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$WULDO�)LEULOODWLRQ��$)��LV�D�W\SH�RI�VXSUDYHQWULFXODU�DUUK\WKPLD��ZKHUHLQ�WKH�GLVHDVH�SURFHVV�
LQFUHDVHV�WKH�ULVN�RI�WKURPERHPEROLVP��7KH�PRVW�FRPPRQ�YDULDQW�LV�QRQ�YDOYXODU�$)��ZLWK�D�
PDMRU�ULVN�IDFWRU�RI�WKH�GLVHDVH�SURFHVV�EHLQJ�DGYDQFHG�DJH�ZLWK�DQ�HVWLPDWHG�SUHYDOHQFH�UDWH�RI�
! � SHUFHQW LQ�WKRVH�!� ����\HDUV�RI�DJH��$QWL�FRDJXODWLRQ�LV�LPSRUWDQW�LQ�WUHDWPHQW�RI�$)�LQ�
RUGHU�WR�GHFUHDVH�WKH�ULVN�RI�WKURPERWLF�HYHQWV��ZKLFK�LV�FULWLFDO�LQ�WKH�HOGHUO\�SRSXODWLRQ��
5HYLHZ�RI�UHFHQW�JXLGHOLQHV�GHPRQVWUDWH�WKDW�GLUHFW�RUDO�DQWLFRDJXODQWV��'2$&V� DUH�QRZ�
FRQVLGHUHG�DV�WKH�ILUVW�OLQH�WUHDWPHQW�PRGDOLW\�IRU�SDWLHQWV�ZLWK�QRQ�YDOYXODU�$)�LQ�VWURNH�
SUHYHQWLRQ�� 6\VWHPDWLF�UHYLHZV�KDYH�EHHQ�FRQGXFWHG�WR�HYDOXDWH�WKH�HIILFDF\�DQG�RXWFRPHV�RI�
'2$&�XVH�LQ�WKH�HOGHUO\�SRSXODWLRQ��WKRVH�GHILQHG�DV�!� ����\HDUV�RI�DJH��+RZHYHU��WKHUH�DUH�
QR�VSHFLILF�JXLGHOLQHV�NQRZQ�WR�GDWH��WKDW�KDYH�EHHQ�HVWDEOLVKHG�WR�GHWHUPLQH�'2$&�XVH�LQ�WKH�
RFWRJHQDULDQ�SRSXODWLRQ �GHILQHG�DV�WKRVH�EHWZHHQ����DQG����\HDUV�ROG��

,QWURGXFWLRQ

$WULDO�ILEULOODWLRQ��$)��LV�D�W\SH�RI�VXSUDYHQWULFXODU�DUUK\WKPLD�WKDW�LV�FKDUDFWHUL]HG�E\�
XQFRRUGLQDWHG�HOHFWULFDO�DFWLYLW\�RI�DWULD�DQG�WKH�LUUHJXODU�YHQWULFXODU�UHVSRQVH�WKDW�RFFXUV�DV�D�
UHVXOW��+HPRG\QDPLF�LQVWDELOLW\�RFFXUV�VHFRQGDU\�WR�EORRG�SRROLQJ�LQ�WKH�DWULD��UHVXOWLQJ�LQ�FORW�
IRUPDWLRQ�DQG�WKXV�LQFUHDVLQJ�WKH�ULVN�RI�HPEROLF�VWURNH��7KH�PRVW�FRPPRQ�YDULDQW�LV�QRQ�
YDOYXODU�$)�DQG�RFFXUV�ZKHQ�WKHUH�DUH�QR�PHFKDQLFDO�RU�YDOYXODU�DEQRUPDOLWLHV�� 3DWLHQWV�
GLDJQRVHG�ZLWK�$)�PD\�KDYH�YDULDWLRQ�LQ�V\PSWRP�SUHVHQWDWLRQ��,QGLYLGXDOV�FRXOG�KDYH�QR�



V\PSWRP�PDQLIHVWDWLRQ�RU�PD\�SUHVHQW�ZLWK�IDWLJXH��SDOSLWDWLRQV��FKHVW�SDLQ��G\VSQHD� DQG�
V\QFRSDO�HSLVRGHV�� 3DWLHQWV�ZLWK�$)�PD\�KDYH�SURJUHVVLRQ�RI�GLVHDVH��WKXV�LQFUHDVLQJ�WKH�ULVN�RI�
P\RFDUGLDO�LQIDUFWLRQ��KHDUW�IDLOXUH� DQG�VLJQLILFDQW�KHPRG\QDPLF�FRPSURPLVH��&RQWULEXWLQJ�
IDFWRUV�WR�GLVHDVH�DJJUDYDWLRQ�LQFOXGH�FRQFRPLWDQW�REVWUXFWLYH�VOHHS�DSQHD��26$���LOOLFLW�GUXJ�
DEXVH� DQG�WK\URLG�GLVHDVH�WR�QDPH�D�IHZ�� 2QH�RI�WKH�PRVW�FRPPRQ�ULVN�IDFWRUV�IRU�$)�LV�
DGYDQFHG�DJH�ZLWK�HVWLPDWHG�SUHYDOHQFH�UDWH�RI ! � SHUFHQW LQ�WKRVH�!� ����\HDUV�RI�DJH��

&XUUHQW�UHFRPPHQGDWLRQV�LQYROYH�WKH�XVH�RI�QRQ�GLK\GURS\ULGLQH�FDOFLXP�FKDQQHO�EORFNHUV WR�
FRQWURO�WKH�KHDUW�UDWH�LQ $)��FRQVLGHUHG�PRUH�LPSRUWDQW�WKDQ�UK\WKP�FRQWURO�� 1HZ�WUHDWPHQW�
PRGDOLWLHV�KDYH�EHHQ�GHYHORSHG�LQFOXGLQJ�DEODWLRQ�WKHUDS\��ZKLFK�PD\�EH�PRUH�HIIHFWLYH�LQ�
FHUWDLQ�SDWLHQW�SRSXODWLRQV��HVSHFLDOO\�WKRVH�ZLWK�SDUR[\VPDO�$)�DQG�WKRVH�ZKR�FDQQRW�WROHUDWH�
DQWLDUUK\WKPLF�PHGLFDWLRQV�� $QWL�FRDJXODWLRQ�LV�LPSRUWDQW�LQ�$)�WUHDWPHQW�WR�GHFUHDVH�WKH�ULVN�
RI�HPEROLF�VWURNH�DQG�WKURPERWLF�HYHQWV��ZKLFK�DUH�FULWLFDO�LQ�WKH�HOGHUO\�SRSXODWLRQ��FRQVLGHUHG�
DW�KLJKHU�ULVN�IRU�WKHVH�RXWFRPHV�� 5HYLHZ�RI�UHFHQW�JXLGHOLQHV�GHPRQVWUDWH�WKDW�'2$&V�DUH�QRZ�
FRQVLGHUHG�DV�WKH�ILUVW�OLQH�WUHDWPHQW�PRGDOLW\�IRU�SDWLHQWV�ZLWK�QRQ�YDOYXODU�$)�LQ�VWURNH�
SUHYHQWLRQ�� �7DEOH����3ULRU�WR�'2$&�GHYHORSPHQW� ZDUIDULQ�KDG�EHHQ�WKH�ILUVW�OLQH�RI�WUHDWPHQW��
6\VWHPDWLF�UHYLHZV�KDYH�EHHQ�FRQGXFWHG WR�HYDOXDWH�WKH�HIILFDF\�DQG�RXWFRPHV�RI�'2$&�XVH�LQ�
WKH�HOGHUO\�SRSXODWLRQ��WKRVH�GHILQHG�DV�!� ����\HDUV�RI�DJH���� +RZHYHU��WKHUH�DUH�QR�VSHFLILF�
JXLGHOLQHV�NQRZQ�WR�GDWH��WKDW�KDYH�EHHQ�HVWDEOLVKHG�WR�GHWHUPLQH�'2$&�XVH�LQ�WKH�RFWRJHQDULDQ�
SRSXODWLRQ� ZKHUH�KDUPV�DQG�EHQHILWV�QHHG�WR�EH�FRQVLGHUHG�H[WHQVLYHO\�WR�IXUWKHU�JXLGH�EDVLF�
FOLQLFDO�PDQDJHPHQW��

0HWKRGV

3XEPHG�ZDV�VHDUFKHG�IRU�DUWLFOHV�LQ�(QJOLVK�EHWZHHQ�-DQ��� �����WR�2FWREHU���� ������5HYLHZ�
DUWLFOHV�RQ�WKH�PDMRU�'2$&�WULDOV�ZHUH�GHWHUPLQHG� $GGLWLRQDO�VWXGLHV�VXFK�DV�FXUUHQWO\�
XQSXEOLVKHG�GDWD�DQG�QHZ�LQIRUPDWLRQ�DGYDQFHV�ZHUH�LGHQWLILHG��'DWD�FROOHFWHG�RQ�'2$&V��LQ�
WHUPV�RI�HIILFDF\��VDIHW\� DQG�XWLOL]DWLRQ�LQ�PDQDJHPHQW�RI�QRQ�YDOYXODU�$)��ZDV�GHWHUPLQHG�
IURP�PHWD�DQDO\VLV�RI�IRXU�SLYRWDO�SKDVH�,,,�WULDOV�LQYROYLQJ�WKHVH�PHGLFDWLRQV��

'DELJDWUDQ� 7KH�5DQGRPL]HG�(YDOXDWLRQ�RI�/RQJ�WHUP�$QWL�FRDJXODWLRQ�7KHUDS\��5(�/<��
VWXG\�ZDV�DQ�RSHQ�ODEHO�WULDO�ZKHUHLQ�SDWLHQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�ZDUIDULQ�RU�EOLQGHG�
GRVLQJ�RI�GDELJDWUDQ�����PJ�WZLFH�GDLO\�RU����PJ�WZLFH�GDLO\��� 7KH�VWXG\�SRSXODWLRQ�ZDV�
�������SDWLHQWV��PHDQ�DJH������\HDUV� DQG�IROORZ�XS�WLPH�RI���\HDUV��

5LYDUR[DEDQ��7KH�5LYDUR[DEDQ 2QFH�'DLO\�2UDO�'LUHFW�)DFWRU�;D�,QKLELWLRQ�&RPSDUHG�ZLWK�
9LWDPLQ�.�$QWDJRQLVP�IRU�3UHYHQWLRQ�RI�6WURNH�DQG�(PEROLVP�7ULDO�LQ�$WULDO�)LEULOODWLRQ�
�52&.(7�$)��ZDV�D�GRXEOH�EOLQGHG��UDQGRPL]HG�WULDO�ZLWK�SDWLHQWV�UHFHLYLQJ�ULYDUR[DEDQ�
��PJ�RQFH�GDLO\�RU�ZDUIDULQ�� 7KH�VWXG\�SRSXODWLRQ�ZDV��������SDWLHQWV��PHDQ�DJH����\HDUV� DQG�
IROORZ�XS�WLPH�RI�����\HDUV��

$SL[DEDQ� 7KH�$SL[DEDQ�IRU�5HGXFWLRQ�LQ�6WURNH�DQG�2WKHU�7KURPERHPEROLF�(YHQWV�LQ�$WULDO�
)LEULOODWLRQ��$5,6727/(��WULDO�ZDV�D�UDQGRPL]HG��GRXEOH�EOLQGHG�WULDO�ZKLFK�LQYROYHG�
FRPSDULQJ�DSL[DEDQ���PJ�WZLFH�GDLO\�ZLWK�ZDUIDULQ���7KH�VWXG\�SRSXODWLRQ�ZDV��������SDWLHQWV��
PHDQ�DJH�RI����\HDUV� DQG�IROORZ�XS�WLPH�RI�����\HDUV��



(GR[DEDQ� 7KH�(IIHFWLYH�$QWLFRDJXODWLRQ�ZLWK�)DFWRU�;D�1H[W�*HQHUDWLRQ�LQ�$WULDO�)LEULOODWLRQ�
7KURPERO\VLV�LQ�0\RFDUGLDO�,QIDUFWLRQ�����(1*$*(�$)�7,0,�����WULDO�ZDV�D�UDQGRPL]HG��
GRXEOH�EOLQGHG�WULDO�DVVHVVLQJ�HGR[DEDQ�����PJ�RQFH�GDLO\�RU����PJ�RQFH�GDLO\��DJDLQVW�
ZDUIDULQ�� 7KH�VWXG\�SRSXODWLRQ�ZDV��������SDWLHQWV��PHDQ�DJH�RI����\HDUV� DQG�IROORZ�XS�WLPH�
RI�����\HDUV��

$QWLFRDJXODQWV�IRU�5HGXFWLRQ�LQ�6WURNH��2EVHUYDWLRQDO�3RROHG�$QDO\VLV�RQ�+HDOWK�
RXWFRPHV�DQG�([SHULHQFH�RI�SDWLHQWV��$5,6723+$1(6��6WXG\��5HWURVSHFWLYH�DQDO\VLV�RI�
REVHUYDWLRQDO�GDWD�IURP�WKLV�VWXG\�FRPSDUHG�HGR[DEDQ��ULYDUR[DEDQ�DQG�DSL[DEDQ�DJDLQVW�HDFK�
RWKHU�XVLQJ�&HQWHUV�IRU�0HGLFDUH�	�0HGLFDLG�6HUYLFHV GDWD���� 7KH�VWXG\�LQFOXGHG���������
SDWLHQWV�IROORZHG�RYHU�D�SHULRG�RI�VL[ PRQWKV�DQG�KDG��������RFWRJHQDULDQV�LQ�WKH�SDWLHQW�SRRO��
8VLQJ�'2$&�'2$&�SURSHQVLW\�VFRUH�PDWFKLQJ�WR�UHGXFH FRQIRXQGLQJ�IDFWRUV��RYHUDOO�QHW�
FOLQLFDO�RXWFRPH�RI�VWURNH��V\VWHPLF�HPEROLVP� DQG�EOHHGLQJ�ULVN�ZDV�HYDOXDWHG����

'LVFXVVLRQ

1RQ�YLWDPLQ�.�2UDO�DQWL�FRDJXODQW��12$&��DJHQWV�DOVR�NQRZQ�DV�'LUHFW�2UDO�$QWL�FRDJXODWLRQ�
�'2$&��DJHQWV�DUH�D�W\SH�RI�FORWWLQJ�IDFWRU�LQKLELWRU������ &XUUHQWO\�WKHUH�DUH�IRXU�'2$&V�ZKLFK�
LQFOXGH�GDELJDWUDQ��ULYDUR[DEDQ��DSL[DEDQ�DQG�HGR[DEDQ��7KHLU�DQWL�FRDJXODWLRQ�HIIHFWV�DQG�
HOLPLQDWLRQ�IURP�WKH�ERG\�DUH�PRUH�UDSLG�LQ�QDWXUH�� 3RVLWLYH�DVSHFWV�RI�'2$&V�DUH�WKHLU
SUHGLFWDEOH�DQWL�FRDJXODWLRQ�HIIHFWV��GHFUHDVHG�QXPEHU�RI�GUXJ�GUXJ�LQWHUDFWLRQV� DQG�HDV\�
DGPLQLVWUDWLRQ��6LJQ\���+RZHYHU��GUDZEDFNV�RI�WKHVH�PHGLFDWLRQV�LQFOXGH�LQFUHDVHG�FRVW�DQG�
GLIILFXOW\�GHWHUPLQLQJ�PHGLFDWLRQ�FRPSOLDQFH�� 7KHUH�DUH�FXUUHQWO\�HVWDEOLVKHG�DQWL�GRWHV�VXFK�DV�
DQGH[DQHW�DOID�DQG�SUD[ELQG��

7KH�PRVW�FRPPRQ�DJHQW�IRU�DQWL�FRDJXODWLRQ�LQ�$)�SULRU�WR�'2$&�GHYHORSPHQW�ZDV�ZDUIDULQ��
:DUIDULQ�XVH�KDV�LQFUHDVHG�QHJDWLYH�FRQQRWDWLRQV�VXFK�DV�ORQJHU�WLPH�WR�WKHUDSHXWLF�DFWLRQ��
UHTXLUHPHQW�RI�IUHTXHQW�DQG�FRQWLQXRXV�PRQLWRULQJ��D�QDUURZ�WKHUDSHXWLF�LQGH[� DQG�LQFUHDVHG�
QXPEHU�RI�GUXJ�GUXJ�LQWHUDFWLRQV��ZLWK�QRWHG�GLHWDU\�LQIOXHQFH�RQ�PHGLFDWLRQ�DFWLYLW\�� 1RW�DOO�
SDWLHQWV�UHTXLUH�DQWL�FRDJXODWLRQ�ZLWK�'2$&V�RU�ZDUIDULQ�DQG�WKXV��DVSLULQ�DORQH�RU�LQ�
FRPELQDWLRQ�ZLWK�FORSLGRJUHO�DUH�DGPLQLVWHUHG�WR�WKRVH�ZKR�DUH�DW�ORZ�ULVN�IRU�VWURNH�RU�DUH�
XQDEOH�WR�WROHUDWH�RWKHU�DQWLFRDJXODQWV��

/DUJH�VFDOH�UDQGRPL]HG�FRQWUROOHG�WULDOV��5&7V��RYHU�WKH�ODVW�GHFDGH�KDYH�VKRZQ�VXSHULRULW\�RI�
'2$&V�RYHU�ZDUIDULQ�IRU�LPSRUWDQW�LQGLFDWLRQV�VXFK�DV�$)�� 0HWD�DQDO\VLV�RI�WKH�IRXU�SLYRWDO�
SKDVH�,,,�5&7V�FRPSDULQJ�'2$&V�DQG�ZDUIDULQ�GHPRQVWUDWHG�WKDW�'2$&V�ZHUH�VXSHULRU�LQ�
WHUPV�RI�DQ�RYHUDOO�UHGXFHG�QXPEHU�RI�VWURNH��KHPRUUKDJLF��DQG�UHODWHG�HPEROLF�HYHQWV�����

'2$&V�DOVR�KDYH�VKRZQ�IDYRUDEOH�HIIHFW�LQ�UHGXFLQJ�DOO�FDXVH�PRUWDOLW\�UDWHV�LQ�SDWLHQWV�ZLWKRXW�
&$'����� 7KH�HIILFDF\�DQG�RXWFRPHV�RI�'2$&�XVH�HVSHFLDOO\�LQ�WKH�HOGHUO\�SRSXODWLRQ�LV�
SUHVHQWHG�DV�IROORZV��

'DELJDWUDQ��5LVN�RI�UHSRUWHG�PDMRU�EOHHGLQJ�LQ�WKH�HOGHUO\�LV�VDPH�DV�WKDW�RI�ZDUIDULQ��
'DELJDWUDQ�LV�DOVR�DVVRFLDWHG�ZLWK�D�QRQ�VLJQLILFDQW�KLJKHU�ULVN�RI�PDMRU�EOHHGLQJ��



5LYDUR[DEDQ� 7KLV�PHGLFDWLRQ�LV�DV�HIIHFWLYH�DQG�VDIH�DV�ZDUIDULQ�LQ�VWURNH SUHYHQWLRQ
�KHPRUUKDJLF�LVFKHPLF��ZLWK QR�GLIIHUHQFHV�LQ�PDMRU�EOHHGLQJ�UDWHV DFURVV�DOO�DJH�JURXSV��

$SL[DEDQ� 5HSRUWHGO\�PRUH�HIIHFWLYH�WKDQ�ZDUIDULQ�LQ�UHGXFWLRQ�RI�VWURNH�DQG�HPEROLF�HYHQWV�
DQG�FOLQLFDOO\�UHOHYDQW�EOHHGLQJ�LQ�WKH�HOGHUO\�LQFOXGLQJ�LQWUDFUDQLDO�KHPRUUKDJH�FRPSDUHG�WR�
ZDUIDULQ��

(GR[DEDQ� ,W�LV�DV�HIIHFWLYH�DV�ZDUIDULQ�LQ�SUHYHQWLRQ�RI�VWURNH�DQG�HPEROLVP�DQG�KDV�UHGXFHG�
ULVN�RI�*,�EOHHGLQJ�DQG�DOO�FDXVH�PRUWDOLW\�DFURVV�DOO�DJH�JURXSV�LQFOXGLQJ�WKH�HOGHUO\��

$OO�IRXU�'2$&V�KDYH�EHHQ�VKRZQ�WR�UHGXFH�WKH�ULVN�RI�VWURNH�DQG V\VWHPLF�HPEROLVP�LQ�WKH�
JHQHUDO�SRSXODWLRQ�DQG�KDYH�SURYHQ�WR�EH�DV�HIIHFWLYH�DV�ZDUIDULQ�LQ�WKLV�DVSHFW�� 7R�RXU�
NQRZOHGJH��WKHUH�LV�QR�NQRZQ�5&7�WKDW�KDV�EHHQ�FRQGXFWHG��WR�GHWHUPLQH�HIILFDF\�DQG�VDIHW\�RI�
'2$&V�LQ�WKH�HOGHUO\�SRSXODWLRQ�RQO\�� 6\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�RI�WKH�SLYRWDO�
SKDVH�,,,�5&7V�KDV�EHHQ�FRQGXFWHG�WR�FUHDWH�JXLGHOLQHV�RQ�'2$&�XVH�LQ�WKH�HOGHUO\�ZLWK�$)��DV�
WKHUH�DUH�XQFOHDU�JXLGHOLQHV�DQG�OLPLWHG�RXWFRPH�GDWD�� 7KH�UHYLHZ�FRPSOHWHG�E\�6DOGRQ�HW�DO��
DVVHVVHG�WKH�VDIHW\�SURILOH�DQG�WKH�UHODWLYH�HIIHFWLYHQHVV�RI�WKHVH�DJHQWV�LQ�WKH�HOGHUO\�SRSXODWLRQ
EDVHG�RQ�UHYLHZ�RI�FXUUHQW�5&7V�� $QDO\VLV�VKRZHG�WKDW�'2$&V�ZHUH�DVVRFLDWHG�ZLWK�D�
VWDWLVWLFDOO\�VLJQLILFDQW�RGGV�UHGXFWLRQ�IRU�VWURNH�DQG�HPEROLF�HYHQWV�LQ�WKLV�SDWLHQW�SRSXODWLRQ��

7KHUH�ZDV�DOVR�QR�UHSRUWHG�GLIIHUHQFH�LQ�'2$&�YHUVXV�ZDUIDULQ��EXW�WKHUH�ZHUH�GLIIHUHQFHV�LQ�
WKH�VDIHW\�GDWD�EHWZHHQ�WKH�IRXU�'2$&V�WHVWHG��HGR[DEDQ��ULYDUR[DEDQ��GDELJDWUDQ� DQG�
DSL[DEDQ��� 0DMRU�OLPLWDWLRQV IURP�WKLV�UHYLHZ�WKDW�VKRXOG�EH�DGGUHVVHG�LQ�IXUWKHU�VWXGLHV�LV�WKH�
IDFW�WKDW�WKHUH�LV�QR�VXEVWDQWLDO�HYLGHQFH�WKDW�FRPSDUHV�WKH�'2$&V�YHUVXV�HDFK�RWKHU�WR�
GHWHUPLQH�WKH�VDIHW\�SURILOHV�DQG�WKDW�DGGLWLRQDO�VWXGLHV�DUH�QHHGHG�LQ�WKH�HOGHUO\�SRSXODWLRQ�LQ�
WKH�UHDO�FOLQLFDO�VHWWLQJ�WR�WDUJHW�'2$&�VHOHFWLRQ���� ,Q�DGGLWLRQ��WKH�SHUFHQWDJH�RI�WKRVH�!�RU�
HTXDO�WR����\HDUV�YDULHG�VLJQLILFDQWO\�EHWZHHQ�WKH�5(�/<��52&.(7�$)��$5,6727/(� DQG�
(1*$*(�$)�WULDOV�DQG�LV�VPDOOHU�LQ�FRPSDULVRQ�WR�WKH�UHVW�RI�WKH�VWXG\�SRSXODWLRQ��

$Q�DGGLWLRQDO�OLPLWDWLRQ�RI�WKH�FXUUHQW�DYDLODEOH�5&7V�XVLQJ�'2$&V��LV�WKH�IDFW�WKDW�WKH�
SRSXODWLRQ�RI�SDWLHQWV�LQFOXGHG�LQ�WKH�WULDOV�DUH�\RXQJHU�DQG�WKXV�KDYH�OHVV�FRPRUELGLWLHV��

$GYHUVH�HYHQWV�DUH�PRUH�FRPPRQ�LQ�WKH�HOGHUO\�SRSXODWLRQ�DV�DUH�FRPRUELGLWLHV�VXFK�DV�GHFOLQHG�
UHQDO�IXQFWLRQ��ZKLFK�LV�FRUUHODWHG�ZLWK�LQFUHDVHG�QHJDWLYH�RXWFRPHV�RI�EOHHGLQJ�� &RQFHUQV�
DERXW�WKH�XVH�RI�'2$&V�LQ�WKH�HOGHUO\�VHFRQGDU\�WR�KLJK�IUHTXHQF\�RI�UHQDO�LQVXIILFLHQF\��ORZ�
%0,��IDWW\�WLVVXH��DQG�SRO\SKDUPDF\��PXVW�EH�DGGUHVVHG LQ�IXWXUH�VWXGLHV����� &XUUHQWO\� WKHUH�LV�
QR�YDOLGDWHG�RXWFRPH�GDWD�IRU�'2$&�XVH LQ�WKRVH�ZLWK�FRPRUELGLWLHV�VXFK�DV�UHGXFHG�FUHDWLQLQH�
FOHDUDQFH�DQG�(65'�DPRQJ�RWKHUV����� 'UXJ�LQWHUDFWLRQV�ZLWK�'2$&V�DUH�XQGHUVWXGLHG�DQG�WKHUH�
LV�QR�YDOLGDWHG�WHVWLQJ�PHWKRG�WR�GHWHUPLQH�WKH�OHYHO�RI�DQWL�FRDJXODWLRQ� ZKLFK�LV�HVSHFLDOO\�
FULWLFDO�LQ�WKH�HOGHUO\�SRSXODWLRQ DV�WKH\�KDYH�DQ�LQFUHDVHG�ULVN�RI�RYHUDOO�EOHHGLQJ���7KHUH�LV�DOVR�
QRW�HQRXJK�GDWD�WR�GHWHUPLQH�WKH�HIIHFWV�RI�PLVVHG�DQWL�FRDJXODQW�GRVHV� DQG�VWUDWHJLHV�IRU�
PRQLWRULQJ��� +HQFH��DGKHUHQFH�WR�PHGLFDWLRQ�UHJLPHQ�LV�GLIILFXOW�WR�HOXFLGDWH�DQG�LV�LQWHU�UHODWHG�
WR�WKH�FXUUHQW�DEVHQFH�RI�YDOLGDWHG�PRQLWRULQJ�WRROV��DV�VWXGLHV�KDYH�VKRZQ�LPSURSHU�PHGLFDWLRQ�
XVH�LQ�(QJODQG�DQG�&DQDGD��
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