
ZHHGV� DUH� NLOOHG�� ,Q� DQ� LQWHUHVWLQJ� PDUNHWLQJ� VWUDWHJ\�� 0RQVDQWR� KDV� OLFHQVHG
PDQXIDFWXULQJ� DQG� GLVWULEXWLRQ� ULJKWV� IRU� 5RXQGXS� WR� RWKHU� FRPSDQLHV� IRU
DSSOLFDWLRQ�RQWR�³5RXQGXS�5HDG\´�FURSV�VROG�E\�0RQVDQWR��

6RLO

6RLO�� FRQVLVWLQJ� RI� D� ILQHO\� GLYLGHG� OD\HU� RI� ZHDWKHUHG� PLQHUDOV� DQG� RUJDQLF
PDWWHU�XSRQ�ZKLFK�SODQWV�JURZ��LV�WKH�PRVW�IXQGDPHQWDO�UHTXLUHPHQW�IRU�DJULFXOWXUH�
7R� KXPDQV� DQG�PRVW� WHUUHVWULDO� RUJDQVPV�� VRLO� LV� WKH� PRVW� LPSRUWDQW� SDUW� RI� WKH
JHRVSKHUH��7KRXJK� RQO\� D� WLVVXH�WKLQ� OD\HU� FRPSDUHG� WR� WKH� HDUWK
V� WRWDO� GLDPHWHU�
VRLO�LV�WKH�PHGLXP�WKDW� SURGXFHV�PRVW� RI� WKH� IRRG� UHTXLUHG� E\�PRVW� OLYLQJ� WKLQJV�
*RRG�VRLO²DQG�D�FOLPDWH�FRQGXFLYH�WR�LWV�SURGXFWLYLW\²LV�WKH�PRVW�YDOXDEOH�DVVHW�D
QDWLRQ�FDQ�KDYH�

,Q�DGGLWLRQ�WR�EHLQJ�WKH�VLWH�RI�PRVW�IRRG�SURGXFWLRQ��VRLO�LV�WKH�UHFHSWRU�RI�ODUJH
TXDQWLWLHV� RI� SROOXWDQWV�� VXFK� DV� SDUWLFXODWH�PDWWHU� IURP� SRZHU� SODQW� VPRNHVWDFNV�
)HUWLOL]HUV��SHVWLFLGHV�� DQG� VRPH� RWKHU�PDWHULDOV� DSSOLHG� WR� VRLO� RIWHQ� FRQWULEXWH� WR
ZDWHU� DQG� DLU� SROOXWLRQ�� 7KHUHIRUH�� VRLO� LV� D� NH\� FRPSRQHQW� RI� HQYLURQPHQWDO
FKHPLFDO�F\FOHV�

6RLOV�DUH�IRUPHG�E\� WKH�ZHDWKHULQJ� RI� SDUHQW� URFNV� DV� WKH� UHVXOW� RI� LQWHUDFWLYH
JHRORJLFDO��K\GURORJLFDO��DQG�ELRORJLFDO�SURFHVVHV��VHH�&KDSWHU������6RLOV�DUH�SRURXV
DQG� DUH� YHUWLFDOO\� VWUDWLILHG� LQWR� KRUL]RQV� DV� WKH� UHVXOW� RI� GRZQZDUG�SHUFRODWLQJ
ZDWHU�DQG�ELRORJLFDO�SURFHVVHV��LQFOXGLQJ�WKH�SURGXFWLRQ�DQG�GHFD\�RI�ELRPDVV��6RLOV
DUH� RSHQ� V\VWHPV� WKDW� XQGHUJR� FRQWLQXDO� H[FKDQJH� RI�PDWWHU� DQG� HQHUJ\� ZLWK� WKH
DWPRVSKHUH��K\GURVSKHUH��DQG�ELRVSKHUH�
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6RLO� LV� D� YDULDEOH� PL[WXUH� RI� PLQHUDOV�� RUJDQLF� PDWWHU�� DQG� ZDWHU� FDSDEOH� RI
VXSSRUWLQJ�SODQW�OLIH�RQ�WKH�HDUWK¶V�VXUIDFH� ��,W�LV�WKH�ILQDO�SURGXFW�RI�WKH�ZHDWKHULQJ
DFWLRQ� RI� SK\VLFDO�� FKHPLFDO�� DQG� ELRORJLFDO� SURFHVVHV� RQ� URFNV�� ZKLFK� ODUJHO\
SURGXFHV� FOD\�PLQHUDOV�� 7KH� RUJDQLF� SRUWLRQ� RI� VRLO� FRQVLVWV� RI� SODQW� ELRPDVV� LQ
YDULRXV� VWDJHV� RI� GHFD\��+LJK� SRSXODWLRQV� RI� EDFWHULD�� IXQJL�� DQG� DQLPDOV� VXFK� DV
HDUWKZRUPV�PD\�EH�IRXQG�LQ�VRLO��6RLO�FRQWDLQV�DLU�VSDFHV�DQG�JHQHUDOO\�KDV�D�ORRVH
WH[WXUH��)LJXUH�������

7KH�VROLG�IUDFWLRQ�RI�W\SLFDO�SURGXFWLYH�VRLO�LV�DSSUR[LPDWHO\����RUJDQLF�PDWWHU
DQG�����LQRUJDQLF�PDWWHU��6RPH�VRLOV��VXFK�DV�SHDW�VRLOV��PD\� FRQWDLQ� DV�PXFK� DV
����RUJDQLF�PDWHULDO��2WKHU�VRLOV�FRQWDLQ�DV�OLWWOH�DV����RUJDQLF�PDWWHU�

7\SLFDO�VRLOV�H[KLELW�GLVWLQFWLYH�OD\HUV�ZLWK�LQFUHDVLQJ�GHSWK��)LJXUH��������7KHVH
OD\HUV� DUH� FDOOHG� KRUL]RQV�� +RUL]RQV� IRUP� DV� WKH� UHVXOW� RI� FRPSOH[� LQWHUDFWLRQV
DPRQJ�SURFHVVHV�WKDW�RFFXU� GXULQJ�ZHDWKHULQJ��5DLQZDWHU� SHUFRODWLQJ� WKURXJK� VRLO
FDUULHV� GLVVROYHG� DQG� FROORLGDO� VROLGV� WR� ORZHU� KRUL]RQV�ZKHUH� WKH\� DUH� GHSRVLWHG�
%LRORJLFDO� SURFHVVHV�� VXFK� DV� EDFWHULDO� GHFD\� RI� UHVLGXDO� SODQW� ELRPDVV�� SURGXFHV
VOLJKWO\�DFLGLF�&2���RUJDQLF� DFLGV�� DQG� FRPSOH[LQJ� FRPSRXQGV� WKDW� DUH� FDUULHG� E\
UDLQZDWHU� WR� ORZHU� KRUL]RQV� ZKHUH� WKH\� LQWHUDFW� ZLWK� FOD\V� DQG� RWKHU� PLQHUDOV�
DOWHULQJ�WKH�SURSHUWLHV�RI�WKH�PLQHUDOV��7KH�WRS�OD\HU�RI�VRLO��W\SLFDOO\�VHYHUDO�LQFKHV
LQ�WKLFNQHVV��LV�NQRZQ�DV�WKH�$�KRUL]RQ�� RU�WRSVRLO�� 7KLV� LV� WKH� OD\HU� RI�PD[LPXP
ELRORJLFDO�DFWLYLW\�LQ�WKH�VRLO�DQG�FRQWDLQV�PRVW�RI�WKH�VRLO�RUJDQLF�PDWWHU��0HWDO�LRQV
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DQG�FOD\� SDUWLFOHV� LQ� WKH�$� KRUL]RQ� DUH� VXEMHFW� WR� FRQVLGHUDEOH� OHDFKLQJ�� 7KH� QH[W
OD\HU�LV�WKH�%�KRUL]RQ��RU�VXEVRLO��,W�UHFHLYHV�PDWHULDO�VXFK�DV�RUJDQLF�PDWWHU��VDOWV�
DQG�FOD\�SDUWLFOHV�OHDFKHG�IURP�WKH�WRSVRLO��7KH�&�KRUL]RQ�LV�FRPSRVHG�RI�ZHDWKHUHG
SDUHQW�URFNV�IURP�ZKLFK�WKH�VRLO�RULJLQDWHG�

$GVRUEHG�ZDWHU
OD\HU

6RLO�VROLG
SDUWLFOH

$LU�VSDFH

6RLO�VDWXUDWHG
ZLWK�ZDWHU

'UDLQDJH�WR
JURXQGZDWHU

5RRW�KDLU

)LJXUH��������)LQH�VWUXFWXUH�RI�VRLO��VKRZLQJ�VROLG��ZDWHU��DQG�DLU�SKDVHV�

9HJHWDWLRQ

$�KRUL]RQ�
WRSVRLO

%�KRUL]RQ�
VXEVRLO

&�KRUL]RQ��ZHDWKHUHG
SDUHQW�URFN

%HGURFN

)LJXUH��������6RLO�SURILOH�VKRZLQJ�VRLO�KRUL]RQV�

6RLOV�H[KLELW�D�ODUJH�YDULHW\�RI�FKDUDFWHULVWLFV�WKDW�DUH�XVHG�IRU�WKHLU�FODVVLILFDWLRQ
IRU� YDULRXV� SXUSRVHV�� LQFOXGLQJ� FURS� SURGXFWLRQ�� URDG� FRQVWUXFWLRQ�� DQG� ZDVWH
GLVSRVDO��6RLO�SURILOHV�DUH� GLVFXVVHG� DERYH�� 7KH� SDUHQW� URFNV� IURP�ZKLFK� VRLOV� DUH
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IRUPHG�REYLRXVO\�SOD\�D�VWURQJ�UROH�LQ�GHWHUPLQLQJ�WKH�FRPSRVLWLRQ� RI� VRLOV��2WKHU
VRLO�FKDUDFWHULVWLFV�LQFOXGH�VWUHQJWK��ZRUNDELOLW\��VRLO�SDUWLFOH�VL]H��SHUPHDELOLW\��DQG
GHJUHH�RI�PDWXULW\��2QH�RI�WKH�PRUH�LPSRUWDQW�FODVVHV�RI�SURGXFWLYH�VRLOV�LV�WKH�SRG�
]RO�W\SH�RI�VRLO�IRUPHG�XQGHU�UHODWLYHO\�KLJK�UDLQIDOO�FRQGLWLRQV�LQ�WHPSHUDWH�]RQHV�RI
WKH�ZRUOG��7KHVH�JHQHUDOO\�ULFK�VRLOV�WHQG�WR�EH�DFLGLF��S+����±�����VXFK�WKDW�DONDOL
DQG�DONDOLQH�HDUWK�PHWDOV�DQG��WR�D�OHVVHU�H[WHQW�DOXPLQXP�DQG�LURQ��DUH�OHDFKHG�IURP
WKHLU�$� KRUL]RQV�� OHDYLQJ� NDROLQLWH� DV� WKH� SUHGRPLQDQW� FOD\�PLQHUDO��$W� VRPHZKDW
KLJKHU�S+�LQ�WKH�%�KRUL]RQV��K\GUDWHG�LURQ�R[LGHV�DQG�FOD\V�DUH�UHGHSRVLWHG�

)URP�WKH�HQJLQHHULQJ�VWDQGSRLQW��HVSHFLDOO\��WKH�PHFKDQLFDO�SURSHUWLHV�RI�VRLO�DUH
HPSKDVL]HG�� 7KHVH� SURSHUWLHV��ZKLFK�PD\� KDYH� LPSRUWDQW� HQYLURQPHQWDO� LPSOLFD�
WLRQV� LQ� DUHDV� VXFK� DV� ZDVWH� GLVSRVDO�� DUH� ODUJHO\� GHWHUPLQHG� E\� SDUWLFOH� VL]H�
$FFRUGLQJ�WR�WKH�8QLWHG�&ODVVLILFDWLRQ�6\VWHP��8&6���WKH�IRXU�PDMRU� FDWHJRULHV� RI
VRLO�SDUWLFOH�VL]HV�DUH�WKH�IROORZLQJ���*UDYHOV���±���PP��!�VDQGV������±��PP��!�VLOWV
������������PP��!� FOD\V� �OHVV� WKDQ� ������PP��� ,Q� WKH�8&6� FODVVLILFDWLRQ� VFKHPH
FOD\V�UHSUHVHQW�D�VL]H�IUDFWLRQ�UDWKHU�WKDQ�D�VSHFLILF�FODVV�RI�PLQHUDO�PDWWHU�

:DWHU�DQG�$LU�LQ�6RLO

/DUJH�TXDQWLWLHV�RI�ZDWHU�DUH�UHTXLUHG�IRU�WKH�SURGXFWLRQ�RI�PRVW�SODQW�PDWHULDOV�
)RU�H[DPSOH��VHYHUDO�KXQGUHG�NJ�RI�ZDWHU�DUH�UHTXLUHG�WR�SURGXFH�RQH�NJ�RI�GU\�KD\�
:DWHU� LV� SDUW� RI� WKH� WKUHH�SKDVH�� VROLG�OLTXLG�JDV� V\VWHP�PDNLQJ� XS� VRLO�� ,W� LV� WKH
EDVLF�WUDQVSRUW�PHGLXP�IRU�FDUU\LQJ�HVVHQWLDO�SODQW�QXWULHQWV�IURP�VROLG�VRLO�SDUWLFOHV
LQWR�SODQW�URRWV�DQG�WR�WKH�IDUWKHVW UHDFKHV�RI�WKH�SODQW¶V�OHDI�VWUXFWXUH��)LJXUH�������
7KH�ZDWHU� HQWHUV� WKH� DWPRVSKHUH� IURP� WKH� SODQW¶V� OHDYHV�� D� SURFHVV� FDOOHG� WUDQV�
SLUDWLRQ�

1RUPDOO\��EHFDXVH�RI�WKH�VPDOO�VL]H�RI� VRLO� SDUWLFOHV� DQG� WKH� SUHVHQFH� RI� VPDOO
FDSLOODULHV�DQG�SRUHV�LQ� WKH� VRLO�� WKH�ZDWHU� SKDVH� LV� QRW� WRWDOO\� LQGHSHQGHQW� RI� VRLO
VROLG�PDWWHU��7KH�DYDLODELOLW\�RI�ZDWHU�WR�SODQWV�LV�JRYHUQHG�E\�JUDGLHQWV�DULVLQJ�IURP
FDSLOODU\� DQG� JUDYLWDWLRQDO� IRUFHV�� 7KH� DYDLODELOLW\� RI� QXWULHQW� VROXWHV� LQ� ZDWHU
GHSHQGV� XSRQ� FRQFHQWUDWLRQ� JUDGLHQWV� DQG� HOHFWULFDO� SRWHQWLDO� JUDGLHQWV�� :DWHU
SUHVHQW� LQ� ODUJHU� VSDFHV� LQ� VRLO� LV� UHODWLYHO\� PRUH� DYDLODEOH� WR� SODQWV� DQG� UHDGLO\
GUDLQV�DZD\��:DWHU�KHOG�LQ�VPDOOHU�SRUHV�RU�EHWZHHQ�WKH�XQLW�OD\HUV�RI�FOD\�SDUWLFOHV
LV�KHOG�PXFK�PRUH�VWURQJO\��6RLOV�KLJK�LQ�RUJDQLF�PDWWHU�PD\�KROG�DSSUHFLDEO\�PRUH
ZDWHU�WKDQ�RWKHU�VRLOV��EXW�LW�LV�UHODWLYHO\�OHVV�DYDLODEOH�WR�SODQWV�EHFDXVH�RI�SK\VLFDO
DQG�FKHPLFDO�VRUSWLRQ�RI�WKH�ZDWHU�E\�WKH�RUJDQLF�PDWWHU�

7KHUH� LV� D� YHU\� VWURQJ� LQWHUDFWLRQ� EHWZHHQ� FOD\V� DQG� ZDWHU� LQ� VRLO�� :DWHU� LV
DEVRUEHG�RQ�WKH�VXUIDFHV�RI�FOD\�SDUWLFOHV��%HFDXVH�RI�WKH�KLJK�VXUIDFH�YROXPH�UDWLR
RI�FROORLGDO�FOD\�SDUWLFOHV��D�JUHDW�GHDO�RI�ZDWHU�PD\�EH�ERXQG�LQ�WKLV�PDQQHU��:DWHU
LV�DOVR�KHOG�EHWZHHQ�WKH�XQLW� OD\HUV� RI� WKH� H[SDQGLQJ� FOD\V�� VXFK� DV� WKH�PRQWPRU�
LOORQLWH� FOD\V��$V� VRLO� EHFRPHV�ZDWHUORJJHG� �ZDWHU�VDWXUDWHG�� LW� XQGHUJRHV� GUDVWLF
FKDQJHV� LQ� SK\VLFDO�� FKHPLFDO�� DQG� ELRORJLFDO� SURSHUWLHV�� 2[\JHQ� LQ� VXFK� VRLO� LV
UDSLGO\� XVHG� XS� E\� WKH� UHVSLUDWLRQ� RI� PLFURRUJDQLVPV� WKDW� GHJUDGH� VRLO� RUJDQLF
PDWWHU��,Q�VXFK�VRLOV��WKH�ERQGV�KROGLQJ�VRLO�FROORLGDO�SDUWLFOHV�WRJHWKHU� DUH� EURNHQ�
ZKLFK� FDXVHV� GLVUXSWLRQ� RI� VRLO� VWUXFWXUH�� 7KXV�� WKH� H[FHVV� ZDWHU� LQ� VXFK� VRLOV� LV
GHWULPHQWDO�WR�SODQW�JURZWK��DQG�WKH�VRLO�GRHV�QRW� FRQWDLQ� WKH� DLU� UHTXLUHG� E\�PRVW
SODQW�URRWV��0RVW�XVHIXO�FURSV��ZLWK� WKH� QRWDEOH� H[FHSWLRQ� RI� ULFH�� FDQQRW� JURZ� RQ
ZDWHUORJJHG�VRLOV�
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2QH�RI�WKH�PRVW�PDUNHG�FKHPLFDO�HIIHFWV�RI�ZDWHUORJJLQJ�LV�D�UHGXFWLRQ�RI�S(�E\
WKH� DFWLRQ� RI� RUJDQLF� UHGXFLQJ� DJHQWV� DFWLQJ� WKURXJK� EDFWHULDO� FDWDO\VWV�� 7KXV�� WKH
UHGR[ FRQGLWLRQ RI WKH VRLO EHFRPHV PXFK�PRUH�UHGXFLQJ��DQG�WKH�VRLO�S(�PD\�GURS

+�2�DQG�QXWULHQWV

+�2

.���12�
���+32�

����RWKHU�QXWULHQWV

&2�

+�2�YDSRU

2�

6XQ

)LJXUH��������3ODQWV�WUDQVSRUW�ZDWHU�IURP�WKH�VRLO�WR�WKH�DWPRVSKHUH�E\�WUDQVSLUDWLRQ��1XWULHQWV�DUH
DOVR�FDUULHG�IURP�WKH�VRLO� WR� WKH� SODQW� H[WUHPLWLHV� E\� WKLV� SURFHVV�� 3ODQWV� UHPRYH� &2�� IURP� WKH
DWPRVSKHUH�DQG�DGG�2��E\�SKRWRV\QWKHVLV��7KH�UHYHUVH�RFFXUV�GXULQJ�SODQW�UHVSLUDWLRQ�

IURP�WKDW�RI�ZDWHU�LQ�HTXLOLEULXP�ZLWK�DLU��������DW�S+���� WR� �� RU� OHVV��2QH� RI� WKH
PRUH�VLJQLILFDQW�UHVXOWV�RI�WKLV�FKDQJH�LV�WKH�PRELOL]DWLRQ�RI�LURQ�DQG�PDQJDQHVH�DV
VROXEOH� LURQ�,,�� DQG� PDQJDQHVH�,,�� WKURXJK� UHGXFWLRQ� RI� WKHLU� LQVROXEOH� KLJKHU
R[LGHV�

0Q2�������+
�������H� ȝ ��0Q��������+�2 ��������

)H�2�������+
�������H� ȝ ���)H��������+�2 ��������

$OWKRXJK� VROXEOH� PDQJDQHVH� JHQHUDOO\� LV� IRXQG� LQ� VRLO� DV� 0Q��� LRQ�� VROXEOH
LURQ�,,�� IUHTXHQWO\� RFFXUV� DV� QHJDWLYHO\� FKDUJHG� LURQ�RUJDQLF� FKHODWHV�� 6WURQJ
FKHODWLRQ�RI�LURQ�,,��E\ VRLO�IXOYLF�DFLGV��&KDSWHU����DSSDUHQWO\�HQDEOHV�UHGXFWLRQ�RI
LURQ�,,,��R[LGHV�DW�PRUH�SRVLWLYH�S(�YDOXHV�WKDQ ZRXOG� RWKHUZLVH� EH� SRVVLEOH�� 7KLV
FDXVHV�DQ�XSZDUG�VKLIW�LQ�WKH�)H�,,��)H�2+���ERXQGDU\�VKRZQ�LQ�)LJXUH������
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6RPH�VROXEOH�PHWDO�LRQV�VXFK�DV�)H���DQG�0Q���DUH�WR[LF�WR�SODQWV�DW�KLJK�OHYHOV�
7KHLU�R[LGDWLRQ�WR�LQVROXEOH�R[LGHV�PD\� FDXVH� IRUPDWLRQ� RI� GHSRVLWV� RI� )H�2�� DQG
0Q2���ZKLFK�FORJ�WLOH�GUDLQV�LQ�ILHOGV�

5RXJKO\� ���� RI� WKH� YROXPH� RI� W\SLFDO� VRLO� LV� FRPSRVHG� RI� DLU�ILOOHG� SRUHV�
:KHUHDV�WKH�QRUPDO�GU\�DWPRVSKHUH�DW�VHD�OHYHO�FRQWDLQV�����2��DQG�������&2��E\
YROXPH��WKHVH�SHUFHQWDJHV�PD\�EH�TXLWH�GLIIHUHQW�LQ�VRLO�DLU�EHFDXVH�RI�WKH�GHFD\�RI
RUJDQLF�PDWWHU�

^&+�2`�����2� ȝ ��&2������+�2 ��������

7KLV� SURFHVV� FRQVXPHV� R[\JHQ� DQG� SURGXFHV� &2��� $V� D� UHVXOW�� WKH� R[\JHQ
FRQWHQW�RI�DLU�LQ�VRLO�PD\�EH�DV�ORZ�DV������DQG�WKH�FDUERQ�GLR[LGH�FRQWHQW�PD\�EH
VHYHUDO�SHUFHQW��7KXV��WKH�GHFD\�RI�RUJDQLF�PDWWHU�LQ�VRLO� LQFUHDVHV� WKH� HTXLOLEULXP
OHYHO� RI� GLVVROYHG� &2�� LQ� JURXQGZDWHU�� 7KLV� ORZHUV� WKH� S+� DQG� FRQWULEXWHV� WR
ZHDWKHULQJ� RI� FDUERQDWH� PLQHUDOV�� SDUWLFXODUO\� FDOFLXP� FDUERQDWH� �VHH� 5HDFWLRQ
��������$V�GLVFXVVHG�LQ�6HFWLRQ�������&2��DOVR�VKLIWV�WKH�HTXLOLEULXP�RI�WKH� SURFHVV
E\�ZKLFK�URRWV�DEVRUE�PHWDO�LRQV�IURP�VRLO�

7KH�,QRUJDQLF�&RPSRQHQWV�RI�6RLO

7KH� ZHDWKHULQJ� RI� SDUHQW� URFNV� DQG� PLQHUDOV� WR� IRUP� WKH� LQRUJDQLF� VRLO
FRPSRQHQWV�UHVXOWV�XOWLPDWHO\�LQ�WKH�IRUPDWLRQ�RI�LQRUJDQLF�FROORLGV��7KHVH�FROORLGV
DUH�UHSRVLWRULHV�RI�ZDWHU�DQG�SODQW�QXWULHQWV��ZKLFK�PD\�EH�PDGH�DYDLODEOH�WR�SODQWV
DV�QHHGHG��,QRUJDQLF�VRLO�FROORLGV�RIWHQ�DEVRUE�WR[LF�VXEVWDQFHV�LQ�VRLO��WKXV�SOD\LQJ
D� UROH� LQ� GHWR[LILFDWLRQ� RI� VXEVWDQFHV� WKDW� RWKHUZLVH� ZRXOG� KDUP� SODQWV�� 7KH
DEXQGDQFH�DQG�QDWXUH�RI�LQRUJDQLF�FROORLGDO�PDWHULDO�LQ�VRLO�DUH�REYLRXVO\�LPSRUWDQW
IDFWRUV�LQ�GHWHUPLQLQJ�VRLO�SURGXFWLYLW\�

7KH�XSWDNH�RI�SODQW�QXWULHQWV�E\�URRWV�RIWHQ�LQYROYHV�FRPSOH[�LQWHUDFWLRQV�ZLWK
WKH�ZDWHU�DQG�LQRUJDQLF�SKDVHV��)RU�H[DPSOH��D�QXWULHQW�KHOG�E\�LQRUJDQLF� FROORLGDO
PDWHULDO�KDV�WR�WUDYHUVH�WKH�PLQHUDO�ZDWHU�LQWHUIDFH�DQG�WKHQ�WKH�ZDWHU�URRW�LQWHUIDFH�
7KLV� SURFHVV� LV� RIWHQ� VWURQJO\� LQIOXHQFHG� E\� WKH� LRQLF� VWUXFWXUH� RI� VRLO� LQRUJDQLF
PDWWHU�

$V� QRWHG� LQ� 6HFWLRQ� ������ WKH�PRVW� FRPPRQ� HOHPHQWV� LQ� WKH� HDUWK¶V� FUXVW� DUH
R[\JHQ�� VLOLFRQ�� DOXPLQXP�� LURQ�� FDOFLXP�� VRGLXP�� SRWDVVLXP�� DQG� PDJQHVLXP�
7KHUHIRUH��PLQHUDOV�FRPSRVHG�RI�WKHVH�HOHPHQWV�²�SDUWLFXODUO\�VLOLFRQ�DQG� R[\JHQ
²� FRQVWLWXWH� PRVW� RI� WKH� PLQHUDO� IUDFWLRQ� RI� WKH� VRLO�� &RPPRQ� VRLO� PLQHUDO
FRQVWLWXHQWV� DUH� ILQHO\� GLYLGHG� TXDUW]� �6L2���� RUWKRFODVH� �.$O6L�2���� DOELWH
�1D$O6L�2����HSLGRWH� ��&D2���$O)H��2�

��6L2�
�+�2��� JHRWKLWH� �)H2�2+����PDJQH�

WLWH� �)H�2���� FDOFLXP� DQG� PDJQHVLXP� FDUERQDWHV� �&D&2��� &D&2�
�0J&2���� DQG

R[LGHV�RI�PDQJDQHVH�DQG�WLWDQLXP�

2UJDQLF�0DWWHU�LQ�6RLO

7KRXJK�W\SLFDOO\�FRPSULVLQJ�OHVV�WKDQ� ��� RI� D� SURGXFWLYH� VRLO�� RUJDQLF�PDWWHU
ODUJHO\� GHWHUPLQHV� VRLO� SURGXFWLYLW\�� ,W� VHUYHV� DV� D� VRXUFH� RI� IRRG� IRU� PLFUR�
RUJDQLVPV��XQGHUJRHV�FKHPLFDO�UHDFWLRQV�VXFK� DV� LRQ� H[FKDQJH�� DQG� LQIOXHQFHV� WKH
SK\VLFDO� SURSHUWLHV� RI� VRLO�� 6RPH� RUJDQLF� FRPSRXQGV� HYHQ� FRQWULEXWH� WR� WKH
ZHDWKHULQJ� RI�PLQHUDO�PDWWHU�� WKH� SURFHVV� E\�ZKLFK� VRLO� LV� IRUPHG�� )RU� H[DPSOH�
&�2�

����R[DODWH�LRQ��SURGXFHG�DV�D�VRLO�IXQJL�PHWDEROLWH��RFFXUV�LQ�VRLO�DV�WKH�FDOFLXP

�������&5&�3UHVV�//&



VDOWV� ZKHZHOOLWH� DQG� ZHGGHOLWH�� 2[DODWH� LQ� VRLO� ZDWHU� GLVVROYHV� PLQHUDOV�� WKXV
VSHHGLQJ� WKH� ZHDWKHULQJ� SURFHVV� DQG� LQFUHDVLQJ� WKH� DYDLODELOLW\� RI� QXWULHQW� LRQ
VSHFLHV��7KLV�ZHDWKHULQJ�SURFHVV�LQYROYHV�R[DODWH�FRPSOH[DWLRQ�RI�LURQ�RU�DOXPLQXP
LQ�PLQHUDOV��UHSUHVHQWHG�E\�WKH�UHDFWLRQ

�+������0�2+���V�������&D&�2��V���ȝ��0�&�2���
��DT����

�&D���DT�������+�2 ��������

LQ�ZKLFK�0� LV�$O� RU� )H�� 6RPH� VRLO� IXQJL� SURGXFH� FLWULF� DFLG� DQG� RWKHU� FKHODWLQJ
RUJDQLF� DFLGV�ZKLFK� UHDFW�ZLWK� VLOLFDWH� PLQHUDOV� DQG� UHOHDVH� SRWDVVLXP� DQG� RWKHU
QXWULHQW�PHWDO�LRQV�KHOG�E\�WKHVH�PLQHUDOV�

7KH� VWURQJ� FKHODWLQJ� DJHQW� ��NHWRJOXFRQLF� DFLG� LV� SURGXFHG� E\� VRPH� VRLO
EDFWHULD��%\�VROXELOL]LQJ�PHWDO�LRQV��LW�PD\�FRQWULEXWH�WR�WKH�ZHDWKHULQJ�RI�PLQHUDOV�
,W� PD\� DOVR� EH� LQYROYHG� LQ� WKH� UHOHDVH� RI� SKRVSKDWH� IURP� LQVROXEOH� SKRVSKDWH
FRPSRXQGV�

%LRORJLFDOO\�DFWLYH�FRPSRQHQWV�RI�WKH�RUJDQLF�VRLO�IUDFWLRQ� LQFOXGH� SRO\VDFFKD�
ULGHV�� DPLQR� VXJDUV�� QXFOHRWLGHV�� DQG� RUJDQLF� VXOIXU� DQG� SKRVSKRUXV� FRPSRXQGV�
+XPXV��D�ZDWHU�LQVROXEOH�PDWHULDO�WKDW�ELRGHJUDGHV�YHU\�VORZO\��PDNHV�XS�WKH�EXON
RI�VRLO�RUJDQLF�PDWWHU��7KH�RUJDQLF�FRPSRXQGV�LQ�VRLO�DUH�VXPPDUL]HG�LQ�7DEOH������

7DEOH��������0DMRU�&ODVVHV�RI�2UJDQLF�&RPSRXQGV�LQ�6RLO

&RPSRXQG�W\SH &RPSRVLWLRQ 6LJQLILFDQFH

+XPXV 'HJUDGDWLRQ�UHVLVWDQW�UHVL� 0RVW�DEXQGDQW�RUJDQLF�FRPSRQHQW�
GXH�IURP�SODQW�GHFD\� LPSURYHV�VRLO�SK\VLFDO�SURSHUWLHV�
ODUJHO\�&��+��DQG�2 H[FKDQJHV�QXWULHQWV��UHVHUYRLU�RI

�� IL[HG�1

)DWV��UHVLQV��DQG /LSLGV�H[WUDFWDEOH�E\ *HQHUDOO\��RQO\�VHYHUDO�SHUFHQW�RI
ZD[HV RUJDQLF�VROYHQWV VRLO�RUJDQLF�PDWWHU��PD\�DGYHUVHO\

DIIHFW�VRLO�SK\VLFDO�SURSHUWLHV�E\
� UHSHOOLQJ�ZDWHU��SHUKDSV�SK\WRWR[LF

6DFFKDULGHV &HOOXORVH��VWDUFKHV��KHPL� 0DMRU�IRRG�VRXUFH�IRU�VRLO�PLFUR�
FHOOXORVH��JXPV RUJDQLVPV��KHOS�VWDELOL]H�VRLO

DJJUHJDWHV

1�FRQWDLQLQJ 1LWURJHQ�ERXQG�WR�KXPXV� 3URYLGH�QLWURJHQ�IRU�VRLO�IHUWLOLW\
RUJDQLFV DPLQR�DFLGV��DPLQR�VXJ�

DUV��RWKHU�FRPSRXQGV

3KRVSKRUXV 3KRVSKDWH�HVWHUV��LQRVLWRO 6RXUFHV�RI�SODQW�SKRVSKDWH
FRPSRXQGV SKRVSKDWHV��SK\WLF�DFLG��

SKRVSKROLSLGV

7KH�DFFXPXODWLRQ�RI�RUJDQLF�PDWWHU�LQ�VRLO�LV�VWURQJO\�LQIOXHQFHG�E\�WHPSHUDWXUH
DQG�E\�WKH�DYDLODELOLW\� RI� R[\JHQ�� 6LQFH� WKH� UDWH� RI� ELRGHJUDGDWLRQ� GHFUHDVHV�ZLWK
GHFUHDVLQJ�WHPSHUDWXUH��RUJDQLF�PDWWHU�GRHV�QRW�GHJUDGH� UDSLGO\� LQ� FROGHU� FOLPDWHV
DQG�WHQGV�WR�EXLOG�XS�LQ�VRLO��,Q�ZDWHU�DQG�LQ�ZDWHUORJJHG�VRLOV��GHFD\LQJ�YHJHWDWLRQ
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GRHV�QRW�KDYH�HDV\�DFFHVV�WR�R[\JHQ��DQG�RUJDQLF�PDWWHU� DFFXPXODWHV�� 7KH� RUJDQLF
FRQWHQW�PD\�UHDFK�����LQ�DUHDV�ZKHUH�SODQWV�JURZ�DQG�GHFD\�LQ�VRLO�VDWXUDWHG�ZLWK
ZDWHU�

7KH�SUHVHQFH�RI�QDWXUDOO\�RFFXUULQJ�SRO\QXFOHDU�DURPDWLF� �3$+�� FRPSRXQGV� LV
DQ�LQWHUHVWLQJ�IHDWXUH�RI�VRLO�RUJDQLF�PDWWHU��7KHVH� FRPSRXQGV�� VRPH� RI�ZKLFK� DUH
FDUFLQRJHQLF��DUH�GLVFXVVHG�DV�DLU� SROOXWDQWV� LQ� 6HFWLRQV� ����� DQG� ������ 3$+� FRP�
SRXQGV�IRXQG�LQ�VRLO�LQFOXGH�IOXRUDQWKHQH��S\UHQH��DQG�FKU\VHQH��3$+�FRPSRXQGV�LQ
VRLO� UHVXOW� LQ� SDUW� IURP� FRPEXVWLRQ� IURP� ERWK� QDWXUDO� VRXUFHV� �JUDVV� ILUHV�� RU
SROOXWDQW�VRXUFHV��7HUSHQHV�DOVR�RFFXU�LQ�VRLO�RUJDQLF�PDWWHU��([WUDFWLRQ�RI�VRLO�ZLWK
HWKHU�DQG�DOFRKRO�\LHOGV�WKH�SLJPHQWV�Ⴃ�FDURWHQH��FKORURSK\OO��DQG�[DQWKRSK\OO�

6RLO�+XPXV

2I�WKH�RUJDQLF�FRPSRQHQWV�OLVWHG�LQ�7DEOH������ VRLO�KXPXV LV� E\� IDU� WKH�PRVW
VLJQLILFDQW���+XPXV�� FRPSRVHG� RI� D� EDVH�VROXEOH� IUDFWLRQ� FDOOHG� KXPLF� DQG� IXOYLF
DFLGV� �GHVFULEHG� LQ� 6HFWLRQ� ������� DQG� DQ� LQVROXEOH� IUDFWLRQ� FDOOHG� KXPLQ�� LV� WKH
UHVLGXH� OHIW�ZKHQ� EDFWHULD� DQG� IXQJL� ELRGHJUDGH� SODQW�PDWHULDO�� 7KH� EXON� RI� SODQW
ELRPDVV�FRQVLVWV�RI�UHODWLYHO\�GHJUDGDEOH�FHOOXORVH�DQG�GHJUDGDWLRQ�UHVLVWDQW� OLJQLQ�
ZKLFK�LV�D�SRO\PHULF�VXEVWDQFH�ZLWK�D�KLJKHU�FDUERQ�FRQWHQW�WKDQ�FHOOXORVH��$PRQJ
OLJQLQ¶V� SURPLQHQW� FKHPLFDO� FRPSRQHQWV� DUH� DURPDWLF� ULQJV� FRQQHFWHG� E\� DON\O
FKDLQV��PHWKR[\O� JURXSV�� DQG� K\GUR[\O� JURXSV�� 7KHVH� VWUXFWXUDO� DUWLIDFWV� RFFXU� LQ
VRLO�KXPXV�DQG�JLYH�LW�PDQ\�RI�LWV�FKDUDFWHULVWLF�SURSHUWLHV�

7KH�SURFHVV�E\�ZKLFK� KXPXV� LV� IRUPHG� LV� FDOOHG�KXPLILFDWLRQ�� 6RLO� KXPXV� LV
VLPLODU�WR� LWV� OLJQLQ� SUHFXUVRUV�� EXW� KDV�PRUH� FDUER[\OLF� DFLG� JURXSV�� 3DUW� RI� HDFK
PROHFXOH� RI� KXPLF� VXEVWDQFH� LV� QRQSRODU� DQG� K\GURSKRELF�� DQG� SDUW� LV� SRODU� DQG
K\GURSKLOLF�� 6XFK�PROHFXOHV� DUH� FDOOHG� DPSKLSKLOHV�� DQG� WKH\� IRUP�PLFHOOHV� �VHH
6HFWLRQ�����DQG�)LJXUH������LQ�ZKLFK WKH�QRQSRODU�SDUWV�FRPSRVH�WKH�LQVLGH�RI�VPDOO
FROORLGDO�SDUWLFOHV�DQG�WKH�SRODU� IXQFWLRQDO� JURXSV� DUH� RQ� WKH� RXWVLGH��$PSKLSKLOLF
KXPLF�VXEVWDQFHV�SUREDEO\�DOVR�IRUP�ELOD\HU�VXUIDFH� FRDWLQJV� RQ�PLQHUDO� JUDLQV� LQ
VRLO�

$Q�LQFUHDVH�LQ�QLWURJHQ�FDUERQ�UDWLR�LV�D�VLJQLILFDQW�IHDWXUH�RI�WKH�WUDQVIRUPDWLRQ
RI� SODQW� ELRPDVV� WR� KXPXV� WKURXJK� WKH� KXPLILFDWLRQ� SURFHVV�� 7KLV� UDWLR� VWDUWV� DW
DSSUR[LPDWHO\������� LQ� IUHVK� SODQW� ELRPDVV��'XULQJ� KXPLILFDWLRQ��PLFURRUJDQLVPV
FRQYHUW�RUJDQLF�FDUERQ�WR�&2��WR�REWDLQ�HQHUJ\��6LPXOWDQHRXVO\��WKH�EDFWHULDO�DFWLRQ
LQFRUSRUDWHV�ERXQG�QLWURJHQ�ZLWK�WKH�FRPSRXQGV�SURGXFHG�E\�WKH� GHFD\� SURFHVVHV�
7KH�UHVXOW�LV�D�QLWURJHQ�FDUERQ�UDWLR�RI�DERXW������XSRQ�FRPSOHWLRQ�RI�KXPLILFDWLRQ�
$V�D�JHQHUDO�UXOH��WKHUHIRUH��KXPXV�LV�UHODWLYHO\�ULFK�LQ�RUJDQLFDOO\�ERXQG�QLWURJHQ�

+XPLF�VXEVWDQFHV�LQIOXHQFH�VRLO�SURSHUWLHV�WR�D�GHJUHH�RXW�RI�SURSRUWLRQ�WR�WKHLU
VPDOO�SHUFHQWDJH�LQ�VRLO��7KH\�VWURQJO\�ELQG�PHWDOV��DQG�VHUYH�WR�KROG�PLFURQXWULHQW
PHWDO�LRQV�LQ�VRLO��%HFDXVH�RI�WKHLU� DFLG�EDVH� FKDUDFWHU�� KXPLF� VXEVWDQFHV� VHUYH� DV
EXIIHUV�LQ�VRLO��7KH�ZDWHU�KROGLQJ�FDSDFLW\�RI�VRLO�LV�VLJQLILFDQWO\�LQFUHDVHG�E\�KXPLF
VXEVWDQFHV��7KHVH�PDWHULDOV�DOVR�VWDELOL]H� DJJUHJDWHV� RI� VRLO� SDUWLFOHV�� DQG� LQFUHDVH
WKH�VRUSWLRQ�RI�RUJDQLF�FRPSRXQGV�E\�VRLO��

+XPLF�PDWHULDOV� LQ� VRLO� VWURQJO\� VRUE� PDQ\� VROXWHV� LQ� VRLO� ZDWHU� DQG� KDYH� D
SDUWLFXODU�DIILQLW\�IRU�KHDY\�SRO\YDOHQW�FDWLRQV��6RLO�KXPLF� VXEVWDQFHV�PD\� FRQWDLQ
OHYHOV�RI�XUDQLXP�PRUH�WKDQ�����WLPHV�WKDW�RI�WKH�ZDWHU�ZLWK�ZKLFK�WKH\�DUH�LQ�HTXL�
OLEULXP��7KXV��ZDWHU�EHFRPHV�GHSOHWHG�RI�LWV�FDWLRQV��RU�SXULILHG��LQ�SDVVLQJ�WKURXJK
KXPLF�ULFK�VRLOV��+XPLF�VXEVWDQFHV�LQ� VRLOV� DOVR� KDYH� D� VWURQJ� DIILQLW\� IRU� RUJDQLF
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FRPSRXQGV�ZLWK�ORZ�ZDWHU�VROXELOLW\�VXFK�DV�''7�RU�$WUD]LQH�� D� KHUELFLGH�ZLGHO\
XVHG�WR�NLOO�ZHHGV�LQ�FRUQ�ILHOGV�

$WUD]LQH

&�+� 1

+ 1 1

1

&O

1

+

& +

&+�

&+�

,Q�VRPH�FDVHV�� WKHUH� LV� D� VWURQJ� LQWHUDFWLRQ� EHWZHHQ� WKH� RUJDQLF� DQG� LQRUJDQLF
SRUWLRQV� RI� VRLO�� 7KLV� LV� HVSHFLDOO\� WUXH� RI� WKH� VWURQJ� FRPSOH[HV� IRUPHG� EHWZHHQ
FOD\V�DQG�KXPLF��IXOYLF��DFLG�FRPSRXQGV��,Q�PDQ\�VRLOV����������RI�VRLO�FDUERQ�LV
FRPSOH[HG� ZLWK� FOD\�� 7KHVH� FRPSOH[HV� SOD\� D� UROH� LQ� GHWHUPLQLQJ� WKH� SK\VLFDO
SURSHUWLHV�RI�VRLO��VRLO�IHUWLOLW\��DQG� VWDELOL]DWLRQ� RI� VRLO� RUJDQLF�PDWWHU��2QH� RI� WKH
PHFKDQLVPV� IRU� WKH� FKHPLFDO� ELQGLQJ� EHWZHHQ� FOD\� FROORLGDO� SDUWLFOHV� DQG� KXPLF
RUJDQLF� SDUWLFOHV� LV� SUREDEO\� RI� WKH� IORFFXODWLRQ� W\SH� �VHH� &KDSWHU� ��� LQ� ZKLFK
DQLRQLF�RUJDQLF�PROHFXOHV�ZLWK�FDUER[\OLF�DFLG�IXQFWLRQDO�JURXSV�VHUYH�DV�EULGJHV�LQ
FRPELQDWLRQ�ZLWK�FDWLRQV�WR�ELQG�FOD\�FROORLGDO�SDUWLFOHV�WRJHWKHU�DV�D�IORF��6XSSRUW
LV� JLYHQ� WR� WKLV� K\SRWKHVLV� E\� WKH� NQRZQ� DELOLW\� RI� 1+�

��� $O���� &D���� DQG� )H��

FDWLRQV� WR� VWLPXODWH� FOD\�RUJDQLF� FRPSOH[� IRUPDWLRQ�� 7KH� V\QWKHVLV�� FKHPLFDO
UHDFWLRQV�� DQG� ELRGHJUDGDWLRQ� RI� KXPLF�PDWHULDOV� DUH� DIIHFWHG� E\� LQWHUDFWLRQ� ZLWK
FOD\V�� 7KH� ORZHU�PROHFXODU�ZHLJKW� IXOYLF� DFLGV�PD\� EH� ERXQG� WR� FOD\�� RFFXS\LQJ
VSDFHV�LQ�OD\HUV�LQ�WKH�FOD\�

7KH�6RLO�6ROXWLRQ

7KH�VRLO� VROXWLRQ� LV� WKH� DTXHRXV� SRUWLRQ� RI� VRLO� WKDW� FRQWDLQV� GLVVROYHG�PDWWHU
IURP�VRLO�FKHPLFDO�DQG� ELRFKHPLFDO� SURFHVVHV� LQ� VRLO� DQG� IURP� H[FKDQJH�ZLWK� WKH
K\GURVSKHUH�DQG�ELRVSKHUH���7KLV�PHGLXP�WUDQVSRUWV� FKHPLFDO� VSHFLHV� WR� DQG� IURP
VRLO�SDUWLFOHV�DQG�SURYLGHV�LQWLPDWH�FRQWDFW�EHWZHHQ�WKH�VROXWHV�DQG�WKH�VRLO�SDUWLFOHV�
,Q�DGGLWLRQ� WR� SURYLGLQJ�ZDWHU� IRU� SODQW� JURZWK�� LW� LV� DQ� HVVHQWLDO� SDWKZD\� IRU� WKH
H[FKDQJH�RI�SODQW�QXWULHQWV�EHWZHHQ�URRWV�DQG�VROLG�VRLO�

2EWDLQLQJ� D� VDPSOH� RI� VRLO� VROXWLRQ� LV� RIWHQ� YHU\� GLIILFXOW� EHFDXVH� WKH� PRVW
VLJQLILFDQW� SDUW� RI� LW� LV� ERXQG� LQ� FDSLOODULHV� DQG� DV� VXUIDFH� ILOPV�� 7KH� PRVW
VWUDLJKWIRUZDUG�PHDQV�LV�FROOHFWLRQ�RI�GUDLQDJH�ZDWHU��6RLO�VROXWLRQ� FDQ� EH� LVRODWHG
IURP�PRLVW� VROLG� VRLO� E\� GLVSODFHPHQW� ZLWK� D� ZDWHU�LPPLVFLEOH� IOXLG�� PHFKDQLFDO
VHSDUDWLRQ�E\�FHQWULIXJDWLRQ��RU�SUHVVXUH�RU�YDFXXP�WUHDWPHQW�

'LVVROYHG�PLQHUDO�PDWWHU�LQ�VRLO�LV�ODUJHO\�SUHVHQW�DV�LRQV��3URPLQHQW�DPRQJ�WKH
FDWLRQV�DUH�+���&D����0J����.���1D���DQG�XVXDOO\�YHU\�ORZ�OHYHOV�RI�)H����0Q����DQG
$O���� 7KH� ODVW� WKUHH� FDWLRQV�PD\� EH� SUHVHQW� LQ� SDUWLDOO\� K\GUROL]HG� IRUP�� VXFK� DV
)H2+��� RU� FRPSOH[HG� E\� RUJDQLF� KXPLF� VXEVWDQFH� OLJDQGV�� $QLRQV� WKDW� PD\� EH
SUHVHQW�DUH�+&2�

���&2�
����+62�

���62�
����&O���DQG�)���,Q�DGGLWLRQ�WR�EHLQJ�ERXQG�WR

+��LQ�VSHFLHV�VXFK�DV�ELFDUERQDWH��DQLRQV�PD\�EH�FRPSOH[HG�ZLWK�PHWDO�LRQV�� VXFK
DV�LQ�$O)����0XOWLYDOHQW� FDWLRQV� DQG� DQLRQV� IRUP� LRQ� SDLUV�ZLWK� HDFK� RWKHU� LQ� VRLO
VROXWLRQV��([DPSOHV�RI�WKHVH�DUH�&D62� DQG�)H62��
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2QH�RI�WKH�PRUH�LPSRUWDQW�FKHPLFDO�IXQFWLRQV�RI�VRLOV�LV�WKH�H[FKDQJH�RI�FDWLRQV�
$V�GLVFXVVHG�LQ�&KDSWHU����WKH�DELOLW\� RI� D� VHGLPHQW� RU� VRLO� WR� H[FKDQJH� FDWLRQV� LV
H[SUHVVHG� DV� WKH� FDWLRQ�H[FKDQJH� FDSDFLW\� �&(&��� WKH� QXPEHU� RI� PLOOLHTXLYDOHQWV
�PHT�� RI�PRQRYDOHQW� FDWLRQV� WKDW� FDQ� EH� H[FKDQJHG� SHU� ���� J� RI� VRLO� �RQ� D� GU\�
ZHLJKW�EDVLV���7KH�&(&�VKRXOG�EH�ORRNHG�XSRQ�DV�D�FRQGLWLRQDO�FRQVWDQW�VLQFH�LW�PD\
YDU\�ZLWK�VRLO�FRQGLWLRQV�VXFK�DV�S(�DQG�S+��%RWK�WKH�PLQHUDO�DQG�RUJDQLF�SRUWLRQV
RI�VRLOV�H[FKDQJH�FDWLRQV��&OD\�PLQHUDOV�H[FKDQJH�FDWLRQV�EHFDXVH�RI�WKH�SUHVHQFH�RI
QHJDWLYHO\�FKDUJHG�VLWHV�RQ�WKH�PLQHUDO��UHVXOWLQJ�IURP�WKH�VXEVWLWXWLRQ�RI�DQ�DWRP�RI
ORZHU� R[LGDWLRQ� QXPEHU� IRU� RQH� RI� KLJKHU� QXPEHU�� IRU� H[DPSOH�� PDJQHVLXP� IRU
DOXPLQXP�� 2UJDQLF� PDWHULDOV� H[FKDQJH� FDWLRQV� EHFDXVH� RI� WKH� SUHVHQFH� RI� WKH
FDUER[\ODWH� JURXS� DQG� RWKHU� EDVLF� IXQFWLRQDO� JURXSV��+XPXV� W\SLFDOO\� KDV� D� YHU\
KLJK� FDWLRQ�H[FKDQJH� FDSDFLW\�� 7KH� FDWLRQ�H[FKDQJH� FDSDFLW\� RI� SHDW� PD\� UDQJH
IURP���������PHT����� J��9DOXHV� RI� FDWLRQ�H[FKDQJH� FDSDFLW\� IRU� VRLOV�ZLWK�PRUH
W\SLFDO�OHYHOV�RI�RUJDQLF�PDWWHU�DUH�DURXQG�������PHT�����J�

&DWLRQ� H[FKDQJH� LQ� VRLO� LV� WKH� PHFKDQLVP� E\� ZKLFK� SRWDVVLXP�� FDOFLXP�
PDJQHVLXP�� DQG� HVVHQWLDO� WUDFH�OHYHO� PHWDOV� DUH� PDGH� DYDLODEOH� WR� SODQWV�� :KHQ
QXWULHQW�PHWDO�LRQV�DUH�WDNHQ�XS�E\� SODQW� URRWV�� K\GURJHQ� LRQ� LV� H[FKDQJHG� IRU� WKH
PHWDO�LRQV��7KLV�SURFHVV��SOXV�WKH�OHDFKLQJ�RI�FDOFLXP��PDJQHVLXP��DQG�RWKHU�PHWDO
LRQV�IURP�WKH�VRLO�E\�ZDWHU�FRQWDLQLQJ�FDUERQLF�DFLG��WHQGV�WR�PDNH�WKH�VRLO�DFLGLF�

6RLO`&D��������&2�������+�2��ȝ ��6RLO`�+��������&D
���URRW�������+&2�

� ��������

6RLO�DFWV�DV�D�EXIIHU�DQG�UHVLVWV�FKDQJHV�LQ�S+��7KH�EXIIHULQJ�FDSDFLW\�GHSHQGV�XSRQ
WKH�W\SH�RI�VRLO�

3URGXFWLRQ�RI�0LQHUDO�$FLG�LQ�6RLO

7KH�R[LGDWLRQ�RI�S\ULWH�LQ�VRLO�FDXVHV�IRUPDWLRQ�RI�DFLG�VXOIDWH�VRLOV� VRPHWLPHV
FDOOHG�³FDW�FOD\V´�

)H6������
���2������+�2��ȝ ��)H��������+�������62�

�� ��������

&DW�FOD\�VRLOV�PD\�KDYH�S+�YDOXHV�DV�ORZ�DV������7KHVH�VRLOV��ZKLFK�DUH�FRPPRQO\
IRXQG� LQ� 'HODZDUH�� )ORULGD�� 1HZ� -HUVH\�� DQG� 1RUWK� &DUROLQD�� DUH� IRUPHG� ZKHQ
QHXWUDO�RU�EDVLF�PDULQH�VHGLPHQWV�FRQWDLQLQJ�)H6��EHFRPH�DFLGLF�XSRQ�R[LGDWLRQ�RI
S\ULWH�ZKHQ�H[SRVHG�WR�DLU��)RU�H[DPSOH��VRLO�UHFODLPHG�IURP�PDUVKODQGV� DQG� XVHG
IRU�FLWUXV�JURYHV�KDV�GHYHORSHG�KLJK�DFLGLW\�GHWULPHQWDO�WR�SODQW�JURZWK��,Q�DGGLWLRQ�
+�6�UHOHDVHG�E\�UHDFWLRQ�RI�)H6��ZLWK�DFLG�LV�YHU\�WR[LF�WR�FLWUXV�URRWV�

6RLOV�DUH�WHVWHG� IRU� SRWHQWLDO� DFLG�VXOIDWH� IRUPDWLRQ� XVLQJ� D� SHUR[LGH� WHVW�� 7KLV
WHVW�FRQVLVWV�RI�R[LGL]LQJ�)H6��LQ�WKH�VRLO�ZLWK�����+�2��

)H6������
����+�2� ȝ ��)H�������+�������62�

��������+�2� ��������

WKHQ�WHVWLQJ�IRU�DFLGLW\�DQG�VXOIDWH��$SSUHFLDEOH�OHYHOV�RI�VXOIDWH�DQG�D�S+�EHORZ����
LQGLFDWH�SRWHQWLDO�WR�IRUP�DFLG�VXOIDWH�VRLOV��,I�WKH�S+�LV�DERYH������HLWKHU�OLWWOH�)H6�
LV�SUHVHQW�RU�VXIILFLHQW�&D&2��LV�LQ�WKH�VRLO�WR�QHXWUDOL]H�WKH�+�62��DQG�DFLGLF�)H

���
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3\ULWH�FRQWDLQLQJ�PLQH� VSRLOV� �UHVLGXH� OHIW� RYHU� IURP� PLQLQJ�� DOVR� IRUP� VRLOV
VLPLODU�WR�DFLG�VXOIDWH� VRLOV� RI�PDULQH� RULJLQ�� ,Q� DGGLWLRQ� WR� KLJK� DFLGLW\� DQG� WR[LF
+�6�� D� PDMRU� FKHPLFDO� VSHFLHV� OLPLWLQJ� SODQW� JURZWK� RQ� VXFK� VRLOV� LV� $O�,,,��
$OXPLQXP�LRQ�OLEHUDWHG�LQ�DFLGLF�VRLOV�LV�YHU\�WR[LF�WR�SODQWV�

$GMXVWPHQW�RI�6RLO�$FLGLW\

0RVW� FRPPRQ� SODQWV� JURZ� EHVW� LQ� VRLO� ZLWK� D� S+� QHDU� QHXWUDOLW\�� ,I� WKH� VRLO
EHFRPHV�WRR�DFLGLF�IRU�RSWLPXP�SODQW�JURZWK��LW�PD\�EH�UHVWRUHG�WR�SURGXFWLYLW\�E\
OLPLQJ��RUGLQDULO\�WKURXJK�WKH�DGGLWLRQ�RI�FDOFLXP�FDUERQDWH�

6RLO`�+��������&D&2� ȝ ��6RLO`&D�������&2������+�2� ��������

,Q� DUHDV� RI� ORZ� UDLQIDOO�� VRLOV� PD\� EHFRPH� WRR� EDVLF� �DONDOLQH�� GXH� WR� WKH
SUHVHQFH�RI�EDVLF�VDOWV�VXFK�DV�1D�&2���$ONDOLQH�VRLOV�PD\�EH�WUHDWHG�ZLWK�DOXPLQXP
RU�LURQ�VXOIDWH��ZKLFK�UHOHDVH�DFLG�RQ�K\GURO\VLV�

�)H�� �����62�
��������+�2��ȝ ���)H�2+���V� ����+

�������62�
�� ��������

6XOIXU�DGGHG�WR�VRLOV�LV�R[LGL]HG�E\�EDFWHULDOO\�PHGLDWHG�UHDFWLRQV�WR�VXOIXULF�DFLG�

6��������2� ����+�2��ȝ ���+� ����62�
�� ��������

DQG�VXOIXU�LV�XVHG��WKHUHIRUH��WR�DFLGLI\�DONDOLQH�VRLOV��7KH�KXJH�TXDQWLWLHV� RI� VXOIXU
QRZ�EHLQJ�UHPRYHG�IURP�IRVVLO�IXHOV�WR�SUHYHQW�DLU�SROOXWLRQ�E\�VXOIXU�GLR[LGH�PD\
PDNH�WKH�WUHDWPHQW�RI�DONDOLQH�VRLOV�E\�VXOIXU�PXFK�PRUH�DWWUDFWLYH�HFRQRPLFDOO\�

,RQ�([FKDQJH�(TXLOLEULD�LQ�6RLO

&RPSHWLWLRQ� RI� GLIIHUHQW� FDWLRQV� IRU� FDWLRQ� H[FKDQJH� VLWHV� RQ� VRLO� FDWLRQ
H[FKDQJHUV� PD\� EH� GHVFULEHG� VHPLTXDQWLWDWLYHO\� E\� H[FKDQJH� FRQVWDQWV�� )RU
H[DPSOH��VRLO � UHFODLPHG� IURP� DQ� DUHD� IORRGHG�ZLWK� VHDZDWHU�ZLOO� KDYH�PRVW� RI� LWV
FDWLRQ�H[FKDQJH�VLWHV�RFFXSLHG�E\�1D���DQG�UHVWRUDWLRQ�RI� IHUWLOLW\� UHTXLUHV� ELQGLQJ
RI�QXWULHQW�FDWLRQV�VXFK�DV�.��

6RLO`1D������.� � ȝ��6RLO`.������1D�� ��������

7KH�H[FKDQJH�FRQVWDQW�LV�.F�

.F� ��
1.>1D

�@
��������

11D>.�@

ZKLFK�H[SUHVVHV�WKH�UHODWLYH�WHQGHQF\�RI�VRLO�WR�UHWDLQ�.��DQG�1D���,Q�WKLV�HTXDWLRQ�
1.� DQG� 11D� DUH� WKH� HTXLYDOHQW� LRQLF� IUDFWLRQV� RI� SRWDVVLXP� DQG� VRGLXP�
UHVSHFWLYHO\��ERXQG�WR�VRLO��DQG�>1D�@�DQG�>.�@�DUH�WKH�FRQFHQWUDWLRQV�RI�WKHVH� LRQV
LQ� WKH� VXUURXQGLQJ� VRLO�ZDWHU�� )RU� H[DPSOH�� D� VRLO� ZLWK� DOO� FDWLRQ� H[FKDQJH� VLWHV
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RFFXSLHG�E\�1D��ZRXOG�KDYH�D�YDOXH� RI� ����� IRU�11D��ZLWK� RQH�KDOI� RI� WKH� FDWLRQ
H[FKDQJH�VLWHV�RFFXSLHG�E\�1D���11D�LV������HWF��7KH�H[FKDQJH�RI�DQLRQV�E\�VRLO�LV
QRW� QHDUO\� VR� FOHDUO\� GHILQHG� DV� LV� WKH� H[FKDQJH� RI� FDWLRQV�� ,Q� PDQ\� FDVHV�� WKH
H[FKDQJH�RI�DQLRQV�GRHV�QRW�LQYROYH�D�VLPSOH�LRQ�H[FKDQJH�SURFHVV��7KLV�LV�WUXH�RI
WKH�VWURQJ�UHWHQWLRQ�RI�RUWKRSKRVSKDWH�VSHFLHV�E\�VRLO��$W�WKH�RWKHU�HQG�RI�WKH�VFDOH�
QLWUDWH�LRQ�LV�YHU\�ZHDNO\�UHWDLQHG�E\�WKH�VRLO�

$QLRQ�H[FKDQJH�PD\�EH�YLVXDOL]HG�DV�RFFXUULQJ�DW�WKH�VXUIDFHV�RI�R[LGHV�LQ�WKH
PLQHUDO�SRUWLRQ�RI�VRLO��$�PHFKDQLVP�IRU�WKH�DFTXLVLWLRQ�RI�VXUIDFH�FKDUJH�E\�PHWDO
R[LGHV�LV�VKRZQ�LQ &KDSWHU����)LJXUH������XVLQJ�0Q2��DV�DQ�H[DPSOH��$W�ORZ�S+��D
PHWDO�R[LGH�VXUIDFH�PD\�KDYH�D�QHW�SRVLWLYH�FKDUJH�HQDEOLQJ�LW�WR�KROG�DQLRQV��VXFK
DV�FKORULGH��E\�HOHFWURVWDWLF�DWWUDFWLRQ�DV�VKRZQ�EHORZ�ZKHUH�0�UHSUHVHQWV�D�PHWDO�

2

0 2+�

+�&O�

$W�KLJKHU�S+�YDOXHV��WKH�PHWDO�R[LGH� VXUIDFH� KDV� D� QHW� QHJDWLYH� FKDUJH� GXH� WR� WKH
IRUPDWLRQ�RI�2+��LRQ�RQ�WKH�VXUIDFH�FDXVHG�E\�ORVV�RI�+��IURP�WKH�ZDWHU�PROHFXOHV
ERXQG�WR�WKH�VXUIDFH�

2

0 2+�

,Q�VXFK�FDVHV��LW�LV�SRVVLEOH�IRU�DQLRQV�VXFK�DV�+32�
���WR�GLVSODFH�K\GUR[LGH�LRQ�DQG

ERQG�GLUHFWO\�WR�WKH�R[LGH�VXUIDFH�

2

0 2+� ���+32�
��

2

0 232�+�������2+
���ȝ ��������

����� 0$&521875,(176�,1�62,/

2QH� RI� WKH�PRVW� LPSRUWDQW� IXQFWLRQV� RI� VRLO� LQ� VXSSRUWLQJ� SODQW� JURZWK� LV� WR
SURYLGH� HVVHQWLDO� SODQW� QXWULHQWV²PDFURQXWULHQWV� DQG� PLFURQXWULHQWV�� 0DFURQX�
WULHQWV� DUH� WKRVH� HOHPHQWV� WKDW� RFFXU� LQ� VXEVWDQWLDO� OHYHOV� LQ� SODQW� PDWHULDOV� RU� LQ
IOXLGV�LQ�WKH�SODQW��0LFURQXWULHQWV��6HFWLRQ�������DUH�HOHPHQWV�WKDW�DUH�HVVHQWLDO�RQO\
DW� YHU\� ORZ� OHYHOV� DQG� JHQHUDOO\� DUH� UHTXLUHG� IRU� WKH� IXQFWLRQLQJ� RI� HVVHQWLDO
HQ]\PHV��

7KH� HOHPHQWV� JHQHUDOO\� UHFRJQL]HG� DV� HVVHQWLDO� PDFURQXWULHQWV� IRU� SODQWV� DUH
FDUERQ�� K\GURJHQ�� R[\JHQ�� QLWURJHQ�� SKRVSKRUXV�� SRWDVVLXP�� FDOFLXP�� PDJQHVLXP�
DQG�VXOIXU��&DUERQ�� K\GURJHQ�� DQG� R[\JHQ� DUH� REWDLQHG� IURP� WKH� DWPRVSKHUH�� 7KH
RWKHU� HVVHQWLDO� PDFURQXWULHQWV� PXVW� EH� REWDLQHG� IURP� VRLO�� 2I� WKHVH�� QLWURJHQ�
SKRVSKRUXV�� DQG� SRWDVVLXP� DUH� WKH� PRVW� OLNHO\� WR� EH� ODFNLQJ� DQG� DUH� FRPPRQO\
DGGHG�WR�VRLO�DV�IHUWLOL]HUV��%HFDXVH�RI�WKHLU�LPSRUWDQFH��WKHVH�HOHPHQWV�DUH�GLVFXVVHG
VHSDUDWHO\�LQ�6HFWLRQ������

&DOFLXP�GHILFLHQW�VRLOV�DUH�UHODWLYHO\�XQFRPPRQ��$SSOLFDWLRQ�RI�OLPH��D�SURFHVV
XVHG�WR�WUHDW�DFLG� VRLOV� �VHH� 6HFWLRQ� ������� SURYLGHV� D�PRUH� WKDQ� DGHTXDWH� FDOFLXP
VXSSO\�IRU�SODQWV��+RZHYHU��FDOFLXP�XSWDNH�E\�SODQWV�DQG�OHDFKLQJ�E\�FDUERQLF�DFLG
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�5HDFWLRQ� ��������PD\� SURGXFH� D� FDOFLXP� GHILFLHQF\� LQ� VRLO�� $FLG� VRLOV� PD\� VWLOO
FRQWDLQ�DQ�DSSUHFLDEOH�OHYHO�RI�FDOFLXP�ZKLFK��EHFDXVH�RI�FRPSHWLWLRQ�E\�K\GURJHQ
LRQ�� LV� QRW� DYDLODEOH� WR� SODQWV�� 7UHDWPHQW� RI� DFLG� VRLO� WR� UHVWRUH� WKH� S+� WR� QHDU�
QHXWUDOLW\�JHQHUDOO\�UHPHGLHV�WKH�FDOFLXP�GHILFLHQF\��,Q�DONDOLQH�VRLOV��WKH� SUHVHQFH
RI�KLJK�OHYHOV�RI� VRGLXP��PDJQHVLXP�� DQG� SRWDVVLXP� VRPHWLPHV� SURGXFHV� FDOFLXP
GHILFLHQF\�EHFDXVH�WKHVH�LRQV�FRPSHWH�ZLWK�FDOFLXP�IRU�DYDLODELOLW\�WR�SODQWV�

0RVW� RI� WKH� ����� RI� PDJQHVLXP� LQ� HDUWK¶V� FUXVW� LV� UDWKHU� VWURQJO\� ERXQG� LQ
PLQHUDOV��([FKDQJHDEOH�PDJQHVLXP�KHOG�E\�LRQ�H[FKDQJLQJ�RUJDQLF�PDWWHU�RU�FOD\V
LV�FRQVLGHUHG�DYDLODEOH�WR� SODQWV�� 7KH� DYDLODELOLW\� RI�PDJQHVLXP� WR� SODQWV� GHSHQGV
XSRQ�WKH�FDOFLXP�PDJQHVLXP�UDWLR��,I�WKLV�UDWLR�LV�WRR�KLJK��PDJQHVLXP�PD\�QRW� EH
DYDLODEOH�WR�SODQWV�DQG�PDJQHVLXP�GHILFLHQF\�UHVXOWV��6LPLODUO\��H[FHVVLYH�OHYHOV� RI
SRWDVVLXP�RU�VRGLXP�PD\�FDXVH�PDJQHVLXP�GHILFLHQF\�

6XOIXU� LV� DVVLPLODWHG� E\� SODQWV� DV� WKH� VXOIDWH� LRQ�� 62�
���� ,Q� DGGLWLRQ�� LQ� DUHDV

ZKHUH�WKH�DWPRVSKHUH�LV�FRQWDPLQDWHG�ZLWK� 62��� VXOIXU�PD\� EH� DEVRUEHG� DV� VXOIXU
GLR[LGH�E\�SODQW�OHDYHV��$WPRVSKHULF�VXOIXU�GLR[LGH�OHYHOV�KDYH�EHHQ�KLJK�HQRXJK�WR
NLOO�YHJHWDWLRQ�LQ�VRPH�DUHDV��VHH�&KDSWHU������+RZHYHU��VRPH�H[SHULPHQWV�GHVLJQHG
WR�VKRZ�62��WR[LFLW\�WR�SODQWV�KDYH�UHVXOWHG�LQ�LQFUHDVHG� SODQW� JURZWK�ZKHUH� WKHUH
ZDV�DQ�XQH[SHFWHG�VXOIXU�GHILFLHQF\�LQ�WKH�VRLO�XVHG�IRU�WKH�H[SHULPHQW�

6RLOV�GHILFLHQW�LQ�VXOIXU�GR�QRW�VXSSRUW�SODQW�JURZWK�ZHOO��ODUJHO\�EHFDXVH�VXOIXU
LV�D�FRPSRQHQW�RI�VRPH�HVVHQWLDO�DPLQR�DFLGV�DQG�RI�WKLDPLQ�DQG�ELRWLQ��6XOIDWH�LRQ
LV� JHQHUDOO\� SUHVHQW� LQ� WKH� VRLO� DV� LPPRELOL]HG� LQVROXEOH� VXOIDWH� PLQHUDOV�� RU� DV
VROXEOH�VDOWV�ZKLFK�DUH�UHDGLO\�OHDFKHG� IURP� WKH� VRLO� DQG� ORVW� DV� VRLO�ZDWHU� UXQRII�
8QOLNH�WKH�FDVH�RI�QXWULHQW�FDWLRQV�VXFK�DV�.��� OLWWOH� VXOIDWH� LV� DGVRUEHG� WR� WKH� VRLO
�WKDW�LV��ERXQG�E\�LRQ�H[FKDQJH�ELQGLQJ��ZKHUH�LW�LV�UHVLVWDQW�WR�OHDFKLQJ�ZKLOH�VWLOO
DYDLODEOH�IRU�DVVLPLODWLRQ�E\�SODQW�URRWV�

6RLO�VXOIXU�GHILFLHQFLHV� KDYH� EHHQ� IRXQG� LQ� D� QXPEHU� RI� UHJLRQV� RI� WKH�ZRUOG�
:KHUHDV�PRVW�IHUWLOL]HUV�XVHG�WR�FRQWDLQ�VXOIXU��LWV�XVH�LQ�FRPPHUFLDO�IHUWLOL]HUV�KDV
GHFOLQHG��:LWK�FRQWLQXHG�XVH�RI�VXOIXU�GHILFLHQW�IHUWLOL]HUV��LW�LV� SRVVLEOH� WKDW� VXOIXU
ZLOO�EHFRPH�D�OLPLWLQJ�QXWULHQW�LQ�PRUH�FDVHV�

$V�QRWHG�LQ�6HFWLRQ�������WKH�UHDFWLRQ�RI�)H6��ZLWK�DFLG�LQ�DFLG�VXOIDWH�VRLOV�PD\
UHOHDVH� +�6�� ZKLFK� LV� YHU\� WR[LF� WR� SODQWV� DQG� ZKLFK� DOVR� NLOOV� PDQ\� EHQHILFLDO
PLFURRUJDQLVPV�� 7R[LF� K\GURJHQ� VXOILGH� FDQ� DOVR� EH� SURGXFHG� E\� UHGXFWLRQ� RI
VXOIDWH�LRQ�WKURXJK�PLFURRUJDQLVP�PHGLDWHG�UHDFWLRQV�ZLWK�RUJDQLF�PDWWHU�� 3URGXF�
WLRQ�RI�K\GURJHQ�VXOILGH�LQ�IORRGHG�VRLOV�PD\�EH�LQKLELWHG�E\�WUHDWPHQW�ZLWK�R[LGL]�
LQJ�FRPSRXQGV��RQH�RI�WKH�PRVW�HIIHFWLYH�RI�ZKLFK�LV�.12��

����� 1,752*(1��3+263+2586��$1'�327$66,80�,1�62,/

1LWURJHQ��SKRVSKRUXV��DQG�SRWDVVLXP�DUH�SODQW�QXWULHQWV� WKDW� DUH� REWDLQHG� IURP
VRLO��7KH\�DUH�VR�LPSRUWDQW�IRU�FURS�SURGXFWLYLW\� WKDW� WKH\� DUH� FRPPRQO\� DGGHG� WR
VRLO�DV�IHUWLOL]HUV��7KH�HQYLURQPHQWDO�FKHPLVWU\�RI�WKHVH� HOHPHQWV� LV� GLVFXVVHG� KHUH
DQG�WKHLU�SURGXFWLRQ�DV�IHUWLOL]HUV�LQ�6HFWLRQ������

1LWURJHQ

)LJXUH������VXPPDUL]HV�WKH�SULPDU\�VLQNV�DQG�SDWKZD\V RI� QLWURJHQ� LQ� VRLO�� ,Q
PRVW� VRLOV�� RYHU� ���� RI� WKH� QLWURJHQ� FRQWHQW� LV� RUJDQLF�� 7KLV� RUJDQLF� QLWURJHQ� LV
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SULPDULO\� WKH� SURGXFW� RI� WKH� ELRGHJUDGDWLRQ� RI� GHDG� SODQWV� DQG� DQLPDOV�� ,W� LV
HYHQWXDOO\� K\GURO\]HG� WR�1+�

���ZKLFK� FDQ� EH� R[LGL]HG� WR� 12�
�� E\� WKH� DFWLRQ� RI

EDFWHULD�LQ�WKH�VRLO�

)LJXUH��������1LWURJHQ�VLQNV�DQG�SDWKZD\V�LQ�VRLO�

1LWURJHQ�ERXQG�WR�VRLO�KXPXV�LV�HVSHFLDOO\�LPSRUWDQW�LQ�PDLQWDLQLQJ�VRLO�IHUWLOLW\�
8QOLNH� SRWDVVLXP� RU� SKRVSKDWH�� QLWURJHQ� LV� QRW� D� VLJQLILFDQW� SURGXFW� RI� PLQHUDO
ZHDWKHULQJ��1LWURJHQ�IL[LQJ�RUJDQLVPV� RUGLQDULO\� FDQQRW� VXSSO\� VXIILFLHQW� QLWURJHQ
WR� PHHW� SHDN� GHPDQG�� ,QRUJDQLF� QLWURJHQ� IURP� IHUWLOL]HUV� DQG� UDLQZDWHU� LV� RIWHQ
ODUJHO\� ORVW� E\� OHDFKLQJ�� 6RLO� KXPXV�� KRZHYHU�� VHUYHV� DV� D� UHVHUYRLU� RI� QLWURJHQ
UHTXLUHG�E\�SODQWV��,W�KDV�WKH�DGGLWLRQDO�DGYDQWDJH�WKDW�LWV�UDWH�RI�GHFD\��KHQFH�LWV�UDWH
RI�QLWURJHQ�UHOHDVH�WR�SODQWV��URXJKO\�SDUDOOHOV�SODQW�JURZWK²UDSLG�GXULQJ�WKH�ZDUP
JURZLQJ�VHDVRQ��VORZ�GXULQJ�WKH�ZLQWHU�PRQWKV�

1LWURJHQ�LV�DQ�HVVHQWLDO�FRPSRQHQW�RI� SURWHLQV� DQG� RWKHU� FRQVWLWXHQWV� RI� OLYLQJ
PDWWHU�� 3ODQWV� DQG� FHUHDOV� JURZQ� RQ� QLWURJHQ�ULFK� VRLOV� QRW� RQO\� SURYLGH� KLJKHU
\LHOGV��EXW�DUH� RIWHQ� VXEVWDQWLDOO\� ULFKHU� LQ� SURWHLQ� DQG�� WKHUHIRUH��PRUH� QXWULWLRXV�
1LWURJHQ�LV�PRVW�JHQHUDOO\�DYDLODEOH�WR�SODQWV�DV�QLWUDWH�LRQ��12�

���6RPH�SODQWV�VXFK
DV�ULFH�PD\�XWLOL]H�DPPRQLXP�QLWURJHQ��KRZHYHU��RWKHU�SODQWV�DUH�SRLVRQHG�E\� WKLV
IRUP�RI�QLWURJHQ��:KHQ�QLWURJHQ�LV�DSSOLHG�WR�VRLOV�LQ�WKH�DPPRQLXP�IRUP��QLWULI\LQJ
EDFWHULD�SHUIRUP�DQ�HVVHQWLDO�IXQFWLRQ�LQ�FRQYHUWLQJ�LW�WR�DYDLODEOH�QLWUDWH�LRQ�

3ODQWV� PD\� DEVRUE� H[FHVVLYH� DPRXQWV� RI� QLWUDWH� QLWURJHQ� IURP� VRLO�� 7KLV
SKHQRPHQRQ�RFFXUV�SDUWLFXODUO\�LQ�KHDYLO\�IHUWLOL]HG�VRLOV�XQGHU�GURXJKW�FRQGLWLRQV�
)RUDJH�FURSV�FRQWDLQLQJ�H[FHVVLYH�DPRXQWV�RI�QLWUDWH� FDQ� SRLVRQ� UXPLQDQW� DQLPDOV
VXFK�DV�FDWWOH�RU�VKHHS��3ODQWV�KDYLQJ�H[FHVVLYH�OHYHOV�RI�QLWUDWH�FDQ�HQGDQJHU�SHRSOH
ZKHQ�XVHG�IRU�HQVLODJH��DQ�DQLPDO�IRRG�FRQVLVWLQJ�RI�ILQHO\�FKRSSHG� SODQW�PDWHULDO
VXFK�DV�SDUWLDOO\�PDWXUHG�ZKROH�FRUQ�SODQWV�� IHUPHQWHG� LQ� D� VWUXFWXUH� FDOOHG� D� VLOR�
8QGHU�WKH�UHGXFLQJ�FRQGLWLRQV�RI�IHUPHQWDWLRQ��QLWUDWH�LQ�HQVLODJH�PD\�EH�UHGXFHG�WR
WR[LF�12��JDV��ZKLFK�FDQ� DFFXPXODWH� WR� KLJK� OHYHOV� LQ� HQFORVHG� VLORV�� 7KHUH� KDYH
EHHQ�PDQ\�FDVHV�UHSRUWHG�RI�SHUVRQV�EHLQJ�NLOOHG�E\�DFFXPXODWHG�12��LQ�VLORV�

1LWURJHQ� IL[DWLRQ� LV� WKH� SURFHVV� E\� ZKLFK� DWPRVSKHULF� 1�� LV� FRQYHUWHG� WR
QLWURJHQ�FRPSRXQGV�DYDLODEOH�WR�SODQWV��+XPDQ�DFWLYLWLHV�DUH�UHVXOWLQJ�LQ�WKH�IL[DWLRQ
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RI�D�JUHDW�GHDO�PRUH� QLWURJHQ� WKDQ�ZRXOG� RWKHUZLVH� EH� WKH� FDVH��$UWLILFLDO� VRXUFHV
QRZ� DFFRXQW� IRU� ������� RI� DOO� QLWURJHQ� IL[HG�� 7KHVH� LQFOXGH� FKHPLFDO� IHUWLOL]HU
PDQXIDFWXUH�� QLWURJHQ� IL[HG� GXULQJ� IXHO� FRPEXVWLRQ�� FRPEXVWLRQ� RI� QLWURJHQ�
FRQWDLQLQJ� IXHOV�� DQG� WKH� LQFUHDVHG� FXOWLYDWLRQ� RI� QLWURJHQ�IL[LQJ� OHJXPHV� �VHH� WKH
IROORZLQJ�SDUDJUDSK���$�PDMRU�FRQFHUQ�ZLWK�WKLV�LQFUHDVHG�IL[DWLRQ�RI�QLWURJHQ�LV�WKH
SRVVLEOH�HIIHFW�XSRQ�WKH�DWPRVSKHULF�R]RQH�OD\HU�E\�1�2� UHOHDVHG� GXULQJ� GHQLWULIL�
FDWLRQ�RI�IL[HG�QLWURJHQ�

%HIRUH�WKH�ZLGHVSUHDG�LQWURGXFWLRQ�RI�QLWURJHQ�IHUWLOL]HUV��VRLO�QLWURJHQ�ZDV�SUR�
YLGHG�SULPDULO\�E\�OHJXPHV��7KHVH�DUH�SODQWV�VXFK�DV�VR\EHDQV��DOIDOID�� DQG� FORYHU�
ZKLFK�FRQWDLQ�RQ�WKHLU�URRW�VWUXFWXUHV�EDFWHULD�FDSDEOH� RI� IL[LQJ� DWPRVSKHULF� QLWUR�
JHQ��/HJXPLQRXV�SODQWV�KDYH�D��V\PELRWLF��PXWXDOO\�DGYDQWDJHRXV��UHODWLRQVKLS�ZLWK
WKH�EDFWHULD�WKDW�SURYLGH�WKHLU�QLWURJHQ�� /HJXPHV�PD\� DGG� VLJQLILFDQW� TXDQWLWLHV� RI
QLWURJHQ�WR�VRLO��XS�WR����SRXQGV�SHU�DFUH�SHU�\HDU��ZKLFK�LV�FRPSDUDEOH�WR�DPRXQWV
FRPPRQO\�DGGHG�DV�V\QWKHWLF�IHUWLOL]HUV��6RLO�IHUWLOLW\�ZLWK� UHVSHFW� WR� QLWURJHQ�PD\
EH�PDLQWDLQHG�E\�URWDWLQJ�SODQWLQJV�RI�QLWURJHQ�FRQVXPLQJ�SODQWV�ZLWK� SODQWLQJV� RI
OHJXPHV��D�IDFW�UHFRJQL]HG�E\�DJULFXOWXULVWV�DV�IDU�EDFN�DV�WKH�5RPDQ�HUD�

7KH�QLWURJHQ�IL[LQJ�EDFWHULD�LQ� OHJXPHV� H[LVW� LQ� VSHFLDO� VWUXFWXUHV� RQ� WKH� URRWV
FDOOHG� URRW� QRGXOHV� �VHH� )LJ�� ������� 7KH URG�VKDSHG� EDFWHULD� WKDW� IL[� QLWURJHQ� DUH
PHPEHUV� RI� D� VSHFLDO� JHQXV��5KL]RELXP�� 7KHVH� EDFWHULD� PD\� H[LVW� LQGHSHQGHQWO\�
EXW�FDQQRW�IL[� QLWURJHQ� H[FHSW� LQ� V\PELRWLF� FRPELQDWLRQ�ZLWK� SODQWV��$OWKRXJK� DOO
VSHFLHV� RI� 5KL]RELXP� DSSHDU� WR� EH� YHU\� VLPLODU�� WKH\� H[KLELW� D� JUHDW� GHDO� RI
VSHFLILFLW\�LQ�WKHLU�FKRLFH�RI�KRVW�SODQWV��&XULRXVO\��OHJXPH�URRW�QRGXOHV�DOVR�FRQWDLQ
D� IRUP� RI� KHPRJORELQ��ZKLFK�PXVW� VRPHKRZ� EH� LQYROYHG� LQ� WKH� QLWURJHQ�IL[DWLRQ
SURFHVV��

)LJXUH��������$�VR\EHDQ�SODQW��VKRZLQJ�URRW�QRGXOHV�ZKHUH�QLWURJHQ�LV�IL[HG��

1LWUDWH�SROOXWLRQ�RI�VRPH�VXUIDFH�ZDWHUV� DQG� JURXQGZDWHU� KDV� EHFRPH� D�PDMRU
SUREOHP�LQ�VRPH�DJULFXOWXUDO�DUHDV��VHH�&KDSWHU� ����$OWKRXJK� IHUWLOL]HUV� KDYH� EHHQ
LPSOLFDWHG�LQ� VXFK� SROOXWLRQ�� WKHUH� LV� HYLGHQFH� WKDW� IHHGORWV� DUH� D�PDMRU� VRXUFH� RI
QLWUDWH� SROOXWLRQ�� 7KH� JURZWK� RI� OLYHVWRFN� SRSXODWLRQV� DQG� WKH� FRQFHQWUDWLRQ� RI
OLYHVWRFN� LQ� IHHGORWV� KDYH� DJJUDYDWHG� WKH� SUREOHP�� 6XFK� FRQFHQWUDWLRQV� RI� FDWWOH�
FRXSOHG�ZLWK�WKH�IDFW�WKDW�D�VWHHU� SURGXFHV� DSSUR[LPDWHO\� ��� WLPHV� DV�PXFK�ZDVWH
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PDWHULDO�DV�D�KXPDQ��KDYH� UHVXOWHG� LQ� KLJK� OHYHOV� RI�ZDWHU� SROOXWLRQ� LQ� UXUDO� DUHDV
ZLWK�VPDOO�KXPDQ�SRSXODWLRQV��6WUHDPV�DQG�UHVHUYRLUV� LQ� VXFK� DUHDV� IUHTXHQWO\� DUH
MXVW�DV�SROOXWHG�DV�WKRVH�LQ�GHQVHO\�SRSXODWHG�DQG�KLJKO\�LQGXVWULDOL]HG�DUHDV�

1LWUDWH� LQ� IDUP�ZHOOV� LV� D� FRPPRQ� DQG� HVSHFLDOO\� GDPDJLQJ� PDQLIHVWDWLRQ� RI
QLWURJHQ�SROOXWLRQ�IURP�IHHGORWV�EHFDXVH�RI�WKH�VXVFHSWLELOLW\�RI�UXPLQDQW�DQLPDOV�WR
QLWUDWH�SRLVRQLQJ��7KH�VWRPDFK�FRQWHQWV�RI�UXPLQDQW�DQLPDOV�VXFK�DV�FDWWOH�DQG�VKHHS
FRQVWLWXWH� D� UHGXFLQJ�PHGLXP� �ORZ� S(�� DQG� FRQWDLQ� EDFWHULD� FDSDEOH� RI� UHGXFLQJ
QLWUDWH�LRQ�WR�WR[LF�QLWULWH�LRQ�

12�
�������+�������H� ȝ�12�

������+�2 ��������

7KH� RULJLQ� RI� PRVW� QLWUDWH� SURGXFHG� IURP� IHHGORW� ZDVWHV� LV� DPLQR� QLWURJHQ
SUHVHQW� LQ� QLWURJHQ�FRQWDLQLQJ� ZDVWH� SURGXFWV�� $SSUR[LPDWHO\� RQH�KDOI� RI� WKH
QLWURJHQ� H[FUHWHG� E\� FDWWOH� LV� FRQWDLQHG� LQ� WKH� XULQH�� 3DUW� RI� WKLV� QLWURJHQ� LV
SURWHLQDFHRXV�DQG�WKH�RWKHU�SDUW�LV�LQ�WKH�IRUP�RI�XUHD��1+�&21+���$V�D�ILUVW�VWHS�LQ
WKH�GHJUDGDWLRQ�SURFHVV��WKH�DPLQR�QLWURJHQ�LV�SUREDEO\�K\GURO\]HG�WR�DPPRQLD��RU
DPPRQLXP�LRQ�

51+������+�2��ȝ ��5�2+�����1+���1+�
�� ��������

7KLV�SURGXFW�LV�WKHQ�R[LGL]HG�WKURXJK�PLFURRUJDQLVP�FDWDO\]HG� UHDFWLRQV� WR� QLWUDWH
LRQ�

1+�������2� ȝ ��+������12�
������+�2 ��������

8QGHU�VRPH�FRQGLWLRQV��DQ�DSSUHFLDEOH�DPRXQW�RI�WKH�QLWURJHQ�RULJLQDWLQJ�IURP�WKH
GHJUDGDWLRQ�RI�IHHGORW�ZDVWHV�LV�SUHVHQW�DV�DPPRQLXP�LRQ��$PPRQLXP�LRQ�LV�UDWKHU
VWURQJO\�ERXQG�WR�VRLO��UHFDOO�WKDW�VRLO�LV�D�JHQHUDOO\�JRRG�FDWLRQ� H[FKDQJHU��� DQG� D
VPDOO�IUDFWLRQ�LV�IL[HG� DV� QRQH[FKDQJHDEOH� DPPRQLXP� LRQ� LQ� WKH� FU\VWDO� ODWWLFH� RI
FOD\�PLQHUDOV��%HFDXVH�QLWUDWH�LRQ�LV�QRW�VWURQJO\�ERXQG�WR�VRLO��LW�LV�UHDGLO\� FDUULHG
WKURXJK�VRLO�IRUPDWLRQV�E\�ZDWHU��0DQ\� IDFWRUV�� LQFOXGLQJ� VRLO� W\SH��PRLVWXUH�� DQG
OHYHO�RI�RUJDQLF�PDWWHU��DIIHFW�WKH�SURGXFWLRQ�RI�DPPRQLD�DQG�QLWUDWH�LRQ�RULJLQDWLQJ
IURP�IHHGORW�ZDVWHV��DQG�D�PDUNHG�YDULDWLRQ�LV�IRXQG�LQ�WKH�OHYHOV�DQG� GLVWULEXWLRQV
RI�WKHVH�PDWHULDOV�LQ�IHHGORW�DUHDV�

3KRVSKRUXV

$OWKRXJK�WKH�SHUFHQWDJH�RI�SKRVSKRUXV�LQ�SODQW�PDWHULDO�LV�UHODWLYHO\�ORZ��LW�LV�DQ
HVVHQWLDO�FRPSRQHQW�RI�SODQWV��3KRVSKRUXV��OLNH�QLWURJHQ��PXVW�EH�SUHVHQW�LQ�D�VLPSOH
LQRUJDQLF�IRUP�EHIRUH�LW�FDQ�EH�WDNHQ�XS�E\�SODQWV��,Q�WKH�FDVH� RI� � SKRVSKRUXV�� WKH
XWLOL]DEOH�VSHFLHV�LV�VRPH�IRUP�RI�RUWKRSKRVSKDWH�LRQ��,Q�WKH�S+�UDQJH�WKDW�LV�SUHVHQW
LQ�PRVW�VRLOV��+�32�

��DQG�+32�
���DUH�WKH�SUHGRPLQDQW�RUWKRSKRVSKDWH�VSHFLHV�

2UWKRSKRVSKDWH� LV�PRVW� DYDLODEOH� WR� SODQWV� DW� S+� YDOXHV� QHDU� QHXWUDOLW\�� ,W� LV
EHOLHYHG�WKDW�LQ�UHODWLYHO\�DFLGLF�VRLOV��RUWKRSKRVSKDWH�LRQV�DUH�SUHFLSLWDWHG�RU�VRUEHG
E\�VSHFLHV� RI�$O�,,,�� DQG� )H�,,,��� ,Q� DONDOLQH� VRLOV�� RUWKRSKRVSKDWH�PD\� UHDFW�ZLWK
FDOFLXP�FDUERQDWH�WR�IRUP�UHODWLYHO\�LQVROXEOH�K\GUR[\DSDWLWH�

�+32�
������&D&2��V�����+�2 ȝ �&D��32����2+��V�

���+&2�
����2+� ��������
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,Q�JHQHUDO��EHFDXVH�RI�WKHVH�UHDFWLRQV��OLWWOH�SKRVSKRUXV�DSSOLHG�DV�IHUWLOL]HU�OHDFKHV
IURP� WKH� VRLO�� 7KLV� LV� LPSRUWDQW� IURP� WKH� VWDQGSRLQW� RI� ERWK� ZDWHU� SROOXWLRQ� DQG
XWLOL]DWLRQ�RI�SKRVSKDWH�IHUWLOL]HUV�

3RWDVVLXP

5HODWLYHO\� KLJK� OHYHOV� RI� SRWDVVLXP� DUH� XWLOL]HG� E\� JURZLQJ� SODQWV�� 3RWDVVLXP
DFWLYDWHV�VRPH� HQ]\PHV� DQG� SOD\V� D� UROH� LQ� WKH�ZDWHU� EDODQFH� LQ� SODQWV�� ,W� LV� DOVR
HVVHQWLDO� IRU� VRPH� FDUERK\GUDWH� WUDQVIRUPDWLRQV��&URS� \LHOGV� DUH� JHQHUDOO\� JUHDWO\
UHGXFHG� LQ� SRWDVVLXP�GHILFLHQW� VRLOV�� 7KH� KLJKHU� WKH� SURGXFWLYLW\� RI� WKH� FURS�� WKH
PRUH�SRWDVVLXP�LV�UHPRYHG�IURP�VRLO��:KHQ�QLWURJHQ�IHUWLOL]HUV�DUH�DGGHG�WR�VRLOV�WR
LQFUHDVH�SURGXFWLYLW\��UHPRYDO�RI�SRWDVVLXP�LV�HQKDQFHG��7KHUHIRUH��SRWDVVLXP�PD\
EHFRPH�D�OLPLWLQJ�QXWULHQW�LQ�VRLOV�KHDYLO\�IHUWLOL]HG�ZLWK�RWKHU�QXWULHQWV�

3RWDVVLXP�LV�RQH�RI�WKH�PRVW�DEXQGDQW�HOHPHQWV�LQ�WKH�HDUWK¶V�FUXVW��RI�ZKLFK�LW
PDNHV�XS�������KRZHYHU��PXFK�RI�WKLV�SRWDVVLXP� LV� QRW� HDVLO\� DYDLODEOH� WR� SODQWV�
)RU� H[DPSOH�� VRPH� VLOLFDWH� PLQHUDOV� VXFK� DV� OHXFLWH�� .�2�$O�2�

��6L2��� FRQWDLQ
VWURQJO\� ERXQG� SRWDVVLXP�� ([FKDQJHDEOH� SRWDVVLXP� KHOG� E\� FOD\�PLQHUDOV� LV� UHOD�
WLYHO\�PRUH�DYDLODEOH�WR�SODQWV�

����� 0,&521875,(176�,1�62,/

%RURQ�� FKORULQH�� FRSSHU�� LURQ�� PDQJDQHVH�� PRO\EGHQXP� �IRU� 1�IL[DWLRQ��� DQG
]LQF�DUH�FRQVLGHUHG� HVVHQWLDO� SODQW�PLFURQXWULHQWV�� 7KHVH� HOHPHQWV� DUH� QHHGHG� E\
SODQWV�RQO\�DW�YHU\�ORZ�OHYHOV�DQG�IUHTXHQWO\�DUH�WR[LF�DW�KLJKHU�OHYHOV��7KHUH�LV�VRPH
FKDQFH�WKDW�RWKHU�HOHPHQWV�ZLOO�EH�DGGHG�WR�WKLV�OLVW�DV�WHFKQLTXHV�IRU�JURZLQJ�SODQWV
LQ�HQYLURQPHQWV�IUHH�RI�VSHFLILF�HOHPHQWV�LPSURYH��0RVW�RI�WKHVH�HOHPHQWV�IXQFWLRQ
DV� FRPSRQHQWV� RI� HVVHQWLDO� HQ]\PHV��0DQJDQHVH�� LURQ�� FKORULQH�� DQG� ]LQF�PD\� EH
LQYROYHG�LQ�SKRWRV\QWKHVLV�7KRXJK�QRW�HVWDEOLVKHG�IRU� DOO� SODQWV�� LW� LV� SRVVLEOH� WKDW
VRGLXP��VLOLFRQ��DQG�FREDOW�PD\�DOVR�EH�HVVHQWLDO�SODQW�QXWULHQWV�

,URQ�DQG�PDQJDQHVH�RFFXU�LQ�D�QXPEHU�RI�VRLO�PLQHUDOV��6RGLXP�DQG�FKORULQH��DV
FKORULGH��RFFXU�QDWXUDOO\�LQ�VRLO�DQG�DUH�WUDQVSRUWHG�DV�DWPRVSKHULF�SDUWLFXODWH�PDWWHU
IURP�PDULQH� VSUD\V� �VHH�&KDSWHU� ����� 6RPH� RI� WKH� RWKHU�PLFURQXWULHQWV� DQG� WUDFH
HOHPHQWV�DUH�IRXQG�LQ� SULPDU\� �XQZHDWKHUHG��PLQHUDOV� WKDW� RFFXU� LQ� VRLO��%RURQ� LV
VXEVWLWXWHG� LVRPRUSKLFDOO\� IRU� 6L� LQ� VRPH� PLFDV� DQG� LV� SUHVHQW� LQ� WRXUPDOLQH�� D
PLQHUDO�ZLWK�WKH�IRUPXOD�1D0J�$O�%�6L�2���2+�)����&RSSHU�LV�LVRPRUSKLFDOO\�VXE�
VWLWXWHG�IRU�RWKHU�HOHPHQWV�LQ�IHOGVSDUV��DPSKLEROHV��ROLYLQHV��S\UR[HQHV��DQG�PLFDV�
LW� DOVR� RFFXUV� DV� WUDFH� OHYHOV� RI� FRSSHU� VXOILGHV� LQ� VLOLFDWH� PLQHUDOV�� 0RO\EGHQXP
RFFXUV�DV�PRO\EGHQLWH��0R6����9DQDGLXP�LV�LVRPRUSKLFDOO\�VXEVWLWXWHG�IRU�)H�RU�$O
LQ� R[LGHV�� S\UR[HQHV�� DPSKLEROHV�� DQG� PLFDV�� =LQF� LV� SUHVHQW� DV� WKH� UHVXOW� RI
LVRPRUSKLF� VXEVWLWXWLRQ� IRU�0J�� )H�� DQG�0Q� LQ� R[LGHV�� DPSKLEROHV�� ROLYLQHV�� DQG
S\UR[HQHV�DQG�DV�WUDFH�]LQF� VXOILGH� LQ� VLOLFDWHV��2WKHU� WUDFH� HOHPHQWV� WKDW� RFFXU� DV
VSHFLILF�PLQHUDOV��VXOILGH�LQFOXVLRQV��RU�E\�LVRPRUSKLF�VXEVWLWXWLRQ�IRU�RWKHU�HOHPHQWV
LQ�PLQHUDOV�DUH�FKURPLXP��FREDOW��DUVHQLF��VHOHQLXP��QLFNHO��OHDG��DQG�FDGPLXP�

7KH�WUDFH�HOHPHQWV�OLVWHG�DERYH�PD\�EH�FRSUHFLSLWDWHG�ZLWK�VHFRQGDU\�PLQHUDOV
�VHH� 6HFWLRQ� ������ WKDW� DUH� LQYROYHG� LQ� VRLO� IRUPDWLRQ�� 6XFK� VHFRQGDU\� PLQHUDOV
LQFOXGH�R[LGHV�RI�DOXPLQXP��LURQ��DQG�PDQJDQHVH��SUHFLSLWDWLRQ�RI�K\GUDWHG� R[LGHV
RI� LURQ� DQG� PDQJDQHVH� YHU\� HIILFLHQWO\� UHPRYHV� PDQ\� WUDFH� PHWDO� LRQV� IURP
VROXWLRQ���FDOFLXP�DQG�PDJQHVLXP�FDUERQDWHV��VPHFWLWHV��YHUPLFXOLWHV��DQG�LOOLWHV��
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6RPH� SODQWV� DFFXPXODWH� H[WUHPHO\� KLJK� OHYHOV� RI� VSHFLILF� WUDFH�PHWDOV�� 7KRVH
DFFXPXODWLQJ�PRUH� WKDQ� �����PJ�J� RI� GU\�ZHLJKW� DUH� FDOOHG� K\SHUDFFXPXODWRUV�
1LFNHO� DQG� FRSSHU� ERWK� XQGHUJR� K\SHUDFFXPXODWLRQ� LQ� VRPH� SODQW� VSHFLHV�� $V� DQ
H[DPSOH�RI�D�PHWDO�K\SHUDFFXPXODWHU��$HRODQWKXV�ELIRUPLIROLXV�'H:LOG�JURZLQJ�LQ
FRSSHU�ULFK� UHJLRQV� RI� 6KDED� 3URYLQFH�� =DLUH�� FRQWDLQV� XS� WR� ����� FRSSHU� �GU\
ZHLJKW��DQG�LV�NQRZQ�DV�D�³FRSSHU�IORZHU´�

7KH�K\SHUDFFXPXODWLRQ�RI�PHWDOV�E\�VRPH�SODQWV�KDV�OHG�WR�WKH�LGHD�RI�SK\WRUH�
PHGLDWLRQ� LQ� ZKLFK� SODQWV� JURZLQJ� RQ� FRQWDPLQDWHG� JURXQG� DFFXPXODWH� PHWDOV�
ZKLFK� DUH� WKHQ� UHPRYHG� ZLWK� WKH� SODQW� ELRPDVV�� %UDVVLFD� MXQFHD� DQG� %UDVVLFD
FKLQHQVLV� �&KLQHVH� FDEEDJH�� KDYH� EHHQ� VKRZQ� WR� K\SHUDFFXPXODWH� DV� PXFK� DV� �
JUDPV� RI� XUDQLXP� SHU� NJ� SODQW� GU\�ZHLJKW�ZKHQ� JURZQ� RQ� XUDQLXP�FRQWDPLQDWHG
VRLO���8UDQLXP�DFFXPXODWLRQ�LQ�WKH�SODQWV�ZDV� HQKDQFHG� E\� WKH� DGGLWLRQ� RI� FLWUDWH�
ZKLFK�FRPSOH[HV�XUDQLXP�DQG�PDNHV�LW�PRUH�VROXEOH�

����� )(57,/,=(56

&URS� IHUWLOL]HUV� FRQWDLQ� QLWURJHQ�� SKRVSKRUXV�� DQG� SRWDVVLXP� DV� PDMRU
FRPSRQHQWV��0DJQHVLXP��VXOIDWH��DQG�PLFURQXWULHQWV�PD\�DOVR�EH�DGGHG��)HUWLOL]HUV
DUH�GHVLJQDWHG�E\�QXPEHUV�� VXFK� DV� �������� VKRZLQJ� WKH� UHVSHFWLYH� SHUFHQWDJHV� RI
QLWURJHQ�H[SUHVVHG�DV�1��LQ�WKLV�FDVH������SKRVSKRUXV�DV�3�2���������DQG�SRWDVVLXP
DV�.�2�������)DUP�PDQXUH�FRUUHVSRQGV�WR�DQ�DSSUR[LPDWHO\��������������IHUWLOL]HU�
7KH�RUJDQLF�IHUWLOL]HUV�VXFK�DV�PDQXUH�PXVW� XQGHUJR� ELRGHJUDGDWLRQ� WR� UHOHDVH� WKH
VLPSOH�LQRUJDQLF�VSHFLHV��12�

���+[32�
[ �����.���DVVLPLODEOH�E\�SODQWV�

0RVW�PRGHUQ� QLWURJHQ� IHUWLOL]HUV� DUH�PDGH� E\� WKH�+DEHU� SURFHVV�� LQ�ZKLFK�1�
DQG�+�� DUH� FRPELQHG� RYHU� D� FDWDO\VW� DW� WHPSHUDWXUHV� RI� DSSUR[LPDWHO\� ���Û&� DQG
SUHVVXUHV�XS�WR������DWP�

1�������+� ȝ���1+� ��������

7KH�DQK\GURXV�DPPRQLD�SURGXFW�KDV�D�YHU\�KLJK�QLWURJHQ�FRQWHQW�RI������,W�PD\�EH
DGGHG� GLUHFWO\� WR� WKH� VRLO�� IRU�ZKLFK� LW� KDV� D� VWURQJ� DIILQLW\� EHFDXVH� RI� LWV� ZDWHU
VROXELOLW\�DQG�IRUPDWLRQ�RI�DPPRQLXP�LRQ�

1+��J����ZDWHU� ȝ ��1+��DT� ��������

1+��DT������+�2 ȝ ��1+�
������2+

�
��������

6SHFLDO� HTXLSPHQW� LV� UHTXLUHG�� KRZHYHU�� EHFDXVH� RI� WKH� WR[LFLW\� RI� DPPRQLD� JDV�
$TXD�DPPRQLD��D����� VROXWLRQ� RI�1+�� LQ�ZDWHU��PD\� EH� XVHG�ZLWK�PXFK� JUHDWHU
VDIHW\��,W�LV�VRPHWLPHV�DGGHG�GLUHFWO\�WR�LUULJDWLRQ�ZDWHU��,W�VKRXOG�EH�SRLQWHG�RXW�WKDW
DPPRQLD�YDSRU�LV�WR[LF�DQG�1+��LV�UHDFWLYH�ZLWK�VRPH�VXEVWDQFHV��,PSURSHUO\� GLV�
FDUGHG�RU�VWRUHG�DPPRQLD�FDQ�EH�D�KD]DUGRXV�ZDVWH�

$PPRQLXP�QLWUDWH��1+�12���LV�D�FRPPRQ�VROLG�QLWURJHQ�IHUWLOL]HU��,W�LV�PDGH�E\
R[LGL]LQJ�DPPRQLD�RYHU�D�SODWLQXP�FDWDO\VW��FRQYHUWLQJ�WKH� QLWULF� R[LGH� SURGXFW� WR
QLWULF�DFLG��DQG�UHDFWLQJ�WKH�QLWULF�DFLG�ZLWK�DPPRQLD��7KH�PROWHQ�DPPRQLXP�QLWUDWH
SURGXFW�LV�IRUFHG�WKURXJK�QR]]OHV�DW�WKH�WRS�RI�D�SULOOLQJ�WRZHU�DQG�VROLGLILHV�WR�IRUP
VPDOO�SHOOHWV�ZKLOH�IDOOLQJ�WKURXJK�WKH�WRZHU��7KH�SDUWLFOHV�DUH�FRDWHG�ZLWK� D�ZDWHU
UHSHOOHQW��$PPRQLXP�QLWUDWH�FRQWDLQV�������QLWURJHQ��$OWKRXJK�FRQYHQLHQW�WR�DSSO\
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WR� VRLO�� LW� UHTXLUHV� FRQVLGHUDEOH� FDUH� GXULQJ�PDQXIDFWXUH� DQG� VWRUDJH� EHFDXVH� LW� LV
H[SORVLYH��$PPRQLXP�QLWUDWH�DOVR�SRVHV�VRPH�KD]DUGV��,W�LV�PL[HG�ZLWK� IXHO� RLO� WR
IRUP� DQ� H[SORVLYH� WKDW� VHUYHV� DV� D� VXEVWLWXWH� IRU� G\QDPLWH� LQ� TXDUU\� EODVWLQJ� DQG
FRQVWUXFWLRQ��7KLV�PL[WXUH�ZDV�XVHG�WR�GHYDVWDWLQJ�HIIHFW�LQ� WKH� GDVWDUGO\� ERPELQJ
RI�WKH�2NODKRPD�&LW\�)HGHUDO�%XLOGLQJ�LQ������
8UHD�

&

2

1+�+�1

LV�HDVLHU�WR�PDQXIDFWXUH�DQG� KDQGOH� WKDQ� DPPRQLXP� QLWUDWH�� ,W� LV� QRZ� WKH� IDYRUHG
VROLG�QLWURJHQ�FRQWDLQLQJ�IHUWLOL]HU��7KH�RYHUDOO�UHDFWLRQ�IRU�XUHD�V\QWKHVLV�LV

&2�������1+� ȝ��&2�1+��������+�2 ��������

LQYROYLQJ� D� UDWKHU� FRPSOLFDWHG� SURFHVV� LQ� ZKLFK� DPPRQLXP� FDUEDPDWH�� FKHPLFDO
IRUPXOD�1+�&2�1+���LV�DQ�LQWHUPHGLDWH�

2WKHU� FRPSRXQGV� XVHG� DV� QLWURJHQ� IHUWLOL]HUV� LQFOXGH� VRGLXP� QLWUDWH� �REWDLQHG
ODUJHO\�IURP�&KLOHDQ�GHSRVLWV��VHH�6HFWLRQ��������FDOFLXP�QLWUDWH��SRWDVVLXP� QLWUDWH�
DQG�DPPRQLXP�SKRVSKDWHV��$PPRQLXP�VXOIDWH��D�E\�SURGXFW�RI�FRNH�RYHQV��XVHG�WR
EH�ZLGHO\�DSSOLHG�DV�IHUWLOL]HU��7KH�DONDOL�PHWDO�QLWUDWHV�WHQG� WR�PDNH� VRLO� DONDOLQH�
ZKHUHDV�DPPRQLXP�VXOIDWH�OHDYHV�DQ�DFLGLF�UHVLGXH�

3KRVSKDWH�PLQHUDOV�DUH�IRXQG�LQ�VHYHUDO�VWDWHV��LQFOXGLQJ�,GDKR��0RQWDQD��8WDK�
:\RPLQJ��1RUWK�&DUROLQD�� 6RXWK�&DUROLQD�� 7HQQHVVHH�� DQG� )ORULGD�� 7KH� SULQFLSDO
PLQHUDO� LV� IOXRUDSDWLWH�� &D��32���)�� 7KH� SKRVSKDWH� IURP� IOXRUDSDWLWH� LV� UHODWLYHO\
XQDYDLODEOH� WR� SODQWV�� DQG� IOXRUDSDWLWH� LV� IUHTXHQWO\� WUHDWHG� ZLWK� SKRVSKRULF� RU
VXOIXULF�DFLGV�WR�SURGXFH�VXSHUSKRVSKDWHV�

�&D��32���)�V��������+�32��������+�2 ȝ ���+)�J�

�� �����&D�+�32����+�2 ��������

�&D��32���)�V�������+�62�������+�2 ȝ ���+)�J�

�� ����&D�+�32����+�2������&D62� ��������

7KH� VXSHUSKRVSKDWH� SURGXFWV� DUH� PXFK� PRUH� VROXEOH� WKDQ� WKH� SDUHQW� SKRVSKDWH
PLQHUDOV��7KH�+)�SURGXFHG�DV�D�E\SURGXFW�RI�VXSHUSKRVSKDWH�SURGXFWLRQ�FDQ�FUHDWH
DLU�SROOXWLRQ�SUREOHPV�

3KRVSKDWH�PLQHUDOV�DUH�ULFK�LQ�WUDFH�HOHPHQWV�UHTXLUHG�IRU�SODQW�JURZWK��VXFK�DV
ERURQ��FRSSHU��PDQJDQHVH��PRO\EGHQXP��DQG�]LQF��,URQLFDOO\��WKHVH�HOHPHQWV�DUH�ORVW
WR� D� ODUJH� H[WHQW� ZKHQ� WKH� SKRVSKDWH� PLQHUDOV� DUH� SURFHVVHG� WR� PDNH� IHUWLOL]HU�
$PPRQLXP� SKRVSKDWHV� DUH� H[FHOOHQW�� KLJKO\� VROXEOH� SKRVSKDWH� IHUWLOL]HUV�� /LTXLG
DPPRQLXP� SRO\SKRVSKDWH� IHUWLOL]HUV� FRQVLVWLQJ� RI� DPPRQLXP� VDOWV� RI� S\URSKRV�
SKDWH�� WULSKRVSKDWH�� DQG� VPDOO� TXDQWLWLHV� RI� KLJKHU� SRO\PHULF� SKRVSKDWH� DQLRQV� LQ
DTXHRXV� VROXWLRQ�ZRUN� YHU\�ZHOO� DV� SKRVSKDWH� IHUWLOL]HUV�� 7KH� SRO\SKRVSKDWHV� DUH
EHOLHYHG�WR�KDYH�WKH�DGGLWLRQDO�DGYDQWDJH�RI�FKHODWLQJ�LURQ�DQG� RWKHU�PLFURQXWULHQW
PHWDO�LRQV��WKXV�PDNLQJ�WKH�PHWDOV�PRUH�DYDLODEOH�WR�SODQWV�

3RWDVVLXP�IHUWLOL]HU�FRPSRQHQWV�FRQVLVW�RI�SRWDVVLXP�VDOWV��JHQHUDOO\�.&O��6XFK
VDOWV�DUH�IRXQG�DV�GHSRVLWV�LQ�WKH�JURXQG�RU�PD\�EH�REWDLQHG�IURP�VRPH�EULQHV��9HU\
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ODUJH�GHSRVLWV�DUH�IRXQG�LQ�6DVNDWFKHZDQ��&DQDGD��7KHVH�VDOWV�DUH�DOO�TXLWH�VROXEOH�LQ
ZDWHU��2QH�SUREOHP�HQFRXQWHUHG�ZLWK� SRWDVVLXP� IHUWLOL]HUV� LV� WKH� OX[XU\� XSWDNH� RI
SRWDVVLXP�E\� VRPH� FURSV��ZKLFK� DEVRUE�PRUH� SRWDVVLXP� WKDQ� LV� UHDOO\� QHHGHG� IRU
WKHLU�PD[LPXP�JURZWK��,Q�D�FURS�ZKHUH�RQO\�WKH�JUDLQ�LV�KDUYHVWHG��OHDYLQJ�WKH�UHVW
RI�WKH�SODQW�LQ�WKH�ILHOG��OX[XU\�XSWDNH�GRHV�QRW�FUHDWH�PXFK� RI� D� SUREOHP� EHFDXVH
PRVW�RI�WKH�SRWDVVLXP�LV�UHWXUQHG�WR�WKH�VRLO�ZLWK�WKH�GHDG�SODQW��+RZHYHU��ZKHQ�KD\
RU�IRUDJH�LV�KDUYHVWHG��SRWDVVLXP�FRQWDLQHG�LQ�WKH�SODQW�DV�D�FRQVHTXHQFH�RI�OX[XU\
XSWDNH�LV�ORVW�IURP�WKH�VRLO�

����� :$67(6�$1'�32//87$176�,1�62,/

6RLO� UHFHLYHV� ODUJH� TXDQWLWLHV� RI� ZDVWH� SURGXFWV�� 0XFK� RI� WKH� VXOIXU� GLR[LGH
HPLWWHG�LQ�WKH�EXUQLQJ�RI�VXOIXU�FRQWDLQLQJ�IXHOV�HQGV�XS�DV�VRLO�VXOIDWH��$WPRVSKHULF
QLWURJHQ� R[LGHV� DUH� FRQYHUWHG� WR� QLWUDWHV� LQ� WKH� DWPRVSKHUH�� DQG� WKH� QLWUDWHV
HYHQWXDOO\� DUH� GHSRVLWHG� RQ� VRLO�� 6RLO� VRUEV� 12� DQG� 12��� DQG� WKHVH� JDVHV� DUH
R[LGL]HG�WR�QLWUDWH�LQ�WKH�VRLO��&DUERQ�PRQR[LGH�LV�FRQYHUWHG�WR�&2��DQG�SRVVLEO\�WR
ELRPDVV� E\� VRLO� EDFWHULD� DQG� IXQJL�� 3DUWLFXODWH� OHDG� IURP� DXWRPRELOH� H[KDXVWV� LV
IRXQG�DW�HOHYDWHG�OHYHOV�LQ�VRLO�DORQJ�KHDYLO\�WUDYHOHG�KLJKZD\V��(OHYDWHG� OHYHOV� RI
OHDG�IURP�OHDG�PLQHV�DQG�VPHOWHUV�DUH�IRXQG�RQ�VRLO�QHDU�VXFK�IDFLOLWLHV�

6RLO�LV� WKH� UHFHSWRU� RI�PDQ\� KD]DUGRXV�ZDVWHV� IURP� ODQGILOO� OHDFKDWH�� ODJRRQV�
DQG� RWKHU� VRXUFHV� �VHH� 6HFWLRQ� �������� ,Q� VRPH� FDVHV�� ODQG� IDUPLQJ� RI� GHJUDGDEOH
KD]DUGRXV�RUJDQLF�ZDVWHV�LV�SUDFWLFHG�DV�D�PHDQV�RI� GLVSRVDO� DQG� GHJUDGDWLRQ�� 7KH
GHJUDGDEOH�PDWHULDO�LV�ZRUNHG�LQWR�WKH�VRLO��DQG�VRLO�PLFURELDO�SURFHVVHV�EULQJ�DERXW
LWV�GHJUDGDWLRQ��$V�GLVFXVVHG�LQ�&KDSWHU����VHZDJH�DQG�IHUWLOL]HU�ULFK�VHZDJH�VOXGJH
PD\�EH�DSSOLHG�WR�VRLO�

9RODWLOH�RUJDQLF�FRPSRXQGV��92&��VXFK�DV�EHQ]HQH��WROXHQH��[\OHQHV��GLFKORUR�
PHWKDQH��WULFKORURHWKDQH��DQG�WULFKORURHWK\OHQH��PD\�FRQWDPLQDWH�VRLO�LQ� LQGXVWULDO�
L]HG� DQG� FRPPHUFLDOL]HG� DUHDV�� SDUWLFXODUO\� LQ� FRXQWULHV� LQ� ZKLFK� HQIRUFHPHQW� RI
UHJXODWLRQV�LV�QRW�YHU\�VWULQJHQW��2QH�RI�WKH�PRUH�FRPPRQ�VRXUFHV�RI�WKHVH�FRQWDP�
LQDQWV�LV�OHDNLQJ�XQGHUJURXQG�VWRUDJH�WDQNV��/DQGILOOV�EXLOW� EHIRUH� FXUUHQW� VWULQJHQW
UHJXODWLRQV� ZHUH� HQIRUFHG� DQG� LPSURSHUO\� GLVFDUGHG� VROYHQWV� DUH� DOVR� VLJQLILFDQW
VRXUFHV�RI�VRLO�92&V�

0HDVXUHPHQWV�RI�OHYHOV�RI�SRO\FKORULQDWHG�ELSKHQ\OV� �3&%V�� LQ� VRLOV� WKDW� KDYH
EHHQ�DUFKLYHG�IRU�VHYHUDO�GHFDGHV�SURYLGH�LQWHUHVWLQJ�LQVLJKW�LQWR�WKH�FRQWDPLQDWLRQ
RI�VRLO� E\� SROOXWDQW� FKHPLFDOV� DQG� VXEVHTXHQW� ORVV� RI� WKHVH� VXEVWDQFHV� IURP� VRLO��

$QDO\VHV� RI� VRLOV� IURP� WKH�8QLWHG�.LQJGRP� GDWLQJ� IURP� WKH� HDUO\� ����V� WR� ����
VKRZHG�WKDW�WKH�3&%�OHYHOV�LQFUHDVHG�VKDUSO\�IURP�WKH�����V��UHDFKLQJ�SHDN� OHYHOV
DURXQG� ������ 6XEVHTXHQWO\�� OHYHOV� IHOO� VKDUSO\� DQG� QRZ� DUH� EDFN� WR� HDUO\� ����V
FRQFHQWUDWLRQV�� 7KLV� IDOO� ZDV� DFFRPSDQLHG� E\� D� VKLIW� LQ� GLVWULEXWLRQ� WR� WKH� PRUH
KLJKO\� FKORULQDWHG� 3&%V�� ZKLFK� ZDV� DWWULEXWHG� E\� WKRVH� GRLQJ� WKH� VWXG\� WR
YRODWLOL]DWLRQ�DQG�ORQJ�UDQJH�WUDQVSRUW�RI�WKH�OLJKWHU�3&%V�DZD\�IURP�WKH�VRLO��7KHVH
WUHQGV�SDUDOOHO�OHYHOV�RI�3&%�PDQXIDFWXUH�DQG�XVH�LQ�WKH�8QLWHG�.LQJGRP�IURP�WKH
HDUO\�����V�WR�WKH�SUHVHQW��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�REVHUYDWLRQ�WKDW�UHODWLYHO\�KLJK
FRQFHQWUDWLRQV�RI�3&%V�KDYH�EHHQ�REVHUYHG�LQ�UHPRWH�$UFWLF�DQG�VXE�$UFWLF�UHJLRQV�
DWWULEXWHG�WR�FRQGHQVDWLRQ�LQ�FROGHU�FOLPDWHV�RI�3&%V�YRODWLOL]HG�LQ�ZDUPHU�UHJLRQV��

6RPH�SROOXWDQW�RUJDQLF�FRPSRXQGV�DUH� EHOLHYHG� WR� EHFRPH� ERXQG�ZLWK� KXPXV
GXULQJ� WKH� KXPLILFDWLRQ� SURFHVV� WKDW� RFFXUV� LQ� VRLO�� 7KLV� ODUJHO\� LPPRELOL]HV� DQG
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GHWR[LILHV�WKH�FRPSRXQGV��%LQGLQJ�RI�SROOXWDQW�FRPSRXQGV�E\�KXPXV�LV�SDUWLFXODUO\
OLNHO\�WR�RFFXU�ZLWK�FRPSRXQGV�WKDW�KDYH�VWUXFWXUDO�VLPLODULWLHV�WR�KXPLF�VXEVWDQFHV�
VXFK�DV�SKHQROLF�DQG�DQLOLQLF�FRPSRXQGV�LOOXVWUDWHG�E\�WKH�IROORZLQJ�WZR�H[DPSOHV�

&O

&O
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&O����'LFKORURSKHQRO ��&KORURDQLOLQH

6XFK� FRPSRXQGV� FDQ� EHFRPH� FRYDOHQWO\� ERQGHG� WR� KXPLF� VXEVWDQFH� PROHFXOHV�
ODUJHO\�WKURXJK�WKH�DFWLRQ�RI�PLFURELDO� HQ]\PHV��$IWHU� ELQGLQJ� WKH\� DUH� NQRZQ� DV
ERXQG�UHVLGXHV �DQG�DUH�KLJKO\� UHVLVWDQW� WR� H[WUDFWLRQ�ZLWK� VROYHQWV� E\� SURFHGXUHV
WKDW�ZRXOG�UHPRYH�XQERXQG�SDUHQW�FRPSRXQGV���&RPSRXQGV�LQ�WKH�ERXQG� UHVLGXHV
DUH�UHVLVWDQW�WR�ELRORJLFDO�DQG�FKHPLFDO�DWWDFN�

6RLO� UHFHLYHV� HQRUPRXV� TXDQWLWLHV� RI� SHVWLFLGHV� DV� DQ� LQHYLWDEOH� UHVXOW� RI� WKHLU
DSSOLFDWLRQ�WR�FURSV�� 7KH� GHJUDGDWLRQ� DQG� HYHQWXDO� IDWH� RI� WKHVH� SHVWLFLGHV� RQ� VRLO
ODUJHO\�GHWHUPLQHV�WKHLU�XOWLPDWH�HQYLURQPHQWDO�HIIHFWV��'HWDLOHG�NQRZOHGJH�RI�WKHVH
HIIHFWV� DUH� QRZ� UHTXLUHG� IRU� OLFHQVLQJ� RI� D� QHZ� SHVWLFLGH� �LQ� WKH� 8�6�� XQGHU� WKH
)HGHUDO�,QVHFWLFLGH��)XQJLFLGH��DQG�5RGHQWLFLGH�DFW��),)5$���$PRQJ� WKH� IDFWRUV� WR
EH�FRQVLGHUHG�DUH�WKH�VRUSWLRQ�RI�WKH�SHVWLFLGH�E\�VRLO��OHDFKLQJ�RI�WKH�SHVWLFLGH�LQWR
ZDWHU�� DV� UHODWHG� WR� LWV� SRWHQWLDO� IRU� ZDWHU� SROOXWLRQ�� HIIHFWV� RI� WKH� SHVWLFLGH� RQ
PLFURRUJDQLVPV� DQG� DQLPDO� OLIH� LQ� WKH� VRLO�� DQG� SRVVLEOH� SURGXFWLRQ� RI� UHODWLYHO\
PRUH�WR[LF�GHJUDGDWLRQ�SURGXFWV�

$GVRUSWLRQ�E\�VRLO�LV� D� NH\� DVSHFW� RI� SHVWLFLGH� GHJUDGDWLRQ� DQG� SOD\V� D� VWURQJ
UROH�LQ�WKH�VSHHG�DQG�GHJUHH�RI�GHJUDGDWLRQ��7KH�GHJUHH�RI�DGVRUSWLRQ�DQG�WKH�VSHHG
DQG�H[WHQW�RI�XOWLPDWH�GHJUDGDWLRQ�DUH�LQIOXHQFHG�E\�D�QXPEHU�RI�RWKHU�IDFWRUV��6RPH
RI�WKHVH��LQFOXGLQJ�VROXELOLW\��YRODWLOLW\��FKDUJH��SRODULW\��DQG�PROHFXODU�VWUXFWXUH�DQG
VL]H�� DUH� SURSHUWLHV� RI� WKH�PHGLXP��$GVRUSWLRQ� RI� D� SHVWLFLGH� E\� VRLO� FRPSRQHQWV
PD\� KDYH� VHYHUDO� HIIHFWV�� 8QGHU� VRPH� FLUFXPVWDQFHV�� LW� UHWDUGV� GHJUDGDWLRQ� E\
VHSDUDWLQJ�WKH�SHVWLFLGH�IURP�WKH�PLFURELDO�HQ]\PHV�WKDW�GHJUDGH�LW��ZKHUHDV� XQGHU
RWKHU�FLUFXPVWDQFHV�WKH�UHYHUVH�LV�WUXH��3XUHO\� FKHPLFDO� GHJUDGDWLRQ� UHDFWLRQV�PD\
EH� FDWDO\]HG� E\� DGVRUSWLRQ�� /RVV� RI� WKH� SHVWLFLGH� E\� YRODWLOL]DWLRQ� RU� OHDFKLQJ� LV
GLPLQLVKHG��7KH�WR[LFLW\�RI�D�KHUELFLGH�WR�SODQWV�PD\�EH�UHGXFHG�E\�VRUSWLRQ�RQ�VRLO�
7KH� IRUFHV� KROGLQJ� D� SHVWLFLGH� WR� VRLO� SDUWLFOHV�PD\� EH� RI� VHYHUDO� W\SHV�� 3K\VLFDO
DGVRUSWLRQ� LQYROYHV� YDQ� GHU� :DDOV� IRUFHV� DULVLQJ� IURP� GLSROH�GLSROH� LQWHUDFWLRQV
EHWZHHQ�WKH�SHVWLFLGH�PROHFXOH�DQG�FKDUJHG�VRLO�SDUWLFOHV��,RQ�H[FKDQJH�LV�HVSHFLDOO\
HIIHFWLYH�LQ�KROGLQJ�FDWLRQLF�RUJDQLF�FRPSRXQGV��VXFK�DV�WKH�KHUELFLGH�SDUDTXDW�

��&O1��1+�& &+��

WR�DQLRQLF�VRLO�SDUWLFOHV��6RPH�QHXWUDO�SHVWLFLGHV�EHFRPH�FDWLRQLF�E\�SURWRQDWLRQ�DQG
DUH�ERXQG�DV�WKH�SURWRQDWHG�SRVLWLYH�IRUP��+\GURJHQ�ERQGLQJ�LV�DQRWKHU�PHFKDQLVP
E\�ZKLFK�VRPH�SHVWLFLGHV�DUH�KHOG� WR� VRLO�� ,Q� VRPH� FDVHV� D� SHVWLFLGH�PD\� DFW� DV� D
OLJDQG�FRRUGLQDWLQJ�WR�PHWDOV�LQ�VRLO�PLQHUDO�PDWWHU�
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7KH� WKUHH� SULPDU\� ZD\V� LQ� ZKLFK� SHVWLFLGHV� DUH� GHJUDGHG� LQ� RU� RQ� VRLO� DUH
FKHPLFDO� GHJUDGDWLRQ�� SKRWRFKHPLFDO� UHDFWLRQV�� DQG�� PRVW� LPSRUWDQW�� ELRGHJ�
UDGDWLRQ��9DULRXV�FRPELQDWLRQV�RI� WKHVH� SURFHVVHV�PD\� RSHUDWH� LQ� WKH� GHJUDGDWLRQ
RI�D�SHVWLFLGH��

&KHPLFDO�GHJUDGDWLRQ �RI�SHVWLFLGHV�KDV�EHHQ�REVHUYHG�H[SHULPHQWDOO\� LQ� VRLOV
DQG�FOD\V�VWHULOL]HG�WR�UHPRYH�DOO�PLFURELDO�DFWLYLW\�� )RU� H[DPSOH�� FOD\V� KDYH� EHHQ
VKRZQ� WR� FDWDO\]H� WKH� K\GURO\VLV� RI� R�R�GLPHWK\O�R�������WULFKORURSKHQ\O� WKLR�
SKRVSKDWH��DOVR�FDOOHG�7UROHQH��5RQQHO��(WUROHQH��RU�WULFKORURPHWDIRV���DQ�HIIHFW�DWWU�
LEXWHG�WR��2+�JURXSV�RQ�WKH�PLQHUDO�VXUIDFH�

�&+�2��3 2

6
&O

&O

&O
+�2

+2

&O

&O

&O�� ���3�2+��

6

0LQHUDO�VXUIDFHV

� ����&+�2+ ��������

0DQ\�RWKHU�SXUHO\�FKHPLFDO�K\GURO\WLF�UHDFWLRQV�RI�SHVWLFLGHV�RFFXU�LQ�VRLO�
$�QXPEHU�RI�SHVWLFLGHV�KDYH�EHHQ�VKRZQ�WR�XQGHUJR�SKRWRFKHPLFDO�UHDFWLRQV�

WKDW�LV��FKHPLFDO�UHDFWLRQV�EURXJKW�DERXW�E\�WKH�DEVRUSWLRQ�RI�OLJKW��VHH�&KDSWHU����
)UHTXHQWO\��LVRPHUV�RI� WKH� SHVWLFLGHV� DUH� IRUPHG� DV� SURGXFWV��0DQ\� RI� WKH� VWXGLHV
UHSRUWHG�DSSO\�WR�SHVWLFLGHV�LQ�ZDWHU�RU�RQ�WKLQ� ILOPV�� DQG� WKH� SKRWRFKHPLFDO� UHDF�
WLRQV�RI�SHVWLFLGHV�RQ�VRLO�DQG�SODQW�VXUIDFHV�UHPDLQ�ODUJHO\�D�PDWWHU�RI�VSHFXODWLRQ�

%LRGHJUDGDWLRQ�DQG�WKH�5KL]RVSKHUH

$OWKRXJK�LQVHFWV��HDUWKZRUPV��DQG�SODQWV�PD\�SOD\�UROHV�LQ�WKH�ELRGHJUDGDWLRQ
RI�SHVWLFLGHV�DQG�RWKHU�SROOXWDQW�RUJDQLF�FKHPLFDOV��PLFURRUJDQLVPV� KDYH� WKH�PRVW
LPSRUWDQW�UROH��6HYHUDO�H[DPSOHV�RI�PLFURRUJDQLVP�PHGLDWHG�GHJUDGDWLRQ�RI�RUJDQLF
FKHPLFDO�VSHFLHV�DUH�JLYHQ�LQ�&KDSWHU���

7KH�UKL]RVSKHUH��WKH�OD\HU�RI�VRLO�LQ�ZKLFK�SODQW�URRWV�DUH�HVSHFLDOO\�DFWLYH��LV�D
SDUWLFXODUO\�LPSRUWDQW�SDUW�RI� VRLO�ZLWK� UHVSHFW� WR� ELRGHJUDGDWLRQ� RI�ZDVWHV�� ,W� LV� D
]RQH�RI�LQFUHDVHG�ELRPDVV�DQG�LV�VWURQJO\� LQIOXHQFHG� E\� WKH� SODQW� URRW� V\VWHP� DQG
WKH�PLFURRUJDQLVPV� DVVRFLDWHG�ZLWK� SODQW� URRWV�� 7KH� UKL]RVSKHUH� PD\� KDYH� PRUH
WKDQ�WHQ�WLPHV�WKH�PLFURELDO�ELRPDVV�SHU�XQLW�YROXPH�FRPSDUHG� WR� QRQUKL]RVSKHULF
]RQHV� RI� VRLO�� 7KLV� SRSXODWLRQ� YDULHV� ZLWK� VRLO� FKDUDFWHULVWLFV�� SODQW� DQG� URRW
FKDUDFWHULVWLFV��PRLVWXUH�FRQWHQW��DQG�H[SRVXUH�WR�R[\JHQ��,I�WKLV�]RQH�LV�H[SRVHG�WR
SROOXWDQW�FRPSRXQGV��PLFURRUJDQLVPV�DGDSWHG�WR� WKHLU� ELRGHJUDGDWLRQ�PD\� DOVR� EH
SUHVHQW��

3ODQWV� DQG� PLFURRUJDQLVPV� H[KLELW� D� VWURQJ� V\QHUJLVWLF� UHODWLRQVKLS� LQ� WKH
UKL]RVSKHUH��ZKLFK� EHQHILWV� WKH� SODQW� DQG� HQDEOHV� KLJKO\� HOHYDWHG� SRSXODWLRQV� RI
UKL]RVSKHULF�PLFURRUJDQLVPV�WR�H[LVW��(SLGHUPDO� FHOOV� VORXJKHG� IURP� WKH� URRW� DV� LW
JURZV�DQG�FDUERK\GUDWHV��DPLQR� DFLGV�� DQG� URRW�JURZWK�OXEULFDQW�PXFLJHO� VHFUHWHG
IURP�WKH�URRWV�DOO�SURYLGH�QXWULHQWV�IRU�PLFURRUJDQLVP�JURZWK��5RRW�KDLUV�SURYLGH�D
KRVSLWDEOH�ELRORJLFDO�VXUIDFH�IRU�FRORQL]DWLRQ�E\�PLFURRUJDQLVPV��
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7KH� ELRGHJUDGDWLRQ� RI� D� QXPEHU� RI� V\QWKHWLF� RUJDQLF� FRPSRXQGV� KDV� EHHQ
GHPRQVWUDWHG�LQ�WKH�UKL]RVSKHUH��8QGHUVWDQGDEO\��VWXGLHV�LQ� WKLV� DUHD� KDYH� IRFXVHG
RQ� KHUELFLGHV� DQG� LQVHFWLFLGHV� WKDW� DUH�ZLGHO\� XVHG� RQ� FURSV�� $PRQJ� WKH� RUJDQLF
VSHFLHV�IRU�ZKLFK�HQKDQFHG�ELRGHJUDGDWLRQ�LQ�WKH�UKL]RVSKHUH�KDV�EHHQ�GHPRQVWUDWHG
DUH�WKH�IROORZLQJ��DVVRFLDWHG�SODQW�RU�FURS�VKRZQ�LQ�SDUHQWKHVHV��� � ����'� KHUELFLGH
�ZKHDW�� $IULFDQ� FORYHU�� VXJDUFDQH�� IOD[��� SDUDWKLRQ� �ULFH�� EXVK� EHDQ��� FDUERIXUDQ
�ULFH���DWUD]LQH��FRUQ���GLD]LQRQ��ZKHDW��FRUQ��SHDV���YRODWLOH�DURPDWLF�DON\O�DQG�DU\O
K\GURFDUERQV�DQG�FKORURFDUERQV��UHHGV���DQG�VXUIDFWDQWV��FRUQ��VR\EHDQ��FDWWDLOV���,W
LV� LQWHUHVWLQJ� WR� QRWH� WKDW� HQKDQFHG� ELRGHJUDGDWLRQ� RI� SRO\F\FOLF� DURPDWLF
K\GURFDUERQV��3$+��ZDV�REVHUYHG�LQ�WKH�UKL]RVSKHULF�]RQHV�RI�SUDLULH�JUDVVHV��7KLV
REVHUYDWLRQ�LV�FRQVLVWHQW�ZLWK�WKH�IDFW�WKDW�LQ�QDWXUH�VXFK�JUDVVHV�EXUQ�UHJXODUO\�DQG
VLJQLILFDQW�TXDQWLWLHV�RI�3$+�FRPSRXQGV�DUH�GHSRVLWHG�RQ�VRLO�DV�D�UHVXOW����
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6RLO�LV�D�IUDJLOH�UHVRXUFH�WKDW�FDQ�EH�ORVW�E\�HURVLRQ�RU�EHFRPH�VR�GHJUDGHG�WKDW�LW
LV�QR�ORQJHU�XVHIXO�WR�VXSSRUW�FURSV��7KH�SK\VLFDO�SURSHUWLHV� RI� VRLO� DQG�� KHQFH�� LWV
VXVFHSWLELOLW\�WR�HURVLRQ��DUH�VWURQJO\�DIIHFWHG�E\�WKH�FXOWLYDWLRQ� SUDFWLFHV� WR�ZKLFK
WKH�VRLO�LV�VXEMHFWHG�� 'HVHUWLILFDWLRQ�UHIHUV�WR�WKH�SURFHVV�DVVRFLDWHG�ZLWK�GURXJKW
DQG�ORVV�RI�IHUWLOLW\� E\�ZKLFK� VRLO� EHFRPHV� XQDEOH� WR� JURZ� VLJQLILFDQW� DPRXQWV� RI
SODQW�OLIH��'HVHUWLILFDWLRQ�FDXVHG�E\�KXPDQ�DFWLYLWLHV�LV�D�FRPPRQ�SUREOHP�JOREDOO\�
RFFXUULQJ�LQ�GLYHUVH�ORFDWLRQV� VXFK� DV�$UJHQWLQD�� WKH� 6DKDUD��8]EHNLVWDQ�� WKH�8�6�
6RXWKZHVW��6\ULD��DQG�0DOL��,W�LV�D�YHU\�ROG�SUREOHP�GDWLQJ�EDFN�PDQ\� FHQWXULHV� WR
WKH� LQWURGXFWLRQ� RI� GRPHVWLFDWHG� JUD]LQJ� DQLPDOV� WR� DUHDV� ZKHUH� UDLQIDOO� DQG
JURXQGFRYHU�ZHUH�PDUJLQDO��7KH�PRVW�QRWDEOH�H[DPSOH�LV�GHVHUWLILFDWLRQ�DJJUDYDWHG
E\� GRPHVWLFDWHG� JRDWV� LQ� WKH� 6DKDUD� UHJLRQ��'HVHUWLILFDWLRQ� LQYROYHV� D� QXPEHU� RI
LQWHUUHODWHG�IDFWRUV��LQFOXGLQJ�HURVLRQ��FOLPDWH�YDULDWLRQV��ZDWHU� DYDLODELOLW\�� ORVV� RI
IHUWLOLW\��ORVV�RI�VRLO�KXPXV��DQG�GHWHULRUDWLRQ�RI�VRLO�FKHPLFDO�SURSHUWLHV��

$�UHODWHG�SUREOHP�LV�GHIRUHVWDWLRQ��ORVV�RI�IRUHVWV��7KH� SUREOHP� LV� SDUWLFXODUO\
DFXWH�LQ� WURSLFDO� UHJLRQV��ZKHUH� WKH� IRUHVWV� FRQWDLQ�PRVW� RI� WKH� H[LVWLQJ� SODQW� DQG
DQLPDO� VSHFLHV�� ,Q� DGGLWLRQ� WR� H[WLQFWLRQ� RI� WKHVH� VSHFLHV�� GHIRUHVWDWLRQ� FDQ� FDXVH
GHYDVWDWLQJ�GHWHULRUDWLRQ�RI�VRLO�WKURXJK�HURVLRQ�DQG�ORVV�RI�QXWULHQWV�����

6RLO�HURVLRQ�FDQ�RFFXU�E\�WKH�DFWLRQ�RI�ERWK�ZDWHU�DQG�ZLQG�� DOWKRXJK�ZDWHU� LV
WKH� SULPDU\� VRXUFH� RI� HURVLRQ�� 0LOOLRQV� RI� WRQV� RI� WRSVRLO� DUH� FDUULHG� E\� WKH
0LVVLVVLSSL�5LYHU� DQG� VZHSW� IURP� LWV� PRXWK� HDFK� \HDU�� $ERXW� RQH�WKLUG� RI� 8�6�
WRSVRLO�KDV�EHHQ�ORVW�VLQFH�FXOWLYDWLRQ�EHJDQ� RQ� WKH� FRQWLQHQW��$W� WKH� SUHVHQW� WLPH�
DSSUR[LPDWHO\� RQH�WKLUG� RI� 8�6�� FXOWLYDWHG� ODQG� LV� HURGLQJ� DW� D� UDWH� VXIILFLHQW� WR
UHGXFH�VRLO�SURGXFWLYLW\��,W�LV�HVWLPDWHG�WKDW����PLOOLRQ�DFUHV�RI�ODQG��VRPHZKDW�PRUH
WKDQ����SHUFHQW�RI�WKDW�XQGHU�FXOWLYDWLRQ��LV�HURGLQJ�DW�XQDFFHSWDEOH�OHYHOV��WDNHQ�WR
PHDQ�D� ORVV� RI�PRUH� WKDQ� ��� WRQV� RI� WRSVRLO� SHU� DFUH� HDFK� \HDU�� 6SHFLILF� DUHDV� LQ
ZKLFK� WKH� JUHDWHVW� HURVLRQ� LV� RFFXUULQJ� LQFOXGH� QRUWKHUQ�0LVVRXUL�� VRXWKHUQ� ,RZD�
ZHVW�7H[DV� ZHVWHUQ� 7HQQHVVHH�� DQG� WKH�0LVVLVVLSSL�%DVLQ�� )LJXUH� ����� VKRZV� WKH
SDWWHUQ�RI�VRLO�HURVLRQ�LQ�WKH�FRQWLQHQWDO��8�6��LQ������
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)LJXUH������� �3DWWHUQ�RI�VRLO�HURVLRQ�LQ�WKH� FRQWLQHQWDO� 8�6�� DV� RI� ������ 7KH� GDUN� DUHDV� LQGLFDWH
ORFDWLRQV�ZKHUH�WKH�JUHDWHVW�HURVLRQ�LV�RFFXUULQJ�

3UREOHPV�LQYROYLQJ�VRLO�HURVLRQ�ZHUH�DJJUDYDWHG� LQ� WKH� ����V� DQG� HDUO\� ����V
ZKHQ�KLJK�SULFHV�IRU�IDUPODQG� UHVXOWHG� LQ� WKH� LQWHQVLYH� FXOWLYDWLRQ� RI� KLJK�LQFRPH
FURSV��SDUWLFXODUO\�FRUQ�DQG� VR\EHDQV�� 7KHVH� FURSV� JURZ� LQ� URZV�ZLWK� EDUH� VRLO� LQ
EHWZHHQ��ZKLFK�WHQGV�WR�ZDVK�DZD\�ZLWK�HDFK�UDLQIDOO��)XUWKHUPRUH��WKH�SUDFWLFH�RI
SODQWLQJ� FRUQ� DQG� VR\EHDQV� \HDU� DIWHU� \HDU� ZLWKRXW� LQWHUYHQLQJ� SODQWLQJV� RI� VRLO�
UHVWRULQJ�FORYHU�RU�JUDVV�EHFDPH�ZLGHVSUHDG��7KH�SUREOHP�RI�GHFUHDVHG�SURGXFWLYLW\
GXH� WR� VRLO� HURVLRQ� KDV� EHHQ� PDVNHG� VRPHZKDW� E\� LQFUHDVHG� XVH� RI� FKHPLFDO
IHUWLOL]HUV�

:LQG�HURVLRQ��VXFK�DV�RFFXUV�RQ�WKH�JHQHUDOO\� GU\�� KLJK� SODLQV� VRLOV� RI� HDVWHUQ
&RORUDGR��SRVHV�DQRWKHU�WKUHDW��$IWHU�WKH�'XVW�%RZO�GD\V�RI�WKH�����V��PXFK�RI�WKLV
ODQG�ZDV� DOORZHG� WR� UHYHUW� WR� JUDVVODQG�� DQG� WKH� WRSVRLO�ZDV� KHOG� LQ� SODFH� E\� WKH
VWURQJ�URRW�V\VWHPV�RI�WKH�JUDVV�FRYHU��+RZHYHU�� LQ� DQ� HIIRUW� WR� JURZ�PRUH�ZKHDW
DQG�LPSURYH�WKH�VDOH�YDOXH�RI�WKH�ODQG��PXFK�RI�LW�ZDV�ODWHU�UHWXUQHG�WR�FXOWLYDWLRQ�
)RU� H[DPSOH�� IURP� ����� WKURXJK� ������ PRUH� WKDQ� �������� DFUHV� RI� &RORUDGR
JUDVVODQGV� ZHUH� SORZHG�� 0XFK� RI� WKLV� ZDV� GRQH� E\� VSHFXODWRUV� ZKR� SXUFKDVHG
JUDVVODQG�DW�D�ORZ�SULFH�RI�����������SHU�DFUH��EURNH�LW�XS��DQG�VROG�LW�DV�FXOWLYDWHG
ODQG� DW�PRUH� WKDQ� GRXEOH� WKH� RULJLQDO� SXUFKDVH� SULFH�� $OWKRXJK� IUHVKO\� FXOWLYDWHG
JUDVVODQG�PD\�\LHOG�ZHOO�IRU� RQH� RU� WZR� \HDUV�� WKH� QXWULHQWV� DQG� VRLO�PRLVWXUH� DUH
UDSLGO\�H[KDXVWHG�DQG�WKH�ODQG�EHFRPHV�YHU\�VXVFHSWLEOH�WR�ZLQG�HURVLRQ�

7KH� SUHVHUYDWLRQ� RI� VRLO� IURP� HURVLRQ� LV� FRPPRQO\� WHUPHG� VRLO� FRQVHUYDWLRQ�
7KHUH� DUH� D� QXPEHU� RI� VROXWLRQV� WR� WKH� VRLO� HURVLRQ� SUREOHP�� 6RPH� DUH� ROG��ZHOO�
NQRZQ� DJULFXOWXUDO� SUDFWLFHV� VXFK� DV� WHUUDFLQJ�� FRQWRXU� SORZLQJ�� DQG� SHULRGLFDOO\
SODQWLQJ�ILHOGV�ZLWK�FRYHU�FURSV�VXFK�DV�FORYHU��)RU�VRPH�FURSV�QR�WLOO�DJULFXOWXUH�
QRZ� FRPPRQO\� FDOOHG� FRQVHUYDWLRQ� WLOODJH������� JUHDWO\� UHGXFHV� HURVLRQ�� 7KLV
SUDFWLFH�FRQVLVWV�RI�SODQWLQJ� D� FURS� DPRQJ� WKH� UHVLGXH� RI� WKH� SUHYLRXV� \HDU¶V� FURS
ZLWKRXW�SORZLQJ����:HHGV�DUH�NLOOHG�LQ�WKH�QHZO\�SODQWHG�FURS�URZ�E\�DSSOLFDWLRQ�RI
D�KHUELFLGH�SULRU�WR�SODQWLQJ��7KH�VXUIDFH�UHVLGXH�RI�SODQW�PDWHULDO�OHIW�RQ�WRS�RI�WKH
VRLO�SUHYHQWV�HURVLRQ�
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$QRWKHU��PRUH�H[SHULPHQWDO��VROXWLRQ�WR�WKH�VRLO�HURVLRQ�SUREOHP�LV�WKH�FXOWLYD�
WLRQ�RI�SHUHQQLDO�SODQWV�ZKLFK�GHYHORS�ODUJH�URRW�V\VWHPV�DQG�FRPH�XS�HDFK� VSULQJ
DIWHU�EHLQJ�KDUYHVWHG�WKH�SUHYLRXV�IDOO��)RU�H[DPSOH��D�SHUHQQLDO�FRUQ�SODQW�KDV�EHHQ
GHYHORSHG�E\� FURVVLQJ� FRUQ�ZLWK� D� GLVWDQW��ZLOG� UHODWLYH�� WHRVLQWH��ZKLFK� JURZV� LQ
&HQWUDO�$PHULFD��8QIRUWXQDWHO\��WKH�UHVXOWLQJ�SODQW�GRHV�QRW�JLYH�RXWVWDQGLQJ� JUDLQ
\LHOGV��,W�VKRXOG�EH�QRWHG�WKDW�DQ�DQQXDO� SODQW¶V� DELOLW\� WR� SURSDJDWH� GHSHQGV� XSRQ
SURGXFLQJ�ODUJH�TXDQWLWLHV�RI�VHHGV��ZKHUHDV�D�SHUHQQLDO�SODQW�PXVW�GHYHORS�D�VWURQJ
URRW�V\VWHP�ZLWK�EXOERXV�JURZWKV�FDOOHG�UKL]RPHV�ZKLFK�VWRUH�IRRG�IRU�WKH�FRPLQJ
\HDU��+RZHYHU��LW�LV�SRVVLEOH�WKDW�WKH�DSSOLFDWLRQ�RI�JHQHWLF�HQJLQHHULQJ��VHH�6HFWLRQ
������PD\�UHVXOW�LQ�WKH�GHYHORSPHQW�RI�SHUHQQLDO�FURSV�ZLWK�JRRG� VHHG� \LHOGV�� 7KH
FXOWLYDWLRQ�RI�VXFK�D�FURS�ZRXOG�FXW�GRZQ�RQ�D�JUHDW�GHDO�RI�VRLO�HURVLRQ�

7KH�EHVW�NQRZQ�SHUHQQLDO�SODQWV�DUH�WUHHV��ZKLFK�DUH�YHU\�HIIHFWLYH� LQ� VWRSSLQJ
VRLO�HURVLRQ��:RRG�IURP�WUHHV�FDQ�EH�XVHG�DV�ELRPDVV�IXHO��DV�D�VRXUFH�RI�UDZ�PDWHU�
LDOV�� DQG� DV� IRRG� �VHH� EHORZ��� 7KHUH� LV� D� WUHPHQGRXV� XQUHDOL]HG� SRWHQWLDO� IRU� DQ
LQFUHDVH� LQ� WKH� SURGXFWLRQ� RI� ELRPDVV� IURP� WUHHV�� )RU� H[DPSOH�� WKH� SURGXFWLRQ� RI
ELRPDVV�IURP�QDWXUDO�IRUHVWV�RI�OREOROO\�SLQH�WUHHV�LQ�6RXWK�&DUROLQD�KDV�EHHQ�DERXW
WKUHH�GU\�WRQV�SHU�KHFWDUH�SHU�\HDU��7KLV� KDV� QRZ� EHHQ� LQFUHDVHG� DW� OHDVW� IRXU�IROG
WKURXJK� VHOHFWLRQ� RI� VXSHULRU� WUHHV�� DQG� ��� WRQV� PD\� HYHQWXDOO\� EH� SRVVLEOH�� ,Q
%UD]LO�� H[SHULPHQWV� ZHUH� FRQGXFWHG� ZLWK� D� VSHFLHV� RI� (XFDO\SWXV�� ZKLFK� KDV� D
VHYHQ�\HDU� JURZWK� F\FOH��:LWK� LPSURYHG� VHOHFWLRQ� RI� WUHHV�� WKH� DQQXDO� \LHOGV� IRU
WKUHH�VXFFHVVLYH�F\FOHV�RI�WKHVH�WUHHV�LQ�GU\�WRQV�SHU�KHFWDUH� SHU� \HDU�ZHUH� ���� ���
DQG����

7KH�PRVW�LPSRUWDQW�XVH�IRU�ZRRG�LV��RI�FRXUVH��DV�OXPEHU�IRU�FRQVWUXFWLRQ��7KLV
XVH� ZLOO� UHPDLQ� LPSRUWDQW� DV� KLJKHU� HQHUJ\� SULFHV� LQFUHDVH� WKH� FRVWV� RI� RWKHU
FRQVWUXFWLRQ� PDWHULDOV� VXFK� DV� VWHHO�� DOXPLQXP�� DQG� FHPHQW�� :RRG� LV� DERXW� ��
SHUFHQW�FHOOXORVH��ZKLFK�FDQ�EH�K\GURO\]HG�E\�UDSLGO\�LPSURYLQJ�HQ]\PH�SURFHVVHV
WR�\LHOG�JOXFRVH�VXJDU��7KH�JOXFRVH�FDQ�EH�XVHG�GLUHFWO\�DV�IRRG��IHUPHQWHG�WR�HWK\O
DOFRKRO�IRU�IXHO��JDVRKRO���RU�HPSOR\HG�DV�D�FDUERQ� DQG� HQHUJ\� VRXUFH� IRU� SURWHLQ�
SURGXFLQJ� \HDVWV��*LYHQ� WKHVH� DQG� RWKHU� SRWHQWLDO� XVHV�� WKH� IXWXUH� RI� WUHHV� DV� DQ
HQYLURQPHQWDOO\�GHVLUDEOH�DQG�SURILWDEOH�FURS�LV�YHU\�EULJKW�

6RLO�DQG�:DWHU�5HVRXUFHV

7KH�FRQVHUYDWLRQ�RI�VRLO�DQG�WKH�SURWHFWLRQ�RI�ZDWHU�UHVRXUFHV�DUH�VWURQJO\�LQWHU�
UHODWHG��0RVW�IUHVK�ZDWHU�IDOOV�LQLWLDOO\�RQ�VRLO��DQG�WKH�FRQGLWLRQ�RI�WKH�VRLO� ODUJHO\
GHWHUPLQHV�WKH�IDWH�RI�WKH�ZDWHU�DQG�KRZ�PXFK�LV�UHWDLQHG�LQ�D�XVDEOH�FRQGLWLRQ��7KH
ODQG�DUHD�XSRQ�ZKLFK�UDLQZDWHU�IDOOV�LV�FDOOHG�D�ZDWHUVKHG��,Q�DGGLWLRQ�WR�FROOHFWLQJ
WKH�ZDWHU��WKH�ZDWHUVKHG�GHWHUPLQHV�WKH�GLUHFWLRQ�DQG�UDWH�RI�IORZ�DQG�WKH�GHJUHH�RI
ZDWHU�LQILOWUDWLRQ�LQWR�JURXQGZDWHU�DTXLIHUV �VHH�WKH�K\GURORJLF�F\FOH�LQ�)LJXUH������
([FHVVLYH�UDWHV�RI�ZDWHU�IORZ�SUHYHQW�LQILOWUDWLRQ��OHDG�WR�IODVK�IORRGV��DQG�FDXVH�VRLO
HURVLRQ��0HDVXUHV�WDNHQ�WR�HQKDQFH�WKH�XWLOLW\�RI�ODQG�DV�D�ZDWHUVKHG�DOVR�IRUWXQDWHO\
KHOS�SUHYHQW�HURVLRQ��6RPH�RI�WKHVH�PHDVXUHV�LQYROYH�PRGLILFDWLRQ�RI�WKH�FRQWRXU�RI
WKH�VRLO��SDUWLFXODUO\�WHUUDFLQJ��FRQVWUXFWLRQ�RI�ZDWHUZD\V��DQG�FRQVWUXFWLRQ�RI�ZDWHU�
UHWDLQLQJ� SRQGV��:DWHUZD\V� DUH� SODQWHG�ZLWK� JUDVV� WR� SUHYHQW� HURVLRQ�� DQG� ZDWHU�
UHWDLQLQJ�FURSV�DQG�EDQGV�RI�WUHHV�FDQ�EH�SODQWHG�RQ�WKH�FRQWRXU�WR�DFKLHYH�PXFK�WKH
VDPH�JRDO��5HIRUHVWDWLRQ�DQG� FRQWURO� RI� GDPDJLQJ� JUD]LQJ� SUDFWLFHV� FRQVHUYH� ERWK
VRLO�DQG�ZDWHU�
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