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*UHHQKRXVH�H[SHULPHQWV�ZHUH�FRQGXFWHG�ZLWK�OHDFKLQJ�FROXPQV�����FP�ORQJ�E\����FP�GLDP���RI�GLVWXUEHG�DFLG�VRLO�WR� HYDOXDWH� WKH� HIIHFW� RI� SODQW� UHVLGXHV� RQ� WKH� PRELOLW\� RI� VXUIDFH�DSSOLHG� FDOFLWH� OLPH� LQ� WKH� VRLO� SURILOH�� 3ODQW�UHVLGXHV�ZHUH��EODFN�RDWV��U\H��PXFXQD��OHXFDHQD��DQG�ZKHDW�VWUDZ�DW�D�UDWH�RI����0J�KD����/LPH�DQG�SODQW�UHVLGXHV�ZHUH�DSSOLHG�RQ�VRLO�VXUIDFH�DQG�DIWHU�DQ�LUULJDWLRQ�SURJUDP�HTXLYDOHQW�WR������PP�UDLQIDOO�SHU�\HDU�WKH�IROORZLQJ�REVHUYDWLRQV�ZHUH�PDGH��S+�� H[FKDQJHDEOH�&D��0J��.��DQG�$O�DQG� WKH�FKHPLFDO� FRPSRVLWLRQ�RI�GUDLQDJH�ZDWHU��(IIHFW�RI�OLPH�ZLWKRXW�SODQW�UHVLGXHV�ZDV�OLPLWHG�WR�WKH�XSSHU����FP�SURILOH��/LPH�ZLWK�SODQW�UHVLGXHV�FKDQJHG�S+��&D��0J��DQG�$O�LQ�WKH�VRLO�SURILOH��7KH�HIILFLHQF\�RI�SODQW�UHVLGXHV�RQ�OLPH�PRELOLW\�IROORZHG�WKH�RUGHU��EODFN�RDWV�!U\H�! PXFXQD�! OHXFDHQD��:KHDW�UHVLGXH�KDG�QR�HIIHFW�RQ�WKH�PRELOLW\�RI�OLPH��7KH�GHFUHDVH�LQ�$O��&D DQG�0J�LQ�WKH�XSSHU�OD\HU�RI�WKH�SURILOH�ZDV�IROORZHG�E\�DQ�LQFUHDVH�LQ�.��0HWDO�RUJDQLF�FRPSOH[H�UHDFWLRQV�ZHUH�DVVXPHG�WR�EH�WKH�PDLQ�PHFKDQLVP�RQ�OLPH�PRELOLW\�WKURXJK�SODQW�UHVLGXHV��
.H\�ZRUGV��6XEVRLO�DFLGLW\��&D�OHDFKLQJ��JUHHQ�PDQXUH


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
/DUJH�DUHDV� LQ�%UD]LO�FRQWDLQ�DFLG�VRLOV�DQG�VRPH�RI�ZKLFK�KDYH�VXEVRLO�DFLGLW\�ZLWK�WR[LF�OHYHOV�RI�DOXPLQXP� �$O�� DQG� GHILFLHQW� DPRXQW� RI� FDOFLXP��&D��� 7KHVH� FKHPLFDO� FKDUDFWHULVWLFV� UHVWULFW� URRW�SUROLIHUDWLRQ�DQG�WKH�PDMRU�FRQVHTXHQFH�LV�GURXJKW�VWUHVV� �5LWFKH\� HW� DO��� ������� 7KH� HIILFDF\� RI�VXUIDFH�DSSOLHG�OLPH�RQ�DOOHYLDWLQJ�VXEVRLO�DFLGLW\�LV�XQFHUWDLQ��,Q�VRPH�FDVHV�QR�HIIHFW�ZDV�REVHUYHG��*RQ]DOHV�(ULFR� HW� DO��� ������3DYDQ� HW� DO��� �������LQ�RWKHUV�ZDV� UDSLG� �:ULJKW�HW�DO���������2OLYHLUD�DQG� 3DYDQ�� ������� 7KLV� DSSDUHQW� FRQWUDGLFWLRQ� LQ�WKH�ZD\� LQ�ZKLFK� OLPH�PRYHV� LQ� VRLO� DUH� QRWKLQJ�QHZ��7KLV�VWDWH�RI�FRQIXVLRQ�KDV�SHUVLVWHG�IRU�WKH�ODVW�ILIW\�\HDUV��0DQ\�VWUDWHJLHV�KDYH�EHHQ�XVHG�WR�VSHHG�XS�WKH�PRELOLW\�RI�VXUIDFH�DSSOLHG�OLPH��VXFK�

DV�� SK\VLFDO� LQFRUSRUDWLRQ� ZLWK� PDFKLQDULHV��)DULQD�DQG�&KDQQRQ���������LQRUJDQLFDO�ZLWK�DFLG�LQSXW� �$GDPV� DQG� 3HDUVRQ�� ������ DQG� ZLWK�J\SVXP� �6FKDLQEHUJ� HW� DO��� ������ DQG� RUJDQLFDO��:ULJKW�HW�DO����������5HFHQW� VWXGLHV� KDYH� GHPRQVWUDWHG� WKDW� OLPH�DSSOLHG�RQ�VRLO�VXUIDFH�ZLWK�KLJK�DPRXQW�RI�SODQW�UHVLGXHV� VHUYLQJ� DV� PXOFK�� PRYHG� GRZQ� WR�VXEVXUIDFH� OD\HUV� LQFUHDVLQJ� S+� DQG� &D� DQG�GHFUHDVLQJ� $O� �3DYDQ� DQG� 0L\D]DZD�� ������0L\D]DZD� HW� DO��� ������ =LJOLR� HW� DO��� ������� 7KLV�WHFKQLTXH� ZLWK� RUJDQLF� SODQW� UHVLGXH� KDV� DQ�HVSHFLDO�LQWHUHVW�GXH�WR�KLJK�SURGXFWLRQ�RI�ELRPDVV�RI� WKH� PDLQ� FURSV� XVHG� LQ� VHYHUDO� DJULFXOWXUDO�V\VWHP� LQ� %UDVLO� �&DOHJDUL� HW� DO��� ������ &KDYHV�����HW� DO��� ������� 7KH� REMHFWLYH� RI� WKLV� VWXG\� ZDV� WR�
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HYDOXDWH� WKH� HIIHFW� RI� SODQW� UHVLGXHV� RQ� WKH�PRELOLW\�RI�VXUIDFH�DSSOLHG�OLPH�
0$7(5,$/�$1'�0(7+2'6
$FLG�VRLO�VDPSOHV� WDNHQ�IURP�WKH�� ���FP�KRUL]RQ�ZHUH� DLU�GULHG� DQG� SDVVHG� WKURXJK� D� �PP� VLHYH��7KH� VRLO� KDG� DQ� RULJLQDO� S+�&D&O� YDOXH� RI� �����H[FKDQJHDEOH�$O��&D��0J��DQG�.�FRQWHQWV�RI����������� ����� DQG����� FPRO GP���� UHVSHFWLYHO\��RUJDQLF�FDUERQ� FRQWHQW� RI� ����� J� NJ���� DQG� FOD\�� VLOW�� DQG�VDQG� FRQWHQWV� RI� ����� ����� DQG� ���� J� NJ ����UHVSHFWLYHO\�� 7KH� VRLO� ZDV� D� 7\SLF� +DSORUWKR[��8�6�� 6RLO� 7D[RQRP\��� 6RLO� VDPSOHV� ZHUH�WUDQVIHUUHG�WR�39&�FROXPQV�����FP�KLJK�E\����FPGLDPHWHU�� DQG� FRPSDFWHG� WR� D� KRPRJHQHRXV�EXON�GHQVLW\��PHDQ���J�FP����7KH� WUHDWPHQWV� ZHUH�� FRQWURO� �ZLWKRXW� OLPH� DQG�SODQW� UHVLGXH��� OLPH� ZLWKRXW� SODQW� UHVLGXH�� OLPH�ZLWK� EODFN� RDWV� �$YHQD� VWULJRVD��� OLPH� ZLWK� U\H��6HFDOH� FHUHDOH��� /LPH� ZLWK� JUD\� PXFXQD��6WL]RORELXP� FLQHUHXQ��� OLPH� ZLWK� OHXFDHQD��/HXFDHQD� OHXFRFHSKDOD ��� DQG� OLPH� ZLWK� ZKHDW�VWUDZ� �7ULWLFXP� DHVWLYXP��� %ODFN� RDWV�� U\H�� JUD\�PXFXQD�DQG� OHXFDHQD�ZHUH�FROOHFWHG�DW� IORZHULQJ�VWDJH� DQG�ZKHDW� VWUDZ� DIWHU� JUDLQ
V� KDUYHVW�� 3ODQW�PDWHULDOV�ZHUH�GULHG DW���R&�IRU����K�DQG�JURXQG�WR� SDVV� �PP� VLHYH�� 7DEOH� �� VKRZV� WKH� FKHPLFDO�FRPSRVLWLRQ�RI�WKH�SODQW�PDWHULDOV�
7DEOH�� � &KHPLFDO�FRPSRVLWLRQ�RI�WKH�SODQW�PDWHULDOV�3ODQW�UHVLGXHV &KHPLFDO�FRPSRVLWLRQ��J�NJ���1 3 . &D 0J%ODFN�RDWV ���� ��� ���� ��� ���5\H ��� ��� ���� ��� ���/HXFDHQD ���� ��� ���� ���� ���0XFXQD ���� ��� ���� ��� ���:KHDW�VWUDZ ���� ��� ��� ��� ���
3ODQW� PDWHULDOV� DQG� OLPH� ZHUH� DSSOLHG� DW� UDWHV�HTXLYDOHQW� WR� ��� DQG� �� 0J� KD �� RI� GU\� ZHLJKW��UHVSHFWLYHO\��3ODQW�PDWHULDOV�DQG�OLPH�ZHUH�DSSOLHG�RQ� WKH� VRLO� VXUIDFH� ZLWKRXW� DQ\� SK\VLFDO�LQFRUSRUDWLRQ�� 7KH� LUULJDWLRQ� SURJUDP� ZDV�� �����PO� RI� ZDWHU� SHU� FROXPQ� SHU� ZHHN� �VRLO¶V� ZDWHU�KROGLQJ� FDSDFLW\� RU� SRURXV� YROXPH�� S9���HTXLYDOHQW�WR����PP�RI�UDLQIDOO��GXULQJ����ZHHNV��ZLWK� D� WRWDO� RI� ������ PO� RI� ZDWHU� SHU� FROXPQ��HTXLYDOHQW�WR����� PP�RI�UDLQIDOO�SHU�\HDU��'XULQJ�WKH�LUULJDWLRQ�SHULRG��GUDLQDJH�ZDWHU�ZDV�FROOHFWHG�

ZHHNO\�� PHDVXUHG� DQG� DQDO\]HG� IRU� S+�� &D��0J��DQG� .�� $W� WKH� HQG� RI� WKH� H[SHULPHQW� SODQW�PDWHULDOV�DQG� OLPH�SDUWLFOHV�U HPDLQLQJ�RQ�WKH�VRLO�VXUIDFH� ZHUH� UHPRYHG� DQG� VRLO� VDPSOHV� ZHUH�FROOHFWHG� DW� ����� ������ ������� ������� ������� DQG������� FP� GHSWK�� 6RLO� VDPSOHV� ZHUH� DLU �GULHG��JURXQG� WR� SDVV� ��PP� VLHYH� DQG� DQDO\]HG� IRU� S+�&D&O��� H[FKDQJHDEOH� &D�� 0J�� .�� DQG� $O� �3DYDQ����HW�DO��������
5(68/76
7KH�FXUYHV�RI�)LJXUHV���DQG���LQGLFDWH�WKH�HIIHFWV�RI� WUHDWPHQWV� RQ� VRLO� FRPSRVLWLRQ�� 7KHVH� ILJXUHV�VKRZ� WKH� HIIHFWV� RI� WUHDWPHQWV� FRQWURO�� OLPH� RQ�EDUH�VRLO�� OLPH�ZLWK�EODFN�RDWV� �WKH�PRVW�HIILFLHQW�SODQW�PDWHULDO��� DQG� OLPH�ZLWK�ZKHD W� VWUDZ� �OHDVW�HIILFLHQW�SODQW�PDWHULDO���7KH�RWKHUV�SODQW�PDWHULDOV��U\H�� PXFXQD�� DQG� OHXFDHQD�� SUHVHQWHG�LQWHUPHGLDWH�HIIHFWV�EHWZHHQ�EODFN�RDWV�DQG�ZKHDW�VWUDZ�� 7KH� HIIHFWV� RI� VXUIDFH� OLPH� DSSOLFDWLRQ� RQ�EDUH�VRLO�ZLWKRXW�SODQW�UHVLGXHV�RQ�S+��&D��0J��. �DQG�$O�ZHUH� OLPLWHG� WR� WKH�XSSHU�� ����FP� OD\HUV��7KHVH� UHVXOWV� FRQILUPHG� WKH� ORZ�PRELOLW\�RI� OLPH�LQ� YDULDEOH� FKDUJH� VRLO�ZLWK� ORZ� LQSXW� RI� RUJDQLF�PDWHULDO��FRUURERUDWLQJ�GDWD�SUHVHQWHG�LQ�SUHYLRXV�VWXGLHV��*RQ]DOH]�(ULFR�HW�DO���������3DYDQ�HW�DO����������7KH�HIIHFW�RI�SODQW�UHVLGXH�RQ�OLPH�PRELOLW\�ZDV� KLJKO\� YDULDEOH� DQG� GHSHQGHG� RQ� SODQW�VSHFLHV��([FHSW�ZKHDW�VWUDZ�WKH�RWKHU�UHVLGXHV�FKDQJHG�WKH�VRLO�S+�DQG�WKH�FRQFHQWUDWLRQV�RI�&D��0J��.��DQG�$O� LQ� WKH� VRLO� SURILOH�� 7KH� VRLO� S+� LQFUHDVHG�� &D�DQG�0J GHFUHDVHG��DQG�.�LQFUHDVHG�PDLQO\�LQ�WKH��� WR� ��� FP� OD\HUV��7KH� UHGXFWLRQV� LQ�&D� DQG�0J�ZHUH�����DQG�����IRU�EODFN�RDWV�DQG����DQG�����IRU� U\H�� UHVSHFWLYHO\�� &KDQJHV� LQ� VRLO� FKHPLFDO�FRPSRVLWLRQ� XQGHU� ZKHDW� VWUDZ� ZHUH� RI� ���GHFUHDVHG� IRU� &D� DQG� ��� LQFUHDV HG� IRU�0J�� 7KH�UHGXFWLRQV�LQ�&D�DQG�0J�ZHUH�����DQG����PJ�SHU�FROXPQ��UHVSHFWLYHO\�� LQ�WKH�SUHVHQFH�RI�EODFN�RDW�UHVLGXH� LQ� WKH� �� WR� ��� FP� OD\HU� RI� WKH� VRLO��&RQVLGHULQJ�WKDW�WKH�WRWDO�&D�DQG�0J�LQSXWV�ZHUH������PJ�FROXPQ�������PJ�IURP�&D&2� ������PJ�IRU� EODFN� RDW� UHVLGXH�� DQG� ����PJ�FROXPQ� �EODFN�RDW� UHVLGXH��� UHVSHFWLYHO\�� LW� ZDV� H[SHFWHG�LQFUHDVHV� LQ� &D� DQG� 0J�� +RZHYHU�� EODFN� RDWV�PDUNHGO\� GHFUHDVH� &D� DQG� 0J� LQ� WKH� � ���� FP�OD\HU�� 6LPLODU� HIIHFW� ZDV� REVHUYHG� IRU� U\H��PXFXQD��DQG�OHXFDHQD�UHVLGXHV��7KH�FRQ FHQWUDWLRQ�RI� $O� GHFUHDVHG� PDLQO\� LQ� WRS� � ���� FP� VXUIDFH�
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OD\HU�� %ODFN� RDWV� VKRZHG� WKH� KLJKHVW� HIIHFW� RQ�GHFUHDVLQJ�VXEVXUIDFH�$O�
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)LJXUH� � � 6RLO� S+� DQG� H[FKDQJHDEOH� &D�� DQG� $O�GLVWULEXWLRQ�ZLWK�GHSWK�IROORZLQJ�VXUIDFH�OLPH�DQG�SODQW�PDWHULDO� DSSOLFDWLRQV�� FRQWURO�� OLPH��OLPH���2DWV��DQG� OLPH���ZKHDW�
7KH� GHFUHDVH� LQ� &D�� 0J�� DQG� $O� IROORZHG� DQ�LQFUHDVH�LQ�.��PDLQO\�LQ�WKH�� ����FP�OD\HU��%ODFN�RDWV�DQG�U\H�UHVLGXHV�VKRZHG�WKH�KLJKHVW�LQFUHDVH�LQ� .� �)LJ�� ���� %ODFN� RDWV� XWLOL]DWLRQ� UHVXOWHG� DQ�

LQFUHDVH� RI� �����RI�.� LQ� WKH� ���FP� OD\HU�RI� WKH�VRLO�LQ�UHODWLRQ�WR�WKH�FRQWURO�)LJ�� �� VKRZV� WKH� FKHPLFDO� FRPSRVLWLRQ� RI� WKH�HIIOXHQW�VROXWLRQ��7KH�WRWDO�&D��0J��DQG�.�OHDFKHG�RXW� LQ� WKH� FRQWURO� VRLO� ZHUH� ������ ����� DQG� �����PPRO� NJ���� UHVSHFWLYHO\�� /LPH� ZLWKRXW� SODQW�UHVLGXH�DQG�OLPH�ZLWK�ZKHDW�VWUDZ�VKRZHG�VROXWLRQ�GUDLQDJH�FRPSRVLWLRQ�VLPLODU�WR�WKH�FRQWURO�VRLO��2Q� WKH� RWKHU� KDQG�� WKH� SUHVHQFH� RI� EODFN� RDW�UHVLGXH� VKRZHG�KLJK�&D�DQG�0J� OHDFKLQJ��8QGHU�RUJDQLF� V\VWHP� &D� DQG� 0J� DSSHDUHG� ILUVW� ZLWK�PD[LPXP SHDN�DW���S9�DQG�.�VKRZHG�PD[LPXP�SHDN� DW� �� S9� �)LJ�� ���� 7KH� WRWDO� &D�� 0J� DQG� .�OHDFKHG�XQGHU�OLPH�ZLWK�EODFN�RDW�WUHDWPHQW�ZHUH��UHVSHFWLYHO\� ����� ���� DQG� ���� PJ�FROXPQ��$VVXPLQJ�WKDW�WKH�WRWDO�&D��0J��DQG�.�DGGHG�ZLWK�EDFN�RDWV�ZHUH�����������DQG������PJ�FROXPQ��LW�FDQ�EH�FRQFOXGHG�WKDW�VRPH�&D�IURP�OLPH�DQG�&D�DQG� 0J� IURP� VRLO� H[FKDQJHDEOH� VLWHV� ZHUH� DOVR�OHDFKHG�RXW��
6RLO�G
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)LJXUH� � � ([FKDQJHDEOH� 0J� DQG� .� GLVWULEXWLRQ� ZLWK�GHSWK� IROORZLQJ� VXUIDFH� OLPH� DQG� SODQW� PDWHULDO�DSSOLFDWLRQV�� FRQWURO�� OLPH�� OLPH���2DWV��DQG� OLPH���ZKHDW�
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7KH� GLVVROXWLRQ� RI� &D&2� LQ� DFLG� VRLO� IRUPV� D�FDWLRQ� �&D���� DQG� WZR� DQLRQV� �2+� DQG� +&2�����EHLQJ� WKH� +&2�� YHU\� XQVWDEOH� GXH� WR� LWV�GHFRPSRVLWLRQ�LQ�&2� DQG�+�2��7KHUHIRUH��&D&2�UHDFV� FRPSOHWHO\� LI� WKH� VRL O� UHPDLQV� DFLG�� 7KH�FKHPLFDO� QHXWUDOL]DWLRQ� RI� WKH� VXEVXUIDFH� DFLGLW\��RFFXU�RQO\�LI�WKH�EDVLF�DQLRQV�DUH�WUDQVSRUWHG�LQ�WKH�PDVV� IORZ��7KH� SUREOHP� LV� WKDW� LQ� WKH�PDVV� IORZ�WKHUH� DUH� DFLG� FDWLRQV� VXFK� DV�+��� )H���� $O�� DQG�0Q��� �/HZLV� KDUG� DFLGV�� ZKLFK� UHDFW� ZLWK� EDVLF�DQLRQV� �/HZLV� VRIW� EDVHV�� VWRSSLQJ� WKH� DONDOLQH�IURQW��7KXV�� LW� LV�H[SHFWHG� WKDW�ZKLOH�DFLG�FDWLRQV�H[LVW� LQ� VRLO� VROXWLRQ� WKH� DONDOLQLW\� LV� QRW�WUDQVIHUUHG�WR�WKH�VXEVRLO�OD\HUV�7KH� HTXLOLEULXP� EHWZHHQ� DONDOLQH� DQG� DFLGLW\� LV�DFKLHYHG�LQ�WKH�S+�UDQJH�IURP�����WR�����GXH�WR�WKH�LQVROXELOLW\� RI� )H���� $O�� DQG� 0Q�� LRQV� DQG� WKH�SDUFLDO�QHXWUDOLW\�EHWZHHQ�+&2�� DQG�+� �+HO\DU���������7KXV�LW�LV�H[SHFWHG�WKDW�WKH�DONDOLQLW\�IURQW�RI�WKH�VRLO�VXUIDFH�DSSOLHG�OLPH�ZLOO�PRYH�LQWR�WKH�VXEVXUIDFH� OD\HUV� RQO\�XQGHU�S+� ! ����ZKHUH� WKH�FRQFHQWUDWLRQV�RI�+&2����2+���DQG�&2��� LQFUHDVH�ORJDULWKPLFDOO\�� /LPH� PRELOLW\� LV� PRUH�FRPSOLFDWHG� LQ� YDULDEOH� FKDUJH� VRLOV� ZKHUH� WKH�DONDOLQH�IURQW�LV�DOVR�XVHG�WR�QHXWUDOL]H�WKH�DFLGLW\�RI� WKH� QHJDWLYH� VLWHV� �S+�GHSHQGHQW�� RQ� WKH�FROORLGDO� VXUIDFH�� 8QGHU� WKLV� FRQGLFWLRQ� WKH�PRELOLW\� RI� &D�� LV� UHVWULFWHG� GXH� WR� LWV� KLJK�HOHFWURFKHPLFDO� DWWUDFWLRQ� E\� WKH� S+ �GHSHQGHQW�QHJDWLYH�FKDUJHV��3DYDQ�DQG�5RWK��������REVHUYHG�WKDW�DOWKRXJK�OLPH�LQFUHDVHG�H[FKDQJHDEOH�&D��WKH�VRLO�VROXWLRQ�&D�ZDV�QRW�FKDQJHG�LQ�WKH�S+�UDQJH�IURP���WR����6RLO�VROXWLRQ�&D�LQFUHDVHG�XQGHU�S+� !�� RQO\�� 7KH\� FRQFOXGHG� WKDW� WKH� ORZ� VROXEOH� &D�FRQFHQWUDWLRQ�LQ�WKH�S+�UDQJH�IURP���WR���ZDV�GXH�WR� KLJKHU� QHJDWLYH� FKDUJH� GHQVLW\� RQ� WKH� VRLO�FROORLGDO�VXUIDFH�2Q� WKH� RWKHU� KDQG�� LQ� WKH� SUHVHQFH� RI� VHOHFWHG�SODQW�UHVLGXH�WKH�PRELOLW\�RI�OLPH�ZDV�TXLWH�UDSLG��7KHVH� UHVXOWV� LQGHHG� VXSSRUWHG� WKH� YLHZ� WKDW�VROXEOH�RUJDQLF�FRPSRXQGV�UHOHDVHG�IURP�WKH�SODQW�UHVLGXH�FRQWDLQHG�FDUER[\O�� �&22+��DQG�SKHQROLF���2+�� JURXSV� ZKLFK� UHDFWHG� ZLWK� EDVLF� DQG� DFLG�FDWLRQV�DOORZLQJ�WKH�PRELOLW\�DQG�WKH�FDSDELOLW\�RI�GHWR[LI\LQJ�DFLG�VXEVRLOV��7KH� GHFUHDVH� LQ� &D� DQG� 0J� ZDV� IROORZHG� DQ�LQFUHDVH� LQ� .�� 3UREDEO\� WKH� RUJDQLF� OLJDQGV�UHOHDVHG� IURP� WKH� SODQW� UHVLGXHV� VKRZHG� PRUH�DIILQLW\�IRU�&D�� DQG�0J�� WKDQ�.���,W�LV�LPSRUWDQW�

WR�XQGHUVWDQG�WKDW�XQGHU�LQRUJDQLF�V\VWHP�. � LV�WKH�ILUVW�FDWLRQ�WR�EH�OHDFKHG�IROORZHG�E\�0J�DQG�&D��
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)LJXUH� � � &RQFHQWUDWLRQ� RI� &D�� 0J�� DQG� .� LQ� WKH�GUDLQDJH� VROXWLRQ� IROORZLQJ� VXUIDFH� OLPH� DQG� SODQW�PDWHULDO� DSSOLFDWLRQV�� FRQWURO�� OLPH��OLPH���2DWV��DQG� OLPH���ZKHDW��
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���
7KH� PLQLPDO� HIIHFW� RI� ZKHDW� UHVLGXH� RQ� WKH�PRELOLW\�RI�FDWLRQV�LQ�VRLO�PD\�EH�GXH�WR�LWV�ORZHU�FRQFHQWUDWLRQ� LQ� RUJDQLF� DFLGV� �3LHUUH� DQG�%DQZDUW���������$SSDUHQWO\��WKH�K\GURO\VLV�RI�& D��DQG�0J�� RUJDQLF� FRPSOH[HV� LW�ZDV�QRW�REVHUYHG��EHFDXVH�S+�DQG�$O�ZHUH�XQFKDQJHG�LQ�VXEVXUIDFH�OD\HUV�� 7KH� ULVN� RI� &D�� DQG�0J�� UHPRYHG� IURP�WKH� URRW� ]RQH� FRXOG� EH� PLQLPL]HG� WKURXJK� FURS�URWDWLRQ�� 7KH� PRELOLW\� RI� &D �� DQG� 0J�� ZLWK�RUJDQLF� OLJDQGV� DSSHDU� WR� RFFXU� OLNH� XQFKDUJHG�FRPSOH[H� �0/R�� RU� QHJDWLYHO\� FKDUJHG� FRPSOH[H��0/����7KH�IROORZLQJ�UHDFWLRQ�LV�SURSRVHG�

0�+�2�[P� ��/Q� �0/�PQ� ��+�2ZKHUH�0� �PHWDO��/� �OLJDQG��P�DQG�Q� �PHWDO�DQG�OLJDQG�YDOHQFHV��UHVSHFWLYHO\��
%HFDXVH� RI� WKH� VRLO� XVHG SUHVHQWHG� QHW� QHJDWLYH�FKDUJH�� WKHVH� VROXEOH� PHWDO �RUJDQLF� FRPSOH[HV�KDYH� WKHLU� OHDFKLQJ� IDFLOLWDWHG�� 7KXV�� ZKHUH�RUJDQLF�VWUDWHJ\�LV�DGRSWHG��VXUIDFH�OLPH�FDQ�PRYH�LQ�WKH�VRLO�SURILOH�DOOHYLDWLQJ�VXEVRLO�DFLGLW\�
5(6802
$� EDL[D� PRELOLGDGH� GR� FDOFiULR� DSOLFDGR� QD�VXSHUItFLH� GR� VROR� GLPLQXL� VXD� HILFLrQFLD� QD�UHGXomR�GD�DFLGH]�VXEVXSHUILFLDO��)RUDP�HVWXGDGRV�RV� HIHLWRV� GH� DOJXQV� UHVtGXRV� RUJkQLFRV� VREUH� D�PRELOLGDGH� GR� FDOFiULR� FDOFtWLFR� DSOLFDGR� QD�VXSHUItFLH�GR�VROR�HP�FROXQDV�GH�39&�����FP�GH�DOWXUD� SRU� ��� FP� GH� GLkPHWUR��� $YDOLDUDP�VH�UHVtGXRV� GH� DYHLD� SUHWD�� WULJR�� FHQWHLR�� PXFXQD�FLQ]D�H�OHXFHQD�QD�GRVH�HTXLYDOHQWH�D����0J�KD ����$GLFLRQDUDP�VH� RV� UHVtGXRV� YHJHWDLV� H� R� FDOFiULR�QD� VXSHUItFLH� GR� VROR� H�� DSyV� XP� SURJUDPD� GH�LUULJDomR� HTXLYDOHQWH� D� ����� PP� GH� FKXYD� SRU�DQR��DYDOLDUDP�VH�R�S+�H�RV�WHRUHV�GH�&D��0J��.�H�$O�WURFiYHLV�QR�VROR�H�VRO~YHLV�QD�iJXD�HIOXHQWH��2�HIHLWR�GR�FDOFiULR�VHP�UHVtGXRV�YHJHWDLV�OLPLWRX �VH�DRV�SULPHLURV����FP�GH�SURIXQGLGDGH��2V�UHVtGXRV�YHJHWDLV� TXDQGR� DSOLFDGRV� MXQWR� FRP� R FDOFiULR�DFHOHUDUDP�RV�WUDQVSRUWHV�GH�&D�H�0J�QD�VHJXLQWH�RUGHP�� DYHLD� ! FHQWHLR� ! PXFXQD� ! OHXFHQD�� 2�UHVtGXR�GH�WULJR�QmR�DIHWRX�R�S+�H�D�PRELOLGDGH�GR�&D�H�GR�0J�QR�VROR��$V�UHGXo}HV�QRV�WHRUHV�GH�&D�H�0J�GR�VROR� IRUDP�DFRPSDQKDGDV�SRU�DXPHQWRV�QR� WHRU GH�.��$� IRUPDomR� GH� FRPSOH[RV� RUJDQR �PHWiOLFR� KLGURVVyOXYHLV� SURYDYHOPHQWH� IRL� R�SULQFLSDO�PHFDQLVPR�HQYROYLGR�QDV�OL[LYLDo}HV�GH�

&D� H�0J� DSyV� D� DSOLFDomR� GH� FDOFiULR� H� UHVtGXRV�YHJHWDLV�QD�VXSHUItFLH�GR�VROR�
5()(5(1&(6
$GDPV��)��DQG�3HDUVRQ��5�:����������1HXWUDOL]LQJ�VRLO�DFLGLW\� XQGHU� EHUPXGDJUDVV� VRG�� 6RLO� 6FL�� 6RF�� $P��3URF���������������&DOHJDUL��$���0RQGDUGR��$���%XOLVDQL��(��$���:LOGPHU��3���&RVWD�� 0�� %�� %��� $OFkQWDUD�� 3�� %��� 0L\D]DFD�� 6� DQG�$PDGR�� 7�� -�� �������� $GXEDomR� YHUGH� QR� %UDVLO��$VVHVVRULD� H� 6HUYLoRV� D� 3URMHWRV� HP� $JULFXOWXUD�$OWHUQDWLYD��5LR�GH�-DQHLUR�&KDYHV��-��&��'���3DYDQ��0��$��DQG�&DOHJDUL��$����������,QSXW�RI�GU\�PDWWHU�DQG�QXWULHQWV� WR�WKH�VRLO�E\�FRYHU�SODQWV�FXOWLYDWHG�EHWZHHQ�URZV�RI�SHUHQQLDO�FURSV�DQG�WKHLU� HIIHFWV� RQ� VRLO� UHDFWLRQ�� %UD]�� $UFK�� %LRO��7HFKQRO�������������)DULQD��0��3��:��DQG�&KDQQRQ��3����������$FLG�VXEVRLO�DPHOLRUDWLRQ�� ,��$� FRPSDULVRQ� RI� VHYHUDO�PHFKDQLFDO�SURFHGXUHV��6RLO�6FL��6RF��$P��-���������������*RQ]DOH]�(ULFR��(���.DPSUDWK��(�� -���1DGHUPDQ��*��&��DQG� 6RDUHV�� :�� :�� �������� (IIHFW� RI� GHSWK� RI� OLPH�LQFRUSRUDWLRQ� RQ� WKH� JURZWK� RI� FRUQ� RQ� DQ� R[LVRO� RI�&HQWUDO�%UD]LO��6RLO�6FL��6RF��$P��-�����������������+HO\DU��.��5����������7KH�PDQDJHPHQW�RI�DFLG�VRLOV��,Q�:ULJKW�� 5�� -��� %DOL]DU�� 9�� &�� DQG� 0XUHPDQ�� 5�� 3���HGV���� 3ODQW� VRLO� LQWHUDFWLRQV� DW� ORZ� S+�� .OXZHU�$FDGHPLF�3XEOLVKHUV��'RUWUHFKW��SS����������0L\D]DZD�� 0��� 3DYDQ�� 0�� $�� DQG� )UDQFKLQL�� -�� &���������� 2UJDQLF� PRELOLW\� RI� VXUIDFH� DSSOLHG� OLPH�XQGHU� QR�WLOODJH�� ,Q� ,QWHUQDWLRQDO� 0HHWLQJ� RI� WKH�,QWHUQDWLRQDO� +XPLF� 6XEVWDQFH� 6RFLHW\�� ��� ,+66��$GHODLGH��SS�����2OLYHLUD��(��/��DQG�3DYDQ��0��$����������7KH�FRQWURO�RI�VRLO� DFLGLW\� LQ� QR�WLOO� V\VWHP� IRU� VR\EHDQ�SURGXFWLRQ��6RLO�7LOO��5HV�������������3DYDQ��0�� $�� DQG�0L\D]DZD��0�� ��������0RELOL]DomR�GR� FDOFiULR� QR� VROR� DWUDYpV� GH� UHVtGXRV�GD�DYHLD�� ,Q�5HXQLmR� GD� &RPLVVmR� %UDVLOHLUD� GH� 3HVTXLVD� GD�$YHLD������,$3$5��/RQGULQD��SS�������3DYDQ��0��$��DQG�5RWK��&��+����������(IIHFW�RI�OLPH�DQG�J\SVXP� RQ� FKHPLFDO� FRPSRVLWLRQ� RI� UXQRII� DQG�OHDFKDWH�IURP�VDPSOHV�RI�D�EUD]LOLDQ�R[LVRO��&L��&XOW���������������3DYDQ��0��$���%LQJKDP�� )��7�� DQG�3UDWW�� 3��)�� ��������5HGLVWULEXWLRQ� RI� H[FKDQJHDEOH� FDOFLXP��PDJQHVLXP��DQG�DOXPLQXP�IROORZLQJ�OLPH�RU�J\SVXP�DSSOLFDWLRQV�WR�D�EUD]LOLDQ�R[LVRO��6RLO�6FL��6RF��$P��-�������������3DYDQ�� 0�� $��� %ORFK�� 0�� )��� =HPSXOVNL�� +�� '���0L\D]DZD�� 0�� DQG� =RFROHU�� '�� ��������0DQXDO� GH�DQiOLVH� TXtPLFD� GR� VROR� H� FRQWUROH� GH� TXDOLGDGH��,$3$5��/RQGULQD�3LHUUH��:��+��DQG�%DQZDUW��:��/�� ��������([FHVV�EDVH�DQG�H[FHVV�EDVH�QLWURJHQ�UDWLR�RI�YDULRXV FURS�VSHFLHV�DQG�SDUWV�RI�SODQWV��$JURQ��-�������������
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���
5LWFKH\�� .�� '��� 6LOYD�� '�� (�� DQG� &RVWD�� 8�� )�� ��������&DOFLXP� GHILFLHQF\� LQ� FOD\H\� %� KRUL]RQV� RI� 6DYDQD�2[LVROV��6RLO�6FL����������������6KDLQEHUJ��,���6XPQHU��0��(���0LOOHU��:��3���)DULQD��0��3��:���3DYDQ��0��$��DQG�)H\��0��9�� ��������8VH�RI�J\SVXP�RQ�VRLOV��D�UHYLHZ��$GY��6RLO�6FL������������:ULJKW��5��-���+HUQ��-��'���%DOLJDU��9��&��DQG�%HQQHGWW��2�� /�� �������� 7KH� HIIHFW� RI� VXUIDFH� DSSOLHG� VRLO�DPHQGPHQWV� RQ� EDUOH\� URRW� JURZWK� LQ� DFLG� VXEVRLO��&RPPXQ��6RLO�6FL��3O��$QDO���������������

=LJOLR��&��0���0L\D]DZD��0��DQG�3DYDQ��0��$����������)RUPDV� RUJkQLFDV� H� LQRUJkQLFDV� GH� PRELOL]DomR� GR�FiOFLR� QR� VROR��%UD]�� $UFK�� %LRO�� 7HFKQRO��� �� �� �������������
5HFHLYHG��0DUFK����������5HYLVHG��)HEUXDU\����������$FFHSWHG��-DQXDU\����������


