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3XUSRVH 

.LGQH\� VWRQH� GLVHDVH� LV� D� FRPPRQ� PDODG\�� DIIHFWLQJ�
QHDUO\���LQ����LQGLYLGXDOV�LQ�WKH�8QLWHG�6WDWHV�DW�VRPH�
SRLQW� LQ� WKHLU� OLYHV�� DQG� WKHUH� LV� HYLGHQFH� WKDW� WKH�
QXPEHU�RI�WKRVH�ZKR�KDYH�KDG�D�VWRQH�LV�ULVLQJ���8QOLNH�
DSSHQGLFLWLV� DQG� RWKHU� VXUJLFDO� FRQGLWLRQV�� VXUJLFDO�
WUHDWPHQW�RI�VWRQHV� LV�QRW� WKH�HQGSRLQW�RI� WKH�GLVHDVH�
SURFHVV��DV�VWRQHV�DUH�OLNHO\�WR�UHFXU��ZLWK�DW�OHDVW�����
RI� LQGLYLGXDOV� H[SHULHQFLQJ� DQRWKHU� VWRQH� ZLWKLQ� ���
\HDUV� RI� WKH� ILUVW� RFFXUUHQFH��� )RU� WKRVH� ZKR� KDYH�
H[SHULHQFHG�D�VWRQH�RU�XQGHUJRQH�VXUJLFDO�LQWHUYHQWLRQ�
IRU�D�VWRQH��WKHUH�LV�VWURQJ�PRWLYDWLRQ�WR�DYRLG�D�UHSHDW�
HSLVRGH��&RQVHTXHQWO\��WKHVH�SDWLHQWV�RIWHQ�VHHN�DGYLFH�
IURP� D� YDULHW\� RI� SUDFWLWLRQHUV� RQ� KRZ� WR� SUHYHQW�
UHFXUUHQW� VWRQHV��+RZHYHU��PLVLQIRUPDWLRQ� DERXQGV� LQ�
WKH� OD\� FRPPXQLW\� DQG� RQ� WKH� LQWHUQHW�� DQG� HYHQ�
PHGLFDO� SURYLGHUV� RIWHQ� SURPXOJDWH� UHFRPPHQGDWLRQV�
WKDW� DUH� FRQWUDU\� WR� HYLGHQFH-EDVHG� PHGLFLQH��� 7KLV�
*XLGHOLQH� LV� DLPHG� DW� SUDFWLWLRQHUV� IURP� D� YDULHW\� RI�
GLVFLSOLQHV� ZKR� DUH� FRQIURQWHG� ZLWK� SDWLHQWV� DIIOLFWHG�
ZLWK� VWRQH� GLVHDVH�� DQG� LW� LV� EDVHG� RQ� D� V\VWHPDWLF�
UHYLHZ�RI� WKH� OLWHUDWXUH�ZLWK�UHVSHFW� WR� WKH�HYDOXDWLRQ��
WUHDWPHQW� DQG� IROORZ-XS� RI� ILUVW-WLPH� DQG� UHFXUUHQW�
VWRQH� IRUPHUV�� 3DWLHQW� SUHIHUHQFHV� DQG� JRDOV�PXVW� EH�
WDNHQ�LQWR�DFFRXQW�E\�WKH�SUDFWLWLRQHU�ZKHQ�FRQVLGHULQJ�
WKHVH� JXLGHOLQHV�� DV� WKH� FRVW�� LQFRQYHQLHQFH� DQG� VLGH�
HIIHFWV�RI�GUXJV�DQG�GLHWDU\�PHDVXUHV�WR�SUHYHQW�VWRQH�
GLVHDVH� PXVW� EH� ZHLJKHG� DJDLQVW� WKH� EHQHILW� RI�
SUHYHQWLQJ�D�UHFXUUHQW�VWRQH� 

0HWKRGRORJ\ 

7KH� SULPDU\� VRXUFH� RI� HYLGHQFH� IRU� WKLV� JXLGHOLQH�ZDV�
WKH�V\VWHPDWLF�UHYLHZ�DQG�GDWD�H[WUDFWLRQ�FRQGXFWHG�DV�
SDUW�RI�WKH�$JHQF\�IRU�+HDOWKFDUH�5HVHDUFK�DQG�4XDOLW\�
�$+54�� &RPSDUDWLYH� (IIHFWLYHQHVV� 5HYLHZ� 1XPEHU� ���
WLWOHG�5HFXUUHQW�1HSKUROLWKLDVLV� LQ� $GXOWV�� &RPSDUDWLYH�
(IIHFWLYHQHVV�RI�3UHYHQWDWLYH�0HGLFDO�6WUDWHJLHV���������
7KDW� UHSRUW�� SUHSDUHG� E\� WKH� 8QLYHUVLW\� RI� 0LQQHVRWD�
(YLGHQFH-%DVHG� 3UDFWLFH� &HQWHU� �(3&��� LQFOXGHG�
VHDUFKHV� RI� 0('/,1(�� WKH� &RFKUDQH� 'DWDEDVH� RI�
6\VWHPDWLF� 5HYLHZV�� *RRJOH� 6FKRODU�� &OLQLFDO7ULDOV�JRY�
DQG� :HE� RI� 6FLHQFH� IRU� (QJOLVK-ODQJXDJH� VWXGLHV�
SXEOLVKHG� IURP������WKURXJK�1RYHPEHU������UHOHYDQW�
WR�WKH�WUHDWPHQW�RI�UHFXUUHQW�QHSKUROLWKLDVLV�LQ�DGXOWV�� 

(OLJLEOH� VWXGLHV� LQFOXGHG� 5&7V� DQG� ODUJH� SURVSHFWLYH�
REVHUYDWLRQDO� WULDOV� RI� SDWLHQW� SRSXODWLRQV� OLPLWHG� WR�
DGXOWV�DJHG����\HDUV�RU�ROGHU�ZLWK�D�KLVWRU\�RI�RQH�RU�
PRUH� SDVW� NLGQH\� VWRQH� HSLVRGHV�� 6WXGLHV� DGGUHVVLQJ�
DFXWH� SDLQ� PDQDJHPHQW� DQG� WUHDWPHQW� WR� SURPRWH�
H[SXOVLRQ� RI� VWRQHV� ZHUH� H[FOXGHG�� )XOO� GHWDLOV� RI� WKH�
$+54�VHDUFK�VWUDWHJLHV�DQG� LQFOXVLRQ�H[FOXVLRQ�FULWHULD�
FDQ�EH�IRXQG�LQ�WKH�RULJLQDO�UHSRUW�� 

7R�DXJPHQW�DQG�EURDGHQ�WKH�ERG\�RI�HYLGHQFH�SURYLGHG�
LQ� WKH� $+54� UHSRUW�� $8$� FRQGXFWHG� DGGLWLRQDO�
VXSSOHPHQWDU\� VHDUFKHV� RI� 3XE0HG� DQG� (0%$6(� IRU�
UHOHYDQW� DUWLFOHV� SXEOLVKHG� EHWZHHQ� -DQXDU\� ����� DQG�
1RYHPEHU� ������ ZKLFK� ZHUH� V\VWHPDWLFDOO\� UHYLHZHG�
XVLQJ� D� PHWKRGRORJ\� GHYHORSHG� D� SULRUL�� 6WXG\�
SRSXODWLRQV� ZHUH� OLPLWHG� WR� DGXOWV� ��� \HDUV� RU� ROGHU�
ZLWK� RQH� RU� PRUH� SDVW� NLGQH\� VWRQH� HSLVRGHV�� 1R�

OLPLWDWLRQV� RQ� VWXG\� GHVLJQ� ZHUH� VHW�� KRZHYHU� WKH�
VHDUFK�SURWRFRO�SULRULWL]HG�5&7V��&&7V�DQG�SURVSHFWLYH�
VWXGLHV� ZLWK� D� FRPSDULVRQ� JURXS�� $� WRWDO� RI� ������
DEVWUDFWV� ZHUH� REWDLQHG�� IURP� ZKLFK� ��� DUWLFOHV� ZHUH�
VHOHFWHG� IRU� IXOO-WH[W� UHYLHZ�� $OO� GLHWDU\� DQG�
SKDUPDFRORJLF� WKHUDSLHV� ZHUH� DFFHSWDEOH�� ZLWK� WKH�
H[FHSWLRQ� RI� LQWHUYHQWLRQV� DGGUHVVLQJ� DFXWH� SDLQ�
PDQDJHPHQW� IRU� XUROLWKLDVLV�� WUHDWPHQW� WR� SURPRWH�
H[SXOVLRQ� RI� XUHWHUDO� VWRQHV�� SKDUPDFRORJLFDO� DJHQWV�
QRW�DSSURYHG�E\�WKH�)'$�IRU�XVH� LQ�WKH�8QLWHG�6WDWHV��
DQG� ILQDOO\� LPDJLQJ� IRU� VXVSHFWHG� DFXWH� UHQDO� FROLF��
2XWFRPHV� RI� LQWHUHVW� LQFOXGHG� VWRQH� UHFXUUHQFH�
�V\PSWRPDWLF�DV\PSWRPDWLF� GHWHFWLRQ� WKURXJK�
LPDJLQJ��DQG�RWKHU�FOLQLFDO�RXWFRPHV�UHOHYDQW�WR�NLGQH\�
VWRQHV��FKDQJHV�LQ�VWRQH�VL]H��UHVLGXDO�VWRQH�FOHDUDQFH��
LQWHUPHGLDWH� ELRFKHPLFDO� FKDQJHV� LQ� XULQH� RU� EORRG��
TXDOLW\� RI� OLIH�� PRUELGLW\� UHODWHG� WR� WUHDWPHQW� RI�
UHFXUUHQW�VWRQHV�DV�ZHOO�DV�DGYHUVH�HYHQW�RXWFRPHV�� 

2YHUDOO��WKLV�VXSSOHPHQWDU\�UHYLHZ�LGHQWLILHG����VWXGLHV�
WR� FRPSOHPHQW� WKH� ��� 5&7V� LGHQWLILHG� E\� WKH� $+54�
UHSRUW�� 'DWD� RQ� VWXG\� GHVLJQ�� WUHDWPHQW� SDUDPHWHUV�
�H�J��� GRVH�� DGPLQLVWUDWLRQ� SURWRFROV�� IROORZ-XS�
GXUDWLRQV��� SDWLHQW� FKDUDFWHULVWLFV� �L�H��� DJH�� JHQGHU��
UDFH��VWRQH�FRPSRVLWLRQ���DGYHUVH�HYHQWV��DQG�SULPDU\�
RXWFRPHV��DV�GHILQHG�E\�VWXG\�DXWKRUV��ZHUH�H[WUDFWHG�
WR� HYLGHQFH� WDEOHV� IRU� DQDO\VLV� DQG� V\QWKHVLV� E\� WKH�
PHWKRGRORJLVW� 

4XDOLW\�RI�6WXGLHV�DQG�'HWHUPLQDWLRQ�RI�(YLGHQFH�
6WUHQJWK�� 4XDOLW\� RI� LQGLYLGXDO� VWXGLHV�ZDV� UDWHG�
DV� KLJK�� PRGHUDWH�� RU� ORZ� EDVHG� RQ� LQVWUXPHQWV�
WDLORUHG� WR� VSHFLILF� VWXG\� GHVLJQV�� 5DQGRPL]HG�
FRQWUROOHG� WULDOV� �5&7V�� ZHUH� DVVHVVHG� XVLQJ� WKH�
&RFKUDQH� 5LVN� RI� %LDV� LQVWUXPHQW��� &RQYHQWLRQDO�
GLDJQRVWLF� FRKRUW� VWXGLHV�� GLDJQRVWLF� FDVH-FRQWURO�
VWXGLHV�� RU� GLDJQRVWLF� FDVH� VHULHV� WKDW� SUHVHQWHG� GDWD�
RQ�GLDJQRVWLF� WHVW�FKDUDFWHULVWLFV�ZHUH�HYDOXDWHG�XVLQJ�
WKH� 48$'$6-�� WRRO�� WKDW� HYDOXDWHV� WKH� TXDOLW\� RI�
GLDJQRVWLF� DFFXUDF\� VWXGLHV�� &RKRUW� VWXGLHV� ZLWK� D�
FRPSDULVRQ� RI� LQWHUHVW� ZHUH� HYDOXDWHG� ZLWK� WKH�
1HZFDVWOH-2WWDZD�VFDOH�� 

7KH�FDWHJRUL]DWLRQ�RI�HYLGHQFH�VWUHQJWK�LV�FRQFHSWXDOO\�
GLVWLQFW�IURP�WKH�TXDOLW\�RI� LQGLYLGXDO�VWXGLHV��(YLGHQFH�
VWUHQJWK�UHIHUV� WR� WKH�ERG\�RI�HYLGHQFH�DYDLODEOH� IRU�D�
SDUWLFXODU�TXHVWLRQ�DQG� LQFOXGHV�FRQVLGHUDWLRQ�RI�VWXG\�
GHVLJQ�� LQGLYLGXDO�VWXG\�TXDOLW\��FRQVLVWHQF\�RI�ILQGLQJV�
DFURVV� VWXGLHV�� DGHTXDF\� RI� VDPSOH� VL]HV�� DQG�
JHQHUDOL]DELOLW\�RI�VDPSOHV��VHWWLQJV�DQG�WUHDWPHQWV�IRU�
WKH� SXUSRVHV� RI� WKH� JXLGHOLQH�� 7KH� $8$� FDWHJRUL]HV�
ERG\�RI�HYLGHQFH�VWUHQJWK�DV�*UDGH�$� �ZHOO-FRQGXFWHG�
5&7V� RU� H[FHSWLRQDOO\� VWURQJ� REVHUYDWLRQDO� VWXGLHV���
*UDGH�%��5&7V�ZLWK�VRPH�ZHDNQHVVHV�RI�SURFHGXUH�RU�
JHQHUDOL]DELOLW\� RU� JHQHUDOO\� VWURQJ� REVHUYDWLRQDO�
VWXGLHV�� RU� *UDGH� &� �REVHUYDWLRQDO� VWXGLHV� WKDW� DUH�
LQFRQVLVWHQW�� KDYH� VPDOO� VDPSOH� VL]HV� RU� KDYH� RWKHU�
SUREOHPV� WKDW� SRWHQWLDOO\� FRQIRXQG� LQWHUSUHWDWLRQ� RI�
GDWD��� 

$8$� 1RPHQFODWXUH�� /LQNLQJ� 6WDWHPHQW� 7\SH� WR�
(YLGHQFH�6WUHQJWK��7KH�$8$�QRPHQFODWXUH�V\VWHP�
H[SOLFLWO\� OLQNV� VWDWHPHQW� W\SH� WR� ERG\� RI� HYLGHQFH�
VWUHQJWK� DQG� WKH� 3DQHO¶V� MXGJPHQW� UHJDUGLQJ� WKH�
EDODQFH� EHWZHHQ� EHQHILWV� DQG� ULVNV�EXUGHQV���
6WDQGDUGV�DUH�GLUHFWLYH�VWDWHPHQWV�WKDW�DQ�DFWLRQ�
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VKRXOG��EHQHILWV�RXWZHLJK�ULVNV�EXUGHQV��RU�VKRXOG�QRW�
�ULVNV�EXUGHQV�RXWZHLJK�EHQHILWV��EH�XQGHUWDNHQ�EDVHG�
RQ�*UDGH�$�RU�*UDGH�%�HYLGHQFH��5HFRPPHQGDWLRQV�DUH�
GLUHFWLYH� VWDWHPHQWV� WKDW� DQ� DFWLRQ� VKRXOG� �EHQHILWV�
RXWZHLJK� ULVNV�EXUGHQV�� RU� VKRXOG� QRW� �ULVNV�EXUGHQV�
RXWZHLJK� EHQHILWV�� EH� XQGHUWDNHQ� EDVHG� RQ� *UDGH� &�
HYLGHQFH�� 2SWLRQV� DUH� QRQ-GLUHFWLYH� VWDWHPHQWV� WKDW�
OHDYH�WKH�GHFLVLRQ�WR�WDNH�DQ�DFWLRQ�XS�WR�WKH�LQGLYLGXDO�
FOLQLFLDQ� DQG� SDWLHQW� EHFDXVH� WKH� EDODQFH� EHWZHHQ�
EHQHILWV� DQG� ULVNV�EXUGHQV� DSSHDUV� UHODWLYHO\� HTXDO� RU�
DSSHDUV� XQFOHDU�� WKH� GHFLVLRQ� LV� EDVHG� RQ� IXOO�
FRQVLGHUDWLRQ� RI� WKH� SDWLHQW¶V� SULRU� FOLQLFDO� KLVWRU\��
FXUUHQW�TXDOLW\�RI� OLIH��SUHIHUHQFHV�DQG�YDOXHV��2SWLRQV�
PD\�EH�VXSSRUWHG�E\�*UDGH�$��%�RU�&�HYLGHQFH�� 

,Q� VRPH� LQVWDQFHV�� WKH� UHYLHZ� UHYHDOHG� LQVXIILFLHQW�
SXEOLFDWLRQV� WR� DGGUHVV� FHUWDLQ� TXHVWLRQV� IURP� DQ�
HYLGHQFH� EDVLV�� WKHUHIRUH�� VRPH� VWDWHPHQWV� DUH�
SURYLGHG� DV� &OLQLFDO� 3ULQFLSOHV� RU� DV� ([SHUW� 2SLQLRQV�
ZLWK� FRQVHQVXV� DFKLHYHG� XVLQJ� D� PRGLILHG� 'HOSKL�
WHFKQLTXH� LI�GLIIHUHQFHV�RI�RSLQLRQ�HPHUJHG���$�&OLQLFDO�
3ULQFLSOH� LV�D�VWDWHPHQW�DERXW�D�FRPSRQHQW�RI�FOLQLFDO�
FDUH� WKDW� LV�ZLGHO\�DJUHHG�XSRQ�E\�XURORJLVWV�RU�RWKHU�
FOLQLFLDQV�IRU�ZKLFK�WKHUH�PD\�RU�PD\�QRW�EH�HYLGHQFH�
LQ� WKH� PHGLFDO� OLWHUDWXUH�� ([SHUW� 2SLQLRQ� UHIHUV� WR� D�
VWDWHPHQW��DFKLHYHG�E\�FRQVHQVXV�RI�WKH�3DQHO��WKDW�LV�
EDVHG� RQ� PHPEHUV
� FOLQLFDO� WUDLQLQJ�� H[SHULHQFH��
NQRZOHGJH� DQG� MXGJPHQW� IRU� ZKLFK� WKHUH� LV� QR�
HYLGHQFH� 

/LPLWDWLRQV�RI�WKH�/LWHUDWXUH��7KH�3DQHO�SURFHHGHG�
ZLWK� IXOO� DZDUHQHVV� RI� WKH� OLPLWDWLRQV� RI� WKH� NLGQH\�
VWRQH� OLWHUDWXUH�� 7KHVH� OLPLWDWLRQV� LQFOXGH�
KHWHURJHQHRXV�SDWLHQW�JURXSV��VPDOO�VDPSOH�VL]HV��ODFN�
RI� VWXGLHV�ZLWK� GLDJQRVWLF� DFFXUDF\� GDWD�� ODFN� RI� 5&7V�
RU� FRQWUROOHG� VWXGLHV� ZLWK� SDWLHQW� RXWFRPH� GDWD�� DQG�
XVH� RI� D� YDULHW\� RI� RXWFRPH�PHDVXUHV�� 2YHUDOO�� WKHVH�
GLIILFXOWLHV�SUHFOXGHG�XVH�RI�PHWD-DQDO\WLF�SURFHGXUHV�RU�
RWKHU� TXDQWLWDWLYH� DQDO\VHV�� ,QVWHDG�� QDUUDWLYH�
V\QWKHVHV�ZHUH�XVHG�WR�VXPPDUL]H�WKH�HYLGHQFH�IRU�WKH�
TXHVWLRQV�RI�LQWHUHVW� 

3DQHO� 6HOHFWLRQ� DQG� 3HHU� 5HYLHZ� 3URFHVV�� 7KH�
3DQHO� ZDV� FUHDWHG� E\� WKH� $PHULFDQ� 8URORJLFDO�
$VVRFLDWLRQ� (GXFDWLRQ� DQG� 5HVHDUFK�� ,QF�� �$8$��� 7KH�
3UDFWLFH� *XLGHOLQHV� &RPPLWWHH� �3*&�� RI� WKH� $8$�
VHOHFWHG� WKH� 3DQHO� &KDLU� DQG� 9LFH� &KDLU� ZKR� LQ� WXUQ�
DSSRLQWHG� WKH� DGGLWLRQDO� SDQHO� PHPEHUV�� DOO� RI� ZKRP�
KDYH� VSHFLILF� H[SHUWLVH� ZLWK� UHJDUG� WR� WKH� JXLGHOLQH�
VXEMHFW��2QFH�QRPLQDWHG��SDQHO�PHPEHUV�DUH�DVNHG�WR�
UHFRUG� WKHLU� FRQIOLFW� RI� LQWHUHVW� �&2,�� VWDWHPHQWV��
SURYLGLQJ� VSHFLILF� GHWDLOV� RQ� WKH� $8$� LQWHUDFWLYH� ZHE�
VLWH��7KHVH�GHWDLOV�DUH�ILUVW�UHYLHZHG�E\�WKH�*XLGHOLQHV�
2YHUVLJKW�&RPPLWWHH��*2&���D�PHPEHU�VXE-FRPPLWWHH�
IURP� WKH� 3*&� FRQVLVWLQJ� RI� WKH� 9LFH� &KDLU� RI� WKH� 3*&�
DQG�WZR�RWKHU�PHPEHUV��7KH�*2&�GHWHUPLQHV�ZKHWKHU�
WKH� LQGLYLGXDO� KDV� SRWHQWLDO� FRQIOLFWV� UHODWHG� WR� WKH�
JXLGHOLQH��,I� WKHUH�DUH�QR�FRQIOLFWV��WKHQ�WKH�QRPLQHH¶V�
&2,�LV�UHYLHZHG�DQG�DSSURYHG�E\�WKH�$8$�-XGLFLDO�DQG�
(WKLFV� �-	(�� FRPPLWWHH�� $�PDMRULW\� RI� SDQHO�PHPEHUV�
PD\� QRW� KDYH� UHODWLRQVKLSV� UHOHYDQW� WR� WKH� JXLGHOLQH�
WRSLF�� 

7KH�$8$�FRQGXFWHG�DQ�H[WHQVLYH�SHHU� UHYLHZ�SURFHVV��
7KH�LQLWLDO�GUDIW�RI�WKLV�*XLGHOLQH�ZDV�GLVWULEXWHG�WR�����
SHHU� UHYLHZHUV� RI� YDU\LQJ� EDFNJURXQGV�� ��� UHVSRQGHG�

ZLWK� FRPPHQWV�� 7KH� SDQHO� UHYLHZHG� DQG� GLVFXVVHG� DOO�
VXEPLWWHG�FRPPHQWV�DQG�UHYLVHG�WKH�GUDIW�DV�QHHGHG�� 

2QFH� ILQDOL]HG�� WKH� *XLGHOLQH� ZDV� VXEPLWWHG� IRU�
DSSURYDO�WR�WKH�3*&��,W�ZDV�WKHQ�VXEPLWWHG�WR�WKH�$8$�
%RDUG� RI� 'LUHFWRUV� IRU� ILQDO� DSSURYDO�� )XQGLQJ� RI� WKH�
SDQHO� ZDV� SURYLGHG� E\� WKH� $8$�� 3DQHO� PHPEHUV�
UHFHLYHG�QR�UHPXQHUDWLRQ�IRU�WKHLU�ZRUN�� 

%DFNJURXQG 

$OWKRXJK�FDOFXOL�FDQ�IRUP�GH�QRYR�DQ\ZKHUH�ZLWKLQ�WKH�
XULQDU\� WUDFW�� LQFOXGLQJ� WKH� NLGQH\V�� EODGGHU� DQG�
SURVWDWH�� WKH� SDWKRSK\VLRORJ\� UHODWHG� WR� VWRQH�
IRUPDWLRQ� GLIIHUV� DFFRUGLQJ� WR� WKH� VLWH� RI� RULJLQ�� 7KH�
IRFXV� RI� WKLV� *XLGHOLQH� LV� RQ� UHQDO� FDOFXOL� DV� WKHVH�
VWRQHV� DUH� WKH� PDLQ� VRXUFH� RI� PRUELGLW\�� FRVW� DQG�
UHVRXUFH�XWLOL]DWLRQ�DVVRFLDWHG�ZLWK�XULQDU\�WUDFW�FDOFXOL�� 

.LGQH\�VWRQH�GLVHDVH�LV�D�FRPPRQ�FRQGLWLRQ��$FFRUGLQJ�
WR� WKH� PRVW� UHFHQW� 1DWLRQDO� +HDOWK� DQG� 1XWULWLRQ�
([DPLQDWLRQ� 6XUYH\� �1+$1(6��� WKH� RYHUDOO� SUHYDOHQFH�
RI�VHOI-UHSRUWHG�NLGQH\�VWRQHV�LQ�WKH�SHULRG�����-�����
ZDV� ������ ZLWK� D� KLJKHU� SUHYDOHQFH� DPRQJ� PHQ�
��������WKDQ�DPRQJ�ZRPHQ����������7KLV�SUHYDOHQFH�
UHSUHVHQWV� D� ���� LQFUHDVH� RYHU� WKH� ODVW� UHSRUWHG�
SUHYDOHQFH� ������� GHULYHG� IURP� DQ� 1+$1(6� VDPSOH�
�����-������� DQG� WKH� LQFUHDVHG� SUHYDOHQFH� ZDV�
REVHUYHG� DFURVV� DOO� DJH� JURXSV� DQG� LQ� ERWK� VH[HV��
+RZHYHU��SUHYDOHQFH�GDWD�SRVH�VRPH�SUREOHPV��8QOLNH�
RWKHU� FRQGLWLRQV�� OLNH� DSSHQGLFLWLV�� IRU� ZKLFK� WKH�
GLDJQRVLV�LV�UHDGLO\�DSSDUHQW�DQG�FDQ�EH�FRQILUPHG�E\�D�
SDWKRORJ\� UHSRUW�� VWRQH� GLVHDVH� FDQ� EH� DV\PSWRPDWLF�
DQG� RFFXUV� LQWHUPLWWHQWO\� DQG� UHSHDWHGO\�� 6RPH�
LQGLYLGXDOV� KDUERU� XQGLDJQRVHG� VWRQHV� DQG� UHTXLUH� QR�
PHGLFDO� DWWHQWLRQ�� ZKLOH� RWKHUV� QHFHVVLWDWH� UHSHDWHG�
PHGLFDO� HQFRXQWHUV� IRU� D� VLQJOH� VWRQH�� &RQVHTXHQWO\��
VWRQH� SUHYDOHQFH� GHSHQGV� RQ� WKH� PHWULF� XVHG� DV� D�
VXUURJDWH� IRU� VWRQH� GLVHDVH� �H�J��� KRVSLWDO� GLVFKDUJHV�
IRU� D� GLDJQRVLV� RI� VWRQHV�� VHOI-UHSRUWHG� VWRQHV�� VWRQHV�
LGHQWLILHG� RQ� DXWRSV\� VWXGLHV�� VWRQHV� LGHQWLILHG� RQ�
XQUHODWHG� LPDJLQJ� VWXGLHV� DV�ZHOO� DV� WKH� VHQVLWLYLW\� RI�
WKH�LPDJLQJ�PRGDOLW\�XVHG�WR�GLDJQRVH�VWRQHV���0RVW�RI�
WKHVH�VXUURJDWHV�OLNHO\�XQGHUHVWLPDWH�VWRQH�SUHYDOHQFH�
EHFDXVH� RI� IDLOXUH� WR� GHWHFW� DV\PSWRPDWLF� VWRQHV��
EHFDXVH� RI� VSRQWDQHRXVO\� SDVVHG� VWRQHV� WKDW� QHYHU�
LQYROYH�KHDOWK�FDUH� UHVRXUFHV��RU�EHFDXVH�D�VWRQH�ZDV�
QRW� VXEVWDQWLDWHG� E\� LPDJLQJ� VWXGLHV� RU� E\� WKH�
GRFXPHQWDWLRQ� RI� D� SDVVHG� VWRQH� GHVSLWH� D� KLVWRU\� RI�
FODVVLF�VWRQH�V\PSWRPV��$V�VXFK��WUXH�VWRQH�SUHYDOHQFH�
LV� GLIILFXOW� WR� GHWHUPLQH�� DQG� WKH�EHVW�ZH� FDQ�GR� LV� WR�
GHILQH� WKH� SDUDPHWHU� PHDVXUHG� WR� GHWHUPLQH�
SUHYDOHQFH� 

+LVWRULFDOO\�� NLGQH\� VWRQHV� KDYH� RFFXUUHG� PRUH�
FRPPRQO\� LQ� PHQ� WKDQ� LQ� ZRPHQ�� +RZHYHU�� E\� DQ\�
QXPEHU�RI�PHWULFV�� WKH�JHQGHU�JDS� LQ�VWRQH�GLVHDVH� LV�
FORVLQJ��-��� $GPLQLVWUDWLYH� GDWD� IURP� WKH� 1DWLRQZLGH�
,QSDWLHQW� 6DPSOH� VKRZHG� D� GHFOLQH� LQ� WKH� PDOH-WR-
IHPDOH�UDWLR�DPRQJ�KRVSLWDO�GLVFKDUJHV�ZLWK�D�SULPDU\�
GLDJQRVLV� RI� NLGQH\� RU� XUHWHUDO� VWRQH� IURP� ������ LQ�
����� WR� ������ LQ� �������� 7KH� FKDQJH� LQ� WKH�PDOH-WR-
IHPDOH� UDWLR� LV� WKRXJKW� WR� UHIOHFW� D� GLVSURSRUWLRQDWH�
LQFUHDVH�LQ�VWRQH�GLVHDVH�DPRQJ�ZRPHQ��UDWKHU�WKDQ�D�
GHFOLQH�DPRQJ�PHQ���7KH�UHDVRQV�IRU�WKH�REVHUYHG�ULVH�
LQ�VWRQH�GLVHDVH�DPRQJ�ZRPHQ�DUH�QRW�FHUWDLQ��EXW�WKH�
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LPSDFW� RI� REHVLW\�� D� NQRZQ� ULVN� IDFWRU� IRU� NLGQH\�
VWRQHV�� ZDV� IRXQG� WR� EH� JUHDWHU� LQ� ZRPHQ� WKDQ� LQ�
PHQ��� 

6WRQH� GLVHDVH� KDV� EHHQ� OLQNHG� WR� V\VWHPLF� FRQGLWLRQV��
DOWKRXJK� LW� LV� QRW� FOHDU� LI� VWRQH� GLVHDVH� LV� D� FDXVH� RI�
WKHVH� GLVRUGHUV� RU� LI� LW� LV� D� FRQVHTXHQFH� RI� WKH� VDPH�
FRQGLWLRQV� WKDW� OHDG� WR� WKHVH� GLVRUGHUV�� 2YHUZHLJKW�
REHVLW\�������K\SHUWHQVLRQ���DQG�GLDEHWHV���KDYH�DOO�EHHQ�
VKRZQ�WR�EH�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�VWRQH�
GLVHDVH�� 

:LWK� WKH� LQFUHDVH� LQ� WKH� SUHYDOHQFH� RI� VWRQH� GLVHDVH��
WKH�FRVW�DVVRFLDWHG�ZLWK�GLDJQRVLV��WUHDWPHQW�DQG�IROORZ
-XS� RI� LQGLYLGXDOV� ZLWK� VWRQHV� KDV� ULVHQ� DFFRUGLQJO\��
8VLQJ� FODLPV� GDWD� IURP���� ODUJH� HPSOR\HUV� DV� SDUW� RI�
WKH� 8URORJLF� 'LVHDVH� LQ� $PHULFD� 3URMHFW�� 6DLJDO� DQG�
FROOHDJXHV� HVWLPDWHG� WKDW� WKH� DQQXDO� LQFUHPHQWDO�
KHDOWK� FDUH� FRVW� SHU� LQGLYLGXDO� DVVRFLDWHG� ZLWK� D�
GLDJQRVLV� RI� QHSKUROLWKLDVLV� LQ� \HDU� ����� ZDV� ��������
WKHUHE\�UHVXOWLQJ�LQ�D�WRWDO�GLUHFW�FRVW�RI�QHSKUROLWKLDVLV�
DPRQJ� WKH� HPSOR\HG� SRSXODWLRQ� RI� ����� ELOOLRQ����
$GGLWLRQDOO\�� VLQFH� VWRQH� GLVHDVH� SULPDULO\� DIIHFWV� WKH�
ZRUNLQJ-DJH� SRSXODWLRQ�� WKH� WRWDO� GLUHFW� DQG� LQGLUHFW�
FRVWV� DVVRFLDWHG� ZLWK� QHSKUROLWKLDVLV�� WDNLQJ� LQWR�
DFFRXQW� WKH� FRVW� RI� ORVW� ZRUNGD\V�� ZDV� HVWLPDWHG� DW�
�����ELOOLRQ�WKDW�\HDU�� 

'LHW� DQG� OLIHVW\OH� OLNHO\� LPSDFW� WKH� ULVN� RI� GHYHORSLQJ�
VWRQHV�� 7KH� EHQHILFLDO� HIIHFW� RI� GLHWDU\� PRGHUDWLRQ� LQ�
UHGXFLQJ�WKH�ULVN�RI�UHFXUUHQW�VWRQHV�ZDV�GHPRQVWUDWHG�
E\�+RVNLQJV�DQG�FR-ZRUNHUV��ZKR�IRXQG�D�UHGXFWLRQ� LQ�
VWRQH� UHFXUUHQFH� UDWH� DPRQJ� ���� LGLRSDWKLF� FDOFLXP�
R[DODWH� VWRQH� IRUPHUV� ZKR� ZHUH� HQFRXUDJHG� WR�
PDLQWDLQ� D� KLJK� IOXLG� LQWDNH� DQG� DYRLG� ³GLHWDU\�
H[FHVV´���� $W� D�PHDQ� IROORZ-XS�RI� ���PRQWKV������RI�
SDWLHQWV� VKRZHG� QR� QHZ� VWRQH� IRUPDWLRQ�� $OWKRXJK�
WKHUH�ZDV�QR�FRQWURO�JURXS�LQ�WKLV�VWXG\��WKH�IDYRUDEOH�
HIIHFW� RI� GLHWDU\� PRGLILFDWLRQ� RQ� VWRQH� IRUPDWLRQ� ZDV�
WHUPHG� WKH� ³VWRQH� FOLQLF� HIIHFW�´� DQG� LW� FRPSULVHV� WKH�
VWDQGDUG� DJDLQVW� ZKLFK� SKDUPDFRORJLF� WKHUDS\� LV�
PHDVXUHG� 

$�QXPEHU�RI�GLHWDU\�PHDVXUHV�KDYH�EHHQ�HYDOXDWHG�IRU�
WKHLU�HIIHFW�RQ�VWRQH�IRUPDWLRQ��8QIRUWXQDWHO\��IHZ�5&7V�
KDYH� FRPSDUHG� WKH� LQFRUSRUDWLRQ� RI� VSHFLILF� GLHWDU\�
PHDVXUHV� ZLWK� QR� UHFRPPHQGDWLRQV� RQ� UHFXUUHQFH�
UDWHV� LQ� JURXSV� RI� ZHOO-GHILQHG� VWRQH� IRUPHUV�� 7KRVH�
WKDW� KDYH� PDGH� VXFK� FRPSDULVRQV� W\SLFDOO\� XWLOL]HG�
PXOWLFRPSRQHQW�GLHWV�VXFK�WKDW�WKH�LQGHSHQGHQW�HIIHFWV�
RI� LQGLYLGXDO� FRPSRQHQWV� FDQQRW� EH� GHWHUPLQHG���-���
+RZHYHU��D�VLQJOH�5&7�IRXQG�UHGXFHG�VWRQH�UHFXUUHQFH�
UDWHV� DPRQJ� UHFXUUHQW� FDOFLXP� R[DODWH� VWRQH� IRUPHUV�
UDQGRPL]HG� WR� D� KLJK� IOXLG� LQWDNH� FRPSDUHG� WR� D�
FRPSDUDEOH� JURXS� JLYHQ� QR� VSHFLILF� UHFRPPHQGDWLRQV�
�����YHUVXV������UHVSHFWLYHO\��DW���\HDUV���YDOLGDWLQJ�
WKH� ORQJ�KHOG�QRWLRQ� WKDW�KLJK� IOXLG� LQWDNH�UHGXFHV� WKH�
OLNHOLKRRG� RI� VWRQH� UHFXUUHQFH���� 7KH� RQO\� VSHFLILF�
EHYHUDJH� WKDW� KDV� EHHQ� HYDOXDWHG� IRU� DQ� HIIHFW� RQ�
VWRQH� UHFXUUHQFH� LQ� DQ�5&7� LV� VRIW� GULQNV�� IRU�ZKLFK�D�
JURXS�RI�������VWRQH�IRUPHUV�ZLWK�D�EDVHOLQH�VRIW�GULQN�
FRQVXPSWLRQ�H[FHHGLQJ�����PO�GDLO\�ZHUH� UDQGRPL]HG�
WR� DYRLG� VRIW� GULQNV� RU� FRQWLQXH� WKHLU� W\SLFDO� EHYHUDJH�
FRQVXPSWLRQ���� 7KH� JURXS� DYRLGLQJ� VRIW� GULQNV�
GHPRQVWUDWHG� D� PDUJLQDOO\� ORZHU� UDWH� RI� VWRQH�
UHFXUUHQFH� DW� WKH� HQG� RI� WKH� WKUHH-\HDU� WULDO� �������

YHUVXV� ������� UHVSHFWLYHO\�� S �������� EXW� WKH� HIIHFW�
DSSHDUHG� WR� EH� OLPLWHG� WR� WKRVH� FRQVXPLQJ� SULPDULO\�
SKRVSKRULF� DFLG-EDVHG� �H�J�� FRODV�� UDWKHU� WKDQ� FLWULF�
DFLG-EDVHG�VRIW�GULQNV�� 

0XOWLFRPSRQHQW� GLHWV� KDYH� EHHQ� HYDOXDWHG� IRU� WKHLU�
HIIHFW� RQ� VWRQH� UHFXUUHQFH� E\� FRPELQLQJ� GLHWDU\�
PHDVXUHV� WKRXJKW� WR� LQGLYLGXDOO\� UHGXFH� VWRQH�
UHFXUUHQFH� UDWHV�� $�PXOWLFRPSRQHQW� GLHW� FRQVLVWLQJ� RI�
QRUPDO�FDOFLXP�� ORZ�VRGLXP�� ORZ�DQLPDO�SURWHLQ� LQWDNH�
ZDV� VKRZQ� WR� EH� VXSHULRU� WR� D� ORZ� FDOFLXP� GLHW� LQ�
SUHYHQWLQJ�VWRQH�UHFXUUHQFH�LQ�K\SHUFDOFLXULF��UHFXUUHQW�
FDOFLXP�R[DODWH� VWRQH-IRUPLQJ�PHQ� �����YHUVXV� ����
UHFXUUHQFH� UDWH� DW� �� \HDUV�� UHVSHFWLYHO\����� +RZHYHU��
WKH�LQGHSHQGHQW�HIIHFWV�RI�FDOFLXP��VRGLXP�DQG�DQLPDO�
SURWHLQ�FRXOG�QRW�EH�DVVHVVHG��$QRWKHU�PXOWLFRPSRQHQW�
GLHW� FRPSULVHG� RI� KLJK� IOXLG�� KLJK� ILEHU�� ORZ� DQLPDO�
SURWHLQ� LQWDNH� VXUSULVLQJO\� ZDV� QRW� VKRZQ� WR� EH�
VXSHULRU� WR� D� KLJK� IOXLG� GLHW� LQ� SUHYHQWLQJ� VWRQH�
UHFXUUHQFH�LQ�D�JURXS�RI�����ILUVW-WLPH�FDOFLXP�R[DODWH�
VWRQH�IRUPHUV����+RZHYHU��WKH�FRQWURO�JURXS�ZDV�IRXQG�
WR�KDYH�KLJKHU�XULQH�YROXPHV� WKDQ� WKH�VWXG\�JURXS�DW�
WZR�RXW�RI�WKUHH�YLVLWV��FRQIRXQGLQJ�WKH�UHVXOWV��$QRWKHU�
5&7�DOVR� IRXQG�QR�EHQHILW�RI�D� ORZ�DQLPDO�SURWHLQ�GLHW�
LQ� UHGXFLQJ� VWRQH� UHFXUUHQFH� UDWHV� DPRQJ� ����
LGLRSDWKLF�FDOFLXP�VWRQH� IRUPHUV� UDQGRPL]HG� WR�RQH�RI�
WKUHH�JURXSV��ORZ�DQLPDO�SURWHLQ�GLHW��KLJK�ILEHU�GLHW�RU�
D�FRQWURO�JURXS�ZLWK�QR�UHFRPPHQGDWLRQV����7KHUH�ZDV�
QR�VLJQLILFDQW�GLIIHUHQFH�LQ�UHFXUUHQFH�UDWHV�DPRQJ�WKH�
WKUHH� JURXSV� DW� WKH� FRQFOXVLRQ� RI� WKH� IRXU-\HDU� WULDO��
&RQVHTXHQWO\��RQO\�WKH�FRPELQHG�HIIHFW�RI� ORZ�VRGLXP��
ORZ� DQLPDO� SURWHLQ�� QRUPDO� FDOFLXP� LQWDNH� KDV� EHHQ�
VKRZQ� WR� UHGXFH� WKH� OLNHOLKRRG� RI� VWRQH� UHFXUUHQFH�
FRPSDUHG�WR�ORZ�FDOFLXP�LQWDNH��,W�UHPDLQV�XQFOHDU�KRZ�
PXFK�HDFK�RI�WKH�GLHWDU\�FRPSRQHQWV�FRQWULEXWHV�WR�WKH�
EHQHILFLDO�HIIHFW�RI�WKH�GLHW��)XUWKHUPRUH��WKH�EHQHILW�RI�
WKHVH� GLHWV� ZDV� RQO\� GHILQLWLYHO\� GHPRQVWUDWHG� LQ�
UHFXUUHQW�FDOFLXP�VWRQH-IRUPLQJ�PHQ� 

,Q�WKH�DEVHQFH�RI�ODUJH�QXPEHUV�RI�ZHOO-GHVLJQHG�5&7V�
IRU� WKH� HYDOXDWLRQ� RI� GLHWDU\� PHDVXUHV� RQ� VWRQH�
UHFXUUHQFH�� WKUHH� ODUJH� FRKRUW� VWXGLHV� KDYH� EHHQ�
H[WHQVLYHO\� DQDO\]HG� WR� GHWHUPLQH� WKH� LQGHSHQGHQW�
HIIHFW�RI�D�YDULHW\�RI�IRRGV�DQG�VXSSOHPHQWV�RQ�LQFLGHQW�
VWRQH� IRUPDWLRQ�� WKH� 1XUVHV¶� +HDOWK� 6WXG\� ,� �1+6� ,��
FRPSULVHG�RI���������IHPDOH�UHJLVWHUHG�QXUVHV�DJH���-
����WKH�1XUVHV¶�+HDOWK�6WXG\�,,��1+6�,,��FRPSULVHG�RI�D�
VOLJKWO\� \RXQJHU� FRKRUW� RI� �������� IHPDOH� UHJLVWHUHG�
QXUVHV�DJH���-���DQG�WKH�+HDOWK�3URIHVVLRQDOV�)ROORZ-
XS� 6WXG\� �+3)6�� FRPSULVHG� RI� ������� PDOH� KHDOWK�
SURIHVVLRQDOV� DJH� ��-��� \HDUV�� ,Q� DOO� WKUHH� FRKRUWV��
VXEMHFWV� FRPSOHWHG� IRRG� IUHTXHQF\� TXHVWLRQQDLUHV� DQG�
ELHQQLDO� VXUYH\V� LQTXLULQJ� DERXW� GLIIHUHQW� DVSHFWV� RI�
WKHLU� KHDOWK�� LQFOXGLQJ� ZKHWKHU� WKH\� KDG� HYHU� EHHQ�
GLDJQRVHG�ZLWK�D�NLGQH\�VWRQH���-���7KHVH�HSLGHPLRORJLF�
VWXGLHV� KDYH� LPSOLFDWHG� ORZ� FDOFLXP� LQWDNH������������
�ZRPHQ� DQG� \RXQJHU� PHQ��� ORZ� IOXLG� LQWDNH�������������
VXJDU-VZHHWHQHG� EHYHUDJHV��� DQG� DQLPDO�
SURWHLQ������������ �PHQ�ZLWK� D� %0,�!���PJ�NJ��� DV� ULVN�
IDFWRUV�IRU�WKH�GHYHORSPHQW�RI�D�ILUVW-WLPH�VWRQH�� 

2WKHU� GLHWDU\�PHDVXUHV� KDYH� EHHQ� HYDOXDWHG� LQ� VPDOO�
PHWDEROLF� WULDOV�� ZKLFK� LQ� VRPH� FDVHV� YDOLGDWH� WKH�
ILQGLQJV� RI� ODUJH� HSLGHPLRORJLF� VWXGLHV� DQG� 5&7V�� EXW�
VRPHWLPHV�GR�QRW��7KH�HQGSRLQW�RI�WKHVH�VWXGLHV�LV�WKH�
HIIHFW� RI� WKHUDS\� RQ� XULQDU\� VWRQH� ULVN� IDFWRUV�� UDWKHU�
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WKDQ� DFWXDO� VWRQH� IRUPDWLRQ�� GHVSLWH� D� FOHDU� ODFN� RI�
YDOLGDWLRQ� RI� WKHVH� SDUDPHWHUV� DV� SUR[LHV� IRU� VWRQH�
IRUPDWLRQ�� &RQVHTXHQWO\�� WKLV� *XLGHOLQH� IRFXVHG�
SULPDULO\�RQ�5&7V�XVLQJ�DFWXDO�VWRQH�IRUPDWLRQ�UDWH�DV�
WKH� SULPDU\� RXWFRPH�� DOWKRXJK� WKH� EHQHILW� RI� VRPH�
WKHUDSLHV�ZDV�LQIHUUHG�IURP�WKH�HIIHFW�RQ�XULQDU\�VWRQH�
ULVN�IDFWRUV��WKH�ODWHU�WUHDWPHQW�UHFRPPHQGDWLRQV�ZHUH�
PDGH�ZLWK�D�ORZHU�VWUHQJWK�RI�HYLGHQFH� 

'UXJ� WKHUDSLHV�� SULPDULO\� GLUHFWHG� DJDLQVW� VSHFLILF�
PHWDEROLF� DEQRUPDOLWLHV�� KDYH� EHHQ� VKRZQ� WR� EH�
VXSHULRU�WR�SODFHER��RU�QR-WUHDWPHQW�FRQWURO�JURXSV��LQ�
UDQGRPL]HG� WULDOV���� 8QIRUWXQDWHO\�� 5&7V� LQ� VWRQH�
GLVHDVH�DUH�UHODWLYHO\�VSDUVH��OLNHO\�EHFDXVH�WKH�UHODWLYH�
LQIUHTXHQF\� RI� WKH� HYHQW� UHTXLUHV� ORQJ� SHULRGV� RI�
REVHUYDWLRQ��+RZHYHU��IRU�WKH�SXUSRVHV�RI�WKLV�JXLGHOLQH�
ZH� IRFXVHG� RQ� SXEOLVKHG� 5&7V� WR� GHULYH�
UHFRPPHQGDWLRQV� UHJDUGLQJ� SKDUPDFRORJLF� WKHUDS\�
DLPHG� DW� SUHYHQWLQJ� VWRQH� UHFXUUHQFH�� ,QWHUHVWLQJO\��
WKH� EHQHILW� RI� GLUHFWHG� PHGLFDO� WKHUDS\� DLPHG� DW�
VSHFLILF�XQGHUO\LQJ�PHWDEROLF�DEQRUPDOLWLHV�RYHU�HPSLULF�
WKHUDS\� DGPLQLVWHUHG� ZLWKRXW� UHJDUG� WR� PHWDEROLF�
EDFNJURXQG�� KDV� QHYHU� EHHQ� SURYHQ�� ,QGHHG�� VHYHUDO�
5&7V� KDYH� GHPRQVWUDWHG� D� EHQHILW� RI� WKHUDS\� LQ�
XQVHOHFWHG� JURXSV� RI� SDWLHQWV� GHVSLWH� GUXJ� WKHUDS\�
WDUJHWHG� WR� DGGUHVV� D� VSHFLILF� PHWDEROLF� DEQRUPDOLW\��
H�J��� WKLD]LGHV������ RU� SRWDVVLXP� PDJQHVLXP� FLWUDWH����
7KLD]LGH� GLXUHWLFV�� WKH� EHVW-VWXGLHG� GUXJ� WKHUDS\� IRU�
VWRQH� SUHYHQWLRQ�� DORQJ� ZLWK� KLJK� IOXLG� LQWDNH�� KDYH�
EHHQ� VKRZQ� WR� UHGXFH� VWRQH� UHFXUUHQFH� UDWHV� LQ�
UHFXUUHQW� FDOFLXP� VWRQH� IRUPHUV���� 7KH� HIIHFW� LV� QRW�
QHFHVVDULO\� OLPLWHG� WR� K\SHUFDOFLXULF� VWRQH� IRUPHUV��
DOWKRXJK� HYHQ� LQ� WULDOV� LQ� ZKLFK� SDWLHQWV� ZHUH� QRW�
VHOHFWHG� RQ� WKH� EDVLV� RI� K\SHUFDOFLXULD�� K\SHUFDOFLXULD�
ZDV� OLNHO\� WKH� PRVW� FRPPRQ� PHWDEROLF� DEQRUPDOLW\��
$ORQJ� ZLWK� KLJK� IOXLG� LQWDNH�� DONDOL� FLWUDWH������ DQG�
DOORSXULQRO������KDYH�HDFK�EHHQ�VKRZQ�WR�EH�HIIHFWLYH�LQ�
UHGXFLQJ�WKH�ULVN�RI�FDOFLXP�VWRQHV��DOWKRXJK�WKH�HIIHFW�
RI� DOORSXULQRO� LV� OLPLWHG� WR� K\SHUXULFRVXULF� DQG�RU�
K\SHUXULFHPLF� SDWLHQWV�� 7KXV�� WR� EH� VWULFWO\� DFFXUDWH��
UHFRPPHQGDWLRQV� E\� WKH� 3DQHO� ZRXOG� KDYH� WR� EH�
UHVWULFWHG� WR� WKH� VSHFLILF� JURXSV� RI� VWRQH� IRUPHUV�
VWXGLHG� LQ� WKH� OLPLWHG� 5&7V� �L�H��� K\SHUFDOFLXULF��
UHFXUUHQW�FDOFLXP�VWRQH-IRUPLQJ�PHQ��WR�UHFRPPHQG�D�
QRUPDO�FDOFLXP�� ORZ�DQLPDO�SURWHLQ�� ORZ�VRGLXP�GLHW����
+RZHYHU�� LQ� VRPH� FDVHV�� UHFRPPHQGDWLRQV� ZHUH�
EURDGHQHG� WR� LQFOXGH� WKH� ODUJHU� VWRQH-IRUPLQJ�
SRSXODWLRQ�� DOWKRXJK� WKH� UHFRPPHQGDWLRQ� ZDV�
VXSSRUWHG� ZLWK� ORZHU� VWUHQJWK� RI� HYLGHQFH�� )XUWKHU�
VWXG\� ZLOO� EH� QHFHVVDU\� WR� GHWHUPLQH� LI� WKHVH�
UHFRPPHQGDWLRQV�KROG�IRU�ZRPHQ�RU�IRU�QRUPRFDOFLXULF�
VWRQH�IRUPHUV�� 

'LHW� WKHUDS\� KDV� QHYHU� EHHQ� FRPSDUHG� KHDG-WR-KHDG�
ZLWK�SKDUPDFRORJLF�WKHUDS\��$V�VXFK��UHFRPPHQGDWLRQV�
E\� WKH� 3DQHO� LQFRUSRUDWH� GUXJV� DQG�RU� GLHW� WKHUDS\� LQ�
VHOHFW� FLUFXPVWDQFHV�� XQWLO� WKH� VXSHULRULW\� RI� RQH� RYHU�
WKH� RWKHU� FDQ� EH� GHPRQVWUDWHG� DQG� WR� DOORZ�
LQGLYLGXDOL]DWLRQ�IRU�SDUWLFXODU�SDWLHQWV�� 
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(YDOXDWLRQ 

*XLGHOLQH�6WDWHPHQW��� 

$�FOLQLFLDQ�VKRXOG�SHUIRUP�D�VFUHHQLQJ�HYDOXDWLRQ�
FRQVLVWLQJ� RI� D� GHWDLOHG� PHGLFDO� DQG� GLHWDU\�
KLVWRU\�� VHUXP� FKHPLVWULHV� DQG� XULQDO\VLV� RQ� D�
SDWLHQW� QHZO\� GLDJQRVHG�ZLWK� NLGQH\� RU� XUHWHUDO�
VWRQHV���&OLQLFDO�3ULQFLSOH� 

$� GHWDLOHG� KLVWRU\� VKRXOG� HOLFLW� IURP� WKH� SDWLHQW� DQ\�
PHGLFDO� FRQGLWLRQV�� GLHWDU\� KDELWV� RU� PHGLFDWLRQV� WKDW�
SUHGLVSRVH�WR�VWRQH�GLVHDVH��&RQGLWLRQV�DVVRFLDWHG�ZLWK�
VWRQH� GLVHDVH� LQFOXGH� REHVLW\�� K\SHUWK\URLGLVP�� JRXW��
UHQDO� WXEXODU� DFLGRVLV� �57$�� W\SH� ��� GLDEHWHV� PHOOLWXV�
W\SH����ERQH�GLVHDVH��SULPDU\�K\SHUSDUDWK\URLGLVP�DQG�
PDODEVRUSWLYH� JDVWURLQWHVWLQDO� VWDWHV� GXH� WR� ERZHO�
UHVHFWLRQ�� EDULDWULF� VXUJHU\� RU� ERZHO� RU� SDQFUHDWLF�
GLVHDVH�� 1XWULWLRQDO� IDFWRUV� DVVRFLDWHG� ZLWK� VWRQH�
GLVHDVH�� GHSHQGLQJ� RQ� VWRQH� W\SH� DQG� ULVN� IDFWRUV��
LQFOXGH�FDOFLXP� LQWDNH�EHORZ�RU�VLJQLILFDQWO\�DERYH� WKH�
UHFRPPHQGHG� GLHWDU\� DOORZDQFH� �5'$��� ORZ� IOXLG�
LQWDNH��KLJK�VRGLXP�LQWDNH�� OLPLWHG� LQWDNH�RI� IUXLWV�DQG�
YHJHWDEOHV� DQG� KLJK� LQWDNH� RI� DQLPDO-GHULYHG� SXULQHV��
3DWLHQWV� VKRXOG�EH�TXHULHG� UHJDUGLQJ� WKHLU� UHJXODU�XVH�
RI� DQ\� VWRQH-SURYRNLQJ� PHGLFDWLRQV� RU� VXSSOHPHQWV�
�SUREHQHFLG��VRPH�SURWHDVH�LQKLELWRUV��OLSDVH�LQKLELWRUV��
WULDPWHUHQH�� FKHPRWKHUDS\�� YLWDPLQ� &�� YLWDPLQ� '��
FDOFLXP� DQG� FDUERQLF� DQK\GUDVH� LQKLELWRUV� VXFK� DV�
WRSLUDPDWH��DFHWD]RODPLGH��]RQLVDPLGH��� 

'LHWDU\� KLVWRU\� VKRXOG� HOLFLW� IURP� WKH� SDWLHQW� WKHLU�
DYHUDJH� GDLO\� LQWDNH� RI� IOXLGV� �DPRXQW� DQG� VSHFLILF�
EHYHUDJHV��� SURWHLQ� �W\SHV� DQG� DPRXQWV��� FDOFLXP��
VRGLXP�� KLJK� R[DODWH-FRQWDLQLQJ� IRRGV�� IUXLWV� DQG�
YHJHWDEOHV�DQG�RYHU-WKH-FRXQWHU�VXSSOHPHQWV�� 

6HUXP�FKHPLVWULHV�VKRXOG�LQFOXGH�HOHFWURO\WHV��VRGLXP��
SRWDVVLXP�� FKORULGH�� ELFDUERQDWH��� FDOFLXP�� FUHDWLQLQH�
DQG� XULF� DFLG� WKDW� PD\� VXJJHVW� XQGHUO\LQJ� PHGLFDO�
FRQGLWLRQV�DVVRFLDWHG�ZLWK�VWRQH�GLVHDVH��H�J���SULPDU\�
K\SHUSDUDWK\URLGLVP��������JRXW��57$�W\SH�����8ULQDO\VLV�
VKRXOG�LQFOXGH�ERWK�GLSVWLFN�DQG�PLFURVFRSLF�HYDOXDWLRQ�
WR� DVVHVV� XULQH� S+� DQG� LQGLFDWRUV� RI� LQIHFWLRQ� DQG� WR�
LGHQWLI\� FU\VWDOV� SDWKRJQRPRQLF� RI� VWRQH� W\SH�� 8ULQH�
FXOWXUH�VKRXOG�EH�REWDLQHG�LQ�SDWLHQWV�ZLWK�D�XULQDO\VLV�
VXJJHVWLYH�RI�XULQDU\�WUDFW�LQIHFWLRQ��87,��RU�LQ�SDWLHQWV�
ZLWK� UHFXUUHQW� 87,V�� 7KH� SUHVHQFH� RI� KLJK� XULQH� S+�
�!����� RU� XUHD-VSOLWWLQJ� RUJDQLVPV�� VXFK� DV� 3URWHXV�
VSHFLHV��UDLVHV�WKH�SRVVLELOLW\�RI�VWUXYLWH�VWRQHV� 

*XLGHOLQH�6WDWHPHQW���  

&OLQLFLDQV�VKRXOG�REWDLQ�VHUXP� LQWDFW�SDUDWK\URLG�
KRUPRQH� �37+�� OHYHO� DV� SDUW� RI� WKH� VFUHHQLQJ�
HYDOXDWLRQ� LI� SULPDU\� K\SHUSDUDWK\URLGLVP� LV�
VXVSHFWHG���&OLQLFDO�3ULQFLSOH� 

3ULPDU\�K\SHUSDUDWK\URLGLVP�VKRXOG�EH�VXVSHFWHG�ZKHQ�
VHUXP� FDOFLXP� LV� KLJK� RU� KLJK� QRUPDO�� 3UHGRPLQDQWO\�
FDOFLXP�SKRVSKDWH�VWRQH�FRPSRVLWLRQ��HOHYDWHG�XULQDU\�
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FDOFLXP�RU�PLG-UDQJH�37+� LQ� WKH� IDFH�RI� KLJKHU� VHUXP�
FDOFLXP�PD\�DGGLWLRQDOO\�OHDG�WR�D�VXVSLFLRQ�RI�SULPDU\�
K\SHUSDUDWK\URLGLVP��0HDVXUHPHQW�RI�YLWDPLQ�'� OHYHOV�
PD\�DGGLWLRQDOO\�EH�KHOSIXO�DV�ORZ�YLWDPLQ�'�OHYHOV�PD\�
PDVN� SULPDU\� K\SHUSDUDWK\URLGLVP�� RU� FRQWULEXWH� WR�
VHFRQGDU\�K\SHUSDUDWK\URLGLVP��$�KLJK�RU�KLJK�QRUPDO�
LQWDFW� 37+� LQ� WKHVH� VHWWLQJV� VKRXOG� SURPSW� IXUWKHU�
HQGRFULQH� HYDOXDWLRQ�� LPDJLQJ� RU� UHIHUUDO� IRU�
FRQVLGHUDWLRQ�RI�SDUDWK\URLGHFWRP\� 

*XLGHOLQH�6WDWHPHQW���  

:KHQ�D�VWRQH�LV�DYDLODEOH��FOLQLFLDQV�VKRXOG�REWDLQ�
D�VWRQH�DQDO\VLV�DW�OHDVW�RQFH���&OLQLFDO�3ULQFLSOH� 

6WRQH� FRPSRVLWLRQ� RI� XULF� DFLG�� F\VWLQH� RU� VWUXYLWH�
LPSOLFDWHV� VSHFLILF� PHWDEROLF� RU� JHQHWLF� DEQRUPDOLWLHV��
DQG� NQRZOHGJH� RI� VWRQH� FRPSRVLWLRQ� PD\� KHOS� GLUHFW�
SUHYHQWLYH� PHDVXUHV������� &DOFLXP� SKRVSKDWH� VWRQH�
FRPSRVLWLRQ�LV�PRUH�OLNHO\�WR�EH�DVVRFLDWHG�ZLWK�FHUWDLQ�
PHGLFDO�FRQGLWLRQV�RU�PHGLFDWLRQV��VXFK�DV�57$�7\SH����
SULPDU\�K\SHUSDUDWK\URLGLVP��PHGXOODU\�VSRQJH�NLGQH\�
DQG�WKH�XVH�RI�FDUERQLF�DQK\GUDVH�LQKLELWRUV������� 

*XLGHOLQH�6WDWHPHQW���  

&OLQLFLDQV� VKRXOG� REWDLQ� DQG� UHYLHZ� DYDLODEOH�
LPDJLQJ� VWXGLHV� WR� TXDQWLI\� VWRQH� EXUGHQ��
�&OLQLFDO�3ULQFLSOH� 

0XOWLSOH� RU� ELODWHUDO� UHQDO� FDOFXOL� DW� LQLWLDO� SUHVHQWDWLRQ�
PD\�SODFH�D�VWRQH�IRUPHU�DW�JUHDWHU�ULVN�RI�UHFXUUHQFH��
1HSKURFDOFLQRVLV� LPSOLHV� DQ� XQGHUO\LQJ� PHWDEROLF�
GLVRUGHU� �H�J��� 57$� W\SH� ��� SULPDU\�
K\SHUSDUDWK\URLGLVP�� SULPDU\� K\SHUR[DOXULD�� RU�
DQDWRPLF� FRQGLWLRQ� �PHGXOODU\� VSRQJH� NLGQH\��
SUHGLVSRVLQJ�WR�VWRQH�IRUPDWLRQ� 

*XLGHOLQH�6WDWHPHQW���  

&OLQLFLDQV� VKRXOG� SHUIRUP� DGGLWLRQDO� PHWDEROLF�
WHVWLQJ� LQ�KLJK-ULVN�RU� LQWHUHVWHG� ILUVW-WLPH�VWRQH�
IRUPHUV� DQG� UHFXUUHQW� VWRQH� IRUPHUV�� �6WDQGDUG��
(YLGHQFH�6WUHQJWK��*UDGH�%� 

8ULQDU\� VDWXUDWLRQ� RI� VWRQH-IRUPLQJ� VDOWV� KDV� EHHQ�
VKRZQ� WR�FRUUHODWH�ZLWK�VWRQH�FRPSRVLWLRQ�� VXJJHVWLQJ�
WKDW� ��-KRXU� XULQH� WHVWLQJ� FDQ� EH� XVHG� WR� LQIRUP� DQG�
PRQLWRU� WUHDWPHQW� SURWRFROV������� +LJK-ULVN� DQG�RU�
UHFXUUHQW� VWRQH� IRUPHUV� DUH� OLNHO\� WR� EHQHILW� IURP�
PHWDEROLF� WHVWLQJ� DQG� PHGLFDO� WKHUDS\� DQG� LQFOXGH�
WKRVH� ZLWK� D� IDPLO\� KLVWRU\� RI� VWRQH� GLVHDVH��
PDODEVRUSWLYH�LQWHVWLQDO�GLVHDVH�RU�UHVHFWLRQ��UHFXUUHQW�
XULQDU\� WUDFW� LQIHFWLRQV�� REHVLW\� RU� PHGLFDO� FRQGLWLRQV�
SUHGLVSRVLQJ� WR� VWRQHV� �H�J��� 57$� 7\SH� ��� SULPDU\�
K\SHUSDUDWK\URLGLVP�� JRXW�� GLDEHWHV� PHOOLWXV� W\SH� ����
3DWLHQWV� ZLWK� D� VROLWDU\� NLGQH\� DUH� FRQVLGHUHG� ³KLJK-
ULVN´� EHFDXVH� RI� WKH� VHULRXV� LPSOLFDWLRQV� RI� VWRQH�
SDVVDJH�REVWUXFWLRQ� LQ� D� VROLWDU\� NLGQH\�� 5HFXUUHQW�
VWRQH� IRUPHUV� LQFOXGH� SDWLHQWV� ZLWK� UHSHDWHG� VWRQH�
HSLVRGHV�DV�ZHOO�DV�WKRVH�ZLWK�PXOWLSOH�VWRQHV�DW�LQLWLDO�
SUHVHQWDWLRQ�� $GGLWLRQDOO\�� LQWHUHVWHG� ILUVW-WLPH� VWRQH�
IRUPHUV� PLJKW� EH� RIIHUHG� PHWDEROLF� WHVWLQJ� WR� KHOS�
GLUHFW� GLHWDU\� UHFRPPHQGDWLRQV� RU� SRWHQWLDOO\� LQLWLDWH�
PHGLFDWLRQ� 

,GHQWLILFDWLRQ� RI� PHWDEROLF� DQG� HQYLURQPHQWDO� ULVN�
IDFWRUV� FDQ� KHOS� GLUHFW� GLHWDU\� DQG� PHGLFDO� WKHUDS\��
6SHFLILF� QXWULWLRQDO� WKHUDS\�� LQIRUPHG� E\� ERWK� GLHW�
DVVHVVPHQW�DQG�PHWDEROLF� WHVWLQJ��KDV�EHHQ� VKRZQ� WR�

EH� PRUH� HIIHFWLYH� WKDQ� JHQHUDO� GLHWDU\� PHDVXUHV� LQ�
SUHYHQWLQJ� UHFXUUHQW� VWRQHV���� $OWKRXJK� WKH� EHQHILW� RI�
GLUHFWHG� PHGLFDO� WKHUDS\� RYHU� HPSLULF� WUHDWPHQW� KDV�
QRW� EHHQ� GHILQLWLYHO\� SURYHQ�� REVHUYDWLRQDO� VWXGLHV�
VXSSRUW� WKH� HIIHFWLYHQHVV� RI� D� WDUJHWHG� DSSURDFK�������
5&7V�� KRZHYHU�� KDYH� VKRZQ� EHQHILWV� DVVRFLDWHG� ZLWK�
ERWK�HPSLULF�DQG�GLUHFWHG�PHGLFDO�WKHUDS\���� 

*XLGHOLQH�6WDWHPHQW���  

0HWDEROLF�WHVWLQJ�VKRXOG�FRQVLVW�RI�RQH�RU�WZR���-
KRXU�XULQH�FROOHFWLRQV�REWDLQHG�RQ�D� UDQGRP�GLHW�
DQG� DQDO\]HG� DW� PLQLPXP� IRU� WRWDO� YROXPH�� S+��
FDOFLXP�� R[DODWH�� XULF� DFLG�� FLWUDWH�� VRGLXP��
SRWDVVLXP�DQG�FUHDWLQLQH���([SHUW�2SLQLRQ�� 

7KHUH�DUH�FRQIOLFWLQJ�RSLQLRQV�LQ�WKH�OLWHUDWXUH�UHJDUGLQJ�
WKH� DGHTXDF\� RI� D� VLQJOH� ��-KRXU� XULQH� LQ� UHOLDEO\�
LGHQWLI\LQJ�XULQDU\�DEQRUPDOLWLHV���-���,Q�WKH�DEVHQFH�RI�
FOHDU�FRQVHQVXV��HLWKHU�RQH�RU�WZR���-KRXU�XULQHV�PD\�
EH�REWDLQHG��DOWKRXJK� WZR�FROOHFWLRQV�DUH�SUHIHUUHG�E\�
WKH� 3DQHO�� 7KH� DFFXUDF\� RI� D� ��-KRXU� XULQH� FROOHFWLRQ�
VKRXOG�EH�DVVHVVHG�SULRU�WR�LQWHUSUHWDWLRQ�RI�UHVXOWV��7R�
DVVHVV�WKH�DGHTXDF\�RI�WKH���-KRXU�XULQH�FROOHFWLRQ����
-KRXU� XULQDU\� FUHDWLQLQH� H[FUHWLRQ�� WDNLQJ� LQWR� DFFRXQW�
SDWLHQW� JHQGHU� DQG� ERG\� ZHLJKW�� DV� ZHOO� DV� SDWLHQW�
UHFDOO�RI�WKH�VWDUW�DQG�HQG�WLPHV�RI�KLV�RU�KHU�FROOHFWLRQ��
VKRXOG�EH�FRQVLGHUHG�� 

2WKHU� XULQDU\� SDUDPHWHUV�PD\� EH� KHOSIXO� LQ� WKH� LQLWLDO�
DQG� IROORZ-XS� HYDOXDWLRQ� RI� VWRQH� IRUPHUV�� 8ULQDU\�
VXSHUVDWXUDWLRQ� RI� VWRQH-IRUPLQJ� VDOWV� LV� SURYLGHG� DV�
SDUW� RI� WKH� ��-KRXU� XULQH� DQDO\VLV� SDQHO� IURP� PDQ\�
FRPPHUFLDOO\� DYDLODEOH� ODERUDWRULHV�� RU� LW� FDQ� EH�
FDOFXODWHG�XVLQJ�D� FRPSXWHU� SURJUDP��6XSHUVDWXUDWLRQ�
FDQ� JXLGH� DQG�PRQLWRU� HIIHFWLYHQHVV� RI� WUHDWPHQW� DQG�
DV� VXFK�� LV� XVHIXO� DV� SDUW� RI� WKH� LQLWLDO� ��-KRXU� XULQH�
HYDOXDWLRQ���������� /LNHZLVH�� PDUNHUV� RI� SURWHLQ� LQWDNH��
VXFK� DV� XULQH� XUHD� QLWURJHQ� RU� XULQDU\� VXOIDWH�� DUH�
UHIOHFWLYH�RI� DQLPDO� SURWHLQ� LQWDNH�DQG� FDQ�EH�XVHG� WR�
DVVHVV� GLHWDU\� DGKHUHQFH�� � )LQDOO\�� XULQDU\� SRWDVVLXP�
PHDVXUHG� DW� EDVHOLQH� FDQ� EH� FRPSDUHG� WR� XULQDU\�
SRWDVVLXP� REWDLQHG� GXULQJ� IROORZ-XS� WR� JDXJH�
FRPSOLDQFH�ZLWK�PHGLFDWLRQ�UHJLPHQV� 

,Q�VWRQH�IRUPHUV�ZLWK�NQRZQ�F\VWLQH�VWRQHV�RU�D�IDPLO\�
KLVWRU\�RI�F\VWLQXULD�RU� IRU� WKRVH� LQ�ZKRP�F\VWLQXULD� LV�
VXVSHFWHG�� XULQDU\� F\VWLQH� VKRXOG� DGGLWLRQDOO\� EH�
PHDVXUHG�� 

3ULPDU\� K\SHUR[DOXULD� VKRXOG� EH� VXVSHFWHG� ZKHQ�
XULQDU\�R[DODWH�H[FUHWLRQ�H[FHHGV����PJ�GD\� LQ�DGXOWV�
ZLWKRXW� ERZHO� G\VIXQFWLRQ�� 7KHVH� SDWLHQWV� VKRXOG� EH�
FRQVLGHUHG� IRU� UHIHUUDO� IRU� JHQHWLF� WHVWLQJ� DQG�RU�
VSHFLDOL]HG�XULQH�WHVWLQJ��� 

*XLGHOLQH�6WDWHPHQW���  

&OLQLFLDQV� VKRXOG�QRW� URXWLQHO\�SHUIRUP�³IDVW� DQG�
FDOFLXP� ORDG´� WHVWLQJ� WR�GLVWLQJXLVK�DPRQJ� W\SHV�
RI� K\SHUFDOFLXULD�� �5HFRPPHQGDWLRQ�� (YLGHQFH�
6WUHQJWK��*UDGH�&�� 

8VH�RI�WKH�IDVW�DQG�RUDO�FDOFLXP�ORDG�WHVW�WR�GLVWLQJXLVK�
DPRQJ� W\SHV� RI� K\SHUFDOFLXULD� KDV� QRW� EHHQ� VKRZQ� WR�
FKDQJH�FOLQLFDO�SUDFWLFH������ 

'LHW�7KHUDSLHV 

*XLGHOLQH�6WDWHPHQW��� 

(YDOXDWLRQ 

0HGLFDO�0DQDJHPHQW�
RI�.LGQH\�6WRQHV 

&RS\ULJKW��������$PHULFDQ�8URORJLFDO�$VVRFLDWLRQ�(GXFDWLRQ�DQG�5HVHDUFK��,QF�� 
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&OLQLFLDQV�VKRXOG�UHFRPPHQG�WR�DOO�VWRQH�IRUPHUV�
D� IOXLG� LQWDNH�WKDW�ZLOO�DFKLHYH�D�XULQH�YROXPH�RI�
DW� OHDVW� ���� OLWHUV� GDLO\�� �6WDQGDUG�� (YLGHQFH�
6WUHQJWK��*UDGH�%� 

1HSKUROLWKLDVLV� LV� D� GLVHDVH� RI� LQFUHDVHG� XULQDU\�
FRQFHQWUDWLRQ�RI�VWRQH-IRUPLQJ�VDOWV��DQG�XULQH�YROXPH�
LV� D� PDMRU� GHWHUPLQDQW� RI� WKH� FRQFHQWUDWLRQ� RI�
OLWKRJHQLF�IDFWRUV��)OXLG�LQWDNH�LV�WKH�PDLQ�GHWHUPLQDQW�
RI� XULQH� YROXPH�� DQG� DV� VXFK�� KLJK� IOXLG� LQWDNH� LV� D�
FULWLFDO� FRPSRQHQW� RI� VWRQH� SUHYHQWLRQ�� 2EVHUYDWLRQDO�
VWXGLHV��������� DQG� D� UDQGRPL]HG� FRQWUROOHG� WULDO��� KDYH�
GHPRQVWUDWHG� WKDW�KLJKHU� IOXLG� LQWDNH� UHGXFHV� WKH� ULVN�
RI� VWRQH� IRUPDWLRQ�� $OWKRXJK� WKHUH� LV� QR� GHILQLWLYH�
WKUHVKROG� IRU� XULQH� YROXPH� DQG� LQFUHDVHG� ULVN� �WKH�
UHODWLRQVKLS� LV� FRQWLQXRXV� DQG�PD\� QRW� EH� OLQHDU��� DQ�
DFFHSWHG� JRDO� LV� DW� OHDVW� ���� OLWHUV� RI� XULQH� GDLO\��
%HFDXVH�RI�LQVHQVLEOH�ORVVHV�DQG�YDU\LQJ�LQWDNH�RI�IOXLG�
FRQWDLQHG�LQ�IRRG��D�XQLYHUVDO�UHFRPPHQGDWLRQ�IRU�WRWDO�
IOXLG� LQWDNH� LV� QRW� DSSURSULDWH�� ,QVWHDG�� WKH�
UHFRPPHQGDWLRQ� VKRXOG� EH� WDLORUHG� WR� WKH� LQGLYLGXDO�
SDWLHQW� E\� XVLQJ� LQIRUPDWLRQ� RQ� WRWDO� YROXPH� GHULYHG�
IURP�WKH���-KRXU�XULQH�FROOHFWLRQV��7KHUH�DUH�QR�GDWD�WR�
VXSSRUW� WKH� XVH� RI� XULQH� FRORU� DV� D� JXLGH�� DQG� WKH�
GHVLUH� WR� KDYH� FRQVWDQWO\� GLOXWH� XULQH� QHHGV� WR� EH�
EDODQFHG� DJDLQVW� WKH� QHHG� IRU� VOHHS� DQG� FRPSHWLQJ�
DFWLYLWLHV�RI�GDLO\�OLYLQJ��LQFOXGLQJ�ZRUN�DQG�VFKRRO� 

2EVHUYDWLRQDO� VWXGLHV� KDYH� IRXQG� WKDW� FHUWDLQ�
EHYHUDJHV� PD\� EH� DVVRFLDWHG� ZLWK� ULVN� RI� VWRQH�
IRUPDWLRQ� EH\RQG� WKHLU� LPSDFW� RQ� XULQH� YROXPH��
,QGHHG�� DOFRKROLF� EHYHUDJHV�� FRIIHH�� GHFDIIHLQDWHG�
FRIIHH��WHD�DQG�ZLQH�KDYH�EHHQ�VKRZQ�LQ�REVHUYDWLRQDO�
VWXGLHV� WR� EH� DVVRFLDWHG� ZLWK� D� ORZHU� ULVN� RI� VWRQH�
IRUPDWLRQ���������� ZKLOH� VXJDU-VZHHWHQHG� EHYHUDJHV�
GHPRQVWUDWHG� DQ� LQFUHDVHG� ULVN���� +RZHYHU�� WKHVH�
EHYHUDJHV� KDYH� QRW� EHHQ� HYDOXDWHG� LQ� UDQGRPL]HG�
WULDOV�� 2Q� WKH� RWKHU� KDQG�� D� VLQJOH� UDQGRPL]HG� WULDO�
VKRZHG� D� EHQHILW� RI� UHGXFHG� VRGD� FRQVXPSWLRQ��
DOWKRXJK�WKH�EHQHILW�ZDV�ODUJHO\�GXH�WR�UHGXFHG�LQWDNH�
RI� SKRVSKRULF� DFLG-EDVHG� VRGD� �H�J�� FROD��� DQG� WKH�
RYHUDOO�UHGXFWLRQ�LQ�VWRQH�UHFXUUHQFH�UDWH�ZDV�RQO\����
IHZHU� VWRQHV�DW��� \HDUV� DV� FRPSDUHG�ZLWK� WKH� FRQWURO�
JURXS�ZKLFK�GLG�QRW�UHGXFH�VRGD�FRQVXPSWLRQ��� 

*XLGHOLQH�6WDWHPHQW���  

&OLQLFLDQV� VKRXOG� FRXQVHO� SDWLHQWV� ZLWK� FDOFLXP�
VWRQHV�DQG�UHODWLYHO\�KLJK�XULQDU\�FDOFLXP�WR�OLPLW�
VRGLXP� LQWDNH� DQG� FRQVXPH� �����-������PJ� SHU�
GD\� RI� GLHWDU\� FDOFLXP�� �6WDQGDUG�� (YLGHQFH�
6WUHQJWK�*UDGH��%� 

7KHUH� LV� VXEVWDQWLDO� HYLGHQFH� GHPRQVWUDWLQJ� WKDW� D�
ORZHU� FDOFLXP� GLHW� LQ� WKH� DEVHQFH� RI� RWKHU� VSHFLILF�
GLHWDU\�PHDVXUHV�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�
VWRQH�IRUPDWLRQ��,Q�WKH�FDVH�RI�FDOFLXP�R[DODWH�VWRQHV��
D�SRWHQWLDO�PHFKDQLVP�WR�H[SODLQ�WKLV�DSSDUHQW�SDUDGR[�
LV� WKDW� ORZHU� FDOFLXP� LQWDNH� UHVXOWV� LQ� LQVXIILFLHQW�
FDOFLXP� WR� ELQG� GLHWDU\� R[DODWH� LQ� WKH� JXW�� WKHUHE\�
LQFUHDVLQJ� R[DODWH� DEVRUSWLRQ� DQG� XULQDU\� R[DODWH�
H[FUHWLRQ�� ,Q� FRQWUDVW�� WKH� FDOFLXP� 5'$�� GHILQHG� DV�
�����-������PJ�GD\�IRU�PRVW�LQGLYLGXDOV��ZDV�VKRZQ�LQ�
ODUJH� FRKRUW� VWXGLHV� RI� PHQ� DQG� ZRPHQ� WR� EH�
DVVRFLDWHG� ZLWK� UHGXFHG� ULVN�� 7KHVH� SURVSHFWLYH�
REVHUYDWLRQDO� VWXGLHV� FRQVLVWHQWO\� VKRZHG� DQ�
LQGHSHQGHQW� UHGXFHG� ULVN� RI� VWRQH� IRUPDWLRQ� ZLWK�
KLJKHU� GLHWDU\� FDOFLXP� LQWDNH���������������� 7KHVH�

REVHUYDWLRQDO�VWXGLHV�GLG�QRW�KDYH�LQIRUPDWLRQ�RQ�VWRQH�
FRPSRVLWLRQ�RU�XULQH�FRPSRVLWLRQ�IRU�WKH�ZKROH�FRKRUW��
EXW� LQ� WKH� VXEVHW� RI� SDUWLFLSDQWV�ZLWK�PHGLFDO� UHFRUGV�
FDOFLXP�R[DODWH�ZDV�WKH�PRVW�FRPPRQ�VWRQH�W\SH�DQG�
��-KRXU� XULQH� YDOXHV� ZHUH� FROOHFWHG� IURP� D� VXEVHW� RI�
SDUWLFLSDQWV� 

'LHWDU\� VDOW� �VRGLXP� FKORULGH�� LV� OLQNHG� WR� XULQDU\�
FDOFLXP� H[FUHWLRQ���� $� UDQGRPL]HG� WULDO� GHPRQVWUDWHG�
WKDW� D� ORZHU� VDOW� GLHW�� LQ� FRQMXQFWLRQ� ZLWK� WKH�
UHFRPPHQGHG� FDOFLXP� LQWDNH� DQG� ORZ� DQLPDO� SURWHLQ�
FRQVXPSWLRQ�� UHGXFHG� XULQDU\� FDOFLXP� H[FUHWLRQ� LQ�
K\SHUFDOFLXULF� VWRQH� IRUPHUV���� 7KH� 3DQHO� VXSSRUWV� D�
WDUJHW�RI������P(T��������PJ��VRGLXP�LQWDNH�GDLO\��$V�
WKLV� PD\� EH� D� GLIILFXOW� JRDO� WR� DFKLHYH�� HVSHFLDOO\� DW�
RQFH��PXOWL-WLHUHG��SURJUHVVLYH� WDUJHWV� IRU� UHGXFWLRQ�RI�
VRGLXP�LQWDNH�PD\�EH�KHOSIXO� 

$� ILYH-\HDU� UDQGRPL]HG� FRQWUROOHG� FOLQLFDO� WULDO�
FRPSDUHG� VWRQH� UHFXUUHQFH� LQ� PHQ� ZLWK� D� KLVWRU\� RI�
FDOFLXP� R[DODWH� QHSKUROLWKLDVLV� DQG� LGLRSDWKLF�
K\SHUFDOFLXULD�DVVLJQHG�WR�D�GLHW� ORZHU�LQ�FDOFLXP������
PJ�GD\�� RU� WR� D� GLHW� ZLWK� QRUPDO� FDOFLXP� FRQWHQW�
�������PJ�GD\�� DQG� ORZHU� DPRXQWV� RI� DQLPDO� SURWHLQ�
DQG�VRGLXP��ERWK�JURXSV�ZHUH�DGYLVHG�WR�OLPLW�R[DODWH�
LQWDNH����$W�WKH�HQG�RI�WKH�VWXG\��WKH�ULVN�RI�GHYHORSLQJ�
D�UHFXUUHQW�VWRQH�RQ�WKH�QRUPDO�FDOFLXP�GLHW�ZDV�����
ORZHU�WKDQ�RQ�WKH�ORZHU�FDOFLXP�GLHW��$OWKRXJK�XULQDU\�
FDOFLXP� GHFOLQHG� LQ� ERWK� JURXSV�� XULQDU\� R[DODWH�
LQFUHDVHG� LQ�WKH� ORZHU�FDOFLXP�JURXS�DQG�GHFUHDVHG� LQ�
WKH�QRUPDO�FDOFLXP�JURXS��%HFDXVH�GLHWDU\�VRGLXP�DQG�
DQLPDO�SURWHLQ�PD\�ERWK�FRQWULEXWH�WR�WKH�IRUPDWLRQ�RI�
FDOFLXP� VWRQHV�� WKLV� WULDO� GLG� QRW� GLUHFWO\� DGGUHVV� WKH�
LQGHSHQGHQW�UROH�RI�GLHWDU\�FDOFLXP�LQ�WKH�SDWKRJHQHVLV�
RI�NLGQH\�VWRQHV� 

6XSSOHPHQWDO� FDOFLXP�� LQ� FRQWUDVW��PD\� EH� DVVRFLDWHG�
ZLWK� DQ� LQFUHDVHG� ULVN� RI� VWRQH� IRUPDWLRQ�� ,Q� DQ�
REVHUYDWLRQDO� VWXG\� RI� ROGHU� ZRPHQ�� FDOFLXP�
VXSSOHPHQW� XVHUV� ZHUH� ���� PRUH� OLNHO\� WR� IRUP� D�
VWRQH�WKDQ�ZRPHQ�ZKR�GLG�QRW�WDNH�VXSSOHPHQWV����,Q�
\RXQJHU� ZRPHQ� DQG� PHQ�� WKHUH� ZDV� QR� DVVRFLDWLRQ�
EHWZHHQ� FDOFLXP� VXSSOHPHQW� XVH� DQG� ULVN� RI� VWRQH�
IRUPDWLRQ����7KH�:RPHQ
V�+HDOWK�,QLWLDWLYH�FOLQLFDO� WULDO�
DOVR� GHPRQVWUDWHG� DQ� LQFUHDVHG� ULVN� RI� VWRQHV� ZLWK�
FDOFLXP� VXSSOHPHQWDWLRQ�� EXW�� QRWDEO\�� VXSSOHPHQW�
XVHUV� KDG� D� WRWDO� FDOFLXP� LQWDNH� WKDW� H[FHHGHG� WKH�
UHFRPPHQGHG� GDLO\� XSSHU� OLPLW���� 7KH� GLVFUHSDQF\�
EHWZHHQ� WKH� ULVNV� DVVRFLDWHG�ZLWK�GLHWDU\� FDOFLXP� DQG�
FDOFLXP� VXSSOHPHQWV� PD\� EH� GXH� WR� WKH� WLPLQJ� RI�
FDOFLXP� VXSSOHPHQW� LQWDNH� DQG�RU� WR� RYHU]HDORXV�
FDOFLXP� VXSSOHPHQWDWLRQ� UHVXOWLQJ� LQ� H[FHVVLYH� WRWDO�
FDOFLXP��IURP�ERWK�IRRGV�DQG�VXSSOHPHQWV�� 

0DQ\�SDWLHQWV�DUH�DEOH�WR�REWDLQ�DGHTXDWH�GDLO\�FDOFLXP�
IURP� IRRGV� DQG� EHYHUDJHV�� IURP� WUDGLWLRQDO� VRXUFHV�
VXFK�DV�GDLU\��DQG�DOVR�IURP�FDOFLXP-IRUWLILHG�EHYHUDJHV�
DQG� IRRGV�� PDQ\� RI� ZKLFK� DUH� QRQ-GDLU\�� FDOFLXP�
VXSSOHPHQWDWLRQ� LV� QRW� QHFHVVDU\� LQ� WKHVH� SDWLHQWV��
7RWDO�FDOFLXP�LQWDNH�VKRXOG�QRW�H[FHHG������-������PJ�
GDLO\��,I�D�SDWLHQW�ZLWK�FDOFLXP�XUROLWKLDVLV�XVHV�FDOFLXP�
VXSSOHPHQWV�� KH� RU� VKH� VKRXOG� FROOHFW� ��-KRXU� XULQH�
VDPSOHV� RQ� DQG� RII� WKH� VXSSOHPHQW�� ,I� XULQDU\�
VXSHUVDWXUDWLRQ� RI� WKH� FDOFLXP� VDOW� LQ� TXHVWLRQ�
LQFUHDVHV� GXULQJ� WKH� SHULRG� RI� VXSSOHPHQW� XVH�� WKH�
VXSSOHPHQW�VKRXOG�EH�GLVFRQWLQXHG�� 

*XLGHOLQH�6WDWHPHQW���� 

(YDOXDWLRQ�DQG�'LHW�7KHUDSLHV 

0HGLFDO�0DQDJHPHQW�
RI�.LGQH\�6WRQHV 

&RS\ULJKW��������$PHULFDQ�8URORJLFDO�$VVRFLDWLRQ�(GXFDWLRQ�DQG�5HVHDUFK��,QF�� 
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&OLQLFLDQV� VKRXOG� FRXQVHO� SDWLHQWV� ZLWK� FDOFLXP�
R[DODWH�VWRQHV�DQG�UHODWLYHO\�KLJK�XULQDU\�R[DODWH�
WR�OLPLW�LQWDNH�RI�R[DODWH-ULFK�IRRGV�DQG�PDLQWDLQ�
QRUPDO�FDOFLXP�FRQVXPSWLRQ���([SHUW�2SLQLRQ� 

+LJKHU� XULQDU\� R[DODWH� OHYHOV� DUH� DVVRFLDWHG� ZLWK�
LQFUHDVHG� ULVN� RI� QHSKUROLWKLDVLV���� WKXV�� UHVWULFWLQJ�
R[DODWH-ULFK�IRRGV�KDV�JHQHUDOO\�EHHQ�UHFRPPHQGHG�IRU�
FDOFLXP�VWRQH�IRUPHUV��$Q�H[WHQVLYH� OLVW�RI�WKH�R[DODWH�
FRQWHQW� RI� IRRGV� LV� DYDLODEOH� RQOLQH� IURP� WKH� +DUYDUG�
6FKRRO� RI� 3XEOLF� +HDOWK� �KWWSV���
UHJHSL�EZK�KDUYDUG�HGX�KHDOWK�2[DODWH�ILOHV�2[DODWH�
��&RQWHQW���RI���)RRGV�[OV�� DFFHVVHG� ������������
$V� QRQ-GLHWDU\� IDFWRUV� KDYH� DOVR� EHHQ� VKRZQ� WR�
LQIOXHQFH� XULQDU\� R[DODWH���� RYHUO\� UHVWULFWLYH� ORZ�
R[DODWH� GLHWV� VKRXOG� EH� DYRLGHG� DV� VRPH� IRRGV� RIWHQ�
FRQVLGHUHG� ³KLJK´� LQ� R[DODWH� PD\� KDYH� RWKHU� KHDOWK�
EHQHILWV� �H�J��� YDULRXV� IUXLWV� DQG� YHJHWDEOHV��� )RU�
H[DPSOH�� LQGLYLGXDOV� LQ� ODUJH� FRKRUW� VWXGLHV� ZKR�
FRQVXPHG� GLHWV� PRUH� FRQVLVWHQW� ZLWK� WKH� 'LHWDU\�
$SSURDFKHV� WR� 6WRS� +\SHUWHQVLRQ� �'$6+�� GLHW�� QRW�
UHVWULFWHG�LQ�R[DODWH��ZHUH�IRXQG�WR�KDYH�D�VLJQLILFDQWO\�
UHGXFHG� ULVN� RI� GHYHORSLQJ� NLGQH\� VWRQHV���� 7KH�'$6+�
GLHW� LV�KLJK� LQ� IUXLWV�DQG�YHJHWDEOHV��PRGHUDWH� LQ� ORZ-
IDW�GDLU\�SURGXFWV��DQG�ORZ�LQ�DQLPDO�SURWHLQ��+RZHYHU��
UHVWULFWLQJ� R[DODWH� LQWDNH� LQ� SDWLHQWV� QRW� RQ� D� ³KLJK´�
R[DODWH� GLHW� PD\� GLVFRXUDJH� WKHP� IURP� HDWLQJ�
RWKHUZLVH� KHDOWK\�� FLWUDWH-ULFK� IUXLWV� DQG�
YHJHWDEOHV� � 0DLQWDLQLQJ� QRUPDO� FDOFLXP� LQWDNH� VKRXOG�
EH�HQFRXUDJHG�LQ�WKHVH�SDWLHQWV� 

8ULQDU\� R[DODWH� LV� DOVR� PRGXODWHG� E\� FDOFLXP� LQWDNH��
ZKLFK� LQIOXHQFHV� LQWHVWLQDO� R[DODWH� DEVRUSWLRQ�� /DUJH�
FRKRUW�VWXGLHV�KDYH�GHPRQVWUDWHG�DQ� LQFUHDVHG�ULVN�RI�
VWRQH�IRUPDWLRQ�ZLWK�ORZHU�FDOFLXP�GLHWV���������DQG�KDYH�
DOVR� IRXQG� WKDW� GLHWV� KLJKHU� LQ� FDOFLXP� DUH� DVVRFLDWHG�
ZLWK� UHGXFHG� R[DODWH� H[FUHWLRQ���� :KHQ� WKH�
UHFRPPHQGHG� GDLO\� TXDQWLW\� RI� GLHWDU\� FDOFLXP� ZDV�
FRQVXPHG�� FDOFLXP� R[DODWH� VWRQH� ULVN� ZDV� QRW�
VLJQLILFDQWO\�DIIHFWHG�GHVSLWH�D�UHODWLYHO\�KLJK� LQWDNH�RI�
GLHWDU\� R[DODWH���� $� UDQGRPL]HG� FRQWUROOHG� WULDO� RI�
UHFXUUHQW� K\SHUFDOFLXULF� FDOFLXP� R[DODWH� VWRQH� IRUPHUV�
IRXQG�D� UHGXFHG� UDWH�RI� VWRQH� UHFXUUHQFH� LQ�PHQ�ZKR�
FRQVXPHG�D�KLJKHU�FDOFLXP��ORZHU�VRGLXP��ORZHU�DQLPDO�
SURWHLQ� GLHW���� &RQVHTXHQWO\�� SDWLHQWV� ZLWK�
K\SHUR[DOXULD�DQG�D�KLVWRU\�RI� FDOFLXP�R[DODWH�VWRQHV��
VKRXOG�EH�DGYLVHG�WR�FRQVXPH�FDOFLXP�IURP�IRRGV�DQG�
EHYHUDJHV� SULPDULO\� DW� PHDOV� WR� HQKDQFH�
JDVWURLQWHVWLQDO� ELQGLQJ� RI� R[DODWH�� EXW� WRWDO� FDOFLXP�
LQWDNH�VKRXOG�QRW�H[FHHG������-������PJ�GDLO\� 

2I� QRWH�� KRZHYHU�� SDWLHQWV� ZLWK� HQWHULF� K\SHUR[DOXULD�
DQG�KLJK� OHYHOV� RI� XULQDU\�R[DODWH�� VXFK�DV� WKRVH�ZLWK�
PDODEVRUSWLYH� FRQGLWLRQV� �H�J��� LQIODPPDWRU\� ERZHO�
GLVHDVH�RU�5RX[-HQ-<�JDVWULF�E\SDVV��PD\�EHQHILW�IURP�
PRUH� UHVWULFWLYH� R[DODWH� GLHWV� DV� ZHOO� DV� IURP� KLJKHU�
FDOFLXP� LQWDNHV�� ZKLFK� PD\� LQFOXGH� VXSSOHPHQWV��
VSHFLILFDOO\� WLPHG� ZLWK� PHDOV���-��� ,Q� VXFK� FDVHV��
FDOFLXP� ZLOO� VHUYH� DV� DQ� R[DODWH� ELQGHU� VR� WKDW� D�
VLJQLILFDQW�SURSRUWLRQ�ZLOO�DSSHDU�LQ�WKH�VWRRO��+RZHYHU��
��K� XULQH� PRQLWRULQJ� FDQ� EH� XVHG� WR� HQVXUH� WKDW�
K\SHUFDOFLXULD�GRHV�QRW�UHVXOW�� 

2WKHU� IDFWRUV� WKDW� PD\� FRQWULEXWH� WR� KLJKHU� XULQDU\�
R[DODWH� LQFOXGH� YLWDPLQ� &� DQG� RWKHU� RYHU-WKH-FRXQWHU�
QXWULWLRQ� VXSSOHPHQWV�� 9LWDPLQ� &�� DW� GRVDJHV� PXFK�
KLJKHU� WKDQ� DUH� REWDLQHG� IURP� IRRGV� DQG� EHYHUDJHV�

DORQH�� FRQWULEXWHV� WR� LQFUHDVHG� XULQH� R[DODWH������ DV�
DVFRUELF�DFLG�LV�PHWDEROL]HG�WR�R[DODWH��7KH�LQJHVWLRQ�RI�
WXUPHULF�DQG�FUDQEHUU\�WDEOHWV�KDV�DOVR�EHHQ� OLQNHG�WR�
KLJKHU�XULQH�R[DODWH�������7KHUHIRUH��YLWDPLQ�&�DQG�RWKHU�
RYHU-WKH-FRXQWHU� VXSSOHPHQWV� VKRXOG� EH� DYRLGHG��
)LQDOO\��D�UROH�IRU�RWKHU�QXWULWLRQDO�VXSSOHPHQWV��VXFK�DV�
YLWDPLQ� %�� �S\ULGR[LQH��� RPHJD-�� IDWW\� DFLGV�� DQG�
SURELRWLFV������-��� LQ� UHGXFLQJ� XULQDU\� R[DODWH� H[FUHWLRQ�
LQ� LGLRSDWKLF� FDOFLXP� R[DODWH� VWRQH� IRUPHUV� KDV� EHHQ�
VXJJHVWHG��+RZHYHU�� WKH�GDWD�DUH� LQVXIILFLHQW� WR�JXLGH�
UHFRPPHQGDWLRQV�� 3UH-� DQG� SRVW-LQWHUYHQWLRQ� ��-KRXU�
XULQH� FROOHFWLRQV� PD\� KHOS� DVVHVV� ZKHWKHU� WKHUH� LV�
EHQHILW�WR�DQ\�GLHWDU\�PHDVXUHV�LQFRUSRUDWHG� 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV�VKRXOG�HQFRXUDJH�SDWLHQWV�ZLWK�FDOFLXP�
VWRQHV� DQG� UHODWLYHO\� ORZ� XULQDU\� FLWUDWH� WR�
LQFUHDVH�WKHLU�LQWDNH�RI�IUXLWV�DQG�YHJHWDEOHV�DQG�
OLPLW�QRQ-GDLU\�DQLPDO�SURWHLQ���([SHUW�2SLQLRQ� 

8ULQDU\� FLWUDWH� LV� D� SRWHQW� LQKLELWRU� RI� FDOFLXP� VWRQH�
IRUPDWLRQ����$OWKRXJK�K\SRFLWUDWXULD�LV�YDULDEO\�GHILQHG��
PRVW�KHDOWK\� LQGLYLGXDOV�H[FUHWH�DW� OHDVW�����PJ�GDLO\�
LQ�WKH�XULQH��DQG�PDQ\�EHOLHYH�WKLV�XULQDU\�OHYHO�VKRXOG�
FRQVWLWXWH� WKH� PLQLPXP� WDUJHW� RXWSXW� IRU� VWRQH�
IRUPHUV�� +\SRFLWUDWXULD� LV� D� FRPPRQ� ULVN� IDFWRU� IRU�
VWRQH� GLVHDVH� ZLWK� DQ� HVWLPDWHG� SUHYDOHQFH� RI� ��-
����������8ULQDU\�FLWUDWH�H[FUHWLRQ�LV�GHWHUPLQHG�E\�DFLG
-EDVH� VWDWXV�� PHWDEROLF� DFLGRVLV� RU� GLHWDU\� DFLG� ORDGV�
HQKDQFH� UHQDO� FLWUDWH� UHDEVRUSWLRQ�� WKHUHE\� UHGXFLQJ�
XULQDU\�H[FUHWLRQ��$�QXPEHU�RI�PHGLFDO�FRQGLWLRQV�VXFK�
DV� UHQDO� WXEXODU� DFLGRVLV� DQG� FKURQLF� GLDUUKHD�� DQG�
VRPH� PHGLFDWLRQV�� VXFK� DV� FDUERQLF� DQK\GUDVH�
LQKLELWRUV�� PD\� SURPRWH� K\SRFLWUDWXULD���� $FLGRVLV� FDQ�
DULVH�IURP�D�GLHW�WKDW�LV�LQRUGLQDWHO\�ULFK�LQ�IRRGV�ZLWK�D�
KLJK� SRWHQWLDO� UHQDO� DFLG� ORDG� FRPSDUHG� WR� ORZ-DFLG�
�L�H��� DONDOLQH�� IRRGV���� )RRGV� SURYLGLQJ� DQ� DFLG� ORDG�
LQFOXGH� PHDWV�� ILVK�� SRXOWU\�� FKHHVH�� HJJV�� DQG� WR� D�
OHVVHU� H[WHQW�� JUDLQV�� )RRGV� FRQIHUULQJ� DQ� DONDOL� ORDG�
LQFOXGH�QHDUO\�DOO�IUXLWV�DQG�YHJHWDEOHV��0LON�DQG�\RJXUW��
DV�ZHOO�DV�IDWV��DUH�HVVHQWLDOO\�QHXWUDO�IRU�DFLG�ORDG��� 

,I�GLHW�DVVHVVPHQW�VXJJHVWV�WKDW�WKH�DFLG�ORDG�RI�IRRGV�
FRQWULEXWHV� WR� ORZ� XULQDU\� FLWUDWH�� SDWLHQWV� VKRXOG� EH�
LQVWUXFWHG� WR� LQFUHDVH� IUXLW� DQG� YHJHWDEOH� LQWDNH� DQG�
UHGXFH� LQWDNH� RI� KLJK-DFLG� IRRGV�� +RZHYHU�� LW�PD\� EH�
VXIILFLHQW� WR� UHFRPPHQG� D� KLJKHU� IUXLW� DQG� YHJHWDEOH�
LQWDNH�ZLWKRXW�DWWHQWLRQ�WR�RWKHU�DVSHFWV�RI�WKH�GLHW��DV�
LQFUHDVHG�XULQDU\�FLWUDWH�KDV�EHHQ�VKRZQ�WR�RFFXU�ZLWK�
WKLV� LQWHUYHQWLRQ� DORQH���� ,Q� PRVW� FLUFXPVWDQFHV�� DQG�
FHUWDLQO\�ZKHQ�ZHLJKW�ORVV�RU�PDLQWHQDQFH�DUH�JRDOV��D�
UHGXFWLRQ�LQ�FDORULHV�IURP�RWKHU�IRRGV�LV�UHTXLUHG�ZKHQ�
FRQVXPLQJ� LQFUHDVHG� FDORULHV� DVVRFLDWHG� ZLWK�
UHFRPPHQGHG�IRRGV�� 

'LHWDU\� FLWUDWH� LQFUHDVHV� XULQDU\� FLWUDWH� H[FUHWLRQ� E\�
FRQYHUVLRQ�WR�ELFDUERQDWH�LQ�YLYR��ZKLOH�D�VPDOO�DPRXQW�
PD\�EH�FLUFXODWHG�DQG�ILOWHUHG�E\�WKH�NLGQH\V����'LHWDU\�
DONDOL� FLWUDWH� KDV� EHHQ� SURSRVHG� DV� DQ� DOWHUQDWLYH� WR�
SKDUPDFRORJLF� FLWUDWH� WR� LQFUHDVH� FLWUDWH� H[FUHWLRQ�������
$OWKRXJK� D� QXPEHU� RI� IUXLWV� DQG� MXLFHV� KDYH� EHHQ�
HYDOXDWHG�IRU�WKHLU�HIIHFW�RQ�XULQDU\�VWRQH�ULVN�IDFWRUV���
-��� QRQH� KDYH� EHHQ� SURVSHFWLYHO\� HYDOXDWHG� LQ� D�
UDQGRPL]HG� FOLQLFDO� WULDO� DVVHVVLQJ� DFWXDO� VWRQH�
IRUPDWLRQ�� &RQVHTXHQWO\�� WKHUH� LV� LQVXIILFLHQW� GDWD� RQ�
ZKLFK�WR�PDNH�VSHFLILF�GLHWDU\�UHFRPPHQGDWLRQV� 

'LHW�7KHUDSLHV 

0HGLFDO�0DQDJHPHQW�
RI�.LGQH\�6WRQHV 

&RS\ULJKW��������$PHULFDQ�8URORJLFDO�$VVRFLDWLRQ�(GXFDWLRQ�DQG�5HVHDUFK��,QF�� 
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*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV� VKRXOG� FRXQVHO� SDWLHQWV� ZLWK� XULF� DFLG�
VWRQHV� RU� FDOFLXP� VWRQHV� DQG� UHODWLYHO\� KLJK�
XULQDU\�XULF�DFLG� WKDW� OLPLWDWLRQ�RI� LQWDNH�RI�QRQ-
GDLU\� DQLPDO� SURWHLQ� PD\� KHOS� UHGXFH� VWRQH�
UHFXUUHQFH���([SHUW�2SLQLRQ� 

8ULQDU\�XULF�DFLG� LV�GHULYHG�IURP�ERWK�HQGRJHQRXV�DQG�
H[RJHQRXV�VRXUFHV��'LHW-GHULYHG�SXULQHV�DFFRXQW�IRU�DQ�
HVWLPDWHG� ���� RI� XULQDU\� XULF� DFLG���� 1HDUO\� DOO� IRRGV�
KDYH�SXULQHV��EXW� WKH\�PD\�KDYH�GLIIHUHQWLDO�ELRORJLFDO�
HIIHFWV�GHSHQGLQJ�RQ�WKH�IRRG�VRXUFH��7KH�W\SLFDO�LQWDNH�
RI�SXULQHV�LQ�WKH�8QLWHG�6WDWHV�DYHUDJHV����-������PJ�
GD\��LQFOXGLQJ�ERWK�DQLPDO�DQG�SODQW�VRXUFHV��DOWKRXJK�
WKH�ODWWHU�PD\�DFFRXQW�IRU�RQO\�����RI�WKH�WRWDO�LQ�PRVW�
FDVHV��� 

1R� UHOHYDQW� VWXGLHV�ZHUH� LGHQWLILHG� WR� HLWKHU� UHIXWH� RU�
FRQILUP�WKH�XVH�RI�GLHW�WR�PDQDJH�KLJK�XULQDU\�XULF�DFLG�
LQ� XULF� DFLG� RU� FDOFLXP� VWRQH� IRUPHUV�� 1RQHWKHOHVV�� LI�
GLHW� DVVHVVPHQW� VXJJHVWV� WKDW� SXULQH� LQWDNH� LV�
FRQWULEXWRU\� WR� KLJK� XULQDU\� XULF� DFLG�� SDWLHQWV� PD\�
EHQHILW� IURP�OLPLWLQJ�KLJK-�DQG�PRGHUDWHO\-KLJK�SXULQH�
FRQWDLQLQJ�IRRGV��$OWKRXJK�WKH�UHSRUWHG�SXULQH�FRQWHQW�
RI� IRRGV� YDULHV�� ³KLJK� SXULQH´� IRRGV� DUH� JHQHUDOO\�
FRQVLGHUHG� WKRVH� FRQWDLQLQJ� PRUH� WKDQ� ���� PJ��-
RXQFH� VHUYLQJ�� 7KHVH� LQFOXGH� VSHFLILF� ILVK�DQG� VHDIRRG�
�DQFKRYLHV�� VDUGLQHV�� KHUULQJ�� PDFNHUHO�� VFDOORSV� DQG�
PXVVHOV��� ZDWHU� IRZO�� RUJDQ� PHDWV�� JODQGXODU� WLVVXH��
JUDYLHV� DQG� PHDW� H[WUDFWV�� ³0RGHUDWHO\-KLJK´� VRXUFHV�
RI�SXULQHV�LQFOXGH�RWKHU�VKHOOILVK�DQG�ILVK��JDPH�PHDWV��
PXWWRQ��EHHI��SRUN��SRXOWU\�DQG�PHDW-EDVHG�VRXSV�DQG�
EURWKV������� 1RWH� WKDW� DQ� LQGLYLGXDO�PD\� QHYHU� RU� RQO\�
UDUHO\�FRQVXPH�³KLJK�SXULQH´�IRRGV�EXW�PD\�KDELWXDOO\�
FRQVXPH� ODUJH� SRUWLRQV� RI� IRRGV� LQ� WKH� ³PRGHUDWHO\-
KLJK´� FDWHJRU\�� $GGLWLRQDOO\�� WKH� UHFRPPHQGDWLRQ� WR�
UHGXFH� ³UHG�PHDW´� LQWDNH�ZLWKRXW� DOVR� DGGUHVVLQJ� ILVK�
DQG� SRXOWU\� LV� QRW� DGYLVHG� DV� DOO� RI� WKHVH� IRRGV� DUH�
DVVRFLDWHG�ZLWK�KLJKHU�XULQDU\�XULF�DFLG�H[FUHWLRQ��� 

)LQDOO\��XULF�DFLG�FU\VWDO� IRUPDWLRQ�DQG�JURZWK�RFFXU� LQ�
PRUH�DFLGLF�XULQH����7KXV��SDWLHQWV�ZLWK�D�KLVWRU\�RI�XULF�
DFLG� VWRQHV� VKRXOG�EH� FRXQVHOHG� WR� LQFUHDVH� WKH� DONDOL�
ORDG�DQG�GHFUHDVH�WKH�DFLG�ORDG�RI�WKHLU�GLHW�LQ�DQ�HIIRUW�
WR� LQFUHDVH�XULQH�S+�DQG�UHGXFH�XULQDU\�DFLGLW\��)RRGV�
FRQIHUULQJ� DQ� DONDOL� UHQDO� ORDG� LQFOXGH�PRVW� IUXLWV� DQG�
YHJHWDEOHV��ZKLOH�PLON�DQG�\RJXUW�DUH�DFLG-QHXWUDO��DQG�
PHDWV��ILVK��VHDIRRG��SRXOWU\��FKHHVH��HJJV��DQG�JUDLQV�
DOO�FRQIHU�DQ�DFLG�ORDG��� 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV� VKRXOG� FRXQVHO� SDWLHQWV� ZLWK� F\VWLQH�
VWRQHV�WR�OLPLW�VRGLXP�DQG�SURWHLQ�LQWDNH���([SHUW�
2SLQLRQ� 

3DWLHQWV� ZLWK� F\VWLQXULD� KDYH� KLJK� UDWHV� RI� VWRQH�
UHFXUUHQFH� RIWHQ� QHFHVVLWDWLQJ� XURORJLFDO� SURFHGXUHV��
GHVSLWH�PHGLFDO�PDQDJHPHQW�����'LHWDU\�WKHUDS\�VKRXOG�
EH� RIIHUHG� LQ� FRPELQDWLRQ� ZLWK� SKDUPDFRORJLFDO�
WKHUDS\�� %HFDXVH� F\VWLQH� VWRQH� IRUPDWLRQ� LV� ODUJHO\�
GULYHQ� E\� F\VWLQH� FRQFHQWUDWLRQ�� KLJK� IOXLG� LQWDNH� LV�
SDUWLFXODUO\� LPSRUWDQW� LQ� F\VWLQH� VWRQH� IRUPHUV�� 7KH�
WDUJHW� IRU� XULQH� YROXPH� LV� W\SLFDOO\� KLJKHU� WKDQ� WKDW�
UHFRPPHQGHG� WR� RWKHU� VWRQH� IRUPHUV� EHFDXVH� RI� WKH�
QHHG� WR� GHFUHDVH� XULQDU\� F\VWLQH� FRQFHQWUDWLRQ� EHORZ�
����PJ�/�����2UDO�LQWDNH�RI�DW�OHDVW�IRXU�OLWHUV�SHU�GD\�LV�
RIWHQ� UHTXLUHG� WR� PHHW� WKLV� JRDO�� 'LHWDU\� VRGLXP�

UHVWULFWLRQ� VKRXOG� DOVR� EH� DGYLVHG� DV� ORZHU� VRGLXP�
LQWDNH�KDV�EHHQ�VKRZQ�WR� UHGXFH�F\VWLQH�H[FUHWLRQ����-
���� $� UHDVRQDEOH� JRDO� IRU� VRGLXP� LQWDNH� LQ� LQGLYLGXDOV�
ZLWK�F\VWLQXULD�LV�����P(T��������PJ��RU�OHVV�GDLO\� 

/LPLWLQJ�DQLPDO�SURWHLQ�LQWDNH�KDV�EHHQ�VXJJHVWHG�DV�D�
PHDQV� WR�GHFUHDVH�F\VWLQH�VXEVWUDWH� ORDG��DV�DOO� IRRGV�
RI� DQLPDO� RULJLQ� DUH� ULFK� LQ� F\VWLQH� DQG� PHWKLRQLQH��
ZKLFK�LV�PHWDEROL]HG�WR�F\VWLQH��/LPLWHG�DQLPDO�SURWHLQ�
GLHWV�PD\� DOVR� SURPRWH� LQFUHDVHG� LQWDNH� RI� IUXLWV� DQG�
YHJHWDEOHV�WKDW�SURPRWH�XULQDU\�DONDOLQL]DWLRQ�DQG�IDYRU�
F\VWLQH� VROXELOLW\�� 8ULQDU\� F\VWLQH� H[FUHWLRQ� ZDV�
VLJQLILFDQWO\� GHFUHDVHG� LQ� KRPR]\JRXV� F\VWLQXULF�
SDWLHQWV� ZKR� ZHUH� PDLQWDLQHG� RQ� D� ORZ� SURWHLQ� GLHW�
���� RI� WRWDO� FDORULHV�� FRPSDUHG� WR� WKRVH� RQ� D� GLHW� LQ�
ZKLFK� SURWHLQ� FRQVWLWXWHG� ���� RI� WRWDO� FDORULHV�����
+RZHYHU�� SURWHLQ� UHVWULFWLRQ� VKRXOG� EH� UHFRPPHQGHG�
ZLWK� FDXWLRQ� DV�PHWKLRQLQH� LV� DQ� HVVHQWLDO� DPLQR� DFLG�
IRU�JURZWK�DQG�LV�OLPLWHG�LQ�SODQW�IRRGV�� 

3KDUPDFRORJLF�7KHUDSLHV� 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV� VKRXOG� RIIHU� WKLD]LGH� GLXUHWLFV� WR�
SDWLHQWV�ZLWK�KLJK�RU�UHODWLYHO\�KLJK�XULQH�FDOFLXP�
DQG� UHFXUUHQW� FDOFLXP� VWRQHV�� �6WDQGDUG��
(YLGHQFH�6WUHQJWK�*UDGH�%� 

$� QXPEHU� RI� 5&7V� KDYH� VKRZQ� WKDW� WKLD]LGH� GLXUHWLFV�
UHGXFH� WKH� IRUPDWLRQ� RI� UHFXUUHQW� FDOFLXP� NLGQH\�
VWRQHV����������-���� � 6SHFLILF� GUXJV� DQG� GRVDJHV�
DVVRFLDWHG� ZLWK� D� K\SRFDOFLXULF� HIIHFW� LQFOXGH�
K\GURFKORURWKLD]LGH� ���PJ� RUDOO\�� WZLFH� GDLO\�� ��PJ�
RUDOO\�� RQFH� GDLO\��� FKORUWKDOLGRQH� ���PJ� RUDOO\�� RQFH�
GDLO\��� DQG� LQGDSDPLGH� ����PJ� RUDOO\�� RQFH� GDLO\���
'LHWDU\� SUHVFULSWLRQ�� HVSHFLDOO\� UHVWULFWLRQ� RI� VRGLXP�
LQWDNH�� VKRXOG� EH� FRQWLQXHG� ZKHQ� WKLD]LGHV� DUH�
SUHVFULEHG�� LQ� RUGHU� WR� PD[LPL]H� WKH� K\SRFDOFLXULF�
HIIHFW� DQG� OLPLW� SRWDVVLXP� ORVVHV�� 3RWDVVLXP�
VXSSOHPHQWDWLRQ��HLWKHU�SRWDVVLXP�FLWUDWH�RU�SRWDVVLXP�
FKORULGH�� PD\� EH� QHHGHG� ZKHQ� WKLD]LGH� WKHUDS\� LV�
HPSOR\HG�EHFDXVH�RI� WKH�K\SRNDOHPLF�HIIHFWV�RI� WKHVH�
PHGLFDWLRQV�� 'LHWDU\� VRXUFHV� RI� SRWDVVLXP�� VXFK� DV�
FHUWDLQ� IUXLWV� DQG� YHJHWDEOHV� ORZ� LQ� R[DODWH� FRQWHQW��
VKRXOG�DOVR�EH�HQFRXUDJHG��7KH�DGGLWLRQ�RI�DPLORULGH�RU�
VSLURQRODFWRQH� PD\� DYRLG� WKH� QHHG� IRU� SRWDVVLXP�
VXSSOHPHQWDWLRQ��7ULDPWHUHQH��DOWKRXJK�LW�LV�SRWDVVLXP
-VSDULQJ��VKRXOG�EH�DYRLGHG�DV�VWRQHV�RI�WKLV�FRPSRXQG�
KDYH�EHHQ�UHSRUWHG�� 

$OWKRXJK�QR�UDQGRPL]HG�WULDOV�KDYH�VSHFLILFDOO\�WDUJHWHG�
FDOFLXP� SKRVSKDWH� VWRQH� IRUPHUV�� WKHVH� LQGLYLGXDOV�
ZHUH� LQFOXGHG� DPRQJ� WKH� VXEMHFWV� LQ� VRPH� RI� WKH�
DIRUHPHQWLRQHG� VWXGLHV�� 7KHUHIRUH�� WKLD]LGH� WKHUDS\�
VKRXOG� EH� FRQVLGHUHG� DSSURSULDWH� IRU� ERWK� FDOFLXP�
R[DODWH�DQG�FDOFLXP�SKRVSKDWH�VWRQH�IRUPHUV��/LNHZLVH��
DOWKRXJK� WKH� VWXGLHV� ZHUH� SHUIRUPHG� H[FOXVLYHO\� RQ�
SDWLHQWV� ZLWK� UHFXUUHQW� VWRQH� IRUPDWLRQ�� WKH� 3DQHO�
EHOLHYHV� WKDW� VRPH� KLJK-ULVN� ILUVW-WLPH� VWRQH� IRUPHUV�
PLJKW�DOVR�EHQHILW�IURP�WKLD]LGH�WKHUDS\��VXFK�DV�WKRVH�
ZLWK� D� VROLWDU\� NLGQH\�� K\SHUWHQVLRQ� RU� D� ODUJH� VWRQH�
EXUGHQ��RU�LQGLYLGXDOV�ZKR�DUH�UHIUDFWRU\�WR�RWKHU�ULVN-
PLWLJDWLQJ�PDQHXYHUV�� 
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*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV� VKRXOG� RIIHU� SRWDVVLXP� FLWUDWH� WKHUDS\�
WR�SDWLHQWV�ZLWK�UHFXUUHQW�FDOFLXP�VWRQHV�DQG�ORZ�
RU� UHODWLYHO\� ORZ� XULQDU\� FLWUDWH�� �6WDQGDUG��
(YLGHQFH�6WUHQJWK�*UDGH�%� 

3URVSHFWLYH�� UDQGRPL]HG� FRQWUROOHG� WULDOV� KDYH�
GHPRQVWUDWHG� WKDW� SRWDVVLXP� FLWUDWH� WKHUDS\� LV�
DVVRFLDWHG� ZLWK� UHGXFHG� ULVN� RI� UHFXUUHQW� FDOFLXP�
VWRQHV��������������� 3DWLHQWV� LQ� WKHVH� WULDOV� KDG� ��-KRXU�
XULQDU\� FLWUDWH� H[FUHWLRQ� WKDW�ZDV� HLWKHU� ORZ� RU� DW� WKH�
ORZHU�HQG�RI� WKH�QRUPDO� UDQJH��&DOFLXP�VWRQH-IRUPLQJ�
SDWLHQWV� ZLWK� QRUPDO� FLWUDWH� H[FUHWLRQ� EXW� ORZ� XULQDU\�
S+� PD\� DOVR� EHQHILW� IURP� FLWUDWH� WKHUDS\�� )LQDOO\��
SRWDVVLXP�FLWUDWH�WKHUDS\�VKRXOG�EH�RIIHUHG�WR�FDOFLXP�
SKRVSKDWH� VWRQH� IRUPHUV� ZLWK� K\SRFLWUDWXULD� EHFDXVH�
FLWUDWH�LV�D�NQRZQ�SRWHQW�LQKLELWRU�RI�FDOFLXP�SKRVSKDWH�
FU\VWDOOL]DWLRQ��+RZHYHU� WKHUH�LV DOVR D�ULVN�WKDW�KLJKHU�
XULQH� S+� FDQ� SURPRWH� FDOFLXP� SKRVSKDWH� VWRQH�
IRUPDWLRQ��RU�FKDQJH�FDOFLXP�R[DODWH�VWRQH� IRUPHUV� WR�
FDOFLXP� SKRVSKDWH� VWRQH� IRUPHUV�� 1R� UDQGRPL]HG�
FRQWUROOHG� WULDOV� KDYH� DVVHVVHG� WKH� EHQHILW� RU� ULVN� RI�
SRWDVVLXP� FLWUDWH� WKHUDS\� LQ� FDOFLXP� SKRVSKDWH� VWRQH�
IRUPHUV�� DOWKRXJK QRQ-UDQGRPL]HG� REVHUYDWLRQDO�
VWXGLHV LQ� SDWLHQWV� ZLWK� UHQDO� WXEXODU� DFLGRVLV�� ZKR�
W\SLFDOO\� SURGXFH� FDOFLXP� SKRVSKDWH� VWRQHV� VXJJHVW�
WKDW� FLWUDWH� GRHV� KDYH� D� QHW� EHQHILFLDO� HIIHFW�����
,QFUHDVHG� IOXLG� LQWDNH�� VRGLXP� UHVWULFWLRQ�� DPSOH� IUXLWV�
DQG�YHJHWDEOHV�WR�FRXQWHUEDODQFH�IRRGV�WKDW�FRQIHU�DQ�
DFLG� ORDG� �VHH�*XLGHOLQH�6WDWHPHQW� ����� DQG� WKLD]LGHV�
WR� ORZHU� XULQDU\� FDOFLXP� H[FUHWLRQ� PD\� LQFUHDVH� WKH�
VDIHW\�DQG�HIILFDF\�RI�FLWUDWH�WKHUDS\�� 

3RWDVVLXP� FLWUDWH� LV� SUHIHUUHG� RYHU� VRGLXP� FLWUDWH�� DV�
WKH� VRGLXP� ORDG� LQ� WKH� ODWWHU� PD\� LQFUHDVH� XULQH�
FDOFLXP� H[FUHWLRQ����� +RZHYHU�� RWKHU� DJHQWV� VXFK� DV�
VRGLXP� ELFDUERQDWH� RU� VRGLXP� FLWUDWH� VKRXOG� EH�
FRQVLGHUHG�LI�WKH�SDWLHQW�LV�DW�ULVN�IRU�K\SHUNDOHPLD� 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV�VKRXOG�RIIHU�DOORSXULQRO�WR�SDWLHQWV�ZLWK�
UHFXUUHQW� FDOFLXP� R[DODWH� VWRQHV� ZKR� KDYH�
K\SHUXULFRVXULD� DQG� QRUPDO� XULQDU\� FDOFLXP��
�6WDQGDUG��(YLGHQFH�6WUHQJWK�*UDGH�%� 

$�SURVSHFWLYH�UDQGRPL]HG�FRQWUROOHG�WULDO�GHPRQVWUDWHG�
WKDW� DOORSXULQRO� UHGXFHG� WKH� ULVN� RI� UHFXUUHQW� FDOFLXP�
R[DODWH�VWRQHV�LQ�WKH�VHWWLQJ�RI�K\SHUXULFRVXULD��XULQDU\�
XULF�DFLG�H[FUHWLRQ�!����PJ�GD\��DQG�QRUPRFDOFLXULD����
:KHWKHU� WKH� GUXJ� LV� HIIHFWLYH� LQ� SDWLHQWV� ZLWK�
K\SHUFDOFLXULD�KDV�QRW�EHHQ�HVWDEOLVKHG��+\SHUXULFHPLD�
LV� QRW� D� UHTXLUHG� FULWHULRQ� IRU� DOORSXULQRO� WKHUDS\�� ,Q�
DGGLWLRQ�WR�PHGLFDWLRQ��VSHFLILF�UHFRPPHQGDWLRQV�DERXW�
OLPLWLQJ� QRQ-GDLU\� DQLPDO� SURWHLQ� �VHH� *XLGHOLQH�
6WDWHPHQW� ���� PD\� PD[LPL]H� WKH� HIILFDF\� RI�
DOORSXULQRO� 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV� VKRXOG� RIIHU� WKLD]LGH� GLXUHWLFV� DQG�RU�
SRWDVVLXP� FLWUDWH� WR� SDWLHQWV� ZLWK� UHFXUUHQW�
FDOFLXP� VWRQHV� LQ� ZKRP� RWKHU� PHWDEROLF�
DEQRUPDOLWLHV� DUH� DEVHQW� RU� KDYH� EHHQ�
DSSURSULDWHO\� DGGUHVVHG� DQG� VWRQH� IRUPDWLRQ�
SHUVLVWV���6WDQGDUG��(YLGHQFH�6WUHQJWK�*UDGH�%� 

6RPH�SDWLHQWV�KDYH�QR�GHPRQVWUDEOH�DEQRUPDOLWLHV�RQ�

��-KRXU� XULQH� HYDOXDWLRQ�� DQG� \HW� FRQWLQXH� WR� IRUP�
VWRQHV�� %RWK� WKLD]LGHV� DQG� SRWDVVLXP� FLWUDWH� WKHUDS\�
KDYH� EHHQ� VKRZQ� WR� SUHYHQW� UHFXUUHQW� VWRQHV� LQ�
SDWLHQWV�ZLWK�QRUPDO�UDQJH�XULQDU\�FDOFLXP�DQG�FLWUDWH��
UHVSHFWLYHO\���-�������7KHUHIRUH��LW�PD\�EH�DSSURSULDWH�WR�
XWLOL]H�WKHVH�WKHUDSLHV�IRU�SDWLHQWV�ZLWK�UHFXUUHQW�VWRQHV�
ZKR�GR�QRW�GHPRQVWUDWH�VSHFLILF�XULQDU\�DEQRUPDOLWLHV��
)RU� SDWLHQWV� ZLWK� QR� LGHQWLILHG� ULVN� IDFWRUV� IRU�
QHSKUROLWKLDVLV��SRWDVVLXP�FLWUDWH�PD\�EH�WKH�SUHIHUUHG�
ILUVW-OLQH� WKHUDS\�� JLYHQ� LWV� UHODWLYHO\� ORZ� VLGH� HIIHFW�
SURILOH��3DWLHQWV�ZLWK�HLWKHU� FDOFLXP�R[DODWH�RU� FDOFLXP�
SKRVSKDWH� VWRQHV� PD\� EHQHILW� IURP� WKLD]LGH� DQG�RU�
SRWDVVLXP�FLWUDWH�WKHUDS\�� 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV� VKRXOG� RIIHU� SRWDVVLXP� FLWUDWH� WR�
SDWLHQWV�ZLWK�XULF�DFLG�DQG�F\VWLQH�VWRQHV�WR�UDLVH�
XULQDU\�S+�WR�DQ�RSWLPDO�OHYHO���([SHUW�2SLQLRQ� 

7KH� VROXELOLW\� RI� XULF� DFLG� DQG� F\VWLQH� LV� LQFUHDVHG� DW�
KLJKHU� XULQDU\� S+� YDOXHV����� 3RWDVVLXP� FLWUDWH� WKHUDS\�
SURYLGHV�DQ�DONDOL�ORDG�WKDW�OHDGV�WR�LQFUHDVHG�XULQH�S+��
)RU� XULF� DFLG� VWRQH� IRUPHUV�� XULQH� S+� VKRXOG� EH�
LQFUHDVHG�WR������DQG�IRU�F\VWLQH�VWRQH�IRUPHUV��D�XULQH�
S+�RI� ���� VKRXOG�EH�DFKLHYHG�� 3HUVLVWHQW� DONDOLQL]DWLRQ�
RI�WKH�XULQH�PD\�GLVVROYH�H[LVWLQJ�XULF�DFLG�DQG�F\VWLQH�
VWRQHV� DQG� UHTXLUHV� DGPLQLVWUDWLRQ� RI� WKHUDS\�
WKURXJKRXW� WKH� GD\� WR� PDLQWDLQ� FRQVLVWHQWO\� KLJKHU�
XULQH�S+�YDOXHV��+RZHYHU��WKH�VXFFHVV�RI�GLVVROXWLRQ�LV�
YDULDEOH��� 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV�VKRXOG�QRW�URXWLQHO\�RIIHU�DOORSXULQRO�DV�
ILUVW-OLQH�WKHUDS\�WR�SDWLHQWV�ZLWK�XULF�DFLG�VWRQHV��
�([SHUW�2SLQLRQ� 

0RVW�SDWLHQWV�ZLWK�XULF�DFLG�VWRQHV�KDYH�ORZ�XULQDU\�S+�
UDWKHU� WKDQ� K\SHUXULFRVXULD� DV� WKH� SUHGRPLQDQW� ULVN�
IDFWRU����� 5HGXFWLRQ� RI� XULQDU\� XULF� DFLG� H[FUHWLRQ�ZLWK�
WKH�XVH�RI� DOORSXULQRO� LQ� SDWLHQWV�ZLWK�XULF� DFLG� VWRQHV�
ZLOO� QRW� SUHYHQW� VWRQHV� LQ� WKRVH� ZLWK� XQGXO\� DFLGLF�
XULQH��7KHUHIRUH��ILUVW-OLQH�WKHUDS\�IRU�SDWLHQWV�ZLWK�XULF�
DFLG�VWRQHV�LV�DONDOLQL]DWLRQ�RI�WKH�XULQH�ZLWK�SRWDVVLXP�
FLWUDWH�� $OORSXULQRO� PD\� EH� FRQVLGHUHG� DV� DQ� DGMXQFW�
ZKHQ�DONDOLQL]DWLRQ�LV�QRW�VXFFHVVIXO��H�J���SDWLHQWV�ZLWK�
LQIODPPDWRU\� ERZHO� GLVHDVH�� FKURQLF� GLDUUKHD� DQG�
LOHRVWRPLHV�� RU� IRU� SDWLHQWV�ZKR� FRQWLQXH� WR� IRUP� XULF�
DFLG�VWRQHV�GHVSLWH�DGHTXDWH�DONDOLQL]DWLRQ�RI�WKH�XULQH� 

 

 

 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV�VKRXOG�RIIHU�F\VWLQH-ELQGLQJ�WKLRO�GUXJV��
VXFK� DV� DOSKD-PHUFDSWRSURSLRQ\OJO\FLQH�
�WLRSURQLQ��� WR� SDWLHQWV� ZLWK� F\VWLQH� VWRQHV� ZKR�
DUH� XQUHVSRQVLYH� WR� GLHWDU\� PRGLILFDWLRQV� DQG�
XULQDU\� DONDOLQL]DWLRQ�� RU� KDYH� ODUJH� UHFXUUHQW�
VWRQH�EXUGHQV���([SHUW�2SLQLRQ� 

)LUVW-OLQH� WKHUDS\� IRU� SDWLHQWV� ZLWK� F\VWLQH� VWRQHV� LV�
LQFUHDVHG�IOXLG�LQWDNH��UHVWULFWLRQ�RI�VRGLXP�DQG�SURWHLQ�
LQWDNH��DQG�XULQDU\�DONDOLQL]DWLRQ��,I�WKHVH�PRGLILFDWLRQV�
DUH�QRW�VXIILFLHQW��F\VWLQH-ELQGLQJ�WKLRO�GUXJV�FRQVWLWXWH�
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WKH� QH[W� OLQH� RI� WKHUDS\����� 7LRSURQLQ� LV� SRVVLEO\�PRUH�
HIIHFWLYH�DQG�DVVRFLDWHG�ZLWK�IHZHU�DGYHUVH�HYHQWV�WKDQ�
G-SHQLFLOODPLQH� DQG� VKRXOG� EH� FRQVLGHUHG� ILUVW�����
&DSWRSULO�� DQRWKHU� WKLRO� DJHQW�� KDV� QRW EHHQ� VKRZQ� WR�
EH� HIIHFWLYH� IRU� WKH� SUHYHQWLRQ� RI� UHFXUUHQW� F\VWLQH�
VWRQHV�����,WV�H[FUHWLRQ�LQ�WKH�XULQH�DW�PD[LPDO�GRVHV�LV�
QRW� VXIILFLHQW� WR� KDYH� D� VWRLFKLRPHWULFDOO\� LPSRUWDQW�
HIIHFW�LQ�ELQGLQJ�F\VWLQH��6WXGLHV�WKDW�VXJJHVW�D�EHQHILW�
RI� FDSWRSULO� KDYH� KDG� PHWKRGRORJLFDO� SUREOHPV� ZLWK�
F\VWLQH�DVVD\V�  

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV�PD\�RIIHU� DFHWRK\GUR[DPLF�DFLG� �$+$��
WR� SDWLHQWV� ZLWK� UHVLGXDO� RU� UHFXUUHQW� VWUXYLWH�
VWRQHV� RQO\� DIWHU� VXUJLFDO� RSWLRQV� KDYH� EHHQ�
H[KDXVWHG���2SWLRQ��(YLGHQFH�6WUHQJWK�*UDGH�%�� 

6WUXYLWH� VWRQHV� RFFXU� DV� D� FRQVHTXHQFH� RI� XULQDU\�
LQIHFWLRQ� ZLWK� D� XUHDVH-SURGXFLQJ� RUJDQLVP�� 3DWLHQWV�
WUHDWHG� IRU� VWUXYLWH� VWRQHV� PD\� VWLOO� EH� DW� ULVN� IRU�
UHFXUUHQW� XULQDU\� WUDFW� LQIHFWLRQV� DIWHU� VWRQH� UHPRYDO��
DQG� LQ� VRPH� SDWLHQWV� VXUJLFDO� VWRQH� UHPRYDO� LV� QRW�
IHDVLEOH��7KHVH�SDWLHQWV�DUH�DW� LQFUHDVHG�ULVN�IRU�VWRQH�
UHFXUUHQFH� RU� SURJUHVVLRQ�� DQG� DQ� DJJUHVVLYH�PHGLFDO�
DSSURDFK�LV�UHTXLUHG�WR�PLWLJDWH�WKLV�ULVN�����7KH�XVH�RI�
D� XUHDVH� LQKLELWRU�� $+$�� PD\� EH� EHQHILFLDO� LQ� WKHVH�
SDWLHQWV��DOWKRXJK�WKH�H[WHQVLYH�VLGH�HIIHFW�SURILOH�PD\�
OLPLW� LWV� XVH����� ,Q� SDUWLFXODU�� SDWLHQWV� WDNLQJ� WKLV�
PHGLFDWLRQ� VKRXOG� EH� FORVHO\� PRQLWRUHG� IRU� SKOHELWLV�
DQG�K\SHUFRDJXODEOH�SKHQRPHQD���� 

)ROORZ-XS� 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV� VKRXOG� REWDLQ� D� VLQJOH� ��-KRXU� XULQH�
VSHFLPHQ�IRU�VWRQH�ULVN�IDFWRUV�ZLWKLQ�VL[�PRQWKV�
RI� WKH� LQLWLDWLRQ� RI� WUHDWPHQW� WR� DVVHVV� UHVSRQVH�
WR� GLHWDU\� DQG�RU� PHGLFDO� WKHUDS\�� �([SHUW�
2SLQLRQ� 

7KH�DLP�RI�GLHWDU\�PHGLFDO�WKHUDS\�RI�QHSKUROLWKLDVLV�LV�
WR� SURPRWH� FKDQJHV� LQ� WKH� XULQDU\� HQYLURQPHQW� WKDW�
UHGXFH�VWRQH�UHFXUUHQFH�RU�JURZWK��7KHVH�FKDQJHV�PD\�
LQFOXGH�GHFUHDVHV� LQ�XULQDU\�FDOFLXP��R[DODWH��XULF�DFLG�
DQG� F\VWLQH� H[FUHWLRQ�� DOWHUDWLRQV� LQ� XULQH� S+� DQG�
LQFUHDVHV� LQ� XULQDU\� YROXPH� DQG� FLWUDWH� H[FUHWLRQ��
XOWLPDWHO\� OHDGLQJ� WR� GHFUHDVHV� LQ� WKH� VXSHUVDWXUDWLRQ�
RU� FRQFHQWUDWLRQ� RI� UHOHYDQW� VWRQH-IRUPLQJ� VDOWV��
$OWKRXJK� QRW� FOHDUO\� GHPRQVWUDWHG� LQ� SURVSHFWLYH�
UDQGRPL]HG� WULDO� IRUP�� WKHUH� DUH� D� QXPEHU� RI�
REVHUYDWLRQDO� DQG� FDVH-FRQWURO� VWXGLHV� GHPRQVWUDWLQJ�
WKDW� VXFK� FKDQJHV� DUH� DVVRFLDWHG� ZLWK� D� UHGXFWLRQ� LQ�
VWRQH� DFWLYLW\����-���� 7KXV�� PRQLWRULQJ� RI� XULQDU\�
SDUDPHWHUV� PD\� DVVHVV� SDWLHQW� DGKHUHQFH� DQG� JXLGH�
WKH�FOLQLFLDQ� LQ�PDNLQJ�DGMXVWPHQWV� LQ� WKHUDS\��5DWKHU�
WKDQ�REWDLQLQJ�D� VWDQGDUG� FKHPLVWU\�SDQHO� IURP�HYHU\�
��-KRXU�XULQH�FROOHFWLRQ��WDLORUHG�XULQDU\�WHVWLQJ�PD\�EH�
FRQVLGHUHG��)RU�H[DPSOH��LQ�SDWLHQWV�ZLWK�SXUH�XULF�DFLG�
VWRQHV�� XULQH� S+�� XULF� DFLG�� DQG� FUHDWLQLQH� FRXOG�
FRPSULVH� WKH� SDUDPHWHUV� DVVHVVHG�ZKLOH� DQ� H[SDQGHG�
SDQHO�VKRXOG�EH�REWDLQHG�LQ�WKRVH�ZLWK�FDOFLXP�VWRQHV�� 

*XLGHOLQH�6WDWHPHQW���� 

$IWHU�WKH�LQLWLDO�IROORZ-XS��FOLQLFLDQV�VKRXOG�REWDLQ�
D�VLQJOH���-KRXU�XULQH�VSHFLPHQ�DQQXDOO\�RU�ZLWK�
JUHDWHU�IUHTXHQF\��GHSHQGLQJ�RQ�VWRQH�DFWLYLW\��WR�

DVVHVV�SDWLHQW�DGKHUHQFH�DQG�PHWDEROLF�UHVSRQVH��
�([SHUW�2SLQLRQ�� 

/RQJLWXGLQDO� PRQLWRULQJ� RI� XULQDU\� SDUDPHWHUV� DOORZV�
IRU� WKH� DVVHVVPHQW� RI� SDWLHQW� DGKHUHQFH�� WKH�
LGHQWLILFDWLRQ� RI� SDWLHQWV� ZKR� EHFRPH� UHIUDFWRU\� WR�
WKHUDS\� DQG� PRUH� WLPHO\� DGMXVWPHQWV� LQ� WKHUDS\� IRU�
WKRVH� LQGLYLGXDOV� ZLWK� DFWLYH� VWRQH� IRUPDWLRQ��������� ,I�
SDWLHQWV� UHPDLQ�VWRQH� IUHH�RQ� WKHLU� WUHDWPHQW� UHJLPHQ�
IRU�DQ�H[WHQGHG�SHULRG�RI�WLPH��GLVFRQWLQXDWLRQ�RI�IROORZ
-XS�WHVWLQJ�PD\�EH�FRQVLGHUHG�� 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV�VKRXOG�REWDLQ�SHULRGLF�EORRG� WHVWLQJ� WR�
DVVHVV� IRU� DGYHUVH� HIIHFWV� LQ� SDWLHQWV� RQ�
SKDUPDFRORJLFDO� WKHUDS\�� �6WDQGDUG�� (YLGHQFH�
6WUHQJWK�*UDGH��$� 

7KH� PDMRULW\� RI� PHGLFDWLRQV� SUHVFULEHG� IRU� VWRQH�
SUHYHQWLRQ� DUH� DVVRFLDWHG� ZLWK� SRWHQWLDO� DGYHUVH�
HIIHFWV�� VRPH� RI� ZKLFK� FDQ� EH� GHWHFWHG� ZLWK� EORRG�
WHVWLQJ�� )RU� H[DPSOH�� WKLD]LGH� WKHUDS\� PD\� SURPRWH�
K\SRNDOHPLD� DQG� JOXFRVH� LQWROHUDQFH�� DOORSXULQRO� DQG�
WLRSURQLQ�PD\�FDXVH�DQ�HOHYDWLRQ�LQ�OLYHU�HQ]\PHV��$+$�
DQG� WLRSURQLQ� PD\� LQGXFH� DQHPLD� DQG� RWKHU�
KHPDWRORJLF�DEQRUPDOLWLHV��SRWDVVLXP�FLWUDWH�PD\�UHVXOW�
LQ� K\SHUNDOHPLD�� 6XFK� PRQLWRULQJ� PD\� DOVR� DOORZ� WKH�
FOLQLFLDQ� WR� GHWHFW� RWKHU� PHWDEROLF� DEQRUPDOLWLHV�� IRU�
H[DPSOH� SDWLHQWV� ZLWK� XQGLDJQRVHG� SULPDU\�
K\SHUSDUDWK\URLGLVP�PD\� GHYHORS� K\SHUFDOFHPLD� DIWHU�
LQLWLDWLRQ� RI� WKLD]LGH� WKHUDS\������������-���� 7KH� W\SH� DQG�
IUHTXHQF\�RI�WHVWLQJ�VKRXOG�EH�WDLORUHG�WR�WKH�SDWLHQW¶V�
FRPRUELGLWLHV�DQG�PHGLFDWLRQV� 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV� VKRXOG� REWDLQ� D� UHSHDW� VWRQH� DQDO\VLV��
ZKHQ� DYDLODEOH�� HVSHFLDOO\� LQ� SDWLHQWV� QRW�
UHVSRQGLQJ�WR�WUHDWPHQW���([SHUW�2SLQLRQ� 

$�FKDQJH�LQ�VWRQH�FRPSRVLWLRQ�PD\�DFFRXQW�IRU�WKH�ODFN�
RI� UHVSRQVH� WR� GLHWDU\�PHGLFDO� WKHUDS\�� 7KHUHIRUH��
UHSHDW� VWRQH� DQDO\VLV� LV� MXVWLILHG� LQ� WKLV� VHWWLQJ��
&KDQJHV� LQ� VWRQH� FRPSRVLWLRQ� KDYH� EHHQ� UHSRUWHG� LQ�
FDOFLXP� R[DODWH� VWRQH� IRUPHUV�ZKR� KDYH� FRQYHUWHG� WR�
IRUPLQJ� FDOFLXP� SKRVSKDWH� VWRQHV�� ZKLOH� F\VWLQH� DQG�
XULF�DFLG� VWRQH� IRUPHUV�PD\�KDYH�DGGLWLRQDO�PHWDEROLF�
DEQRUPDOLWLHV�WKDW�SUHGLVSRVH�WKHP�WR�IRUP�RWKHU�W\SHV�
RI�VWRQHV����-��� 

*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV� VKRXOG� PRQLWRU� SDWLHQWV� ZLWK� VWUXYLWH�
VWRQHV� IRU� UHLQIHFWLRQ� ZLWK� XUHDVH-SURGXFLQJ�
RUJDQLVPV� DQG� XWLOL]H� VWUDWHJLHV� WR� SUHYHQW� VXFK�
RFFXUUHQFHV���([SHUW�2SLQLRQ� 

'XH� WR� WKH� LQIHFWHG�QDWXUH�RI� VWUXYLWH� VWRQHV��SDWLHQWV�
PD\� FRQWLQXH� WR� EH� DW� ULVN� IRU� SHUVLVWHQW� RU� UHFXUUHQW�
XULQDU\� WUDFW� LQIHFWLRQV� HYHQ� DIWHU� VWRQH� UHPRYDO��
7KHUHIRUH�� FORVH� PRQLWRULQJ� RI� WKHVH� SDWLHQWV� LV�
UHFRPPHQGHG� LQ� RUGHU� WR� LGHQWLI\� DQG� WUHDW� UHFXUUHQW�
LQIHFWLRQ�� 3DWLHQWV� ZLWK� DOWHUHG� ORZHU� XULQDU\� WUDFW�
DQDWRP\�PD\�EH�DW�SDUWLFXODU� ULVN� IRU� UH-LQIHFWLRQ�DQG�
UHFXUUHQFH��0RQLWRULQJ�VKRXOG�LQFOXGH�VXUYHLOODQFH�XULQH�
FXOWXUH� WHVWLQJ� RQ� D� SHULRGLF� EDVLV�� ,Q� VRPH� FDVHV��
UHFXUUHQFHV� PD\� EH� UHGXFHG� ZLWK� ORQJ-WHUP��
SURSK\ODFWLF�DQWLELRWLF�WKHUDS\���� 
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*XLGHOLQH�6WDWHPHQW���� 

&OLQLFLDQV� VKRXOG� SHULRGLFDOO\� REWDLQ� IROORZ-XS�
LPDJLQJ� VWXGLHV� WR� DVVHVV� IRU� VWRQH� JURZWK� RU�
QHZ� VWRQH� IRUPDWLRQ� EDVHG� RQ� VWRQH� DFWLYLW\�
�SODLQ� DEGRPLQDO� LPDJLQJ�� UHQDO� XOWUDVRQRJUDSK\�
RU�ORZ�GRVH�FRPSXWHG�WRPRJUDSK\�>&7@����([SHUW�
2SLQLRQ� 

2WKHU� WKDQ� VWRQH� SDVVDJH�� LPDJLQJ� LV� WKH� PRVW�
VHQVLWLYH�ZD\�WR�GHWHFW�VWRQH�DFWLYLW\��GHILQHG�DV�HLWKHU�
H[LVWLQJ� VWRQH� JURZWK� RU� QHZ� VWRQH� IRUPDWLRQ�� 3ODLQ�
DEGRPLQDO�LPDJLQJ�KDV�WKH�DGYDQWDJHV�RI�EHLQJ�UHDGLO\�
DYDLODEOH�DQG�DVVRFLDWHG�ZLWK�OLPLWHG�UDGLDWLRQ�H[SRVXUH�
DQG�ORZHU�FRVW�FRPSDUHG�WR�RWKHU�PRGDOLWLHV��:KLOH�WKH�
VHQVLWLYLW\� DQG� VSHFLILFLW\� RI� SODLQ� DEGRPLQDO�
UDGLRJUDSKV�DQG� WRPRJUDPV�GR�QRW� DSSURDFK� WKRVH�RI�
&7��SODLQ�UDGLRJUDSK\�SURYLGHV�DQ�DFFHSWDEOH�PHWKRG�RI�
DVVHVVPHQW� RI� VWRQH� DFWLYLW\� LQ� PRVW� SDWLHQWV� ZLWK�
UDGLRSDTXH�VWRQHV��5HFHQW�UHSRUWV�RQ�WKH�XVH�RI�GLJLWDO�
WRPRJUDPV� VXJJHVW� WKDW� LW� PD\� SURYLGH� HQKDQFHG�
GHWHFWLRQ�RI�UDGLRSDTXH�VWRQHV���� 

2WKHU�VWXGLHV�PD\�EH�XWLOL]HG�LI�SODLQ�LPDJLQJ�GRHV�QRW�
DGHTXDWHO\� GHOLQHDWH� VWRQHV�� 5HQDO� XOWUDVRQRJUDSK\� LV�
WKH� SUHIHUUHG� LPDJLQJ�PRGDOLW\� IRU�PRVW� SDWLHQWV�ZLWK�
UDGLROXFHQW�VWRQHV��DV� WKHUH� LV�QR�H[SRVXUH� WR� LRQL]LQJ�
UDGLDWLRQ�� DQG� LW� W\SLFDOO\� LV� OHVV� FRVWO\� WKDQ� &7��
+RZHYHU�� VSHFLILFLW\� DQG� VHQVLWLYLW\� RI� XOWUDVRXQG� DUH�
LQIHULRU� WR� &7�� 8OWLPDWHO\�� XQHQKDQFHG� &7� LPDJLQJ�
UHPDLQV� WKH� PRVW� VHQVLWLYH� LPDJLQJ� PRGDOLW\�� DQG� LI�
QHHGHG��FDQ�EH�SHUIRUPHG�HIIHFWLYHO\�XVLQJ�D�ORZ�GRVH�
SURWRFRO� LQ�PDQ\�SDWLHQWV��$�RQH-\HDU�LPDJLQJ�LQWHUYDO�
LV� UHFRPPHQGHG� IRU� VWDEOH� SDWLHQWV�� EXW� WKLV� PD\� EH�
WDLORUHG�EDVHG�RQ�VWRQH�DFWLYLW\�RU�FOLQLFDO�VLJQV����-���  

)8785(�5(6($5&+ 

)RU� D� GLVHDVH� ZLWK� UHODWLYHO\� KLJK� LQFLGHQFH� DQG�
SUHYDOHQFH��UHVHDUFK� LQ�WKH�SUHYHQWLRQ�RI�NLGQH\�VWRQH�
GLVHDVH� LV� VXUSULVLQJO\� VSDUVH�� 7KH� UHDVRQV� IRU� WKH�
SDXFLW\� RI� ZRUN� KDYH� QRW� EHHQ� LQYHVWLJDWHG� EXW� PD\�
UHODWH�WR�WKH�IDFWV�WKDW�NLGQH\�VWRQHV�DUH�VSRUDGLF��WKDW�
WKH� DVVRFLDWHG� SDLQ� DQG� GLVFRPIRUW� DUH� WUDQVLHQW�� WKDW�
UHFXUUHQFH� UDWHV� LQ� LQGLYLGXDOV� PD\� EH� KLJK� EXW�
HSLVRGHV�RI�UHQDO�FROLF�PD\�EH�VHSDUDWHG�E\�\HDUV��E\�D�
SHUFHSWLRQ�� ULJKW� RU� ZURQJ�� WKDW� WKH� SKDUPDFHXWLFDO�
LQGXVWU\� LV� QRW� OLNHO\� WR� ILQG� VXEVWDQWLDO� SURILW� LQ� VWRQH�
SUHYHQWLRQ�� 7KH� UHFHQW� $+54-VSRQVRUHG� UHYLHZ� RI�
PHGLFDO�PDQDJHPHQW�LGHQWLILHG�RQO\����5&7V�SHUIRUPHG�
WKURXJK�������� 
 
7KH�LQWHUHVW�LQ�NLGQH\�VWRQHV�KDV�JURZQ�LQ�UHFHQW�\HDUV�
LQ� WZR� LPSRUWDQW� UHVSHFWV�� DQG� ZH� KRSH� WKDW� WKHVH�
IDFWRUV�ZLOO� VWLPXODWH� IXUWKHU� LQWHUHVW� LQ� XQGHUVWDQGLQJ�
DQG�WUHDWLQJ�VWRQH�GLVHDVH��)LUVW��NLGQH\�VWRQHV�DSSHDU�
WR� EH� LQFUHDVLQJ� LQ� SUHYDOHQFH��� +\SRWKHVHV� UHJDUGLQJ�
WKLV�SKHQRPHQRQ�UDQJH�IURP�FKDQJHV�LQ�GLHW��PRUH�VDOW�
DQG� OHVV� GDLU\��� WKH� JURZLQJ� HSLGHPLFV� RI� PHWDEROLF�
V\QGURPH�� GLDEHWHV� DQG� REHVLW\�� WKH� HIIHFWV� RI� JOREDO�
ZDUPLQJ�DQG�WKH�HOLPLQDWLRQ�RI�2[DOREDFWHU�IRUPLJHQHV�
E\� ZLGHVSUHDG� H[SRVXUH� WR� DQWLELRWLFV� LQ� WKH� IRRG�
VXSSO\�DQG�HOVHZKHUH��3URVSHFWLYH�PRQLWRULQJ�RI�NLGQH\�
VWRQH�GHYHORSPHQW�LQ�SRSXODWLRQV�IRU�ZKRP�WKHVH�VRUWV�
RI� H[SRVXUHV� DUH� UHFRUGHG� ZRXOG� EH� PRVW� FULWLFDO� IRU�
OHDUQLQJ�PRUH� DERXW� WKH� HWLRORJLHV� DQG� URRW� FDXVHV� RI�
VWRQH�GLVHDVH�� 

 
6HFRQG�� VWRQHV� KDYH� FRQVLVWHQWO\� EHHQ� VKRZQ� WR� EH�
DVVRFLDWHG� ZLWK� PRUH� PRUELGLW\� WKDQ� SUHYLRXVO\�
H[SHFWHG��$VVRFLDWLRQV�ZLWK�FRURQDU\�DUWHU\�GLVHDVH�����
K\SHUWHQVLRQ��� DQG� GLDEHWHV��� KDYH� OHG� WR� TXHVWLRQV�
DERXW� ZKLFK� RI� WKHVH� IDFWRUV� DUH� VLPSO\� DVVRFLDWLRQV��
DQG�ZKLFK�� LI�DQ\��DUH�DFWXDOO\� LQ�WKH�FDXVDO�SDWKZD\V��
,I� VWRQHV� SUHFHGH� WKHVH� FR-PRUELGLWLHV�� ZH� QHHG� WR�
XQGHUVWDQG� WKDW� UHODWLRQVKLS�� LI� VWRQHV� DUH� DQRWKHU�
LQGLFDWRU�RI�D�PHWDEROLF�DOWHUDWLRQ�UHVXOWLQJ�IURP�ZHLJKW�
JDLQ��ZH�QHHG�WR�DGYDQFH�RXU�HIIRUWV�WR�LQWHUYHQH�LQ�RXU�
SDWLHQWV¶� GLHW� DQG� H[HUFLVH� UHJLPHQV�� 7KH� LPSUHVVLRQ�
WKDW�VWRQHV�PD\�KDYH�PRUH�ODVWLQJ�HIIHFWV�RU�DULVH�IURP�
IDFWRUV� WKDW� WKHPVHOYHV� DUH� FDUGLRYDVFXODU� ULVN� IDFWRUV�
PD\� KHOS� SDWLHQWV� XQGHUVWDQG� WKDW� UHQDO� FROLF� LV�
SHUKDSV�D�VHQWLQHO�HYHQW�� 
 
:LWK� WKRVH� QHZVZRUWK\� WUHQGV� LQ� PLQG�� SHUKDSV� WKH�
HIIRUW�WR�SUHYHQW�VWRQHV�QHHGV�WR�EH�EURDGHQHG�WR�RWKHU�
SRSXODWLRQV�RI�SUDFWLWLRQHUV��0DQ\�SDWLHQWV�QHYHU�VHH�D�
XURORJLVW��PRVW� QHYHU� VHH� D� QHSKURORJLVW�� DQG� IHZ� DUH�
HYDOXDWHG� DQG� SHUVRQDOO\� FRXQVHOHG� UHJDUGLQJ�
LQGLYLGXDOL]HG� UHJLPHQV� WR� DGGUHVV� VWRQH� SUHYHQWLRQ��
3ULPDU\�FDUH�SUDFWLWLRQHUV�DQG�SK\VLFLDQ�H[WHQGHUV�DUH�
H[SHUWV�DW�FRXQVHOLQJ�ZHLJKW�ORVV��H[HUFLVH�DQG�VPRNLQJ�
FHVVDWLRQ�� ,I� UHVHDUFK� UHJDUGLQJ� LPSOHPHQWDWLRQ� RI�
VWRQH� SUHYHQWLRQ� UHJLPHQV� LQ� HPHUJHQF\� URRPV� DQG�
SULPDU\� FDUH� RIILFHV� DGYDQFHG�� VWRQH� UHFXUUHQFH� FRXOG�
EH� WKH�SXUYLHZ�RI�D�YDVWO\� ODUJHU�SRRO�RI�SUDFWLWLRQHUV��
$ORQJ�ZLWK� WKH�SRWHQWLDO� WR�SUHYHQW�DQG�UHOLHYH�KXPDQ�
VXIIHULQJ��WKHUH� LV�DPSOH�UHDVRQ�WR�EHOLHYH�WKDW�NLGQH\�
VWRQH�SUHYHQWLRQ�UHVHDUFK�FRXOG�KDYH�HFRQRPLF�LPSDFW�
DV� ZHOO���� $� ZLGH� UDQJH� RI� KHDOWKFDUH� SURYLGHUV� DUH�
FDSDEOH�RI�LPSOHPHQWLQJ�VXFK�VWUDWHJLHV�ZLWKRXW�D�YHU\�
VRSKLVWLFDWHG�YLHZ�RI�XULQH�FKHPLVWU\�� 
 
:H�QRWH�WKDW�DOWKRXJK�ERWK�GLHWDU\�PDQLSXODWLRQ���DQG�
PHGLFDWLRQV� VXFK�DV� WKLD]LGHV��DOORSXULQRO�DQG�FLWUDWH���
KDYH� DOO� EHHQ� VKRZQ� WR� KDYH� HIILFDF\� LQ� NLGQH\� VWRQH�
SUHYHQWLRQ�� WKH�UHODWLYH�PHULWV�RI�GLHW�DQG�PHGLFDWLRQV�
KDYH� QHYHU� EHHQ� FRPSDUHG� KHDG-WR-KHDG�� 7KHUH� PD\�
EH�LPSRUWDQW�SDWLHQW-FHQWHUHG�YDULDEOHV�WKDW�GHWHUPLQH�
ZKLFK� VWRQH� IRUPHUV� DUH� EHVW� DEOH� WR� DGKHUH� WR� D�
PHGLFDWLRQ� DQG� UHVSRQG� IDYRUDEO\� DQG� ZKLFK� SUHIHU�
GLHWDU\� PDQLSXODWLRQ�� 'HWHUPLQDWLRQ� RI� WKH�
FKDUDFWHULVWLFV� RI� SDWLHQWV� ZKR� GR� ZHOO� LQFRUSRUDWLQJ�
RQH�RU�WKH�RWKHU�RU�ERWK�ZRXOG�SURYLGH�DQ�LPSRUWDQW�DLG�
WR� SUDFWLWLRQHUV� LQWHUHVWHG� LQ� SUHVFULELQJ� VXFFHVVIXO�
SUHYHQWLYH� VWUDWHJLHV�� :KHWKHU� PRGLI\LQJ� WKHVH�
H[SRVXUHV� ZLOO� FKDQJH� VWRQH� SUHYDOHQFH� PXVW� EH�
H[DPLQHG�� 
 
)XUWKHUPRUH�� LW� LV� KRSHIXO� WKDW� WKH� UHYROXWLRQ� LQ�
JHQHWLFV�ZLOO�OHQG�SRZHU�WR�WKH�GLDJQRVLV�DQG�SUHYHQWLRQ�
RI�GLVHDVH��DQG�SURJUHVV� LV� LQGHHG�EHLQJ�PDGH�VORZO\��
7KH� UHFHQW� GLVFRYHU\� RI� PXWDWLRQV� LQ� &<3��$��� WKH�
JHQH�HQFRGLQJ�WKH���-K\GUR[\ODVH�WKDW�LQDFWLYDWHV�����
-GLK\GUR[\�YLWDPLQ�'��DV�D�FDXVH�RI�K\SHUFDOFHPLD�DQG�
NLGQH\�VWRQHV����-����VHUYHV�DV�DQ�H[DPSOH�WKDW�JHQHWLFV�
FDQ� XQFRYHU� LPSRUWDQW� JHQRW\SH-SKHQRW\SH�
FRUUHODWLRQV��5DUH�JHQHWLF� FDXVHV� RI� NLGQH\� VWRQHV� DUH�
EHLQJ� WKRURXJKO\� LQYHVWLJDWHG� DQG� PD\� \LHOG� LQVLJKWV�
LQWR�WKH�PHFKDQLVPV�DQG� WUHDWPHQWV�RI�PRUH�FRPPRQ�
LGLRSDWKLF� GLVHDVH� DIIHFWLQJ� ZLGHU� SRSXODWLRQV�����
+RZHYHU� WKH� JHQHWLF� EDVLV� IRU� WKH� ZLGHVSUHDG�
SUHYDOHQFH� RI� NLGQH\� VWRQHV� LQ� WKH� 8QLWHG� 6WDWHV�
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UHPDLQV�UHODWLYHO\�XQVROYHG�� 
 
)LQDOO\�� ZH� DUH� RQO\� MXVW� EHJLQQLQJ� WR� XQGHUVWDQG� WKH�
SRWHQWLDO�LPSRUWDQFH�RI�WKH�LQWHVWLQDO�PLFURELRPH�LQ�WKH�
GHWHUPLQDWLRQ� RI� XULQDU\� FKHPLVWU\�� &OHDUO\� GLHWDU\�
LQWDNH� LV� QRW� WKH� VROH� YDULDEOH� LQIOXHQFLQJ� XULQDU\�
RXWSXW�� DQ� DSSURSULDWH� FRPSOHPHQW� RI� LQWHVWLQDO�
PLFURELRWD�ZLOO�VHUYH�DQ� LPSRUWDQW�UROH��:H�KDYH�EHHQ�
PRVW�IDPLOLDU�ZLWK�2[DOREDFWHU�IRUPLJHQHV��DQ�REOLJDWH�
PHWDEROL]HU�RI� LWV�RQO\�VXEVWUDWH��R[DODWH�� LWV�SUHVHQFH�
LV�DVVRFLDWHG�ZLWK�SUHYHQWLRQ�RI�VWRQHV�DQG�LWV�DEVHQFH�
ZLWK�LQFUHDVHG�XULQDU\�R[DODWH�DQG�PRUH�VWRQHV�����+RZ�
WKH� PLFURELRPH� LQIOXHQFHV� XULQDU\� OLWKRJHQLFLW\� DQG�
ZKHWKHU� ZH� FDQ� VDIHO\� DQG� SURGXFWLYHO\� PDQDJH� WKH�
KXPDQ� PLFURELRPH� XVLQJ� SURELRWLFV�� SUHELRWLFV�� IHFDO�
WUDQVSODQWV�DQG�RWKHU�VWUDWHJLHV�ZLOO�EH�H[DPLQHG�LQ�WKH�
FRPLQJ�\HDUV�� 
 
,Q� VXPPDU\�� WKHUH� LV� QR� GHDUWK� RI� LPSRUWDQW� NLGQH\�
VWRQH� UHVHDUFK� TXHVWLRQV� WR� EH� UDLVHG�� .LGQH\� VWRQHV�
QRZ� DSSHDU� WR� EH� UHODWHG� WR� FKURQLF� FRQGLWLRQV� WKDW�
UHTXLUH� D� ORQJ-WHUP� YLHZ� E\� D� EURDG� UDQJH� RI�
SK\VLFLDQV��SK\VLFLDQ�H[WHQGHUV�DQG�SDWLHQWV��7KH\�PD\�
EH�DVVRFLDWHG�ZLWK�DGYHUVH�HIIHFWV� WKDW� HLWKHU�SUHFHGH�
RU�IROORZ�VWRQHV��WKH�GLUHFWLRQDOLW\�RI�WKRVH�UHODWLRQVKLSV�
QHHGV� WR� EH� XQGHUVWRRG�� 6WURQJ� HYLGHQFH� IURP� DQ�
DGPLWWHGO\� ORZ� QXPEHU� RI� FOLQLFDO� WULDOV� GHPRQVWUDWHV�
WKDW�VWRQHV�DUH�LQGHHG�SUHYHQWDEOH����7KHUH�LV�QRZ�QRW�
RQO\� D� QHHG� IRU� QHZ� UHVHDUFK� LQWR� WKH� FDXVDWLYH� DQG�
H[DFHUEDWLQJ�IDFWRUV�DVVRFLDWHG�ZLWK�VWRQHV��EXW�DOVR�D�
QHHG�WR�HQVXUH�WKDW�WKH�DFTXLUHG�NQRZOHGJH�WR�SUHYHQW�
VWRQHV� LV� VKDUHG� ZLWK� HYHU\� VWRQH� IRUPHU� LQ� D� FOLQLFDO�
VHWWLQJ�� 
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$+$  $FHWRK\GUR[DPLF�DFLG 

$+54  $JHQF\�IRU�+HDOWKFDUH�5HVHDUFK�DQG� 
  4XDOLW\ 

$8$  $PHULFDQ�8URORJLFDO�$VVRFLDWLRQ 

&7  &RPSXWHG�WRPRJUDSK\ 

'$6+  'LHWDU\�$SSURDFKHV�WR�6WRS�  
  +\SHUWHQVLRQ 

+3)6  +HDOWK�3URIHVVLRQDOV�)ROORZ-XS�6WXG\ 

1+$1(6 1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�  
  ([DPLQDWLRQ�6XUYH\ 

1+6�,  1XUVHV¶�+HDOWK�6WXG\�, 

1+6�,,  1XUVHV¶�+HDOWK�6WXG\�,, 

37+  3DUDWK\URLG�KRUPRQH 

5&7  5DQGRPL]HG�FRQWUROOHG�WULDO 

5'$  5HFRPPHQGHG�GLHWDU\�DOORZDQFH 

57$  5HQDO�WXEXODU�DFLGRVLV 

87,  8ULQDU\�WUDFW�LQIHFWLRQ 

/LVW�RI�$EEUHYLDWLRQV 
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5()(5(1&(6 

���6FDOHV�&'�-U���6PLWK�$&��+DQOH\�-0�HW�DO��3UHYDOHQFH�
RI�NLGQH\�VWRQHV�LQ�WKH�8QLWHG�6WDWHV��(XU�8URO�
�������������� 

���8ULEDUUL�-��2K�06�DQG�&DUUROO�+-��7KH�ILUVW�NLGQH\�
VWRQHV��$QQ�,QWHUQ�0HG����������������� 

���7UDYHU�0$��3DVVPDQ�&0��/H5R\�7�HW�DO��,V�WKH�
,QWHUQHW�D�UHOLDEOH�VRXUFH�IRU�GLHWDU\�
UHFRPPHQGDWLRQV�IRU�VWRQH�IRUPHUV"�-�(QGRXURO�
�������������� 

���+LJJLQV�-'$��$VVHVVLQJ�TXDOLW\�RI�LQFOXGHG�VWXGLHV�LQ�
&RFKUDQH�5HYLHZV��7KH�&RFKUDQH�&ROODERUDWLRQ�
0HWKRGV�*URXSV�1HZVOHWWHU��������� 

���:KLWLQJ�3)��5XWMHV�$:6��:HVWZRRG�0(��HW�DO��
48$'$6-���$�5HYLVHG�7RRO�IRU�WKH�4XDOLW\�
$VVHVVPHQW�RI�'LDJQRVWLF�$FFXUDF\�6WXGLHV��$QQ�
,QWHUQ�0HG��������������� 

���:HOOV�*$��6KHD�%��2
&RQQHOO�'��HW�DO��7KH�1HZFDVWOH-
2WWDZD�6FDOH��126��IRU�DVVHVVLQJ�WKH�TXDOLW\�LI�
QRQUDQGRPL]HG�VWXGLHV�LQ�PHWD-DQDO\VHV��KWWS���
ZZZ�RKULFD�SURJUDPV�FOLQLFDOBHSLGHPLRORJ\�
R[IRUG�KWP�������$YDLODEOH�IURP��85/�KWWS���
ZZZ�RKUL�FD�SURJUDPV�FOLQLFDOBHSLGHPLRORJ\�
R[IRUG�KWP� 

���)DUDGD\�0��+XEEDUG�+��.RVLDN�%�HW�DO��6WD\LQJ�DW�WKH�
FXWWLQJ�HGJH��D�UHYLHZ�DQG�DQDO\VLV�RI�HYLGHQFH�
UHSRUWLQJ�DQG�JUDGLQJ��WKH�UHFRPPHQGDWLRQV�RI�WKH�
$PHULFDQ�8URORJLFDO�$VVRFLDWLRQ��%-8�,QW�������
��������� 

���+VX�&�DQG�6DQGIRUG�%$��7KH�'HOSKL�7HFKQLTXH��
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FRQVXPSWLRQ�RQ�XULQDU\�VWRQH�ULVN�IDFWRUV��-�8URO�
���������������� 

����+RQRZ�5��/DXEH�1��6FKQHLGHU�$�HW�DO��,QIOXHQFH�RI�
JUDSHIUXLW-��RUDQJH-�DQG�DSSOH-MXLFH�FRQVXPSWLRQ�
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.LGQH\�6WRQHV�DQG�WKH�5LVN�RI�&RURQDU\�+HDUW�
'LVHDVH��-$0$���������������� 

�����7HEEHQ��3-��0LOOLQHU��'6��+RUVW�5/�HW�DO��
+\SHUFDOHPLD��K\SHUFDOLXULD�DQG�HOHYDWHG�FDOFLWULRO�
FRQFHQWUDWLRQV�ZLWK�DXWRVRPDO�GRPLQDQW�
WUDQVPLVVLRQV�GXH�WR�&<3��$��PXWDWLRQV��(IIHFW�RI�
NHWRFRQD]ROH�WKHUDS\���-�&OLQ�(QGRFULQRO�0HWDE�
����������(���� 

�����'LQRXU�'��%HFNHUPDQ�3��*DQRQ�/�HW�DO��/RVV�RI�
IXQFWLRQ�PXWDWLRQV�LQ�&<3$�����WKH�YLWDPLQ�'�
K\GUR[\ODVH�JHQH��FDXVH�ORQJVWDQGLQJ�
K\SHUFDOFLXULF�QHSKUROLWKLDVLV�DQG�QHSKURFDOFLQRVLV���
-�8URO���������������� 

�����1HVWHURYD�*��0DOLFGDQ�0&��<DVXGD�.�HW�DO������-
�2+��'-���K\GUR[\ODVH��&<3$�����GHILFLHQF\�DV�D�
FDXVH�RI�QHSKUROLWKLDVLV���&OLQ�-�$P�6RF�1HSKURO�
������������� 

�����(GYDUGVVRQ�92��*ROGIDUE�'6��/LHVNH�-&�HW�DO��
+HUHGLWDU\�FDXVHV�RI�NLGQH\�VWRQHV�DQG�FKURQLF�
NLGQH\�GLVHDVH��3HGLDWU�1HSKURO���������������� 

�����6LHQHU�5��%DQJHQ�8��6LGKX�+�HW�DO��7KH�UROH�RI�
2[DOREDFWHU�IRUPLJHQHV�FRORQL]DWLRQ�LQ�FDOFLXP�
R[DODWH�VWRQH�GLVHDVH��.LGQH\�,QW���������������� 
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0HGLFDO� 0DQDJHPHQW� RI� .LGQH\� 6WRQHV� 3DQHO��
&RQVXOWDQWV�DQG�6WDII 

3DQHO 
0DUJDUHW�6XH�3HDUOH��0'��3K'��&KDLU� 
3URIHVVRU��8URORJ\�DQG�,QWHUQDO�0HGLFLQH  
8WDK�6RXWKZHVWHUQ�0HGLFDO�&HQWHU 
'DOODV� 7;  � 
 
'DYLG�6��*ROGIDUE��0�'���9LFH�&KDLU� 
'LUHFWRU��.LGQH\�6WRQH�3UHYHQWLRQ�3URJUDPV 
1HZ�<RUN�9$�0HG�&WU���1HSKURORJ\�6HFWLRQ� 
1HZ�<RUN� 1<   
 
'HDQ�*HRUJH�$VVLPRV��0�'� 
&KLHI�RI�8URORJ\ 
8$%�6FKRRO�RI�0HGLFLQH 
%LUPLQJKDP� $/� 
 
*DU\�&XUKDQ��0'� 
3URIHVVRU��+DUYDUG�0HGLFDO�6FKRRO 
%ULJKDP�:RPHQ
V�+RVSLWDO 
%RVWRQ� 0$� 
 
&\QWKLD�-�'HQX-&LRFFD��0'� 
$VVLVWDQW�3URIHVVRU�RI�0HGLFLQH 
81&�6FKRRO�RI�0HGLFLQH 
&KDSHO�+LOO��1&������� 
 
%ULDQ�5��0DWODJD��0'  
$VVRFLDWH�3URIHVVRU 
-RKQV�+RSNLQV�0HGLFDO�,QVWLWXWLRQV 
%DOWLPRUH��0'  � 
 
0DQRM�0RQJD��0'  
'LUHFWRU��&HQWHU�IRU�(QGRXURORJ\�DQG�6WRQH�'LVHDVH 
7KH�&OHYHODQG�&OLQLF� 
&OHYHODQG� 2+� 
 
.ULVWLQD�/HD�3HQQLVWRQ��3K'  
$VVRFLDWH�6FLHQWLVW��'HSDUWPHQW�RI�8URORJ\ 
8:�6FKRRO�RI�0HGLFLQH�DQG�3XEOLF�+HDOWK 
0DGLVRQ� :,� 
 
*OHQQ�0��3UHPLQJHU��0'  
'LUHFWRU��&RPSUHKHQVLYH�.LGQH\�6WRQH�&HQWHU�	�
3URIHVVRU�RI�8URORJLF�6XUJHU\ 
'XNH�8QLYHUVLW\�0HGLFDO�&HQWHU�'HSDUWPHQW�2I�8URORJ\� 
'XUKDP� 1&� 
 
7KRPDV�0�7��7XUN��0'  
3URIHVVRU��'HSDUWPHQW�RI�8URORJ\ 
/R\ROD�8QLYHUVLW\�0HGLFDO�&HQWHU 
0D\ZRRG��,/� 
 
&RQVXOWDQW 
-DPHV�5REHUW�:KLWH��3K' 
 
6WDII 
+HGG\�+XEEDUG��3K'���03+��51��)$$1 
0LFKDHO�)ROPHU 
$ELG�.KDQ��0+6 
&DUOD�)RVWHU��03+ 
(ULQ�.LUNE\��06 
3DWULFLD�/DSHUD��03+ 
'HO¶5KHD�*RGZLQ-%UHQW 

 
&21)/,&7�2)�,17(5(67�',6&/2685(6 
 
$OO� SDQHO� PHPEHUV� FRPSOHWHG� &2,� GLVFORVXUHV��
5HODWLRQVKLSV� WKDW� KDYH� H[SLUHG� �PRUH� WKDQ� RQH� \HDU�
ROG��VLQFH� WKH�SDQHO¶V� LQLWLDO�PHHWLQJ��DUH� OLVWHG��7KRVH�
PDUNHG� ZLWK� �&�� LQGLFDWH� WKDW� FRPSHQVDWLRQ� ZDV�
UHFHLYHG�� UHODWLRQVKLSV� GHVLJQDWHG� E\� �8�� LQGLFDWH� QR�
FRPSHQVDWLRQ�ZDV�UHFHLYHG� 
 
&RQVXOWDQW�$GYLVRU��'HDQ�*��$VVLPRV��2[DORVLV�
DQG�+\SHUR[DOXULD�)RXQGDWLRQ��2+)���8���*DU\�&XUKDQ��
0'��$OOHQD�3KDUPDFHXWLFDOV��&���'DYLG�6��
*ROGIDUE��0'��7DNHGD��&���$VWUD�=HQHFD��&�����
%ULDQ�5��0DWODJD��0'��%RVWRQ�6FLHQWLILF��&���0DQRM�
0RQJD��0'��%DUG��&���&RORSODVW��&���+LVWRVRQLFV�
�&���2O\PSXV��&���86�(QGRVFRS\��&���([SLUHG���*OHQQ�
0��3UHPLQJHU��0'��%RVWRQ�6FLHQWLILF��&���0LVVLRQ�
3KDUPDFDO��&�� 
 
+HDOWK�3XEOLVKLQJ��'HDQ�*HRUJH�$VVLPRV��0'��
0HG�5HYLHZ�LQ�8URORJ\��&���8URORJ\�7LPHV��&���*DU\�
&XUKDQ��0'��0DQRM�0RQJD��0'��%UD]LOLDQ�-RXUQDO�
RI�8URORJ\��8���,QGLDQ�-RXUQDO�RI�8URORJ\��8���-RXUQDO�RI�
(QGRXURORJ\��8���3UDFWLFDO�5HYLHZV�LQ�8URORJ\��&���
*OHQQ�0��3UHPLQJHU��0'��8S7R'DWH��&� 
 
/HDGHUVKLS�3RVLWLRQ��*DU\�&XUKDQ��0'��$PHULFDQ�
6RFLHW\�RI�1HSKURORJ\��&���0DQRM�0RQJD��0'��&06�
6&,3��8���(QGRXURORJ\�6RFLHW\��8�����*OHQQ�0��
3UHPLQJHU��0'��(QGRXURORJLFDO�6RFLHW\��&�� 
 
0HHWLQJ�3DUWLFLSDQW�RU�/HFWXUHU��'DYLG�6��
*ROGIDUE��0'��4XLQWLOHV��&���([SLUHG���0DQRM�
0RQJD��0'��&RRN�8URORJLFDO��&���0LVVLRQ�
3KDUPDFDO��&���H[SLUHG���*OHQQ�0��3UHPLQJHU��0'��
2O\PSXV��&�� 
 
6FLHQWLILF�6WXG\�RU�7ULDO��'HDQ�*HRUJH�$VVLPRV��
0'��1DWLRQDO�,QVWLWXWH�RI�+HDOWK��1,+���&���0DQRM�
0RQJD��0'��7DULV�%LRPHGLFDO��&���([SLUHG���
;HQROLWK��&���([SLUHG� 
 
2ZQHU��3URGXFW�'HYHORSPHQW��'DYLG�6��*ROGIDUE��
0'��7KH�5DYLQH�*URXS��&� 
 
2WKHU��'HDQ�*HRUJH�$VVLPRV��0'��3LHGPRQW�6WRQH�
�&���([SLUHG���*DU\�&XUKDQ��0'��8S7R'DWH��&���0DQRM�
0RQJD��0'��)RUWHF��&� 
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3HHU�5HYLHZHUV 
 
:H� DUH� JUDWHIXO� WR� WKH� SHUVRQV� OLVWHG� EHORZ� ZKR�
FRQWULEXWHG� WR� WKH� 0HGLFDO� 0DQDJHPHQW� RI� .LGQH\�
6WRQHV� *XLGHOLQH� E\� SURYLGLQJ� FRPPHQWV� GXULQJ� WKH�
SHHU� UHYLHZ� SURFHVV�� 7KHLU� UHYLHZV� GR� QRW� QHFHVVDULO\�
LPSO\�HQGRUVHPHQW�RI�WKH�*XLGHOLQH� 
 
-RKQ�$VSOLQ��0' 
:LOOLDP�:��%RKQHUW��0' 
-RVHSK�<��&ODUN��0' 
0LFKDHO�-RVHSK�&RQOLQ��0�' 
'DQLHO�-��&XONLQ��0' 
&DUOH\�'DYLV��0' 
6DPXHO�'HHP��'2 
&KULVWRSKHU�0LFKDHO�*RQ]DOH]��0' 
6WHSKHQ�*RUGRQ��0' 
%HQ�5��*UH\��0'�)5&6 
7RPDV�/��*ULHEOLQJ��0'��03+ 
,WD�+HLOEHUJ��0' 
&��'��$QWKRQ\�+HUQGRQ��0' 
-HII�+RO]EHLHUOHLQ��0' 
$GDP�.DGOHF��0' 
-RKQ�/LHVNH��0' 
0LNH�/LSNLQ��0' 
.HYLQ�5��/RXJKOLQ��0'��0%$ 
5RJHU�/RZ��0' 
3DWULFN�/RZU\��0' 
1DLP�0DDORXI��0' 
1LFROH�0LOOHU��0' 
$QGUHDV�1HLVLXV��0' 
9HUQRQ�3DLV��0' 
*\DQ�3DUHHN��0' 
6XWFKLQ�3DWHO��0' 
$QGUHZ�&��3HWHUVRQ��0' 
+DVVDQ�5D]YL��0' 
-RKQ�6��5RGPDQ��0' 
.KDVKD\DU�6DNKDHH��0' 
'DYLG�-��6DV�'2��03+ 
2MDV�6KDK��0' 
3UDPRG�&��6RJDQL��0' 
-RKQ�7��6WRIIHO��0' 
(ULF�7D\ORU��0' 
&KULVWRSKHU�'RXJODV�7HVVLHU��0' 
+RZDUG�7UDFKWPDQ��0' 
7LP�7VHQJ��0' 
'DYLV�9LSUDNDVLW��0' 
-��6WXDUW�:ROI��-U���0' 
 
',6&/$,0(5 

7KLV�GRFXPHQW�ZDV�ZULWWHQ�E\�WKH�0HGLFDO�0DQDJHPHQW�
RI� .LGQH\� 6WRQHV� *XLGHOLQHV� 3DQHO� RI� WKH� $PHULFDQ�
8URORJLFDO� $VVRFLDWLRQ� (GXFDWLRQ� DQG� 5HVHDUFK�� ,QF���
ZKLFK� ZDV� FUHDWHG� LQ� ������ 7KH� 3UDFWLFH� *XLGHOLQHV�
&RPPLWWHH� �3*&�� RI� WKH� $8$� VHOHFWHG� WKH� FRPPLWWHH�
FKDLU�� 3DQHO� PHPEHUV� ZHUH� VHOHFWHG� E\� WKH� FKDLU��
0HPEHUVKLS� RI� WKH� FRPPLWWHH� LQFOXGHG� XURORJLVWV� DQG�
RWKHU�FOLQLFLDQV�ZLWK�VSHFLILF�H[SHUWLVH�RQ�WKLV�GLVRUGHU��
7KH� PLVVLRQ� RI� WKH� FRPPLWWHH� ZDV� WR� GHYHORS�
UHFRPPHQGDWLRQV�WKDW�DUH�DQDO\VLV-EDVHG�RU�FRQVHQVXV
-EDVHG�� GHSHQGLQJ� RQ� 3DQHO� SURFHVVHV� DQG� DYDLODEOH�
GDWD�� IRU� RSWLPDO� FOLQLFDO� SUDFWLFHV� LQ� WKH� WUHDWPHQW� RI�
NLGQH\�VWRQHV� 

)XQGLQJ� RI� WKH� FRPPLWWHH� ZDV� SURYLGHG� E\� WKH� $8$��
&RPPLWWHH�PHPEHUV�UHFHLYHG�QR�UHPXQHUDWLRQ�IRU�WKHLU�

ZRUN�� (DFK� PHPEHU� RI� WKH� FRPPLWWHH� SURYLGHV� DQ�
RQJRLQJ�FRQIOLFW�RI�LQWHUHVW�GLVFORVXUH�WR�WKH�$8$�� 

:KLOH�WKHVH�JXLGHOLQHV�GR�QRW�QHFHVVDULO\�HVWDEOLVK� WKH�
VWDQGDUG� RI� FDUH�� $8$� VHHNV� WR� UHFRPPHQG� DQG� WR�
HQFRXUDJH�FRPSOLDQFH�E\�SUDFWLWLRQHUV�ZLWK�FXUUHQW�EHVW�
SUDFWLFHV� UHODWHG� WR� WKH� FRQGLWLRQ� EHLQJ� WUHDWHG� � � $V�
PHGLFDO� NQRZOHGJH�H[SDQGV�DQG� WHFKQRORJ\�DGYDQFHV��
WKH�JXLGHOLQHV�ZLOO�FKDQJH��7RGD\�WKHVH�HYLGHQFH-EDVHG�
JXLGHOLQHV�VWDWHPHQWV�UHSUHVHQW�QRW�DEVROXWH�PDQGDWHV�
EXW� SURYLVLRQDO� SURSRVDOV� IRU� WUHDWPHQW� XQGHU� WKH�
VSHFLILF�FRQGLWLRQV�GHVFULEHG� LQ�HDFK�GRFXPHQW��)RU�DOO�
WKHVH�UHDVRQV��WKH�JXLGHOLQHV�GR�QRW�SUH-HPSW�SK\VLFLDQ�
MXGJPHQW�LQ�LQGLYLGXDO�FDVHV�� 

7UHDWLQJ�SK\VLFLDQV�PXVW�WDNH�LQWR�DFFRXQW�YDULDWLRQV�LQ�
UHVRXUFHV�� DQG� SDWLHQW� WROHUDQFHV�� QHHGV�� DQG�
SUHIHUHQFHV�� � &RQIRUPDQFH� ZLWK� DQ\� FOLQLFDO� JXLGHOLQH�
GRHV� QRW� JXDUDQWHH� D� VXFFHVVIXO� RXWFRPH�� � 7KH�
JXLGHOLQH� WH[W� PD\� LQFOXGH� LQIRUPDWLRQ� RU�
UHFRPPHQGDWLRQV� DERXW� FHUWDLQ� GUXJ� XVHV��µRII� ODEHOµ��
WKDW� DUH� QRW� DSSURYHG� E\� WKH� )RRG� DQG� 'UXJ�
$GPLQLVWUDWLRQ� �)'$��� RU� DERXW� PHGLFDWLRQV� RU�
VXEVWDQFHV� QRW� VXEMHFW� WR� WKH� )'$� DSSURYDO� SURFHVV��
$8$� XUJHV� VWULFW� FRPSOLDQFH� ZLWK� DOO� JRYHUQPHQW�
UHJXODWLRQV� DQG� SURWRFROV� IRU� SUHVFULSWLRQ� DQG� XVH� RI�
WKHVH� VXEVWDQFHV�� 7KH� SK\VLFLDQ� LV� HQFRXUDJHG� WR�
FDUHIXOO\� IROORZ� DOO� DYDLODEOH� SUHVFULELQJ� LQIRUPDWLRQ�
DERXW� LQGLFDWLRQV�� FRQWUDLQGLFDWLRQV�� SUHFDXWLRQV� DQG�
ZDUQLQJV�� 7KHVH� JXLGHOLQHV� DQG� EHVW� SUDFWLFH�
VWDWHPHQWV� DUH� QRW� LQ-WHQGHG� WR� SURYLGH� OHJDO� DGYLFH�
DERXW�XVH�DQG�PLVXVH�RI�WKHVH�VXEVWDQFHV� 

$OWKRXJK� JXLGHOLQHV� DUH� LQWHQGHG� WR� HQFRXUDJH� EHVW�
SUDFWLFHV� DQG� SRWHQWLDOO\� HQFRPSDVV� DYDLODEOH�
WHFKQRORJLHV� ZLWK� VXIILFLHQW� GDWD� DV� RI� FORVH� RI� WKH�
OLWHUDWXUH� UHYLHZ�� WKH\� DUH� QHFHVVDULO\� WLPH-OLPLWHG���
*XLGHOLQHV� FDQQRW� LQFOXGH� HYDOXDWLRQ� RI� DOO� GDWD� RQ�
HPHUJLQJ�WHFKQRORJLHV�RU�PDQDJHPHQW��LQFOXGLQJ�WKRVH�
WKDW� DUH� )'$-DSSURYHG�� ZKLFK�PD\� LPPHGLDWHO\� FRPH�
WR�UHSUHVHQW�DFFHSWHG�FOLQLFDO�SUDFWLFHV� � 

)RU� WKLV� UHDVRQ�� WKH�$8$�GRHV�QRW� UHJDUG� WHFKQRORJLHV�
RU�PDQDJHPHQW�ZKLFK�DUH�WRR�QHZ�WR�EH�DGGUHVVHG�E\�
WKLV� JXLGHOLQH� DV� QHFHVVDULO\� H[SHULPHQWDO� RU�
LQYHVWLJDWLRQDO� 

�� 
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