
&(175(�)25�+($/7+�(&2120,&6

&RPSDULQJ�WKH�HIILFLHQF\�RI�QDWLRQDO�KHDOWK�V\VWHPV��D�
VHQVLWLYLW\�DQDO\VLV�RI�WKH�:+2�DSSURDFK

+XJK�*UDYHOOH��5RZHQD�-DFREV��$QGUHZ�0��-RQHV�$QGUHZ�6WUHHW

&+(�7HFKQLFDO�3DSHU�6HULHV���



 



�

&(175(�)25�+($/7+�(&2120,&6�7(&+1,&$/�3$3(5�6(5,(6
7KH�&HQWUH�IRU�+HDOWK�(FRQRPLFV�KDV�D�ZHOO�HVWDEOLVKHG�'LVFXVVLRQ�3DSHU�VHULHV�ZKLFK�ZDV�RULJLQDOO\�FRQFHLYHG�DV�D�PHDQV�RI�FLUFXODWLQJ�LGHDV�IRU�GLVFXVVLRQ�DQG�GHEDWH�DPRQJVW�D�ZLGH�UHDGHUVKLS�WKDW�LQFOXGHG�KHDOWK�HFRQRPLVWV�DV�ZHOO�DV�WKRVH�ZRUNLQJ�ZLWKLQ�WKH�1+6�DQG�SKDUPDFHXWLFDO�LQGXVWU\�
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$EVWUDFW
%DFNJURXQG
7KH�:RUOG�+HDOWK�2UJDQLVDWLRQ��:+2��KDV�XVHG�HFRQRPHWULF�PHWKRGV�WR�PHDVXUH�WKH�
HIILFLHQF\� RI� KHDOWK� FDUH� V\VWHPV��:H� DVVHVV� WKH� UREXVWQHVV� RI� WKH�:+2� UHVXOWV� WR�
GHILQLWLRQV�RI�HIILFLHQF\�DQG VWDWLVWLFDO�SURFHGXUHV�
0DWHULDOV�DQG�0HWKRGV
7KH�SDSHU�XVHV�WKH�GDWD�RULJLQDOO\�DQDO\VHG�E\�WKH�:+2��7KH�GDWD�DUH�IRU������IRU����
FRXQWULHV� DQG� IRU� ���������� IRU� ���� FRXQWULHV�� 7KH� HIILFLHQF\� RI� HDFK� FRXQWU\� LQ�
SURPRWLQJ� SRSXODWLRQ� KHDOWK� LV� HVWLPDWHG� DIWHU� WDNLQJ� LQWR� DFFRXQW� KHDOWK� FDUH�
H[SHQGLWXUH�� DOO� RWKHU� H[SHQGLWXUH� DQG� HGXFDWLRQ� OHYHOV�� (IILFLHQF\� VFRUHV� DUH�
FRPSDUHG�XQGHU�GLIIHUHQW�GHILQLWLRQV�RI�HIILFLHQF\�DQG�GLIIHUHQW�HVWLPDWLRQ�PHWKRGV�
5HVXOWV
7KH�UHVXOWV�VKRZ�WKDW� WKH�FRXQWU\�UDQNLQJV�DQG�HIILFLHQF\�VFRUHV�DUH�VHQVLWLYH� WR� WKH�
GHILQLWLRQ�RI�HIILFLHQF\�DQG�FKRLFH�RI�PRGHO�VSHFLILFDWLRQ�
&RQFOXVLRQV
(FRQRPHWULF� PHWKRGV� FDQ� \LHOG� LQVLJKWV� LQWR� FRPSOH[� VRFLR�HFRQRPLF� SKHQRPHQD��
+RZHYHU�� WKH� ODFN� RI� UREXVWQHVV� RI� UHVXOWV� WR� UHDVRQDEOH� DOWHUQDWLYH VSHFLILFDWLRQV�
VXJJHVWV� WKDW� LW� LV� SUHPDWXUH� WR� XVH� WKH�PHWKRGV� DGRSWHG� E\� WKH�:+2� WR� FRQVWUXFW�
OHDJXH�WDEOHV�RI�KHDOWK�V\VWHPV��
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,QWURGXFWLRQ
7KH�:RUOG�+HDOWK�2UJDQLVDWLRQ��:+2��KDV�DWWHPSWHG�WR�FRPSDUH�WKH�SHUIRUPDQFH�RI�
QDWLRQDO� KHDOWK� FDUH� V\VWHPV� DORQJ� D� QXPEHU� RI� GLPHQVLRQV� LQFOXGLQJ� WKH� OHYHO� DQG�
GLVWULEXWLRQ�RI�SRSXODWLRQ�KHDOWK��UHVSRQVLYHQHVV�DQG�IDLUQHVV�LQ�ILQDQFLQJ�>�@��$V�SDUW�
RI�WKH�SURJUDPPH�LW�KDV�XVHG�HFRQRPHWULF�PHWKRGV�WR�PHDVXUH�WKH�HIILFLHQF\�RI�KHDOWK�
FDUH�V\VWHPV >�@��7KHUH�KDV�EHHQ�FRQVLGHUDEOH�FULWLFLVP�RI�WKH�SURJUDPPH��LQFOXGLQJ�
WKH�SXUSRVH�RI� WKH�H[HUFLVH� >�@�� WKH�GHILQLWLRQ�RI�VRPH�RI� WKH�SHUIRUPDQFH�PHDVXUHV�
>�@��WKH�TXDOLW\�RI�GDWD�>����@� DQG�PL[HG�PHVVDJHV�>�@��:H�GLVFXVV�D�QXPEHU�RI�LVVXHV�
UDLVHG�E\�WKH�HFRQRPHWULF�PHWKRGV�XVHG�WR�GHULYH�WKH�:+2�HIILFLHQF\�PHDVXUH��:H�
VKRZ� WKDW� WKH� HIILFLHQF\� UDQNLQJV� DQG� HVWLPDWHV� RI� WKH�PDJQLWXGH�RI� LQHIILFLHQF\� LQ�
FRXQWULHV� DUH� QRW� UREXVW� WR� RWKHU�� QR� OHVV� UHDVRQDEOH�� PHWKRGRORJLFDO� FKRLFHV�� 7KH�
:+2�HIILFLHQF\�PHDVXUHV�DUH�QRW�D�UHOLDEOH�JXLGH�WR�SROLF\�IRU�QDWLRQDO�JRYHUQPHQWV�
FRQFHUQHG�ZLWK�WKH�SHUIRUPDQFH�RI�WKHLU�KHDOWK�FDUH�V\VWHPV�
0DWHULDOV�DQG�PHWKRGV�
'DWD
:H�XVHG�WKH�GDWD�VHW�VXSSOLHG�E\�WKH�:+2�WHDP��,W�FRYHUV�����FRXQWULHV�IRU�HDFK�RI�
WKH� ILYH� \HDUV� ����� WR� ����� DQG� ��� FRXQWULHV� IRU� ������ 7KH� GDWD� VHW� LQFOXGHV� IRXU�
YDULDEOHV��D�PHDVXUH�RI�SRSXODWLRQ�KHDOWK��GHILQHG�DV�GLVDELOLW\�DGMXVWHG�OLIH�\HDUV�>�@��
SHU� FDSLWD KHDOWK� FDUH� H[SHQGLWXUH�� DOO� RWKHU� H[SHQGLWXUH�� GHILQHG� DV� JURVV�GRPHVWLF�
SURGXFW�SHU�FDSLWD PLQXV�KHDOWK�FDUH�SHU�FDSLWD�� DQG�HGXFDWLRQ� OHYHOV��PHDVXUHG�E\�
WKH� DYHUDJH� \HDUV� RI� VFKRROLQJ� RI� DGXOWV�� +HDOWK� FDUH� H[SHQGLWXUH� DQG� RWKHU�
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H[SHQGLWXUH�DUH� LQ������86�GROODUV�DGMXVWHG�IRU�GLIIHUHQFHV�LQ� WKH�SXUFKDVLQJ�SRZHU�
RI�FXUUHQFLHV�
7KHRU\
'HILQLWLRQV�RI�KHDOWK�V\VWHP�HIILFLHQF\
,Q�WKH�:+2�HIILFLHQF\�VWXG\�LW�ZDV�DUJXHG�WKDW�SRSXODWLRQ�KHDOWK�GHSHQGV�RQ�KHDOWK�
FDUH� H[SHQGLWXUH� SHU� FDSLWD DQG� HGXFDWLRQ� >��� �@��0XOWLSOH� UHJUHVVLRQ� DQDO\VLV� ZDV�
XVHG�WR�SUHGLFW�H[SHFWHG�SRSXODWLRQ�KHDOWK�JLYHQ�D�FRXQWU\¶V�KHDOWK�FDUH�H[SHQGLWXUH�
DQG�HGXFDWLRQ��
7KH�:+2�HIILFLHQF\�LQGH[�IRU�D�FRXQWU\�LV

KHDOWKPLQLPXPKHDOWK�0D[LPXP KHDOWKPLQLPXP+HDOWK,QGH[(IILFLHQF\:+2 �� 

0D[LPXP�KHDOWK�LV�WKH�OHYHO�RI�KHDOWK�DFKLHYDEOH�E\�WKH�FRXQWU\�JLYHQ�LWV�KHDOWK�FDUH�
H[SHQGLWXUH� DQG� HGXFDWLRQ� LI� LWV� KHDOWK� FDUH� V\VWHP� IXQFWLRQHG� DV� ZHOO� DV� WKH�PRVW�
HIILFLHQW� FRXQWU\�� 0LQLPXP� KHDOWK� LV� GHILQHG� DV� WKH� SRSXODWLRQ� KHDOWK� SUHGLFWHG� LI�
WKHUH�ZDV�QR�KHDOWK�FDUH�H[SHQGLWXUH�
7KH�MXVWLILFDWLRQ�IRU�LQFOXGLQJ�0LQLPXP�KHDOWK LQ�WKH�:+2�HIILFLHQF\�PHDVXUH�LV�WKDW�
KHDOWK�OHYHOV�ZRXOG�QRW�EH�]HUR�LI�KHDOWK�FDUH�H[SHQGLWXUH�ZDV�]HUR�>�@��%XW� WKH�IDFW�
WKDW� KHDOWK� ZRXOG� QRW� EH� ]HUR� LQ� WKH� DEVHQFH� RI� D� KHDOWK� V\VWHP� LV� LUUHOHYDQW� LQ�
PHDVXULQJ�KRZ�PXFK�H[WUD�KHDOWK�FRXOG�EH�DFKLHYHG�E\�LPSURYLQJ�WKH�SHUIRUPDQFH�RI�
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D� FRXQWU\¶V� KHDOWK� FDUH� V\VWHP�� 6XEWUDFWLQJ�0LQLPXP� KHDOWK IURP� QXPHUDWRU� DQG�
GHQRPLQDWRU� UHGXFHV� WKH� UDWLR� DQG� JLYHV� D� PLVOHDGLQJ� LPSUHVVLRQ� RI� WKH� SRWHQWLDO�
SHUFHQWDJH�KHDOWK�JDLQ�IURP�LPSURYLQJ�WKH�KHDOWK�FDUH�V\VWHP�
7KH�:+2�VWXG\�GHILQHV�HIILFLHQF\�DV�³WKH�UDWLR�RI�WKH�REVHUYHG�OHYHO�RI�DWWDLQPHQW�RI�
D�JRDO� WR� WKH�PD[LPXP�WKDW�FRXOG�KDYH�EHHQ�DFKLHYHG�ZLWK� WKH�REVHUYHG�UHVRXUFHV´�
>�@��7KH�GHILQLWLRQ�IRFXVHV�RQ�ZKDW�LV�UHOHYDQW�IRU�SROLF\��WKH�LQFUHDVH�LQ�KHDOWK�ZKLFK�
FRXOG�EH�DFKLHYHG�LI�D�FRXQWU\¶V�V\VWHP�EHFDPH�DV�SURGXFWLYH�DV�WKH�EHVW�V\VWHP��7KH�
HIILFLHQF\�PHDVXUH�VXJJHVWHG�E\�WKH�GHILQLWLRQ�LV

KHDOWK0D[LPXP+HDOWKLQGH[HIILFLHQF\7HFKQLFDO  

LQVWHDG� RI� WKH� LQGH[� FRQVWUXFWHG� E\� :+2�� :H� H[SORUHG� ZKHWKHU� WKH� UHVXOWV� ZHUH�
VHQVLWLYH�WR�WKLV�GHILQLWLRQ��0RGHO����
$OWHUQDWLYH�HVWLPDWLRQ�PHWKRGV
7R�FDOFXODWH�DQ�HIILFLHQF\� LQGH[� LW� LV�QHFHVVDU\� WR�HVWLPDWH� WKH� UHODWLRQVKLS�EHWZHHQ�
WKH� ³RXWSXW´� RI� SRSXODWLRQ� KHDOWK� DQG� ³LQSXWV´� RU� IDFWRUV� OLNHO\� WR� DIIHFW� KHDOWK��
'HFLVLRQV�PXVW� EH�PDGH� DERXW� WKH� VWDWLVWLFDO�PHWKRGV�� WKH� IRUP�RI� WKH� UHODWLRQVKLS��
DQG� WKH� ³LQSXWV´� WR� EH� LQFOXGHG�� :H� LQYHVWLJDWHG� WKH� LPSOLFDWLRQV� RI� DOWHUQDWLYH�
FKRLFHV� IRU� WKH� HVWLPDWHG� HIIHFW� RI KHDOWK� FDUH� H[SHQGLWXUH� DQG� IRU� WKH� HIILFLHQF\�
VFRUHV�RI�HDFK�FRXQWU\�
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$Q�DOWHUQDWLYH�HVWLPDWRU��
3DQHO�GDWD�PHWKRGV�DUH�DSSURSULDWH�ZKHQ�WKH�GDWD�DUH�IRU�D�QXPEHU�RI�FRXQWULHV�RYHU�D�
QXPEHU� RI� \HDUV� VLQFH� LW� LV� SRVVLEOH� WR� HVWLPDWH� ERWK� WKH� HIIHFWV� RI� LQSXWV�� VXFK� DV�
KHDOWK�FDUH�H[SHQGLWXUH�DQG�HGXFDWLRQ��DQG�WKH�FRXQWU\�VSHFLILF�HIIHFWV�RI�XQREVHUYHG�
IDFWRUV�ZKLFK�GLIIHU�DFURVV�FRXQWULHV��7KH�WZR�VRXUFHV�RI�YDULDWLRQ�LQ�SDQHO�GDWD�ZKLFK�
FDQ�SURYLGH� LQIRUPDWLRQ�RQ� WKH�ZD\� LQ�ZKLFK� WKH� LQSXWV� DIIHFW� KHDOWK� DUH�NQRZQ�DV�
EHWZHHQ�YDULDWLRQ �DFURVV�FRXQWULHV��DQG�ZLWKLQ�YDULDWLRQ �ZLWKLQ�FRXQWULHV�RYHU�WLPH���
7KH�DSSURDFK�DGRSWHG�E\�WKH�:+2�PDNHV�XVH�RI�RQO\�WKH�ZLWKLQ�FRXQWU\�YDULDWLRQ��,Q�
RUGHU� WR� SUHGLFW� WKH�PD[LPXP�DWWDLQDEOH� OHYHO� RI�KHDOWK�� HDFK� FRXQWU\� LV� DOORZHG� WR�
KDYH�D�GLIIHUHQW�LQWHUFHSW�WHUP�LQ�WKH�SDQHO�GDWD�UHJUHVVLRQ�PRGHO��7KLV�LV�NQRZQ�DV�D�
FRXQWU\�VSHFLILF� IL[HG� HIIHFW DQG� LW� DVVXPHV� WKDW� WKH� RQO\� IDFWRU� GULYLQJ� WKH� FRXQWU\�
VSHFLILF� HIIHFWV� LV� WKH� HIILFLHQF\�RI� WKH�KHDOWK� FDUH� V\VWHP��7KLV� LV� D� SRRU� FKRLFH�RI�
WHFKQLTXH�IRU�WKH�:+2�GDWD�EHFDXVH�WKHUH�LV�YHU\�OLWWOH�ZLWKLQ�FRXQWU\�YDULDWLRQ�DQG�
RQO\� ILYH� \HDUV� RI� REVHUYDWLRQ�� 8QGHU� WKHVH� FLUFXPVWDQFHV� HVWLPDWHV� ZLOO� ODFN�
SUHFLVLRQ�DQG�WKH�VWDWLVWLFDO�WHVWV�WKDW�DUH�FRQYHQWLRQDOO\�XVHG�WR�GLVFULPLQDWH�EHWZHHQ�
PRGHOV�PD\�EH�PLVOHDGLQJ�>�@��0RUHRYHU��XQELDVHG�HVWLPDWLRQ�RI�WKH�FRXQWU\�VSHFLILF�
HIIHFW�� ZKLFK� LV� UHTXLUHG� IRU� WKH� HIILFLHQF\� VFRUH�� UHTXLUHV� D� ODUJH� QXPEHU� RI� WLPH�
SHULRGV�>�@�
)RU� ��� RI� WKH� ���� FRXQWULHV� WKHUH� ZHUH� GDWD� IRU� RQO\� D� VLQJOH� \HDU�� 7KLV� KDV� WZR�
FRQVHTXHQFHV��)LUVW��WKH�IL[HG�HIIHFWV�UHJUHVVLRQ�LV�HVWLPDWHG�RQ�WKH�GDWD�IRU�RQO\�WKRVH�
����FRXQWULHV�ZLWK�PRUH� WKDQ�RQH�\HDU�RI�GDWD��7KH���� VLQJOH�REVHUYDWLRQ�FRXQWULHV�
KDYH� QR� LPSDFW� RQ� WKH� HVWLPDWHG� PRGHO�� 6HFRQG�� HIILFLHQF\� VFRUHV� IRU� WKHVH� ���
FRXQWULHV�DUH�FDOFXODWHG�E\�D�PRGHO�WKDW�GRHV�QRW�LQFOXGH�WKHP��7KLV�LV�LQDSSURSULDWH�LI�
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WKH����FRXQWULHV�DUH�V\VWHPDWLFDOO\�GLIIHUHQW�IURP�WKH�RWKHUV�� DV�LQGHHG�WKH\�DUH��7KH\�
KDG�ORZHU�KHDOWK�H[SHQGLWXUH�WKDQ�WKH�RWKHUV�
$OPRVW�DOO�WKH�YDULDWLRQ�LQ�WKH�GDWD��������IRU�WKH�ORJDULWKP�RI�WKH�KHDOWK�PHDVXUH�DQG�
������IRU� WKH� ORJDULWKP�RI�KHDOWK�FDUH�H[SHQGLWXUH��DULVHV� IURP�GLIIHUHQFHV�EHWZHHQ
FRXQWULHV�UDWKHU�WKDQ�ZLWKLQ WKHP�RYHU�WLPH��&RQVHTXHQWO\�LW�PD\�EH�EHWWHU�WR�HVWLPDWH�
WKH� PRGHO� XVLQJ� D� EHWZHHQ� HVWLPDWRU� ZKLFK� XVHV� RQO\� WKH� FRXQWU\� PHDQV� RI� WKH�
YDULDEOHV�>�@��7KLV�DSSURDFK�LV�XVHG�IRU�0RGHO���
1DWXUDO�XQLWV��
7KH�:+2�PRGHO�ILWWHG�WKH�ORJDULWKP�RI�SRSXODWLRQ�KHDOWK�RQ�WKH�ORJDULWKPV�RI�KHDOWK�
FDUH� H[SHQGLWXUH� DQG� HGXFDWLRQ��$� ORJDULWKPLF� VSHFLILFDWLRQ� DVVXPHV� WKDW� D� FRXQWU\�
WKDW�LV�����HIILFLHQW�DW�LWV�FXUUHQW�OHYHO�RI�KHDOWK�DQG�KHDOWK�FDUH�H[SHQGLWXUH�ZLOO�EH�
���� HIILFLHQW� DW� DQ\� RWKHU� OHYHO� RI� H[SHQGLWXUH�� ,I� FRXQWULHV� ZLWK� ORZHU� OHYHOV� RI�
KHDOWK�FDUH�H[SHQGLWXUH�SHU�FDSLWD�WHQG�WR�KDYH�ORZHU�OHYHOV�RI�UHODWLYH�HIILFLHQF\��WKH�
:+2� LQGH[� RI� SHUIRUPDQFH� ZLOO� EH� ELDVHG� DJDLQVW� WKHP�� 2QH� ZD\� WR� WHVW� WKH�
VHQVLWLYLW\� RI� UHVXOWV� WR� WKLV� DVVXPSWLRQ� LV� WR� HVWLPDWH� WKH� PRGHO� LQ� QDWXUDO� XQLWV�
�0RGHO����
<HDU�HIIHFWV��
7KH� HIIHFW� RI� KHDOWK� FDUH� H[SHQGLWXUH� DQG� HGXFDWLRQ� RQ� KHDOWK�PD\� YDU\� RYHU� WLPH��
HLWKHU� EHFDXVH� RI� JHQXLQH� FKDQJHV� LQ� WKH� XQGHUO\LQJ� UHODWLRQVKLS� RU� EHFDXVH� RI�
FKDQJHV� LQ� RWKHU�� XQREVHUYHG� YDULDEOHV� WKDW� DOVR� DIIHFW� KHDOWK��:H� DOORZHG� IRU� WKLV�
SRVVLELOLW\�E\�LQFOXGLQJ�WKH�\HDU�RI�REVHUYDWLRQ�DV�DQ�H[SODQDWRU\�YDULDEOH�LQ�0RGHO���
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,QFRPH�DQG�KHDOWK��
$OWKRXJK� WKHUH� LV� D� ODUJH� ERG\� RI� HYLGHQFH� VXJJHVWLQJ� WKDW� SRSXODWLRQ� KHDOWK� LV�
VWURQJO\� UHODWHG� WR� SHU� FDSLWD� LQFRPH�� WKH�:+2�PRGHO� GRHV� QRW� LQFOXGH� SHU� FDSLWD�
LQFRPH�DV�DQ�³LQSXW´�YDULDEOH��,W�LV�DUJXHG�WKDW�LQFRPH�³GRHV�QRW�GLUHFWO\�FRQWULEXWH�WR�
KHDOWK´��SJ�������DQG�LV�KLJKO\�FRUUHODWHG�ZLWK�KHDOWK�H[SHQGLWXUH�DQG�HGXFDWLRQ�>�@��
:KHQ� LQFRPH� LV� RPLWWHG� IURP� WKH� PRGHO�� LWV� HIIHFW� RQ� KHDOWK� LV� FDSWXUHG�� DW� OHDVW�
SDUWLDOO\�� E\� KHDOWK� FDUH� H[SHQGLWXUH� DQG� HGXFDWLRQ�� 7KH� :+2� WHDP� DWWHPSWHG� WR�
RYHUFRPH�WKH�SUREOHP�E\�UHJUHVVLQJ�LQFRPH�RQ�KHDOWK�FDUH�H[SHQGLWXUH�DQG�HGXFDWLRQ�
>�@�� 7KH� UHVLGXDOV� IURP� WKLV� UHJUHVVLRQ� FDSWXUH� WKH� YDULDWLRQ� LQ� LQFRPH� WKDW� LV� QRW�
FRUUHODWHG�ZLWK�KHDOWK�FDUH�H[SHQGLWXUH�RU�HGXFDWLRQ��)LQGLQJ�WKDW� WKH�UHVLGXDOV�ZHUH�
QRW� VWDWLVWLFDOO\� VLJQLILFDQW� ZKHQ� LQFOXGHG� LQ� WKH� UHJUHVVLRQ� PRGHO� IRU� KHDOWK�� WKH�
:+2�DUJXHV�WKDW�LQFRPH�FDQ�EH�RPLWWHG�>�@��
7KH�:+2�SURFHGXUH�IRU�WHVWLQJ�ZKHWKHU�LQFRPH�VKRXOG�EH�LQFOXGHG�LQ�WKH�PRGHO�UHVWV�
RQ� WKH� DVVXPSWLRQ WKDW� KHDOWK� H[SHQGLWXUH� LV� WKH� PDLQ� GHWHUPLQDQW� RI� SRSXODWLRQ�
KHDOWK�DQG� WKDW�RQO\�YDULDWLRQV� LQ� LQFRPH� WKDW� DUH�QRW� FRUUHODWHG�ZLWK�KHDOWK�FDUH�RU�
HGXFDWLRQ� LQIOXHQFH� KHDOWK��:H� DSSOLHG� WKH�:+2� SURFHGXUH�� UHYHUVLQJ� WKH� UROHV� RI�
LQFRPH�DQG�KHDOWK�FDUH�H[SHQGLWXUH��DQG�IRXQG�WKDW�WKH�UHVLGXDOV�IURP�D�UHJUHVVLRQ�RI�
KHDOWK�FDUH�H[SHQGLWXUH�RQ�LQFRPH�DQG�HGXFDWLRQ�ZHUH�QRW�VLJQLILFDQW�ZKHQ�LQFOXGHG�
LQ�D�PRGHO�XVLQJ�LQFRPH�DQG�HGXFDWLRQ�WR�H[SODLQ�KHDOWK��$FFRUGLQJ�WR�WKH�:+2�WHVW�
LW� LV�DUELWUDU\��VWDWLVWLFDOO\��ZKHWKHU�HLWKHU�KHDOWK�FDUH�H[SHQGLWXUH�RU� LQFRPH�DSSHDUV�
LQ�WKH�HIILFLHQF\�PRGHO�
:H�DOVR�DGRSWHG�D�PRUH�FRQYHQWLRQDO�DSSURDFK�WR�GHWHUPLQH�WKH�UHODWLYH�LPSRUWDQFH�
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RI�WKH�HIIHFW�RI�KHDOWK�FDUH�H[SHQGLWXUH�DQG�LQFRPH�RQ�KHDOWK��,QFRPH�FDQ�EH�VSHQW�RQ�
KHDOWK�FDUH�DQG�RWKHU�JRRGV�DQG�VHUYLFHV��:H�LQFOXGHG�RWKHU�H[SHQGLWXUH��LQFRPH�OHVV�
KHDOWK� FDUH� H[SHQGLWXUH�� DV� DQ� LQSXW� LQ WKH� KHDOWK�PRGHO�� WRJHWKHU�ZLWK� KHDOWK� FDUH�
H[SHQGLWXUH�DQG�HGXFDWLRQ��0RGHO�����
5HVXOWV
$� VWULNLQJ� IHDWXUH� RI� WKH� GDWD� LV� WKDW� ������ RI� WKH� YDULDWLRQ� LQ� WKH� ORJDULWKP� RI�
GLVDELOLW\�DGMXVWHG�OLIH�H[SHFWDQF\�LV�EHWZHHQ UDWKHU�WKDQ�ZLWKLQ FRXQWULHV��ZLWK VLPLODU�
ILJXUHV� IRU� WKH� NH\� H[SODQDWRU\� YDULDEOHV�� 7KLV� LV� HYLGHQW� IURP� WKH�PRGHO� UHVXOWV� LQ�
7DEOH� ��ZKLFK� UHYHDO� KLJK�5�VTXDUHG�EHWZHHQ YDOXHV�� UHODWLYH� WR�ZLWKLQ�� DV�ZHOO� DV�
KLJK� YDOXHV� IRU� UKR�� WKH� YDULDWLRQ� GXH� WR� WKH� WLPH� LQYDULDQW� FRXQWU\�VSHFLILF� HIIHFW��
(IIHFWLYHO\�WKH�SDQHO�GDWD�PRGHO�FROODSVHV�WR�D�FURVV�VHFWLRQ�FRPSDULVRQ�RI�FRXQWULHV��
WKDW� FDQ� EH� HVWLPDWHG� XVLQJ� D� EHWZHHQ� UHJUHVVLRQ� RI� FRXQWU\�PHDQV�� )LJXUH� �� SORWV�
FXUYHV�RI�SUHGLFWHG�YDOXHV�IURP�D�UHJUHVVLRQ�RI�KHDOWK�H[SHQGLWXUH�RQ�KHDOWK��WUHDWLQJ�
HGXFDWLRQ� DV� FRQVWDQW�� 7KH� SUHGLFWHG� FXUYH� IURP� WKH� EHWZHHQ� HIIHFWV HVWLPDWRU�
SURYLGHV�D�IDU�EHWWHU�ILW�RI�WKH�GDWD�WKDQ�WKH�FXUYH�IURP�WKH�IL[HG�HIIHFWV HVWLPDWRU�
7DEOH� �� UHSRUWV� WKH� FRUUHODWLRQ� EHWZHHQ� WKH� HIILFLHQF\� VFRUHV� DQG� WKH� FRXQWU\� UDQNV
HVWLPDWHG� E\� WKH� GLIIHUHQW� PHWKRGV�� 7KH� ORZHVW� FRUUHODWLRQ� LV� EHWZHHQ� WKH� :+2�
PRGHO�DQG�WKH�EHWZHHQ�HVWLPDWRU��0RGHO�����
7DEOH� �� VKRZV� KRZ� WKH� WRS� DQG� ERWWRP� WHQ� FRXQWULHV� GLIIHU� XQGHU� WKH� GLIIHUHQW�
VSHFLILFDWLRQV� DQG� JLYHV� WKHLU� HVWLPDWHG� HIILFLHQF\� VFRUHV�� 'URSSLQJ� WKH� PLQLPXP�
IURP� WKH�GHILQLWLRQ�RI� HIILFLHQF\�KDV� OLWWOH� LPSDFW� RQ� WKH� UDQNLQJ�RI� FRXQWULHV� EXW� LW�
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GRHV�KDYH�D�VXEVWDQWLDO�LPSDFW�RQ�WKH�HVWLPDWHG�HIILFLHQF\�VFRUHV�IRU�FRXQWULHV�DW�WKH�
ERWWRP�RI�WKH�WDEOH��WKHLU�HVWLPDWHG�HIILFLHQF\�LV�PXFK KLJKHU��7KH�UDQNLQJ�DQG�VFRUHV�
DUH�YHU\�VHQVLWLYH�WR�WKH�VWDWLVWLFDO�VSHFLILFDWLRQ�XVHG�WR�HVWLPDWH�WKH�PRGHO��1RWH��IRU�
H[DPSOH��KRZ�0DOWD�PRYHV�IURP�WKH�WRS�WHQ�XQGHU�WKH�:+2�PRGHO�WR�WKH�ERWWRP�WHQ�
XQGHU�PRGHOV������DQG����7KH�YRODWLOLW\�H[SHULHQFHG�E\ 0DOWD�LV�GXH�WR�LWV�DFWXDO�KHDOWK�
EHLQJ�FORVH�WR�WKH�PD[LPXP�DWWDLQDEOH�DQG�WR�LWV�KDYLQJ�D�YHU\�KLJK�OHYHO�RI�PLQLPXP�
KHDOWK��EHFDXVH�RI�LWV�KLJK�UDWH�RI�OLWHUDF\�ZKLFK�LV�XVHG�WR�HVWLPDWH�PLQLPXP�KHDOWK���
1RWLFH�DOVR�WKDW�RQO\�RQH�FRXQWU\��-DPDLFD��DSSHDUV�LQ�WKH�WRS�WHQ�IRU�ERWK�WKH�:+2�
PRGHO�DQG�WKH�EHWZHHQ�HIIHFWV�HVWLPDWRU�
7DEOH��� VKRZV�KRZ� WKH�HIILFLHQF\�VFRUHV�DQG� UDQNLQJV�RI� WKH�FRXQWULHV�DSSHDULQJ�DW�
WKH�WRS�DQG�ERWWRP�RI�WKH�:+2�UDQNLQJ��DORQJ�ZLWK�WKH�8QLWHG�.LQJGRP��IDUH�XQGHU�
WKH� DOWHUQDWLYH� VSHFLILFDWLRQV�� 7KH� LPSDFW� DW� WKH� WRS� RI� WKH� WDEOH� LV� GUDPDWLF��8VLQJ�
EHWZHHQ�UDWKHU�WKDQ�ZLWKLQ�YDULDWLRQ�2PDQ�GURSV�IURP��VW WR����WK��7KH�UDQNLQJV�IRU�
WKH�8.�UDQJH�IURP���UG WR���WK ZLWK�HIILFLHQF\�VFRUHV�IURP������WR�������5DQNLQJV�DW�
WKH�ERWWRP�HQG�RI�WKH�WDEOH�DUH�PXFK�PRUH�VWDEOH�
&RQFOXVLRQ
7KH�:+2�WHDP�FODLP�WKDW� WKHLU� UDQNLQJV�DUH�VWDEOH�XQGHU�µQXPHURXV�VSHFLILFDWLRQV¶�
�SJ�������>�@��,Q�IDFW�RQO\�VL[�VSHFLILFDWLRQV�ZHUH�UHSRUWHG�DQG�WKHVH�ZHUH�YHU\�VLPLODU�
>�@��,W�LV�QRW�JRRG�SUDFWLFH�WR�UHO\�RQ�D�VLQJOH�WHFKQLTXH�RU�PRGHO�VSHFLILFDWLRQ�WR�WHVW�
WKH�UREXVWQHVV�RI�UHVXOWV�ZKLFK�PD\�LQIOXHQFH�SROLF\��$OWKRXJK�HFRQRPHWULF�PHWKRGV�
FDQ�\LHOG�LQVLJKWV� LQWR�FRPSOH[�VRFLR�HFRQRPLF�SKHQRPHQD�� WKH�LVVXHV�UDLVHG�LQ�WKLV�
SDSHU� VXJJHVW� WKDW� LW� LV� SUHPDWXUH� WR� XVH� WKH� PHWKRGV� DGRSWHG� E\� WKH� :+2� WR�
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FRQVWUXFW� OHDJXH� WDEOHV� RI� KHDOWK� V\VWHPV�� 7KH�:+2� VKRXOG� GLUHFW� LWV� HIIRUWV� LQWR�
GHYHORSLQJ�D�WKHRU\�RI�ZK\�KHDOWK�V\VWHP�SHUIRUPDQFH�PD\�GLIIHU��LGHQWLI\LQJ�ZKLFK�
IDFWRUV�DUH�LPSRUWDQW�LQ�H[SODLQLQJ�DQ\�GLIIHUHQFHV��DQG�HQVXULQJ�WKDW�WKHVH�IDFWRUV�DUH�
DFFXUDWHO\�PHDVXUHG��
$XWKRUV¶�&RQWULEXWLRQV� $OO�DXWKRUV�LQLWLDWHG�WKH�VWXG\��FRQWULEXWHG�WR�WKH�PRGHOOLQJ�
DQG� LQWHUSUHWDWLRQ� RI� UHVXOWV�� 5-� DQG� $6� DQDO\VHG� WKH� GDWD�� +*�� $-� DQG� $6� ZHUH�
UHVSRQVLEOH�IRU�WKH�ILUVW�GUDIW�RI�WKH�SDSHU��$OO�DXWKRUV�DSSURYHG�WKH�ILQDO�YHUVLRQ�
&RPSHWLQJ�LQWHUHVWV� 1RQH�
$FNQRZOHGJHPHQWV� :H� WKDQN� SDUWLFLSDQWV� LQ� WKH� <RUN� 6HPLQDUV� LQ� +HDOWK�
(FRQRPHWULFV�DQG�'DYLG�(YDQV�DQG�$MD\�7DQGRQ�RI�WKH�:+2�IRU�SURYLGLQJ�WKH�GDWD��
7KH�1DWLRQDO�3ULPDU\�&DUH�5HVHDUFK�DQG�'HYHORSPHQW�&HQWUH�DQG�WKH�+HDOWK�3ROLF\�
7HDP� DW� WKH�&HQWUH� IRU�+HDOWK�(FRQRPLFV� DUH� IXQGHG� LQ� SDUW� E\� WKH�'HSDUWPHQW� RI�
+HDOWK�� $6� LV� IXQGHG� MRLQWO\� E\� WKH� 0HGLFDO� 5HVHDUFK� &RXQFLO� DQG� 1RUWKHUQ� DQG�
<RUNVKLUH�5HJLRQ��7KH�YLHZV�H[SUHVVHG�DUH� WKRVH�RI� WKH�DXWKRUV�DQG�QRW�QHFHVVDULO\�
WKRVH�RI�WKH�IXQGLQJ�ERGLHV�
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5HIHUHQFHV
�� :RUOG� +HDOWK� 2UJDQL]DWLRQ�� :RUOG� +HDOWK� 5HSRUW� ������ *HQHYD�� :+2��

�����
�� (YDQV�'%�� 7DQGRQ�$-��0XUUD\�&-/�� /DXHU� -$��&RPSDUDWLYH� HIILFLHQF\� RI�

QDWLRQDO� KHDOWK� V\VWHPV�� FURVV� QDWLRQDO� HFRQRPHWULF� DQDO\VLV��%0-�������
������������

�� :LOOLDPV� $�� 6FLHQFH� RU� PDUNHWLQJ� DW�:+2"� $� FRPPHQWDU\� RQ� 
:RUOG�
+HDOWK�����
��+HDOWK�(FRQ�����������������

�� %UDYHPDQ� 3�� 6WDUILHOG� %�� *HLJHU� +-��:RUOG� +HDOWK� 5HSRUW� ������ KRZ� LW�
UHPRYHV�HTXLW\�IURP�WKH�DJHQGD�IRU�SXEOLF�KHDOWK�PRQLWRULQJ�DQG�SROLF\��
%0-�������������������

�� 0F.HH�0��0HDVXULQJ�WKH�HIILFLHQF\�RI�KHDOWK�V\VWHPV��%0-���������������
����

�� 1DYDUUR� 9��$VVHVVPHQW� RI� WKH�:RUOG� +HDOWK� 5HSRUW� ������ /DQFHW� ������
��������������

�� (YDQV�'%��7DQGRQ�$-��0XUUD\�&-/��/DXHU�-$��7KH�FRPSDUDWLYH�HIILFLHQF\�
RI� QDWLRQDO� KHDOWK� V\VWHPV� LQ� SURGXFLQJ� KHDOWK�� DQ� DQDO\VLV� RI� ����
FRXQWULHV� *HQHYD��:+2�������

�� 'HDWRQ� $�� 7KH� $QDO\VLV� RI� +RXVHKROG� 6XUYH\V�� D� PLFURHFRQRPHWULF�
DSSURDFK� WR� GHYHORSPHQW� SROLF\��%DOWLPRUH��0DU\ODQG�� 7KH� -RKQ�+RSNLQV�
8QLYHUVLW\�3UHVV�������

�� %DOWDJL�%��(FRQRPHWULF�$QDO\VLV�RI�3DQHO�'DWD��VHFRQG�HGLWLRQ��&KLFKHVWHU��
-RKQ�:LOH\�������
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)LJXUH����)LWWHG�UHJUHVVLRQ�FXUYHV�XQGHU�EHWZHHQ�DQG�IL[HG�HIIHFWV�HVWLPDWRUV
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7DEOH����:+2�PRGHO�DQG�DOWHUQDWLYH�PRGHO�VSHFLILFDWLRQV�DQG�UHVXOWV
� � � � �0RGHO�ZLWKRXW�PLQLPXP�OHYHOV

5XQ�DV�EHWZHHQ�HIIHFWV�PRGHO
,Q�QDWXUDO�XQLWV :LWK�\HDU�GXPPLHV :LWK�RWKHU�H[SHQGLWXUH�DGGHG&RQVWDQW &RHII ����� ����� ������ ����� ������3�!�_W_� ������� ������� ������� ������� �������+HDOWK�H[SHQGLWXUH ����� ����� ����� ����� ������������ ������� ������� ������� �������(GXFDWLRQ ����� ����� ����� ����� ������������ ������� ������� ������� �������(GXFDWLRQ�VTXDUHG ����� ������ ������ ����� ������������ ������� ������� ������� �������2WKHU�H[SHQGLWXUH ������������\HDU��� �������������\HDU��� �������������\HDU��� �������������\HDU��� �������������VLJPDBX ����� ����� ����� �����VLJPDBH ����� ����� ����� �����UKR ����� ����� ����� �����5�VTXDUHG� ZLWKLQ ����� ����� ����� �����EHWZHHQ ����� ����� ����� �����RYHUDOO ����� ����� ����� ����� �����1R��REV ��� ��� ��� ��� ���1R��JURXSV ��� ��� ��� ��� ���(VWLPDWLRQ�REV ��� ��� ��� ��� ���) ����� ������ ����� ����� �����3URE�!�) ���� ���� ���� ���� ����5(6(7�WHVW ) ���� ���� ���� ���� ����3URE�!�) ���� ���� ���� ���� ����
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7DEOH����6FRUH�DQG�UDQN�FRUUHODWLRQ�RI�:+2�PRGHO�ZLWK���DOWHUQDWLYH�VSHFLILFDWLRQV
6FRUHV :+2�PRGHO � � � � �0RGHO�ZLWKRXW�PLQLPXP�OHYHOV

5XQ�DV�EHWZHHQ�HIIHFWV�PRGHO
,Q�QDWXUDO�XQLWV :LWK�\HDU�GXPPLHV :LWK�RWKHU�H[SHQGLWXUH�DGGHG:+2 ������ ����� ������ ����� ����� ������ ����� ����� ����� ������ ����� ����� ����� ����� ������ ����� ����� ����� ����� ����� �����

5DQNV :+2�PRGHO � � � � �0RGHO�ZLWKRXW�PLQLPXP�OHYHOV
5XQ�DV�EHWZHHQ�HIIHFWV�PRGHO

,Q�QDWXUDO�XQLWV :LWK�\HDU�GXPPLHV :LWK�RWKHU�H[SHQGLWXUH�DGGHG:+2 ������ ����� ������ ����� ����� ������ ����� ����� ����� ������ ����� ����� ����� ����� ������ ����� ����� ����� ����� ����� �����
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7DEOH����7RS�DQG�ERWWRP����FRXQWULHV�XQGHU�HDFK�PRGHO�VSHFLILFDWLRQ�ZLWK�HIILFLHQF\�VFRUHV
:+2�PRGHO � � � � �0RGHO�ZLWKRXW�PLQLPXP�OHYHOV 5XQ�DV�EHWZHHQ�HIIHFWV�PRGHO ,Q�QDWXUDO�XQLWV :LWK�\HDU�GXPPLHV :LWK�RWKHU�H[SHQGLWXUH�DGGHG� 2PDQ ���� 0DOWD ���� <HPHQ ���� 0DOWD ���� -DSDQ ���� -DPDLFD ����� 0DOWD ���� 2PDQ ���� 0RURFFR ���� -DPDLFD ���� )UDQFH ���� 6SDLQ ����� ,WDO\ ���� ,WDO\ ���� &DSH�9HUGH ���� 6SDLQ ���� 6SDLQ ���� $QGRUUD ����� )UDQFH ���� )UDQFH ���� 6RO�,VODQGV ���� 6DQ�0DULQR ���� *UHHFH ���� 6DQ�0DULQR ����� 6DQ�0DULQR ���� 6DQ�0DULQR ���� %KXWDQ ���� $QGRUUD ���� ,WDO\ ���� ,WDO\ ����� 6SDLQ ���� 6SDLQ ���� 1HSDO ���� 6DXGL�$UDELD ���� $QGRUUD ���� )UDQFH ����� $QGRUUD ���� $QGRUUD ���� (J\SW ���� ,WDO\ ���� 6DQ�0DULQR ���� *UHHFH ����� -DPDLFD ���� -DPDLFD ���� $]HUEDLMDQ ���� 6LQJDSRUH ���� 0RQDFR ���� -DSDQ ����� -DSDQ ���� -DSDQ ���� -DPDLFD ���� 3RUWXJDO ���� 6ZHGHQ ���� &XED ������ *UHHFH ���� *UHHFH ���� 6RPDOLD ���� *UHHFH ���� 1HWKHUODQGV ���� 3RUWXJDO ����

��� 6RXWK�$IULFD ���� 6ZD]LODQG ���� '5�&RQJR ���� 5ZDQGD ���� 6ZD]LODQG ���� 6RXWK�$IULFD ������� 6LHUUD�/HRQH ���� /LEHULD ���� 0DODZL ���� 6LHUUD�/HRQH ���� 6LHUUD /HRQH ���� '5�&RQJR ������� 6ZD]LODQG ���� 1DPLELD ���� 6ZD]LODQG ���� 6ZD]LODQG ���� '5�&RQJR ���� 6ZD]LODQG ������� '5�&RQJR ���� %RWVZDQD ���� /HVRWKR ���� '5�&RQJR ���� /HVRWKR ���� /HVRWKR ������� /HVRWKR ���� 5ZDQGD ���� 6RXWK�$IULFD ���� /HVRWKR ���� 0DODZL ���� 0DODZL ������� 0DODZL ���� =LPEDEZH ���� %RWVZDQD ���� 0DODZL ���� %RWVZDQD ���� 1DPLELD ������� %RWVZDQD ���� 1LJHU ���� 1DPLELD ���� 1DPLELD ���� 1DPLELD ���� %RWVZDQD ������� 1DPLELD ���� 0DODZL ���� =DPELD ���� %RWVZDQD ���� =DPELD ���� =DPELD ������� =DPELD ���� =DPELD ���� =LPEDEZH ���� =DPELD ���� =LPEDEZH ���� =LPEDEZH ������� =LPEDEZH ���� 6LHUUD�/HRQH ���� 0DOWD ����� =LPEDEZH ���� 0DOWD ���� 0DOWD ����
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7DEOH����7RS�DQG�ERWWRP����FRXQWULHV XQGHU�:+2�PRGHO�DQG�XQGHU�GLIIHUHQW�VSHFLILFDWLRQV��DORQJ�ZLWK�WKH�8QLWHG�.LQJGRP��HIILFLHQF\�VFRUH�DQG�UDQN��
:+2�PRGHO � � � � �0RGHO�ZLWKRXW�PLQLPXP�OHYHOV

5XQ�DV�EHWZHHQ�HIIHFWV�PRGHO
,Q�QDWXUDO�XQLWV :LWK�\HDU�GXPPLHV :LWK�RWKHU�H[SHQGLWXUH�DGGHG

2PDQ ���� � ���� � ���� ��� ���� �� ���� ��� ���� ��0DOWD ���� � ���� � ���� ��� ���� � ���� ��� ���� ���,WDO\ ���� � ���� � ���� ��� ���� � ���� � ���� �)UDQFH ���� � ���� � ���� ��� ���� �� ���� � ���� �6DQ�0DULQR ���� � ���� � ���� ��� ���� � ���� � ���� �6SDLQ ���� � ���� � ���� ��� ���� � ���� � ���� �$QGRUUD ���� � ���� � ���� ��� ���� � ���� � ���� �-DPDLFD ���� � ���� � ���� � ���� � ���� �� ���� �-DSDQ ���� � ���� � ���� ��� ���� �� ���� � ���� �*UHHFH ���� �� ���� �� ���� �� ���� �� ���� � ���� �8QLWHG�.LQJGRP ���� �� ���� �� ���� �� ���� �� ���� �� ���� ��6RXWK�$IULFD ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ���6LHUUD�/HRQH ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ���6ZD]LODQG ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ���'HP�5HS�RI�&RQJR ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ���/HVRWKR ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ���0DODZL ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ���%RWVZDQD ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ���1DPLELD ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ���=DPELD ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ���=LPEDEZH ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ���
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