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'HPRJUDSK\��9RO������1R�����)HEUXDU\������

&KDQJLQJ�0RUWDOLW\�DQG�0RUELGLW\�5DWHV�DQG�
WKH�+HDOWK�6WDWXV�DQG�/LIH�([SHFWDQF\�RI�WKH�
2OGHU�3RSXODWLRQ
�

(LOHHQ�0��&ULPPLQV�
$QGUXV�*HURQWRORJ\�&HQWHU�
8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD�
/RV�$QJHOHV��&$������������

0DUN�'��+D\ZDUG�
'HSDUWPHQW�RI�6RFLRORJ\�DQG�3RSXODWLRQ�5HVHDUFK�,QVWLWXWH�
7KH�3HQQV\OYDQLD�6WDWH�8QLYHUVLW\�
8QLYHUVLW\�3DUN��3$������������

<DVXKLNR�6DLWR�
$QGUXV�*HURQWRORJ\�&HQWHU�
8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD�
/RV�$QJHOHV��&$������������

7KLV�SDSHU�GHPRQVWUDWHV�WKH�FRQVHTXHQFHV�RI�FKDQJHV�LQ�PRUWDOLW\�DQG�KHDOWK�
WUDQVLWLRQ�UDWHV�IRU�FKDQJHV�LQ�ERWK�KHDOWK�VWDWXV�OLIH�H[SHFWDQF\�DQG�WKH�SUHYDOHQFH�RI�
KHDOWK�SUREOHPV�LQ�WKH�ROGHU�SRSXODWLRQ��$�ILYH�VWDWH�PXOWLVWDWH�OLIH�WDEOH�IRU�WKH�
PLG�����V�SURYLGHV�WKH�EDVHOLQH�IRU�HVWLPDWLQJ�WKH�HIIHFW�RI�GLIIHULQJ�PRUWDOLW\�DQG�
PRUELGLW\�VFKHGXOHV��5HVXOWV�VKRZ�WKDW�LPSURYLQJ�PRUWDOLW\�DORQH�LPSOLHV�LQFUHDVHV�LQ�
ERWK�WKH�\HDUV�DQG�WKH�SURSRUWLRQ�RI�GHSHQGHQW�OLIH��LPSURYLQJ�PRUELGLW\�DORQH�
UHGXFHV�ERWK�WKH�\HDUV�DQG�WKH�SURSRUWLRQ�RI�GHSHQGHQW�OLIH��,PSURYLQJ�PRUWDOLW\�
DORQH�OHDGV�WR�D� KLJKHU�SUHYDOHQFH�RI�GHSHQGHQW�LQGLYLGXDOV�LQ�WKH�OLIH�WDEOH�
SRSXODWLRQ��LPSURYLQJ�PRUELGLW\�DORQH�OHDGV�WR�D�ORZHU�SHUFHQWDJH�RI�LQGLYLGXDOV�ZLWK�
SUREOHPV�LQ�IXQFWLRQLQJ��

7KH�DLP�RI�WKLV�SDSHU�LV�WR�GHPRQVWUDWH�WKH�FRQVHTXHQFHV�RI�FKDQJHV�LQ�PRUWDOLW\�DQG�
PRUELGLW\�UDWHV�IRU�FKDQJHV�LQ�ERWK�KHDOWK�VWDWXV�OLIH�H[SHFWDQF\�DQG�WKH�SUHYDOHQFH�RI�KHDOWK�
SUREOHPV�LQ�WKH�ROGHU�SRSXODWLRQ��'HFOLQHV�LQ�PRUWDOLW\�DW�ROGHU�DJHV�RYHU�WKH�SDVW����\HDUV�
KDYH�EHHQ�TXLWH�UHPDUNDEOH��/HVV�LV�NQRZQ�DERXW�UHFHQW�PRUELGLW\�FKDQJHV�LQ�WKH�ROGHU�
SRSXODWLRQ��DOWKRXJK�PRVW�VWXGLHV�LQGLFDWH�PRGHVW�LQFUHDVHV�LQ�WKH�UHSRUWHG�SUHYDOHQFH�RI�DW�
OHDVW�PLOG�GLVDELOLW\�GXULQJ�WKH�����V�DQG�LQWR�WKH�HDUO\�����V��&ROYH]�DQG�%ODQFKHW�������
&ULPPLQV�������&ULPPLQV�DQG�,QJHJQHUL�������&ULPPLQV��6DLWR��DQG�,QJHJQHUL�������5LOH\�
������9HUEUXJJH��������������6RPH�SUHOLPLQDU\�HYLGHQFH�VXJJHVWV�WKDW�WKLV�SDWWHUQ�PD\�


�$Q�HDUOLHU�YHUVLRQ�RI�WKLV�SDSHU�ZDV�SUHVHQWHG�DW�WKH�DQQXDO�PHHWLQJV�RI�WKH�3RSXODWLRQ�$VVRFLDWLRQ�RI�
$PHULFD��KHOG�LQ�'HQYHU��0D\�������6XSSRUW�IRU�WKLV�SURMHFW�ZDV�SURYLGHG�E\�1,$�*UDQW�52O�$*2������

&RS\ULJKW��� �����3RSXODWLRQ�$VVRFLDWLRQ�RI�$PHULFD�

����
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���� 'HPRJUDSK\��9RO������1R�����)HEUXDU\������

KDYH�UHYHUVHG�LWVHOI�VLQFH�WKH�PLG�����V��ZLWK�D�GHFOLQH�LQ�UHSRUWHG�IXQFWLRQLQJ�SUREOHPV�
DPRQJ�WKH�ROG��&ULPPLQV�DQG�,QJHJQHUL�������0DQWRQ��&RUGHU��DQG�6WDOODUG�������<FDV�
�������

(DUO\�UHSRUWV�RI�LQFUHDVLQJ�GLVDELOLW\�ZHUH�PHW�ZLWK�VNHSWLFLVP��$W�ILUVW�JODQFH��LW�
VHHPHG�LPSODXVLEOH�WKDW�WKH�KHDOWK�RI�WKH�ROGHU�SRSXODWLRQ�FRXOG�GHWHULRUDWH�ZKLOH�OLIH�
H[SHFWDQF\�LQFUHDVHG��5HFHQW�UHSRUWV�RI�SRVVLEOH�LPSURYHPHQWV�LQ�IXQFWLRQLQJ�DPRQJ�WKH�
ROG�KDYH�PHW�ZLWK�DOPRVW�WKH�VDPH�VNHSWLFLVP��,Q�ERWK�FDVHV�WKH�VNHSWLFLVP�DULVHV�IURP�WZR�
VRXUFHV��WKH�SRWHQWLDO�ZHDNQHVVHV�RI�DYDLODEOH�GDWD�WR�UHOLDEO\�DQG�YDOLGO\�GHWHUPLQH�WUHQGV�
LQ�KHDOWK��DQG�WKH�IDFW�WKDW�ZH�SRVVHVV�QR�FOHDU�H[SHFWDWLRQ�RI�WKH�PDJQLWXGH�RI�KHDOWK�
FKDQJH�DVVRFLDWHG�ZLWK�JLYHQ�PRUWDOLW\�FKDQJHV��1R� DQDO\VLV�KDV�GHPRQVWUDWHG�WKH�
VHQVLWLYLW\�RI�SRSXODWLRQ�SUHYDOHQFH�PHDVXUHV�RI�LOO�KHDOWK�HLWKHU�WR�FKDQJHV�LQ�PRUWDOLW\�
UDWHV�RU�WR�FKDQJHV�LQ�KHDOWK�VWDWXV�WUDQVLWLRQV��1RU�KDV�DQ\�DQDO\VLV�VXFFHVVIXOO\�
GHPRQVWUDWHG�WKH�HIIHFW�RI�FKDQJHV�LQ�PRUWDOLW\�DQG�KHDOWK�WUDQVLWLRQ�UDWHV�RQ�WKH�OHQJWK�RI�
H[SHFWHG�OLIH�LQ�YDULRXV�VWDWHV�RI�KHDOWK��

,Q�WKLV�VWXG\��ZH�FRQVWUXFW�D�PXOWLVWDWH�OLIH�WDEOH�PRGHO�RI�KHDOWK�VWDWXV�IRU�WKH�ROGHU�
SRSXODWLRQ��XVLQJ�GDWD�SHUWDLQLQJ�WR�WKH�VHFRQG�KDOI�RI�WKH�����V��:H�HPSOR\�VLPXODWLRQ�
WHFKQLTXHV�WR�H[DPLQH�WKH�OLNHO\�HIIHFWV�RI�NQRZQ�SDVW�FKDQJHV�LQ�PRUWDOLW\�DQG�SRVVLEOH�
IXWXUH�FKDQJHV�LQ�PRUWDOLW\�DQG�PRUELGLW\�WUDQVLWLRQ�VFKHGXOHV�RQ�HVWLPDWHG�OLIH�H[SHFWDQF\�
LQ�YDULRXV�VWDWHV�RI�KHDOWK�DQG�RQ�WKH�SUHYDOHQFH�RI�GLVDELOLW\�LQ�D�OLIH�WDEOH�SRSXODWLRQ��,Q�
WKLV�ZD\�ZH�JDLQ�D�FOHDUHU�XQGHUVWDQGLQJ�RI�WKH�G\QDPLFV�DOWHULQJ�ERWK�SRSXODWLRQ�KHDOWK�
DQG�KHDOWK�H[SHULHQFHV�SHUWDLQLQJ�WR�WKH�LQGLYLGXDO�OLIH�F\FOH��

%$&.*5281'�
'HPRJUDSKHUV�KDYH�QRWHG�WKH�FRQFHSWXDO�GLIIHUHQFHV�EHWZHHQ�PHDVXUHV�RI�SRSXODWLRQ�

FRPSRVLWLRQ�DQG�LQGLYLGXDO�OLIH�F\FOHV��7KHLU�ZRUN�OHDGV�RQH�WR�H[SHFW�OLWWOH�FKDQJH�LQ�
SRSXODWLRQ�FRPSRVLWLRQ�ZLWK�FKDQJH�LQ�PRUWDOLW\��3UHVWRQ��������JHQHUDOL]HV�WKDW�PRUWDOLW\�
FKDQJH�LV�OLNHO\�WR�KDYH�VXEVWDQWLDO�HIIHFWV�RQ�LQGLYLGXDO�OLIH�F\FOH�H[SHULHQFHV�EXW�UHODWLYHO\�
VPDOO�HIIHFWV�RQ�SRSXODWLRQ�FRPSRVLWLRQ��(PSOR\LQJ�WKH�PXOWLVWDWH�PRGHO��6FKRHQ��������
REVHUYHV�WKDW�D�FRQVWDQW�FKDQJH�LQ�PRUWDOLW\�IRU�HDFK�VWDWH�UHVXOWV�LQ�DQ�XQDOWHUHG�DJH�VWDWH�
FRPSRVLWLRQ�RI�WKH�PXOWLVWDWH�VWDEOH�SRSXODWLRQ��,I�PRUWDOLW\�FKDQJH�LV�FRQFHQWUDWHG�LQ�VRPH�
VWDWHV�EXW�QRW�LQ�RWKHUV��KRZHYHU��WKH�FRPSRVLWLRQ�RI�WKH�SRSXODWLRQ�ZLOO�EH�DIIHFWHG��5RJHUV�
�������

'HPRJUDSKHUV�XVLQJ�WKH�HSLGHPLRORJLFDO�PRGHO�RI�GLVHDVH�SUHYDOHQFH�DUJXH�WKDW�WKH�
UHODWLRQVKLS�EHWZHHQ�PRUWDOLW\�FKDQJH�DQG�WKH�SUHYDOHQFH�RI�KHDOWK�SUREOHPV�LQ�WKH�
SRSXODWLRQ�GHSHQGV�RQ�ZKHUH�WKH�FKDQJH�KDV�RFFXUUHG�LQ�WKH�SURFHVV�RI�DFTXLULQJ�KHDOWK�
SUREOHPV��&ULPPLQV�������&ULPPLQV�DQG�,QJHJQHUL�������0DQWRQ�������9HUEUXJJH��������
,I�PRUWDOLW\�GHFOLQHV�EHFDXVH�KHDOWK�SUREOHPV�DUH�SUHYHQWHG�RU�EHFDXVH�WKHLU�RQVHW�LV�
GHOD\HG��SRSXODWLRQ�KHDOWK�ZLOO�LPSURYH�ZLWK�WKH�GHFOLQH�LQ�PRUWDOLW\��,I�WKH�WUHDWPHQW�RI�
H[LVWLQJ�GLVHDVHV�PHUHO\�SUHYHQWV�WKHLU�SURJUHVVLRQ�RU�HOLPLQDWHV�GHDWK�DW�D�ODWHU�VWDJH��VRPH�
GHWHULRUDWLRQ�LQ�SRSXODWLRQ�KHDOWK�LV�H[SHFWHG��

%HFDXVH�GDWD�DUH�XQDYDLODEOH��OLWWOH�KDV�EHHQ�GRQH�WR�GRFXPHQW�WKH�WUHQGV�LQ�DJH�DW�
RQVHW�DQG�WKH�SURJUHVVLRQ�RI�VSHFLILF�GLVHDVHV��(YLGHQFH�UHODWLQJ�WR�SK\VLFDO�IXQFWLRQLQJ�IRU�
�����������KRZHYHU��LQGLFDWHV�OLWWOH�RU�QR�FKDQJH�HLWKHU�LQ�DJH�DW�RQVHW�RU�LQ�GLVDELOLW\�
WUDQVLWLRQ�UDWHV�IRU�WKH�SRSXODWLRQ�RYHU�DJH�����&ULPPLQV�������������&ULPPLQV�DQG�
,QJHJQHUL��������7KHVH�ILQGLQJV�ZRXOG�OHDG�XV�WR�H[SHFW�D�GHWHULRUDWLRQ�LQ�SRSXODWLRQ�KHDOWK�
GXULQJ�WKH�����V��D�SHULRG�RI�GHFOLQLQJ�PRUWDOLW\�DQG�RI�FRQVWDQW�DJH�DW�RQVHW�RI�GLVDELOLW\��
6LPLODU�GDWD�DUH�QRW�DYDLODEOH�WR�DGGUHVV�WKH�WUHQG�LQ�PRUH�UHFHQW�\HDUV��

$�UHODWHG�VWUHDP�RI�UHVHDUFK�LQYHVWLJDWHV�FKDQJH�LQ�WKH�OHQJWK�DQG�SURSRUWLRQ�RI�DFWLYH�
�RU�KHDOWK\��OLIH�WKDW�RFFXUV�ZLWK�LQFUHDVHV�LQ�OLIH�H[SHFWDQF\��%HEELQJWRQ�������0DQWRQ�DQG�
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&KDQJLQJ�+HDOWK�6WDWXV�DQG�/LIH�([SHFWDQF\�RI�2OGHU�3RSXODWLRQ� ����

6WDOODUG�������������5RELQH�DQG�5LWFKLH�������:LONLQV�DQG�$GDPV��������0RVW�RI�WKLV�
UHVHDUFK�KDV�SDLG�OLWWOH�DWWHQWLRQ�WR�WKH�IDFW�WKDW�OLIH�H[SHFWDQF\�LV�D�PHDVXUH�UHODWLQJ�WR�WKH�
DYHUDJH�H[SHULHQFH�RI�LQGLYLGXDOV�RYHU�WKHLU�SURMHFWHG�OLIH�F\FOH��ZKHUHDV�WKH�SUHYDOHQFH�RI�
KHDOWK�SUREOHPV�LV�D�SRSXODWLRQ�RU�JURXS�PHDVXUH��&ULPPLQV��6DLWR��DQG�+D\ZDUG��������
2QH�H[FHSWLRQ�LV�WKH�ZRUN�RI�5RJHUV�DQG�KLV�DVVRFLDWHV��5RJHUV�������$��5RJHUV��5��
5RJHUV��DQG�%HODQJHU�������5�� 5RJHUV��$��5RJHUV��DQG�%HODQJHU��������ZKR�KDYH�
HPSKDVL]HG�WKH�GLIIHUHQFH�EHWZHHQ�OLIH�WDEOH�SUHYDOHQFH�PHDVXUHV�DQG�WKH�LQFLGHQFH�EDVHG�
OLIH�H[SHFWDQF\�PHDVXUH��8QIRUWXQDWHO\�WKHLU�LQWHUSUHWDWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKHVH�
PHDVXUHV�LV�VRPHZKDW�PLVOHDGLQJ��)RU�H[DPSOH��ZKHQ�WKH\�LQFUHDVHG�WKH�OLIH�WDEOH�
SUHYDOHQFH�RI�GHSHQGHQF\�E\�VLPXODWLQJ�WKH�HIIHFWV�RI�FRQVWDQW�PRUWDOLW\�DQG�KHDOWK�VWDWXV�
WUDQVLWLRQ�UDWHV�LQ�D�PXOWLVWDWH�PRGHO��WKH�UHVXOWV�ZHUH�LQWHUSUHWHG�DV�ELDV�LQ�WKH�SUHYDOHQFH�
PHDVXUH�UDWKHU�WKDQ�DV�D�PRYHPHQW�WRZDUG�WKH�HTXLOLEULXP�SRSXODWLRQ�LPSOLHG�E\�WKH�
WUDQVLWLRQ�UDWHV��$��5RJHUV�HW�DO���������$OWKRXJK�5RJHUV�DQG�FROOHDJXHV�KDYH�DGYDQFHG�WKH�
ILHOG�E\�LQWURGXFLQJ�WKH�PXOWLVWDWH�PRGHO�WR�WKH�VWXG\�RI�DFWLYH�OLIH�H[SHFWDQF\��WKH�SRWHQWLDO�
RI�WKLV�PRGHO�IRU�UHODWLQJ�SRSXODWLRQ�KHDOWK�WR�H[SHFWHG�OLIH�F\FOH�H[SHULHQFHV�UHPDLQV�
XQUHDOL]HG��

,Q�WKLV�SDSHU�ZH�EXLOG�D�EDVHOLQH�PXOWLVWDWH�OLIH�WDEOH�ZLWK�IRXU�KHDOWK�VWDWHV��XVLQJ�GDWD�
RQ�WKH�SRSXODWLRQ�RI�WKH�8QLWHG�6WDWHV�IURP�WKH�����V��(PSOR\LQJ�D�VHULHV�RI�VLPXODWLRQV��
ZH�WKHQ�H[DPLQH�FKDQJHV�LQ�WKH�SUHYDOHQFH�UDWHV�DQG�WKH�KHDOWK�VWDWXV�OLIH�H[SHFWDQF\�
PHDVXUHV�SURGXFHG�E\�FKDQJHV�LQ�WKH�LQFLGHQFH�UDWHV�WKDW�JRYHUQ�WKH�IORZV�EHWZHHQ�WKH�OLIH�
WDEOH�VWDWHV��

'$7$�
7KH�/RQJLWXGLQDO�6WXG\�RI�$JLQJ��/62$��LV�WKH�SULPDU\�GDWD�VHW�XVHG�IRU�WKLV�DQDO\VLV��

7KH� /62$� EHJDQ�LQ� ����� ZLWK�LQWHUYLHZV�RI� D� UHSUHVHQWDWLYH�VDPSOH�RI� WKH�
QRQLQVWLWXWLRQDOL]HG�SRSXODWLRQ�DJH���� DQG�RYHU�LQ�WKH�8QLWHG�6WDWHV��6XEMHFWV�ZHUH�
UHLQWHUYLHZHG�LQ�������������DQG�������(DFK�\HDU�WKH�DJH�RI�WKH�\RXQJHVW�VDPSOH�PHPEHUV�
LQFUHDVHV�VR�WKDW�E\�������WKH�VDPSOH�FRQVLVWV�RI�SHUVRQV�DJH����DQG�ROGHU��:H�SRRO�DOO�IRXU�
LQWHUYLHZ�ZDYHV�LQ�WKLV�DQDO\VLV�WR�LQFUHDVH�WKH�UHOLDELOLW\�RI�WKH�WUDQVLWLRQ�HVWLPDWHV��

%HFDXVH�QRW�DOO�PHPEHUV�RI�WKH�RULJLQDO�VDPSOH�ZHUH�LQFOXGHG�DW�WKH������LQWHUYLHZ��
WKH�GHVFULSWLRQ�RI�WKH�VDPSOH�LV�PRUH�FRPSOH[�WKDQ�WKDW�RI�D�QRUPDO�SDQHO�VWXG\�ZLWK�IRXU�
ZDYHV��$OO�RI�WKH�RULJLQDO�������VDPSOH�PHPEHUV�DJH����DQG�RYHU�ZHUH�HOLJLEOH�IRU�
UHLQWHUYLHZ�DW�WKH�WKLUG�DQG�IRXUWK�ZDYHV�������DQG��������,Q�������KRZHYHU��RQO\�D�VXEVHW�
RI�WKH�RULJLQDO�JURXS��������UHVSRQGHQWV��ZDV�VHOHFWHG�IRU�UHLQWHUYLHZ��

%HFDXVH�WKH�/62$� LQLWLDOO\�GLG�QRW�LQFOXGH�PHPEHUV�RI�WKH�LQVWLWXWLRQDOL]HG�
SRSXODWLRQ��ZH�VXSSOHPHQW�WKHVH�GDWD�ZLWK�HVWLPDWHV�RI�WKH�DJH�VSHFLILF�SURSRUWLRQV�RI�WKH�
SRSXODWLRQ�LQVWLWXWLRQDOL]HG��WDNHQ�IURP�WKH������1DWLRQDO�/RQJ�7HUP�&DUH�6XUYH\��:H�XVH�
WKHVH�HVWLPDWHV�WR�GLVWULEXWH�WKH�UDGL[�SRSXODWLRQ�����������DFURVV�WKH�OLIH�WDEOH�KHDOWK�VWDWHV��
PLUURULQJ�WKH�KHDOWK�VWDWXV�RI�WKH�HQWLUH�8�6�� SRSXODWLRQ�DW�DJH�����DQG�WR�ZHLJKW�WKH�
LQVWLWXWLRQDOL]HG�SRSXODWLRQ�REVHUYHG�LQ�WKH�/62$�VR�WKDW�LW�LV�UHSUHVHQWHG�DSSURSULDWHO\�LQ�
WKH�FDOFXODWLRQ�RI�WUDQVLWLRQ�UDWHV��

67$7(6�2)�+($/7+�25�)81&7,21,1*�
+HDOWK�DQG�WKH�ODFN�WKHUHRI��RU�PRUELGLW\��DUH�FOHDUO\�PXOWLGLPHQVLRQDO�FRQFHSWV�WKDW�

FDQ�EH�PHDVXUHG�LQ�PDQ\�ZD\V��$V�LQ�PRVW�GHPRJUDSKLF�VWXGLHV�RI�SRSXODWLRQ�KHDOWK�DQG�
DFWLYH�OLIH�LQ�WKH�ROGHU�SRSXODWLRQ��ZH�RSHUDWLRQDOL]H�KHDOWK�VWDWXV�XVLQJ�LQGLFDWRUV�RI�
IXQFWLRQLQJ�DELOLW\��$OWKRXJK�WKLV�GHFLVLRQ�LV�EDVHG�SDUWO\�RQ�DYDLODELOLW\�RI�GDWD��WKHVH�
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LQGLFDWRUV�QRQHWKHOHVV�DOORZ�WKH�GLYLVLRQ�RI�OLIH�LQWR�D�VHW�RI�VWDWHV�GHILQHG�DFFRUGLQJ�WR�
LQGHSHQGHQFH�DQG�WKH�DELOLW\�WR�SURYLGH�VHOI�FDUH��7KHVH�VWDWHV�DUH�ERWK�UHOHYDQW�WR�SROLF\�
DQG�LQWXLWLYHO\�XQGHUVWDQGDEOH��,Q�WKLV�VWXG\��ZH�GHILQH�IXQFWLRQLQJ�LQ�WHUPV�RI�IRXU�
PXWXDOO\�H[FOXVLYH�QRQDEVRUELQJ�VWDWHV�WKDW�VHSDUDWH�WKH�SRSXODWLRQ�LQWR�WZR�GHSHQGHQW�DQG�
WZR�LQGHSHQGHQW�VWDWHV��VKRZQ�LQ�)LJXUH�����'HDWK��RI�FRXUVH��LV�LQFOXGHG�LQ�WKH�DQDO\VLV�DV�
DQ�DEVRUELQJ�VWDWH��

7KH�GHSHQGHQW�VWDWHV�DUH�

���%HLQJ�XQDEOH�WR�LQGHSHQGHQWO\�SURYLGH�SHUVRQDO�FDUH��
���%HLQJ�DEOH�WR�SURYLGH�SHUVRQDO�FDUH�EXW�QRW�DEOH�WR�PDQDJH�OLIH�LQ�WKH�KRPH�

LQGHSHQGHQWO\��

7KH�LQGHSHQGHQW�VWDWHV�DUH�

���%HLQJ�DEOH�WR�SURYLGH�ERWK�SHUVRQDO�FDUH�DQG�LQGHSHQGHQW�OLYLQJ�EXW�KDYLQJ�
VRPH�GLIILFXOW\�LQ�SHUIRUPLQJ�WKHVH�WDVNV�RU�LQ�JHWWLQJ�DERXW�RXWVLGH�WKH�KRPH��

���+DYLQJ�QR�IXQFWLRQLQJ�GLIILFXOWLHV��

:H�UHJDUG�EHLQJ�XQDEOH�WR�SURYLGH�SHUVRQDO�FDUH�DV�WKH�VWDWH�ZLWK�SRRUHVW�IXQFWLRQLQJ�
EHFDXVH�ZH�YLHZ�WKH�SURYLVLRQ�RI�SHUVRQDO�FDUH�DV�PRUH�EDVLF�WKDQ�PDQDJLQJ�KRPH�OLIH��
7UDQVLWLRQV�WR�KLJKHU�QXPEHUHG�VWDWHV�DUH�UHJDUGHG�DV� LPSURYHPHQW�LQ�IXQFWLRQLQJ��
WUDQVLWLRQV�WR�ORZHU�QXPEHUHG�VWDWHV�DUH�YLHZHG�DV�GHWHULRUDWLRQ�LQ�IXQFWLRQLQJ��

:H�HPSOR\�WKH�IROORZLQJ�RSHUDWLRQDO�GHILQLWLRQV�RI�HDFK�RI�WKH�IRXU�VWDWHV��

���8QDEOH��EHFDXVH�RI�KHDOWK��WR�SHUIRUP�E\�RQHVHOI�RQH�RU�PRUH�RI�WKH�IROORZLQJ�
IXQFWLRQV��EDWKLQJ��GUHVVLQJ��HDWLQJ��JHWWLQJ�LQ�DQG�RXW�RI�EHG��WRLOHWLQJ��

1R� 6RPH�
)XQFWLRQLQJ� )XQFWLRQLQJ�
3UREOHPV� 3UREOHPV�

��� +���
8QDEOH�WR� 8QDEOH�WR�
3URYLGH� �� 3URYLGH�

,QGHSHQGHQW� 3HUVRQDL�
/LYLQJ� &DUH�

�B� _'HDG� BB��

)LJXUH����6WDWHV�DQG�3RVVLEOH�7UDQVLWLRQV�DFURVV�6WDWHV�
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&KDQJLQJ�+HDOWK�6WDWXV�DQG�/LIH�([SHFWDQF\�RI�2OGHU�3RSXODWLRQ� ����

���$EOH�WR�SHUIRUP�DOO�RI�WKH�DERYH�IXQFWLRQV�EXW�XQDEOH�WR�SHUIRUP�RQH�RU�PRUH�
RI�WKH�IROORZLQJ�WDVNV��SUHSDULQJ�RZQ�PHDO��VKRSSLQJ�IRU�SHUVRQDO�LWHPV��
PDQDJLQJ�PRQH\��XVLQJ�WKH�WHOHSKRQH��GRLQJ�OLJKW�KRXVHZRUN��

���$EOH�WR�SHUIRUP�DOO�RI�WKH�DERYH�IXQFWLRQV��DOWKRXJK�SHUKDSV�ZLWK�GLIILFXOW\��
DQG�RU�KDYLQJ�GLIILFXOW\�LQ�RQH�RI�WKH�IROORZLQJ�IXQFWLRQV��ZDONLQJ�RQH�TXDUWHU�
PLOH��ZDONLQJ�XS����VWHSV�ZLWKRXW�UHVW��VWDQGLQJ�RU�EHLQJ�RQ�IHHW�IRU�WZR�KRXUV��
VLWWLQJ�IRU�WZR�KRXUV��VWRRSLQJ�FURXFKLQJ�NQHHOLQJ��OLIWLQJ�RU�FDUU\LQJ����
SRXQGV��

���+DYLQJ�QR�GLIILFXOW\�LQ�SHUIRUPLQJ�DQ\�RI�WKH����WDVNV�QDPHG�LQ�WKH�DERYH�
GHILQLWLRQV��

$OWKRXJK�RXU�ZRUN�IROORZV�SULRU�VWXGLHV�E\�GHILQLQJ�KHDOWK�VWDWXV�LQ�WHUPV�RI�
IXQFWLRQLQJ��RXU�GHILQLWLRQV�GLIIHU�LQ�VLJQLILFDQW�ZD\V��8QOLNH�PDQ\�VWXGLHV��RXUV�GRHV�QRW�
GHILQH�KHDOWK�VWDWHV�VROHO\�DFFRUGLQJ�WR�SHUVRQDO�FDUH�DFWLYLWLHV��%UDQFK�HW�DO�� ������$��
5RJHUV�HW�DO��������5��5RJHUV�HW�DO���������:H�LQFOXGH�DFWLYLWLHV�WKDW�FRYHU�D�PXFK�ZLGHU�
UDQJH�RI�IXQFWLRQV��(YHQ�VR��ZH�GR�QRW�XVH�LQIRUPDWLRQ�RQ�DOO�WKH�WDVNV�OLVWHG�LQ�WKH�
/62$��(DFK�VHW�RI�WDVNV�LQ�RXU�VWXG\�LV�VHOHFWHG�DV�DQ�LQGLFDWLRQ�RI�DELOLW\�WR�SURYLGH�
VHOI�FDUH�RU�WR�IXQFWLRQ�DW�D�JLYHQ�OHYHO��:H�VHOHFW�WKHP�EHFDXVH�RI�WKH�OLNHOLKRRG�RI�
LPSDLUPHQW�DQG�FKDQJH�LQ�LPSDLUPHQW�UHODWHG�WR�WKDW�IXQFWLRQ�DV�ZHOO�DV�IRU�WKHLU�IDFH�
YDOLGLW\��&ULPPLQV�DQG�6DLWR��������%HFDXVH�ZH�DUH�LQWHUHVWHG�LQ�IXQFWLRQLQJ�DQG�KHDOWK��
RXU�GHILQLWLRQV�UHVW�RQ�ZKHWKHU�RQH�LV�XQDEOH�WR�SHUIRUP�WDVNV��QRW�RQ�ZKHWKHU�RQH�
UHFHLYHV�DVVLVWDQFH�ZLWK�WDVNV��

$OWKRXJK�D�KLHUDUFKLFDO�LQWHUSUHWDWLRQ�RI�WKHVH�KHDOWK�VWDWHV�LV�QRW�HVVHQWLDO�WR�WKH�
DSSOLFDWLRQ�RI�WKH�PRGHO��ZH�EHOLHYH�WKDW�WKH�HYLGHQFH�VXSSRUWV�VXFK�DQ�LQWHUSUHWDWLRQ��
/LIH�H[SHFWDQF\�IRU�WKH�IRXU�JURXSV�DW�DJH�����FDOFXODWHG�E\�XVLQJ�D�WUDGLWLRQDO�OLIH�WDEOH�
PHWKRG��UDQJHV�IURP�����\HDUV�IRU�WKRVH�QHHGLQJ�SHUVRQDO�FDUH�WR������\HDUV�IRU�WKRVH�
ZKR�KDYH�QR�IXQFWLRQLQJ�SUREOHPV��)RU�WKH�WZR�PLGGOH�JURXSV��WKH�YDOXHV�DUH�����\HDUV�
IRU�WKRVH�ZKR�QHHG�KHOS�LQ�PDQDJLQJ�LQGHSHQGHQW�OLYLQJ�DQG������\HDUV�IRU�WKRVH�ZLWK�
VRPH�IXQFWLRQLQJ�SUREOHPV��7KH�JURXSV�DOVR�GLIIHU�ZLGHO\�LQ�WKH�QXPEHU�RI�IXQFWLRQLQJ�
GHILFLWV��2Q�DYHUDJH��WKH�JURXS�QHHGLQJ�SHUVRQDO�FDUH��QRW�LQFOXGLQJ�WKH�LQVWLWXWLRQDOL]HG�
SRUWLRQ�RI�WKLV�JURXS��IRU�ZKLFK�GDWD�RQ�VSHFLILF�IXQFWLRQLQJ�DELOLWLHV�ZHUH�QRW�DYDLODEOH��
FDQQRW�SHUIRUP�ILYH�RI�WKH����IXQFWLRQV�XVHG�LQ�GHILQLQJ�WKH�ILUVW�WZR�VWDWHV��IRU�WKH�JURXS�
XQDEOH�WR�PDQDJH�LQGHSHQGHQW�KRPH�OLIH��WKH�QXPEHU�LV�VOLJKWO\�OHVV�WKDQ����E\�GHILQLWLRQ��
WKH�YDOXH�IRU�WKH�QH[W�WZR�JURXSV�LV����)RU�WKH�ILUVW�WKUHH�JURXSV��WKH�QXPEHUV�RI�RWKHU�
WDVNV��RXW�RI�VL[��SHUIRUPHG�ZLWK�VRPH�GLIILFXOW\�DUH������ ���� DQG������ $JDLQ�E\�
GHILQLWLRQ��WKH�YDOXH�IRU�WKH�IRXUWK�JURXS�LV����

,Q�RXU�DQDO\VLV�ZH�LQFOXGH�WKH�LQVWLWXWLRQDOL]HG�SRSXODWLRQ�ZLWK�WKRVH�XQDEOH�WR�
SURYLGH�SHUVRQDO�FDUH�EHFDXVH�WKH�GLIIHUHQFH�EHWZHHQ�OLYLQJ�LQ�WKH�FRPPXQLW\�DQG�
HQWHULQJ�DQ�LQVWLWXWLRQ�IRU�WKRVH�XQDEOH�WR�SHUIRUP�SHUVRQDO�FDUH�LV�RIWHQ�D�IXQFWLRQ�RI�
HFRQRPLF�FLUFXPVWDQFHV�DQG�DYDLODELOLW\�RI�VXSSRUW��*DUEHU�DQG�0D&XUG\��������2XU�
SXUSRVH�LV�WR�GHWHUPLQH�WKH�KHDOWK�VWDWXV�RI�WKH�SRSXODWLRQ�XQGHU�D�YDULHW\�RI�DVVXPSWLRQV�
DERXW�FKDQJHV�LQ�PRUWDOLW\�DQG�PRUELGLW\�UDWHV�XQFRQIRXQGHG�E\�WKH�HIIHFWV�RI�FKDQJH�LQ�
LQFRPH�DQG�VRFLDO�VXSSRUW��,Q�DGGLWLRQ��JLYHQ�WKH�WZR�\HDU�LQWHUYDO�OHQJWK��ZH�HVWLPDWH�
WKDW�DERXW�����RI�WUDQVLWLRQV�LQWR�WKH�LQVWLWXWLRQDOL]HG�VWDWH�ZLOO�QRW�EH�REVHUYHG�IRU�WKLV�
SRSXODWLRQ��

7KH�IXQFWLRQLQJ�VWDWH�RI�HDFK�SHUVRQ�LV�QRWHG�DW�HDFK�ZDYH��7DEOH���VKRZV�WKH�LQLWLDO�
DQG�WKH�HQG�IXQFWLRQLQJ�VWDWHV�IRU�HDFK�PHPEHU�RI�WKH�SDQHO�IRU�HDFK�REVHUYDWLRQ�LQWHUYDO�
EHJXQ�DOLYH��RU�PLVVLQJ���7KH�SRROHG�VDPSOH�\LHOGV��������REVHUYDWLRQV��GLVWULEXWHG�DV�
LQGLFDWHG��
�:H�SRRO�WKH�GDWD�RYHU�WKUHH�LQWHUYDOV�WR�LQFUHDVH�WKH�QXPEHU�RI�REVHUYDWLRQV�DQG�
WR�SURGXFH�PRUH�UHOLDEOH�WUDQVLWLRQ�VFKHGXOHV��
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���� 'HPRJUDSK\��9RO������1R�����)HEUXDU\������

7DEOH����'LVWULEXWLRQ�RI�2EVHUYDWLRQV�E\�)XQFWLRQLQJ�6WDWH�DW�%HJLQQLQJ�DQG�(QG�RI�
7ZR�<HDU�,QWHUYDO�

6WDWH�DW�(QG�RI�7ZR�<HDU�,QWHUYDO�
8QDEOH�WR� 8QDEOH�WR�

6WDWH�DW� 3URYLGH� 3URYLGH� 6RPH� 1R�
%HJLQQLQJ� 3HUVRQDO�,QGHSHQGHQW�)XQFWLRQLQJ�)XQFWLRQLQJ�
RI�,QWHUYDO� &DUH� /LYLQJ� 3UREOHPV� 3UREOHPV� 'HDG� 0LVVLQJ�7RWDO�
8QDEOH�WR�
3URYLGH�
3HUVRQDO�
&DUH� ���� ���� ��� ��� ���� ��� ������

8QDEOH�WR�
3URYLGH�
,QGHSHQGHQW�
/LYLQJ� ���� ���� ���� ��� ���� ��� ������

6RPH�
)XQFWLRQLQJ�
3UREOHPV� ���� ���� ������ ���� ���� ���� ������

1R�
)XQFWLRQLQJ�
3UREOHPV� ���� ���� ������ ������ ���� ���� ������

0LVVLQJ� ��� ��� ��� ��� ��� ���� ����
7RWDO� ������ ������ ������ ������ ������ ������ �������

$1$/<7,&$/�0(7+2'6�
7UDQVLWLRQ�5DWHV�

6WDWXV�GLIIHUHQFHV�EHWZHHQ�WKH�EHJLQQLQJ�DQG�WKH�HQG�RI�LQWHUYDOV�DUH�XVHG�WR�GHWHUPLQH�
WUDQVLWLRQV�LQ�KHDOWK�VWDWXV��7KXV�WKH�GDWD�LPSRVH�WKH�DVVXPSWLRQ�WKDW�RQO\�RQH�WUDQVLWLRQ�
RFFXUV�ZLWKLQ�HDFK� WZR�\HDU�LQWHUYDO��VXFK�DQ� DVVXPSWLRQ�YHU\�OLNHO\�UHVXOWV�LQ�
XQGHUHVWLPDWLQJ�WUDQVLWLRQV��:LWKLQ�HDFK�REVHUYDWLRQ�LQWHUYDO��HYHQWV��L�H���D�GHDWK�RU�D�
KHDOWK�VWDWXV�WUDQVLWLRQ��DQG�FHQVRULQJ��DUH�DVVXPHG�WR�RFFXU�LQ�WKH�PLGGOH�RI�WKH�LQWHUYDO��
DQG�H[SRVXUH�LV�DGMXVWHG�WR�SURGXFH�FHQWUDO�UDWHV��7KXV�WKH�WUDQVLWLRQ�UDWHV�DUH�DVVXPHG�WR�EH�
FRQVWDQW�ZLWKLQ�LQWHUYDOV��DOWKRXJK�UDWHV�PD\�YDU\�DFURVV�LQWHUYDOV��

7KH�WUDQVLWLRQ�UDWHV�LQ�WKLV�DQDO\VLV�DUH�GHILQHG�DV�

ZLM�[�� � OLP�3LM�[�Q����Q�� ����

ZKHUH�3LM�[�Q��UHSUHVHQWV�WKH�SUREDELOLW\�WKDW�D�WUDQVLWLRQ�IURP�VWDWH�L��H�J���QR�IXQFWLRQLQJ�
SUREOHPV��WR�VWDWH�M� �H�J���VRPH�IXQFWLRQLQJ�SUREOHPV��RFFXUV�LQ�WKH�LQWHUYDO�[�WR�[���Q��
JLYHQ�WKDW�WKH�SHUVRQ�LV�LQ�VWDWH�L�DW�H[DFW�DJH�[��IRU�WKLV�VWXG\��Q� �����:H�HVWLPDWH�WKHVH�
UDWHV�RQ�WKH�EDVLV�RI�D�PRGHO�ZKLFK�DVVXPHV�WKDW�WKH�SURFHVV�GHSHQGV�RQO\�RQ�DJH��7KH�
JHQHUDO�IRUP�RI�WKH�PRGHO�LV�

,LM�[��  � H[S� �,�LMR��� ��LMO� [�� ��D��

RU��HTXLYDOHQWO\��

OQ�S�MM�[�� � �LMR��� ,�LMO�
�[�� ��E��
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&KDQJLQJ�+HDOWK�6WDWXV�DQG�/LIH�([SHFWDQF\�RI�2OGHU�3RSXODWLRQ� ����

,Q�HVWLPDWLQJ�WKHVH�PRGHOV�ZH�WUHDW�DJH�DV�D�FRQWLQXRXV�YDULDEOH�UDQJLQJ�IURP����WR����
\HDUV���0RGHOV�RI�WKLV�IRUP�DUH�DQDORJRXV�WR�SLHFHZLVH�H[SRQHQWLDO�PRGHOV�XVHG�LQ�
GLVFUHWH�WLPH�KD]DUGV�DQDO\VHV��$OOLVRQ�������%ORVVIHOG��+DPHUOH��DQG�0D\HU��������

:H�HVWLPDWHG����KD]DUG�PRGHOV��HDFK�FRUUHVSRQGLQJ�WR�D�SDWK�VKRZQ�LQ�)LJXUH������� �
��RULJLQ�VWDWHV�[���GHVWLQDWLRQ�VWDWHV��� ����7KHQ�ZH�XVHG�WKH�SDUDPHWHU�HVWLPDWHV�IURP�HDFK�
PRGHO�WR�REWDLQ�VFKHGXOHV�RI�SUHGLFWHG�DJH�VSHFLILF�WUDQVLWLRQ�UDWHV��P�[�Q����

/LIH�7DEOHV�

7R�FRQVWUXFW�WKH�OLIH�WDEOHV��ZH�XVHG�WKH�PDWUL[�RI�WUDQVLWLRQ�UDWHV��0�[�Q���WR�FDOFXODWH�
D�WUDQVLWLRQ�SUREDELOLW\�PDWUL[��3�[�Q���7KH�IRUPXOD�EHORZ�LV�WKH�QXPHULFDO�DSSUR[LPDWLRQ�
IRU�3�[�Q��VXJJHVWHG�E\�5RJHUV�DQG�/HGHQW��������DQG�E\�:LOOHNHQV�HW�DO����������

3�[�Q��  � �,� �� Q���0�[�Q���O� �,�Q��� 0�[�Q���� ����

7KLV�HTXDWLRQ�DOORZV�XV�WR�VSHFLI\�WKH�IDPLOLDU�OLIH�WDEOH�UHODWLRQVKLS�IURP�ZKLFK�
VXUYLYRUVKLS�YDOXHV�IRU�DOO�DJHV�IURP����XS�FDQ�EH�FDOFXODWHG��+D\ZDUG�DQG�*UDG\�������
5RJHUV�������6FKRHQ�DQG�:RRGURZ��������

,�[���Q�� � ,�[��
�3�[�Q��� ����

7KH�VXUYLYRUVKLS�PDWUL[�,�[�Q��� ZKRVH�HOHPHQWV�DUH�OLM�[�Q���GHQRWHV�WKH�QXPEHU�RI�
SHUVRQV�LQ�VWDWH�L�DW�H[DFW�DJH�[�ZKR�DUH�LQ�VWDWH�M�DW�H[DFW�DJH�[���Q��7KH�VXUYLYRUVKLS�PDWUL[�
��[��LV�VLPLODU�WR�,�[���Q��EXW�LWV�HOHPHQWV��OLM�[���UHSUHVHQW�WKH�QXPEHU�RI�SHUVRQV�LQ�ERWK�VWDWH�
L�DQG�VWDWH�M�DW�H[DFW�DJH�[��%HFDXVH�D�SHUVRQ�FDQ�QRW�RFFXS\�WZR�VWDWHV�DW�WKH�VDPH�WLPH��WKH�
RII�GLDJRQDO�HOHPHQWV�DUH����WKH�GLDJRQDO�HOHPHQWV�UHSUHVHQW�WKH�QXPEHU�RI�VXUYLYRUV�LQ�VWDWH�
L�DW�H[DFW�DJH�;��� )LQDOO\��WKH�WUDQVLWLRQ�SUREDELOLW\�PDWUL[��3�[�Q���FRQVLVWV�RI�HOHPHQWV��
3LM�[�Q���ZKLFK�UHSUHVHQW�WKH�SUREDELOLW\�WKDW�D�SHUVRQ�LQ�VWDWH�L�DW�H[DFW�DJH�[�ZLOO�EH�LQ�VWDWH�
M�DW�H[DFW�DJH�[���Q��

2QFH�WKH�VXUYLYRUVKLS�YDOXHV�DUH�FDOFXODWHG��ZH�FDQ�HVWLPDWH�WKH�H[SHFWHG�PDJQLWXGH�
RI�IORZV�EHWZHHQ�KHDOWK�VWDWHV�IRU�DJHV����DQG�DERYH��)RU�H[DPSOH��ZH�FDQ�FDOFXODWH�WKH�
H[SHFWHG�QXPEHU�RI�PRYHV�LQWR�DQG�RXW�RI�WKH��QR�IXQFWLRQLQJ�SUREOHPV��VWDWH�DERYH�D�
FHUWDLQ�DJH�RU�EHWZHHQ�DJHV��7KHVH�QXPEHUV�DUH�XVHIXO�GHVFULSWRUV�RI�LQGLYLGXDOV
�
H[SHULHQFHV�LQ�KHDOWK�VWDWXV�RYHU�WKH�OLIH�F\FOH��&DOFXODWLRQ�RI�WUDQVIHUV�EHWZHHQ�KHDOWK�VWDWHV�
IRU�HDFK�DJH��'�[�Q���LV�EDVHG�RQ�WKH�IROORZLQJ��

'�[�Q�� � /�[�Q��
�0�[�Q��� ����

ZKHUH�/�[�Q��GHQRWHV�D�PDWUL[�RI�SHUVRQ�\HDUV�OLYHG�LQ�KHDOWK�VWDWHV�EHWZHHQ�H[DFW�DJH�[�DQG�
[���Q�DQG�DVVXPLQJ�OLQHDULW\�LQ�WKH�JURVV�IORZ�IXQFWLRQV��

/�[�Q�� � Q����,�[���� ,�[���Q���� ����

7KH�ODVW�NH\�PHDVXUH�RI�WKH�V\QWKHWLF�FRKRUW
V�OLIH�F\FOH�KHDOWK�H[SHULHQFHV�LV�WKH�
H[SHFWDWLRQ�RI�OLIH�LQ�HDFK�KHDOWK�VWDWXV��7KH�OLIH�H[SHFWDQF\�LQ�VWDWH�L�DW�H[DFW�DJH�[��HL�[���
LV�FDOFXODWHG�DV�IROORZV��

HL�[�� � 7L�[������[��� ����

ZKHUH�7L�[��LV�WKH�QXPEHU�RI�SHUVRQ�\HDUV�OLYHG�LQ�VWDWH�L�EH\RQG�DJH�[�E\�WKH�FRKRUW�ZKR�
VXUYLYHG�WR�H[DFW�DJH�[��DQG���[��LV�WKH�QXPEHU�RI�VXUYLYRUV�DW�H[DFW�DJH�[��

,Q�RXU�DQDO\VLV�ZH�XVH�SRSXODWLRQ�EDVHG�UDWKHU�WKDQ�VWDWXV�EDVHG�PXOWLVWDWH�OLIH�WDEOHV��
3RSXODWLRQ�EDVHG�PXOWLVWDWH�OLIH�WDEOHV�LQGLFDWH�WKH�OLIH�H[SHFWDQF\�DQG�WKH�KHDOWK�VWDWXV�RI�
WKH�HQWLUH�OLIH�WDEOH�SRSXODWLRQ�DV�LW�LV�GLVWULEXWHG�DFURVV�KHDOWK�VWDWHV�DW�DOO�DJHV�RI�WKH�OLIH�
WDEOH��2WKHU�UHVHDUFKHUV�KDYH�SUHVHQWHG�VWDWXV�EDVHG�OLIH�WDEOHV�XVLQJ�VLPLODU�GDWD��$��5RJHUV�
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HW�DO��������5��5RJHUV�HW�DO���������6WDWXV�EDVHG�OLIH�WDEOHV�LQGLFDWH�WKH�KHDOWK�VWDWXV�DQG�OLIH�
H[SHFWDQF\�RI�D�JURXS�WKDW�HQWHUV�WKH�OLIH�WDEOH�LQ�RQH�SDUWLFXODU�KHDOWK�VWDWH�UDWKHU�WKDQ�WKDW�
RI�WKH�HQWLUH�SRSXODWLRQ��7R�HVWLPDWH�SRSXODWLRQ�EDVHG�WDEOHV�ZH�GLVWULEXWH�WKH�UDGL[�
SRSXODWLRQ�DFFRUGLQJ�WR�WKH�REVHUYHG�SUHYDOHQFH�LQ�HDFK�RI�WKH�KHDOWK�VWDWHV�IRU�WKH�8�6��
SRSXODWLRQ����\HDUV�RI�DJH��

7KH�SRSXODWLRQ�EDVHG�OLIH�WDEOH�FRQWDLQV�WZR�FRUH�VXPPDU\�PHDVXUHV�RI�WKH�FRKRUW
V�
OLIH�F\FOH�H[SHULHQFHV��QDPHO\�WKH�YROXPH�RI�PRYHPHQW�GXULQJ�D�WLPH�SHULRG�DQG�VWDWXV�OLIH�
H[SHFWDQF\��)RU�H[DPSOH��ZH�FRXOG�FRPSDUH�WKH�UHODWLYH�IUHTXHQF\��DFURVV�DJHV��RI�GHFOLQHV�
DQG�LPSURYHPHQWV�LQ�KHDOWK�VWDWXV��7KLV�LQIRUPDWLRQ�LV�LPSRUWDQW�IRU�XQGHUVWDQGLQJ�KRZ�
FKDQJHV�LQ�KHDOWK�DQG�IXQFWLRQLQJ�DUH�DVVRFLDWHG�ZLWK�DJLQJ��6LPLODUO\��KHDOWK�VWDWXV�OLIH�
H[SHFWDQFLHV�JLYH�VRPH�QRWLRQ�RI�WKH�SRUWLRQV�RI�WKH�OLIH�F\FOH�VSHQW�LQ�YDU\LQJ�GHJUHHV�RI�
SRRU�KHDOWK��

3RSXODWLRQ�EDVHG�WDEOHV�DOVR�DOORZ�XV�WR�FRPSXWH�WKH�LPSOLHG�DJH�VSHFLILF�SUHYDOHQFH�
RI�KHDOWK�VWDWHV�LQ�WKH�OLIH�WDEOH�SRSXODWLRQ��7KH�SUHYDOHQFH�UDWHV�RI�KHDOWK�VWDWXV�DUH�D�
FRQVHTXHQFH�RI�IORZV�ERWK�LQWR�DQG�RXW�RI�WKH�YDULRXV�KHDOWK�VWDWHV�RYHU�VRPH�VSHFLILHG�
SHULRG�WZR�\HDUV�LQ�RXU�FDVH�DQG�RI�WKH�VWRFN�RI�SHUVRQV�LQ�HDFK�VWDWXV��

&RQFHSWXDOO\�WKH�KHDOWK�SUHYDOHQFH�UDWHV�DUH�GLVWLQFW�IURP�WKH�WZR�W\SHV�RI�OLIH�WDEOH�
PHDVXUHV�QRWHG�DERYH��3UHYDOHQFH�UDWHV�KDYH�QR�WLPH�GLPHQVLRQ�DQG�WDNH�RQ�PHDQLQJ�RQO\�
ZLWK�UHIHUHQFH�WR�D�SRSXODWLRQ�JURXS��,Q�JHQHUDO�WHUPV�WKHVH�UDWHV�UHSUHVHQW�WKH�SRSXODWLRQ�
VWUXFWXUH�ZLWK�UHJDUG�WR�VRPH�DWWULEXWH��0HDVXUHV�VXFK�DV�VWDWXV�OLIH�H[SHFWDQF\�DQG�WKH�
H[SHFWHG�YROXPH�RI�WUDQVLWLRQV�UHSUHVHQW�LQGLYLGXDO�DJLQJ�H[SHULHQFHV��$V�ZH�VWDWHG�DERYH��
WKHVH�FRQFHSWV�DUH�UHODWHG�EHFDXVH�LQGLYLGXDO�OLIH�F\FOH�H[SHULHQFHV�JLYH�ULVH�WR�SRSXODWLRQ�
VWUXFWXUH��

:H�LOOXVWUDWH�WKH�FRQQHFWLRQV�EHWZHHQ�SUHYDOHQFH�UDWHV�DQG�WUDQVLWLRQ�UDWHV�E\�DGRSWLQJ�
D�VLPSOH�OLIH�WDEOH�PRGHO�FRQVLVWLQJ�RI�WZR��DOLYH��VWDWHV�QR�IXQFWLRQDO�OLPLWDWLRQV��R��DQG�
WKH�SUHVHQFH�RI�D�IXQFWLRQDO�OLPLWDWLRQ��L��DQG� DQ�DEVRUELQJ�VWDWH�RI�GHDWK������ 7KH�
SUHYDOHQFH�UDWH�RI�IXQFWLRQDO�OLPLWDWLRQV�DPRQJ�SHUVRQV�DJH�[�WR�[���Q��35(9L�[�Q���FDQ�EH�
H[SUHVVHG�LQ�WHUPV�RI�OLIH�WDEOH�QRWDWLRQ��DV�IROORZV��6FKRHQ�DQG�:RRGURZ��������

35(9$�Q�� /L�[�Q�� ����35(9�[�Q�� � /��[�Q���� /��[�Q��

,Q�WKLV�H[SUHVVLRQ��/L�[�Q��UHIHUV�WR�WKH�SHUVRQ�\HDUV�OLYHG�LQ�KHDOWK�VWDWH�L�GXULQJ�WKH�DJH�
LQWHUYDO�[�WR�[���Q��DQG�LV�FDOFXODWHG�DFFRUGLQJ�WR�(TXDWLRQ������7KLV�WHUP�LV�DQDORJRXV�WR�WKH�
PLG\HDU�SRSXODWLRQ�RI�SHUVRQV�ZKR�DUH�LQ�KHDOWK�VWDWXV�L��

7KH�QHW�IORZ�HTXDWLRQV�WKDW�JLYH�ULVH�WR�WKH�SHUVRQ�\HDU�YDOXHV��DQG�KHQFH�WR�WKH�KHDOWK�
VWDWXV�SUHYDOHQFH�UDWHV��DUH�

OR�[���Q�� � ��[�� �� GL��[�Q����G�M�[�Q����G�]��[�Q�� ����

DQG�

OL�[���Q��  � OL�[�� �� G�L�[�Q����GL��[�Q����GL�[�Q��� �����

7KH�ILUVW�IORZ�HTXDWLRQ�VD\V�WKDW�WKH�QXPEHU�RI�SHUVRQV�ZLWKRXW�IXQFWLRQDO�OLPLWDWLRQV�DW�DJH�
[���Q�LV�HTXDO�WR�WKH�QXPEHU�RI�SHUVRQV�ZLWKRXW�OLPLWDWLRQV�DW�DJH�[��L�H���D�VWRFN���SOXV�WKH�
QXPEHU�RI�PRYHV�IURP�VRPH�OLPLWDWLRQ�WR�QR�OLPLWDWLRQ��PLQXV�WKH�QXPEHU�RI�PRYHV�IURP�
QR�OLPLWDWLRQ�WR�VRPH�OLPLWDWLRQ��PLQXV�WKRVH�SHUVRQV�ZKR�KDG�QR�OLPLWDWLRQV�DW�DJH�[�ZKR�
GLHG�GXULQJ�WKH�LQWHUYDO��7KH�LQWHUSUHWDWLRQ�RI�WKH�VHFRQG�H[SUHVVLRQ�SDUDOOHOV�WKDW�RI�WKH�
ILUVW��%HFDXVH�WKHVH�WZR�H[SUHVVLRQV�GHILQH�WKH�QXPHUDWRU�DQG�WKH�GHQRPLQDWRU�RI�WKH�
SUHYDOHQFH�UDWH��WKH�FRPSOH[LW\�RI�EHKDYLRU�XQGHUO\LQJ�WKH�VHHPLQJO\�VLPSOH�SUHYDOHQFH�
PHDVXUH�RI�KHDOWK�VWDWXV�LV�UHDGLO\�DSSDUHQW��2QH�RI�WKH�DLPV�RI�WKLV�SDSHU�LV�WR�FODULI\�WKH�
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GHPRJUDSKLF�G\QDPLFV�WKDW�XQGHUOLH�WKH�SUHYDOHQFH�PHDVXUHV�RI�KHDOWK�VWDWXV�LQ�WKH�ROGHU�
SRSXODWLRQ��

5(68/76�

)ROORZLQJ�WKH�DERYH�SURFHGXUHV��ZH�HVWLPDWHG�OLIH�H[SHFWDQF\�LQ�WKH�IRXU�VWDWHV�RI�
KHDOWK�IRU�WKH�SRSXODWLRQ�DJH����DQG�RYHU�LQ�WKH�8QLWHG�6WDWHV�GXULQJ�WKH�ODWWHU�SDUW�RI�WKH�
����V��7DEOH�����7RWDO�OLIH�H[SHFWDQF\�DW�����HVWLPDWHG�E\�WKH�PXOWLVWDWH�PHWKRG��LV�������
\HDUV��7KLV�YDOXH�LV�FRQVLGHUDEO\�ORZHU�WKDQ�WKH�YDOXH�RI������\HDUV�WKDW�ZH�ZRXOG�REWDLQ�E\�
XVLQJ�WKH�VDPH�GDWD�WR�FRQVWUXFW�D�WUDGLWLRQDO�VLQJOH�GHFUHPHQW�OLIH�WDEOH��8�6��YLWDO�VWDWLVWLFV�
UHSRUW�D�OLIH�H[SHFWDQF\�RI������\HDUV�DW�DJH����LQ�������YHU\�VLPLODU�WR�WKDW�RI�WKH�VDPSOH�
�8�6��%XUHDX�RI�WKH�&HQVXV��������7KH�GLIIHUHQFH�EHWZHHQ�WKH�VLQJOH�GHFUHPHQW�DQG�WKH�
PXOWLVWDWH�PHWKRG�DULVHV�ERWK�IURP�WKH�0DUNRYLDQ�DVVXPSWLRQV�RI�WKH�PXOWLVWDWH�PRGHO�DQG�
IURP�WKH�PHWKRG�XVHG�WR�DSSO\�WKH�PRGHO��H�J���SDUDPHWHUL]DWLRQ�RI����WUDQVLWLRQ�VFKHGXOHV�
DQG�WKH�XVH�RI�WKH�WUDQVLWLRQ�DSSURDFK���

$W�DJH�����RQH�ZLOO�VSHQG�VOLJKWO\�OHVV�WKDQ�KDOI�RI�WKH�H[SHFWHG�\HDUV�RI�OLIH�ZLWK�VRPH�
IXQFWLRQLQJ�GLIILFXOWLHV�EXW�DEOH�WR�OLYH�LQGHSHQGHQWO\��2QH�FDQ�H[SHFW�WR�EH�LQ�RQH�RI�WKH�
GHSHQGHQW�VWDWHV�IRU������\HDUV��RU�����RI�UHPDLQLQJ�OLIH���/LYLQJ�WR�DQ�ROGHU�DJH�GRHV�QRW�
LPSO\�PXFK�LQFUHDVH�LQ�WKH�QXPEHU�RI�GLVDEOHG�\HDUV��D�ILQGLQJ�VLPLODU�WR�WKDW�RI�%UDQFK�HW�
DO����������DW�DJH�����WKH�HVWLPDWH�LV��������������������\HDUV�RI�GHSHQGHQF\��&HUWDLQO\�VRPH�
RI�WKLV�LQFUHDVH�LV�GXH�WR�WKH�LQFUHDVH�LQ�WKH�QXPEHU�RI�SHRSOH�LQVWLWXWLRQDOL]HG�DW�ROGHU�DJHV�
EHFDXVH�RI�FKDQJHV�LQ�WKHLU�VRFLDO�VXSSRUW�QHWZRUNV�RU�HFRQRPLF�FLUFXPVWDQFHV��$V�D�UHVXOW�
RI�WKH�UHODWLYH�FRQVWDQF\�LQ�WKH�H[SHFWHG�QXPEHU�RI�\HDUV�GHSHQGHQW��LQGLYLGXDOV�VSHQG�D�
KLJKHU�SURSRUWLRQ�RI�WKHLU�UHPDLQLQJ�OLYHV�LQ�WKLV�VWDWH�DV�WKH\�DJH��$W����WKLV�SURSRUWLRQ�LV�
�����DW����LW�LV������

7KH�SUHYDOHQFH�RI�WKH�OLIH�WDEOH�SRSXODWLRQ�LQ�HDFK�RI�WKH�IRXU�VWDWHV�LV�DOVR�VKRZQ�LQ�
7DEOH���DQG�)LJXUH����$OPRVW�KDOI�RI�WKH�����DQG����\HDU�ROGV�KDYH�QR�IXQFWLRQLQJ�
GLIILFXOWLHV��DOPRVW�DQRWKHU�KDOI�KDYH�VRPH�GLIILFXOWLHV�EXW�VWLOO�DUH�DEOH� WR� OLYH�
LQGHSHQGHQWO\��2QO\����OLYH�LQ�WKH�FRPPXQLW\�EXW�FDQQRW�SURYLGH�LQGHSHQGHQW�OLYLQJ������
DERXW�KDOI�RI�ZKRP�OLYH�LQ�WKH�FRPPXQLW\��DUH�XQDEOH�WR�SURYLGH�SHUVRQDO�FDUH��7KH�

7DEOH����([SHFWDWLRQV�RI�/LIH�DQG�,PSOLHG�$JH�6SHFLILF�3UHYDOHQFH�RI�3RSXODWLRQ�LQ�
6SHFLILHG�6WDWHV�'HULYHG�IURP�3RSXODWLRQ�%DVHG�0XOWLVWDWH�/LIH�7DEOH��
�����������/62$�3RSXODWLRQ�������

8QDEOH�WR� 8QDEOH�WR�
1R� 6RPH� 3URYLGH� 3URYLGH�

)XQFWLRQLQJ� )XQFWLRQLQJ� ,QGHSHQGHQW� 3HUVRQDO�
$JH� 7RWDO� 3UREOHPV� 3UREOHPV� /LYLQJ� &DUH�

([SHFWDWLRQ�RI�/LIH�E\�6WDWHV�
��� ������ ����� ����� ����� �����
��� ����� ����� ����� ����� �����
��� ����� ����� ����� ����� �����

,PSOLHG�$JH�6SHFLILF�3UHYDOHQFH�RI�3RSXODWLRQ�E\�6WDWHV�
������ ����� ����� ����� ����� �����
������ ����� ����� ����� ����� �����
������ ����� ����� ����� ����� �����
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�� 1R�

���

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
$JH�

)LJXUH����,PSOLHG�3UHYDOHQFH�RI�+HDOWK�6WDWXV�LQ�WKH�/LIH�7DEOH�3RSXODWLRQ�

SURSRUWLRQ�RI�WKH�OLIH�WDEOH�VXUYLYRUV�LQ�WKH�WZR�GHSHQGHQW�JURXSV�LQFUHDVHV�UHJXODUO\�ZLWK�
DJH��ZKLOH�WKH�SURSRUWLRQ�ZLWK�QR�IXQFWLRQLQJ�SUREOHPV�GHFUHLVHV�VKDUSO\��

7KLV�SLFWXUH�RI�SRSXODWLRQ�SUHYDOHQFH�PD\�JLYH�D�VHQVH�RI�D�VWHDG\�SURJUHVVLRQ�IURP�
JRRG�WR�SRRU�IXQFWLRQLQJ��$OWKRXJK�WKLV�LV�WUXH�IRU�WKH�SRSXODWLRQ�DV�D�ZKROH��KRZHYHU��LW�LV�
QRW�QHFHVVDULO\�WKH�FDVH�IRU�LQGLYLGXDOV��7KH�VXPPDU\�ILJXUHV�LQ�7DEOH���VKRZ�WKDW�WKH�
��������LQGLYLGXDOV�LQ�WKH�OLIH�WDEOH�SRSXODWLRQ�PDNH���������WUDQVLWLRQV�WR�GHDWK�RU�
EHWZHHQ�KHDOWK�VWDWXVHV����������RI�WKHVH�DUH�WR�GHDWK��$ERXW�RQH�WKLUG���������RI�WKH�
��������KHDOWK�WUDQOVLWLRQV�DUH�WR�EHWWHU�KHDOWK��WKH�UHVW�UHSUHVHQW�GHWHULRUDWLRQ�LQ�IXQFWLRQLQJ��
,Q�WKH�WZR�VWDWHV�ZKHUH�FKDQJH�FDQ�RFFXU�LQ�HLWKHU�GLUHFWLRQ�ZKHUH�IXQFWLRQLQJ�FDQ�HLWKHU�
GHWHULRUDWH�RU�LPSURYH�WKRVH�ZKR�VXUYLYH�DUH�DOPRVW�DV�OLNHO\�WR�PRYH�WR�EHWWHU�KHDOWK�DV�
WR�ZRUVH�KHDOWK��$ERXW�KDOI�RI�WKH�GHDWKV�RFFXU�IURP�D�VWDWH�RI�GHSHQGHQFH��WKH�JUHDWHU�
SURSRUWLRQ�������IURP�D�VWDWH�RI�QHHGLQJ�SHUVRQDO�FDUH��

,PSOLFDWLRQV�RI�&KDQJLQJ�/LIH�7DEOH�3DUDPHWHUV�
7DEOH���LOOXVWUDWHV�WKH�LPSOLFDWLRQV�RI�REVHUYHG�PRUWDOLW\�DQG�KHDOWK�VWDWXV�WUDQVLWLRQ�

UDWHV�GXULQJ�WKH�ODWWHU�SDUW�RI�WKH�����V��1RZ�ZH�V\VWHPDWLFDOO\�FKDQJH�WKH�PRUWDOLW\�DQG�
PRUELGLW\�WUDQVLWLRQ�VFKHGXOHV�LQ�WKH�OLIH�WDEOH��7KLV�H[HUFLVH�SURGXFHV�WKH�VWDEOH�RU�
VWDWLRQDU\�SRSXODWLRQ�FRPSRVLWLRQ�DQG�WKH�FRKRUW�OLIH�H[SHULHQFHV�LPSOLHG�E\�WKH�QHZ�
WUDQVLWLRQ�UDWHV��:H�H[DPLQH�WKH�FRQVHTXHQFHV�RI�FKDQJHV�LQ�WUDQVLWLRQ�IRUFHV�E\�ILUVW�
DOWHULQJ�PRUWDOLW\�UDWHV��7KLV�VWHS�LV�IROORZHG�E\�FKDQJLQJ�WKH�UDWHV�RI�GHWHULRUDWLQJ�
IXQFWLRQLQJ�VWDWXV�DQG�WKH�UDWHV�RI�LPSURYLQJ�KHDOWK�VWDWXV��,Q�RXU�LQLWLDO�H[DPLQDWLRQ�RI�HDFK�
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7DEOH����1XPEHU�RI�7UDQVLWLRQV�EHWZHHQ�6WDWHV�0DGH�E\�WKH�/LIH�7DEOH�3RSXODWLRQ�
$JH������

,QLWLDO�6WDWH�
8QDEOH�WR� 8QDEOH�WR�

1R� 6RPH� 3URYLGH� 3URYLGH�
(QG� )XQFWLRQLQJ� )XQFWLRQLQJ� ,QGHSHQGHQW� 3HUVRQDO�
6WDWH� 3UREOHPV� 3UREOHPV� /LYLQJ� &DUH� 7RWDO�
1R�
)XQFWLRQLQJ�
3UREOHPV� �� ������� ������ ������ �������

6RPH�
)XQFWLRQLQJ�
3UREOHPV� ������� �� ������ ������ �������

8QDEOH�WR�
3URYLGH�
,QGHSHQGHQW�
/LYLQJ� ������ ������� �� ������ �������

8QDEOH�WR�
3URYLGH�
3HUVRQDO�
&DUH� ������� ������� ������ �� �������

'HDG� ������� ������� ������ ������� ��������
6XPPDU\�
7RWDO�
7UDQVLWLRQV� ������� �������� ������� ������� ��������
7R�GHDWK� ������� ������� ������ ������� ��������
7R�EHWWHU�
KHDOWK� �� ������� ������ ������ �������

7R�ZRUVH�
KHDOWK� ������� ������� ������ �� ��������

HIIHFW�ZH�NHHS�DOO�RWKHU�WUDQVLWLRQ�VFKHGXOHV�FRQVWDQW�DW�WKH�OHYHO�RI�WKH�EDVHOLQH�OLIH�WDEOH��
7KHQ�ZH�H[DPLQH�WKH�HIIHFW�RI�OHWWLQJ�DOO�WKUHH�VHWV�RI�UDWHV�YDU\�WRJHWKHU��)LQDOO\��ZH�
H[DPLQH�WKH�HIIHFW�RI�FKDQJLQJ�WKH�UDGL[�DOORFDWLRQ�RI�WKH�SRSXODWLRQ��6XEVWDQWLYHO\�WKLV�
HIIHFW�UHSUHVHQWV�FKDQJHV�LQ�WKH�KHDOWK�VWDWXV�RI�WKH�SRSXODWLRQ�DW�\RXQJHU�DJHV��DV�D�UHVXOW��
D�SRSXODWLRQ�ZLWK�D�GLIIHUHQW�KHDOWK�VWDWXV�HQWHUV�ROGHU�DJH��5RJHUV�������6FKRHQ��������:H�
HYDOXDWH�WKH�LPSOLFDWLRQV�RI�HDFK�FKDQJH�IRU�OLIH�H[SHFWDQF\�DW�DJH�����DQG�WKHQ�IRU�WKH�
KHDOWK�VWDWXV�RI�WKH�OLIH�WDEOH�SRSXODWLRQ�DW�DJH��������

,Q�7DEOH����3DQHO�$�VKRZV�WKH�EDVHOLQH�ILJXUHV�IRU�DJH����IURP�7DEOH����3DQHO�%�
GLVSOD\V�WKH�OLIH�H[SHFWDQFLHV�WKDW�ZRXOG�RFFXU�ZLWK�D�FKDQJH�LQ�PRUWDOLW\�UDWHV�VLPLODU�WR�
WKDW�ZKLFK�RFFXUUHG�EHWZHHQ������DQG������LQ�WKH�WRWDO�8�6��SRSXODWLRQ�DJH����DQG�RYHU��
7R�SURGXFH�WKLV�FKDQJH�ZH�LQFUHDVHG�PRUWDOLW\�DW�DOO�DJHV�DQG�IURP�DOO�VWDWHV�E\��������
NHHSLQJ�DOO�RWKHU�WUDQVLWLRQ�UDWHV�FRQVWDQW���7KLV�FKDQJH�ORZHUHG�OLIH�H[SHFWDQF\�DW�DJH����E\�
DERXW�WZR�\HDUV��IURP�������WR���������$OWKRXJK�OLIH�H[SHFWDQF\�LQ�DOO�VWDWHV�LV�ORZHU��WKH�
PRVW�VLJQLILFDQW�FKDQJH�RFFXUV�LQ�WKH�KHDOWK�VWDWXV��XQDEOH�WR�SHUIRUP�SHUVRQDO�FDUH���WKH�
VWDWXV�OLIH�H[SHFWDQF\�YDOXH�LV�����ORZHU�XQGHU�WKH�KLJK�PRUWDOLW\�UHJLPH��,QFUHDVLQJ�
PRUWDOLW\�DOVR�UHVXOWV�LQ�D�UHGXFWLRQ�LQ�WKH�SURSRUWLRQ�RI�H[SHFWHG�OLIH�GHSHQGHQW��:KHQ�WKH�
EDVHOLQH�OLIH�WDEOH�LV�XVHG������RI�H[SHFWHG�OLIH�LV�OLIH�LQ�ZKLFK�KHOS�LQ�IXQFWLRQLQJ�ZLOO�EH�
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7DEOH����/LIH�([SHFWDQF\�DW�$JH����IRU�%RWK�6H[HV��E\�+HDOWK�6WDWXV�

���� �� ����

��� ���� ���� ���� ���� ����
8QDEOH�WR� 8QDEOH�WR� 3URSRUWLRQ�

1R� 6RPH� 3URYLGH� 3URYLGH� /LIH�
)XQFWLRQLQJ� )XQFWLRQLQJ�,QGHSHQGHQW� 3HUVRQDO� ([SHFWDQF\�

7RWDO� 3UREOHPV� 3UREOHPV� /LYLQJ� &DUH� 'HSHQGHQW�

$�� %DVHOLQH� ������ ����� ����� ����� ����� �����
%�� &KDQJH�0RUWDOLW\�

,QFUHDVH������� ������ ����� ����� ����� ����� �����
'HFUHDVH������� ������ ����� ����� ����� ����� �����
,QFUHDVH�����

�RQO\�GHSHQGHQW�� ������ ����� ����� ����� ����� �����
'HFUHDVH�����

�RQO\�GHSHQGHQW�� ������ ����� ����� ����� ����� �����
&�� &KDQJH�*HWWLQJ�:RUVH�

,QFUHDVH������� ������ ����� ����� ����� ����� �����
'HFUHDVH������� ������ ����� ����� ����� ����� �����

'�� &KDQJH�*HWWLQJ�%HWWHU�
,QFUHDVH������� ������ ����� ����� ����� ����� �����
'HFUHDVH������� ������ ����� ����� ����� ����� �����

(�� &RPELQHG�&KDQJH�
������FKDQJH�

WRZDUG�KHDOWKLHU�
OLIH� ������ ����� ����� ����� ����� �����

����FKDQJH�WRZDUG�
KHDOWKLHU�OLIH� ������ ����� ����� ����� ����� �����

������FKDQJH�
WRZDUG�ZRUVHQLQJ�
KHDOWK� ����� ����� ����� ����� ����� �����

)�� &KDQJH�,QLWLDO�'LVWULEXWLRQ�
,QFUHDVH�������

VWDWHV�ZLWK�
IXQFWLRQLQJ�
SUREOHPV� ������ ����� ����� ����� ����� �����

'HFUHDVH�������
VWDWHV�ZLWK�
IXQFWLRQLQJ�
SUREOHPV� ������ ����� ����� ����� ����� �����

UHTXLUHG��:KHQ�PRUWDOLW\�LV�������KLJKHU��WKH�SHUFHQW�RI�WRWDO�OLIH�H[SHFWDQF\�LQ�ZKLFK�KHOS�
ZRXOG�EH�UHTXLUHG�GHFOLQHV�WR������

5HGXFLQJ�PRUWDOLW\�UDWHV�E\�WKH�VDPH�SHUFHQWDJH�DQG�KROGLQJ�DOO� RWKHU�WUDQVLWLRQV�
FRQVWDQW�KDV�WKH�RSSRVLWH�HIIHFW��1RW�VXUSULVLQJO\��OLIH�H[SHFWDQF\�LQ�HYHU\�VWDWH�LV�KLJKHU��
EXW�WKH�H[SHFWHG�SHUFHQWDJH�RI�OLIH�GHSHQGHQW�DOVR�LQFUHDVHV��,I�PRUWDOLW\�UDWHV�DFURVV�DOO�
DJHV� GHFUHDVHG�DQRWKHU������� IURP�WKH�EDVHOLQH������ RI�OLIH�DIWHU�DJH� ��� ZRXOG�EH�
GHSHQGHQW��7KH�JUHDWHVW�LQFUHDVH������� \HDUV��RFFXUV�LQ�\HDUV�RI�OLIH�XQDEOH�WR�SURYLGH�
SHUVRQDO�FDUH��

$OWKRXJK�DQ�HTXLWDEOH�GHFOLQH�LQ�PRUWDOLW\�DFURVV�VWDWHV�RI�KHDOWK�LV�RQH�SODXVLEOH�
VFHQDULR��VRPH�UHVHDUFKHUV�KDYH�VXJJHVWHG�WKDW�SDVW�GHFOLQHV�LQ�PRUWDOLW\�ZHUH�FRQFHQWUDWHG�
DPRQJ�WKH�IUDLOHVW�PHPEHUV�RI�WKH�SRSXODWLRQ��*UXHQEHUJ�������.UDPHU��������7R�VLPXODWH�
WKLV�HIIHFW�IRU�WKH�SDVW��ZH�FRQFHQWUDWH�WKH�PRUWDOLW\�LQFUHDVH�DPRQJ�WKH�WZR�GHSHQGHQW�
VWDWHV�E\�DVVXPLQJ�D�����LQFUHDVH�LQ�WKH�PRUWDOLW\�VFKHGXOHV�IRU�WKHVH�WZR�JURXSV��ZLWK�WKH�
RWKHU�WZR�JURXSV�PDLQWDLQLQJ�EDVHOLQH�PRUWDOLW\��WR�VLPXODWH�WKH�HIIHFW�IRU�WKH�IXWXUH��ZH�
GHFUHDVH�WKH�EDVHOLQH�PRUWDOLW\�LQ�WKH�VDPH�ZD\��&RQFHQWUDWLQJ�WKH�PRUWDOLW\�FKDQJH�DPRQJ�
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&KDQJLQJ�+HDOWK�6WDWXV�DQG�/LIH�([SHFWDQF\�RI�2OGHU�3RSXODWLRQ� ����

WKH�PRVW�IUDLO��KRZHYHU��GRHV�QRW�JUHDWO\�FKDQJH�WKH�UHVXOW�ZH�REWDLQ�ZKHQ�WKH�PRUWDOLW\�
GHFOLQH�LV�VSUHDG�DFURVV�WKH�HQWLUH�SRSXODWLRQ��

1H[W�ZH�FKDQJH�WKH�OLNHOLKRRG�RI�GHWHULRUDWLRQ�LQ�IXQFWLRQ�EXW�KROG�PRUWDOLW\�FRQVWDQW�
�3DQHO�&���:KHQ�WKH�UDWHV�RI�WUDQVLWLRQ�WR�ZRUVH�IXQFWLRQLQJ�DUH�UHGXFHG��MXVW�RYHU�RQH�\HDU�
RI�OLIH��������YV���������LV�DGGHG�DQG�WKH�SURSRUWLRQ�RI�H[SHFWHG�OLIH�GHSHQGHQW�LV�UHGXFHG�
E\�VL[�SHUFHQWDJH�SRLQWV��IURP������WR��������:KHQ�WKH�OLNHOLKRRG�RI�LPSURYHPHQW�LQ�
IXQFWLRQLQJ�LV�FKDQJHG�E\�WKH�VDPH�SHUFHQWDJHV��3DQHO�'���WKH�FKDQJHV�DUH�LQ�WKH�VDPH�
GLUHFWLRQ�DV�WKRVH�IRU�WKH��JHWWLQJ�ZRUVH��VFHQDULRV��7KH�PDJQLWXGH��KRZHYHU��LV�PXFK�
VPDOOHU��

,W�LV�VRPHZKDW�LPSODXVLEOH�WKDW�DQ\�RQH�RI�WKHVH�VFHQDULRV�ZRXOG�RFFXU�LQ�LVRODWLRQ��,Q�
D�PRUH�UHDOLVWLF�VLWXDWLRQ��WKH\�DOO�PLJKW�KDSSHQ�WRJHWKHU��WKDW�LV��PRUWDOLW\�ZRXOG�GHFUHDVH��
JHWWLQJ�ZRUVH�ZRXOG�GHFUHDVH��DQG�JHWWLQJ�EHWWHU�ZRXOG�LQFUHDVH��3DQHO�(���7KLV�LV�ZKDW�ZH�
UHJDUG�DV�FKDQJH�WRZDUG�D�KHDOWKLHU�OLIH�LQ�WKH�IXWXUH��,I�WKH�WUHQGV�ZHUH�UHYHUVHG��WKH�UHVXOW�
ZRXOG�EH�FKDQJH�WRZDUG�ZRUVHQLQJ�KHDOWK��ZKLFK�FRXOG�KDYH�EHHQ�WKH�VWDWH�RI�WKH�ROGHU�
SRSXODWLRQ�LQ�WKH�8QLWHG�6WDWHV�DERXW����\HDUV�DJR��,I�HYHU\WKLQJ�GHWHULRUDWHG�E\��������OLIH�
H[SHFWDQF\�DW�DJH����ZRXOG�EH�PXFK�ORZHU�������\HDUV��EXW�WKH�SURSRUWLRQ�RI�LQDFWLYH�RU�
GHSHQGHQW�OLIH�ZRXOG�EH�RQO\����KLJKHU��,I�HYHU\WKLQJ�ZHUH�WR�LPSURYH�E\��������
HVWLPDWHG�OLIH�H[SHFWDQF\�ZRXOG�LQFUHDVH�E\�����\HDUV�EXW�WKH�SHUFHQWDJH�RI�OLIH�H[SHFWDQF\�
LQ�ZKLFK�RQH�FRXOG�SURYLGH�VHOI�FDUH�ZRXOG�LQFUHDVH�E\�RQO\����IURP�WKH�FXUUHQW�
SHUFHQWDJH��(YHQ�LI�HYHU\�WUDQVLWLRQ�VFKHGXOH�ZHUH�LPSURYHG�E\������WKH�SURSRUWLRQ�RI�OLIH�
LQ�ZKLFK�RQH�QHHGHG�KHOS�ZRXOG�QRW�FKDQJH��DOWKRXJK�OLIH�H[SHFWDQF\�ZRXOG�LQFUHDVH�E\�
HLJKW�\HDUV�DQG�\HDUV�RI�GHSHQGHQW�OLIH�H[SHFWDQF\�E\�WZR�\HDUV��

,Q�VXP��KLJKHU�PRUWDOLW\��ORZHU�PRUELGLW\��DQG�PRUH�UHKDELOLWDWLRQ��DOO�RWKHU�UDWHV�EHLQJ�
HTXDO��DUH�OLQNHG�WR�D�JUHDWHU�SURSRUWLRQ�RI�KHDOWK\�OLIH��,I�DOO�WKHVH�IDFWRUV�FKDQJH�LQ�XQLVRQ��
ZH�ILQG�OLWWOH�FKDQJH�LQ�WKH�SURSRUWLRQ�RI�KHDOWK\�OLIH�EXW�VLJQLILFDQW�FKDQJH�LQ�WKH�DEVROXWH�
DPRXQW��

7R�H[DPLQH�WKH�HIIHFW�RI�FKDQJHV�LQ�FRKRUW�FRPSRVLWLRQ�RQ�OLIH�H[SHFWDQF\��ZH�LQFUHDVH�
DQG�WKHQ�GHFUHDVH�E\�������WKH�SURSRUWLRQ�RI�WKH�SRSXODWLRQ�LQ�HDFK�RI�WKH�KHDOWK�VWDWXVHV�
ZLWK�IXQFWLRQLQJ�GHILFLWV��3DQHO�)���&KDQJLQJ�WKH�LQLWLDO�GLVWULEXWLRQ�RI�WKH�SRSXODWLRQ�DW�DJH�
���KDV�OHVV�HIIHFW�WKDQ�FKDQJLQJ�WKH�WUDQVLWLRQ�VFKHGXOHV�LQ�ROG�DJH��,I�PRUH�SHRSOH�HQWHU�ROG�
DJH�ZLWKRXW�IXQFWLRQLQJ�SUREOHPV��EXW�LI�WKH�WUDQVLWLRQ�UDWHV�LQ�ROG�DJH�UHPDLQ�FRQVWDQW��OLIH�
H[SHFWDQF\�ZLOO�LQFUHDVH�RQO\�VOLJKWO\�DQG�WKH�SURSRUWLRQ�RI�OLIH�GHSHQGHQW�ZLOO�GHFUHDVH�
RQO\�VOLJKWO\��

1RZ�ZH�H[DPLQH�WKH�LPSOLFDWLRQV�RI�WKH�VDPH�FKDQJHV�IRU�WKH�SUHYDOHQFH�RI�WKH�
SRSXODWLRQ�LQ�WKH�YDULRXV�KHDOWK�VWDWHV�IRU�DJH��������7DEOH�����:H�IRFXV�RQ�DJH����WR�VKRZ�
WKH�HIIHFWV�RI�FKDQJLQJ�WKH�SURFHVV�DW�HDUOLHU�DJHV��

$OWKRXJK�WKH�GLUHFWLRQ�RI�FKDQJH�LQ�WKH�SUHYDOHQFH�UDWHV�LV�ZKDW�ZH�ZRXOG�H[SHFW��JLYHQ�
WKH�SUHFHGLQJ�LQIRUPDWLRQ�RQ�OHQJWK�RI�OLIH��ZH�ILQG�WKDW�RQO\�D�UHODWLYHO\�VPDOO�FKDQJH�LQ�WKH�
SUHYDOHQFH�RI�KHDOWK�VWDWHV�DFFRPSDQLHV�PRUWDOLW\�FKDQJH��3DQHO�%���,I�PRUWDOLW\�UDWHV�ZHUH�
������KLJKHU�WKDQ�FXUUHQW�UDWHV��WKH�SUHYDOHQFH�RI�GHSHQGHQF\�ZRXOG�EH����ORZHU��,I�UDWHV�
GHFUHDVHG�������IURP�FXUUHQW�UDWHV��WKH�SUHYDOHQFH�RI�GHSHQGHQF\�ZRXOG�LQFUHDVH�E\�����
&RQFHQWUDWLQJ�WKH�PRUWDOLW\�GHFOLQH�LQ�WKH�GHSHQGHQW�VHFWLRQ�RI�WKH�SRSXODWLRQ�UHVXOWV�LQ�D����
LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�WKH�SRSXODWLRQ�ZKLFK�ZRXOG�QHHG�DVVLVWDQFH�LQ�IXQFWLRQLQJ��

6LPLODU�SHUFHQWDJH�FKDQJHV�LQ�WKH�OLNHOLKRRG�RI�ZRUVHQLQJ�IXQFWLRQDO�VWDWHV�KDYH�D�
JUHDWHU�LPSDFW�RQ�WKH�LPSOLHG�SUHYDOHQFH�RI�KHDOWK�VWDWHV�WKDQ�GR�WKH�PRUWDOLW\�FKDQJHV��,I�
WUDQVLWLRQV�WR�ZRUVH�KHDOWK�ZHUH�������KLJKHU�WKDQ�DW�WKH�SUHVHQW��WKH�LPSOLHG�SUHYDOHQFH�RI�
WKH�GHSHQGHQW�SRSXODWLRQ�ZRXOG�EH����JUHDWHU��3DQHO�&���

:KHQ�ZH�FKDQJH�WKH�SUREDELOLW\�RI�UHWXPLQJ�WR�EHWWHU�IXQFWLRQLQJ��3DQHO�'���WKH�HIIHFW�
RQ�WKH�SUHYDOHQFH�RI�WKH�IXQFWLRQDOO\�GHSHQGHQW�SRSXODWLRQ�LV�VLPLODU�LQ�VL]H�WR�WKH�PRUWDOLW\�
HIIHFW�EXW�LW�LV�RSSRVLWH�LQ�VLJQ��,PSURYLQJ�PRUWDOLW\�LQFUHDVHV�WKH�SURSRUWLRQ�IXQFWLRQDOO\�
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���� 'HPRJUDSK\��9RO������1R�����)HEUXDU\������

7DEOH� ��� ,PSOLHG�3UHYDOHQFH�RI�3RSXODWLRQ�LQ�6SHFLILHG�+HDOWK�6WDWHV�IRU�$JH�������

���� ���� ���� ���� ���� ���� �� ����
8QDEOH�WR� 8QDEOH�WR�

1R� 6RPH� 3URYLGH� 3URYLGH�
)XQFWLRQLQJ� )XQFWLRQLQJ� ,QGHSHQGHQW� 3HUVRQDO� 3URSRUWLRQ�

7RWDO� 3UREOHPV� 3UREOHPV� /LYLQJ� &DUH� 'HSHQGHQW�

$�� %DVHOLQH� ����� ����� ����� ����� ����� �����
%�� &KDQJH�0RUWDOLW\�

,QFUHDVH������� ����� ����� ����� ����� ����� �����
'HFUHDVH������� ����� ����� ����� ����� ����� �����
,QFUHDVH�����

�RQO\�GHSHQGHQW�� ����� ����� ����� ����� ����� �����
'HFUHDVH�����

�RQO\�GHSHQGHQW�� ����� ����� ����� ����� ����� �����
&�� &KDQJH�*HWWLQJ�:RUVH�

,QFUHDVH������� ����� ����� ����� ����� ����� �����
'HFUHDVH������� ����� ����� ����� ����� ����� �����

'�� &KDQJH�*HWWLQJ�%HWWHU�
,QFUHDVH������� ����� ����� ����� ����� ����� �����
'HFUHDVH������� ����� ����� ����� ����� ����� �����

(�� &RPELQHG�&KDQJH�
������FKDQJH�
WRZDUG�KHDOWKLHU�
OLIH� ����� ����� ����� ����� ����� �����

����FKDQJH�WRZDUG�
KHDOWKLHU�OLIH� ����� ����� ����� ����� ����� �����

������FKDQJH�
WRZDUG�ZRUVHQLQJ�
KHDOWK� ����� ����� ����� ����� ����� �����

)�� &KDQJH�,QLWLDO�'LVWULEXWLRQ�
,QFUHDVH�������

VWDWHV�ZLWK�
IXQFWLRQLQJ�
SUREOHPV� ����� ����� ����� ����� ����� �����

'HFUHDVH�������
VWDWHV�ZLWK�
IXQFWLRQLQJ�
SUREOHPV� ����� ����� ����� ����� ����� �����

GHSHQGHQW��LPSURYLQJ�WKH�FKDQFHV�RI�JHWWLQJ�EHWWHU�UHGXFHV�WKH�SURSRUWLRQ�IXQFWLRQDOO\�
GHSHQGHQW��

%HFDXVH�WKH�PRUWDOLW\�HIIHFWV�DQG�WKH�UHKDELOLWDWLRQ�HIIHFWV�DUH�LQ�RSSRVLWH�GLUHFWLRQV��
WKH�RYHUDOO�HIIHFW�RI�FKDQJH�WRZDUG�D�������KHDOWKLHU�OLIH�LV�VLPLODU�LQ�DOO�WKUHH�DUHDV�WR�WKH�
HIIHFW�RI�UHGXFLQJ�WKH�WUDQVLWLRQV�WR�ZRUVH�KHDOWK��3DQHO�(���$�����FKDQJH�WRZDUG�LPSURYHG�
KHDOWK�ZRXOG�UHGXFH�UHPDUNDEO\�WKH�SUHYDOHQFH�RI�GHSHQGHQF\��DJDLQ�SULPDULO\�EHFDXVH�RI�D�
FKDQJH�LQ�WKH�OLNHOLKRRG�RI�EHFRPLQJ�GHSHQGHQW��%\�DJH�����KRZHYHU��QHLWKHU�VHW�RI�
FKDQJHV�LQ�WKH�UDGL[�DOORFDWLRQ�RI�WKH�SRSXODWLRQ�KDV�PXFK�HIIHFW�RQ�WKH�GLVWULEXWLRQ�RI�WKH�
SRSXODWLRQ�DFURVV�IXQFWLRQLQJ�VWDWHV��3DQHO�)���DQ�LQGLFDWLRQ�WKDW�WKH�HIIHFW�LV�GDPSHQHG�DV�
DJH�LQFUHDVHV��

6800$5<�$1'�&21&/86,216�
2XU�DQDO\VLV�KDV�VKRZQ�WKDW�FKDQJH�LQ�PRUWDOLW\�FUHDWHV�WKH�JUHDWHVW�FKDQJHV�LQ�OHYHOV�

RI�OLIH�H[SHFWDQF\�DW�WKH�ROGHVW�DJHV��&KDQJHV�LQ�WKH�UDWHV�RI�HLWKHU�PRUWDOLW\�RU�PRUELGLW\�
WUDQVLWLRQV�DIIHFW�WKH�OHQJWK�RI�GHSHQGHQW�OLIH��,PSURYLQJ�PRUWDOLW\�DORQH�LPSOLHV�DQ�LQFUHDVH�
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&KDQJLQJ�+HDOWK�6WDWXV�DQG�/LIH�([SHFWDQF\�RI�2OGHU�3RSXODWLRQ� ����

LQ�ERWK�WKH�\HDUV�DQG�WKH�SURSRUWLRQ�RI�GHSHQGHQW�OLIH��LPSURYLQJ�PRUELGLW\�DORQH�UHGXFHV�
ERWK�WKH�\HDUV�DQG�WKH�SURSRUWLRQ�RI�GHSHQGHQW�OLIH��,I�PRUWDOLW\�DQG�PRUELGLW\�FKDQJH�
WRJHWKHU��WKH�UHODWLYH�OHQJWK�RI�GHSHQGHQW�OLIH�UHPDLQV�YLUWXDOO\�XQFKDQJHG��

7KH�SUHYDOHQFH�RI�GLVDELOLW\�DOVR�LV�DIIHFWHG�E\�FKDQJHV�LQ�ERWK�PRUWDOLW\�DQG�
PRUELGLW\��$JDLQ��LPSURYLQJ�PRUWDOLW\�DORQH�OHDGV�WR�D�KLJKHU�SURSRUWLRQ�RI�QRQIXQFWLRQLQJ�
LQGLYLGXDOV�LQ�WKH�OLIH�WDEOH�SRSXODWLRQ��LPSURYLQJ�PRUELGLW\�OHDGV�WR�D�ORZHU�SHUFHQWDJH�RI�
QRQIXQFWLRQLQJ�LQGLYLGXDOV��,PSURYLQJ�PRUELGLW\�UHSUHVHQWV�D�VFHQDULR�LQ�ZKLFK�WKH�DJH�DW�
RQVHW�RI�IXQFWLRQLQJ�SUREOHPV�LV�LQFUHDVHG��7KXV�WKH�PRVW�HIIHFWLYH�ZD\�WR�UHGXFH�WKH�
SHUFHQWDJH�RI�WKH�SRSXODWLRQ�ZLWK�IXQFWLRQLQJ�GLVDELOLWLHV�LV�WR�LQFUHDVH�WKH�DJH�DW�ZKLFK�
SHRSOH�PDNH�WKH�WUDQVLWLRQ�WR�SRRUHU�IXQFWLRQLQJ��7KH�GHFUHDVH�LQ�WUDQVLWLRQ�UDWHV�WR�SRRU�
IXQFWLRQLQJ��RU�WKH�LQFUHDVH�LQ�DJH�DW�RQVHW�RI�SRRU�IXQFWLRQLQJ�ZKLOH�NHHSLQJ�PRUWDOLW\�
FRQVWDQW��FRXOG�EH�FDOOHG�WKH��FRPSUHVVLRQ�RI�PRUELGLW\��VFHQDULR��)ULHV��������

2XU�VFHQDULR�RI�FKDQJHV�LQ�DOO�UDWHV�WRJHWKHU�WRZDUG�LPSURYLQJ�KHDOWK�VKRZV�WKDW�
DOWKRXJK�WKH�SURSRUWLRQ�GHSHQGHQW�LQ�WKH�OLIH�WDEOH�SRSXODWLRQ�GHFUHDVHV��WKH�SURSRUWLRQ�RI�
H[SHFWHG�OLIH�GHSHQGHQW�LV�QRW�FKDQJHG�LQ�WKLV�VFHQDULR��7KLV�SRLQW�GHPRQVWUDWHV�WKH�
XVHIXOQHVV�RI�H[DPLQLQJ�PHDVXUHV�RI�SRSXODWLRQ�KHDOWK�DV�ZHOO�DV�LQGLYLGXDO�OLIH��

2XU�VLPXODWLRQV�GHPRQVWUDWH�WKDW�D�SRSXODWLRQ�FHUWDLQO\�FDQ�H[SHULHQFH�ORQJHU�H[SHFWHG�
OLIH�EXW�ZRUVHQLQJ�KHDOWK��,Q�IDFW��LW�LV�SUREDEO\�UHDVRQDEOH�WR�DVVXPH�WKDW�WKLV�LV�WKH�
VLWXDWLRQ�LQ�WKH�HDUO\�VWDJHV�RI�GHFOLQLQJ�GHDWK�UDWHV�IURP�FKURQLF�GLVHDVHV��:KHQ�PHGLFDO�
VFLHQFH�DQG�WHFKQRORJ\�ILUVW�DGGUHVV�D�FKURQLF�GLVHDVH��WKH�LQLWLDO�HIIHFW�SUREDEO\�LV�IHOW�RQ�
WKH�GHDWK�UDWHV�RI�IDLUO\�VLFN�SHRSOH��$V�SURJUHVV�LV�PDGH�DJDLQVW�FKURQLF�GLVHDVHV��HLWKHU�
IDWDO�RU�QRQIDWDO��WKH�SURJUHVVLRQ�RI�WKHVH�GLVHDVHV�PD\�EH�DUUHVWHG�DW�HDUOLHU�VWDJHV��
(YHQWXDOO\�WKH�XQGHUVWDQGLQJ�RI�WKH�GLVHDVH�SURFHVV�PD\�DGYDQFH�WR�WKH�SRLQW�ZKHUH�WKH�DJH�
DW�RQVHW�RI�SUREOHPV�LV�LQFUHDVHG�DQG�SHRSOH�DUH�UHVWRUHG�WR�EHWWHU�KHDOWK��6XFK�D�VLWXDWLRQ�
ZRXOG�OHDG�WR�D�GHFOLQH�LQ�WKH�SURSRUWLRQ�RI�WKH�SRSXODWLRQ�GHSHQGHQW��

2XU�UHVXOWV��RI�FRXUVH��DUH�EDVHG�RQ�WKH�HPSLULFDOO\�REVHUYHG�PRUWDOLW\�PRUELGLW\�
WUDQVLWLRQV�H[SHULHQFHG�GXULQJ�WKH�ODWWHU�SDUW�RI�WKH�����V��&RQVHTXHQWO\�WKH\�DUH�UHOHYDQW�
IRU�SRSXODWLRQV�LQ�ZKLFK�WKH�GLVHDVH�UHJLPH�LV�GRPLQDWHG�E\�FKURQLF�GLVHDVHV�IRU�ZKLFK�
WKHUH�LV�QR�NQRZQ�FXUH�DQG�LQ�ZKLFK�WKH�FDXVH�VWUXFWXUH�RI�PRUWDOLW\�LV�VLPLODU�WR�WKDW�LQ�WKH�
8QLWHG�6WDWHV�GXULQJ�WKH�����V��

127(6�
:H�IRXQG�LW�QHFHVVDU\�WR�LPSXWH�KHDOWK�VWDWXV�IRU�PLVVLQJ�FDVHV�LQ�RUGHU�WR�SURGXFH�OHYHOV�RI�OLIH�

H[SHFWDQF\�WKDW�UHIOHFW�WKH�VDPSOH
V�H[SHULHQFH��%HFDXVH�GHDWKV�WR�VDPSOH�PHPEHUV�DUH�UHFRUGHG�IURP�
LQIRUPDWLRQ�FROOHFWHG�LQ�WKH�1DWLRQDO�'HDWK�,QGH[��PLVVLQJ�FDVHV�DUH�OLNHO\�WR�EH�SHUVRQV�ZKR�UHPDLQ�
DOLYH��,JQRULQJ�WKH�PLVVLQJ�FDVHV�ZKLOH�XVLQJ�WKH�LQIRUPDWLRQ�IURP�WKH�GHDWK�LQGH[�UHVXOWV�LQ�
XQGHUHVWLPDWLRQ�RI�OLIH�H[SHFWDQF\��7R�FRPSHQVDWH�IRU�WKLV�SUREOHP�DQG�WR�PDLQWDLQ�WKH�SDWWHUQ�RI�
REVHUYHG�WUDQVLWLRQV��ZH�LPSXWHG�KHDOWK�VWDWXV�IRU�UHVSRQGHQWV�ZKR�ZHUH�QRW�NQRZQ�WR�EH�GHDG�DQG�
ZKR�KDG�UHSRUWHG�KHDOWK�VWDWXV�HLWKHU�LQ�WKH�WZR�ZDYHV�EHIRUH�WKH�ZDYH�LQ�ZKLFK�WKH\�EHFDPH�ORVW�WR�
IROORZ�XS�RU�LPPHGLDWHO\�EHIRUH�DQG�DIWHU�WKH�ZDYH�ZLWK�WKH�PLVVLQJ�UHVSRQVH��+HDOWK�VWDWXV�LV�
LPSXWHG�IRU�������LQWHUYDO�REVHUYDWLRQV�WKDW�DULVH�IURP�����UHVSRQGHQWV��,Q�HDFK�RI����GDWD�VHWV�
GHWHUPLQHG�E\�WKH�SDWWHUQ�RI�PLVVLQJ�GDWD��ZH�FDOFXODWH�WKH�SUREDELOLW\�RI�EHLQJ�LQ�D�FHUWDLQ�KHDOWK�
VWDWXV�DFFRUGLQJ�WR�WKH�SUREDELOLW\�DFWXDOO\�REVHUYHG�LQ�VLPLODU�SDWWHUQHG�UHVSRQVHV�DQG�LPSXWHG�WKDW�
VWDWXV�WR�WKH�PLVVLQJ�SHUVRQV��:KHQ�ZH�FRPSDUH�WKH�GLVWULEXWLRQ�RI����W\SHV�RI�WUDQVLWLRQV�LQ�WKH�WZR�
GDWD�VHWV��ZLWK�DQG�ZLWKRXW�LPSXWDWLRQ���WKH�SHUFHQWDJH�RI�DQ\�RQH�W\SH�RI�WUDQVLWLRQ�DV�D�SURSRUWLRQ�RI�
DOO�WUDQVLWLRQV�GLIIHU�E\�OHVV�WKDQ������

��7R�HVWLPDWH�DSSURSULDWHO\�WKH�WZR�\HDU�DJH�VSHFLILF�KD]DUG�UDWH��ZH�DGGHG�����WR�DQ�DVVLJQHG�
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