK�ORZ
DQG�KLJK�GHSUHVVLYH�V\PSWRPV��DQG�KDYH�LGHQWLILHG�VLJQLILFDQW�VRXUFHV�RI�WUDXPD�DQG�UHVLOLHQFH
DPRQJ�SDUWLFLSDQWV��3UHOLPLQDU\�ILQGLQJV�VXJJHVW�VWRU\WHOOLQJ�KDV�WKH�SRWHQWLDO�WR�LPSURYH�PHQWDO
KHDOWK��DQG�DV�D�FRPPXQLW\�EDVHG�LQWHUYHQWLRQ�PD\�EH�PRUH�DFFHSWDEOH�WR�SDUWLFLSDQWV�
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6RFLDO�UHODWLRQDO�IDFWRUV

&RQQHFWLQJ�6XSSRUW��6RFLDO�1HWZRUN�'LYHUVLW\��0HQWDO�+HDOWK��DQG�+HOS�6HHNLQJ�$PRQJ
<RXQJ�$VLDQ�$PHULFDQV�+VLX�\X�<DQJ
�+VLX�\X�<DQJ�

%DFNJURXQG
$VLDQ�$PHULFDQ��$$��\RXWK�DUH�OHVV�OLNHO\�WKDQ�WKHLU�:KLWH�SHHUV�WR�VHHN�SURIHVVLRQDO�KHOS�IRU�PHQWDO
KHDOWK�SUREOHPV��SDUWO\�GXH�WR�FXOWXUDO�VWLJPD�DQG�PRGHO�PLQRULW\�H[SHFWDWLRQV��/HH�HW�DO��������
3KDP�HW�DO����������,QVWHDG��PDQ\�UHO\�RQ�FORVH�IULHQGV�ZKHQ�IDFLQJ�PHQWDO�KHDOWK�FKDOOHQJHV��'HUU�
������.LP�	�/HH���������+RZHYHU��OLWWOH�LV�NQRZQ�DERXW�KRZ�SHUVRQDO�QHWZRUNV�LQIOXHQFH�PHQWDO
KHDOWK�VHUYLFH�XWLOL]DWLRQ��%HFDXVH�VRFLDO�WLHV�IDFLOLWDWH�LQIRUPDWLRQ�IORZ�DQG�EHOLHI�H[FKDQJH��,�WHVW
KRZ�QHWZRUN�DWWULEXWHVzVXFK�DV�QXPEHU�RI�IULHQGV��LVRODWLRQ��DQG�GLYHUVLW\�LQ�UDFLDO�DQG�PLJUDWLRQ�
VWDWXV�����������JHQ�$PHULFDQ��FRPSRVLWLRQzPD\�VKDSH�KRZ�$$�\RXWK�SHUFHLYH�DQG�XWLOL]H�PHQWDO
KHDOWK�VHUYLFHV��

0HWKRG
,�XVH�:DYHV���DQG���RI�WKH�1DWLRQDO�/RQJLWXGLQDO�6WXG\�RI�$GROHVFHQW�WR�$GXOW�+HDOWK��$GG�+HDOWK��
$W�ZDYH����DURXQG���������y��WK�JUDGHUV�ZHUH�DVNHG�WR�QRPLQDWH�XS�WR�WHQ�FORVH�IULHQGV��7KHVH
QRPLQDWLRQV�DUH�XVHG�WR�FRQVWUXFW�QHWZRUN�PHDVXUHV�LQFOXGLQJ�LQ�GHJUHH��RXW�GHJUHH��LVRODWLRQ��DQG
QHWZRUN�GLYHUVLW\�LQ�UDFH�DQG�PLJUDWLRQ�VWDWXV��'LYHUVLW\�LV�PHDVXUHG�ZLWK�WKH�,QGH[�RI�4XDOLWDWLYH
9DULDWLRQ��,49���D��y��LQGH[�RI�FDWHJRULFDO�GLYHUVLW\��2XWFRPHV�LQFOXGH�GHSUHVVLYH�V\PSWRPV��&(6�'�
DQG�D�ELQDU\�LQGLFDWRU�RQ�SDVW�\HDU�PHQWDO�KHDOWK�VHUYLFH�XWLOL]DWLRQ�DW�:DYH����/LQHDU�DQG�ORJLVWLF
UHJUHVVLRQ�PRGHOV�DUH�HVWLPDWHG�DFURVV�UDFLDO�JURXSV��ZLWK�D�IRFXV�RQ�$$�\RXWK�

5HVXOW
$$�\RXWK�KDYH�WKH�ORZHVW�LQ��DQG�RXW�GHJUHHV�DPRQJ�UDFLDO�JURXSV�EXW�WKH�PRVW�GLYHUVH�QHWZRUNV�LQ
WHUPV�RI�UDFH��,49� �������DQG�PLJUDWLRQ�VWDWXV��,49� ��������$$�DOVR�VKRZV�KLJKHU�&(6�'��WKDQ
:KLWH�\RXWK��$VLDQ�ER\V�DUH�OHVV�OLNHO\�WR�VHHN�PHQWDO�KHDOWK�KHOS�WKDQ�:KLWH�ER\V��S��������$PRQJ
$VLDQ�ER\V��JUHDWHU�PLJUDWLRQ�VWDWXV�GLYHUVLW\�LQ�VRFLDO�QHWZRUNV�LQFUHDVHV�WKH�OLNHOLKRRG�RI�VHHNLQJ
KHOS��25� �������S���������ZKHUHDV�UDFLDO�GLYHUVLW\�GRHV�QRW�

&RQFOXVLRQ
)LQGLQJV�VXJJHVW�IULHQGVKLS�QHWZRUNV�PD\�SOD\�DQ�LPSRUWDQW�UROH�LQ�VKDSLQJ�PHQWDO�KHDOWK�KHOS�
VHHNLQJ�EHKDYLRUV�DPRQJ�$$�\RXWK�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

5DFH�(WKQLFLW\

([DPLQLQJ�PHQWDO�KHDOWK�GLDJQRVLV�DV�DQ�HIIHFW�PRGLILHU�RQ�PXOWLUDFLDO�$VLDQ�LGHQWLW\�DQG
SV\FKRORJLFDO�GLVWUHVV�7HVVD�3XOLGR
�7HVVD�3XOLGR��.DODQL�3KLOOLSV��9LYL�0DUWLQH]�0HQGR]D��$QQH
6DZ�

%DFNJURXQG��$VLDQ�$PHULFDQV�DUH�XQGHUUHSUHVHQWHG�LQ�PHQWDO�KHDOWK�VHUYLFH�XWLOL]DWLRQ�
0XOWLUDFLDO�$VLDQV��05$V��UHSRUW�KLJKHU�RGGV�RI�SV\FKRORJLFDO�GLVWUHVV�WKDQ�PRQRUDFLDO�SHHUV�\HW�DUH
PRUH�OLNHO\�WR�VHHN�FDUH�DQG�UHSRUW�EHWWHU�KHDOWK��7KH�PL[HG�ILQGLQJV�VXJJHVW�UDFLDO�LGHQWLW\�IOXLGLW\
PD\�EXIIHU�ULVNV�ZKLOH�DOVR�FUHDWH�VWUHVVRUV��)RU�05$V��D�PHQWDO�KHDOWK�GLDJQRVLV�PD\�LQWHUVHFW�ZLWK
LGHQWLW\�WR�VKDSH�KRZ�GLVWUHVV�LV�H[SHULHQFHG�

2EMHFWLYH��7KLV�VWXG\�H[DPLQHV�PXOWLUDFLDO�LGHQWLW\�DQG�SV\FKRORJLFDO�GLVWUHVV�EHWZHHQ�PRQRUDFLDO
$VLDQ�DQG�05$��$VLDQ�:KLWH��LQGLYLGXDOV�DQG�LQYHVWLJDWHV�ZKHWKHU�SUH�H[LVWLQJ�PHQWDO�KHDOWK
GLDJQRVLV�PRGLILHV�WKLV�UHODWLRQVKLS�

0HWKRGV��:H�XVHG�GDWD�IURP�D������QDWLRQDO�QHHGV�DVVHVVPHQW�RQ�$VLDQ�$PHULFDQV��7KH�VDPSOH
�Q �������LQFOXGHG�����$VLDQ�:KLWH�DQG�������PRQRUDFLDO�$VLDQ�$PHULFDQ�DGXOWV��8VLQJ
PXOWLYDULDEOH�OLQHDU�UHJUHVVLRQ��ZH�H[DPLQHG�PHQWDO�KHDOWK�GLDJQRVLV�DV�DQ�HIIHFW�PRGLILHU�EHWZHHQ
UDFLDO�LGHQWLW\��$VLDQ�:KLWH�YV��PRQRUDFLDO�$VLDQ��DQG�SV\FKRORJLFDO�GLVWUHVV�XVLQJ�3+4���VFRUHV�

5HVXOWV��2YHUDOO��������UHVSRQGHQWV�UHSRUWHG�KDYLQJ�D�PHQWDO�KHDOWK�GLDJQRVLV��8QDGMXVWHG�W�WHVWV
UHYHDOHG�D�VLJQLILFDQW�GLIIHUHQFH�LQ�GLVWUHVV��$VLDQ�:KLWH��0 ������6' ����PRQRUDFLDO�$VLDQ�
0 ������6' ������S �������KRZHYHU��DGMXVWLQJ�IRU�VRFLRGHPRJUDSKLF�YDULDEOHV�UHYHDOHG�QR
VLJQLILFDQW�GLIIHUHQFHV��:LWKRXW�D�PHQWDO�KHDOWK�GLDJQRVLV��RXU�LQWHUDFWLRQ�PRGHO�SUHGLFWHG�KLJKHU
GLVWUHVV�IRU�$VLDQ�:KLWH��\s ������WKDQ�PRQRUDFLDO�$VLDQ�LQGLYLGXDOV��\s �������:LWK�D�GLDJQRVLV��RXU
PRGHO�SUHGLFWHG�KLJKHU�GLVWUHVV�IRU�PRQRUDFLDO�$VLDQ��\s ������WKDQ�$VLDQ�:KLWH�LQGLYLGXDOV
�\s ������

&RQFOXVLRQ��$VLDQ�:KLWH�LGHQWLW\�LV�DVVRFLDWHG�ZLWK�JUHDWHU�GLVWUHVV�IRU�WKRVH�ZLWKRXW�D�PHQWDO
KHDOWK�GLDJQRVLV�EXW�ORZHU�GLVWUHVV�IRU�WKRVH�ZLWK�D�GLDJQRVLV��2XU�UHVXOWV�VXJJHVW�WKDW�SV\FKRORJLFDO
GLVWUHVV�PD\�YDU\�E\�UDFLDO�LGHQWLW\��)XWXUH�UHVHDUFK�PD\�H[DPLQH�KRZ�SUH�H[LVWLQJ�PHQWDO�KHDOWK
GLDJQRVHV�DQG�FRQWH[WXDO�IDFWRUV�VKDSH�H[SHULHQFHV�IRU�05$V�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

6RFLDO�UHODWLRQDO�IDFWRUV

&RUUHODWHV�RI�1HLJKERUKRRG�6RFLDO�&RKHVLRQ�DPRQJ�/DWLQ[�+LVSDQLFV��7KH�0XOWL�(WKQLF
6WXG\�RI�$WKHURVFOHURVLV�DQG�1HLJKERUKRRG�6WXG\�6DUDK�'LD]
�6DUDK�'LD]��7KHUHVD�2V\SXN�
'XVWLQ�'XQFDQ�

%DFNJURXQG��,Q�WKH�QHLJKERUKRRG�DQG�KHDOWK�OLWHUDWXUH��WKHUH�KDV�EHHQ�H[WHQVLYH�ZRUN�RQ�WKH
EHQHILWV�RI�QHLJKERUKRRG�VRFLDO�FRKHVLRQ��16&��RQ�KHDOWK�LQ�JHQHUDO�8QLWHG�6WDWHV��86��SRSXODWLRQV�
+RZHYHU��GHVSLWH�WKDW�/DWLQ[V�DUH�RQH�RI�WKH�IDVWHVW�JURZLQJ�SRSXODWLRQV�LQ�WKH�86��WKHUH�LV�OLPLWHG
UHVHDUFK�RQ�ZKDW�IHDWXUHV�RI�LPPLJUDQW�DVVLPLODWLRQ��VXFK�DV�(QJOLVK�ODQJXDJH�SURILFLHQF\�DQG
SHUFHLYHG�LQWHUSHUVRQDO�GLVFULPLQDWLRQ��PD\�DIIHFW�WKHLU�SHUFHSWLRQV�RI�16&�

0HWKRGV��:H�XVHG�WKH�0XOWL�(WKQLF�6WXG\�RI�$WKHURVFOHURVLV��D�PXOWL�VLWH�SRSXODWLRQ�EDVHG�VWXG\�
DQG�LWV�DQFLOODU\�1HLJKERUKRRG�6WXG\�FROOHFWHG�LQ������DQG������WR�H[DPLQH�WKH�DVVRFLDWLRQ
EHWZHHQ�WKUHH�LQGLFDWRUV�RI�DFFXOWXUDWLRQ�DQG�DVVLPLODWLRQ�SUR[LHV��L�H��(QJOLVK�ODQJXDJH�SURILFLHQF\�
SHUFHLYHG�LQWHUSHUVRQDO�GLVFULPLQDWLRQ��DQG�GHQVLW\�RI�VRFLDO�HQJDJHPHQW�GHVWLQDWLRQV��ZLWK
SHUFHLYHG�16&��0 ������6' ������XVLQJ�PXOWLOHYHO�OLQHDU�UHJUHVVLRQ�PRGHOV��DPRQJ
/DWLQ[�+LVSDQLF�SDUWLFLSDQWV��0RGHOV�ZHUH�DGMXVWHG�IRU�DJH��JHQGHU��KRXVHKROG�IDPLO\�LQFRPH��DQG
QDWLYLW\�VWDWXV��(IIHFW�PRGLILFDWLRQ�E\�UHVLGHQWLDO�/DWLQ[�:KLWH�VHJUHJDWLRQ��*
�VWDWLVWLF��ZDV
DVVHVVHG�LQ�ILQDO�PRGHOV�

5HVXOWV��5HVXOWV�VKRZHG�WKDW�H[SHULHQFLQJ�LQWHUSHUVRQDO�GLVFULPLQDWLRQ�DFURVV���RU�PRUH�GRPDLQV
FRPSDUHG�WR�QRQH�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�D������ORZHU�16&�VFRUH��6( ������S ������
DPRQJ�/DWLQ[�+LVSDQLFV�LQ�WKH�IXOO\�DGMXVWHG�PRGHO��(QJOLVK�ODQJXDJH�SURILFLHQF\�DQG�GHQVLW\�RI
VRFLDO�HQJDJHPHQW�GHVWLQDWLRQV�ZHUH�QRW�DVVRFLDWHG�ZLWK�16&��DQG�/DWLQ[�UHVLGHQWLDO�VHJUHJDWLRQ
GLG�QRW�PRGLI\�DVVLPLODWLRQ�16&�DVVRFLDWLRQV�

&RQFOXVLRQ��*LYHQ�WKH�RIWHQ�EHQHILFLDO�KHDOWK�HIIHFWV�RI�16&��RXU�ILQGLQJV�KLJKOLJKW�DQ�DGGLWLRQDO
DYHQXH�E\�ZKLFK�LQWHUSHUVRQDO�GLVFULPLQDWLRQ�PD\�QHJDWLYHO\�LQIOXHQFH�QRW�RQO\�LQGLYLGXDOV�EXW�DOVR
QHLJKERUKRRGV�DQG�WKH�FRPPXQLWLHV�WKDW�OLYH�LQ�WKHP��7KHVH�UHVXOWV�DOVR�KLJKOLJKW�WKH�LPSRUWDQFH�RI
LQWHJUDWLQJ�LQWHUSHUVRQDO�GLVFULPLQDWLRQ�LQWR�WKH�FRQFHSWXDOL]DWLRQ�RI�UHVHDUFK�RQ�16&�LQ�WKH�86�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

5HSURGXFWLYH�KHDOWK

7KH�,QGXFWLRQ�&DVFDGH�DV�D�6\VWHP�3UREOHP��0L[HG�0HWKRGV�(YLGHQFH�IURP�/RZ�5LVN
%LUWKV�LQ�/RXLVLDQD�'RYLOH�9LOGD
�'RYLOH�9LOGD��5HJDQ�$��0RVV�

%DFNJURXQG��5LVLQJ�LQWHUYHQWLRQ�XVH�LQ�ORZ�ULVN�SUHJQDQFLHV�KDV�KHLJKWHQHG�FRQFHUQV�DERXW
PHGLFDOL]DWLRQ�RI�ELUWK�DQG�XQQHFHVVDU\�SURFHGXUHV��,QGXFWLRQ�KDV�LQFUHDVHG�LQ�WKH�86�ZKLOH
FHVDUHDQ�WUHQGV�KDYH�IOXFWXDWHG��ZLWKLQ�UDFLDOL]HG�GLIIHUHQFHV�LQ�PDWHUQLW\�FDUH�VKDSHG�LQ�SDUW�E\
UDFLVP��:H�DVVHVVHG�ZKHWKHU�WUHQGV�DPRQJ�ORZ�ULVN�ELUWKV�UHIOHFW�V\VWHP�SUHVVXUHV�DQG�GLIIHU
DFURVV�UDFLDOL]HG�JURXSV�

0HWKRGV��([SODQDWRU\�VHTXHQWLDO�PL[HG�PHWKRGV��3KDVH���DQDO\]HG�/RXLVLDQD�ELUWK�UHFRUGV
�����y������UHVWULFWHG�WR�FOLQLFDOO\�ORZ�ULVN�ELUWKV��ILUVW�ELUWK��WHUP��VLQJOHWRQ��KHDG�GRZQ��QR
SUHH[LVWLQJ�FRQGLWLRQV�RU�PDMRU�SUHJQDQF\�FRPSOLFDWLRQV���:H�HVWLPDWHG�DQQXDO�SUHYDOHQFH�DQG
WUHQGV�LQ�LQGXFWLRQ�DQG�FHVDUHDQ�GHOLYHU\�DQG�WHVWHG�GLIIHUHQFHV�E\�UDFH�HWKQLFLW\��3KDVH���LQFOXGHV
���LQWHUYLHZV�ZLWK�REVWHWULF�FOLQLFLDQV��PLGZLYHV��/	'�QXUVHV��DQG�GRXODV��WUDQVFULSWV�ZHUH�DQDO\]HG
XVLQJ�GHGXFWLYH�DQG�LQGXFWLYH�WKHPDWLF�DQDO\VLV��,QWHJUDWLRQ�XVHG�MRLQW�GLVSOD\V�OLQNLQJ�WUHQGV�WR
SURYLGHU�GHVFULEHG�PHFKDQLVPV�

5HVXOWV��$PRQJ�ORZ�ULVN�ELUWKV��Q ����������FHVDUHDQ�GHFOLQHG�IURP�������LQ������WR�������LQ
������ZKLOH�LQGXFWLRQ�LQFUHDVHG�IURP�������WR��������S��������,QGXFWLRQ�LQFUHDVHG�PRVW�IRU�$VLDQ
SDWLHQWV��������WR��������DQG�%ODFN�SDWLHQWV��������WR���������:KLWH�SDWLHQWV�UHPDLQHG�KLJKHVW
RYHUDOO��������WR���������&HVDUHDQ�GHFOLQHG�DFURVV�JURXSV�EXW�UHPDLQHG�KLJKHU�IRU�%ODFN�SDWLHQWV
�������WR���������,QWHUYLHZV�KLJKOLJKWHG�SURWRFRO�WLPHOLQHV��TXDOLW\�RYHUVLJKW��VWDIILQJ�VFKHGXOLQJ
FRQVWUDLQWV��DQG�OLDELOLW\�GULYHQ�ULVN�PDQDJHPHQW�WKDW�QRUPDOL]H�GHIDXOW�HVFDODWLRQ�DQG�DQ�LQGXFWLRQ
SDWKZD\��OLPLWHG�FRXQVHOLQJ�WLPH�DQG�GLIIHUHQWLDO�IOH[LELOLW\�E\�SDWLHQW�UDFH�SD\HU�ZHUH�DOVR�QRWHG�

&RQFOXVLRQV��/RXLVLDQD�ORZ�ULVN�ELUWKV�VKRZ�LQFUHDVLQJ�LQGXFWLRQ�DORQJVLGH�GHFOLQLQJ�FHVDUHDQV�
ZLWK�UDFLDOL]HG�GLIIHUHQFHV��3URYLGHU�DFFRXQWV�SRLQW�WR�PRGLILDEOH�V\VWHP�WDUJHWV��LQFOXGLQJ�UHYLVLQJ
ORZ�ULVN�SURWRFROV�DQG�VWUHQJWKHQLQJ�VWDIILQJ�DQG�FRXQVHOLQJ�WR�VXSSRUW�VKDUHG�GHFLVLRQ�PDNLQJ�DQG
SK\VLRORJLF�ODERU�



������

���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

5HSURGXFWLYH�KHDOWK

.H\�,QIRUPDQW�3HUVSHFWLYHV�RQ�WKH�86�$ERUWLRQ�&DUH�(FRV\VWHP��$ERUWLRQ�6HHNHU�+ROLVWLF
1HHGV��DQG�&RQVLGHUDWLRQV�IRU�2YHU�WKH�&RXQWHU�0HGLFDWLRQ�$ERUWLRQ�/DXUD�-DFREVRQ
�/DXUD
-DFREVRQ��6DPDQWKD�5XJJLHUR��/HDK�6FRWW��5XYDQL�-D\DZHHUD��&DLWOLQ�*HUGWV�

%DFNJURXQG�
$ERUWLRQ�DFFHVV�LQ�WKH�8QLWHG�6WDWHV�LV�VKDSHG�E\�DQ�HFRV\VWHP�RI�FOLQLFDO��FRPPXQLW\��OHJDO��SROLF\�
DQG�IXQGLQJ�DFWRUV��0DQ\�SHRSOH�UHO\�RQ�VHOIxPDQDJHG�PHGLFDWLRQ�DERUWLRQ��60$��VXSSRUWHG�E\
KHOSOLQHV��SLOOxE\xPDLO�LQLWLDWLYHV��GRXODV��DERUWLRQ�IXQGV��DQG�ZUDSxDURXQG�SUDFWLFHV��$V�IRUPDO
RYHUxWKHxFRXQWHU��27&��PHGLFDWLRQ�DERUWLRQ�LV�H[SORUHG��OLWWOH�LV�NQRZQ�DERXW�HFRV\VWHPxOHYHO
IDFLOLWDWRUV��VRFLDO�VXSSRUWV��DQG�LPSOHPHQWDWLRQ�FKDOOHQJHV��:H�GHVFULEH�WKH�FXUUHQW�DERUWLRQ
HFRV\VWHP��FKDUDFWHUL]H�SHUFHSWLRQV�RI�DERUWLRQxVHHNHUV|�KROLVWLF�QHHGV��H[DPLQH�KRZ�WKH�HFRV\VWHP
PHHWV�RU�IDLOV�WR�PHHW�WKRVH�QHHGV��DQG�LGHQWLI\�HTXLWDEOH�SDWKZD\V�WR�27&�PHGLFDWLRQ�DERUWLRQ�WR
LQIRUP�SROLF\�DQG�SUDFWLFH�

0HWKRGV�
:H�FRQGXFWHG�D�TXDOLWDWLYH�VWXG\�XVLQJ�VHPLxVWUXFWXUHG�NH\xLQIRUPDQW�LQWHUYLHZV��:H�UHFUXLWHG���
H[SHUWV�IURP�VH[XDO�DQG�UHSURGXFWLYH�KHDOWK��ULJKWV��DQG�MXVWLFH�RUJDQL]DWLRQV�DFURVV�WKH�8QLWHG
6WDWHV�YLD�SXUSRVLYH�VDPSOLQJ��GUDZLQJ�RQ�SURIHVVLRQDO�QHWZRUNV�WR�FDSWXUH�GLYHUVH�SHUVSHFWLYHV
DQG�UROHV�DFURVV�WKH�HFRV\VWHP��:H�LQFOXGHG�FOLQLFLDQV��FOLQLF�EDVHG�DQG�ZUDSxDURXQG�SUDFWLFHV��
SLOOxE\xPDLO�SURJUDPV��IXOOxVSHFWUXP�GRXODV��DERUWLRQ�IXQGV��QDWLRQDO�KRWOLQHV��UHSURGXFWLYHxMXVWLFH
RUJDQL]DWLRQV��DQG�OHJDO�DQG�SROLF\�DGYRFDWHV��3DUWLFLSDQWV�ZRUNHG�QDWLRQDOO\�DQG�LQ����VWDWHV��ZLWK
PDQ\�EDVHG�LQ�UHVWULFWLYH�6RXWKHUQ�DQG�0LGZHVWHUQ�UHJLRQV��,QWHUYLHZV�H[SORUHG�WKH�DERUWLRQ
ODQGVFDSH��KROLVWLF�QHHGV��SHUFHLYHG�IDFLOLWDWRUV��EDUULHUV��DQG�HTXLW\�VDIHJXDUGV�IRU�27&�PHGLFDWLRQ
DERUWLRQ��,QWHUYLHZV�ZHUH�UHFRUGHG�ZKHQ�SHUPLWWHG��WUDQVFULEHG��GHxLGHQWLILHG��DQG�DQDO\]HG�XVLQJ
WKHPDWLF�DQDO\VLV�ZLWK�D�FRPELQHG�GHGXFWLYH��HFRV\VWHP�GRPDLQV��DQG�LQGXFWLYH�DSSURDFK�

5HVXOWV�
,QWHUYLHZHHV�GHVFULEHG�D�VWUDLQHG�EXW�UHVLOLHQW�DERUWLRQ�HFRV\VWHP�GHOLYHULQJ�FOLQLFDO�FDUH�
LQIRUPDWLRQ��ORJLVWLFDO��OHJDO��DQG�ILQDQFLDO�VXSSRUW�DFURVV�WKH�DFFHVV�FRQWLQXXP��5ROHV�LQFOXGHG
WUDYHOLQJ�FOLQLFLDQV�DQG�ZUDSxDURXQG�SUDFWLFHV��SLOOxE\xPDLO�LQLWLDWLYHV��IXOOxVSHFWUXP�GRXODV��KRWOLQHV�
DERUWLRQ�IXQGV��DQG�DGYRFDF\�JURXSV�ZRUNLQJ�LQ�FRQFHUW�WR�JXLGH�SHRSOH�EHIRUH��GXULQJ��DQG�DIWHU
DERUWLRQ��:H�LGHQWLILHG�OD\HUHG��LQWHUVHFWLQJ�KROLVWLF�QHHGV�WKDW�VKDSH�GHFLVLRQxPDNLQJ�DQG�GHOD\V�
SUDFWLFDO�LQIRUPDWLRQ��FRVW�DQG�ORVW�ZDJHV��WUDQVSRUWDWLRQ�DQG�FKLOGFDUH��OHJDO�ULVN�DQG
FULPLQDOL]DWLRQ�IHDUV��LPPLJUDWLRQ�HQIRUFHPHQW��HPRWLRQDO�FDUH��LQWLPDWHxSDUWQHU�YLROHQFH��IROORZxXS
DFFHVV��VWLJPD��DQG�QHHGV�VXFK�DV�KRXVLQJ�DQG�IRRG��3DUHQWV��%ODFN�DQG�/DWLQ[�FRPPXQLWLHV�
/*%74��SHRSOH��LQFOXGLQJ�WUDQVxPDVFXOLQH�FOLHQWV���LPPLJUDQWV��\RXWK��UXUDO�UHVLGHQWV��SHRSOH�ZLWK
GLVDELOLWLHV��DQG�WKRVH�OLYLQJ�LQ�SRYHUW\�IDFHG�DPSOLILHG�EDUULHUV��7KH�HFRV\VWHP�PHHWV�QHHGV�WKURXJK
FXUDWHG�LQIRUPDWLRQ�WRROV��VKLHOGxODZ�YLUWXDO�FDUH��SUDFWLFDO�DQG�ILQDQFLDO�VXSSRUW��SHHU
DFFRPSDQLPHQW��SURYLGHU�OHJDO�SURWRFROV��DQG�SROLF\�DGYRFDF\��<HW�FDSDFLW\�OLPLWV��FKLOOLQJ�HIIHFWV�RI
LQIRUPDWLRQxVKDULQJ��MXGJPHQWDO�VSDFHV��KDUPIXO�PHGLD�QDUUDWLYHV��FOLQLF�UXOHV�WKDW�H[FOXGH�FKLOGUHQ�
DQG�FOLQLF�GHVHUWV�SHUVLVW��27&�PHGLFDWLRQ�DERUWLRQ�ZDV�ZLGHO\�YLHZHG�DV�D�}JDPHxFKDQJHU~�WKDW
FRXOG�VKULQN�ORJLVWLFDO�EXUGHQV�LI�SDLUHG�ZLWK�SODLQxODQJXDJH�LQVWUXFWLRQV��PXOWLOLQJXDO�KRWOLQHV�
DFFRPSDQLPHQW��DQG�FOHDU�JXLGDQFH�RQ�IROORZxXS�DQG�OHJDO�ULJKWV��&RQFHUQV�DERXW�27&�FHQWHUHG�RQ
SDWFKZRUN�OHJDOLW\��SKDUPDF\�KDUDVVPHQW��DJH�,'�YHULILFDWLRQ��FRHUFLRQ��DQG�FOLQLF�ILQDQFLQJ�

&RQFOXVLRQ�
$ERUWLRQ�VHHNHUV�QHHG�VWUDLJKWIRUZDUG��PXOWLOLQJXDO�LQIRUPDWLRQ�RQ�RSWLRQV�DQG�OHJDOLW\��DIIRUGDEOH



������

FDUH�DQG�SUDFWLFDO�KHOS��IXQGLQJ��WUDYHO��FKLOGFDUH��WLPH�RII���IROORZxXS�VXSSRUW��DFFHVVLEOH
FOLQLFDO�OHJDO�DGYLFH��GLJLWDO�SULYDF\��SURWHFWLRQ�IURP�FULPLQDOL]DWLRQ�DQG�LPPLJUDWLRQ�HQIRUFHPHQW�
QRQxMXGJPHQWDO�HPRWLRQDO�DQG�SHHU�VXSSRUW��DQG�DFFHVVLEOH��FXOWXUDOO\�DIILUPLQJ�VHUYLFHV�IRU
SDUHQWV��\RXWK��UXUDO�UHVLGHQWV��GLVDEOHG�DQG�/*%74��SHRSOH��6XVWDLQDEOH�IXQGLQJ�LV�QHHGHG�WR
H[SDQG�HFRV\VWHP�FDSDFLW\��27&�PHGLFDWLRQ�DERUWLRQ�PD\�HDVH�EXUGHQV�LQ�D�VXSSRUWLYH�OHJDO
HQYLURQPHQW�WKDW�LV�HPEHGGHG�ZLWKLQ�WKHVH�VXSSRUWV�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

+HDOWK�FDUH�VHUYLFHV

'R�5DFLDO�0LFURDJJUHVVLRQV�LQ�3UHQDWDO�&DUH�6HWWLQJV�3UHGLFW�3RRU�4XDOLW\�3UHQDWDO�&DUH
IRU�%ODFN�$IULFDQ�$PHULFDQ�:RPHQ"�+DELEDK�,MDL\D
�+DELEDK�,MDL\D��'DZQ�0LVUD��-DLPH
6ODXJKWHU�$FH\�

%DFNJURXQG��,Q�WKH�8QLWHG�6WDWHV��%ODFN�$IULFDQ�$PHULFDQ��$$��ZRPHQ�IDFH�VLJQLILFDQW�KHDOWK
GLVSDULWLHV��LQFOXGLQJ�KLJKHU�UDWHV�RI�$GYHUVH�3UHJQDQF\�2XWFRPHV��$32V���7KLV�LV�GHVSLWH�LQFUHDVHG
XWLOL]DWLRQ�RI�SUHQDWDO�FDUH��31&��RYHU�WLPH��ZKLFK�LV�D�FULWLFDO�LQWHUYHQWLRQ�IRU�LGHQWLI\LQJ�DQG
PDQDJLQJ�SUHJQDQF\�UHODWHG�FRPSOLFDWLRQV��:KLOH�PRVW�UHVHDUFK�KDV�IRFXVHG�RQ�31&�HQWU\��OHVV
DWWHQWLRQ�KDV�EHHQ�JLYHQ�WR�WKH�TXDOLW\�RI�31&�UHFHLYHG��7KLV�VWXG\�LQYHVWLJDWHV�WKH�DVVRFLDWLRQ
EHWZHHQ�SHUFHLYHG�UDFLDO�PLFURDJJUHVVLRQV�GXULQJ�31&�DQG�SHUFHLYHG�TXDOLW\�RI�31&�DPRQJ�$$
ZRPHQ�

0HWKRGV��'DWD�ZHUH�GUDZQ�IURP�����$$�ZRPHQ�HQUROOHG�LQ�WKH�RQJRLQJ�/LIH�&RXUVH�,QIOXHQFHV�RQ
)HWDO�(QYLURQPHQWV����/,)(����ELUWK�FRKRUW�LQ�0HWURSROLWDQ�'HWURLW��0LFKLJDQ��5DFLDO
PLFURDJJUHVVLRQV�GXULQJ�SUHQDWDO�FDUH�ZHUH�PHDVXUHG�XVLQJ�WKH�'DLO\�/LIH�([SHULHQFHVy3UHQDWDO
&DUH��'/(�31&��VFDOH�DQG�FDWHJRUL]HG�XVLQJ�WKH�VDPSOH�PHGLDQ������YV��������4XDOLW\�RI�SUHQDWDO
FDUH��431&��ZDV�DVVHVVHG�XVLQJ�WKH�4XDOLW\�RI�3UHQDWDO�&DUH�4XHVWLRQQDLUH�DQG�GLFKRWRPL]HG�DW�WKH
PHGLDQ�VFRUH�������YV���������%LQRPLDO�UHJUHVVLRQ�ZLWK�DQ�LGHQWLW\�OLQN�ZDV�XVHG�WR�HVWLPDWH�ULVN
GLIIHUHQFHV��5'��

5HVXOWV��$ERXW�KDOI�RI�ZRPHQ�UHSRUWHG�SRRU�431&��VFRUHV��������,Q�WKH�XQDGMXVWHG�PRGHO��ZRPHQ
H[SHULHQFLQJ�PRUH�IUHTXHQW�UDFLDO�PLFURDJJUHVVLRQV��'/(�31&������KDG�D����SHUFHQWDJH�SRLQW
KLJKHU�SUREDELOLW\�RI�SRRU�431&�FRPSDUHG�ZLWK�WKRVH�H[SHULHQFLQJ�OHVV�IUHTXHQW�PLFURDJJUHVVLRQV
�5'� �����������&,������y�������$IWHU�DGMXVWLQJ�IRU�SRWHQWLDO�FRQIRXQGHUV��ZRPHQ�H[SHULHQFLQJ�PRUH
IUHTXHQW�UDFLDO�PLFURDJJUHVVLRQV�KDG�D���ySHUFHQWDJH�SRLQW�KLJKHU�SUREDELOLW\�RI�SRRU�431&��5'� 
����������&,������y������

&RQFOXVLRQV��$GGUHVVLQJ�UDFLDO�PLFURDJJUHVVLRQV�LQ�31&�LV�HVVHQWLDO�WR�DGYDQFLQJ�WKH�TXDOLW\�DQG
HTXLW\�RI�FDUH�H[SHULHQFHG�E\�$$�ZRPHQ��)XWXUH�UHVHDUFK�VKRXOG�PRYH�EH\RQG�PHDVXUHV�RI�31&
LQLWLDWLRQ�WR�LQFRUSRUDWH�ZRPHQ|V�H[SHULHQFHV�RI�FDUH�TXDOLW\�WKURXJKRXW�SUHJQDQF\�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

3XEOLF�+HDOWK�&RPPXQLFDWLRQ�DQG�7UXVW

+RZ�$GROHVFHQWV�,QWHUSUHW�&RQWUDFHSWLYH�&RQWHQW�RQ�6RFLDO�0HGLD��$�0XOWL�6WDWH
4XDOLWDWLYH�6WXG\�$SULO�%HOO
�$SULO�%HOO��6DWLYD�%DQNV��6XEDVUL�1DUDVLPKDQ�

%DFNJURXQG�
)RU�PDQ\�DGROHVFHQWV��VRFLDO�PHGLD�VHUYHV�DV�D�URXWLQH�VRXUFH�RI�KHDOWK�LQIRUPDWLRQ��:KLOH�SULRU
UHVHDUFK�KDV�GRFXPHQWHG�H[SRVXUH�WR�RQOLQH�FRQWUDFHSWLYH�FRQWHQW��OHVV�LV�NQRZQ�DERXW�KRZ
DGROHVFHQWV�GHVFULEH�LQWHUSUHWLQJ�DQG�LQWHJUDWLQJ�WKDW�FRQWHQW�LQWR�WKHLU�WKLQNLQJ�DERXW�SUHVFULEHG
ELUWK�FRQWURO��([DPLQLQJ�\RXWK�DFFRXQWV�FDQ�FODULI\�KRZ�GLJLWDO�LQIRUPDWLRQ�HQYLURQPHQWV�VKDSH
FRQWUDFHSWLYH�PHDQLQJ�PDNLQJ�

0HWKRGV�
:H�DQDO\]HG�RSHQ�HQGHG�UHVSRQVHV�IURP�����DGROHVFHQWV��PHDQ�DJH������\HDUV��6'�������UHVLGLQJ�LQ
���8�6��VWDWHV�DQG�:DVKLQJWRQ��'&��7KH�VDPSOH�LQFOXGHG�����IHPDOHV��������������PDOHV���������
DQG����JHQGHU�GLYHUVH�\RXWK����������������LGHQWLILHG�DV�%ODFN��������$VLDQ�������PXOWLUDFLDO��DQG
������+LVSDQLF��3DUWLFLSDQWV�UHVSRQGHG�WR�WKH�TXHVWLRQ��}+RZ�KDV�VRFLDO�PHGLD�DIIHFWHG�\RXU
WKRXJKWV�DERXW�SUHVFULEHG�ELUWK�FRQWURO"~�8VLQJ�LQGXFWLYH�WKHPDWLF�DQDO\VLV��ZH�LGHQWLILHG�UHFXUULQJ
SDWWHUQV�LQ�KRZ�DGROHVFHQWV�GHVFULEH�HQFRXQWHULQJ�DQG�HYDOXDWLQJ�FRQWUDFHSWLYH�FRQWHQW�

5HVXOWV�
7KUHH�SDWWHUQV�ZHUH�SURPLQHQW��)LUVW��SDUWLFLSDQWV�IUHTXHQWO\�GHVFULEHG�H[SRVXUH�WR�QDUUDWLYHV
HPSKDVL]LQJ�VLGH�HIIHFWV�DQG�KRUPRQDO�KDUPV��ZKLFK�VKDSHG�SHUFHSWLRQV�RI�ULVN��6HFRQG�
DGROHVFHQWV�KLJKOLJKWHG�WKH�UROH�RI�SHHU�JHQHUDWHG�FRQWHQWzLQFOXGLQJ�LQIOXHQFHUV�DQG�FRPPHQW
WKUHDGVzLQ�HVWDEOLVKLQJ�LQIRUPDO�QRUPV�DERXW�ZKDW�IRUPV�RI�FRQWUDFHSWLRQ�DUH�YLHZHG�DV�DFFHSWDEOH
RU�}QDWXUDO�~�7KLUG��PDQ\�UHVSRQGHQWV�GHVFULEHG�QDYLJDWLQJ�FRQIOLFWLQJ�RU�PL[HG�PHVVDJHV�
H[SUHVVLQJ�XQFHUWDLQW\�DERXW�KRZ�WR�DVVHVV�FUHGLELOLW\��$OWKRXJK�VRPH�SDUWLFLSDQWV�UHSRUWHG
LQFUHDVHG�DZDUHQHVV�RI�FRQWUDFHSWLYH�RSWLRQV��DFFRXQWV�RI�FDXWLRQDU\�RU�QHJDWLYH�FRQWHQW�ZHUH�PRUH
FRPPRQ�

&RQFOXVLRQV�
$GROHVFHQWV�LQ�WKLV�PXOWL�VWDWH�VDPSOH�GHVFULEH�VRFLDO�PHGLD�QRW�RQO\�DV�D�VRXUFH�RI�FRQWUDFHSWLYH
LQIRUPDWLRQ��EXW�DV�D�FRQWH[W�LQ�ZKLFK�PHDQLQJV�DERXW�ULVN��DFFHSWDELOLW\��DQG�VDIHW\�DUH�QHJRWLDWHG�
3XEOLF�KHDOWK�HIIRUWV�DLPHG�DW�LPSURYLQJ�DGROHVFHQW�VH[XDO�DQG�UHSURGXFWLYH�KHDOWK�PD\�EHQHILW�IURP
HQJDJLQJ�ZLWK�KRZ�\RXWK�LQWHUSUHW�GLJLWDO�FRQWUDFHSWLYH�QDUUDWLYHV��UDWKHU�WKDQ�IRFXVLQJ�VROHO\�RQ
LQIRUPDWLRQ�SURYLVLRQ�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

5HSURGXFWLYH�KHDOWK

j,�QHHGHG�WR�EH�P\�RZQ�SURYLGHUk��$�4XDOLWDWLYH�([SORUDWLRQ�RI�,8'�,QVHUWLRQ�3DLQ��3DWLHQW�
3URYLGHU�7UXVW��DQG�+HDOWKFDUH�1DYLJDWLRQ�0XQD�+DVVDQ
�0XQD�+DVVDQ��0DGHOLQH�0DKRQH\�
$VKD�+DVVDQ�

,Q�UHFHQW�\HDUV��D�VXUJH�RI�VRFLDO�PHGLD�SRVWV�RQ�7LN7RN�KDV�EURXJKW�SXEOLF�DWWHQWLRQ�WR�SHRSOH|V
H[SHULHQFHV�ZLWK�,8'�LQVHUWLRQ�SDLQ��ZLWK�VRPH�XVHUV�GRFXPHQWLQJ�WKHLU�SURFHGXUHV�DQG�VKDULQJ
QDUUDWLYHV�RI�XQH[SHFWHG�RU�VHYHUH�SDLQ��7KHVH�VWRULHV�PD\�EH�FRQWULEXWLQJ�WR�JURZLQJ�PLVWUXVW�LQ
PHGLFDO�SURYLGHUV�DQG�FRQWUDFHSWLYH�WHFKQRORJ\��7KH�JRDO�RI�WKLV�VWXG\�LV�WR�H[DPLQH�KRZ�WKH
H[SHULHQFHV�RI�D�SDLQIXO�,8'�LQVHUWLRQ�LQIOXHQFH�IXWXUH�UHSURGXFWLYH�DQG�FRQWUDFHSWLYH�GHFLVLRQ�
PDNLQJ�DQG�WKHLU�WUXVW�LQ�KHDOWKFDUH�SURYLGHUV��:H�FRQGXFWHG�VHPL�VWUXFWXUHG�TXDOLWDWLYH�LQWHUYLHZV
�Q ����EHWZHHQ�2FWREHU������DQG�-DQXDU\������ZLWK�SHRSOH�ZKR�H[SHULHQFHG�D�SDLQIXO�,8'
LQVHUWLRQ�EHWZHHQ�VL[�PRQWKV�DQG�WZR�\HDUV�DJR��5HFUXLWPHQW�IO\HUV�ZHUH�SRVWHG�LQ�UHSURGXFWLYH
KHDOWK�FOLQLFV�LQ�WKH�7ZLQ�&LWLHV�PHWURSROLWDQ�DUHD��,QWHUYLHZV�ZHUH�DQDO\]HG�XVLQJ�WKH�6RUW�DQG�6LIW�
7KLQN�DQG�6KLIW�TXDOLWDWLYH�DQDO\VLV�PHWKRG�

,QWHUYLHZ�SDUWLFLSDQWV�ZHUH�PHGLDQ�DJH���������QXOOLSDURXV������PRQRUDFLDO�ZKLWH������ZRPHQ�RU
FLVJHQGHU�ZRPHQ��0DMRULW\�RI�SDUWLFLSDQWV�UHSRUWHG�IHHOLQJ�XQGHUSUHSDUHG�IRU�WKH�SDLQ�WKH\
H[SHULHQFHG�GXULQJ�LQVHUWLRQ��'LUHFW�DQG�KRQHVW�FRPPXQLFDWLRQ�IURP�KHDOWKFDUH�SURYLGHUV��DQ
HVWDEOLVKHG�UHODWLRQVKLS�ZLWK�WKHLU�SURYLGHU��DQG�EHLQJ�RIIHUHG�SDLQ�PDQDJHPHQW�RSWLRQV�DOO
FRQWULEXWHG�WR�D�PRUH�SRVLWLYH�,8'�LQVHUWLRQ�H[SHULHQFH��)DFWRUV�WKDW�FRQWULEXWHG�WR�PRUH�QHJDWLYH
,8'�LQVHUWLRQ�H[SHULHQFHV�LQFOXGHG�PXOWLSOH�LQVHUWLRQ�DWWHPSWV��SUHVHQFH�RI�RU�LQVHUWLRQ�E\�VWXGHQWV
RU�WUDLQHHV��DQG�XQFOHDU�RU�XQHPSDWKHWLF�FRPPXQLFDWLRQ��6RPH�SDUWLFLSDQWV�H[SUHVVHG�LQFUHDVHG
PHGLFDO�PLVWUXVW�DQG�VHOI�DGYRFDF\�LQ�KHDOWKFDUH�VHWWLQJV�DIWHU�WKHLU�H[SHULHQFH�ZLWK�D�SDLQIXO�,8'
LQVHUWLRQ��&OLQLFLDQV�VKRXOG�SUDFWLFH�FOHDU�FRPPXQLFDWLRQ�DERXW�,8'�LQVHUWLRQ�SDLQ��WKH�DGMXVWPHQW
SHULRG��DQG�,8'�VLGH�HIIHFWV��3DLQIXO�,8'�LQVHUWLRQV�DQG�QHJDWLYH�H[SHULHQFHV�ZLWK�FRQWUDFHSWLYH
VLGH�HIIHFWV�PD\�LQFUHDVH�PHGLFDO�PLVWUXVW��ZDULQHVV�RI�FRQWUDFHSWLYH�WHFKQRORJLHV��DQG�DELOLW\�WR
VHOI�DGYRFDWH�LQ�KHDOWKFDUH�VHWWLQJV�
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5DFH�(WKQLFLW\

6XLFLGH�5HODWHG�+RVSLWDOL]DWLRQV�$PRQJ�%ODFN�5HVLGHQWV�)ROORZLQJ�WKH�'HFOLQH�RI�6WRS�
DQG�)ULVN�LQ�1HZ�<RUN�&LW\�3DUYDWL�6LQJK
�3DUYDWL�6LQJK�

5DFLDOO\�WDUJHWHG�SROLFLQJ�SUDFWLFHV�PD\�LQFUHDVH�SV\FKRORJLFDO�VWUHVV�DQG�DGYHUVH�PHQWDO�KHDOWK
RXWFRPHV�DPRQJ�%ODFN�SRSXODWLRQV��(PEOHPDWLF�RI�WKHVH�SDWWHUQV��1HZ�<RUN�&LW\|V�SROLFH
GHSDUWPHQW|V��1<3'��VWRS�DQG�IULVN�SUDFWLFHV�JHQHUDWHG�ZLGHVSUHDG�FRQFHUQ�WKDW�OHG�WR�WKH�FODVV
DFWLRQ�ODZVXLW�)OR\G�Y��&LW\�RI�1HZ�<RUN��ZKLFK�FKDOOHQJHG�WKHLU�FRQVWLWXWLRQDOLW\�DQG�SUHFHGHG
PDMRU�FKDQJHV�LQ�1<3'�K\SHU�VXUYHLOODQFH�SDWWHUQV��1<3'�VWRS�DQG�IULVN�YROXPH�GHFOLQHG�UDSLGO\
IROORZLQJ�WKH�ILOLQJ�RI�WKH�)OR\G�ODZVXLW�LQ�������DQG�D�IHGHUDO�FRXUW�GHFODUHG�WKH�SUDFWLFH
XQFRQVWLWXWLRQDO�LQ�������:H�H[DPLQHG�ZKHWKHU�WKLV�SHULRG�RI�UDSLG�GHFOLQH�1<3'|V�VWRS�DQG�IULVN
SUDFWLFH�FRUUHVSRQGHG�ZLWK�UHGXFWLRQV�LQ�VXLFLGH�UHODWHG�KRVSLWDOL]DWLRQV�DPRQJ�%ODFN�SRSXODWLRQV�LQ
1HZ�<RUN�&LW\��1<&��

:H�XVHG�GDWD�IURP�WKH�+HDOWKFDUH�&RVW�DQG�8WLOL]DWLRQ�3URMHFW�6WDWH�,QSDWLHQW�'DWDEDVH�IRU�DOO�1HZ
<RUN��1<��VWDWH�FRXQWLHV�IURP������WR�������:H�GHILQHG�WKH�RXWFRPH�DV�FRXQW\�\HDU�FRXQWV�RI
KRVSLWDOL]DWLRQV�IRU�VXLFLGDO�LGHDWLRQ�RU�VHOI�KDUP��:H�FRQGXFWHG�D�GLIIHUHQFH�LQ�GLIIHUHQFH�LQ
GLIIHUHQFH�DQDO\VLV�XVLQJ�FRQGLWLRQDO�IL[HG�HIIHFWV�3RLVVRQ�UHJUHVVLRQ�PRGHOV��:H�GHILQHG�WKH�ILYH
1<&�FRXQWLHV�DV�WKH�WUHDWHG�JURXS�DQG�DOO�RWKHU�1<�FRXQWLHV�DV�WKH�FRPSDULVRQ�JURXS��:H�GHILQHG
WKH�SRVW�WUHDWPHQW�SHULRG�DV�\HDUV�EHJLQQLQJ�LQ�������:H�HVWLPDWHG�WKH�WULSOH�GLIIHUHQFH�FRHIILFLHQW
E\�LQWHUDFWLQJ�WKH�WUHDWHG�JURXS��SRVW�SHULRG�LQGLFDWRU�DQG�%ODFN�UDFH�LQGLFDWRUV��&RQWUROV�LQFOXGHG
XQHPSOR\PHQW��SRYHUW\��LQVXUDQFH�FRYHUDJH��DQG�DUUHVW�UDWHV�

:H�REVHUYHG�D������SHUFHQW�UHGXFWLRQ�LQ�VXLFLGH�UHODWHG�KRVSLWDOL]DWLRQV�DPRQJ�%ODFN�UHVLGHQWV�LQ
1<&�GXULQJ�WKH�SRVW�SHULRG�UHODWLYH�WR�RWKHU�1<�FRXQWLHV�DQG�QRQ�%ODFN�SRSXODWLRQV��,55����������
&,��������������(YHQW�WLPH�PRGHOV�VKRZHG�WKDW�WKH�RXWFRPH�GHFOLQH�DSSHDUHG�LQ�WKH�ILUVW�SRVW
WUHDWPHQW�\HDU�DQG�VWUHQJWKHQHG�LQ�ODWHU�\HDUV�

5HGXFWLRQ�LQ�1<3'|V�UDFLDOL]HG�K\SHU�VXUYHLOODQFH�SUHFHGHG�D�UHGXFWLRQ�LQ�VXLFLGH�UHODWHG
KRVSLWDOL]DWLRQV�DPRQJ�%ODFN�SRSXODWLRQV�LQ�1<&�
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0LJUDWLRQ

7KH�3URWHFWLYH�%HQHILWV�RI�&ROOHFWLYH�2UJDQL]LQJ�LQ�D�/DWLQ�$PHULFDQ�,PPLJUDQW
&RPPXQLW\�.\OH�0DFKLFDGR
�.\OH�0DFKLFDGR��-KXPND�*XSWD��%HWKDQ\�/HWLHFT��0DULEHO�7RKDUD
1DNDPDWVX�

%DFNJURXQG��7KH�IRUFHV�RI�VWUXFWXUDO�UDFLVP�DQG�OHJDO�YLROHQFH�LQFOXGLQJ�GHSRUWDWLRQ�DQG�IDPLO\
VHSDUDWLRQ�KDYH�VLJQLILFDQW�LQIOXHQFH�RQ�WKH�KHDOWK�RI�LPPLJUDQWV��5HVHDUFK�VXJJHVWV�WKDW�FROOHFWLYH
RUJDQL]LQJ�LV�D�FULWLFDO�WRRO�WR�GLVUXSW�WKH�LPSDFWV�RI�DQWL�LPPLJUDQW��UDFLDOL]HG��DQG�JHQGHUHG�OHJDO
YLROHQFH�

3XUSRVH��7KLV�VWXG\�VHHNV�WR�H[DPLQH�KRZ�FROOHFWLYH�RUJDQL]LQJ�HPSRZHUV�LPPLJUDQWV�WR�DFWXDOL]H
EHWWHU�KHDOWK�DQG�ZHOO�EHLQJ�

0HWKRGV��8VLQJ�D�FRPPXQLW\�EDVHG�SDUWLFLSDWRU\�UHVHDUFK�DSSURDFK��ZH�FRQGXFWHG�DQ�H[SORUDWRU\
PL[HG�PHWKRGV��VHTXHQWLDO�VWXG\�GHVLJQ��:H�FRQGXFWHG�IRXU�IRFXV�JURXS�GLVFXVVLRQV�ZLWK
FRPPXQLW\�DGYLVRU\�ERDUG�PHPEHUV�WR�GHYHORS�D�FRQFHSWXDO�PRGHO�IRU�KRZ�FRPPXQLW\�RUJDQL]LQJ
SURPRWHV�ZHOO�EHLQJ�DQG�KHDOWK��7KHVH�ILQGLQJV�LQIRUPHG�WKH�GHYHORSPHQW�RI�D�VXUYH\�DGPLQLVWHUHG
WR�/DWLQ�$PHULFDQ�LPPLJUDQWV�LQ�WKH�:DVKLQJWRQ��'&�DUHD��Q �����WR�TXDQWLWDWLYHO\�H[DPLQH�KRZ
FROOHFWLYH�RUJDQL]LQJ�LPSDFWV�KHDOWK�DQG�ZHOO�EHLQJ�

5HVXOWV��)RFXV�JURXSV�KLJKOLJKWHG�KRZ�FRPPXQLW\�RUJDQL]LQJ�OHDGV�WR�IHHOLQJV�RI�DFFRPSOLVKPHQW�
VROLGDULW\��DQG�SRZHU��6XUYH\�UHVSRQGHQWV�KDG�SRVLWLYH�YLHZV�RI�FROOHFWLYH�RUJDQL]LQJ��KLJKOLJKWLQJ
LWV�UROH�LQ�LPSURYLQJ�FRPPXQLW\�VWUHQJWK��SROLWLFDO�SRZHU��NQRZOHGJH�RQ�ULJKWV��LQIRUPDWLRQ
GLVVHPLQDWLRQ��DQG�FRQILGHQFH�ZKLOH�UHGXFLQJ�IHDU��ORQHOLQHVV��DQG�LVRODWLRQ��+LJKHU�SDUWLFLSDWLRQ�LQ
FROOHFWLYH�RUJDQL]LQJ�ZDV�DVVRFLDWHG�ZLWK�JUHDWHU�OHYHOV�RI�UHSRUWHG�KDUGVKLS�LQFOXGLQJ�SK\VLFDO�DQG
PHQWDO�KHDOWK��OLYLQJ�H[SHQVHV��XQHPSOR\PHQW��DQWL�LPPLJUDQW�VHQWLPHQW��DQG�IHDU�RI�IDPLO\
VHSDUDWLRQ�

&RQFOXVLRQ��7KHVH�ILQGLQJV�KLJKOLJKW�WKH�SURWHFWLYH�EHQHILWV�RI�FROOHFWLYH�RUJDQL]LQJ�LQ�DQ
LPPLJUDQW�FRPPXQLW\��:KLOH�SDUWLFLSDQWV�KLJKO\�HQJDJHG�LQ�RUJDQL]LQJ�UHSRUWHG�ZRUVH�KHDOWK�DQG
JUHDWHU�VRFLRHFRQRPLF�FKDOOHQJHV��WKLV�PD\�LQGLFDWH�WKDW�LPPLJUDQWV�WXUQ�WR�RUJDQL]LQJ�IRU�VXSSRUW
DQG�VROLGDULW\�ZKHQ�IDFHG�ZLWK�DGYHUVLW\��7KHVH�ILQGLQJV�KLJKOLJKW�FROOHFWLYH�RUJDQL]LQJ�DV�D
SRWHQWLDO�WRRO�IRU�VXSSRUWLQJ�LPPLJUDQW�SK\VLFDO�DQG�PHQWDO�KHDOWK�
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0LJUDWLRQ

/DERU��*HQGHU�DQG�0HQWDO�+HDOWK��$UDE�$PHULFDQ�:RPHQiV�/LYHG�([SHULHQFHV�RI
:HOOEHLQJ��3RZHU�DQG�5HVLVWDQFH�6LPD�%RX�-DZGH
�6LPD�%RX�-DZGH��&DUPHO�6DOKL��'DQLHOOH
&URRNHV��$OLVD�/LQFROQ�

%DFNJURXQG�,QFUHDVLQJ�YLROHQFH�LQ�IRUHLJQ�SROLFLHV�DQG�LPSHULDOLVP�DEURDG��DV�LQ�WKH�}:DU�RQ
7HUURU�~�KDV�LPSDFWHG�WKH�UDFLDOL]DWLRQ�RI�$UDE�$PHULFDQV|�LQ�WKH�86�DORQJ�UHOLJLRXV�DQG�JHQGHUHG
OLQHV��7KLV�KDV�LPSOLFDWLRQV�RQ�$UDE�$PHULFDQ�ZRPHQ|V�HQJDJHPHQW�LQ�WKH�ODERU�PDUNHW�DQG�WKHLU
JHQGHU�UROHV�ZLWKLQ�IDPLOLHV��\HW��WKHLU�KHDOWK�H[SHULHQFHV�UHPDLQ�XQH[SORUHG�LQ�SRSXODWLRQ�KHDOWK�
7KLV�VWXG\�DVNV��+RZ�GR�$UDE�$PHULFDQ�PLJUDQW�ZRPHQ�QDYLJDWH�JHQGHUHG�ODERU�DQG�IDPLO\
IXQFWLRQLQJ��DQG�KRZ�GR�WKHVH�H[SHULHQFHV�VKDSH�WKHLU�DQG�WKHLU�IDPLOLHV|�KHDOWK"

0HWKRGV�7KLV�TXDOLWDWLYH�VWXG\�UHFUXLWV�$UDE�$PHULFDQ�PLJUDQW�ZRPHQ�LQ�WKH�JUHDWHU�%RVWRQ�DUHD�
)ROORZLQJ�\HDUV�RI�YROXQWHHULQJ�DQG�NH\�LQWHUYLHZV�ZLWK�FRPPXQLW\�OHDGHUV�LQ�&HQWHU�IRU�$UDE
&XOWXUH��:RUOG�/HEDQHVH�&XOWXUDO�8QLRQ��DQG�0XVOLP�-XVWLFH�/HDJXH��,�GHVLJQHG�D�FRPSOH[�VDPSOLQJ
VWUDWHJ\�DFURVV�WKUHH�VHWWLQJV��FKXUFKHV��PRVTXHV��DQG�FXOWXUDO�YHQXHV��DQG�WZR�PLJUDWLRQ�SHULRGV
�SUH��DQG�SRVW��������WR�FDSWXUH�WKH�SOXUDOLW\�RI�SRSXODWLRQV|�H[SHULHQFHV��,�DLP�WR�UHFUXLW���y��
SDUWLFLSDQWV�ZKR�KDYH�ERWK�KHOG�SDLG�ZRUN�DQG�KDYH�IDPLO\�FDUHJLYLQJ�UHVSRQVLELOLWLHV��6HPL�
VWUXFWXUHG�LQWHUYLHZV�RQ�WKH�WKHPHV�RI�ODERU��JHQGHU�DQG�PLJUDWLRQ�DUH�FRQGXFWHG�LQ�$UDELF�
(QJOLVK��RU�)UHQFK��DXGLR�UHFRUGHG��WUDQVFULEHG��DQG�DQDO\]HG�XVLQJ�19LYR�

3UHOLPLQDU\�5HVXOWV�5HFUXLWPHQW�DQG�LQWHUYLHZV�DUH�FXUUHQWO\�XQGHUZD\�WKURXJK�6SULQJ�DQG
6XPPHU�RI�������(DUO\�WKHPHV�LQFOXGH�WHQVLRQV�EHWZHHQ�ZRUNSODFH�H[SORLWDWLRQ�DQG�FDUHJLYLQJ
EXUGHQV��H[SHULHQFHV�RI�GLVFULPLQDWLRQ�VKDSLQJ�HPSOR\PHQW��DQG�FRPPXQLW\�EDVHG�DFWLYLVP�DV
SRZHU�UHFODLPDQW�FRXQWHULQJ�FROOHFWLYH�SV\FKRORJLFDO�GLVWUHVV�

6LJQLILFDQFH�7KLV�VWXG\�ILOOV�D�FULWLFDO�JDS�LQ�PLJUDWLRQ�KHDOWK�VFKRODUVKLS�ZKLOH�GLUHFWO\�VHUYLQJ
$UDE�$PHULFDQ�FRPPXQLWLHV��%\�FHQWHULQJ�ZRPHQ|V�DFFRXQWV�RI�SDLG�XQSDLG�ODERU�DQG�WKHLU�UROH�LQ
$UDE�$PHULFDQ�IDPLOLHV��ILQGLQJV�ZLOO�HTXLS�FRPPXQLWLHV�ZLWK�HYLGHQFH�WR�VXSSRUW�ODERU�RUJDQL]LQJ
DQG�FRPPXQLW\�EXLOGLQJ�VWUDWHJLHV�LPSDFWLQJ�KHDOWK�RI�SRSXODWLRQ��$ZDUGHG�WKH�3KLOLS�.D\DO�*UDQW
IRU�$UDE�$PHULFDQ�5HVHDUFK��WKLV�ZRUN�H[HPSOLILHV�,$3+6|V������WKHPH��5LJRURXV�UHVHDUFK�EXLOGLQJ
WUXVW�DFURVV�FRPPXQLWLHV�DQG�GULYLQJ�FKDQJH�WKURXJK�SUD[LV�
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0HQWDO�KHDOWK�IXQFWLRQ

:KDW�.LQGV�RI�+DUPIXO�&RQWHQW�'R�7HHQV�$FWXDOO\�6HH�RQ�6RFLDO�0HGLD"�2EMHFWLYH�(YLGHQFH
IURP�D�5HSUHVHQWDWLYH�6DPSOH�RI�7HHQVi�6FUHHQ�5HFRUGLQJV��6XUYH\V��DQG�$SS�/HYHO�6FUHHQ
7LPH�'DWD�0DULH�%UDJJ
�0DULH�%UDJJ��=RUD�+DOO��(PLO�+DIHH]��5R[DQQH�'XSXLV�

([SRVXUH�WR�KDUPIXO�FRQWHQW�RQ�VRFLDO�PHGLD�KDV�EHFRPH�D�JURZLQJ�SXEOLF�KHDOWK�FRQFHUQ��\HW�IHZ
VWXGLHV�KDYH�GLUHFWO\�PHDVXUHG�ZKDW�ODUJH�VDPSOHV�RI�DGROHVFHQWV�HQFRXQWHU�RQ�WKHLU�DFWXDO�VRFLDO
PHGLD�IHHGV��7KLV�VWXG\�LQWHJUDWHV�REMHFWLYH�VFUHHQ�WLPH�PHWULFV��VFUHHQ�UHFRUGLQJV�RI�UHDO�VRFLDO
PHGLD�XVH��DQG�VXUYH\�GDWD�WR�SURYLGH�JUDQXODU�DQG�XQSUHFHGHQWHG�LQVLJKWV�LQWR�DGROHVFHQWV|
H[SRVXUH�WR�SUREOHPDWLF�FRQWHQW�DFURVV�SODWIRUPVzDQG�KRZ�WHHQV�LQWHUDFW�ZLWK�VXFK�FRQWHQW�

3DUWLFLSDQWV�ZHUH�UHFUXLWHG�IURP�DQ�RSW�LQ�QDWLRQDO�UHVHDUFK�SDQHO�ZLWK�GHPRJUDSKLF�TXRWDV�WR
UHIOHFW�VWDWH�SRSXODWLRQV��,Q�:DYH��������WHHQV�IURP�7H[DV�FRPSOHWHG�D�VXUYH\�DVVHVVLQJ
GHPRJUDSKLFV��VRFLDO�PHGLD�XVH��DQG�PHQWDO�KHDOWK�DQG�XSORDGHG�VFUHHQVKRWV�RI�WKHLU�ZHHNO\
VPDUWSKRQH�VFUHHQ�WLPH�UHSRUWV��$�UDQGRPO\�VHOHFWHG�VXEVDPSOH�RI����WHHQV�DOVR�XSORDGHG�DW�OHDVW
RQH�KRXU�RI�VFUHHQ�UHFRUGLQJV�VKRZLQJ�WKHLU�W\SLFDO�VRFLDO�PHGLD�XVH��7UDLQHG�FRGHUV�DQDO\]HG�WKH
YLGHRV�DQG�FDWHJRUL]HG�SUREOHPDWLF�FRQWHQW�XVLQJ�D�FRGLQJ�IUDPHZRUN�GHULYHG�IURP�PDMRU�SODWIRUP
VDIHW\�JXLGHOLQHV��SURIDQLW\�FUXGH�KXPRU��YLROHQFH�FULPLQDO�EHKDYLRU��VH[XDO�DEXVH�YLROHQFH�
KDUDVVPHQW�EXOO\LQJ��VXLFLGH�VHOI�KDUP��GHSUHVVLRQ��GLVRUGHUHG�HDWLQJ�RU�ULVN\�ZHLJKW�PDQDJHPHQW�
GDQJHURXV�FKDOOHQJHV��VH[XDOL]HG�FRQWHQW��JUDSKLF�FRQWHQW��KDWH�VSHHFK��DQG�RWKHU�FRQFHUQLQJ
PDWHULDO�

0RVW�WHHQV�UHSRUWHG�FRQFHUQV�DERXW�WKHLU�RZQ�XVH��������VDLG�WKH\�XVH�VRFLDO�PHGLD�}WRR�PXFK�~
DQG�������UHSRUWHG�XQVXFFHVVIXO�DWWHPSWV�WR�FXW�EDFN��2EMHFWLYH�VFUHHQ�WLPH�GDWD�VKRZHG�WHHQV
VSHQW�DQ�DYHUDJH�RI������KRXUV�SHU�GD\�RQ�WKHLU�WRS�ILYH�DSSV��ZLWK�7LN7RN�WKH�PRVW�XVHG�SODWIRUP
������KRXUV�GD\���$PRQJ�WKH����WHHQV�ZKRVH�DFWXDO�IHHGV�ZHUH�DQDO\]HG��������ZHUH�H[SRVHG�WR�DW
OHDVW�RQH�LQVWDQFH�RI�SUREOHPDWLF�FRQWHQW��$FURVV������KRXUV�RI�UHFRUGHG�VRFLDO�PHGLD�XVH��FRGHUV
LGHQWLILHG�������SRVWV�FRQWDLQLQJ�SUREOHPDWLF�FRQWHQWzDQ�DYHUDJH�RI������VXFK�SRVWV�SHU�KRXU�
3URIDQLW\�FUXGH�KXPRU�ZDV�PRVW�FRPPRQ����������IROORZHG�E\�VH[XDOL]HG�FRQWHQW�DQG�GDQJHURXV
DFWLYLWLHV��������HDFK���VKRFNLQJ�DQG�JUDSKLF�FRQWHQW���������7LN7RN�DFFRXQWHG�IRU�WKH�PDMRULW\�RI
SUREOHPDWLF�SRVWV�DQG�KDG�WKH�KLJKHVW�QXPEHU�RI�LQVWDQFHV�DFURVV�PRVW�FRQWHQW�FDWHJRULHV�
LQFOXGLQJ�VXLFLGH�DQG�GHSUHVVLRQ�UHODWHG�FRQWHQW��:H�DUH�DQDO\]LQJ�GDWD�RQ�KRZ�PDQ\�WHHQV�OLNHG�
FRPPHQWHG�RQ��RU�VKDUHG�SUREOHPDWLF�FRQWHQW�

7KHVH�ILQGLQJV�SURYLGH�UDUH�REMHFWLYH�HYLGHQFH�RI�WKH�YROXPH�DQG�W\SHV�RI�FRQFHUQLQJ�FRQWHQW
DSSHDULQJ�LQ�DGROHVFHQWV|�VRFLDO�PHGLD�IHHGV��DQG�KRZ�WKH\�VHOI�UHSRUW�WKHLU�RZQ�SUREOHPDWLF
XVHzDORQJ�ZLWK�XQSUHFHGHQWHG�LQVLJKWV�LQWR�KRZ�WHHQV�OLNH��FRPPHQW��DQG�VKDUH�KDUPIXO
FRQWHQWzZLWK�LPSOLFDWLRQV�IRU�SODWIRUP�JRYHUQDQFH��\RXWK�PHQWDO�KHDOWK��DQG�HPHUJLQJ�GLJLWDO
VDIHW\�SROLFLHV�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

5HSURGXFWLYH�KHDOWK

([DPLQLQJ�WKH�$VVRFLDWLRQ�EHWZHHQ�6WLOOELUWK�DQG�'HSUHVVLRQ�LQ�6XEVHTXHQW�3UHJQDQFLHV
5HEHFFD�:RRIWHU
�5HEHFFD�:RRIWHU��0DUN�0F*RYHUQ��6ODZD�5RNLFNL�

,Q�WKH�8�6���RYHU��������SUHJQDQFLHV�UHVXOW�LQ�IHWDO�GHPLVH�DW�����ZHHNV�RI�JHVWDWLRQ��DOVR�NQRZQ�DV
VWLOOELUWKV��([LVWLQJ�OLWHUDWXUH�KDV�VKRZQ�WKDW�WKRVH�ZKR�H[SHULHQFH�VWLOOELUWKV�DUH�DW�ULVN�RI
GHSUHVVLRQ�IROORZLQJ�WKH�VWLOOELUWK��EXW�OHVV�LV�NQRZQ�DERXW�PHQWDO�KHDOWK�LQ�VXEVHTXHQW�SUHJQDQFLHV�
,Q�WKLV�SRSXODWLRQ�EDVHG�UHWURVSHFWLYH�FRKRUW�VWXG\��ZH�H[DPLQH�WKH�DVVRFLDWLRQ�EHWZHHQ�SULRU�ELUWK
RXWFRPH��OLYHELUWK�YV��VWLOOELUWK��DQG�SHULQDWDO�GHSUHVVLRQ�LQ�WKH�VXEVHTXHQW�SUHJQDQF\�

:H�DQDO\]HG�OLQNHG�GDWD�IRU�DOO�ELUWK�UHFRUGV�DQG�KRVSLWDO�GLVFKDUJH�UHFRUGV�LQ�1HZ�-HUVH\�IURP
�����������6WLOOELUWKV�ZHUH�LGHQWLILHG�LQ�KRVSLWDO�UHFRUGV�WKURXJK�,&'����GLDJQRVLV�DQG�SURFHGXUH
FRGHV��'HSUHVVLYH�V\PSWRPV�ZHUH�DVVHVVHG�LQ�WKH�LPPHGLDWH�SRVWSDUWXP�SHULRG�EDVHG�RQ�VFRUHV�RI
�����RXW�RI�����RQ�WKH�(GLQEXUJK�3RVWQDWDO�'HSUHVVLRQ�6FDOH��(3'6���1HZ�-HUVH\�PDQGDWHV
VFUHHQLQJ�ZLWK�WKH�(3'6�LQ�WKH�KRVSLWDO�DIWHU�GHOLYHU\�DQG�SULRU�WR�GLVFKDUJH�DQG�VFUHHQLQJ�UHVXOWV
DUH�UHFRUGHG�RQ�ELUWK�UHFRUGV��:H�FRPSDUHG�(3'6�VFRUHV�IRU�WKRVH�ZKR�KDG�D�VWLOOELUWK�IROORZHG�E\
D�OLYH�ELUWK��1 �����ZLWK�WKRVH�ZKR�KDG�D�OLYH�ELUWK�IROORZHG�E\�D�OLYH�ELUWK��1 ���������XVLQJ
PXOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ�

:KLOH������RI�WKRVH�ZLWK�D�SULRU�OLYH�ELUWK�KDG�GHSUHVVLYH�V\PSWRPV�������RI�WKRVH�ZLWK�D�SULRU
VWLOOELUWK�KDG�GHSUHVVLYH�V\PSWRPV��$IWHU�PDWFKLQJ�WKRVH�LQ�HDFK�JURXS�E\�PDWHUQDO
VRFLRGHPRJUDSKLF��H�J���UDFH�HWKQLFLW\��DJH��HGXFDWLRQ��DQG�KHDOWK�FKDUDFWHULVWLFV��H�J���GHOLYHU\
W\SH��SUHWHUP�ELUWK��K\SHUWHQVLRQ���WKRVH�ZLWK�D�SULRU�VWLOOELUWK�KDG�����KLJKHU�RGGV�����&,�
�����������RI�GHSUHVVLYH�V\PSWRPV�

7KHVH�ILQGLQJV�GHPRQVWUDWH�WKDW�WKRVH�ZLWK�SULRU�VWLOOELUWKV�PD\�EH�DW�JUHDWHU�ULVN�RI�GHSUHVVLRQ�LQ�D
VXEVHTXHQW�SUHJQDQF\��,GHQWLI\LQJ�DQG�WUHDWLQJ�SHULQDWDO�PHQWDO�KHDOWK�FRQGLWLRQV�LV�D�NH\�SULRULW\
WR�LPSURYH�PDWHUQDO�DQG�LQIDQW�KHDOWK��+HDOWKFDUH�SURYLGHUV�VKRXOG�HQVXUH�WKDW�SDWLHQWV�ZLWK�SULRU
VWLOOELUWKV�DUH�VFUHHQHG�IRU�PHQWDO�KHDOWK�FRQGLWLRQV�DQG�UHIHUUHG�IRU�WUHDWPHQW�DV�QHHGHG�
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6WUXFWXUDO�IDFWRUV

7KH�KHDOWK�LPSDFWV�RI�QHROLEHUDOLVP�ZLWKLQ�WKH�8QLWHG�6WDWHV��$�VFRSLQJ�UHYLHZ�RI�WKH
GHILQLWLRQV��	�DQDO\WLF�IUDPHZRUNV�XWLOL]HG��DQG�WKH�KHDOWK�SURFHVVHV�DQG�RXWFRPHV
FRQVLGHUHG�ZLWKLQ�WKH�SXEOLF�KHDOWK�OLWHUDWXUH�0DUHQ�6SROXP
�0DUHQ�6SROXP�

3XEOLF�KHDOWK�UHVHDUFK�LGHQWLILHV�WKH�VWUXFWXUDO�GHWHUPLQDQWV�RI�KHDOWK�DV�WKH�IDFWRUV�WKDW�KDYH�WKH
JUHDWHVW�LPSDFW�RQ�SRSXODWLRQ�KHDOWK�RXWFRPHV�DQG�KHDOWK�LQHTXLWLHV��1HROLEHUDOLVP�KDV�EHHQ�WKH
GRPLQDWH�SROLWLFDO�HFRQRPLF�V\VWHP�LQ�WKH�8QLWHG�6WDWHV�VLQFH�WKH�����V��1RWLQJ�WKDW�8�6��OLIH
H[SHFWDQF\�EHJDQ�WR�GHYLDWH�IURP�RWKHU�KLJK�LQFRPH�SHHU�QDWLRQV�DOVR�EHJLQQLQJ�LQ�WKH�HDUO\�����V�
IRU�RYHU�D�GHFDGH��SRSXODWLRQ�KHDOWK�VFLHQWLVWV�KDYH�EHHQ�FDOOLQJ�IRU�LQYHVWLJDWLRQV�LQWR�WKH�KHDOWK
LPSDFWV�RI�QHROLEHUDO�FKDQJHV�WR�8�6��SROLWLFDO�HFRQRP\�DURXQG�WKDW�WLPH�SHULRG��:KLOH�LQ�WKH�ODVW
WZR�GHFDGHV�WKHUH�KDV�EHHQ�D�PDUNHG�LQFUHDVH�LQ�VFKRODUVKLS�RQ�WKH�KHDOWK�LPSDFWV�RI�QHROLEHUDOLVP�
LW�LV�XQFOHDU�KRZ�PXFK�RI�WKDW�OLWHUDWXUH�KDV�IRFXVHG�RQ�8QLWHG�6WDWHV��DV�QR�NQRZ�OLWHUDWXUH�UHYLHZ
IRFXVHG�VSHFLILFDOO\�RQ�WKLV�WRSLF�KDV�EHHQ�FRQGXFWHG��,Q�WKLV�SUHVHQWDWLRQ�,�ZLOO�UHYLHZ�WKH�UHVXOWV
IURP�D�VFRSLQJ�UHYLHZ�FRQGXFWHG�WR�DVVHVV�WKH�ERG\�RI�VFKRODUVKLS�IRFXVHG�RQ�KRZ�QHROLEHUDOLVP�KDV
LPSDFWHG�KHDOWK�ZLWKLQ�WKH�8QLWHG�6WDWHV��7KURXJK�GDWDEDVH�VHDUFKHV�RI�WKH�SXEOLF�KHDOWK�OLWHUDWXUH�
,�LGHQWLILHG����DUWLFOHV�SXEOLVKHG�EHWZHHQ������DQG������IRU�LQFOXVLRQ��,�ZLOO�SUHVHQW�P\�ILQGLQJV
UHJDUGLQJ��WKH�UDQJH�RI�GHILQLWLRQV�RIIHUHG�RI�QHROLEHUDOLVP��WKH�DQDO\WLF�IUDPHZRUNV�JXLGLQJ�WKH
VWXGLHV��WKH�KHDOWK�SURFHVVHV�WKDW�QHROLEHUDOLVP�ZDV�SURSRVHG�WR�LPSDFW��DQG�RXWFRPHV�DFURVV�WKH
VWXGLHV��,�ZLOO�DOVR�RIIHU�DQ�DVVHVVPHQW�RI�WKH�JDSV�LQ�WKLV�OLWHUDWXUH��SDUWLFXODUO\�DURXQG�WKH
UHODWLRQVKLS�EHWZHHQ�QHROLEHUDOLVP�DQG�VRFLDO�VWUXFWXUDO�SDWWHUQLQJ�RI�KHDOWK�LQHTXLWLHV�LQ�WKH�8�6��
DQG�GLUHFWLRQV�IRU�IXWXUH�ZRUN�
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6WUXFWXUDO�IDFWRUV

/LQNDJHV�EHWZHHQ�(GXFDWLRQDO�&RQWH[W�DQG�%LRORJLFDO�5LVN�)DFWRUV�RI�$O]KHLPHUiV�'LVHDVH
DQG�2WKHU�5HODWHG�'HPHQWLDV��$'5'��DPRQJ�(DUO\�0LGOLIH�$PHULFDQV�7D\ORU�+DUJURYH

7D\ORU�+DUJURYH��+HPLQJ�3HL��-HVVLFD�3RORV��&KDQWHO�0DUWLQ�

(GXFDWLRQDO�DWWDLQPHQW�VWURQJO\�SUHGLFWV�ODWHU�OLIH�FRJQLWLRQ�DQG�PHGLDWHV�%ODFN�:KLWH�GLVSDULWLHV�LQ
$'5'��\HW�OLWWOH�LV�NQRZQ�DERXW�WKH�TXDOLW\�DQG�FRQWH[W�RI�VFKRROLQJ�WKDW�VKDSH�WKH�HGXFDWLRQDO
H[SHULHQFH��+LVWRULFDO�DQG�FRQWHPSRUDU\�SURFHVVHV�RI�VWUXFWXUDO�UDFLVP�PD\�GLIIHUHQWLDWH�WKH
HGXFDWLRQDO�FRQWH[WV�RI�%ODFN�DQG�:KLWH�VWXGHQWV��FUHDWLQJ�XQHTXDO�HGXFDWLRQDO�SDWKZD\V�WR�$'5'
ULVN��:H�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�DGROHVFHQW�HGXFDWLRQDO�FRQWH[WV�DQG�ELRORJLFDO�ULVN
IDFWRUV�IRU�$'5'�DPRQJ�%ODFN�DQG�:KLWH�HDUO\�PLGOLIH�DGXOWV�DQG�DVVHVV�ZKHWKHU�HGXFDWLRQDO
DWWDLQPHQW�PHGLDWHV�WKLV�UHODWLRQVKLS�

8VLQJ�:DYHV�,�����������DQG�9�����������RI�WKH�1DWLRQDO�/RQJLWXGLQDO�6WXG\�RI�$GROHVFHQW�WR�$GXOW
+HDOWK��ZH�GHYHORSHG�WZR�LQGLFHV�RI�DGROHVFHQW�HGXFDWLRQDO�FRQWH[W�����D�FRQWH[WXDO�GLVDGYDQWDJH
LQGH[��&',���UHIOHFWLQJ�GLIIHUHQFHV�LQ�UHVRXUFHV�RSSRUWXQLWLHV�EHWZHHQ�VFKRROV��DQG����D�VWUXFWXUDO
UDFLVP�LQGH[��65,���FDSWXULQJ�%ODFN�:KLWH�LQHTXLWLHV�DFURVV�UHVRXUFHV�RSSRUWXQLWLHV�ZLWKLQ�VFKRROV�
,QGLFDWRUV�VSDQQHG�VWXGHQW�EDFNJURXQG�FKDUDFWHULVWLFV��VFKRRO�FKDUDFWHULVWLFV��DFDGHPLF
SHUIRUPDQFH��DFDGHPLF�VHOHFWLYLW\��VFKRRO�FRQQHFWHGQHVV��DQG�SHUFHLYHG�OLIH�FKDQFHV��2XWFRPHV
�:DYH�9��LQFOXGHG�WKUHH�HSLJHQHWLF�FORFNV��3KHQR$JH��*ULP$JH���'XQHGLQ3$&(��DQG���LQIODPPDWRU\
PDUNHUV��&�UHDFWLYH�SURWHLQ��&53���,/����,/�����WXPRU�QHFURVLV�IDFWRU�D���:HLJKWHG�UHJUHVVLRQ�PRGHOV
DQG�FDXVDO�PHGLDWLRQ�DQDO\VHV�ZHUH�XVHG�

$WWHQGLQJ�VFKRROV�ZLWK�PRUH�GLVDGYDQWDJHV��H�J���KLJKHU�&',��ZDV�DVVRFLDWHG�ZLWK�IDVWHU�HSLJHQHWLF
DJLQJ�DQG�KLJKHU�,/���DPRQJ�%ODFN�DQG�:KLWH�UHVSRQGHQWV��DQG�KLJKHU�&53�DQG�71)�D�DPRQJ�:KLWH
UHVSRQGHQWV��$WWHQGLQJ�VFKRROV�ZLWK�JUHDWHU�%ODFN�:KLWH�LQHTXLWLHV��H�J���KLJKHU�65,��ZDV�OLQNHG�WR
GHFHOHUDWHG�HSLJHQHWLF�DJLQJ�DQG�ORZHU�&53��6LJQLILFDQW�&',[65,�LQWHUDFWLRQV�LQGLFDWHG�IDVWHU
HSLJHQHWLF�DJLQJ�DPRQJ�WKRVH�ZKR�DWWHQGHG�FRQWH[WXDOO\�GLVDGYDQWDJHG�VFKRROV�ZLWK�ORZHU�%ODFN�
:KLWH�LQHTXLWLHV��(GXFDWLRQDO�DWWDLQPHQW�H[SODLQHG�EHWZHHQ��������RI�WKHVH�DVVRFLDWLRQV�
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7KH�DVVRFLDWLRQ�RI�ODERU�PDUNHW�LQVWLWXWLRQ�SUHPLXP�JHQHURVLW\�DQG�ELUWK�RXWFRPHV�LQ�WKH
86�0HJDQ�5H\QROGV
�6LQH�*UXGH��6LQH�*UXGH��5LWD�+DPDG��(PLO\�'RUH�

,QGLYLGXDOV�H[SHULHQFLQJ�SRYHUW\�DUH�PRUH�OLNHO\�WR�KDYH�ZRUVH�ELUWK�RXWFRPHV�WKDQ�KLJKHU�LQFRPH
SHHUV��7KH�ODERU�PDUNHW�FRQWH[W��H�J���PLQLPXP�ZDJH��XQLRQV��YDULHV�DFURVV�VWDWHV�DQG�KDV�WKH
SRWHQWLDO�WR�LPSDFW�GLVSDULWLHV�LQ�KHDOWK�E\�SURYLGLQJ�UHVRXUFHV�IRU�ZRUNHUV��+RZHYHU��OLWWOH�LV�NQRZQ
DERXW�WKH�FRPELQHG�HIIHFW�RI�ODERU�PDUNHW�LQVWLWXWLRQV�RQ�ELUWK�RXWFRPHV��7R�ILOO�WKLV�JDS��ZH
FRQVWUXFWHG�D�FRPSRVLWH�PHDVXUH�RI�LQGLFDWRUV�RI�VWDWH�OHYHO�VXSSRUW�IRU�ZRUNHUV��RU�ZKDW�ZH�WHUP
WKH�ODERU�PDUNHW�LQVWLWXWLRQ�SUHPLXP��/0,3���0RUH�VSHFLILFDOO\��WKH�/0,3�ZDV�FRQVWUXFWHG�IRU�HDFK
VWDWH�\HDU��UHSUHVHQWLQJ�WKH�DGGHG�YDOXH�RI�PLQLPXP�ZDJH��XQLRQ�ZDJH�SUHPLXPV�DQG
XQHPSOR\PHQW�LQVXUDQFH�FRPSDUHG�WR�IHGHUDO�PLQLPXP�ZDJH��8VLQJ�ELUWK�FHUWLILFDWH�GDWD�DFURVV�DOO
���VWDWHV�IURP������WR�������Q ��������������ZH�DVVHVVHG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�/0,3�DQG
ELUWK�RXWFRPHV��LQFOXGLQJ�PHDVXUHV�RI�JHVWDWLRQDO�DJH�DQG�ELUWKZHLJKW��:H�FRQGXFWHG�PXOWLYDULDWH
OLQHDU�UHJUHVVLRQ�ZLWK�IL[HG�HIIHFWV�IRU�\HDU�DQG�VWDWH�ZLWK�D�RQH�\HDU�ODJ��L�H���DOLJQV�ZLWK�WKH
SUHJQDQF\�SHULRG��DQG�WZR�\HDU�ODJ�EHWZHHQ�H[SRVXUH�DQG�ELUWK�IRU�WKH�IXOO�VDPSOH�DQG�VXEJURXSV
VWUDWLILHG�E\�HGXFDWLRQDO�DWWDLQPHQW��)RU�WKH�RQH�\HDU�ODJJHG�PRGHO��ZH�IRXQG�QR�DVVRFLDWLRQ
EHWZHHQ�/0,3�VFRUH�DQG�ELUWK�RXWFRPHV��)RU�WZR�\HDU�ODJJHG�PRGHOV��ZH�IRXQG�WKDW�D�RQH�XQLW
FKDQJH�LQ�/0,3�LQFUHDVHV�ELUWKZHLJKW�E\������J�>����&,������������@��)RU�HGXFDWLRQ�VXEJURXSV��ZH
IRXQG�WKDW�WKH�LQFUHDVH�LQ�ELUWKZHLJKW�LV�ODUJHVW�DPRQJ�JURXSV�ZLWK�ORZHU�HGXFDWLRQ�������J�>���&,
�����������@�IRU�OHVV�WKDQ�KLJK�VFKRRO�������J�>����&,������������@�IRU�KLJK�VFKRRO���7KH�ILQGLQJV
VXJJHVW�WKDW�ODERU�PDUNHW�LQVWLWXWLRQ�JHQHURVLW\�ZDV�DVVRFLDWHG�ZLWK�KLJKHU�ELUWKZHLJKW�ZKHQ
H[SRVHG�GXULQJ�WKH�SUHFRQFHSWLRQ�SHULRG��+RZHYHU��QXOO�ILQGLQJV�IRU�RWKHU�RXWFRPHV�VXJJHVW�WKDW
WKHVH�LQVWLWXWLRQV�PD\�QRW�UHDFK�WKH�LQWHQGHG�UHFLSLHQWV�RU�PD\�QRW�EH�JHQHURXV�HQRXJK�WR�DOOHYLDWH
SRRU�ELUWK�RXWFRPHV�IRU�WKH�ZRUNLQJ�SRRU�
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6KLIWLQJ�/DERU�6KDUH�DQG�WKH�6RFLDO�'LVWULEXWLRQ�RI�+HDOWK�0HJDQ�5H\QROGV
�0HJDQ�5H\QROGV�
-HU]\�(LVHQEHUJ�*X\RW��7RP�9DQ+HXYHOHQ�

7KH�SRZHU�RI�ZRUNHUV�UHODWLYH�WR�HPSOR\HUV�KDV�EHHQ�WKHRUL]HG�DV�D�FUXFLDO�GHWHUPLQDQW�RI
SRSXODWLRQ�KHDOWK�DQG�KHDOWK�LQHTXLWLHV��+RZHYHU��WKH�UHODWLRQVKLS�KDV�VHOGRP�EHHQ�GLUHFWO\�VWXGLHG�
LQ�SDUW�EHFDXVH�TXDQWLWDWLYH�PHDVXUHV�RI�VXFK�SRZHU�UHODWLRQV�DUH�VFDUFH��7KH�ODERU�VKDUH�RI�LQFRPH�
RU�WKH�DPRXQW�RI�HFRQRPLF�RXWSXW�SDLG�DV�ZRUNHUV|�FRPSHQVDWLRQ��YHUVXV�HPSOR\HUV|�SURILWV���KDV
EHHQ�XVHG�LQ�VRFLRORJLF�DQG�HFRQRPLF�UHVHDUFK�DV�DQ�LQGLFDWRU�RI�ZRUNLQJ�FODVV�SRZHU��+RZHYHU��LW
KDV�VHOGRP�EHHQ�XVHG�LQ�SXEOLF�KHDOWK�UHVHDUFK��7KXV��ZH�OLQNHG�VWDWH�OHYHO�ODERU�VKDUH�GDWD�IURP
6WDQVEXU\��GHILQHG�DV�VWDWH�OHYHO�ODERU�FRPSHQVDWLRQ�RYHU�VWDWH�OHYHO�JURVV�GRPHVWLF�SURGXFW��WR
����������3DQHO�6WXG\�RI�,QFRPH�'\QDPLFV�GDWD�RQ�UHVSRQGHQWV�DJHV��������2XU�RXWFRPHV�LQFOXGHG
LQFLGHQW�SV\FKRORJLFDO�GLVWUHVV��.�!����SRRU�IDLU�VHOI�UDWHG�KHDOWK��DQG�DOO�FDXVH�PRUWDOLW\�
&RQIRXQGHUV�LQFOXGHG�VRFLRGHPRJUDSKLF�YDULDEOHV�PHDVXUHG�DW�EDVHOLQH�DQG�WLPH�YDU\LQJ�LQGLYLGXDO�
DQG�VWDWH�OHYHO�HPSOR\PHQW�UHODWHG�YDULDEOHV�PHDVXUHG�WKURXJKRXW�IROORZ�XS��8VLQJ�J�FRPSXWDWLRQ
WR�DGGUHVV�WLPH�YDU\LQJ�H[SRVXUH�FRQIRXQGHU�IHHGEDFN��ZH�FRQWUDVWHG�WKH�HIIHFWV�RQ�FXPXODWLYH
LQFLGHQFH�RI�WKH�RXWFRPHV�RI�D�KLJK�ODERU�VKDUH�VFHQDULR��LQ�ZKLFK�ODERU�VKDUH�LQ�HDFK�\HDU�RI�IROORZ�
XS�ZDV�VHW�WR�WKH�PD[LPXP�REVHUYHG�VWDWH�OHYHO�YDOXH��ZLWK�WKH�HIIHFWV�RI�D�ORZ�ODERU�VKDUH�VFHQDULR�
LQ�ZKLFK�ODERU�VKDUH�LQ�HDFK�\HDU�RI�IROORZ�XS�ZDV�VHW�WR�WKH�PLQLPXP�REVHUYHG�VWDWH�OHYHO�YDOXH�
1H[W��ZH�HVWLPDWHG�KRZ�WKH�VFHQDULRV|�HIIHFWV�YDULHG�E\�UHVSRQGHQWV|�EDVHOLQH�VRFLDO�FODVV��SUR[LHG
E\�UHVSRQGHQWV|�VHOI�HPSOR\PHQW�DQG�RFFXSDWLRQDO�VWDWXV��)LQDOO\��ZH�HVWLPDWHG�KRZ�VRFLDO�FODVV
LQHTXLWLHV�LQ�KHDOWK�ZRXOG�KDYH�QDUURZHG�LI�ODERU�VKDUH�KDG�UHPDLQHG�DW�EDVHOLQH�OHYHOV�RYHU�IROORZ�
XS��)RUWKFRPLQJ�ILQGLQJV�ZLOO�VXSSRUW�HPHUJLQJ�UHVHDUFK�FRQQHFWLQJ�ZRUNHU�SRZHU�WR�SRSXODWLRQ
KHDOWK�DQG�KHDOWK�LQHTXLWLHV��
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6WUXFWXUDO�'HWHUPLQDQWV�RI�,QWLPDWH�3DUWQHU�9LROHQFH��(YLGHQFH�IURP�6WUXFWXUDO�(TXDWLRQ
0RGHOLQJ�RI�$ODVND�%5)66�'DWD�0DU\�:LQJHUW
�0DU\�:LQJHUW��%HWW\�%HNHPHLHU��$YDQWL�$GKLD�
2VFDU�2OYHUD�$VWLYLD�

3XUSRVH��([DPLQH�SRSXODWLRQ�OHYHO�ULVN�DQG�SURWHFWLYH�IDFWRUV�DVVRFLDWHG�ZLWK�LQWLPDWH�SDUWQHU
YLROHQFH��,39��LQ�$ODVND�WR�LQIRUP�SUHYHQWLRQ�HIIRUWV�

%DFNJURXQG��$ODVND�FRQVLVWHQWO\�UHSRUWV�VRPH�RI�WKH�KLJKHVW�,39�UDWHV�LQ�WKH�8QLWHG�6WDWHV�
DSSUR[LPDWHO\�����RI�ZRPHQ�UHSRUW�H[SHULHQFLQJ�SK\VLFDO�YLROHQFH��SV\FKRORJLFDO�DJJUHVVLRQ��RU
FRHUFLYH�FRQWURO�E\�DQ�LQWLPDWH�SDUWQHU�LQ�WKHLU�OLIHWLPH��,39�LV�DVVRFLDWHG�ZLWK�HOHYDWHG�ULVNV�IRU
FKURQLF�SK\VLFDO�DQG�PHQWDO�KHDOWK�FRQGLWLRQV�DQG�LPSRVHV�VXEVWDQWLDO�HFRQRPLF�FRVWV�RQ�LQGLYLGXDOV
DQG�FRPPXQLWLHV�

0HWKRGV��7R�H[DPLQH�SRSXODWLRQ�OHYHO�GHWHUPLQDQWV�RI�,39��IRXU�\HDUV�RI�$ODVND�%HKDYLRUDO�5LVN
)DFWRU�6XUYHLOODQFH�6\VWHP��%5)66��GDWD�ZLWK�,39�PHDVXUHV�ZHUH�XVHG��������������������������
)LUVW��RUGHUHG�FDWHJRULFDO�H[SORUDWRU\�DQG�FRQILUPDWRU\�IDFWRU�DQDO\VHV�ZHUH�FRQGXFWHG�WR�LGHQWLI\
DQG�YDOLGDWH�ODWHQW�FRQVWUXFWV�UHSUHVHQWLQJ�PRGLILDEOH�GHWHUPLQDQWV��LQFOXGLQJ�KHDOWK�VWDWXV�
KHDOWKFDUH�DFFHVV��HFRQRPLF�VWUHVV��DQG�VXEVWDQFH�XVH��6WUXFWXUDO�HTXDWLRQ�PRGHOLQJ�ZDV�WKHQ�XVHG
WR�H[DPLQH�UHODWLRQVKLSV�DPRQJ�ODWHQW�GHWHUPLQDQWV�DQG�,39�YLFWLPL]DWLRQ��'HPRJUDSKLF
FKDUDFWHULVWLFV��H�J���DJH��UDFH��UXUDO�UHVLGHQFH��ZHUH�LQFOXGHG�DV�FRYDULDWHV��/RQJLWXGLQDO
PHDVXUHPHQW�LQYDULDQFH�ZDV�HYDOXDWHG�DFURVV�VXUYH\�\HDUV�WR�DVVHVV�ZKHWKHU�FRQVWUXFWV�UHWDLQHG
FRPSDUDEOH�PHDQLQJ�

5HVXOWV��,Q�SUHOLPLQDU\�VWUXFWXUDO�HTXDWLRQ�PRGHOLQJ�XVLQJ������$ODVND�%5)66�GDWD��DQDO\WLF�Q� 
������HFRQRPLF�VWUHVV�ZDV�VWURQJO\�DVVRFLDWHG�ZLWK�SRRUHU�KHDOWK�VWDWXV��u� ��������%RWK�HFRQRPLF
VWUHVV��u� �������DQG�SRRUHU�KHDOWK�VWDWXV��u� �������ZHUH�DVVRFLDWHG�ZLWK�JUHDWHU�,39�YLFWLPL]DWLRQ�

&RQFOXVLRQV��)LQGLQJV�VXJJHVW�WKDW�VWUXFWXUDO�HFRQRPLF�YXOQHUDELOLW\�PD\�VKDSH�,39�ULVN�ERWK
GLUHFWO\�DQG�LQGLUHFWO\�WKURXJK�KHDOWK�UHODWHG�SDWKZD\V��,GHQWLI\LQJ�SRSXODWLRQ�OHYHO��PRGLILDEOH
GHWHUPLQDQWV�RI�,39�FDQ�LQIRUP�XSVWUHDP�SUHYHQWLRQ�VWUDWHJLHV�DQG�VXSSRUW�SXEOLF�KHDOWK�SROLFLHV
DQG�LQWHUYHQWLRQV�DLPHG�DW�UHGXFLQJ�,39�DQG�LWV�KHDOWK�FRQVHTXHQFHV�LQ�$ODVND�
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'LJLWDO�VRFLDO�LQIOXHQFHU�PHVVDJLQJ�UHGXFHV�LQIHFWLRQ�EXUGHQ�DQG�PRGLILHV�HSLGHPLF�ODJ�LQ
JURXS�VWUXFWXUHG�SRSXODWLRQV�$MD�6XWWRQ
�$MD�6XWWRQ��$GDP�=��5H\QROGV��0DWWKHZ�$��7XUQHU�
-DPHV�+ROODQG�-RQHV�

(SLGHPLFV�DUH�V\VWHPV�RI�FRXSOHG�FRQWDJLRQ��WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�VRFLDO�FRQWDJLRQ�RI
EHKDYLRU�DQG�GLVHDVH�WUDQVPLVVLRQ��:LWK�LQFUHDVLQJ�GLJLWDO�FRQQHFWLYLW\��WKH�PRGH�DQG�FRQWH[WV�RI
VRFLDO�FRQWDJLRQ�DQG�OHDUQLQJ�LV�FKDQJLQJ��1RZ��PDQ\�SHRSOH�FDQ�LQVWDQWDQHRXVO\�LQWHUDFW�ZLWK
VRFLDOO\�KRPRJHQHRXV�QHWZRUNV�WKDW�FDQ�LQFOXGH�GLJLWDO��VRFLDO�PHGLD��LQIOXHQFHUV��0DQ\�RI�WKHVH
LQIOXHQFHUV�KDYH�GHYHORSHG�VLJQLILFDQW�IROORZLQJV��ZLWK�VRPH�HVSRXVLQJ��H�J���}DQWL�YD[�PDVN~
VHQWLPHQW��<HW��IRUPDO�PRGHOV�KDYH�\HW�WR�WHVW�WKH�LQWXLWLYH�K\SRWKHVLV�WKDW�PHVVDJLQJ�IURP�WKHVH
LQIOXHQFHUV�LV�VXIILFLHQW�WR�JHQHUDWH�WDQJLEOH��UHDO�ZRUOG�HIIHFWV�RQ�SRSXODWLRQ�OHYHO�HSLGHPLF
RXWFRPHV��)RU�WKH�ILUVW�WLPH��ZH�GHYHORS�DQ�DJHQW�EDVHG�PRGHO�RI�FRXSOHG�FRQWDJLRQ�WKDW
LQFRUSRUDWHV�GLJLWDO�LQIOXHQFHUV�LQWR�DQ�HSLGHPLF�VFHQDULR�WR�WHVW�K\SRWKHVHV�DERXW�KRZ�FRPSHWLQJ
LQIOXHQFH�PHVVDJHV�FDQ�DIIHFW�WKH�GLIIXVLRQ�RI�KHDOWK�SURWHFWLYH�EHKDYLRUV�WKURXJKRXW�D�SRSXODWLRQ�
DQG�WKHUHE\�DOWHU�WKH�FRXUVH�DQG�RXWFRPH�RI�LQIHFWLRXV�GLVHDVH�HSLGHPLFV�

,Q�FRXSOHG�FRQWDJLRQ�V\VWHPV�ZKHUH�EHKDYLRU�DQG�GLVHDVH�ERWK�GLIIXVH�HQGRJHQRXVO\�WKURXJKRXW�WKH
SRSXODWLRQ��LQIOXHQFHUV�SOD\�D�XQLTXH�UROH�z�HVSHFLDOO\�IRU�QRYHO�HSLGHPLFV�ZKHQ�SHRSOH�DUH
EHKDYLRUDOO\�QDkYH��$W�WKH�PDFUR�OHYHO��D�SRSXODWLRQ|V�EHKDYLRU�FDQ�EH�DIIHFWHG�E\�SROLF\�DQG�SXEOLF
KHDOWK�PHVVDJLQJ��$W�WKH�PLFUR�OHYHO��LQGLYLGXDO�VRFLDO�OHDUQLQJ�GHSHQGV�RQ�ORFDO�DQG�SHUVRQDO
FRQQHFWLRQV�LQ�VRFLDO�QHWZRUNV��,QIOXHQFHUV��KRZHYHU��H[LVW�LQ�D�PHVR�OHYHO�SRVLWLRQ��WKRXJK�WKH\�DUH
KLJKO\�XQOLNHO\�WR�LQIOXHQFH�WKH�HQWLUH�SRSXODWLRQ��WKH\�JDLQ�JUHDWHU�WKDQ�DYHUDJH�LQIOXHQFH�LQ�WKH
SRSXODWLRQ�E\�JURZLQJ�D�VRFLDO�IROORZLQJ��H�J���YLD�VRFLRSROLWLFDO�LGHQWLW\���DQG�WKXV�KDYH�LQIOXHQFH
QRW�RQO\�WKURXJK�WKHLU�GLUHFW�PHVVDJLQJ��EXW�DOVR�E\�VKDSLQJ�RSLQLRQ�DQG�JURXS�LGHQWLW\�LQ�ZD\V�WKDW
VWUXFWXUH�WKH�HQYLURQPHQW�IRU�VRFLDO�OHDUQLQJ��:H�WHVW�HSLGHPLF�VFHQDULRV�RI�FRXSOHG�FRQWDJLRQ
DFURVV�WZR�VRFLDO�FRQGLWLRQV�NQRZQ�WR�VKDSH�HSLGHPLFV��KRPRSKLO\�DQG�RXW�JURXS�DYHUVLRQ��:H�ILQG
LQIOXHQFHUV�FDQ�DIIHFW�ERWK�LQGLYLGXDO�EHKDYLRUV�DQG�FRQWULEXWH�WR�SHUVLVWHQW�EHKDYLRUDO�GLIIHUHQFHV
EHWZHHQ�JURXSV��7KHVH�WUHQGV�ZHUH�VWURQJHVW�ZKHQ�VRFLDO�SRODUL]DWLRQ�ZDV�KLJK��+HDOWK�SURWHFWLYH
PHVVDJLQJ�ZDV�DEOH�WR�SURWHFW�WKH�WRWDO�SRSXODWLRQ�HYHQ�LQ�WKH�SUHVHQFH�RI�DQWL�SURWHFWLYH�LQIOXHQFH�
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3XEOLF�3HUFHSWLRQV�RI�+HDOWK�0HVVDJLQJ�7KURXJK�6RFLDO�6HOOLQJ�(YDQJHOLQH�3DQJ
�(YDQJHOLQH
3DQJ��$QQD�'HFHVDUH��0DUJDUHW�7DLW�

0XOWL�OHYHO�PDUNHWLQJ��0/0��DQG�}VRFLDO�VHOOLQJ~�EXVLQHVV�PRGHOV�DUH�ZLGHO\�XVHG�WR�SURPRWH�KHDOWK
DQG�ZHOOQHVV�SURGXFWV�LQ�WKH�8QLWHG�6WDWHV��7KHVH�PRGHOV�UHO\�RQ�SHUVRQDO�QHWZRUNV��UHODWLRQDO�WUXVW�
DQG�GLJLWDO�SODWIRUPV�WR�GLVVHPLQDWH�SURGXFW�LQIRUPDWLRQ��:KLOH�FRPSDQLHV�XVLQJ�WKHVH�PRGHOV
EHFRPH�LQFUHDVLQJO\�PDLQVWUHDP��OLWWOH�LV�NQRZQ�DERXW�KRZ�WKH�SXEOLF�SHUFHLYHV�WKH�FUHGLELOLW\�RI
WKHLU�KHDOWK�UHODWHG�FODLPV��6WXG\LQJ�KRZ�FUHGLELOLW\�LV�YLHZHG�LQ�WKHVH�FRQWH[WV�LV�HVVHQWLDO�WR
SRSXODWLRQ�KHDOWK�HIIRUWV�DLPHG�DW�UHEXLOGLQJ�WUXVW�LQ�SXEOLF�KHDOWK�VFLHQFH��SDUWLFXODUO\�LQ�DUHDV
ZKHUH�UHODWLRQDO�QHWZRUNV�LQFUHDVLQJO\�VKDSH�KHDOWK�EHOLHIV�DQG�GHFLVLRQ�PDNLQJ�

:H�ILHOGHG�D�SLORW�VXUYH\�LQ�-XQH������DPRQJ�8�6��DGXOWV�UHFUXLWHG�WKURXJK�3UROLILF��7KH�VXUYH\
PHDVXUHG�IDPLOLDULW\�ZLWK�DQG�SHUVRQDO�RU�UHODWLRQDO�H[SHULHQFH�LQ�VRFLDO�VHOOLQJ��DORQJ�ZLWK�EURDGHU
WUXVW�LQ�KHDOWK�LQIRUPDWLRQ��3DUWLFLSDQWV�ZHUH�UDQGRPO\�VKRZQ�D�PRFN�KHDOWK�SURGXFW�DGYHUWLVHPHQW
IUDPHG�DV�RULJLQDWLQJ�IURP�HLWKHU�DQ�LQGHSHQGHQW�VRFLDO�VHOOHU�RU�D�WUDGLWLRQDO�UHWDLO�EUDQG��7KHQ�
UHVSRQGHQWV�HYDOXDWHG�WKH�FUHGLELOLW\�PHVVDJLQJ�DQG�UHSRUWHG�EHKDYLRUDO�LQWHQWLRQV��7KH�SLORW�GDWD�
VKDSHG�UHILQHG�VXUYH\�PHDVXUHV��WKH�IXOO�VWXG\�ZLOO�EH�ILHOGHG�DPRQJ�D�ODUJHU�8�6��VDPSOH�LQ�0DUFK
�����

,Q�WKH�SLORW�VDPSOH��Q �����SHUFHSWLRQV�RI�WUXVWZRUWKLQHVV�YDULHG��ZLWK�PRVW�UHVSRQGHQWV�UDWLQJ
VRFLDO�VHOOLQJ�KHDOWK�FODLPV�DV�VOLJKWO\�RU�PRGHUDWHO\�WUXVWZRUWK\��2QH�WKLUG�UHSRUWHG�SHUVRQDO
SDUWLFLSDWLRQ�LQ�VRFLDO�VHOOLQJ��DQG�WZR�WKLUGV�UHSRUWHG�H[SRVXUH�WKURXJK�FORVH�IULHQGV�RU�IDPLO\�
5HDFWLRQV�WR�WKH�PRFN�DG�VKRZHG�ERWK�LQWHUHVW�DQG�VNHSWLFLVP��5HVSRQVHV�PRVW�IUHTXHQWO\�LGHQWLILHG
SXEOLF�KHDOWK�RIILFLDOV�DV�WUXVWHG�PHVVHQJHUV��'DWD�IURP�WKLV�SLORW�VKDSHG�RXU�FXUUHQW�VXUYH\
TXHVWLRQV��WKRXJK�WKH\�DUH�VLPLODU��

7KLV�UHVHDUFK�VKRZV�KRZ�VRFLDOO\�PHGLDWHG�KHDOWK�PHVVDJLQJ�VKDSHV�FUHGLELOLW\�SHUFHSWLRQV�LQ�D
GLJLWDO�LQIRUPDWLRQ�DJH��$V�KHDOWK�FODLPV�FLUFXODWH�WKURXJK�UHODWLRQDO�QHWZRUNV��SRSXODWLRQ�KHDOWK
VFLHQFH�PXVW�DFFRXQW�IRU�KRZ�WUXVW�LV�IRUPHG�RXWVLGH�LQVWLWXWLRQDO�VHWWLQJV�
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+RZ�LV�7UXVW�LQ�3XEOLF�+HDOWK�$XWKRULWLHV�&RQFHSWXDOL]HG�DQG�0HDVXUHG�LQ�WKH�&RQWH[W�RI
8�6��3XEOLF�+HDOWK�&ULVHV"�$�6\VWHPDWLF�5HYLHZ�6DPDQWKD�.ORIW
�6DPDQWKD�.ORIW��'DQLHO�/mSH]�
&HYDOORV��-XQJ�+HH�+\XQ��(OL]DEHWK�%HUWRQH�-RKQVRQ��$LUjQ�0DUWjQH]�

7UXVW�LQ�SXEOLF�KHDOWK�DXWKRULWLHV��7L3+$��LV�FULWLFDO�IRU�HIIHFWLYH�SXEOLF�KHDOWK�SUHSDUHGQHVV��\HW
WKHUH�LV�OLPLWHG�FRQVHQVXV�RQ�KRZ�WUXVW�LV�GHILQHG�RU�PHDVXUHG��,QFRQVLVWHQW�FRQFHSWXDOL]DWLRQV
KLQGHU�HIIRUWV�WR�FRPSDUH�ILQGLQJV��HYDOXDWH�LQWHUYHQWLRQV��DQG�VWUHQJWKHQ�UHODWLRQVKLSV�EHWZHHQ
FRPPXQLWLHV�DQG�SXEOLF�KHDOWK�DJHQFLHV��+HQFH��WKH�SUHVHQW�VWXG\�HYDOXDWHG�KRZ�7L3+$�LV
FRQFHSWXDOL]HG�DQG�PHDVXUHG��$�V\VWHPDWLF�UHYLHZ�IROORZLQJ�35,60$�JXLGHOLQHV�LGHQWLILHG�VWXGLHV
H[DPLQLQJ�7L3+$�DFURVV�PXOWLSOH�GLVFLSOLQHV��LQFOXGLQJ�SHHU�UHYLHZHG�DQG�JUD\�OLWHUDWXUH��(OLJLEOH
VWXGLHV�GHILQHG�RU�PHDVXUHG�7L3+$�LQ�WKH�FRQWH[W�RI�SXEOLF�KHDOWK�HPHUJHQFLHV��UDQJLQJ�IURP
SDQGHPLFV�WR�QDWXUDO�GLVDVWHUV�DQG�ELRORJLFDO�FKHPLFDO�WKUHDWV��)RUW\�WKUHH�VWXGLHV�PHW�LQFOXVLRQ
FULWHULD��������������SURYLGHG�D�GHILQLWLRQ�RI�WUXVW�DQG�������������LQFOXGHG�DW�OHDVW�RQH�PHDVXUH�
'HILQLWLRQV�YDULHG�ZLGHO\�DQG�ZHUH�RIWHQ�LPSOLFLW��&RPSHWHQFH�ZDV�WKH�PRVW�IUHTXHQWO\�UHIHUHQFHG
GLPHQVLRQ�����VWXGLHV���ZKLOH�GLPHQVLRQV�VXFK�DV�LQWHJULW\��WUDQVSDUHQF\��DQG�IDLUQHVV�DSSHDUHG
LQFRQVLVWHQWO\��0RVW�UHVHDUFK�ZDV�FRQGXFWHG�ZLWK�JHQHUDO�DGXOW�SRSXODWLRQV�������ZLWK�UHODWLYHO\
OLWWOH�DWWHQWLRQ�WR�VSHFLILF��HPHUJHQF\�DIIHFWHG�FRPPXQLWLHV�RU�SXEOLF�KHDOWK�SUDFWLWLRQHUV��6WXGLHV
PRVW�RIWHQ�DVVHVVHG�WUXVW�LQ�IHGHUDO�DJHQFLHV��ZLWK�VWDWH�DQG�ORFDO�DXWKRULWLHV�UHIHUHQFHG�OHVV
IUHTXHQWO\��0HDVXUHPHQW�DSSURDFKHV�YDULHG�VXEVWDQWLDOO\�DQG�LQFOXGHG�VLQJOH�LWHP�UDWLQJV��PXOWL�
LWHP�VFDOHV��}PRVW�WUXVWHG�VRXUFH~�TXHVWLRQV��DQG�TXDOLWDWLYH�DVVHVVPHQWV��0RVW�TXDQWLWDWLYH�VWXGLHV
UHOLHG�RQ�QRQ�YDOLGDWHG�PHDVXUHV�RU�GLG�QRW�UHSRUW�SV\FKRPHWULF�SURSHUWLHV��7KHVH�ILQGLQJV
GHPRQVWUDWH�VXEVWDQWLDO�FRQFHSWXDO�DQG�PHWKRGRORJLFDO�LQFRQVLVWHQF\�LQ�KRZ�7L3+$�LV�GHILQHG�DQG
PHDVXUHG��7KH�UHYLHZ�V\QWKHVL]HV�GHILQLWLRQV�DQG�PHDVXUHPHQW�DSSURDFKHV�DQG�RIIHUV
UHFRPPHQGDWLRQV�WR�VXSSRUW�PRUH�FRQVLVWHQW�GHILQLWLRQV�DQG�VWDQGDUGL]HG�PHDVXUHV�RI�7L3+$�
DGYDQFLQJ�IXWXUH�UHVHDUFK�DQG�WUXVW�EXLOGLQJ�HIIRUWV�LQ�SXEOLF�KHDOWK�SUHSDUHGQHVV�
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3XEOLF�+HDOWK�&RPPXQLFDWLRQ�DQG�7UXVW

(URVLRQ�RI�WUXVW�LQ�WKH�IHGHUDO�JRYHUQPHQWiV�PHDVOHV�UHVSRQVH��)LQGLQJV�IURP�D�QDWLRQDO
VXUYH\�RI�86�SDUHQWV�.ULVWLQ�*RGGDUG
�.ULVWLQ�*RGGDUG��0DOORU\�(OOLQJVRQ��.DWKHULQH�.ULWLNRV�
.DWKU\Q�.HQQHG\��%HQMDPLQ�.DKQ��0HOLVVD�*LONH\��1RHO�%UHZHU�

6LJQLILFDQFH��2QJRLQJ�86�PHDVOHV�RXWEUHDNV�WKUHDWHQ�WR�DJDLQ�PDNH�WKH�GLVHDVH�HQGHPLF��(IIHFWLYH
PLWLJDWLRQ�RI�LQIHFWLRXV�GLVHDVH�RXWEUHDNV�RIWHQ�UHOLHV�RQ�WKH�SXEOLF|V�WUXVW�LQ�SXEOLF�KHDOWK�UHVSRQVH
HIIRUWV��:H�VRXJKW�WR�XQGHUVWDQG�KRZ�WUXVW�LQ�WKH�IHGHUDO�JRYHUQPHQW|V�DELOLW\�WR�FRQWURO�PHDVOHV
RXWEUHDNV�KDV�FKDQJHG�VLQFH�WKH�EHJLQQLQJ�RI�������ZKHQ�PHDVOHV�EHJDQ�FLUFXODWLQJ�ZLGHO\�LQ�WKH
86�

0HWKRGV��:H�FRQGXFWHG�D�QDWLRQDOO\�UHSUHVHQWDWLYH�VXUYH\�RI�������DGXOW�SDUHQWV�RI�FKLOGUHQ��DJHV
�����\HDUV��LQ�0D\�������7KH�RQOLQH��FURVV�VHFWLRQDO�VXUYH\�DVVHVVHG�KRZ�PXFK�WUXVW�LQ�WKH�IHGHUDO
JRYHUQPHQW|V�DELOLW\�WR�FRQWURO�PHDVOHV�RXWEUHDNV�KDG�FKDQJHG�VLQFH�WKH�VWDUW�RI�������7KH�RXWFRPH
RI�WUXVW�ZDV�FDWHJRUL]HG�DV�OHVV�WUXVW�YHUVXV�XQFKDQJHG�RU�PRUH�WUXVW��:H�H[DPLQHG�WKH�DVVRFLDWLRQ
RI�OHVV�WUXVW�LQ�JRYHUQPHQW�UHVSRQVH�ZLWK�SDUHQW�FKDUDFWHULVWLFV�XVLQJ�ORJLVWLF�UHJUHVVLRQ�

5HVXOWV��1HDUO\�KDOI�RI�SDUHQWV�������UHSRUWHG�OHVV�WUXVW�LQ�WKH�IHGHUDO�JRYHUQPHQW|V�DELOLW\�WR
FRQWURO�D�PHDVOHV�RXWEUHDN��ZLWK�����UHSRUWLQJ�}PXFK�OHVV~�WUXVW��&RQVLVWHQWO\�OLEHUDO�OHDQLQJ
SDUHQWV�ZHUH�PRUH�OLNHO\�WR�UHSRUW�OHVV�WUXVW�LQ�WKH�IHGHUDO�JRYHUQPHQW�UHVSRQVH�FRPSDUHG�WR
FRQVLVWHQWO\�FRQVHUYDWLYH�OHDQLQJ�UHVSRQGHQWV������YV�������S���������$ERXW�KDOI�RI�SDUHQWV�IURP
WKH�0LGZHVW��������:HVW�������DQG�1RUWKHDVW�������UHSRUWHG�OHVV�WUXVW�FRPSDUHG�WR�����RI
UHVSRQGHQWV�IURP�WKH�6RXWK��DOO�S��������3DUHQWV�ZLWK�D�EDFKHORU|V�GHJUHH�RU�KLJKHU�ZHUH�PRUH
OLNHO\�WR�UHSRUW�OHVV�WUXVW�WKDQ�WKRVH�ZLWK�VRPH�FROOHJH�RU�OHVV������YV������S�������

&RQFOXVLRQV��2XU�ILQGLQJV�VXJJHVW�DQ�HURVLRQ�RI�SDUHQWV|�WUXVW�LQ�WKH�IHGHUDO�JRYHUQPHQW|V�DELOLW\�WR
FRQWURO�PHDVOHV�RXWEUHDNV��7KH�GHFUHDVH�ZDV�VWURQJHVW�DPRQJ�OLEHUDO�DQG�PRUH�HGXFDWHG�SDUHQWV�
7KLV�ORVW�WUXVW�FRXOG�OLPLW�IHGHUDO�KHDOWK�DXWKRULWLHV|�DELOLW\�WR�FRQWURO�WKH�RQJRLQJ�PHDVOHV�RXWEUHDNV�
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3XEOLF�+HDOWK�&RPPXQLFDWLRQ�DQG�7UXVW

+RZ�UHFHQW�FKDQJHV�LQ�SXEOLF�SROLF\�DQG�VFLHQWLILF�IXQGLQJ�KDYH�VKDSHG�FDUHHU�GHFLVLRQ�
PDNLQJ�DPRQJ�86�SXEOLF�KHDOWK�WUDLQHHV�%HWK�6WHOVRQ
�(OLVDEHWK�6WHOVRQ��0DWWKHZ�/HH��0DU\
.DWKU\Q�3RROH��8]RPD�$VLHJEX��(ULFD�/��.HQQH\��6DUDK�1��%OHLFK��(ULF�5LPP�

%DFNJURXQG��7KH�86�LV�DW�ULVN�RI�ORVLQJ�D�JHQHUDWLRQ�RI�WKH�SXEOLF�KHDOWK�ZRUNIRUFH�ZLWK�DGYDQFHG
PHWKRGRORJLFDO�WUDLQLQJ��)RU�PDQ\�\HDUV��LQGLYLGXDOV�ZLWK�GRFWRUDO�OHYHO�WUDLQLQJ�KDYH�H[LWHG�SXEOLF
KHDOWK��5HFHQW��ODUJH�VFDOH�FKDQJHV�WR�IHGHUDO�SROLFLHV�DQG�VFLHQWLILF�IXQGLQJ�GXULQJ�WKH�7UXPS
$GPLQLVWUDWLRQ�PD\�ZRUVHQ�HDUO\�FDUHHU�SXEOLF�KHDOWK�ZRUNIRUFH�DWWULWLRQ��(QVXULQJ�D�UREXVW�SXEOLF
KHDOWK�ZRUNIRUFH�ZLWK�DGYDQFHG�WUDLQLQJ�LV�FULWLFDO�WR�SURWHFWLQJ�$PHULFDQV|�KHDOWK�

2EMHFWLYH��7R�DVFHUWDLQ�KRZ�UHFHQW�SROLF\�FKDQJHV�WR�KHDOWK��HGXFDWLRQ��DQG�VFLHQWLILF�IXQGLQJ�VKDSH
FDUHHU�GHFLVLRQV�RI�DGYDQFHG�SXEOLF�KHDOWK�WUDLQHHV��GRFWRUDO�FDQGLGDWHV��SRVWGRFV��

0HWKRGV��:H�DUH�FXUUHQWO\�FRQGXFWLQJ����VHPL�VWUXFWXUHG�=RRP�LQWHUYLHZV�RI�WUDLQHHV��SXUSRVLYHO\
VDPSOHG�IURP�SURJUDPV�RI�SXEOLF�KHDOWK�LQ�WKH�8�6��7UDQVFULSWV�ZLOO�EH�GRXEOH�FRGHG�LQ�19LYR���
XVHG�WR�FDOFXODWH�LQWHUFRGHU�UHOLDELOLW\��v �������:H�ZLOO�HPSOR\�DQ�LPPHUVLRQ�FU\VWDOOL]DWLRQ
DSSURDFK�WR�FRQGXFW�WKHPDWLF�DQDO\VLV�

3UHOLPLQDU\�UHVXOWV��7R�GDWH��ZH�KDYH�LQWHUYLHZHG����GRFWRUDO�FDQGLGDWHV�DQG����SRVWGRFV�IURP���
LQVWLWXWLRQV�ORFDWHG�LQ����VWDWHV�RI�GLIIHULQJ�SROLWLFDO�OHDQLQJV��3UHOLPLQDU\�DQDO\VLV�LQGLFDWHV�WKDW
ZKLOH�WUDLQHHV�LQWHQG�WR�VHDUFK�IRU�SXEOLF�KHDOWK�MREV��PRVW�H[SUHVVHG�VXEVWDQWLDO�XQFHUWDLQW\
VHFXULQJ�HPSOR\PHQW��3DUWLFLSDQWV�UHSRUWHG�IHGHUDO�VFLHQWLILF�IXQGLQJ�DQG�LPPLJUDWLRQ
UHVWULFWLRQVzDW�WLPHV�FRXSOHG�ZLWK�VWDWH�HGXFDWLRQ�SROLFLHV�DQG�FHQVRUVKLSzUHGXFHG�SV\FKRORJLFDO
VDIHW\�DQG�HPSOR\PHQW�RSSRUWXQLWLHV��6RPH�SDUWLFLSDQWV�GHVFULEHG�UHGHILQLQJ�IXWXUH�SXEOLF�KHDOWK
HPSOR\PHQW�WR�LQFOXGH�MREV�LQ�QRQ�SXEOLF�KHDOWK�LQGXVWULHV��ZKLFK�PD\�KDYH�SRVLWLYH�SXEOLF�KHDOWK
LPSDFWV��ZKLOH�RWKHUV�UHSRUW�VKLIWLQJ�UHVHDUFK�WR�PDWFK�LGHRORJLFDO�DQG�IXQGLQJ�UHVWULFWLRQV�
3DUWLFLSDQWV�HPSKDVL]HG�KRZ�UHFHQW�SROLF\�FKDQJHV�H[DFHUEDWH�ORQJVWDQGLQJ�WUDLQLQJ�GLIILFXOWLHV�
QDPHO\�OLPLWHG�WUDLQLQJ�LQ�VFLHQWLILF�DQG�SXEOLF�FRPPXQLFDWLRQ�DQG�JUDQW�ZULWLQJ��SUHFDULRXV
HPSOR\PHQW�DV�WUDLQHHV��DQG�LQFRQVLVWHQW�PHQWRUVKLS�

&RQFOXVLRQ��5HFHQW�IHGHUDO�SROLF\�VKLIWV�DUH�GULYLQJ�PDQ\�GRFWRUDO�OHYHO�SXEOLF�KHDOWK�WUDLQHHV�DZD\
IURP�SXEOLF�KHDOWK�FDUHHUV��VHYHUHO\�ZHDNHQLQJ�WKH�SLSHOLQH�RI�DGYDQFHG�SXEOLF�KHDOWK�WDOHQW�
'HGLFDWHG�HIIRUWV�DUH�QHHGHG�WR�VXSSRUW�DQG�UHWDLQ�DQ�HIIHFWLYH��DGYDQFHG�SXEOLF�KHDOWK�ZRUNIRUFH
DQG�LPSURYH�ORQJVWDQGLQJ�KLJKHU�HGXFDWLRQ�WUDLQLQJ�SUDFWLFHV�
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0HWKRGRORJLFDO�DSSURDFKHV�WR�VWXG\LQJ�SXEOLF�KHDOWK

0L[HG�0HWKRGV�0DSSLQJ�RI�$UPHG�*URXS�9LROHQFH�LQ�%XHQDYHQWXUD��&RORPELD�.DWL�+LQPDQ

.DWL�+LQPDQ�

%DFNJURXQG��5HVHDUFK�RQ�DUPHG�FRQIOLFW��FRPPXQLW\�YLROHQFH�DQG�KHDOWK�LV�H[WHQVLYH��\HW�JDSV
UHPDLQ�LQ�XQGHUVWDQGLQJ�KRZ�FULPLQDO�DUPHG�JURXSV��DV�NH\�SHUSHWUDWRUV��VHOHFWLYHO\�FRPPLW
YLROHQFH�DQG�KRZ�WKHLU�VRFLDO�FRQWURO�RI�FRPPXQLWLHV�LPSDFWV�KHDOWK�

0HWKRGV��7KLV�PL[HG�PHWKRG�UHVHDUFK�H[DPLQHV�WKH�FDXVHV��JHRVSDWLDO�VFRSH��DQG�SRSXODWLRQ�OHYHO
LPSDFWV�RI�DUPHG�JURXS�YLROHQFH�LQ�WKH�FLW\�RI�%XHQDYHQWXUD��&RORPELD��FRQFHSWXDOL]HG�DQG
FRQGXFWHG�ZLWK�&213$=&2/��D�QHWZRUN�RI�LQGLJHQRXV��$IURGHVFHQGHQW��DQG�IDUPLQJ�FRPPXQLWLHV
LPSDFWHG�E\�WKH�&RORPELDQ�FRQIOLFW��7KUHH�GDWD�VRXUFHV�ZHUH�WULDQJXODWHG�WR�H[DPLQH�UHSRUWHG�DQG
SHUFHLYHG�SDWWHUQV�RI�YLROHQFH�LQ�%XHQDYHQWXUD�IURP������WR����������*HRVSDWLDO�SROLFH�FULPH�GDWD
E\�QHLJKERUKRRG�����NH\�LQIRUPDQW�LQWHUYLHZV��.,,V��ZLWK�ORFDO�RIILFLDOV��VRFLDO�OHDGHUV��DQG�1*2
UHSUHVHQWDWLYHV�����FRPPXQLW\�PDSSLQJ�VHVVLRQV�ZLWK�&213$=&2/�FRPPXQLWLHV�LGHQWLI\LQJ�DUHDV
UHVLGHQWV�FRQVLGHUHG�VDIH�DQG�XQVDIH�DQG�VDIHW\�VWUDWHJLHV�

5HVXOWV��&ULPH�GDWD��.,,V��DQG�FRPPXQLW\�PDSSLQJ�LGHQWLILHG�RYHUODSSLQJ�DQG�GLVWLQFW�DUHDV�RI
HOHYDWHG�YLROHQFH��3ROLFH�GDWD�VKRZHG�KRWVSRWV�GRZQWRZQ��ZKLFK�.,V�DWWULEXWHG�WR�LQFUHDVHG
UHSRUWLQJ�DQG�SROLFH�SUHVHQFH�LQ�D�KLJKHU�LQFRPH�DUHD��.,V�UHSRUWHG�WKDW�YLROHQFH�FOXVWHUHG�E\
ZDWHUZD\V�DUPHG�JURXSV�XVHG�IRU�GUXJ�WUDIILFNLQJ�

&RQFOXVLRQ��7KH�FRPELQDWLRQ�RI�SROLFH�FULPH�GDWD��.,,V�DQG�FRPPXQLW\�PDSSLQJ�SUHVHQWV�D
QXDQFHG�DQG�OD\HUHG�H[DPLQDWLRQ�RI�{RIILFLDO|�YLROHQFH��SHUFHLYHG�YLROHQFH��DQG�LQYLVLEOH�YLROHQFH��DV
ZHOO�DV�KLJKOLJKWLQJ�VWUDWHJLHV�WR�DYRLG�YLROHQFH�YLFWLPL]DWLRQ�
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3ODFH�&RPPXQLWLHV

1HLJKERUKRRGV�DV�,QGLFDWRUV�RI�6WUXFWXUDO�8QWUXVWZRUWKLQHVV�DQG�3DWKZD\V�WR�0HGLFDO
0LVWUXVW�-HQQLIHU�5LFKPRQG
�-HQQLIHU�5LFKPRQG��$PDQGD�<��.RQJ��6DQG\�$JXLODU�3DOPD��/LOOL�0DQQ�
-DFNVRQ��$VKOH\�6WUDKOH\��/DXUD�0F'XIIHH��7DUD�6��6WULJR��&DUOD�0HQD�$UUHGRQGR��6KDQLTXD�/HZLV�
1DGLQH�%DUUHWW��&ODULVVD�'LDPDQWLGLV�

,QWURGXFWLRQ��5HVHDUFK�RQ�KHDOWKFDUH�WUXVWZRUWKLQHVV�KDV�ODUJHO\�IRFXVHG�RQ�FOLQLFDO�LQWHUDFWLRQV�
RYHUORRNLQJ�KRZ�HQFRXQWHUV�ZLWK�QRQ�KHDOWK�LQVWLWXWLRQV�LQ�QHLJKERUKRRGV�PD\�VKDSH�PHGLFDO
PLVWUXVW�WKURXJK�VSLOORYHU�HIIHFWV��/LWWOH�ZRUN�KDV�FHQWHUHG�FRPPXQLW\�SHUVSHFWLYHV�RQ�KRZ
QHLJKERUKRRG�LQVWLWXWLRQDO�H[SHULHQFHV�UHODWH�WR�KHDOWKFDUH�WUXVWZRUWKLQHVV�

5HVHDUFK�4XHVWLRQ��+RZ�GR�QHLJKERUKRRG�LQVWLWXWLRQV�LQIOXHQFH�WKH�WUXVWZRUWKLQHVV�RI�KHDOWKFDUH
SURYLGHUV�DQG�V\VWHPV"

0HWKRGV��:H�FRQGXFWHG�VL[�IRFXV�JURXSV��1 ����ZLWK�UHVLGHQWV�LQ�:LQVWRQ�6DOHP��1&��8VLQJ
LQGXFWLYHyGHGXFWLYH�WKHPDWLF�DQDO\VLV��ZH�H[DPLQHG�KRZ�UHVLGHQWV�GHSLFWHG�QHLJKERUKRRG
FRQGLWLRQV��LQWHUDFWLRQV�ZLWK�KHDOWK�DQG�QRQ�KHDOWK�LQVWLWXWLRQV��DQG�KHDOWKFDUH�H[SHFWDWLRQV�

5HVXOWV��3DUWLFLSDQWV�GHVFULEHG�XQHYHQ�QHLJKERUKRRG�LQIUDVWUXFWXUH��VDIHW\��DQG�VHUYLFH�DFFHVV�DV
LQGLFDWRUV�WKDW�FRPPXQLWLHV�GHILQHG�E\�UDFH��HWKQLFLW\��VRFLRHFRQRPLF�VWDWXV��DQG�]LS�FRGH�DUH
GHSULRULWL]HG�}E\�GHVLJQ�~�([SHULHQFHV�ZLWK�QRQ�KHDOWK�LQVWLWXWLRQV�VXFK�DV�SROLFH��JRYHUQPHQW�
KRXVLQJ��DQG�WUDQVSRUWDWLRQ�LQIRUPHG�EURDG�LQVWLWXWLRQDO�H[SHFWDWLRQV��1RQ�UHVSRQVLYHQHVV�
GLIIHUHQWLDO�WUHDWPHQW�E\�UDFH�HWKQLFLW\�RU�ODQJXDJH��DQG�KLJK�QDYLJDWLRQ�EXUGHQV�LQGLFDWHG�WKDW
V\VWHPV�GR�QRW�OLVWHQ�RU�DFW�IDLUO\��7KHVH�LQGLFDWRUV�DSSHDUHG�LQ�KHDOWKFDUH�WKURXJK�WUDQVSRUWDWLRQ�
ODQJXDJH��DQG�QDYLJDWLRQ�EDUULHUV��5XVKHG��WUDQVDFWLRQDO�FDUH�IXUWKHU�IRVWHUHG�PLVWUXVW��ZKLOH�FDUH
FRQWLQXLW\��OLVWHQLQJ��DQG�QDYLJDWLRQ�VXSSRUW�VLJQDOHG�WUXVWZRUWKLQHVV�

&RQFOXVLRQ��1HLJKERUKRRG�UHVLGHQWV�PD\�MXGJH�LQVWLWXWLRQDO�WUXVWZRUWKLQHVV�WKURXJK
UHVSRQVLYHQHVV�WR�FRPPXQLW\�QHHGV��:KHQ�QRQ�KHDOWK�LQVWLWXWLRQV�DUH�XQUHVSRQVLYH��WKLV�SHUFHLYHG
GLVLQYHVWPHQW�PD\�VSLOO�RYHU�LQWR�PHGLFDO�PLVWUXVW��6WUHQJWKHQLQJ�KHDOWKFDUH�WUXVWZRUWKLQHVV�PD\
UHTXLUH�PDNLQJ�LQVWLWXWLRQDO�UHVSRQVLYHQHVV�YLVLEOH�LQ�QHLJKERUKRRGV�EHIRUH�SHRSOH�HQWHU�PHGLFDO
VHWWLQJV��ZKLOH�HQVXULQJ�FDUH�FRQWLQXLW\��OLVWHQLQJ��DQG�QDYLJDWLRQ�VXSSRUW�DUH�SUHVHQW�ZKHQ�SHRSOH
GR�HQWHU�FOLQLFDO�VHWWLQJV�
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5HQRYDWLQJ�SXEOLF�KRXVLQJ�DQG�KHDOWK��HYLGHQFH�IURP�)UHVQR�&RXQW\��&DOLIRUQLD�<XHTL�<DQ

LUHQH�\HQ��1\ODK�+DVVDDQ�:DUUHQ�

3RRU�KRXVLQJ�FRQGLWLRQV�DUH�DVVRFLDWHG�ZLWK�LOOQHVV��)RU�H[DPSOH��URRI�OHDNV�FDQ�OHDG�WR�PROG�WKDW
WULJJHUV�DVWKPD��0DQ\�86�SXEOLF�KRXVLQJ�GHYHORSPHQWV�DUH�DJLQJ�DQG�LQ�GLVUHSDLU��7KH�5HQWDO
$VVLVWDQFH�'HPRQVWUDWLRQ��5$'��SURJUDP�VXSSRUWV�EXLOGLQJ�LPSURYHPHQWV�DQG�SURPRWHV�ZHOOEHLQJ
RI�UHVLGHQWV�WKURXJK�SULYDWH�VHFWRU�IXQGLQJ�LQFHQWLYL]HG�E\�WD[�FUHGLWV�

$UH�5$'�IXQGHG�UHQRYDWLRQV�LQ�)UHVQR�&RXQW\��&$��SXEOLF�KRXVLQJ�DVVRFLDWHG�ZLWK�FKDQJHV�LQ
KHDOWK��XVLQJ�0HGLFDLG�KHDOWKFDUH�XWLOL]DWLRQ"�:H�XVHG�GDWD�RI���������0HGLFDLG�SDWLHQWV�ZKR
UHVLGHG�LQ�UHQRYDWHG�SXEOLF�KRXVLQJ��5$'�3+���QRQ�UHQRYDWHG�SXEOLF�KRXVLQJ��1RQ�5$'���RU�QRQ�
SXEOLF�KRXVLQJ��1RQ�3+��LQ�)UHVQR������������:H�VHOHFWHG�KRXVLQJ�VHQVLWLYH�FRQGLWLRQV�y
UHVSLUDWRU\�LQIHFWLRQV��LQMXU\��DQG�PHQWDO�GLVRUGHUV�y�LGHQWLILHG�LQ�WKH�UHFRUGV�ZLWK�,&'���FRGHV��:H
XVHG�&R[�UHJUHVVLRQ�PRGHOV�WR�FRPSDUH�RQH�\HDU�IROORZ�XS�KHDOWKFDUH�YLVLWV�IRU�WKHVH�FRQGLWLRQV
ZLWK�ZHLJKWHG�SURSHQVLW\�VFRUHV�DSSOLHG�DFURVV�HDFK�FRKRUW�WR�EDODQFH�VDPSOH�FKDUDFWHULVWLFV�DFURVV
JURXSV�

$IWHU�DSSO\LQJ�QRUPDOL]HG�SURSHQVLW\�VFRUH�ZHLJKWV��5$'�UHVLGHQWV�������KDG�D�ORZHU�ZHLJKWHG
SUHYDOHQFH�RI�YLVLWV�IRU�UHVSLUDWRU\�GLVRUGHUV�FRPSDUHG�WR�QRQ�5$'�������DQG�QRQ�3+�UHVLGHQWV
������S��������:H�VDZ�VLPLODU�SDWWHUQV�IRU�UHVSLUDWRU\�LQIHFWLRQV�DQG�FKURQLF�OXQJ�GLVHDVH��1RQ�
5$'�3+�������1RQ�3+�������5$'�������S�������DQG�LQMXU\��1RQ�5$'�3+�������1RQ�3+������
5$'������S��������,Q�FRQWUDVW��5$'�UHVLGHQWV�KDG�D�KLJKHU�SUHYDOHQFH�RI�YLVLWV�IRU�PHQWDO�GLVRUGHUV
������WKDQ�1RQ�5$'�3+�������DQG�QRQ�3+�UHVLGHQWV�������S��������:HLJKWHG�&R[�UHJUHVVLRQ
PRGHOV�VKRZHG�WKDW��FRPSDUHG�WR�5$'��QRQ�3+�UHVLGHQWV�KDG�D�ORZHU�KD]DUG�RI�PHQWDO�KHDOWK�YLVLWV
�+5 ������S �������,Q�FRQWUDVW��ERWK�QRQ�3+��+5 ������S ������DQG�QRQ�5$'�UHVLGHQWV
�+5 ������S ������KDG�D�KLJKHU�KD]DUG�RI�YLVLWV�IRU�UHVSLUDWRU\�LQIHFWLRQV�DQG�FKURQLF�OXQJ�GLVHDVH
FRPSDUHG�WR�5$'�UHVLGHQWV��2XU�UHVXOWV�VXJJHVW�LQLWLDWLYHV�WR�VXSSRUW�SXEOLF�KRXVLQJ�LPSURYHPHQWV
FDQ�UHGXFH�KHDOWKFDUH�XWLOL]DWLRQ�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

+HDOWK�EHKDYLRUV

,QFRPH�,QHTXLWLHV�LQ�<RXWK�0RYHPHQW�%HKDYLRUV��7KH�5ROH�RI�WKH�1HLJKERUKRRG
(QYLURQPHQW�+D\OH\�$OPHV
�+D\OH\�$OPHV��5\DQ�%XUQV��$GULDQD�&ROHWWD��-DFRE�.HDQ�

3ULRU�UHVHDUFK�KDV�GHPRQVWUDWHG�LQFRPH�OLQNHG�GLVSDULWLHV�LQ�PRYHPHQW�EHKDYLRUV��LQFOXGLQJ�VOHHS�
VHGHQWDU\�VFUHHQ�WLPH��DQG�SK\VLFDO�DFWLYLW\���EXW�IHZ�KDYH�H[DPLQHG�WKH�SRWHQWLDO�UROH�RI
QHLJKERUKRRG�HQYLURQPHQW�LQ�WKHVH�UHODWLRQVKLSV��:H�H[DPLQHG�DVVRFLDWLRQV�EHWZHHQ�LQFRPH�
QHLJKERUKRRG�HQYLURQPHQW��DQG�PRYHPHQW�EHKDYLRUV�DPRQJ�86�FKLOGUHQ�DQG�DGROHVFHQWV�XVLQJ
SRROHG�FURVV�VHFWLRQDO�����y�����1DWLRQDO�6XUYH\�RI�&KLOGUHQ|V�+HDOWK��16&+��GDWD��Q��������
DJHV��y�����6XUYH\�ZHLJKWHG�ELYDULDWH�DVVRFLDWLRQV�ZHUH�HVWLPDWHG��DQG�VWUXFWXUDO�HTXDWLRQ
PRGHOLQJ��6(0��ZDV�XVHG�WR�HVWLPDWH�LQGLUHFW�HIIHFWV�OLQNLQJ�KRXVHKROG�LQFRPH�WR�PRYHPHQW
EHKDYLRUV�YLD�QHLJKERUKRRG�FRQGLWLRQV��7KH�QHLJKERUKRRG�HQYLURQPHQW�ZDV�HYDOXDWHG�DV�����D�VLQJOH
ODWHQW�FRQVWUXFW�DQG�����VHSDUDWH�ODWHQW�GRPDLQV�UHIOHFWLQJ�LQIUDVWUXFWXUH�DQG�GLVRUGHU��$GGLWLRQDOO\�
ZH�PRGHOHG�VDIHW\�DV�D�PHGLDWRU�EHWZHHQ�LQFRPH�DQG�HDFK�RI�WKH�WKUHH�PRYHPHQW�EHKDYLRUV�
0HDVXUHPHQW�PRGHOV�VXSSRUWHG�D�WZR�GRPDLQ�UHSUHVHQWDWLRQ�RI�QHLJKERUKRRG�FRQGLWLRQV
�LQIUDVWUXFWXUH�DQG�GLVRUGHU���+LJKHU�LQFRPH�ZDV�DVVRFLDWHG�ZLWK�PRUH�IDYRUDEOH�SDUHQW�UHSRUWHG
PRYHPHQW�EHKDYLRU�SDWWHUQV��DQG�QHLJKERUKRRG�FRQGLWLRQV�SDUWLDOO\�PHGLDWHG�WKHVH�DVVRFLDWLRQV�
,QGLUHFW�SDWKZD\V�WKURXJK�GLVRUGHU�ZHUH�VWURQJHU�WKDQ�SDWKZD\V�WKURXJK�LQIUDVWUXFWXUH������RI�WKH
WRWDO�HIIHFW�WKURXJK�GLVRUGHU�YHUVXV����WKURXJK�LQIUDVWUXFWXUH���3HUFHLYHG�QHLJKERUKRRG�VDIHW\
DFFRXQWHG�IRU�LQGLUHFW�DVVRFLDWLRQV�EHWZHHQ�LQFRPH�DQG�HDFK�PRYHPHQW�EHKDYLRU��DERXW�����RI�WKH
WRWDO�HIIHFW�IRU�VFUHHQ�WLPH������IRU�VOHHS��DQG�����IRU�3$���'LVRUGHU�UHODWHG�QHLJKERUKRRG
FRQGLWLRQV�PD\�EH�PRUH�VWURQJO\�OLQNHG�WR�\RXWKV|�PRYHPHQW�EHKDYLRUV�WKDQ�LQIUDVWUXFWXUH��3ODFH�
EDVHG�VWUDWHJLHV�WR�LPSURYH�PRYHPHQW�EHKDYLRUV�PD\�EHQHILW�IURP�SDLULQJ�LQIUDVWUXFWXUDO
LQYHVWPHQWV�ZLWK�HIIRUWV�WR�UHGXFH�YLVLEOH�GLVRUGHU�DQG�LPSURYH�SHUFHLYHG�VDIHW\�

�
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���� $&6�$EVWUDFW�&RQWULEXWHG�6HVVLRQ

+HDOWK�HTXLW\

$�5DQGRPL]HG�&RQWUROOHG�7ULDO�RI�&RQFHQWUDWHG�,QYHVWPHQW�LQ�%ODFN�1HLJKERUKRRGV�WR
$GGUHVV�6WUXFWXUDO�5DFLVP�DV�D�)XQGDPHQWDO�&DXVH�RI�3RRU�+HDOWK�(YDQ�6SHQFHU
�(YDQ
6SHQFHU��(XJHQLD�6RXWK��$WKHHQGDU�9HQNDWDUDPDQL��+LOHQD�$GGLV��5LNOH\�&RVWD�3DL[DR��+HOHQD
-HXGLQ��&UDLJ�7HUU\��$VKOH\�7U\ED��$GLWL�9DVDQ�

6LJQLILFDQFH��%ODFN�LQGLYLGXDOV�LQ�WKH�8QLWHG�6WDWHV�IDUH�ZRUVH�WKDQ�:KLWH�LQGLYLGXDOV�DFURVV�DOPRVW
HYHU\�VRFLDO��HFRQRPLF��DQG�KHDOWK�LQGLFDWRU��LQFOXGLQJ�FKURQLF�GLVHDVH��FKURQLF�VWUHVV��DQG�H[SRVXUH
WR�YLROHQW�FULPH��0RVW�LQWHUYHQWLRQV�VHHNLQJ�WR�DGGUHVV�UDFLDO�KHDOWK�GLVSDULWLHV�IRFXV�RQ�LQGLYLGXDO�
OHYHO�EHKDYLRUV�DQG�RXWFRPHV��ZKLFK�PD\�KDYH�OLPLWHG�LPSDFW��,Q�WKLV�UDQGRPL]HG�FRQWUROOHG�WULDO�RI
FRQFHQWUDWHG�LQYHVWPHQW�LQ�%ODFN�QHLJKERUKRRGV��ZH�GHOLYHUHG�D�VXLWH�RI�HYLGHQFHG�EDVHG
HQYLURQPHQWDO�DQG�HFRQRPLF�LQWHUYHQWLRQV��0HWKRGV��:H�HQUROOHG�����SDUWLFLSDQWV�IURP���
SUHGRPLQDQWO\�%ODFN��ORZ�VRFLRHFRQRPLF�QHLJKERUKRRG�FOXVWHUV��a�g��EORFNV�HDFK��LQ�3KLODGHOSKLD�
3$�IURP�����������������WKURXJK�GRRU�WR�GRRU�UHFUXLWPHQW�E\�D�WHDP�RI�FRPPXQLW\�FRRUGLQDWRUV
ZKR�UHSUHVHQWHG�WKH�OLYHG�H[SHULHQFHV�RI�RXU�SRSXODWLRQ��(QYLURQPHQWDO�LQWHUYHQWLRQV��YDFDQW�ORW
JUHHQLQJ��WUHH�SODQWLQJ��OLWWHU�UHPRYDO��ZHUH�LPSOHPHQWHG�DFURVV�WKH�LQWHUYHQWLRQ�FOXVWHUV��2XU�WHDP
FRQQHFWHG�SDUWLFLSDQWV�OLYLQJ�LQ�LQWHUYHQWLRQ�FOXVWHUV�WR�FRPPXQLW\�RUJDQL]DWLRQV�OHDGLQJ�WKH
HFRQRPLF�LQWHUYHQWLRQV��ILQDQFLDO�FRXQVHOLQJ��FRQQHFWLRQ�WR�SXEOLF�EHQHILWV��WD[�SUHSDUDWLRQ��DQG
�����PLFURJUDQW��XVLQJ�D�ZDUP�KDQGRII�DSSURDFK��)ROORZ�XS�GDWD�FROOHFWLRQ�ZDV�FRQGXFWHG�IURP
�����������������)RU�RXU�VHFRQGDU\�RXWFRPH�RI�SROLFH�UHSRUWHG�FULPH��ZH�XVHG�D�WZR�VWDJH
GLIIHUHQFH�LQ�GLIIHUHQFH�GHVLJQ�WR�DFFRXQW�IRU�VWDJJHUHG�HQUROOPHQW��5HVXOWV��2XU�SRSXODWLRQ�ZDV
������%ODFN��������)HPDOH��DQG�������KDG�D�KRXVHKROG�LQFRPH������.�\HDUO\��,Q�LQWHUYHQWLRQV
FOXVWHUV�����YDFDQW�ORWV�ZHUH�UHPHGLDWHG��������EDJV�RI�WUDVK�ZHUH�FROOHFWHG��DQG�����WUHHV�ZHUH
SODQWHG������RI�WKH�LQWHUYHQWLRQ�JURXS�UHFHLYHG�FDVK�JUDQWV�DQG�ILQDQFLDO�FRXQVHOLQJ��5HVXOWV�IRU�RXU
SULPDU\�KHDOWK�RXWFRPHV�ZLOO�EH�FRPSOHWHG�EHIRUH�WKH�FRQIHUHQFH��$QDO\VLV�RI�FULPH�GDWD�VKRZHG�D
VWDWLVWLFDOO\�VLJQLILFDQW�GHFUHDVH�LQ�FULPHV�FRPPLWWHG�LQ�LQWHUYHQWLRQ�YV�FRQWURO�QHLJKERUKRRGV
GXULQJ�WKH�VWXG\��2YHU������FULPHV�ZHUH�DYHUWHG�GXH�WR�VWXG\�LQWHUYHQWLRQV�
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$JLQJ

'LVDELOLW\�DQG�)XQFWLRQDO�/LPLWDWLRQV�LQ�(DUO\�0LGOLIH�$PRQJ�8�6��0HQ������������1DWDOLH
5LYDGHQHLUD
�1DWDOLH�5LYDGHQHLUD��&RULQD�0LOOV��5DFKDHO�0F&OHDU\��5RODQG�7KRUSH�

0LGOLIH�LV�D�FULWLFDO�SHULRG�ZKHQ�GLVDELOLW\�DQG�IXQFWLRQDO�OLPLWDWLRQV�RIWHQ�EHJLQ�WR�HPHUJH�DPRQJ
PHQ��UHIOHFWLQJ�WKH�FXPXODWLYH�HIIHFWV�RI�FKURQLF�GLVHDVH��RFFXSDWLRQDO�VWUDLQ��DQG�ORQJVWDQGLQJ
VRFLDO�LQHTXLWLHV�WKDW�VKDSH�IXQFWLRQDO�KHDOWK�ORQJ�EHIRUH�ROGHU�DJH��6WXGLHV�UDUHO\�GHILQH�PLGOLIH
EHIRUH�DJH�����SRWHQWLDOO\�REVFXULQJ�HDUO\�VLJQV�RI�IXQFWLRQDO�GHFOLQH��SDUWLFXODUO\�DPRQJ�PHQ�QRW
UDFLDOL]HG�DV�:KLWH��ZKR�PD\�H[SHULHQFH�DFFHOHUDWHG�DJLQJ�HDUOLHU�LQ�WKH�OLIH�FRXUVH��7KLV�VWXG\
H[DPLQHV�WUHQGV�LQ�GLVDELOLW\�DQG�IXQFWLRQDO�OLPLWDWLRQV�DPRQJ�PHQ�DJHV���y���XVLQJ�IRXU�PHDVXUHV
IURP�WKH�0HGLFDO�([SHQGLWXUH�3DQHO�6XUYH\�FROOHFWHG�EHWZHHQ������DQG�������Q� ���������
DFWLYLWLHV�RI�GDLO\�OLYLQJ��$'/���LQVWUXPHQWDO�DFWLYLWLHV�RI�GDLO\�OLYLQJ��,$'/���ZDONLQJ�OLPLWDWLRQV��DQG
ZRUN�OLPLWDWLRQV��8VLQJ�UREXVW�3RLVVRQ�PRGHOV��ZH�HVWLPDWH�DJHxDGMXVWHG�WUHQGV�RYHUDOO�DQG�FRQGXFW
DGGLWLRQDO�DQDO\VHV�VWUDWLILHG�E\�UDFH�HWKQLFLW\��2YHUDOO��WKHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQLILFDQW
FKDQJHV�LQ�GLVDELOLW\�DQG�OLPLWDWLRQ�PHDVXUHV�EHWZHHQ������DQG�������+RZHYHU��VWUDWLILHG�PRGHOV
UHYHDO�LPSRUWDQW�GLIIHUHQFHV��+LVSDQLF�PHQ�H[SHULHQFHG�VLJQLILFDQW�LQFUHDVHV�LQ�,$'/��35� ������
����&,��������������ZDONLQJ��35� �����������&,��������������DQG�ZRUN�OLPLWDWLRQV��35� ����������
&,��������������DQG�:KLWH�PHQ�VKRZHG�DQ�LQFUHDVH�LQ�$'/�OLPLWDWLRQV��35� �����������&,������������
,Q�FRQWUDVW��%ODFN�PHQ�H[KLELWHG�VLJQLILFDQW�GHFOLQHV�LQ�$'/��35 ����������&,��������������,$'/
�35 ����������&,��������������DQG�ZRUN�OLPLWDWLRQV��35� �����������&,��������������7KHVH�ILQGLQJV
XQGHUVFRUH�WKDW�GLVDELOLW\�DQG�IXQFWLRQDO�OLPLWDWLRQV�HPHUJH�EHIRUH�DJH����DQG�YDU\�PHDQLQJIXOO\
DFURVV�UDFLDO�RU�HWKQLF�JURXSV��'LYHUJLQJ�IXQFWLRQDO�KHDOWK�WUDMHFWRULHV�LQ�PLGOLIH�KDYH�LPSRUWDQW
LPSOLFDWLRQV�IRU�ODWHUxOLIH�PRUELGLW\�DQG�DJLQJ�SURFHVVHV�
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$JLQJ

+RZ�/LYLQJ�$UUDQJHPHQWV�6KDSH�*UDQGSDUHQW�)RRG�,QVHFXULW\�0DGRQQD�+DUULQJWRQ�0H\HU

0DGRQQD�+DUULQJWRQ�0H\HU�

1HDUO\�KDOI�RI�86�JUDQGSDUHQWV�IHHG�WKHLU�JUDQGFKLOGUHQ���)RU�PDQ\�WKH�FRVW�PD\�EH�HDVLO\�DEVRUEHG
LQWR�WKH�EXGJHW��EXW�IRU�ORZ�LQFRPH�JUDQGSDUHQWV�LW�PD\�VWUHWFK�WLJKW�EXGJHWV�WRR�IDU��)RRG�LQVHFXUH
JUDQGSDUHQWV�ZRUU\�DERXW�ZKHUH�WKH�QH[W�PHDOV�ZLOO�FRPH�IURP��KDYLQJ�HQRXJK�QXWULWLRXV�IRRG�IRU
WKHPVHOYHV�DQG�WKHLU�JUDQGFKLOGUHQ��RU�EHLQJ�KXQJU\�GXH�WR�D�VKRUWDJH�RI�IRRG��+RZ�GR�OLYLQJ
DUUDQJHPHQWV�VKDSH�JUDQGSDUHQW�IRRG�LQVHFXULW\"�*HQHUDOO\��WKH�PRUH�JUDQGFKLOG�FDUH�ORZ�LQFRPH
JUDQGSDUHQWV�SURYLGH��WKH�PRUH�OLNHO\�WKH\�DUH�WR�EH�IRRG�LQVHFXUH��5HVLGHQWLDO�JUDQGSDUHQWV
W\SLFDOO\�SURYLGH�WKH�PRVW�FDUH�DQG�UHSRUW�WKH�KLJKHVW�UDWHV�RI�IRRG�LQVHFXULW\��%XW�QRQUHVLGHQWLDO
JUDQGSDUHQWV�DOVR�SURYLGH�D�JUHDW�GHDO�RI�JUDQGFKLOG�FDUH��ZKLFK�SXWV�VRPH�DW�ULVN�RI�IRRG
LQVHFXULW\���(YLGHQFH�WKDW�QRQUHVLGHQWLDO�JUDQGSDUHQWV�PDNH�VXEVWDQWLDO�FRQWULEXWLRQV�WR�JUDQGFKLOG
FDUH�LV�JURZLQJ���2QO\�����RI�JUDQGSDUHQWV�UHVLGH�ZLWK�WKHLU�JUDQGFKLOGUHQ��\HW�����RI�DOO
JUDQGSDUHQWV�IHHG�WKHP�DQG�EX\�JURFHULHV�IRU�WKHP���/LNH�UHVLGHQWLDO�JUDQGSDUHQWV��QRQUHVLGHQWLDO
JUDQGSDUHQWV�PD\�PHHW�WKH�EXV��SLFN�XS�JUDQGFKLOGUHQ�DIWHU�VFKRRO��NHHS�WKHP�RYHUQLJKW��WDNH�WKHP
WR�GRFWRU�RU�WKHUDS\�YLVLWV��KHOS�ZLWK�KRPHZRUN��FDUH�IRU�WKHP�EHIRUH�WKH\�GURS�WKHP�DW�VFKRRO�LQ�WKH
PRUQLQJ��EX\�JURFHULHV��SUHSDUH�PHDOV��DQG�IHHG�JUDQGFKLOGUHQ���7KH�86�GRHV�QRW�PHDVXUH�ZKDW
SURSRUWLRQ�RI�QRQUHVLGHQWLDO�JUDQGSDUHQWV�DUH�IRRG�LQVHFXUH�GXH�WR�IHHGLQJ�JUDQGFKLOGUHQ��KRZHYHU�
EHFDXVH�WKH�RIILFLDO�86'$�)RRG�6HFXULW\�6FDOH�DVNV�UHVLGHQWLDO��EXW�QRW�QRQUHVLGHQWLDO��JUDQGSDUHQWV
DERXW�IRRG�LQVHFXULW\�OLQNHG�WR�IHHGLQJ�JUDQGFKLOGUHQ��'UDZLQJ�RQ�VL[W\�WKUHH�LQ�GHSWK�LQWHUYLHZV
ZLWK�DGXOWV�DJHV�VL[W\�DQG�ROGHU�OLYLQJ�EHORZ�����SHUFHQW�RI�WKH�IHGHUDO�SRYHUW\�OLQH��DQG�XVLQJ�D�OLIH
FRXUVH�SHUVSHFWLYH��,�VKRZ�KRZ�FRPPRQ�WKHLU�GDLO\�H[SHULHQFHV�PD\�EH�HYHQ�WKRXJK�WKHLU
UHVLGHQWLDO�VHWWLQJV�GLIIHU��%RWK�JURXSV�DUH�OLNHO\�WR�SULRULWL]H�JUDQGFKLOGUHQ|V�QHHGV�RYHU�WKHLU�RZQ
LQ�ZD\V�WKDW�PD\�IXHO�JUDQGSDUHQW�IRRG�LQVHFXULW\��,�H[SORUH�WKUHH�SDWWHUQV�UHVLGHQWLDO�DQG
QRQUHVLGHQWLDO�JUDQGSDUHQWV�DGRSW�ZKHQ�IHHGLQJ�WKHPVHOYHV�DQG�JUDQGFKLOGUHQ�RQ�WLJKW�EXGJHWV
LQFOXGLQJ�����GHOD\LQJ�PHDOV�XQWLO�DIWHU�JUDQGFKLOGUHQ�KDYH�HDWHQ�WKHLU�ILOO�RI�WKH�PRUH�QXWULWLRXV
IRRG������VNLSSLQJ�PHDOV��DQG�����FXUWDLOLQJ�FDUH�IRU�JUDQGFKLOGUHQ�ZKHQ�IHHGLQJ�WKHP�EHFRPHV
ILQDQFLDOO\�XQWHQDEOH��7KHVH�ILQGLQJV�UHYHDO�WKDW�IHHGLQJ�JUDQGFKLOGUHQ�FRQWULEXWHV�WR�JUDQGSDUHQW
IRRG�LQVHFXULW\�DFURVV�W\SHV�RI�OLYLQJ�DUUDQJHPHQW��XQGHUPLQLQJ�JUDQGSDUHQW�KHDOWK�DQG�ZHOOEHLQJ�
DQG�PDNLQJ�JUDQGSDUHQWLQJ�PRUH�FKDOOHQJLQJ�
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$JLQJ

/LYLQJ�ZHOO�LQ�1HEUDVND��+RZ�VDWLVIDFWLRQ�ZLWK�SXEOLF�ODQG�DQG�ZDWHU�RSSRUWXQLWLHV�VKDSHV
OLIH�VDWLVIDFWLRQ�DPRQJ�:KLWH�ROG�DGXOWV�-DH�0DQ�3DUN
�;LDR�/L��-LVKX�=KHQJ��-RUGDQ�0LWFKHOO�

%DFNJURXQG��/LIH�VDWLVIDFWLRQ�LQ�ODWHU�OLIH�LV�VKDSHG�E\�LQGLYLGXDO��VRFLDO��DQG�HQYLURQPHQWDO�IDFWRUV�
+RZHYHU��OLWWOH�LV�NQRZQ�DERXW�KRZ�VDWLVIDFWLRQ�ZLWK�HQYLURQPHQWDO�DPHQLWLHV��VXFK�DV�SXEOLF�ODQG
DQG�ZDWHU�UHFUHDWLRQ�RSSRUWXQLWLHV��FRQWULEXWHV�WR�ZHOO�EHLQJ�DPRQJ�ROGHU�DGXOWV�

3XUSRVH��7R�H[DPLQH�WKH�DVVRFLDWLRQ�EHWZHHQ�VDWLVIDFWLRQ�ZLWK�SXEOLF�ODQG�DQG�ZDWHU�UHFUHDWLRQ
DYDLODELOLW\�DQG�RYHUDOO�OLIH�VDWLVIDFWLRQ�DPRQJ�:KLWH�DGXOWV�DJHG����DQG�ROGHU�LQ�1HEUDVND�

0HWKRGV��8VLQJ�GDWD�IURP�WKH������1HEUDVND�$QQXDO�6RFLDO�,QGLFDWRUV�6XUYH\��ERWK�IUHTXHQWLVW�DQG
%D\HVLDQ�RUGLQDO�UHJUHVVLRQ�DSSURDFKHV�ZHUH�DSSOLHG�WR�DFFRXQW�IRU�GHPRJUDSKLF��KHDOWK��ILQDQFLDO�
DQG�FRQWH[WXDO�FKDUDFWHULVWLFV�

5HVXOWV��%RWK�IUHTXHQWLVW�DQG�%D\HVLDQ�RUGLQDO�UHJUHVVLRQ�DQDO\VHV�UHYHDOHG�WKDW�VDWLVIDFWLRQ�ZLWK
SXEOLF�ODQG�DQG�ZDWHU�UHFUHDWLRQ�DYDLODELOLW\�ZDV�VWURQJO\�DQG�SRVLWLYHO\�DVVRFLDWHG�ZLWK�RYHUDOO�OLIH
VDWLVIDFWLRQ�DPRQJ�ROGHU�:KLWH�DGXOWV�LQ�1HEUDVND��,QGLYLGXDOV�ZKR�ZHUH�VDWLVILHG�ZLWK�WKHVH
HQYLURQPHQWDO�RSSRUWXQLWLHV�KDG�QHDUO\�WKUHHIROG�KLJKHU�RGGV�RI�UHSRUWLQJ�JUHDWHU�OLIH�VDWLVIDFWLRQ
FRPSDUHG�WR�WKRVH�ZKR�ZHUH�XQVDWLVILHG��)UHTXHQWLVW�25� �������6(� �������S����������%D\HVLDQ�25
 �������0&6(� ��������/LIH�VDWLVIDFWLRQ�ZDV�DOVR�SRVLWLYHO\�OLQNHG�WR�ILQDQFLDO�VDWLVIDFWLRQ��DQG
SROLWLFDO�WUXVW��$W�WKH�FRQWH[WXDO�OHYHO��D�JUHDWHU�QXPEHU�RI�VRFLDO�DVVRFLDWLRQV�SHU�FDSLWD�ZDV
SRVLWLYHO\�DVVRFLDWHG�ZLWK�OLIH�VDWLVIDFWLRQ��ZKLOH�D�KLJKHU�)RRG�(QYLURQPHQW�,QGH[�ZDV�QHJDWLYHO\
UHODWHG�

&RQFOXVLRQV��(QYLURQPHQWDO�VDWLVIDFWLRQ�LV�DQ�LPSRUWDQW�FRQWULEXWRU�WR�ROGHU�DGXOWV|�RYHUDOO�OLIH
VDWLVIDFWLRQ��HVSHFLDOO\�ZKHQ�FRQVLGHUHG�ZLWKLQ�UXUDO�VRFLDO�DQG�HFRORJLFDO�FRQWH[WV�H[HPSOLILHG�E\
UHJLRQV�VXFK�DV�1HEUDVND�
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$JLQJ

'LVDELOLW\�3UHYDOHQFH�LQ�2OGHU�$GXOW�6DPH�6H[�DQG�'LIIHUHQW�6H[�&RXSOHV�LQ�WKH�8QLWHG
6WDWHV�&KULVWRSKHU�-XOLDQ
�&KULVWRSKHU�-XOLDQ��*LOEHUW�*RQ]DOHV�

3DUWQHUVKLSV�SOD\�D�FHQWUDO�UROH�LQ�ODWHU�OLIH�KHDOWK��ZLWK�SDUWQHUV�VHUYLQJ�DV�SULPDU\�VRXUFHV�RI
LQIRUPDO�FDUH��<HW�SRSXODWLRQ�OHYHO�HVWLPDWHV�RI�GLVDELOLW\�SDWWHUQLQJ�ZLWKLQ�FRXSOHV�UHPDLQ�ODUJHO\
DEVHQW�IRU�VDPH�VH[�FRXSOHV��OHDYLQJ�WKHLU�SRWHQWLDO�FDUH�QHHGV�DQG�FLUFXPVWDQFHV�SRRUO\
XQGHUVWRRG��8VLQJ�$PHULFDQ�&RPPXQLW\�6XUYH\�GDWD�RQ�FRXSOHV�LQ�ZKLFK�ERWK�SDUWQHUV�DUH�DJHG���
DQG�ROGHU�DQG�GUDZLQJ�RQ�D�FRXSOH�OHYHO�PLQRULW\�VWUHVV�IUDPHZRUN��ZH�H[DPLQH�GLVDELOLW\
SUHYDOHQFH�DFURVV�WKH�FRJQLWLYH��LQGHSHQGHQW�OLYLQJ��VHOI�FDUH��DQG�YLVLRQ�RU�KHDULQJ�GRPDLQV�E\
FRXSOH�VH[�FRPSRVLWLRQ��&RPSDUHG�WR�PDOH�IHPDOH�FRXSOHV��ERWK�PDOH�PDOH�DQG�IHPDOH�IHPDOH
FRXSOHV�DUH�PRUH�OLNHO\�WR�KDYH�ERWK�SDUWQHUV�H[SHULHQFLQJ�GLIILFXOW\�DFURVV�QHDUO\�DOO�GRPDLQV�DIWHU
VRFLRGHPRJUDSKLF�DGMXVWPHQW��)HPDOH�IHPDOH�FRXSOHV�VKRZ�WKH�PRVW�FRQVLVWHQW�DQG�SURQRXQFHG
SDWWHUQ�DFURVV�DOO�IRXU�GRPDLQV��ZKLOH�PDOH�PDOH�FRXSOHV�H[KLELW�D�VLPLODU�EXW�DWWHQXDWHG�SDWWHUQ�
:LWKLQ�VDPH�VH[�FRXSOHV��IHPDOH�IHPDOH�FRXSOHV�DUH�PRUH�OLNHO\�WKDQ�PDOH�PDOH�FRXSOHV�WR�KDYH�ERWK
SDUWQHUV�H[SHULHQFLQJ�GLIILFXOW\�LQ�WKH�FRJQLWLYH�DQG�LQGHSHQGHQW�OLYLQJ�GRPDLQV��ZLWK�PRUH�OLPLWHG
GLIIHUHQFHV�LQ�VHOI�FDUH�DQG�QR�GLIIHUHQFHV�LQ�YLVLRQ�RU�KHDULQJ��1RWDEO\��URXJKO\���LQ����FRXSOHV
DFURVV�DOO�JURXSV�KDYH�ERWK�SDUWQHUV�H[SHULHQFLQJ�DW�OHDVW�RQH�GLIILFXOW\�z�D�FLUFXPVWDQFH�WKDW
LQFUHDVHV�WKH�OLNHOLKRRG�RI�QHHGLQJ�H[WHUQDO�VXSSRUW��7KLV�PD\�EH�HVSHFLDOO\�FRQVHTXHQWLDO�IRU�VDPH�
VH[�FRXSOHV��ZKRVH�VXSSRUW�QHWZRUNV�WHQG�WR�FHQWHU�FKRVHQ�IDPLO\�UDWKHU�WKDQ�WKH�LQWHUJHQHUDWLRQDO
ELR�OHJDO�NLQ�WKDW�GLIIHUHQW�VH[�FRXSOHV�PRUH�FRPPRQO\�GUDZ�RQ��%LR�OHJDO�NLQ�DUH�QRW�RQO\�PRUH
OLNHO\�WR�UHFHLYH�LQVWLWXWLRQDO�UHFRJQLWLRQ�EXW�DUH�DOVR�OHVV�OLNHO\�WR�EH�QDYLJDWLQJ�WKHLU�RZQ�DJLQJ
KHDOWK�FKDOOHQJHV��7RJHWKHU��WKHVH�ILQGLQJV�XQGHUVFRUH�WKH�YDOXH�RI�FRXSOH�OHYHO�GLVDELOLW\�LQGLFDWRUV
DQG�WKH�LPSRUWDQFH�RI�SROLFLHV�WKDW�UHFRJQL]H�GLYHUVH�FDUHJLYLQJ�DUUDQJHPHQWV�LQ�ODWHU�OLIH�
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$JLQJ

*RDO�6WULYLQJ�6WUHVV��/LIHWLPH�6(6��DQG�%ODFN�:RPHQiV�0HQWDO�DQG�3K\VLFDO�+HDOWK�-HVVLFD
6KRWZHOO
�-HVVLFD�6KRWZHOO�

7KLV�SURMHFW�FHQWHUV�%ODFN�ZRPHQ�DV�D�SRSXODWLRQ�DW�HOHYDWHG�ULVN�IRU�VWUHVV�UHODWHG�SV\FKRORJLFDO
DQG�ELRORJLFDO�DJLQJ�GXH�WR�WKH�SHUVLVWHQW�HIIHFWV�RI�VWUXFWXUDO�LQHTXLWLHV�RQ�WKH�ERG\��$OWKRXJK
KLJKHU�VRFLRHFRQRPLF�VWDWXV��6(6��LV�W\SLFDOO\�DVVRFLDWHG�ZLWK�EHWWHU�KHDOWK��%ODFN�ZRPHQ
H[SHULHQFH�GLPLQLVKLQJ�KHDOWK�UHWXUQV�WR�6(6��VXFK�WKDW�VRFLRHFRQRPLF�DGYDQWDJH�GRHV�QRW
FRQVLVWHQWO\�FRQIHU�H[SHFWHG�SV\FKRORJLFDO�RU�SK\VLRORJLFDO�EHQHILWV��2QH�SRWHQWLDO�H[SODQDWLRQ�LV
H[SRVXUH�WR�VWUHVV�SURFHVVHV�WLHG�WR�VWULYLQJ�IRU�XSZDUG�PRELOLW\��SDUWLFXODUO\�JRDO�VWULYLQJ�VWUHVV
�*66���GHILQHG�DV�WKH�SHUFHLYHG�VWUHVV�DULVLQJ�IURP�WKH�JDS�EHWZHHQ�DVSLUDWLRQV�DQG�FXUUHQW
DFKLHYHPHQWV��([LVWLQJ�PRGHOV�PD\�XQGHUHVWLPDWH�ULVN�DPRQJ�VRFLRHFRQRPLFDOO\�DGYDQWDJHG�%ODFN
ZRPHQ�ZKR�FRQWLQXH�WR�H[SHULHQFH�6(6�UHODWHG�VWUHVVRUV�GHVSLWH�KLJK�VRFLRHFRQRPLF�SRVLWLRQ��7KH
RYHUDOO�JRDO�RI�WKLV�SURMHFW�LV�WR�H[DPLQH�WKH�UROH�RI�*66�LQ�VKDSLQJ�WKH�LPSDFW�RI�OLIHWLPH
VRFLRHFRQRPLF�VWDWXV��/6(6��RQ�DQ[LHW\�V\PSWRPV��$6��DQG�DOORVWDWLF�ORDG��$/���D�PXOWLV\VWHP
ELRORJLFDO�LQGLFDWRU�RI�SK\VLRORJLFDO�G\VUHJXODWLRQ�DQG�DFFHOHUDWHG�DJLQJ��DPRQJ�%ODFN�ZRPHQ��7KLV
SURMHFW�ZLOO�XVH�GDWD�IURP�����%ODFN�ZRPHQ�SDUWLFLSDWLQJ�LQ�WKH�1DVKYLOOH�6WUHVV�DQG�+HDOWK�6WXG\
�����y�������D�1DWLRQDO�,QVWLWXWH�RQ�$JLQJyIXQGHG�SRSXODWLRQ�EDVHG�VWXG\�RI�%ODFN�DQG�:KLWH�DGXOWV
LQ�'DYLGVRQ�&RXQW\��7HQQHVVHH��3DUWLFLSDQWV�ZLOO�EH�VWUDWLILHG�LQWR�DJH�JURXSV�UHSUHVHQWLQJ�\RXQJ
DGXOWKRRG����y���\HDUV���PLGOLIH����y���\HDUV���DQG�ROGHU�DGXOWKRRG������\HDUV��IRU�H[SORUDWRU\
DQDO\VHV�H[DPLQLQJ�ZKHWKHU�DVVRFLDWLRQV�YDU\�DFURVV�VWDJHV�RI�DGXOWKRRG��$QDO\VHV�ZLOO�HPSOR\
RUGLQDU\�OHDVW�VTXDUHV�DQG�PRGLILHG�3RLVVRQ�UHJUHVVLRQ�PRGHOV��ZLWK�LQWHUDFWLRQ�WHUPV�XVHG�WR
DVVHVV�PRGHUDWLRQ�E\�*66��%\�LQYHVWLJDWLQJ�WKH�IDFWRUV�WKDW�VKDSH�ERWK�SV\FKRORJLFDO�GLVWUHVV�DQG
DFFHOHUDWHG�ELRORJLFDO�DJLQJ�DPRQJ�%ODFN�ZRPHQ��WKLV�VWXG\�DGYDQFHV�XQGHUVWDQGLQJ�RI�WKH
SDWKZD\V�WKURXJK�ZKLFK�VWUXFWXUDO�LQHTXDOLW\�EHFRPHV�HPERGLHG�RYHU�WKH�OLIH�FRXUVH�
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%LRPDUNHUV�RU�ELRORJLFDO�SDWKZD\V

+RXVLQJ�,QVHFXULW\�$FURVV�&KLOGKRRG�DQG�$GROHVFHQFH�DQG�'1$�0HWK\ODWLRQ�%DVHG
%LRORJLFDO�$JLQJ��(YLGHQFH�IURP�WKH�)XWXUH�RI�)DPLOLHV�DQG�&KLOG�:HOOEHLQJ�6WXG\�$DUWL
%KDW
�$DUWL�%KDW��1LFN�*UDHW]��%KDUDW�7K\DJDUDMDQ��0LFKDHO�(VSRVLWR��7KHUHVD�2V\SXN�

+RXVLQJ�LQVHFXULW\��+,��LV�D�SUHYDOHQW�VRFLDO�GHWHUPLQDQW�RI�KHDOWK�DPRQJ�8�6��FKLOGUHQ�DQG
DGROHVFHQWV�DQG�PD\�LQIOXHQFH�ELRORJLFDO�SURFHVVHV�UHODWHG�WR�DJLQJ�WKURXJK�FKURQLF�VWUHVV�DQG
PDWHULDO�KDUGVKLS��7KLV�VWXG\�H[DPLQHV�ZKHWKHU�H[SRVXUH�WR�KRXVLQJ�LQVHFXULW\�DFURVV�FKLOGKRRG�LV
DVVRFLDWHG�ZLWK�HSLJHQHWLF�LQGLFDWRUV�RI�ELRORJLFDO�DJLQJ�LQ�DGROHVFHQFH��'DWD�FRPH�IURP�WKH�)XWXUH
RI�)DPLOLHV�DQG�&KLOG�:HOOEHLQJ�6WXG\��D�ORQJLWXGLQDO�ELUWK�FRKRUW�RI�FKLOGUHQ�ERUQ�LQ�ODUJH�8�6�
FLWLHV�DQG�IROORZHG�IURP�ELUWK�WKURXJK�DGROHVFHQFH��7KH�DQDO\WLF�VDPSOH�LQFOXGHG�������SDUWLFLSDQWV
ZLWK�'1$�PHWK\ODWLRQ�GDWD�DW�DJH�����+RXVLQJ�LQVHFXULW\�ZDV�DVVHVVHG�DW�FKLOG�DJHV�������������DQG
���XVLQJ�FDUHJLYHU�UHSRUWV�RI�IRXU�KDUGVKLSV��LQDELOLW\�WR�SD\�IXOO�UHQW�RU�PRUWJDJH��HYLFWLRQ��PRYLQJ
LQ�ZLWK�RWKHUV�GXH�WR�ILQDQFLDO�SUREOHPV��RU�VWD\LQJ�LQ�D�VKHOWHU�RU�RWKHU�WHPSRUDU\�ORFDWLRQ��$
FXPXODWLYH�PHDVXUH�FDSWXUHG�WKH�QXPEHU�RI�ZDYHV�LQ�ZKLFK�DQ\�KRXVLQJ�KDUGVKLS�RFFXUUHG�
(SLJHQHWLF�DJLQJ�RXWFRPHV�LQFOXGHG�+RUYDWK��+DQQXP��3KHQR$JH��DQG�*ULP$JH�HSLJHQHWLF�DJH
DFFHOHUDWLRQ�PHDVXUHV��DV�ZHOO�DV�'XQHGLQ3$&(�RI�DJLQJ��/LQHDU�UHJUHVVLRQ�PRGHOV�HVWLPDWHG
DVVRFLDWLRQV�EHWZHHQ�FXPXODWLYH�KRXVLQJ�LQVHFXULW\�DQG�HSLJHQHWLF�DJLQJ�ZKLOH�DGMXVWLQJ�IRU
UDFH�HWKQLFLW\�DQG�KRXVHKROG�LQFRPH��3UHOLPLQDU\�UHVXOWV�LQGLFDWH�WKDW�FXPXODWLYH�KRXVLQJ�LQVHFXULW\
ZDV�DVVRFLDWHG�ZLWK�JUHDWHU�+RUYDWK�HSLJHQHWLF�DJH�DFFHOHUDWLRQ��(DFK�DGGLWLRQDO�ZDYH�RI�KRXVLQJ
LQVHFXULW\�FRUUHVSRQGHG�WR�DSSUR[LPDWHO\������\HDUV�RI�DFFHOHUDWHG�DJLQJ��1R�VLJQLILFDQW
DVVRFLDWLRQV�ZHUH�REVHUYHG�IRU�+DQQXP��3KHQR$JH��*ULP$JH��RU�'XQHGLQ3$&(�PHDVXUHV��7KHVH
ILQGLQJV�VXJJHVW�WKDW�UHSHDWHG�H[SRVXUH�WR�KRXVLQJ�LQVHFXULW\�GXULQJ�FKLOGKRRG�PD\�LQIOXHQFH
ELRORJLFDO�DJLQJ�SURFHVVHV��)XUWKHU�DQDO\VHV�ZLOO�H[DPLQH�DOWHUQDWLYH�PHDVXUHV�RI�FXPXODWLYH
KRXVLQJ�LQVHFXULW\��LQFOXGLQJ�WUDMHFWRU\�EDVHG�DQG�KLJK�ULVN�H[SRVXUH�DSSURDFKHV��WR�EHWWHU
XQGHUVWDQG�KRZ�HDUO\�OLIH�KRXVLQJ�DGYHUVLW\�UHODWHV�WR�HSLJHQHWLF�DJLQJ�
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6OHHS�'XUDWLRQ�DQG�&DUGLRPHWDEROLF�5LVN�LQ�8�6��$GXOWV��'RHV�(GXFDWLRQDO�$WWDLQPHQW
0RGLI\�WKH�$VVRFLDWLRQ"�8PPDW�6DIZDW�6ULVW\
�8PPDW�6DIZDW�6ULVW\��0XQWDVLU�0DVXP�3K'�

,QWURGXFWLRQ��:KHWKHU�VOHHS�KHDOWK�GLVSDULWLHV�UHIOHFW�HIIHFW�PRGLILFDWLRQ�E\�VRFLRHFRQRPLF�SRVLWLRQ
RU�VKDUHG�XSVWUHDP�SDWKZD\V�LV�D�FHQWUDO�TXHVWLRQ�IRU�SRSXODWLRQ�KHDOWK�HTXLW\��:H�WHVWHG�ZKHWKHU
HGXFDWLRQDO�DWWDLQPHQW�PRGLILHV�WKH�DVVRFLDWLRQ�EHWZHHQ�VOHHS�GXUDWLRQ�DQG�K\SHUWHQVLRQ�LQ�8�6�
DGXOWV�

0HWKRGV��&URVV�VHFWLRQDO�DQDO\VLV�XVLQJ�1+$1(6�����y������1� �������DGXOWV������
+\SHUWHQVLRQ��V\VWROLF�%3������PP+J��GLDVWROLF�%3�����PP+J��RU�DQWLK\SHUWHQVLYH�XVH��6OHHS�
VKRUW�����K���QRUPDO���y��K��UHIHUHQFH���RU�ORQJ��!��K���(GXFDWLRQDO�DWWDLQPHQW���+6��+6�*('��VRPH
FROOHJH��FROOHJH���ZDV�WKH�SRWHQWLDO�HIIHFW�PRGLILHU��/RJLVWLF�UHJUHVVLRQ�HVWLPDWHG�DGMXVWHG�RGGV
UDWLRV��DGMXVWHG�25V��FRQWUROOLQJ�IRU�DJH��VH[��UDFH�HWKQLFLW\��%0,��VPRNLQJ��DQG�GLDEHWHV��ZLWK�D
VOHHS�g�HGXFDWLRQ�LQWHUDFWLRQ�WHUP��DOO�DQDO\VHV�XVHG�1+$1(6�FRPSOH[�VXUYH\�GHVLJQ�
5HVXOWV��,Q�FUXGH�PRGHOV��ERWK�VKRUW�VOHHS��25� �����������&,������y������DQG�ORQJ�VOHHS��25� 
����������&,������y������ZHUH�DVVRFLDWHG�ZLWK�KLJKHU�RGGV�RI�K\SHUWHQVLRQ��$IWHU�DGMXVWPHQW��VKRUW
VOHHS�DWWHQXDWHG�WR�QRQ�VLJQLILFDQFH��DGMXVWHG�25� �����������&,������y�������ZKLOH�ORQJ�VOHHS
UHPDLQHG�LQGHSHQGHQWO\�VLJQLILFDQW��DGMXVWHG�25� �����������&,������y�������VXJJHVWLQJ�UHVLGXDO
FDUGLRPHWDEROLF�ULVN�QRW�IXOO\�H[SODLQHG�E\�PHDVXUHG�FRQIRXQGHUV��/RZHU�HGXFDWLRQDO�DWWDLQPHQW
ZDV�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�K\SHUWHQVLRQ��+6�*('��DGMXVWHG�25� �������6RPH�&ROOHJH�
DGMXVWHG�25� ��������1R�VOHHS�g�HGXFDWLRQ�LQWHUDFWLRQ�ZDV�GHWHFWHG��LQGLFDWLQJ�WKH
VOHHSyK\SHUWHQVLRQ�DVVRFLDWLRQ�GLG�QRW�YDU\�DFURVV�HGXFDWLRQDO�OHYHOV�

&RQFOXVLRQ��$OWKRXJK�VKRUW�VOHHS�GXUDWLRQ�ZDV�DVVRFLDWHG�ZLWK�K\SHUWHQVLRQ�LQ�XQDGMXVWHG
DQDO\VHV��WKLV�UHODWLRQVKLS�ZDV�DWWHQXDWHG�E\�DGMXVWPHQW�IRU�VRFLRGHPRJUDSKLF�DQG�PHWDEROLF
FRQIRXQGHUV��(GXFDWLRQDO�DWWDLQPHQW�ZDV�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�K\SHUWHQVLRQ�ULVN�EXW�GLG
QRW�PRGLI\�WKH�VOHHSyK\SHUWHQVLRQ�OLQN��&ULWLFDOO\��WKH�QXOO�LQWHUDFWLRQ�LWVHOI�LV�D�VXEVWDQWLYH�ILQGLQJ�
VOHHS�UHODWHG�FDUGLRPHWDEROLF�ULVN�DSSHDUV�WR�RSHUDWH�WKURXJK�SDWKZD\V�VKDUHG�ZLWK�6(6�UDWKHU
WKDQ�YLD�HIIHFW�PRGLILFDWLRQ��7KLV�XQGHUVFRUHV�WKH�YDOXH�RI�XSVWUHDP�VWUXFWXUDO�LQWHUYHQWLRQV
WDUJHWLQJ�KRXVLQJ��ZRUN�FRQGLWLRQV��DQG�QHLJKERUKRRG�VDIHW\�WKDW�VLPXOWDQHRXVO\�DGGUHVV�VOHHS
KHDOWK�DQG�VRFLRHFRQRPLF�LQHTXLWLHV�
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3HUFHLYHG�1HLJKERUKRRG�:DONDELOLW\�DQG�7\SH���'LDEHWHV��,QVLJKWV�IURP�$�&URVV�6HFWLRQDO
$QDO\VLV�RI�WKH������1DWLRQDO�+HDOWK�,QWHUYLHZ�6XUYH\�5RPDQ�.DVVDUDED
�5RPDQ�.DVVDUDED�
0XKDPPDG�+XGKXG��6DQD�.KDQ��.RVXNH�7DPXUD�

2%-(&7,9(��'HVSLWH�WKH�SURWHFWLYH�HIIHFWV�RI�ZDONDEOH�QHLJKERUKRRGV�RQ�W\SH���GLDEHWHV��7�'��
IHZHU�VWXGLHV�KDYH�H[DPLQHG�KRZ�SHUFHLYHG�QHLJKERUKRRG�ZDONDELOLW\��31:��PD\�EH�DVVRFLDWHG�ZLWK
7�'�DPRQJ�DGXOWV��7KLV�VWXG\�DLPHG�WR�H[DPLQH�WKH�DVVRFLDWLRQV�RI�31:�FKDUDFWHULVWLFV�ZLWK�7�'
SUHYDOHQFH�

0(7+2'6��&URVV�VHFWLRQDO�KRXVHKROG�VXUYH\�GDWD�FDPH�IURP�WKH������1DWLRQDO�+HDOWK�,QWHUYLHZ
6XUYH\��Q ���������6HOI�UHSRUWHG�7�'�VWDWXV�ZDV�XVHG��\HV�QR���$�FRPSRVLWH�31:�VFRUH�ZDV
FDOFXODWHG�E\�VXPPLQJ�HLJKW�GLIIHUHQW�SHUFHLYHG�ZDONLQJ�HQYLURQPHQW�IDFWRUV��ZLWK�UHVSRQVHV�FRGHG
DV�\HV�����RU�QR������DQG�WKHQ�FDWHJRUL]HG�WKH�WRWDO�LQWR�ORZ��������PHGLXP��������DQG�KLJK������
FRPSRVLWH�JURXSV��$�JUHDWHU�VFRUH�UHIOHFWHG�D�PRUH�IDYRUDEOH�31:��:HLJKWHG�ORJLVWLF�UHJUHVVLRQ
PRGHOV�DVVHVVHG�DVVRFLDWLRQV�RI�FRPSRVLWH�31:�DQG�HDFK�SHUFHLYHG�ZDONLQJ�HQYLURQPHQW�IDFWRU
ZLWK�7�'��VHTXHQWLDOO\�DGMXVWHG�E\�VRFLRGHPRJUDSKLF�DQG�KHDOWK�UHODWHG�IDFWRUV�

5(68/76��7KRVH�UHSRUWLQJ�PHGLXP�DQG�KLJK�31:�KDG�FRQVLVWHQWO\�ORZHU�RGGV�RI�7�'�LQ�WKH
XQDGMXVWHG��DJH�DGMXVWHG��DQG�IXOO\�DGMXVWHG�PRGHOV��S�������,Q�WKH�IXOO\�DGMXVWHG�PRGHO��ERWK
PHGLXP�DQG�KLJK�31:�OHYHOV��YV�ORZ��ZHUH�DVVRFLDWHG�ZLWK�ORZHU�RGGV�RI�7�'��S25 ���������
&, ������������S25 ����������&, ������������UHVSHFWLYHO\���)XUWKHUPRUH��VHYHQ�ZDONDELOLW\
PHDVXUHV�ZHUH�VHSDUDWHO\�DVVRFLDWHG�ZLWK�7�'�VWDWXV�LQ�WKH�IXOO\�DGMXVWHG�PRGHOV��)DYRUDEOH�31:
FKDUDFWHULVWLFV��VXFK�DV�SUHVHQFH�RI�WUDQVLW�VWRSV�DQG�WUDIILF�VDIHW\�ZKLOH�ZDONLQJ��ZHUH�DVVRFLDWHG
ZLWK�ORZHU�RGGV�RI�7�'��S25 ����������&, ������������S25 ����������&, �����������
UHVSHFWLYHO\��

&21&/86,21��+LJKHU�OHYHOV�RI�ZDONDELOLW\�ZHUH�UHODWHG�WR�ORZHU�7�'�SUHYDOHQFH��,Q�SDUWLFXODU��WKH
SUHVHQFH�RI�WUDQVLW�VWRSV�DQG�WUDIILF�VDIHW\�DSSHDUHG�WR�PDWWHU��)XWXUH�UHVHDUFK�VKRXOG�LQYHVWLJDWH
KRZ�FKDQJHV�LQ�ZDONDEOH�QHLJKERUKRRGV�PD\�EH�ORQJLWXGLQDOO\�UHODWHG�WR�7�'��)XUWKHUPRUH��ORFDO
HIIRUWV�WR�LPSURYH�VSHFLILF�ZDONDEOH�QHLJKERUKRRG�IHDWXUHV�WR�UHGXFH�GLDEHWHV�ULVN�DUH�ZDUUDQWHG�
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1HLJKERUKRRG�RSSRUWXQLW\��KLVWRULFDO�UHGOLQLQJ��DQG�SHGLDWULF�FDUGLRPHWDEROLF�KHDOWKFDUH
XVH�(XQ�.\XQJ�/HH
�(XQ�.\XQJ�/HH�

%DFNJURXQG��1HLJKERUKRRG�HQYLURQPHQWV�VLJQLILFDQWO\�LQIOXHQFH�FKLOGUHQ|V�KHDOWK��<HW��PRVW
UHVHDUFK�KDV�IRFXVHG�RQ�WKH�KDUPV�RI�GLVDGYDQWDJHG�DUHDV�UDWKHU�WKDQ�WKH�SRWHQWLDO�EHQHILWV�RI
WKULYLQJ�FRPPXQLWLHV��7KH�KHDOWK�HIIHFWV�IRU�FKLOGUHQ�FXUUHQWO\�OLYLQJ�LQ�KLJKHU�RSSRUWXQLW\
QHLJKERUKRRGV��SDUWLFXODUO\�WKRVH�LQ�KLVWRULFDOO\�GLVLQYHVWHG�WKURXJK�UHGOLQLQJ�UHPDLQ�XQFOHDU��7KLV
VWXG\�H[DPLQHG�WKH�DVVRFLDWLRQV�EHWZHHQ�QHLJKERUKRRG�RSSRUWXQLW\��KLVWRULFDO�UHGOLQLQJ��DQG
FKLOGUHQ|V�FDUGLRPHWDEROLF�KHDOWKFDUH�XWLOL]DWLRQ�

0HWKRGV��:H�DQDO\]HG�FDUGLRPHWDEROLF�GLVHDVH��&0'��UHODWHG�HPHUJHQF\�GHSDUWPHQW��('��DQG
RXWSDWLHQW�YLVLWV�DPRQJ�FKLOGUHQ�DJHG������LQ�1HZ�<RUN�6WDWH�IURP�����������XVLQJ�DOO�SD\HU�GDWD�
1HLJKERUKRRG�RSSRUWXQLW\�ZDV�PHDVXUHG�XVLQJ�WKH�&KLOG�2SSRUWXQLW\�,QGH[��&2,���������
LQGLFDWRUV��DQG�FDWHJRUL]HG�LQWR�TXDUWLOHV��YHU\�ORZ�WR�KLJK���3RLVVRQ�UHJUHVVLRQ�PRGHOV�DGMXVWHG�IRU
DJH��VH[��DQG�UDFH�HWKQLFLW\��$QDO\VHV�ZHUH�VWUDWLILHG�E\�KLVWRULFDO�UHGOLQLQJ�XVLQJ�+RPH�2ZQHUV|
/RDQ�&RUSRUDWLRQ�JUDGHV��$�% QRQ�UHGOLQHG��&�' UHGOLQHG��DQG�E\�&0'�VXEW\SH�

5HVXOWV��$PRQJ���������&0'�UHODWHG�YLVLWV��PHDQ�DJH�ZDV�����\HDUV��6' ������������ZHUH�IHPDOH�
2EHVLW\�DFFRXQWHG�IRU�������RI�YLVLWV��IROORZHG�E\�W\SH���GLDEHWHV���������DQG�K\SHUWHQVLRQ��������
2YHUDOO��FKLOGUHQ�LQ�KLJK��YHUVXV�ORZ�RSSRUWXQLW\�QHLJKERUKRRGV�H[KLELWHG�����KLJKHU�&0'�UHODWHG
('�YLVLWV�����&,�������������DQG�����KLJKHU�RXWSDWLHQW�YLVLWV�����&,��������������ZLWK�VLPLODUO\
HOHYDWHG�SDWWHUQV�LQ�UHGOLQHG�DQG�QRQ�UHGOLQHG�DUHDV��0RVW�&0'�VXEW\SHV�VKRZHG�HOHYDWHG�UDWHV�LQ
KLJK�RSSRUWXQLW\�DUHDV��('�55V �����������RXWSDWLHQW�55V ������������H[FHSW�IRU�REHVLW\�UHODWHG
('�YLVLWV�LQ�UHGOLQHG�QHLJKERUKRRGV��55 ���������&,�������������

&RQFOXVLRQ��&0'�UHODWHG�YLVLWV�ZHUH�KLJKHU�LQ�KLJK�RSSRUWXQLW\�QHLJKERUKRRGV��H[FHSW�IRU�REHVLW\�
UHODWHG�('�YLVLWV��OLNHO\�GXH�WR�REHVLW\�EHLQJ�SULPDULO\�PDQDJHG�DV�FKURQLF�FDUH��7KLV�SDWWHUQ�PD\
UHIOHFW�HLWKHU�D�KLJKHU�REVHUYHG�&0'�EXUGHQ�IURP�JUHDWHU�('�XVH�RU�EHWWHU�KHDOWKFDUH�DFFHVV�DQG
&0'�PDQDJHPHQW��DV�VHHQ�LQ�LQFUHDVHG�RXWSDWLHQW�YLVLWV��6WUDWLI\LQJ�DQDO\VHV�E\�UDFH�DQG�HWKQLFLW\
FRXOG�IXUWKHU�FODULI\�DQG�YDOLGDWH�WKHVH�ILQGLQJV�
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$GGUHVVLQJ�VRFLDO�QHHGV�WR�SUHYHQW�FKURQLF�GLVHDVH�SURJUHVVLRQ��)LQGLQJV�IURP�D�SURGXFH
SUHVFULSWLRQ�5&7�DPRQJ�IRRG�LQVHFXUH�UHQDO�GLVHDVH�SDWLHQWV�(OL]D�.LQVH\
�(OL]D�.LQVH\��+RSH
.LP��-XOLDQQD�&DWDQLD��1DQGLWD�0LWUD��6DUDK�6FKUDXEHQ��6WHIDQLH�+LQNOH�

0RUH�WKDQ���LQ���8�6��DGXOWV�KDYH�FKURQLF�NLGQH\�GLVHDVH��&.'���$Q�HVWLPDWHG�����RI�SHUVRQV�ZLWK
&.'�LQ�WKH�8�6��DUH�IRRG�LQVHFXUH��PHDQLQJ�WKH\�GRQ|W�KDYH�FRQVLVWHQW�DFFHVV�WR�HQRXJK�IRRG�IRU�DQ
DFWLYH��KHDOWK\�OLIHVW\OH��DQG�WKH\�DUH�����PRUH�OLNHO\�WR�GHYHORS�NLGQH\�IDLOXUH�WKDQ�IRRG�VHFXUH
LQGLYLGXDOV�ZLWK�&.'��,Q�DGGLWLRQ�WR�PHGLFDWLRQ��HYLGHQFH�EDVHG�WUHDWPHQW�WR�SUHYHQW�&.'
SURJUHVVLRQ�LQFOXGHV�IROORZLQJ�D�KHDOWK\�GLHW��+RZHYHU��SHRSOH�ZLWK�&.'�UHSRUW�GLIILFXOW\�DGKHULQJ
WR�GLHWDU\�JXLGDQFH�EHFDXVH�RI�WKH�KLJK�FRVW�RI�KHDOWK\�IRRGV��)RRG�,V�0HGLFLQH�DSSURDFKHV��DQG
VSHFLILFDOO\�SURGXFH�SUHVFULSWLRQV��SURYLGH�SDWLHQWV�ZLWK�IUHH�RU�VXEVLGL]HG�IUXLWV�DQG�YHJHWDEOHV�WR
IDFLOLWDWH�GLVHDVH�PDQDJHPHQW��3URGXFH�SUHVFULSWLRQV�KDYH�VKRZQ�LPSURYHG�RXWFRPHV�IRU�SHRSOH
ZLWK�GLDEHWHV�DQG�FDUGLRYDVFXODU�GLVHDVH��EXW�OLWWOH�UHVHDUFK�KDV�H[DPLQHG�WKHVH�LQWHUYHQWLRQV�LQ
SRSXODWLRQV�ZLWK�&.'�

:H�FRQGXFWHG�DQ�5&7�ZKHUH�SHRSOH�ZLWK�&.'�DQG�IRRG�LQVHFXULW\��Q ������UHFUXLWHG�IURP�SDWLHQWV
DW�DPEXODWRU\�FOLQLFV�DW�DQ�DFDGHPLF�FHQWHU��ZHUH�UDQGRPL]HG�WR�HLWKHU�D�FRQWURO��XVXDO�FDUH��RU
LQWHUYHQWLRQ�JURXS��ZKLFK�UHFHLYHG�WZLFH�PRQWKO\�SURGXFH�SUHVFULSWLRQ�YRXFKHUV����������IRU��
PRQWKV�WR�SXUFKDVH�IUXLWV�DQG�YHJHWDEOHV�DW�ORFDO�VWRUHV��)RRG�DQG�QXWULWLRQ�LQVHFXULW\�DQG�GLHW
TXDOLW\�ZHUH�DVVHVVHG�DW�EDVHOLQH�����DQG���PRQWKV��:H�ZLOO�FRPSDUH����DQG���PRQWK�RXWFRPHV�LQ�WKH
��VWXG\�JURXSV�XVLQJ�*HQHUDOL]HG�(VWLPDWLQJ�(TXDWLRQV�

,Q�SUHOLPLQDU\�ILQGLQJV��WKH�SUHYDOHQFH�RI�IRRG��������WR��������S ������DQG�QXWULWLRQ��������WR
�������S�������LQVHFXULW\�GHFUHDVHG�DW���PRQWKV�FRPSDUHG�WR�EDVHOLQH�LQ�WKH�LQWHUYHQWLRQ�JURXS�
EXW�QRW�WKH�FRQWURO�JURXS��IRRG��������WR��������S ������QXWULWLRQ�������WR��������S �������6WXG\
IROORZ�XS�LV�FRPSOHWH�DQG�IXOO�DQDO\WLF�UHVXOWV�DUH�IRUWKFRPLQJ��7KH�ILQGLQJV�ZH�SUHVHQW�ZLOO�VHUYH�DV
FULWLFDO�HDUO\�GDWD�RQ�WKH�HIILFDF\�RI�SURGXFH�SUHVFULSWLRQV�ZLWKLQ�&.'�SRSXODWLRQV�DQG�ZLOO�LQIRUP
WKH�GHVLJQ�RI�IXWXUH�SDWLHQW�FHQWHUHG�LQWHUYHQWLRQV�WR�DGGUHVV�VRFLDO�QHHGV�
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&ODVVLI\LQJ�QHLJKERUKRRG�JUHHQVSDFH�HQYLURQPHQWV�LQ�)OLQW��0LFKLJDQ�'XVWLQ�)U\
�'XVWLQ
)U\��6DPDQWKD�*DLOH\��5LFKDUG�6DGOHU�

$�JURZLQJ�ERG\�RI�OLWHUDWXUH�KDV�LGHQWLILHG�PHQWDO�DQG�SK\VLFDO�KHDOWK�RXWFRPHV�DVVRFLDWHG�ZLWK
UHVLGHQWLDO�H[SRVXUH�WR�JUHHQVSDFH��DQG�WKH�VWUHQJWK�RI�DVVRFLDWLRQV�KDYH�EHHQ�VKRZQ�WR�YDU\
EHWZHHQ�FLWLHV��E\�OHYHOV�RI�QHLJKERUKRRG�GHSULYDWLRQ��DQG�E\�UDFH��7KLV�PD\�EH�LQ�SDUW�EHFDXVH�RI
WKH�JUHHQVSDFH�H[SRVXUH�PHDVXUHV�DSSOLHG�LQ�UHVHDUFK��FRPPRQO\�WKH�QRUPDOL]HG�GLIIHUHQFH
YHJHWDWLRQ�LQGH[��1'9,���D�UHPRWH�VHQVLQJ�PHDVXUH�RI�YHJHWDWLRQ�GHQVLW\�DQG�KHDOWK��7KH�W\SH�DQG
PDLQWHQDQFH�VWDWXV�RI�JUHHQVSDFH�YDULHV�ZLWKLQ�DQG�EHWZHHQ�FLWLHV��EXW�1'9,�DORQH�FDQQRW
GLVWLQJXLVK�EHWZHHQ�ZHOO�PDLQWDLQHG�JDUGHQV��WUHH�FDQRS\�FRYHUDJH��ILHOGV��RU�RYHUJURZQ�YHJHWDWLRQ
LQ�DEDQGRQHG�ORWV��%HFDXVH�WKHVH�GLVWLQFWLRQV�DUH�UHOHYDQW�WR�KRZ�UHVLGHQWV�H[SHULHQFH�DQG�LQWHUSUHW
WKH�JUHHQVSDFH�DURXQG�WKHP��SXEOLF�KHDOWK�UHVHDUFK�VKRXOG�DGRSW�PHDVXUHV�WKDW�TXDQWLI\�GLIIHUHQW
W\SHV�RI�JUHHQVSDFH�WR�EHWWHU�XQGHUVWDQG�UHVLGHQWV|�DFWXDO�H[SRVXUH�

:H�SUHVHQW�D�FODVVLILFDWLRQ�RI�QHLJKERUKRRG�OHYHO�JUHHQVSDFH�FRPSRVLWLRQ�LQ�)OLQW��0LFKLJDQ��:H
DVVLJQHG�H[SRVXUH�DUHDV�WR�EORFN�JURXSV�DV�RQH�NLORPHWHU�FLUFXODU�EXIIHUV�DURXQG�WKHLU�SRSXODWLRQ�
ZHLJKWHG�FHQWURLGV��WKHQ�PHDVXUHG�WKH�SDUN�DUHD��WUHH�FDQRS\�FRYHUDJH��DUHD�FRYHUHG�E\�PDLQWDLQHG
DQG�XQPDLQWDLQHG�YDFDQW�ORWV��DQG�PHDQ�1'9,�ZLWKLQ�WKHVH�H[SRVXUH�DUHDV��:H�XVHG�DJJORPHUDWLYH
KLHUDUFKLFDO�FOXVWHULQJ�WR�LGHQWLI\���QHLJKERUKRRG�FODVVLILFDWLRQV�EDVHG�RQ�WKHVH�PHDVXUHV���0RVW
QHLJKERUKRRGV��&OXVWHU����Q ����KDG�DSSUR[LPDWHO\�DYHUDJH�YDOXHV�DFURVV�DOO�PHDVXUHV����
QHLJKERUKRRGV��&OXVWHU����ZHUH�FKDUDFWHUL]HG�E\�KLJK�FRYHUDJH�E\�ERWK�PDLQWDLQHG�DQG
XQPDLQWDLQHG�YDFDQW�ORWV�DQG�DERYH�DYHUDJH�1'9,��DQG���QHLJKERUKRRGV��&OXVWHU����KDG�KLJK�SDUN
DUHD�FRYHUDJH��KLJK�WUHH�FDQRS\�FRYHU��DQG�KLJK�1'9,���&OXVWHU���ZDV�DVVRFLDWHG�ZLWK�D�KLJKHU
FRQFHQWUDWLRQ�RI�%ODFN�UHVLGHQWV��DQG�&OXVWHU���ZDV�DVVRFLDWHG�ZLWK�ORZHU�SRSXODWLRQ�GHQVLW\���%HWWHU
FKDUDFWHUL]LQJ�QHLJKERUKRRG�OHYHO�JUHHQVSDFH�H[SRVXUHV�FDQ�LPSURYH�UHVHDUFK�DQG�OHDG�WR�EHWWHU
SROLF\�UHFRPPHQGDWLRQV�
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3DWLHQWV�LQ�+RW�3ODFHV��0XOWLOHYHO�,QWHUDFWLRQV�DQG�3RSXODWLRQ�+HDOWK�5LVN�RI�6HYHUH�+HDW�
5HODWHG�,OOQHVV�$QGULD�&LPLQR
�$QGULD�&LPLQR�

([WUHPH�KHDW�LV�DQ�LQFUHDVLQJ�KHDOWK�WKUHDW�LQ�WKH�8QLWHG�6WDWHV��FRQWULEXWLQJ�WR�DQ�HVWLPDWHG
�������GHDWKV�DQQXDOO\��+HDW�UHODWHG�LOOQHVV��+5,���DOWKRXJK�ODUJHO\�SUHYHQWDEOH��LV�D�PXOWLIDFWRULDO
FRQGLWLRQ�ZKRVH�ULVNV�DUH�XQHYHQO\�GLVWULEXWHG�DFURVV�SRSXODWLRQV��3ODFH�EDVHG�IDFWRUV�DUH�NQRZQ�WR
VKDSH�KHDW�YXOQHUDELOLW\��\HW�WKH�PHFKDQLVPV�WKDW�PRGHUDWH�LQGLYLGXDO�+5,�ULVN�UHPDLQ�XQFOHDU��7KLV
VWXG\�H[DPLQHV�KRZ�WUDFW�OHYHO�FRQWH[WXDO�IDFWRUV�LQWHUDFW�ZLWK�LQGLYLGXDO�FKDUDFWHULVWLFV�WR�VKDSH
WKH�VHYHULW\�RI�+5,�

8VLQJ�+5,�FDVH�GDWD�IURP�WKH�8QLYHUVLW\�RI�$ODEDPD�DW�%LUPLQJKDP�+RVSLWDOV��PXOWLOHYHO�ORJLVWLF
PRGHOV�ZHUH�HVWLPDWHG�IRU�SDWLHQWV�QHVWHG�ZLWKLQ�UHVLGHQWLDO�&HQVXV�WUDFWV��&RQWH[WXDO�SUHGLFWRUV
LQFOXGHG�KRXVLQJ�VWRFN�DJH��UHGOLQLQJ�KLVWRU\��DQG�QHLJKERUKRRG�HGXFDWLRQ��ZKLOH�LQGLYLGXDO
FKDUDFWHULVWLFV�LQFOXGHG�UDFH��VH[��DJH��LQVXUDQFH�VWDWXV��DQG�KHDW�VHQVLWLYH�SUHH[LVWLQJ�FRQGLWLRQV
�K\SHUWHQVLRQ��REHVLW\��DQG�DXWRLPPXQH�GLVHDVH��

5HVXOWV�UHYHDOHG�SDWWHUQHG�FURVV�OHYHO�KHWHURJHQHLW\�LQ�+5,�VHYHULW\��6HQVLWLYLW\�WR�EXLOW�HQYLURQPHQW
HIIHFWV�ZDV�FRQFHQWUDWHG�DPRQJ�:KLWH�PDOHV��ZKR�ZHUH�PRUH�WKDQ�ILYH�WLPHV�DV�OLNHO\�WR�H[SHULHQFH
6HYHUH�+5,�WKDQ�%ODFN�IHPDOHV��25� �����������&,� �����y�������+LJKHU�QHLJKERUKRRG�HGXFDWLRQ
ZDV�VHOHFWLYHO\�SURWHFWLYH�IRU�%ODFN�IHPDOHV��DGXOWV�DJHG���y����LQVXUHG�SDWLHQWV��DQG�QRQ�REHVH
LQGLYLGXDOV��3DWLHQWV�ZLWKRXW�SUHH[LVWLQJ�FRQGLWLRQV�ZHUH�PRUH�UHVSRQVLYH�WR�FRQWH[WXDO�WUDFW�OHYHO
HIIHFWV�WKDQ�WKRVH�ZKR�KDG�WKHP��VXJJHVWLQJ�VDWXUDWLRQ�RI�LQGLYLGXDO�YXOQHUDELOLW\�

7KHVH�ILQGLQJV�KLJKOLJKW�WKH�LPSRUWDQFH�RI�PRGHOLQJ�FURVV�OHYHO�LQWHUDFWLRQV�WR�LGHQWLI\�PHFKDQLVPV
WKURXJK�ZKLFK�VWUXFWXUDO�FRQWH[W�VKDSHV�FOLPDWH�UHODWHG�KHDOWK�ULVNV��3RSXODWLRQ�KHDOWK�LQWHUYHQWLRQV
IRFXVHG�VROHO\�RQ�LQGLYLGXDO�ULVN�IDFWRUV�PD\�RYHUORRN�VWUXFWXUDO�QHLJKERUKRRG�FRQGLWLRQV�WKDW
GLIIHUHQWLDOO\�VKDSH�YXOQHUDELOLW\�DFURVV�SRSXODWLRQ�VXEJURXSV�
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+HDW�DQG�6H[XDO�$XWRQRP\��7HPSHUDWXUH�6KRFNV�DQG�:RPHQiV�$ELOLW\�WR�1HJRWLDWH�6H[
-RUGHQ�-DFNVRQ
�-RUGHQ�-DFNVRQ��1LJHO�-DPHV��-DVPLQ�$EGHO�*KDQ\��8UVXOD�*D]HOH\��-RVKXD�:LOGH�

5LVLQJ�JOREDO�WHPSHUDWXUHV�DUH�UHVKDSLQJ�GDLO\�OLIH��GHHSHQLQJ�VWUXFWXUDO�LQHTXLWLHV�DQG�WKUHDWHQLQJ
SRSXODWLRQ�KHDOWK��:KLOH�SULRU�UHVHDUFK�KDV�OLQNHG�KHDW�H[SRVXUH�WR�LQFUHDVHV�LQ�VH[XDO�DVVDXOW�DQG
LQWLPDWH�SDUWQHU�YLROHQFH��OLWWOH�LV�NQRZQ�DERXW�KRZ�KHDW�H[SRVXUH�VKDSHV�ZRPHQ|V�VH[XDO�DXWRQRP\
ZLWKLQ�LQWLPDWH�UHODWLRQVKLSV��7KLV�VWXG\�H[DPLQHV�ZKHWKHU�H[SRVXUH�WR�XQXVXDOO\�KLJK�WHPSHUDWXUHV
DIIHFWV�ZRPHQ|V�DELOLW\�WR�UHIXVH�VH[��:H�WKHRUL]H�WKDW�KHDW�LQGXFHG�VWUHVV��VOHHS�GLVUXSWLRQ��DQG
HFRQRPLF�SUHVVXUH�PD\�H[DFHUEDWH�JHQGHU�LPEDODQFHV��LQFUHDVLQJ�HPRWLRQDO�FRHUFLRQ��SDUWQHU
DJJUHVVLRQ�DQG�WUDQVDFWLRQDO�YXOQHUDELOLWLHV��'UDZLQJ�RQ�QDWLRQDOO\�UHSUHVHQWDWLYH�'HPRJUDSKLF�DQG
+HDOWK�6XUYH\��'+6��IURP����ORZ�DQG�PLGGOH�LQFRPH�FRXQWULHV��:H�OLQN�WKHVH�GDWD�WR�KLJK�
UHVROXWLRQ�FOLPDWH�UHFRUGV�DQG�FRQGXFW�ORJLVWLF�UHJUHVVLRQ�DQDO\VLV�WR�WHVW�WKH�DVVRFLDWLRQ�EHWZHHQ
DQRPDORXVO\�KRW�ZHDWKHU�DQG�VH[XDO�DXWRQRP\��3UHOLPLQDU\�UHVXOWV�VXJJHVW�WKDW�KRW�WHPSHUDWXUHV
DUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�DELOLW\�WR�UHIXVH�VH[��,Q�WKH�QH[W�VWDJH�RI�RXU�DQDO\VLV��ZH�ZLOO�H[DPLQH
KHWHURJHQHRXV�HIIHFWV�WR�DVVHVV�ZKHWKHU�HGXFDWLRQ��HPSOR\PHQW��DQG�XUEDQ�UHVLGHQFH�EXIIHU�WKH
LPSDFW�RI�KHDW�RQ�VH[XDO�DXWRQRP\��UHVXOWV�IRUWKFRPLQJ�
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'LJLWDO�'LVVHPLQDWLRQ�6WUDWHJLHV�IRU�&29,'����DQG�)OX�9DFFLQH�9LGHRV�LQ�,QGLJHQRXV
&RPPXQLWLHV�LQ�&DOLIRUQLD��D�WKUHH�DUP�WULDO�$OLFLD�5LOH\
�1DGLD�'LDPRQG�6PLWK��/XFLD�$EDVFDO�
$OLVRQ�&RPIRUW��$QQD�(SSHUVRQ�

%DFNJURXQG��'HVSLWH�WKH�DYDLODELOLW\�RI�HIIHFWLYH�YDFFLQHV��IOX�DQG�&29,'����XSWDNH�UHPDLQV
VXERSWLPDO��SDUWLFXODUO\�DPRQJ�,QGLJHQRXV�FRPPXQLWLHV�ZKR�IDFH�XQLTXH�EDUULHUV�WR�DFFHVVLQJ
SXEOLF�KHDOWK�LQIRUPDWLRQ��:KLOH�SUHYLRXV�UHVHDUFK�KDV�HYDOXDWHG�KHDOWK�FRPPXQLFDWLRQ�PHVVDJH
FRQWHQW�DQG�GHVLJQ��IHZHU�VWXGLHV�KDYH�V\VWHPDWLFDOO\�FRPSDUHG�GLIIHUHQW�GLVVHPLQDWLRQ�VWUDWHJLHV
IRU�WKH�VDPH�LQWHUYHQWLRQ��OHDYLQJ�JDSV�LQ�XQGHUVWDQGLQJ�RSWLPDO�DSSURDFKHV�IRU�UHDFKLQJ
PDUJLQDOL]HG�SRSXODWLRQV�

2EMHFWLYH��:H�FRQGXFWHG�D�WKUHH�DUP�GLVVHPLQDWLRQ�VWXG\�GHVLJQHG�WR�FRPSDUH�WKH�HIIHFWLYHQHVV�RI
GLIIHUHQW�VWUDWHJLHV�IRU�GLVWULEXWLQJ�&29,'����DQG�IOX�YDFFLQH�SURPRWLRQ�YLGHRV�WDUJHWLQJ�,QGLJHQRXV
3HRSOHV�UHVLGLQJ�LQ�&DOLIRUQLD��LQFOXGLQJ�$PHULFDQ�,QGLDQ��$ODVND�1DWLYH��1DWLYH�$PHULFDQ��DQG
PLJUDQW�,QGLJHQRXV�FRPPXQLWLHV�IURP�/DWLQ�$PHULFD�

0HWKRGV��)ROORZLQJ�H[WHQVLYH�IRUPDWLYH�ZRUN�LQFOXGLQJ�FURVV�VHFWLRQDO�VXUYH\V��VRFLDO�QHWZRUN
DQDO\VHV��GLVFUHWH�FKRLFH�H[SHULPHQWV��DQG�IRFXV�JURXSV�FRQGXFWHG�ZLWK�JXLGDQFH�IURP�DQ
,QGLJHQRXV�&RPPXQLW\�$GYLVRU\�%RDUG��ZH�GHYHORSHG�WZR����VHFRQG�YDFFLQH�SURPRWLRQ�YLGHRV
DYDLODEOH�LQ�(QJOLVK��6SDQLVK��DQG�IRXU�,QGLJHQRXV�ODQJXDJHV��3XUiSHFKD��0DP��=DSRWHFR��DQG
0L[WHFR���:H�WHVWHG�WKUHH�GLVVHPLQDWLRQ�VWUDWHJLHV�RYHU�RQH�PRQWK������SDLG�VRFLDO�PHGLD
DGYHUWLVHPHQWV�RQ�)DFHERRN�DQG�,QVWDJUDP�WDUJHWLQJ�KLJK�,QGLJHQRXV�SRSXODWLRQ�DUHDV�����
GLVWULEXWLRQ�WKURXJK�FRPPXQLW\�EDVHG�RUJDQL]DWLRQV�XVLQJ�WKHLU�HVWDEOLVKHG�FRPPXQLFDWLRQ
FKDQQHOV��DQG�����SHHU�WR�SHHU�VKDULQJ�WKURXJK�,QGLJHQRXV�FRPPXQLW\�PHPEHUV��}VHHGV~��UHFUXLWHG
IURP�SUHYLRXV�UHVHDUFK��)ROORZ�XS�VXUYH\V�WR�PHDVXUH�UHDFK��HQJDJHPHQW��DQG�PHVVDJH�LPSDFW
DFURVV�GLVVHPLQDWLRQ�VWUDWHJLHV�ZHUH�FRQGXFWHG�

5HVXOWV��:H�FROOHFWHG�GDWD�IURP�����SHRSOH��LQFOXGLQJ�����IURP�WKH�}VHHGV~�DUP������IURP�VRFLDO
PHGLD�DQG����IURP�&%2V��3UHOLPLQDU\�DQDO\VLV�VXJJHVWV�WKDW�LQWHUYHQWLRQ�DUP�ZDV�QRW�DVVRFLDWHG
ZLWK�WKH�OLNHOLKRRG�RI�VRPHRQH�SODQQLQJ�WR�JHW�WKH�&29,'�RU�IOX�YDFFLQH�LQ�WKH�IXWXUH��+RZHYHU��WUXVW
LQ�WKH�SHUVRQ�VHQGLQJ�WKHP�WKH�PHVVDJH�ZDV�VWURQJO\�DQG�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�OLNHOLKRRG�RI
IXWXUH�YDFFLQDWLRQ�

&RQFOXVLRQV��7KLV�VWXG\�DGGUHVVHV�D�FULWLFDO�JDS�LQ�KHDOWK�FRPPXQLFDWLRQ�UHVHDUFK�E\�SURYLGLQJ�D
V\VWHPDWLF�PHWKRGRORJ\�IRU�FRPSDULQJ�GLJLWDO�GLVVHPLQDWLRQ�VWUDWHJLHV�ZLWKLQ�,QGLJHQRXV
FRPPXQLWLHV��2XU�ILQGLQJV�VXJJHVW�WKDW�WUXVW�LQ�WKH�PHVVHQJHU�PLJKW�EH�WKH�PRVW�LPSRUWDQW�IDFWRU�LQ
EHKDYLRU�FKDQJH�
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6RFLDO�3RVLWLRQ�6WUDWLILFDWLRQ�DQG�+,9�&DUH�2XWFRPHV�$PRQJ�7UDQVIHPLQLQH�,QGLYLGXDOV�LQ
,QGLD��,PSOLFDWLRQV�IRU�%XLOGLQJ�7UXVW�7KURXJK�'LIIHUHQWLDWHG�6HUYLFH�'HOLYHU\�:LOOLDP
/RGJH�,,
�:LOOLDP�/RGJH�,,��-HQQLIHU�7�7UDQ��-D\DNDQW�6LQJK��'RQ�2SHUDULR��0DWWKHZ�-��0LPLDJD�
.DWLH�%�%LHOOR�

3RSXODWLRQ�KHDOWK�SURJUDPV�RIWHQ�UHO\�RQ�EURDG�FDWHJRULHV�WR�JXLGH�+,9�VHUYLFH�GHOLYHU\�IRU�NH\
SRSXODWLRQV��EXW�WKHVH�FODVVLILFDWLRQV�FDQ�KLGH�LPSRUWDQW�VRFLDO�GLIIHUHQFHV�WKDW�LQIOXHQFH
HQJDJHPHQW�LQ�FDUH�DQG�WUXVW�LQ�KHDOWK�V\VWHPV��8VLQJ�FURVV�VHFWLRQDO�GDWD�IURP�����WUDQVJHQGHU
LQGLYLGXDOV�OLYLQJ�ZLWK�+,9�LQ�0XPEDL�DQG�1HZ�'HOKL��ZH�LGHQWLILHG�GLVWLQFW�VRFLDO�SRVLWLRQ�SURILOHV
EDVHG�RQ�VHOI�UHSRUWHG�JHQGHU�LGHQWLW\��VH[XDO�RULHQWDWLRQ��HGXFDWLRQ��DQG�OLYHOLKRRG��7KUHH�JURXSV
HPHUJHG������HGXFDWHG�WUDQVJHQGHU�ZRPHQ�HQJDJHG�LQ�VH[�ZRUN������KHWHURVH[XDO�WUDQVIHPLQLQH
LQGLYLGXDOV�ZLWK�OLPLWHG�HGXFDWLRQ�HQJDJHG�LQ�VH[�ZRUN��DQG�����+LMUD�DQG�UHODWHG�LGHQWLWLHV�DQG
/*%4��LQGLYLGXDOV�LQYROYHG�LQ�GXDO�OLYHOLKRRGV�RI�VH[�ZRUN�DQG�EHJJLQJ��0HPEHUVKLS�LQ�&ODVV���ZDV
DVVRFLDWHG�ZLWK�VLJQLILFDQWO\�ORZHU�RGGV�RI�DFKLHYLQJ�RSWLPDO�$57�DGKHUHQFH�FRPSDUHG�ZLWK�&ODVV���
DIWHU�DGMXVWLQJ�IRU�DJH�DQG�FLW\��7KHVH�ILQGLQJV�HPSKDVL]H�WKDW�EURDG�SRSXODWLRQ�FDWHJRULHV�XVHG�LQ
+,9�SURJUDPV�FDQ�KLGH�KLJK�ULVN�VXEJURXSV�DQG�OLPLW�WKH�VXFFHVV�RI�DGKHUHQFH�LQWHUYHQWLRQV��7KH
VWXG\�DGYRFDWHV�UHWKLQNLQJ�GLIIHUHQWLDWHG�VHUYLFH�GHOLYHU\�PRGHOV�WR�EHWWHU�UHIOHFW�WKH�OLYHG�UHDOLWLHV
DQG�VRFLDO�SRVLWLRQV�PDUJLQDOL]HG�FRPPXQLWLHV�IDFH��ZLWK�WKH�DLP�RI�LPSURYLQJ�ERWK�HTXLW\�DQG
SURJUDP�HIIHFWLYHQHVV�LQ�+,9�FDUH�DQG�RWKHU�FKURQLF�GLVHDVH�VHUYLFHV�
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7KH�*HQHURVLW\�RI�/DERU�0DUNHW�,QVWLWXWLRQV�DQG�%HKDYLRUDO�+HDOWK�2XWFRPHV�0HJDQ
5H\QROGV
�0HJDQ�5H\QROGV��-DFO\Q�6FKHVV�

3RSXODWLRQ�EHKDYLRUDO�KHDOWK�RXWFRPHV��LQFOXGLQJ�PHQWDO�KHDOWK�DQG�VXEVWDQFH�XVH�GLVRUGHUV��KDYH
EHHQ�ZRUVHQLQJ�LQ�WKH�8QLWHG�6WDWHV�LQ�UHFHQW�GHFDGHV��SDUWLFXODUO\�DPRQJVW�\RXQJ��DQG�ZRUNLQJ�
DJH�DGXOWV��7KH�SUHYDOHQFH�RI�DQ[LHW\��GHSUHVVLRQ��DV�ZHOO�DV�GUXJ�DQG�DOFRKRO�XVH�GLVRUGHU�KDYH
LQFUHDVHG�VXEVWDQWLDOO\�DPRQJVW�������\HDU�ROGV��*RRGZLQ�HW�DO���������8GXSD�HW�DO��������
:HLQEHUJHU�HW�DO����������7KHVH�RXWFRPHV��OLNH�PDQ\�KHDOWK�RXWFRPHV�LQ�WKH�8QLWHG�6WDWHV�
GHPRQVWUDWH�D�VRFLRHFRQRPLF�JUDGLHQW�ZKHUHE\�ZRUVH�PHQWDO�KHDOWK�RXWFRPHV�DUH�DVVRFLDWHG�ZLWK
ORZHU�VRFLRHFRQRPLF�VWDWXV��:KLOH�FOLQLFDO�WUHDWPHQWV�IRU�PHQWDO�LOO�KHDOWK�KDYH�OHG�WR�RQO\�PRGHVW
LPSURYHPHQWV����JURZLQJ�HYLGHQFH�GHPRQVWUDWHV�WKH�UHODWLRQVKLS�EHWZHHQ�VRFLDO��SROLWLFDO�DQG
HFRQRPLF�FLUFXPVWDQFHV�DQG�EHKDYLRUDO�KHDOWK�RXWFRPHV��KLJKOLJKWLQJ�D�SRWHQWLDO�UROH�IRU�VRFLDO
SROLF\�LQ�LPSURYLQJ�EHKDYLRUDO�KHDOWK��,QFRPH�VXSSRUW�SROLFLHV��L�H��FDVK�WUDQVIHUV��WKH�(DUQHG
,QFRPH�7D[�&UHGLW��DQG�6XSSOHPHQWDO�1XWULWLRQ�$VVLVWDQFH��KDYH�GHPRQVWUDWHG�FRQVLVWHQW
LPSURYHPHQWV�LQ�PHQWDO�KHDOWK�DQG�SV\FKRORJLFDO�ZHOOEHLQJ�

*LYHQ�WKH�VWURQJ�HFRQRPLF�JUDGLHQW�LQ�EHKDYLRUDO�KHDOWK�RXWFRPHV�DQG�WKH�REVHUYHG�EHQHILWV�RI
HFRQRPLF�VHFXULW\�SROLFLHV��WKHUH�LV�JRRG�UHDVRQ�WR�EHOLHYH�WKDW�ODERU�PDUNHW�LQVWLWXWLRQV��/0,V��
LQFOXGLQJ�WKH�PLQLPXP�ZDJH��ODERU�XQLRQV�DQG�XQHPSOR\PHQW�EHQHILWV��PD\�SOD\�DQ�LPSRUWDQW�UROH
LQ�SRSXODWLRQ�EHKDYLRUDO�KHDOWK��,QGHHG��UHVHDUFK�VKRZV�WKDW�LQFUHDVHG�PLQLPXP�ZDJHV�GHFUHDVH
VXLFLGH�UDWHV�LQ�86�DGXOWV��'RZ�HW�DO���������DQG�HYLGHQFH�LV�PRXQWLQJ�RQ�WKH�KHDOWK�HIIHFWV�RI�ODERU
XQLRQ�PHPEHUVKLS��0DOLQRZVNL�HW�DO���������DQG�XQHPSOR\PHQW�LQVXUDQFH��%HUNRZLW]�	�%DVX��������

7R�XQGHUVWDQG�WKH�FRPELQHG�HFRQRPLF�YDOXH�RI�/0,V��ZH�FRQVWUXFW�D�ODERU�PDUNHW�LQVWLWXWLRQ
JHQHURVLW\��}/0,�JHQHURVLW\~��FDOFXODWRU�WR�GHILQH�WKH�GROODU�YDOXH�RI�/0,V�LQ�HDFK�VWDWH�\HDU�IURP
�����WR�������2XU�ODERU�PDUNHW�LQVWLWXWLRQ�JHQHURVLW\�FDOFXODWRU�HVWLPDWHV�WKH�WRWDO�LQFRPH�IURP
VHPL�DQQXDO�HPSOR\PHQW�DQG�VHPL�DQQXDO�XQHPSOR\PHQW�EHQHILWV�WKDW�D�ZRUNHU�H[SHULHQFLQJ�MRE
ORVV�PLJKW�H[SHFW�LQ�D�JLYHQ�VWDWH�DQG�\HDU��7KH�PHDVXUH�UHIOHFWV�PLQLPXP�ZDJH�OHYHOV��XQLRQ�ZDJH
DQG�KHDOWK�LQVXUDQFH�SUHPLXPV�DQG�XQHPSOR\PHQW�LQVXUDQFH�EHQHILW�IRUPXODV�DQG�GXUDWLRQV��7KH
UHVXOWLQJ�PHDVXUH�UHIOHFWV�KRZ�IDU�ODERU�PDUNHW�LQVWLWXWLRQV�LQ�D�JLYHQ�VWDWH�DQG�\HDU�OLIW�D�ORZ�ZDJH
ZRUNHU�WR�WKH�UHODWLYH�SRYHUW\�OLQH��6XEVWDQWLDO�FURVV�VWDWH�DQG�WHPSRUDO�YDULDWLRQ�DOORZV�IRU
PHDQLQJIXO�TXDVL�H[SHULPHQWDO�LQYHVWLJDWLRQ�XVLQJ�WKH�/0,�JHQHURVLW\�PHDVXUH�DV�H[SRVXUH�

8VLQJ�WKLV�QRYHO�FDOFXODWRU��ZH�LQYHVWLJDWH�KRZ�/0,�JHQHURVLW\�UHODWHV�WR�EHKDYLRUDO�KHDOWK
RXWFRPHV�DPRQJVW�DGXOWV�LQ�WKH�8QLWHG�6WDWHV���:H�PHUJH�VWDWH�\HDU�/0,�JHQHURVLW\�ZLWK�WKH
%HKDYLRUDO�5LVN�)DFWRU�6XUYHLOODQFH�6\VWHP�PLFURGDWD�IRU������������:H�UHVWULFW�WKH�VDPSOH�WR
WKRVH�DJHG�������ZKR�DUH�FXUUHQW�ZRUNLQJ�RU�UHFHQWO\�HPSOR\HG�DQG�KDYH�OHVV�WKDQ�D�%DFKHORUV
GHJUHH��2XU�PDLQ�VSHFLILFDWLRQ�XVHV�VWDWH�\HDU�IL[HG�HIIHFWV�ZLWK�VWDWH�VSHFLILF�OLQHDU�WUHQGV�DQG�ULFK
LQGLYLGXDO�DQG�VWDWH�OHYHO�FRQWUROV��:H�DOVR�HVWLPDWH�D�VWDFNHG�HYHQW�VWXG\�PRGHO��GHILQLQJ�HYHQWV�DV
WKRVH�ZLWK�D�FKDQJH�RI�/0,�JHQHURVLW\�RI��6'�ZKHUH�WKHUH�DUH�WZR�\HDUV�SULRU�ZLWKRXW�VXFK�D
FKDQJH�

7KLV�VWXG\�XWLOL]HV�WKH�ILUVW�FRPSUHKHQVLYH�PHDVXUH�RI�/0,�JHQHURVLW\�DFURVV�VWDWHV�LQ�RUGHU�WR�RIIHU
QHZ�HYLGHQFH�RQ�KRZ�ODERU�PDUNHW�LQVWLWXWLRQV�PD\�VHUYH�DV�SRSXODWLRQ�OHYHO�LQWHUYHQWLRQV�IRU
LPSURYLQJ�EHKDYLRUDO�KHDOWK�DPRQJ�DGXOWV�LQ�WKH�86�
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&KDQJHV�LQ�6PRNLQJ�,QHTXDOLWLHV�DPRQJ�8�6��<RXQJ�$GXOWV������������0LQJ\XH�/X
�0LQJ\XH
/X��1DWKDQLHO�7UDQ�

%DFNJURXQG

7REDFFR�LV�UHVSRQVLEOH�IRU�DSSUR[LPDWHO\�����RI�FDQFHU�GHDWKV��ZLWK�VLJQLILFDQW�UDFLDO��HWKQLF��DQG
VRFLRHFRQRPLF�LQHTXDOLWLHV��$�IHGHUDO�WREDFFR�����7����ODZ��ZKLFK�LQFUHDVHG�WKH�PLQLPXP�OHJDO�VDOHV
DJH�RI�WREDFFR�SURGXFWV�LQ�WKH�8�6��IURP����WR�����ZDV�HQDFWHG�LQ�'HFHPEHU������

0HWKRGV

'DWD�ZHUH�GUDZQ�IURP�WKH�����������%HKDYLRUDO�5LVN�)DFWRU�6XUYHLOODQFH�6\VWHP��%5)66���:H�XVHG
OLQHDU�UHJUHVVLRQ�WHFKQLTXHV�WR�HVWLPDWH�WKH�SRROHG�VPRNLQJ�SUHYDOHQFH�LQ�WKUHH�SHULRGV��SUH�7��
LPSOHPHQWDWLRQ��������������7���LPSOHPHQWDWLRQ�WUDQVLWLRQ��������������DQG�SRVW�7��
LPSOHPHQWDWLRQ�������������

5HVXOWV

,Q�WKH�RYHUDOO�VDPSOH�RI��������8�6��\RXQJ�DGXOWV�DJHG��������������>����&,������WR������@�RI
UHVSRQGHQWV�ZHUH�FXUUHQW�VPRNHUV�LQ�WKH�SUH�7���LPSOHPHQWDWLRQ�SHULRG�ZKLFK�GHFOLQHG�WR������
>����&,������WR������@�DW�7���LPSOHPHQWDWLRQ�WUDQVLWLRQ��DQG�GHFOLQHG�WR�������>����&,������WR
�����@�LQ�WKH�SRVW�7���LPSOHPHQWDWLRQ�SHULRG��DQ�DEVROXWH�UHGXFWLRQ�RI�������SHUFHQWDJH�SRLQWV��SS�
>����&,�������WR������SS��S�����@��7KH�DEVROXWH�UHGXFWLRQ�LQ�FXUUHQW�VPRNLQJ�ZDV�VLJQLILFDQW�IRU�DOO
GHPRJUDSKLF�VXEJURXSV��7KH�UHODWLYH�LQHTXDOLW\�EHWZHHQ�VXEJURXSV�ZDV�RQO\�VLJQLILFDQW�E\
HGXFDWLRQ�OHYHO�

&RQFOXVLRQV

:H�ILQG�WKDW�FXUUHQW�VPRNLQJ�VLJQLILFDQWO\�GHFOLQHG�LQ�WKH�RYHUDOO�VWXG\�VDPSOH��DV�ZHOO�DV�DFURVV�DOO
VXEJURXSV�VWXGLHG��:KLOH�VPRNLQJ�GHFOLQHG�WKURXJKRXW�WKH�VWXG\�SHULRG�IRU�DOO�VXEJURXSV��IHGHUDO
7���LPSOHPHQWDWLRQ�ZDV�QRW�DVVRFLDWHG�ZLWK�UHGXFWLRQV�LQ�VPRNLQJ�LQHTXDOLWLHV�E\�ELQDU\�VH[�
KRXVHKROG�LQFRPH��RU�VH[XDO�DQG�JHQGHU�PLQRULW\��6*0��LGHQWLW\��3UHYHQWLRQ�DQG�FHVVDWLRQ�SROLFLHV
WKDW�DUH�DFFHVVLEOH�WR�6*0�UHVSRQGHQWV�DQG�UHVSRQGHQWV�IURP�ORZHU�VRFLRHFRQRPLF�EDFNJURXQGV�DUH
QHHGHG�WR�PLWLJDWH�WREDFFR�UHODWHG�KDUPV�
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$VVRFLDWLRQV�EHWZHHQ�6RFLRHFRQRPLF�'HSULYDWLRQ�DQG�6WLJPD�GXULQJ�2YHUGRVH�UHODWHG
(PHUJHQF\�0HGLFDO�6HUYLFHV�,QWHUDFWLRQV��(YLGHQFH�IURP�DQ�2QJRLQJ��&RPPXQLW\�HQJDJHG
(YDOXDWLRQ�RI�D�&RXQW\�:LGH�(06�2YHUGRVH�,QWHUYHQWLRQ�LQ�.LQJ�&RXQW\��:DVKLQJWRQ
2KVKXH�*DWDQDJD
�2KVKXH�*DWDQDJD��$OO\Q�/LX��.LPLDP�:DWHUV��$GRQLFD�:DUWK��&HFH�:HWWHPDQQ�
(VWKHU�5RXUNH��*URYHU�:LOOLDPV��5REHUW�3LWFKHU��1LFN\�&RWWD��$OGHQ�*X��,QGLD�2UQHODV��0DOLND
/DPRQW��'HDXQWH�'DPSHU��0DU\DP�-HUQLJDQ�1RHVL��&DOODQ�)RFNHOH��(PLO\�:LOOLDPV��2PHLG�+HLGDUL�
7HVVD�)URKH��-HQQD�YDQ�'UDDQHQ�

%DFNJURXQG��6RFLRHFRQRPLF�GHSULYDWLRQ��6('��LV�D�IXQGDPHQWDO�FDXVH�RI�RYHUGRVH��2'��UHODWHG
GLVSDULWLHV��'XH�WR�LVVXHV�LQFOXGLQJ�KRXVLQJ�LQVWDELOLW\��PDWHULDO�VFDUFLW\��DQG�OLPLWHG�VRFLDO�VXSSRUW�
6('�PD\�LQFUHDVH�VWLJPD�GXULQJ�2'�UHODWHG�KHDOWKFDUH�LQWHUDFWLRQV�DQG�GLVFRXUDJH�IXWXUH
HQJDJHPHQW�ZLWK�VXEVWDQFH�XVH�WUHDWPHQW�DQG�OLIHVDYLQJ�VHUYLFHV��:KLOH�HPHUJHQF\�PHGLFDO
VHUYLFHV��(06��DQG�HPHUJHQF\�GHSDUWPHQWV��('��DUH�IURQWOLQH�UHVSRQGHUV�WR�WKH�2'�HSLGHPLF��OLWWOH
LV�NQRZQ�DERXW�WKH�DVVRFLDWLRQ�EHWZHHQ�6('�DQG�VWLJPD�H[SHULHQFHG�GXULQJ�RYHUGRVH�UHODWHG�(06
DQG�(�'�LQWHUDFWLRQV�

0HWKRGV��,Q�WKH�FRQWH[W�RI�D�FRPPXQLW\�HQJDJHG�HYDOXDWLRQ�RI�D�SRSXODWLRQ�EDVHG�(06�2'
LQWHUYHQWLRQ�LQ�.LQJ�&RXQW\��:$��ZH�DVVHVVHG�DVVRFLDWLRQV�EHWZHHQ�IDFHWV�RI�6('�DQG�(06��DQG�('�
UHODWHG�VWLJPD�DPRQJ�2'�VXUYLYRUV��Q� �������)DFHWV�RI�6('�LQFOXGHG�VRFLDO�VXSSRUW�DQG�PDWHULDO
UHVRXUFHV�PHDVXUHG�XVLQJ�YDOLGDWHG�VFDOHV�DQG�KRXVLQJ�LQVWDELOLW\��ELQDU\���/LQHDU�UHJUHVVLRQ�PRGHOV
HVWLPDWHG�DVVRFLDWLRQV�EHWZHHQ�6('�DQG�PXOWL�LWHP�VFDOHV�RI�SHUFHLYHG�VWLJPD��UHVFDOHG�WR�D����
FRPSRVLWH�VFRUH��GXULQJ�KHDOWKFDUH�LQWHUDFWLRQV�DGMXVWLQJ�IRU�DJH��JHQGHU��UDFH��GUXJ�XVH�IUHTXHQF\�
DQG�OLIHWLPH�RYHUGRVHV�

5HVXOWV��$PRQJ�����2'�VXUYLYRUV�������������UHSRUWHG�DJUHHLQJ�RU�VWURQJO\�DJUHHLQJ�WR�(06�
UHODWHG�VWLJPD��DPRQJ�WKRVH�WUDQVSRUWHG�WR�WKH�('��Q� ������������������UHSRUWHG�('�UHODWHG
VWLJPD��+RXVLQJ�GLVSODFHPHQW�ZLWKLQ����GD\V�RI�DQ�2'�ZDV�DVVRFLDWHG�ZLWK�KLJKHU�(06���u� ������
����&,��������������DQG�('�UHODWHG�VWLJPD��u� �����������&,���������������(DFK�RQH�XQLW�LQFUHDVH�LQ
PDWHULDO�UHVRXUFHV��u� �������������&,������������������RU�VRFLDO�VXSSRUW��u� �������������&,�
����������������ZDV�DVVRFLDWHG�ZLWK�ORZHU�('��RU�(06�UHODWHG�VWLJPD��UHVSHFWLYHO\�

&RQFOXVLRQV��6WLJPD�GXULQJ�RYHUGRVH�UHODWHG�(06�DQG�('�FDUH�ZDV�FRPPRQO\�UHSRUWHG�DQG�ZDV
KLJKHU�DPRQJ�VXUYLYRUV�H[SHULHQFLQJ�6('��$GGUHVVLQJ�6('�PD\�UHGXFH�VWLJPD��UHEXLOG�WUXVW�LQ
HPHUJHQF\�FDUH��DQG�SURPRWH�HTXLWDEOH�HQJDJHPHQW�ZLWK�OLIHVDYLQJ�VHUYLFHV�
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j7KH\�DUH�GRLQJ�LW�IRU�WKH�PRQH\�k�:RPHQiV�$FFRXQWV�RI�+HDOWKFDUH�:RUNHUV�3URYLGLQJ
$ERUWLRQV�LQ�8JDQGD��&KDUOHV�.DWXODPX
�&KDUOHV�.DWXODPX�

8JDQGD�FULPLQDOL]HV�DQG�UHVWULFWV�VDIH�DERUWLRQ�FDUH��FRXSOHG�ZLWK�VWLJPD�DQG�LQDGHTXDWH
KHDOWKFDUH�UHVRXUFHV��LW�LV�DOPRVW�LPSRVVLEOH�IRU�ZRPHQ�WR�DFFHVV�FDUH��DV�LV�WKH�FDVH�LQ�PRVW�VXE�
6DKDUDQ�$IULFDQ�FRXQWULHV��+RZHYHU��VRPH�JLUOV�DQG�ZRPHQ�KDYH�IRXQG�ZD\V�WR�SURFXUH�DERUWLRQV
IURP�VHOHFW�KHDOWKFDUH�ZRUNHUV��DOEHLW��,Q�WKLV�VWXG\��,�VHHN�WR�XQGHUVWDQG�ZK\�VRPH�KHDOWKFDUH
ZRUNHUV�SURYLGH�DERUWLRQV�GHVSLWH�WKH�H[LVWLQJ�FULPLQDOL]DWLRQ�DQG�UHVWULFWLRQV�DURXQG�VDIH�DERUWLRQ
FDUH�LQ�8JDQGD�

7KURXJK�VHPL�VWUXFWXUHG�LQ�GHSWK�LQWHUYLHZV��,�VSRNH�WR����ZRPHQ�ZKR�KDG�HYHU�WHUPLQDWHG�D
SUHJQDQF\�LQ�8JDQGD�WR�XQGHUVWDQG�WKHLU�SHUVSHFWLYHV�RQ�ZK\�KHDOWKFDUH�ZRUNHUV�SURYLGH�DERUWLRQV
GHVSLWH�WKH�H[LVWLQJ�FULPLQDOL]DWLRQ�DQG�UHVWULFWLRQV�DURXQG�DERUWLRQ�FDUH�LQ�8JDQGD��5HSRUWV�IURP
ZRPHQ�UHYHDOHG�WKDW�DOWKRXJK�VRPH�KHDOWKFDUH�ZRUNHUV�SURYLGHG�WKHVH�DERUWLRQV�EHFDXVH�WKH\
ZDQWHG�WR�VDYH�ZRPHQ|V�OLYHV�E\�SUHYHQWLQJ�WKHP�IURP�XVLQJ�XQVDIH�DERUWLRQ�SUDFWLFHV��WKH\�ODUJHO\
GLG�VR�EHFDXVH�RI�WKHLU�ILQDQFLDO�PRWLYHV��7KH�FULPLQDOL]DWLRQ�DQG�UHVWULFWLRQ�RI�DERUWLRQ�SUHYHQW
PRVW�SURYLGHUV�IURP�SURYLGLQJ�VXFK�FDUH�WR�DYRLG�SURVHFXWLRQ�DQG�SURWHFW�WKHLU�SURIHVVLRQV��7KRVH
ZKR�FKRRVH�WR�SURYLGH�WKH�FDUH�GR�VR�DW�H[RUELWDQW�FRVWV�WR�FRPSHQVDWH�IRU�SRVVLEOH�FRQVHTXHQFHV�
$GGLWLRQDOO\��LQ�VXFK�FLUFXPVWDQFHV��GHPDQG�IRU�WKH�FDUH�H[FHHGV�VXSSO\��ZKLFK�DOVR�FRQWULEXWHV�WR
ULVLQJ�FRVWV�RI�REWDLQLQJ�LW�

7KHUHIRUH��IRU�ZRPHQ�WR�VDIHO\�QDYLJDWH�VXFK�H[SHQVHV��WKH�FRXQWU\�VKRXOG�DGRSW�PRUH�SURJUHVVLYH
DERUWLRQ�ODZV�WR�HQVXUH��L��JLUOV�DQG�ZRPHQ�DUH�DEOH�WR�DFFHVV�FRPSUHKHQVLYH�DERUWLRQ�FDUH���LL�
KHDOWKFDUH�VHUYLFH�SURYLGHUV�DUH�OHJDOO\�VXSSRUWHG�WR�SURYLGH�WKH�FDUH���LLL��VWLJPD�DJDLQVW�WKRVH�ZKR
VHHN�DQG�SURYLGH�DERUWLRQ�FDUH�LV�GLVPDQWOHG�WR�ZHDYH�VXSSRUW�IRU�ZRPHQ|V�DXWRQRP\�DQG
UHSURGXFWLYH�FKRLFHV���LY��VLJQLILFDQWO\�UHGXFH�WKH�ILQDQFLDO�EXUGHQ�DVVRFLDWHG�ZLWK�ERWK�DERUWLRQ�DQG
SRVW�DERUWLRQ�FDUH��DQG��Y��VDYH�ZRPHQ�IURP�OLIH�WKUHDWHQLQJ�FRPSOLFDWLRQV�HPHUJLQJ�IURP�XQVDIH
DERUWLRQ�SUDFWLFHV�
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%ULGJLQJ�GDWD�VLORV�WR�XQGHUVWDQG�KRPHOHVVQHVV�	�KHDOWKFDUH�3DXOLQD�.DLVHU
�3DXOLQD�.DLVHU�
$QG\�+HUWHO��6WHSKDQLH�)RVWHU��7UXPDQ�5LFNV��(PLO\�&KDQJ��&DUVRQ�0RZUHU��&RU\�+DFNVWHGW��&KULV
&DPSEHOO��%DUEDUD�+XGVRQ�+DQOH\��0DUN�(GZDUGV�

8QGHUVWDQGLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�KRPHOHVVQHVV�DQG�KHDOWK�UHTXLUHV�LQWHJUDWLQJ�LQIRUPDWLRQ
DFURVV�KRXVLQJ�DQG�KHDOWKFDUH�V\VWHPV��\HW�WKHVH�GDWD�DUH�W\SLFDOO\�VLORHG��$V�D�PXOWLDJHQF\
FROODERUDWLYH�UHSUHVHQWLQJ�D���FRXQW\�UHJLRQ�LQ�2UHJRQ��ZH�PHUJHG�HOHFWURQLF�PHGLFDO�UHFRUGV�IURP
WZR�KHDOWKFDUH�V\VWHPV�ZLWK�GDWD�IURP�WKH�+RPHOHVV�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP��+0,6��WKDW
FDSWXUHV�KRXVLQJ�VXSSRUW�VHUYLFHV��H�J��HPHUJHQF\�VKHOWHU��UDSLG�UHKRXVLQJ��DQG�KRPHOHVVQHVV
SUHYHQWLRQ�SURJUDPV��SURYLGHG�E\�WKH�UHJLRQ|V�VWDWH�GHVLJQDWHG�&RPPXQLW\�$FWLRQ�$JHQF\��:H�XVHG
SULYDF\�SUHVHUYLQJ�UHFRUG�OLQNDJH�WR�PDWFK�LQGLYLGXDOV�ZLWKRXW�WKH�QHHG�WR�VKDUH�LGHQWLI\LQJ
LQIRUPDWLRQ��7KH�PDWFKHG�GDWDVHW�LQFOXGHG�������LQGLYLGXDOV�ZKR�UHFHLYHG�KRXVLQJ�VXSSRUW�VHUYLFHV
DQG�KDG�RQH�RU�PRUH�KHDOWKFDUH�HQFRXQWHUV�LQ�����y������:H�H[DPLQHG�HPHUJHQF\�GHSDUWPHQW
�('��XWLOL]DWLRQ�UHODWLYH�WR�UHFHLSW�RI�KRXVLQJ�VHUYLFHV��DPRQJ�WKRVH�WKDW�VWD\HG�DW�DQ�HPHUJHQF\
VKHOWHU��DGMXVWHG�3RLVVRQ�PRGHOV�VKRZHG�WKDW�('�YLVLWV�LQFUHDVHG�LQ�WKH�VL[�PRQWKV�IROORZLQJ�WKH
ILUVW�HPHUJHQF\�VKHOWHU�VWD\�FRPSDUHG�WR�WKH�VL[�PRQWKV�SULRU��55 ������S���������+RZHYHU��('
XWLOL]DWLRQ�ZDV�KLJKHU�LQ�WKH�����PRQWKV�SUHFHGLQJ�WKH�LQLWLDO�VKHOWHU�VWD\�FRPSDUHG�WR�SUHYLRXV
PRQWKV��VXJJHVWLQJ�WKH�SRVVLELOLW\�RI�GHVWDELOL]LQJ�HYHQWV�WKDW�HOHYDWHG�ERWK�('�XVH�DQG�WKH�QHHG�IRU
VKHOWHU��7KHVH�SDWWHUQV�KLJKOLJKW�FKDOOHQJHV�LQ�HVWLPDWLQJ�WKH�FDXVDO�LPSDFW�RI�KRXVLQJ�VHUYLFHV
XVLQJ�VLPSOH�SUH�SRVW�FRPSDULVRQV��JLYHQ�OLNHO\�FRQIRXQGLQJ�HYHQWV�DURXQG�WKH�WLPH�RI�VHUYLFH�HQWU\�
3HQGLQJ�DQDO\VHV�ZLOO�DVVHVV�WRWDO�FRVW�RI�FDUH�EHIRUH�DQG�DIWHU�VHUYLFH�UHFHLSW�DQG�H[DPLQH�UHDVRQV
IRU�('�YLVLWV��7KLV�ZRUN�DGYDQFHV�XQGHUVWDQGLQJ�RI�KHDOWKFDUH�XWLOL]DWLRQ�DFURVV�KRXVLQJ�VWDWXVHV
DQG�SURJUDP�W\SHV��LQIRUPLQJ�RSSRUWXQLWLHV�WR�UHILQH�VHUYLFH�PRGHOV�DQG�VWUHQJWKHQ�FURVVxVHFWRU
FRRUGLQDWLRQ�
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+HDOWK�FDUH�VHUYLFHV

0L[HG�0HWKRGV�6WXG\�RI�+,9�7UHDWPHQW�7KURXJK�WKH�3XEOLF�+HDOWK�'HSDUWPHQW�LQ�WKH�&LW\
RI�/XEERFN��7H[DV�(PLO\�2VWHUPDLHU
�(PLO\�2VWHUPDLHU��-DPHV�)HOEHUJ��.DWKHULQH�:HOOV��5RFN\
)ORUHV��$EGXO�$ZDO�

7KLV�SURMHFW�DLPHG�WR�UHGXFH�WKH�SUHYDOHQFH�RI�+,9�ZLWKLQ�DQ�XQGHUVHUYHG�SRSXODWLRQ�E\�SURYLGLQJ
+,9�WUHDWPHQW��DW�QR�FRVW�WR�WKH�SDWLHQW��WKURXJK�WKH�&LW\�RI�/XEERFN�3XEOLF�+HDOWK�'HSDUWPHQW��7KLV
SUHVHQWV�DV�D�QRYHO�DSSURDFK�WR�LPSURYLQJ�+,9�WUHDWPHQW�DGKHUHQFH�LQ�DQ�XQGHUVHUYHG�SRSXODWLRQ
E\�QRW�RQO\�SURYLGLQJ�PHGLFDO�FDUH�DW�QR�FRVW�WR�WKH�SDWLHQW�WKURXJK�D�KHDOWK�GHSDUWPHQW�EXW�DOVR
XWLOL]LQJ�DQ�+,9�IRFXVHG�FDVH�PDQDJHU�WKDW�DFWLYHO\�DGGUHVVHG�EDUULHUV�WR�FDUH�RQ�D�FDVH�E\�FDVH
EDVLV��WKHUHE\�LQFUHDVLQJ�VHOI�HIILFDF\�DPRQJVW�SDWLHQWV�ZKR�IDFH�JUHDWHU�EDUULHUV�WR�FDUH�GXH�WR�ORZ
6(6��:H�GHWHUPLQHG�FOLQLF�HIILFDF\�LQ�UHGXFLQJ�UDWHV�RI�+,9�LQ�WKH�FRPPXQLW\�WKURXJK�D�PL[HG
PHWKRGV�DSSURDFK��7R�XQGHUVWDQG�RYHUDOO�+,9�WUHDWPHQW�VXFFHVV��D�FURVV�VHFWLRQDO�PHGLFDO�UHFRUG
UHYLHZ�RI�SDWLHQWV�DWWHQGLQJ�WKH�&LW\�RI�/XEERFN�+HDOWK�'HSDUWPHQW�IRU�+,9�UHODWHG�FDUH�EHWZHHQ
$SULO�������DQG�$XJXVW�������ZDV�FRQGXFWHG��:KLOH�WKHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQLILFDQW�FKDQJHV�LQ
KHPDWRORJLF�RU�LPPXQRORJLF�PDUNHUV�EHWZHHQ�WKH�ILUVW�DQG�ODVW�YLVLWV��DFFRUGLQJ�WR�WKH�ILQGLQJV�RI
WKH�SDLUHG�W�WHVW��WKH�VXEVWDQWLDO�GHFUHDVH�LQ�YLUDO�ORDG��ZKLFK�FRUUHODWHV�ZLWK�WKH�QXPHULFDOO\
VLJQLILFDQW�EXW�VOLJKWO\�LPSURYHG�&'��FRXQWV��RIIHUV�FRPSHOOLQJ�HYLGHQFH�RI�D�WUHDWPHQW�UHVSRQVH��7R
GHWHUPLQH�WKH�RYHUDOO�LPSDFW�WKLV�+,9�FOLQLF�KDV�KDG�RQ�WKH�/XEERFN�FRPPXQLW\�LQ�WHUPV�RI�SDWLHQW
FDUH��SKRQH�LQWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK�HOLJLEOH�SDUWLFLSDQWV�DQG�FRGHG�IRU�PDMRU�WKHPHV�DV
UHODWHG�WR�WKHLU�H[SHULHQFHV�UHFHLYLQJ�+,9�UHODWHG�FDUH�LQ�FRPPXQLW\�KHDOWK�VHWWLQJV�DQG�VXJJHVWHG
LPSURYHPHQWV�LQ�VHOI�HIILFDF\��/DVWO\��D�ILQDQFLDO�DQDO\VLV�RI�FOLQLF�RSHUDWLQJ�H[SHQVHV�ZDV�FRQGXFWHG
WR�XQGHUVWDQG�WKH�VXVWDLQDELOLW\�RI�WKLV�W\SH�RI�WUHDWPHQW�PRGHO�WKURXJK�D�KHDOWK�GHSDUWPHQW�LQ�WKH
ORQJ�UXQ��7KLV�DQDO\VLV�VXJJHVWHG�WKDW�WKLV�PRGHO�LV�ILQDQFLDOO\�IHDVLEOH�WKURXJK�WKH�UHLPEXUVHPHQWV
SURYLGHG�WKURXJK�FKDULW\�DQG�LQVXUDQFH�SURJUDPV�DQG�GHPRQVWUDWHV�SURPLVH�RI�EHLQJ�LPSOHPHQWHG
LQ�KHDOWK�GHSDUWPHQWV�QDWLRQDOO\�
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8VLQJ�D�&RPPXQLW\�(QJDJHG�$SSURDFK�WR�'HYHORS�WKH�1DWLRQDO�&HQWHU�IRU�(QJDJHPHQW�LQ
'LDEHWHV�5HVHDUFK�2QOLQH�5HVRXUFH�+XE�6DUDK�(OHVKDN\
�&ODLUH�&RRSHU��&ODLUH�&RRSHU��/DXUD�&
:\DWW��6DUDK�+XVVDLQ��$GLWL�/XLWHO��.DULQD�'�5DPLUH]��(DUOH�&KDPEHUV��$SULO�$�$JQH��&DURO�$JRPR�
7DELD�$NLQWREL��6DQGUD�$OEUHFKW��.ULVWHQ�$OOHQ�:DWWV��0RQD�$X<RXQJ��)HOHFLD�%DUURZ��$DURQ
%UHVORZ��-DQHW�%URZQ�)ULGD\��<HOED�&DVWHOORQ�/RSH]��$GULHQQH�'LOODUG��(VWHOOH�(YHUHWW��7KHRGRUH�&
)ULHGPDQ��5RGROIR�-�*DOLQGR��'\PSQD�*DOODJKHU��7DQQD]�0RLQ��6XVDQQH�%�1LFKRODV��5RELQ�2UWL]�
5DNDOH�4XDUHOOV��$QWKRQ\�6DODQG\��0HJKD�.�6KDK��&DUD�6WHSKHQVRQ�+XQWHU��1LWD�9DQJHHSXUDP�
1DGLD�,VODP�

,QWURGXFWLRQ�

7KH�1DWLRQDO�&HQWHU�IRU�(QJDJHPHQW�LQ�'LDEHWHV�5HVHDUFK��&('(5��IRVWHUV�FROODERUDWLRQV�WR�H[SDQG
FRPPXQLW\�HQJDJHPHQW�LQ�W\SH���GLDEHWHV��7�'��UHVHDUFK�DQG�SURJUDPV��/HYHUDJLQJ�D�FRUH
SDUWQHUVKLS�KXE��3+���&('(5�FROODERUDWLYHO\�GHYHORSV�LWV�VHUYLFH�GHOLYHU\�PRGHO�DQG�GLVVHPLQDWLRQ
VWUDWHJ\��7R�LPSURYH�DFFHVVLELOLW\��&('(5�ODXQFKHG�LWV�RQOLQH�5HVRXUFH�+XE��D�FHQWUDOL]HG�VRXUFH�RI
IUHH��FXUDWHG�UHVRXUFHV�IRU�GLYHUVH�DXGLHQFHV�ZRUNLQJ�LQ�DQG�LPSDFWHG�E\�7�'�

0HWKRGV��

7KH�5HVRXUFH�+XE�GHVLJQ�ZDV�LQIRUPHG�E\�3+�PHPEHU�IHHGEDFN�IURP�LQGLYLGXDO�DQG�JURXS
PHHWLQJV��)HE�$SU��������5HVRXUFHV�ZHUH�FROOHFWHG�YLD�HPDLO�DQG�DQ�RQOLQH�VXUYH\�IURP���3+
PHPEHUV��DQG�WKURXJK�WDUJHWHG�RQOLQH�VHDUFKHV��H�J���5HVHDUFK*DWH��XVLQJ�VWDQGDUGL]HG�7�'�DQG
FRPPXQLW\�HQJDJHPHQW�WHUPV��)RXU�VWDII�PHPEHUV�LWHUDWLYHO\�UHYLHZHG�WKH�UHVRXUFHV�IRU�TXDOLW\
DQG�3+�UHSUHVHQWDWLRQ�SULRU�WR�FDWHJRUL]DWLRQ�XVLQJ�WDJV�

5HVXOWV��

7R�GDWH������UHVRXUFHV�KDYH�EHHQ�FRPSLOHG��ZLWK�����FRQWULEXWHG�E\�3+�PHPEHUV�DQG����
LGHQWLILHG�WKURXJK�VHDUFKHV�������ZHUH�SXEOLFDWLRQV������WRRONLWV��DQG�����IDFW�VKHHWV��$�PXOWL�
OD\HU�WDJ�VWUXFWXUH�HQDEOHV�GLUHFW�ILOWHULQJ�DFURVV���DXGLHQFHV�����PHGLXPV����SULRULW\�SRSXODWLRQV�
���WRSLF�DUHDV��DQG���ODQJXDJHV��(QJOLVK�DQG�6SDQLVK���SURYLGLQJ�WDLORUHG�DFFHVV�IRU�FRPPXQLW\�
EDVHG�RUJDQL]DWLRQV��FRPPXQLW\�KHDOWK�ZRUNHUV��KHDOWKFDUH�SURYLGHUV��JRYHUQPHQW�DJHQFLHV�
SDWLHQWV�FDUHJLYHUV��SROLF\PDNHUV��DQG�UHVHDUFKHUV�

&RQFOXVLRQ��

8WLOL]LQJ�D�FRPPXQLW\�HQJDJHG�DSSURDFK�VWUHQJWKHQHG�3+�HQJDJHPHQW�DQG�IRVWHUHG�VKDUHG
RZQHUVKLS��\LHOGLQJ�D�QDWLRQDOO\�UHSUHVHQWDWLYH�FROOHFWLRQ�RI�UHVRXUFHV�HQFRPSDVVLQJ�GLYHUVH�WRSLFV
DQG�FRPPXQLWLHV��7KLV�SURFHVV�RIIHUV�D�UHSOLFDEOH��HTXLW\�FHQWHUHG�PRGHO�IRU�FR�FUHDWLQJ�D�IUHH
SODWIRUP�WKDW�UHIOHFWV�FRPPXQLW\�SULRULWLHV�DQG�VXSSRUWV�ORQJ�WHUP�VXVWDLQDELOLW\�RI�WKH�&('(5
PRGHO��7KH�KXE�ZLOO�VHUYH�DV�D�OLYLQJ�UHSRVLWRU\��JURZLQJ�DQG�DGDSWLQJ�DORQJVLGH�FRPPXQLW\�QHHGV�
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&R�&UHDWLQJ�7UXVWZRUWK\�5HVHDUFK��$Q�8QGHUJUDGXDWH�&RPPXQLW\�(QJDJHG�5HVHDUFK
3DUWQHUVKLS�WR�([DPLQH�,QVWLWXWLRQDO�7UXVWZRUWKLQHVV�LQ�%UHDVW�&DQFHU�(TXLW\�4XLQQ�9DOLHU

4XLQQ�9DOLHU��.LPDQL�&RRSHU��1LFN�&RVWLOOD��.DUOH\�0F&RPDV��1DQF\�/H��1RPLWD�%DMZD�

%ODFN�ZRPHQ�LQ�+DUULV�&RXQW\��7H[DV�z�KRPH�WR�+RXVWRQ��RQH�RI�WKH�QDWLRQ|V�PRVW�SRSXORXV�DQG
UDFLDOO\�GLYHUVH�FLWLHV�z�IDFH�VLJQLILFDQWO\�KLJKHU�EUHDVW�FDQFHU�PRUWDOLW\�WKDQ�:KLWH�ZRPHQ�
PLUURULQJ�D�QDWLRQDO�GLVSDULW\�������YV�������SHU����������86367)��������GULYHQ�E\�V\VWHPLF
EDUULHUV��GHOD\HG�VFUHHQLQJ��DQG�HURGHG�LQVWLWXWLRQDO�WUXVW��%XLOGLQJ�WKDW�WUXVW�LV�FRPSOH[�DQG�QRQ�
OLQHDU��UHTXLULQJ�VXVWDLQHG�SDUWQHUVKLSV�EH\RQG�DQ\�VLQJOH�UHVHDUFK�F\FOH��7KLV�SURMHFW�HPEHGV�DQ
XQGHUJUDGXDWH�UHVHDUFK�WHDP�LQWR�DQ�H[LVWLQJ��WUXVW�EDVHG�FRPPXQLW\�SDUWQHUVKLS�z�RIIHULQJ�D
PHDQLQJIXO�HQWU\�SRLQW�LQWR�FRPPXQLW\�HQJDJHG�UHVHDUFK��&(Q5��ZLWKRXW�QDYLJDWLQJ�WKH�IXOO�DUF�RI
WUXVW�GHYHORSPHQW�

5HVHDUFK�4XHVWLRQ��+RZ�FDQ�XQGHUJUDGXDWH�UHVHDUFKHUV�HQJDJH�PHDQLQJIXOO\�ZLWKLQ�HVWDEOLVKHG
FRPPXQLW\�SDUWQHUVKLSV�z�DQG�ZKDW�FDQ�WKDW�HQJDJHPHQW�UHYHDO�DERXW�KRZ�RUJDQL]DWLRQV�OLNH�WKH
7H[DV�+HDOWK�(TXLW\�$OOLDQFH�IRU�%UHDVW�&DQFHU��7+($/��SURGXFH�DQG�VXVWDLQ�LQVWLWXWLRQDO
WUXVWZRUWKLQHVV�WR�DGYDQFH�EUHDVW�FDQFHU�HTXLW\"

0HWKRGV��$�IDFXOW\�VXSHUYLVHG�XQGHUJUDGXDWH�UHVHDUFK�WHDP�DW�8+�3RSXODWLRQ�+HDOWK�LV�HPEHGGHG
LQWR�WKH�H[LVWLQJ�SDUWQHUVKLS�LQIUDVWUXFWXUH�RI�7+($/��HQJDJLQJ�PHPEHU�RUJDQL]DWLRQV�DV�WKRXJKW
SDUWQHUV�DQG�FR�LQYHVWLJDWRUV�z�QRW�UHVHDUFK�VXEMHFWV��8VLQJ�&(Q5�SULQFLSOHV��FR�OHDUQLQJ��PXWXDO
UHVSHFW��WUDQVSDUHQF\��DQG�&RQYHUVDWLRQ�&DIi�PHWKRGRORJ\��VWXGHQWV�FR�GHYHORS�UHVHDUFK�TXHVWLRQV�
SHUIRUP�TXDOLWDWLYH�DQDO\VLV��DQG�SURGXFH�SROLF\�EULHIV�LPPHGLDWHO\�XVHIXO�WR�7+($/��6WHHULQJ
&RPPLWWHH�JXLGDQFH�HQVXUHV�FRPPXQLW\�FHQWHUHG�FRQWLQXLW\�DFURVV�FRKRUWV�

3UHOLPLQDU\�)LQGLQJV�,PSOLFDWLRQV��7KLV�PRGHO�UHIUDPHV�XQGHUJUDGXDWH�HGXFDWLRQ�DV�D�VLWH�IRU
EXLOGLQJ�SRSXODWLRQ�KHDOWK�VFLHQFH�FDSDFLW\�ZLWK�FRPPXQLWLHV��(DUO\�HQJDJHPHQW�UHYHDOV�WKDW
FHQWHULQJ�FRPPXQLW\�H[SHUWLVH�UHVKDSHV�UHVHDUFK�GHVLJQ��VWXGHQW�SURIHVVLRQDO�LGHQWLW\��DQG�WKH
UHODWLRQVKLS�EHWZHHQ�DFDGHPLF�LQVWLWXWLRQV�DQG�WKH�FRPPXQLWLHV�WKH\�VHUYH�z�RIIHULQJ�D�UHSOLFDEOH
PRGHO�IRU�WUXVWZRUWK\��FR�FUHDWHG�SRSXODWLRQ�KHDOWK�UHVHDUFK�
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&HQWHULQJ�/*%74��\RXWK�RI�FRORU�jH[SOLFLWO\��XQHTXLYRFDOO\��DQG�ZLWKRXW�DSRORJ\k�WR
GHOLYHU�FXOWXUDOO\�DQG�VWUXFWXUDOO\�UHVSRQVLYH��HYLGHQFH�EDVHG�PHQWDO�KHDOWK�VHUYLFHV�6KRED
5DPDQDGKDQ
�6KRED�5DPDQDGKDQ��'DYLQH�+ROQHVV��,VDEHOOD�GH�6D��0RUJDQ�0XOKHUQ��6DP�4XHVW�
1HXEHUW��%UHDQQD�:KHHOHU��(PPD�/RXLVH�$YHOLQJ�

,QWURGXFWLRQ��/*%74��\RXWK�RI�FRORU�IDFH�SURIRXQG�PHQWDO�KHDOWK�LQHTXLWLHV�GULYHQ�E\�LQWHUVHFWLQJ
V\VWHPV�RI�RSSUHVVLRQ��&RPPXQLW\�EDVHG�RUJDQL]DWLRQV��&%2V��FDQ�PLWLJDWH�WKLV�E\�RIIHULQJ�VDIH
VSDFHV�DQG�HVVHQWLDO�VHUYLFHV��EXW�WKHLU�LPSDFW�LV�FRQVWUDLQHG�E\�SURIHVVLRQDOL]HG�QRQSURILW
LQIUDVWUXFWXUH�DQG�DQ�HYLGHQFH�EDVH�WKDW�IRFXVHV�RQ�SULYLOHJHG�JURXSV�DQG�LQGLYLGXDO�OHYHO
LQWHUYHQWLRQV�

0HWKRGV��:H�FRQGXFWHG�D�WKUHH�\HDU��SDUWLFLSDWRU\��FDVH�VWXG\�RI�%RVWRQ�*/$66��D�ORQJ�VWDQGLQJ
&%2�VHUYLQJ�/*%74��\RXWK�RI�FRORU�LQ�*UHDWHU�%RVWRQ��WR�HOXFLGDWH�KRZ�VWDII�FRQFHSWXDOL]H�DQG
HQDFW�KLJK�TXDOLW\�PHQWDO�KHDOWK�VHUYLFHV��7KH�ZRUN�ZDV�FR�OHG�E\�FRPPXQLW\��DQG�XQLYHUVLW\�EDVHG
UHVHDUFKHUV�DQG�XWLOL]HG�LQWHUYLHZV�DQG�IRFXV�JURXSV�ZLWK�FXUUHQW�DQG�IRUPHU�VWDII��GRFXPHQW
UHYLHZ��DQG�HWKQRJUDSKLF�REVHUYDWLRQV�ZLWK�VWDII��SHHU�OHDGHUV��DQG�FOLHQWV�EHWZHHQ�0DUFK������DQG
'HFHPEHU������

5HVXOWV��:H�IRXQG�WKDW�*/$66�VWDII�FRQFHSWXDOL]H�FDUH�QRW�DV�D�VHW�RI�GLVFUHWH�FOLQLFDO�HQFRXQWHUV
EXW�DV�D�VWUXFWXUDOO\�DQG�FXOWXUDOO\�UHVSRQVLYH��UHODWLRQVKLS�FHQWHUHG�HFRV\VWHP��7KUHH�IRUFHV
DQLPDWH�WKH�PRGHO������FRQQHFWLRQV�WR�VRFLDO�PRYHPHQWV�DQG�MXVWLFH������FHQWHULQJ�RI�MR\��FRPPXQLW\�
DQG�KXPDQLW\��DQG�����HOHYDWLRQ�RI�OLYHG��SUDFWLFH�EDVHG��DQG�ORFDO�H[SHUWLVH��7KH�PRGHO�LV�YXOQHUDEOH
WR�UHVWULFWLYH�DQG�IUDJPHQWHG�IXQGLQJ��DGPLQLVWUDWLYH�EXUGHQ��LQVXIILFLHQW�VWDII�VXSSRUW��DQG�D�KRVWLOH
VRFLRSROLWLFDO�HQYLURQPHQW�

&RQFOXVLRQ��7KH�*/$66�PRGHO�SUREOHPDWL]HV�GRPLQDQW�QRWLRQV�RI�ZKR�RU�ZKDW�FRQVWLWXWH�}DFWLYH
LQJUHGLHQWV~�LQ�PHQWDO�KHDOWK�VHUYLFHV��,PSOLFDWLRQV�LQFOXGH�WKH�QHHG�WR�EURDGHQ�GHILQLWLRQV�RI
HYLGHQFH�DQG�VXSSRUW�VWUXFWXUDOO\�UHVSRQVLYH��FRPPXQLW\�OHG�IUDPHZRUNV��ZLWK�DFFRUGLQJO\�EURDG
PHWULFV��7KH�TXHVWLRQ�WKDW�UHPDLQV�LV�KRZ�EHVW�WR�VXSSRUW�IXQGHUV��SROLF\PDNHUV��DQG�UHVHDUFKHUV�LQ
PRYLQJ�SDVW�WRS�GRZQ��LQGLYLGXDOLVWLF�HIIRUWV�WKDW�PDLQWDLQ�WKH�VWDWXV�TXR�DQG�LQVWHDG�VXSSRUW�WKH
FRQGLWLRQV�WKDW�DOORZ�YLWDO��FRPPXQLW\�OHG�PRGHOV�WR�QRW�RQO\�VXUYLYH�EXW�WKULYH�
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5DFLDOL]HG�$VVHPEODJHV�RI�0XVOLP�'HDWK��,VODPRSKRELD��'HDWK�*RYHUQDQFH��DQG
'LVHQIUDQFKLVHG�*ULHI�$QV�,UIDQ
�$QV�,UIDQ�

%DFNJURXQG
'HDWK�LV�QHYHU�QHXWUDO��,Q�WKH�86��0XVOLPV�HQFRXQWHU�VWUXFWXUDO�EDUULHUV�WR�FXOWXUDOO\�FRQJUXHQW�HQG�
RI�OLIH�DQG�SDVWRUDO�FDUH�WKDW�FRPSRXQG�FOLQLFDO�VXIIHULQJ�ZLWK�VSLULWXDO�H[FOXVLRQ��,Q�SDOOLDWLYH
VHWWLQJV��WKLV�UHVXOWV�LQ�FDUH�PRGHOV�WKDW�PDQDJH�SK\VLFDO�V\PSWRPV�ZKLOH�GHQ\LQJ�VSLULWXDO�GLJQLW\�
7KHVH�H[FOXVLRQV�DUH�IUHTXHQWO\�MXVWLILHG�WKURXJK�QHXWUDO�SROLF\��PDVNLQJ�KRZ�UDFLDOL]DWLRQ�DQG
,VODPRSKRELD�VKDSH�DFFHVV�WR�SDVWRUDO�SUHVHQFH��PRXUQLQJ��DQG�GLJQLILHG�G\LQJ�

$LPV
7KLV�SURMHFW�H[DPLQHV�KRZ�UDFLDOL]HG�JRYHUQDQFH��LQFOXGLQJ�]RQLQJ�UHJXODWLRQV��OLFHQVXUH
UHTXLUHPHQWV��DQG�LQVWLWXWLRQDO�ELDV��REVWUXFWV�0XVOLP�DFFHVV�WR�SDVWRUDO�DQG�HQG�RI�OLIH�FDUH��,W
DQDO\]HV�KRZ�WKHVH�GHQLDOV�GHHSHQ�GLVHQIUDQFKLVHG�JULHI�DQG�XQGHUPLQH�KHDOWK�HTXLW\�

0HWKRGV
8VLQJ�WKHRUHWLFDO�DQG�FDVH�EDVHG�DQDO\VLV��WKH�SURMHFW�DSSOLHV�IUDPHZRUNV�RI�UDFLDOL]HG�DVVHPEODJHV
DQG�QHFURSROLWLFV�WR�WZR�8�6��FDVH�VWXGLHV��D�EORFNHG�0XVOLP�FHPHWHU\�LQ�9LUJLQLD�DQG�WKH�GHQLDO�RI
GHDWK�FHUWLILFDWLRQ�DXWKRULW\�WR�D�'HODZDUH�LPDP�XQGHU�UHVWULFWLYH�OLFHQVXUH�ODZV��7KH�DQDO\VLV
LQWHJUDWHV�LQWHUGLVFLSOLQDU\�VFKRODUVKLS�IURP�SDOOLDWLYH�HWKLFV��GHDWK�VWXGLHV��VRFLRORJ\��DQG�,VODPLF
SDVWRUDO�FDUH�

5HVXOWV
%RWK�FDVHV�GHPRQVWUDWH�WKDW�0XVOLP�GHDWK�LV�JRYHUQHG�DV�DQ�DGPLQLVWUDWLYH�SUREOHP�UDWKHU�WKDQ�D
KXPDQ�H[SHULHQFH�UHTXLULQJ�SDVWRUDO�SUHVHQFH�DQG�FRPPXQDO�UHFRJQLWLRQ��5DFLDOL]HG�SROLF\�DQG
VHFXODU�ELDV�GLVUXSW�FRQWLQXLW\�RI�FDUH��GHOD\�RU�SUHYHQW�PRXUQLQJ�SUDFWLFHV��DQG�GHQ\�VSLULWXDO
VXSSRUW�DW�WKH�HQG�RI�OLIH��7KHVH�SUDFWLFHV�UHSURGXFH�GLVHQIUDQFKLVHG�JULHI�DQG�HURGH�WUXVW�LQ
KHDOWKFDUH�DQG�GHDWK�FDUH�LQVWLWXWLRQV�

&RQFOXVLRQ�,PSOLFDWLRQV
7KH�ILQGLQJV�VKRZ�WKDW�KHDOWK�HTXLW\�DW�WKH�HQG�RI�OLIH�FDQQRW�EH�DFKLHYHG�ZLWKRXW�DGGUHVVLQJ�KRZ
UDFLDOL]HG�JRYHUQDQFH�VWUXFWXUHV�DFFHVV�WR�SDVWRUDO�FDUH�DQG�GLJQLILHG�G\LQJ��,QWHJUDWLQJ�,VODPLF
SDVWRUDO�FDUH�LQWR�SDOOLDWLYH�SUDFWLFH�DQG�UHIRUPLQJ�H[FOXVLRQDU\�SROLFLHV�DUH�HVVHQWLDO�VWHSV�WRZDUG
HWKLFDO��HTXLWDEOH�HQG�RI�OLIH�FDUH�IRU�0XVOLP�FRPPXQLWLHV�
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5($&+LQJ�8V��$GYDQFLQJ�3RSXODWLRQ�+HDOWK�(TXLW\�7KURXJK�3XEOLFg&RPPXQLW\
3DUWQHUVKLS��$�)UDPHZRUN�IRU�,QQRYDWLRQ��&XOWXUDO�&RKHVLRQ��DQG�6\VWHPLF�,QIOXHQFH
&KDUOHQH�0F*HH
�&KDUOHQH�$GG\�0F*HH��$&+,(9(�&RDOLWLRQ��

6LWXDWHG�LQ�WKH�,$3+6�FRQIHUHQFH|V�KRVW�FRXQW\��WKLV�SDQHO�KLJKOLJKWV�WKH�0XOWQRPDK�&RXQW\�5($&+
3URJUDP�DV�D�QDWLRQDO�PRGHO�IRU�WUDQVIRUPLQJ�SRSXODWLRQ�KHDOWK��7KH�SURJUDP|V�VXFFHVV�VWHPV�IURP
DQ�LQQRYDWLYH�FXOWXUH�DQG�D�VWUHQJWK�EDVHG�DSSURDFK��URRWHG�LQ�WUXVW�DQG�GHGLFDWHG�WR�FXOWLYDWLQJ
FRPPXQLW\�KHDOWK��KHDOLQJ��DQG�ZHOOQHVV��DGGUHVVLQJ�KHDOWK�GLVSDULWLHV�ZLWKLQ�%ODFN�$IULFDQ
$PHULFDQ�%ODFN�LPPLJUDQW�DQG�UHIXJHH�FRPPXQLWLHV��DQG�SULRULWL]LQJ�FRPPXQLW\�ZLVGRP�WR�PHVK
SXEOLF�KHDOWK�DQG�HYLGHQFH�WR�LPSOHPHQW�FXOWXUDOO\�WDLORUHG�DQG�HIIHFWLYH�LQWHUYHQWLRQV�

7KLV�ZRUN�LV�JURXQGHG�LQ�D�VWUXFWXUH�RI�VKDUHG�JRYHUQDQFH�WKDW�DFWLYHO\�IRVWHUV�VRFLDO�FRKHVLRQ�DQG
FROOHFWLYH�DFFRXQWDELOLW\��,Q�SDUWQHUVKLS�ZLWK�WKH�$&+,(9(�&RPPXQLW\�&RDOLWLRQ��ZKLFK�JXLGHV
VWUDWHJLF�IRFXV���WKH�5($&+�3URJUDP�VWDII��SULQFLSDO�LQYHVWLJDWRU���DQG�FURVV�VHFWRU�SDUWQHUV
GHPRQVWUDWH�KRZ�D�UREXVW�SXEOLFyFRPPXQLW\�IUDPHZRUN�FDQ�RSHUDWLRQDOL]H�HTXLW\�

3DQHOLVWV�ZLOO�SUHVHQW�RULJLQDO��XQSXEOLVKHG�ZRUN�LOOXVWUDWLQJ�WKH�LPSDFW�RI�5($&+|V�FRPSUHKHQVLYH�
HTXLW\�FHQWHUHG�VWUDWHJ\�DFURVV�IRXU�PXWXDOO\�UHLQIRUFLQJ�OHYHUV�IRU�UHGUHVVLQJ�FKURQLF�GLVHDVHV�DQG
SURPRWLQJ�KHDOWK��%XLOW�(QYLURQPHQW�	�3K\VLFDO�$FWLYLW\��1XWULWLRQ�	�)RRG�6\VWHPV��%UHDVWIHHGLQJ�	
&RPPXQLW\�&OLQLFDO�/LQNDJHV�

7KURXJK�FDVH�H[DPSOHV��SUHVHQWHUV�ZLOO�GHWDLO�KRZ�WKLV�PRGHO��D�NH\�FRPSRQHQW�RI�0XOWQRPDK
&RXQW\|V�FRPPLWPHQW�WR�SXEOLF�KHDOWK�HTXLW\��OHYHUDJHV�FRPPXQLW\�H[SHUWLVH�WR�DFKLHYH�PHDVXUDEOH
LPSDFW��7KH�SDQHO�ZLOO�H[DPLQH�KRZ�EULGJLQJ�SXEOLF�KHDOWK��FXOWXUDO�RUJDQL]LQJ��SULYDWH�VHFWRU
HQJDJHPHQW��DQG�V\VWHPV�OHYHO�FKDQJH�RIIHUV�D�KLJKO\�UHSOLFDEOH�DQG�LQQRYDWLYH�IUDPHZRUN�IRU�RWKHU
MXULVGLFWLRQV�VHHNLQJ�WR�EXLOG�WUXVW�DQG�LQIOXHQFH��$WWHQGHHV�ZLOO�JDLQ�FULWLFDO�LQVLJKW�LQWR�KRZ
PXOWLVHFWRUDO�SDUWQHUVKLSV�FDQ�DGYDQFH�SRSXODWLRQ�KHDOWK��VWUHQJWKHQ�FRPPXQLW\�SRZHU��DQG
VXFFHVVIXOO\�HPEHG�HTXLW\�DQG�VRFLDO�FRKHVLRQ�LQWR�SUDFWLFH�
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7KH�UROH�RI�FKLOGKRRG�KRPHRZQHUVKLS�LQ�VKDSLQJ�PXOWLOHYHO�WUDMHFWRULHV�RI�OLIH�FRXUVH
VWUHVV�DPRQJ�SUHJQDQW�SHRSOH�LQ�*HRUJLD�.DLWO\Q�6WDQKRSH
�.DLWO\Q�6WDQKRSH��0LFKDHO�.UDPHU�
-DGH�6WDIIRUG��0DULVD�<RXQJ��6KDNLUD�6XJOLD�

7KH�:HDWKHULQJ�+\SRWKHVLV�SRVLWV�WKDW�DFFXPXODWLRQ�RI�H[SRVXUH�WR�DGYHUVH�HYHQWV�DQG
HQYLURQPHQWDO�WKUHDWV�GULYHV�H[FHVV�ULVN�RI�SRRU�SHULQDWDO�RXWFRPHV�LQ�PDUJLQDOL]HG�FRPPXQLWLHV�
<HW�WKLV�DFFXPXODWLRQ�LV�RIWHQ�VLPSOLILHG�LQ�UHVHDUFK�DV�D�FRXQW�RI�HYHQWV��LJQRULQJ�FRQWH[W��2XU
REMHFWLYH�ZDV�WR�FUHDWH�D�PXOWLOHYHO�ORQJLWXGLQDO�PHDVXUH�RI�OLIH�FRXUVH�VWUHVV�DQG�H[DPLQH�LWV
DVVRFLDWLRQ�ZLWK�HDUO\�OLIH�ZHDOWK�

:H�XVHG�GDWD�IURP�D�FRKRUW�RI�����SUHJQDQW�LQGLYLGXDOV�LQ�$WODQWD�*HRUJLD�ZKR�FRPSOHWHG�D�UHVLGHQW
DGGUHVV�KLVWRU\�DQG�OLIH�FRXUVH�VWUHVV�LQYHQWRU\��:H�ILW�JURXS�EDVHG�WUDMHFWRU\�PRGHOV�WR�LGHQWLI\
SDWWHUQV�RI�PXOWLOHYHO�VWUHVV��LQFOXGLQJ�UHVLGHQFH�LQ�D�ORZ�UHVRXUFH�WUDFW��WUDXPDWLF�VWUHVVRU�FRXQW�
FKURQLF�VWUHVVRU�FRXQW��DQG�OLIH�HYHQW�VWUHVVRU�FRXQW�IRU���\HDU�LQWHUYDOV�XS�WR�FXUUHQW�DJH��:H�XVHG
PRGHO�ILW�WR�LGHQWLI\�WKH�RSWLPDO�QXPEHU�DQG�VWUXFWXUH�RI�WUDMHFWRULHV�DQG�SRVWHULRU�SUREDELOLW\�WR
DVVLJQ�LQGLYLGXDOV�WR�WUDMHFWRULHV��:H�ILW�PXOWLQRPLDO�PRGHOV�WR�TXDQWLI\�WKH�DVVRFLDWLRQ�EHWZHHQ
IDPLO\�KRPHRZQHUVKLS�LQ�FKLOGKRRG�DQG�WUDMHFWRU\�PHPEHUVKLS�

:H�LGHQWLILHG�IRXU�WUDMHFWRULHV��FKDUDFWHUL]HG�E\�GLIIHUHQFHV�LQ�OHYHOV�DQG�SDWWHUQV�RI�VWUHVV�H[SRVXUH
DFURVV�WKH�OLIH�FRXUVH��7KH�PRVW�FRPPRQ�WUDMHFWRU\��������}6WDEOH�/RZ~�ZDV�FKDUDFWHUL]HG�E\�D
FRQVLVWHQWO\�ORZ�VWUHVV�H[SRVXUH�ZLWK�SHDN�SUREDELOLW\�RI�H[SHULHQFLQJ�D�VWUHVVRU�LQ�HDFK�FDWHJRU\
a�����7KH�UDUHVW�SDWWHUQ��������}+LJK�H[SRVXUH�WR�PXOWLOHYHO�VWUHVVRUV�LQ�FKLOGKRRG~�ZDV
FKDUDFWHUL]HG�E\�KLJK�UHSRUW�RI�DOO�WKUHH�HYHQW�EDVHG�VWUHVVRUV�LQ�HDUO\�FKLOGKRRG��!������ZLWK
a����DOVR�UHVLGLQJ�LQ�D�ORZ�UHVRXUFH�QHLJKERUKRRG��,QGLYLGXDOV�ZKRVH�IDPLO\�QHYHU�RZQHG�WKHLU
KRPH�LQ�FKLOGKRRG�ZHUH�����WLPHV�PRUH�OLNHO\�WR�EHORQJ�WR�WKH�ULVNLHVW��}+LJK�H[SRVXUH~��SDWWHUQ
FRPSDUHG�WR�WKH�VWDEOH�ORZ�SDWWHUQ������&,�������������

)DPLO\�KRPHRZQHUVKLS�LQ�FKLOGKRRG�PD\�SUHYHQW�H[SRVXUH�WR�DGYHUVLW\�DFURVV�WKH�OLIH�FRXUVH�
VXSSRUWLQJ�FDOOV�IRU�KRXVLQJ�SURYLVLRQ�WR�SUHYHQW�FKLOGKRRG�DGYHUVLW\�
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)RRG�(PEDUUDVVPHQW�DV�D�6RFLDO�'ULYHU�RI�+HDOWK��4XDQWLI\LQJ�,WV�,QGHSHQGHQW�,PSDFW�RQ
3V\FKRORJLFDO�DQG�&DUGLRPHWDEROLF�2XWFRPHV�%UHQQDQ�5KRGHV�%UDWWRQ
�%UHQQDQ�5KRGHV�
%UDWWRQ��0HORG\�*RRGPDQ��6WHSKDQLH�&RRN��-RQDWKDQ�2GXPHJZX��$GROIR�&XHYDV��$QQD�0LFKHOOH
0F6RUOH\��6DED�5RXKDQL��1L\DWL�3DUHNK�

%DFNJURXQG��)RRG�HPEDUUDVVPHQW��WKH�VHOI�FRQVFLRXVQHVV��VKDPH��RU�DQ[LHW\�GXH�WR�SHUFHLYHG�RU
DFWXDO�MXGJPHQW�RI�IRRG�SUDFWLFHV��LV�DQ�XQGHUVWXGLHG�IRUP�RI�LQWHUQDOL]HG�VWLJPD��'HVSLWH�HYLGHQFH
WKDW�LGHQWLW\�EDVHG�VWLJPDV�JHQHUDWH�SV\FKRVRFLDO�VWUHVV��QR�VWXG\�KDV�TXDQWLILHG�WKH�LQGHSHQGHQW
KHDOWK�EXUGHQ�RI�IRRG�HPEDUUDVVPHQW�DPRQJ�D�UDFLDOO\�GLYHUVH�VDPSOH�

0HWKRGV��'DWD�IURP�WKH������6XUYH\�RI�5DFLVP�DQG�3XEOLF�+HDOWK��1� ��������ZHUH�DQDO\]HG�XVLQJ
ORJLVWLF�UHJUHVVLRQ�WR�HVWLPDWH�DVVRFLDWLRQV�EHWZHHQ�IRRG�HPEDUUDVVPHQW�DQG�IRXU�KHDOWK�RXWFRPHV�
JHQHUDO�VHOI�UDWHG�KHDOWK��65+���FKURQLF�FRQGLWLRQV��FDUGLRPHWDEROLF�KHDOWK��DQG�SV\FKRORJLFDO
GLVWUHVV��0RGHOV�DGMXVWHG�IRU�VXEMHFWLYH�VRFLDO�VWDWXV��666���IRRG�VHFXULW\��FXPXODWLYH�UDFLDO
GLVFULPLQDWLRQ��DQG�VRFLRGHPRJUDSKLFV��,QWHUDFWLRQ�WHUPV�WHVWHG�IRU�HIIHFW�PRGLILFDWLRQ�EHWZHHQ
UDFH�HWKQLFLW\�DQG�FXPXODWLYH�GLVFULPLQDWLRQ�

5HVXOWV��$IWHU�IXOO�DGMXVWPHQW��IRRG�HPEDUUDVVPHQW�ZDV�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�SRRU�65+
�25 ����������&,������y�������FDUGLRPHWDEROLF�FRQGLWLRQV��25 ����������&,������y�������DQG
SV\FKRORJLFDO�GLVWUHVV��25 ����������&,������y�������7KH�DVVRFLDWLRQ�ZLWK�SV\FKRORJLFDO�GLVWUHVV
ZDV�WKH�ODUJHVW�REVHUYHG�DQG�SHUVLVWHG�DIWHU�DGMXVWLQJ�IRU�666�DQG�IRRG�VHFXULW\��FRQILUPLQJ�IRRG�
VSHFLILF�HPEDUUDVVPHQW�FDUULHV�D�EXUGHQ�GLVWLQFW�IURP�JHQHUDOL]HG�PDUJLQDOL]DWLRQ��666�ZDV
LQYHUVHO\�DVVRFLDWHG�ZLWK�DOO�RXWFRPHV��&XPXODWLYH�GLVFULPLQDWLRQ|V�LPSDFW�RQ�65+�YDULHG�E\
UDFH�HWKQLFLW\��ZKLOH�IRU�GLVWUHVV��LW�VKRZHG�D�VLJQLILFDQW�SRVLWLYH�PDLQ�HIIHFW��9HU\�ORZ�IRRG�VHFXULW\
ZDV�DVVRFLDWHG�ZLWK������WLPHV�WKH�RGGV�RI�SV\FKRORJLFDO�GLVWUHVV�

&RQFOXVLRQV��)RRG�HPEDUUDVVPHQW�LV�DQ�LQGHSHQGHQWO\�FRQVHTXHQWLDO�SV\FKRVRFLDO�VWUHVVRU��,WV
KHDOWK�EXUGHQzPRVW�SURQRXQFHG�IRU�SV\FKRORJLFDO�GLVWUHVVzLV�QRW�UHGXFLEOH�WR�VRFLDO�VWDQGLQJ�RU
PDWHULDO�GHSULYDWLRQ��HVWDEOLVKLQJ�IRRG�HPEDUUDVVPHQW�DV�D�GLVWLQFW�FRQWULEXWRU�WR�KHDOWK�LQHTXLW\
WKDW�ZDUUDQWV�GHGLFDWHG�SXEOLF�KHDOWK�DWWHQWLRQ�
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7KH�UROH�RI�GHSHQGHQFH�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�SODWIRUP�ZRUN�DQG�PHQWDO�KHDOWK��D
PL[HG�PHWKRGV�LQYHVWLJDWLRQ�(PLOLD�)��9LJQROD
�(PLOLD�)��9LJQROD��1HYLQ�&RKHQ��0XVWDID�+XVVHLQ�
=RH\�/DVNDULV��5RVLWVD�7��,OLHYD��6KHUU\�%DURQ�

*LJ�ZRUN�KDV�VSUHDG�UDSLGO\�LQ�WKH�86��ZKHUH�����RI�DGXOWV�LQ������UHSRUWHG�HYHU�HDUQLQJ�LQFRPH
WKURXJK�DQ�RQOLQH�SODWIRUP��2I�WKH����RI�86�DGXOWV�ZKR�HDUQHG�LQFRPH�WKLV�ZD\�LQ�WKH�SUHYLRXV�\HDU�
RQH�WKLUG�GHSHQGHG�RQ�SODWIRUP�ZRUN�DV�WKHLU�PDLQ�MRE��5HFHQW�HYLGHQFH�VXJJHVWV�KLJK�GHSHQGHQFH
SODWIRUP�ZRUNHUV�H[SHULHQFH�JUHDWHU�SV\FKRORJLFDO�GLVWUHVV�WKDQ�ORZ�GHSHQGHQFH�SODWIRUP�ZRUNHUV
�WKRVH�ZKR�FRQVLGHU�SODWIRUP�ZRUN�D�VHFRQGDU\�MRE���'HSHQGHQFH�RQ�SODWIRUP�ZRUN�LV�UHODWHG�WR
VRFLDO�SRVLWLRQ�DQG�WKXV�PD\�KDYH�KHDOWK�HTXLW\�LPSOLFDWLRQV��EXW�LWV�RSHUDWLRQDOL]DWLRQ�WR�GDWH�OLNHO\
RYHUVLPSOLILHV�D�PXOWL�GLPHQVLRQDO�FRQVWUXFW��,Q������ZH�ODXQFKHG�D�TXDQWLWDWLYH�VXUYH\�EDVHG
FRKRUW�VWXG\�WR�DVVHVV�WKH�DVVRFLDWLRQV�EHWZHHQ�SODWIRUP�ZRUN��GHSHQGHQFH��DQG�KHDOWK�DPRQJ
DSSUR[LPDWHO\�����DSS�EDVHG�IRRG�GHOLYHU\�ZRUNHUV�LQ�1HZ�<RUN�&LW\��/HYHUDJLQJ�WKDW�RQJRLQJ
FRKRUW�VWXG\��WKLV�H[SODQDWRU\�VHTXHQWLDO�PL[HG�PHWKRGV�VWXG\�DLPV�WR�����GHHSHQ�XQGHUVWDQGLQJ�RI
WKH�GULYHUV�DQG�PDQLIHVWDWLRQV�RI�SODWIRUP�ZRUN�GHSHQGHQFH�WKURXJK�WKHPDWLF�DQDO\VLV�RI�������LQ�
GHSWK�LQWHUYLHZV�DPRQJ�GHOLYHU\�ZRUNHUV�DW�GLIIHUHQW�OHYHOV�RI�GHSHQGHQFH��DQG����LQYHVWLJDWH�KRZ
GHSHQGHQFH�PLJKW�PRGLI\�WKH�SODWIRUP�ZRUN�PHQWDO�KHDOWK�UHODWLRQVKLS�WKURXJK�LQWHJUDWLRQ�
FRPSDULVRQ��DQG�V\QWKHVLV�RI�WKH�TXDOLWDWLYH�LQWHUYLHZ�ILQGLQJV�DQG�TXDQWLWDWLYH�FRKRUW�VWXG\�UHVXOWV�
)LQGLQJV�ZLOO�DGYDQFH�VFKRODUVKLS�RQ�WKLV�HPHUJLQJ�WRSLF�DQG�VXSSRUW�SROLF\�HIIRUWV�WR�HQVXUH
ZRUNHUV|�QHHGV�DUH�IDFWRUHG�LQWR�WKH�UDSLGO\�JURZLQJ�JLJ�HFRQRP\��7KH�SUHVHQWDWLRQ�ZLOO�IRFXV�RQ
SUHOLPLQDU\�ILQGLQJV�DQG�RQ�WKH�XWLOLW\�RI�D�PL[HG�PHWKRGV�DSSURDFK�WR�VWXG\�DQG�FRQIURQW�SODWIRUP
ZRUN�DV�D�VRFLDO�GHWHUPLQDQW�RI�KHDOWK�DQG�KHDOWK�HTXLW\�
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+RZ�+HDOWK�6KDSHV�5HHQWU\�&RQFHUQV�$PRQJ�D�1DWLRQDO�6DPSOH�RI�,QFDUFHUDWHG�$GXOWV
6HQWHQFHG�WR�-XYHQLOH�/LIH�:LWKRXW�3DUROH��-/:23��'\ODQ�%��-DFNVRQ
�'\ODQ�-DFNVRQ��-HIIUH\�7�
:DUG��'DSKQH�0��%U\GRQ��/HDK�2XHOOHW��/DXUD�6��$EUDPV�

5HVHDUFK�RQ�WKH�KHDOWK�VHTXHODH�RI�LQFDUFHUDWLRQ�RIWHQ�FHQWHUV�RQ�SHRSOH�VHUYLQJ�VKRUWHU�VHQWHQFHV�
RIWHQ�IRU�QRQ�YLROHQW�RIIHQVHV��/HVV�DWWHQWLRQ��KRZHYHU��LV�JLYHQ�WR�WKH���LQ���SHRSOH�LQ�SULVRQ�VHUYLQJ
OLIH�VHQWHQFHV��LQFOXGLQJ�WKRVH�VHQWHQFHG�DV�MXYHQLOHV�WR�OLIH�ZLWKRXW�SDUROH��-/:23��RU�MXYHQLOH
OLIHUV���5HFHQW�8�6��6XSUHPH�&RXUW�GHFLVLRQV�KDYH�RSHQHG�WKH�GRRU�WR�D�VHFRQG�FKDQFH�DW�IUHHGRP
IRU�MXYHQLOH�OLIHUV��:KLOH�a�����QRZ�UHVLGH�LQ�WKH�FRPPXQLW\��PDQ\�MXYHQLOH�OLIHUV�UHPDLQ
LQFDUFHUDWHG�DZDLWLQJ�WKH�SRVVLELOLW\�RI�UHOHDVH��6WLOO��WKHUH�KDV�EHHQ�QR�TXDQWLWDWLYH�GDWD�WKDW
XQSDFNV�WKH�KHDOWK�DQG�IXQFWLRQLQJ�RI�LQFDUFHUDWHG�MXYHQLOH�OLIHUV�y�PDQ\�RI�ZKRP�KDYH�DOUHDG\
VHUYHG�GHFDGHV�LQ�SULVRQ��0RUHRYHU��ZH�NQRZ�OLWWOH�DERXW�KRZ�WKHLU�KHDOWK�DQG�IXQFWLRQLQJ�VWUXFWXUH
FRQFHUQV�DERXW�FULWLFDO�GRPDLQV�RI�UHHQWU\��H�J���KRXVLQJ��WUDQVSRUWDWLRQ��HPSOR\PHQW��ILQDQFLDO�DQG
WHFKQRORJLFDO�OLWHUDF\��UHODWLRQVKLSV���7R�ILOO�WKLV�JDS��ZH�VXUYH\HG�D�VDPSOH�RI�����LQFDUFHUDWHG
DGXOWV��DJHV��������LQ����VWDWHV�ZKR�ZHUH�VHQWHQFHG�WR�-/:23�SULRU�WR������XVLQJ�UREXVW��YDOLGDWHG
PHDVXUHV�RI�PHQWDO�DQG�SK\VLFDO�KHDOWK�DQG�D����LWHP�LQYHQWRU\��DOSKD� �������FDSWXULQJ�YDULHG
FRQFHUQV�DERXW�UHWXUQLQJ�WR�WKH�FRPPXQLW\��5HVSRQGHQWV�KDG�VSHQW�DQ�DYHUDJH�RI������\HDUV�LQ
SULVRQ�DQG�UHSRUWHG�DQ�DYHUDJH�RI�!��UHHQWU\�FRQFHUQV��ZLWK�WKH�PRVW�FRPPRQ�FRQFHUQV�EHLQJ�WKH
VWLJPD�RI�WKHLU�FULPLQDO�KLVWRU\��������ILQDQFLDO�OLWHUDF\��������DGMXVWLQJ�WR�EHLQJ�IUHH��������XVLQJ
WHFKQRORJ\��������VXSSRUWLQJ�RQHVHOI�ILQDQFLDOO\��������DQG�REWDLQLQJ�KRXVLQJ��������)LQGLQJV
LQGLFDWH�WKDW��QHW�RI�VRFLRGHPRJUDSKLF�IDFWRUV�DQG�FKLOGKRRG�DGYHUVLW\��FRPSRXQGLQJ�PHQWDO�DQG
SK\VLFDO�KHDOWK�GLDJQRVHV�H[HUW�D�VWURQJ�DQG�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFW�RQ�WKH�QXPEHU�RI�UHHQWU\
FRQFHUQV��$GGLWLRQDOO\��P\ULDG�KHDOWK�GLIILFXOWLHV�LQ�WKH����PRQWKV�SULRU�WR�WKH�VXUYH\�DOVR
VLJQLILFDQWO\�HOHYDWHG�UHHQWU\�FRQFHUQV��UHJDUGOHVV�RI�DJH��,PSOLFDWLRQV�IRU�SROLF\�DQG�SUDFWLFH�ZLOO
EH�GLVFXVVHG�
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+HDOWK�HTXLW\

5HSHDWHG�(PHUJHQF\�'HSDUWPHQW�8WLOL]DWLRQ�3DWWHUQV�$PRQJVW�+RXVHOHVV�,QGLYLGXDOV
+DQQDK�-RQHV
�+DQQDK�-RQHV��-XQJ�<RR�

%DFNJURXQG��8QKRXVHG�LQGLYLGXDOV�H[SHULHQFH�GLVSURSRUWLRQDWHO\�KLJK�UDWHV�RI�HPHUJHQF\
GHSDUWPHQW��('��XVH��UHIOHFWLQJ�UHOLDQFH�RQ�('V�IRU�FDUH�GXH�WR�OLPLWHG�DFFHVV�WR�KHDOWKFDUH�RU
LQVXUDQFH��:KLOH�SRSXODWLRQ�EDVHG�VWXGLHV�IRFXVHG�RQ�KRXVHOHVV�LQGLYLGXDOV�KDYH�VKRZQ�KLJK�UDWHV
RI�('�XVDJH��IHZ�KDYH�H[DPLQHG�SDWWHUQV�RI�UHSHDWHG�('V�XWLOL]DWLRQ�DQG�HVFDODWLRQ�RI�FDUH�LQWHQVLW\
ZLWK�KRXVHG�SHHUV��

0HWKRGV��:H�FRQGXFWHG�D�UHWURVSHFWLYH�DJH�DQG�JHQGHU�PDWFKHG�FRKRUW�VWXG\�XVLQJ
WKH�3HDUO'LYHU�0DULQHU�GDWDEDVH��WR�HYDOXDWH�WKH�DVVRFLDWLRQV�EHWZHHQ�KRXVHOHVVQHVV
DQG�('�XWLOL]DWLRQ��8QKRXVHG�ZHUH�LGHQWLILHG�XVLQJ��,&'����'�FRGH�=������DQG�PDWFKHG�����WR
KRXVHG�FRQWUROV�DJHG�������\HDUV���('�DQG�LQSDWLHQW�XWLOL]DWLRQ�ZHUH�FDSWXUHG�RYHU�D�WZR�\HDU�IROORZ
XS�SHULRG�XVLQJ�&37�FRGHV�IRU�HPHUJHQF\�HQFRXQWHUV��8WLOL]DWLRQ�IUHTXHQF\�ZDV�VWUDWLILHG�LQWR
LQFUHDVLQJ�WKUHVKROGV���������������DQG�����HQFRXQWHUV��WR�DVVHVV�SDWWHUQV�RI�XVH��&KL�VTXDUH
WHVWV�FRPSDUHG�XWLOL]DWLRQ�GLVWULEXWLRQ�EHWZHHQ�FRKRUWV��DQG�W�WHVWV�HYDOXDWHG�GLIIHUHQFHV�LQ
DJH��6WUDWLILHG�DQDO\VHV�ZHUH�FRQGXFWHG�WR�DVVHVV�GHPRJUDSKLF�EDODQFH�ZLWKLQ�KLJKHU�XWLOL]DWLRQ
VXEJURXSV��

5HVXOWV��$PRQJ�WKH���������LQGLYLGXDOV�WKDW�PHW�LQFOXVLRQ
FULWHULD��XQKRXVHG�LQGLYLGXDOV�GHPRQVWUDWHG�VLJQLILFDQWO\�KLJKHU�('�XWLOL]DWLRQ�DFURVV�DOO�H[DPLQHG
WKUHVKROGV�RI�UHSHDWHG�XVH��8QKRXVHG�LQGLYLGXDOV�KDG�JUHDWHU�RGGV�RI�����('�HQFRXQWHUV��25� 
������S���������������HQFRXQWHUV��25� �������S�����������DQG�����HQFRXQWHUV���25� �������S��
��������$W�WKH�PRVW�H[WUHPH�WKUHVKROG�RI������HQFRXQWHUV�LQFOXGHG�����
RI�XQKRXVHG�LQGLYLGXDOV��DQG�WKLV�UHSUHVHQWHG�RYHU����IROG�KLJKHU�ULVN�FRPSDUHG�WR�KRXVHG�SHHUV�
$JH�GLVSDULWLHV�ZLGHQHG�ZLWK�LQFUHDVLQJ�('�XWLOL]DWLRQ��ZKLOH�JHQGHU�GLIIHUHQFHV�YDULHG
E\�WKUHVKROG��

&RQFOXVLRQV��+RXVLQJ�LQVWDELOLW\�LV�VWURQJO\�DVVRFLDWHG�ZLWK�('�XWLOL]DWLRQ��DQG�XQKRXVHG
LQGLYLGXDOV�DUH�D�GLVSURSRUWLRQDWHO\�DIIHFWHG�('�XWLOL]LQJ�SRSXODWLRQ��XQGHUVFRULQJ�WKH�QHHG�IRU
VWUXFWXUDO�LQWHUYHQWLRQV�DQG�V\VWHPLF�FKDQJH�
�
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+HDOWK�V\VWHPV

:KHQ�KHDOWK�V\VWHPV�HDUQ�WUXVW��5HWKLQNLQJ�SRSXODWLRQ�KHDOWK�IURP�WKH�IURQWOLQHV�RI�UXUDO
.HQ\D�1HPD�$OXNX
�1HPD�$OXNX�

%DFNJURXQG��7UXVW�LQ�WKH�SULPDU\�KHDOWK�FDUH�V\VWHPV�SOD\V�DQ�HVVHQWLDO�UROH�LQ�VKDSLQJ�ZRUNIRUFH
VWDELOLW\��VHUYLFH�GHOLYHU\�DQG�SRSXODWLRQ�KHDOWK�RXWFRPHV��,Q�ORZ��DQG�PLGGOH�LQFRPH�FRXQWULHV�OLNH
.HQ\D��IUDJLOH�ZRUNSODFH�HQYLURQPHQWV�DQG�ZHDN�VXSHUYLVRU\�VWUXFWXUHV�OLPLW�WUXVW�EHWZHHQ�SULPDU\
KHDOWK�ZRUNHUV�DQG�KHDOWK�LQVWLWXWLRQV�KHQFH�FRQWULEXWLQJ�WR�ZRUNIRUFH�LQVWDELOLW\�LQ�UXUDO�VHWWLQJV�
,Q�.HQ\D��VKRUWDJHV�DQG�PLJUDWLRQ�RI�QXUVHV�DQG�FOLQLFDO�RIILFHUV�IURP�UXUDO�SULPDU\�KHDOWK�FDUH
�3+&��IDFLOLWLHV�FRQWLQXH�WR�OLPLW�HTXLWDEOH�DFFHVV�WR�HVVHQWLDO�KHDOWK�VHUYLFHV��7KLV�VWXG\�H[DPLQHV
KRZ�WUXVW�EXLOGLQJ�SURFHVVHV�ZLWKLQ�KHDOWK�V\VWHPV�LQIOXHQFH�WKH�UHWHQWLRQ�RI�IURQWOLQH�KHDOWK
ZRUNHUV�LQ�UXUDO�ZHVWHUQ�.HQ\D�

0HWKRGV��$�FURVV�VHFWLRQDO�PL[HG�PHWKRGV�VWXG\�ZDV�FRQGXFWHG�LQ�JRYHUQPHQW�RI�.HQ\D�3+&
IDFLOLWLHV�LQ�.DNDPHJD�&RXQW\���$�WRWDO�RI����SDUWLFLSDQWV�ZHUH�LQFOXGHG�����KHDOWK�ZRUNHUV�FXUUHQWO\
HPSOR\HG��}6WD\HUV~������ZKR�KDG�UHFHQWO\�OHIW�WKHLU�SRVLWLRQV��}OHDYHUV~���DQG����IDFLOLW\
DGPLQLVWUDWRUV�DQG�PDQDJHUV��4XDQWLWDWLYH�GDWD�ZHUH�FROOHFWHG�XVLQJ�VWUXFWXUHG�TXHVWLRQQDLUHV�DQG
DQDO\VHG�XVLQJ�GHVFULSWLYH�VWDWLVWLFV��FKL�VTXDUH�WHVWV��DQG�PXOWLQRPLQDO�ORJLVWLFV�UHJUHVVLRQ�
4XDOLWDWLYH�GDWD�IURP�NH\�LQIRUPDQW�LQWHUYLHZV�DQG�IRFXV�JURXS�GLVFXVVLRQV�H[SORUHG�KHDOWK�ZRUNHUV|
SHUFHSWLRQV�RI�OHDGHUVKLS��UHFRJQLWLRQ��DQG�VXSSRUW�V\VWHPV�WKDW�LQIOXHQFH�WUXVW�LQ�KHDOWK
LQVWLWXWLRQV�

5HVXOWV��7UXVW�UHODWHG�IDFLOLW\�G\QDPLFV�ZHUH�VWURQJO\�DVVRFLDWHG�ZLWK�KHDOWK�ZRUNHU�UHWHQWLRQ�
+HDOWK�ZRUNHUV�ZKR�UHSRUWHG�HQFRXUDJHPHQW�IURP�VXSHUYLVRUV��IDLU�SHUIRUPDQFH�HYDOXDWLRQ�DQG
UHFRJQLWLRQ�IRU�JRRG�ZRUN�ZHUH�VLJQLILFDQWO\�PRUH�OLNHO\�WR�UHPDLQ�LQ�UXUDO�3+&�IDFLOLWLHV�
3HUFHSWLRQV�RI�FRPSHWHQW�DQG�FRPPLWWHG�IDFLOLW\�OHDGHUVKLS�ZHUH�DOVR�SRVLWLYHO\�DVVRFLDWHG�ZLWK
UHWHQWLRQ��VXJJHVWLQJ�WKDW�FUHGLEOH�PDQDJHPHQW�VWUHQJWKHQV�WUXVW�LQ�WKH�KHDOWK�V\VWHP���6WUXFWXUDO
FRQGLWLRQV�OLNH�y�PDQDJHDEOH�ZRUNORDGV��DFFHVV�WR�HTXLSPHQW�QHFHVVDU\�IRU�VHUYLFH�GHOLYHU\��DQG
IOH[LELOLW\�WR�EDODQFH�SURIHVVLRQDO�DQG�SHUVRQDO�UHVSRQVLELOLWLHV�y�IXUWKHU�UHLQIRUFHG�KHDOWK�ZRUNHUV
FRQILGHQFH�LQ�WKHLU�3+&�IDFLOLWLHV��2Q�WKH�FRQWUDU\��ODFN�RI�UHFRJQLWLRQ��KHDY\�ZRUNORDGV��DQG�OLPLWHG
PDQDJHULDO�VXSSRUW�HURGHG�WUXVW�DQG�FRQWULEXWHG�WR�GHFLVLRQ�WR�OHDYH�UXUDO�IDFLOLWLHV�

&RQFOXVLRQ��6WUHQJWKHQLQJ�WUXVW�ZLWKLQ�KHDOWK�V\VWHPV�LV�FHQWUDO�WR�LPSURYLQJ�3+&�IDFLOLW\�ZRUNHUV
VWDELOLW\�DQG�DGYDQFLQJ�SRSXODWLRQ�KHDOWK�LQ�UXUDO�XQGHUVHUYHG�FRPPXQLWLHV��6XSSRUWLYH�OHDGHUVKLS�
IDLU�PDQDJHPHQW�SUDFWLFHV��DQG�HQDEOLQJ�IDFLOLW\�HQYLURQPHQWV�FDQ�IRVWHU�WUXVW�LQ�SULPDU\�KHDOWK
ZRUNHUV�DQG�LQIOXHQFH�WKH�VXVWDLQDELOLW\�RI�UXUDO�3+&�VHUYLFHV�
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+HDOWK�V\VWHPV

%XLOGLQJ�&DSDFLW\�DQG�&RPPXQLW\�7UXVW��$Q�8QGHUJUDGXDWH�6WXGHQW�&RUSV�0RGHO�WR
6XSSRUW�WKH�3XEOLF�+HDOWK�:RUNIRUFH�$GULDQD�:LVQLHZVNL
�$GULDQD�:LVQLHZVNL��-RVK�6QRGJUDVV�
$QJHOD�/RQJ��-HIIUH\�0HDVHOOH�

3XEOLF�KHDOWK�ZRUNIRUFH�VKRUWDJHV�KDYH�HPHUJHG�DV�D�FULWLFDO�QDWLRQDO�FKDOOHQJH��,Q�WKH�8�6���D����
GHFUHDVH�ZDV�REVHUYHG�IURP������WR�������&KURQLF�XQGHUIXQGLQJ�DQG�JURZLQJ�GHPDQGV�RQ�SXEOLF
KHDOWK�V\VWHPV�KDYH�ZRUVHQHG�WKHVH�VKRUWDJHV��ZKLFK�ZHUH�IXUWKHU�H[SRVHG�E\�WKH�&29,'���
SDQGHPLF��

,Q�UHVSRQVH��LQ�������WKH�8QLYHUVLW\�RI�2UHJRQ��ZLWK�VXSSRUW�IURP�/DQH�&RXQW\�3XEOLF�+HDOWK��/&3+�
DQG�WKH�2UHJRQ�+HDOWK�$XWKRULW\��2+$���GHYHORSHG�WKH�}&RURQD�&RUSV�~�ODWHU�FDOOHG�WKH�2UHJRQ
3XEOLF�+HDOWK�&RUSV��23+&���23+&�LV�DQ�XQGHUJUDGXDWH�VWXGHQW�ZRUNIRUFH�SURJUDP�GHVLJQHG�WR
VXSSRUW�ORFDO�SXEOLF�KHDOWK�UHVSRQVH�HIIRUWV�ZKLOH�FUHDWLQJ�FDUHHU�SDWKZD\V�WR�SXEOLF�KHDOWK�FDUHHUV
IRU�VWXGHQWV��7KH�SURJUDP�SURYLGHG�VWUXFWXUHG�RQERDUGLQJ��WUDLQLQJ��VXSHUYLVLRQ��DQG�SODFHPHQW�RI
VWXGHQWV�GLUHFWO\�LQWR�DSSOLHG�SXEOLF�KHDOWK�UROHV��VXFK�DV�FDVH�LQYHVWLJDWLRQ��FRQWDFW�WUDFLQJ�
UHVRXUFH�FRRUGLQDWLRQ��DQG�FRPPXQLW\�RXWUHDFK�

23+&�PRELOL]HG�DQG�HPSOR\HG�RYHU�����VWXGHQWV��DSSUR[LPDWHO\�����IURP�67(0�EDFNJURXQGV�DQG
WKH�UHVW�IURP�GLYHUVH�OLEHUDO�DUWV�EDFNJURXQGV��WR�VXSSRUW�VWDWH�DQG�ORFDO�&29,'����UHVSRQVHV��)URP
-XO\������WR�6HSWHPEHU�������VWXGHQWV�FRQWULEXWHG�PRUH�WKDQ��������FRQWDFWV�LQ�/DQH�&RXQW\�DQG
QHDUO\��������VXSSRUW�LQWHUDFWLRQV��'XULQJ�WKH�FDVH�PDQDJHPHQW�SKDVH��6HSW������y�$SULO�������
VWXGHQWV�VXSSRUWHG�RYHU�������LQGLYLGXDOV�ZLWK�RYHU�������UHVRXUFH�UHIHUUDOV�DQG�IROORZ�XSV��7KH
SURJUDP�KDV�H[SDQGHG�WR�VXSSRUW�RQJRLQJ�SXEOLF�KHDOWK�SULRULWLHV��VXFK�DV�WXEHUFXORVLV�H[SRVXUH
LQYHVWLJDWLRQV��VWXGHQW�OHG�HSLGHPLRORJLF�UHVHDUFK��DQG�SODFHPHQWV�ZLWKLQ�2+$�

7KLV�PRGHO�GHPRQVWUDWHV�KRZ�XQLYHUVLWLHV�FDQ�VHUYH�DV�WUXVWHG�SDUWQHUV�LQ�VWUHQJWKHQLQJ�DQG
H[SDQGLQJ�SXEOLF�KHDOWK�ZRUNIRUFH�FDSDFLW\��ZKLOH�SURYLGLQJ�HIIHFWLYH�VWXGHQW�WUDLQLQJ�WKDW�SURGXFHV
UHDO�ZRUOG�RXWFRPHV���,W�DGGUHVVHV�ZRUNIRUFH�VKRUWDJHV�DQG�EXLOGV�VXVWDLQDEOH�SLSHOLQHV�LQWR�SXEOLF
KHDOWK�FDUHHUV�
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'RHV�KRVSLWDO�V\VWHP�DIILOLDWLRQ�PDWWHU�IRU�SDWLHQW�H[SHULHQFH�GXULQJ�&29,'����SDQGHPLF"
$�WKUHH�OHYHO�PXOWLOHYHO�SDQHO�DQDO\VLV�-DH�0DQ�3DUN
�;LDR�/L��-LQJ�/L��:LOWRQ�&KRL�

2EMHFWLYH��7KLV�VWXG\�H[DPLQHV�ZKHWKHU�KHDOWK�V\VWHP�DIILOLDWLRQ�LQIOXHQFHV�KRVSLWDO�SDWLHQW
H[SHULHQFH�GXULQJ�WKH�&29,'����SDQGHPLF��IRFXVLQJ�RQ�GLIIHUHQFHV�EHWZHHQ�V\VWHP�DIILOLDWHG�DQG
LQGHSHQGHQW�KRVSLWDOV�

0HWKRGV��:H�FRQGXFWHG�D�WKUHH�OHYHO�PXOWLOHYHO�OLQHDU�SDQHO�DQDO\VLV�XVLQJ�PXOWLSOH�QDWLRQZLGH
GDWDVHWV�IURP������WR�������ZLWK�D�WRWDO�RI�������\HDU�REVHUYDWLRQV�QHVWHG�ZLWKLQ�KRVSLWDOV�DQG
KRVSLWDOV�QHVWHG�ZLWKLQ�KHDOWK�V\VWHPV��6HYHQ�SDWLHQW�H[SHULHQFH�GRPDLQV�ZHUH�DQDO\]HG��DGMXVWLQJ
IRU�KRVSLWDO�RUJDQL]DWLRQDO��ILQDQFLDO��DQG�PDUNHW�FKDUDFWHULVWLFV�

5HVXOWV��,QGHSHQGHQW�KRVSLWDOV�FRQVLVWHQWO\�UHSRUWHG�ORZHU�SDWLHQW�H[SHULHQFH�UDWLQJV�FRPSDUHG
ZLWK�V\VWHP�DIILOLDWHG�KRVSLWDOV��ZLWK�VLJQLILFDQW�GLIIHUHQFHV�LQ�GRFWRU�FRPPXQLFDWLRQ��QXUVH
FRPPXQLFDWLRQ��GLVFKDUJH�LQIRUPDWLRQ��FDUH�WUDQVLWLRQV��DQG�RYHUDOO�UDWLQJ��+RVSLWDO�VL]H�ZDV�D
VWURQJ�QHJDWLYH�SUHGLFWRU�DFURVV�DOO�GRPDLQV��DQG�WKH�LQWHUDFWLRQ�EHWZHHQ�LQGHSHQGHQFH�DQG�VL]H
VKRZHG�WKDW�ODUJHU�LQGHSHQGHQW�KRVSLWDOV�H[SHULHQFHG�GLVSURSRUWLRQDWHO\�ORZHU�UDWLQJV��)LQDQFLDO
FDSDFLW\�PDWWHUHG��KLJKHU�0HGLFDUH�DQG�FRPPHUFLDO�SD\HU�PL[HU�DQG�VWURQJHU�QHW�SURILW�PDUJLQV
ZHUH�DVVRFLDWHG�ZLWK�EHWWHU�SDWLHQW�H[SHULHQFH��3DWLHQW�H[SHULHQFH�GHFOLQHG�LQ������FRPSDUHG�WR
�����DQG�UHERXQGHG�LQ�������$GGLWLRQDOO\��ZH�IRXQG�WKDW�PRUH�WKDQ�����RI�WKH�YDULDWLRQ�LQ�SDWLHQW
H[SHULHQFH�ZDV�DWWULEXWDEOH�WR�GLIIHUHQFHV�EHWZHHQ�KHDOWK�V\VWHPV�

&RQFOXVLRQV��+RVSLWDO�V\VWHP�DIILOLDWLRQ�VLJQLILFDQW�VKDSHG�SDWLHQW�H[SHULHQFH�GXULQJ�&29,'���
SDQGHPLF��7KH�VWUXFWXUDO�VXSSRUWV��UHVRXUFH�GHSWK��DQG�FRRUGLQDWHG�SUDFWLFHV�DYDLODEOH�LQ�KHDOWK
V\VWHPV�OLNHO\�KHOSHG�VXVWDLQ�SDWLHQW�FHQWHUHG�FDUH�GXULQJ�D�SHULRG�RI�H[FHSWLRQDO�RSHUDWLRQDO�VWUDLQ�
ZKLOH�LQGHSHQGHQW�KRVSLWDOV��SDUWLFXODUO\�ODUJHU�RQHV��IDFHG�JUHDWHU�FKDOOHQJHV��7KHVH�ILQGLQJV
KLJKOLJKW�WKH�QHHG�IRU�VWUDWHJLHV�WKDW�HQKDQFH�WKH�RUJDQL]DWLRQDO�FDSDFLW\�RI�LQGHSHQGHQW�KRVSLWDOV
WR�PDLQWDLQ�KLJK�TXDOLW\�FDUH�LQ�ERWK�URXWLQH�DQG�FULVLV�FRQGLWLRQV�
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,QIDQWV�FKLOGUHQ�\RXWK

7KH�6RFLDO�%LRORJ\�RI�%HORQJLQJ��3HHU�9LFWLPL]DWLRQ��6FKRRO�%HORQJLQJ��DQG�(SLJHQHWLF
$JLQJ�$PRQJ�&KLOGUHQ�RI�/DWLQR�,PPLJUDQWV�5HEHFD�$OYDUDGR�+DUULV
�5HEHFD�$OYDUDGR�+DUULV�
.ULVWD�3HUULHUD�

&KLOGUHQ�RI�/DWLQR�LPPLJUDQWV�RIWHQ�EHJLQ�OLIH�ZLWK�KHDOWK�DGYDQWDJHV��\HW�WKH�GHYHORSPHQWDO
FRQGLWLRQV�WKDW�VXVWDLQ�RU�HURGH�WKHVH�DGYDQWDJHV�UHPDLQ�XQFOHDU��*XLGHG�E\�VRFLDO�VDIHW\�WKHRU\
DQG�WKH�FRQFHSW�RI�FRQGLWLRQDO�EHORQJLQJ��WKLV�VWXG\�H[DPLQHG�ZKHWKHU�SHHU�YLFWLPL]DWLRQ�DQG�VFKRRO
EHORQJLQJ�LQ�ODWH�FKLOGKRRG�SUHGLFWHG�FKDQJHV�LQ�HSLJHQHWLF�DJLQJ�DFURVV�DGROHVFHQFH��:H�DOVR
WHVWHG�ZKHWKHU�WKHVH�SDWWHUQV�GLIIHUHG�IRU�/DWLQR�\RXWK�ZLWK�LPPLJUDQW�YHUVXV�8�6��ERUQ�PRWKHUV�
'DWD�ZHUH�GUDZQ�IURP�WKH�)XWXUH�RI�)DPLOLHV�DQG�&KLOG�:HOOEHLQJ�6WXG\��1� �������3HHU
YLFWLPL]DWLRQ�DQG�VFKRRO�EHORQJLQJ�ZHUH�VHOI�UHSRUWHG�DW�DJH����DQG�3HGLDWULF�%XFFDO�(SLJHQHWLF
FORFNV�ZHUH�DVVHVVHG�DW�DJHV���DQG�����$W�DJH����FKLOGUHQ�RI�LPPLJUDQW�PRWKHUV��&2,��H[KLELWHG
VORZHU�HSLJHQHWLF�DJLQJ�WKDQ�FKLOGUHQ�RI�8�6��ERUQ�PRWKHUV��EXW�WKLV�DGYDQWDJH�HURGHG�E\�DJH����
$PRQJ�&2,��JUHDWHU�YLFWLPL]DWLRQ�SUHGLFWHG�IDVWHU�DJLQJ��ZKHUHDV�VWURQJHU�VFKRRO�EHORQJLQJ
SUHGLFWHG�VORZHU�DJLQJ��\HW�XQGHU�KLJK�YLFWLPL]DWLRQ��EHORQJLQJ�LQVWHDG�DFFHOHUDWHG�DJLQJ��7KHVH
SDWWHUQV�ZHUH�QRW�REVHUYHG�IRU�\RXWK�ZLWK�8�6��ERUQ�PRWKHUV��IRU�ZKRP�SRYHUW\�DW�ELUWK�SUHGLFWHG
IDVWHU�DJLQJ��)LQGLQJV�VXJJHVW�KHLJKWHQHG�ELRORJLFDO�VHQVLWLYLW\�WR�VRFLDO�LQFOXVLRQ�DQG�H[FOXVLRQ
GXULQJ�D�GHYHORSPHQWDO�SHULRG�ZKHQ�SHHU�EHORQJLQJ�EHFRPHV�FHQWUDO�WR�LGHQWLW\��VKDSLQJ�ZKHWKHU
HDUO\�KHDOWK�DGYDQWDJHV�DUH�VXVWDLQHG�RU�ORVW�
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,QIDQWV�FKLOGUHQ�\RXWK

'RHV�WKH�LQWHUJHQHUDWLRQDO�WUDQVPLVVLRQ�RI�LQWLPDWH�SDUWQHU�YLROHQFH�H[WHQG�WR�WHFKQRORJ\�
IDFLOLWDWHG�LQWLPDWH�SDUWQHU�YLROHQFH"�0LFKHOOH�/LYLQJV
�0LFKHOOH�/LYLQJV�

3UHYLRXV�ZRUN�GHPRQVWUDWHV�DQ�LQWHUJHQHUDWLRQDO�WUDQVPLVVLRQ�RI�LQWLPDWH�SDUWQHU�YLROHQFH��,39��
LQGLYLGXDOV�ZKR�ZLWQHVV�SDUHQWDO�,39�DUH�PRUH�OLNHO\�WR�EHFRPH�SHUSHWUDWRUV�RU�YLFWLPV�RI�,39�LQ
WKHLU�RZQ�UHODWLRQVKLSV��*LYHQ�WKH�KLJK�SUHYDOHQFH�RI�WHFKQRORJ\�IDFLOLWDWHG�,39��7),39���SDUWLFXODUO\
DPRQJ�\RXWK��,�SRVH�WKH�TXHVWLRQ��'RHV�WKH�LQWHUJHQHUDWLRQDO�WUDQVPLVVLRQ�RI�,39�H[WHQG�WR�7),39"

,�XVH�GDWD�IURP�WKH�)XWXUH�RI�)DPLOLHV�DQG�&KLOG�:HOOEHLQJ�6WXG\��))&:6���D�FRQWHPSRUDU\�VXUYH\
RI�D�ELUWK�FRKRUW�RI�\RXQJ�DGXOWV��,�IRFXV�RQ�������\RXQJ�DGXOWV�LQ�WKH�<HDU����))&:6�VXUYH\�ZKR
UHSRUWHG�WKDW�WKH\�ZHUH�LQ�D�VHULRXV�UHODWLRQVKLS��HQJDJHG��RU�PDUULHG��,Q�HDUOLHU�))&:6�VXUYH\
ZDYHV��PRWKHUV�UHSRUWHG�ZKHWKHU�WKHLU�SDUWQHU�VRPHWLPHV�RU�RIWHQ��RU�QHYHU��VODSSHG�RU�NLFNHG
WKHP��KLW�WKHP�ZLWK�D�ILVW�RU�REMHFW��DQG�RU�WULHG�WR�PDNH�WKHP�KDYH�XQZDQWHG�VH[��$W�<HDU�����\RXQJ
DGXOWV�UHSRUWHG�H[SHULHQFHV�RI�7),39��VSHFLILFDOO\�ZKHWKHU�WKHLU�SDUWQHU�SUHVVXUHG�WKHP�WR�}VH[W�~�WR
UHVSRQG�TXLFNO\�WR�WH[WV�RU�FDOOV��RU�WR�VKDUH�WKHLU�ORFDWLRQ��VKDUHG�WKHLU�QDNHG�SKRWRV�ZLWK�RWKHU
SHRSOH�RU�ORJJHG�LQWR�WKHLU�VRFLDO�PHGLD�RU�HPDLO�ZLWKRXW�SHUPLVVLRQ��RU�SRVWHG�D�PHDQ�SXEOLF
PHVVDJH�DERXW�WKHP�RQ�VRFLDO�PHGLD�

/RJLVWLF�UHJUHVVLRQ�UHVXOWV�VKRZ�QR�VLJQLILFDQW�DVVRFLDWLRQV�EHWZHHQ�PRWKHU�UHSRUWHG�,39�DQG�D
ELQDU\�RXWFRPH�LQGLFDWLQJ�}DQ\�H[SHULHQFH�RI�7),39�~�+RZHYHU��WKHUH�LV�HYLGHQFH�WKDW�PRWKHU�
UHSRUWHG�,39�LV�DVVRFLDWHG�ZLWK�KLJKHU�RGGV�RI�LQGLYLGXDO�7),39�H[SHULHQFHV��VSHFLILFDOO\�\RXQJ�DGXOW
UHSRUWV�WKDW�WKHLU�SDUWQHU�ORJJHG�LQWR�WKHLU�DFFRXQWV�ZLWKRXW�SHUPLVVLRQ��25 ���������&,���������
DQG�WKDW�WKHLU�SDUWQHU�SRVWHG�D�PHDQ�SXEOLF�PHVVDJH�DERXW�WKHP��25 ���������&,������������7KLV
VWXG\�VXJJHVWV�WKDW�WKH�LQWHUJHQHUDWLRQDO�WUDQVPLVVLRQ�RI�,39�PD\�LQGHHG�LQFOXGH�7),39��(IIHFWLYH
LQWHUYHQWLRQV�GHVLJQHG�HVSHFLDOO\�IRU�7),39�PD\�KHOS�WR�LQWHUUXSW�WKLV�KDUPIXO�F\FOH�
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$�PXOWL�VLWH�FURVV�VHFWLRQDO�VWXG\�RI�IDFWRUV�DVVRFLDWHG�ZLWK�&29,'����YDFFLQH�XSWDNH
DPRQJ�KHDOWKFDUH�SHUVRQQHO�LQ�WKH�8QLWHG�6WDWHV�8WVDY�1DQGL
�8WVDY�1DQGL��%HQMDPLQ�:DONHU�
1LFKRODV�0RKU��$QXVKD�.ULVKQDGDVDQ��(ULF�.RQWRZLF]��.DULVD�+DUODQG��.DULQ�+RWK��+RZDUG
6PLWKOLQH��'DYLG�7DODQ��3URMHFW�35(9(17�1HWZRUN��

,QWURGXFWLRQ

7KH�UDSLG�GHYHORSPHQW�DQG�GLVWULEXWLRQ�RI�WKH�QRYHO�P51$�EDVHG�&29,'����YDFFLQHV�KDYH�EHHQ
FUHGLWHG�ZLWK�VDYLQJ�PLOOLRQV�RI�OLYHV�JOREDOO\��+RZHYHU��FRQFHUQV�DERXW�&29,'����YDFFLQHV
FRQWULEXWHG�WR�KHVLWDQF\�LQ�WKHLU�XSWDNH���8QGHUVWDQGLQJ�YDFFLQH�XSWDNH�DPRQJ�KHDOWKFDUH
SHUVRQQHO��+&3��LV�HVSHFLDOO\�LPSRUWDQW��DV�WKLV�JURXS�IDFHV�HOHYDWHG�RFFXSDWLRQDO�H[SRVXUH�ULVN�
SOD\V�D�FULWLFDO�UROH�LQ�SUHYHQWLQJ�WUDQVPLVVLRQ�WR�YXOQHUDEOH�SDWLHQWV��DQG�VWURQJO\�LQIOXHQFHV�SXEOLF
YDFFLQH�FRQILGHQFH�WKURXJK�WKHLU�RZQ�YDFFLQDWLRQ�GHFLVLRQV�DQG�UHFRPPHQGDWLRQV��:H�DVVHVVHG�WKH
DVVRFLDWLRQ�EHWZHHQ�VRFLRGHPRJUDSKLF�IDFWRUV��YDFFLQH�GHFLVLRQ�PDNLQJ�FRQVLGHUDWLRQV��DQG
LQIOXHQWLDO�VRXUFHV�RI�LQIRUPDWLRQ�ZLWK�WKH�LQLWLDO�XSWDNH�RI�UHFRPPHQGHG�&29,'����YDFFLQHV�DPRQJ
D�FRKRUW�RI�+&3�EDVHG�DW�KHDOWKFDUH�V\VWHPV�LQ����8�6��VWDWHV�

0HWKRGV

:H�DQDO\]HG�UHVSRQVHV�IURP�D�FURVV�VHFWLRQDO�VXUYH\�RI�+&3�HQUROOHG�LQ�D�PXOWL�VLWH�YDFFLQH
HIIHFWLYHQHVV�VWXG\�EHWZHHQ�-DQXDU\����������DQG�0D\����������:H�LQFOXGHG�GHPRJUDSKLF
FKDUDFWHULVWLFV��SDUWLFLSDQWV|�UHSRUWHG�FRQVLGHUDWLRQV�IRU�YDFFLQH�GHFLVLRQ�PDNLQJ��DQG�WUXVWHG
VRXUFHV�RI�YDFFLQH�LQIRUPDWLRQ�DQG�XVHG�D�PL[HG�HIIHFW�ORJLVWLF�UHJUHVVLRQ�PRGHO�WR�LGHQWLI\�IDFWRUV
DVVRFLDWHG�ZLWK�SULRU�&29,'����YDFFLQH�XSWDNH�

5HVXOWV

2I�WKH�������SDUWLFLSDQWV�DQDO\]HG����������������UHFHLYHG�DW�OHDVW�RQH�&29,'����YDFFLQH�GRVH
EHIRUH�HQUROOPHQW��9DFFLQDWLRQV�RFFXUUHG�EHWZHHQ�'HFHPEHU�����������DQG�-DQXDU\����������ZLWK
WKH�PDMRULW\�������RFFXUULQJ�E\�0DUFK�����������7KH�ILUVW�VLWH�YDFFLQH�UHTXLUHPHQW�EHJDQ�RQ�$XJXVW
����������&RQFHUQ�DERXW�DGYHUVH�HIIHFWV�ZDV�D�PDMRU�EDUULHU�WR�YDFFLQDWLRQ��DGMXVWHG�RGGV�UDWLR
>D25@� �������&,� �����y������ZKHUHDV�GHVLUH�WR�SURWHFW�IDPLO\�DQG�IULHQGV��D25� �������&,� 
����y������DQG�WR�DYRLG�JHWWLQJ�&29,'�����D25� �������&,� �����y������ZHUH�VLJQLILFDQW�IDFLOLWDWRUV�
(PSOR\HUV�ZHUH�FRQVLGHUHG�LQIOXHQWLDO�VRXUFHV�RI�LQIRUPDWLRQ�IRU�+&3��D25� �������&,� �����y������

&RQFOXVLRQ

:H�IRXQG�D�KLJK�SURSRUWLRQ�RI�&29,'����YDFFLQH�XSWDNH�HDUO\�LQ�WKH�&29,'����SDQGHPLF�DPRQJ
+&3��GULYHQ�SULPDULO\�E\�WKHLU�FRQFHUQV�DERXW�FRQWUDFWLQJ�DQG�VSUHDGLQJ�WKH�YLUXV��1RWDEO\������RI
YDFFLQH�XSWDNH�RFFXUUHG�SULRU�WR�DQ\�VLWH�YDFFLQH�UHTXLUHPHQWV��(PSOR\HUV�ZHUH�FRQVLGHUHG�WR�EH�D
WUXVWHG�VRXUFH�RI�LQIRUPDWLRQ��3URDFWLYH�HIIRUWV�E\�HPSOR\HUV�WR�VKDUH�UHOHYDQW�LQIRUPDWLRQ�UDSLGO\
PD\�KHOS�DGGUHVV�FRQFHUQV�DERXW�SRWHQWLDO�DGYHUVH�HIIHFWV�DQG�PD\�OHDG�WR�LQFUHDVHG�YDFFLQH
DFFHSWDQFH�DQG�XSWDNH�ZKHQ�UHVSRQGLQJ�WR�IXWXUH�HSLGHPLFV�
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(YDOXDWLQJ�j1<&�%DE\�%R[HVk��$�0L[HG�0HWKRGV�6WXG\�RI�D�1HZ�<RUN�&LW\�*RYHUQPHQW�/HG
SLORW�WR�UHGXFH�HDUO\�VWUHVV�DPRQJ�IDPLOLHV�ZLWK�QHZERUQV�5DFKHO�0DVVDU
�5DFKHO�0DVVDU��$OH[
*LQJHUHOOD��6DUDK�6LVFR��.D\OD�)HQQHOO\��&DURO\Q�%HUU\�

(DUO\�ILQDQFLDO�DQG�PDWHULDO�VWUHVV�LV�D�PDMRU�FRQFHUQ�IRU�QHZ�SDUHQWV��SDUWLFXODUO\�LQ�ORZ
VRFLRHFRQRPLF�DQG�PLQRULW\�SRSXODWLRQV��,Q�������1HZ�<RUN�&LW\�JRYHUQPHQW�ODXQFKHG�D�SLORW
LQLWLDWLYH�FDOOHG�}1<&�%DE\�%R[HV~��DQ�LQWHU�DJHQF\�HIIRUW�GHVLJQHG�WR�VXSSRUW�IDPLOLHV�ZLWK
QHZERUQV�DQG�UHGXFH�HDUO\�VRXUFHV�RI�VWUHVV�GXULQJ�WKH�SRVWSDUWXP�SHULRG��$V�SDUW�RI�WKH�SLORW�
IDPLOLHV�JLYLQJ�ELUWK�DW�IRXU�KRVSLWDOV�LQ�WKH�FLW\|V�SXEOLF�KRVSLWDO�V\VWHP��WKH�ODUJHVW�LQ�WKH�QDWLRQ�
UHFHLYH�D�IUHH�ER[�FRQWDLQLQJ�HVVHQWLDO�QHZERUQ�DQG�SRVWSDUWXP�VXSSOLHV��DORQJ�ZLWK�D�KHDOWK�JXLGH
DQG�D�IDPLO\�UHVRXUFH�JXLGH�WKDW�FRQQHFW�SDUHQWV�WR�DYDLODEOH�VHUYLFHV�DQG�VXSSRUWV��2XU�WHDP�RI
UHVHDUFKHUV�IURP�1<8�*URVVPDQ�6FKRRO�RI�0HGLFLQH�LV�FRQGXFWLQJ�DQ�H[WHUQDO��PL[HG�PHWKRGV
HYDOXDWLRQ�RI�WKH�%DE\�%R[HV�SURJUDP�IRFXVHG�RQ�SDWLHQW�DFFHSWDELOLW\�DQG�HDUO\�H[SHULHQFHV�DPRQJ
IDPLOLHV�UHFHLYLQJ�WKH�LQWHUYHQWLRQ��:H�KDYH�ODXQFKHG�WHOHSKRQH�VXUYH\V�ZLWK�PRWKHUV�ZKR�UHFHLYHG
%DE\�%R[HV�DSSUR[LPDWHO\�����PRQWKV�SRVW�GHOLYHU\�WR�DVVHVV�VDWLVIDFWLRQ��XWLOL]DWLRQ�RI�%DE\�%R[
LWHPV��HQJDJHPHQW�LQ�SRVWQDWDO�DQG�SHGLDWULF�FDUH��SDUHQWDO�DQG�ILQDQFLDO�VWUHVV��FRQILGHQFH�DQG�VHOI�
HIILFDF\�WR�FDUH�IRU�DQ�LQIDQW��DQG�HQJDJHPHQW�ZLWK�UHVRXUFHV��ILHOGLQJ�HQGV�LQ�0D\������DQG�ZH
DQWLFLSDWH�D�VDPSOH�VL]H�RI�DW�OHDVW�����FRPSOHWHG�VXUYH\V��7KLUW\�WZR�LQ�GHSWK�YLUWXDO�LQWHUYLHZV
ZLWK�D�VXEVHW�RI�PRWKHUV�ZKR�UHFHLYHG�%DE\�%R[HV�H[SORUH�H[SHULHQFHV�UHFHLYLQJ�DQG�XVLQJ�%DE\
%R[�VXSSOLHV�DQG�HOLFLW�UHFRPPHQGDWLRQV�IRU�SURJUDP�LPSURYHPHQW��:H�ZLOO�DQDO\]H�LQWHUYLHZV
XVLQJ�UDSLG�TXDOLWDWLYH�PHWKRGV��)LQGLQJV�IURP�WKLV�HYDOXDWLRQ�ZLOO�SURYLGH�HDUO\�HYLGHQFH�RQ�WKH
DFFHSWDELOLW\�RI�D�FLW\�OHG�%DE\�%R[HV�SURJUDP�DQG�LWV�SRWHQWLDO�WR�UHGXFH�HDUO\�VWUHVVRUV�DPRQJ
SDUHQWV�RI�QHZERUQV�DQG�DVVHVVLQJ�WUXVW�EXLOGLQJ�ZLWK�&LW\�V\VWHPV�
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%XLOGLQJ�7UXVW�7KURXJK�3UDFWLFH�)DFLOLWDWLRQ��:KDW�)LGHOLW\�'DWD�0D\�5HYHDO�$ERXW
,QIOXHQFH�LQ�3RSXODWLRQ�+HDOWK�,PSURYHPHQW�'HPHWULD�+XEEDUG
�'HPHWULD�+XEEDUG��2ODNXQOH
$ORQJH��$QQH�%ULVHQGLQH��/DUU\�+HDUOG��.LPEHUO\�6PLWK��$QGUHD�&KHUULQJWRQ��0DWWKHZ�)LIROW�

$V�SRSXODWLRQ�KHDOWK�LQLWLDWLYHV�LQFUHDVLQJO\�UHO\�RQ�SULPDU\�FDUH�WR�GHOLYHU�HYLGHQFH�EDVHG�FDUH�
EXLOGLQJ�WUXVW�LQ�VFLHQWLILF�HYLGHQFH�DPRQJ�IURQWOLQH�SUDFWLFHV�LV�HVVHQWLDO��<HW�OLWWOH�HPSLULFDO�ZRUN
H[DPLQHV�KRZ�LPSOHPHQWDWLRQ�SURFHVVHV�PD\�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�WUXVW�LQ�WKHVH
LQLWLDWLYHV��7KLV�VWXG\�XVHG�SUDFWLFH�IDFLOLWDWLRQ��3)��ILGHOLW\�GDWD�WR�H[DPLQH�KRZ�SDWWHUQV�RI�3)
GHOLYHU\�VKDSHG�DGKHUHQFH�WR�LPSURYHPHQW�HIIRUWV�DQG��WKHRUL]H�KRZ�DGKHUHQFH�PD\�FRQWULEXWH�WR
FUHGLELOLW\�RI�LQWHUYHQWLRQV�LQ�UHDO�ZRUOG�VHWWLQJV�

:H�DQDO\]HG�GDWD�IURP����SULPDU\�FDUH�SUDFWLFHV�SDUWLFLSDWLQJ�LQ�D�VWDWHZLGH�FDUGLRYDVFXODU�KHDOWK
LPSURYHPHQW�LQLWLDWLYH��)LGHOLW\�ZDV�PHDVXUHG�XVLQJ�D�FRPSRVLWH�DGKHUHQFH�VFRUH�DQG�LQGLFDWRUV�RI
IDFLOLWDWLRQ�}GRVH�~�LQFOXGLQJ�IUHTXHQF\��PRGH��DQG�WRWDO�WLPH�VSHQW�EHWZHHQ�IDFLOLWDWRUV�DQG
SUDFWLFHV�RYHU����PRQWKV��:H�DOVR�H[DPLQHG�RUJDQL]DWLRQDO�FKDUDFWHULVWLFV��LQFOXGLQJ�WKH�UROH�RI�WKH
GHVLJQDWHG�SUDFWLFH�FKDPSLRQ�

$GKHUHQFH�WR�GLIIHUHQW�3)�DFWLYLWLHV�ZDV�PRGHUDWH��EXW�WRWDO�DGKHUHQFH�ZDV�XQFRPPRQ��3UDFWLFHV
WKDW�VSHQW�PRUH�WRWDO�WLPH�ZLWK�IDFLOLWDWRUV�DQG�KDG�PRUH�LQxSHUVRQ�RU�YLUWXDO�LQWHUDFWLRQV
GHPRQVWUDWHG�KLJKHU�DGKHUHQFH��ZKLOH�HPDLO�FRQWDFW�DORQH�ZDV�QRW�DVVRFLDWHG�ZLWK�DGKHUHQFH��,Q
DGGLWLRQ��SUDFWLFHV�ZLWK�FKDPSLRQV�HPEHGGHG�LQ�GD\xWRxGD\�FOLQLF�RSHUDWLRQV�VKRZHG�KLJKHU
DGKHUHQFH�WKDQ�WKRVH�UHO\LQJ�RQ�PRUH�GLVWDQW�OHDGHUVKLS�UROHV�

$OWKRXJK�WUXVW�ZDV�QRW�GLUHFWO\�PHDVXUHG��WKH�REVHUYHG�DVVRFLDWLRQV�EHWZHHQ�UHODWLRQDO�LQWHQVLW\�
PRGH�RI�IDFLOLWDWLRQ��DQG�ORFDO�OHDGHUVKLS�UROHV�DUH�FRQVLVWHQW�ZLWK�WKHRUL]HG�SDWKZD\V�WKURXJK�ZKLFK
WUXVW�DQG�FUHGLELOLW\�LQ�HYLGHQFH�EDVHG�SRSXODWLRQ�KHDOWK�LQLWLDWLYHV�PD\�EH�EXLOW��7KHVH�ILQGLQJV
VXJJHVW�WKDW�LPSOHPHQWDWLRQ�GDWD�FDQ�RIIHU�LQVLJKW�LQWR�WKH�SURFHVVHV�WKDW�VXSSRUW�VXVWDLQHG
HQJDJHPHQW�DQG�LQIOXHQFH�LQ�UHDO�ZRUOG�VHWWLQJV��([SOLFLW�PHDVXUHPHQW�RI�WUXVW�VKRXOG�EH�D�SULRULW\
IRU�IXWXUH�SRSXODWLRQ�KHDOWK�UHVHDUFK�VHHNLQJ�WR�VWUHQJWKHQ�WKH�UHOHYDQFH�DQG�LPSDFW�RI�VFLHQWLILF
HYLGHQFH�
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3UHVFULSWLRQ�)UXLW�DQG�9HJHWDEOH�3URJUDP�(YDOXDWLRQ�RI�3DWLHQW�DQG�&RPPXQLW\�2XWFRPHV
LQ�5XUDO�:LVFRQVLQ�7DPL�6ZHQVRQ
�7DPL�6ZHQVRQ��.DUL�'XH��7DUD�'UDHJHU��,DQ�3IDII�

,Q�:LVFRQVLQ��WKH�$VSLUXV�KRVSLWDO�DQG�FOLQLF�VHUYLFH�DUHD�HQFRPSDVVHV����RI�WKH����FRXQWLHV�DQG
UHDFKHV�WKURXJK�WKH�FHQWUDO�DQG�QRUWKHUQ�UHJLRQV�RI�WKH�VWDWH��$OO�ILYH�RI�WKH�WRS�FRXQWLHV�LQ
:LVFRQVLQ�ZLWK�WKH�KLJKHVW�IRRG�LQVHFXULW\�UDWHV�DV�PHDVXUHG�E\�)HHGLQJ�$PHULFD�DUH�ZLWKLQ�WKH
VHUYLFH�DUHD��6DZ\HU�������IRRG�LQVHFXULW\�UDWH��)RUHVW��������$GDPV��������$VKODQG��������DQG
0HQRPLQHH����������6WDUWLQJ�LQ������LQ�:DXVDX��$VSLUXV�SDUWQHUHG�FOLQLFDO�FKDPSLRQV�ZLWK�ORFDO
IDUPHUV�PDUNHWV�WR�FUHDWH�D�IUXLW�DQG�YHJHWDEOH�SUHVFULSWLRQ��)95[��SURJUDP��7KH�WKRXJKW�EHLQJ
WKDW�LI�SDWLHQWV�ZHUH�JLYHQ�D�SUHVFULSWLRQ�DQG�D�UHVRXUFH�WR�SXUFKDVH�SURGXFH�DW�WKH�IDUPHUV�PDUNHW�
LW�ZRXOG�EH�D�PHDQLQJIXO�ZD\�WR�KHOS�WKHP�DFWLYHO\�HQJDJH�LQ�WKHLU�KHDOWK��ZKLOH�VXSSRUWLQJ�WKH�ORFDO
HFRQRP\��2YHU�WLPH��WKH�$VSLUXV�)95[�SURJUDP�KDV�H[SDQGHG�WR�RYHU����PDUNHWV�DQG�EHFRPH�D
ZHOO�NQRZQ�UHVRXUFH�IRU�SDWLHQWV��HVSHFLDOO\�WKRVH�H[SHULHQFLQJ�IRRG�LQVHFXULW\�DQG�FKURQLF
FRQGLWLRQV��7KLV�SURJUDP�SURYLGHV�VXSSRUW�WR�SDWLHQWV�WR�PDNH�DFFHVV�WR�SURGXFH�HDVLHU�DQG
DIIRUGDEOH��$V�DQ�DFDGHPLF�FRPPXQLW\�SDUWQHUVKLS��$VSLUXV�DQG�WKH�8QLYHUVLW\�RI�:LVFRQVLQ�y
6WHYHQV�3RLQW�KDYH�EHHQ�DEOH�WR�UHVHDUFK�DQG�GHVLJQ�WKH�)95[�SURJUDP�WR�EHVW�PHHW�WKH�QHHGV�RI
SDWLHQWV��FOLQLFDO�VWDII��DQG�IDUPHUV��7KH�HYDOXDWLRQ�SODQ�LV�WR�GHWHUPLQH�LI�WKH�SURMHFW�GHPRQVWUDWHV
DQ�LPSDFW�RQ�WKH�VKRUW�WHUP�DQG�LQWHUPHGLDWH�RXWFRPHV�RI�����WKH�LPSURYHPHQW�RI�GLHWDU\�KHDOWK
WKURXJK�LQFUHDVHG�DFFHVV�DQG�FRQVXPSWLRQ�RI�IUXLWV�DQG�YHJHWDEOHV�DQG�����WKH�UHGXFWLRQ�RI
LQGLYLGXDO�DQG�KRXVHKROG�IRRG�LQVHFXULW\��DQG�RQ�WKH�ORQJ�WHUP�RXWFRPHV�RI�����LPSURYHG�VHOI�
PDQDJHPHQW�RI�GLDEHWHV��KHDOWK�EHKDYLRUV��DQG�KHDOWK�RXWFRPHV�DQG�����UHGXFHG�KHDOWK�GLVSDULWLHV
UHODWHG�WR�W\SH���GLDEHWHV��8VLQJ�VXUYH\�GDWD�IURP�SURJUDP�SDUWLFLSDQWV�DQG�UHGHHPHG�IDUPHUV
PDUNHW�YRXFKHUV�PDWFKHG�WR�PHGLFDO�UHFRUGV��WKH�ILQDOL]HG�UHVXOWV�IURP�WKLV�FXUUHQWO\�RQJRLQJ
HYDOXDWLRQ�ZLOO�EH�SUHVHQWHG�
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(YDOXDWLQJ�LPSOHPHQWDWLRQ�RI�D�VWDWHZLGH�FRPPXQLW\�KHDOWK�ZRUNHU�WUDLQLQJ�SURJUDP�LQ
$UL]RQD�XVLQJ�WKH�5(�$,0�)UDPHZRUN�%LQROL�+HUDWK
�%LQROL�+HUDWK��/LQGVH\�%XUQV��-HQ�-RQGDF�
$OLFLD�+HUQDQGH]��&ODLUH�5H\QROGV��*LOEHUW�$UYL]X��0LQG\�/��0F(QWHH�

,QWURGXFWLRQ�DQG�2EMHFWLYHV��&RPPXQLW\�+HDOWK�:RUNHUV��&+:V��SOD\�D�NH\�UROH�LQ�DGYDQFLQJ
KHDOWK�HTXLW\�DQG�FKURQLF�GLVHDVH�SUHYHQWLRQ��SDUWLFXODUO\�LQ�PHGLFDOO\�XQGHUVHUYHG�FRPPXQLWLHV��,Q
$UL]RQD��SROLFLHV�VXFK�DV�YROXQWDU\�&+:�FHUWLILFDWLRQ�DQG�0HGLFDLG�UHLPEXUVHPHQW�DLP�WR�VXSSRUW�D
VXVWDLQDEOH�&+:�ZRUNIRUFH��)XQGHG�E\�+HDOWK�5HVRXUFHV�	�6HUYLFHV�$GPLQLVWUDWLRQ��$UL]RQD�6WDWH
8QLYHUVLW\�ODXQFKHG�WKH�&+:�7UDLQLQJ�3URJUDP��$68�&+:�73��LQ������WR�UHFUXLW��WUDLQ��DQG�SODFH
&+:V�VWDWHZLGH��7KLV�SDSHU�HYDOXDWHV�WKH�SURJUDP|V�UHDFK��HIIHFWLYHQHVV��DQG�DGRSWLRQ�DQG
LGHQWLILHV�VXSSRUW�IRU�&+:�ZRUNIRUFH�VXVWDLQDELOLW\�

0HWKRGV��6HFRQGDU\�DQDO\VLV�RI�DGPLQLVWUDWLYH�UHFRUGV��WUDLQHH�WUDFNLQJ��DQG�IHHGEDFN�VXUYH\V
HYDOXDWHG�WKH�$68�&+:�73�XVLQJ�5HDFK��(IIHFWLYHQHVV��$GRSWLRQ��,PSOHPHQWDWLRQ��DQG�0DLQWHQDQFH
�5(�$,0���5HDFK�ZDV�DVVHVVHG�E\�QXPEHU�DQG�FKDUDFWHULVWLFV�RI�WUDLQHHV��HIIHFWLYHQHVV�E\
FRPSOHWLRQ�RI�FXUULFXOXP�DQG�ILHOG�SODFHPHQWV��DQG�DGRSWLRQ�E\�WKH�QXPEHU�RI�FRPPXQLW\
SDUWQHUVKLSV�DQG�SODFHPHQW�RSSRUWXQLWLHV�

5HVXOWV��$�WRWDO�RI�����DSSOLFDWLRQV�ZHUH�UHFHLYHG�DIWHU�UHPRYLQJ�GXSOLFDWHV�DQG�LQFRPSOHWH
VXEPLVVLRQV������ZHUH�HOLJLEOH�DQG�����DGPLWWHG��3DUWLFLSDQWV�UHSUHVHQWHG�GLYHUVH�UDFLDO�HWKQLF
JURXSV��%ODFN�$IULFDQ�$PHULFDQ��������+LVSDQLF�/DWLQR��������1RQ�+LVSDQLF�:KLWH��������$,$1
�������DQG�$VLDQ�������0DQ\�WUDLQHHV�FDPH�IURP�GLVDGYDQWDJHG�EDFNJURXQGV������HFRQRPLFDOO\
DQG�����HQYLURQPHQWDOO\���2YHUDOO������������FRPSOHWHG�WKH�FXUULFXOXP�DQG����������GURSSHG�RXW�
(LJKW\�RQH�WUDLQHHV�������FRPSOHWHG�ILHOG�SODFHPHQWV��7KH�SURJUDP�HVWDEOLVKHG����SDUWQHUVKLSV
������RXW�RI�����RUJDQL]DWLRQV�DSSURDFKHG��,Q�WRWDO������WUDLQHHV�������FRPSOHWHG�ERWK�FXUULFXOXP
DQG�SODFHPHQWV�DQG�ZHUH�HOLJLEOH�IRU�&+:�FHUWLILFDWLRQ�

&RQFOXVLRQV��7KH�$68�&+:�73�WUDLQHG�D�GLYHUVH�&+:�FRKRUW�EXW�IDFHG�EDUULHUV�LQFOXGLQJ
FRPSHWLQJ�GHPDQGV��WHFKQLFDO�FKDOOHQJHV��OLPLWHG�SODFHPHQWV��DQG�ORZ�FRPSHQVDWLRQ��,PSURYLQJ
ZRUN�FRQGLWLRQV��OHDGHUVKLS�VXSSRUW��IDLU�ZDJHV��DQG�FHUWLILFDWLRQ�IHH�VXEVLGLHV�PD\�VWUHQJWKHQ�&+:
ZRUNIRUFH�VXVWDLQDELOLW\�LQ�$UL]RQD�
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,QWHUYHQWLRQV�3URJUDPV

,PSOHPHQWDWLRQ�RI�D�%ULGJH�6XSSRUW�3URJUDP�IRU�6XLFLGDO�<RXWK�.D\OD�)HQQHOO\
�.D\OD
)HQQHOO\��5DFKHO�0DVVDU��$QQH�%XFKDQDQ��-HQQLIHU�$JRVWLQR��1LWLQ�7RWHMD��&DURO\Q�%HUU\�

,Q�������1HZ�<RUN�&LW\�+HDOWK���+RVSLWDOV��+�+���WKH�ODUJHVW�XUEDQ�VDIHW\�QHW�V\VWHP�LQ�WKH�86�
ODXQFKHG�WKH�&DULQJ�7UDQVLWLRQV�3URJUDP��&73��LQ�SDUWQHUVKLS�ZLWK�WKH�1<&�'HSDUWPHQW�RI�+HDOWK
DQG�0HQWDO�+\JLHQH��'2+0+��WR�VHUYH�\RXWK�ZKR�SUHVHQW�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��ZLWK
VHULRXV�VXLFLGDO�EHKDYLRU�RU�D�VXLFLGH�DWWHPSW�DQG�WKHLU�IDPLOLHV��/RFDWHG�LQ���ERURXJKV��%URQ[�DQG
4XHHQV��DQG�VHUYLQJ���('|V��WKH�&73�SURYLGHV�VXSSRUW�DQG�FRQQHFWLRQV�WR�RXWSDWLHQW�FDUH�IRU�\RXWK
DQG�WKHLU�IDPLOLHV�LQ�WKH����GD\V�IROORZLQJ�D�VXLFLGH�DWWHPSW�RU�VHULRXV�VXLFLGH�UHODWHG�EHKDYLRU��7KH
&73�WHDP�LQFOXGHV�3HHU�DQG�)DPLO\�$GYRFDWHV�ZLWK�OLYHG�H[SHULHQFH�ZKR�ZRUN�FORVHO\�ZLWK�\RXWK
SDUWLFLSDQWV�DQG�WKHLU�FDUHJLYHUV��DV�ZHOO�DV�7UDQVLWLRQ�&RRUGLQDWRUV�DQG�6RFLDO�:RUNHUV��$V�SDUW�RI�D
ULJRURXV�PL[HG�PHWKRGV�HYDOXDWLRQ��WKH�1<8�*URVVPDQ�6FKRRO�RI�0HGLFLQH�VWXG\�WHDP�FRQGXFWHG���
NH\�LQIRUPDQW�LQWHUYLHZV�EHWZHHQ�-XO\������-DQXDU\������ZLWK�SURJUDP�VWDII�DQG�PHQWDO�KHDOWK�('
SURYLGHUV�WR�KHOS�XQGHUVWDQG�EDUULHUV�DQG�IDFLOLWDWRUV�WR�VXFFHVVIXO�SURJUDP�LPSOHPHQWDWLRQ�
2YHUDOO��WKH�SURJUDP�VXFFHVVIXOO\�ODXQFKHG�DW�DOO���VLWHV��ZLWK�RQH�QRWDEOH�FKDOOHQJH�EHLQJ
DGPLQLVWUDWLYH�EDUULHUV�WR�ILOOLQJ�WKH�)DPLO\�$GYRFDWH�UROH�LQ�WKH�%URQ[��2WKHU�FKDOOHQJHV�LQFOXGH
VFDUFLW\�RI�DYDLODEOH�VSDFH�LQ�ZKLFK�WR�SULYDWHO\�VHH�SDWLHQWV��GLIILFXOW\�PHHWLQJ�SDWLHQWV�LQ�SHUVRQ
DFURVV�PXOWLSOH�+�+�IDFLOLWLHV��DSSURSULDWH�VXSHUYLVLRQ�VWUXFWXUH�IRU�SHHU�DGYRFDWHV��DQG�HDUO\
FRPPXQLFDWLRQ�FKDOOHQJHV�ZLWK�RXWSDWLHQW�SV\FKLDWULF�SURYLGHUV��)DFLOLWDWRUV�WR�LPSOHPHQWDWLRQ
LQFOXGH�FOHDU�XQGHUVWDQGLQJ�RI�SURJUDP�JRDOV�DPRQJVW�&73�VWDII�DQG�('�VWDII�DQG�SURYLGHUV�
VXFFHVVIXO�LQWHJUDWLRQ�RI�D�SURJUDP�UHIHUUDO�SDWKZD\�LQWR�WKH�HOHFWURQLF�KHDOWK�UHFRUG��DQG�FOHDU
OHDGHUVKLS�DQG�RYHUVLJKW�IURP�+�+�&HQWUDO�2IILFH�VWDII��7KHVH�ILQGLQJV�ZLOO�LQIRUP�IXWXUH�SURJUDP
H[SDQVLRQ�DW�+�+�DV�ZHOO�DV�RWKHU�KRVSLWDO�V\VWHPV�VHHNLQJ�WR�LPSOHPHQW�VLPLODU�EULGJH
SURJUDPPLQJ�IRU�WKLV�KLJKO\�YXOQHUDEOH�SRSXODWLRQ�
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/*%74�

8VLQJ�WKH�0LQRULW\�6WUHVV�0RGHO�WR�8QGHUVWDQG�3DUHQW�DQG�&DUHJLYHU�5HDFWLRQV�WR�*HQGHU
$IILUPLQJ�0HGLFDO�&DUH�%DQ�IRU�0LQRUV�LQ�,RZD�/LEE\�)U\
�/LEE\�)U\�

$OWKRXJK����VWDWHV�KDYH�QRZ�LPSOHPHQWHG�EDQV�RQ�JHQGHU�DIILUPLQJ�PHGLFDO�FDUH��*$0&��IRU
PLQRUV��.DLVHU�)DPLO\�)RXQGDWLRQ���������GXH�WR�WKHLU�UHODWLYHO\�QHZ�QDWXUH��UHVHDUFK�LV�PHDJHU
DERXW�WKH�LPSDFWV�RI�VXFK�SROLFLHV��,Q�0DUFK�������,RZD�VLJQHG�VXFK�D�EDQ��6HQDWH�)LOH������7KLV
ODZ�LPSDFWV�QRW�RQO\�WUDQVJHQGHU�DQG�JHQGHU�GLYHUVH��7*'��PLQRUV��EXW�DOVR�WKHLU
SDUHQWV�FDUHJLYHUV�ZKR�PXVW�XOWLPDWHO\�PDNH�GHFLVLRQV�DERXW�KRZ�WR�QDYLJDWH�WKH�FKDQJH�LQ
KHDOWKFDUH�DFFHVV�IRU�WKHLU�PLQRU�FKLOG��6HPL�VWUXFWXUHG�LQWHUYLHZV�DUH�EHLQJ�FRQGXFWHG�ZLWK�D
VDPSOH�RI�WKHVH�SDUHQWV�FDUHJLYHUV�WR�EHWWHU�XQGHUVWDQG�KRZ�WKH\�DUH�LPSDFWHG�E\�WKH�ODZ�
5HFUXLWPHQW�DQG�LQWHUYLHZV�VWDUWHG�LQ�$XJXVW������DQG�ZLOO�FRQWLQXH�WKURXJK�WKH�HQG�RI�$SULO
�������

3DUWLFLSDQWV�DUH�DVNHG�TXHVWLRQV�DERXW�SDUHQWLQJ�H[SHULHQFHV�DORQJ�WKH�WLPHOLQH�RI�6)
����IURP�LQWURGXFWLRQ�WR�LPSOHPHQWDWLRQ��DV�ZHOO�DV�FRSLQJ�VWUDWHJLHV�DQG�VRFLDO
VXSSRUWV��,QWHUYLHZV�DUH�UHFRUGHG��WUDQVFULEHG��DQG�FRGHG��XVLQJ�VHYHUDO�URXQGV�RI�GHGXFWLYH�FRGLQJ
DQG�WKHQ�VHYHUDO�URXQGV�RI�LQGXFWLYH�FRGLQJ���

7KLV�SURMHFW�XVHV�WKH�0LQRULW\�6WUHVV�0RGHO�DV�D�IUDPHZRUN�IRU�XQGHUVWDQGLQJ�WKH�H[SHULHQFHV
SDUHQWV�FDUHJLYHUV�RI�7*'�PLQRUV�UHSRUW�KDYLQJ�LQ�UHODWLRQ�WR�WKH�EDQ�RQ�*$0&�IRU�PLQRUV�LQ�,RZD�
3DUWLFLSDQWV�VKDUHG�H[SHULHQFHV�WKDW�FDQ�EH�FDWHJRUL]HG�DV�JHQHUDO�VWUHVVRUV�VXFK�DV�ILQDQFLDO
LVVXHV��GLVWDO�VWUHVVRUV�VXFK�DV�KDYLQJ�WR�ILQG�DFFHVVLEOH�RXW�RI�VWDWH�*$0&�SURYLGHUV�IRU�WKHLU�PLQRU
FKLOG�DQG�SD\LQJ�IRU�RXW�RI�VWDWH�FDUH��DQG�SUR[LPDO�VWUHVVRUV�VXFK�DV�H[SHFWLQJ�QHJDWLYH�RXWFRPHV
IRU�WKHLU�FKLOG�EHFDXVH�RI�WKH�ODZ��,Q�DGGLWLRQ��SDUWLFLSDQWV�VKDUHG�FRSLQJ�PHFKDQLVPV�VXFK�DV
HQJDJLQJ�LQ�DGYRFDF\�DURXQG�WKH�ODZ�DQG�EXLOGLQJ�FRPPXQLW\�DQG�VRFLDO�VXSSRUWV�VXFK�DV�DIILUPLQJ
IDPLO\�DQG�IULHQGV�WKDW�KHOSHG�PLWLJDWH�VWUHVV�WKH\�DVVRFLDWHG�ZLWK�WKH�*$0&�EDQ��$W�OHDVW�RQH
SDUWLFLSDQW�UHSRUWHG�IHHOLQJ�UHOLHI�LQ�UHVSRQVH�WR�WKH�ODZ��UDWKHU�WKDQ�VWUHVV��VLQFH�WKH\�GLG�QRW
VXSSRUW�WKHLU�PLQRU�FKLOG�DFFHVVLQJ�*$0&�EHIRUH�WKH�DJH�RI�������
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/*%74�

3DWWHUQV�RI�)RRG�,QVHFXULW\�E\�6H[XDO�2ULHQWDWLRQ�DQG�*HQGHU�%HWK�0DUWLQ
�%HWK�0DUWLQ��*DEH
+��0LOOHU��&KULVWLH�&DUXDQD��+DQQDK�/LQGO��.D\OL�0RUULVRQ�

%DFNJURXQG

([LVWLQJ�UHVHDUFK�RQ�IRRG�VHFXULW\�KDV�HVWDEOLVKHG�D�GLVSDULW\�IRU�OHVELDQ��JD\��DQG�ELVH[XDO��/*%�
LQGLYLGXDOV�LQ�WKH�8�6���FRPSDUHG�WR�WKHLU�KHWHURVH[XDO�FRXQWHUSDUWV��6HYHUDO�QDWLRQDOO\
UHSUHVHQWDWLYH�VWXGLHV�UHSRUW�WKDW��DFURVV�WKH�ERDUG��/*%�LQGLYLGXDOV�DUH�PRUH�OLNHO\�WR�H[SHULHQFH
IRRG�LQVHFXULW\�WKDQ�KHWHURVH[XDO�LQGLYLGXDOV��$GGLWLRQDOO\��ZRPHQ�DUH�PRUH�OLNHO\�WR�H[SHULHQFH
IRRG�LQVHFXULW\�FRPSDUHG�WR�PHQ��)HZHU�VWXGLHV�KDYH�H[DPLQHG�LQWUDJURXS�GLIIHUHQFHV�LQ�IRRG
LQVHFXULW\�IRU�VH[XDO�RULHQWDWLRQ�DQG�JHQGHU��,Q�WKLV�SDSHU��ZH�H[DPLQH�LQWHU��DQG�LQWUDJURXS
GLIIHUHQFHV�LQ�IRRG�VHFXULW\�VFUHHQLQJ�EDVHG�RQ�VH[XDO�RULHQWDWLRQ�DQG�JHQGHU�

0HWKRGV

7R�H[DPLQH�IRRG�LQVHFXULW\�DW�WKH�LQWHUVHFWLRQ�RI�VH[XDO�RULHQWDWLRQ�DQG�JHQGHU��ZH�HVWLPDWH�ORJLVWLF
UHJUHVVLRQ�PRGHOV�XVLQJ�1DWLRQDO�+HDOWK�,QWHUYLHZ�6XUYH\�'DWD�IURP������WR�������7KH�LQGHSHQGHQW
YDULDEOH�LV�D�FURVV�FODVVLILFDWLRQ�RI�VH[XDO�RULHQWDWLRQ�DQG�JHQGHU��VWUDLJKW�PDQ��VWUDLJKW�ZRPDQ��JD\
PDQ��OHVELDQ�ZRPDQ��ELVH[XDO�PDQ��ELVH[XDO�ZRPDQ���DQG�WKH�GHSHQGHQW�YDULDEOH�LV�D�ELQDU\�IRRG�
VHFXULW\�YDULDEOH�EDVHG�RQ�LQGLYLGXDO�VFRUHV�IURP�D����TXHVWLRQ�IRRG�VHFXULW\�VFUHHQLQJ�VXSSOHPHQW�
:H�FRQWURO�IRU�D�KRVW�RI�VRFLRGHPRJUDSKLF�DQG�VRFLRHFRQRPLF�FRYDULDWHV�DQG�HPSOR\�FRPSOH[�VXUYH\
ZHLJKWV�DFURVV�DQDO\VLV�

5HVXOWV

,Q�WKH�ILQDO�PRGHO��VWUDLJKW�PHQ�KDG�WKH�ORZHVW�RGGV�RI�VFUHHQLQJ�SRVLWLYH�IRU�IRRG�LQVHFXULW\�
IROORZHG�E\�VWUDLJKW�ZRPHQ��*D\�PHQ��OHVELDQ�ZRPHQ��DQG�ELVH[XDO�PHQ�KDG�WKH�VHFRQG�KLJKHVW
RGGV��EXW�GLG�QRW�GLIIHU�IURP�HDFK�RWKHU��DQG�ELVH[XDO�ZRPHQ�KDG�WKH�KLJKHVW�RGGV�RI�VFUHHQLQJ
SRVLWLYH�IRU�IRRG�LQVHFXULW\�

&RQFOXVLRQ

,Q�DGGLWLRQ�WR�LQWHUJURXS�GLIIHUHQFHV�EHWZHHQ�VWUDLJKW�DQG�/*%�LQGLYLGXDOV��WKHUH�LV�HYLGHQFH�IRU
LQWUDJURXS�GLIIHUHQFHV�LQ�IRRG�LQVHFXULW\��VSHFLILFDOO\�EHWZHHQ�ELVH[XDO�PHQ�DQG�ZRPHQ��7KHUH�LV�QR
HYLGHQFH�IRU�LQWUDJURXS�GLIIHUHQFHV�EHWZHHQ�JD\�PHQ�DQG�OHVELDQ�ZRPHQ��WKRXJK�WKH\�HDFK�KDYH
KLJKHU�RGGV�RI�IRRG�LQVHFXULW\�WKDQ�ERWK�VWUDLJKW�PHQ�DQG�ZRPHQ��7KHVH�ILQGLQJV�KLJKOLJKW�WKH
LPSRUWDQFH�RI�FRQVLGHULQJ�LQWHUVHFWLQJ�VRFLDO�SRVLWLRQV�ZKHQ�H[DPLQLQJ�KHDOWK�LQHTXLW\�
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/LIH�FRXUVH�GHYHORSPHQWDO

7KH�SRWHQWLDO�IRU�EXLOGLQJ�OLIH�FRXUVH�UHVLGHQWLDO�KLVWRULHV�WKURXJK�UHWURVSHFWLYH
QHLJKERUKRRG�GDWD�/LVD�0LOOHU
�/LVD�0LOOHU��3DXO�'HODPDWHU��-DLPH�6ODXJKWHU�$FH\�

,QWURGXFWLRQ

5HVHDUFK�RQ�WKH�ORQJLWXGLQDO�KHDOWK�LPSDFWV�RI�QHLJKERUKRRGV�LV�RIWHQ�OLPLWHG�E\�UHVLGHQWLDO�GDWD
WKDW�DUH�HLWKHU�FURVV�VHFWLRQDO�RU�OLPLWHG�WR�ELUWK�DGGUHVV�REWDLQHG�IURP�YLWDO�UHFRUGV��7KLV�VWXG\
SUHVHQWV�D�QRYHO�DSSURDFK�WR�EXLOGLQJ�OLIH�FRXUVH�UHVLGHQWLDO�KLVWRU\�XVLQJ�SDUWLFLSDQW�UHFDOO�LQ�D
VDPSOH�RI�SRVWSDUWXP�%ODFN�ZRPHQ�

0HWKRGV

'DWD�ZHUH�IURP�WKH�/,)(���FRKRUW�������������'HWURLW��0,���3DUWLFLSDQWV�UHSRUWHG�WKHLU�FXUUHQW
DGGUHVV��WKHLU�DGGUHVV�DW�ELUWK��DQG�WKHLU�DJHV�DW����DQG����\HDUV��$GGUHVV�GDWD�ZDV�FRQVLGHUHG
}&RPSOHWH~�LI�VWUHHW�OHYHO��]LS�FRGH��FURVV�VWUHHW��RU�ODQGPDUN�GDWD�ZDV�SURYLGHG�DQG�},QFRPSOHWH~�LI
GDWD�ZDV�PLVVLQJ�RU�RQO\�FLW\�VWDWH�OHYHO�GDWD�ZDV�SURYLGHG��$GGUHVV�FRPSOHWLRQ�ZDV�HYDOXDWHG
DPRQJ�SDUWLFLSDQWV�ZKR�FRPSOHWHG�DW�OHDVW�����RI�WKH�VXUYH\��Q ������%LUWK�DGGUHVV�FRPSOHWLRQ
ZDV�IXUWKHU�HYDOXDWHG�DPRQJ�D�VXEVHW�RI�PRWKHUV��Q �����ZLWK�OLQNHG�ELUWK�FHUWLILFDWH��%&��GDWD��:H
FRPSDUHG�VHOI�UHSRUWHG�GHPRJUDSKLF�DQG�QHLJKERUKRRG�FKDUDFWHULVWLFV�E\�DGGUHVV�GDWD�FRPSOHWLRQ
VWDWXV�DW�DJHV����DQG����WR�DVVHVV�WKH�SRWHQWLDO�LPSDFW�RI�PLVVLQJQHVV�

5HVXOWV

$PRQJ�����SDUWLFLSDQWV��FRPSOHWLRQ�IRU�UHVLGHQWLDO�DGGUHVV�GDWD�ZDV������IRU�FXUUHQW�DGGUHVV�DQG
��������������DQG�������IRU�DJH�����DJH�����DQG�ELUWK�DGGUHVVHV��UHVSHFWLYHO\��)RU�PRWKHUV�ZLWK
OLQNHG�%&�GDWD��ELUWK�DGGUHVV�FRPSOHWLRQ�URVH�WR������&RPSDUHG�ZLWK�SDUWLFLSDQWV�ZLWK�LQFRPSOHWH
DJH����DGGUHVV�GDWD��WKRVH�ZLWK�FRPSOHWH�GDWD�ZHUH�PRUH�OLNHO\�WR�UHSRUW�D�VWDEOH�SODFH�WR�VOHHS
GXULQJ�ERWK�SUHJQDQF\�DQG�FKLOGKRRG��3DUWLFLSDQWV�ZLWK�FRPSOHWH��YV��LQFRPSOHWH��DJH����DGGUHVV
GDWD�DOVR�UHSRUWHG�KLJKHU�PHDQ�FXUUHQW�QHLJKERUKRRG�VDIHW\�DQG�ORQJHU�UHVLGHQFH�LQ�WKHLU�FXUUHQW
QHLJKERUKRRG�

&RQFOXVLRQ

+LJK�FRPSOHWLRQ�UDWHV�VXSSRUW�WKH�XVH�RI�DGGUHVV�UHFDOO�DV�D�SURPLVLQJ�PHWKRG�IRU�EXLOGLQJ�OLIH�
FRXUVH�UHVLGHQWLDO�KLVWRU\��HVSHFLDOO\�ZKHQ�FRPELQHG�ZLWK�%&�GDWD��0LVVLQJQHVV�ZDV�XQUHODWHG�WR
GHPRJUDSKLFV�EXW�DVVRFLDWHG�ZLWK�FXUUHQW�QHLJKERUKRRG�FKDUDFWHULVWLFV�
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0HQWDO�KHDOWK�IXQFWLRQ

7KH�DVVRFLDWLRQ�EHWZHHQ�WHOOLQJ�DQ�DGXOW�DERXW�EXOO\LQJ�YLFWLPL]DWLRQ�DQG�DGYHUVH�PHQWDO
KHDOWK�RXWFRPHV�GXH�WR�EXOO\LQJ��H[DPLQLQJ�SRVLWLYH�VFKRRO�UHODWLRQVKLSV�DV�D�SRWHQWLDO
PRGHUDWRU�1RDK�:HVWIDOO
�1RDK�:HVWIDOO��-|0DJ�.DUEHDK��.DWLH�%HUU\��.HOO\�6HDUOH�

,QWURGXFWLRQ��([LVWLQJ�UHVHDUFK�LV�PL[HG�DERXW�ZKHWKHU�WHOOLQJ�DQ�DGXOW�DW�VFKRRO�DERXW�EXOO\LQJ
YLFWLPL]DWLRQ�LV�EHQHILFLDO�WR�WKH�YLFWLP��DQG�PD\�DFWXDOO\�H[DFHUEDWH�WKH�VLWXDWLRQ��7KLV�VWXG\
DVVHVVHV�WKH�DVVRFLDWLRQ�EHWZHHQ�WHOOLQJ�DQ�DGXOW�DERXW�EXOO\LQJ�YLFWLPL]DWLRQ�DQG�VHOI�UHSRUWHG
DGYHUVH�PHQWDO�KHDOWK�RXWFRPHV��L�H���QHJDWLYH�LPSDFW�RQ�IDPLO\�DQG�SHHU�UHODWLRQVKLSV��

0HWKRGV��7KLV�GHVFULSWLYH�VWXG\�XVHV�WKH������6FKRRO�&ULPH�6XSSOHPHQW��6&6��WR�WKH�1DWLRQDO
&ULPH�9LFWLPL]DWLRQ�6XUYH\��1&96���D�QDWLRQDOO\�UHSUHVHQWDWLYH�VXUYH\�RI�������\HDU�ROGV�OLYLQJ�LQ
WKH�8QLWHG�6WDWHV�

)LQGLQJV��-XVW�XQGHU�KDOI�������RI�UHVSRQGHQWV��Q �����UHSRUWHG�WHOOLQJ�DQ�DGXOW�DERXW�EXOO\LQJ
YLFWLPL]DWLRQ��,Q�ELYDULDWH�ORJLVWLF�UHJUHVVLRQ�PRGHOV��LQGLYLGXDOV�WKDW�WROG�DQ�DGXOW�DERXW
YLFWLPL]DWLRQ�KDG������&, �����y������WLPHV�WKH�RGGV�RI�UHSRUWLQJ�EXOO\LQJ�KDYLQJ�D�QHJDWLYH�LPSDFW
RQ�UHODWLRQVKLSV�ZLWK�IDPLO\�RU�IULHQGV��:KHQ�FRQWUROOLQJ�IRU�VFKRRO�UHODWLRQVKLS�IDFWRUV��KDYLQJ�D
SHHU�WKDW�OLVWHQV�ZDV�DVVRFLDWHG�ZLWK�����ORZHU�RGGV��&, ������y�������RI�UHSRUWLQJ�D�QHJDWLYH
LPSDFW�RQ�UHODWLRQVKLSV�GXH�WR�EXOO\LQJ�FRPSDUHG�WR�LQGLYLGXDOV�ZLWKRXW�D�SHHU�WKDW�OLVWHQV��)LQDOO\�
WKHUH�LV�HYLGHQFH�WKDW�WKH�UHODWLRQVKLS�YDULHV�EDVHG�RQ�RQH|V�VRFLDO�VXSSRUWV�ZKHQ�DGGHG�DV�DQ
LQWHUDFWLRQ�>��WROG�DGXOW
SHHU�WKDW�OLVWHQV�� ������6(�������S������@�DQG�FRQWUROOLQJ�IRU�EXOO\LQJ
IUHTXHQF\�DQG�VFKRRO�OHYHO��2YHUDOO��LQGLYLGXDOV�WKDW�GLG�QRW�WHOO�DQ�DGXOW�DERXW�YLFWLPL]DWLRQ�DQG
GLGQ|W�UHSRUW�KDYLQJ�D�SHHU�WKDW�OLVWHQV�KDG�WKH�KLJKHVW�SUREDELOLW\�RI�WKH�DGYHUVH�RXWFRPH�DW����
�&, �����y�������,Q�FRQWUDVW��LQGLYLGXDOV�WKDW�GLG�QRW�WHOO�DQ�DGXOW�DERXW�YLFWLPL]DWLRQ��EXW�UHSRUWHG
KDYLQJ�D�SHHU�WKDW�OLVWHQV�KDG�WKH�ORZHVW�SUHGLFWHG�SUREDELOLW\�RI�WKH�DGYHUVH�RXWFRPH�DW������&, 
����y������

&RQFOXVLRQ��7KRXJK�QRW�FDXVDO��WKHVH�ILQGLQJV�VXJJHVW�WKDW�D�XQLYHUVDO�SUHFDXWLRQ�WR�QRW�WHOO�DQ
DGXOW�DERXW�EXOO\LQJ�YLFWLPL]DWLRQ�PD\�EH�LQDSSURSULDWH��GHSHQGLQJ�RQ�WKH�TXDOLW\�RI�VRFLDO�VXSSRUW
RQH�KDV�DW�VFKRRO�
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([DPLQLQJ�)DFWRUV�,QIOXHQFLQJ�3RVLWLYH�0HQWDO�+HDOWK��$�1HXUDO�1HWZRUN�$SSURDFK�
0HPXQD�$VODP
�0HPXQD�$VODP�

0HQWDO�KHDOWK�FKDOOHQJHV�DPRQJ�FROOHJH�VWXGHQWV�KDYH�ULVHQ�VLJQLILFDQWO\��KLJKOLJKWLQJ�WKH�QHHG�WR
EHWWHU�XQGHUVWDQG�WKH�NH\�GHWHUPLQDQWV�LQIOXHQFLQJ�SV\FKRORJLFDO�ZHOO�EHLQJ��8VLQJ�GDWD�IURP�WKH
+HDOWK\�0LQGV�6WXG\��+06������y������FRYHULQJ�VWXGHQWV�DFURVV�����FROOHJHV�LQ�WKH�8QLWHG�6WDWHV�
WKLV�VWXG\�H[DPLQHV�WKH�UHODWLYH�LPSRUWDQFH�RI�IDFWRUV�VXFK�DV�RYHUDOO�KHDOWK��VOHHS�SDWWHUQV��FXUUHQW
ILQDQFLDO�VLWXDWLRQ��VXEVWDQFH�XVH��DQG�REHVLW\�LQ�SUHGLFWLQJ�SRVLWLYH�PHQWDO�KHDOWK�RXWFRPHV�

7UDGLWLRQDO�VWDWLVWLFDO�DSSURDFKHV�RIWHQ�RYHUORRN�FRPSOH[��QRQ�OLQHDU�UHODWLRQVKLSV�DQG�PD\
RYHUVLPSOLI\�KRZ�PXOWLSOH�ULVN�IDFWRUV�LQWHUDFW��7R�DGGUHVV�WKHVH�OLPLWDWLRQV��WKLV�VWXG\�DSSOLHV�DQ
$UWLILFLDO�1HXUDO�1HWZRUN��$11���D�FRPSXWDWLRQDO�PRGHO�LQVSLUHG�E\�KXPDQ�EUDLQ�IXQFWLRQLQJ��WR
LPSURYH�SUHGLFWLRQ�DFFXUDF\�DQG�FDSWXUH�PXOWLGLPHQVLRQDO�LQWHUDFWLRQV�DPRQJ�YDULDEOHV��$IWHU
VWDQGDUG�SUHSURFHVVLQJ�SURFHGXUHV�LQFOXGLQJ�GDWD�FOHDQLQJ��VFDOLQJ��HQFRGLQJ��DQG�GDWDVHW�VSOLWWLQJ�
D�QHXUDO�QHWZRUN�ZLWK�WZR�KLGGHQ�OD\HUV�ZDV�WUDLQHG�XVLQJ�UREXVW�RSWLPL]DWLRQ�WHFKQLTXHV�

5HVXOWV�LQGLFDWH�WKDW�RYHUDOO�JRRG�SK\VLFDO�KHDOWK�KDV�WKH�VWURQJHVW�SRVLWLYH�LPSRUWDQFH�VFRUH�LQ
SUHGLFWLQJ�SRVLWLYH�PHQWDO�KHDOWK��ZKLOH�REHVLW\�VKRZV�WKH�KLJKHVW�QHJDWLYH�LPSRUWDQFH�VFRUH�
6XEVWDQFH�XVH�LV�DOVR�DVVRFLDWHG�ZLWK�D�VXEVWDQWLDO�QHJDWLYH�LQIOXHQFH�RQ�SRVLWLYH�PHQWDO�KHDOWK
RXWFRPHV��,Q�FRQWUDVW��VOHHS�RQ�ZHHNQLJKWV�GHPRQVWUDWHV�D�UHODWLYHO\�QHJOLJLEOH�LPSRUWDQFH�VFRUH�LQ
WKH�PRGHO��$GGLWLRQDOO\��FXUUHQW�ILQDQFLDO�VLWXDWLRQ�VKRZV�D�PHDQLQJIXO�SRVLWLYH�LPSRUWDQFH�VFRUH�
VXJJHVWLQJ�WKDW�EHWWHU�ILQDQFLDO�FRQGLWLRQV�DUH�DVVRFLDWHG�ZLWK�LPSURYHG�PHQWDO�ZHOO�EHLQJ�DPRQJ
VWXGHQWV�

7KHVH�ILQGLQJV�GHPRQVWUDWH�WKDW�$11V�FDQ�HIIHFWLYHO\�FDSWXUH�FRPSOH[�DQG�QRQ�OLQHDU�UHODWLRQVKLSV
WKDW�PD\�EH�PLVVHG�E\�WUDGLWLRQDO�UHJUHVVLRQ�PRGHOV��+RZHYHU��OLPLWDWLRQV�LQFOXGH�UHGXFHG
LQWHUSUHWDELOLW\�GXH�WR�WKH�}EODFN�ER[~�QDWXUH�RI�QHXUDO�QHWZRUNV�DQG�SRWHQWLDO�ULVNV�RI
RYHUJHQHUDOL]DWLRQ��)XWXUH�UHVHDUFK�VKRXOG�LQFRUSRUDWH�DGGLWLRQDO�SV\FKRVRFLDO�DQG�HQYLURQPHQWDO
YDULDEOHV�DQG�H[SORUH�PRUH�DGYDQFHG�QHXUDO�QHWZRUN�DUFKLWHFWXUHV�WR�HQKDQFH�SUHGLFWLYH
SHUIRUPDQFH�DQG�SROLF\�UHOHYDQFH�
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1HLJKERUKRRG�6RFLDO�9XOQHUDELOLW\�DQG�3RVW�3DQGHPLF�$Q[LHW\�DQG�'HSUHVVLRQ�LQ�<RXQJ
$GXOWV�&UDLJ�&DXGLOO
�&UDLJ�&DXGLOO��-RVKXD�*RRGH��&ROWHU�0LWFKHOO��+HOHQ�0HLHU�

%DFNJURXQG��7KH�&29,'����SDQGHPLF�GLVUXSWHG�DGROHVFHQWV|�HGXFDWLRQ�DQG�VRFLDO�HQYLURQPHQWV�
SRWHQWLDOO\�H[DFHUEDWLQJ�PHQWDO�KHDOWK�ULVNV��$Q[LHW\�DQG�GHSUHVVLRQ�DUH�FORVHO\�DVVRFLDWHG�ZLWK
VRFLDO�YXOQHUDELOLW\��\HW�OLWWOH�UHVHDUFK�KDV�H[DPLQHG�KRZ�JOREDO�SDQGHPLFV�LQIOXHQFH�WKLV
UHODWLRQVKLS�

�

2EMHFWLYH��7KLV�VWXG\�H[DPLQHG�WKH�DVVRFLDWLRQ�EHWZHHQ�QHLJKERUKRRG�VRFLDO�YXOQHUDELOLW\�DQG
DQ[LHW\�DQG�GHSUHVVLRQ�DPRQJ�\RXQJ�SHRSOH�IROORZLQJ�WKH�RQVHW�RI�WKH�&29,'����SDQGHPLF��

�

0HWKRGV��'DWD�ZHUH�IURP�WKH�)UDJLOH�)DPLOLHV�DQG�&KLOG�:HOOEHLQJ�6WXG\��))&:6���Q �������
$Q[LHW\�DQG�GHSUHVVLRQ�ZHUH�PHDVXUHG�XVLQJ�WKH�&,',�6)�DW�DJH�����1HLJKERUKRRG�VRFLDO
YXOQHUDELOLW\�ZDV�PHDVXUHG�XVLQJ�WKH�&'&�$76'5�6RFLDO�9XOQHUDELOLW\�,QGH[��69,���LQWHJUDWLQJ
VRFLRHFRQRPLF�VWDWXV��KRXVHKROG�FKDUDFWHULVWLFV��UDFLDO�HWKQLF�PLQRULW\�VWDWXV��DQG�KRXVLQJ
W\SH�WUDQVSRUWDWLRQ��/RJLVWLF�UHJUHVVLRQ�PRGHOHG�WKH�UHODWLRQVKLS�EHWZHHQ�69,�DQG�\RXQJ�DGXOW
DQ[LHW\�DQG�GHSUHVVLRQ��DGMXVWLQJ�IRU�VH[��UDFH��HWKQLFLW\��PRWKHU|V�PDULWDO�VWDWXV��FRKDELWDWLRQ�ZLWK
IDWKHU��PRWKHU|V�HGXFDWLRQ��KRXVHKROG�LQFRPH��DQG�UHVLGHQWLDO�PRELOLW\�

�

5HVXOWV��7RWDO�QHLJKERUKRRG�VRFLDO�YXOQHUDELOLW\�ZDV�DVVRFLDWHG�ZLWK�ORZHU�RGGV�RI�GHSUHVVLRQ
�25 ����������&,������y�������$PRQJ�69,�GRPDLQV��VRFLRHFRQRPLF�VWDWXV��25 ����������&,�
����y������DQG�KRXVHKROG�FRPSRVLWLRQ�GLVDELOLW\��25 ����������&,������y������ZHUH�QHJDWLYHO\
DVVRFLDWHG�ZLWK�GHSUHVVLRQ��7KH�PLQRULW\�VWDWXV�ODQJXDJH�GRPDLQ��25 ����������&,������y������ZDV
WKH�RQO\�GRPDLQ�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�GHFUHDVHG�DQ[LHW\�

�

&RQFOXVLRQV��8QH[SHFWHGO\��JUHDWHU�QHLJKERUKRRG�VRFLDO�YXOQHUDELOLW\�ZDV�DVVRFLDWHG�ZLWK�ORZHU
RGGV�RI�DQ[LHW\�DQG�GHSUHVVLRQ�DPRQJ�\RXQJ�DGXOWV�IROORZLQJ�WKH�&29,'����SDQGHPLF��)XUWKHU
UHVHDUFK�ZLOO�H[DPLQH�SRWHQWLDO�UHVLOLHQFH�PHFKDQLVPV�XQGHUO\LQJ�WKLV�QHJDWLYH�DVVRFLDWLRQ��
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5HODWLRQVKLS�RI�&OLQLFDO�)DFWRUV��6HOI�UHSRUWHG�4XDOLW\�0HWULFV��6RFLDO�'HWHUPLQDQWV�RI
+HDOWK��DQG�7UHDWPHQW�)UHTXHQF\�ZLWK�/RQJ�WHUP�6XLFLGH�6HYHULW\�2XWFRPHV�6DUDK�0D]HQ

6DUDK�0D]HQ��3H\WRQ�:LOOLDPV��$NKLO�5HGG\��1LFKRODV�&DUVRQ��*DUHWK�3DUU\��%HQMDPLQ�&RRN��$OEHUW
/R�

%DFNJURXQG��6XLFLGH�DPRQJ�DGROHVFHQWV�DQG�\RXQJ�DGXOWV�LV�D�PDMRU�SXEOLF�KHDOWK�FRQFHUQ�
KLJKOLJKWLQJ�WKH�QHHG�WR�XQGHUVWDQG�ULVN�DQG�SURWHFWLYH�IDFWRUV��<HW��OLWWOH�LV�NQRZQ�DERXW�WKH
FOLQLFDO��SV\FKRVRFLDO��DQG�WUHDWPHQW�UHODWHG�IDFWRUV�LQIOXHQFLQJ�ORQJ�WHUP�VXLFLGH�RXWFRPHV��7KLV
VWXG\�DLPV�WR�LGHQWLI\�VXFK�IDFWRUV�DPRQJ�\RXWK�UHFHLYLQJ�FRPPXQLW\�EHKDYLRUDO�KHDOWK��%+��FDUH�

0HWKRGV��7KH�VWXG\�LQFOXGHG�����DGROHVFHQWV�ZKR�UHFHLYHG�RXWSDWLHQW��%+�WUHDWPHQW�LQ�D�VDIHW\�
QHW�KHDOWK�V\VWHP��,Q�������SDUWLFLSDQWV�FRPSOHWHG�D�IROORZ�XS�VXUYH\��LQFOXGLQJ�WKH��&RPSXWHUL]HG
$GDSWLYH�7HVW�y�0HQWDO�+HDOWK��&$7�0+��IRU�FXUUHQW�VXLFLGH�ULVN�DQG�WZR�UHWURVSHFWLYH�VHOI�UHSRUW
PHDVXUHV��WUHDWPHQW�H[SHULHQFHV��&RQVXPHU�$VVHVVPHQW�RI�+HDOWKFDUH�3URYLGHUV�DQG�6\VWHPV�
&$+36��DQG�VRFLDO�GHWHUPLQDQWV�RI�KHDOWK��&211(&7�6���&RYDULDWHV�DVVRFLDWHG�ZLWK�VXLFLGH�VHYHULW\
ZHUH�LGHQWLILHG�XVLQJ�D�/$662�PRGHO�LQFOXGLQJ�(+5�EDVHG�VRFLRFRQWH[WXDO��GLDJQRVWLF��DQG�VHUYLFH
XVH�YDULDEOHV��WLPH�WR�IROORZ�XS��&211(&7�6�DQG�&$+36�VFRUHV��2UGLQDU\�/HDVW�6TXDUHG��2/6�
UHJUHVVLRQ�SURYLGHG��HVWLPDWHV�RI�WKH�DVVRFLDWLRQV�EHWZHHQ�/$662�VHOHFWHG�FRYDULDWHV�DQG
WUHDWPHQW�IUHTXHQF\�����YV����YLVLWV�SHU���PRQWK�TXDUWHU��DQG�LQWHUDFWLRQ�EHWZHHQ�&$+36�DQG
WUHDWPHQW�IUHTXHQF\�

5HVXOWV��7HQ�FRYDULDWHV�ZHUH�VHOHFWHG�E\�WKH�/$662�PRGHO��2/6�IRXQG�WKDW�DQ\�HPHUJHQF\
GHSDUWPHQW�XVH�GXULQJ�WKH�LQLWLDO�WUHDWPHQW�SHULRG�ZDV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�LQ�VXLFLGH
VHYHULW\�RI������>����&,������������S� �����@��3UHOLPLQDU\�HYLGHQFH�LQGLFDWHG�WKDW�KLJKHU�WUHDWPHQW
IUHTXHQF\�ZDV�DVVRFLDWHG�ZLWK�ORZHU�VXLFLGH�ULVN�VHYHULW\�DSSUR[LPDWHO\�ILYH�\HDUV�ODWHU�DPRQJ
\RXWK�UHSRUWLQJ�PRUH�SRVLWLYH�FDUH�H[SHULHQFHV��LQ�WKLV�JURXS��D���SRLQW�LQFUHDVH�LQ�FDUH�UDWLQJ
FRUUHVSRQGHG�WR�D������UHGXFWLRQ�LQ�VXLFLGH�VHYHULW\�>����&,��������������S� �����@�

&RQFOXVLRQV��3UHOLPLQDU\�ILQGLQJV�VXJJHVW�KLJKHU�LQWHQVLW\�FDUH�LV�RQO\�OLNHO\�WR�EH�RI�YDOXH�LI�LW�LV�RI
KLJK�SDWLHQW�UHSRUWHG�TXDOLW\��/DUJHU�VDPSOH�FRQILUPDWRU\�VWXGLHV�DUH�QHHGHG�
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0HQWDO�+HDOWK�DQG�6XEVWDQFH�8VH�$PRQJ�8�6��0HGLFDO�6WXGHQWV�)ROORZLQJ�WKH�'REEV�Y�
-DFNVRQ�:RPHQiV�+HDOWK�2UJDQL]DWLRQ�'HFLVLRQ��$OD[DQGULD�&UDZIRUG
�$OD[DQGULD�&UDZIRUG�
3DUYDWL�6LQJK�

7KH�8�6��6XSUHPH�&RXUW|V�GHFLVLRQ�LQ�'REEV�Y��-DFNVRQ�:RPHQ|V�+HDOWK�2UJDQL]DWLRQ�FKDQJHG�WKH
QDWLRQDO�ODQGVFDSH�RI�DERUWLRQ�FDUH��)RU�PHGLFDO�SURIHVVLRQDOV��WKLV�GHFLVLRQ�PD\�KDYH�LQWURGXFHG
XQLTXH�VWUHVVRUV��LQFOXGLQJ�FRQFHUQV�DERXW�SURYLGLQJ�HYLGHQFH�EDVHG�FDUH��OHJDO�ULVNV��XQFHUWDLQW\
DERXW�FOLQLFDO�WUDLQLQJ��DQG�WKH�IXWXUH�RI�UHSURGXFWLYH�FDUH�SUDFWLFH��7KHVH�FKDOOHQJHV�PD\�KDYH
EHHQ�SDUWLFXODUO\�VDOLHQW�DPRQJ�PHGLFDO�VWXGHQWV�DQG�WUDLQHHV��:H�H[DPLQHG�ZKHWKHU
WKH�'REEV�GHFLVLRQ�SUHFHGHG�DGYHUVH�PHQWDO�KHDOWK�RXWFRPHV�DPRQJ�PHGLFDO�VWXGHQWV�LQ�WKH�8�6��
IURP�)DOO������WR�:LQWHU������

:H�UHWULHYHG�GDWD�RQ�PHQWDO�KHDOWK�RXWFRPHV�DPRQJ�PHGLFDO�VWXGHQWV�IURP�WKH�+HDOWK�0LQGV�6WXG\
y�6WXGHQW�6XUYH\�GDWDEDVH��D�UHSHDWHG�FURVV�VHFWLRQDO�QDWLRQDOO\�UHSUHVHQWDWLYH�VXUYH\�RI�FROOHJH
VWXGHQWV�LQ�WKH�8�6��:H�GHILQHG�RXU�H[SRVXUH�DV�WKH�WLPLQJ�RI�WKH�'REEV�GHFLVLRQ��GHILQHG�DV�SUH�
'REEV��WKURXJK�:LQWHU�������DQG�SRVW�'REEV��)DOO������RQZDUG���%LQDU\�RXWFRPHV�LQFOXGHG��FOLQLFDO
GHSUHVVLRQ��FOLQLFDO�DQ[LHW\��VXLFLGDOLW\��QRQ�VXLFLGDO�VHOI�LQMXU\��DQG�VXEVWDQFH�XVH��:H�FRQGXFWHG
GLIIHUHQFH�LQ�GLIIHUHQFH�DQDO\VLV�XVLQJ��VXUYH\�ZHLJKWHG��ORJLVWLF�UHJUHVVLRQ�PRGHOV��7KH�LQWHUDFWLRQ
EHWZHHQ�WKH�'REEV�LQGLFDWRU��UHIHUHQW� �SUH�'REEV�SHULRG��DQG�PHGLFDO�VWXGHQW�VWDWXV��UHIHUHQW� 
DOO�RWKHU�VWXGHQWV��VHUYHG�DV�WKH�PDLQ�FRHIILFLHQW�RI�LQWHUHVW�

2YHUDOO��ZH�REVHUYHG�QR�FKDQJH�LQ�DQ\�RI�RXU���RXWFRPHV�SUH��YHUVXV�SRVW�'REEV�DFURVV�DOO�VWXGHQWV�
+RZHYHU��PHGLFDO�VWXGHQWV�H[KLELWHG�KLJKHU�RGGV�RI�DGYHUVH�PHQWDO�KHDOWK�RXWFRPHV��UHODWLYH�WR�DOO
RWKHU�VWXGHQWV��IROORZLQJ�WKH�'REEV�GHFLVLRQ��7KHVH�LQFOXGHG�FOLQLFDO�GHSUHVVLRQ��25 �����
&,�������������VXEVWDQFH�XVH��25 ������&,������������DQG�QRQ�VXLFLGDO�VHOI�LQMXU\��25 �����
&,�������������:H�IDLOHG�WR�UHMHFW�WKH�QXOO�IRU�FOLQLFDO�DQ[LHW\��25 ������&,������������DQG�VXLFLGDO
LGHDWLRQ��25 ������&,������������

7KH�'REEV�GHFLVLRQ�SUHFHGHG�LQFUHDVHG�FOLQLFDO�GHSUHVVLRQ��VHOI�KDUP��DQG�VXEVWDQFH�XVH�DPRQJ
PHGLFDO�VWXGHQWV�LQ�WKH�8�6�
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&DQQDELV�XVH�WUDMHFWRULHV�DQG�PHQWDO�KHDOWK�DPRQJ�86�$GXOWV�&HOLQD�0RUDOHV
�&HOLQD
0RUDOHV�

,QWURGXFWLRQ��,Q�WKH�8QLWHG�6WDWHV��FDQQDELV�LV�EHFRPLQJ�PRUH�UHDGLO\�DFFHVVLEOH�GXH�WR�UHFHQW
OHJLVODWLYH�FKDQJHV��+RZHYHU��FDQQDELV�LV�DVVRFLDWHG�ZLWK�DGYHUVH�PHQWDO�KHDOWK�RXWFRPHV��SRVLQJ�D
VLJQLILFDQW�SXEOLF�KHDOWK�FRQFHUQ��0RUH�ORQJLWXGLQDO�UHVHDUFK�LV�QHHGHG�WR�H[DPLQH�FDQQDELV�XVH
WUDMHFWRULHV�RYHU�WLPH�DQG�DVVRFLDWHG�PHQWDO�KHDOWK�WUHQGV��,Q�WKLV�VWXG\��ZH�ILUVW�H[DPLQH�SDVW�\HDU
FDQQDELV�XVH�WUDMHFWRULHV�DFURVV�IRXU�FRQVHFXWLYH�ZDYHV�WR�XQGHUVWDQG�ORQJLWXGLQDO�SDWWHUQV�RI�XVH�
:H�WKHQ�GHWHUPLQHG�ZKHWKHU�DGXOWV�ZLWK�KLJK�FDQQDELV�XVH�ZHUH�PRUH�OLNHO\�WR�KDYH�ORZHU�PHQWDO
KHDOWK�VFRUHV�RYHU�WLPH�WKDQ�DGXOWV�ZLWK�ORZ�RU�QR�FDQQDELV�XVH�

�

0HWKRG��:H�XVH�GDWD�IURP�WKH�3RSXODWLRQ�$VVHVVPHQW�RI�7REDFFR�DQG�+HDOWK��D�QDWLRQDO
ORQJLWXGLQDO�SURMHFW�WKDW�PHDVXUHV�VXEVWDQFH�XVH�DW�\HDUO\�LQWHUYDOV��:H�XVHG�IRXU�FRQVHFXWLYH�\HDUV
RI�GDWD��&DQQDELV�XVH�ZDV�PHDVXUHG�DV�DQ\�SDVW�\HDU�XVH��0HQWDO�KHDOWK�ZDV�PHDVXUHG�XVLQJ�WKH
3DWLHQW�5HSRUWHG�2XWFRPHV�0HDVXUHPHQW�,QIRUPDWLRQ�6\VWHP�VFDOH��:H�HPSOR\HG�JURXS�EDVHG
WUDMHFWRU\�PRGHOLQJ�WR�FODVVLI\�FDQQDELV�XVH�WUHQGV��DQG�FRQGXFWHG�D�JHQHUDOL]HG�HVWLPDWLQJ
HTXDWLRQ�DQDO\VLV�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�FDQQDELV�XVH�WUDMHFWRULHV�DQG�PHQWDO
KHDOWK�RYHU�WLPH�

�

5HVXOW��7ZR�WUDMHFWRU\�JURXSV�ZHUH�LGHQWLILHG��D�ORZ�QR�XVH�JURXS�������DQG�D�KLJK�LQFUHDVLQJ
JURXS��������&RPSDUHG�ZLWK�WKH�ORZ�DQG�QR�XVH�JURXS��WKH�KLJK�DQG�LQFUHDVLQJ�XVH�JURXS�KDG
VLJQLILFDQWO\�ORZHU�PHQWDO�KHDOWK�VFRUHV��� ������������&,���������������S���������DQG�PHQWDO�KHDOWK
VFRUHV�UHPDLQHG�FRQVWDQW�RYHU�WLPH�

�

&RQFOXVLRQ��2XU�VWXG\�GHVFULEHV�WKH�FDQQDELV�XVH�SURILOHV�RI�WKH�JHQHUDO�DGXOW�SRSXODWLRQ�LQ�WKH
86��&RQVLVWHQW�FDQQDELV�XVH�DFURVV�\HDUV�LV�OLQNHG�ZLWK�SRRUHU�PHQWDO�KHDOWK�RYHU�WLPH��7KHVH
ILQGLQJV�PD\�EH�XVHG�E\�SUDFWLWLRQHUV�WR�LGHQWLI\�DGXOWV�DW�D�KLJK�ULVN�RI�SRRU�PHQWDO�KHDOWK�DQG
SURYLGH�JXLGDQFH�ZKHQ�QHHGHG��7KH�UDSLGO\�DFFHVVLEOH�FDQQDELV�HQYLURQPHQW�PD\�LQFUHDVH�WKH�ULVN
RI�SRRU�PHQWDO�KHDOWK�DPRQJ�DGXOWV�ZKR�PD\�XVH�LW�
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&RUUHODWLRQ�LV�1RW�3UHGLFWLRQ��6HOI�$VVHVVHG�2YHUDOO�+HDOWK�DV�D�3UHGLFWRU�RI�0RUWDOLW\�5RE
:DUUHQ
�5RE�:DUUHQ�

,�TXDQWLI\�WKH�GHJUHH�WR�ZKLFK�SHRSOH|V�VHOI�DVVHVVHG�RYHUDOO�KHDOWK��6$2+��SUHGLFWV�WKHLU
VXEVHTXHQW�PRUWDOLW\��3ULRU�UHVHDUFK�KDV�MXVWLILHG�XVLQJ�WKLV�PHDVXUH�LQ�VXEVWDQWLYH�UHVHDUFK�E\
FODLPLQJ�LW�KDV�KLJK�SUHGLFWLYH�YDOLGLW\��PDQ\�DXWKRUV�VXEVHTXHQWO\�VXJJHVW�WKDW�WKH�PHDVXUH�KDV
FOLQLFDO�XWLOLW\�EHFDXVH�RI�LWV�YDOLGLW\�LQ�SUHGLFWLQJ�PRUWDOLW\��,�FRPSXWHG�ULVN�RI�GHDWK�ZLWKLQ���������
DQG����\HDUV�DV�D�IXQFWLRQ�RI�UHVSRQVHV�DW�EDVHOLQH�WR�D�TXHVWLRQ�DERXW�ZKHWKHU�SHRSOH|V�KHDOWK�LV
JHQHUDOO\�H[FHOOHQW��YHU\�JRRG��JRRG��IDLU��RU�SRRU��'DWD�FRPH�IURP�WKH������WR������8�6��1DWLRQDO
+HDOWK�,QWHUYLHZ�6XUYH\V�DQG�WKH�����������+LJK�6FKRRO�DQG�%H\RQG�VWXG\zHDFK�OLQNHG�WR
PRUWDOLW\�UHFRUGV��3HRSOH�RIIHULQJ�ZRUVH�UDWLQJV�RI�WKHLU�KHDOWK�ZHUH�VXEVWDQWLDOO\�PRUH�OLNHO\�WR�GLH
ZLWKLQ����������DQG����\HDUV��1HYHUWKHOHVV��6$2+�KDV�ORZ�VHQVLWLYLW\�DQG�D�KLJK�IDOVH�SRVLWLYH�UDWH
�UHJDUGOHVV�RI�KRZ�LW�LV�GLFKRWRPL]HG���5HVXOWV�DUH�FRQVLVWHQW�DFURVV�VDPSOHV�DQG�VRFLRGHPRJUDSKLF
JURXSV��6$2+�LV�DQ�LPSRUWDQW�PHDVXUH�RI�ZHOO�EHLQJ�DQG�VKRXOG�FRQWLQXH�WR�EH�XVHG�LQ
HSLGHPLRORJLFDO�DQG�RWKHU�UHVHDUFK��+RZHYHU��LW�LV�QRW�SUHGLFWLYH�RI�LQGLYLGXDO�OHYHO�PRUWDOLW\��FODLPV
DERXW�LWV�FOLQLFDO�XWLOLW\�IRU�WDUJHWLQJ�LQWHUYHQWLRQV�RU�UHVRXUFHV�DW�SHRSOH�DW�KLJKHVW�ULVN�RI�GHDWK�DUH
QRW�VXSSRUWHG�
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)URP�3RSFRUQ�WR�3RSXODWLRQ��,PSURYLQJ�0HWKRGV�IRU�(VWLPDWLQJ�WKH�1XPEHU�RI�3HRSOH
:KR�,QMHFW�'UXJV�%RZ�6XSUDVHUW
�%RZ�6XSUDVHUW�

%DFNJURXQG

7KUHH�6DPSOH�&DSWXUH�5HFDSWXUH���6�&5&��LV�FRQVLGHUHG�WKH�JROG�VWDQGDUG�PHWKRG�IRU�HVWLPDWLQJ
WKH�VL]H�RI�KLGGHQ�SRSXODWLRQV��7KH�DSSURDFK�UHOLHV�RQ���RU�PRUH�OLVWV�RI�WKH�WDUJHW�SRSXODWLRQ��H�J��
UHFHLYLQJ�VHUYLFHV��RXWUHDFK�LQWHUFHSWV��DQG�PRGHOV�WKH�WRWDO�QXPEHU�EDVHG�RQ�WKH�SUREDELOLWLHV�RI
DSSHDULQJ�LQ�������RU���}FDSWXUHV~��+RZHYHU���6�&5&�SUHVHQWV�WKHRUHWLFDO�DQG�SUDFWLFDO�FKDOOHQJHV�
LQFOXGLQJ�����PLVDOLJQHG�GHILQLWLRQV�RI�WKH�SRSXODWLRQ�����QRQ�LQGHSHQGHQFH�EHWZHHQ�FDSWXUHV����
PLVVLQJ�LPSRUWDQW�VXE�SRSXODWLRQV�����GXSOLFDWHV�ZLWKLQ�FDSWXUH�URXQGV��DQG����PDWFKLQJ�LQGLYLGXDOV
DFURVV�URXQGV��,Q�XSGDWLQJ�HVWLPDWHV�IRU�WKH�QXPEHU�RI�SHRSOH�ZKR�LQMHFW�GUXJV��3:,'��LQ�6DQ
)UDQFLVFR��ZH�GHYHORSHG�LQQRYDWLRQV�WR�DGGUHVV�WKHVH�LVVXHV�

$SSURDFK

&DSWXUHV�XVLQJ�VHUYLFH�GDWDEDVHV�RIWHQ�KDG�PLVDOLJQHG�GHILQLWLRQV�RI�3:,'��L�H���LQMHFWLRQ�QRW
UHFRUGHG���SODFH��L�H���JHRJUDSKLF�DUHD���DQG�WLPH��L�H���SDVW�\HDU�LQMHFWLRQ���DQG�KDG�LQFRPSOHWH
LGHQWLILHUV��:H�WKHUHIRUH�UHFRPPHQG���ILHOG�FDSWXUHV��7R�LPSURYH�LQGHSHQGHQFH�EHWZHHQ�FDSWXUHV�
VDPSOLQJ�PHWKRGV�ZHUH�GLYHUVLILHG�XVLQJ�VWUHHW�LQWHUFHSWV��URXQGV���DQG����DQG�UHVSRQGHQW�GULYHQ
VDPSOLQJ��5'6��URXQG�����5'6��D�SHHU�UHIHUUDO�UHFUXLWPHQW�PHWKRG��UHDFKHV�OHVV�YLVLEOH�VXEJURXSV
DQG�DOORZV�WKH�FROOHFWLRQ�RI�ELRORJLFDO�VSHFLPHQV�DQG�LQ�GHSWK�EHKDYLRUDO�GDWD��)RUPDWLYH�PDSSLQJ
HQVXUHV�JHRJUDSKLF�DOLJQPHQW�DQG�LQFOXVLRQ�RI�VXEJURXSV��$�����LQFHQWLYH�IRU�DOO�VFUHHQHG
�UHJDUGOHVV�RI�HOLJLELOLW\��GLVFRXUDJHV�IDOVLI\LQJ�FULWHULD�DQG�UHGXFHV�ZLWKLQ�URXQG�GXSOLFDWLRQ�
'LVWLQFW�FRORUHG�SRSFRUQ�IDFLOLWDWHV�UHFDOO�RI�SDUWLFLSDWLRQ�LQ�WKH�FXUUHQW�DQG�SULRU�URXQGV��ERWK
QHHGHG�WR�PHDVXUH�FDSWXUH�UHFDSWXUH�SUREDELOLWLHV��0DWFKLQJ�EHWZHHQ�URXQGV�XVHV�D�XQLTXH
DOSKDQXPHULF�FRGH�IURP�SDUWLFLSDQW�NQRZQ�HOHPHQWV��H�J���LQLWLDOV��GDWHV��ZKLOH�PDLQWDLQLQJ
DQRQ\PLW\��)LQDOO\��ZH�DGYRFDWH�FKDQJLQJ�WKH�}FDSWXUH�UHFDSWXUH~�WHUPLQRORJ\�WR�WKH�KXPDQ�
FHQWHUHG�}0XOWLSOH�(QJDJHPHQW�6L]H�(VWLPDWLRQ~�ZKHQ�UHIHUULQJ�WR�WKLV�JROG�VWDQGDUG�PHWKRG�
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$QDO\]LQJ�0RGHUQ�'DWD�4XDOLW\�&RQWURO�$SSURDFKHV�RQ�&URZGVRXUFHG�'DWD�IURP�3UROLILF
-RQ�$JOH\
�-RQ�$JOH\��<XQ\X�;LDR��0LN\RXQJ�-XQ�

,QWURGXFWLRQ��&URZGVRXUFHG�UHVHDUFK�VWXGLHV�FRQGXFWHG�XVLQJ�WRROV�OLNH�$PD]RQ|V�0HFKDQLFDO
7XUN�DQG�3UROLILF�UHSUHVHQW�SRWHQWLDO�RSSRUWXQLWLHV�WR�UDSLGO\�VWXG\�LVVXHV�RI�LQWHUHVW�WR�WKH
SRSXODWLRQ�KHDOWK�VFLHQFHV��8QIRUWXQDWHO\��WKHUH�DUH�PDQ\�IDFWRUV�WKDW�FDQ�UHGXFH�WKH�TXDOLW\�RI�GDWD
REWDLQHG�IURP�WKHVH�SODWIRUPV��6XFK�ULVNV�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��UHVSRQGHQWV|�LQDWWHQWLRQ�RU
GLVKRQHVW\��ERWV��YLUWXDO�SULYDWH�QHWZRUNV��DQG�QRZ��ODUJH�ODQJXDJH�PRGHOV��//0V��DQG�FRPSXWHU�
XVLQJ�DVVLVWDQWV��&8$V��

2EMHFWLYH��*LYHQ�3UROLILF|V�H[WHQVLYH�LGHQWLW\�YHULILFDWLRQ�SURFHGXUHV��LQFOXGLQJ�XQVFKHGXOHG��OLYH
YLGHR�PRQLWRULQJ�WR�SUHYHQW�//0�XVH��ZH�FKRVH�WKDW�SODWIRUP�WR�DVVHVV����VWXG\�OHYHO�PRGLILFDWLRQV
WR�IDFLOLWDWH�GDWD�TXDOLW\�FRQWURO�

0HWKRG��:H�UHFUXLWHG�D�86�EDVHG�QDWLRQDOO\�UHSUHVHQWDWLYH�VDPSOH�E\�FURVV�VHFWLRQV�RI�DJH�
UDFH�HWKQLFLW\��DQG�VH[�IURP�3UROLILF��Q �����WR�DQDO\]H�UDZ�TXDOLW\�FKHFN�IDLOXUH�FRXQWV�IRU�HDFK�RI
���DSSURDFKHV��LGHQWLI\�WKH�WRWDO�FRXQW�RI�IDLOHG�FKHFNV�SHU�SDUWLFLSDQW��DQG�REWDLQ�VWUHQJWK�RI�
DVVRFLDWLRQ�GDWD�IRU�HDFK�ELYDULDWH�SDLU�RI�FRQWURO�FKHFNV��L�H���ZKHWKHU�D�JLYHQ�SDLU�RI�IDLOHG�FKHFNV
LV�OLNHO\�WR�FR�RFFXU��DQG�WKH�VWUHQJWK�RI�WKDW�DVVRFLDWLRQ��

5HVXOWV��2I�WKH�����SDUWLFLSDQWV��������������GLG�QRW�IDLO�DQ\�FKHFNV�������������IDLOHG�RQH�FKHFN�
����������IDLOHG�WZR�FKHFNV��DQG����������IDLOHG�WKUHH�FKHFNV��2QO\�RQH�SDLU�RI�TXDOLW\�FKHFNV�ZHUH
VWURQJO\�DVVRFLDWHG��SRVLWLYH�YDOHQFH�DQG�QHJDWLYH�YDOHQFH�//0�MDLOEUHDNLQJ�SURPSWV��9 �����
S�������

'LVFXVVLRQ��:H�ZLOO�KLJKOLJKW�LPSOLFDWLRQV�IRU�IXWXUH�FURZGVRXUFHG�VWXGLHV��LQFOXGLQJ�WKH�OLNHO\
LPSRUWDQFH�RI�XVLQJ�PXOWLSOH�GLIIHUHQW�FKHFNV�JLYHQ�D�ODFN�RI�VWURQJ�DVVRFLDWLRQV�EHWZHHQ�IDLOHG
FKHFNV��:H�DOVR�GLVFXVV�QXDQFHV�IRU�FRQGXFWLQJ�FKHFNV�XVLQJ�SURPSW�OHDNLQJ�WH[W�DQG�DGGUHVV
RQJRLQJ�FRQFHUQV�DERXW�WKH�ODFN�RI�}JURXQG�WUXWK~�SUHYDOHQFH�GDWD�RQ�//0�DQG�&8$�XVH�E\
SDUWLFLSDQWV�

'LVFORVXUH��3RUWLRQV�RI�WKLV�DEVWUDFW��LQFOXGLQJ�VRPH�YHUEDWLP�WH[W��DUH�IURP�D�MRXUQDO�DUWLFOH�XQGHU
UHYLHZ�
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([DPLQLQJ�ERG\�PDVV�LQGH[�DPRQJ�WKH�,QGLJHQRXV�6KXDU�RI�(FXDGRU��$SSOLFDWLRQ�
OLPLWDWLRQV��DQG�SRSXODWLRQ�VSHFLILF�FXWRIIV�$ODQQD�0HOFKRU
�$ODQQD�0HOFKRU��0DGHOHLQH�*HW]�
0HOLVVD�/LHEHUW��)HOLFLD�0DGLPHQRV��6DPXHO�8UODFKHU��-RVKXD�6FKURFN��7KHUHVD�*LOGQHU��&�-�
+DUULQJWRQ��$OLFLD�'H�/RXL]H��7DUD�&HSRQ�5RELQV��$DURQ�%ODFNZHOO��'RUVD�$PLU��-��-RVK�6QRGJUDVV�
/DZUHQFH�6XJL\DPD�

%RG\�PDVV�LQGH[��%0,���ZDLVW�FLUFXPIHUHQFH��:&���ZDLVW�WR�VWDWXUH�UDWLR��:65���DQG�VXP�RI
VNLQIROGV��6R6��DUH�ZLGHO\�XVHG�SUR[\�PHDVXUHV�RI�DGLSRVLW\�ZLWK�YDULDEOH�SHUIRUPDQFH�DFURVV
SRSXODWLRQV��*LYHQ�WKH�UHODWLRQVKLS�EHWZHHQ�ERG\�IDW�DQG�FDUGLRPHWDEROLF�GLVHDVH��%0,��:&��DQG
:65�DUH�RIWHQ�XVHG�LQ�FOLQLFDO�DQG�SXEOLF�KHDOWK�VHWWLQJV�WR�VFUHHQ�IRU�ULVN��%HFDXVH�ERG\
FRPSRVLWLRQ��ERG\�VL]H��DQG�IDW�GLVWULEXWLRQ�YDU\�EHWZHHQ�SRSXODWLRQV��WKHVH�PHDVXUHV�DUH
VWUHQJWKHQHG�XVLQJ�SRSXODWLRQ�VSHFLILF�PRUELGLW\�ULVN�WR�GHWHUPLQH�WKUHVKROGV�IRU�REHVLW\�
8QIRUWXQDWHO\��IHZ�UHIHUHQFHV�DUH�DYDLODEOH�IRU�,QGLJHQRXV�SRSXODWLRQV��SDUWLFXODUO\�WKRVH
XQGHUJRLQJ�UDSLG�PDUNHW�LQWHJUDWLRQ�DQG�H[SHULHQFLQJ�LQFUHDVHG�EXUGHQV�RI�FDUGLRYDVFXODU�DQG
PHWDEROLF�GLVHDVH��+HUH��ZH�FRPSDUH�WKH�DFFXUDF\�RI�%0,��:&��:65��DQG�6R6�LQ�SUHGLFWLQJ
PHWDEROLF�KHDOWK�LQ�(FXDGRULDQ�6KXDU�XVLQJ�ELRPDUNHUV�FROOHFWHG�DV�SDUW�RI�WKH�FRPPXQLW\�
FHQWHUHG��ORQJ�WHUP�6KXDU�+HDOWK�DQG�/LIH�+LVWRU\�3URMHFW��:H�FRPSDUH�WKH�UHVXOWV�RI�WKH�SUR[\
PHDVXUHV�DQG�H[DPLQH�HVWDEOLVKLQJ�SRSXODWLRQ�VSHFLILF�FXWRIIV�IRU�FOLQLFDO�FDWHJRULHV�XVLQJ�PHWDEROLF
V\QGURPH�WR�LPSURYH�WKH�DFFXUDF\�RI�VFUHHQLQJ�WRROV��5HVXOWV�VKRZ�%0,�KDV�WKH�KLJKHVW�FRUUHODWLRQ
ZLWK�PHWDEROLF�PDUNHUV�LQ�WKH�SRSXODWLRQ��DQG�PDWFKLQJ�PHWDEROLF�V\QGURPH�SUHYDOHQFH�WR�8�6�
UHIHUHQFHV�UDLVHV�WKH�RYHUZHLJKW�DQG�REHVLW\�WKUHVKROGV�WR���NJ�P��DQG����NJ�P���7KHVH�UHVXOWV
UHGXFH�WKH�SUHYDOHQFH�RI�RYHUZHLJKW�DQG�REHVLW\�LQ�WKH�6KXDU�DQG�DUH�GLVWLQFW�IURP�RWKHU�SRSXODWLRQ�
VSHFLILF�%0,�WKUHVKROGV��7KHVH�ILQGLQJV�DUH�LPSRUWDQW�IRU�XQGHUVWDQGLQJ�KRZ�PHWDEROLF�KHDOWK�DQG
H[FHVV�DGLSRVLW\�LQWHUDFW�WKURXJK�SRSXODWLRQ�OHYHO�UHVHDUFK��DQG�IRU�LQWHUSUHWLQJ�KHDOWK�LQIRUPDWLRQ
IRU�SDUWLFLSDQWV�DQG�KHDOWKFDUH�SDWLHQWV�
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7RXFKLQJ�*UDVV�LQ�D�'LJLWDO�:RUOG��+RZ�6RFLDOV9RLFH�5HLPDJLQHV�3DUWLFLSDWRU\�0L[HG
0HWKRGV�WR�0D[LPL]H�,PSDFW�RI�6RFLDO�0HGLD�DQG�0HQWDO�+HDOWK�5HVHDUFK�0HOLVVD�'X3RQW�
5H\HV
�0HOLVVD�'X3RQW�5H\HV��$OLFH�9LOODWRUR��9LFWRULD�0HOOR��/X�7DQJ�

%DFNJURXQG��7R�VXSSRUW�SDUWLFLSDWRU\�UHVHDUFK�DERXW�VRFLDO�PHGLD��60��DQG�PHQWDO�KHDOWK��ZH�FR�
GHVLJQHG�6RFLDOV9RLFH�ZLWK�FRPPXQLW\�VWDNHKROGHUVzD�3KRWRYRLFH�DGDSWDWLRQ�XVLQJ�60��WKHRU\��DQG
D�FRQYHUJHQW�PL[HG�PHWKRGV�UDQGRPL]HG�GHVLJQ��3ULRU�VWXGLHV�KDYH�H[FOXGHG�TXDOLWDWLYH�DQG�60
QDUUDWLYHV�IURP�\RXWK�DQG�LQVWHDG�UHOLHG�RQ�VXUYH\�RU�VPDUWSKRQH�GDWD��OLPLWLQJ�WUXVW�DQG�LPSDFW�

0HWKRG��,Q�������\RXWK�DJHV��������1 ����IURP�8�6��FRPPXQLW\�EDVHG�RUJDQL]DWLRQV�ZHUH�UDQGRPO\
DVVLJQHG�WR�VKDUH�60�FOLSV�VKRZLQJ�PHQWDO�KHDOWK�SRVLWLYH�RU�QHJDWLYH�FRQWHQW�DV�GHILQHG�E\�\RXWK�
,Q���YLGHR�FKDW�JURXS�VHVVLRQV��\RXWK�GLVFXVVHG�FOLSV��DXWKRUHG�FDSWLRQV��VFUHHQHG�FR�FUHDWHG
VXPPDU\�YLGHRV��DQG�FRPSOHWHG�SUH�SRVWWHVWV��'DWD�IURP�60�DQG�TXDOLWDWLYH�FRGHV��ZHUH
WULDQJXODWHG�ZLWK�$129$�VWDWLVWLFV�WR�H[SORUH�SDUWLFLSDWRU\�HIIHFWV�DQG�PHWD�LQIHUHQFHV�RQ�PHQWDO
KHDOWK�V\PSWRPV��VHOI�SHUFHSWLRQV��VWLJPD��DQG�60�XVH�EHKDYLRUV�

5HVXOWV��7KH�QHJDWLYH�YV�SRVLWLYH�WKHPH�JURXS�LPSURYHG�&(6�'&�DQG�3+4���VFRUHV��S�������,Q
FRQWUDVW��WKH�SRVLWLYH�YV�QHJDWLYH�JURXS�UHSRUWHG�LPSURYHG�VHOI�UDWHG�PHQWDO�KHDOWK��S�������0HQWDO
LOOQHVV�NQRZOHGJH�DWWLWXGHV�GHFOLQHG�LQ�ERWK�JURXSV�ZKLOH�VRFLDO�GLVWDQFH�LPSURYHG�LQ�WKH�QHJDWLYH
JURXS�RQO\��WKHVH�WUHQGV�ZHUH�QRW�VLJQLILFDQW��7KH�QHJDWLYH�YV�SRVLWLYH�JURXS�UHGXFHG
QHXURELRORJLFDO�DQG�LQFUHDVHG�SV\FKRVRFLDO�FDXVDO�DWWULEXWLRQV��S�������/DVWO\�WKH�QHJDWLYH�YV
SRVLWLYH�JURXS�UHGXFHG�60�SUREOHP�XVH��VRFLDO�FRQWDFW��SHHU�FRPSDULVRQ��DQG�ERG\�LPDJH�FRQFHUQV�
WKRXJK�QRW�VLJQLILFDQW��7KH�SUHVHQWDWLRQ�ZLOO�VKDUH�MRLQW�GLVSOD\�WDEOHV�RI�PHDQ�VFRUHV�ZLWK�60�DQG
TXDOLWDWLYH�H[FHUSWV�WR�IRUP�PHWD�LQIHUHQFHV��FRQILUPDWLRQ��GLVFRUGDQFH��H[SDQVLRQ��

&RQFOXVLRQ��6RFLDOV9RLFH�JRHV�EH\RQG�W\SLFDO�GDWD�VFLHQFH�E\�SRZHU�VKDULQJ�WR�FR�FUHDWH�DQ
LQWHJUDWHG�GDWDEDVH�RI�UHDO�ZRUOG�60�H[SHULHQFHV�GRFXPHQWLQJ�ERWK�WKH�KDUPV�DQG�EHQHILWV�RI�60
IRU�PHQWDO�KHDOWK��7R�DGYDQFH�SUDJPDWLF�SROLF\�DERXW�60�VDIHW\�DQG�XWLOLW\��D�IUHH�HGXFDWLRQDO�ERRN
RQ�6RFLDOV9RLFH�ILQGLQJV�ZDV�VHQW�WR�SDUWLFLSDQWV��SROLF\PDNHUV�DQG�NH\�VWDNHKROGHUV�
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3HULRG�DQG�FRKRUW�GLIIHUHQFHV�LQ�HGXFDWLRQDO�PRUWDOLW\�GLVSDULWLHV��(YLGHQFH�IURP�8WDKiV
:DVDWFK�)URQW������g�����'DYLG�&XUWLV
�'DYLG�&XUWLV��)HOL[�<DR�

4XHVWLRQ��+RZ�KDYH�HGXFDWLRQDO�GLVSDULWLHV�LQ�DGXOW�PRUWDOLW\�UHFHQWO\�FKDQJHG��LQFOXGLQJ�GXULQJ�WKH
*UHDW�5HFHVVLRQ�DQG�&29,'����SDQGHPLF��DIWHU�DFFRXQWLQJ�IRU�ELUWK�FRKRUW�GLIIHUHQFHV"

6LJQLILFDQFH��1DWLRQDO�HYLGHQFH�GHPRQVWUDWHV�ZLGHQLQJ�HGXFDWLRQ�JDSV��EXW�SHULRG�HIIHFWV�DQG
FRPSRVLWLRQDO�GLIIHUHQFHV�E\�FRKRUW�DUH�RIWHQ�FRQIODWHG�

0HWKRGV��8VLQJ�VWDWH�DGPLQLVWUDWLYH�DQG�YLWDO�UHFRUGV�OLQNHG�YLD�WKH�8WDK�3RSXODWLRQ�'DWDEDVH�
PRUWDOLW\�ZDV�REVHUYHG�RYHU�D����\HDU�SHULRG�IRU���������DGXOWV�DJHG����WR����ZKR�UHVLGHG�LQ�WKH
XUEDQ�FRUH�RI�8WDK�LQ�������(GXFDWLRQDO�DWWDLQPHQW�ZDV�FRGHG�DV�WKUHH�FDWHJRULHV��QR�KLJK�VFKRRO
GLSORPD��KLJK�VFKRRO�GLSORPD�VRPH�FROOHJH��DQG�IRXU�\HDU�FROOHJH�GHJUHH�RU�PRUH��:H�ILW�VH[�
VWUDWLILHG�IOH[LEOH�SDUDPHWULF�VXUYLYDO�PRGHOV�XVLQJ�DJH�DV�WKH�WLPH�VFDOH�DQG�LQFOXGHG�HGXFDWLRQ�E\�
SHULRG�LQWHUDFWLRQV�WKDW�UHSUHVHQWHG�IRXU�SHULRGV�������1RY������'HF����������������)HE�����
0DU������������0RGHOV�DGMXVWHG�IRU�UDFH�HWKQLFLW\��PDULWDO�VWDWXV��DGXOW�PLJUDWLRQ��FRKRUW����������
����������������������������DQG�HGXFDWLRQ�E\�FRKRUW�

5HVXOWV��,Q������������DGXOWV�ZLWK�D�FROOHJH�GHJUHH�KDG�a�������ORZHU�PRUWDOLW\�KD]DUG�WKDQ�DGXOWV
ZLWKRXW�D�KLJK�VFKRRO�GLSORPD��$GGLQJ�FRKRUW�WHUPV�DWWHQXDWHG�HGXFDWLRQDO�GLIIHUHQFHV�DQG�UHYHDOHG
VXEVWDQWLDOO\�VWHHSHU�GLVSDULWLHV�LQ�\RXQJHU�FRKRUWV��5HODWLYH�HGXFDWLRQDO�GLVSDULWLHV�ZHUH�VWDEOH
GXULQJ�WKH�ILUVW�WKUHH�SHULRGV�EXW�QDUURZHG�GXULQJ�&29,'�����H�J���+5V�IRU�FROOHJH�GHJUHH�UHODWLYH
WR�QR�KLJK�VFKRRO�GLSORPD�VKLIWHG�IURP������WR������IRU�ZRPHQ�DQG������WR������IRU�PHQ���DV
PRUWDOLW\�URVH�DFURVV�JURXSV��+RZHYHU��DEVROXWH�PRUWDOLW\�GLIIHUHQFHV�UHPDLQHG�VLPLODU�DFURVV
SHULRGV��:KHQ�DOORZLQJ�HGXFDWLRQ�DQG�SHULRG�DVVRFLDWLRQV�ZLWK�PRUWDOLW\�WR�YDU\�E\�DJH��HGXFDWLRQDO
GLIIHUHQFHV�LQ�FXPXODWLYH�PRUWDOLW\�ZLGHQHG�GXULQJ�&29,'����

&RQFOXVLRQV��6HSDUDWLQJ�FRKRUW�G\QDPLFV�IURP�SHULRG�VKRFNV�DQG�LOOXVWUDWLQJ�UHODWLYH�DORQJVLGH
DEVROXWH�GLVSDULWLHV�SURYLGHV�FOHDUHU�HYLGHQFH�RI�KRZ�HGXFDWLRQDO�GLVSDULWLHV�KDYH�FKDQJHG�



�������

���� 3�

3ODFH�&RPPXQLWLHV

*HQWULILFDWLRQ�DQG�KRXVLQJ�DIIRUGDELOLW\�WUDMHFWRULHV��,PSOLFDWLRQV�IRU�KHDOWK�LQHTXLWLHV
0DUN�+HUQDQGH]
�0DUN�+HUQDQGH]��*LQD�/RYDVL��*DEULHO�6FKZDUW]�

+RXVLQJ�DIIRUGDELOLW\�LV�D�NH\�GHWHUPLQDQW�RI�SK\VLFDO�DQG�PHQWDO�KHDOWK��1HLJKERUKRRG
JHQWULILFDWLRQ�LV�RIWHQ�WKHRUL]HG�WR�H[DFHUEDWH�KRXVLQJ�DIIRUGDELOLW\�LVVXHV�DQG�FRQWULEXWH�WR�KHDOWK
LQHTXLWLHV��+RZHYHU��IHZ�TXDQWLWDWLYH�VWXGLHV�KDYH�H[DPLQHG�KRZ�LW�VKDSHV�KRXVLQJ�DIIRUGDELOLW\
WUDMHFWRULHV�RYHU�WLPH��GHVSLWH�WKLV�EHLQJ�D�FKLHI�FRQFHUQ�DPRQJ�UHVLGHQWV��FRPPXQLW\�RUJDQL]HUV�
DQG�SROLF\PDNHUV��8VLQJ�GDWD�IURP�WKH�3DQHO�6WXG\�RI�,QFRPH�'\QDPLFV��������������ZH�DGGUHVV
WKLV�JDS�E\����LGHQWLI\LQJ�KRXVLQJ�DIIRUGDELOLW\�WUDMHFWRULHV�DPRQJ�86�IDPLOLHV�����HVWLPDWLQJ
DVVRFLDWLRQV�EHWZHHQ�JHQWULILFDWLRQ�DQG�WUDMHFWRU\�FODVV�PHPEHUVKLS��DQG����DVVHVVLQJ�KHWHURJHQHLW\
LQ�WKHVH�DVVRFLDWLRQV�E\�LQFRPH�DQG�KRXVLQJ�WHQXUH��UHQW�YV��RZQ��

+RXVLQJ�FRVW�UDWLRV��+&5��y�WKH�SURSRUWLRQ�RI�IDPLO\�LQFRPH�VSHQW�RQ�KRXVLQJ�y�ZHUH�FDOFXODWHG�DW
HDFK�ELHQQLDO�ZDYH��*HQWULILFDWLRQ�VWDWXV�RI�UHVSRQGHQWV|�EDVHOLQH�FHQVXV�WUDFW�ZDV�FRPSXWHG�XVLQJ
VRFLRHFRQRPLF�DQG�KRXVLQJ�FRVW�FKDQJHV�������������DQG�FDWHJRUL]HG�DV��QRW�JHQWULILHG��PRGHUDWHO\
JHQWULILHG��LQWHQVHO\�JHQWULILHG��RU�LQHOLJLEOH�WR�JHQWULI\��:H�XVHG�JURXS�EDVHG�WUDMHFWRU\�PRGHOV�WR
LGHQWLI\�GLVWLQFW�+&5�WUDMHFWRULHV��:H�XVHG�PXOWLQRPLDO�ORJLVWLF�UHJUHVVLRQ�WR�HVWLPDWH�DVVRFLDWLRQV
EHWZHHQ�JHQWULILFDWLRQ�DQG�WUDMHFWRU\�FODVV�PHPEHUVKLS��DGMXVWLQJ�IRU�EDVHOLQH�FRYDULDWHV�

$PRQJ�������UHVSRQGHQWV�OLYLQJ�LQ�FRUH�EDVHG�VWDWLVWLFDO�DUHDV�DW�EDVHOLQH��IRXU�WUDMHFWRU\�FODVVHV
ZHUH�LGHQWLILHG��VWDEOH�ORZ��������PRGHUDWH�ORZ��������KLJK�PRGHUDWH�������DQG�LQFUHDVLQJ�+&5
�ORZ�WR�KLJK�������,Q�WKH�IXOO�VDPSOH��JHQWULILFDWLRQ�ZDV�QRW�DVVRFLDWHG�ZLWK�WUDMHFWRU\�FODVV
PHPEHUVKLS��+RZHYHU��DPRQJ�ORZ�LQFRPH�UHVSRQGHQWV��LQWHQVH�JHQWULILFDWLRQ�ZDV�DVVRFLDWHG�ZLWK
KLJKHU�RGGV�RI�EHORQJLQJ�WR�WKH�LQFUHDVLQJ�+&5�WUDMHFWRU\�

7KHVH�ILQGLQJV�VXJJHVW�WKDW�JHQWULILFDWLRQ�UHODWHG�DIIRUGDELOLW\�SUHVVXUHV�GLVSURSRUWLRQDWHO\�EXUGHQ
ORZHU�LQFRPH�UHVLGHQWV��KLJKOLJKWLQJ�WKH�QHHG�IRU�HTXLWDEOH�KRXVLQJ�DQG�QHLJKERUKRRG�GHYHORSPHQW
SROLFLHV�
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+HDOWKFDUH�'HVHUWV�8QGHU�:DWHU��&RPPXQLW\�+HDOWK�:RUNHUV��7UXVW��DQG�&OLPDWH�
9XOQHUDEOH�3ULPDU\�&DUH�LQ�-DNDUWD�&ODULV]D�5XQWXQJ
�&ODULV]D�5XQWXQJ�

%DFNJURXQG�
-DNDUWD�IDFHV�DQ�DFFHOHUDWLQJ�GXDO�FULVLV��5DSLG�FRDVWDO�ODQG�VXEVLGHQFH�FRPELQHG�ZLWK�SURMHFWHG
VHD�OHYHO�ULVH�WKUHDWHQV�WR�LQXQGDWH�ODUJH�DUHDV�RI�WKH�FLW\��ZKLOH�WKH�FOLPDWH�UHVLOLHQFH�RI�LWV�SULPDU\
KHDOWKFDUH�LQIUDVWUXFWXUH��DQFKRUHG�E\�FRPPXQLW\�KHDOWK�FHQWHUV��SXVNHVPDV���UHPDLQV�SRRUO\
XQGHUVWRRG��7KHVH�ULVNV�DUH�QRW�HYHQO\�GLVWULEXWHG��1RUWK�-DNDUWD|V�FRDVWDO�NDPSXQJ�QHLJKERUKRRGV
DUH�KRPH�WR�FRPPXQLWLHV�ZLWK�ORQJ�VWDQGLQJ�IORRG�DGDSWDWLRQ�SUDFWLFHV��\HW�XUEDQ�SODQQLQJ�SROLFLHV
KDYH�RIWHQ�ODEHOHG�WKHVH�DUHDV�LQIRUPDO�RU�LOOHJDO�DQG�VXEMHFW�WR�HYLFWLRQ�UDWKHU�WKDQ�VXSSRUW�
&KURQLF�IORRGLQJ�WKHUHIRUH�LQWHUVHFWV�ZLWK�VWUXFWXUDO�PDUJLQDOL]DWLRQ�DQG�VKDSHV�ZKR�FDQ�DFFHVV
FDUH�DQG�ZKR�UHPDLQV�PRVW�YXOQHUDEOH�

2EMHFWLYHV�
7KLV�VWXG\�LGHQWLILHV�}KHDOWKFDUH�GHVHUWV~�LQ�-DNDUWD��GHILQHG�DV�DUHDV�ZKHUH�FRDVWDO�IORRG�H[SRVXUH
DQG�OLPLWHG�SULPDU\�FDUH�DFFHVV�FRQYHUJH��DQG�HVWLPDWHV�WKH�SRSXODWLRQ�OLYLQJ�ZLWKLQ�WKHVH
FRPSRXQG�YXOQHUDELOLW\�]RQHV�

0HWKRGV�
$�GHVFULSWLYH�VSDWLDO�DQDO\VLV�ZDV�FRQGXFWHG�LQ�$UF*,6�3UR�XVLQJ�PXOWLSOH�JHRVSDWLDO�GDWDVHWV��/RZ
HOHYDWLRQ�GHULYHG�IURP���PHWHU�UHVROXWLRQ�'(01$6�GLJLWDO�HOHYDWLRQ�PRGHOV�ZDV�XVHG�DV�D�SUR[\�IRU
FKURQLF�IORRG�YXOQHUDELOLW\�JLYHQ�-DNDUWD|V�H[WUHPH�UDWHV�RI�ODQG�VXEVLGHQFH��)ORRG�SURQH�]RQHV�ZHUH
RYHUODLG�ZLWK�JHRUHIHUHQFHG�ORFDWLRQV�RI�DOO�����SXVNHVPDV��7ZR�KRXU�WUDYHO�WLPH�VHUYLFH�DUHD
FDWFKPHQWV�ZHUH�PRGHOHG�WR�LGHQWLI\�DFFHVV�JDSV�ZKHUH�IORRG�H[SRVXUH�LQWHUVHFWV�ZLWK�OLPLWHG
SULPDU\�FDUH�UHDFK��3RSXODWLRQ�H[SRVXUH�ZDV�HVWLPDWHG�XVLQJ�����PHWHU�JULGGHG�SRSXODWLRQ�GDWD�
&RPSOHPHQWDU\�TXDOLWDWLYH�ILHOGZRUN�HQJDJHV�UHVLGHQWV�DQG�NDGHU�SRV\DQGX��FRPPXQLW\�KHDOWK
ZRUNHUV��WKURXJK�LQWHUYLHZV�DQG�SDUWLFLSDWRU\�ZRUNVKRSV�JURXQGHG�LQ�UDGLFDO�OLVWHQLQJ�DQG
FRPPXQLW\�SDUWQHUVKLS�

5HVXOWV�
$SSUR[LPDWHO\���������UHVLGHQWV�OLYH�ZLWKLQ�LGHQWLILHG�KHDOWKFDUH�GHVHUW�]RQHV��DQG����SXVNHVPDV
IDFH�RSHUDWLRQDO�ULVN�GXULQJ�IORRG�HYHQWV��9XOQHUDELOLW\�LV�FRQFHQWUDWHG�LQ�FRDVWDO�1RUWK�-DNDUWD
ZKHUH�HQYLURQPHQWDO�H[SRVXUH�RYHUODSV�ZLWK�GLVSODFHPHQW�SUHVVXUH�DQG�ORQJVWDQGLQJ�VSDWLDO
LQHTXLWLHV�

&RQFOXVLRQ�
&OLPDWH�UHODWHG�KHDOWK�V\VWHP�YXOQHUDELOLW\�LQ�-DNDUWD�LV�FORVHO\�OLQNHG�WR�VSDWLDO�LQHTXDOLWLHV�LQ�XUEDQ
GHYHORSPHQW�DQG�VHUYLFH�GLVWULEXWLRQ��,QWHJUDWLQJ�VSDWLDO�DQDO\VLV�ZLWK�FRPPXQLW\�NQRZOHGJH�
SDUWLFXODUO\�WKDW�RI�QHLJKERUKRRG�KHDOWK�ZRUNHUV��FDQ�VXSSRUW�PRUH�HTXLWDEOH�DQG�FOLPDWH�
UHVSRQVLYH�SULPDU\�FDUH�SODQQLQJ�LQ�FRDVWDO�FLWLHV��7KLV�VWXG\�FRQWULEXWHV�WR�SRSXODWLRQ�KHDOWK
VFLHQFH�E\�LQWHJUDWLQJ�VSDWLDO�HSLGHPLRORJ\�ZLWK�FRPPXQLW\�LQIRUPHG�SHUVSHFWLYHV�IURP
QHLJKERUKRRG�KHDOWK�ZRUNHUV�
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:KHUH�LV�IRRG�DFFHVV�LQ�WKH�UHFLSH�DJDLQVW�JHQWULILFDWLRQ"�3ROLF\PDNHU�DQG�VWDNHKROGHU
SHUVSHFWLYHV�IURP�6HDWWOH�-DQH�'DL
�-DQH�'DL��%DUEDUD�%DTXHUR��-HVVLFD�-RQHV�6PLWK�

*HQWULILFDWLRQ�PD\�FUHDWH�EDUULHUV�WR�IRRG�DFFHVV�IRU�OHJDF\�UHVLGHQWV�WKURXJK�IRRG�HQYLURQPHQW
FKDQJH�DQG�GLVSODFHPHQW��:KLOH�UHVHDUFK�RQ�JHQWULILFDWLRQ�DQG�IRRG�DFFHVV�RIWHQ�IRFXVHV�RQ
TXDQWLI\LQJ�QHLJKERUKRRG�IRRG�HQYLURQPHQW�FKDQJH�DQG�GHVFULELQJ�LQGLYLGXDO�H[SHULHQFHV�ZLWK
WKRVH�FKDQJHV��OHVV�LV�NQRZQ�DERXW�KRZ�FLWLHV�SURWHFW�OHJDF\�UHVLGHQWV|�IRRG�DFFHVV�LQ�JHQWULI\LQJ
QHLJKERUKRRGV��6HDWWOH�RIIHUV�D�FRPSHOOLQJ�FDVH�VWXG\�RI�WKLV��D�QHZO\�UHYLVHG�)RRG�$FWLRQ�3ODQ�DQG
&RPSUHKHQVLYH�3ODQ�ERWK�SURYLGH�SROLF\�GLUHFWLRQV�IRU�HTXLWDEOH�KRXVLQJ��WUDQVLW��DQG�IRRG�V\VWHPV
FRPPXQLW\�GHYHORSPHQW�DJDLQVW�JHQWULILFDWLRQ��,Q�-XO\�������ZH�FRQGXFWHG�D�FURVV�VHFWLRQDO�VWXG\
ZLWK�NH\�LQIRUPDQW�LQWHUYLHZV��Q ����WR�JDWKHU�SROLF\PDNHU�DQG�VWDNHKROGHU�SHUVSHFWLYHV�RQ
6HDWWOH|V�DSSURDFK�WR�PLWLJDWLQJ�JHQWULILFDWLRQ��:H�XVHG�WKH�IRFXVHG�5DSLG�$VVHVVPHQW�3URFHVV�WR
FROOHFW�DQG�DQDO\]H�GDWD�DFURVV�IRXU�GRPDLQV�RI�IRRG�VRYHUHLJQW\��7KHPHV�UHYHDOHG�KRZ�WKH�FLW\�DQG
FRPPXQLW\�EDVHG�RUJDQL]DWLRQV��&%2V��SODQQHG�DJDLQVW�JHQWULILFDWLRQ��PRVWO\�ZLWKRXW�IRRG�DFFHVV�LQ
PLQG��,Q�WKH�0DWHULDO�GRPDLQ��ZH�IRXQG�WKDW�IRRG�DFFHVV�ZDV�RI�PDWHULDO�FRQFHUQ�RQO\�IRU�FLW\
GHSDUWPHQWV�GLUHFWO\�LQYROYHG�ZLWK�WKH�)RRG�$FWLRQ�3ODQ�DQG�IRU�&%2V�IRFXVHG�RQ�IRRG�V\VWHPV��,Q
WKH�0HDQLQJ�GRPDLQ��DGGUHVVLQJ�JHQWULILFDWLRQ�PHDQW�DGGUHVVLQJ�GLVSODFHPHQW�RI�UHVLGHQWV�DQG
EXVLQHVVHV��,Q�WKH�&RPSHWHQFH�GRPDLQ��FLW\�SURJUDPV�ZHUH�ZHOO�UHFHLYHG�E\�&%2V�LI�WKH\�SULRULWL]HG
FDSDFLW\�EXLOGLQJ�DQG�FHQWHUHG�OHJDF\�UHVLGHQW�SHUVSHFWLYHV�LQ�QHZ�GHYHORSPHQW�LQLWLDWLYHV��,Q�WKH
)XWXUH�RI�)RRG�GRPDLQ��WKHUH�ZDV�D�FROOHFWLYH�YLVLRQ�IRU�FR�ORFDWHG�DFFHVV�WR�IRRG��KRXVLQJ��DQG
WUDQVLWzEXW�DIIRUGDEOH�KRXVLQJ�DQG�HTXLWDEOH�WUDQVLW�RULHQWHG�GHYHORSPHQW�ZHUH�FRQVLGHUHG�XUJHQW
SROLF\�WDUJHWV��:H�DWWULEXWH�6HDWWOH|V�IRFXV�RQ�QRQ�IRRG�V\VWHPV��KRXVLQJ��WUDQVLW��EHFDXVH�WKH\�PD\
GULYH�LQYHVWPHQW�DQG�HFRQRPLF�JURZWK�GXULQJ�EXGJHW�VKRUWIDOOV��2XU�ILQGLQJV�KLJKOLJKW�D�IRRG�DFFHVV
JDS�LQ�SROLF\�DSSURDFKHV�WR�DGGUHVV�JHQWULILFDWLRQ�LQ�6HDWWOH�
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'R�1HLJKERUKRRG�(IIHFWV�RQ�7\SH���'LDEHWHV�5HSOLFDWH�$FURVV�)DFLOLW\�DQG�&ODLPV�'DWD"
'DYLG�&XUWLV
�'DYLG�&XUWLV��.HQ�6PLWK��+XRQJ�0HHNV��/RUL�.RZDOHVNL�-RQHV�

%DFNJURXQG��(QYLURQPHQWDO�DWWULEXWHV��H�J���JUHHQQHVV��DLU�SROOXWLRQ��ZDONDELOLW\��KDYH�EHHQ
DVVRFLDWHG�ZLWK�W\SH���GLDEHWHV��7�'��LQFLGHQFH��EXW�WKLV�OLWHUDWXUH�KDV�QRWDEOH�ELDVHV��H�J��
UHVLGHQWLDO�VHOI�VHOHFWLRQ��DVFHUWDLQPHQW�ELDV���:H�H[DPLQH�ZKHWKHU�SODFH�EDVHG�7�'�DVVRFLDWLRQV
UHSOLFDWH�DFURVV�WZR�FRPSOHPHQWDU\�SRSXODWLRQ�KHDOWK�GDWD�VRXUFHV�DQG�WHVW�ZKHWKHU�%0,�PHGLDWHV
WKHVH�DVVRFLDWLRQV�

0HWKRGV��:H�XVHG�WKH�8WDK�3RSXODWLRQ�'DWDEDVH�WR�IROORZ�D�SDUHQW�DQG�RIIVSULQJ�FRKRUW�UHVLGLQJ�LQ
WKH�IRXU�FRXQW\�:DVDWFK�)URQW�UHJLRQ�LQ�8WDK��,QFLGHQW�7�'�ZDV�LGHQWLILHG�LQGHSHQGHQWO\�XVLQJ�WKH
+HDOWKFDUH�)DFLOLW\�'DWDEDVH��+&)'��HQFRXQWHU�GDWD�IURP�DOO�VWDWH�OLFHQVHG�KRVSLWDOV�HPHUJHQF\
GHSDUWPHQWV�VXUJHU\�FHQWHUV�������������Q� ����������DQG�WKH�8WDK�$OO�3D\HU�&ODLPV�'DWDEDVH
�$3&'��LQVXUDQFH�FODLP�GDWD��LQFOXGLQJ�IURP�0HGLFDLG�������������Q� �����������7R�GRFXPHQW�WKH
YDOLGLW\�RI�HDFK�GDWD�VRXUFH�DQG�SRWHQWLDO�OLPLWDWLRQV��ZH�FRPSDUHG�GLDJQRVLV�WLPLQJ�DQG�FRPRUELGLW\
SURILOHV�DPRQJ�FDVHV�REVHUYHG�LQ�ERWK�VRXUFHV��DVVHVVHG�VFUHHQLQJ�UHODWHG�DVFHUWDLQPHQW�ELDV�GXH
WR�RYHUZHLJKW�VWDWXV��DQG�GRFXPHQWHG�WKH�PDJQLWXGH�RI�VRFLRHFRQRPLF�GLVSDULWLHV��&R[�PRGHOV�ZHUH
XVHG�WR�HVWLPDWH�DVVRFLDWLRQV�EHWZHHQ�HQYLURQPHQWDO�DWWULEXWHV�DQG�7�'�DQG�WHVW�ERG\�PDVV�LQGH[
DV�D�PHGLDWRU�

5HVXOWV��$PRQJ��������LQGLYLGXDOV�GLDJQRVHG�LQ�ERWK�VRXUFHV�IURP������������$3&'�UHFRUGHG�7�'
����\HDUV�HDUOLHU�ZKHUHDV�+&)'�GLDJQRVHV�KDG�PRUH�GLVHDVH�FRPRUELGLWLHV��L�H���NLGQH\�GLVHDVH�LQ
�����YV������DQG�FDUGLRYDVFXODU�GLVHDVH�LQ�������YV���������+LJKHU�WUDFW�OHYHO�JUHHQQHVV�DQG
DFWLYH�FRPPXWLQJ�UDWH�ZHUH�SURWHFWLYH��+5 �����SHU�����1'9,��+5 �����SHU�����DFWLYH�FRPPXWLQJ
UDWH���ZKLOH�JUHDWHU�30���LQFUHDVHG�ULVN��+5 �����SHU����XJ�P����%0,�PLQLPDOO\�PHGLDWHG
JUHHQQHVV��a����EXW�DFFRXQWHG�IRU�DW�OHDVW�KDOI�RI�WKH�DFWLYH�FRPPXWLQJ�DQG�30���DVVRFLDWLRQV�

&RQFOXVLRQV��7ULDQJXODWLQJ�DFURVV�KHDOWK�GDWD�VRXUFHV�DQG�WHVWLQJ�PHFKDQLVPV�FDQ�VWUHQJWKHQ
FRQILGHQFH�LQ�7�'�HYLGHQFH��LQIRUPLQJ�SRWHQWLDO�SODFH�EDVHG�LQWHUYHQWLRQV�
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/RQJLWXGLQDO�(IIHFWV�RI�+RXVLQJ�,QVWDELOLW\�DQG�(FRQRPLF�:HOO�%HLQJ�RQ�0HQWDO�DQG
3K\VLFDO�+HDOWKlRI�0RWKHUV��$�1DWLRQDOO\�5HSUHVHQWDWLYH�$QDO\VLV��2OXPD\RZD�,GRZX

2OXPD\RZD�,GRZX�

$EVWUDFW�

%DFNJURXQG��+RXVLQJ�LQVWDELOLW\�DQG�ORZ�HFRQRPLF�ZHOO�EHLQJ�FDQ�KXUW�KHDOWK��0RYLQJ�RIWHQ�FDQ
EUHDN�VRFLDO�WLHV��LQWHUUXSW�FDUH��DQG�UDLVH�VWUHVV��3RYHUW\�FDQ�DOVR�OLPLW�DFFHVV�WR�VDIH�KRXVLQJ�DQG
UHVRXUFHV��0DQ\�VWXGLHV�ORRN�DW�WKHVH�SUREOHPV�DW�RQH�SRLQW�LQ�WLPH��EXW�IHZ�IROORZ�WKH�VDPH�IDPLOLHV
RYHU�PDQ\�\HDUV��

2EMHFWLYH��7KLV�VWXG\�WHVWV�KRZ�KRXVLQJ�LQVWDELOLW\��KRZ�RIWHQ�PRWKHUV�PRYH��DQG�HFRQRPLF�ZHOO�
EHLQJ��SRYHUW\�UDWLR��UHODWH�WR�PHQWDO�KHDOWK��GHSUHVVLRQ��DQG�SK\VLFDO�KHDOWK��VHOI�UDWHG
KHDOWK��RI�PRWKHUV�LQ�WKH�)XWXUH�RI�)DPLOLHV�DQG�&KLOG�:HOOEHLQJ�6WXG\��))&:6��IURP�ZKHQ�WKHLU
FKLOG�LV���\HDUV�ROG�WR����\HDUV�ROG��

'DWD�DQG�0HWKRGV��:H�XVHG�PRWKHUV�IROORZHG�DFURVV�:DYHV��y��IRU�QDWLRQDO�ZHLJKW�DQDO\VHV��DQG
:DYHV��y��IRU�UHSOLFDWH�ZHLJKW�DQDO\VHV��:H�HVWLPDWHG�VXUYH\�ZHLJKWHG�ORQJLWXGLQDO�PRGHOV��)RU
GHSUHVVLRQ��ZH�ILW�ORJLVWLF�UHJUHVVLRQ�XVLQJ�QDWLRQDO�ZHLJKWV��:DYHV��y���DQG�D�UHSOLFDWH�ZHLJKW
GHVLJQ��:DYHV��y����0RGHOV�DGMXVWHG�IRU�ZDYH��UDFH�HWKQLFLW\��HGXFDWLRQ��DJH��SRYHUW\�UDWLR��UHQW�
PRYLQJ�IUHTXHQF\��DQG�PDULWDO�VWDWXV���

5HVXOWV��$FURVV�ERWK�ORQJLWXGLQDO�PRGHOV��PRYLQJ����WLPHV�ZDV�VWURQJO\�OLQNHG�WR�KLJKHU�RGGV�RI
GHSUHVVLRQ�FRPSDUHG�ZLWK�PRYLQJ�RQFH��7KH�HIIHFW�ZDV�ODUJH�DQG�VWDWLVWLFDOO\�VLJQLILFDQW�LQ�ERWK�WKH
QDWLRQDO�ZHLJKW�PRGHO�DQG�WKH�UHSOLFDWH�ZHLJKW�PRGHO��,Q�WKH�UHSOLFDWH�ZHLJKW�PRGHO��+LVSDQLF
PRWKHUV�KDG�ORZHU�RGGV�RI�GHSUHVVLRQ�WKDQ�:KLWH�PRWKHUV��DQG�PRWKHUV�ZLWK�D�FROOHJH�GHJUHH�KDG
KLJKHU�RGGV�RI�GHSUHVVLRQ�WKDQ�PRWKHUV�ZLWK�OHVV�WKDQ�KLJK�VFKRRO���

&RQFOXVLRQV��)UHTXHQW�UHVLGHQWLDO�PRYHV�DUH�D�FOHDU�ULVN�IDFWRU�IRU�ZRUVH�PHQWDO�KHDOWK��3ROLFLHV
WKDW�UHGXFH�IRUFHG�PRYHV��VXFK�DV�HYLFWLRQ�SUHYHQWLRQ��UHQW�VXSSRUW��DQG�VWDEOH�DIIRUGDEOH�KRXVLQJ�
PD\�KHOS�LPSURYH�SRSXODWLRQ�PHQWDO�KHDOWK���

.H\ZRUGV��KRXVLQJ�LQVWDELOLW\��UHVLGHQWLDO�PRELOLW\��GHSUHVVLRQ��VHOI�UDWHG�KHDOWK��SRYHUW\��VXUYH\
ZHLJKWV��))&:6���
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0RWKHUV�RI�6LHUUD�/HRQH��%XLOGLQJ�+HDOWK�7KURXJK�&RPPXQLW\�$PDQGD�/HH
�0LFKDHO�.UDPS�

0RWKHUV�RI�6LHUUD�/HRQH��026/��EHJDQ�LQ������DV�DQ�DPELWLRXV�DWWHPSW�WR�OHYHUDJH�GRFXPHQWDU\
VWRU\WHOOLQJ�WR�LPSURYH�PDWHUQDO�KHDOWK�LQ�6LHUUD�/HRQH��$V�DQ�LQWHUGLVFLSOLQDU\�HIIRUW��ZH�KDYH
OHDUQHG�PDQ\�OHVVRQV�RYHU�VL[�SOXV�\HDUV��EXW�RQH�OHVVRQ�UHPDLQV�SDUDPRXQW��LPSURYLQJ�PDWHUQDO
KHDOWK�UHTXLUHV�PHDQLQJIXO�DQG�FRQVLVWHQW�FRPPXQLW\�SDUWQHUVKLSV��7R�GHYHORS�WKHVH�FRPPXQLW\
SDUWQHUVKLSV�YLWDO�WR�PDWHUQDO�KHDOWK�LQ�ORZ�LQFRPH�VHWWLQJV��ZH�KDYH�DGKHUHG�WR�WKUHH�SUDFWLFHV�
SDWLHQFH��OLVWHQLQJ��DQG�FXUDWHG�VWRU\WHOOLQJ�

�

6LHUUD�/HRQH�HQGXUHV�PDVVLYH�HFRQRPLF�DQG�VRFLDO�FKDOOHQJHV�WKDW�LPSHGH�PDWHUQDO�KHDOWK��DQG
WKHVH�PDVVLYH�FKDOOHQJHV�SURPSW�H[WHUQDO�FKDULWLHV�DQG�VRFLDO�LPSDFW�DJHQFLHV�WR�RIIHU�LPPHGLDWH
DVVLVWDQFH��%XW�VXFK�HIIRUWV�URRWHG�LQ�LPPHGLDF\�GLVPLVV�SDWLHQFH��DQG�026/�KDV�OHDUQHG�WKDW
SDWLHQFH�LV�YLWDO�WR�DSSUHFLDWLQJ�WKH�FRPSOH[LWLHV�RI�LQGLYLGXDO�OLYHV�DQG�FRPPXQLWLHV�LQ�ORZ�LQFRPH
VHWWLQJV��7KH�KHDOWK�FKDOOHQJHV�RI�6LHUUD�/HRQH�DUH�QRW�WKRVH�RI�WKH�:HVW��DQG�SDWLHQFH�LV�UHTXLUHG�WR
XQGHUVWDQG�WKH�GLIIHUHQFH�DQG�HDUQ�FRPPXQLW\�WUXVW�

�

,Q�WKH�VL[�SOXV�\HDUV�WKDW�ZH�KDYH�RSHUDWHG�LQ�6LHUUD�/HRQH��026/�KDV�SDWLHQWO\�OLVWHQHG�WR�ZRPHQ�
KHDOWKFDUH�ZRUNHUV��DQG�PHQ�DERXW�WKHLU�KRSHV�DQG�FRQFHUQV��:H�KDYH�QRW�PRWKHUV�DERXW�WKHLU
KHDOWK�DQG�LQVWHDG�OLVWHQHG�WR�ZRPHQ��DPSOLI\LQJ�WKHLU�YRLFHV�LQ�GRFXPHQWDU\�ILOPV��$V�OLVWHQHUV��ZH
KDYH�VKDUHG�WKH�VWRULHV�RI�ZRPHQ�LQ�6LHUUD�/HRQH�DV�D�PHWKRG�WR�LPSURYH�WKHLU�KHDOWK�H[SHULHQFHV�

�

%\�OLVWHQLQJ�WR�SHRSOH�LQ�6LHUUD�/HRQH��026/�KDV�EHHQ�DEOH�WR�FXUDWH�ILOPLF�VWRULHV�WKDW�H[SUHVV�ERWK
REVWDFOHV�WR�PDWHUQDO�KHDOWK�DQG�WKH�RSSRUWXQLWLHV�WR�LPSURYH�PDWHUQDO�KHDOWK��2XU�GDWD�IURP
PXOWL\HDU��PL[HG�PHWKRGV�UHVHDUFK�VWXGLHV�GHPRQVWUDWH�KRZ�ZRPHQ�LQ�6LHUUD�/HRQH�EHFRPH�PRUH
FRQILGHQW�WR�DGYRFDWH�IRU�WKHPVHOYHV�LQ�KHDOWKFDUH�VHWWLQJV�ZKHQ�WKH\�VHH�DQG�KHDU�RWKHU�6LHUUD
/HRQHDQ�ZRPHQ�VKDUH�WKHLU�RZQ�VWRULHV�RI�PDWHUQDO�KHDOWK��2XU�ZRUN�KDV�KHOSHG�WR�DGYDQFH
FRPPXQLW\�WUXVW��RXU�ZRUN�GHSHQGV�RQ�FRPPXQLW\�SDUWQHUVKLSV�

�
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1DUUDWLYH�3RZHU�WR�$GYDQFH�+HDOWK�(TXLW\��5HVXOWV�IURP�6XUYH\�5HVHDUFK�WR�6XSSRUW
7HQDQW�2UJDQL]LQJ�<XVUD�0XUDG
�<XVUD�0XUDG��-DPLOD�0LFKHQHU��1RUPDQ�3RUWLFHOOD�

*URZLQJ�HYLGHQFH�DFURVV�DFDGHPLD�DQG�FRPPXQLW\�RUJDQL]DWLRQV�LV�LOOXVWUDWLYH�RI�WKH�SRZHU�RI
QDUUDWLYHV�LQ�VKLIWLQJ�SXEOLF�SHUFHSWLRQ�DERXW�KHDOWK�DQG�KRXVLQJ��,Q�WKH�8�6���GRPLQDQW�QDUUDWLYHV
FHQWHU�WKH�ZHDOWK�DQG�SRZHU�DVVRFLDWHG�ZLWK�KRPHRZQHUVKLS��ZKLOH�RYHUORRNLQJ�GLUH�FRQGLWLRQV
IDFLQJ�WHQDQWV�y�SDUWLFXODUO\�ZLWKLQ�PDUJLQDOL]HG�FRPPXQLWLHV��%XW�D�ULVLQJ�WHQDQW�PRYHPHQW�LV
FKDOOHQJLQJ�WKHVH�QDUUDWLYHV��:KLOH�H[LVWLQJ�UHVHDUFK�VXJJHVWV�WKDW�VXFK�DOWHUQDWLYH�QDUUDWLYHV�FDQ
VKLIW�KRZ�WKH�SXEOLF�FRQWH[WXDOL]HV�WKH�}KRXVLQJ�FULVLV~�DQG�WKH�KHDOWK�LQHTXLWLHV�LQKHUHQW�WR�LW�
WKHUH�LV�D�JDS�LQ�HYLGHQFH�PHDVXULQJ�KRZ�WKHVH�QDUUDWLYHV�VKDSH�RXWFRPHV�PRVW�UHOHYDQW
WR�WHQDQW�RUJDQL]HUV�

$ORQJVLGH�D�FRPPXQLW\�SDUWQHU�ZKLFK�FRQYHQHV�WHQDQW�RUJDQL]DWLRQV��ZH�GHVLJQHG�WKLV�H[SHULPHQW
WR�WHVW�KRZ�DOWHUQDWLYH�QDUUDWLYHV�DERXW�KRXVLQJ��ZHDOWK�DQG�LQHTXDOLW\�VKDSH�EHOLHIV�DQG�LQWHQWLRQV
WRZDUG�HQJDJLQJ�ZLWK�WKH�KRXVLQJ�V\VWHP��:H�H[SORUH�WKH�HIIHFWV�RI�WKUHH�DOWHUQDWLYH�QDUUDWLYHV�RQ
LQWHQWLRQV�WR�DGYRFDWH�DQG�RUJDQL]H��SHUFHSWLRQV�RI�VROLGDULW\�EHWZHHQ�UHQWHUV�DQG�KRPHRZQHUV��DQG
SHUFHSWLRQV�RI�EODPH��UHODWLYH�WR�D�GRPLQDQW�QDUUDWLYH�DQG�D�QR�H[SRVXUH�FRQWURO�JURXS�

:H�XVHG�D�UDQGRPL]HG��EHWZHHQ�VXEMHFWV�GHVLJQ��3DUWLFLSDQWV�ZHUH�UHFUXLWHG�XVLQJ�<RX*RY��Q� 
�������DQG�UDQGRPO\�DVVLJQHG�WR�RQH�RI�ILYH�FRQGLWLRQV��FRQWURO��GRPLQDQW�QDUUDWLYH��DQG�WKUHH
DOWHUQDWLYH�QDUUDWLYH�FRQGLWLRQV���7KH�DOWHUQDWLYH�FRQGLWLRQV�IUDPHG�WKH�KRXVLQJ�FULVLV�LQ�WKH�FRQWH[W
RI�DQ�XQHTXDO�HFRQRP\��FRQQHFWLQJ�WKH�VWUXJJOHV�RI�KRPHRZQHUV�DQG�WHQDQWV�DOLNH�

3UHOLPLQDU\�ILQGLQJV�IRXQG�HYLGHQFH�FRQVLVWHQW�ZLWK�RXU�K\SRWKHVHV��DOWHUQDWLYH�QDUUDWLYHV�FDQ
PRWLYDWH�WHQDQW�RZQHU�VROLGDULW\�DQG�LQWHQWLRQV�WR�DGYRFDWH��LQFUHDVH�VXSSRUW�IRU�KHDOWK�SURWHFWLYH
KRXVLQJ�SROLFLHV��DQG�VKLIW�DWWULEXWLRQV�RI�EODPH�IRU�KRXVLQJ�LVVXHV�WR�SROLWLFDO�DQG�HFRQRPLF
LQVWLWXWLRQV��UDWKHU�WKDQ�LQGLYLGXDOV�

2XU�UHVXOWV�VXJJHVW�DOWHUQDWLYH�QDUUDWLYHV�VWHPPLQJ�IURP�WHQDQW�RUJDQL]HUV�FDQ�VKLIW�SXEOLF
FRQVFLRXVQHVV�DERXW�WKH�KRXVLQJ�FULVLV��DQG�LQGLFDWH�WKH�SRWHQWLDO�IRU�VXUYH\�UHVHDUFK�DV�D
UDSLGO\�UHVSRQVLYH�WRRO�WR�VKDUSHQ�QDUUDWLYH�VWUDWHJ\�IRU�FRPPXQLW\�RUJDQL]DWLRQV�LQ�WKHLU�RQJRLQJ
HIIRUWV�WR�XQLWH�SHRSOH�IRU�WKH�SXUSRVHV�RI�DGYDQFLQJ�SRSXODWLRQ�KHDOWK�DQG�KRXVLQJ�MXVWLFH�
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&RPPXQLW\�:LGH�%HKDYLRUDO�+HDOWK�DQG�(DUO\�$FDGHPLF�$FKLHYHPHQW�0\DK�+RXJKWHQ
�0\DK
+RXJKWHQ��<RVKLH�6DQR��%ULWWDQ\�&RRSHU��-DQH�/DQLJDQ�

(DUO\�VXFFHVV�DW�VFKRRO�VXSSRUWV�RQJRLQJ�VFKRRO�HQJDJHPHQW�DQG�FRQQHFWHGQHVV��KLJK�VFKRRO
JUDGXDWLRQ��DQG�SRVLWLYH�DGXOW�RXWFRPHV�DFURVV�WKH�OLIH�FRXUVH��,QGLYLGXDO�DQG�IDPLO\�OHYHO�EHKDYLRUDO
KHDOWK�IDFWRUV�DUH�ZHOO�NQRZQ�IRU�WKHLU�SRVLWLYH�DVVRFLDWLRQ�ZLWK�HDUO\�DFDGHPLF�DFKLHYHPHQW��\HW�IHZ
VWXGLHV�KDYH�H[DPLQHG�FRPPXQLW\�OHYHO�SURWHFWLYH�IDFWRUV�IRU�WKHLU�FRQWULEXWLRQ�WR�HDUO\�DFDGHPLF
DFKLHYHPHQW��7KLV�VWXG\�LQWHJUDWHV�WKH�ULVN�DQG�SURWHFWLYH�IDFWRU�SDUDGLJP�ZLWK�WKH�VRFLDO�HFRORJLFDO
IUDPHZRUN�WR�H[DPLQH�LI�DJJUHJDWH�FRPPXQLW\�ZLGH�SURWHFWLYH�IDFWRUV�LQ�ILYH�GLPHQVLRQVz\RXWK�
IDPLO\��VFKRRO��SHHU��DQG�FRPPXQLW\zFRQWULEXWH�WR�HDUO\�DFDGHPLF�DFKLHYHPHQW�DQG�LI�WKDW
FRQWULEXWLRQ�LV�VXVWDLQHG�HYHQ�LQ�WKH�IDFH�RI�SRYHUW\��3XEOLFO\�DYDLODEOH�VHFRQGDU\�WKLUG�JUDGH
HGXFDWLRQ�GDWD�DQG�\RXWK�EHKDYLRUDO�KHDOWK�GDWD�ZHUH�FRPSLOHG�IURP�����SXEOLF�VFKRRO�GLVWULFWV�LQ
:DVKLQJWRQ�6WDWH��&RPPXQLW\�ZLGH�SURWHFWLYH�IDFWRUV�ZHUH�PHDVXUHG�ZLWK�LQGLYLGXDO�\RXWK
H[SHULHQFHV�DYHUDJHG�DW�WKH�OHYHO�RI�WKH�VFKRRO�GLVWULFW�DQG�DSSOLHG�WR�HDFK�VFKRRO�GLVWULFW�DV�D
FRPPXQLW\�FKDUDFWHULVWLF��0XOWLSOH�OLQHDU�UHJUHVVLRQ�ZDV�XVHG�WR�H[DPLQH�LI�WKH�DJJUHJDWH
FRPPXQLW\�ZLGH�SURWHFWLYH�IDFWRUV�DUH�DVVRFLDWHG�ZLWK�KLJKHU�OHYHOV�RI�DFDGHPLF�DFKLHYHPHQW�IRU
WKLUG�JUDGH�VWXGHQWV��DQG�WKH�H[WHQW�WKDW�FRPPXQLW\�ZLGH�SURWHFWLYH�IDFWRUV�UHWDLQ�D�SRVLWLYH
DVVRFLDWLRQ�ZLWK�DFKLHYHPHQW�ZKHQ�SRYHUW\�LV�DGGHG�WR�WKH�DQDO\VLV��)LQGLQJV�VKRZ�WKDW�FRPPXQLW\�
ZLGH�\RXWK��IDPLO\��SHHU��DQG�FRPPXQLW\�SURWHFWLYH�IDFWRUV�ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�ERWK
PDWK�DQG�(/$�DFKLHYHPHQW�RXWFRPHV��5HVXOWV�DOVR�LQGLFDWH�WKDW�WKH�LPSDFW�RI�SRYHUW\�UHGXFHV�WKH
VWUHQJWK�RI�DVVRFLDWLRQ�ZLWK�DFKLHYHPHQW�IRU�HDFK�RI�WKH�SURWHFWLYH�IDFWRU�GLPHQVLRQV��6WXG\�UHVXOWV
FRQILUP�WKH�LPSRUWDQFH�RI�FRPPXQLW\�ZLGH�EHKDYLRUDO�KHDOWK�WR�KHOS�RIIVHW�WKH�LQIOXHQFH�RI�SRYHUW\�
ZKLOH�DOVR�SRLQWLQJ�WR�\RXWK�VSHFLILF�FRPPXQLW\�FKDUDFWHULVWLFV�DQG�WUXVW�EXLOGLQJ�G\QDPLFV�WKDW
KHOS�UHGXFH�WKH�QHJDWLYH�LPSDFWV�RI�SRYHUW\�RQ�FKLOGUHQ|V�OHDUQLQJ�
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,V�5DFLDO�DQG�(FRQRPLF�6HJUHJDWLRQ�DVVRFLDWHG�ZLWK�5DFLDOL]HG�+HDOWK�,QHTXDOLWLHV�DFURVV
&DQDGLDQ�&LWLHV"�$OH[LV�'HQQLV
�$OH[LV�'HQQLV��7UHQW�/HEDQV�

$�UREXVW�ERG\�RI�UHVHDUFK�IURP�WKH�8QLWHG�6WDWHV�VKRZV�WKDW�UHVLGHQWLDO�VHJUHJDWLRQ�LV�D
IXQGDPHQWDO�FDXVH�RI�KHDOWK�LQHTXDOLW\�EHFDXVH�LW�VKDSHV�DFFHVV�WR�KHDOWK�SURWHFWLYH�VRFLRHFRQRPLF
UHVRXUFHV��H[SRVXUH�WR�KHDOWK�UHODWHG�HQYLURQPHQWDO�ULVNV��DQG�HQJDJHPHQW�LQ�KHDOWK�EHKDYLRUV�
7KHUH�LV�HYLGHQFH�WKDW�&DQDGLDQ�FLWLHV�DOVR�H[SHULHQFH�PRGHUDWH�OHYHOV�RI�UDFLDO�DQG�VRFLRHFRQRPLF
VHJUHJDWLRQ��EXW�WR�RXU�NQRZOHGJH��QR�VWXG\�KDV�LQYHVWLJDWHG�ZKHWKHU�UHVLGHQWLDO�VHJUHJDWLRQ�LQ
&DQDGD�LV�DVVRFLDWHG�ZLWK�SDWWHUQV�RI�UDFLDO�KHDOWK�LQHTXDOLW\��7R�DGGUHVV�WKLV�JDS��ZH�XVHG�GDWD
IURP�WKH������&DQDGLDQ�&HQVXV�WR�FRQVWUXFW�UDFLDO�DQG�HFRQRPLF�,QGH[�RI�'LVVLPLODULW\��',�
PHDVXUHV�IRU����&DQDGLDQ�FLWLHV��7KH�',�PHDVXUHV�ZHUH�PHUJHG�ZLWK�SRSXODWLRQ�VXUYH\�GDWD�IURP
:DYH���RI�WKH�/RQJLWXGLQDO�DQG�,QWHUQDWLRQDO�6WXG\�RI�$GXOWV��FROOHFWHG�LQ�������Q ��������2UGHUHG
ORJLVWLF�UHJUHVVLRQ�PRGHOV�ZHUH�XVHG�WR�HVWLPDWH�DVVRFLDWLRQV�EHWZHHQ�SDWWHUQV�RI�UDFLDO�DQG
HFRQRPLF�UHVLGHQWLDO�VHJUHJDWLRQ�DQG�GLVSDULWLHV�LQ�VHOI�UDWHG�KHDOWK�IRU�%ODFN��&KLQHVH�
)LOLSLQR�6RXWKHDVW�$VLDQ��/DWLQ�$PHULFDQ��$UDE�:HVW�$VLDQ��-DSDQHVH�.RUHDQ��DQG�$ERULJLQDO�YLVLEOH
PLQRULW\�JURXSV��2XU�SUHOLPLQDU\�ILQGLQJV�VKRZ�WKDW�DIWHU�DGMXVWLQJ�IRU�VRFLRGHPRJUDSKLF�DQG
VSDWLDO�FKDUDFWHULVWLFV��&KLQHVH�DQG�%ODFN�&DQDGLDQ�SRSXODWLRQV�DUH�ERWK�VHQVLWLYH�WR�KLJK�OHYHOV�RI
HFRQRPLF�VHJUHJDWLRQ��EXW�LQ�GLVSDUDWH�ZD\V��+LJK�HFRQRPLF�VHJUHJDWLRQ�PD\�EH�KHDOWK�SURWHFWLYH
IRU�&KLQHVH�&DQDGLDQV��EXIIHULQJ�DQ�LQLWLDO�KHDOWK�GLVDGYDQWDJH�LQ�FRPSDULVRQ�WR�:KLWH�&DQDGLDQV�
,W��KRZHYHU��PD\�EH�GHWULPHQWDO�WR�WKH�KHDOWK�RI�%ODFN�&DQDGLDQV��HURGLQJ�DQ�LQLWLDO�KHDOWK
DGYDQWDJH�LQ�FRPSDULVRQ�WR�:KLWH�&DQDGLDQV��$GGLWLRQDOO\��LQFUHDVHV�LQ�UDFLDO�UHVLGHQWLDO
VHJUHJDWLRQ�ZHUH�PRGHVWO\�DVVRFLDWHG�ZLWK�ZRUVH�VHOI�UDWHG�KHDOWK�DPRQJ�$ERULJLQDO��LQ�FRPSDULVRQ
WR�:KLWH��&DQDGLDQV��7KH�QH[W�VWHS�LQ�WKLV�DQDO\VLV�LV�WR�UXQ�D�VHULHV�RI�UREXVWQHVV�FKHFNV��2XU
ILQGLQJV�DGYDQFH�WKH�VPDOO�EXW�JURZLQJ�&DQDGLDQ�OLWHUDWXUH�RQ�UDFLDOL]HG�KHDOWK�GLVSDULWLHV�
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:RRG�&RXQW\�7+&�(QYLURQPHQW�6XUYHLOODQFH�6FDQ��$Q�2QJRLQJ�$FDGHPLF�&RPPXQLW\
3DUWQHUVKLS�7DPL�6ZHQVRQ
�7DPL�6ZHQVRQ��-DFRE�:DJQHU��7DQLN�3RQWORII�

,Q�������:RRG�&RXQW\�ZDV�WKH�ILUVW�VWDWH�ORFDOLW\�WR�VHW�DQ�DJH�UHVWULFWLRQ�RQ�SXUFKDVLQJ�KHPS�
UHODWHG�SURGXFWV�LQ�:LVFRQVLQ��7KH�:RRG�&RXQW\�7+&�&RPPXQLW\�(QYLURQPHQW�6XUYHLOODQFH�6FDQ
ORRNHG�DW�7+&�DQG�LQWR[LFDWLQJ�KHPS��VXFK�DV�'HOWD����'HOWD�����DQG�7+&�$��SURGXFW�DYDLODELOLW\�LQ
�����DQG������DV�D�DFDGHPLF�FRPPXQLW\�SDUWQHUVKLS�EHWZHHQ�WKH�ORFDO�KHDOWK�GHSDUWPHQW�DQG�WKH
8QLYHUVLW\�RI�:LVFRQVLQ�y�6WHYHQV�3RLQW��7KH�SURMHFW�FRQGXFWHG�D�WKUHH�SKDVH�HQYLURQPHQWDO�VFDQ�RI
7+&�UHWDLOHUV�E\�LQYHVWLJDWLQJ�RQOLQH�ZHEVLWHV��VRFLDO�PHGLD�SDJHV��DQG�VWDWH�OLFHQVLQJ�UHFRUGV�WR
ORFDWH�SRWHQWLDO�UHWDLOHUV�DQG�LGHQWLI\�SURGXFWV�RIIHUHG��SKRQH�LQWHUYLHZV�ZLWK�UHWDLOHUV�WR�YHULI\�VDOHV
LQIRUPDWLRQ�DQG�FODULI\�SURGXFW�W\SHV��DQG�LQ�SHUVRQ�YLVLWV�WR�FRQILUP�ILQGLQJV��REVHUYH�VWRUH�OD\RXWV�
FKHFN�IRU�DJH�YHULILFDWLRQ�PHDVXUHV��DQG��ZKHQ�SRVVLEOH��VSHDN�ZLWK�RZQHUV�RU�PDQDJHUV��2I����
SRWHQWLDO�UHWDLOHUV�LQ����������ZHUH�FRQILUPHG�WR�VHOO�7+&��LQWR[LFDWLQJ�KHPS��SURGXFWV��D�����
LQFUHDVH�IURP�WKH����UHWDLOHUV�LGHQWLILHG�LQ�������%DVHG�RQ�LQLWLDO�SKRQH�FRQYHUVDWLRQV�ZLWK�UHWDLOHUV
ZKR�GR�QRW�VHOO�EXW�LQGLFDWHG�WKDW�WKH\�ZLOO�VHOO�LQ�WKH�IXWXUH��WKLV�QXPEHU�LV�H[SHFWHG�WR�FRQWLQXH�WR
LQFUHDVH�RYHU�WKH�QH[W�IHZ�\HDUV��2WKHU�PDMRU�ILQGLQJV�LQFOXGHG������RI�WKH�LGHQWLILHG�7+&�UHWDLOHUV
DUH�%DUV�DQG�7DYHUQV������RI�WKH�VFDQQHG�UHWDLOHUV�VROG�SV\FKRWURSLF�PXVKURRP�SURGXFWV��VHYHUDO
VWRUHV�VFDQQHG�LQ�SHUVRQ�GLG�QRW�UHVWULFW�DFFHVV�WR�SURGXFWV�IRU�LQGLYLGXDOV�XQGHU�����D�FOHUN�RIIHUHG
IUHH�7+&�YDSH�VDPSOHV�WR�DQ�XQGHUDJH�LQGLYLGXDO�ZKLOH�YDSLQJ�DW�WKH�FRXQWHU��DQG�RQH�UHWDLOHU
UHSRUWHG�WKDW�WKH\�KDG����DWWHPSWV�E\�XQGHUDJH�LQGLYLGXDOV�WR�PDNH�SXUFKDVHV�LQ�WKH�ODVW�PRQWK�
,QFRQVLVWHQW�DJH�YHULILFDWLRQ�DQG�VDOHV�UDLVHG�FRQFHUQV�DERXW�\RXWK�DFFHVV��7KH�ILQGLQJV�IURP�WKLV
UHSRUW�ZHUH�XVHG�E\�WKH�:RRG�&RXQW\�KHDOWK�GHSDUWPHQW�WR�GHYHORS�DGGLWLRQDO�WRROV�ZLWK�ORFDO
EXVLQHVVHV�WR�KHOS�PRQLWRU�DJH�FRPSOLDQFH�FKHFNV�IRU�SHUVRQV�XQGHU�WKH�DJH�RI����
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3ROLF\

)HQWDQ\O�7HVW�6WULS�3ROLF\�LQ�86�DQG�2YHUGRVH�'HDWKV������g�����6KXWRQJ�+XR
�6KXWRQJ
+XR�

%DFNJURXQG��7KH�8�6��RYHUGRVH�FULVLV�DFFHOHUDWHG�ZLWK�WKH�VSUHDG�RI�LOOLFLWO\�PDQXIDFWXUHG�IHQWDQ\O�
)HQWDQ\O�WHVW�VWULSV��)76��RIIHU�D�ORZ�FRVW�GUXJ�FKHFNLQJ�WRRO�WKDW�FDQ�SURPSW�VDIHU�GHFLVLRQV��,Q
UHFHQW�\HDUV��PDQ\�VWDWHV�KDYH�PRYHG�WR�OHJDOL]H�)76��+RZHYHU��HYLGHQFH�OLQNLQJ�)76�OHJDOL]DWLRQ�WR
SRSXODWLRQ�OHYHO�PRUWDOLW\�UHPDLQV�OLPLWHG��:H�HYDOXDWH�ZKHWKHU�GHFULPLQDOL]DWLRQ�RI�)76�FRLQFLGHV
ZLWK�GHFUHDVH�LQ�RYHUGRVH�GHDWKV�DQG�ZKHWKHU�HIIHFWV�GLIIHU�DPRQJ�GLIIHUHQW�GRPDLQV�RI�SROLF\��DV
ZHOO�DV�EHIRUH�YHUVXV�DIWHU�&29,'����

0HWKRGV��:H�FRQVWUXFWHG�D�VWDWH�PRQWK�SDQHO�IURP�1DWLRQDO�9LWDO�6WDWLVWLFV�6\VWHP�0XOWLSOH�&DXVH�
RI�'HDWK�PLFUR�UHFRUGV������y������2XWFRPHV�LQFOXGHG�DJH�DGMXVWHG�GHDWKV�SHU���������IRU�DQ\
GUXJ��DQ\�RSLRLG��DQG�V\QWKHWLF�RSLRLGV��FRGHG�YLD�,&'�����:H�$5,0$�GHWUHQGHG�HDFK�VWDWH�RXWFRPH
VHULHV�WR�UHGXFH�FRQIRXQGLQJ�IURP�QRQVWDWLRQDU\�WUHQGV��:H�FRGHG�SROLFLHV�PRQWKO\�IRU�ILUVW
HQIRUFHDEOH�PRQWK�LQ�GRPDLQV��SRVVHVVLRQ��VDOH��DQG�IUHH�GLVWULEXWLRQ��&DXVDO�HIIHFWV�XVHG
&DOODZD\y6DQW|$QQD�GLIIHUHQFH�LQ�GLIIHUHQFHV�

5HVXOWV��%HIRUH�&29,'�����OHJDOL]DWLRQ�WKDW�FUHDWHG�GLVWULEXWLRQ�RU�UHWDLO�FKDQQHOV�DOLJQHG�ZLWK�ORZHU
PRUWDOLW\��)RU�DQ\�RSLRLG�GHDWKV��VDOH�DQG�IUHH�GLVWULEXWLRQ�UHGXFHG�UDWHV�E\�DERXW�����SHU��������
�VDOH��������IUHH���������ZKLOH�SRVVHVVLRQ�VKRZHG�QR�GHWHFWDEOH�FKDQJH����������6\QWKHWLF�RSLRLG
UHVXOWV�PLUURUHG�WKLV�SDWWHUQ��VDOH��������IUHH��������SRVVHVVLRQ���������$Q\�GUXJ�GHDWKV�GHFOLQHG
PRGHVWO\��VDOH��������IUHH���������$IWHU�&29,'�����HVWLPDWHV�FOXVWHUHG�QHDU�]HUR�DFURVV�GRPDLQV�
)XOO�SHULRG�DYHUDJHV�WKHUHIRUH�DSSHDUHG�QXOO��UHIOHFWLQJ�RSSRVLQJ�SUH��DQG�SRVW�&29,'�G\QDPLFV�
$QDO\VHV�RQ�XQILWWHG�DJH�DGMXVWHG�UDWHV�SURGXFHG�WKH�VDPH�GLUHFWLRQV�DQG�GRPDLQ�UDQNLQJV�

'LVFXVVLRQ��)LQGLQJV�LQGLFDWH�WKDW�OHJDO�SDWKZD\V�WKDW�H[SDQG�DFFHVV��VDOH�DXWKRUL]DWLRQ�DQG�IXQGHG
IUHH�GLVWULEXWLRQ��FRLQFLGHG�ZLWK�PRUWDOLW\�GHFOLQHV�GXULQJ�WKH�ODWH�����V�VXUJH��ZKHUHDV�SRVVHVVLRQ
DORQH�GLG�OLWWOH��3RVW�&29,'�DWWHQXDWLRQ�OLNHO\�UHIOHFWV�VHUYLFH�GLVUXSWLRQV��PDUNHW�VKLIWV��DQG�EURDGHU
VWUHVVRUV�WKDW�PXWHG�SROLF\�OHYHUDJH��3ROLF\�LPSOLFDWLRQV�LQFOXGH�SDLULQJ�)76�OHJDOL]DWLRQ�ZLWK
ILQDQFHG�GLVWULEXWLRQ�WKURXJK�V\ULQJH�VHUYLFHV�DQG�FRPPXQLW\�SDUWQHUV��UHWDLO�FODULW\�IRU�SKDUPDFLHV
DQG�YHQGRUV�
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3ROLF\

1RW�DOO�OHJDOL]DWLRQ�LV�HTXDO��H[SORULQJ�KRZ�UHFUHDWLRQDO�FDQQDELV�UHJXODWRU\�DSSURDFKHV
VKDSH�FDQQDELV�XVH�DQG�ULVN�SHUFHSWLRQV�LQ�86�VWDWHV�DQG�'&�$ULDGQH�5LYHUD�$JXLUUH
�$ULDGQH
5LYHUD�$JXLUUH��(OOLFRWW�0DWWKD\��,YDQ�'LD]��$OYDUR�&DVWLOOR�&DUQLJOLD��6LOYLD�0DUWLQV��0DJGDOHQD
&HUGD�

5HFUHDWLRQDO�FDQQDELV�ODZV��5&/V��LQ�WKH�86�YDU\�ZLGHO\��+RZHYHU��PRVW�HYDOXDWLRQV�WUHDW
OHJDOL]DWLRQ�DV�D�ELQDU\�H[SRVXUH�RU�XVH�DJJUHJDWH�VFRUHV��REVFXULQJ�KRZ�VSHFLILF�SROLF\
FRPELQDWLRQV�LQIOXHQFH�SXEOLF�KHDOWK��:H�H[DPLQHG�WKH�HIIHFW�RI�GLVWLQFW�5&/�DSSURDFKHV�RQ
FDQQDELV�XVH�DQG�ULVN�SHUFHSWLRQV�RYHUDOO��DJHV������DQG�DFURVV�DGROHVFHQWV����������\RXQJ�DGXOWV
���������DQG�DGXOWV�������

8VLQJ�ODWHQW�FODVV�DQDO\VLV��/&$��RQ�����������FDQQDELV�SROLF\�GDWD�IURP�WKH�$OFRKRO�3ROLF\
,QIRUPDWLRQ�6\VWHP��ZH�LGHQWLILHG�IRXU�5&/�PRGHOV��1R�5&/��3UH�FRPPHUFLDO��PLQLPDO�UHJXODWLRQ�
QR�UHWDLO�IUDPHZRUN���)XOO�$FFHVV��UHWDLO�VDOHV��KRPH�GHOLYHU\��DQG�RQ�VLWH�UHWDLO�XVH���DQG�'LVSHQVDU\
$FFHVV��UHWDLO�VDOHV�IRU�RII�VLWH�XVH�RQO\�DQG�SURKLELWLQJ�SXEOLF�XVH���/LQNLQJ�WKHVH�WR�WKH�����y����
1DWLRQDO�6XUYH\�RQ�'UXJ�8VH�DQG�+HDOWK��ZH�HVWLPDWHG�HIIHFWV�RQ�SDVW�\HDU��SDVW�PRQWK�FDQQDELV
XVH�DQG�SHUFHLYHG�ULVN�RI�IUHTXHQW�FDQQDELV�XVH�XVLQJ�/RQJLWXGLQDO�7DUJHWHG�0LQLPXP�/RVV�EDVHG
(VWLPDWLRQ��/70/(��ZLWK�6XSHU�/HDUQHU�WR�DFFRXQW�IRU�WLPH�YDU\LQJ�FRQIRXQGLQJ��:H�HVWLPDWHG
DYHUDJH�WUHDWPHQW�HIIHFWV�YLD�SDLUZLVH�FRQWUDVWV�DQG�HYDOXDWHG�K\SRWKHWLFDO�VKLIWV�EHWZHHQ�)XOO
$FFHVV�DQG�'LVSHQVDU\�$FFHVV�PRGHOV�

5HODWLYH�WR�1R�5&/��DOO�5&/�PRGHOV�ZHUH�DVVRFLDWHG�ZLWK�KLJKHU�FDQQDELV�XVH�DQG�ORZHU�SHUFHLYHG
ULVN��ZLWK�WKH�ODUJHVW�SUHYDOHQFH�GLIIHUHQFHV��3'��DPRQJ�\RXQJ�DGXOWV�DQG�DGXOWV��+RZHYHU��WKH
PDJQLWXGH�RI�WKH�GLIIHUHQFHV�GHSHQGHG�RQ�WKH�UHJXODWRU\�DSSURDFK��SDUWLFXODUO\�DPRQJ�DGXOWV
�'LVSHQVDU\�$FFHVV�YV��3UH�FRPPHUFLDO��3' ����������&,�����������������(IIHFWV�DPRQJ�DGROHVFHQWV
ZHUH�JHQHUDOO\�VPDOO�RU�QXOO��+\SRWKHWLFDO�VKLIWV�IURP�)XOO�WR�'LVSHQVDU\�$FFHVV�\LHOGHG�VPDOO�DQG
GLUHFWLRQDOO\�FRQVLVWHQW�UHGXFWLRQV�LQ�XVH��&,V�LQFOXGHG�WKH�QXOO��
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3XEOLF�+HDOWK�&RPPXQLFDWLRQ�DQG�7UXVW

8VH��QHHGV��DQG�IHDWXUHV�IRU�HIIHFWLYHQHVV��6HHNLQJ�XVHU�LQSXW�IRU�GHYHORSPHQW�RI�D�6DQ
-RDTXLQ�9DOOH\�WREDFFR�GDWD�GDVKERDUG�<HQJ�9XH
�LUHQH�\HQ��$UWXUR�'XUD]R�

6XUYHLOODQFH�LV�DQ�LPSRUWDQW�WRRO�IRU�WREDFFR�FRQWURO��'DWD�GDVKERDUGV��D�IRUP�RI�VXUYHLOODQFH��KDYH
LQFUHDVHG�LQ�UHFHQW�\HDUV��+RZHYHU��GDWD�GDVKERDUGV�KDYH�EHHQ�KLVWRULFDOO\�GHVLJQHG�ZLWKRXW�XVHUV|
GDWD�FDSDFLWLHV�RU�QHHGV�LQ�PLQG��SDUWLFXODUO\�LQ�UXUDO�DQG�7ULEDO�FRPPXQLWLHV��ZKLFK�DUH�DW�KLJK�ULVN
IRU�WREDFFR�XVH��DQG�LQ�ZKLFK�GDWD�UHPDLQ�VSDUVH��7R�LQIRUP�D�SODQQHG�FRPPXQLW\�WDLORUHG�GDWD
GDVKERDUG�IRU�&DOLIRUQLD|V�6DQ�-RDTXLQ�9DOOH\��6-9��DQG�ORFDO�IRRWKLOOV��D�SUHGRPLQDQWO\�UXUDO�DQG
DJULFXOWXUDO�UHJLRQ��RXU�WHDP�VRXJKW�RXW�6-9�EDVHG�WREDFFR�FRQWURO�DGYRFDWHV�DQG�FRPPXQLW\
OHDGHUV�WR�LGHQWLI\�FUXFLDO�GDWD�QHHGV�DQG�IHDWXUHV�IRU�D�IXWXUH�WREDFFR�FRQWURO�GDWD�GDVKERDUG��:H
FRQGXFWHG�VXUYH\V�DQG�LQWHUYLHZV�ZLWK�UXUDO�DQG�7ULEDO�DGYRFDWHV�DQG�OHDGHUV��JDWKHULQJ
SHUVSHFWLYHV�IURP����SHRSOH��$�FRQVLVWHQW�LVVXH�ZDV�LQVXIILFLHQW�DFFHVVLEOH�IRU�SURJUDP�SODQQLQJ�
UHSRUWV��DQG�JUDQWV��'LIIHUHQW�SURJUDPV�FROOHFW�K\SHU�ORFDO�GDWD�DQG�FRPELQLQJ�WKHVH�GDWD�LQ�WKH
UHJLRQ�ZRXOG�FRQWULEXWH�JUHDWO\�WR�SODQQLQJ�DQG�JUDQW�ZULWLQJ��:H�OHDUQHG�WKDW�D�ZLGH�YDULHW\�RI
GDWD�ZHUH�VRXJKW�LQFOXGLQJ��\RXWK�DQG�DGXOW�VPRNLQJ�UDWHV��H�FLJDUHWWH�YDSLQJ�UDWHV��UHWDLOHU
ORFDWLRQV��ORFDO�WREDFFR�FRQWURO�SROLFLHV��VHFRQGKDQG�VPRNH�H[SRVXUH��ORFDWLRQV�RI�SULPDU\�FDUH
SURYLGHUV��DQG�VPRNLQJ�FHVVDWLRQ�SURJUDPV��3URVSHFWLYH�GDVKERDUG�XVHUV�ZHUH�QRW�IDPLOLDU�ZLWK
GDWD�GDVKERDUGV��,Q�H[SORULQJ�ZKDW�FRXOG�VXSSRUW�WKHLU�ZRUN��WKH\�PHQWLRQHG��\HDU�RYHU�\HDU
FRPSDULVRQV�RI�WREDFFR�XVH�WUHQGV��JHRVSDWLDO�DQG�PDSSLQJ�FDSDELOLWLHV�E\�UXUDOLW\��GHPRJUDSKLF�
DQG�KHDOWK�GDWD��DQG�SROLF\�DQG�FRPSOLDQFH�WUDFNLQJ��7ULEDO�DGYRFDWHV�VSHFLILFDOO\�ZDQWHG�WKH�DELOLW\
WR�GLVDJJUHJDWH�E\�FRXQW\��1DWLYH�KHULWDJH��DQG�PXOWL�HWKQLF�LGHQWLW\��7KHVH�ILQGLQJV�LQIRUP�XV�RI�WKH
YDULRXV�GDWD�QHHGV�RI�WKH�6-9�UHJLRQ��KLJKOLJKWLQJ�WKH�LPSRUWDQFH�RI�ILUVW�JDLQLQJ�LQVLJKW�RQ�XVHU
SHUVSHFWLYHV�LQ�GHYHORSLQJ�D�FRPPXQLW\�WDLORUHG�GDVKERDUG�WRRO�
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%XLOGLQJ�$QDO\WLF�,QIUDVWUXFWXUH�IRU�1HJOHFWHG�3XEOLF�+HDOWK�7RSLFV��$�&DVH�6WXG\�LQ
(TXLW\�,QIRUPHG�(DWLQJ�'LVRUGHU�6XUYHLOODQFH�$ULHO�%HFFLD
�$ULHO�%HFFLD��'RXJLH�=XEL]DUUHWD�
-LOO�.DYDQDXJK��+DOH\�0F*RZDQ�

(DWLQJ�GLVRUGHUV��H�J���DQRUH[LD�QHUYRVD��EXOLPLD�QHUYRVD��DIIHFW�DQ�HVWLPDWHG����RI�8�6��\RXWK��ZLWK
GLVSURSRUWLRQDWH�EXUGHQV�DPRQJ�/*%74��\RXWK��\RXWK�RI�FRORU��DQG�\RXWK�H[SHULHQFLQJ�IRRG
LQVHFXULW\�DQG�RWKHU�IRUPV�RI�HFRQRPLF�VWUDLQ�y�\HW�WKH\�UHFHLYH�IDU�OHVV�SXEOLF�KHDOWK�DWWHQWLRQ�
IXQGLQJ��DQG�JXLGDQFH�WKDQ�FRPSDUDEO\�SUHYDOHQW�FRQFHUQV��)XUWKHUPRUH��VWDWH�DQG�ORFDO�KHDOWK
DJHQFLHV�WKDW�GR�FROOHFW�HDWLQJ�GLVRUGHU�GDWD�RIWHQ�ODFN�WKH�VSHFLDOL]HG�NQRZOHGJH�QHHGHG�WR�DQDO\]H
DQG�FRPPXQLFDWH�ILQGLQJV�ULJRURXVO\�DQG�HTXLWDEO\��OLPLWLQJ�WKH�UHDFK�DQG�LPSDFW�RI�WKH�GDWD�WKH\
DOUHDG\�KDYH��7R�KHOS�EULGJH�WKLV�JDS��WKH�(DWLQJ�'LVRUGHUV�3XEOLF�+HDOWK�6XUYHLOODQFH�:RUNLQJ
*URXS��D�PXOWL�VWDWH�FROODERUDWLRQ�RI�UHVHDUFKHUV��SXEOLF�KHDOWK�SURIHVVLRQDOV��DQG�SUDFWLWLRQHUV�
GHYHORSHG�WZR�IUHHO\�DYDLODEOH�UHVRXUFHV�IRU�DJHQFLHV�ZRUNLQJ�ZLWK�\RXWK�HDWLQJ�GLVRUGHU
VXUYHLOODQFH�GDWD��D�EHVW�SUDFWLFHV�JXLGH�IRU�VXUYH\�LWHP�VHOHFWLRQ��DQG�D�FRPSUHKHQVLYH�GDWD
DQDO\VLV�JXLGH��7RJHWKHU��WKHVH�WRROV�VXSSRUW�WKH�IXOO�GDWD�OLIHF\FOH��DVNLQJ�WKH�ULJKW�TXHVWLRQV�
DQDO\]LQJ�GDWD�ZLWK�HTXLW\�SULQFLSOHV�HPEHGGHG�WKURXJKRXW��DQG�WUDQVODWLQJ�ILQGLQJV�LQWR
FRPPXQLFDWLRQV�WKDW�FDQ�LQIRUP�SUHYHQWLRQ�DQG�KHDOWK�SODQQLQJ�DW�HYHU\�OHYHO��7KLV�SUHVHQWDWLRQ
XVHV�WKH�GHYHORSPHQW�RI�WKHVH�UHVRXUFHV�DV�D�FDVH�VWXG\�LQ�EXLOGLQJ�DFFHVVLEOH��HTXLW\�FHQWHUHG
VXSSRUW�IRU�XQGHU�UHVRXUFHG�SXEOLF�KHDOWK�WRSLFV��:H�GHVFULEH�KRZ�LQWHUGLVFLSOLQDU\�FROODERUDWLRQ
DQG�RQJRLQJ�LQSXW�IURP�SXEOLF�KHDOWK�DJHQFLHV�DQG�FRPPXQLW\�RUJDQL]DWLRQV�VKDSHG�WRROV�WKDW�DUH
SUDFWLFDO��ILHOG�UHDG\��DQG�GHVLJQHG�WR�HOHYDWH�DZDUHQHVV�RI�HDWLQJ�GLVRUGHUV�y�DQG�FRQGLWLRQV�OLNH
WKHP�y�DV�XUJHQW��SUHYHQWDEOH�SXEOLF�KHDOWK�FRQFHUQV��:H�FORVH�ZLWK�OHVVRQV�DSSOLFDEOH�WR
UHVHDUFKHUV��DGYRFDWHV��DQG�SXEOLF�KHDOWK�DQG�PHGLFDO�SURIHVVLRQDOV�ZRUNLQJ�WR�VWUHQJWKHQ�HYLGHQFH
DQG�DFWLRQ�LQ�RWKHU�XQGHU�UHVRXUFHG�GRPDLQV�
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3DUWLFLSDWRU\�)LOPPDNLQJ�DV�D�&RPPXQLW\�'ULYHQ�6WUDWHJ\�WR�6WUHQJWKHQ�0DWHUQDO�+HDOWK
(QJDJHPHQW�DQG�+HDOWKFDUH�7UXVW�/HVO\�'RPLQJXH]�$OYDUH]
�/HVO\�'RPLQJXH]�$OYDUH]��-XOLD
.LOODU��5HMRLFH�2ELRUD��)DWKLPD�:DNHHO��0LFKDHO�.UDPS�

2XU�HYDOXDWLRQ�VWXG\�DGYDQFHV�SRSXODWLRQ�KHDOWK�VFLHQFH�E\�LQWHJUDWLQJ�QDUUDWLYH�EDVHG�LQWHUYHQWLRQ
VWUDWHJLHV�ZKLOH�FHQWHULQJ�ZRPHQ�DV�WKH�NQRZOHGJH�SURGXFHUV�UDWKHU�WKDQ�UHFLSLHQWV�RI�FOLQLFDO
PHVVDJLQJ��7KH�LQWHUYHQWLRQ�GHPRQVWUDWHV�KRZ�FRPPXQLW\�RZQHG�VWRU\WHOOLQJ�FDQ�IXQFWLRQ�DV�D
SUDJPDWLF�DQG�VFDODEOH�WRRO�WR�LPSURYH�PDWHUQDO�KHDOWK�HQJDJHPHQWV�DQG�VWUHQJWKHQ�UHODWLRQVKLSV
ZLWK�WKH�KHDOWKFDUH�V\VWHP�DQG�SURYLGHUV��

,Q�6LHUUD�/HRQH��VWUXFWXUDO�EDUULHUV�DQG�FRPPXQLFDWLRQ�JDSV�EHWZHHQ�KHDOWKFDUH�SURYLGHUV�DQG
SDWLHQWV�FRQWULEXWH�WR�GHOD\HG�FDUH�VHHNLQJ�DQG�SRRU�PDWHUQDO�KHDOWK�RXWFRPHV��0RWKHUV�RI�6LHUUD
/HRQH��026/��SRVLWLRQV�FRPPXQLW\�VWRU\WHOOLQJ�DV�D�WUXVW�EXLOGLQJ�LQIUDVWUXFWXUH�E\�VKLIWLQJ�KHDOWK
FRPPXQLFDWLRQ�SRZHU�IURP�LQVWLWXWLRQV�WR�ZRPHQ�WKHPVHOYHV��JHQHUDWLQJ�QHZ�LQVLJKWV�LQWR�KRZ
SDUWLFLSDWRU\�VWRU\WHOOLQJ�LQWHUYHQWLRQV�FDQ�VWUHQJWKHQ�WUXVW�DQG�HQJDJHPHQW�ZLWK�PDWHUQDO
KHDOWKFDUH�V\VWHPV�DQG�RIIHU�D�UHSOLFDEOH�IUDPHZRUN�IRU�ORZ�UHVRXUFH�VHWWLQJV��026/�LV�D
FRPPXQLW\�EDVHG�SRSXODWLRQ�KHDOWK�FRPPXQLFDWLRQ�LQWHUYHQWLRQ�WKDW�XVHV�SDUWLFLSDWRU\�ILOPPDNLQJ
ZRUNVKRSV�WR�DGGUHVV�PDWHUQDO�KHDOWK�GLVSDULWLHV�DQG�GLVWUXVW�LQ�WKH�KHDOWKFDUH�V\VWHP��

2XU����PRQWK�PL[HG�PHWKRGV�UHVHDUFK�VWXG\�LV�JXLGHG�E\�WKH�UHVHDUFK�TXHVWLRQ��+RZ�GRHV
SDUWLFLSDWRU\�ILOPPDNLQJ�LQIOXHQFH�PDWHUQDO�KHDOWK�NQRZOHGJH��KHDOWK�VHHNLQJ�EHKDYLRUV��DQG�WUXVW
LQ�WKH�KHDOWKFDUH�V\VWHP�DPRQJ�ZRPHQ�LQ�6LHUUD�/HRQH"�7KLV�UHVHDUFK�LQLWLDWLYH�HPSKDVL]HV�D
FRPPXQLW\�EDVHG�SDUWLFLSDWRU\�UHVHDUFK�GHVLJQ�LQ�ZKLFK�ZRPHQ�FROODERUDWLYHO\�FUHDWH�VKRUW�ILOPV
XVLQJ�VPDUWSKRQHV�WR�VKDUH�OLYHG�H[SHULHQFHV��DGGUHVV�PLVLQIRUPDWLRQ��DQG�LGHQWLI\�ORFDOO\�UHOHYDQW
PDWHUQDO�KHDOWK�FRQFHUQV��

7R�HYDOXDWH�LPSDFW��ZH�DGPLQLVWHUHG�SUH��DQG�SRVW�LQWHUYHQWLRQ�VXUYH\V�DVVHVVLQJ�PDWHUQDO�KHDOWK
NQRZOHGJH��FDUH�VHHNLQJ��LQWHQWLRQV�DQG�EHKDYLRUV��DQG�WUXVW�LQ�KHDOWKFDUH�SURYLGHUV��)RFXV�JURXSV
DQG�VXUYH\V�IXUWKHU�H[SORUHG�WKHVH�FKDQJHV�LQ�SHUFHSWLRQV�RI�WKH�KHDOWK�V\VWHP��FRPPXQLFDWLRQ
G\QDPLFV��DQG�FRPPXQLW\�HPSRZHUPHQW�
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5DFH�(WKQLFLW\

$�&KLOG�&HQWHUHG�$SSURDFK�WR�6WUXFWXUDO�5DFLVP��0HDVXUH�&RQVWUXFWLRQ�DQG�+HDOWK
,PSOLFDWLRQV�=L�:DQ
�=L�:DQ��+DQ�/LX�

7KLV�VWXG\�DLPV�WR�ILUVW�GHYHORS�D�FKLOG�FHQWHUHG�PHDVXUH�RI�VWUXFWXUDO�UDFLVP��65��IRU�IRXU
UDFLDO�HWKQLF�JURXSV��%ODFN��+LVSDQLF��$PHULFDQ�,QGLDQ�$ODVND�1DWLYH��DQG�$VLDQ�3DFLILF�,VODQGHU�
DQG�WKHQ�HYDOXDWH�WKH�YDOLGLW\�RI�WKLV�FKLOG�FHQWHUHG�65�PHDVXUH�E\�WHVWLQJ�LWV�DVVRFLDWLRQ�ZLWK
FKLOGUHQ|V�KHDOWK�LQ�D�PXOWLOHYHO�DQDO\VLV��6WDWH�OHYHO�65�ZLOO�EH�EDVHG�RQ�LQGLFDWRUV�IURP�WKH
$PHULFDQ�&RPPXQLW\�6XUYH\�DQG�WKH�6WDQIRUG�(GXFDWLRQ�'DWD�$UFKLYH��FDSWXULQJ�ERWK�FKLOGUHQ|V
GLUHFW�65�H[SRVXUH�DQG�PHGLDWHG

H[SRVXUH�WKURXJK�WKHLU�IDPLOLHV��,QGLYLGXDO�OHYHO�GDWD�RQ�FKLOGUHQ|V�KHDOWK�DQG�FRQWUROV�FRPH�IURP
WKH�1DWLRQDO�6XUYH\�RI�&KLOGUHQ|V�+HDOWK��3UHOLPLQDU\�UHVXOWV�EDVHG�RQ�VL[�LQGLFDWRUV��PHGLDQ
KRXVHKROG�LQFRPH��KRXVLQJ�LQVWDELOLW\��SRYHUW\�UDWH��UHQWDO�KRXVLQJ��EDFKHORU|V�GHJUHH��DQG
VHJUHJDWLRQ��UHYHDO�QRWLFHDEOH�GLYHUJHQFH�EHWZHHQ�WKH�FKLOG�FHQWHUHG�DQG�DGXOW�RULHQWHG�DSSURDFKHV
�ORZHVW�FRUUHODWLRQ����������7KLV�OLPLWHG�DOLJQPHQW�DIILUPV�WKH�WKHRUHWLFDO�DQG�HPSLULFDO�YDOXH�RI
FKLOG�VSHFLILF�PHDVXUHPHQW�IRU�XQGHUVWDQGLQJ�KRZ�VWUXFWXUDO�UDFLVP�JHWV�XQGHU�WKH�VNLQ�IURP�D�OLIH
FRXUVH�SHUVSHFWLYH�
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5DFH�(WKQLFLW\

'HYHORSPHQW�RI�D�7KHRUHWLFDO�0RGHO�IRU�0XOWLUDFLDO�0HQWDO�+HDOWK�,QHTXLWLHV�1RDK�<HH
:HVWIDOO
�1RDK�<HH�:HVWIDOO�

&XUUHQW�UHVHDUFK�RQ�PXOWLUDFLDO�DGROHVFHQWV�VXJJHVW�WKDW�PXOWLUDFLDO�LQGLYLGXDOV�WHQG�WR�KDYH�SRRUHU
PHQWDO�KHDOWK�RXWFRPHV�FRPSDUHG�WR�PRQRUDFLDO�SHHUV�>�@�>�@�7KLV�SUHVHQWDWLRQ�LV�UHVSRQGLQJ�WR�WKH
XUJHQW�QHHG�WR�EHWWHU�WKHRUL]H�DQG�XQGHUVWDQG�PXOWLUDFLDO�SRSXODWLRQV�>�@�,Q�WKLV�SUHVHQWDWLRQ��,�ZLOO
SUHVHQW�WKH�SUHOLPLQDU\�GHYHORSPHQW�RI�D�WKHRUHWLFDO�PRGHO�ZKLFK�,�KRSH�ZLOO�SURYLGH�WKH�WKHRUHWLFDO
JURXQGLQJ�IRU�P\�HYHQWXDO�GLVVHUWDWLRQ�ZRUN�RQ�WKLV�WRSLF��,�DLP�WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI
PXOWLUDFLDO�PHQWDO�KHDOWK�LQHTXLWLHV��ZKLFK�ZLOO�UHO\�SULPDULO\�RQ�LGHQWLW\�WKHRULHV��HPSLULFDO
GHVFULSWLRQV�RI�EXOO\LQJ�VRFLDO�H[FOXVLRQ�DQG�WKHRULHV�RI�PRQRUDFLVP�

,�DLP�WR�GHYHORS�D�WKHRUHWLFDO�H[SODQDWLRQ�IRU�PXOWLUDFLDO�PHQWDO�KHDOWK�LQHTXLWLHV��ZKLFK�DV�,�ZLOO
DUJXH��FDQ�EH�SDUWLDOO\�H[SODLQHG�E\�WKH�H[SHULHQFH�RI�LGHQWLW\�EDVHG�EXOO\LQJ��:H�DOUHDG\�KDYH�D
UREXVW�ERG\�RI�HYLGHQFH�DERXW�WKH�DGYHUVH�LPSDFWV�RI�EXOO\LQJ�RQ�PHQWDO�KHDOWK�LQ�JHQHUDO�>�@�>�@�,Q
WKLV�SDSHU��,�ZLOO�H[WHQG�WKH�H[LVWLQJ�EXOO\LQJ�OLWHUDWXUH�WR�PXOWLUDFLDO�LQGLYLGXDOV�E\�DUJXLQJ�WKDW�WKH
GLVSURSRUWLRQDWH�EXUGHQ>�@�>�@�RI�EXOO\LQJ�H[SHULHQFHG�E\�PXOWLUDFLDO�DGROHVFHQWV�LV�D�PDQLIHVWDWLRQ
RI�PRQRUDFLVP��7KLV�ZRUN�ILWV�VTXDUHO\�ZLWKLQ�WKH�GRPDLQ�RI�VRFLDO�SV\FKRORJ\��ZKLFK�EULGJHV
LQGLYLGXDO�SV\FKRORJLFDO�DQG�VRFLRORJLFDO�IDFWRUV�WRJHWKHU�

%XOO\LQJ�LV�D�FRPSOH[�SKHQRPHQRQ�WKDW�KDV�SUHGRPLQDQWO\�EHHQ�IUDPHG�DV�DQ�LQGLYLGXDO�OHYHO�LVVXH�
+RZHYHU��PRUH�UHFHQW�GHYHORSPHQWV�LQ�WKH�ILHOG�KDYH�H[SDQGHG�WKLV�ZRUN�LQWR�VRFLRORJ\�DQG
SRSXODWLRQ�KHDOWK��0\�JRDO�ZLWK�WKLV�SUHVHQWDWLRQ�LV�WR�PHUJH�LGHQWLW\�WKHRULHV�IRXQG�ZLWKLQ�VRFLDO
SV\FKRORJ\�ZLWK�HPSLULFDO�UHVHDUFK�RQ�WKH�OLYHG�H[SHULHQFHV�RI�PXOWLUDFLDO�LQGLYLGXDOV�LQ�RUGHU�WR
SURYLGH�DQ�H[SODQDWLRQ�IRU�REVHUYHG�PHQWDO�KHDOWK�LQHTXLWLHV�

,�ZLOO�DUJXH�WKDW�RQH�SRVVLEOH�FRQWULEXWLQJ�H[SODQDWLRQ�IRU�PXOWLUDFLDO�PHQWDO�KHDOWK�LQHTXLWLHV�LV�GXH
WR�LGHQWLW\�EDVHG�EXOO\LQJ�LQ�DGROHVFHQFH��,QGLYLGXDOV�WKDW�H[SHULHQFH�PLFURDJJUHVVLRQV�DQG
LQYDOLGDWLRQ�RI�WKHLU�LGHQWLWLHV�E\�PRQRUDFLDO�SHHUV�PD\�SHUFHLYH�WKHVH�LQWHUDFWLRQV�DV�EXOO\LQJ�
%XOO\LQJ�WUDGLWLRQDOO\�LQFOXGHV�D�SHUFHLYHG�SRZHU�GLIIHUHQWLDO�DQG�VR�,�ZLOO�PDNH�WKH�FDVH�WKDW�LGHQWLW\
LQYDOLGDWLRQ�IURP�PRQRUDFLDO�SHHUV�PD\�EH�SHUFHLYHG�DV�D�PDQLIHVWDWLRQ�RI�WKLV�SRZHU�GLIIHUHQWLDO
DQG�WKXV�H[SHULHQFHG�QHJDWLYHO\�DV�EXOO\LQJ�

&RQFHSWXDO�0RGHO

>�@�2K��+���:LQQ��-��*���/L�9HUGXJR��-���%DlDGD��5���=DFKU\��&��(���&KDQ��*���2NLQH��/���3DUN��-��
)RUPLJRQL��0���	�/HDXQH��(����������0HQWDO�KHDOWK�RXWFRPHV�RI�PXOWLUDFLDO�LQGLYLGXDOV��$�V\VWHPDWLF
UHYLHZ�EHWZHHQ�WKH�\HDUV������DQG�������-RXUQDO�RI�DIIHFWLYH�GLVRUGHUV����������y����

>�@�*ULOR��6��$���6DQWHOOL��-��6���1DWKDQVRQ��&��$���&DWDOOR]]L��0���$EUDLGR�/DQ]D��$���$GHOPDQ��6���	
+HUQDQGH]��'�������D���6RFLDO�DQG�6WUXFWXUDO�,QIOXHQFHV�RQ�0XOWLUDFLDO�,GHQWLILFDWLRQ�DQG�+HDOWK��D
3XEOLF�+HDOWK�0DQGDWH�WR�3UHFLVHO\�0HDVXUH��7KHRUL]H��DQG�%HWWHU�8QGHUVWDQG�0XOWLUDFLDO
3RSXODWLRQV��-RXUQDO�RI�UDFLDO�DQG�HWKQLF�KHDOWK�GLVSDULWLHV������������y����

>�@�*ULOR�6$��6DQWHOOL�-6��1DWKDQVRQ�&$��&DWDOOR]]L�0��$EUDLGR�/DQ]D�$��$GHOPDQ�6��+HUQDQGH]�'�
6RFLDO�DQG�6WUXFWXUDO�,QIOXHQFHV�RQ�0XOWLUDFLDO�,GHQWLILFDWLRQ�DQG�+HDOWK��D�3XEOLF�+HDOWK�0DQGDWH�WR
3UHFLVHO\�0HDVXUH��7KHRUL]H��DQG�%HWWHU�8QGHUVWDQG�0XOWLUDFLDO�3RSXODWLRQV��-�5DFLDO�(WKQ�+HDOWK
'LVSDULWLHV�������)HE����������������GRL����������V�������������������(SXE������)HE�����30,'�
���������



�������

>�@�1DWLRQDO�$FDGHPLHV�RI�6FLHQFHV��(QJLQHHULQJ��DQG�0HGLFLQH����������3UHYHQWLQJ�%XOO\LQJ
7KURXJK�6FLHQFH��3ROLF\��DQG�3UDFWLFH��:DVKLQJWRQ��'&��7KH�1DWLRQDO�$FDGHPLHV�3UHVV��GRL�
����������������1DWLRQDO�$FDGHPLHV�RI�6FLHQFHV��(QJLQHHULQJ��DQG�0HGLFLQH��������3UHYHQWLQJ
%XOO\LQJ�7KURXJK�6FLHQFH��3ROLF\��DQG�3UDFWLFH��:DVKLQJWRQ��'&��7KH�1DWLRQDO�$FDGHPLHV�3UHVV�
KWWSV���GRL�RUJ���������������

>�@�0RRUH�6(��1RUPDQ�5(��6XHWDQL�6��7KRPDV�+-��6O\�3'��6FRWW�-*��&RQVHTXHQFHV�RI�EXOO\LQJ
YLFWLPL]DWLRQ�LQ�FKLOGKRRG�DQG�DGROHVFHQFH��$�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��:RUOG�-
3V\FKLDWU\�������������������3XEOLVKHG������0DU�����GRL���������ZMS�Y��L����

>�@�*DOhQ�&$��6WRNHV�/5��6]RNR�1��$EHEH�.=��&XO\ED�$-��([SORUDWLRQ�RI�([SHULHQFHV�DQG
3HUSHWUDWLRQ�RI�,GHQWLW\�%DVHG�%XOO\LQJ�$PRQJ�$GROHVFHQWV�E\�5DFH�(WKQLFLW\�DQG�2WKHU
0DUJLQDOL]HG�,GHQWLWLHV��-$0$�1HWZ�2SHQ�������-XO��������H���������GRL�
��������MDPDQHWZRUNRSHQ�������������30,'������������30&,'��30&��������

>�@�.HQQHG\��5��6���'HQG\��.���	�/DZUHQFH��$����������7UHQGV�LQ�WUDGLWLRQDO�EXOO\LQJ�DQG
F\EHUEXOO\LQJ�YLFWLPL]DWLRQ�E\�UDFH�DQG�HWKQLFLW\�LQ�WKH�8QLWHG�6WDWHV��$�PHWD�UHJUHVVLRQ��$JJUHVVLRQ
DQG�9LROHQW�%HKDYLRU�������y����KWWSV���GRL�RUJ���������M�DYE������������
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5DFH�(WKQLFLW\

+RZ�6WUHVV�DQG�'LVFULPLQDWLRQ�DIIHFW�&DUGLRYDVFXODU�5LVN�LQ�)LUVW�DQG�6HFRQG�*HQHUDWLRQ
6RXWK�$VLDQ�,PPLJUDQWV�.KXVKL�&KRSUD
�.KXVKL�&KRSUD��5RKDQ�3DWHO��3UHHWKL�6DUDYDQDQ�

,QGLYLGXDOV�RI�6RXWK�$VLDQ�RULJLQ�KDYH�DQ�LQFUHDVHG�ULVN�RI�FDUGLRYDVFXODU�GLVHDVH��&9'��DQG�KHDUW
IDLOXUH�ZLWK�RQVHW�RFFXUULQJ�a���\HDUV�HDUOLHU�DQG�D��y��IROG�LQFUHDVHG�ULVN�FRPSDUHG�WR�86�ZKLWHV
DQG�RWKHU�HWKQLF�JURXSV��0DQ\�VWXGLHV�DOVR�GHPRQVWUDWH�KRZ�FKURQLF�VWUHVV
FDQ�DGYHUVHO\�LPSDFW�SK\VLFDO�KHDOWK��ZKLFK�KDV�EHHQ�DVVRFLDWHG�ZLWK�FKURQLF�ORZ�
JUDGH�LQIODPPDWLRQ��HOHYDWHG�EORRG�SUHVVXUH��DQG�LQFUHDVHG�ULVN�RI�&9'��*LYHQ�6RXWK�$VLDQV�DOUHDG\
KDYH�D�SUHGLVSRVLWLRQ�WR�H[SHULHQFLQJ�&9'��DQG�GLVFULPLQDWLRQ�DQG�PHQWDO�VWUHVV�DUH�PRGLILDEOH�ULVN
IDFWRUV��IXWXUH�UHVHDUFK�LQ�WKLV�DUHD�FRXOG�EH�FUXFLDO��,Q�UHFHQW�GHFDGHV��IROORZLQJ�PDMRU�QDWLRQDO
FULVHV�VXFK�DV������RU�WKH�&29,'����SDQGHPLF��WKHUH�ZDV�VHHQ�WR�EH�D�ULVH�RI�DQWL�$VLDQ�KDWH�FULPHV
DFURVV�WKH�8QLWHG�6WDWHV��DQG�FXUUHQW�UHVWULFWLYH�LPPLJUDWLRQ�SROLFLHV�PD\�DOVR�FRQWULEXWH�WR�KLJKHU
VWUHVV�LQ�WKLV�SRSXODWLRQ��7KLV�VWXG\�H[DPLQHV�KRZ�VXFK�H[SHULHQFHV�RI�VWUHVV�DQG�GLVFULPLQDWLRQ
LPSDFW�&9'�ULVN�LQ�ILUVW��DQG�VHFRQG�JHQHUDWLRQ�6RXWK�$VLDQV��2XU�PL[HG�PHWKRGV�DSSURDFK
FRPELQHV�TXDQWLWDWLYH�DQDO\VLV�RI�VXUYH\�GDWD�IURP�D�VWUHVV�VFDOH��GLVFULPLQDWLRQ�VFDOH��WKH�$PHULFDQ
+HDUW�$VVRFLDWLRQ�VXUYH\��0\�/LIH�&KHFN��ZKLFK�PHDVXUHV�FDUGLRYDVFXODU�KHDOWK��DQG�VHPL
VWUXFWXUHG�LQWHUYLHZV�DPRQJ�D�VXEVDPSOH��3UHOLPLQDU\�UHVXOWV�VKRZ�WKDW�RQ�DYHUDJH��6RXWK�$VLDQV
WKDW�H[SHULHQFH�ORZHU�UDWHV�RI�VWUHVV�DQG�GLVFULPLQDWLRQ�KDYH�D�PRUH�IDYRUDEOH�0\�/LIH�&KHFN�VFRUH�
FRUUHVSRQGLQJ�WR�ORZHU�ULVN�IRU�&9'���
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5DFH�(WKQLFLW\

7UDXPD�3DWKZD\V�/LQNLQJ�5DFLDO�0LFURDJJUHVVLRQV�WR�3V\FKRORJLFDO�'LVWUHVV�$OGR�%DUULWD

$OGR�%DUULWD�

%DFNJURXQG��5DFLDO�EDVHG�WUDXPDWLF�VWUHVV��5%76��LV�D�ZHOO�GRFXPHQWHG�WUDQVGLDJQRVWLF�ULVN�IDFWRU
OLQNHG�WR�SRRUHU�PHQWDO�DQG�SK\VLFDO�KHDOWK�DPRQJ�SHRSOH�RI�FRORU��32&���5%76�PD\�HPHUJH
IROORZLQJ�D�VLQJOH�GLVFULPLQDWRU\�HYHQW�RU�GHYHORS�FXPXODWLYHO\�WKURXJK�UHSHDWHG�H[SRVXUH�WR�UDFLDO
VWUHVVRUV��5DFLDO�PLFURDJJUHVVLRQV��VXEWOH�DQG�RIWHQ�DPELJXRXV�IRUPV�RI�GLVFULPLQDWLRQ��DUH
SDUWLFXODUO\�KDUPIXO�EHFDXVH�WKHLU�UHSHDWHG�RFFXUUHQFH�FDQ�SURGXFH�VXEVWDQWLDO�SV\FKRORJLFDO
EXUGHQ�RYHU�WLPH��$OWKRXJK�SULRU�VWXGLHV�KDYH�GRFXPHQWHG�ELGLUHFWLRQDO�DVVRFLDWLRQV�EHWZHHQ�UDFLDO
PLFURDJJUHVVLRQV�DQG�SRVWWUDXPDWLF�VWUHVV�V\PSWRPV��OLWWOH�UHVHDUFK�KDV�GLUHFWO\�H[DPLQHG�ZKHWKHU
PLFURDJJUHVVLRQV�SUHGLFW�5%76�RU�KRZ�LQGLYLGXDO�ULVN�DQG�UHVLOLHQFH�IDFWRUV�LQIOXHQFH�WKLV
UHODWLRQVKLS�

0HWKRGV��$�UDFLDOO\�GLYHUVH�VDPSOH�RI�32&��1� ������0DJH� �������6'� �������FRPSOHWHG�DQ�RQOLQH
FURVV�VHFWLRQDO�VXUYH\�DVVHVVLQJ�UDFLDO�PLFURDJJUHVVLRQV��5%76��SV\FKRORJLFDO�GLVWUHVV��FRSLQJ
VWUDWHJLHV��DQG�HWKQLF�LGHQWLW\��6WUXFWXUDO�HTXDWLRQ�PRGHOLQJ�ZDV�XVHG�WR�WHVW�SDUDOOHO�PHGLDWLRQ�DQG
PRGHUDWHG�PHGLDWLRQ�PRGHOV�

5HVXOWV��5DFLDO�PLFURDJJUHVVLRQV�SUHGLFWHG�SV\FKRORJLFDO�GLVWUHVV�LQGLUHFWO\�WKURXJK�ERWK
LPPHGLDWH�DQG�FXUUHQW�5%76��ZKLOH�WKH�GLUHFW�HIIHFW�ZDV�QRQVLJQLILFDQW��LQGLFDWLQJ�IXOO�PHGLDWLRQ�
1HJDWLYH�FRSLQJ�DPSOLILHG�WKH�DVVRFLDWLRQ�EHWZHHQ�PLFURDJJUHVVLRQV�DQG�5%76��ZKHUHDV�SRVLWLYH
FRSLQJ�ZHDNHQHG�WKLV�OLQN��$IILUPHG�HWKQLF�LGHQWLW\�VKRZHG�FRQWH[W�GHSHQGHQW�HIIHFWV��SURYLGLQJ
SURWHFWLRQ�ZKHQ�DGDSWLYH�FRSLQJ�ZDV�KLJK�DQG�PDODGDSWLYH�FRSLQJ�ZDV�ORZ��&RQGLWLRQDO�LQGLUHFW
HIIHFWV�LQGLFDWHG�WKDW�WUDXPD�UHODWHG�SDWKZD\V�ZHUH�VWURQJHVW�XQGHU�FRQGLWLRQV�RI�KLJK�QHJDWLYH
FRSLQJ�DQG�ORZ�SRVLWLYH�FRSLQJ�

&RQFOXVLRQ��)LQGLQJV�VXJJHVW�WKDW�UDFLDO�PLFURDJJUHVVLRQV�FRQWULEXWH�WR�SV\FKRORJLFDO�GLVWUHVV
SULPDULO\�WKURXJK�WUDXPD�UHODWHG�PHFKDQLVPV��LQFOXGLQJ�LPPHGLDWH�WUDXPD�UHVSRQVHV��&RSLQJ
VWUDWHJLHV�DQG�HWKQLF�LGHQWLW\�VKDSH�WKHVH�SDWKZD\V��KLJKOLJKWLQJ�WKH�FOLQLFDO�LPSRUWDQFH�RI
SURPRWLQJ�DGDSWLYH�FRSLQJ�DQG�LGHQWLW\�DIILUPLQJ�SUDFWLFHV�WR�PLWLJDWH�WKH�PHQWDO�KHDOWK�LPSDFW�RI
UDFLDO�VWUHVVRUV�
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5DFH�(WKQLFLW\

0HDVXULQJ�UDFLDOL]HG�WHPSRUDO�LQHTXDOLW\��'DLO\�WLPH�XVH�DQG�WKH�HPRWLRQDO�PHDQLQJ�RI
GDLO\�DFWLYLWLHV�/LQQHD�(YDQV
�/LQQHD�(YDQV�

7LPH�LV�LQFUHDVLQJO\�UHFRJQL]HG�DV�D�VRFLDO�UHVRXUFH�LQHTXLWDEO\�GLVWULEXWHG�DFURVV�HWKQRUDFLDO
JURXSV��ZLWK�LPSOLFDWLRQV�IRU�PRELOLW\��VWUHVV��DQG�KHDOWK��<HW�JURXS�GLIIHUHQFHV�LQ�WLPH�XVH�DUH�RIWHQ
LQWHUSUHWHG�DV�UHIOHFWLQJ�LQGLYLGXDO�YDOXHV�UDWKHU�WKDQ�VWUXFWXUDO�UDFLVP�DQG�UDFLDOL]DWLRQ�SURFHVVHV�
'UDZLQJ�RQ�UDFLDOL]HG�WLPH�WKHRU\�DQG�LQWHUVHFWLRQDOLW\�IUDPHZRUNV��WKLV�VWXG\�H[DPLQHV�YDULDWLRQ�LQ
GDLO\�WLPH�XVH�DQG�LWV�HPRWLRQDO�H[SHULHQFH�DFURVV�HWKQRUDFLDO�DQG�JHQGHU�JURXSV�DPRQJ�8�6�
DGXOWV��,�DQDO\]H�GDWD�IURP�����������$PHULFDQ�7LPH�8VH�6XUYH\�DQG�DIIHFW�GDWD�IURP�WKH�$786
ZHOOEHLQJ�PRGXOHV�IRU�:KLWH��%ODFN��DQG�+LVSDQLF�DGXOWV�DJHG��������Q ���������DFURVV�FRQWUDFWHG�
FRPPLWWHG��QHFHVVDU\��DQG�IUHH�WLPH�GRPDLQV��(WKQRUDFLDO�GLIIHUHQFHV�LQ�GDLO\�WLPH�DUH�PHDQLQJIXO
DQG�YDU\�E\�JHQGHU��\HW�DUH�RIWHQ�REVFXUHG�E\�DJJUHJDWH�FDWHJRULHV��:KLWH�DGXOWV�VSHQW�PRUH�WLPH�LQ
DFWLYH�DQG�HQWHUWDLQPHQW�OHLVXUH�DQG�QRQ�FRUH�KRXVHKROG�WDVNV��+LVSDQLF�ZRPHQ�GHYRWHG
VXEVWDQWLDOO\�PRUH�WLPH�WR�FRUH�GRPHVWLF�ZRUN�DQG�FDUHJLYLQJ��%ODFN�DGXOWV�UHSRUWHG�PRUH
GRZQWLPH��EXW�OHVV�WLPH�LQ�HQWHUWDLQPHQW�OHLVXUH��DG�H[SHULHQFHG�WKH�OHDVW�WLPH�HDWLQJ��%ODFN�PHQ
UHSRUWHG�VLJQLILFDQWO\�OHVV�SDLG�ZRUN�WLPH��ODUJHO\�UHIOHFWLQJ�HPSOR\PHQW�GLVSDULWLHV�
6RFLRGHPRJUDSKLF�DGMXVWPHQW�QDUURZHG�E\�GLG�QRW�HOLPLQDWH�WKHVH�GLIIHUHQFHV��8VLQJ�WKH�ZHOOEHLQJ
PRGXOH��,�H[DPLQHG�JURXS�GLIIHUHQFHV�LQ�WKH�HPRWLRQDO��([SHULHQFH�RI�WLPH�YLD�WKH�XQSOHDVDQWQHVV
LQGH[��8�LQGH[���5DFH�VSHFLILF�8�LQGLFHV�UHYHDOHG�WKDW�PLQRULWL]HG�JURXSV�UDWHG�LQVWLWXWLRQDO
LQWHUDFWLRQV�y�ILQDQFLDO��PHGLFDO��DQG�JRYHUQPHQW�VHUYLFHV�DV�PRUH�XQSOHDVDQW��ZKLOH�UHSRUWLQJ�PRUH
SRVLWLYH�H[SHULHQFHV�GXULQJ�OHLVXUH��2YHUDOO�GDLO\�XQSOHDVDQWQHVV�YDULHG�PRGHVWO\�DFURVV�JURXSV�
WKRXJK�+LVSDQLF�ZRPHQ�FRQVLVWHQWO\�UHSRUWHG�PRUH��5HVXOWV�GLIIHUHG�E\�ZKHWKHU�DJJUHJDWH�RU�UDFH�
VSHFLILF�LQGLFHV�ZHUH�DSSOLHG��KLJKOLJKWLQJ�WKH�LPSRUWDQFH�RI�PHDVXUH�FKRLFH��$�SODQQHG�WKLUG�VWDJH
ZLOO�LQFRUSRUDWH�VWDWH�OHYHO�VWUXFWXUDO�UDFLVP�LQGLFDWRUV�WR�H[DPLQH�PDFUR�VRFLDO�GULYHUV�RI�WKHVH
SDWWHUQV�
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5DFH�(WKQLFLW\

'HILQLQJ�DQG�YDOLGDWLQJ�PXOWLGLPHQVLRQDO�HFRQRPLF�ZHOOEHLQJ�DPRQJ�%ODFN�(PHUJLQJ
$GXOWV�)UDQNLH�*UHHQH
�)UDQNLH�*UHHQH��6DUDK�$QGUHD��'HERUDK�.DUDVHN��+ROO\�1LVKLPXUD��:LOO
'RZ��5DLQ�0RFHOOR��$ELJDLO�$URQV��6KHUL�/LSSPDQ��0DUJDUHW�/LEE\��0DUJXHULWD�/LJKWIRRW�

%DFNJURXQG��(FRQRPLF�VHFXULW\�DQG�LQGHSHQGHQFH�DUH�FULWLFDO�FRPSRQHQWV�RI�KHDOWK�DQG�ZHOOEHLQJ�
DVVRFLDWHG�ZLWK�DFFHVV�WR�KHDOWK�FDUH��PHQWDO�KHDOWK��DV�ZHOO�DV�FKURQLF�GLVHDVH��(PHUJLQJ�DGXOWV
�DJHV��������H[SHULHQFH�WKH�KLJKHVW�SRYHUW\�UDWHV�RI�DQ\�DJH�JURXS�LQ�WKH�8�6���ZLWK�GHHS�LQHTXLWLHV
E\�UDFH��+RZHYHU��WKH�PXOWLGLPHQVLRQDO�QDWXUH�RI�HFRQRPLF�ZHOO�EHLQJ�KDV�QRW�EHHQ�H[SORUHG�RU
GHILQHG�LQ�HPHUJLQJ�DGXOWV�y�PDNLQJ�PHDVXUHPHQW�D�FKDOOHQJH�

2EMHFWLYH��7KLV�VWXG\�DLPV�WR�GHYHORS�DQG�YDOLGDWH�D�FRPSUHKHQVLYH�FRQFHSWXDO�PRGHO�RI�HFRQRPLF
ZHOOEHLQJ�VSHFLILFDOO\�WDLORUHG�IRU�%ODFN�HPHUJLQJ�DGXOWV��%($��

0HWKRGV��7KH�SURMHFW�OHYHUDJHV�EDVHOLQH�DQG����PRQWK�IROORZ�XS�GDWD�IURP�D�FRKRUW�RI�ORZ�LQFRPH
%($�IURP�6DQ�)UDQFLVFR�DQG�2DNODQG�ZKR�HQUROOHG�LQ�%((0�JXDUDQWHHG�LQFRPH�DQG�ILQDQFLDO
PHQWRULQJ�WULDO��7KURXJK�D�WKHRUHWLFDO�OLWHUDWXUH�UHYLHZ�DQG�SUHOLPLQDU\�DQDO\VLV��ZH�KDYH
HVWDEOLVKHG�VL[�FRUH�GRPDLQV�RI�HFRQRPLF�ZHOOEHLQJ�IRU�%($�DQG�PDSSHG�DYDLODEOH�PHDVXUHV�WR�HDFK
GRPDLQ��$V�QH[W�VWHSV��ZH�DUH�FRQGXFWLQJ�LQLWLDO�([SORUDWRU\�)DFWRU�$QDO\VLV��()$��DQG�VXEVHTXHQW
&RQILUPDWRU\�)DFWRU�$QDO\VLV��&)$��WR�YDOLGDWH�WKLV�FRQFHSWXDO�PRGHO�

5HVXOWV��$PRQJ�D�VDPSOH�RI�����%($��������LQGLFDWHG�QRW�KDYLQJ������WR�SD\�DQ�HPHUJHQF\
H[SHQVH�DQG�����ZHUH�IRRG�LQVHFXUH��LOOXVWUDWLQJ�WKH�GHJUHH�RI�ILQDQFLDO�KDUGVKLS��&RUUHODWLRQV
DFURVV�FRQVWUXFWV�UHYHDOHG�VXIILFLHQW�YDULDWLRQ�DFURVV�PHDVXUHV�ZLWKLQ�GRPDLQV�WR�DSSO\�IDFWRU
DQDO\VLV��:H�GHYHORSHG���GRPDLQV��,QGHSHQGHQFH��LQYHVWPHQW�LQ�WKH�IXWXUH��VWDELOLW\�DQG�VHFXULW\�
VXSSRUWLQJ�RWKHUV��VXSSRUWLYH�FRQWH[W�DFFHVV�WR�TXDOLW\�UHVRXUFHV��DQG�DWWDLQLQJ�GHVLUHG�OLIHVW\OH�

&RQFOXVLRQ��:H�ZLOO�GHVFULEH�UHFRPPHQGDWLRQV�IRU�D�WKHRUHWLFDOO\�DQG�HPSLULFDOO\�WHVWHG�FRQVWUXFW�RI
ILQDQFLDO�ZHOOEHLQJ�DPRQJ�%($�
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:KHQ�0LVFDUULDJH�%HFRPHV�D�&ULPH��0HGLD�5HSUHVHQWDWLRQV�RI�3UHJQDQF\�/RVV
&ULPLQDOL]DWLRQ�LQ�WKH�3RVW�'REEV�8QLWHG�6WDWHV�7D\ORU�5LOH\
�7D\ORU�5LOH\�

3UHJQDQF\�FULPLQDOL]DWLRQ�LV�D�JURZLQJ�SXEOLF�KHDOWK�LVVXH�LQ�WKH�8QLWHG�6WDWHV��6LQFH�WKH�6XSUHPH
&RXUW�'REEV�GHFLVLRQ��D�JURZLQJ�QXPEHU�RI�ZRPHQ�KDYH�EHHQ�LQYHVWLJDWHG��DUUHVWHG��DQG
SURVHFXWHG�IRU�KRZ�WKH\�QDYLJDWH�SUHJQDQF\�ORVV��LQFOXGLQJ�PLVFDUULDJH�DQG�VWLOOELUWK��3UHJQDQF\
ORVV�LV�FRPPRQ��DSSUR[LPDWHO\�RQH�LQ�IRXU�NQRZQ�SUHJQDQFLHV�HQG�LQ�PLVFDUULDJH��5DWKHU�WKDQ
UHFHLYLQJ�VXSSRUW�DQG�KHDOWK�FDUH�IROORZLQJ�WKHVH�FRPPRQ�PHGLFDO�HYHQWV��ZRPHQ�KDYH�EHHQ
LQFUHDVLQJO\�FKDUJHG�ZLWK�FULPHV�VXFK�DV�}DEXVH�RI�D�FRUSVH~�RU�PXUGHU��7KHVH�FDVHV�FDQ�EH�KLJKO\
SXEOLFL]HG��ZKLFK�KDV�LPSOLFDWLRQV�IRU�SHRSOH|V�OHJDO�DQG�PHGLFDO�XQGHUVWDQGLQJ�RI�SUHJQDQF\�ORVV�
0HGLD�UHSUHVHQWDWLRQV�RI�FULPLQDOL]HG�SUHJQDQF\�ORVV�PD\�FRQWULEXWH�WR�IHDU��PHGLFDO�PLVWUXVW��DQG
XQFHUWDLQW\�DURXQG�KHDOWKFDUH�VHHNLQJ��7KLV�VWXG\�TXDOLWDWLYHO\�H[DPLQHV�KRZ�SUHJQDQF\�ORVV
FULPLQDOL]DWLRQ�LV�GHSLFWHG�LQ�SULQW�QHZV�PHGLD�DIWHU�WKH�-XQH������'REEV�GHFLVLRQ��8VLQJ�3UR4XHVW
QHZV�UHODWHG�GDWDEDVHV�DQG�NH\�VHDUFK�WHUPV��ZH�LGHQWLILHG�������QHZVSDSHU�QHZV�DUWLFOHV�IURP
-XQH����������WR�)HEUXDU\����������LQ�RXU�LQLWLDO�VHDUFK��$IWHU�UHPRYLQJ�GXSOLFDWHV�DQG�VFUHHQLQJ�IRU
UHOHYDQFH��ZH�VHOHFWHG����DUWLFOHV�WKDW�PHW�LQFOXVLRQ�FULWHULD��3UHOLPLQDU\�ILQGLQJV�IURP�RXU�FRQWHQW
DQDO\VLV�VXJJHVW�PHGLD�FRYHUDJH�RIWHQ�SULRULWL]HV�SUHOLPLQDU\�ODZ�HQIRUFHPHQW�UHSRUWV�RYHU�WKH
FULPLQDOL]HG�LQGLYLGXDO|V�DFFRXQW��5HSRUWLQJ�RIWHQ�HTXDWHV�D�IHWXV��UHJDUGOHVV�RI�JHVWDWLRQDO�DJH��DV
DQ�XQERUQ�FKLOG�ZLWK�OHJDO�ULJKWV��7KHVH�ILQGLQJV�ZLOO�KDYH�LPSOLFDWLRQV�IRU�FOLQLFDO�FDUH�DQG�SXEOLF
KHDOWK�PHVVDJLQJ�WR�FRXQWHU�PLVLQIRUPDWLRQ��FODULI\�OHJDOLW\�DQG�OHJDO�UHVRXUFHV��DQG�UHEXLOG�WUXVW�LQ
VHHNLQJ�KHDOWK�FDUH�IRU�SUHJQDQF\�ORVV�
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6WUXFWXUDO�UDFLVP�DQG�UDFLDO�JDSV�LQ�K\SHUWHQVLYH�RI�GLVRUGHUV�RI�SUHJQDQF\�LQ�*HRUJLD
6KHUHH�%RXOHW
�6KHUHH�%RXOHW��5HHP�$EGHOJKDQ\��5DQ�=KDQJ��5DFKHO�.LHQOH��.DLWO\Q�6WDQKRSH�
-DVPLQ�(DWPDQ��0LFKDHO�.UDPHU��6LHUUD�&DUWHU�

2EMHFWLYH��:H�DLPHG�WR�LGHQWLI\�ODWHQW�FRQVWUXFWV�RI�VWUXFWXUDO�UDFLDO�GLVFULPLQDWLRQ��65'��DQG
HYDOXDWH�WKHLU�DVVRFLDWLRQV�ZLWK�%ODFN�ZKLWH�GLVSDULWLHV�LQ�UDWHV�RI�K\SHUWHQVLYH�GLVRUGHUV�RI
SUHJQDQF\��+'3��LQ�*HRUJLD�

0HWKRGV��8VLQJ����FRXQW\�OHYHO�LQGLFDWRUV�RI�65'�UHSUHVHQWLQJ�KLVWRULF��FULPLQDO�MXVWLFH�
UHVLGHQWLDO��DQG�SROLWLFDO�GRPDLQV��ZH�FRQGXFWHG�D�%D\HVLDQ�H[SORUDWRU\�IDFWRU�DQDO\VLV��()$��WR
LGHQWLI\�ODWHQW�IDFWRUV�DQG�HVWLPDWH�FRXQW\�VFRUHV��:H�OLQNHG�WKH�VFRUHV�WR�����������*HRUJLD
QDWDOLW\�GDWD�DQG�XVHG�%D\HVLDQ�FRQGLWLRQDO�DXWRUHJUHVVLYH�OLQHDU�PRGHOV�WR�HVWLPDWH�DVVRFLDWLRQV
EHWZHHQ�IDFWRU�VFRUHV��FDWHJRUL]HG�LQWR�WHUWLOHV��DQG�%ODFN�ZKLWH�GLIIHUHQFHV�LQ�UDWHV�RI�+'3�DPRQJ
ELUWKLQJ�SHRSOH�DJHG��������DGMXVWLQJ�IRU�DJH��XUEDQLFLW\��DQG�FRXQW\�%ODFN�ZKLWH�YRWLQJ�UDWLRV��+'3
LQFOXGHG�FKURQLF�DQG�JHVWDWLRQDO�K\SHUWHQVLRQ�DQG�HFODPSVLD�DV�UHSRUWHG�RQ�WKH�ELUWK�FHUWLILFDWH�

5HVXOWV��7KH�()$�LGHQWLILHG�WZR�ODWHQW�IDFWRUV��+LVWRULF�DQG�3RODUL]DWLRQ��$PRQJ���������ELUWKV�WR
%ODFN�LQGLYLGXDOV�DQG���������ELUWKV�WR�ZKLWH�LQGLYLGXDOV��+'3�UDWHV�ZHUH�������DQG�������
UHVSHFWLYHO\��7KH�PHDQ�FRXQW\�OHYHO�%ODFN�ZKLWH�ULVN�GLIIHUHQFH�LQ�+'3�UDWHV�ZDV������SHU�����
ELUWKV��&RPSDUHG�ZLWK�WKH�ILUVW�WHUWLOH�RI�+LVWRULF�IDFWRU�VFRUHV��VFRUHV�LQ�WKH�VHFRQG��7���DQG�WKLUG
�7���WHUWLOHV�ZHUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�%ODFN�ZKLWH�+'3�GLVSDULWLHV��7������������&,�����������
7������������&,�������������,QFUHDVLQJ�3RODUL]DWLRQ�VFRUHV�ZHUH�VLPLODUO\�DVVRFLDWHG�ZLWK�ZLGHQLQJ
%ODFN�ZKLWH�GLVSDULWLHV�LQ�+'3��7������������&,������������7������������&,������������

&RQFOXVLRQV��6WUXFWXUDO�UDFLVP�FRQWULEXWHV�WR�PDWHUQDO�UDFLDO�GLVSDULWLHV�LQ�+'3��SDUWLFXODUO\�LQ
VWDWHV�OLNH�*HRUJLD�ZKHUH�KLVWRULF�SUDFWLFHV�UHPDLQ�HPEHGGHG�LQ�FRQWHPSRUDU\�OHJDO��SROLWLFDO��DQG
VRFLDO�V\VWHPV�

�
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&RPSDULQJ�(QKDQFHG�3UHQDWDO�&DUH�'HOLYHU\�0RGHOV�DQG�7KHLU�,PSDFW�RQ�3HULQDWDO�6RFLDO
'HWHUPLQDQWV�RI�+HDOWK��(YLGHQFH�IURP�WKH�(0%5$&(�6WXG\�LQ�&DOLIRUQLD��9LQFHQ]R
&RUQDFFKLRQH
�9LQFHQ]R�&RUQDFFKLRQH��&KXFN�0FFXOORFK��0LULDP�.XSSHUPDQQ��'HERUDK�.DUDVHN�

%DFNJURXQG��5LVLQJ�LQFRPH�LQHTXDOLW\�LQ�WKH�8QLWHG�6WDWHV�KLJKOLJKWV�WKH�QHHG�IRU�LQWHUYHQWLRQV
WDUJHWLQJ�HFRQRPLF�DQG�VRFLDO�FRQGLWLRQV�DPRQJ�ORZ�LQFRPH�SUHJQDQW�SHRSOH��(QKDQFHG�SUHQDWDO
FDUH�SURJUDPV�PD\�FRPSOHPHQW�RU�LQFUHDVH�DFFHVV�WR�SXEOLF�DVVLVWDQFH�E\�DGGUHVVLQJ�VRFLDO
GHWHUPLQDQWV�RI�KHDOWK��6'2+���DOWKRXJK�HQKDQFHPHQWV�DQG�W\SHV�RI�VXSSRUW�YDU\�DFURVV�GHOLYHU\
PRGHOV��:H�FRPSDUHG�WZR�W\SHV�RI�HQKDQFHG�PRGHOV��HQKDQFHG�JURXS�SUHQDWDO�FDUH��H*3&��DQG
HQKDQFHG�LQGLYLGXDO�SUHQDWDO�FDUH��H,3&��

2EMHFWLYH��7R�GHWHUPLQH�ZKHWKHU�UDQGRPL]DWLRQ�WR�H*3&�LPSURYHG�SUHJQDQW�LQGLYLGXDOV|�IRRG�DQG
ILQDQFLDO�VHFXULW\�FRPSDUHG�ZLWK�H,3&�

0HWKRGV��:H�XVHG�ORQJLWXGLQDO�GDWD�IURP�WKH�(QJDJLQJ�0RWKHUV�DQG�%DELHVy5HLPDJLQLQJ�$QWHQDWDO
&DUH�IRU�(YHU\RQH��(0%5$&(��VWXG\��D�UDQGRPL]HG�FRPSDUDWLYH�HIIHFWLYHQHVV�WULDO�LQFOXGLQJ�ORZ�
LQFRPH�DQG�SULPDULO\�/DWLQH�SUHJQDQW�LQGLYLGXDOV�LQ�&DOLIRUQLD|V�&HQWUDO�9DOOH\��:H�XVHG�PL[HG
HIIHFWV�ORJLVWLF�DQG�OLQHDU�PRGHOV�WR�HVWLPDWH�DVVRFLDWLRQV�EHWZHHQ�H*3&�UDQGRPL]DWLRQ�DQG�WZR�VHOI�
UHSRUWHG�RXWFRPHV�DW��UG�WULPHVWHU���7��DQG���PRQWK�SRVWSDUWXP��FRPSDUHG�WR�H,3&�UDQGRPL]DWLRQ�
2XWFRPHV�LQFOXGHG�D�GLFKRWRPRXV�PHDVXUH�RI�KRXVHKROG�IRRG�VHFXULW\�EDVHG�RQ�WKH�+RXVHKROG�)RRG
6HFXULW\�6FDOH��DQG�D�GLFKRWRPRXV�DQG�FRQWLQXRXV�PHDVXUH�RI�ILQDQFLDO�VHFXULW\�EDVHG�RQ�WKH�&)3%
)LQDQFLDO�:HOO�%HLQJ�6FDOH��0RGHOV�ZHUH�DGMXVWHG�IRU�WLPH��PRQWKO\�KRXVHKROG�LQFRPH�DW�EDVHOLQH�
DQG�ODQJXDJH�SUHIHUHQFHV�

5HVXOWV������SDUWLFLSDQWV�ZHUH�UDQGRPL]HG�LQWR�H,3&��Q� ������DQG�H*3&��Q� �������:H�GLG�QRW
REVHUYH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�H*3&�DQG�IRRG�VHFXULW\��FRPSDUHG�WR�H,3&�>�UG�WULPHVWHU
D25� �����������&,�������������@��3DUWLFLSDQWV�UDQGRPL]HG�LQWR�H*3&�KDG�KLJKHU�RGGV�RI�YHU\�ORZ�WR
PHGLXP�ORZ�ILQDQFLDO�ZHOO�EHLQJ�FRPSDUHG�WR�WKRVH�LQ�H,3&�>��UG�WULPHVWHU�D25� �����������&,�
�����������@�

&RQFOXVLRQ��%DVHG�RQ�WKH�GDWD�IURP�WKH�(0%5$&(�VWXG\��ZH�VDZ�IHZ�GLIIHUHQFHV�LQ�IRRG�VHFXULW\
DQG�ILQDQFLDO�ZHOO�EHLQJ�EHWZHHQ�SDUWLFLSDQWV�RI�ERWK�PRGHOV��:KLOH�GHOLYHU\�PD\�QRW�GHWHUPLQH
LPSRUWDQW�6'2+�RXWFRPHV��IXWXUH�UHVHDUFK�VKRXOG�H[DPLQH�VSHFLILF�SDWKZD\V�WR�LPSURYLQJ�6'2+
WKURXJK�HQKDQFHG�SUHQDWDO�FDUH�RIIHULQJV�
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3XEOLF�KRVSLWDO�EDVHG�FDUH�IRU�DERUWLYH�HYHQWV�LQ�0H[LFR��FRPSOLFDWLRQ�UDWHV�DQG�VRFLR�
GHPRJUDSKLF�IDFWRUV������������/DXUD�-DFREVRQ
�/DXUD�-DFREVRQ��%LDQL�6DDYHGUD�$YHQGDQR�
5DIIDHOD�6FKLDYRQ��%ODLU�'DUQH\�

%DFNJURXQG��$ERUWLRQ�UHODWHG�FRPSOLFDWLRQV�DUH�GLIILFXOW�WR�PHDVXUH�GXH�WR�ODFN�RI�VWDQGDUGL]HG
GHILQLWLRQV�DQG�OLPLWHG�DYDLODEOH�GDWD��:H�GHVFULEH�WKH�SURSRUWLRQ�RI�DERUWLYH�HYHQWV�WKDW�UHVXOW�LQ�D
GRFXPHQWHG�FRPSOLFDWLRQ�LQ�0H[LFR|V�SXEOLF�VHFWRU�KRVSLWDOV�

0HWKRGV��:H�XVHG�,&'����FRGHV�IURP�0H[LFR|V�KRVSLWDO�GLVFKDUJH�V\VWHP��������������6XEVLVWHPD
$XWRPDWL]DGR�GH�(JUHVRV�+RVSLWDODULRV��6$(+���WR�GHVFULEH�DERUWLYH�HYHQWV�DGPLWWHG�WR�KRVSLWDOV�
FRPSOLFDWLRQV�IRU�H[FHVVLYH�EOHHGLQJ��LQIHFWLRQ��HPEROLVP��DQG�XQVSHFLILHG��SDWLHQW�VRFLR�
GHPRJUDSKLF�DQG�FOLQLFDO�FKDUDFWHULVWLFV��DQG�PXQLFLSDOLW\�OHYHO�VWUXFWXUDO�YXOQHUDELOLW\��:H�HVWLPDWH
FRPSOLFDWLRQV�E\�SUHJQDQF\�GXUDWLRQ��GHVFULEH�W\SHV�RI�FRPSOLFDWLRQV��LGHQWLI\�FKDUDFWHULVWLFV
DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI�D�FRPSOLFDWLRQ�XVLQJ�PXOWXYDULDEOH�UHJUHVVLRQ��DQG�FDOFXODWH
FRPSOLFDWLRQ�UDWHV��SURSRUWLRQ�RI�DERUWLYH�HYHQW�WKDW�UHVXOW�LQ�D�FRPSOLFDWLRQ�WUHDWHG�LQ�D�SXEOLF
VHFWRU�KRVSLWDO�SHU�������ZRPHQ�RI�UHSURGXFWLYH�DJH��E\�VWDWH�LQ������

)LQGLQJV��7KHUH�ZHUH���������DERUWLYH�HYHQWV�WKDW�UHFHLYHG�KRVSLWDO�EDVHG�FDUH�LQ�6HFUHWDULD�GH
6DOXG��66��KRVSLWDOV�EHWZHHQ������������1LQHW\�WZR�SHUFHQW�KDG�QR�FRPSOLFDWLRQ�UHSRUWHG��7KH
DGMXVWHG�SUHGLFWHG�SUREDELOLW\�RI�D�FRPSOLFDWLRQ�ZDV�KLJKHU�DPRQJ�SDWLHQWV�DW�!����ZHHNV|�JHVWDWLRQ
�����������&,�����������FRPSDUHG�ZLWK������ZHHNV������������&,������������+LJKHU�SDULW\��FDUH�DW
D�WHUWLDU\�KRVSLWDO��DQG�KLJK�PDUJLQDOL]DWLRQ�DW�SODFH�RI�UHVLGHQFH�ZHUH�SRVLWLYHO\�DVVRFLDWHG�ZLWK
SUHVHQFH�RI�D�FRPSOLFDWLRQ��6WDWHV�ZLWK�KLJKHU�FRPSOLFDWLRQ�UDWHV�DUH�SULPDULO\�LQ�WKH�FHQWUDO�DQG
VRXWKHUQ�UHJLRQV�

&RQFOXVLRQV��,Q�0H[LFR������RI�SDWLHQWV�ZKR�VHHN�FDUH�IRU�DOO�DERUWLYH�HYHQWV��LQGXFHG�
VSRQWDQHRXV��SRVW�DERUWLRQ��LQ�66�KRVSLWDOV�KDYH�QR�FRPSOLFDWLRQV��0DUJLQDOL]HG�SDWLHQWV�DUH�PRUH
OLNHO\�WR�KDYH�D�FRPSOLFDWLRQ�DQG�WR�VHHN�FDUH�DW�ODWHU�SUHJQDQF\�GXUDWLRQV��5RXWLQHO\�FRQIODWLQJ
FDUH�VHHNLQJ�DQG�FRPSOLFDWLRQV�OHDGV�WR�RYHUHVWLPDWHV�RI�WKH�ULVN�RI�DERUWLRQ�

.H\ZRUGV��$ERUWLRQ�&RPSOLFDWLRQV��+HDOWK�6HUYLFHV�5HVHDUFK��,QGXFHG�$ERUWLRQ��0DWHUQDO
0RUELGLW\��0H[LFR��3RVW�$ERUWLRQ�&DUH��6SRQWDQHRXV�$ERUWLRQ�
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3UHWHUP�%LUWK�DQG�3RVWSDUWXP�'HSUHVVLRQ��7KH�5ROH�RI�3UHQDWDO�&DUH�$GHTXDF\�DQG
0DWHUQDO�1DWLYLW\�7HQ]LQ�.KDQGR
�7HQ]LQ�.KDQGR�

3UHWHUP�ELUWK�LV�D�PDMRU�SXEOLF�KHDOWK�FRQFHUQ�DVVRFLDWHG�ZLWK�DGYHUVH�PDWHUQDO�DQG�LQIDQW
RXWFRPHV��LQFOXGLQJ�SRVWSDUWXP�GHSUHVVLRQ��33'���\HW�OHVV�LV�NQRZQ�DERXW�ZKHWHU�SUHQDWDO�FDUH
DGHTXDF\�DQG�PDWHUQDO�QDWLYLW\�VKDSH�WKLV�UHODWLRQVKLS��7KLV�VWXG\�H[DPLQHV�WKH�DVVRFLDWLRQ�EHWZHHQ
SUHWHUP�ELUWK�DQG�SRVWSDUWXP�GHSUHVVLRQ�DQG�DVVHVVHV�ZKHWKHU�SUHQDWDO�FDUH�DGHTXDF\�DQG�QDWLYLW\
PRGLI\�WKLV�DVVRFLDWLRQ��'DWD�FRPH�IURP�WKH�3UHJQDQF\�5LVN�$VVHVVPHQW�0RQLWRULQJ�6\VWHP
�35$06��3KDVH��������y�������D�SRSXODWLRQ�EDVHG�VXUYHLOODQFH�V\VWHP�RI�PRWKHUV�ZLWK�UHFHQW�OLYH
ELUWKV�LQ�WKH�8QLWHG�6WDWHV��1� ����������3UHWHUP�ELUWK�ZDV�GHILQHG�DV�GHOLYHU\�EHIRUH����ZHHNV�RI
JHVWDWLRQ��3RVWSDUWXP�GHSUHVVLRQ�ZDV�PHDVXUHG�XVLQJ�35$06�LQGLFDWRUV�RI�SHUVLVWHQW�VDGQHVV�
KRSHOHVVQHVV��RU�ORVV�RI�LQWHUHVW�DIWHU�FKLOGELUWK��3UHQDWDO�FDUH�DGHTXDF\�ZDV�DVVHVVHG�XVLQJ�WKH
$GHTXDF\�RI�3UHQDWDO�&DUH�8WLOL]DWLRQ��$31&8��.RWHOFKXFN��,QGH[�

6XUYH\�ZHLJKWHG�ORJLVWLF�UHJUHVVLRQ�PRGHOV�VKRZHG�WKDW������RI�PRWKHUV�H[SHULHQFHG�D�SUHWHUP
ELUWK�DQG�������UHSRUWHG�V\PSWRPV�FRQVLVWHQW�ZLWK�SRVWSDUWXP�GHSUHVVLRQ��,Q�DGMXVWHG�PRGHOV�
SUHWHUP�ELUWK�ZDV�DVVRFLDWHG�ZLWK�KLJKHU�RGGV�RI�SRVWSDUWXP�GHSUHVVLRQ��25� �����������&,�
����y�������3UHQDWDO�FDUH�DGHTXDF\�ZDV�PRGHVWO\�DVVRFLDWHG�ZLWK�33'�LQ�SDUWLDOO\�DGMXVWHG�PRGHOV
EXW�GLG�QRW�VLJQLILFDQWO\�PRGLI\�WKH�DVVRFLDWLRQ�EHWZHHQ�SUHWHUP�ELUWK�DQG�SRVWSDUWXP�GHSUHVVLRQ�
3UHGLFWHG�SUREDELOLWLHV�VXJJHVWHG�SHUVLVWHQW�GLVSDULWLHV�LQ�33'�ULVN�DPRQJ�IRUHLJQ�ERUQ�PRWKHUV
DFURVV�SUHQDWDO�FDUH�FDWHJRULHV��7KHVH�ILQGLQJV�LQGLFDWH�WKDW�ZKLOH�SUHWHUP�ELUWK�LV�DVVRFLDWHG�ZLWK
LQFUHDVHG�SRVWSDUWXP�GHSUHVVLRQ�ULVN��DGHTXDF\�RI�SUHQDWDO�FDUH�YLVLWV�DORQH�PD\�QRW�PLWLJDWH�WKLV
DVVRFLDWLRQ��KLJKOLJKWLQJ�WKH�UROH�RI�EURDGHU�VWUXFWXUDO�DQG�SV\FKRVRFLDO�IDFWRUV�VKDSLQJ�PDWHUQDO
PHQWDO�KHDOWK��6WUHQJWKHQLQJ�SRVWSDUWXP�PHQWDO�KHDOWK�VFUHHQLQJ�DQG�LPSURYLQJ�WKH�TXDOLW\�DQG
FXOWXUDO�UHVSRQVLYHQHVV�RI�SHULQDWDO�FDUH�PD\�KHOS�DGGUHVV�GLVSDULWLHV�LQ�PDWHUQDO�PHQWDO�KHDOWK
RXWFRPHV�



�������

���� 3�

5HSURGXFWLYH�KHDOWK

'LVSODFHG�1HWZRUNV��&RQVWUDLQHG�,QWHQWLRQV��$�3(1���0RGHO�$QDO\VLV�RI�%LUWK�6SDFLQJ
$PRQJ�$IULFDQ�,PPLJUDQWV�LQ�WKH�86�&RPIRUW�2ORUXQVDL\H
�&RPIRUW�2ORUXQVDL\H��5HGDWH�.LEUHW�
0DGLVRQ�7KDL��*UDFH�+DWULGJH��7ULSKLQH�6RGMLQRX��-RDQQD�2NXVDJD��8FKHRPD�1ZDR]XUX��$PDO
$QLONXPDU��7DQELUD�=DPDQ��/DULVVD�%UXQQHU�+XEHU�

%DFNJURXQG��3RSXODWLRQ�KHDOWK�UHVHDUFK�KDV�RIWHQ�SUREOHPDWL]HG�LPPLJUDQW�FXOWXUDO�SUDFWLFHV
ZLWKRXW�DFFRXQWLQJ�IRU�SRVLWLYH�DWWULEXWHV�RI�WKLV�GHWHUPLQDQW�RI�KHDOWK�EHKDYLRU��*XLGHG�E\�WKH
3(1���&XOWXUDO�0RGHO�DQG�D�FRPPXQLW\�HQJDJHG�UHVHDUFK�DSSURDFK��LQFOXGLQJ�SDUWQHUVKLSV�ZLWK
LPPLJUDQW�VHUYLQJ�RUJDQL]DWLRQV��FRPPXQLW\�IRUXPV��DQG�D�VHYHQ�PHPEHU�DGYLVRU\�ERDUG��WKLV�VWXG\
H[DPLQHV�KRZ�VRFLDO�DQG�FXOWXUDO�QRUPV�VKDSH�ELUWK�VSDFLQJ�DPRQJ�$IULFDQ�LPPLJUDQWV�DQG�ZKHWKHU
PLJUDWLRQ�GLVUXSWV�WKHVH�QRUPV�

0HWKRGV��:H�FRQGXFWHG�LQ�GHSWK�LQWHUYLHZV�ZLWK�$IULFDQ�LPPLJUDQW�ZRPHQ��Q ����DQG�PHQ��Q ��
ERUQ�LQ�1LJHULD��*KDQD��/LEHULD��DQG�6LHUUD�/HRQH��DV�SDUW�RI�SKDVH���RI�D�PL[HG�PHWKRGV�VWXG\��'DWD
ZHUH�LQGXFWLYHO\�FRGHG�DQG�WKHPDWLFDOO\�DQDO\]HG�EDVHG�RQ�WKH�3(1���0RGHO|V�&XOWXUDO
(PSRZHUPHQW�GRPDLQ�

)LQGLQJV��3DUWLFLSDQW�DJH�UDQJHG�IURP�������\HDUV��PRVW�RI�ZKRP�ZHUH�PDUULHG��FROOHJH�HGXFDWHG�
DQG�KDG�EHHQ�OLYLQJ�LQ�WKH�86�IRU���WR����\HDUV��,Q�SUHOLPLQDU\�DQDO\VLV��ZH�LGHQWLILHG�3RVLWLYH�DQG
([LVWHQWLDO�FXOWXUDO�SUDFWLFHV��LQFOXGLQJ�FRPPXQLW\�SRVWSDUWXP�VXSSRUW�QHWZRUNV�DQG�EUHDVWIHHGLQJ
SUDFWLFHV�WKDW�IDFLOLWDWHG�ELUWK�VSDFLQJ�EHIRUH�PLJUDWLRQ��EXW�DUH�ZHDNHQHG�RU�DEVHQW�LQ�WKH�86
FRQWH[W��FRQVWUDLQLQJ�SDUWLFLSDQWV|�DELOLW\�WR�DFKLHYH�GHVLUHG�IHUWLOLW\�LQWHQWLRQV��1HJDWLYH�LQIOXHQFHV
LQFOXGHG�SHUVLVWHQW�FXOWXUDO�WDERRV�DURXQG�GLVFXVVLQJ�ELUWK�VSDFLQJ�DQG�PDOH�UHVLVWDQFH�WR
FRQWUDFHSWLRQ��ZKLFK�OLPLWHG�UHSURGXFWLYH�QHJRWLDWLRQ�DPRQJ�FRXSOHV�DQG�UHGXFHG�WKH�UHDFK�RI
FOLQLFDO�FRXQVHOLQJ��'DWD�FROOHFWLRQ�LV�RQJRLQJ��DQG�ILQGLQJV�ZLOO�EH�XSGDWHG�SUH�FRQIHUHQFH�

&RQFOXVLRQ��$SSO\LQJ�3(1���0RGHO�ZLWKLQ�D�FRPPXQLW\�HQJDJHG�VWXG\�DSSURDFK�UHYHDOV�WKDW
HIIHFWLYH�ELUWK�VSDFLQJ�LQWHUYHQWLRQV�PXVW�EXLOG�RQ��QRW�GLVUHJDUG��FXOWXUDOO\�HPEHGGHG�SUDFWLFHV�
ZKLOH�DGGUHVVLQJ�WKH�VWUXFWXUDO�ORVVHV�PLJUDWLRQ�SRVHV��7KHVH�ILQGLQJV�ZLOO�LQIRUP�D�QRYHO
VRFLRFXOWXUDO�PHDVXUH�RI�ELUWK�VSDFLQJ�QRUPV��DGYDQFLQJ�FXOWXUDOO\�FHQWHUHG�SRSXODWLRQ�KHDOWK
VFLHQFH�ZLWK�DQG�IRU�$IULFDQ�LPPLJUDQW�FRPPXQLWLHV�
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,PSDFW�RI�SUHQDWDO�FDUH�LQLWLDWLRQ�RQ�DGYHUVH�SHULQDWDO�RXWFRPHV�LQ�SDWLHQWV�ZLWK�DQHPLD
0HJKDQD�1DUDKDUL
�0HJKDQD�1DUDKDUL��%KDUWL�*DUJ��$PHOLD�*DJOLXVR��$VKOH\�%HQVRQ��$DURQ
&DXJKH\�

2EMHFWLYH��,URQ�GHILFLHQF\�DQHPLD��,'$��LQ�SUHJQDQF\�LV�FRPPRQ�DQG�DVVRFLDWHG�ZLWK�ZRUVH
PDWHUQDO�DQG�QHRQDWDO�RXWFRPHV��:KLOH�HDUO\�SUHQDWDO�FDUH�LV�NQRZQ�WR�LPSURYH�RXWFRPHV�IRU�PDQ\
SUHJQDQF\�UHODWHG�FRQGLWLRQV��LWV�LPSDFW�RQ�,'$�LQ�SUHJQDQF\�UHPDLQV�XQFOHDU��7KH�REMHFWLYH�RI�WKLV
VWXG\�LV�WR�LQYHVWLJDWH�WKH�DVVRFLDWLRQ�EHWZHHQ�WLPLQJ�RI�SUHQDWDO�FDUH�LQLWLDWLRQ��VWUDWLILHG�E\
WULPHVWHU��DQG�DGYHUVH�RXWFRPHV�LQ�SUHJQDQW�LQGLYLGXDOV�ZLWK�DQHPLD�

6WXG\�'HVLJQ��7KLV�LV�D�UHWURVSHFWLYH�FRKRUW�VWXG\�XVLQJ�&DOLIRUQLD|V�OLQNHG�YLWDO�VWDWLVWLFV�DQG
KRVSLWDO�GLVFKDUJH�GDWD��������������:H�LQFOXGHG�SUHJQDQW�LQGLYLGXDOV�ZLWK�D�VLQJOHWRQ�JHVWDWLRQ�
GHOLYHULQJ�EHWZHHQ����DQG����ZHHNV��ZLWK�GLDJQRVLV�RI�DQHPLD��,QGLYLGXDOV�ZHUH�FODVVLILHG�E\
WULPHVWHU�RI�SUHQDWDO�FDUH�LQLWLDWLRQ��&KL�VTXDUH�WHVWV�DQG�PXOWLYDULDEOH�3RLVVRQ�UHJUHVVLRQ�PRGHOV
ZHUH�XVHG�WR�DVVHVV�WKH�ULVN�RI�RXWFRPHV�DPRQJ�SDWLHQWV�ZKR�VWDUWHG�WKHLU�FDUH�LQ�WKH��QG�RU��UG
WULPHVWHU�DV�FRPSDUHG�WR�WKH�ILUVW�WULPHVWHU��UHIHUHQFH�JURXS��

5HVXOWV��$PRQJ�WKH���������SUHJQDQW�LQGLYLGXDOV�ZLWK�,'$��������VWDUWHG�FDUH�LQ�WKH�ILUVW
WULPHVWHU��������LQ�WKH�VHFRQG�WULPHVWHU�DQG������LQ�WKH�WKLUG�WULPHVWHU��7KLUG�WULPHVWHU�SUHQDWDO
FDUH�LQLWLDWLRQ�ZDV�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVNV�RI�K\SHUWHQVLYH�GLVHDVH�RI�SUHJQDQF\��D55� �����
����&,������y��������SUHWHUP�ELUWK�����ZHHNV��D55 ����������&,������y��������VHYHUH�PDWHUQDO
PRUELGLW\��D55 ����������&,������y��������PDWHUQDO�EORRG�WUDQVIXVLRQ��D55 ����������&,������y
������DQG�PDWHUQDO�,&8�DGPLVVLRQ��D55 ����������&,������y��������1HRQDWHV�RI�LQGLYLGXDOV�ZLWK�ODWH
SUHQDWDO�FDUH�LQLWLDWLRQ�KDG�D�KLJKHU�ULVN�RI�1,&8�DGPLVVLRQ��D55 ����������&,������y�������DQG
LQIDQW�GHDWK��D55 ����������&,������y�������

&RQFOXVLRQ��,QLWLDWLRQ�RI�SUHQDWDO�FDUH�LQ�ODWHU�WULPHVWHUV�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI
DGYHUVH�PDWHUQDO�DQG�QHRQDWDO�RXWFRPHV�DPRQJ�LQGLYLGXDOV�ZLWK�DQHPLD�

}}}
7DEOH����0DWHUQDO�DQG�1HRQDWDO�RXWFRPHV�E\�WULPHVWHU�RI�SUHQDWDO�FDUH�LQLWLDWLRQ�IRU�DQHPLD�DPRQJ
SUHJQDQW�LQGLYLGXDOV�LQ�&DOLIRUQLD������y����



�������

>FDSWLRQ�LG ~DWWDFKPHQWB�������DOLJQ ~DOLJQQRQH~�ZLGWK ~����@
6FUHHQVKRW>�FDSWLRQ@

https://iaphs.org/wp-content/uploads/2026/03/Table1.jpeg


�������

���� 3�

5HSURGXFWLYH�KHDOWK

$VVRFLDWLRQ�EHWZHHQ�SDUHQWDO�LQFDUFHUDWLRQ�DQG�IHUWLOLW\�WUDMHFWRULHV�DPRQJ�\RXQJ�DGXOWV
-|0DJ�.DUEHDK
�-|0DJ�.DUEHDK�

%DFNJURXQG��([SHULHQFHV�LQ�FKLOGKRRG�DQG�DGROHVFHQFH�KDYH�WKH�SRWHQWLDO�WR�LQIOXHQFH�ORQJ�WHUP
IHUWLOLW\�GHVLUHV��IHUWLOLW\�WLPLQJ��DQG�IHUWLOLW\�RXWFRPHV�IRU�HPHUJLQJ�DGXOWV��:KLOH�WKHUH�LV�D�ERG\�RI
UHVHDUFK�WKDW�KDV�H[SORUHG�KRZ�FULPLQDO�RIIHQGLQJ�LPSDFWV�IHUWLOLW\�RXWFRPHV�RI�HPHUJLQJ�DGXOWV�
WKHUH�LV�OHVV�UHVHDUFK�H[DPLQLQJ�KRZ�SDUHQWDO�LQFDUFHUDWLRQ��3,���D�IRUP�RI�FULPLQDO�OHJDO�V\VWHP
H[SRVXUH�WKDW�KDV�EHHQ�VKRZQ�WR�KDYH�LPPHGLDWH�DQG�ORQJLWXGLQDO�LPSDFWV��PD\�VKDSH�IHUWLOLW\
WUDMHFWRULHV��

�

0HWKRGV��7KH�FXUUHQW�VWXG\�XVHV�WKH�)XWXUH�RI�)DPLOLHV�DQG�&KLOG��:HOOEHLQJ�VWXG\�WR�H[DPLQH
ZKHWKHU�\RXQJ�DGXOWV��PHDQ�DJH �������ZKR�H[SHULHQFHG�3,�GXULQJ�HDUO\�OLIH��L�H���ELUWK�WR�DJH����
KDYH�GLIIHUHQW�IHUWLOLW\�RXWFRPHV��IHUWLOLW\�GHVLUHV��DQG�FKLOG�VSDFLQJ�JRDOV�WKDQ�WKHLU�SHHUV�ZKR�KDYH
QRW�H[SHULHQFHG�3,��:H�EHJLQ�E\�FRQGXFWLQJ�ELYDULDWH�DQDO\VHV�H[DPLQLQJ�WKH�UHODWLRQVKLS�EHWZHHQ
3,�DQG�RXU�IHUWLOLW\�RXWFRPHV�RI�LQWHUHVW��H�J���KDYLQJ�ELRORJLFDO�FKLOGUHQ��IHUWLOLW\�GHVLUHV��LGHDO�IDPLO\
VL]H��DQG�LQWHQGHG�ELUWK�VSDFLQJ���1H[W�ZH�FRQGXFWHG�ORJLVWLF�UHJUHVVLRQV�WR�GHWHUPLQH�LI�WKHUH�ZDV
DQ�DVVRFLDWLRQ�EHWZHHQ�3,�KLVWRU\�DQG�IHUWLOLW\�GHVLUHV��1H[W��ZH�FRQGXFWHG�RUGHUHG�ORJLVWLF
UHJUHVVLRQV�WR�H[DPLQH�SRWHQWLDO�UHODWLRQVKLSV�EHWZHHQ�3,�KLVWRU\��LGHDO�IDPLO\�VL]H��DQG�LQWHQGHG
ELUWK�VSDFLQJ��L�H���LQWHQGHG�QXPEHU�RI�\HDUV�EHWZHHQ�ILUVW�RU�QH[W�ELUWK��

�

5HVXOWV���,Q�RXU�DQDO\WLF�VDPSOH��Q �������ZH�ILQG�WKDW�LQGLYLGXDOV�ZLWK�SDUHQWDO�LQFDUFHUDWLRQ
KLVWRULHV�ZHUH�WZLFH�DV�OLNHO\��������YHUVXV��������WR�KDYH�FKLOGUHQ�DW�DJH����WKDQ�WKHLU�SHHUV
ZLWKRXW�WKLV�H[SRVXUH�$PRQJ�LQGLYLGXDOV�ZLWKRXW�FKLOGUHQ��LQGLYLGXDOV�ZLWK�3,�KLVWRULHV�ZHUH�MXVW�DV
OLNHO\�WR�UHSRUW�QRW�ZDQWLQJ�WR�KDYH�FKLOGUHQ�������FRPSDUHG�WR�SHHUV�ZLWKRXW�3,�KLVWRULHV��,Q�RXU
RUGHUHG�ORJLVWLF�UHJUHVVLRQV�ZH�ILQG�D�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�3,�KLVWRU\�DQG
LQWHQGHG�IHUWLOLW\�WLPLQJ��<RXWK�ZKR�H[SHULHQFHG�3,�DQG�UHSRUWHG�ZDQWLQJ�FKLOGUHQ�ZHUH�PRUH�OLNHO\
WR�UHSRUW�ZDQWLQJ�WR�KDYH�FKLOGUHQ�ZLWKLQ�WKH�QH[W�WZR�\HDUV��555 �����3�������&, ���������WKDQ
GHOD\�WKHLU�ILUVW�ELUWK���RU�PRUH�\HDUV�

&RQFOXVLRQ��7KHVH�ILQGLQJV�VXJJHVW�WKDW�XQOLNH�SHHUV�ZKR�KDYH�QRW�H[SHULHQFHG�SDUHQWDO
LQFDUFHUDWLRQ��\RXQJ�DGXOWV�ZKR�H[SHULHQFH�WKLV�H[SRVXUH�KDYH�GLIIHUHQW�IHUWLOLW\�GHVLUHV�DQG
LQWHQWLRQV��&RQVLGHULQJ�KRZ�FRPPRQ�SDUHQWDO�LQFDUFHUDWLRQ�H[SRVXUH�LV�LQ�WKH�86��LQYHVWLQJ�LQ
SURJUDPPLQJV�WKDW�VWUHQJWKHQ�IDPLOLHV�LPSDFWHG�E\�LQFDUFHUDWLRQ�PD\�\LHOG�SRSXODWLRQ�OHYHO
EHQHILWV�
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&URZGVRXUFLQJ�&RQWUDFHSWLRQ��$�&RQWHQW�$QDO\VLV�RI�,8'�5HODWHG�7LN7RN�&RPPHQW
6HFWLRQV�1LFROH�4XLQRQHV
�0XQD�+DVVDQ��0DGHOLQH�0DKRQH\��$EE\�*UDERZVNL��0LWFKHOOH�.HQQHG\�
*DEE\�+HVWHU��$VKD�+DVVDQ�

6RFLDO�PHGLD�SODWIRUPV�OLNH�7LN7RN�VHUYH�DV�D�VRXUFH�RI�PHGLFDO�LQIRUPDWLRQ�DQG�D�SODWIRUP�IRU�XVHUV
WR�VKDUH�WKHLU�KHDOWK�FDUH��H[SHULHQFHV��'LVFXVVLRQV�RI�FRQWUDFHSWLRQ��SDUWLFXODUO\�LQWUDXWHULQH
GHYLFH��,8'��LQVHUWLRQV�DQG�H[SHULHQFHV��DUH�SURPLQHQWO\�IHDWXUHG��3UHYLRXV�VWXGLHV�ILQG�WKDW�,8'
7LN7RN�YLGHRV�DUH�RYHUZKHOPLQJO\�QHJDWLYH�DQG�KLJKOLJKW�SDWLHQW�GLVWUXVW�DIWHU�LQVHUWLRQV�GXH�WR�ODFN
RI�SDLQ�PDQDJHPHQW��7KH�FRPPHQW�VHFWLRQV�RI�WKHVH�YLGHRV�KDYH�\HW�WR�EH�H[SORUHG�

7R�DGGUHVV�WKLV�JDS��ZH�XWLOL]HG�$SLI\��D�ZHE�VFUDSLQJ�WRRO��WR�FRPSLOH�D�OLVW�RI�WKH�WRS�����SXEOLFO\
DYDLODEOH�7LN7RNV�XQGHU�WKH�VHDUFK�}LXG~��:H�SHUIRUPHG���VHSDUDWH�GDWD�VFUDSHV�����YLGHRV���
FRPPHQWV��WR�FUHDWH�RXU�GDWDVHW�������&RPPHQWV�ZHUH�FRGHG�WKHPDWLFDOO\�E\�WKH�VWXG\�WHDP�

&RPPHQWHUV�GLVFXVVHG�SHUVRQDO�,8'�LQVHUWLRQ�DQG�UHPRYDO�H[SHULHQFHV����������FRQWUDFHSWLYH
H[SHULHQFH�PRUH�EURDGO\����������DQG�VLGH�HIIHFWV����������&RPPHQWHUV|�H[SHULHQFHV�UHIOHFWHG
WKHPHV�RI�SURYLGHU�FUHGLELOLW\��������DQG�FULWLFLVP���������VKDULQJ�DGYLFH���������TXHVWLRQV�RU
UHTXHVWV����������JDVOLJKWLQJ�EHWUD\DO���������FRQWUDFHSWLYH�GHFLVLRQ�PDNLQJ���������DQG�VH[LVP�LQ
SDLQ�PDQDJHPHQW���������&RPPHQWHUV�IUHTXHQWO\�LGHQWLILHG�VH[LVP�DV�WKH�UHDVRQ�IRU�OLPLWHG�SDLQ
PDQDJHPHQW�RSWLRQV�IRU�,8'�LQVHUWLRQ��:KHQ�FRPPHQWHUV�UHFRXQWHG�WKHLU�,8'�LQVHUWLRQ�H[SHULHQFH�
ZKHWKHU�WKH\�SUDLVHG�RU�FULWLFL]HG�WKHLU�KHDOWKFDUH�SURYLGHU�ZDV�RIWHQ�WLHG�WR�FRPPXQLFDWLRQ�DQG
SDLQ�PDQDJHPHQW�RSWLRQV�RIIHUHG�

7KLV�UHVHDUFK�ILQGV�7LN7RN�PD\�VHUYH�DV�DQ�LPSRUWDQW�SODFH�IRU�SHRSOH�WR�XQSDFN�H[SHULHQFHV�DQG
EHOLHIV�DERXW�,8'V�DQG�HOXFLGDWHV�XSRQ�SRWHQWLDO�JDSV�LQ�SURYLGHU�SDWLHQW�WUXVW�
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7UXVW��,QIOXHQFH��DQG�WKH�%DOORW�%R[��+HDOWKFDUH�3URYLGHUV�LQ�6WDWH�/HYHO�$ERUWLRQ�'HEDWHV
5L|HQQD�%R\G
�5L|HQQD�%R\G��&DLWOLQ�0F0XUWU\��9LFWRULD�$QGHUV�

7KH�6XSUHPH�&RXUW|V������'REEV�Y��-DFNVRQ�:RPHQ|V�+HDOWK�2UJDQL]DWLRQ�GHFLVLRQ�GHFHQWUDOL]HG
DERUWLRQ�SROLF\��WULJJHULQJ�D�ZDYH�RI�VWDWH�OHYHO�EDOORW�LQLWLDWLYHV��7KLV�GHFLVLRQ�SODFHG�UHSURGXFWLYH
KHDOWK�GHFLVLRQV�LQ�WKH�KDQGV�RI�YRWHUV��DOORZLQJ�GHPRFUDF\�WR�IXQFWLRQ�DV�D�VRFLDO�GHWHUPLQDQW�RI
KHDOWK��%\�WKH�HQG�RI����������VWDWHV�FRQVLGHUHG����PHDVXUHV��ZLWK�RXWFRPHV�FDUU\LQJ�SURIRXQG
LPSOLFDWLRQV�IRU�KHDOWK�HTXLW\�DQG�DFFHVV�WR�FDUH��SDUWLFXODUO\�DPRQJ�PDUJLQDOL]HG�FRPPXQLWLHV
DOUHDG\�EHDULQJ�GLVSURSRUWLRQDWH�EXUGHQV�RI�UHSURGXFWLYH�KHDOWK�GLVSDULWLHV�

1DYLJDWLQJ�FRPSOH[�KHDOWK�SROLF\�DW�WKH�EDOORW�ER[��YRWHUV�RIWHQ�UHO\�RQ�WUXVWHG�PHVVHQJHUV��$
'HFHPEHU������*DOOXS�SROO�IRXQG�WKDW�����DQG�����RI�$PHULFDQV�UDWH�QXUVHV�DQG�SK\VLFLDQV�
UHVSHFWLYHO\��DV�KLJKO\�KRQHVW�DQG�HWKLFDO�y�FRPSDUHG�WR�MXVW����IRU�PHPEHUV�RI�&RQJUHVV��7KLV�WUXVW
GLIIHUHQWLDO�XQLTXHO\�SRVLWLRQV�KHDOWKFDUH�SURYLGHUV�DV�FUHGLEOH�YRLFHV�LQ�DERUWLRQ�GHEDWHV��\HW�OLWWOH
LV�NQRZQ�DERXW�KRZ�SURYLGHUV�FRPPXQLFDWH�DERXW�EDOORW�PHDVXUHV�RU�KRZ�SROLWLFDO�HOLWHV�OHYHUDJH
WKDW�FUHGLELOLW\�WR�LQIOXHQFH�SXEOLF�RSLQLRQ�DQG��XOWLPDWHO\��KHDOWK�SROLF\�RXWFRPHV�

7KLV�SURMHFW�H[DPLQHV�WHOHYLVLRQ�DQG�QHZVSDSHU�FRYHUDJH�RI�DERUWLRQ�EDOORW�LQLWLDWLYHV�LQ�IRXU�VWDWHV
�.6��.<��0,��07��WKDW�YRWHG�RQ�UHSURGXFWLYH�ULJKWV�PHDVXUHV�LQ�������:H�DQDO\]H�KRZ�KHDOWKFDUH
SURYLGHUV�IUDPHG�VXSSRUWLYH�DQG�RSSRVLWLRQDO�DUJXPHQWV�LQ�QHZV�PHGLD�YHUVXV�WHOHYLVHG�SROLWLFDO
DGYHUWLVHPHQWV�WR�DVVHVV�KRZ�SURIHVVLRQDO�H[SHUWLVH�LV�GHSOR\HG�DFURVV�FRQWH[WV��2XU�DQDO\VLV
H[SORUHV�YDULDWLRQ�E\�VWDWH�FRQWH[W��EDOORW�PHDVXUH�FRQWHQW��DQG�PHGLXP�

2XU�ILQGLQJV�KLJKOLJKW�KRZ�SURYLGHU�FUHGLELOLW\�VKDSHV�VWDWH�OHYHO�KHDOWK�SROLF\�GHEDWHV�DQG�KRZ
H[SHUWLVH�IXQFWLRQV�ZLWKLQ�GLUHFW�GHPRFUDF\��$V�LQVWLWXWLRQDO�GLVWUXVW�JURZV��KHDOWK�GLVSDULWLHV�ZLGHQ�
DQG�PRUH�VWDWHV�FRQVLGHU�EDOORW�LQLWLDWLYHV�LQ�������XQGHUVWDQGLQJ�KRZ�WUXVWHG�KHDOWK�SURIHVVLRQDOV
LQIOXHQFH�GHPRFUDWLF�SURFHVVHV��DQG�WKH�KHDOWK�RXWFRPHV�WKDW�IROORZ��EHFRPHV�LQFUHDVLQJO\
QHFHVVDU\�
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5HSURGXFWLYH�KHDOWK

:RUOG�&DIc�DV�D�3DUWLFLSDWRU\�$FWLRQ�0HWKRG�WR�([SORUH�<RXWK�3HUFHSWLRQV�RI�6H[XDO
6WLJPD�DQG�,PDJLQLQJV�RI�/LIH�ZLWKRXW�6WLJPD�LQ�ZHVWHUQ�.HQ\D�$ELJDLO�/HH
�$ELJDLO�/HH�
:LOOLDP�6WRU\��<YRQQH�:DQMLUX��&\ULO�2NHND��9DOHQWLQH�0XNR\D��6\OYLD�$PEDQL��0DXUHHQ�:DQMLUX�
1HPD�$OXNX�

%DFNJURXQG��<RXWK�LQ�.HQ\D�H[SHULHQFH�KLJK�UDWHV�RI�SUHJQDQF\�DQG�+,9��7KHVH�RXWFRPHV�DUH�GXH�
LQ�SDUW��WR�VWLJPD�UHODWHG�WR�VH[XDO�EHKDYLRU��ZKLFK�LV�GLVWUHVVLQJ�IRU�\RXWK��7KLV�VWXG\�XVHV�D�QRYHO
SDUWLFLSDWRU\�DFWLRQ�DSSURDFK��FDOOHG�:RUOG�&DIi��WR�H[SORUH�\RXWK�SHUFHSWLRQV�RI�VH[XDO�EHKDYLRU
VWLJPD�DQG�ZKDW�OLIH�PD\�EH�OLNH�ZLWKRXW�VWLJPD�

0HWKRGV��7KLV�VWXG\�HQJDJHG����\RXWK�DJHV�������LQ�D�:RUOG�&DIi�HYHQW�LQ�.DNDPHJD��.HQ\D�
'XULQJ�:RUOG�&DIi��\RXWK�GLVFXVVHG�WKLQJV�WKDW�ZHUH�LPSRUWDQW�WR�WKHP��WKHLU�SHUFHSWLRQV�RI
VH[XDOO\�DFWLYH�\RXWK��DQG�ZKDW�OLIH�ZRXOG�EH�OLNH�LI�WKHUH�ZDV�QR�MXGJPHQW�DURXQG�VH[XDO�EHKDYLRU�
)ROORZ�XS�LQ�GHSWK�LQWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK���\RXWK�DJHG�����*URXS�GLVFXVVLRQV�DQG
LQWHUYLHZV�ZHUH�DXGLR�UHFRUGHG�ZLWK�FRQVHQW��WUDQVFULEHG��DQG�WUDQVODWHG�WR�(QJOLVK��7UDQVFULSWV
ZHUH�WKHPDWLFDOO\�FRGHG�XVLQJ�'HGRRVH�DQG�FRGH�VXPPDULHV�ZHUH�GHYHORSHG�WR�GHVFULEH�PDLQ�DQG
GHYLDQW�QDUUDWLYHV�

5HVXOWV��<RXWK�KHOG�QHJDWLYH�SHUFHSWLRQV�RI�VH[XDOO\�DFWLYH�DGROHVFHQWV��EHOLHYLQJ�WKH\�ODFN�SDUHQWDO
JXLGDQFH��GR�QRW�OLVWHQ��GR�QRW�FDUH�DERXW�WKHLU�OLYHV��DQG�DUH�}XVHOHVV�~�0RVW�\RXWK�WKRXJKW�WKDW�D
ODFN�RI�MXGJPHQW�DURXQG�VH[XDO�EHKDYLRU�ZRXOG�OHDG�WR�QHJDWLYH�RXWFRPHV�IRU�\RXQJ�SHRSOH��:LWKRXW
WKLV�MXGJPHQW��\RXWK�VDLG�WKH\�ZRXOG�IHHO�ORQHO\�DQG�OLNH�QR�RQH�FDUHG�DERXW�WKHP�RU�WKHLU�IXWXUHV�
DGGLWLRQDOO\�GHVFULELQJ�WKDW�VH[XDOO\�DFWLYH�\RXWK�ZRXOG�QRW�DFKLHYH�WKHLU�GUHDPV��6RPH�\RXWK
EHOLHYHG�UHPRYLQJ�VH[XDO�EHKDYLRU�MXGJPHQW�ZRXOG�LPSURYH�KHDOWK�DQG�IXWXUH�DVSLUDWLRQV�

&RQFOXVLRQV��)LQGLQJV�VXJJHVW�\RXWK�DUH�HQWUHQFKHG�LQ�VH[XDO�EHKDYLRU�VWLJPD��DQG�WKH\�KDYH
PL[HG�YLHZV�RI�ZKDW�OLIH�PD\�EH�OLNH�ZLWKRXW�WKLV�MXGJPHQW��,QIRUPDWLRQ�DERXW�WKH�UROH�RI�VWLJPD�
LQYROYHPHQW�RI�FDUHWDNHUV��DQG�PHQWDO�GLVWUHVV�HPHUJHG�DQG�UHTXLUH�IXUWKHU�LQTXLU\��$GROHVFHQW
VH[XDO�DQG�UHSURGXFWLYH�KHDOWK�LQWHUYHQWLRQV�LQ�ZHVWHUQ�.HQ\D�VKRXOG�LQYROYH�FDUHWDNHUV�DQG�ZRUN
WR�VKLIW�QDUUDWLYHV�DERXW�WKH�ZRUWK�DQG�SRWHQWLDO�RI�VH[XDOO\�DFWLYH�\RXWK�WR�LPSURYH�WKHLU�PHQWDO
KHDOWK�
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6RFLDO�UHODWLRQDO�IDFWRUV

&ROOHFWLYH�:HOO�EHLQJ�DV�D�'HWHUPLQDQW�RI�,QGLYLGXDO�&DUGLRYDVFXODU�2XWFRPHV�%ULWD�5R\
5R\
�%ULWD�5R\��-LDQJ\XDQ�=KX��-HSK�+HUULQ��&DUOH\�5LOH\��0HJDQ�'DFH\�.RR��(ULFD�6SDW]��'DQ
:LWWHUV��+DUODQ�.UXPKRO]�

%DFNJURXQG��:KLOH�KLJKHU�ZHOO�EHLQJ�DW�WKH�SRSXODWLRQ�OHYHO��FROOHFWLYH�ZHOO�EHLQJ��&:%��LV�OLQNHG
WR�ORZHU�FDUGLRYDVFXODU��&9��GLVHDVH�LQFLGHQFH�DQG�PRUWDOLW\��LW�LV�XQNQRZQ�LI�WKH�FROOHFWLYH�ZHOO�
EHLQJ�RI�D�FRPPXQLW\�LQIOXHQFHV�&9�ULVN�EH\RQG�WKH�LQGLYLGXDO�OHYHO�ZHOO�EHLQJ�RI�WKRVH�LQ�WKDW
JURXS��7KLV�FURVV�VHFWLRQDO�VWXG\�LQYHVWLJDWHG�WKH�DVVRFLDWLRQ�EHWZHHQ�&:%��LQGLYLGXDO�ZHOO�EHLQJ�
DQG�LQGLYLGXDO�&9�RXWFRPHV�

0HWKRGV��:H�OLQNHG�����������FRPELQHG�=,3�FRGH�OHYHO�&:%�IURP�WKH�*DOOXS�:HOO�EHLQJ�,QGH[�WR
LQGLYLGXDO�OLIH�VDWLVIDFWLRQ��FOLQLFDO�IDFWRUV��DQG�EHKDYLRUDO�IDFWRUV�IURP�WKH�5HDVRQV�IRU�*HRJUDSKLF
DQG�5DFLDO�'LIIHUHQFHV�LQ�6WURNH�VWXG\��Q ���������:H�HVWLPDWHG�PL[HG�HIIHFWV�JHQHUDOL]HG�OLQHDU
UHJUHVVLRQ�PRGHOV�ZKHUH�&:%�DQG�LQGLYLGXDO�ZHOO�EHLQJ��ERWK�PHDVXUHG�DV�VHOI�UHSRUWHG�FXUUHQW�OLIH
VDWLVIDFWLRQ��ZHUH�LQGHSHQGHQW�YDULDEOHV��/LIH|V�6LPSOH���VFRUH�DQG�&9�RXWFRPHV�ZHUH�GHSHQGHQW
YDULDEOHV��LQFOXGLQJ�D�UDQGRP�HIIHFW�IRU�FRXQW\��0RUWDOLW\�ZDV�DQDO\]HG�XVLQJ�D�&R[�SURSRUWLRQDO
KD]DUGV�PRGHO��,Q�VHFRQGDU\�DQDO\VHV�ZH�DOVR�DGMXVWHG�IRU�VRFLRHFRQRPLF�IDFWRUV�

5HVXOWV��+LJKHU�&:%�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�KLJKHU�/LIH�6LPSOH���RYHUDOO�VFRUH��25 �����
3���������DV�ZHOO�DV�KLJKHU�UDWHV�RI�QRQ�VPRNLQJ��25 ������S���������SK\VLFDO�DFWLYLW\��25������
���&,�������������S ��������JOXFRVH�PHWULF��25����������&,�������������3 ��������KHDOWK\�ERG\
PDVV�LQGH[��%0,���25 ������S��������DQG�KHDOWK\�EORRG�SUHVVXUH��25 ������S ��������DQG�ORZHU
&9�PRUWDOLW\��+5 ������3 ��������LQGHSHQGHQW�RI�WKH�LQGLYLGXDO|V�OLIH�VDWLVIDFWLRQ��$IWHU�DGMXVWLQJ
IRU�LQGLYLGXDOV|�VRFLRHFRQRPLF�IDFWRUV��&:%�UHPDLQHG�VLJQLILFDQWO\�OLQNHG�WR�KHDOWK\�%0,��25 �����
S �������

&RQFOXVLRQ��7KLV�VWXG\�VKRZV�WKDW�WKH�&:%�RI�WKH�SRSXODWLRQ�ZLWKLQ�ZKLFK�DQ�LQGLYLGXDO�OLYHV
LQIOXHQFHV�WKHLU�&9�ULVN�LQGHSHQGHQW�RI�WKHLU�LQGLYLGXDO�ZHOO�EHLQJ�DQG�ULVN�IDFWRUV��(QKDQFLQJ�&:%
FRXOG�EH�DQ�HIIHFWLYH�VWUDWHJ\�IRU�UHGXFLQJ�LQGLYLGXDO�&9�GLVHDVH�ULVN�
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6RFLDO�UHODWLRQDO�IDFWRUV

(TXDO�&DUH��8QHTXDO�6XIIHULQJ��.LQOHVVQHVV�DQG�6WUDWLILHG�(QG�RI�/LIH�([SHULHQFHV�=KHQJ
/LDQ
�=KHQJ�/LDQ�

.LQOHVVQHVV�LQ�ODWHU�OLIH�KDV�EHFRPH�LQFUHDVLQJO\�FRPPRQ�DFURVV�PDQ\�VRFLHWLHV��'HVSLWH�LWV�JURZLQJ
SUHYDOHQFH��UHVHDUFK�RQ�ZKDW�LW�LV�OLNH�WR�GLH�LQ�WKLV�VRFLDO�FRQWH[W�UHPDLQV�OLPLWHG��3ULRU�VWXGLHV�WHQG
WR�WUHDW�NLQOHVVQHVV�DW�WKH�HQG�RI�OLIH�DV�D�KRPRJHQHRXV�H[SHULHQFH��RYHUORRNLQJ�LWV�LQWHUVHFWLRQ�ZLWK
RWKHU�VRFLDO�IDFWRUV��7KLV�VWXG\�XVHV�GDWD�IURP�WKH�6XUYH\�RI�+HDOWK��$JHLQJ��DQG�5HWLUHPHQW�LQ
(XURSH��6+$5(��WR�H[DPLQH�ZKHWKHU�DQG�KRZ�NLQOHVVQHVV�LV�DVVRFLDWHG�ZLWK�HQG�RI�OLIH�V\PSWRPV
DQG�FDUH�TXDOLW\��0XOWLQRPLDO�ORJLVWLF�UHJUHVVLRQV�ZHUH�HVWLPDWHG�WR�DVVHVV�WKH�UHODWLYH�ULVN�RI�G\LQJ
ZLWK�XQGHVLUDEOH�HQG�RI�OLIH�RXWFRPHV�YHUVXV�GHVLUDEOH�RXWFRPHV�DPRQJ�NLQOHVV�GHFHGHQWV�FRPSDUHG
WR�WKRVH�ZLWK�NLQ��.LQOHVVQHVV�ZDV�DOVR�LQWHUDFWHG�VHSDUDWHO\�ZLWK�JHQGHU��HGXFDWLRQ��DQG�HFRQRPLF
VWDELOLW\�WR�H[DPLQH�PRGHUDWLRQ�HIIHFWV��5HVXOWV�VKRZ�WKDW�NLQOHVVQHVV�LV�DVVRFLDWHG�ZLWK�DQ���
SHUFHQW�JUHDWHU�ULVN�RI�H[SHULHQFLQJ�PDQDJHG�SDLQ�YHUVXV�QR�SDLQ�DQG�D�����SHUFHQW�JUHDWHU�ULVN�RI
H[SHULHQFLQJ�XQPDQDJHG�SDLQ�YHUVXV�QR�SDLQ��1R�DVVRFLDWLRQ�LV�REVHUYHG�EHWZHHQ�NLQOHVVQHVV�DQG
UHFHLYLQJ�UHVSHFWIXO��KLJK�TXDOLW\�HQG�RI�OLIH�FDUH��7KH�JUHDWHU�V\PSWRP�EXUGHQ�DVVRFLDWHG�ZLWK
NLQOHVVQHVV�LV�PRUH�SURQRXQFHG�DPRQJ�PHQ�DQG�LQGLYLGXDOV�ZLWK�ORZHU�HGXFDWLRQDO�DWWDLQPHQW�
(FRQRPLFDOO\�VWDEOH�NLQOHVV�LQGLYLGXDOV��KRZHYHU��DUH�PRUH�OLNHO\�WR�HQFRXQWHU�GLIILFXOWLHV�UHFHLYLQJ
UHVSHFWIXO�DQG�KLJK�TXDOLW\�FDUH��2YHUDOO��HTXDO�FDUH�EXW�XQHTXDO�V\PSWRP�EXUGHQ�FKDUDFWHUL]HV�WKH
H[SHULHQFHV�RI�NLQOHVV�LQGLYLGXDOV�DW�WKH�HQG�RI�OLIH��7KHVH�ILQGLQJV�KLJKOLJKW�WKH�QHHG�IRU
LQWHUYHQWLRQV�WR�DGGUHVV�WKH�JUHDWHU�V\PSWRP�EXUGHQ�IDFHG�E\�NLQOHVV�ROGHU�DGXOWV�DQG�GUDZ
DWWHQWLRQ�WR�WKH�KHWHURJHQHLW\�RI�G\LQJ�H[SHULHQFHV�ZLWKLQ�WKLV�UDSLGO\�JURZLQJ�SRSXODWLRQ�



�������

���� 3�

6RFLDO�UHODWLRQDO�IDFWRUV

&DUHJLYLQJ�5HVSRQVLELOLWLHV�DQG�6OHHS�3DWWHUQV�$PRQJ�(PHUJLQJ�$GXOW�&ROOHJH�6WXGHQWV
<XQD�7RPLPDVX
�<XQD�7RPLPDVX��)UDQFHVFR�2VVR��-LZRRQ�%DH��/LQGVD\�+R\W��$OLVRQ�&RKHQ�

%DFNJURXQG��:LWK�DQ�DJLQJ�SRSXODWLRQ��PRUH�SHRSOH�DUH�EHFRPLQJ�FDUHJLYHUV�IRU�IDPLO\�PHPEHUV�
(PHUJLQJ�DGXOW�FROOHJH�VWXGHQWV�ZKR�DUH�DOVR�FDUHJLYHUV�IDFH�PXOWLSOH�EXUGHQV��LQFOXGLQJ�DFDGHPLF
DQG�FDUHHU�SXUVXLWV��:KLOH�LQFUHDVHG�FDUHJLYLQJ�UHVSRQVLELOLWLHV�DUH�DVVRFLDWHG�ZLWK�SRRUHU�VOHHS
TXDOLW\�DQG�GXUDWLRQ�LQ�DGXOWV��KRZ�FDUHJLYLQJ�EXUGHQ�UHODWHV�WR�VOHHS�DPRQJ�HPHUJLQJ�DGXOWV
UHPDLQV�XQFOHDU�

0HWKRGV��7KH�DQDO\VLV�LQFOXGHG�����HPHUJLQJ�DGXOWV�DJHG�������DWWHQGLQJ�WZR�XQLYHUVLWLHV�LQ
&DOLIRUQLD��$IWHU�FRPSOHWLQJ�D�EDVHOLQH�VXUYH\��LQFOXGLQJ�D�TXHVWLRQ�RQ�FDUHJLYLQJ�KRXUV�SHU�ZHHN��
VWXGHQWV�FRXOG�RSW�LQWR�DQ���GD\�VPDUWSKRQH�EDVHG�GDLO\�GLDU\�VXE�VWXG\��LQFOXGLQJ�TXHVWLRQV�IURP
WKH�&RQVHQVXV�6OHHS�'LDU\��/LQHDU�PL[HG�PRGHOV�ZHUH�XVHG�WR�DQDO\]H�DVVRFLDWLRQV�EHWZHHQ
FDUHJLYLQJ�DQG�VHOI�UHSRUWHG�VOHHS�GXUDWLRQ�DQG�TXDOLW\��$OO�PRGHOV�DGMXVWHG�IRU�UDFH�HWKQLFLW\�
JHQGHU��VH[XDO�RULHQWDWLRQ��SRYHUW\�OHYHO��FRPPXWH�WLPH��DQG�ZRUN�WLPH�

5HVXOWV��&DUHJLYLQJ�LQWHQVLW\�ZDV�QRW�VWDWLVWLFDOO\�DVVRFLDWHG�ZLWK�VOHHS�GXUDWLRQ�������KRXUV�RI
FDUHJLYLQJ��u ����������&,��������WR�������!���KRXUV�RI�FDUHJLYLQJ��u ����������&,��������������RU
VOHHS�TXDOLW\�������KRXUV��u ����������&,��������������!���KRXUV��u �����������&,��������������
6HQVLWLYLW\�DQDO\VHV�UHVWULFWLQJ�WKH�VDPSOH�WR�SDUWLFLSDQWV�ZLWK�DW�OHDVW���GD\V�RI�VOHHS�GDWD�DQG
ZLQVRUL]LQJ�IRU�H[WUHPH�YDOXHV�\LHOGHG�VLPLODU�UHVXOWV�

&RQFOXVLRQV��7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�FDUHJLYLQJ�DQG�VOHHS�GXUDWLRQ
DQG�TXDOLW\��$OWKRXJK�WKH�SUHYDOHQFH�RI�FDUHJLYLQJ�DPRQJ�HPHUJLQJ�DGXOWV�ZDV�ORZ��RXU�VDPSOH�KDG
VXIILFLHQW�VWDWLVWLFDO�SRZHU��+RZHYHU��LW�LV�SRVVLEOH�WKDW�RXU�PHDVXUH�RI�FDUHJLYLQJ�ZDV�QRW�QXDQFHG
HQRXJK��DQG�RU�WKDW�ZH�KDG�WRR�IHZ�SDUWLFLSDQWV�ZKR�KDG�KLJK�FDUHJLYLQJ�EXUGHQV��ZKLFK�FRXOG�KDYH
UHGXFHG�RXU�VWDWLVWLFDO�SRZHU��:H�HQFRXUDJH�IXWXUH�UHVHDUFK�WR�EXLOG�XSRQ�WKHVH�QXOO�ILQGLQJV�DQG
LQWHUURJDWH�WKHP�IXUWKHU�
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:KR�WHDFKHV�KHDOWK�VHUYLFHV�DQG�SROLF\�UHVHDUFKHUV�KRZ�WR�WKHRUL]H"�1DWDOLH�%UDGIRUG

1DWDOLH�%UDGIRUG��7D\ORU�5RJHUV��$O\VKD�*DUFLD�

3XW�VLPSO\��D�WKHRU\�LV�DQ�H[SODQDWLRQ��7KXV��WR�WKHRUL]H�LV�WR�H[SODLQ��+DOI�RI�WKH�IRXQGDWLRQDO�SXEOLF
KHDOWK�OHDUQLQJ�REMHFWLYHV�WKH�&RXQFLO�RQ�(GXFDWLRQ�IRU�3XEOLF�+HDOWK��&(3+��UHTXLUHV�DFFUHGLWHG
SXEOLF�KHDOWK�GRFWRUDO�SURJUDPV�WR�DVVHVV�DUH�DERXW�H[SODLQLQJ�WKH�HIIHFW�RI�FXOWXUDO��HFRQRPLF�
HQYLURQPHQWDO��SROLWLFDO��DQG�VRFLDO�IDFWRUV�RQ�SRSXODWLRQ�KHDOWK��,Q�RWKHU�ZRUGV��WKHRU\�DQG
WKHRUL]LQJ��HVSHFLDOO\�VRFLDO�WKHRU\�DQG�VRFLRORJLFDO�WKHRUL]LQJ��DUH�IRXQGDWLRQDO�NQRZOHGJH�IRU
SXEOLF�KHDOWK�UHVHDUFKHUV��+RZHYHU��&(3+|V�PRVW�UHFHQW�DFFUHGLWDWLRQ�FULWHULD�GR�QRW�H[SOLFLWO\
PHQWLRQ�WKHRU\�RQFH�

+HDOWK�VHUYLFHV�DQG�SROLF\�UHVHDUFK��+635���D�VXEILHOG�RI�SXEOLF�KHDOWK��IRFXVHV�RQ�WKH�ZD\V�KHDOWK
FDUH�DFFHVV��FRVW��DQG�TXDOLW\�DUH�DIIHFWHG�E\�LQGLYLGXDO�DQG�FRQWH[WXDO�IDFWRUV�LQFOXGLQJ�VRFLDO�DQG
VWUXFWXUDO�IDFWRUV��7ZR�RI�WKH�DXWKRUV�DUH�+635HUV�ZKR�UHFHQWO\�JUDGXDWHG�ZLWK�GRFWRUDO�GHJUHHV�LQ
+635�DQG�UHFHLYHG�EDFNODVK�IRU�HQJDJLQJ�LQ�VRFLRORJLFDO�WKHRUL]LQJ�DQG�FHQWHULQJ�FULWLFDO�VRFLDO
WKHRU\�LQ�RXU�GLVVHUWDWLRQ�UHVHDUFK��,Q�RXU�H[SHULHQFH��SXEOLF�KHDOWK�GRFWRUDO�VWXGHQWV��HVSHFLDOO\�LQ
+635�SURJUDPV��PXVW�ILQG�FRXUVHV�RXWVLGH�WKHLU�GLVFLSOLQH�WR�OHDUQ�DERXW�VRFLDO�WKHRULHV�DQG�KRZ�WR
WKHRUL]H�

7KLV�GHVFULSWLYH�VWXG\�H[DPLQHV�WKH�H[WHQW�WR�ZKLFK�����&(3+�DFFUHGLWHG�+635�GRFWRUDO�SURJUDPV
LQFOXGH�FRXUVHV�RQ�VRFLDO�WKHRU\�DQG�VRFLRORJLFDO�WKHRUL]LQJ��2XU�UHVXOWV�UHYHDO�FXUULFXODU�JDSV�LQ
+635�GRFWRUDO�SURJUDPV�WKDW�PD\�LPSHGH�WKH�DGYDQFHPHQW�RI�NQRZOHGJH�DQG�DFWLRQ�RQ�VRFLDO�DQG
VWUXFWXUDO�GHWHUPLQDQWV�RI�KHDOWK�FDUH��HTXLW\���+LJKHU�HGXFDWLRQ�LQVWLWXWLRQV�DFURVV�WKH�ZRUOG�
LQFOXGLQJ�VFKRROV�RI�SXEOLF�KHDOWK��DUH�FXUUHQWO\�UHVWULFWLQJ�WKHLU�FRXUVH�RIIHULQJV�LQ�UHVSRQVH�WR
JRYHUQPHQWDO�DQG�RUJDQL]DWLRQDO�SROLWLFDO�GHPDQGV��,QYHVWLJDWLQJ�WKH�DEVHQFH�RI�VRFLDO�WKHRU\�DQG
WKHRUL]LQJ�LQ�+635�GRFWRUDO�SURJUDPV�PD\�FRQWULEXWH�WR�ZRUN�WKDW�GLVUXSWV�WKHVH�WUHQGV��FKDOOHQJHV
HSLVWHPLF�RSSUHVVLRQ��DQG�VXSSRUWV�WUDQVGLVFLSOLQDU\�PRGHV�RI�NQRZOHGJH�FRQVWUXFWLRQ�
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(+5VXSSRUW��DQ�HOHFWURQLF�KHDOWK�UHFRUG�EDVHG�VRFLDO�VXSSRUW�PHDVXUH��DQG�EUHDVW�FDQFHU
WUHDWPHQW�DQG�FOLQLFDO�RXWFRPHV�LQ�DQ�LQWHJUDWHG�KHDOWK�FDUH�V\VWHP�&DQG\FH�.URHQNH

&DQG\FH�.URHQNH��5KRQGD�$RNL��-DQH�/LDQJ��6DOHQH�-RQHV��/DZUHQFH�.XVKL��'DYLG�&URQNLWH��-HVV
0RJN��/DXUHQ�0DPPLQL��6KDLOD�6WUD\KRUQ�&DUWHU��'DYLG�0RVHQ��6WDFH\�$OH[HHII�

%DFNJURXQG��6RFLDO�VXSSRUW�LV�UHODWHG�WR�WUHDWPHQW�DQG�FOLQLFDO�RXWFRPHV�LQ�EUHDVW�FDQFHU��:H
HYDOXDWHG�DVVRFLDWLRQV�RI�(+5VXSSRUW��DQ�HOHFWURQLF�KHDOWK�UHFRUG��(+5��EDVHG�PHDVXUH�RI�VRFLDO
VXSSRUW��ZLWK�WUHDWPHQW�DQG�FOLQLFDO�RXWFRPHV�LQ�WKH�IXOO�.DLVHU�3HUPDQHQWH�1RUWKHUQ�&DOLIRUQLD
�.31&��SRSXODWLRQ�RI�ZRPHQ�ZLWK�EUHDVW�FDQFHU�

0HWKRGV��7KLV�VWXG\�LQFOXGHG��������ZRPHQ�IURP�.31&��DQ�LQWHJUDWHG�KHDOWK�FDUH�V\VWHP��ZKR
ZHUH�GLDJQRVHG�ZLWK�LQYDVLYH�EUHDVW�FDQFHU�IURP�-DQXDU\������-XQH������DQG�KDG�VRFLDO�VXSSRUW
WHUPV�LGHQWLILHG�LQ�WKH�(+5��7KH�(+5VXSSRUW�VFRUH�LQFOXGHG�LQIRUPDWLRQ�DERXW�VSRXVH�SDUWQHU
VWDWXV��SDUHQWKRRG�VWDWXV���FOLQLFDO��YLVLW�VXSSRUW��OLYLQJ�VLWXDWLRQ��DORQH�RU�ZLWK�RWKHUV���IULHQG�RU
RWKHU�VXSSRUW��SRVLWLYH�VRFLDO�VXSSRUW��QHJDWLYH��ODFN�RI��VRFLDO�VXSSRUW��GHFHDVHG�SHUVRQ�
WUDQVSRUWDWLRQ�LVVXHV��UHODWLRQVKLS�FRQIOLFW�RU�VWUHVV��VRFLDO�LVRODWLRQ��DQG�HPHUJHQF\�FRQWDFW�ZLWKLQ
VWDWH��:H�XVHG�ORJ�ELQRPLDO�UHJUHVVLRQ��ORJLVWLF�UHJUHVVLRQ��DQG�VXUYLYDO�DQDO\VLV�WR�HYDOXDWH
DVVRFLDWLRQV�RI�(+5VXSSRUW�ZLWK�WUHDWPHQW�DQG�VXUYLYDO�RXWFRPHV�

5HVXOWV��/RZHU�(+5VXSSRUW�VFRUHV�ZHUH�DVVRFLDWHG�ZLWK�SRRUHU�WUHDWPHQW�DQG�FOLQLFDO�RXWFRPHV�
7KH�ORZHVW��YV��KLJKHVW��WHUWLOH�RI�WKH�(+5VXSSRUW�VFRUH�ZDV�DVVRFLDWHG�ZLWK�VXUJHU\�GHOD\V
�SUHYDOHQFH�UDWLR��35� ����������FRQILGHQFH�LQWHUYDO��&,��������������S�WUHQG�DFURVV�WHUWLOHV���������
FKHPRWKHUDS\�GHOD\V��35 ����������&,�������������S�WUHQG ���������DGMXYDQW�HQGRFULQH�WKHUDS\
�$(7��QRQLQLWLDWLRQ��35 ����������&,�������������S�WUHQG ���������$(7�GLVFRQWLQXDWLRQ��+5 �����
����&,�������������S�WUHQG ���������EUHDVW�FDQFHU�PRUWDOLW\��+5 ����������&,�������������S�
WUHQG���������DQG�RYHUDOO�PRUWDOLW\��+5 ����������&,�������������S�WUHQG���������&RPSDUDEOH
DVVRFLDWLRQV�ZHUH�VHHQ�LQ�ZRPHQ�IURP�GLYHUVH�UDFH�DQG�HWKQLF�JURXSV�DQG�E\�FDQFHU�VWDJH�

&RQFOXVLRQV��(+5VXSSRUW��DQ�(+5�EDVHG�VRFLDO�VXSSRUW�PHDVXUH��ZDV�UHODWHG�WR�EUHDVW�FDQFHU
WUHDWPHQW�DQG�FOLQLFDO�RXWFRPHV��VXSSRUWLQJ�LWV�XVH�DV�D�FOLQLFDO�WRRO�DQG�UHVHDUFK�PHDVXUH�
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7+(�5(/$7,216+,3�%(7:((1�62&,2(&2120,&�67$786�$1'�32/<*(1,&�5,6.
6&25(6�21�%2'<�0$66�,1'(;�$021*�121�+,63$1,&�:+,7(�$0(5,&$16�7RPLZD
$\HWLJER
�7RPLZD�$\HWLJER��:LVGRP��

7KHUH�LV�D�KLJK�SUHYDOHQFH�RI�REHVLW\�LQ�WKH�8QLWHG�6WDWHV��SDUWLFXODUO\�DPRQJ�LQGLYLGXDOV�RI�ORZ
VRFLRHFRQRPLF�VWDWXV��9HU\�IHZ�VWXGLHV�KDYH�MRLQWO\�LQYHVWLJDWHG�WKH�FRPELQHG�LQIOXHQFH�RI�ERWK
JHQHWLFV�DQG�VRFLDO�IDFWRUV��VXFK�DV�HDUO\�VRFLRHFRQRPLF�VWDWXV�DQG�HGXFDWLRQ��LQ�UHODWLRQ�WR�REHVLW\�
*HQHWLF�IDFWRUV�PD\�LQFUHDVH�WKH�ULVN�RI�REHVLW\�DPRQJ�LQGLYLGXDOV�ZLWK�ORZ�VRFLRHFRQRPLF�VWDWXV�
7KHUHIRUH��WKLV�VWXG\�H[DPLQHV�ZKHWKHU�WKH�DVVRFLDWLRQ�EHWZHHQ�SRO\JHQLF�ULVN�IRU�%0,�DQG�%RG\
0DVV�,QGH[�LV�LQGHSHQGHQWO\�PRGLILHG�E\�HDUO\�OLIH�6(6�DQG�DGXOW�HGXFDWLRQ���7KH�+HDOWK�DQG
5HWLUHPHQW�6WXG\��+56��ZDV�XVHG�IRU�WKLV�VWXG\��/LQHDU�UHJUHVVLRQ�ZDV�XVHG�IRU�WKH�DQDO\VLV��DQG�,
ILQG�RXW�WKH�DVVRFLDWLRQ�EHWZHHQ�3*6�%0,�YDULHV�E\�OHYHOV�RI�HGXFDWLRQ�EXW�LV�QRW�PRGLILHG�E\�HDUO\�
OLIH�6(6��7KLV�UHVHDUFK�LQGLFDWHV�WKH�LQIOXHQFH�RI�WKH�VRFLDO�HQYLURQPHQW�DQG�JHQHWLF�LQWHUDFWLRQ�RQ
KHDOWK�RXWFRPHV�
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:,//,1*1(66�2)�813$,'�&$5(*,9(56�72�6+$5(�62&,$/�'(7(50,1$176�2)�+($/7+
,1)250$7,21�:,7+�+($/7+&$5(�3529,'(56�%DEDWRSH�2JXQMHVD
�%DEDWRSH�2JXQMHVD�
6XQLWD�'RGDQL�

,QWURGXFWLRQ��8QSDLG�FDUHJLYHUV�LQ�WKH�8QLWHG�6WDWHV�QDYLJDWH�VXEVWDQWLDO�VRFLDO�DQG�HFRQRPLF
EXUGHQV�ZKLOH�FRRUGLQDWLQJ�FDUH�IRU�RWKHUV��\HW�WKHLU�ZLOOLQJQHVV�WR�KDYH�VRFLDO�GHWHUPLQDQWV�RI
KHDOWK��6'2+��LQIRUPDWLRQ�VKDUHG�DFURVV�KHDOWK�FDUH�SURYLGHUV�UHPDLQV�XQH[SORUHG�LQ�QDWLRQDOO\
UHSUHVHQWDWLYH�GDWD��7KLV�VWXG\�H[DPLQHG�IDFWRUV�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�ZLOOLQJQHVV�WR�KDYH
6'2+�LQIRUPDWLRQ�VKDUHG�ZLWK�RWKHU�SURYLGHUV�DPRQJ�XQSDLG�FDUHJLYHUV��XVLQJ�GDWD�IURP�WKH�+HDOWK
,QIRUPDWLRQ�1DWLRQDO�7UHQGV�6XUYH\��&\FOH����+,176�����D�QDWLRQDOO\�UHSUHVHQWDWLYH�FURVV�VHFWLRQDO
VXUYH\�RI�8�6��DGXOWV�FRQGXFWHG�E\�WKH�1DWLRQDO�&DQFHU�,QVWLWXWH�

0HWKRG��7KH�RXWFRPH��ZLOOLQJQHVV�WR�VKDUH�6'2+�ZLWK�RWKHU�SURYLGHUV��ZDV�GLFKRWRPL]HG�IURP�D���
SRLQW�FRPIRUW�VFDOH��ZLOOLQJ��YHU\�VRPHZKDW�FRPIRUWDEOH��YHUVXV�QRW�ZLOOLQJ��YHU\�VRPHZKDW
XQFRPIRUWDEOH���7KH�DQDO\WLF�VDPSOH�ZDV�UHVWULFWHG�WR�XQSDLG�FDUHJLYHUV��Q� �������$�VXUYH\�
ZHLJKWHG�ELQDU\�ORJLVWLF�UHJUHVVLRQ�PRGHO�ZDV�HVWLPDWHG��DGMXVWLQJ�IRU�FDUHJLYLQJ�FRQGLWLRQ�W\SH�
VRFLRGHPRJUDSKLF�FKDUDFWHULVWLFV��KHDOWK�V\VWHP�WUXVW��SULRU�PHGLFDO�GLVFULPLQDWLRQ��SDWLHQW�
FHQWHUHG�FRPPXQLFDWLRQ�TXDOLW\��DQG�ILYH�ELQDU\�LQGLFDWRUV�RI�SHUVRQDO�6'2+�EXUGHQ�

5HVXOW��7KH�W\SH�RI�FRQGLWLRQ�EHLQJ�FDUHG�IRU�ZDV�QRW�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�6'2+�VKDULQJ
ZLOOLQJQHVV�DIWHU�IXOO�FRYDULDWH�DGMXVWPHQW��ZLWK�DOO�FRQGLWLRQ�W\SH�HVWLPDWHV�FOXVWHULQJ�QHDU�WKH�QXOO�
3DWLHQW�FHQWHUHG�FRPPXQLFDWLRQ�TXDOLW\��3&&��ZDV�WKH�VWURQJHVW�DQG�PRVW�FRQVLVWHQW�SUHGLFWRU�
HDFK����SRLQW�LQFUHDVH�LQ�3&&�ZDV�DVVRFLDWHG�ZLWK�DSSUR[LPDWHO\�����JUHDWHU�RGGV�RI�ZLOOLQJQHVV�WR
VKDUH�6'2+�ZLWK�RWKHU�SURYLGHUV��25� �������SHU�XQLW������&,�>������������@��S� ��������+LVSDQLF
FDUHJLYHUV�KDG�QHDUO\�WKUHH�WLPHV�WKH�RGGV�RI�EHLQJ�ZLOOLQJ�WR�VKDUH�6'2+�LQIRUPDWLRQ�FRPSDUHG�WR
1RQ�+LVSDQLF�:KLWH�FDUHJLYHUV��25� �����������&,�>����������@��S� ��������&DUHJLYHUV�ZLWK
KRXVHKROG�LQFRPHV�RI����������RU�PRUH�GHPRQVWUDWHG�VLJQLILFDQWO\�JUHDWHU�ZLOOLQJQHVV�WR�VKDUH
UHODWLYH�WR�WKRVH�ZLWK�LQFRPHV�EHORZ����������25� �����������&,�>����������@��S� ��������+RXVLQJ
LQVWDELOLW\�VKRZHG�D�QHDU�VLJQLILFDQW�SRVLWLYH�WUHQG��25� �����������&,�>����������@��S� �������

&RQFOXVLRQ��7KHVH�ILQGLQJV�LQGLFDWH�WKDW��DPRQJ�XQSDLG�FDUHJLYHUV��ZLOOLQJQHVV�WR�VKDUH�6'2+
LQIRUPDWLRQ�DFURVV�SURYLGHUV�LV�SULPDULO\�GULYHQ�E\�WKH�UHODWLRQDO�TXDOLW\�RI�SDWLHQW�SURYLGHU
FRPPXQLFDWLRQ��UDFLDO�DQG�HWKQLF�LGHQWLW\��DQG�LQFRPH��UDWKHU�WKDQ�E\�WKH�W\SH�RI�FRQGLWLRQ�EHLQJ
FDUHG�IRU��(IIRUWV�WR�LPSURYH�6'2+�LQIRUPDWLRQ�VKDULQJ�LQ�FDUHJLYLQJ�SRSXODWLRQV�VKRXOG�SULRULWL]H
VWUHQJWKHQLQJ�SDWLHQW�FHQWHUHG�SURYLGHU�FRPPXQLFDWLRQ�DQG�DGGUHVVLQJ�VWUXFWXUDO�EDUULHUV�WR�KHDOWK
V\VWHP�WUXVW��SDUWLFXODUO\�DPRQJ�ORZHU�LQFRPH�DQG�QRQ�+LVSDQLF�:KLWH�FDUHJLYHU�JURXSV��ZKLFK
GHPRQVWUDWHG�FRPSDUDWLYHO\�ORZHU�ZLOOLQJQHVV�WR�VKDUH�LQ�WKLV�DQDO\VLV�

.H\ZRUGV��XQSDLG�FDUHJLYHUV��VRFLDO�GHWHUPLQDQWV�RI�KHDOWK��SDWLHQW�FHQWHUHG�FRPPXQLFDWLRQ
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6WUXFWXUDO�5DFLVP��1DWXUDO�'LVDVWHU��DQG�+HDOWK��$�6SDWLR�7HPSRUDO�$QDO\VLV�����������
$ULQDOD�5DQGULDQDVROR
�$ULQDOD�5DQGULDQDVROR��-HVVLH�6OHSLFND�

5DFLDO�GLVSDULWLHV�LQ�KHDOWK�RXWFRPHV�DVVRFLDWHG�ZLWK�QDWXUDO�GLVDVWHUV�DUH�ZHOO�GRFXPHQWHG�LQ�WKH
8QLWHG�6WDWHV��\HW�WKH�VWUXFWXUDO�PHFKDQLVPV�SURGXFLQJ�WKHVH�LQHTXDOLWLHV�UHPDLQ�XQGHUH[DPLQHG�
([LVWLQJ�UHVHDUFK�RIWHQ�IRFXVHV�RQ�GLVDVWHU�VSHFLILF�PRUWDOLW\�UDWHV�RU�TXDOLWDWLYH�FDVH�VWXGLHV�
OHDYLQJ�OLPLWHG�XQGHUVWDQGLQJ�RI�KRZ�EURDGHU�V\VWHPV�RI�UDFLDO�VWUDWLILFDWLRQ�VKDSH�GLIIHUHQWLDO
KHDOWK�YXOQHUDELOLW\�DFURVV�KD]DUGV��SODFHV��DQG�WLPH��7KLV�VWXG\�H[DPLQHV�ZKHWKHU�VWUXFWXUDO�UDFLVP
IXQFWLRQV�DV�D�NH\�PHFKDQLVP�OLQNLQJ�QDWXUDO�GLVDVWHU�H[SRVXUH�WR�UDFLDO�GLVSDULWLHV�LQ�SRSXODWLRQ
KHDOWK�

:H�LQWHJUDWH�FRXQW\�OHYHO�QDWXUDO�KD]DUG�GDWD�IURP�WKH�6SDWLDO�+D]DUG�(YHQWV�DQG�/RVV�'DWDEDVH�IRU
WKH�8QLWHG�6WDWHV��6+(/'86���FRYHULQJ�����y������ZLWK�QHZO\�FRQVWUXFWHG�PHDVXUHV�RI�VWUXFWXUDO
UDFLVP�DW�ERWK�WKH�VWDWH�DQG�FRXQW\�OHYHOV��6WDWH�OHYHO�VWUXFWXUDO�UDFLVP�LV�RSHUDWLRQDOL]HG�XVLQJ�D
ODWHQW�FRQVWUXFW�FDSWXULQJ�UDFLDO�LQHTXDOLW\�DFURVV�HFRQRPLF��HGXFDWLRQDO��SROLWLFDO��FULPLQDO�OHJDO�
DQG�UHVLGHQWLDO�VHJUHJDWLRQ�GRPDLQV��&RXQW\�OHYHO�PHDVXUHV�FDSWXUH�%ODFNy:KLWH�GLVSDULWLHV�LQ
LQFDUFHUDWLRQ��KRPHRZQHUVKLS��HGXFDWLRQDO�DWWDLQPHQW��LQFRPH��XQHPSOR\PHQW��SRYHUW\��DQG
VHJUHJDWLRQ��7KHVH�PHDVXUHV�DUH�OLQNHG�WR�UDFH�GLVDJJUHJDWHG�KHDOWK�RXWFRPHV�GHULYHG�IURP
QDWLRQDO�VXUYHLOODQFH�V\VWHPV��H�J���%HKDYLRUDO�5LVN�)DFWRU�6XUYHLOODQFH�6\VWHP��1DWLRQDO�9LWDO
6WDWLVWLFV�6\VWHP�PRUWDOLW\�GDWD��'HFHQQLDO�&HQVXV��

8VLQJ�VSDWLRWHPSRUDO�DQDO\WLF�DSSURDFKHV��ZH�H[DPLQH�ZKHWKHU�VWUXFWXUDO�UDFLVP�PHGLDWHV�RU
DPSOLILHV�WKH�UHODWLRQVKLS�EHWZHHQ�GLVDVWHU�H[SRVXUH�DQG�UDFLDO�GLVSDULWLHV�LQ�PRUELGLW\�DQG
PRUWDOLW\��%\�LQWHJUDWLQJ�HQYLURQPHQWDO�KD]DUG�GDWD�ZLWK�PXOWLGLPHQVLRQDO�PHDVXUHV�RI�VWUXFWXUDO
UDFLVP�DFURVV�PXOWLSOH�VSDWLDO�VFDOHV��WKLV�VWXG\�DGYDQFHV�HQYLURQPHQWDO�MXVWLFH�DQG�SRSXODWLRQ
KHDOWK�VFKRODUVKLS�E\�HPSLULFDOO\�HYDOXDWLQJ�VWUXFWXUDO�UDFLVP�DV�D�PHFKDQLVP�SURGXFLQJ�XQHTXDO
KHDOWK�FRQVHTXHQFHV�RI�GLVDVWHUV��$QWLFLSDWHG�ILQGLQJV�ZLOO�LQIRUP�GLVDVWHU�SUHSDUHGQHVV��UHFRYHU\
SROLF\��DQG�SXEOLF�KHDOWK�LQWHUYHQWLRQV�DLPHG�DW�UHGXFLQJ�UDFLDOL]HG�KHDOWK�YXOQHUDELOLWLHV�LQ�DQ�HUD
RI�LQFUHDVLQJ�FOLPDWH�UHODWHG�KD]DUGV�DQG�ULVNV�
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(PERGLHG�3ROLWLFV�RI�WKH�&DUFHUDO�6WDWH��$GYDQFLQJ�D�6WUXFWXUDO�3HUVSHFWLYH�RI�WKH�&DUFHUDO
6WDWH�DV�D�'HWHUPLQDQW�RI�:RPHQiV�+HDOWK�.HQGDOO�5LOH\
�.HQGDOO�5LOH\�

%ODFN�ZRPHQ�GLVSURSRUWLRQDWHO\�H[SHULHQFH�VLJQV�RI�XQKHDOWK\�DJLQJ��PDUNHG�E\�HOHYDWHG�OHYHOV�RI
PRUELGLW\��FRJQLWLYH�LPSDLUPHQW��DQG�DFFHOHUDWHG�ELRORJLFDO�DJLQJ��1RWDEO\��WKH�PDJQLWXGH�RI�WKHVH
KHDOWK�GLVSDULWLHV�YDULHV�DFURVV�8�6��VWDWHV��(IIRUWV�WR�TXDQWLI\�WKH�RULJLQV�RI�KHDOWK�LQHTXDOLWLHV
RYHUORRN�WKH�VWUXFWXUDO�YLROHQFH�SURGXFHG�E\�VWDWHV|�SXEOLF�LQVWLWXWLRQVzLQFOXGLQJ�ZHOIDUH�
KHDOWKFDUH��LPPLJUDWLRQ��FKLOG�ZHOIDUH��DQG�HGXFDWLRQzWKDW�HPSOR\�FRHUFLYH��VXUYHLOOLQJ��DQG
GLVFLSOLQDU\�SUDFWLFHV�DNLQ�WR�WKH�FULPLQDO�OHJDO�V\VWHP��%\�DGRSWLQJ�WKHVH�FDUFHUDO�ORJLFV��HDFK
LQVWLWXWLRQ�RSHUDWHV�DV�WHQWDFOHV�RI�WKH�FDUFHUDO�VWDWH��7KH�FDUFHUDO�VWDWH�LV�D�VHW�RI�LQVWLWXWLRQV�
SROLFLHV��DQG�SUDFWLFHV�WKDW�XVH�SXQLWLYH�VRFLDO�FRQWURO�WR�UHJXODWH�PDUJLQDOL]HG�SRSXODWLRQV�E\
UHVWULFWLQJ�DFFHVV�WR�UHVRXUFHV��,�GHYHORS�D�}VWUXFWXUDO�FDUFHUDO�FRQWURO~�SHUVSHFWLYH�WR�LQYHVWLJDWH
WKH�FDUFHUDO�VWDWH�DV�D�URRW�FDXVH�RI�UDFLDOL]HG��JHQGHUHG��DQG�VSDWLDO�KHDOWK�LQHTXDOLWLHV��8VLQJ
DGPLQLVWUDWLYH��SROLF\��DQG�HFRQRPLF�GDWD��,�FRQVWUXFW�QRYHO�VWDWH�OHYHO�PHDVXUHV�RI�SXQLWLYH�VRFLDO
FRQWURO�DFURVV�LQVWLWXWLRQV�LQ�WKH�FDUFHUDO�VWDWH��7KHVH�PHDVXUHV�ZHUH�OLQNHG�WR�%ODFN�DQG�:KLWH
ZRPHQ|V�KHDOWK�GDWD�IURP�WKH�+HDOWK�DQG�5HWLUHPHQW�6WXG\��8QKHDOWK\�DJLQJ�ZDV�DVVHVVHG�XVLQJ
LQGLFHV�RI�FRJQLWLYH�LPSDLUPHQW��HSLJHQHWLF�DJLQJ��DQG�GLVDELOLW\��0XOWLOHYHO�PRGHOLQJ�ZDV�HPSOR\HG
WR�DVVHVV�KRZ�VWDWHV|�PRELOL]DWLRQ�RI�SXQLWLYH�VRFLDO�FRQWURO�VKDSHV�ZRPHQ|V�KHDOWK��0\�ILQGLQJV
KLJKOLJKW�WKH�FRPSOH[LW\�RI�WKH�FDUFHUDO�VWDWH�DQG�LWV�KHDOWK�FRQVHTXHQFHV��,�ILQG�WKDW�H[FOXVLYHO\
IRFXVLQJ�RQ�WKH�FULPLQDO�OHJDO�V\VWHP�PLVUHSUHVHQWV�KRZ�VWDWHV�PRELOL]H�WKH�FDUFHUDO�VWDWH�
0RUHRYHU��WKH�FDUFHUDO�VWDWH�HPHUJHG�DV�D�SUHGLFWRU�RI�XQKHDOWK\�DJLQJ��ZLWK�VHYHUDO�LQVWLWXWLRQV
EHLQJ�SDUWLFXODUO\�GHOHWHULRXV�IRU�%ODFN�ZRPHQ��$OWRJHWKHU��WKLV�VWXG\�GHYHORSV�PHWKRGRORJLFDO�DQG
WKHRUHWLFDO�WRROV�WKDW�FDQ�EH�XVHG�WR�LQWHUURJDWH�WKH�PXOWLGLPHQVLRQDOLW\�RI�WKH�FDUFHUDO�VWDWH�DQG�LWV
GRZQZLQG�VRFLDO�FRQVHTXHQFHV�
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5HVLOLHQFH�DV�D�%OHVVLQJ��QRW�D�&KRLFH��+RZ�%ODFN�0HQ�DQG�:RPHQ�&RSH�ZLWK�5HVLGHQWLDO
6HJUHJDWLRQ�LQ�$GROHVFHQFH�RQ�&DUGLRPHWDEROLF�5LVN�LQ�$GXOWKRRG�$ULD\DQD�+DUUHOO
�$ULD\DQD
+DUUHOO�

6WUXFWXUDO�UDFLVP�VKDSHV�XQHTXDO�DFFHVV�WR�SRZHU��RSSRUWXQLWLHV��DQG�UHVRXUFHV��XVLQJ
UDFH�HWKQLFLW\��D�VRFLDO�FRQVWUXFW�XSKHOG�E\�UDFLDO�VWUDWLILFDWLRQ��WR�SURGXFH�ODUJH�%ODFN�:KLWH�KHDOWK
GLVSDULWLHV�WKURXJK�RQH�PDQLIHVWDWLRQ��UHVLGHQWLDO�VHJUHJDWLRQ��PHDVXUHG�XVLQJ�SURSRUWLRQ�VDPH�UDFH
QHLJKERUKRRGV���UHIOHFWLQJ�VHJUHJDWHG�SDWWHUQV�RI�FRQFHQWUDWHG�GLVDGYDQWDJH�E\�UDFLDOL]HG�VRFLDO
VWDWXV�DQG�URRWHG�LQ�WKH�KLVWRULFDO�OHJDF\�RI�HQVODYHPHQW��(YLGHQFH�VXJJHVWV�QHLJKERUKRRG�OHYHO
UDFLDO�LQHTXDOLW\�OLPLWV�VRFLDO�FRKHVLRQ�DPRQJ�%ODFN�DGXOWV��6WLOO��ZH�ODFN�HYLGHQFH�RI�KRZ�ZLWKLQ�UDFH
VH[�GLIIHUHQFHV�GULYH�KHDOWK�GLVSDULWLHV�DQG�UHVLOLHQFH��DQG�LI�WKH�WLPLQJ�RI�WKLV�H[SRVXUH�YDULHV
KHDOWK�LPSDFWV��7KLV�VWXG\�WHVWV�ZKHWKHU�VRFLDO�FRKHVLRQ�PHGLDWHV�WKH�DVVRFLDWLRQ�EHWZHHQ
QHLJKERUKRRG�GLVDGYDQWDJH�DQG�%ODFN�SHRSOH|V�FDUGLRPHWDEROLF�ULVN��&05���DQ�LQGLFDWRU�RI�VWUHVV�
UHODWHG�SK\VLRORJLFDO�G\VIXQFWLRQ��1HLJKERUKRRG�GLVDGYDQWDJH�DPRQJ�%ODFN�DGXOWV��D�FRQVHTXHQFH�RI
UHVLGHQWLDO�VHJUHJDWLRQ�SUROLIHUDWLQJ�VWUHVV��DQG�VRFLDO�FRKHVLRQ��D�SV\FKRVRFLDO�PHFKDQLVP�EXIIHULQJ
VWUHVV��FDQ�EH�XVHG�WR�OLQN�UHVLGHQWLDO�VHJUHJDWLRQ�WR�KHDOWK�RXWFRPHV�E\�RIIORDGLQJ�VWUHVV�ZLWK
QHLJKERUV��8VLQJ�GDWD�IURP�:DYHV�,�DQG�9�RI�$GG�+HDOWK��1� ���������,�HPSOR\�VH[�VWUDWLILHG
VWUXFWXUDO�HTXDWLRQ�PRGHOLQJ�WR�DVVHVV�WKH�UHODWLRQVKLS�EHWZHHQ�UHVLGHQWLDO�VHJUHJDWLRQ�DQG�&05
DPRQJ�%ODFN�DGXOWV�WKURXJK�VRFLDO�FRKHVLRQ�DQG�FRQFHQWUDWHG�GLVDGYDQWDJH��5HVXOWV�VKRZ�OLWWOH
HYLGHQFH�WKDW�UHVLGHQWLDO�VHJUHJDWLRQ�GXULQJ�DGROHVFHQFH�LV�DVVRFLDWHG�ZLWK�HOHYDWHG�&05�LQ
DGXOWKRRG��5HVXOWV�UHYHDO�VWURQJ�HYLGHQFH�IRU�FRQFHQWUDWHG�GLVDGYDQWDJH�DV�D�NH\�PHFKDQLVP�EXW
ZHDN�HYLGHQFH�IRU�ZLWKLQ�UDFH�VH[�GLIIHUHQFHV��7KHVH�ILQGLQJV�SURYLGH�QHZ�LQVLJKWV�LQWR�WKH
SKHQRPHQD�OLQNLQJ�UDFLDOL]HG�QHLJKERUKRRG�GHSULYDWLRQ�WR�KHDOWK�DFURVV�WKH�OLIH�FRXUVH�WR
XQGHUVWDQG�KRZ�%ODFN�DGXOWV�EHFRPH�UHVLOLHQW�LQ�WKH�IDFH�RI�VWUXFWXUDO�RSSUHVVLRQ�
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6WUXFWXUDO�IDFWRUV

5DGLFDO�6SDWLDO�3UDFWLFHV�$JDLQVW�0LOLWRXULVP�LQ�+DZDLdL�%U\FH�7DNHQDND
�%U\FH�7DNHQDND�

%DFNJURXQG��7KH�PRGHUQ�KHDOWK�LVVXHV�RI�.nQDND�roLZL��1DWLYH�+DZDLLDQV���HVSHFLDOO\�PnKq�DQG
/*%74��roLZL��PXVW�EH�DQDO\]HG�WKURXJK�WKH�QH[XV�RI�PLOLWDULVP�DQG�WRXULVP��PLOLWRXULVP���$
SDUWLFLSDWRU\�SKRWRPDSSLQJ�TXDOLWDWLYH�VWXG\��LQYROYLQJ�QHLJKERUKRRG�ZDONLQJ�WRXU�LQWHUYLHZV�
SKRWRYRLFH��DQG�*,6�PDSSLQJ��ZDV�FRQGXFWHG�WR�H[SORUH�KRZ�PnKq�DQG�/*%74��roLZL�XQGHUVWDQG
DQG�H[SHULHQFH�WKH�DSSDUDWXV�RI�PLOLWRXULVP�

0HWKRGV��,�DWWHPSW�WR�PDS�WKH�LQWHUVHFWLRQV�RI�%ODFN��,QGLJHQRXV��DQG�*HRJUDSK\�6WXGLHV�WR�DVVHVV
WKH�FRQWRXUV�RI�PLOLWRXULVP�DV�D�FRORQLDO�DQG�FDSLWDOLVWLF�WHFKQRORJ\�IRU�VWDWHFUDIW��DQG�LWV
SRVVLELOLWLHV�RI�SODFHPDNLQJ�IRU�PnKq�DQG�/*%74��roLZL��:LWK�WKH�SDUWQHUVKLS��DSSURYDO��DQG
FRQWLQXHG�HQJDJHPHQW�ZLWK�VHYHUDO�.nQDND�roLZL�OHDGHUV�DQG�RUJDQL]DWLRQV��LQFOXGLQJ�+DZDLrL
3HDFH�	�-XVWLFH�DQG�3DSD�2OD�/pNDKL��LQWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK����PnKq�DQG�/*%74��roLZL
IURP�YDULRXV�JHQHUDWLRQV�RQ�2rDKX��+DZDLrL�

5HVXOWV��7KH�KLVWRULFDO��VWUXFWXUDO��LQVWLWXWLRQDO��QHLJKERUKRRG��DQG�LQGLYLGXDO�OHYHOV�RI�LQWLPDFLHV
DQG�H[SHULHQFHV�VKDSHG�WKURXJK�PLOLWRXULVP�HPHUJHG�DV�SURPLQHQW�WKHPHV�IURP�WKH�LQWHUYLHZV��.H\
WKHPHV�LQFOXGHG������VHWWOHU�FRORQLDO�DQG�FDSLWDOLVWLF�VSDFHV�>UH@SURGXFH�RQ�rnLQD������RUJDQL]HG
DEDQGRQPHQW�RI�.nQDND�roLZL�FRPPXQLWLHV�DV�D�SURGXFW�RI�WKH�PLOLWRXULVP�LQGXVWULDO�SLSHOLQH�����
FRQWUDGLFWLRQV�WR�UHVLVWLQJ�PLOLWRXULVP������roLZL�FXOWXUDO�YDOXHV�DQG�SUDFWLFHV�DUH�FHQWUDO
IRXQGDWLRQV�IRU�MR\�DQG�VXUYLYLQJ�ZLWKLQ�FDUFHUDO�FRQGLWLRQV�

&RQFOXVLRQ��7KHVH�FRQYHUVDWLRQV�HOLFLW�D�PRUH�FRPSOH[�XQGHUVWDQGLQJ�RI�WKH�HQWDQJOHPHQWV�RI
PLOLWDULVP�DQG�WRXULVP�LQ�+DZDLrL��DQG�KRZ�WKHVH�VSDFHV�RI�OHLVXUH�VLPXOWDQHRXVO\�VHUYH�DV�FRQGXLWV
RI�VHWWOHU�FRORQLDOLVP��UDFLDO�FDSLWDOLVWLF�PDQDJHPHQW��DQG�VH[XDO�DQG�JHQGHUHG�YLROHQFH��7KLV�VWXG\
GHPRQVWUDWHV�WKDW�WKH�LQWHUYHQWLRQV�RI�UHODWLRQDO�VWXGLHV�LOOXPLQDWH�KRZ�PnKq�DQG�/*%74��roLZL
DUH�DOUHDG\�SDUWLFLSDWLQJ�LQ�UDGLFDO�VSDWLDO�SUDFWLFHV�IRU�DOWHUQDWLYH�IXWXUHV�
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$JLQJ

([DPLQLQJ�5HFLSURFDO�,QIOXHQFHV�RI�'LVFULPLQDWLRQ��/RQHOLQHVV��DQG�6RFLDO�,VRODWLRQ�RQ
&RJQLWLYH�7UDMHFWRULHV�RI�%ODFN�$GXOWV�+HDWKHU�)DUPHU
�+HDWKHU�)DUPHU��-HIIUH\�6WRNHV�

7KH�SUHYDOHQFH�RI�$O]KHLPHU|V�GLVHDVH�DQG�FRJQLWLYH�GHFOLQH�LV�HVSHFLDOO\�HOHYDWHG�DPRQJ�%ODFN
$PHULFDQV��(PHUJLQJ�ZRUN�KDV�VKRZQ�WKDW�SHUFHLYHG�GLVFULPLQDWLRQ�LV�LPSOLFDWHG�LQ�DFFHOHUDWHG
EUDLQ�DJLQJ��FRJQLWLYH�GHFOLQH��DQG�ZRUVH�JOREDO�FRJQLWLRQ��EXW�WKH�PHFKDQLVPV�XQGHUO\LQJ�WKHVH
DVVRFLDWLRQV�UHPDLQ�XQFOHDU��$V�D�IRUP�RI�VRFLDO�UHMHFWLRQ��GLVFULPLQDWLRQ�PD\�OHDG�WR�DOLHQDWLRQ�
UHGXFHG�VHQVH�RI�EHORQJLQJ��DQG�VRFLDO�ZLWKGUDZDO��7KHUHIRUH��ORQHOLQHVV�DQG�VRFLDO�LVRODWLRQ�PD\�EH
GRZQVWUHDP�FRQVHTXHQFHV�RI�GLVFULPLQDWLRQ�WKDW�DOVR�FRQWULEXWH�WR�ORZHU�FRJQLWLRQ��5HVHDUFK
VXJJHVWV�WKDW�SHRSOH�ZKR�DUH�VRFLDOO\�LVRODWHG�DQG�RU�ORQHO\�DSSHDU�WR�VKRZ�KHLJKWHQHG�YLJLODQFH�WR
VRFLDO�FXHV�GXULQJ�LQWHUDFWLRQV��ZKLFK�PD\�LQFUHDVH�SHUFHLYHG�GLVFULPLQDWLRQ�LQ�WKH�IXWXUH��DV�ZHOO�
7KLV�VWXG\�H[DPLQHG�WKH�UHFLSURFDO�SURFHVVHV�DPRQJ�ORQHOLQHVV��VRFLDO�LVRODWLRQ��DQG�GLVFULPLQDWLRQ
DQG�WKHLU�DVVRFLDWLRQV�ZLWK�FKDQJHV�LQ�FRJQLWLRQ��7KH�VWXG\�LQFOXGHG�������%ODFN�DGXOWV�DJHV����
IURP�SRROHG�KDOI�VDPSOHV�LQ�WKH������WR������ZDYHV�RI�WKH�+HDOWK�DQG�5HWLUHPHQW�6WXG\��5DQGRP
LQWHUFHSW�FURVV�ODJJHG�SDQHO�PRGHOV��5,�&/30��HVWLPDWHG�ELGLUHFWLRQDO�UHODWLRQVKLSV�RYHU�WLPH�
5HVXOWV�LQGLFDWHG�WKDW�SHUFHLYHG�GLVFULPLQDWLRQ�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�LQFUHDVHG�VRFLDO
LVRODWLRQ�RYHU�WLPH��6RFLDO�LVRODWLRQ�ZDV�DOVR�D�VLJQLILFDQW�SUHGLFWRU�RI�JUHDWHU�SHUFHLYHG
GLVFULPLQDWLRQ�DQG�ZRUVH�FRJQLWLRQ�RYHU�WLPH��+RZHYHU��ORQHOLQHVV�ZDV�QRW�DVVRFLDWHG�ZLWK
GLVFULPLQDWLRQ�RU�FRJQLWLRQ�LQ�WKHVH�PRGHOV��)LQGLQJV�LQGLFDWHG�WKDW�VRFLDO�LVRODWLRQ��EXW�QRW
ORQHOLQHVV��ZDV�D�SUHFXUVRU�DQG�RXWFRPH�RI�GLVFULPLQDWLRQ��DQG�WKDW�VRFLDO�LVRODWLRQ�PD\�EH�D�FULWLFDO
PHFKDQLVP�OLQNLQJ�GLVFULPLQDWLRQ�WR�ZRUVH�FRJQLWLYH�RXWFRPHV��)XWXUH�UHVHDUFK�LV�QHHGHG�WR
H[DPLQH�SURWHFWLYH�IDFWRUV�WKDW�PD\�PRGHUDWH��H�J���VRFLDO�VXSSRUW��SXUSRVH�LQ�OLIH��WKLV�DVVRFLDWLRQ�
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$JLQJ

+RZ�0XFK�/RQJHU�:LOO�:H�&DUH"�.LQVKLS�&DUH�/LIH�([SHFWDQDF\�RI�8�6��:RPHQ�E\
5DFH�(WKQLFLW\�2Q\HNDFKXNZX�$UDK
�2Q\HNDFKXNZX�$UDK�

%DFNJURXQG��2YHU����PLOOLRQ�DGXOWV�LQ�WKH�8QLWHG�6WDWHV�SURYLGH�DVVLVWDQFH�LQ�DFWLYLWLHV�RI�GDLO\
OLYLQJ�IRU�DGXOWV�RU�FKLOGUHQ�ZLWK�D�GLVDELOLW\��.LQVKLS�FDUHJLYLQJ�LV�VWURQJO\�UHODWHG�WR�GHPRJUDSKLF
SURFHVVHV�LQFOXGLQJ�IHUWLOLW\��PRUELGLW\��DQG�ORQJHYLW\��&DUH�ZRUN��ZKLFK�LV�SUHYDOHQW�DPRQJ�ZRPHQ
y�HVSHFLDOO\�%ODFN�DQG�+LVSDQLF�ZRPHQ�y�LPSDFWV�FDUHJLYHU�KHDOWK��IDPLO\�UHODWLRQVKLSV��DQG�WKH
ODERU�PDUNHW��1R�NQRZQ�VWXGLHV�LQYHVWLJDWH�&DUH�/LIH�([SHFWDQF\��RU�WKH�QXPEHU�RI�\HDUV�DQG
SURSRUWLRQ�RI�DGXOW�OLIH�WKDW�SHRSOH�ZLOO�VSHQG�DV�FDUHJLYHUV��LQ�WKH�8QLWHG�6WDWHV�DQG�KRZ�WKLV�PD\
YDU\�E\�UDFH�HWKQLFLW\��0\�UHVHDUFK�DVNV��'R�%ODFN�DQG�ZKLWH�ZRPHQ�GLIIHU�LQ��D��&DUH�/LIH
([SHFWDQF\���E��FDUH�OLIH�GXUDWLRQ���F��FDUH�LQWHQVLW\��DQG��G��FDUH�VFKHGXOH"

'DWD�DQG�0HWKRGV��8VLQJ�GDWD�IURP�WKH�%HKDYLRUDO�5LVN�)DFWRU�6XUYHLOODQFH�6\VWHP��,�LGHQWLI\
ZRPHQ�ZKR�FDUH�IRU�D�IULHQG�RU�UHODWLYH�ZLWK�D�KHDOWK�SUREOHP�RU�GLVDELOLW\��,�RSHUDWLRQDOL]H�FDUH
GXUDWLRQ�DV�WKH�OHQJWK�RI�WLPH�VSHQW�DV�FDUHJLYHUV�DQG�FDUH�LQWHQVLW\�DV�WKH�QXPEHU�RI�KRXUV�VSHQW
FDUHJLYLQJ�HDFK�ZHHN��,�HPSOR\�1DWLRQDO�9LWDO�6WDWLVWLFV�6\VWHP�OLIH�WDEOHV�WR�DSSUR[LPDWH�WKH
QXPEHU�RI�SHUVRQ�\HDUV�VSHQW�LQ�WKH�FDUHJLYLQJ�VWDWH�IRU�ILYH�\HDU�DJH�JURXSV�UDQJLQJ�IURP��������
DGMXVWLQJ�IRU�PRUWDOLW\��,�ZLOO�XVH�6XOOLYDQ|V�PHWKRG�WR�FDOFXODWH�DYHUDJH�&DUH�/LIH�([SHFWDQF\�IRU�WKH
HQWLUH�VDPSOH�DQG�IRU�%ODFN��+LVSDQLF��DQG�ZKLWH�ZRPHQ�

([SHFWHG�5HVXOWV��*HQHUDOO\��,�H[SHFW�%ODFN�DQG�+LVSDQLF�ZRPHQ�WR�KDYH�DERYH�DYHUDJH�&DUH�/LIH
([SHFWDQF\��3UHOLPLQDU\�DQDO\VHV�RI������GDWD�UHYHDO�WKDW�%ODFN�ZRPHQ������PDNH�XS�����RI
FDUHJLYHUV�DJHG�������DQG�D�GLVSURSRUWLRQDWH�VKDUH�RI�WKRVH�ZKR�KDYH�EHHQ�FDUHJLYHUV�IRU�ILYH�\HDUV
RU�PRUH��+LVSDQLF�ZRPHQ������PDNH�XS�����RI�FDUHJLYHUV�DJHG��������%RWK�JURXSV�DUH
RYHUUHSUHVHQWHG�DPRQJ�IXOO�WLPH�FDUHJLYHUV��7KLV�VWXG\�FDQ�HOXFLGDWH�FXOWXUDO�FDUH�WUDGLWLRQV�
GLVSDUDWH�FDUH�QHHGV�DFURVV�UDFLDO�JURXSV��DQG�WKH�VRFLDO��KHDOWK��DQG�HFRQRPLF�LPSOLFDWLRQV�RI
FDUHJLYLQJ�RYHU�WKH�OLIH�FRXUVH�
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&DUHJLYHUV�DUH�HYHU\ZKHUH��V\VWHPDWLF�LGHQWLILFDWLRQ�RI�FDUHJLYHUV�GXULQJ�RXWSDWLHQW�FDUH
-HQQLIHU�0DNHODUVNL
�-HQQLIHU�0DNHODUVNL��(PLO\�$EUDPVRKQ��6RR�%RUVRQ��6RPD�&KDXGKXU\��0LVVLH
-RKQVRQ��(OEHUW�6��+XDQJ��&DURO\Q�/HQKDUW��(YD�6��5HQ��.DWKHULQH�7KRPSVRQ��6WDF\�7HVVOHU�/LQGDX�

2QH�LQ�HYHU\�IRXU�8�6�DGXOWV�LV�D�FDUHJLYHU�WR�VRPHRQH�ZLWK�D�PHGLFDO�FRQGLWLRQ�RU�GLVDELOLW\�
3ROLF\PDNHUV��SUDFWLWLRQHUV��SXEOLF�KHDOWK�DGYRFDWHV�DQG�FDUHJLYHUV�DUH�FDOOLQJ�IRU�LQWHUYHQWLRQV�WR
VXSSRUW�FDUHJLYHUV��+HDOWKFDUH�HQFRXQWHUV�DUH�RSSRUWXQH�IRU�GHOLYHU\�RI�WKHVH�LQWHUYHQWLRQV�
+RZHYHU��EHFDXVH�FDUHJLYHU�VWDWXV�LV�UDUHO\�V\VWHPDWLFDOO\�DVVHVVHG��FDUHJLYHUV�DUH�ODUJHO\�LQYLVLEOH
WR�FOLQLFLDQV��:H�HVWDEOLVKHG�IHDVLELOLW\�DQG�DFFHSWDELOLW\�RI�LPSOHPHQWLQJ�D�YDOLGDWHG�FDUHJLYHU
VFUHHQHU�LQWR�RXWSDWLHQW�LQWDNH�SURFHVVHV�

8VLQJ�6PDUW'DWD�HOHPHQWV�LQ�WKH�HOHFWURQLF�PHGLFDO�UHFRUG��(05���WZR�YDOLGDWHG�FDUHJLYHU
VFUHHQLQJ�TXHVWLRQV�ZHUH�HPEHGGHG�LQWR�WKH�SDWLHQW�LQWDNH�ZRUNIORZ�DQG�KLVWRU\�DW�D�ODUJH��XUEDQ
DFDGHPLF�PHGLFDO�FHQWHU��$GXOW�DPEXODWRU\�SDWLHQWV�VFKHGXOHG�IRU�DQ�RXWSDWLHQW�DSSRLQWPHQW�DW���
FOLQLFV�ZHUH�SURPSWHG�WR�FRPSOHWH�WKH�FDUHJLYHU�VFUHHQLQJ�DV�SDUW�RI�WKH�GLJLWDO�LQWDNH�SURFHVV�YLD
WKH�SDWLHQW�SRUWDO�

)URP���������y����������������XQLTXH�SDWLHQWV�ZHUH�SUHVHQWHG�ZLWK�WKH�FDUHJLYHU�VFUHHQLQJ�LWHPV
GXULQJ�WKH�GLJLWDO�RXWSDWLHQW�DSSRLQWPHQW�LQWDNH�SURFHVV������DQVZHUHG�WKH�ILUVW�TXHVWLRQ�DVVHVVLQJ
FDUHJLYHU�VWDWXV�DQG����LGHQWLILHG�DV�D�FDUHJLYHU��1HDUO\�DOO�FDUHJLYHUV�������DQVZHUHG�WKH�VHFRQG
LWHP�LGHQWLI\LQJ�WKH�PDLQ�KHDOWK�FRQGLWLRQ�RI�WKH�FDUH�UHFLSLHQW��7KH�PRVW�FRPPRQ�FDUH�UHFLSLHQW
FRQGLWLRQV�ZHUH�$O]KHLPHU|V�GLVHDVH��GHPHQWLD�RU�RWKHU�FRJQLWLYH�LPSDLUPHQW�GLVRUGHU������
IROORZHG�E\�ROG�DJH�LQILUPLW\�IUDLOW\�������DQG�FDQFHU��������2I�QRWH������RI�UHVSRQGHQWV�VHOHFWHG
}RWKHU�~�1R�FOLQLFLDQ�RU�SDWLHQW�FRPSODLQWV�UHJDUGLQJ�WKH�VFUHHQLQJ�SURFHVV�ZHUH�UHJLVWHUHG�

(05�LQWHJUDWLRQ�RI�YDOLGDWHG�FDUHJLYHU�VFUHHQLQJ�TXHVWLRQV�LQWR�DGXOW�RXWSDWLHQW�FDUH�LV�IHDVLEOH�DQG
DFFHSWDEOH��8ELTXLWRXV�GLJLWDO�FOLQLFDO�LQWDNH�ZRUNIORZV�FDQ�EH�XVHG�WR�UDSLGO\�DQG�V\VWHPDWLFDOO\
LGHQWLI\�FDUHJLYHUV�GXULQJ�RXWSDWLHQW�FDUH�DQG�GULYH�PHDQLQJIXO�FKDQJH�DPRQJ�WKH�DJLQJ�8�6�
SRSXODWLRQ�
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'R�$FDGHPLF�0DMRUV�0DWWHU"�)LHOG�RI�6WXG\�DQG�&RJQLWLYH�)XQFWLRQLQJ�LQ�/DWH�0LGOLIH�)DELR
%RO]
�)DELR�%RO]��-RKQ�5REHUW�:DUUHQ��(ULF�*URGVN\��&KDQGUD�0XOOHU�

(GXFDWLRQ�LV�D�ZHOO�HVWDEOLVKHG�GHWHUPLQDQW�RI�FRJQLWLYH�IXQFWLRQLQJ�LQ�ODWHU�OLIH��3ULRU�UHVHDUFK�KDV�
KRZHYHU��ODUJHO\�IRFXVHG�RQ�WKH�YHUWLFDO�GLPHQVLRQ�RI�HGXFDWLRQ��L�H���WKH�TXDQWLW\�RI�HGXFDWLRQ
UHFHLYHG��DQG�QHJOHFWHG�KRUL]RQWDO�VWUDWLILFDWLRQ�ZLWKLQ�OHYHOV�RI�HGXFDWLRQ��$�NH\�GLPHQVLRQ�RI
KRUL]RQWDO�VWUDWLILFDWLRQ�LQ�KLJKHU�HGXFDWLRQ�LV�ILHOG�RI�VWXG\��0DQ\�VWXGLHV�KDYH�IRXQG�ODUJH
GLIIHUHQFHV�LQ�WKH�HFRQRPLF�UHWXUQV�WR�HGXFDWLRQDO�GHJUHHV�E\�ILHOG�RI�VWXG\��,W�LV�SRVVLEOH�WKDW�WKH
EHQHILWV�WKDW�HGXFDWLRQDO�GHJUHHV�KDYH�IRU�ODWHU�OLIH�FRJQLWLRQ�PD\�OLNHZLVH�YDU\�E\�ILHOG�RI�VWXG\�
8VLQJ�QDWLRQDOO\�UHSUHVHQWDWLYH�GDWD�IURP�WKH�+LJK�6FKRRO�	�%H\RQG��+6	%�����FRKRUW�VWXG\�ZH
H[DPLQH�ZKHWKHU�WKH�DVVRFLDWLRQV�EHWZHHQ�HGXFDWLRQDO�GHJUHHV�DQG�FRJQLWLYH�IXQFWLRQLQJ�DW�DJH
a���YDU\�E\�ILHOG�RI�VWXG\��$�NH\�PHWKRGRORJLFDO�FKDOOHQJH�LV�WR�DFFRXQW�IRU�VHOHFWLRQ�LQWR�ILHOGV�RI
VWXG\��+6	%����KDV�IROORZHG�LWV�VDPSOH�PHPEHUV�VLQFH�WKH\�ZHUH�LQ�KLJK�VFKRRO��ZKLFK�DOORZV�XV�WR
DFFRXQW�IRU�D�ZLGH�UDQJH�RI�SURVSHFWLYHO\�FROOHFWHG�SUH�FROOHJH�FRYDULDWHV��2XU�DQDO\VHV�VKRZ�WKDW
WKH�VWUHQJWK�RI�WKH�DVVRFLDWLRQ�EHWZHHQ�HGXFDWLRQDO�GHJUHHV�DQG�FRJQLWLYH�IXQFWLRQLQJ�LQ�ODWH�PLGOLIH
VLJQLILFDQWO\�GLIIHUV�E\�ILHOG�RI�VWXG\��7KLV�KROGV�ZKHQ�DGMXVWLQJ�IRU�D�FRPSUHKHQVLYH�VHW�RI�FRYDULDWHV
LQFOXGLQJ�LQGLFDWRUV�RI�WKH�LQGLYLGXDOV|�VRFLRHFRQRPLF�EDFNJURXQG��KLJK�VFKRRO�WHVW�VFRUHV��KLJK
VFKRRO�*3$��DQG�DVSLUDWLRQV�LQ�KLJK�VFKRRO��7KH�ILQGLQJV�KLJKOLJKW�WKDW�FRJQLWLYH�DJLQJ�UHVHDUFKHUV
VKRXOG�QRW�RQO\�ORRN�DW�WKH�YHUWLFDO�GLPHQVLRQ�RI�HGXFDWLRQ�EXW�DOVR�FRQVLGHU�VWUDWLILFDWLRQ�ZLWKLQ
OHYHOV�RI�HGXFDWLRQ��0RUHRYHU��WKH�ILQGLQJV�PD\�KDYH�LPSOLFDWLRQV�IRU�GLVSDULWLHV�LQ�ODWHU�OLIH
FRJQLWLYH�IXQFWLRQLQJ�JLYHQ�GLIIHUHQFHV�LQ�ILHOGV�RI�VWXG\�E\�JHQGHU��UDFH��DQG�VRFLRHFRQRPLF
EDFNJURXQG�
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%LRPDUNHUV�RU�ELRORJLFDO�SDWKZD\V

9HWHUDQ�6WDWXV�DQG�$FFHOHUDWHG�(SLJHQHWLF�$JLQJ��(YLGHQFH�IURP�D�1DWLRQDOO\
5HSUHVHQWDWLYH�6DPSOH�-XOLD�7XFNHU
�-XOLD�7XFNHU��0DWHR�)DULQD�

0LOLWDU\�SHUVRQQHO�DUH�W\SLFDOO\�KHDOWKLHU�DW�HQOLVWPHQW�WKDQ�WKH�JHQHUDO�SRSXODWLRQ��WKH�}KHDOWK\
VROGLHU�HIIHFW�~�+RZHYHU��WKLV�DGYDQWDJH�GRHV�QRW�JXDUDQWHH�SURWHFWLRQ�DJDLQVW�DFFHOHUDWHG
ELRORJLFDO�DJLQJ�RYHU�WKH�OLIH�FRXUVH��0LOLWDU\�VHUYLFH�H[SRVHV�LQGLYLGXDOV�WR�FKURQLF�VWUHVV��FRPEDW
WUDXPD��DQG�HQYLURQPHQWDO�KD]DUGV��HYHQ�DV�VHUYLFH�PHPEHUV�EHQHILW�IURP�UHVRXUFHV�OLQNHG�WR
VORZHU�ELRORJLFDO�DJLQJ��VXFK�DV�KHDOWKFDUH�DFFHVV��HGXFDWLRQDO�EHQHILWV��DQG�VRFLDO�VXSSRUW��:KHWKHU
WKHVH�FRPSHWLQJ�IRUFHV�SURGXFH�QHW�DFFHOHUDWHG�RU�GHFHOHUDWHG�ELRORJLFDO�DJLQJ�UHPDLQV�XQDQVZHUHG
DV�SUHYLRXV�UHVHDUFK�KDV�RQO\�H[DPLQHG�ELRORJLFDO�DJLQJ�DPRQJ�YHWHUDQ�SRSXODWLRQV�DQG�KDV�\HW�WR
FRPSDUH�YHWHUDQV�DQG�QRQ�YHWHUDQV�GLUHFWO\�RQ�D�QDWLRQDOO\�UHSUHVHQWDWLYH�OHYHO��8VLQJ�GDWD�IURP�WKH
+HDOWK�DQG�5HWLUHPHQW�6WXG\��1 ��������ZH�H[DPLQHG�YHWHUDQ�VWDWXV�DQG�WKUHH�HSLJHQHWLF�FORFNV�
'1$�PHWK\ODWLRQ�EDVHG�ELRPDUNHUV�RI�ELRORJLFDO�DJLQJ��HDFK�WUDLQHG�RQ�VSHFLILF�ELRORJLFDO�PHDVXUHV
RI�KHDOWK��3&*ULP$JH��PRUWDOLW\�SUHGLFWLYH�SODVPD�SURWHLQV���3&3KHQR$JH��FOLQLFDO�PRUELGLW\
ELRPDUNHUV���DQG�3DFH�RI�$JLQJ�P3R$����UDWH�RI�GHFOLQH�DFURVV����RUJDQ�V\VWHPV���%HFDXVH
HSLJHQHWLF�FORFNV�LQFUHDVH�ZLWK�FKURQRORJLFDO�DJH��ZH�FRPSXWHG�DFFHOHUDWLRQ�VFRUHV�DV�UHVLGXDOV
IURP�2/6�UHJUHVVLRQV�RI�HDFK�FORFN�RQ�FKURQRORJLFDO�DJH�WR�LVRODWH�QRQ�DJH�GHSHQGHQW�ELRORJLFDO
DJLQJ��WKHQ�UHJUHVVHG�HDFK�PHDVXUH�RQ�YHWHUDQ�VWDWXV��DGMXVWLQJ�IRU�VH[��UDFH�HWKQLFLW\��DQG
HGXFDWLRQ��9HWHUDQV�VKRZHG�VLJQLILFDQWO\�DFFHOHUDWHG�ELRORJLFDO�DJLQJ�RQ�WZR�RI�WKUHH�FORFNV�
3&3KHQR$JH�DFFHOHUDWLRQ��u ������6( ������S ������DQG�P3R$����u ������6( ������S �������EXW
QRW�3&*ULP$JH��u ������6( ������S �������)LQGLQJV�VXJJHVW�WKH�FXPXODWLYH�ELRORJLFDO�FRVWV�RI
PLOLWDU\�VHUYLFH�SURGXFH�QHW�HSLJHQHWLF�DJH�DFFHOHUDWLRQ��ZLWK�YDULDWLRQ�DFURVV�FORFNV�UHIOHFWLQJ
GLVWLQFW�DJLQJ�GLPHQVLRQV��5HVXOWV�FDUU\�LPSOLFDWLRQV�IRU�IXWXUH�UHVHDUFK�DLPLQJ�WR�EHWWHU�SLQSRLQW
WKH�H[DFW�HSLJHQHWLF�LPSDFWV�RI�PLOLWDU\�VHUYLFH�RQ�ELRORJLFDO�DJLQJ�
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7KH�6DOLYDU\�0LFURELRPH�DQG�&RJQLWLYH�)XQFWLRQ�5RE�:DUUHQ
�5RE�:DUUHQ��5\DQ�'HPPHU�

%$&.*5281'��:H�GHPRQVWUDWH�WKH�IHDVLELOLW\�RI�RUDO�PLFURELRPH�DVVHVVPHQWV�IURP�VDOLYD
FROOHFWLRQV�LQWHQGHG�IRU�KXPDQ�JHQHWLF�VWXGLHV�DQG�H[SORUH�WKH�UHODWLRQVKLS�EHWZHHQ�RUDO�PLFURELRWD
DQG�PLGOLIH�FRJQLWLYH�IXQFWLRQ��0(7+2'6��'DWD�DUH�IURP�WKH�+LJK�6FKRRO�DQG�%H\RQG��+6	%����
FRKRUW�VWXG\��ZKLFK�KDV�IROORZHG�D�QDWLRQDOO\�UHSUHVHQWDWLYH�VDPSOH�RI�a�������SHRSOH�IURP�KLJK
VFKRRO�LQ������WKURXJK�PLGOLIH�LQ�������+6	%����GDWD�IURP�WKH�����V�LQFOXGH�LQIRUPDWLRQ�DERXW
HGXFDWLRQDO�FRQWH[WV��RSSRUWXQLWLHV��DQG�RXWFRPHV��HDUO\�OLIH�FLUFXPVWDQFHV��DQG�GHPRJUDSKLF
EDFNJURXQGV��'DWD�IURP�������SDUWLFLSDQWV�LQ�������ZKHQ�PRVW�ZHUH����WR����\HDUV�ROG��LQFOXGH
VDOLYDU\�PLFURELRPH�PHDVXUHV��EORRG�ELRPDUNHUV�RI�$'5'�ULVN��DQG�PXOWLSOH�VXUYH\�EDVHG�PHDVXUHV
RI�FRJQLWLYH�IXQFWLRQLQJ��*HQRPLF�'1$�ZDV�H[WUDFWHG�IROORZLQJ�WKH�SURWRFRO�DQG�UHDJHQWV�SURYLGHG
LQ�WKH�)OH[6WDU�6DOLYD�'1$�([WUDFWLRQ�.LW����3ULPHU�VHTXHQFHV�WDUJHWLQJ�WKH�9��UHJLRQ�RI�WKH���6
U51$�JHQH�ZHUH�DFTXLUHG�IURP�,'7��7D[RQRPLF�DVVLJQPHQWV�ZHUH�PDGH�XVLQJ�WKH�+XPDQ
2UDO�0LFURELRPH�'DWDEDVH��7KH�6KDQQRQ�,QGH[��6,��ZDV�FDOFXODWHG�WR�UHSUHVHQW�DOSKD�GLYHUVLW\�
5HJUHVVLRQ�PRGHOV�DVVHVVHG�WKH�UHODWLRQVKLS�EHWZHHQ�LQFUHDVHV�LQ�6,�DQG�FKDQJH�LQ�FRJQLWLYH
IXQFWLRQ��5(68/76��7KH�PHDQ�6'��FRJQLWLYH�VFRUH�DQG�6,�ZHUH����������DQG�����������2YHUDOO�PHDQ
SURSRUWLRQ�RI�PDMRU�SK\OD�ZHUH�)LUPLFXWHV����������%DFWHURLGHWHV����������DQG�3URWHREDFWHULD
���������$���6'�LQFUHDVH�LQ�6,�ZDV�DVVRFLDWHG�ZLWK�D������XQLW�GLIIHUHQFH�LQ�VWDQGDUGL]HG�FRJQLWLYH
VFRUH��%HWD�HVWLPDWH������>����������@���&21&/86,21��6DOLYDU\�PLFURELRPH�DVVHVVPHQWV�IURP
KXPDQ�VDOLYD�FROOHFWHG�IRU�WKH�SULPDU\�SXUSRVH�RI�KXPDQ�JHQHWLF�VWXGLHV�LV�IHDVLEOH��$GYHUVH
VDOLYDU\�PLFURELRPH�GLYHUVLW\�SURILOHV�ZHUH�DVVRFLDWHG�ZLWK�GHFUHDVHG�FRJQLWLYH�IXQFWLRQ�
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&URVV�6HFWLRQDO�$VVRFLDWLRQV�EHWZHHQ�(VVHQWLDO�DQG�1RQ�(VVHQWLDO�0HWDOV�DQG�.LGQH\
)XQFWLRQ��$�3RSXODWLRQ�%DVHG�$QDO\VLV�LQ�0LGOLIH�$GXOWV�5RE�:DUUHQ
�5RE�:DUUHQ��6KDQQRQ
6XOOLYDQ��-HVVH�6HHJPLOHU��:HLKXD�*XDQ��$P\�.DUJHU��(ULF�*URGVN\��&KDQGUD�0XOOHU��%KDUDW
7K\DJDUDMDQ�

/RZ�OHYHO�PHWDO�H[SRVXUH�LV�D�ULVN�IDFWRU�IRU�UHQDO�GHFOLQH��\HW�WKH�UROHV�RI�HVVHQWLDO�YHUVXV�QRQ�
HVVHQWLDO�PHWDOV�DUH�SRRUO\�XQGHUVWRRG��(VVHQWLDO�PHWDOV��FREDOW�>&R@��FRSSHU�>&X@��PDQJDQHVH�>0Q@�
VHOHQLXP�>6H@��]LQF�>=Q@��DUH�SK\VLRORJLFDO�UHTXLUHPHQWV�EXW�FDQ�EH�WR[LF�DW�KLJK�FRQFHQWUDWLRQV�RU
GHILFLHQW�DW�ORZ��QRQ�HVVHQWLDO�PHWDOV��DUVHQLF�>$V@��FDGPLXP�>&G@��OHDG�>3E@��ODFN�ELRORJLFDO�XWLOLW\
DQG�DUH�WR[LF�HYHQ�DW�ORZ�FRQFHQWUDWLRQV��:H�LQYHVWLJDWHG�DVVRFLDWLRQV�EHWZHHQ�WKHVH�PHWDOV�DQG
NLGQH\�IXQFWLRQ��HVWLPDWHG�JORPHUXODU�ILOWUDWLRQ�UDWH��H*)5��LQ�WKH�QDWLRQDOO\�UHSUHVHQWDWLYH�+LJK
6FKRRO�	�%H\RQG������FRKRUW��,Q�������PHDQ�DJHa�����D�VXEVHW��Qa�������SURYLGHG�EORRG�VDPSOHV
DQDO\]HG�IRU�HLJKW�PHWDOV�XVLQJ�LQGXFWLYHO\�FRXSOHG�SODVPD�PDVV�VSHFWURPHWU\��H*)5��P/�PLQ�����
P���ZDV�FDOFXODWHG�XVLQJ�WKH������&.'�(3,�&UHDWLQLQH�F\VWDWLQ�&�HTXDWLRQ��6XUYH\�ZHLJKWHG�OLQHDU
UHJUHVVLRQ��DGMXVWHG�IRU�DJH��VH[��UDFH�HWKQLFLW\��%0,��K\SHUWHQVLRQ��GLDEHWHV��HGXFDWLRQ��VPRNLQJ�
DQG�UHG�EORRG�FHOO�FRXQW��HVWLPDWHG�FURVV�VHFWLRQDO�GLIIHUHQFHV�LQ�PHDQ�H*)5�DFURVV�WHUWLOHV�RI�EORRG
PHWDO�FRQFHQWUDWLRQV��7HUWLOH�DQDO\VHV�LGHQWLILHG�IRXU�PHWDOV�DVVRFLDWHG�ZLWK�H*)5��&RPSDUHG�WR�WKH
ORZHVW�WHUWLOH��7����WKH�KLJKHVW�WHUWLOH��7���RI�0Q��u ����������&, ��������������DQG�3E��u ������
���&, ��������������ZHUH�DVVRFLDWHG�ZLWK�UHGXFHG�H*)5��&RQYHUVHO\��7��RI�6H��u �����
���&, ������������DQG�$V��u ���������&, ������������ZHUH�DVVRFLDWHG�ZLWK�KLJKHU�H*)5��1R
DVVRFLDWLRQV�ZHUH�REVHUYHG�IRU�&R��&X��=Q��RU�&G��6XUYH\�ZHLJKWHG�PHWDO�FRQFHQWUDWLRQV�ZHUH
FRPSDUDEOH�WR�8�6��DGXOW�OHYHOV�LQ�1+$1(6������������%RWK�HVVHQWLDO��0Q��DQG�QRQ�HVVHQWLDO��3E�
PHWDOV�ZHUH�DVVRFLDWHG�ZLWK�ORZHU�NLGQH\�IXQFWLRQ�DW�KLJKHU�H[SRVXUH�OHYHOV��&RQYHUVHO\��6H|V
SRVLWLYH�DVVRFLDWLRQ�VXJJHVWV�D�SRWHQWLDO�QHSKURSURWHFWLYH�UROH��ZKHUHDV�WKH�$V�ILQGLQJ�PD\�UHIOHFW
GLHWDU\�VRXUFHV�UDWKHU�WKDQ�UHGXFHG�WR[LFLW\��7KHVH�ILQGLQJV�KLJKOLJKW�WKH�QHHG�WR�EDODQFH�HVVHQWLDO
QXWULHQW�VWDWXV�DJDLQVW�HQYLURQPHQWDO�WR[LFDQW�H[SRVXUHV�
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,QWHUVHFWLRQDO�([SHULHQFHV�RI�*HQGHU�DQG�5DFH�LQ�&.0�+HDOWK�3UHYDOHQFH�$WKHQD�2ZLURGX

$WKHQD�2ZLURGX�

&DUGLRYDVFXODU�.LGQH\�0HWDEROLF��&.0��V\QGURPH�LV�D�ELRPDUNHU�PHDVXUH�WKDW�FDSWXUHV�KHDOWK�ULVNV
DFURVV�LQWHUFRQQHFWHG�ELRORJLFDO�V\VWHPV��1GXPHOH�HW�DO���������1DWLRQDO�WUHQGV�UHYHDO�JURZLQJ
FRPRUELGLW\�DFURVV�WKHVH�V\VWHPV��ZLWK�RQH�TXDUWHU�RI�8�6��DGXOWV�H[SHULHQFLQJ�DW�OHDVW�RQH�&.0�
UHODWHG�FRQGLWLRQ�EHWZHHQ������DQG�������$JJDUZDO�HW�DO���������3RSXODWLRQ�GLVSDULWLHV�LQ�GLVHDVH
SURJUHVVLRQ�H[LVW��DV�%ODFN�DGXOWV�H[SHULHQFH�GLVSURSRUWLRQDWHO\�KLJKHU�UDWHV�RI�DGYDQFHG�&.0
FRPSDUHG�WR�RWKHU�UDFLDO�JURXSV��$JJDUZDO�HW�DO��������

7KLV�UHVHDUFK�SURMHFW�IRFXVHV�RQ�ZLWKLQ�JURXS�KHWHURJHQHLW\�RI�&.0�V\QGURPH�RXWFRPHV�DPRQJ
%ODFN�8�6��DGXOWV�WKURXJK�D�JHQGHU�OHQV��3UHYLRXV�UHVHDUFK�UHYHDOV�WKDW�%ODFN�ZRPHQ�DQG�PHQ�IDFH
ODUJH�LQHTXDOLWLHV�LQ�FDUGLRYDVFXODU��PHWDEROLF��DQG�NLGQH\�KHDOWK��3DODQLDSSDQ�HW�DO��������6LQJK�HW
DO���������([SRVXUH�WR�VWUHVVRUV�PD\�SOD\�D�UROH�LQ�H[SODLQLQJ�WKH�H[LVWHQFH�RI�JHQGHUHG�GLVSDULWLHV�LQ
WKHVH�KHDOWK�RXWFRPHV��:KLOH�SHUFHLYHG�GLVFULPLQDWLRQ�LV�D�NQRZQ�PHFKDQLVP�LQ�KHDOWK�GLVSDULW\
UHVHDUFK��OLWWOH�ZRUN�KDV�H[DPLQHG�WKLV�UHODWLRQVKLS�ZLWK�WKH�FRPSOH[�ELRPDUNHU�RXWFRPH�RI�&.0
V\QGURPH�

,�XVH�:DYHV�,��,9��DQG�9�RI�$GG�+HDOWK�WR�H[DPLQH�WKH�UHODWLRQVKLSV�EHWZHHQ�JHQGHU��SHUFHLYHG
GLVFULPLQDWLRQ�DQG�&.0�V\QGURPH�DPRQJ�%ODFN�UHVSRQGHQWV��1 ������3UHOLPLQDU\�UHVXOWV�UHYHDO
VRPH�GLVSDULWLHV�E\�JHQGHU�LQ�&.0�VWDJLQJ��DV�ZHOO�DV�SRWHQWLDO�GLIIHUHQWLDO�LPSDFWV�RI�GLVFULPLQDWLRQ
RQ�KHDOWK�E\�JHQGHU��)XUWKHU�DQDO\VLV�ZLOO�LQFOXGH�RUGLQDO�ORJLVWLF�UHJUHVVLRQV�WR�HYDOXDWH�KRZ�WKHVH
DVVRFLDWLRQV�FRQWULEXWH�WR�KHDOWK�LQHTXDOLWLHV�DPRQJ�%ODFN�DGXOWV��DQG�KRZ�SHUVRQDO�DQG�VRFLDO
UHVRXUFHV�PD\�EXIIHU�WKH�KDUPIXO�LPSDFWV�RI�GLVFULPLQDWLRQ�DV�PHGLDWRUV�LQ�WKLV�UHODWLRQVKLS�



�������

���� 3�

&KURQLF�GLVHDVH

7KH�,QIOXHQFH�RI�*HQGHU�5ROHV�DQG�5HOLJLRFXOWXUDO�%HOLHIV�RQ�6HOI�&DUH�%HKDYLRUV�DPRQJ
0H[LFDQ�:RPHQ�ZLWK�7\SH���'LDEHWHV��'DV\�5HVHQGL]
�'DV\�5HVHQGL]�

%DFNJURXQG��7\SH���GLDEHWHV�LV�D�PDMRU�KHDOWK�FRQFHUQ�LQ�0i[LFR��SDUWLFXODUO\�DPRQJ�ZRPHQ�
$FFRUGLQJ�WR�QDWLRQDO�VXUYH\�GDWD��WKH�SUHYDOHQFH�RI�GLDEHWHV�LQ������IRU�IHPDOHV�ZDV��������DQG
������IRU�PDOHV��WKHVH�VH[�GLIIHUHQFHV�UHPDLQHG�VLPLODU�LQ�������/DFN�RI�SURSHU�VHOI�FDUH�DQG
GLVHDVH�PDQDJHPHQW�LV�D�PDMRU�XQGHUO\LQJ�FDXVH�RI�GHDWK�LQ�GLDEHWLF�SDWLHQWV��([LVWLQJ�UHVHDUFK
IURP�FURVV�VHFWLRQDO�VWXGLHV�VXJJHVWV�WKDW�JHQGHU�UROHV�DQG�UHOLJLRFXOWXUDO�EHOLHIV�LPSDFW�VHOI�FDUH
EHKDYLRUV�DPRQJ�0H[LFDQ�ZRPHQ�ZLWK�W\SH���GLDEHWHV��LQFOXGLQJ�VHOI�H[HUFLVH��VHOI�PRQLWRULQJ�RI
EORRG�JOXFRVH��IRRW�FDUH��DQG�GLHWDU\�UHVWULFWLRQV��3XUSRVH��7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�H[SORUH
KRZ�JHQGHU�UROHV�DQG�UHOLJLRFXOWXUDO�EHOLHIV�LQIOXHQFH�VHOI�FDUH�EHKDYLRUV�DPRQJ�0H[LFDQ�ZRPHQ
ZLWK�W\SH���GLDEHWHV�UHVLGLQJ�LQ�WZR�UXUDO�WRZQV�LQ�6DQ�/XLV�3RWRVj��0i[LFR��0HWKRGV��7KH�SURSRVHG
VWXG\�ZLOO�XVH�D�TXDOLWDWLYH�UHVHDUFK�DSSURDFK�WR�H[DPLQH�ZRPHQ|V�VHOI�FDUH�EHKDYLRUV�ZLWKLQ�D
SUHGRPLQDQWO\�UHOLJLRXV�DQG�FXOWXUDO�FRQWH[W��6HPL�VWUXFWXUHG�LQWHUYLHZV�ZLOO�EH�FRQGXFWHG�ZLWK���
0H[LFDQ�ZRPHQ�ZLWK�W\SH���GLDEHWHV�XVLQJ�WKH�SODWLFD�PHWKRGRORJ\��7KH�SODWLFD�LV�D�&KLFDQD�/DWLQD
IHPLQLVW�PHWKRGRORJ\�GHVFULEHG�DV�D�UHODWLRQDO�SUDFWLFH��DQG�LW�LV�FRQVLGHUHG�D�FXOWXUDOO\�DSSURSULDWH
DSSURDFK�IRU�FRQQHFWLQJ�ZLWK�/DWLQD�ZRPHQ��3URSRVHG�)LQGLQJV��7KH�SURSRVHG�ILQGLQJV�RI�WKLV
VWXG\�DLP�WR�KLJKOLJKW�KRZ�UHOLJLRQ�DQG�FXOWXUH�LQIOXHQFH�VHOI�FDUH�EHKDYLRUV��FRQWULEXWLQJ�WR�D
GHHSHU�XQGHUVWDQGLQJ�RI�WKH�IDFWRUV�WKDW�VKDSH�WKH�KHDOWK�SUDFWLFHV�DQG�VXSSRUWLQJ�WKH�GHYHORSPHQW
RI�D�FXOWXUDOO\�LQIRUPHG�IUDPHZRUN�IRU�GLDEHWHV�VHOI�FDUH�LQ�DUHDV�GHILFLHQW�LQ�VHOI�FDUH�UHVRXUFHV�
,PSOLFDWLRQV��*LYHQ�WKH�KLJK�SUHYDOHQFH�RI�W\SH���GLDEHWHV�DPRQJ�0H[LFDQ�ZRPHQ�DQG�WKH�FULWLFDO
UROH�RI�VHOI�FDUH�LQ�LWV�PDQDJHPHQW��LW�LV�QHFHVVDU\�WR�LGHQWLI\�SDWWHUQV�OLQNLQJ�JHQGHU�UROHV�DQG
UHOLJLRFXOWXUDO�EHOLHIV��DV�ZHOO�DV�EDUULHUV�DQG�IDFLOLWDWRUV��WR�GLDEHWHV�VHOI�FDUH�
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6\VWHPDWLF�5HYLHZ�RQ�WKH�,PSDFW�RI�,QIOXHQ]D�9DFFLQDWLRQ�RQ�3UHYHQWLRQ�DQG�0LWLJDWLRQ�RI
&KURQLF�'LVHDVHV�0HODQLH�5XEDOFDYD
�0HODQLH�5XEDOFDYD��-HVVLFD�$PH]FXD��$GLWKL�.RQD��3DWULFN
:LOOLDPVRQ��&KULVWRSKHU�5XL]��0DJGDOHQD�6XDUH]��5REHUW�5RGULJXH]��(OLVD�&RUWH]��+ROO\�7KRPSVRQ�

9DFFLQHV�DUH�GHYHORSHG�WR�SUHYHQW�DFXWH�LQIHFWLRXV�GLVHDVHV��EXW�HPHUJLQJ�HYLGHQFH�VXJJHVWV�WKDW
VRPH�YDFFLQHV��OLNH�WKH�LQIOXHQ]D�YDFFLQH��PD\�DGGLWLRQDOO\�KHOS�UHGXFH�WKH�ULVN�RI�FKURQLF�GLVHDVH
GHYHORSPHQW�DQG�SURJUHVVLRQ��$V�IHGHUDO�SROLFLHV�VKLIW�WRZDUG�FKURQLF�GLVHDVH�SUHYHQWLRQ�
XQGHUVWDQGLQJ�YDFFLQHV|�EURDGHU�LPSDFW�LV�FULWLFDO��:H�IROORZHG�WKH�3UHIHUUHG�5HSRUWLQJ�,WHPV�IRU
6\VWHPDWLF�5HYLHZV�DQG�0HWD�$QDO\VHV��35,60$��JXLGHOLQHV��FRQGXFWLQJ�DUWLFOH�VHDUFKHV�XVLQJ
3XE0HG��:HE�RI�6FLHQFH��DQG�(PEDVH�GDWDEDVHV��:H�LQFOXGHG�DOO�SHHU�UHYLHZHG�VWXGLHV�IURP�����
WR������DQG�H[FOXGHG�WKRVH�WKDW�ZHUH�QRQ�KXPDQ�UHVHDUFK�DQG�QRQ�(QJOLVK�WUDQVODWHG��3HUSOH[LW\�$,
ZDV�XVHG�WR�VXSSOHPHQW�VHDUFKHV�DQG�&RYLGHQFH�IRU�VFUHHQLQJ�DQG�UHYLHZ�SURFHVVHV��7ZR�UHYLHZHUV
LQGHSHQGHQWO\�FRQGXFWHG�DUWLFOH�VFUHHQLQJ�DQG�GDWD�H[WUDFWLRQ��'LVFUHSDQFLHV�ZHUH�UHVROYHG�E\
FRQVHQVXV��2I�����XQLTXH�DUWLFOHV�SURGXFHG�E\�RXU�VHDUFKHV�����DUWLFOHV�PHW�LQFOXVLRQ�DQG�H[FOXVLRQ
FULWHULD����ZHUH�UDQGRPL]HG�WULDOV�����ZHUH�REVHUYDWLRQDO�VWXGLHV�����ZHUH�V\VWHPDWLF�UHYLHZV��DQG
���ZHUH�JXLGHOLQHV�RU�UHYLHZV��7KH�LQIOXHQ]D�YDFFLQH�KDV�EHHQ�VKRZQ�WR�KHOS�SUHYHQW�LQFLGHQFH�
PRUELGLW\��DQG�PRUWDOLW\�RI�FDUGLRYDVFXODU�GLVHDVH��H�J���VWURNHV��P\RFDUGLDO�LQIDUFWLRQ��KHDUW�IDLOXUH�
FRURQDU\�DUWHU\�GLVHDVH��DQG�K\SHUWHQVLRQ���$GGLWLRQDOO\��WKH�LQIOXHQ]D�YDFFLQH�LV�DVVRFLDWHG�ZLWK
GHFUHDVHG�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'��H[DFHUEDWLRQV�DQG�D�ORZHU�ULVN�RI�FKURQLF
IDWLJXH�V\QGURPH��FKURQLF�NLGQH\�GLVHDVH��GHPHQWLD��DQG�SRWHQWLDOO\�7�'��FDQFHU��DQG�3DUNLQVRQ|V
GLVHDVH��%H\RQG�DFXWH�LQIHFWLRXV�GLVHDVH�SUHYHQWLRQ��WKH�LQIOXHQ]D�YDFFLQH�KDV�SURWHFWLYH�HIIHFWV
DJDLQVW�FKURQLF�GLVHDVHV�DQG�WKHLU�SURJUHVVLRQ��6WUDWHJLHV�WR�LPSURYH�YDFFLQH�XSWDNH�DQG�DGGUHVV
EDUULHUV�DUH�HVVHQWLDO�WR�PD[LPL]H�ORQJ�WHUP�SXEOLF�KHDOWK�EHQHILWV��7KLV�ZRUN�ZLOO�FRQWLQXH�IXUWKHU
ZLWK�D�VHULHV�RI�V\VWHPDWLF�UHYLHZV��LQFOXGLQJ�RWKHU�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ
�&'&��DGXOW�UHFRPPHQGHG�YDFFLQDWLRQV�
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&DUGLRYDVFXODU�+HDOWK�DV�D�3UHFXUVRU�WR�&ROOHFWLYH�:HOO�%HLQJ��$�&URVV�/DJJHG��&RXQW\�
/HYHO�$QDO\VLV�%ULWD�5R\
�%ULWD�5R\��-LDQJ\XDQ�=KX��-HSK�+HUULQ��&DUOH\�5LOH\��0HJDQ�'DFH\�.RR�
(ULFD�6SDW]��'DQ�:LWWHUV��+DUODQ�.UXPKRO]�

%DFNJURXQG��+LJKHU�ZHOO�EHLQJ�DW�WKH�SRSXODWLRQ�OHYHO��FROOHFWLYH�ZHOO�EHLQJ��&:%��LV�DVVRFLDWHG
ZLWK�EHWWHU�FDUGLRYDVFXODU��&9��KHDOWK�DW�WKH�SRSXODWLRQ�OHYHO��7KLV�VWXG\�LQYHVWLJDWHV�WKH
GLUHFWLRQDOLW\�RI�UHODWHG�DVVRFLDWLRQV�DPRQJ�&:%��FDUGLRYDVFXODU�GLVHDVH�LQFLGHQFH�DQG�PRUWDOLW\
�&9'�&90���KHDOWK\�EHKDYLRUV�DQG�VRFLHWDO�IDFWRUV�

0HWKRGV��8VLQJ�FRXQW\�OHYHO�8�6��GDWD�������������IURP�WKH�*DOOXS�1DWLRQDO�+HDOWK�DQG�:HOO�%HLQJ
,QGH[�DQG�&'&�,QWHUDFWLYH�$WODV�RI�+HDUW�'LVHDVH�DQG�6WURNH��ZH�HPSOR\HG�FURVV�ODJJHG�WLPH�VHULHV
PRGHOV�WR�DVVHVV�WHPSRUDO�UHODWLRQVKLSV�DPRQJ�&9'�&90��H[HUFLVH�IUHTXHQF\��GLHW�TXDOLW\��FLYLF
HQJDJHPHQW�DQG�&:%�DW�WKH�SRSXODWLRQ�OHYHO�

5HVXOWV��$QDO\VLV�RI������FRXQWLHV�RYHU���\HDUV�UHYHDOHG�WKDW�ORZHU�&9'�DQG�&90�FRQVLVWHQWO\
SUHGLFWHG�KLJKHU�&:%�LQ�WKH�IROORZLQJ�\HDU��WKH�ODJJHG�HIIHFW�RI�FDUGLRYDVFXODU�KHDOWK�RQ�ZHOO�EHLQJ
ZDV�DSSUR[LPDWHO\�WHQ�WLPHV�ODUJHU�WKDQ�WKH�ODJJHG�HIIHFW�RI�ZHOO�EHLQJ�RQ�FDUGLRYDVFXODU
KHDOWK��RYHUDOO�3�YDOXHV�����������,Q�DGGLWLRQ��KLJKHU�OHYHOV�RI�FLYLF�HQJDJHPHQW�DQG�EHWWHU�VHOI�UDWHG
KHDOWK�SUHFHGHG�LQFUHDVHG�&:%��/RZHU�&9'�SUHFHGHG�LQFUHDVHV�LQ�FLYLF�HQJDJHPHQW��VHOI�UDWHG
KHDOWK��KLJKHU�UDWHV�RI�H[HUFLVH�HQJDJHPHQW�DQG�EHWWHU�GLHW�

&RQFOXVLRQ��7KLV�VWXG\�IRXQG�WKDW�SRSXODWLRQ�OHYHO�&9�KHDOWK�LV�D�SUHFXUVRU�WR�&:%��ZLWK�IDFWRUV
VXFK�DV�VHOI�UDWHG�KHDOWK�DQG�FLYLF�HQJDJHPHQW�DFWLQJ�DV�SRWHQWLDO�PHGLDWRUV��(IIRUWV�WR�LPSURYH�&9
KHDOWK�y�DV�ZHOO�DV�RYHUDOO�KHDOWK�DQG�VRFLDO�KHDOWK�y�RI�ZKROH�SRSXODWLRQV�FRXOG�VXSSRUW
LPSURYHPHQWV�LQ�&:%
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&RPPXQLW\�HQJDJHPHQW

'HVLJQLQJ�DQ�HYDOXDWLRQ�IUDPHZRUN�WR�PHDVXUH�WKH�LPSDFW�RI�D�QDWLRQDO�FHQWHU�SURPRWLQJ
FRPPXQLW\gDFDGHPLF�FROODERUDWLRQ�LQ�GLDEHWHV�UHVHDUFK�$GLWL�/XLWHO
�&ODLUH�&RRSHU��'DYLG
/RXQVEXU\��6WHSKDQLH�/�$OEHUW��/DXUD�&�:\DWW��/RUUDLQH�.ZRN��.DULQD�'�5DPLUH]��&ODLUH�&RRSHU�
6DUDK�+XVVDLQ��(PPD�5RGJHUV��6DQGUD�6�$OEUHFKW��1DGLD�,VODP��6KDYRQ�$UWLV�'LFNHUVRQ��$SULO�$
$JQH��7DELD�$NLQWREL��.ULVWHQ�$OOHQ�:DWWV��0RQD�$X<RXQJ��)HOHFLD�%DUURZ��-DQHW�%URZQ�)ULGD\�
<HOED�&DVWHOORQ�/RSH]��$GULHQQH�'LOODUG��(VWHOOH�(YHUHWW��7KHRGRUH�&�)ULHGPDQ��'\PSQD�*DOODJKHU�
7DQQD]�0RLQ��6XVDQQH�%�1LFKRODV��5RELQ�2UWL]��5DNDOH�4XDUHOOV��$QWKRQ\�6DODQG\��1LWD
9DQJHHSXUDP��(DUOH�&KDPEHUV�

%DFNJURXQG��7KH�1DWLRQDO�&HQWHU�IRU�(QJDJHPHQW�LQ�'LDEHWHV�5HVHDUFK��&('(5��VHHNV�WR
VWUHQJWKHQ�FRPPXQLW\�HQJDJHPHQW�WR�DGYDQFH�W\SH���GLDEHWHV��7�'��UHVHDUFK�DFURVV�GLYHUVH
SRSXODWLRQV�WKURXJK�UHVHDUFK�FRQVXOWDWLRQV�DQG�FRPPXQLW\�HQJDJHPHQW�VWXGLRV��-RLQWO\�OHG�E\
FRPPXQLW\�DQG�DFDGHPLF�SDUWQHUV��&('(5�LV�VXSSRUWHG�E\�D�SDUWQHUVKLS�KXE�DQG�VWHHULQJ
FRPPLWWHH�UHSUHVHQWLQJ�GLYHUVH�H[SHUWLVH�IURP�XUEDQ�DQG�UXUDO�FRPPXQLWLHV�DFURVV�WKH�8�6��3
DUWQHUV�JXLGH�GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�RI�&('(5|V�VHUYLFH�GHOLYHU\�PRGHO�IRU�UHVHDUFK
WHDPV�DQG�FRPPXQLW\�RUJDQL]DWLRQV��:H�GHVFULEH�&('(5|V�HYDOXDWLRQ�IUDPHZRUN�WR�DVVHVV�VHUYLFH
GHOLYHU\�DQG�SURJUHVV�WRZDUG�WKH�&HQWHU|V�DLPV�

0HWKRGV��*XLGHG�E\�&('(5|V�ORJLF�PRGHO�RXWOLQLQJ�LQSXWV��DFWLYLWLHV��RXWSXWV��RXWFRPHV��DQG
DQWLFLSDWHG�LPSDFW��DQ�(YDOXDWLRQ�:RUNJURXS��(:*��LGHQWLILHG�DQG�SULRULWL]HG�PHWULFV�IRU�D�SUDFWLFDO
HYDOXDWLRQ�IUDPHZRUN��'HYHORSPHQW�GUHZ�IURP�FRPPXQLW\�HQJDJHPHQW�PRGHOV��SURJUDP
GRFXPHQWV��DQG�SDUWQHUVKLS�KXE�GLVFXVVLRQV��ZLWK�LQGLFDWRUV�LWHUDWLYHO\�JHQHUDWHG�DQG�UHILQHG��XVLQJ
W\SRORJLHV�VXFK�DV�����0HWULFV�WR�$VVHVV�DQG�&RPPXQLFDWH�WKH�9DOXH�RI�%LRPHGLFDO�5HVHDUFK�

5HVXOWV��7KH�IUDPHZRUN�LQFRUSRUDWHV�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWD�DFURVV���wGRPDLQV��5HDFK�
6HUYLFH��3DUWQHUVKLSV��3UDFWLFH��DQG�3URGXFWV��5HDFK�DQG�6HUYLFH�DOLJQ�ZLWK�ORJLF�PRGHO�RXWSXWV
�H�J���FRQVXOWDWLRQV�DQG�VWXGLRV���ZKLOH�WKH�UHPDLQLQJ�GRPDLQV�UHIOHFW�VHUYLFH�TXDOLW\�RXWFRPHV��)RU
HDFK�GRPDLQ��HYDOXDWLRQ�TXHVWLRQV�ZHUH�GHYHORSHG��DQG�GDWD�FROOHFWHG�WKURXJK�VHUYLFH�UHTXHVW
IRUPV��SRVW�VHUYLFH�DQG������PRQWK�SRVW�VHUYLFH�VXUYH\V��DQG�TXDOLWDWLYH�LQWHUYLHZV�

&RQFOXVLRQ��3URYLGLQJ�D�VWUXFWXUHG�DSSURDFK��WKwHww�wIUDPHZRUN�VXSSRUWV�HYDOXDWLRQ�RI�&('(5
VHUYLFHV��GRFXPHQWV�FRQWULEXWLRQV�WR�FRPPXQLW\�HQJDJHG�GLDEHWHV�UHVHDUFK��LGHQWLILHV�RSSRUWXQLWLHV
IRU�LPSURYHPHQW��DQG�DGYDQFHV�7�'�UHVHDUFK�RXWFRPHV�
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&ROG�DQG�KRW�WHPSHUDWXUHV�DUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�PRUWDOLW\�ULVN�DPRQJ
LQFDUFHUDWHG�DGXOWV�LQ�&DOLIRUQLD�VWDWH�SULVRQV�/LVD�)UXHK
�/LVD�)UXHK��-HVVLFD�6LPHV��+HQU\
:LOOLV��$OODQ�-XVW��-DTXHO\Q�-DKQ�

%DFNJURXQG��*URZLQJ�HSLGHPLRORJLF�HYLGHQFH�KDV�GRFXPHQWHG�HIIHFWV�RI�DPELHQW�WHPSHUDWXUH�RQ
WKH�KHDOWK�RI�LQFDUFHUDWHG�SRSXODWLRQV��ZKR�DUH�SDUWLFXODUO\�YXOQHUDEOH�GXH�WR�DJLQJ�SULVRQ
LQIUDVWUXFWXUH�DQG�SRRU�FOLPDWH�FRQWURO��2XU�JRDO�ZDV�WR�LGHQWLI\�DVVRFLDWLRQV�EHWZHHQ�DPELHQW
WHPSHUDWXUH�DQG�PRUWDOLW\�DPRQJ�SHRSOH�LQFDUFHUDWHG�LQ�&DOLIRUQLD�

0HWKRGV��:H�H[DPLQHG�DOO�GHDWKV�LQ�&DOLIRUQLD�VWDWH�SULVRQV�IURP�����y����H[FOXGLQJ�WKRVH
RFFXUULQJ�RXW�RI�VWDWH��LQ�FRPPXQLW\�EDVHG�IDFLOLWLHV��RU�KRVSLWDOV��'DLO\�DPELHQW�WHPSHUDWXUH�DW�HDFK
IDFLOLW\�ZDV�HVWLPDWHG�XVLQJ�K\EULG�VSDWLRWHPSRUDO�PRGHOV��8VLQJ�D�IDFLOLW\�OHYHO�WLPH�VHULHV�GHVLJQ
ZLWK�GLVWULEXWHG�ODJ�QRQOLQHDU�PRGHOV��ODJV��y���ZLWK�D�SRSXODWLRQ�RIIVHW��DGMXVWHG�IRU�GD\�RI�ZHHN
DQG�QRQOLQHDU�WLPH�WUHQGV��ZH�DVVHVVHG�DVVRFLDWLRQV�EHWZHHQ�PLQLPXP�GDLO\�WHPSHUDWXUH�DQG
GHDWKV�

5HVXOWV��$PRQJ�������GHDWKV�DFURVV����IDFLOLWLHV��ERWK�FROG�DQG�KRW�PLQLPXP�GDLO\�WHPSHUDWXUH
ZHUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�PRUWDOLW\�ULVN��WKRXJK�FRQILGHQFH�LQWHUYDOV�FURVVHG�WKH�QXOO��
&RPSDUHG�WR�WKH�PLQLPXP�PRUWDOLW\�WHPSHUDWXUH��007��RI�����b&��WKH�FXPXODWLYH�UHODWLYH�ULVN��55�
DW���b&����WK�SWLOH��ZDV����������������������DQG�55�DW���b&����WK�SWLOH��ZDV���������������������
:KHQ�FRPSDULQJ�WHPSHUDWXUH�HIIHFWV�DFURVV�IDFLOLWLHV�ZLWK�GLIIHUHQW�FRROLQJ�UHJLPHV��WKH�EXON�RI
GHDWKV�������RFFXUUHG�LQ�IDFLOLWLHV�ZLWK�HYDSRUDWLYH�RU�QR�FRROLQJ��EXW�KHDW�UHODWHG�ULVNV�ZHUH
FRQFHQWUDWHG�LQ�IDFLOLWLHV�ZLWK�UHIULJHUDWLRQ�FRROLQJ��55�IRU���WK�SHUFHQWLOH�YV��007� �������>������
�����@���$FURVV�FRROLQJ�W\SHV��FROG�WHPSHUDWXUHV�ZHUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�PRUWDOLW\�ULVN��)RU
H[WUHPH�FROG�LQ�IDFLOLWLHV�ZLWK�UHIULJHUDWLRQ����VW�SHUFHQWLOH���WKH�FXPXODWLYH�55�ZDV�VWDWLVWLFDOO\
VLJQLILFDQW�����������������������

6LJQLILFDQFH��:H�LGHQWLILHG�HOHYDWHG�ULVN�RI�PRUWDOLW\�DVVRFLDWHG�ZLWK�KRW�EXW�HVSHFLDOO\�FROG
WHPSHUDWXUHV�DPRQJ�LQFDUFHUDWHG�SHRSOH�LQ�&DOLIRUQLD�VWDWH�SULVRQV��WKRXJK�FRQILGHQFH�LQWHUYDOV
FURVVHG�WKH�QXOO��7KHVH�ILQGLQJV�KLJKOLJKW�WKHUPDO�FRQWURO�DV�D�PRGLILDEOH�IDFWRU�WR�LPSURYH�WKH
KHDOWK�RI�LQFDUFHUDWHG�SRSXODWLRQV�
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$VVRFLDWLRQV�EHWZHHQ�RLO�DQG�JDV�SURGXFWLRQ��HDUWKTXDNHV��DQG�HQYLURQPHQWDO�GLVWUHVV�LQ
7H[DV�(OL]DEHWK�%ODNH
�(OL]DEHWK�%ODNH��'DRPLQJ�/LX��6LGUD�*ROGPDQ�0HOORU��+ROO\�(OVHU��5DFKHO
0RUHOOR�)URVFK��1LFROH�'H]LHO��0DU\�:LOOLV��+HDWKHU�0F%ULHQ��-RDQ�&DVH\�

8QFRQYHQWLRQDO�RLO�DQG�QDWXUDO�JDV�GHYHORSPHQW�LQ�WKH�8QLWHG�6WDWHV�KDV�H[SDQGHG�UDSLGO\��)URP
�����WR�������8�6��FUXGH�RLO�SURGXFWLRQ�GRXEOHG�IURP���PLOOLRQ�WR�����PLOOLRQ�EDUUHOV��DQG�QDWXUDO
JDV�SURGXFWLRQ�JUHZ�E\������,Q�������7H[DV�DFFRXQWHG�IRU�����RI�QDWLRQDO�FUXGH�RLO�DQG�����RI
PDUNHWHG�QDWXUDO�JDV�SURGXFWLRQ��7KLV�UDSLG�H[SDQVLRQ�KDV�SURPSWHG�TXHVWLRQV�DERXW�SRWHQWLDO
LPSDFWV�RQ�QHDUE\�UHVLGHQWV��8QGHUVWDQGLQJ�SV\FKRORJLFDO�KHDOWK�HIIHFWV�LV�FUXFLDO��HVSHFLDOO\�LQ
KHDYLO\�GULOOHG�UHJLRQV�OLNH�WKH�3HUPLDQ�%DVLQ�LQ�:HVW�7H[DV��:H�TXDQWLILHG�DVVRFLDWLRQV�EHWZHHQ
UHVLGHQWLDO�SUR[LPLW\�WR�WKLV�LQGXVWU\�DQG�SHUFHLYHG�HQYLURQPHQWDO�ULVNV��,Q�$SULO�������ZH�FRQGXFWHG
DQ�RQOLQH�VXUYH\�RI�7H[DV�UHVLGHQWV�ZLWKLQ�DQG�RXWVLGH�WKH�3HUPLDQ�%DVLQ��XVLQJ�WKH�(QYLURQPHQWDO
'LVWUHVV�6FDOH��('6��WR�DVVHVV�VHOIxUHSRUWHG�GLVWUHVV�UHODWHG�WR�SHUFHLYHG�WKUHDWV�IURP�ORFDO�KD]DUGV�
WKH�IHOW�LPSDFW�RI�HQYLURQPHQWDO�FKDQJHV��DQG�VRODVWDOJLD��ORVV�RI�VRODFH���8VLQJ�ZHLJKWHG�OLQHDU
UHJUHVVLRQ��ZH�H[DPLQHG�UHODWLRQVKLSV�EHWZHHQ�VKRUWxWHUP�H[SRVXUHV��QXPEHU�RI�XQFRQYHQWLRQDO
ZHOOV�ZLWKLQ���NP�DQG�HDUWKTXDNHV�ZLWKLQ�WKH�SDVW�WZR�ZHHNV�DQG�����NP��DQG�ORQJxWHUP�H[SRVXUHV
�QXPEHU�RI�HDUWKTXDNHV�LQ�WKH�SDVW�\HDU�ZLWKLQ�����NP�DQG�UHVLGHQFH�LQ�WKH�3HUPLDQ�%DVLQ��ZLWK
('6�VFRUHV��LQFOXGLQJ�VWUDWLILHG�DQDO\VHV�E\�JHQGHU�DQG�XUEDQLFLW\�DQG�D�VHFRQGDU\�DQDO\VLV
UHVWULFWHG�WR�3HUPLDQ�%DVLQ�UHVLGHQWV��$PRQJ�����UHVSRQGHQWV��H[SHULHQFLQJ�D�UHFHQW�HDUWKTXDNH
ZDV�DVVRFLDWHG�ZLWK�D�����������&,������������KLJKHU�VRODVWDOJLD�VFRUH��DQG�H[SHULHQFLQJ���y��
HDUWKTXDNHV�LQ�WKH�SDVW�\HDU�ZDV�DVVRFLDWHG�ZLWK�D�����������&,������������KLJKHU�SHUFHLYHG�WKUHDW
VFRUH��$OWKRXJK�RYHUDOO�DVVRFLDWLRQV�EHWZHHQ�XQFRQYHQWLRQDO�GHYHORSPHQW�DQG�('6�VFRUHV�ZHUH
PRGHVW��LQ�UXUDO�DUHDV��KLJKHU�ZHOO�FRXQWV�ZHUH�DVVRFLDWHG�ZLWK�HOHYDWHG�IHOW�LPSDFW�DQG�VRODVWDOJLD
VFRUHV��VXJJHVWLQJ�WKDW�GLVWUHVV�VXUURXQGLQJ�RLO�DQG�JDV�DFWLYLW\�PD\�EH�FRQWH[WxGHSHQGHQW�DQG
SDUWLFXODUO\�VDOLHQW�LQ�UXUDO�FRPPXQLWLHV�QHDU�LQWHQVLYH�GHYHORSPHQW�
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7KH�0XVLF�3DQGHPLF��)URP�/RZHU�/DWHQW�,QKLELWLRQ�7R�$GGLFWLRQ��6KRXOG�3RSXODWLRQ
+HDOWK�6FLHQFH�%H�5DLVLQJ�$�:DUQLQJ�)ODJ"�:DUUHQ�%URGVN\
�:DUUHQ�%URGVN\��(YDQJHORV
+LPRQLGHV�

1HYHU�EHIRUH�LQ�WKH�KLVWRU\�RI�KXPDQLW\�KDV�EDFNJURXQG�PXVLF�EHHQ�VR�RPQLSUHVHQW��PXVLF�LV�DQ
LQVHSDUDEOH�SDUW�RI�KXPDQ�H[SHULHQFH��/RQJ�DJR�UHVHDUFK�IRXQG�WKDW�PXVLF�H[SRVXUH�FDQ�HQKDQFH
FRJQLWLRQ��OHDUQLQJ��PHPRU\��DQG�SHUIRUPDQFH��UHGXFH�VWUHVV�DQG�DQ[LHW\��PDQDJH�SDLQ�DQG�ERRVW
ZHOOEHLQJ��DV�ZHOO�DV�LQFUHDVH�PRWLYDWLRQ�DQG�HQMR\PHQW��([SHFWDWLRQV�KDYH�EHHQ�SODFHG�RQ�PXVLF|V
SRVLWLYH�HIIHFWV�IRU�SRSXODWLRQ�KHDOWK��7KH�H[SDQVLRQ�RI�WKLV�SKHQRPHQRQ�KDV�EHHQ�XQVWRSSDEOH�
&LWL]HQV�RI�PRGHUQ�:HVWHUQ�VRFLHWLHV�KDYH�DGDSWHG�WR�FRQVWDQWO\�DFFRPSDQ\LQJ�WKHLU�GDLO\�DFWLYLW\
ZLWK�VRXQG��VOHHSLQJ�RU�ZDNLQJ�KRXUV��ZRUNLQJ�RU�OHLVXUH��SK\VLFDO�DFWLYLW\��FRQFHQWUDWHG�VWXG\��RU
PHQWDO�LPDJHU\��LQGXVWU\��RIILFH��RU�FUHDWLYH�ZRUN��GULYLQJ��VKRSSLQJ��HDWLQJ��H[HUFLVLQJ�
URPDQWLFL]LQJ��DQG�VRFLDOL]LQJ��:KHWKHU�LQ�SXEOLF�RU�LQ�SULYDWH�GRPDLQV�WKHUH�LV�PXVLF�H[SRVXUH�
UHOHQWOHVVO\�PROGLQJ�D�KDELWXDO�LQFUHDVLQJ�FRQQHFWLRQ�EHWZHHQ�HQYLURQPHQW��QHXURDQDWRPLFDO
IXQFWLRQ��DQG�HQVXLQJ�UHVSRQVHV�LQFOXGLQJ�VRFLDO�EHKDYLRU��0RELOH�PXVLF��H�J���FDU�UDGLRV�DQG
WUDQVLVWRUV��LQVSLUHG�WHFKQRORJLHV�OLNH�WKH�:DONPDQ��'LVFPDQ��03��3OD\HU��DQG�6PDUWSKRQH�$SSV
VWUHDPLQJ�RQOLQH�PXVLF�DQG�3RGFDVWV�WR�%OXHWRRWK�HDUSKRQHV��7KH�FXUUHQW�WKHRUHWLFDO�SDSHU�UDLVHV�D
SURYRFDWLYH�TXHVWLRQ��,V�LW�SRVVLEOH��WKDW�WRR�PXFK�VRXQG�LQSXW�FDQ�FDXVH�KDUP"�6KRXOG�ZH�EHJLQ�WR
TXHVWLRQ�LI�FRQVLVWHQW�GDLO\�PXVLF�H[SRVXUH�ZLWK�GRVHV�DFFXPXODWLQJ�WR�RYHU���KRXUV�SHU�GD\��PLJKW
SODFH�SRSXODWLRQ�KHDOWK�DW�ULVN"�7KDW�LV��&DQ�SHUVLVWHQW�HQJDJHPHQW�ZLWK�DXGLR�FDXVH�KXPDQV�WR
GHYHORS�XQLTXH�QHXURIXQFWLRQDO�DQG�PRWRU�EHKDYLRUDO�SDWWHUQV�RU�LQLPLWDEOH�SHUVRQRORJLFDO
FKDUDFWHULVWLFV"�3HUKDSV�QHXUDO�FLUFXLWU\�PD\�EHFRPH�PDODGDSWLYH�LQ�HIILFLHQWO\�ILOWHULQJ�LUUHYHUHQW
VWLPXOL��+HDGSKRQHV�DQG�(DU3RGV�ZKLFK�SURYLGH�KLJK�TXDOLW\�OLVWHQLQJ�H[SHULHQFHV��DOVR�HQJHQGHU�DQ
LPSHQHWUDEOH�DXGLWRU\�EXEEOH�VDQFWLRQLQJ�WKH�HFOLSVH�RI�VRFLDO�H[FKDQJHV��:LOO�WKH�IXWXUH�VHH�WKH
HVWDEOLVKPHQW�RI�VDQLWDULXPV�IRU�VLOHQFH�DV�D�IRUP�RI�GHWR[LQJ�VRQLF�DGGLFWLRQ"
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3DWKV�)RUZDUG�IRU�(QYLURQPHQWDO�+HDOWK��3UHOLPLQDU\�6XUYH\�5HVXOWV�-DQH�&ORXJKHUW\
�-DQH
(��&ORXJKHUW\��6HXONHH�+HR��0LFKHOOH�%HOO�

,QWURGXFWLRQ

(QYLURQPHQWDO�KHDOWK�IDFHV�GHFOLQLQJ�IXQGLQJ�DQG�SXEOLF�VXSSRUW�IRU�VFLHQFH��:KLOH�WKLV�UDLVHV�DQ
DUUD\�RI�FKDOOHQJHV�IRU�VFKRODUV��LW�PD\�DOVR�SUHVHQW�DQ�RSSRUWXQLW\�IRU�QHZ�SDWKV�IRUZDUG�IRU
HQYLURQPHQWDO�DQG�SXEOLF�KHDOWK�

0HWKRGV

:H�DUH�FRQGXFWLQJ�D�RQH�TXHVWLRQ�4XDOWULFV�VXUYH\�YLD�HPDLO�VQRZEDOO�VDPSOH�WR�8�6��HQYLURQPHQWDO
KHDOWK�UHVHDUFKHUV�LQYLWLQJ�}EUDYH��FUHDWLYH�VROXWLRQV���WRZDUGV��LGHQWLI\LQJ�WKRVH�FUHDWLYH�SDWKV
IRUZDUG�WKDW�PD\�KHOS�XV�EXLOG�D�VWURQJHU��PRUH�UHVLOLHQW�IXWXUH�IRU�HQYLURQPHQWDO�KHDOWK�~�7KH
VXUYH\�LV�RQJRLQJ�

5HVXOWV

:H�UHFHLYHG�RYHU�����UHVSRQVHV�WR�GDWH��6HQLRU�VFKRODUV�VXJJHVWHG�PHDQV�RI�GLYHUVLI\LQJ�IXQGLQJ
VWUHDPV��DQG�MXQLRU�VFKRODUV�VXJJHVWHG�EURDGHQLQJ�WUDLQLQJ�WR�SHUPLW�FDUHHU�IOH[LELOLW\��5HVSRQVHV
UHIOHFW�ERWK�LQVWLWXWLRQDO�UHIRUPV�DQG�LQGLYLGXDO�VWUDWHJLHV�

'LVFXVVLRQ

:KHQ�WKH�VXUYH\�LV�FRPSOHWHG��ZH�ZLOO�FRPSLOH�UHVSRQVHV��LGHQWLI\�NH\�WKHPHV�DQG�QRYHO
VXJJHVWLRQV��DQG�GLVWULEXWH�UHVXOWV�LQ�YDULRXV�IRUPV��:H�DLP�IRU�VXFK�ZRUN�WR�LQIRUP�LQQRYDWLYH
VROXWLRQV�WR�VWUHQJWKHQ�WKH�ILHOG|V�UHVLOLHQFH�DQG�EHVW�SURWHFW�SXEOLF�KHDOWK�
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:KR�%HDUV�WKH�+HDW"�6KLIWLQJ�0RUWDOLW\�%XUGHQV�7KURXJK�7LPH�DQG�$FURVV�9XOQHUDEOH
3RSXODWLRQV�LQ�0H[LFR�������������/DUD�6FKZDU]
�/DUD�6FKZDU]��3UDWL\XVK�6LQJK��,YhQ
*XWLiUUH]�$YLOD��'DOLD�0DUFHOD�0XlR]�3L]]D��'DYLG�-�;��*RQ]hOH]�

7KH�IUHTXHQF\�DQG�VHYHULW\�RI�H[WUHPH�KHDW�HYHQWV�DUH�ULVLQJ�JOREDOO\��SRVLQJ�LQFUHDVLQJ�WKUHDWV�WR
KXPDQ�KHDOWK��+RZHYHU��WKHUH�LV�OLPLWHG�HYLGHQFH�RQ�KRZ�WKH�EXUGHQ�RI�KHDW�FKDQJHG�WKURXJK�WLPH
DQG�ZKLFK�SRSXODWLRQV�DUH�PRVW�YXOQHUDEOH�WR�WKHVH�FKDQJHV��3UHYLRXV�VWXGLHV�KDYH�HYDOXDWHG�WKH
FKDQJLQJ�HIIHFWV�RI�H[WUHPH�KHDW�RQ�KHDOWK�LQ�$VLD�DQG�(XURSH��EXW�LQ�/DWLQ�$PHULFDQ�FRXQWULHV��WKH
HYLGHQFH�LV�VFDUFH��:H�H[SORUHG�WKLV�TXHVWLRQ�LQ�0H[LFR��H[SDQGLQJ�RQ�H[LVWLQJ�ZRUN�E\�HYDOXDWLQJ
KRZ�KHDW�UHODWHG�H[SRVXUH��ULVN��DQG�EXUGHQ�FKDQJH�WKURXJK�WLPH�DQG�ZKLFK�VXESRSXODWLRQV�DUH
PRVW�LPSDFWHG��:H�FRPELQHG�SRSXODWLRQ�ZHLJKWHG�PXQLFLSDOLW\�OHYHO�WHPSHUDWXUH�HVWLPDWHV�IURP
'D\PHW�DQG�PRUWDOLW\�GDWD�IURP�WKH�0H[LFDQ�6HFUHWDU\�RI�+HDOWK�WR�HVWLPDWH�H[SRVXUH�DQG�DSSOLHG�D
WLPH�VWUDWLILHG�FDVH�FURVVRYHU�GHVLJQ�WR�HVWLPDWH�KHDW�UHODWHG�PRUWDOLW\�ULVN��:H�FDOFXODWHG
DWWULEXWDEOH�GHDWKV�WR�HVWLPDWH�EXUGHQ�DFURVV���\HDU�WLPH�SHULRGV�IURP������WR������E\�VWDWH�DQG
VXESRSXODWLRQ��:H�FRQVLGHUHG�WKH���WK�SHUFHQWLOH�RI�WKH�PXQLFLSDOLW\|V�PD[LPXP�WHPSHUDWXUH
GLVWULEXWLRQ�DV�RXU�PDLQ�H[SRVXUH�DQG�HYDOXDWHG�DOWHUQDWH�PHWULFV�DV�VHQVLWLYLW\�DQDO\VHV��:H�ILQG
WKDW�H[WUHPH�KHDW�H[SRVXUH�KDV�LQFUHDVHG�RYHU�WLPH��IURP�D�PXQLFLSDOLW\�OHYHO�DYHUDJH�RI����GD\V
IURP�����y�����WR�����GD\V�IURP�����y������:KLOH�WKH�RGGV�RI�PRUWDOLW\�IURP�H[WUHPH�KHDW
GHFUHDVHG�RYHUDOO��IURP�25������������&,������y�����LQ�����y�����WR�25������������&,������y�����LQ
����y�������WKH�WRWDO�QXPEHU�RI�GHDWKV�DWWULEXWDEOH�WR�KHDW�LQFUHDVHG�IURP�������LQ�����������WR
�������LQ������������1RUWKHUQ�DQG�6RXWKHDVWHUQ�VWDWHV�DQG�VXE�SRSXODWLRQV�OLNH�RXWGRRU�ZRUNHUV�
WKH�XQHPSOR\HG��DQG�WKRVH�ZLWK�QR�VFKRROLQJ�KDG�SDUWLFXODUO\�KLJK�ULVN��2XU�ILQGLQJV�KLJKOLJKW�WKH
LPSRUWDQFH�RI�DVVHVVLQJ�QRW�RQO\�ULVN�EXW�DOVR�WKH�EXUGHQ�RI�H[WUHPH�KHDW�WR�XQGHUVWDQG�WHPSRUDO
WUHQGV�LQ�KHDW�KHDOWK�LPSDFWV��,GHQWLI\LQJ�UHJLRQV�DQG�SRSXODWLRQV�LQ�0H[LFR�DW�KHLJKWHQHG�ULVN
WKURXJK�WHPSRUDO�DQG�VSDWLDO�GLPHQVLRQV�FDQ�LQIRUP�WDUJHWHG�DGDSWDWLRQ�DQG�SURWHFWLYH�VWUDWHJLHV
WKDW�ZLOO�EH�FULWLFDO�LQ�WKH�FRQWH[W�RI�FOLPDWH�FKDQJH�
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+HDW�([SRVXUH�DQG�5LVN�RI�9LROHQFH�'XULQJ�3UHJQDQF\�-RUGHQ�-DFNVRQ
�-RUGHQ�-DFNVRQ��8UVXOD
*D]HOH\�

(PHUJLQJ�HYLGHQFH�OLQNV�H[WUHPH�KHDW�H[SRVXUH�WR�LQFUHDVHG�LQWHUSHUVRQDO�YLROHQFH��\HW�OLWWOH�LV
NQRZQ�DERXW�KRZ�FOLPDWH�UHODWHG�VWUHVVRUV�DIIHFW�YLROHQFH�GXULQJ�SUHJQDQF\zD�SHULRG�ZLWK
SURIRXQG�FRQVHTXHQFHV�IRU�PDWHUQDO�DQG�FKLOG�KHDOWK��7KLV�VWXG\�H[DPLQHV�ZKHWKHU�H[SRVXUH�WR�KLJK
DPELHQW�WHPSHUDWXUHV�LQFUHDVHV�WKH�ULVN�RI�H[SHULHQFLQJ�SK\VLFDO�YLROHQFH�GXULQJ�SUHJQDQF\�DFURVV
ORZ��DQG�PLGGOH�LQFRPH�FRXQWULHV��:H�OHYHUDJH�DOO�'HPRJUDSKLF�DQG�+HDOWK�6XUYH\V��'+6��3KDVH��
WKDW�LQFOXGH�WKH�GRPHVWLF�YLROHQFH�PRGXOH��SUHJQDQF\�LQGH[��DQG�JHRFRGHG�FOXVWHU�FRRUGLQDWHV�
UHVXOWLQJ�LQ�D�ILQDO�VDPSOH�IURP����FRXQWULHV��2XU�RXWFRPH�LV�ZRPHQ|V�VHOI�UHSRUWHG�H[SHULHQFH�RI
SK\VLFDO�DEXVH�GXULQJ�SUHJQDQF\��7R�DGGUHVV�D�NH\�OLPLWDWLRQ�RI�WKH�'+6�PHDVXUHzQDPHO\��WKDW�LW
GRHV�QRW�LGHQWLI\�ZKLFK�SUHJQDQF\�WKH�YLROHQFH�RFFXUUHG�LQzZH�UHVWULFW�WKH�DQDO\WLF�VDPSOH�WR
ZRPHQ�ZLWK�H[DFWO\�RQH�OLIHWLPH�SUHJQDQF\��7KLV�UHVWULFWLRQ�DOORZV�XV�WR�DOLJQ�UHSRUWHG�YLROHQFH�ZLWK
D�VLQJOH�LGHQWLILDEOH�SUHJQDQF\�HSLVRGH��:H�PHUJH�'+6�FOXVWHU�OHYHO�JHRFRGHV�ZLWK�KLJK�UHVROXWLRQ
JULGGHG�WHPSHUDWXUH�GDWD�IURP�&58�76�WR�FRQVWUXFW�PHDVXUHV�RI�KHDW�H[SRVXUH�UHODWLYH�WR�KLVWRULFDO
ORFDO�WHPSHUDWXUHV�GXULQJ�WKH�HVWLPDWHG�SUHJQDQF\�ZLQGRZ��:H�HVWLPDWH�ORJLVWLF�UHJUHVVLRQ�PRGHOV
ZLWK�ILUVW�VXEQDWLRQDO�VSDWLDO�XQLW�DQG�FRQFHSWLRQ�\HDU�IL[HG�HIIHFWV��FRQWUROOLQJ�IRU�HGXFDWLRQ�
PDULWDO�VWDWXV��XUEDQ�UHVLGHQFH��DJH��DQG�UHODWLRQVKLS�WR�KRXVHKROG�KHDG��:H�K\SRWKHVL]H�WKDW�KLJKHU
H[SRVXUH�WR�H[WUHPH�KHDW�GXULQJ�SUHJQDQF\�LQFUHDVHV�WKH�SUREDELOLW\�RI�H[SHULHQFLQJ�SK\VLFDO
YLROHQFH��SRWHQWLDOO\�WKURXJK�HFRQRPLF�VWUHVV��UHGXFHG�ODERU�SURGXFWLYLW\��DQG�KHDW�LQGXFHG
DJJUHVVLRQ��:H�IXUWKHU�H[DPLQH�KHWHURJHQHLW\�E\�VRFLRHFRQRPLF�GLVDGYDQWDJH��DQWLFLSDWLQJ
GLVSURSRUWLRQDWH�HIIHFWV�DPRQJ�PRUH�YXOQHUDEOH�ZRPHQ��$V�WHPSHUDWXUHV�ULVH�JOREDOO\��FOLPDWH�
GULYHQ�LQFUHDVHV�LQ�YLROHQFH�GXULQJ�SUHJQDQF\�PD\�FRPSRXQG�ULVNV�IRU�ERWK�PDWHUQDO�DQG�LQIDQW
KHDOWK�
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'HWHUPLQDQWV�DQG�,QWHQGHG�8VHV�RI�7HOHKHDOWK�DPRQJ�:RPHQ��7KH�5ROH�RI�6HOI�HIILFDF\�
3ULRU�([SHULHQFH��$FFHSWDELOLW\��DQG�'HPRJUDSKLF�)DFWRUV�3URPLVH�(PPDQXHO
�3URPLVH
(PPDQXHO�

'HVSLWH�JURZLQJ�DWWHQWLRQ�WR�WHOHKHDOWK�IRU�LPSURYLQJ�DFFHVV�WR�KHDOWKFDUH��ZLOOLQJQHVV�WR�XVH�LW
UHPDLQV�XQGHUH[SORUHG�LQ�PDQ\�SRSXODWLRQ�FRQWH[WV�WKDW�FRXOG�EHQHILW�VLJQLILFDQWO\�IURP�LWV�XVH�
7KHRUHWLFDO�SHUVSHFWLYHV�RQ�LQWHUYHQWLRQ�DFFHSWDELOLW\�VXJJHVW�WKDW�LQGLYLGXDOV|�SHUFHSWLRQV�RI�DQ
LQWHUYHQWLRQ��H�J���EHOLHI�DERXW�HIIHFWLYHQHVV���SOD\�D�NH\�UROH�LQ�VKDSLQJ�EHKDYLRUDO�LQWHQWLRQV��)RU
WHOHKHDOWK��DGGLWLRQDO�IDFWRUV�VXFK�DV�VHOI�HIILFDF\�DQG�SULRU�H[SHULHQFH�ZLWK�GLJLWDO�WHFKQRORJ\
IXUWKHU�LPSDFW�DGRSWLRQ��0RUHRYHU��GHPRJUDSKLF�IDFWRUV�OLNH�DJH�VKDSH�KRZ�SHUFHSWLRQV�RI
WHOHKHDOWK�WUDQVODWH�LQWR�ZLOOLQJQHVV�WR�LW��7KLV�VWXG\�H[DPLQHV�GHWHUPLQDQWV�RI�ZLOOLQJQHVV�WR�XVH
WHOHKHDOWK�DPRQJ�ZRPHQ�LQ�1LJHULD�DQG�H[SORUHV�KHDOWK�FRQFHUQV�UHVSRQGHQWV�DUH�ZLOOLQJ�WR�XVH
WHOHKHDOWK�IRU��8WLOL]LQJ�VXUYH\�GDWD�FROOHFWHG�IURP�D�VDPSOH�RI�Q� �����ZRPHQ��WKH�VWXG\�DLPV�WR
DGGUHVV�WKUHH�UHVHDUFK�TXHVWLRQV������'RHV�DFFHSWDELOLW\�RI�WHOHKHDOWK�SUHGLFW�ZLOOLQJQHVV�WR�XVH
WHOHKHDOWK�VHUYLFHV"�����:KDW�UROH�GRHV�VHOI�HIILFDF\�SOD\�LQ�VKDSLQJ�ZLOOLQJQHVV�WR�XVH�WHOHKHDOWK�DQG
KRZ�GRHV�SULRU�WHOHKHDOWK�H[SHULHQFH�LQIOXHQFH�VHOI�HIILFDF\"�����+RZ�GR�GHPRJUDSKLF�IDFWRUV
PRGHUDWH�WKH�UHODWLRQVKLS�EHWZHHQ�WHOHKHDOWK�DFFHSWDELOLW\�DQG�ZLOOLQJQHVV�WR�XVH�LW"�,Q�DGGLWLRQ�
GHVFULSWLYH�DQDO\VHV�H[DPLQH�KHDOWK�FRQFHUQV�IRU�ZKLFK�UHVSRQGHQWV�UHSRUW�WKH\�ZRXOG�FRQVLGHU
XVLQJ�WHOHKHDOWK��3UHOLPLQDU\�DQDO\VHV�UHYHDO�KLJK�ZLOOLQJQHVV�WR�XVH�WHOHKHDOWK����������ZLWK
SULPDU\�KHDOWK�FDUH�EHLQJ�WKH�OHDGLQJ�VHUYLFH�UHVSRQGHQWV�DUH�ZLOOLQJ�WR�XVH�WHOHKHDOWK�IRU��)XUWKHU
DQDO\VHV�VKRZ�VHOI�HIILFDF\�VLJQLILFDQWO\�SUHGLFWV�ZLOOLQJQHVV�WR�XVH�WHOHKHDOWK��u� ������S���������DQG
D�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�SULRU�WHOHKHDOWK�H[SHULHQFH�DQG�ZLOOLQJQHVV�WR�XVH�WHOHKHDOWK�;�����
1� ������ ����S� ������)LQGLQJV�IURP�WKLV�VWXG\�ZLOO�LQIRUP�HIIHFWLYH�LPSOHPHQWDWLRQ�DQG�XVH�RI
WHOHKHDOWK�LQWHUYHQWLRQV�DQG�RIIHU�LQVLJKWV�LQWR�SRWHQWLDO�FDUH�DUHDV�WR�EHJLQ�OHYHUDJLQJ�WHOHKHDOWK
XVH�DPRQJ�ZRPHQ�LQ�1LJHULD�
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)DFWRUV�$VVRFLDWHG�ZLWK�9DFFLQH�+HVLWDQF\�$PRQJ�$GXOWV�LQ�3HVKDZDU��.K\EHU
3DNKWXQNKZD��3DNLVWDQ��$�&URVV�6HFWLRQDO�6WXG\�08+$00$'�,'5((6
�08+$00$'
,'5((6�

2EMHFWLYH��7R�DVVHVV�VRFLR�GHPRJUDSKLF�DWWULEXWHV��KHDOWKFDUH�ZRUNHUV|�HQFRXUDJHPHQW�DQG�LQFRPH
VWDWXV�DV�SUHGLFWRUV�RI�YDFFLQH�KHVLWDQF\�DPRQJ�DGXOWV�LQ�3HVKDZDU��3DNLVWDQ�

0HWKRGV��7KH�VWXG\�ZDV�D�FURVV�VHFWLRQDO�GHVLJQ�HPSOR\LQJ�DQ�RQOLQH�VXUYH\�WR�REWDLQ�GDWD�IURP
SDUWLFLSDQWV�IURP�3HVKDZDU��3DNLVWDQ��:H�XVHG�ELQDU\�ORJLVWLF�UHJUHVVLRQ�WR�DVFHUWDLQ�WKH�H[WHQW�RI
WKH�DVVRFLDWLRQ�EHWZHHQ�YDFFLQH�KHVLWDQF\�DQG�LQGHSHQGHQW�SUHGLFWRUV�LQFOXGLQJ�DJH��JHQGHU�
PDULWDO�VWDWXV��HGXFDWLRQ��KHDOWKFDUH�ZRUNHU�HQFRXUDJHPHQW��DQG�LQFRPH�OHYHO��:H�VHW�WKH�OHYHO�RI
VLJQLILFDQFH�DW�S�����

5HVXOWV��7KH�VWXG\�VDPSOH�FRQVLVWHG�RI�����SDUWLFLSDQWV�ZLWK�D�PHDQ�DJH�RI�DSSUR[LPDWHO\������
\HDUV��7KH�JHQGHU�GLVWULEXWLRQ�ZDV�UHODWLYHO\�EDODQFHG��ZLWK�����PDOHV���������DQG�����IHPDOHV
���������2XW�RI�WKH�WRWDO�SDUWLFLSDQWV������LQGLYLGXDOV���������DFFHSWHG�WKH�YDFFLQH��ZKLOH����
LQGLYLGXDOV���������GHFOLQHG�LW��0DOHV�ZHUH�PRUH�OLNHO\�WR�EH�YDFFLQH�KHVLWDQW�WKDQ�IHPDOHV
�25 ��������&,�������������+HDOWKFDUH�ZRUNHU�HQFRXUDJHPHQW�UHGXFHG�YDFFLQH�KHVLWDQF\��25� 
����������&,��������������,QGLYLGXDOV�DJHG�������VKRZHG�KLJKHU�YDFFLQH�KHVLWDQF\�FRPSDUHG�WR�WKRVH
DJHG��������25� �����������&,��������������/RZ�LQFRPH�HDUQHUV�ZHUH�PRUH�OLNHO\�WR�EH�YDFFLQH�
KHVLWDQW�WKDQ�KLJKHU�LQFRPH�HDUQHUV��25� �����������&,���������������0DULWDO�VWDWXV�DQG�HGXFDWLRQ
OHYHO�ZHUH�QRW�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�YDFFLQH�KHVLWDQF\�

&RQFOXVLRQ��7KLV�VWXG\�KLJKOLJKWV�WKH�FRPSOH[�LQWHUSOD\�RI�IDFWRUV�LQIOXHQFLQJ�YDFFLQH�KHVLWDQF\�LQ
3HVKDZDU��3DNLVWDQ��*HQGHU��DJH��LQFRPH�OHYHO��DQG�KHDOWKFDUH�ZRUNHU�HQFRXUDJHPHQW�VLJQLILFDQWO\
LQIOXHQFH�YDFFLQH�DFFHSWDQFH��7KHVH�ILQGLQJV�FDOO�IRU�WDUJHWHG�LQWHUYHQWLRQV�WR�WDFNOH�YDFFLQH
KHVLWDQF\�SUDJPDWLFDOO\�DQG�SURPRWH�YDFFLQH�XSWDNH�LQ�WKH�3HVKDZDU�UHJLRQ�RI�3DNLVWDQ
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8QGHUVWDQGLQJ�0XOWLOHYHO�9DULDWLRQ�LQ�1RQ�0HGLFDO�9DFFLQH�([HPSWLRQV�WR�.LQGHUJDUWHQ
6FKRRO�(QWU\�5HTXLUHPHQWV�LQ�WKH�8QLWHG�6WDWHV��$�6\VWHPDWLF�5HYLHZ�.ULVWLQ�*RGGDUG

.DFH\�&OD\WRQ�6WLJOEDXHU��(PPD�(OLDV��-HQQLIHU�+HLVOHU�0DF.LQQRQ��/DXUHQ�*RUVWHLQ��1DWDOLFLR
6HUUDQR��0HOLVVD�*LONH\�

7KH�86�UHFRUGHG�RYHU������PHDVOHV�FDVHV�LQ�������WKUHDWHQLQJ�WKH�QDWLRQ|V����\HDU�PHDVOHV
HOLPLQDWLRQ�VWDWXV��$OWKRXJK�DOO�86�VWDWHV�UHTXLUH�PHDVOHV�DQG�RWKHU�YDFFLQHV�EHIRUH�VFKRRO�HQWU\�
ULVLQJ�QRQ�PHGLFDO�H[HPSWLRQV��10(V��WKUHDWHQ�WR�XQGHUPLQH�WKHLU�HIIHFWLYHQHVV��7R�LQIRUP�IXWXUH
LQWHUYHQWLRQV�WKDW�EXLOG�WUXVW�LQ�YDFFLQDWLRQ�DQG�UHODWHG�SROLFLHV��ZH�V\QWKHVL]HG�H[LVWLQJ�UHVHDUFK�WR
GHWHUPLQH�FRUUHODWHV�RI�10(V�

:H�FRQGXFWHG�D�V\VWHPDWLF�UHYLHZ�RI�RULJLQDO��SHHU�UHYLHZHG��(QJOLVK�ODQJXDJH�VWXGLHV�UHSRUWLQJ
TXDQWLWDWLYH�GDWD�RQ�NLQGHUJDUWHQ�10(V��35263(52�&5'���������������:H�VHDUFKHG�(PEDVH�
3XE0HG��6FRSXV��&,1$+/��DQG�3V\FK,1)2�IRU�VWXGLHV�SXEOLVKHG�IURP�����ySUHVHQW��7ZR�UHYLHZHUV
LQGHSHQGHQWO\�VFUHHQHG������XQLTXH�WLWOHV�DQG�DEVWUDFWV��IROORZHG�E\�IXOO�WH[W�UHYLHZ�DQG�GDWD
DEVWUDFWLRQ�

7ZHQW\�RQH�VWXGLHV�PHW�LQFOXVLRQ�FULWHULD�DQG�UHSRUWHG�YDULDWLRQ�LQ�NLQGHUJDUWHQ�10(V�E\�VFKRRO
FRPPXQLWLHV��JHRJUDSKLF�DUHDV��DQG�LQGLYLGXDOV��&KDUWHU����RI���VWXGLHV��DQG�SULYDWH�VFKRROV����RI���
VWXGLHV��KDG�KLJKHU�UDWHV�WKDQ�WUDGLWLRQDO�SXEOLF�VFKRROV��6FKRROV�RU�FRPPXQLWLHV�ZLWK�KLJKHU
SURSRUWLRQV�RI�ZKLWH�UHVLGHQWV�KDG�KLJKHU�10(V����RI����VWXGLHV���+LJKHU�6(6�ZDV�DVVRFLDWHG�ZLWK
10(V�����RI����VWXGLHV��DFURVV�PHDVXUHV�LQFOXGLQJ�IUHH�DQG�UHGXFHG�SULFH�OXQFK�HOLJLELOLW\��PHGLDQ
LQFRPH��DQG�HGXFDWLRQDO�DWWDLQPHQW��10(V�FOXVWHUHG�LQ�UXUDO�DUHDV����RI���VWXGLHV��DQG�VXEXUEV�RU
VPDOO�WRZQV����RI���VWXGLHV��YHUVXV�XUEDQ�DUHDV��2QO\���VWXG\�DVVHVVHG�LQGLYLGXDOV��ILQGLQJ�KLJKHU
UDWHV�DPRQJ�SDUHQWV�ZLWK�YDFFLQH�FRQFHUQV�RU�GLVWUXVW�RI�ORFDO�GRFWRUV��/LPLWDWLRQV�LQFOXGH�WKH
FRQFHQWUDWLRQ�RI�VWXGLHV�LQ�&DOLIRUQLD�����RI����VWXGLHV���D�ODFN�RI�UHFHQW�SXEOLFDWLRQV��L�H���SRVW
�������DQG�WKH�XVH�RI�DJJUHJDWHG�YHUVXV�LQGLYLGXDO�OHYHO�GDWD��5HVHDUFKHUV��SXEOLF�KHDOWK
GHSDUWPHQWV��DQG�FRPPXQLW\�SDUWQHUV�VKRXOG�GHYHORS�PXOWLOHYHO�LQWHUYHQWLRQV�WR�PHHW�WKH�QHHGV�RI
SRSXODWLRQV�ZLWK�KLJKHU�10(V��IRFXVLQJ�RQ�WUXVW�VXUURXQGLQJ�FKLOGKRRG�YDFFLQHV�DQG�UHODWHG
SROLFLHV�
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'R�%ODFN�$IULFDQ�$PHULFDQ�ZRPHQ�ZKR�H[SHULHQFH�HYHU\GD\�FRORULVP�KDYH�KLJKHU�ULVN�RI
UDFLDO�PLFURDJJUHVVLRQV�LQ�SUHQDWDO�FDUH�VHWWLQJV"�+DELEDK�,MDL\D
�+DELEDK�,MDL\D��'DZQ�0LVUD�
-DLPH�6ODXJKWHU�$FH\�

%DFNJURXQG��&RORULVP��D�IRUP�RI�UDFLVP�WKDW�DOORFDWHV�SULYLOHJH�DQG�RSSRUWXQLW\�EDVHG�RQ�VNLQ
WRQH��VLJQLILFDQWO\�LPSDFWV�%ODFN�$IULFDQ�$PHULFDQ��$$��ZRPHQ��,Q�KHDOWKFDUH�VHWWLQJV��FRORULVP�DQG
UDFLDO�PLFURDJJUHVVLRQV�KDYH�EHHQ�OLQNHG�WR�GLVSDULWLHV�LQ�FDUH��+RZHYHU��WKHLU�UROH�GXULQJ
LQWHUDFWLRQV�ZLWK�REVWHWULF�KHDOWKFDUH�SURYLGHUV�UHPDLQV�SRRUO\�XQGHUVWRRG��7KLV�VWXG\�H[DPLQHV�WKH
DVVRFLDWLRQ�EHWZHHQ�HYHU\GD\�H[SHULHQFHV�RI�FRORULVP�DQG�SHUFHLYHG�UDFLDO�PLFURDJJUHVVLRQV�IURP
KHDOWKFDUH�SURIHVVLRQDOV��+&3V��DPRQJ�$$�ZRPHQ�VHHNLQJ�RU�UHFHLYLQJ�SUHQDWDO�FDUH��31&��

0HWKRGV��:H�REWDLQHG�GDWD�IRU�D�VDPSOH�RI�����$$�ZRPHQ�IURP�WKH�RQJRLQJ�/LIH�&RXUVH�,QIOXHQFHV
RQ�)HWDO�(QYLURQPHQWV���%LUWK�&RKRUW��/,)(����6WXG\�LQ�0HWURSROLWDQ�'HWURLW��0LFKLJDQ���:H
DVVHVVHG�HYHU\GD\�FRORULVP�XVLQJ�WKH�&RORULVP�6FDOH�DQG�UDFLDO�PLFURDJJUHVVLRQV�ZKLOH
VHHNLQJ�UHFHLYLQJ�31&�XVLQJ�WKH�'DLO\�/LIH�([SHULHQFHV�RI�5DFLDO�'LVFULPLQDWLRQ�y�31&�VFDOH��:H
XVHG�ELQRPLDO�UHJUHVVLRQ�ZLWK�DQ�LGHQWLW\�OLQN�WR�PRGHO�ULVN�GLIIHUHQFHV��5'��IRU�WKH�UHODWLRQVKLS
EHWZHHQ�HYHU\GD\�FRORULVP�DQG�SHUFHLYHG�UDFLDO�PLFURDJJUHVVLRQV��:H�DGMXVWHG�IRU�GHPRJUDSKLF
DQG�VRFLRHFRQRPLF�FKDUDFWHULVWLFV��DQG�KHDOWKFDUH�DFFHVV�DQG�XWLOL]DWLRQ�

5HVXOWV��1LQHWHHQ�SHUFHQW�RI�ZRPHQ�UHSRUWHG�DQ\�UDFLDO�PLFURDJJUHVVLRQV�LQ�31&��:RPHQ
H[SHULHQFLQJ�PRUH�HYHU\GD\�FRORULVP��DERYH�WKH�PHGLDQ�IRU�WKRVH�UHSRUWLQJ�DQ\��KDG�D
��ySHUFHQWDJH�SRLQW�KLJKHU�SUREDELOLW\�RI�UHSRUWLQJ�PRUH�UDFLDO�PLFURDJJUHVVLRQV�LQ�31&�LQ�WKH�IXOO\
DGMXVWHG�PRGHO��5'� �����������&,������y������

&RQFOXVLRQV��2XU�ILQGLQJV�VXJJHVW�WKDW�HYHU\GD\�FRORULVP�ZDV�DVVRFLDWHG�ZLWK�D�KLJKHU�SUREDELOLW\
RI�UDFLDO�PLFURDJJUHVVLRQV�LQ�31&�VHWWLQJV��)XWXUH�UHVHDUFK�VKRXOG�PRYH�EH\RQG�VNLQ�WRQH�SUR[LHV
WR�GHYHORSLQJ�DQG�YDOLGDWLQJ�LQVWUXPHQWV�WKDW�GLUHFWO\�PHDVXUH�FRORULVP�H[SHULHQFHV�LQ�KHDOWKFDUH�
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0HGLFDLG�LQ�0LGOLIH��6WDWH�/HYHO�0HGLFDLG�3URJUDP�*HQHURVLW\�DQG�(QUROOPHQW�2XWFRPHV
6DUDK�3HWU\
�6DUDK�3HWU\��6WHIDQL�%DFD�$WODV�

7KH�86�0HGLFDLG�SURJUDP�SURYLGHV�KHDOWK�LQVXUDQFH�WR�PLOOLRQV�RI�ORZ�LQFRPH�$PHULFDQV�
IDFLOLWDWLQJ�DFFHVV�WR�KHDOWK�FDUH�DFURVV�WKH�OLIH�FRXUVH��+RZHYHU��UHFHQW�IHGHUDO�DFWLRQV�WKDW�ZLOO
LPSRVH�DGGLWLRQDO�UHVWULFWLRQV�RQ�0HGLFDLG�DFFHVV�DUH�H[SHFWHG�WR�UHVXOW�LQ�PRUH�WKDQ���PLOOLRQ
SHRSOH�ORVLQJ�FRYHUDJH��$W�WKH�VDPH�WLPH��LQGLYLGXDO�VWDWHV�KDYH�VRPH�GLVFUHWLRQ�RYHU�0HGLFDLG
HOLJLELOLW\�DQG�HQUROOPHQW�FULWHULD�WKDW�FDQ�UHGXFH�WKH�EXUGHQ�RQ�LQGLYLGXDOV�VHHNLQJ�WR�DFFHVV�WKLV
SURJUDP��7KXV��WKH�SXUSRVH�RI�WKLV�UHVHDUFK�LV�WR�LQYHVWLJDWH�ZKHWKHU�XQLTXH�HOHPHQWV�RI�VWDWH�OHYHO
0HGLFDLG�LPSOHPHQWDWLRQ�DUH�DVVRFLDWHG�ZLWK�KLJKHU�HQUROOPHQW�GXULQJ�D�SHULRG�RI�VXEVWDQWLDO�SROLF\
FKDQJH�DPRQJ�D�QDWLRQDOO\�UHSUHVHQWDWLYH�VDPSOH�RI�SDUWLFLSDQWV�LQ�WKH�1DWLRQDO�/RQJLWXGLQDO�6WXG\
RI�$GROHVFHQW�WR�$GXOW�+HDOWK��$GG�+HDOWK���:H�HVWLPDWH�PXOWLOHYHO�ORJLVWLF�UHJUHVVLRQ�PRGHOV�WR
H[DPLQH�WKH�LPSDFW�RI�VWDWH�OHYHO�SROLFLHV�RQ�0HGLFDLG�SDUWLFLSDWLRQ�GXULQJ�\RXQJ��DQG�PLGGOH�
DGXOWKRRG�LQ�:DYHV�,,,�9,�RI�$GG�+HDOWK��������������:H�IXUWKHU�H[DPLQH�GLIIHUHQWLDO�LPSDFWV�DFURVV
VRFLDO�FDWHJRULHV��2XU�UHVXOWV�LQGLFDWH�WKDW�RYHUDOO�VWDWH�0HGLFDLG�SURJUDP�JHQHURVLW\�ZDV�QRW
DVVRFLDWHG�ZLWK�HQUROOPHQW�SULRU�WR�WKH�$&$��:DYHV�,,,�DQG�,9���,Q�:DYH�9��KRZHYHU��JUHDWHU�RYHUDOO
JHQHURVLW\�LV�DVVRFLDWHG�ZLWK������JUHDWHU�SDUWLFLSDWLRQ��6SHFLILFDOO\��LQ�VWDWHV�ZLWK�SROLFLHV�WKDW
UHGXFH�EXUGHQVRPH�DSSOLFDWLRQ�DQG�HQUROOPHQW�SURFHGXUHV��VXFK�DV�DXWRPDWLF�UHQHZDO�SROLFLHV�
SDUWLFLSDWLRQ�LV������KLJKHU��7KHVH�SROLFLHV�KDYH�WKH�ODUJHVW�DVVRFLDWLRQ�ZLWK�SURJUDP�SDUWLFLSDWLRQ
IRU�IHPDOHV�������KLJKHU��DQG�QRQ�+LVSDQLF�%ODFN�LQGLYLGXDOV���������)XUWKHU��PRUH�H[SDQVLYH
HOLJLELOLW\�FULWHULD�LV�DVVRFLDWHG�ZLWK�������KLJKHU�SDUWLFLSDWLRQ�DPRQJ�QRQ�+LVSDQLF�%ODFN�DGXOWV�
7KHVH�UHVXOWV�VXJJHVW�WKDW�VWDWH�OHYHO�DFWLRQV�WR�UHGXFH�EXUGHQVRPH�0HGLFDLG�DSSOLFDWLRQ�DQG
HQUROOPHQW�SURFHGXUHV�PD\�FRXQWHUDFW�H[SHFWHG�LQFUHDVHV�LQ�XQLQVXUDQFH�IRU�PLGGOH�DJHG�DGXOWV�
HVSHFLDOO\�IRU�PDUJLQDOL]HG�SRSXODWLRQV�
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&RPPHUFLDO�6H[XDO�([SORLWDWLRQ�LQ�D�1RUWKHDVWHUQ�6WDWH��,QLWLDO�ILQGLQJV�/DXUD�3RUWR
�/DXUD
3RUWR�

&RPPHUFLDO�VH[XDO�H[SORLWDWLRQ��&6(��GHVFULEHV�WKRVH�ZKR�VHOO�RU�H[FKDQJH�VH[�WR�PHHW�VXUYLYDO
QHHGV�RU�WKRVH�ZKRVH�YXOQHUDELOLWLHV�DUH�H[SORLWHG�E\�D�EX\HU��WUDIILFNHU��RU�SLPS��$�SHUVRQ�PD\�EH
YXOQHUDEOH�WR�&6(�IRU�D�YDULHW\�RI�UHDVRQV��LQFOXGLQJ�JURZLQJ�XS�LQ�DQ�DEXVLYH��QHJOHFWIXO��RU
FRQIOLFW�ULGGHQ�KRPH��KDYLQJ�ORZ�VRFLRHFRQRPLF�VWDWXV��EHLQJ�KRPHOHVV��KDYLQJ�VXEVWDQFH�DEXVH
SUREOHPV��DQG�KDYLQJ�PHQWDO�KHDOWK�SUREOHPV��MXVW�WR�QDPH�D�IHZ���0HPEHUVKLS�LQ�FHUWDLQ�VH[XDO�
UDFLDO��DQG�HWKQLF�FRPPXQLWLHV��DV�ZHOO�DV�LPPLJUDWLRQ�VWDWXV��FDQ�DOVR�FRQWULEXWH�WR�&6(
YXOQHUDELOLW\�

7KLV�VWXG\�HPSOR\V�D�VLQJOH�FDVH�VWXG\�GHVLJQ�WR�H[SORUH�WKH�UHVRXUFHV�DQG�VHUYLFHV�DYDLODEOH�LQ�WKH
/HKLJK�9DOOH\�WR�DGGUHVV�&6(��DV�ZHOO�DV�WKH�EDUULHUV�DQG�IDFLOLWDWRUV�IDFHG�E\�WKRVH�LQYROYHG�ZLWK
&6(��ZKHQ�DFFHVVLQJ�WKHVH�VHUYLFHV��7KLV�VWXG\�ZLOO�FRQVXOW�ZLWK�D�VXUYLYRU�DGYLVRU\�ERDUG�WR�JXLGH
DQG�HQVXUH�WKDW�WKH�GDWD�FROOHFWLRQ�SURFHVV�LV�ERWK�UHOHYDQW�DQG�VDIH�IRU�VXUYLYRU�SDUWLFLSDQWV��DV
ZHOO�DV�WR�UHYLHZ�WKH�LQWHUYLHZ�JXLGH�WKDW�ZLOO�EH�XVHG�WR�JDWKHU�LQIRUPDWLRQ��7KH�VXUYLYRU�DGYLVRU\
ERDUG�ZLOO�KHOS�UHVHDUFKHUV�WR�XQGHUVWDQG�WKH�SHUVSHFWLYH�RI�SHRSOH�LQYROYHG�LQ�&6(�DQG�UHGXFH�WKH
OLNHOLKRRG�RI�PLVLQWHUSUHWLQJ�ZKDW�SDUWLFLSDQWV�VD\�DQG�GR�

7R�DQDO\]H�WKH�GDWD��DQ�LQWHJUDWHG�DQDO\WLFDO�IUDPHZRUN�WKDW�FRPELQHV�WKH�VRFLR�HFRORJLFDO�PRGHO�
FULWLFDO�IHPLQLVW�WKHRU\��&)7���DQG�LQWHUVHFWLRQDOLW\�ZLOO�EH�LPSOHPHQWHG��%\�FRPELQLQJ�WKHVH
WKHRUHWLFDO�IUDPHZRUNV��LW�LV�SRVVLEOH�WR�PRYH�EH\RQG�LQGLYLGXDO�OHYHO�FDXVHV�DQG�FRQVHTXHQFHV�RI
&6(�WR�H[SORUH�LQWHUFRQQHFWHG�VWUXFWXUDO�DQG�V\VWHPLF�IRUFHV�VKDSLQJ�WKH�H[SHULHQFHV�RI�WKLV
SRSXODWLRQ�

,Q�WKLV�UHVHDUFK��&)7�DQG�LQWHUVHFWLRQDOLW\�SURYLGH�WKH�FULWLFDO�OHQV�WR�LQWHUSUHW�SRZHU�G\QDPLFV�DW
HDFK�OHYHO�RI�WKH�VRFLR�HFRORJLFDO�PRGHO��7KH\�DOVR�JXLGH�WKH�DVVHVVPHQW�RI�ZKHWKHU�WKH�FRQQHFWLRQV
EHWZHHQ�VHUYLFHV��RU�ODFN�WKHUHRI��HQKDQFH�SURWHFWLYH�IDFWRUV�RU�FUHDWH�QHZ�VRXUFHV�RI
PDUJLQDOL]DWLRQ��)LQDOO\��&)7�DQG�LQWHUVHFWLRQDOLW\�ZLOO�KHOS�H[DPLQH�LQVWLWXWLRQDO�SUDFWLFHV�WR�VHH
KRZ�WKH\�FUHDWH�RU�UHGXFH�EDUULHUV�WR�DFFHVV�
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,QYHVWLJDWLQJ�WKH�4XDOLW\�RI�3HULQDWDO�0HQWDO�+HDOWK�6FUHHQLQJ�DQG�5HIHUUDOV�DW�D
&DOLIRUQLD�+HDOWK�6\VWHP�5HEHFFD�:RRIWHU
�5HEHFFD�:RRIWHU��5DVKPL�5DR��&RXUWQH\�7KRPDV
7RELQ��0LVW\�5LFKDUGV��0D\�6XGKLQDUDVHW�

'HSUHVVLRQ�DQG�DQ[LHW\�DUH�FRPPRQ�GXULQJ�SUHJQDQF\�DQG�SRVWSDUWXP��WKH�SHULQDWDO�SHULRG���7KH
$PHULFDQ�&ROOHJH�RI�2EVWHWULFLDQV�DQG�*\QHFRORJLVWV�UHFRPPHQGV�DOO�SHULQDWDO�SDWLHQWV�EH�VFUHHQHG
IRU�PHQWDO�KHDOWK�DQG�UHIHUUHG�WR�WUHDWPHQW�DV�QHHGHG��6HYHUDO�VWDWHV�DOVR�PDQGDWH�SHULQDWDO�PHQWDO
KHDOWK�VFUHHQLQJ��+RZHYHU��HPHUJLQJ�OLWHUDWXUH�VXJJHVWV�WKDW�SHULQDWDO�SDWLHQWV�DUH�QRW�VDWLVILHG
ZLWK�WKHLU�VFUHHQLQJ�DQG�UHIHUUDO�H[SHULHQFH��DQG�RIWHQ�FDQQRW�DFFHVV�GHVLUHG�PHQWDO�KHDOWKFDUH��,Q
WKLV�VWXG\��ZH�LQYHVWLJDWH�WKH�TXDOLW\�RI�SHULQDWDO�PHQWDO�KHDOWK�VFUHHQLQJ�DQG�UHIHUUDOV�DQG�LGHQWLI\
RSSRUWXQLWLHV�IRU�LPSURYHPHQW�

:H�FRQGXFWHG�H[SHUW�LQWHUYLHZV�ZLWK����REVWHWULFLDQV��ODERU�DQG�GHOLYHU\�QXUVHV��DQG�VRFLDO�ZRUNHUV
ZLWKLQ�RQH�&DOLIRUQLD�KHDOWK�V\VWHP�LQ�������'XULQJ�LQWHUYLHZV��KHDOWKFDUH�SURYLGHUV�GLVFXVVHG�WKHLU
SURFHVV�IRU�SHULQDWDO�PHQWDO�KHDOWK�VFUHHQLQJ�DQG�UHIHUUDOV��LQFOXGLQJ�DQ\�FKDOOHQJHV�WKH\�IDFH�DQG
UHFRPPHQGDWLRQV�WR�LPSURYH�WKH�SURFHVV��:H�XVHG�WKHPDWLF�DQDO\VLV�DQG�D�GXDO�LQGXFWLYH�GHGXFWLYH
DSSURDFK�WR�LWHUDWLYHO\�FRGH�LQWHUYLHZ�WUDQVFULSWV�DQG�LGHQWLI\�WKHPHV�

3UHOLPLQDU\�ILQGLQJV�VXJJHVW�WKDW�REVWHWULFLDQV�DQG�QXUVHV�VFUHHQ�DOO�SDWLHQWV�IRU�PHQWDO�KHDOWK
XVLQJ�WKH�(GLQEXUJK�3RVWQDWDO�'HSUHVVLRQ�6FDOH��(3'6���3URYLGHUV�ILQG�WKH�(3'6�XVHIXO��WKRXJK
QRWH�LW�GRHV�QRW�QHFHVVDULO\�FDSWXUH�DOO�RI�SDWLHQWV|�V\PSWRPV��)RU�WKRVH�ZLWK�KLJK�(3'6�VFRUHV�
REVWHWULFLDQV�HLWKHU�JLYH�SDWLHQWV�D�OLVW�RI�PHQWDO�KHDOWK�UHVRXUFHV�RU�UHIHU�SDWLHQWV�WR�VRFLDO�ZRUNHUV
ZKR�GLVFXVV�WUHDWPHQW�RSWLRQV�DQG�SURYLGH�D�VWDQGDUGL]HG�UHVRXUFH�OLVW��2EVWHWULFLDQV�DQG�VRFLDO
ZRUNHUV�JHQHUDOO\�GR�QRW�JLYH�SDWLHQWV�WDLORUHG�UHFRPPHQGDWLRQV�IRU�PHQWDO�KHDOWKFDUH�QRU
DVVLVWDQFH�ZLWK�PDNLQJ�DSSRLQWPHQWV��2EVWHWULFLDQV�VWUXJJOH�ZLWK�OLPLWHG�WLPH�WR�GLVFXVV�PHQWDO
KHDOWK�DPRQJ�RWKHU�LPSRUWDQW�WRSLFV�GXULQJ�SHULQDWDO�YLVLWV��6LPLODUO\��VRFLDO�ZRUNHUV�KDYH�KLJK
FDVHORDGV�RI�SDWLHQWV�DQG�OLPLWHG�WLPH�WR�VSHDN�ZLWK�WKHP��$OO�SURYLGHUV�HPSKDVL]HG�WKH�ODFN�RI
DYDLODEOH�PHQWDO�KHDOWKFDUH�SURYLGHUV�
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)DLWK��FRPPXQLW\��DQG�WUXVW��/HYHUDJLQJ�IDLWK�KHDOWK�FROODERUDWLRQV�WR�LPSURYH�+,9
SUHYHQWLRQ�DQG�FDUH�LQ�UXUDO�ZHVWHUQ�.HQ\D�1HPD�$OXNX
�1HPD�$OXNX��0DU\�*HWXL��:LOOLDP
6WRU\�

%DFNJURXQG��7UXVW�LQ�KHDOWK�V\VWHPV�LV�DQ�HVVHQWLDO�GHWHUPLQDQW�RI�+,9�SUHYHQWLRQ�DQG�WUHDWPHQW��,Q
PDQ\�SDUWV�RI�VXE�6DKDUDQ�$IULFD��IDLWK�EDVHG�RUJDQL]DWLRQV�SURYLGH�D�VLJQLILFDQW�QXPEHU�RI�KHDOWK
VHUYLFHV��LQFOXGLQJ�+,9�FDUH��+RZHYHU��WKH�ZD\V�LQ�ZKLFK�FROODERUDWLRQ�EHWZHHQ�IDLWK�LQVWLWXWLRQV�
FRPPXQLWLHV��DQG�KHDOWK�IDFLOLWLHV�VKDSH�SDWLHQW�WUXVW�DQG�+,9�FDUH�HQJDJHPHQW�DUH�SRRUO\
GRFXPHQWHG��7KLV�VWXG\�HOXFLGDWHV�WKH�ZD\V�LQ�ZKLFK�IDLWK�EDVHG�KHDOWK�IDFLOLWLHV�LQWHUDFW�ZLWK
FRPPXQLWLHV�LQ�WKH�FRQWH[W�RI�+,9�FDUH�LQ�UXUDO�ZHVWHUQ�.HQ\D�

0HWKRGV��7KLV�TXDOLWDWLYH�VWXG\�XVHG�DQ�HPEHGGHG�PXOWLSOH�FDVH�VWXG\�GHVLJQ�WR�H[DPLQH�+,9
SUHYHQWLRQ�DQG�WUHDWPHQW�LQ���IDLWK�EDVHG�KHDOWK�IDFLOLWLHV�LQ�.DNDPHJD�FRXQW\��ZHVWHUQ�.HQ\D��'DWD
ZDV�FROOHFWHG�WKURXJK����LQ�GHSWK�LQWHUYLHZV�ZLWK�SHRSOH�OLYLQJ�ZLWK�+,9�����NH\�LQIRUPDQW
LQWHUYLHZV�ZLWK�KHDOWK�SURYLGHUV��DQG���IRFXV�JURXS�GLVFXVVLRQV�ZLWK�FRPPXQLW\�PHPEHUV����
SDUWLFLSDQWV���,QWHUYLHZ�JXLGHV�H[SORUHG�SDWLHQW�H[SHULHQFHV��FRPPXQLW\�VROLGDU\��DQG�LQVWLWXWLRQDO
FROODERUDWLRQ�LQ�+,9�VHUYLFH�GHOLYHU\��'DWD�ZHUH�WUDQVFULEHG��WUDQVODWHG��DQG�DQDO\]HG�WKHPDWLFDOO\
DFURVV�FDVHV�WR�LGHQWLI\�SDWWHUQV�UHODWHG�WR�WUXVW��VHUYLFH�TXDOLW\�DQG�FROODERUDWLYH�KHDOWK�DFWLRQ�

5HVXOWV��)DLWK�KHDOWK�FROODERUDWLRQ�VWUHQJWKHQHG�WUXVW�DQG�SDWLHQW�VDWLVIDFWLRQ�WKURXJK�UHVSHFWIXO
SDWLHQW�SURYLGHU�UHODWLRQVKLSV��VWURQJ�FRQILGHQWLDOLW\�SUDFWLFHV��DQG�VXSSRUWLYH�FRXQVHOOLQJ
HQYLURQPHQWV��&ROODERUDWLYH�RXWUHDFK�DFWLYLWLHVzLQFOXGLQJ�FRPPXQLW\�HGXFDWLRQ��PRELOH�FOLQLFV��DQG
FKXUFK�EDVHG�VHPLQDUVzH[SDQGHG�+,9�DZDUHQHVV�DQG�LPSURYHG�DFFHVV�WR�+,9�WHVWLQJ�DQG
WUHDWPHQW�

&RQFOXVLRQ��)DLWK�KHDOWK�FROODERUDWLRQV�UHSUHVHQW�SRZHUIXO�VWUDWHJLHV�IRU�VWUHQJWKHQLQJ�WUXVW�
LPSURYLQJ�SDWLHQW�VDWLVIDFWLRQ��DQG�HQKDQFLQJ�+,9�FDUH�HQJDJHPHQW��,QWHJUDWLQJ�IDLWK�LQVWLWXWLRQV
PRUH�SURDFWLYHO\�LQWR�SRSXODWLRQ�KHDOWK�VWUDWHJLHV�PD\�VWUHQJWKHQ�FRPPXQLW\�EDVHG�+,9�UHVSRQVHV
E\�OHYHUDJLQJ�WUXVWHG�VRFLDO�QHWZRUNV�DQG�H[SDQGLQJ�RXWUHDFK�FDSDFLW\�LQ�FXOWXUDOO\�PHDQLQJIXO
ZD\V�
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'LJLWDO�+HDOWK�$FFHVV�DQG�3RSXODWLRQ�+HDOWK�,QHTXDOLW\�$PRQJ�2OGHU�$GXOWV�LQ�WKH�8QLWHG
6WDWHV�6ULODNVKPL�9HGDQWDP
�6ULODNVKPL�9HGDQWDP�

'LJLWDO�WHFKQRORJLHV�KDYH�EHFRPH�FHQWUDO�WR�KRZ�LQGLYLGXDOV�DFFHVV�KHDOWK�LQIRUPDWLRQ��FRPPXQLFDWH
ZLWK�KHDOWKFDUH�SURYLGHUV��DQG�PDQDJH�WKHLU�KHDOWK��3DWLHQW�SRUWDOV��HOHFWURQLF�PHVVDJLQJ�ZLWK
SURYLGHUV��WHOHKHDOWK�VHUYLFHV��DQG�RQOLQH�KHDOWK�LQIRUPDWLRQ�VRXUFHV�DUH�LQFUHDVLQJO\�HPEHGGHG
ZLWKLQ�KHDOWKFDUH�V\VWHPV��:KLOH�WKHVH�WHFKQRORJLHV�PD\�LPSURYH�FRQYHQLHQFH�DQG�H[SDQG�DFFHVV�WR
KHDOWK�LQIRUPDWLRQ�DQG�FDUH��WKHLU�EHQHILWV�PD\�QRW�EH�GLVWULEXWHG�HTXDOO\�DFURVV�WKH�SRSXODWLRQ�
'LIIHUHQFHV�LQ�GLJLWDO�DFFHVV��GLJLWDO�VNLOOV��DQG�HQJDJHPHQW�ZLWK�GLJLWDO�KHDOWK�V\VWHPV�PD\
FRQWULEXWH�WR�HPHUJLQJ�IRUPV�RI�LQHTXDOLW\�LQ�SRSXODWLRQ�KHDOWK��SDUWLFXODUO\�DPRQJ�ROGHU�DGXOWV�ZKR
IDFH�JUHDWHU�KHDOWK�QHHGV�DQG�YDU\LQJ�OHYHOV�RI�WHFKQRORJLFDO�IDPLOLDULW\��7KLV�VWXG\�H[DPLQHV�KRZ
HQJDJHPHQW�ZLWK�GLJLWDO�KHDOWK�V\VWHPV�LV�DVVRFLDWHG�ZLWK�SRSXODWLRQ�KHDOWKyUHODWHG�LQGLFDWRUV
DPRQJ�DGXOWV�DJHG����DQG�ROGHU�LQ�WKH�8QLWHG�6WDWHV��8VLQJ�QDWLRQDOO\�UHSUHVHQWDWLYH�GDWD�IURP�WKH
+HDOWK�,QIRUPDWLRQ�1DWLRQDO�7UHQGV�6XUYH\��+,176�����WKH�DQDO\VLV�LQYHVWLJDWHV�WKUHH�TXHVWLRQV�����
KRZ�GLJLWDO�KHDOWK�HQJDJHPHQW�EHKDYLRUVzLQFOXGLQJ�DFFHVVLQJ�HOHFWURQLF�KHDOWK�UHFRUGV�
FRPPXQLFDWLQJ�ZLWK�KHDOWKFDUH�SURYLGHUV�RQOLQH��XVLQJ�WHOHKHDOWK�VHUYLFHV��DQG�VHHNLQJ�KHDOWK
LQIRUPDWLRQ�RQ�WKH�LQWHUQHWzDUH�GLVWULEXWHG�DFURVV�VRFLRHFRQRPLF�DQG�GHPRJUDSKLF�JURXSV�����
ZKHWKHU�GLJLWDO�KHDOWK�HQJDJHPHQW�LV�DVVRFLDWHG�ZLWK�LQGLFDWRUV�UHODWHG�WR�KHDOWK�SHUFHSWLRQV�DQG
KHDOWK�PDQDJHPHQW�FRQILGHQFH��DQG�����ZKHWKHU�WKHVH�DVVRFLDWLRQV�YDU\�DFURVV�DJH�JURXSV�LQ�ODWHU
OLIH��0XOWLYDULDWH�UHJUHVVLRQ�PRGHOV�DVVHVV�UHODWLRQVKLSV�EHWZHHQ�GLJLWDO�HQJDJHPHQW�ZLWK
KHDOWKFDUH�V\VWHPV�DQG�LQGLFDWRUV�VXFK�DV�VHOI�UDWHG�KHDOWK��FRQILGHQFH�LQ�PDQDJLQJ�KHDOWK��DQG
KHDOWK�UHODWHG�FRPPXQLFDWLRQ�ZLWK�IDPLO\�RU�IULHQGV�ZKLOH�DFFRXQWLQJ�IRU�HGXFDWLRQ��LQFRPH��DJH�
UDFH�HWKQLFLW\��DQG�RWKHU�GHPRJUDSKLF�FKDUDFWHULVWLFV��%\�H[DPLQLQJ�GLJLWDO�KHDOWK�HQJDJHPHQW�DV�D
SRWHQWLDO�PHFKDQLVP�OLQNLQJ�WHFKQRORJLFDO�FKDQJH�DQG�KHDOWK�LQHTXDOLW\��WKLV�VWXG\�FRQWULEXWHV�WR
SRSXODWLRQ�KHDOWK�UHVHDUFK�RQ�KRZ�GLJLWDO�LQIUDVWUXFWXUHV�PD\�VKDSH�HPHUJLQJ�SDWWHUQV�RI�KHDOWK
GLVSDULWLHV�LQ�DJLQJ�SRSXODWLRQV�
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,V�jHYHU\GD\�GLVFULPLQDWLRQk�D�GLVWLQFW�H[SRVXUH�FRPSDUHG�WR�KHDOWKFDUH�GLVFULPLQDWLRQ"
$QGUHD�7KRXPL
�0LFKDHO�*UHHQ��+HDWKHU�)DUPHU��-DQXDU\�&RUQHOLXV��=DLUH�&XOOLQV��7RPL�$NLQ\HPLMX�
0LFKDHO�*UHHQ�

%DFNJURXQG

3DWLHQWV�IDFH�GLIIHUHQW�W\SHV�RI�XQIDLU�WUHDWPHQW�LQ�PDQ\�SODFHV��(YHU\GD\�GLVFULPLQDWLRQ
HQFRPSDVVHV�URXWLQH�H[SHULHQFHV�RI�XQIDLU�WUHDWPHQW�LQ�YDULRXV�FRQWH[WV��DQG�WKH�(YHU\GD\
'LVFULPLQDWLRQ�6FDOH��('6��LV�D�ZHOO�NQRZQ�LQVWUXPHQW�WR�DVVHVV�SHUFHSWLRQV�RI�WKHVH�H[SHULHQFHV�

2EMHFWLYH

(YDOXDWH�LI�ORQJLWXGLQDO�UHVSRQVH�SDWWHUQV�IRU�D�VLQJOH�LWHP�KHDOWKFDUH�PHDVXUH�GLIIHUV�IURP�PXOWL�
LWHP�SDWWHUQV�RI�('6�

�0HWKRGV

'DWD�IURP��������QRQ�+LVSDQLF�%ODFN��QRQ�+LVSDQLF�:KLWH��DQG�+LVSDQLF�DGXOWV��PHDQ�DJH��������
IHPDOH��LQ�WKH�+HDOWK�DQG�5HWLUHPHQW�6WXG\��������������(YHU\GD\�GLVFULPLQDWLRQ�ZDV�DVVHVVHG�ZLWK
D���LWHP�('6��KHDOWKFDUH�GLVFULPLQDWLRQ�ZDV�DVVHVVHG�E\�D�VLQJOH�LWHP�DVNLQJ�KRZ�RIWHQ�SDUWLFLSDQWV
IDFHG�}SRRUHU�WUHDWPHQW�IURP�GRFWRUV�RU�KRVSLWDOV�~�ZLWK�UHVSRQVHV�UDQJLQJ�IURP�}QHYHU~�WR�}HYHU\
GD\�~�*URXS�EDVHG�WUDMHFWRU\�PRGHOV�LGHQWLILHG�ORQJLWXGLQDO�SDWWHUQV�RI�GLVFULPLQDWLRQ�IRU�XS�WR���
\HDUV��$JUHHPHQW�VWDWLVWLFV��&RKHQ|V�.DSSD��DQG�FURVV�FODVVLILFDWLRQ�DUH�XVHG�WR�GHWHUPLQH�KRZ
RIWHQ�SDUWLFLSDQWV�IHOO�LQWR�PDWFKLQJ�YHUVXV�GLYHUJHQW�UHVSRQVH�SDWWHUQV�DFURVV�HDFK�PHDVXUH�

5HVXOWV

:H�LGHQWLILHG���SDWWHUQV�RI�UHVSRQVHV�IRU�ERWK�PHDVXUHV��)RU�WKH�('6��WUDMHFWRULHV�ZHUH�FDWHJRUL]HG
DV��/RZ����������0HGLXP����������DQG�+LJK���������,Q�FRQWUDVW��WKH�VLQJOH�KHDOWKFDUH�LWHP�H[KLELWHG
D�IORRU�HIIHFW��ZLWK�WUDMHFWRULHV�FDWHJRUL]HG�DV��/RZ����������0HGLXP����������DQG�+LJK��������
7UDMHFWRU\�DVVLJQPHQWV�EHWZHHQ�WKH�WZR�PHDVXUHV�VKRZHG�SRRU�DJUHHPHQW��.DSSD ��������$PRQJ
WUDMHFWRU\�JURXSV��������ZHUH�FRQFRUGDQW�DQG�������GLYHUJHG��H[KLELWLQJ�D�KLJKHU�('6�SDWWHUQ�WKDQ
WKH�KHDOWKFDUH�GLVFULPLQDWLRQ�SDWWHUQ��2QO\������RI�WKH�VDPSOH�VKRZHG�WKH�UHYHUVH�SDWWHUQ�

&RQFOXVLRQV

2XU�ILQGLQJV�LQGLFDWH�WKDW�DGXOWV�UHSRUW�YDU\LQJ�SDWWHUQV�RI�ELDV�RYHU�WLPH��DWWULEXWHG�WR�GLIIHUHQW
VRXUFHV��7KLV�GLYHUJHQFH�LQ�SDWWHUQV�LQGLFDWHV�WKH�LPSRUWDQFH�RI�PHDVXULQJ�GLVFULPLQDWLRQ�LQ
UHOHYDQW�FRQWH[WV�IRU�ROGHU�DGXOWV��VXFK�DV�KHDOWKFDUH��LQ�DGGLWLRQ�WR�JHQHUDO�HYHU\GD\�GLVFULPLQDWLRQ�
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j7KH\�PDNH�XV�IHHO�LQIHULRUk��%ODFN�ZRPHQiV�H[SHULHQFHV�RI�UDFLVP�DQG�UDGLFDO�KHDOLQJ
SUDFWLFHV�LQ�PDWHUQDO�KHDOWKFDUH�LQ�*HRUJLD�6KHUHH�%RXOHW
�5DQ�=KDQJ��-DVPLQ�'DUYLOOH��6LHUUD
&DUWHU��%HYHUO\�%UXQR��$OH[LV�.HQGDOO��,IUDK�6KHLNK��0\LHUD�6H\PRXU��6LPRQH�6DQGHUV��&KULVPD
0DQOH\��*LQD�1RUWKLQJWRQ��.DLWO\Q�6WDQKRSH�

%DFNJURXQG�5DFLVP�HPEHGGHG�LQ�WKH�KHDOWKFDUH�V\VWHP�OLPLWV�DFFHVV�WR�TXDOLW\�PDWHUQDO�FDUH�DQG
DGYHUVHO\�DIIHFWV�%ODFN�ZRPHQ|V�KHDOWK��*XLGHG�E\�WKH�UDGLFDO�KHDOLQJ�IUDPHZRUN��WKLV�PL[HG�
PHWKRGV�VWXG\�H[DPLQHG�%ODFN�ZRPHQ|V�H[SHULHQFHV�RI�UDFLVP�LQ�PDWHUQDO�KHDOWKFDUH�DQG�LGHQWLILHG
FRSLQJ�DQG�KHDOLQJ�VWUDWHJLHV�

0HWKRGV�%HWZHHQ�'HFHPEHU������DQG�-DQXDU\�������ZH�FRQGXFWHG�D�VXUYH\�DPRQJ�%ODFN�ZRPHQ
DJHG�������\HDUV�UHVLGLQJ�LQ�*HRUJLD��0HDVXUHV�DVVHVVHG�REVWHWULF�UDFLVP��UDFH�UHODWHG�VWUHVV�
SHUFHLYHG�VWUHVV��SK\VLFDO�DQG�PHQWDO�KHDOWK��VRFLDO�VXSSRUW��$IULFXOWXUDO�FRSLQJ�VWUDWHJLHV��FULWLFDO
FRQVFLRXVQHVV��DQG�%ODFN�FRPPXQLW\�DFWLYLVP�RULHQWDWLRQ��:H�VXPPDUL]HG�FKDUDFWHULVWLFV�DQG�VFDOH
VFRUHV�XVLQJ�GHVFULSWLYH�VWDWLVWLFV��:H�FRQGXFWHG�IRFXV�JURXSV�WR�H[SORUH�H[SHULHQFHV�RI�UDFLVP�LQ
PDWHUQDO�KHDOWKFDUH�DQG�UDGLFDO�KHDOLQJ�FRSLQJ�SUDFWLFHV��XVLQJ�LQGXFWLYH�WKHPDWLF�DQDO\VLV�

5HVXOWV�6XUYH\�UHVSRQGHQWV��Q �����ZHUH�SULPDULO\�DJHG���y���\HDUV����������QRQ�+LVSDQLF
���������DQG�FROOHJH�HGXFDWHG����������1HDUO\�DOO�KDG�EHHQ�SUHJQDQW����������ZLWK�������UHSRUWLQJ
���SUHJQDQFLHV��2EVWHWULF�UDFLVP�ZDV�UHSRUWHG�LQIUHTXHQWO\��KRZHYHU��ZKHQ�H[SHULHQFHG�
UHVSRQGHQWV�UHSRUWHG�KLJKHU�VWUHVV�OHYHOV�OLQNHG�WR�FHUHPRQLHV�RI�GHJUDGDWLRQ��UDFLDO
UHFRQQDLVVDQFH��DQG�GLVUHVSHFWIXO�WUHDWPHQW��5DFH�UHODWHG�VWUHVV�DFURVV�FXOWXUDO��LQGLYLGXDO��DQG
LQVWLWXWLRQDO�GRPDLQV�ZDV�PRGHUDWH��DV�ZDV�SHUFHLYHG�VWUHVV��0HQWDO�KHDOWK�VKRZHG�PRGHUDWH
OLPLWDWLRQV�LQ�HQHUJ\�DQG�IDWLJXH��ZKLOH�SK\VLFDO�KHDOWK�ZDV�JHQHUDOO\�JRRG��6HOI�UHSRUWHG�VRFLDO
VXSSRUW�ZDV�KLJK��5HVSRQGHQWV�IUHTXHQWO\�XVHG�FRJQLWLYH�HPRWLRQDO��VSLULWXDO��DQG�$IULFXOWXUDO
FROOHFWLYH�FRSLQJ�VWUDWHJLHV��&ULWLFDO�FRQVFLRXVQHVV�ZDV�PRGHUDWH��ZLWK�VWURQJHU�RULHQWDWLRQ�WRZDUG
ORZ�ULVN�DQG�IRUPDO�SROLWLFDO�DFWLYLVP�WKDQ�KLJK�ULVN�DFWLYLVP��)RFXV�JURXSV�UHLQIRUFHG�VXUYH\
ILQGLQJV�DQG�KLJKOLJKWHG�IRXU�GRPDLQV��HQGXULQJ�DQG�UHVLVWLQJ�V\VWHPLF�UDFLVP��QXUWXULQJ�VHOI�
GHWHUPLQDWLRQ�DQG�HPSRZHUPHQW��KHDOLQJ�WKURXJK�FXOWXUDO�LGHQWLW\�DQG�FRPPXQLW\��DQG�LPDJLQLQJ
UDGLFDO�KRSH�DQG�WUDQVIRUPDWLRQ�

&RQFOXVLRQ�5DFLVP�DQG�GLVFULPLQDWLRQ�LPSRVH�VXEVWDQWLDO�SK\VLFDO�DQG�HPRWLRQDO�EXUGHQV�RQ�%ODFN
ZRPHQ��5HVHDUFK�WKDW�DPSOLILHV�VWUDWHJLHV�XWLOL]HG�E\�%ODFN�ZRPHQ��OLNH�UDGLFDO�KHDOLQJ��WR�FRPEDW
RSSUHVVLRQ�DUH�QHFHVVDU\�WR�VXSSRUW�KROLVWLF�KHDOLQJ��0DWHUQDO�KHDOWK�UHVHDUFK�DQG�FOLQLFDO�SUDFWLFH
VKRXOG�PRYH�EH\RQG�LQGLYLGXDO�OHYHO�FRSLQJ�IUDPHZRUNV�DQG�VXSSRUW�DSSURDFKHV�WKDW�IRVWHU
FROOHFWLYLVP��FRPPXQLW\�EDVHG�KHDOLQJ��DQG�VWUXFWXUDO�FKDQJH�WR�SURPRWH�PRUH�HTXLWDEOH�FDUH�
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6KHOWHU�7\SH�DQG�WKH�,PSDFW�RQ�+HDOWK�2XWFRPHV�DQG�+HDOWKFDUH�$FFHVV�LQ�1RUWKHUQ
$UL]RQD�&ROOHHQ�+DFNHWW
�&ROOHHQ�+DFNHWW��'L[LH�&OLQNHQEHDUG�

7KH�SRSXODWLRQ�RI�SHRSOH�H[SHULHQFLQJ�KRPHOHVVQHVV��3(+��DFURVV�WKH�8QLWHG�6WDWHV�KDV
VLJQLILFDQWO\�LQFUHDVHG�LQ�WKH�SDVW�IHZ�\HDUV��H[DFHUEDWHG�E\�D�ODFN�RI�DIIRUGDEOH�KRXVLQJ�LQYHQWRU\�
SHUVLVWHQW�SRYHUW\��VWDJQDQW�ZDJHV��FXWV�WR�VRFLDO�VHUYLFHV��DQG�OLPLWHG�KRXVLQJ�DVVLVWDQFH�SURJUDPV�
7KH�DQQXDO�3RLQW�,Q�7LPH�FRXQW�IRXQG�WKDW�DSSUR[LPDWHO\���������SHRSOH�ZHUH�XQKRXVHG�RQ�D�VLQJOH
QLJKW�LQ�������DQ�����LQFUHDVH�IURP�WKH�\HDU�SULRU��GH�6RXVD�	�+HQU\���������7KLV�LV�WKH�KLJKHVW
QXPEHU�RI�3(+�UHFRUGHG�VLQFH�GDWD�FROOHFWLRQ�EHJDQ�LQ�������ZLWK�QRWDEOH�LQFUHDVHV�DPRQJ�IDPLOLHV
ZLWK�FKLOGUHQ��XQDFFRPSDQLHG�\RXWK��DQG�WKRVH�H[SHULHQFLQJ�FKURQLF�KRPHOHVVQHVV��7KH�FULVLV�RI
KRPHOHVVQHVV�SRVHV�VLJQLILFDQW�FKDOOHQJHV�WR�SXEOLF�KHDOWK�DQG�WKH�ZHOO�EHLQJ�RI�WKH�PRVW�YXOQHUDEOH
SHRSOH�LQ�RXU�VRFLHW\�

,Q�����������RI�WKH�SRSXODWLRQ�H[SHULHQFLQJ�KRPHOHVVQHVV�ZHUH�LQ�DQ�HPHUJHQF\�VKHOWHU��DQG�WKH
UHPDLQLQJ�����ZHUH�XQVKHOWHUHG��GH�6RXVD�	�+HQU\���������8QVKHOWHUHG�KRPHOHVVQHVV�LV�DVVRFLDWHG
ZLWK�H[WUHPH�KHDOWK�DQG�VDIHW\�ULVNV��LQFOXGLQJ�H[SRVXUH�WR�WKH�HOHPHQWV��YLROHQFH�DQG�DVVDXOW��DQG
OLPLWHG�DFFHVV�WR�K\JLHQH�QHFHVVLWLHV�DQG�KHDOWKFDUH��5LFKDUGV�	�.XKQ���������(PHUJHQF\�VKHOWHUV
SURYLGH�WHPSRUDU\�UHOLHI�IRU�LQGLYLGXDOV�DQG�IDPLOLHV�H[SHULHQFLQJ�KRPHOHVVQHVV��RIWHQ�SURYLGLQJ
EHGV��PHDOV�DQG�K\JLHQH�VXSSOLHV��DQG�FRQQHFWLQJ�SHRSOH�WR�VXSSRUWLYH�VHUYLFHV�DQG�KHDOWKFDUH��)RU
WKLV�UHDVRQ��HPHUJHQF\�VKHOWHUV�KDYH�EHHQ�D�FUXFLDO�WRRO�LQ�DGGUHVVLQJ�WKH�LPPHGLDWH�QHHGV�RI
LQGLYLGXDOV�DQG�IDPLOLHV�H[SHULHQFLQJ�KRPHOHVVQHVV�

7KH�PRVW�FRPPRQ�W\SH�RI�HPHUJHQF\�VKHOWHUV�DUH�FRQJUHJDWH�VSDFHV�PHDQW�WR�WHPSRUDULO\�KRXVH
ODUJH�QXPEHUV�RI�3(+��7KRXJK�WKHVH�VSDFHV�RIIHU�D�UHSULHYH�IURP�WKH�KHDOWK�DQG�VDIHW\�ULVNV�RI
XQVKHOWHUHG�KRPHOHVVQHVV��FRQJUHJDWH�VKHOWHUV�FDQ�DOVR�H[SRVH�3(+�WR�VKHOWHU��EDVHG�YLROHQFH��WKHIW
DQG�UREEHU\��LPSDLUHG�VOHHS��DQG�LQIHFWLRXV�GLVHDVH�RXWEUHDNV��.HUPDQ�HW�DO���������3RSH�HW�DO��
�������,Q�WKH�ZDNH�RI�WKH�&29,'�SDQGHPLF��PDQ\�FLWLHV�DFURVV�WKH�8QLWHG�6WDWHV�UHVSRQGHG�WR�WKH
SXEOLF�KHDOWK�FULVHV�DW�FURZGHG�FRQJUHJDWH�VKHOWHUV�E\�TXDUDQWLQLQJ�DQG�KRXVLQJ�3(+�LQ�KRWHO
URRPV��7KLV�}XQSODQQHG�LQQRYDWLRQ~�OHG�WR�QRWLFHDEOH�TXDOLW\�RI�OLIH�DQG�KHDOWK�LPSURYHPHQWV�IRU
3(+�ZKR�XWLOL]HG�WKHVH�QRQ�FRQJUHJDWH�VKHOWHU�RSWLRQV��&ROEXUQ�HW�DO���������3DGJHWW�HW�DO���������
7KH�HPSLULFDO�VXSSRUW�IRU�QRQ�FRQJUHJDWH�KRWHO�EDVHG�VKHOWHUV�DV�D�PHDQLQJIXO�KHDOWK�LQWHUYHQWLRQ
IRU�3(+�LQ�WKH�DIWHUPDWK�RI�&29,'�LV�VPDOO�EXW�JURZLQJ�

7KLV�VWXG\�XVHG�D�PL[HG�PHWKRGV�DSSURDFK�WR�LQYHVWLJDWH�KRZ�VKHOWHU�W\SH��XQVKHOWHUHG��FRQJUHJDWH
VKHOWHU��DQG�QRQ�FRQJUHJDWH�KRWHO�VKHOWHU��LPSDFWV�KHDOWKFDUH�DFFHVV��KHDOWKFDUH�XVH��DQG�KHDOWK
RXWFRPHV�IRU�DGXOWV�H[SHULHQFLQJ�KRPHOHVVQHVV�LQ�1RUWKHUQ�$UL]RQDz�ZLWK�D�IRFXV�RQ�WULEDO��UXUDO�
DQG�ERUGHU�FRPPXQLWLHV��:H�FROOHFWHG�SULPDU\�GDWD�YLD�VXUYH\V�ZLWK�SHRSOH�ZKR�DUH�FXUUHQWO\
H[SHULHQFLQJ�KRPHOHVVQHVV��Q ������LQWHUYLHZV�ZLWK�FRPPXQLW\�VWDNHKROGHUV��Q �����DQG�SHRSOH
ZLWK�OLYHG�KRPHOHVVQHVV�H[SHULHQFH��Q �����

7KH�ILQGLQJV�GHPRQVWUDWH�SURPLVLQJ�KHDOWK�DQG�VRFLDO�ZHOOEHLQJ�EHQHILWV�IRU�UHVLGHQWV��1RQ�
FRQJUHJDWH�KRWHO�VKHOWHU�ZDV�DVVRFLDWHG�ZLWK�PRUH�IDYRUDEOH�KHDOWK�RXWFRPHV�DQG�ULVN�SURILOHV
FRPSDUHG�WR�FRQJUHJDWH�DQG�XQVKHOWHUHG�VHWWLQJV��,QGLYLGXDOV�LQ�QRQ�FRQJUHJDWH�VKHOWHU�KDG�WKH
KLJKHVW�KHDOWKFDUH�FRYHUDJH�DQG�VXEVWDQWLDOO\�ORZHU�VXEVWDQFH�XVH��:KLOH�GHOD\HG�KHDOWKFDUH
UHPDLQHG�SUHVHQW�DFURVV�JURXSV��WKH�ILQGLQJV�VXJJHVW�QRQ�FRQJUHJDWH�VKHOWHU�PD\�IXQFWLRQ�DV�D
VWDELOL]LQJ��KDUP�UHGXFLQJ�LQWHUYHQWLRQ�WKDW�LPSURYHV�DFFHVV�WR�FDUH�DQG�UHGXFHV�EHKDYLRUDO�KHDOWK
ULVNV�
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,Q�LQWHUYLHZV�ZLWK�SHRSOH�VWD\LQJ�DW�D�QRQ�FRQJUHJDWH�KRWHO�VKHOWHU��SDUWLFLSDQWV�UHSRUWHG�DQ
LQFUHDVH�LQ�WKHLU�RYHUDOO�TXDOLW\�RI�OLIH��3DUWLFLSDQWV�QRWHG�WKDW�WKH�KRWHO�VKHOWHU�SURYLGHG�D�GLJQLILHG�
SHUVRQDO��VDIH��DQG�VWDEOH�VSDFH�WKDW�FRXQWHUHG�WKH�URXWLQH�VWLJPD�DQG�H[FOXVLRQ�IHOW�LQ�PDQ\�SXEOLF
VSDFHV��,Q�LQWHUYLHZV�ZLWK�FRPPXQLW\�H[SHUWV�ZKR�SURYLGH�GLUHFW�VHUYLFHV�WR�SHRSOH�H[SHULHQFLQJ
KRPHOHVVQHVV��SDUWLFLSDQWV�UHSRUWHG�RQ�ILYH�LQWHUUHODWHG�WKHPHV��V\VWHPV�OHYHO�EDUULHUV��FRPPXQLW\
FRQWH[W��LQGLYLGXDO�H[SHULHQFHV��VHUYLFH�GHOLYHU\��KHDOWK�LPSDFWV�DQG�FKDOOHQJHV�VSHFLILF�WR
KRWHO�PRWHO�VKHOWHUV��7KH\�KLJKOLJKWHG�VWUXFWXUDO�FKDOOHQJHV��SDUWLFXODUO\�WKH�ODFN�RI�DIIRUGDEOH
KRXVLQJ��IUDJPHQWHG�VHUYLFH�V\VWHPV��LQVXIILFLHQW�PHQWDO�KHDOWK�UHVRXUFHV�DQG�RSWLRQV�IRU�UHIHUUDOV�
DQG�XQVWDEOH�IXQGLQJ��7KHUH�ZDV�FRQVLVWHQW�DJUHHPHQW�DFURVV�SURYLGHU�LQWHUYLHZV�WKDW�KRWHO�PRWHO
VKHOWHUV�KDYH�PHDQLQJIXO�KHDOWK�EHQHILWV��LQFOXGLQJ�UHGXFHG�YLROHQFH��LPSURYHG�ZHOO�EHLQJ��DQG
VWURQJHU�VHUYLFH�HQJDJHPHQW��SDUWLFXODUO\�IRU�LQGLYLGXDOV�ZKR�VWUXJJOH�LQ�WUDGLWLRQDO�FRQJUHJDWH
VHWWLQJV�

'XH�WR�WKH�ODFN�RI�SHUPDQHQW�VXSSRUWLYH�KRXVLQJ�DQG�DIIRUGDEOH�KRXVLQJ�RSWLRQV��WKHUH�DUH
FKDOOHQJHV�LQ�ILQGLQJ�ORQJ�WHUP�KRXVLQJ�SODFHPHQWV�IRU�UHVLGHQWV�DW�QRQ�FRQJUHJDWH�KRWHO�VKHOWHUV�
7KH�UHVXOWV�DOVR�SRLQW�WR�WKH�QHHG�IRU�FXOWXUDOO\�DSSURSULDWH��,QGLJHQRXV�OHG�DIIRUGDEOH�KRXVLQJ
LQLWLDWLYHV�WKDW�DGGUHVV�WKH�XUJHQW�DQG�XQPHW�KRXVLQJ�QHHGV�IRU�,QGLJHQRXV�SHRSOH�LQ�1RUWKHUQ
$UL]RQD��7KLV�UHVHDUFK�KDV�SUDFWLFDO�LPSOLFDWLRQV�IRU�KRXVLQJ�SROLF\��ZKLOH�DOVR�FRQWULEXWLQJ�WR�WKH
OLWHUDWXUH�RQ�DOWHUQDWLYH�VKHOWHUV�DQG�SHUPDQHQW�VXSSRUWLYH�KRXVLQJ�VROXWLRQV�
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+HDOWK�HTXLW\

7KH�6RFLDO�'LVWULEXWLRQ�RI�9LROHQFH�9LFWLPL]DWLRQ��6H[XDO�DQG�*HQGHU�,GHQWLW\��5DFH�DQG
(WKQLFLW\��DQG�+RXVHKROG�3RYHUW\�.DWULQD�.HQQHG\
�.DWULQD�.HQQHG\��+DUU\�%DUEHH��&DVVDQGUD
&ULIDVL��$PULWD�5DR��/DXUD�6DPXHO��'DQLHOOH�*HUPDQ�

,QWHUSHUVRQDO�YLROHQFH�LQ�WKH�8�6��LV�XQHTXDOO\�GLVWULEXWHG�LQ�ZD\V�WKDW�UHIOHFW�VWUXFWXUDO�V\VWHPV�RI
LQHTXDOLW\��3ULRU�UHVHDUFK�GRFXPHQWV�GLVSDULWLHV�E\�VRFLRHFRQRPLF�SRVLWLRQ��UDFH�DQG�HWKQLFLW\��DQG
VH[XDO�DQG�JHQGHU�LGHQWLW\��EXW�PRVW�TXDQWLWDWLYH�VWXGLHV�WUHDW�WKHVH�GLPHQVLRQV�DV�LQGHSHQGHQW�RU
DGGLWLYH��*XLGHG�E\�LQWHUVHFWLRQDOLW\�DQG�VWUXFWXUDO�YXOQHUDELOLW\�IUDPHZRUNV��WKLV�VWXG\�H[DPLQHV
KRZ�SRYHUW\�OHYHO��UDFH�DQG�HWKQLFLW\��DQG�VH[XDO�DQG�JHQGHU�GLYHUVH��6*'��LGHQWLW\�MRLQWO\�VWUXFWXUH
YLROHQFH�YXOQHUDELOLW\��:H�DQDO\]HG�����������8�6��1DWLRQDO�&ULPH�9LFWLPL]DWLRQ�6XUYH\�GDWD��:H
FDOFXODWHG�YLFWLPL]DWLRQ�UDWHV�DQG�FRQGXFWHG�DQ�LQWHUVHFWLRQDO�PXOWL�OHYHO�DQDO\VLV�RI�LQGLYLGXDO
KHWHURJHQHLW\�DQG�GLVFULPLQDWRU\�DFFXUDF\��,�0$,+'$���ZLWK�LQGLYLGXDOV�QHVWHG�ZLWKLQ�����VWUDWD
GHILQHG�E\�)HGHUDO�3RYHUW\�/HYHO��)3/���6*'�VWDWXV��UDFH�DQG�HWKQLFLW\��DJH��DQG�HGXFDWLRQ��0RGHOV
HVWLPDWHG�EHWZHHQ�VWUDWXP�YDULDQFH�DQG�WKH�SURSRUWLRQ�H[SODLQHG�E\�DGGLWLYH�YV��LQWHUVHFWLRQ�
VSHFLILF�HIIHFWV��,QGLYLGXDOV�OLYLQJ�EHORZ�WKH�)3/�H[SHULHQFHG�YLFWLPL]DWLRQ�UDWHV����[�WKRVH�RI
LQGLYLGXDOV�OLYLQJ�DW�RU�DERYH������RI�WKH�)3/��6*'�LQGLYLGXDOV�H[SHULHQFHG�QHDUO\��[�WKH�UDWH�RI
QRQ�6*'�LQGLYLGXDOV��'LVSDULWLHV�E\�UDFH�DQG�HWKQLFLW\�HPHUJHG�IRU�VHULRXV�YLROHQW�FULPH�DQG�ZLWKLQ
SRYHUW\�VWUDWD��,Q�,�0$,+'$�PRGHOV��DGGLWLYH�HIIHFWV�H[SODLQHG�����RI�EHWZHHQ�VWUDWXP�YDULDQFH�
ZKLOH����UHIOHFWHG�LQWHUVHFWLRQ�VSHFLILF�HIIHFWV��3UHGLFWHG�VWUDWXP�OHYHO�YLFWLPL]DWLRQ�SUHYDOHQFH
UDQJHG�IURP�������������7KH�KLJKHVW�YXOQHUDELOLW\�VWUDWD�ZHUH�\RXQJHU�6*'�LQGLYLGXDOV�OLYLQJ�EHORZ
WKH�)3/��9LROHQFH�YXOQHUDELOLW\�LV�VWUXFWXUHG�E\�RYHUODSSLQJ�V\VWHPV�LQHTXDOLW\��,QWHUVHFWLRQ�VSHFLILF
HIIHFWV�LGHQWLI\�SRSXODWLRQV�DW�WKH�KLJKHVW�ULVN�WKDW�PD\�EH�REVFXUHG�LQ�XQLGLPHQVLRQDO�DQDO\VHV�
9LROHQFH�SUHYHQWLRQ�HIIRUWV�PXVW�DGGUHVV�WKH�ZD\V�WKDW�V\VWHPV�RI�LQHTXDOLW\�VKDSH�GLIIHUHQWLDO
H[SRVXUH�WR�KDUP�DQG�DFFHVV�WR�SURWHFWLRQ��DGGUHVVLQJ�HFRQRPLF�LQHTXDOLW\�DQG�RWKHU�XSVWUHDP
GHWHUPLQDQWV�
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+HDOWK�HTXLW\

%XLOGLQJ�(IIHFWLYH�,QWHUQDWLRQDO�5HVHDUFK�3DUWQHUVKLSV�WR�,QIRUP�3ROLF\��&ROODERUDWLYH
3RSXODWLRQ�+HDOWK�6XUYHLOODQFH�LQ�7KDLODQG�7KRPDV�)XOOHU�5RZHOO
�7KRPDV�)XOOHU�5RZHOO��6DPLD
6XOWDQD��6XVDQ�2VD\DQGH��,FKLUR�.DZDFKL��3DLOLQ�&KXD\RN��'XDQSHQ�7KHHUDZDQYLZDW��'DUDUDWW
$QDQWDQDVXZRQJ�

%DFNJURXQG

%XLOGLQJ�HIIHFWLYH�LQWHUQDWLRQDO�UHVHDUFK�SDUWQHUVKLSV�LV�FULWLFDO�IRU�SURGXFLQJ�SRSXODWLRQ�KHDOWK
HYLGHQFH�WKDW�LV�ERWK�VFLHQWLILFDOO\�ULJRURXV�DQG�SROLF\�UHOHYDQW��7KLV�VWXG\�HPHUJHG�IURP�D
FROODERUDWLRQ�DPRQJ�UHVHDUFKHUV�DW�$XEXUQ�8QLYHUVLW\��+DUYDUG�8QLYHUVLW\��DQG�WKH�1DWLRQDO
,QVWLWXWH�RI�'HYHORSPHQW�$GPLQLVWUDWLRQ�LQ�7KDLODQG�WR�VWUHQJWKHQ�QDWLRQDO�VXUYHLOODQFH�RI�VRFLDO
LVRODWLRQ�DQG�JHQHUDWH�HYLGHQFH�UHOHYDQW�WR�7KDLODQG|V�SROLF\�SULRULWLHV�UHODWHG�WR�SRSXODWLRQ�DJLQJ
DQG�VRFLDO�FRQQHFWLRQ�

0HWKRGV

:H�DQDO\]HG�UHSHDWHG�FURVV�VHFWLRQDO�GDWD�IURP�WKH�*DOOXS�:RUOG�3ROO�IRU�7KDLODQG�������������WR
H[DPLQH�QDWLRQDO�WUHQGV�LQ�VRFLDO�LVRODWLRQ��GHILQHG�DV�ODFNLQJ�UHODWLYHV�RU�IULHQGV�WR�UHO\�RQ�LQ�WLPHV
RI�QHHG��(DUO\�FRQVXOWDWLRQ�ZLWK�7KDL�FROODERUDWRUV�KHOSHG�UHILQH�WKH�SROLF\�UHOHYDQFH�RI�WKH�UHVHDUFK
TXHVWLRQV�DQG�DQDO\WLF�IRFXV��7KDL�FROODERUDWRUV�DOVR�FRQWULEXWHG�H[SHUWLVH�RQ�7KDLODQG|V
GHPRJUDSKLF�FRQWH[W�DQG�SROLF\�HQYLURQPHQW�DQG�KHOSHG�LQWHUSUHW�ILQGLQJV�LQ�UHODWLRQ�WR�QDWLRQDO
SXEOLF�KHDOWK�DQG�DJLQJ�SROLFLHV�

5HVXOWV

6RFLDO�LVRODWLRQ�LQFUHDVHG�GXULQJ�WKH�SDQGHPLF�SHULRG��EXW�FKDQJHV�ZHUH�KLJKO\�XQHYHQ�DFURVV
VRFLRHFRQRPLF�JURXSV��,VRODWLRQ�URVH�VXEVWDQWLDOO\�DPRQJ�HFRQRPLFDOO\�GLVDGYDQWDJHG�DGXOWV�ZKLOH
UHPDLQLQJ�UHODWLYHO\�VWDEOH�DPRQJ�KLJKHU�LQFRPH�JURXSV��&RQVHTXHQWO\��WKH�SUHYDOHQFH�JDS�EHWZHHQ
ORZ��DQG�KLJK�LQFRPH�DGXOWV�ZLGHQHG�IURP�DERXW���SHUFHQWDJH�SRLQWV�EHIRUH�WKH�SDQGHPLF�WR�QHDUO\
��SHUFHQWDJH�SRLQWV�DIWHUZDUGzDQ�DSSUR[LPDWHO\�ILYH�IROG�LQFUHDVH�LQ�WKH�GLVSDULW\��:LWKLQ�WKH�ORZ�
LQFRPH�SRSXODWLRQ��WKH�ODUJHVW�LQFUHDVHV�RFFXUUHG�DPRQJ�LQGLYLGXDOV�OLYLQJ�DORQH�DQG�WKRVH�UHVLGLQJ
LQ�XUEDQ�DUHDV�

'LVFXVVLRQ

7KHVH�ILQGLQJV�KLJKOLJKW�D�JURZLQJ�VRFLRHFRQRPLF�GLYLGH�LQ�VRFLDO�FRQQHFWLRQ�LQ�7KDLODQG�IROORZLQJ
WKH�SDQGHPLF��,QWHUSUHWLQJ�WKH�UHVXOWV�FROODERUDWLYHO\�KHOSHG�VLWXDWH�WKH�SDWWHUQV�ZLWKLQ�7KDLODQG|V
SROLF\�ODQGVFDSH��LQFOXGLQJ�LQLWLDWLYHV�DGGUHVVLQJ�DJLQJ��FRPPXQLW\�SDUWLFLSDWLRQ��DQG�PHQWDO�KHDOWK�
7KH�SDUWQHUVKLS�LOOXVWUDWHV�KRZ�LQWHUQDWLRQDO�FROODERUDWLRQV�FDQ�VWUHQJWKHQ�SRSXODWLRQ�KHDOWK
VFLHQFH�E\�LQWHJUDWLQJ�FURVV�QDWLRQDO�GDWD�ZLWK�FRXQWU\�VSHFLILF�H[SHUWLVH�DQG�SROLF\�LQVLJKW�
VXSSRUWLQJ�WUDQVODWLRQ�RI�VXUYHLOODQFH�HYLGHQFH�LQWR�SROLF\�UHOHYDQW�NQRZOHGJH�
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+HDOWK�V\VWHPV

,QIXVLQJ�,QHTXLW\��6WUXFWXUDO�,QHTXLWLHV�LQ�WKH�5LVLQJ�&RPPHUFLDO�,9�,QIXVLRQ�0DUNHW
<DPLOH�&UX]�6RXVD
�-RL�:D\��3DLJH�:D\��$PDQGD�/XVVLHU�

%DFNJURXQG��7KH�JURZWK�RI�FRPPHUFLDO�LQWUDYHQRXV��,9��PLFURQXWULHQW�LQIXVLRQ�FOLQLFV�KDV�UHVXOWHG
LQ�DQ�H[SDQVLRQ�RI�WKLV�KLJKO\�XQUHJXODWHG�LQGXVWU\�GHVLJQHG�WR�RSHUDWH�UDWKHU�WKDQ�WKURXJK�D
FRQYHQWLRQDO�KHDOWKFDUH�V\VWHP��7KHVH�FOLQLFV�SURPRWH�KLJK�GRVHV�RI�SDUHQWHUDO�WKHUDS\�IRU�}KHDOWK
DQG�ZHOOQHVV~�ZLWKRXW�VXIILFLHQW�GDWD�HVWDEOLVKLQJ�WKH�QHHG��/DFN�RI�DFFHVVLELOLW\�WR�SULPDU\�DQG
VSHFLDOW\�KHDOWKFDUH�OHDYHV�PDUJLQDOL]HG�JURXSV�VXVFHSWLEOH�WR�WKHVH�XQUHJXODWHG�}KHDOWK�DQG
ZHOOQHVV~�PDUNHWV�LQVWHDG�RI�HYLGHQFH�EDVHG�SDWLHQW�FDUH��7KLV�FDVH�H[DPLQHV�SHUVLVWHQW�OHXNRSHQLD
LQ�D�SRVW�EDULDWULF�SDWLHQW�UHFHLYLQJ�,9�PLFURQXWULHQW�LQIXVLRQV�

0HWKRGV��$�FOLQLFDO�H[HPSODU�ZDV�XVHG�WR�OHDUQ�DERXW�IUDJPHQWHG�KHDOWKFDUH�GHOLYHU\�V\VWHPV�
DWWHQWLRQ�JDS�UHJXODWLRQ��DQG�DFFHVV�LQHTXLWLHV�DIWHU�SRVW�EDULDWULF�VXUJLFDO�IROORZ�XS�LPSDFWLQJ
SDWLHQW�XVH�RI�FRPPHUFLDO�SDUHQWHUDO�LQIXVLRQ�VHUYLFHV�

&DVH�&RQWH[W��$����\HDU�ROG�$IULFDQ�$PHULFDQ�IHPDOH�ZLWK�SULRU�KLVWRU\�RI�EDULDWULF�VXUJHU\�LQ�����
ZDV�EHLQJ�VHHQ�LQ�KHPDWRORJ\�GXH�WR�D�SHUVLVWHQWO\�ORZ�ZKLWH�EORRG�FHOO�FRXQW������g�����/��DQG�DQ
DEVROXWH�QHXWURSKLO�FRXQW�RI�����/��7KH�SDWLHQW�GLVFORVHG�VSHQGLQJ�DSSUR[LPDWHO\��������IRU
FRPPHUFLDO�,9�YLWDPLQ�WKHUDS\�IURP�D�FRPPHUFLDO�ZHOOQHVV�FHQWHU�ZLWK�QR�GRFXPHQWDWLRQ�RU
VWDQGDUGL]DWLRQ�WR�GHWHUPLQH�WKH�FOLQLFDO�QHHG�IRU�VXFK�WKHUDS\�

3RSXODWLRQ�+HDOWK�6LJQLILFDQFH��7KLV�FDVH�VWXG\�KLJKOLJKWV�PXOWLSOH�V\VWHPLF�SUREOHPV��LQFOXGLQJ
DQ�XQHYHQ�UHJXODWLRQ�RI�FRPPHUFLDO�LQIXVLRQ�VHUYLFHV��GLIIHULQJ�ILQDQFLDO�PRWLYDWLRQV�IRU�FRPPHUFLDO
KHDOWK�FDUH�VHUYLFHV��D�ODFN�RI�KHDOWK�OLWHUDF\�UHVRXUFHV�WKDW�SURYLGH�HYLGHQFH�EDVHG�XVH�RI
VXSSOHPHQWV��DQG�OLPLWHG�DFFHVV�WR�VSHFLDOW\�FDUH�

,PSOLFDWLRQV��'XH�WR�WKH�LQFUHDVH�WR�WKH�LQFUHDVLQJ�QXPEHU�RI�FRPPHUFLDO�LQWUDYHQRXV
PLFURQXWULHQW�EXVLQHVVHV��WKHUH�QHHGV�WR�EH�HTXLW\�IRFXVHG�SROLF\�UHIRUP��FODULI\�ZKDW�UHJXODWLRQV
ZLOO�DSSO\�WR�WKHVH�FRPSDQLHV��DQG�LPSOHPHQW�FXOWXUDOO\�DSSURSULDWH��ORQJ�WHUP�FDUH�DFFHVV
VROXWLRQV�
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%XLOGLQJ�7UXVW�IURP�:LWKLQ��$�3K\VLFLDQ�/HG�0RGHO�WR�,PSURYH�&RPPXQLW\�+HDOWK�9LFWRU
&DUULOOR
�1DWDVKD�'H�/D�5RVD��(ULQ�*ODQW]��1DWDVKD�'H�/D�5RVD�

5HVHDUFK�4XHVWLRQ��)RU�LQWHUGLVFLSOLQDU\�FOLQLFLDQV�LQ�D�ODUJH�KHDOWK�QHWZRUN��GRHV�D�SK\VLFLDQ�OHG�
DJLOH�FROODERUDWLYH�IUDPHZRUN��FRPSDUHG�WR�D�WUDGLWLRQDO�WRS�GRZQ�DSSURDFK��OHDG�WR�DFFHOHUDWHG
DGRSWLRQ�RI�HYLGHQFH�EDVHG�VWDQGDUGV��LPSOHPHQWDWLRQ�RI�QHZ�SDWLHQW�VDIHW\�LQLWLDWLYHV��DQG
LQFUHDVHG�SK\VLFLDQ�HQJDJHPHQW"

6LJQLILFDQFH��)UDJPHQWHG�FOLQLFDO�H[SHUWLVH�KLQGHUHG�LQWHUGLVFLSOLQDU\�FROODERUDWLRQ�RQ�FDUH
VWDQGDUGV��OHDGLQJ�WR�PDUNHG�YDULDELOLW\�LQ�FOLQLFDO�SUDFWLFHf��7KLV�GLVFRQQHFWLRQ��D�NQRZQ�EDUULHU�WR
FRPSOH[�SURFHVVHV�VXFK�DV�DGYDQFHG�FDUH�SODQQLQJc��FRPELQHG�ZLWK�D�OHQJWK\�SROLF\�SURFHVV�
IRVWHUHG�D�FXOWXUH�RI�SK\VLFLDQ�PLVWUXVW�DQG�GLVHQJDJHPHQW�IURP�V\VWHP�ZLGH�TXDOLW\�LPSURYHPHQW
HIIRUWV�

'DWD�0HWKRGV��6HYHQ�6SHFLDOW\�&ROODERUDWLYHV�RI�SK\VLFLDQ�UHSUHVHQWDWLYHV�ZHUH�FRQYHQHG�WR�FR�
GHVLJQ�VROXWLRQV�ZLWKLQ�DQ�DJLOH�IUDPHZRUN��3URJUDP�HIIHFWLYHQHVV�ZDV�PHDVXUHG�E\�WUDFNLQJ�WKH
DGRSWLRQ�RI�QHZ�VWDQGDUGV��TXDQWLI\LQJ�SK\VLFLDQ�HQJDJHPHQW�XVLQJ�D�FXVWRP�UDWLQJ�VFDOH��DQG�WKH
WLPH�WR�SROLF\�DSSURYDO�

5HVXOWV��7KH�SK\VLFLDQ�OHG�IUDPHZRUN�\LHOGHG�D�����UHGXFWLRQ�LQ�SROLF\�DSSURYDO�WLPH��FXWWLQJ�WKH
SURFHVV�IURP�RYHU�����\HDUV�WR������PRQWKV��DQG�DFKLHYHG�DQ�DYHUDJH�SK\VLFLDQ�HIIHFWLYHQHVV�UDWLQJ
RI������7DUJHWHG�LQWHUYHQWLRQV�GHPRQVWUDWHG�PHDVXUDEOH�LPSURYHPHQWV�LQ�SRSXODWLRQ�KHDOWK�
3HGLDWULFV��/DXQFKHG�D�}'HYHORSPHQWDO�$XWLVP�6SULQW~�WR�LPSURYH�FDUH�DFFHVV��%HKDYLRUDO�+HDOWK�
6WDQGDUGL]HG�D�351�RUGHU�VHW�IRU�DGXOW�DJLWDWLRQ�WR�LPSURYH�VDIHW\�DQG�HTXLW\��3XOPRQRORJ\�
,PSOHPHQWHG�D�PDQGDWRU\�FRQVXOW�SROLF\�IRU�KLJK�IORZ�R[\JHQ�XVH�WR�HQVXUH�H[SHUW�RYHUVLJKW�

&RQFOXVLRQV�,PSOLFDWLRQV��7KLV�SK\VLFLDQ�OHG�PRGHO��DSSO\LQJ�DQ�DJLOH�IUDPHZRUN��LV�D�SURYHQ
PHWKRG�IRU�DFFHOHUDWLQJ�HYLGHQFH�EDVHG�VWDQGDUGV�DQG�RYHUFRPLQJ�SK\VLFLDQ�GLVHQJDJHPHQW�FDXVHG
E\�WUDGLWLRQDO�WRS�GRZQ�DSSURDFKHV��7KH�IUDPHZRUN�RIIHUV�D�VFDODEOH�VROXWLRQ�IRU�OHYHUDJLQJ�FOLQLFDO
H[SHUWLVH�WR�LPSURYH�SRSXODWLRQ�KHDOWK�

5HIHUHQFHV�

$O�-DUGDQL�$��$O�$EUL�,��$O�6LQDQL�0��$O�%DKODQL�+��$O�'XJKDLVKL�7��7KH�,PSDFW�RI��
,QWHUGLVFLSOLQDU\�7HDP�%DVHG�&DUH�RQ�WKH�&DUH�DQG�2XWFRPHV�RI�&KURQLFDOO\�,OO�3DWLHQWV��$
6\VWHPDWLF�5HYLHZ��6XOWDQ�4DERRV�8QLY�0HG�-������������
)DQWD��/���	�7\OHU��-����������3K\VLFLDQ�3HUFHSWLRQV�RI�%DUULHUV�WR�$GYDQFH�&DUH�3ODQQLQJ���
6RXWK�'DNRWD�PHGLFLQH���WKH�MRXUQDO�RI�WKH�6RXWK�'DNRWD�6WDWH�0HGLFDO�$VVRFLDWLRQ��������
���y����
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5HLPDJLQLQJ�7UXVW�LQ�3RSXODWLRQ�+HDOWK�$,��$�5XQWLPH�*RYHUQDQFH�)UDPHZRUN�IRU�3DWLHQW�
/HYHO�5HOLDELOLW\�&RE\�'XOLW]NL
�&RE\�'XOLW]NL�

3UHGLFWLYH�FOLQLFDO�GHFLVLRQ�VXSSRUW��&'6��V\VWHPV�DUH�LQFUHDVLQJO\�XVHG�WR�JXLGH�FDUH��\HW�SDWLHQWV
XQGHUUHSUHVHQWHG�LQ�WUDLQLQJ�GDWD�IDFH�UHSUHVHQWDWLRQDO�KDUPV�ZKHQ�WKHVH�WRROV�JHQHUDWH
RYHUFRQILGHQW�RXWSXWV�GHVSLWH�LQVXIILFLHQW�HYLGHQFH��&XUUHQW�PLWLJDWLRQ�HIIRUWV�UHO\�RQ�SUH�
GHSOR\PHQW�YDOLGDWLRQ�PHWULFV�VXFK�DV�GLVFULPLQDWLRQ�DQG�FDOLEUDWLRQ��:KLOH�QHFHVVDU\��WKHVH�VWDWLF
PHDVXUHV�DUH�OLPLWHG�E\�WKHLU�LQDELOLW\�WR�UHPHGLDWH�SHUVLVWLQJ�UHSUHVHQWDWLRQDO�GHEW�SRVW�
GHSOR\PHQW��,QGLYLGXDO�FOLQLFDO�HQFRXQWHUV�SUHVHQW�D�FULWLFDO�PHFKDQLVP�WR�GR�VR�LQ�UHDO�WLPH�y�D
PLVVHG�RSSRUWXQLW\�DPRQJ�FXUUHQW�DSSURDFKHV�WR�LPSURYH�GDWD�HTXLW\�DQG�HQKDQFH�SDWLHQW�WUXVW�LQ
WKH�SURFHVV�

,�SURSRVH�D�JRYHUQDQFH�IUDPHZRUN�WKDW�VKLIWV�IURP�VWDWLF�ELDV�PLWLJDWLRQ�WRZDUG�G\QDPLF��SDWLHQW�
FHQWHUHG�LQWHUYHQWLRQ�GXULQJ�FOLQLFDO�HQFRXQWHUV��7KH�IUDPHZRUN�LQWHJUDWHV�XQFHUWDLQW\
TXDQWLILFDWLRQ�PHWKRGV��LQFOXGLQJ�FRQIRUPDO�SUHGLFWLRQ��WR�LGHQWLI\�SDWLHQWV�IRU�ZKRP�PRGHO
SUHGLFWLRQV�DUH�XQUHOLDEOH�GXH�WR�GDWD�VSDUVLW\��5DWKHU�WKDQ�SURGXFLQJ�D�SRWHQWLDOO\�KDUPIXO
RYHUFRQILGHQW�RXWSXW��XQFHUWDLQW\�VHUYHV�DV�D�VLJQDO��WKH�&'6�IODJV�WKH�HQFRXQWHU��SURPSWLQJ�WKH
SURYLGHU�WR�LQLWLDWH�DQ�LQIRUPHG�FRQVHQW�SURWRFRO��7KLV�SURWRFRO�FRPPXQLFDWHV�WKH�OLPLWDWLRQ�WR�WKH
SDWLHQW�DQG�HPSRZHUV�WKHP�WR�YROXQWDULO\�FRQWULEXWH�WKHLU�GDWD�

7KH�IUDPHZRUN�DGGUHVVHV�WKUHH�LQWHUFRQQHFWHG�FKDOOHQJHV��GHWHFWLQJ�UHSUHVHQWDWLRQDO�XQFHUWDLQW\�LQ
UHDO�WLPH��HVWDEOLVKLQJ�DQ�HWKLFDO�PHFKDQLVP�IRU�GDWD�FRQWULEXWLRQ�WKDW�FHQWHUV�SDWLHQW�DXWRQRP\�
DQG�FUHDWLQJ�D�VHOI�LPSURYLQJ�V\VWHP�WKDW�SURJUHVVLYHO\�UHGXFHV�ELDV�WKURXJK�SDUWLFLSDWRU\
HQJDJHPHQW��%\�WUDQVIRUPLQJ�DOJRULWKPLF�XQFHUWDLQW\�LQWR�RSSRUWXQLWLHV�IRU�WUDQVSDUHQF\�DQG
VKDUHG�GHFLVLRQ�PDNLQJ��WKLV�DSSURDFK�UHIUDPHV�WKH�UHODWLRQVKLS�EHWZHHQ�SDWLHQWV��SURYLGHUV��DQG
SUHGLFWLYH�V\VWHPV�y�EXLOGLQJ�WUXVW�LQ�FOLQLFDO�$,�QRW�WKURXJK�RSDTXH�WHFKQLFDO�IL[HV��EXW�WKURXJK
JRYHUQDQFH�WKDW�PDNHV�SDWLHQWV�DFWLYH�SDUWQHUV�LQ�LPSURYLQJ�WKH�V\VWHPV�WKDW�VHUYH�WKHP�
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,QIDQWV�FKLOGUHQ�\RXWK

&UXFLDO�5ROH�RI�3UDFWLWLRQHU�3URJUHVV�0RQLWRULQJ�0HDVXUHV�IRU�2SWLPL]LQJ�(DUO\
&RPPXQLFDWLRQ�/DXUD�6DGGL
�/DXUD�6DGGL��.DWKOHHQ�%DJJHWW�

%DFNJURXQG��3XEOLF�KHDOWK�EHQHILWV�RI�SDUHQW�PHGLDWHG�LQWHUYHQWLRQV�WR�RSWLPL]H�FKLOG
FRPPXQLFDWLRQ�DUH�RIWHQ�XQUHDOL]HG�EHFDXVH�WKH\�IDLO�WR�UHDFK�FKLOGUHQ�LQ�WKH�ILUVW���\HDUV�RI�OLIH�
GXH�LQ�SDUW�WR�SUDFWLWLRQHUV|�ODFN�RI�IHDVLEOH�SURJUHVV�PRQLWRULQJ�PHDVXUHV�WR�DVVHVV�ZKHWKHU
LQWHUYHQWLRQV�DUH�ZRUNLQJ�DV�LQWHQGHG��:H�SUHVHQW�UHVXOWV�RI�D�XQLTXH�VWXG\�WKDW�HPSOR\HG�YDOLGDWHG
SUDFWLFH�SURJUHVV�PRQLWRULQJ�PHDVXUHV��DOORZLQJ�XV�WR�DGGUHVV�TXHVWLRQV�DERXW�WKH�HIIHFWV�RI
LQWHUYHQWLRQ�RQ�SDUHQW�IDFLOLWDWRU�EHKDYLRUV��WKH�PHFKDQLVP�RI�LQWHUYHQWLRQ�FKDQJH�DV�PHDVXUHG�E\
WKH�,QGLFDWRU�RI�3DUHQW�&KLOG�,QWHUDFWLRQ���DQG�ZKHWKHU�YDU\LQJ�OHYHOV�RI�SRVW�LQWHUYHQWLRQ�SDUHQW
SRVLWLYH�IDFLOLWDWRUV�GLIIHUHQWLDOO\�SUHGLFWHG�FKLOG�FRPPXQLFDWLRQ�DV�PHDVXUHG�E\�WKH�(DUO\
&RPPXQLFDWLRQ�,QGLFDWRU�

0HWKRGV��:H�DQDO\]HG�GDWD�IURP�DQ�$XVWUDOLDQ�SRSXODWLRQ�EDVHG��FOXVWHU�5&7�LQ�ZKLFK�����SDUHQW�
WRGGOHU�G\DGV�ZHUH�DVVLJQHG�WR�HLWKHU�D�VWDQGDUG�FRQWURO��JURXS�VHVVLRQV�RQ�JHQHUDO�SDUHQWLQJ
PDWWHUV���D�6PDOOWDON�RQO\��SOD\JURXS�SURJUDP���RU�D�6PDOOWDON�3OXV��SOD\JURXS�SURJUDP�DQG���HDUO\
FKLOGKRRG�KRPH�YLVLWV�RQ�FKLOG�FRPPXQLFDWLRQ�SURPRWLRQ�VWUDWHJLHV�IRU�SDUHQWV���$QDO\WLF
DSSURDFKHV�LQFOXGHG�$1&29$�WR�DVVHVV�WUHDWPHQW�E\�WLPH�HIIHFWV�RQ�SDUHQW�IDFLOLWDWRU�EHKDYLRU�DQG
$129$�WR�DVVHVV�HIIHFWV�RI�ORZ��PRGHUDWH��DQG�KLJK�WHUWLOHV�RI�SDUHQW�SRVLWLYH�IDFLOLWDWRUV�RQ�FKLOG
FRPPXQLFDWLRQ�UDWHV�

5HVXOWV��6LJQLILFDQW�WUHDWPHQW�E\�WLPH�GLIIHUHQFHV�ZLWK�ODUJH�HIIHFWV�RQ�SRVLWLYH�IDFLOLWDWRUV�ZHUH
IRXQG�IRU�SDUHQWV�LQ�WKH�6PDOOWDON�3OXV�JURXS�DV�FRPSDUHG�WR�SDUHQWV�LQ�WKH�6PDOOWDON�RQO\�DQG
FRQWURO�JURXSV��3RVW�LQWHUYHQWLRQ�SDUHQW�SRVLWLYH�IDFLOLWDWRU�OHYHO�GLIIHUHQWLDOO\�SUHGLFWHG�FKLOG
FRPPXQLFDWLRQ�UDWH�ZLWK�ODUJH�HIIHFW�VL]HV�

&RQFOXVLRQ��)LQGLQJV�XQGHUVFRUH�WKH�QHHG�IRU�LQFOXVLRQ�RI�SURJUHVV�PRQLWRULQJ�PHDVXUHV�LQ
LPSOHPHQWDWLRQ�UHVHDUFK�DQG�SUDFWLFH�IRU�LQFUHDVLQJ�SXEOLF�KHDOWK�UHDFK�DQG�LPSDFW�IRU�RSWLPL]LQJ
FKLOG�FRPPXQLFDWLRQ�



�������

���� 3�

,QIDQWV�FKLOGUHQ�\RXWK

0HGLFDLG�*HQHURVLW\�DQG�6WDWH�9DULDWLRQ�LQ�'HYHORSPHQWDO�6FUHHQLQJ�DQG�6XUYHLOODQFH
7RUUH\�5RELQVRQ
�7RUUH\�5RELQVRQ��.HUUL�,YH\��%HQMDPLQ�:DONHU�

,QWURGXFWLRQ

6WDWH�OHYHO�YDULDWLRQ�LQ�GHYHORSPHQWDO�PRQLWRULQJ��LQFOXGLQJ�VFUHHQLQJ�DQG�VXUYHLOODQFH��LV�QRW�IXOO\
H[SODLQHG�E\�FKLOG�RU�IDPLO\�FKDUDFWHULVWLFV��1HDUO\�KDOI�RI�8�6��FKLOGUHQ�DUH�FRYHUHG�E\�0HGLFDLG�
\HW�VWDWH�0HGLFDLG�SROLFLHV�YDU\�LQ�HOLJLELOLW\�WKUHVKROGV��SURYLGHU�UHLPEXUVHPHQW��DQG�FRYHUHG
VHUYLFHV�EH\RQG�H[SDQVLRQ�VWDWXV�DORQH��/HVV�LV�NQRZQ�DERXW�ZKHWKHU�GLIIHUHQFHV�LQ�RYHUDOO
0HGLFDLG�JHQHURVLW\�DUH�DVVRFLDWHG�ZLWK�HDUO\�FKLOGKRRG�GHYHORSPHQWDO�VFUHHQLQJ�SUHYDOHQFH�

0HWKRGV

8VLQJ�QDWLRQDOO\�UHSUHVHQWDWLYH�GDWD�IURP�WKH�����y�����1DWLRQDO�6XUYH\�RI�&KLOGUHQ|V�+HDOWK��ZH
HVWLPDWHG�WZR�OHYHO�PXOWLOHYHO�ORJLVWLF�UHJUHVVLRQ�PRGHOV�ZLWK�LQGLYLGXDOV�QHVWHG�ZLWKLQ�VWDWHV��6WDWH
0HGLFDLG�JHQHURVLW\�ZDV�RSHUDWLRQDOL]HG�XVLQJ�WKH�0HGLFDLG�*HQHURVLW\�,QGH[�DQG�PRGHOHG�SHU����
SRLQW�LQFUHDVH��*XLGHG�E\�$QGHUVHQ|V�%HKDYLRUDO�0RGHO��PRGHOV�ZHUH�DGMXVWHG�IRU�FKLOG��IDPLO\��DQG
KHDOWKFDUH�DFFHVV�FKDUDFWHULVWLFV�

5HVXOWV

$PRQJ�FKLOGUHQ�DJHG��y���PRQWKV��������UHFHLYHG�GHYHORSPHQWDO�VFUHHQLQJ��6FUHHQLQJ�ZDV�PRUH
FRPPRQ�ZKHQ�SURYLGHUV�DVNHG�DERXW�SDUHQWDO�FRQFHUQV��������YV��������S�����������9DULDQFH
FRPSRQHQWV�PRGHOV�LQGLFDWHG�WKDW����RI�YDULDQFH�LQ�GHYHORSPHQWDO�VFUHHQLQJ�DQG����LQ�VXUYHLOODQFH
ZHUH�DWWULEXWDEOH�WR�EHWZHHQ�VWDWH�GLIIHUHQFHV��$IWHU�DGMXVWLQJ�IRU�FRYDULDWHV��VWDWH�OHYHO�0HGLFDLG
JHQHURVLW\�ZDV�DVVRFLDWHG�ZLWK�LQFUHDVHG�RGGV�RI�GHYHORSPHQWDO�VFUHHQLQJ��25�����������&,
����y������EXW�QRW�VXUYHLOODQFH��25�����������&,������y�������

&RQFOXVLRQV

*UHDWHU�VWDWH�OHYHO�0HGLFDLG�JHQHURVLW\�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�GHYHORSPHQWDO�VFUHHQLQJ�
LQGHSHQGHQW�RI�FKLOG�DQG�IDPLO\�FKDUDFWHULVWLFV��7KHVH�ILQGLQJV�GHPRQVWUDWH�WKDW�VWDWH�SROLF\
HQYLURQPHQWV�PD\�FRQWULEXWH�WR�YDULDWLRQ�LQ�GHYHORSPHQWDO�VFUHHQLQJ��ZKLOH�VXUYHLOODQFH�PD\
RSHUDWH�WKURXJK�D�GLIIHUHQW�SDWKZD\�
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5DFLDO�DQG�(WKQLF�'LIIHUHQFHV�LQ�+39�9DFFLQH�,QLWLDWLRQ�DQG�&RPSOHWLRQ�DQG�5HFHLSW�RI
+HDOWKFDUH�3URYLGHU�5HFRPPHQGDWLRQV�IRU�7HHQ�*LUOV�LQ�WKH�8QLWHG�6WDWHV������������.LP�
3KXRQJ�7UXRQJ�9X
�.LP�3KXRQJ�7UXRQJ�9X��*UDFH�1DNDMLPD�

'HVSLWH�WKH�+XPDQ�3DSLOORPDYLUXV��+39��YDFFLQH|V�HIILFDF\�LQ�SUHYHQWLQJ�PDOLJQDQF\��WHHQ�JLUOV|
XSWDNH�UHPDLQV�VKDUSO\�VWUDWLILHG�E\�UDFH�HWKQLFLW\��8VLQJ�1DWLRQDO�,PPXQL]DWLRQ�6XUYH\�7HHQ��1,6�
7HHQ��GDWD��ZH�H[DPLQH�UDFLDO�HWKQLF�GLIIHUHQFHV�LQ�����+39�YDFFLQH�LQLWLDWLRQ�DQG�FRPSOHWLRQ�DPRQJ
WHHQ�JLUOV�IURP������WR������DQG�����WKH�UHFHLSW�RI�D�KHDOWKFDUH�SURYLGHU�UHFRPPHQGDWLRQ�DFURVV
WZR�GLVWLQFW�WLPH�SHULRGV��WKH�}LQQRYDWLRQ~�SKDVH������y������DQG�WKH�}VWDQGDUGL]HG�SUDFWLFH~�SKDVH
�����y�������/RJLVWLF�UHJUHVVLRQ�DQG�FRPSOHPHQWDU\�ORJ�ORJ�UHJUHVVLRQ�PRGHOV�IRXQG�ODUJH
UDFH�HWKQLF�EDVHG�GLIIHUHQFHV�LQ�LQLWLDWLQJ�DQG�FRPSOHWLQJ�WKH�+39�YDFFLQH�VHULHV��7KH�SURSRUWLRQ�RI
WHHQ�JLUOV�ZKR�LQLWLDWHG�DQG�FRPSOHWHG�WKH�YDFFLQH�VHULHV�ZDV�KLJKHVW�DPRQJ�ZKLWH�WHHQ�JLUOV�DQG
ORZHVW�DPRQJ�%ODFN�WHHQ�JLUOV��$GGLWLRQDOO\��DIWHU�DFFRXQWLQJ�IRU�6(6�DQG�ODQJXDJH�EDUULHUV��ZH
IRXQG�WKDW�%ODFN�WHHQV�DQG�WKHLU�SDUHQWV�KDYH�WKH�ORZHVW�RGGV�RI�UHFHLYLQJ�D�UHFRPPHQGDWLRQ�IURP
WKHLU�SURYLGHUV�DFURVV�ERWK�PDMRU�WLPH�SHULRGV�RI�VWXG\��)LQGLQJV�VXJJHVW�WKDW�LQIRUPDWLRQDO
LQHTXLWLHV�DQG�JDSV�LQ�KHDOWKFDUH�SURYLGHU�UHFRPPHQGDWLRQV�FRQWLQXH�WR�SHUVLVW�IRU�WHHQ�JLUOV�RI
FRORU��ZKLFK�LQIOXHQFHV�IXWXUH�+39�DWWULEXWDEOH�FDQFHU�GLVSDULWLHV��0LWLJDWLQJ�+39�DWWULEXWDEOH
KHDOWK�GLVSDULWLHV�UHTXLUHV�PRYLQJ�EH\RQG�LQGLYLGXDO�OHYHO�LQWHUYHQWLRQV�WR�DGGUHVV�WKH�V\VWHPLF
LQHTXLWLHV�LQ�KRZ�FOLQLFDO�UHVRXUFHV�DQG�KHDOWK�LQIRUPDWLRQ�DUH�GLVWULEXWHG�ZLWKLQ�PDUJLQDOL]HG
FRPPXQLWLHV�
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1HZERUQ�6FUHHQLQJ�7LPHOLQHVV�LQ�WKH�&HQWUDO�&RDVW�RI�&DOLIRUQLD�*LDQQD�'|$SROLWR
�*LDQQD
'|$SROLWR��%UHRQQD�3UHVWRQ�

1HZERUQ�VFUHHQLQJ��1%6��VDYHV�LQIDQWV|�OLYHV�DQG�LPSURYHV�WKHLU�TXDOLW\�RI�OLIH�WKURXJK�HDUO\
GHWHFWLRQ�DQG�WLPHO\�LQWHUYHQWLRQ��,Q�&DOLIRUQLD��RYHU���������LQIDQWV�DUH�VFUHHQHG�DQQXDOO\�WKURXJK
WKH�*HQHWLF�'LVHDVH�6FUHHQLQJ�3URJUDP��,Q�D�JHRJUDSKLFDOO\�ODUJH�VWDWH��VSHFLPHQ�WUDQVSRUW�IURP
ELUWKLQJ�IDFLOLWLHV�WR�VWDWH�ODERUDWRULHV�LV�RQH�RI�WKH�PRVW�FULWLFDO�DQG�KLJK�ULVN�FRPSRQHQWV�RI�WKH
1%6�V\VWHP��7KH�FRXULHU�VHUYHV�DV�WKH�VROH�OLQN�EHWZHHQ�VSHFLPHQ�FROOHFWLRQ�DQG�ODERUDWRU\�WHVWLQJ�
PDNLQJ�DFFRXQWDELOLW\��FKDLQ�RI�FXVWRG\��DQG�WUDQVLW�HIILFLHQF\�HVVHQWLDO�WR�SUHYHQWLQJ�ORVW�RU
XQDFFRXQWHG�IRU�VSHFLPHQV�DQG�HQVXULQJ�WLPHO\�UHSRUWLQJ�RI�UHVXOWV��7KLV�TXDOLW\�LPSURYHPHQW�VWXG\
HYDOXDWHG�ZKHWKHU�D�PXOWL�SURQJHG��V\VWHP�OHYHO�LQWHUYHQWLRQ�DFURVV�KRVSLWDOV��VWDWH�SURJUDPV�
ODERUDWRULHV��DQG�FRXULHU�VHUYLFHV�FRXOG�LPSURYH�1%6�WLPHOLQHVV��7ZR�JURXSV�RI�KRVSLWDOV�ZHUH
DQDO\]HG�RYHU�D�WZR�\HDU�SHULRG��VL[�LQWHUYHQWLRQ�IDFLOLWLHV�DQG�VL[�FRPSDULVRQ�IDFLOLWLHV��6WDWLVWLFDO
DQDO\VLV�ZDV�FRQGXFWHG�XVLQJ�RQH�ZD\�$129$�ZLWK�%RQIHUURQL�SRVW�KRF�WHVWV�LQ�6366��$�VWDWLVWLFDOO\
VLJQLILFDQW�LPSURYHPHQW�LQ�WLPHOLQHVV��S���������ZDV�REVHUYHG�EHWZHHQ�LQWHUYHQWLRQ�DQG�FRPSDULVRQ
KRVSLWDOV��DV�ZHOO�DV�ZLWKLQ�WKH�LQWHUYHQWLRQ�JURXS�EHWZHHQ�WKH�SUH��DQG�SRVW�LQWHUYHQWLRQ�SHULRGV�
1R�VWDWLVWLFDOO\�VLJQLILFDQW�LPSURYHPHQW�ZDV�REVHUYHG�LQ�WKH�FRPSDULVRQ�JURXS�IURP�SUH��WR�SRVW�
LQWHUYHQWLRQ��7KHVH�ILQGLQJV�GHPRQVWUDWH�WKDW�VWUHQJWKHQLQJ�FRXULHU�DFFRXQWDELOLW\�DQG�VSHFLPHQ
WUDQVSRUW�SURFHVVHV�FDQ�PHDQLQJIXOO\�LPSURYH�WLPHOLQHVV�LQ�1%6��,PSURYHG�FRXULHU�UHOLDELOLW\�KDV
UHGXFHG�WKH�ULVN�RI�VSHFLPHQ�ORVV�DQG�HQDEOHG�IDVWHU�GHOLYHU\�WR�ODERUDWRULHV��VXSSRUWLQJ�SURFHVVLQJ
WLPHV�RI�OHVV�WKDQ�WKUHH�GD\V�DQG�DOORZLQJ�PRUH�UDSLG�UHSRUWLQJ�RI�UHVXOWV�IRU�WLPH�VHQVLWLYH
FRQGLWLRQV��DOLJQLQJ�ZLWK�FXUUHQW�OLWHUDWXUH��*UHDWHU�WUDQVLW�HIILFLHQF\�LPSURYHV�TXDOLW\��UHGXFHV�ULVN�
DQG�SURPRWHV�HTXLWDEOH�RXWFRPHV�IRU�QHZERUQV�UHJDUGOHVV�RI�JHRJUDSKLF�ORFDWLRQ��UHLQIRUFLQJ�WUXVW
LQ�WKH�1%6�V\VWHP�
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,QIHFWLRXV�RU�0LFURELDO

+LJK�UHVROXWLRQ�FOLPDWH�GDWD�DVVRFLDWHG�FKDUDFWHUL]DWLRQ�RI�PHGLFDOO\�UHOHYDQW�PRVTXLWR
SRSXODWLRQV�IURP�XUEDQ�WR�UXUDO�VHWWLQJV�LQ�3XHUWR�5LFR�+HULEHUWR�0DUWLU�9DUJDV
�+HULEHUWR
0DUWLU�9DUJDV�

�

0RVTXLWR�ERUQH�GLVHDVHV�UHPDLQ�D�SXEOLF�KHDOWK�WKUHDW�LQ�WKH�WURSLFDO�LVODQGV�OLNH�3XHUWR�5LFR��DQ
LVODQG�FRQVLVWHQWO\�IDFLQJ�JURZLQJ�QXPEHUV�RI�GLVHDVHV�FDUU\LQJ�PRVTXLWR�DFWLYLW\���'LVHDVH�FDUU\LQJ
PRVTXLWR�VSHFLHV�IRXQG�LQ�WKH�,VODQG�LQFOXGH�YDULRXV�JHQXV�VXFK�DV�$HGHV��YHFWRUV�IRU�'HQJXH��=LND�
&KLNXQJXQ\D�DQG�<HOORZ�IHYHU���&XOH[��YHFWRUV�IRU�:HVW�1LOH�9LUXV��DQG�$QRSKHOHV��YHFWRUV�IRU
0DODULD���0RVTXLWR�DFWLYLW\�DQG�SRSXODWLRQ�G\QDPLFV�DUH�NQRZQ�WR�EH�LQIOXHQFHG�E\�HQYLURQPHQWDO
FRQGLWLRQV�ZKLFK�YDU\�WKURXJKRXW�WKH�GLYHUVLW\�RI�PLFURFOLPDWHV�DFURVV�YDULRXV�UXUDO�DQG�XUEDQ
VHWWLQJV�LQ�WKH�LVODQG��7KHUHIRUH��WKLV�ZRUN�DLPV�WR�JDWKHU�DQG�OLQN�ILQH�VFDOH�GDWD�RQ�PRVTXLWR
SRSXODWLRQ�G\QDPLFV�WR�PLFURFOLPDWH�FRQGLWLRQV���7KLV�ZLOO�EH�DFKLHYHG�E\�XVLQJ�WUXVWHG�PRVTXLWR
FROOHFWLRQ�WHFKQLTXHV�DQG�VRXUFLQJ�WKHVH�FROOHFWLRQV�DW�KLJKHU�WHPSRUDO�UHVROXWLRQ�ZKLOH
FRQWLQXRXVO\�WUDFNLQJ�PLFURFOLPDWH�FRQGLWLRQV�DW�FROOHFWLRQ�VLWHV��0RVTXLWR�FROOHFWLRQ�WHFKQLTXHV
LQFOXGH�WKH�XVH�RI�KXPDQ�ODQGLQJ�FDWFKHV��+/&V��DQG�%*�6HQWLQHO�3UR�DXWRPDWHG�PRVTXLWR�WUDSV
�$07V��DVVLVWHG�E\�OXUHV�DQG�&2���(QYLURQPHQWDO�GDWD�VXFK�DV�UHODWLYH�KXPLGLW\�DQG�WHPSHUDWXUH�DW
FDSWXUH�VLWHV�ZLOO�EH�UHFRUGHG�XVLQJ�FRQWLQXRXV�GDWD�ORJJHUV��DGGLWLRQDO�GDWD�IRU�ORFDWLRQ��HOHYDWLRQ�
DWPRVSKHULF�SUHVVXUH��ZLQG�VSHHG��FORXG�FRYHUDJH�DQG�SUHFLSLWDWLRQ�ZLOO�EH�REWDLQHG�IURP�ZHDWKHU
GDWD�VRXUFHV��7KH�EDWFKHV�FROOHFWHG�IURP�$07V�ZLOO�EH�FROOHFWHG�DW�OHDVW�WZLFH�GDLO\�DQG�+/&V�DW
OHDVW�WKUHH�WLPHV�D�GD\��7KHVH�ZRXOG�DFFRXQW�IRU�GLXUQDO�DQG�FUHSXVFXODU�DFWLYLW\��%DWFKHV�ZLOO�EH
VRUWHG�DQG�FRXQWHG�WR�REWDLQ�SURSRUWLRQV�RI�HDFK�VSHFLHV�SHU�FROOHFWLRQ�SHULRG��7KLV�DSSURDFK�DOORZV
IRU�KLJKHU�GDWD�JUDQXODULW\�ZKHQ�WU\LQJ�WR�XQGHUVWDQG�VSHFLHV�VSHFLILF�DFWLYLW\�GHSHQGHQW�RQ�ORFDO
FOLPDWH�FRQGLWLRQV��7KH�UHVXOWLQJ�GDWD�ZLOO�VLJQLILFDQWO\�LQIRUP�SUHGLFWLYH�RXWEUHDN�PRGHOLQJ
VWUDWHJLHV�ZKLFK��LQ�WXUQ��LPSDFW�SUHSDUHGQHVV�HIIRUWV�IURP�ERWK�D�YHFWRU�FRQWURO�OHQV�DQG�DQ
RXWEUHDN�UHVSRQVH�OHQV�
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,PSOHPHQWDWLRQ�RI�3HUPDQHQW�6XSSRUWLYH�+RXVLQJ�IRU�3HRSOH�RI�&RORU�0DULVD�:HVWEURRN

0DULVD�:HVWEURRN��.DWKOHHQ�&RQWH��0DULVD�=DSDWD�

3HUPDQHQW�VXSSRUWLYH�KRXVLQJ��36+��LV�D�SURYHQ�LQWHUYHQWLRQ�FRPELQLQJ�KRXVLQJ�DVVLVWDQFH�ZLWK
VXSSRUWLYH�VHUYLFHV�WR�KHOS�SHRSOH�H[SHULHQFLQJ�KRPHOHVVQHVV�DQG�WKRVH�ZLWK�GLVDELOLWLHV�PRYH
WRZDUGV�KRXVLQJ�VWDELOLW\�DQG�ZHOOEHLQJ��&XOWXUDOO\�VSHFLILF��&6��RUJDQL]DWLRQV�KDYH�EHHQ�UHFRJQL]HG
DV�EHVW�SRVLWLRQHG�WR�DGGUHVV�WKH�QHHGV�RI�%ODFN�,QGLJHQRXV�3HRSOH�RI�&RORU��%,32&��H[SHULHQFLQJ
KRPHOHVVQHVV�E\�SURYLGLQJ�36+�VHUYLFHV�WR�WKHLU�VSHFLILF�FXOWXUDO�FRPPXQLW\��\HW��IHZ�VWXGLHV�KDYH
H[SORUHG�WKH�LPSOHPHQWDWLRQ�DQG�LPSDFW�RI�&6�36+��7KH�DLP�RI�WKLV�SURMHFW�ZDV�WR�H[DPLQH�KRZ�&6
36+�LV�FRQFHSWXDOL]HG��LPSOHPHQWHG��LQQRYDWHG�RQ��DQG�H[SHULHQFHG�WKURXJK����LQWHUYLHZV
FRQGXFWHG�ZLWK�ORFDO�JRYHUQPHQW�VWDII�LQYROYHG�LQ�36+�LPSOHPHQWDWLRQ��&6�SURYLGHUV�VHUYLQJ�WKH
%ODFN�RU�+LVSDQLF�/DWLQ[�FRPPXQLW\��DQG�%ODFN�DQG�RU�+LVSDQLF�/DWLQ[�FOLHQWV�UHFHLYLQJ�&6�36+�LQ
WKH�3RUWODQG�2UHJRQ�0HWUR�$UHD��,Q�RXU�ILQGLQJV��ZH�VXPPDUL]H�WKH�UHODWLRQDO�VWUHQJWKV�RI�&6�36+�
WKH�FXUUHQW�FKDOOHQJHV�IDFLQJ�SURYLGHUV��DQG�WKH�RSSRUWXQLWLHV�IRU�QRQ�&6�36+�SURYLGHUV�WR�GUDZ
IURP�WKHVH�H[SHULHQFHV�SURYLGLQJ�VHUYLFHV�WR�%,32&�FRPPXQLWLHV�IRU�IXUWKHULQJ�KRXVLQJ�VWDELOLW\�DQG
ZHOOEHLQJ��+LJKOLJKWLQJ�WKH�UHFRPPHQGDWLRQV�IURP�LQWHUYLHZ�SDUWLFLSDQWV��JRYHUQPHQWDO��FRPPXQLW\
RUJDQL]DWLRQV��DQG�IURP�WKRVH�ZLWK�OLYHG�H[SHULHQFH���ZH�FORVH�E\�GLVFXVVLQJ�KRZ�&6�36+�SURYLGHUV
DUH�DGYDQFLQJ�HTXLWDEOH�KRXVLQJ�DQG�KHDOWK�RXWFRPHV�
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,QWHUYHQWLRQV�3URJUDPV

)URP�5HVSRQVH�WR�3UHYHQWLRQ��(YDOXDWLQJ�DQG�&R�'HVLJQLQJ�/HDYH�%HKLQG�1DOR[RQH
3URJUDPV�IRU�&RXQW\�:LGH�(PHUJHQF\�0HGLFDO�6HUYLFHV��(06��8SWDNH�7KHUHVD�+ZHH

7KHUHVD�+ZHH��&HFH�:HWWHPDQQ��2KVKXH�6��*DWDQDJD��+DQQDK�&ROOLQV��$P\�3RHO��6DPDUD�-DPLVRQ�
+H\GRQ��-HQQD�YDQ�'UDDQHQ�

2SLRLG�RYHUGRVH�LV�D�OHDGLQJ�FDXVH�RI�GHDWK�LQ�:DVKLQJWRQ�6WDWH��DQG�/HDYH�%HKLQG�1DOR[RQH��/%1�
LV�DQ�HYLGHQFH�EDVHG�LQWHUYHQWLRQ�WKDW�UHGXFHV�RYHUGRVH�GHDWK��/%1�NLWV�DUH�JLYHQ�WR�SDWLHQWV�RU
FORVH�FRQWDFWV�LPPHGLDWHO\�DIWHU�DQ�RYHUGRVH��)LUHILJKWHU�(07V�DUH�RIWHQ�WKH�ILUVW�WR�UHVSRQG�WR
RYHUGRVH��\HW�DGRSWLRQ�RI�/%1�SURJUDPV�YDULHV�ZLGHO\�DFURVV�(06�DJHQFLHV��:H�DVN��ZKDW
RUJDQL]DWLRQDO�DQG�FRQWH[WXDO�IDFWRUV�VKDSH�/%1�LPSOHPHQWDWLRQ��DQG�KRZ�FDQ�HYDOXDWLRQ�SDLUHG
ZLWK�FR�GHVLJQ�VWUHQJWKHQ�LPSOHPHQWDWLRQ�RI�RYHUGRVH�SUHYHQWLRQ�SURJUDPV�DW�D�SRSXODWLRQ�OHYHO"

:H�DUH�FRQGXFWLQJ�DQ�RQJRLQJ�VHTXHQWLDO�PL[HG�PHWKRGV�HYDOXDWLRQ�RI�����������/%1
LPSOHPHQWDWLRQ�DFURVV�6HDWWOH�.LQJ�&RXQW\�(06�DJHQFLHV�LQ�SDUWQHUVKLS�ZLWK�3XEOLF�+HDOWKy6HDWWOH
	�.LQJ�&RXQW\��8VLQJ�5(�$,0�WR�DVVHVV�LPSOHPHQWDWLRQ�DQG�&),5�WR�LGHQWLI\�FRQWH[WXDO
GHWHUPLQDQWV��ZH�ZLOO�LQWHJUDWH�DGPLQLVWUDWLYH�GDWD��QDOR[RQH�LQYHQWRU\��RYHUGRVH�FDOO�YROXPH��/%1
GLVWULEXWLRQ�GRFXPHQWDWLRQ��ZLWK�VHPL�VWUXFWXUHG�LQWHUYLHZV�ZLWK�Q����(06�GHSDUWPHQW�OHDGHUV�
,QWHUYLHZV�ILQGLQJV�ZLOO�GLUHFWO\�LQIRUP�UHFRPPHQGDWLRQV�DQG�GHFLVLRQ�PDNLQJ�E\�(06�DJHQFLHV�DQG
SXEOLF�KHDOWK�SDUWQHUV�

3UHOLPLQDU\�DQDO\VHV�RI�DGPLQLVWUDWLYH�GDWD�GHVFULELQJ�SURJUDP�XSWDNH�VXJJHVW�VXEVWDQWLDO�YDULDWLRQ
LQ�/%1�GLVWULEXWLRQ�DQG�GRFXPHQWDWLRQ�SUDFWLFHV�DFURVV�(06�DJHQFLHV��KLJKOLJKWLQJ�WKH�QHHG�WR
XQGHUVWDQG�RUJDQL]DWLRQDO�FRQWH[W�DQG�FR�GHVLJQ�IXWXUH�SURJUDP�LWHUDWLRQV��)LQDOL]HG�DQDO\VHV�ZLOO
LQFOXGH�GHVFULSWLYH�DQG�FKDQJH�RYHU�WLPH�WUHQGV��WKHPDWLF�VXPPDULHV�RI�LPSOHPHQWDWLRQ
GHWHUPLQDQWV��DQG�PL[HG�PHWKRG�MRLQW�GLVSOD\V��5HVXOWV�ZLOO�EH�WUDQVODWHG�LQWR�DFWLRQ�WKURXJK�FR�
GHVLJQ�ZRUNVKRSV�ZLWK�ILUHILJKWHUV�(07V��(06�OHDGHUVKLS��SXEOLF�KHDOWK�SDUWQHUV��DQG�SHRSOH�ZLWK
OLYHG�H[SHULHQFH�WR�UHILQH�WKH�/%1�SURJUDP�IRU�LQFUHDVHG�SRSXODWLRQ�LPSDFW�

7KLV�SURMHFW�DGYDQFHV�SRSXODWLRQ�KHDOWK�E\�XQLTXHO\�OLQNLQJ�LPSOHPHQWDWLRQ�VFLHQFH�ZLWK
SDUWLFLSDWRU\�FR�GHVLJQ�LQ�HPHUJHQF\�UHVSRQVH�V\VWHPV�WR�LPSURYH�QDOR[RQH�GLVWULEXWLRQ�DQG�UHGXFH
RYHUGRVH�GHDWKV�
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+RZ�6XSSRUWLYH�RI�/HDYH�DUH�6XSHUYLVRUV"�(PSOR\HH�3HUFHSWLRQV�LQ�D�3XEOLF�$FDGHPLF
,QVWLWXWLRQ�-XOLD�*RRGPDQ
�-XOLD�*RRGPDQ��0DUL�3HlDUUXELD�6DQFKH]�

$FFHVV�WR�SDLG�OHDYH�LV�D�VWUXFWXUDO�GHWHUPLQDQW�RI�KHDOWK��OLQNHG�WR�LPSURYHG�PHQWDO�DQG�SK\VLFDO
KHDOWK�IRU�ZRUNHUV�DQG�WKHLU�IDPLOLHV��/HDYH�SROLFLHV�DUH�RIWHQ�XQGHUXWLOL]HG�GXH�WR�OLPLWHG�DZDUHQHVV
DQG�XQVXSSRUWLYH�RUJDQL]DWLRQDO�FXOWXUHV��DQG�VXSHUYLVRU�VXSSRUW�SOD\V�D�FULWLFDO�UROH�LQ�VKDSLQJ
HPSOR\HHV|�ZLOOLQJQHVV�DQG�DELOLW\�WR�WDNH�OHDYH�

:H�FRQGXFWHG�DQ�RQOLQH�VXUYH\�RI�HPSOR\HHV�DW�D�ODUJH��SXEOLF�XQLYHUVLW\�LQ�WKH�3DFLILF�1RUWKZHVW�WR
H[DPLQH�SHUFHSWLRQV�RI�VXSHUYLVRU�VXSSRUW�IRU�IDPLO\�DQG�VLFN�OHDYH��:RUNLQJ�ZLWK�WKH�XQLYHUVLW\|V
KXPDQ�UHVRXUFHV�GHSDUWPHQW��ZH�HPDLOHG�HPSOR\HHV�DQG�LQYLWHG�WKHP�WR�SDUWLFLSDWH��%DVHOLQH
VXUYH\V�ZHUH�FROOHFWHG�IURP�)HEUXDU\���WR�0DUFK����������:H�DVVHVVHG�H[SHULHQFHV�ZLWK�OHDYH�
TXDOLI\LQJ�VLWXDWLRQV�DQG�SHUFHSWLRQV�RI�IDPLO\�VXSSRUWLYH�VXSHUYLVRUV|�EHKDYLRUV�DURXQG�OHDYH
SROLFLHV��LQFOXGLQJ�HPRWLRQDO�VXSSRUW��UROH�PRGHOLQJ��LQVWUXPHQWDO�DQG�GXDO�DJHQGD�VXSSRUW�
SV\FKRORJLFDO�VDIHW\��DQG�UHVSHFW�IRU�WLPH�RII�GXULQJ�OHDYH�

2I�����SDUWLFLSDQWV��������������UHSRUWHG�DW�OHDVW�RQH�VLWXDWLRQ�WKDW�FRXOG�TXDOLI\�WKHP�IRU�OHDYH
�H�J���QHZ�FKLOG��PHGLFDO�FRQGLWLRQ�IRU�WKHPVHOI�RU�D�ORYHG�RQH��EHUHDYHPHQW��GXULQJ�WKH�SULRU��
PRQWKV��ZKLOH�������������UHSRUWHG�QRQH��Q� ����PLVVLQJ���$PRQJ�WKRVH�H[SHULHQFLQJ�D�SRWHQWLDO
OHDYH�TXDOLI\LQJ�VLWXDWLRQ��������������WRRN�OHDYH��(PSOR\HHV�ZKR�IDFHG�VXFK�VLWXDWLRQV�EXW�GLG�QRW
WDNH�OHDYH�UHSRUWHG�WKH�ORZHVW�OHYHOV�RI�VXSHUYLVRU�VXSSRUW�DFURVV�PXOWLSOH�GLPHQVLRQV��3DUWLFLSDQWV
ZLWK�QR�OHDYH�TXDOLI\LQJ�VLWXDWLRQV�UHSRUWHG�WKH�PRVW�SRVLWLYH�SHUFHSWLRQV�RI�VXSHUYLVRU�VXSSRUW�
(PSOR\HHV�ZLWK�D�OHDYH�TXDOLI\LQJ�VLWXDWLRQ�ZKR�GLG�QRW�WDNH�OHDYH�UHSRUWHG�D�QHJDWLYH�LPSDFW�VFRUH
RI�������6'� ��������LQGLFDWLQJ�WKDW��RQ�DYHUDJH��WKH\�H[SHULHQFHG�EHWZHHQ�{D�OLWWOH|�DQG�{D�PRGHUDWH
DPRXQW|�RI�QHJDWLYH�LPSDFW�

2YHUDOO��SDWWHUQV�RI�SHUFHLYHG�VXSHUYLVRU�VXSSRUW�GLIIHUHG�E\�HPSOR\HHV|�UHFHQW�OHDYH�TXDOLI\LQJ
H[SHULHQFHV��(QKDQFLQJ�VXSHUYLVRU�WUDLQLQJ�DQG�RUJDQL]DWLRQDO�QRUPV�DURXQG�OHDYH�PD\�EH�DQ
LPSRUWDQW�VWHS�WRZDUG�SURPRWLQJ�HTXLWDEOH�DFFHVV�WR�WKH�KHDOWK�SURWHFWLYH�EHQHILWV�RI�SDLG�OHDYH�
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2XWFRPHV�RI�DQ�$VWKPD�&23'�&RPPXQLW\�+HDOWK�:RUNHU�SURJUDP�DW�D�ODUJH�XUEDQ�VDIHW\�
QHW�KRVSLWDO�V\VWHP�5DFKHO�0DVVDU
�5DFKHO�0DVVDU��/RUUDLQH�.ZRN��-RDQ�5HLEPDQ��$OHVVDQGUD
&DOYR�)ULHGPDQ��'DZQ�:DOWHU��5HQDWD�+RZODQG��.D\OD�)HQQHOO\��<XDQ�-LQ�7DQ��.DVKD�&DHVDU��'DYLG
&RQOH\��-RKQ�%LOOLQJV��&DURO\Q�%HUU\�

$VWKPD�DQG�&23'�DUH�FKURQLF�GLVHDVHV�ZLWK�VXEVWDQWLDO�DYRLGDEOH�PRUELGLW\�DQG�PRUWDOLW\�WKDW
GLVSURSRUWLRQDWHO\�DIIHFW�ORZHU�VRFLRHFRQRPLF�JURXSV�DQG�FRPPXQLWLHV�RI�FRORU��HVSHFLDOO\�LQ�XUEDQ
VHWWLQJV��1HZ�<RUN�&LW\�+HDOWK���+RVSLWDOV��WKH�QDWLRQ|V�ODUJHVW�VDIHW\�QHW�KRVSLWDO�V\VWHP�
HVWDEOLVKHG�DQ�$VWKPD�&23'�&RPPXQLW\�+HDOWK�:RUNHU��&+:��SURJUDP�WR�LPSURYH�FDUH�IRU
SHGLDWULF�DQG�DGXOW�SDWLHQWV�ZLWK�XQFRQWUROOHG�DVWKPD�DQG�RU�&23'�RU�WKRVH�DW�KLJK�ULVN�IRU
LQSDWLHQW�DQG�(PHUJHQF\�'HSDUWPHQW��('��YLVLWV��&+:V�KHOS�FRQQHFW�SDWLHQWV�WR�SULPDU\�DQG
VSHFLDOW\�FDUH��SURYLGH�HGXFDWLRQ�DQG�FRDFKLQJ�RQ�GLVHDVH�VHOI�PDQDJHPHQW�DQG�PHGLFDWLRQV�
FRQGXFW�HQYLURQPHQWDO�VFUHHQLQJV�YLD�KRPH�YLVLWV��DQG�DGGUHVV�VRFLDO�QHHGV��3URJUDP�JRDOV�DUH�WR���
SUHYHQW�RU�UHGXFH�DYRLGDEOH�DVWKPD�&23'�UHODWHG�LQSDWLHQW�RU�('�DGPLVVLRQV��DQG����LPSURYH
SDWLHQWV|�DELOLW\�WR�PDQDJH�WKHLU�FRQGLWLRQV��:H�DUH�FRQGXFWLQJ�D�PL[HG�PHWKRGV�HYDOXDWLRQ�WR�DVVHVV
RXWFRPHV�RI�SDUWLFLSDWLRQ�LQ�WKH�SURJUDP��4XDOLWDWLYH�LQWHUYLHZV�ZLWK�&+:V�DQG�SDWLHQWV�H[SORUH
LPSOHPHQWDWLRQ�IDFLOLWDWRUV�DQG�EDUULHUV��SDWLHQW�H[SHULHQFHV��DQG�SHUFHLYHG�EHQHILWV��,QWHUYLHZV�DUH
DQDO\]HG�XVLQJ�UDSLG�TXDOLWDWLYH�PHWKRGV��,Q�SUHOLPLQDU\�ILQGLQJV��SDWLHQWV�UHSRUW�KLJK�VDWLVIDFWLRQ
ZLWK�WKH�SURJUDP�DQG�PDQ\�FRPPHQWHG�WKDW�WKH\�DUH�EHWWHU�DEOH�WR�PDQDJH�WKHLU�DVWKPD�V\PSWRPV�
SDUWLFXODUO\�WKURXJK�FRUUHFW�XVH�RI�LQKDOHUV��&+:V�IHHO�ZHOO�SUHSDUHG�ZLWK�RQJRLQJ�WUDLQLQJV�DQG
UHSRUWHG�VRPH�FKDOOHQJHV�LQFOXGLQJ�GHGLFDWHG�ZRUN�VSDFH��DYDLODELOLW\�RI�UHVRXUFHV�IRU
XQGRFXPHQWHG�SDWLHQWV�DQG�FXOWXUDO�OLQJXLVWLF�EDUULHUV��0HGLFDLG�FODLPV�DQG�HOHFWURQLF�KHDOWK
UHFRUG�GDWD�FRPSDUH�KHDOWKFDUH�XWLOL]DWLRQ�DQG�FOLQLFDO�RXWFRPHV�DPRQJ�SURJUDP�SDUWLFLSDQWV
�Q �����DQG�D�PDWFKHG�FRPSDULVRQ�JURXS�IURP�D�SRRO�RI��������SDWLHQWV�ZLWK�DVWKPD��(YDOXDWLRQ
ILQGLQJV�HOXFLGDWH�WKH�HIIHFWLYHQHVV�RI�&+:�SURJUDPV�IRU�SDWLHQWV�VWUXJJOLQJ�ZLWK�DVWKPD�&23'�LQ
DQ�XUEDQ�VDIHW\�QHW�KHDOWKFDUH�VHWWLQJ�DQG�KHOS�LQIRUP�IXWXUH�SURJUDP�GHYHORSPHQW�DQG�H[SDQVLRQ�
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0L[HG�PHWKRGV�HYDOXDWLRQ�RI�D�0DWHUQDO�+RPH�SURJUDP�LQ�D�VDIHW\�QHW�KHDOWKFDUH�V\VWHP
LQ�1HZ�<RUN�&LW\�5DFKHO�0DVVDU
�5DFKHO�0DVVDU��/RUUDLQH�.ZRN��5HQDWD�+RZODQG��/RUQD�-RKQVRQ�
6DUDK�6LVFR��:HQG\�:LOFR[��.D\OD�)HQQHOO\��-RKQ�%LOOLQJV��&DURO\Q�%HUU\�

1<&�+HDOWK���+RVSLWDOV��WKH�ODUJHVW�VDIHW\�QHW�KHDOWKFDUH�V\VWHP�LQ�WKH�8�6���ODXQFKHG�WKH�0DWHUQDO
+RPH�SURJUDP�LQ������WR�SURYLGH�SUHJQDQW�DQG�SRVWSDUWXP�SDWLHQWV�ZLWK�VXSSRUW��HGXFDWLRQ��DQG
OLQNDJHV�WR�VHUYLFHV�WR�UHGXFH�PDWHUQDO�PRUELGLW\�DQG�PRUWDOLW\��:H�DUH�FRQGXFWLQJ�D�PL[HG�
PHWKRGV�LPSOHPHQWDWLRQ�DQG�RXWFRPH�HYDOXDWLRQ�XVLQJ�LQWHUYLHZV�ZLWK�SURJUDP�OHDGHUVKLS��VWDII�
SURYLGHUV��DQG�SDWLHQWV��SUH�SRVW�SDWLHQW�VXUYH\V��DQG�1HZ�<RUN�6WDWH�0HGLFDLG�FODLPV�GDWD�
,QWHUYLHZV�DUH�DQDO\]HG�XVLQJ�UDSLG�TXDOLWDWLYH�PHWKRGV��7HOHSKRQH�VXUYH\V�DW�EDVHOLQH�DQG�a��
ZHHNV�SRVWSDUWXP�DVVHVV�VHOI�UHSRUWHG�KHDOWK��SUH�SRVWQDWDO�GHSUHVVLRQ��KHDOWKFDUH�VHOI�HIILFDF\�DQG
HQJDJHPHQW��SDUHQWDO�VWUHVV�DQG�FRQILGHQFH��VRFLDO�VXSSRUW��VRFLDO�QHHGV��FRQQHFWLRQ�WR�VHUYLFHV�
DQG�FOLQLF�SURJUDP�VDWLVIDFWLRQ��0HGLFDLG�FODLPV������GD\V�SUH�GHOLYHU\�WR���\HDU�SRVWSDUWXP�
FRPSDUH�GHPRJUDSKLF��FOLQLFDO��DQG�XWLOL]DWLRQ�SDWWHUQV�EHWZHHQ�SDUWLFLSDQWV�DQG�QRQ�SDUWLFLSDQWV
GHOLYHULQJ�DW�WKH�VDPH�KRVSLWDOV��QRQ�ULVN�DGMXVWHG���ZLWK�UHJUHVVLRQ�PRGHOV�WHVWLQJ�JURXS
GLIIHUHQFHV��3UHOLPLQDU\�LQWHUYLHZ�ILQGLQJV�HOXFLGDWH�LPSOHPHQWDWLRQ�EDUULHUV�DQG�IDFLOLWDWRUV�
SHUFHLYHG�EHQHILWV��DQG�DUHDV�IRU�LPSURYHPHQW��6XUYH\�UHVXOWV�DUH�IRUWKFRPLQJ��&RQVLVWHQW�ZLWK
HQUROOPHQW�JRDOV��FODLPV�DQDO\VLV�VKRZHG�SDUWLFLSDQWV�ZHUH�PRUH�OLNHO\�WR�EH�ROGHU�\RXQJHU�
PXOWLSDURXV��KDYH�PXOWLSOH�FKURQLF�FRQGLWLRQV��GRFXPHQWHG�VRFLDO�QHHGV������YV��������DQG�KLJKHU
UDWHV�RI�JHVWDWLRQDO�GLDEHWHV��SUH�H[LVWLQJ�K\SHUWHQVLRQ�GLDEHWHV��DQG�PHQWDO�KHDOWK�FRQGLWLRQV��PRUH
SUHQDWDO�YLVLWV�������YV���������KLJKHU�FRQWLQXLW\�RI�FDUH������YV��������DQG�PRUH�HPHUJHQF\
GHSDUWPHQW�YLVLWV������YV�������GXULQJ�SUHJQDQF\��3DUWLFLSDQWV�ZHUH�PRUH�OLNHO\�WR�DWWHQG�D
SRVWSDUWXP�YLVLW�E\����GD\V������YV�������DQG�REWDLQ�RXWSDWLHQW�PHQWDO�KHDOWK�WUHDWPHQW��������YV�
�������)LQGLQJV�SURYLGH�HDUO\�HYLGHQFH�RQ�KRZ�D�PDWHUQDO�SURJUDP�FDQ�HQJDJH�KLJK�ULVN�SDWLHQWV
DQG�HQKDQFH�XVH�RI�VHUYLFHV��LQIRUPLQJ�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�VLPLODU�SURJUDPV�
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/*%74�

)DPLO\�8VH�RI�$GROHVFHQWVi�*HQGHU�3URQRXQV�DQG�6XEVHTXHQW�0HQWDO�+HDOWK�$PRQJ
/*%74��<RXWK�(YDQ�.UXHJHU
�(YDQ�.UXHJHU�

%DFNJURXQG��/HVELDQ��JD\��ELVH[XDO��WUDQVJHQGHU��DQG�TXHHU��/*%74���\RXWK�H[SHULHQFH�PHQWDO
KHDOWK�GLVSDULWLHV��:KLOH�SHUVRQDO�LGHQWLW\�DQG�SURQRXQ�XVH�PD\�VKDSH�H[SRVXUH�WR�ULVN��GLVSDULWLHV
DUH�RIWHQ�GULYHQ�E\�RWKHUV|�UHFRJQLWLRQ�DQG�WUHDWPHQW�RI�/*%74��\RXWK��H�J���VWLJPD��EXOO\LQJ�
UHMHFWLRQ���$IILUPDWLRQ�IURP�RWKHUV��H�J���WKRXJK�XVH�RI�DGROHVFHQWV|�SUHIHUUHG�SURQRXQV��LV�D
PRGLILDEOH�VRFLDO�DQG�UHODWLRQDO�GHWHUPLQDQW�RI�/*%74��\RXWK�PHQWDO�KHDOWK�

0HWKRGV��'DWD�ZHUH�GUDZQ�IURP�/*%74��\RXWK�LQ�D�ORQJLWXGLQDO�VFKRRO�EDVHG�VXUYH\�RI�GLYHUVH
DGROHVFHQWV�LQ�6RXWKHUQ�&DOLIRUQLD��1� �������7ZR�ZDYHV�RI�GDWD��6SULQJ������DQG�6SULQJ������
ZHUH�DQDO\]HG�ZKHQ�VWXGHQWV�ZHUH�LQ�JUDGHV���y���DQG���y����UHVSHFWLYHO\��&RUUHFW�SURQRXQ�XVH�E\
}PRVW~�RU�}DOO~��YV��}VRPH~�RU�}QRQH~��IDPLO\�PHPEHUV�ZDV�HVWLPDWHG��DQG�DVVRFLDWLRQV�ZLWK
DGROHVFHQWV|�SHUFHLYHG�VDIHW\�LQ�GLVFXVVLQJ�PHQWDO�KHDOWK�ZLWK�SDUHQWV�RU�JXDUGLDQV�ZHUH�DVVHVVHG�
/RJLVWLF�UHJUHVVLRQV�WHVWHG�DVVRFLDWLRQV�EHWZHHQ�IDPLO\�PHPEHUV|�FRUUHFW�XVH�RI�DGROHVFHQWV|�JHQGHU
SURQRXQV�DW�EDVHOLQH�DQG�VXEVHTXHQW�JHQHUDOL]HG�DQ[LHW\�GLVRUGHU��*$'��DQG�PDMRU�GHSUHVVLYH
GLVRUGHU��0''��RQH�\HDU�ODWHU��5HYLVHG�&KLOG�$Q[LHW\�DQG�'HSUHVVLRQ�6FDOH���FRQWUROOLQJ�IRU�EDVHOLQH
PHQWDO�KHDOWK�

5HVXOWV��$W�EDVHOLQH��PRVW�DGROHVFHQWV���������UHSRUWHG�WKDW�}PRVW~�RU�}DOO~�IDPLO\�PHPEHUV�XVHG
WKHLU�FRUUHFW�SURQRXQV��$GROHVFHQWV�ZKR�UHSRUWHG�FRUUHFW�SURQRXQ�XVH��YV��WKRVH�ZKR�GLG�QRW��ZHUH
PRUH�OLNHO\�WR�IHHO�VDIH�GLVFXVVLQJ�PHQWDO�KHDOWK�ZLWK�SDUHQWV�RU�JXDUGLDQV��������YV���������S� 
��������&RUUHFW�SURQRXQ�XVH�DW�EDVHOLQH�ZDV�DVVRFLDWHG�ZLWK�ORZHU�RGGV�RI�*$'��25� �����������&,
 �������������S� ��������DQG�0''��25� �����������&,� �������������S� ��������RQH�\HDU�ODWHU�

&RQFOXVLRQ��&RUUHFW�XVH�RI�DGROHVFHQWV|�SURQRXQV�E\�IDPLO\�PHPEHUV�LV�DVVRFLDWHG�ZLWK�LPSURYHG
PHQWDO�KHDOWK�DPRQJ�/*%74��\RXWK��6XSSRUWLQJ�IDPLOLHV�LQ�DIILUPLQJ�\RXWKV|�JHQGHU�LGHQWLWLHV�
LQFOXGLQJ�WKURXJK�FRUUHFW�SURQRXQ�XVH��PD\�UHSUHVHQW�DQ�LPSRUWDQW�LQWHUYHQWLRQ�WDUJHW�
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/*%74�

3DUWQHU�3UR[\�5HSRUWLQJ�&RQJUXHQF\�IRU�6HOI�5DWHG�+HDOWK��9DULDWLRQ�E\�&RXSOH�*HQGHU
&RPSRVLWLRQ�&KULVWRSKHU�-XOLDQ
�&KULVWRSKHU�-XOLDQ��:HQG\�0DQQLQJ�

+HDOWK�PDQDJHPHQW�ZLWKLQ�FRXSOHV�LV�UDUHO\�VKDUHG�HTXDOO\��,Q�FLV�GLIIHUHQW�JHQGHU�FRXSOHV��WKLV
ODERU�IDOOV�ODUJHO\�RQ�FLV�ZRPHQ��OLNHO\�VKDSLQJ�KRZ�ZHOO�SDUWQHUV�NQRZ�RQH�DQRWKHU|V�KHDOWK��6DPH�
JHQGHU�FRXSOHV�WHQG�WR�VKDUH�WKLV�ODERU�PRUH�HTXDOO\��\HW�ZKHWKHU�WKLV�WUDQVODWHV�LQWR�JUHDWHU
DFFXUDF\�LQ�SUR[\�KHDOWK�UHSRUWLQJ�UHPDLQV�XQNQRZQ��'UDZLQJ�RQ�D�*HQGHU�DV�5HODWLRQDO
IUDPHZRUN��ZKLFK�SRVLWV�WKDW�JHQGHUHG�KHDOWK�EHKDYLRUV�HPHUJH�IURP�UHODWLRQDO�FRQWH[WV�UDWKHU�WKDQ
IURP�JHQGHU�DORQH��ZH�H[DPLQH�SUR[\�UHSRUWLQJ�FRQJUXHQFH�DFURVV�IRXU�JURXSV��PHQ�DQG�ZRPHQ�LQ
FLV�GLIIHUHQW�JHQGHU�FRXSOHV�DQG�PHQ�DQG�ZRPHQ�LQ�FLV�VDPH�JHQGHU�FRXSOHV��8VLQJ�G\DGLF�GDWD
IURP�WKH�1DWLRQDO�&RXSOHV|�+HDOWK�DQG�7LPH�6WXG\��1&+$7���D�SUREDELOLW\�EDVHG�VDPSOH�RI
FRUHVLGHQWLDO�DGXOWV�DJHG���y���DQG�WKHLU�SDUWQHUV��ZH�UHVWULFW�RXU�VDPSOH�WR�FLVJHQGHU�FRXSOHV��:H
H[DPLQH�ZKHWKHU�D�SDUWQHU|V�SUR[\�UHSRUW�PDWFKHV��LV�QHDU��RU�GRHV�QRW�PDWFK�WKHLU�SDUWQHU|V�VHOI�
UDWHG�KHDOWK��DQG�WKH�GLUHFWLRQ�RI�GLVFRUGDQFH��ZKHWKHU�SDUWQHUV�RYHUHVWLPDWHG��XQGHUHVWLPDWHG��RU
PDWFKHG�WKHLU�SDUWQHU|V�VHOI�UHSRUW��'LIIHUHQFHV�DUH�HVWLPDWHG�XVLQJ�PXOWLYDULDEOH�PXOWLQRPLDO
ORJLVWLF�UHJUHVVLRQ��0HQ�LQ�GLIIHUHQW�JHQGHU�FRXSOHV�ZHUH�PRUH�OLNHO\�WKDQ�DOO�RWKHU�JURXSV�WR�QRW
PDWFK�WKHLU�SDUWQHU|V�VHOI�UDWHG�KHDOWK�DQG��ZKHQ�GLVFRUGDQW��WR�RYHUHVWLPDWH�LW��7KHVH�SDWWHUQV
VXJJHVW�D�UHODWLRQDO�UDWKHU�WKDQ�LQGLYLGXDO�JHQGHU�HIIHFW��XQHTXDO�KHDOWK�ODERU�LQ�GLIIHUHQW�JHQGHU
FRXSOHV�PD\�OHDYH�PHQ�OHVV�DWWXQHG�WR�WKHLU�SDUWQHUV|�KHDOWK��ZKHUHDV�PRUH�HTXDO�VKDULQJ�LQ�VDPH�
JHQGHU�FRXSOHV�PD\�IRVWHU�JUHDWHU�PXWXDO�DZDUHQHVV��7KHVH�ILQGLQJV�KDYH�LPSOLFDWLRQV�IRU�FRQWH[WV
ZKHUH�SUR[\�UHSRUWLQJ�LV�FRPPRQ��LQFOXGLQJ�PHGLFDO�LQWDNH��LQVXUDQFH�GRFXPHQWDWLRQ��DQG�KHDOWK
VXUYH\V��6\VWHPDWLF�RYHUHVWLPDWLRQ�E\�PHQ�LQ�GLIIHUHQW�JHQGHU�FRXSOHV�FRXOG�LQWURGXFH�D�GLUHFWLRQDO
ELDV�WKDW�REVFXUHV�SDUWQHUV|�KHDOWK�QHHGV��&RQVLGHULQJ�WKH�FRXSOH|V�JHQGHU�FRPSRVLWLRQ�PD\
WKHUHIRUH�LPSURYH�WKH�LQWHUSUHWDWLRQ�RI�SUR[\�UHSRUWHG�KHDOWK�GDWD�
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/*%74�

&DUGLRYDVFXODU�+HDOWK�E\�WKH�,QWHUVHFWLRQ�RI�5DFH��(WKQLFLW\��DQG�6H[XDO�2ULHQWDWLRQ
&KULVWLH�&DUXDQD
�&KULVWLH�&DUXDQD�

8VLQJ�1DWLRQDO�+HDOWK�,QWHUYLHZ�6XUYH\�GDWD��WKLV�VWXG\�H[DPLQHV�SDWWHUQV�RI�SRRU�KHDUW
KHDOWK�DORQJ�WKH�LQWHUVHFWLRQ�RI�VH[XDO�RULHQWDWLRQ�DQG�UDFH�HWKQLFLW\��3RRU�KHDUW�KHDOWK�FRQVLVWV
RI�DQ\�UHSRUWHG�DQJLQD�SHFWRUDOV��FRURQDU\�KHDUW�GLVHDVH��KLJK�FKROHVWHURO��KHDUW
DWWDFN��RU�K\SHUWHQVLRQ��'XH�WR�LQFUHDVHG�H[SRVXUH�WR�GLVFULPLQDWLRQ��ZH�K\SRWKHVL]H�WKDW�KHDUW
KHDOWK�RXWFRPHV�ZLOO�YDU\�E\�WKH�LQWHUVHFWLRQV�RI�VH[XDO�RULHQWDWLRQ�DQG�UDFH�HWKQLFLW\��5HVXOWV�ILQG
WKDW�KHDUW�KHDOWK�YDULHV�E\�WKH�LQWHUVHFWLRQ�RI�VH[XDO�RULHQWDWLRQ�DQG�UDFH�HWKQLFLW\��)LUVW��ZH�ILQG
WKDW�/*%�UHVSRQGHQWV�UHSRUW�KLJKHU�RGGV�RI�SRRU�KHDUW�KHDOWK�WKDQ�WKHLU�VWUDLJKW�FRXQWHUSDUWV�
6HFRQG��ZH�ILQG�D�UDFLDO�DQG�HWKQLF�YDULDWLRQ�LQ�KHDUW�KHDOWK��DV�VXSSRUWHG
E\�SUHYLRXV�UHVHDUFK��6SHFLILFDOO\��%ODFN�UHVSRQGHQWV�UHSRUW�KLJKHU�RGGV�RI�SRRU�KHDUW
KHDOWK�FRPSDUHG�WR�ZKLWH�UHVSRQGHQWV��ZLWK�QR�VWDWLVWLFDO�GLIIHUHQFH�EHWZHHQ�ZKLWH
DQG�+LVSDQLF�UHVSRQGHQWV��7KLUG��ZH�ILQG�WKDW�KHDUW�KHDOWK�YDULHV�E\�WKH�LQWHUVHFWLRQ�RI�VH[XDO
RULHQWDWLRQ�DQG�UDFH�HWKQLFLW\��ZLWK�ZKLWH�DQG�+LVSDQLF�/*%�JURXSV�UHSRUW�KLJKHU�RGGV�RI
SRRU�KHDUW�KHDOWK�WKDQ�WKHLU�VWUDLJKW�FRXQWHUSDUWV��+RZHYHU��SRRU�KHDUW�KHDOWK�GRHV�QRW�YDU\�EHWZHHQ
%ODFN�VWUDLJKW�DQG�/*%�UHVSRQGHQWV���
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/*%74�

,PSDFWV�RI�V\VWHPDWLF�H[FOXVLRQV�EDVHG�RQ�UHVSRQGHQW�JHQGHU��:DVKLQJWRQ�6WDWH�%5)66�
����������*UDKDP�&UDZEXFN
�*UDKDP�&UDZEXFN��5DFKHOOH�0DUWLQ��%U\QQ�6WRSF]\QVNL��-HVVLFD
0DUFLQNHYDJH��0DD\DQ�6LPFNHV�

%$&.*5281'�

7KH�%HKDYLRUDO�5LVN�)DFWRU�6XUYHLOODQFH�6\VWHP��%5)66��LV�D�KHDOWK�VXUYH\�FRRUGLQDWHG�E\�WKH
&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��&'&��DQG�DGPLQLVWHUHG�E\�WKH�:DVKLQJWRQ�6WDWH
'HSDUWPHQW�RI�+HDOWK��'2+���,QGLYLGXDOV����RU�ROGHU�ZKR�OLYH�LQ�D�SULYDWH�UHVLGHQFH�DUH�HOLJLEOH�WR
SDUWLFLSDWH��3ULRU�WR�������WKH�VXUYH\�H[FOXGHG�DOO�LQGLYLGXDOV�ZKR�GR�QRW�VHOI�GHVFULEH�DV�HLWKHU�PDOH
RU�IHPDOH��&'&�UHTXLUHG�VWDWHV�WR�UHWXUQ�WR�WKLV�SUDFWLFH�LQ�������'XULQJ�WKH������DQG������VXUYH\V�
WKH�%5)66�DVFHUWDLQHG�ERWK�JHQGHU�LGHQWLW\��*,��DQG�VH[�DVVLJQHG�DW�ELUWK��6$$%��RQ�WKH�VFUHHQHU
DQG�LQFOXGHG�VRPH�UHVSRQGHQWV�ZKR�GLG�QRW�LGHQWLI\�ZLWK�D�ELQDU\�JHQGHU�

�

0(7+2'6�

7R�HYDOXDWH�WKH�LPSDFW�RI�JHQGHU�EDVHG�H[FOXVLRQV�RQ�VXUYH\�UHSUHVHQWDWLYHQHVV�RYHU�WLPH��'2+
DQDO\]HG�GDWD�IURP�WZR�VRXUFHV��)LUVW��ZH�ORRNHG�DW�WKH�:DVKLQJWRQ�%5)66�IURP������WKURXJK
������:H�LGHQWLILHG�LQGLYLGXDOV�H[FOXGHG�GXULQJ�WKH�VFUHHQHU�DQG�HVWLPDWHG�WKH�SURSRUWLRQ�RI
LQFOXGHG�VXUYH\�UHVSRQGHQWV�ZKR�UHSRUWHG�D�QRQELQDU\�*,��6HFRQG��ZH�DQDO\]HG�86�&HQVXV�%XUHDX
3XOVH�6XUYH\�GDWD�WR�LGHQWLI\�WKH�SURSRUWLRQ�RI�86�UHVLGHQWV�ZKR�LGHQWLI\�ZLWK�QRQELQDU\�JHQGHUV�

�

5(68/76�

2I�WKH��������SDUWLFLSDQWV�ZKR�EHJDQ�WKH������%5)66�VFUHHQHU�������������ZHUH�H[FOXGHG�EHFDXVH
RI�WKHLU�*,�DQG�6$$%��$�VLPLODU�SURSRUWLRQ�ZDV�H[FOXGHG�LQ�������DQG�LQ�����������RXW�RI�������
�������ZHUH�H[FOXGHG��1LQHW\�VHYHQ�SDUWLFLSDQWV�LGHQWLILHG�ZLWK�D�QRQELQDU\�*,�LQ�������ZHLJKWHG
SUHYDOHQFH� ��������DQG�����GLG�LQ�������ZHLJKWHG�SUHYDOHQFH� ��������)LQGLQJV�IURP�WKH�&HQVXV
3XOVH�6XUYH\�HVWLPDWH�WKDW������RI�WKH�QDWLRQ�VHOI�LGHQWLILHV�ZLWK�D�QRQELQDU\�*,�

�

&21&/86,21�

)LQGLQJV�LQGLFDWH�WKDW�PDQ\�:DVKLQJWRQLDQV�ZHUH�H[FOXGHG�IURP�SDUWLFLSDWLQJ�LQ�%5)66�EDVHG�RQ
WKHLU�*,�DQG�6$$%�DQG�WKDW�:DVKLQJWRQ|V�VXUYH\�VDPSOH�LV�OHVV�GLYHUVH�WKDQ�WKH�QDWLRQ��%\�FKDQJLQJ
WKH�VXUYH\�WR�DOORZ�QRQELQDU\�UHVSRQVHV�WR�WKH�*,�DQG�6$$%�VFUHHQHU�TXHVWLRQ��:DVKLQJWRQ�ZRXOG
PLWLJDWH�VHOHFWLRQ�ELDV�DQG�LQFUHDVH�WKH�VXUYH\|V�UHSUHVHQWDWLYHQHVV�
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$FFHVV�WR�PHQWDO�KHDOWKFDUH�DPRQJ�WUDQVJHQGHU��QRQ�ELQDU\��DQG�JHQGHU�H[SDQVLYH�DGXOWV
E\�UDFLDOO\�PLQRULWL]HG�VWDWXV�DQG�UXUDOLW\�7DL�6LPSVRQ
�7DL�6LPSVRQ��.D\OHH�:LOVRQ��*DEH
0LOOHU��6WHSKDQLH�+HUQDQGH]�

%DFNJURXQG��0HQWDO�KHDOWK�GLVSDULWLHV�DPRQJ�WUDQVJHQGHU��QRQ�ELQDU\��DQG�JHQGHU�H[SDQVLYH
�71%*(��DGXOWV�DUH�XQGHUH[SORUHG��SDUWLFXODUO\�DW�WKH�LQWHUVHFWLRQ�RI�UDFLDOO\�PLQRULWL]HG�VWDWXV�DQG
UXUDOLW\��([DPLQLQJ�DFFHVV�WR�PHQWDO�KHDOWKFDUH�UHODWHG�WR�JHQGHU�LGHQWLW\��*,��DQG�RU
WUDQVLWLRQLQJ�LV�FUXFLDO�WR�XQGHUVWDQGLQJ�GLVSDULWLHV��

2EMHFWLYH��7R�DVVHVV�GHVLUH�IRU�DQG�DFFHVV�WR�*,�WUDQVLWLRQ�UHODWHG�PHQWDO�KHDOWKFDUH�DPRQJ�71%*(
DGXOWV�E\�UDFLDOO\�PLQRULWL]HG�VWDWXV�DQG�UXUDOLW\��

0HWKRG��:H�XVHG�GDWD�IURP�WKH������8QLWHG�6WDWHV�7UDQVJHQGHU�6XUYH\��Q� ����������8VLQJ�DQ
LQWHUVHFWLRQDO�IUDPHZRUN��ZH�FUHDWHG�D�FRPSRVLWH�YDULDEOH�FRPELQLQJ�UDFLDOO\�PLQRULWL]HG�VWDWXV�DQG
UXUDOLW\�WR�H[DPLQH�KRZ�RYHUODSSLQJ�IRUPV�RI�PDUJLQDOL]DWLRQ�VKDSH�KHDOWK�RXWFRPHV��0RGLILHG
3RLVVRQ�UHJUHVVLRQ�ZLWK�UREXVW�HUURU�YDULDQFH�HVWLPDWHG�DVVRFLDWLRQV�EHWZHHQ�UDFLDOO\�PLQRULWL]HG
VWDWXV�UXUDOLW\�DQG�GHVLULQJ�DQG�UHFHLYLQJ�FRXQVHOLQJ�IRU�*,�DQG�WUDQVLWLRQLQJ��

5HVXOWV��7KH�VDPSOH�LQFOXGHG������UDFLDOO\�PLQRULWL]HG�UXUDO�UHVLGHQWV�������QRQ�UDFLDOO\
PLQRULWL]HG�UXUDO�UHVLGHQWV��������UDFLDOO\�PLQRULWL]HG�QRQ�UXUDO�UHVLGHQWV��DQG�������QRQ�UDFLDOO\
PLQRULWL]HG�QRQ�UXUDO�UHVLGHQWV��'HVLUH�IRU�FRXQVHOLQJ�GLG�QRW�GLIIHU�VLJQLILFDQWO\�DFURVV
JURXSV��$IWHU�DGMXVWLQJ�IRU�VRFLRGHPRJUDSKLF�DQG�VRFLRHFRQRPLF�IDFWRUV��FRPSDUHG�WR�QRQyUDFLDOO\
PLQRULWL]HG�QRQ�UXUDO�UHVLGHQWV�DOO�RWKHU�JURXSV�ZHUH�OHVV�OLNHO\�WR�KDYH�UHFHLYHG�FRXQVHOLQJ��UDFLDOO\
PLQRULWL]HG�UXUDO�35� �����������&,������y������QRQ�UDFLDOO\�PLQRULWL]HG�UXUDO�35� �����������&,�
����y������UDFLDOO\�PLQRULWL]HG�QRQ�UXUDO�35� �����������&,������y�������

&RQFOXVLRQ��'HVSLWH�VLPLODU�GHVLUH�IRU�FDUH��UDFLDOO\�PLQRULWL]HG�UXUDO�71%*(�DGXOWV�KDG�OHVV�DFFHVV
WR�*,�WUDQVLWLRQ�UHODWHG�PHQWDO�KHDOWKFDUH��7KHVH�ILQGLQJV�XQGHUVFRUH�WKH�QHFHVVLW\�RI�SROLFLHV�DQG
LQWHUYHQWLRQV�DLPHG�DW�LQFUHDVLQJ�DFFHVV�WR�FDUH�IRU�71%*(�DGXOWV��)XWXUH�UHVHDUFK�VKRXOG�H[DPLQH
VSHFLILF�EDUULHUV�GULYLQJ�WKHVH�LQHTXLWLHV�LQ�*,�WUDQVLWLRQ�UHODWHG�PHQWDO�KHDOWKFDUH�DFFHVV��
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0RGLILDEOH�ULVN�IDFWRUV�IRU�SK\VLFDO�GLVDELOLW\��$�PXOWLGLVFLSOLQDU\�YLHZ�RI�WKHPHV�'HUHN
+DQVRQ
�'HUHN�+DQVRQ��(GZLQ�0F&XOOH\��0DND\OD�6PLWK��7\DQQD�+HQU\�

4XHVWLRQ��:KDW�DUH�HVWDEOLVKHG�PRGLILDEOH�ULVN�IDFWRUV�IRU�SK\VLFDO�GLVDELOLW\�DFURVV�WKH
PXOWLGLVFLSOLQDU\�SULPDU\�SUHYHQWLYH�KHDOWK�OLWHUDWXUH"�,QWURGXFWLRQ��+HDOWK�SURIHVVLRQDOV�DFURVV�D
VSHFWUXP�RI�GLVFLSOLQHV�DLP�WR�SUDFWLFH�SULPDU\�SUHYHQWLRQ�WRZDUGV�GHFUHDVLQJ�SK\VLFDO�GLVDELOLW\
�3'���3DUWLFXODUO\�GXH�WR�WKH�WKUHDW�WKDW�3'�SRVHV�WRZDUGV�RYHUDOO�KHDOWK��OLIHVSDQ�DQG�TXDOLW\�RI�OLIH
ZLWKLQ�WKH�DJLQJ�SRSXODWLRQ��:LWK�QHZ�HYLGHQFH�FRQVWDQWO\�HPHUJLQJ�DQG�WKH�ZHDOWK�RI�OLWHUDWXUH
WKDW�DOUHDG\�H[LVWV�KLJKOLJKWLQJ�SRWHQWLDO�PRGLILDEOH�ULVN�IDFWRUV�IRU�SK\VLFDO�GLVDELOLW\��0U)�3'��
SRWHQWLDO�FKDOOHQJHV�PD\�H[LVW�LQ�V\QWKHVL]LQJ�WKH�EUHDGWK�RI�NQRZOHGJH�LQWR�DFWLRQDEOH
LQWHUYHQWLRQV�GXH�WR�D�YDULHW\�RI�GLVFLSOLQH�VSHFLILF�QXDQFHV��$GGLWLRQDO�LQTXLU\�LQWR�WKH�FRPSOH[LWLHV
RI�WKHVH�UHODWLRQVKLSV�PD\�HQKDQFH�WKH�DZDUHQHVV�RI�WKHVH�FKDOOHQJHV�DQG�WKH�LQWHUGHSHQGHQW
QDWXUH�RI�PDQ\�0U)�3'��DV�ZHOO�DV�V\QWKHVL]H�KRZ�0U)�3'�PD\�EH�LQWHJUDWHG�LQ�HDFK�SURIHVVLRQDO|V
UROH�LQ�FDUH��0HWKRGV��7KLV�ZRUN�LV�JXLGHG�E\�WKH�-%,�VFRSLQJ�UHYLHZ�IUDPHZRUN��ZLWK�DQWLFLSDWHG
UHVXOWV�WR�EH�SUHVHQWHG�LQ�DFFRUGDQFH�ZLWK�WKH������JXLGHOLQHV�IRU�UHSRUWLQJ�GHVFULEHG�LQ�3UHIHUUHG
5HSRUWLQJ�,WHPV�IRU�6\VWHPDWLF�5HYLHZ�DQG�0HWD�$QDO\VLV�([WHQVLRQ�IRU�6FRSLQJ�5HYLHZV��35,60$�
6F5���2XU�GDWDEDVH�VHDUFK�ZDV�FDUULHG�RXW�E\�WZR�LQGHSHQGHQW�UHYLHZHUV�FRQVLVWLQJ�RI�D�WKUHH�VWHS
VWUDWHJ\�RI�UHOHYDQW�GDWDEDVHV��0('/,1(��&,1$+/��+HDOWK�6RXUFH��3('UR��DQG�5(+$%'$7$�
XWLOL]LQJ�WKH�SUH�GHVLJQDWHG�VHDUFK�WHUPV��ZLWK�WKH�WHUPV�DQG�ERROHDQ�RSHUDWRUV�UHILQHG�GXULQJ�WKH
SURFHVV��(OLJLELOLW\�FULWHULD�LQFOXGHV�VRXUFHV�WKDW�KDYH�HVWDEOLVKHG�D�UHODWLRQVKLS�EHWZHHQ�D�SHUVRQ�
OHYHO�PHDVXUDEOH�FKDUDFWHULVWLF�WKDW�LV�PRGLILDEOH�E\�FKDQJHV�LQ�OLIHVW\OH�EHKDYLRUV�DQG�DQ\�RI�WKH
,QWHUQDWLRQDO�&ODVVLILFDWLRQ�RI�)XQFWLRQLQJ��,&)��RU�UHODWHG�WHUPV�XVHG�WR�FDWHJRUL]H�RU�GHVFULEH�3'�
6WXGLHV�WR�EH�H[FOXGHG�LQFOXGH�SDUWLFLSDQWV�ZKR�KDYH�D�GLDJQRVLV�RU�GLVHDVH�VWDWH�WKDW�LV�QRW�UHODWHG
WR�RU�LV�QRW�DOWHUHG�E\�OLIHVW\OH�PRGLILFDWLRQV��$OWKRXJK�ZH�ZLOO�UHSRUW�RQ�ERWK�REMHFWLYH�DQG
VXEMHFWLYH�PHDVXUHV��ZH�ZLOO�QRW�UHVWULFW�WKH�VHDUFK�E\�VFUHHQLQJ�IRU�DQ\�VSHFLILF�RU�FDWHJRU\�RI
RXWFRPH�PHDVXUH��5HVXOWV��7R�GDWH��ZH�KDYH�IRXQG�RYHU�����VWXGLHV�WKDW�PHHW�WKH�LQFOXVLRQ�FULWHULD
WR�PRYH�WR�WKH�ILQDO�VWDJH�IRU�GDWD�H[WUDFWLRQ�WR�FDWHJRUL]H��VXPPDUL]H��DQG�EULQJ�IRUWK�ZLWK
a��������PRUH�XQGHU�UHYLHZ��6WURQJ�WKHPHV�KDYH�DOUHDG\�HPHUJHG�GXULQJ�RXU�VFUHHQLQJ�WKDW�DOLJQ
ZLWK�RXU�SXUSRVH��LQFOXGLQJ�PXVFOH�PDVV��SK\VLFDO�DFWLYLW\�OHYHOV��SV\FKRORJLFDO�SURILOHV��VRFLDO
FRPSRQHQWV��DQG�VHFRQGDU\�SUHYHQWLRQ�HIIRUWV��'LVFXVVLRQ��%DVHG�RQ�WKH�HPHUJLQJ�WKHPHV�RI�RXU
VHDUFK��ZH�EHOLHYH�WKDW�WKLV�LQWHUGLVFLSOLQDU\�ZRUN�ZLOO�SURYLGH�D�PDS�DQG�V\QWKHVLV�RI�HYLGHQFH�IRU
PRGLILDEOH�ULVN�IDFWRUV�IRU�SK\VLFDO�GLVDELOLW\��$GGLWLRQDOO\��ZH�EHOLHYH�WKDW�SUHVHQWLQJ�DQG�FODULI\LQJ
GLYHUJHQW�WHUPV�XVHG�LQ�FODVVLI\LQJ�DQG�PHDVXULQJ�WKHVH�IDFWRUV�ZLOO�DLG�LQ�LGHQWLI\LQJ�LQGLYLGXDOV�DW
ULVN�RI�3'�DQG�GHPRQVWUDWH�XWLOLW\�IRU�SURIHVVLRQDOV�LQ�FUHDWLQJ�LQWHUYHQWLRQV�WR�PLWLJDWH�WKURXJK
SULPDU\�SUHYHQWLRQ�HIIRUWV��)LQDOO\��ZH�DOVR�DLP�WR�SUHVHQW�D�IUDPHZRUN�IRU�FRQFHSWXDOL]LQJ�WKLV�ERG\
RI�NQRZOHGJH�WKDW�LQWHQGV�WR�LQWURGXFH�DQG�GLVFXVV�WKH�FRQFHSW�RI�SUH�GLVDELOLW\��WKH�LGHD�WKDW�WKHUH
LV�D�SHULRG�RI�WLPH�RI�VXEFOLQLFDO�FKDQJHV�DVVRFLDWHG�ZLWK�SK\VLFDO�GLVDELOLW\�WKDW�DUH�GHWHFWDEOH��VR
WKDW�UHVHDUFKHUV�DQG�KHDOWK�SUDFWLWLRQHUV�FDQ�FRQWLQXH�WR�ZRUN�WRZDUGV�WKH�LPSURYHPHQW�RI�KHDOWK
IRU�SHRSOH�ZKR�DUH�DW�ULVN�IRU�WKHVH�SRWHQWLDOO\�QHJDWLYH�RXWFRPHV�
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/LIH�&RXUVH�7UDMHFWRULHV�RI�'HSUHVVLYH�6\PSWRPDWRORJ\�LQ�WKH�8QLWHG�6WDWHV��/RQJLWXGLQDO
,QWHJUDWLYH�'DWD�$QDO\VLV�RI�/DUJH�6FDOH�3RSXODWLRQ�%DVHG�&RKRUW�6WXGLHV�0DQ�=KDQJ
�0DQ
=KDQJ�

2EMHFWLYHV��7R�SURYLGH�RQH�RI�WKH�ILUVW�FRPSUHKHQVLYH�OLIH�FRXUVH�DQDO\VLV�RI�DJH�UHODWHG�FKDQJHV�LQ
GHSUHVVLYH�V\PSWRPDWRORJ\�DQG�VRFLDO�GLVSDULWLHV�WKHUHLQ�LQ�WKH�JHQHUDO�8�6��SRSXODWLRQ�

0HWKRGV��,�LQWHJUDWH�DQG�KDUPRQL]H�GDWD�DFURVV�ILYH�ODUJH�VFDOH��SRSXODWLRQ�EDVHG�FRKRUW�VWXGLHV�
WKH�1DWLRQDO�/RQJLWXGLQDO�6WXG\�RI�$GROHVFHQW�WR�$GXOW�+HDOWK��:DYHV�,y9,���WKH�1DWLRQDO
/RQJLWXGLQDO�6XUYH\�RI�<RXWK������&KLOG�DQG�<RXQJ�$GXOW������y�������WKH�$PHULFDQV|�&KDQJLQJ
/LYHV�6WXG\��:DYHV�,y9,���WKH�1DWLRQDO�6XUYH\�RI�0LGOLIH�'HYHORSPHQW�LQ�WKH�8QLWHG�6WDWHV��:DYHV
�y����DQG�WKH�+HDOWK�DQG�5HWLUHPHQW�6WXG\������y�������7KHVH�VWXGLHV�FROOHFWLYHO\�FRYHU�PRVW�RI�WKH
KXPDQ�OLIH�VSDQ�IURP�DGROHVFHQFH�WR�ODWH�DGXOWKRRG�IURP�DJH����WKURXJK����\HDUV�DQG�ROGHU�
RIIHULQJ�IDU�PRUH�H[WHQGHG�FRYHUDJH�RI�GHYHORSPHQWDO�SHULRGV�WKDQ�DQ\�VLQJOH�VWXG\�FDQ�DOORZ��7KH
DQDO\WLF�VDPSOH�FRQVLVWV�RI��������UHVSRQGHQWV�DQG���������SHUVRQ�\HDU�REVHUYDWLRQV��8VLQJ
PRGHUDWHG�QRQOLQHDU�IDFWRU�DQDO\VLV��,�GHYHORS�D�FRPPHQVXUDWH�PHDVXUH�RI�GHSUHVVLYH
V\PSWRPDWRORJ\�DFURVV�FRQWULEXWLQJ�VWXGLHV�DQG�LQGLYLGXDO�FKDUDFWHULVWLFV��,�HVWLPDWH�JURZWK�FXUYH
PRGHOV�WR�H[DPLQH�GHSUHVVLYH�V\PSWRP�WUDMHFWRULHV�IURP�DGROHVFHQFH�WR�ODWH�DGXOWKRRG�DQG
GRFXPHQW�YDULDWLRQV�LQ�WKHVH�WUDMHFWRULHV�E\�JHQGHU��UDFH�HWKQLFLW\��DQG�ELUWK�FRKRUW�

5HVXOWV��,�H[SHFW�WR�ILQG�VLJQLILFDQW�DJH�UHODWHG�FKDQJHV�LQ�ERWK�OHYHOV�DQG�UDWH�RI�FKDQJH�LQ
GHSUHVVLYH�V\PSWRPDWRORJ\�DFURVV�WKH�OLIH�FRXUVH��,�DQWLFLSDWH�GLVSDULWLHV�LQ�GHSUHVVLYH�V\PSWRP
WUDMHFWRULHV�E\�JHQGHU��UDFH�HWKQLFLW\��DQG�ELUWK�FRKRUW�

'LVFXVVLRQ��7KLV�VWXG\�GHPRQVWUDWHV�WKH�XWLOLW\�RI�LQWHJUDWLYH�GDWD�DQDO\VLV�DV�D�QRYHO�GDWD�OLQNDJH
DSSURDFK�WR�DGGUHVV�IXQGDPHQWDO�GDWD�OLPLWDWLRQ�LQ�SUHYLRXV�DJLQJ�UHVHDUFK�DQG�IRU�VWXG\LQJ�PHQWDO
KHDOWK�GLVSDULWLHV�DFURVV�WKH�OLIH�FRXUVH��)LQGLQJV�ZLOO�LQIRUP�EHWWHU�WLPLQJ�RI�LQWHUYHQWLRQV�WR
SUHYHQW�GHSUHVVLRQ�SURJUHVVLRQ�DQG�DGGUHVV�GHWULPHQWDO�VRFLDO�HQYLURQPHQWV�WR�PHQWDO�KHDOWK
DFURVV�GLYHUVH�SRSXODWLRQV�
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%ULGJLQJ�*HQHUDWLRQV��([SORULQJ�,QWHUJHQHUDWLRQV�,GHDV�RI�5DFLVP��7UDXPD��DQG�0HQWDO
+HDOWK�LQ�$VLDQ�$PHULFDQ�)DPLOLHV�$XGUHDQD�7UXRQJ
�$XGUHDQD�7UXRQJ��-HDQHOOH�'DXV��0HJDQ
$UPVWURQJ��6XSUL\D�0LVUD�

,QWURGXFWLRQ��

$VLDQ�$PHULFDQ��$$��PHQWDO�KHDOWK�LV�ODUJHO\�DIIHFWHG�E\�H[SHULHQFHV�RI�UDFLVP�DQG�WUDXPD��ZKLFK
RQO\�LQFUHDVHG�GXULQJ�WKH�&29,'����SDQGHPLF��:KLOH�IDPLO\�FDQ�EH�D�SODFH�RI�KHDOLQJ�IRU�VRPH��WKH
VWLJPDWL]DWLRQ�RI�PHQWDO�KHDOWK�ZLWKLQ�PDQ\�$$�FRPPXQLWLHV�FDQ�FRQWULEXWH�WR�FKDOOHQJHV�

0HWKRGV��

7R�H[SORUH�FURVV�JHQHUDWLRQDO�XQGHUVWDQGLQJV�RI�UDFLVP��WUDXPD��DQG�PHQWDO�KHDOWK�ZH�FRQGXFWHG���
G\DGLF�LQWHUYLHZV��1 ����ZLWK�$$�\RXQJ�DGXOWV��������\HDUV��DQG�ROGHU�DGXOW�IDPLO\�PHPEHUV�
3DUWLFLSDQWV�VKDUHG�EDVHOLQH�GHILQLWLRQV�RI�UDFLVP��WUDXPD��DQG�PHQWDO�KHDOWK��GLVFXVVHG
FRQQHFWLRQV��DQG�UHIOHFWHG�RQ�JHQHUDWLRQDO�SHUVSHFWLYHV��3UH�SRVW�VXUYH\V�ZHUH�FROOHFWHG�WR�DVVHVV
FKDQJHV�LQ�NQRZOHGJH�DQG�FRPIRUW�DERXW�UDFLVP��WUDXPD��DQG�PHQWDO�KHDOWK�

5HVXOWV�

7KHPDWLF�DQDO\VLV�ILQGV�WKDW�PRVW�SDUWLFLSDQWV�KDYH�D�EDVLF�XQGHUVWDQGLQJ�RI�UDFLVP��WUDXPD��DQG
PHQWDO�KHDOWK��EXW�GHWDLOV�YDU\��5DFLVP�ZDV�RSHQO\�DFNQRZOHGJHG�DV�SDUW�RI�WKH�$$�H[SHULHQFH��EXW
SHUVRQDO�DFFRXQWV�RI�WUDXPD�DQG�PHQWDO�KHDOWK�VWUXJJOHV�ZHUH�RIWHQ�GRZQSOD\HG�LQ�FRPSDULVRQ�WR
RWKHUV��)DPLO\�UROHV�DQG�FXOWXUDO�H[SHFWDWLRQV�LQIOXHQFHG�JHQHUDWLRQDO�GLIIHUHQFHV�LQ�VWUDWHJLHV�IRU
FRSLQJ�ZLWK�DQG�GLVFXVVLQJ�WKHVH�LVVXHV��$OWKRXJK�SDUWLFLSDQWV�HPSKDVL]HG�WKH�LPSRUWDQFH�RI
FRPPXQLW\�FRQQHFWLRQ�IRU�KHDOLQJ��WKH\�IRXQG�LW�GLIILFXOW�WR�SUDFWLFH��(QJDJLQJ�LQ�LQWHUJHQHUDWLRQDO
GLDORJXH�LQ�WKH�LQWHUYLHZV�KHOSHG�SDUWLFLSDQWV�IHHO�PRUH�FRPIRUWDEOH�ZLWKLQ�WKHLU�IDPLOLHV�GLVFXVVLQJ
WKHVH�FRPSOH[�WRSLFV��3DUWLFLSDQWV�JHQHUDOO\�KDG�D�SRVLWLYH�FKDQJH�LQ�WKHLU�SRVW�VXUYH\�UHVSRQVHV�

'LVFXVVLRQ�

)LQGLQJV�UHYHDO�D�VWURQJ�FDSDFLW\�IRU�LQWHUJHQHUDWLRQDO�FDUH�DQG�XQGHUVWDQGLQJ�LQ�ZLOOLQJQHVV�WR
HQJDJH�LQ�FRQYHUVDWLRQ��7KHVH�ILQGLQJV�FDQ�LQIRUP�FRPPXQLW\�EDVHG�LQWHUYHQWLRQV�LQ�GLYHUVH�$$
FRPPXQLWLHV�WR�EXLOG�WUXVW�DQG�LQFUHDVH�FRPPXQLFDWLRQ�WR�VXSSRUW�FURVV�JHQHUDWLRQDO�XQGHUVWDQGLQJ
DERXW�UDFLVP��WUDXPD��DQG�PHQWDO�KHDOWK�WR�LQFUHDVH�NQRZOHGJH�DQG�FRPIRUW��UHGXFH�VWLJPD��DQG
EULGJH�JHQHUDWLRQDO�JDSV�ZLWKLQ�$$�IDPLOLHV�
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3UHYDOHQFH�RI�SUHQDWDO�376'�DQG�FR�RFFXUULQJ�GHSUHVVLYH�V\PSWRPV�DPRQJ�%ODFN�ZRPHQ�
7KH�UROH�RI�DGYHUVH�FKLOGKRRG�H[SHULHQFHV��VH[XDO�KDUDVVPHQW�DQG�XQZDQWHG�VH[XDO�FRQWDFW
DFURVV�WKH�OLIHFRXUVH�6DUDK�+DLJKW
�6DUDK�+DLJKW��'DZQ�0LVUD��5HHPD�&KDQGH��5RVHPDU\�$GDML�
-DLPH�6ODXJKWHU�$FH\�

2%-(&7,9(��3RVW�WUDXPDWLF�VWUHVV�GLVRUGHU��376'��GXULQJ�SUHJQDQF\�PD\�VWHP�IURP�WUDXPDWLF
H[SHULHQFHV�GXULQJ�FKLOGKRRG�RU�DGROHVFHQFH��,Q�D�VDPSOH�RI�SRVW�GHOLYHU\�%ODFN�ZRPHQ��ZH
LQYHVWLJDWH�WKH�SUHYDOHQFH�RI�SUHQDWDO�376'�DQG�FR�RFFXUULQJ�GHSUHVVLYH�V\PSWRPV�DQG�H[DPLQH
DVVRFLDWLRQV�ZLWK�DGYHUVH�FKLOGKRRG�H[SHULHQFHV��$&(V���VH[XDO�KDUDVVPHQW��DQG�XQZDQWHG�VH[XDO
FRQWDFW�

0(7+2'6��'DWD�ZHUH�IURP�WKH�/,)(���FRKRUW�RI�%ODFN�ZRPHQ�GHOLYHULQJ�LQ�'HWURLW��������������$OO
PHDVXUHV�ZHUH�VHOI�UHSRUW��376'�ZDV�FRQVLGHUHG����RQ�WKH���LWHP�376'�VFUHHQHU�IURP�'60���
HOHYDWHG�GHSUHVVLYH�V\PSWRPV�ZHUH�FRQVLGHUHG����RQ�WKH����LWHP�&HQWHU�IRU�(SLGHPLRORJLF�6WXGLHV
'HSUHVVLRQ�6FDOH��DQG�HOHYDWHG�$&(V�ZHUH�FRQVLGHUHG���RQ�WKH�$&(�����([SHULHQFHV�RI�VH[XDO
KDUDVVPHQW�DQG�XQZDQWHG�VH[XDO�FRQWDFW�ZDV�DVVHVVHG�IRU�SDVW�\HDU��HYHU��DQG�DJH�DW�ILUVW
RFFXUUHQFH��FKLOGKRRG�ZDV�GHILQHG�DV������0RGLILHG�3RLVVRQ�UHJUHVVLRQ�SURGXFHG�SUHYDOHQFH�UDWLRV
�35��DQG�����&,V�IRU�SUHQDWDO�376'�DGMXVWLQJ�IRU�DJH�DQG�HGXFDWLRQ�

5(68/76��$PRQJ�����%ODFN�ZRPHQ������H[SHULHQFHG�SUHQDWDO�376'�DQG�����RI�WKRVH�KDG�FR�
RFFXUULQJ�HOHYDWHG�GHSUHVVLYH�V\PSWRPV��:RPHQ�ZLWK�SUHQDWDO�376'�ZHUH�PRUH�OLNHO\�WR�EH
\RXQJHU�DQG�XQPDUULHG�QRW�OLYLQJ�ZLWK�D�SDUWQHU��,Q�DGMXVWHG�PRGHOV����$&(V��35����������
&, ����������VH[XDO�KDUDVVPHQW�LQ�WKH�SDVW�\HDU��35 ���������&, ���������DQG�HYHU��35 ��������
&, ����������DQG�XQZDQWHG�VH[XDO�FRQWDFW�LQ�WKH�SDVW�\HDU��35 ���������&, ����������HYHU��35 ����
����&,������������DQG�GXULQJ�FKLOGKRRG��35 ���������&, ���������ZHUH�DOO�UHODWHG�WR�DQ�LQFUHDVHG
OLNHOLKRRG�RI�SUHQDWDO�376'�

&21&/86,21��$PRQJ�WKLV�VDPSOH�RI�%ODFN�ZRPHQ�DW�GHOLYHU\�KRVSLWDOL]DWLRQ����LQ���H[SHULHQFHG
SUHQDWDO�376'�DQG�RI�WKRVH��QHDUO\�WKUHH�TXDUWHUV�KDG�FR�RFFXUULQJ�GHSUHVVLYH�V\PSWRPV��$&(V�DQG
H[SHULHQFHV�RI�VH[XDO�KDUDVVPHQW�RU�XQZDQWHG�VH[XDO�FRQWDFW�ZHUH�VLJQLILFDQWO\�UHODWHG�WR�SUHQDWDO
376'��)LQGLQJV�VXSSRUW�WKH�XVH�RI�WUDXPD�LQIRUPHG�FDUH�DQG�SHUIRUPLQJ�YDOLGDWHG�376'�VFUHHQLQJ
LQ�SHULQDWDO�FDUH�VHWWLQJV�
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'RHV�5HOLJLRVLW\�0RGHUDWH�WKH�$VVRFLDWLRQ�EHWZHHQ�&ULPLQDO�-XVWLFH�6\VWHP�&RQWDFW�DQG
6XLFLGDOLW\"�$QGUHZ�/RQGRQ
�$QGUHZ�/RQGRQ��-RQJ�+\XQ�-XQJ��$OH[�%LHUPDQ�

7KLV�VWXG\�IRFXVHV�RQ�HQFRXQWHUV�ZLWK�WKH�FULPLQDO�MXVWLFH�V\VWHP�DQG�VXLFLGDOLW\��WKRXJKW�DERXW�
SODQQHG��DWWHPSWHG��DPRQJ�HPHUJLQJ�DGXOWV��������\HDUV�ROG��XVLQJ�SRROHG�GDWD�IURP�WKH����������
1DWLRQDO�6XUYH\�RI�'UXJ�8VH�DQG�+HDOWK��16'8+���1 ���������7KH�16'8+�VXUYH\�LQFOXGHV�WKH
IROORZLQJ�TXHVWLRQV��}7KH�QH[W�TXHVWLRQV�DUH�DERXW�HQFRXQWHUV�ZLWK�WKH�SROLFH�RU�WKH�FRXUW�V\VWHP�
1RW�FRXQWLQJ�PLQRU�WUDIILF�YLRODWLRQV��KDYH�\RX�HYHU�EHHQ�DUUHVWHG�DQG�ERRNHG�IRU�EUHDNLQJ�WKH�ODZ"
%HLQJ�}ERRNHG~�PHDQV�WKDW�\RX�ZHUH�WDNHQ�LQWR�FXVWRG\�DQG�SURFHVVHG�E\�WKH�SROLFH�RU�E\�VRPHRQH
FRQQHFWHG�ZLWK�WKH�FRXUWV��HYHQ�LI�\RX�ZHUH�WKHQ�UHOHDVHG�~�7KLV�TXHVWLRQ�LV�WKHQ�UHSHDWHG
VXEVWLWXWLQJ�}GXULQJ�WKH�SDVW����PRQWKV~�IRU�}HYHU�~�2XU�IRFDO�LQGHSHQGHQW�YDULDEOH�PHDVXUHV�QR�
SDVW��DQG�UHFHQW��SDVW����PRQWKV��DUUHVW�ERRNLQJ��'UDZLQJ�RQ�WKH�VWUHVV�SURFHVV�PRGHO��ZH
VSHFLILFDOO\�H[DPLQH�WKH�H[WHQW�WR�ZKLFK�UHOLJLRVLW\��DWWHQGDQFH��SHUVRQDO�UHOLJLRVLW\��IULHQG
UHOLJLRVLW\��PRGHUDWHV�DVVRFLDWLRQV�EHWZHHQ�FULPLQDO�MXVWLFH�FRQWDFW�DQG�VXLFLGDOLW\�DPRQJ�HPHUJLQJ
DGXOWV��6SHFLILFDOO\��ZH�WHVW�D�VWUHVV�EXIIHULQJ�K\SRWKHVLV��ZKLFK�SUHGLFWV�WKDW�KLJKHU�UHOLJLRVLW\�ZLOO
ZHDNHQ�WKH�FRQVHTXHQFHV�RI�EHLQJ�DUUHVWHG�ERRNHG�IRU�VXLFLGDOLW\��DQG�D�YLRODWLRQ�RI�PRUDO�ZRUOGV
K\SRWKHVLV��ZKLFK�SUHGLFWV�WKDW�KLJKHU�UHOLJLRVLW\�ZLOO�H[DFHUEDWH�WKH�FRQVHTXHQFHV�RI�EHLQJ
DUUHVWHG�ERRNHG�IRU�VXLFLGDOLW\��7R�WHVW�WKHVH�K\SRWKHVHV��ZH�HVWLPDWH�PXOWLYDULDEOH�ORJLVWLF
UHJUHVVLRQ�PRGHOV�DQG�H[DPLQH�DYHUDJH�PDUJLQDO�HIIHFWV��$0(V��DQG�VHFRQG�GLIIHUHQFHV�LQ�WKHP�
3UHOLPLQDU\�DQDO\VHV�LQGLFDWH�VRPH�VXSSRUW�IRU�ERWK�K\SRWKHVHV��FRQGLWLRQDO�RQ�ZKLFK�PHDVXUHV�RI
UHOLJLRVLW\�DQG�VXLFLGDOLW\�DUH�XVHG�LQ�WKH�DQDO\VLV��:H�DUH�LQ�WKH�SURFHVV�RI�H[SDQGLQJ�WKH�DQDO\VLV�WR
H[DPLQH�D�WKUHH�ZD\�LQWHUDFWLRQ�ZLWK�UDFH��:LWK�D�IRFXV�RQ�\RXQJ�DGXOWKRRG��UHVXOWV�IURP�WKLV�VWXG\
ZLOO�SURYLGH�QRYHO��SRSXODWLRQ�UHSUHVHQWDWLYH�HYLGHQFH�DW�WKH�QH[XV�RI�FULPLQDO�MXVWLFH�V\VWHP
FRQWDFW��UHOLJLRVLW\��DQG�VXLFLGDOLW\�
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$VVRFLDWLRQV�RI�9LROHQFH�([SRVXUH�DQG�3V\FKRORJLFDO�7UDXPDWL]DWLRQ�ZLWK�+HDOWKFDUH�DQG
3ROLFH�7UXVW�1LVKD�6HQ�*XSWD
�1LVKD�6HQ�*XSWD��+DQQDK�+DPLOWRQ��(OL]DEHWK�7XQJ��-R\FH�<DQJ�

2EMHFWLYH��7R�H[DPLQH�DVVRFLDWLRQV�EHWZHHQ�YLROHQFH�H[SRVXUHV��SV\FKRORJLFDO�WUDXPDWL]DWLRQ��DQG
LQVWLWXWLRQDO�WUXVW��IRFXVLQJ�RQ�KHDOWKFDUH�DQG�SROLFH�V\VWHPV�

6WXG\�6HWWLQJ�DQG�'HVLJQ��&URVV�VHFWLRQDO�VXUYH\�GDWD�ZHUH�FROOHFWHG�IURP�����DGXOW�SULPDU\�FDUH
SDWLHQWV�EHWZHHQ�-XQH�DQG�'HFHPEHU�������&OLQLFV�ZHUH�ORFDWHG�LQ�WZR�HSLFHQWHUV�RI�YLROHQW�FULPH�LQ
&KLFDJR��,OOLQRLV�

'DWD�6RXUFHV�DQG�$QDO\WLF�6DPSOH��:H�PHDVXUHG�YLROHQFH�H[SRVXUH�XVLQJ�WKH�%ULHI�7UDXPD
4XHVWLRQQDLUH��%74���ZKLFK�GLVWLQJXLVKHV�EHWZHHQ�KDYLQJ�DQ\�H[SRVXUH�WR�YLROHQFH�YHUVXV
WUDXPDWL]LQJ�H[SRVXUH�WR�YLROHQFH��ZH�DGGLWLRQDOO\�DQDO\]HG�WUDXPDWL]LQJ�H[SRVXUH�LQ�FRPELQDWLRQ
ZLWK�D�SRVLWLYH�VFUHHQ�IRU�3RVW�7UDXPDWLF�6WUHVV�'LVRUGHU�XVLQJ�WKH�3ULPDU\�&DUH�376'�VFUHHQHU��:H
PRGHOHG�WKUHH�H[SRVXUH�W\SHV��FRPPXQLW\�YLROHQFH��SROLFH�YLROHQFH��SROLFH�VWRSV��DV�LQGHSHQGHQW
IXQFWLRQV�RI�KHDOWKFDUH�DQG�SROLFH�WUXVW��DGMXVWLQJ�IRU�VRFLRGHPRJUDSKLF�FKDUDFWHULVWLFV��+HDOWKFDUH
WUXVW�ZDV�PHDVXUHG�YLD�WKH�+HDOWKFDUH�5HODWLRQVKLS�7UXVW�6FDOH��������SRLQWV��DQG�SROLFH�WUXVW�ZDV
ELQDU\��QR�FRQILGHQFH�YV��VRPH�RU�PRUH�FRQILGHQFH��

3ULQFLSDO�)LQGLQJV��,Q�D�VDPSOH�RI�SUHGRPLQDQWO\�PLGGOH�DJHG�DQG�ROGHU�%ODFN�DGXOWV��ZH�IRXQG
WKDW�H[SRVXUHV�WR�WUDXPDWL]LQJ�FRPPXQLW\�YLROHQFH�RU�D�WUDXPDWL]LQJ�SROLFH�VWRS��ZLWK�RU�ZLWKRXW
376'��ZHUH�DVVRFLDWHG�ZLWK�ORZHU�KHDOWKFDUH�WUXVW�ZLWKLQ�WKH�UHVSHFWIXO�FRPPXQLFDWLRQ�GRPDLQ��%\
FRQWUDVW��QRQ�WUDXPDWL]LQJ�H[SRVXUHV�ZHUH�QRW�DVVRFLDWHG�ZLWK�ORZHU�KHDOWKFDUH�WUXVW��2XU�VWXG\
DOVR�GHPRQVWUDWHG�WKDW�DOO�WUDXPDWL]LQJ�SROLFH�UHODWHG�H[SRVXUH�W\SHV��ERWK�ZLWK�RU�ZLWKRXW�376'��
DV�ZHOO�DV�SROLFH�VWRSV�LQ�JHQHUDO��ZHUH�DVVRFLDWHG�ZLWK�ORZHU�SROLFH�WUXVW�

&RQFOXVLRQV��2XU�ILQGLQJV�UDLVH�FRQFHUQ�WKDW�SV\FKRORJLFDO�WUDXPDWL]DWLRQ�FRXOG�EH�D�NH\
FRQWULEXWRU�WR�ORZHU�KHDOWKFDUH�DQG�SROLFH�WUXVW�DPRQJ�SDWLHQWV�LQ�ORZHU�LQFRPH�DQG�UDFLDOO\
PLQRULWL]HG�XUEDQ�FRPPXQLWLHV�ZLWK�H[SRVXUH�WR�YLROHQFH�

.H\ZRUGV��FRPPXQLW\�YLROHQFH��WUDXPDWL]DWLRQ��SRVW�WUDXPDWLF�VWUHVV�GLVRUGHU��KHDOWKFDUH�WUXVW�
SROLFH
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7LWOH��$VVRFLDWLRQ�EHWZHHQ�$PHULFDQ�%DU�$VVRFLDWLRQiV�5HVROXWLRQ������������DQG�PHQWDO
KHDOWK�KHOS�VHHNLQJ�DPRQJ�ODZ�VWXGHQWV�LQ�WKH�86��-DFRE�([WLQH
�-DFRE�([WLQH��3DUYDWL�6LQJK�

+LVWRULFDOO\��DGPLVVLRQ�WR�WKH�SUDFWLFH�RI�ODZ�LQ�WKH�86�UHTXLUHV�DSSOLFDQWV�WR�SDVV�D�}FKDUDFWHU�DQG
ILWQHVV~�HYDOXDWLRQ�DGPLQLVWHUHG�E\�VWDWH�EDU�OLFHQVLQJ�DXWKRULWLHV��7KHVH�HYDOXDWLRQV�RIWHQ�LQFOXGH
TXHVWLRQQDLUHV�DVVHVVLQJ�DQ�DSSOLFDQW|V�PHQWDO�KHDOWK�GLDJQRVHV�RU�WUHDWPHQW�KLVWRU\��DV�ZHOO�DV
RWKHU�ILVFDO�DQG�OHJDO�IDFWRUV���3ULRU�UHVHDUFK�LQGLFDWHV�VXFK�TXHVWLRQV�GLVFRXUDJH�WUHDWPHQW�VHHNLQJ
DPRQJ�ODZ�VWXGHQWV�DQG�HDUO\�FDUHHU�ODZ\HUV�ZKR�PD\�IHDU�GLVFORVXUH�FRXOG�MHRSDUGL]H�EDU
DGPLVVLRQ�RU�HPSOR\PHQW��,Q�UHVSRQVH��WKH�$PHULFDQ�%DU�$VVRFLDWLRQ�DGRSWHG�5HVROXWLRQ�����LQ
$XJXVW�������XUJLQJ�HOLPLQDWLRQ�RI�TXHVWLRQV�DERXW�PHQWDO�KHDOWK�GLDJQRVHV�RU�WUHDWPHQW�LQ�IDYRU�RI
IRFXVLQJ�RQ�FRQGXFW�UHOHYDQW�WR�SURIHVVLRQDO�FRPSHWHQFH�

'HVSLWH�WKH�QRUPDWLYH�LPSRUWDQFH�RI�WKLV�UHIRUP��OLWWOH�HPSLULFDO�ZRUN�KDV�H[DPLQHG�ZKHWKHU�WKH
SROLF\�FRUUHVSRQGHG�ZLWK�LQFUHDVHG�PHQWDO�KHDOWK�WUHDWPHQW�XWLOL]DWLRQ�DPRQJ�ODZ�VWXGHQWV��:H
H[DPLQHG�ZKHWKHU�5HVROXWLRQ�����SUHFHGHG�LQFUHDVHV�LQ�WUHDWPHQW�VHHNLQJ��WKHUDS\�XVH��DPRQJ�ODZ
VWXGHQWV�UHODWLYH�WR�RWKHU�VWXGHQWV�IURP������������:H�XWLOL]HG�WKH�+HDOWK\�0LQGV�1HWZRUN�GDWDVHW�
D�QDWLRQDOO\�UHSUHVHQWDWLYH�UHSHDW�FURVV�VHFWLRQDO�EL�DQQXDO��6SULQJ�)DOO�VHPHVWHUV�SHU�\HDU��VXUYH\
RI�86�XQLYHUVLW\�FROOHJH�VWXGHQWV��WKDW�LQFOXGHV�VHOI�UHSRUWHG�PHQWDO�KHDOWK�LQGLFDWRUV��:H�VSHFLILHG
DV�RXU�H[SRVXUH��WKH�WLPLQJ�RI�5HVROXWLRQ������L�H��)DOO�VHPHVWHU������RQZDUG�DV�D�ELQDU\�H[SRVXUH
���IRU�SRVW�SROLF\�SHULRG����RWKHUZLVH���:H�VSHFLILHG�WKH�WUHDWHG�JURXSV�DV�ODZ�VWXGHQWV��FRGHG�DV���
UHODWLYH�WR�FRQWUROV��DOO�RWKHU�VWXGHQWV��FRGHG�DV����DQG�FRQGXFWHG�D�GLIIHUHQFH�LQ�GLIIHUHQFH�ORJLVWLF
UHJUHVVLRQ�DQDO\VLV��FRQWUROOLQJ�IRU�DJH��JHQGHU��UDFH��DQG�VRFLRHFRQRPLF�VWDWXV��5HVXOWV�VKRZ�WKDW
UHVROXWLRQ�����FRUUHVSRQGV�ZLWK�����LQFUHDVHG�RGGV��S���������IRU�WKHUDS\�VHUYLFH�XWLOL]DWLRQ�LQ�ODZ
VWXGHQWV�UHODWLYH�WR�RWKHUV��7KLV�LQFUHDVH�FRQFHQWUDWHV�LQ�\HDU�������25��������S����������SRWHQWLDOO\
LQGLFDWLQJ�DGRSWLRQ�ODJV�
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$VVRFLDWLRQV�EHWZHHQ�EXOO\LQJ��PHQWDO�KHDOWK��VH[XDO�ULVN�EHKDYLRUV��DQG�ZHLJKW�FRQWURO
DPRQJ�DGROHVFHQWV�LQ�WKH�8QLWHG�6WDWHV��$Q�DQDO\VLV�RI������<RXWK�5LVN�%HKDYLRU�6XUYH\
'DWD�)UDQNLH�*UHHQH
�)UDQNLH�*UHHQH��0DU\�:LOOLV�

%DFNJURXQG��%XOO\LQJ�LV�D�SHUYDVLYH�VWUHVVRU�LQ�8�6��VFKRROV��GLVSURSRUWLRQDWHO\�DIIHFWLQJ�VH[XDO
DQG�JHQGHU�PLQRULW\��6*0��\RXWK��/HVV�LV�NQRZQ�DERXW�KRZ�EXOO\LQJ�VKDSHV�GRZQVWUHDP�KHDOWK
EHKDYLRUV�DQG�KRZ�PHQWDO�KHDOWK�LPSDFWV�WKHVH�SDWKZD\V��7KLV�VWXG\�H[DPLQHV�ZKHWKHU�EXOO\LQJ
YLFWLPL]DWLRQ��%9��LV�DVVRFLDWHG�ZLWK�FRQWURO�VHHNLQJ�EHKDYLRUVzVSHFLILFDOO\��VH[XDO�ULVN�EHKDYLRUV
DQG�DWWHPSWHG�ZHLJKW�FRQWUROzDPRQJ�DGROHVFHQWV��DQG�ZKHWKHU�SRRU�PHQWDO�KHDOWK�PHGLDWHV�WKHVH
UHODWLRQVKLSV�

0HWKRGV��:H�DQDO\]HG������&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�<RXWK�5LVN�%HKDYLRU
6XUYH\�GDWD�IURP�������8�6��KLJK�VFKRRO�VWXGHQWV�ZKR�UHSRUWHG�HYHU�KDYLQJ�VH[��%9��ELQDU\��SDVW���
PRQWKV��ZDV�PRGHOHG�DV�WKH�SULPDU\�H[SRVXUH��2XWFRPHV�ZHUH�D�VXPPHG�VH[XDO�ULVN�EHKDYLRU�VFRUH
�FRQGRP�QRQ�XVH��ELUWK�FRQWURO�QRQ�XVH��DQG�VXEVWDQFH�XVH�DW�ODVW�LQWHUFRXUVH��DQG�FXUUHQW�DWWHPSWV
WR�ORVH�ZHLJKW��ELQDU\���3RRU�PHQWDO�KHDOWK�ZDV�HYDOXDWHG�DV�D�PHGLDWRU��ELQDU\��PRVW�DOO�RU�QRQH�D
IHZ�RI�SDVW����GD\V���:H�XVHG�OLQHDU�UHJUHVVLRQ�PRGHOV�WR�HVWLPDWH�EHWD�FRHIILFLHQWV��u��DQG����
FRQILGHQFH�LQWHUYDOV��&,���DGMXVWHG�IRU�DJH�DQG�VH[�DQG�VWUDWLILHG�E\�6*0�VWDWXV��:H�XVHG�FDXVDO
PHGLDWLRQ�WR�FDOFXODWH�WKH�QDWXUDO�LQGLUHFW�HIIHFWV��1,(��RI�SRRU�PHQWDO�KHDOWK�RQ�EXOO\LQJ�VH[XDO�ULVN
EHKDYLRU�DQG�EXOO\LQJ�ZHLJKW�FRQWURO�DVVRFLDWLRQV�

5HVXOWV��%9�ZDV�SRVLWLYHO\�DVVRFLDWHG�ZLWK�JUHDWHU�VH[XDO�ULVN�WDNLQJ��u������������&,�������������
DQG�DWWHPSWLQJ�ZHLJKW�ORVV��u������������&,���������������%RWK�DVVRFLDWLRQV�ZHUH�VWURQJHU�DPRQJ
6*0�\RXWK��3RRU�PHQWDO�KHDOWK�PHGLDWHG�������RI�WKH�%9�VH[XDO�ULVN�EHKDYLRU�DVVRFLDWLRQ��1,(�RGGV
UDWLR��25�������������&,��������������DQG�������RI�WKH�%9�ZHLJKW�FRQWURO�DVVRFLDWLRQ��1,(�25�������
����&,��������������

'LVFXVVLRQ��7KHVH�ILQGLQJV�KLJKOLJKW�EXOO\LQJ�YLFWLPL]DWLRQ�DV�D�VWUXFWXUDO�GULYHU�RI�DGROHVFHQW
KHDOWK�ULVN�EHKDYLRUV�DQG�LGHQWLI\�PHQWDO�KHDOWK�DV�D�NH\�PHFKDQLVP��SDUWLFXODUO\�IRU�6*0
DGROHVFHQWV�
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7KH�([SODQDWRU\�5ROH�RI�,QGLYLGXDO��DQG�6WDWH�/HYHO�(PSOR\PHQW�5HODWHG�)DFWRUV�LQ�/DWHU
/LIH�&RJQLWLYH�)XQFWLRQ�0HJDQ�5H\QROGV
�0HJDQ�5H\QROGV��0D[�&ROHPDQ��6LZHL�/L�

7KLV�VWXG\�LQYHVWLJDWHV�KRZ�PLFUR��DQG�PDFUR�OHYHO�HPSOR\PHQW�UHODWHG�IDFWRUV�H[SHULHQFHV�VKDSH
ODWHU�OLIH�FRJQLWLYH�KHDOWK�DQG�FRQWULEXWH�WR�HGXFDWLRQDO�GLVSDULWLHV�LQ�GHPHQWLD�ULVN��8VLQJ�QDWLRQDOO\
UHSUHVHQWDWLYH�GDWD�IURP�WKH�3DQHO�6WXG\�RI�,QFRPH�'\QDPLFV������y�������ZH�FRQVWUXFW�GHWDLOHG
RFFXSDWLRQDO�KLVWRULHV�WR�PHDVXUH�LQGLYLGXDO�OHYHO�ZRUN�FKDUDFWHULVWLFV�ERWK�REVHUYHG��L�H��
RFFXSDWLRQDO�FRPSOH[LW\��DQG�VXVSHFWHG��H�J���ZRUN�UHODWHG�VWUHVV��WR�LQIOXHQFH�GHPHQWLD�ULVN��:H
WKHQ�OLQN�WKHVH�WR�YDOLGDWHG�LQGLFDWRUV�RI�FRJQLWLYH�IXQFWLRQ�DPRQJ�ROGHU�DGXOWV��:H�IXUWKHU�H[DPLQH
KRZ�VWDWH�OHYHO�ODERU�PDUNHW�LQVWLWXWLRQVzPLQLPXP�ZDJH��XQLRQL]DWLRQ��DQG�XQHPSOR\PHQW
LQVXUDQFHzPRGHUDWH�WKH�UHODWLRQVKLS�EHWZHHQ�LQGLYLGXDO�OHYHO�ZRUN�FKDUDFWHULVWLFV�DQG�FRJQLWLRQ�
%\�OLQNLQJ�FRPSUHKHQVLYH�LQGLYLGXDO�ZRUN�KLVWRULHV�ZLWK�EURDGHU�VWDWH�ODERU�PDUNHW�FRQWH[WV��WKLV
SURMHFW�VKRZV�KRZ�HPSOR\PHQW�UHODWHG�IDFWRUV�FDQ�DFW�ERWK�DV�D�VWUHVVRU�DQG�D�SURWHFWLYH�UHVRXUFH�
$QWLFLSDWHG�UHVXOWV�FDQ�EH�XVHG�WR�LGHQWLI\�PRGLILDEOH�ULVN�IDFWRUV�DQG�LQWHUYHQWLRQV�WR�HQULFK�ZRUN
HQYLURQPHQW��LPSURYH�FRJQLWLYH�KHDOWK��DQG�UHGXFH�WKH�EXUGHQ�RI�$O]KHLPHU|V�GLVHDVH�DQG�UHODWHG
GHPHQWLDV�
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$VVRFLDWLRQ�EHWZHHQ�6RFLDO�1HWZRUNV�3URSHUW\�DQG�6XLFLGH�,GHDWLRQ�LQ�/DWH�$GXOWKRRG��$
3DQHO�6WXG\�.ZDQJK\XQ�.LP
�.ZDQJK\XQ�.LP��'RR�:RRQJ�/HH�

,QWURGXFWLRQ��7KLV�VWXG\�DLPV�WR�LQYHVWLJDWH�KRZ�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DVSHFWV�RI�VRFLDO
QHWZRUNV�DQG�VRFLDO�SDUWLFLSDWLRQ�DUH�DVVRFLDWHG�ZLWK�VXLFLGH�LGHDWLRQ�LQ�ODWH�DGXOWKRRG��

0HWKRGV��+HDOWK�DQG�5HWLUHPHQW�6XUYH\��+56��GDWD�SURGXFWV�IURP������WR������ZHUH�XVHG�IRU�WKH
DQDO\VLV��6RFLDO�QHWZRUNV�ZLWK�VSRXVHV�SDUWQHUV��FKLOGUHQ��RWKHU�IDPLO\�PHPEHUV��DQG�IULHQGV
ZHUH�DVVHVVHG�WKURXJK�TXHVWLRQQDLUHV��6XEMHFWLYH�ORQHOLQHVV�ZDV�PHDVXUHG�E\�WKH����LWHP�8&/$
/RQHOLQHVV�6FDOH��6XLFLGH�LGHDWLRQ�ZDV�HYDOXDWHG�E\�WKH�&RPSRVLWH�,QWHUQDWLRQDO�'LDJQRVWLF
,QWHUYLHZ��&,',��0DMRU�'HSUHVVLRQ�0RGXOH��6RFLDO�SDUWLFLSDWLRQ�ZDV�DVVHVVHG�E\�TXHVWLRQV�IRFXVLQJ
RQ�WKH�IUHTXHQF\�RI�SDUWLFLSDWLRQ��*HQHUDOL]HG�HVWLPDWLQJ�HTXDWLRQV��*((��PRGHOLQJ�ZDV�XVHG
WR�LQYHVWLJDWH�WKH�ORQJLWXGLQDO�DVVRFLDWLRQ�EHWZHHQ�VRFLDO�QHWZRUNV�DQG�VXLFLGH�LGHDWLRQ��

5HVXOWV��6XEMHFWLYH�ORQHOLQHVV�ZDV�SRVLWLYHO\�DVVRFLDWHG�ZLWK�VXLFLGH�LGHDWLRQ��25
SHU��SW� �����������8,������y��������6XEMHFWLYH�VHQVH�RI�FRQWURO�RYHU�KHDOWK�ZDV�QHJDWLYHO\
DVVRFLDWHG�ZLWK�VXLFLGH�LGHDWLRQ��25�SHU��SW� �����������8,������y��������6RFLDO�QHWZRUNV�ZLWK
IDPLO\�DQG�IULHQGV�GLG�QRW�VKRZ�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�VXLFLGH�LGHDWLRQV��6RFLDO
SDUWLFLSDWLRQ�ZDV�QHJDWLYHO\�DVVRFLDWHG�ZLWK�VXLFLGH�ULVN��25�SHU��SW� �����������8,������y
�������&KDULW\�YROXQWHHU�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�VXLFLGH�ULVN��25�SHU��SW� �����������&,
�����y�������ZKLOH�HGXFDWLRQ�WUDLQLQJ�DQG�FOXE�RUJDQL]DWLRQ�DFWLYLW\�ZHUH�QRW��

'LVFXVVLRQ��6XEMHFWLYH�ORQHOLQHVV�ZDV�DVVRFLDWHG�ZLWK�VXLFLGH�LGHDWLRQ�LQ�ODWH�DGXOWKRRG��6RFLDO
QHWZRUNV�ZLWK�IDPLO\�DQG�IULHQGV�GLG�QRW�VKRZ�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ
VXLFLGH�LGHDWLRQ��(OGHUO\�HQJDJLQJ�ZLWK�FKDULW\�RU�YROXQWHHULQJ�KDG�ORZHU�RGGV�RI�KDYLQJ�VXLFLGDO
LGHDWLRQ��
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0HDVXULQJ�WKH�TXDOLW\�RI�PRUWDOLW\�GDWD�LQ�KLJK�LQFRPH�VHWWLQJV�$P\�0DQQ
�$P\�0DQQ�
0DWKHZ�.LDQJ��0RQLFD�$OH[DQGHU�

2EMHFWLYHV��&DXVH�RI�GHDWK�GDWD�XQGHUSLQ�SXEOLF�KHDOWK�VXUYHLOODQFH��\HW�IHZ�WRROV�TXDQWLI\�PRUWDOLW\
GDWD�TXDOLW\�LQ�KLJK�LQFRPH�FRXQWULHV�DW�D�VXEQDWLRQDO�OHYHO��:H�GHYHORS�WZR�PHWULFV�WR�PHDVXUH
PRUWDOLW\�GDWD�TXDOLW\�DQG�DSSO\�WKHP�WR�8�6��FRXQW\�PRUWDOLW\�IURP�����������

0HWKRGV��:H�FRQVWUXFW�D�5H�DVVLJQDELOLW\�,QGH[��5,��WKDW�TXDQWLILHV�KRZ�FRQILGHQWO\�PXOWLSOH�FDXVH
LQIRUPDWLRQ�FDQ�UHFODVVLI\�JDUEDJH�FRGHG�GHDWKV�LQWR�PHDQLQJIXO�FDXVH�JURXSV��:H�WKHQ�GHILQH�D
VWDQGDUGL]HG�OHYHO�RI�GHWDLO�PHWULF�XVLQJ�HQWURS\�PHWKRGV�WR�PHDVXUH�FRGLQJ�GLYHUVLW\�DIWHU
DFFRXQWLQJ�IRU�GLIIHUHQFHV�LQ�WKH�XQGHUO\LQJ�FDXVH�RI�GHDWK�PL[��:H�DOVR�HVWLPDWH�WKH�SURSRUWLRQ�RI
GHDWKV�ZLWK�JDUEDJH�FRGHG�XQGHUO\LQJ�FDXVHV�DQG�FRPELQH�WKHVH�PHDVXUHV�LQWR�DQ�DJJUHJDWH�GDWD
TXDOLW\�LQGH[�

5HVXOWV��*DUEDJH�FRGLQJ�GHFOLQHG�QDWLRQDOO\�WKURXJK������EXW�URVH�GXULQJ�WKH�&29,'����SDQGHPLF�
&RGLQJ�GHWDLO�LQFUHDVHG�VWHDGLO\��ZKLOH�5,�GHFOLQHG�PRGHVWO\��FRQVLVWHQW�ZLWK�JURZLQJ�FDXVH�RI�GHDWK
GLYHUVLW\��$OO�GLPHQVLRQV�VKRZ�SHUVLVWHQW�JHRJUDSKLF�LQHTXDOLWLHV��ZLWK�ORZHU�LQFRPH�FRXQWLHV
H[KLELWLQJ�SRRUHU�GDWD�TXDOLW\�

&RQFOXVLRQV��8�6��PRUWDOLW\�GDWD�TXDOLW\�LV�PXOWLGLPHQVLRQDO��JHRJUDSKLFDOO\�XQHYHQ��DQG
V\VWHPDWLFDOO\�ZRUVH�LQ�VRFLRHFRQRPLFDOO\�GLVDGYDQWDJHG�DUHDV��7KLV�IUDPHZRUN�HQDEOHV�VFDODEOH
PRQLWRULQJ�RI�VXEQDWLRQDO�UHSRUWLQJ�TXDOLW\�DQG�VXSSRUWV�WDUJHWHG�LQYHVWPHQWV�WR�VWUHQJWKHQ�GHDWK
FHUWLILFDWLRQ�DQG�SXEOLF�KHDOWK�VXUYHLOODQFH�
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+XPDQ�0RELOLW\�DQG�&29,'�����D�/LQN�3UHGLFWLRQ�EDVHG�DSSURDFK�DQG�D�&DVH�6WXG\�IRU
1HZ�<RUN�6WDWH�-LH�+H
�-LH�+H�

+XPDQ�PRELOLW\�SOD\V�D�YLWDO�UROH�LQ�VSUHDGLQJ�LQIHFWLRXV�GLVHDVHV��5HVHDUFKHUV�XVHG�KXPDQ�PRELOLW\
GDWD�WR�LQYHVWLJDWH�GLVHDVH�WUDQVPLVVLRQ�SDWWHUQV��/HVVDQL�VKRZHG�WKDW�WKHUH�ZDV�D�VWURQJ
DVVRFLDWLRQ�EHWZHHQ�KXPDQ�PRELOLW\�DQG�VSUHDG�>�@��$OWKRXJK�UHVHDUFKHUV�KDYH�DOUHDG\�WULHG
LQWHJUDWLQJ�QHWZRUN�DQDO\VLV�DQG�PDFKLQH�OHDUQLQJ�LQ�WKLV�UHVHDUFK�DUHD��XWLOL]LQJ�OLQN�SUHGLFWLRQ
PHWKRGV�RQ�KXPDQ�PRELOLW\�GDWD�IRU�VSUHDG�SUHGLFWLRQ�KDV�QRW�EHHQ�IXOO\�H[SORUHG��,Q�WKLV�VWXG\��,
IRFXVHG�RQ�FRXQW\�WR�FRXQW\�LQWHUDFWLRQV�DQG�PLJUDWLRQ�IORZV�LQ�WKH�KXPDQ�PRELOLW\�QHWZRUN
�6DIH*UDSK�1HLJKERUKRRG�3DWWHUQV�GDWDVHW���,�XVHG�OLQN�SUHGLFWLRQ�VFRUHV�IURP�PRGLILHG�:HLJKWHG
3UHIHUHQWLDO�$WWDFKPHQW�DV�LQGLFDWRUV�WR�SUHGLFW�FRXQW\�OHYHO�&29,'����FDVHV�IRU�1HZ�<RUN�6WDWH
�VWDWHZLGH�WHVWLQJ�GDWD�IURP�WKH�JRYHUQPHQW�RI�WKH�VWDWH�RI�1HZ�<RUN�IRU�RYHUDOO�FDVHV��ZLWK
VWDWLVWLFV�DQG�PDFKLQH�OHDUQLQJ��7KLV�KDV�QRW�EHHQ�GRQH�E\�SUHYLRXV�UHVHDUFK��,�SHUIRUPHG�WZR
GLIIHUHQW�SUHGLFWLRQ�WDVNV�����XVLQJ�RQH���g��YHFWRU�LQYROYLQJ�VFRUHV�RI����FRXQWLHV�IURP�D�VLQJOH
PRQWK�WR�SUHGLFW�DQRWKHU���g��YHFWRU�LQYROYLQJ�&29,'����FDVHV�IURP�WKH�QH[W�PRQWK�����XVLQJ
ILIWHHQ���g���PDWULFHV�LQYROYLQJ�VFRUHV�UHSUHVHQWLQJ�FRXQW\�WR�FRXQW\�FRQQHFWLRQV�IURP�ILIWHHQ
PRQWKV��IURP�0DUFK������WR�0D\�������WR�SUHGLFW�ILIWHHQ���g��YHFWRUV�LQYROYLQJ�&29,'����FDVHV
IURP�WKH�FRUUHVSRQGLQJ�QH[W�PRQWKV��,Q�WKH�ILUVW�WDVN��,�UDQ�PRGHOV�OLNH�;*%RRVW��5DQGRP�)RUHVW�
6XSSRUW�9HFWRU�5HJUHVVLRQ��DQG�2UGLQDU\�/HDVW�6TXDUHV�ZLWK�WKUHH�GLIIHUHQW�W\SHV�RI�LQSXWV�
3HUVRQDOL]HG�3DJH5DQN�VFRUHV��335���OLQN�SUHGLFWLRQ�VFRUHV��DJJUHJDWHG���DQG�WKH�H[DFW�QXPEHUV�RI
SHRSOH�PRYLQJ�EHWZHHQ�FRXQWLHV��DJJUHJDWHG���7KRXJK�DOO�WKUHH�LQSXWV�ZHUH�VWURQJO\�SRVLWLYHO\
FRUUHODWHG�ZLWK�WKH�RYHUDOO�FDVHV�EDVHG�RQ�6SHDUPDQ|V�UDQN�FRUUHODWLRQ��WKH�UHVXOWV�VKRZHG�WKDW�OLQN
SUHGLFWLRQ�VFRUHV�DQG�WKH�H[DFW�QXPEHUV�SHUIRUPHG�VLPLODUO\�DQG�ERWK�RXWSHUIRUPHG�335�DFFRUGLQJ
WR�WKH�EHVW�RXWSXWV�RI�HDFK��5HVXOWV�ZHUH�FRPSDUHG�EDVHG�RQ�5�VTXDUHG�DQG�0HDQ�$EVROXWH
3HUFHQWDJH�(UURU�ZLWK���IROG�&URVV�9DOLGDWLRQ��,Q�WKH�VHFRQG�WDVN��VSDWLRWHPSRUDO���,�DSSOLHG�PRGHOV
OLNH�*UDSK�&RQYROXWLRQDO�1HWZRUN��K\EULG�PRGHO�ZLWK�&11�DQG�/670��5DQGRP�)RUHVW��*DXVVLDQ
3URFHVV��DQG�9HFWRU�$XWRUHJUHVVLRQ�ZLWK�WZR�GLIIHUHQW�W\SHV�RI�LQSXWV��OLQN�SUHGLFWLRQ�VFRUHV�DQG�WKH
H[DFW�QXPEHUV�RI�SHRSOH��7KH�UHVXOWV�VKRZHG�WKDW�WKH�IRUPHU�SHUIRUPHG�EHWWHU�WKDQ�WKH�ODWWHU�DFURVV
GLIIHUHQW�PRGHOV��5HVXOWV�ZHUH�FRPSDUHG�EDVHG�RQ�5�VTXDUHG�DQG�0HDQ�$EVROXWH�3HUFHQWDJH�(UURU
ZLWK�:DON�)RUZDUG�&URVV�9DOLGDWLRQ��7KH�RWKHU�SDUW�RI�WKLV�VWXG\�LV�WR�DVVHVV�0DFKLQH�/HDUQLQJ�
EDVHG�YDULDQW�SUHGLFWLRQ�PRGHOV�IRU�1HZ�<RUN�6WDWH��1<6���7KLV�KDV�QRW�EHHQ�IXOO\�WHVWHG�E\�SUHYLRXV
UHVHDUFK��,�XVHG�WKH�WHVWLQJ�GDWD�IURP�*,6$,'�GDWDEDVH�IRU�YDULDQW�VSHFLILF�FDVHV�DQG�D�PRGLILHG
QHWZRUN�ZKLFK�FRPELQHG���FRXQWLHV�LQWR�1HZ�<RUN�&LW\��,�HPSOR\HG�YDULRXV�W\SHV�RI�=HUR�,QIODWHG
PRGHOV��/RJLVWLF�5HJUHVVLRQ���;*%��/RJLVWLF�5HJUHVVLRQ���5DQGRP�)RUHVW��/RJLVWLF�5HJUHVVLRQ��
695��/RJLVWLF�5HJUHVVLRQ���/LQHDU�5HJUHVVLRQ��=HUR�,QIODWHG�1HJDWLYH�%LQRPLDO�5HJUHVVLRQ��IRU
SUHGLFWLRQ�WDVNV�DQG�FRPSDUHG�UHVXOWV�EDVHG�RQ�0HDQ�$EVROXWH�(UURU�ZLWK���IROG�&URVV�9DOLGDWLRQ��,Q
JHQHUDO��P\�ZRUN�VKRZHG�WKDW�OLQN�SUHGLFWLRQ�VFRUHV�FDQ�EH�XVHG�DV�LQGLFDWRUV�IRU�&29,'���
SUHGLFWLRQ�DQG�SHUIRUPHG�ERWK�RYHUDOO�DQG�YDULDQW�VSHFLILF�SUHGLFWLRQV�ZLWK�1<6�GDWD��0\�ZRUN�XVHG
QHWZRUN�VFLHQFH�DQG�PDFKLQH�OHDUQLQJ�PHWKRGV�WR�VROYH�UHDO�ZRUOG�SUREOHPV�LQ�SXEOLF�KHDOWK��

�

>�@�0�1DVHU�/HVVDQL��=KHQORQJ�/L��)HQJUXL�-LQJ��6KDQ�4LDR��-LDMLD�=KDQJ��%DQNROH�2ODWRVL��DQG
;LDRPLQJ�/L��+XPDQ�PRELOLW\�DQG�WKH�LQIHFWLRXV�GLVHDVH�WUDQVPLVVLRQ��D�V\VWHPDWLF�UHYLHZ��*HR�
6SDWLDO�,QIRUPDWLRQ�6FLHQFH������������y�����������
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5LVN�DQG�5HVLOLHQFH��0HDVXULQJ�$FFXOWXUDWLRQ�DQG�&DUGLRPHWDEROLF�'LVHDVH�5LVN�LQ�6RXWK
$VLDQ�$PHULFDQV�3UHHWKL�6DUDYDQDQ
�3UHHWKL�6DUDYDQDQ��.KXVKL�&KRSUD��5RKDQ�3DWHO�

6RXWK�$VLDQ��6$��LPPLJUDQWV�H[SHULHQFH�D�����IROG�KLJKHU�ULVN�DQG�HDUOLHU�RQVHW�RI�FDUGLRPHWDEROLF
GLVHDVH��&0'��FRPSDUHG�WR�8�6��ZKLWHV��DQG�KDYH�D�KLJKHU�SUHYDOHQFH�RI�&0'�ULVN�IDFWRUV�WKDQ
RWKHU�UDFLDO�HWKQLF�PLQRULWLHV�LQ�WKH�8�6��$FFXOWXUDWLRQ�VWUDWHJ\��RU�WKH�QHJRWLDWLRQ�RI�EHOLHIV�
EHKDYLRUV��DQG�QRUPV�IURP�KRVW�DQG�KHULWDJH�FXOWXUHV��LPSDFWV�KHDOWK�WKURXJK�GLPHQVLRQV�VXFK�DV
GLHW��VWUHVV��DQG�VRFLDO�VXSSRUW��+RZHYHU��OLWWOH�LV�NQRZQ�DERXW�WKHVH�GLPHQVLRQV�DQG�SUH�GLVHDVH
SDWKZD\V�DPRQJ�VHFRQG�JHQHUDWLRQ�6RXWK�$VLDQV�ZKR�LQKHULW�PXOWLSOH�FXOWXUHV��ULVN�H[SRVXUHV��DQG
KHDOWK�GLVFRXUVHV��7KLV�VWXG\�XVHV�DQ�DFFXOWXUDWLRQ�IUDPHZRUN�DQG�ELRFXOWXUDO�DSSURDFK�WR
XQGHUVWDQG�KRZ�6RXWK�$VLDQV�QDYLJDWH�IRRG��IULHQGV��DQG�RWKHU�GLPHQVLRQV�RI�DFFXOWXUDWLRQ�DQG�KRZ
WKLV�LPSDFWV�WKHLU�FDUGLRPHWDEROLF�GLVHDVH�ULVN��:H�GHYHORSHG�DQG�YDOLGDWHG�DQ�DFFXOWXUDWLRQ�VFDOH
$VLDQV�XVLQJ�VHPL�VWUXFWXUHG�LQWHUYLHZV�DQG�FRJQLWLYH�DQWKURSRORJ\�PHWKRGV�WR�LGHQWLI\�GLPHQVLRQV
RI�DFFXOWXUDWLRQ��VRFLDO�QHWZRUNV��IRRG��LGHQWLW\��VWUHVV��FXOWXUDO�FRPSHWHQFH��DQG�ODQJXDJH
SUHIHUHQFH��WKDW�DUH�UHOHYDQW�IRU�KHDOWK�DQG�LGHQWLW\�DPRQJ�VHFRQG�JHQHUDWLRQ�6RXWK��([WHUQDO
YDOLGLW\�ZDV�PHDVXUHG�DJDLQVW�FDUGLRPHWDEROLF�KHDOWK��XVLQJ�SK\VLRORJLFDO�PDUNHUV�LQFOXGLQJ�%0,�
ZDLVW�FLUFXPIHUHQFH��EORRG�SUHVVXUH��OLSLGV��DQG�+E$�F��:H�XVHG�D�ODWHQW�FODVV�DQDO\VLV�WR�FUHDWH
WZR�FDUGLRPHWDEROLF�ULVN�SURILOHV��DQG�UHJUHVVLRQ�DQDO\VLV�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ
DFFXOWXUDWLRQ�VWUDWHJ\�DQG�FDUGLRPHWDEROLF�ULVN��7KLV�PL[HG�PHWKRGV�UHVHDUFK�RIIHUV�QHZ�LQVLJKWV
LQWR�ERWK�WKH�ULVN�SURILOHV�DQG�DFFXOWXUDWLRQ�H[SHULHQFHV�RI�8�6��ERUQ�6RXWK�$VLDQV��SURYLGLQJ�SRLQWV
RI�LQWHUYHQWLRQ�VXFK�DV�GLHW�DQG�VRFLDO�VXSSRUW�WR�LPSURYH�SUHYHQWLRQ�DQG�WUHDWPHQW�RI
FDUGLRPHWDEROLF�GLVHDVH�LQ�WKLV�KLJK�ULVN�SRSXODWLRQ�
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5HLPDJLQLQJ�ZRUNIRUFH�UHVHDUFK�WKURXJK�FRPPXQLW\�HQJDJHPHQW��,QVLJKWV�IURP�1HZ�<RUN
6WDWHiV�ILUVW�&+:�ODQGVFDSH�VWXG\�0HJKDQ�$UPRFLGD
�0HJKDQ�$UPRFLGD��.DULQD�/LEHUDWD��.D\OD
)HQQHOO\��$]XO�6DYLG��$P\�)UHHPDQ�

&RPPXQLW\�+HDOWK�:RUNHUV��&+:V��SOD\�DQ�LQFUHDVLQJO\�LPSRUWDQW�UROH�LQ�DGGUHVVLQJ�VRFLDO
GULYHUV�RI�KHDOWK�IRU�GLYHUVH�SRSXODWLRQV�E\�KHOSLQJ�WR�QDYLJDWH�KHDOWKFDUH�DQG
VRFLDO�VHUYLFHV��'HVSLWH�WKHLU�GRFXPHQWHG�HIIHFWLYHQHVV�RQ�D�UDQJH�RI�KHDOWK�UHODWHG�RXWFRPHV��D�IXOO
SLFWXUH�RI�WKH�1HZ�<RUN�6WDWH��1<6��&+:�ZRUNIRUFH�UHPDLQV�XQFOHDU��UHVWULFWLQJ�HIIRUWV�WR�LQIRUP
ZRUNIRUFH�SROLF\�DQG�EHVW�SUDFWLFHV��7KLV�SUHVHQWDWLRQ�ZLOO�GLVFXVV�FRPPXQLW\�HQJDJHG�PHWKRGV
XVHG�WR�GHYHORS�DQG�LPSOHPHQW�1<6|V�ILUVW�&+:�ZRUNIRUFH�ODQGVFDSH�VWXG\��ZLWK�WKH�JRDO
RI�VWUHQJWKHQLQJ�DFDGHPLF�FRPPXQLW\�FROODERUDWLRQ��LPSURYLQJ�PHDVXUHPHQW��DQG�RSWLPL]LQJ�&+:
ZRUNIRUFH�DGYRFDF\�HIIRUWV��0HWKRGV�LQFOXGH�LQWHJUDWLQJ�D�&+:�LQWR�WKH
UHVHDUFK�WHDP�DQG�HVWDEOLVKLQJ�ERWK�D�3URMHFW�$GYLVRU\�%RDUG��3$%��DQG�&RPPXQLW\�$GYLVRU\
%RDUG��&$%���7KH�&+:�UHVHDUFKHU�FRQWULEXWHV�WKHLU�ILUVW�KDQG�H[SHULHQFH�RI�SDWLHQW�IDFLQJ�ZRUN�WR
FR�GHYHORS�VWXG\�PDWHULDOV��VXSSRUW�IDFLOLWDWLRQ�RI�DGYLVRU\�ERDUGV��FRQGXFW�ELOLQJXDO�LQWHUYLHZV�ZLWK
&+:�SDUWLFLSDQWV��DQG�GLVVHPLQDWH�ILQGLQJV��7KH�3$%��D
VPDOOHU�JURXS�RI�ILYH�&+:V�DQG�ILYH�HPSOR\HUV��PHHWV�UHJXODUO\�WR�SURYLGH�LQ�GHSWK�LQVLJKW�RQ�VWXG\
PDWHULDOV�DQG�HQVXUH�DSSURSULDWHQHVV�IRU�&+:�DQG�&+:�HPSOR\HU�SRSXODWLRQV�
LQFOXGLQJ�UHILQLQJ�LQVWUXPHQWV�DQG�LQIRUPLQJ�UHFUXLWPHQW�VWUDWHJLHV��7KH�&$%��D����
PHPEHU�JURXS�RI�1<6�&+:V��HPSOR\HUV��DQG�ZRUNIRUFH�OHDGHUV��JXLGHV�UHVHDUFK
SULRULWLHV��OHDGV�GLVVHPLQDWLRQ�RI�ILQGLQJV��DQG�IRVWHUV�FRQQHFWLRQ�ZLWK�RQH
DQRWKHU�WR�EUHDN�GRZQ�RUJDQL]DWLRQDO�VLORV�DQG�VWUHQJWKHQ�FRPPXQLFDWLRQ�DFURVV�UHJLRQV�DQG
VHWWLQJV��7DNHQ�WRJHWKHU��WKLV�FRPPXQLW\�HQJDJHG�DSSURDFK�LPSURYHV�WKH�ULJRU�RI
VWXG\�ILQGLQJV�DQG�HQVXUHV�GDWD�FDQ�DFFXUDWHO\�GULYH�SROLF\�DQG�SUDFWLFH��,Q�WKH�FRQWH[W
RI�KLVWRULFDO�PLVWUXVW�WRZDUG�DFDGHPLF�LQVWLWXWLRQV��WKLV�DSSURDFK�GHPRQVWUDWHV�KRZ�FRPPXQLW\�
HQJDJHG�PHWKRGV�UHLQIRUFH�OLYHG�H[SHULHQFH�DV�DQ�LQWHJUDO�SDUW�RI�DFWLRQDEOH�UHVHDUFK�DQG�FDQ�EH
DSSOLHG�DFURVV�FRQWH[WV�
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%XLOGLQJ�D�'DWD�6FLHQFH�&RPPXQLW\�RI�3UDFWLFH�WR�6WUHQJWKHQ�6RFLDO�'HWHUPLQDQWV�RI
+HDOWK�'DWD�LQ�6XE�6DKDUDQ�$IULFD�-HVVLFD�*MRQDM
�-HVVLFD�*MRQDM��)HOL[�(PHND�$Q\LDP��1JHUHVD
$QWRQ\�2VDQJR��5LFKDUG�0XJR��3HDFH�$EHU��-DVPLW�6KDK��5DMHVK�9HGDQWKDQ��-RVHSK�+RJDQ��$QQ
0ZDQJ��5XPL�&KXQDUD�

%DFNJURXQG��6RFLDO�GHWHUPLQDQWV�RI�KHDOWK��6'2+��IXQFWLRQ�DFURVV�HFRQRPLF��VRFLDO��DQG�HFRQRPLF
GRPDLQV��DFFRXQWLQJ�IRU�XS�WR�����RI�YDULDWLRQ�LQ�KHDOWK�RXWFRPHV���'HVSLWH�WKHLU�LQIOXHQFH�
LQWHJUDWLQJ�6'2+�LQ�KHDOWK�DQDO\WLF�PRGHOV�UHPDLQV�D�FKDOOHQJH�SDUWLFXODUO\�LQ�6XE�6DKUDQ�$IULFD
�66$��ZKHUH�LW�FDQ�EH�GLIILFXOW�WR�UREXVWO\�FROOHFW�FRQWH[W�VSHFLILF�GDWD�GXH�WR�YDULDWLRQV�LQ�GDWD
W\SHV��IUDJPHQWDWLRQ��RU�LQFRQVLVWHQW�UHSRUWLQJ��,QFUHDVLQJ�HIIRUWV�WR�LGHQWLI\�DQG�LQWHJUDWH�6'2+
GDWD��SDUWLFXODUO\�LQ�WKLV�UHJLRQ��LV�FUXFLDO�LQ�DGYDQFLQJ�SXEOLF�KHDOWK�UHVHDUFK��

0HWKRGV��/HYHUDJLQJ�WKH�1<8�0RL�'DWD�6FLHQFH�IRU�6RFLDO�'HWHUPLQDQWV�7UDLQLQJ�3URJUDP�DQG
1,+�'6�,�$IULFD�1HWZRUN��D�'DWD�6FLHQFH�IRU�6RFLDO�'HWHUPLQDQWV�&RPPXQLW\�RI�3UDFWLFH��'66'
&R3��ZDV�IRUPHG�WR�V\VWHPDWLFDOO\�DGGUHVV�JDSV�LQ�WKH�LGHQWLILFDWLRQ�DQG�PHDVXUHPHQW�RI�6'2+
GDWD�LQ�66$��7KH�&R3�KDV�LGHQWLILHG�WZR�LQLWLDO�DFWLYLWLHV��7KH�ILUVW�LV�D�VFRSLQJ�UHYLHZ�WR
V\VWHPDWLFDOO\�PDS�WKH�W\SHV�RI�GDWD�XVHG�WR�RSHUDWLRQDOL]H�6'2+�LQ�66$�UHVHDUFK�DQG�LGHQWLI\
WUHQGV�DQG�JDSV�LQ�PHDVXUHPHQW�DQG�UHSRUWLQJ��7KH�VHFRQG�LV�D�GDWD�LQGH[LQJ�JURXS�ZRUNLQJ
WRZDUGV�FUHDWLQJ�D�VWUXFWXUHG��VHDUFKDEOH�UHSRVLWRU\�RI�66$�6'2+�GDWD�VRXUFHV�GHULYHG��IURP
H[LVWLQJ�VWXGLHV�DQG�VXUYH\V�

5HVXOWV��7KH�UHFHQW�SXEOLFDWLRQ�RI�WKH�VFRSLQJ�UHYLHZ�SURWRFRO�KLJKOLJKW�WKH�QRYHOW\�RI�WKLV�HIIRUW
ZKLFK�LV�FXUUHQWO\�LQ�WKH�ILUVW�SKDVH�RI�DEVWUDFW�VFUHHQLQJ���,Q�SDUDOOHO��WKH�6'2+�LQGH[�KDV�DOUHDG\
LGHQWLILHG����GDWDVHWV�WKDW�FDSWXUH�NH\�6'2+�GDWD�DFURVV�.HQ\D�������8JDQGD������5ZDQGD�����
*KDQD������6LHUUD�/HRQH������6RXWK�$IULFD������(WKLRSLD������DQG�1LJHULD������7KH�JURXS�DLPV�WR�H[SDQG
GLVVHPLQDWLRQ�RI�WKLV�LQGH[�IRUP�WR�JDWKHU�PRUH�LQIRUPDWLRQ�RQ�WKH�FXUUHQW�VWDWH�RI�6'2+�GDWD�LQ�WKH
UHJLRQ��

&RQFOXVLRQ��7KH�&R3�LV�D�VFDODEOH�LQLWLDWLYH�IRU�DGYDQFLQJ�FROODERUDWLYH�LQIUDVWUXFWXUH�DQG�GDWD
VFLHQFH�FDSDFLW\�WR�HQKDQFH�WKH�LPSDFW�RI�6'2+�UHVHDUFK�LQ�SXEOLF�KHDOWK��:H�DOUHDG\�KDYH�HDUO\
LQGLFDWLRQ�IURP�&R3�HIIRUWV�WKDW�WKH�IRFXV�RQ�66$�DOORZV�IRU�XQLTXH�H[SORUDWLRQ�RI�KRZ�VRFLDO
GHWHUPLQDQWV�LQWHUDFW�ZLWK�KHDOWK�RXWFRPHV�LQ�D�VSHFLILF�FRQWH[W��ZKLFK�LV�FUXFLDO�IRU�DFFRXQWLQJ�IRU
6'2+�GDWD�DORQJVLGH�KHDOWK�EXUGHQV�DFURVV�WKH�UHJLRQ��
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3URWHFWLYH�IRU�6RPH��5LVN\�IRU�2WKHUV��+RZ�*HQGHU�DQG�(WKQLFLW\�6KDSH�0HQWDO�+HDOWK
2XWFRPHV�IRU�,QWHUQDWLRQDO�0LJUDQWV�$U\DD�5DMRXULD
�$U\DD�5DMRXULD�

,QWHUQDWLRQDO�PLJUDWLRQ�KDV�FRPSOH[�DQG�XQHYHQ�FRQVHTXHQFHV�IRU�PLJUDQW�PHQWDO�KHDOWK��7KHVH
FRQVHTXHQFHV�UHPDLQ�SRRUO\�XQGHUVWRRG��SDUWLFXODUO\�LQ�WKH�*OREDO�6RXWK��7KLV�SDSHU�H[DPLQHV�KRZ
PLJUDWLRQ�H[SHULHQFH��HWKQR�FDVWH�LGHQWLW\��DQG�JHQGHU�LQWHUVHFW�WR�VKDSH�PHQWDO�KHDOWK�RXWFRPHV
DPRQJ�LQWHUQDWLRQDO�PLJUDQWV��'UDZLQJ�RQ�ORQJLWXGLQDO�GDWD�IURP�WKH�&KLWZDQ�9DOOH\�)DPLO\�6WXG\
������������LQ�1HSDO�DQG�XVLQJ�JHQGHU�VWUDWLILHG�HYHQW�KLVWRU\�PRGHOV�DQG�ORJLVWLF�UHJUHVVLRQ�ZLWK
LQWHUDFWLRQ�WHUPV��WKH�VWXG\�UHYHDOV�WKDW�LQWHUQDWLRQDO�PLJUDQW|V�PHQWDO�KHDOWK�LPSDFWV�YDU\
GUDPDWLFDOO\�DFURVV�LQWHUVHFWLRQDO�SRVLWLRQV�

5HVXOWV�VKRZ�WKDW�LQWHUQDWLRQDO�PLJUDWLRQ�LV�SDUWLFXODUO\�SURWHFWLYH�IRU�%UDKPLQ�&KKHWUL�PDOHV
�WUDGLWLRQDOO\�KLJK�FDVWH���'DOLW�PDOHV�DQG�IHPDOHV��KLVWRULFDOO\�PDUJLQDOL]HG���DQG�1HZDUL�IHPDOHV
�XSSHU�FDVWH���ZKLOH�VHUYLQJ�DV�D�ULVN�IDFWRU�IRU�7HUDL�-DQDMDWL�PDOHV�DQG�IHPDOHV��ORZODQG�LQGLJHQRXV
JURXSV��7KHVH�SDWWHUQV�VKRZ�WKUHH�NH\�G\QDPLFV������SUH�H[LVWLQJ�VRFLDO�DGYDQWDJHV�WUDQVODWH�LQWR
SURWHFWLYH�PLJUDWLRQ�SDWKZD\V������LQWHUQDWLRQDO�PLJUDWLRQ�HQDEOHV�VRPH�PDUJLQDOL]HG�JURXSV�WR
HVFDSH�SODFH�EDVHG�GLVFULPLQDWLRQ��DQG�����JHQGHU�VKDSHV�RXWFRPHV�GLIIHUHQWO\�ZLWKLQ�HWKQR�FDVWH
JURXSV��FUHDWLQJ�H[WUHPH�YXOQHUDELOLW\�DW�FHUWDLQ�LQWHUVHFWLRQV�

7KLV�VWXG\�GHPRQVWUDWHV�WKDW�DJJUHJDWH�DQDO\VHV�RI�PLJUDWLRQ�DQG�PHQWDO�KHDOWK�REVFXUHV�FULWLFDO
YDULDWLRQ��UHTXLULQJ�LQWHUVHFWLRQDO�DSSURDFKHV��)RU�SROLF\��ILQGLQJV�UHYHDO�WKH�QHHG�IRU�WDUJHWHG
LQWHUYHQWLRQV�UHFRJQL]LQJ�GLIIHUHQWLDO�YXOQHUDELOLWLHV�UDWKHU�WKDQ�WUHDWLQJ�PLJUDQWV�DV�KRPRJHQHRXV�
1HSDO|V�UDSLG�JURZWK�LQ�FLUFXODU�ODERU�PLJUDWLRQ�PDNHV�LW�D�FULWLFDO�FDVH�IRU�XQGHUVWDQGLQJ�WKHVH
G\QDPLFV�LQ�*OREDO�6RXWK�FRQWH[WV�
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$�1HZ�$SSURDFK�WR�([SODLQLQJ�WKH�*URZLQJ�'LVSDULWLHV�LQ�0RUWDOLW\�%HWZHHQ�8�6��&RXQWLHV
,OL\D�*XWLQ
�,OL\D�*XWLQ��(PLO\�:LHPHUV��-HQQLIHU�.DUDV�0RQWH]��6KDQQRQ�0RQQDW��'RXJODV�:ROI�

:RUNLQJ�DJH�PRUWDOLW\�LQ�WKH�8QLWHG�6WDWHV�LV�KLJK��ULVLQJ��DQG�LQFUHDVLQJO\�GLIIHU�DFURVV�FRXQWLHV�
5HFHQW�HIIRUWV�WR�H[SODLQ�WKH�JURZLQJ�GLVSDULWLHV�LQ�PRUWDOLW\�EHWZHHQ�FRXQWLHV�WHQG�WR�LQYHVWLJDWH
FRQWH[WV�VXFK�DV�VWDWH�SROLFLHV�DQG�FRXQW\�HFRQRPLF�FRQGLWLRQV�EXW��D��WHQG�WR�H[DPLQH�HLWKHU�VWDWHV
RU�FRXQWLHV���E��LPSOLFLWO\�DVVXPH�WKDW�WKH�FRQWH[WV�WKDW�DIIHFW�PRUWDOLW\�UDWHV�DOVR�DIIHFW�JURZLQJ
GLVSDULWLHV�LQ�WKH�UDWHV��DQG��F��H[FOXGH�\HDUV������DQG�EH\RQG��7KLV�VWXG\�DGYDQFHV�XQGHUVWDQGLQJ
RI�WKH�JURZLQJ�GLVSDULWLHV�E\�XVLQJ�GDWD�IURP������WR������DQG�NHUQHO�UHZHLJKWLQJ�PHWKRG
�'L1DUGR��)RUWLQ��	�/HPLHX[��������/HPLHX[�������WR�LGHQWLI\�ZKLFK�FRXQW\�DQG�VWDWH�FRQWH[WV
H[SODLQ�WKH�JURZLQJ�GLVSDULWLHV�LQ�ZDJHV��2XU�GHVFULSWLYH�DQDO\VHV�VKRZ�WKDW�ORZ�PRUWDOLW\�FRXQWLHV
KDYH�GLYHUJHG�IURP�DYHUDJH�PRUWDOLW\�FRXQWLHV�DQG�WKDW�KLJK�PRUWDOLW\�FRXQWLHV�KDYH�GLYHUJHG�IURP
DYHUDJH�PRUWDOLW\�FRXQWLHV��7KLV�LQGLFDWHV�WKDW�WKH�H[SODQDWLRQV�IRU�WKH�JURZLQJ�GLVSDULWLHV�DUH�QRW
VLPSO\�D�GHWHULRUDWLRQ�RI�VRFLDO�VDIHW\�QHWV��DV�VRPHWLPHV�K\SRWKHVL]HG�LQ�WKH�OLWHUDWXUH��'HVFULSWLYH
DQDO\VHV�DOVR�VKRZ�WKDW�WKH�&29,'����SDQGHPLF�JUHDWO\�H[DFHUEDWHG�WKH�GLYHUJHQFH�RI�KLJK�
PRUWDOLW\�FRXQWLHV�IURP�DYHUDJH�PRUWDOLW\�FRXQWLHV��DQG�WKDW�GLYHUJHQFH�VKRZV�QR�VLJQV�RI�VORZLQJ�
7R�H[SODLQ�WKH�JURZLQJ�GLYHUJHQFH��LQFOXGLQJ�WKHVH�LQWULJXLQJ�SDWWHUQV��ZH�ZLOO�XVH�WKH
GHFRPSRVLWLRQ�DSSURDFK�WR�LGHQWLI\�ZKLFK�VWDWH�DQG�FRXQW\�FRQWH[WV�DUH�SULPDULO\�UHVSRQVLEOH��:H
ZLOO�LQFOXGH����VWDWH�DQG�FRXQW\�FRQWH[WV��VXFK�DV�PLQLPXP�ZDJH�OHYHO�DQG�VKDUH�RI�FROOHJH
JUDGXDWHV��UHVSHFWLYHO\��WR�WKH�JURZLQJ�GLVSDULWLHV�



�������

���� 3�
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:K\�LV�WKH�86�KHDOWK�GHFOLQH�QRW�GLVFXVVHG�LQ�WKH�8QLWHG�6WDWHV"�6WHSKHQ�%H]UXFKND

6WHSKHQ�%H]UXFKND�

,Q�WKH�����V�WKH�8QLWHG�6WDWHV�RI�$PHULFD�UDQNHG�DPRQJ�WKH�WRS�WHQ�QDWLRQV�LQ�WHUPV�RI
PRUWDOLW\�PHDVUXHV�RI�KHDOWK�LQFOXLGQJ�OHDGLQJ�WKH�ZRUOG�LQ�VRPH��6LQFH�WKHQ�PDQ\�RWKHU
FRXQWULHV�KDYH�VHHQ�JUHDWHU�GHFOLQHV�LQ�PRUDOLW\�DQG�FRQVHTXHQW�LPSURYHPHQWV�LQ�KHDOWK�
7RGD\�WKH�8�6��UDQNV�EHKLQG�DOO�WKH�RWKHU�ULFK�QDWLRQV�DQG�DQ�LQFUHDVLQJ�QXPEHU�RI�SRRUHU
RQHV�LQ�KHDOWK�RXWFRPHV�GHVSLWH�VSHQGLQJ�D�YDVW�VXP�RQ�KHDOWKFDUH��:KLOH�WKHUH�DUH�QR
FRQWUDGLFWLRQV�WR�WKHVH�KHDOWK�PHDVXUHV��LW�UHPDLQV�XQNQRZQ�WR�PRVW�$PHULFDQV��QRU
WDXJKW�LQ�VFKRROV��DQG�QRW�GLVFXVVHG�E\�SROLWLFLDQV��3RVVLEOH�UHDVRQV�ZK\�DUH�H[SORUHG��
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1RQ�KHDOWK�LQVWLWXWLRQV��EXVLQHVV��SROLWLFDO��HGXFDWLRQ�V\VWHPV�

([DPLQLQJ�WKH�*HQGHUHG�5HODWLRQVKLS�%HWZHHQ�$GYHUVH�&KLOGKRRG�([SHULHQFHV��$&(6��
8SZDUG�0RELOLW\�DQG�0HQWDO�+HDOWK�.LPEHUO\�1DUDLQ
�.LPEHUO\�1DUDLQ��5HEHFFD�'XGRYLW]�
1LFKRODV�-DFNVRQ��0LWFKHOO�:RQJ�

5HVHDUFK�2EMHFWLYH��7R�H[DPLQH�WKH�UHODWLRQVKLS�RI�XSZDUG�PRELOLW\�WR�PHQWDO�KHDOWK��DFURVV�$&(6
DQG�JHQGHU

6WXG\�'HVLJQ��:H�DQDO\]HG�GDWD�IURP�D�QDWXUDO�H[SHULPHQW�RI�ORZ�LQFRPH�VWXGHQWV�LQ�/RV�$QJHOHV
ZKR�ZHUH�RIIHUHG�HQWUDQFH�WR�KLJK�SHUIRUPLQJ�FKDUWHU�KLJK�VFKRROV�YLD�D�UDQGRP�ORWWHU\�LQ�������:H
FRPSDUHG�ORWWHU\�ZLQQHUV�WR�ZDLW�OLVWHG�VWXGHQWV��UHGXFLQJ�VHOHFWLRQ�ELDV��6HOI�UHSRUWHG�PHQWDO
KHDOWK��VHOI�HIILFDF\��KRSHOHVVQHVV��GHSUHVVLRQ��DQG�VWUHVV�DFURVV�OLIH�GRPDLQV��KRPH��VFKRRO�
URPDQWLF��SHHUV��PRQH\��EDODQFLQJ�DQG�IXWXUH���ZHUH�FROOHFWHG�XVLQJ�YDOLGDWHG�PHDVXUHV�DQQXDOO\
��WK���WK�JUDGH��DQG�DW�DJH����\HDUV�H[FHSW�IRU�WKH�VWUHVV�PHDVXUHV�ZKLFK�ZHUH�QRW�FDSWXUHG�LQ�WKH
��WK�JUDGH��$&(6�ZHUH�DVVHVVHG�DW�DJH�������YLD�D����LWHP�VFDOH��$&(�FRXQWV�ZHUH�GLFKRWRPL]HG�DV
KLJK��! ���YV��ORZ�WR�PRGHUDWH��������:H�FRQGXFWHG�JHQGHU�VWUDWLILHG�PL[HG�HIIHFWV�PRGHOV�ZLWK
SHUVRQ�UDQGRP�LQWHUFHSW�DQG�FOXVWHUHG�UREXVW�VWDQGDUG�HUURUV�IRU�VFKRRO�,'��ZLWK�WLPH��$&(V��KLJK�
SHUIRUPLQJ�VFKRRO�VWDWXV��DQG�WKHLU�WKUHH�ZD\�LQWHUDFWLRQ�VSHFLILHG�DV�IL[HG�HIIHFWV��0RGHOV
FRQWUROOHG�IRU�LQGLYLGXDO�DQG�SDUHQWDO�OHYHO�GHPRJUDSKLFV��7KH�S�YDOXH�ZDV�������:H�SUHVHQW�RXU
UHVXOWV�FRPSDULQJ�WKH�FKDQJH�IURP�EDVHOLQH�WR����\HDUV�ROG�

3RSXODWLRQ�6WXGLHG�����������IHPDOH�DQG�����PDOH��SULPDULO\�+LVSDQLF�VWXGHQWV

3ULQFLSOH�)LQGLQJV��7KHUH�ZDV�D�VLJQLILFDQW�WKUHH�ZD\�LQWHUDFWLRQ�VXFK�WKDW�PDOHV�LQ�ORZ
SHUIRUPLQJ�VFKRROV�KDG�KLJKHU�VWUHVV��DW�KRPH��URPDQWLF��DQG�DW�VFKRRO��ZKHQ�H[SRVHG�WR�KLJK�YV�
ORZ�$&(V�DQG�WKH�HIIHFW�RI�KLJK�$&(V�RQ�WKHVH�RXWFRPHV�LQFUHDVHG�RYHU�WLPH��UHODWLYH�WR�WKRVH�LQ
KLJK�SHUIRUPLQJ�VFKRROV��)RU�IHPDOHV��WKH�VLJQLILFDQW�LQWHUDFWLRQ�LQGLFDWHG�WKDW�KLJK�YV��ORZ�$&(V
H[SRVXUH�ZRUVHQHG�VHOI�HIILFDF\��ZKLFK�ZDV�DPSOLILHG�RYHU�WLPH��IRU�WKRVH�LQ�KLJK�SHUIRUPLQJ
FRPSDUHG�WR�ORZ�SHUIRUPLQJ�VFKRROV�

,PSOLFDWLRQV�IRU�3UDFWLFH�RU�3ROLF\��+LJK�SHUIRUPLQJ�VFKRROV�OHVVHQHG�WKH�LPSDFW�RI�KLJK�$&(V�RQ
PHQWDO�KHDOWK�DPRQJ�ER\V�EXW�QRW�JLUOV�DQG�ZH�QHHG�WR�LQYHVWLJDWH�ZK\�
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$IIHFWLYH�3ROLWLFDO�3RODUL]DWLRQ�DQG�3K\VLFDO�DQG�0HQWDO�+HDOWK�DPRQJ�8�6��$GXOWV�6SHQFHU
$OOHQ
�6SHQFHU�$OOHQ�

3DVW�UHVHDUFK�KDV�IRXQG�WKDW�FHUWDLQ�W\SHV�RI�SROLWLFDO�SRODUL]DWLRQ�DUH�OLQNHG�WR�ZRUVH�KHDOWK
RXWFRPHV��$PRQJ�GLIIHUHQW�W\SHV�RI�SROLWLFDO�SRODUL]DWLRQ��OHVV�DWWHQWLRQ�KDV�EHHQ�SDLG�WR�WKH�UROH
WKDW�DIIHFWLYH�SRODUL]DWLRQ�z�WKH�VWURQJ�KDWUHG�RU�GLVOLNH�WKDW�SDUWLVDQV�LQ�RQH�SDUW\�KDYH�WRZDUGV�WKH
RWKHU�z�SOD\V�LQ�VKDSLQJ�SRSXODWLRQ�KHDOWK�RXWFRPHV��,Q�WKLV�SURMHFW��,�SODQ�WR�XVH�RYHU����\HDUV�RI
WKH�*HQHUDO�6RFLDO�6XUYH\�WR�DQVZHU�WKUHH�TXHVWLRQV��)LUVW��KRZ�GRHV�FRPPXQLW\�SROLWLFDO�RULHQWDWLRQ
�WKH�SDUWLVDQ�OHDQ�RI�D�QHLJKERUKRRG��VKDSH�LQGLYLGXDO�KHDOWK"�6HFRQG��GRHV�FRPPXQLW\�SROLWLFDO
PLVPDWFK��OLYLQJ�LQ�D�FRPPXQLW\�ZKRVH�SROLWLFDO�RULHQWDWLRQ�GLIIHUV�IURP�\RXU�RZQ��VKDSH�LQGLYLGXDO
KHDOWK�VHSDUDWHO\�IURP�WKH�SROLWLFDO�RULHQWDWLRQ�RI�RQH|V�QHLJKERUKRRG"�7KLUG��KDYH�WKHVH�WUHQGV
FKDQJHG�RYHU�WLPH�DV�SROLWLFDO�SRODUL]DWLRQ�KDV�LQFUHDVHG�LQ�WKH�8�6�"�7R�DQVZHU�WKHVH�TXHVWLRQV��,
ZLOO�XVH�*66|�UHVWULFWHG�VWDWH�DQG�FRXQW\�JHRFRGHV�WR�OLQN�*66�UHVSRQGHQWV�WR�HOHFWLRQ�UHWXUQ�GDWD
IURP�'DYH�/HLS|V�$WODV�RI�8�6��3UHVLGHQWLDO�(OHFWLRQV�DQG�VRFLRGHPRJUDSKLF�GDWD�IURP�WKH�8�6�
&HQVXV�DQG�WKH�$PHULFDQ�&RPPXQLW\�6XUYH\��:LWK�WKHVH�GDWD��,�ZLOO�XVH�ORQJLWXGLQDO�PRGHOLQJ�WR
DQDO\]H�DQG�UHSRUW�ILQGLQJV�
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)URP�+RRG�WR�:RRGV��%,32&�<RXWK�&R�/HG�3DUWLFLSDWRU\�'LVVHPLQDWLRQ�WR�5HEXLOG�7UXVW�LQ
3RSXODWLRQ�+HDOWK�5HVHDUFK�5��'DYLG�5HEDQDO
�6KDLQD�6WD��&UX]��$ODLQD�0RJXHO��(YHO\Q�*DUFLD�
-HVVL�-HURQLPR�5XL]��6KDLQD�6WD��&UX]�

+RZ�FDQ�SRSXODWLRQ�KHDOWK�UHVHDUFKHUV�UHEXLOG�WUXVW�ZLWK�FRPPXQLWLHV�PRVW�KDUPHG�E\�VFLHQWLILF
QHJOHFW"�7KH�+RRG���:RRGV�VWXG\�DGGUHVVHV�WKLV�E\�FHQWHULQJ�%ODFN��,QGLJHQRXV��DQG�3HRSOH�RI
&RORU��%,32&��WUDQVLWLRQDO�DJHG�\RXWK����y����DV�FR�OHDGHUV�LQ�KRZ�UHVHDUFK�LV�SURGXFHG��DQDO\]HG�
DQG�VKDUHG�

7KH�SXUSRVH�RI�WKH�VWXG\�LV�WR�H[DPLQH�WKH�EHQHILWV�RI�QDWXUH�ZDONV�DQG�WKH�UHGXFWLRQ�RI�VWUHVV
H[SHULHQFHG�E\�%,32&�\RXWK�LQ�WKH�6DQ�)UDQFLVFR�%D\�$UHD��$LP����ZKLFK�LV�GHVFULEHG�LQ�D�VHSDUDWH
DEVWUDFW��WHVWV�WKLV�WKURXJK�D���PRQWK�LQWHUYHQWLRQ�LQYROYLQJ�JXLGHG�QDWXUH�ZDONV��ZHDUDEOH�KHDOWK
PRQLWRULQJ��DQG�WHORPHUH�OHQJWK�PHDVXUHPHQW��7KLV�SUHVHQWDWLRQ�IRFXVHV�RQ�$LP����D�SKRWRYRLFH
SURMHFW�JURXQGHG�LQ�3XEOLF�+HDOWK�&ULWLFDO�5DFH�3UD[LV�WKDW�HQJDJHG�WKH�VDPH�\RXWK�FRKRUWV�WR
GRFXPHQW��DQDO\]H��DQG�GLVVHPLQDWH�WKHLU�H[SHULHQFHV�RI�KHDOLQJ�LQ�QDWXUH�z�LQIRUPLQJ�FRPPXQLW\�
DQG�SROLF\�OHYHO�DFWLRQ��3DUWLFLSDQWV�ZRUNHG�ZLWK�D�&XUDQGHUD��D�SUDFWLWLRQHU�RI�DQFHVWUDO�QDWXUDO
PHGLFLQH��WR�GHHSHQ�WKHLU�FRQQHFWLRQ�WR�LQGLJHQRXV�DQG�KHDOLQJ�EDVHG�SUDFWLFHV�LQ�QDWXUH��JURXQGLQJ
WKH�UHVHDUFK�SURFHVV�LWVHOI�LQ�FXOWXUDO�UHFODPDWLRQ�

$FURVV�ILYH�FRKRUWV��SDUWLFLSDQWV�XVHG�SKRWRJUDSK\�DQG�WKH�6+2:H'�PHWKRG��FR�GHYHORSHG�WKH
DQDO\WLF�FRGHERRN��DQG�SDUWLFLSDWHG�LQ�WKHPDWLF�DQDO\VLV��3UHOLPLQDU\�UHVXOWV�KLJKOLJKW�ILYH�WKHPHV�
QDWXUH�DV�FRPPXQLW\�VSDFH��QDWXUH�DV�DFFHVVLEOH�DQG�SUR[LPDWH��SK\VLFDO�HQYLURQPHQWV�DV
JDWHNHHSHUV��HFRQRPLF�EDUULHUV�DQG�H[FOXVLRQDU\�IHHV��DQG�GLVSDUDWH�LQYHVWPHQW�UHIOHFWLQJ
HQYLURQPHQWDO�UDFLVP�

'LVVHPLQDWLRQ�ZDV�LWVHOI�D�GHFRORQLDO�DFW��\RXWK�FR�GHFLGHG�KRZ�ILQGLQJV�ZHUH�VKDUHG�WKURXJK�D
FRPPXQLW\�H[KLELW�IHDWXULQJ�DXGLR�45�FRGHV��SKRWR�FUHGLWV��DQG�D�\RXWK�OHG�SDQHO��2QH�SDUWLFLSDQW
UHIOHFWHG��}7KH�SURFHVV�RI�SKRWRYRLFH�KDV�EHHQ�KHDOLQJ�LQ�DQG�RI�LWVHOI�~

7KLV�SUHVHQWDWLRQ�RIIHUV�D�UHSOLFDEOH�PRGHO�DQG�NH\�OHVVRQV�IRU�SRSXODWLRQ�KHDOWK�UHVHDUFKHUV
FRPPLWWHG�WR�HSLVWHPLF�MXVWLFH�DQG�FRPPXQLW\�WUXVW�
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+LJKZD\�GLVSODFHPHQW�DQG�PRUWDOLW\��LPSDFWV�RI�WKH�j7XFVRQ�/LPLWHG�$FFHVV�+LJKZD\k�5DH
$QQH�0DUWLQH]
�5DH�$QQH�0DUWLQH]��$QGUHZ�)HQHORQ��'DYLG�9DQ�5LSHU�

,Q�WKH�SRVW�::,,�HUD��WKH�86�LQFUHDVLQJO\�LQYHVWHG�LQ�KLJKZD\V�DV�DQ�HVVHQWLDO�SLHFH�RI
LQIUDVWUXFWXUH��2IWHQ��WKHVH�KLJKZD\V�ZHUH�EXLOW�WKURXJK�FLWLHV��OHDGLQJ�WR�GLVSODFHPHQW�RI�UHVLGHQWV
ZKRVH�KRPHV�ZHUH�GHPROLVKHG�DQG�SRWHQWLDOO\�GLVUXSWLQJ�VRFLDO�DQG�PDWHULDO�UHVRXUFHV�QHHGHG�IRU
KHDOWK��+HUH��ZH�H[DPLQH�WKH�FRQVWUXFWLRQ�RI�WKH�}7XFVRQ�/LPLWHG�$FFHVV�+LJKZD\~�LQ�$=�WR�FRQGXFW
DQ�LQGLYLGXDO�OHYHO�LQYHVWLJDWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�GLVSODFHPHQW�DQG�PRUWDOLW\��DJH�DW
GHDWK���DV�ZHOO�DV�WR�LQYHVWLJDWH�WKH�FKDQJH�LQ�QHLJKERUKRRG�TXDOLW\�IROORZLQJ�GLVSODFHPHQW��8VLQJ
IXOO�FRXQW������FHQVXV�DQG�RWKHU�KLVWRULFDO�VRXUFHV��ZH�LGHQWLILHG�LQGLYLGXDOV�GLVSODFHG�E\�KLJKZD\
FRQVWUXFWLRQ�DQG�FUHDWHG�D�SURSHQVLW\�VFRUH�PDWFKHG�FRPSDULVRQ�SRSXODWLRQ��)RU�36�PDWFKLQJ�
ORJLVWLF�UHJUHVVLRQ�ZDV�XVHG�WR�HVWLPDWH�WKH�RGGV�RI�GLVSODFHPHQW�EDVHG�RQ�+LVSDQLF�VXUQDPH��UDFH�
HGXFDWLRQ��DJH��QDWLYLW\��LQGLYLGXDO�LQFRPH�ZDJHV��DQG�KRPH�RZQHUVKLS��0DWFKHV�ZHUH�PDGH�XVLQJ
WKH�QHDUHVW�QHLJKERU�PHWKRG�ZLWKRXW�UHSODFHPHQW�XQWLO�D�VDPSOH�RI������XQH[SRVHG�H[SRVHG��ZDV
JHQHUDWHG��1 �������:H�WKHQ�XVHG�H[WDQW�OLQNDJH�ILOHV�IURP�WKH�,3806�0XOWLJHQHUDWLRQDO
/RQJLWXGLQDO�3DQHO�WR�OLQN�LQGLYLGXDOV�IURP�WKH�IXOO�FRXQW������FHQVXV�WR�WKH�6RFLDO�6HFXULW\
$GPLQLVWUDWLRQ�1XPLGHQW�ILOH��+RZHYHU��LQGLYLGXDOV�ZKR�DUH�+LVSDQLF��LPPLJUDQW��DQG�ZRPHQ��NH\
FKDUDFWHULVWLFV�RI�RXU�VWXG\�SRSXODWLRQ��DUH�OHVV�OLNHO\�WR�KDYH�EHHQ�OLQNHG�EHWZHHQ�GDWD�VRXUFHV�
7KXV��ZH�GHYHORSHG�D�VWDQGDUGL]HG��WZR�VWHS�SURFHVV�IRU�FROOHFWLQJ�PRUWDOLW\�GDWD�IRU�WKRVH�QRW
OLQNHG��OHYHUDJLQJ�SXEOLFO\�DYDLODEOH�GHDWK�FHUWLILFDWHV�DQG�JUDYHVLWH�FHPHWHU\�GDWD��$W�SUHVHQW��ZH
KDYH�FRPSOHWHG�����RI�WKH�PRUWDOLW\�GDWD�FROOHFWLRQ��2QFH�GRQH��ZH�ZLOO�FRQGXFW�GHVFULSWLYH�DQDO\VLV
WR�DVVHVV�GLIIHUHQFHV�LQ�GHPRJUDSKLF�FKDUDFWHULVWLFV�EHWZHHQ�JURXSV�DQG�XVH�OLQHDU�UHJUHVVLRQ�WR
HVWLPDWH�DJH�DW�GHDWK�E\�GLVSODFHPHQW�VWDWXV��)RU�GLVSODFHG�LQGLYLGXDOV��ZH�ZLOO�DOVR�GHVFULSWLYHO\
H[DPLQH�FKDQJH�LQ�QHLJKERUKRRG�FKDUDFWHULVWLFV�DQG�GLVWDQFH�RI�PRYH�
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7KH�5ROH�RI�&RPPXQLW\�*DUGHQV�LQ�3URPRWLQJ�)RRG�6HFXULW\��+HDOWK��:HOO�EHLQJ��DQG
&RQQHFWHGQHVV�6RR\RXQ�3DUN
�6RR\RXQ�3DUN�

)RRG�LQMXVWLFH�LV�D�SURIRXQG�LVVXH�LPSDFWLQJ�WKH�KHDOWK�DQG�ZHOO�EHLQJ�RI�SHRSOH�DQG�WKH
HQYLURQPHQW��&RPPXQLWLHV�DOO�RYHU�WKH�ZRUOG�KDYH�ORQJ�DGYRFDWHG�IRU�IRRG�VRYHUHLJQW\�DQG�IRRG
MXVWLFH�IUDPHZRUNV��ZKLFK�HPSKDVL]H�UHODWLRQDOLW\��VXVWDLQDELOLW\��DQG�VHOI�GHWHUPLQDWLRQ�
&RPPXQLW\�JDUGHQV�PD\�EH�RQH�VSDFH�WKDW�UHSUHVHQWV�D�XQLTXH�LQWHUVHFWLRQ�RI�WKHVH�YDOXHV�
5HVHDUFK�GHPRQVWUDWHV�WKDW�FRPPXQLW\�JDUGHQV�QRW�RQO\�LQFUHDVH�DFFHVV�WR�IUHVK�SURGXFH�DQG
LPSURYH�GLHWDU\�RXWFRPHV��EXW�DOVR�IRVWHU�VRFLDO�FRKHVLRQ�DQG�VWUHQJWKHQ�FRPPXQLW\�FRQQHFWHGQHVV�
7R�IXUWKHU�XQGHUVWDQG�WKHVH�LQWHUFRQQHFWHG�RXWFRPHV��WKLV�VWXG\�H[DPLQHV�KRZ�WKUHH
FRPPXQLW\�JDUGHQV�LQ�WKH�UHJLRQ�SUDFWLFH�IRRG�MXVWLFH�DQG�VRYHUHLJQW\�SULQFLSOHV��ZKLOH�DOVR
FRQWULEXWLQJ�WR�KHDOWK��ZHOO�EHLQJ��DQG�FRQQHFWHGQHVV�WR�ODQG�DQG�SODFH��8VLQJ�TXDOLWDWLYH�UHVHDUFK
PHWKRGV�RI�IRFXV�JURXSV�DQG�LQWHUYLHZV��,�H[SORUH�KRZ�FRPPXQLW\�JDUGHQ�VWDII�FRQFHSWXDOL]H�IRRG
VRYHUHLJQW\�DQG�MXVWLFH�SULQFLSOHV�LQ�WKH�FXUUHQW�FRQWH[W��DQG�KRZ�SDUWLFLSDQWV�LQ�FRPPXQLW\
JDUGHQV�XQGHUVWDQG�DQG�H[SHULHQFH�KHDOWK��ZHOOEHLQJ��DQG�FRQQHFWHGQHVV�WR�ODQG�DQG�SODFH�WKURXJK
JURZLQJ�IRRG��%\�XSOLIWLQJ�FRPPXQLW\�NQRZOHGJH�DQG�H[SHUWLVH��WKLV�ZRUN�PD\�LOOXPLQDWH�KRZ
FRPPXQLW\�JDUGHQV�FDQ�KHOS�XV�UHLPDJLQH�PRUH�UHODWLRQDO��KHDOLQJ��DQG�VXVWDLQDEOH�IRRG�V\VWHPV�
DQG�EXLOG�UHVLOLHQFH�GXULQJ�WLPHV�RI�FULVLV�
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5HLPDJLQLQJ�3RSXODWLRQ�+HDOWK�6FLHQFH�WKURXJK�(QJDJLQJ�:HE�$SSV�DQG�&RPPXQLW\
3HUVSHFWLYHV�%DEX�*RXQGHU
�%DEX�*RXQGHU��&KULVWLQH�'D�5RVD��6HRQJKD�&KR��$UJHQWLQD�&R\�

%DFNJURXQG��&RPPXQLW\�ZRUNHUV�XQGHUVWDQG�WKH�KHDOWK�RI�SRSXODWLRQV�WKH\�VHUYH�EXW�ODFN
DFFHVVLEOH�VWUXFWXUDO�GHWHUPLQDQWV�RI�KHDOWK�GDWD�IRU�ORFDO�DFWLRQ��7KLV�VWXG\�DLPV�WR�UHLPDJLQH
KHDOWK�VFLHQFH�WKURXJK�DQ�HQJDJHPHQW�SURMHFW�WKDW�SLORWV�D�&RPPXQLW\�(QYLURQPHQWDO�+HDOWK�'DWD
$FFHVV�DQG�5HVHDUFK�ZHE�DSS��&(+'$5��DQG�H[SORUHV�UHVHDUFK�TXHVWLRQV�E\�DVNLQJ�FRPPXQLW\
ZRUNHUV�WKHLU�SHUVSHFWLYHV�RQ�WKH�XVDELOLW\�DQG�WUXVWZRUWKLQHVV�RI����SXEOLF�KHDOWK�GDWD�����WKH
&(+'$5�DSS��DQG����WKH�DSS|V�UHOHYDQFH�WR�WKHLU�ZRUN��0HWKRGV��8VLQJ�D�6'2+�	�3ODFH�WRRONLW
ZLWK�KXPDQ�FHQWHUHG�GHVLJQ�SULQFLSOHV��ZH�GHYHORSHG�RXU�&(+'$5�DSS�ZLWK�XVHU�WUDQVSDUHQF\�
OHJLELOLW\��DQG�DJHQF\�LQ�PLQG��7KH�DSS�IHDWXUHV�SXEOLFO\�DYDLODEOH�,OOLQRLV�FHQVXV�WUDFW�GDWD�RQ�KHDOWK
RXWFRPHV��GHPRJUDSKLFV��KHDOWKFDUH��DQG�HQYLURQPHQWDO�H[SRVXUHV��:H�REWDLQHG�,5%�DSSURYDO�IRU
VPDOO�IRFXV�JURXSV�WR�H[SORUH�RXU�TXHVWLRQV�ZLWK�FRPPXQLW\�ZRUNHUV�UHFUXLWHG�E\�FRQYHQLHQFH
VDPSOLQJ��5HVXOWV��2XU�DSS�YLVXDOO\�PDSSHG�GDWD��H[SODLQHG�VRXUFHV��DQG�FRQYHUWHG�PHDVXUHV�LQWR
OHJLEOH�QXPEHUV��H�J���SROOXWHG�GD\V�DERYH�:+2�OLPLWV�LQVWHDG�RI�30����FRQFHQWUDWLRQV���,W
LQFRUSRUDWHG�XVHU�LQWHUDFWLYLW\��VXFK�DV�ORFDWLRQ�VHDUFK��GDWD�YDULDEOH�VHOHFWLRQ��DQG�DUHD
FRPSDULVRQV��7KHPDWLF�DQDO\VLV�RI�LQLWLDO�IRFXV�JURXSV��1 ���RI�VRFLDO�ZRUNHUV��HGXFDWRUV�DQG
DFWLYLVWV�UHYHDOHG�FKDOOHQJHV�LQ�ILQGLQJ�GDWD�WR�XVH�DQG�WUXVW��H�J���GDWD�RZQHUVKLS�DQG�PRWLYHV��
(QWKXVLDVP�ZDV�H[SUHVVHG�IRU�WKH�&(+'$5�DSS|V�WUDQVSDUHQW��FRPSUHKHQGLEOH��DQG�LQWHUDFWLYH
GLVSOD\�RI�PXOWLSOH�GDWD�SRLQWV��7KH\�QRWHG�WKDW�WKH�DSS�LQIRUPV�UHOHYDQW�KHDOWK�YXOQHUDELOLW\
GLPHQVLRQV�IRU�WKHLU�ZRUN��H�J���KHOS�LQ�DUHDV�ZLWK�ORZ�SULYDWH�KHDOWK�LQVXUDQFH�FRYHUDJH�RU�SRWHQWLDO
OHDG�H[SRVXUH���&RQFOXVLRQ��7KLV�VWXG\�SURYLGHV�LQLWLDO�HYLGHQFH�IRU�GLVVHPLQDWLQJ�GDWD�LQ�HQJDJLQJ
DQG�LQIOXHQWLDO�ZD\V�WKDW�FDQ�EH�WUDQVODWHG�LQWR�PHDQLQJIXO�ORFDO�HIIRUWV��+XPDQ�FHQWHUHG�KHDOWK
GDWD�DSSV�RIIHU�D�SDWK�WR��UH�EXLOG�FRPPXQLW\�WUXVW�DV�GLVSDULWLHV�ZLGHQ�IRU�XQGHUVHUYHG�SRSXODWLRQV�
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+HDOWK�3URILOHV�RI�&KLOGUHQ�LQ�,PPLJUDQW�)DPLOLHV��,QVLJKWV�IURP�D�8�6��1DWLRQDOO\
5HSUHVHQWDWLYH�6XUYH\�2NVDQD�.XWVD
�2NVDQD�.XWVD��+DQQDK�3LVFDONR��6DUDK�(��$QGHUVRQ�

%DFNJURXQG��,Q�WKH�8�6��RQH�LQ�IRXU�FKLOGUHQ�OLYHV�ZLWK�D�IRUHLJQ�ERUQ�FDUHJLYHU��1DWLRQDOO\
UHSUHVHQWDWLYH�VWXGLHV�RI�WKHLU�KHDOWK�DUH�OLPLWHG�DQG�ODUJHO\�SUH�&29,'��EXW�H[LVWLQJ�VWXGLHV�VXJJHVW
WKDW�FKLOGUHQ�LQ�LPPLJUDQW�IDPLOLHV��&,)��PD\�KDYH�ORZHU�UDWHV�RI�FKURQLF�FRQGLWLRQV�GHVSLWH
VRFLRHFRQRPLF�DQG�KHDOWKFDUH�GLVSDULWLHV�

0HWKRGV��8VLQJ�����y�����1DWLRQDO�6XUYH\�RI�&KLOGUHQ|V�+HDOWK��16&+��GDWD��ZH�H[DPLQHG
VRFLRGHPRJUDSKLFV��KHDOWK�FRQGLWLRQV��LQVXUDQFH��DQG�SUHYHQWLYH�FDUH�DPRQJ�&,)��+RXVHKROGV�ZLWK
FKLOGUHQ������\��ZHUH�FRQWDFWHG�E\�PDLO�DQG�UDQGRPO\�VHOHFWHG�IRU�WKH�VXUYH\��FRPSOHWHG�E\�ZHE�RU
PDLO���16&+�RYHUVDPSOHG�DJHV��y��DQG�FKLOGUHQ�ZLWK�VSHFLDO�KHDOWK�FDUH�QHHGV��DQG�VXUYH\�ZHLJKWV
\LHOG�QDWLRQDOO\�UHSUHVHQWDWLYH�HVWLPDWHV��&,)�ZHUH�GHILQHG�DV�FKLOGUHQ�ERUQ�RXWVLGH�WKH�8�6��RU
OLYLQJ�ZLWK����IRUHLJQ�ERUQ�FDUHJLYHU�DQG�FRPSDUHG�WR�FKLOGUHQ�LQ�QRQ�LPPLJUDQW�IDPLOLHV�

5HVXOWV��&,)�DFFRXQW�IRU�������RI�8�6��FKLOGUHQ������&,������y�������LQFOXGLQJ������ZKR�OLYH�ZLWK�D
QRQ�SDUHQW�FDUHJLYHU�VXFK�DV�D�JUDQGSDUHQW��IRVWHU�SDUHQW��RU�RWKHU�UHODWLYH��&RPSDUHG�WR�FKLOGUHQ
LQ�QRQ�LPPLJUDQW�IDPLOLHV��&,)�ZHUH�PRUH�OLNHO\�WR�OLYH�ZLWK�WZR�PDUULHG�FDUHJLYHUV��������YV
�������EXW�OHVV�OLNHO\�WR�KDYH�D�FDUHJLYHU�ZLWK�D�FROOHJH�GHJUHH��������YV��������RU�HPSOR\HG�IXOO�
WLPH��������YV���������&,)�ZHUH�PRUH�OLNHO\�WR�OLYH�EHORZ�WKH�IHGHUDO�SRYHUW\�OHYHO��������YV
��������DQG�OHVV�OLNHO\�WR�KDYH�FKURQLF�KHDOWK�FRQGLWLRQV��������YV���������3UHYDOHQFH�RI�DOOHUJLHV
�������YV���������DVWKPD�������YV��������GHSUHVVLRQ�������YV��������DQG�EHKDYLRUDO�SUREOHPV
������YV�������ZDV�DOVR�ORZHU�DPRQJ�&,)��&,)�ZHUH�PRUH�OLNHO\�WR�EH�WROG�WKH\�ZHUH�RYHUZHLJKW
�������YV��������ODFN�KHDOWK�LQVXUDQFH�������YV��������DQG�KDYH�KDG�QR�SUHYHQWLYH�PHGLFDO�YLVLW�LQ
WKH�SDVW�\HDU��������YV��������

&RQFOXVLRQV��&,)�VKRZ�VWURQJ�RYHUDOO�KHDOWK��EXW�VRFLRHFRQRPLF��LQVXUDQFH��DQG�SUHYHQWLYH
KHDOWKFDUH�JDSV�UHPDLQ��)XUWKHU�DQDO\VHV�ZLOO�H[DPLQH�GLVSDULWLHV�DQG�KHDOWK�RXWFRPHV�LQ�WKLV�NH\
SRSXODWLRQ�
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3ODFH�&RPPXQLWLHV

/DWLQR�D�(DUO\�&KLOGKRRG�+HDOWK�DFURVV�'HVWLQDWLRQV�(OL]DEHWK�$FNHUW
�(OL]DEHWK�$FNHUW�
*DEULHOOH�+XVWHG��0DWWKHZ�6QLGDO��5REHUW�&URVQRH�

7KH�/DWLQR�D�SRSXODWLRQ�LQ�WKH�8�6��VWDQGV�RXW�IRU�LWV�DGYDQWDJHG�KHDOWK�RXWFRPHV�DPLGVW�H[WHQVLYH
GLVDGYDQWDJHV��+RZHYHU��WKLV�}+LVSDQLF�KHDOWK�SDUDGR[~�GRHV�QRW�H[WHQG�WR�WKH�FULWLFDO
GHYHORSPHQWDO�SHULRG�RI�HDUO\�FKLOGKRRG�EH\RQG�LQIDQW�ELUWKZHLJKW�DQG�PRUWDOLW\��DQG�/DWLQR�D
FKLOGUHQ�IDFH�VHYHUDO�KHDOWK�DFFHVV�EDUULHUV��7KLV�UHVHDUFK�DGGUHVVHV�SRWHQWLDO�JHRJUDSKLF�YDULDELOLW\
LQ�/DWLQR�D�HDUO\�FKLOGKRRG�KHDOWK�E\�IRFXVLQJ�RQ�/DWLQR�D�}GHVWLQDWLRQV~zFRPPXQLWLHV�ZLWK
GLIIHUHQW�KLVWRULHV�RI�/DWLQR�D�LPPLJUDWLRQ�DQG�SRSXODWLRQ�JURZWK��2XU�VWXG\�XVHV�UHVWULFWHG�XVH
1DWLRQDO�+HDOWK�,QWHUYLHZ�6XUYH\��1+,6��GDWD�IURP������WR������WR�LQYHVWLJDWH�GLIIHUHQFHV�LQ���
HDUO\�FKLOGKRRG�KHDOWK�RXWFRPHV�DPRQJ�/DWLQR�D�FKLOGUHQ�DJHV�����DFURVV�WKUHH�W\SHV�RI�8�6�
FRXQWLHV��1HZ�GHVWLQDWLRQV��HVWDEOLVKHG�GHVWLQDWLRQV��DQG�RWKHU�GHVWLQDWLRQV��'HVFULSWLYH�UHVXOWV
VKRZ�IHZ�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH����IRFDO�KHDOWK�RXWFRPHV�DPRQJ�/DWLQR�D�FKLOGUHQ�DFURVV�QHZ
YHUVXV�HVWDEOLVKHG�GHVWLQDWLRQV��ZLWK�PL[HG�UHVXOWV�IRU�SUHYHQWLYH�FDUH�GLIIHUHQFHV��&RPSDUHG�WR
/DWLQR�D�FKLOGUHQ�LQ�HVWDEOLVKHG�GHVWLQDWLRQV��WKRVH�LQ�QHZ�GHVWLQDWLRQV�DUH�PRUH�OLNHO\�WR�UHFHLYH�IOX
YDFFLQDWLRQV�LQ�WKH�SDVW�\HDU��EXW�OHVV�OLNHO\�WR�KDYH�HYHU�VHHQ�D�GHQWLVW��7KHUH�DUH�VHYHUDO�VLJQLILFDQW
GLIIHUHQFHV�LQ�KHDOWK�RXWFRPHV�DPRQJ�/DWLQR�D�FKLOGUHQ�OLYLQJ�LQ�RWKHU�YHUVXV�HVWDEOLVKHG
GHVWLQDWLRQV��EXW�WKHVH�UHVXOWV�DUH�DOVR�PL[HG��,Q�RWKHU�GHVWLQDWLRQV�YHUVXV�HVWDEOLVKHG�GHVWLQDWLRQV�
/DWLQR�D�FKLOGUHQ�DUH�PRUH�GLVDGYDQWDJHG�IRU�HYHU�YLVLWLQJ�D�GHQWLVW�DQG�HYHU�KDYLQJ�DVWKPD��EXW
DGYDQWDJHG�LQ�KHDOWK�LQVXUDQFH�FRYHUDJH��YLVLWLQJ�WKH�GRFWRU�IRU�D�FKHFNXS�LQ�WKH�ODVW�\HDU��UHFHLYLQJ
D�IOX�YDFFLQDWLRQ�LQ�WKH�ODVW�\HDU��DQG�IRU�UDWHV�RI�ORZ�ELUWKZHLJKW��2XU�IXWXUH�ZRUN�ZLOO�DGMXVW�WKHVH
UHVXOWV�IRU�REVHUYDEOH�EDFNJURXQG�IDFWRUV�DQG�H[DPLQH�GLVSDULWLHV�ZLWK�:KLWHV�LQ�WKHVH�RXWFRPHV
ZLWKLQ�DQG�DFURVV�GHVWLQDWLRQV�
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3ODFH�&RPPXQLWLHV

1HLJKERUKRRG�&RQWH[W�DQG�3K\VLFDO�'LVDELOLW\��3UHOLPLQDU\�5HVXOWV�IURP�D�6\VWHPDWLF
5HYLHZ�/DXUD�6WRII
�/DXUD�6WRII��/DXUHQ�/RYH�3LHF]\NRODQ��1LFROH�7KHLV�0DKRQ��&DUULH�+HQQLQJ�
6PLWK��7KHUHVD�2V\SXN�

$Q�HVWLPDWHG�����RI�WKH�JOREDO�SRSXODWLRQ�DQG�����RI�SHRSOH�LQ�WKH�8QLWHG�6WDWHV�OLYH�ZLWK�D
SK\VLFDO�GLVDELOLW\��FRPPRQO\�FRQFHSWXDOL]HG�DV�OLPLWDWLRQV�LQ�DFWLYLWLHV�RI�GDLO\�OLYLQJ��$'/V��DQG
LQVWUXPHQWDO�$'/V��,$'/V���:KLOH�QHLJKERUKRRG�GLVDGYDQWDJH�LV�D�ZHOO�HVWDEOLVKHG�ULVN�IDFWRU�IRU
FKURQLF�GLVHDVH��OHVV�UHVHDUFK�IRFXVHV�RQ�LWV�UHODWLRQVKLS�ZLWK�GLVDELOLW\��1HLJKERUKRRG�PD\�SOD\�D
UROH�LQ�WKH�GHYHORSPHQW�RU�SURJUHVVLRQ�RI�GLVDELOLW\�WKURXJK�PHFKDQLVPV�WKDW�DUH�GLIIHUHQW�IURP
WKRVH�WKDW�H[SODLQ�LWV�UHODWLRQVKLS�ZLWK�RWKHU�KHDOWK�RXWFRPHV��7KLV�VWXG\�DLPV�WR�H[DPLQH�KRZ
QHLJKERUKRRG�FRQWH[WV�DUH�DVVRFLDWHG�ZLWK�$'/�,$'/�GLVDELOLW\�DPRQJ�FRPPXQLW\�GZHOOLQJ�DGXOWV�

:H�FRQGXFWHG�D�V\VWHPDWLF�UHYLHZ�WR�LGHQWLI\�DQG�V\QWKHVL]H�HYLGHQFH�RQ�DUHD�OHYHO�QHLJKERUKRRG
FKDUDFWHULVWLFVzLQFOXGLQJ�VRFLRHFRQRPLF�FRQWH[W��VRFLDO�FRQWH[W��H�J���FRKHVLRQ��VDIHW\���DQG
EXLOW�SK\VLFDO�HQYLURQPHQW��H�J���ZDONDELOLW\��WUDQVLW�DFFHVV�zDVVRFLDWHG�ZLWK�$'/�,$'/�GLVDELOLW\
RXWFRPHV��(OLJLEOH�VWXGLHV�LQFOXGHG�SHHU�UHYLHZHG�REVHUYDWLRQDO�DQG�TXDVL�H[SHULPHQWDO�GHVLJQV�RI
DGXOWV������\HDUV��LQ�FRPPXQLW\�VHWWLQJV�ZRUOGZLGH��ZLWK�LQGLYLGXDO�OHYHO�$'/�,$'/�RXWFRPHV��7ZR
UHYLHZHUV�LQGHSHQGHQWO\�VFUHHQHG�DUWLFOHV��H[WUDFWHG�LQIRUPDWLRQ��DQG�DVVHVVHG�ULVN�RI�ELDV�

3UHOLPLQDU\�ILQGLQJV�LQGLFDWH�WKDW�PRVW�VWXGLHV�UHSRUW�QHLJKERUKRRG�GLVDGYDQWDJH�LV�DVVRFLDWHG�ZLWK
LQFUHDVHG�ULVN�RU�EXUGHQ�RI�GLVDELOLW\��+RZHYHU��WKHUH�LV�KHWHURJHQHLW\�DFURVV�VWXGLHV�LQ�KRZ�ERWK
QHLJKERUKRRG�FRQWH[W�DQG�GLVDELOLW\�DUH�RSHUDWLRQDOL]HG��LQFOXGLQJ�YDULDWLRQ�LQ�JHRJUDSKLF�VFDOH��XVH
RI�VXEMHFWLYH�YV��REMHFWLYH�PHDVXUHV��DQG�PHDVXUHV�LQFOXGHG�LQ�$'/�,$'/�LQVWUXPHQWV��7KLV
SUHVHQWDWLRQ�ZLOO�V\QWKHVL]H�WKHVH�ILQGLQJV�E\�VXPPDUL]LQJ�SDWWHUQV�DFURVV�VWXGLHV��KLJKOLJKWLQJ�NH\
PHDVXUHPHQW�GLIIHUHQFHV��DQG�GLVFXVVLQJ�LPSOLFDWLRQV�IRU�IXWXUH�UHVHDUFK�RQ�QHLJKERUKRRG�FRQWH[W
DQG�GLVDELOLW\��LQ�RUGHU�WR�UHLPDJLQH�FKDOOHQJHV�IRU�SRSXODWLRQ�KHDOWK�VFLHQFH�
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/HJDFLHV�RI�([FOXVLRQ��$�&DVH�6WXG\�RI�+LVWRULFDO�6XQGRZQ�3UDFWLFHV��'HPRJUDSKLF
&KDQJH��DQG�+HDOWK�(TXLW\�LQ�(ONKDUW�&RXQW\��,QGLDQD�$QQD�6KHWOHU
�$QQD�6KHWOHU�

7KLV�PL[HG�PHWKRGV�SURMHFW�H[DPLQHV�KRZ�WKH�KLVWRULFDO�VXQGRZQ�SUDFWLFHV�RI�*RVKHQzD�FLW\�LQ
(ONKDUW�&RXQW\��,QGLDQDzKDYH�VKDSHG�FRXQW\�KHDOWK�RXWFRPHV�DQG�UDFLDO�HWKQLF�VHWWOHPHQW�SDWWHUQV�
SDUWLFXODUO\�UHFHQW�/DWLQH�LPPLJUDWLRQ��:LWKLQ�(ONKDUW�&RXQW\��WKHUH�DUH�WZR�FRUH�FLWLHV��*RVKHQ�DQG
(ONKDUW��7KHVH�WZR�DGMDFHQW�FLWLHV�SURYLGH�D�UDUH�SDLUHG�FDVH�VWXG\�DV�WKH\�DUH�VLPLODU�LQ�VL]H�DQG
HFRQRPLF�KLVWRU\�\HW�VKDSHG�E\�GUDPDWLFDOO\�GLIIHUHQW�UDFLDO�LQFOXVLRQ�SUDFWLFHV��7KLV�SURMHFW�RIIHUV
LQVLJKW�LQWR�KRZ�KLVWRULFDO�UDFLVW�H[FOXVLRQDU\�SUDFWLFHV�LQIOXHQFH�SUHVHQW�GD\�GHPRJUDSKLF
FRPSRVLWLRQ��VHJUHJDWLRQ��DQG�KHDOWK�GLVSDULWLHV�
:H�DVN������KRZ�KDYH�*RVKHQ|V�KLVWRULFDO�VXQGRZQ�SUDFWLFHV�VKDSHG�LWV�FXUUHQW�UDFLDO�HWKQLF
FRPSRVLWLRQ��DQG�KRZ�GRHV�WKLV�FRPSDUH�WR�QHDUE\�(ONKDUW"�����+RZ�GR�WKHVH�KLVWRULFDO�SUDFWLFHV
DQG�GHPRJUDSKLF�SDWWHUQV�UHODWH�WR�SUHVHQW�GD\�SRSXODWLRQ�KHDOWK�LQGLFDWRUV"�����+RZ�GR�UHVLGHQWV
DQG�FRPPXQLW\�OHDGHUV�XQGHUVWDQG�DQG�LQWHUSUHW�WKH�FRQQHFWLRQV�EHWZHHQ�*RVKHQ|V�KLVWRU\�
GHPRJUDSKLF�FKDQJH��DQG�FRPPXQLW\�ZHOO�EHLQJ"
:H�KDYH�IXQGLQJ�WR�FRQGXFW�ERWK�WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�FRPSRQHQWV�GXULQJ�WKH�VXPPHU�RI
������:H�ZLOO�FRQGXFW�DUFKLYDO�UHVHDUFK�RQ�*RVKHQ|V�VXQGRZQ�KLVWRU\�DQG�LQWHUYLHZ�ORFDO�UHVLGHQWV�
KLVWRULDQV��DQG�OHDGHUV�LQ�(ONKDUW�&RXQW\��:H�ZLOO�DQDO\]H�GHPRJUDSKLF�DQG�KHDOWK�GDWD�IURP�&HQVXV
DQG�&'&�3/$&(6��:H�ZLOO�PDS�UDFLDO�HWKQLF�FRPSRVLWLRQ�DQG�VHJUHJDWLRQ�RYHU�WLPH�DQG�OLQN�WKHVH
SDWWHUQV�WR�KHDOWK�LQGLFDWRUV�
7KLV�SURMHFW�ZLOO�LOOXVWUDWH�KRZ�OHJDFLHV�RI�H[FOXVLRQ�VKDSH�FRQWHPSRUDU\�FRPPXQLW\�ZHOO�EHLQJ��DQ
HVVHQWLDO�VWHS�WRZDUG�DGGUHVVLQJ�VWUXFWXUDO�GHWHUPLQDQWV�RI�KHDOWK�LQHTXLWLHV��7KH�ILQGLQJV�PD\
FRQWULEXWH�WR�FRQYHUVDWLRQV�LQ�(ONKDUW�&RXQW\�DERXW�LQFOXVLRQ�DQG�KRXVLQJ�DV�ZHOO�DV�KRZ�$PHULFDQ
FLWLHV�UHPHPEHU�y�DQG�PRYH�EH\RQG�y�WKHLU�SDVW��2XU�SUHVHQWDWLRQ�DW�,$3+6�ZLOO�LQFOXGH�TXDQWLWDWLYH
PDSV�DQG�DQDO\VHV�DV�ZHOO�DV�TXDOLWDWLYH�VXPPDULHV�RI�DUFKLYDO�DQG�LQWHUYLHZ�ILQGLQJV�
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3ROLF\

7KH�%XIIHULQJ�(IIHFWV�RI�*HQHURXV�8QHPSOR\PHQW�%HQHILWV�RQ�WKH�$VVRFLDWLRQ�EHWZHHQ�-RE
/RVV�DQG�0HQWDO�+HDOWK�0HJDQ�5H\QROGV
�0HJDQ�5H\QROGV��$VKOH\�)R[�

$�VXEVWDQWLDO�ERG\�RI�UHVHDUFK�GHPRQVWUDWHV�WKDW�MRE�ORVV�LV�VWURQJO\�DVVRFLDWHG�ZLWK�GHFOLQHV�LQ
PHQWDO�KHDOWK��6HYHUDO�V\VWHPDWLF�UHYLHZV�DQG�PHWD�DQDO\VHV�RI�WKH�OLWHUDWXUH�KDYH�EHHQ�ZULWWHQ�RQ
WKLV�DVVRFLDWLRQ��0F.HH�5\DQ�HW�DO��������3DXO�	�0RVHU��������0LOQHU��3DJH��	�/D0RQWDJQH�������
9LUJROLQR�HW�DO��������*HGLNOL��������3LFFKLR�	�8EDOGL��������6WHUXG�HW�DO��������2YHUDOO��VWXGLHV
VKRZ�KLJKHU�OHYHOV�RI�GHSUHVVLYH�V\PSWRPV��DQ[LHW\��DQG�SV\FKRVRPDWLF�FRPSODLQWV�DPRQJ
XQHPSOR\HG�LQGLYLGXDOV�FRPSDUHG�WR�WKH�HPSOR\HG��3DXO�	�0RVHU���������7ZR�FHQWUDO�GHEDWHV
FRQFHUQ�ZKHWKHU�WKH�UHODWLRQVKLS�UHIOHFWV�D�FDXVDO�HIIHFW�RI�MRE�ORVV�RQ�PHQWDO�KHDOWK�RU�ZKHWKHU�WKLV
UHODWLRQVKLS�UHIOHFWV�UHYHUVH�FDXVDOLW\��SHRSOH�ZLWK�PHQWDO�LOOQHVV�EHLQJ�PRUH�OLNHO\�WR�ORVH�MREV��DQG
ZKDW�PHFKDQLVPV�DQG�FRQWH[WV�PRGHUDWH�WKLV�DVVRFLDWLRQ��$JHUER�HW�DO��������������������4XDVL�
H[SHULPHQWDO�VWXGLHV�XVLQJ�SODQW�FORVXUHV��PDVV�OD\RIIV��DQG�DGPLQLVWUDWLYH�UHFRUGV�KDYH�ODUJHO\
UHVROYHG�WKDW�WKHUH�LV�D�FDXVDO�HIIHFW�RI�MRE�ORVV�RQ�PHQWDO�KHDOWK��)RU�H[DPSOH��6XOOLYDQ�DQG�YRQ
:DFKWHU��������VKRZHG�WKDW�8�6��ZRUNHUV�GLVSODFHG�E\�SODQW�FORVLQJV�IDFHG�LQFUHDVHG�PRUWDOLW\
ULVNV��HVSHFLDOO\�IURP�VXLFLGH�DQG�VWUHVV�UHODWHG�FRQGLWLRQV��SHUVLVWLQJ�IRU�GHFDGHV��6LPLODUO\�
UHVHDUFK�OLQNV�MRE�ORVV�WR�JUHDWHU�XVH�RI�SV\FKRWURSLF�PHGLFDWLRQ��KLJKHU�UDWHV�RI�KRVSLWDO
DGPLVVLRQV��DQG�SHUVLVWHQW�GHSUHVVLYH�V\PSWRPV��%UDQG���������7KHVH�VWXGLHV�XQGHUVFRUH�WKDW�MRE
ORVV�LV�QRW�PHUHO\�DQ�HFRQRPLF�HYHQW�EXW�D�SURIRXQG�KHDOWK�VKRFN��6HYHUDO�PHFKDQLVPV�H[SODLQ�WKLV
UHODWLRQVKLS��7KH�PRVW�GLUHFW�LV�ILQDQFLDO�VWUDLQ��XQHPSOR\PHQW�UHGXFHV�LQFRPH��LQFUHDVHV�GHEW�ULVN�
DQG�OLPLWV�DFFHVV�WR�KHDOWK�FDUH��3ULFH��&KRL��9LQRNXU���������:RUN�DOVR�SURYLGHV�VRFLDO�LQWHJUDWLRQ�
GDLO\�VWUXFWXUH��DQG�SHUVRQDO�LGHQWLW\��LWV�ORVV�FDQ�OHDG�WR�LVRODWLRQ��UHGXFHG�VHOI�HVWHHP��DQG�FKURQLF
VWUHVV��0F.HH�5\DQ�HW�DO���������5HSHDWHG�IDLOHG�MRE�VHDUFKHV�DPSOLI\�XQFHUWDLQW\�DQG�FDQ�IRVWHU
KRSHOHVVQHVV��3ULFH�HW�DO��������

:LWK�UHJDUG�WR�WKH�TXHVWLRQ�RI�PHFKDQLVPV�DQG�FRQWH[WV�WKDW�PRGHUDWH�WKH�MRE�ORVV�PHQWDO�KHDOWK
DVVRFLDWLRQ��VLJQLILFDQWO\�IHZHU�VWXGLHV�H[DPLQH�SRWHQWLDO�EXIIHUV�DJDLQVW�WKH�QHJDWLYH�LPSDFWV�RI
XQHPSOR\PHQW�RQ�PHQWDO�KHDOWK��0DQ\�RI�WKH�VWXGLHV�WKDW�GR�H[LVW�LQYHVWLJDWH�FRXQWU\�OHYHO
GLIIHUHQFH�LQ�XQHPSOR\PHQW�LQVXUDQFH��8,��DQG�KRZ�PRGLILHV�WKH�HIIHFWV�RI�MRE�ORVV�RQ�PHQWDO
KHDOWK��7KHVH�FURVV�QDWLRQDO�FRPSDULVRQV�VKRZ�WKDW�JHQHURXV�8,��DFWLYH�ODERU�PDUNHW�SROLFLHV��DQG
XQLYHUVDO�KHDOWK�FDUH�UHGXFH�WKH�PHQWDO�KHDOWK�EXUGHQ�RI�MRE�ORVV��3DXO�	�0RVHU��������%UDQG�
�������&RQYHUVHO\��DXVWHULW\�PHDVXUHV�DQG�ZHDN�VDIHW\�QHWV�H[DFHUEDWH�WKH�HIIHFWV��6WXFNOHU�HW�DO�
������.DUDQLNRORV�HW�DO��������

7KHUH�LV�VPDOOHU�ERG\�RI�GRPHVWLF�UHVHDUFK�LQ�WKH�8QLWHG�6WDWHV�H[DPLQLQJ�KRZ�8,�UHFHLSW�PD\
PRGHUDWH�WKH�HIIHFWV�RI�XQHPSOR\PHQW�RQ�VXEVWDQFH�XVH�ULVN��)R[�	�-HRQJ��������ILQG�WKDW�UHFHLYLQJ
XQHPSOR\PHQW�EHQHILWV�UHGXFHG�VWUHVV�ZLWK�QR�LPSDFW�RQ�VXEVWDQFH�XVH��0DUWLQV�HW�DO��������ILQG
WKDW�UHFHLSW�RI�PRUH�JHQHURXV�XQHPSOR\PHQW�EHQHILWV�ZDV��DVVRFLDWHG�ZLWK�IHZHU�IDWDO�GUXJ��RSLRLG
DQG�VWLPXODQW�RYHUGRVHV�LQ�WKH�SUH�&29,'����SHULRG�DQG�RQ�IDWDO�DQ\�GUXJ�DQG�VWLPXODQW�RYHUGRVHV
LQ�WKH�&29,'����SHULRG��7ZR�VWXGLHV�WKDW�GLG�IRFXV�VSHFLILFDOO\�RQ�XQHPSOR\PHQW�EHQHILWV�DV�D
PRGHUDWRU�RI�PHQWDO�KHDOWK�LQ�WKH�8QLWHG�6WDWHV�SURYLGH�VXSSRUW�IRU�WKH�QRWLRQ�WKDW�8,�EXIIHUV
DJDLQVW�WKH�DGYHUVH�HIIHFWV�RI�MRE�ORVV��2QH�VWXG\�IRXQG�WKDW�UHFHLYLQJ�XQHPSOR\PHQW�EHQHILWV�GRHV
QRW�EULQJ�UHFLSLHQWV�EDFN�XS�WR�WKH�OHYHO�RI�PHQWDO�KHDOWK�IXOO�WLPH�HPSOR\PHQW��EXW�GRHV�EXIIHU�WKH
QHJDWLYH�LPSDFWV�RI�MRE�ORVV��5RGULJXH]�HW�DO���������$QRWKHU�VWXG\�IRXQG�WKDW�UHFHLYLQJ
XQHPSOR\PHQW�EHQHILWV�GRHV�VLJQLILFDQWO\�DOOHYLDWH�WKH�DGYHUVH�KHDOWK�HIIHFWV�RI�XQHPSOR\PHQW
DPRQJ�PHQ��&\OXV��*O\PRXU��	�$YHQGDQR��������
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2XU�VWXG\�VLJQLILFDQWO\�DGYDQFHV�WKH�H[LVWLQJ�OLWHUDWXUH�RQ�WKH�EXIIHULQJ�LPSDFWV�RI�8,�E\�H[DPLQLQJ
XQHPSOR\PHQW�EHQHILWV�DORQJ�LWV�LQWHQVLYH�PDUJLQ�
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3ROLF\

3ROLWLFDO�DQG�SROLF\�FRQWH[W�DQG�WUHQGV�LQ�SXEOLF�UHDFWLRQV�WR�WKH�&29,'����SDQGHPLF�LQ���
(XURSHDQ�QDWLRQV�LQ������5,FKDUG�&DUSLDQR
�5LFKDUG�&DUSLDQR��6KDXQ�%RZOHU�

*LYHQ�WKH�VLJQLILFDQW�FKDQFH�RI�DQRWKHU�&29,'����OHYHO�SDQGHPLF�LQ�WKH�QH[W����\HDUV��LW�LV�YDOXDEOH
WR�H[DPLQH�SXEOLF�UHDFWLRQV�WR�WKH�&29,'����SDQGHPLF�LQ�LWV�HDUOLHVW�SHULRG�ZKHQ�ZH�ZHUH�OHDUQLQJ
DERXW�WKH�QDWXUH�DQG�HSLGHPLRORJ\�RI�WKH�QRYHO�6$56�&R9���YLUXV�DQG�EHIRUH�YDFFLQHV�DQG�RWKHU
PHGLFDO�LQWHUYHQWLRQV�ZHUH�DYDLODEOH��$W�WKDW�WLPH��WKH�FRPPRQ�LQLWLDO�JRYHUQPHQWDO�UHVSRQVH�WR
UHGXFH�WUDQVPLVVLRQ�DQG�LQIHFWLRQ�ULVN�ZDV�WR�OLPLW�PRYHPHQW�DQG�SXEOLF�JDWKHULQJV��+RZHYHU�
ZLWKLQ�MXVW�D�IHZ�PRQWKV��VXFK�PHDVXUHV�JHQHUDWHG�SRSXODU�SXVK�EDFN�DQG�XQUHVW��,Q�VRPH
(XURSHDQ�8QLRQ��(8��QDWLRQV��ULJKW�ZLQJ�JURXSV�ZHUH�UDWKHU�YRFDO�DERXW�ORFNGRZQV�DV�GDPDJLQJ�WR
WKH�HFRQRP\�DQG�FRQVWUDLQLQJ�LQGLYLGXDO�OLEHUW\��<HW��RWKHU�(8�QDWLRQV�VDZ�PRUH�WROHUDQFH�WR�SXEOLF
KHDOWK�PHDVXUHV�DQG�JUHDWHU�FRPPXQLWDULDQ�VHQWLPHQW��+RZ�PLJKW�D�QDWLRQ|V�SROLWLFDO�DQG
&29,'����SROLF\�FRQWH[W�FRQWULEXWH�WR�VXFK�UHDFWLRQV"

([DPLQLQJ����(8�FRXQWULHV�GXULQJ�WKUHH�WLPH�SHULRGV�RI�������RXU�VWXG\�WHVWV�K\SRWKHVHV�UHJDUGLQJ
KRZ�WUHQGV�LQ�FLWL]HQ�OHYHO�UHVSRQVHV�WR�&29,'����PHDVXUHV�DUH�DVVRFLDWHG�ZLWK�WKUHH�HOHPHQWV�RI
QDWLRQDO�OHYHO�SROLWLFDO�FRQWH[W��VXSSRUW�IRU�SRSXOLVW�SROLWLFDO�SDUWLHV��JRYHUQPHQW�WUXVWZRUWKLQHVV�
DQG�&29,'����UHODWHG�SROLF\�VWULQJHQF\�

:H�PHUJH�SROLWLFDO�FRQWH[W�GDWD�IURP�VHYHUDO�VRXUFHV��H�J���(XURSHDQ�3DUOLDPHQW��7UDQVSDUHQF\
,QWHUQDWLRQDO��2[IRUG�&RURQDYLUXV�*RYHUQPHQW�5HVSRQVH�7UDFNHU��ZLWK�UHVSRQGHQW�OHYHO�GDWD�IURP
WKH�(XURSHDQ�3DUOLDPHQW�&29,'����6XUYH\��D�UHSHDWHG�FURVV�VHFWLRQDO�VXUYH\�FROOHFWHG�GXULQJ�����
�WKH�ILUVW�\HDU�RI�WKH�SDQGHPLF��DW�WKUHH�WLPH�SRLQWV��$SULO�0D\��-XO\��DQG�6HSWHPEHU�2FWREHU���2XU
PXOWLYDULDEOH�DQDO\VHV�IRFXV�RQ�WKUHH�UHVSRQGHQW�OHYHO�RXWFRPHVzVDWLVIDFWLRQ�ZLWK�JRYHUQPHQW
SDQGHPLF�PHDVXUHV��KHDOWK�EHQHILWV�YV��HFRQRPLF�GDPDJH�RI�UHVWULFWLRQ�PHDVXUHV��DQG�H[WHQW�WR
ZKLFK�OLPLWV�WR�LQGLYLGXDO�IUHHGRP�LV�MXVWLILHG�YV��RSSRVHGzZKLOH�FRQWUROOLQJ�IRU�QDWLRQDO���H�J��
&29,'����EXUGHQ��DQG�UHVSRQGHQW���H�J���GHPRJUDSKLF��OHYHO�FRQIRXQGHUV�
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3ROLF\

*HUPV�DQG�6RYHUHLJQ�6KHULIIV��+RZ�/RFDO�5HEHOOLRQ�$JDLQVW�3XEOLF�+HDOWK�3ROLF\�6KDSHV
3RSXODWLRQ�+HDOWK�%UD\GHQ�'DZVRQ
�%UD\GHQ�'DZVRQ��-DFN�:LSSHOO��0RUJDQ�0F3DUWODQG�

5HFHQW�OLWHUDWXUH�OLQNV�VXE�QDWLRQDO�GHPRFUDWLF�EDFNVOLGLQJ�WR�KLJKHU�8�6��PRUWDOLW\��\HW�ZKHWKHU
VLPLODU�G\QDPLFV�RSHUDWH�DW�WKH�ORFDO�OHYHO�UHPDLQV�XQGHUH[SORUHG��7KLV�VWXG\�DVNV��GR�VKHULII
UHIXVDOV�WR�HQIRUFH�&29,'����SXEOLF�KHDOWK�PDQGDWHV�ZRUVHQ�FRXQW\�OHYHO�&29,'����PRUWDOLW\
RXWFRPHV"

8VLQJ�D�QRYHO�GDWDVHW�RI����FRXQW\�VKHULIIV��RXW�RI�������LQ�ORFNGRZQ�VWDWHV��ZKR�SXEOLFO\�UHIXVHG�WR
HQIRUFH�&29,'����PDQGDWHV��ZH�PHUJH�WKHVH�ZLWK�ZHHNO\�&'&�FRXQW\�OHYHO�&29,'����GHDWK�FRXQWV
DFURVV�DOO�SDQGHPLF�ZDYHV��-DQXDU\�����y0D\��������:H�HVWLPDWH�VWDWH�IL[HG�HIIHFWV�*DPPD
UHJUHVVLRQ�PRGHOV�ZLWK�WKUHH�ZD\�FOXVWHUHG�VWDQGDUG�HUURUV��FRXQW\��VWDWH��ZDYH���FRQWUROOLQJ�IRU
DJH��LQFRPH��SRYHUW\��UDFH��HGXFDWLRQ��SRSXODWLRQ�VL]H��DQG�YDFFLQH�KHVLWDQF\��,QWHUDFWLRQ�WHUPV
EHWZHHQ�VKHULII�UHIXVDO�DQG�&29,'����ZDYH��ERWK�RUGLQDO�DQG�QRPLQDO��WHVW�ZKHWKHU�UHEHOOLRQ
PRGHUDWHV�PRUWDOLW\�WUDMHFWRULHV�RYHU�WLPH�

'HVFULSWLYHO\��UHEHOOLRXV�DQG�DGKHUHQW�FRXQWLHV�VKRZ�EURDGO\�VLPLODU�GHDWK�SURILOHV�LQ�HDUO\�ZDYHV�
KRZHYHU��UHEHOOLRXV�FRXQWLHV�WUHQG�KLJKHU�LQ�ODWHU�ZDYHV��SDUWLFXODUO\�GXULQJ�2PLFURQ�DQG�WKH�ODWH
SDQGHPLF�VWDJHzD�SDWWHUQ�FRQVLVWHQW�ZLWK�WKH�K\SRWKHVLV�WKDW�LQVWLWXWLRQDO�OHJLWLPDF\�HURGHV�RYHU
WLPH�LQ�FRXQWLHV�ZKHUH�VKHULIIV�RSHQO\�XQGHUPLQHG�SXEOLF�KHDOWK�PDQGDWHV��5HJUHVVLRQ�UHVXOWV
FRQILUP�QR�VLJQLILFDQW�GLUHFW�DVVRFLDWLRQ�EHWZHHQ�VKHULII�UHIXVDO�DQG�GHDWK�UDWH��EXW�UHYHDO�D
VLJQLILFDQW�SRVLWLYH�LQWHUDFWLRQ�EHWZHHQ�UHIXVDO�DQG�ODWHU�SDQGHPLF�ZDYHV��3DLUZLVH�PRGHOV�LGHQWLI\
2PLFURQ�DQG�WKH�ODWH�VWDJH�DV�WKH�SULPDU\�GULYHUV��&RXQW\�IL[HG�HIIHFWV�UREXVWQHVV�FKHFNV�FRQILUP
WKH�LQWHUDFWLRQ|V�VWDELOLW\�

7KHVH�ILQGLQJV�VXJJHVW�VKHULII�UHEHOOLRQ�DPSOLILHV�PRUWDOLW\�GLYHUJHQFH�RYHU�WLPHzRSHUDWLQJ�WKURXJK
ZHDNHQHG�LQVWLWXWLRQDO�OHJLWLPDF\�DQG�EHKDYLRUDO�GHWHUUHQFH�UDWKHU�WKDQ�LPPHGLDWH
HIIHFWVzH[WHQGLQJ�WKH�GHPRFUDWLF�EDFNVOLGLQJyPRUWDOLW\�OLWHUDWXUH�WR�WKH�ORFDO�OHYHO�
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3XEOLF�+HDOWK�&RPPXQLFDWLRQ�DQG�7UXVW

+HDOWK�(TXLW\�$LQiW�(TXDO�<RX�.QRZ�&HFLO\�*UD\
�&HFLO\�*UD\��6LUU\�$ODQJ��7HQDHVKD
:DVKLQJWRQ��0DU\�$QQ�%RGLQH�$O�6KDULII�

7KH�FXUUHQW�UHVHDUFK�VRXJKW�WR�XQGHUVWDQG�KRZ�SROLFLHV�DQG�SUDFWLFHV�FRQWULEXWH�WR�LQVWLWXWLRQDO
GLVWUXVW�DQG�PHGLFDO�PLVWUXVW�LQ�WKH�FRQWH[W�RI�D�UHFHQW�HPHUJHQF\�SXEOLF�KHDOWK
HPHUJHQF\y&29,'������7+LV�VWXG\�H[SORUHV�SHUFHSWLRQV�RI�&29,'����YDFFLQDWLRQ�HIIRUWV�WKURXJK�WKH
OHQV�RI�$IULFDQ�$PHULFDQ�FRPPXQLW\�KHDOWK�ZRUNHUV��&+:V��LQ�++6�5HJLRQ���RI�WKH�VRXWKHDVW����,Q
H[SORULQJ�KHDOWK�LQWHUYHQWLRQV��&+:V�DUH�DQ�LPSRUWDQW�JURXS�WR�OHDUQ�IURP��7KH\�DUH�WUXVWHG�DPRQJ
FRPPXQLWLHV�IURQWOLQH�SXEOLF�KHDOWK�SURIHVVLRQDOV�VHUYLQJ�DV�LQWHUPHGLDULHV�EHWZHHQ�WKH�KHDOWKFDUH
V\VWHP�DQG�PDUJLQDOL]HG�FRPPXQLWLHV����'XH�WR�WKHLU�XQLTXH�SRVLWLRQDOLW\�DV�PHPEHUV�RI
FRPPXQLWLHV�WKH\�VHUYH��&+:V�KDYH�WKH�SRZHU�SURYLGH�PHDQLQJIXO��FRQWH[W�VSHFLILF�LQVLJKW�DURXQG
LQWHUYHQWLRQ�HIIRUWV�LQ�WKHLU�FRPPXQLWLHV���3XUSRVH���7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�XQGHUVWDQG
&+:V�GLVFXVV�&29,'����YDFFLQDWLRQ�DW�WKH�6\VWHPLF�6RFLHWDO�/HYHO���RI�+DUSHU�%URZQH|V�PRGHO�RI
HFRORJ\��WKURXJK�WKH�OHQV�RI�&ULWLFDO�'LVFRXUVH�$QDO\VLV��&'$����5HVXOWV���6WXG\�ILQGLQJV�UHYHDOHG
&+:V�SURYLGHG�FRPSHOOLQJ�LQVLJKW�LQWR�LVVXHV�WKDW�OLH�EHQHDWK�GLVWUXVW�WKURXJK�WKHLU�GLVFXVVLRQ�RI
&29,'����DQG�YDFFLQDWLRQ�HIIRUWV���0DLQ�VWXG\�ILQGLQJV�UHYHDOHG�WKH�IROORZLQJ�WKUHH�PDMRU�WKHPHV��
���*RYHUQPHQW�5HVSRQVH������3ROLWLFDO�$JHQGDV��DQG����7KH�+HDOWKFDUH�6\VWHP�
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3XEOLF�+HDOWK�&RPPXQLFDWLRQ�DQG�7UXVW

([SORULQJ�SXEOLF�DWWLWXGHV�WRZDUGV�UHOLJLRXVO\�DIILOLDWHG�KHDOWK�FDUH�LQ�WKH�8�6��0DULDQ�$OL

0DULDQ�$OL��*DEULHOOH�6\OYHVWHU��0DUJDUHW�7DLW�

%DFNJURXQG��$�FRQVLGHUDEOH�SHUFHQWDJH�RI�8�6��KHDOWKFDUH�LQVWLWXWLRQV�DUH�UHOLJLRXVO\�DIILOLDWHG��\HW
ZH�NQRZ�UHODWLYHO\�OLWWOH�DERXW�KRZ�WKHVH�DIILOLDWLRQV�VKDSH�SXEOLF�DWWLWXGHV�UHJDUGLQJ�WUXVW�DQG
IDLUQHVV�LQ�KHDOWKFDUH�RU�LI�LQGLYLGXDOV�DUH�DZDUH�RI�D�KHDOWKFDUH�LQVWLWXWLRQ|V�UHOLJLRXV�DIILOLDWLRQV�
7KH�SUHVHQW�UHVHDUFK�H[DPLQHV�ZKHWKHU�SHRSOH�UHFRJQL]H�WKH�UHOLJLRXV�DIILOLDWLRQ�RI�D�KHDOWK�V\VWHP�
DQG�KRZ�WKH\�SHUFHLYH�WKH�TXDOLW\�RI�FDUH��ELDV��DQG�LQVWLWXWLRQDO�WUXVW�EDVHG�RQ�WKH�UHOLJLRXV�LGHQWLW\
RI�D�KRVSLWDO��

0HWKRGV��7KLV�DQDO\VLV�RI�QDWLRQDO�VXUYH\�GDWD�IURP�125&�$PHUL6SHDN��Q ������IRFXVHV�RQ
SHUFHSWLRQV�RI�IDLUQHVV��GLVFULPLQDWLRQ��DQG�ELDV�LQ�UHOLJLRXVO\�DIILOLDWHG�KHDOWKFDUH�VHWWLQJV�
SUHVHQWLQJ�UHVXOWV�DPRQJ�UHOLJLRXV�DQG�QRQ�UHOLJLRXV�UHVSRQGHQWV��$GGLWLRQDOO\��ZH�FRQGXFWHG
TXDOLWDWLYH�DQDO\VLV�RQ�DQ�RSHQ�HQGHG�TXHVWLRQ�WR�DVVHVV�ZKHWKHU�UHVSRQGHQWV�UHFRJQL]H�WKH
UHOLJLRXV�DIILOLDWLRQ�RI�D�KRVSLWDO��SURYLGLQJ�GHHSHU�LQVLJKW�LQWR�KRZ�LQVWLWXWLRQDO�LGHQWLW\�VKDSHV
SHUFHSWLRQV�RI�KHDOWKFDUH�DFFHVV�DQG�HTXLW\�

5HVXOWV��$PRQJ�UHVSRQGHQWV�ZKR�LGHQWLILHG�UHOLJLRXV�DIILOLDWLRQ�DPRQJ�KRVSLWDOV������GLVDJUHHG
WKDW�SK\VLFLDQV�DQG�VWDII�DW�&DWKROLF�KRVSLWDOV�}UHDOO\�FDUH�DERXW�WKHP�DV�D�SHUVRQ~��7KH�PRVW
IUHTXHQW�TXDOLWDWLYH�UHVSRQVH�ZDV�}'RQ|W�.QRZ~��VXJJHVWLQJ�ORZ�SXEOLF�DZDUHQHVV�RI�UHOLJLRXV
DIILOLDWLRQ�LQ�KRVSLWDO�LGHQWLILFDWLRQ���

&RQFOXVLRQ��7KLV�UHVHDUFK�KDV�VLJQLILFDQW�LPSOLFDWLRQV�IRU�KHDOWKFDUH�DFFHVV��SROLF\�PDNLQJ��DQG
UHOLJLRXV�GLYHUVLW\�LQ�PHGLFDO�LQVWLWXWLRQV��,QIRUPLQJ�SDWLHQWV�RI�SRVVLEOH�OLPLWDWLRQV�RI�VHUYLFHV�
UHFRJQL]LQJ�WKDW�FHUWDLQ�IRUPV�RI�FDUH�DUH�UHVWULFWHG�DW�&DWKROLF�KRVSLWDOV��DQG�WKHLU�ULJKWV�DV
KHDOWKFDUH�FRQVXPHUV�LV�QHFHVVDU\�WR�HQVXUH�WUXVW�DQG�IDLUQHVV�LQ�WUHDWPHQW�
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3XEOLF�+HDOWK�&RPPXQLFDWLRQ�DQG�7UXVW

$UH�ZH�7HDFKLQJ�:KDW�:HiUH�2UHDFKLQJ"�$QWLUDFLVP�LQ�3XEOLF�+HDOWK�(GXFDWLRQ�)UDQNLH
*UHHQH
�.DLVD�+ROW�

%DFNJURXQG�
0DQ\�VWXGHQWV�PDWULFXODWH�LQWR�0DVWHU�RI�3XEOLF�+HDOWK��03+��SURJUDPV�H[SHFWLQJ�VXVWDLQHG
HQJDJHPHQW�ZLWK�DQWLUDFLVP�DQG�GHFRORQL]LQJ�DSSURDFKHV�LQ�SXEOLF�KHDOWK�HGXFDWLRQ��+RZHYHU�
VWXGHQWV�HQFRXQWHU�XQHYHQ�LQWHJUDWLRQ�RI�WKHVH�IUDPHZRUNV�LQ�FRXUVHZRUN��UDLVLQJ�TXHVWLRQV�RI�WUXVW
LQ�LQVWLWXWLRQDO�FRPPLWPHQWV�WR�DQWLUDFLVP��7KLV�VWXG\�H[DPLQHV�KRZ�WKH������DQWLUDFLVP�LQLWLDWLYH
DW�WKH�2+68y368�6FKRRO�RI�3XEOLF�+HDOWK�LV�UHIOHFWHG�LQ�UHTXLUHG�FRUH�FXUULFXOD�WKURXJK������

0HWKRGV�
6WXGHQWV�IURP�PXOWLSOH�GLVFLSOLQHV�FRQGXFWHG�D�V\VWHPDWLF�DQDO\VLV�RI�V\OODEL�DQG�UHTXLUHG�UHDGLQJV
IURP�UHTXLUHG�FRXUVHV�LQ�WKH�03+�FXUULFXOXP��8VLQJ�DQ�LWHUDWLYH�ZRUG�EDQN�RI�DQWLUDFLVP�FRQFHSWV�
ZH�DVVHVVHG�����WKH�SUHVHQFH�RI�DQWLUDFLVP�UHODWHG�ODQJXDJH�LQ�FRXUVH�OHDUQLQJ�REMHFWLYHV�DQG
DVVLJQHG�UHDGLQJV�DQG�����UHSUHVHQWDWLRQ�RI�VFKRODUV�RI�FRORU��VFKRODUV�IURP�WKH�JOREDO�VRXWK�LQ
DVVLJQHG�UHDGLQJV�

5HVXOWV�
3UHOLPLQDU\�ILQGLQJV�UHYHDO�XQHYHQ�LQWHJUDWLRQ�RI�DQWLUDFLVP�DFURVV�FRXUVHV��6RPH�V\OODEL�UHIHUHQFH
DQWLUDFLVP�LQ�OHDUQLQJ�REMHFWLYHV�ZLWKRXW�FRUUHVSRQGLQJ�UHDGLQJV�WKDW�VXSSRUW�WKHVH�FRQFHSWV�
&RQYHUVHO\��VRPH�FRXUVHV�LQFOXGH�UHDGLQJV�DOLJQHG�ZLWK�DQWLUDFLVP�WKDW�DUH�QRW�UHIOHFWHG�LQ�VWDWHG
OHDUQLQJ�REMHFWLYHV��7KHVH�LQFRQVLVWHQFLHV�VXJJHVW�JDSV�EHWZHHQ�LQVWLWXWLRQDO�FRPPLWPHQWV�DQG
FXUULFXODU�LPSOHPHQWDWLRQ�

&RQFOXVLRQV�
)LQGLQJV�KLJKOLJKW�RSSRUWXQLWLHV�WR�VWUHQJWKHQ�DOLJQPHQW�EHWZHHQ�LQVWLWXWLRQDO�DQWLUDFLVP
FRPPLWPHQWV�DQG�HGXFDWLRQDO�SUDFWLFH��/HDUQLQJ�REMHFWLYHV�RIWHQ�PLUURU�&(3+�FRPSHWHQFLHV�
UHYHDOLQJ�OHYHUDJH�SRLQWV�IRU�DQWLUDFLVW�UHIRUP��*UHDWHU�WUDQVSDUHQF\�DQG�FXUULFXODU�FRKHUHQFH�PD\
KHOS�UHEXLOG�WUXVW�EHWZHHQ�VWXGHQWV�DQG�SXEOLF�KHDOWK�LQVWLWXWLRQV�ZKLOH�VXSSRUWLQJ�PRUH�PHDQLQJIXO
LQWHJUDWLRQ�RI�DQWLUDFLVP�LQWR�WUDLQLQJ��7KLV�LQWHUGLVFLSOLQDU\��VWXGHQW�OHG�DQDO\VLV�GHPRQVWUDWHV�KRZ
VWXGHQW�VFKRODUVKLS�FDQ�FRQWULEXWH�WR�HTXLW\�FHQWHUHG�FXUULFXODU�HYDOXDWLRQ�DQG�UHIRUP�LQ�VFKRROV�RI
SXEOLF�KHDOWK�
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3XEOLF�+HDOWK�&RPPXQLFDWLRQ�DQG�7UXVW

5HLPDJLQLQJ�+HDOWK�&RPPXQLFDWLRQ��6XSSRUWLQJ�$OWHUQDWLYH�)DPLO\�6WUXFWXUHV�7KURXJK�D
4XHHU�/HQV�$P\�'L&DSULR
�$P\�'L&DSULR�

0RGHUQ�KRXVHKROGV�DUH�GLYHUVH��\HW�PXOWL�JHQHUDWLRQDO�KRXVHKROGV��FR�SDUHQWLQJ�QHWZRUNV��FKRVHQ
IDPLOLHV��DQG�/*%74��KRXVHKROGV�DUH�RIWHQ�RYHUORRNHG�LQ�SXEOLF�KHDOWK�PHVVDJLQJ��:KHQ
FRPPXQLFDWLRQV�IDLO�WR�UHIOHFW�WKHVH�UHDOLWLHV��FRPPXQLWLHV�EHFRPH�GLVHQJDJHG��WUXVW�HURGHV��DQG
KHDOWK�RXWFRPHV�VXIIHU�

7KLV�VHVVLRQ�H[SORUHV�KRZ�D�TXHHU�LQIRUPHG��IDPLO\�FHQWHUHG�DSSURDFK�FDQ�FUHDWH�LQFOXVLYH
FRPPXQLFDWLRQV�WKDW�VWUHQJWKHQ�HQJDJHPHQW�DQG�VXSSRUW�DFURVV�GLYHUVH�KRXVHKROGV��HYHQ�ZLWKLQ�D
SROLWLFDO�FOLPDWH�WKDW�UHVWULFWV�H[SOLFLW�'(,�ODQJXDJH�DQG�OLPLWV�GLVFXVVLRQ�RI�LGHQWLW\��LQHTXLW\��DQG
VRFLDO�GHWHUPLQDQWV�RI�KHDOWK�

$WWHQGHHV�ZLOO�JDLQ�SUDFWLFDO�WRROV�WR�

,GHQWLI\�DVVXPSWLRQV�DERXW�IDPLO\�VWUXFWXUHV�DQG�TXHHU�H[SHULHQFHV�LQ�SXEOLF�KHDOWK
PHVVDJLQJ�
$GDSW�FRPPXQLFDWLRQV�IRU�PXOWL�JHQHUDWLRQDO��FR�SDUHQWLQJ��FKRVHQ��DQG�/*%74��KRXVHKROGV�
(QJDJH�FRPPXQLWLHV�DV�DFWLYH�SDUWQHUV�LQ�KHDOWK�LQLWLDWLYHV�WKURXJK�TXHHU�LQIRUPHG�
SDUWLFLSDWRU\�DSSURDFKHV�
6WUDWHJLFDOO\�IUDPH�LQFOXVLYH�PHVVDJLQJ�WR�DGYDQFH�HTXLW\�ZLWKRXW�WULJJHULQJ�SROLWLFDO�RU
IXQGLQJ�EDFNODVK�
(YDOXDWH�DQG�UHILQH�VWUDWHJLHV�WR�HQVXUH�HIIHFWLYHQHVV�LQ�UHDFKLQJ�QRQ�WUDGLWLRQDO�IDPLOLHV�
&RPPXQLFDWH�VWUXFWXUDO�LQIOXHQFHV�RQ�KHDOWKzKRXVLQJ��HFRQRPLF�VWDELOLW\��DQG�VRFLDO
FRQQHFWLRQzZLWKRXW�XVLQJ�UHVWULFWHG�WHUPLQRORJ\�

3DUWLFLSDQWV�ZLOO�OHDYH�ZLWK�DFWLRQDEOH�VWUDWHJLHV�WR�GHVLJQ�HQJDJLQJ��FRPPXQLW\�GULYHQ
FRPPXQLFDWLRQV�WKDW�FHQWHU�GLYHUVH�IDPLOLHV��EXLOG�WUXVW�WKURXJK�OLYHG�H[SHULHQFH�DQG�QDUUDWLYH
IUDPLQJ��DQG�QDYLJDWH�FXUUHQW�SROLWLFDO�FRQVWUDLQWV��7KLV�VHVVLRQ�HTXLSV�SXEOLF�KHDOWK�SURIHVVLRQDOV�WR
UHLPDJLQH�FRPPXQLFDWLRQ�SUDFWLFHV�WKDW�DUH�LQFOXVLYH��HIIHFWLYH��DQG�SROLWLFDOO\�PLQGIXOzKHOSLQJ�DOO
IDPLOLHV�IHHO�VHHQ��VXSSRUWHG��DQG�HPSRZHUHG�

�
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5DFLDO��5HJLRQDO��DQG�5XUDO�9DULDWLRQ�LQ�WKH�+HDOWK�5HWXUQV�WR�(GXFDWLRQ�.D\OL�0RUULVRQ

.D\OL�0RUULVRQ��*DEH�0LOOHU��9HUQD�.HLWK�

%DFNJURXQG��(GXFDWLRQ�LV�JHQHUDOO\�KHDOWK�SURWHFWLYH��KRZHYHU��WKH�DVVRFLDWHG�EHQHILWV�DUH�QRW
HTXDOO\�GLVWULEXWHG�DFURVV�UDFH��UXUDOLW\��DQG�UHJLRQ��:KLOH�IHZ�VWXGLHV�KDYH�H[DPLQHG�UDFH�DQG
SODFH�DV�PRGHUDWRUV�RI�WKH�DVVRFLDWLRQ�EHWZHHQ�HGXFDWLRQ�DQG�KHDOWK��QR�VWXGLHV�KDYH�H[SORUHG�KRZ
WKH�HGXFDWLRQ�KHDOWK�DVVRFLDWLRQ�YDULHV�E\�UDFH��SODFH��DQG�6RXWKHUQ�UHJLRQ��3ULRU�UHVHDUFK�RIWHQ
YLHZV�UXUDO�DQG�6RXWKHUQ�DUHDV�DV�KRPRJHQRXV��ZKLFK�REVFXUHV�PHDQLQJIXO�UXUDO�DQG�6RXWKHUQ
GLIIHUHQFHV��'UDZLQJ�RQ�IXQGDPHQWDO�FDXVH�WKHRU\�DQG�WKH�WKHRU\�RI�GLPLQLVKHG�UHWXUQV��ZH�DLP�WR
DGGUHVV�WKLV�WKHRUHWLFDO�DQG�HPSLULFDO�JDS�E\�H[DPLQLQJ�KRZ�WKH�SURWHFWLYH�HIIHFW�RI�HGXFDWLRQ�RQ
VHOI�UDWHG�KHDOWK�YDULHV�E\�UDFH��UXUDOLW\��DQG�6RXWKHUQ�UHJLRQ�

0HWKRGV��8VLQJ�1DWLRQDO�+HDOWK�,QWHUYLHZ�6XUYH\�GDWD�IURP������������ZH�HVWLPDWH�ORJLVWLF
UHJUHVVLRQ�PRGHOV�WR�H[DPLQH�KRZ�WKH�DVVRFLDWLRQ�EHWZHHQ�HGXFDWLRQ�DQG�VHOI�UDWHG�KHDOWK�YDULHV�E\
UDFH��:KLWH�%ODFN���UXUDOLW\��XUEDQ�UXUDO���DQG�UHJLRQ��QRQ�6RXWK�6RXWK��

5HVXOWV��:KLOH�HGXFDWLRQ�LV�KHDOWK�SURWHFWLYH��WKH�EHQHILWV�DUH�VLJQLILFDQWO\�GLPLQLVKHG�IRU�%ODFN�
UXUDO��DQG�6RXWKHUQ�DGXOWV�UHODWLYH�WR�WKHLU�UHVSHFWLYH�FRXQWHUSDUWV��DQG�WKLV�GLPLQLVKPHQW�LV
FRQWH[W�VSHFLILF�

&RQFOXVLRQ��5DFH��UXUDOLW\��DQG�6RXWKHUQ�UHJLRQ�VKDSH�WKH�DELOLW\�WR�WUDQVODWH�HGXFDWLRQDO�UHVRXUFHV
LQWR�EHWWHU�VHOI�UDWHG�KHDOWK�RXWFRPHV��)RU�UXUDO�UHVLGHQWV��GLPLQLVKPHQW�RFFXUV�DW�KLJKHU�HGXFDWLRQ
OHYHOV��DV�UXUDO�UHVSRQGHQWV�VHH�IHZHU�JDLQV�IURP�PRUH�WKDQ�D�KLJK�VFKRRO�HGXFDWLRQ�UHODWLYH�WR�WKRVH
UHVLGLQJ�LQ�XUEDQ�FRXQWLHV��)RU�6RXWKHUQHUV��GLPLQLVKPHQW�RFFXUV�DW�ORZHU�HGXFDWLRQ�OHYHOV��DV�WKHUH
DUH�IHZHU�KHDOWK�EHQHILWV�IURP�D�KLJK�VFKRRO�GHJUHH��%ODFN�DGXOWV�VHH�GLPLQLVKHG�UHWXUQV�DV
HGXFDWLRQ�LQFUHDVHV�WR�KLJK�VFKRRO�DQG�KLJKHU�HGXFDWLRQ��7KHVH�ILQGLQJV�VXJJHVW�WKDW�VRFLDO�DQG
VWUXFWXUDO�GLVDGYDQWDJH�GLIIHUHQWO\�DIIHFWV�VHOI�UDWHG�KHDOWK�RXWFRPHV��DQG�KLJKOLJKW�KRZ�UXUDOLW\�DQG
6RXWKHUQ�UHJLRQ�LQGHSHQGHQWO\�DQG�GLIIHUHQWLDOO\�PRGHUDWH�HGXFDWLRQ|V�UHWXUQV�RQ�KHDOWK�
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'LVWLQJXLVKLQJ�7HPSRUDO�([SRVXUHV�WR�6WUXFWXUDO�5DFLVP�WKDW�0DQLIHVW�LQ�6LQJOH
,QGLFDWRUV��7KH�&DVH�RI�0DWHUQDO�+\SHUWHQVLRQ�DQG�'LDEHWHV�DQG�3UHWHUP�%LUWK�'LVSDULWLHV
-HVVLFD�3RORV
�-HVVLFD�3RORV�

3UHWHUP�ELUWK��37%��LV�D�OHDGLQJ�FDXVH�RI�QHRQDWDO�PRUWDOLW\�DQG�ORQJ�WHUP�PRUELGLW\��,Q�WKH�8�6��
UDFLDO�GLVSDULWLHV�LQ�37%�DUH�SHUVLVWHQW�DQG�VXEVWDQWLDO�ZLWK�QRQ�+LVSDQLF�%ODFN�PRWKHUV
H[SHULHQFLQJ�KLJKHU�UDWHV�RI�37%�����������FRPSDUHG�WR�QRQ�+LVSDQLF�ZKLWH�PRWKHUV���������
0DWHUQDO��SRSXODWLRQ�OHYHO�PDQLIHVWDWLRQV�RI�VWUXFWXUDO�UDFLVP��65��WKDW�VKDSH�37%�y�VXFK�DV
GLIIHUHQWLDO�ULVN�RI�K\SHUWHQVLRQ�DQG�GLDEHWHV�y�FDQ�UHVXOW�IURP�H[SRVXUH�WR�65�DFURVV�WKH�OLIH�FRXUVH�
(YHQ�D�VLQJOH�PDWHUQDO�PDQLIHVWDWLRQ�RI�65�FDQ�HPEHG�SDVW�DQG�SUHVHQW�H[SRVXUHV�WR�65�
'HWHUPLQLQJ�ZKHWKHU�D�PDWHUQDO�PDQLIHVWDWLRQ�RI�65�LQIOXHQFHV�37%�GXH�WR�65�H[SHULHQFHG�HDUOLHU
LQ�D�PRWKHU|V�OLIH�FRXUVH�RU�65�H[SHULHQFHG�LQ�SUHJQDQF\�KDV�LPSRUWDQW�LPSOLFDWLRQV�IRU�JHQHUDWLQJ
VROXWLRQV�WR�SUHWHUP�ELUWK�DQG�RWKHU�KHDOWK�GLVSDULWLHV��EXW�WKLV�WLPLQJ�KDV�QRW�EHHQ�ZHOO�VWXGLHG�

8VLQJ�1966�%LUWK�'DWD�IURP�����������DQG�D�.LWDJDZD�2D[DFD�%OLQGHU�DSSURDFK��ZH�GHFRPSRVH
WKH�%ODFN�ZKLWH�JDS�LQ�SUHWHUP�ELUWK�LQWR�WKH�SDUW�DWWULEXWDEOH�WR�GLIIHUHQFHV�LQ�WKH�FRPSRVLWLRQ�RI
PDWHUQDO�K\SHUWHQVLRQ�DQG�GLDEHWHV�DQG�WKH�SDUW�DWWULEXWDEOH�WR�GLIIHUHQFHV�LQ�WKH�HIIHFWV�RI
PDWHUQDO�K\SHUWHQVLRQ�DQG�GLDEHWHV��&RPSRVLWLRQ�GLIIHUHQFHV�LQ�K\SHUWHQVLRQ�DQG�GLDEHWHV�UHIOHFW
FKURQLF��GLVWDO�PDWHUQDO�H[SRVXUHV�WR�VWUXFWXUDO�UDFLVP��H�J��YLD�ZHDWKHULQJ��WKDW�OHDG�WR�JUHDWHU
SUHYDOHQFH�RI�K\SHUWHQVLRQ�DQG�GLDEHWHV�DPRQJ�%ODFN�PRWKHUV��(IIHFW�GLIIHUHQFHV�RI�PDWHUQDO
K\SHUWHQVLRQ�DQG�GLDEHWHV�UHIOHFW�GLIIHUHQFHV�LQ�WKH�DFXWH�H[SRVXUH�WR�VWUXFWXUDO�UDFLVP�LQ
SUHJQDQF\��H�J��YLD�WUHDWPHQW�GLIIHUHQFHV���5HVXOWV�VXJJHVW�WKDW�FRPSRVLWLRQ�GLIIHUHQFHV�H[SODLQ�D
VPDOOHU�SRUWLRQ�RI�WKH�SUHPDWXULW\�JDS����������FRPSDUHG�WR�HIIHFW�GLIIHUHQFHV��DSSUR[LPDWHO\
��������7KLV�LPSOLHV�WKDW�LQWHUYHQWLRQV�DLPHG�DW�HTXLWDEOH�WUHDWPHQW�RI�PDWHUQDO�GLDEHWHV�DQG
K\SHUWHQVLRQ�LQ�SUHJQDQF\�PD\�UHGXFH�37%�GLVSDULWLHV�WR�D�JUHDWHU�H[WHQW�WKDQ�LQWHUYHQWLRQV�DLPHG
DW�XSVWUHDP�VWUXFWXUDO�UDFLVP�LQ�VRFLDO�GHWHUPLQDQWV�RI�KHDOWK�
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7KH�%DUDND�6WXG\��$Q�$VVHVVPHQW�RI�WKH�.QRZOHGJH�DQG�$WWLWXGHV�5HJDUGLQJ
6H[XDO�5HSURGXFWLYH�+HDOWK�DQG�,GHDOV�DPRQJ�0XVOLP�$PHULFDQV�)RWD�0��6DOO
�)RWD�6DOO�
6WHSKDQLH�0��&DUSHQWHU�

.QRZOHGJH�DERXW�VH[XDO�DQG�UHSURGXFWLYH�KHDOWK�LPSURYHV�VH[XDO�GHFLVLRQ�PDNLQJ��KHDOWK��DQG�ZHOO�
EHLQJ��+RZHYHU��VHYHUDO�SRSXODWLRQV�LQ�WKH�86�KDYH�LQDGHTXDWH�VH[XDO�KHDOWK�OLWHUDF\�GXH�WR�FXOWXUDO
QRUPV�RU�VWLJPD��OHDGLQJ�WR�QRWDEOH�JURXS�GLVSDULWLHV��7KLV�UHVHDUFK�DLPV�WR�LGHQWLI\�KRZ�EHVW�WR
HQJDJH�0XVOLP�$PHULFDQV�LQ�VH[XDO�DQG�UHSURGXFWLYH�KHDOWK�HGXFDWLRQ��7KH�VHFRQGDU\�DLP�LV�WR
H[SORUH�JHQGHU�LGHDOV�DQG�H[SHFWDWLRQV��

$�FURVV�VHFWLRQDO�VXUYH\�DGDSWHG�IURP�PXOWLSOH�VH[XDO��UHSURGXFWLYH�DQG�UHOLJLRVLW\�VXUYH\V�ZDV
HOHFWURQLFDOO\�GLVWULEXWHG�YLD�3UROLILF������SDUWLFLSDQWV�ZHUH�UHFUXLWHG�IURP�'HFHPEHU������WR
)HEUXDU\�������7KH�VXUYH\�LQFOXGHG����TXHVWLRQV��XWLOL]HG���YDOLGDWHG�VXUYH\V��WHDP�FUHDWHG
TXHVWLRQQDLUHV��DQG�PXOWLSOH�VKRUW�DQVZHU�TXHVWLRQV�

3UHOLPLQDU\�DQDO\VHV�LQFOXGHG�����SDUWLFLSDQWV��$OO�VHOI�LGHQWLILHG�DV�0XVOLP�$PHULFDQ�����
LGHQWLILHG�DV�ZRPHQ������DV�PHQ��DQG������DV�WUDQVJHQGHU�DQRWKHU�WHUP��7*1%���3DUWLFLSDQWV�ZHUH
HWKQLFDOO\�GLYHUVH�DQG�����ZHUH�������\HDUV�ROG��0HGLDQ�VFRUHV�E\�DJH�JURXS�UDQJHG�IURP����WR����
D�VFRUH�RI����LV�FRQVLGHUHG�D�}VWURQJ�VWUHQJWK�RI�IDLWK~������DJUHHG�WKDW�}WHDFKLQJ�VH[�HGXFDWLRQ�LQ
VFKRRO�GRHV�QRW�OHDG�WR�\RXQJ�SHRSOH�KDYLQJ�VH[�HDUOLHU~��2YHU�����VWDWHG�WKH\�NQHZ�DOO�RI�WKH
GLIIHUHQW�PHWKRGV�RI�FRQWUDFHSWLRQ�DQG�W\SHV�RI�67'V������SUHIHUUHG�WR�VHDUFK�IRU�GRXEWV�RQ�VH[XDO
HGXFDWLRQ�RQOLQH�UDWKHU�WKDQ�DVN�LQ�SHUVRQ������DJUHHG�WKDW�SDUHQWV�DQG�WHDFKHUV�DUH�WKH�RQO\�RQHV
UHVSRQVLEOH�IRU�WHDFKLQJ�NLGV�DERXW�VH[�HGXFDWLRQ��/DVWO\��D�ODUJH�SURSRUWLRQ�VWDWHG�WKDW�WKH\�ZRXOG
EH�RSHQ�WR�UHFHLYLQJ�PRUH�VH[XDO�KHDOWK�LQIRUPDWLRQ�DERXW�IDPLO\�SODQQLQJ��FRQVHQW��DQG�ELRORJLFDO
LQIRUPDWLRQ��SDUWLFXODUO\�IURP�PHGLFDO�SURIHVVLRQDOV�RU�QRQ�SURILW�JURXSV��7KHVH�ILQGLQJV�RIIHU�NH\
LQVLJKWV�LQWR�VH[XDO�DQG�UHSURGXFWLYH�KHDOWK�WKDW�ZLOO�EHQHILW�FOLQLFLDQV��SXEOLF�KHDOWK�SUDFWLWLRQHUV�
DQG�WKH�ODUJHU�0XVOLP�$PHULFDQ�FRPPXQLW\��
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:K\�LV�0LGZLIHU\�8WLOL]DWLRQ�VR�/RZ�LQ�WKH�8QLWHG�6WDWHV"�$�SDWLHQW�SHUVSHFWLYH��6KDQQRQ
0DORQH\
�6KDQQRQ�0DORQH\��&LHUD�.LUNSDWULFN��.HOOL�%ROLQJ��+DUODQ�6D\OHV�

0LGZLIHU\�LV�D�ORZ�FRVW�KLJK�TXDOLW\�SUHJQDQF\�FDUH�RSWLRQ��'HVSLWH�WKLV��PLGZLIHU\�XWLOL]DWLRQ�LQ�WKH
8QLWHG�6WDWHV�UHPDLQV�ORZ��,W�LV�HVWLPDWHG�WKDW�PLGZLYHV�DWWHQG������SHUFHQW�RI�ELUWKV�LQ�WKH�8�6��
ZLWK�,QGLJHQRXV�SUHJQDQFLHV�DFFRXQWLQJ�IRU�D�JUHDWHU�SURSRUWLRQ�RI�WKHVH�GHOLYHULHV��/RZ�PLGZLIHU\
XWLOL]DWLRQ�LV�QRW�ZHOO�XQGHUVWRRG��7KLV�VWXG\�H[SORUHG�SUHJQDQF\�ULVN�SHUFHSWLRQ��GHPRJUDSKLF
IDFWRUV�DQG�DWWLWXGHV�WRZDUG�PLGZLIHU\�DV�SRWHQWLDO�H[SODQDWLRQV�IRU�PLGZLIHU\�XWLOL]DWLRQ��:H
DGPLQLVWHUHG�D�QDWLRQDO�FURVV�VHFWLRQDO�VXUYH\�WR�LQGLYLGXDOV�ZKR�ZHUH�FXUUHQWO\�RU�UHFHQWO\
SUHJQDQW��7KH�VDPSOH�LQFOXGHG�����SDUWLFLSDQWV�IURP����8�6��VWDWHV��FRPSULVLQJ�����,QGLJHQRXV�
����$VLDQ������%ODFN�RU�$IULFDQ�$PHULFDQ������+LVSDQLF�RU�/DWLQD��DQG�����:KLWH�UHVSRQGHQWV�
$PRQJ�UHVSRQGHQWV��������KDG�XVHG�RU�SODQQHG�WR�XVH�D�PLGZLIH�DQG�������RI�UHVSRQGHQWV�ZDQWHG
WR�XVH�D�PLGZLIH��3UHIHUULQJ�D�KRPH�RU�ELUWK�FHQWHU�ELUWK��25� ������S���������PLGZLIH�DZDUHQHVV
�25� ������S��������DQG�KDYLQJ�SRVLWLYH�SHUFHSWLRQV�RI�PLGZLIHU\��25� �������S�������ZHUH
VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�PLGZLIHU\�XWLOL]DWLRQ��3HUVRQDO�SUHJQDQF\�ULVN�SHUFHSWLRQ��UDFLDO
LGHQWLW\��PDULWDO�VWDWXV��DJH��HGXFDWLRQDO�DWWDLQPHQW��LQVXUDQFH�W\SH��QXPEHU�RI�SUHYLRXV
SUHJQDQFLHV��DQG�OLYH�ELUWKV�ZHUH�QRW�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�PLGZLIHU\�XWLOL]DWLRQ�RU
SUHIHUHQFH��7KHVH�ILQGLQJV�VXJJHVW�WKDW�DZDUHQHVV��SUH�IRUPHG�DWWLWXGHV�WRZDUG�PLGZLIHU\��DQG
ELUWKLQJ�ORFDWLRQ�DUH�WKH�PDLQ�IDFWRUV�WKDW�SUHGLFW�PLGZLIHU\�XWLOL]DWLRQ��*UHDWHU�XQGHUVWDQGLQJ�RI
KRZ�PLGZLIHU\�DWWLWXGHV�DUH�IRUPHG�FDQ�KHOS�LOOXPLQDWH�SRVVLEOH�SDWKZD\V�IRU�LPSURYLQJ�PLGZLIHU\
XWLOL]DWLRQ�LQ�WKH�8QLWHG�6WDWHV�
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6WLJPDWL]HG�LQ�(PRWLRQDO�'LVWUHVV��7KH�&RVW�RI�3URFXULQJ�D�&ODQGHVWLQH�$ERUWLRQ��&KDUOHV
.DWXODPX
�&KDUOHV�.DWXODPX�

7KHUH�LV�D�VLJQLILFDQW�SXEOLF�KHDOWK�FULVLV�LQ�FRXQWULHV�WKDW�FULPLQDOL]H�DQG�UHVWULFW�DERUWLRQ��ZKHUH
VWLJPD�DJDLQVW�WKRVH�ZKR�VHHN�DERUWLRQV�SUHYHQWV�ZRPHQ�IURP�DFFHVVLQJ�FDUH��PDNLQJ�WKHP�WXUQ�WR
XQVDIH�DERUWLRQ�SUDFWLFHV��8QVDIH�DERUWLRQV�SRVH�VHYHUDO�KHDOWK�ULVNV��OLNH�OLIH�WKUHDWHQLQJ
FRPSOLFDWLRQV�DQG�SUHYHQWDEOH�GHDWKV��$V�UHVWULFWLYH�OHJDO�IUDPHZRUNV�SHUVLVW�DQG�IRUFH�ZRPHQ�LQWR
FODQGHVWLQH�DERUWLRQV��WKHUH�LV�DQ�XUJHQW�QHHG�WR�XQGHUVWDQG�WKH�VRFLDO�DQG�VWUXFWXUDO�IDFWRUV
VKDSLQJ�WKHLU�H[SHULHQFHV��7KLV�VWXG\�DGGUHVVHV�WKLV�QHHG�E\�H[DPLQLQJ�KRZ�VWLJPD�LQWHUDFWV�ZLWK
8JDQGD|V�FULPLQDOL]HG�DQG�UHVWULFWLYH�OHJDO�HQYLURQPHQW�DQG�IUDJLOH�KHDOWK�V\VWHP�WR�VKDSH�ZRPHQ|V
DERUWLRQ�H[SHULHQFHV�

7KURXJK�VHPL�VWUXFWXUHG�LQ�GHSWK�LQWHUYLHZV��,�FRQGXFWHG�D�UHWURVSHFWLYH�LQYHVWLJDWLRQ�RI�WKH
H[SHULHQFHV�RI����ZRPHQ�ZKR�WHUPLQDWHG�WKHLU�SUHJQDQFLHV�LQ�8JDQGD��)LQGLQJV�GHPRQVWUDWH�KRZ
VWLJPD�LV�D�PXOWL�OD\HUHG�IRUFH�WKDW�LQWHUDFWV�ZLWK�DERUWLRQ�FULPLQDOL]DWLRQ�DQG�UHVWULFWLRQ�DQG
KHDOWK�V\VWHP�IUDJLOLW\�WR�VKDSH�HYHU\�VWDJH�RI�ZRPHQ|V�DERUWLRQ�WUDMHFWRULHV��,�VKRZ�WKDW�SHUFHLYHG
VWLJPD��LQFOXGLQJ�IHDU�RI�DUUHVW��PRUDO�MXGJPHQW��SDUHQWDO�EDFNODVK��DQG�SDUWQHU�UHVHQWPHQW��GHOD\V
FDUH�VHHNLQJ�DQG�GULYHV�ZRPHQ�LQWR�FODQGHVWLQH�DERUWLRQV��2QFH�WKH\�VHHN�FDUH��ZRPHQ�HQFRXQWHU
H[SHULHQFHG�VWLJPD�ZKHUH�YHUEDO�DQG�SK\VLFDO�DEXVH��SDLQIXO�SURFHGXUHV��DEVHQW�FRXQVHOOLQJ��DQG
GHQLDO�RI�IROORZ�XS�H[DFHUEDWH�ERWK�HPRWLRQDO�DQG�SK\VLFDO�FRPSOLFDWLRQV��2YHU�WLPH��WKHVH
H[SHULHQFHV�GHHSHQ�LQWHUQDOL]HG�VWLJPD��PDQLIHVWLQJ�DV�JXLOW��VKDPH��DQG�VHOI�EODPH��DQG�LQ�VRPH
FDVHV��DWWULEXWLQJ�LQIHUWLOLW\�RU�ODVWLQJ�KHDOWK�SUREOHPV�WR�WKH�DERUWLRQ�LWVHOI�

,�WKHUHIRUH�DUJXH�WKDW�DERUWLRQ�VWLJPD�LV�D�E\�SURGXFW�RI�DQ�LQWHUFRQQHFWHG�ZHE�RI�WKH�DERUWLRQ
SURFHVV��OHJDOLW\��DFFHVV��DQG�WKH�KHDOWK�V\VWHP��7R�DYRLG�QHJDWLYH�KHDOWK�RXWFRPHV��FRXQWULHV�VKRXOG
QRW�RQO\�SULRULWL]H�DFFHVV�WR�TXDOLW\��FRPSUHKHQVLYH��DQG�ZRPDQ�FHQWHUHG�DERUWLRQ�FDUH�EXW�DOVR
LQYHVW�LQ�GLVPDQWOLQJ�WKH�V\VWHPLF�VWUXFWXUHV�RI�VWLJPD�
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(DUO\�'HWHFWLRQ�RI�+HDOWK�5HODWHG�6RFLDO�1HHGV�'XULQJ�3UHJQDQF\�8VLQJ�5RXWLQHO\
&ROOHFWHG�'DWD�-HVVLFD�*MRQDM
�5XQKDQ�&KHQ��$OH[DQGHU�$]DQ��5DGKLND�*RUH��0LQ�:X��%ULWD�5R\�
5XPL�&KXQDUD�

%DFNJURXQG��+HDOWK�UHODWHG�VRFLDO�QHHGV��+561V��GXULQJ�SUHJQDQF\�DUH�DVVRFLDWHG�ZLWK�DGYHUVH
PDWHUQDO�DQG�LQIDQW�RXWFRPHV��\HW�WKH\�DUH�RIWHQ�LGHQWLILHG�RQO\�DIWHU�QHHGV�HVFDODWH��5RXWLQH
VFUHHQLQJ�FDQ�KHOS�LGHQWLI\�+561V��EXW�LPSOHPHQWLQJ�XQLYHUVDO�VFUHHQLQJ�UHTXLUHV�VXEVWDQWLDO
UHVRXUFHV�DQG�UHVSRQVHV�PD\�EH�LQFRPSOHWH��(DUO\�GHWHFWLRQ�XVLQJ�H[LVWLQJ�FOLQLFDO�GDWD�PD\�HQDEOH
HIILFLHQW�WDUJHWLQJ�RI�VFUHHQLQJ�DQG�UHIHUUDO�LQ�FOLQLFDO�VHWWLQJV�

0HWKRGV��:H�FRQGXFWHG�D�UHWURVSHFWLYH�FRKRUW�VWXG\�XVLQJ�HOHFWURQLF�KHDOWK�UHFRUG�GDWD�IURP������
GHOLYHULHV��-DQ�����y'HF�������DPRQJ�D�SUHGRPLQDQWO\�+LVSDQLF�/DWLQR�VHUYLQJ�REVWHWULF�SRSXODWLRQ
UHFHLYLQJ�FDUH�DW�WKH�)DPLO\�+HDOWK�&HQWHUV�DW�1<8�/DQJRQH��D�)HGHUDOO\�4XDOLILHG�+HDOWK�&HQWHU�
+561V�LQFOXGHG�ILQDQFLDO��IRRG��DQG�KRXVLQJ�LQVHFXULW\��DV�UHSRUWHG�WKURXJK�WKH�$FFRXQWDEOH�+HDOWK
&RPPXQLWLHV�+561�VFUHHQHU�DGPLQLVWHUHG�DW�HDFK�SDWLHQW|V�ILUVW�SUHQDWDO�YLVLW��'HVFULSWLYH�DQDO\VHV
FKDUDFWHUL]HG�WKH�GLVWULEXWLRQ�RI�+561V��3UHGLFWHG�ULVN�ZDV�GHULYHG�IURP�GHPRJUDSKLF�DQG�FOLQLFDO
FKDUDFWHULVWLFV��LQGLYLGXDO�SUHGLFWRUV�DUH�QRW�HPSKDVL]HG�JLYHQ�WKH�PRGHO|V�VFUHHQLQJ�RULHQWHG
GHVLJQ�DQG�OLPLWHG�VSHFLILFLW\��'DWD�ZHUH�VSOLW�UDQGRPO\�������LQWR�WUDLQLQJ�DQG�WHVW�VHWV�DQG�ORJLVWLF
UHJUHVVLRQ��ZLWK�FODVV�ZHLJKWLQJ�GXH�WR�LPEDODQFH��ZDV�XVHG�WR�HVWLPDWH�WKH�SUREDELOLW\�RI�+561V�

5HVXOWV��2YHUDOO�SUHYDOHQFH�RI�+561V�ZDV��������DQG�������RI�WKRVH�SDWLHQWV�UHSRUWHG�PXOWLSOH
QHHGV��2EVHUYHG�+561�LQFLGHQFH�LQFUHDVHG�IURP������LQ�WKH�ORZHVW�SUHGLFWHG�ULVN�GHFLOH�WR
����y������LQ�WKH�WRS�WZR�ULVN�GHFLOHV��3DWLHQWV�LQ�WKHVH�KLJKHVW�ULVN�JURXSV�ZHUH�DSSUR[LPDWHO\
���y����WLPHV�PRUH�OLNHO\�WKDQ�DYHUDJH�WR�H[SHULHQFH�+561V�

,PSOLFDWLRQV��)LQGLQJV�VXJJHVW�URXWLQHO\�FROOHFWHG�GDWD�FDQ�VXSSRUW�HDUO\�GHWHFWLRQ�RI�PDWHUQDO
VRFLDO�ULVN��6XFK�DSSURDFKHV�UHTXLUH�FOLQLFDO�RYHUVLJKW�IRU�UHOLDELOLW\��1H[W�VWHSV�ZLOO�IRFXV�RQ
LPSURYLQJ�PRGHO�SHUIRUPDQFH�DQG�FOLQLFLDQ�SDUWQHUHG�LPSOHPHQWDWLRQ�WR�VXSSRUW�HTXLWDEOH��WUXVWHG
XVH�LQ�SUDFWLFH�
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,GHQWLI\LQJ�2SSRUWXQLWLHV�WR�3URPRWH�WKH�5HSURGXFWLYH�+HDOWK�DQG�*RDOV�RI�)RUPHUO\
,QFDUFHUDWHG�<RXQJ�0HQ�LQ�WKH�8QLWHG�6WDWHV�'\ODQ�%��-DFNVRQ
�'\ODQ�%��-DFNVRQ��,QJLH�2VPDQ�
.ULVWD�3��:RRGZDUG��5HEHFFD�-��6KODIHU��$OH[DQGHU�7HVWD��$ULN�9��0DUFHOO��$OLVRQ�*HPPLOO�

0DVV�LQFDUFHUDWLRQ�LQ�WKH�8QLWHG�6WDWHV��86��LV�D�PHFKDQLVP�RI�VRFLDO�VWUDWLILFDWLRQ�DQG�D�GULYHU�RI
KHDOWK�GLVSDULWLHV��LQFOXGLQJ�DPRQJ�\RXQJ�PHQ��H�J���DJHV��������ZKR�DUH�GLVSURSRUWLRQDWHO\
LPSDFWHG��'HVSLWH�UREXVW�HYLGHQFH�RI�WKH�PHQWDO�DQG�SK\VLFDO�KHDOWK�LPSDFWV�RI�LQFDUFHUDWLRQ�RQ
\RXQJ�PHQ��ZH�NQRZ�YHU\�OLWWOH�DERXW�IRUPHUO\�LQFDUFHUDWHG�\RXQJ�PHQ|V�UHSURGXFWLYH�KHDOWK�
)XUWKHUPRUH��WKH�SROLF\�DQG�SURJUDPPDWLF�OHYHUV�WKDW�PLJKW�RSWLPL]H�WKHLU�UHSURGXFWLYH�KHDOWK�DQG
IDFLOLWDWH�WKHLU�IDPLO\�SODQQLQJ�DQG�IDWKHUKRRG�JRDOV�UHPDLQ�XQFOHDU��7KH�SUHVHQW�VWXG\�DGGUHVVHV
WKLV�UHVHDUFK�JDS�YLD����NH\�LQIRUPDQW�LQWHUYLHZV�ZLWK�SXEOLF�KHDOWK��PHGLFDO��DQG�FULPLQDO�OHJDO
H[SHUWV��UHSUHVHQWLQJ���86�VWDWHV�DQG�WKH�'LVWULFW�RI�&ROXPELD��'&���*XLGHG�E\�%UDXQ�DQG�&ODUNH|V
SURFHVV�RI�WKHPDWLF�DQDO\VLV�DQG�XWLOL]LQJ�DQ�DEGXFWLYH�DSSURDFK��ZH�HPSOR\HG�'HGRRVH�VRIWZDUH�WR
DQDO\]H�WKH�LQWHUYLHZ�GDWD��2YHUDOO��SUHOLPLQDU\�ILQGLQJV�VXJJHVW�IRUPHUO\�LQFDUFHUDWHG�\RXQJ�PHQ|V
UHSURGXFWLYH�KHDOWK�LV�RIWHQ�RYHUORRNHG�DQG�XQGHU�DGGUHVVHG��ZLWK�RWKHU�VRFLDO�DQG�UHLQWHJUDWLRQ
QHHGV�EHLQJ�SHUFHLYHG�DV�PRUH�SUHVVLQJ�DQG��DV�D�UHVXOW��SULRULWL]HG��:KHQ�UHSURGXFWLYH�KHDOWK
QHHGV�DUH�DGGUHVVHG��PRUH�LPPHGLDWH�UHSURGXFWLYH�KHDOWK�FRQFHUQV��H�J���67,�VFUHHQLQJ��WUHDWPHQW�
DQG�ULVN�PLWLJDWLRQ�DUH�HPSKDVL]HG�RYHU�VWUHQJWKV�EDVHG�IDPLO\�SODQQLQJ�VHUYLFHV�DPRQJ�IRUPHUO\
LQFDUFHUDWHG�\RXQJ�PHQ��0RVW�VHUYLFH�SURYLGHUV�UHPDLQ�XQDZDUH�RI�\RXQJ�PHQ|V�FXUUHQW�DQG�IXWXUH
IDPLO\�IRUPDWLRQ�SULRULWLHV��0DQ\�LQWHUYLHZHHV�GLVFXVVHG�WUDXPD�LQIRUPHG�FRXQVHOLQJ��ILQDQFLDO
VWDELOLW\��DQG�KHDOWK\�UHODWLRQVKLS�HGXFDWLRQ�DV�LQWHJUDO�WR�VXSSRUWLQJ�\RXQJ�PHQ|V�UHSURGXFWLYH
GHFLVLRQ�PDNLQJ�DQG�RYHUDOO�IDPLO\�ZHOO�EHLQJ��5HVXOWV�FDQ�KHOS�LQIRUP�WKH�GHYHORSPHQW�RI�WDLORUHG
LQWHUYHQWLRQV�WR�VXSSRUW�WKH�UHSURGXFWLYH�JRDOV��HGXFDWLRQ��DQG�FDUH�RI�IRUPHUO\�LQFDUFHUDWHG�\RXQJ
PHQ��DQG�SURYLGH�FULWLFDO��ILUVW�RI�LWV�NLQG�GDWD�WKDW�FDQ�LQIRUP�D�QDWLRQDO�DJHQGD�IRU�IXUWKHU�UHVHDUFK
FHQWHULQJ�WKLV�QHJOHFWHG�DQG�XQGHUVWXGLHG�JURXS�
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6H[XDO�$VVDXOW�DQG�:RPHQiV�6H[XDO�$XWRQRP\��(YLGHQFH�RI�'LYHUJLQJ�5HFRYHU\�3DWKZD\V
LQ�:HVW�DQG�&HQWUDO�$IULF�0DUJRW�&ORXJK
�1LJHO�-DPHV��'DK\VKDQD�:LOOLDPV��%ULDQQD�2QWDQHGD�
0DJJLH�6OXVDU��-RUGHQ�-DFNVRQ�

6H[XDO�DXWRQRP\�LV�D�FULWLFDO�GHWHUPLQDQW�RI�UHSURGXFWLYH�KHDOWK��+,9�SUHYHQWLRQ��DQG�ZRPHQ|V
DJHQF\�LQ�KHDOWK�GHFLVLRQ�PDNLQJ��DQG�XQHTXDO�SRZHU�ZLWKLQ�UHODWLRQVKLSV�UHPDLQV�DQ�LPSRUWDQW
GULYHU�RI�JHQGHU�EDVHG�KHDOWK�LQHTXLWLHV��<HW�OLWWOH�LV�NQRZQ�DERXW�KRZ�H[SHULHQFHV�RI�VH[XDO
YLROHQFH�VKDSH�ZRPHQ|V�DELOLW\�WR�H[HUFLVH�DXWRQRP\�LQ�LQWLPDWH�UHODWLRQVKLSV�LQ�ORZ��DQG�PLGGOH�
LQFRPH�FRXQWULHV��7KLV�VWXG\�H[DPLQHV�KRZ�VH[XDO�DVVDXOW�LV�DVVRFLDWHG�ZLWK�VH[XDO�DXWRQRP\�DPRQJ
ZRPHQ�LQ�:HVW�DQG�&HQWUDO�$IULFD�DQG�H[SORUHV�ZKHWKHU�VXUYLYRUV�IROORZ�GLVWLQFW�UHFRYHU\
WUDMHFWRULHV�GHSHQGLQJ�RQ�WKH�FKDUDFWHULVWLFV�RI�WKH�DVVDXOW�

:H�XVH�'HPRJUDSKLF�DQG�+HDOWK�6XUYH\��'+6��GDWD�IURP�ILYH�FRXQWULHVz$QJROD��&KDG��1LJHULD�
5ZDQGD��DQG�7RJRzIRFXVLQJ�RQ�ZRPHQ�DJHG���y���ZLWK�LQIRUPDWLRQ�RQ�OLIHWLPH�H[SHULHQFH�RI
VH[XDO�YLROHQFH�DQG�FXUUHQW�UHODWLRQVKLS�G\QDPLFV��6H[XDO�DXWRQRP\�LV�PHDVXUHG�DORQJ�WZR
GLPHQVLRQV��WKH�DELOLW\�WR�UHIXVH�VH[�DQG�WKH�DELOLW\�WR�QHJRWLDWH�FRQGRP�XVH�ZLWK�D�SDUWQHU��/RJLVWLF
UHJUHVVLRQ�PRGHOV�FRPSDUH�DXWRQRP\�RXWFRPHV�EHWZHHQ�ZRPHQ�ZKR�KDYH�DQG�KDYH�QRW
H[SHULHQFHG�VH[XDO�DVVDXOW��$PRQJ�VXUYLYRUV��ODWHQW�FODVV�DQDO\VLV�LGHQWLILHV�SURILOHV�EDVHG�RQ
SHUSHWUDWRU�UHODWLRQVKLS�DQG�WLPLQJ�RI�WKH�DVVDXOW�

7KLV�VWXG\�DGYDQFHV�SRSXODWLRQ�KHDOWK�UHVHDUFK�E\�H[DPLQLQJ�VH[XDO�DXWRQRP\�DV�D�GLPHQVLRQ�RI
SRVW�DVVDXOW�UHFRYHU\�DQG�LGHQWLI\LQJ�KHWHURJHQHRXV�VXUYLYRU�WUDMHFWRULHV�

3UHOLPLQDU\�UHVXOWV�VKRZ�WKDW�VXUYLYRUV�UHSRUW�KLJKHU�DXWRQRP\�LQ�UHIXVLQJ�VH[�FRPSDUHG�ZLWK
ZRPHQ�ZKR�KDYH�QRW�H[SHULHQFHG�DVVDXOW��ZKLOH�VXUYLYRU�VWDWXV�LV�QRW�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK
FRQGRP�QHJRWLDWLRQ��$PRQJ�VXUYLYRUV��WZR�GLVWLQFW�SURILOHV�HPHUJH��UHFHQW�DVVDXOW�E\�D�FXUUHQW
SDUWQHU�DQG�SDVW�DVVDXOW�E\�QRQ�SDUWQHUV��:RPHQ�LQ�WKH�SDVW�DVVDXOW�JURXS�H[KLELW�KLJKHU�DXWRQRP\
LQ�ERWK�UHIXVLQJ�VH[�DQG�QHJRWLDWLQJ�FRQGRP�XVH��ZKHUHDV�WKRVH�H[SHULHQFLQJ�UHFHQW�SDUWQHU
YLROHQFH�VKRZ�ORZHU�FRQGRP�QHJRWLDWLRQ�

7KHVH�ILQGLQJV�VXJJHVW�WKDW�UHFRYHU\�WUDMHFWRULHV�IROORZLQJ�VH[XDO�DVVDXOW�DUH�QRW�XQLIRUP�DQG
KLJKOLJKW�WKH�LPSRUWDQFH�RI�WDLORUHG�VXSSRUW�VWUDWHJLHV�WKDW�DGGUHVV�RQJRLQJ�SDUWQHU�YLROHQFH�ZKLOH
VWUHQJWKHQLQJ�VH[XDO�DXWRQRP\�WR�LPSURYH�UHSURGXFWLYH�KHDOWK�DQG�+,9�SUHYHQWLRQ�RXWFRPHV�
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3RVW�'REEV�$ERUWLRQ�%DQV�DQG�6XEVWDQFH�8VH�7UHDWPHQW�$GPLVVLRQV�$PRQJ�5HSURGXFWLYH�
$JHG�:RPHQ�LQ�WKH�8QLWHG�6WDWHV�������WR������$OD[DQGULD�&UDZIRUG
�$OD[DQGULD�&UDZIRUG�
3DUYDWL�6LQJK�

$ERUWLRQ�EDQV�PD\�LQFUHDVH�UHSURGXFWLYH�XQFHUWDLQW\�DQG�KHLJKWHQ�WKH�SHUFHLYHG�FRQVHTXHQFHV�RI
VXEVWDQFH�XVH�DPRQJ�UHSURGXFWLYH�DJHG�ZRPHQ��ZKLFK�PD\�FRUUHVSRQG�ZLWK�JUHDWHU�WUHDWPHQW�
VHHNLQJ�WKURXJK�ULVN�PDQDJHPHQW�EHKDYLRUV��:H�H[DPLQHG�ZKHWKHU�WKH�8�6��6XSUHPH
&RXUW|V�'REEV�Y��-DFNVRQ�:RPHQ|V�+HDOWK�2UJDQL]DWLRQ�GHFLVLRQ�LQIOXHQFHG�VXEVWDQFH�XVH�WUHDWPHQW
DGPLVVLRQV�DPRQJ�UHSURGXFWLYH�DJHG�ZRPHQ�LQ�WKH�8QLWHG�6WDWHV�

:H�GHILQHG�RXU�H[SRVXUH�DV�WKH�VWDWH�\HDU�WLPLQJ�RI�D�WRWDO�RU�VL[�ZHHN�DERUWLRQ�EDQ�IURP������WR
������7UHDWHG�VWDWHV�FRPSULVHG����VWDWHV�WKDW�LPSOHPHQWHG�D�EDQ�GXULQJ�WKH�VWXG\�SHULRG��DOO�RWKHU
VWDWHV�VHUYHG�DV�FRQWUROV��EDQ�LQGLFDWRU�FRGHG���LI�WUHDWHG����RWKHUZLVH���7KH�RXWFRPH�ZDV�VWDWH�\HDU
UDWHV�RI�VXEVWDQFH�XVH�WUHDWPHQW�DGPLVVLRQV�DPRQJ�ZRPHQ�DQG�PHQ�DJHG�������\HDUV��SHU��������
SRSXODWLRQ��IURP�WKH�7UHDWPHQW�(SLVRGH�'DWD�6HW��$GPLVVLRQV��7('6�$���D�FHQVXV�RI�DGPLVVLRQV�WR
VWDWH�IXQGHG�WUHDWPHQW�IDFLOLWLHV��:H�FRQGXFWHG�GLIIHUHQFH�LQ�GLIIHUHQFHV�DQDO\VHV�ZLWK�WZR�ZD\�IL[HG
HIIHFWV�DQG�VWDWH�VSHFLILF�OLQHDU�WLPH�WUHQGV��7KH�LQWHUDFWLRQ�EHWZHHQ�DERUWLRQ�EDQ�VWDWXV��UHIHUHQW� 
SUH�EDQ�SHULRG��DQG�VH[��UHIHUHQW� �PDOH��VHUYHG�DV�WKH�FRHIILFLHQW�RI�LQWHUHVW��$QDO\VHV�ZHUH
FRQGXFWHG�RYHUDOO�DQG�VWUDWLILHG�E\�UDFH�DQG�DJH�JURXS�

5HVXOWV��SRVW�FRQILUPDWLRQ�RI�SUHWUHDWPHQW�SDUDOOHO�WUHQGV��IDLO�WR�UHMHFW�WKH�QXOO�LQ�WKH�RYHUDOO
DQDO\VLV��+RZHYHU��UDFH�VWUDWLILHG�PRGHOV�LQGLFDWHG�D�SURQRXQFHG�LQFUHDVH�LQ�WUHDWPHQW�DGPLVVLRQV
DPRQJ�%ODFN�ZRPHQ�IROORZLQJ�DERUWLRQ�EDQV��FRHI ���������S���������UHODWLYH�WR�%ODFN�PHQ��
IROORZHG�E\�:KLWH�ZRPHQ��FRHI ���������S���������ZLWK�QXOO�ILQGLQJV�IRU�RWKHU�UDFLDO�JURXSV��$JH�
VWUDWLILHG�DQDO\VHV�VKRZHG�D�PRGHVW�LQFUHDVH�DPRQJ�\RXQJHU�LQGLYLGXDOV��������\HDUV��FRHI ��������
S ��������DQG�QR�FKDQJHV�DPRQJ�ROGHU�DJH�JURXSV�

7KHVH�ILQGLQJV�VXJJHVW�WKDW�SRVW�'REEV�DERUWLRQ�EDQV�PD\�KDYH�LQFUHDVHG�VXEVWDQFH�XVH�WUHDWPHQW
XWLOL]DWLRQ�DPRQJ�UHSURGXFWLYH�DJHG�ZRPHQ��ZLWK�KHWHURJHQHRXV�HIIHFWV�DFURVV�UDFLDO�DQG�DJH
JURXSV�
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7KH�$VVRFLDWLRQ�EHWZHHQ�$GROHVFHQW�6H[XDO�DQG�5HSURGXFWLYH�+HDOWK�6WLJPD�DQG
3V\FKRORJLFDO�'LVWUHVV�DPRQJ�$GROHVFHQWV�DQG�<RXQJ�$GXOWV�LQ�:HVWHUQ�.HQ\D�$ELJDLO�/HH

$ELJDLO�/HH��1HPD�$OXNX��&DURO\QH�0DEH\D��:LOOLDP�6WRU\�

%DFNJURXQG��.HQ\DQ�\RXWK�DUH�VH[XDOO\�DFWLYH�DQG�H[SHULHQFH�FKDOOHQJLQJ�RXWFRPHV�OLNH�\RXQJ
SUHJQDQF\�DQG�+,9��7KH\�DOVR�H[SHULHQFH�KLJK�UDWHV�RI�SV\FKRORJLFDO�GLVWUHVV��GLVWUHVV���ZKLFK�LV
LQIOXHQFHG�E\�VWLJPD�UHODWHG�WR�DGROHVFHQW�VH[XDO�DQG�UHSURGXFWLYH�KHDOWK��$65+���7KLV�VWXG\
GHVFULEHV�WKH�DVVRFLDWLRQ�EHWZHHQ�$65+�VWLJPD�DQG�GLVWUHVV�DPRQJ�\RXWK�LQ�ZHVWHUQ�.HQ\D�

0HWKRGV��,Q�������������XQPDUULHG�\RXWK�DJHV�������FRPSOHWHG�D�VXUYH\�LQ�.DNDPHJD�DQG�8DVLQ
*LVKX�FRXQWLHV��)DFWRU�DQDO\VHV�RI�VWLJPD�LWHPV�LGHQWLILHG�OD\�VWLJPDWL]LQJ�DWWLWXGHV��JLUOV�DQG�ER\V�
DQG�HQDFWHG�VWLJPD��JLUOV�DQG�ER\V��DV�IRXU�VWLJPD�IDFWRUV��0XOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ�DQDO\VHV
ZHUH�FRQGXFWHG��UHJUHVVLQJ�DOO�VWLJPD�IDFWRUV�RQ�GLVWUHVV��7KH�PRGHUDWLQJ�HIIHFWV�RI�JHQGHU�DQG
SUHYLRXV�VH[XDO�EHKDYLRU�ZHUH�DGGLWLRQDOO\�DVVHVVHG�XVLQJ�VWUDWLILFDWLRQ�DQG�LQWHUDFWLRQ�

5HVXOWV��$PRQJ�DOO�\RXWK��DIWHU�FRQWUROOLQJ�IRU�FRYDULDWHV��DQ�LQFUHDVH�RI�OD\�VWLJPDWL]LQJ�DWWLWXGHV
WRZDUGV�JLUOV�ZDV�DVVRFLDWHG�ZLWK�UHGXFHG�RGGV�RI�GLVWUHVV��$25 ������S���������ZKLOH�LQFUHDVHG
OD\�VWLJPDWL]LQJ�DWWLWXGHV�WRZDUGV�ER\V�ZDV�DVVRFLDWHG�ZLWK�LQFUHDVHG�RGGV�RI�GLVWUHVV��$25 �����
S��������*HQGHU�VWUDWLILHG�DQDO\VHV�GHPRQVWUDWHG�WKDW�LQFUHDVHG�OD\�VWLJPDWL]LQJ�DWWLWXGHV�WRZDUGV
JLUOV�ZDV�DVVRFLDWHG�ZLWK�UHGXFHG�RGGV�RI�GLVWUHVV�IRU�JLUOV��$25 ������S��������,QWHUDFWLRQV
EHWZHHQ�JLUOV|�VWLJPD�IDFWRUV�DQG�SUHYLRXV�VH[XDO�EHKDYLRU�GHPRQVWUDWHG�WKDW�IRU�JLUOV�ZKR�KDYH�QRW
KDG�VH[��KROGLQJ�PRUH�VWLJPDWL]LQJ�DWWLWXGHV�ZDV�DVVRFLDWHG�ZLWK�D�ORZHU�SUREDELOLW\�RI�GLVWUHVV�
ZKLOH�WKH�SUREDELOLW\�RI�GLVWUHVV�LQFUHDVHG��RU�GLG�QRW�FKDQJH��ZLWK�PRUH�VWLJPDWL]LQJ�DWWLWXGHV�IRU
JLUOV�ZKR�KDG�SUHYLRXVO\�KDG�VH[�

&RQFOXVLRQV��2XU�GDWD�VKRZ�DVVRFLDWLRQV�EHWZHHQ�$65+�VWLJPD�DQG�GLVWUHVV��ZLWK�GLIIHUHQFHV�E\
JHQGHU�DQG�SUHYLRXV�VH[XDO�EHKDYLRU��7KHVH�ILQGLQJV�VXJJHVW�WKH�LPSRUWDQFH�RI�GHFRQVWUXFWLQJ
VWLJPD�WR�LPSURYH�KHDOWK��ZKLOH�UHFRJQL]LQJ�WKDW�KROGLQJ�VWLJPDWL]LQJ�DWWLWXGHV�LV�D�SRZHUIXO�SRVLWLRQ
WKDW�PD\�EHQHILW�VRPH�SHRSOH�
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&RQWUDFHSWLYH�$FFHVV�DQG�5HSURGXFWLYH�-XVWLFH��(YDOXDWLQJ�3HQQV\OYDQLDiV�3ROLF\
/DQGVFDSH�LQ�D�3RVW�5RH�(UD�5HMRLFH�2ELRUD
�5HMRLFH�2ELRUD��*LGHRQ�1ZDQNZR��-RDQQD�0LVKWDO�

$LP��7KLV�SROLF\�DQDO\VLV�H[DPLQHV�FRQWUDFHSWLYH�FRYHUDJH�LQ�3HQQV\OYDQLD�ZLWKLQ�WKH�FRQWH[W�RI�WKH
$IIRUGDEOH�&DUH�$FW�DQG�WKH�VKLIWLQJ�UHSURGXFWLYH�SROLF\�HQYLURQPHQW�IROORZLQJ�'REEV�Y��-DFNVRQ
:RPHQ|V�+HDOWK�2UJDQL]DWLRQ��7KH�VWXG\�HYDOXDWHV�KRZ�IHGHUDO�DQG�VWDWH�SROLFLHV�VKDSH
FRQWUDFHSWLYH�DFFHVV�LQ�3HQQV\OYDQLD��LGHQWLILHV�OHJDO�DQG�VWUXFWXUDO�JDSV�WKDW�OLPLW�HTXLWDEOH�DFFHVV�
DQG�DVVHVVHV�WKH�H[WHQW�WR�ZKLFK�WKH�VWDWH|V�FXUUHQW�SROLF\�IUDPHZRUN�SURWHFWV�UHSURGXFWLYH
DXWRQRP\�
0HWKRG��7KLV�VWXG\�HPSOR\V�D�TXDOLWDWLYH�SROLF\�DQDO\VLV�RI�IHGHUDO�DQG�VWDWH�OHJLVODWLRQ��FRXUW
GHFLVLRQV��DGPLQLVWUDWLYH�UXOHV��DQG�SROLF\�UHSRUWV�UHODWHG�WR�FRQWUDFHSWLYH�FRYHUDJH��7KH�DQDO\VLV
IRFXVHV�RQ�LPSOHPHQWDWLRQ�RI�WKH�$&$�FRQWUDFHSWLYH�PDQGDWH�DQG�NH\�OHJDO�GHFLVLRQV�LQFOXGLQJ
%XUZHOO�Y��+REE\�/REE\�6WRUHV��,QF��DQG�/LWWOH�6LVWHUV�RI�WKH�3RRU�6DLQWV�3HWHU�DQG�3DXO�+RPH�Y�
3HQQV\OYDQLD��$�FRPSDUDWLYH�SROLF\�UHYLHZ�ZDV�DOVR�FRQGXFWHG�WR�H[DPLQH�9HUPRQW|V�VWDWH�OHYHO
FRQWUDFHSWLYH�SURWHFWLRQV�DV�D�PRGHO�IRU�SROLF\�VWUHQJWKHQLQJ�
)LQGLQJV��7KH�$&$�VLJQLILFDQWO\�H[SDQGHG�FRQWUDFHSWLYH�DFFHVV�E\�HOLPLQDWLQJ�FRVW�VKDULQJ�DQG
H[SDQGLQJ�0HGLFDLG�FRYHUDJH��+RZHYHU��LPSRUWDQW�JDSV�SHUVLVW�LQ�3HQQV\OYDQLD��7KH�VWDWH�ODFNV
VWDWXWRU\�SURWHFWLRQV�JXDUDQWHHLQJ�QR�FRVW�FRQWUDFHSWLYH�FRYHUDJH��OHDYLQJ�DFFHVV�YXOQHUDEOH�WR
IHGHUDO�SROLF\�FKDQJHV�DQG�HPSOR\HU�EDVHG�UHOLJLRXV�H[HPSWLRQV��$GGLWLRQDO�EDUULHUV�LQFOXGH
LQVXUDQFH�DGPLQLVWUDWLYH�UHTXLUHPHQWV��XQHYHQ�KRVSLWDO�LPSOHPHQWDWLRQ�RI�SRVWSDUWXP�FRQWUDFHSWLYH
VHUYLFHV��DQG�SKDUPDF\�VKRUWDJHV�LQ�UXUDO�DUHDV��7KHVH�EDUULHUV�GLVSURSRUWLRQDWHO\�DIIHFW�ORZ�LQFRPH
SRSXODWLRQV��UXUDO�UHVLGHQWV��DQG�PDUJLQDOL]HG�FRPPXQLWLHV�
&RQFOXVLRQ��'HVSLWH�JDLQV�XQGHU�WKH�$&$��3HQQV\OYDQLD|V�UHOLDQFH�RQ�IHGHUDO�SURWHFWLRQV�FUHDWHV
SROLF\�IUDJLOLW\�LQ�WKH�SRVW�'REEV�HUD��6WUHQJWKHQLQJ�VWDWH�OHYHO�VWDWXWRU\�SURWHFWLRQV�DQG�H[SDQGLQJ
DFFHVV�SDWKZD\V�DUH�FULWLFDO�WR�HQVXULQJ�VWDEOH�DQG�HTXLWDEOH�FRQWUDFHSWLYH�DFFHVV�
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6RFLDO�HJJ�IUHH]LQJ��$Q�H[SUHVVLRQ�RI�UHSURGXFWLYH�DXWRQRP\�RU�D�UHVSRQVH�WR�VWUXFWXUDO
LQHTXLWLHV�5HMRLFH�2ELRUD
�5HMRLFH�2ELRUD��*LGHRQ�1ZDQNZR�

7KH�JURZLQJ�WUHQG�RI�VRFLDO�HJJ�IUHH]LQJ�KDV�VSDUNHG�H[WHQVLYH�GHEDWH�DERXW�ZKHWKHU�LW�UHSUHVHQWV
DQ�H[SDQVLRQ�RI�ZRPHQ|V�UHSURGXFWLYH�DXWRQRP\�RU�D�UHDFWLRQ�WR�SHUVLVWHQW�VWUXFWXUDO�LQHTXLWLHV�WKDW
FRQVWUDLQ�UHSURGXFWLYH�DJHQF\��:KLOH�PDUNHWHG�DV�D�WHFKQRORJ\�WKDW�HPSRZHUV�ZRPHQ�WR�}SDXVH~
WKHLU�ELRORJLFDO�FORFN�DQG�KDUPRQL]H�FDUHHU�DQG�IDPLO\�DVSLUDWLRQV��VRFLDO�HJJ�IUHH]LQJ�H[LVWV�ZLWKLQ�D
EURDGHU�FRQWH[W�RI�JHQGHUHG��VRFLDO��DQG�HFRQRPLF�V\VWHPV�WKDW�VKDSH�UHSURGXFWLYH�GHFLVLRQ�PDNLQJ�
7KLV�SDSHU�FULWLFDOO\�H[DPLQHV�VRFLDO�HJJ�IUHH]LQJ�WKURXJK�WKH�OHQV�RI�%ODFN�IHPLQLVW�WKHRU\��ZKLFK
IRUHJURXQGV�WKH�LQWHUSOD\�EHWZHHQ�VWUXFWXUH��SRZHU��DQG�DJHQF\�LQ�ZRPHQ|V�OLYHG�H[SHULHQFHV�
'UDZLQJ�RQ�HWKLFDO�IUDPHZRUNV�DQG�HPSLULFDO�OLWHUDWXUH��WKH�SDSHU�LQYHVWLJDWHV�KRZ�LQVWLWXWLRQDO
DUUDQJHPHQWV�VXFK�DV�OLPLWHG�PDWHUQLW\�DQG�SDUHQWDO�OHDYH��ODFN�RI�DIIRUGDEOH�FKLOGFDUH��DQG
ZRUNSODFH�FXOWXUHV�WKDW�SHQDOL]H�PRWKHUKRRG�SURGXFH�FRQGLWLRQV�WKDW�PDNH�HJJ�IUHH]LQJ�DSSHDU�DV
DQ�LQGLYLGXDO�VROXWLRQ�WR�V\VWHPLF�SUREOHPV��)XUWKHUPRUH��LW�H[SORUHV�KRZ�VWUXFWXUDO�LQHTXLWLHV�
LQFOXGLQJ�FODVV��UDFH��DQG�JHQGHU�GLVSDULWLHV��UHVWULFW�HTXLWDEOH�DFFHVV�WR�WKLV�WHFKQRORJ\�DQG�REVFXUH
GHHSHU�VRFLDO�MXVWLFH�TXHVWLRQV��%\�VLWXDWLQJ�VRFLDO�HJJ�IUHH]LQJ�ZLWKLQ�WKHVH�LQWHUVHFWLQJ�V\VWHPV�RI
LQHTXDOLW\��WKLV�SDSHU�DUJXHV�WKDW�UDWKHU�WKDQ�EHLQJ�D�SXUH�H[SUHVVLRQ�RI�UHSURGXFWLYH�DXWRQRP\��WKH
SUDFWLFH�RIWHQ�UHIOHFWV�ZRPHQ|V�DGDSWLYH�UHVSRQVH�WR�LQHTXLWDEOH�VWUXFWXUHV�WKDW�FRPPRGLI\�IHUWLOLW\
DQG�UHSURGXFH�VRFLDO�KLHUDUFKLHV��8OWLPDWHO\��WKLV�DQDO\VLV�FDOOV�IRU�D�UHLPDJLQLQJ�RI�UHSURGXFWLYH
DXWRQRP\�EH\RQG�WHFKQRORJLFDO�VROXWLRQV�WRZDUG�SROLFLHV�DQG�VRFLDO�DUUDQJHPHQWV�WKDW�JHQXLQHO\
VXSSRUW�UHSURGXFWLYH�MXVWLFH�DQG�HTXLWDEOH�FKRLFH�
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3UHVHQW�GD\�DQG�)XWXUH�:LOGILUH�7KUHDWV�WR�8QLWHG�6WDWHV�1HRQDWDO�,QWHQVLYH�&DUH�8QLWV
-RDQ�&DVH\
�-RDQ�&DVH\��0DWKLGD�1JDPVLULSRO��$PDQGD�*DVVHWW��.ULVWLQ�'DUZLQ��$OH[DQGHU�1RUWKURS�
-RHO�.DXIPDQ��7LP�%UXFNQHU��$OLVRQ�*HPPLOO��$OLVRQ�6WROWH��1LFROH�(UUHWW��5DOSK�&DWDODQR�

2EMHFWLYH��&KDUDFWHUL]H�KLVWRULFDO�DQG�IXWXUH�ZLOGILUH�ULVNV�DW�SUHVHQW�GD\�8�6��1,&8V�DQG�HVWLPDWH
WUDQVSRUW�GLVWDQFHV�EHWZHHQ�1,&8V�LQ�WKH�HYHQW�RI�D�ZLOGILUH�LQGXFHG�1,&8�HYDFXDWLRQ�

0HWKRGV��$OO�8�6��1,&8�ORFDWLRQV�ZHUH�JHRFRGHG�IURP�WKH������1HRQDWRORJ\�6ROXWLRQV�'LUHFWRU\�
:LOGILUH�ULVN�ZDV�TXDQWLILHG�DW�HDFK�1,&8�DV�WKH�QXPEHU�RI�KLVWRULFDO������y������ZLOGILUHV�ZLWKLQ
��NP��WKH������DQG�������SURMHFWHG��.HHWFKy%\UDP�'URXJKW�,QGH[��.%',���DQG�����y�����DQG
����y������SURMHFWHG��ZLOGILUH�ILQH�SDUWLFXODWH�PDWWHU��30�����FRQFHQWUDWLRQV��7UDQVSRUW�GLVWDQFHV
IURP�WKH�VHQGLQJ�1,&8�WR�1,&8V�RI�WKH�VDPH�OHYHO�RU�KLJKHU�ZHUH�FDOFXODWHG�XQGHU�PXOWLSOH
RFFXSDQF\�VFHQDULRV��6RFLDO�9XOQHUDELOLW\�,QGH[��69,��VFRUHV�LQ������ZHUH�OLQNHG�WR�1,&8V�

5HVXOWV��������������OHYHO�,,��������������OHYHO�,,,��DQG�������������OHYHO�,9�1,&8V�ZHUH�LQFOXGHG�
ZLWK�����ORFDWHG�LQ�FHQVXV�WUDFWV�LQ�WKH�KLJKHVW�69,�TXDUWLOH��%HWZHHQ�����y�����������������
1,&8V�KDG�D�ZLOGILUH�ZLWKLQ���NP�LQ����\HDUV��PHGLDQ�.%',�ZDV������LQ��������DQG������������
1,&8V�H[SHULHQFHG�DYHUDJH�ZLOGILUH�30����H[FHHGLQJ���eJ�P���8QGHU�FOLPDWH�PLG�FHQWXU\
VFHQDULRV��ZLOGILUH�30����FRQFHQWUDWLRQV�ZLOO�LQFUHDVH�WKH�PRVW�DW�1,&8V�LQ�:DVKLQJWRQ������eJ�P��
DQG�0RQWDQD�DQG�2UHJRQ������eJ�P����,Q�WKH�HYHQW�RI�D�ZLOGILUH�LQLWLDWHG�HYDFXDWLRQ��PHGLDQ
WUDQVSRUW�GLVWDQFHV�WR�VDPH��RU�KLJKHU�OHYHO�FDUH�YDULHG�E\�1,&8�OHYHO�����NP�IRU�OHYHO�,,�����NP�IRU
OHYHO�,,,��DQG�����NP�IRU�OHYHO�,9��XQGHU������VHQGLQJ�DQG�����UHFHLYLQJ�RFFXSDQF\��/HYHO�,9�1,&8V
ZLWK�WKH�JUHDWHVW�KLVWRULFDO�ZLOGILUH�H[SRVXUH�KDG�WKH�ORQJHVW�HYDFXDWLRQ�WUDQVSRUW�GLVWDQFHV�
H[FHHGLQJ�����NP�

&RQFOXVLRQ��:LOGILUH�ULVN�IRU�8�6��1,&8V�LV�D�SUHVHQW�DQG�JURZLQJ�WKUHDW��ZLWK�JHRJUDSKLF
H[SDQVLRQ�SURMHFWHG�EH\RQG�WKH�:HVW�E\�PLG�FHQWXU\��6RFLDO�YXOQHUDELOLW\�DQG�OHYHO�,9�1,&8�VFDUFLW\
FRPSRXQG�HYDFXDWLRQ�EXUGHQ��XQGHUVFRULQJ�WKH�QHHG�IRU�D�WLHUHG��HTXLW\�LQIRUPHG�DSSURDFK�WR
ZLOGILUH�SUHSDUHGQHVV�
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([DPLQLQJ�WKH�,QIOXHQFH�RI�'RPDLQV�RI�7UXVW�LQ�'HFLVLRQ�0DNLQJ�3RLQWV�IRU�+,9�3UHYHQWLRQ
DQG�&DUH�$PRQJ�5DFLDO�DQG�6H[XDO�0LQRULWL]HG�,QGLYLGXDOV�$QDQ\D�%KDNWDUDP
�$QDQ\D
%KDNWDUDP��=RH�+HQGULFNVRQ��/DXUHQ�'D\WRQ��&DUO�/DWNLQ�

%DFNJURXQG��3UHYLRXV�VWXGLHV�KDYH�VKRZQ�WKDW�VRFLDO��H�J���VRFLDO�QHWZRUNV��LQWHUSHUVRQDO
UHODWLRQVKLSV���VWUXFWXUDO��H�J���VWLJPD��GLVFULPLQDWLRQ��WUDQVSRUWDWLRQ�DFFHVV���DQG�FRQWH[WXDO�IDFWRUV
�H�J���QHLJKERUKRRG�HQYLURQPHQWV��LQIOXHQFH�FDUH�VHHNLQJ�GHFLVLRQ�PDNLQJ�IRU�PXOWLSO\�PDUJLQDOL]HG
LQGLYLGXDOV��0DQ\�VWXGLHV�KDYH�H[DPLQHG�WKH�UROH�RI�PHGLFDO�RU�LQVWLWXWLRQDO�GLVWUXVW�DV�D�FRQWULEXWRU
WR�XQGHUXWLOL]DWLRQ�RI�VHUYLFHV�E\�PDUJLQDOL]HG�SRSXODWLRQV��7UXVW�LV�D�PXOWL�GLPHQVLRQDO�FRQVWUXFW�
EXW�IHZ�VWXGLHV�KDYH�H[DPLQHG�KRZ�GLIIHUHQW�GRPDLQV�RI�WUXVW��H�J���LQWHUSHUVRQDO��LQVWLWXWLRQDO�
JHQHUDOL]HG�WUXVW��DQG�FDOFXODWLYH�WUXVW��PD\�LQWHUDFW�WR�FRQWULEXWH�WR�GLVSDULWLHV�LQ�+,9�SUHYHQWLRQ
DQG�FDUH�

0HWKRGV��%HWZHHQ�0DUFK������DQG�0DUFK����������LQWHJUDWHG�PDSSLQJ�LQWHUYLHZV��,0,V��ZHUH
FRQGXFWHG�ZLWK�UDFLDOO\�DQG�VH[XDOO\�PLQRULWL]HG�PHQ�LQ�%DOWLPRUH��0'��,0,V�SURGXFHG�SDUWLFLSDQW�
GUDZQ�YLVXDO�PDSV�FRQQHFWHG�WR�ULFK�TXDOLWDWLYH�GHVFULSWLRQV��\LHOGLQJ�JHRVSDWLDO�GDWD�RQ�ZKHUH
SDUWLFLSDQWV�VRXJKW�FDUH�DQG�TXDOLWDWLYH�GHVFULSWLRQV�RI�WKHLU�H[SHULHQFHV�DQG�DWWLWXGHV�WRZDUG
GLIIHUHQW�KHDOWK�FDUH�RUJDQL]DWLRQV��(PHUJHQW�WKHPHV�ZHUH�DQDO\]HG�XVLQJ�D�WKHPDWLF�DSSURDFK�

5HVXOWV��0DQ\�SDUWLFLSDQWV�GLVFXVVHG�WKDW�SULYDF\�FRQFHUQV��LQVWLWXWLRQDO�DQG�VRFLDO�RU�FRPPXQLW\
PLVWUXVW��PHDQW�WKDW�ZKLOH�DFFHVV�WR�VHUYLFHV�UHPDLQHG�LPSRUWDQW��SHRSOH�GLG�QRW�QHFHVVDULO\�ZDQW
VHUYLFHV�WR�EH�ORFDWHG�ZLWKLQ�WKHLU�QHLJKERUKRRGV��3DUWLFLSDQWV�ZKR�UHSRUWHG�SUHYLRXV�QHJDWLYH
H[SHULHQFHV�ZLWK�SULPDU\�FDUH�SURYLGHUV��LQWHUSHUVRQDO�GLVWUXVW��ZHUH�PRUH�OLNHO\�WR�SULRULWL]H
SDWLHQW�SK\VLFLDQ�FRQFRUGDQFH�HYHQ�LI�LW�PHDQW�WUDYHOLQJ�JUHDWHU�GLVWDQFHV��$GGLWLRQDOO\��SDUWLFLSDQWV
GLVFXVVHG�KRZ�LQWHUVHFWLRQDO�IRUPV�RI�VWLJPD�LPSDFWHG�GLIIHUHQW�GRPDLQV�RI�WUXVW�DQG�LQIOXHQFHG
GHFLVLRQV�WR�HQJDJH�LQ�+,9�SUHYHQWLRQ�

&RQFOXVLRQ��)XWXUH�UHVHDUFK�VKRXOG�H[DPLQH�WKH�GHFLVLRQ�PDNLQJ�FDVFDGH�RI�KRZ�PXOWLSO\
PDUJLQDOL]HG�LQGLYLGXDOV�HQJDJH�LQ�+,9�SUHYHQWLRQ�DQG�FDUH�
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7KH�(IIHFWV�RI�D�6H[XDO�DQG�5HSURGXFWLYH�+HDOWK�,QWHUYHQWLRQ�RQ�$GROHVFHQW�3DUHQW
&RPPXQLFDWLRQ�LQ�:HVWHUQ�.HQ\D�:LOOLDP�7��6WRU\
�:LOOLDP�6WRU\��1HPD�&�0��$OXNX��$ELJDLO�$�
/HH��6\OYLD�$\LHNR�

%DFNJURXQG��<RXWK�LQ�ZHVWHUQ�.HQ\D�IDFH�KLJK�UDWHV�RI�XQLQWHQGHG�SUHJQDQF\�DQG�+,9��\HW
DGROHVFHQW�SDUHQW�FRPPXQLFDWLRQ�DERXW�VH[XDO�DQG�UHSURGXFWLYH�KHDOWK��65+��UHPDLQV�GLIILFXOW�IRU
PDQ\�IDPLOLHV��7KLV�VWXG\�DVVHVVHV�FKDQJHV�LQ�65+�FRPPXQLFDWLRQ�DFURVV�PXOWLSOH�WRSLFV�IROORZLQJ
LPSOHPHQWDWLRQ�RI�6WHSSLQJ�8S���DQ�HYLGHQFHxEDVHG�LQWHUYHQWLRQ�GHVLJQHG�WR�VWUHQJWKHQ�SDUHQWV|
DQG�DGROHVFHQWV|�65+�NQRZOHGJH�DQG�FRPPXQLFDWLRQ�VNLOOV�

0HWKRGV��7KH�6WHSSLQJ�8S��LQWHUYHQWLRQ�ZDV�LPSOHPHQWHG�IURP�1RYHPEHU������WR�0DUFK������LQ
���YLOODJHV�LQ�ZHVWHUQ�.HQ\D��ZLWK����UDQGRPL]HG�WR�WKH�LQWHUYHQWLRQ�JURXS�DQG����WR�WKH
FRPSDULVRQ�JURXS��$�WRWDO�RI�������\RXWK�DQG�����SDUHQWV�FRPSOHWHG�EDVHOLQH�VXUYH\V��DQG������
\RXWK�DQG�����SDUHQWV�FRPSOHWHG�IROORZxXS�VXUYH\V�RQH�PRQWK�SRVWxLQWHUYHQWLRQ��6XUYH\V�DVVHVVHG
DGROHVFHQW�SDUHQW�FRPPXQLFDWLRQ�DFURVV����65+�WRSLFV��,QWHUYHQWLRQ�HIIHFWV�ZHUH�HVWLPDWHG�E\
FRPSDULQJ�FKDQJHV�RYHU�WLPH�EHWZHHQ�LQWHUYHQWLRQ�DQG�FRPSDULVRQ�JURXSV��LQFOXGLQJ�VWUDWLILFDWLRQ
E\�VH[�

5HVXOWV��<RXWK�DQG�SDUHQWV�LQ�WKH�LQWHUYHQWLRQ�JURXS�VKRZHG�VLJQLILFDQWO\�JUHDWHU�JDLQV�LQ�65+
FRPPXQLFDWLRQ�WKDQ�WKRVH�LQ�WKH�FRPSDULVRQ�JURXS��ZLWK�\RXWK�PHDQ�VFRUHV�LQFUHDVLQJ�E\�����
YHUVXV�������S��������UHVSHFWLYHO\��DQG�SDUHQWV�LQFUHDVLQJ�E\������YHUVXV�������S�������
UHVSHFWLYHO\��7KH�LQWHUYHQWLRQ�PRVW�LPSURYHG�FRPPXQLFDWLRQ�RQ�IDPLO\�SODQQLQJ��VH[XDO�GHEXW��DQG
FRQGRP�XVH��ZKLOH�GLVFXVVLRQV�DERXW�SHHU�SUHVVXUH�DQG�+,9�67,V�VKRZHG�PLQLPDO�FKDQJH��(IIHFWV
ZHUH�JHQHUDOO\�VWURQJHU�DPRQJ�PDOHV��ZLWK�PDOH�\RXWK�DQG�PDOH�SDUHQWV�VKRZLQJ�JUHDWHU
VWDWLVWLFDOO\�VLJQLILFDQW�LPSURYHPHQWV�DFURVV�VHYHUDO�65+�WRSLFV�FRPSDUHG�ZLWK�IHPDOHV�

&RQFOXVLRQV��7KLV�VWXG\�GHPRQVWUDWHG�WKDW�D�VWUXFWXUHG�LQWHUYHQWLRQ�FDQ�PHDQLQJIXOO\�VWUHQJWKHQ
DGROHVFHQW�SDUHQW�FRPPXQLFDWLRQ�DFURVV�PXOWLSOH�65+�WRSLFV��DOLJQLQJ�ZLWK�SULRU�HYLGHQFH�VKRZLQJ
WKDW�DGROHVFHQWV�YLHZ�SDUHQWV�DV�WUXVWHG�65+�LQIRUPDWLRQ�VRXUFHV��)XWXUH�UHVHDUFK�VKRXOG�HPSOR\
FRKRUW�GHVLJQV�WR�HYDOXDWH�KRZ�LPSURYHG�FRPPXQLFDWLRQ�LQIOXHQFHV�65+�EHKDYLRUV�
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$VVRFLDWLRQV�RI�3UREOHPDWLF�,QWHUQHW�DQG�6RFLDO�0HGLD�8VH�RQ�8QKHDOWK\�:HLJKW�&RQWURO
%HKDYLRUV�LQ�:DVKLQJWRQ�6WDWH�$GROHVFHQWV�(LOHHQ�5LOODPDV�6XQ
�(LOHHQ�5LOODPDV�6XQ��0HJDQ
6XWHU��&KHOVHD�2OVRQ��0HJDQ�0RUHQR��0DD\DQ�6LPFNHV�

%DFNJURXQG��<RXWK�DUH�H[SRVHG�WR�LQWHUQHW�DQG�VRFLDO�PHGLD�FRQWHQW�WKDW�SURPRWH�LGHDOL]HG�ERG\
VWDQGDUGV��ZKLFK�PD\�LQIOXHQFH�ZHLJKW�FRQWURO�PRWLYDWLRQ��:H�H[DPLQHG�ZKHWKHU�ULVN�RI�SUREOHPDWLF
LQWHUQHW�XVH��3,8��DQG�IUHTXHQF\�RI�VFUHHQ�WLPH�DQG�VRFLDO�PHGLD�XVH�ZHUH�DVVRFLDWHG�ZLWK
XQKHDOWK\�ZHLJKW�FRQWURO�EHKDYLRUV��8:&%V��LQ�:DVKLQJWRQ�6WDWH�DGROHVFHQWV�

0HWKRGV��'DWD�ZHUH�IURP�WKH������:DVKLQJWRQ�+HDOWK\�<RXWK�6XUYH\��D�VFKRRO�EDVHG�VXUYH\�IRU
DGROHVFHQWV��6WXGHQWV�LQ�JUDGH��������DQG����UHSRUWHG�WKHLU�SDUWLFLSDWLRQ�LQ���H[HUFLVH�UHODWHG�DQG��
HDWLQJ�UHODWHG�EHKDYLRUV�WR�ORVH�RU�PDLQWDLQ�WKHLU�ZHLJKW�LQ�WKH�SDVW�\HDU��5LVN�RI�3,8�ZDV�IURP�WKH
��LWHP�3UREOHPDWLF�DQG�5LVN\�,QWHUQHW�8VH�6FUHHQLQJ�6FDOH��35,866�����IUHTXHQF\�RI�VFUHHQ�WLPH
�KRXUV�VFKRRO�GD\��DQG�VRFLDO�PHGLD�XVH��WLPHV�SHU�ZHHN��GD\��RU�KRXU��ZDV�VHOI�UHSRUWHG��:HLJKWHG
SUHYDOHQFH�DQG�����FRQILGHQFH�LQWHUYDOV��&,��RI�3,8��VFUHHQ�WLPH��DQG�VRFLDO�PHGLD�XVH�RQ�8:&%V
ZHUH�H[DPLQHG�XVLQJ�PRGLILHG�3RLVVRQ�UHJUHVVLRQ��DGMXVWLQJ�IRU�VH[��JUDGH��DQG�UDFH�HWKQLFLW\�

5HVXOWV��$�WRWDO�������\RXWK������IHPDOH������QRQ�+LVSDQLF�:KLWH��KDG�ZHLJKW�FRQWURO�EHKDYLRU
GDWD��2I�WKHVH��������KDG�35,866���GDWD�DQG�������KDG�VFUHHQ�WLPH�DQG�VRFLDO�PHGLD�GDWD��<RXWK�DW
ULVN�IRU�3,8�ZHUH����������&,�����������WLPHV�OLNHO\�WR�UHSRUW�DQ\�8:&%V�WKDQ�WKRVH�QRW�DW�ULVN�
<RXWK�ZKR�XVHG�VFUHHQV����KRXUV�VFKRRO�GD\�FRPSDUHG�WR�QR�VFUHHQ�XVH�ZHUH����������&,����������
WLPHV�OLNHO\�WR�UHSRUW�DQ\�8:&%V��3UHYDOHQFH�RI�DQ\�ZHLJKW�FRQWURO�EHKDYLRU�LQFUHDVHG�DV�IUHTXHQF\
RI�VRFLDO�PHGLD�XVH�LQFUHDVHG��&RPSDUHG�WR�QRQ�XVHUV��SUHYDOHQFH�ZDV����������&,�����������DQG���
�����&,�����������KLJKHU�IRU�\RXWK�XVLQJ�VRFLDO�PHGLD����WLPH�GD\�DQG����WLPH�KRXU��UHVSHFWLYHO\�

&RQFOXVLRQV��8:&%V�LQ�\RXWK�PD\�EH�H[DFHUEDWHG�E\�SUREOHPDWLF�LQWHUQHW�DQG�VRFLDO�PHGLD�XVH�
+HDOWK�DQG�SROLF\�LQWHUYHQWLRQV�DLPHG�DW�DGGUHVVLQJ�DGROHVFHQW�LQWHUQHW�XVH�DQG�UHGXFLQJ�H[SRVXUH
WR�KDUPIXO�VRFLDO�PHGLD�PHVVDJLQJ�PD\�KHOS�ORZHU�WKH�EXUGHQ�RI�8:&%V�LQ�DGROHVFHQWV�
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$VVRFLDWLRQV�EHWZHHQ�5HOLJLRXV�&RPPXQLW\�6WUHVVRUV�ZLWK�'HSUHVVLYH�6\PSWRPV�DQG�6RFLDO
1HWZRUNV�LQ�WKH�6WXG\�RQ�6WUHVV��6SLULWXDOLW\��DQG�+HDOWK�1DKHHG�$KPHG
�1DKHHG�$KPHG�
$VKOLQ�5DNKUD��+D\OH\�%HOOL��(ULFD�:DUQHU��6KHOOH\�&ROH��$��+HDWKHU�(OLDVVHQ��1DPUDWKD�.DQGXOD�
$OND�.DQD\D��1DGLD�,VODP��$OH[DQGUD�6KHLOGV�

,QWURGXFWLRQ

:KLOH�UHOLJLRQ�LV�DVVRFLDWHG�ZLWK�SRVLWLYH�SK\VLFDO�DQG�PHQWDO�KHDOWK��IDFHWV�RI�UHOLJLRXV�HQJDJHPHQW
DUH�SRWHQWLDOO\�GHWULPHQWDO�WR�RYHUDOO�ZHOO�EHLQJ��ZKLFK�KDYH�EHHQ�OHVV�VWXGLHG��7KLV�VWXG\�H[DPLQHG
DVVRFLDWLRQV�EHWZHHQ�UHOLJLRXV�FRPPXQLW\�VWUHVVRUV�DQG�SV\FKRVRFLDO�PHDVXUHV�XVLQJ�EDVHOLQH�GDWD
IURP�WKUHH�FRKRUW�VWXGLHV�WKDW�SDUWLFLSDWHG�LQ�WKH�6WXG\�RQ�6WUHVV��6SLULWXDOLW\��DQG�+HDOWK�

0HWKRGV

&URVV�VHFWLRQDO�VHOI�UHSRUWHG�GDWD�IURP�WKH����0HGLDWRUV�RI�$WKHURVFOHURVLV�LQ�6RXWK�$VLDQV�/LYLQJ�LQ
$PHULFD��0$6$/$���1 ���������1XUVHV|�+HDOWK�6WXG\�,,��1+6,,���1 ��������DQG����6WURQJ�+HDUW
6WXG\��6+6���1 �����ZHUH�DQDO\]HG�WR�LGHQWLI\�DVVRFLDWLRQV�EHWZHHQ�UHOLJLRXV�VWUHVVRUV��QHJOHFWHG
E\�UHOLJLRXV�FRPPXQLW\�RU�FULWLFLVP�IURP�UHOLJLRXV�FRPPXQLW\��DQG�GHSUHVVLYH�V\PSWRPV��ZLWK�VRFLDO
QHWZRUN�VL]H�DV�D�SRWHQWLDO�PHGLDWRU��'DWD�ZHUH�DQDO\]HG�XVLQJ�VWUXFWXUDO�HTXDWLRQ�PRGHOLQJ�LQ
0SOXV���DQG�VLJQLILFDQFH�VHW�DW�S�����

5HVXOWV

7KH�0$6$/$�VWXG\�RQO\�LQFOXGHG�6RXWK�$VLDQV��1+6,,�SDUWLFLSDQWV�ZHUH�����:KLWH��DQG�6+6
SDUWLFLSDQWV�ZHUH�����$PHULFDQ�,QGLDQV��5HOLJLRXV�QHJOHFW�DQG�FULWLFLVP�KDG�SRVLWLYH�GLUHFW
DVVRFLDWLRQV�ZLWK�GHSUHVVLYH�V\PSWRPV�LQ�WKH�0$6$/$��u�����u�����DQG�1+6,,��u������u������FRKRUWV�
5HOLJLRXV�QHJOHFW�KDG�QHJDWLYH�GLUHFW�DVVRFLDWLRQV�ZLWK�VRFLDO�QHWZRUN�VL]H�>0$6$/$��u��������1+6,,�
u��������6+6��u������@�DQG�LQGLUHFW�QHJDWLYH�DVVRFLDWLRQV�ZLWK�GHSUHVVLYH�V\PSWRPV�YLD�VRFLDO
QHWZRUN�VL]H�>1+6,,��u��������6+6��u������@��5HOLJLRXV�FULWLFLVP�KDG�QHJDWLYH�LQGLUHFW�DVVRFLDWLRQV
ZLWK�GHSUHVVLYH�V\PSWRPV�YLD�VRFLDO�QHWZRUN�VL]H�>0$6$/$��u��������1+6,,�u��������6+6��u��������

'LVFXVVLRQ�&RQFOXVLRQ

7KHVH�ILQGLQJV�H[SDQG�RXU�XQGHUVWDQGLQJ�RI�UHOLJLRXV�JURXS�EDVHG�VWUHVVRUV�DQG�OLQNV�ZLWK
SV\FKRVRFLDO�KHDOWK��WKHUHE\�SURYLGLQJ�SRWHQWLDO�LQWHUYHQWLRQ�SRLQWV�WR�EROVWHU�WKH�KHDOWK�DQG�ZHOO�
EHLQJ��5HOLJLRXV�JURXSV�FDQ�EH�VLJQLILFDQW�VRXUFHV�RI�VXSSRUW��ZKLFK�LQ�WXUQ�FDQ�FRQWULEXWH�WR
LPSURYHG�KHDOWK�RXWFRPHV��EXW�RQO\�LI�PHPEHUV�IHHO�ZHOFRPHG�DQG�DFFHSWHG��3RVLWLYH�UHOLJLRXV
JURXS�UHODWLRQVKLSV�FDQ�EH�IDFLOLWDWHG�E\�UHVHDUFK�RQ�ZKDW�IDFWRUV�FRQWULEXWH�WR�EHORQJLQJ�DQG
DFFHSWDQFH��DQG�VXSSRUW�IRU�LQGLYLGXDOV�VHHNLQJ�UHOLJLRXV�RU�VSLULWXDO�FRPPXQLWLHV�

�
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7KH�UHODWLRQVKLS�EHWZHHQ�LQGLYLGXDO�LQGLFDWRUV�RI�VRFLRHFRQRPLF�VWDWXV�DQG�FRPPXQLW\�
OHYHO�VRFLDO�GHWHUPLQDQWV�RI�KHDOWK�DV�SUHGLFWRUV�RI�REVWHWULF�LQWHUYHQWLRQV��D�PXOWL�OHYHO
LQWHUVHFWLRQDO�ODWHQW�FODVV�DQDO\VLV�5HJDQ�0RVV
�5HJDQ�0RVV��'RYLOH�9LOGD��(OL]DEHWK�6XWWRQ�
.HOOL�+DOO�

%DFNJURXQG��2EVWHWULF�LQWHUYHQWLRQV��LQFOXGLQJ�LQGXFWLRQ�RI�ODERU��,2/��DQG�FHVDUHDQ�GHOLYHU\��DUH
LQFUHDVLQJO\�FRPPRQ�LQ�WKH�8QLWHG�6WDWHV��HYHQ�DPRQJ�ORZ�ULVN�SUHJQDQFLHV��:KLOH�FOLQLFDO�IDFWRUV
H[SODLQ�VRPH�RI�WKLV�YDULDWLRQ��QRQ�FOLQLFDO�GHWHUPLQDQWV�VXFK�DV�LQGLYLGXDO�VRFLRHFRQRPLF
FKDUDFWHULVWLFV�DQG�FRPPXQLW\�OHYHO�FRQGLWLRQV��DUH�XQGHUH[DPLQHG��:H�DSSO\�D�PXOWL�OHYHO
LQWHUVHFWLRQDO�IUDPHZRUN�WR�LGHQWLI\�KRZ�FRPELQHG�VRFLDO�DQG�VWUXFWXUDO�H[SRVXUHV�SUHGLFW�REVWHWULF
LQWHUYHQWLRQ�XVH�LQ�/RXLVLDQD��

�

0HWKRGV��:H�ZLOO�FRQGXFW�D�FURVV�VHFWLRQDO�DQDO\VLV�RI�KRVSLWDO�UHFRUGV�GDWD�RQ�VLQJOHWRQ�OLYH�ELUWKV
LQ�/RXLVLDQD�IURP������������8VLQJ�ODWHQW�FODVV�DQDO\VLV��ZH�ZLOO�LGHQWLI\�ODWHQW�FODVVHV�RI�FRPELQHG
LQGLYLGXDO���H�J���HGXFDWLRQ�OHYHO��HPSOR\PHQW�VWDWXV��SULPDU\�LQVXUDQFH��LQVXUDQFH�W\SH��DQG
FRPPXQLW\�OHYHO��H�J���GLVWDQFH�WR�FDUH��SHUFHQW�RI�SRSXODWLRQ�WKDW�LV�XQLQVXUHG��PHGLDQ�JURVV�UHQW�
SRSXODWLRQ�GHQVLW\��SHUFHQWDJH�RI�KRXVLQJ�XQLWV�YDFDQW��VRFLDO�YXOQHUDELOLW\�LQGH[��PLQRULW\�VRFLDO
YXOQHUDELOLW\�LQGH[��VHJUHJDWLRQ�LQGH[��VRFLDO�GHWHUPLQDQWV�RI�KHDOWK�DQG�HVWLPDWH�WKHLU�DVVRFLDWLRQ
ZLWK�LQGXFWLRQ�RI�ODERU�DQG�FHVDUHDQ�GHOLYHU\��FRQWUROOLQJ�IRU�FOLQLFDO�LQGLFDWLRQV�DQG�REVWHWULF
KLVWRU\��

�

5HVXOWV��3UHOLPLQDU\�DQDO\VHV�LQGLFDWH�WKDW�DPRQJ�������GHOLYHULHV���������RI�WKH�IXOO�VDPSOH�ZDV
%ODFN�DQG��������ZHUH�:KLWH���������ZDV�FROOHJH�HGXFDWHG��������ZHUH�KLJK�VFKRRO�HGXFDWHG�
�������ZDV�HPSOR\HG�IXOO�WLPH�DQG��������ZHUH�QRW�HPSOR\HG���������ZHUH�LQVXUHG�WKURXJK
0HGLFDLG�DQG�������WKURXJK�SULYDWH�LQVXUHUV���

�

'LVFXVVLRQ��8VLQJ�DQ�LQWHUVHFWLRQDO�PXOWLOHYHO�DSSURDFK��WKLV�VWXG\�H[DPLQHV�KRZ�RYHUODSSLQJ
VRFLDO�DQG�VWUXFWXUDO�H[SRVXUHV�FRQWULEXWH�WR�REVWHWULF�LQWHUYHQWLRQ�XVH�EH\RQG�ZKDW�FOLQLFDO�IDFWRUV
DORQH�H[SODLQ��)LQGLQJV�DUH�H[SHFWHG�WR�LOOXPLQDWH�VWUXFWXUDO�DQG�LQVWLWXWLRQDO�GULYHUV�RI�PHGLFDOL]HG
ELUWK��ZLWK�LPSOLFDWLRQV�IRU�PDWHUQLW\�FDUH�SROLF\�DQG�IXWXUH�UHVHDUFK�RQ�QRQ�FOLQLFDO�FRQWULEXWRUV�WR
ULVLQJ�LQWHUYHQWLRQ�UDWHV�LQ�WKH�86���
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$OWHUQDWLYH�ILQDQFLDO�VHUYLFHV�DQG�VHOI�UDWHG�PHQWDO�KHDOWK�LQ�8�6��DGXOWV��$�SURSHQVLW\
VFRUH�DQDO\VLV�6LFRQJ�}6XPPHU~�6XQ
�6LFRQJ�}6XPPHU~�6XQ��<XDQ\XDQ�<DQJ��1LVKL�.KRGDULD�
6HEDVWLDQ�3RODFNDO��1DRPL�=HZGH�

%DFNJURXQG��'HEW�LV�D�VRFLDO�GHWHUPLQDQW�RI�KHDOWK��EXW�OHVV�LV�NQRZQ�DERXW�KRZ�XVH�RI�DOWHUQDWLYH
ILQDQFLDO�VHUYLFHV��$)6���LQFOXGLQJ�SD\GD\�ORDQV��DXWR�WLWOH�ORDQV��DQG�SDZQVKRSV��UHODWHV�WR�PHQWDO
KHDOWK��:H�H[DPLQHG�ZKHWKHU�$)6�XVH�LV�DVVRFLDWHG�ZLWK�SRRUHU�VHOI�UDWHG�PHQWDO�KHDOWK�DPRQJ�8�6�
DGXOWV�
0HWKRGV��:H�DQDO\]HG�GDWD�IURP�WKH������)LQDQFLDO�+HDOWK�3XOVH�6XUYH\��1 ���������$)6�XVH�ZDV
GHILQHG�DV�DQ\�XVH�RI�SD\GD\��DXWR�WLWOH��RU�SDZQVKRS�OHQGLQJ�LQ�WKH�SDVW����PRQWKV��7KH�RXWFRPH
ZDV�VHOI�UDWHG�PHQWDO�KHDOWK��7R�UHGXFH�FRQIRXQGLQJ��ZH�XVHG�SURSHQVLW\�VFRUH�PDWFKLQJ�WR�EDODQFH
VRFLRGHPRJUDSKLF�DQG�ILQDQFLDO�FKDUDFWHULVWLFV�EHWZHHQ�$)6�XVHUV�DQG�QRQ�XVHUV��:H�WKHQ
HVWLPDWHG�DGMXVWHG�DVVRFLDWLRQV�XVLQJ�RUGHUHG�ORJLVWLF�UHJUHVVLRQ�LQ�WKH�PDWFKHG�VDPSOH�
5HVXOWV��1HDUHVW�QHLJKERU�PDWFKLQJ�LPSURYHG�FRYDULDWH�EDODQFH��1�$)6�XVHUV� ������1�QRQ�XVHUV
 �������,Q�WKH�PDWFKHG�VDPSOH��$)6�XVH�ZDV�DVVRFLDWHG�ZLWK�SRRUHU�VHOI�UDWHG�PHQWDO�KHDOWK��25� 
������S����������ZLWK�ORZHU�SUHGLFWHG�SUREDELOLWLHV�RI�H[FHOOHQW����������DQG�YHU\�JRRG���������
PHQWDO�KHDOWK�DQG�KLJKHU�SUHGLFWHG�SUREDELOLWLHV�RI�JRRG����������IDLU����������DQG�SRRU��������
PHQWDO�KHDOWK��)LQGLQJV�ZHUH�FRQVLVWHQW�DFURVV�VRFLRGHPRJUDSKLF�VXEJURXSV�
&RQFOXVLRQV��$)6�LV�VWURQJO\�DVVRFLDWHG�ZLWK�SRRUHU�VHOI�UDWHG�PHQWDO�KHDOWK��HYHQ�DIWHU�EDODQFLQJ
REVHUYHG�FRQIRXQGHUV��$)6�UHOLDQFH�PD\�DFW�DV�D�SRSXODWLRQ�OHYHO�PHQWDO�KHDOWK�ULVN�IDFWRU�
,QWHJUDWLQJ�ILQDQFLDO�FDSDELOLW\�VFUHHQLQJ��UHIHUUDOV��DQG�DVVLVWDQFH�LQWR�FOLQLFDO�DQG�FRPPXQLW\
VHWWLQJV��LQFOXGLQJ�PHGLFDO�ILQDQFLDO�SDUWQHUVKLSV��PD\�KHOS�UHGXFH�PHQWDO�KHDOWK�ULVNV�OLQNHG�WR
KLJK�FRVW�GHEW�
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6XEVLGL]HG�+RXVLQJ�DQG�$GROHVFHQW�2XWFRPHV��'HFLVLRQ�0DNLQJ�3DWKZD\V�/LQNLQJ
5HVLGHQWLDO�6WDELOLW\�WR�5LVN�%HKDYLRUV�DQG�$FDGHPLF�3HUIRUPDQFH�1LFROH�+DLU
�1LFROH�+DLU�
%DUEDUD�:ROIH��6HWK�3ROODN�

+RXVLQJ�SROLF\�LV�D�VWUXFWXUDO�GHWHUPLQDQW�RI�SRSXODWLRQ�KHDOWK��\HW�OLWWOH�LV�NQRZQ�DERXW�WKH
GHYHORSPHQWDO�SDWKZD\V�WKURXJK�ZKLFK�UHVLGHQWLDO�VWDELOLW\�PD\�VKDSH�\RXWK�RXWFRPHV��:H�H[DPLQH
ZKHWKHU�8�6��'HSDUWPHQW�RI�+RXVLQJ�DQG�8UEDQ�'HYHORSPHQW��+8'��VXEVLGL]HG�KRXVLQJ�SURJUDPV�
LQFOXGLQJ�SXEOLF�KRXVLQJ�DQG�YRXFKHUV��DUH�DVVRFLDWHG�ZLWK�DGROHVFHQW�ULVN�EHKDYLRUV�DQG�DFDGHPLF
SHUIRUPDQFH��DQG�ZKHWKHU�GHFLVLRQ�PDNLQJ�UHSUHVHQWV�D�SRWHQWLDO�SDWKZD\�OLQNLQJ�UHVLGHQWLDO
VWDELOLW\�WR�WKHVH�GRPDLQV�

:H�DQDO\]H�GDWD�IURP�����DGROHVFHQWV��DJHV��������LQ�'DQH�&RXQW\��:,��UHFUXLWHG�WKURXJK�ORFDO
KRXVLQJ�DXWKRULWLHV�DQG�VFKRROV��$�TXDVL�H[SHULPHQWDO�GHVLJQ�FRPSDUHV�\RXWK�ZKRVH�IDPLOLHV
UHFHLYHG�KRXVLQJ�DVVLVWDQFH�WKURXJK�D�ORWWHU\�SURFHVV�WR�LQFRPH�HOLJLEOH�SHHUV�ZLWKRXW�VXEVLGL]HG
KRXVLQJ�DQG�WR�KLJKHU�LQFRPH�DGROHVFHQWV�LQ�WKH�VDPH�FRPPXQLWLHV��3DUWLFLSDQWV�FRPSOHWHG
FRJQLWLYH�WDVNV�WLHG�WR�GHFLVLRQ�PDNLQJ��LQFOXGLQJ�PHDVXUHV�RI�UHZDUG�SURFHVVLQJ��ULVN�WDNLQJ��DQG
LPSXOVLYLW\��DQG�D�TXHVWLRQQDLUH�DVVHVVLQJ�KHDOWK�ULVN�EHKDYLRUV�DGDSWHG�IURP�&'&|V�<5%66��'DWD
ZHUH�OLQNHG�WR�DGPLQLVWUDWLYH�UHFRUGV�RI�VFKRRO�DWWHQGDQFH�DQG�VWDQGDUGL]HG�WHVW�VFRUHV�

3UHOLPLQDU\�DQDO\VHV�VKRZ�WKDW�ORZ�LQFRPH�DGROHVFHQWV�UHSRUW�PRUH�ULVN�EHKDYLRUV��KDYH�KLJKHU
DEVHQWHHLVP�DQG�ORZHU�WHVW�VFRUHV��DQG�GHPRQVWUDWH�SRRUHU�GHFLVLRQ�PDNLQJ�WKDQ�KLJKHU�LQFRPH
SHHUV��&RPSDULVRQV�EHWZHHQ�\RXWK�LQ�VXEVLGL]HG�KRXVLQJ�DQG�LQFRPH�HOLJLEOH�SHHUV�DUH�PL[HG�EXW
LQGLFDWH�SRWHQWLDO�EHKDYLRUDO�DQG�FRJQLWLYH�GLIIHUHQFHV��RQJRLQJ�DQDO\VHV�ZLOO�IXUWKHU�FODULI\�WKHVH
FRQWUDVWV�

)LQGLQJV�KLJKOLJKW�VRFLRHFRQRPLF�JUDGLHQWV�LQ�DGROHVFHQW�RXWFRPHV�DQG�VXJJHVW�WKDW�GHFLVLRQ�
PDNLQJ�PD\�UHSUHVHQW�RQH�SDWKZD\�FRQWULEXWLQJ�WR�WKHVH�GLVSDULWLHV�GXULQJ�DGROHVFHQFH��,I
FRQILUPHG��GLIIHUHQFHV�EHWZHHQ�\RXWK�LQ�VXEVLGL]HG�KRXVLQJ�DQG�LQFRPH�HOLJLEOH�SHHUV�ZRXOG
VXJJHVW�WKDW�UHVLGHQWLDO�VWDELOLW\�PD\�DWWHQXDWH�REVHUYHG�VRFLRHFRQRPLF�GLVSDULWLHV��ZLWK�GHFLVLRQ�
PDNLQJ�DV�RQH�SRWHQWLDO�SDWKZD\�
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)RVWHULQJ�%HORQJLQJ�	�&LYLF�0XVFOH�DV�D�9LWDO�&RQGLWLRQ��$�&RPPXQLW\�/HG�%ODFN�+HDOWK
(TXLW\�,QLWLDWLYH�LQ�$OOHQWRZQ��3$�$LND�$OXF
�$LND�$OXF��+DVVKDQ�%DWWV��)DWKLPD�:DNHHO�
1\DPEXUD�0EXJXD�'DLVOH\��&DUPHQ�%HOO��.DWDUDK�-RUGDQ�

7KH�$OOHQWRZQ�&RPPXQLW\�%ODFN�+HDOWK�(TXLW\�3URMHFW�LV�D�SODFH�EDVHG��FRPPXQLW\�OHG�LQLWLDWLYH
GHVLJQHG�WR�DGYDQFH�KHDOWK�HTXLW\�E\�VWUHQJWKHQLQJ�WKH�YLWDO�FRQGLWLRQV�IRU�WKULYLQJ�ZLWKLQ
$OOHQWRZQ|V�%ODFN�FRPPXQLW\��*URXQGHG�LQ�WKH�9LWDO�&RQGLWLRQV�IRU�+HDOWK�DQG�(TXLW\�IUDPHZRUN�
WKH�SURMHFW�FHQWHUV�%HORQJLQJ�DQG�&LYLF�0XVFOH�DV�ERWK�D�IRXQGDWLRQDO�FRQGLWLRQ�IRU�KHDOWK�DQG�D
SUDFWLFDO�FDSDFLW\�WKDW�HQDEOHV�SURJUHVV�DFURVV�RWKHU�GRPDLQV��LQFOXGLQJ�KXPDQH�KRXVLQJ�
PHDQLQJIXO�ZRUN��OLIHORQJ�OHDUQLQJ��EDVLF�QHHGV��DQG�HQYLURQPHQWDO�VDIHW\�

/HG�E\�3URPLVH�1HLJKERUKRRGV�RI�WKH�/HKLJK�9DOOH\�LQ�SDUWQHUVKLS�ZLWK�IDLWK�DQG�DFDGHPLF
LQVWLWXWLRQV�DQG�FRPPXQLW\�RUJDQL]DWLRQV��WKH�LQLWLDWLYH�LQWHJUDWHV�SDUWLFLSDWRU\�UHVHDUFK�
FRPPXQLW\�JRYHUQDQFH��VWRU\WHOOLQJ��DQG�SROLF\�DGYRFDF\��$�NH\�SURMHFW�PLOHVWRQH�LV�FRPPXQLW\
FRQYHQLQJV�GHVLJQHG�WR�VXUIDFH�FRPPXQLW\�GHILQHG�SULRULWLHV��VWUHQJWKHQ�FURVV�VHFWRU�UHODWLRQVKLSV�
DQG�HQJDJH�DOOLHV�LQ�VKDUHG�DFFRXQWDELOLW\�DQG�V\VWHPV�FKDQJH�

7KLV�SUHVHQWDWLRQ�GHVFULEHV�WKH�SURMHFW|V�GHVLJQ��LPSOHPHQWDWLRQ�VWUDWHJ\��DQG�HDUO\�OHVVRQV��ZLWK
SDUWLFXODU�DWWHQWLRQ�WR�KRZ�EHORQJLQJ�DQG�FLYLF�SDUWLFLSDWLRQ�DUH�RSHUDWLRQDOL]HG�WKURXJK�FRPPXQLW\
HQJDJHPHQW��QDUUDWLYH�SUDFWLFHV��DQG�FROODERUDWLYH�LQIUDVWUXFWXUH��'UDZLQJ�RQ�TXDOLWDWLYH�LQVLJKWV�
WKH�FDVH�VWXG\�KLJKOLJKWV�FKDOOHQJHV��DGDSWDWLRQV��DQG�RSSRUWXQLWLHV�IRU�VXVWDLQLQJ�FRPPXQLW\�SRZHU
LQ�PLG�VL]HG�FLWLHV��)LQGLQJV�RIIHU�SUDFWLFDO�JXLGDQFH�IRU�SUDFWLWLRQHUV��SROLF\PDNHUV��DQG�UHVHDUFKHUV
VHHNLQJ�WR�WUDQVODWH�WKH�9LWDO�&RQGLWLRQV�IUDPHZRUN�DQG�UHODWHG�FRPPXQLW\�FHQWHUHG�DSSURDFKHV
LQWR�FRPPXQLW\�GULYHQ�DFWLRQ�
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h'LVWUXVW�-XVW�7ULFNOHV�$OO�WKH�:D\�'RZQi��1DUUDWLYHV�RI�3ROLFH�&RQWDFW�DQG�7UXVW�LQ
*RYHUQPHQW�DPRQJ�%ODFN�DQG�:KLWH�$GXOWV�&DLWOLQ�0F0XUWU\
�&DLWOLQ�0F0XUWU\��0LFKDHO
(VSRVLWR��+DQ�.RHKOH��6LHUUD�&ODUN��&LQWKLD�5RPR�$OED��-i�-XGVRQ�

%ODFN�$PHULFDQV�DUH�VWRSSHG�DQG�NLOOHG�E\�SROLFH�DW�IDU�KLJKHU�UDWHV�WKDQ�WKHLU�ZKLWH�FRXQWHUSDUWV�
EXW�OLWWOH�LV�NQRZQ�DERXW�WKH�FRQVHTXHQFHV�RI�WKLV�GLVSDULW\��HVSHFLDOO\�DV�LW�UHODWHV�WR�WUXVW�LQ
JRYHUQPHQW��:H�SUHVHQW�UHVXOWV�IURP����IRFXV�JURXSV�LQ�0LOZDXNHH�DQG�6W��/RXLV�DPRQJ�%ODFN�DQG
ZKLWH�DGXOWV��3DUWLFLSDQWV�LQ�ERWK�FLWLHV�LGHQWLI\�UHPDUNDEO\�VLPLODU�PHFKDQLVPV�OLQNLQJ�SROLFH
FRQWDFW�WR�LQVWLWXWLRQDO�WUXVW��)RU�H[DPSOH��YLFDULRXV�FRQWDFW�ZLWK�SROLFH�y�SDUWLFXODUO\�WKURXJK�RQH|V
FKLOGUHQ�RU�SDUHQWV�y�DSSHDUV�DV�LQIOXHQWLDO�WR�WUXVW�DV�GLUHFW�SHUVRQDO�FRQWDFW��$GGLWLRQDOO\�
SDUWLFLSDQWV�LGHQWLI\�GHWDLQPHQW�DQG�LQFDUFHUDWLRQ�DV�HTXDOO\�LQIOXHQWLDO�WR�WUXVW�DV�SROLFH�FRQGXFW
VXFK�DV�WUDIILF�VWRSV��:KLOH�WKH�VSDWLDO�UHVROXWLRQ�RI�WUXVW�HURVLRQ�YDULHV��UHVXOWV�LQGLFDWH�LW�H[WHQGV
IDU�EH\RQG�SHUVRQDO�OHYHO�FRQWDFW��ZLWK�VRPH�SDUWLFLSDQWV�HPSKDVL]LQJ�QHLJKERUKRRG�OHYHO�SROLFLQJ
ZKLOH�RWKHUV�UHIHUHQFLQJ�FLW\�ZLGH�SDWWHUQV�RI�UDFLDOL]HG�HQIRUFHPHQW�DQG�LQFDUFHUDWLRQ��)LQDOO\�
SDUWLFLSDQWV|�QDUUDWLYHV�UHYHDO�QXDQFHG�FRQQHFWLRQV�EHWZHHQ�WKHLU�H[SHULHQFHV�ZLWK�DJJUHVVLYH
SROLFLQJ��WKHLU�EURDGHU�YLHZV�RI�JRYHUQPHQW�OHJLWLPDF\��DQG�WKHLU�ZLOOLQJQHVV�WR�SDUWLFLSDWH�LQ�VWDWH�
DGPLQLVWHUHG�SURJUDPV��7KHVH�TXDOLWDWLYH�LQVLJKWV��DQG�RWKHUV��KHOS�WR�LQIRUP�RXU�XQGHUVWDQGLQJ�RI
WKH�IDU�UHDFKLQJ�FRQVHTXHQFHV�RI�VWDWH�YLROHQFH��HVSHFLDOO\�DV�WKH\�UHODWH�WR�WUXVW�DQG�LQIOXHQFH�
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3DUHQWDO�HPSOR\PHQW�SUHFDULW\�DQG�LWV�DVVRFLDWLRQV�WR�DGROHVFHQW�PHQWDO�KHDOWK�DQG
EHKDYLRUV�(PPD�/HDU\
�(PPD�/HDU\��$QLWD�0LQK��6KDELU�6DUZDU\��9DQHVVD�2GGR��$QMXP�+DMDW�
6DUDK�%��$QGUHD�

3UHFDULRXV�HPSOR\PHQW��3(�zFKDUDFWHUL]HG�E\�XQFHUWDLQW\��LQVWDELOLW\��ORZ�ZDJHV��OLPLWHG�EHQHILWV
DQG�VWDWXWRU\�SURWHFWLRQV��DQG�OLPLWHG�EDUJDLQLQJ�SRZHUzKDV�EHFRPH�LQFUHDVLQJO\�FRPPRQ�DPLGVW
JURZLQJ�ODERU�PDUNHW�IOH[LELOLW\��,QFUHDVHV�LQ�3(�DUH�RFFXUULQJ�DORQJVLGH�D�ULVLQJ�JOREDO�EXUGHQ�RI
GHSUHVVLRQ�DQG�DQ[LHW\�DPRQJ�DGROHVFHQWV��3(�LV�NQRZQ�WR�SURGXFH�HFRQRPLF�LQVHFXULW\��SRRU
PHQWDO�KHDOWK��DQG�GLVHDVH�PRUELGLW\�LQ�ZRUNHUV��\HW�OHVV�LV�NQRZQ�DERXW�LWV�LQWHUJHQHUDWLRQDO
LPSDFWV��$GROHVFHQW�KHDOWK�LV�VKDSHG�E\�KRXVHKROG�H[SHULHQFHV�DQG�DFFHVV�WR�QHFHVVLWLHV��3DUHQWDO
3(�GLUHFWO\�LQIOXHQFHV�D�FKLOG|V�DFFHVV�WR�KHDOWK�LQVXUDQFH��PDWHULDO�JRRGV��QHFHVVLWLHV��DQG�TXDOLW\
WLPH�ZLWK�IDPLO\��DQG�LQGLUHFWO\�LQIOXHQFHV�DGROHVFHQW�KHDOWK�WKURXJK�SDUHQWV|�HPRWLRQDO�DQG
SK\VLFDO�ZHOOEHLQJ��([SRVXUH�WR�VXFK�VWUHVVRUV�ERWK�DW�FULWLFDO�SHULRGV�LQ�FKLOGKRRG�DQG�FXPXODWLYHO\
RYHU�WLPH�PD\�KDYH�FRQVHTXHQFHV�IRU�DGROHVFHQW�KHDOWK��8VLQJ�GDWD�IURP�������FKLOGUHQ�DQG�WKHLU
SDUHQWV�SDUWLFLSDWLQJ�LQ�WKH�QDWLRQDOO\�UHSUHVHQWDWLYH�ORQJLWXGLQDO�)XWXUH�RI�)DPLOLHV�DQG�&KLOG
:HOOEHLQJ�6WXG\��ZH�ZLOO�H[SORUH�WKH�UROH�RI�SDUHQWDO�3(�DV�D�PRGLILDEOH�GULYHU�RI�DGROHVFHQW�PHQWDO
KHDOWK�DQG�KHDOWK�EHKDYLRUV��:H�ZLOO�FRQVWUXFW�PXOWLGLPHQVLRQDO�VXPPDWLYH�SDUHQWDO�3(�VFRUHV
XVLQJ�WLPH�YDU\LQJ�SDUHQW�UHSRUWHG�PHDVXUHV�RI�HPSOR\PHQW�VWDELOLW\��LQWHUSHUVRQDO�UHODWLRQV�
PDWHULDO�UHZDUGV��ZRUNHUV|�ULJKWV��ZRUNLQJ�WLPH�DUUDQJHPHQWV��DQG�HPSOR\HH�UHSUHVHQWDWLRQ
FROOHFWHG�DW�FKLOG�DJH������:H�ZLOO�FKDUDFWHUL]H�H[SRVXUH�WR�SDUHQWDO�3(�GXULQJ�FULWLFDO�SHULRGV�DQG
FXPXODWLYHO\�DFFRUGLQJ�WR�NH\�VRFLRGHPRJUDSKLF�IDFWRUV��$VVRFLDWLRQV�EHWZHHQ�SDUHQWDO�3(�DQG
DGROHVFHQW�PHQWDO�KHDOWK��GHSUHVVLRQ��DQ[LHW\��	�EHKDYLRU�RXWFRPHV��VHOI�UHSRUWHG�FLJDUHWWH�
DOFRKRO��PDULMXDQD�XVH��DW�DJH����ZLOO�EH�DVVHVVHG�ZLWK�PXOWLYDULDEOH�UHJUHVVLRQ��%\�VKLIWLQJ
DWWHQWLRQ�WR�WKH�LQWHUJHQHUDWLRQDO�FRQVHTXHQFHV�RI�3(��WKLV�VWXG\�LGHQWLILHV�DFWLRQDEOH�LQVLJKWV�LQWR
PHFKDQLVPV�IRU�HDUO\�KHDOWK�LQWHUYHQWLRQV�
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+LVWRULFDO�%ORFNEXVWLQJ�DQG�&RQWHPSRUDU\�3HULQDWDO�+HDOWK�'LVSDULWLHV�LQ�&DOLIRUQLD
6DPDQWKD�*DLOH\
�6DPDQWKD�*DLOH\��5LFKDUG�6DGOHU�

5DFLDO�DQG�HWKQLF�GLVSDULWLHV�LQ�SHULQDWDO�RXWFRPHV�SHUVLVW�GHVSLWH�HIIRUWV�WR�DGGUHVV�LQGLYLGXDO�OHYHO
ULVN�IDFWRUV��VXJJHVWLQJ�EURDGHU�VWUXFWXUDO�IRUFHV�VKDSH�PDWHUQDO�DQG�LQIDQW�KHDOWK��6FKRODUVKLS�RQ
VWUXFWXUDO�UDFLVP�KDV�IRFXVHG�SUHGRPLQDQWO\�RQ�����V�UHGOLQLQJ��\HW�WKLV�UHSUHVHQWV�RQO\�RQH
FRPSRQHQW�RI�GLVFULPLQDWRU\�KRXVLQJ�SROLFLHV�WKDW�VKDSHG�XUEDQ�LQHTXDOLW\��%ORFNEXVWLQJzUHDO
HVWDWH�SUDFWLFHV�WKDW�LQGXFHG�UDSLG�UDFLDO�WXUQRYHU�LQ�:KLWH�QHLJKERUKRRGV�GXULQJ�WKH�SRVWZDU
SHULRG������Vy����V�zSURIRXQGO\�UHVWUXFWXUHG�$PHULFDQ�FLWLHV�EXW�UHPDLQV�XQGHUVWXGLHG�LQ
SRSXODWLRQ�KHDOWK�UHVHDUFK��%ORFNEXVWLQJ�GHVWDELOL]HG�QHLJKERUKRRGV��UHVXOWLQJ�LQ�SHUVLVWHQW
GLVLQYHVWPHQW�DQG�UHGXFHG�DFFHVV�WR�UHVRXUFHV��ZLWK�SRWHQWLDOO\�HQGXULQJ�LPSDFWV�RQ�SHULQDWDO
LQHTXLWLHV�

:H�H[DPLQHG�ZKHWKHU�UHVLGHQFH�LQ�KLVWRULFDOO\�EORFNEXVWHG�QHLJKERUKRRGV�FRUUHVSRQGV�ZLWK
HOHYDWHG�ULVN�RI�DGYHUVH�SHULQDWDO�RXWFRPHV�DPRQJ�&DOLIRUQLD�ELUWKV�IURP�����y������1 �����������
:H�OLQNHG�ELUWK�UHFRUGV�WR�FHQVXV�WUDFW�OHYHO�PHDVXUHV�RI�UDSLG�PLG�FHQWXU\�UDFLDO�WUDQVLWLRQ�DQG
HVWLPDWHG�RGGV�UDWLRV�XVLQJ�ORJLVWLF�UHJUHVVLRQ�ZLWK�UREXVW�VWDQGDUG�HUURUV��DGMXVWLQJ�IRU�LQGLYLGXDO
VRFLRGHPRJUDSKLF�FKDUDFWHULVWLFV�DQG�FRQWHPSRUDU\�QHLJKERUKRRG�GLVWUHVV�

$SSUR[LPDWHO\����RI�&DOLIRUQLD�PRWKHUV�UHVLGHG�LQ�KLVWRULFDOO\�EORFNEXVWHG�WUDFWV��ZLWK�H[SRVXUH
KLJKHVW�DPRQJ�%ODFN�PRWKHUV��������$IWHU�DGMXVWPHQW��UHVLGHQFH�LQ�EORFNEXVWHG�QHLJKERUKRRGV
FRUUHVSRQGHG�ZLWK�HOHYDWHG�RGGV�RI�ORZ�ELUWKZHLJKW��25 ����������&,������y������DQG�SUHWHUP
ELUWK��25 ����������&,������y�������,QWHUDFWLRQ�PRGHOV�VKRZHG�VWURQJHU�DVVRFLDWLRQV�EHWZHHQ
EORFNEXVWLQJ�DQG�DGYHUVH�ELUWK�RXWFRPHV�DPRQJ�UDFLDOO\�PLQRULWL]HG�PRWKHUV�

7KHVH�ILQGLQJV�H[WHQG�XQGHUVWDQGLQJ�RI�KRZ�PLG���WK�FHQWXU\�GLVFULPLQDWRU\�KRXVLQJ�SUDFWLFHV
FRQWLQXH�WR�VKDSH�SRSXODWLRQ�KHDOWK�LQHTXLWLHV��VXJJHVWLQJ�WKDW�LQWHUYHQWLRQV�DGGUHVVLQJ
FRQWHPSRUDU\�QHLJKERUKRRG�FRQGLWLRQV�LQ�KLVWRULFDOO\�PDUJLQDOL]HG�FRPPXQLWLHV�PD\�UHGXFH
SHULQDWDO�GLVSDULWLHV�DQG�LQIRUP�HTXLWDEOH�SROLF\�
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([DPLQLQJ�WHPSRUDO�WUHQGV�LQ�KRVSLWDO�OHYHO�REVWHWULF�LQWHUYHQWLRQ�UDWHV�LQ�/RXLVLDQD�E\
IXQGLQJ�DQG�WHDFKLQJ�VWDWXV�������������5HJDQ�0RVV
�5HJDQ�0RVV��'RYLOH�9LOGD��.HOOL�+DOO�

%DFNJURXQG��2EVWHWULF�LQWHUYHQWLRQV�VXFK�DV�LQGXFWLRQ�RI�ODERU��,2/��DQG�FHVDUHDQ�GHOLYHU\�DUH
XWLOL]HG�ZLWK�SDWLHQWV�WKDW�DUH�QRW�FOLQLFDOO\�LQGLFDWHG�IRU�QHHGLQJ�LQWHUYHQWLRQV��$V�VXFK��ZKLOH�UDWHV
RI�,2/�DQG�FHVDUHDQ�GHOLYHU\�FRQWLQXH�WR�ULVH�DFURVV�WKH�HQWLUH�ELUWKLQJ�SRSXODWLRQ��PDWHUQDO�DQG
LQIDQW�KHDOWK�RXWFRPHV�KDYH�QRW�GUDVWLFDOO\�LPSURYHG�DFURVV�WKH�ELUWKLQJ�SRSXODWLRQ�LQ�WKH�86�ZULW
ODUJH��:KLOH�SDWLHQW�OHYHO�IDFWRUV�KDYH�EHHQ�H[DPLQHG�ZLWK�UHJDUG�WR�,2/�DQG�FHVDUHDQ�GHOLYHU\
UDWHV��OHVV�LV�NQRZQ�DV�WR�KRZ�KRVSLWDO�OHYHO�IDFWRUV�PD\�FRQWULEXWH�WR�WUHQGV��+RVSLWDO�OHYHO�IDFWRUV�
LQFOXGLQJ�IXQGLQJ�VRXUFH�DQG�WHDFKLQJ�VWDWXV��PD\�DIIHFW�LQWHUYHQWLRQ�UDWHV�DQG�WKHLU�WUDMHFWRULHV
RYHU�WLPH��\HW�UHPDLQ�XQGHUH[DPLQHG�UHODWLYH�WR�SDWLHQW�OHYHO�SUHGLFWRUV��8QGHUVWDQGLQJ�KRZ
LQVWLWXWLRQDO�FRQWH[W�GULYHV�YDULDWLRQ�LQ�LQWHUYHQWLRQ�XVH�LV�FULWLFDO�IRU�LGHQWLI\LQJ�WDUJHWV�IRU�V\VWHP�
OHYHO�FKDQJH��

�

0HWKRGV��:H�ZLOO�FRQGXFW�D�FURVV�VHFWLRQDO�DQDO\VLV�RI�KRVSLWDO�UHFRUGV�GDWD�RQ�VLQJOHWRQ�OLYH�ELUWKV
LQ�/RXLVLDQD�IURP�����������XVLQJ�VWDWHZLGH�YLWDO�UHFRUGV�GDWD��-RLQWSRLQW�UHJUHVVLRQ�DQDO\VLV�ZLOO
EH�XVHG�WR�DVVHVV�WHPSRUDO�WUHQGV�LQ�FHVDUHDQ�GHOLYHU\�DQG�,2/�UDWHV�E\�\HDU��ZLWK�KRVSLWDOV�JURXSHG
E\�IXQGLQJ�VWDWXV��SXEOLF�YV��SULYDWH��DQG�WHDFKLQJ�VWDWXV��7UHQG�DQDO\VHV�ZLOO�EH�FRQGXFWHG�DW�WKH
KRVSLWDO�OHYHO�DPRQJ�IDFLOLWLHV�ZLWK�FRPSOHWH�GDWD�DFURVV�WKH�VWXG\�SHULRG��

�

5HVXOWV��3UHOLPLQDU\�DQDO\VHV�LQGLFDWH�WKDW�DPRQJ�WKH����ELUWKLQJ�KRVSLWDOV�FRYHULQJ��������
ELUWKV��FHVDUHDQ�GHOLYHU\�UDWHV�GHFOLQHG�PRGHVWO\�IURP������WR�������������WR���������ZKLOH�,2/
WUHQGV�LQFUHDVHG�RYHU�WKH�VDPH�SHULRG��6SHFLILFDOO\��,2/�LQFUHDVHG�IURP��������������WR������
��������

�

&RQFOXVLRQV��7KLV�VWXG\�ZLOO�FKDUDFWHUL]H�KRZ�KRVSLWDO�IXQGLQJ�DQG�WHDFKLQJ�VWDWXV�VKDSH�ERWK�WKH
OHYHO�DQG�WUDMHFWRU\�RI�REVWHWULF�LQWHUYHQWLRQ�UDWHV�RYHU�PRUH�WKDQ�D�GHFDGH�LQ�/RXLVLDQD��$QDO\VHV
ZLOO�FRQWULEXWH�WR�HYLGHQFH�RQ�LQVWLWXWLRQDO�GULYHUV�RI�PHGLFDOL]HG�ELUWK�ZLWK�LPSOLFDWLRQV�IRU�KRVSLWDO
DFFRXQWDELOLW\�DQG�TXDOLW\�LPSURYHPHQW�SROLF\��
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0HDVXULQJ�6WUXFWXUDO�&ODVVLVP�DQG�,WV�+HDOWK�&RQVHTXHQFHV�(PLO\�'RUH
�(PLO\�'RUH��3DWULFLD
+RPDQ��0HJDQ�5H\QROGV�

)XQGDPHQWDO�&DXVH�7KHRU\�SRVLWV�WKDW�KHDOWK�GLVSDULWLHV�E\�VRFLRHFRQRPLF�VWDWXV��6(6��SHUVLVW
EHFDXVH�WKH�KLJKHU�6(6�JURXS�KDV�DFFHVV�WR�IOH[LEOH�UHVRXUFHV�WKDW�WKH\�XVH�WR�PDLQWDLQ�WKHLU�KHDOWK�
:KLOH�WKLV�H[SODLQV�ZK\�KLJKHU�6(6�JURXSV�DOZD\V�KDYH�EHWWHU�KHDOWK�UHODWLYH�WR�ORZHU�6(6�JURXSV�
LW�GRHV�QRW�DGGUHVV�ZK\�WKH�KHDOWK�DGYDQWDJH�PD\�EH�ODUJHU�LQ�VRPH�SODFHV�DQG�DW�VRPH�WLPH�SRLQWV
WKDQ�RWKHUV��0HDQZKLOH��UHFHQW�OLWHUDWXUH�RQ�VRFLDO�GHWHUPLQDQWV�RI�KHDOWK�KDV�WXUQHG�WR�VWDWH�OHYHO
VWUXFWXUDO�GHWHUPLQDQWV�WR�H[SODLQ�GRZQVWUHDP�KHDOWK�RXWFRPHV�DQG�GLIIHUHQFHV�LQ�WKH�VL]H�RI�KHDOWK
GLVSDULWLHV�DFURVV�VWDWHV��6RFLDO�FODVV�LV�RQH�D[LV�WKDW�KDV�QRW�\HW�EHHQ�PHDVXUHG�WKLV�ZD\��GHVSLWH�LWV
VWURQJ�UHODWLRQVKLS�WR�KHDOWK��,Q�WKLV�SDSHU��ZH�GHYHORS�WKH�FRQFHSW�RI�VWUXFWXUDO�FODVVLVP�DQG
FRQVWUXFW�D�TXDQWLWDWLYH�LQGH[�WKDW�FDSWXUHV�WKH�GRPDLQV�RI�SROLFLHV��ODERU�IRUFH��HFRQRPLF
LQHTXDOLW\��DQG�SROLWLFV��:H�WKHQ�OLQN�WKLV�LQGH[�WR�LQGLYLGXDO�VHOI�UDWHG�KHDOWK�WR�XQGHUVWDQG�KRZ
VWDWH�OHYHO�VWUXFWXUDO�FODVVLVP�VKDSHV�SRSXODWLRQ�KHDOWK��:H�DUJXH�WKDW�VWUXFWXUDO�FODVVLVP�DIIHFWV
KHDOWK�E\�ILUVW�VWUDWLI\LQJ�WKH�SRSXODWLRQ�LQWR�VRFLDO�FODVVHV�DQG�WKHQ�PRGLI\LQJ�LQGLYLGXDOV|�DELOLW\�WR
XVH�KHDOWK�SURPRWLQJ�UHVRXUFHV�WR�DFKLHYH�JRRG�KHDOWK�EDVHG�RQ�WKHLU�VRFLDO�FODVV��,Q�PXOWLOHYHO
ORJLVWLF�UHJUHVVLRQ�PRGHOV�ZLWK�GDWD�IURP�WKH�%HKDYLRUDO�5LVN�)DFWRU�6XUYHLOODQFH�6\VWHP�LQ�����
�1 ����������ZH�ILQG�WKDW�VWUXFWXUDO�FODVVLVP�ZDV�DVVRFLDWHG�ZLWK�SRRU�KHDOWK�IRU�LQGLYLGXDOV�ZLWK
OHVV�WKDQ�D�FROOHJH�HGXFDWLRQ��25 ���������&,�������������DV�ZHOO�DV�LQGLYLGXDOV�ZKR�JUDGXDWHG
FROOHJH��25 ���������&,��������������7KHVH�UHVXOWV�VXSSRUW�WKH�XQLYHUVDO�KDUP�K\SRWKHVLV�
VXJJHVWLQJ�WKDW�VWUXFWXUDO�FODVVLVP�KDUPV�RYHUDOO�SRSXODWLRQ�KHDOWK�


