
+LJKOLJKWV

5HVSRQVH� VXUIDFH� PHWKRGRORJ\� ZDV� XVHG� IRU� PLFURZDYH H[WUDFWLRQ RI� 73&� IURP� 6��
KRORVFKRHQXV�

7KH�RSWLPDO�H[WUDFWLRQ�FRQGLWLRQV�ZHUH�IRXQG�WR�EH�����DFHWRQH������Z�DQG����V�

2QO\ HWK\O�DFHWDWH�IUDFWLRQ�IURP�WKH�SKHQROLF�H[WUDFW VKRZHG�DQWLSVHXGRPRQDO�HIIHFW�

$ PL[WXUH�RI�HWK\O�DFHWDWH�IUDFWLRQ DQG�(2 RI�7��IRQWDQHVHLL JDYH�WKH�KLJKHVW�DFWLYLW\�

7KH�DQWLEDFWHULDO�HIIHFW�ZDV�PRVW�LPSRUWDQW�DW�ORZ�WHPSHUDWXUH��

5HVHDUFK�+LJKOLJKWV
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2SWLPL]HG� PLFURZDYH�DVVLVWHG� H[WUDFWLRQ RI� SKHQROLF� FRPSRXQGV� IURP 6FLUSXV�
KRORVFKRHQXV DQG� LWV� DQWLSVHXGRPRQDO HIILFDF\�� DORQH� RU LQ� FRPELQDWLRQ�ZLWK�7K\PXV�
IRQWDQHVLL HVVHQWLDO�RLO DQG�ODFWLF�DFLG��

KƵƐƐĂŝĚ�^ĂůŝŚĂ�Ă͕�ď͕�DĂĚĂŶŝ�<ŚŽĚŝƌĂ͕�,ŽƵĂůŝ�<Ăƌŝŵď͕�ZĞŶĚƵĞůĞƐ�DĂŶƵĞůĐ͕��ŝĂǌ�DĂƌŝŽĐΎ

D/DERUDWRLUH�GH�%LRPDWKpPDWLTXHV��%LRSK\VLTXH��%LRFKLPLH�HW�6FLHQWRPpWULH��)DFXOWp�GHV�6FLHQFHV�GH�OD�1DWXUH�

HW�GH�OD�9LH��8QLYHUVLWp�GH�%HMDLD��������%HMDLD��$OJHULD

E/DERUDWRU\�$QDO\WLFDO�%LRFKHPLVWU\�	�%LRWHFKQRORJ\�5HVHDUFK��/$%$%���)DFXOW\�RI�%LRORJLFDO�6FLHQFHV�DQG�

$JULFXOWXUDO�6FLHQFHV��0RXORXG�0DPPHUL�8QLYHUVLW\�RI�7L]L�2X]RX��7L]L�2X]RX��$OJHULD

F'HSDUWPHQW�RI�&KHPLFDO�(QJLQHHULQJ�DQG�(QYLURQPHQWDO 7HFKQRORJ\��8QLYHUVLW\�RI�2YLHGR��&�-XOLiQ�&ODYHUtD�

V�Q��������2YLHGR��6SDLQ�

��&RUUHVSRQGLQJ�DXWKRU�����7HO���������������������������������������������������������������������������������������������������������������������
(�PDLO�DGGUHVVHV���PDULRGLD]#XQLRYL�HV

$EVWUDFW

3KHQROV� H[WUDFWHG� IURP 6FLUSXV�KRORVFKRHQXV UKL]RPHV�� DORQH�RU� LQ� FRPELQDWLRQ�ZLWK�

RWKHU� VXEVWDQFHV�� KDYH LQWHUHVWLQJ� DQWLSVHXGRPRQDO� SURSHUWLHV�� 0D[LPXP H[WUDFWLRQ�

HIILFLHQF\ ZDV� DFKLHYHG� E\ XVLQJ� SDUDPHWULF� RSWLPL]DWLRQ PHWKRGV� ,Q� WKLV� VWXG\�� WKH�

PLFURZDYH�DVVLVWHG�H[WUDFWLRQ�RI�SKHQROLF�FRPSRXQGV�IURP�6FLUSXV�KRORVFKRHQXV�/��UKL]RPH�

ZDV�SHUIRUPHG�ZLWK�WKH�KHOS�RI 5HVSRQVH�6XUIDFH�0HWKRGRORJ\��DQG�WKH�RSWLPDO SDUDPHWHUV�

ZHUH�IRXQG�WR�EH�����DFHWRQH���� V�WLPH�DQG�����: IRU�SRZHU��ZLWK�D�73& YDOXH RI�������

������PJ�*$(��J GU\�ZHLJKW �GZ���7KH�HWK\O�DFHWDWH�IUDFWLRQ �($� RI WKH�RSWLPL]HG�H[WUDFW

ZDV�WHVWHG�LQ�FRPELQDWLRQ�ZLWK�GLOXWHG�HVVHQWLDO�RLO�RI�7��IRQWDQHVLL �(2G��DQG�ODFWLF�DFLG��/$��

RQ�3VHXGRPRQDV�DHUXJLQRVD��0L[WXUH GHVLJQ� LQGLFDWHG� WKDW� DW� ��&�� WKH� ��� (2G������($�

DQG� ���/$�PL[WXUH� JDYH� WKH� ODUJHVW� GLDPHWHU� LQKLELWLRQ� ]RQH� ���� �� ��PP�� $�PL[WXUH� RI

������(2G DQG�������� ($�ZDV WKH�PRVW�HIIHFWLYH�DW����&��������� �����PP��

.H\ZRUGV�� 6�� KRORVFKRHQXV��7�� IRQWDQHVLL� ODFWLF� DFLG��3�� DHUXJLQRVD�� DQWLEDFWHULDO� DFWLYLW\�

RSWLPL]DWLRQ��WHPSHUDWXUH

0DQXVFULSW
&OLFN�KHUH�WR�YLHZ�OLQNHG�5HIHUHQFHV
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�� ,QWURGXFWLRQ

7KH�SUHVHUYDWLRQ�RI�IRRGV�E\�ORZ�WHPSHUDWXUH�LV�RQH�RI�WKH PRVW�ZLGHO\�XVHG�SUDFWLFHV

IRU�NHHSLQJ�IRRGV IUHVK �=DQRQL�DQG�=DYDQHOOD���������+RZHYHU� LW LV�QRW�DOZD\V�VXIILFLHQWO\�

HIIHFWLYH� VLQFH SV\FKURWROHUDQW EDFWHULD�� WKDQNV�WR WKHLU�DELOLW\�WR�JURZ�DW� ORZ�DQG�PRGHUDWH

WHPSHUDWXUHV��FRORQL]H�D�ZLGH�UDQJH�RI�SURGXFWV �0RVFKRQDV��%ROWRQ��0F'RZHOO��	�6KHULGDQ��

������ HVSHFLDOO\�ZKHQ�WKH�FROG�FKDLQ�LV�EURNHQ�

7KLV�JURXS�RI�EDFWHULD�KDV�EHHQ�VKRZQ�WR�DIIHFW�IRRG�TXDOLW\�DQG�VDIHW\�� OHDGLQJ�WR�

LQGXVWULDO�ORVVHV DQG LQ�VRPH�FDVHV��SUHVHQWLQJ D�GDQJHU�WR�KXPDQ�KHDOWK �+XVV��������6]DER��

6FXUUDK�� 	� %XUURZV�� ������� 6KHZDQHOOD� SXWUHIDFLHQV� ;DQWKRPRQDV� FDPSHVWULV DQG

3VHXGRPRQDV VSHFLHV �3��IOXRUHVFHQV��3��IUDJL��3� OXQGHQVLV��DQG�3��YLULGLIODYD� DUH DPRQJ�WKH�

PRVW IRRG� VSRLOHUV �5DZDW�� ������� DQG DFFRUGLQJ� WR $UVODQ�� (\L�� DQG� 2]GHPLU� �������

SV\FKURWURSKLF� 3VHXGRPRQDGV DUH� FODVVHG� DV� PDMRU� VSRLODJH� PLFURRUJDQLVPV GXH� WR� WKHLU�

VHYHUDO�H[WUDFHOOXODU�HQ]\PHV� 3��DHUXJLQRVD LV�D SDWKRJHQLF�EDFWHULXP�ZKLFK LV UHVSRQVLEOH�

IRU� QRVRFRPLDO� LQIHFWLRQV DQG KDV� EHHQ� VKRZQ� WR� SRVVHVV� D� UHPDUNDEOH� FDSDFLW\� WR� UHVLVW�

DQWLELRWLFV��%DQX�HW�DO�������� HLWKHU�LQWULQVLFDOO\�RU�IROORZLQJ�DFTXLVLWLRQ�RI�UHVLVWDQFH�JHQHV�

$� ODUJH� QXPEHU� RI� SKHQROLF� FRPSRXQGV� DQG� HVVHQWLDO� RLOV� KDYH� EHHQ� LGHQWLILHG DV�

DQWLPLFURELDO�VXEVWDQFHV �3HWWL�DQG�6FXOO\��������3UDVDG�HW�DO���������6DNDQDND�HW�DO���������

6RPH RI�WKHP DUH�FODVVHG�DV�*5$6��*HQHUDOO\�5HFRJQL]HG�$V�6DIH�� ZKLFK�FUHDWHV LQWHUHVW�LQ�

WKHLU�LQFRUSRUDWLRQ LQWR�IRRG�SURGXFWV��+RZHYHU��WKH XVH�RI�LQGLYLGXDO�DURPDWLF�FRPSRXQGV�DV�

IRRG�SUHVHUYDWLYHV UHTXLUHV D KLJK�FRQFHQWUDWLRQ�ZKLFK�RIWHQ�FRQWULEXWHV�DQ�XQZDQWHG�IODYRXU

DQG VRPHWLPHV� FDXVHV� LUULWDWLRQ DQG� WR[LFLW\ �%XUW�� ������� )RUWXQDWHO\�� VRPH� RI� WKHVH�

FRPSRXQGV�H[KLELW�D�V\QHUJLVWLF�HIIHFW�ZKHQ�XVHG�LQ�FRPELQDWLRQ��%XUW��������.XPDU�HW�DO���

������ 3DVVHUHLWHU� HW� DO��� ������� 6WXGLHV� KDYH� VKRZQ� WKH� SRVLWLYH HIIHFW� RI� HVVHQWLDO� RLOV� LQ�

FRPELQDWLRQ�ZLWK�RUJDQLF�DFLGV��$ODNRPL�HW�DO���������'LPLWULMHYLü�HW�DO����������
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)RU�D�EHWWHU�H[SORLWDWLRQ�RI�QDWXUDO�VXEVWDQFHV�RI YHJHWDEOH�RULJLQ��DGYDQFHG WHFKQLTXHV�

KDYH�EHHQ�GHYHORSHG��VWDUWLQJ�ZLWK�H[WUDFWLRQ�WRROV DQG�LW�KDV�EHHQ�VHHQ�WKDW QRQ�FRQYHQWLRQDO

PHWKRGV� FDQ� VDYH� WLPH� DQG� VROYHQW� �.RXEDD� HW� DO��� ������ 5RVHOOy�6RWR� HW� DO��� �������

5HVHDUFKHUV� PDGH XVH� RI D PLFURZDYH�DVVLVWHG� SURFHVV� IRU� H[WUDFWLQJ� ELRDFWLYH� VXEVWDQFHV

IURP WKH SODQW�PDWUL[ �%RXUDV�HW�DO���������3URHVWRV�DQG�.RPDLWLV��������:DQJ�HW�DO���������

=RKDU�HW�DO��������� +RZHYHU��VLQFH�WKH�QDWXUH�RI�ELRDFWLYH�VXEVWDQFHV�GLIIHUV�IURP�RQH�SODQW�

WR� DQRWKHU� WKH\� GR� QRW� UHVSRQG� LQ� WKH� VDPH� ZD\ WR� H[WUDFWLRQ� WHFKQLTXHV� DQG� FRQGLWLRQV��

7KXV��FDUHIXO H[WUDFWLRQ DLGHG E\ SDUDPHWULF�RSWLPL]DWLRQ�KDV�EHHQ D�XVHIXO VWHS�WRZDUGV WKH�

VXFFHVV�RI�WKH�IROORZLQJ�H[SHULPHQWV�

,I� WKH� VWXGLHV� RQ 7K\PXV IRQWDQHVLL DUH� QXPHURXV �%RXNUDk� HW� DO��� ������ 'RE� HW� DO���

������*KDQQDGLD�HW�DO����������WKLV�LV�QRW�WKH�FDVH�IRU�6��KRORVFKRHQXV� ZKLFK LV�D�SODQW�IURP

WKH &\SHUDFHDH IDPLO\� WKH GHFRFWLRQ� RI�ZKRVH UKL]RPHV� KDV� EHHQ� HPSLULFDOO\� XVHG IRU WKH�

SURWHFWLRQ� RI� WKH� OLYHU LQ� 5RPDQLD� �3RSHVFX� HW� DO��� ����� DQG� LQ� 1RUWK� $IULFD� WR� WUHDW�

KDHPRUUKRLGV� ,Q�6SDLQ��DQ LQIXVLRQ�RI�LWV�LQIORUHVFHQFHV�LV�XVHG�WR�WUHDW�FDWDUUK��FRXJKV DQG

ZKRRSLQJ�FRXJK �*RQ]DOH]�7HMHUR�HW�DO��������� DQG�LWV�VKRRWV�DV�D�K\SRWHQVLYH�DJHQW��5LYHUD�

HW� DO��� ������ :LWK� UHVSHFW� WR� WKH� FKHPLFDO� FRPSRVLWLRQ�� D� SUHYLRXV� VWXG\� RQ� WKH� SKHQROLF�

FRPSRXQGV�RI� WKH�6��KRORVFKQHXV UKL]RPH�LGHQWLILHG�YDQLOOLF��FKORURJHQLF��FDIIHLF��FLQQDPLF�

DQG�JDOOLF�DFLGV�DQG�(�DQG�=�UHVYHUDWURO��3RSHVFX���������$EGHO�0RJLE�HW�DO�������� LVRODWHG�

��SUHQ\O������
�WULPHWKR[\VWLOEHQH����SUHQ\O���K\GUR[\����
�GLPHWKR[\VWLOEHQH����SUHQ\O����
�

GLK\GUR[\���PHWKR[\�VWLOEHQH�DQG������
�WULPHWKR[\VWLOEHQH� IURP� WXEHUV� RI� WKLV�SODQW� DOO RI�

ZKLFK� DUH� GHULYDWLYHV� RI� UHVHUYDWURO� 5HFHQWO\�� D� VLJQLILFDQW ����GLSKHQ\O� ��SLFU\OK\GUD]\O�

�'33+� UDGLFDO� VFDYHQJLQJ� HIIHFW RI� K\GURDFHWRQH� H[WUDFW� RI� 6�� KRORVFKRHQXV KDV� EHHQ�

UHSRUWHG� �2XVVDLG� HW� DO��� ����� DQG� LWV K\GURHWKDQRO H[WUDFW KDV� EHHQ� VKRZQ� WR� KDYH� DQ

DQWLR[LGDQW� FDSDFLW\� �3RSHVFX� HW� DO��� ������ $GGLWLRQDOO\� SKHQROLF� H[WUDFW� IURP� WKLV� SODQW�

VKRZHG�DQWLEDFWHULDO�DFWLYLW\�DJDLQVW %��VXEWLOXV DQG�6��DXUHXV �2XVVDLG�HW�DO��������� 7R�WKH�
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EHVW�RI�RXU�NQRZOHGJH� DOO�VWXGLHV�FRQGXFWHG�RQ�WKH�H[WUDFWLRQ�RI�SKHQROLF�FRPSRXQGV�IURP�6��

KRORVFKRHQXV UKL]RPH KDYH EHHQ�FDUULHG�RXW�XVLQJ�FRQYHQWLRQDO�DSSURDFKHV�

7KLV�VWXG\ DLPV�WR��L��RSWLPL]H WKH�PLFURZDYH�H[WUDFWLRQ�RI�SKHQROLF�FRPSRXQGV�IURP�

WKH�6��KRORVFKRHQXV�UKL]RPH E\ DSSO\LQJ�5HVSRQVH�6XUIDFH�0HWKRGRORJ\ �560�� �LL��WR�WHVW

WKH� LQGLYLGXDO� HIIHFWV RI ODFWLF� DFLG�� HVVHQWLDO� RLO� RI� 7�� IRQWDQHVLL� SKHQROLF� H[WUDFW� RI� 6��

KRORVFKRHQXV DQG� LWV� IUDFWLRQV� DJDLQVW�3VHXGRPRQDV� DHUXJLQRVD $7&&� ����� DQG �LLL�� WR�

GHWHUPLQH WKH� RSWLPXP� PL[WXUH� SURSRUWLRQV RI� WKH VDPSOHV� FLWHG� DERYH� IRU DQWLEDFWHULDO�

DFWLYLW\�DW PHVRSKLOLF�DQG�ORZ�WHPSHUDWXUH E\�XVLQJ�D�VLPSOH[�FHQWURLG�GHVLJQ��

�� 0DWHULDO�DQG�PHWKRGV

����&KHPLFDOV

6RGLXP�ELFDUERQDWH��1D�&2���DQG )ROLQ�&LRFDOWHX SKHQROLF�UHDJHQW�ZHUH�REWDLQHG�IURP�

3URODER� �/RLUH��)UDQFH���*DOOLF DFLG DQG�GLPHWK\OVXOSKR[LGH� �'062��ZHUH�SXUFKDVHG� IURP�

%LRFKHP�&KHPRSKDUPD��/RLUH��)UDQFH��

����3ODQW�PDWHULDOV�DQG0LFURELDO�VWUDLQ

7KH� WZR� SODQWV� VWXGLHG� ZHUH� KDUYHVWHG� LQ� 0D\� LQ QRUWKHUQ� $OJHULD� DQG� XQGHUZHQW�

VHYHUDO�WUHDWPHQWV��7KH�XQGHUJURXQG�SDUW�RI�6��KRORVFKRHQXV ZDV�FOHDQHG�ZLWK�GLVWLOOHG�ZDWHU��

FXW�LQWR�VPDOO�SLHFHV�DQG�GULHG�LQ�DQ�RYHQ�DW�����&�XQWLO�WKH�ZHLJKW�ZDV�VWDEOH��$IWHU�JULQGLQJ��

WKH�SRZGHU�ZDV�SURWHFWHG�IURP�OLJKW�DQG�PRLVWXUH��7KH�DHULDO�SDUWV�RI�7��IRQWDQHVLL ZHUH�GULHG�

LQ�WKH�VKDGH�

$QWLEDFWHULDO�DFWLYLW\�ZDV�WHVWHG DJDLQVW�3� DHUXJLQRVD $7&&��������REWDLQHG�IURP�WKH�

$PHULFDQ�7\SH�&XOWXUH�&ROOHFWLRQ��7KH�WHVW�VWUDLQ�ZDV�JURZQ�LQ�%UDLQ�+HDUW�,QIXVLRQ�%URWK�

�%+,%��IRU����K�DW�����&��WKHQ�VWUHDNHG�RQ %+,�DJDU�DQG�LQFXEDWHG�DW�����&�IRU����K�
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���� 0LFURZDYH�DVVLVWHG�H[WUDFWLRQ�RI�SKHQROLF�FRPSRXQGV IURP�6��KRORVFKRHQXV

3KHQROLF�FRPSRXQGV�ZHUH�H[WUDFWHG E\ D�0$(�WHFKQLTXH�XVLQJ�D�PRGLILHG�PLFURZDYH�

RYHQ��0(����67��6DPVXQJ��0DOD\VLD��83&���)RU�WKH�RSWLPL]DWLRQ�RI�WKH�0$(�SURFHVV��WKH�

H[SHULPHQWDO�DSSURDFK�ZDV�FDUULHG�RXW�LQ�WZR�VWHSV�

������ 6LQJOH�IDFWRU�H[SHULPHQWV

,Q� WKH� ILUVW� VWDJH�� D� SUHOLPLQDU\� VWXG\� ZDV� FDUULHG� RXW� WR� GHWHUPLQH� WKH� UDQJH� RI�

H[WUDFWLRQ�YDULDEOHV��2QH�JUDP�RI�WKH�6��KRORVFKRHQXV SRZGHU�VDPSOH�ZDV�PL[HG�ZLWK����P/

RI�VROYHQW��3URHVWRV�DQG�.RPDLWLV������� DQG�VXEMHFWHG�WR�PLFURZDYH�LUUDGLDWLRQ�IRU�D�FHUWDLQ�

WLPH��$�VLQJOH�IDFWRU�WHVW�ZDV�SHUIRUPHG�DQG�WKH�SDUDPHWHUV�FRQVLGHUHG�ZHUH�WKH�QDWXUH�RI�WKH�

VROYHQW��DFHWRQH��PHWKDQRO�DQG�HWKDQRO���H[WUDFWLRQ�WLPH��VROYHQW�ZDWHU�UDWLR�DQG�PLFURZDYH�

SRZHU��7DEOH�����(DFK�YDULDEOH�ZDV�FRGHG�DW�WKUHH�OHYHOV��ORZ�������PLGGOH�����DQG�KLJK�����

�7DEOH����

�������([SHULPHQWDO�GHVLJQ DQG�UHVSRQVH�VXUIDFH�DSSURDFK

$� WRWDO� RI� ��� WULDOV�� ZLWK� WKUHH� UHSOLFDWLRQV� DW� WKH� FHQWUDO� SRLQW �UXQV� ��� DQG� � DUH�

UHSHWLWLRQV� RI� UXQ� ��� ZHUH� FDUULHG� RXW DFFRUGLQJ� WR WKH� FKRVHQ� GHVLJQ� YDULDEOHV�� H[WUDFWLRQ�

WLPH���������V��[����DFHWRQH�UDWLR���������[�� DQG�WKH�PLFURZDYH�SRZHU����������Z��[����ZKLOH�

PDLQWDLQLQJ�D�FRQVWDQW�OLTXLG�WR�VROLG�YDOXH��������Y��Z���$ %R[�%HKQNHQ�GHVLJQ� ZKLFK�LV�D�

VSHFLILF� VHW� RI� H[SHULPHQWV� GHILQHG� E\� D�PDWUL[� FRPSRVHG� RI� GLIIHUHQW� FRPELQDWLRQV� RI� WKH�

YDULDEOHV�� ZDV� XVHG� 7KH� 560 ZDV DSSOLHG� E\ -03� VRIWZDUH� IRU� GDWD� DQDO\VLV� DQG�PRGHO�

FRQVWUXFWLRQ �7DEOH����

7KH�JHQHUDOL]HG�VHFRQG�RUGHU�SRO\QRPLDO�PRGHO�ZDV�DV�IROORZV�
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� ൌ ܤ  σ ݔܤ

ୀଵ  ܤ ݔ

ଶ
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ZKHUH %���%L��%LL�� DQG�%LM DUH� WKH� UHJUHVVLRQ� FRHIILFLHQWV� IRU� LQWHUFHSW�� OLQHDU�� TXDGUDWLF� DQG�

LQWHUDFWLRQ�WHUPV��UHVSHFWLYHO\��DQG�[L��DQG�[M DUH�WKH�LQGHSHQGHQW�YDULDEOHV�

�������'HWHUPLQDWLRQ�RI�WRWDO�SKHQROLF�FRPSRXQGV��73&�

7KH�73&�ZDV GHWHUPLQHG�E\� WKH�)ROLQ�&LRFDOWHX�FRORULPHWULF�PHWKRG� �*HRUJHD� HW� DO���

�������$�YROXPH�RI���P/�RI�)ROLQ�&LRFDOWHX�UHDJHQW��GLOXWHG�WHQ�WLPHV�ZLWK�ZDWHU��ZDV�PL[HG�

ZLWK�����ȝ/�RI�WKH�H[WUDFW��$IWHU���PLQ����P/�RI�D������DTXHRXV�VROXWLRQ�RI�VRGLXP�FDUERQDWH�

�1D�&2���ZDV�DGGHG��$IWHU����PLQ�LQ�D�ZDWHU�EDWK�DW�����&��WKH�DEVRUEDQFH�ZDV�PHDVXUHG�DW�

���� QP�� *DOOLF� DFLG� LV� XVHG� DV� D� VWDQGDUG� DQG� WKH� 73&� DUH� H[SUHVVHG� LQ� PJ� JDOOLF� DFLG�

HTXLYDOHQW���J�RI�WKH�GULHG�SRZGHU��PJ�*$(��J GZ��

���� )UDFWLRQDWLRQ�RI RSWLPL]HG�FUXGH�H[WUDFW�

)LYH�H[WUDFWLRQV�ZHUH�FDUULHG�RXW�DV�GHVFULEHG�LQ�D�SUHYLRXV�VHFWLRQ�LQ�RUGHU�WR�LQFUHDVH�

WKH�DPRXQW�RI�RSWLPL]HG�H[WUDFW��7KH�ILOWUDWHV�ZHUH�FRPELQHG�DQG�WKH�VROYHQW�ZDV�HYDSRUDWHG�

WR�REWDLQ�D�GU\�H[WUDFW��7KH� ODWWHU�ZDV�ZHLJKHG�EHIRUH�EHLQJ�GLVVROYHG�LQ����P/ RI�GLVWLOOHG�

ZDWHU��7KH�DTXHRXV�VROXWLRQ�ZDV�IUDFWLRQDWHG�DV�IROORZV��WKH�H[WUDFW�ZDV�WUHDWHG�ILUVW�ZLWK���[�

���P/ RI� SHWUROHXP� HWKHU�� WKHQ� VHYHUDO� WLPHV�ZLWK� HWK\O� DFHWDWH� ���� ��� Y� �� Y�� XQWLO� D� FOHDU�

VROXWLRQ� RI� HWK\O� DFHWDWH�ZDV REWDLQHG�� ,Q� DOO�� IRXU� VROXWLRQV�ZHUH REWDLQHG�� WKRVH� H[WUDFWHG

ZLWK� SHWUROHXP� HWKHU� HWK\O� DFHWDWH�� DQ� LQWHUSKDVH VROXWLRQ IRUPHG� EHWZHHQ� ZDWHU� DQG�

SHWUROHXP�HWKHU�DQG ILQDOO\� DTXHRXV�UHVLGXHV�

7KH�GLIIHUHQW�VDPSOHV ZHUH�FRQFHQWUDWHG�ZLWK�D�YDFXXP�HYDSRUDWRU�DQG�WKHQ�VXEMHFWHG�

WR�HYDSRUDWLRQ�LQ�D�YHQWLODWHG�RYHQ������&���6DIDHL�*KRPL�HW�DO��������� 7KH�GU\�UHVLGXHV�RI�

WKH�YDULRXV�SKDVHV� UHFRYHUHG�ZHUH UHFRQVWLWXWHG� LQ PHWKDQRO�DQG�GHVLJQDWHG�DV� D�SHWUROHXP

;ϭͿ
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HWKHU� IUDFWLRQ� �3(��� DQ� LQWHUPHGLDWH� IUDFWLRQ� �,1��� DQ� HWK\O� DFHWDWH� IUDFWLRQ� �($�� DQG� DQ�

DTXHRXV�IUDFWLRQ��$4���7KH�VDPH�VWHSV�ZHUH UHSHDWHG�EXW�ZLWK�UHFRQVWLWXWLRQ�LQ�'062 DW�D�

FRQFHQWUDWLRQ� RI� ����PJ�P/í��� $QRWKHU� FUXGH� H[WUDFW� �&(��ZLWKRXW� IUDFWLRQDWLRQ ZDV� DOVR�

SUHSDUHG��)LJ� ����7KH�73&�YDOXH�LQ�HDFK�IUDFWLRQ�ZDV�GHWHUPLQHG�DV�GHVFULEHG�SUHYLRXVO\�

���� ([WUDFWLRQ�RI�7��IRQWDQHVLL HVVHQWLDO RLO

7KH�H[WUDFWLRQ�RI�HVVHQWLDO�RLO��(2� ZDV�FDUULHG�RXW�E\�D�K\GURGLVWLOODWLRQ�SURFHVV�LQ�D�

&OHYHQJHU�DSSDUDWXV�E\�ERLOLQJ�����J�RI�GULHG�YHJHWDEOH�PDWHULDO�ZLWK�GLVWLOOHG�ZDWHU�IRU���K�

7KH�(2�WKXV�REWDLQHG�ZDV�GULHG�RYHU�DQK\GURXV�VRGLXP�VXOSKDWH DQG�PDLQWDLQHG�DW�����&�

���� $QWLEDFWHULDO�DFWLYLW\

������ $JDU�GLVF�GLIIXVLRQ�PHWKRG

7KH� GLVF� GLIIXVLRQ� PHWKRG� ZDV� XVHG� WR� HYDOXDWH� WKH� DQWLEDFWHULDO� DFWLYLW\� DJDLQVW� 3��

DHUXJLQRVD��6WRFN�VROXWLRQV�RI�(2������Y���Y���/$������Y���Y���&(�RI 6��KRORVFKRHQXV DQG�LWV�

IRXU� IUDFWLRQV� ����� PJ� P/í��� ZHUH� SUHSDUHG� LQ� '062� 9DULRXV� FRQFHQWUDWLRQV RI�

DQWLEDFWHULDO DJHQWV� (2������������������������DQG������($���������������������������������DQG�

���PJ�P/í��� DQG�/$�����������������������������DQG���� ZHUH�SUHSDUHG�IURP�VWRFN�VROXWLRQ�

LQ�%+,%�����ȝ/ RI�HDFK�VDPSOH�DQG�LWV GLOXWLRQV�ZHUH�XVHG�WR�LPSUHJQDWH�VWHULOH�GLVFV����PP�

GLDPHWHU�� ZKLFK�ZHUH�GHSRVLWHG�RQ�0XOOHU�+LQWRQ�DJDU�SODWHV�����FP�LQ�GLDPHWHU�� SUHYLRXVO\�

LQRFXODWHG� IURP� WKH� ��� &)8� �� P/ VXVSHQVLRQ� �1&&/6�� ������ 7KH� QHJDWLYH� FRQWURO�

FRQVLVWHG�RI�D�GLVF�LPSUHJQDWHG�ZLWK����ȝ/ RI�'062�RQO\��$IWHU�LQFXEDWLRQ�IRU���K�DW����&��

WKH�SODWHV�ZHUH�LQFXEDWHG�DW�����& IRU����K�DQG�WKH�GLDPHWHUV�RI�WKH�]RQH�RI�LQKLELWLRQ��'=,��

LQ�PP ZHUH�PHDVXUHG�
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������ 0L[WXUH�GHVLJQ�

)RU�WKH�GHWHUPLQDWLRQ�RI�RSWLPDO�FRPELQDWLRQV��DQ�DXJPHQWHG VLPSOH[�FHQWURLG�GHVLJQ�

ZDV�XVHG��7KH�LQGHSHQGHQW�YDULDEOHV�ZHUH�(2�DW��������Į����($����PJ�P/
í� �Į���DQG�/$�DW�

������Į����7KH�IDFWRUV�UHSUHVHQW�WKH�IUDFWLRQ�RI�HDFK�VDPSOH�LQ�WKH�PL[WXUH��ZKLFK�UDQJHV�IURP�

��WR����$�WRWDO�RI��� SUHSDUDWLRQV�ZLWK�WKHVH�YDULDEOHV�ZHUH�SUHSDUHG����VLQJOH�IUDFWLRQ��� WZR�

IUDFWLRQ�DQG�� WKUHH�IUDFWLRQ�PL[WXUHV��7KH�HIIHFW�RI�HDFK�IRUPXODWLRQ�ZDV�WHVWHG�DV�H[SODLQHG�

SUHYLRXVO\��ZLWK�WZR�UHSOLFDWLRQV��RQH SDLU RI�ZKLFK�ZDV�LQFXEDWHG�DW�����& IRU��� KRXUV�ZKLOH�

WKH�RWKHU�DW����& IRU���GD\V��7KH�560�ZDV�XVHG�WR�FRQVWUXFW�D�PDWKHPDWLFDO�PRGHO�WR�H[SODLQ�

KRZ� WKH� DQWLEDFWHULDO VXEVWDQFH� �DORQH� DQG� LQ� ELQDU\�WHUQDU\� FRPELQDWLRQV�� DIIHFWHG�

DQWLEDFWHULDO�DFWLYLW\�DQG�D VHFRQG�RUGHU�SRO\QRPLDO�HTXDWLRQ�����ZDV�XVHG�WR�ILW H[SHULPHQWDO�

GDWD�

< �E�Į� ��E��Į����E�Į����E�E� Į� Į� ��E�E� Į�Į� � E�E��Į�Į� ��E�E�E�Į� Į��Į�� ���

:KHUH�<�LV�WKH�HVWLPDWHG�UHVSRQVH��E���E� DQG�E� DUH�WKH�FRQVWDQW�FRHIILFLHQWV�IRU�OLQHDU�

DQG�QRQ�OLQHDU� WHUPV��DQG�Į LV� WKH�UDWLR�RI� WKH YROXPH�RI�FRPSRQHQWV WR� WKH WRWDO�YROXPH RI

PL[WXUH��

������ 0LQLPXP LQKLELWRU\�FRQFHQWUDWLRQ��0,&��DQG�WKH�PLQLPXP�EDFWHULFLGDO FRQFHQWUDWLRQ�

�0%&�

7KH�0,& YDOXHV�ZHUH�GHWHUPLQHG DFFRUGLQJ�WR�WKH�SURWRFROV�UHSRUWHG�E\�'MHQDQH�HW�DO��

�������� $�EDFWHULDO�VXVSHQVLRQ�RI���� &)8���P/ ZDV�SUHSDUHG�IURP���K�LQRFXOD��7KH�VHULDO�

WZRIROG�GLOXWLRQV�RI�WKH�WKUHH�VWRFN�VROXWLRQV�ZHUH�FDUULHG�RXW�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV�RI�

(2� DQG� ($� LQ� %+,% �%UDLQ�+HDUW� ,QIXVLRQ� %URWK�� ,Q� HDFK� ZHOO� RI� D� PLFURZHOO� ZHUH�

GLVWULEXWHG�����ȝO�RI�HDFK GLOXWLRQ�RI�WKH�VDPSOH����ȝ/ RI�D�EDFWHULDO�VXVSHQVLRQ�DQG����ȝ/ RI�

%+,%��$�SRVLWLYH�FRQWURO�ZDV�FDUULHG�RXW�E\�UHSODFLQJ�WKH�VDPSOH�ZLWK�WKH�FXOWXUH�PHGLXP��

$IWHU�LQFXEDWLRQ�IRU����K�DW�����&��WKH�0,&�FRUUHVSRQGV�WR�WKH�ILUVW�FRQFHQWUDWLRQ�ZKLFK�GRHV�

QRW H[KLELW�EDFWHULDO�JURZWK��$�VZDE�VHHGLQJ�RI�HDFK�FRQFHQWUDWLRQ�ORZHU�WKDQ�WKH�0,&�ZDV�
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PDGH�RQ�QXWULHQW�DJDU� 7KH�ODFN�RI�GHYHORSPHQW������ ��GHFUHDVH�LQ�JURZWK�ZLWK�UHVSHFW�WR�

WKH FRQWURO��DIWHU����K�LQGLFDWHV�WKH�0%&�YDOXH�

���� 6WDWLVWLFDO�DQDO\VLV�DQG�PRGHOOLQJ RI�H[SHULPHQWDO�GDWD

$OO� WHVWV�ZHUH� FDUULHG�RXW� LQ� WULSOLFDWH� 7KH�GLIIHUHQFHV�ZHUH� VWDWLVWLFDOO\� HYDOXDWHG�E\�

WKH�7XNH\
V WHVW�ZLWK�D�����FRQILGHQFH�OHYHO�ZLWK�-03�VRIWZDUH�

�� 5HVXOWV DQG�GLVFXVVLRQ

���� (IIHFW�RI�PLFURZDYH�DVVLVWHG�H[WUDFWLRQ�RQ�SRO\SKHQROV�UHFRYHU\

7KH� H[WUDFWLRQ� IURP WKH� SODQW�PDWUL[� LV� LQIOXHQFHG� E\� VHYHUDO� SDUDPHWHUV� WKH� W\SH� RI�

VROYHQW� XVHG� �3HULDJR� HW� DO��� ������� WKH� QXPEHU� DQG� GXUDWLRQ RI� H[WUDFWLRQV�� WHPSHUDWXUH��

SRZHU�LQWHQVLW\�DQG�VL]H�RI�WKH�SDUWLFOHV��&KDQ�HW�DO����������ZKLFK GHWHUPLQH ERWK WKH�DPRXQW�

DQG�WKH�W\SH�RI VXEVWDQFHV�H[WUDFWHG��7KXV��LW�ZDV�QHFHVVDU\�WR�ILUVW�GHWHUPLQH�WKH�DSSURSULDWH�

H[SHULPHQWDO� UDQJH� RI� WKHVH� SDUDPHWHUV� E\� VWXG\LQJ� WKH� LQGLYLGXDO� HIIHFW� RI� LQWULQVLF� �WLPH��

DQG� QRQ�LQWULQVLF� IDFWRUV� �W\SH� RI� VROYHQW�� VROYHQW�ZDWHU� UDWLR�� RQ� WKH� 73&� RI� WKH� 6��

KRORVFKRHQXV UKL]RPH��7KH UHVXOWV�RI�WKH�SUHOLPLQDU\�VWXG\�DUH�SUHVHQWHG�LQ�7DEOH���

������ 6LQJOH�IDFWRU�H[SHULPHQWV

� ,QIOXHQFH�RI W\SH�RI�VROYHQW

7KH�FKRLFH�RI�H[WUDFWLRQ�VROYHQWV�ZDV�QRW�UDQGRP��5HIHUULQJ�WR� WKH�OLWHUDWXUH��DFHWRQH��

PHWKDQRO� DQG� HWKDQRO� FRPELQHG� ZLWK� ZDWHU DUH� WKH� VROYHQWV PRVW� FRPPRQO\� XVHG� LQ� WKH�

H[WUDFWLRQ� RI� SKHQROLF� FRPSRXQGV� �7VDR�� ������� 'DKPRXQH� HW� DO�� ������ REWDLQHG� EHWWHU�

UHWHQWLRQ RI�SKHQROLF�FRPSRXQGV�IURP�0\UWOH�OHDYHV� LQ �� V� ZLWK ����HWKDQRO��Y�Y������:�

PLFURZDYH SRZHU� OHYHO DQG� ��� P/�J� OLTXLG�WR�VROLG� UDWLR DV� IL[HG� SDUDPHWHUV� 7KH WKUHH�



���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���

ϭϬ

VROYHQWV�FLWHG�DERYH�ZHUH WHVWHG� LQGLYLGXDOO\�DW� ILUVW��ZLWK� IL[HG�H[WUDFWLRQ� WLPH�DW����V�DQG�

LUUDGLDWLRQ�SRZHU�DW�����:��$V�FDQ�EH�VHHQ� LQ�7DEOH���� WKH� DFHWRQH�H[WUDFW�KDG� WKH�KLJKHVW�

\LHOG�RI�73&���������������PJ�*$(���J GZ���IROORZHG�E\�WKH�PHWKDQRO�H[WUDFW��������������

PJ�*$( ��J GZ��DQG�WKHQ WKH�HWKDQRO H[WUDFW �������������PJ�*$(���J GZ���7KH�VHOHFWLRQ�RI�

DFHWRQH�DV� WKH�EHVW� H[WUDFWLRQ�VROYHQW� IRU WKH�0$(�PHWKRG�ZDV�FRQILUPHG�E\�3URHVWRV� DQG�

.RPDLWLV�������� ZKR�H[SODLQ WKDW�WKH�VROYHQWV�WUDQVSDUHQW�WR�PLFURZDYHV��DFHWRQH��DUH�EHWWHU�

WKDQ�PLFUR�DEVRUEHQWV��PHWKDQRO�� %RXUDV�HW�DO�������� IRXQG�WKDW�WKH�\LHOG�LV�VOLJKWO\�EHWWHU�

ZLWK�HWKDQRO�WKDQ�ZLWK�PHWKDQRO��,Q�DGGLWLRQ������DFHWRQH�ZDV�IRXQG�WR�EH�WKH�PRVW�HIIHFWLYH�

H[WUDFWRU�VROYHQW�IRU 73&�IURP�6��KRORVFKRHQXV� EHWWHU�WKDQ������PHWKDQRO�DQG�����HWKDQRO�

ZKHQ XVLQJ D PDFHUDWLRQ�SURFHVV��2XVVDLG�HW�DO��������� 6R������DFHWRQH�ZDV�FKRVHQ�IRU�WKH�

GHWHUPLQDWLRQ�RI�WKH�RSWLPXP H[WUDFWLRQ�WLPH�

� ,QIOXHQFH�RI H[WUDFWLRQ�WLPH

'XULQJ�H[WUDFWLRQ�E\�PLFURZDYH��WKH�SURORQJDWLRQ�RI�WKH�H[WUDFWLRQ�WLPH�FDQ�OHDG�WR�WKH�

GHJUDGDWLRQ�RI�SRO\SKHQROV� �'DKPRXQH�HW� DO����������KHQFH� WKH� LPSRUWDQFH�RI� WKLV�YDULDEOH��

7KH�HIIHFWV�RI�LUUDGLDWLRQ�WLPH�RQ�WKH�\LHOG�RI�73&�ZHUH�HYDOXDWHG�DW�OHYHOV�UDQJLQJ�IURP����WR�

����V��ZLWK�IL[HG�VROYHQW������DFHWRQH��DQG����:�PLFURZDYH�SRZHU�OHYHO��$�PD[LPXP�\LHOG�

RI�73&�ZDV�REWDLQHG�LQ����V�������PJ�*$(���J�GZ���EXW�WKH�\LHOG�IHOO�ZLWK�IXUWKHU�LQFUHDVHV�LQ�

0$(� LUUDGLDWLRQ� WLPH��$W����� V�� WKH� DPRXQW�RI�73&�REWDLQHG�ZDV������ �PJ�*$(� �� J�GZ��

7KHVH�UHVXOWV�DUH�LQ�DJUHHPHQW�ZLWK�WKRVH�REWDLQHG�E\�'DKPRXQH�HW�DO�����������%RXUDV�HW�DO���

����� VXJJHVWHG�WKDW�D IHZ�PLQXWHV�ZHUH�VXIILFLHQW�WR�FDXVH�DQ�XQZDQWHG�ULVH�LQ�WHPSHUDWXUH�

ZKHQ�PLFURZDYH�UDGLDWLRQ�ZDV�DSSOLHG���

�(IIHFW�RI�DFHWRQH�FRQFHQWUDWLRQ
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7KH�SRODULW\�RI�WKH�VROYHQWV�LQIOXHQFHV�WKH�SKHQROLF�FRPSRXQGV H[WUDFWHG�E\�0$(��6ROYHQWV�

ZLWK�D�KLJK�GLHOHFWULF�FRQVWDQW��VXFK�DV�ZDWHU��DEVRUE�PRUH�PLFURZDYH�HQHUJ\� �3URHVWRV�DQG�

.RPDLWLV�������� 7KHUHIRUH��D�VROYHQW�PL[WXUH�ZLWK�ZDWHU�JLYHV�EHWWHU�\LHOGV�WKDQ�WKH�VROYHQW�

DORQH�� ZKLFK� LV� HYLGHQWO\� EHQHILFLDO� �3UDVDG� HW� DO��� ������� +RZHYHU�� ZDWHU� ZLWK� LWV� ORZHU�

GLVVLSDWLRQ�IDFWRU� JHQHUDWHV�DQ RYHUKHDWLQJ�HIIHFW��3URHVWRV�DQG�.RPDLWLV���������UHVXOWLQJ�LQ

D�GHJUHH�RI�XQZDQWHG 73&�GHJUDGDWLRQ� �/LD]LG�HW�DO���������� ,Q�RXU�VWXG\�� WKH�HIIHFW�RI� WKH�

DFHWRQH�ZDWHU� UDWLR� ZDV LQYHVWLJDWHG� XVLQJ� DQ H[WUDFWLRQ� WLPH� RI� ��V� DW� ���� :� 7KH�

K\GURDFHWRQH� FRQWDLQLQJ� ����� ���� DQG� ���� ZDWHU� JDYH� WKH� EHVW� \LHOGV� RI� 73&� ZLWKRXW�

VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ� WKH�GLIIHUHQW�DFHWRQH�FRQFHQWUDWLRQV� ������������������������

����� DQG� ������ �� ������ PJ� *$(� �� J GZ�� UHVSHFWLYHO\��� :KHQ� WKH� DFHWRQH� FRQFHQWUDWLRQ�

GHFUHDVHG�WR������WKHUH�ZDV�D�GHFUHDVH�LQ�73&����������������*$(���J GZ���ZKLOH WKH�ORZHVW�

DPRXQW� ZDV� REWDLQHG� ZLWK� ����� ZDWHU� ������� �� �����*$(� �� J GZ��� 7KHVH� UHVXOWV� DUH� LQ�

DJUHHPHQW� ZLWK� WKRVH� REWDLQHG� E\ %RXUDV� HW� DO�� �������� ZKR� DFKLHYHG� EHWWHU� UHFRYHU\� RI�

SRO\SKHQROV�ZKHQ�PHWKDQRO�DQG�HWKDQRO�ZHUH PL[HG�ZLWK�ZDWHU� 3RSHVFX�HW�DO�������� VWXGLHG�

WKH� HIIHFW� RI� ZDWHU� DQG� RUJDQLF� VROYHQWV� RQ� WKH� H[WUDFWLRQ� RI� SKHQROLF� FRPSRXQGV IURP 6��

KRORVFKRHQXV DQG�REWDLQHG�WKH�KLJKHVW�\LHOG�XVLQJ������HWKDQRO�ZDWHU�DQG ORZHVW�\LHOG�XVLQJ�

RQO\�ZDWHU DIWHU���KRXUV�UHIOX[ LQ�ERWK�FDVHV��

Ͳ ,QIOXHQFH�RI�PLFURZDYH�SRZHU

7KH�HIIHFW RI�PLFURZDYH�SRZHU�ZDV�H[DPLQHG�DW�OHYHOV�EHWZHHQ�����:�DQG�����:��

7KH�EHVW�SHUIRUPDQFH�ZDV�REWDLQHG�ZLWK�����: ������ *$(���J GZ�� EXW�WKHUH�ZDV QR�

VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKLV�DQG���������������DQG�����: SRZHU�OHYHOV��+RZHYHU��D�

VLJQLILFDQW�GHFUHDVH�LQ�WKH�73&�ZDV�REVHUYHG�ZLWK�WKH�LQFUHDVH�LQ�SRZHU�WR�����:���������

�����PJ�*$(���J GZ���
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0LFURZDYH� KHDWLQJ �:DQJ� HW� DO��� ����� LQIOXHQFHV WKH� H[WUDFWLRQ� RI� ELRDFWLYH�

VXEVWDQFHV��DQG�LQ�SDUWLFXODU�LW�KDV�EHHQ�UHSRUWHG �.RXEDD�HW�DO�������� WKDW KHDW�WUDQVIHU ZDV

IDVWHU�XVLQJ PLFURZDYH UDGLDWLRQ WKDQ LQ�WKH�FRQYHQWLRQDO�PHWKRG��ZKLFK FDQ�KDYH�D�QHJDWLYH�

LPSDFW�RQ WKHUPRODELOH�FRPSRXQGV �5RVHOOy�6RWR�HW�DO���������

7KH� XVH� RI� KLJK� SRZHU� OHDGV� WR� RYHUKHDWLQJ �:DQJ� HW� DO��� ������� ZKLFK� OHDGV� WR WKH�

GHJUDGDWLRQ� RI FHUWDLQ� SKHQROLF� FRPSRXQGV�� ,W� LV� UHSRUWHG� WKDW� FDWHFKLQ� DQG� UHVYHUDWURO� DUH�

UHDGLO\� R[LGL]DEOH� XQGHU� WKHVH� FRQGLWLRQV �3DQ�� ������� 7HPSHUDWXUHV� EHORZ ��� �&� DUH� QRW�

VXIILFLHQW�WR�H[WUDFW�HSLFDWHFKLQ �+H�DQG�6XQ���������/LD]LG�HW�DO�������� VWXGLHG�WKH�VWDELOLW\�

RI� ��� SKHQROLF� FRPSRXQGV� H[WUDFWHG� E\�PLFURZDYH� DQG REVHUYHG� WKDW� WKH WKUHH�PROHFXOHV�

FLWHG�DERYH�ZHUH�VWDEOH�DW������&��EHJLQQLQJ�WR�EH�GHJUDGHG�DERYH WKLV�WHPSHUDWXUH� 7KH RWKHU�

SRO\SKHQROV� WHVWHG� E\� WKHVH� DXWKRUV� EHJDQ WR� GHJUDGH� DW� ���� �&�� 7KH\� DOVR� IRXQG� WKDW� WKH�

SRO\SKHQRO� FRPSRXQGV�ZLWK�D�JUHDWHU�QXPEHU�RI�K\GUR[\O VXEVWLWXHQWV� LQ� WKH�DURPDWLF� ULQJ

ZHUH WKH PRVW�DIIHFWHG�E\�D WHPSHUDWXUH RI H[WUDFWLRQ�RI������& �/LD]LG�HW�DO���������

������ 2SWLPL]DWLRQ�RI�0$(�FRQGLWLRQV

%DVHG� RQ� WKH� UHVXOWV� RI� WKH� SUHOLPLQDU\� WHVWV� RQ� WKH� LQGLYLGXDO� HIIHFW� RI� WKH� SDUDPHWHUV�� DQ�

506��XVLQJ�D�%R[�%HKQNHQ�GHVLJQ� ZDV�SHUIRUPHG�WR�VWXG\�WKH�LPSDFW�RI�WKH�FRPELQDWLRQ�RI�

WKH IROORZLQJ SDUDPHWHUV�� H[WUDFWLRQ� WLPH� �������� V�� [���� DFHWRQH� UDWLR� �������� [��� DQG�

PLFURZDYH�SRZHU����������:��[���

7KH�GHVLJQ�ZDV�DSSOLHG�E\�UXQQLQJ����H[SHULPHQWV��ZLWK�WKUHH�UHSOLFDWLRQV DW�WKH�FHQWUH

SRLQW� �[�  ���V��[�  ������DQG�[�  ����Z��DQG� WKH�73&�\LHOGV�REWDLQHG� LQ� WKH�FXELF�PRGHO

WHVWV�DUH�UHSRUWHG�LQ�WKH�UHVSRQVH�VXUIDFHV��)LJ����DQG�7DEOH�����,Q�RUGHU�WR�YHULI\�WKH�YDOLGLW\�

RI�WKH�PRGHO��WKH�PHDVXUHG�UHVSRQVHV�ZHUH�FRPSDUHG�ZLWK�WKRVH�SUHGLFWHG�E\ WKH�HVWLPDWLRQ�

RI� WKH� GLIIHUHQFH� DQG� WKH� H[SHULPHQWDO� HUURU� �7DEOH� ���� $Q� $129$� DQDO\VLV� KDG� EHHQ�

SHUIRUPHG WR� DQDO\VH WKH� VWDWLVWLFDO� VLJQLILFDQFH� RI� WKH� FRHIILFLHQWV� RI� WKH� H[SHULPHQWDO�
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PRGHOV� ,W�ZDV�VKRZQ�WKDW�WKH�LQGHSHQGHQW�YDULDEOH�[���DQG�TXDGUDWLF�WHUPV�[���[�
���[�

� DQG�[�
����

VLJQLILFDQWO\�DIIHFWHG WKH�H[WUDFWLRQ� 6R��QHJOHFWLQJ WKH�QRQ�VLJQLILFDQW �S�!������� WHUPV�� WKH�

IROORZLQJ�SRO\QRPLDO�HTXDWLRQ�ZDV�REWDLQHG�

<73&  ������������� [��� ���� [�
�� ���� [�

� ����� [�
������ ���

,Q� WKLV� IUDPHZRUN�� WKH� FRHIILFLHQW� RI� UHJUHVVLRQ� 5��� ZDV� ����� 7KH� VLJQLILFDQFH� �3��

������ 3�YDOXH� ZDV �������� WKH� KLJK YDOXH� RI� 6XP� RI� VTXDUH� ��������� DQG� )�YDOXH� ������

LQGLFDWHG�WKH�VXLWDELOLW\�RI�WKH�PRGHO�

$SSO\LQJ� WKH�PD[LPXP�GHVLUDELOLW\ DSSURDFK� WKH� RSWLPXP�FRQGLWLRQV� IRU� WKH� KLJKHVW 73&�

\LHOG�ZHUH��� V������DFHWRQH�DQG�����:�LUUDGLDWLRQ�SRZHU� ZLWK�D SUHGLFWHG�YDOXH�RI����� ��

���� PJ�*$(� �� J GZ DQG D SUHGLFWHG 5� RI� ������7KH�73&�REWDLQHG� H[SHULPHQWDOO\� XQGHU�

WKHVH�RSWLPDO�FRQGLWLRQV�ZDV������������� PJ�*$(���J GZ���ZKLFK�LV�FORVH�WR�WKH�SUHGLFWHG�

YDOXH��7KLV�UHVXOW�FRQILUPV�WKH�YDOLGLW\�RI�WKH�H[SHULPHQWDO�GHVLJQ�XVHG�

+RZHYHU�� WKH� TXDQWLW\� RI� 73&� REWDLQHG� ZLWK� 0$(� ZDV� VPDOOHU� WKDQ� WKDW� REWDLQHG� E\

FRQYHQWLRQDO� VROYHQW H[WUDFWLRQ� XVLQJ� �� F\FOH� RI� ��� K� RU WKUHH� F\FOHV� RI� �� K�� ZKLFK� ZDV

�������������PJ�*$(���J RI�GU\�H[WUDFW���������������PJ�*$(��J GZ RI�WKH�SODQW�GXVW��DQG�

������� �� �����PJ�*$(� �� J RI� GU\� H[WUDFW� ���� �� ������PJ� *$(� �J GZ RI� WKH� SODQW� GXVW���

UHVSHFWLYHO\ �2XVVDLG�HW�DO�������� ��

���� ([WUDFWLRQ�\LHOG�RI�WK\PH�(2��&(�DQG�IUDFWLRQV�RI�6��KRORVFKRHQXV

7KH�7�� IRQWDQHVLL (2� H[WUDFWLRQ� UDWH� ZDV� ���� �� ������ �Y� �� Z�� DQG� ZDV� VLJQLILFDQWO\�

KLJKHU�WKDQ�WKH�UDWHV REWDLQHG�E\ 'RE�HW�DO��������� *KDQQDGLD�HW�DO�������� DQG��%RXNUDk�HW�

DO��������� ZKLFK�ZHUH �����������DQG������� UHVSHFWLYHO\��7KH�H[WUDFWLRQ�UDWHV�RI�&(�DQG�LWV�

IUDFWLRQV�DUH�VKRZQ LQ�7DEOH ��� $PRQJ�WKH IRXU�IUDFWLRQV��WKH�$4�KDG�WKH�KLJKHVW 73&�\LHOG�
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��������������*$(�PJ���J GZ���ZKLOH�WKH�3( ZDV�WKH�OHDVW�ULFK��������������� PJ�*$(���J

GZ��

���� $QWLEDFWHULDO�DFWLYLW\�

������ 'LVF�GLIIXVLRQ�DVVD\

$V�FDQ�EH�VHHQ�LQ�)LJ�����3��DHUXJLQRVD ZDV�YHU\�VHQVLWLYH WR�����(2���������PP��DQG�

����/$������� � ���� PP���+RZHYHU��DPRQJ�WKH�&( DQG�IUDFWLRQV�RI�6��KRORVFKRHQXV��RQO\�

($�VKRZHG�DQ�DQWLEDFWHULDO�HIIHFW��������������PP��DQG WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�

EHWZHHQ�D�FRQFHQWUDWLRQ�RI����DQG�����PJ�P/í�� ,Q�DGGLWLRQ��HVVHQWLDO�RLOV�������� DQG�ODFWLF�

DFLG�������GLG QRW�VKRZ D VLJQLILFDQW�GLIIHUHQFH��3 !�������LQ '=,������ �����PP DQG���������

���PP�� UHVSHFWLYHO\��� 7KH� UROH� RI� SKHQROLF� FRPSRXQGV� LQ� UHVLVWDQW� SODQWV� LV� ZLGHO\�

GRFXPHQWHG��3KHQROLF�DFLGV �3HWWL�DQG�6FXOO\������� DQG�IODYRQRLGV��7UHXWWHU������� VKRZHG�

DQ� LQFUHDVH� LQ� SURGXFWLRQ� GXULQJ� SODQW� VWUHVV� RU� LQIHFWLRQ�� ,Q� DGGLWLRQ�� YDULRXV� VWXGLHV� KDYH�

VKRZQ� WKDW� (2V ZLWK� WKH� JUHDWHVW� DQWLEDFWHULDO� DFWLYLW\� DJDLQVW� GLHWDU\� SDWKRJHQV FRQWDLQ� D�

KLJK�SHUFHQWDJH�RI�SKHQROLF�FRPSRXQGV�VXFK�DV� FDUYDFURO��HXJHQRO�DQG�WK\PRO �%XUW��������

6DIDHL�*KRPL�HW�DO����������

7�� IRQWDQHVLL ZDV� IRXQG� WR� EH� DFWLYH� DJDLQVW� 3�� DHUXJLQRVD �%RXNUDk� HW� DO��� ������

'HVSLWH� LWV� KLJK� DQWLEDFWHULDO� SRWHQWLDO�� 7� IRQWDQHVLL LV� FKDUDFWHUL]HG� E\� D� VWURQJ� IODYRXU��

OLPLWLQJ� LWV� XVH� DV� D� IRRG� SUHVHUYDWLYH�� KHQFH� WKH� LPSRUWDQFH� RI� LWV� LQFRUSRUDWLRQ� DW� ORZ�

FRQFHQWUDWLRQV��

$ODNRPL�HW�DO�������� GHPRQVWUDWHG�WKH�HIIHFW�RI�ODFWLF�DFLG�RQ�3��DHUXJLQRVD DQG�RWKHU�

*UDP�QHJDWLYH� EDFWHULD�� 2XU� SUHYLRXV� VWXG\� VKRZHG� WKDW WKH ($� IUDFWLRQ� IURP� 6��

KRORVFKRHQXV KDV�D�KLJKHU�HIIHFW�DJDLQVW�%��VXEWLOXV DQG�6��DXUHXV WKDQ�3(�DQG�FUXGH�H[WUDFW�

REWDLQHG�ZLWK�PDFHUDWLRQ��2XVVDLG�HW�DO��������� 3XEOLVKHG�ZRUN�RQ�WKH�DQWLEDFWHULDO�SRWHQWLDO�
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RI�SODQWV�EHORQJLQJ�WR�WKH�JHQXV�6FLUSXV�UHYHDOHG�WKH�HIILFDF\�RI�6��IOXYLDWLOLV H[WUDFW�DJDLQVW�

6�� DXUHXV �%RUFKDUGW� HW� DO��� ����D� DQG RI� 6�� DPHULFDQXV YHUVXV� 6�� DXUHXV��(�� FROL DQG�3��

DHUXJLQRVD �%RUFKDUGW�HW�DO�������E�� ,Q�DGGLWLRQ��FLV�VWLOEHQRLGV�LVRODWHG�IURP�6��\DJDUD KDG�

DQ�DQWL�VWDSK\ORFRFFDO�HIIHFW��

$V�KDV�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH��WKH�WROHUDQFH�RI�EDFWHULD WR�SRO\SKHQROV GHSHQGV�

HVVHQWLDOO\�RQ�WKH VSHFLHV��5HGXFWLRQ�RI�WKH�SHUPHDELOLW\� WR�K\GURSKRELF�DQWLEDFWHULDO�DJHQWV�

RI�WKH�RXWHU�PHPEUDQH�VXUURXQGLQJ�WKH�FHOO�ZDOO�FDXVHG�E\�WKH�OLSRSRO\VDFFKDULGHV RI�*UDP�

QHJDWLYH� EDFWHULD� PD\� SURPRWH� UHVLVWDQFH� WR� WKHVH� DJHQWV�� $QWLEDFWHULDO� DFWLYLW\� LV� DOVR�

DVVRFLDWHG�ZLWK�WKH�VLWH�DQG�WKH�QXPEHU�RI�K\GUR[\O�JURXSV�RQ�WKH�SKHQROLF�ULQJ��8OWHH�HW�DO���

������

,W�KDV�EHHQ�UHSRUWHG� WKDW� IUDFWLRQDWLRQ� LPSURYHG� WKH�DQWLEDFWHULDO�SRWHQF\�RI� WKH�FUXGH�

H[WUDFW��6DNDQDND�HW�DO�������� VWXGLHG�WKH�DQWLEDFWHULDO�DFWLYLW\�RI�PHWKDQRO JUHHQ�WHD�H[WUDFW�

DJDLQVW� WKUHH� 6WUHSWRFRFFXV� VWUDLQV� DQG� IRXQG� WKDW� WKH� HWK\O� DFHWDWH� IUDFWLRQ� ZDV� WKH� RQO\�

DFWLYH�VDPSOH�

,Q�WKH VDPH�VWXG\������JDOORFDWHFKLQ�LVRODWHG�IURP�WKH�HWK\O�DFHWDWH�IUDFWLRQ��ZDV�IRXQG�

WR� EH� PRUH HIIHFWLYH DQWLEDFWHULDO� FRPSRXQG WKDQ HSLJDOORFDWHFKLQ� DQG HSLJDOORFDWHFKLQ�

JDOODWH�� $OVR�� LQ� WKLV� VWXG\�� WKH� HSLJDOORFDWHFKLQ� JDOODWH VKRZHG WZLFH� DV� PXFK� JURZWK�

LQKLELWLRQ�LQ�D�PHDW�H[WUDFW�PHGLXP�DV�LQ�WKH�%+,%�DJDU�PHGLXP��,Q�DQRWKHU�VWXG\��WKH�HWK\O�

DFHWDWH� IUDFWLRQ� RI� )LFXV� PLFURFDUSD EDUN� H[WUDFW� H[KLELWHG� D� KLJK� OHYHO� RI� DQWLEDFWHULDO

DFWLYLW\� VLPLODU�WR�WKDW�RI�WKH HWKDQRO��KH[DQH�DQG�DTXHRXV�IUDFWLRQV��$R�HW�DO���������

&XUUHQWO\�� PDQ\� DXWKRUV� DUH� LQWHUHVWHG� LQ� XVLQJ� PL[WXUH� GHVLJQV WR� HYDOXDWH� WKH�

FRPELQHG�HIIHFW�RI�H[WUDFWV�DJDLQVW�EDFWHULD��*UDQDWR�HW�DO���������+HUUHUR�HW�DO����������,Q�WKLV�

ZRUN�� WKH� FHQWURLG� GHVLJQ� FRXSOHG�ZLWK� WKH� GLVN� DJDU� DSSURDFK�ZDV� DSSOLHG� WR� GHWHUPLQH� D�

SRVVLEOH�LQWHUDFWLRQ�EHWZHHQ�WKH�VDPSOHV�VWXGLHG�SUHYLRXVO\�DW�WZR�WHPSHUDWXUHV��7KH�UHVXOWV�

DUH� VKRZQ� LQ� 7DEOH� �� WKH� UHVSRQVH� FRQWRXUV� LQ� )LJ� � DQG� WKH� UHVXOW� RI� DOO� WKH� GHSHQGHQW�
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YDULDEOHV� LV� JLYHQ� LQ� 7DEOH� �� ,W HPHUJHG� IURP� $129$ DQDO\VLV� WKDW� (2G LV� WKH� PRVW�

LQIOXHQWLDO�YDULDEOH� $�QHJDWLYH�LQWHUDFWLRQ�KDV�EHHQ�VHHQ�EHWZHHQ�(2G DQG�/$ DQG�EHWZHHQ�

/$ DQG� ($�� $� V\QHUJ\� HIIHFW� ZDV� UHFRUGHG� EHWZHHQ� (2G DQG� ($� DW� � �&�� 7KH� ILWWHG�

HTXDWLRQV IRU�WKH�UHVSRQVHV�DUH�JLYHQ�DV�IROORZV�

<���& ������ Į������ Į�������� Į� ± �����Į�Į� ± ����� Į�Į� ���

<��& ������ Į� ������ Į��������� Į� ���

7KH�YDOXHV�RI� WKH�FRUUHODWLRQ�FRHIILFLHQWV�IRU�',=�� �5
� ������ DQG�',=� �5

� ������

LQGLFDWHG�DQ DGHTXDWH ILW��7KH�FRQWRXU�RI�WKH�UHVSRQVH�VXUIDFH�REWDLQHG�ZLWK�-03�9��LQGLFDWHV�

WKDW� WKH� DUHDV� RI� LQKLELWLRQ� DJDLQVW� 3�� DHUXJLQRVD WHQG� WR� H[SDQG� DV� WKH� DPRXQW� RI� (2G

LQFUHDVHV� )URP�WKH�SUHGLFWLRQ�SURILOHU�SORW��WKH�EHVW�PL[WXUH ZDV�FRPSRVHG�RI ������(2G DQG�

������($�IRU�',=�� DQG�����(2G DQG������($ IRU�',=���7KH�SUHGLFWHG�YDOXHV�ZLWK� WKHVH�

PL[WXUHV�ZHUH����� ������ PP DQG������ ������� PP�ZLWK�WKH�FRPSRVLWH�GHVLUDELOLW\�RI����

DQG�������UHVSHFWLYHO\�IRU�',=����DQG�',=���7KH�H[SHULPHQWDO�UHVXOWV�ZLWK�WKHVH�PL[WXUHV�ZHUH

������� �����DQG �� ����IRU�',=��� DQG�',=�� ZKLFK DUH�FORVH WR�WKH�SUHGLFWHG�YDOXHV��

6HYHUDO� VWXGLHV� KDYH� EHHQ LQWHUHVWHG� LQ� WKH� HIIHFW� RI� LQWHUDFWLRQ� EHWZHHQ� ELRDFWLYH�

PROHFXOHV��,W�KDV�EHHQ�VKRZQ�WKDW�WKH�HIIHFW�PD\�EH�DGGLWLYH��V\QHUJLVWLF�RU�HYHQ�DQWDJRQLVWLF��

$FFRUGLQJ� WR 8OWHH� HW� DO�� �������� F\PHQH� DSSOLHG� LQGLYLGXDOO\� LV� XQDEOH� WR� FURVV� WKH�

F\WRSODVPLF�PHPEUDQH RI�%DFLOOXV�FHUHXV��ZKLOH�LW�EHFRPHV�DFWLYH�ZKHQ�XVHG�LQ�FRQMXQFWLRQ�

ZLWK�FDUYRQH�

,W�LV�DOVR�LPSRUWDQW�WR�QRWH�WKDW�WKH�H[WHQW�RI�LQWHUDFWLRQ�LV�QRW�WKH�VDPH�LQ�DOO�VWUDLQV�DQG�

WKH�VWXG\�E\�+HUUHUR�HW�DO�������� FRQILUPV�WKLV��7KH\�IRXQG�WKDW�WKH�UHJUHVVLRQ�FRHIILFLHQW�IRU�

WKH�0,&�YDOXH�RI�2ULJDQXP�FRPSDFWXP DQG�WKH�PL[WXUH�RI�2ULJDQXP�PDMRUDQD (2�DJDLQVW�

%��VXEWLOLV ZDV�GLIIHUHQW� EHLQJ DQWDJRQLVWLF�IRU 6��DXUHXV DQG�V\QHUJLVWLF�IRU�(��FROL�

7KH�DQWLOLVWHULF�DFWLYLW\�RI�ODFWLF�DFLG�FRPELQHG�ZLWK�(2�KDV�EHHQ�VWXGLHG��'LPLWULMHYLü�

HW�DO���������� 7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZHG�WKDW�WKLV�DFLG�DFFHQWXDWHG�WKH�HIIHFW�RI�7K\PXV�
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YXOJDULV DQG�5RVPDULQXV�RIILFLQDOLV��PDLQO\�ZKHQ�WKH�FRQFHQWUDWLRQ�RI�(2�ZDV�ORZ��,Q�WKHLU�

VWXG\� $ODNRPL� HW� DO�� ������ IRXQG� WKDW LQ� DGGLWLRQ� WR� LWV� DQWLEDFWHULDO� HIIHFW� DFKLHYHG� E\�

ORZHULQJ�WKH�S+�OHYHO�DQG�LWV�DELOLW\�WR�UHOHDVH�OLSRSRO\VDFFKDULGHV��ODFWLF�DFLG�HQKDQFHG�WKH�

SHUPHDELOLW\� RI� WKH� RXWHU� PHPEUDQH�� ZKLFK� PD\� LPSURYH� WKH� HIIHFW� RI� RWKHU� DQWLEDFWHULDO�

VXEVWDQFHV�

,W� LV� PRVW UHPDUNDEOH� WKDW�PRUH� DSSUHFLDEOH DQWLSVHXGRPRQDO HIIHFW� SURGXFHG� E\� WKH�

DQWLEDFWHULDO� DJHQWV ZDV�GHWHUPLQHG�DW� WHPSHUDWXUHV�DURXQG ���&�� ,QFXEDWLRQ�DW� WHPSHUDWXUH�

DIIHFWV�WKH�SRWHQF\�RI�ELRDFWLYH�VXEVWDQFHV� DV�ZDV�IRXQG�E\�6PLWK�3DOPHU�HW�DO����������ZKR�

ZHUH�LQWHUHVWHG�LQ�WKH�DQWLEDFWHULDO�HIIHFW�RI�ILYH�(2V RQ�/LVWHULD�PRQRF\WRJHQHV��DV�D�PRGHO�

RI� SV\FKURWURSKLOLF� EDFWHULD�� ,W�ZDV IRXQG� WKDW� XQOLNH� FLQQDPRQ�(2�� ED\� DQG� QXWPHJ (2V

ZHUH� OHVV� LQKLELWRU\� DW� �� �&� WKDQ� ��� �&��ZKLOH� WKH�0%&�YDOXHV� RI� FORYHV� DQG� WK\PH�ZHUH�

LQGHSHQGHQW�RI� WHPSHUDWXUH�� ,Q�WKHLU�VWXG\�� WKH\�IRXQG�D�V\QHUJ\�HIIHFW�EHWZHHQ�WK\PRO�DQG�

UHIULJHUDWLRQ�WHPSHUDWXUHV�LQIHULRU�RU�HTXDO�WR�� �& DJDLQVW�ERUHDO�VSRUHV �9DOHUR�DQG�)UDQFHV��

������

7LQJ�DQG�'HLEHO���������IRU�WKHLU�SDUW��VKRZHG�WKDW�ORZ�WHPSHUDWXUH�LPSURYHG�WKH�HIIHFW�RI�

VDJH� 6PLWK�3DOPHU�HW�DO�������� DWWULEXWH�WKH�YDULDWLRQ�LQ�DFWLYLW\�WR�ORZ�RLO�SHQHWUDWLRQ�RI WKH�

EDFWHULDO�PHPEUDQH� UHVXOWLQJ� IURP� LWV� DOWHUDWLRQ�RU� IURP�FKDQJHV� LQ� WKH� DFWLYH� VLWHV�RI� ORZ�

WHPSHUDWXUH�RLOV�RU�WR�D�JUHDWHU�UHOHDVH�RI�YRODWLOH�VXEVWDQFHV�DW�KLJK�WHPSHUDWXUHV�

������ 0,&�DQG�0%& GHWHUPLQDWLRQ

7KH�0,&�DQG�0,%�RI ($��(2G DQG�WKHLU�RSWLPL]HG�FRPELQDWLRQ�ZHUH�GHWHUPLQHG�DW�WKH�

WZR� WHPSHUDWXUHV� WHVWHG�� 7KH� UHVXOWV� RI� WKH� 0,&� GHWHUPLQDWLRQ� VKRZ� D� YDULDELOLW\� LQ� WKH�

VXVFHSWLELOLW\�RI�WKH�VWUDLQ�WR�WKH�VDPSOHV�WHVWHG��7DEOH�����7KH�0,&�YDOXH�RI�7��IRQWDQHVLL ZDV�

������ȝ/�P/í� DW�ERWK�WHPSHUDWXUHV��ZKLFK�LV�ORZHU�WKDQ�WKDW�QRWHG�E\�%RXNUDk�HW�DO���������

ZKLFK�ZDV���ȝ/�P/í���7KH�(2G ��($�FRPELQDWLRQ�JDYH�D�0,%�YDOXH�RI�����ȝ/�P/í� DW�ERWK�
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WHPSHUDWXUHV��ZKLFK LV�HTXDO�WR�WKDW�REWDLQHG�ZLWK�WKH�LQGLYLGXDOO\�DSSOLHG�(2G��$V�LV�WKH�FDVH�

LQ� RXU� VWXG\�� HVVHQWLDO� RLOV� RI� 7K\PXV� VSHFLHV� VKRZHG� SRVLWLYH� LQWHUDFWLRQV� ZLWK� RWKHU�

SKHQROLF� H[WUDFWV�� ,QGHHG�� %RXNUDk� HW� DO�� ������ FRPELQHG� ILYH� YDULHWLHV� RI� KRQH\� ZLWK� 7��

IRQWDQHVLL (2�DQG� WKHLU� UHVXOWV� VKRZHG�D� VLJQLILFDQW�GHFUHDVH� LQ�0,&�YHUVXV�3��DHUXJLQRVD��

ZKLFK�VXJJHVWV V\QHUJLVP��,Q�D VWXG\�RI�WKH�DQWLEDFWHULDO�H[WUDFW�DQG�HVVHQWLDO�RLOV�RI�7K\PXV�

YXOJDULV DQG� 3LPSLQHOOD DQLVXP� $O�%D\DWL� ������ QRWHG� WKH� UHVLVWDQFH� RI� 3� DHUXJLQRVD

�0,&!�����ȝJ�P/í���ZKHQ�(2�RU�H[WUDFWV�IURP�WKH�WZR�SODQWV�ZHUH�DSSOLHG�LQGLYLGXDOO\� DQG

WKH� DGGLWLYH� HIIHFW� �0,&�  � ���� ȝJ� P/í��� WKDW� ZDV� VHHQ ZKHQ� WKH\� ZHUH� DSSOLHG� LQ�

FRPELQDWLRQ�

�� &RQFOXVLRQ�

6WRUDJH� DW� ORZ� WHPSHUDWXUHV� LV� LQVXIILFLHQW� WR� OLPLW� WKH� JURZWK� RI� SV\FKURWURSKLF

PLFURRUJDQLVPV DQG�ILQGLQJ�D�QDWXUDO�DOWHUQDWLYH�WR�V\QWKHWLF�VXEVWDQFHV�LV�D�FKDOOHQJH� ,Q�WKLV�

VWXG\� WKH HIIHFW� RI� 6� KRORVFKRHQXV DQG� 7�� IRQWDQHVLL DJDLQVW� D� YHU\� ZLGHVSUHDG

SV\FKURWURSKLF�EDFWHULD��3��DHUXJLQRVD��ZDV�LQYHVWLJDWHG���

7KH� ODUJHVW� DPRXQW� RI� SKHQROLF� FRPSRXQGV� ZDV� H[WUDFWHG� IURP WKH� 6�� KRORVFKRHQXV

UKL]RPH�ZLWK�����DFHWRQH�XQGHU�DQ�LUUDGLDWLRQ�SRZHU�RI���� : IRU��� V��7KH�FRPELQHG�HIIHFW�

RI� 7�� IRQWDQHVLL�� ODFWLF� DFLG� DQG� 6�� KRORVFKRHQXV RQ� 3VHXGRPRQDV DW� �� DQG� ��� �& ZDV�

LQYHVWLJDWHG� XVLQJ� VLPSOH[� FHQWURLG� GHVLJQ� 7KH� 6&0'� XVHG� DOORZHG� PRGHOOLQJ� RI� WKH�

FRPELQHG� HIIHFWV� RI� WKH� HWK\O� DFHWDWH� IUDFWLRQ� ���� PJ�� P/í��� ZLWK� HVVHQWLDO� RLO� IURP 7��

IRQWDQHVLL ��������DQG�ODFWLF�DFLG �������7KH�RSWLPXP�PL[WXUHV�ZHUH ���� (2G DQG�����($�

DW����&��$W�����&��WKH�EHVW�PL[WXUH�ZDV�������(2G DQG������� ($��7KHUHIRUH��LW�ZRXOG�EH

LQWHUHVWLQJ�WR�WHVW�WKLV�FRPELQDWLRQ�LQ�D�IRRG�PRGHO DQG�LW�LV�QHFHVVDU\�WR�LGHQWLI\�WKH ELRDFWLYH�

PROHFXOHV�UHVSRQVLEOH�IRU�WKH�DQWLEDFWHULDO�DFWLYLW\�DQG�LQWHUDFWLRQ�EHWZHHQ�PROHFXOHV�
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5HIHUHQFHV�

$EGHO�0RJLE�� 0��� %DVDLI�� 6�$��� 6REDKL�� 7�5��� ������ 6WLOEHQHV� DQG� D� 1HZ� $FHWRSKHQRQH�
'HULYDWLYH�IURP�6FLUSXV KRORVFKRHQXV��0ROHFXOHV�����������

$O�%D\DWL�� )�$��� ������ 6\QHUJLVWLF� DQWLEDFWHULDO� DFWLYLW\� EHWZHHQ� 7K\PXV� YXOJDULV� DQG�
3LPSLQHOOD�DQLVXP�HVVHQWLDO�RLOV�DQG�PHWKDQRO�H[WUDFWV��-��(WKQRSKDUPDFRO �������������

$ODNRPL��$�/���6N\WWD��(���6DDUHOD��0���0DWWLOD�6DQGKROP��7���/DWYD�.DOD��.���+HODQGHU��,�0���
������/DFWLF�$FLG�3HUPHDELOL]HV�*UDP�1HJDWLYH�%DFWHULD�E\�'LVUXSWLQJ�WKH�2XWHU�0HPEUDQH��
$SSO�(QYLURQ�0LFURELRO� ��������±�����

$R��&���/L��$���(O]DDZHO\��$�$���;XDQ��7�'���7DZDWD��6���������(YDOXDWLRQ�RI�DQWLR[LGDQW�DQG
DQWLEDFWHULDO�DFWLYLWLHV�RI�)LFXV�PLFURFDUSD�/��ILO��H[WUDFW��)RRG�&RQWURO�������������

$UVODQ��6���(\L��$���	�2]GHPLU��)����������6SRLODJH�SRWHQWLDOV�DQG�DQWLPLFURELDO�UHVLVWDQFH�RI�
3VHXGRPRQDV�VSS��LVRODWHG�IURP�FKHHVHV��-�'DLU\�6FL� ���������������������

%DQX��.���0HUYH��(��.���6HUDS��6���6LQHP��$��(���6DOLK��&���	�6XOKL\H��<����������$QWLEDFWHULDO�
HIIHFWV� RI� FLQQDPRQ� RLO� DJDLQVW� FDUEDSHQHP� UHVLVWDQW� QRVRFRPLDO� $FLQHWREDFWHU� EDXPDQQLL�
DQG�3VHXGRPRQDV�DHUXJLQRVD�LVRODWHV��,QG�&URSV�3URG�� �������±�����

%RUFKDUGW�� -�5��� :\VH�� '�/��� 6KHDIIHU�� &�&��� .DXSSL�� .�/��� )XOFKHU�� 5��� *��� (KONH�� 1�-���
%LHVERHU��'�'���%H\��5�)�������D��$QWLR[LGDQW�DQG�DQWLPLFURELDO�DFWLYLW\�RI�VHHG�IURP�SODQWV�
RI�WKH�0LVVLVVLSSL�ULYHU�EDVLQ��-�0HG�3ODQW�5HV� �����������

%RUFKDUGW�� -�5��� :\VH�� '�/��� 6KHDIIHU�� &�&��� .DXSSL�� .�/��� )XOFKHU�� 5�*��� (KONH�� 1�-���
%LHVERHU��'�'���%H\��5�)�������E��$QWLPLFURELDO�DFWLYLW\�RI�QDWLYH�DQG�QDWXUDOL]HG�SODQWV�RI�
0LQQHVRWD�DQG�:LVFRQVLQ��-�0HG�3ODQW�5HV� ����������

%RXNUDk� /��� $O]DKUDQL�� +�$��� $EGHOODK�� )��� %DNKRWPDK�� %��� +DPPRXGL�� 6�0��� ������
6\QHUJLVWLF�(IIHFW�RI�0RQRIORUDO�+RQH\V�DQG�(VVHQWLDO�2LOV�DJDLQVW�3VHXGRPRQDV�DHUXJLQRVD��
%U�0LFURELRO�5HV�-� �����������

%RXUDV��0���&KDGQL��0���%DUED��)�-���*ULPL��1���%DOV��2���9RURELHY��(���������2SWLPL]DWLRQ�RI�
PLFURZDYH�DVVLVWHG�H[WUDFWLRQ�RI�SRO\SKHQROV�IURP�4XHUFXV�EDUN��, ,QG�&URSV�3URG����������
����

%XUW��6���������(VVHQWLDO�RLOV��WKHLU�DQWLEDFWHULDO�SURSHUWLHV�DQG�SRWHQWLDO�DSSOLFDWLRQV�LQ�IRRGV�
�D�UHYLHZ��,QW�-�)RRG�0LFURELRO�������������

&KDQ��&��+���<XVRII��5���1JRK��*��&���������0RGHOLQJ�DQG�NLQHWLFV�VWXG\�RI�FRQYHQWLRQDO�DQG�
DVVLVWHG�EDWFK�VROYHQW�H[WUDFWLRQ��&KHPLFDO�(QJLQHHULQJ�5HVHDUFK�DQG�'HVLJQ���������������

'DKPRXQH��)���%DOXQNHVZDU��1���0RXVVL��.���5HPLQL��+���0DGDQL��.���������2SWLPL]DWLRQ�RI�
PLFURZDYH�DVVLVWHG�H[WUDFWLRQ�RI�SRO\SKHQROV�IURP�0\UWXV�FRPPXQLV�/��OHDYHV��)RRG�&KHP
�������������
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'LPLWULMHYLü�� 6�,���0LKDMORYVNL�� .�5���$QWRQRYLü��'�*���0LODQRYLü�6WHYDQRYLü��0�5���0LMLQ��
'�ä���������$�VWXG\�RI� WKH�V\QHUJLVWLF�DQWLOLVWHULDO�HIIHFWV�RI�D�VXE�OHWKDO�GRVH�RI� ODFWLF�DFLG�
DQG�HVVHQWLDO�RLOV�IURP�7K\PXV�YXOJDULV�/���5RVPDULQXV�RIILFLQDOLV�/��DQG�2ULJDQXP�YXOJDUH�
/��)RRG�&KHP� �������������

'MHQDQH�� '�� <DQJ�HOD�� -��� 0RQWDxpV�� /��� 'MHUEDO�� 0��� 5RQFDOpV�� 3��� ������ $QWLPLFURELDO�
DFWLYLW\� RI� 3LVWDFLD� OHQWLVFXV� DQG� 6DWXUHMD� PRQWDQD� HVVHQWLDO� RLOV� DJDLQVW�
/LVWHULD PRQRF\WRJHQHV�&(&7�����XVLQJ�ODERUDWRU\�PHGLD��(IILFDF\�DQG�V\QHUJLVWLF�SRWHQWLDO�
LQ�PLQFHG�EHHI��)RRG�&RQWURO���������������

'RE�� 7��� 'DKPDQH�� '��� %HQDEGHONDGHU�� 7��� &KHOJKRXP�� &��� ������ &RPSRVLWLRQ� DQG�
$QWLPLFURELDO�$FWLYLW\�RI�WKH�(VVHQWLDO�2LO�RI�7K\PXV�IRQWDQHVLL��3KDUP�%LRO ������������

*HRUJHD��6���%UDW��3���$OWHU��3���$0,27��0�-���������5DSLG�'HWHUPLQDWLRQ�RI�3RO\SKHQROV�DQG�
9LWDPLQ�&� LQ�3ODQW�'HULYHG�3URGXFWV�� -RXUQDO� RI� �$JULFXOWXUDO� DQG� � )RRG�&KHP� ���� �����
�����

*KDQQDGLD��$���6DMMDGLD��6�,���.DERXFKHE��$���.DERXFKHE��=���������7K\PXV�IRQWDQHVLL�%RLVV��
	�5HXW��ç�$�3RWHQWLDO�6RXUFH�RI�7K\PRO�5LFK�(VVHQWLDO�2LO�LQ�1RUWK�$IULFD��=��1DWXUIRUVFK��
������������

*RQ]DOH]�7HMHUR��0�5���0ROHUR�0HVD�� -��� &DVDUHV�3RUFHO��0���0DUWLQH]� /LUROD��0�-��� ������
1HZ�FRQWULEXWLRQV�WR�WKH�HWKQRSKDUPDFRORJ\�RI�6SDLQ�-�(WKQRSKDUPDFRO� ������������

*UDQDWR��'���3UDGR�6LOYD��/�G���$OYDUHQJD��9�2���=LHOLQVNL��$�$�)���%DWDJOLRQ��*�$���0RUDLV��
'�5�G��� (EHUOLQ�� 0�1��� 6DQW
$QD�� $�G�6��� ������ &KDUDFWHUL]DWLRQ� RI� ELQDU\� DQG� WHUQDU\�
PL[WXUHV�RI�JUHHQ��ZKLWH�DQG�EODFN�WHD�H[WUDFWV�E\�HOHFWURVSUD\�LRQL]DWLRQ�PDVV�VSHFWURPHWU\�
DQG�PRGHOLQJ�RI�WKHLU�LQ YLWUR�DQWLEDFWHULDO�DFWLYLW\��/:7�)RRG�6FL�7HFKQRO� ������������

+H��-���6XQ��*�%���������7KH�&KHPLVWU\�DQG�7HFKQRORJ\�RI�6SLFHV��&KHPLFDO�,QGXVWU\�3UHVV��
%HLMLQJ�����

+HUUHUR��0���4XLURV��&���*DUFLD��/�$���'LD]��0���������8VH�RI� IORZ�F\WRPHWU\� WR� IROORZ�WKH�
SK\VLRORJLFDO� VWDWHV� RI� PLFURRUJDQLVPV� LQ� FLGHU� IHUPHQWDWLRQ� SURFHVVHV�� -� $SSO� (QYLURQ�
0LFURELRO� ��������������

+XVV��+��+����������&RQWURO�RI�LQGLJHQRXV�SDWKRJHQLF�EDFWHULD�LQ�VHDIRRG��)RRG�&RQWURO��������
�������

.RXEDD�� 0��� 5RVHOOy�6RWR�� (��� âLF� äODEXU�� -��� 5HåHN� -DPEUDN�� $��� %UQþLü�� 0��� *ULPL�� 1���
%RXVVHWWD�� 1��� %DUED�� )�-��� ������ &XUUHQW� DQG� QHZ� LQVLJKWV� LQ� WKH� VXVWDLQDEOH� DQG� �� JUHHQ�
UHFRYHU\�RI�QXWULWLRQDOO\�YDOXDEOH�FRPSRXQGV�IURP�6WHYLD�UHEDXGLDQD�%HUWRQL�� -�$JULF�)RRG�
&KHP� ��������±�����

.XPDU��<���<DGDY��'�1���$KPDG��7���1DUVDLDK��.���������5HFHQW�7UHQGV�LQ�WKH�8VH�RI�1DWXUDO�
$QWLR[LGDQWV�IRU�0HDW�DQG�0HDW�3URGXFWV��&RPSU�5HY�)RRG�6FL�)RRG�6DI� ������������

/LD]LG��$���3DOPD��0���%ULJXL��-���%DUURVR��&�*���������,QYHVWLJDWLRQ�RQ�SKHQROLF FRPSRXQGV�
VWDELOLW\�GXULQJ�PLFURZDYH�DVVLVWHG�H[WUDFWLRQ��-��&KURPDWRJU��$ ������������
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0RVFKRQDV��*���%ROWRQ��'��-���0F'RZHOO��'��$���6KHULGDQ��-��-����������'LYHUVLW\�RI�FXOWXUDEOH
SV\FKURSKLOLF� DQG� SV\FKURWURSKLF� DQDHURELF� EDFWHULD� LVRODWHG� IURP� EHHI� DEDWWRLUV� DQG� WKHLU�
HQYLURQPHQWV�� >5HVHDUFK�6XSSRUW��1RQ�8�6��*RY
W@��$SSO�(QYLURQ�0LFURELRO�� �������������
������GRL����������$(0����������

1&&/6��������'HYHORSPHQW�RI�LQ�YLWUR�VXVFHSWLELOLW\�WHVWLQJ�DQG�TXDOLW\�FRQWURO�SDUDPHWHUV��
$SSURYHG�JXLGHOLQH���QG�HG��1&&/6�GRFXPHQW�0���$���1&&/6��:D\QH��3D�

2XVVDLG��6���&KLEDQH��0���0DGDQL��.���$PURXFKH��7���$FKDW��6���'DKPRXQH��)���+RXDOL��.���
5HQGXHOHV��0���'LD]��0�������E��2SWLPL]DWLRQ�RI�WKH�H[WUDFWLRQ�RI�SKHQROLF�FRPSRXQGV�IURP�
6FLUSXV� KRORVFKRHQXV� XVLQJ� D� VLPSOH[� FHQWURLG� GHVLJQ� IRU� DQWLR[LGDQW� DQG� DQWLEDFWHULDO�
DSSOLFDWLRQV��/:7�)RRG�6FL�7HFKQRO� ������������

3DQ��=�$���������&KLQHVH�3KDUPDFRSRHLD��&KHPLFDO�,QGXVWU\�3UHVV��%HLMLQJ��DGGHQGD����

3DVVHUHLWHU��&�0���:LOVRQ��-���$QGHUVRQ��5��� ,VPDQ��0�%���������0HWDEROLVP�RI�7K\PRO�DQG�
WUDQV�$QHWKROH�LQ�/DUYDH�RI�6SRGRSWHUD�OLWXUD�DQG�7ULFKRSOXVLD�QL��/HSLGRSWHUD��1RFWXLGDH���-�
$JULF�)RRG�&KHP� �������������

3HULDJR��0�-�6���5LQFRD��)�1���$JXHUD��0�'���5RV�*���������0L[WXUH�$SSURDFK�IRU�2SWLPL]LQJ�
/\FRSHQH� ([WUDFWLRQ� IURP� 7RPDWR� DQG� 7RPDWR� 3URGXFWV�� -�� $JULF�� )RRG� &KHP� ���� �����
�����

3HWWL��6���6FXOO\��&���������3RO\SKHQROV��RUDO�KHDOWK�DQG�GLVHDVH��$�UHYLHZ��-�'HQW��6KLUD]������
��������

3RSHVFX� $���1HJUHDQX�3LUMRO��7� ��� � �5RVFD��&�� �� �$UFXV� �0��� �� �%XFXU��/��� DQG� ,VWXGRU� ��9���
������ +3/&� DQDO\VLV� RI� SRO\SKHQROV� DQG� DQWLR[LGDQW� FDSDFLW\� GHWHUPLQDWLRQ� RI� 6FLUSXV�
KRORVFKRHQXV�/��UKL]RPH��2YLGLXV�8QLYHUVLW\�$QQDOV�RI�&KHPLVWU\���������������

3RSHVFX��$���3DYDODFKH��*���3LUMRO��7�1���9���,���������$QWLR[LGDQW�&RPSDUDWLYH�$FWLYLW\�DQG�
7RWDO�3KHQROLF�&RQWHQW�RI�6FLUSXV�KRORVFKRHQXV�/���+RORVFKRHQXV�YXOJDULV�/LQN��'HSHQGLQJ�
RQ�([WUDFWLRQ�&RQGLWLRQ�DQG�WKH�6ROYHQW�8VHG��5HY� GH�&KLP��%XFKDUHVW������������� ����

3UDVDG��.�1���+DVVDQ�� )�$���<DQJ��%���.RQJ��.�:���5DPDQDQ��5�1���$]ODQ��$��� ,VPDLO��$���
������ 5HVSRQVH� VXUIDFH� RSWLPLVDWLRQ� IRU� WKH� H[WUDFWLRQ� RI� SKHQROLF� FRPSRXQGV� DQG�
DQWLR[LGDQW� FDSDFLWLHV� RI� XQGHUXWLOLVHG�0DQJLIHUD� SDMDQJ�.RVWHUP�� SHHOV�� )RRG� &KHP� �����
����������

3URHVWRV�� &��� .RPDLWLV��0��� ������ $SSOLFDWLRQ� RI�PLFURZDYH�DVVLVWHG� H[WUDFWLRQ� WR� WKH� IDVW�
H[WUDFWLRQ�RI�SODQW�SKHQROLF�FRPSRXQGV��/:7�)RRG�6FL�7HFKQRO� ������������

5DZDW��6���������)RRG�6SRLODJH��0LFURRUJDQLVPV�DQG�WKHLU�SUHYHQWLRQ��$VLDQ�-RXUQDO�RI�3ODQW�
6FLHQFH�DQG�5HVHDUFK�����������
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5LYHUD��'���2ERQ��&���,QRFHQFLR��&���+HLQULFK��0���9HUGH��$���)DMDUGR��-���/ORUDFK��5���������
7KH� HWKQRERWDQRFDO� VWXG\� RI� ORFDO� 0HGLWHUUDQHDQ� IRRG� SODQWV� DV� PHGLFLQDO� UHVRXUFHV� LQ�
VRXWKHUQ�6SDLQ��-��3K\VLRO�3KDUPDFRO ������������

5RVHOOy�6RWR��(���3DUQLDNRY��2���'HQJ��4���3DWUDV��$���.RXEDD��0���*ULPL��1���%RXVVHWWD��1���
7LZDUL��%�.���9RURELHY��(���/HERYND��1���%DUED��)�-���������$SSOLFDWLRQ�RI�1RQ�FRQYHQWLRQDO�
([WUDFWLRQ�0HWKRGV�� 7RZDUG� D� 6XVWDLQDEOH� DQG� *UHHQ� 3URGXFWLRQ� RI� 9DOXDEOH� &RPSRXQGV�
IURP�0XVKURRPV��)RRG�(QJ� 5HY� �����������

6DIDHL�*KRPL�� -��� (EUDKLPDEDGL�� $�+��� 'MDIDUL�%LGJROL�� =��� %DWRROL�� +��� ������ *&�06�
DQDO\VLV� DQG� LQ� YLWUR� DQWLR[LGDQW� DFWLYLW\� RI� HVVHQWLDO� RLO� DQG�PHWKDQRO� H[WUDFWV� RI� 7K\PXV�
FDUDPDQLFXV�-DODV�DQG�LWV�PDLQ�FRQVWLWXHQW�FDUYDFURO��)RRG�&KHP� ���������������

6DNDQDND�� 6��� .LP�� 0��� 7DQLJXFKL�� 0��� <DPDPRWR�� 7��� ������ $QWLEDFWHULDO� 6XEVWDQFHV� LQ�
-DSDQHVH�*UHHQ�7HD�([WUDFW�DJDLQVW6WUHSWRFRFFXV�PXWDQV��D�&DULRJHQLF�%DFWHULXP��$JULF�%LRO�
&KHP� ��������������

6PLWK�3DOPHU��$���6WHZDUW��-���)\IH��/���������$QWLPLFURELDO�SURSHUWLHV�RI�SODQW�HVVHQWLDO�RLOV�
DQG�HVVHQFHV�DJDLQVW�ILYH�LPSRUWDQW�IRRG�ERUQH�SDWKRJHQV��/HWW�$SSO�0LFURELRO� �������±����

7LQJ��:���7���(��'HLEHO��.���(���������6HQVLWLYLW\�RI�/LVWHULD�PRQRF\WRJHQHV�WR�VSLFHV�DW�WZR�
WHPSHUDWXUHV��-��)RRG�6DI�����±����

7UHXWWHU��'���������6LJQLILFDQFH�RI� IODYRQRLGV� LQ�SODQW� UHVLVWDQFH��D� UHYLHZ��(QYLURQ� &KHP��
/HWW�������������

7VDR��5���������&KHPLVWU\�DQG�ELRFKHPLVWU\�RI�GLHWDU\�SRO\SKHQROV��1XWULHQWV �������������
8OWHH��$���%HQQLN��0�+�-���0RH]HODDU��5���������7KH�3KHQROLF�+\GUR[\O�*URXS�RI�&DUYDFURO�
,V� (VVHQWLDO� IRU� $FWLRQ� DJDLQVW� WKH� )RRG�%RUQH� 3DWKRJHQ� %DFLOOXV� FHUHXV�� $SSO�� (QYLURQ�
0LFURELRO� ��������������

9DOHUR��0���)UDQFHV��(���������6\QHUJLVWLF�EDFWHULFLGDO�HIIHFW�RI�FDUYDFURO��FLQQDPDOGHK\GH�RU�
WK\PRO�DQG�UHIULJHUDWLRQ�WR�LQKLELW�%DFLOOXV�FHUHXV�LQ�FDUURW�EURWK��)RRG�0LFURELRO� ����������

:DQJ��=���'LQJ��/���/L��7���=KRX��;���:DQJ��/���=KDQJ��+���/LX��/���/L��<���/LX��=���:DQJ��+���
=HQJ�� +��� +H�� +��� ������ ,PSURYHG� VROYHQW�IUHH� PLFURZDYH� H[WUDFWLRQ� RI� HVVHQWLDO� RLO� IURP�
GULHG�&XPLQXP�F\PLQXP�/��DQG�=DQWKR[\OXP�EXQJHDQXP�0D[LP��-��&KURPDWRJU��$ ������
������

=DQRQL�� 6��� =DYDQHOOD�� /��� ������&KLOOHG� RU� IUR]HQ"�'HFLVLRQ� VWUDWHJLHV� IRU� VXVWDLQDEOH� IRRG�
VXSSO\�FKDLQV��,QW��-��3URG� (FRQ� ��������

=RKDU�� .��� +LOOD�� *��� 2GHG�� <��� ������0LFURZDYH�DVVLVWHG� H[WUDFWLRQ� RI� ELRDFWLYH� VDSRQLQV�
IURP�FKLFNSHD��&LFHU�DULHWLQXP�/���-��6FL��)RRG�$JULF� �������±����



7DEOH ���5HVXOWV�RQ�73&�RI�VLQJOH�IDFWRU�H[SHULPHQWV��VROYHQW��DFHWRQH�FRQFHQWUDWLRQ �����H[WUDFWLRQ�WLPH�DQG�PLFURZDYH�SRZHU�

)L[HG�
YDULDEOHV

([WUDFWLRQ WLPH�����V
0LFURZDYH�SRZHU������:������������

6ROYHQW������DFHWRQH� ([WUDFWLRQ�WLPH�����V 6ROYHQW� �����DFHWRQH�
0LFURZDYH�SRZHU������:������ 0LFURZDYH�SRZHU�����:����������������� ([WUDFWLRQ�WLPH���� V

&RQVWDQW�
YDULDEOH

6ROYHQW
W\SH

73&��PJ*$(�JGZ� ([WUDFWLRQ�
WLPH��V�

73&� �PJ*$(�JGZ� $FHWRQH�
UDWLR����

73&� �PJ*$(�JGZ� 0LFURZDYH
SRZHU��:�

73&��PJ*$(�JGZ�

�����HWKDQRO� ������������D �� ������������� D � ��������������D ��� ������ �������DE

����PHWKDQRO� ������������E �� �������������E �� ��������������E ��� ��������������DE

�����DFHWRQH� ������������F �� �������������D �� ��������������F ��� �������������� E

��� �������������F �� ��������������F ��� ��������������DE

��� �������������DF �� ��������������F ��� �������������DF

��� ��������������F

��� ��������������F

73& ��7RWDO� SKHQROLF� FRQWHQWV ��*$( ��*DOLF�DFLG� HTXLYDOHQWV ��9DOXHV� DUH� H[SUHVVHG� DV�PHDQ � VWDQGDUG�GHYLDWLRQ� �Q  ����0HDQV�ZLWK�GLIIHUHQW� OHWWHUV�
ZHUH�VLJQLILFDQWO\�GLIIHUHQW�DW�WKH�OHYHO�RI S � �����

7DEOHV



7DEOH����7KH WKUHH�OHYHOV�FRGH�RI�LQGHSHQGHQW�YDULDEOHV

,QGHSHQGHQW�YDULDEOHV /HYHOV
/RZ 0LGGOH� +LJK

[���([WUDFWLRQ WLPH��V� �� �� ���
[���$FHWRQH�UDWLR���� � �� ��
[���0LFURZDYH�SRZHU��:� ��� ��� ���



7DEOH� ��� %R[±%HKQNHQ� GHVLJQ� PDWUL[� ZLWK� WKH� REVHUYHG� UHVSRQVHV DQG� SUHGLFWHG� YDOXHV� IRU� WRWDO� SKHQROLF�
FRPSRXQGV �73&�

5HVSRQVHV �73&��PJ�(*$�JGZ��

5XQ�RUGHU ([WUDFWLRQ WLPH �V� $FHWRQH UDWLR���� 0LFURZDYH�SRZHU �:� ([SHULPHQWDO 3UHGLFWHG

� �� �� ��� ����� �����

� �� �� ��� ����� �����

� �� �� ��� ����� �����

� �� � ��� ����� �����

� �� �� ��� ����� �����

� �� � ��� ����� �����

� �� � ��� ����� �����

� ��� �� ��� ����� �����

� ��� �� ��� ����� �����

�� �� �� ��� ����� �����

�� �� �� ��� ����� �����

�� ��� �� ��� ����� �����

�� ��� � ��� ����� �����

�� �� �� ��� ����� �����

�� �� �� ��� ����� �����



7DEOH��� $QDO\VLV�RI�PHDQ�VTXDUH�GHYLDWLRQ�RI�WKH TXDGUDWLF�PRGHO�WHUPV��(T������ DSSOLHG�WR�
WKH�H[SHULPHQWDO�YDOXHV�RI�WRWDO�SKHQROLF�\LHOGV�REWDLQHG�ZLWK�PLFURZDYH�DVVLVWHG�H[WUDFWLRQ�

7HUP (VWLPDWH 67'�(UURU 7�5DWLR 3URE�!�,W,
,QWHUVHSW ����� ���� ����� ������
[����������� ����� ���� ����� ����
[��������� ���� ���� ��� �����
[����������� ����� ���� ����� ����
[�[� ����� ���� ����� ����
[�[� ����� ���� ����� ����
[�[� ����� ���� ����� �����
[�[� ���� ���� ���� ����
[�[� ���� ���� ���� ����
[�[� ����� ���� ����� �����
56TXDUH� �������������������56TXDUH�$GMXWHG� ��������������



7DEOH����([WUDFWLRQ�\LHOG DQG�73&��WRWDO�IODYRQRLGV DQG�WDQQLQV�IRU�RSWLPL]HG�H[WUDFW�DQG�LWV�IUDFWLRQV

6DPSOH 7��IRQWDQHVHLL 6FLUSXV�KRORVFKRHQXV

&(���������������������� 3(������������������ ,1������������������������� ($��� $4

([WUDFWLRQ�\LHOG ��� ���������� ������������ ������������ ����������� ������������ �����������

73&��PJ�*$(��JGZ� 1' ������������ ������������� ����� � ���� ����� � ���� ����� ��������

1'��1R�'HWHUPLQHG



7DEOH��� 7KH�GHVLJQ�PDWUL[�DQG�H[SHULPHQWDO�UHVSRQVHV��LQKLELWLRQ�]RQH�GLDPHWHU��PP� REWDLQHG
ZLWK�ODFWLF�DFLG��HVVHQWLDO�RLO�DQG�HWK\O�DFHWDWH�IUDFWLRQ

5HVSRQVHV�����,QKLELWLRQ�]RQH�GLDPHWHU��PP��

5XQ
/$
�����

(2G

�������
($
��� PJ P/í�� � �& ����&

H[SHULPHQWDO SUHGLWH H[SHULPHQWDO SUHGLWH

� ��� ��� � ����� ����� ����� �����

� ��� � ��� ����� ����� ����� �����

� � � � ����� ����� ���� �����

� � ��� ��� ����� ����� ����� ����

� � � � ���� ����� ���� �����

� ������ ������ ������ ����� ����� ����� �����

� � � � ����� ����� ����� �����

� ���� ���� � ����� ����� ����� �����

� ���� � ���� ����� ����� ����� �����

�� ����� ����� ���� ����� ����� ����� �����

�� ����� ���� ����� �� ��� ����� ����� �����

�� � ���� ���� ����� ����� ����� �����

�� ���� ����� ����� ����� ����� ����� �����

�� � ���� ���� ����� ����� ����� �����



0� �����(2G �������� ($ 0� �����(2G � ����($���

7DEOH� �� 0LQLPDO� LQKLELWRU\� &RQFHQWUDWLRQ� �0,&� DQG� 0LQLPDO� %DFWHULFLGDO�
&RQFHQWUDWLRQ��0%&��RI�H[WUDFWV DQG�WKHLU�PL[WXUHV�

0,& 0%&

^ĂŵƉůĞ ��& ���& ��& ���&

(2G ��/ P/í� � ����� ���� ����� ���

($��PJ�P/í� � ����� ���� ����� ����

0� ��/ P/í� � � ����� � ���

0� ��/�P/
í� � ����� � ��� �



)LJXUH�FDSWLRQV�

)LJXUH��� 6FKHPDWLF GLDJUDP�RI�WKH�SUHSDUDWLRQ RI�H[WUDFW�DQG�IUDFWLRQV�RI�6��KRORVFKRHQXV

)LJXUH���� 5HVSRQVH�VXUIDFH�DQDO\VLV�IRU�WKH�WRWDO�SKHQROLF�\LHOG�IURP�6��KRORVFKRHQXV ZLWK�

UHVSHFW� WR� PLFURZDYH� SRZHU� DQG� DFHWRQH� SHUFHQWDJH� �$��� PLFURZDYH� SRZHU� DQG� H[WUDFWLRQ�

WLPH��%���H[WUDFWLRQ�WLPH�DQG�PLFURZDYH�SRZHU��&��

)LJXUH �� $QWLPLFURELDO�DFWLYLW\��]RQH�RI� LQKLELWLRQ��PP��RI�YDULRXV�FRQFHQWUDWLRQV RI�HWK\O�

DFHWDWH�IUDFWLRQ��D���HVVHQWLDO�RLO��E��DQG�ODFWLF�DFLG��F����

)LJXUH��� 5HVSRQVH�VXUIDFH�FRQWRXU�SORWV IRU� WKH�HIIHFW�RI�GLIIHUHQW�FRPELQDWLRQV�RI�VWXGLHG�
H[WUDFW�HVVHQWLDO�RLO�DQG�ODFWLF�DFLG�RQ�]RQH�LQKLELWLRQ�GLDPHWHU�YDOXHV�DJDLQVW�3� DHUXJLQRVD��
�D��DW����&�DQG����& �E��

)LJXUH�&DSWLRQV



)LJXUH��

¾(YDSRUDWLRQ

¾5HGLVVROXWLRQ�LQ�PHWKDQRO

3HWUROHXP HWKHU IUDFWLRQ��3(�

(WK\O�DFHWDWH VROXWLRQ

$TXHRXV VROXWLRQ�����

$TXHRXV VROXWLRQ�����

$TXHRXV IUDFWLRQ��$4�

:DVKHG�ZLWK�HWK\O�DFHWDWH�
VHYHUDO�WLPHV�

,QWHUPHGLDWH IUDFWLRQ��,1�

(WK\O�DFHWDWH�IUDFWLRQ
�($�

¾(YDSRUDWLRQ

¾5HGLVVROXWLRQ�LQ�PHWKDQRO

'U\�H[WUDFW

$TXHRXV VROXWLRQ ;ϭͿ

0LFURZDYH�$VVLVWHG�
([WUDFWLRQ����V�����Z��
DQG�WKH�ILOWUDWHV�ZHUH�
FRPELQHG

�J�RI�SRZGHU������P/�����DFHWRQH�

)LOWUDWH�

�J�RI�SRZGHU������P/�����DFHWRQH�

�J�RI�SRZGHU������P/�����DFHWRQH�

�J�RI�SRZGHU������P/�����DFHWRQH�

�J�RI�SRZGHU������P/�����DFHWRQH�

5HGLVVROXWLRQ�LQ�ZDWHU

(QWLUH�HYDSRUDWLRQ�RI�VROYHQW

�J�RI�SRZGHU������P/�����DFHWRQH�

)LOWUDWH

&UXGH�H[WUDFW���&(�

)LJXUH��
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