
DUH�UDLVHG��DV�WKH�IDWW\�DFLG�FRPSRVLWLRQ�
RI�EXWWHUIDW�YDULHV�DFFRUGLQJ�WR�WKH�DQL�
PDO
V�GLHW��7KH�YHU\�EHVW�TXDOLW\�EXWWHU�LV�
UDZ��XQSDVWHXUL]HG��IURP�JUDVV�IHG�
FRZV��SUHIHUDEO\�FHUWLILHG�RUJDQLF��7KH�
QH[W�EHVW�LV�SDVWHXUL]HG�EXWWHU�IURP�JUDVV�
IHG�RU�SDVWXUHG�RUJDQLF�FRZV��IROORZHG�
E\�UHJXODU�SDVWHXUL]HG�EXWWHU��(YHQ�WKH�
ODWWHU�WZR�DUH�KHDOWKLHU�FKRLFHV�E\�RUGHUV�
RI�PDJQLWXGH�WKDQ�PDUJDULQHV�RU�RWKHU�
YHJHWDEOH-RLO�EDVHG�VSUHDGV����������������
 :K\�LV�JUDVV�IHG�EXWWHU�EHWWHU"�
0LON�IURP�FRZV�UDLVHG�SULPDULO\�RQ�SDV�
WXUH�KDV�EHHQ�VKRZQ�WR�EH�KLJKHU�LQ�
PDQ\�QXWULHQWV��LQFOXGLQJ�YLWDPLQ�(��
EHWD-FDURWHQH�DQG�WKH�KHDOWK\�IDWV�RPHJD
-��DQG�&/$��7KH�LPSURYHG�IDWW\�DFLG�
SURILOH�LQ JUDVV-IHG�RUJDQLF�PLON DQG�
GDLU\�SURGXFWV�EULQJV�WKH�RPHJD-��WR�
RPHJD-��UDWLR�WR�D�QHDU��-WR-���FRPSDUHG�
WR����-WR-��LQ�FRQYHQWLRQDO�ZKROH�PLON��
7KLV�LV�LPSRUWDQW��VLQFH�WKH�PDMRULW\�RI�
$PHULFDQV�HDW����WR����WLPHV�WKH�DPRXQW�
RI�RPHJD-�V�FRPSDUHG�WR�ZKDW�WKH\�HDW�
LQ�RPHJD-�V��³%HFDXVH�RI�RIWHQ�KLJK�SHU
ဨFDSLWD�GDLU\�FRQVXPSWLRQ�UHODWLYH�WR�

 

2XU�)HEUXDU\������1HZVOHWWHU�IRU�+HDOWK\�/LYLQJ 

³0XOWLSOH�VWXGLHV�KDYH�VKRZQ�WKDW�IRRG�SURGXFWV�IURP�DQLPDOV�
UDLVHG�RQ�SDVWXUH�FRQWDLQ�KLJKHU�DPRXQWV�RI�QXWULHQWV�´� 

:KDW¶V�,QVLGH�7KLV�,VVXH 

· 7KH�+XPEOH�2QLRQ 
· )HEUXDU\�6SHFLDOV 

· $PD]LQJ�$VWD[DQWKLQ 
· )HEUXDU\�0RQWKO\�&RXSRQ 

$OO�DUWLFOHV�LQ�WKLV�QHZVOHWWHU�DUH�IRU�WKH�SXUSRVH�RI�QXWULWLRQDO�LQIRUPDWLRQ�RQO\�DQG�VKRXOG�QRW�EH�FRQVLGHUHG�D�VXEVWLWXWH�IRU�SURIHVVLRQDO�PHGLFDO�DGYLFH� 

%XWWHU�,V�%HWWHU 
 IHFWV�RI�PDUJDULQH�RQ FDUGLRYDVFXODU�

GLVHDVH��UHYHDOHG�WKDW�PDUJDULQH�LQFUHDV�
HV�\RXU�KHDUW�DWWDFN�ULVN��6WLOO��IRU�GHF�
DGHV�PDUJDULQH�UHPDLQHG�PRUH�SRSXODU�
WKDQ�EXWWHU��LW�ZDVQ¶W�XQWLO������WKDW�EXW�
WHU�UHJDLQHG�LWV�WRS�WLWOH��DQG�FRQVXPS�
WLRQ�KDV�EHHQ�RQ�WKH�ULVH�HYHU�VLQFH��%XW�
WHU�LV�VWLOO�UHJDUGHG�E\�PDQ\�DV�D�JXLOW\�
SOHDVXUH��RQH�RI�WKRVH�IRRGV�WKDW�\RX�
VKRXOGQ¶W�UHDOO\�EH�HDWLQJ��EXW�LQGXOJH�LQ�
DQ\ZD\�EHFDXVH�LW¶V�MXVW�VR�JRRG��%XW�

WKLV�LV�RQH�FDVH�ZKHUH�\RX�FDQ�LQGXOJH�
JXLOW-IUHH��EHFDXVH�EXWWHU�LV�D�KHDOWK�IRRG�
—�HVSHFLDOO\�ZKHQ�LW¶V�PDGH�ZLWK�PLON�
IURP�JUDVV�IHG�FRZV����������������������������
 8QOLNH�KHDYLO\�SURFHVVHG�PDU�
JDULQH��EXWWHU�LV�D�ZKROH�IRRG�WKDW�FRQ�
WDLQV�QXWULHQWV�\RXU�ERG\�QHHGV��0XOWLSOH�
FRPSRXQGV�LQ�EXWWHUIDW�DUH�DVVRFLDWHG�
ZLWK�KHDOWK�EHQHILWV��LQFOXGLQJ���9LWD�
PLQV�'��(��.��DQG�$��LQ�LWV�PRVW�DEVRUE�
DEOH�IRUP���IDWW\�DFLGV��PLQHUDOV��&/$��
DQWLR[LGDQWV��ODXULF�DFLG��OHFLWKLQ�DQG�
FKROHVWHURO��0XOWLSOH�VWXGLHV�VXSSRUW�
EXWWHU�FRQVXPSWLRQ�IRU�JRRG�KHDOWK��,Q�D�
V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV�RI�
QLQH�SXEOLFDWLRQV�LQFOXGLQJ����FRXQWU\-
VSHFLILF�FRKRUWV��EXWWHU�FRQVXPSWLRQ�ZDV�
QRW�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�FDUGLR�
YDVFXODU�GLVHDVH��FRURQDU\�KHDUW�GLVHDVH�
RU�VWURNH��EXW�LQFUHDVHG�FRQVXPSWLRQ�
ZDV�DVVRFLDWHG�ZLWK�D�ORZHU�LQFLGHQFH�RI�
GLDEHWHV��,W¶V�QRW�VXUSULVLQJ��WKHQ��WKDW�
DFFXPXODWLQJ�UHVHDUFK�VXSSRUWV�WKH�FRQ�
VXPSWLRQ�RI�ZKROH-IDW�GDLU\�OLNH�EXWWHU��
 7KH�3URVSHFWLYH�8UEDQ�5XUDO�
(SLGHPLRORJ\��385(��VWXG\��SXEOLVKHG�
LQ�7KH�/DQFHW��LV�DPRQJ�WKHP��$V�OHDG�

VWXG\�DXWKRU�0DKVKLG�'HKJKDQ��D�VHQLRU�
UHVHDUFK�DVVRFLDWH�DQG�QXWULWLRQ�HSLGHPL�
RORJ\�LQYHVWLJDWRU�DW�0F0DVWHU�8QLYHU�
VLW\�LQ�+DPLOWRQ��2QWDULR��QRWHG�LQ�WKLV�
VWXG\��³2XU�UHVXOWV�VKRZHG�DQ�LQYHUVH�
DVVRFLDWLRQ�EHWZHHQ�WRWDO�GDLU\�DQG�PRU�
WDOLW\�DQG�PDMRU�FDUGLRYDVFXODU�GLVHDVH��
7KH�ULVN�RI�VWURNH�ZDV�PDUNHGO\�ORZHU�
ZLWK�KLJKHU�FRQVXPSWLRQ�RI�GDLU\�´���
 .HHS�LQ�PLQG�WKDW�EXWWHU
V�QXWUL�
WLRQDO�YDOXH�GHSHQGV�RQ�KRZ�WKH�DQLPDOV�
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IWHU�EHLQJ�YLOLILHG�IRU�GHFDGHV��
EXWWHU�LV�EDFN�DQG�ERRPLQJ��1RW�
RQO\�KDV�LW�PDGH�D�FRPHEDFN��EXW�

VDOHV�DUH�VRDULQJ��ZLWK�SHU�FDSLWD�EXWWHU�
FRQVXPSWLRQ�XS�����LQ�WKH�8�6��RYHU�
WKH�ODVW�GHFDGH��&KDQJHV�LQ�HDWLQJ�KDELWV�
GXH�WR�WKH�SDQGHPLF�SXVKHG�GHPDQG�IRU�
EXWWHU�HYHQ�KLJKHU�LQ�������'DWD�IURP�
WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH�FRQ�
FXU��VKRZLQJ�D����ULVH�LQ�EXWWHU�SURGXF�
WLRQ�GXULQJ�WKH�ILUVW�VL[�PRQWKV�RI�������
ZLWK�WUHQGV�VXJJHVWLQJ�LW�PD\�WRS���ELO�
OLRQ�SRXQGV�IRU�WKH�\HDU�—�WKH�KLJKHVW�
LW¶V�EHHQ�VLQFH�������������������������������������
 ,Q�WKH�HDUO\�����V��SHU-FDSLWD�
DQQXDO�EXWWHU�FRQVXPSWLRQ�LQ�WKH�8�6��
ZDV�JUHDWHU�WKDQ����SRXQGV��EXW�WKLV�
GURSSHG�VKDUSO\�DV�PDUJDULQH�FRQVXPS�
WLRQ�LQFUHDVHG��7KH�GDLU\�LQGXVWU\�IRXJKW�
EDFN�IURP�WKH�EHJLQQLQJ��ZKHQ�PDUJD�
ULQH�HQWHUHG�WKH�PDUNHWSODFH�LQ�������

'HVSLWH�WKH�
LQLWLDO�EDFN�
ODVK��PDUJD�
ULQH��ZLWK�LWV�
ORZHU�SULFH�
DQG�FODLPV�RI�
VXSHULRU�

KHDOWK�EHQHILWV��VRDUHG�LQ�SRSXODULW\�E\�
WKH�PLGGOH�RI�WKH�FHQWXU\�DQG�RXWSDFHG�
EXWWHU�FRQVXPSWLRQ�LQ�������$V�VDWXUDW�
HG�IDWV�IHOO�RXW�RI�IDYRU��DQG�KHDOWK�RIIL�
FLDOV�ZURQJO\�XUJHG�$PHULFDQV�WR�DYRLG�
VXFK�KHDOWK\�IDWV�DV�EXWWHU�WR�UHGXFH�WKHLU�
ULVN�RI�KHDUW�GLVHDVH�DQG�ORVH�ZHLJKW��
PDUJDULQH��ZKLFK�FDPH�WR�EH�PDGH�ZLWK�
UHILQHG�YHJHWDEOH�RLOV�DQG�WUDQV�IDWV��
EHFDPH�WKH�JR-WR�VSUHDG�DQG�LQJUHGLHQW���
 :H�QRZ�NQRZ�WKDW UHILQHG�YHJ�
HWDEOH�RLOV�DUH�DPRQJ�WKH�ZRUVW�IRRGV�WR�
FRQVXPH��DQG�D�SURPLQHQW�VWXG\�UH�
OHDVHG�LQ�������ZKLFK�H[DPLQHG�WKH�HI�

$ 

FRQWLQXHG�RQ�SDJH�� 



7KH�+XPEOH�2QLRQ 
8�6� 7KH�WRS�SURGXFLQJ�VWDWHV�DUH�&DOL�
IRUQLD��(DVWHUQ�2UHJRQ��,GDKR�DQG�
:DVKLQJWRQ��2WKHU�FRXQWULHV�SURGXFLQJ�
D�ODUJH�QXPEHU�RI�RQLRQV�LQFOXGH�7XU�
NH\��3DNLVWDQ��&KLQD�DQG�,QGLD��$FFRUG�
LQJ�WR�/LYH�6FLHQFH��WKH�DYHUDJH�SHUVRQ�
LQ�WKH�8�6��HDWV����SRXQGV�RI�RQLRQV�
HDFK�\HDU����������������������������������������������
 ,W
V�OLNHO\�WKH�PDQ\�KHDOWK�EHQH�
ILWV�GHULYHG�IURP�HDWLQJ�RQLRQV�FRPHV�

IURP�WKH�QXWULHQW�YDOXH�RI�WKH�YHJHWDEOH��
2QH�VPDOO�RQLRQ�KDV�MXVW����FDORULHV������
JUDPV��J��RI�FDUERK\GUDWH�DQG�����J�RI�
WRWDO�ILEHU��,W�DOVR�FRQWDLQV��FDOFLXP�������
PLOOLJUDPV��PJ���PDJQHVLXP����PJ��
SRWDVVLXP������PJ��YLWDPLQ�&�������PJ��
DQG�FKROLQH�������PJ��2QLRQV�DUH�DOVR�
VXUSULVLQJO\�KLJK�LQ�EHQHILFLDO�SRO\SKH�
QROV� 7KLV�JURXS�RI�SODQW�FRPSRXQGV�
SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�SUHYHQWLRQ�
DQG�UHGXFWLRQ�RI�GLDEHWHV��FDQFHU�DQG�
FDUGLRYDVFXODU�GLVHDVHV������� ������
 ,Q�D�FRPSDULVRQ�RI�WKH�SRO\SKH�
QRO�DQG�DQWLR[LGDQW�FDSDFLW\�EHWZHHQ�UHG�
DQG�\HOORZ�RQLRQV�UHVHDUFKHUV�IRXQG�WKH�
RXWHU�OD\HUV�RI�WKH�RQLRQV�KDG�WKH�KLJK�
HVW�QXPEHU�RI�WRWDO�SRO\SKHQROV�DQG�IOD�
YRQRLGV��7KH�RXWHU�OD\HUV�RI�ERWK�W\SHV�
RI�RQLRQV�DOVR�KDG�WKH�KLJKHVW�DQWLR[L�
GDQW�DFWLYLW\��+RZHYHU��RYHUDOO��WKH�UHG�
RQLRQ�KDG�EHWWHU�DQWLR[LGDQW�DFWLYLW\��
ZLWK�D�KLJKHU�QXPEHU�RI�WRWDO�SRO\SKH�
QROV�DQG�IODYRQRLGV�WKDW�ZHUH�DVVRFLDWHG�
ZLWK�DQWLR[LGDQW�DFWLYLW\��������������������
 2QLRQV�KDYH�RYHU����YDULHWLHV�
RI�IODYRQRLGV�WKDW�KHOS�SUHYHQW�FHOOXODU�

&HQWUDO�$VLD���������������������������������������
 0RVW�DJUHH�WKH�YHJHWDEOH�KDV�
EHHQ�FXOWLYDWHG�IRU�QHDUO\�������\HDUV�
DQG�PLJKW�EH�RQH�RI�WKH�ILUVW�FXOWLYDWHG�
FURSV�VLQFH�WKH\�DUH�HDV\�WR�JURZ�DQG�
WUDQVSRUW��DQG�KDYH�D�ORQJ�VKHOI�OLIH��
3OLQ\�WKH�(OGHU�FDWDORJXHG�KRZ�5RPDQV�
XVHG�RQLRQV�LQ�3RPSHLL�EHIRUH�EHLQJ�
NLOOHG�E\�WKH�YROFDQR��+LV�GRFXPHQWV�
VKRZHG�WKDW�RQLRQV¶�FXUDWLYH�SRZHUV�
LQFOXGHG�WKH�DELOLW\�WR�LQGXFH�VOHHS��KHDO�
WRRWKDFKHV�DQG�PRXWK�VRUHV�DQG�DGGUHVV�
YLVLRQ�SUREOHPV��2WKHUV�KDYH�GRFXPHQW�
HG�WKHLU�XVH�LQ�WKH�WUHDWPHQW�RI�KHDG�
DFKHV�DQG�KHDUW�GLVHDVH��,Q�WKH�0LGGOH�
$JHV��RQLRQV�ZHUH�XVHG�WR�KHOS�UHOLHYH�
KHDGDFKHV��KDLU�ORVV�DQG�KHOS�WR�SD\�WKH�
UHQW��7KH�ILUVW�SLOJULPV�EURXJKW�WKHP�RQ�
WKH�0D\IORZHU�WR�$PHULFD�WR�FXOWLYDWH��
ZKHUH�WKH\�EHFDPH�RQH�RI�WKH�ILUVW�SURG�
XFWV�EURXJKW�WR�PDUNHW�LQ�1HZ�(QJODQG��
 2QLRQV�DUH�D�PHPEHU�RI�WKH�
DOOLXP�IDPLO\��ZKLFK�DOVR�LQFOXGHV�OHHNV��
VKDOORWV��JDUOLJ�DQG�FKLYHV��$ERXW�
��������DFUHV�SURGXFH�����ELOOLRQ�
SRXQGV�RI�RQLRQV�HDFK�\HDU�LQ�WKH�

GDPDJH�FRQWULEXWLQJ�WR�FKURQLF�GLVHDVHV�
VXFK�DV GLDEHWHV DQG�KHDUW�GLVHDVH��,Q�
DGGLWLRQ�WR�WKH�FDOFLXP�FRQWHQW�SURPRW�
LQJ�VWURQJ�ERQHV��RQLRQV�PD\�DOVR�UH�
OLHYH�R[LGDWLYH�VWUHVV��ZKLFK�LQ�WXUQ�GH�
FUHDVHV�ERQH�ORVV�DQG�FDQ�KHOS�SUH�
YHQW RVWHRSRURVLV� 2QLRQV�DUH�DOVR�JRRG�
VRXUFHV�RI�YLWDPLQV�$�DQG�.��ZKLFK�LQ�
DGGLWLRQ�WR�YLWDPLQ�&�KHOS�SURWHFW�\RXU�
VNLQ�IURP�XOWUDYLROHW�UD\V��9LWDPLQ�&�
DOVR�KHOSV�\RXU�ERG\�SURGXFH�FROODJHQ��D�
VWUXFWXUDO�VXSSRUW�IRU�\RXU�VNLQ�DQG�KDLU��
 4XHUFHWLQ�LV�DQRWKHU�FRPSRXQG�
IRXQG�LQ�RQLRQV�WKDW�LV�OLQNHG�WR�D�ODUJH�
QXPEHU�RI�KHDOWK�EHQHILWV��7KLV�VLQJOH�
DQWLR[LGDQW�IODYRQRLG�LV�IRXQG�LQ�KLJK�
FRQFHQWUDWLRQV�LQ�RQLRQV��5HVHDUFKHUV�
KDYH�IRXQG�VRPH�RQLRQV�VWRUH�TXHUFHWLQ�
LQ�WKH�RXWHU�OD\HUV�DQG�RWKHUV�KDYH�KLJK�

HU�FRQFHQWUDWLRQ�LQ�WKH�
LQQHU�OD\HUV��5HG�RQ�
LRQV�KDYH�WKH�KLJKHVW�
OHYHOV�LQ�WKH�RXWHU�OD\�
HUV��ZKHUHDV�WKH�KLJK�
HVW�OHYHOV�RI�TXHUFHWLQ�
ZHUH�GHWHFWHG�LQ�WKH�
LQQHU�OD\HU�RI�WKH�\HO�

ORZ�RQLRQ��,Q�WKLV�VWXG\��GDWD�VKRZHG�WKH�
\HOORZ�RQLRQV�KDG�PRUH�WRWDO�TXHUFHWLQ�
WKDQ�UHG�RQLRQV��WKH�PRVW�FRPPRQ�RQ�
LRQV�DUH�UHG��\HOORZ�DQG�ZKLWH� 7KHUH�DUH�
WZR�PDLQ�FODVVHV�RI�IODYRQRLGV�LQ�RQLRQV�
—�DQWKRF\DQLQV�WKDW�DUH�UHVSRQVLEOH�IRU�
WKH�FRORU�RI�UHG�RQLRQV�DQG�TXHUFHWLQ�
WKDW�LV�UHVSRQVLEOH�IRU�WKH�\HOORZ�DQG�
EURZQ�VNLQV�RI�RWKHU�YDULHWLHV� 

������VXUYH\�RI�������SHRSOH�LQ�WKH�
8�6��FURZQHG�FRUQ�WKH�QHZ�IDYRULWH�
YHJHWDEOH��ZLWK�DQ�DSSURYDO�UDWLQJ�

RI������2QLRQV�IROORZHG�QRW�IDU�EHKLQG�
ZLWK�DQ�DSSURYDO�UDWLQJ�RI������PDNLQJ�
LW�DPRQJ�WKH�WRS�ILYH�IDYRULWH�YHJHWDEOHV��
7KH�VXUYH\�IRXQG�VRPH�RI�WKH�OHDVW�ID�
YRULWH�YHJHWDEOHV�LQFOXGHG�DVSDUDJXV��
PXVKURRPV�DQG�HJJSODQW��0DQ\�H[SHUWV�
EHOLHYH�WKDW�WKH�ILUVW�RQLRQV�DSSHDUHG�LQ�

$ 

5HIHUHQFH��,QWHUQDWLRQDO�'DLU\�)RRGV�$VVRFLDWLRQ�6HSWHPEHU�����
������(SLGHPLRORJ\������0DUFK����������-���'DLU\�+HUG�0DQDJH�
PHQW�1RYHPEHU�����������:HVWRQ�$��3ULFH�)RXQGDWLRQ�-DQXDU\����
������3/R6�2QH������-XQH�����������H��������GRL����������
MRXUQDO�SRQH����������H&ROOHFWLRQ�������7KH�/DQFHW�6HSWHPEHU�����
������:HE0'�����-������)RRG�6FLHQFH�DQG�1XWULWLRQ�)HEUXDU\�����
������&ULWLFDO�5HYLHZV�LQ�)RRG�6FLHQFH�DQG�1XWULWLRQ���-����GRL��
����������������������������� 

��%XWWHU�,V�%HWWHU��FRQWLQXHG�IURP�SDJH�� 

5HIHUHQFH��,QWHUQDWLRQDO�'DLU\�)RRGV�$VVRFLDWLRQ�6HSWHPEHU�����
������(SLGHPLRORJ\������0DUFK����������-���'DLU\�+HUG�0DQDJH�
PHQW�1RYHPEHU�����������:HVWRQ�$��3ULFH�)RXQGDWLRQ�-DQXDU\����
������3/R6�2QH������-XQH�����������H��������GRL����������
MRXUQDO�SRQH����������H&ROOHFWLRQ�������7KH�/DQFHW�6HSWHPEHU�����
������:HE0'�����-������)RRG�6FLHQFH�DQG�1XWULWLRQ�)HEUXDU\�����
������&ULWLFDO�5HYLHZV�LQ�)RRG�6FLHQFH�DQG�1XWULWLRQ���-����GRL��

PRVW�RWKHU�VRXUFHV�RI�RPHJDဨ��IDWW\�DF�
LGV�DQG�FRQMXJDWHG�OLQROHLF�DFLG��WKHVH�
GLIIHUHQFHV�LQ�JUDVVPLON�>JUDVV�IHG�PLON@�
FDQ�KHOS�UHVWRUH�D�KLVWRULFDO�EDODQFH�RI�
IDWW\�DFLGV�DQG�SRWHQWLDOO\�UHGXFH�WKH�
ULVN�RI�FDUGLRYDVFXODU�DQG�RWKHU�PHWD�
EROLF�GLVHDVHV�´�UHVHDUFKHUV�QRWHG����������
 $�VWXG\�SXEOLVKHG�LQ�&ULWLFDO�
5HYLHZV�LQ�
)RRG�6FLHQFH�
DQG�QXWULWLRQ�
DOVR�KLJK�
OLJKWHG�WKH�
GLIIHUHQFHV�LQ�
KXPDQ�KHDOWK�
DIWHU�FRQVXP�
LQJ�WKH�VDPH�
IRRGV�IURP�DQLPDOV�UDLVHG�LQ�GLIIHUHQW�
ZD\V��³0XOWLSOH�VWXGLHV�KDYH�VKRZQ�WKDW�
IRRG�SURGXFWV�IURP�DQLPDOV�UDLVHG�RQ�
SDVWXUH�LQVWHDG�RI�JUDLQV�FRQWDLQ�VLJQLIL�

FDQWO\�KLJKHU�DPRXQWV�RI�QXWULHQWV�WKDW�
PD\�SURWHFW�DJDLQVW�FDQFHU��OLNH�RPHJD-
��IDWW\�DFLGV�DQG�FRQMXJDWHG�OLQROHLF�
DFLG��'XH�WR�WKH�JHQHUDO�UHFRPPHQGD�
WLRQ�DJDLQVW�GLHWDU\�IDW�FRQVXPSWLRQ�
RYHU�WKH�SDVW�VHYHUDO�GHFDGHV��WKHUH�KDV�
EHHQ�D�ODFN�RI�VFLHQWLILF�GLDORJXH�UH�
JDUGLQJ�WKH�GLIIHUHQFHV�SDVWXUH-UDLVHG�
DQLPDO�E\SURGXFWV�PD\�KDYH�RQ�KHDOWK�
DQG�FDQFHU�SUHYHQWLRQ�´����������������������
 ,QGHHG��WKH\�IRXQG�WKDW�ZKLOH�
OLSLG�OHYHOV�UHPDLQHG�UHODWLYHO\�QHXWUDO�
RYHUDOO��VLJQLILFDQW�GLIIHUHQFHV�ZHUH�
IRXQG�LQ�LQIODPPDWRU\�PDUNHUV�DQG�
SKRVSKROLSLGV�GHSHQGLQJ�RQ�ZKHWKHU�WKH�
DQLPDO�IRRGV�FDPH�IURP�DQLPDOV�IHG�
JUDVV�RU�JUDLQV��³:KLOH�UHG�PHDW��EXWWHU��
FKHHVH��DQG�HJJV�KDYH�EHHQ�JHQHUDOO\�
WUHDWHG�DV�QXWULWLRQDO�ERRJH\PHQ�ZLWK�
PRVW�QXWULWLRQDO�UHFRPPHQGDWLRQV�HQ�
GRUVLQJ�WKHLU�DYRLGDQFH��WKHVH�LQGLYLGXDO�

IRRGV�PD\�YDU\�VLJQLILFDQWO\�LQ�QXWULWLRQ�
DO�YDOXH�DQG�WKH�FRUUHVSRQGLQJ�HIIHFW�RQ�
FRQVXPHUV�´����������������������������������������
 ³*UDVV-IHG�EXWWHU��Q-��HQULFKHG�
HJJV��DQG�ZLOG�JDPH�PHDW�DSSHDU�WR�
KDYH�D�QHXWUDO�HIIHFW�RQ�VHUXP�OLSLGV�
ZKLOH�SURYLGLQJ�D�GHFUHDVH�LQ�VHYHUDO�
LQIODPPDWRU\�IDFWRUV��SRWHQWLDOO\�LP�
SURYLQJ�KHDOWK��6LJQLILFDQW�GDWD�H[LVW�
LOOXVWUDWLQJ�D�PDUNHG�GLIIHULQJ�SK\VLR�
ORJLFDO�HIIHFW�IURP�FRQVXPLQJ�WKH�H[DFW�
VDPH�IRRG�SURGXFHG�IURP�DQLPDOV�UDLVHG�
GLIIHUHQWO\��DQG�WKLV�ILQGLQJ�FRXOG�KDYH�D�
ODUJH�LPSDFW�RQ�SRSXODWLRQ-ZLGH�GLHWDU\�
UHFRPPHQGDWLRQV�LI�FRQWUROOHG�IRU�LQ�
IXWXUH�VWXGLHV�´ 



$PD]LQJ�$VWD[DQWKLQ 

VWD[DQWKLQ�LV�D�QDWXUDOO\�RFFXUULQJ�
FDURWHQRLG�ZLWK�D�ZLGH�YDULHW\�RI�
QXWUDFHXWLFDO�DSSOLFDWLRQV�LQ�WKH�

ILJKW�DJDLQVW�GLVHDVHV��'DWD�QRZ�UHYHDO�
DVWD[DQWKLQ�KDV�VLJQLILFDQW�SURPLVH�DV�D�
JHURSURWHFWRU��KHOSLQJ�WR�VORZ�EUDLQ�DJ�
LQJ��$VWD[DQWKLQ�LV�UHVSRQVLEOH�IRU�WKH�

SLQN�RU�UHG�FRORU�RI�VDOPRQ��WURXW��ORE�
VWHU�DQG�RWKHU�VHDIRRG�������������������������
 $FFRUGLQJ�WR�6FLHQFH�'LUHFW��
³ZKHQ�FRPSDUHG�WR�RWKHU�DQWLR[LGDQWV�
VXFK�DV�O\FRSHQH��YLWDPLQ�(�DQG�YLWDPLQ�
$�´�DVWD[DQWKLQ�FRPHV�RXW�RQ�WRS�DQG�LV�
RIWHQ�UHIHUUHG�WR�DV�WKH�³NLQJ�RI�DQWLR[L�
GDQWV´��,W�LV�GHULYHG�IURP�+DHPDWRFRF�
FXV�PLFURDOJDH��ZKLFK�SURGXFH�DVWD[DQ�
WKLQ�DV�D�SURWHFWLYH�PHFKDQLVP�WR�VKLHOG�
IURP�KDUVK XOWUDYLROHW��89��OLJKW��,Q�
\RXU�ERG\��LW�ZRUNV�DV�DQ�DQWLR[LGDQW�WR�
KHOS�SURWHFW�DJDLQVW�UHDFWLYH�R[\JHQ�
VSHFLHV�DQG�R[LGDWLRQ��7KHVH�SURFHVVHV�
SOD\�D�UROH�LQ�DJLQJ��KHDUW�GLVHDVH��$O]�
KHLPHU
V�GLVHDVH�DQG�3DUNLQVRQ
V�GLVHDVH��
 'DWD�VKRZ�DVWD[DQWKLQ�FDQ�SUR�
WHFW�\RXU�VNLQ�DJDLQVW�IUHH�UDGLFDO�GDP�
DJH�IURP�89�OLJKW�IURP�WKH�LQVLGH�RXW��

,Q�������1$6$�
SUHVHQWHG�DW�WKH�
��WK�,QWHUQD�
WLRQDO�$VWUR�
QDXWLFDO�&RQ�
IHUHQFH�DQG�
VKDUHG�LQIRU�
PDWLRQ�VKRZLQJ�
WKDW�D�VXSSO\�RI�

DVWD[DQWKLQ�IURP�QDWXUDO�VRXUFHV�FRXOG�
SRWHQWLDOO\�SUHYHQW�WKH�QHJDWLYH�HIIHFWV�
RI�UDGLDWLRQ�H[SRVXUH��GDPDJH�WR�WKH�
H\HV�DQG�RWKHU�KHDOWK�HIIHFWV�NQRZQ�WR�
RFFXU�WR�DVWURQDXWV�LQ�VSDFH��5HVHDUFKHUV�
ZULWLQJ�LQ�WKH�MRXUQDO�0DULQH�'UXJV�UHF�
RJQL]H�WKH�FKDOOHQJH�RI�PDLQWDLQLQJ�
EUDLQ�IXQFWLRQ�DQG�ZHOO-EHLQJ�DV�KXPDQ�
OLIH�H[SHFWDQF\�OHQJWKHQV������������������������������������������������������
 5HFHQW�VWXGLHV�KDYH�HYDOXDWHG�
WKH�QHXURSURWHFWLYH�HIIHFW�DVWD[DQWKLQ�
KDV�RQ�SUHVHUYLQJ�EUDLQ�DJLQJ�LQ�H[SHUL�
PHQWDO�PRGHOV��,Q�WKHLU�UHYLHZ�RI�WKH�
OLWHUDWXUH��WKH�VFLHQWLVWV�LGHQWLILHG�VHYHUDO�
SDWKZD\V�DVWD[DQWKLQ�PD\�WDNH�LQ�VORZ�
LQJ�EUDLQ�DJLQJ��7KH\�HYDOXDWHG�WKH�UH�
VXOWV�RI�FOLQLFDO�WULDOV�ZKHUH�WKH�HQGSRLQW�
PHDVXUH�ZDV�GLVHDVH�DQG�GLVDELOLW\��
7KH\�IRXQG�VHYHUDO�VWXGLHV�ZKHUH�
DVWD[DQWKLQ�PRGXODWHG�ELRORJLFDO�PHFK�
DQLVPV��LQFOXGLQJ�WUDQVFULSWLRQ�IDFWRUV�
DQG�JHQHV�GLUHFWO\�UHODWHG�WR�ORQJHYLW\��
 2QH�RI�WKH�PDLQ�UHOHYDQW�IDF�
WRUV�PRGXODWHG�E\�DVWD[DQWKLQ�LV�WKH�
IRUNKHDG�ER[����JHQH��)2;2����7KLV�LV�
RQH�RI�RQO\�WZR�JHQHV�ZLWK�D�VLJQLILFDQW�

LPSDFW�RQ�KXPDQ�ORQJHYLW\��$GGLWLRQDO�
O\��LQ�WKHLU�VHDUFK�RI�WKH�OLWHUDWXUH��WKH\�
IRXQG�DVWD[DQWKLQ�LQFUHDVHV EUDLQ-
GHULYHG�QHXURWURSKLF�IDFWRU��%'1)��
OHYHOV�LQ�WKH�EUDLQ�DQG�FDQ�DWWHQXDWH�R[L�
GDWLYH�GDPDJH�WR�'1$��OLSLGV�DQG�SUR�
WHLQ��7KH\�FRQFOXGHG�WKDW�LW�ZDV�SRVVLEOH�

DVWD[DQWKLQ�FDQ�SURPRWH�ORQJHYLW\�DQG�
VORZ�WKH�UDWH�RI�DJLQJ��������������������������
 7KH�QHXURSURWHFWLYH�SURSHUWLHV�
DSSHDU�WR�EH�DWWULEXWHG�WR�DVWD[DQWKLQ¶V�
DELOLW\�WR�UHGXFH�R[LGDWLYH�VWUHVV�DQG�
LQIODPPDWLRQ�DV�ZHOO�DV�LPSURYH�PLWR�
FKRQGULDO�IXQFWLRQ�DQG�WKH�G\VUHJXODWLRQ�
RI�JHQH�H[SUHVVLRQ�WKDW�RFFXUV�ZLWK�DJ�
LQJ��7KH�GDWD�VKRZLQJ DVWD[DQWKLQ�PD\�
KHOS�VORZ�EUDLQ�DJLQJ�LV�VLJQLILFDQW�VLQFH�
WKH�QHXURORJLFDO�DJLQJ�SURFHVV�LV�GLUHFWO\�
WLHG�WR�FRJQLWLYH�IXQFWLRQ��&RJQLWLYH�
FKDQJHV�WKDW�FDQ�RFFXU��EXW�DUH�QRW�QHF�
HVVDULO\�QRUPDO��LQFOXGH�ILQGLQJ�LW�GLIIL�
FXOW�WR�UHPHPEHU�ZRUGV��UHFDOO�QDPHV��
KDYLQJ�GLIILFXOW\�ZLWK�PXOWLWDVNLQJ�RU�
KDYLQJ�PRUH�GLIILFXOW\�SD\LQJ�DWWHQWLRQ��
$FFRUGLQJ�WR�WKH�1DWLRQDO�,QVWLWXWH�RQ�
$JLQJ��VRPH�RI�WKH�FRPPRQ�FKDQJHV�
WKDW�FDQ�RFFXU�LQ�WKH�EUDLQ�LQFOXGH�ORVV�
RI�EUDLQ�YROXPH��GHFUHDVHG�EORRG�IORZ��
LQIODPPDWLRQ�DQG�UHGXFHG�HIIHFWLYHQHVV�
LQ�FRPPXQLFDWLRQ�EHWZHHQ�QHXURQV��
(DFK�RI�WKHVH�FKDQJHV�DIIHFW�FRJQLWLYH�
IXQFWLRQ����������������������������������������������
 $IWHU�DJH�����GDWD�VKRZ�WKH�
YROXPH�RI�WKH�EUDLQ�FDQ�GHFOLQH�DW�D�UDWH�
RI����IRU�HYHU\�GHFDGH��7KLV�UDWH�FDQ�
LQFUHDVH�DV�D�SHUVRQ�UHDFKHV����DQG�ROG�
HU��7KH�SULPDU\�IDFWRU�IRU�WKLV�VKULQNLQJ�
LV�XQFOHDU�EXW�VFLHQWLVWV�VXJJHVW�WKHUH�LV�D�
GHFOLQH�LQ�YROXPH�UDWKHU�WKDQ�LQ�WKH�
QXPEHU�RI�QHXURQV�WKDW�PD\�KDYH�D�UHOD�
WLRQVKLS�WR�JHQGHU��$OWKRXJK�H[SHUWV�
ILQG�WKHUH�DUH�FRPPRQ�FKDQJHV�LQ�WKLQN�
LQJ�DELOLWLHV�WKDW�GHFOLQH�ZLWK�DJH��WKH\�
DOVR�ILQG�UHDGLQJ��YRFDEXODU\�DQG�YHUEDO�
UHDVRQLQJ�PD\�LPSURYH�DV�D�SHUVRQ�DJHV��
:LWK�DEQRUPDO�DJLQJ�FKDQJHV��WKHUH�PD\�
EH�VHYHUH FRJQLWLYH�LPSDLUPHQW WKDW�DI�
IHFWV�PHPRU\��SUREOHP�VROYLQJ�DQG�EH�
KDYLRU��DVVRFLDWHG�ZLWK�GHPHQWLD��������
 $FFRUGLQJ�WR�WKH�$O]KHLPHU
V�
$VVRFLDWLRQ��WKHUH�DUH�PRUH�WKDQ���PLO�
OLRQ�LQ�WKH�8�6��ZKR�KDYH�$O]KHLPHU
V�
DQG�WKDW�QXPEHU�LV�H[SHFWHG�WR�QHDUO\�
WULSOH�WR����PLOOLRQ�E\�������7KH�FRVW�RI�
WKHVH�GHPHQWLDV�LV�SURMHFWHG�WR�EH������
ELOOLRQ�LQ������DQG�HVWLPDWHG�WR�ULVH�DV�
KLJK�DV������WULOOLRQ�E\��������������������
 $OWKRXJK�DVWD[DQWKLQ�LV�UHODWHG�
WR�EHWD-FDURWHQH��OXWHLQ�DQG�FDQWKD[DQ�
WKLQ��WKH�PROHFXODU�VWUXFWXUH�LV�XQLTXH�
DQG�PRUH�SRWHQW�WKDQ�RWKHU�FDURWHQRLGV��

$�NH\�GLIIHUHQFH�LV�WKDW�DVWD[DQWKLQ�KDV�
D�VXUSOXV�RI�HOHFWURQV�WR�GRQDWH�DV�LW�QHX�
WUDOL]HV�IUHH�UDGLFDOV��$QWLR[LGDQWV�ZRUN�
E\�GRQDWLQJ�RQH�RI�WKHLU�HOHFWURQV�WR�D�
IUHH�UDGLFDO�LQ�RUGHU�WR�VWDELOL]H�LW��+RZ�
HYHU��LQ�GRQDWLQJ�DQ�HOHFWURQ�WKH�DQWLR[L�
GDQW�PD\�WKHQ�EHFRPH�XQVWDEOH��
$VWD[DQWKLQ�KDV�D�VXUSOXV�RI�HOHFWURQV�
DQG�VR�FDQ�GRQDWH�PDQ\�WLPHV�ZLWKRXW�
EHFRPLQJ�XQVWDEOH�LWVHOI�������������������������������������������������������

5HIHUHQFH��0DULQH�'UXJV���������������5[/LVW��$VWD[DQWKLQ��:KDW�
,V�$VWD[DQWKLQ"�6FLHQFH�'LUHFW��$VWD[DQWKLQV��:KLWH�%LRWHFKQRORJ\�
LQ�&RVPHWLFV��6FLHQFH�'LUHFW��$VWD[DQWKLQV��1XWUDFHXWLFDOV�IURP�
$OJDH�DQG�&\DQREDFWHULD��)URQWLHUV�LQ�3K\VLRORJ\��������
GRL�RUJ���������ISK\V�������������*UHHQ�/LYLQJ�0DJD]LQH��$PD]�
LQJ�$VWD[DQWKLQ�WKH�$QWLR[LGDQW��1$6$��%HQHILWV�RI�0LFURDOJDH�IRU�
+XPDQ�6SDFH�([SORUDWLRQ��1$6$��0LFURDOJDH�%LRV\QWKHVLV�LQ�
0LFURJUDYLW\��1DWLRQDO�,QVWLWXWH�RQ�$JLQJ��+RZ�WKH�$JLQJ�%UDLQ�
$IIHFWV�7KLQNLQJ��&KDQJHV�LQ�WKH�$JLQJ�%UDLQ��3RVWJUDGXDWH�
0HGLFDO�-RXUQDO����������������8&6)�:HLOO�,QVWLWXWH�IRU�1HXURVFL�
HQFHV��+HDOWK\�$JLQJ��$O]KHLPHU¶V�$VVRFLDWLRQ��)DFWV�DQG�)LJXUHV��
4XLFN�)DFWV��6FLHQFH�'LUHFW��$VWD[DQWKLQV��6DYH�2XU�%RQHV��
$VWD[DQWKLQ��$�6XSHULRU�%RQH-KHDOWK\�$QWLR[LGDQW��&DURWHQRLG�
6FLHQFH���������������6FLHQFH�'LUHFW��$VWD[DQWKLQV��5ROH�RI�
$VWD[DQWKLQ�LQ�6SRUWV�1XWULWLRQ��2[LGDWLYH�0HGLFLQH�DQG�&HOO�
/RQJHYLW\��������������� 

�0LFKLJDQ�*UDVV-IHG�%HHI� 
+XPDQHO\-UDLVHG�DW� 

/DPE�)DUP�LQ�0DQFKHVWHU��0, 

3RUWHUKRXVH�	�7-%RQH�6WHDNV 
RQO\��������OE� 

 2QH�RI�WKH�PRUH�XQLTXH�IHD�
WXUHV�RI�DVWD[DQWKLQ�LV�WKDW�LW
V�DEOH�WR�
SURWHFW�ERWK�ZDWHU-�DQG�IDW-VROXEOH�SDUWV�
RI�WKH�FHOO��7KLV�IHDWXUH�PDNHV�DVWD[DQ�
WKLQ�SRZHUIXO��,Q�RQH�VWXG\�DQDO\]LQJ�
VHYHUDO�DQWLR[LGDQWV�DQG�WKHLU�HIIHFWLYH�
QHVV��GDWD�VKRZ�DVWD[DQWKLQ�KDG�DQWLR[L�
GDQW�SRZHU�JUHDWHU�WKDQ�DOSKD-OLSRLF�
DFLG� &R4����JUHHQ�WHD�FDWHFKLQV�
DQG YLWDPLQ�&��0RVW�DQWLR[LGDQW�FDURWH�
QRLGV�DUH�HLWKHU�ZDWHU-VROXEOH�RU�IDW-
VROXEOH��EXW�DVWD[DQWKLQ�FDQ�LQWHUIDFH�
EHWZHHQ�ZDWHU�DQG�IDW��ZKLFK�PDNHV�LW�
PRUH�HIIHFWLYH���������������������������������
 $VWD[DQWKLQ�DOVR�FDQ�FURVV�WKH�
EORRG-EUDLQ�EDUULHU��ZKHUH�LW�FDQ�H[HUW�D�
VWURQJ�SURWHFWLYH�HIIHFW�RQ�\RXU�QHXUR�
ORJLFDO�KHDOWK��/DVWO\��DVWD[DQWKLQ�FDQQRW�
IXQFWLRQ�DV�D SURR[LGDQW��ZKLFK�DUH�PRO�
HFXOHV�WKDW�FDXVH�UDWKHU�WKDQ�FRPEDW�
R[LGDWLRQ��2WKHU�DQWLR[LGDQWV�FDQ�EH�
SURR[LGDQWV�ZKHQ�WKHUH�LV�D�VXIILFLHQW�
FRQFHQWUDWLRQ��+RZHYHU��DVWD[DQWKLQ�
ZLOO�QRW�IXQFWLRQ�DV�D�SURR[LGDQW��HYHQ�
ZKHQ�SUHVHQW�LQ�ODUJH�DPRXQWV� 
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