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MHQLK�QD�VYHWORVWL��0H_XWLP��SRGDFL�L]�OLWHUDWXUH��.DVWRUL�������SRND]XMX
GD�VX�HWLROLUDQH�ELOMNH�GXCH�QHJR�RQH�QD�VYHWORVWL��7R�EL�VH�PRJOR�REMDVQLWL
VX^HQMHP�YUKD��RGQRVQR��XNLGDQMHP�DSLNDOQH�GRPLQDFLMH�NRG�NURPSLUD��^WR
GRYRGL�GR�IRUPLUDQMD�ERaQLK�JUDQD�VD�WHQGHQFLMRP�GD�SUHX]PX�YUK��LOL�aLQ�
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L]GDQDND�L�QD�VYWORVWL�L�X�PUDNX��,]�LVWLK�UD]ORJD��VX^HQMD�YUKD��ELOMNH�QD
VYHWORVWL�VX�GXCH�RG�RQLK�X�PUDNX��-HGLQR�RGVWXSDQMH�VH�SULPH`XMH�QD
PHGLMXPX�VD�����3(*�D��JGH�VX�ELOMNH�X�PUDNX�ELOH�GXCH�QHJR�RQH�QD
VYHWORVWL������3(*�VYHWORVW� ������PP������3(*�PUDN� ����PP���^WR
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NRML�SRND]XMX�GD�VH�QD�QMHPX�X�PUDNX�UD]YLOD�MHGQD�ERaQD�JUDQD��D�QD
VYHWORVWL�X�SURVHNX�����ERaQH�JUDQH��SUL�aHPX�VX�ERaQH�JUDQH�X�PUDNX�ELOH
GXCH�QHJR�QD�VYHWORVWL�����3(*�D�X�PUDNX� ������PP��QD�VYHWORVWL� ����
PP���7R�MH�SRVOHGLFD�ILWRKURPVNRJ�HIHNWD��SUHPD�NRMHP�VYHWORVW�LQKLELUD
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SRYH`DQMX�QLWL�VPDQMHQMX���MHU�QL�WUHQG�QLMH�MDVDQ��1H�PRCHPR�UH`L�GD�SROL�
HWLOHQJOLNRO�VPDQMXMH�EURM�NRUHQRYD��1DMPDQML�EURM�NRUHQRYD�SR�L]GDQNX
XRaDYD�VH�NRG�ELOMDND�VD����3(*�D�JDMHQLK�X�PUDNX��7R�VH�YHURYDWQR�QH
PRCH�SULSLVDWL�SULVXVWYX�3(*�D��MHU�MH�QD�LVWRP�PHGLMXPX�PQRJR�PDQMH
ELOMDND�SUHCLYHOR�QHJR�QD�NRQWUROQRP�PHGLMXPX��

=DNOMXaDN

1D�RVQRYX�UH]XOWDWD�RYRJ�HNVSHULPHQWD�X�NRPH�MH�GRGDYDQMHP�NRQ�
FHQWUDFLMD�SROLHWLOHQJOLNROD��3(*�D��SRNX^DQR�GD�VH�VLPXOXUDMX�XVORYL�VX^H
LQ�YLWUR�PRCH�VH�]DNOMXaLWL�VOHGH`H�

���3(*�XWLaH�QD�PRUIRORJLMX�L]GDQDND�NURPSLUD�JDMHQLK�LQ�YLWUR�
6PDQMXMH�GXCLQX�ELOMDND��EURM�LQWHUQRGLMD�L�ERaQLK�JUDQD��1D�EURM�NRUHQRYD
QHPD�ELWQLMHJ�HIHNWD��WH�VH�SUHWSRVWDYOMD�GD�DSVRUSFLRQD�PR`�NRUHQRYD�QLMH
SURPHQMHQD��7R�MH�ORJLaQD�SRVOHGLFD�VX^H��MHU�NUD`H�L�PDQMH�UD]JUDQDWH
ELOMNH�LPDMX�PDQMX�WUDQVSLUDFLRQX�SRYU^LQX��8�XVORYLPD�NXOWXUH� LQ�YLWUR
ELOMNH�QH�WUDQVSLUL^X�SR^WR�MH�DWPRVIHUD�X�WLP�XVORYLPD�]DVL`HQD�YODJRP�

���6�RE]LURP�QD�WR�GD�MH�3(*�RVPRWVNL�DNWLYQD�VXSVWDQFD�L�GD�VQLCDYD
YRGQL�SRWHQFLMDO�VLPXOLUDMX`L�WDNR�XVORYH�VX^H�X�]HPOML^WX��QMHJRYL�HIHNWL
QD�PRUIROR^NH�SDUDPHWUH�L]GDQDND�LQ�YLWUR�YHURYDWQR�VX�VOLaQL�HIHNWLPD�VX�
^H�X�SULURGQLP�XVORYLPD��

���8�NXOWXUL�LQ�YLWUR�MH�PDOR�WHCH�L]D]YDWL�XVORYH�VX^H��0H_XWLP��LSDN
MH�PRJX`H�

���9LVRNH�NRQFHQWUDFLMH�3(*�D�YHURYDWQR�L]D]LYDMX�RVPRWVNL�^RN�NRG
L]GDQDND��*OHGDQR�SUHPD�SURPHQDPD�NRMH�VX�]DSDCHQH�QD�ELOMNDPD��RSVHJ
NRQFHQWUDFLMD�NRML�VH�PRCH�X]HWL�]D�L]D]LYDQMH�^RND�ELR�EL�L]PH_X�����L
����3(*��2QGD�EL�SURPHQH�X�PRUIRORJLML�NRMH�VUH`HPR��D�QDURaLWR�SRMDYD
GHIRUPLVDQLK�L]GDQDND��YHRPD�VX�WDQNL�EOHGR�]HOHQH�VX�ERMH��PDOLK�OLVWRYD�
XJODYQRP�QHPDMX�NRUHQRYH��ELOH�YHURYDWQR�L�SRVOHGLFD�WRJ�^RND�

8RaHQH�PRUIROR^NH�SURPHQH�X�XVORYLPD�VLPXOLUDQH�VX^H�NRG�NURP�
SLUD��6RODQXP�WXEHURVXP�FY��'HVLUHH��LQ�YLWUR�YHURYDWQR�SRGVH`DMX�QD�SUL�
ODJR_HQRVW�ELOMDND�L]ORCHQLP�VX^L�X�SULURGQLP�XVORYLPD�
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?LODQRY��'���HW�DO��������6HOHFWLRQ�LQ�YLWUR�IRU�GURXJKW�WROHUDQFH�LQ�DO�
IDDOID��0HGLFDJR�VDWLYD�/����'URXJKW�DQG�SODQW�SURGXFWLRQ��SURFHHGLQJV
���%HOJUDGH��$JULFXOWXUDO�UHVHDUFKLQVWLWXWH�±6HUELD±����������

,VDNRY��$���$OLPJD]LQRYD���%���7HUOHWVND\D��1��������3ULPHQD�NXOWXUH�LQ
YLWUR�]D�L]XaDYDQMH�RWSRUQRVWL�MHaPD�QD�VX^X��8�]ERUQLNX�NUDWNLK�VDGUCDMD
6X^D�L�ELOMQD�SURL]YRGQMD��%HRJUDG��,QVWLWXW�]D�LVWUDCLYDQMD�X�SROMRSULYUHGL
±6UELMD±��VWU������
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.DVWRUL��5��������)L]LRORJLMD�ELOMDND��%HRJUDG��1LNROD�'DQaHY�

.XPDUL��'���:DUHLQJ��3�)��������)DFWRUV�FRQWUROOLQJ�VWRORQVGHYHORSHPHQW
LQ�WKH�SRWDWR�SODQW��1HZ�SKLWRO��%RWDQ\�'HSDUWPHQW���,���������

0H]HL��6��1DJO��1���=ORNROLFD��0���.RYDaHY��/���ADaL`��1���6NOHQDU��3�
������,Q�YLWUR�WHVWLUDQMH�RWSRUQRVWL�^H`HUQH�UHSH�QD�VX^X��8�]ERUQLNX�NUDW�
NLK�VDUCDMD�6X^D�L�ELOMQD�SURL]YRGQMD��%HRJUDG��,QVWLWXW�]D�LVWUDCLYDQMD�X
SROMRSULYUHGL�±6UELMD±��VWU�����

3RSRYL`��#��������)L]LRORJLMD�ELOMDND��UDVWHQMH�L�UD]YL`H��%HRJUDG�
1DXaQD�NQMLJD�

6DUL`�0��������)L]LRORJLMD�ELOMND��%HRJUDG��1DXaQD�NQMLJD�

6,*0$�&+(0,(�������6,*0$�&+(0,(�¬�ELRFKHP�L�NDOLHQ�RUJDQLFKH
YHUELQGXQJHQ�XQG�GLDJQRVWLND��

9LQWHUKDOWHU��'���9LQWHUKDOWHU��%��������.XOWXUD�LQ�YLWUR�L�PLNURSURSD�
JDFLMD�ELOMDND��%HRJUDG��,QVWLWXW�]D�LVWUDCLYDQMD�X�SROMRSULYUHGL�±6UELMD±�

9LQWHUKDOWHU��'���9LQWHUKDOWHU��%���&DORYL`��0��������2GQRV�L]PH_X�VD�
KDUR]H�L�FLWRNLQLQD�X�UHJXODFLML�UDVWHQMD�L�JUDQDQMD�NXOWXUD�L]GDQDND�NURP�
SLUD�VRUWH�'HVLUHH��8�]ERUQLNX�NUDWNLK�VDGUCDMD�3RYU`H�L�NURPSLU��%HR�
JUDG��,QVWLWXW�]D�LVWUDCLYDQMD�X�SROMRSULYUHGL�±6UELMD±��VWU�����

9LQWHUKDOWHU��'���9LQWHUKDOWHU��%���&DORYL`��0��������7KH�UHODWLRQVKLS�EH�
WZHHQ�VXFURVH�DQG�F\WRNLQLQV�LQ�WKH�VWXG\�UHJXODWLRQ�RI�JURXWK�DQG
EUDQFKLQJ�LQ�SRWDWR�FY��'HVLUHH�VKRRW�FXOWXUHV��)LUVW�%DONDQ�6\PSRVLXP�
YHJHWDEOH�DQG�SRWDWRHV��$FWD�KRUW�������,6+6���������

9RHW��'���9RHW��-�*��������%LRFKHPLVWU\��1HZ�<RUN��:LOH\��VWU������
�������

7LMDQD�0LWL`

(IIHFW�RI�3RO\HWK\OHQHJO\FRO��3(*��RQ�6KRRW�0RUSKRORJ\
DQG�7XEHU�,QGXFWLRQ�LQ�3RWDWR��6RODQXP�WXEHURVXP�/��FY�
'HVLUHH��LQ�YLWUR

$PRQJ�WKH�DELRWLF�HQYLURQPHQWDO�VWUHVVHV��GURXJKW�UHPDLQV�RQH�RI�WKH
PRVW�LPSRUWDQW��,Q�WKLV�UHVHDUFK�ZH�WULHG�WR�ILQG�SURSHU�PHWKRGV�IRU�WHVWLQJ
SRWDWR�RQ�GURXJKW�LQ�LQ�YLWUR�FXOWXUH��:H�XVHG�SRO\HWKLOHQHJOLFRO��3(*��WR
VLPXODWH�GURXJKW�FRQGLWLRQV�LQ�LQ�YLWUR�FXOWXUH��

7KH�SRWDWR�FXOWLYDU�'HVLUHH�ZDV�SURSDJDWHG�LQ�YLWUR�E\�ODLVLQJ�WKH�QR�
GHV�RI�VWDON�LQ�KRUPRQH�IUHH�PHGLXP�ZLWK�LQFUHDVHG�DPRXQWV�RI�3(*��([ �
SODQWDWV�ZHUH�LPPHGLDWHO\�SXW�RQ�PHGLD�ZLWK��������������L�����3(*�

,Q�WKLV�SDSHU�ZH�SUHVHQW�PHWKRGV�IRU�WHVWLQJ�WKH�'HVLUHH�ZKHUH�WKH
JURZWK�FKDQJHV�XQGHU�RVPRWLF�FRQGLWLRQV��ZHUH�FRPSDUHG�LQ� LQ�YLWUR�FXO�
WXUH�RI�SRWDWR�REWDLQ�WR�WKH�OLJKW�DQG�WKH�RWKHU�REWDLQ�WR�WKH�GDUNQHVV��:H
PRUSKRORJLFDOO\�DQDO\]HG�WKH�H[SODQWDWV�WKDW�ZHUH�REWDLQ�WR�WKH�HOHFWULF
OLJKW�DQG�WKH�RWKHU�REWDLQ�WR�WKH�GDUNQHVV�
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,Q�UHGXFHG�ZDWHU�VXSSO\��SODQWOHWV�UHDFWHG�E\�UHGXFLQJ�WKH�QXPEHU�RI
DX[LOLDU\�EXGV�DQG�WKH�OHQJWK�RI�LQWHUQRGHV��DOVR�UHGXFLQJ�WKH�QXPEHU�RI
VKRRWV�SHU�H[SODQWDW��

&RQVLGHULQJ�WKH�JRWWHQ�UHVXOWV�ZH�PD\�JHQHUDOO\�FRQFOXGH�QH[W�
���3(*�GLG�VKRZHG�DQ�HIIHFW�RQ�PRUSKRORJ\�RI�LQ�YLWUR�VKRRW�FXO�

WXUHV��WKXV�UHGXFHG�WKH�SODQWV�OHQJWK�DQG�QXPEHU�RI�LQWHUQRGHV��UHGXFHG
QXPEHU�RI�ODWHUDO�OHDI\�VKRRWV��ZKLOH�RQ�WKH�QXPEHU�RI�URRWV�SHU�VKRRW
GLGQ±W�VKRZ�DQ\�VLJQLILFDQW�HIIHFW��

��FRQVLGHULQJ�RVPRWLF�DFWLYLW\�RI�XVHG�FKHPLFDO�DQG�DOVR�WKDW�LW�ORZ�
HUV�WKH�ZDWHU�SRWHQWLDO�VLPXODWLQJ�WKH�GURXJKW�FRQGLWLRQV�LQ�WKH�VRLO��6R
WKDW�LW±V�HIIHFW�RQ�VKRRW�PRUSKRORJ\�DUH�SUREDEO\�VLPLODU�WR�WKRVH�LQ�WKH
UHDO�GURXJKW�FRQGLWLRQV�¬�LQ�QDWXUH�

���,Q�LQ�YLWUR�FXOWXUH�RI�SRWDWR�LV�KDUG�WR�HIIHFW�WKH�GURXJKW�FRQGLWLRQV�
EXW�LW�LV�DOVR�SRVVLEOH�E\�XVLQJ�KLJKHU�FRQFHQWUDWLRQ�RI�3(*�
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