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ە ,QWURGXFWLRQ

,Q�-DSDQ��YDULRXV�WUHDWPHQW�PRGDOLWLHV�KDYH�EHHQ�GHYHORSHG DQG�UHSRUWHG�DV�ORFRUHJLRQDO�WKHUDS\�IRU�

+&&� VLQFH� WKH� ����V�� DW ZKLFK� WLPH� +&&� ZDV� GLDJQRVHG� EDVHG� RQ� SDOSDWLRQ�� $)3� OHYHOV�� OLYHU�

VFLQWLJUDSK\��DQG�DEGRPLQDO�DQJLRJUDSK\�EHFDXVH�&7��05,��DQG�86�KDG�QRW�\HW�EHHQ�LQWURGXFHG�WR�

WKH�FOLQLFDO�VHWWLQJ��,Q�WKLV�FRQWH[W��WKH�FOLQLFDO�DSSOLFDWLRQ�RI�DQJLRJUDSKLF�WHFKQLTXHV�ZDV�WULHG��DQG

7$(��WKH�WUHDWPHQW�PRGDOLW\�ILUVW�UHSRUWHG�E\�<DPDGD�HW�DO��LQ��������EHFDPH�WKH�ILUVW�ORFRUHJLRQDO�

WKHUDS\�WR�KDYH�SURYHQ�XWLOLW\�IRU�+&&�

,Q�WKH�\HDUV�WKDW�IROORZHG��GLDJQRVWLF�DFFXUDF\�IRU�WKH�VPDOOHVW�+&&V�LPSURYHG�IURP���FP�WR���

FP� GXH� WR� DGYDQFHPHQW� DQG� LQFRUSRUDWLRQ� RI�86� GHYLFHV�� DQG� WKLV SURPSWHG WKH� GHYHORSPHQW� RI�

86�GULYHQ� GLDJQRVWLF� DQG� WUHDWPHQW� PRGDOLWLHV�� ,Q� ������ LQVSLUHG� E\� SHUFXWDQHRXV� WUDQVKHSDWLF�

SRUWRJUDSK\�IRU�HVRSKDJHDO�YDULFHV��6XJLXUD�HW�DO��GHYHORSHG�D�WUHDWPHQW� LQYROYLQJ�WKH�LQMHFWLRQ�RI

SXUH�HWKDQRO�LQWR�WXPRUV���7KLV�WUHDWPHQW� NQRZQ�DV�3(,� LV�SUREDEO\�WKH�VWDUWLQJ�SRLQW�RI 86�JXLGHG�

SHUFXWDQHRXV� WUHDWPHQWV�� ,WV� UHODWLYH� VLPSOLFLW\� DQG� WKH� DIIRUGDEOH� SULFH� RI� QHHGOHV� DQG� HWKDQRO�

TXLFNO\�OHG�WR�ZLGHVSUHDG�XVH ZRUOGZLGH��+RZHYHU��HWKDQRO�GRHV�QRW�VSUHDG�FRQVLVWHQWO\�WKURXJKRXW�

+&&�WXPRUV�GXH�WR�WKH�SUHVHQFH�RI�VHSWD� DQG WKLV�FDQ�UHVXOW�LQ SUREOHPV�LQFOXGLQJ UHVLGXDO�WXPRU�

DQG�ORFDO�UHFXUUHQFH�

7R�RYHUFRPH�WKH�GUDZEDFNV�DVVRFLDWHG�ZLWK�3(,��D�QHZ�WUHDWPHQW�PRGDOLW\�ZDV�GHYHORSHG�WKDW�

LQYROYHG�WKHUPDO�FRDJXODWLRQ�RI�WXPRUV�E\�LQWURGXFLQJ�HOHFWULFDO�HQHUJ\�YLD�HOHFWURGHV��7KURXJK�WKH�

SHUFXWDQHRXV�DSSOLFDWLRQ�RI�PLFURZDYHV��ZKLFK�ZHUH�IUHTXHQWO\�XVHG�LQ�VXUJHU\�LQ�WKRVH�GD\V��6HNL�

HW� DO�� GHYHORSHG� PLFURZDYH� FRDJXODWLRQ� WKHUDS\� �0&7�� LQ� ������� +RZHYHU�� GHVSLWH� FRQVLVWHQWO\�

DFKLHYLQJ�FRDJXODWLYH�QHFURVLV��WKH�GUDZEDFNV�RI�0&7�LQFOXGH�WKH�VPDOO�DUHD�RI�QHFURVLV LW�SURGXFHV

DQG�PDQ\�FRPSOLFDWLRQV�VXFK�DV�ELOH�GXFW�LQMXU\�

,Q� ������ 5RVVL� HW� DO�� SHUIRUPHG� 5)$� IRU� VPDOO� +&&� DQG� UHSRUWHG� JRRG� WUHDWPHQW� RXWFRPHV���

)ROORZLQJ�WKH�LQWURGXFWLRQ�RI�5)$�WR�-DSDQ�LQ�������PDQ\�KRVSLWDOV�KDG�VWDUWHG�WR�DSSO\�LW EHFDXVH�

RI� LWV�DGYDQWDJHV�RYHU�0&7��VXFK�DV�D�ODUJH�QHFURWL]HG�DUHD�SHU�DEODWLRQ�DQG�IHZHU�FRPSOLFDWLRQV��

5)$�KDV EHHQ�FRYHUHG�E\�WKH�1DWLRQDO�+HDOWK�,QVXUDQFH V\VWHP VLQFH�$SULO������DQG�LV�FXUUHQWO\�WKH�

VWDQGDUG�SHUFXWDQHRXV�DEODWLRQ�WUHDWPHQW�IRU�+&&�LQ�-DSDQ�

7HFKQRORJLFDO� DGYDQFHV� LQ� PHGLFDO� GHYLFHV� DQG� FRQWUDVW� DJHQWV� KDYH� JUHDWO\� LPSURYHG� WKH�

WKHUDSHXWLF�HIIHFW�RI�5)$��7KH�PDMRU�FRQWUDVW� DJHQWV�/HYRYLVW� DQG�6RQD]RLG� ZHUH�DSSURYHG� IRU�

XVH�LQ�FRQWUDVW�HQKDQFHG�86�LQ������DQG�������UHVSHFWLYHO\��DQG�KHOS�WR�LPSURYH�WKH�UHFRJQLWLRQ�RI�

OHVLRQV� LQ�86�JXLGHG�5)$��7KH�5HDO�WLPH�9LUWXDO�6RQRJUDSK\�6\VWHP� GHYHORSHG� LQ������E\� WKH�

+LWDFKL� 0HGLFDO� &RUSRUDWLRQ� �FXUUHQWO\� +LWDFKL�� /WG��� ZDV� WKH� SUHFXUVRU� LPDJLQJ� WHFKQRORJ\� IRU�

IXVLRQ�LPDJLQJ��8QWLO�WKHQ��LPDJLQJ�PRGDOLWLHV�VXFK�DV�86�DQG�&7�05,�FRXOG�QRW�EH�XVHG�WRJHWKHU�

LQWHUDFWLYHO\��)XVLRQ�LPDJLQJ�QRZ�RIIHUV LPDJLQJ�LQWHUDFWLRQ�LQ�WKH�FOLQLFDO�VHWWLQJ�DQG�FDQ�VXSSRUW�

SHUFXWDQHRXV�DEODWLRQ�WKHUDS\��,Q�DGGLWLRQ��DGYDQFHV�LQ�PLFURFDWKHWHUV DQG�JXLGHZLUHV KDV�OHG�WR�WKH�

GHYHORSPHQW�RI� WUDQVFDWKHWHU�LQWHUYHQWLRQDO�WHFKQLTXHV��6XSHUVHOHFWLYH�7$&(�FDQ�DFKLHYH�VHOHFWLYH�



���

LVFKHPLF� QHFURVLV� RI� WKH� WXPRU� WLVVXHV�� 7KHUHIRUH�� FRPELQDWLRQ� 5)$� DQG� 7$&(� FDQ� SURYLGH�

V\QHUJLVWLF�HIILFDF\�DQG�IHZHU�FRPSOLFDWLRQV��7KH�FXUUHQW�*XLGHOLQHV�LQFOXGHV WKH�QHZ�HYLGHQFH�WKDW�

FRPELQDWLRQ�WKHUDS\�ZLWK�7$&(�DQG�SHUFXWDQHRXV�DEODWLRQ�FDQ�LPSURYH�SURJQRVLV�LQ�SDWLHQWV�ZLWK�

ODUJH�+&&��

3HUFXWDQHRXV�DEODWLRQ�WKHUDS\�KDV�HYROYHG�ZLWK�WKH�PDQ\�DGYDQFHV�PDGH�LQ�PHGLFDO�GHYLFHV�DQG�

LPDJLQJ��1HZ�NQRZOHGJH�LQ�DEODWLRQ�WKHUDS\�LV�H[SHFWHG�ZLWK PRUH�VXFK�GHYHORSPHQWV�LQ�WKH�IXWXUH�

ڦ 5HIHUHQFHV

���5\XVDNX�<DPDGD��+DUXNL�1DNDWVXND��.HQML�1DNDPXUD��HW�DO��7UDQVFDWKHWHU�DUWHULDO�HPEROL]DWLRQ�WKHUDS\�IRU�+&&��

VWXG\�RI����FDVHV��.DQ]R ������������������ �-DSDQHVH�

��� 1REX\XNL� 6XJLXUD�� .HQML� 7DNDUD��0DVDR�2RWRK�� HW� DO�� 7UHDWPHQW� RI� VPDOO� +&&�ZLWK� 86�JXLGHG� SHUFXWDQHRXV�

LQWUDWXPRUDO�HWKDQRO�LQMHFWLRQ��.DQ]R ����������������-DSDQHVH�

���6HNL�7��:DNDED\DVKL�0��1DNDJDZD�7��HW�DO��8OWUDVRQLFDOO\�JXLGHG�SHUFXWDQHRXV�PLFURZDYH�FRDJXODWLRQ�WKHUDS\�IRU�

VPDOO�KHSDWRFHOOXODU�FDUFLQRPD��&DQFHU ������������������30,'���������

���5RVVL�6��'L�6WDVL�0��%XVFDULQL�(��HW�DO��3HUFXWDQHRXV�UDGLRIUHTXHQF\�LQWHUVWLWLDO�WKHUPDO�DEODWLRQ�LQ�WKH�WUHDWPHQW�RI�

VPDOO�KHSDWRFHOOXODU�FDUFLQRPD��&DQFHU�-�6FL�$P ����������������30,'���������

&4�� :KLFK�SDWLHQWV�DUH�HOLJLEOH�IRU�SHUFXWDQHRXV�DEODWLRQ"

5HFRPPHQGDWLRQ

6WURQJ�UHFRPPHQGDWLRQ� 3HUFXWDQHRXV�DEODWLRQ�LV�LQGLFDWHG�IRU�SDWLHQWV�ZLWK�&KLOG±3XJK�FODVV�$�RU�

%�OLYHU�IXQFWLRQ��XS�WR���WXPRUV��DQG�WXPRU�GLDPHWHU�����FP��

ڦ %DFNJURXQG

,Q�SULQFLSOH��WKH�WUHDWPHQW�DOJRULWKP�UHFRPPHQGV�KHSDWHFWRP\��SHUFXWDQHRXV�DEODWLRQ��DQG�7$&(�LQ�

WKLV� RUGHU� IRU� SDWLHQWV� ZKR� KDYH� LQGLFDWLRQV� IRU� DOO� WKUHH� WUHDWPHQW� PRGDOLWLHV�� 7KH� UDQNLQJ� RI�

KHSDWHFWRP\��SHUFXWDQHRXV�DEODWLRQ��DQG�7$&(�DV�ILUVW���VHFRQG���DQG�WKLUG�OLQH�WUHDWPHQW�UHIOHFWV�WKH�

GLIIHUHQFH� LQ� SUHGLFWHG� SURJQRVLV� DIWHU� WUHDWPHQW�� +RZHYHU�� SURJQRVWLF� GLIIHUHQFH� LV� DVVXPHG� WR�

FKDQJH� GHSHQGLQJ� RQ� OLYHU� IXQFWLRQ� DQG� WXPRU� FRQGLWLRQV�� +HUH�� ZH� HYDOXDWHG� LQGLFDWLRQV� IRU�

SHUFXWDQHRXV�DEODWLRQ�LQ�FRPSDULVRQ ZLWK�LQGLFDWLRQV�IRU�RWKHU�WUHDWPHQWV�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�D�FRQWLQXDWLRQ�RI�&4���LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�

TXHU\�XVHG� LQ� WKH� WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH����������

H[WUDFWHG�����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR����DUWLFOHV�LQ�WKH�ILUVW�VFUHHQLQJ��IURP�ZKLFK����



���

ZHUH� H[WUDFWHG� EDVHG�RQ� WKH� IROORZLQJ� LQFOXVLRQ� FULWHULD��5&7�RU� QRQ�5&7� VWXGLHV� WKDW� FRPSDUHG�

SHUFXWDQHRXV� DEODWLRQ�ZLWK� RWKHU� WUHDWPHQW� RSWLRQV� VXFK� DV� UHVHFWLRQ�� 7$&(�� DQG� EHVW� VXSSRUWLYH�

FDUH��%6&���)XUWKHU�HYDOXDWLRQ�RI�WKH����DUWLFOHV�DQG�WKH����DUWLFOHV�IURP�WKH�WKLUG�HGLWLRQ�HYHQWXDOO\�

H[WUDFWHG����DUWLFOHV�ZLWK�KLJK�TXDOLW\�HYLGHQFH�DQG�D�ODUJH�QXPEHU�RI�SDWLHQWV�±���

7DEOH� �� VKRZV� �� DUWLFOHV� WKDW� UHSRUW� 5&7V� RI� 5)$� DQG� VXUJLFDO� UHVHFWLRQ�±��� $OWKRXJK� WXPRU�

FRQGLWLRQV�YDU\�DPRQJ�WKH�VWXGLHV��QR�VLJQLILFDQW�GLIIHUHQFH�LQ�VXUYLYDO�UDWH�ZDV�REVHUYHG�LQ���RI�WKH�

��5&7V��EXW�LQ�WKH�VWXG\�E\�+XDQJ�HW�DO���VXUYLYDO�UDWH�ZDV�VLJQLILFDQWO\�EHWWHU ZLWK�VXUJLFDO�UHVHFWLRQ�

WKDQ ZLWK 5)$��

7KH�PRVW� UHFHQW� OLWHUDWXUH�VHDUFK�H[WUDFWHG���QHZ�PHWD�DQDO\VHV�RI�VWXGLHV� WKDW�FRPSDUHG�5)$�

DQG�VXUJLFDO�UHVHFWLRQ�DQG�ZHUH�SXEOLVKHG�DIWHU��������������7KH�PHWD�DQDO\VLV�FRQGXFWHG�E\�4L�HW�DO���

UHSUHVHQWDWLYH�RI�WKH���PHWD�DQDO\VHV��UHYLHZHG���5&7V�DQG�UHSRUWHG�D�VLJQLILFDQWO\�EHWWHU�VXUYLYDO�

UDWH� ZLWK VXUJLFDO� UHVHFWLRQ� WKDQ� ZLWK� 5)$� �KD]DUG� UDWLR�� ������ ���� &,�� ����������� S�  � ��������

+RZHYHU��LQ�WKH�DQDO\VLV�� WKH�IDFW�WKDW� WXPRUV�ZHUH�QRW�VXEJURXSHG�EDVHG�RQ�VL]H������FP�DQG�����

FP��FRXOG�KDYH�DIIHFWHG�WKH�VWXG\�UHVXOWV�

,Q�D�QRQ�5&7�VWXG\��=KDQJ�HW�DO��FRPSDUHG�SDWLHQWV�ZLWK�VROLWDU\�+&&�����FP�ZKR�XQGHUZHQW�

SHUFXWDQHRXV�PLFURZDYH�FRDJXODWLRQ�WKHUDS\��30&7��Q� �����RU�KHSDWHFWRP\��Q� ������DQG�IRXQG�

WKDW� D� VLJQLILFDQWO\� EHWWHU� UHFXUUHQFH�IUHH� VXUYLYDO� UDWH� ZLWK� KHSDWHFWRP\� �S�  � ���������$OVR�� LQ� D�

FRKRUW� VWXG\� RI� -DSDQHVH� SDWLHQWV�ZLWK� XS� WR� � +&& �� �� FP� DQG�&KLOG�3XJK�$�%� OLYHU� IXQFWLRQ��

+DVHJDZD�HW� DO�� UHSRUWHG D� VLJQLILFDQWO\�EHWWHU� VXUYLYDO� UDWH� LQ� WKH�KHSDWHFWRP\�JURXS� �Q� ��������

WKDQ�LQ�WKH�5)$�JURXS��Q� ���������

7DEOH��� &RPSDULVRQ�RI�VXUYLYDO�UDWH�EHWZHHQ�5)$�DQG�KHSDWHFWRP\�IRU�+&&

$XWKRU <HDU� RI�

SXEOLFDWLRQ

6WXG\�

GHVLJQ

&DVH�QXPEHU

�5)$�KHSDWHFWRP\�

&RQGLWLRQV 6XUYLYDO����

�5)$�KHSDWHFWRP\�

S�YDOXH

&KHQ� ���� 5&7 ����� 6ROLWDU\ +&& �� ��

FP

����� YV�� ����� ���

\HDUV�

16

+XDQJ� ���� 5&7 ������� :LWKLQ� WKH� 0LODQ�

FULWHULD

������YV������� �����

)HQJ� ���� 5&7 ����� 8S� WR� �� +&&V� �� ��

FP

�����YV������ 16

)DQJ� ���� 5&7 ����� 8S� WR� �� +&&V� �� ��

FP

�����YV������ 16

0XUDNDPL�HW�DO��FRPSDUHG�SDWLHQWV�ZLWK� VROLWDU\ +&&�����FP�RU�XS WR ��+&&V�����FP�HDFK�ZKR�

XQGHUZHQW�5)$��Q� ������RU�7$&(��Q� ������DQG�IRXQG�D�VLJQLILFDQWO\�ORZHU�ORFDO�UHFXUUHQFH�UDWH�LQ�

WKH�5)$�JURXS� �S� � �������� $OVR��.LP� HW� DO�� VKRZHG VLJQLILFDQWO\� EHWWHU� UHFXUUHQFH�IUHH� VXUYLYDO�



���

UDWHV�LQ�SDWLHQWV�ZLWK�VROLWDU\�+&&�����FP�DIWHU�5)$��Q� ������WKDQ�DIWHU�7$&(��Q� ������S� ���������

DOWKRXJK�WKH�RYHUDOO�VXUYLYDO�UDWH�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW��S� ���������

ڦ ([SODQDWLRQ

,Q�WKH�WKLUG�HGLWLRQ�RI�WKH�*XLGHOLQHV��&KLOG�3XJK�$�%�LQ�SDWLHQWV�ZLWK XS�WR ��+&&V�����FP ZDV�DQ�

LQGLFDWLRQ�IRU�SHUFXWDQHRXV�DEODWLRQ�

)RU� PDQ\� \HDUV�� 3(,� SOD\HG� WKH� FHQWUDO� UROH� LQ� SHUFXWDQHRXV� DEODWLRQ� DQG� ZDV� IUHTXHQWO\�

LQGLFDWHG� IRU� SDWLHQWV� ZLWK� XS� WR �� +&&V� �� �� FP��:KHQ� SHUIRUPHG� IRU� +&&� !� �� FP�� 3(,� ZDV�

DVVRFLDWHG� ZLWK� D� KLJK� ORFDO� UHFXUUHQFH� UDWH�� ,Q� WKH� WKHUPDO� FRDJXODWLRQ� WKHUDS\� 5)$�� LW� LV�

WKHRUHWLFDOO\�SRVVLEOH�WR�H[SDQG�WKH�DUHD�RI�DEODWLRQ�E\�LQFUHDVLQJ�WKH�QXPEHU�RI�WKH�WKHUDS\ VHVVLRQV��

EXW�5)$�LV�DVVRFLDWHG�ZLWK�FRPSOLFDWLRQV�ZKHQ�WKH�QXPEHU�DQG�DUHD�RI�DEODWLRQ�LV�LQFUHDVHG��$OVR��

EHFDXVH�WKH�DUHD�RI�DEODWLRQ�LV�DERXW���FP�ZLWK�PRVW�5)$�HOHFWURGHV�� WKH�5HYLVLRQ�&RPPLWWHH�KDV�

GHFLGHG� WR� FRQWLQXH� WR� XVH� ³XS� WR� �� +&&V� �� �� FP´� DV� WKH� LQGLFDWLRQ� IRU� SHUFXWDQHRXV� DEODWLRQ�

LQFOXGLQJ�5)$�

7KH�DLP�RI�WUHDWPHQW�ZLWK�KHSDWHFWRP\�DQG�5)$�LV�EDVLFDOO\�WKH�VDPH²DFKLHYLQJ ORFDO�FRQWURO��

,Q�SHUFXWDQHRXV�DEODWLRQ��DV�WKH�WXPRU�GLDPHWHU�LQFUHDVHV��LW�EHFRPHV�LQFUHDVLQJO\�GLIILFXOW�WR�HQVXUH�

VXIILFLHQW� DEODWLYH� PDUJLQV�� $V� VXFK�� WKH� LQGLFDWLRQV� IRU� 5)$� VKRXOG� EH� GHFLGHG� DIWHU� FDUHIXO�

FRQVLGHUDWLRQ�RI�WKH�WXPRU�FRQGLWLRQV��SDWLHQW�EDFNJURXQG��DQG�VXUJLFDO�VNLOOV��7KHQ� DFFRUGLQJ�WR�WKH�

��5&7V��ZLWK�GLIIHUHQW�SDWLHQW�FKDUDFWHULVWLFV��� WKH�&4�DVNLQJ�ZKLFK EHWZHHQ VXUJLFDO� UHVHFWLRQ�RU�

SHUFXWDQHRXV� DEODWLRQ� LV� EHWWHU� IRU� WKH� ILUVW�OLQH� WKHUDS\ UHPDLQV� D FRQWURYHUWLDO RQH� ,Q� WKH�

PHWD�DQDO\VLV� RI� �� VWXGLHV� SXEOLVKHG� DIWHU� ����� WKDW� FRPSDUHG� 5)$� DQG� KHSDWHFWRP\�� ZKLOH�

WUHDWPHQW�UHVSRQVH�ZDV�VLJQLILFDQWO\�EHWWHU�DIWHU�KHSDWHFWRP\�LQ���VWXGLHV��QR�VLJQLILFDQW�GLIIHUHQFH�

ZDV�REVHUYHG�LQ�WKH�UHPDLQLQJ�VWXG\��)XUWKHUPRUH��VHYHUDO�RWKHU�VWXGLHV�KDYH�UHSRUWHG�WKDW�WUHDWPHQW�

RXWFRPHV�ZHUH�JRRG����\HDU�VXUYLYDO�UDWH����������RQO\�LQ�&KLOG�3XJK�$�SDWLHQWV�ZLWK�VROLWDU\�+&&�

�� �� FP����� +RZHYHU�� HYHQ� DPRQJ� SDWLHQWV� ZLWK� UHODWLYHO\� JRRG� KHSDWLF IXQFWLRQDO UHVHUYH� DQG�

HDUO\�VWDJH� +&&�� LW� LV� XQFOHDU ZKHWKHU� SHUFXWDQHRXV� DEODWLRQ VKRXOG UHSODFH� KHSDWHFWRP\� DV�

ILUVW�OLQH�WKHUDS\�

7KH�PRVW�UHFHQW� OLWHUDWXUH�VHDUFK�GLG�QRW�H[WUDFW�DQ\�VWXGLHV SXEOLVKHG�DIWHU�0XUDNDPL¶V�VWXG\�

WKDW� ZDV� FLWHG� LQ� WKH� WKLUG� HGLWLRQ DQG� WKDW� SUHVHQWHG KLJK�TXDOLW\� HYLGHQFH� DERXW� GLIIHUHQFHV LQ�

VXUYLYDO�UDWH�EHWZHHQ�5)$�PRQRWKHUDS\�DQG�7$&(�PRQRWKHUDS\�IRU�+&&�ZLWKLQ�WKH�0LODQ�FULWHULD��

7KHUHIRUH��DV�LQ�WKH�WKLUG�HGLWLRQ��5)$�ZDV�GHWHUPLQHG�WR�EH�PRUH�DSSURSULDWH�WKDQ�7$&(�IRU�XS�WR��

XQUHVHFWDEOH�+&&V�����FP��7KH�5HYLVLRQ�&RPPLWWHH�KDV�JUDGHG�WKH�UHFRPPHQGDWLRQ�VWURQJ�GXH�WR�

WKH�ODFN�RI�VWURQJO\�RSSRVLQJ�FRPPHQWV��

,Q�-DSDQ��D�PXOWLFHQWHU�FROODERUDWLYH�VWXG\�FDOOHG�685)�5&7
�LV�FXUUHQWO\�XQGHUZD\�WR�DGGUHVV�

WKH�QHHG�IRU HYLGHQFH�WKDW FDQ�VHUYHV�DV�D�EDVLV�IRU�VHOHFWLQJ�WUHDWPHQW�PRGDOLWLHV�IRU�SULPDU\�+&&��

685)�5&7��ZKLFK ZDV�LQLWLDWHG�LQ�$SULO�������HQUROOHG�SDWLHQWV�ZLWK�XS�WR ��SULPDU\�+&&V�����FP�



���

DQG� JRRG� OLYHU� IXQFWLRQ� �&KLOG�3XJK� VFRUH� �� ��� DQG� LV� FXUUHQWO\� FROOHFWLQJ� GDWD� RQ� WUHDWPHQW�

RXWFRPHV�RI�KHSDWHFWRP\�DQG�5)$��3UHYLRXV�VWXGLHV�ZHUH�DOO�FRQGXFWHG�RYHUVHDV�DQG� WKXV�GR�QRW�

UHIOHFW� DFWXDO� FOLQLFDO� SUDFWLFH� LQ� -DSDQ�� 7KH� UHVXOWV� IURP 685)�5&7� ZLOO� EH� WKH� ILUVW� HYLGHQFH�

REWDLQHG�LQ�-DSDQ�

ڦ 5HIHUHQFHV

���&KHQ�06��/L�-4��=KHQJ�<��HW�DO��$�SURVSHFWLYH�UDQGRPL]HG�WULDO�FRPSDULQJ�SHUFXWDQHRXV�ORFDO�DEODWLYH�WKHUDS\�DQG�

SDUWLDO�KHSDWHFWRP\�IRU�VPDOO�KHSDWRFHOOXODU�FDUFLQRPD��$QQ�6XUJ ������������������30,'����������

���+XDQJ�-��<DQ�/��&KHQJ�=��HW�DO��$�UDQGRPL]HG�WULDO�FRPSDULQJ�UDGLRIUHTXHQF\�DEODWLRQ�DQG�VXUJLFDO�UHVHFWLRQ�IRU�

+&&�FRQIRUPLQJ�WR�WKH�0LODQ�FULWHULD��$QQ�6XUJ �������������������30,'����������

���)HQJ�.��<DQ�-��/L�;��HW�DO��$�UDQGRPL]HG�FRQWUROOHG�WULDO�RI�UDGLRIUHTXHQF\�DEODWLRQ�DQG�VXUJLFDO�UHVHFWLRQ�LQ�WKH�

WUHDWPHQW�RI�VPDOO�KHSDWRFHOOXODU�FDUFLQRPD��-�+HSDWRO �������������������30,'����������

��� )DQJ�<�� &KHQ�:�� /LDQJ�;�� HW� DO�� &RPSDULVRQ� RI� ORQJ�WHUP� HIIHFWLYHQHVV� DQG� FRPSOLFDWLRQV� RI� UDGLRIUHTXHQF\�

DEODWLRQ�ZLWK�KHSDWHFWRP\� IRU� VPDOO�KHSDWRFHOOXODU�FDUFLQRPD��-�*DVWURHQWHURO�+HSDWRO �������������������30,'��

��������

���4L�;��7DQJ�<��$Q�'��HW�DO��5DGLRIUHTXHQF\�DEODWLRQ�YHUVXV�KHSDWLF�UHVHFWLRQ�IRU�VPDOO�KHSDWRFHOOXODU�FDUFLQRPD��D�

PHWD�DQDO\VLV�RI�UDQGRPL]HG�FRQWUROOHG�WULDOV��-�&OLQ�*DVWURHQWHURO �����������������30,'����������

��� =KDQJ� (/�� <DQJ� )�� :X� =%�� HW� DO�� 7KHUDSHXWLF� HIILFDF\� RI� SHUFXWDQHRXV� PLFURZDYH� FRDJXODWLRQ� YHUVXV� OLYHU�

UHVHFWLRQ� IRU� VLQJOH�KHSDWRFHOOXODU� FDUFLQRPD��ٕ ��FP�ZLWK�&KLOG�3XJK�$�FLUUKRVLV��(XU�-�6XUJ�2QFRO ����������

�������30,'����������

���+DVHJDZD�.��.RNXGR�1��0DNXXFKL�0��HW�DO��&RPSDULVRQ�RI�UHVHFWLRQ�DQG�DEODWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��D�

FRKRUW�VWXG\�EDVHG�RQ�D�-DSDQHVH�QDWLRQZLGH�VXUYH\��-�+HSDWRO �����������������30,'����������

��� 0XUDNDPL� 7�� ,VKLPDUX� +�� 6DNDPRWR� ,�� HW� DO�� 3HUFXWDQHRXV� UDGLRIUHTXHQF\� DEODWLRQ� DQG� WUDQV�FDWKHWHU� DUWHULDO�

FKHPRHPEROL]DWLRQ�IRU�K\SHUYDVFXODU�KHSDWRFHOOXODU�FDUFLQRPD��UDWH�DQG�ULVN�IDFWRUV�IRU�ORFDO�UHFXUUHQFH��&DUGLRYDVF�

,QWHUYHQW�5DGLRO��������������������30,'����������

���.LP�-:��.LP�-+��6XQJ�.%��HW�DO��7UDQVDUWHULDO�FKHPRHPEROL]DWLRQ�YV��UDGLRIUHTXHQF\�DEODWLRQ�IRU�WKH�WUHDWPHQW�RI�

VLQJOH�KHSDWRFHOOXODU�FDUFLQRPD���FP�RU�VPDOOHU��$P�-�*DVWURHQWHURO ��������������������30,'����������

����;X�*��4L� )=�� =KDQJ� -+�� &KHQJ�*)�� &DL�<��0LDR�<��0HWD�DQDO\VLV� RI� VXUJLFDO� UHVHFWLRQ� DQG� UDGLR�IUHTXHQF\�

DEODWLRQ�IRU�HDUO\�KHSDWRFHOOXODU�FDUFLQRPD��:RUOG�-�6XUJ�2QFRO ���������������30,'����������

����1L�-<��;X�/)��6XQ�+/��=KRX�-;��&KHQ�<7��/XR�-+��3HUFXWDQHRXV�DEODWLRQ�WKHUDS\�YHUVXV VXUJLFDO�UHVHFWLRQ�LQ�WKH�

WUHDWPHQW� IRU� HDUO\�VWDJH� KHSDWRFHOOXODU� FDUFLQRPD�� D�PHWD�DQDO\VLV� RI� ���� ���� SDWLHQWV�� -�&DQFHU� 5HV�&OLQ�2QFRO

��������������������30,'�����������

���� :DQJ� <�� /XR� 4�� /L� <�� 'HQJ� 6�� :HL� 6�� /L� ;�� 5DGLRIUHTXHQF\� DEODWLRQ� YHUVXV� KHSDWLF� UHVHFWLRQ� IRU� VPDOO�

KHSDWRFHOOXODU�FDUFLQRPDV��D�PHWD�DQDO\VLV�RI�UDQGRPL]HG�DQG�QRQUDQGRPL]HG�FRQWUROOHG� WULDOV��3/R6�2QH ���������

H�������30,'����������



���


685)�5&7�� 6XUJHU\� YV�� 5)$� IRU� +HSDWRFHOOXODU� &DUFLQRPD�� $� 5DQGRPL]HG� &RQWUROOHG� 7ULDO� �RIILFLDO� QDPH��

(IILFDF\�RI�6XUJHU\�YV��5DGLRIUHTXHQF\�$EODWLRQ�RQ�3ULPDU\�+HSDWRFHOOXODU�&DUFLQRPD��$�0XOWLFHQWHU�5DQGRPL]HG�

&RQWURO�7ULDO��

&4�� +RZ�VKRXOG�VXLWDEOH�DEODWLRQ�WKHUDS\EH�FKRVHQ"�

5HFRPPHQGDWLRQV

6WURQJ�UHFRPPHQGDWLRQ� 5)$�LV�UHFRPPHQGHG�DV�SHUFXWDQHRXV�DEODWLRQ�

:HDN�UHFRPPHQGDWLRQ� 5)$�DQG�3(,�ZLWK�DUWLILFLDO�DVFLWHV�DUH�RSWLRQV�IRU�SDWLHQWV�ZKR�DUH�DW�KLJKHU�

ULVN�RI JDVWURLQWHVWLQDO�SHUIRUDWLRQ�

ڦ %DFNJURXQG

7KH�KLVWRU\�RI�SHUFXWDQHRXV�DEODWLRQ�EHJDQ�ZLWK�3(,� LQ� WKH ����V��$IWHU� WKH� LQWURGXFWLRQ�RI�RWKHU�

W\SHV� RI� ORFRUHJLRQDO� WKHUDS\� VXFK� DV� SHUFXWDQHRXV� DFHWLF� DFLG� LQMHFWLRQ� �3$,�� DQG� 30&7��

SHUFXWDQHRXV�DEODWLRQ� FXUUHQWO\� LQYROYHV 5)$��+HUH��ZH� LQYHVWLJDWHG� WKH�PRVW� DSSURSULDWH�ZD\� WR�

VHOHFW� SHUFXWDQHRXV� DEODWLRQ� IRU� LQGLYLGXDO� SDWLHQWV�� 7HFKQRORJLFDO� DGYDQFHV QRZ� RIIHU� XV� D� ZLGH�

UDQJH� RI PHGLFDO� GHYLFHV� DQG� VXSSOLHV� WR� XVH� LQ� SHUFXWDQHRXV� DEODWLRQ�� VXFK� DV� WKH� ELSRODU� 5)$�

GHYLFH� �&(/21� 3RZHU� 6\VWHP���� HOHFWURGHV ZLWK� DGMXVWDEOH� WLS� OHQJWK� �9,9$� 5)� 6\VWHP� IRU�

QH[W�JHQHUDWLRQ�0&7���FU\RDEODWLRQ�V\VWHPV��DQG�LUUHYHUVLEOH�HOHFWURSRUDWLRQ GHYLFHV�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�D�FRQWLQXDWLRQ�RI�&4���LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�

TXHU\�XVHG� LQ� WKH� WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH����������

H[WUDFWHG�����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR����LQ�WKH�ILUVW�VFUHHQLQJ��)LYH�DUWLFOHV� UHSRUWLQJ

VWDWLVWLFDO� DQDO\VLV�ZHUH� H[WUDFWHG� LQ� WKH� VHFRQG� VFUHHQLQJ��$� WRWDO� RI� ���DUWLFOHV�� LQFOXGLQJ� WKH����

DUWLFOHV�IURP�WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4���±���

࣭&RPSDULVRQ�RI�5)$�DQG�3(,

7ZR�PHWD�DQDO\VHV�ZHUH�DGGHG�WR�WKH�FXUUHQW�HGLWLRQ���� 6KHQ�HW�DO� UHSRUWHG EHWWHU�VXUYLYDO�DQG�ORFDO�

UHFXUUHQFH�UDWHV�ZLWK�5)$�WKDQ�ZLWK�3(,���<DQJ�HW�DO����LQ�D�UHYLHZ�RI���(XURSHDQ�VWXGLHV����$VLDQ�

VWXGLHV�� DQG� ��$IULFDQ� VWXG\�� UHSRUWHG VLJQLILFDQWO\� EHWWHU VXUYLYDO� DQG� ORFDO� UHFXUUHQFH� UDWHV� DIWHU�

5)$�RQO\�LQ�WKH�$VLDQ�VWXG\�

࣭&RPSDULVRQ�RI�5)$�DQG�0&7

$�PHWD�DQDO\VLV�FRQGXFWHG�E\�)DFFLRUXVVR�HW�DO��UHYHDOHG�QR�VLJQLILFDQW�GLIIHUHQFH�LQ� WKH�FRPSOHWH�

DEODWLRQ� UDWH� EHWZHHQ� 5)$� DQG� 0&7� �25�� ������ ���� &,�� ����������� S�  � ������ RU� LQ� WKH� ORFDO�

UHFXUUHQFH� UDWH� �25������������&,�������������S� ���������+RZHYHU�� WKH� ORFDO� UHFXUUHQFH� UDWH�ZDV�



���

VLJQLILFDQWO\�EHWWHU�DIWHU�0&7�WKDQ�DIWHU�5)$�LQ�SDWLHQWV�ZLWK�UHODWLYHO\�ODUJH�QRGXOHV��KD]DUG�UDWLR��

����������&,�������������S� ��������$OVR�� WKH���\HDU�VXUYLYDO�UDWH�GLG�QRW�GLIIHU�VLJQLILFDQWO\� �25��

������ ���� &,�� ����������� S�  � ������ EXW� WHQGHG� WR� EH� KLJKHU� DIWHU� 5)$�� 7KH� QXPEHU� RI� PDMRU�

FRPSOLFDWLRQV�ZHUH�VOLJKWO\��EXW�QRW�VLJQLILFDQWO\��KLJKHU�DIWHU�0&7��25������������&,�������������S�

 �������

࣭&RPSDULVRQ�RI�5)$�DQG�FU\RDEODWLRQ

$�PHWD�DQDO\VLV�E\�+XDQJ�HW�DO�� DQG�DQ�5&7�E\�:DQJ�HW�DO�� VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�

RYHUDOO� VXUYLYDO� UDWH�EHWZHHQ�5)$�DQG�FU\RDEODWLRQ��+XDQJ�HW�DO�� VKRZHG�D�VLJQLILFDQW�GHFUHDVH� LQ�

WKH�ORFDO�UHFXUUHQFH�UDWH�DIWHU�5)$���ZKHUHDV�:DQJ�HW�DO��UHSRUWHG�D�VLJQLILFDQW�LQFUHDVH�DIWHU�5)$��

࣭&RPSOLFDWLRQV

$�PHWD�DQDO\VLV�E\�%HUWRW� HW� DO�� UHYHDOHG�RYHUDOO�PRUWDOLW\� DIWHU� SHUFXWDQHRXV� DEODWLRQ�ZDV�������

�����&,�������������� DQG�PRUWDOLW\�E\� WUHDWPHQW�PRGDOLW\�ZDV������������������� IRU�5)$��������

������������ IRU�0&7�� DQG������� ����������� IRU�3(,��� 7KH� LQFLGHQFH� RI� VHYHUH� FRPSOLFDWLRQV� DIWHU�

SHUFXWDQHRXV�DEODWLRQ�ZDV��������UDQJH���������������DQG�WKH�UDWH�E\�WUHDWPHQW�PRGDOLW\�ZDV������

���������� IRU� 5)$�� ����� ����������� IRU� 0&7�� DQG� ����� ����������� IRU� 3(,�� 7KH� LQFLGHQFH� RI�

FRPSOLFDWLRQV�GLG�QRW�GLIIHU�VLJQLILFDQWO\�EHWZHHQ�5)$�DQG�3(,�LQ�D�PHWD�DQDO\VLV�E\�*HUPDQL�HW�DO��

�25������������&,�������������S� ���������EXW�LW WHQGHG�WR�LQFUHDVH�DIWHU�5)$�LQ�D�PHWD�DQDO\VLV�E\�

6KHQ�HW�DO� �KD]DUG�UDWLR������������&,�������������S� ���������

ڦ ([SODQDWLRQ

,Q�3(,�� WKH� ILEURXV� FDSVXOH� DQG� VHSWD� LQVLGH�+&&�SUHYHQW� HWKDQRO� IURP�GLVSHUVLQJ� WKURXJKRXW� WKH�

+&& DQG� WKHUHIRUH WKH� DELOLW\� RI� 3(,� WR� DFKLHYH� UDGLFDO� FXUH� GLPLQLVKHV� DV� WKH� VL]H� RI� WXPRU�

LQFUHDVHV��,Q�FRQWUDVW��RQH�RI�WKH�DGYDQWDJHV�RI�0&7�DQG�5)$�LV�WR�LQGXFH�QHFURVLV�LQ�OHVLRQV�DV�ZHOO�

DV� LQ� VXUURXQGLQJ WLVVXHV�ZKHUH� VDWHOOLWH�QRGXOHV�DUH�SUHVHQW��7KH� OLWHUDWXUH� VHDUFK�H[WUDFWHG�PDQ\�

DUWLFOHV�VXJJHVWLQJ�WKH�VXSHULRULW\�RI�5)$�WR�3(,�LQ�WHUPV�RI�VXUYLYDO�DQG�ORFDO�UHFXUUHQFH�UDWHV�±����

$OVR��VXEJURXS�DQDO\VLV�VKRZHG WKDW�WUHDWPHQW�RXWFRPHV�WHQG�WR�GLIIHU�PRUH�LQ�SDWLHQWV�ZLWK�+&&���

��FP�����$QRWKHU�PHWD�DQDO\VLV� UHSRUWHG�D FRPSDUDEOH� UHVSRQVH� WR�5)$�DQG�0&7��EXW� WKH�DQDO\VLV�

LQFOXGHG�RQO\�RQH 5&7�WKDW�ZDV�SXEOLVKHG�EDFN�LQ��������7KHUHIRUH��LW�LV�WRR�HDUO\�WR�FRQFOXGH�WKDW�

0&7� LV� VXSHULRU� WR�5)$�GXH� WR� WKH� ODFN�RI� VXIILFLHQW� HYLGHQFH�� ,W� LV� DOVR� LPSRUWDQW� WR�DFFXPXODWH�

PRUH�HYLGHQFH�DERXW�FU\RDEODWLRQ�DQG�,5(��ZKLFK DUH�UHODWLYHO\�QHZ�WUHDWPHQW�PRGDOLWLHV�DQG�KDYH�

QRW�EHHQ�DSSURYHG�IRU�WKH�WUHDWPHQW�RI�+&&�LQ�-DSDQ��%HFDXVH�WKH�PRVW�UHFHQW�OLWHUDWXUH�VHDUFK�GLG�

QRW� H[WUDFW� DQ\� VWXGLHV� WKDW� FRPSDUHG� WUHDWPHQW� RXWFRPHV� EHWZHHQ� GLIIHUHQW�5)$�GHYLFHV�� IXUWKHU�

VWXG\�LV�QHHGHG�WR�DGGUHVV�WKLV�LVVXH�LQ�WKH�IXWXUH��%DVHG�RQ�WKHVH ILQGLQJV��WKH�5HYLVLRQ�&RPPLWWHH�

KDV� GHFLGHG� WKDW� WKHUH� LV� HQRXJK� HYLGHQFH� WR� UHFRPPHQG� 5)$� VWURQJO\� DV� WKH� PRVW� DSSURSULDWH�

PHDQV�RI�SHUFXWDQHRXV�DEODWLRQ�

$V�IRU�FRPSOLFDWLRQV��QR�VLJQLILFDQW�GLIIHUHQFH�ZDV�REVHUYHG�EHWZHHQ�WKH�GLIIHUHQW PRGDOLWLHV�RI



���

SHUFXWDQHRXV�DEODWLRQV��5)$��0&7��DQG�3(,��LQ�WKH�VWXGLHV�FRQGXFWHG�E\�*HUPDQL�HW�DO�� DQG�6KHQ�

HW� DO����+RZHYHU�� FRPSOLFDWLRQV�RIWHQ�RFFXU� LQ� WKH�YLFLQLW\�RI� WKH�SRUWD�KHSDWLV�DQG� LQ�DUHDV�RI� WKH�

OLYHU�DGMDFHQW�WR�RWKHU�RUJDQV���,Q�SDUWLFXODU��JDVWURLQWHVWLQDO�SHUIRUDWLRQ�RFFXUV�PRUH�RIWHQ DIWHU�5)$�

WKDQ� DIWHU� 3(,��� DQG� SDWLHQWV� ZLWK� SRVWRSHUDWLYH� DGKHVLRQV� DUH� DW� KLJK� ULVN� RI� JDVWURLQWHVWLQDO�

SHUIRUDWLRQ���1HYHUWKHOHVV��5)$�RU�3(, ZLWK� DUWLILFLDO� DVFLWHV� LPSURYHV� WUHDWPHQW� RXWFRPH LQ� VXFK�

FDVHV��DFFRUGLQJ�WR PDQ\�UHWURVSHFWLYH�VWXGLHV�FRQGXFWHG�LQ�-DSDQ���������7KHUHIRUH��3(, ZLWK�DUWLILFLDO�

DVFLWHV�LV�UHFRPPHQGHG�IRU�DUHDV DW�KLJK�ULVN�RI�JDVWURLQWHVWLQDO�SHUIRUDWLRQ��EXW�WKH�UHFRPPHQGDWLRQ�

LV�JUDGHG�ZHDN�EHFDXVH�RI�WKH�ODFN�RI�KLJK�TXDOLW\�HYLGHQFH�

ڦ 5HIHUHQFHV

��� 6KHQ� $�� =KDQJ� +�� 7DQJ� &�� HW� DO�� 6\VWHPDWLF� UHYLHZ� RI� UDGLRIUHTXHQF\� DEODWLRQ� YHUVXV� SHUFXWDQHRXV� HWKDQRO�

LQMHFWLRQ� IRU� VPDOO� KHSDWRFHOOXODU� FDUFLQRPD� XS� WR� �� FP�� -� *DVWURHQWHURO� +HSDWRO ������ ���� ��������� 30,'��

��������

���<DQJ�%��=DQ�5<��:DQJ�6<��HW�DO��5DGLRIUHTXHQF\�DEODWLRQ�YHUVXV�SHUFXWDQHRXV�HWKDQRO�LQMHFWLRQ�IRU�KHSDWRFHOOXODU�

FDUFLQRPD��D�PHWD�DQDO\VLV�RI�UDQGRPL]HG�FRQWUROOHG�WULDOV��:RUOG�-�6XUJ�2QFRO ��������������30,'����������

���)DFFLRUXVVR�$��'L�0DVR�0��0XVFDWLHOOR�1��0LFURZDYH�DEODWLRQ�YHUVXV�UDGLRIUHTXHQF\�DEODWLRQ�IRU�WKH�WUHDWPHQW�RI�

KHSDWRFHOOXODU� FDUFLQRPD�� D V\VWHPDWLF� UHYLHZ� DQG� PHWD�DQDO\VLV�� ,QW� -� +\SHUWKHUPLD ������ ���� �������� 30,'��

��������

���+XDQJ�<=��=KRX�6&��=KRX�+��7RQJ�0��5DGLRIUHTXHQF\�DEODWLRQ�YHUVXV�FU\RVXUJHU\�DEODWLRQ� IRU�KHSDWRFHOOXODU�

FDUFLQRPD��D�PHWD�DQDO\VLV��+HSDWRJDVWURHQWHURORJ\ ������������������30,'����������

���:DQJ�&��:DQJ�+��<DQJ�:�� HW� DO��0XOWLFHQWHU� UDQGRPL]HG� FRQWUROOHG� WULDO� RI� SHUFXWDQHRXV� FU\RDEODWLRQ� YHUVXV�

UDGLRIUHTXHQF\�DEODWLRQ�LQ�KHSDWRFHOOXODU�FDUFLQRPD��+HSDWRORJ\ �������������������30,'����������

���%HUWRW�/&��6DWR�0��7DWHLVKL�5��<RVKLGD�+��.RLNH�.��0RUWDOLW\�DQG�FRPSOLFDWLRQ� UDWHV�RI�SHUFXWDQHRXV�DEODWLYH�

WHFKQLTXHV�IRU�WKH�WUHDWPHQW�RI�OLYHU�WXPRUV��D�V\VWHPDWLF�UHYLHZ��(XU�5DGLRO��������������������30,'����������

���*HUPDQL�*��3OHJXH]XHOR�0��*XUXVDP\�.��0H\HU�7��,VJUz�*��%XUURXJKV�$.��&OLQLFDO�RXWFRPHV�RI�UDGLRIUHTXHQF\�

DEODWLRQ�� SHUFXWDQHRXV� DOFRKRO� DQG� DFHWLF� DFLG� LQMHFWLRQ� IRU� KHSDWRFHOXOODU� FDUFLQRPD�� D� PHWD�DQDO\VLV�� -� +HSDWRO

�����������������30,'����������

���7HUDWDQL�7��<RVKLGD�+��6KLLQD�6��HW�DO��5DGLRIUHTXHQF\�DEODWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD�LQ�VR�FDOOHG�KLJK�ULVN�

ORFDWLRQV��+HSDWRORJ\ ������������������30,'����������

��� 0HORQL� 0)�� *ROGEHUJ� 61� 0RVHU� 9�� 3LD]]D� *�� /LYUDJKL� 7�� &RORQLF� SHUIRUDWLRQ� DQG� DEVFHVV� IROORZLQJ�

UDGLRIUHTXHQF\�DEODWLRQ�WUHDWPHQW�RI�KHSDWRPD��(XU�-�8OWUDVRXQG ����������������30,'����������

����.RQGR�<��<RVKLGD�+��6KLLQD�6��7DWHLVKL�5��7HUDWDQL�7��2PDWD�0��$UWLILFLDO� DVFLWHV� WHFKQLTXH� IRU� SHUFXWDQHRXV�

UDGLRIUHTXHQF\� DEODWLRQ�RI� OLYHU� FDQFHU� DGMDFHQW� WR� WKH�JDVWURLQWHVWLQDO� WUDFW��%U�-�6XUJ ���������� ���������30,'��

��������

���� 0DVX]DNL� 5�� 6KLLQD� 6�� 7DWHLVKL� 5�� HW� DO�� 8WLOLW\� RI� FRQWUDVW�HQKDQFHG� XOWUDVRQRJUDSK\� ZLWK� 6RQD]RLG� LQ

UDGLRIUHTXHQF\�DEODWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��-�*DVWURHQWHURO�+HSDWRO ������������������30,'����������



���

����/HQFLRQL�5$��$OOJDLHU�+3��&LRQL�'��HW�DO��6PDOO�KHSDWRFHOOXODU�FDUFLQRPD�LQ�FLUUKRVLV��UDQGRPL]HG�FRPSDULVRQ�RI�

UDGLR�IUHTXHQF\� WKHUPDO� DEODWLRQ� YHUVXV� SHUFXWDQHRXV� HWKDQRO� LQMHFWLRQ�� 5DGLRORJ\ ������ ����� �������� 30,'��

��������

���� /LQ� 60�� /LQ� &-�� /LQ� &&�� +VX� &:�� &KHQ� <&�� 5DGLRIUHTXHQF\� DEODWLRQ� LPSURYHV� SURJQRVLV� FRPSDUHG� ZLWK�

HWKDQRO�LQMHFWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD���RU� ��FP��*DVWURHQWHURORJ\ ��������������������30,'����������

����6KLLQD�6��7HUDWDQL�7��2EL�6��HW�DO��$�UDQGRPL]HG�FRQWUROOHG�WULDO�RI�UDGLRIUHTXHQF\�DEODWLRQ�ZLWK�HWKDQRO�LQMHFWLRQ�

IRU�VPDOO�KHSDWRFHOOXODU�FDUFLQRPD��*DVWURHQWHURORJ\ �������������������30,'����������

���� /LQ� 60�� /LQ� &-�� /LQ� &&�� +VX� &:�� &KHQ� <&�� 5DQGRPLVHG� FRQWUROOHG� WULDO� FRPSDULQJ� SHUFXWDQHRXV�

UDGLRIUHTXHQF\� WKHUPDO� DEODWLRQ�� SHUFXWDQHRXV� HWKDQRO� LQMHFWLRQ�� DQG� SHUFXWDQHRXV� DFHWLF� DFLG� LQMHFWLRQ� WR� WUHDW�

KHSDWRFHOOXODU�FDUFLQRPD�RI���FP�RU�OHVV��*XW ����� ������������30,'����������

����%UXQHOOR�)��9HOWUL�$��&DUXFFL�3��HW�DO��5DGLRIUHTXHQF\�DEODWLRQ�YHUVXV�HWKDQRO� LQMHFWLRQ�IRU�HDUO\�KHSDWRFHOOXODU�

FDUFLQRPD��$�UDQGRPL]HG�FRQWUROOHG�WULDO��6FDQG�-�*DVWURHQWHURO ������������������30,'����������

���� %RX]D� &�� /ySH]�&XDGUDGR� 7�� $OFi]DU� 5�� 6D]�3DUNLQVRQ� =�� $PDWH� -0�� 0HWD�DQDO\VLV� RI� SHUFXWDQHRXV�

UDGLRIUHTXHQF\�DEODWLRQ�YHUVXV�HWKDQRO�LQMHFWLRQ�LQ�KHSDWRFHOOXODU�FDUFLQRPD��%0&�*DVWURHQWHURO �������������30,'��

��������

���� &KR� <.�� .LP� -.�� .LP� 0<�� 5KLP� +�� +DQ� -.�� 6\VWHPDWLF� UHYLHZ� RI� UDQGRPL]HG� WULDOV� IRU� KHSDWRFHOOXODU�

FDUFLQRPD�WUHDWHG�ZLWK�SHUFXWDQHRXV�DEODWLRQ�WKHUDSLHV��+HSDWRORJ\ �����������������30,'����������

����2UODQGR�$�� /HDQGUR�*��2OLYR�0��$QGULXOOL� $�� &RWWRQH�0��5DGLRIUHTXHQF\� WKHUPDO� DEODWLRQ� YV�� SHUFXWDQHRXV�

HWKDQRO�LQMHFWLRQ�IRU�VPDOO�KHSDWRFHOOXODU�FDUFLQRPD�LQ�FLUUKRVLV��PHWD�DQDO\VLV�RI�UDQGRPL]HG�FRQWUROOHG�WULDOV��$P�-�

*DVWURHQWHURO��������������������30,'����������

&4�� &DQ� WKH� FRPELQDWLRQ� RI� SHUFXWDQHRXV� DEODWLRQ� DQG�7$&(� LPSURYH�
WKH�VXUYLYDO�RI�+&&�SDWLHQWV"�

5HFRPPHQGDWLRQ

:HDN� UHFRPPHQGDWLRQ� ,W� LV� H[SHFWHG� WKDW� FRPELQDWLRQ� WKHUDS\� ZLWK� SHUFXWDQHRXV� DEODWLRQ� DQG�

7$&( FDQ LPSURYH�VXUYLYDO�LQ�SDWLHQWV�ZLWK�UHODWLYHO\�ODUJH�WXPRUV�

ڦ %DFNJURXQG

,W� LV� SRVVLEOH� WR� GLPLQLVK� WKH� FRROLQJ� HIIHFW� RI� EORRG� DQG� WKHUHE\� H[SDQG� WKH� DUHD� RI� DEODWLRQ� E\�

SHUIRUPLQJ�7$&(�SULRU�WR�SHUFXWDQHRXV�DEODWLRQ��+HUH��ZH�LQYHVWLJDWHG�WKH�SRVVLELOLW\�RI�LPSURYLQJ�

SURJQRVLV�E\�FRPELQLQJ�SHUFXWDQHRXV�DEODWLRQ�ZLWK�7$&(�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�D�FRQWLQXDWLRQ�RI�&4���LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�



���

TXHU\�XVHG� LQ� WKH� WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH����������

H[WUDFWHG�����DUWLFOHV��7KLV�ZDV QDUURZHG�GRZQ�WR����LQ�WKH�ILUVW�VFUHHQLQJ��IURP�ZKLFK����VWXGLHV�

UHSRUWLQJ VWDWLVWLFDO� DQDO\VLV�ZHUH� H[WUDFWHG� LQ� WKH� VHFRQG� VFUHHQLQJ��$� WRWDO� RI� ��� DUWLFOHV��ZKLFK�

LQFOXGH ��IURP�WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4���±���

࣭$UHD�RI�DEODWLRQ

.LWDPRWR�HW�DO��VKRZHG�D VLJQLILFDQWO\�ODUJHU�DUHD�RI�DEODWLRQ�DIWHU�FRPELQDWLRQ�WKHUDS\�ZLWK�7$&(���

5)$��PD[LPXP�DQG�PLQLPXP�GLDPHWHU������DQG������PP��WKDQ�DIWHU�5)$�PRQRWKHUDS\�������DQG�

����� PP�� UHVSHFWLYHO\�� S� �� ������� 0RULPRWR� HW� DO�� DOVR� UHSRUWHG� WKDW� WKH� DUHD� RI� DEODWLRQ ZDV�

VLJQLILFDQWO\� ODUJHU� DIWHU� FRPELQDWLRQ� WKHUDS\�ZLWK� 7$&(���5)$� �PHDQ�PD[LPXP� DQG�PLQLPXP�

GLDPHWHU����DQG����PP��WKDQ�DIWHU�5)$�PRQRWKHUDS\�����DQG����PP��UHVSHFWLYHO\��S� ���������

࣭6XUYLYDO�UDWH

7DEOH���VKRZV�VWXGLHV�SXEOLVKHG�DIWHU������WKDW�FRPSDUHG�WKH�RXWFRPHV�RI�FRPELQDWLRQ�WKHUDS\�ZLWK�

7$&(���5)$�DQG�5)$�PRQRWKHUDS\�±���'HVSLWH�GLYHUVH�SDWLHQW�FKDUDFWHULVWLFV��FRPELQDWLRQ�WKHUDS\�

ZLWK�7$&(���5)$�VKRZHG�D�VLJQLILFDQWO\�KLJKHU�VXUYLYDO�UDWH LQ���RI�WKH���VWXGLHV DQG QR�VLJQLILFDQW�

GLIIHUHQFH� LQ� WKH� UHPDLQLQJ VWXG\��6HYHQ�PHWD�DQDO\VHV�DOVR� VKRZHG�VLJQLILFDQWO\ D EHWWHU� VXUYLYDO�

UDWH�DIWHU�FRPELQDWLRQ�WKHUDS\�ZLWK�7$&(���5)$�±���

ڦ ([SODQDWLRQ

,Q�SUHYLRXV�VWXGLHV��WKH�WLPLQJ�RI�7$&(�YDULHG�ZLGHO\�IURP�RQ�WKH�VDPH�GD\�DV�DEODWLRQ�WR�ZLWKLQ���

PRQWKV� RI� DEODWLRQ�� EXW� 7$&(� SHUIRUPHG� ZLWKLQ� �� PRQWK� RI� DEODWLRQ� KDV� EHHQ� DGRSWHG� PRVW�

IUHTXHQWO\�LQ�-DSDQHVH�VWXGLHV�

7KHUH�LV�D�JHQHUDO�DJUHHPHQW�LQ�SUHYLRXV�VWXGLHV�WKDW�WKH�DUHD�RI�DEODWLRQ�LQFUHDVHV�ZKHQ�7$&(�LV�

SHUIRUPHG�SULRU�WR�5)$��7KHUHIRUH��7$&(�LV�H[SHFWHG�WR�GHFUHDVH WKH�QXPEHU�RI�WUHDWPHQWV�DQG�WKH�

ORFDO�UHFXUUHQFH�UDWH�WKURXJK�H[SDQVLRQ�RI�WKH�DEODWLRQ�DUHD��)RU�H[DPSOH��WKH�VWXG\�E\�0RULPRWR�HW�

DO��IRXQG�VLJQLILFDQWO\�IHZHU� WKHUDS\�VHVVLRQV ZHUH�QHHGHG DQG�WKH�ORFDO�UHFXUUHQFH�UDWH�ZDV�ORZHU�

DIWHU�FRPELQDWLRQ�WKHUDS\�ZLWK�7$&(���5)$�WKDQ�DIWHU�5)$�PRQRWKHUDS\��7$&(���5)$�YV��5)$��

���YV�����WLPHV��S������������YV�������S� ��������UHVSHFWLYHO\���

7DEOH ���&RPSDULVRQ�RI�FRPELQDWLRQ�WKHUDS\�ZLWK�7$&(���5)$�DQG�5)$�PRQRWKHUDS\�LQ�SDWLHQWV�

ZLWK�+&&

$XWKRU

�3XEOLFDWLRQ�

\HDU��

6WXG\�GHVLJQ 1XPEHU�RI�SDWLHQWV

�7$&(�5)$���5)$�

7XPRU�FRQGLWLRQ ��\HDU� VXUYLYDO�

UDWH����

��\HDU� VXUYLYDO�

UDWH����

3�

YDOXH

.LP ������� 15&7 ������ 7XPRU�GLDPHWHU�����FP ���YV���� ���YV���� �����

3HQJ�������� 5&7 ����� ࣭5HFXUUHQFH�DIWHU�7$&(

࣭7XPRU�GLDPHWHU�����FP

���YV���� ���YV���� �����



���

3HQJ�������� 5&7 ����� 7XPRU�GLDPHWHU�����FP �����YV���� ����� YV�� ���

���\HDU�

�����

6RQJ�������� 15&7 ����� :LWKLQ�WKH�0LODQ�FULWHULD ���YV���� ���YV���� �����

15&7��QRQ�5&7

,Q� WKH� WKLUG� HGLWLRQ�� WKH� UHFRPPHQGDWLRQ� PDGH� XQGHU� &4��� ³'RHV� D� FRPELQDWLRQ� RI� 7$&(� DQG�

SHUFXWDQHRXV� DEODWLRQ� WKHUDS\� LPSURYH� SURJQRVLV"´� ZDV� WKDW� ³WKHUH� LV� LQDGHTXDWH� HYLGHQFH�

GHPRQVWUDWLQJ�WKDW�SUHWUHDWPHQW�ZLWK�7$&(�ZLOO�LPSURYH�5)$�RXWFRPHV´��+RZHYHU� WKH�PRVW�UHFHQW�

OLWHUDWXUH�VHDUFK�UHYHDOHG�DQ�LQFUHDVLQJ�QXPEHU�RI�VWXGLHV�VXJJHVWLQJ�WKDW�FRPELQDWLRQ�WKHUDS\�ZLWK�

7$&(���5)$�LPSURYHV�VXUYLYDO�UDWH��)RU�H[DPSOH��D�PHWD�DQDO\VLV�E\�-LDQJ�HW�DO���RI���5&7V�DQG����

UHWURVSHFWLYH� FRKRUW� VWXGLHV�� VKRZHG WKDW�25V IRU� ���� ���� DQG���\HDU� VXUYLYDO�ZHUH� ����� �����&,��

�����������S���������������������&,�������������S� ���������DQG�����������&,�������������S�����������

UHVSHFWLYHO\�� LQGLFDWLQJ� WKH� VXSHULRULW\� RI� FRPELQDWLRQ� WKHUDS\� ZLWK� 7$&(� �� 5)$���� ,Q� DGGLWLRQ��

VXEJURXS� DQDO\VLV� UHYHDOHG� D� JUHDWHU� FRQWULEXWLRQ� WR� VXUYLYDO� LQ� SDWLHQWV� ZLWK� ODUJHU� WXPRUV��

7KHUHIRUH�� FRPELQDWLRQ� WKHUDS\� ZLWK� SHUFXWDQHRXV� DEODWLRQ� DQG� 7$&(� LV� H[SHFWHG� WR� LPSURYH�

SURJQRVLV� LQ� SDWLHQWV� ZLWK� UHODWLYHO\� ODUJH� WXPRUV�� DV� VWDWHG� LQ� WKH� 5HFRPPHQGDWLRQ� VHFWLRQ��

+RZHYHU�� WKH� UHFRPPHQGDWLRQ�ZDV�JUDGHG�ZHDN�EHFDXVH�RI� WKH� VPDOO�QXPEHU�RI�SDWLHQWV� ��������

HYHQ�WKRXJK�WKH�UHIHUHQFHV LQFOXGH���5&7V�

ڦ 5HIHUHQFHV

��� .LWDPRWR�0�� ,PDJDZD�0�� <DPDGD� +�� HW� DO�� 5DGLRIUHTXHQF\� DEODWLRQ� LQ� WKH� WUHDWPHQW� RI� VPDOO� KHSDWRFHOOXODU�

FDUFLQRPDV�� FRPSDULVRQ� RI� WKH� UDGLRIUHTXHQF\� HIIHFW�ZLWK� DQG�ZLWKRXW� FKHPRHPEROL]DWLRQ��$-5�$P� -�5RHQWJHQRO

���������������������30,'����������

��� 0RULPRWR� 0�� 1XPDWD� .�� .RQGRX� 0�� 1R]DNL� $�� 0RULWD� 6�� 7DQDND� .�� 0LGWHUP� RXWFRPHV� LQ� SDWLHQWV� ZLWK�

LQWHUPHGLDWH�VL]HG� KHSDWRFHOOXODU� FDUFLQRPD�� D� UDQGRPL]HG� FRQWUROOHG� WULDO� IRU� GHWHUPLQLQJ� WKH� HIILFDF\� RI�

UDGLRIUHTXHQF\�DEODWLRQ�FRPELQHG�ZLWK�WUDQVFDWKHWHU�DUWHULDO�FKHPRHPEROL]DWLRQ��&DQFHU ��������������������30,'��

��������

���.LP�-:��.LP�-+��:RQ�+-��HW�DO��+HSDWRFHOOXODU�FDUFLQRPDV�����FP�LQ�GLDPHWHU��WUDQVDUWHULDO�FKHPRHPEROL]DWLRQ�

SOXV�UDGLRIUHTXHQF\�DEODWLRQ�YV��UDGLRIUHTXHQF\�DEODWLRQ�DORQH��(XU�-�5DGLRO ����������H��������30,'����������

��� 3HQJ� =:�� =KDQJ�<-�� /LDQJ�++�� /LQ�;-��*XR�53�� &KHQ�06��5HFXUUHQW� KHSDWRFHOOXODU� FDUFLQRPD� WUHDWHG� ZLWK�

VHTXHQWLDO� WUDQVFDWKHWHU� DUWHULDO� FKHPRHPEROL]DWLRQ� DQG� 5)� DEODWLRQ� YHUVXV� 5)� DEODWLRQ� DORQH�� D� SURVSHFWLYH�

UDQGRPL]HG�WULDO��5DGLRORJ\ ��������������������30,'����������

��� 3HQJ� =:�� =KDQJ� <-�� &KHQ� 06�� HW� DO�� 5DGLRIUHTXHQF\� DEODWLRQ� ZLWK� RU� ZLWKRXW� WUDQVFDWKHWHU� DUWHULDO�

FKHPRHPEROL]DWLRQ�LQ�WKH�WUHDWPHQW�RI�KHSDWRFHOOXODU�FDUFLQRPD��D�SURVSHFWLYH�UDQGRPL]HG�WULDO��-�&OLQ�2QFRO ������

������������30,'����������

���6RQJ�0-��%DH�6+��/HH�-6��HW�DO��&RPELQDWLRQ�WUDQVDUWHULDO�FKHPRHPEROL]DWLRQ�DQG�UDGLRIUHTXHQF\�DEODWLRQ�WKHUDS\�



���

IRU�HDUO\�KHSDWRFHOOXODU�FDUFLQRPD��.RUHDQ�-�,QWHUQ�0HG ������������������30,'����������

��� <DQ 6�� ;X� '�� 6XQ� %�� &RPELQDWLRQ� RI� UDGLRIUHTXHQF\� DEODWLRQ� ZLWK� WUDQVDUWHULDO� FKHPRHPEROL]DWLRQ� IRU�

KHSDWRFHOOXODU�FDUFLQRPD��D�PHWD�DQDO\VLV��'LJ�'LV�6FL �������������������30,'����������

��� /X� =�� :HQ� )�� *XR� 4�� /LDQJ� +�� 0DR� ;�� 6XQ� +�� 5DGLRIUHTXHQF\� DEODWLRQ� SOXV� FKHPRHPEROL]DWLRQ� YHUVXV�

UDGLRIUHTXHQF\� DEODWLRQ� DORQH� IRU� KHSDWRFHOOXODU� FDUFLQRPD�� D�PHWD�DQDO\VLV�RI� UDQGRPL]HG�FRQWUROOHG� WULDOV��(XU�-�

*DVWURHQWHURO�+HSDWRO�������������������30,'����������

��� 1L� -<�� /LX� 66�� ;X� /)�� 6XQ� +/�� &KHQ� <7�� 0HWD�DQDO\VLV� RI� UDGLRIUHTXHQF\� DEODWLRQ� LQ� FRPELQDWLRQ� ZLWK�

WUDQVDUWHULDO� FKHPRHPEROL]DWLRQ� IRU� KHSDWRFHOOXODU� FDUFLQRPD��:RUOG� -� *DVWURHQWHURO ������ ���� ��������� 30,'��

��������

����*X�/��/LX�+��)DQ�/��HW�DO��7UHDWPHQW�RXWFRPHV�RI�WUDQVFDWKHWHU�DUWHULDO�FKHPRHPEROL]DWLRQ�FRPELQHG�ZLWK�ORFDO�

DEODWLYH� WKHUDS\�YHUVXV�PRQRWKHUDS\�LQ�KHSDWRFHOOXODU�FDUFLQRPD��D�PHWD�DQDO\VLV��-�&DQFHU�5HV�&OLQ�2QFRO ������

��������������30,'�����������

���� -LDQJ�*��;X�;��5HQ�6��:DQJ�/��&RPELQLQJ� WUDQVDUWHULDO� FKHPRHPEROL]DWLRQ�ZLWK� UDGLRIUHTXHQF\� DEODWLRQ� IRU�

KHSDWRFHOOXODU�FDUFLQRPD��7XPRXU�%LRO ������������������30,'����������

����/LX�=��*DR�)��<DQJ�*��HW� DO��&RPELQDWLRQ�RI� UDGLRIUHTXHQF\�DEODWLRQ�ZLWK WUDQVDUWHULDO� FKHPRHPEROL]DWLRQ� IRU�

KHSDWRFHOOXODU�FDUFLQRPD��DQ�XS�WR�GDWH�PHWD�DQDO\VLV��7XPRXU�%LRO �������������������30,'����������

����:DQJ� ;�� +X� <�� 5HQ� 0�� /X� ;�� /X� *�� +H� 6�� (IILFDF\� DQG� VDIHW\� RI� UDGLRIUHTXHQF\� DEODWLRQ� FRPELQHG� ZLWK�

WUDQVFDWKHWHU�DUWHULDO�FKHPRHPEROL]DWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPDV�FRPSDUHG�ZLWK�UDGLRIUHTXHQF\�DEODWLRQ�DORQH��

$�WLPH�WR�HYHQW�PHWD�DQDO\VLV��.RUHDQ�-�5DGLRO ������������������30,'����������

���� 6KLEDWD� 7�� ,VRGD� +�� +LURNDZD� <�� $UL]RQR� 6�� 6KLPDGD� .�� 7RJDVKL� .�� 6PDOO KHSDWRFHOOXODU� FDUFLQRPD�� LV�

UDGLRIUHTXHQF\�DEODWLRQ�FRPELQHG�ZLWK�WUDQVFDWKHWHU�DUWHULDO�FKHPRHPEROL]DWLRQ�PRUH�HIIHFWLYH�WKDQ�UDGLRIUHTXHQF\�

DEODWLRQ�DORQH�IRU�WUHDWPHQW"�5DGLRORJ\ �������������������30,'����������

����3HQJ�=:��&KHQ�06��/LDQJ�++��HW�DO� $�FDVH�FRQWURO�VWXG\�FRPSDULQJ�SHUFXWDQHRXV�UDGLRIUHTXHQF\�DEODWLRQ�DORQH�

RU�FRPELQHG�ZLWK�WUDQVFDWKHWHU�DUWHULDO�FKHPRHPEROL]DWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��(XU�-�6XUJ�2QFRO ����������

��������30,'����������

����:DQJ�:��6KL�-��;LH�:)��7UDQVDUWHULDO�FKHPRHPEROL]DWLRQ�LQ�FRPELQDWLRQ�ZLWK�SHUFXWDQHRXV�DEODWLRQ�WKHUDS\�LQ�

XQUHVHFWDEOH�KHSDWRFHOOXODU�FDUFLQRPD��D�PHWD�DQDO\VLV��/LYHU�,QW �����������������30,'����������

&4�� ,V�FRQWUDVW�HQKDQFHG�86�RU�IXVLRQ�LPDJLQJ�XVHIXO�IRU� LPDJH�JXLGHG�
SHUFXWDQHRXV�DEODWLRQ"

5HFRPPHQGDWLRQ

:HDN� UHFRPPHQGDWLRQ� &RQWUDVW�HQKDQFHG�86�DQG�RU� IXVLRQ� LPDJLQJ� DUH�XVHIXO� IRU� LPDJH�JXLGHG

SHUFXWDQHRXV�DEODWLRQ�LQ�SDWLHQWV�ZLWK�+&&V�WKDW�DUH�GLIILFXOW�WR�YLVXDOL]H�RQ�%�PRGH�86�



���

ڦ %DFNJURXQG

,W� LV� FUXFLDO� WR� DFFXUDWHO\� GHILQH� OLYHU�WXPRU� ERXQGDULHV� EHIRUH� VHWWLQJ� DEODWLYH� PDUJLQV� LQ� 5)$��

7KHUHIRUH�� DFKLHYLQJ� VXFFHVVIXO� WUHDWPHQW� UHTXLUHV� FOHDU� YLVXDOL]DWLRQ� RI� WKH� HQWLUH� +&&� LQ�

86�JXLGHG�SHUFXWDQHRXV�DEODWLRQ��+RZHYHU��LW�PD\�EH�GLIILFXOW�WR�YLVXDOL]H�OLYHU�QRGXOHV�RQ�%�PRGH�

86 ZKHQ WKHUH�LV ����D�SRRUO\�GHILQHG�OLYHU�WXPRU�ERXQGDU\�GXH�WR�SRRU�HQFDSVXODWLRQ������D�VPDOO�

OLYHU�OHVLRQ�KLGGHQ�EHKLQG�ODUJH�UHJHQHUDWLYH�QRGXOHV��DQG�����D�ORFDOO\�UHFXUUHQW WXPRU�LVRHFKRLF�WR�

WKH�DUHD�QHFURWL]HG�LQ�SDVW�DEODWLYH�WUHDWPHQW��7R�YLVXDOL]H�DQG�WUHDW�WXPRUV�WKDW�DUH�SRRUO\ GHILQHG�

RQ�%�PRGH��FRQWUDVW�HQKDQFHG�86�JXLGDQFH�DQG�IXVLRQ�LPDJLQJ�JXLGDQFH�KDYH�EHHQ�GHYHORSHG�IRU�

SHUFXWDQHRXV�DEODWLRQ��+HUH��ZH�LQYHVWLJDWHG�WKH�XWLOLW\�RI�WKHVH�LPDJLQJ�JXLGDQFH WHFKQLTXHV�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�D�FRQWLQXDWLRQ�RI�&4���LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�

TXHU\�XVHG� LQ� WKH� WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH����������

H[WUDFWHG�����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR�����DUWLFOHV�LQ�WKH�ILUVW�VFUHHQLQJ��IURP�ZKLFK���

DUWLFOHV�WKDW�FRPSDUHG�WKH�RXWFRPHV�RI�WUHDWPHQW�ZLWK�86�RU�IXVLRQ�LPDJLQJ�JXLGDQFH�ZHUH�H[WUDFWHG�

LQ� WKH�VHFRQG�VFUHHQLQJ��7ZHOYH�DUWLFOHV�DUH�FLWHG�IRU�&4���KHUH������ WKH ��DUWLFOHV H[WUDFWHG� LQ� WKH�

FXUUHQW�VHDUFK����KDQG�VHDUFKHG�DUWLFOHV�DERXW�FRQWUDVW�HQKDQFHG�86�DQG�IXVLRQ� LPDJLQJ�JXLGDQFH��

DQG�WKH���DUWLFOHV�FLWHG�LQ�WKH�WKLUG�HGLWLRQ�

࣭86�JXLGDQFH

0LQDPL�HW�DO��SHUIRUPHG�5)$�XQGHU� WKH�JXLGDQFH�RI�6RQD]RLG��HQKDQFHG�86� LQ�����SDWLHQWV�ZLWK�

OLYHU� QRGXOHV� WKDW ZHUH�SRRUO\� YLVXDOL]HG RQ�%�PRGH�86�DQG� UHSRUWHG� D�PHDQ�QXPEHU�RI� WKHUDS\�

VHVVLRQV�RI������������

0DVX]DNL� HW� DO�� DOVR� SHUIRUPHG� 5)$� XQGHU� WKH� JXLGDQFH� RI� 6RQD]RLG��HQKDQFHG� 86� LQ� ����

SDWLHQWV DQG� IRXQG VLJQLILFDQWO\� IHZHU� WKHUDS\� VHVVLRQV�ZHUH�QHHGHG� FRPSDUHG�ZLWK�ZHOO�PDWFKHG�

FRQWUROV��Q� �������������YV��������S� ����������

࣭)XVLRQ�LPDJLQJ�JXLGDQFH

0LQDPL�HW�DO��KDYH�VKRZQ�WKDW�+&&V�SRRUO\ GHILQHG�RQ�%�PRGH�86�DUH�WUHDWHG�PRUH�HIIHFWLYHO\�LQ�

5)$� JXLGHG� E\� WKH� 5HDO�WLPH� 9LUWXDO� 6RQRJUDSK\� 6\VWHP� WKDQ� LQ� 5)$� JXLGHG� E\� %�PRGH� 86�

�PHDQ�WKHUDS\�VHVVLRQV������YV������WLPHV��S� ���������

/HH�HW�DO��UHSRUWHG�WKDW�WKH�SRVLWLYH�SUHGLFWLYH�YDOXH�RI�IXVLRQ�LPDJLQJ���������ZDV�VLJQLILFDQWO\�

KLJKHU�WKDQ�WKDW�RI�%�PRGH�86���������S� ����������

࣭&RPELQDWLRQ�RI�FRQWUDVW�HQKDQFHG�86�DQG�IXVLRQ�LPDJLQJ

0LQ� HW� DO�� VXFFHVVIXOO\� WUHDWHG� ������ RI� SRRUO\ GHILQHG� +&&V� RQ� %�PRGH� 86� E\� FRPELQLQJ�

FRQWUDVW�HQKDQFHG�86�DQG�IXVLRQ�LPDJLQJ��

0LQDPL� HW� DO�� REVHUYHG� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� WKH� ��\HDU� ORFDO� UHFXUUHQFH� UDWH� DIWHU� 5)$�

JXLGHG� E\� FRQWUDVW�HQKDQFHG� 86�� IXVLRQ� LPDJLQJ�� RU� WKHLU� FRPELQDWLRQ� ������� ������ DQG� ������



���

UHVSHFWLYHO\���

ڦ ([SODQDWLRQ

7KH� 86� FRQWUDVW� DJHQW� SHUIOXRUREXWDQH� PLFUREXEEOHV� �6RQD]RLG��� ���� HQDEOHV FRQWLQXRXV�

REVHUYDWLRQ�DQG�VWDEOH�YLVXDOL]DWLRQ�RI�OHVLRQV�WKURXJKRXW�GLIIHUHQW�SKDVHV���LL��LPSURYHV UHFRJQLWLRQ�

RI�OHVLRQV�E\�WDUJHWLQJ�GHIHFWV�LQ�WKH�SRVW�YDVFXODU�SKDVH��DQG�����HQDEOHV ORFDOL]DWLRQ�DQG�TXDOLWDWLYH�

GLDJQRVLV� RI� +&&V� LOO�GHILQHG� RQ� %�PRGH� 86� LQ� GHIHFW� UHSHUIXVLRQ� LPDJLQJ�� 7KHVH� IHDWXUHV� RI�

6RQD]RLG�KDYH� FRQWULEXWHG� WR� WKH� VLPSOLILFDWLRQ�RI�5)$��ZKLFK�ZDV�SUHYLRXVO\�TXLWH� FXPEHUVRPH�

ZKHQ� SHUIRUPHG� XQGHU� WKH� JXLGDQFH� RI� FRQWUDVW�HQKDQFHG� 86� ZLWK� JDODFWRVH� �� SDOPLWLF� DFLG�

�/HYRYLVW��� +RZHYHU��LW�PD\�EH�VWLOO�GLIILFXOW�WR�YLVXDOL]H�OHVLRQV�ORFDWHG GHHS�LQ�WKH�OLYHU�RU�LQ�WKH�

OLYHU�ZLWK�DGYDQFHG�FLUUKRVLV�

)XVLRQ� LPDJLQJ� WHFKQRORJ\� GLVSOD\V� PXOWLSODQDU� UHFRQVWUXFWLRQ� LPDJHV� LQ� UHDO� WLPH� VLPLODU� WR�

%�PRGH� LPDJHV�� E\� V\QFKURQL]LQJ� WKH� FRRUGLQDWH� V\VWHP�RI� SUH�H[LVWLQJ� YROXPH� GDWD� IURP�&7�RU�

05,� DQG� WKH� FRRUGLQDWH� V\VWHP� RI� YROXPH� GDWD� JHQHUDWHG� E\� XVLQJ� D� 86� SUREH� PRXQWHG� DQ�

HOHFWURPDJQHWLF� WUDFNLQJ� VHQVRU�� 2QH� RI� WKH� PHULWV� RI� IXVLRQ� LPDJLQJ� LV� WKH� DELOLW\� WR� GLVSOD\�

UHIHUHQFH� LPDJHV� LQ� FRQWUDVW�HQKDQFHG� 86� HYHQ� XQGHU� GLIILFXOW� FRQGLWLRQV�� )XUWKHUPRUH��

WHFKQRORJLFDO� DGYDQFHV� LQ� LPDJLQJ� GHYLFHV� �WKH� DGGLWLRQ� RI� D� SRVLWLRQ� WUDFNLQJ� VHQVRU� DQG�$FWLYH�

7UDFNHU� IRU� DXWRPDWLF� IXVLRQ� EHWZHHQ� 86� DQG� &7� LPDJHV�� KDYH� FRQWULEXWHG� WR� WKH� LPSURYHG�

DFFXUDF\ LQ� LPDJH� DGMXVWPHQW� DQG� WKH� UHGXFHG� ODERU�LQWHQVLYHQHVV��+RZHYHU�� LW� VKRXOG� EH� NHSW� LQ�

PLQG�WKDW�HYHQ�IXVLRQ�LPDJLQJ�GRHV�QRW�DOZD\V�SURGXFH�LPDJHV�WKDW�FRPSOHWHO\�PDWFK�WKH�UHDO�LPDJH�

RI�WKH�OLYHU� EHFDXVH�RI GLVSODFHPHQW�E\�UHVSLUDWRU\�H[FXUVLRQ�DQG�OLYHU�FRQWRUWLRQV�

,Q� WKH� VWXG\� E\� 0LQDPL� HW� DO��� WKH� ORFDO� UHFXUUHQFH� UDWH� DIWHU� 5)$� JXLGHG� E\� WZR� LPDJLQJ�

PRGDOLWLHV�ZDV�FRPSDUDEOH�ZLWK�WKDW�IRU�RWKHU�WUHDWPHQWV�GHVSLWH�WKH�PXFK�PRUH�FKDOOHQJLQJ�FDVHV�RI�

+&&V��ZKLFK�ZHUH SRRUO\ GHILQHG�RQ�%�PRGH�86�DQG�SRRUO\�LGHQWLILHG�RQ�FRQWUDVW�HQKDQFHG�86�RU�

IXVLRQ� LPDJLQJ��� &RQWUDVW�HQKDQFHG� 86� DQG� IXVLRQ� LPDJLQJ� VKRXOG� QRW� EH� YLHZHG� DV� FRPSHWLQJ�

LPDJLQJ� V\VWHPV��:KDW� LV� LPSRUWDQW� LQ� WKH� WUHDWPHQW� RI�+&&� LV� WR� DFKLHYH� ORFDO� FRQWURO� E\�XVLQJ�

WKHP� LQ� FRPELQDWLRQ� RU� VHOHFWLQJ� RQH� WKDW� LV� DSSURSULDWH� WR� WKH� WXPRU� FRQGLWLRQV� RU� SDWLHQW�

FKDUDFWHULVWLFV�

$V� LQ� WKH� WKLUG� HGLWLRQ�� LQ� WKH� FXUUHQW� *XLGHOLQHV� WKH� 5HYLVLRQ� &RPPLWWHH� UHFRPPHQGV�

FRQWUDVW�HQKDQFHG�86�DQG�IXVLRQ�LPDJLQJ�DV�XVHIXO�JXLGLQJ�V\VWHPV��+RZHYHU��WKH�UHFRPPHQGDWLRQ�

LV�JUDGHG�ZHDN�EHFDXVH�DOO�WKH�UHIHUHQFHV�DUH�UHWURVSHFWLYH�VWXGLHV�

ڦ 5HIHUHQFHV

���0LQDPL�<��.XGR�0��+DWDQDND�.��HW�DO��5DGLRIUHTXHQF\�DEODWLRQ�JXLGHG�E\�FRQWUDVW�KDUPRQLF�VRQRJUDSK\�XVLQJ�

SHUIOXRURFDUERQ�PLFUREXEEOHV��6RQD]RLG��IRU�KHSDWLF�PDOLJQDQFLHV��DQ�LQLWLDO�H[SHULHQFH��/LYHU�,QW ������������������

30,'����������



���

��� 0DVX]DNL� 5�� 6KLLQD� 6�� 7DWHLVKL� 5�� HW� DO�� 8WLOLW\� RI� FRQWUDVW�HQKDQFHG� XOWUDVRQRJUDSK\� ZLWK� 6RQD]RLG� LQ�

UDGLRIUHTXHQF\�DEODWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��-�*DVWURHQWHURO�+HSDWRO ������������������30,'����������

���0LQDPL�<��&KXQJ�+��.XGR�0�� HW� DO��5DGLRIUHTXHQF\� DEODWLRQ�RI�KHSDWRFHOOXODU� FDUFLQRPD��YDOXH�RI�YLUWXDO�&7�

VRQRJUDSK\�ZLWK�PDJQHWLF�QDYLJDWLRQ��$-5�$P�-�5RHQWJHQRO �����������:��������30,'����������

���/HH�0:��5KLP�+��&KD�',��.LP�<-��/LP�+.��3ODQQLQJ�86� IRU� SHUFXWDQHRXV� UDGLRIUHTXHQF\� DEODWLRQ�RI� VPDOO�

KHSDWRFHOOXODU� FDUFLQRPDV� ����� FP�� �� YDOXH� RI� IXVLRQ� LPDJLQJ� ZLWK� FRQYHQWLRQDO� 86� DQG� &7�05� LPDJHV�� -� 9DVF�

,QWHUY�5DGLRO ������������������30,'����������

��� 0LQ� -+�� /LP� +.�� /LP� 6�� HW� DO�� 5DGLRIUHTXHQF\� DEODWLRQ� RI� YHU\�HDUO\�VWDJH� KHSDWRFHOOXODU� FDUFLQRPD�

LQFRQVSLFXRXV�RQ� IXVLRQ� LPDJLQJ�ZLWK�%�PRGH�86��YDOXH�RI� IXVLRQ� LPDJLQJ�ZLWK� FRQWUDVW�HQKDQFHG�86��&OLQ�0RO�

+HSDWRO �����������������30,'����������

���0LQDPL�7��0LQDPL�<��&KLVKLQD�+��HW�DO��&RPELQDWLRQ�JXLGDQFH�RI�FRQWUDVW�HQKDQFHG�86�DQG�IXVLRQ� LPDJLQJ� LQ�

UDGLRIUHTXHQF\�DEODWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�SRRU�FRQVSLFXLW\�RQ�FRQWUDVW�HQKDQFHG�86�IXVLRQ�LPDJLQJ��

2QFRORJ\ ����������6XSSO������������30,'����������

���0LQDPL�<��.XGR�0��.DZDVDNL�7��&KXQJ�+��2JDZD�&��6KLR]DNL�+��7UHDWPHQW�RI�KHSDWRFHOOXODU�FDUFLQRPD�ZLWK�

SHUFXWDQHRXV� UDGLRIUHTXHQF\� DEODWLRQ��XVHIXOQHVV�RI� FRQWUDVW� KDUPRQLF� VRQRJUDSK\� IRU� OHVLRQV�SRRUO\�GHILQHG�ZLWK�

%�PRGH�VRQRJUDSK\��$-5�$P�-�5RHQWJHQRO ������������������30,'����������

���0DUX\DPD�+��7DNDKDVKL�0��,VKLEDVKL�+��HW� DO��8OWUDVRXQG�JXLGHG� WUHDWPHQWV�XQGHU� ORZ�DFRXVWLF�SRZHU�FRQWUDVW�

KDUPRQLF�LPDJLQJ�IRU�KHSDWRFHOOXODU�FDUFLQRPDV�XQGHWHFWHG�E\�%�PRGH�XOWUDVRQRJUDSK\��/LYHU�,QW�������������������

30,'����������

���0LQDPL�<��.XGR�0��&KXQJ�+��HW�DO��3HUFXWDQHRXV�UDGLRIUHTXHQF\�DEODWLRQ�RI�VRQRJUDSKLFDOO\�XQLGHQWLILDEOH�OLYHU�

WXPRUV��)HDVLELOLW\�DQG�XVHIXOQHVV�RI�D�QRYHO�JXLGLQJ�WHFKQLTXH�ZLWK�DQ�LQWHJUDWHG�V\VWHP�RI�FRPSXWHG�WRPRJUDSK\�

DQG�VRQRJUDSKLF�LPDJHV��2QFRORJ\ ����������6XSSO������������30,'����������

����+LURRND�0��,XFKL�+��.XPDJL�7��HW�DO��9LUWXDO�VRQRJUDSKLF�UDGLRIUHTXHQF\�DEODWLRQ�RI�KHSDWRFHOOXODU�FDUFLQRPD�

YLVXDOL]HG�RQ�&7�EXW�QRW�RQ�FRQYHQWLRQDO�VRQRJUDSK\��$-5�$P�-�5RHQWJHQRO �������������6XSSO���6��������30,'��

��������

���� 0DNLQR� <�� ,PDL� <�� 2KDPD� +�� HW� DO�� 8OWUDVRQRJUDSK\ IXVLRQ� LPDJLQJ� V\VWHP� LQFUHDVHV� WKH� FKDQFH� RI�

UDGLRIUHTXHQF\� DEODWLRQ� IRU� KHSDWRFHOOXODU� FDUFLQRPD� ZLWK� SRRU� FRQVSLFXLW\� RQ� FRQYHQWLRQDO� XOWUDVRQRJUDSK\��

2QFRORJ\ ����������6XSSO������������30,'����������

����/HH�0:��5KLP�+��&KD�',��.LP�<-��/LP�+.��3ODQQLQJ�86�IRU�SHUFXWDQHRXV�UDGLRIUHTXHQF\�DEODWLRQ�RI�VPDOO�

KHSDWRFHOOXODU�FDUFLQRPDV������FP���YDOXH�RI�IXVLRQ�LPDJLQJ�ZLWK�FRQYHQWLRQDO�86�DQG�&7�05�LPDJHV��-�9DVF�,QWHUY�

5DGLRO�������������������30,'����������

&4�� :KDW�LPDJLQJ�PRGDOLWLHV�DUH XVHIXO�IRU�DVVHVVLQJ�WUHDWPHQW�UHVSRQVH�
WR�SHUFXWDQHRXV�DEODWLRQ"



���

5HFRPPHQGDWLRQ

6WURQJ� UHFRPPHQGDWLRQ� '\QDPLF� &7 RU� G\QDPLF�05,� LV� UHFRPPHQGHG� IRU� DVVHVVLQJ� WUHDWPHQW�

UHVSRQVH�WR�SHUFXWDQHRXV�DEODWLRQ�

ڦ %DFNJURXQG

7KH�5HVSRQVH�(YDOXDWLRQ�&ULWHULD�LQ 6ROLG�7XPRUV��5(&,67�� LV�FRPPRQO\�XVHG�IRU�WKH�DVVHVVPHQW�

RI� UHVSRQVH� LQ� VROLG� WXPRUV�� +RZHYHU�� DFFXUDWH� DVVHVVPHQW� RI� UHVSRQVH� EDVHG� RQ� WKH� 5(&,67� LV�

GLIILFXOW�LQ�SHUFXWDQHRXV�DEODWLRQ�IRU�+&&��GXH�WR�WKH�SUHVHQFH�RI�UHVLGXDO�WXPRU�HYHQ�DIWHU�FXUDWLYH�

WUHDWPHQW��7KHUHIRUH��WR�HYDOXDWH�WUHDWPHQW�RXWFRPHV�LQ�+&&��5(&,67�ZDV�PRGLILHG�LQ�WKH�8QLWHG�

6WDWHV� DQG� (XURSH� WR� LQFRUSRUDWH� WKH� HIIHFW� RI� WXPRU� QHFURVLV� LQWR� WKH� HYDOXDWLRQ� �WKH� PRGLILHG�

YHUVLRQ� LV� GHVLJQDWHG�P5(&,67������ ,Q� -DSDQ�� WKH� 5HVSRQVH� (YDOXDWLRQ� &ULWHULD� LQ� &DQFHU� RI� WKH�

/LYHU� ������ YHUVLRQ�� ZDV� SXEOLVKHG� DV� 5(&,&/��� +HUH�� ZH� LQYHVWLJDWHG� GLDJQRVWLF� LPDJLQJ�

PRGDOLWLHV�WKDW�DUH�XVHIXO�LQ�DVVHVVLQJ�WKH�WUHDWPHQW�RXWFRPH�RI�SHUFXWDQHRXV�DEODWLRQ�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV�&4�LV�D�FRQWLQXDWLRQ�RI�&4���LQ�WKH�WKLUG�HGLWLRQ��$�OLWHUDWXUH�VHDUFK�FRQGXFWHG�ZLWK�WKH�VHDUFK�

TXHU\�XVHG� LQ� WKH� WKLUG�HGLWLRQ�DQG�D�SXEOLFDWLRQ�GDWH�EHWZHHQ�-DQXDU\���������DQG�-XQH����������

H[WUDFWHG�����DUWLFOHV��7KLV�ZDV�QDUURZHG�GRZQ�WR�����LQ�WKH�ILUVW�VFUHHQLQJ��IURP�ZKLFK���DUWLFOHV�

FRPSDULQJ� UHVSRQVH� WR�SHUFXWDQHRXV�DEODWLRQ�ZHUH�H[WUDFWHG� LQ� WKH� VHFRQG� VFUHHQLQJ��$� WRWDO� RI���

DUWLFOHV��LQFOXGLQJ�WKH���DUWLFOHV�IURP�WKH�WKLUG�HGLWLRQ��DUH�FLWHG�IRU�&4���

࣭6LPSOH�05,

.RGD�HW�DO�� UHSRUWHG� WKDW�DEODWLYH�PDUJLQV�ZHUH�YLVXDOL]HG�DV�KLJK�LQWHQVLW\� ULPV�RQ�7�:,�05,� LQ�

���� RI� QRGXOHV� DIWHU� 5)$��� $OVR�� DQDO\VLV� RI� WKH� DEODWLYH� PDUJLQV� VKRZHG� D� JRRG� FRUUHODWLRQ�

EHWZHHQ�VLPSOH�05,�DQG�G\QDPLF�&7��ț FRHIILFLHQW� ��������

࣭*G�(2%�'73$�HQKDQFHG�05,��(2%�05,�

*UDQDWD� HW� DO�� FRPSDUHG WKH� GLDJQRVWLF� DFFXUDF\� RI� (2%�05,� DQG� G\QDPLF� &7� DJDLQVW�

SDWKRORJ\�SURYHQ� SRVW�5)$� UHVLGXDO� WXPRUV� �Q�  � ����� 7KH\ IRXQG� WKDW� DW� �� PRQWK� DIWHU� 5)$��

(2%�05,� KDG� D� VHQVLWLYLW\� RI� ����� VSHFLILFLW\� RI� ����� SRVLWLYH� SUHGLFWLYH� YDOXH� RI� ����� DQG�

QHJDWLYH�SUHGLFWLYH�YDOXH�RI������VKRZLQJ�WKH�VXSHULRULW\�RI�(2%�05,�RYHU�G\QDPLF�&7��S���������

࣭&RQWUDVW�HQKDQFHG�86

$FFRUGLQJ� WR� .XGR� HW� DO��� GHIHFW� UHSHUIXVLRQ� LPDJLQJ� GHWHFWHG +&&� LQ� VPDOO� QRGXOHV� WKDW�

FRQWUDVW�HQKDQFHG�&7�FRXOG�QRW��

=KRX� HW� DO�� LQYHVWLJDWHG� FKURQRORJLFDO� FKDQJHV� LQ�SRVW�5)$� WXPRU�PDUJLQV�RQ�%�PRGH� LPDJHV�

DQG�UHSRUWHG� WKH�GHWHFWLRQ�UDWH�RI� WXPRU�PDUJLQV�ZDV������ DW���GD\ DIWHU�5)$������� DW���GD\V��

����� DW���GD\V��DQG�������DW���GD\V��



���

ڦ ([SODQDWLRQ

'\QDPLF� &7�05,� LV� UHFRPPHQGHG� DV� WKH� VWDQGDUG� LPDJLQJ� PRGDOLW\� IRU� DVVHVVLQJ� WUHDWPHQW�

UHVSRQVH� WR�SHUFXWDQHRXV�DEODWLRQ�EHFDXVH�REMHFWLYLW\� LV� UHTXLUHG�ZKHQ�DVVHVVLQJ� LPDJLQJ�ILQGLQJV�

VXFK� DV� DEODWLRQ�PDUJLQV� DQG� EHFDXVH� LW� LV� QHFHVVDU\� WR� H[DPLQH�PDQ\� QRGXOHV�� 7KH� VWUHQJWK� RI�

UHFRPPHQGDWLRQ�FRQWLQXHV�WR�EH�³VWURQJ´�EHFDXVH� WKHUH�KDV�EHHQ�QR�PDMRU�FKDQJH�LQ�WKH�HYLGHQFH

DYDLODEOH��'\QDPLF�&7�KDV�EHHQ�XVHG�DV�WKH�VWDQGDUG�LQ�PDQ\�VWXGLHV��DQG�G\QDPLF�&7�DSSHDUV�WR�EH�

WKH�VWDQGDUG�LPDJLQJ�PRGDOLW\�EDVHG�RQ�LWV ZLGHVSUHDG�GLVWULEXWLRQ�LQ�-DSDQ��$OWKRXJK�*UDQDWD�HW�DO��

UHSRUWHG� WKH� VXSHULRULW\� RI� (2%�05,� RYHU� G\QDPLF� &7� IRU GHWHFWLQJ� UHVLGXDO� WXPRUV�� WKH� VWXG\�

LQFOXGHG� D� VPDOO� QXPEHU� RI� SDWLHQWV��� 7KHUHIRUH�� IXUWKHU� VWXG\� LV� QHHGHG� WR� DFFXPXODWH� PRUH�

HYLGHQFH�

$QJLRJUDSKLF� ILQGLQJV� DUH� DEVROXWHO\� QHFHVVDU\� IRU� WKH� DVVHVVPHQW� RI� WUHDWPHQW� UHVSRQVH� WR�

SHUFXWDQHRXV� DEODWLRQ��+RZHYHU�� FRQWUDVW�HQKDQFHG�&7�05,� VKRXOG� EH� FRQWUDLQGLFDWHG� LQ� SDWLHQWV�

ZLWK�NLGQH\�IDLOXUH�DQG�DOOHUJLF�GLVRUGHU�VXFK�DV� LRGLQH�DOOHUJ\�DQG�DVWKPD��1HSKURJHQLF�V\VWHPLF�

ILEURVLV� �16)��� D� VHYHUH� ODWH�RQVHW� FRPSOLFDWLRQ� RI� *G�EDVHG� FRQWUDVW� DJHQWV� XVHG� LQ�05,�� LV� RI�

SDUWLFXODU� LPSRUWDQFH� LQ�SDWLHQWV�ZLWK�NLGQH\� IDLOXUH�EHFDXVH� UHQDO�G\VIXQFWLRQ� LV�D� ULVN� IDFWRU� IRU�

16)��,Q�SULQFLSOH��DQ�H*)5�RI����� P/�PLQ����� P� LV�D�FRQWUDLQGLFDWLRQ�IRU�PHGLFDO�H[DPLQDWLRQV�

XVLQJ� FRQWUDVW� DJHQWV�� 6LPSOH�05,� DQG� FRQWUDVW�HQKDQFHG�86�PD\� EH� YLDEOH� DOWHUQDWLYHV�� 6LPSOH�

05,� FOHDUO\� YLVXDOL]HV� PDQ\� WXPRUV� DQG� DEODWLRQ� PDUJLQV� RZLQJ� WR� LWV� KLJK� FRQWUDVW� UHVROXWLRQ��

&RQWUDVW�HQKDQFHG� 86� KDV� D� ORZ� ULVN� RI� FRPSOLFDWLRQV� DVVRFLDWHG� ZLWK� FRQWUDVW� DJHQWV� DQG� KDV�

H[FHOOHQW�VSDWLDO��FRQWUDVW��DQG�WLPH�UHVROXWLRQ��$FFRUGLQJO\��&7 DQG�05,�RIWHQ�GHWHFW�VPDOO�OHVLRQV�

WKDW�DUH�LQGLVWLQJXLVKDEOH�RQ�FRQWUDVW�HQKDQFHG�86�GXH�WR�WKH�SDUWLDO�YROXPH�HIIHFW��)XUWKHUPRUH��DV�

UHSRUWHG�E\�=KRX�HW�DO���DEODWLRQ�PDUJLQV�EHFRPH�XQFOHDU�RYHU�WLPH�RQ�%�PRGH�86���$SSUR[LPDWHO\��

RQH�WKLUG�RI�WXPRU�PDUJLQV�ZHUH�LOO�GHILQHG�RQ�WKH�GD\�DIWHU�5)$��VKRZLQJ�WKH�OLPLWDWLRQ�RI�%�PRGH�

86��HYHQ�LI�FRPELQHG�ZLWK�FRQWUDVW�HQKDQFHG�86��LQ�WKH�DVVHVVPHQW�RI�DEODWLRQ�PDUJLQV�

ڦ 5HIHUHQFHV

���(LVHQKDXHU�($��7KHUDVVH�3��%RJDHUWV�-��HW�DO��1HZ�UHVSRQVH�HYDOXDWLRQ�FULWHULD�LQ�VROLG�WXPRXUV��UHYLVHG�5(&,67�

JXLGHOLQH��YHUVLRQ�������(XU�-�&DQFHU ������������������30,'����������

���/ORYHW�-0��'L�%LVFHJOLH�$0��%UXL[�-��HW�DO��'HVLJQ�DQG�HQGSRLQWV�RI�FOLQLFDO�WULDOV�LQ�KHSDWRFHOOXODU�FDUFLQRPD��-�

1DWO�&DQFHU�,QVW ��������������������30,'����������

���/HQFLRQL�5��/ORYHW�-0��0RGLILHG�5(&,67��P5(&,67��DVVHVVPHQW�IRU�KHSDWRFHOOXODU�FDUFLQRPD��6HPLQ�/LYHU�'LV

�����������������30,'����������

���0DVDWRVKL�.XGR��6KRML�.XER��.HQLFKL�7DND\DVX��HW�DO��5HVSRQVH�(YDOXDWLRQ�&ULWHULD�LQ�&DQFHU�RI�WKH�/LYHU�������

HGLWLRQ���.DQ]R ����������������㸬�-DSDQHVH�

���.XGR�0��.XER�6��7DND\DVX�.��HW�DO��5HVSRQVH�(YDOXDWLRQ�&ULWHULD�LQ�&DQFHU�RI�WKH�/LYHU��5(&,&/��SURSRVHG�E\�



���

WKH�/LYHU�&DQFHU�6WXG\�*URXS�RI�-DSDQ�������5HYLVHG�9HUVLRQ���+HSDWRO�5HV ������������������30,'����������

��� .RGD� 0�� 7RNXQDJD� 6�� 0L\RVKL� .�� HW� DO�� $VVHVVPHQW� RI� DEODWLYH� PDUJLQ� E\� XQHQKDQFHG� PDJQHWLF� UHVRQDQFH�

LPDJLQJ�DIWHU�UDGLRIUHTXHQF\�DEODWLRQ�IRU�KHSDWRFHOOXODU�FDUFLQRPD��(XU�-�5DGLRO ������������������30,'����������

��� *UDQDWD� 9�� 3HWULOOR� 0�� )XVFR� 5�� HW� DO�� 6XUYHLOODQFH� RI� +&&� SDWLHQWV� DIWHU� OLYHU� 5)$�� UROH� RI� 05,� ZLWK�

KHSDWRVSHFLILF�FRQWUDVW�YHUVXV�WKUHH�SKDVH�&7�VFDQ�H[SHULHQFH�RI�KLJK�YROXPH�RQFRORJLF�LQVWLWXWH��*DVWURHQWHURO�5HV�

3UDFW ��������������������30,'����������

���.XGR�0��+DWDQDND�.��0DHNDZD�.��1HZO\�GHYHORSHG�QRYHO�XOWUDVRXQG�WHFKQLTXH��GHIHFW� UHSHUIXVLRQ�XOWUDVRXQG�

LPDJLQJ��XVLQJ�VRQD]RLG�LQ�WKH�PDQDJHPHQW�RI�KHSDWRFHOOXODU�FDUFLQRPD��2QFRORJ\ ����������6XSSO�����������30,'��

��������

��� =KRX� 3�� .XGR�0��0LQDPL� <�� HW� DO��:KDW� LV� WKH� EHVW� WLPH� WR� HYDOXDWH� WUHDWPHQW� UHVSRQVH� DIWHU� UDGLRIUHTXHQF\�

DEODWLRQ� RI� KHSDWRFHOOXODU� FDUFLQRPD� XVLQJ� FRQWUDVW�HQKDQFHG� VRQRJUDSK\"� 2QFRORJ\ ������ ��� �6XSSO� ���� ������

30,'����������

&4�� :KDW�IDFWRUV�SUHGLFW�WUHDWPHQW�UHVSRQVH�WR�SHUFXWDQHRXV�DEODWLRQ"
5HFRPPHQGDWLRQ

1R�UHFRPPHQGDWLRQ� 7KH�IDFWRUV�SUHGLFWLQJ�WUHDWPHQW�UHVSRQVH�DUH�WXPRU�VL]H��WXPRU�PDUNHU OHYHOV�

DQG�VXIILFLHQW�DEODWLYH�PDUJLQ��

ڦ %DFNJURXQG

$IWHU�SHUFXWDQHRXV�DEODWLRQ��VKRUW�WHUP�WUHDWPHQW�RXWFRPHV�GHSHQG�RQ�ORFDO�UHFXUUHQFH�LQ�WKH�DUHD�

VXUURXQGLQJ�WKH�DEODWLRQ�VLWH��+HUH��ZH�UHYLHZHG�SUHGLFWRUV�RI�ORFDO�UHFXUUHQFH�

ڦ 6FLHQWLILF�6WDWHPHQW

7KLV� &4�ZDV� QHZO\� HVWDEOLVKHG� LQ� WKH� FXUUHQW� *XLGHOLQHV� �IRXUWK� HGLWLRQ��� $� OLWHUDWXUH� VHDUFK� RI�

DUWLFOHV�SXEOLVKHG�LQ�WKH�ODVW����\HDUV�H[WUDFWHG�����DUWLFOHV��ZKLFK�ZDV�QDUURZHG�GRZQ�WR�����LQ�WKH�

ILUVW� VFUHHQLQJ�� )RUW\� DUWLFOHV� UHSRUWLQJ� VWDWLVWLFDO� DQDO\VLV� WR� LGHQWLI\� WKH� SUHGLFWRUV� RI� FOLQLFDO�

UHVSRQVH�ZHUH�H[WUDFWHG�LQ�WKH�VHFRQG VFUHHQLQJ��)URP�WKHVH����DUWLFOHV���� ZLWK�D�UHODWLYHO\�ODUJH�

QXPEHU�RI�SDWLHQWV�ZHUH�H[WUDFWHG������DQG���DUWLFOHV�DUH�FLWHG�KHUH�DV�HYLGHQFH����

0XUDNDPL�HW�DO��UHSRUWHG�WKHLU�H[SHULHQFH�RI 5)$�IRU�����+&&V�DQG�VKRZHG�WKDW�+&&�����FP�

ZDV DVVRFLDWHG�ZLWK� WKH� ORZHVW� ORFDO� UHVHFWLRQ� UDWH� �S���������� .LP�HW� DO�� SHUIRUPHG�PXOWLYDULDWH�

DQDO\VLV� RI� ���+&&V� �� �� FP� DIWHU� 5)$ DQG UHYHDOHG WKDW�+&&�!� �� FP� DQG� LQVXIILFLHQW� DEODWLRQ�

PDUJLQV�ZHUH�IDFWRUV�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�ORFDO�UHFXUUHQFH���6LJQLILFDQW�FRUUHODWLRQ�ZDV�DOVR�

REVHUYHG�EHWZHHQ�KLJK�$)3�OHYHOV�DQG�LQWUDKHSDWLF�UHFXUUHQFH��S���������

1RXVR� HW� DO�� H[DPLQHG�����+&&V�DIWHU�5)$�DQG� IRXQG� WKDW� VLJQLILFDQW� IDFWRUV� DVVRFLDWHG�ZLWK�

ORFDO�UHFXUUHQFH�ZHUH�+&&�!���FP��ULVN�UDWLR����������� &,�������������S������������WXPRU�QXPEHU�!�



���

WXPRU�VL]H��ULVN�UDWLR������������&,�������������S� ���������DQG�!�����QJ�P/�$)3��ULVN�UDWLR��������

����&,�������������S� ��������� ,Q�D�VWXG\�RI�5)$�LQ�����+&&V��6XK�HW�DO��UHSRUWHG�WKDW�5)$�ZDV�

VLJQLILFDQWO\�FRUUHODWHG�ZLWK�ORFDO�UHFXUUHQFH�ZKHQ�WKH�SURGXFW�RI�$)3�î�3,9.$�YDOXHV�ZDV�!������

�S� ��������� 7DPXUD�HW� DO��SHUIRUPHG�5)$� LQ�����SDWLHQWV�ZLWK�+&& DQG UHSRUWHG DQ�DVVRFLDWLRQ�

EHWZHHQ� �� ���� $)3�/�� DQG� UHFXUUHQFH�IUHH� VXUYLYDO� �S�  � �������� =\WRRQ� HW� DO�� SHUIRUPHG�

PXOWLYDULDWH� DQDO\VLV� RI� ���+&&V� DIWHU� 5)$ DQG� IRXQG WKDW� ORFDO� UHFXUUHQFH�ZDV� DVVRFLDWHG�ZLWK�

+&&�������FP��LQVXIILFLHQW�DEODWLRQ�PDUJLQV��DQG�PXOWLSOH�WXPRUV��S����������

&KXPD� HW� DO�� DQDO\]HG� UHFXUUHQFH� UDWHV� DIWHU� SHUIRUPLQJ� 5)$� RU� KHSDWHFWRP\ IRU� ���� +&&V�

DVVRFLDWHG�ZLWK�KHSDWLWLV�% DQG�UHSRUWHG WKDW�UHFXUUHQFH�ZDV�VXSSUHVVHG�ZKHQ�SUH�WUHDWPHQW�VHUXP�

+%9�'1$� OHYHOV� ZHUH� ORZ� GXH� WR� DQWLYLUDO� WKHUDS\��� 0XOWLYDULDWH� DQDO\VLV� DOVR� UHYHDOHG� WKDW�

LQGHSHQGHQW�ULVN�IDFWRUV�IRU�UHFXUUHQFH�ZHUH�KLJK�VHUXP�+%9�'1$�OHYHOV��KD]DUG�UDWLR������������

&,�������������S� ��������DQG�DEVHQFH�RI�DQWLYLUDO�WKHUDS\��KD]DUG�UDWLR������������&,�������������S� �

������� $OVR��LQ�D�VWXG\�RI�5)$�RU�KHSDWHFWRP\�LQ����SDWLHQWV�ZLWK�+&&�DVVRFLDWHG�ZLWK�KHSDWLWLV�%��

+RVDND�HW�DO��IRXQG WKDW�HOHYDWHG�KHSDWLWLV�%�FRUH�UHODWHG�DQWLJHQ��+%FU$J��OHYHO�LV�DQ�LQGHSHQGHQW�

ULVN�IDFWRU�IRU�UHFXUUHQFH��KD]DUG�UDWLR������������&,��������������

ڦ ([SODQDWLRQ

$�FURVV�VHFWLRQDO�UHYLHZ�RI�DUWLFOHV�H[WUDFWHG�LQ�WKH�VHFRQG�VFUHHQLQJ�UHYHDOHG WKDW� DV�IDFWRUV�UHODWHG�

WR�WUHDWPHQW�UHVSRQVH�� WXPRU�GLDPHWHU�� LQVXIILFLHQW�DEODWLRQ�PDUJLQV��DQG�KLJK�WXPRU�PDUNHU� OHYHOV�

DUH� IUHTXHQWO\� DVVRFLDWHG� ZLWK� ORFDO� UHFXUUHQFH� �������� ������ $)3� ZDV� WKH� PRVW� FRPPRQ� WXPRU�

PDUNHU�� EXW� 3,9.$�,,� DQG�$)3�/�� IUDFWLRQ�ZHUH� DOVR� XVHG� LQ� VRPH� VWXGLHV��$OVR�� YLUDO� ORDG� DQG�

+%FU$J�OHYHOV�ZHUH�FRUUHODWHG�ZLWK�OLYHU�FDQFHU�DVVRFLDWHG�ZLWK�KHSDWLWLV�%����

$V�IRU�RWKHU�IDFWRUV��+RVRNDZD�HW�DO��VKRZHG WKDW�WKH������� DQG���\HDU�UHFXUUHQFH�UDWHV�RI�+&&�

LQ�SDWLHQWV�ZLWK�SRRUO\�FRQWUROOHG�GLDEHWHV ZHUH���������������DQG��������UHVSHFWLYHO\�� LQGLFDWLQJ�

WKDW� SRRUO\� UHJXODWHG�EORRG�JOXFRVH� OHYHO� LV� DVVRFLDWHG�ZLWK� ILUVW� UHFXUUHQFH� DIWHU� FXUDWLYH� WKHUDS\�

�25������������&,�������������S� �����������&KHQ�HW�DO�� IRXQG�WKDW�RYHUDOO�VXUYLYDO�DIWHU�5)$�ZDV�

EHWWHU� ZKHQ� SDWLHQWV� ZLWK� GLDEHWHV� ZHUH� WUHDWHG� ZLWK� DQWL�GLDEHWLF� GUXJV� FRPSDUHG� ZLWK� SDWLHQWV

ZLWKRXW�DQWL�GLDEHWLF�GUXJV����+RZHYHU��IXUWKHU�VWXG\�LV�QHHGHG�WR�DFFXPXODWH�VXIILFLHQW�HYLGHQFH�RQ�

WKH�DVVRFLDWLRQ�EHWZHHQ�GLDEHWHV�ZLWK�SRRU�JO\FHPLF�FRQWURO�DQG�UHVSRQVH�WR�5)$�

6LPLODUO\�� WKH� FXUUHQW� HGLWLRQ GRHV� QRW� LQFOXGH� WKH� IROORZLQJ� EHFDXVH� RI� LQVXIILFLHQW� HYLGHQFH�

KLVWRORJLFDO�GLIIHUHQWLDWLRQ�PDFURVFRSLF�FODVVLILFDWLRQ��SULPDU\�WXPRU�ORFDWLRQ��VHUXP�DOEXPLQ�OHYHO��

VHUXP�YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU��9(*)��OHYHO��DVSDUWDWH�DPLQRWUDQVIHUDVH�WR�SODWHOHW�UDWLR�

LQGH[�� QHXWURSKLO�WR�O\PSKRF\WH� UDWLR�� RU� SODWHOHW�WR�O\PSKRF\WH� UDWLR�� $V� IRU� VWXGLHV� WKDW�

LQYHVWLJDWHG� VXSSUHVVLRQ� RI� UHFXUUHQFH� E\� LQWHUIHURQ� WKHUDS\� DQG� DGPLQLVWUDWLRQ� RI� YLWDPLQ� .�

DQDORJXHV� DQG� EUDQFKHG�FKDLQ� DPLQR� DFLG� DQDORJXHV�� WKH�5HYLVLRQ�&RPPLWWHH� KDV� FRQFOXGHG� WKDW�

WKHVH� UHJLPHQV� GR� QRW� SUHGLFW� FOLQLFDO� UHVSRQVH� DQG� WKHUHIRUH� GLG� QRW� LQFOXGH� WKHP� LQ� WKH� FXUUHQW�



���

*XLGHOLQHV�

ڦ 5HIHUHQFHV

��� 0XUDNDPL� 7�� ,VKLPDUX� +�� 6DNDPRWR� ,�� HW� DO�� 3HUFXWDQHRXV� UDGLRIUHTXHQF\� DEODWLRQ� DQG� WUDQVFDWKHWHU� DUWHULDO�

FKHPRHPEROL]DWLRQ�IRU�K\SHUYDVFXODU�KHSDWRFHOOXODU�FDUFLQRPD��UDWH�DQG�ULVN�IDFWRUV�IRU�ORFDO�UHFXUUHQFH��&DUGLRYDVF�

,QWHUYHQW�5DGLRO��������������������30,'����������

���.LP�<6��5KLP�+��&KR�2.��.RK�%+��.LP�<��,QWUDKHSDWLF�UHFXUUHQFH�DIWHU�SHUFXWDQHRXV�UDGLRIUHTXHQF\�DEODWLRQ�RI�

KHSDWRFHOOXODU�FDUFLQRPD��DQDO\VLV�RI�WKH�SDWWHUQ�DQG�ULVN�IDFWRUV��(XU�-�5DGLRO ������������������30,'����������

��� 1RXVR .�� 0DWVXPRWR� (�� .RED\DVKL� <�� HW� DO�� 5LVN� IDFWRUV� IRU� ORFDO� DQG� GLVWDQW� UHFXUUHQFH� RI� KHSDWRFHOOXODU�

FDUFLQRPDV�DIWHU�ORFDO�DEODWLRQ�WKHUDSLHV��-�*DVWURHQWHURO�+HSDWRO �����������������30,'����������

���6XK�6:��/HH�.:��/HH�-0��HW�DO��3UHGLFWLRQ�RI�DJJUHVVLYHQHVV�LQ�HDUO\�VWDJH�KHSDWRFHOOXODU�FDUFLQRPD�IRU�VHOHFWLRQ�

RI�VXUJLFDO�UHVHFWLRQ��-�+HSDWRO �������������������30,'����������

��� 7DPXUD� <�� ,JDUDVKL�0�� 6XGD� 7�� HW� DO�� )XFRV\ODWHG� IUDFWLRQ� RI� DOSKD�IHWRSURWHLQ� DV� D� SUHGLFWRU� RI� SURJQRVLV� LQ�

SDWLHQWV�ZLWK�KHSDWRFHOOXODU�FDUFLQRPD�DIWHU�FXUDWLYH�WUHDWPHQW��'LJ�'LV�6FL ��������������������30,'����������

���=\WRRQ�$$��,VKLL�+��0XUDNDPL�.��HW�DO��5HFXUUHQFH�IUHH�VXUYLYDO�DIWHU�UDGLRIUHTXHQF\�DEODWLRQ�RI�KHSDWRFHOOXODU�

FDUFLQRPD��$� UHJLVWU\� UHSRUW�RI� WKH� LPSDFW�RI� ULVN� IDFWRUV�RQ�RXWFRPH��-SQ�-�&OLQ�2QFRO ������������������30,'��

��������

���&KXPD�0��+LJH�6��.DPL\DPD�7��HW�DO��7KH�LQIOXHQFH�RI�KHSDWLWLV�%�'1$�OHYHO�DQG�DQWLYLUDO�WKHUDS\�RQ�UHFXUUHQFH�

DIWHU� LQLWLDO� FXUDWLYH� WUHDWPHQW� LQ� SDWLHQWV�ZLWK� KHSDWRFHOOXODU� FDUFLQRPD�� -�*DVWURHQWHURO ������ ���� �������30,'��

��������

���+RVDND� 7�� 6X]XNL� )��.RED\DVKL�0�� HW� DO��+%FU$J� LV� D� SUHGLFWRU� RI� SRVW�WUHDWPHQW� UHFXUUHQFH� RI� KHSDWRFHOOXODU�

FDUFLQRPD�GXULQJ�DQWLYLUDO�WKHUDS\��/LYHU�,QW��������������������30,'����������

���+RVRNDZD�7��.XURVDNL�0��7VXFKL\D�.�� HW� DO��+\SHUJO\FHPLD� LV�D� VLJQLILFDQW�SURJQRVWLF� IDFWRU� RI�KHSDWRFHOOXODU�

FDUFLQRPD�DIWHU�FXUDWLYH�WKHUDS\��:RUOG�-�*DVWURHQWHURO ������������������30,'����������

����&KHQ�70��/LQ�&&��+XDQJ�37��:HQ�&)��0HWIRUPLQ�DVVRFLDWHG ZLWK�ORZHU�PRUWDOLW\�LQ�GLDEHWLF�SDWLHQWV�ZLWK�HDUO\�

VWDJH� KHSDWRFHOOXODU� FDUFLQRPD� DIWHU� UDGLRIUHTXHQF\� DEODWLRQ�� -� *DVWURHQWHURO� +HSDWRO ������ ���� �������� 30,'��

��������


