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DFFRUGLQJ�WR�WKH�HTXLOLEULXP�UHODWLRQVKLS

SDUWLDO SUHVVXUH RI &2
�

LQ WKH DWPRVSKHUH

 +

PRO IUDFWLRQ RI
&2

�
LQ ZDWHU

ZKHUH�+��+HQU\·V�ODZ�FRQVWDQW��GHSHQGV�RQ�WKH�WHPSHUDWXUH�EXW�LV�DERXW

+ 
 ���� EDU�PROH IUDFWLRQ RI &2
�
� IURP >��@

+ 
 ��� EDU�PROH IUDFWLRQ RI &2
�
� IURP >��@

$VVXPLQJ�(DUWK·V�VXUIDFH�WR�FRQVLVW�WZR�WKLUGV�RI�RFHDQ����NP�GHHS��WKH�DERYH�QXPEHUV�DUH

HTXLYDOHQW�WR�VD\LQJ�WKDW�DW�HTXLOLEULXP��IRU�HDFK�PROH�RI�&2
�
�LQ�WKH�DWPRVSKHUH��WKHUH�LV�RQH�PROH

RI�&2
�
�GLVVROYHG�LQ�WKH�RFHDQ�

6R�DQ�DWPRVSKHUH�RULJLQDOO\�FRQVLVWLQJ�RI����EDU�&2
�
�ZLOO�GURS�GRZQ�WR����EDU�&2

�
�MXVW�E\

GLVVROXWLRQ�DORQH���+RZHYHU��DQRWKHU�IDFWRU�DFWV�WR�HYHQ�IXUWKHU�ORZHU�WKH�FRQFHQWUDWLRQ�RI�&2
�
�LQ

WKH�DWPRVSKHUH�
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5HDFWLRQ�RI�'LVVROYHG�&2
�
�ZLWK�8SZHOOLQJ�0LQHUDOV

$V�PHQWLRQHG�HDUOLHU��RXU�SLFWXUH�WRGD\�LV�RI�FRQWLQHQWV�IORDWLQJ�DERYH�D�FLUFXODWLQJ�OD\HU�RI

PDQWOH�ZKLFK�ULVHV�DW�PLGRFHDQ�ULGJHV�DQG�VLQNV�GRZQ�HOVHZKHUH��DV�VKRZQ�)LJ������7KLV�PRYHPHQW

WHOOV�WKDW�WKH�RFHDQ�ERWWRP�LV�UHQHZHG�DW�OHDVW����WLPHV�GXULQJ�(DUWK·V�OLIHWLPH�

)LJXUH��

7KLV�XSZHOOLQJ�EULQJV�XS�IUHVK�PLQHUDOV�IURP�(DUWK·V�LQWHULRU�LQFOXGLQJ�R[LGHV�RI�FDOFLXP�

PDJQHVLXP��HWF���ZKLFK�GLVVROYH�LQ�WKH�RFHDQ�ZDWHUV�DQG�WKHQ�FRPELQH�ZLWK�GLVVROYHG�&2
�
�WR�IRUP

FDUERQDWH�GHSRVLWV�E\�UHDFWLRQV�VXFK�DV

&D2 � &2
�
[[Y &D&2

�

b

IURP

HDUWK �V
LQWHULRU

b

IURP
WKH

DWPRVSKHUH

b

GHSRVLWV
RQ RFHDQ
ERWWRPV

:H�DVVXPH�KHUH�WKDW�WKH�UDWH�FRQWUROOLQJ�VWHS�RI�WKLV�UHDFWLRQ�LV�WKH�XSZHOOLQJ�RI�WKH�EDVLF�R[LGHV�DW

WKH�WHFWRQLF�SODWH�ERXQGDULHV��DQG�QRW�WKH�VROXWLRQ�DQG�WUDQVSRUW�RI�&2
�
�IURP�WKH�DWPRVSKHUH�WR

VHD�ZDWHU���:LWK�D�FRQVHUYDWLYH�DVVXPSWLRQ�RI�D�URXJKO\�FRQVWDQW�VHD�IORRU�VSUHDGLQJ�UDWH��WKLV
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PHDQV�WKDW�WKH�FRQFHQWUDWLRQ�RI�&2
�
�LQ�WKH�DWPRVSKHUH�GHFUHDVHG�URXJKO\�OLQHDUO\�ZLWK�WLPH��]HUR

RUGHU�NLQHWLFV��

,Q�VLQNLQJ�EDFN�LQWR�WKH�PDQWOH�WKH�FDUERQDWHV�KHDW�XS�DQG�GHFRPSRVH��UHOHDVLQJ�FDSWXUHG

&2
�
�ZKLFK�UHWXUQV�LQ�SDUW�WR�WKH�DWPRVSKHUH�IURP�YROFDQRHV�DQG�LQWR�WKH�RFHDQ�IURP�YHQWV�LQ�WKH

RFHDQ�IORRU�

&D&2
�
[[Y &2

�
b � &D2 �

7KLV�DFWLRQ�LV�GHSLFWHG�LQ�)LJ�����

)LJXUH���

7RGD\�ZH�ILQG�YDVW�GHSRVLWV�RI�VHGLPHQWDU\�FDUERQDWH�URFNV�RQ�ODQG�DQG�RQ�RFHDQ�ERWWRPV�

RYHU�D�PLOOLRQ�FXELF�NLORPHWHUV�LQ�H[WHQW�WKURXJKRXW�WKH�ZRUOG���2YHU�WKH�FRQWLQHQWV�WKH�&2
�
�ZDV

WDNHQ�XS�E\�UDLQZDWHU�DQG�E\�JURXQGZDWHU���7KLV�&2
�
�ULFK�ZDWHU�UHDFWHG�ZLWK�URFNV�WR�IRUP

ELFDUERQDWHV�IROORZHG�E\�WUDQVSRUW�WR�WKH�RFHDQ�DQG�SUHFLSLWDWLRQ�WKHUH�LQWR�FDOFLXP�DQG

PDJQHVLXP�FDUERQDWHV���,Q�WKH�RFHDQ�GLVVROYHG�&2
�
�FRPELQHG�ZLWK�WKH�K\GUR[LGHV�WR�IRUP�

GHSRVLWV�RI�FKDON�RU�ZDV�WDNHQ�XS�E\�OLYLQJ�FUHDWXUHV�WR�IRUP�JLDQW�FRUDO�UHHIV���$�VWXG\�RI�WKH
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GLVWULEXWLRQ�WKURXJK�WLPH�RI�WKHVH�GHSRVLWV�JLYH�XV�FOXHV�WR�WKH�SDVW�KLVWRU\�RI�&2
�
�LQ�WKH

DWPRVSKHUH�

$�GHWDLOHG�DQDO\VLV�E\�+D\�>��@�RI�WKH�H[WHQVLYH�PHDVXUHPHQWV�WDNHQ�IURP�DURXQG�WKH�ZRUOG

E\�5RQRY�DQG�<DUHVKHYVN\�>��@�DUH�VXPPDUL]HG�LQ�)LJ�������7KLV�VKRZV�WKDW�WKH�FRQWLQHQWV�WRGD\

FRQWDLQ�DW�OHDVW������ð�����NP��RI�OLPHVWRQH�ZKLFK�DUH�WKH�UHPDLQV�RI�OLPHVWRQH�GHSRVLWHG�LQ�WKH

ODVW�����PLOOLRQ�\HDUV�DQG�ZKLFK�KDYH�QRW�EHHQ�ZDVKHG�WR�VHD�RU�VXEGXFWHG�EDFN�LQWR�(DUWK·V

LQWHULRU���7KLV�WUDQVODWHV�WR�DQ�DWPRVSKHULF�VRXUFH�RI�&2
�
�RI����EDU���,I�ZH�DGG�WKH�FDUERQDWHV�DOVR

IRXQG�RQ�WKH�RFHDQ�IORRU�ZH�ILQG�WKDW�ZH�QHHG�D�VRXUFH�RI�����EDU�RI�&2
�
�WR�JLYH�WKHVH�GHSRVLWV��

,QWHJUDWLQJ�WKH�QXPEHUV�RI�)LJ�����JLYHV�WKH�SURJUHVVLYH�GHSOHWLRQ�RI�&2
�
�IURP�WKH�DWPRVSKHUH��

7KLV�LV�VKRZQ�LQ�)LJ�������7KXV��&2
�
�LV�UHF\FOHG�����WR����EDU�RU�PRUH�DOUHDG\�DFFRXQWHG�IRU�RQ

WKH�VXUIDFH�RI�(DUWK��DERXW����EDU�LQ�WKH�SURFHVV�RI�UHF\FOLQJ��GRZQ�GHHS�

)LJXUH����YHULILHV�ZKDW�ZH�VDLG�HDUOLHU��WKDW�WKH�RFHDQV�RI�RXU�ZRUOG�DUH�UHODWLYHO\�\RXQJ

VLQFH�WKH\�FRQWDLQ�OLPHVWRQH�QRW�ROGHU�WKDQ�����0\�RI�DJH���2Q�WKH�RWKHU�KDQG��WKH�FRQWLQHQWDO�ODQG

PDVVHV�DUH�PXFK�ROGHU���5HPHPEHULQJ�WKDW�RFHDQ�DQG�DWPRVSKHUH�URXJKO\�HTXDOO\�VKDUH�WKH�IUHH

&2
�
��)LJ�����LQGLFDWHV�WKDW�WKH�SUHVVXUH�RI�&2

�
�LQ�WKH�DWPRVSKHUH�ZDV�QRW�RYHU�DERXW���WR����EDU

LQ�WKH�DJH�RI�WKH�IO\LQJ�FUHDWXUHV�����WR�����0\D���7KHVH�ILJXUHV�DUH�QRW�LQFRQVLVWHQW�ZLWK�WKH

SUHVVXUHV�QHHGHG�IRU�TXHW]DOFRDWOXV�WR�WKULYH�

6R�WKH�JHRORJLFDO�HYLGHQFH�LV�FRQVLVWHQW�ZLWK�DQG�OHQGV�VXSSRUW�WR�WKH�SK\VLRORJLFDO�DQG

DHURG\QDPLF�DUJXPHQWV�SUHVHQWHG�HDUOLHU�WKDW�WKH�DWPRVSKHULF�SUHVVXUH�ZDV�VRPHZKDW�KLJKHU�LQ

WKH�DJH�RI�GLQRVDXUV�
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)LJXUH���

)LJXUH���
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7KH�$VWURQRPLFDO�$UJXPHQW

)URP�D�GLIIHUHQW�YLHZSRLQW��WKDW�RI�WKH�PRGHUQ�WKHRU\�RI�VWHOODU�HYROXWLRQ��6DJDQ�DQG�0XOOHQ

>��@�GLVFXVVHG�WKH�´IDLQW�HDUO\�VXQµ�SDUDGR[�ZKLFK�DVNV�ZK\�(DUWK·V�VXUIDFH�GLG�QRW�IUHH]H�LQ�LWV

HDUO\�GD\V��JLYHQ�D�����WR�����ORZHU�VRODU�OXPLQRVLW\�DW�WKDW�WLPH���7KHVH�YDOXHV�UHSUHVHQW�WKH

UDQJH�RI�ILYH�HVWLPDWHV���:LWK�WKHVH�ORZHU�OXPLQRVLWLHV�WKH�DYHUDJH�WHPSHUDWXUH�RI�(DUWK�ZRXOG�KDYH

EHHQ�VRPHZKHUH�EHWZHHQ����DQG����(&�LQVWHDG�RI�WKH�SUHVHQW�����WR���(&���:LWK�IUR]HQ�RFHDQV

FRYHULQJ�RXU�SODQHW��KRZ�FRXOG�OLIH�KDYH�HVWDEOLVKHG�LWVHOI�DQG�WKULYHG�XQGHU�WKHVH�LQKRVSLWDEOH

FRQGLWLRQV"

2QH�UHDVRQDEOH�DQVZHU�WR�WKLV�TXHVWLRQ�LV�WKDW�&2
�
��WKH�DWPRVSKHUH·V�HIILFLHQW�JUHHQKRXVH

JDV��ZDV�SUHVHQW�DW�YHU\�KLJK�FRQFHQWUDWLRQ�LQ�WKHVH�HDUO\�WLPHV���.DVWLQJ�>�����@�VXJJHVWV�D�IDFWRU

RI�����WR�����WLPHV�DV�KLJK�DV�WRGD\��DOO�DW���EDU��KRZHYHU��KH�GLG�QRW�FRQVLGHU�WKH�SRVVLELOLW\�RI�D

KLJKHU�WRWDO�SUHVVXUH�RI�WKH�DWPRVSKHUH��DV�ZH�GR�KHUH�

(DUWK·V�+LVWRU\

$V�RXU�RULJLQDO�SODQHW�FRROHG�DQG�FRQGHQVHG�LQWR�VROLG��LW�ZDV�VXUURXQGHG�E\�D�WKLFN�VRXS\

DWPRVSKHULF�PL[WXUH���+\GURJHQ�DQG�K\GURJHQ�FRQWDLQLQJ�FRPSRXQGV�FRPELQHG�ZLWK�R[\JHQ�WR

IRUP�WKH�ZDWHUV�RI�RXU�RFHDQV��ZKLOH�WKH�FDUERQ�FRQWDLQLQJ�FRPSRXQGV��&2��&+
�
��HWF���FRPELQHG

ZLWK�R[\JHQ�WR�IRUP�&2
�
�DW�KLJK�SUHVVXUH���$OO�WKLV�WRRN�DERXW�RQH�KDOI�RI�(DUWK·V�OLIHWLPH�DQG�LW�OHIW

WKH�DWPRVSKHUH�LPSRYHULVKHG�RI�LWV�R[\JHQ�

3UREDEO\�OLIH�JRW�LWV�ILUVW�IRRWKROG�LQ�WKH�RFHDQV�RI�RXU�EDUUHQ�SODQHW�DV�EOXH�JUHHQ�DOJDH�DQG

F\DQR�EDFWHULD���7KHVH�ZHUH�RUJDQLVPV�ZKLFK�KDG�QR�QHHG�IRU�R[\JHQ�WR�OLYH���
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3KRWRV\QWKHVLV�KDG�QRW�\HW�EHHQ�LQYHQWHG�E\�SODQW�OLIH���6R�WKH�UHDFWLRQ�ZKLFK�VXVWDLQHG�WKHVH�OLIH

IRUPV�ZDV

���
EOXH	JUHHQ

DOJDH
� &2

�
� +

�
2

VXQOLJKW
[[[[[[[[Y

PRUH
EOXH	JUHHQ

DOJDH
� 2

�

7KHVH�DOJDH�VSUHDG�WKURXJKRXW�WKH�ZRUOG·V�RFHDQV�

$IWHU�DERXW�D�WKRXVDQG�PLOOLRQ�\HDUV�RI�DGGLWLRQDO�H[SHULPHQWDWLRQ��OLIH�FDPH�XS�ZLWK�LWV

PRVW�LPSRUWDQW�LQYHQWLRQ��SKRWRV\QWKHVLV��DQG�VR�OHDUQHG�KRZ�WR�OLYH�RII�WKH�DEXQGDQW�&2
�
�RI�WKH

DWPRVSKHUH�SOXV�VXQOLJKW�DQG�WKHUHE\�LQYDGH�WKH�ODQGV���/DQG�SODQWV�HYROYHG�DQG�OLYHG�E\�WKH

UHDFWLRQ

���ODQG SODQWV � &2
�
� +

�
2

VXQOLJKW
[[[[[[[[Y PRUH SODQWV � 2

�

'XULQJ�WKH�&DUERQLIHURXV�SHULRG������WR�����0\D��WKH�ODVW���WR����RI�(DUWK·V�OLIH��WKHVH

SODQWV�SUROLIHUDWHG�ZLGHO\��FRYHULQJ�(DUWK·V�ODQG�VXUIDFHV�ZLWK�OXVK�IRUHVWV�RI�JLDQW�IHUQV��WUHHV��DQG

SODQWV�RI�DOO�W\SHV���6LQFH�WKH�DWPRVSKHUH�WKHQ�ZDV�ULFK�LQ�&2
�
�EXW�VWLOO�YHU\�SRRU�LQ�R[\JHQ��GHDG

SODQW�PDWHULDO�GLG�QRW�GHFRPSRVH�UDSLGO\��VR�OD\HU�XSRQ�OD\HU�RI�GHDG�SODQW�PDWHULDO�ZDV�ODLG�GRZQ

LQ�YHU\�WKLFN�EODQNHWV�WR�WUDQVIRUP�LQ�WLPH�WR�FRDO�

(VWLPDWHV�DUH�WKDW�HDFK���PHWHU�WKLFNQHVV�RI�FRDO�FRPHV�IURP�WKH�FRPSUHVVLRQ�RI�D����WR

���PHWHU�OD\HU�RI�GHDG�RUJDQLF�PDWWHU�>��@���7KLV�PHDQV�WKDW�WRGD\·V����PHWHU�WKLFN�FRDO�VHDP

UHSUHVHQWV�DQ�RULJLQDO�����PHWHUV�RI�GHFD\HG�PDWWHU���6XFK�D�WKLFN�OD\HU�RI�GHFD\LQJ�PDWWHU�LV

VRPHWKLQJ�ZKLFK�ZH�GR�QRW�VHH�DQ\ZKHUH�WRGD\���$FWXDOO\��RXU�WURSLFDO�IRUHVWV�WRGD\�RQO\�VXSSRUW�D

YHU\�WKLQ�OD\HU�RI�GHFD\LQJ�PDWWHU�EHFDXVH�RI�UDSLG�R[LGDWLRQ�RI�WKLV�GHDG�PDWHULDO���7KXV������P
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WKLFN�OD\HUV�FDQ�RQO\�RFFXU�LI�WKH�DWPRVSKHUH�GRHV�QRW�HQFRXUDJH�R[LGDWLRQ���7KLV�LV�DGGLWLRQDO

VWURQJ�HYLGHQFH�WKDW�WKH�DWPRVSKHUH�LQ�WKRVH�GLVWDQW�WLPHV�ZDV�ULFK�LQ�&2
�
�EXW�SRRU�LQ�R[\JHQ�

:LWK�WLPH�WKH�FRQFHQWUDWLRQ�RI�&2
�
�VWHDGLO\�GHFUHDVHG�GXH�SULPDULO\�WR�WKH�IRUPDWLRQ�DQG

GHSRVLWLRQ�RI�OLPHVWRQH�DQG�RWKHU�FDUERQDFHRXV�PDWHULDOV���&2
�
�ZDV�DOVR�ORVW�E\�SKRWRV\QWKHVLV

IROORZHG�E\�WKH�GHSRVLWLRQ�RI�FDUERQDFHRXV�IXHOV�VXFK�DV�FRDO��SHWUROHXP��SHDW��VKDOH��WDU�VDQGV�

HWF���+RZHYHU��WKLV�ORVV�ZDV�TXLWH�PLQRU���&DOFXODWLRQV�VKRZ�WKDW�WKH�GHSRVLW�RI�DOO�WKHVH�IXHO

UHVHUYHV�RQO\�ORZHUHG�WKH�DWPRVSKHULF�&2
�
�E\�YHU\�PXFK�OHVV�WKDQ�RQH�EDU���$W�WKH�VDPH�WLPH�WKH

FRQFHQWUDWLRQ�RI�R[\JHQ�VORZO\�URVH���7KHVH�WZR�FKDQJHV��WKH�GHFUHDVH�LQ�&2
�
�DQG�WKH�ULVH�LQ

R[\JHQ��WKLQQHG�WKH�IRUHVWV��WKH�GHDG�PDWHULDO�EHJDQ�WR�EH�PRUH�UDSLGO\�R[LGL]HG��VR�WKDW�GHQVH

OD\HUV�RI�GHDG�RUJDQLFV�ZHUH�QR�ORQJHU�GHSRVLWHG���$V�HYLGHQFH�RI�WKLV�FKDQJH�LQ�DWPRVSKHULF

FRQGLWLRQV��ZH�FDQQRW�WRGD\�ILQG�DQ\�PDVVLYH�FRDO�GHSRVLWV�\RXQJHU�WKDQ����0\�ROG�

$QLPDO�OLIH�IRXQG�WKLV�FKDQJHG�DWPRVSKHUH��ULVH�LQ�R[\JHQ��GURS�LQ�&2
�
�FRQFHQWUDWLRQ��WR

LWV�OLNLQJ�VR�PDPPDOV�DQG�GLQRVDXUV�IORXULVKHG��ILUVW�DV�YHU\�VPDOO�FUHDWXUHV��EXW�WKHQ�LQ�LQFUHDVLQJ

VL]H�XQGHU�HYROXWLRQDU\�FRPSHWLWLRQ���7KLV�OHG�WR�WKH�JLDQW�IO\LQJ�FUHDWXUHV�FORVH�WR�WKH�HQG�RI�WKH

GLQRVDXU�DJH���,W�FRXOG�EH�WKDW�WKHVH�FUHDWXUHV�GLHG�RXW�DV�WKH�WRWDO�SUHVVXUH�RI�WKH�DWPRVSKHUH

GURSSHG�EHORZ�WKHLU�VXVWDLQDEOH�OHYHO��VHH�)LJ�������7KH�ZKROH�KLVWRU\�RI�WKH�HDUWK�LV�VNHWFKHG

VLPSO\�LQ�)LJ�����



��

)LJXUH���

)LJXUH���
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7KH�)RUPDWLRQ�RI�/LPHVWRQH�&DYHV

2XU�ZRUOG�WRGD\�FRQWDLQV�PDQ\�OLPHVWRQH�FDYHV��VRPH�RI�ZKLFK�DUH�PDQ\�NLORPHWHUV�LQ

H[WHQW���7KHVH�FDYHV�ZHUH�DOO�FDUYHG�RXW�E\�UXQQLQJ�ZDWHU�GLVVROYLQJ�WKH�OLPHVWRQH���:H�DOVR�NQRZ

WKDW�WKHVH�FDYHV�DUH�DOO�UHODWLYHO\�\RXQJ��PRVWO\�OHVV�WKDQ�����0\�ROG���7KLV�WHOOV�XV�VRPHWKLQJ

DERXW�RXU�DWPRVSKHUH��DV�ZH�H[SODLQ�

:LWK�KLJK�&2
�
�FRQFHQWUDWLRQ�LQ�WKH�DWPRVSKHUH��FRQVHTXHQWO\�GLVVROYHG�LQ�UDLQZDWHU�DQG

JURXQGZDWHU��WKH�UHDFWLRQ

���&D�2+�
�
� &2

�
[[YZ[[ &D&2

�
� +

�
2

LV�GULYHQ�WR�WKH�ULJKW���+RZHYHU��ZKHQ�WKH�DWPRVSKHUH�EHFRPHV�OHDQ�LQ�&2
�
�WKHQ�WKH�DERYH�UHDFWLRQ

VKLIWV�WR�WKH�OHIW�

7KH�IDFW�WKDW�WKH�OLPHVWRQH�FDYHV�ZHUH�IRUPHG�UHODWLYHO\�UHFHQWO\�LQGLFDWHV�WKDW�WKH�&2
�

FRQFHQWUDWLRQ�LQ�WKH�DWPRVSKHUH�ZDV�YHU\�KLJK�ORQJ�DJR��OHDGLQJ�WR�WKH�GHSRVLWV�RI�OLPHVWRQH��EXW

EHFDPH�YHU\�ORZ�UHFHQWO\��DOORZLQJ�OLPHVWRQH�WR�GLVVROYH�

([SHULPHQWDO�9HULILFDWLRQ

%HVLGHV�WKH�JHQHUDO�ILQGLQJV�VXSSRUWLQJ�WKH�WKHRU\�RI�SODWH�PRYHPHQW��SHUKDSV�WKH�PRVW

WDQJLEOH�DQG�XQDPELJXRXV�HYLGHQFH�IRU�WKH�UHF\FOLQJ�RI�(DUWK·V�PDWHULDO�IURP�FUXVW�WR�GHHS�PDQWOH

DQG�EDFN�DJDLQ�FRPHV�IURP�D�UHFHQW�UHSRUW�E\�+DUWH�HW�DO��>��@�

5HJDUGLQJ�OLIH�LQ�KLJK�&2
�
�DQG�RWKHU�KRVWLOH�HQYLURQPHQWV��UHFHQW�ILQGLQJV�VKRZ�WKDW�OLIH

WDNHV�DGYDQWDJH�RI�IUHH�HQHUJ\�LQ�DQ�DPD]LQJ�UDQJH�RI�HQYLURQPHQWV���IURP�DERYH�WKH�ERLOLQJ�SRLQW

DQG�EHORZ�WKH�IUHH]LQJ�SRLQW�RI�ZDWHU��LQ�SUHVVXUHV�DV�KLJK�DV�����EDU��LQ�R[\JHQ�ULFK��LQ�R[\JHQ
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SRRU�HQYLURQPHQWV��LQ�DQG�LQ�WKH�DEVHQFH�RI�VXQOLJKW�>�����@���7KHUH�DUH�HYHQ�EDFWHULD�ZKLFK�WKULYH

RQ�URFNV�DQG�ZDWHU�DORQH�LQ�WKH�DEVHQFH�RI�VXQOLJKW�DQG�DQ\�FDUERQ�VRXUFH�>��@

���EDVDOW � +
�
2

EDFWHULD
[[[[[[[[Y +

�

2Q�D�PRUH�KRPHO\�OHYHO��WKH�FKDPSDJQH�SURGXFLQJ�PLFUREH�RSHUDWHV�DW�SUHVVXUHV�XS�WR��

EDU�RI�&2
�
�

(VWLPDWHV�RI�&2
�
�&RQFHQWUDWLRQV�LQ�(DUWK·V�3DVW

5HVHDUFKHUV�KDYH�VSHFXODWHG�WKDW�WKH�&2
�
�FRQFHQWUDWLRQ�PD\�KDYH�EHHQ�VRPHZKDW�KLJKHU�LQ

WKH�SDVW�WKDQ�LW�LV�WRGD\���'HV�0DUDLV�>��@��VWXG\LQJ�FDUERQ�H[FKDQJH�EHWZHHQ�PDQWOH�DQG�FUXVW�

VXJJHVWV�WKDW������0\D�WKH�DWPRVSKHUH�FRQWDLQHG�DW�OHDVW�����WLPHV�DV�PXFK�&2
�
��RU������EDU�

DV�LW�GRHV�WRGD\�

+ROODQG�>��@�HVWLPDWHG�(DUWK·V�HDUOLHVW�DWPRVSKHUH�FRQWDLQHG�XS�WR����EDU�RI�&2
�
��DQG

WKDW�DSSUR[LPDWHO\����EDU�FRXOG�FRQFHLYDEO\�KDYH�SHUVLVWHG�IRU�VHYHUDO�����0\�>��@�

0DQ\�VXFK�SURSRVDOV�KDYH�EHHQ�IRUZDUGHG�

3ODQW�*URZWK�DW�+LJK�&2
�
�&RQFHQWUDWLRQV

,W�LV�SHUWLQHQW�WR�DVN�ZKHWKHU�DQ\�H[SHULPHQWV�KDYH�EHHQ�SHUIRUPHG�WR�VXJJHVW�ZKHWKHU�OLIH
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