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&KULVWLDQ�(��:��6WHLQEHUJ���1DGLQH�6DXO��

.HUVWLQ�3LHWVFK���7KRPDV�0HLQHOW���6WHIDQLH�
5LHQDX��DQG�5DOSK�0HQ]HO�

��/DERUDWRU\�RI�)UHVKZDWHU�DQG�6WUHVV�(FRORJ\��
,QVWLWXWH�RI�%LRORJ\��+XPEROGW�8QLYHUVLW\�DW�%HUOLQ��
*HUPDQ\�

��/HLEQL]�,QVWLWXWH�RI�)UHVKZDWHU�(FRORJ\�DQG�,QODQG�
)LVKHULHV��'HSDUWPHQW�RI�,QODQG�)LVKHULHV��%HUOLQ��
*HUPDQ\�

5HFHLYHG�$SULO�����������LQ�ILQDO�IRUP�$XJXVW�����
������$FFHSWHG�$XJXVW����������

$%675$&7�

'LVVROYHG� KXPLF� VXEVWDQFHV� �+6V�� DUH� WDNHQ� XS� E\�
RUJDQLVPV� DQG� LQWHUDFW� RQ� YDULRXV� PROHFXODU� DQG�
ELRFKHPLFDO�OHYHOV��:LWK�WZR�H[DPSOHV��ZH�VKRZ�WKDW�
+6V� IDFLOLWDWH� ILVK� OLIH� LQ� ORZ� S+� DQG� ORZ� FDOFLXP�
ZDWHUV�DQG�SURPRWH�ORQJHYLW\�E\�PLOG�FKHPLFDO�VWUHVV��
:H� UH�YLVLW� UHFHQW� SDSHUV� RQ� ILVK� DGDSWDWLRQ� LQ� WKH�
$PD]RQLDQ�5LR�1HJUR� DQG� UH�LQWHUSUHW� WKH� UHVXOWV� RQ�
WKH� EDVLV� RI� WKH� UHFHQW� ILQGLQJ�RI� JHQH� FRQWURO� LQ� WKH�
QHPDWRGH� &DHQRUKDEGLWLV� HOHJDQV�� ,Q� WKH� QHPDWRGH��
VHYHUDO�JHQHV�DUH�XS�UHJXODWHG��7KLV�PD\�DOVR�DFFRXQW�
IRU� WKH� PDLQWHQDQFH� RI� ILVK� OLIH� LQ� WKH� 5LR� 1HJUR��
([SRVXUH� WR� +6V� H[HUWV� PLOG� FKHPLFDO� VWUHVV� RQ� WKH�
H[SRVHG� RUJDQLVPV� DQG� GHSULYHV� WKHP� RI� HQHUJ\��
KRZHYHU�� WKH� QHPDWRGH�&�� HOHJDQV� DFWLYHO\� ORRNV� IRU�
VXFK� HQYLURQPHQWV�� :LWK� OLIH�WDEOH� DQG� '1$� JHQH�
ILOWHU� VWXGLHV�ZH� VKRZ� WKDW�+6V�PD\� FDXVH� ORQJHYLW\�
DQG� PXOWLSOH� VWUHVV� UHVLVWDQFH�� )XUWKHUPRUH�� ZH�
SURSRVH� OLNHO\� VWUXFWXUHV� RI� WKH� +6V� UHVSRQVLEOH� IRU�
WKHVH�HIIHFWV���

.H\ZRUGV��1DWXUDO�RUJDQLF�PDWWHU��KXPLF�VXEVWDQFHV��
OLIHVSDQ�H[WHQVLRQ��LRQ�UHJXODWLRQ��WUDQVFULSWLRQDO�
FRQWURO�

�&RUUHVSRQGLQJ�DXWKRU��3KRQH���������������������
H�PDLO��FKULVWLDQBHZBVWHLQEHUJ#ZHE�GH�

���,1752'8&7,21�

$� FODVVLFDO� EXW� VWLOO� UHF\FOHG� SDUDGLJP� VWDWHV� WKDW�
GLVVROYHG�KXPLF�VXEVWDQFHV��+6V���PDLQO\�IXOYLF�DFLGV�
�)$��� DUH� WRR� ODUJH� WR� EH� WDNHQ� XS� E\� DTXDWLF�
RUJDQLVPV�DQG�FRQVHTXHQWO\�GR�QRW�LQWHUDFW�ZLWK�WKHLU�
PHWDEROLVP�� +RZHYHU�� UHFHQW� HFR�FKHPLFDO� DQG�
HFRORJLFDO� VWXGLHV� VKRZ� WKDW� )$� EXLOGLQJ� EORFNV� DUH�
DERXW� ���� N'D� LQ� PRODU� PDVV� >���@�� 6LPLODU� UHVXOWV�
DSSO\� WR� QDWXUDO� RUJDQLF� PDWWHU� �120�� >��� �@�� 7KLV�
PRODU�PDVV� LV� FOHDUO\� LQ� RU� HYHQ� EHORZ� WKH� UDQJH� RI�
ELRDFWLYH�PROHFXOHV�VXFK�DV�F\DQRWR[LQV��PRODU�PDVV�
!��N'D���IRU�ZKLFK�WKH�XSWDNH�E\�DTXDWLF�RUJDQLVPV�LV�
ZHOO�SURYHQ�>�@��&RQVHTXHQWO\��RQH�PD\�DUJXH�WKDW�WKH�
DERYH� FLWHG� SDUDGLJP�PLJKW� EH� EDVHG� RQ� WKH� ODFN� RI�
DSSURSULDWH� H[SHULPHQWV�� ,Q� IDFW�� UHFHQW� VWXGLHV� ZLWK�
UDGLRDFWLYHO\� ODEHOHG� +6V� DQG� 120� VKRZ� WKDW� DOO�
H[SRVHG�RUJDQLVPV� WDNH� XS� WKHVH�PDWHULDOV� HDVLO\� >��
��@��6LQFH�+6V�DUH�QRQ�HQGRJHQRXV�VXEVWUDWHV�DQG�WKH�
DTXDWLF� RUJDQLVPV� WU\� WR� JHW� ULG� RI� WKHP� DIWHU� EHLQJ�
WDNHQ� XS�� LW� LV� QRW� VXUSULVLQJ� WKDW� +6V� SURYRNH� DOO�
NLQGV�RI�DQWL�VWUHVV�UHDFWLRQV�ZKLFK�DUH�ZHOO�NQRZQ�LQ�
HFRWR[LFRORJ\�IURP�RUJDQLVPDO�UHVSRQVH�WR�[HQRELRWLF�
H[SRVXUH�>��@���

(OHFWURFKHPLFDO� PHPEUDQH� LUULWDWLRQ� DV� VKRZQ�
ZLWK� JLDQW� FHOOV� RI� WKH� &KDURSK\WH� 1LWHOORSVLV�
REWXVD�>��@�
,QGXFWLRQ� RI� VWUHVV� SURWHLQV� DV� VKRZQ�ZLWK� DOJDH�
>��@��DPSKLSRGV�>��@��DQG�ILVK�>��@�
'HYHORSPHQW� RI� R[LGDWLYH� VWUHVV� V\PSWRPV��
LQFOXGLQJ� OLSLG� SHUR[LGDWLRQ� DV� D� OLNHO\�
DQWLR[LGDQW� GHIHQVH�� 7KLV� KDV� EHHQ� VKRZQ� ZLWK�
UHG�EORRG�FHOOV�>��@�DQG�DPSKLSRGV�>������@�
,QGXFWLRQ� DQG� PRGXODWLRQ� RI� ELRWUDQVIRUPDWLRQ�
HQ]\PHV�>�����@��

%HFDXVH� DOO� RI� WKHVH� UHDFWLRQV� FRQVXPH� HQHUJ\��
ZKLFK� KDV� WR� EH� FRPSHQVDWHG� IRU� DW� WKH� H[SHQVH� RI�
HQHUJ\� UHVRXUFHV� RU� UHJXODU� PHWDEROLVP�� DV� FOHDUO\�
VKRZQ� ZLWK� ]HEUDILVK� HPEU\RV� >��@�� WKH� LPSDFWV� RI�
+6V� RQ� DTXDWLF� RUJDQLVPV� KDYH� WR� EH� FODVVLILHG� DV�
DGYHUVH��%XW�GRHV�WKLV�FODVVLILFDWLRQ�UHDOO\�KROG�WUXH�LI�
RQH�VWXGLHV�WKH�HIIHFWV�RI�+6V�H[SRVXUH�LQ�PRUH�GHWDLO�
RU� LQ� D�EURDGHU� FRQWH[W"� ,I�GRLQJ� VR�� WKH�H[SHULPHQWV�
VRPHWLPHV� UHYHDO� XQH[SHFWHG� UHVXOWV� WKDW� DUH� QRW�
FRQVLVWHQW� ZLWK� VRPH� FXUUHQW� SDUDGLJPV� RI� HFR�
WR[LFRORJ\�� )RU� LQVWDQFH�� ZKHQ� WKH� QHPDWRGH�
&DHQRUKDEGLWLV�HOHJDQV�0DXSDV�KDG�EHHQ�H[SRVHG� WR�
+6V��VHYHUDO�JHQHV�HQFRGLQJ�IRU�FKHPR��DQG�ROIDFWRU\�
UHFHSWRUV�ZHUH�XS�UHJXODWHG� �7DEOH���� >��@���PHDQLQJ�
WKDW� WKH� QHPDWRGH� VKRXOG� EH� DWWUDFWHG� E\� WKHVH�
VXEVWDQFHV�� ,QGHHG�� D� VLPSOH� DWWUDFWDQW� WHVW� VKRZHG�
WKDW�WKH�PDMRULW\�RI�DGXOW�QHPDWRGHV�DFWLYHO\�PRYH�WR�
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EDFWHULD� KHDSV� PL[HG� ZLWK� +6V�� )URP� WKH� VWXGLHV�
UHIHUUHG� WR� DERYH�� LW� LV� REYLRXV� WKDW� WKH� QHPDWRGH�
ZRXOG� VXIIHU� IURP� FKHPLFDO� VWUHVV� DQG� VKRXOG� EH�
GHSULYHG�RI�HQHUJ\��'HVSLWH�WKLV�DGYHUVH�LPSDFW��WKHUH�
DOVR�PXVW� EH� EHQHILFLDO� HIIHFWV� WR� WKH� QHPDWRGHV� DQG�

WKH� RYHUDOO� UHVXOW� RI� WKLV� WUDGH�RII� PXVW� EH� SRVLWLYH��
RWKHUZLVH� WKLV� VSHFLHV�ZRXOG� KDYH� EHFRPH� H[WLQFW� LQ�
WKH� UHDO� ZRUOG� VLQFH� LW� LQKDELWV� +6�ULFK� VDSURSK\WLF�
HQYLURQPHQWV�>��@���

7DEOH���([FHUSW�RI�WKH�ZKROH�JHQRPLF�'1$�PLFURDUUD\�RI�&��HOHJDQV�H[SRVHG�WR�WZR�KXPLF�PDWHULDOV��V\QWKHWLF�
+6�����DQG�/DNH�)XFKVNXKOH�120�>��@�

*HQH�FRGH� 3URWHLQ� )XFKVNXKOH��,)�D� +6������,)�D

7UDQVSRUWHUV� � �

&��%���� &KORULGH�FKDQQHO�SURWHLQ� ���� �����

7��&���� &DOFLXP�FKDQQHO�DOSKD�VXEXQLW� ���� ����

0��%���� 3RWDVVLXP�FKDQQHO�SURWHLQ� ���� ����

&��&���� 6XJDU��DQG�RWKHU��WUDQVSRUWHU� ���� �����

&KHPRUHFHSWRUV� � �

<��$��%��� *�SURWHLQ�FRXSOHG�FKHPRUHFHSWRU� ���� �����

5��+���� 2OIDFWRU\�UHFHSWRU��VU[���� ���� �����

&��)����� 2OIDFWRU\�UHFHSWRU� ����� ����

%������� &KHPRUHFHSWRU��VUL����� ���� ����

6WUHVV�GHIHQVH� � �

+��'����� 8'3�*OXFRURQRV\OWUDQVIHUDVH� ���� �����

'������� *O\FRV\OWUDQVIHUDVH� ���� ����

)��&����� &\WRFKURPH�3���� ���� ����

)��$����� *OXWDWKLRQH�6�WUDQVIHUDVH� ���� ����

)��$���� 3HUR[LGDVH� ����� �����
D�,)� �LQGXFWLRQ�IDFWRU�DV�FRPSDUHG�WR�WKH�FRQWUROV�

7KLV� VWULNLQJ� H[DPSOH� LQGLFDWHV� WKDW� WKH�
LQWHUDFWLRQ� RI� DTXDWLF� DQG� VRLO� RUJDQLVPV� ZLWK� WKH�
ELRFKHPLFDO�PDWUL[�RI�WKHLU�KDELWDWV��WKH�+6V��PXVW�EH�
PRUH� WKDQ� D� VLPSOH� DGYHUVH� FKHPLFDO� VWUHVV�� ,QVWHDG��
WKLV�SDSHU�ZLOO� VKRZ� WKDW�H[SRVXUH� WR�+6V�DSSHDUV� WR�
EH� FUXFLDO� IRU� OLIH� LQ� JHQHUDO�� 7KLV� ZLOO� EH�
GHPRQVWUDWHG� ZLWK� ILVK� LQ� H[WUHPH� DTXDWLF�
HQYLURQPHQWV��)XUWKHUPRUH��+6V�KDYH�WKH�SRWHQWLDO�WR�
H[SDQG� WKH� LQGLYLGXDO� OLIHVSDQ� RI� QHPDWRGHV�� 7R�
DFKLHYH�WKHVH�JRDOV��ZH�ZLOO�UH�YLVLW�SDSHUV�RQ�ILVK�OLIH�
LQ� WKH�$PD]RQLDQ�5LR�1HJUR� DQG� WU\� WR� VXSHULPSRVH�
WKH� ILQGLQJV� WKHUH� ZLWK� UHFHQW� UHVXOWV� RI� D� ZKROH�
JHQRPH� PLFURDUUD\� VWXG\� ZLWK� WKH� QHPDWRGH� &��
HOHJDQV��7KLV�DSSURDFK�LV�RQO\�DQ�DQDORJ\��EXW�LW�PD\�
JHQHUDWH� UREXVW� K\SRWKHVHV� RQ� ZKLFK� ZD\� WR� GLUHFW�
IXWXUH�VWXGLHV���

7KH� VHFRQG�DSSURDFK� LV� DQ� LQ�GHSWK� VWXG\�RI� WKH�
HIIHFWV� RI� FKHPLFDO� VWUHVV� LQGXFHG� E\� GLVVROYHG� +6V�
DQG� D� OLNHO\� EXLOGLQJ� EORFN�� ,Q�GHSWK� PHDQV� WKDW� ZH�
LQFOXGH� SDUDPHWHUV� WKDW� VXUSDVV� FODVVLFDO� HFR�
WR[LFRORJLFDO� RQHV� DQG� ZKLFK� DUH� EDVHG� RQ� WKH�PDLQ�

K\SRWKHVHV�RI� WKH�*UHHQ�7KHRU\�RI�$JLQJ� �VHH�EHORZ�
IRU�GHWDLOV���)XUWKHUPRUH��ZH�WU\�WR�UHODWH�WKH�GHVFULEHG�
HIIHFWV� WR� VWUXFWXUDO� IHDWXUHV� RI� WKH�+6V�� ,Q� VXP�� WKLV�
SDSHU� LV� LQWHQGHG� WR�ZLGHQ� HFRORJLFDO� SHUVSHFWLYH� RQ�
FRQWURO�E\�+6V� LQ� WKH�HQYLURQPHQW��7KHVH�VXEVWDQFHV�
DUH�LQWHJUDO�SDUWV�RI�DQ\�HFRV\VWHP��DQG�ZH�DUH�RQO\�DW�
WKH� YHU\� EHJLQQLQJ� RI� XQGHUVWDQGLQJ� WKHLU� UROH� WKHUH��
6HYHUDO�RI�WKHVH�LGHDV�KDYH�DOUHDG\�EHHQ�LQGLFDWHG�LQ�D�
SUHYLRXV�UHYLHZ�>��@��LQ�WKLV�FRQWULEXWLRQ�ZH�FRQWLQXH�
UHYLHZLQJ�DQG� IXUWKHUPRUH� UHIHU� WR�QHZ�H[SHULPHQWDO�
GDWD�WKDW�DUH�FRQVLVWHQW�ZLWK�WKH�SUHYLRXV�K\SRWKHVHV��

���),6+�/,)(�,1�(;75(0(�$48$7,&�
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,Q� D� UHFHQW� VHULHV� RI� SDSHUV�� WKH� HVVHQWLDO� FRQWURO� E\�
+6V�RI� ILVK� OLIH� LQ� WKH�$PD]RQLDQ�5LR�1HJUR� V\VWHP�
KDV� EHHQ� GHPRQVWUDWHG� H[SHULPHQWDOO\� >�����@��
1XPHURXV� VORZ�PRYLQJ� EODFNZDWHUV� DVVRFLDWHG� ZLWK�
IORRGHG�IRUHVW�DORQJ�WKH�5LR�1HJUR�KDYH�S+�DV�ORZ�DV�
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��������>��@��ZKLFK�VKRXOG�UHQGHU�WKHP�GHYRLG�RI�ILVK��
+RZHYHU�� WKH�JUHDW�GLYHUVLW\�RI�ILVK�LQ�WKH�5LR�1HJUR�
�!����� VSHFLHV� >��@�� LQGLFDWHV� WKDW� WKH� ILVK� RI� WKHVH�
EODFNZDWHUV�DUH�KLJKO\�DGDSWHG�WR�H[WUHPH�FRQGLWLRQV��
LQ� SDUWLFXODU� WR� ORZ� S+� DQG� ORZ� &D��� DQG� 1D�

FRQFHQWUDWLRQV�� *RQ]DOH]� 	� 3UHHVW� >��@� VKRZHG� WKDW�
WZR� PDMRU� SK\VLRORJLFDO� PHFKDQLVPV� DSSO\� WR�
PDLQWDLQ� KRPHRVWDVLV�� ���� HIIHFWLYH� XSWDNH�RI� FDWLRQV�
IURP� ZDWHUV� ZLWK� YHU\� ORZ� FRQFHQWUDWLRQV� DQG� ����
HIIHFWLYH�UHWHQWLRQ�RI�LQWHUQDOL]HG�FDWLRQV��,W�LV�IHDVLEOH�
WKDW� +6V� PD\� LQWHUIHUH� ZLWK� ERWK� SURFHVVHV��
)XUWKHUPRUH�� ZKHQ� ILVK� ZHUH� H[SRVHG� WR� ORZ� S+� LQ�
5LR�1HJUR�ZDWHU�LQVWHDG�RI�GHLRQL]HG�ZDWHU��ZLWK�WKH�
VDPH�FRQFHQWUDWLRQV�RI�PDMRU�LRQV���WKH�HIIHFWV�RI�ORZ�
S+� ZHUH� UHGXFHG�� 7KLV� VXJJHVWV� WKDW� KLJK�
FRQFHQWUDWLRQV�RI�+6V� LQ� WKH�ZDWHU�PD\� LQWHUDFW�ZLWK�
WKH� EUDQFKLDO� HSLWKHOLXP� LQ� VRPH� SURWHFWLYH� PDQQHU�
>��@�� :RRG� HW� DO�� >��@� SRLQWHG� DW� WKH� GLIIHUHQW� +6V�
TXDOLWLHV� DQG� DFFOLPDWLRQV� RI� WKH� ILVK� WR� WKH� +6V�
VRXUFH� ZKHQ� WKH\� UHSRUWHG� WKDW� +6V� IURP� WKH� 5LR�
1HJUR� SUHYHQW� LRQRUHJXODWRU\� GLVWXUEDQFH� LQ�
IUHVKZDWHU� VWLQJUD\V� �3RWDPRWU\JRQ� VSS�� *DUPDQQ��
H[SRVHG� WR�S+������%XW�$OGULFK�KXPLF�DFLG��+$��GLG�
QRW�SUHYHQW�GLVWXUEDQFH��SUREDEO\�GXH� WR� WKH� IDFW� WKDW�
WKH� ILVK� QHYHU� FDPH� LQ� FRQWDFW�ZLWK� WKHVH� VXEVWDQFHV�
DQG�FRXOG�QRW�DFFOLPDWH�WR�WKHP��,Q�IDFW��WKHUH�VHHP�WR�
EH� PDMRU� GLIIHUHQFHV� LQ� IUHVKZDWHU� ILVK� IURP�
FRQWUDVWLQJ� KDELWDWV�� )RU� H[DPSOH��0DWVXR� HW� DO�� >��@�
QRWLFHG� WKDW� DFXWH� H[SRVXUH� RI� UDLQERZ� WURXW�
2QFRUK\QFKXV� P\NLVV� �:DOEDXP��� DQ� LQKDELWDQW� RI�
+6V�SRRU�ZDWHUV�� WR� +6V� LQGXFHV� LQFUHDVHG� LRQ� ORVV��
SUREDEO\�EHFDXVH�RI�D�VXUIDFWDQW�HIIHFW�>��@�LQGXFHG�DW�
WKH� JLOO� PHPEUDQH� OHYHO�� RU� EHFDXVH� &D��� LV� VWULSSHG�
RXW�RI�WKH�SDUDFHOOXODU�WLJKW�MXQFWLRQV��+RZHYHU��ZKHQ�
WKH� WHWUD� 3DUDFKHLURGRQ� D[HOURGL� �6FKXOW]��� DQ�
LQKDELWDQW�RI�$PD]RQLDQ�EODFNZDWHUV��ZDV�FKURQLFDOO\�
H[SRVHG�WR�+6V��WKH�ILVK�GLVSOD\HG�LQFUHDVHG�EUDQFKLDO�
LRQ� XSWDNH� UDWHV� DQG� DOVR� UHGXFHG� LRQ� ORVV� IURP� WKH�
JLOOV� >��@�� ,W� LV� VXJJHVWHG� WKDW� WKH� EDVLV� IRU� WKLV�
WROHUDQFH�LV�DQ�LQFUHDVHG�EUDQFKLDO�DIILQLW\�IRU�&D���DW�
WKH� SDUDFHOOXODU� WLJKW� MXQFWLRQV� LQ� WKH� JLOOV�� ZKLFK� LQ�
WXUQ� OLPLWV� EUDQFKLDO� SHUPHDELOLW\� DQG� SUHYHQWV� LRQ�
OHDNDJH�XQGHU�GLOXWH��DFLGLF�FRQGLWLRQV�>����������@��$V�
D� VSHFLILFDWLRQ� RI� WKLV� PHFKDQLVP�� ZH� RIIHU� WKH�
IROORZLQJ� OLNHO\� H[SODQDWLRQV�� %DVHG� RQ� D� ZKROH�
JHQRPH�PLFURDUUD\�ZLWK�&��HOHJDQV��H[FHUSWV�LQ�7DEOH�
����ZH� VKRZ� WKDW�+6V� GLUHFWO\� LQWHUDFW�ZLWK� JHQHV� RI�
WKLV� QHPDWRGH� DQG� WKXV� K\SRWKHVL]H� WKDW� +6V� DOVR�
LQWHUDFW� ZLWK� WKH� JHQRPH� RI� 5LR� 1HJUR� ILVK� LQ�
FRPSDUDEOH�PRGHV�RI�DFWLRQ��,Q�SDUWLFXODU��

&D���WUDQVSRUWHUV� DUH� LQGXFHG� �7��&���� LQ� &��
HOHJDQV��� ZKLFK� PD\� EH� DFWLYH� DJDLQVW� D� VWURQJ�
JUDGLHQW��DQG�
6XJDU� DQG� RWKHU� WUDQVSRUWHUV� DUH� LQGXFHG�

�&��&����LQ�&��HOHJDQV���6LQFH�WKLV�WUDQVSRUWHU�LV�
QRW�YHU\�VSHFLILF��LW�PD\�HYHQ�IDFLOLWDWH�WKH�XSWDNH�
RI�+6�FRPSOH[HG�&D����

)XUWKHUPRUH�� WKH� PDLQWHQDQFH� RI� WKH� H[WUHPHO\�
KLJK� JUDGLHQW� EHWZHHQ� LQWHUQDO� DQG� H[WHUQDO� &D���

FRQFHQWUDWLRQV� PD\� QRW� RQO\� EH� GXH� WR� DQ� HIIHFWLYH�
XSWDNH�PHFKDQLVP�� EXW� DOVR� WR� UHGXFHG� RU� FRQWUROOHG�
ORVVHV� RI� LRQV�� 7KH� ODWWHU� PD\� EH� IDFLOLWDWHG� E\� WZR�
GLIIHUHQW�PHFKDQLVPV��

'RZQ�UHJXODWLRQ� RI� WZR� JHQHV� WKDW� HQFRGH� IRU�
FDWLRQ�WUDQVSRUWLQJ� $73DVHV�� DV� VKRZQ� ZLWK� &��
HOHJDQV�>��@��DQG�
%ORFNDJH�RI�QRQ�VSHFLILF�PHPEUDQH�ERXQG�H[SRUW�
SXPSV�� DV� VKRZQ� ZLWK� PXOWL�GUXJ� WUDQVSRUWHUV�
�VR�FDOOHG� PXOWL�[HQRELRWLF� UHVLVWDQFH��� IRU�
GHWDLOV�� VHH� >��@� LQ� DPSKLSRGV� >��@��:H� DVVXPH�
WKDW�+6V�DOVR�PD\�LQWHUQDOO\�EORFN�LRQ�FKDQQHOV�LI�
WKH\� DUH� QRW� DOUHDG\� GRZQ�UHJXODWHG� E\� +6V�
LQWHUDFWLRQV��

���/,)(�63$1�(;7(16,21�%<�+6�0(',$7('�
&+(0,&$/�675(66�

,Q� WKH� LQWURGXFWLRQ�ZH�KDYH� SRLQWHG� RXW� WKH� IDFW� WKDW�
H[SRVXUH� WR� +6V� OHDGV� WR� D� FKHPLFDO� VWUHVV� LQ� WKH�
RUJDQLVPV�DQG�WKDW� WKH�QHPDWRGH��&��HOHJDQV�DFWLYHO\�
ORRNV� IRU� VXFK� VWUHVVIXO� HQYLURQPHQWV�� $FFRUGLQJ� WR�
WKH� *UHHQ� 7KHRU\� RI� $JLQJ� >�����@� DV� RQH� YHU\�
SODXVLEOH� RI�PDQ\� K\SRWKHVHV� RQ� WKH�PHFKDQLVPV� RI�
DJLQJ�� LW� LV� HVVHQWLDO� WR� QRWH� WKDW� WKHUH� LV� LQFUHDVLQJ�
DZDUHQHVV�WKDW�PLOG�FKHPLFDO�VWUHVVHV��LQ�WKH�VR�FDOOHG�
KRUPHWLF� GRVH� RU� FRQFHQWUDWLRQ� UDQJH�� PD\� HYHQ� EH�
EHQHILFLDO�>������@��,Q�JHQHUDO��PLOG�FKHPLFDO�VWUHVV�WR�
LQGLYLGXDOV� PHDQV� WUDLQLQJ� RI� WKH� FKHPLFDO� GHIHQVH�
V\VWHP� �ELRWUDQVIRUPDWLRQ� HQ]\PHV�� DQWL�R[LGDQW�
HQ]\PHV�� VWUHVV� SURWHLQV��� ZKLFK� FDQ� DOVR� OHDG� WR�
PXOWLSOH�VWUHVV�UHVLVWDQFH��+6�UHODWHG�KRUPHWLF�HIIHFWV�
KDYH� DOUHDG\� EHHQ� REVHUYHG�� IRU� LQVWDQFH�� ZLWK� WKH�
DFWLYLW\�RI�SKDVH� ,�DQG� ,,�HQ]\PHV� >������@��'DSKQLD
EHKDYLRU� >��@�� DQG� WKH� QXPEHU� RI� RIIVSULQJ� RI� &��
HOHJDQV� >��@�� 7KLV� PHDQV� WKDW� H[SRVXUH� WR� ORZ�
FRQFHQWUDWLRQV�RI�+6V�DQG� WKH�VXEVHTXHQW�RUJDQLVPDO�
UHVSRQVH�PD\�FRQWULEXWH�WR�WKH�WUDLQLQJ�RI�WKH�GHIHQVH�
V\VWHP� DQG� PD\� SURYRNH� HYHQ� PRUH� FRPSOH[�
UHDFWLRQV���

7KLV� QRWLRQ� EHFRPHV� PRUH� DWWUDFWLYH� DQG� RSHQV�
QRYHO�RSSRUWXQLWLHV�IRU�HFRORJLFDO�UHVHDUFK��LI�RQH�SXWV�
LW� LQWR� WKH� ZLGHU� FRQWH[W� RI� VWUHVV� UHVHDUFK�� ,Q� D�
SLRQHHULQJ�UHYLHZ��0LQRLV�>��@�VWDWHG� WKDW� WUDLQLQJ�RI�
WKH� GHIHQVH� V\VWHP� PD\� OHDG� WR� VWUHVV� UHVLVWDQFH��
ZKLFK� PD\� EH� UHODWHG� WR� ORQJHYLW\�� 0XOWLSOH� VWUHVV�
UHVLVWDQFH� KDV� VR� IDU� EHHQ� SURYHQ� HIIHFWLYH� LQ� PDQ\�
DQLPDOV��H�J��URWLIHUV��&��HOHJDQV��VSLGHUV��ILVK��URGHQWV�
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DQG� WKH� IUXLW� IO\� 'URVRSKLOD� PHODQRJDVWHU� 0HLJHQ���
0RUH� UHFHQWO\�� VHYHUDO� NH\� PROHFXOHV� LQYROYHG� LQ�
ORQJHYLW\�KDYH�EHHQ� LGHQWLILHG� >�����@��3UR�ORQJHYLW\�
JHQHV�LQFOXGH�VRPH�WKDW�HQFRGH�DQWL�R[LGDQW�HQ]\PHV�
DQG� ELRWUDQVIRUPDWLRQ� HQ]\PHV� DQG� RWKHUV� HQFRGLQJ�
KHDW�VKRFN� SURWHLQV�� SDUWLFXODUO\� RI� ORZ� PRODU� PDVV�
�WKH�+VS���IDPLO\����

:LWK�WKH�H[FHSWLRQ�RI�ORZ�PRODU�PDVV�+VS��JHQHV�
RI� DOO� HQ]\PH� IDPLOLHV� KDYH� EHHQ� IRXQG� WR� EH� XS�
UHJXODWHG� LQ�&�� HOHJDQV� DIWHU� H[SRVXUH� WR� RQH�QDWXUDO�
DQG�RQH�DUWLILFLDO�+6V�>��@��,Q�WKH�PHDQWLPH��WKH�VPDOO�
KHDW�VKRFN� SURWHLQ� JHQH� DOVR� KDV� EHHQ� IRXQG� XS�
UHJXODWHG�XSRQ�+6�H[SRVXUH��VHH�EHORZ���

,Q�D�VWXG\�ZLWK����+6V��120��DQG� WKH�V\QWKHWLF�
+6������ 0HLQHOW� HW� DO�� >��@� KDYH� DQDO\]HG� WKH�
SRWHQWLDO� RI� WKHVH� VXEVWDQFHV� WR� PRGXODWH� WKH�
YHJHWDWLYH�JURZWK�RI� WKH� ILVK�SDWKRJHQLF�ZDWHU�PROG��
6DSUROHJQLD� SDUDVLWLFD� &RNHU�� 6RPH� RI� WKH� LVRODWHV�
VXSSRUWHG� WKH� YHJHWDWLYH� JURZWK� �H�J�� 6FKZDU]HU� 6HH�
120��)LJXUH����OHIW�JUDSK��QHJDWLYH�YDOXHV�RI�JURZWK�
LQKLELWLRQ��� EXW� WKH� PDMRULW\� UHGXFHG� LW�� H�J��
+XPLQ)HHG���D�SURGXFW�GHULYHG�IURP� OHRQDUGLWH� �)LJ��
��� ULJKW� JUDSK��� $� TXDQWLWDWLYH� VWUXFWXUH�DFWLYLW\�
UHODWLRQVKLS� DQDO\VLV� UHYHDOHG� WKDW� LW� LV� WKH� +6V�
PDWHULDO�ZLWK�KLJK�VSLQ�FRQFHQWUDWLRQ��ZKLFK�HTXDOV�D�
KLJK� FRQWHQW� RI� RUJDQLF� UDGLFDOV�� LQGLFDWLYH� RI� KLJK�
UHDFWLYLW\��� KLJK� &�&+�� DQG� &�+� UDWLRV�� DQG� KLJK�
VSHFLILF�89�DEVRUSWLRQ��ZKLFK�VWDWLVWLFDOO\�DFFRXQW�IRU�
YHJHWDWLYH� JURZWK� UHGXFWLRQ�� ZKHUHDV� LVRODWHV� ZLWK�
KLJK� SRO\VDFFKDULGH� FRQWHQWV� VXSSRUWHG� JURZWK� �)LJ��
�����

+RZHYHU�� UHGXFWLRQ� RI� YHJHWDWLYH� JURZWK� DOVR�

LQFOXGHV�DQRWKHU�DVSHFW�ZKLFK�GHVHUYHV�DWWHQWLRQ��KRZ�
VXVWDLQDEOH�LV�D�JURZWK�UHGXFWLRQ"�$UH�+6V�IXQJLFLGDO�
RU� RQO\� IXQJLVWDWLF"� $FWXDOO\�� WKH� IXQJXV� LV� DEOH� WR�
FRSH� ZLWK� WHPSRUDULO\� DGYHUVH� VLWXDWLRQV�� EHFDXVH� LW�
GHYHORSV� VSRUHV�ZKLFK�PD\�SURGXFH�K\SKDH�DIWHU� WKH�
+6V� H[SRVXUH� LV� JRQH�� 7KLV� PHDQV� WKDW� +6V� DUH�
IXQJLVWDWLF��,W�LV�RSHQ�WR�IXWXUH�H[SHULPHQW�ZKHWKHU�RU�
QRW� VSRUDQJLD� RU� YLDEOH� ]RRVSRUHV� RFFXUU� PRUH�
IUHTXHQWO\� XSRQ� H[SRVXUH� WR� DJHG� +6V� WKDQ� ZLWK�
120�� ,Q� WHUPV� RI� ORQJHYLW\�� WKH� SURGXFWLRQ� RI�
VSRUDQJLD�]RRVSRUHV� FOHDUO\� LQGLFDWHV� OLIHVSDQ�
H[WHQVLRQ���

,Q�RUGHU�WR�HYDOXDWH�LI�D�OLIHVSDQ�H[WHQVLRQ�RI�+6�
H[SRVHG� RUJDQLVPV� LQ� IDFW� RFFXUV�� &�� HOHJDQV� ZDV�
H[SRVHG� LQ� D� ILUVW� WHVW� WR� WKH� VDPH� WZR� +6V� LQ�
LQFUHDVLQJ� FRQFHQWUDWLRQV� DV� 6�� SDUDVLWLFD�� ,QGHHG��
6FKZDU]HU�6HH�120�GLG�QRW�PRGXODWH�WKH�OLIHVSDQ�RI�
&��HOHJDQV��)LJ������,Q�FRQWUDVW�WR�WKH�120�LVRODWH��WKH�
SURFHVVHG� OHRQDUGLWH� +XPLQ)HHG�� VLJQLILFDQWO\�
SURORQJHG� WKH� OLIH� RI� WKH� QHPDWRGH� LQ� WKH� ORZ� WR�
PHGLXP� FRQFHQWUDWLRQ� UDQJH� ������ ��� DQG� ��� PJ�/�
'2&���ZKHUHDV�WKH����PJ�/�H[SRVXUH�ZDV�LQ�RU�HYHQ�
EHORZ� WKH� UDQJH� RI� WKH� FRQWURO� DQLPDOV� �)LJ�� ����
$FFRUGLQJ� WR� DQ� LQYHQWRU\� RI� '2&�SRUHZDWHU�
FRQFHQWUDWLRQV�>��@��HYHQ����PJ�/�OLHV�ZHOO�ZLWKLQ�LQ�
WKH� HQYLURQPHQWDOO\� UHDOLVWLF� UDQJH�� ,Q� VXP�� WKHVH�
ILQGLQJV�PHDQ� WKDW� WKH�PRGXODWLRQ�RI� WKH� OLIHVSDQ�E\�
H[SRVXUH� WR� +XPLQ)HHG�� DSSHDUV� WR� IROORZ� WKH�
KRUPHVLV� SULQFLSOH�� 7KH� ORZ� WR� PHGLXP� H[SRVXUHV�
H[SDQG� WKH� OLIHVSDQ��� �OLIHVSDQ� DW� WKH� ���� VXUYLYDO�
UDWH�� DV� PXFK� DV� DSSUR[LPDWHO\� �� GD\V�� D� ORW� IRU� DQ�
DQLPDO�WKDW�XVXDOO\�RQO\�OLYHV�DERXW����GD\V��
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)LJXUH���*URZWK�LQKLELWLRQ�RI�6��SDUDVLWLFD�SORWWHG�YV��'2&�RI�D�120��OHIW�SDUW��DQG�D�KXPLF�VXEVWDQFH��ULJKW�
SDUW��IRU���K�RI�H[SRVXUH��VTXDUHV��DQG���K�RI�H[SRVXUH��RSHQ�FLUFOHV��IRU�WZR�FRQWUDVWLQJ�+6V��IURP�>��@��IRU�
+XPLQ)HHG���WKH�UHDGHU�LV�UHIHUUHG�WR�KWWS���ZZZ�KXPLQWHFK�FRP�����HQYLURQPHQW�LQIRUPDWLRQ�JHQHUDO�KWPO��
DFFHVVHG�$XJXVW���������
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0S

)LJXUH���&RUUHODWLRQV�RI�WKH����K�DQG�
���K�(&���YDOXHV�ZLWK�VWUXFWXUDO�IHD�
WXUHV��6SHFLILF�89�DEVRUSWLRQ��V89D��
DQG�SHDN�PRODU�PDVV��0S��ZHUH�
GHULYHG�IURP�+36(&�DQG�SRLQW�WR�
DURPDWLF�KXPLF�FRPSRXQGV�ZLWK�
KLJKHU�PRODU�PDVV��&22+�DQG�&+�

DUH�UHODWLYH�PHDVXUHV�RI�WKHVH�
IXQFWLRQDO�JURXSV�GHULYHG�IURP�)7,5�
VSHFWUD��&�DQG�+�ZHUH�GHULYHG�IURP�
HOHPHQWDO�DQDO\VLV�DQG�VSLQ�DW�S+�����
GHQRWHV�VSLQ�FRQFHQWUDWLRQV�RI�VWDEOH�
RUJDQLF�UDGLFDOV�LQ�+6V�PHDVXUHG�E\�
(35�VSHFWURVFRS\��+0:� �KLJK�
PRODU�PDVV��1HJDWLYH�U�YDOXHV�PHDQ�
UHGXFWLRQ�RI�YHJHWDWLYH�JURZWK��
SRVLWLYH�U�YDOXH�PHDQ�JURZWK�VXSSRUW�
DV�H[HPSOLILHG�ZLWK�WZR�+6V�RI�
FRQWUDVWLQJ�HIIHFWV�LQ�)LJXUH����IURP�
>��@���
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)LJXUH���6XUYLYDO�UDWHV�DQG�OLIHVSDQV�RI�&��HOHJDQV�H[SRVHG�WR�6FKZDU]HU�6HH�120�DQG�+XPLQ)HHG��DW�
LQFUHDVLQJ�FRQFHQWUDWLRQV��PJ�/�'2&��&RQWUROV�ZHUH�ZLWKRXW�DQ\�120�+6�DGGLWLRQ��:LWK�6FKZDU]HU�6HH�
120��QR�H[SRVXUH�ZDV�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�FRQWUROV��:LWK�+XPLQ)HHG���WKH�GLIIHUHQFHV�EHWZHHQ�
FRQWURO�DQG��������DQG����PJ�/�H[SRVXUHV�ZHUH�VLJQLILFDQW�DW�WKH�S���������OHYHO��ORJ�UDQN�WHVW��Q� ������������
7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�FRQWURO�DQG�WKH����PJ�/�H[SRVXUH���

$V� PHQWLRQHG� DERYH�� WUDLQLQJ� RI� WKH� FKHPLFDO�
GHIHQVH�V\VWHP�PD\� OHDG� WR�PXOWLSOH�VWUHVV� UHVLVWDQFH�
>��@��ZKHUHE\�WKH�LQGXFLQJ�VWUHVVHV�PD\�EH�FKHPLFDO��
7KH� DFTXLUHG� VWUHVV� UHVLVWDQFH� PXVW� QRW� EH� FKHPLFDO�
EXW�PD\�DOVR�EH�SK\VLFDO��VXFK�DV�KHDW�RU�FROG�VWUHVV��
:LWK� UHVSHFW� WR� +6� H[SRVXUH�� PXOWLSOH� VWUHVV�
UHVLVWDQFH� RQ� WKH� SKHQRW\SLF� OHYHO� KDV� EHHQ� VKRZQ�
ZLWK� WKH� VZRUGWDLO�� DQ� RUQDPHQWDO� ¶YLYLSDURXV¶� ILVK�
VSHFLHV� �)LJ���� >��@���1HZO\�ERUQ� MXYHQLOH� VZRUGWDLOV�
ZHUH� H[SRVHG� WR� LQFUHDVLQJ� FRQFHQWUDWLRQ� RI� WKH�
V\QWKHWLF� +6����� DQG� WKHLU� GHYHORSPHQW� ZDV�
PRQLWRUHG� XQWLO� VH[XDO� GLIIHUHQWLDWLRQ� RI� WKH�
LQGLYLGXDOV�� $Q\� DGGLWLRQ� RI� +6V�� HYHQ� DV� ORZ� DV� ��
PJ�/�'2&��OHG�WR�D�ZHLJKW�JDLQ�E\�WKH�\RXQJ�DQLPDOV�

DQG� WR� DQ� REYLRXV�PXOWLSOH� VWUHVV� UHVLVWDQFH�� EHFDXVH�
HYHQ� VWURQJ� GDLO\� SK\VLFDO� VWUHVVHV� E\� FDWFKLQJ� DQG�
WUDQVSRUW� WR�RWKHU�DTXDULD�ZLWK�IUHVK�ZDWHU�FRQWDLQLQJ�
WKH� DQDORJRXV� DPRXQW� RI� +6V� FDXVHG� RQO\� D� VPDOO�
GHOD\�RI� WKH�JURZWK��ZKHUHDV� WKH�FRQWURO� DQLPDOV�GLG�
QRW� UHDOO\� UHFRYHU� IURP� WKH� VWUHVVIXO� ��� GD\V�� ,Q� WKH�
PHDQWLPH��LW�KDV�EHHQ�VKRZQ�ZLWK�FDUS�WKDW�V\PSWRPV�
RI�GHQVLW\�VWUHVV��H�J��FRUWLVRO�OHYHOV��FDQ�EH�UHGXFHG�LI�
WKH�ILVK�DUH�H[SRVHG�WR�+6V�>��@��

,Q� DGGLWLRQ� WR� WKH� FKHPLFDO� VWUHVV� K\SRWKHVLV��
DQRWKHU� PHFKDQLVP� IRU� OLIH�VSDQ� H[SDQVLRQ� PD\�
DSSO\��DFWLYDWLRQ�RI�VLUWXLQV��D�IDPLO\�RI�GHDFHW\ODVHV��
E\� VPDOO� PROHFXOHV� >��@�� 7KLV� PLPLFV� FDORULF�
UHVWULFWLRQ�ZKLFK� LWVHOI� LV�NQRZQ� WR� VORZ�GRZQ�DJLQJ�
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LQ� \HDVW� DQG� PHWD]RDQV�� ,QWHUHVWLQJO\�� D� FODVV� RI�
SRO\SKHQROLF� PROHFXOHV� SURGXFHG� E\� SODQWV� LQ�
UHVSRQVH�WR�VWUHVV�FDQ�DFWLYDWH�WKH�VLUWXLQV�>��@��7KHVH�
SRO\SKHQROV� DUH� YHU\� VLPLODU� WR� OLJQLQ� FRQVWLWXHQWV�
DQG�� PRUHRYHU�� WR� WDQQLQV�� ZKLFK� DUH� PDMRU�
FRPSRXQGV�LQ�VRPH�DQG�SHUKDSV�DOO�+6V�>��@��,Q�IDFW��
TXHUFHWLQ� VLJQLILFDQWO\� SURORQJHG� WKH� OLIHVSDQ� DQG�

LQGXFHG� DQ� LQFUHDVHG� WKHUPDO� WROHUDQFH� �XQSXEOLVKHG�
UHVXOWV���6HYHUDO�H[SRVXUH�VFHQDULRV�KDYH�EHHQ� WHVWHG��
DQG� DOO� LQFUHDVHG� WKH� WKHUPDO� WROHUDQFH� RI� WKH�
QHPDWRGHV��7KLV� ILQGLQJ� LV� DQRWKHU�SLHFH�RI� HYLGHQFH�
IRU�WKH�DFTXLVLWLRQ�RI�D�PXOWLSOH�VWUHVV�UHVLVWDQFH�XSRQ�
+6V� H[SRVXUH� LQ� JHQHUDO� DQG� VXSSRUWV� WKH� LQWHUSUHWD�
WLRQ�RI�WKH�VZRUGWDLO�H[SHULPHQW�DERYH���
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)LJXUH��
,QFUHDVHV�RI�WKH�
VXUYLYDO�UDWH�RI�
HPEU\RV�DQG�
MXYHQLOHV�RI�WKH�
VZRUGWDLO��
;LSKRSKRUXV�
KHOOHUL��
H[SRVHG�WR�
HOHYDWHG�
FRQFHQWUDWLRQV�
RI�WKH�V\QWKHWLF�
+6������7KH�
GLIIHUHQFHV�
EHWZHHQ�
WUHDWPHQWV�DQG�
FRQWURO�ZHUH�
VLJQLILFDQW�DW�
WKH�S�������
OHYHO��IURP�
>��@���

7DEOH���0DMRU�DQWL�VWUHVV�DQG�ORQJHYLW\�JHQHV�XS��DQG�GRZQ�UHJXODWHG�LQ�\RXQJ�DGXOW�&��HOHJDQV�XSRQ�H[SRVXUH�
WR� WZR�KXPLF� VXEVWDQFHV�SUHSDUDWLRQV�� Q� � ��� IURP����JHQHV��ZLWK� DW� OHDVW� D� WZR�IROG� FKDQJH� DV� FRPSDUHG� WR�
FRQWURO�ZRUPV�>XQSXEOLVKHG�UHVXOWV@�

� *HQHV�XS�UHJXODWHG� *HQHV�GRZQ�UHJXODWHG�

6FKZDU]HU�6HH�120� KVS��������VPDOO�KHDW�VKRFN�SURWHLQ�� FON����FORFN�JHQH��

)��$�����SHUR[LGDVH�� FWO����FDWDODVH��

VRG����)H�0Q�VXSHUR[LGH�GLVPXWDVH�� GKV�����VKRUW�FKDLQ�GHK\GURJHQDVH��

GKV����VKRUW�FKDLQ�GHK\GURJHQDVH�� VRG����&X�=Q�VXSHUR[LGH�GLVPXWDVH��

JVW����JOXWDWKLRQH�6�WUDQVIHUDVH�

JVW�����JOXWDWKLRQH�6�WUDQVIHUDVH�� �
YLW������YLWHOORJHQLQ�� �

+XPLQ)HHG� KVS��������VPDOO�KHDW�VKRFN�SURWHLQ�� VLU������VLUWXLQ��

VRG����VXSHUR[LGH�GLVPXWDVH�� JVW�����JOXWDWKLRQH�6�WUDQVIHUDVH��

F\S���%���F\WRFKURPH�3����� FWO����FDWDODVH��

F\S���%���F\WRFKURPH�3����� F\S���$���F\WRFKURPH�3�����

JVW�����JOXWDWKLRQH�6�WUDQVIHUDVH�� �
YLW������YLWHOORJHQLQ�� �
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3ODQWV� DOVR� EHQHILW� IURP� EHLQJ� H[SRVHG� WR� +6V��
6LQFH� PRVW� SODQWV� GR� QRW� DJH� LQ� WKH� VWULFW�
JHURQWRORJLFDO�VHQVH�>��@��LW�FDQ�EH�H[SHFWHG�WKDW�PLOG�
VWUHVVHV�GR�QRW�QHFHVVDULO\� OHDG�WR� OLIH�VSDQ�H[WHQVLRQ�
RI� WKH� FRPSOHWH� SODQWV�� EXW� RI� FHUWDLQ� RUJDQV�� ZKLFK�
PHDQV� WKDW� WKHVH� RUJDQV� KDYH� GHYHORSHG� D� PXOWLSOH�
VWUHVV� UHVLVWDQFH��:LWK� UHVSHFW� WR�+6V�� WKHUH� DUH� ILUVW�
LQGLFDWLRQV� WKDW� +6�H[SRVHG� ZKHDW� DQG� DSULFRW�
VHHGOLQJV� GHYHORS� D� ZDWHU� GHILFLHQF\� DQG� VDOW�
UHVLVWDQFH�>������@��

7KH� QH[W� VWHS� KDV� EHHQ� WR� LGHQWLI\� PDMRU� JHQHV�
LQYROYHG� LQ� OLIHVSDQ� H[SDQVLRQ� XSRQ� +6V� H[SRVXUH��
7KLV� KDV� EHHQ� FDUULHG� RXW� LQ� WHVWV� ZLWK� &�� HOHJDQV
H[SRVHG� WR� YDULRXV� LVRODWHV� DQG� SUHSDUDWLRQV�� DPRQJ�
WKHP� 6FKZDU]HU� 6HH� 120� DQG� +XPLQ)HHG�� DQG� D�
JHQH� PLFURDUUD\� ZLWK� VHOHFWHG� JHQHV� �'1$� JHQH�
ILOWHU��� %RWK� +6V� SUHSDUDWLRQV� KDYH� DQ� HVWURJHQLF�
SRWHQWLDO�DQG�LQGXFH�YLWHOORJHQLQ��FRPSDUH�>��@���7KH�
H[SRVHG� ELRJHRFKHPLFDOV� LQWHUDFWHG� ZLWK� JHQHV�
HQFRGLQJ� IRU� ELRWUDQVIRUPDWLRQ� �SDUWLFXODUO\��
JOXWDWKLRQH� 6�WUDQVIHUDVH�� F\WRFKURPH�3������ DQWL�
R[LGDQW� GHIHQVH� �SDUWLFXODUO\�� VXSHUR[LGH� GLVPXWDVH���
RU� VWUHVV� SURWHLQV� �+VS���� �7DEOH� ���� 7KLV� ILQGLQJ� LV�
FRQVLVWHQW�ZLWK�WKH�JHQHV�DQG�JHQH�SURGXFWV�RQ�ZKLFK�
WKH� *UHHQ� 7KHRU\� RI� $JLQJ� LV� EDVHG� �VHH� >��@���
3DUWLFXODUO\�� VRG��� HQFRGHV� DQ� LURQ�PDQJDQHVH�
VXSHUR[LGH� GLVPXWDVH�� SUHGLFWHG� WR� EH�PLWRFKRQGULDO��
WKDW�PLJKW�GHIHQG�DJDLQVW�R[LGDWLYH�VWUHVV�DQG�SURPRWH�
QRUPDO�OLIHVSDQ�>��@��$W�SUHVHQW��WKH�GLIIHUHQW�SDWWHUQV�
RI� JHQH� XS�� DQG� GRZQ�UHJXODWLRQ� FDQQRW� \HW� EH�
VXIILFLHQWO\�H[SODLQHG��1HYHUWKHOHVV��LW�LV�LQWHUHVWLQJ�WR�
QRWH� WKDW� LQ� \RXQJ� DGXOW� &�� HOHJDQV� 6FKZDU]HU� 6HH�
120� GRZQ�UHJXODWHV� RQH� FORFN� JHQH� �FON����� ZKLFK�
GLUHFWO\� FRQWUROV� WKH� LQGLYLGXDO� OLIHVSDQ��
&RQVHTXHQWO\��OLIHVSDQ�FRQWURO�PD\�EH�D�WUDGH�RII�RI�DW�
OHDVW� WZR� FRPSHWLQJ� SDWKZD\V�� OLIHVSDQ� H[WHQVLRQ� E\�
XS�UHJXODWLRQ�RI�VRG���DQG� OLIHVSDQ�GHFOLQH�E\�GRZQ�
UHJXODWLRQ� RI� FON���� +HQFH�� LW� LV� QRW� VXUSULVLQJ� WKDW�
H[SRVXUH� WR� WKLV� KXPLF� PDWHULDO� GRHV� QRW� OHDG� WR�
OLIHVSDQ�H[WHQVLRQ��)LJ�������

���&21&/86,216�

7KH� DERYH� UHVXOWV� DQG� K\SRWKHVHV� KDYH� VKRZQ� WKDW�
+6V� DUH� PRUH� WKDQ� D� ELRJHRFKHPLFDO� PDWUL[� WKDW�
LQWHUDFWV� ZLWK� RUJDQLVPV� RQO\� LQ� LQGLUHFW� ZD\V�� IRU�
LQVWDQFH� E\� LQFUHDVLQJ� WKH� ELRDYDLODELOLW\� RI� WUDFH�
QXWULHQWV�� ,QVWHDG��GLVVROYHG�+6V�IDFLOLWDWH� ILVK� OLIH� LQ�
WKH� $PD]RQLDQ� 5LR� 1HJUR� V\VWHP�� ZKLFK� DSSHDUV� WR�
EH�KRVWLOH�ZKHQ�UHJDUGLQJ�RQO\�WKH�LQRUJDQLF�FKHPLFDO�
FRPSRVLWLRQ�RI�WKH�ZDWHU��%\�DQDORJ\�WR�WKH�QHPDWRGH�
&��HOHJDQV��ZH�KDYH�SURYLGHG�VRPH�UREXVW�K\SRWKHVHV�
RI� PHFKDQLVPV� RI� KRZ� +6V� PD\� LQWHUIHUH� RQ� WKH�
PROHFXODU� DQG� WKH� ELRFKHPLFDO� OHYHO� WR� HVWDEOLVK� DQG�

PDLQWDLQ� WKH� H[WUHPH� JUDGLHQW� RI� HVVHQWLDO� FDWLRQV�
LQVLGH� WKH� ILVK� DV� FRPSDUHG� WR� WKH� DOPRVW� LRQ�IUHH�
RXWVLGH�� 7KHVH� K\SRWKHVHV� PD\� EH� VXEMHFW� WR� IXWXUH�
H[SHULPHQWDO�YDOLGDWLRQ��

)XUWKHUPRUH�� ZH� KDYH� SUHVHQWHG� HYLGHQFH� WKDW�
+6V� PD\� WUDQVFULSWLRQDOO\� FRQWURO� ELRWUDQVIRUPDWLRQ��
DQWL�R[LGDQW� DQG� DQWL�VWUHVV� GHIHQVH� V\VWHPV� DQG�
PRGXODWH� WKH� UHVSHFWLYH�HQ]\PH�DFWLYLWLHV��$FFRUGLQJ�
WR� WKH�*UHHQ� 7KHRU\� RI� $JLQJ�� WKHVH� LQWHUDFWLRQV� DUH�
WKRXJKW� WR� EH� D� PHDQV� RI� OLIHVSDQ� H[SDQVLRQ�� ,Q�
DGGLWLRQ� WR� WKHVH� LQWHUDFWLRQV�� RQH� FORFN� JHQH� DOVR� LV�
GRZQ�UHJXODWHG�DQG�QR�OLIHVSDQ�H[WHQVLRQ�RFFXUV��7KLV�
LQGLFDWHV� WKDW�+6�PHGLDWHG� ORQJHYLW\� LV�FRQWUROOHG�E\�
PRUH�WKDQ�RQH�SDWKZD\��7KHUH�DUH�DOVR�LQGLFDWLRQV�WKDW�
OLIHVSDQ�H[WHQVLRQ�IROORZV�WKH�KRUPHWLF�GRVH�UHVSRQVH�
SULQFLSOH� ZLWK� RQO\� ORZ� WR� PHGLXP� FRQFHQWUDWLRQV�
EHLQJ� HIIHFWLYH� LQ� WKLV� UHVSHFW�� 3XWWLQJ� WKLV� WKRXJKW�
LQWR�DQ�HFRORJLFDO�IUDPHZRUN��LW�FRXOG�PHDQ�WKDW�OLIH�
VSDQ�H[WHQVLRQ�PD\�RFFXU�XQGHU� ILHOG�FRQGLWLRQV��EXW�
WKDW�LW�PD\�EH�UHVWULFWHG�WR�ORZ�+6V�FRQFHQWUDWLRQV��

���5()(5(1&(6�

>�@ 5HHPWVPD�7��7KHVH�$��2Q�OLQH�FRXSOLQJ�RI�VL]H�
H[FOXVLRQ�FKURPDWRJUDSK\�ZLWK�HOHFWURVSUD\�
LRQLVDWLRQ�WDQGHP�PDVV�VSHFWURPHWU\�IRU�WKH�
DQDO\VLV�RI�DTXDWLF�IXOYLF�DQG�KXPLF�DFLGV��$QDO��
&KHP�������� ��������±������

>�@ +RTXH�(��:ROI�0��7HLFKPDQQ�*��3HOOHU�(��
6FKLPPDFN�:��%XFNDX�*��,QIOXHQFH�RI�LRQLF�
VWUHQJWK�DQG�RUJDQLF�PRGLILHU�FRQFHQWUDWLRQV�RQ�
WKH�FKDUDFWHULVDWLRQ�RI�DTXDWLF�IXOYLF�DQG�KXPLF�
DFLGV�E\�KLJK�SHUIRUPDQFH�VL]H�H[FOXVLRQ�
FKURPDWRJUDSK\��-��&KURPDWRJU��$��������������
��±�����

>�@ &RRSHU�:7��6WHQVRQ�$��0LOOLJDQ�/��&KDQWRQ�-��
'LWWPDU�7��)LOOH\�7��8OWUDKLJK�UHVROXWLRQ�PDVV�
VSHFWURPHWU\�RI�DTXDWLF�KXPLF�VXEVWDQFHV��
5HFXUULQJ�PROHFXODU�WKHPHV�DQG�SRO\PHULF�
FKDUDFWHU��,Q��0DUWLQ�1HWR�/�HW�DO� HGV��+XPLF�
6XEVWDQFHV�DQG�6RLO�DQG�:DWHU�(QYLURQPHQW��
6mR�&DUORV��%UD]LO��(PEUDSD�����������±�����

>�@ +DWFKHU�3��.LP�6��6XJL\DPD�<��
,QWHUFRPSDULVRQV�RI�VRPH�QHZ�DSSURDFKHV�IRU�
LQYHVWLJDWLQJ�WKH�PROHFXODU�ZHLJKW�GLVWULEXWLRQ�
RI�GLVVROYHG�RUJDQLF�PDWWHU��,Q��0DUWLQ�1HWR�/�
HW�DO��HGV��+XPLF�6XEVWDQFHV�DQG�6RLO�DQG�:DWHU�
(QYLURQPHQW��6mR�&DUORV��%UD]LO��(PEUDSD��
���������±�����

>�@ 6HLW]LQJHU�63��+DUWQHWW�+��/DXFN�5��0D]XUHN�
0��0LQHJLVKL�7��6S\UHV�*��6W\OHV�5��0ROHFXODU�
OHYHO�FKHPLFDO�FKDUDFWHUL]DWLRQ�DQG�ELRDYDLO�
DELOLW\�RI�GLVVROYHG�RUJDQLF�PDWWHU�LQ�VWUHDP�
ZDWHU�XVLQJ�HOHFWURVSUD\�LRQLVDWLRQ�PDVV�
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VSHFWURPHWU\��/LPQRO��2FHDQRJU��������������±
����

>�@ /HHQKHHU�-$��3URJUHVVLRQ�IURP�PRGHO�VWUXFWXUHV�
WR�PROHFXODU�VWUXFWXUHV�RI�QDWXUDO�RUJDQLF�PDWWHU�
FRPSRQHQWV��$QQ��(QYLURQ��6FL��������������±����

>�@ :LHJDQG�&��3IOXJPDFKHU�6��2EHUHPP�$��0HHPV�
1��%HDWWLH�.$��6WHLQEHUJ�&(:��&RGG�*$��
8SWDNH�DQG�HIIHFWV�RI�PLFURF\VWLQ�/5�RQ�
GHWR[LFDWLRQ�HQ]\PHV�RI�HDUO\�OLIH�VWDJHV�RI�WKH�
]HEUD�ILVK��'DQLR�UHULR���(QYLURQ��7R[LFRO��������
������±����

>�@ =LHFKPDQQ�:��+XPLQVWRIIH�XQG�LKUH�
:LUNXQJHQ��+HLGHOEHUJ��6SHNWUXP�
$NDGHPLVFKHU�9HUODJ������������SS��

>�@ :DQJ�:+��%UD\�&0��-RQHV�01��7KH�IDWH�RI�
��&�ODEHOOHG�KXPLF�VXEVWDQFHV�LQ�ULFH�FHOO�LQ�
FXOWXUHV��-��3ODQW�3K\VLRO�����������������±�����

>��@ %HHU�$0��6DJURFKHY�3��/XNDQRY�-��,VRODWLRQ�RI�
ELRORJLFDOO\�DFWLYH�IUDFWLRQV�IURP�WKH�ZDWHU�
VROXEOH�FRPSRQHQWV�RI�IXOYLF�DQG�XOPLF�DFLGV�
IURP�SHDW��3K\WRPHGLFLQH��������������±�����

>��@ 6WHLQEHUJ�&(:��3DXO�$��3IOXJPDFKHU�6��
0HLQHOW�7��.O|FNLQJ�5��:LHJDQG�&��3XUH�KXPLF�
VXEVWDQFHV�KDYH�WKH�SRWHQWLDO�WR�DFW�DV�
[HQRELRWLF�FKHPLFDOV�±�$�UHYLHZ��)UHVHQLXV�
(QYLURQ��%XOO�������� �������±�����

>��@ .XOLNRYD�1$��%DGXQ�*$��.RURENRY�9,��
3R]GQ\DNRYD�9<X��3HUPLQRYD�,9��8SWDNH�RI�
KXPLF�DFLGV�E\�ZKHDW�SODQWV��GLUHFW�HYLGHQFH�
XVLQJ�WULWLXP�DXWRUDGLRJUDSK\��,Q��)ULPPHO�)+��
$EEW�%UDXQ�*��HGV��+XPLF�6XEVWDQFHV�±�
/LQNLQJ�6WUXFWXUH�WR�)XQFWLRQV��.DUOVUXKH��
*HUPDQ\��3URF����WK�,+66�0HHWLQJ�����������±
�����

>��@ )HQW�.��gNRWR[LNRORJLH��8PZHOWFKHPLH��
7R[LNRORJLH��gNRORJLH���QG�HGLWLRQ��6WXWWJDUW��
7KLHPH������������SS��

>��@ 6WHLQEHUJ�&(:��0DQXVDGåLDQDV�/��*ULJXW\W �5��
.DULWRQDV�5��-XUNRQLHQH�6��3IOXJPDFKHU�6��
0HPEUDQH�GHSRODUL]DWLRQ�DQG�HOHYDWLRQ�RI�
526�GHIHQVLYH�PHFKDQLVPV�GXH�WR�WKH�LPSDFW�
RI�GLVVROYHG�QDWXUDO�RUJDQLF�PDWWHU��120��LQ�
WKH�&KDURSK\WH�1LWHOORSVLV�REWXVD��0DUWLQ�1HWR�
/�HW�DO� HGV��+XPLF�6XEVWDQFHV�DQG�6RLO�DQG�
:DWHU�(QYLURQPHQW��6mR�&DUORV��%UD]LO��
(PEUDSD�����������±�����

>��@ %LHUNHQV�-��9DQ�GH�3HUUH�:��0DHV�-��(IIHFW�RI�
GLIIHUHQW�HQYLURQPHQWDO�YDULDEOHV�RQ�WKH�
V\QWKHVLV�RI�+VS����LQ�5DSKLGRFHOLV�VXE�
FDSLWDWD��&RPS��%LRFKHP��3K\VLRO��$��������
�������±����

>��@ 7LPRIH\HY�0$��:LHJDQG�&��%XUQLVRQ�%.��
6KDWLOLQD�=0��3IOXJPDFKHU�6��6WHLQEHUJ�&(:��
'LUHFW�LPSDFW�RI�QDWXUDO�RUJDQLF�PDWWHU��120��
RQ�IUHVKZDWHU�DPSKLSRGV��6FL��7RWDO�(QYLURQ���

��������������±�����
>��@ :LHJDQG�&��0HHPV�1��7LPRIH\HY�0��6WHLQEHUJ�

&(:��3IOXJPDFKHU�6��0RUH�HYLGHQFH�IRU�KXPLF�
VXEVWDQFHV�DFWLQJ�DV�ELRJHRFKHPLFDOV�RQ�
RUJDQLVPV��,Q��*KDEERXU�($��'DYLHV�*��HGV��
+XPLF�6XEVWDQFHV��1DWXUH¶V�0RVW�9HUVDWLOH�
0DWHULDOV��1HZ�<RUN��7D\ORU�DQG�)UDQFLV��������
���±�����

>��@ &KHQJ�0/��+R�+<��&KLX�'7<��/X�)-��+XPLF�
DFLG�PHGLDWHG�R[LGDWLYH�GDPDJHV�WR�KXPDQ�
HU\WKURF\WHV��$�SRVVLEOH�PHFKDQLVP�OHDGLQJ�WR�
DQHPLD�LQ�%ODFNIRRW�GLVHDVH��)UHH�5DG��%LRO��
0HG����������������±�����

>��@ 7LPRIH\HY�0$��6KDWLOLQD�=0��.ROHVQLFKHQNR�
$9��%HGXOLQD�'6��.ROHVQLFKHQNR�99��
3IOXJPDFKHU�6��6WHLQEHUJ�&(:��1DWXUDO�
RUJDQLF�PDWWHU��120��LQGXFHV�R[LGDWLYH�VWUHVV�
LQ�IUHVKZDWHU�DPSKLSRGV�*DPPDUXV�ODFXVWULV
6DUV�DQG�*��WLJULQXV��6H[WRQ���6FL��7RWDO�
(QYLURQ�����������������±�����

>��@ 7LPRIH\HY�0$��6KDWLOLQD�=0��.ROHVQLFKHQNR�
$9��.ROHVQLFKHQNR�99��6WHLQEHUJ�&(:��
6SHFLILF�DQWLR[LGDQW�UHDFWLRQV�WR�R[LGDWLYH�VWUHVV�
SURPRWHG�E\�QDWXUDO�RUJDQLF�PDWWHU��120��LQ�
WZR�DPSKLSRG�VSHFLHV�IURP�/DNH�%DLNDO��
(QYLURQ��7R[LFRO����������������±�����

>��@ 0HQ]HO�5��6W�U]HQEDXP�6��.XODV�-��%lUHQZDOGW�
$��6WHLQEHUJ�&(:��+XPLF�PDWHULDO�LQGXFHV�
EHKDYLRUDO�DQG�JOREDO�WUDQVFULSWLRQDO�UHVSRQVHV�
LQ�WKH�QHPDWRGH�&DHQRUKDEGLWLV�HOHJDQV��
(QYLURQ��6FL��7HFKQRO�����������������±������

>��@ &D]HQDYH�-��ÈQJHOHV�%LVWRQL�0�GH��=ZLUQPDQQ�
(��:XQGHUOLQ�'$��:LHJDQG�&��$WWHQXDWLQJ�
HIIHFWV�RI�QDWXUDO�RUJDQLF�PDWWHU�RQ�PLFURF\VWLQ�
WR[LFLW\�LQ�]HEUD�ILVK��'DQLR�UHULR��HPEU\RV�±�
EHQHILWV�DQG�FRVWV�RI�PLFURF\VWLQ�GHWR[LFDWLRQ��
(QYLURQ��7R[LFRO���������������±����

>��@ 0DWVXR�$<2��:RRGLQ�%5��5HGG\�&0��9DO�$/��
6WHJHPDQ�--��+XPLF�VXEVWDQFHV�DQG�FUXGH�RLO�
LQGXFH�&<3�$�H[SUHVVLRQ�LQ�WKH�$PD]RQLDQ�
ILVK�VSHFLHV�&RORVVRPD�PDFURSRPXP
�WDPEDTXL���(QYLURQ��6FL��7HFKQRO�������������
����±������

>��@ %LWWQHU�0��-DQRãHN�-��+LOVFKHURYi�.��*LHV\�-��
+RORXEHN�,��%OiKD�/� $FWLYDWLRQ�RI�$K�UHFHSWRU�
E\�SXUH�KXPLF�DFLGV��(QYLURQ��7R[LFRO���������
�������±�����

>��@ -DQRãHN�-��%LWWQHU�0��+LOVFKHURYi�.��%OiKD�/��
*LHV\�-3��+RORXEHN�,��$K5�PHGLDWHG�DQG�
DQWLHVWURJHQLF�DFWLYLW\�RI�KXPLF�VXEVWDQFHV��
&KHPRVSKHUH����������������±������

>��@ %LWWQHU�0��+LOVFKHURYi�.��*LHV\�-��&KDQJHV�RI�
$K5�PHGLDWHG�DFWLYLW\�RI�KXPLF�VXEVWDQFHV�
DIWHU�LUUDGLDWLRQ��(QYLURQ��,QWHUQDW�������������
���±�����
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>��@ .LRQWNH�.��6XGKDXV�:��(FRORJ\�RI�
&DHQRUKDEGLWLV�VSHFLHV��:RUP%RRN��HG��7KH�&��
HOHJDQV�5HVHDUFK�&RPPXQLW\��:RUP%RRN��
������GRL���������ZRUPERRN���������
KWWS���ZZZ�ZRUPERRN�RUJ�

>��@ 6WHLQEHUJ�&(:��.DPDUD�6��3URNKRWVND\D�9<X��
0DQXVDGåLDQDV�/��.DUDV\RYD�7��7LPRIH\HY�
0$��=KDQJ�-��3DXO�$��0HLQHOW�7��)DUMDOOD�9)��
0DWVXR�$<2��%XUQLVRQ�%.��0HQ]HO�5��
'LVVROYHG�KXPLF�VXEVWDQFHV�±�HFRORJLFDO�
GULYLQJ�IRUFHV�IURP�WKH�LQGLYLGXDO�WR�WKH�
HFRV\VWHP�OHYHO"�)UHVKZDW��%LRO�������� ����
����±������

>��@ *RQ]DOH]�5-��3UHHVW�05��,RQRUHJXODWRU\�
VSHFLDOL]DWLRQV�IRU�H[FHSWLRQDO�WROHUDQFH�RI�LRQ�
SRRU��DFLGLF�ZDWHUV�LQ�WKH�1HRQ�7HWUD�
�3DUDFKHLURGRQ�LQQHVL���3K\VLRO�%LRFKHP��=RRO�
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