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3DUWV�RI�WKLV�WKHVLV�KDYH�EHHQ�SXEOLVKHG�SUHYLRXVO\�LQ��

�

�

3HHU�UHYLHG�MRXUQDO�

%l�OHU� 6&�� .HQp]� È�� 6FKHX� 7�� .RFK� &��0H\HU� 8�� 'lQLFNH� 6�� +XEHU� .�� $VVRFLDWLRQ�

EHWZHHQ�DOWHUDWLRQV� LQ�SODVPD� PHWDERORPH� SURILOHV� DQG�ODPLQLWLV� LQ�LQWHQVLYHO\� ILQLVKHG�

+ROVWHLQ�EXOOV�LQ�D�UDQGRPL]HG�FRQWUROOHG�VWXG\��6FL�5HS����������������

�

�

6FLHQWLILF�FRQJUHVVHV�

%l�OHU�6&��.RFK�&��6FKHX�7��'lQLFNH�6��0H\HU�8��+XEHU�.��,QIOXHQFH�RI�LQWHQVLYH�IHHGLQJ�RQ�

LQVXOLQ� VLJQDOLQJ� LQ� WLVVXHV� RI� +ROVWHLQ� IDWWHQLQJ� EXOOV�� $QQXDO� 0HHWLQJ� RI� WKH� 6RFLHW\� RI�

1XWULWLRQ�3K\VLRORJ\��*|WWLQJHQ������������������

�

%l�OHU�6&��6FKHX�7��.RFK�&��0H\HU�8��'lQLFNH�6��+XEHU�.��1RYHO�LQVLJKWV�LQ�PHWDEROLF�VWDWXV�

RI�+ROVWHLQ�IDWWHQLQJ�EXOOV��$QQXDO�0HHWLQJ�RI�WKH�6RFLHW\�RI�1XWULWLRQ�3K\VLRORJ\��*|WWLQJHQ��

����������������
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������ 0HWDERORPLFV�DQG�SODVPD�PHWDEROLWH�SURILOH�����������������������������������������������������������������
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���� 0HWDEROLWH�SURILOH�LQ�EORRG���������������������������������������������������������������������������������������������
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%+%$� ȕ�+\GUR[\EXW\UDWH�

%:� %RG\�ZHLJKW�

&3� &UXGH�SURWHLQ�

'0� 'U\�PDWWHU�

'0�� 'LDEHWHV�PHOOLWXV��W\SH���

*/'+� *OXWDPDWH�GHK\GURJHQDVH�
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P725� 0HFKDQLVWLF�WDUJHW�RI�
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1()$� 1RQ�HVWHULILHG�IDWW\�DFLGV�

3%6� 3KRVSKDWH�EXIIHU�VDOLQH�

3&� 3KRVSKDWLG\OFKROLQH�

3,�.� 3KRVSKRLQRVLWLGH���NLQDVH�

3.%� 3URWHLQ�NLQDVH�%�

6&)$� 6KRUW�FKDLQ�IDWW\�DFLGV�

60� 6SKLQJRP\HOLQ�

705� 7RWDO�PL[HG�UDWLRQ�

771� 7DLO�WLS�QHFURVLV�
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+ROVWHLQ�FDWWOH�DUH�D�RQH�SXUSRVH�GDLU\�EUHHG��EXW�PDOH�RIIVSULQJ�LV�PDLQO\�XVHG�DV�IDWWHQLQJ�

EXOOV��,QWHQVLYH�IDWWHQLQJ�LQFOXGHV�VWDUFK��DQG�SURWHLQ�ULFK�FRPSRQHQWV�LQ�WKH�GLHW�WR�DFKLHYH�WKH�

IXOO�JURZWK�SRWHQWLDO�RI�WKH�DQLPDOV�DV�VRRQ�DV�SRVVLEOH��+RZHYHU��FKURQLF�H[FHVVLYH�GLHWDU\�

QXWULHQW�LQWDNH�LV�NQRZQ�WR�LQFUHDVH�WKH�ULVN�RI�GHYHORSLQJ�PHWDEROLF�GLVRUGHUV��DV�ZHOO�DV�LW�LV�

REVHUYHG� LQ� KXPDQV�� ,QVXOLQ� UHVLVWDQFH� DQG� G\VOLSLGHPLD� DUH� IUHTXHQW� GLVRUGHU� H[DPSOHV� LQ�

KXPDQV��FRPPRQO\�ODEHOHG�DV�REHVLW\�UHODWHG�PRUELGLWLHV�RU�DV�FOXVWHUV�RI�WKH�KXPDQ�PHWDEROLF�

V\QGURPH� �92/(.� 	� )(,10$1�� ������� ,Q� FRPSDQLRQ� DQLPDOV� VLPLODU� FRQFHSWV� DUH�

HVWDEOLVKHG�IRU�KRUVHV��L�H���WKH�HTXLQH�PHWDEROLF�V\QGURPH�LQ�UHODWLRQ�WR�D�VWDUFK�ULFK�GLHW�DQG�

VHGHQWDU\�OLIHVW\OH��)5$1.�HW�DO����������,Q�IDUP�DQLPDOV��IDWWHQLQJ�ODPEV�GHYHORSHG�LQVXOLQ�

UHVLVWDQFH� DQG� PHWDEROLF� GLVRUGHUV� GXULQJ� WKH� IDWWHQLQJ� SHULRG�� SDUWLFXODUO\� ZKHQ� IHG�

UHVWULFWLYHO\�GXULQJ�HDUO\�OLIH��)58726�HW�DO����������,Q�IDWWHQLQJ�EXOOV�LW� LV�DOVR�NQRZQ�WKDW�

VXFK�IHHGLQJ�UHJLPHV�DUH�DVVRFLDWHG�ZLWK�PHWDEROLF�GLVRUGHUV�DQG�GLVHDVHV�OLNH�UXPHQ�DFLGRVLV�

�/,8� HW� DO��� ������� OLYHU� DEVFHVVHV� �1$*$5$-$�	�&+(1*$33$�� ������� WDLO� WLS� QHFURVLV�

�.52//� HW� DO��� ������ DQG� ODPLQLWLV� �0$*5,1� HW� DO��� ����D��*5((128*+� HW� DO��� �������

(VSHFLDOO\�ODPLQLWLV�FRXOG�UHIOHFW�PHWDEROLF�KHDOWK�RI�WKH�DQLPDOV��EHFDXVH�LW�LV�D�NH\�V\PSWRP�

RI� PHWDEROLF� GLVRUGHUV� �%(5*67(1�� ������� %ORRG� DQDO\VHV� RI� DIIHFWHG� GDLU\� FRZV� VKRZ�

LQGLFDWLRQV�RI�LQIODPPDWLRQ�DQG�PHWDEROLF�DFLGRVLV��7+2()1(5�HW�DO���������12&(.���������

EXW�GR�QRW�SURYLGH�PRUH�GHWDLOHG�LQVLJKWV�LQWR�ZKLFK�SDWKZD\V�RU�PHWDEROLWHV�DUH�LQYROYHG��7KH�

XQGHUO\LQJ��SDWKR�SK\VLRORJLFDO�SDWKZD\V�DUH�QRW�FOHDU���

0HWDERORPLFV� DSSURDFKHV� SURYLGH� VQDSVKRWV� RI� WKH� PHWDEROLF� VWDWXV� E\� GHWHUPLQLQJ� WKH�

FRQFHQWUDWLRQV�RI�D�ZLGH�DUUD\�RI�VPDOO�PHWDEROLWHV�LQ�D�ELRORJLFDO�VDPSOH��$V�WKHVH�PHWDEROLWHV�

DUH�LQWHUPHGLDU\�RU�HQG�SURGXFWV�RI�YDULRXV�PHWDEROLF�SDWKZD\V��D�JRRG�LQGLFDWLRQ�RI�WKH�FXUUHQW�

PHWDEROLF�FRQGLWLRQ�LV�REWDLQHG��8VLQJ�WKH�$EVROXWH,'4�S����.LW��%LRFUDWHV�/LIH�6FLHQFHV�$*��

,QQVEUXFN�� $XVWULD��� QHZ� ELRPDUNHUV� DQG� DIIHFWHG� SDWKZD\V� ZHUH� VXFFHVVIXOO\� IRXQG� LQ�

PHWDEROLF�GLVRUGHUV�OLNH�KXPDQ�GLDEHWHV�PHOOLWXV�W\SH����'0����/277$�HW�DO����������LQVXOLQ�

G\VUHJXODWHG�KRUVHV��.(1e=�HW�DO���������DQG�UHWDLQHG�SODFHQWD�LQ�GDLU\�FRZV��'(59,6+,�HW�

DO����������7KLV�NLW�ZDV�HVWDEOLVKHG�WR�LGHQWLI\�PHWDEROLWHV�RI�VHYHUDO�SDWKZD\V�DVVRFLDWHG�ZLWK�

HQHUJ\� PHWDEROLVP�� DPLQR� DFLG� PHWDEROLVP�� SUR�LQIODPPDWRU\� VLJQDOLQJ�� G\VUHJXODWLRQ� RI�

JOXFRVH�DQG�OLSLG�PHWDEROLVP��REHVLW\�UHODWHG�GLVRUGHUV��LQVXOLQ�UHVLVWDQFH�DQG�PLWRFKRQGULDO�

G\VIXQFWLRQ��
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+ROVWHLQ�EXOOV��ZKLFK�DUH�JHQHWLFDOO\�OHVV�SURQH�WR�DFFUHWH�SURWHLQ��PD\�SURYLGH�D�YHU\�VSHFLDO�

PHWDEROLF�VHWWLQJ��$�VXUSOXV�RI�HQHUJ\�DQG�SURWHLQ�LQ�WKH�GLHW�PD\�VWURQJO\�DIIHFW�PHWDEROLF�

FRQGLWLRQV� LQ� WKLV� EUHHG� SURPRWLQJ� DQ� DGYHUVH� VLWXDWLRQ� DQG� FRQVHTXHQWO\�� UHVXOWLQJ� LQ�

G\VUHJXODWLRQ�RI�PHWDEROLF�SDWKZD\V��

7KHUHIRUH��LW�LV�K\SRWKHVL]HG�WKDW�H[FHVVLYH�LQWDNH�RI�HQHUJ\�DQG�SURWHLQ�SURYRNHV�DOWHUDWLRQV�

RI�PHWDEROLVP��ZKLFK�OHDG�WR�D�SUR�LQIODPPDWRU\�SKHQRW\SH�FOLQLFDOO\�DSSDUHQW�DV�ODPLQLWLV���

$LPV�RI�WKLV�VWXG\�ZHUH���

���WR�FKDUDFWHUL]H�FKDQJHV�LQ�PHWDEROLWH�SURILOHV�RI�+ROVWHLQ�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�

GLHW��+(3��YHUVXV�EXOOV�IHG�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3����

��� WR� HOXFLGDWH� DOWHUDWLRQV� LQ� LQVXOLQ� VLJQDOLQJ� SDWKZD\�� UHIOHFWHG� E\� H[SUHVVLRQ� DQG�

SKRVSKRU\ODWLRQ� RI� LQVXOLQ� UHFHSWRU� �,QV5��� 3URWHLQ� NLQDVH� %� �3.%��� PHFKDQLVWLF� WDUJHW� RI�

UDSDP\FLQ��P725��DQG�$03�DFWLYDWHG�NLQDVH��$03.��LQ�OLYHU��PXVFOH�DQG�UHWURSHULWRQHDO�

DGLSRVH�WLVVXH�RI�WKHVH�EXOOV��

DQG�ILQDOO\��

���WR�FRPELQH�KHDOWK��SHUIRUPDQFH�DQG�PHWDEROLF�GDWD�E\�LQWHJUDWLYH�DQDO\VHV�WR�JHQHUDWH�QHZ�

K\SRWKHVHV�RI��SDWKR�SK\VLRORJLFDO�UHODWLRQVKLSV�EHWZHHQ�FKURQLF�H[FHVVLYH�HQHUJ\�LQWDNH�DQG�

ODPLQLWLV��

�

�
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���� �� )DWWHQLQJ�RI�+ROVWHLQ�EXOOV�

,Q�0D\�������WKHUH�ZHUH�DERXW���������EXOOV�DJHG�EHWZHHQ�RQH�DQG�WZR�\HDUV�LQ�*HUPDQ\�DQG�

DERXW� �������� RI� WKHP� ZHUH� +ROVWHLQ� EXOOV� �'(67$7,6�� ������� 7KHUH� DUH� WKUHH� PDLQ�

PDQDJHPHQW� V\VWHPV� IRU� IDWWHQLQJ� EXOOV�� )LUVWO\�� H[WHQVLYH� IDWWHQLQJ� RQ� SDVWXUH�� VHFRQGO\��

PDQDJHPHQW� LQ� VWDEOHV�ZLWK� IHHGLQJ� RI� VLODJH� DQG� E\�SURGXFWV�� DQG� WKLUGO\��PDQDJHPHQW� LQ�

IHHGORW�OLNH�V\VWHPV�ZLWK�D�KLJK�SURSRUWLRQ�RI�JUDLQ�IHHG�FRPSRQHQWV��7KH�VHFRQG�W\SH�LV�PRVW�

FRPPRQ�LQ�*HUPDQ\��7KH�DQLPDOV�DUH�IHG�DW�OHDVW������VLODJH�RU�RWKHU�EDVLF�IHHGVWXIIV�DQG�WKH�

IHHG�LV�ODUJHO\�SURGXFHG�RQ�WKH�RZQ�IDUP��'$9,(5�HW�DO����������

+ROVWHLQ�FDWWOH�DUH�D�GDLU\�EUHHG�DQG�WKXV�JHQHWLFDOO\�VKRZ�OHVV�SRWHQWLDO�IRU�PHDW�SURGXFWLRQ�

WKDQ�PHDW�RU�GXDO�SXUSRVH�EUHHGV�� ,Q�FRPSDULVRQ� WR�PHDW�EUHHGV��+ROVWHLQ�EXOOV�KDYH� ORZHU�

ELUWK� ZHLJKWV� DQG� ORZHU� GDLO\� JDLQV� DQG� DSSHDU� WR� EH� OHVV� VXLWDEOH� IRU� IDWWHQLQJ� DQG� PHDW�

SURGXFWLRQ��'$9,(5�HW�DO����������$W�VSHFLDOL]HG�GDLU\�IDUPV�UHSURGXFWLRQ�LV�QHFHVVDU\�LQ�RUGHU�

WR�EHJLQ�D�QHZ�ODFWDWLRQ��+ROVWHLQ�EXOO�FDOYHV�WKHUHIRUH�LQFXU�DV��E\�SURGXFWV���,Q�FRPELQDWLRQ��

WKLV� VLWXDWLRQ� OHDGV� WR� YHU\� ORZ�SULFHV� IRU� WKHVH� EXOO� FDOYHV� DQG� UHVXOWV� LQ� DQ� RIWHQ� UHGXFHG�

ZLOOLQJQHVV�RI�WKH�IDUPHUV�WR�UHDU�WKHVH�DQLPDOV�LQ�WKH�VDPH�ZD\�DV�WKH�PRUH�YDOXDEOH�IHPDOH�

RIIVSULQJ�� ,Q� D� ODUJH� VWXG\� LQ�*HUPDQ\�� ������ RI� WKH� IDUP�PDQDJHUV� LQ�1RUWKHUQ�*HUPDQ\�

DGPLWWHG�WR�WDNH�OHVV�FDUH�RI�PDOH�FDOYHV�FRPSDUHG�WR�IHPDOH�FDOYHV��7KLV�XQHTXDO�WUHDWPHQW�

FRXOG�OHDG�WR�KLJKHU�PRUWDOLW\�UDWHV�REVHUYHG�LQ�PDOH�FDOYHV��+2('(0$5.(5�HW�DO����������

6WXGLHV� LQ� )UDQFH� DQG� 1HZ� =HDODQG� DOVR� UHSRUWHG� KLJKHU�PDOH� WKDQ� IHPDOH�PRUWDOLW\� UDWHV�

�5$%2,6621�HW�DO���������&877$1&(�HW�DO����������0DOH�+ROVWHLQ�EXOOV�DUH�XVXDOO\�VROG�

WKURXJK�FDWWOH�GHDOHUV�DQG�FDOI�PDUNHWV�DW�WKH�DJH�RI�RQO\�WZR�ZHHNV��ZHLJKLQJ�DERXW����NJ��$V�

WKH�GHPDQG�IRU�WKHVH�DQLPDOV�LQ�*HUPDQ\�LV�UHODWLYHO\�ORZ��PDQ\�DQLPDOV�DUH�DOVR�VROG�DEURDG�

�'$9,(5�HW�DO����������

,W�VKRXOG�EH�HPSKDVL]HG�WKDW�+ROVWHLQ�EXOOV�FRPSDUHG�WR�WKH�EHHI�EUHHG�³&KDURODLV´�KDYH�ORZHU�

GDLO\�JDLQV�DQG�VODXJKWHU�\LHOGV��EXW�H[SUHVV�EHWWHU�FKDUDFWHULVWLFV�LQ�WHUPV�RI�PHDW�TXDOLW\��0HDW�

RI� +ROVWHLQ� EXOOV� KDV� JUHDWHU� PDUEOLQJ�� GDUNHU� FRORU� DQG� JUHDWHU� ZDWHU� ELQGLQJ� FDSDFLW\�

FRPSDUHG�WR�PHDW�RI�&KDURODLV�EXOOV��3)8+/�HW�DO����������

�

�
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���� �� +HDOWK�RI�IDWWHQLQJ�EXOOV�

0RVW�GLVHDVHV�DUH�FDXVHG�E\�PXOWLSOH�IDFWRUV��VR�LQ�DGGLWLRQ�WR�SRVVLEOH�LQIHFWLRXV�IDFWRUV��PDQ\�

RWKHU� IDFWRUV� VXFK� DV� JHQHWLFV�� IHHGLQJ�� KXVEDQGU\��PDQDJHPHQW� DQG� HQYLURQPHQWDO� FOLPDWH�

FRQGLWLRQV�SOD\�DQ�LPSRUWDQW�UROH��)XUWKHUPRUH��VWXGLHV�KDYH�VKRZQ�WKDW�WKH�SHUVRQDOLW\�RI�WKH�

IDUP�PDQDJHU�KDV�D�VLJQLILFDQW�LQIOXHQFH�RQ�WKH�SUHYDOHQFH�RI�GLVHDVHV�DQG�PRUWDOLW\��$'/(5�

HW�DO����������5HVSLUDWRU\�GLVHDVHV�DUH�PRVW�SUHYDOHQW�LQ�\RXQJHU�IDWWHQLQJ�EXOOV��,QMXULHV�RI�WKH�

VNLQ�RU�ORFRPRWRU�V\VWHP�DUH�RIWHQ�VHHQ�LQ�KHDY\�DQLPDOV�DW�ILQDO�IDWWHQLQJ��7KHVH�GDPDJHV�DUH�

GLVFXVVHG�WR�EH�FDXVHG�E\�KRXVLQJ�HQYLURQPHQW�DQG�DUH�FDOOHG�WHFKQRSDWKLHV��7KH\�LQFOXGH�VNLQ�

OHVLRQV�DQG�VZHOOLQJV��EXUVLWLV��FKDQJHV�LQ�WKH�WLS�RI�WKH�WDLO�DQG�LQMXULHV�RI�WKH�PXVFXORVNHOHWDO�

V\VWHP��752;/(5��������.,(//$1'�HW�DO���������&22.�HW�DO����������7KH�IROORZLQJ�LV�DQ�

RYHUYLHZ�RI�WKH�PRVW�LPSRUWDQW�GLVHDVHV�RI�IDWWHQLQJ�EXOOV�GHVFULEHG�LQ�WKH�OLWHUDWXUH���

������ 5HVSLUDWRU\�GLVHDVHV�

'LVHDVHV�RI� WKH�UHVSLUDWRU\�V\VWHP�DUH�WKH�PRVW� LPSRUWDQW�GLVRUGHUV� LQ�\RXQJ�IDWWHQLQJ�EXOOV�

�%56&,&�HW�DO���������)(571(5�HW�DO���������6&+1<'(5�HW�DO���������0$5&+(6,1,�HW�DO���

�������,Q�D�VWXG\�RI�������YHDO�FDOYHV�RQ����IDUPV�LQ�6ZLW]HUODQG���������RI�WKH�DQLPDOV�ZHUH�

WUHDWHG�EHFDXVH�RI�UHVSLUDWRU\�GLVRUGHUV��7KH�DYHUDJH�PRUWDOLW\�ZDV��������PD[LPDO�PRUWDOLW\�

RI�DIIHFWHG�FDOYHV�RQ�LQGLYLGXDO�IDUPV�ZDV���������5LVN�IDFWRUV�IRU�PRUH�WKDQ�����PRUWDOLW\�

ZHUH�SXUFKDVH�RI�FDOYHV��QR�H[DPLQDWLRQ�DW�DUULYDO�RU�TXDUDQWLQH�XSRQ�DUULYDO��DV�ZHOO�DV�EDG�

K\JLHQH�RI�IHHGHU�DQG�PRUH�WKDQ����FDOYHV�SHU�GULQNLQJ�QLSSOH��6&+1<'(5�HW�DO����������,Q�D�

ODUJHU� VWXG\� EDVHG� RQ� GDWD� RI� ���� IDUPV� LQ� WKH� 1HWKHUODQGV�� )UDQFH� RU� ,WDO\� SRVWPRUWHP�

LQVSHFWHG�OXQJV�RI�YHDO�FDOYHV�VKRZHG�VLJQV�RI�SQHXPRQLD�E\��������DQG��������KDG�SOHXULWLV��

3UHYDOHQFH�RI�LQ�YLYR�REVHUYHG�VLJQV�RI�UHVSLUDWRU\�GLVRUGHUV�� OLNH�FRXJKLQJ��QDVDO�GLVFKDUJH�

DQG�KDPSHUHG�UHVSLUDWLRQ�ZDV�DOZD\V�EHORZ�����LQ�DOO�IDWWHQLQJ�VWDJHV��&DOYHV�ZHUH�RQ�ORZHU�

ULVN�WR�GHYHORS�FRXJKLQJ��LI�LQGLYLGXDO�VHSDUDWRUV��EDE\�ER[HV��DQG�WURXJKV�DV�PLON�GHOLYHU\�

V\VWHP�ZHUH�XVHG��DV�ZHOO�DV� LI�EXOOV�ZHUH�YLVLWHG�DW�D�KLJK�IUHTXHQF\�E\�D�YHWHULQDULDQ�SHU�

IDWWHQLQJ�SHULRG����%56&,&�HW�DO����������6LPLODU�UHVXOWV�ZHUH�REWDLQHG�LQ�D�VWXG\�E\�*$5'1(5�

HW�DO����������UHYHDOLQJ�WKDW������RI�����VODXJKWHUHG�ILQLVKLQJ�VWHHUV�VKRZHG�OXQJ�OHVLRQV�DQG�

KDG� ORZHU� ILQDO� ZHLJKWV� DQG� FDUFDVV� SHUIRUPDQFH� WKDQ� DQLPDOV� ZLWKRXW� OXQJ� OHVLRQV��

,QWHUHVWLQJO\�� OXQJ� OHVLRQV� ZHUH� IRXQG� LQ� DQLPDOV� ZKLFK� ZHUH� JURXSHG� DOLYH� DV� µWUHDWHG��

GLVHDVHG¶�DV�ZHOO�DV�LQ�µXQWUHDWHG��KHDOWK\¶�DQLPDOV��VR�REVHUYHG�FOLQLFDO�V\PSWRPV�FRUUHODWHG�

EDGO\�ZLWK� UHDO� VWDWXV� RI� OXQJV� �*$5'1(5� HW� DO��� �������$V� UHVSLUDWRU\� GLVHDVHV� DUH�RIWHQ�

DVVRFLDWHG� ZLWK� ORZHU� GDLO\� ZHLJKW� JDLQV�� HDUO\� GHWHFWLRQ� RI� GLVHDVHV� LV� DOVR� RI� HFRQRPLF�

LQWHUHVW��5HGXFWLRQ�RI�PRWLRQ�DFWLYLW\�DQG� UXPLQDWLRQ�DFWLYLW\�ZHUH�DOUHDG\�REVHUYHG�RQH� WR�
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WKUHH� GD\V� EHIRUH� YLVLEOH� UHVSLUDWRU\� V\PSWRPV� �0$5&+(6,1,� HW� DO��� ������ WKHUHIRUH��

PRQLWRULQJ�WKRVH�DFWLYLWLHV�FRXOG�EH�XVHG�DV�HDUO\�ZDUQLQJ�V\VWHP���

������ /RFRPRWRU�V\VWHP�GLVRUGHUV�

%HVLGHV�GLVHDVHV�RI�UHVSLUDWRU\�V\VWHP��GLVHDVHV�RI�WKH�ORFRPRWRU�V\VWHP�SOD\�DQ�LPSRUWDQW�UROH�

LQ� IDWWHQLQJ� EXOOV�� $QWLELRWLF� XVDJH� LQ� 'DQLVK� YHDO� FDOYHV� DQG� \RXQJ� EXOOV� ZDV�PDLQO\� IRU�

WUHDWPHQW�RI�UHVSLUDWRU\�GLVHDVHV��VHFRQGO\�IRU�GLVRUGHUV�RI�MRLQWV��OLPEV�RU�WKH�FHQWUDO�QHUYRXV�

V\VWHP��)(571(5�HW�DO����������,QWHQVLYHO\�IHG�EHHI�EXOOV�ZHUH�DOVR�WUHDWHG�PDLQO\�EHFDXVH�RI�

UHVSLUDWRU\� GLVHDVH� DQG� ORFRPRWRU� GLVRUGHUV�� /LPRXVLQH� EXOOV� RQ� FRQFUHWH� IORRU� �Q�  � ����

FRPSDUHG� WR� VODWWHG� IORRU� FRYHUHG�ZLWK� UXEEHU� �Q�  � ����ZHUH� WUHDWHG� EHFDXVH� RI� ORFRPRWRU�

GLVRUGHUV�E\��������DQG���������UHVSHFWLYHO\��(DUO\�FXOOLQJ�GXH�WR�ODPHQHVV�RU�WUDXPDWLF�HYHQWV�

RFFXUUHG�DW�����RI�����&KDURODLV�EXOOV�NHSW�RQ�FRQFUHWH�IORRU��0$*5,1�HW�DO����������)ORRU�

FRQGLWLRQV�KDG�D�JUHDW�LQIOXHQFH�RQ�WKH�RFFXUUHQFH�RI�DORSHFLD��VNLQ�OHVLRQV�DQG�FDUSDO�DQG�WDUVDO�

EXUVLWLV��/HVLRQV�ZHUH�ORZHVW�LQ�EXOOV�EHGGHG�RQ�VWUDZ�DQG�KLJKHVW�RQ�FRQFUHWH�IORRU��SRVLWLYHO\�

FRUUHODWHG�ZLWK�ERG\�ZHLJKW��%:��DQG�IDWWHQLQJ�WLPH��6&+8/=(�:(67(5$7+�HW�DO����������

%XOOV�IDWWHQHG�RQ�IXOO\�VODWWHG�IORRU�FRYHUHG�ZLWK�UXEEHU�PDWV�VKRZHG�OHVV�VNLQ�OHVLRQV��VZHOOLQJ�

DQG�EXUVLWLV�WKDQ�RQ�FRQFUHWH�IORRU��3/$7=�HW�DO���������&2==,�HW�DO���������%56&,&�HW�DO���

������0$*5,1�HW�DO����������+RZHYHU��HVSHFLDOO\�ROGHU��KHDYLHU�DQLPDOV�DUH�RIWHQ�NHSW�RQ�D�

IXOO\�VODWWHG�IORRU��7KH�XVH�RI�UXEEHU�PDWV�LQVWHDG�RI�SXUH�FRQFUHWH�VKRZV�DGYDQWDJHV�IRU�DQLPDO�

KHDOWK�DQG�ZHOIDUH��3/$7=�HW�DO���������%56&,&�HW�DO���������0$*5,1�HW�DO����������UHGXFLQJ�

WKH�ULVN�IRU�HDUO\�FXOOLQJ�GXH�WR�ODPHQHVV�RU�ORFRPRWRU�GLVRUGHUV��%56&,&�HW�DO����������

������ �'LJHVWLYH�DQG�PHWDEROLF�GLVRUGHUV�

*DVWURLQWHVWLQDO�GLVRUGHUV�ZHUH�WKH�WKLUG�PRVW�FRPPRQ�UHDVRQ�IRU�DQWLELRWLF�XVDJH�LQ�'DQLVK�

YHDO�FDOYHV��)(571(5�HW�DO����������5XPLQDO�DFLGRVLV�DQG�UXPLQDO�EORDW�DUH�WKH�PRVW�FRPPRQ�

GLJHVWLYH�GLVHDVHV�LQ�IHHGORW�FDWWOH��0(<(5�	�%5<$17��������1$*$5$-$�HW�DO����������

)DWWHQLQJ�EDVHG�RQ�ODUJH�DPRXQWV�RI�HDVLO\�GLJHVWLEOH�FDUERK\GUDWHV��VXFK�DV�VWDUFK��DQG�VXJDU�

ULFK�FRPSRQHQWV�FRPELQHG�ZLWK�ORZ�ILEHU�FRQWHQW��H[SRVHV�DQLPDOV�WR�D�KLJK�ULVN�RI�GLJHVWLYH�

DQG�PHWDEROLF�GLVRUGHUV��2:(16�HW�DO���������./((1�HW�DO���������.+$),3285�HW�DO���������

.+,$26$�$5'� 	� =(%(/,�� ������� 7KH� DGDSWDWLRQ� RI� WKH� PLFURELDO� IORUD� DQG� DOVR� WKH�

DGDSWDWLRQ�RI�WKH�UXPHQ�HSLWKHOLXP�WR�LQFUHDVH�FDSDFLW\�RI�VKRUW�FKDLQ�IDWW\�DFLGV��6&)$��XSWDNH�

DUH�FULWLFDO�IDFWRUV�WR�SUHYHQW�GLJHVWLYH�GLVRUGHUV��*b%(/�HW�DO�����������
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(DUO\�VWXGLHV�IRFXVHG�RQ�H[SHULPHQWDO�LQGXFWLRQ�RI�UXPLQDO�DFLGRVLV�E\�GLIIHUHQW�DPRXQWV�RI�

DFLGV�� FRPELQHG� ZLWK� GLIIHUHQW� IHHGVWXIIV� �3(5.,16� 	� 02152(�� ������� '81/23� 	�

+$0021'� ������� GHVFULEHG� WKDW� DOO� VWDUFK\� DQG� VXJDU\� IHHG� FRPSRQHQWV� WULJJHU� UXPHQ�

DFLGRVLV�DQG�DOWHUDWLRQV�LQ�WKH�PLFURELDO�SRSXODWLRQ�KDYH�D�JUHDW�LPSDFW�RQ�WKH�RFFXUUHQFH�RI�'�

ODFWDWH�DFLGRVLV�LQ�EORRG��&DWWOH�ZLWK�DFXWH�UXPHQ�DFLGRVLV�VKRZ�SDWKRORJLFDO�DOWHUDWLRQV�RI�WKH�

UXPHQ� ZDOO�� OLNH� VORXJKLQJ�� GLVUXSWLRQ� DQG� VZHOOLQJ� RI� WKH� PXFRVD�� )XUWKHUPRUH�� UHGXFHG�

LQWHVWLQDO�PRWLOLW\��GDPDJH�WR�UXPHQ��OLYHU�DQG�RWKHU�WLVVXHV�RFFXU��6/<7(5���������$VVRFLDWHG�

DOWHUDWLRQV�LQ�EORRG�DUH�GHK\GUDWLRQ�DQG�D�ULVH�LQ�ODFWDWH��'81/23�	�+$0021'���������7KH�

V\PSWRPV�YDU\�EHWZHHQ�PLOG�IRUPV�RI�LQDSSHWHQFH�WR�VXGGHQ�GHDWK��GXH�WR�FDUGLRYDVFXODU�DQG�

UHVSLUDWRU\� IDLOXUHV� �+8%(5�� ������� 0DQDJHPHQW� DVSHFWV� WULJJHU� RFFXUUHQFH� RI� DFLGRVLV��

HPSKDVL]LQJ� WKH� LQIOXHQFH� RI� IHHG� FKDQJHV�� ZHDWKHU� HIIHFWV� DQG� IHHGLQJ� DIWHU� ZLWKGUDZDO�

�(/$0��������'2129$1�HW�DO���������5$%$=$�HW�DO����������

3ULQFLSDO� SDWKRJHQHWLF�PHFKDQLVPV� RI� UXPLQDO� DFLGRVLV�ZHUH�ZHOO� GHVFULEHG� LQ� D� UHYLHZ� RI�

12&(.� ��������7KHUH� LV� DQ� LPEDODQFH�RI�SURGXFWLRQ��XWLOL]DWLRQ� DQG�DEVRUSWLRQ�RI�RUJDQLF�

DFLGV��(DVLO\�GLJHVWLEOH�FDUERK\GUDWHV�DUH�UDSLGO\�GHJUDGHG�WR�6&)$�E\�PLFURRUJDQLVPV�LQ�WKH�

UXPHQ�DQG�UXPHQ�S+�GHFUHDVHV��/DFWDWH�SURGXFLQJ�EDFWHULD�JURZ�PRUH�SURQRXQFHG��WKH�ODFWLF�

DFLG�FRQFHQWUDWLRQ�LQFUHDVHV�DQG�S+�GHFUHDVHV�IXUWKHU�RQ��7KLV�OHDGV�WR�D�FLUFOH�RI�LQFUHDVHG�

JURZWK�RI�ODFWDWH�EXLOGHUV��ZKHUHDV�WKH�QXPEHU�RI�ODFWDWH�XWLOL]HU�GHFUHDVHV�DQG�S+�VKLIWV�IXUWKHU�

GRZQ��5XPHQ�PRWLOLW\��EORRG�IORZ�DQG�DEVRUSWLRQ�RI�RUJDQLFV�GHFUHDVH��2VPRODULW\�LQFUHDVHV�

DQG� D� KHPRFRQFHQWUDWLRQ� DQG� GHK\GUDWLRQ� IROORZV�� EHVLGHV� D� GHFUHDVH� RI� ELFDUERQDWH� DQG�

FDOFLXP�FRQFHQWUDWLRQ�LQ�EORRG��5XPLQLWLV�GHYHORSV�DQG�HSLWKHOLXP�JHWV� OHDN\��VR�SDWKRJHQV�

IORZ�WR�OLYHU��SURYRNLQJ�OLYHU�DEVFHVVHV��12&(.���������5XPHQ�HSLWKHOLXP�VKRZHG�D�UHGXFWLRQ�

LQ� GHSWK�� D� GHFOLQH� RI� FHOOXODU� MXQFWLRQV�� LQFUHDVHG� VORXJKLQJ� RI� WKH� VWUDWXP� FRUQHXP� DQG�

XQGLIIHUHQWLDWHG�FHOOV�QHDU�WKH�VWUDWXP�FRUQHXP�LQ�FRZV�ZLWK�LQGXFHG�VXEDFXWH�UXPLQDO�DFLGRVLV�

�67((/(�HW�DO����������&DOYHV�IHG�ZLWK�FRQFHQWUDWH�KDG�PRUH�PRUSKRORJLFDO�DEQRUPDOLWLHV�RI�

WKH�UXPHQ�HSLWKHOLXP�WKDQ�KD\�IHG�FDOYHV��$OWKRXJK�WKH�HSLWKHOLDO�OLQLQJ�ZDV�KHDYLHU�DQG�WKH�

DQLPDOV�KDG�PRUH�PXFRVD�LQ�UHODWLRQ�WR�WKH�PXVFOH�OD\HU��WKH�QXPEHU�RI�SDSLOODH�SHU�DUHD�DQG�

OHQJWK�ZDV�JUHDWHU�LQ�WKH�KD\�IHG�DQLPDOV��12&(.�HW�DO����������

1$*$5$-$�	�7,7*(0(<(5��������HPSKDVL]HG�WKH�GLIIHUHQW�GHJUHHV�DQG�FRXUVHV�RI�WKLV�

GLVHDVH�DQG�GHVFULEHG�WKH�NQRZOHGJH�DERXW� WKH�FKDQJHV�LQ�WKH�PLFURELDO�IORUD��7KH\�GHILQHG�

VXEDFXWH� UXPLQDO� DFLGRVLV� DV� UXPLQDO�S+�EHORZ������ZLWK� VOLJKW�RU�QR� FOLQLFDO� VLJQV� DQG�QR�

PRUWDOLW\��7RWDO� RUJDQLF� DFLG� FRQFHQWUDWLRQ� LQ� UXPHQ� LV� LQFUHDVHG�E\�KLJK�FRQFHQWUDWLRQV�RI�

6&)$��/DFWLF�DFLG�SURGXFHUV�DQG�XWLOL]HUV�DUH�ERWK�LQFUHDVHG�DQG�XQWLO�S+�GRHV�QRW�IDOO�EHORZ�

�� �IRU� XQGHWHUPLQHG� WLPH��� ODFWDWH� LV� FRQYHUWHG� WR� 6&)$�� %XW� LI� S+� IDOOV� EHORZ� ��� QRUPDO�
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EDFWHULDO� IORUD�JHWV�GHVWUXFWHG��7KHUH� LV�D�GHFUHDVH� LQ�JUDP�QHJDWLYH�EDFWHULD�DQG� ODFWLF�DFLG�

XWLOL]HUV��2Q�WKH�RSSRVLWH��WKHUH�LV�DQ�LQFUHDVH�LQ�JUDP�SRVLWLYH�DQG�ODFWLF�DFLG�SURGXFHUV��ZKLFK�

LV�SXVKLQJ�IXUWKHU�WR�DQ�LPEDODQFH�WRZDUGV�ODFWLF�DFLG�DQG�DFLGRVLV��&LOLDWHG�SURWR]RD�DUH�DEVHQW�

RU�GHFUHDVHG�LQ�DFXWH�DQG�VXEDFXWH�DFLGRWLF�VLWXDWLRQV��1$*$5$-$�	�7,7*(0(<(5����������

7ULDOV�ZLWK�ROLJRIUXFWRVH�RYHUORDG�����J�NJ�%:�RUDOO\��UHVXOWHG�LQ�DFXWH�UXPHQ�DQG�V\VWHPLF�

DFLGRVLV��ZLWK� GLDUUKHD�� GHK\GUDWLRQ�� GHSUHVVLRQ� DQG� DQRUH[LD�� ,Q� DGGLWLRQ��ZLWKLQ� ��� KRXUV�

ODPHQHVV�GXH� WR� ODPLQLWLV� DQG� MRLQW� HIIXVLRQ�GHYHORSHG� �'$16&+(5�HW� DO��� �������$VHSWLF�

V\QRYLWLV�ZDV� DOVR� REVHUYHG� ��� KRXUV� DIWHU� ROLJRIUXFWRVH� RYHUORDG� ���� J�NJ�%:�� LQ� KHLIHUV�

�+,'$/*2�HW�DO�����������

3RWHQWLDOO\� WR[LF� SURGXFWV� RI� PLFUREHV�� HVSHFLDOO\� KLVWDPLQH� DQG� HQGRWR[LQV�

�OLSRSRO\VDFFKDULGH��/36���ZHUH�LQFUHDVHG�LQ�UXPHQ�RI�JUDLQ�IHG�DQLPDOV�DQG�/36�ZHUH�GHWHFWHG�

LQ� EORRG� DIWHU� LQGXFWLRQ� RI� DFLGRVLV� �$1'(56(1� HW� DO��� ������ (00$18(/� HW� DO��� ������

.+$),3285�HW�DO���������<$1*�HW�DO���������+80(5�HW�DO����������������SURPRWLQJ�V\VWHPLF�

LQIODPPDWLRQ�UHIOHFWHG�E\�DQ�LQFUHDVH�RI�SURLQIODPPDWRU\�F\WRNLQHV�DQG�DFXWH�SKDVH�SURWHLQV�

�/,8�HW�DO���������.+$),3285�HW�DO����������$Q�RYHUYLHZ�RI�VRPH�UHFHQW�VWXGLHV�LQYHVWLJDWLQJ�

WKH�LQIOXHQFH�RI�GLHW�RQ�SDUDPHWHUV�LQ�UXPHQ�DQG�EORRG�LV�JLYHQ�LQ�7DEOH����,QWHUHVWLQJO\��/36�

SHUPHDWHV�WKURXJK�PXFRVDO�WLVVXH�LQGHSHQGHQWO\�RI�S+��EXW�SHUPHDELOLW\�LQFUHDVHV�UDSLGO\�LI�

S+�GURSV�EHORZ�����LQ�UXPHQ�DQG�����LQ�FRORQ�WLVVXHV��(00$18(/�HW�DO����������7KH�LQFUHDVH�

RI�HQGRWR[LQV�LQ�UXPHQ�LV�DVVRFLDWHG�ZLWK�D�GHFUHDVH�RI�JUDP�QHJDWLYH�EDFWHULD��+RZHYHU��LQ�

YLWUR� VWXGLHV� FRXOG� QRW� LGHQWLI\� D� GLUHFW� FRUUHODWLRQ� EHWZHHQ� WKH� GHFUHDVH� LQ� JUDP�QHJDWLYH�

EDFWHULD�DQG�WKH�LQFUHDVH�RI�HQGRWR[LQV��1$*$5$-$�HW�DO�����������

2WKHU�EORRG�SDUDPHWHUV�DUH�RQO\�VOLJKWO\�DOWHUHG�LQ�VXEDFXWH�UXPLQDO�DFLGRVLV��EXW�VHTXHODH�DUH�

WKH� VDPH�� $VVRFLDWHG� GLVHDVHV� DUH� UXPHQLWLV�� ODPLQLWLV�� SROLRHQFHSKDORPDODFLD� DQG� OLYHU�

DEVFHVVHV� �1$*$5$-$�	�7,7*(0(<(5�� ������� 7KLV� FRXOG� LQGLFDWH� WKDW� QRW� RQO\� DFXWH�

V\VWHPLF�LQIODPPDWLRQ�RFFXUV��EXW�DOVR�ORZ�JUDGH�LQIODPPDWLRQ��ZKLFK�LV�GLIILFXOW�WR�PHDVXUH��

.+,$26$�$5'�	�=(%(/,��������KDYH�K\SRWKHVL]HG�WKDW�/36�IURP�WKH�JDVWURLQWHVWLQDO�WUDFW�

OHDGV�WR�PHWDEROLF�HQGRWR[HPLD�DQG�ORZ�JUDGH�V\VWHPLF�LQIODPPDWLRQ��FDXVHG�E\�VPDOO�ORFDO�

LQIODPPDWLRQV�� 7KLV� FRXOG� DFWLYDWH� WKH� LPPXQH� V\VWHP� FKURQLFDOO\� DQG� SURPRWH� PHWDEROLF�

GLVWXUEDQFHV��OLPLWLQJ�JURZWK�DQG�SHUIRUPDQFH��7KH\�GHVFULEHG�WKUHH�ZD\V�IRU�/36�WR�FURVV�WKH�

HSLWKHOLDO�EDUULHU��)LUVWO\��SDUDFHOOXODU�WKURXJK�LPSDLUHG�WLJKW�MXQFWLRQV��VHFRQGO\��WUDQVFHOOXODU�

WKURXJK�UHFHSWRU�PHGLDWHG�WUDQVF\WRVLV�DQG�WKLUGO\��YLD�OLSRSURWHLQ�SDWKZD\�WUDQVSRUWLQJ�OLSLGV��

7KH�SDVVDJH�RI�/36�LQWR�WKH�WLVVXHV�RFFXUV�WKURXJKRXW�WKH�JDVWURLQWHVWLQDO�WUDFW��HVSHFLDOO\�LI�
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VWDUFK�IORZV�LQWR�WKH�KLQG�JXW��EHFDXVH�LW�ZDV�QRW�GLJHVWHG�VXIILFLHQWO\�LQ�WKH�UXPHQ��.+,$26$�

$5'�	�=(%(/,����������

0HFKDQLVPV��V\PSWRPV��GLDJQRVLV�DQG�PDQDJHPHQW�SULQFLSDOV�WR�SUHYHQW�6$5$�LQ�GDLU\�KHUGV�

KDV�DOVR�EHHQ�UHYLHZHG�E\�./((1�HW�DO����������,W�ZDV�HPSKDVL]HG�WKDW�WKHUH�LV�QR�VWDQGDUGL]HG�

WKUHVKROG�IRU�WKH�SUHVHQFH�RI�VXEDFXWH�RU�DFXWH�UXPHQ�DFLGRVLV��7KLV�LV�RQ�WKH�RQH�KDQG�GXH�WR�

WKH�IDFW�WKDW�GLIIHUHQW�VDPSOLQJ�SURFHGXUHV�DUH�XVHG��2UDO�VDPSOHV��WDNHQ�ZLWK�D�VWRPDFK�WXEH�

DUH�FRQVLGHUHG�WR�EH�FRQWDPLQDWHG�ZLWK�VDOLYD�DQG�WKHUHIRUH��KDYH�KLJKHU�S+�YDOXHV�FRPSDUHG�

WR� VDPSOHV� WDNHQ� GLUHFWO\� IURP� WKH� UXPHQ� YLD� UXPHQRFHQWHVLV�� 2Q� WKH� RWKHU� KDQG�� WLPH� RI�

VDPSOLQJ�UHODWLYH�WR�IHHGLQJ�DQG�GXUDWLRQ�RI�GHFUHDVHG�UXPLQDO�S+�DUH�DOVR�LPSRUWDQW�IDFWRUV�

�3/$,=,(5�HW�DO����������)RU�H[DPSOH��D�WKUHVKROG�IRU�VXEDFXWH�UXPLQDO�DFLGRVLV�LV�D�UXPHQ�S+�

GHSUHVVLRQ�EHWZHHQ�S+�����DQG�����IRU�DW�OHDVW���K�GD\��PHDVXUHG�GLUHFWO\�LQ�UXPHQ��*2=+2�

HW�DO����������

7KH�WHFKQRORJ\�RI�PHWDERORPLFV�JLYHV�QHZ�LQVLJKWV�LQ�PHWDEROLF�FKDQJHV�LQ�UXPHQ�DQG�EORRG�

RI�DIIHFWHG�DQLPDOV��,Q�D�IHHGLQJ�WULDO�ZLWK�GLHWV�FRQVLVWLQJ�RI������RU������FRQFHQWUDWH������

PHWDEROLWHV�LQ�UXPHQ�DQG����SODVPD�PHWDEROLWHV�GLIIHUHG�EHWZHHQ�WKH�IHHGLQJ�JURXSV��<$1*�

HW� DO��� ������� ,Q� GDLU\� FRZV�ZLWK� LQGXFHG� VXEDFXWH� UXPHQ� DFLGRVLV�� DQ� LQFUHDVH� RI�/36� DQG�

ELRJHQLF� DPLQHV�� HVSHFLDOO\� KLVWDPLQH�� HWKDQRODPLQH� DQG� S\UUROLGLQH� ZHUH� REVHUYHG� LQ� WKH�

UXPHQ�IOXLG��7KH�PRVW�LPSRUWDQW�GLIIHUHQFHV�LQ�EORRG�RI�6$5$�DIIHFWHG�FRZV�LQ�FRPSDULVRQ�WR�

KHDOWK\�FRQWURO�FRZV�ZHUH�DQ�LQFUHDVH�LQ�KH[RVHV��JO\FLQH��VHULQH��DVSDUWDWH�DPLQRWUDQVIHUDVH�

�$67��DQG�JOXWDPDWH�GHK\GURJHQDVH��*/'+���DQG�D�GHFUHDVH�LQ�FKROHVWHURO��DUJLQLQH��$UJ���

3&V��O\VR�3&V��VSKLQJRP\HOLQV��60V���FLWUXOOLQH��LVROHXFLQH��,OH��DQG�O\VLQH��7KH�FRQFHQWUDWLRQ�

RI�ODFWDWH�DQG�QRQ�HVWHULILHG�IDWW\�DFLGV��1()$��ZHUH�XQDIIHFWHG��+80(5�HW�DO���������

7KHUH� LV� DOVR� DQ� RQJRLQJ� GLVFXVVLRQ� DERXW� WKH� FRPSDUDELOLW\� RI� GLIIHUHQW�PRGHOV� WR� LQGXFH�

DFLGRVLV��GLVWLQJXLVKLQJ�EHWZHHQ�FKDOOHQJHV�ZKHUH�WKH�FDUERK\GUDWHV�DUH�JLYHQ�GLUHFWO\�LQWR�WKH�

UXPHQ�RU�H[SHULPHQWDO�GLHWV��ZKLFK�KDYH�WR�EH�HDWHQ�E\�WKH�DQLPDOV��)XUWKHUPRUH��DQLPDOV�DUH�

QRUPDOO\�NHSW� LQ�JURXSV�DQG� WKHUHIRUH�� ODUJHU� IOXFWXDWLRQV� LQ� IHHG� LQWDNH�DUH�SRVVLEOH�GXH�WR�

FRPSHWLWLRQ�EHWZHHQ�WKH�DQLPDOV��&RQVHTXHQWO\��NQRZOHGJH�HVWDEOLVKHG�LQ�VWXGLHV�RIWHQ�GLIIHU�

WR�REVHUYDWLRQV�LQ�SUDFWLFH��1$*$5$-$�	�7,7*(0(<(5����������

,Q�WKLV�FRQWH[W��3/$,=,(5�HW�DO���������FRQFOXGHG�WKDW� WKH�WULJJHUHG�LQIODPPDWRU\�UHVSRQVH�

FDQQRW�EH�VROHO\�GHSHQGHQW�RQ�UXPHQ�S+�DQG�WKH�DPRXQW�RI�HQGRWR[LQV��DV�VWXGLHV�VKRZ�OLPLWHG�

UHSURGXFLEOH� UHVXOWV� LQ� VHYHULW\� RI� WKLV� GLVHDVH�� )RU� H[DPSOH�� HYHQ� LI� LQGXFWLRQ� RI� VXEDFXWH�

UXPHQ�DFLGRVLV�ZDV�VXFFHVVIXO��HQGRWR[LQV�DQG�V\VWHPLF�LQIODPPDWLRQ�LV�QRW�DOZD\V�GHWHFWDEOH�

�52'5Ë*8(=�/(&2037(�HW�DO����������7KLV�FRXOG�EH�GXH�WR�WKH�IDFW�WKDW�HQGRWR[LQV�IURP�
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GLIIHUHQW�EDFWHULD�KDYH�GLIIHUHQW�ELRDFWLYLWLHV�DQG�WKHUHIRUH�S+�YDOXH�RU�HQGRWR[LQ�TXDQWLW\�DORQH�

LV�QRW�VXIILFLHQWO\�LQGLFDWLYH��.+,$26$�$5'�	�=(%(/,���������'HWDLOHG�NQRZOHGJH�RI�WKH�

WR[LFLW\� RI� /36� IURP� YDULRXV� EDFWHULD� FRXOG� OHDG� WR� QHZ� IHHGLQJ� VWUDWHJLHV� LQ� WKH� IXWXUH��

SURPRWLQJ� WKH� JURZWK� RI� EDFWHULD� ZKLFK� KDYH� ORZ� WR[LFLW\� /36� DQG� FDXVLQJ� OLWWOH� RU� QR�

LQIODPPDWLRQ��0217(,52�	�)$&,2/$��������
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7DEOH����2YHUYLHZ�RI�VWXGLHV�LQYHVWLJDWLQJ�WKH�LQIOXHQFH�RI�GLHW�RQ�SDUDPHWHUV�LQ�UXPHQ�DQG�EORRG��

$XWKRU� $QLPDOV�LQ�WULDO� )HHGLQJ�� 5XPHQ�DOWHUDWLRQV�� %ORRG�DOWHUDWLRQV��
�

*2=+2�HW�DO��
�������

-HUVH\�VWHHUV�
Q� ���

����NJ�G�FRQFHQWUDWH�DQG�
DOIDOID�KD\��

S+��������GD\�������PLQ�G��GD\����
����PLQ�G���/36�Ĺ�GD\�����

+S�Ĺ�GD\�������6$$�Ĺ�GD\����� �

.+$),3285�
HW�DO���������

+ROVWHLQ�FRZV�
Q� ���

&RQWURO�WLPH��&�����)�ZHHN�
������
6$5$�WLPH��&�����)�ZHHN���

&RQWURO�WLPH��S+�����������PLQ�G��/36�Ĺ���
6$5$�WLPH������PLQ�G��/36�ĹĹ�6&)$�Ĺ�
DPPRQLD�Ĺ�ODFWDWH�Q�V��

6$5$�WLPH��JOXFRVH�Ĺ�6$$�Ĺ�/%3�Ĺ�+S�Ĺ�
ODFWDWH�Q�V��

�

$0(7$-�HW�DO��
�������

+ROVWHLQ�FRZV��
Q� ���

705�ZLWK����������������RI�
'0�EDUOH\�JUDLQ�

���DQG������JOXFRVH�Ĺ�PDOWRVH�Ĺ�HWKDQRO�Ĺ�
6&)$�Ĺ�$OD�Ĺ�/\V�Ĺ�/HX�Ĺ�9DO�Ĺ�JO\FHURO�Ĺ�
IXPDUDWH�Ĺ�XUDFLO�Ĺ�[DQWKLQH�Ĺ�QLFRWLQDWH�Ĺ�
PHWK\ODPLQH�Ĺ�SKHQ\ODFHWDWH�Ĺ�
GLPHWK\ODPLQH�Ĺ�1�QLWURVR��GLPHWK\ODPLQH�Ĺ�
SKHQ\ODFHW\OJO\FLQH�Ĺ�

� �

+80(5�HW�DO���
�������

+ROVWHLQ�FRZV�
Q� ���

)LUVW�ZHHN�&�����)��
6HFRQGH�ZHHN��JUDGXDOO\�
LQFUHDVH�RI�FRQFHQWUDWH�GD\�
6$5$�WLPH��&�����)��

6$5$�WLPH��/36�Ĺ�ELRJHQLF�DPLQHV�Ĺ�
�KLVWDPLQH�ĹĹ��

6$5$�WLPH��$67�Ĺ�**7�Ĺ�*/'+�Ĺ�
JOXFRVH�Ĺ�FKROHVWHURO�Ļ�3&V�Ļ�O\VR�3&V�Ļ�
60V�Ļ��$$V�Ļ��Q�V���ODFWDWH��1()$�

�

<$1*�HW�DO��
�������

%HHI�EXOOV��
Q� ���

/RZ�JURXS�&�����)�YV��
+LJK�JURXS�&�����)�

+LJK�JURXS��S+�Ļ�/36�Ĺ�FDUERK\GUDWH�
PHWDEROLWHV�Ĺ�$$�Ĺ�

+LJK�JURXS��/36�Ĺ�FDUERK\GUDWH�
PHWDEROLWHV�Ĺ�$$�Ĺ�W\UDPLQH�Ĺ�

�

/,8�HW�DO��
�������

%HHI�EXOOV��
Q� ���

/RZ�JURXS�&�����)�YV��
+LJK�JURXS�������

+LJK�JURXS��S+�Ļ�/36�Ĺ�
+LJK�JURXS���/%3�Ĺ�6$$�Ĺ�&53�Ĺ�+S�Ĺ�
71)�Į�Ĺ�,/��ȕ�Ĺ�,/���Ĺ�,/���Ĺ��

�

�WRWDO�PL[HG�UDWLRQ��705���GU\�PDWWHU��'0���UDWLR�RI�FRQFHQWUDWH�WR�IRUDJH�EDVHG�RQ�'0��&[[�[[)���VXEDFXWH�UXPHQ�DFLGRVLV��6$5$����
��DQG���Ĺ�LQFUHDVHG�FRQFHQWUDWLRQV��Ļ�GHFUHDVHG�FRQFHQWUDWLRQV��QRW�VLJQLILFDQW��Q�V����OLSRSRO\VDFFKDULGH��/36���VKRUW�FKDLQ�IDWW\�DFLGV��6&)$���DPLQR�DFLGV��$$���KDSWRJORELQ�
�+S��� VHUXP� DP\ORLG� $� �6$$��� OLSRSRO\VDFFKDULGH�ELQGLQJ� SURWHLQ� �/%3��� WXPRU� QHFURVLV� IDFWRU� Į� �71)�Į��� LQWHUOHXNLQ� �,/��� &�UHDFWLYH� SURWHLQ� �&53��� DVSDUWDWH�
DPLQRWUDQVIHUDVH� �$67��� Ȗ�JOXWDP\OWUDQVIHUDVH� �**7��� JOXWDPDWH�GHK\GURJHQDVH� �*/'+��� SKRVSKDWLG\OFKROLQH� �3&��� VSKLQJRP\HOLQ� �60��� QRQ�HVWHULILHG� IDWW\� DFLGV�
�1()$���
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�������� /LYHU�DEVFHVVHV�

/LYHU�DEVFHVVHV�DUH�D�JUHDW�SUREOHP�LQ�IHHGORWV��,QFLGHQFHV�RI������WR�������*5((128*+�HW�

DO��� ������ RU� ����� WR� �����RI� WKH� KHUG� �%5,1.�HW� DO��� ������ DUH� UHSRUWHG�� EXW� GLIIHUHQFHV�

EHWZHHQ�IHHGORWV�DQG�IDWWHQLQJ�SHULRG�DUH�JUHDW�DQG�YDULDWLRQV�LQ�WKH�LQFLGHQFH�RI�OLYHU�DEVFHVVHV�

UDQJH�IURP�RQO\�D�IHZ�SHUFHQW�RI�DIIHFWHG�DQLPDOV�WR�DOPRVW�WKH�HQWLUH�KHUG��1$*$5$-$�	�

&+(1*$33$���������7KH�RFFXUUHQFH�GHSHQGV�RQ�VHYHUDO�IDFWRUV��EXW�WKH�IHHG�LV�PRVW�FUXFLDO��

7KH� PRUH� VWDUFK� DQG� VXJDU�ULFK� FRQFHQWUDWH� LV� XVHG� DQG� WKH� IHZHU� ILEHU� FRPSRQHQWV� DUH�

LQFOXGHG��WKH�PRUH�OLNHO\�LW�LV�WKDW�VHYHUH�UXPHQ�DFLGRVLV�ZLWK�OLYHU�DEVFHVVHV�RFFXUV��,W�GHSHQGV�

QRW�RQO\�WKH�SURSRUWLRQ��EXW�DOVR�RQ�WKH�QDWXUH�RI�WKH�LQGLYLGXDO�XVHG�FRPSRQHQWV��9HU\�ORQJ�

ILEHUV�DUH�VHOHFWHG�PRUH�HDVLO\�DQG�WKH�PRUH�WKH�FHUHDO�LV�JURXQGHG�DQG�SUHSURFHVVHG��WKH�PRUH�

OLNHO\�LW�LV�WKDW�OLYHU�DEVFHVVHV�ZLOO�RFFXU��1$*$5$-$�	�&+(1*$33$���������+LJK�JUDLQ�

IHHGLQJ�OHDGV�WR�UXPLQDO�DFLGRVLV�DQG�UXPLQLWLV��WKHUHIRUH�EDFWHULD�HQWHU�WKURXJK�DOWHUHG�UXPHQ�

ZDOO� LQWR� SRUWDO� EORRG�� FDXVLQJ� DEVFHVVHV� LQ� WKH� UXPLQDO� ZDOO� DQG� OLYHU� �1$*$5$-$� 	�

&+(1*$33$���������$IIHFWHG�DQLPDOV�VKRZ�UHGXFHG�IHHG�LQWDNH��GDLO\�ZHLJKW�JDLQV�DQG�ILQDO�

%:V��7KLV�FRQQHFWLRQ�ZDV�PDLQO\�REVHUYHG�LI�WKHUH�ZHUH�RQH�RU�PRUH�ODUJH�DQG�DFWLYH�DEVFHVVHV�

�%5,1.�HW�DO����������7KHUH�ZDV�D�KLJKHU�LQFLGHQFH�REVHUYHG�LQ�+ROVWHLQ�EXOOV��GXH�WR�KLJKHU�

IHHG� LQWDNH� DQG� ORQJHU� IDWWHQLQJ� SHULRG� FRPSDUHG� WR� EHHI� EXOOV� RI� WKH� VDPH� VWDUWLQJ�ZHLJKW�

�1$*$5$-$�	�&+(1*$33$���������7KH�EDFWHULD�LGHQWLILHG�LQ�WKH�DEVFHVVHV�ZHUH�PDLQO\�

)XVREDFWHULXP� QHFURSKRUXP� VXEVSHFLHV� DQG� $FWLQRP\FHV� S\RJHQHV� �FXUUHQW� QRPHQFODWXUH��

7UXSHUHOOD� S\RJHQHV��� 7KHUHIRUH�� SUHYHQWLYH�PHWKRGV� UHFRPPHQGHG�ZHUH� QRW� RQO\� DGDSWHG�

IHHGLQJ��EXW� DOVR� WKH�H[WHQGHG�XVH�RI� DQWLELRWLFV� DQG�YDFFLQDWLRQ�RI� WKH� DQLPDOV� DJDLQVW� WKH�

OHXNRWR[RLG�RI�)XVREDFWHULXP�QHFURSKRUXP��1$*$5$-$�	�&+(1*$33$���������

�

�������� 7DLO�WLS�QHFURVHV�

6LPLODU�DSSOLHV� WR� WKH� WDLO� WLS�QHFURVLV� �771���ZKLFK� LV�D�PXOWLIDFWRULDO�GLVHDVH�� ,W�RFFXUV� LQ�

GLIIHUHQW�GHJUHHV�RI�VHYHULW\��0DFURVFRSLFDOO\��LQ�WKH�PLOGHVW�IRUP��KDLUOHVV�DUHDV�DUH�VHHQ�RQ�

WKH�WLS�RI�WKH�WDLO��DV�ZHOO�DV�NHUDWLQL]DWLRQ�DQG�LQFUHDVHG�KDUGQHVV�RI�WKH�VNLQ�DW�WKH�WLS�RI�WKH�

WDLO�� ,Q�PRUH� VHYHUH� FDVHV�� QHFURVLV� DQG� FOHDU� LQIODPPDWRU\� FKDQJHV� VWDUW� DW� WKH� WDLO� WLS� DQG�

DVFHQG�DORQJ�WKH�WDLO��'52/,$�HW�DO���������6&+5$'(5�HW�DO���������.25'2:,7=.,���������

)DLOXUH� RU� GHOD\� RI� WUHDWPHQW� OHDGV� WR� EDFWHULDO� VSUHDG� WR� RWKHU� RUJDQV� DQG� WKHQ� UHVXOWV� LQ�

ODPHQHVV��GHSUHVVHG�JHQHUDO�ZHOO�EHLQJ�DQG�GHDWK�RI�WKH�DIIHFWHG�DQLPDOV�E\�PXOWL�RUJDQ�IDLOXUH�

�7+20621�HW�DO����������7KH�771�LV�D�FRPPRQ�GLVHDVH�LQ�IDWWHQLQJ�DQLPDOV��HVSHFLDOO\�LQ�

WKRVH�NHSW�RQ�VODWWHG�IORRUV��,Q�VRXWKHUQ�2QWDULR�������RI�IHHGORWV�ZLWK�VODWWHG�IORRUV�UHSRUWHG�

771�DV�D�VWRFN�SUREOHP��'52/,$�HW�DO����������.52//�HW�DO���������REVHUYHG�771�LQ������
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WR������RI�DQLPDOV�LQ�D�IHHGORW�ZLWK�VODWWHG�FRQFUHWH�IORRU��,Q�D�ELJ�IHHGORW���������DQLPDOV��LQ�

1HEUDVND������RI�WKH�DQLPDOV�VKRZHG�VHYHUH�FDVHV�RI�771��W\SLFDOO\�DIWHU�����WR�����GD\V�RQ�

IHHG�������RI�WKHVH�DQLPDOV�GLHG�RU�ZHUH�FXOOHG�HDUO\��7+20621�HW�DO�����������

7KH�RFFXUUHQFH�RI�771�LV�DVVRFLDWHG�ZLWK�LQFUHDVLQJ�%:��OHVV�VSDFH�DYDLODELOLW\�DQG�LV�DOVR�

LQIOXHQFHG�E\�VHDVRQ�� ,W� LV�K\SRWKHVL]HG�WKDW� WUDPSOLQJ�LQLWLDOO\�FDXVHV�EUXLVLQJ�DQG�LQMXULHV��

WKHQ�KXPLG�DQG�GLUW\�FRQGLWLRQV�IXUWKHU�VXSSRUW�WKH�VHYHULW\�RI�771��0$'6(1�	�1,(/6(1��

������'52/,$�HW�DO���������6&+5$'(5�HW�DO����������%XOOV�EHGGHG�RQ�VWUDZ�VKRZ�OHVV�771�

DQG� PRUH� LPSRUWDQWO\�� OHVV� VHYHUH� FDVHV� RI� 771� WKDQ� EXOOV� RQ� IXOO\� VODWWHG� FRQFUHWH�

�6&+5$'(5�HW�DO����������+RZHYHU��WKHUH�DUH�DOVR�LQGLFDWLRQV�WKDW�PHWDEROLF�FKDQJHV�FRXOG�

EH�D�FDXVDO�IDFWRU��EHFDXVH�EXOOV�NHSW�RQ�VWUDZ�DOVR�VKRZHG�VLJQV�RI�771��6&+5$'(5�HW�DO���

�������'52/,$�HW�DO���������IRXQG�HYLGHQFH�RI�HGHPD�RI�WKH�EORRG�YHVVHO�ZDOOV�LQ�KLVWRORJLFDO�

H[DPLQDWLRQV� RI� PDFURVFRSLFDOO\� LQFRQVSLFXRXV� WDLOV�� =LQF� DQG� 9LWDPLQ� $� GHILFLHQF\� RU�

P\FRWR[LQV�DUH�DOVR�DVVXPHG� WR�EH�SULPDU\� FDXVHV�RI�771��6$/,%�	�)$5*+$/,���������

)XUWKHUPRUH��WKHUH�ZDV�D�FRUUHODWLRQ�RI�ORZ�UXPHQ�S+�DQG�WKH�RFFXUUHQFH�RI�771��DV�ZHOO�DV�

VLJQLILFDQWO\� KLJKHU� FRQFHQWUDWLRQV� RI� WRWDO� SURWHLQ� DQG� TXDQWLW\� RI� OHXNRF\WHV� LQ� EXOOV�ZLWK�

PRGHUDWH� ORVV� RI� KDLU�� UHGXFHG� HODVWLFLW\� RI� WKH� VNLQ��ZLWK� ILVVXUHV� DQG� FUXVWV� RI� WKH� WLS� WDLO�

�.25'2:,7=.,���������������

������ &ODZ�GLVRUGHUV�

+HDOWK� RI� WKH� FODZV�PLUURUV� PHWDEROLF� KHDOWK� GXH� WR� WKH� IDFW�� WKDW� PHWDEROLF� GLVRUGHUV� DUH�

DVVRFLDWHG�ZLWK� VHYHUH� FODZ� GLVHDVH� �/,6&+(5� HW� DO��� ������� &ODZ� KHDOWK�� FODZ� VL]H�� KRUQ�

JURZWK�TXDQWLW\�DQG�TXDOLW\�GHSHQG�RQ�YDULRXV�IDFWRUV��,GHQWLILHG�LQWULQVLF�IDFWRUV�OLNH�EUHHG��

DJH��LQGLYLGXDO�PHWDEROLF�VWDWXV�DQG�%:�SOD\�DQ�LPSRUWDQW�UROH��EXW�DOVR�H[WULQVLF�IDFWRUV�OLNH�

VHDVRQ�� KRXVLQJ�� IHHGLQJ� DQG� PDQDJHPHQW� FRQGLWLRQV� DUH� UHOHYDQW� �$1'(56621� 	�

/81'675g0��������9(50817�	�*5((128*+��������'(59,6+,�HW�DO�����������

,QGLYLGXDO�JHQHWLF�EDFNJURXQG�KDYH�D�JUHDW�LPSDFW�RQ�IHHW�DQG�OHJ�FRQIRUPDWLRQ��EXW�RQO\�PLQRU�

HIIHFW�RQ�RFFXUUHQFH�RI�KRRI�GLVRUGHUV��+b**0$1�	�-8*$���������2QO\�WKH�RFFXUUHQFH�RI�

GHUPDWLWLV�GLJLWDOLV�KDYH�D�FRQVLGHUDEOH�KHULWDELOLW\��60,7�HW�DO���������+b**0$1�	�-8*$��

�������/HQJWK�RI�WKH�GRUVDO�ZDOO��OHQJWK�DQG�EUHDGWK�RI�VROH�DUH�SRVLWLYH�FRUUHODWHG�ZLWK�DJH�DQG�

%:� RI� WKH� DQLPDO� �$1'(56621� 	� /81'675g0�� ������� 6HDVRQDO� HIIHFWV� KDYH� DOVR�

LQIOXHQFH�RQ�KRUQ�JURZWK�DQG�GLJLWDO�GLVHDVHV��/RZ�WHPSHUDWXUH�ZDV�DVVRFLDWHG�ZLWK�ORZ�KRRI�

JURZWK�LQ�VKHHS��:+((/(5�HW�DO����������)RRW� URW� LQ�IHHGORW�FDWWOH�RFFXUUHG�PRVW� OLNHO\�LQ�

VSULQJ�DQG�VXPPHU��ZKHUHDV�ODPHQHVV�ZLWK�QR�YLVLEOH�VZHOOLQJ�ZDV�VHHQ�PRVWO\�LQ�IDOO��'$9,6�
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81*(5�HW�DO����������,Q�D�VWXG\�RI�0$*5,1�HW�DO�������D��LQWHQVLYHO\�ILQLVKHG�EHHI�FDWWOH�KDG�

WKH�KLJKHVW�ULVN�WR�GHYHORS�D�ZKLWH�OLQH�DEVFHVV�ZKHQ�VODXJKWHUHG�LQ�ZLQWHU��

7KH� W\SH� RI� IORRU� SOD\V� DQ� LPSRUWDQW� UROH� IRU� KRUQ� JURZWK� DQG� RFFXUUHQFH� RI� GLVHDVHV�� $�

UXEEHUL]HG� VXUIDFH� RI� VODWWHG� IORRUV� KDV� EHHQ� SURYHQ� WR� EH� EHQHILFLDO� IRU� FODZ� KHDOWK�

�9$1(*$6�HW�DO���������0$*5,1�HW�DO�������E��0$*5,1�HW�DO����������7KH�VRIWHU�VXUIDFH�

UHGXFHV�EUXLVLQJ�RI�WKH�GHUPLV�DV�ZHOO�DV�DEUDVLRQ�RI�WKH�FODZ�KRUQ�FRPSDUHG�WR�FRQFUHWH�VODWWHG�

IORRUV��3/$7=�HW�DO����������)DWWHQLQJ�EXOOV�RQ�UXEEHU�PDWV�VKRZHG�ORQJHU�GRUVDO�ZDOOV�RI�WKH�

FODZV��0$*5,1�HW�DO���������3/$7=�HW�DO����������7KH�VXVSHFWHG�ORZ�ZHDU�RI�WKH�FODZV�RQ�

UXEEHU� PDWV� LQ� FRZV� UHVXOWHG� LQ� OHVV� KRUQ� JURZWK� FRPSDUHG� WR� FRZV� NHSW� RQ� FRQFUHWH�� ,Q�

DGGLWLRQ��IHZHU�WUHDWPHQWV�RI�WKH�FODZV�ZHUH�QHHGHG�IRU�FRZV�NHSW�RQ�UXEEHU�PDWV��9$1(*$6�

HW�DO����������

7KHUH�LV�DOVR�D�JUHDW�LQIOXHQFH�RI�GLHWDU\�IDFWRUV�RQ�KRUQ�JURZWK�DQG�FODZ�KHDOWK��+LJK�FRQWHQW�

RI�ILEHU�LQ�GLHW�LV�SURWHFWLYH��ZKHUHDV�KLJK�DPRXQWV�RI�HDVLO\�GLJHVWLEOH�FDUERK\GUDWHV�DUH�D�ULVN�

IDFWRU�IRU�GLJLWDO�GLVRUGHUV��0$*5,1�HW�DO�������D���&RZV�IHG�D�GLHW�ORZ�LQ�ILEHU�DQG�KLJK�LQ�

VWDUFK�KDYH�D�KLJK�ULVN�WR�GHYHORS�FOLQLFDO�ODPLQLWLV�DQG�VROH�XOFHUV��/,9(6(<�	�)/(0,1*��

�������*UHDWHU�DPRXQWV�RI�FRQFHQWUDWH����NJ�YV�����NJ��OHDG�WR�PRUH�FDVHV�RI�ODPHQHVV�LQ�GDLU\�

FRZV��DQG�DOVR�VHYHULW\�DQG�GXUDWLRQ�RI�ODPHQHVV�LV�JUHDWHU�LQ�DQLPDOV�IHG�KLJK�FRQFHQWUDWH�GLHW�

�0$1621�	�/($9(5������D���)XUWKHUPRUH��KLJK�SURWHLQ�FRQWHQW�LQ�GLHW�KDV�DOVR�DQ�LQIOXHQFH�

RQ�FODZ�KHDOWK�DQG�OHDGV�WR�D�LQFUHDVHG�SUHYDOHQFH�RI�ODPHQHVV�LQ�GDLU\�FRZV��0$1621�	�

/($9(5������E����

7KH�VXSSOHPHQWDWLRQ�RI�VHOHQLXP�WR�WKH�GLHW�KDG�QR�HIIHFW�RQ�FODZ�KHDOWK��5b%(5�HW�DO����������

EXW� VRXUFH� RI� RUJDQLF� ]LQF� VKRZHG� DQ� HIIHFW� LQ� D� QLQH� PRQWKV� ODVWLQJ� IHHGLQJ� WULDO� ZLWK�

FURVVEUHHGV�RI�5HG�+ROVWHLQ�[�6LPPHQWDO�FDOYHV��=LQF�SRO\VDFFKDULGH�VXSSOHPHQWDWLRQ�VKRZHG�

DQ� LPSURYHPHQW� RI� FODZ� VWDWXV� DW� WKH� HQG� RI� WKH� WULDO� LQ� FRPSDULVRQ� WR� FODZ� VWDWXV� DW� WKH�

EHJLQQLQJ��.(66/(5�HW�DO�����������

)LQDOO\��WKHUH�DUH�VRPH�JHQHUDO�PDQDJHPHQW�IDFWRUV�WKDW�LQIOXHQFH�KRRI�KHDOWK�DQG�WKXV�OHDG�WR�

IDUP�VSHFLILF�KLJK�SUHYDOHQFH�RI�ODPHQHVV��'$9,6�81*(5�HW�DO����������,Q�GDLU\�FRZV��KRRI�

WULPPLQJ� UHGXFHV�SUHYDOHQFH�RI� ODPHQHVV� WKH�RFFXUUHQFH�RI�GLJLWDO� GLVRUGHUV� �0$1621�	�

/($9(5������E���+RZHYHU��WKLV�IDFWRU�LV�QRW�FRQVLGHUHG�PXFK�LQ�IDWWHQLQJ�EXOOV��7KHUH�LV�QR�

VSHFLILF�GDWD�RQ�WKH�LQIOXHQFH�RI�FODZ�WULPPLQJ�RQ�WKH�FODZ�KHDOWK�RI�IDWWHQLQJ�EXOOV��

�
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�������� /DPLQLWLV�

6RPH�DVSHFWV�RI� ODPLQLWLV�KDYH�DOUHDG\�EHHQ�PHQWLRQHG� LQ�SUHYLRXV�FKDSWHUV��EXW�GXH� WR� LWV�

LPSRUWDQFH��RFFXUUHQFH��FOLQLFDO�DVSHFWV�DQG�SRVVLEOH�SDWKRJHQHVHV�ZLOO�EH�SUHVHQWHG�KHUH�LQ�

PRUH� GHWDLO��/DPLQLWLV� RU�3RGRGHUPDWLWLV� DVHSWLFD� GLIIXVD� LV� DQ� DVHSWLF� LQIODPPDWLRQ� RI� WKH�

FRULXP��,W�LV�KLJKO\�DVVRFLDWHG�ZLWK�IHHGLQJ�KLJK�JUDLQ�GLHWV��DV�ORFDO�PDQLIHVWDWLRQ�RI�V\VWHPLF�

GLVHDVHV�DQG�LV�FRPPRQO\�REVHUYHG�LQ�DQLPDOV�XVHG�IRU�PHDW�DV�ZHOO�DV�IRU�PLON�SURGXFWLRQ�

�*5((128*+�HW�DO���������/$1*29$�HW�DO�����������

(WLRORJ\�RI�ODPLQLWLV�LV�PXOWLIDFWRULDO��7DEOH���JLYHV�DQ�RYHUYLHZ�DERXW�UHOHYDQW�VWXGLHV�UHODWHG�

WR�ODPLQLWLV�LQ�FDWWOH��)DFWRUV�LGHQWLILHG�DUH�QXWULWLRQ��JHQHWLFV��SHULQDWDO�SHULRG��/,6&+(5�	�

266(17���������EXW�DOVR�KRXVLQJ�DQG�PDQDJHPHQW�IDFWRUV�KDYH�DQ�LQIOXHQFH��6RIW�IORRU�DQG�

EHGGLQJ��DV�ZHOO�DV�IHHGLQJ�KLJK�ILEHU�GLHW�DUH�SUHYHQWLYH�IDFWRUV��$EUXSW�FKDQJHV�LQ�WKH�DPRXQW�

RI�H[HUFLVH��JUHDW�UHGXFWLRQ�RU�RYHU�H[HUFLVH��GXH�WR�WUDQVSRUW�RU�UHKRXVLQJ��DUH�DVVXPHG�WR�EH�

ULVN�IDFWRUV�IRU�VHYHULW\�RI�ODPLQLWLV��9(50817�	�*5((128*+���������DV�ZHOO�DV�FRQFUHWHG�

VORWV� �0$*5,1�HW�DO�������D���/21*29$�HW�DO�� �������VXPPDUL]HG� WKDW� IHHGLQJ�DGGLWLYHV�

FRQWDLQLQJ�FRSSHU��]LQF�RU�ELRWLQ� UHGXFH�VHYHULW\�RI� ODPLQLWLV��7KH� LQFLGHQFH�DQG�VHYHULW\�RI�

ODPLQLWLV� GLIIHUHG� EHWZHHQ� EUHHGV� �*5((128*+� 	� *$&(.�� ������� DOWKRXJK� REVHUYHG�

KHULWDELOLW\� LQ� )LQQLVK� +ROVWHLQ� FDWWOH� ZDV� RQO\� ����� IRU� FKURQLF� ODPLQLWLV� �+b**0$1�	�

-8*$�� ������� )XUWKHUPRUH�� WKHUH�ZHUH� DJH�GHSHQGHQW� H[SUHVVLRQV� RI� ODPLQLWLV� REVHUYHG� LQ�

FDOYHV�FRPSDUHG�WR�\HDUOLQJV��*5((128*+�HW�DO���������DQG��LQ�KHLIHUV�FRPSDUHG�WR�ROGHU�

FRZV��9(50817�	�*5((128*+����������

7KH�PRVW�XVHG�PRGHO�WR�LQGXFH�ODPLQLWLV�LV�E\�IUXFWRVH�RYHUORDG��&OLQLFDO�V\PSWRPV�RI�UXPLQDO�

DQG�PHWDEROLF�DFLGRVLV�GLVDSSHDUHG�DIWHU�DSSUR[LPDWHO\�WZR�GD\V�DQG�ODPHQHVV�GXH�WR�ODPLQLWLV�

RFFXUUHG��7+2()1(5�HW�DO����������,Q�IXUWKHU�H[SHULPHQWV�SRVLWLYH�UHDFWLRQV�LQ�KRRI�WHVWLQJ�

VWDUWHG����KRXUV�DIWHU�ROLJRIUXFWRVH�RYHUORDG�DQG�UHDFKHG�D�PD[LPXP�RQ�GD\�VHYHQ�DQG�QLQH��

ZKHUH����RI����UHDFWLRQV�ZHUH�PDUNHG�SRVLWLYH�� ,Q� WKLV�VWXG\��GDLU\�KHLIHUV�ZLWK�JRRG�ERG\�

FRQGLWLRQ�DQG�JUDVV�IHHGLQJ�EHIRUH�LQGXFWLRQ��ZHUH�REVHUYHG�WR�EH�SUHGLVSRVHG�WR�D�PRUH�VHYHUH�

V\VWHPLF� DIIHFWLRQ� �'$16&+(5� HW� DO��� ������� ,W� ZDV� VXPPDUL]HG� WKDW� H[SHULPHQWDO� KLJK�

FRQFHQWUDWLRQV�RI�KLVWDPLQH��HQGRWR[LQ�DQG� ODFWDWH�� LQGLYLGXDOO\�RU� WRJHWKHU� WULJJHU� ODPLQLWLV�

�/($1�HW�DO�����������

3RVVLEOH�PHFKDQLVPV�SURYRNLQJ� ODPLQLWLV�ZHUH�VXPPDUL]HG�E\�12&(.���������$�V\VWHPLF�

PHWDEROLF�LQVXOW�GXH�WR�UXPLQDO�DQG�V\VWHPLF�DFLGRVLV��VXSSRUWHG�E\�HQGRWR[LQV�DQG�KLVWDPLQH�

FRXOG� OHDG� WR� LPSDLUHG� YDVFXODUL]DWLRQ� RI� WKH� FRULXP��8QSK\VLRORJLFDO� DUWHULRYHQRXV� VKXQWV�

LQFUHDVH�EORRG�SUHVVXUH�LQ�WKH�FRULXP�DQG�FDXVH�VHHSDJH�WKURXJK�YHVVHO�ZDOOV�XQWLO�YHVVHOV�DUH�
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GDPDJHG�DQG�HGHPD��WKURPERVLV�DQG�KHPRUUKDJH�RFFXU��12&(.���������7KLV�FRQGLWLRQ�FDXVHV�

VHYHUH�SDLQ�DQG�ORFDO�PHFKDQLFDO�GDPDJH�IROORZV�E\�D�F\FOLQJ�RI�HGHPD�DQG�LVFKHPLD��FDXVLQJ�

K\SR[HPLD� DQG� K\SR[LD� RI� HSLGHUPDO� FHOOV�� /HVV� VXSSO\� RI� QXWULHQWV� DQG� R[\JHQ� SURPRWHV�

GHJHQHUDWLRQ�RI�WKH�FRULXP�DQG�GHUPDO�HSLGHUPDO�MXQFWLRQV��,W�IXUWKHU�FRPHV�WR�D�VHSDUDWLRQ�RI�

WKH� ODPLQDH�DQG�PHFKDQLFDO� VWDELOL]DWLRQ�RI� WKH�SHGDO�ERQH� LV�QR� ORQJHU�SRVVLEOH��7KH�ERQH�

³VLQNV´�DQG�VRIW�WLVVXHV�DUH�FRPSUHVVHG�EHWZHHQ�ERQH�DQG�VROH��7KLV�DJDLQ�OHDGV�WR�KHPRUUKDJH��

WKURPERVLV��HGHPD�DQG�QHFURVLV�RI�WKH�WLVVXH��UHVXOWLQJ�LQ�VFDU�WLVVXH�DQG�SRRU�FODZ�KRUQ�TXDOLW\�

�12&(.����������

$FXWH� ODPLQLWLV� LV�FKDUDFWHUL]HG�E\� LQWHQVH�SDLQ�� VZHOOLQJ�DQG�KLJKHU� WHPSHUDWXUH� DERYH� WKH�

FRURQDU\�EDQG��%$5*$,�HW�DO����������7KH�DIIHFWHG�DQLPDOV�DUH�V\VWHPLFDOO\� LOO��DQG�YHVVHO�

VHHSDJH� DQG� HGHPD� RFFXU� LQVLGH� WKH� FODZ� FDSVXOH�� WKXV�� FODZ� FRQIRUPDWLRQ� LV� LQLWLDOO\�

XQDIIHFWHG��12&(.���������/DWHU�RQ��LQIODPPDWLRQ�UHVXOWV�LQ�UHG�DQG�\HOORZ�GLVFRORUDWLRQV�RI�

WKH� VROH��ZKLFK� DSSHDU�ZLWKLQ� ILYH� GD\V� �%2260$1�HW� DO��� ������� 6XEFOLQLFDO� ODPLQLWLV� LV�

GHSHQGHQW�RQ�SHUVLVWHQFH�RI�ORZ�JUDGH�PHWDEROLF�LQVXOWV��UHVXOWLQJ�LQ�LQVLGLRXV�FKDQJHV�RI�KRUQ�

TXDOLW\�DQG�FRQIRUPDWLRQ�RI�WKH�FODZ��+RUQ�JHWV�VRIWHU��\HOORZLVK�FRORUDWLRQV�DQG�KHPRUUKDJHV�

RFFXU�LQ�WKH�VRODU�DUHD��DV�ZHOO�DV�ULGJHV�RI�WKH�GRUVDO�ZDOO��ZKLWH�OLQH�VHSDUDWLRQ�DQG�LQFUHDVHG�

RFFXUUHQFH�RI�GRXEOH�VROHV�DQG�VROH�XOFHUV��GXH�WR�LVFKHPLD��K\SR[LD�DQG�HSLGHUPDO�GDPDJH�

LQVLGH� RFFXU� �12&(.�� ������� ,Q� WKH� VWDJH� RI� FKURQLF� ODPLQLWLV� HSLGHUPDO� FHOO� GHVWUXFWLRQ��

VHSDUDWLRQ�RI�GHUPDO�HSLGHUPDO�MXQFWLRQV�KDV�FRQWLQXHG�VR�IDU�WKDW�WKH�GDPDJH�LV�LUUHYHUVLEOH��

&ODZV�EHFRPH�PRUH�IODWWHQHG��HORQJDWHG�DQG�EURDGHQHG��ZLWK�SURPLQHQW�ULGJHV�DQG�D�FRQFDYH�

GRUVDO�FODZ�ZDOO��,Q�VHYHUDO�FDVHV��WKH�SHGDO�ERQH�SURWUXGHV�WKURXJK�WKH�FRULXP�DQG�WKH�KRUQ�

FDSVXOH��12&(.��������RU�WKH�SHGDO�ERQH�FDQ�EH�DIIHFWHG�E\�RVWHRO\VLV�DQG�RVWHLWLV��.2)/(5�

	�67$1(.���������&KURQLF�LQIODPPDWLRQ�SURJUHVVHV�VL[�WR�HLJKW�ZHHNV�SRVW�LQLWLDO�PHWDEROLF�

LQVXOW�� XQWLO� DVVRFLDWHG� OHVLRQV�EHFRPH�HYLGHQW��7KHUH� LV� DQ� LQWHUDFWLRQ�RI� LQIODPPDWLRQ�DQG�

UHSDLU��UHVXOWLQJ�LQ�H[WHQGHG��GHIRUPHG�FODZV�DQG�EDG�KRUQ�TXDOLW\��8:,(5$�HW�DO�����������

+LVWRSDWKRORJLFDO� ILQGLQJV� LQ� DFXWH� ODPLQLWLV� DUH� K\SHUHPLD�� HGHPD�� WKURPERVLV� DQG�

KHPRUUKDJHV��$1'(56621�	�%(5*0$1���������DV�ZHOO�DV�H[WHQGHG�HSLGHUPDO�ODPHOODH��

SRLQWHG�WLSV�DQG�PRUH�FXERLGDO�IRUPHG�HSLGHUPDO�EDVDO�FHOOV�WKDQ�QRUPDO��7+2()1(5�HW�DO���

������'$16&+(5�HW�DO����������+RZHYHU��DVVXPHG�ZHDNHQLQJ�RI�WKH�VXVSHQVRU\�WLVVXH�RI�WKH�

FODZ�FRXOG�QRW�EH�SURYHQ����RU����KRXUV�DIWHU�LQGXFWLRQ�RI�DFXWH�ODPLQLWLV��'$16&+(5�HW�DO���

������� ,Q� FKURQLF� VWDJH�� DUWHULRVFOHURVLV�� FKURQLF� WKURPEL� DQG� JUDQXODWLRQ� WLVVXH�� EHVLGHV� RI�

K\SHU��DQG�SDUDNHUDWRVLV�DUH�REVHUYHG��$1'(56621�	�%(5*0$1���������0DFURVFRSLF�DQG�

DUWHULRJUDSKLF�DSSHDUDQFH�RI� WKH�FODZV�DUH�SRVLWLYHO\�FRUUHODWHG�LQ�FDWWOH�DIIHFWHG�E\�FKURQLF�

ODPLQLWLV��%2260$1�HW�DO����������



��� � /,7(5$785(�29(59,(:�

(VSHFLDOO\�LQ�VXEFOLQLFDO�FRXUVHV��DQ�HDUO\�GLDJQRVLV�LV�GLIILFXOW��7KH�WHPSHUDWXUH�RI�WKH�FODZV�

PHDVXUHG�E\�LQIUDUHG�VFDQQHUV��DSSHDU�WR�EH�RI�OLPLWHG�XVH�LQ�PLOG�FRXUVHV�DQG�GLDJQRVLV�ZDV�

RQO\� FRQILUPHG� ZKHQ� H[WHUQDO� FKDQJHV� RI� WKH� FODZ� EHFDPH� YLVLEOH� DIWHU� PRQWKV�

�020&,/29,&�HW�DO����������,Q�DFXWH�FDVHV��WKH�FODZV�DQG�FRURQDU\�EDQG�KHDW�XS�VXIILFLHQWO\�

VR�WKDW�D�GLDJQRVLV�LV�SRVVLEOH�E\�LQIUDUHG�WKHUPRJUDSK\��LQ�DGGLWLRQ�WR�KRRI�SDLQ�WHVWLQJ�DQG�

ODPHQHVV�VFRULQJ��6286$�HW�DO�����������

$OWKRXJK�UHVHDUFK�RQ�WKLV�GLVHDVH�KDV�EHHQ�FRQGXFWHG�IRU�D�ORQJ�WLPH��ELRPDUNHUV�RU�ODPLQLWLV�

VSHFLILF�EORRG�DOWHUDWLRQV�DUH�UDUH��$VVRFLDWHG�EORRG�FKDQJHV�DUH�LQFRQVLVWHQW��DQ�RYHUYLHZ�RI�

VRPH�UHOHYDQW�VWXGLHV�LV�JLYHQ�LQ�7DEOH����,QFUHDVHG�EORRG�FRQFHQWUDWLRQV�RI�KLVWDPLQH�DSSHDU�

WR� EH� FKDUDFWHULVWLF�� HVSHFLDOO\� LQ� DQLPDOV� ZLWK� FKURQLF� ODPLQLWLV� �0$&/($1�� ������� $V�

ODPLQLWLV�LV�D�PXOWLIDFWRULDO�GLVHDVH��LW�LV�GLIILFXOW�WR�HVWDEOLVK�UHSURGXFLEOH�VWXG\�UHVXOWV�RU�FDXVDO�

UHODWLRQVKLSV� �%(5*67(1�� �������8:,(5$� HW� DO�� ������� KLJKOLJKWHG� WKDW� WKH� DQLPDO� DV� D�

ZKROH�VKRXOG�EH�FRQVLGHUHG�DQG�H[SHFWHG�WKDW�WKH�LQWHUDFWLRQ�RI�WKH�QHZ���RPLFV��DSSURDFKHV�

�JHQRPLFV��SURWHRPLFV��PHWDERORPLFV��FRXOG�SURYLGH�QHZ�LQVLJKWV�LQWR�WKH�SDWKRSK\VLRORJ\�RI�

ODPLQLWLV��

/DPLQLWLV�LV�DOVR�DQ�LPSRUWDQW�GLVHDVH�LQ�KRUVHV�DQG�LW�ZDV�VXPPDUL]HG�WKDW�WKHUH�DUH�WKUHH�PDLQ�

FDXVHV�WULJJHULQJ�ODPLQLWLV�LQ�KRUVHV��2QH�FDXVH�LV�LQIODPPDWRU\�ODPLQLWLV��LQGXFHG�E\�VWDUFK�RU�

ROLJRIUXFWRVH�RYHUORDG��RU�V\VWHPLF�LOOQHVV��$�VHFRQG�FDXVH�LV�HQGRFULQRSDWKLF�ODPLQLWLV�LQGXFHG�

E\� LQVXOLQ� DQG� WKH� WKLUG�FDXVH� LV� ODPLQLWLV� GXH� WR�PHFKDQLFDO�RYHUORDG� �.$7=�	�%$,/(<��

������� ,W� LV� DVVXPHG� WKDW� FHUWDLQ� ELRORJLFDO� SULQFLSOHV� KDYH� VLPLODU� FRQVHTXHQFHV� LQ� VHYHUDO�

VSHFLHV��GXH�WR�VLPLODULWLHV�LQ�WKH�RFFXUUHQFH�RI�ODPLQLWLV�LQ�FDWWOH�DQG�KRUVHV��%2260$1�HW�

DO����������+\SHULQVXOLQHPLD�DORQH�ZDV�LGHQWLILHG�WR�WULJJHU�ODPLQLWLV�LQ�KRUVHV��$63/,1�HW�DO���

������/$$7�HW�DO�������D��.$5,.26.,�HW�DO����������6WXGLHV�LQYHVWLJDWLQJ�HQGRFULQRSDWKLF�

ODPLQLWLV�LQ�FDWWOH�DUH�UDUH��,Q�D�UHFHQW�VWXG\�ODPLQLWLV�ZDV�LQGXFHG�E\�D�GLHW�KLJK�LQ�FDVVDYD��

7KHUH�ZDV�QR�HIIHFW�RQ�GU\�PDWWHU��'0��LQWDNH��ERG\�WHPSHUDWXUH��KHDUW�DQG�UHVSLUDWRU\�UDWH��

EXW�GLHW�SURYRNHG�GLDUUKHD�DQG�UXPLQDO�DFLGRVLV�LQ�DOO�DQLPDOV��7KUHH�RI�ILYH�DQLPDOV�VKRZHG�

VLJQV� RI� DFXWH� ODPLQLWLV�� &RPSDULQJ� LQVXOLQ� FRQFHQWUDWLRQV�ZLWKLQ� WKH� H[SHULPHQWDO� IHHGLQJ�

JURXS��DQLPDOV�ZKLFK�GHYHORSHG�ODPLQLWLV�KDG�DOPRVW�WZLFH�DV�KLJK�EDVDO�LQVXOLQ�FRQFHQWUDWLRQV�

DQG�UHGXFHG�LQVXOLQ�VHQVLWLYLW\�LQ�DQ�RUDO�JOXFRVH�WHVW�FRPSDUHG�WR�QRQ�GLVHDVHG�DQLPDOV�IURP�

WKH�VDPH�IHHGLQJ�JURXS��3,/$&+$,�HW�DO�����������
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7DEOH����2YHUYLHZ�RI�GHVFULEHG�LQFLGHQFHV�RI�ODPLQLWLV�UHODWHG�FODZ�GLVRUGHUV��

$XWKRU� $QLPDOV�LQ�WULDO� )HHGLQJ�� &ODZ�KHDOWK�
�

/,9(6(<�	�
)/(0,1*��������

)ULHVLDQ�GDLU\�
FRZV�
Q� ����

&RQWURO�JURXS��ORZ�VWDUFK��KLJK�ILEHU�
+LJK�JURXS��KLJK�VWDUFK��ORZ�ILEHU��

&RQWURO�JURXS������FOLQLFDO�ODPLQLWLV������VROH�XOFHU��
+LJK�JURXS�������FOLQLFDO�ODPLQLWLV�������VROH�XOFHU����

�

*5((128*+�	�
*$&(.��������

%XOOV��YDULRXV�
EUHHGV��
Q� ����

&�����)��������������&3�� ����ULGJHV�RI�WKH�GRUVDO�FODZ�ZDOO��KHPRUUKDJHV��HU\WKHPD�
DQG�HGHPD�RI�WKH�FRURQHW�RU�SHUL�FRURQDO�HSLGHUPLV�

�

0$1621�	�
/($9(5������D��

%ULWLVK�)ULHVLDQ�
FRZV��
Q� ����

/RZ&RQ�JURXS��&�����)���
����0-�GD\�0(������NJ�GD\�&3��
+LJK&RQ�JURXS��&�����)���
����0-�GD\�0(������NJ�GD\�&3��

'LDJQRVLV�RI�VRODU�SUREOHPV��3RGRGHUPDWLWLV�FLUFXPVFULSWD�DQG�
DVHSWLFD�WUDXPDWLFD���
/RZ&RQ�JURXS�������ODPHQHVV�FDVHV���
+LJK&RQ�JURXS��������ODPHQHVV�FDVHV�

�

0$1621�	�
/($9(5������E��

%ULWLVK�)ULHVLDQ�
FRZV��
Q� ����

&�����)�&3�NJ�GD\��
/RZ3�JURXS�������NJ�GD\�&3������0-�GD\�0(��
+LJK3�JURXS�������NJ�GD\�&3������0-�GD\�0(�

'LDJQRVLV�RI�VRODU�SUREOHPV��
�3RGRGHUPDWLWLV�FLUFXPVFULSWD�DQG�DVHSWLFD�WUDXPDWLFD����
/RZ3�JURXS��������ODPHQHVV�FDVHV���
+LJK3�JURXS��������ODPHQHVV�FDVHV�

�

*5((128*+�HW�DO��
�������

&KDURODLV�FURVV�
VWHHU�FDOYHV��
Q� �����

���IHHGLQJ�JURXSV���
WZR�OHYHOV�RI�HQHUJ\���
������RU��������RI�WRWDO�GLJHVWLEOH�QXWULHQWV��
VL[�OHYHOV�RI�&3���
�������������������������RI�'0�
&DOI�JURXS����PRQWKV�ROG�
<HDUOLQJ�JURXS�������PRQWKV�ROG�

&DOI�JURXS��2VWHRSDWK\�RI�GLVWDO�SKDODQ[�������URWDWLRQ�RI�
GLVWDO�SKDODQ[�����ULGJLQJ�RI�GRUVDO�FODZ�ZDOO������
<HDUOLQJ�JURXS��2VWHRSDWK\�RI�GLVWDO�SKDODQ[�������URWDWLRQ�RI�
GLVWDO�SKDODQ[�������ULGJLQJ�RI�GRUVDO�FODZ�ZDOO��������
KLJK�HQHUJ\�GLHW��KHPRUUKDJHV�DW�WRH�DQG�KHHO�Ĺ��
QR�HIIHFW�RI�SURWHLQ�FRQWHQW�

�

�

6286$�HW�DO���
�������

1HORUH�KHLIHUV�
Q� ����

'D\������������J�NJ�%:�ROLJRIUXFWRVH�WZLFH�
GDLO\��GD\����������J�NJ�%:�ROLJRIUXFWRVH�

������SRVLWLYH�SDLQ�UHDFWLRQV��ODPHQHVV��LQFUHDVHG�WHPSHUDWXUH�
RI�FODZV�DQG�FRURQDU\�EDQG�

�

0$*5,1�HW�DO��
�����D��

%HHI�FDWWOH��
YDULRXV�EUHHGV�
Q� ������

5LVN�IDFWRUV��GLHWV�ZLWK�Ĺ�ZDWHU�VROXEOH�
FDUERK\GUDWHV��Ļ�QHXWUDO�GHWHUJHQW�ILEHU��

+HPRUUKDJHV�������RI�IHHW�EDWFK��UDQJHG�IURP���WR���������
ZKLWH�OLQH�DEVFHVVHV�������RI�IHHW�EDWFK�DW�EDWFK��UDQJHG�IURP�
��±��������

�

��GU\�PDWWHU��'0���UDWLR�RI�FRQFHQWUDWH�WR�IRUDJH�EDVHG�RQ�'0��&[[�[[)���ERG\�ZHLJKW��%:���FUXGH�SURWHLQ��&3���PHWDEROL]DEOH�HQHUJ\��0(��
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7DEOH����2YHUYLHZ�RI�EORRG�DOWHUDWLRQV�DVVRFLDWHG�ZLWK�ODPLQLWLV��

$XWKRU� $QLPDOV�LQ�WULDO� )HHGLQJ�� %ORRG�DOWHUDWLRQV� &ODZ�KHDOWK�
�

&+(:��
�������

+ROVWHLQ�FRZV��
Q� ����

��NJ�JUDLQ�PL[WXUH������NJ�FRUQ�
VLODJH�SHU�FRZ�DQG�LQ�VXPPHU�
SDVWXUH��LQ�ZLQWHU�KD\�DW�IUHH�
FKRLFH�

+\SRDOEXPLQHPLD��
K\SHUJOREXOLQHPLD�

��FRZV�\HOORZ�ZD[\�KRUQ��KHPRUUKDJHV��
VZHOOLQJ�RI�FRURQDU\�EDQG����FRZV�VROH�
XOFHUV�

�

%$5*$,�HW�DO���������
'DLU\�FDOYHV��
Q� �����
�����PRQWKV�ROG��

�����GLJHVWLEOH�SURWHLQ�LQ�WKH�
GLHW� 3URWHLQ�Ĺ�&.�Ĺ�**7�Ĺ�

����ODPLQLWLV��GLODWDWHG�3,,,�YDVFXODU�
FKDQQHOV��3,,,�URWDWLRQ��KHPRUUKDJHV�LQ�
WKH�ODPLQDU�VHFWLRQ�RI�WKH�FODZV�

�

%5$1'(-6.<�HW�DO��
�������

%UDXQYLHK�FRZV��
Q� ����

��
&DOFLXPͲWKURPERSODVWLQ��
SDUWLDO�WKURPERSODVWLQ�WLPH��
WKURPELQ�WLPH��DQWLWKURPELQ�,,,�

1R�FRUUHODWLRQ�RI�EORRG�FRDJXODWLRQ�
IDFWRUV�DQG�FODZ�VFRULQJ��

�

/,6&+(5�HW�DO��
�������

'DLU\�FRZV�ZLWK�VROH�
XOFHUV��
Q� ������

3DVWXUH�LQ�VXPPHU��DW�OHDVW�
�����KD\�LQ�ZLQWHU�

8UHD�Ĺ�0J�Ļ��Q�V���%LOLUXELQ��
&.��**7��$67��LURQ��� ����KDG�VXEFOLQLFDO�RU�FOLQLFDO�ODPLQLWLV� �

020&,/29,&�HW�DO��
�������

'DLU\�EXOO�FDOYHV��
Q� ����
���ZHHNV�ROG�

��IHHGLQJ�JURXSV���
HQHUJ\�OHYHO�����RU������7'1��
SURWHLQ�OHYHO�����RU������RI�
'0�

+LJK�HQHUJ\�OHYHO��'�ODFWDWH�Ĺ�
/�ODFWDWH�Q�V��

1R�V\PSWRPV�RI�DFXWH�ODPLQLWLV����DQG���
PRQWKV�ODWHU��KDUGVKLS�JURRYHV�LQ�QHDUO\�
DOO�DQLPDOV��KHPRUUKDJHV��HURVLRQV�DQG�
GRXEOH�VROHV�RQO\�IHZ�FDVHV��QR�JURXS�
HIIHFWV�

�

7+2()1(5�HW�DO��
�������

GDLU\�KHLIHUV��
Q� ���

��ROLJRIUXFWRVH�GRVDJHV���
�����������J�NJ�%:�

%DVH�H[FHVV�Ļ�SDFNHG�FHOO�
YROXPH�Ĺ�

3DLQ�UHDFWLRQ������ODPHQHVV�����KHLIHUV��
QR�HIIHFW�RI�GRVDJH�

�

'$16&+(5�HW�DO��
�������

'DQLVK�+ROVWHLQ�KHLIHUV��
Q� ���

2OLJRIUXFWRVH�RYHUORDG��
���J�NJ�%:�

%DVH�H[FHVV�Ļ�SDFNHG�FHOO�
YROXPH�Ĺ�

/DPHQHVV��SDLQ�UHDFWLRQ��GLVWHQVLRQ�RI�
WDUVR�FUXUDO�MRLQW�

�

'$16&+(5�HW�DO��
�������

'DQLVK�+ROVWHLQ�KHLIHUV��
Q� ����

2OLJRIUXFWRVH�RYHUORDG��
���J�NJ�%:�

%DVH�H[FHVV�Ļ�SDFNHG�FHOO�
YROXPH�Ĺ�

0RGHUDWH�ODPHQHVV���������ZHLJKW�
VKLIWLQJ��������SDLQ�UHDFWLRQ��������
SRO\V\QRYLWLV���������

�
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$XWKRU� $QLPDOV�LQ�WULDO� )HHGLQJ�� %ORRG�DOWHUDWLRQV� &ODZ�KHDOWK�

3,/$&+$,�HW�DO��
�������

+HLIHUV�
Q� ���

/RZ�JURXS��16&�����J�NJ�'0�
&3�����J�NJ�'0��
+LJK�JURXS��16&�����J�NJ�'0�
&3�ORZ������J�NJ�'0�

+LJK�JURXS��LQVXOLQ�Ĺ�JOXFRVH�Ĺ�
:HLJKW�VKLIWLQJ�DQG�VZHOOLQJ�RI�
FRURQDU\�EDQG���
/RZ�JURXS������+LJK�JURXS�����KHLIHUV�

�

=+$1*�HW�DO���
�������

'DLU\�FRZV�
Q� ����

��

6XEFOLQLFDO�ODPLQLWLV��+LV�Ĺ�,/�
��Ĺ�/36�Ĺ�71)Į�Ĺ�&KURQLF�
ODPLQLWLV���+LV�Ĺ�,/���Ĺ�/36�Ĺ�
71)�Į�Ĺ�L126�Ĺ�7%;��Ĺ�
&2;���Ĺ��Q�V���,/���ȕ��3*,����
��+7��(7���

6XEFOLQLFDO�DQG�FKURQLF�ODPLQLWLV� �

�GU\�PDWWHU��'0���UDWLR�RI�FRQFHQWUDWH�WR�IRUDJH�EDVHG�RQ�'0��&[[�[[)���VXEDFXWH�UXPHQ�DFLGRVLV��6$5$���&UXGH�SURWHLQ��&3���1RQ�VWUXFWXUDO�FDUERK\GUDWHV��16&���7RWDO�
GLJHVWLEOH�QXWULHQWV��7'1��
��DQG���Ĺ�LQFUHDVHG�FRQFHQWUDWLRQV��Ļ�GHFUHDVHG�FRQFHQWUDWLRQV��QRW�VLJQLILFDQW��Q�V����OLSRSRO\VDFFKDULGH��/36���DPLQRDFLGV��$$���KDSWRJORELQ��+S���VHUXP�DP\ORLG�$��6$$���
OLSRSRO\VDFFKDULGH�ELQGLQJ�SURWHLQ��/%3���WXPRU�QHFURVLV�IDFWRU�Į��71)�Į���LQWHUOHXNLQ��,/���&�UHDFWLYH�SURWHLQ��&53���FUHDWLQH�NLQDVH��&.���Ȗ�JOXWDP\O�WUDQVIHUDVH��**7���
DVSDUWDWH�DPLQRWUDQVIHUDVH��$67���PDJQHVLXP��0J���KLVWDPLQH��+LV����OLSRSRO\VDFFKDULGH��/36����LQGXFLEOH�QLWULF�R[LGH�V\QWKDVH��L126���WKURPER[DQH����7%;����
&\FORR[\JHQDVH����&2;�����SURVWDF\FOLQ����3*,�������+\GUR[\WU\SWDPLQH����+7����(QGRWKHOLQ����(7����
�

�
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���� ([DPLQDWLRQ�RI�PHWDEROLF�GLVRUGHUV�

7KHUH�DUH�VHYHUDO�SRVVLELOLWLHV�WR�LQYHVWLJDWH�FKDQJHV�LQ�PHWDEROLVP��%ORRG�DQDO\VHV�DUH�XVHIXO�

WR�HYDOXDWH�WKH�RYHUDOO�PHWDEROLF�VWDWXV�RI�DQ�DQLPDO��7R�JHW�D�GHWDLOHG�LQVLJKW�LQ�WKH�PHWDEROLF�

VLWXDWLRQ��QHZ�PHWKRGV�VXFK�DV�WKH�PHWDERORPLFV�DSSURDFK�LV�XVHG�WR�DQDO\]H�D�ODUJH�QXPEHU�

RI�PHWDEROLWHV�LQ�D�VPDOO�VDPSOH�TXDQWLW\��7KLV�PHWKRG�ZLOO�EH�SUHVHQWHG�LQ�PRUH�GHWDLO�LQ�WKH�

IROORZLQJ�FKDSWHU��������

7R�PHDVXUH� DOWHUDWLRQV� RI� VSHFLILF�SDWKZD\V� LQ� WLVVXHV�� DQDO\VHV� RI� SURWHLQ� H[SUHVVLRQV� DQG�

SKRVSKRU\ODWLRQ� E\� WKH� ZHVWHUQ� EORW� DQDO\VLV� SURYLGH� VHPLTXDQWLWDWLYH� LQIRUPDWLRQ� DERXW�

FDSDFLW\�DQG�SURSRVHG�DFWLYLW\�RI�WKH�WDUJHW�SDWKZD\��7KLV�PHWKRG�LV�ZHOO�HVWDEOLVKHG�DQG�ZDV�

XVHG�LQ�YDULRXV�VWXGLHV�RI�FDWWOH�DQG�RWKHU�VSHFLHV��.(1e=�HW�DO���������.,126+,7$�HW�DO���

������:$51.(1�HW�DO����������7KH�HIIHFWV�RI�WKH�LQVXOLQ�VLJQDOLQJ�FDVFDGH�DUH�RI�HVVHQWLDO�

LPSRUWDQFH� IRU� WKH� HQWLUH� PHWDEROLVP�� 7KH� PRVW� LPSRUWDQW� GLVWXUEDQFH�� QDPHO\� LQVXOLQ�

UHVLVWDQFH��LV�RQH�RI�WKH�PRVW�FRPPRQ�GLVHDVHV�LQ�KXPDQV��HVSHFLDOO\�LQ�FRQQHFWLRQ�ZLWK�REHVLW\�

DQG� D� VHGHQWDU\� OLIHVW\OH� �6&+(1.� HW� DO��� ������$5$Ò-2� HW� DO��� ������� ,Q� KRUVHV�� LQVXOLQ�

G\VUHJXODWLRQ�LV�DVVRFLDWHG�ZLWK�REHVLW\�DQG�ODPLQLWLV��/$$7�HW�DO�������E���.QRZOHGJH�DERXW�

LQVXOLQ�VHQVLWLYLW\�LQ�FDWWOH�DQG�LQ�SDUWLFXODU�LQ�IDWWHQLQJ�EXOOV�LV�UDUH��,PSRUWDQW�DVSHFWV�RI�WKH�

SK\VLRORJ\�RI� LQVXOLQ�VLJQDOLQJ�FDVFDGH�DQG�NQRZOHGJH�RI� UHODWHG� OLWHUDWXUH�LQ�FDWWOH�ZLOO�EH�

EULHIO\�H[SODLQHG���

������ ([SUHVVLRQ�DQG�SKRVSKRU\ODWLRQ�RI�WKH�LQVXOLQ�VLJQDOLQJ�FDVFDGH�

)LJXUH���JLYHV�DQ�RYHUYLHZ�RI�LPSRUWDQW�FRPSRQHQWV��IXQFWLRQV�DQG�LQWHUDFWLRQV�RI�WKH�LQVXOLQ�

VLJQDOLQJ�FDVFDGH��IRFXVLQJ�RQ�LQVXOLQ��WKH�,QV5��3.%��P725�DQG�$03.��,QVXOLQ�VLJQDOLQJ�

WUDQVGXFWLRQ�RQ�PROHFXODU�OHYHO�LV�QRW�ZHOO�HVWDEOLVKHG�LQ�UXPLQDQWV��+RZHYHU��LQ�JHQHUDO�HYHQWV�

DSSHDU�WR�EH�YHU\�VLPLODU�WR�WKRVH�LQ�RWKHU�VSHFLHV��6$6$.,���������

�
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�

)LJXUH� ��� 6FKHPH� RI� LQVXOLQ� VLJQDOLQJ� FDVFDGH� VLPSOLILHG� WR� VRPH� PDLQ� WDUJHW� FRPSRQHQWV��
GHPRQVWUDWLQJ�LQWHUDFWLRQV�DQG�PDLQ�IXQFWLRQV�LQIOXHQFHG�E\�DFWLYDWLRQ�RI�WKH�FRPSRQHQWV��,QVXOLQ�
UHFHSWRU��,165���SURWHLQ�NLQDVH�%��3.%���PHFKDQLVWLF�WDUJHW�RI�UDSDP\FLQ��P725���$03�DFWLYDWHG�
NLQDVH��$03.����

6FKHPH�LV�EDVHG�RQ��KWWS���ZZZ�JHQRPH�MS�NHJJ�SDWKZD\�KWPO��

�
,QVXOLQ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�PHWDEROLF�KRUPRQHV�WR�PDLQWDLQ�HQHUJ\�KRPHRVWDVLV��,W�LV�

SURGXFHG�LQ�DQG�VHFUHWHG�E\�WKH�EHWD�FHOOV�RI�WKH�LVOHWV�RI�/DQJHUKDQV�LQ�WKH�SDQFUHDV��0g67/��

�������%LRV\QWKHVLV�LV�LQGXFHG�E\�JOXFRVH�DQG�LQFOXGHV�VHYHUDO�VWHSV��)LUVWO\��SUH�SUR�LQVXOLQ�LV�

EXLOW��DQG�DIWHU�VHSDUDWLRQ�RI�D�VLJQDOLQJ�PROHFXOH�WKH�UHWDLQLQJ�PROHFXOH�LV�FDOOHG�SURLQVXOLQ��

,Q�WKH�ODVW�VWHSV�WKH�FRQQHFWLRQ�RI�WKH�GRXEOH�FKDLQ�SHSWLGH�LV�VHSDUDWHG�DQG�GLVXOILGH�EULGJHV�

DUH�EXLOW��,QVXOLQ�LV�VWRUHG�LQ�WKH�EHWD�FHOOV�XQWLO�VWLPXOXV�RI�VHFUHWLRQ��,W�LV�GHJUDGHG�E\�WKH�OLYHU�

�0g67/����������

+XPDQ�DQG�ERYLQH�LQVXOLQ�LV�PRVWO\�VWUXFWXUHG�LQ�WKH�VDPH�ZD\��RQO\�WKUHH�DPLQR�DFLGV��$$V��

DUH� GLIIHUHQW�� 0DLQ� VWLPXOXV� IRU� LQVXOLQ� VHFUHWLRQ� LQ� PRQRJDVWULF� VSHFLHV� LV� WKH� JOXFRVH�

FRQFHQWUDWLRQ�LQ�WKH�EORRG��,Q�UXPLQDQWV��GXH�WR�WKH�IRUHVWRPDFK�V\VWHP��SODVPD�FRQFHQWUDWLRQ�

RI�WKH�6&)$��HVSHFLDOO\�SURSLRQDWH��LQVWHDG�RI�JOXFRVH�DUH�WKH�PRVW�LPSRUWDQW�VWLPXOXV�IRU�WKH�

VHFUHWLRQ�RI�LQVXOLQ��0g67/��������+251,2�HW�DO���������75(1./(����������

(IIHFWV�RI�LQVXOLQ�ZHUH�VXPPDUL]HG�E\�.267(5�	�23620(5��������DV�IROORZV��DQDEROLF�

HIIHFWV� RI� LQVXOLQ� DUH� WKH� XSWDNH� RI� JOXFRVH� DQG� $$V� LQ� PXVFOH� DQG� DGLSRVH� WLVVXH� DQG�

VWLPXODWLRQ�RI�FHOO�SUROLIHUDWLRQ�DQG�GLIIHUHQWLDWLRQ��,W�VWLPXODWHV�JO\FRO\VLV��SURWHLQ�V\QWKHVLV�

DQG�JO\FRJHQHVLV��ZKHUHDV�SURWHLQ�GHJUDGDWLRQ�DQG�JO\FRJHQRO\VLV�LV�LQKLELWHG��,Q�PXVFOHV��WKH�

XVH�RI�NHWRQH�ERGLHV�LV�VXSSRUWHG�DQG�LQ�DGLSRVH�WLVVXHV��OLSRJHQHVLV�LV�VWLPXODWHG�DQG�OLSRO\VLV�
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LV�LQKLELWHG��0DLQ�SUHFXUVRU�IRU�OLSRJHQHVLV�LQ�FDWWOH�LV�DFHWDWH�DQG�QRW�JOXFRVH��VR�JOXFRVH�LV�

PDLQO\�WDNHQ�XS�E\�PXVFOH�WLVVXH�LQ�FDWWOH��,Q�WKH�OLYHU��LQVXOLQ�VXSSUHVVHV�JOXFRQHRJHQHVLV�DQG�

VWLPXODWHV�WULJO\FHULGH�V\QWKHVLV��.267(5�	�23620(5����������

,QVXOLQ� UHVLVWDQFH� LV� GHILQHG� DV� D� GHFUHDVHG� ELRORJLFDO� UHVSRQVH� LQ� LQVXOLQ� VHQVLWLYH� WLVVXHV�

LQGXFHG�E\�LQVXOLQ��5HVLVWDQFH�LV�EDVHG�RQ�UHGXFHG�VHQVLWLYLW\�RU�UHGXFHG�UHVSRQVLYHQHVV�RI�WKH�

WLVVXHV��.$+1���������,QVXOLQ�VHQVLWLYLW\�LV�GHILQHG�DV�LQVXOLQ�FRQFHQWUDWLRQ�IRU�KDOI�PD[LPDO�

UHVSRQVH��ZKLFK� LV� UHODWHG� WR� DOWHUDWLRQV� SULRU� WR� LQWHUDFWLRQ� RI� LQVXOLQ� DQG� LWV� UHFHSWRU�� IRU�

H[DPSOH�UHGXFHG�DIILQLW\�RU�QXPEHU�RI�,QV5V��5HVSRQVLYHQHVV�LV�GHILQHG�DV�PD[LPDO�HIIHFW�RI�

LQVXOLQ�� 5HGXFWLRQ� RI� UHVSRQVLYHQHVV� LV� UHODWHG� WR� SRVW� UHFHSWRU� DOWHUDWLRQV� RI� WKH� LQVXOLQ�

VLJQDOLQJ�FDVFDGH��.$+1����������

,Q�UXPLQDQWV�LQVXOLQ�UHDFKHV�D�ORZHU�UHVSRQVLYHQHVV�WKDQ�LQ�RPQLYRURXV�PRQRJDVWULF�VSHFLHV�

�'8+/0(,(5�HW�DO���������.$6.(�HW�DO����������SUREDEO\�GXH�WR�LPSDLUHG�LQVXOLQ�VWLPXODWHG�

JOXFRVH�WUDQVSRUW�YLD�*/87���,Q�FDWWOH��WKHUH�LV�D�SUHGRPLQDWLRQ�RI�LQVXOLQ�LQGHSHQGHQW�JOXFRVH�

WUDQVSRUWHUV��*/87���LQ�JO\FRO\WLF�PXVFOHV��'8+/0(,(5�HW�DO�����������

,QVXOLQ�FRQFHQWUDWLRQ�LQ�EORRG�LV�LQIOXHQFHG�E\�DJH�DQG�FRQFHQWUDWLRQ�LQFUHDVHG�GXULQJ�JURZWK�

LQ�EHHI�VWHHUV�DJHG�EHWZHHQ�WZR�ZHHNV�DQG����PRQWKV��521*(�	�%/80��������5g3.(�HW�

DO���������9(5'(�	�75(1./(���������,W�LV�DOVR�LQIOXHQFHG�E\�VH[��5g3.(�HW�DO���������DQG�

EUHHG�RI�WKH�DQLPDOV��%((%<�HW�DO���������9(5'(�	�75(1./(���������)HHGLQJ�DQG�IHHGLQJ�

OHYHO�LQIOXHQFH�LQVXOLQ�FRQFHQWUDWLRQ��6$12�HW�DO����������$�KLJKHU�SODQH�RI�QXWULWLRQ�UHVXOWV�LQ�

KLJKHU�FRQFHQWUDWLRQV�RI�LQVXOLQ��5g3.(�HW�DO�����������

7LVVXH� UHVSRQVLYHQHVV� LV� QRW� LQIOXHQFHG� E\� IHHGLQJ� F\FOH� �6$12�HW� DO��� ������� EXW� JOXFRVH�

XWLOL]DWLRQ�LV�LQFUHDVHG�E\�GLHWDU\�HQHUJ\�OHYHO��DOWKRXJK�PDLQO\�EDVHG�RQ�QRQ�LQVXOLQ�PHGLDWHG�

JOXFRVH�WUDQVSRUWHUV��-$1(6�HW�DO����������,QVXOLQ�VHQVLWLYLW\�ZDV�QRW�LQIOXHQFHG�E\�HQHUJ\�OHYHO�

RI�GLHWV� IHG� IRU� ILYH�ZHHNV� �67(51%$8(5�	�/87+0$1���������+RZHYHU�� EDVDO� LQVXOLQ�

FRQFHQWUDWLRQV� ZHUH� KLJKHU� LQ� REHVH� KHLIHUV� FRPSDUHG� WR� OHDQ� RQHV� DQG� UHGXFHG� LQVXOLQ�

VHQVLWLYLW\� EXW� JRRG� UHVSRQVLYHQHVV� ZDV� GHWHFWHG� �0&&$11�	� 5(,0(56�� ������� ,QVXOLQ�

VHQVLWLYLW\� ZDV� FRUUHODWHG� SRVLWLYHO\� ZLWK� W\SH� ,� PXVFOH� ILEHUV� LQ� FDOYHV� DQG� QHJDWLYHO\�

FRUUHODWHG�ZLWK�PHDQ�PXVFOH�ILEHU�DUHD��67(51%$8(5�	�(66e1�*867$96621���������

7KH�,QV5�LV�DQ�ROLJRWHWUDPHU�ORFDWHG�LQ�WUDQVPHPEUDQH��,W�FRQVLVWV�RI�WZR�Į��DQG�ȕ�VXEXQLWV��

%LQGLQJ�RI�LQVXOLQ�DW�Į�VXEXQLWV�LQGXFHV�DXWRSKRVSKRU\ODWLRQ�RI�WKH�ȕ�VXEXQLWV��EHJLQQLQJ�DW�

7\U�����DQG�7\U�����������.LQDVH�DFWLYLW\�LV�VWLPXODWHG�IRU�DERXW�DQ�KRXU��:+,7(�HW�DO����������,W�

UHVXOWV�LQ�W\URVLQH�SKRVSKRU\ODWLRQ�RI�F\WRVROLF�VXEVWUDWHV��HVSHFLDOO\�LQVXOLQ�UHFHSWRU�VXEVWUDWH�
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�� �,56����� 3KRVSKRU\ODWLRQ� RI� ,56��� LQGXFHV� LWV� DVVRFLDWLRQ�ZLWK� RWKHU� SURWHLQV�� DFWLYDWLQJ�

SKRVSKRLQRVLWLGH� ��NLQDVH� �3,�.��� 3,�.� IXUWKHU� DFWLYDWHV� ��SKRVSKRLQRVLWLGH�GHSHQGHQW�

SURWHLQ�NLQDVH����ZKLFK�DFWLYDWHV�3.%��)LJXUH�����7KH�,QV5�DOVR�LQGXFHV�DFWLYDWLRQ�RI�PLWRJHQ�

DFWLYDWHG�W\URVLQH�NLQDVH��EXW�WKLV�SDWKZD\�DSSHDUV�WR�SOD\�D�OLPLWHG�UROH�LQ�JOXFRVH�PHWDEROLVP�

�6$6$.,���������

7KH�3.%� LV� D� VHULQH�WKUHRQLQH� NLQDVH�� DFWLYDWHG� E\� SKRVSKRU\ODWLRQ� RI�7KU���� DQG�6HU����� ,W�

SURPRWHV�WKH�WUDQVORFDWLRQ�RI�*/87��IURP�LQWUDFHOOXODU�YHVLFOHV�LQWR�FHOO�PHPEUDQH��6$6$.,��

�������,W�DOVR�SURPRWHV�FHOO�VXUYLYLQJ�DQG�LQKLELWV�DSRSWRVLV�E\�LQIOXHQFLQJ�WUDQVFULSWLRQ�IDFWRUV�

DQG�LQDFWLYDWLQJ�VHYHUDO�WDUJHWV��&$5'21(�HW�DO����������,W�LV�LQYROYHG�LQ�FHOO�F\FOH�UHJXODWLRQ�

�',(+/� HW� DO��� ������ DQG� LQKLELWV� JO\FRJHQ� V\QWKDVH� NLQDVH�� ZKLFK� LQKLELWV� DFWLYDWLRQ� RI�

JO\FRJHQ�V\QWKDVH��&5266�HW�DO����������,W�GLUHFWO\�DFWLYDWHV�P725�E\�LWV�SKRVSKRU\ODWLRQ�DQG�

LQDFWLYDWLQJ�RI�WXEHULQ�76&���ZKLFK�LV�DQ�LQKLELWRU�RI�P725��1$9e�HW�DO������������

7KH�P725� LV� D� VHULQH�WKUHRQLQH� SURWHLQ� NLQDVH�ZKLFK� LV� FULWLFDO� IRU� SURWHLQ� V\QWKHVLV�� FHOO�

JURZWK�DQG�UHJXODWLRQ�RI�WKH�FHOO�F\FOH��%52:1�HW�DO����������,W�LV�DFWLYDWHG�E\�SKRVSKRU\ODWLRQ�

DW�6HU������1$9e�HW�DO���������DQG�LV�DXWR�SKRVSKRU\ODWHG�DW�6HU������3(7(5621�HW�DO����������

,W�H[LVWV�LQ�WZR�FRPSOH[HV��WHUPHG�DV�P725�FRPSOH[����P725&���DQG�P725&���6$;721�

	� 6$%$7,1,�� ������� 7KH� P725&�� LV� D� VHQVRU� IRU� $73� DQG� $$V�� EDODQFLQJ� QXWULHQW�

DYDLODELOLW\�DQG�FHOO�JURZWK��'(11,6�HW�DO����������7KH�$$�OHXFLQH��/HX��GLUHFWO\�VWLPXODWHV�

SURWHLQ�V\QWKHVLV�YLD�P725�SDWKZD\��:2/)621�HW�DO����������$FWLYDWHG�P725&��SURPRWHV�

DQDEROLF�SURFHVVHV�� LQFOXGLQJ�ELRV\QWKHVLV�RI�SURWHLQV�� OLSLGV�DQG�QXFOHRWLGHV� �)LJXUH����DQG�

LQKLELWLRQ� RI� DXWRSKDJ\� �%(1�6$+5$� 	� 0$11,1*�� ������� 7KH� P725&�� LQIOXHQFHV�

SUROLIHUDWLRQ��F\WRVNHOHWDO�RUJDQL]DWLRQ�DQG�FHOO�VXUYLYDO��6$;721�	�6$%$7,1,���������

7KH�$03.�LV�DQ� LQWUDFHOOXODU�HQHUJ\�VHQVRU��PDLQWDLQLQJ�HQHUJ\�EDODQFH�ZLWKLQ� WKH�FHOO�E\�

LQIOXHQFLQJ�ZKROH�ERG\�HQHUJ\�PHWDEROLVP��,W�LV�KHWHURWULPHULF��FRQVLVWLQJ�RI�D�FDWDO\WLF�Į��DQG�

UHJXODWRU\� ȕ�� DQG� Ȗ�VXEXQLW� �&$5/,1*�� ������� ,W� LV� DFWLYDWHG� E\� PHWDEROLF� VWUHVV�� ZKLFK�

HOHYDWHV� $03��$73� UDWLR�� OLNH� K\SR[LD� DQG� LVFKHPLD�� ,W� LQKLELWV� HQHUJ\� �$73�� FRQVXPLQJ�

ELRV\QWKHWLF� SDWKZD\V� DQG� UHJXODWHV� XS� $73� SURGXFLQJ� SDWKZD\V� �)LJXUH����� ,W� SDUWO\�

GHDFWLYDWHV�SURWHLQ� V\QWKHVLV�DQG�FHOO�JURZWK�YLD�DFWLYDWLRQ�RI� WXEHULQ�76&���ZKLFK� LQKLELWV�

P725&���+$5',(�����������

� �
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������ 0HWDERORPLFV�DQG�SODVPD�PHWDEROLWH�SURILOH�

0HWDERORPLFV�LV�D�UHODWLYHO\�QHZ�PHWKRG�WR�LQYHVWLJDWH�PHWDEROLF�SDWKZD\V�LQ�PRUH�GHWDLO��,W�

RSHQV� XS� QHZ� SHUVSHFWLYHV� DQG� FRXOG� SURYLGH� QHZ� LQVLJKWV� LQ� SDWKRSK\VLRORJ\� RI� GLVHDVHV�

�8:,(5$�HW�DO����������LQ�DQ�DWWHPSW�WR�XQGHUVWDQG�PHFKDQLVPV�EHWWHU�DQG�WR�JHQHUDWH�QHZ�

K\SRWKHVHV��

0HWDERORPLFV� LV� D� VWXG\� RI� FHOO� PHWDEROLVP�� TXDQWLI\LQJ� VPDOO� ZDWHU�VROXEOH� VXEVWUDWHV��

LQWHUPHGLDWH�DQG�HQG�SURGXFWV�RI�WKH�FHOOV��,W�LV�WKH�QHZHVW�LQ�WKH�ILHOG�RI�³RPLFV´�WHFKQRORJLHV��

0HWDEROLWHV� DUH� DOO� GHWHFWDEOH� VPDOO� PROHFXOHV�� ZKLFK� DUH� OHVV� WKDQ� ���� N'D�� 7KH� WHUP� RI�

PHWDEROLWH�SURILOLQJ� LV� WKH�TXDQWLWDWLYH�GHVFULSWLRQ�RI�DOO�PHWDEROLWHV� LQ�D�ELRORJLFDO� VDPSOH��

:KHUHDV� WKH� JHQRPH� RQO\� UHYHDOV� ZKDW� PLJKW� KDSSHQ�� WKH� PHWDERORPH� LQGLFDWHV� ZKDW� LV�

KDSSHQLQJ��:,6+$57���������,W�LV�WKH�ILQDO�SURGXFW�RI�PXOWLSOH�LQWUDFHOOXODU�DFWRUV��VWDUWLQJ�

ZLWK� JHQHV� DQG� WUDQVFULSWLRQDO� DFWLYDWRUV�� RYHU� 51$� WUDQVFULSWV�� SURWHLQ� WUDQVSRUWHUV� DQG�

HQ]\PHV��),(+1���������7KLV�UHVXOWV�LQ�D�KLJK�QXPEHU�RI�SRVVLEOH�PHWDEROLWHV��)RU�H[DPSOH�LQ�

KXPDQV��WKHUH�DUH�DERXW��������JHQHV�FRQVLVWLQJ�RXW�RI�IRXU�GLIIHUHQW�QXFOHRWLGH�EDVHV��EXW�LW�LV�

H[SHFWHG�WKDW�WKHUH�DUH�DERXW�RQH�PLOOLRQ�GLIIHUHQW�PHWDEROLWHV��UHODWHG�WR�RYHU�������FKHPLFDO�

FODVVHV��:,6+$57���������7KLV�WHFKQRORJ\�SURYLGHV�D�VQDSVKRW�RI�DOO�WKH�SURFHVVHV�WKDW�WRRN�

SODFH�LQ�FHOOV��WLVVXH�VDPSOH��RU�RUJDQLVP��EORRG�VDPSOH��DW�WKH�WLPH�WKH�VDPSOH�ZDV�WDNHQ��7KH�

LQGLYLGXDO�PHWDEROLWH�SURILOH�GHSHQGV�RQ�SK\VLRORJLFDO�SDUDPHWHUV� OLNH�JHQGHU��DJH��JHQHWLFV�

DQG�WLPH�RI�GD\�DQG�LV�IXUWKHU�LQIOXHQFHG�E\�GLHWDU\�SDWWHUQ��HQYLURQPHQWDO�H[SRVXUHV�DQG�JXW�

PLFURELRPH� IXQFWLRQV� �.,0� HW� DO��� ������� 7KLV� VHQVLWLYLW\� WRZDUGV� LQWHUQDO� DQG� H[WHUQDO�

YDULDEOHV�RQ� WKH�RQH�KDQG�DQG�RQ� WKH�RWKHU�KDQG� WKH�IDFW� WKDW�PHWDEROLWH�SURILOHV�DUH�KLJKO\�

FRQVHUYHG� DFURVV� DQ� HQWLUH� RUJDQLVP� DQG� DFURVV� VSHFLHV�� WKLV� WHFKQRORJ\� RSHQV� XS� PDQ\�

RSSRUWXQLWLHV�IRU�UHVHDUFK��3(5(*5Ë1�$/9$5(=�HW�DO����������

7KH� DQDO\VLV� RI�PHWDEROLWH�SURILOHV� LV� EDVHG� RQ� OLTXLG� RU�JDV� FKURPDWRJUDSK\� DV� VHSDUDWLRQ�

PHWKRG� DQG� PDVV� VSHFWURPHWU\� RU� QXFOHDU� PDJQHWLF� UHVRQDQFH� VSHFWURPHWU\� DV� GHWHFWLRQ�

PHWKRG� �52%(576� HW� DO��� ������� 7KHUH� DUH� EDVLFDOO\� WZR� ZD\V� WR� H[DPLQH� SDUWV� RI� WKH�

PHWDERORPH�� 7KH� XQWDUJHWHG� PHWDEROLWH� SURILOLQJ� WULHV� WR� ILQG� DV� PDQ\� �XS� WR� ��������

PHWDEROLWHV� DV� SRVVLEOH� LQ� D� ELRORJLFDO� VDPSOH� �:,6+$57�� ������� 7KH� PHWDEROLWHV� DUH�

FKDUDFWHUL]HG� DQG� DVVLJQHG� WR� VXEVWDQFH� FODVVHV� E\� FRPSDULQJ� WKHP� ZLWK� GDWDEDVHV�� EXW�

TXDQWLILFDWLRQ� DQG� UHSURGXFLELOLW\� LV� GLIILFXOW� �-21*� 	� %((&+(5�� ������� 7KH� WDUJHWHG�

PHWDERORPLF� DSSURDFK� VHDUFKHV� IRU� VSHFLILF�� SUHYLRXVO\� FKDUDFWHUL]HG� PHWDEROLWHV�� ,QWHUQDO�

VWDQGDUGV� DQG� TXDOLW\� FRQWUROV� HQDEOH� SUHFLVH� TXDQWLILFDWLRQ� RI� WKH� PHWDEROLWHV� DQG� HQVXUH�

UHSURGXFLELOLW\��52%(576�HW�DO�����������
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�������� $EVROXWH�,'4�S����.LW�

7KH�$EVROXWH,'4��S����.LW��%LRFUDWHV�/LIH�6FLHQFHV�$*��,QQVEUXFN��$XVWULD��LV�D�WDUJHWHG�

PHWDERORPLF� DSSURDFK�� :LWK� WKLV� NLW�� XS� WR� ���� PHWDEROLWHV� DUH� TXDQWLILHG�� ,W� LGHQWLILHV�

PHWDEROLWHV�RI�VHYHUDO�SDWKZD\V�DVVRFLDWHG�ZLWK�FKDQJHV�LQ�DPLQR�DFLG�DQG�HQHUJ\�PHWDEROLVP��

SUR�LQIODPPDWRU\�VLJQDOLQJ��PLWRFKRQGULDO�G\VIXQFWLRQ��DV�ZHOO�DV�G\VUHJXODWLRQ�RI�OLSLG�DQG�

JOXFRVH�PHWDEROLVP�� ,W� TXDQWLILHV� ���$$V�� ��� ELRJHQLF� DPLQHV�� �� KH[RVH�� ��� DF\OFDUQLWLQHV�

�$&V������VSKLQJROLSLGV��60V������SKRVSKDWLG\OFKROLQHV��3&V��DQG����O\VR�3&V��7KH�NLW�ZDV�

RULJLQDOO\� GHYHORSHG� IRU� KXPDQ� UHVHDUFK�� WR� LQYHVWLJDWH� REHVLW\�UHODWHG� GLVRUGHUV�� LQVXOLQ�

UHVLVWDQFH�DQG�LQIODPPDWLRQ�LQ�PRUH�GHWDLO��,W�ZDV�VXFFHVVIXOO\�XVHG�WR�LGHQWLI\�QHZ�ELRPDUNHUV�

DQG�DIIHFWHG�SDWKZD\V�LQ�KXPDQ�'0���/277$�HW�DO���������� LQ� LQVXOLQ�G\VUHJXODWHG�KRUVHV�

�.(1e=� HW� DO��� ������ DQG� DOVR� LQ� YDULRXV� VWXGLHV� RI� FDWWOH� �+$,/(0$5,$0� HW� DO��� ������

+8%(5� HW� DO��� ������.(1e=� HW� DO��� ������'(59,6+,� HW� DO��� ������+80(5� HW� DO��� ������

*+$))$5,�HW�DO����������)RU�H[DPSOH��ORQJ�FKDLQ�$&V�ZHUH�LGHQWLILHG�DV�D�SRVVLEOH�LQGLFDWRU�

IRU�H[WHQGHG�SURGXFWLYH�OLIH�VSDQ�RI�GDLU\�FRZV��+8%(5�HW�DO���������DQG�FRZV�ZLWK�UHWDLQHG�

SODFHQWD�DOUHDG\�KDG�FKDQJHV�LQ�WKHLU�PHWDEROLWH�SURILOHV���ZHHNV�EHIRUH�FDOYLQJ��FRPSDUHG�WR�

ODWHU�KHDOWK\�DQLPDOV��'(59,6+,�HW�DO���������



�
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�� $1,0$/6��0$7(5,$/6�DQG�0(7+2'6�

���� )HHGLQJ�WULDO��

������ 5HDULQJ�RI�WKH�DQLPDOV�

7KH�DQLPDO�H[SHULPHQW�ZDV�FRQGXFWHG�IURP�'HFHPEHU������WR�-XO\������DW�WKH�(GXFDWLRQDO�

DQG�5HVHDUFK�&HQWUH� IRU�$QLPDO�+XVEDQGU\��+RIJXW�1HXP�KOH��*HUPDQ\��$OO�H[SHULPHQWDO�

SURFHGXUHV�ZHUH� DSSURYHG� E\� WKH�$QLPDO�(WKLFV�&RPPLWWHH� RI� WKH�'HSDUWPHQW� IRU�$QLPDO�

:HOIDUH�$IIDLUV��/DQGHVXQWHUVXFKXQJVDPW�5KHLQODQG�3IDO]��.REOHQ]��*HUPDQ\��LQ�DJUHHPHQW�

ZLWK�WKH�*HUPDQ�$QLPDO�:HOIDUH�$FW��SHUPLW�QXPEHU��*�������������

7KLUW\�WZR�+ROVWHLQ�)ULHVLDQ�EXOOV�LQWHQGHG�IRU�EHHI�SURGXFWLRQ��ZHUH�UDLVHG�DW�WKH�,QVWLWXWH�RI�

$QLPDO�1XWULWLRQ��)HGHUDO�5HVHDUFK�,QVWLWXWH�IRU�$QLPDO�+HDOWK��)ULHGULFK�/RHIIOHU�,QVWLWXWH��

%UDXQVFKZHLJ��*HUPDQ\���$OO�DQLPDOV�UHFHLYHG���/�RI�FRORVWUXP�ZLWKLQ���K�DIWHU�ELUWK��7KH\�

ZHUH�NHSW�LQ�VWUDZ�EHGGHG�VLQJOH�KXWFKHV�IRU�WKH�ILUVW�ZHHN�DQG�ZHUH�IHG�WZLFH�D�GD\�ZLWK���/�

RI�SRROHG�KHUG�PLON�XQWLO�GD\�WKUHH�SRVW�QDWXP��6WDUWLQJ�DW�WKH�DJH�RI�WKUHH�GD\V��PLON�UHSODFHU�

�05���12/$&�*PE+��=HYHQ��*HUPDQ\��ZDV�PL[HG�ZLWK�WKH�SRROHG�KHUG�PLON��ZLWK�JUDGXDOO\�

LQFUHDVLQJ�DPRXQWV�IURP�����NJ�05�SRZGHU�G��GD\���RI�OLIH��WR�����NJ�05�G��GD\���RI�OLIH���

XQWLO�WKH�PD[LPXP�RI���/�OLTXLG�IHHG�ZLWK�D�FRQFHQWUDWLRQ�RI�����J�/�05�ZDV�UHDFKHG��$W�DQ�

DJH�RI�HLJKW�WR�WHQ�GD\V��WKH�FDOYHV�ZHUH�PRYHG�LQWR�VWUDZ�EHGGHG�VWDEOHV�LQ�JURXSV��ZLWK�05�

DQG� FRQFHQWUDWH� VHOI�IHHGLQJ� V\VWHPV� �)|UVWHU�7HFKQLN�*PE+�� (QJHQ�� %DGHQ�:�UWWHPEHUJ��

*HUPDQ\���)URP�GD\����WR�����DPRXQW�RI�PLON�UHSODFHU�ZDV�JUDGXDOO\�LQFUHDVHG�IURP���WR���/�

SHU�GD\�XQWLO�GD\����SRVW�QDWXP��)URP�GD\����WR�����05�ZDV�JUDGXDOO\�GHFUHDVHG�IURP���/�DQG�

FDOYHV�ZHUH�ZHDQHG��&DOYHV�ZHUH�RIIHUHG�D�PL[�RI�FRQFHQWUDWH�IRU�FDOYHV��KD\�DQG�ZDWHU�DG�

OLELWXP�EHIRUH�ZHDQLQJ��$IWHU�ZHDQLQJ��FDOYHV�UHFHLYHG�D�PL[�RI�JUDVV�VLODJH�DQG�FRUQ�VLODJH��

ZLWK�D�PRGHUDWH�DPRXQW�RI�FRQFHQWUDWH���

$W� WKH� DJH� RI� VL[�PRQWKV�� EXOOV�ZHUH� UHORFDWHG� WR� WKH�(GXFDWLRQDO� DQG�5HVHDUFK�&HQWUH� IRU�

$QLPDO�+XVEDQGU\��+RIJXW�1HXP�KOH��0�FKZHLOHU�D�G��$OVHQ]��*HUPDQ\���ZKHUH�WKH\�ZHUH�

IXUWKHU�UDLVHG�ZLWK�D�WRWDO�PL[HG�UDWLRQ��705��FRQVLVWLQJ�RI�JUDVV�VLODJH�DQG�FRUQ�VLODJH�DQG�

�����FRQFHQWUDWH�RI�'0��XQWLO�EHJLQQLQJ�RI�WKH�WULDO��

� �
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������ ([SHULPHQWDO�GHVLJQ��IHHGLQJ�DQG�KXVEDQGU\�

%XOOV�ZHUH�UDQGRPO\�DVVLJQHG�WR�D�+(3�RU�D�/(3�QXWULWLRQDO�UHJLPHQ��DW�DQ�DJH�RI����PRQWKV�

DQG�DQ�DYHUDJH�%:�RI�����NJ��PHDQ���6'��+(3����������NJ��/(3����������NJ���7KH\�ZHUH�

KRXVHG� RQ� VODWWHG� IORRU�ZLWK� UXEEHU�PDWV�� LQ� JURXSV� RI� IRXU� EXOOV�ZLWK� D� VSDFH�RIIHU� RI� ����

P��DQLPDO��7KH�705V�ZHUH�PL[HG�HYHU\�WZR�GD\V�DQG�EXOOV�ZHUH�IHG�DW������DP��,QGLYLGXDO�

PHDQ�IHHG�LQWDNH�ZDV�FDOFXODWHG�E\�ZHLJKLQJ�DQG�GRFXPHQWLQJ�UHPDLQHG�DQG�SURYLGHG�IHHG�

JURXS�ZLVH��7KH�QXWULHQW� FRPSRVLWLRQ�RI� WKH�705V�ZDV� DQDO\]HG�E\�DQ� DFFUHGLWHG� H[WHUQDO�

ODERUDWRU\� �/DQGZLUWVFKDIWOLFKH� 8QWHUVXFKXQJV�� XQG� )RUVFKXQJVDQVWDOW�� 6SH\HU�� *HUPDQ\��

DFFRUGLQJ�WR�WKH�SURWRFROV�RI�WKH�$VVRFLDWLRQ�RI�*HUPDQ�$JULFXOWXUDO�$QDO\WLF�DQG�5HVHDUFK�

,QVWLWXWHV��9'/8)$���������%XOOV�UHPDLQHG�RQ�WKHLU�DVVLJQHG�QXWULWLRQDO�UHJLPHQ�IRU�WKH�UHVW�

RI�WKH�VWXG\�SHULRG��VHYHQ�PRQWKV��XQWLO�VODXJKWHU��$Q�RYHUYLHZ�RI�WKH�H[SHULPHQWDO�GHVLJQ�LV�

JLYHQ�LQ�)LJXUH�����

�

)LJXUH����([SHULPHQWDO�GHVLJQ�RI� WKH� IHHGLQJ� WULDO�� FRQVLVWLQJ�RXW�RI� WKH� WZR� IHHGLQJ� OHYHOV��KLJK�
HQHUJ\�DQG�SURWHLQ�GLHW��+(3��DQG�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3���6DPSOH�DQG�GDWD�FROOHFWLRQ�
ZDV�DW�WKH�EHJLQQLQJ��EDVHOLQH��DQG�DW�WKH�HQG��VODXJKWHU��RI�WKH�IHHGLQJ�WULDO��0LON�UHSODFHU��05���
WRWDO�PL[HG�UDWLRQ��705���

�

7KH�GLHWV�RI�WKH�IHHGLQJ�JURXSV�ZHUH�IRUPXODWHG�DFFRUGLQJ�WR�%DYDULDQ�6WDWH�5HVHDUFK�&HQWHU�

IRU� $JULFXOWXUH� �%D\HULVFKH� /DQGHVDQVWDOW� I�U� /DQGZLUWVFKDIW� �/I/��� ������� LQFOXGLQJ�

PHWDEROL]DEOH�HQHUJ\��0(��DQG�FUXGH�SURWHLQ��&3��UHFRPPHQGDWLRQV�IRU�6LPPHQWDO�IDWWHQLQJ�

EXOOV��7KH�+(3�GLHW�ZDV�IRUPXODWHG�DFFRUGLQJ�WR�WKH�KLJKHVW�0(�DQG�&3�UHFRPPHQGDWLRQV��

UHVXOWLQJ�LQ�FDOFXODWHG���NJ�FRQFHQWUDWH�DQLPDO�GD\�LQ�+(3�705�RU�PRUH�VSHFLILFDOO\��'0�RI�

+(3�705�FRQVLVWHG�RI������JUDVV��DQG�FRUQ�VLODJH�DQG������FRQFHQWUDWH��,Q�FRQWUDVW��/(3�GLHW�

ZDV�IRUPXODWHG�RQO\�EDVHG�RQ�IRUDJH�WR�JHQHUDWH�VWURQJ�GLIIHUHQFHV�EHWZHHQ�WKH�IHHGLQJ�JURXSV��

7KH�FRQFHQWUDWH�IHHG�FRQVLVWHG�RI�JURXQG�FRUQ��UDSHVHHG�PHDO��JURXQG�ZKHDW��SDOP�NHUQHO�PHDO��

ZKHDW�EUDQ��PRODVVHV�DQG�VR\EHDQ�PHDO��DFFRXQWLQJ�IRU�DQ�HOHYDWHG�WRWDO�VXJDU��WRWDO�VWDUFK�DQG�

FUXGH�SURWHLQ��DV�ZHOO�DV�D�GHFUHDVHG�ILEHU�FRQWHQW�RI�WKH�+(3�GLHW��UHODWLYH�WR�WKH�/(3�GLHW��7KH�
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H[DFW�LQJUHGLHQWV�DQG�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�705�DUH�JLYHQ�LQ�7DEOH���DQG�7DEOH����7KH�

H[SHULPHQWDO�GHVLJQ�RI�WKH�IHHGLQJ�WULDO�LV�DOVR�GHVFULEHG�LQ�%b�/(5�HW�DO����������

7DEOH����,QJUHGLHQWV�RI�WRWDO�PL[HG�UDWLRQV��705V��IHG�GXULQJ�WKH�H[SHULPHQWDO�SHULRG��

,QJUHGLHQWV�RI�705�� �

&RPSRQHQW����RI�'0� +(3� /(3� �

*UDVV�VLODJH� ������ ������ �

&RUQ�VLODJH� ������ ������ �

&RQFHQWUDWH�IHHG��LQFOXGLQJ�PLQHUDOV�� ������ �� �

6DOW� �� ����� �

�GU\�PDWWHU��'0���KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3���ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3��
'DWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�%b�/(5�HW�DO����������
� �
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7DEOH����&KHPLFDO�FRPSRVLWLRQ�RI�WRWDO�PL[HG�UDWLRQV��705V��IHG�GXULQJ�WKH�H[SHULPHQWDO�SHULRG��

&KHPLFDO�FRPSRVLWLRQ�RI�705�� �

,WHP��J�NJ�RI�'0�XQOHVV�QRWHG�RWKHUZLVH� +(3� /(3� �

'0��J�NJ�RI�)0� ���� ���� �

0(��0-�NJ�RI�'0� ����� ����� �

&UXGH�SURWHLQ� ������ ������ �

&UXGH�IDW� ����� ����� �

&UXGH�ILEHU� ������ ������ �

D1')RP� ������ ������ �

$')RP� ������ ������ �

$VK� ����� ����� �

7RWDO�VXJDU� ����� ����� �

7RWDO�VWDUFK� ������ ������ �

&D� ���� ���� �

3� ���� ���� �

1D� ���� ���� �

.� ����� ����� �

0J� ���� ���� �

�IUHVK�PDWWHU��)0���GU\�PDWWHU��'0���PHWDEROL]DEOH�HQHUJ\��0(���QHXWUDO�GHWHUJHQW�ILEUH�DVVD\HG�ZLWK�D�KHDW�VWDEOH�
DP\ODVH�DQG�H[SUHVVHG�H[FOXVLYH�RI�UHVLGXDO�DVK��D1')RP���DFLG�GHWHUJHQW�ILEUH�H[SUHVVHG�H[FOXVLYH�RI�UHVLGXDO�
DVK���$')RP���KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3���ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3��
'DWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�%b�/(5�HW�DO���������� �
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������ &ROOHFWLRQ�RI�VDPSOHV�DQG�GDWD�

%XOOV�ZHUH�ZHLJKHG�PRQWKO\��$W�WKH�EHJLQQLQJ��EDVHOLQH��DQG�HQG��VODXJKWHU��RI�WKH�IHHGLQJ�

WULDO��)LJXUH����EORRG�VDPSOHV�ZHUH�WDNHQ�DQG�VL]H�DQG�KHDOWK�RI�WKH�FODZV�ZHUH�GRFXPHQWHG��,Q�

DGGLWLRQ�� WLVVXH� VDPSOHV� RI� PXVFOH�� DGLSRVH� WLVVXH� DQG� OLYHU� ZHUH� WDNHQ� DW� VODXJKWHU� DQG�

FRQIRUPDWLRQ�DQG�IDW�FODVV�ZHUH�GRFXPHQWHG���

�������� %RG\�ZHLJKW��DYHUDJH�GDLO\�JDLQ�

)RU� PRQWKO\� ZHLJKLQJ� D� PHFKDQLFDO� VFDOH� IRU� FDWWOH� ZDV� XVHG�� ZKLFK� ZHLJKHG� WR� QHDUHVW�

NLORJUDP��$YHUDJH�GDLO\�ZHLJKW�JDLQ��$'*��ZDV�FDOFXODWHG�ZLWK�H[DFW�GD\V�EHWZHHQ�ZHLJKLQJ��

�������� 6FRULQJ�RI�FODZV�

$W�EDVHOLQH��EXOOV�ZHUH�FDSWXUHG�LQ�D�KRRI�WULPPLQJ�FKXWH�DQG�VL]H�DQG�KHDOWK�RI�WKH�FODZV�ZHUH�

GRFXPHQWHG�E\� WUDLQHG�SHUVRQQHO��XVLQJ�D�VFRULQJ�V\VWHP�DFFRUGLQJ� WR�62+57���������7KH�

VDPH�SURWRFRO�ZDV�XVHG�DW�VODXJKWHU��UHJDUGLQJ�WKH�FODZV�SRVW�PRUWHP��/HQJWK�RI�WKH�GRUVDO�

FODZ�ZDOO�DQG�WKLFNQHVV�RI�WKH�VROH�KRUQ�RI�DOO�GLJLWV�ZHUH�PHDVXUHG��5HODWLRQ�RI�KHLJKW�RI�WKH�

LQQHU�DQG�RXWHU�GLJLW�RI�WKH�FODZV�ZHUH�HYDOXDWHG�DQG�VFRUHG�DV�HTXDO��KLJKHU�LQQHU�RU�KLJKHU�

RXWHU�GLJLW��6LJQV�RI�WKH�IROORZLQJ�GLVHDVH�ZHUH�GRFXPHQWHG�IRU�DOO�IRXU�FODZV�RI�HDFK�EXOO��

ODPLQLWLV�� KHHO� KRUQ� HURVLRQ��GHUPDWLWLV� GLJLWDOLV� DQG� LQWHUGLJLWDOLV�� VROH�XOFHUV� DW� W\SLFDO� DQG�

DW\SLFDO�ORFDOL]DWLRQV��GLJLWDO�SKOHJPRQ�DQG�W\ORPD��$OWHUDWLRQV�RI�WKH�FODZV�ZHUH�FODVVLILHG�SHU�

GLJLW� RU�SHU� FODZ� LQ� FDVH�RI�GHUPDWLWLV� LQWHUGLJLWDOLV�� SKOHJPRQ�DQG� W\ORPD�DFFRUGLQJ� WR� WKH�

VFRULQJ�V\VWHP�VKRZQ�LQ�7DEOH����6FRUH�SRLQWV�RI�DOO�GLJLWV�DQG�FODZV�ZHUH�VXPPDUL]HG�WR�RQH�

YDOXH�SHU�DQLPDO�DQG�GLVHDVH��

� �
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7DEOH����6FRULQJ�V\VWHP�IRU�VROH�XOFHU��KHHO�KRUQ�HURVLRQ��ODPLQLWLV�DQG�GHUPDWLWLV�LQWHUGLJLWDOLV��SHU�
GLJLW�DQG�FODZ��UHVSHFWLYHO\��

'LVHDVH� �� 6FRUH�SRLQWV� �

��
��

$EVHQW� 'LVFRORUDWLRQ� 6XSHUILFLDO� 'HHS� 3HUIRUDWLQJ� �

6ROH�XOFHU��DW\SLFDO� �� �� �� �� �� �

6ROH�XOFHU��W\SLFDO� �� �� �� �� �� �

� $EVHQW� /RZ�JUDGH� +LJK�JUDGH� �� � �

+HHO�KRUQ�HURVLRQ� �� �� �� � � �

/DPLQLWLV�
��

&RQFDYH�GRUVDO�FODZ�
ZDOO�

�� �� �� � � �

:DOO�GHIHFWV�� �� �� �� � � �

� $EVHQW� 3UHVHQW� � � � �

5LGJLQJ�RQ�WKH�
GRUVDO�ZDOO�

�� �� �� � � �

'RXEOH�VROH� �� �� �� �� �� �

�� $EVHQW� <HOORZLVK� 5HGGLVK� %ODFN�UHG� �� �

'LVFRORUDWLRQV��
RI�WKH�VROH�KRUQ�

�� �� �� �� �� �

�
��

$EVHQW� 6XSHUILFLDO� 'HHS� �� �� �

'HUPDWLWLV�LQWHUGLJLWDOLV�
��

�� �� �� �� �� �

�

�������� %ORRG�VDPSOH�FROOHFWLRQ�

%ORRG�VDPSOHV�ZHUH�FROOHFWHG�DW�WZR�SRLQWV�RI�WLPH��EDVHOLQH�DQG�VODXJKWHU��EHWZHHQ����DP�DQG�

��SP�E\�MXJXODU�YHQLSXQFWXUH�LQWR�SODLQ�WXEHV�IRU�VHUXP�DQG�('7$�WXEHV�DQG�1D)�WXEHV��6�

0RQRYHWWH���6DUVWHGW�$*��1�PEUHFKW��*HUPDQ\���('7$�DQG�1D)�VDPSOHV�ZHUH�FHQWULIXJHG�

LPPHGLDWHO\�DIWHU�VDPSOLQJ�DW������[�J�IRU����PLQ��6HUXP�VDPSOHV�ZHUH�DOORZHG�WR�FORW�IRU����

PLQ�DW����&�DQG�WKHQ�FHQWULIXJHG�DW������[�J�IRU����PLQ��3ODVPD�DQG�VHUXP�VDPSOHV�ZHUH�IUR]HQ�

DW�����&�ZLWKLQ����PLQ�DIWHU�FHQWULIXJDWLRQ�DQG�WKHQ�FRQWLQXRXVO\�VWRUHG�DW�����&�XQWLO�DQDO\VLV��

�������� &ROOHFWLRQ�RI�WLVVXH�VDPSOHV�

$W� VODXJKWHU�� WLVVXH� VDPSOHV� RI� OLYHU� DQG� UHWURSHULWRQHDO� DGLSRVH� WLVVXH� ZHUH� FROOHFWHG�

LPPHGLDWHO\�DIWHU�JXWWLQJ�DQG�ZHUH�SXW�LQ�LFH�FRROHG�SK\VLRORJLFDO�VDOLQH�VROXWLRQ��6DPSOHV�RI�
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OLYHU�WLVVXH�ZHUH�WDNHQ�IURP�WKH�IDFLHV�GLDSKUDJPDWLFD��LQ�WKH�ORZHU�WKLUG�RI�WKH�OLYHU�IURP�WKH�

PLGGOH�RI�WKH�WLVVXH��ZLWKRXW�OLYHU�FDSVXOH�RU�PDMRU�ELOH�GXFWV��0XVFOH�WLVVXH�ZDV�FROOHFWHG�IURP�

0XVFXOXV�ORQJLVVLPXV�GRUVL��ORFDWHG�DW�WKH�OHYHO�RI�WKH�VFDSXOD��5HWURSHULWRQHDO�DGLSRVH�WLVVXH�

VDPSOHV� ZHUH� WDNHQ� IURP� DGLSRVH� WLVVXH� QHDU� WKH� NLGQH\�� 7KH� WLVVXH� VDPSOHV� ZHUH� FXW� LQ�

����[�����[�����FP��SLHFHV�DQG�ZHUH�IUR]HQ�LQ�OLTXLG�QLWURJHQ��)UR]HQ�SLHFHV�ZHUH�FROOHFWHG�LQ�

&U\RWXEHV��6DUVWHGW�$*��DQG�VWRUHG�DW������&�XQWLO�IXUWKHU�XVDJH��

�������� &RQIRUPDWLRQ�DQG�IDW�FODVV�

&RQIRUPDWLRQ� DQG� IDW� FODVV� ZDV� FODVVLILHG� E\� D� WUDLQHG� DQG� H[SHULHQFHG� PHPEHU� RI� WKH�

VODXJKWHUKRXVH�DFFRUGLQJ�WR�WKH�(XURSHDQ�EHHI�FDUFDVV�FODVVLILFDWLRQ�V\VWHP�(8523��2IILFLDO�

-RXUQDO�RI�WKH�(XURSHDQ�8QLRQ���������FKDUDFWHUL]LQJ�PXVFOH�GHYHORSPHQW�DV�IROORZV���

(�� ([FHOOHQW�PXVFOH�GHYHORSPHQW�

8�� 9HU\�*RRG�PXVFOH�GHYHORSPHQW�

5�� *RRG�PXVFOH�GHYHORSPHQW�

2�� )DLU�PXVFOH�GHYHORSPHQW�

3� 3RRU�PXVFOH�GHYHORSPHQW� � �

��

)DW�FODVV�ZDV�GLIIHUHQWLDWHG�LQWR���FODVVHV��FKDUDFWHUL]HG�DV�IROORZV��

��� 1R�WR�YHU\�ORZ�IDW�FRYHUDJH�

��� 6OLJKW�IDW�FRYHUDJH��PXVFXODWXUH�YLVLEOH�DOPRVW�HYHU\ZKHUH�

��� 0XVFXODWXUH� FRYHUHG�ZLWK� IDW� DOPRVW� HYHU\ZKHUH�� VOLJKW� IDW� GHSRVLWV� LQ� WKH� WKRUDFLF�

FDYLW\�

��� 0XVFXODWXUH�FRYHUHG�ZLWK�IDW��FOHDU�IDW�GHSRVLWV�LQ�WKH�WKRUDFLF�FDYLW\�

��� &DUFDVV�FRPSOHWHO\�FRYHUHG�ZLWK�IDW��VWURQJ�IDW�GHSRVLWV�LQ�WKH�WKRUDFLF�FDYLW\�

���� /DERUDWRU\�DQDO\VHV�

$OO�VDPSOHV�ZHUH�VWRUHG�DW������&�XQWLO�DQDO\]LQJ�RU�SUHSDUDWLRQ��%ORRG�FKHPLVWU\�ZDV�PHDVXUHG�

DW�WKH�IDFXOW\�RI�YHWHULQDU\�PHGLFLQH��&OLQLF�IRU�5XPLQDQWV�ZLWK�$PEXODWRU\�DQG�+HUG�+HDOWK�

6HUYLFHV� RI� WKH� /XGZLJ�0D[LPLOLDQV�8QLYHUVLWlW� LQ� 0XQLFK�� 7KH� PHDVXUHPHQW� RI� LQVXOLQ�

FRQFHQWUDWLRQ��PHWDEROLWH� SURILOH� DQG�ZHVWHUQ� EORW� DQDO\VLV� ZDV� GRQH� DW� WKH� 'HSDUWPHQW� RI�

)XQFWLRQDO�$QDWRP\�RI�/LYHVWRFN��8QLYHUVLW\�RI�+RKHQKHLP��LQ�6WXWWJDUW��
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�������� %ORRG�FKHPLVWU\�

*OXFRVH� DQG�/�ODFWDWH� LQ�1D)� SODVPD� DQG� XUHD�� FUHDWLQLQH�� WRWDO� SURWHLQ�� DOEXPLQ�� DVSDUWDWH�

DPLQRWUDQVIHUDVH�� JDPPD�JOXWDP\O� WUDQVIHUDVH�� */'+�� FUHDWLQH� NLQDVH�� SKRVSKDWH�� EHWD�

K\GUR[\EXW\UDWH��%+%$��DQG�1()$�LQ�VHUXP�ZHUH�DQDO\]HG�ZLWK�89�RU�YLVLEOH�FRORULPHWULF�

VSHFWURVFRS\� EDVHG� RQ� HQ]\PDWLF� DVVD\V� RQ� DQ� DXWRPDWHG� DQDO\]HU� �FREDV� F���� $QDO\]HU��

52&+(��0DQQKHLP��*HUPDQ\���RQO\�DW�VODXJKWHU��

�������� ,QVXOLQ�FRQFHQWUDWLRQ�

,QVXOLQ�FRQFHQWUDWLRQ�ZDV�PHDVXUHG�LQ�VHUXP�DW�EDVHOLQH�DQG�VODXJKWHU��E\�D�VDQGZLFK�(/,6$�

�%RYLQH� ,QVXOLQ� (/,6$�� ������������ 0HUFRGLD� $%�� 8SSVDOD�� 6ZHGHQ��� DFFRUGLQJ� WR� WKH�

PDQXIDFWXUHU¶V�SURWRFRO��

�������� 0HWDEROLWH�SURILOH�

0HWDEROLWH� SURILOHV� ZHUH� DQDO\]HG� LQ� ('7$� SODVPD� DW� EDVHOLQH� DQG� VODXJKWHU�� XVLQJ� WKH�

$EVROXWH,'4� S���� .LW� �%LRFUDWHV� /LIH� 6FLHQFH� $*�� ,QQVEUXFN�� $XVWULD��� DFFRUGLQJ� WR� WKH�

PDQXIDFWXUHU�V�SURWRFRO��EXW�ZLWK�PRGLILFDWLRQV�ZKLFK�DUH�SRLQWHG�RXW�EHORZ�DQG�DUH�EDVHG�RQ�

SUHYLRXV�PHDVXUHPHQWV�GHVFULEHG�LQ�.(1e=�HW�DO����������WKH\�DUH�DOVR�GHVFULEHG�LQ�GHWDLO�LQ�

%b�/(5� HW� DO�� �������� 7KH� $EVROXWH,'4� S���� .LW� LGHQWLILHV� DQG� TXDQWLILHV� XS� WR� ����

PHWDEROLWHV�IURP�ILYH�FRPSRXQG�FODVVHV��SURWHLQRJHQLF�DQG�PRGLILHG�$$V��ELRJHQLF�DPLQHV��

$&V��JO\FHURSKRVSKR��DQG�VSKLQJROLSLGV�DQG�D�KH[RVH��7KH�$$V�DQG�ELRJHQLF�DPLQHV�ZHUH�

DQDO\]HG� E\� OLTXLG� FKURPDWRJUDSK\� ±� PDVV� VSHFWURPHWU\� �/&±06�06�� DQG� WKH� VXEVWDQFH�

FODVVHV�RI�$&V��3&V��LQFOXGLQJ�O\VR�3&V���60V�DQG�WKH�KH[RVH�ZHUH�DQDO\]HG�E\�IORZ�LQMHFWLRQ�

DQDO\VLV� ±� PDVV� VSHFWURPHWU\� �),$�06�06�� DW� WKH� &RUH� )DFLOLW\� RI� WKH� 8QLYHUVLW\� RI�

+RKHQKHLP��6WXWWJDUW��*HUPDQ\���,QWHUQDO�VWDQGDUG��3%6��SKRVSKDWH�EXIIHU�VDOLQH���FDOLEUDWLRQ�

VWDQGDUGV��³&DO�����´��³&DO����´��&DO�������TXDOLW\�FRQWURO�VDPSOHV��4&������DQG�('7$�SODVPD�

VDPSOHV������/��ZHUH�DSSOLHG�DQG�GULHG�RQWR�WKH�PDWUL[�RI�WKH�PXOWLWLWHU�SODWH�SURYLGHG�LQ�WKH�

NLW�XQGHU�QLWURJHQ�IORZ��QLWURJHQ�HYDSRUDWRU����ZHOO�SODWH��9/0�*PE+��%LHOHIHOG��*HUPDQ\��

IRU����PLQXWHV�� ³&DO�����´�DQG�³&DO����´�ZHUH��î�DQG��î�GLOXWLRQV�RI� WKH� ORZHVW�FDOLEUDWRU�

VROXWLRQ�LQFOXGHG�LQ�WKH�NLW�� UHVSHFWLYHO\��7KHVH�ZHUH�XVHG�WR�HQKDQFH�DFFXUDF\�LQ�WKH�ORZHU�

GHWHFWLRQ� UDQJH�� DFFRUGLQJ� WR� FRQVXOWDWLRQ� ZLWK� WKH� PDQXIDFWXUHU�� 'ULHG� VDPSOHV� ZHUH�

GHULYDWL]HG� ZLWK� �� �� SKHQ\OLVRWKLRF\DQDWH� �3,7&�� IRU� ��� PLQ� DW� URRP� WHPSHUDWXUH� DQG�

VXEVHTXHQWO\�GULHG�IRU�DQRWKHU����PLQ�XQGHU�QLWURJHQ�IORZ��6DPSOHV�ZHUH�H[WUDFWHG�LQ������/�

RI�H[WUDFWLRQ�VROYHQW����P0�DPPRQLXP�DFHWDWH�LQ�PHWKDQRO��ZLWK�VKDNLQJ�DW�����USP�IRU����

PLQ�DW�URRP�WHPSHUDWXUH��(OXWHG�H[WUDFWV�ZHUH���î�GLOXWHG�LQ������+3/&�JUDGH�PHWKDQRO�IRU�

/&±06� DQDO\VLV� DQG� ��î� GLOXWHG� LQ� WKH� SURYLGHG� PRELOH� SKDVH� VROYHQW� IRU� ),$�06�06�

DQDO\VLV�� %RWK� W\SHV� RI� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� RQ� D� 475$3� PDVV� VSHFWURPHWHU�
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DSSO\LQJ�HOHFWURVSUD\�LRQL]DWLRQ��(6,���$%,�6FLH[�$3,�����4�75$3���7KH�06�ZDV�FRXSOHG�WR�

DQ� XOWUD�SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\� �83/&�� �$JLOHQW� ������ $JLOHQW�� :DOGEURQQ��

*HUPDQ\���,Q�FDVH�RI�/&±06�WKH�PHWDEROLWHV�ZHUH�VHSDUDWHG�E\�D�K\SKHQDWHG�UHYHUVH�SKDVH�

FROXPQ��:DWHUV��$&48,7<�%(+�&��������[����PP�������P��:DWHUV��0LOIRUG��8QLWHG�6WDWHV��

SUHFHGHG� ZLWK� D� SUHFROXPQ� �6HFXULW\� *XDUG�� 3KHQRPHQH[�� &���� �� �� �PP�� 3KHQRPHQH[��

$VFKDIIHQEXUJ��*HUPDQ\��DSSO\LQJ�D�JUDGLHQW�RI�VROYHQW�$��IRUPLF�DFLG�������LQ�ZDWHU��DQG�

VROYHQW�%��IRUPLF�DFLG�������LQ�DFHWRQLWULOH��RYHU�����PLQ�������PLQ�����%������PLQ������%��

����PLQ������%�������PLQ������%������PLQ�����%��DW�D�IORZ�UDWH�RI������/�PLQ��7KH�RYHQ�

WHPSHUDWXUH�ZDV� ��� �&�� )RU� /&�06� DQDO\VLV� �� �/�� DQG� IRU� ),$� ��� �O� ZHUH� VXEMHFWHG� IRU�

PHDVXUHPHQWV� LQ� ERWK�� SRVLWLYH� DQG� QHJDWLYH�PRGHV�� ,GHQWLILFDWLRQ� DQG� TXDQWLILFDWLRQ�ZHUH�

DFKLHYHG� E\� PXOWLSOH� UHDFWLRQ� PRQLWRULQJ� �050�� VWDQGDUGL]HG� E\� DSSO\LQJ� VSLNHG�LQ�

LVRWRSLFDOO\�ODEHOOHG�VWDQGDUGV�LQ�ERWK�SRVLWLYH�DQG�QHJDWLYH�PRGH��$�FDOLEUDWRU�PL[�FRQVLVWLQJ�

RI� HLJKW� GLIIHUHQW� FRQFHQWUDWLRQV� ZDV� XVHG� IRU� FDOLEUDWLRQ�� 4XDOLW\� FRQWUROV� GHULYLQJ� IURP�

O\RSKLOL]HG�KXPDQ�SODVPD�VDPSOHV�ZHUH�LQFOXGHG�IRU�WKUHH�GLIIHUHQW�FRQFHQWUDWLRQ�OHYHOV��)RU�

),$�DQ�LVRFUDWLF�PHWKRG�ZDV�XVHG��������RUJDQLF�UXQQLQJ�VROYHQW��ZLWK�YDU\LQJ�IORZ�FRQGLWLRQV�

���PLQ������/�PLQ������PLQ�����/�PLQ������PLQ�������/�PLQ������PLQ�������/�PLQ����PLQ����

�/�PLQ���7KH�06�VHWWLQJV�ZHUH�DV�IROORZ��VFDQ�WLPH�����V��,6�YROWDJH�IRU�SRVLWLYH�PRGH������

9�� IRU� QHJDWLYH� PRGH� í����� 9�� VRXUFH� WHPSHUDWXUH� ���� �&� DQG� QLWURJHQ� DV� FROOLVLRQ� JDV�

PHGLXP��7KH�FRUUHVSRQGLQJ�SDUDPHWHUV�IRU�/&±06�ZHUH��VFDQ�WLPH�����V��VRXUFH�WHPSHUDWXUH�

�����&��QLWURJHQ�DV�FROOLVLRQ�JDV�PHGLXP��$OO�UHDJHQWV�XVHG�LQ�WKH�SURFHVVLQJ�DQG�DQDO\VLV�ZHUH�

RI�/&�06�JUDGH��XQOHVV�RWKHUZLVH�VWDWHG��0LOOL�4�:DWHU�XOWUDSXUH�ZDV�XVHG�IUHVK�DIWHU�EHLQJ�

SUHSDUHG� E\� WKH� KLJK�SXULW\�ZDWHU� V\VWHP� E\�0HUFN�.*D$� �'DUPVWDGW��*HUPDQ\��� /&�06�

JUDGH� DFHWRQLWULOH� ������������� 9:5��� :DWHU� ������������ 9:5�� DQG� PHWKDQRO�

����������������DV�ZHOO�DV�S\ULGLQH�IRU�DQDO\VLV����������������DQG�IRUPLF�DFLG����±�������

���������������ZHUH�SXUFKDVHG�E\�0HUFN�.*D$��3,7&��3����������DQG�DPPRQLXPDFHWDWH�

�������������ZHUH�SXUFKDVHG�E\�6LJPD�$OGULFK�&KHPLH�*PE+��6WHLQKHLP��*HUPDQ\���5DZ�

GDWD� RI� WKH� $QDO\VW� VRIWZDUH� �$%� 6FLH[�� )UDPLQJKDP�� 0$�� 86$�� ZHUH� SURFHVVHG� E\� WKH�

0HW,'4�VRIWZDUH�ZKLFK�LV�DQ�LQWHJUDWHG�SDUW�RI� WKH�S����.LW��%LRFUDWHV�/LIH�6FLHQFHV�$*���

7KLV�VWUHDPOLQHV�GDWD�DQDO\VLV�E\�DXWRPDWHG�FDOFXODWLRQ�RI�PHWDEROLWH�FRQFHQWUDWLRQV�SURYLGHV�

TXDOLW\� PHDVXUHV� DQG� TXDQWLILFDWLRQ�� %HIRUH� LQWHJUDWLQJ� /&�06� GDWD� LQ� 0HW,'4�� LW� ZDV�

YDOLGDWHG�LQ�$QDO\VW�VRIWZDUH��)RU�IXOO\�TXDQWLWDWLYH�PHDVXUHPHQWV�RI�WKH�S����.LW��WKH�ORZHU�

OLPLW�RI�TXDQWLILFDWLRQ��//24��ZDV�GHWHUPLQHG�LQ�SODVPD�H[SHULPHQWDOO\�E\�WKH�PDQXIDFWXUHU���
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�������� :HVWHUQ�%ORW�

:HVWHUQ�EORW�DQDO\VLV�ZHUH�GRQH�EDVHG�RQ�SUHYLRXV�PHDVXUHPHQWV��GHVFULEHG�LQ�:$51.(1�HW�

DO���������ZLWK�PRGLILFDWLRQV�SRLQWHG�RXW�EHORZ���

)RU�ZHVWHUQ� EORW� DQDO\VLV�� WLVVXH� VDPSOHV� KDG� WR� EH�KRPRJHQL]HG� ILUVW�� XVLQJ�)DVW3UHS� �03�

%LRPHGLFDOV��(VFKZHJH��*HUPDQ\��IRU�SURWHLQ�H[WUDFWLRQ��$ERXW�����WR�����PJ�RI�WKH�WLVVXHV�

ZDV�KRPRJHQL]HG�LQ������/�RI�SUHFKLOOHG�O\VLV�EXIIHU�FRQWDLQLQJ����P0�+(3(6��&DUO�5RWK�

*PE+�� .DUOVUXKH�� *HUPDQ\��� ��P0� HWK\OHQH� JO\FRO�ELV���DPLQRHWK\OHWKHU��1�1�1��1¶�

WHWUDDFHWLF�DFLG��6LJPD�$OGULFK��6W��/RXLV��02��86$������P0�('7$��6LJPD�$OGULFK��������

7ULWRQ�;������6LJPD�$OGULFK�������P0�JO\FHURO�SKRVSKDWH��6LJPD�$OGULFK������P0�VRGLXP�

S\URSKRVSKDWH� �6LJPD�$OGULFK��� ��P0� VRGLXP� RUWKRYDQDGDWH� �6LJPD�$OGULFK��� ����P0�

VRGLXP� IOXRULGH� �6LJPD�$OGULFK��� D� SURWHDVH� LQKLELWRU� FRFNWDLO� �&RPSOHWH0LQL�� 5RFKH�

'LDJQRVWLFV�*PE+��0DQQKHLP��*HUPDQ\��� DQG� D� SKRVSKDWDVH� LQKLELWRU� FRFNWDLO� �3KRV6WRS��

5RFKH�'LDJQRVWLFV�*PE+���LQ�WZR�F\FOHV����P�V�����VHF��ZLWK�D�FRROLQJ�EUHDN�RI���PLQ�RQ�LFH���

7KH�KRPRJHQDWHV�ZHUH�FHQWULIXJHG�DW��������J�IRU����PLQ�DW����&�DQG�ZHUH�VWRUHG�DW������&�

XQWLO�HOHFWURSKRUHVLV��3URWHLQ�FRQFHQWUDWLRQV�RI�WKH�KRPRJHQDWHV�ZHUH�PHDVXUHG�XVLQJ�%UDGIRUG�

UHDJHQW��6HUYD�(OHFWURSKRUHVLV�*PE+��+HLGHOEHUJ��*HUPDQ\���6DPSOHV�LQ�ORDGLQJ�EXIIHU�����

PPRO�/� RI� 7ULV�+&/� >6LJPD$OGULFK@�� ��� �� JO\FHURO� >6LJPD�$OGULFK@�� �� �� 6'6� >6HUYD�

(OHFWURSKRUHVLV� *PE+@�� ���� �� EURPRSKHQRO� EOXH� >6LJPD$OGULFK@�� DQG� ���P0� ����

GLWKLRWKUHLWRO� >'77��&DUO�5RWK�*PE+@��ZHUH�GHQDWXUHG�E\�KHDWLQJ� WKHP�IRU���PLQ�DW�����&�

EHIRUH�ORDGLQJ�����J��OLYHU�DQG�PXVFOH�������J��PXVFOH�S�P725��,QV5��S�$03.��DQG�����/�

RI�IDW�KRPRJHQDWH�SHU�ODQH�RQWR�D�����VWDFNLQJ�DQG�������VHSDUDWLRQ�JHO��(OHFWURSKRUHVLV�ZDV�

FDUULHG�RXW�DFFRUGLQJ�WR�/$(00/,���������'HWHFWLRQ�RI�VSHFLILF�SURWHLQV�ZDV�SHUIRUPHG�DIWHU�

EORFNLQJ�PHPEUDQHV�LQ�D�3%6�EDVHG�VROXWLRQ�FRQWDLQLQJ�������7ZHHQ�����6LJPD�$OGULFK��DQG�

���IDW�IUHH�PLON�SRZGHU� �&DUO�5RWK�*PE+��RU�����ERYLQH�VHUXP�DOEXPLQ�IRU���K�DW� URRP�

WHPSHUDWXUH� �7DEOH� ����0HPEUDQHV�ZHUH� LQFXEDWHG� RYHUQLJKW� DW� ��&� LQ� 3%6�EDVHG� VROXWLRQ�

FRQWDLQLQJ�������7ZHHQ����DQG�����IDW�IUHH�PLON�SRZGHU�RU�����ERYLQH�VHUXP�DOEXPLQ��ZLWK�

SULPDU\� DQWLERGLHV� �7DEOH� ����'HWHFWLRQ� RI� WKH� SULPDU\� DQWLERGLHV� DQG� WKHLU� SKRVSKRU\ODWHG�

IRUPV�ZDV� SHUIRUPHG� XVLQJ� VHFRQGDU\� JRDW� DQWL�UDEELW�+53� DQWLERGLHV� IRU� ���PLQ� DW� URRP�

WHPSHUDWXUH�� $IWHU� ZDVKLQJ� WKUHH� WLPHV� LQ� 3%67� DQG� RQFH� LQ� 3%6� IRU� �� PLQ� HDFK��

LPPXQRGHWHFWLRQ� ZDV� SHUIRUPHG� E\� LQFXEDWLQJ� WKH� PHPEUDQHV� ZLWK� 3LHUFH� :HVW� 'XUD�

FKHPLOXPLQHVFHQFH� VXEVWUDWH� �7KHUPR� 6FLHQWLILF�� %UDXQVFKZHLJ�� *HUPDQ\�� RU� /XPL*/2�

UHDJHQW��&HOO�6LJQDOLQJ�7HFKQRORJ\�,QF���DQG�FKHPLOXPLQHVFHQFH�ZDV�GHWHFWHG�E\�D�&KHPL'RF�

;56���V\VWHP��%LR�5DG�/DERUDWRULHV�*PE+��0XQLFK��*HUPDQ\���7KH�EDQGV�ZHUH�TXDQWLILHG�

E\� GHQVLWRPHWU\� XVLQJ� ,PDJH� /DE� ���� VRIWZDUH� �%LR�5DG� /DERUDWRULHV� *PE+���
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&KHPLOXPLQHVFHQFH�VLJQDOV�ZHUH�PHDVXUHG�ZLWK� DW� OHDVW� ILYH�FRQVHFXWLYH�H[SRVXUH� WLPHV� WR�

GHWHUPLQH�WKH�OLQHDU�UDQJH�RI�VLJQDO�LQWHQVLW\�RI�HDFK�DQWLERG\�WR�HQVXUH�WKDW�TXDQWLWDWLYH�GDWD�

ZHUH�REWDLQHG��9DOXHV�RI�H[SRVXUH�WLPHV�ZLWKLQ�WKH�OLQHDU�UDQJH�ZHUH�XVHG�IRU�TXDQWLILFDWLRQ�

DQG�IXUWKHU�DQDO\VHV��)LQDOO\��PHPEUDQHV�ZHUH�VWDLQHG�ZLWK�,QGLDQ�LQN��3HOLNDQ�3%6��3HLQH��

*HUPDQ\���6SHFLILF�EDQG�VLJQDOV�ZHUH�QRUPDOL]HG�WR�,QGLDQ�LQN�VLJQDO�DV�DQ�LQWHUQDO�VWDQGDUG��

7ZR� VWDQGDUG� OLQNHU� VDPSOHV� IURP� SRROHG� ERYLQH� WLVVXH� VDPSOHV� ZHUH� EORWWHG� RQ� HDFK�

PHPEUDQH�WR�DGMXVW�VLJQDOV�IURP�GLIIHUHQW�PHPEUDQHV��7KLV�DOORZHG�WKH�FRPSDULVRQ�RI�DOO�WKH�

PHPEUDQHV�RI�RQH�WLVVXH�W\SH�

7DEOH����3ULPDU\�DQG�VHFRQGDU\�DQWLERGLHV�XVHG�IRU�:HVWHUQ�EORW�DQDO\VHV�LQ�ERYLQH�WLVVXHV��

7DUJHW� $QWLERG\� 'LOXWLRQ� &RPSDQ\�� %ORFNHG�
ZLWK��

,QFXEDWHG�
LQ��

�

,QVXOLQ�UHFHSWRU�ȕ��,QV5��
5DEELW�DQWL��
,QV5�ȕ���%��� ��������

&HOO�
6LJQDOLQJ�

����
PLON� ����%6$� �

3KRVSKRU\ODWHG�LQVXOLQ�
UHFHSWRU��ȕ��7U\������������
�S�,QV5��

5DEELW�DQWL��
S�,QV5�ȕ�
�7U\��������
����+���

������
&HOO�
6LJQDOLQJ��

����
%6$� ����%6$� �

0HFKDQLVWLF�WDUJHW�RI�
UDSDP\FLQ��P725��

5DEELW�DQWL��
P725�
��&����

��������
&HOO�
6LJQDOLQJ��

����
PLON�

����%6$� �

3KRVSKRU\ODWHG�PHFKDQLVWLF�
WDUJHW�RI�UDSDP\FLQ�
�6HU������
�S�P725��

5DEELW�DQWL�S�
P725�
�6HU������

������
&HOO�
6LJQDOLQJ��

����
%6$� ����%6$� �

3URWHLQ�NLQDVH�E��3.%�� 5DEELW�DQWL�
$.7�

�������� &HOO�
6LJQDOLQJ��

����
PLON�

����%6$� �

3KRVSKRU\ODWHG�SURWHLQ�
NLQDVH�E��6HU�����
�S�3.%��

5DEELW�DQWL�S�
$.7�
�6HU�����
�'�(��;3�

�������� &HOO�
6LJQDOLQJ��

����
PLON�

����%6$� �

�¶�DGHQRVLQH�
PRQRSKRVSKDWH�DFWLYDWHG�
SURWHLQ�NLQDVH�Į��$03.��Į��

5DEELW�DQWL��
$03.�Į� �������� %HWK\O��

����
PLON� ����PLON� �

3KRVSKRU\ODWHG��¶�DGHQRVLQH�
PRQRSKRVSKDWH�DFWLYDWHG�
SURWHLQ�NLQDVH�Į��7KU������
�S�$03.��Į��

5DEELW�DQWL��
S�$03.Į�
�7KU�����
���+���

��������
&HOO�
6LJQDOLQJ��

����
PLON�

����PLON� �

5DEELW�,J*�
*RDW�DQWL��
UDEELW�,J*� ��������

&HOO�
6LJQDOLQJ��

����
PLON� ����PLON� �

��&HOO�6LJQDOLQJ�7HFKQRORJ\�,QF��&HOO�6LJQDOLQJ���%HWK\O�/DERUDWRULHV��%HWK\O��
��%RYLQH�VHUXP�DOEXPLQ��%6$���IDW�IUHH�PLON�SRZGHU��PLON��
�
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���� 6WDWLVWLFDO�GDWD�DQDO\VLV�DQG�HYDOXDWLRQ�

0HWDEROLWHV� ZHUH� H[FOXGHG� IURP� WKH� DQDO\VHV� LI� �� ��� �� RI� VDPSOHV� ZHUH� �� �PRO�/�� 7KH�

IROORZLQJ� PHWDEROLWHV� ZHUH� H[FOXGHG�� VSHUPLQH�� SKHQ\OHWK\ODPLQH�� GRSDPLQH��

GLK\GUR[\SKHQ\ODODQLQH��FLV���K\GUR[\SUROLQH�DQG�60�������'DWD�RI�WKH�UHPDLQLQJ�����SODVPD�

PHWDEROLWHV��DEVROXWH�FRQFHQWUDWLRQV�>�PRO�/@�RI�FRPSRXQGV��ZHUH�DQDO\]HG�LQ�0HWDER$QDO\VW�

���� �&+21*� HW� DO��� ������ DIWHU� QRUPDOL]DWLRQ� E\� ORJ� WUDQVIRUPDWLRQ� DQG� 3DUHWR� VFDOLQJ��$�

KHDWPDS� ZDV� FUHDWHG� WR� YLVXDOL]H� GLIIHUHQFHV� EHWZHHQ� WKH� GLHWDU\� JURXSV� DW� VODXJKWHU�� ,Q�

DGGLWLRQ��-03�3UR�����6$6�,QVWLWXWH��&DU\��1&��86$��ZDV�XVHG�WR�GHWHFW�VLJQLILFDQW�GLIIHUHQFHV�

EHWZHHQ� WKH� JURXSV� E\� XQSDLUHG� 6WXGHQW¶V� W�WHVW� RI� IDW� FODVV�� FRQIRUPDWLRQ� FODVV�� EORRG�

ELRFKHPLVWU\��PHWDEROLWHV��LQFOXGLQJ�JOXFRVH�DQG�JOXFRVH�WR�LQVXOLQ�>*�,@�UDWLR��DQG�H[SUHVVLRQ�

DQG�SKRVSKRU\ODWLRQ�RI�SURWHLQV�RI� LQVXOLQ�VLJQDOLQJ�FDVFDGH�DW�VODXJKWHU��7KH�*�,� UDWLR�ZDV�

FDOFXODWHG� DFFRUGLQJ� WR� /(*52� HW� DO�� �������� 7KH� VXP� RI� EUDQFKHG� FKDLQ� DPLQR� DFLGV�

�%&$$V���YDOLQH��9DO���,OH�DQG�/HX�DQG�WKH�VXP�RI�$&V�&��DQG�&��ZDV�EXLOW��5HSHDWHG�PHDVXUH�

WZR�ZD\�$129$�ZDV�SHUIRUPHG�WR�GHWHFW�HIIHFWV�RI�WLPH��GLHW�DQG�LQWHUDFWLRQ�RI�WLPHGLHW�RQ�

FRQFHQWUDWLRQ�RI�LQVXOLQ�DQG�VFRUH�SRLQWV�RI�ODPLQLWLV��OHQJWK��WKLFNQHVV�DQG�KHLJKW�UHODWLRQ�RI�

LQQHU�DQG�RXWHU�GLJLW�RI� WKH�FODZV�� IHHG� LQWDNH��%:�DQG�$'*��6LJQLILFDQW� LQWHUDFWLRQV�ZHUH�

DIWHUZDUGV�FKHFNHG�E\�+6'�7XNH\�SRVW�KRF�WHVW��'DWD�RI�ODPLQLWLV�DQG�KHHO�KRUQ�HURVLRQ�ZHUH�

QRUPDOL]HG� E\� ORJ� WUDQVIRUPDWLRQ� EHIRUH� SHUIRUPLQJ� WKH�$129$��/LQHDU� UHJUHVVLRQV�ZHUH�

SHUIRUPHG�WR�LGHQWLI\�VLJQLILFDQW�FRUUHODWLRQV�LQ� WKH�GDWD�VHW��7KH�YDOXHV�RI�DOO�DQLPDOV�ZHUH�

XVHG��Q� �����ZLWK�WZR�H[FHSWLRQV��,Q�WKH�FRUUHODWLRQ�RI�WKH�H[SUHVVLRQ�RI�P725�LQ�IDW�DQG�3&�

DH�&������DV�ZHOO�DV�LQ�WKH�FRUUHODWLRQ�RI�WKH�VXP�RI�%&$$V�ZLWK�WKH�VXP�RI�$&V�&��DQG�&���

WKH�YDOXHV�RI�RQH�+(3�DQLPDO�HDFK�ZHUH�H[FOXGHG��EHFDXVH�WKH\�ZHUH�LGHQWLILHG�DV�RXWOLHUV��

KDYLQJ�KLJKHU�YDOXHV�WKDQ�WKH�VXP�RI�PHDQ�SOXV�WZRIROG�VWDQGDUG�GHYLDWLRQ��1RPLQDO�ORJLVWLF�

UHJUHVVLRQ�ZDV�XVHG� WR�GHWHFW�HIIHFW�RI� WLPH��JURXS�DQG� WLPH�[�JURXS�RQ�SUHYDOHQFH�RI�FODZ�

GLVHDVHV��WHVWHG�E\�/LNHOLKRRG�UDWLR�WHVWV��'LIIHUHQFHV�LQ�SUHYDOHQFH�RI�FODZ�GLVHDVHV�EHWZHHQ�

JURXSV�DQG�SRLQWV�RI�WLPH�ZHUH�WHVWHG�E\�)LVKHU¶V�H[DFW�WHVW��7KH�OHYHO�RI�VLJQLILFDQFH�ZDV�VHW�

DW�3���������,PSRUWDQW�ILQGLQJV�ZHUH�YLVXDOL]HG�ZLWK�EDU�FKDUWV��VFDWWHU�SORW�DQG�ER[�SORWV��DOVR�

SHUIRUPHG�LQ�-03�3UR����� �
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���� )HHG�LQWDNH�

,QGLYLGXDO�IHHG�LQWDNH�RI�'0�SHU�GD\�LV�VKRZQ�LQ�)LJXUH����7KHUH�ZDV�DQ�HIIHFW�RI�WLPH��3���

��������GLHW��3����������DQG�DOVR�DQ�LQWHUDFWLRQ�RI�WLPHGLHW��3�����������7KH�+(3�JURXS�KDG�

KLJKHU�IHHG�LQWDNHV�WKDQ�/(3��7KH�PHDQ�IHHG�LQWDNHV�ZHUH������േ�����NJ�'0�GD\��PHDQ���6'��

RI�+(3�DQG�����������NJ�'0�GD\�RI�/(3�EXOOV��3����������%RWK�IHHGLQJ�JURXSV�KDG�LQFUHDVHG�

IHHG�LQWDNHV�LQ�WKH�VHFRQG�PRQWK�RI�WKH�IHHGLQJ�WULDO��FRPSDUHG�WR�WKH�ILUVW�PRQWK��7KH�+(3�

EXOOV� KDG� WKH� JUHDWHVW� IHHG� LQWDNH� IURP� ��� WR� ���PRQWK� RI� OLIH��$IWHUZDUGV� WKH� IHHG� LQWDNH�

GHFUHDVHG�FRQWLQXRXVO\�XQWLO�WKH�HQG�RI�WKH�IHHGLQJ�WULDO��%XOOV�RI�/(3�JURXS�KDG�VLPLODU�IHHG�

LQWDNHV� IURP� WKH� VHFRQG� PRQWK� XQWLO� WKH� HQG� RI� WKH� IHHGLQJ� WULDO�� 7KH� 0(� LQWDNH� ZDV�

���ௗ�ௗ���0-�GD\�DQG���ௗ�ௗ���0-�GD\��WRWDO�VWDUFK�LQWDNH�ZDV�����������NJ�G�DQG�����������NJ�G��

&3� LQWDNH� ZDV� ���ௗ�ௗ����NJ�GD\� DQG� ���ௗ�ௗ����NJ�GD\� RI� +(3� DQG� /(3� EXOOV�� UHVSHFWLYHO\�

�FDOFXODWHG�PHDQVௗ�ௗ6'��3�����������

�

)LJXUH����&DOFXODWHG�LQGLYLGXDO�PHDQ�IHHG�LQWDNH�RI�GU\�PDWWHU��'0��SHU�GD\��PHDQ���6'���RI�EXOOV�
IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��RU�D�ORZ�HQHUJ\�DQG�SURWHLQ��/(3���'LIIHUHQW�OHWWHUV�LQGLFDWH�
VLJQLILFDQFH�ZLWK�DW�OHDVW�3���������Q� �����'DWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�D�GLIIHUHQW�IRUP�LQ�
%b�/(5�HW�DO����������

�

���� %RG\�ZHLJKW�

7KH�%:�DQG�$'*�ZHUH�LQIOXHQFHG�E\�WLPH��3�����������GLHW��3����������DQG�DOVR�VKRZHG�DQ�

LQWHUDFWLRQ�RI�WLPHGLHW��%:�3���������$'*�3�����������7KH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUH����

([SHULPHQWDO�IHHGLQJ�OHG�WR�GLIIHUHQW�ERG\�ZHLJKWV�EHWZHHQ�WKH�IHHGLQJ�JURXSV�IURP����PRQWK�

RI�OLIH�XQWLO�WKH�HQG�RI�WKH�WULDO��)LJXUH���D���7KH�+(3�EXOOV�KDG�KLJKHU�ILQDO�%:V�WKDQ�/(3������



��� � 5(68/76�

������NJ�DQG������������NJ�UHVSHFWLYHO\��3�����������0HDQ�RI�$'*�ZDV�KLJKHU�LQ�+(3�WKDQ�LQ�

/(3�������������J�G�YHUVXV�����������J�G��3�����������7KH�JUHDWHVW�$'*�RI�+(3�EXOOV�ZDV�

�����������J�G�DW�WKH�DJH�RI����PRQWKV�DQG������������J�G�RI�/(3�EXOOV�DW�WKH�DJH�RI����PRQWKV�

�)LJXUH���E���7KH�PHDQ�RI�$'*�ZDV�VLPLODU�DW�WKH�HQG�RI�WKH�IHHGLQJ�WULDO��LW�GLIIHUHG�QR�ORQJHU�

VLJQLILFDQWO\�LQ�WKH�ODVW�WKUHH�PRQWKV�RI�WKH�WULDO��)LJXUH���E���

�

)LJXUH����%RG\�ZHLJKW��PHDQ���6'��RI�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��RU�D�ORZ�HQHUJ\�
DQG�SURWHLQ�GLHW��/(3���'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQFH�ZLWK�DW�OHDVW�3���������Q� �����'DWD�KDYH�
DOUHDG\�EHHQ�SXEOLVKHG�LQ�D�GLIIHUHQW�IRUP�LQ�%b�/(5�HW�DO����������

�

���� &RQIRUPDWLRQ�FODVV�DQG�IDW�FODVV�

([SHULPHQWDO�IHHGLQJ�KDG�DQ�HIIHFW�RQ�FRQIRUPDWLRQ�DQG�IDW�FODVV�DW�VODXJKWHU�DQG�LV�SUHVHQWHG�

LQ�)LJXUH���D��$QLPDOV�RI�+(3�JRW�KLJKHU�VFRUHV�IRU�IDW�FODVV�WKDQ�DQLPDOV�RI�/(3��3�����������

0HDQ�RI�IDW�FODVV�VFRUH�RI�+(3�ZDV������������IRU�/(3������������PHDQ���6'���$OO�DQLPDOV�ZHUH�

VFRUHG�LQ�WKH�WZR�ORZHVW�FDWHJRULHV�RI�FRQIRUPDWLRQ�FODVV��2�DQG�3��)LJXUH���E���0HDQ�VFRUH�RI�

+(3�ZDV�KLJKHU�WKDQ�RI�/(3��3��������������������DQG�/(3������������UHVSHFWLYHO\��
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�

)LJXUH����6FRUH�RI�D��IDW�FODVV�DQG�E��FRQIRUPDWLRQ�FODVV�DW�VODXJKWHU��RI�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�
SURWHLQ�GLHW��+(3��RU�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3���'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQFH�ZLWK�
DW� OHDVW�3���������Q� �����'DWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG� LQ�D�GLIIHUHQW�IRUP�LQ�%b�/(5�HW�DO��
��������

�

���� +HDOWK�RI�WKH�FODZV�

������ &RQIRUPDWLRQ�RI�WKH�FODZV�

&RQIRUPDWLRQ�RI�WKH�FODZV�GLIIHUHG�EHWZHHQ�EDVHOLQH�DQG�VODXJKWHU��WKH�UHVXOWV�DUH�VKRZQ�LQ�

7DEOH����7KH� OHQJWK�RI� WKH�GRUVDO� FODZ�ZDOO�ZDV�PDLQO\� LQIOXHQFHG�E\�GLHW� DQG�D� WLPHGLHW�

LQWHUDFWLRQ�ZDV�VKRZQ��ZKHUHDV�WKLFNQHVV�RI�VROH�KRUQ�ZDV�RQO\�DIIHFWHG�E\�WLPH��5HJDUGLQJ�

WKH�UHODWLRQ�RI�LQQHU�DQG�RXWHU�GLJLW��GHPRQVWUDWHG�LQ�)LJXUH����VFRULQJ�RI�WKH�FODZV�UHYHDOHG�DQ�

HIIHFW�RI�GLHW�DW�WKH�FODZV�RI�WKH�KLQG�OHJV�RQO\��)URQW� OHJV�KDG�HTXDO�KHLJKWV�RI�WKH�GLJLWV�DW�

EDVHOLQH�DQG�DOVR�DW�VODXJKWHU�LQ�PRVW�RI�WKH�EXOOV�LQ�ERWK�IHHGLQJ�JURXSV��7KHUH�ZDV�QR�HIIHFW�

RI�WLPH��GLHW�RU�WLPHGLHW�LQWHUDFWLRQ��'LJLWV�RI�WKH�KLQG�OHJV�RI�/(3�DW�VODXJKWHU�ZHUH�HTXDO�

KLJK�RU�KDG�KLJKHU� LQQHU�GLJLWV�� ,Q�FRQWUDVW��PRVW�DQLPDOV�RI�+(3�KDG�KLJKHU�RXWHU�GLJLWV�DW�

VODXJKWHU��5HODWLRQ�RI�KHLJKW�RI�WKH�GLJLWV�DW�WKH�KLQG�OHJV�ZDV�LQIOXHQFHG�E\�DQ�HIIHFW�RI�WLPH��

GLHW�DQG�DOVR�D�WLPHGLHW�LQWHUDFWLRQ��

� �
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7DEOH����/HQJWK�RI�WKH�GRUVDO�FODZ�ZDOO�DQG�WKLFNQHVV�RI�WKH�VROH�KRUQ�DW�WKH�EHJLQQLQJ�RI�WKH�WULDO�
�EDVHOLQH�����PRQWKV�RI�DJH��DQG�DW�VODXJKWHU�����PRQWKV�RI�DJH���

7LPH�SRLQW� %DVHOLQH� 6ODXJKWHU� �(IIHFW�VXPPDU\�3�YDOXHV� �

'LHWDU\�
WUHDWPHQW�JURXS� +(3� /(3� +(3� /(3� 7LPH� 'LHW� 7'�� �

/HQJWK�RI�WKH�
GLJLW�FUDQLDO�
PHGLDO��

���������E� ���������DE� ���������D� ���������E� ������ ������� �������� �

/HQJWK�RI�WKH�
GLJLW�FUDQLDO�
ODWHUDO��

���������DE� ���������DE� ���������D� ���������E� ������ ������� ������� �

/HQJWK�RI�WKH�
GLJLW�FDXGDO�
PHGLDO��

���������DE� ���������DE� ���������D� ���������E� ������ ������� ������� �

/HQJWK�RI�WKH�
GLJLW�FDXGDO�
ODWHUDO��

���������E� ���������DE� ���������D� ���������E� ������ ������� �������� �

7KLFNQHVV�RI�
WKH�VROH�KRUQ�����

���������� ���������� ���������� ���������� ������� ������ ������ �

�0HDQ�RI�DOO�GLJLWV��0HDQ���6'��Q� �����D�F�OHYHOV�QRW�FRQQHFWHG�E\�WKH�VDPH�OHWWHU�DUH�VLJQLILFDQWO\�GLIIHUHQW��3���
�������FP��GDWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�%b�/(5�HW�DO����������
�0HDQ�RI�DOO�GLJLWV�
�WLPHGLHW�LQWHUDFWLRQ��7'��
�

�

�

)LJXUH����5HODWLRQ�RI�KHLJKW�RI�LQQHU�DQG�RXWHU�GLJLW�DW�D��IURQW�DQG�E��KLQG�OHJV�RI�EXOOV�IHG�D�KLJK�
HQHUJ\�DQG�SURWHLQ�GLHW��+(3��RU�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3���DW�WKH�EHJLQQLQJ��EDVHOLQH��
DQG�WKH�HQG��VODXJKWHU��RI�WKH�IHHGLQJ�WULDO��'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQFH�ZLWK�DW�OHDVW�3���
������ Q� ����� VFRUH� ��� LQQHU� GLJLW� !� RXWHU� GLJLW�� VFRUH� ��� LQQHU� GLJLW�  � RXWHU� GLJLW�� VFRUH� ���
LQQHU�GLJLW���RXWHU�GLJLW��

� �
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������ &ODZ�GLVHDVHV�

7KH�RFFXUUHQFH�RI�FODZ�GLVHDVHV�DW�EHJLQQLQJ�DQG�HQG�RI�WKH�IHHGLQJ�WULDO�LV�SUHVHQWHG�LQ�7DEOH����

'HUPDWLWLV� GLJLWDOLV� DQG� W\ORPD�ZHUH� QHYHU� REVHUYHG� GXULQJ� WKH� IHHGLQJ� WULDO�� VROH� XOFHU� DW�

W\SLFDO� DQG� DW\SLFDO� ORFDWLRQ� GLG� QRW� RFFXU� DW� VODXJKWHU� RU� RFFXUUHG� OHVV� IUHTXHQWO\� WKDQ� DW�

EDVHOLQH��'HUPDWLWLV�LQWHUGLJLWDOLV�ZDV�RQO\�REVHUYHG�LQ�PLOG�IRUPV�LQ�VRPH�DQLPDOV�DW�VODXJKWHU��

+HHO�KRUQ�HURVLRQV�ZHUH�REVHUYHG�LQ�DOO�DQLPDOV�DW�VODXJKWHU��WKXV�WKH�RFFXUUHQFH�LQFUHDVHG�RYHU�

WLPH���

�

7DEOH����&ODZ�GLVHDVHV�DW�EDVHOLQH�����PRQWKV�RI�DJH��DQG�DW�VODXJKWHU�����PRQWKV�RI�DJH���

� %DVHOLQH� 6ODXJKWHU� (IIHFW�VXPPDU\�3�YDOXHV� �

'LHWDU\�WUHDWPHQW�JURXS� +(3� /(3� +(3� /(3� 7LPH� 'LHW� 7'��� �

6ROH�XOFHU��DW\SLFDO�� ��D� ��D� �E� �E� �������� ������ ������ �

6ROH�XOFHU��W\SLFDO�� ��D� ��D� �E� �E� �������� ������ ������ �

/DPLQLWLV�� ��D� ��DE� ���F� �E� ������ �������� �������� �

+HHO�KRUQ�HURVLRQ�� ��D� ��D� ���E� ���E� �������� ������ ������ �

'HUPDWLWLV�LQWHUGLJLWDOLV�� �D� �D� ��DE� ��E� �������� ������ ������ �

'HUPDWLWLV�GLJLWDOLV�� �� �� �� �� � � � �

7\ORPD��� �� �� �� �� � � � �

,QWHUGLJLWDO�SKOHJPRQ�� �� �� �� ��� � � � �

D�F�OHYHOV�QRW�FRQQHFWHG�E\�WKH�VDPH�OHWWHU�DUH�VLJQLILFDQWO\�GLIIHUHQW��3����������'DWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�
LQ�%b�/(5�HW�DO����������
�$IIHFWHG�DQLPDOV�SHU�JURXS����Q� ����
�WLPHGLHW�LQWHUDFWLRQ��7'��
�

(IIHFWV�RI�GLHW�DQG�D� WLPHGLHW� LQWHUDFWLRQ�ZHUH�REVHUYHG� LQ� WKH�RFFXUUHQFH�RI� ODPLQLWLV��$OO�

DQLPDOV�RI�WKH�+(3�JURXS�KDG�VLJQV�RI�ODPLQLWLV�DW�VODXJKWHU��QRQH�RI�WKH�/(3�DQLPDOV��6FRUH�

SRLQWV� UHSUHVHQWLQJ� VHYHULW\� RI� ODPLQLWLV� DUH� SUHVHQWHG� LQ� )LJXUH� ��� 6HYHULW\� RI� ODPLQLWLV�

LQFUHDVHG�RYHU�WLPH�LQ�+(3��EXW�RYHUDOO�LQWHQVLW\�ZDV�ORZ��7KH�PRVW�DIIHFWHG�DQLPDOV�KDG����

VFRUH�SRLQWV�RI�SRVVLEOH����SHU�DQLPDO��
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�

)LJXUH����6HYHULW\�VFRUH�RI�ODPLQLWLV�RI�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��RU�D�ORZ�HQHUJ\�
DQG�SURWHLQ�GLHW��/(3���'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQFH��3���������Q� �����'DWD�KDYH�DOUHDG\�
EHHQ�SXEOLVKHG�LQ�D�GLIIHUHQW�IRUP�LQ�%b�/(5�HW�DO����������

�

���� ,QVXOLQ�FRQFHQWUDWLRQ�LQ�EORRG�

6HUXP�LQVXOLQ�FRQFHQWUDWLRQV�DW�EDVHOLQH�DQG�VODXJKWHU�DUH�SUHVHQWHG�LQ�)LJXUH����7KH\�ZHUH�

LQIOXHQFHG�E\� WKH�GLHW�DQG�DQ� LQWHUDFWLRQ�RI� WLPHGLHW��7KHUH�ZDV�QR�GLIIHUHQFH�EHWZHHQ� WKH�

IHHGLQJ� JURXSV� DW� EDVHOLQH�� EXW� DW� VODXJKWHU� +(3� EXOOV� KDG� WZR� WLPHV� JUHDWHU� LQVXOLQ�

FRQFHQWUDWLRQV�WKDQ�/(3��*OXFRVH�FRQFHQWUDWLRQ�LQ�EORRG�DW�VODXJKWHU�GLG�QRW�GLIIHU�EHWZHHQ�

WKH�IHHGLQJ�JURXSV��WKH�PHDQ�FRQFHQWUDWLRQ�ZDV�������������DQG��������������UHVSHFWLYHO\��PHDQ�

��6'�3� ����������&DOFXODWHG�JOXFRVH�WR�LQVXOLQ�UDWLR�DW�VODXJKWHU�ZDV�FRQVHTXHQWO\�ORZHU�LQ�

+(3�EXOOV��������������PPRO������J��������������PPRO������J�UHVSHFWLYHO\��PHDQ���6(0��3���

��������
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�

)LJXUH����,QVXOLQ�FRQFHQWUDWLRQ�DW�WKH�EHJLQQLQJ�RI�WKH�IHHGLQJ�WULDO��EDVHOLQH��DQG�DW�VODXJKWHU��RI�
EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ��+(3��GLHW�DQG�D�ORZ�HQHUJ\�DQG�SURWHLQ��/(3��GLHW��2XWOLHU�%R[�
3ORW�ZLWK� LQWHUTXDUWLOH� UDQJH��Q� �����GLIIHUHQW� OHWWHUV� LQGLFDWH� VLJQLILFDQFH��3����������'DWD�KDYH�
DOUHDG\�EHHQ�SXEOLVKHG�LQ�D�GLIIHUHQW�IRUP�LQ�%b�/(5�HW�DO����������

�

���� 0HWDEROLWH�SURILOH�LQ�EORRG�

%ORRG�ELRFKHPLVWU\�VKRZHG�D�GLHW�HIIHFW�RQO\�LQ�ILYH�DQDO\]HG�SDUDPHWHUV��&RQFHQWUDWLRQV�RI�

XUHD��%+%$��SKRVSKDWH�DQG�DFWLYLW\�RI�*/'+�ZHUH�JUHDWHU� LQ�+(3�EXOOV��&RQFHQWUDWLRQ�RI�

&UHD�ZDV�ORZHU�LQ�+(3�FRPSDUHG�WR�/(3��7KH�UHVXOWV�RI�EORRG�ELRFKHPLVWU\�DUH�SUHVHQWHG�LQ�

7DEOH������

7DEOH�����%ORRG�ELRFKHPLVWU\�RI�EXOOV�IHG�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��DQG�ORZ�HQHUJ\�DQG�
SURWHLQ�GLHW��/(3��DW�VODXJKWHU��

� ��+(3�� ��/(3�� ��3�YDOXH� �

��*OXFRVH�� �������������� �������������� ��������� �

��/�/DNWDWH�� �������������� �������������� ��������� �

��8UHD�� �������������� �������������� ���������� �

��&UHDWLQLQH�� ������������� ������������� ���������� �

��7RWDO�SURWHLQ�� ������������� ������������� ��������� �

��$OEXPLQ�� ������������� ������������� ��������� �

��$67�� ������������� ������������� ��������� �
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� ��+(3�� ��/(3�� ��3�YDOXH� �

��**7�� ��������������� �������������� ��������� �

��*/'+�� ��������������� �������������� ��������� �

��&.�� ��������������� ������������� ��������� �

��3+26�� ���������������� ��������������� ��������� �

��%+%$�� ���������������� ��������������� ��������� �

��1()$�� ���������������� ��������������� ��������� �

���PHDQ���6(0��Q� �������PPRO�/�����PRO�/����J�/����8�/�
'DWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�D�GLIIHUHQW�IRUP�LQ�%b�/(5�HW�DO����������$VSDUWDWH�DPLQRWUDQVIHUDVH��$67���
Ȗ�JOXWDP\OWUDQVIHUDVH� �**7��� JOXWDPDWH�GHK\GURJHQDVH� �*/'+��� FUHDWLQH�NLQDVH� �&.��� SKRVSKRUXV� �3KRV��� ȕ�
K\GUR[\EXW\UDWH��%+%$���QRQ�HVWHULILHG�IDWW\�DFLGV��1()$���
�

)LJXUH���SUHVHQWV�DOO�VLJQLILFDQWO\�GLIIHUHQW�PHWDEROLWHV�EHWZHHQ�IHHGLQJ�JURXSV�LQ�WKH�EORRG��

FOXVWHUHG� E\� (XFOLGHDQ� GLVWDQFH� DQDO\VLV� DQG� YLVXDOL]HG� E\� D� KHDWPDS�� 7KH� VDPSOHV� ZHUH�

RUGHUHG� DFFRUGLQJ� WR� WKHLU� ODPLQLWLV� VFRULQJ�� E\� JURXSLQJ� +(3� EXOOV� ZLWK� WKH� KLJKHVW��

LQWHUPHGLXP�DQG� ORZHVW� ODPLQLWLV� VFRULQJ�� LQ� RUGHU� WR� LGHQWLI\� ODPLQLWLV� DVVRFLDWHG� SDWWHUQV��

(YHU\� FROXPQ� UHSUHVHQWV� WKH� PHWDEROLWH� SURILOH� RI� RQH� DQLPDO�� D� URZ� UHSUHVHQWV� UHODWLYH�

FRQFHQWUDWLRQ�RI�RQH�PHWDEROLWH��0HWDEROLWH�SURILOHV�LQ�EORRG�ZHUH�VWURQJO\�LQIOXHQFHG�E\�WKH�

GLHW�����RI�����GHWHFWDEOH�PHWDEROLWHV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�WKH�IHHGLQJ�JURXSV��

$� FRPSOHWH� OLVW� RI� WKH� FRQFHQWUDWLRQV� RI� DOO� DQDO\]HG�PHWDEROLWHV� LV� JLYHQ� LQ� WKH� DSSHQGL[�

�&KDSWHU� ������� )HHGLQJ� JURXSV� H[SUHVVHG� D� VSHFLILF� PHWDEROLWH� SURILOH� ZLWK� KLJK� LQWHU�

LQGLYLGXDO�YDULDWLRQ��(VSHFLDOO\�WKH�FODVV�RI�JO\FHURSKRVSKROLSLGV�VKRZHG�D�YHU\�KRPRJHQRXV�

SDWWHUQ��7KUHH�O\VR3&V�DQG�3&�DD�&�����ZHUH�KLJKHU�FRQFHQWUDWHG�LQ�+(3�����GLDF\O��DD��DQG�

DF\O�DON\O��DH��3&V�RI�GLIIHUHQW� OHQJWK�ZHUH�DOO� ORZHU�FRQFHQWUDWHG�LQ�+(3��)LJXUH�����$OVR��

FRQFHQWUDWLRQV� RI� VHYHQ� 60V� DQG� ILYH� VKRUW�FKDLQ� $&V� ZHUH� ORZHU� LQ� +(3�� RQO\�

GRGHFHQR\OFDUQLWLQH��&������ZDV�JUHDWHU� LQ�+(3��7KH�%&$$V��/HX��9DO�DQG� ,OH�� DV�ZHOO�DV�

DURPDWLF� DPLQR� DFLGV� �$$$�� SKHQ\ODODQLQH�� W\URVLQH� DQG� WU\SWRSKDQ�� DQG�$UJ�� DVSDUDJLQH��

O\VLQH��WKUHRQLQH�DQG�WKH�QRQ�SURWHLQRJHQLF�DPLQR�DFLG�RUQLWKLQH�ZHUH�KLJKHU�FRQFHQWUDWHG�LQ�

+(3��7KUHH� DPLQR�DFLG� GHULYDWHV�� QDPHO\�&UHD�� WUDQV���K\GUR[\SUROLQ� DQG�DFHW\O�RUQLWKLQH��

ZHUH�ORZHU�FRQFHQWUDWHG�LQ�+(3�EXOOV��&RPSDULQJ�PHWDEROLWH�SURILOHV�ZLWKLQ�+(3��FOXVWHULQJ�

E\�ODPLQLWLV�VFRUH�GLG�QRW�UHYHDO�VSHFLILF�SDWWHUQV�RI�PHWDEROLWHV�FRUUHODWLQJ�ZLWK�ODPLQLWLV�VFRUH��
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�

)LJXUH����+HDWPDS�YLVXDOL]LQJ�DOO�GLIIHUHQWLDWLQJ�PHWDEROLWHV�DW�VODXJKWHU�RI�EXOOV�IHG�D�KLJK�HQHUJ\�
DQG�SURWHLQ�GLHW��+(3��DQG�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3���6DPSOHV�ZHUH�RUGHUHG�E\�ODPLQLWLV�
VFRULQJ��KLJKHVW�ODPLQLWLV�VFRULQJ����+(3���LQWHUPHGLXP�ODPLQLWLV�VFRULQJ����+(3���ORZHVW�ODPLQLWLV�
VFRULQJ�ZLWKLQ�+(3����+(3���$OO�OLVWHG�PHWDEROLWHV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�WKH�IHHGLQJ�
JURXSV��3���������Q� �����DF\OFDUQLWLQH��&�[���GLDF\O��DD���DF\O�DN\O��DH���SKRVSKDWLG\OFKROLQH��3&���
VSKLQJRP\HOLQ� �60��� DUJLQLQH� �$UJ��� DFHW\O� �$F��� RUQLWKLQH� �2UQ��� YDOLQH� �9DO��� LVROHXFLQH� �,OH���
OHXFLQH� �/HX��� SKHQ\ODODQLQH� �3KH��� WU\SWRSKDQ� �7US��� DVSDUDJLQH� �$VQ��� WKUHRQLQH� �7KU��� O\VLQH�
�/\V���W\URVLQH��7\U���'DWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�D�GLIIHUHQW�IRUP�LQ�%b�/(5�HW�DO����������

�

/LQHDU� UHJUHVVLRQ� VKRZHG� SRVLWLYH� FRUUHODWLRQ� RI� VXP� RI� %&$$V� DQG� LQVXOLQ�� SUHVHQWHG� LQ�

)LJXUH����D��7KHUH�ZDV�QR�FRUUHODWLRQ�EHWZHHQ�%&$$V�DQG�VXP�RI�$&�&����&��DPRQJ�ERWK�

JURXSV��+RZHYHU��ZKHQ�RQH�DQLPDO�LQ�WKH�+(3�JURXS�ZLWK�PXFK�KLJKHU�$&�FRQFHQWUDWLRQV�WKDQ�

WKH�JURXS�PHDQ��KLJKHU�WKDQ�WKH�VXP�RI�PHDQ�SOXV�WZRIROG�VWDQGDUG�GHYLDWLRQ��ZDV�H[FOXGHG��

D�SRVLWLYH�FRUUHODWLRQ�ZDV�VKRZQ�EHWZHHQ�%&$$V�DQG�$&�&����&��LQ�+(3�JURXS��'HWDLOV�DUH�
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VKRZQ�LQ�)LJXUH����E��)XUWKHUPRUH��PHDQ�$'*�GXULQJ�WKH�IHHGLQJ�WULDO�ZDV�SRVLWLYH�FRUUHODWHG�

ZLWK�WKH�FRQFHQWUDWLRQV�RI�XUHD�DQG�O\VR�3&�D�&������GHPRQVWUDWHG�LQ�)LJXUH����F��

�

)LJXUH� ���� &RUUHODWLRQ� DQDO\VLV� E\� OLQHDU� UHJUHVVLRQ� RI� D�� %&$$V� DQG� LQVXOLQ� FRQFHQWUDWLRQ� E��
%&$$V�DQG�VXP�RI�VKRUW�FKDLQ�DF\OFDUQLWLQHV�&��DQG�&���Q� �����DQG�F��PHDQ�DYHUDJH�GDLO\�JDLQ�
�$'*��GXULQJ�WULDO�DQG�XUHD��DQG�O\VR�SKRVSKDWLG\OFKROLQH��O\VR3&��D�&������UHVSHFWLYHO\��%XOOV�IHG�
D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3���EXOOV�IHG�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3���Q� �����
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���� ,QVXOLQ�VLJQDOLQJ�FDVFDGH�

&RPSRQHQWV�RI�WKH�LQVXOLQ�VLJQDOLQJ�FDVFDGH�ZHUH�VHPL�TXDQWLILHG�E\�:HVWHUQ�%ORW�DQDO\VLV��

7KH� H[WHQW�RI�SKRVSKRU\ODWLRQ�RI� ,QV5� FRXOG�QRW�EH�GHWHFWHG�� LQ� DQ\� WLVVXH�RI�ERWK� IHHGLQJ�

JURXSV��,Q�RUGHU�WR�YHULI\�WKH�XVHG�DQWLERG\��VDPSOHV�RI�FRZV�DQG�KRUVHV�ZHUH�DSSOLHG�QH[W�WR�

D�SRRO�VDPSOH�RI�WKH�EXOOV��$OO�VDPSOHV�ZHUH�SUHSDUHG�LQ�WKH�VDPH�ZD\��7KH�IXQFWLRQDOLW\�RI�WKH�

XVHG�DQWLERG\�ZDV�QRW�UHGXFHG��)LJXUH����VKRZV�WKH�LPDJH�RI�SURWHLQ�EDQGV�LGHQWLILHG�E\�WKH�

DQWLERG\�DJDLQVW�S�,QV5���

�

)LJXUH�����,PDJH�RI�SURWHLQ�EDQGV�RI�D�ZHVWHUQ�EORW�RI�OLYHU�VDPSOHV�IURP�IDWWHQLQJ�EXOOV��GDLU\�FRZV�
DQG�D�KRUVH��LGHQWLILHG�ZLWK�DQWLERGLHV�DJDLQVW�SKRVSKRU\ODWHG�LQVXOLQ�UHFHSWRU��%DQGV�ZHUH�GHWHFWHG�
DW�WKH�VDPH�OHYHO�DV�WKH�����N'D�EDQG�RI�WKH�SURWHLQ�PDUNHU��ZKLFK�ZDV�DSSOLHG�RQ�WKH�ILUVW�DQG�ODVW�
SRVLWLRQ�RI�WKH�XVHG�PHPEUDQH��

�

������ /LYHU�

,QVXOLQ�VLJQDOLQJ�FDVFDGH�LQ�WKH�OLYHU�ZDV�VWURQJO\�LQIOXHQFHG�E\�WKH�GLHW��([SUHVVLRQ�RI�3.%��

P725� DQG�$03.�ZDV� KLJKHU� LQ�+(3� WKDQ� LQ� /(3� DQLPDOV�� ([WHQW� RI� SKRVSKRU\ODWLRQ� RI�

P725�ZDV�DOVR�KLJKHU�LQ�+(3��GHWDLOV�DUH�VKRZQ�LQ�7DEOH�����&RUUHODWLRQV�EHWZHHQ�SURWHLQV�

RI�WKH�VLJQDOLQJ�FDVFDGH�DQG�DOO�RWKHU�GHVFULEHG�GDWD�LV�VKRZQ�LQ�)LJXUH�����3URWHLQV�ZLWKLQ�WKH�

FDVFDGH�DUH�SRVLWLYHO\�FRUUHODWHG�ZLWK�HDFK�RWKHU�� IRU�H[DPSOH��H[WHQW�RI�SKRVSKRU\ODWLRQ�RI�

P725�LV�SRVLWLYHO\�FRUUHODWHG�ZLWK�ERWK��WKH�DPRXQW�RI�,QV5�DQG�3.%��7KH�FRPELQDWLRQ�RI�

LQVXOLQ�DQG�,QV5�UHVXOWV�LQ�DQ�HYHQ�VWURQJHU�FRUUHODWLRQ�WR�S�P725��

� �
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7DEOH�����([SUHVVLRQ�DQG�H[WHQW�RI�SKRVSKRU\ODWLRQ�RI�NH\�SURWHLQV�RI�LQVXOLQ�VLJQDOLQJ�FDVFDGH�LQ�
WKH�OLYHU�RI�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��DQG�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3����

��/LYHU�� ��+(3� ��/(3� ��3�YDOXH�

��,QV5� ������������ ������������ ���������

��3.%� ������������ ������������ ���������

��S�3.%� ������������ ������������ ���������

��P725� ������������ ������������ ���������

��S�P725� ������������ ������������ ���������

��$03.� ������������ ������������ ���������

��S�$03.� ������������ ������������ ���������
��DUELWUDU\�XQLW��PHDQV���6(0��Q� ����� LQVXOLQ� UHFHSWRU� �,QV5���SURWHLQ�NLQDVH�%� �3.%���PHFKDQLVWLF� WDUJHW�RI�
UDSDP\FLQ��P725���$03�NLQDVH��$03.���SKRVSKRU\ODWHG��S���
�

)XUWKHUPRUH�� WKH�SURWHLQ�H[SUHVVLRQV�DQG�H[WHQWV�RI�SKRVSKRU\ODWLRQ�RI�SURWHLQV� LQ� WKH� OLYHU�

ZHUH� SRVLWLYHO\� FRUUHODWHG�ZLWK� SODVPD�$$V� DQG� XUHD�� IRU� H[DPSOH�P725�ZLWK� XUHD� DQG� S�

P725�ZLWK�/HX��1HJDWLYH�FRUUHODWLRQV�LQFOXGHG�WKH�H[SUHVVLRQ�RI�,QV5�/�DQG�O\VR�3&�D�&������

�

)LJXUH� ���� 2YHUYLHZ� RI� UHVXOWV� RI� OLQHDU� UHJUHVVLRQ� RI� LWHPV� FRUUHODWHG� ZLWK� SURWHLQV� RI� LQVXOLQ�
VLJQDOLQJ�FDVFDGH�LQ�WKH�OLYHU�LQ�ERWK�IHHGLQJ�JURXSV��Q� ����3���������3���������3����������
3URWHLQ�NLQDVH�%��3.%���PHFKDQLVWLF�WDUJHW�RI�UDSDP\FLQ��P725���$03�DFWLYDWHG�NLQDVH��$03.���
LQVXOLQ�UHFHSWRU��,QV5���SKRVSKRU\ODWHG��S���OLYHU�WLVVXH��/���IDW�WLVVXH��)���DFHW\ORUQLWKLQH��$F�2UQ���
EUDQFKHG� FKDLQ� DPLQR� DFLGV� �%&$$V��� GRGHFHQR\OFDUQLWLQH� �&������� JOXWDPDWH�GHK\GURJHQDVH�
�*/'+���OHXFLQH��/HX���O\VLQH��/\V���O\VR�SKRVSKDWLG\OFKROLQH��O\VR�3&���SUROLQH��3UR���VHULQH��6HU���
VSKLQJRP\HOLQ��60���W\URVLQH��7\U���
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������ 0XVFOH�

'LIIHUHQFHV�EHWZHHQ�WKH�IHHGLQJ�JURXSV�LQ�WKH�LQVXOLQ�VLJQDOLQJ�FDVFDGH�RI�PXVFOH�ZHUH�QRW�

VLJQLILFDQW��7DEOH������7KHUH�ZHUH�JUHDW�LQWHU�LQGLYLGXDO�YDULDWLRQV��HVSHFLDOO\�LQ�WKH�H[SUHVVLRQ�

RI� ,QV5�0� LQ� /(3� DQG�P725� LQ� +(3�� 7KH� H[WHQW� RI� SKRVSKRU\ODWLRQ� RI� P725�ZDV� QRW�

GHWHFWDEOH� LQ� DOO�PXVFOH� VDPSOHV�� 7KH� ,QV5� LQ�PXVFOH�ZDV� QHJDWLYH� FRUUHODWHG�ZLWK� SODVPD�

LQVXOLQ��5�� ��������3����������%+%$��5�� ��������3���������DQG�O\VR3&�D�&������5�� ��������

3����������

7DEOH�����([SUHVVLRQ�DQG�H[WHQW�RI�SKRVSKRU\ODWLRQ�RI�NH\�SURWHLQV�RI�LQVXOLQ�VLJQDOLQJ�FDVFDGH�LQ�
WKH�PXVFOH�RI�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��DQG�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3���

��0XVFOH�� ��+(3� ��/(3�� ��3�YDOXH�

��,QV5� ��������������� �������������� ���������

��3.%� �������������� �������������� ���������

��S�3.%� ���������������� ��������������� ���������

��P725� ��������������� ��������������� ���������

��S�P725� ������/2'�� ������/2'�� �

��$03.� ��������������� ��������������� ���������

��S�$03.� ��������������� ��������������� ���������
��DUELWUDU\�XQLW��PHDQV���6(0��Q� ����� LQVXOLQ� UHFHSWRU� �,QV5���SURWHLQ�NLQDVH�%� �3.%���PHFKDQLVWLF� WDUJHW�RI�
UDSDP\FLQ��P725���$03�NLQDVH��$03.���SKRVSKRU\ODWHG��S���
�

������ 5HWURSHULWRQHDO�DGLSRVH�WLVVXH�

7KH� UHVXOWV� RI� H[SUHVVLRQ� DQG� H[WHQW� RI� SKRVSKRU\ODWLRQ� RI� SURWHLQV� LQ� DGLSRVH� WLVVXH� DUH�

SUHVHQWHG� LQ�7DEOH�����2QO\� WKH� H[SUHVVLRQ� RI� ,QV5�ZDV� VLJQLILFDQWO\� GLIIHUHQW� EHWZHHQ� WKH�

IHHGLQJ�JURXSV��/(3�H[SUHVVHG�PRUH� ,QV5�WKDQ�+(3�LQ�DGLSRVH� WLVVXH��7KHUH�ZHUH�QHJDWLYH�

FRUUHODWLRQV�EHWZHHQ�,QV5�DQG�LQWHU�DOLD�%+%$��$UJ��9DO��LQVXOLQ�DQG�IRXU�O\VR3&V��GHWDLOV�DUH�

SUHVHQWHG�LQ�)LJXUH�����

� �
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7DEOH�����([SUHVVLRQ�DQG�H[WHQW�RI�SKRVSKRU\ODWLRQ�RI�PDLQ�SURWHLQV�RI�LQVXOLQ�VLJQDOLQJ�FDVFDGH�LQ�
WKH�UHWURSHULWRQHDO�DGLSRVH�WLVVXH�RI�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��DQG�D�ORZ�HQHUJ\�
DQG�SURWHLQ�GLHW��/(3���

��$GLSRVH�WLVVXH�� ��+(3� ��/(3� ��3�YDOXH�

��,QV5� ������������ ������������� ����������

��3.%� ������������ ������������� �������

��S�3.%� ������������ ������������� ���������

��P725� ������������ ������������� ���������

��S�P725� ������������ ������������� ���������

��$03.� ������������ ������������� ���������

��S�$03.� ������������ ������������� ���������
��DUELWUDU\�XQLW��PHDQV���6(0��Q� ����� LQVXOLQ� UHFHSWRU� �,QV5���SURWHLQ�NLQDVH�%� �3.%���PHFKDQLVWLF� WDUJHW�RI�
UDSDP\FLQ��P725���$03�NLQDVH��$03.���SKRVSKRU\ODWHG��S���
�

�

)LJXUH� ���� 2YHUYLHZ� RI� UHVXOWV� RI� OLQHDU� UHJUHVVLRQ� RI� LWHPV� FRUUHODWHG� ZLWK� SURWHLQV� RI� LQVXOLQ�
VLJQDOLQJ�FDVFDGH�LQ�WKH�UHWURSHULWRQHDO�WLVVXH��LQ�ERWK�IHHGLQJ�JURXSV��Q� ����3���������3����������
3� �� ������� $FHW\ORUQLWKLQH� �$F�2UQ��� DUJLQLQH� �$UJ��� ȕ�K\GUR[\EXW\UDWH� �%+%$���
+H[HQR\OFDUQLWLQH��&�������FUHDWLQLQH��&UHD���O\VR�SKRVSKDWLG\OFKROLQH��O\VR�3&���SKRVSKRU\ODWHG��S���
$03�DFWLYDWHG�NLQDVH��$03.���PHFKDQLVWLF�WDUJHW�RI�UDSDP\FLQ��P725���LQVXOLQ�UHFHSWRU��,QV5���
IDW�WLVVXH��)���YDOLQH��9DO���

�

���� &RUUHODWLRQV�ZLWKLQ�WKH�IHHGLQJ�JURXSV�

6RPH�FRUUHODWLRQV�ZHUH�RQO\�VHHQ�LQ�RQH�IHHGLQJ�JURXS��GHWDLOV�SHU�JURXS�DUH�GHPRQVWUDWHG�LQ�

)LJXUH�����(VSHFLDOO\�ELUWK�ZHLJKW�ZDV�FRUUHODWHG�QHJDWLYHO\�ZLWK�FRQFHQWUDWLRQ�RI�LQVXOLQ�LQ�

ERWK� JURXSV� VHSDUDWHO\�� 7KH� FRQFHQWUDWLRQ� RI� 1()$�ZDV� FRUUHODWHG�ZLWK� WKH� H[SUHVVLRQ� RI�

P725�LQ�WKH�OLYHU�LQ�ERWK�JURXSV��KRZHYHU��LW�ZDV�FRUUHODWHG�SRVLWLYHO\�LQ�/(3�DQG�QHJDWLYHO\�

LQ�+(3��2QO\�LQ�/(3��H[SUHVVLRQ�RI�,QV5�LQ�IDW�ZDV�QHJDWLYH�FRUUHODWHG�ZLWK�O\VR3&�D�&������
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/DPLQLWLV�VFRUH�RI�+(3�FRUUHODWHG�SRVLWLYHO\�ZLWK�DOEXPLQ�DQG�H[SUHVVLRQ�RI�P725�LQ�WKH�OLYHU�

DQG� QHJDWLYHO\�ZLWK�$67�� FRQIRUPDWLRQ� FODVV� DQG� S�P725� LQ� IDW�� 7KH� IDW� FODVV� FRUUHODWHG�

QHJDWLYHO\�ZLWK�,QV5�LQ�IDW��S�3.%�LQ�WKH�OLYHU��3&�DD�&������0HW��&�����2+�DQG�&������

�

)LJXUH� ���� 2YHUYLHZ� RI� UHVXOWV� RI� OLQHDU� UHJUHVVLRQ� RI� LWHPV� FRUUHODWHG� ZLWK� SURWHLQV� RI� LQVXOLQ�
VLJQDOLQJ�FDVFDGH�D��LQ�EXOOV�IHG�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3���E��LQ�EXOOV�IHG�D�KLJK�HQHUJ\�
DQG�SURWHLQ�GLHW��+(3���Q� �����ZLWK�H[FHSWLRQ�RI�P725�)�±�3&�DH�&�����Q� �����3���������3���
������� 3� �� ������� 3URWHLQ� NLQDVH� %� �3.%��� PHFKDQLVWLF� WDUJHW� RI� UDSDP\FLQ� �P725��� $03�
DFWLYDWHG�NLQDVH��$03.���LQVXOLQ�UHFHSWRU��,QV5���SKRVSKRU\ODWHG��S���OLYHU�WLVVXH��/���PXVFOH�WLVVXH�
�0���IDW� WLVVXH��)���SKRVSKDWLG\OFKROLQH��3&���GLDF\O��DD���DF\O�DON\O��DH���O\VR�SKRVSKDWLG\OFKROLQH�
�O\VR3&��� QRQ�HVWHULILHG� IDWW\� DFLGV� �1()$��� PHWKLRQLQH� �0HW��� RFWDGHFDGLHQ\OFDUQLWLQH� �&�������
K\GUR[\WHWUDGHFDGLHQ\OFDUQLWLQH� �&�����2+��� DVSDUWDWH�DPLQRWUDQVIHUDVH� �$67��� DOEXPLQ� �$OE���
WKUHRQLQH��7KU���JOXWDPLQH��*OQ���KH[DQR\OFDUQLWLQH�IXPDU\OFDUQLWLQH��&���&����'&����
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5HVXOWV�RI�WKLV�VWXG\�VXSSRUW�WKH�K\SRWKHVLV��WKDW�DQ�H[FHVVLYH�LQWDNH�RI�VWDUFK��DQG�SURWHLQ�ULFK�

GLHW�SURYRNHV�DOWHUDWLRQV�RI�PHWDEROLVP��OHDGLQJ�WR�D�SUR�LQIODPPDWRU\�SKHQRW\SH��FOLQLFDOO\�

DSSDUHQW� DV� ODPLQLWLV�� ,W�ZDV� GHPRQVWUDWHG� WKDW� VXFK� H[SHULPHQWDO� IHHGLQJ� LQGXFHG�PDVVLYH�

FKDQJHV� LQ� FRQIRUPDWLRQ� DQG� KHDOWK� RI� WKH� FODZV�� WKH�PHWDEROLWH�SURILOHV� DQG� LQ� WKH� LQVXOLQ�

VLJQDOLQJ�FDVFDGH���

���� ,QIOXHQFH�RI�GLHW�RQ�FODZ�FRQIRUPDWLRQ�DQG�KHDOWK�

$OO�+(3�EXOOV�KDG�VLJQV�RI�FKURQLF�ODPLQLWLV�LQ�YDU\LQJ�GHJUHHV��DSSDUHQW�DV�HORQJDWHG�FODZV�

ZLWK� ULGJHV� DQG� FRQFDYH� GRUVDO� FODZ� ZDOO�� DV� ZHOO� DV� GLVFRORUDWLRQ� RI� WKH� VROH� KRUQ�� 7KH�

FRPSDULVRQ�RI�WKLV�UHVXOW�ZLWK�RWKHU�VWXGLHV�LV�GLIILFXOW�GXH�WR�GLIIHUHQW�RU�PLVVLQJ�LQIRUPDWLRQ�

RQ�WKH�IHHG�DQG�LWV�LQJUHGLHQWV��VHH�DOVR�7DEOH�����7KH�+(3�EXOOV�LQ�WKLV�WULDO�UHFHLYHG�D�GLHW�

FRQWDLQLQJ������0-�0(��PHWDEROL]DEOH�HQHUJ\���NJ�'0������J�QRQ�VWUXFWXUDO�FDUERK\GUDWHV�

��16&��VXJDU�DQG�VWDUFK���NJ�'0��DQG�����J�&3�NJ�'0��7ULDOV�WKDW�XVHG�SXUH�ROLJRIUXFWRVH�WR�

LQGXFH�DFXWH�ODPLQLWLV��7+2()1(5�HW�DO���������'$16&+(5�HW�DO���������'$16&+(5�HW�DO���

������6286$�HW�DO���������DUH�QRW�FRPSDUDEOH�WR�WKH�SUHVHQW�VWXG\���

$�FRPSDUDEOH�GLHW�ZDV�XVHG�LQ�WKH�VWXG\�RI�3,/$&+$,�HW�DO����������,Q�WKLV�WULDO��RQH�JURXS�

UHFHLYHG�D�705�ZLWK�����J�16&�NJ�'0�DQG�����J�&3�NJ�'0��+RZHYHU��WKH�WULDO�ODVWHG�RQO\�

���GD\V��DQG�WKH�REMHFWLYH�ZDV�WR�LQGXFH�DFXWH�ODPLQLWLV��1RQH�RI�WKH�DQLPDOV�RI�WKH�FXUUHQW�

VWXG\�VKRZHG�DFXWH�ODPLQLWLV��2EVHUYDWLRQ�RI�FKURQLF�ODPLQLWLV�LQ������RI����DQLPDOV�IHG������

FRQFHQWUDWH�RI�'0�ZLWK�������������SURWHLQ��RI�'0��RYHU�DQ�H[WHQGHG�SHULRG�RI�WLPH�FRQILUP�

WKH� UHVXOWV� IRXQG� LQ� WKH�SUHVHQW� WULDO� �*5((128*+�	�*$&(.���������$OVR�D� VXEVHTXHQW�

IHHGLQJ�WULDO�RI�*5((128*+�HW�DO���������KDG�VLPLODULWLHV�WR�WKH�SUHVHQW�VWXG\��)DWWHQLQJ�EXOOV�

IURP������PRQWKV�RI�OLIH�WR�DERXW����PRQWKV�RI�OLIH�ZHUH�LQYHVWLJDWHG�DQG������RI����DQLPDOV�

VKRZHG�ULGJHV�RI�WKH�GRUVDO�FODZ�ZDOO�DW�WKH�HQG�RI�H[SHULPHQWDO�WLPH���

7KXV��LQ�WKH�SUHVHQW�VWXG\�WKH�RFFXUUHQFH�RI�ODPLQLWLV�KDV�EHHQ�H[SHFWHG��EXW�LW�ZDV�VXUSULVLQJ�

WKDW�DOO�+(3�EXOOV�ZHUH�DIIHFWHG��3RVVLEOH�UHDVRQV�IRU�WKH�FOHDU�DQG�KRPRJHQHRXV�SDWWHUQ�RI�WKH�

UHVXOWV�FRXOG�EH�WKH�IROORZLQJ��7KH�SUHVHQW�VWXG\�IRFXVHG�RQ�WKH�ORQJ�WHUP�HIIHFWV�RI�LQWHQVLYH�

IHHGLQJ�RQ�WKH�PHWDEROLVP�DQG�KHDOWK�RI�WKH�DQLPDOV��([SHULPHQWDO�IHHGLQJ�ZDV�FRQGXFWHG�RYHU�

D�ORQJ�SHULRG�RI�WLPH��VHYHQ�PRQWKV��DQG�WKH�DQLPDOV�ZHUH�DOUHDG\�TXLWH�ROG�ZLWK�DQ�DYHUDJH�

DJH�RI����PRQWKV��FRPSDUHG�WR�VODXJKWHU�UHFRPPHQGHG�LQ�SUDFWLFH��ZKLFK�DUH�IRU�+ROVWHLQ�EXOOV�

DW� DERXW� ��� PRQWKV� RI� OLIH� �*(8'(5� HW� DO��� ������� 5HWURVSHFWLYHO\�� D� PRUH� IUHTXHQW�
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GRFXPHQWDWLRQ�RI�FODZ�KHDOWK�ZRXOG�KDYH�EHHQ�YHU\� LQWHUHVWLQJ�� WR�GRFXPHQW� WKH�RQVHW�DQG�

SURJUHVVLRQ�RI� ODPLQLWLV��7KH�GLHWV�ZHUH�FRQGXFWHG� WR�SURPRWH�KLJK�GLIIHUHQFHV�EHWZHHQ� WKH�

IHHGLQJ�JURXSV��7KH�UDWLRQV�ZHUH�WKHUHIRUH�RULHQWHG�WRZDUG�WKH�XSSHU��+(3��DQG�ORZHU��/(3��

OLPLWV� RI� WKH� JXLGHOLQHV� RI� WKH�%DYDULDQ� 6WDWH� 5HVHDUFK�&HQWHU� IRU�$JULFXOWXUH� �%D\HULVFKH�

/DQGHVDQVWDOW� I�U� /DQGZLUWVFKDIW� �/I/��� ������� +RZHYHU�� WKHVH� UHFRPPHQGDWLRQV� ZHUH� IRU�

IDWWHQLQJ�RI�6LPPHQWDO�EXOOV��EXW�WKHUH�ZHUH�QR�FRUUHVSRQGLQJ�UHFRPPHQGDWLRQV�IRU�+ROVWHLQ�

EXOOV�� 7KH� SURWHLQ� VXSSO\� ZDV� DERYH�� HQHUJ\� LQWDNH� RI� +(3� EXOOV� ZDV� ZLWKLQ� WKH�

UHFRPPHQGDWLRQV�� 7KH� HQHUJ\� DQG� SURWHLQ� LQWDNH� RI� WKH� /(3� EXOOV� ZDV� EHORZ� WKH�

UHFRPPHQGDWLRQV� PHQWLRQHG�� 7KH� REWDLQHG� HIIHFWV� RI� WKH� H[SHULPHQWDO� IHHGLQJ� ZHUH� RQO\�

FRQVLGHUHG�DV�D�ZKROH��QR�GLIIHUHQWLDWLRQ�RI�SURWHLQ��RU�VWDUFK�ULFK�IHHGLQJ�HIIHFWV�ZDV�SRVVLEOH��

,W�VKRXOG�EH�PHQWLRQHG�WKDW�DOO�DQLPDOV�RI�WKH�VWXG\�RULJLQDWHG�IURP�WKH�VDPH�IDUP�DQG�KDG�D�

VLPLODU� JHQHWLF� EDFNJURXQG� DQG� H[SHULHQFHG� WKH� VDPH� UHDULQJ� PDQDJHPHQW�� 7KLV�

VWDQGDUGL]DWLRQ�� HYHQ� EHIRUH� WKH� IHHGLQJ� WULDO�� PD\� DOVR� KDYH� FRQWULEXWHG� WR� WKH� PDLQO\�

KRPRJHQHRXV�UHVXOWV�RI�WKH�VWXG\��

&RQIRUPDWLRQ�RI�WKH�FODZV�FKDQJHG�GXULQJ�WKH�IHHGLQJ�WULDO��2QO\�REVHUYHG�LQ�+(3��OHQJWK�RI�

WKH�GRUVDO�FODZ�ZDOO�DW�VODXJKWHU�ZDV�ORQJHU�LQ�FRPSDULVRQ�WR�EDVHOLQH�DQG�DW�WKH�KLQG�OHJV��WKH�

RXWHU�GLJLW�ZDV�PRUH�SURPLQHQW�WKDQ�WKH�LQQHU�GLJLW��7KLV�ZDV�DOVR�REVHUYHG�LQ�GDLU\�FRZV�IHG�

D�KLJK�SURWHLQ�GLHW�DQG�ZDV�DVVRFLDWHG�ZLWK�LQFUHDVHG�ODPHQHVV�RI�WKH�DQLPDOV��0$1621�	�

/($9(5������E���+RZHYHU��D�IHHGLQJ�WULDO�LQ�D�IHHGORW�GLG�QRW�UHYHDO�DQ�LQIOXHQFH�RI�SURWHLQ�

FRQWHQW�RQ�FODZ�KHDOWK��8QIRUWXQDWHO\��OHQJWK�RI�WKH�GRUVDO�FODZ�ZDOO�ZDV�QRW�PHDVXUHG�LQ�WKDW�

WULDO��*5((128*+�HW�DO����������

7KH�WKLFNQHVV�RI�WKH�VROH�ZDV�UHGXFHG�RYHU�WLPH�LQ�ERWK�JURXSV��ZKLFK�ZHUH�FRQWUDU\�UHVXOWV�WR�

*5((128*+�HW�DO����������ZKR�REVHUYHG�DQ�LQFUHDVH�RI�VROH�KRUQ�WKLFNQHVV�ZLWK�WLPH�DQG�D�

UHGXFWLRQ�LQ�VROH�KRUQ�WKLFNQHVV�E\�LQFUHDVLQJ�SURWHLQ�LQ�WKH�GLHW��%XW�DQLPDOV�XVHG�LQ�WKDW�VWXG\�

ZHUH�\RXQJHU��FDOYHV�DQG�\HDUOLQJV���IURP�D�GLIIHUHQW�EUHHG��&KDURODLV��DQG�WKH�H[SHULPHQWDO�

SHULRG�ZDV�VKRUWHU���

2FFXUUHQFH�RI�GHUPDWLWLV�LQWHUGLJLWDOLV�DQG�KHHO�KRUQ�HURVLRQ�LQFUHDVHG�RYHU�WLPH�LQ�ERWK�JURXSV��

3UREDEO\� GXH� WR� HQYLURQPHQWDO� FRQGLWLRQV� VHHQ� RQ� VODWWHG� IORRU� ZLWK� UXEEHU� PDWV�� OLNH�

VXERSWLPDO�FOHDQOLQHVV�DQG�KXPLGLW\��WKH�RFFXUUHQFH�RI�LQIHFWLRXV�FODZ�GLVHDVHV�ZDV�SURPRWHG�

�+2%/(7�	�:(,66��������0$*5,1�HW�DO�������D���7KH�VLJQV�RI�ODPLQLWLV�ZHUH�RQO\�PLOG��

ZLWK�PD[LPDO�GRFXPHQWHG�VFRUH�RI�����RI�SRVVLEOH����VFRUH�SRLQWV�LQ�ZRUVW�FDVH��DQG�ZHUH�QRW�

DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�LQFUHDVHG�SUHVHQFH�RI�VROH�XOFHUV�LQ�+(3��DV�LW�ZDV�REVHUYHG�LQ�

GDLU\�FRZV�DIIHFWHG�E\�FKURQLF�ODPLQLWLV��%5$'/(<�HW�DO���������%(5*67(1���������7KH�
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PLOGQHVV�RI�WKH�ODPLQLWLV�LWVHOI��DV�ZHOO�DV�WKH�ORZ�LQFLGHQFH�RI�RWKHU�ODPLQLWLV�DVVRFLDWHG�FODZ�

OHVLRQV��ZHUH�SUREDEO\�GXH�WR�WKH�UHODWLYHO\�VRIW�JURXQG�FRQGLWLRQV�SURYLGHG�E\�WKH�UXEEHU�PDWV�

SURWHFWLQJ�FODZV�RI�IXUWKHU�WUDXPDWLF�HIIHFWV��%(5*67(1���������

���� *HQHUDO�UHVSRQVH�WR�IHHGLQJ�ZLWK�SRWHQWLDO�PHWDEROLF�FRQVHTXHQFHV�

7KH�IHHG�LQWDNH�LQ�+(3�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�LQ�/(3��ZKLFK�RQ�WKH�RQH�KDQG�FRXOG�EH�

GXH�WR�WKH�KLJKHU�FRQFHQWUDWH�FRQWHQW�DQG�WKXV�EHWWHU�SDODWDELOLW\�DQG�ORZHU�YROXPH�RI�705��

DQG�RQ�WKH�RWKHU�KDQG��IHHG�LQWDNH�RI�/(3�FRXOG�DOVR�KDYH�EHHQ�UHGXFHG�E\�WKH�LQFUHDVHG�ILEHU�

FRQWHQW�LQ�/(3�GLHW��'LJHVWLRQ�RI�ORQJ�ILEHUV�UHVXOW�LQ�D�ORQJHU�UHWHQWLRQ�WLPH�LQ�WKH�UXPHQ��LQ�

FRPSDULVRQ�WR�HDVLO\�GLJHVWLEOH�FDUERK\GUDWHV�OLNH�VWDUFK��12=,Ê5(�HW�DO����������)HHG�LQWDNH�

ZDV�LQFUHDVHG�GXULQJ�WKH�ILUVW�PRQWKV�RI�WKH�WULDO�LQ�ERWK�JURXSV��SRVVLEO\�FDXVHG�E\�DGDSWLRQ�

RI�WKH�JDVWURLQWHVWLQDO�WUDFW�WR�WKH�QHZ�GLHW��,Q�GDLU\�FRZV��DGDSWLRQ�WR�D�QHZ�705�WDNHV�DERXW�

IRXU�WR�VL[�ZHHNV��LQFOXGLQJ�DGDSWLRQ�RI�UXPLQDO�PXFRVD�DQG�PLFURELRPH��./((1�HW�DO����������

)HHG�LQWDNH�RI�/(3�UHPDLQHG�RQ�D�VLPLODU�OHYHO�XQWLO�WKH�HQG�RI�WKH�IHHGLQJ�WULDO��,Q�+(3��IHHG�

LQWDNH�GHFUHDVHG�DW�WKH�DJH�RI����PRQWKV�XQWLO�WKH�HQG�RI�WKH�WULDO��7KLV�FRXOG�EH�DQ�LQGLFDWLRQ�

WKDW�SK\VLRORJLFDO�PHFKDQLVPV�WR�FRQWURO�HQHUJ\� LQWDNH�DQG�ZHLJKW�JDLQ�ZHUH�VWLOO�HIIHFWLYH��

6LPLODU�UHVXOWV�ZHUH�REVHUYHG�LQ�D�WULDO�ZLWK�GDLU\�FRZV��ZKRVH�IHHG�LQWDNH�ZHUH�DOVR�UHGXFHG�

DW�WKH�HQG�RI�WKH����ZHHN�SRVLWLYH�HQHUJ\�EDODQFH�WULDO��'b1,&.(�HW�DO�����������

7KH�+(3�IHHGLQJ�UHVXOWHG�LQ�KLJKHU�JDLQV�DQG�ILQDO�ZHLJKWV��DV�ZHOO�DV�KLJKHU�PXVFOH�DQG�IDW�

FODVVHV�� 7KLV� LV� LQ� OLQH� ZLWK� RWKHU� VWXGLHV� ZKLFK� FRPSDUHG� GLIIHUHQW� IDWWHQLQJ� LQWHQVLWLHV�

�12*$/6.,�HW�DO���������/,8�HW�DO����������+RZHYHU��PHDQ�$'*�ZDV�HTXDO�DW�WKH�ODVW�WZR�

PRQWKV�RI�WKH�IHHGLQJ�WULDO��DOWKRXJK�IHHG�LQWDNH��HQHUJ\�DQG�QXWULHQW�LQWDNH�ZDV�KLJKHU�LQ�+(3��

:LWKLQ�+(3��IDW�FODVV�ZDV�QHJDWLYHO\�FRUUHODWHG�ZLWK�VRPH�ORQJ�FKDLQ�$&V��7KLV�LQGLFDWHV�WKDW�

DQLPDOV�ZHUH�LQ�DQ�DQDEROLF�VWDWH�DQG�WKDW�DQLPDOV�ZLWK�D�KLJKHU�IDW�FODVV�GHJUDGHG�IHZHU�IDWW\�

DFLGV�DQG�WKHUHIRUH�KDG�OHVV�ORQJ�FKDLQ�$&�LQ�WKH�SODVPD��7KH�DVVRFLDWLRQ�RI�LQFUHDVHG�HQHUJ\�

DQG�SURWHLQ�LQWDNH�ZLWK�LQFUHDVHG�JDLQV�ZDV�DOVR�UHIOHFWHG�LQ�WKH�FRUUHODWLRQ�RI�EORRG�XUHD�ZLWK�

PHDQ�GDLO\�ZHLJKW�JDLQV�GXULQJ�WKH�H[SHULPHQWDO�SHULRG��$VVXPLQJ�WKDW�WKH�XUHD�FRQFHQWUDWLRQ�

ZDV�PDLQO\�LQIOXHQFHG�E\�SURWHLQ�LQWDNH�LQ�RWKHUZLVH�KHDOWK\�DQLPDOV��35(6721�HW�DO���������

35(:,77�HW�DO���������� WKLV�FRUUHODWLRQ�LQGLUHFWO\�VKRZHG�WKDW�WKH�DQLPDOV�ZLWKLQ�WKH�JURXS�

KDG�GLIIHUHQW�IHHG�LQWDNHV�DQG�WKXV�LQIOXHQFHG�XUHD�FRQFHQWUDWLRQV�DQG�JDLQV��,W�ZRXOG�KDYH�EHHQ�

LQWHUHVWLQJ�WR�GRFXPHQW�LQGLYLGXDO�IHHG�LQWDNH��LQ�RUGHU�WR�FRPSDUH�LW�ZLWK�WKHVH�UHVXOWV���

'LIIHUHQFHV�LQ�WKH�PHWDEROLF�VWDWXV�ZHUH�DOVR�GHPRQVWUDWHG�E\�FRUUHODWLRQV�RI�FRQFHQWUDWLRQ�RI�

1()$�LQ�EORRG�ZLWK�H[SUHVVLRQ�RI�P725�LQ�WKH�OLYHU��7KH�FRQFHQWUDWLRQV�RI�1()$�ZHUH�ORZ�
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LQ� ERWK� IHHGLQJ� JURXSV�ZLWK� FRQFHQWUDWLRQV� EHWZHHQ� ����� �� �����PPRO�/�� ,QWHUHVWLQJO\�� WKH�

FRUUHODWLRQ�ZDV�QHJDWLYH�LQ�+(3��EXW�SRVLWLYH�LQ�/(3��7KH�P725�FRPSOH[�FRQQHFWV�QXWULHQW�

VLJQDOV�DQG�PHWDEROLF�SURFHVVHV�IRU�FHOO�JURZWK��%(1�6$+5$�	�0$11,1*���������WKHUHIRUH�

LWV�H[SUHVVLRQ�FRXOG�EH�DVVRFLDWHG�ZLWK�ILQH�WXQLQJ�RI�HQHUJ\�PHWDEROLVP�DQG�SRWHQWLDO�IRU�FHOO�

JURZWK��,Q�KXPDQV�ZLWK�'0���WXUQRYHU�RI�1()$�LV�LPSDLUHG�DQG�FRQFHQWUDWLRQV�DUH�LQFUHDVHG�

�3(5(,5$�HW�DO����������7KXV��D�QHJDWLYH�FRUUHODWLRQ�RI�1()$�DQG�P725�LQ�WKH�OLYHU�LQ�+(3�

DQLPDOV�FRXOG�LQGLFDWH�WKDW�OHVV�LQVXOLQ�VHQVLWLYH�DQLPDOV�KDG�KLJKHU�1()$�FRQFHQWUDWLRQV�DQG�

ORZHU� H[SUHVVLRQV� RI�P725�� GXH� WR� D� UHODWLYH� ODFN� RI� HQHUJ\� DQG� WKHUHIRUH� KLJKHU� QHHG� WR�

JHQHUDWH�HQHUJ\�VXEVWUDWHV�WKURXJK�OLSRO\VLV��,Q�FRQWUDVW��D�SRVLWLYH�FRUUHODWLRQ�RI�1()$�DQG�

P725�LQ�WKH�OLYHU�LQ�/(3�FRXOG�LQGLFDWH�WKDW�EXOOV��ZKLFK�KDG�D�KLJKHU�PHWDEROLF�IOH[LELOLW\��

XVHG� SUHGRPLQDQWO\�1()$� LQVWHDG� RI� JOXFRVH� WR� JHQHUDWH� HQHUJ\� DQG� WKHUHE\�ZHUH� DEOH� WR�

H[SUHVV� PRUH� P725� LQ� WKH� OLYHU�� )XUWKHUPRUH�� WKHVH� FRUUHODWLRQV� FRXOG� LPSOLFDWH� WKDW�

PHWDEROLVP�RI�/(3�SULRULWL]HG�SURWHLQ�V\QWKHVLV�DQG�QRW�OLSRJHQHVLV�DW�VODXJKWHU��LQ�FRQWUDVW�WR�

+(3�DQLPDOV��

,Q�WRWDO��WKH�FKURQLF�LQFUHDVHG�HQHUJ\�DQG�SURWHLQ�LQWDNH�RI�+(3�OHG�WR�JUHDWHU�PXVFOH�IXOOQHVV��

EXW�HYHQ�PRUH�FOHDUO\�WR�DQ�DGLSRVLW\�RI�WKH�DQLPDOV��7KLV�FRXOG�LQGLFDWH�WKDW�WKH����PRQWKV�ROG�

DQLPDOV�UHDFKHG�QHDUO\�WKH�OLPLW�RI�WKHLU�SURWHLQ�DFFUHWLRQ�FDSDFLW\�DQG�H[FHVV�HQHUJ\�KDV�EHHQ�

XVHG�PDLQO\�WR�LQFUHDVH�IDW�GHSRWV��(QHUJ\�LQWDNH�LQIOXHQFHV�WKH�WLPH�WR�DFKLHYH�WKH�JHQHWLFDOO\�

GHWHUPLQHG�SRWHQWLDO�RI�PXVFOH�IXOOQHVV��EXW�QRW�WKH�UDWLR�RI�ERG\�FRPSRVLWLRQ��:$/'0$1�HW�

DO���������+21,*�HW�DO����������$V�D�GDLU\�EUHHG��+ROVWHLQ�EXOOV�KDYH�D�ORZHU�DELOLW\�RI�PXVFOH�

DFFUHWLRQ�DQG�D�KLJKHU�SUHIHUHQFH�IRU�IDW�GHSRVLWLRQ�LQ�FRPSDULVRQ�WR�EHHI�EUHHGV��3)8+/�HW�

DO����������7KH�EXOOV�LQ�WKLV�WULDO�KDG�DOPRVW�UHDFKHG�WKH�HQG�RI�WKHLU�JURZWK�SRWHQWLDO�DQG�IXUWKHU�

ERG\�PDVV�JDLQ�RFFXUUHG� WKURXJK� WKH�DFFXPXODWLRQ�RI� IDW� WLVVXH��*(8'(5�HW�DO����������$�

VKRUWHQHG�IDWWHQLQJ�SHULRG�WR�FRPSHQVDWH�IRU�WKLV�EUHHG�UHODWHG�IHDWXUH�ZDV�QRW�LPSOHPHQWHG��

ZKLFK�SRVVLEO\�LQFUHDVHG�WKH�QHJDWLYH�HIIHFWV�RI�WKH�+(3�GLHW�RQ�WKH�DQLPDOV���

$�FKDQJH�LQ�ERG\�PDVV�FRPSRVLWLRQ�WRZDUGV�KLJKHU�IDW�FRQWHQW�LV�RIWHQ�DVVRFLDWHG�ZLWK�QHJDWLYH�

PHWDEROLF�FRQVHTXHQFHV��6XPPDUL]HG�LQ�YDULRXV�UHYLHZV��H[FHVV�QXWULHQW�VXSSO\�DQG�REHVLW\�

WULJJHU�PLWRFKRQGULDO�G\VIXQFWLRQ��R[LGDWLYH�VWUHVV�DQG�DOVR�PHPEUDQH�DQG�(5�VWUHVV��WKHUHE\�

SURPRWLQJ� LPSDLUHG� LQVXOLQ� VLJQDOLQJ� DQG� LQFUHDVHG� LQIODPPDWRU\� F\WRNLQH� SURGXFWLRQ�

�2'(*$$5'� 	� &+$:/$�� ������� 2EHVLW\� LQ� KXPDQV� LV� DVVRFLDWHG� ZLWK� LQFUHDVHG�

LQIODPPDWRU\�PHGLDWRUV�LQ�SODVPD��0217(,52�	�$=(9('2���������LQVXOLQ�UHVLVWDQFH�DQG�

'0�� �&$5$<2/�HW� DO��� ������'(635e6�	�/(0,(8;���������6LPLODU�REVHUYDWLRQV� KDYH�

EHHQ�PDGH�LQ�KRUVHV��ZKHUH�LQFUHDVHG�ERG\�FRQGLWLRQ�VFRUH�LV�D�SUHGLVSRVLWLRQ�IDFWRU�IRU�LQVXOLQ�

G\VUHJXODWLRQ�DQG�ODPLQLWLV��75(,%(5�HW�DO����������,Q�WKH�FDVH�RI�FDWWOH��VWXGLHV�PDLQO\�IRFXVHG�
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RQ� GDLU\� FRZV�� ,W� ZDV� REVHUYHG�� WKDW� RYHUZHLJKW� FRZV� LQ� GU\� SHULRG� KDG� PRUH� PHWDEROLF�

GLVWXUEDQFHV�WR�WKH�RQVHW�RI�ODFWDWLRQ�WKDQ�OHDQ�RQHV��58..:$068.�HW�DO���������$0(7$-�

HW�DO������������

7KHVH�DVVRFLDWLRQV�DUH�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�REVHUYHG�LQ�+(3�EXOOV��%ORRG�ELRFKHPLVWU\�

RI�+(3�EXOOV�VKRZHG�ILUVW�LQGLFDWLRQV�RI�D�SRWHQWLDOO\�WHQVHG�PHWDEROLF�VLWXDWLRQ��LQGLFDWHG�E\�

LQFUHDVHG�FRQFHQWUDWLRQV�RI�SKRVSKDWH��XUHD��%+%$�DQG�DFWLYLW\�RI�WKH�HQ]\PH�*/'+��7KHVH�

DOWHUDWLRQV�FRXOG�LQGLFDWH�KLJKHU�GLHWDU\�LQWDNH�RI�SKRVSKDWH��SURWHLQ�DQG�VWDUFK��+LJK�SURWHLQ�

LQWDNH�ZDV�DVVRFLDWHG�ZLWK�LQFUHDVHG�DPPRQLD�FRQFHQWUDWLRQV�LQ�WKH�UXPHQ��%817,1*�HW�DO���

������ DQG� D� KLJKHU� EXUGHQ� IRU� WKH� OLYHU� WR� ERXQG� H[FHVVLYH� QLWURJHQ� GXULQJ� WKH� XUHD� F\FOH�

�0$5,1,�	�9$1�$0%85*+�� ������� ,Q�+ROVWHLQ� FRZV� IHG� D� FRQFHQWUDWH� ULFK� GLHW�� ZLWK�

LQFUHDVLQJ�LQWDNH�RI�FRQFHQWUDWH��LQFOXGLQJ�KLJK�SURWHLQ�FRPSRQHQWV���DPPRQLD�FRQFHQWUDWLRQ�

LQ�UXPHQ�DQG�XUHD�FRQFHQWUDWLRQ�LQ�EORRG�LQFUHDVHG��'b1,&.(�HW�DO����������7KLV�DVVXPSWLRQ�

LV�IXUWKHU�VXSSRUWHG�E\�LQFUHDVHG�FRQFHQWUDWLRQV�RI�DUJLQLQH�DQG�RUQLWKLQH�LQ�SODVPD�RI�+(3��

7KHVH�PHWDEROLWHV�DUH�DOVR�SDUW�RI�WKH�XUHD�F\FOH���

&RQFHQWUDWLRQV�RI�WKH�PRVW�PHDVXUHG�$$�ZHUH�KLJKHU�LQ�+(3��)LJXUH�����ZKLFK�FRXOG�UHIOHFW�

WKH�LQFUHDVHG�VXSSO\�RI�WKHVH�$$�E\�IHHG�DQG�UXPLQDO�PLFUREHV��6WDUFK�LV�GHJUDGHG�E\�UXPLQDO�

PLFUREHV��SURGXFLQJ�LQWHU�DOLD�EXW\UDWH�LQ�WKH�UXPHQ��ZKLFK�FRXOG�EH�PHWDEROL]HG�WR�%+%$�E\�

WKH�UXPHQ�HSLWKHOLXP��48,*/(<�HW�DO����������(VSHFLDOO\��%+%$�FRQFHQWUDWLRQV�DQG�DFWLYLWLHV�

RI�*/'+�KDG�KLJK�LQWHU�LQGLYLGXDO�YDULDWLRQV�ZLWKLQ�+(3��,QFUHDVHG�DFWLYLWLHV�RI�*/'+�ZHUH�

DVVRFLDWHG�ZLWK�OLYHU�FHOO�GDPDJH��:(67���������/LYHU�DEVFHVVHV�ZHUH�RIWHQ�REVHUYHG�LQ�IHHGORW�

FDWWOH��1$*$5$-$�	�&+(1*$33$���������EXW�ZHUH�QRW�REVHUYHG�GXULQJ�WKH�URXWLQH�PHDW�

LQVSHFWLRQ�RI�WKHVH�EXOOV��+RZHYHU��WKLV�PDFURVFRSLF�H[DPLQDWLRQ�GRHV�QRW�H[FOXGH�OLYHU�FHOO�

GDPDJH��,QFUHDVHG�FRQFHQWUDWLRQV�RI�YDULRXV�SRWHQWLDOO\�WR[LF�PHWDEROLWHV��OLNH�PHWK\ODPLQHV�

DQG�1�QLWURVRGLPHWK\ODPLQHV�ZHUH�REVHUYHG�LQ�WKH�UXPHQ�RI�GDLU\�FRZV�IHG�JUDLQ�ULFK�GLHWV�

�$0(7$-�HW�DO����������ZKLFK�FRXOG�KDYH�OHG�WR�OLYHU�FHOO�GDPDJH�DIWHU�LQWHVWLQDO�DEVRUSWLRQ��

���� 0HWDEROLWHV�UHIOHFWLQJ�D�SUR�LQIODPPDWRU\�SKHQRW\SH�

$�VXVSHFWHG�LQIODPPDWRU\�SKHQRW\SH�ZDV�IXUWKHU�FKDUDFWHUL]HG�ZLWK�WKH�$EVROXWH,'4�S����.LW�

�%LRFUDWHV��,QQVEUXFN��$XVWULD���*O\FHURSKRVSKROLSLGV�ZHUH�IRXQG�WR�EH�WKH�PHWDEROLWHV�ZLWK�

WKH�JUHDWHVW�GLIIHUHQFHV�EHWZHHQ�WKH�GLHWDU\�JURXSV��)LJXUH�����7KH�FRQFHQWUDWLRQV�RI�QHDUO\�DOO�

PHDVXUHG�3&V� ����RI����3&��ZHUH� ORZHU� LQ�+(3��7KLV�GLVWLQFW� UHVXOW� XQGHUOLQHG� WKH� VWURQJ�

GLIIHUHQFHV�LQ�PHWDEROLVP�RI�WKH�IHHGLQJ�JURXSV��0HWDERORPLF�VWXGLHV�RIWHQ�UHYHDOHG�DOWHUDWLRQV�
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LQ�WKH�FODVV�RI�3&V��+RZHYHU��UHVXOWV�ZHUH�FRPPRQO\�GLIILFXOW�WR�H[SODLQ�IURP�D�ELRORJLFDO�SRLQW�

RI�YLHZ��EHFDXVH�NQRZOHGJH�DERXW�WKH�VSHFLILF�IXQFWLRQV�RI�LQGLYLGXDO�3&V�LV�LQFRPSOHWH���

7KHVH� OLSLGV� DUH� PDLQ� FRPSRQHQWV� RI� PDPPDOLDQ� FHOO� PHPEUDQHV�� LQIOXHQFLQJ� IOXLGLW\� RI�

PHPEUDQHV�DQG�FHOO�VLJQDOLQJ��75(('(�HW�DO���������9$1�'(5�9((1�HW�DO����������9DULRXV�

VLJQDOLQJ� PROHFXOHV� DUH� JHQHUDWHG� IURP� GLIIHUHQW� 3&V�� OLNH� GLDF\OJO\FHURO�� O\VR�3&V��

SKRVSKDWLGLF�DFLG�DQG�DUDFKLGRQLF�DFLG��&8,�	�+28:(/,1*���������$V�DQ�H[DPSOH��IURP�

3&� DD�DH� ����� DQG� FKDLQ� OHQJWK� DERYH�� DUDFKLGRQLF� DFLG� �&������ DQG� SDOPLWDWH� �&������ DUH�

JHQHUDWHG��$OWHUDWLRQV�RI�3&V�ZHUH�REVHUYHG�LQ�GLVHDVHV�OLNH�'0���68+5(�HW�DO���������DQG�

REHVLW\��&$5$<2/�HW�DO����������&HOO�FXOWXUH�VWXGLHV�UHYHDOHG�DQWL�LQIODPPDWRU\��75(('(�HW�

DO���������DQG�SURWHFWLYH�HIIHFWV�RI�3&V�RQ�HWKDQRO�LQMXUHG�KHSDWRF\WHV�E\�LQKLELWLRQ�RI�OLSLG�

SHUR[LGDWLRQ� �=+$1*�HW� DO���������� ,Q�GDLU\�FRZV�DURXQG�SDUWXULWLRQ��3&�FRQFHQWUDWLRQV� LQ�

EORRG� GUDPDWLFDOO\� GHFUHDVHG� DQG� VORZO\� LQFUHDVHG� DJDLQ� RYHU� ZHHNV� RI� HDUO\� ODFWDWLRQ�

�,0+$6/<�HW�DO���������.(1e=�HW�DO����������7KHUHIRUH��GHFUHDVHG�EORRG�FRQFHQWUDWLRQV�RI�

3&V� FRXOG� UHIOHFW� FRQVXPSWLRQ� RI� 3&V�� GXH� WR� LQFUHDVHG� FHOO� GDPDJH� DQG� R[LGDWLYH� VWUHVV��

LQFUHDVLQJ� WKH� QHHG� RI� FHOO� DQG� WLVVXH� UHPRGHOOLQJ�� 7KH� RWKHU� ZD\� DURXQG�� LQFUHDVHG�

FRQFHQWUDWLRQV�REVHUYHG� LQ�/(3�FRXOG� UHIOHFW�D� OHVV� WHQVHG�PHWDEROLF� VLWXDWLRQ�DQG�D�KLJKHU�

DELOLW\�WR�UHVLVW�PHWDEROLF�VWUHVV���

3KRVSKROLSDVH�$��K\GURO\VHV�3&V�WR�DUDFKLGRQLF�DFLGV�DQG�O\VR�3&V��7KLV�SDWKZD\�LV�DFWLYDWHG�

E\� LQIODPPDWRU\� VLJQDOV� �.$%$52:6.,$� HW� DO��� ������� 7KUHH� O\VR�3&V� VKRZHG� KLJKHU�

FRQFHQWUDWLRQV�LQ�+(3��O\VR�3&�DF\O�&������&������&�������'HFUHDVHG�FRQFHQWUDWLRQV�RI�3&V�

DQG� LQFUHDVHG�FRQFHQWUDWLRQV�RI� O\VR�3&V�DSSHDUHG� WR�EH�DVVRFLDWHG�ZLWK�D�SURLQIODPPDWRU\�

VWDWXV�� ,QFUHDVHG� FRQFHQWUDWLRQV� RI� O\VR�3&� DF\O� &����� DQG� O\VR�3&� DF\O� ����� ZHUH� DOVR�

REVHUYHG�DV�SUHGLFWLYH�ELRPDUNHU�IRU�WKH�RFFXUUHQFH�RI�GLVHDVH�DIWHU�FDOYLQJ��LQ�FRPSDULVRQ�WR�

KHDOWK\� FRZV�� &RZV�ZKLFK� KDG� KLJKHU� FRQFHQWUDWLRQV� RI� WKHVH� O\VR�3&V� IRXU�ZHHNV� EHIRUH�

SDUWXULWLRQ�ZHUH�DIWHUZDUGV�DIIHFWHG�E\�PDVWLWLV��PHWULWLV��UHWDLQHG�SODFHQWD��ODPLQLWLV�RU�HYHQ�

FRPELQDWLRQV�RI�WKHVH�GLVHDVHV��+$,/(0$5,$0�HW�DO�����������

7KH�FODVV�RI�60V�DOVR�UHIHU�WR�WKH�SKRVSKROLSLGV�DQG�DUH�FRPSRQHQWV�RI�FHOO�PHPEUDQHV��7KH�

HQ]\PH�VSKLQJRP\HOLQDVH�GHJUDGHV�60V�WR�FHUDPLGHV�DQG�WKHQ�WR�RWKHU�ELRDFWLYH�OLSLGV��OLNH�

VSKLQJRVLQH�RU�FHUDPLGH���SKRVSKDWH��7KLV�SDWKZD\�LV�DFWLYDWHG�E\�LQIODPPDWRU\�VWLPXOL��OLNH�

R[LGDWLYH� VWUHVV�� /36� RU� 71)� Į�� ,W� IXUWKHU� DFWLYDWHV� F\WRNLQH� SURGXFWLRQ� DQG� LQFUHDVHV�

SHUPHDELOLW\�RI�HQGRWKHOLXP��0$&(<.$�	�63,(*(/��������+$1181�	�2%(,'���������

/RZHU�FRQFHQWUDWLRQV�RI�60V�REVHUYHG� LQ�+(3�EXOOV�ZHUH�DOVR�IRXQG� LQ�GDLU\�FRZV�DURXQG�

SDUWXULWLRQ��.(1e=�HW�DO���������5,&2�HW�DO����������LQGLFDWLQJ�KLJK�PHWDEROLF�VWUHVV�DQG�WKH�
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QHHG�WR�UHSDLU�WLVVXH�GDPDJH��7KH�60V�SOD\�D�UROH�LQ�UHVHDUFK�EHFDXVH�RI�WKHLU�FRQQHFWLRQ�WR�

FHUDPLGHV��&HUDPLGHV� DUH�NQRZQ� WR�KDYH�SDWKRSK\VLRORJLFDO� IXQFWLRQV� LQ� LQIODPPDWLRQ�DQG�

LQKLELW� 3.%�� UHVXOWLQJ� LQ� LQVXOLQ� UHVLVWDQFH� �0$&(<.$�	� 63,(*(/�� ������ /$56(1�	�

7(11$*(/6�� ������ +2//$1'� 	� 6800(56�� ������� 7KLV� ZDV� DOVR� VKRZQ� LQ� ERYLQH�

DGLSRF\WHV��5,&2�HW�DO����������7KHVH�REVHUYDWLRQV�DUH�D�SRVVLEOH�OLQN�EHWZHHQ�GHFUHDVHG�60V�

DQG�LPSDLUHG�LQVXOLQ�VHQVLWLYLW\�DQG�LQIODPPDWLRQ��7KLV�LV�DOVR�VXSSRUWHG�E\�WKH�REVHUYDWLRQ�RI�

ORZHU�SODVPD�FRQFHQWUDWLRQV�RI�VRPH�60V�LQ�LQVXOLQ�UHVLVWDQW�YHDO�FDOYHV��3$1723+/(7�HW�

DO����������5HVXOWV�ZHUH�QRW�DV�FOHDU�DV�LQ�WKH�SUHVHQW�VWXG\��EXW�WKH�IHHGLQJ�WULDO�RQO\�ODVWHG�IRU�

���ZHHNV�DQG�WKH�DQLPDOV�ZHUH�PXFK�\RXQJHU�WKDQ�WKH�DQLPDOV�LQ�WKLV�VWXG\���

���� ,QVXOLQ�LQVHQVLWLYLW\�DV�VSHFLDO�LQIODPPDWRU\�IHDWXUH�LQ�+ROVWHLQ�IDWWHQLQJ�EXOOV�

7KH� IXUWKHU� UHVXOWV� OLQN� WKH� VXVSHFWHG� SUR�LQIODPPDWRU\� SKHQRW\SH� ZLWK� LPSDLUHG� LQVXOLQ�

VHQVLWLYLW\�LQ�+(3�EXOOV��+RZHYHU��WKH�GHWHUPLQDWLRQ�RI�ZKROH�ERG\�LQVXOLQ�VHQVLWLYLW\�LQ�YLYR��

YLD�K\SHULQVXOLQHPLF�HXJO\FHPLF�FODPS�WHVW�ZDV�QRW�SRVVLEOH� LQ� WKLV�VWXG\�� ,Q� WKLV� WHVW�� LW� LV�

PHDVXUHG�KRZ�PXFK�JOXFRVH�LV�DEVRUEHG�LQWR�WKH�FHOO��LQGXFHG�E\�LQVXOLQ��WR�HYDOXDWH�FKDQJHV�

LQ�VHQVLWLYLW\�DQG�UHVSRQVLYHQHVV�RI� WKH�WLVVXH��$&+0$',�HW�DO���������$1'(56(1�HW�DO���

������ 67(51%$8(5� 	� /87+0$1�� ������� ,QVWHDG�� SDUDPHWHUV� DVVRFLDWHG� ZLWK� LQVXOLQ�

VHQVLWLYLW\�ZHUH�DQDO\]HG��7KH�FRQFHQWUDWLRQ�RI�LQVXOLQ��FHUWDLQ�PHWDEROLWHV�DQG�H[SUHVVLRQV�DQG�

H[WHQWV� RI� SKRVSKRU\ODWLRQ� RI� FRPSRQHQWV� RI� WKH� LQVXOLQ� VLJQDOLQJ� FDVFDGH� ZHUH� XVHG� DV�

LQGLFDWRUV� IRU� LQVXOLQ� VHQVLWLYLW\�� 7KH� SK\VLRORJLFDO� UHODWLRQVKLS� RI� LQVXOLQ� WR� VWLPXODWH�

SKRVSKRU\ODWLRQ� RI� WKHVH� FRPSRQHQWV� KDV� EHHQ� VKRZQ� LQ� YDULRXV� VWXGLHV�� KLJKHU� H[WHQWV� RI�

SKRVSKRU\ODWLRQ�RI�,QV5��3.%��P725�DQG�$03.�ZHUH�REVHUYHG�LQ�WLVVXHV�RI�KHDOWK\�KRUVHV��

E\�LQWUDYHQRXVO\�LQMHFWHG�LQVXOLQ��:$51.(1�HW�DO���������DQG�DOVR�LQ�DQ�H[�YLYR�VWLPXODWLRQ�

RI�WLVVXHV�ZLWK�LQVXOLQ�LQ�GDLU\�FRZV���.(1e=�HW�DO�����������

7KH�+(3�EXOOV�KDG� WZRIROG�KLJKHU� LQVXOLQ�FRQFHQWUDWLRQV� WKDQ�/(3�EXOOV��$'$0,$.�HW�DO��

�������GHILQHG� K\SHULQVXOLQHPLD� DV�!�������,8�PO� LQ� GDLU\� KHLIHUV��0HDQ� FRQFHQWUDWLRQ� RI�

LQVXOLQ� RI� +(3� EXOOV� ZDV� ������ �,8�PO�� DQG� RI� /(3� EXOOV� ZDV� ������ �,8�PO�� LQGLFDWLQJ�

K\SHULQVXOLQHPLD� LQ�+(3�� ,W� VKRXOG� EH� QRWHG�� WKDW� GLIIHUHQW� DVVD\V�ZHUH� XVHG� WR� GHWHUPLQH�

LQVXOLQ� DQG� FRPSDUDELOLW\� ZDV� QRW� YHULILHG�� ,QFUHDVHG� FRQFHQWUDWLRQV� RI� LQVXOLQ� ZHUH� DOVR�

REVHUYHG� LQ� RWKHU� VWXGLHV� IHHGLQJ� D� KLJK� OHYHO� RI� QXWULWLRQ� LQ� FDWWOH� �5g3.(� HW� DO��� ������

/2&+(5�HW�DO���������3,/$&+$,�HW�DO���������DQG�LQ�VKHHS��$&+0$',�HW�DO����������

+RZHYHU��WKH�JOXFRVH�FRQFHQWUDWLRQ�LQ�EORRG�GLG�QRW�GLIIHU�EHWZHHQ�WKH�IHHGLQJ�JURXSV��7KLV�

FRXOG� WKHUHIRUH� EH� WHUPHG� DV� D� FRPSHQVDWHG� PHWDEROLF� VWDWXV�� LQGLFDWLQJ� HLWKHU� SHULSKHUDO�
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LQVXOLQ� LQVHQVLWLYLW\� RU� G\VUHJXODWLRQ� RI� SDQFUHDWLF� LQVXOLQ� VHFUHWLRQ�� 7KH� JOXFRVH�WR�LQVXOLQ�

UDWLR�� DV� D� ZHOO�NQRZQ� PDUNHU� IRU� GLVWXUEDQFHV� LQ� LQVXOLQ�JOXFRVH� KRPHRVWDVLV� LQ� KXPDQV�

�/(*52� HW� DO��� ������ 6,/)(1� HW� DO��� ������� FRQVHTXHQWO\� LQGLFDWH� D� GHFUHDVHG� LQVXOLQ�

VHQVLWLYLW\� LQ�+(3�EXOOV��5HGXFHG� LQVXOLQ� VHQVLWLYLW\�ZDV� DOVR� IRXQG� LQ� D�PRGHO� RI� SRVLWLYH�

HQHUJ\� EDODQFH� LQ� QRQODFWDWLQJ�� QRQSUHJQDQW� GDLU\� FRZV� �/2&+(5� HW� DO��� ������ DQG� LQ�

LQWHQVLYHO\�IHG�YHDO�FDOYHV��3$1723+/(7�HW�DO����������,PSDLUHG�LQVXOLQ�PHWDEROLVP�LQ�KRUVHV�

ZDV�WHUPHG�DV�LQVXOLQ�G\VUHJXODWLRQ�DQG�LQFOXGHG�K\SHULQVXOLQHPLD�DQG�LQVXOLQ�UHVLVWDQFH�RI�

WLVVXHV��)5$1.�	�7$'526����������

7KH�H[FHVVLYH�HQHUJ\� LQWDNH�RI�+(3�UHVXOWHG� LQ�D�KLJKHU�H[SUHVVLRQ�DQG�SKRVSKRU\ODWLRQ�RI�

SURWHLQV� RI� WKH� LQVXOLQ� VLJQDOLQJ� FDVFDGH� LQ� WKH� OLYHU�� ,W� LV� DVVXPHG� WKDW� WKH� H[WHQW� RI�

SKRVSKRU\ODWLRQ�UHIOHFWV�WKH�DFWLYDWLRQ�RI�WKHVH�SURWHLQV��6$6$.,���������,QFUHDVHG�H[WHQW�RI�

SKRVSKRU\ODWLRQ�RI�P725�LQ�WKH�OLYHU�LPSOLHG�DQ�LQFUHDVHG�DFWLYDWLRQ�RI�WKH�FDVFDGH�WKHUH��7KLV�

ZDV�H[SHFWHG�DFFRUGLQJ� WR� WKH� IXQFWLRQ�RI� LQVXOLQ� VLJQDOLQJ�SDWKZD\�ZKLFK�VKRXOG�EH�PRUH�

DFWLYDWHG�E\�KLJKHU�HQHUJ\�DQG�QXWULHQW�LQWDNH�DQG�FRQVHTXHQWO\�KLJKHU�VHFUHWLRQ�RI�LQVXOLQ�DQG�

DFWLYDWLRQ�RI�WKH�FDVFDGH��75(1./(���������7KLV�SK\VLRORJLFDOO\�GHVFULEHG�UHODWLRQVKLS�LV�DOVR�

UHIOHFWHG� LQ� SRVLWLYH� FRUUHODWLRQV� LQ� OLYHU� RI� S�P725� DQG� 3.%�� ,QV5�� DQG� LQVXOLQ� [� ,QV5��

UHVSHFWLYHO\� �VHH�DOVR�)LJXUH�����7KH�SRVLWLYH�FRUUHODWLRQ�RI�S�P725�DQG�/HX� IRXQG� LQ� WKLV�

VWXG\� DOVR� SRLQWV� WR� DQ� HQKDQFHG� DFWLYDWLRQ� RI� P725� E\� /HX� GHVFULEHG� LQ� WKH� OLWHUDWXUH�

�:2/)621�HW�DO����������7KH�H[SUHVVLRQ�RI�WKH�SURWHLQV�ZLWKLQ�WKH�LQVXOLQ�VLJQDOLQJ�FDVFDGH�

ZHUH�SRVLWLYHO\�FRUUHODWHG�ZLWK�HDFK�RWKHU��LQFOXGLQJ�$03.��ZKLFK�DFWV�DV�D�VWUHVV�DQG�HQHUJ\�

GHILFLW�VHQVRU�LQ�WKH�FHOO��+$5',(���������7KXV�WKH�UHJXODWLRQ�RI�WKH�H[SUHVVLRQ�RI�SURWHLQV�

ZLWKLQ�WKH�FDVFDGH�FRXOG�EH�V\QFKURQL]HG�DQG�FR�UHJXODWHG�LQ�WKHVH�WLVVXHV���

,Q� WKH� OLYHU�� KLJKHU� DYDLODELOLW\� RI� $$V� LQ� WKH� EORRG� VHHPV� WR� EH� DVVRFLDWHG� ZLWK� KLJKHU�

H[SUHVVLRQ�DQG�SKRVSKRU\ODWLRQ�RI�WKH�LQVXOLQ�VLJQDOLQJ�FDVFDGH��7KH�H[SUHVVLRQ�RI�3.%�LQ�WKH�

OLYHU� FRUUHODWHG� SRVLWLYHO\� ZLWK� WKH� FRQFHQWUDWLRQV� RI� %&$$V�� SUROLQH�� O\VLQH� DQG� XUHD��

LQGLFDWLQJ�WKDW�KLJK�HQHUJ\�DQG�QXWULHQW�VXSSO\�DOORZHG�WR�H[SUHVV�ODUJHU�DPRXQWV�RI�SURWHLQV��

+RZHYHU�� LQFUHDVHG�H[SUHVVLRQ�RI�3.%�ZDV� DOVR�SRVLWLYHO\� FRUUHODWHG�ZLWK�S�$03.� LQ� WKH�

OLYHU�� 7KLV� FRXOG� LQGLFDWH� WKDW� DQ� H[FHVV� RI� $$V� ZDV� DVVRFLDWHG� ZLWK� D� �UHODWLYH�� HQHUJ\�

GHILFLHQF\�RU�PHWDEROLF�VWUHVV�LQ�OLYHU�FHOOV�RI�+(3�EXOOV��3RVLWLYH�FRUUHODWLRQV�RI�$$V�ZLWK�WKH�

H[SUHVVLRQ�RI�LQVXOLQ�VLJQDOLQJ�SURWHLQV�ZHUH�RQO\�REVHUYHG�LQ�WKH�OLYHU��DV�FHQWUDO�GLVWULEXWLRQ�

RUJDQ�� ,Q� WKH� SHULSKHUDO� WLVVXHV�PXVFOH� DQG� IDW�� RWKHU� FRUUHODWLRQV�ZHUH� IRXQG�� ,Q� IDW� WLVVXH�

DUJLQLQH�� 9DO� DQG� XUHD� FRUUHODWHG� QHJDWLYHO\� ZLWK� WKH� ,QV5�� LQ� WKH� PXVFOH� QR� UHVSHFWLYH�

FRUUHODWLRQV�ZHUH�IRXQG���
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,Q� DOO� WKUHH� RUJDQV� DQG� ERWK� JURXSV�� S�,QV5� DQG� WKXV� DVVXPHG� DFWLYDWLRQ� RI� ,QV5� ZDV� QRW�

GHWHFWDEOH��DV�ZHOO�DV�P725�LQ�WKH�PXVFOH��7KLV�FRXOG�EH�GXH�WR�WKH�DGYDQFHG�DJH�DQG�%:�RI�

WKH�DQLPDOV��+(3�DOUHDG\�UHDFKHG�����RI�PDWXULW\�%:��EDVHG�RQ�DYHUDJH�PDWXUH�ZHLJKW�RI�

����� NJ� �&$/2� HW� DO��� ������ DQG� WKH� JURZWK� FXUYH� DSSHDUHG� WR� KDYH� UHDFKHG� DQ� DOPRVW�

KRUL]RQWDO�FRXUVH��DV�WKH�$'*�GLG�QRW�GLIIHU�DQ\PRUH�EHWZHHQ�WKH�JURXSV�DQG�GHFUHDVHG�DW�WKH�

HQG�RI�WKH�H[SHULPHQWDO�SHULRG��2WKHU�DXWKRUV�REVHUYHG�UHGXFHG�GDLO\�JDLQV�LQ�+ROVWHLQ�EXOOV�

IURP� ���PRQWKV� RI� DJH� RQ� �*(8'(5� HW� DO��� ������� ,QVXOLQ� VHQVLWLYLW\� GHFUHDVHG� ZLWK� DJH�

�3$*$12�HW�DO���������DQG�LQ�DGGLWLRQ��DQDEROLF�UHDFWLRQV�VKLIWHG�DZD\�IURP�PXVFOH�JURZWK�

WR�V\QWKHVLV�RI�DGLSRVH�WLVVXH��+21,*�HW�DO����������7KLV�FRXOG�UHVXOW�LQ�ORZHU�DFWLYDWLRQ�RI�WKH�

FDVFDGH�� WKHUHE\� GLPLQLVKHG� HVSHFLDOO\� SURWHLQ� V\QWKHVLV� LQ� WKH�PXVFOH��$QRWKHU� SRVVLELOLW\�

ZRXOG�EH�WKDW�WKH�ODVW�IHHG�LQWDNH�EHIRUH�WUDQVSRUW�DQG�VXEVHTXHQW�VODXJKWHU�ZDV�WRR�ORQJ�DJR�

DQG�WKHUHIRUH�WKH�FDVFDGH�ZDV�QRW�DFWLYDWHG�DQ\PRUH��+RZHYHU��WKHUH�ZHUH�RQO\�D�IHZ�KRXUV�LQ�

EHWZHHQ�DQG�ZKHQ�WKH�DQLPDOV�ZHUH�VODXJKWHUHG�WKHUH�ZDV�VWLOO�SOHQW\�RI�UXPHQ�ILOOLQJ��7KH�

UXPHQ� LV� DQ� LQWHUPHGLDWH� IHHG� VWRUH� IRU� VHYHUDO� KRXUV�� VR� WKLV� DUJXPHQW� KDV� SUREDEO\� OHVV�

UHOHYDQFH���

7KH�ORZ�DFWLYDWLRQ�RI�WKH�FDVFDGH�LQ�PXVFOH��UHIOHFWHG�E\�ORZ�H[WHQW�RI�SKRVSKRU\ODWLRQ�RI�WKH�

SURWHLQV�� LV� SDUWLFXODUO\� LQWHUHVWLQJ� LQ� WKH� +(3� DQLPDOV�� DV� WKH\� GLG� QRW� DFKLHYH� LQFUHDVHG�

DFWLYDWLRQ� HYHQ�ZLWK� WKH�KLJKHU� LQVXOLQ� FRQFHQWUDWLRQV��6LPLODU� UHVXOWV�ZHUH� VHHQ� LQ� DGLSRVH�

WLVVXH��ZKHUH� WKH�/(3� EXOOV� H[SUHVVHG�PRUH� ,QV5V� DQG� DFKLHYHG� WKH� VDPH� DFWLYDWLRQ� RI� WKH�

FDVFDGH�DV�+(3��EXW�ZLWK�ORZHU�LQVXOLQ�FRQFHQWUDWLRQV�LQ�WKH�EORRG��7KHVH�UHVXOWV�LQGLFDWHG�WKDW�

+(3� KDG� ORZHU� LQVXOLQ� VHQVLWLYLW\� LQ� WKH� SHULSKHUDO� WLVVXHV� WKDQ� /(3�� )XUWKHUPRUH�� WKH�

H[SUHVVLRQ� RI� ,QV5� LQ� PXVFOH� ZDV� QHJDWLYH� FRUUHODWHG� ZLWK� LQVXOLQ� FRQFHQWUDWLRQ� DQG� WKLV�

UHODWLRQVKLS�ZDV�HYHQ�VWURQJHU�LQ�DGLSRVH�WLVVXH��7KLV�FRXOG�LQGLFDWH�WKDW�KLJKHU�FRQFHQWUDWLRQV�

RI�LQVXOLQ�LQ�SODVPD�UHGXFHG�WKH�H[SUHVVLRQ�RI�,QV5�LQ�SHULSKHUDO�WLVVXH��DV�LW�ZDV�GLVFXVVHG�DV�

SDWKRSK\VLRORJLFDO�PHFKDQLVP�LQ�KXPDQ�LQVXOLQ�UHVLVWDQFH�DQG�'0���3$*$12�HW�DO���������

=+28�HW�DO����������7KLV�K\SRWKHVLV�LV�VXSSRUWHG�E\�WKH�REVHUYHG�QHJDWLYH�FRUUHODWLRQ�RI�,QV5�

LQ� WKH�PXVFOH� DQG� ,QV5� LQ� WKH� IDW�ZLWK�%+%$��7KH�%+%$� LV� IRUPHG�GXULQJ�NHWRJHQHVLV� DW�

VWDUYDWLRQ��DQG�FRXOG�LQGLFDWH�D�UHODWLYH�ODFN�RI�FHOOXODU�HQHUJ\�GXH�WR�UHGXFHG�JOXFRVH�XSWDNH��

DV�REVHUYHG�LQ�'0���'(3&=<16.,�HW�DO����������$OWKRXJK�WKHUH�ZRXOG�EH�VXIILFLHQW�JOXFRVH�

DYDLODEOH�LQ�WKH�EORRG��WKH�UHGXFHG�LQVXOLQ�VHQVLWLYLW\�RI�WKH�WLVVXHV�LV�UHVSRQVLEOH�IRU�LQVXIILFLHQW�

JOXFRVH� XSWDNH� LQWR� WKH� FHOOV�� 6LPLODU� HIIHFWV� ZHUH� REVHUYHG� LQ� QRQSUHJQDQW�� QRQODFWDWLQJ�

+ROVWHLQ�FRZV�IHG�D�FRQFHQWUDWH�ULFK�UDWLRQ�IRU����ZHHNV��7KH�%+%$�FRQFHQWUDWLRQV�LQFUHDVHG�

DW� WKH� HQG� �ZHHN� ���� RI� WKH� WULDO� SHULRG� DQG� DW� WKH� VDPH�SRLQW� RI� WLPH� LQGLFDWRUV� RI� LQVXOLQ�

UHVLVWDQFH�ZHUH�WKH�KLJKHVW��/2&+(5�HW�DO����������
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���� &RUUHODWLYH�ILQGLQJV�LPSOLFDWLQJ�DVVRFLDWLRQV�ZLWK�LQVXOLQ�LQVHQVLWLYLW\�

,QWHUHVWLQJO\��WKH�FRQFHQWUDWLRQ�RI�LQVXOLQ�FRUUHODWHG�QHJDWLYHO\�ZLWK�ELUWK�ZHLJKW�RYHU�DOO�EXOOV�

RI�+(3�DQG�/(3��$OWKRXJK�WKH�PHDVXUHG�LQVXOLQ�FRQFHQWUDWLRQV�RI�+(3�ZHUH�KLJKHU�WKDQ�WKRVH�

RI�/(3��EXOOV�ZLWK�WKH�KLJKHVW�LQVXOLQ�FRQFHQWUDWLRQV�ZHUH�LQ�HDFK�FDVH�WKH�OLJKWHVW�DW�ELUWK��7KLV�

SKHQRPHQRQ�KDV�DOVR�EHHQ�ZLGHO\�REVHUYHG�LQ�KXPDQ�PHGLFLQH�DQG�LW�KDV�EHHQ�VXVSHFWHG�WKDW�

ORZ�ELUWK�ZHLJKW�IROORZV�UHGXFHG�IHWDO�JURZWK�GXH�WR�GHILFLHQF\�RU�VWUHVV��1(:620(�HW�DO���

�������7KLV�FRXOG�OHDG�WR�DQ�LPSULQWLQJ�RI�WKH�PHWDEROLVP�IRFXVHG�RQ�HQHUJ\�GHILFLHQF\��WR�VDYH�

H[FHVV�HQHUJ\�LQ�VWRUHV��,Q�WKH�FDVH�RI�HQHUJ\�DQG�QXWULHQW�RYHUVXSSO\�LQ�ODWHU�OLIH��PHWDEROLF�

GLVRUGHUV�VXFK�DV�REHVLW\��LQVXOLQ�UHVLVWDQFH�DQG�'0��DUH�PRUH�OLNHO\�WR�RFFXU��7KLV�FRQFHSW�

ZDV�VXPPDUL]HG�DV�³WKULIW\�SKHQRW\SH�K\SRWKHVLV´��+$/(6�	�%$5.(5���������7KH�LQYHUVH�

FRUUHODWLRQ�RI�ELUWK�ZHLJKW�DQG�LQVXOLQ�FRQFHQWUDWLRQ�ZDV�LGHQWLILHG�LQ�ERWK�JURXSV��LQGLFDWLQJ�D�

UHODWLYH�QXWULHQW�RYHU�VXSSO\�LQ�ERWK�JURXSV�LQ�UHODWLRQ�WR�WKHLU�UHTXLUHPHQWV�DW�VODXJKWHU��7KLV�

ZDV�DOVR�UHIOHFWHG�LQ�WKH�GRFXPHQWHG�IDW�FODVVHV�DW�VODXJKWHU��$V�REVHUYDWLRQDO�HYLGHQFH��WKH�

PXVFXODWXUH�RI�/(3�EXOOV�ZDV�DOVR�FRYHUHG�DOPRVW�HYHU\ZKHUH�ZLWK�IDW�DQG�VKRZHG�VRPH�VOLJKW�

IDW� GHSRVLWLRQV� LQ� WKH� WKRUDFLF� FDYLW\�� )XUWKHUPRUH�� ZLWKLQ� +(3� GRFXPHQWHG� IDW� FODVV� ZDV�

QHJDWLYHO\�FRUUHODWHG�ZLWK� ,QV5�)�DQG�S�3.%�/�� LQGLFDWLQJ� WKDW�DQLPDOV�ZLWK�KLJKHU� LQVXOLQ�

VHQVLWLYLW\�KDG�ORZHU�IDW�FODVVHV��7KH�IDW�FODVV�DOVR�FRUUHODWHG�QHJDWLYHO\�ZLWK�WKH�FRQFHQWUDWLRQ�

RI�PHWKLRQLQH� �0HW���+RZHYHU�� UHGXFHG�0HW� FRQFHQWUDWLRQV�ZHUH� DVVRFLDWHG�ZLWK� LQFUHDVHG�

LQVXOLQ� VHQVLWLYLW\� DQG�ZHLJKW� ORVV� LQ� KXPDQV� �2/6(1� HW� DO��� ������� ,Q� FDWWOH�� UHODWLRQVKLS�

DSSHDUV�WR�EH�GLIIHUHQW��SRVVLEO\�GXH�WR�WKH�SXUHO\�SODQW�EDVHG�GLHW��&RZV�IHG�D�GLHW�HQULFKHG�

ZLWK� IDW�DQG� UXPLQDO�SURWHFWHG�0HW�KDG� LQFUHDVHG�SODVPD�0HW�FRQFHQWUDWLRQV�DQG� LPSURYHG�

LQVXOLQ� VHQVLWLYLW\� FRPSDUHG� WR� DQLPDOV� IHG� WKH� VDPH� GLHW� ZLWKRXW� 0HW� VXSSOHPHQWDWLRQ�

�)8.8025,�HW�DO������������

���� 0HWDEROLWHV�LQGLFDWLQJ�GLVWXUEDQFHV�LQ�LQVXOLQ�JOXFRVH�KRPHRVWDVLV�

,Q� KXPDQV�� WKHUH� DUH� DOVR� RWKHU� LQGLFDWRUV� RI� LQVXOLQ� UHVLVWDQFH�� (OHYDWHG� FRQFHQWUDWLRQV� RI�

%&$$V�DQG�$$$V�ZHUH�IRXQG�\HDUV�EHIRUH�'0��ZDV�GLDJQRVHG��$+2/$�2//,�HW�DO���������

1(:*$5'�HW�DO���������:$1*�HW�DO����������6XFK�D�UHODWLRQVKLS�KDV�QRW�EHHQ�HVWDEOLVKHG�LQ�

FDWWOH��\HW��,Q�WKH�SUHVHQW�VWXG\��%&$$V�DQG�$$$�FRQFHQWUDWLRQV�ZHUH�LQFUHDVHG�LQ�+(3��DQG�

%&$$V� FRQFHQWUDWLRQV� FRUUHODWHG� SRVLWLYHO\� ZLWK� EORRG� LQVXOLQ� FRQFHQWUDWLRQV�� FRQILUPLQJ�

WKHVH� DVVRFLDWLRQV� DOVR� LQ� IDWWHQLQJ� EXOOV�� )XUWKHUPRUH�� LQFUHDVHG� FRQFHQWUDWLRQV� RI�%&$$V�

FRUUHODWHG� SRVLWLYHO\�ZLWK� S�$03.� LQ� WKH� OLYHU�� LQGLFDWLQJ� WKDW� LQFUHDVHG� FRQFHQWUDWLRQV� RI�

%&$$V�LQ�SODVPD�ZHUH�DVVRFLDWHG�ZLWK�PHWDEROLF�VWUHVV�LQ�OLYHU��IRU�H[DPSOH�UHODWLYH�HQHUJ\�

GHILFLHQF\��ZKLFK�ZDV�DFWLYDWLQJ�$03.���
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3DWKRSK\VLRORJLFDO� PHFKDQLVPV� EHWZHHQ� LQFUHDVHG� FRQFHQWUDWLRQV� RI� %&$$V� DQG� LQVXOLQ�

UHVLVWDQFH� DUH� VWLOO� XQFOHDU�� 'LVFXVVHG�ZHUH� LQFUHDVHG� GLHWDU\� LQWDNH� RI� %&$$V� RU� REHVLW\�

UHODWHG�PHFKDQLVPV�UHVXOWLQJ�LQ�UHGXFHG�GHJUDGDWLRQ�DQG�FRQVHTXHQW�DFFXPXODWLRQ�RI�%&$$V�

DQG� %&$$V� UHODWHG� PHWDEROLWHV� LQ� WKH� ERG\� �/<1&+� 	� $'$06�� ������� )XUWKHUPRUH��

HQKDQFHG�SURWHRO\VLV�GXH�WR�LQVXOLQ�UHVLVWDQFH�VKRXOG�EH�FRQFHLYHG��$OO�RI�WKHVH�SDWKZD\V�FRXOG�

EH� SRVVLEOH� LQ�+(3��$OWKRXJK�QR� H[DFW� DPLQR� DFLG� SURILOH�ZDV� GHWHUPLQHG� LQ� WKH� IHHG�� WKH�

SURWHLQ� XSWDNH� ZDV� VWURQJO\� LQFUHDVHG�� DQG� DOVR� OLNHO\� WR� LQFUHDVH� WKH� %&$$V� LQWDNH��

$GGLWLRQDOO\��EDFWHULDO�DPLQR�DFLG�SURGXFWLRQ�ZDV�LPSURYHG�E\�KLJKHU�LQWDNH�RI�HDV\�GLJHVWLEOH�

FDUERK\GUDWHV��LQ�SUHVHQFH�RI�VXIILFLHQW�QLWURJHQ�LQ�WKH�UXPHQ��$QRWKHU�GLVFXVVHG�SRVVLELOLW\�

ZDV��WKDW�WUDQVFULSWLRQDO�IDFWRUV��ZKLFK�ZHUH�DFWLYDWHG�WR�LQFUHDVH�OLSRJHQHVLV��UHGXFHG�DW�WKH�

VDPH�WLPH�WKH�H[SUHVVLRQ�RI�HQ]\PHV�UHODWHG�WR�%&$$V�GHJUDGDWLRQ�SDWKZD\V��:+,7(�HW�DO���

�������+LJK�IDW�FODVV� VFRULQJ�DW�VODXJKWHU�GRFXPHQWHG�IRUPV�RI�REHVLW\��7KH�+(3�EXOOV�KDG�

JUHDW�YLVFHUDO�DQG�VXEFXWDQHRXV�DGLSRVH�WLVVXH�GHSRWV��+RZHYHU��$&�&��DQG�&��ZHUH�IRUPHG�

GXULQJ�WKH�GHJUDGDWLRQ�RI�%&$$V��+$53(5�HW�DO���������DQG�ZHUH�SRVLWLYHO\�FRUUHODWHG�ZLWK�

ERG\�PDVV�LQGH[�LQ�KXPDQV��&$5$<2/�HW�DO���������DQG�REHVLW\��1(:*$5'�HW�DO����������

$�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�%&$$V�DQG� WKH� VXP�RI�&��DQG�&��FRQFHQWUDWLRQV�ZDV� DOVR�

REVHUYHG�LQ�+(3�EXOOV��7KLV�FRUUHODWLRQ�H[LVWHG�RQO\�ZLWKLQ�WKH�+(3�JURXS��EXW�QRW� LQ�/(3��

7KXV��WKH�GHJUDGDWLRQ�RI�%&$$V�ZDV�LQFUHDVHG�LQ�+(3��SRVVLEO\�WR�FRXQWHUDFW�WKH�H[FHVVLYH�

LQWDNH�� ,Q� /(3�� RWKHU� PHWDEROLF� SDWKZD\V� DSSDUHQWO\� OHG� WR� LQFUHDVHG� OHYHOV� RI� WKHVH� $&�

LQGHSHQGHQWO\�RI�WKH�%&$$V��,Q�D�VWXG\�ZLWK�UDWV�IHG�D�KLJK�IDW�DQG�%&$$V�GLHW��REHVLW\�DQG�

LQVXOLQ� UHVLVWDQFH�ZDV�REVHUYHG�DQG�ZDV� OLQNHG� WR�D�FKURQLF�SKRVSKRU\ODWLRQ�RI�P725�DQG�

,56��� UHVXOWLQJ� LQ�XQFRXSOLQJ�RI� LQVXOLQ� VLJQDOLQJ�SDWKZD\� �1(:*$5'�HW�DO����������7KLV�

FRXOG�EH�D�OLQN�EHWZHHQ�LQFUHDVHG�LQWDNH�RI�%&$$V�DQG�GHYHORSPHQW�RI�LQVXOLQ�UHVLVWDQFH��

7KH� SUHVHQW� GDWD� VHW� UHYHDOHG� IXUWKHU� FRQQHFWLRQV� EHWZHHQ�PHWDEROLWH� SURILOH� LQ� EORRG� DQG�

LQVXOLQ�VLJQDOLQJ�FDVFDGH�LQ�LQVXOLQ�VHQVLWLYH�WLVVXHV�� ,W�ZDV�QRWLFHG�WKDW�VRPH�O\VR3&V�ZHUH�

DVVRFLDWHG�ZLWK�UHGXFHG�LQVXOLQ�VHQVLWLYLW\��(VSHFLDOO\�,QV5�LQ�WKH�IDW�ZDV�QHJDWLYHO\�FRUUHODWHG�

ZLWK� O\VR3&�D�&������&������&������&����� �)LJXUH������DV�ZHOO�DV� ,QV5� LQ� WKH�PXVFOH�ZLWK�

O\VR3&�D�&����� DQG� ,QV5� LQ� WKH� OLYHU�ZLWK� O\VR�3&�D�&������&XUUHQWO\�� HYLGHQFH� DERXW� WKH�

UHODWLRQVKLS�RI�WKH�FODVV�RI�O\VR3&�DQG�LQVXOLQ�UHVLVWDQFH�LV�UDUH��%XW�UHVXOWV�DUH�LQ�OLQH�ZLWK�D�

VWXG\� LQ�YHDO�FDOYHV�GLDJQRVHG�DV� LQVXOLQ� UHVLVWDQW�� WKH\�VKRZHG� LQFUHDVHG�FRQFHQWUDWLRQV�RI�

O\VR3&�D�&�����LQ�FRPSDULVRQ�WR�PRGHUDWHO\�LQVXOLQ�VHQVLWLYH�FDOYHV��EDVHG�RQ�UHVXOWV�IURP�DQ�

K\SHULQVXOLQHPLF� HXJO\FHPLF� FODPS� WHVW� �3$1723+/(7� HW� DO��� ������� 5HVXOWV� RI� KXPDQ�

VWXGLHV�ZHUH� LQFRQVLVWHQW�� ,Q� D� VWXG\�ZLWK� DGXOWV�� FRQFHQWUDWLRQV� RI� O\VR3&�D�&������&������

&������ DQG�&�����ZHUH�QHJDWLYHO\� FRUUHODWHG�ZLWK� WKH�ERG\�PDVV� LQGH[� �&$5$<2/�HW� DO���
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�������+RZHYHU��LQFUHDVHG�FRQFHQWUDWLRQV�RI�O\VR3&������KDYH�EHHQ�VXJJHVWHG�DV�D�SUHGLFWLYH�

ELRPDUNHU�IRU�REHVLW\�LQ�FKLOGKRRG�LQ�EDELHV��5=(+$.�HW�DO����������027/(<�HW�DO���������

GLVFRYHUHG�WKDW�O\VR3&V�LQKLELWHG�WKH�LQVXOLQ�LQGXFHG�DFWLYDWLRQ�RI�3.%�DQG�,56���LQ�YDVFXODU�

VPRRWK�PXVFOH�FHOOV���EXW�GLG�QRW�KDYH�DQ�LQIOXHQFH�RQ�SKRVSKRU\ODWLRQ�RI�,QV5�RU�ELQGLQJ�RI�

LQVXOLQ�� ,Q� UDWV�ZLWK�GLHW�LQGXFHG� LQVXOLQ� UHVLVWDQFH�� H[SHULPHQWDO� IHHGLQJ�ZLWK�SRO\SKHQROLF�

FRPSRXQGV� LPSURYHG� WKHLU� LQVXOLQ� VHQVLWLYLW\� DQG� UHGXFHG� WKH� FRQFHQWUDWLRQV� RI� YDULRXV�

O\VR3&V��58%,2�52'5Ë*8(=�HW�DO����������)XUWKHUPRUH��D�UHFHSWRU�ZDV�GLVFRYHUHG�ZKLFK�

HQKDQFHG� JOXFRVH�GHSHQGHQW� LQVXOLQ� VHFUHWLRQ� E\� O\VR3&V� LQ� ȕ�SDQFUHDWLF� PRXVH� FHOOV�� ,Q�

FRQFOXVLRQ�� WKHUH� LV� HYLGHQFH� WKDW� O\VR3&V� GR� KDYH� DQ� LQIOXHQFH� RQ� LQVXOLQ� VHQVLWLYLW\�� EXW�

PHFKDQLVPV�DQG�LQWHUDFWLRQV�DUH�VWLOO�XQFOHDU�LQ�FDWWOH���

,Q�KXPDQV��D�UHGXFHG�LQVXOLQ�VHQVLWLYLW\�ZDV�FRQVLGHUHG�WR�EH�WKH�LQLWLDWLQJ�IDFWRU�WR�GHYHORS�

'0�� �'()521=2� 	� 75,3$7+<�� ������� 3K\VLFDO� DFWLYLW\� RU� H[HUFLVH� UHGXFHG� LQVXOLQ�

UHVLVWDQFH�LQ�KXPDQV��-(//(<0$1�HW�DO����������([HUFLVH�FRXOG�K\SRWKHWLFDOO\�DOVR�SUHYHQW�

RU�GHFUHDVH�LQVXOLQ�UHVLVWDQFH�LQ�IDWWHQLQJ�EXOOV��2Q�WKH�RQH�KDQG��WKLV�ZRXOG�UHVXOW�LQ�UHGXFHG�

IHHG�HIILFLHQF\��GXH�WR�WKH�IDFW�WKDW�HQHUJ\�ZRXOG�DOVR�EH�UHTXLUHG�IRU�H[HUFLVH��2Q�WKH�RWKHU�

KDQG��PXVFOH�DFWLYLW\�FRXOG�OHDG�WR�DQ�LQFUHDVH�LQ�PXVFOH�IXOOQHVV�WKURXJK�K\SHUWURSKLF�JURZWK�

LQGHSHQGHQW�RI� WKH�JHQHWLFDOO\�GHWHUPLQHG�QXPEHU�RI�PXVFOH� ILEHUV�� ,W� UHPDLQV�TXHVWLRQDEOH�

ZKDW�W\SH�DQG�LQWHQVLW\�RI�SK\VLFDO�DFWLYLW\�ZRXOG�EH�DQ�LPSURYHPHQW��$�WULDO�ZLWK�YHDO�FDOYHV�

FRXOG�QRW�GHWHFW�DQ\�SRVLWLYH�HIIHFWV�RQ�LQVXOLQ�VHQVLWLYLW\�E\�SK\VLFDO�DFWLYLW\��7KH�H[HUFLVH�

JURXS�LQ�WKDW�VWXG\�KDG�WR�GR�OLJKW�ZRUN�RQ�D�WUHDGPLOO����WR����PLQ�DW����WR����RFFDVLRQV�GXULQJ�

IRXU�WR�ILYH�ZHHNV��67(51%$8(5�	�(66e1�*867$96621���������,W�ZDV�VXVSHFWHG�WKDW�

KLJKHU�RU�PRUH�IUHTXHQW�SK\VLFDO�DFWLYLW\�FRXOG�KDYH�EHQHILFLDO�HIIHFWV��)XUWKHU�UHVHDUFK�RQ�WKLV�

WRSLF�ZRXOG�EH�DSSUHFLDWHG��IRU�H[DPSOH�LW�ZRXOG�EH�LQWHUHVWLQJ�LI�SDVWXUDJH�RU�LQFUHDVHG�VSDFH�

RIIHU�ZRXOG�KDYH�D�SRVLWLYH�LQIOXHQFH�RQ�LQVXOLQ�VHQVLWLYLW\�DQG�WKHUHIRUH�LQFUHDVLQJ�PHWDEROLF�

KHDOWK�RI�IDWWHQLQJ�EXOOV��

���� ,QVXOLQ�LQVHQVLWLYLW\�DQG�SUR�LQIODPPDWLRQ�OHG�WR�ODPLQLWLV�LQ�EXOOV�

$OO�DOWHUDWLRQV�LQ�WKH�PHWDEROLWH�SURILOHV�RI�+(3�EXOOV�KDG�LQ�FRPPRQ�WKDW�WKH\�ZHUH�UHIOHFWLQJ�

D� WHQVHG� RU� HYHQ� SDWKRSK\VLRORJLFDO� PHWDEROLF� VLWXDWLRQV�� ZKLFK� ZHUH� DVVRFLDWHG� ZLWK� WKH�

RFFXUUHQFH�RI�ODPLQLWLV��%XW�DOWHUHG�PHWDEROLWHV�GLG�QRW�FRUUHODWH�ZLWK�VHYHULW\�RI�ODPLQLWLV��$V�

EXOOV�KDG�FKURQLF�ODPLQLWLV�DQG�FKDQJHV�RI�WKH�FODZV�RQO\�EHFDPH�YLVLEOH�DIWHU�ZHHNV��8:,(5$�

HW�DO����������LW�LV�SODXVLEOH�WKDW�DOWHUDWLRQV�RI�WKH�FXUUHQW�PHWDEROLWH�SURILOHV�GLG�QRW�FRUUHODWH�

ZLWK�WKH�REVHUYHG�FKDQJHV�RI�WKH�FODZV���
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&RUUHODWLRQV�RI� ODPLQLWLV�VFRUH�DQG�SDUDPHWHUV�PHDVXUHG�LQ�WKH�WLVVXHV�RU�FRQVWLWXWLRQ�RI� WKH�

DQLPDOV�� SRWHQWLDOO\� EHWWHU� UHIOHFWLQJ� ORQJ� WHUP� HIIHFWV�� UHYHDOHG� FRQQHFWLRQV� EHWZHHQ� OLYHU�

PHWDEROLVP�DQG�LQVXOLQ�LQVHQVLWLYLW\��+(3�EXOOV�ZLWK�KLJK�ODPLQLWLV�VFRUH�KDG�DOVR�LQFUHDVHG�

H[SUHVVLRQV� RI� P725� LQ� WKH� OLYHU� DQG� FRQFHQWUDWLRQV� RI� DOEXPLQ� LQ� WKH� EORRG�� ,QFUHDVHG�

FRQFHQWUDWLRQV� RI� DOEXPLQ� ZHUH� DOVR� REVHUYHG� LQ� QRQSUHJQDQW�� QRQODFWDWLQJ� GDLU\� FRZV� LQ�

SRVLWLYH�HQHUJ\�EDODQFH��'b1,&.(�HW�DO����������+LJK�HQHUJ\�DQG�QXWULHQW�VXSSO\�FRXOG�KDYH�

DFWLYDWHG�PHWDEROLVP�RI� WKH�OLYHU��LQFUHDVLQJ�WKH�H[SUHVVLRQ�RI�P725�DQG�WKH�SURGXFWLRQ�RI�

DOEXPLQ��+RZHYHU��WKLV�DFWLYDWLRQ�PLJKW�DOVR�KDYH�OHG�WR�KLJKHU�SURGXFWLRQ�RI�FHUWDLQ�SURWHLQV��

ZKLFK�ZHUH�QRW�DQDO\]HG�LQ�WKLV�VWXG\��IRU�H[DPSOH�FRPSOHPHQW�DQG�FRDJXODWLRQ�IDFWRUV��7KLV�

SRVVLEO\�OHG�WR�DQ�LPEDODQFH��SURPRWLQJ�D�SUR�LQIODPPDWRU\�VLWXDWLRQ�DQG�UHVXOWHG�WR�D�PRUH�

VHYHUH�GHJUHH�RI�ODPLQLWLV���

7KH�HQ]\PH�DVSDUWDWH�DPLQRWUDQVIHUDVH�ZDV�QHJDWLYHO\�FRUUHODWHG�ZLWK� ODPLQLWLV� VFRUH��7KLV�

FRUUHODWLRQ�ZDV�QRW�H[SHFWHG��EHFDXVH�WKLV�HQ]\PH�LV�ORFDWHG�LQ�F\WRSODVP�DQG�PLWRFKRQGULD�RI�

FHOOV�RI�YDULRXV�RUJDQV�DQG�LQFUHDVHG�FRQFHQWUDWLRQV�LQ�WKH�EORRG�DUH�FDXVHG�E\�FHOO�GDPDJH��

+RZHYHU�� WKLV� FRXOG� LQGLFDWH� WKDW� DQLPDOV� RI� WKH�+(3� JURXS� KDG� GLIIHUHQW� IRFXVHV� LQ� WKHLU�

LQIODPPDWRU\�HYHQWV�DQG�DQLPDOV�ZLWK�ORZ�ODPLQLWLV�VFRULQJ�KDG�SUREDEO\�PRUH�FHOO�GDPDJH�LQ�

RWKHU�RUJDQV���

$GGLWLRQDOO\��ODPLQLWLV�VFRUH�ZDV�QHJDWLYHO\�FRUUHODWHG�ZLWK�SKRVSKRU\ODWLRQ�RI�P725�LQ�WKH�

IDW�DQG�GRFXPHQWHG�FRQIRUPDWLRQ�FODVV��7KLV�FRXOG�LQGLFDWH�WKDW�LQFUHDVLQJ�ODPLQLWLV�VFRUH�LV�

DVVRFLDWHG� ZLWK� DQ� LQFUHDVLQJ� SUR�LQIODPPDWRU\� VWDWXV� DQG� LQVXOLQ� UHVLVWDQFH�� $� SRVVLEOH�

H[SODQDWLRQ� IRU� UHGXFHG�PXVFOH�PDVV� LV� WKDW� EXOOV�ZLWK�KLJK� ODPLQLWLV� VFRUHV�KDG�D� UHGXFHG�

DFWLYDWLRQ�RI�LQVXOLQ�VLJQDOLQJ�FDVFDGH�LQ�PXVFOH�IRU�DQ�H[WHQGHG�SHULRG�RI�WLPH��(YHQWXDOO\��

LQVXOLQ� UHVLVWDQFH� KDG� HYHQ� OHG� WR� LQFUHDVHG� GHJUDGDWLRQ� RI�PXVFOH� WLVVXH� DQG� FRQVHTXHQWO\�

UHGXFHG�PXVFOH�PDVV��)XUWKHUPRUH��WKHVH�DQLPDOV�DFKLHYHG�ORZHU�DFWLYDWLRQ�RI�P725�LQ�WKH�

IDW�WLVVXH��ZKLFK�VXSSRUWV�WKH�DVVXPSWLRQ�RI�LQFUHDVHG�LQVXOLQ�UHVLVWDQFH���

7KH�FKURQLF�H[FHVVLYH�QXWULHQW�LQWDNH�OLNHO\�GLVWXUEHG�PHWDEROLF�SDWKZD\V�LQ�GLIIHUHQW�ZD\V�WR�

VXFK�DQ�H[WHQW�WKDW�ELRORJLFDO�EDODQFHV�FRXOG�QR�ORQJHU�EH�PDLQWDLQHG��)LJXUH����VXPPDUL]HV�

KRZ�WKH�GHVFULEHG�UHVXOWV�PLJKW�EH�UHODWHG�WR�ODPLQLWLV��7KH�H[FHVVLYH�LQWDNH�RI�HDVLO\�GLJHVWLEOH�

FDUERK\GUDWHV�DQG�SURWHLQ�FRXOG�UHSHDWHGO\�FDXVH�LQIODPPDWRU\�LQVXOWV�E\�DQ�LQFUHDVH�RI�/36�

DQG�WR[LF�PHWDEROLWHV�LQ�WKH�GLJHVWLYH�WUDFW��$0(7$-�HW�DO���������/,8�HW�DO����������SURPRWLQJ�

ORFDO� LQIODPPDWLRQ� LQ� PHWDEROLF� RUJDQV�� VXPPDUL]HG� DV� GLHW�LQGXFHG� LQIODPPDWLRQ�

�.+,$26$�$5'�	�=(%(/,���������7KH�DQDEROLF�HIIHFW�RI�FKURQLF�KLJK�HQHUJ\�DQG�QXWULHQW�

LQWDNH�RYHU�VHYHQ�PRQWKV�FDXVHG�H[FHVVLYH�IDW�GHSRVLWLRQ��SRWHQWLDOO\�FDXVLQJ�REHVLW\�UHODWHG�
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LQIODPPDWLRQ�� 5HVXOWLQJ� LQ� FKURQLF� ORZ�JUDGH� LQIODPPDWLRQ� DQG� LQVXOLQ� UHVLVWDQFH�

�2'(*$$5'�	�&+$:/$���������)XUWKHUPRUH��OLNH�LQ�LQVXOLQ�G\VUHJXODWHG�KRUVHV��)5$1.�

	�7$'526��������LW�FRXOG�EH�DVVXPHG��WKDW�EXOOV�KDG�DQ�H[FHVVLYH�LQVXOLQ�UHVSRQVH�WR�QXWULHQW�

LQWDNH�� UHVXOWLQJ� LQ� K\SHULQVXOLQHPLD� DQG� LQVXOLQ� UHVLVWDQFH� LQ� SHULSKHUDO� WLVVXHV��

+\SHULQVXOLQHPLD�ZDV�LGHQWLILHG�WR�WULJJHU�ODPLQLWLV�LQ�KRUVHV��$63/,1�HW�DO���������/$$7�HW�

DO��� ����D�� .$5,.26.,� HW� DO��� ������ DQG� ZDV� DOVR� DVVRFLDWHG� ZLWK� ODPLQLWLV� LQ� FDWWOH�

�3,/$&+$,� HW� DO��� ������� ,W� LV� K\SRWKHVL]HG� WKDW� WKH� SURLQIODPPDWRU\�PHWDEROLF� VWDWXV� DQG�

K\SHULQVXOLQHPLD� FDXVHG� LPSDLUHG� YDVFXODUL]DWLRQ� RI� WKH� EORRG� YHVVHOV� RI� WKH� FODZV� DQG�

FRQVHTXHQWO\��FKURQLF�ODPLQLWLV�LQ�+(3�EXOOV��

�

)LJXUH�����3URSRVHG�SDWKZD\�RI�FKURQLF�H[FHVVLYH�HQHUJ\�DQG�QXWULHQW�LQWDNH�WRZDUGV�ODPLQLWLV�LQ�
IDWWHQLQJ�EXOOV��$VVRFLDWHG�DOWHUDWLRQV�RI�PHWDEROLWH�SURILOHV�LQ�+ROVWHLQ�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�
SURWHLQ�GLHW�ZHUH�LQFUHDVHG�FRQFHQWUDWLRQV�RI�EUDQFKHG�FKDLQ�DPLQR�DFLGV��%&$$���DURPDWLF�DPLQR�
DFLGV� �$$$��� O\VR�SKRVSKDWLG\OFKROLQV� �O\VR�3&��� DQG� GHFUHDVHG� FRQFHQWUDWLRQV� RI�
SKRVSKDWLG\OFKROLQHV��3&��DQG�VSKLQJRP\HOLQV��60���

� �
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7KLV�VWXG\�SURYLGHG�QHZ�LQVLJKWV�LQ�PHWDEROLF�FRQVHTXHQFHV�DQG�ORQJ�WHUP�HIIHFWV�RI�FKURQLF�

H[FHVVLYH� HQHUJ\� DQG� QXWULHQW� VXSSO\� LQ� +ROVWHLQ� EXOOV�� )HHGLQJ� DQ� H[SHULPHQWDO� GLHW� ZLWK�

LQFUHDVHG� FRQWHQW� RI� HDVLO\� GLJHVWLEOH� FDUERK\GUDWHV� DQG� SURWHLQ� SURPRWHG� ZLGH� UDQJLQJ�

DOWHUDWLRQV� RI�PHWDEROLVP�� LQGLFDWHG� E\�PHWDEROLWH� SURILOLQJ� LQ� EORRG� DQG� LQVXOLQ� VLJQDOLQJ�

FDVFDGH�LQ�PXVFOH��UHWURSHULWRQHDO�DGLSRVH�WLVVXH�DQG�OLYHU��%XOOV�GHYHORSHG�DQ�LQIODPPDWRU\�

SKHQRW\SH��FKDUDFWHUL]HG�E\�LQFUHDVHG�FRQFHQWUDWLRQV�RI�$$V��HVSHFLDOO\�$$$�DQG�%&$$V��DV�

ZHOO� DV� UHGXFHG� FRQFHQWUDWLRQV� RI� 3&V�� 60V� DQG� LQFUHDVHG� FRQFHQWUDWLRQV� RI� O\VR�3&V��

)XUWKHUPRUH��EXOOV�ZHUH�OHVV�LQVXOLQ�VHQVLWLYH��ZLWK�UHGXFHG�DFWLYDWLRQ�RI�VLJQDOLQJ�FDVFDGHV�LQ�

SHULSKHUDO� WLVVXHV� DQG� FRPSHQVDWRU\� K\SHULQVXOLQHPLD��0HWDEROLF� GLVWXUEDQFHV�ZHUH� IXUWKHU�

DVVRFLDWHG� ZLWK� FKURQLF� ODPLQLWLV�� +RZHYHU�� WKLV� VWXG\� FDQQRW� SURYLGH� LQIRUPDWLRQ� DERXW�

FDXVDWLYH� UHODWLRQVKLSV� EHWZHHQ� REVHUYHG� DOWHUDWLRQV�� DV� WKH\� FDQ� DOZD\V� EH� FDXVH� RU�

FRQVHTXHQFH�RI�HDFK�RWKHU��

3DUDOOHOV� WR� GLDEHWLF� DOWHUDWLRQV� LQ� KXPDQV� DV� ZHOO� DV� WR� LQVXOLQ� G\VUHJXODWHG� KRUVHV� ZLWK�

ODPLQLWLV�KDYH�EHHQ�UHSHDWHGO\�REVHUYHG��LQGLFDWLQJ�FRQVHUYHG�SDWKRSK\VLRORJLFDO�PHFKDQLVPV�

DFURVV�GLIIHUHQW�VSHFLHV��)XUWKHU�UHVHDUFK�LV�QHHGHG�WR�FRQILUP�WKHVH�UHVXOWV�DQG�K\SRWKHVHV��LQ�

RUGHU� WR� XQGHUVWDQG� SDWKRJHQHVLV� RI� ODPLQLWLV� DQG� LQWHUDFWLRQV� RI� PHWDEROLF� SDWKZD\V� DQG�

LQGLYLGXDO� PHWDEROLWHV�� 7KHVH� FRQVLGHUDWLRQV� ZRXOG� EH� RI� JUHDW� LPSRUWDQFH� QRW� RQO\� IRU�

RSWLPL]LQJ�IHHGLQJ�RI�FDWWOH��EXW�DOVR�IRU�QXWULWLRQDO�SK\VLRORJ\�RI�RWKHU� VSHFLHV�DIIHFWHG�E\�

H[FHVVLYH�QXWULHQW�LQWDNH��

%DVHG�RQ�WKH�UHVXOWV�RI�WKLV�VWXG\��ORQJ�DQG�LQWHQVLYH�IDWWHQLQJ�LV�QRW�UHFRPPHQGHG�IRU�+ROVWHLQ�

EXOOV�� DOWKRXJK�KLJK�JDLQV�DQG� ILQDO�ZHLJKWV�ZHUH�DFKLHYHG��)DWWHQLQJ�EDVHG�RQO\�RQ� IRUDJH�

UHVXOWHG�LQ�OHVV�QHJDWLYH�PHWDEROLF�DOWHUDWLRQV�DQG�DOORZHG�KHDOWKLHU�JURZWK�RI�WKH�EXOOV��)XUWKHU�

VWXGLHV�DUH�ZDUUDQWHG�WR�LQYHVWLJDWH�ZKHWKHU�D�VKRUWHQHG�IDWWHQLQJ�SHULRG�DWWHQXDWHV�WKH�QHJDWLYH�

PHWDEROLF�FRQVHTXHQFHV�RI�LQWHQVLYH�IDWWHQLQJ�DQG�KRZ�RWKHU�EUHHGV�FRSH�ZLWK�WKLV�PHWDEROLF�

EXUGHQ�� ,Q� DGGLWLRQ� WR� WKDW�� LW� LV� DOVR� LPSRUWDQW� WR� LQYHVWLJDWH� LI� DGDSWHG� KXVEDQGU\� DQG�

PDQDJHPHQW�RI�WKH�DQLPDOV��IRU�H[DPSOH�KLJKHU�VSDFH�RIIHU�WR�LPSURYH�SK\VLFDO�DFWLYLW\��ZRXOG�

LPSURYH�PHWDEROLF�KHDOWK�RI�LQWHQVLYHO\�IHG�+ROVWHLQ�EXOOV���

�



�

�

�

�
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&RQVHTXHQFHV�RI� LQWHQVLYH�IDWWHQLQJ��,QIOXHQFH�RQ�FODZ�KHDOWK��EORRG�PHWDEROLWH�SURILOH�

DQG�WKH�LQVXOLQ�VLJQDOLQJ�FDVFDGH�LQ�WLVVXHV�RI�+ROVWHLQ�IDWWHQLQJ�EXOOV�

6RQMD�&KULVWLDQH�%l�OHU�

,QWHQVLYH�IDWWHQLQJ�EDVHG�RQ�KLJK�DPRXQWV�RI�HDV\�GLJHVWLEOH�DQG�VWDUFK�ULFK�FRQFHQWUDWH�LV�D�

FRPPRQ�SUDFWLFH�WR�IDWWHQ�EXOOV�LQ�RUGHU�WR�DFKLHYH�SURGXFWLYLW\�WDUJHWV��+RZHYHU��H[FHVVLYH�

LQWDNH�RI� FDUERK\GUDWH�ULFK�GLHW� LV� DOVR�NQRZQ� WR� FDXVH� UXPHQ� DFLGRVLV�� ODPLQLWLV� RU� WDLO� WLS�

QHFURVLV�� FRPPRQO\� UHIHUUHG� WR� DV� SURGXFWLRQ� GLVHDVHV�� $IIHFWHG� PHWDEROLF� SDWKZD\V� DQG�

XQGHUO\LQJ�PHFKDQLVPV�DUH�QRW� IXOO\�XQGHUVWRRG��\HW��7KHUHIRUH�� WKH�PDMRU�REMHFWLYH�RI� WKLV�

VWXG\�ZDV� WR� LQYHVWLJDWH�PHWDEROLF� FRQVHTXHQFHV� RI� DQ� H[SHULPHQWDO� GLHW� LQ� ���PRQWKV� ROG�

+ROVWHLQ�EXOOV��FRPSULVLQJ�D�FKURQLFDOO\�LQFUHDVHG�QXWULHQW��HQHUJ\��VWDUFK�DQG�SURWHLQ��LQWDNH��

GHOLYHUHG�E\�DGGLWLRQDO�GLHWDU\�FRQFHQWUDWH�IHHG��LQ�FRPSDULVRQ�WR�D�IHHGLQJ�UHJLPHQ�RQO\�EDVHG�

RQ� IRUDJH��$LPV�RI� WKLV� VWXG\�ZHUH� WR� FKDUDFWHUL]H� DOWHUDWLRQV� RI�PHWDEROLWH� SURILOHV�ZLWK� D�

WDUJHWHG�PHWDERORPLFV�DSSURDFK��WR�HOXFLGDWH�FKDQJHV�LQ�LQVXOLQ�VLJQDOLQJ�SDWKZD\�DQG�ILQDOO\�

WR� FRPELQH� GDWD� RI� FODZ�KHDOWK� DQG� IDWWHQLQJ� SHUIRUPDQFH�ZLWK�PHWDEROLF� GDWD�� LQ� RUGHU� WR�

JHQHUDWH� QHZ� K\SRWKHVHV� RI� �SDWKR�SK\VLRORJLFDO� UHODWLRQVKLSV� EHWZHHQ� FKURQLF� H[FHVVLYH�

HQHUJ\�LQWDNH�DQG�ODPLQLWLV��

+ROVWHLQ� EXOOV� LQWHQGHG� IRU� EHHI� SURGXFWLRQ� ZHUH� UDQGRPO\� DVVLJQHG� WR� D� KLJK� HQHUJ\� DQG�

SURWHLQ�GLHW��+(3��PHWDEROL]DEOH�HQHUJ\�>0(@�LQWDNH������ௗ�ௗ����0-�GD\��FUXGH�SURWHLQ�>&3@�

LQWDNH� ���ௗ�ௗ�����NJ�GD\�� FDOFXODWHG�PHDQVௗ�ௗ6(0��Qௗ ௗ����RU� D� ORZ� HQHUJ\� DQG� SURWHLQ� GLHW�

�/(3��0(� LQWDNH� ����ௗ�ௗ����0-�GD\��&3� LQWDNH� ���ௗ�ௗ�����NJ�GD\�� Qௗ ௗ���� IRU� WKH� ODVW� VHYHQ�

PRQWKV�RI�WKH�IDWWHQLQJ�SHULRG��&ODZ�KHDOWK�ZDV�GRFXPHQWHG�DQG�EORRG�VDPSOHV�ZHUH�FROOHFWHG�

DW� WKH� EHJLQQLQJ� DQG� DW� WKH� HQG� RI� WKH� H[SHULPHQWDO� SHULRG� �VODXJKWHU��� 7KH� EXOOV� ZHUH�

VODXJKWHUHG�DW�WKH�DJH�RI����PRQWKV��,QVXOLQ�FRQFHQWUDWLRQV��(/,6$��0HUFRGLD�$%��8SSVDOD��

6ZHGHQ���WKH�PHWDEROLWH�SURILOHV��$EVROXWH,'4��S����NLW��%LRFUDWHV��,QQVEUXFN��$XVWULD��DQG�

WKH�EORRG�ELRFKHPLVWU\��&REDV�F����$QDO\]HU��52&+(��0DQQKHLP��*HUPDQ\��ZHUH�DQDO\]HG�

LQ� EORRG�� 3URWHLQ� H[SUHVVLRQ� DQG� H[WHQW� RI� SKRVSKRU\ODWLRQ� RI� LQVXOLQ� UHFHSWRU� �,QV5�� DW�

7\U�������SURWHLQ�NLQDVH�%��3.%��DW�6HU������$03�DFWLYDWHG�NLQDVH��$03.��DW�7KU�����DQG�

PHFKDQLVWLF�WDUJHW�RI�UDSDP\FLQ��P725��DW�6HU������ZHUH�VHPL�TXDQWLILHG�LQ�OLYHU��PXVFOH�DQG�

UHWURSHULWRQHDO�DGLSRVH�WLVVXH��E\�:HVWHUQ�EORW��

7KH�ILQDO�ERG\�ZHLJKW�RI�WKH�EXOOV�ZDV���������NJ�DQG����������NJ��PHDQ���6(0��LQ�WKH�+(3�

DQG�/(3�JURXSV��UHVSHFWLYHO\��$OO�+(3�EXOOV�VKRZHG�VLJQV�RI�ODPLQLWLV�DW�VODXJKWHU��EXW�QRQH�



��� � 6800$5<�

RI�/(3��0XOWLYDULDWH�VWDWLVWLFV�UHYHDOHG�FRPSOH[�DOWHUDWLRQV�LQ�PHWDEROLWH�SURILOHV�RI�+(3�EXOOV��

���RI�����DQDO\]HG�PHWDEROLWHV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�IHHGLQJ�JURXSV��0DLQO\�

ORZHU�FRQFHQWUDWLRQV�LQ�+(3�EXOOV�ZHUH�IRXQG�LQ�WKH�VXEVWDQFH�FODVVHV�RI�SKRVSKDWLG\OFKROLQHV�

�3&V��DQG�VSKLQJRP\HOLQV�� ,Q�FRQWUDVW�� WKH�FRQFHQWUDWLRQV�RI� O\VR�3&�DQG�DPLQR�DFLGV�ZHUH�

KLJKHU� LQ� LQWHQVLYHO\�IHG�EXOOV��(VSHFLDOO\� WKH�FRQFHQWUDWLRQV�RI�EUDQFKHG�FKDLQ�DPLQR�DFLGV�

�%&$$V���ZLWK�LVROHXFLQH��OHXFLQH�DQG�YDOLQH�ZHUH�KLJKHU�LQ�+(3�EXOOV��7KH�FRQFHQWUDWLRQ�RI�

LQVXOLQ�ZDV�DOVR�LQFUHDVHG��EXW�QRW�RI�JOXFRVH��LQ�EORRG��7KH�H[WHQW�RI�SKRVSKRU\ODWLRQ�RI�S�

,QV5�LQ�DOO�WKUHH�WLVVXHV�DQG�S�P725�LQ�PXVFOH�ZHUH�XQGHU�WKH�OLPLW�RI�GHWHFWLRQ��,Q�WKH�OLYHU�

H[SUHVVLRQ� RI� 3.%�� P725� DQG� $03.� ZHUH� KLJKHU� LQ� +(3�� DV� ZHOO� DV� WKH� H[WHQW� RI�

SKRVSKRU\ODWLRQ�RI�P725��,Q�DGLSRVH�WLVVXH�WKH�H[SUHVVLRQ�RI�,QV5�ZDV�GHFUHDVHG�LQ�+(3�EXOOV��

EXW�LQ�PXVFOH�WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�IHHGLQJ�JURXSV���

6WURQJ�GLIIHUHQFHV�LQ�SODVPD�PHWDEROLWH�SURILOHV��VLJQV�RI�UHGXFHG�LQVXOLQ�VHQVLWLYLW\�LQ�PXVFOH�

DQG�UHWURSHULWRQHDO�DGLSRVH�WLVVXH�ZHUH�REVHUYHG��7KHVH�PHWDEROLF�DOWHUDWLRQV�ZHUH�DVVRFLDWHG�

ZLWK�DQ�LQIODPPDWRU\�VWDWH�RI�GLHW�UHODWHG�FKURQLF�ODPLQLWLV�LQ�+ROVWHLQ�EXOOV�IHG�D�+(3�GLHW��

+\SHULQVXOLQHPLD� DQG� HQKDQFHG� %&$$V� DUH� DOVR� FKDUDFWHULVWLF� IRU� D� SUHGLDEHWLF� VWDWH� LQ�

KXPDQV�� LQGLFDWLQJ� D� FRQVHUYHG� SDWKRSK\VLRORJLFDO� UROH� RI� WKHVH� PHWDEROLWHV�� 7ULJJHUV� RI�

ODPLQLWLV� LQ�FDWWOH�DQG�KRUVHV�FRXOG�EH�VLPLODU��SURSRVLQJ�D� UHODWLRQVKLS�RI�GLHW� LQGXFHG�DQG�

REHVLW\�UHODWHG�LQIODPPDWLRQ��IXUWKHU�SURPRWLQJ�LQVXOLQ�UHVLVWDQFH�DQG�FXOPLQDWLQJ�LQ�FKURQLF�

ODPLQLWLV�� )XWXUH� UHVHDUFK� LV� ZDUUDQWHG� WR� XQGHUVWDQG� �SDWKR��SK\VLRORJLFDO� SDWKZD\V� RI�

ODPLQLWLV�LQ�FDWWOH�DQG�KRZ�DGDSWHG�KXVEDQGU\�DQG�PDQDJHPHQW�LV�DEOH�WR�LPSURYH�KHDOWK�RI�

+ROVWHLQ�IDWWHQLQJ�EXOOV��

� �
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.RQVHTXHQ]HQ� LQWHQVLYHU� 0DVW�� (LQIOXVV� DXI� GLH� .ODXHQJHVXQGKHLW�� GDV� PHWDEROLVFKH�

3URILO�LP�%OXW�XQG�GLH�,QVXOLQVLJQDONDVNDGH�LQ�*HZHEHQ�YRQ�+ROVWHLQ�0DVWEXOOHQ�

6RQMD�&KULVWLDQH�%l�OHU�

'LH�LQWHQVLYH�)�WWHUXQJ�PLW�KRKHQ�0HQJHQ�DQ�VWlUNH��XQG�SURWHLQUHLFKHP�.UDIWIXWWHU�LVW�HLQH�

JlQJLJH�3UD[LV�LQ�GHU�%XOOHQPDVW��XP�/HLVWXQJV]LHOH�]X�HUUHLFKHQ��(LQH��EHUPl�LJH�$XIQDKPH�

YRQ� OHLFKWYHUGDXEDUHQ� .RKOHQK\GUDWHQ� NDQQ� EHL� :LHGHUNlXHUQ� DEHU� ]X� 3DQVHQD]LGRVH��

.ODXHQUHKH�RGHU�6FKZDQ]VSLW]HQQHNURVH�I�KUHQ��'LH�EHWURIIHQHQ�6WRIIZHFKVHOZHJH�XQG�GLH�

]XJUXQGHOLHJHQGHQ�0HFKDQLVPHQ�VLQG�DOOHUGLQJV�QRFK�QLFKW�YROOVWlQGLJ�JHNOlUW��'DKHU�ZDU�GHU�

=ZHFN�GLHVHU�6WXGLH��GLH�PHWDEROLVFKHQ�)ROJHQ�HLQHU�H[SHULPHQWHOOHQ�)�WWHUXQJ��GLH�GXUFK�HLQH�

HUK|KWH�(QHUJLH��XQG�1lKUVWRII]XIXKU��6WlUNH�XQG�(LZHL����EHU�VLHEHQ�0RQDWH�EHL�+ROVWHLQ�

%XOOHQ� JHNHQQ]HLFKQHW� ZDU�� ]X� XQWHUVXFKHQ�� (LQH� )�WWHUXQJ� GLH� QXU� DXI�*UXQGIXWWHUPLWWHOQ�

EDVLHUWH�� GLHQWH� DOV� 9HUJOHLFK�� =LHOH� GLHVHU� 6WXGLH� ZDUHQ�� HUVWHQV� 9HUlQGHUXQJHQ� GHU�

PHWDEROLVFKHQ�3URILOH�PLW�HLQHP�JH]LHOWHQ�0HWDERORPLFV�$QVDW]�]X�FKDUDNWHULVLHUHQ��=ZHLWHQV�

9HUlQGHUXQJHQ�LP�,QVXOLQ�6LJQDOZHJ�LQ�/HEHU��0XVNHO�XQG�UHWURSHULWRQHDOHP�)HWWJHZHEH�]X�

XQWHUVXFKHQ��8P�VFKOLH�OLFK�GULWWHQV��9HUELQGXQJHQ�]ZLVFKHQ�GHQ�'DWHQ�GHU�.ODXHQJHVXQGKHLW�

XQG� 0DVWOHLVWXQJ�� VRZLH� GHU� 6WRIIZHFKVHOGDWHQ� ]X� HUNHQQHQ�� XP� QHXH� +\SRWKHVHQ� �EHU�

�SDWKR�SK\VLRORJLVFKH�=XVDPPHQKlQJH�]ZLVFKHQ�FKURQLVFK��EHUPl�LJHU�(QHUJLH]XIXKU�XQG�

.ODXHQUHKH�]X�JHQHULHUHQ��

+ROVWHLQ�%XOOHQ�� GLH� I�U� GLH� 5LQGIOHLVFKSURGXNWLRQ� EHVWLPPW� ZDUHQ�� ZXUGHQ� QDFK� GHP�

=XIDOOVSULQ]LS�HQWZHGHU�PLW�HLQHP�)XWWHU�PLW�KRKHP�(QHUJLH��XQG�3URWHLQJHKDOW��+(3��=XIXKU�

YRQ�XPVHW]EDUHU�(QHUJLH�>0(@�������������0-�7DJ��=XIXKU�YRQ�5RKSURWHLQ�>&3@������������

NJ�7DJ��EHUHFKQHWH�0LWWHOZHUWH���6(0��Q� �����RGHU�PLW�HLQHP�)XWWHU�PLW�QLHGULJHP�(QHUJLH��

XQG� 3URWHLQJHKDOW� �/(3�� =XIXKU� YRQ� XPVHW]EDUHU� (QHUJLH� ����� �� ����0-�7DJ�� =XIXKU� YRQ�

5RKSURWHLQ������������NJ�7DJ��Q� �����JHI�WWHUW��'LH�.ODXHQJHVXQGKHLW�ZXUGH�GRNXPHQWLHUW�

XQG� %OXWSUREHQ� ZXUGHQ� ]X� %HJLQQ� XQG� DP� (QGH� GHV� 9HUVXFKV]HLWUDXPV� �6FKODFKWXQJ��

HQWQRPPHQ��'LH�%XOOHQ�ZXUGHQ�LP�$OWHU�YRQ����0RQDWHQ�JHVFKODFKWHW��,P�%OXW�ZXUGHQ�GLH�

,QVXOLQNRQ]HQWUDWLRQ� �(/,6$�� 0HUFRGLD� $%�� 8SSVDOD�� 6FKZHGHQ��� GDV� PHWDEROLVFKH� 3URILO�

�$EVROXWH,'4�� S����.LW�� %LRFUDWHV�� ,QQVEUXFN��gVWHUUHLFK�� XQG� GLH�%OXWELRFKHPLH� �&REDV�

F���� $QDO\]HU�� 52&+(�� 0DQQKHLP�� 'HXWVFKODQG�� DQDO\VLHUW�� $X�HUGHP� ZXUGH� GLH�

3URWHLQH[SUHVVLRQ� XQG� GDV� $XVPD�� GHU� 3KRVSKRU\OLHUXQJ� GHV� ,QVXOLQUH]HSWRUV� �,165�� DQ�

7\U������� GHU�3URWHLQNLQDVH�%� �3.%�� DQ�6HU������ GHU�$03�DNWLYLHUWHQ�.LQDVH� �$03.�� DQ�
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7KU�����XQG�GHV�PHFKDQLVWLVFKHQ�=LHOV�YRQ�5DSDP\FLQ��P725��DQ�6HU������LQ�GHU�/HEHU��GHP�

0XVNHO�XQG�GHP�UHWURSHULWRQHDOHQ�)HWWJHZHEH�PLWWHOV�:HVWHUQ�%ORW�VHPLTXDQWLIL]LHUW��

'DV�(QGJHZLFKW�GHU�%XOOHQ�EHWUXJ���������NJ�XQG����������NJ��0LWWHOZHUW���6(0��LQ�GHU�+(3��

E]Z��/(3�*UXSSH��$OOH�+(3�%XOOHQ�]HLJWHQ�EHL�GHU�6FKODFKWXQJ�$Q]HLFKHQ�YRQ�.ODXHQUHKH��

DEHU�NHLQHU�GHU�/(3�%XOOHQ��0XOWLYDULDWH�6WDWLVWLNHQ�]HLJWHQ�NRPSOH[H�9HUlQGHUXQJHQ�LQ�GHQ�

PHWDEROLVFKHQ�3URILOHQ�GHU�+(3�%XOOHQ�����YRQ�����DQDO\VLHUWHQ�0HWDEROLWHQ�XQWHUVFKLHGHQ�

VLFK� VLJQLILNDQW� ]ZLVFKHQ� GHQ� )�WWHUXQJVJUXSSHQ�� 9RU� DOOHP� LQ� GHQ� 6XEVWDQ]NODVVHQ� GHU�

3KRVSKDWLG\OFKROLQH� �3&�� XQG� 6SKLQJRP\HOLQH� ZXUGHQ� EHL� +(3�%XOOHQ� JHULQJHUH�

.RQ]HQWUDWLRQHQ�JHIXQGHQ��,P�*HJHQVDW]�GD]X�ZDUHQ�GLH�.RQ]HQWUDWLRQHQ�GHU�/\VR�3&V�XQG�

$PLQRVlXUHQ�EHL�GHQ�LQWHQVLY�JHI�WWHUWHQ�%XOOHQ�K|KHU��,QVEHVRQGHUH�GLH�.RQ]HQWUDWLRQHQ�GHU�

YHU]ZHLJWNHWWLJHQ�$PLQRVlXUHQ��%&$$V���,VROHXFLQ��/HXFLQ�XQG�9DOLQ�ZDUHQ�EHL�+(3�%XOOHQ�

K|KHU��'LH�,QVXOLQNRQ]HQWUDWLRQ�LP�%OXW�GHU�+(3�%XOOHQ�ZDU�HEHQIDOOV�HUK|KW��QLFKW�MHGRFK�GLH�

*OXNRVHNRQ]HQWUDWLRQ��'DV�$XVPD��GHU�3KRVSKRU\OLHUXQJ�YRQ�S�,QV5�LQ�DOOHQ�GUHL�*HZHEHQ�

XQG�YRQ�S�P725�LP�0XVNHO�ODJ�XQWHU�GHU�1DFKZHLVJUHQ]H��,Q�GHU�/HEHU�ZDU�GLH�([SUHVVLRQ�

YRQ�3.%��P725�XQG�$03.�EHL�+(3�K|KHU��HEHQVR�GDV�$XVPD��GHU�3KRVSKRU\OLHUXQJ�YRQ�

P725��,P�)HWWJHZHEH�ZDU�GLH�([SUHVVLRQ�YRQ�,QV5�EHL�+(3�%XOOHQ�YHUULQJHUW��LP�0XVNHO�JDE�

HV�NHLQH�VLJQLILNDQWHQ�8QWHUVFKLHGH�]ZLVFKHQ�GHQ�)�WWHUXQJVJUXSSHQ���

(V� ZXUGHQ� JUR�H� 8QWHUVFKLHGH� LQ� GHQ� 3ODVPDVWRIIZHFKVHOSURILOHQ� XQG� $Q]HLFKHQ� I�U� HLQH�

YHUULQJHUWH�,QVXOLQVHQVLWLYLWlW�LP�0XVNHO��XQG�UHWURSHULWRQHDOHQ�)HWWJHZHEH�EHREDFKWHW��'LHVH�

6WRIIZHFKVHOYHUlQGHUXQJHQ� ZXUGHQ� PLW� HLQHP� HQW]�QGOLFKHQ� =XVWDQG� YRQ�

HUQlKUXQJVEHGLQJWHU� FKURQLVFKHU� .ODXHQUHKH�� EHL� +ROVWHLQ�%XOOHQ� GLH� HLQH� +(3�)�WWHUXQJ�

HUKLHOWHQ��DVVR]LLHUW��+\SHULQVXOLQlPLH�XQG�HUK|KWH�.RQ]HQWUDWLRQHQ�YRQ�%&$$V�ZXUGHQ�DXFK�

DOV�&KDUDNWHULVWLND�I�U�HLQHQ�SUlGLDEHWLVFKHQ�=XVWDQG�EHLP�0HQVFKHQ�LGHQWLIL]LHUW��'LHV�N|QQWH�

DXI�HLQH�NRQVHUYLHUWH�SDWKRSK\VLRORJLVFKH�5ROOH�GLHVHU�0HWDEROLWHQ���EHU�YHUVFKLHGHQH�6SH]LHV�

KLQZHJ�� KLQZHLVHQ��$XFK�GLH�$XVO|VHU�GHU�.ODXHQ�� E]Z��+XIUHKH� EHL�5LQGHUQ� XQG�3IHUGHQ�

N|QQWHQ�lKQOLFK�VHLQ��(LQ�P|JOLFKHU�=XVDPPHQKDQJ�]ZLVFKHQ�FKURQLVFK�H[]HVVLYHU�(QHUJLH��

XQG� 1lKUVWRIIDXIQDKPH� XQG� .ODXHQUHKH� N|QQWH� VHLQ�� GDVV� HUQlKUXQJVEHGLQJWH� XQG� GXUFK�

)HWWOHLELJNHLW� EHGLQJWH� (QW]�QGXQJHQ� HLQH� ,QVXOLQUHVLVWHQ]� ZHLWHU� I|UGHUQ� XQG� VLFK� LQ�

FKURQLVFKHU� .ODXHQUHKH� PDQLIHVWLHUHQ�� :HLWHUH� 8QWHUVXFKXQJHQ� VLQG� HUIRUGHUOLFK�� XP� GLH�

�SDWKR��SK\VLRORJLVFKHQ� :HJH� GHU� .ODXHQUHKH� EHL� 5LQGHUQ� ]X� YHUVWHKHQ� XQG� XP�

KHUDXV]XILQGHQ��RE�HLQH�DQGHUH�+DOWXQJ�XQG�HLQ�DQJHSDVVWHV�0DQDJHPHQW�GLH�*HVXQGKHLW�YRQ�

LQWHQVLY�JHI�WWHUWHQ�+ROVWHLQ�%XOOHQ�YHUEHVVHUQ�N|QQWH�� �
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$FKPDGL��-��<DQDJLVDZD��7��6DQR��+��7HUDVKLPD��<��3DQFUHDWLF�LQVXOLQ�VHFUHWRU\�UHVSRQVH�DQG�
LQVXOLQ� DFWLRQ� LQ� KHDW�H[SRVHG� VKHHS� JLYHQ� D� FRQFHQWUDWH� RU� URXJKDJH� GLHW�� 'RPHVW��$QLP��
(QGRFULQRO�����������������±�����KWWSV���GRL�RUJ�������������������������������

$GDPLDN��6-��0DFNLH��.��:DWW��5*���:HEE�5����6LQFODLU��.'��,PSDFW�RI�QXWULWLRQ�RQ�RRF\WH�
TXDOLW\��FXPXODWLYH�HIIHFWV�RI�ERG\�FRPSRVLWLRQ�DQG�GLHW�OHDGLQJ�WR�K\SHULQVXOLQHPLD�LQ�FDWWOH��
%LRO��5HSURG��������������±�����

$GOHU�� )�� &KULVWOH\�� 5�� &DPSH�� $�� ,QYLWHG� UHYLHZ�� ([DPLQLQJ� IDUPHUV
� SHUVRQDOLWLHV� DQG�
DWWLWXGHV� DV� SRVVLEOH� ULVN� IDFWRUV� IRU� GDLU\� FDWWOH� KHDOWK�� ZHOIDUH�� SURGXFWLYLW\�� DQG� IDUP�
PDQDJHPHQW�� $� V\VWHPDWLF� VFRSLQJ� UHYLHZ�� -�� 'DLU\� 6FL��� ����� �����������±������
KWWSV���GRL�RUJ���������MGV�������������

$KROD�2OOL��$9��0XVWHOLQ��/��.DOLPHUL��0��.HWWXQHQ��-��-RNHODLQHQ��-��$XYLQHQ��-��3XXNND��.��
+DYXOLQQD��$6��/HKWLPlNL��7��.lK|QHQ��0��-XRQDOD��0��.HLQlQHQ�.LXNDDQQLHPL��6��6DORPDD��
9��3HUROD��0��-lUYHOLQ��0�5��$OD�.RUSHOD��0��5DLWDNDUL��2��:�UW]��3��&LUFXODWLQJ�PHWDEROLWHV�
DQG�WKH�ULVN�RI�W\SH���GLDEHWHV��D�SURVSHFWLYH�VWXG\�RI��������\RXQJ�DGXOWV�IURP�IRXU�ILQQLVK�
FRKRUWV��'LDEHWRORJLD��������������±������KWWSV���GRL�RUJ���������V����������������Z��

$PHWDM�� %1�� %UDGIRUG�� %-�� %REH�� *�� 1DILNRY�� 5$�� /X�� <�� <RXQJ�� -:�� %HLW]�� '&�� 6WURQJ�
UHODWLRQVKLSV�EHWZHHQ�PHGLDWRUV�RI�WKH�DFXWH�SKDVH�UHVSRQVH�DQG�IDWW\�OLYHU�LQ�GDLU\�FRZV��&DQ��
-��$QLP��6FL�����������������±�����

$PHWDM��%1��=HEHOL��4��6DOHHP��)��3V\FKRJLRV��1��/HZLV��0-��'XQQ��60��;LD��-��:LVKDUW��'6��
0HWDERORPLFV�UHYHDOV�XQKHDOWK\�DOWHUDWLRQV�LQ�UXPHQ�PHWDEROLVP�ZLWK�LQFUHDVHG�SURSRUWLRQ�RI�
FHUHDO� JUDLQ� LQ� WKH� GLHW� RI� GDLU\� FRZV�� 0HWDERORPLFV�� ����� ��������±�����
KWWSV���GRL�RUJ���������V������������������

$QGHUVHQ�� -%�� 0DVKHN�� '*�� /DUVHQ�� 7�� 1LHOVHQ�� 02�� ,QJYDUWVHQ�� ./�� (IIHFWV� RI�
+\SHULQVXOLQDHPLD�XQGHU�(XJO\FDHPLF�&RQGLWLRQ�RQ�/LYHU�)DW�0HWDEROLVP�LQ�'DLU\�&RZV�LQ�
(DUO\�DQG�0LGဨODFWDWLRQ��-�9HW�0HG�$�3K\VLRO�3DWKRO�&OLQ�0HG������������±����

$QGHUVHQ��3+��+HVVHOKROW��0��-DUO¡Y��1��(QGRWR[LQ�DQG�DUDFKLGRQLF�DFLG�PHWDEROLWHV�LQ�SRUWDO��
KHSDWLF� DQG� DUWHULDO� EORRG� RI� FDWWOH� ZLWK� DFXWH� UXPLQDO� DFLGRVLV�� $FWD� 9HW� 6FDQG�� �����
���������±�����

$QGHUVVRQ��/�%HUJPDQ��$��3DWKRORJ\�RI�%RYLQH�/DPLQLWLV�(VSHFLDOO\�$V�5HJDUGV�9DVFXODU�
/HVLRQV��$FWD�9HW�6FDQG����������������±�����KWWSV���GRL�RUJ���������%)����������

$QGHUVVRQ��/�/XQGVWU|P��.��7KH�LQIOXHQFH�RI�EUHHG��DJH��ERG\�ZHLJKW�DQG�VHDVRQ�RQ�GLJLWDO�
GLVHDVHV� DQG� KRRI� VL]H� LQ� GDLU\� FRZV�� =HQWUDOEO�� 9HWHULQDUPHG�� $�� ����� ���������±�����
KWWSV���GRL�RUJ���������M����������������WE������[��

$UD~MR�� -��&DL�� -�� 6WHYHQV�� -�� 3UHYDOHQFH� RI�2SWLPDO�0HWDEROLF�+HDOWK� LQ�$PHULFDQ�$GXOWV��
1DWLRQDO�+HDOWK� DQG�1XWULWLRQ� ([DPLQDWLRQ� 6XUYH\� �����������0HWDE� 6\QGU� 5HODW�'LVRUG��
�������������±����KWWSV���GRL�RUJ���������PHW������������

$VSOLQ��.(��3DWWHUVRQ�.DQH��-&��6LOOHQFH��01��3ROOLWW��&&��0F�*RZDQ��&0��+LVWRSDWKRORJ\�RI�
LQVXOLQ�LQGXFHG� ODPLQLWLV� LQ� SRQLHV�� (TXLQH� 9HW�� -��� ����� ���������±�����
KWWSV���GRL�RUJ���������M����������������������[��
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%DUJDL�� 8�� 6KDPLU�� ,�� /XEOLQ�� $�� %RJLQ�� (�� :LQWHU� RXWEUHDNV� RI� ODPLQLWLV� LQ� GDLU\� FDOYHV��
DHWLRORJ\�DQG�ODERUDWRU\��UDGLRORJLFDO�DQG�SDWKRORJLFDO�ILQGLQJV��9HW��5HF�������������������±
�����KWWSV���GRL�RUJ���������YU�������������

%l�OHU�� 6&�� .HQp]�� È�� 6FKHX�� 7�� .RFK�� &�� 0H\HU�� 8�� 'lQLFNH�� 6�� +XEHU�� .�� $VVRFLDWLRQ�
EHWZHHQ� DOWHUDWLRQV� LQ� SODVPD� PHWDERORPH� SURILOHV� DQG� ODPLQLWLV� LQ� LQWHQVLYHO\� ILQLVKHG�
+ROVWHLQ� EXOOV� LQ� D� UDQGRPL]HG� FRQWUROOHG� VWXG\�� 6FL�� 5HS��� ����� �������������
KWWSV���GRL�RUJ���������V�������������������

%D\HULVFKH�/DQGHVDQVWDOW�I�U�/DQGZLUWVFKDIW��*UXEHU�7DEHOOH�]XU�)�WWHUXQJ�LQ�GHU�
5LQGHUPDVW�����WK�HG��:ROQ]DFK��0HGLHQKDXV�.DVWQHU�$*��������

%HHE\�� -0��+DUHVLJQ��:��6ZDQ��+��(QGRJHQRXV� KRUPRQH� DQG�PHWDEROLWH� FRQFHQWUDWLRQV� LQ�
GLIIHUHQW�EUHHGV�RI�EHHI�VWHHU�RQ�WZR�V\VWHPV�RI�SURGXFWLRQ��$QLP��6FL�����������������±�����
KWWSV���GRL�RUJ���������6������������������

%HQ�6DKUD��,�0DQQLQJ��%'��P725&��VLJQDOLQJ�DQG�WKH�PHWDEROLF�FRQWURO�RI�FHOO�JURZWK��&XUU�
2SLQ�&HOO�%LRO������������±����KWWSV���GRL�RUJ���������M�FHE��������������

%HUJVWHQ�� &�� +DHPRUUKDJHV� RI� WKH� VROH� KRUQ� RI� GDLU\� FRZV� DV� D� UHWURVSHFWLYH� LQGLFDWRU� RI�
ODPLQLWLV��DQ�HSLGHPLRORJLFDO�VWXG\��$FWD�9HW�6FDQG���������������±����

%HUJVWHQ��&��&DXVHV�� ULVN�IDFWRUV��DQG�SUHYHQWLRQ�RI� ODPLQLWLV�DQG�UHODWHG�FODZ�OHVLRQV��$FWD�
9HW��6FDQG��6XSSO�����������6�����KWWSV���GRL�RUJ����������������������V��V�����

%RRVPDQ��5��1HPHWK��)��*UX\V��(��.ODUHQEHHN��$��$UWHULRJUDSKLFDO�DQG�SDWKRORJLFDO�FKDQJHV�
LQ� FKURQLF� ODPLQLWLV� LQ� GDLU\� FDWWOH�� 9HW� 4�� ����� ���������±�����
KWWSV���GRL�RUJ��������������������������������

%RRVPDQ�� 5�� 1pPHWK�� )�� *UX\V�� (�� %RYLQH� ODPLQLWLV�� FOLQLFDO� DVSHFWV�� SDWKRORJ\� DQG�
SDWKRJHQHVLV� ZLWK� UHIHUHQFH� WR� DFXWH� HTXLQH� ODPLQLWLV�� 9HW� 4�� ����� ���������±�����
KWWSV���GRL�RUJ��������������������������������

%UDGOH\��+.��6KDQQRQ��'��1HLOVRQ��'5��6XEFOLQLFDO�ODPLQLWLV�LQ�GDLU\�KHLIHUV��9HW��5HF��������
����������±�����KWWSV���GRL�RUJ���������YU������������

%UDQGHMVN\�� )�� 6WDQHN�� &�� 6FKXK��0�� =XU� 3DWKRJHQHVH� GHU� VXENOLQLVFKHQ� .ODXHQUHKH� EHLP�
0LOFKULQG��8QWHUVXFKXQJHQ�YRQ�.ODXHQVWDWXV��3DQVHQVWDWXV�XQG�%OXWJHULQQXQJVIDNWRUHQ��'HXW�
7LHUDU]WO�:RFK����������������±����

%ULQN��'5��/RZU\��65��6WRFN��5$��3DUURWW��-&��6HYHULW\�RI�OLYHU�DEVFHVVHV�DQG�HIILFLHQF\�RI�
IHHG� XWLOL]DWLRQ� RI� IHHGORW� FDWWOH�� -� $QLP� 6FL�� ����� ����������±������
KWWSV���GRL�RUJ���������������������[��

%URZQ��(-��$OEHUV��0:��%XP�6KLQ��7��LFKLNDZD��.��.HLWK��&7��/DQH��:6��6FKUHLEHU��6/��$�
PDPPDOLDQ� SURWHLQ� WDUJHWHG� E\� *��DUUHVWLQJ� UDSDP\FLQ±UHFHSWRU� FRPSOH[�� 1DWXUH�� �����
�������������±�����KWWSV���GRL�RUJ���������������D���

%UVFLF��0��*RWWDUGR��)��7HVVLWRUH��(��*X]]R��/��5LFFL��5��&R]]L��*��$VVHVVPHQW�RI�ZHOIDUH�RI�
ILQLVKLQJ�EHHI�FDWWOH�NHSW�RQ�GLIIHUHQW�W\SHV�RI�IORRU�DIWHU�VKRUW��RU�ORQJ�WHUP�KRXVLQJ��$QLPDO��
��������������±������KWWSV���GRL�RUJ���������6������������������
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%UVFLF��0��/HUXVWH��+��+HXWLQFN��/)0��%RNNHUV��($0��:ROWKXLV�)LOOHUXS��0��6WRFNKRIH��1��
*RWWDUGR��)��/HQVLQN��%-��&R]]L��*��YDQ�5HHQHQ��&*��3UHYDOHQFH�RI�UHVSLUDWRU\�GLVRUGHUV�LQ�YHDO�
FDOYHV� DQG� SRWHQWLDO� ULVN� IDFWRUV�� -�� 'DLU\� 6FL��� ����� ����������±������
KWWSV���GRL�RUJ���������MGV������������

%XQWLQJ��/'��%ROLQJ��-$��0DF.RZQ��&7��'DYHQSRUW��*0��(IIHFW�RI�GLHWDU\�SURWHLQ�OHYHO�RQ�
QLWURJHQ�PHWDEROLVP� LQ� WKH�JURZLQJ�ERYLQH�� ,,��GLIIXVLRQ� LQWR�DQG�XWLOL]DWLRQ�RI�HQGRJHQRXV�
XUHD� QLWURJHQ� LQ� WKH� UXPHQ�� -�� $QLP�� 6FL��� ����� ���������±�����
KWWSV���GRL�RUJ���������MDV�����������[��

&DOR��//��0F'RZHOO��5(��YDQ�9OHFN��/'��DQG�0LOOHU��3'��3DUDPHWHUV�RI�JURZWK�RI�+ROVWHLQ�
)ULHVLDQ�EXOOV��-�$QLP�6FL����������������±�����

&DUD\RO��0��/HLW]PDQQ��0)��)HUUDUL��3��=DPRUD�5RV��5��$FKDLQWUH��'��6WHSLHQ��0��6FKPLGW��
-$�� 7UDYLV�� 5&�� 2YHUYDG�� .�� 7M¡QQHODQG�� $�� +DQVHQ�� /�� .DDNV�� 5�� .�KQ�� 7�� %RHLQJ�� +��
%DFKOHFKQHU��8��7ULFKRSRXORX��$��%DPLD��&��3DOOL��'��$JQROL��&��7XPLQR��5��9LQHLV��3��3DQLFR��
6��4XLUyV��-5��6iQFKH]�&DQWDOHMR��(��+XHUWD��-0��$UGDQD]��(��$UULROD��/��$JXGR��$��1LOVVRQ��-��
0HODQGHU��2��%XHQR�GH�0HVTXLWD��%��3HHWHUV��3+��:DUHKDP��1��.KDZ��.�7��-HQDE��0��.H\��
7-�� 6FDOEHUW�� $�� 5LQDOGL�� 6�� %ORRG� PHWDEROLF� VLJQDWXUHV� RI� ERG\� PDVV� LQGH[�� D� WDUJHWHG�
PHWDERORPLFV� VWXG\� LQ� WKH� (3,&� FRKRUW�� -�� 3URWHRPH� 5HV��� ����� ����������±������
KWWSV���GRL�RUJ���������DFV�MSURWHRPH��E�������

&DUGRQH��0+��5R\��1��6WHQQLFNH��+5��6DOYHVHQ��*6��)UDQNH��7)��6WDQEULGJH��(��)ULVFK��6��
5HHG�� -&�� 5HJXODWLRQ� RI� FHOO� GHDWK� SURWHDVH� FDVSDVH��� E\� SKRVSKRU\ODWLRQ�� 6FLHQFH�� �����
��������������±������KWWSV���GRL�RUJ���������VFLHQFH����������������

&DUOLQJ��'��7KH�$03�DFWLYDWHG�SURWHLQ�NLQDVH�FDVFDGH��D�XQLI\LQJ�V\VWHP�IRU�HQHUJ\�FRQWURO��
7UHQGV�%LRFKHP�6FL���������������±����KWWSV���GRL�RUJ���������M�WLEV��������������

&KHZ��.+��&KURQLF�ODPLQLWLV�DQG�VROH�XOFHUDWLRQ�LQ�D�GDLU\�KHUG��&DQ��9HW��-����������������±
����

&KRQJ��-��:LVKDUW��'6��;LD��-��8VLQJ�0HWDER$QDO\VW����� IRU�FRPSUHKHQVLYH�DQG� LQWHJUDWLYH�
PHWDERORPLFV� GDWD� DQDO\VLV�� &XUU� 3URWRF� %LRLQIRUPDWLFV�� ����� ������� H����
KWWSV���GRL�RUJ���������FSEL�����

&RRN�� 1%�� +HVV�� -3�� )R\�� 05�� %HQQHWW�� 7%�� %URW]PDQ�� 5/�� 0DQDJHPHQW� FKDUDFWHULVWLFV��
ODPHQHVV�� DQG� ERG\� LQMXULHV� RI� GDLU\� FDWWOH� KRXVHG� LQ� KLJK�SHUIRUPDQFH� GDLU\� KHUGV� LQ�
:LVFRQVLQ��-��'DLU\�6FL������������������±������KWWSV���GRL�RUJ���������MGV�������������

&R]]L��*��7HVVLWRUH��(��&RQWLHUR��%��5LFFL��5��*RWWDUGR��)��%UVFLF��0��$OWHUQDWLYH�VROXWLRQV�WR�
WKH� FRQFUHWH� IXOO\�VODWWHG� IORRU� IRU� WKH� KRXVLQJ� RI� ILQLVKLQJ� EHHI� FDWWOH�� HIIHFWV� RQ� JURZWK�
SHUIRUPDQFH�� KHDOWK� RI� WKH� ORFRPRWRU� V\VWHP� DQG� EHKDYLRXU��9HW�� -��� ���������������±�����
KWWSV���GRL�RUJ���������M�WYMO��������������

&URVV��'$��$OHVVL��'5��&RKHQ��3��$QGMHONRYLFK��0��+HPPLQJV��%$��,QKLELWLRQ�RI�JO\FRJHQ�
V\QWKDVH�NLQDVH���E\�LQVXOLQ�PHGLDWHG�E\�SURWHLQ�NLQDVH�%��1DWXUH��������������������±�����
KWWSV���GRL�RUJ���������������D���

&XL�� =�+RXZHOLQJ�� 0�� 3KRVSKDWLG\OFKROLQH� DQG� FHOO� GHDWK�� %LRFKLP� %LRSK\V� $FWD�� �����
������������±����
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&XWWDQFH��(/��0DVRQ��:$��0F'HUPRWW��-��/DYHQ��5$��0F'RXJDOO��6��3K\Q��&9&��&DOI�DQG�
UHSODFHPHQW� KHLIHU�PRUWDOLW\� IURP� ELUWK� XQWLO� ZHDQLQJ� LQ� SDVWXUH�EDVHG� GDLU\� KHUGV� LQ�1HZ�
=HDODQG��-��'DLU\�6FL��������������������±������KWWSV���GRL�RUJ���������MGV�������������

'lQLFNH��6��0H\HU��8��:LQNOHU��-��6FKXO]��.��8OULFK��6��)UDKP��-��.HUVWHQ��6��5HKDJH��-��%UHYHV��
*��+lXVVOHU��6��6DXHUZHLQ��+��/RFKHU��/��'HVFULSWLRQ�RI�D�ERYLQH�PRGHO�IRU�VWXG\LQJ�GLJHVWLYH�
DQG�PHWDEROLF�HIIHFWV�RI�D�SRVLWLYH�HQHUJ\�EDODQFH�QRW�ELDVHG�E\�ODFWDWLRQ�RU�JUDYLGLW\��$UFK�
$QLP�1XWU����������������±�����KWWSV���GRL�RUJ����������������;��������������

'DQVFKHU�� $0�� (QHPDUN�� -0'�� 7HOH]KHQNR�� (�� &DSLRQ�� 1�� (NVWU¡P�� &7�� 7KRHIQHU�� 0%��
2OLJRIUXFWRVH� RYHUORDG� LQGXFHV� ODPHQHVV� LQ� FDWWOH�� -�� 'DLU\� 6FL��� ����� ���������±�����
KWWSV���GRL�RUJ���������MGV������������

'DQVFKHU�� $0�� 7RHOERHOO�� 7+�� :DWWOH�� 2�� %LRPHFKDQLFV� DQG� KLVWRORJ\� RI� ERYLQH� FODZ�
VXVSHQVRU\� WLVVXH� LQ� HDUO\� DFXWH� ODPLQLWLV�� -�� 'DLU\� 6FL��� ����� ��������±����
KWWSV���GRL�RUJ���������MGV������������

'DYLHU�� =�� YRQ�� -�� 6FK�WWH�� DQG� -�� (INHQ�� 6WHFNEULHIH� ]XU� 7LHUKDOWXQJ� LQ� 'HXWVFKODQG��
0DVWULQGHU��%UDXQVFKZHLJ��7K�QHQ� ,QVWLWXW��%XQGHVIRUVFKXQJVLQVWLWXW� I�U�/lQGOLFKHQ�5DXP��
:DOG�XQG�)LVFKHUHL��������

'DYLV�8QJHU��-��6FKZDUW]NRSI�*HQVZHLQ��.6*��3DMRU��($��+HQGULFN��6��0DUWL��6��'RULQ��&��
2UVHO�� .�� 3UHYDOHQFH� DQG� ODPHQHVV�DVVRFLDWHG� ULVN� IDFWRUV� LQ� $OEHUWD� IHHGORW� FDWWOH�� 7UDQVO��
$QLP��6FL����������������±�����KWWSV���GRL�RUJ���������WDV�W[]�����

'H)URQ]R��5$�7ULSDWK\��'��6NHOHWDO�PXVFOH�LQVXOLQ�UHVLVWDQFH�LV�WKH�SULPDU\�GHIHFW�LQ�W\SH���
GLDEHWHV��'LDEHWHV�&DUH����������6XSSO���6��������KWWSV���GRL�RUJ���������GF���6�����

'HQQLV��3%��-DHVFKNH��$��6DLWRK��0��)RZOHU��%��.R]PD��6&��7KRPDV��*��0DPPDOLDQ�725��D�
KRPHRVWDWLF� $73� VHQVRU�� 6FLHQFH�� ����� ��������������±������
KWWSV���GRL�RUJ���������VFLHQFH����������

'HSF]\QVNL��%��/HH��$7.��9DUQGHOO��:��&KLHZ��$/��7KH�6LJQLILFDQFH�RI�DQ�,QFUHDVHG�%HWD�
+\GUR[\EXW\UDWH�DW�3UHVHQWDWLRQ�WR�WKH�(PHUJHQF\�'HSDUWPHQW�LQ�3DWLHQWV�ZLWK�'LDEHWHV�LQ�WKH�
$EVHQFH� RI� D� +\SHUJO\FHPLF� (PHUJHQF\�� -� 'LDEHWHV� 5HV�� ����� ��������������
KWWSV���GRL�RUJ�����������������������

'HUYLVKL��(��=KDQJ��*��0DQGDO��5��:LVKDUW��'6��$PHWDM��%1��7DUJHWHG�PHWDERORPLFV��QHZ�
LQVLJKWV� LQWR�SDWKRELRORJ\�RI� UHWDLQHG�SODFHQWD� LQ�GDLU\� FRZV�DQG�SRWHQWLDO� ULVN�ELRPDUNHUV��
$QLPDO�����������������±������KWWSV���GRL�RUJ���������6������������������

'HUYLVKL�� (�� =KDQJ�� *�� =ZLHU]FKRZVNL�� *�� 0DQGDO�� 5�� :LVKDUW�� '6�� $PHWDM�� %1�� 6HUXP�
PHWDEROLF� ILQJHUSULQWLQJ�RI�SUH�ODPHQHVV�GDLU\�FRZV�E\�*&�06�UHYHDOV� W\SLFDO�SURILOHV� WKDW�
FDQ� LGHQWLI\� VXVFHSWLEOH� FRZV�� -� 3URWHRPLFV�� ����� ������������
KWWSV���GRL�RUJ���������M�MSURW��������������

'HVSUpV�� -�3�/HPLHX[�� ,�� $EGRPLQDO� REHVLW\� DQG� PHWDEROLF� V\QGURPH�� 1DWXUH�� �����
�������������±�����KWWSV���GRL�RUJ���������QDWXUH�������

'LHKO��-$��&KHQJ��0��5RXVVHO��0)��6KHUU��&-��*O\FRJHQ�V\QWKDVH�NLQDVH��EHWD�UHJXODWHV�F\FOLQ�
'�� SURWHRO\VLV� DQG� VXEFHOOXODU� ORFDOL]DWLRQ�� *HQHV� 'HY��� ����� �����������±������
KWWSV���GRL�RUJ���������JDG�������������
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'RQRYDQ�� *$�� 5LVFR�� &$�� 'H&KDQW� 7HPSOH�� *0�� 7UDQ�� 74�� YDQ� +RUQ�� ++�� ,QIOXHQFH� RI�
7UDQVLWLRQ�'LHWV�RQ�2FFXUUHQFH�RI�6XEFOLQLFDO�/DPLQLWLV�LQ�+ROVWHLQ�'DLU\�&RZV��-��'DLU\�6FL���
�������������±����KWWSV���GRL�RUJ���������MGV�6����������������������

'UROLD��+��/XHVFKHU��8$��0HHN��$+��:LOFRFN��%3��7DLO� WLS�QHFURVLV� LQ�2QWDULR�EHHI�IHHGORW�
FDWWOH��&DQ��9HW��-�������������±����

'XKOPHLHU�� 5�� +DFNHU�� $��:LGGHO�� $�� (QJHOKDUGW��:� YRQ�� 6DOOPDQQ�� +�3��0HFKDQLVPV� RI�
LQVXOLQ�GHSHQGHQW� JOXFRVH� WUDQVSRUW� LQWR� SRUFLQH� DQG� ERYLQH� VNHOHWDO�PXVFOH��$P� -� 3K\VLRO�
5HJXO� ,QWHJU� &RPS� 3K\VLRO�� ����� �������5��������
KWWSV���GRL�RUJ���������DMSUHJX�������������

'XQORS�� 5+�+DPPRQG�� 3%�� '�ODFWLF� DFLGRVLV� RI� UXPLQDQWV�� $QQ� 1� <� $FDG� 6FL�� �����
�����������±������KWWSV���GRL�RUJ���������M����������������WE������[��

(ODP��&-��$FLGRVLV�LQ�IHHGORW�FDWWOH��SUDFWLFDO�REVHUYDWLRQV��-�$QLP�6FL����������������±�����
KWWSV���GRL�RUJ���������MDV�����������[��

(PPDQXHO�� '*9�� 0DGVHQ�� ./�� &KXUFKLOO�� 7$�� 'XQQ�� 60�� $PHWDM�� %1�� $FLGRVLV� DQG�
OLSRSRO\VDFFKDULGH�IURP�(VFKHULFKLD�FROL�%�����FDXVH�K\SHUSHUPHDELOLW\�RI�UXPHQ�DQG�FRORQ�
WLVVXHV��-��'DLU\�6FL�������������������±������KWWSV���GRL�RUJ���������MGV������������

)HUWQHU��0��7RIW��1��0DUWLQ��+/��%RNOXQG��$��$�UHJLVWHU�EDVHG�VWXG\�RI�WKH�DQWLPLFURELDO�XVDJH�
LQ� 'DQLVK� YHDO� FDOYHV� DQG� \RXQJ� EXOOV�� 3UHY�� 9HW�� 0HG��� ����� ������±����
KWWSV���GRL�RUJ���������M�SUHYHWPHG��������������

)LHKQ��2��0HWDERORPLFV�²�WKH�OLQN�EHWZHHQ�JHQRW\SHV�DQG�SKHQRW\SHV��3ODQW�0RO��%LRO��������
������±�����KWWSV���GRL�RUJ��������������������������B����

)UDQN��1��*HRU��5-��%DLOH\��65��'XUKDP��$(��-RKQVRQ��3-��(TXLQH�PHWDEROLF�V\QGURPH��-��9HW��
,QWHUQ��0HG��������������±�����

)UDQN�� 1�7DGURV�� (0�� ,QVXOLQ� G\VUHJXODWLRQ�� (TXLQH� 9HW�� -��� ����� ���������±�����
KWWSV���GRL�RUJ���������HYM��������

)UXWRV��-��$QGUpV��6��7UHYLVL��(��<ixH]�5XL]��'5��/ySH]��6��6DQWRV��$��*LUiOGH]��)-��(DUO\�IHHG�
UHVWULFWLRQ�SURJUDPV�PHWDEROLF�GLVRUGHUV� LQ� IDWWHQLQJ�0HULQR� ODPEV��$QLPDOV����������������
KWWSV���GRL�RUJ���������DQL���������

)XNXPRUL�� 5�� 6XJLQR�� 7�� 6KLQJX�� +��0RUL\D�� 1�� .RED\DVKL�� +�� <DPDML�� .�� (O�6DEDJK��0��
+DVHJDZD��<��.RMLPD��0��.DQJDZD�� .��2ELWVX�� 7��1DJDR��<�� 7DQLJXFKL��.��.XVKLELNL�� 6��
(IIHFWV�RI�IDW�HQULFKHG�GLHW�DQG�PHWKLRQLQH�RQ�LQVXOLQ�VHQVLWLYLW\�LQ�ODFWDWLQJ�FRZV��-�$QLP�6FL��
���������������±������KWWSV���GRL�RUJ���������MDV������������

*lEHO�� *�� $VFKHQEDFK�� -5�� 0�OOHU�� )�� 7UDQVIHU� RI� HQHUJ\� VXEVWUDWHV� DFURVV� WKH� UXPLQDO�
HSLWKHOLXP�� LPSOLFDWLRQV� DQG� OLPLWDWLRQV�� $QLP� +HDOWK� 5HV� 5HY�� ����� �������±����
KWWSV���GRL�RUJ���������DKUU��������

*DUGQHU��%$��'ROH]DO��+*��%U\DQW��/.��2ZHQV��)1��6PLWK��5$��+HDOWK�RI� ILQLVKLQJ�VWHHUV��
HIIHFWV�RQ�SHUIRUPDQFH��FDUFDVV�WUDLWV��DQG�PHDW�WHQGHUQHVV��-��$QLP��6FL�������������������±
������KWWSV���GRL�RUJ����������������������[��
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*HXGHU�� 8�� 3LFNO�� 0�� 6FKHLGOHU�� 0�� 6FKXVWHU�� 0�� *|W]�� .�� 0DVW��� 6FKODFKWOHLVWXQJ� XQG�
)OHLVFKTXDOLWlW�ED\HULVFKHU�5LQGHUUDVVHQ��=�FKWXQJVNXQGH����������������±�����

*KDIIDUL��0+��-DKDQEHNDP��$��6DGUL��+��6FKXK��.��'XVHO��*��3UHKQ��&��$GDPVNL��-��.RFK��&��
6DXHUZHLQ�� +�� 0HWDERORPLFV� PHHWV� PDFKLQH� OHDUQLQJ�� ORQJLWXGLQDO� PHWDEROLWH� SURILOLQJ� LQ�
VHUXP� RI� QRUPDO� YHUVXV� RYHUFRQGLWLRQHG� FRZV� DQG� SDWKZD\� DQDO\VLV�� -�� 'DLU\� 6FL��� �����
�������������±�������KWWSV���GRL�RUJ���������MGV�������������

*R]KR�� *1�� 3ODL]LHU�� -&�� .UDXVH�� '2�� .HQQHG\�� $'��:LWWHQEHUJ�� .0�� 6XEDFXWH� 5XPLQDO�
$FLGRVLV� ,QGXFHV� 5XPLQDO� /LSRSRO\VDFFKDULGH� (QGRWR[LQ� 5HOHDVH� DQG� 7ULJJHUV� DQ�
,QIODPPDWRU\� 5HVSRQVH�� -�� 'DLU\� 6FL��� ����� ����������±������
KWWSV���GRL�RUJ���������MGV�6����������������������

*UHHQRXJK��35�*DFHN��=��$�3UHOLPLQDU\�UHSRUW�RQ�D�ODPLQLWLV�OLNH�FRQGLWLRQ�RFFXUULQJ�LQ�EXOOV�
XQGHU� IHHGLQJ� WULDOV�� %RY�� SUDFW��� ������������±����� KWWSV���GRL�RUJ����������ERYLQH�
YRO�QR��S���������

*UHHQRXJK��35��9HUPXQW��--��0F.LQQRQ��--��)DWK\��)$��%HUJ��3$��&RKHQ��5'+��/DPLQLWLV�OLNH�
FKDQJHV�LQ�WKH�FODZV�RI�IHHGORW�FDWWOH��&DQ��9HW��-��������������±�����

+lJJPDQ��-�-XJD��-��*HQHWLF�SDUDPHWHUV�IRU�KRRI�GLVRUGHUV�DQG�IHHW�DQG�OHJ�FRQIRUPDWLRQ�WUDLWV�
LQ� )LQQLVK� +ROVWHLQ� FRZV�� -�� 'DLU\� 6FL��� ����� ����������±������
KWWSV���GRL�RUJ���������MGV������������

+DLOHPDULDP��'��0DQGDO��5��6DOHHP��)��'XQQ��60��:LVKDUW��'6��$PHWDM��%1��,GHQWLILFDWLRQ�RI�
SUHGLFWLYH�ELRPDUNHUV�RI�GLVHDVH�VWDWH�LQ�WUDQVLWLRQ�GDLU\�FRZV��-��'DLU\�6FL������������������±
������KWWSV���GRL�RUJ���������MGV������������

+DOHV��&1�%DUNHU��'-3��7KH�WKULIW\�SKHQRW\SH�K\SRWKHVLV��%U��0HG��%XOO������������±����

+DQQXQ��<$�2EHLG��/0��3ULQFLSOHV�RI�ELRDFWLYH�OLSLG�VLJQDOOLQJ��OHVVRQV�IURP�VSKLQJROLSLGV��
1DW��5HY��0RO��%LRO����������������±�����KWWSV���GRL�RUJ���������QUP������

+DUGLH�� '*�� 7KH� $03�DFWLYDWHG� SURWHLQ� NLQDVH� SDWKZD\��QHZ� SOD\HUV� XSVWUHDP� DQG�
GRZQVWUHDP��-�&HOO�6FL�����������3W���������±������KWWSV���GRL�RUJ���������MFV��������

+DUSHU��$(��0LOOHU��5+��%ORFN��.3��%UDQFKHG�FKDLQ�DPLQR�DFLG�PHWDEROLVP��$QQX��5HY��1XWU���
����������±�����

+LGDOJR��$,��&DUUHWWD��0'��$ODUFyQ��3��0DQRVDOYD��&��0�OOHU��$��1DYDUUR��0��+LGDOJR��0$��
.DHKQH�� 7�� 7DXEHUW�� $�� +HUPRVLOOD�� &5�� %XUJRV�� 5$�� 3UR�LQIODPPDWRU\� PHGLDWRUV� DQG�
QHXWURSKLOV�DUH�LQFUHDVHG�LQ�V\QRYLDO�IOXLG�IURP�KHLIHUV�ZLWK�DFXWH�UXPLQDO�DFLGRVLV��%0&�9HW��
5HV�������������������KWWSV���GRL�RUJ���������V���������������[��

+REOHW��.+�:HLVV��:��0HWDEROLF�+RRI�+RUQ�'LVHDVH�&ODZ�+RUQ�'LVUXSWLRQ��9HW��&OLQ��1RUWK�
$P��)RRG�$QLP��3UDFW�����������������±�����KWWSV���GRL�RUJ���������6�������������������
���

+RHGHPDUNHU��0���1��*XQGOLQJ��$��&DPSH��/��.UHLHQEURFN��.��(��0�OOHU��5��0HUOH��0��'RKHUU��
*�� .QXEEHQ�� 5�� 0DQVIHOG�� 0�� 0HW]QHU�� DQG� 0�� )HLVW�� $EVFKOXVVEHULFKW�� 7LHUJHVXQGKHLW��
+\JLHQH�XQG�%LRVLFKHUKHLW� LQ�GHXWVFKHQ�0LOFKNXKEHWULHEHQ�±�HLQH�3UlYDOHQ]VWXGLH��3UDH5L���
������
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+ROODQG�� :/�6XPPHUV�� 6$�� 6SKLQJROLSLGV�� LQVXOLQ� UHVLVWDQFH�� DQG� PHWDEROLF� GLVHDVH�� QHZ�
LQVLJKWV�IURP�LQ�YLYR�PDQLSXODWLRQ�RI�VSKLQJROLSLG�PHWDEROLVP��(QGRFU��5HY�����������������±
�����KWWSV���GRL�RUJ���������HU������������

+RQLJ��$&��,QKXEHU��9��6SLHNHUV��+��:LQGLVFK��:��*|W]��.�8��(WWOH��7��,QIOXHQFH�RI�GLHWDU\�
HQHUJ\�FRQFHQWUDWLRQ�DQG�ERG\�ZHLJKW�DW�VODXJKWHU�RQ�FDUFDVV�WLVVXH�FRPSRVLWLRQ�DQG�EHHI�FXWV�
RI� PRGHUQ� W\SH� )OHFNYLHK� �*HUPDQ� 6LPPHQWDO�� EXOOV�� 0HDW� 6FL��� ����� ������������
KWWSV���GRL�RUJ���������M�PHDWVFL��������������

+RUQLR��0��0DFKOLQ��/-��+HUWHOHQG\��)��.LSQLV��'0��(IIHFW�RI�VKRUW�FKDLQ�IDWW\�DFLGV�RQ�SODVPD�
LQVXOLQ� LQ� UXPLQDQW� DQG� QRQUXPLQDQW� VSHFLHV�� (QGRFULQRORJ\�� ����� ���������±�����
KWWSV���GRL�RUJ���������HQGR�����������

+XEHU��.��'lQLFNH��6��5HKDJH��-��6DXHUZHLQ��+��2WWR��:��5ROOH�.DPSF]\N��8��%HUJHQ��0�YRQ��
0HWDERW\SHV�ZLWK�SURSHUO\�IXQFWLRQLQJ�PLWRFKRQGULD�DQG�DQWL�LQIODPPDWLRQ�SUHGLFW�H[WHQGHG�
SURGXFWLYH�OLIH�VSDQ�LQ�GDLU\�FRZV��6FL��5HS�����������������KWWSV���GRL�RUJ���������VUHS�������

+XEHU��7/��3K\VLRORJLFDO�HIIHFWV�RI�DFLGRVLV�RQ�IHHGORW�FDWWOH��-�$QLP�6FL����������������±�����
KWWSV���GRL�RUJ���������MDV�����������[��

+XPHU�� (�� .U|JHU�� ,�� 1HXEDXHU�� 9�� 6FKHGOH�� .�� 5HLVLQJHU�� 1�� =HEHOL�� 4�� 6XSSOHPHQWLQJ�
SK\WRJHQLF� FRPSRXQGV� RU� DXWRO\]HG� \HDVW� PRGXODWHV� UXPLQDO� ELRJHQLF� DPLQHV� DQG� SODVPD�
PHWDERORPH� LQ� GU\� FRZV� H[SHULHQFLQJ� VXEDFXWH� UXPLQDO� DFLGRVLV�� -�� 'DLU\� 6FL��� �����
������������±������KWWSV���GRL�RUJ���������MGV�������������

,PKDVO\��6��%LHOL��&��1DHJHOL��+��1\VWU|P��/��5XHWWHQ��0��*HUVSDFK��&��%ORRG�SODVPD�OLSLGRPH�
SURILOH� RI� GDLU\� FRZV� GXULQJ� WKH� WUDQVLWLRQ� SHULRG�� %0&� 9HW�� 5HV��� ����� ��������
KWWSV���GRL�RUJ���������V������������������

-DQHV��$1��:HHNHV��7(��$UPVWURQJ��'*��,QVXOLQ�DFWLRQ�DQG�JOXFRVH�PHWDEROLVP�LQ�VKHHS�IHG�
RQ� GULHG�JUDVV� RU� JURXQG�� PDL]H�EDVHG� GLHWV�� %U� -� 1XWU�� ����� ���������±�����
KWWSV���GRL�RUJ���������EMQ����������

-HOOH\PDQ��&��<DWHV��7��2
'RQRYDQ��*��*UD\��/-��.LQJ��-$��.KXQWL��.��'DYLHV��0-��7KH�HIIHFWV�
RI�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�RQ�JOXFRVH�UHJXODWLRQ�DQG�LQVXOLQ�UHVLVWDQFH��D�PHWD�DQDO\VLV��
2EHV�5HY�����������������±�����KWWSV���GRL�RUJ���������REU��������

-RQJ��)$�GH�%HHFKHU��&��$GGUHVVLQJ�WKH�FXUUHQW�ERWWOHQHFNV�RI�PHWDERORPLFV��,VRWRSLF�5DWLR�
2XWOLHU� $QDO\VLV��� DQ� LVRWRSLF�ODEHOLQJ� WHFKQLTXH� IRU� DFFXUDWH� ELRFKHPLFDO� SURILOLQJ��
%LRDQDO\VLV�����������������±������KWWSV���GRL�RUJ���������ELR���������

.DEDURZVNLD�� -+�� ;X�� <�� :LWWH�� 21�� /\VRSKRVSKDWLG\OFKROLQH� DV� D� OLJDQG� IRU�
LPPXQRUHJXODWLRQ��%LRFKHP��3KDUPDFRO��������������±�����

.DKQ��&5��,QVXOLQ�UHVLVWDQFH��LQVXOLQ�LQVHQVLWLYLW\��DQG�LQVXOLQ�XQUHVSRQVLYHQHVV��$�QHFHVVDU\�
GLVWLQFWLRQ�� 0HWDE�� &OLQ�� ([S��� ����� �����������±������ KWWSV���GRL�RUJ���������6�����
�����������������

.DULNRVNL��13��0F*RZDQ��&0��6LQJHU��(5��$VSOLQ��.(��7XODPR��5�0��3DWWHUVRQ�.DQH��-&��
3DWKRORJ\� RI� 1DWXUDO� &DVHV� RI� (TXLQH� (QGRFULQRSDWKLF� /DPLQLWLV� $VVRFLDWHG� :LWK�
+\SHULQVXOLQHPLD�� 9HW�� 3DWKRO��� ����� ���������±�����
KWWSV���GRL�RUJ���������������������������
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.DVNH��0��(OPDKGL��%��(QJHOKDUGW��:�YRQ��6DOOPDQQ��+3�� ,QVXOLQ� UHVSRQVLYHQHVV�RI� VKHHS��
SRQLHV��PLQLDWXUH�SLJV�DQG�FDPHOV��UHVXOWV�RI�K\SHULQVXOLQHPLF�FODPSV�XVLQJ�SRUFLQH�LQVXOLQ��-�
&RPS�3K\VLRO�%�����������������±�����KWWSV���GRL�RUJ���������V��������������

.DW]��/0�%DLOH\��65��$�UHYLHZ�RI�UHFHQW�DGYDQFHV�DQG�FXUUHQW�K\SRWKHVHV�RQ�WKH�SDWKRJHQHVLV�
RI� DFXWH� ODPLQLWLV�� (TXLQH� 9HW�� -��� ����� ���������±����� KWWSV���GRL�RUJ���������M������
����������������[��

.HQp]�� È�� 'lQLFNH�� 6�� 5ROOH�.DPSF]\N�� 8�� %HUJHQ�� 0� YRQ�� +XEHU�� .�� $� PHWDERORPLFV�
DSSURDFK� WR� FKDUDFWHUL]H� SKHQRW\SHV� RI� PHWDEROLF� WUDQVLWLRQ� IURP� ODWH� SUHJQDQF\� WR� HDUO\�
ODFWDWLRQ�LQ�GDLU\�FRZV��0HWDERORPLFV���������������KWWSV���GRL�RUJ���������V���������������
���

.HQp]�� È�� 5XGD�� /�� 'lQLFNH�� 6�� +XEHU�� .�� ,QVXOLQ� VLJQDOLQJ� DQG� LQVXOLQ� UHVSRQVH� LQ�
VXEFXWDQHRXV� DQG� UHWURSHULWRQHDO� DGLSRVH� WLVVXH� LQ� +ROVWHLQ� FRZV� GXULQJ� WKH� SHULSDUWXULHQW�
SHULRG��-��'DLU\�6FL���������������������±�������KWWSV���GRL�RUJ���������MGV�������������

.HQp]�� È�� :DUQNHQ�� 7�� )HLJH�� .�� +XEHU�� .�� /RZHU� SODVPD� WUDQV���K\GUR[\SUROLQH� DQG�
PHWKLRQLQH�VXOIR[LGH�OHYHOV�DUH�DVVRFLDWHG�ZLWK�LQVXOLQ�G\VUHJXODWLRQ�LQ�KRUVHV��%0&�9HW��5HV���
����������������KWWSV���GRL�RUJ���������V���������������]��

.HVVOHU�� -��0RUHO�� ,��'XIH\��3�$��*XW]ZLOOHU��$��6WHUQ��$��*H\HU��+��(IIHFW�RI�RUJDQLF� ]LQF�
VRXUFHV�RQ�SHUIRUPDQFH��]LQF�VWDWXV�DQG�FDUFDVV��PHDW�DQG�FODZ�TXDOLW\�LQ�IDWWHQLQJ�EXOOV��/LYHVW��
3URG��6FL�������������������±�����KWWSV���GRL�RUJ���������6����������������������

.KDILSRXU��(��.UDXVH��'2��3ODL]LHU�� -&��$�JUDLQ�EDVHG� VXEDFXWH� UXPLQDO� DFLGRVLV� FKDOOHQJH�
FDXVHV� WUDQVORFDWLRQ� RI� OLSRSRO\VDFFKDULGH� DQG� WULJJHUV� LQIODPPDWLRQ�� -�� 'DLU\� 6FL��� �����
����������±������KWWSV���GRL�RUJ���������MGV������������

.KLDRVD�$UG��5�=HEHOL��4��'LHW�LQGXFHG�LQIODPPDWLRQ��)URP�JXW�WR�PHWDEROLF�RUJDQV�DQG�WKH�
FRQVHTXHQFHV� IRU� WKH� KHDOWK� DQG� ORQJHYLW\� RI� UXPLQDQWV�� 5HV�� 9HW�� 6FL��� ����� ������±����
KWWSV���GRL�RUJ���������M�UYVF��������������

.LHOODQG��&��5XXG��/(��=DQHOOD��$-���VWHUnV��2��3UHYDOHQFH�DQG�ULVN�IDFWRUV�IRU�VNLQ�OHVLRQV�RQ�
OHJV� RI� GDLU\� FDWWOH� KRXVHG� LQ� IUHHVWDOOV� LQ� 1RUZD\�� -�� 'DLU\� 6FL��� ����� �����������±������
KWWSV���GRL�RUJ���������MGV������������

.LP��.��0DOO��&��7D\ORU��6/��+LWFKFRFN��6��=KDQJ��&��:HWWHUVWHQ��+,��-RQHV��$'��&KDSPDQ��$��
:HLVV�� 5+�� 0HDOWLPH�� WHPSRUDO�� DQG� GDLO\� YDULDELOLW\� RI� WKH� KXPDQ� XULQDU\� DQG� SODVPD�
PHWDERORPHV� LQ� D� WLJKWO\� FRQWUROOHG� HQYLURQPHQW�� 3OR6� 2QH�� ����� �����H�������
KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

.LQRVKLWD�� $�� .HQp]�� È�� /RFKHU�� /�� 0H\HU�� 8�� 'lQLFNH�� 6�� 5HKDJH�� -�� +XEHU�� .�� ,QVXOLQ�
6LJQDOLQJ� LQ� /LYHU� DQG� $GLSRVH� 7LVVXHV� LQ� 3HULSDUWXULHQW� 'DLU\� &RZV� 6XSSOHPHQWHG� ZLWK�
'LHWDU\� 1LFRWLQLF� $FLG�� 3OR6� 2QH�� ����� ������H���������
KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

.OHHQ��-/��+RRLMHU��*$��5HKDJH��-�� �1RRUGKXL]HQ��-��3��7��0����6XEDFXWH�5XPLQDO�$FLGRVLV�
�6$5$���D�5HYLHZ��-�9HW�0HG�$�3K\VLRO�3DWKRO�&OLQ�0HG�������������±�����

.RIOHU��-�6WDQHN��&��.ODXHQUHKH�PLW�KRFKJUDGLJHU�2VWLWLV�UDUHIDFLHQV�GHU�3KDODQ[�GLVWDOLV�EHL�
HLQHP�)OHFNYLHKVWLHU��7LHUDU]WO�3UD[�$XVJ�*�*URVVWLHUH�1XW]WLHUH����������������±�����



5()(5(1&(6� � ���

.RUGRZLW]NL��3��8QWHUVXFKXQJHQ�]XP�$XIWUHWHQ�GHU�6FKZDQ]VSLW]HQQHNURVH�EHL�0DVWEXOOHQ��
'RFWRUDO�7KHVLV��0HG�9HW���%HUOLQ��������

.RVWHU��-'�GH�2SVRPHU��*��,QVXOLQ�UHVLVWDQFH�LQ�GDLU\�FRZV��9HW��&OLQ��1RUWK�$P��)RRG�$QLP��
3UDFW�����������������±�����KWWSV���GRL�RUJ���������M�FYID��������������

.UROO��/.��*URRPV��'/��6LHJIRUG�� -0��6FKZHLKRIHU�� -3��0HW]��.��5XVW�� 65��(IIHFWV� RI� WDLO�
GRFNLQJ�RQ�KHDOWK�DQG�SHUIRUPDQFH�RI�EHHI�FDWWOH�LQ�FRQILQHG��VODWWHG�IORRU�IHHGORWV��-�$QLP�6FL��
���������������±������KWWSV���GRL�RUJ���������MDV������������

/DDW��0$�GH��0F�*RZDQ��&0��6LOOHQFH��01��3ROOLWW��&&��(TXLQH�ODPLQLWLV��,QGXFHG�E\����K�
K\SHULQVXOLQDHPLD�LQ�6WDQGDUGEUHG�KRUVHV��(TXLQH�9HW��-�������D����������±�����

/DDW��0$�GH��0F*RZDQ��&0��6LOOHQFH��01��3ROOLWW��&&��+\SHULQVXOLQHPLF�ODPLQLWLV��9HW��&OLQ��
1RUWK�$P��(TXLQH�3UDFW�������E����������±�����KWWSV���GRL�RUJ���������M�FYHT��������������

/DHPPOL�� 8.�� &OHDYDJH� RI� 6WUXFWXUDO� 3URWHLQV� GXULQJ� WKH� $VVHPEO\� RI� WKH� +HDG� RI�
%DFWHULRSKDJH�7���1DWXUH��������������±�����

/DQJRYD��/��1RYRWQD��,��1HPFRYD��3��0DFKDFHN��0��+DYOLFHN��=��=HPDQRYD��0��&KUDVW��9��
,PSDFW� RI� 1XWULHQWV� RQ� WKH� +RRI� +HDOWK� LQ� &DWWOH�� $QLPDOV�� ����� ��������
KWWSV���GRL�RUJ���������DQL����������

/DUVHQ��3-�7HQQDJHOV��1��2Q�FHUDPLGHV��RWKHU�VSKLQJROLSLGV�DQG�LPSDLUHG�JOXFRVH�KRPHRVWDVLV��
0RO��0HWDE�������������±�����KWWSV���GRL�RUJ���������M�PROPHW��������������

/HDQ��,-��:HVWZRRG��&7��*ROGHU��+0��9HUPXQW��--��,PSDFW�RI�QXWULWLRQ�RQ�ODPHQHVV�DQG�FODZ�
KHDOWK�LQ�FDWWOH��/LYHVW�6FL������������������±����KWWSV���GRL�RUJ���������M�OLYVFL��������������

/HJUR��56��)LQHJRRG��'��'XQDLI��$��$�IDVWLQJ�JOXFRVH�WR�LQVXOLQ�UDWLR�LV�D�XVHIXO�PHDVXUH�RI�
LQVXOLQ�VHQVLWLYLW\�LQ�ZRPHQ�ZLWK�SRO\F\VWLF�RYDU\�V\QGURPH��-��&OLQ��(QGRFULQRO��0HWDE��������
����������±������

/LVFKHU��&�2VVHQW��3��.ODXHQUHKH�EHLP�5LQG��HLQH�/LWHUDWXU�EHUVLFKW��7LHUDU]WO�3UD[�$XVJ�*�
*URVVWLHUH�1XW]WLHUH����������������±�����

/LVFKHU��&-��'LHWULFK�+XQNHOHU��$��*H\HU��+��6FKXO]H��-��2VVHQW��3��&OLQLFDO�DQG�ELRFKHPLFDO�
ILQGLQJV�LQ�GDLU\�FRZV�ZLWK�XQFRPSOLFDWHG�VROH�XOFHUV�ZLWK�UHJDUG�WR�ODPLQLWLV�DV�D�SUHGLVSRVLQJ�
IDFWRU��6FKZHL]��$UFK��7LHUKHLONG������������������±�����

/LX��-��7LDQ��.��6XQ��<��:X��<��&KHQ��-��=KDQJ��5��+H��7��'RQJ��*��(IIHFWV�RI�WKH�DFLG�EDVH�
WUHDWPHQW�RI�FRUQ�RQ�UXPHQ�IHUPHQWDWLRQ�DQG�PLFURELRWD��LQIODPPDWRU\�UHVSRQVH�DQG�JURZWK�
SHUIRUPDQFH� LQ� EHHI� FDWWOH� IHG� KLJK�FRQFHQWUDWH� GLHW�� $QLPDO�� ����� ����������±������
KWWSV���GRL�RUJ���������6������������������

/LYHVH\��&7�)OHPLQJ��)/��1XWULWLRQDO� LQIOXHQFHV�RQ� ODPLQLWLV�� VROH�XOFHU�DQG�EUXLVHG�VROH� LQ�
)ULHVLDQ�FRZV��9HW��5HF�������������������±�����KWWSV���GRL�RUJ���������YU�������������

/RFKHU��/��+lXVVOHU��6��/DXEHQWKDO��/��6LQJK��63��:LQNOHU��-��.LQRVKLWD��$��.HQp]��È��5HKDJH��
-��+XEHU��.��6DXHUZHLQ��+��'lQLFNH��6��(IIHFW�RI�LQFUHDVLQJ�ERG\�FRQGLWLRQ�RQ�NH\�UHJXODWRUV�
RI�IDW�PHWDEROLVP�LQ�VXEFXWDQHRXV�DGLSRVH�WLVVXH�GHSRW�DQG�FLUFXODWLRQ�RI�QRQODFWDWLQJ�GDLU\�
FRZV��-��'DLU\�6FL������������������±������KWWSV���GRL�RUJ���������MGV������������
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/RWWD�� /$�� 6FRWW��5$�� 6KDUS�� 6-��%XUJHVV�� 6�� /XDQ�� -�� 7LOOLQ�� 7�� 6FKPLGW��$)�� ,PDPXUD�� )��
6WHZDUW�� ,'��3HUU\��-5%��0DUQH\��/��.RXOPDQ��$��.DURO\��('��)RURXKL��1*��6M|JUHQ��5-2��
1lVOXQG��(��=LHUDWK��-5��.URRN��$��6DYDJH��'%��*ULIILQ��-/��&KDWXUYHGL��1��+LQJRUDQL��$'��
.KDZ��.�7��%DUURVR��,��0F&DUWK\��0,��2
5DKLOO\��6��:DUHKDP��1-��/DQJHQEHUJ��&��*HQHWLF�
SUHGLVSRVLWLRQ�WR�DQ�LPSDLUHG�PHWDEROLVP�RI�WKH�EUDQFKHG�FKDLQ�DPLQR�DFLGV�DQG�ULVN�RI�W\SH���
GLDEHWHV�� D� PHQGHOLDQ� UDQGRPLVDWLRQ� DQDO\VLV�� 3/R6� 0HG��� ����� �������H���������
KWWSV���GRL�RUJ���������MRXUQDO�SPHG����������

/\QFK�� &-�$GDPV�� 6+�� %UDQFKHG�FKDLQ� DPLQR� DFLGV� LQ� PHWDEROLF� VLJQDOOLQJ� DQG� LQVXOLQ�
UHVLVWDQFH�� 1DW�� 5HY�� (QGRFULQRO��� ����� ����������±�����
KWWSV���GRL�RUJ���������QUHQGR�����������

0DFH\ND�� 0�6SLHJHO�� 6�� 6SKLQJROLSLG� PHWDEROLWHV� LQ� LQIODPPDWRU\� GLVHDVH�� 1DWXUH�� �����
������������±����KWWSV���GRL�RUJ���������QDWXUH�������

0DFOHDQ��&:��2EVHUYDWLRQV�RQ�ODPLQLWLV�LQ�LQWHQVLYH�EHHI�XQLWV��9HW��5HF��������������±�����

0DGVHQ��(%�1LHOVHQ��.��$�VWXG\�RI�WDLO�WLS�QHFURVLV�LQ�\RXQJ�IDWWHQLQJ�EXOOV�RQ�VODWWHG�IORRUV��
1RUG��9HW��0HG����������������±�����

0DJULQ��/��%UVFLF��0��$UPDWR��/��&RQWLHUR��%��/RWWR��$��&R]]L��*��*RWWDUGR��)��5LVN�IDFWRUV�IRU�
FODZ�GLVRUGHUV�LQ�LQWHQVLYHO\�ILQLVKHG�&KDURODLV�EHHI�FDWWOH��3UHY��9HW��0HG�������D�������������
KWWSV���GRL�RUJ���������M�SUHYHWPHG��������������

0DJULQ�� /�� *RWWDUGR�� )�� %UVFLF�� 0�� &RQWLHUR�� %�� &R]]L�� *�� +HDOWK�� EHKDYLRXU� DQG� JURZWK�
SHUIRUPDQFH�RI�&KDURODLV�DQG�/LPRXVLQ�EXOOV�IDWWHQHG�RQ�GLIIHUHQW�W\SHV�RI�IORRULQJ��$QLPDO��
����������������±������KWWSV���GRL�RUJ���������6���������������;��

0DJULQ��/��*RWWDUGR��)��&R]]L��*��%HUJVWHQ��&��:LGHU�VORW�LQ�SHQV�ZLWK�IXOO\�VODWWHG�UXEEHU�PDW�
IORRULQJ�IRU�IDWWHQLQJ�EXOOV��(IIHFWV�RQ�DQLPDO�K\JLHQH��KHDOWK�DQG�ZHOIDUH��/LYHVW�6FL������E�
������������

0DQVRQ�� )-�/HDYHU�� -'�� 7KH� LQIOXHQFH� RI� FRQFHQWUDWH� DPRXQW� RQ� ORFRPRWLRQ� DQG� FOLQLFDO�
ODPHQHVV� LQ� GDLU\� FDWWOH�� $QLP�� 6FL��� ����D� ���������±�����
KWWSV���GRL�RUJ���������6������������������

0DQVRQ�� )-�/HDYHU�� -'�� 7KH� LQIOXHQFH� RI� GLHWDU\� SURWHLQ� LQWDNH� DQG� RI� KRRI� WULPPLQJ� RQ�
ODPHQHVV� LQ� GDLU\� FDWWOH�� $QLP�� 6FL��� ����E� ���������±�����
KWWSV���GRL�RUJ���������6������������������

0DUFKHVLQL�� *�� 0RWWDUDQ�� '�� &RQWLHUR�� %�� 6FKLDYRQ�� (�� 6HJDWR�� 6�� *DUELQ�� (�� 7HQWL�� 6��
$QGULJKHWWR��,��8VH�RI�UXPLQDWLRQ�DQG�DFWLYLW\�GDWD�DV�KHDOWK�VWDWXV�DQG�SHUIRUPDQFH�LQGLFDWRUV�
LQ� EHHI� FDWWOH� GXULQJ� WKH� HDUO\� IDWWHQLQJ� SHULRG�� 9HW�� -��� ����� ������±����
KWWSV���GRL�RUJ���������M�WYMO��������������

0DULQL��-&�YDQ�$PEXUJK��0(��1LWURJHQ�PHWDEROLVP�DQG�UHF\FOLQJ�LQ�KROVWHLQ�KHLIHUV��-��$QLP��
6FL�����������������±�����KWWSV���GRL�RUJ��������������������[��

0F&DQQ�� -3�5HLPHUV�� 7-�� *OXFRVH� UHVSRQVH� WR� H[RJHQRXV� LQVXOLQ� DQG� NLQHWLFV� RI� LQVXOLQ�
PHWDEROLVP� LQ� REHVH� DQG� OHDQ� KHLIHUV�� -� $QLP� 6FL�� ����� ���������±�����
KWWSV���GRL�RUJ���������MDV�����������[��
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0H\HU��1)�%U\DQW��7&��'LDJQRVLV�DQG�0DQDJHPHQW�RI�5XPHQ�$FLGRVLV�DQG�%ORDW�LQ�)HHGORWV��
9HW�� &OLQ�� 1RUWK� $P�� )RRG� $QLP�� 3UDFW��� ����� ���������±�����
KWWSV���GRL�RUJ���������M�FYID��������������

0RPFLORYLF��'��+HUEHLQ��-+��:KLWWLHU��:'��3RODQ��&(��0HWDEROLF�$OWHUDWLRQV�$VVRFLDWHG�ZLWK�
DQ�$WWHPSW�WR�,QGXFH�/DPLQLWLV�LQ�'DLU\�&DOYHV��-��'DLU\�6FL��������������±�����

0RQWHLUR�� +)�)DFLROD�� $3�� 5XPLQDO� DFLGRVLV�� EDFWHULDO� FKDQJHV�� DQG� OLSRSRO\VDFFKDULGHV�� -�
$QLP�6FL��������������KWWSV���GRL�RUJ���������MDV�VNDD�����

0RQWHLUR�� 5�$]HYHGR�� ,�� &KURQLF� LQIODPPDWLRQ� LQ� REHVLW\� DQG� WKH� PHWDEROLF� V\QGURPH��
0HGLDWRUV�,QIODPP���������������������KWWSV���GRL�RUJ����������������������

0|VWO��(��6SH]LHOOH�(QGRNULQRORJLH��3DQNUHDV��,Q�:��YRQ�(QJHOKDUGW��3K\VLRORJLH�GHU�+DXVWLHUH��
���HGV��6WXWWJDUW��(QNH�9HUODJ��������S�����±�����

0RWOH\��('��.DELU��60��*DUGQHU��&'��(JXFKL��.��)UDQN��*'��.XURNL��7��2KED��0��<DPDNDZD��
7�� �(JXFKL� 6���� /\VRSKRVSKDWLG\OFKROLQH� LQKLELWV� LQVXOLQ�LQGXFHG� $NW� DFWLYDWLRQ� WKURXJK�
SURWHLQ�NLQDVH�&�Į�LQ�YDVFXODU�VPRRWK�PXVFOH�FHOOV��-��+\SHUWHQV�������������3W�������±�����

1DJDUDMD�� 7*�� %DUWOH\�� ((�� )LQD�� /5�� $QWKRQ\�� +'�� 5HODWLRQVKLS� RI� UXPHQ� JUDP�QHJDWLYH�
EDFWHULD�DQG�IUHH�HQGRWR[LQ�WR�ODFWLF�DFLGRVLV�LQ�FDWWOH��-��$QLP��6FL������������������±������
KWWSV���GRL�RUJ���������MDV������������[��

1DJDUDMD��7*�&KHQJDSSD��00��/LYHU�DEVFHVVHV�LQ�IHHGORW�FDWWOH��D�UHYLHZ��-��$QLP��6FL��������
���������±�����KWWSV���GRL�RUJ��������������������[��

1DJDUDMD�� 7*��*DO\HDQ��0/��&ROH��1$��1XWULWLRQ� DQG� GLVHDVH��9HW��&OLQ��1RUWK�$P�� )RRG�
$QLP��3UDFW�����������������±�����

1DJDUDMD��7*�7LWJHPH\HU��(&��5XPLQDO�DFLGRVLV�LQ�EHHI�FDWWOH��WKH�FXUUHQW�PLFURELRORJLFDO�DQG�
QXWULWLRQDO�RXWORRN��-��'DLU\�6FL�����������6XSSO���(�������KWWSV���GRL�RUJ���������MGV������
�����

1DYp�� %7�� 2XZHQV�� 0�� :LWKHUV�� '-�� $OHVVL�� '5�� 6KHSKHUG�� 35�� 0DPPDOLDQ� WDUJHW� RI�
UDSDP\FLQ� LV� D� GLUHFW� WDUJHW� IRU� SURWHLQ� NLQDVH�%�� LGHQWLILFDWLRQ� RI� D� FRQYHUJHQFH� SRLQW� IRU�
RSSRVLQJ�HIIHFWV�RI�LQVXOLQ�DQG�DPLQR�DFLG�GHILFLHQF\�RQ�SURWHLQ�WUDQVODWLRQ��%LRFKHP��-��������
����3W���3W�������±�����

1HZJDUG��&%��$Q��-��%DLQ��-5��0XHKOEDXHU��0-��6WHYHQV��5'��/LHQ��/)��+DTT��$0��6KDK��6+��
$UORWWR��0��6OHQW]��&$��5RFKRQ��-��*DOOXS��'��,OND\HYD��2��:HQQHU��%5��<DQF\��:6��(LVHQVRQ��
+��0XVDQWH��*��6XUZLW��56��0LOOLQJWRQ��'6��%XWOHU��0'��6YHWNH\��/3��$�EUDQFKHG�FKDLQ�DPLQR�
DFLG�UHODWHG�PHWDEROLF�VLJQDWXUH�WKDW�GLIIHUHQWLDWHV�REHVH�DQG�OHDQ�KXPDQV�DQG�FRQWULEXWHV�WR�
LQVXOLQ� UHVLVWDQFH�� &HOO� 0HWDE��� ����� ��������±�����
KWWSV���GRL�RUJ���������M�FPHW��������������

1HZVRPH��&$��6KLHOO��$:��)DOO��&+'��3KLOOLSV��',:��6KLHU��5��/DZ��&0�� ,V�ELUWK�ZHLJKW�
UHODWHG�WR�ODWHU�JOXFRVH�DQG�LQVXOLQ�PHWDEROLVP"²D�V\VWHPDWLF�UHYLHZ��'LDEHW��0HG���'LDEHWLF�
0HGLFLQH�����������������±�����

1RFHN��-(��%RYLQH�DFLGRVLV��,PSOLFDWLRQV�RQ�ODPLQLWLV��-��'DLU\�6FL������������������±������
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1RFHN��-(��+HDOG��&:��3RODQ��&(��,QIOXHQFH�RI�UDWLRQ�SK\VLFDO�IRUP�DQG�QLWURJHQ�DYDLODELOLW\�
RQ� UXPLQDO� PRUSKRORJ\� RI� JURZLQJ� EXOO� FDOYHV�� -�� 'DLU\� 6FL��� ����� ���������±�����
KWWSV���GRL�RUJ���������MGV�6����������������������

1RJDOVNL�� =��:LHOJRV]�*URWK�� =�� 3XUZLQ�� &�� 1RJDOVND�� $�� 6REF]XN�6]XO�� 0��:LQDUVNL�� 5��
3RJRU]HOVND��3��7KH�HIIHFW�RI�VODXJKWHU�ZHLJKW�DQG�IDWWHQLQJ�LQWHQVLW\�RQ�FKDQJHV�LQ�FDUFDVV�
IDWQHVV� LQ� \RXQJ� KROVWHLQ�IULHVLDQ� EXOOV�� ,WDO�� -�� $QLP�� 6FL��� ����� ������������
KWWSV���GRL�RUJ���������LMDV������������

1R]LqUH��3��2UWLJXHV�0DUW\��,��/RQFNH��&��6DXYDQW��'��&DUERK\GUDWH�TXDQWLWDWLYH�GLJHVWLRQ�DQG�
DEVRUSWLRQ�LQ�UXPLQDQWV��IURP�IHHG�VWDUFK�DQG�ILEUH�WR�QXWULHQWV�DYDLODEOH�IRU�WLVVXHV��$QLPDO��
��������������±������KWWSV���GRL�RUJ���������6������������������

2GHJDDUG��-,�&KDZOD��$��3OHLRWURSLF�DFWLRQV�RI�LQVXOLQ�UHVLVWDQFH�DQG�LQIODPPDWLRQ�LQ�PHWDEROLF�
KRPHRVWDVLV��6FLHQFH��������������������±�����KWWSV���GRL�RUJ���������VFLHQFH����������

2IILFLDO� -RXUQDO� RI� WKH� (XURSHDQ� 8QLRQ�� 5HJXODWLRQ� �(8�� 1R� ���������� RI� WKH� (XURSHDQ�
3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI����'HFHPEHU������HVWDEOLVKLQJ�D�FRPPRQ�RUJDQLVDWLRQ�RI�WKH�
PDUNHWV�LQ�DJULFXOWXUDO�SURGXFWV�DQG�UHSHDOLQJ�&RXQFLO�5HJXODWLRQV��((&��1R����������((&��
1R����������(&��1R�����������DQG��(&��1R������������������

2OVHQ��7���YUHE¡��%��+DM�<DVHLQ��1��/HH��6��6YHQGVHQ��.��+MRUWK��0��%DVWDQL��1(��1RUKHLP��
)��'UHYRQ��&$��5HIVXP��+��9LQNQHV��.-��(IIHFWV�RI�GLHWDU\�PHWKLRQLQH�DQG�F\VWHLQH�UHVWULFWLRQ�
RQ�SODVPD�ELRPDUNHUV��VHUXP�ILEUREODVW�JURZWK�IDFWRU�����DQG�DGLSRVH�WLVVXH�JHQH�H[SUHVVLRQ�
LQ�ZRPHQ�ZLWK� RYHUZHLJKW� RU� REHVLW\�� D� GRXEOH�EOLQG� UDQGRPL]HG� FRQWUROOHG� SLORW� VWXG\�� -�
7UDQVO�0HG������������������KWWSV���GRL�RUJ���������V����������������[��

2ZHQV��)1��6HFULVW��'6��+LOO��:-��*LOO��'5��$FLGRVLV� LQ�FDWWOH��D� UHYLHZ��-�$QLP�6FL�������
������±�����

3DJDQR��*��&DVVDGHU��0��'LDQD��$��3LVX��(��%R]]R��&��)HUUHUR��)��/HQWL��*��,QVXOLQ�UHVLVWDQFH�
LQ�WKH�DJHG��7KH�UROH�RI�WKH�SHULSKHUDO�LQVXOLQ�UHFHSWRUV��0HWDE��&OLQ��([S����������������±����
KWWSV���GRL�RUJ�������������������������������

3DQWRSKOHW��$-��5RHORIVHQ��+��9ULHV��03�GH��*HUULWV��:--��YDQ�GHQ�%RUQH��--*&��9RQN��5-��7KH�
XVH� RI� PHWDEROLF� SURILOLQJ� WR� LGHQWLI\� LQVXOLQ� UHVLVWDQFH� LQ� YHDO� FDOYHV�� 3OR6� 2QH�� �����
������H���������KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

3HUHJUtQ�$OYDUH]��-0��6DQIRUG��&��3DUNLQVRQ��-��7KH�FRQVHUYDWLRQ�DQG�HYROXWLRQDU\�PRGXODULW\�
RI�PHWDEROLVP��*HQRPH�%LRO��������������5����KWWSV���GRL�RUJ���������JE�����������U����

3HUHLUD��0-��6NUWLF��6��.DWVRJLDQQRV��3��$EUDKDPVVRQ��1��6LGLEHK��&2��'DKJDP��6��0nQVVRQ��
0��5LVpUXV��8��.XOOEHUJ��-��(ULNVVRQ��-:��,PSDLUHG�DGLSRVH�WLVVXH�OLSLG�VWRUDJH��EXW�QRW�DOWHUHG�
OLSRO\VLV��FRQWULEXWHV�WR�HOHYDWHG�OHYHOV�RI�1()$�LQ�W\SH���GLDEHWHV��'HJUHH�RI�K\SHUJO\FHPLD�
DQG� DGLSRVLW\� DUH� LPSRUWDQW� IDFWRUV�� 0HWDE�� &OLQ�� ([S��� ����� �����������±������
KWWSV���GRL�RUJ���������M�PHWDERO��������������

3HUNLQV��$(�0RQURH��&)��'LHWDU\�DFLGRVLV�LQ�GDLU\�FDWWOH��-��'DLU\�6FL��������������±�����

3HWHUVRQ�� 57�� %HDO�� 3$�� &RPE��0-�� 6FKUHLEHU�� 6/�� ).%3���UDSDP\FLQ�DVVRFLDWHG� SURWHLQ�
�)5$3��DXWRSKRVSKRU\ODWHV�DW�VHULQH������XQGHU�WUDQVODWLRQDOO\�UHSUHVVLYH�FRQGLWLRQV��-��%LRO��
&KHP��������������������±������KWWSV���GRL�RUJ���������MEF��������������
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3IXKO��5��%HOOPDQQ��2��.�KQ��&��7HXVFKHU��)���(QGHU��.ODXV�DQG�:HJQHU��-RFKHQ���%HHI�YHUVXV�
GDLU\�FDWWOH��D�FRPSDULVRQ�RI� IHHG�FRQYHUVLRQ��FDUFDVV�FRPSRVLWLRQ��DQG�PHDW�TXDOLW\��$UFK��
7LHU]����������������±����

3LODFKDL��5��+HQGULNV��:+��$LXPODPDL��6��6FKRQHZLOOH�� -��(IIHFW�RI�KLJK�FDVVDYD� UDWLRQ�RQ�
LQVXOLQ�VHQVLWLYLW\�DQG�FOLQLFDO�VLJQV�RI�ODPLQLWLV�LQ�GDLU\�KHLIHUV��3DN�9HW�-����������������±
�����KWWSV���GRL�RUJ����������SDNYHWM�����������

3ODL]LHU��-&��.UDXVH��'2��*R]KR��*1��0F%ULGH��%:��6XEDFXWH�UXPLQDO�DFLGRVLV�LQ�GDLU\�FRZV��
WKH� SK\VLRORJLFDO� FDXVHV�� LQFLGHQFH� DQG� FRQVHTXHQFHV�� 9HW�� -��� ����� ���������±����
KWWSV���GRL�RUJ���������M�WYMO��������������

3ODW]�� 6�� $KUHQV�� )�� %DKUV�� (�� 1�VNH�� 6�� (UKDUG��0+��$VVRFLDWLRQ� EHWZHHQ� IORRU� W\SH� DQG�
EHKDYLRXU��VNLQ�OHVLRQV��DQG�FODZ�GLPHQVLRQV�LQ�JURXS�KRXVHG�IDWWHQLQJ�EXOOV��3UHY��9HW��0HG���
����������������±�����KWWSV���GRL�RUJ���������M�SUHYHWPHG��������������

3UHVWRQ��5/��6FKQDNHQEHUJ��''��3IDQGHU��:+��3URWHLQ�XWLOL]DWLRQ�LQ�UXPLQDQWV��,��%ORRG�XUHD�
QLWURJHQ� DV� DIIHFWHG� E\� SURWHLQ� LQWDNH�� -� 1XWU�� ����� ���������±�����
KWWSV���GRL�RUJ���������MQ�����������

3UHZLWW��/5��.HUW]��$)��/DQH��$*��&DPSEHOO��-5��:HLQPDQ��'(��(IIHFWV�RI�GLHWDU\�SURWHLQ�RQ�
EORRG��XULQH��DQG�PLON�FRPSRVLWLRQ��$P�-�9HW�5HV�������������±�����

4XLJOH\��-'��6PLWK��=3��+HLWPDQQ��51��&KDQJHV�LQ�SODVPD�YRODWLOH�IDWW\�DFLGV�LQ�UHVSRQVH�WR�
ZHDQLQJ� DQG� IHHG� LQWDNH� LQ� \RXQJ� FDOYHV�� -�� 'DLU\� 6FL��� ����� ���������±�����
KWWSV���GRL�RUJ���������MGV�6�������������������;��

5DED]D��$��%DQFKHUR��*��&DMDUYLOOH��&��=XQLQR��3��%ULWRV��$��5HSHWWR��-/��)UDJD��0��(IIHFWV�RI�
IHHG� ZLWKGUDZDO� GXUDWLRQ� RQ� DQLPDO� EHKDYLRXU�� UXPHQ� PLFURELRWD� DQG� EORRG� FKHPLVWU\� LQ�
IHHGORW� FDWWOH�� LPSOLFDWLRQV� IRU� UXPHQ� DFLGRVLV�� $QLPDO�� ����� ��������±����
KWWSV���GRL�RUJ���������6������������������

5lEHU�� 0�� *H\HU�� +�� .HVVOHU�� -�� *XW]ZLOOHU�� $�� (LQIOXVV� HLQHU� KRKHQ� 6HOHQ]XIXKU� DXI� GHQ�
6HOHQVWDWXV�� GLH� /HEHUIXQNWLRQ� XQG� DXI� GLH�.ODXHQTXDOLWlW� YRQ�0DVWVWLHUHQ�� 6FKZHL]��$UFK��
7LHUKHLONG�����������������±����KWWSV���GRL�RUJ�����������������������������

5DERLVVRQ��'��'HORU��)��&DKX]DF��(��*HQGUH��&��6DQV��3��$OODLUH��*��3HULQDWDO��QHRQDWDO��DQG�
UHDULQJ�SHULRG�PRUWDOLW\�RI�GDLU\�FDOYHV�DQG�UHSODFHPHQW�KHLIHUV�LQ�)UDQFH��-��'DLU\�6FL��������
����������±������KWWSV���GRL�RUJ���������MGV������������

5LFR��-(��0\HUV��:$��/DXE��'-��'DYLV��$1��=HQJ��4��0F)DGGHQ��-:��+RW� WRSLF��FHUDPLGH�
LQKLELWV�LQVXOLQ�VHQVLWLYLW\�LQ�SULPDU\�ERYLQH�DGLSRF\WHV��-��'DLU\�6FL�������������������±������
KWWSV���GRL�RUJ���������MGV�������������

5LFR�� -(��6DHG�6DPLL��6��0DWKHZV��$7��/RYHWW�� -��+DXJKH\��1-��0F)DGGHQ�� -:��7HPSRUDO�
FKDQJHV�LQ�VSKLQJROLSLGV�DQG�V\VWHPLF�LQVXOLQ�VHQVLWLYLW\�GXULQJ�WKH�WUDQVLWLRQ�IURP�JHVWDWLRQ�WR�
ODFWDWLRQ��3OR6�2QH�������������H���������KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

5REHUWV��/'��6RX]D��$/��*HUV]WHQ��5(��&OLVK��&%��7DUJHWHG�PHWDERORPLFV��&XUU�3URWRF�0RO�
%LRO�������������S������������������KWWSV���GRL�RUJ��������������������PE����V����

5RGUtJXH]�/HFRPSWH��-&��.URHNHU��$'��&HEDOORV�0iUTXH]��$��/L��6��3ODL]LHU��-&��*RPH]��'(��
(YDOXDWLRQ�RI�WKH�V\VWHPLF�LQQDWH�LPPXQH�UHVSRQVH�DQG�PHWDEROLF�DOWHUDWLRQV�RI�QRQODFWDWLQJ�
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FRZV� ZLWK� GLHW�LQGXFHG� VXEDFXWH� UXPLQDO� DFLGRVLV�� -�� 'DLU\� 6FL��� ����� �����������±������
KWWSV���GRL�RUJ���������MGV������������

5RQJH��+�%OXP��-��,QVXOLQ�OLNH�JURZWK�IDFWRU�,�GXULQJ�JURZWK�LQ�EXOOV��5HSURG�1XWU�'HY�������
���������±�����KWWSV���GRL�RUJ���������UQG�����������

5|SNH��5��6FKDPV��'��6FKZDU]��)-��.LUFKJHVVQHU��0��*URZWK�UHODWHG�KRUPRQHV�LQ�SODVPD�RI�
EXOOV�� VWHHUV� DQG� KHLIHUV� JLYHQ� IRRG� ZLWK� WZR� GLIIHUHQW� HQHUJ\� OHYHOV�� $QLP�� 6FL��� �����
���������±�����KWWSV���GRL�RUJ���������6������������������

5XELR�5RGUtJXH]�� -&�� 5H\QRVR�&DPDFKR�� 5�� 5RFKD�*X]PiQ�� 1�� 6DOJDGR�� /0�� )XQFWLRQDO�
EHYHUDJHV� LPSURYH� LQVXOLQ� UHVLVWDQFH� DQG� KHSDWLF� VWHDWRVLV�PRGXODWLQJ� O\VRSKRVSKROLSLGV� LQ�
GLHW�LQGXFHG� REHVH� UDWV�� )RRG� 6FL� 1XWU�� ����� ���������±������
KWWSV���GRL�RUJ���������IVQ��������

5XNNZDPVXN�� 7�� .UXLS�� 7$�� :HQVLQJ�� 7�� 5HODWLRQVKLS� EHWZHHQ� RYHUIHHGLQJ� DQG�
RYHUFRQGLWLRQLQJ�LQ�WKH�GU\�SHULRG�DQG�WKH�SUREOHPV�RI�KLJK�SURGXFLQJ�GDLU\�FRZV�GXULQJ�WKH�
SRVWSDUWXULHQW� SHULRG�� 9HW� 4�� ����� ��������±����
KWWSV���GRL�RUJ��������������������������������

5]HKDN��3��+HOOPXWK��&��8KO��2��.LUFKEHUJ��))��3HLVVQHU��:��+DUGHU��8��*URWH��9��:HEHU��0��
;KRQQHX[��$��/DQJKHQGULHV��-�3��)HUUH��1��&ORVD�0RQDVWHUROR��5��9HUGXFL��(��5LYD��(��6RFKD��
3��*UXV]IHOG��'��.ROHW]NR��%��5DSLG�JURZWK�DQG�FKLOGKRRG�REHVLW\�DUH�VWURQJO\�DVVRFLDWHG�ZLWK�
O\VR3&��������$QQ��1XWU��0HWDE�������������������±�����KWWSV���GRL�RUJ��������������������

6DOLE��)$�)DUJKDOL��+$��(SLGHPLRORJLFDO��WKHUDSHXWLF�DQG�VXUJLFDO�VWXGLHV�RQ�7DLO�QHFURVLV�LQ�
(J\SW��,QW��-��9HW��6FL���������������±����

6DQR��+��0DWVXQREX��6��1DNDJDZD��0��7HUDVKLPD��<��,QVXOLQ�UHVSRQVLYHQHVV�WR�JOXFRVH�DQG�
WLVVXH�UHVSRQVLYHQHVV�WR�LQVXOLQ�RYHU�WKH�IHHGLQJ�F\FOH�LQ�VKHHS��-�$QLP�6FL������������������±
������KWWSV���GRL�RUJ����������������������[��

6DQR��+��7DNHED\DVKL��$��.RGDPD��<��1DNDPXUD��.��,WR��+��$ULQR��<��)XMLWD��7��7DNDKDVKL��+��
$PER��.��(IIHFWV�RI�IHHG�UHVWULFWLRQ�DQG�FROG�H[SRVXUH�RQ�JOXFRVH�PHWDEROLVP�LQ�UHVSRQVH�WR�
IHHGLQJ� DQG� LQVXOLQ� LQ� VKHHS�� -� $QLP� 6FL�� ����� ����������±������
KWWSV���GRL�RUJ���������������������[��

6DVDNL��6��0HFKDQLVP�RI�LQVXOLQ�DFWLRQ�RQ�JOXFRVH�PHWDEROLVP�LQ�UXPLQDQWV��$QLP��6FL��-��������
������±�����

6D[WRQ��5$�6DEDWLQL��'0��P725�VLJQDOLQJ� LQ�JURZWK��PHWDEROLVP��DQG�GLVHDVH��&HOO�������
����������±�����KWWSV���GRL�RUJ���������M�FHOO��������������

6FKHQN�� 6�� 6DEHUL�� 0�� 2OHIVN\�� -0�� ,QVXOLQ� VHQVLWLYLW\�� PRGXODWLRQ� E\� QXWULHQWV� DQG�
LQIODPPDWLRQ��-��&OLQ��,QYHVW�������������������±������KWWSV���GRL�RUJ���������-&,�������

6FKQ\GHU�� 3�� 6FK|QHFNHU�� /�� 6FK�SEDFK�5HJXOD�� *�� 0H\ODQ�� 0�� (IIHFWV� RI� PDQDJHPHQW�
SUDFWLFHV��DQLPDO�WUDQVSRUW�DQG�EDUQ�FOLPDWH�RQ�DQLPDO�KHDOWK�DQG�DQWLPLFURELDO�XVH�LQ�6ZLVV�
YHDO� FDOI� RSHUDWLRQV�� 3UHY�� 9HW�� 0HG��� ����� �������±�����
KWWSV���GRL�RUJ���������M�SUHYHWPHG��������������
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6FKUDGHU��/��5RWK��+�5��:LQWHUOLQJ��&��%URGPDQQ��1��/DQJKDQV��:��*H\HU��+��*UDI��%��7KH�
2FFXUUHQFH� RI� 7DLO� 7LS� $OWHUDWLRQV� LQ� )DWWHQLQJ� %XOOV� .HSW� 8QGHU� 'LIIHUHQW� +XVEDQGU\�
&RQGLWLRQV��$QLP�:HOI�������������±�����

6FKXO]H�:HVWHUDWK�� +�� *\JD[�� /�� 0D\HU�� &�� :HFKVOHU�� %�� /HJ� OHVLRQV� DQG� FOHDQOLQHVV� RI�
ILQLVKLQJ� EXOOV� NHSW� LQ� KRXVLQJ� V\VWHPV� ZLWK� GLIIHUHQW� O\LQJ� DUHD� VXUIDFHV�� 9HW�� -��� �����
���������±����KWWSV���GRL�RUJ���������M�WYMO��������������

6LOIHQ��0(��0DQLER��$0��0F0DKRQ��'-��/HYLQH��/6��0XUSK\��$5��2EHUILHOG��6(��&RPSDULVRQ�
RI�VLPSOH�PHDVXUHV�RI�LQVXOLQ�VHQVLWLYLW\�LQ�\RXQJ�JLUOV�ZLWK�SUHPDWXUH�DGUHQDUFKH��WKH�IDVWLQJ�
JOXFRVH�WR�LQVXOLQ�UDWLR�PD\�EH�D�VLPSOH�DQG�XVHIXO�PHDVXUH��-��&OLQ��(QGRFULQRO��0HWDE��������
����������±������

6O\WHU�� //�� ,QIOXHQFH� RI� DFLGRVLV� RQ� UXPHQ� IXQFWLRQ�� -� $QLP� 6FL�� ����� ���������±�����
KWWSV���GRL�RUJ���������MDV�����������[��

6PLW��+��9HUEHHN��%��3HWHUVH��F-��-DQVHQ��-��0F'DQLHO��%7��3ROLWLHN��5'��*HQHWLF�DVSHFWV�RI�
FODZ�GLVRUGHUV��FODZ�PHDVXUHPHQWV�DQG�
W\SH
�VFRUHV�IRU�IHHW�LQ�IULHVLDQ�FDWWOH��/LYHVW��3URG��6FL���
�����������±�����

6RKUW��-��7��'HWHUPLQDWLRQ�RI�VWDQGDUG�PHDVXUHPHQWV�IRU�FODZ�WULPPLQJ�E\�LQYHVWLJDWLRQV�RI�WKH�
UHODWLRQ�EHWZHHQ�WKH�LQWHUQDO�DQDWRPLFDO�VWUXFWXUH�DQG�WKH�KRUQ�FDSVXOH�RI�FODZV�IURP�KLQG�OHJV�
RI�JHUPDQ�EODFN�SLHG�FDWWOH�ZLWK�FRQVLGHUDWLRQ�RI�ODPLQLWLV�OHVLRQV��'RFWRUDO�7KHVLV��0HG�9HW���
+DQQRYHU��7LHUlU]WOLFKH�+RFKVFKXOH�+DQQRYHU��������

6RXVD�� 5'6�� 2OLYHLUD�� )/&� GH�� 'LDV�� 05%�� 0LQDPL�� 16�� $PDUDO�� /G�� 0LQHUYLQR�� $++��
6KHFDLUD�� &G/�� %RPEDUGHOOL�� -$�� %HQHVL�� )-�� 2UWRODQL�� (/�� (YDOXDWLRQ� RI� LQIUDUHG�
WKHUPRJUDSK\��IRUFH�SODWIRUP�DQG�ILOPHG�ORFRPRWLRQ�VFRUH�DV�QRQ�LQYDVLYH�GLDJQRVWLF�PHWKRGV�
IRU� DFXWH� ODPLQLWLV� LQ� ]HEX� FDWWOH�� 3OR6� 2QH�� ����� ������H���������
KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

6WDWLVWLVFKHV�%XQGHVDPW��'HVWDWLV���9LHKEHVWDQG��)DFKVHULH���5HLKH���������0DL�������6WDQG��
������������� KWWSV���ZZZ�GHVWDWLV�GH�'(�7KHPHQ�%UDQFKHQ�8QWHUQHKPHQ�/DQGZLUWVFKDIW�
)RUVWZLUWVFKDIW�)LVFKHUHL�7LHUH�7LHULVFKH�(U]HXJXQJ�3XEOLNDWLRQHQ�'RZQORDGV�7LHUH�XQG�
WLHULVFKH�(U]HXJXQJ�YLHKEHVWDQG���������������SGI"BBEORE SXEOLFDWLRQ)LOH��$FFHVVHG�'HF�
����������

6WHHOH��0$��&URRP��-��.DKOHU��0��$O=DKDO��2��+RRN��6(��3ODL]LHU��.��0F%ULGH��%:��%RYLQH�
UXPHQ�HSLWKHOLXP�XQGHUJRHV�UDSLG�VWUXFWXUDO�DGDSWDWLRQV�GXULQJ�JUDLQ�LQGXFHG�VXEDFXWH�UXPLQDO�
DFLGRVLV�� $P� -� 3K\VLRO� 5HJXO� ,QWHJU� &RPS� 3K\VLRO�� ����� �������5���������
KWWSV���GRL�RUJ���������DMSUHJX�������������

6WHUQEDXHU��.�(VVpQ�*XVWDYVVRQ��%��,QVXOLQ�VHQVLWLYLW\�DQG�PXVFOH�FKDUDFWHULVWLFV�LQ�FDOYHV�DW�
GLIIHUHQW�OHYHOV�RI�SK\VLFDO�DFWLYLW\��-�9HW�0HG�$�3K\VLRO�3DWKRO�&OLQ�0HG����������������±
�����KWWSV���GRL�RUJ���������M����������������������[��

6WHUQEDXHU��.�/XWKPDQ��-��,QVXOLQ�VHQVLWLYLW\�RI�KHLIHUV�RQ�GLIIHUHQW�GLHWV��$FWD�9HW�6FDQG�������
���������±�����

6XKUH��.��0HLVLQJHU��&��'|ULQJ��$��$OWPDLHU��(��%HOFUHGL��3��*LHJHU��&��&KDQJ��'��0LOEXUQ��
09�� *DOO�� :(�� :HLQEHUJHU�� .0�� 0HZHV�� +�:�� +UDEp� GH� $QJHOLV�� 0�� :LFKPDQQ�� +�(��
.URQHQEHUJ�� )�� $GDPVNL�� -�� ,OOLJ�� 7�� 0HWDEROLF� IRRWSULQW� RI� GLDEHWHV�� D� PXOWLSODWIRUP�
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PHWDERORPLFV� VWXG\� LQ� DQ� HSLGHPLRORJLFDO� VHWWLQJ�� 3OR6� 2QH�� ����� ������H�������
KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

7KRHIQHU��0%��3ROOLWW��&&��YDQ�(SV��$:��0LOLQRYLFK��*-��7URWW��'-��:DWWOH��2��$QGHUVHQ��3+��
$FXWH� ERYLQH� ODPLQLWLV�� D� QHZ� LQGXFWLRQ�PRGHO� XVLQJ� DOLPHQWDU\� ROLJRIUXFWRVH� RYHUORDG�� -��
'DLU\�6FL������������������±������KWWSV���GRL�RUJ���������MGV�6����������������������

7KRPVRQ��'8��7D\ORU��:��1RIIVLQJHU��7��&KULVWRSKHU��-$��:LOHPDQ��%:��5DJVGDOH��-��&DVH�
UHSRUW��WDLO�WLS�QHFURVLV�LQ�D�FRQILQHG�FDWWOH�IHHGLQJ�RSHUDWLRQ��%RY��SUDFW���������������

7UHHGH�� ,�� %UDXQ�� $�� 6SDUOD�� 5�� .�KQHO�� 0�� *LHVH�� 7�� 7XUQHU�� -5�� $QHV�� (�� .XODNVL]�� +��
)�OOHNUXJ�� -�� 6WUHPPHO�� :�� *ULIILWKV�� *�� (KHKDOW�� 5�� $QWL�LQIODPPDWRU\� HIIHFWV� RI�
SKRVSKDWLG\OFKROLQH��-��%LRO��&KHP���������������������±�������

7UHLEHU��.+�� .URQIHOG�� '6��+HVV�� 70��%\UG�� %0�� 6SODQ�� 5.�� 6WDQLDU��:%�� (YDOXDWLRQ� RI�
JHQHWLF� DQG� PHWDEROLF� SUHGLVSRVLWLRQV� DQG� QXWULWLRQDO� ULVN� IDFWRUV� IRU� SDVWXUH�DVVRFLDWHG�
ODPLQLWLV� LQ� SRQLHV�� -�� $P�� 9HW�� 0HG�� $VVRF��� ����� ������������±������
KWWSV���GRL�RUJ���������MDYPD��������������

7UHQNOH��$��(IIHFWV�RI�VKRUW�FKDLQ�IDWW\�DFLGV��IHHGLQJ��IDVWLQJ�DQG�W\SH�RI�GLHW�RQ�SODVPD�LQVXOLQ�
OHYHOV�LQ�VKHHS��-��1XWU��������������������±������KWWSV���GRL�RUJ���������MQ��������������

7UR[OHU��-��������'DV�9HUKDOWHQ�DOV�*UXQGODJH�]XU�%HXUWHLOXQJ�GHV�:RKOEHILQGHQV�YRQ�7LHUHQ��
S�� ��±���� ,Q� -�� %DXPJDUWQHU�� 7LHUVFKXW]�� $QVSUXFK� ±� 9HUDQWZRUWXQJ� �� 5HDOLWlW�� :LHQ��
������������:LHQ��

8ZLHUD��55(��(J\HG\��$)��$PHWDM��%1��/DPLQLWLV��$�0XOWLV\VWHPV�9HWHULQDU\�3HUVSHFWLYH�
ZLWK�2PLFV�7HFKQRORJLHV��,Q�%��1��$PHWDM��3HULSDUWXULHQW�'LVHDVHV�RI�'DLU\�&RZV��$�6\VWHPV�
%LRORJ\�$SSURDFK��&KDP��6SULQJHU��������S�����±�����

YDQ�GHU�9HHQ��-1��.HQQHOO\��-3��:DQ��6��9DQFH��-(��9DQFH��'(��-DFREV��5/��7KH�FULWLFDO�UROH�
RI� SKRVSKDWLG\OFKROLQH� DQG� SKRVSKDWLG\OHWKDQRODPLQH� PHWDEROLVP� LQ� KHDOWK� DQG� GLVHDVH��
%LRFKLP� %LRSK\V� $FWD�� ����� ������� 3W� %������±������
KWWSV���GRL�RUJ���������M�EEDPHP��������������

9DQHJDV��-��2YHUWRQ��0��%HUU\��6/��6LVFKR��:0��(IIHFW�RI�5XEEHU�)ORRULQJ�RQ�&ODZ�+HDOWK�LQ�
/DFWDWLQJ�'DLU\�&RZV�+RXVHG�LQ�)UHH�6WDOO�%DUQV��-��'DLU\�6FL���������������±������

9HUEDQG� 'HXWVFKHU� /DQGZLUWVFKDIWOLFKHU� 8QWHUVXFKXQJV�� XQG� )RUVFKXQJVDQVWDOWHQ�
�9'/8)$��� +DQGEXFK� GHU� /DQGZLUWVFKDIWOLFKHQ� 9HUVXFKV�� XQG� 8QWHUVXFKXQJVPHWKRGLN�
�9'/8)$�0HWKRGHQEXFK��� %G�� ,,,�� 'LH� FKHPLVFKH� 8QWHUVXFKXQJ� YRQ� )XWWHUPLWWHOQ��
9'/8)$�6FKULIWHQUHLKH�%G��,,,��'LH�FKHPLVFKH�8QWHUVXFKXQJ�YRQ�)XWWHUPLWWHOQ��'DUPVWDGW��
*HUPDQ\��9'/8)$�9HUODJ��������

9HUGH��/6�7UHQNOH��$��&RQFHQWUDWLRQV�RI�KRUPRQHV�LQ�SODVPD�IURP�FDWWOH�ZLWK�GLIIHUHQW�JURZWK�
SRWHQWLDOV��-�$QLP�6FL����������������±�����KWWSV���GRL�RUJ���������MDV�����������[��

9HUPXQW�� --�*UHHQRXJK�� 35�� 3UHGLVSRVLQJ� IDFWRUV� RI� ODPLQLWLV� LQ� FDWWOH�� %U�� YHW�� -��� �����
�������±�����

9HUPXQW��--�*UHHQRXJK��35��6WUXFWXUDO�FKDUDFWHULVFWLFV�RI�WKH�ERYLQH�FODZ��KRUQ�JURZWK�DQG�
ZHDU��KRUQ�KDUGQHVV�DQG�FODZ�FRQIRUPDWLRQ��%U��YHW��-���������������±�����
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9ROHN��-6�)HLQPDQ��5'��&DUERK\GUDWH�UHVWULFWLRQ�LPSURYHV�WKH�IHDWXUHV�RI�PHWDEROLF�V\QGURPH��
0HWDEROLF�V\QGURPH�PD\�EH�GHILQHG�E\�WKH�UHVSRQVH�WR�FDUERK\GUDWH�UHVWULFWLRQ��1XWU��0HWDE���
������������KWWSV���GRL�RUJ�������������������������

:DOGPDQ��5&��7\OHU��:-��%UXQJDUGW��9+��&KDQJHV� LQ� WKH� FDUFDVV� FRPSRVLWLRQ� RI�+ROVWHLQ�
VWHHUV� DVVRFLDWHG�ZLWK� UDWLRQ� HQHUJ\� OHYHOV� DQG� JURZWK�� -��$QLP��6FL��� ��������������±�����
KWWSV���GRL�RUJ���������MDV�����������[��

:DQJ��7-��/DUVRQ��0*��9DVDQ��56��&KHQJ��6��5KHH��(3��0F&DEH��(��/HZLV��*'��)R[��&6��
-DFTXHV�� 3)�� )HUQDQGH]�� &�� 2¶'RQQHOO�� &-�� &DUU�� 6$��0RRWKD�� 9.�� )ORUH]�� -&�� 6RX]D�� $��
0HODQGHU��2�� �&OLVK��&ODU\�%��DQG�*HUV]WHQ��5REHUW�(����0HWDEROLWH�SURILOHV�DQG� WKH� ULVN�RI�
GHYHORSLQJ�GLDEHWHV��1DW��0HG�����������������±�����

:DUQNHQ��7��%UHKP��5��)HLJH��.��+XEHU��.��,QVXOLQ�VLJQDOLQJ�LQ�YDULRXV�HTXLQH�WLVVXHV�XQGHU�
EDVDO� FRQGLWLRQV� DQG� DFXWH� VWLPXODWLRQ� E\� LQWUDYHQRXVO\� LQMHFWHG� LQVXOLQ�� 'RPHVW�� $QLP��
(QGRFULQRO�������������±����KWWSV���GRL�RUJ���������M�GRPDQLHQG��������������

:HVW��+-��&OLQLFDO�DQG�SDWKRORJLFDO�VWXGLHV�LQ�FDWWOH�ZLWK�KHSDWLF�GLVHDVH��9HW��5HV��&RPPXQ���
��������������±�����

:KHHOHU��-/��%HQQHWW��-:��+XWFKLQVRQ��-&'��(IIHFW�RI�DPELHQW�WHPSHUDWXUH�DQG�GD\OHQJWK�RQ�
KRRI� JURZWK� LQ� VKHHS�� -�� $JULF�� 6FL��� ����� ��������±����
KWWSV���GRL�RUJ���������6������������������

:KLWH��0)��7DND\DPD��6��.DKQ��&5��'LIIHUHQFHV�LQ�WKH�VLWHV�RI�SKRVSKRU\ODWLRQ�RI�WKH�LQVXOLQ�
UHFHSWRU� LQ� YLYR� DQG� LQ� YLWUR�� -�� %LRO�� &KHP��� ����� ������������±������
KWWSV���GRL�RUJ���������6����������������������

:KLWH�� 3-��0F*DUUDK��5:��*ULPVUXG�� 3$��7VR�� 6�&��<DQJ��:�+��+DOGHPDQ�� -0��*UHQLHU�
/DURXFKH��7��$Q��-��/DSZRUWK��$/��$VWDSRYD��,��+DQQRX��6$��*HRUJH��7��$UORWWR��0��2OVRQ��
/%��/DL��0��=KDQJ��*�)��,OND\HYD��2��+HUPDQ��0$��:\QQ��50��&KXDQJ��'7��1HZJDUG��&%��
7KH�%&.'+�NLQDVH�DQG�SKRVSKDWDVH�LQWHJUDWH�%&$$�DQG�OLSLG�PHWDEROLVP�YLD�UHJXODWLRQ�RI�
$73�FLWUDWH� O\DVH�� &HOO� 0HWDE��� ����� ����������������H���
KWWSV���GRL�RUJ���������M�FPHW��������������

:LVKDUW��'6��0HWDERORPLFV�IRU�,QYHVWLJDWLQJ�3K\VLRORJLFDO�DQG�3DWKRSK\VLRORJLFDO�3URFHVVHV��
3K\VLRO��5HY������������������±������KWWSV���GRL�RUJ���������SK\VUHY�������������

:ROIVRQ��5/��&KDQWUDQXSRQJ��/��6D[WRQ��5$��6KHQ��.��6FDULD��60��&DQWRU��-5��6DEDWLQL��'0��
6HVWULQ�� LV� D� OHXFLQH� VHQVRU� IRU� WKH� P725&�� SDWKZD\�� 6FLHQFH�� ����� ������������±����
KWWSV���GRL�RUJ���������VFLHQFH�DDE������

<DQJ��<��'RQJ��*��:DQJ��=��:DQJ�� -��=KDQJ��=��/LX�� -��5XPHQ�DQG�SODVPD�PHWDERORPLFV�
SURILOLQJ�E\�8+3/&�472)�06�UHYHDOHG�PHWDEROLF�DOWHUDWLRQV�DVVRFLDWHG�ZLWK�D�KLJK�FRUQ�GLHW�
LQ�EHHI�VWHHUV��3OR6�2QH��������������H���������KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

=KDQJ��;��'LQJ�� -��/L��<��6RQJ��4��/L��6��+D\DW��0$��=KDQJ�� -��:DQJ��+��7KH�FKDQJHV�RI�
LQIODPPDWRU\� PHGLDWRUV� DQG� YDVRDFWLYH� VXEVWDQFHV� LQ� GDLU\� FRZV
� SODVPD� ZLWK� SDVWXUH�
DVVRFLDWHG� ODPLQLWLV�� %0&� 9HW�� 5HV��� ����� ����������� KWWSV���GRL�RUJ���������V����������
���������
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=KDQJ��<��=RX��:��&XL��)��:DQJ��1��=KDQJ��'��&XL��<��/LX��3��/LX�� -��3URWHFWLYH�HIIHFW�RI�
SKRVSKDWLG\OFKROLQH�RQ�UHVWRUDWLRQ�RI�HWKDQRO�LQMXUHG�KHSDWRF\WHV� UHODWHG�ZLWK�FDYHROLQ����-��
0HPEU��%LRO��������������±����

=KRX��/��=KDQJ��-��)DQJ��4��/LX��0��/LX��;��-LD��:��'RQJ��/4��/LX��)��$XWRSKDJ\�PHGLDWHG�
LQVXOLQ�UHFHSWRU�GRZQ�UHJXODWLRQ�FRQWULEXWHV�WR�HQGRSODVPLF�UHWLFXOXP�VWUHVV�LQGXFHG�LQVXOLQ�
UHVLVWDQFH��0RO�3KDUPDFRO����������������±�����KWWSV���GRL�RUJ���������PRO�������������
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����� /LVW�RI�ILJXUHV�

)LJXUH� ��� 6FKHPH� RI� LQVXOLQ� LJQDOOLQJ� FDVFDGH� VLPSOLILHG� WR� VRPH�PDLQ� WDUJHW� FRPSRQHQWV��
GHPRQVWUDWLQJ� LQWHUDFWLRQV� DQG�PDLQ� IXQFWLRQV� LQIOXHQFHG� E\� DFWLYDWLRQ� RI� WKH� FRPSRQHQWV��
,QVXOLQ� UHFHSWRU��,165���SURWHLQ�NLQDVH�%��3.%���PHFKDQLVWLF� WDUJHW�RI� UDSDP\FLQ��P725���
$03�DFWLYDWHG�NLQDVH��$03.�����������������������������������������������������������������������������������������������������

)LJXUH����([SHULPHQWDO�GHVLJQ�RI�WKH�IHHGLQJ�WULDO��FRQVLVWLQJ�RXW�RI�WKH�WZR�IHHGLQJ�OHYHOV��KLJK�
HQHUJ\� DQG� SURWHLQ� GLHW� �+(3�� DQG� ORZ� HQHUJ\� DQG� SURWHLQ� GLHW� �/(3��� 6DPSOH� DQG� GDWD�
FROOHFWLRQ�ZDV�DW�WKH�EHJLQQLQJ��EDVHOLQH��DQG�DW�WKH�HQG��VODXJKWHU��RI�WKH�IHHGLQJ�WULDO��0LON�
UHSODFHU��05���WRWDO�PL[HG�UDWLRQ��705��������������������������������������������������������������������������������������

)LJXUH����&DOFXODWHG�LQGLYLGXDO�PHDQ�IHHG�LQWDNH�RI�GU\�PDWWHU��'0��SHU�GD\��PHDQ���6'���RI�
EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��RU�D�ORZ�HQHUJ\�DQG�SURWHLQ��/(3���'LIIHUHQW�
OHWWHUV�LQGLFDWH�VLJQLILFDQFH�ZLWK�DW�OHDVW�3���������Q� �����'DWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�
D�GLIIHUHQW�IRUP�LQ�%b�/(5�HW�DO���������������������������������������������������������������������������������������������

)LJXUH����%RG\�ZHLJKW��PHDQ���6'��RI�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��RU�D�ORZ�
HQHUJ\�DQG�SURWHLQ�GLHW��/(3���'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQFH�ZLWK�DW�OHDVW�3���������Q� �
����'DWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�D�GLIIHUHQW�IRUP�LQ�%b�/(5�HW�DO����������������������������

)LJXUH����6FRUH�RI�D��IDW�FODVV�DQG�E��FRQIRUPDWLRQ�FODVV�DW�VODXJKWHU��RI�EXOOV�IHG�D�KLJK�HQHUJ\�
DQG� SURWHLQ� GLHW� �+(3�� RU� D� ORZ� HQHUJ\� DQG� SURWHLQ� GLHW� �/(3��� 'LIIHUHQW� OHWWHUV� LQGLFDWH�
VLJQLILFDQFH�ZLWK�DW�OHDVW�3���������Q� �����'DWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�D�GLIIHUHQW�IRUP�
LQ�%b�/(5�HW�DO�����������������������������������������������������������������������������������������������������������������������

)LJXUH����5HODWLRQ�RI�KHLJKW�RI�LQQHU�DQG�RXWHU�GLJLW�DW�D��IURQW�DQG�E��KLQG�OHJV�RI�EXOOV�IHG�D�
KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��RU�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3���DW�WKH�EHJLQQLQJ�
�EDVHOLQH��DQG�WKH�HQG��VODXJKWHU��RI�WKH�IHHGLQJ�WULDO��'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQFH�ZLWK�
DW�OHDVW�3���������Q� �����VFRUH����LQQHU�GLJLW�!�RXWHU�GLJLW��VFRUH����LQQHU�GLJLW� �RXWHU�GLJLW��VFRUH�
���LQQHU�GLJLW���RXWHU�GLJLW�������������������������������������������������������������������������������������������������������������

)LJXUH����6HYHULW\�VFRUH�RI�ODPLQLWLV�RI�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��RU�D�ORZ�
HQHUJ\�DQG�SURWHLQ�GLHW��/(3���'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQFH��3���������Q� �����'DWD�
KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�D�GLIIHUHQW�IRUP�LQ�%b�/(5�HW�DO������������������������������������������

)LJXUH����,QVXOLQ�FRQFHQWUDWLRQ�DW�WKH�EHJLQQLQJ�RI�WKH�IHHGLQJ�WULDO��EDVHOLQH��DQG�DW�VODXJKWHU��
RI�EXOOV� IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ��+(3��GLHW�DQG�D�ORZ�HQHUJ\�DQG�SURWHLQ��/(3��GLHW��
2XWOLHU�%R[�3ORW�ZLWK� LQWHUTXDUWLOH� UDQJH��Q� �����GLIIHUHQW� OHWWHUV� LQGLFDWH�VLJQLILFDQFH��3���
�������'DWD�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�D�GLIIHUHQW�IRUP�LQ�%b�/(5�HW�DO�����������������������

)LJXUH����+HDWPDS�YLVXDOL]LQJ�DOO�GLIIHUHQWLDWLQJ�PHWDEROLWHV�DW�VODXJKWHU�RI�EXOOV�IHG�D�KLJK�
HQHUJ\�DQG�SURWHLQ�GLHW��+(3��DQG�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3���6DPSOHV�ZHUH�RUGHUHG�
E\�ODPLQLWLV�VFRULQJ��KLJKHVW�ODPLQLWLV�VFRULQJ����+(3���LQWHUPHGLXP�ODPLQLWLV�VFRULQJ����+(3���
ORZHVW�ODPLQLWLV�VFRULQJ�ZLWKLQ�+(3����+(3���$OO�OLVWHG�PHWDEROLWHV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�
EHWZHHQ�WKH�IHHGLQJ�JURXSV��3���������Q� �����DF\OFDUQLWLQH��&�[���GLDF\O��DD���DF\O�DN\O��DH���
SKRVSKDWLG\OFKROLQH��3&���VSKLQJRP\HOLQ��60���DUJLQLQH��$UJ���DFHW\O��$F���RUQLWKLQH��2UQ���
YDOLQH��9DO���LVROHXFLQH��,OH���OHXFLQH��/HX���SKHQ\ODODQLQH��3KH���WU\SWRSKDQ��7US���DVSDUDJLQH�
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�$VQ��� WKUHRQLQH� �7KU��� O\VLQH� �/\V��� W\URVLQH� �7\U���'DWD� KDYH� DOUHDG\� EHHQ� SXEOLVKHG� LQ� D�
GLIIHUHQW�IRUP�LQ�%b�/(5�HW�DO������������������������������������������������������������������������������������������������

)LJXUH�����&RUUHODWLRQ�DQDO\VLV�E\�OLQHDU�UHJUHVVLRQ�RI�D��%&$$V�DQG�LQVXOLQ�FRQFHQWUDWLRQ�E��
%&$$V�DQG�VXP�RI�VKRUW�FKDLQ�DF\OFDUQLWLQHV�&��DQG�&���Q� �����DQG�F��PHDQ�DYHUDJH�GDLO\�
JDLQ��$'*��GXULQJ�WULDO�DQG�XUHD��DQG�O\VR�SKRVSKDWLG\OFKROLQ��O\VR3&��D�&������UHVSHFWLYHO\��
%XOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3���EXOOV�IHG�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3���Q�
 ���������������������������������������������������������������������������������������������������������������������������������������������������

)LJXUH�����,PDJH�RI�SURWHLQ�EDQGV�RI�D�ZHVWHUQ�EORW�RI�OLYHU�VDPSOHV�IURP�IDWWHQLQJ�EXOOV��GDLU\�
FRZV�DQG�D�KRUVH�� LGHQWLILHG�ZLWK�DQWLERGLHV�DJDLQVW�SKRVSKRU\ODWHG� LQVXOLQ� UHFHSWRU��%DQGV�
ZHUH�GHWHFWHG�DW�WKH�VDPH�OHYHO�DV�WKH�����N'D�EDQG�RI�WKH�SURWHLQ�PDUNHU��ZKLFK�ZDV�DSSOLHG�
RQ�WKH�ILUVW�DQG�ODVW�SRVLWLRQ�RI�WKH�XVHG�PHPEUDQH����������������������������������������������������������������������

)LJXUH�����2YHUYLHZ�RI�UHVXOWV�RI�OLQHDU�UHJUHVVLRQ�RI�LWHPV�FRUUHODWHG�ZLWK�SURWHLQV�RI�LQVXOLQ�
VLJQDOLQJ�FDVFDGH�LQ�WKH�OLYHU�LQ�ERWK�IHHGLQJ�JURXSV��Q� ����3���������3���������3���
������� 3URWHLQ� NLQDVH�%� �3.%���PHFKDQLVWLF� WDUJHW� RI� UDSDP\FLQ� �P725���$03� DFWLYDWHG�
NLQDVH� �$03.��� LQVXOLQ� UHFHSWRU� �,QV5��� SKRVSKRU\ODWHG� �S��� OLYHU� WLVVXH� �/��� IDW� WLVVXH� �)���
DFHW\ORUQLWKLQH��$F�2UQ���EUDQFKHG�FKDLQ�DPLQR�DFLGV��%&$$V���GRGHFHQR\OFDUQLWLQH��&�������
JOXWDPDWH�GHK\GURJHQDVH��*/'+���OHXFLQH��/HX���O\VLQH��/\V���O\VR�SKRVSKDWLG\OFKROLQ��O\VR�
3&���SUROLQH��3UR���VHULQH��6HU���VSKLQJRP\HOLQ��60���W\URVLQH��7\U�������������������������������������������

)LJXUH�����2YHUYLHZ�RI�UHVXOWV�RI�OLQHDU�UHJUHVVLRQ�RI�LWHPV�FRUUHODWHG�ZLWK�SURWHLQV�RI�LQVXOLQ�
VLJQDOLQJ�FDVFDGH�LQ�WKH�UHWURSHULWRQHDO�WLVVXH��LQ�ERWK�IHHGLQJ�JURXSV��Q� ����3���������3���
�������3����������$FHW\ORUQLWKLQH��$F�2UQ���DUJLQLQH��$UJ���ȕ�K\GUR[\EXW\UDWH��%+%$���
+H[HQR\OFDUQLWLQH� �&� ������ FUHDWLQLQH� �&UHD��� O\VR�SKRVSKDWLG\OFKROLQ� �O\VR� 3&���
SKRVSKRU\ODWHG��S���$03�DFWLYDWHG�NLQDVH��$03.���PHFKDQLVWLF�WDUJHW�RI�UDSDP\FLQ��P725���
LQVXOLQ�UHFHSWRU��,QV5���IDW�WLVVXH��)���YDOLQH��9DO������������������������������������������������������������������������

)LJXUH�����2YHUYLHZ�RI�UHVXOWV�RI�OLQHDU�UHJUHVVLRQ�RI�LWHPV�FRUUHODWHG�ZLWK�SURWHLQV�RI�LQVXOLQ�
VLJQDOLQJ�FDVFDGH�D��LQ�EXOOV�IHG�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3���E��LQ�EXOOV�IHG�D�KLJK�
HQHUJ\�DQG�SURWHLQ�GLHW��+(3���Q� �����ZLWK�H[FHSWLRQ�RI�P725�)�±�3&�DH�&�����Q� �����3���
������3����������3����������3URWHLQ�NLQDVH�%� �3.%���PHFKDQLVWLF� WDUJHW�RI� UDSDP\FLQ�
�P725���$03� DFWLYDWHG�NLQDVH� �$03.��� LQVXOLQ� UHFHSWRU� �,QV5��� SKRVSKRU\ODWHG� �S��� OLYHU�
WLVVXH��/���PXVFOH�WLVVXH��0���IDW�WLVVXH��)���SKRVSKDWLG\OFKROLQH��3&���GLDF\O��DD���DF\O�DON\O�
�DH���O\VR�SKRVSKDWLG\OFKROLQ��O\VR3&���QRQ�HVWHULILHG�IDWW\�DFLGV��1()$���PHWKLRQLQH��0HW���
RFWDGHFDGLHQ\OFDUQLWLQH� �&������� K\GUR[\WHWUDGHFDGLHQ\OFDUQLWLQH� �&�����2+��� DVSDUWDWH�
DPLQRWUDQVIHUDVH��$67���DOEXPLQ��$OE���WKUHRQLQH��7KU���JOXWDPLQH��*OQ���KH[DQR\OFDUQLWLQH�
IXPDU\OFDUQLWLQH��&���&����'&����������������������������������������������������������������������������������������������������

)LJXUH�����3URSRVHG�SDWKZD\�RI�FKURQLF�H[FHVVLYH�HQHUJ\�DQG�QXWULHQW�LQWDNH�WRZDUGV�ODPLQLWLV�
LQ� IDWWHQLQJ� EXOOV��$VVRFLDWHG� DOWHUDWLRQV� RI�PHWDEROLWH� SURILOHV� LQ�+ROVWHLQ� EXOOV� IHG� D�KLJK�
HQHUJ\�DQG�SURWHLQ�GLHW�ZHUH�LQFUHDVHG�FRQFHQWUDWLRQV�RI�EUDQFKHG�FKDLQ�DPLQR�DFLGV��%&$$���
DURPDWLF� DPLQR� DFLGV� �$$$��� O\VR�SKRVSKDWLG\OFKROLQV� �O\VR�3&��� DQG� GHFUHDVHG�
FRQFHQWUDWLRQV�RI�SKRVSKDWLG\OFKROLQHV��3&��DQG�VSKLQJRP\HOLQV��60��������������������������������������
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����� �/LVW�RI�WDEOHV�

7DEOH����2YHUYLHZ�RI�VWXGLHV�LQYHVWLJDWLQJ�WKH�LQIOXHQFH�RI�GLHW�RQ�SDUDPHWHUV� LQ�UXPHQ�DQG�
EORRG����������������������������������������������������������������������������������������������������������������������������������������������

7DEOH����2YHUYLHZ�RI�GHVFULEHG�LQFLGHQFHV�RI�ODPLQLWLV�UHODWHG�FODZ�GLVRUGHUV���������������������������

7DEOH����2YHUYLHZ�RI�EORRG�DOWHUDWLRQV�DVVRFLDWHG�ZLWK�ODPLQLWLV������������������������������������������������

7DEOH����,QJUHGLHQWV�RI�WRWDO�PL[HG�UDWLRQV��705V��IHG�GXULQJ�WKH�H[SHULPHQWDO�SHULRG�������������

7DEOH����&KHPLFDO� FRPSRVLWLRQ� RI� WRWDO�PL[HG� UDWLRQV� �705V�� IHG� GXULQJ� WKH� H[SHULPHQWDO�
SHULRG���������������������������������������������������������������������������������������������������������������������������������������������

7DEOH����6FRULQJ�V\VWHP�IRU�VROH�XOFHU��KHHO�KRUQ�HURVLRQ��ODPLQLWLV�DQG�GHUPDWLWLV�LQWHUGLJLWDOLV��
SHU�GLJLW�DQG�FODZ��UHVSHFWLYHO\�����������������������������������������������������������������������������������������������������

7DEOH����3ULPDU\�DQG�VHFRQGDU\�DQWLERGLHV�XVHG�IRU�:HVWHUQ�EORW�DQDO\VHV�LQ�ERYLQH�WLVVXHV�
�������������������������������������������������������������������������������������������������������������������������������������������������������

7DEOH����/HQJWK�RI�WKH�GRUVDO�FODZ�ZDOO�DQG�WKLFNQHVV�RI�WKH�VROH�KRUQ�DW�WKH�EHJLQQLQJ�RI�WKH�
WULDO��EDVHOLQH�����PRQWKV�RI�DJH��DQG�DW�VODXJKWHU�����PRQWKV�RI�DJH�����������������������������������������

7DEOH����&ODZ�GLVHDVHV�DW�EDVHOLQH�����PRQWKV�RI�DJH��DQG�DW�VODXJKWHU�����PRQWKV�RI�DJH��������

7DEOH�����%ORRG�ELRFKHPLVWU\�RI�EXOOV�IHG�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��DQG�ORZ�HQHUJ\�
DQG�SURWHLQ�GLHW��/(3��DW�VODXJKWHU�����������������������������������������������������������������������������������������������

7DEOH�����([SUHVVLRQ�DQG�H[WHQW�RI�SKRVSKRU\ODWLRQ�RI�NH\�SURWHLQV�RI�LQVXOLQ�VLJQDOLQJ�FDVFDGH�
LQ�WKH�OLYHU�RI�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��DQG�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW�
�/(3����������������������������������������������������������������������������������������������������������������������������������������������

7DEOH�����([SUHVVLRQ�DQG�H[WHQW�RI�SKRVSKRU\ODWLRQ�RI�NH\�SURWHLQV�RI�LQVXOLQ�VLJQDOLQJ�FDVFDGH�
LQ�WKH�PXVFOH�RI�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��DQG�D�ORZ�HQHUJ\�DQG�SURWHLQ�
GLHW��/(3���������������������������������������������������������������������������������������������������������������������������������������

7DEOH� ���� ([SUHVVLRQ� DQG� H[WHQW� RI� SKRVSKRU\ODWLRQ� RI� PDLQ� SURWHLQV� RI� LQVXOLQ� VLJQDOLQJ�
FDVFDGH�LQ�WKH�UHWURSHULWRQHDO�DGLSRVH�WLVVXH�RI�EXOOV�IHG�D�KLJK�HQHUJ\�DQG�SURWHLQ�GLHW��+(3��
DQG�D�ORZ�HQHUJ\�DQG�SURWHLQ�GLHW��/(3����������������������������������������������������������������������������������������

� �
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����� /LVW�PHWDEROLWHV�PHDVXUHG�E\�S����$EVROXWH�,'4�

0HWDEROLWH�� +(3� /(3� 8QLW� 3�YDOXH� �

$ODQLQH� ������������ �������������� �PRO�/� ������� �

$UJLQLQH� ������������ ������������ �PRO�/� ������� �

$VSDUDJLQH� ����������� ����������� �PRO�/� ������� �

$VSDUWDWH� ���������� ���������� �PRO�/� ������� �

&LWUXOOLQH� ����������� ����������� �PRO�/� ������� �

*OXWDPLQH� ������������� ������������� �PRO�/� ������� �

*OXWDPDWH� ����������� ����������� �PRO�/� ������� �

*O\FLQH� ������������� ������������� �PRO�/� ������� �

+LVWLGLQH� ����������� ����������� �PRO�/� ������� �

,VROHXFLQH� ������������ ������������ �PRO�/� �������� �

/HXFLQH� ������������ ������������ �PRO�/� �������� �

/\VLQH� ������������ ������������ �PRO�/� ������� �

0HWKLRQLQH� ����������� ����������� �PRO�/� ������� �

2UQLWKLQH� ����������� ����������� �PRO�/� �������� �

3KHQ\ODODQLQH� ����������� ����������� �PRO�/� ������� �

3UROLQH�� ����������� ����������� �PRO�/� ������� �

6HULQH� ����������� ����������� �PRO�/� ������� �

7KUHRQLQH� ����������� ����������� �PRO�/� �������� �

7U\SWRSKDQ� ����������� ����������� �PRO�/� ������� �

7\URVLQH� ����������� ����������� �PRO�/� ������� �

9DOLQH� ������������� ������������ �PRO�/� �������� �
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0HWDEROLWH�� +(3� /(3� 8QLW� 3�YDOXH� �

$FHW\ORUQLWKLQH� ���������� ���������� �PRO�/� �������� �

$V\PPHWULF�
GLPHWK\ODUJLQLQH�

���������� ���������� �PRO�/� ������� �

Į�$PLQRDGLSLF� ���������� ���������� �PRO�/� ������� �

&DUQRVLQH� ����������� ����������� �PRO�/� ������� �

&UHDWLQLQH� ����������� ����������� �PRO�/� ������� �

+LVWDPLQH� ����������� ����������� �PRO�/� ������� �

.\QXUHQLQH� ����������� ����������� �PRO�/� ������� �

0HWKLRQLQH�VXOIR[LGH� ���������� ���������� �PRO�/� ������� �

1LWURW\URVLQH� ���������� ���������� �PRO�/� ������� �

3XWUHVFLQH� ������������ ������������ �PRO�/� ������� �

6DUFRVLQH� ����������� ����������� �PRO�/� ������� �

6\PPHWULF�
GLPHWK\ODUJLQLQH�

���������� ���������� �PRO�/� ������� �

6HURWRQLQ� ����������� ���������� �PRO�/� ������� �

6SHUPLGLQH� ���������� ����������� �PRO�/� ������� �

7DXULQH� ������������ ����������� �PRO�/� ������� �

7UDQV���
+\GUR[\SUROLQH� ����������� ����������� �PRO�/� ������� �

O\VR�3&�D�&����� ���������� ���������� �PRO�/� ������� �

O\VR�3&�D�&����� ����������� ����������� �PRO�/� ������� �

O\VR�3&�D�&����� ���������� ���������� �PRO�/� ������� �

O\VR�3&�D�&����� ����������� ���������� �PRO�/� ������� �

O\VR�3&�D�&����� ����������� ����������� �PRO�/� ������� �
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,FK� P|FKWH� PLFK� JDQ]� KHU]OLFK� EHL� DOOHQ� %HWHLOLJWHQ� EHGDQNHQ�� GLH� PLFK� EHL� PHLQHP�

3URPRWLRQVYRUKDEHQ�XQWHUVW�W]W�KDEHQ���

�

*DQ]�EHVRQGHUV�P|FKWH�LFK�IROJHQGHQ�3HUVRQHQ�GDQNHQ��

)UDX�3URI��'U��*DEULHOD�.QXEEHQ�6FKZHL]HU�P|FKWH� LFK�GDQNHQ� I�U�GDV�(UP|JOLFKHQ�GLHVHU�

$UEHLW�LQ�.RRSHUDWLRQ�PLW�GHU�8QLYHUVLWlW�+RKHQKHLP�XQG�GHU�/HKU��XQG�9HUVXFKVDQVWDOW�I�U�

9LHKKDOWXQJ��+RIJXW�1HXP�KOH��9LHOHQ�'DQN�I�U�,KUH�8QWHUVW�W]XQJ�LQ�DOOHQ�%HODQJHQ�UXQG�XP�

GLHVH�$UEHLW��

$XFK�EHL�)UDX�3URI��'U��.RULQQD�+XEHU�P|FKWH� LFK�PLFK�KHU]OLFK�EHGDQNHQ��'DQNH� I�U�GLH�

XPIDQJUHLFKHQ�(UNHQQWQLVVH�XQG�(UIDKUXQJHQ�GLH�LFK�LQ�+RKHQKHLP�VDPPHOQ�GXUIWH��I�U�GLH�

YLHOHQ�*HVSUlFKH��'HQNDQVW|�H�XQG�NRQVWUXNWLYH� ,GHHQ��'DQNH��GDVV�6LH�GLH�Ä%XOOHQNlOEHU�

3URMHNWH³�VR�JHI|UGHUW�XQG�XQWHUVW�W]W�KDEHQ��

%HL�'U��&KULVWLDQ�.RFK�XQG�'U��7KHUHVD�6FKHX�P|FKWH�LFK�PLFK�I�U�GLH�KHU]OLFKH�$XIQDKPH�

DXI�GHU�1HXP�KOH�XQG�GLH�(UP|JOLFKXQJ�GHU�7LHUYHUVXFKH��VRZLH�I�U�GHUHQ�YROOHQ�(LQVDW]�EHL�

GHU� 3ODQXQJ� XQG� 8PVHW]XQJ� GHU� 9HUVXFKH� EHGDQNHQ�� 0HLQH� =HLW� DXI� GHU� 1HXP�KOH� ZLUG�

XQYHUJHVVHQ�EOHLEHQ��,Q�GLHVHP�=XJH�P|FKWH�LFK�PLFK�DXFK�EHL�DOOHQ�6WDOOPLWDUEHLWHULQQHQ�XQG�

�PLWDUEHLWHUQ�GHU�1HXP�KOH�EHGDQNHQ��JDQ]�EHVRQGHUV�EHL�+HUUQ�*�QWHU�%DFNKDXV��I�U�GLH�JXWH�

=XVDPPHQDUEHLW�XQG�8QWHUVW�W]XQJ�GHU�3URMHNWH��

$X�HUGHP�P|FKWH� LFK�PLFK�EHL�DOOHQ�.ROOHJLQQHQ�XQG�.ROOHJHQ� LQ�+RKHQKHLP�I�U�GLH�JXWH�

=XVDPPHQDUEHLW�XQG�VFK|QH�=HLW�LQ�+RKHQKHLP�EHGDQNHQ��*DQ]�EHVRQGHUV�P|FKWH�LFK�PLFK�

EHL�6DUDK�6FKZDU]NRSI�XQG�6DQGUD�*ULQGOHU�I�U�GLH�+LOIH�EHL�GHU�3UREHQHQWQDKPH��GHU�0HVVXQJ�

GHV� 0HWDERORPV�� VRZLH� I�U� GHQ� NRQVWUXNWLYHQ� $XVWDXVFK� ]X� MHJOLFKHQ� )UDJHVWHOOXQJHQ��

EHGDQNHQ��

(LQ�EHVRQGHUHU�'DQN�JLOW�GHU�+��:LOKHOP�6FKDXPDQQ�6WLIWXQJ�I�U�GLH�8QWHUVW�W]XQJ�PHLQHU�

'RNWRUDUEHLW�GXUFK�HLQ�3URPRWLRQVVWLSHQGLXP��

=XOHW]W� P|FKWH� LFK� PLFK� DXV� JDQ]HP� +HU]HQ� EHL� PHLQHU� )DPLOLH� EHGDQNHQ�� RKQH� GHUHQ�

8QWHUVW�W]XQJ�PHLQ�3URPRWLRQVYRUKDEHQ�QLFKW�P|JOLFK�JHZHVHQ�ZlUH��'DQNH�I�U�DOOHV��
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