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5RVLOGD� 0DUD� 0XVVXU\
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$%675$&7
7KH� LPSDFW� IRXU� FXOWLYDWLRQ V\VWHPV� RQ� WKH� VRLO� IDXQD� ZDV� VWXGLHG�� XVLQJ� 2ULEDWLGD� DQG� *DPDVLGD� DFDULGV� DV�ELRLQGLFDWRUV�DQG�FROOHPERODQ��7KH�UHVHDUFK�ZDV�FDUULHG�RXW�LQ�H[SHULPHQWDO�ILHOGV��ORFDWHG�LQ�(0%5$3$�� &3$2�LQ� 'RXUDGRV�� &HQWHUZHVW� RI� %UD]LO� IURP� -XO\� ����� WR� 'HFHPEHU� ����� 7KH� FRQVWDQW� SDVWXUH� V\VWHP� SUHVHQWHG�VPDOOHU� LPSDFW� RQ� WKH� VRLO� IDXQD� IROORZHG� E\� DJULFXOWXUDO� FDWWOH� URWDWLRQ� DQG� D� GLUHFW� SODQWDWLRQ� V\VWHP�� ,Q� WKH�FRQYHQWLRQDO� SODQWDWLRQ� VHULHV�� WKH� SRSXODWLRQDO� GHQVLW\� RI� WKH� PHVRIDXQD� RUJDQLVPV� ZDV� ORZ�� HVSHFLDOO\�FROOHPERODQ�IDPLOLHV���
.H\�ZRUGV��(GDILFD�PHVRIDXQD��GLUHFW�SODQWDWLRQ��VRLO�SUHSDUH�V\VWHPV��FXOWXUHV�URWDWLRQ


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
%HIRUH� WKH� HYLGHQFH� RI� WKH� XQVXVWDLQDEOH�WUDGLWLRQDO� V\VWHPV� IRU� SUHSDULQJ� WKH� VRLO�� LW�EHFRPHV� QHFHVVDU\� LQ� 'RXUDGRV �06� WR� HVWDEOLVK�LQWHQVLYH� V\VWHPV� RI� FDWWOH� DQG� DJULFXOWXUDO�SURGXFWLRQ� ZLWK� URWDWLRQ� EHWZHHQ� FXOWXUH� DQG�EUHHGLQJ��$PRQJ�WKH�IDFWRUV�WKDW�FDQ�LQIOXHQFH�WKH�PDLQWDLQDQFH� RI� WKH� V\VWHPV�� LV� DOVR� LQFOXGHG� WKH�DEXQGDQW� DQG� GLYHUVLILHG� VRLO� DUWURSRIDXQD�� 7KLV�KDV� DQ� LPSRUWDQW� UROH�� EHLQJ� LQSRUWDQW�NQRZOHGJH�RI�DFDUL�DQG�FROOHPERODQ�SRSXODWLRQ�� WR�NQRZ�WKH�LGHDO� WLPH� IRU� FKHPLFDO� SURGXFWV� DSSOLFDWLRQ� VR�WKDW�WKH�KDQGOLQJ�RI�WKHVH�RUJDQLVPV�FDQ�EH�PDGH�LQ� DQ� DSSURSULDWH� ZD\� ZKLFK� GRHVQ�W� PRGLI\� WKH�QDWXUDO�EDODQFH�HVWDEOLVKHG�LQ�WKH�HFRV\VWHP���7KH� SRSXODWLRQ� VL]H� DQG� WKH� DFWLYLW\� RI� WKH� VRLO�ELRWD� PHPEHUV� FDQ� EH� PRGLILHG� E\� FXOWXUDO�SUDFWLFHV��3ULPDYHVL���������$JULFXOWXUDO�SUDFWLFHV��

DV� � PRQRFXOWXUH�� VKRZ� D� WHQGHQF\� WR� UHGXFH� WKH�VSHFLHV� GLYHUVLW\� �%UDG\�� ������� 0X]LO OL� HW� DO�����������DQG��E\��'HUSVFK��HW�DO������������UHSRUWHG�SRVLWLYH�HIIHFW�RI�WKH�FXOWXUH�URWDWLRQ�LQ�LQFUHDVLQJ�WKH� SRVWHULRU� \LHOGV�� 7KH� DQLPDOV� FRQWURO� LQ�URWDWLYH� JUDVVODQG� LV� DQRWKHU� SUDFWLFH� WKDW� FDQ�SURYLGH� LPSURYHPHQWV� LQ� WKH�QDWLYH�FRQGLWLRQV� RI�WKH� VRLO�� HQULFKLQJ� LW� LQ� RUJDQLF� PDWWHU� DQG�VXSSUHVVLQJ�WKH�DOXPLQXP�HIIHFWV��7RPDVLQL�HW�DO����������7KH�HGDILFD�PHVRIDXQD�KDV�LPSRUWDQW�UROHV��VXFK�DV�D�FDWDO\]HU�LQ�WKH�PLFURELDO�DFWLYLW\�IRU�WKH�RUJDQLF� PDWWHU� GHFRPSRVLWLRQ� �'XQJHU�� ������%UXQR� HW� DO��� ������ %]XQHFN� DQG� 6DQWRV�� ������6DXWWHU�� ������� VRLO� PRLVWHQLQJ� SURFHVV� �'XQJHU��������� PHFKDQLFDO� GLVDJJUHJDWLRQ� RI� WKH�GHFRPSRVLQJ� YHJHWDEOH� PDWHULDO�� DQG� IRUPDWLRQ�DQG� PDLQWHQDQFH� RI� WKH� VWUXFWXUH� RI� WKH� VRLO���6DXWWHU�HW�DO�� ���������
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2ULEDWLGD� DFDUL� DQG� FROOHPERODQ� DUH� PRUH�QXPHURXV� VRLO� DUWKURSRGV� DQG� ZKHQ� EHWWHU�GLVWULEXWHG��WKH\�LQIOXHQFH�GLUHFWO\�WKH�VRLO�IHUWLOLW\��VWLPXODWLQJ� WKH�PLFURELDO�DFWLYLW\�� WKH�PXVKURRPV�LQKLELWLRQ� DQG� EDFWHULD� ZKLFK� FDXVH� GLVHDVHV��%XWFKHU�DQG�6QLGHU���������$FDUL DQG�&ROOHPEROD�FRQWULEXWH� WR� WKH� VRLO� IRUPDWLRQ� �7KRPSVRQ� DQG�(GZDUGV�� ������ 3ULPDYHVL�� ������� DQG� FDQ� DOVR�FDUU\� WKH� RUJDQLF� PDWWHU�� LQ� DGYDQFHG� GHFD\HG�FRQGLWLRQ�� WR� GHHSHU� OHYHOV� RI� WKH� VRLO� DQG� YLFH �YHUVD� �+ROH�� ������ 6DXWWHU�� ������� 7KH\� FDQ�FRQWULEXWH� WR� WKH�VRLO�VWUXFWXUH�SURGXFLQJ�D�IHUWLOH�DWPRVSKHUH� DQG� LQFUHDVLQJ� FRQVLGHUDEO\� WKH� VRLO�SRURVLW\� �%HUJ�DQG�3DZOXN���������7KH\�FDQ�DOVR�DFFHOHUDWH� WKH� QXWULHQWV� PLQHUDOL]DWLRQ� �6HDVWHG�DQG� &URVVOH\�� ������ 6HDVWHG�� ������ DV� ZHOO� DV�LQFUHDVH�XS�WR�VL[�WLPHV�WKH�VSHHG�RI�WKH�YHJHWDEOH�UHVLGXHV� GHFRPSRVLWLRQ� �%HKDQ�HW� DO� � �������7KH�REMHFWLYH� RI� WKH� SUHVHQW� UHVHDUFK� ZDV� WR� DQDO\]H�WKH� LPSDFW� RI� WKH� SODQWDWLRQ� W\SH� RQ� WKH� HGDILFD�PHVRIDXQD� XVLQJ� DFDUL� DQG� FROOHPERODQ� DV�ELRLQGLFDWRUV�
0$7(5,$/�$1'�0(7+2'6
7KLV�ZRUN�ZDV�FDUULHG�RXW� LQ�H[SHULPHQWDO� ILHOGV��ORFDWHG� LQ� (0%5$3$� � &3$2� �(PSUHVD� GH�3HVTXLVD� $JURSHFXiULD�&HQWUR� GH� 3HVTXLVD�$JURSHFXiULD�GR�2HVWH��LQ�'RXUDGRV �06����������
�6� DQG� ���� ��
� :HVW�� ���P� DOWLWXGH��� 7KH� VRLO�DUWURSRIDXQD� ZDV� VDPSOHG� PRQWK O\� DW� WKH�EHJLQQLQJ�RI�-XO\������WR�'HFHPEHU������

7KH�PRGLILHG�%HUOHVH�IXQQHO�ZDV�XVHG�LQ�D�VWULS�RI������� FP� RI� GHSWK� DQG� ZLWK� D� VRLO� YROXPH� RI� ����FP��� )RU� WKLV� VWXG\�� IRXU� V\VWHPV� ZHUH� VHOHFWHG��6\VWHP���FRQYHQWLRQDO��FRQY���ZLWK�RDW���VR\EHDQ���RDW���VR\EHDQ�URWDWLRQ��V\VWHP��� GLUHFW�SODQWDWLRQ����FDWWOH�DJULFXOWXUH�URWDWLRQ�ZLWK�RDW���EUDFKLDULD���EUDFKLDULD� �� EUDFKLDULD� �3DVWXUH��� DQG�EUDFKLDULD� ��VR\EHDQ� �� RDW� �� VR\EHDQ� �3DVWXUH���� V\VWHP� �� �FRQWLQXRXV� SDVWXUH� �3FRQW��� 7KH� FXOWXUH� VHULHV� LQ�WKH�GLUHFW�SODQWDWLRQ�V\VWHP� LV�GHVFULEHG� LQ�7DEOH����7KH� VRLO� � VDPSOHV� �ZHUH� � WDNHQ XVLQJ�RQO\� WKH�FHQWUDO� VWULS� � RI� � WKH� � DUHD� � DQG� DFFRPSOLVKHG� LQ�]LJ�]DJ�� OHDYLQJ�D� VSDFH�RI��P�KHGJH�RQ�DOO�VLGHV�RI� WKH� DUHD�� 7KH� QXPEHU� RI� VDPSOLQJV� ZDV� WHQ�IXQQHOV�E\�V\VWHP��7KH�VDPSOHV�ZHUH�FRQGLWLRQHG�LQ� SODVWLF� VDFNV� WR� PLQLPL]H� WKH� ORVVHV� E\�KXPLGLW\�� DQG� VRRQ� DIWHU� LQVWDOOHG� LQ� H[KLELWRU�WDEOHV�� ZKRVH� OLJKW� VRXUFH� DQG� KHDW� ZHUH� ��Z�ODPSV��VWD\LQJ�IRU�VHYHQ�GD\V�LQ�WKH�ODERUDWRU\�RI�81,*5$1�� 7KH� RUJDQLVPV� ZHUH� SLFNHG� XS� LQ�SODVWLF� SRWV�� ZKLFK� FRQWDLQHG� D� ���� DOFRKROLF�VROXWLRQ�� $IWHU� WKH� H[KLELWLRQ� SHULRG��LGHQWLILFDWLRQ�� VFRULQJ� DQG� VHSDUDWLRQ� RI� WKH�RUJDQLVPV� ZHUH� SURFHHGHG� ZLWK� DLG� RI� D�VWHUHRVFRSH�PLFURVFRSH��7KH�VWDWLVWLFV�DQDO\VLV�IRU�HDFK� VSHFLHV� RI� DUWKURSRGV� ZDV� FDUULHG� � ZLWK� D�GRXEOH� LQWHUDWLRQ� �FXOWLYDWLRQ� V\VWHP� DQG� \HDU��ZLWK� WHQ� UHSHWLWLRQV� IRU� HDFK� WUHDWPHQW�� 7KH�RULJLQDO�GDWD�ZHUH�WUDQVIRUPHG�WR� ���[ � DQG�WKH�DYHUDJHV� ZHUH� FRPSDUHG� ZLWK� 7XNH\� WHVW� DW� WKH�OHYHO����RI�SUREDELOLW\�
7DEOH�� � &XOWXUH�VHULHV�LPSODQWHG�LQ��WKH�VXPPHU�DQG�ZLQWHU��'RXUDGRV��06��������������� ���� ����6HULHV :LQWHU 6XPPHU :LQWHU 6XPPHU :LQWHU'LU$ 7851,3 0,/+2 2$7 62<%($1 :+($7'LU% :+($7 62<%($1 7851,3 0,/+2 2$7'LU& 2$7 62<%($1 :+($7 62<%($1 7851,3
5(68/76�$1'�',6&866,21
7KH�JOREDO�GDWD�RI�PHDQV��YDULDWLRQ�FRHIILFLHQW�DQG�³)´� WHVW� IRU� HDFK� JURXSV� RI� DUWKURSRGV� LQ� IRXU�FXOWLYDWLRQ� V\VWHPV� IURP� ����� WR� ����� DUH�GRFXPHQWHG� LQ� 7DEOH� ��� 2ULEDWLGD� DQG�*DPDVLGD�DFDUL� DQG� FROOHPERODQ� IDPLOLHV�� (QWRPREU\LGDH��6PLQWKXULGDH� DQG�3RGXULGDH�ZHUH� LGHQWLILHG��7KH�JHQHUDO�PHDQ� QXPEHU� RI� RUJDQLVP� RI� WKH� HGDILFD�

PHVRIDXQD� LQ� GLIIHUHQW� FXOWLYDWLRQ� V\VWHPV� LV�VKRZQ�LQ�)LJ�����,W�ZDV�IRXQG�WKDW�WKH�ODUJHVW�QXPEHU�RI�LQGLYLGXDOV�ZDV� REWDLQHG� LQ� WKH� FRQWLQXRXV� SDVWXUH�� IROORZ HG�E\� SDVWXUH� �� DQG� ��� DQG� E\� GLUHFW� SODQWDWLRQ���������$��%��&���7KH�DERYH�PHQWLRQHG�V\VWHPV�SUHVHQWHG�ODUJHU� RUJDQLVPV� SRSXODWLRQ� RI� PHVRIDXQD� ZKHQ�FRPSDUHG� ZLWK� WKH� FRQYHQWLRQDO� SODQWDWLRQ�������)LJ�� �E��� LQGLFDWLQJ� WKHUHIRUH�� WKDW� WKH� FXOWXUHV�URWDWLRQ LQ� GLUHFW� SODQWDWLRQ�� DVVRFLDWHG� � WR� � WKH�KDQGOLQJ� RI� DQLPDOV�� ZDV� D� SUDFWLFDO� WKDW���
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LQFUHDVHG� WKH� ELRORJLFDO� DWWULEXWHV� RI� WKH� VRLO� DQG�SRVVLEO\�WKH�JUDLQV�\LHOG��
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�

��
��
��
��
��

0HDQ
�QXP

EHU�R
I�LQGLY

LGXDOV
�FP�

)LJXUH� � � *HQHUDO� PHDQ� QXPEHU� RI� $FDUL� DQG�&ROOHPEROD� FDSWXUHG� LQ� IRXU� FXOWLYDWLRQ� V\VWHPV��'RXUDGRV�06������������
$FFRUGLQJ�WR�ZDV�3HUGXH�DQG�&URVVOH\�-U�����������WKH� SODQWDWLRQ� V\VWHP� GHFLVLYH� LQ� WKH� VWUXFWXUH�PDLQWHQDQFH� DQG� LQ� WKH�PRVW� IDYRUDEOH� KDELWDW� WR�

WKH� VRLO� IDXQD� WKDW� ZHUH� XVXDOO\� KDUPHG� E\� WKH�FRQWLRQDO�SUHSDUHG�RSHUDWLRQ V��)LDSDU���������7KLV�VXSHULRULW\�RFFXUUHG�SUREDEO\�GXH�WR�WKH�YHJHWDEOH�UHVLGXHV� GHSRVLWHG� LQ� WKH� VRLO� VXUIDFH�� FUHDWLQJ� D�IDYRUDEOH� PLFURKDELWDW� IRU� WKH� GHYHORSPHQW� RI�WKHVH� DUWKURSRGV�� DQG� LW� ZDV� DOVR� YHULILHG� E\�%]XQHFN�DQG�6DQWRV����������$�VPDOOHU�QXPEHU�RI�2ULEDWLGD�DQG�*DPDVLGD�DFDUL�ZDV� REVHUYHG� �EHVLGHV� FROOHPERODQ�� LQ�FRQYHQWLRQDO� SODQWDWLRQ� V\VWHP� �)LJ�� �E��� 7KH�DEVHQFH�LQ�WKLV�V\VWHP�RI�YHJHWDEOH�UHVLGXHV�LQ�VRLO�VXUIDFH�� WKH� PRYHPHQW� DQG� WXUQLQJ� RI� WKH� HDUWK��GLGQ
W�RIIHU�FRQGLWLRQV�IRU�WKH� GHYHORSPHQW�RI�DFDUL�DQG�FROOHPERODQ��%]XQHFN�DQG�6DQWRV��������DQG�%OXPEHUJ� DQG� &URVVOH\� ������� DOVR� UHSRUWHG� D�SRSXODWLRQDO� UHGXFWLRQ� RI� WKH� RUJDQLVPV� RI� WKH�HGDILFD� PHVRIDXQD� LQ� WKLV� FXOWLYDWLRQ� V\VWHP��&HUWDLQ�DQLPDOV�� OLNH�DFDUL�DQG�FROOHPERODQ�GLGQ
WKDYH� HQRXJK� SLJPHQWHG� SURWHFWLRQ� WR� VXSSRUW�GLUHFW� VXQEHDPV�� GHFUHDVLQJ� FRQVHTXHQWO\� WKRVH�LQGLYLGXDOV
�SRSXODWLRQ��3ULPDYHVL���������
7DEOH���� *OREDO�GDWD�RI�PHDQV��YDULDWLRQ�FRHIILFLHQW�DQG�³)´�WHVW�IRU�HDFK�JURXSV�RI�DUWKURSRGV�LQ�IRXU�FXOWLYDWLRQ�V\VWHP�IURP������WR�������'RXUDGRV�06�$UWKURSRGV <HDU2ULEDWLGD �� �� ��0HDQ ������ ������ ������&Y ������ ������ ������) �����
 �����
 ����
3�d ���� 3�d ���� 3�d ����*DPDVLGD0HDQ ������ ������ ������&Y ������ ������ ������) ����
 ����
 ����
3�d ���� 3�d ���� 3�d ����(QWRPREU\LGDH0HDQ ������ ������ �������&Y ������ ������ ������) ����
 ����
 ����
3�d ���� 3�d ���� 3�d ����6PLQWKXULGDH0HDQ ������ ������� �������&Y ������ ������ ������) ����
 ����
 ����
3�d ���� 3�d ���� 3�d ����3RGXULGDH0HDQ ������ ������� �������&Y ������ ������ �����) ����
 ����
 ����Q�V3�d ���� 3�d ���� 3�d ����
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)LJXUH�� � 0HDQ�QXPEHU� RI� LQGLYLGXDOV� REWDLQHG� LQ� FXOWLYDWLRQ� V\VWHPV�� FRQWLQXRXV�SDVWXUH� �D��� FRQYHQWLRQDO� �E���SDVWXUH����F���SDVWXUH���G���GLU�$��H���GLU�%��I���GLU�&��J���'RXUDGRV�� 06�������
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7KH� LQFUHDVH� RI 2ULEDWLGD� PHGLXP� QXPEHU� ZDV�REVHUYHG� LQ� WKH� FRQWLQXRXV� SDVWXUH� V\VWHP� �)LJ���D�� �D��� 7KH� 2ULEDWLGD� QXPEHU� LQFUHDVHG�VLJQLILFDQWO\�� WKURXJK� 7XNH\� WHVW� DW� ��� RI�SUREDELOLW\�� LQ� WKH�GLUHFW�SODQWDWLRQ��$���SDVWXUH���DQG� ��� +RZHYHU� D� VLJQLILFDQW� GLIIHUHQFH� ZDVREVHUYHG�EHWZHHQ�SDVWXUH���DQG�SDVWXUH����)LJ���D��IURP� ����� WR� ������ WKURXJK�7XNH\� WHVW� DW� ���RI�SUREDELOLW\�� SUREDEO\� GXH� WR� WKH� XVH� RI� FKHPLFDO�SURGXFWV�LQ�WKH�VR\EHDQ�DQG�RDW�GHVVLFDWLRQ�DUHD��$FFRUGLQJ� WR�7RXVLJQDQW�DQG�&RGHUUH��������DQG�6DXWWHU� DQG� 6DQWRV� ������� LQ� JHQHUDO�� 2ULEDWLGD�DFDUL�VHHPHG�WR�GHPRQVWUDWH�D�SUHIHUHQFH�IRU�ULFK�KDELWDWV�LQ�RUJDQLF�PDWWHU��EHVLGHV�WKH\�PD\�EH�WKH�ILUVW� VHWWOHUV� RI� GLVWXUEHG� DUHDV�� 'XULQJ� ������*DPDVLGDV� RFFXUUHG� LQ� DEXQGDQFH� LQ� FRQWLQXRXV�SDVWXUH� V\VWHP�� ZKHQ� FRPSDUHG� ZLWK� WKH� RWKHU�RQHV��)LJ���E���+RZHYHU��D�SRSXODWLRQDO�UHGXFWLRQ�ZDV�REVHUYHG�IURP������WR�������)LJ���D���,W�ZDV�LPSRUWDQW� WR� QRWLFH� WKH� RULJLQ� RI� WKH� YHJHWDEOH�UHVLGXHV� IRU� WKH� GHYHORSPHQW� RI� FHUWDLQ� HGDILFDV�VSHFLHV��,Q������LQ�WKH�GLUHFW�SODQWD WLRQ�V\VWHP��&��D� ODUJHU� DQG� VLJQLILFDQW� SRSXODWLRQ� RI�*DPDVLGDV�ZDV� REVHUYHG� �)LJ�� �J��� ZKLOH� RDW� FXOWXUH� ZDV�LQVWDOOHG��ZKHQ� FRPSDUHG�ZLWK� WXUQLS� FXOWXUH� �$���)LJ���H���,Q�SDVWXUH���DQG���LQ�������QR�VLJQLILFDQW�GLIIHUHQFH�� ZDV� REVHUYHG� LQ� *DPDVLGDV� QXPE HU��+RZHYHU�� LW� ZDV� REVHUYHG� WKDW� GXULQJ� ����� DQG������ WKH� *DPDVLGD� SRSXODWLRQ� ZDV� ODUJHU� LQ�SDVWXUH� ��� IROORZLQJ� WKH� VDPH� EHKDYLRU� RI� WKH�2ULEDWLGD� DFDUL� �)LJ�� �F�� �E���$OWKRXJK� WKHUH�ZDV�QRW� VLJQLILFDQW� GLIIHUHQFH� DPRQJ� WKH� URWDWLRQV� LQ�WKH� GLUHFW� SODQWDWLRQ� V\VWHPV�$�� %� DQG�&�� LW�ZDV�REVHUYHG� WKDW� WKH� ODUJHVW� QXPEHU� RI� LQGLYLGXDOV�ZDV� REWDLQHG� LQ� V\VWHP� &� �)LJ�� �J��� SUREDEO\�EHFDXVH�LQ�WKH�VHULHV�ZKLFK�WKH�GHDG�FRYHULQJ�ZDV�FRQVWLWXWHG�RI�OHJXPLQRXV�UHVLGXHV��WKHUH�RFFXUUHG�D� IDYRUDEOH�GHYHORSPHQW�RI� WKH VH�DFDUL��7KH�GHDG�FRYHULQJ� RI� OHJXPLQRXV� SUHVHQWHG� ORZ�FDUERQ�QLWURJHQ��&�1��� UHODWLRQVKLS� LQFUHDVLQJ�WKH�QXPEHU� RI� LQGLYLGXDOV� DV� LW� ZDV� QRWLFHG E\�%]XQHFN� DQG� 6DQWRV� �������� ,Q� GLUHFW� SODQWDWLRQV�$�DQG�%��WKH�FXOWXUHV�ZLWK�KLJK�UHODWLRQVKLS�� VXFKFRUQ��ZKHDW� DQG�RDW�� RFFXUUHG�PDQ\� WLPHV�GXULQJ�WKH� VXFFHVVLRQ� DQG� WKH\� ZHUH� QRW� FKRVHQ� E\�*DPDVLGD��7KLV�IDFW�ZDV�DOVR�QRWLFHG�E\�%]XQHFN�DQG�6DQWRV��������7KH� FROOHPERODQ�� ZKLFK� EHORQJHG� WR� WKH�(QWRPREU\LGDH� IDPLO\� RFFXUUHG� LQ� KLJK� QXPEHUV�LQ� FRQWLQXRXV� SDVWXUH� V\VWHP�� EXW� D� IDOO� ZDV�REVHUYHG�LQ�LQGLYLGXDOV�QXPEHU�IURP������WR������

�)LJ�� �D��� 7KH� FRQYHQWLRQDO� SUHSDUHG� V\VWHP�SUHVHQWHG�D�VPDOO�QXPEHU�RI�LQGLYLGXDOV�GXULQJ�WKH�ZKROH�VWXG\�SHULRG��1R�VLJQLILFDQW�GLIIHUHQFH��ZDV�REVHUYHG�DPRQJ�WKH�GLUHFW�SODQWDW LRQ�V\VWHPV��)LJ���F��� 7KH� &ROOHPEROD� SRSXODWLRQV� LQFUHDVHG� ZLWK�WKH�LQFUHPHQW�LQ�RUJDQLF�PDWWHU�FRQWHQW��6LQFH�WKH\�ZHUH� W\SLFDOO\� HSLHGDILFDV� IRUPV�� �GXH� WR� KLJK�DYDLODELOLW\�RI�RUJDQLF�PDWWHU� LQ� WKH� VRLO� VXUIDFH���WKH\�RFFXUUHG�LQ�DEXQGDQFH��6DXWWHU�HW� DO����������7KH� 6PLQWKXULGDH� IDPLO\� RFFXUUHG� LQ� KLJK�DEXQGDQFH� LQ� WKH� FRQWLQXRXV� SDVWXUH� V\VWHP� DV�ZHOO�DV�WKH�RWKHU�VSHFLHV�LQ�VWXG\��SUHIHUDEO\�IURP������WR�������EXW�LQ������REVHUYHG�QR�VLJQLILFDQW�GLIIHUHQFH� ZDV� REVHUYHG� LQ� UHODWLRQ� WR� WKH� RWKHU�WUHDWPHQWV� �)LJ�� �D� DQG� �G��� 'XULQJ� ������ WKH�GLUHFW� SODQWDWLRQ� V\VWHP� �&��� GLGQ
W� GLIIHU�VLJQLILFDQWO\� IURP� WKH� FRQYHQWLRQDO� V\VWHP�� ,Q�������WKH�GLUHFW�SODQWDWLRQ�V\VWHP��$��SUHVHQWHG�D�ODUJHU� QXPEHU� RI� LQGLYLGXDOV�� DOWKRXJK� LW� GLGQ
W�GLIIHU� IURP� WKH� RWKHU� W UHDWPHQWV� �)LJ�� �G��� 7KH�3RGXULGDH�IDPLO\�RFFXUUHG�LQ�VPDOOHU�SRSXODWLRQDO�LQGH[�� KRZHYHU�� LWV� SRSXODWLRQ� ZDV� PRUH�H[SUHVVLYH� LQ� WKH� FRQWLQXRXV� SDVWXUH� V\VWHP� LQ�������)LJ���D���H����'XULQJ�������DQ�DFFHQWXDWHG�IDOO�RI�DOO�WKH�VSHFLHV�ZDV� REVHUYHG� �H[FHSW RI�2ULEDWLGD�� )LJ�� �D���7KH�6PLQWKXULGDH� DQG� 3RGXULGDH� IDPLOLHV�ZHUH� IRXQG�LQ�VPDOO�QXPEHU��DOPRVW�GLVDSSHDULQJ��)LJ����G��H���3UREDEO\�� WKH� HQYLURQPHQWDO� IDFWRUV� ZHUH�UHVSRQVLEOH�IRU�WKH�GHFUHDVH�RI�WKH�VSHFLHV��'XULQJ�������LW�WKHUH ZHUH�SHULRGV�RI�FRQWLQXRXV�GURXJKWV��ZKLFK� SUREDEO\� KDUPHG� WKH� DSSURSULDWH�GHYHORSPHQW�RI�WKH�PHVRIDXQD�RUJDQLVPV��&RQWLQXRXV� SDVWXUH� V\VWHP� ZDV� WKH� IDYRULWH� RQH�IRU� WKH� DUWKURSRGV� SRSXODWLRQ� VWXGLHG� DQG� WKH�FRQYHQWLRQDO� V\VWHP� SUHVHQWHG� D� ORZ� PHGLXP�QXPEHU�RI�RUJDQLVPV��)LJ��� D�E�F�G�H���,W�LQGLFDWHG�WKDW� WKH�UHVLGXHV� OHIW�E\�WKH�FDWWOH�DQG�VWUDZ�ZHUH�LPSRUWDQW� LQ� WKHVH� LQGLYLGXDOV
� PDLQWHQDQFH��$FFRUGLQJ�WR�7RPDVLQL�HW�DO� � ��������WKH�KDQGOLQJ�RI� DQLPDOV� LQ� URWDWLYH� SDVWXUH� FRXOG� SURYLGH�LPSURYHPHQWV�LQ�WKH�QDWLYH�FRQGLWL RQV�RI�WKH�VRLO��HQULFKLQJ� LW�ZLWK�RUJDQLF�PDWWHU��+RZHYHU�� LW�ZDV�REVHUYHG� WKDW� WKH� FDWWOH� DQG� DJULFXOWXUDO� URWDWLRQ�DUHD� �SDVWXUH� ���� GLGQ
W� SUHVHQW� DQ� H[SUHVVLYH�LQFUHDVH� ZKHQ� FRPSDUHG� ZLWK� WKH� FRQWLQXRXV�SDVWXUH��GLUHFW�SODQWDWLRQ�$��%�DQG�&�DQG�SDVWXU H���� WUDQVFHQGLQJ� RQO\� WKH� FRQYHQWLRQDO� V\VWHP��5HVHDUFKHV�DUH�QHFHVVDU\�WR�GHWHUPLQH�WKH�DELRWLF�IDFWRU� WKDW� LQWHUIHUHG� QHJDWLYHO\� LQ� WKH� RUJDQLVPV�SRSXODWLRQ���
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3UREDEO\� WKH� PLFUR�FOLPDWH� IRUPHG� LQ� WKH� GLUHFW�SODQWDWLRQ� V\VWHP�� FDWWOH�DJULFXOWXUH� URWDWLRQ� DQG�FRQWLQXRXV� SDVWXUH� KDV� EHHQ� IDYRUDEOH� WR� WKH�KXPLGLW\�VWRUDJH�LQ�WKH�VRLO��DQG�FRQVHTXHQWO\�WKH�LQGLYLGXDOV
�DEXQGDQFH��
$&.12:/('*(0(176
7KH�DXWKRUV�WKDQN�(PSUHVD�%UDVLOHLUD�GH�3HVTXLVD�$JURSHFXiULD�&HQWUR�GH�3HVTXLVD�$JURSHFXiULD�GR�2HVWH� LQ� 'RXUDGRV� DQG� 81,*5$1� IRU� WKH�RSSRUWXQLW\�SURYRGHG�WR�DFFRPSOLVK�WKLV�ZRUN��:H�DOVR� WKDQN� WR� )OiYLD� 0DULD� 0DUJXWWL� 5DPRV��$1*/2�81,*5$1�� IRU� KHU� KHOS� LQ� WKH�SUHSDUDWLRQ� RI� WKH� PDQXVFULSW� DQG� WKH� WUDLQHHV�/HWtFLD�)DJXQGHV�DQG�1iGLD�6DQWRV�IRU�WKHLU�DLG�LQ�WKH�ILHOG�
5(6802
2� LPSDFWR� GH� TXDWUR� VLVWHPDV� GH� FXOWLYR� VREUH� D�IDXQD�GH�VROR�IRUDP�HVWXGDGRV��XWLOL]DQGR �VH�FRPR�ELRLQGLFDGRUHV�RV�DFDUL�2ULEDWLGD�H�*DPDVLGD�H�RV�&ROOHPEROD��$�SHVTXLVD�IRL�FRQGX]LGD�HP�FDPSRV�H[SHULPHQWDLV��ORFDOL]DGRV�QD�(0%5$3$� � &3$2�QR� PXQLFtSLR� GH� 'RXUDGRV�� 06�� QR SHUtRGR� GH�MXOKR�GH������j�GH]HPEUR�GH�������2�VLVWHPD�GH�SDVWDJHP� FRQWtQXD� DSUHVHQWRX� PHQRU� LPSDFWR�VREUH� D� IDXQD� GH� VROR� VHJXLGR� GD� URWDomR�DJULFXOWXUD�SHFXiULD�H�GR�VLVWHPD�GH�SODQWLR�GLUHWR��1DV� VXFHVV}HV� GR� SODQWLR� FRQYHQFLRQDO�� D�GHQVLGDGH� SRSXODFLRQDO� GRV� RUJDQLVPRV� GD�PHVRIDXQD� IRL� EDL[D�� HP� HVSHFLDO� DV� IDPtOLDV� GH�FROHPERORV��
5()(5(1&(6
%HKDQ��9��$���6WXDUW��%��%��DQG�0FNHYDQ��'��.����������(IIHFWV� RI�QLWURJHQ� IHUWLOL]HV�� DV�XUHD��RQ�DFDULQD�DQG�RWKHU� DUWKURSRGV� LQ� 4XHEHF� EODFN� VSUXFH� KXPXV��3HGRELRORJLD� ������������%HUJ�� 1�� :�� DQG� 3DZOXN�� 6�� �������� 6RLO� PHVRIDXQDO�VWXGLHV� XQGHU� GLIIHUHQW� YHJHWDWLYH� UHJLPHV� LQ� QRUWK�FHQWUDO�$OEHUWD��&DQ��-��6RLO�6FL���������������%OXPEHUJ�� $�� <�� DQG� &URVVOH\� -U��� '�� $�� ��������&RPSDUDVLRQ�RI�VRLO�VXUIDFH�DUWKURSRG�SRSXODWLRQV�LQ�FRQYHQWLRQDO� WLOODJH��QR�WLOODJH�DQG�ROG� ILHOG�V\VWHPV��$JUR�(FRV\VWHPV�������������%UDG\�� 1�� &�� �������� 1DWXUH]D� H� SURSULHGDGHV� GRV�VRORV�����HG��5LR�GH�-DQHLUR���)UHLWDV�%DVWRV������SS�

%UXQR��(��&��*���0DUTXHV��2��$���6DOGLYDU��/��0���=HQL��.�� 6DQWRV�� +�� 5�� DQG� )HUQDQGHV�� :�� '�� ��������&RPSRVLomR� GD� DUWURSRIDXQD� GH� VROR� HP� WUrV�DPELHQWHV�QD�UHJLmR�GH�'RXUDGRV�06��,Q� 9�5HXQLmR�6XO�%UDVLOHLUD� GH� ,QVHWRV� GH� VROR�� �(0%5$3$�&3$2���SS����%XWFKHU�� -��:��DQG�6QLGHU��5��-����������%LRHFRORJ\�RI�HGDSKLF� &ROOHPEROD� DQG� $FDULQD�� $QQ�� 5HY��(QWRPRORJ\��������������%]XQHFN�� +�� /�� DQG� 6DQWRV�� +�� 5�� ��������(IHLWRV� GH�GRLV� VLVWHPDV� GH� SUHSDUR� GR� VROR� H� VXFHVV}HV� GH�FXOWXUD��QD�SRSXODomR�GH�iFDURV�H�FROOHPEROD���7HVH�GH�0HVWUDGR���&XULWLED���6&$�8)35������SS�%]XQHFN�� +�� /�� DQG� 6DQWRV�� +�� 5�� �������� (IHLWRV� GH�GRLV� VLVWHPDV� GH� SUHSDUR� GR� VROR� H� VXFHVV}HV� GH�FXOWXUD�� QD� SRSXODomR� GH� iFDURV� *DOXPQLGDH��&U\SWRVWLJPDWD���5HYLVWD�&LrQFLD�$JUiULD� ��������'HUSVFK�� 5��� 5RWK�� &�� +��� 6LGLUDV�� 1�� DQG� .RSNH�� 8���������� &RQWUROH� GH� HURVmR� QR� 3DUDQi�� %UDVLO��6LVWHPDV�GH�&REHUWXUD�GR�VROR��SDQWLR�GLUHWR�H�SUHSDUR�FRQVHUYDFLRQLVWD�GR�VROR��*7=�,$3$5������SS�'XQJHU��:�� ��������7LHUH� LP�ERGHQ� 'LH�1HZH�%UHKP�EXHFKHUHL�� �����:LWWHPEHUJ�/XWKHUVWDGW��$�� =LHPVHQ�9HUODJ������SS�'XQJHU�� :�� �������� 8QWHUVXFKXQJHQ� XEHU� GLH�/DXEVWUHX]HUVHW]XQJ� GXUFK� &ROOHPEROHQ� =RRO�� -E��$EW��6\VWHPDWLN�������������),$3$5���������3ODQWLR�'LUHWR�GR�(VWDGR�GR�3DUDQi�/RQGULQD���),$3$5���&LUFXODU�����������SS�+ROH�� )�� '�� �������� (IIHFWV� RI� DQLPDOV� RQ� VRLO��*HRGHUPD�������������0X]LOOL��2���9LHLUD��0��-���$OPHLGD��)��/��6���1D]DUHQR��1�� 5�� ;��� &DUYDOKR�� $�� 2�� 5��� /DXUHQWL�� $�� (�� DQG�/ODQLOR�� 5�� )�� �������� &RPSRUWDPHQWR� H�SRVVLELOLGDGHV� GD� FXOWXUD� GR�PLOKR� HP� SODQWLR� GLUHWR�QR�HVWDGR�GR�3DUDQi��3HVT��$JURSHF��%UDV�������������3HUGXH�� -��&�� DQG�&URVVOH\� -U���'��$�� ��������6HDVRQDO�DEXQGDQFH� RI� VRLO� PLWHV� �$FDUL�� LQ� H[SHULPHQWDO�DJURHFRV\VWHPV�� HIIHFWV� RI� GURXJKW� LQ� QR�WLOODJH� DQG�FRQYHQWLRQDO� WHOODJH�� 6RLO� DQG� 7LOODJH� 5HV��� ����������������3ULPDYHVL�� $�� �������� 0DQHMR� HFROyJLFR� GR� VROR�$JULFXOWXUD� HP� UHJL}HV� WURSLFDLV�� ��� HG�� 6mR� 3DXOR� ��1REHO��6DXWWHU��.��'�� DQG�6DQWRV��+��5�� ��������$YDOLDomR�GD�HVWUXWXUD� GD� SRSXODomR� GD� PHVRIDXQD� HGiILFD�� HP�GLIHUHQWHV� UHJLPHV� GH� UHDELOLWDomR� GH� XP� VRORGHJUDGDGR� SHOD� PLQHUDomR� GR� [LVWR�� $JUiULDV�� ������������6DXWWHU�� .�� '�� ��������&RPSDUDomR� GD� SRSXODomR� GH�&ROOHPEROD� �,QVHFWD�� H� 2ULEDWHL� �$FDUL��&U\SWRVWLJPDWD�� HQWUH� SODQWLR� GLUHWR� H� WUrV� QtYHLV� GH�IHUWLOLGDGH�� SODQWLR� FRQYHQFLRQDO� H� XP� HFRVVLVWHPD�QDWXUDO��FDPSR�� �'LVVHUWDomR�GH�0HVWUDGR���&XULWLED��8)35�����SS�
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6DXWWHU�� .�� '��� .REL\DPD�� 0�� DQG� 8VKLZDWD�� &�� 7����������,QIOXrQFLD�GR�ORGR�GH�HVJRWR�GRPpVWLFR�H�ORGR�GHiJXD�VREUH�D�PHVRIDXQD�HGiILFD� $UT��%LRO��7HFQRO����� ���������������6HDVWHG�� 7�� 5�� DQG� &URVVOH\�'�� $�� �������� (IIHFWV� RI�PLFURDUWKURSRGV� RQ� WKH� VHDVRQDO� G\QDPLFV� RI�QXWULHQWV� LQ� IRUHVWV� OLWWHV��6RLO� %LRORJ\�%LRFKHP���������������6HDVWHG�� 7�� 5�� �������� 7KH� UROH� RI�PLFURDUWKURSRGV� LQ�GHFRPSRVLWLRQ� DQG� PLQHUDOL]DWLRQ� SURFHVVHV�� $QQ��5HY��(QWRPRO�������������7KRPSVRQ��$��5��DQG�(GZDUGV��&��$����������(IIHFWV�RI�SHVWLFLGHV� RQ� QRQWDUJHW� LQYHUWHEUDWHV� LQ� IUHVKZDWHU�DQG�VRLO��,Q� *XHQ]L��:��'���HG��3HVWLFLGHV�LQ�VRLO�DQG�ZDWHU�� 0DGLVRQ� �� 6RLO� 6FLHQFH� 6RFLHW\� RI� $PHULFD��SS����������

7RPDVLQL��5��*��$���9HOORVR��-��$��5���$PDQWLQR��-��.��DQG� $PEURVL�� ,�� �������&DPSR� EUXWR� PHOKRUDGR��JUmRV��VROR�H�YLGD� 3DVVR�)XQGR��(0%5$3$��&137���'RFXPHQWRV������������SS�7RXVLJQDQW�� 6� DQG� &RGHUUH�� '�� �������� 1LFKH�SDUWLWLRQLQJ� E\� VRLO� PLWHV� LQ� D� UHFHQW� KDUG� ZRRG�SODQWDWLRQ� LQ� 6RXWKHUQ� 4XHEHF�� &DQDGD��3HGRELRORJLD��������������
5HFHLYHG��-XQH����������5HYLVHG��0DUFK����������$FFHSWHG��6HSWHPEHU����������


