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���� 0RGXOH�%���8QGHUVWDQGLQJ�2UJDQLVPV

0RGXOH�%���8QGHUVWDQGLQJ�2UJDQLVPV
,WHP�%�D��)LWQHVV�DQG�KHDOWK�

6XPPDU\��7KLV�LWHP�ORRNV�DW�WKH�GLIIHUHQFHV�EHWZHHQ�KHDOWK�DQG�¿WQHVV��FRQFHQWUDWLQJ�RQ�WKH�FDXVHV�DQG�
SUHYHQWLRQ�RI�KHDUW�GLVHDVH��ZKLFK�LV�WKH�PRVW�FRPPRQ�FDXVH�RI�GHDWK�LQ�WKH�8.�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

0HDVXUH�EORRG�SUHVVXUH� ([SODLQ�ZK\�EORRG�LQ�DUWHULHV�LV�XQGHU�SUHVVXUH�
�� GXH�WR�FRQWUDFWLRQ�RI�KHDUW�PXVFOHV
�� VR�WKDW�LW�UHDFKHV�DOO�SDUWV�RI�WKH�ERG\�

9LVLW�D�¿WQHVV�FHQWUH��RU�KDYH�D�YLVLW�IURP�D�
UHSUHVHQWDWLYH�DQG�SUHSDUH�D�UHSRUW�RQ�DQ�LQGLYLGXDO�
¿WQHVV�SURJUDPPH��LQFOXGLQJ�KRZ�,&7�LV�XVHG�LQ�
DVVHVVLQJ�DQG�PRQLWRULQJ�¿WQHVV�

8VH�ZHEVLWHV�WR�SODQ�IRU�D�ORZHU�FKROHVWHURO�LQWDNH�
3URGXFH�D�SRVWHU�RU�OHDÀHW�HQFRXUDJLQJ�D�KHDOWK\�
OLIHVW\OH�WR�UHGXFH�WKH�ULVN�RI�KHDUW�GLVHDVH�

5HFRJQLVH�WKDW�WKH�ULVN�RI�GHYHORSLQJ�KHDUW�GLVHDVH�
FDQ�EH�LQFUHDVHG�E\�D�QXPEHU�RI�IDFWRUV��WR�LQFOXGH�
�� KLJK�EORRG�SUHVVXUH�
�� VPRNLQJ
�� HDWLQJ�KLJK�OHYHOV�RI�VDOW
�� HDWLQJ�KLJK�OHYHOV�RI�VDWXUDWHG�IDW�
'HVFULEH�KRZ�FKROHVWHURO�FDQ�UHVWULFW�RU�EORFN�EORRG�
ÀRZ�LQ�DUWHULHV�E\�IRUPLQJ�SODTXHV�
$QDO\VH�GDWD�WKDW�VKRZ�WKH�FKDQJLQJ�LQFLGHQFH�RI�
KHDUW�GLVHDVH�LQ�WKH�8.�
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,WHP�%�D��)LWQHVV�DQG�KHDOWK�

/LQNV�WR�RWKHU�LWHPV��%�E��+XPDQ�KHDOWK�DQG�GLHW��%�H��'UXJV�DQG�\RX��%�F��5HVSLUDWLRQ��%�H��7KH�
FLUFXODWRU\�V\VWHP��%�F��5XQQLQJ�UHSDLUV�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW�EORRG�SUHVVXUH�PHDVXUHPHQWV�FRQVLVW�RI�
GLDVWROLF�DQG�V\VWROLF�GDWD�LQ�PP+J�
'HVFULEH�WKH�IDFWRUV�WKDW�LQFUHDVH�EORRG�SUHVVXUH�
�� EHLQJ�RYHUZHLJKW
�� VWUHVV
�� KLJK�DOFRKRO�LQWDNH
�� VPRNLQJ�
'HVFULEH�WKH�IDFWRUV�WKDW�GHFUHDVH�EORRG�SUHVVXUH�
�� UHJXODU�H[HUFLVH
�� EDODQFHG�GLHW�

([SODLQ�WKH�SRVVLEOH�FRQVHTXHQFHV�RI�KDYLQJ�KLJK�
EORRG�SUHVVXUH�
([SODLQ�WKH�SRVVLEOH�FRQVHTXHQFHV�RI�KDYLQJ�ORZ�
EORRG�SUHVVXUH�

([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�¿WQHVV��WKH�DELOLW\�WR�
GR�SK\VLFDO�DFWLYLW\��DQG�KHDOWK��IUHH�IURP�GLVHDVH��
$QDO\VH�WKH�UHVXOWV�RI�GLIIHUHQW�ZD\V�RI�PHDVXULQJ�
¿WQHVV��VWUHQJWK��VWDPLQD��ÀH[LELOLW\��DJLOLW\��VSHHG�DQG�
FDUGLRYDVFXODU�HI¿FLHQF\��

(YDOXDWH�GLIIHUHQW�ZD\V�RI�PHDVXULQJ�¿WQHVV�

([SODLQ�KRZ�VPRNLQJ�LQFUHDVHV�EORRG�SUHVVXUH�
�� FDUERQ�PRQR[LGH�UHGXFHV�WKH�R[\JHQ�FDUU\LQJ�

FDSDFLW\�RI�WKH�EORRG�VR�KHDUW�UDWH�LQFUHDVHV�WR�
FRPSHQVDWH

�� QLFRWLQH�LQFUHDVHV�KHDUW�UDWH�
([SODLQ�KRZ�GLHW�FDQ�LQFUHDVH�WKH�ULVN�RI�KHDUW�
GLVHDVH�WR�LQFOXGH�
�� VDWXUDWHG�IDWV�OHDGLQJ�WR�D�EXLOG�XS�RI�FKROHVWHURO�

�D�SODTXH��LQ�DUWHULHV
�� KLJK�OHYHOV�RI�VDOW�HOHYDWLQJ�EORRG�SUHVVXUH�
,QWHUSUHW�GDWD�VKRZLQJ�SRVVLEOH�OLQNV�EHWZHHQ�
WKH�DPRXQW�RI�VDWXUDWHG�IDW�HDWHQ��WKH�EXLOG�XS�
RI�FKROHVWHURO�SODTXHV�DQG�WKH�LQFLGHQFH�RI�KHDUW�
GLVHDVH�

([SODLQ�ZK\�FDUERQ�PRQR[LGH�UHGXFHV�WKH�FDUU\LQJ�
FDSDFLW\�RI�UHG�EORRG�FHOOV��XVLQJ�WKH�LGHD�WKDW�LW�
FRPELQHV�ZLWK�WKH�KDHPRJORELQ�SUHYHQWLQJ�WKH�
R[\JHQ�WUDQVSRUW�
([SODLQ�KRZ�QDUURZHG�FRURQDU\�DUWHULHV��WRJHWKHU�
ZLWK�D�WKURPERVLV��LQFUHDVH�WKH�ULVN�RI�D�KHDUW�DWWDFN�
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0RGXOH�%���8QGHUVWDQGLQJ�2UJDQLVPV
,WHP�%�E��+XPDQ�KHDOWK�DQG�GLHW

6XPPDU\��7KH�SRSXODWLRQV�RI�PDQ\�FRXQWULHV�DUH�HLWKHU�XQGHUZHLJKW�DQG�VWDUYLQJ�RU�REHVH�ZLWK�DVVRFLDWHG�
KHDOWK�SUREOHPV��7KLV�LWHP�ORRNV�DW�IRRG�DV�D�VRXUFH�RI�HQHUJ\�DQG�UDZ�PDWHULDOV�DQG�FRQVLGHUV�WKH�HIIHFWV�
RI�GLHW�RQ�FDQGLGDWHV¶�ERGLHV��7KLV�LWHP�SURYLGHV�WKH�RSSRUWXQLW\�WR�FROOHFW�DQG�DQDO\VH�VFLHQWL¿F�GDWD�IURP�
SULPDU\�DQG�VHFRQGDU\�VRXUFHV��LQFOXGLQJ�WKH�XVH�RI�,&7�WDVNV��ZKHQ�LQYHVWLJDWLQJ�LQGLYLGXDOV¶�HQHUJ\�LQWDNH�
DQG�FRXQWULHV�IDFLQJ�IRRG�HPHUJHQFLHV��5HVHDUFK�RQ�FRXQWULHV�KDYLQJ�IRRG�HPHUJHQFLHV�SURYLGHV�WKH�
RSSRUWXQLW\�WR�GLVFXVV�HWKLFDO�LVVXHV�UDLVHG�E\�VFLHQFH�DQG�WHFKQRORJ\��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&RPSDUH�WKH�QXWULWLRQDO�YDOXH�RI�YDULRXV�EUHDNIDVW�
FHUHDOV�
5HFRUG�D�GD\¶V�IRRG�LQWDNH�DQG�FDOFXODWH�WKH�WRWDO�
HQHUJ\�LQWDNH�
,QYHVWLJDWH�HQHUJ\�FRQWHQW�LQ�YDULRXV�IRRGV�
&DUU\�RXW�VLPSOH�IRRG�WHVWV�RQ�D�YDULHW\�RI�IRRG�W\SHV�

([SODLQ�ZK\�D�EDODQFHG�GLHW�VKRXOG�LQFOXGH�
�� SURWHLQ�
�� FDUERK\GUDWHV�DQG�IDWV�
�� PLQHUDOV��OLPLWHG�WR�LURQ�
�� YLWDPLQV��OLPLWHG�WR�YLWDPLQ�&�
�� ¿EUH
�� ZDWHU�

8VH�,&7�WDVNV��LQFOXGLQJ�YLGHR�FOLSV��WR�UHVHDUFK�
FRXQWULHV�KDYLQJ�IRRG�HPHUJHQFLHV�DQG�IDFLQJ�
VWDUYDWLRQ�
&DOFXODWH�SHUVRQDO�HVWLPDWHG�DYHUDJH�GDLO\�
UHTXLUHPHQW��($5��IRU�SURWHLQ�
5HFRUG�D�GD\¶V�IRRG�LQWDNH�DQG�FDOFXODWH�WKH�DPRXQW�
RI�SURWHLQ�
&DOFXODWH�D�%RG\�0DVV�,QGH[��%0,��DQG�XVH�SURYLGHG�
LQIRUPDWLRQ�WR�PDNH�D�GHFLVLRQ�DV�WR�ZKDW�LW�LQGLFDWHV�

,QWHUSUHW�VLPSOH�GDWD�RQ�GLHW�
([SODLQ�ZK\�
�� D�KLJK�SURWHLQ�GLHW�LV�QHFHVVDU\�IRU�WHHQDJHUV
�� LQ�PDQ\�SDUWV�RI�WKH�ZRUOG�GLHWV�DUH�GH¿FLHQW�LQ�

SURWHLQ�
5HFDOO�WKDW�SURWHLQV�DUH�RQO\�XVHG�DV�DQ�HQHUJ\�
VRXUFH�ZKHQ�IDWV�RU�FDUERK\GUDWHV�DUH�XQDYDLODEOH�
5HFDOO�WKDW�EHLQJ�YHU\�RYHUZHLJKW��REHVH��LV�OLQNHG�
WR�LQFUHDVHG�KHDOWK�ULVNV��WR�LQFOXGH�DUWKULWLV��KHDUW�
GLVHDVH��GLDEHWHV�DQG�EUHDVW�FDQFHU�
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0RGXOH�%���8QGHUVWDQGLQJ�2UJDQLVPV
,WHP�%�E��+XPDQ�KHDOWK�DQG�GLHW

/LQNV�WR�RWKHU�LWHPV��%�D��)LWQHVV�DQG�KHDOWK��%�H��'UXJV�DQG�\RX��%�E��3URWHLQV�DQG�PXWDWLRQV��
%�F��5XQQLQJ�UHSDLUV��%�G��5HVSLUDWRU\�V\VWHPV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW��
�� FDUERK\GUDWHV�DUH�PDGH�XS�RI�VLPSOH�VXJDUV�

VXFK�DV�JOXFRVH
�� IDWV�DUH�PDGH�XS�RI�IDWW\�DFLGV�DQG�JO\FHURO
�� SURWHLQV�DUH�PDGH�XS�RI�DPLQR�DFLGV�
([SODLQ�KRZ�D�EDODQFHG�GLHW�ZLOO�YDU\�GHSHQGLQJ�RQ�
DJH��JHQGHU��DFWLYLW\��UHOLJLRQ��SHUVRQDO�FKRLFH��WR�
LQFOXGH�YHJHWDULDQV�DQG�YHJDQV��DQG�PHGLFDO�LVVXHV�
�WR�LQFOXGH�IRRG�DOOHUJLHV��

'HVFULEH�WKH�VWRUDJH�RI�ELRORJLFDO�PROHFXOHV��WR�
LQFOXGH�
�� FDUERK\GUDWHV�DUH�VWRUHG�LQ�WKH�OLYHU�DV�JO\FRJHQ�

RU�FRQYHUWHG�WR�IDWV
�� IDWV�DUH�VWRUHG�XQGHU�WKH�VNLQ�DQG�DURXQG�RUJDQV�

DV�DGLSRVH�WLVVXH
�� SURWHLQV�DUH�QRW�VWRUHG�

([SODLQ�ZK\�SURWHLQ�GH¿FLHQF\��NZDVKLRUNRU��LV�
FRPPRQ�LQ�GHYHORSLQJ�FRXQWULHV��OLPLWHG�WR�
�� RYHUSRSXODWLRQ
�� OLPLWHG�LQYHVWPHQW�LQ�DJULFXOWXUDO�WHFKQLTXHV�
&DOFXODWH�WKH�HVWLPDWHG�DYHUDJH�GDLO\�UHTXLUHPHQW�
�($5��IRU�SURWHLQ�XVLQJ�WKH�IRUPXOD��

($5�LQ�J� �����×�ERG\�PDVV�LQ�NJ
&DOFXODWH�WKH�%RG\�0DVV�,QGH[�JLYHQ�WKH�IRUPXOD�

%0,� �PDVV�LQ�NJ��KHLJKW�LQ�P���
DQG�XVH�LW�DV�D�JXLGH�WR�XQGHUVWDQG�WKH�WHUPV�
XQGHUZHLJKW��QRUPDO��RYHUZHLJKW�DQG�REHVH��
([SODLQ�KRZ�ORZ�VHOI�HVWHHP��SRRU�VHOI�LPDJH�DQG�
GHVLUH�IRU�SHUIHFWLRQ�FDQ�OHDG�WR�D�SRRU�GLHW�DQG�WKH�
LQFUHDVHG�ULVNV�LQYROYHG�

([SODLQ�ZK\�YHJHWDULDQV�QHHG�WR�HDW�SURWHLQV�IURP�D�
ZLGH�UDQJH�RI�VRXUFHV�FRPSDUHG�WR�SHRSOH�ZKR�HDW�
SURWHLQV�RI�DQLPDO�RULJLQ�
8QGHUVWDQG�WKDW�WKH�($5�LV�DQ�HVWLPDWHG�GDLO\�¿JXUH�
IRU�DQ�DYHUDJH�SHUVRQ�RI�D�FHUWDLQ�ERG\�PDVV�
([SODLQ�ZK\�WKH�($5�IRU�SURWHLQ�PD\�YDU\�GHSHQGLQJ�
RQ�DJH��SUHJQDQF\�DQG�ODFWDWLRQ�
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6XPPDU\��7KLV�LWHP�DLPV�WR�KHOS�FDQGLGDWHV�XQGHUVWDQG�WKH�FDXVHV��SUHYHQWDWLYH�PHDVXUHV�DQG�FXUHV�RI�
VRPH�GLVHDVHV��ZKLOH�XQGHUVWDQGLQJ�WKDW�QRW�DOO�GLVHDVHV�DUH�HDVLO\�FRQWUROOHG�RU�FXUHG��7KLV�LWHP�SURYLGHV�WKH�
RSSRUWXQLW\�WR�DQDO\VH��LQWHUSUHW��DSSO\�DQG�TXHVWLRQ�VFLHQWL¿F�LQIRUPDWLRQ�DQG�LGHDV��LQFOXGLQJ�VRPH�TXHVWLRQV�
WKDW�VFLHQFH�FDQQRW�FXUUHQWO\�DQVZHU�LQ�FDQFHU�WUHDWPHQW�DQG�GUXJ�WHVWLQJ��7KHVH�WRSLFV�DOVR�DOORZ�FDQGLGDWHV�
WR�GLVFXVV�HWKLFDO�LVVXHV�UDLVHG�DQG�GHYHORS�WKH�VNLOOV�RI�VFLHQWL¿F�DUJXPHQW�DQG�SUHVHQWDWLRQ�RI�GDWD�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�D�VXUYH\�RI�GLVHDVHV�VXIIHUHG�E\�FDQGLGDWHV�
LQ�D�FODVV�RU�\HDU��OLPLWHG�WR�ÀX�FROGV��DWKOHWH¶V�IRRW�
DQG�µVWRPDFK�XSVHWV¶��XVLQJ�SULPDU\�RU�VHFRQGDU\�
VRXUFHV�
&DVH�VWXGLHV�LQYROYLQJ�PDODULD�

5HFDOO�WKDW�LQIHFWLRXV�GLVHDVHV�DUH�FDXVHG�E\�
SDWKRJHQV��GLVHDVH�FDXVLQJ�PLFURRUJDQLVPV��
5HFDOO�RQH�H[DPSOH�RI�D�GLVHDVH�FDXVHG�E\�HDFK�
W\SH�RI�SDWKRJHQ�OLPLWHG�WR�DWKOHWH¶V�IRRW��IXQJL���ÀX�
�YLUXVHV���FKROHUD��EDFWHULD��DQG�PDODULD��SURWR]RD��

'HVFULEH�KRZ�WKH�KXPDQ�ERG\�LV�GHIHQGHG�DJDLQVW�
SDWKRJHQV�
�� VNLQ�SURYLGHV�D�EDUULHU
�� EORRG�FORWWLQJ�SUHYHQWV�HQWU\�RI�SDWKRJHQV
�� SDWKRJHQV�DUH�WUDSSHG�E\�PXFXV�LQ�DLUZD\V
�� K\GURFKORULF�DFLG�LQ�WKH�VWRPDFK�NLOOV�SDWKRJHQV�
'HVFULEH�WKH�GLIIHUHQFH�EHWZHHQ�LQIHFWLRXV�DQG�QRQ�
LQIHFWLRXV�GLVHDVHV�
8QGHUVWDQG�WKDW�VRPH�GLVRUGHUV�KDYH�RWKHU�FDXVHV��
WR�LQFOXGH�JHQHWLF�FDXVHV�

&KDUW�WKH�LPPXQLVDWLRQ�SURJUDPPH�UHFRPPHQGHG�LQ�
WKH�8.�IRU�FKLOGUHQ�XS�WR�WKH�DJH�RI����
&DUU\�RXW�WKH�UROH�SOD\LQJ�H[HUFLVH�DQG�GDWD�DQDO\VLV�
IURP�6$7,6����7KH�&KLQHVH�&DQFHU�'HWHFWLYHV�
8VH�D�ZRUOG�PDS�WR�SODQ�KROLGD\V�DQG�HVWLPDWH�WKH�
ULVN�RI�H[SRVXUH�WR�GLVHDVHV�VXFK�DV�PDODULD��FKROHUD��
KHSDWLWLV��SROLR�DQG�W\SKRLG�

5HFDOO�WKDW�LPPXQLVDWLRQ��YDFFLQDWLRQ��JLYHV�
SURWHFWLRQ�IURP�FHUWDLQ�SDWKRJHQV�
'HVFULEH�KRZ�SDWKRJHQV�WKDW�HQWHU�WKH�ERG\�DUH�
GHVWUR\HG�E\�WKH�LPPXQH�V\VWHP��ZKLWH�EORRG�FHOOV��
�� HQJXOIHG�E\�ZKLWH�EORRG�FHOOV�
�� GHVWUR\HG�E\�DQWLERGLHV�
,QWHUSUHW�GDWD�RQ�WKH�LQFLGHQFH�RI�GLVHDVH�DURXQG�WKH�
ZRUOG�WR�VKRZ�OLQNV�ZLWK�FOLPDWH�DQG�VRFLR�HFRQRPLF�
IDFWRUV�

([SODLQ�ZK\�QHZ�PHGLFDO�WUHDWPHQWV�GUXJV�DUH�WHVWHG�
EHIRUH�XVH�
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/LQNV�WR�RWKHU�LWHPV��%�E�3URWHLQV�DQG�PXWDWLRQV��%�D�8QGHUVWDQGLQJ�PLFUREHV��
%�E�+DUPIXO�PLFURRUJDQLVPV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKH�PHDQLQJ�RI�WKH�WHUPV�SDUDVLWH�DQG�KRVW�
ZLWK�UHIHUHQFH�WR�PDODULD�
'HVFULEH�KRZ�YHFWRUV�VSUHDG�GLVHDVH�
�� OLPLWHG�WR�PRVTXLWR�

([SODLQ�KRZ�NQRZOHGJH�RI�WKH�OLIH�F\FOH�RI�D�GLVHDVH�
DQG�WKH�ZD\�LQ�ZKLFK�YHFWRUV�VSUHDG�GLVHDVH�FDQ�
KHOS�FRQWURO�LQIHFWLRQV�
�� OLPLWHG�WR�PDODULD�DQG�WKH�PRVTXLWR�

'HVFULEH�FKDQJHV�LQ�OLIHVW\OH�DQG�GLHW�ZKLFK�PD\�
UHGXFH�WKH�ULVN�RI�VRPH�FDQFHUV�

'HVFULEH�WKH�GLIIHUHQFH�EHWZHHQ�EHQLJQ�DQG�
PDOLJQDQW�WXPRXUV�
,QWHUSUHW�GDWD�RQ�W\SHV�RI�FDQFHU�DQG�VXUYLYDO�
PRUWDOLW\�UDWHV�

([SODLQ�KRZ�SDWKRJHQV�FDXVH�WKH�V\PSWRPV�RI�DQ�
LQIHFWLRXV�GLVHDVH�E\�FHOO�GDPDJH�RU�E\�SURGXFWLRQ�RI�
WR[LQV�
5HFDOO�WKDW�DQWLERGLHV�ORFN�RQ�WR�DQWLJHQV�OHDGLQJ�WR�
WKH�GHDWK�RI�WKH�SDWKRJHQV�
([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�SDVVLYH��UHFHLYH�
DQWLERGLHV��DQG�DFWLYH�LPPXQLW\��PDNH�RZQ�
DQWLERGLHV���
5HFDOO�WKH�GLIIHUHQFH�EHWZHHQ�DQWLELRWLFV�DQG�DQWLYLUDO�
GUXJV��

([SODLQ�KRZ�HDFK�SDWKRJHQ�KDV�LWV�RZQ�DQWLJHQV�VR�
VSHFL¿F�DQWLERGLHV�DUH�QHHGHG�
([SODLQ�WKH�SURFHVV�RI�LPPXQLVDWLRQ��YDFFLQDWLRQ��
�� KDUPOHVV�SDWKRJHQ�JLYHQ�ZKLFK�FDUULHV�DQWLJHQV
�� DQWLJHQV�WULJJHU�LPPXQH�UHVSRQVH�E\�ZKLWH�EORRG�

FHOOV�ZKLFK�SURGXFH�DQWLERGLHV�
�� LPPXQLW\�UHPDLQV��PHPRU\�FHOOV�SURGXFHG��
'HVFULEH�WKH�EHQH¿WV�DQG�ULVNV��SRVVLEOH�VLGH�HIIHFWV��
DVVRFLDWHG�ZLWK�LPPXQLVDWLRQ��
([SODLQ�WKH�QHHG�IRU�FDUHIXO�XVH�RI�DQWLELRWLFV�WR�
SUHYHQW�WKH�LQFUHDVH�RI�UHVLVWDQW�VWUDLQV�VXFK�DV�
056$�

'HVFULEH�KRZ�QHZ�WUHDWPHQWV�DUH�WHVWHG�XVLQJ�
DQLPDOV��KXPDQ�WLVVXH�DQG�FRPSXWHU�PRGHOV�DQG�
XQGHUVWDQG�REMHFWLRQV�WR�VRPH�IRUPV�RI�WHVWLQJ�

([SODLQ�ZK\�EOLQG�DQG�GRXEOH�EOLQG�WULDOV�DUH�XVHG�
LQ�WHVWLQJ�QHZ�GUXJV�DJDLQVW�SODFHERV�RU�WKH�EHVW�
H[LVWLQJ�WUHDWPHQW�
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,WHP�%�G��7KH�QHUYRXV�V\VWHP

6XPPDU\��2XU�ERGLHV�KDYH�WR�UHVSRQG�WR�FKDQJHV�WKDW�KDSSHQ�ERWK�LQVLGH�DQG�RXWVLGH�WKH�ERG\��7KH�
QHUYRXV�V\VWHP�SOD\V�D�PDMRU�SDUW�LQ�WKLV��7KLV�LWHP�SURYLGHV�WKH�RSSRUWXQLW\�WR�FROOHFW�DQG�DQDO\VH�SULPDU\�
VFLHQWL¿F�GDWD�ZKHQ�LQYHVWLJDWLQJ�GHQVLW\�RI�QHUYH�HQGLQJV�LQ�GLIIHUHQW�VNLQ�DUHDV�DQG�VHFRQGDU\�GDWD�ZKHQ�
UHVHDUFKLQJ�UHDFWLRQ�WLPHV�LQ�UDFHV��7KHRULHV�DQG�LGHDV�FDQ�EH�WHVWHG�LQ�WKH�LQYHVWLJDWLRQ�RI�ELQRFXODU�YLVLRQ��
7KLV�LWHP�GHYHORSV�VDIH�DQG�DFFXUDWH�ZRUN�VNLOOV��DORQJ�ZLWK�DQDO\VLV�RI�LGHDV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�DQ�H[SHULPHQW�WR�WHVW�UDQJHV�RI�YLVLRQ�
XVLQJ�FDUGERDUG�PDUNHG�RXW�LQ�GHJUHHV�RU�PRYLQJ�
RXWVWUHWFKHG�DUPV�IRUZDUG�
'HPRQVWUDWH�ELQRFXODU�YLVLRQ�E\�EULQJLQJ�SHQFLO�
SRLQWV�WRJHWKHU�DW�DUP¶V�OHQJWK�XVLQJ�RQH�WKHQ�WZR�
H\HV�

'HVFULEH�KRZ�DQLPDOV�GHWHFW�FKDQJHV�LQ�WKHLU�
HQYLURQPHQW��VWLPXOL��XVLQJ�UHFHSWRUV�ZKLFK�JHQHUDWH�
QHUYH�LPSXOVHV�
1DPH�DQG�ORFDWH�WKH�PDLQ�SDUWV�RI�WKH�H\H��FRUQHD��
LULV��SXSLO��OHQV��UHWLQD��RSWLF�QHUYH�DQG�EOLQG�VSRW�

,QYHVWLJDWH�ZK\�VRPH�DQLPDOV�KDYH�ELQRFXODU�YLVLRQ�
DQG�RWKHUV�GR�QRW�

([SODLQ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�
�� PRQRFXODU�YLVLRQ��ZLGHU�¿HOG�RI�YLHZ�EXW�SRRUHU�

MXGJHPHQW�RI�GLVWDQFH
�� ELQRFXODU�YLVLRQ��QDUURZHU�¿HOG�RI�YLHZ�EXW�EHWWHU�

MXGJHPHQW�RI�GLVWDQFH�

&DUU\�RXW�D�VXUYH\�RQ�H\H�GHIHFWV��FDQGLGDWHV�
ZHDULQJ�JODVVHV�FRQWDFW�OHQV��RU�XVH�VHFRQG�KDQG�
GDWD��LQ�FODVV�RU�\HDU�JURXS�
8VH�FRORXU�YLVLRQ�GH¿FLHQF\�FKDUWV�

'HVFULEH�WKH�PDLQ�SUREOHPV�LQ�YLVLRQ�OLPLWHG�WR�ORQJ�
VLJKW��VKRUW�VLJKW�DQG�UHG�JUHHQ�FRORXU�EOLQGQHVV�

&DUU\�RXW�DQ�H[SHULPHQW�XVLQJ�EOXQW�QHHGOHV�RU�
IRUFHSV�WR�GHWHUPLQH�WKH�GHQVLW\�RI�QHUYH�HQGLQJV�LQ�
GLIIHUHQW�VNLQ�DUHDV�
&DUU\�RXW�H[SHULPHQWV�RQ�UHDFWLRQ�WLPHV�XVLQJ�,&7�
5HVHDUFK�DOORZDEOH�UHDFWLRQ�WLPHV�LQ�UDFHV�

1DPH�DQG�ORFDWH�WKH�PDLQ�SDUWV�RI�WKH�QHUYRXV�
V\VWHP��WR�LQFOXGH�
�� WKH�FHQWUDO�QHUYRXV�V\VWHP��&16���EUDLQ�DQG�

VSLQDO�FRUG�
�� WKH�SHULSKHUDO�QHUYRXV�V\VWHP�
'HVFULEH�WKH�QHUYH�LPSXOVH�DV�DQ�HOHFWULFDO�VLJQDO�
WKDW�LV�FDUULHG�E\�QHUYH�FHOOV�FDOOHG�QHXURQHV�
'HVFULEH�UHÀH[�DFWLRQV�DV�IDVW��DXWRPDWLF�DQG�
SURWHFWLYH�UHVSRQVHV�
5HFRJQLVH�WKDW�YROXQWDU\�UHVSRQVHV�DUH�XQGHU�WKH�
FRQVFLRXV�FRQWURO�RI�WKH�EUDLQ�
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/LQNV�WR�RWKHU�LWHPV��%�H��'UXJV�DQG�\RX��%�J��&RQWUROOLQJ�SODQW�JURZWK��%�H��$GDSWDWLRQV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�WKH�IXQFWLRQV�RI�WKH�PDLQ�SDUWV�RI�WKH�H\H�
�� FRUQHD�±�UHIUDFWV�OLJKW
�� LULV�±�FRQWUROV�KRZ�PXFK�OLJKW�HQWHUV�SXSLO
�� OHQV�±�IRFXVHV�OLJKW�RQ�WR�UHWLQD
�� UHWLQD�±�FRQWDLQV�OLJKW�UHFHSWRUV��VRPH�VHQVLWLYH�

WR�OLJKW�RI�GLIIHUHQW�FRORXUV
�� RSWLF�QHUYH�±�FDUULHV�LPSXOVHV�WR�WKH�EUDLQ�
'HVFULEH�WKH�SDWKZD\�RI�OLJKW�WKURXJK�WKH�H\HEDOO��
EHLQJ�UHIUDFWHG�E\�WKH�FRUQHD�DQG�OHQV�DQG�EURXJKW�WR�
IRFXV�RQ�WKH�UHWLQD�

([SODLQ�KRZ�WKH�H\H�IRFXVHV�OLJKW��DFFRPPRGDWLRQ��
IURP�QHDU�DQG�GLVWDQW�REMHFWV�

([SODLQ�KRZ�ELQRFXODU�YLVLRQ�KHOSV�WR�MXGJH�GLVWDQFHV�
E\�FRPSDULQJ�WKH�LPDJHV�IURP�HDFK�H\H�±�WKH�PRUH�
VLPLODU�WKH�LPDJHV��WKH�IXUWKHU�DZD\�WKH�REMHFW�

([SODLQ�KRZ�ORQJ�DQG�VKRUW�VLJKW�LV�FDXVHG�E\�WKH�
H\HEDOO�RU�WKH�OHQV�EHLQJ�WKH�ZURQJ�VKDSH�
([SODLQ�D�FDXVH�RI�UHG�JUHHQ�FRORXU�EOLQGQHVV�DV�WKH�
ODFN�RI�VSHFLDOLVHG�FHOOV�LQ�WKH�UHWLQD�

([SODLQ�KRZ�ORQJ�DQG�VKRUW�VLJKW�FDQ�EH�FRUUHFWHG�E\�
FRUQHDO�VXUJHU\�RU�E\�GLIIHUHQW�OHQVHV�LQ�JODVVHV�RU�
FRQWDFW�OHQVHV�

1DPH�DQG�ORFDWH�WKH�SDUWV�RI�D�PRWRU�QHXURQH��FHOO�
ERG\��D[RQ�DQG�VKHDWK�
5HFDOO�WKDW�WKH�QHUYH�LPSXOVH�SDVVHV�DORQJ�WKH�D[RQ�
RI�D�QHXURQH�
'HVFULEH�D�UHÀH[�DUF��VWLPXOXV�ĺ�UHFHSWRU�ĺ�VHQVRU\�
QHXURQH�ĺ�FHQWUDO�QHUYRXV�V\VWHP�ĺ�PRWRU�QHXURQH�
ĺ�HIIHFWRU�ĺ�UHVSRQVH�
'HVFULEH�WKH�SDWK�WDNHQ�E\�D�VSLQDO�UHÀH[�LQYROYLQJ�
D�UHFHSWRU��VHQVRU\�QHXURQH��UHOD\�QHXURQH��PRWRU�
QHXURQH�DQG�HIIHFWRU�

([SODLQ�KRZ�QHXURQHV�DUH�DGDSWHG�WR�WKHLU�IXQFWLRQ�
E\�WKHLU�OHQJWK��LQVXODWLQJ�VKHDWK�DQG�EUDQFKHG�
HQGLQJV��GHQGULWHV��
5HFDOO�WKDW�WKH�JDS�EHWZHHQ�QHXURQHV�LV�FDOOHG�D�
V\QDSVH�
'HVFULEH�KRZ�DQ�LPSXOVH�WULJJHUV�WKH�UHOHDVH�RI�
D�WUDQVPLWWHU�VXEVWDQFH�LQ�D�V\QDSVH�DQG�KRZ�LW�
GLIIXVHV�DFURVV�WR�ELQG�ZLWK�UHFHSWRU�PROHFXOHV�LQ�WKH�
PHPEUDQH�RI�WKH�QH[W�QHXURQH�FDXVLQJ�WKH�LPSXOVH�
WR�FRQWLQXH�
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6XPPDU\��&DQGLGDWHV�DUH�H[SRVHG�WR�PDQ\�LQÀXHQFHV�WKDW�HQFRXUDJH�WKHLU�QDWXUDO�XUJH�WR�H[SHULPHQW��7KLV�
LWHP�FRQVLGHUV�WKH�VFLHQWL¿F�NQRZOHGJH�DQG�H[SODQDWLRQV�RI�GUXJV��WKHLU�HIIHFWV�DQG�WKH�ULVNV�LQYROYHG��0DQ\�
GUXJV�DUH�DOVR�XVHG�OHJLWLPDWHO\�DQG�VRPH�RI�WKHVH�DUH�FRQVLGHUHG��7KLV�LWHP�SURYLGHV�WKH�RSSRUWXQLW\�WR�¿QG�
RXW�DERXW�WKH�XVH�RI�FRQWHPSRUDU\�VFLHQWL¿F�DQG�WHFKQRORJLFDO�GHYHORSPHQWV�LQ�WKH�GHWHFWLRQ�DQG�DQDO\VLV�RI�
GLIIHUHQW�GUXJV�XVHG�LQ�VSRUW��'DWD�IURP�VHFRQGDU\�VRXUFHV�FDQ�EH�FROOHFWHG�DQG�DQDO\VHG�XVLQJ�,&7�WRROV��
7KHUH�LV�WKH�RSSRUWXQLW\�WR�GLVFXVV�KRZ�VFLHQWL¿F�NQRZOHGJH�DQG�LGHDV�FKDQJH�RYHU�WLPH�ZKHQ�LQYHVWLJDWLQJ�
WKH�OLQN�EHWZHHQ�VPRNLQJ�DQG�OXQJ�FDQFHU��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

$UUDQJH�D�YLVLW�IURP�WKH�UHOHYDQW�SROLFH�GHSDUWPHQWV�
RU�UHKDELOLWDWLRQ�FHQWUHV�

5HFRJQLVH�WKDW�GUXJV�FDQ�EH�EHQH¿FLDO�RU�KDUPIXO�
([SODLQ�ZK\�VRPH�GUXJV�DUH�RQO\�DYDLODEOH�RQ�
SUHVFULSWLRQ�
([SODLQ�WKH�WHUPV��DGGLFWLRQ��ZLWKGUDZDO�V\PSWRPV��
WROHUDQFH�DQG�UHKDELOLWDWLRQ�

5HVHDUFK�WKH�GUXJ�WHVWLQJ�SURJUDPPHV�LQ�VSRUW�
5HVHDUFK�DQG�SUHVHQW�LQIRUPDWLRQ�DERXW�WKH�HIIHFWV�
RI�GLIIHUHQW�GUXJV�RQ�WKH�ERG\�

'HVFULEH�WKH�JHQHUDO�HIIHFWV�RI�HDFK�GUXJ�FDWHJRU\��
�� GHSUHVVDQWV��VORZ�GRZQ�EUDLQ¶V�DFWLYLW\
�� SDLQ�NLOOHUV��EORFN�QHUYH�LPSXOVHV
�� VWLPXODQWV��LQFUHDVH�EUDLQ¶V�DFWLYLW\
�� SHUIRUPDQFH�HQKDQFHUV��PXVFOH�GHYHORSPHQW
�� KDOOXFLQRJHQV��GLVWRUW�ZKDW�LV�VHHQ�DQG�KHDUG�

&DUU\�RXW�WKH�VPRNLQJ�PDFKLQH�H[SHULPHQW�WR�
FRPSDUH�KLJK��PHGLXP�DQG�ORZ�WDU�EUDQGV�
5HVHDUFK�D�WLPH�OLQH�RI�WKH�OLQN�EHWZHHQ�VPRNLQJ�DQG�
OXQJ�FDQFHU�
'LVFXVV�WKH�FXUUHQW�DQWL�VPRNLQJ�ODZV�

5HFDOO�WKDW�WREDFFR�VPRNLQJ�FDQ�FDXVH�HPSK\VHPD��
EURQFKLWLV��FDQFHU��PRXWK��WKURDW��RHVRSKDJXV�DQG�
OXQJ��DQG�KHDUW�GLVHDVH�
'HVFULEH�WKH�HIIHFWV�RI�
�� FDUERQ�PRQR[LGH��ODFN�RI�R[\JHQ��KHDUW�GLVHDVH�
�� QLFRWLQH��DGGLFWLYH�
�� WDUV��LUULWDQW��FDUFLQRJHQLF�
�� SDUWLFXODWHV��DFFXPXODWLRQ�LQ�OXQJ�WLVVXH��

3URGXFH�D�SRVWHU�WR�ZDUQ�GULYHUV�DERXW�WKH�GDQJHUV�
RI�GULQN�GULYLQJ�

5HFRJQLVH�WKH�VKRUW�WHUP�DQG�ORQJ�WHUP�HIIHFWV�RI�
DOFRKRO�RQ�WKH�ERG\�
�� VKRUW�WHUP��LPSDLUHG�MXGJPHQW��EDODQFH�DQG�

PXVFOH�FRQWURO��EOXUUHG�YLVLRQ��VOXUUHG�VSHHFK��
GURZVLQHVV�DQG�LQFUHDVHG�EORRG�ÀRZ�WR�WKH�VNLQ��

�� ORQJ�WHUP�HIIHFWV��OLYHU�DQG�EUDLQ�GDPDJH��
([SODLQ�ZK\�WKHUH�LV�D�OHJDO�OLPLW�IRU�WKH�OHYHO�RI�
DOFRKRO�LQ�WKH�EORRG�EUHDWK�IRU�GULYHUV�DQG�SLORWV�
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/LQNV�WR�RWKHU�LWHPV��%�D��)LWQHVV�DQG�KHDOWK��%�E��+XPDQ�KHDOWK�DQG�GLHW��%�G��7KH�QHUYRXV�V\VWHP��
%�G��5HVSLUDWRU\�V\VWHPV��%�I��:DVWH�GLVSRVDO�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�WKH�EDVLV�RI�WKH�OHJDO�FODVVL¿FDWLRQ�RI�GUXJV��
�� &ODVV�$�EHLQJ�WKH�PRVW�GDQJHURXV�ZLWK�WKH�

KHDYLHVW�SHQDOWLHV
�� &ODVV�&�EHLQJ�WKH�OHDVW�GDQJHURXV�ZLWK�WKH�

OLJKWHVW�SHQDOWLHV�

5HFDOO�H[DPSOHV�RI�GUXJV�
�� GHSUHVVDQWV��OLPLWHG�WR�DOFRKRO��VROYHQWV�DQG�

WHPD]HSDP
�� SDLQ�NLOOHUV��OLPLWHG�WR�DVSLULQ�DQG�SDUDFHWDPRO
�� VWLPXODQWV��OLPLWHG�WR�QLFRWLQH��HFVWDV\�DQG�

FDIIHLQH
�� SHUIRUPDQFH�HQKDQFHUV��OLPLWHG�WR�DQDEROLF�

VWHURLGV
�� KDOOXFLQRJHQV��OLPLWHG�WR�/6'�

([SODLQ�WKH�DFWLRQ�RI�GHSUHVVDQWV�DQG�VWLPXODQWV�RQ�
WKH�V\QDSVHV�RI�WKH�QHUYRXV�V\VWHP�
�� GHSUHVVDQWV�ELQG�ZLWK�UHFHSWRU�PROHFXOHV�LQ�

WKH�PHPEUDQH�RI�WKH�QH[W�QHXURQH�EORFNLQJ�WKH�
WUDQVPLVVLRQ�RI�WKH�LPSXOVHV

�� VWLPXODQWV�FDXVH�PRUH�QHXURWUDQVPLWWHU�WR�FURVV�
WKH�V\QDSVH��

'HVFULEH�KRZ�FLJDUHWWH�VPRNH�DIIHFWV�FLOLDWHG�
HSLWKHOLDO�FHOOV�OLQLQJ�WKH�WUDFKHD��EURQFKL�DQG�
EURQFKLROHV�

([SODLQ�ZK\�GDPDJH�WR�FLOLDWHG�HSLWKHOLDO�FHOOV�FDQ�
OHDG�WR�D�µVPRNHUV�FRXJK¶�

(YDOXDWH�GDWD�RQ�WKH�HIIHFWV�RI�VPRNLQJ�LQ�
SRSXODWLRQV��WR�LQFOXGH��FDQFHU��KHDUW�GLVHDVH��
HPSK\VHPD�DQG�ELUWK�ZHLJKWV�RI�EDELHV�ERUQ�WR�
PRWKHUV�ZKR�VPRNH��

,QWHUSUHW�GDWD�RQ�WKH�DOFRKRO�FRQWHQW��PHDVXUHG�LQ�
XQLWV�RI�DOFRKRO��RI�GLIIHUHQW�DOFRKROLF�GULQNV�
,QWHUSUHW�LQIRUPDWLRQ�RQ�UHDFWLRQ�WLPHV��DFFLGHQW�
VWDWLVWLFV�DQG�DOFRKRO�OHYHOV�

'HVFULEH�KRZ�WKH�OLYHU�FDQ�EHFRPH�GDPDJHG�DV�LW�
UHPRYHV�DOFRKRO��FLUUKRVLV���WR�LQFOXGH�
�� HQ]\PHV�LQ�OLYHU�EUHDNGRZQ�DOFRKRO
�� WR[LF�SURGXFWV�RI�DOFRKRO�EUHDNGRZQ�FDXVH�OLYHU�

GDPDJH



�� ��2&5������*&6(�%LRORJ\�%

�

0RGXOH�%���8QGHUVWDQGLQJ�2UJDQLVPV
,WHP�%�I��6WD\LQJ�LQ�EDODQFH

6XPPDU\��0DQ\�FRPSOH[�FKHPLFDO�SURFHVVHV�WDNH�SODFH�LQ�RXU�FHOOV�DQG�RUJDQV�WR�HQVXUH�DQ�RSWLPXP�VWDWH��
7KLV�LWHP�ORRNV�DW�KRZ�D�FRQVWDQW�LQWHUQDO�HQYLURQPHQW�LV�DFKLHYHG��7KLV�LWHP�SURYLGHV�WKH�RSSRUWXQLW\�WR�
FROOHFW�DQG�DQDO\VH�SULPDU\�GDWD�DQG�SUHVHQW�LQIRUPDWLRQ�XVLQJ�VFLHQWL¿F�DQG�PDWKHPDWLFDO�FRQYHQWLRQV�LQ�WKH�
µFKDQJLQJ�VNLQ�WHPSHUDWXUHV¶�H[SHULPHQW��7KH�XVH�RI�D�GDWD�ORJJHU�FDQ�SURYLGH�DQ�RSSRUWXQLW\�WR�XVH�DQ�,&7�
WRRO��'LVFXVVLQJ�WKH�XVH�RI�WKHUPDO�EODQNHWV�DV�D�FRQWHPSRUDU\�DSSOLFDWLRQ�RI�VFLHQFH��DORQJ�ZLWK�ZRUN�RQ�KHDW�
VWURNH��SURYLGHV�WKH�RSSRUWXQLW\�WR�ORRN�DW�WKH�EHQH¿WV�RI�WHFKQRORJLFDO�GHYHORSPHQWV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

'LVFXVV�DXWRPDWLF�FRQWURO�V\VWHPV�LQ�FDQGLGDWHV¶�
OLYHV�H�J��FHQWUDO�KHDWLQJ��DLU�FRQGLWLRQLQJ��FUXLVH�
FRQWURO�LQ�FDUV��LQFXEDWRUV�

5HFRJQLVH�WKDW�WKH�ERG\�ZRUNV�WR�PDLQWDLQ�VWHDG\�
OHYHOV�RI�WHPSHUDWXUH��ZDWHU��DQG�FDUERQ�GLR[LGH�DQG�
WKDW�WKLV�LV�HVVHQWLDO�WR�OLIH�
�
�

&DUU\�RXW�DQ�H[SHULPHQW�RQ�WKH�FKDQJLQJ�VNLQ�
WHPSHUDWXUH�GRZQ�DQ�DUP�RU�D�OHJ�DQG�SORW�WKH�UHVXOWV�
DFFXUDWHO\�RQ�D�JUDSK�
0HDVXUH�ERG\�WHPSHUDWXUH�XVLQJ�D�UDQJH�RI�GLIIHUHQW�
SURFHGXUHV�
'LVFXVV�WKH�XVH�RI�WKHUPDO�¿UVW�DLG�EODQNHWV�DIWHU�
DFWLYLWLHV�VXFK�DV�PDUDWKRQV��
3URGXFH�D�SRVWHU�ZDUQLQJ�ROGHU�SHRSOH�DERXW�
K\SRWKHUPLD�DQG�WHOOLQJ�WKHP�KRZ�WR�SUHYHQW�LW�

5HFDOO�WKDW�WKH�FRUH�WHPSHUDWXUH�RI�WKH�KXPDQ�ERG\��
LV�QRUPDOO\�PDLQWDLQHG�DW�DSSUR[LPDWHO\����&�
'HVFULEH�DSSURSULDWH�SURFHGXUHV�WR�PHDVXUH�ERG\�
WHPSHUDWXUH�
�� ZKHUH��HDU��¿QJHU��PRXWK��RU�DQXV�
�� KRZ��XVLQJ�D�FOLQLFDO�WKHUPRPHWHU��VHQVLWLYH�VWULSV��

GLJLWDO�UHFRUGLQJ�SUREHV��RU�WKHUPDO�LPDJLQJ��
'HVFULEH�KRZ�KHDW�FDQ�EH�JDLQHG�RU�UHWDLQHG��E\�
UHVSLUDWLRQ��VKLYHULQJ��H[HUFLVH��OHVV�VZHDWLQJ��OHVV�
EORRG�ÀRZ�QHDU�VNLQ�VXUIDFH��RU�FORWKLQJ��
'HVFULEH�KRZ�PRUH�KHDW�FDQ�EH�ORVW��E\�VZHDWLQJ��RU�
PRUH�EORRG�ÀRZ�QHDU�VNLQ��

5HVHDUFK�GLDEHWHV�DQG�KRZ�LW�FDQ�EH�PDQDJHG�
ZZZ�DESLVFKRROV�RUJ�XN

1DPH�DQG�ORFDWH�WKH�SDQFUHDV�
5HFDOO�WKDW�WKH�SDQFUHDV�SURGXFHV�WKH�KRUPRQH�
LQVXOLQ�
5HFDOO�WKDW�7\SH���GLDEHWHV�LV�FDXVHG�E\�WKH�IDLOXUH�RI�
WKH�SDQFUHDV�WR�SURGXFH�LQVXOLQ�
'HVFULEH�KRZ�LQVXOLQ�WUDYHOV�DURXQG�WKH�ERG\�
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/LQNV�WR�RWKHU�LWHPV��%�H��$GDSWDWLRQV��%�I��:DVWH�GLVSRVDO

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�PDLQWDLQLQJ�D�FRQVWDQW�LQWHUQDO�
HQYLURQPHQW�LQYROYHV�EDODQFLQJ�ERGLO\�LQSXWV�DQG�
RXWSXWV�DQG�LV�FDOOHG�KRPHRVWDVLV�
([SODLQ�ZK\�IDFWRUV�DUH�NHSW�DW�VWHDG\�OHYHOV�E\�
DXWRPDWLF�FRQWURO�V\VWHPV��OLPLWHG�WR�WHPSHUDWXUH��
ZDWHU�FRQWHQW�DQG�FDUERQ�GLR[LGH��

([SODLQ�KRZ�QHJDWLYH�IHHGEDFN�PHFKDQLVPV�DUH�
XVHG�WR�PDLQWDLQ�D�FRQVWDQW�LQWHUQDO�HQYLURQPHQW�

([SODLQ�KRZ�VZHDWLQJ�LQFUHDVHV�KHDW�WUDQVIHU�WR�WKH�
HQYLURQPHQW�E\�HYDSRUDWLRQ�RI�VZHDW�ZKLFK�UHTXLUHV�
KHDW��VR�UHPRYLQJ�KHDW�IURP�WKH�VNLQ�

8QGHUVWDQG�WKDW�WKH�ERG\�WHPSHUDWXUH�RI����&�LV�
WKH�RSWLPXP�WHPSHUDWXUH�IRU�WKH�DFWLRQ�RI�PDQ\�
HQ]\PHV�

'HVFULEH�KRZ�KLJK�WHPSHUDWXUHV�FDQ�FDXVH�KHDW�
VWURNH�DQG�GHK\GUDWLRQ�DQG�LI�XQWUHDWHG��GHDWK�

'HVFULEH�KRZ�YHU\�ORZ�WHPSHUDWXUHV�FDQ�FDXVH�
K\SRWKHUPLD�DQG�LI�XQWUHDWHG��GHDWK�

([SODLQ�KRZ�YDVRGLODWLRQ�DQG�YDVRFRQVWULFWLRQ�
LQFUHDVH�RU�UHGXFH�KHDW�WUDQVIHU�WR�WKH�HQYLURQPHQW�
8QGHUVWDQG�WKDW�WKH�ERG\�WHPSHUDWXUH�RI����&�LV�
OLQNHG�WR�HQ]\PH�DFWLRQ�
([SODLQ�KRZ�EORRG�WHPSHUDWXUH�LV�PRQLWRUHG�E\�WKH�
EUDLQ�ZKLFK�ZLOO�EULQJ�DERXW�WHPSHUDWXUH�FRQWURO�
PHFKDQLVPV�YLD�WKH�QHUYRXV�DQG�KRUPRQDO�V\VWHPV�

5HFDOO�WKDW�LQVXOLQ�FRQWUROV�EORRG�VXJDU�OHYHOV�
([SODLQ�KRZ�7\SH���GLDEHWHV�FDQ�RIWHQ�EH�FRQWUROOHG�
E\�GLHW�EXW�WKDW�7\SH���GLDEHWHV�DOVR�QHHGV�WR�EH�
WUHDWHG�E\�LQVXOLQ�GRVDJH��
([SODLQ�ZK\�UHVSRQVHV�FRQWUROOHG�E\�KRUPRQHV�DUH�
XVXDOO\�VORZHU�WKDQ�UHVSRQVHV�FRQWUROOHG�E\�WKH�
QHUYRXV�V\VWHP�

([SODLQ�KRZ�LQVXOLQ�KHOSV�WR�UHJXODWH�EORRG�VXJDU�
OHYHOV�
([SODLQ�KRZ�WKH�GRVDJH�RI�LQVXOLQ�QHHGHG�WR�EH�WDNHQ�
E\�D�SHUVRQ�ZLWK�7\SH���GLDEHWHV�GHSHQGV�XSRQ�GLHW�
DQG�DFWLYLW\�
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0RGXOH�%���8QGHUVWDQGLQJ�2UJDQLVPV
,WHP�%�J��&RQWUROOLQJ�SODQW�JURZWK�

6XPPDU\��*URZWK�DQG�GHYHORSPHQW�LQ�SODQWV�DUH�FRQWUROOHG�E\�SODQW�JURZWK�UHJXODWRUV��KRUPRQHV���7KLV�
LWHP�H[DPLQHV�VRPH�H[DPSOHV�RI�WKLV��DV�ZHOO�DV�KRZ�KXPDQV�FDQ�XVH�SODQW�KRUPRQHV�WR�DLG�WKH�HI¿FLHQW�
SURGXFWLRQ�RI�IRRG��([SHULPHQWV�RQ�VHHG�JURZWK�DOORZ�WKH�GHYHORSPHQW�RI�VDIH�DQG�DFFXUDWH�ZRUNLQJ��WKH�
SUHVHQWLQJ�RI�UHVXOWV�DQG�HYDOXDWLRQ�RI�GDWD�FROOHFWLRQ�DQG�WKH�TXDOLW\�RI�WKH�GDWD�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�DQ�H[SHULPHQW�WR�WHVW�ZKHWKHU�FUHVV�
VHHGOLQJV�JURZ�WRZDUGV�OLJKW�
&DUU\�RXW�DQ�H[SHULPHQW�WR�WHVW�ZKHWKHU�EHDQ�URRWV�
DOZD\V�JURZ�GRZQZDUGV�
8VH�,&7�WR�ZDWFK�DQG�FRPSDUH�WLPH�ODSVH�YLGHRV�RI�
SODQW�WURSLVPV�

5HFRJQLVH�WKDW�SODQWV�DV�ZHOO�DV�DQLPDOV�UHVSRQG�WR�
FKDQJHV�LQ�WKHLU�HQYLURQPHQW�
8QGHUVWDQG�WKDW�SODQW�JURZWK��OLPLWHG�WR�JURZWK�RI�
VKRRWV�DQG�URRWV��ÀRZHULQJ�DQG�IUXLW�ULSHQLQJ��LV�
FRQWUROOHG�E\�FKHPLFDOV�FDOOHG�SODQW�KRUPRQHV��
'HVFULEH�DQ�H[SHULPHQW�WR�VKRZ�WKDW�VKRRWV�JURZ�
WRZDUGV�OLJKW�
8QGHUVWDQG�KRZ�JURZWK�WRZDUGV�OLJKW�LQFUHDVHV�WKH�
SODQW¶V�FKDQFH�RI�VXUYLYDO�
8QGHUVWDQG�ZK\�URRWV�JURZ�GRZQZDUGV�

7DNH�FXWWLQJV�XVLQJ�URRWLQJ�SRZGHU�WR�HQFRXUDJH�URRW�
JURZWK�
5HVHDUFK�KRZ�VHHGOHVV�JUDSHV�DUH�SURGXFHG�
,QYHVWLJDWH�EDQDQDV�ULSHQLQJ�PRUH�TXLFNO\�LI�DOUHDG\�
ULSHQHG�EDQDQDV�DUH�FORVH�E\��UHVHDUFK�ZK\�WKLV�
KDSSHQV�

5HFRJQLVH�WKDW�SODQW�KRUPRQHV�FDQ�EH�XVHG�LQ�
DJULFXOWXUH�WR�VSHHG�XS�RU�VORZ�GRZQ�SODQW�JURZWK�
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0RGXOH�%���8QGHUVWDQGLQJ�2UJDQLVPV
,WHP�%�J��&RQWUROOLQJ�SODQW�JURZWK�

/LQNV�WR�RWKHU�LWHPV��%�G��7KH�QHUYRXV�V\VWHP��%�F��/HDYHV�DQG�SKRWRV\QWKHVLV��%�K��)DUPLQJ

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�VKRRWV�DV�SRVLWLYHO\�SKRWRWURSLF�EXW�
QHJDWLYHO\�JHRWURSLF�
'HVFULEH�URRWV�DV�QHJDWLYHO\�SKRWRWURSLF�EXW�SRVLWLYHO\�
JHRWURSLF�
5HFDOO�WKDW�WKH�JURXS�RI�SODQW�KRUPRQHV�FDOOHG�DX[LQV�
�� PRYH�WKURXJK�WKH�SODQW�LQ�VROXWLRQ
�� DUH�LQYROYHG�LQ�WKH�UHVSRQVH�WR�OLJKW�

�SKRWRWURSLVP�
�� DUH�LQYROYHG�LQ�WKH�UHVSRQVH�WR�JUDYLW\�

�JHRWURSLVP��

,QWHUSUHW�GDWD�IURP�SKRWRWURSLVP�H[SHULPHQWV�LQ�
WHUPV�RI�DX[LQ�DFWLRQ�
�� DX[LQ�PDGH�LQ�WLS
�� XQHTXDOO\�GLVWULEXWHG�LQ�UHVSRQVH�WR�OLJKW�
([SODLQ�KRZ�DX[LQ�EULQJV�DERXW�VKRRW�FXUYDWXUH�LQ�
WHUPV�RI�FHOO�HORQJDWLRQ�

5HODWH�WKH�DFWLRQ�RI�SODQW�KRUPRQHV�WR�WKHLU�
FRPPHUFLDO�XVHV�
�� VHOHFWLYH�ZHHGNLOOHUV
�� URRWLQJ�SRZGHU
�� IUXLW�ULSHQLQJ��GHOD\�RU�DFFHOHUDWLRQ�
�� FRQWURO�RI�GRUPDQF\�
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0RGXOH�%���8QGHUVWDQGLQJ�2UJDQLVPV
,WHP�%�K��9DULDWLRQ�DQG�LQKHULWDQFH

6XPPDU\��7KLV�LWHP�ORRNV�DW�WKH�FDXVHV�RI�YDULDWLRQ�DQG�KRZ�ZH�FDQ�XVH�RXU�NQRZOHGJH�RI�LQKHULWDQFH�WR�
KHOS�SUHGLFW�WKH�FKDUDFWHULVWLFV�RI�FKLOGUHQ��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK��
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

8VH�SRSSLW�EHDGV�WR�VKRZ�FRPELQDWLRQV�GXH�WR�
FKDQFH�
7RVV�FRLQV�WR�VKRZ�H[SHFWHG�DQG�µUHDO¶�UDWLRV�
8VH�D�JHQHWLFV�NLW�WR�VKRZ�WKH�UHVXOWV�RI�D�
PRQRK\EULG�FURVV�
'HEDWH�WKH�DUJXPHQWV�IRU�DQG�DJDLQVW�SDUHQWV�
NQRZLQJ�D�EDE\¶V�JHQGHU�EHIRUH�ELUWK�

$QDO\VH�KXPDQ�FKDUDFWHULVWLFV�WR�GHWHUPLQH�WKRVH�
WKDW�DUH�D�UHVXOW�RI�ERWK�HQYLURQPHQWDO�DQG�LQKHULWHG�
IDFWRUV��WR�LQFOXGH�
�� LQWHOOLJHQFH
�� ERG\�PDVV
�� KHLJKW�
5HFDOO�WKDW�FKURPRVRPHV�DUH�KHOG�LQ�WKH�QXFOHXV�DQG�
WKDW�WKH\�FDUU\�LQIRUPDWLRQ�LQ�WKH�IRUP�RI�JHQHV��ZKLFK�
FRQWURO�LQKHULWHG�FKDUDFWHULVWLFV�
5HFRJQLVH�WKDW�PRVW�ERG\�FHOOV�FRQWDLQ�
FKURPRVRPHV�LQ�PDWFKHG�SDLUV�
5HFDOO�WKDW�JDPHWHV�KDYH�KDOI�WKH�QXPEHU�RI�
FKURPRVRPHV�RI�ERG\�FHOOV�

5HFRJQLVH�WKDW�VRPH�GLVRUGHUV�DUH�LQKHULWHG��UHG�
JUHHQ�FRORXU�EOLQGQHVV��VLFNOH�FHOO�DQDHPLD�DQG�F\VWLF�
¿EURVLV�



����2&5������*&6(�%LRORJ\�%

�

0RGXOH�%���8QGHUVWDQGLQJ�2UJDQLVPV
,WHP�%�K��9DULDWLRQ�DQG�LQKHULWDQFH

/LQNV�WR�RWKHU�LWHPV��%�D��&ODVVL¿FDWLRQ��%�I��1DWXUDO�VHOHFWLRQ��%�D��0ROHFXOHV�RI�OLIH��%�G��&HOO�GLYLVLRQ��
%�J��/LIH�JRHV�RQ

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

,GHQWLI\�LQKHULWHG�FKDUDFWHULVWLFV�DV�GRPLQDQW�RU�
UHFHVVLYH�ZKHQ�JLYHQ�WKH�UHVXOWV�RI�D�EUHHGLQJ�
H[SHULPHQW�
([SODLQ�WKH�FDXVHV�RI�JHQHWLF�YDULDWLRQ��WR�LQFOXGH�
�� PXWDWLRQV��FKDQJHV�WR�WKH�JHQHV�
�� JDPHWH�IRUPDWLRQ
�� IHUWLOLVDWLRQ�
5HFDOO�WKDW�PRVW�ERG\�FHOOV�KDYH�WKH�VDPH�QXPEHU�
RI�FKURPRVRPHV�EXW�WKLV�QXPEHU�YDULHV�EHWZHHQ�
VSHFLHV��KXPDQV�KDYH����SDLUV��
5HFDOO�WKDW�DOOHOHV�DUH�GLIIHUHQW�YHUVLRQV�RI�WKH�VDPH�
JHQH�
'HVFULEH�KRZ�VH[��LQ�PDPPDOV��LV�GHWHUPLQHG�E\�VH[�
FKURPRVRPHV��;;��IHPDOH��DQG�;<��PDOH��

8QGHUVWDQG�WKH�GHEDWH�RYHU�WKH�UHODWLYH�LPSRUWDQFH�
RI�JHQHWLF�DQG�HQYLURQPHQWDO�IDFWRUV�LQ�GHWHUPLQLQJ�
VRPH�KXPDQ�DWWULEXWHV��LQWHOOLJHQFH��VSRUWLQJ�DELOLW\�
DQG�KHDOWK�
([SODLQ�KRZ�GRPLQDQW�DQG�UHFHVVLYH�FKDUDFWHULVWLFV�
GHSHQG�RQ�GRPLQDQW�DQG�UHFHVVLYH�DOOHOHV�
�� GRPLQDQW�DOOHOHV�DUH�WKRVH�H[SUHVVHG�LI�SUHVHQW
�� UHFHVVLYH�DOOHOHV�DUH�WKRVH�RQO\�H[SUHVVHG�LI�WKH�

GRPLQDQW�DOOHOH�LV�DEVHQW�
([SODLQ�D�PRQRK\EULG�FURVV�LQYROYLQJ�GRPLQDQW�DQG�
UHFHVVLYH�DOOHOHV�XVLQJ�JHQHWLF�GLDJUDPV�ZLWK�OHWWHUV�
UHSUHVHQWLQJ�DOOHOHV�
8VH�DQG�H[SODLQ�JHQHWLF�WHUPV�
�� KRPR]\JRXV�±�WZR�LGHQWLFDO�DOOHOHV
�� KHWHUR]\JRXV�±�WZR�GLIIHUHQW�DOOHOHV
�� JHQRW\SH�±�WKH�JHQHWLF�PDNHXS
�� SKHQRW\SH�±�WKH�FKDUDFWHULVWLFV�H[SUHVVHG�
([SODLQ�VH[�LQKHULWDQFH��LQFOXGLQJ�WKH�SURGXFWLRQ�RI�
HTXDO�QXPEHUV�RI�PDOH�DQG�IHPDOH�RIIVSULQJ��XVLQJ�
JHQHWLF�GLDJUDPV�

8QGHUVWDQG�WKDW�LQKHULWHG�GLVRUGHUV�DUH�FDXVHG�E\�
IDXOW\�JHQHV�
8QGHUVWDQG�WKH�LVVXHV�UDLVHG�E\�NQRZOHGJH�RI�
LQKHULWHG�GLVRUGHUV�LQ�D�IDPLO\�

5HFDOO�WKDW�LQKHULWHG�GLVRUGHUV�DUH�FDXVHG�E\�IDXOW\�
DOOHOHV��PRVW�RI�ZKLFK�DUH�UHFHVVLYH�
8VH�JHQHWLF�GLDJUDPV�WR�SUHGLFW�WKH�SUREDELOLWLHV�RI�
LQKHULWHG�GLVRUGHUV�SDVVLQJ�WR�WKH�QH[W�JHQHUDWLRQ�
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���� 0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW

0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�D��&ODVVL¿FDWLRQ

6XPPDU\��:H�DUH�VXUURXQGHG�E\�D�KXJH�YDULHW\�RI�OLYLQJ�RUJDQLVPV��7KURXJK�FODVVLI\LQJ�WKHP�DFFRUGLQJ�
WR�WKHLU�VLPLODULWLHV�DQG�GLIIHUHQFHV��ZH�FDQ�EHWWHU�XQGHUVWDQG�WKH�HYROXWLRQDU\�DQG�HFRORJLFDO�UHODWLRQVKLSV�
EHWZHHQ�OLYLQJ�RUJDQLVPV��7KH�DELOLW\�WR�FRUUHFWO\�FODVVLI\�RUJDQLVPV�LV�FUXFLDO�LI�ZH�DUH�WR�LGHQWLI\�DQG�PDLQWDLQ�
JOREDO�ELRGLYHUVLW\�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

3ODFH�GLIIHUHQW�RUJDQLVPV�LQWR�JURXSV� 8QGHUVWDQG�WKDW�RUJDQLVPV�FDQ�EH�FODVVL¿HG�LQWR�
JURXSV�DFFRUGLQJ�WR�VKDUHG�FKDUDFWHULVWLFV�
'HVFULEH�WKH�FKDUDFWHULVWLFV�XVHG�WR�SODFH�RUJDQLVPV�
LQWR�WKH�¿YH�.LQJGRPV�

&ROOHFW�LQYHUWHEUDWHV�IURP�ORFDO�VXUURXQGLQJV�DQG�
GHYHORS�D�VLPSOH�NH\��8VH�D�VLPSOH�NH\�WR�LGHQWLI\�
VRPH�LQYHUWHEUDWHV�

8VH�FKDUDFWHULVWLFV�WR�SODFH�RUJDQLVPV�LQWR�WKH�
GLIIHUHQW�FODVVHV�RI�DUWKURSRG��OLPLWHG�WR�
�� LQVHFWV
�� DUDFKQLGV
�� FUXVWDFHDQV
�� P\ULDSRGV�

5HVHDUFK�WKH�ZRUN�RI�-RKQ�5D\�DQG�&DUO�/LQQDHXV�LQ�
GHYHORSLQJ�D�PRGHUQ�FODVVL¿FDWLRQ�V\VWHP�

5HFRJQLVH�WKDW�RUJDQLVPV�RI�WKH�VDPH�VSHFLHV��
�� PD\�VKRZ�JUHDW�YDULDWLRQ
�� KDYH�PRUH�IHDWXUHV�LQ�FRPPRQ�WKDQ�WKH\�GR�ZLWK�

RUJDQLVPV�RI�D�GLIIHUHQW�VSHFLHV�

8QGHUVWDQG�ZK\�VLPLODU�VSHFLHV�WHQG�WR�OLYH�LQ�VLPLODU�
W\SHV�RI�KDELWDWV�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�D��&ODVVL¿FDWLRQ

/LQNV�WR�RWKHU�LWHPV��%�K��9DULDWLRQ�DQG�LQKHULWDQFH��%�I��1DWXUDO�VHOHFWLRQ��%�D��(FRORJ\�LQ�WKH�ORFDO�
HQYLURQPHQW��%�D��8QGHUVWDQGLQJ�PLFUREHV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�WKH�YDULHW\�RI�OLIH�LV�D�FRQWLQXRXV�
VSHFWUXP�ZKLFK�PDNHV�LW�GLI¿FXOW�WR�SODFH�RUJDQLVPV�
LQWR�GLVWLQFW�JURXSV�
'HVFULEH�WKH�FODVVL¿FDWLRQ�RI�RUJDQLVPV�LQWR�NLQJGRP��
SK\OXP��FODVV��RUGHU��IDPLO\��JHQXV�DQG�VSHFLHV�
([SODLQ�WKH�LPSRUWDQFH�RI�FODVVL¿FDWLRQ�RI�VSHFLHV�
LQ�WHUPV�RI�LGHQWLI\LQJ�HYROXWLRQDU\�DQG�HFRORJLFDO�
UHODWLRQVKLSV�

'HVFULEH�FODVVL¿FDWLRQ�V\VWHPV�WR�LQFOXGH�QDWXUDO�
�EDVHG�RQ�HYROXWLRQDU\�UHODWLRQVKLSV��DQG�DUWL¿FLDO��IRU�
SXUSRVHV�RI�LGHQWL¿FDWLRQ��
([SODLQ�KRZ�WKH�XVH�RI�'1$�VHTXHQFLQJ�LQIRUPDWLRQ�
KDV�OHG�WR�FKDQJHV�LQ�XQGHUVWDQGLQJ�RI�FODVVL¿FDWLRQ�
8QGHUVWDQG�ZK\�V\VWHPV�RI�FODVVL¿FDWLRQ�FKDQJH�
RYHU�WLPH�

8QGHUVWDQG�WKDW�WKH�HYROXWLRQDU\�UHODWLRQVKLSV�
EHWZHHQ�RUJDQLVPV�FDQ�EH�GLVSOD\HG�XVLQJ�
HYROXWLRQDU\�WUHHV�

8QGHUVWDQG�KRZ�WKH�HYROXWLRQDU\�UHODWLRQVKLSV�RI�
RUJDQLVPV�LQ�D�JURXS�FDQ�EH�PRGHOOHG�E\�DQDO\VLQJ�
PXOWLSOH�FKDUDFWHULVWLFV�DQG�KRZ�WKLV�KDV�EHHQ�
IDFLOLWDWHG�E\�,&7�

'H¿QH�WKH�WHUP�µVSHFLHV¶�DV�D�JURXS�RI�RUJDQLVPV�
ZKLFK�DUH�FDSDEOH�RI�LQWHUEUHHGLQJ�WR�SURGXFH�IHUWLOH�
RIIVSULQJ�
([SODLQ�WKH�LPSRUWDQFH�RI�WKH�ELQRPLDO�V\VWHP�DV�WKH�
LQWHUQDWLRQDO�EDVLV�RI�QDPLQJ�VSHFLHV�

([SODLQ�VRPH�RI�WKH�SUREOHPV�RI�FODVVLI\LQJ�
RUJDQLVPV�LQWR�VSHFLHV��WR�LQFOXGH�
�� K\EULGV�
�� RUJDQLVPV�WKDW�RQO\�UHSURGXFH�DVH[XDOO\
�� HYROXWLRQ�DV�D�FRQWLQXLQJ�SURFHVV�

5HFDOO�WKDW�FORVHO\�UHODWHG�VSHFLHV��
�� VKDUH�D�UHODWLYHO\�UHFHQW�DQFHVWRU
�� PD\�KDYH�GLIIHUHQW�IHDWXUHV�LI�WKH\�OLYH�LQ�GLIIHUHQW�

W\SHV�RI�KDELWDWV�

([SODLQ�KRZ�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�
VSHFLHV�FDQ�EH�H[SODLQHG�LQ�WHUPV�RI�ERWK�
HYROXWLRQDU\�DQG�HFRORJLFDO�UHODWLRQVKLSV�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�E��(QHUJ\�ÀRZ

6XPPDU\��$OO�OLYLQJ�WKLQJV�QHHG�HQHUJ\�WR�OLYH��8OWLPDWHO\�WKLV�HQHUJ\�FRPHV�IURP�WKH�6XQ��7KLV�LWHP�H[SODLQV�
KRZ�HQHUJ\�IURP�WKH�6XQ�ÀRZV�WKURXJK�HFRV\VWHPV�DQG�KRZ�KXPDQV�FDQ�KDUQHVV�LW��7KH�ZRUN�RQ�HQHUJ\�
WUDQVIHU�SURYLGHV�WKH�RSSRUWXQLW\�WR�H[DPLQH�WKH�HWKLFDO�LVVXHV�UDLVHG�E\�GHFLVLRQV�RQ�SODQW�XVH�DQG�WKH�
HQYLURQPHQWDO�HIIHFWV�RI�VXFK�GHFLVLRQV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HVHDUFK�IRRG�FKDLQV�LQ�GLIIHUHQW�KDELWDWV� ([SODLQ�WKH�WHUP�WURSKLF�OHYHO�
8QGHUVWDQG�WKDW�WKHUH�DUH�RUJDQLVPV�RWKHU�WKDQ�
JUHHQ�SODQWV�WKDW�DUH�SURGXFHUV�
([SODLQ�ZK\�VRPH�RUJDQLVPV�DUH�ERWK�SULPDU\�DQG�
VHFRQGDU\�FRQVXPHUV�
([SODLQ�KRZ�FKDQJHV�LQ�WKH�SRSXODWLRQ�RI�RQH�
RUJDQLVP�PD\�DIIHFW�WKH�RWKHU�RUJDQLVPV�LQ�D�IRRG�
ZHE�

6XUYH\�SHHUV�RQ�YHJHWDULDQ�GLHW�
&RQVLGHU�DQG�FRPSDUH�VRXUFHV�RI�IRRG�

([SODLQ�KRZ�HQHUJ\�IURP�WKH�6XQ�ÀRZV�WKURXJK�IRRG�
ZHEV�
,QWHUSUHW�GDWD�RQ�HQHUJ\�ÀRZ�LQ�IRRG�ZHEV�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�E��(QHUJ\�ÀRZ

/LQNV�WR�RWKHU�LWHPV��%�F��5HF\FOLQJ��%�G��,QWHUGHSHQGHQFH��%�E��3KRWRV\QWKHVLV��%�F��8VHIXO�
PLFURRUJDQLVPV��%�I��0LFURVFRSLF�OLIH�LQ�ZDWHU�
�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�KRZ�S\UDPLGV�RI�ELRPDVV�VKRZ�WKH�GU\�
PDVV�RI�OLYLQJ�PDWHULDO�DW�HDFK�VWDJH�RI�D�IRRG�FKDLQ�
&RQVWUXFW�S\UDPLGV�RI�ELRPDVV�IURP�JLYHQ�
LQIRUPDWLRQ�
([SODLQ�ZK\�S\UDPLGV�RI�QXPEHUV�DQG�S\UDPLGV�RI�
ELRPDVV�IRU�WKH�VDPH�IRRG�FKDLQV�FDQ�EH�GLIIHUHQW�
VKDSHV�

([SODLQ�WKH�GLI¿FXOWLHV�LQ�FRQVWUXFWLQJ�S\UDPLGV�
OLPLWHG�WR�
�� RUJDQLVPV�PD\�EHORQJ�WR�PRUH�WKDQ�RQH�WURSKLF�

OHYHO
�� WKH�SUREOHPV�ZLWK�PHDVXULQJ�GU\�ELRPDVV�

([SODLQ�KRZ�VRPH�HQHUJ\�LV�WUDQVIHUUHG�WR�OHVV�XVHIXO�
IRUPV�DW�HDFK�VWDJH��WURSKLF�OHYHO��LQ�WKH�IRRG�FKDLQ��
WR�LQFOXGH�
�� KHDW�IURP�UHVSLUDWLRQ
�� H[FUHWLRQ
�� HJHVWLRQ�
'HVFULEH�KRZ�H[FUHWRU\�SURGXFWV��IDHFHV�DQG�
XQHDWHQ�SDUWV�FDQ�EH�XVHG�DV�WKH�VWDUWLQJ�SRLQW�IRU�
RWKHU�IRRG�FKDLQV�

([SODLQ�KRZ�WKH�HI¿FLHQF\�RI�HQHUJ\�WUDQVIHU�H[SODLQV�
WKH�VKDSH�RI�S\UDPLGV�RI�ELRPDVV�
([SODLQ�KRZ�WKH�HI¿FLHQF\�RI�HQHUJ\�WUDQVIHU�H[SODLQV�
WKH�OLPLWHG�OHQJWK�RI�IRRG�FKDLQV�
&DOFXODWH�WKH�HI¿FLHQF\�RI�HQHUJ\�WUDQVIHU�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�F��5HF\FOLQJ

6XPPDU\��:H�DUH�HQFRXUDJHG�WR�UHF\FOH�WR�VDYH�WKH�(DUWK¶V�UHVRXUFHV��EXW�QDWXUDO�UHF\FOLQJ�LV�QRWKLQJ�
QHZ��7KH�VXUYH\�RI�ORFDO�UHF\FOLQJ�VFKHPHV�SURYLGHV�WKH�RSSRUWXQLW\�WR�XVH�,&7�VRXUFHV�DQG�WRROV�WR�FROOHFW�
VHFRQGDU\�GDWD�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

6XUYH\�RI�ORFDO�UHF\FOLQJ�VFKHPHV�
&RPSDUH�ORFDO�UHF\FOLQJ�VFKHPHV�ZLWK�QDWLRQDO�DQG�
LQWHUQDWLRQDO�UHF\FOLQJ�VFKHPHV�
&RPSRVWLQJ�DFWLYLWLHV�
2EVHUYDWLRQ�PHDVXUHPHQW�RI�OHDI�GHFRPSRVLWLRQ�LQ�
KHGJHV�

5HFDOO�WKDW�ZKHQ�DQLPDOV�DQG�SODQWV�GLH�DQG�GHFD\�
WKH�HOHPHQWV�LQ�WKHLU�ERGLHV�DUH�UHF\FOHG�
5HFRJQLVH�WKDW�PDQ\�VRLO�EDFWHULD�DQG�IXQJL�DUH�
GHFRPSRVHUV��ZKLFK�GHFD\�GHDG�RUJDQLVPV�
'HVFULEH�WKH�LPSRUWDQFH�RI�WKLV�GHFD\�SURFHVV�LQ�
PDNLQJ�HOHPHQWV�DYDLODEOH�DJDLQ�WR�OLYLQJ�RUJDQLVPV�
5HFRJQLVH�WKDW�DV�DQLPDOV�DQG�SODQWV�JURZ�WKH\�WDNH�
LQ�FKHPLFDOV�DQG�LQFRUSRUDWH�HOHPHQWV�IURP�WKHVH�
LQWR�WKHLU�ERGLHV�
5HFDOO�WKDW�WZR�RI�WKH�PRVW�LPSRUWDQW�HOHPHQWV�WKDW�
DUH�UHTXLUHG�DUH�
�� FDUERQ�
�� QLWURJHQ�
5HFDOO�WKDW�FDUERQ�LV�WDNHQ�XS�E\�SODQWV�DV�FDUERQ�
GLR[LGH�

&DUU\�RXW�DQ�H[SHULPHQW�WR�WHVW�VRLO�IRU�QLWUDWHV�
([DPLQH�FORYHU�URRWV�WR�VHH�QRGXOHV�
0DNH�D�QLWURJHQ�F\FOH�VQDNHV�DQG�ODGGHUV�JDPH�
,QYHVWLJDWH�QLWURJHQ�¿[LQJ�EDFWHULD��VHH�3UDFWLFDO�
0LFURELRORJ\�IRU�6HFRQGDU\�6FKRROV��

5HFDOO�WKDW�QLWURJHQ�LV�WDNHQ�XS�E\�SODQWV�DV�QLWUDWHV�
5HFDOO�WKH�DEXQGDQFH�RI�QLWURJHQ�LQ�WKH�DLU�������
([SODLQ�ZK\�QLWURJHQ�JDV�FDQQRW�EH�XVHG�GLUHFWO\�E\�
DQLPDOV�RU�SODQWV��LQ�WHUPV�RI�LWV�UHDFWLYLW\�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�F��5HF\FOLQJ

/LQNV�WR�RWKHU�LWHPV��%�E��(QHUJ\�ÀRZ��%�F��5HVSLUDWLRQ��%�E��3KRWRV\QWKHVLV��%�I��3ODQWV�QHHG�PLQHUDOV��
%�J��'HFD\��%�K��)DUPLQJ��%�H��/LIH�LQ�VRLO�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�ZK\�UHF\FOLQJ�RI�QXWULHQWV�WDNHV�ORQJHU�
LQ�ZDWHUORJJHG�RU�DFLGLF�VRLOV�WKDQ�LW�GRHV�LQ�ZHOO�
GUDLQHG�QHXWUDO�VRLOV�
([SODLQ�KRZ�FDUERQ�LV�UHF\FOHG�LQ�QDWXUH��OLPLWHG�WR�
�� SODQWV�UHPRYLQJ�FDUERQ�GLR[LGH�IURP�WKH�DLU�E\�

SKRWRV\QWKHVLV
�� IHHGLQJ�SDVVHV�FDUERQ�FRPSRXQGV�DORQJ�D�IRRG�

FKDLQ�RU�ZHE
�� SODQWV�DQG�DQLPDOV�UHOHDVLQJ�FDUERQ�GLR[LGH�LQWR�

WKH�DLU��DV�D�SURGXFW�RI�UHVSLUDWLRQ
�� EXUQLQJ�RI�IRVVLO�IXHOV��FRPEXVWLRQ��UHOHDVLQJ�

FDUERQ�GLR[LGH
�� VRLO�EDFWHULD�DQG�IXQJL��DFWLQJ�DV�GHFRPSRVHUV��

UHOHDVLQJ�FDUERQ�GLR[LGH�LQWR�WKH�DLU�

([SODLQ�KRZ�FDUERQ�LV�UHF\FOHG�LQ�QDWXUH��OLPLWHG�WR�
�� PDULQH�RUJDQLVPV�PDNLQJ�VKHOOV�PDGH�RI�

FDUERQDWHV
�� VKHOOV�EHFRPLQJ�OLPHVWRQH
�� FDUERQ�UHWXUQLQJ�WR�WKH�DLU�DV�FDUERQ�GLR[LGH�

GXULQJ�YROFDQLF�HUXSWLRQ�RU�ZHDWKHULQJ
�� RFHDQV�DEVRUELQJ�FDUERQ�GLR[LGH��DFWLQJ�DV�

FDUERQ�VLQNV�

([SODLQ�KRZ�QLWURJHQ�LV�UHF\FOHG�LQ�QDWXUH��OLPLWHG�WR�
�� SODQWV�WDNLQJ�LQ�QLWUDWHV�IURP�WKH�VRLO�WR�PDNH�

SURWHLQ�IRU�JURZWK
�� IHHGLQJ�SDVVHV�QLWURJHQ�FRPSRXQGV�DORQJ�D�IRRG�

FKDLQ�RU�ZHE
�� QLWURJHQ�FRPSRXQGV�LQ�GHDG�SODQWV�DQG�DQLPDOV�

EHLQJ�EURNHQ�GRZQ�E\�GHFRPSRVHUV�DQG�
UHWXUQLQJ�WR�WKH�VRLO�

([SODLQ�KRZ�QLWURJHQ�LV�UHF\FOHG�LQ�QDWXUH��OLPLWHG�WR�
�� VRLO�EDFWHULD�DQG�IXQJL��DFWLQJ�DV�GHFRPSRVHUV��

FRQYHUWLQJ�SURWHLQV�DQG�XUHD�LQWR�DPPRQLD
�� WKH�FRQYHUVLRQ�RI�WKLV�DPPRQLD�WR�QLWUDWHV�E\�

QLWULI\LQJ�EDFWHULD
�� WKH�FRQYHUVLRQ�RI�QLWUDWHV�WR�QLWURJHQ�JDV�E\�

GHQLWULI\LQJ�EDFWHULD
�� WKH�¿[LQJ�RI�QLWURJHQ�JDV�E\�QLWURJHQ�¿[LQJ�

EDFWHULD�OLYLQJ�LQ�URRW�QRGXOHV�RU�LQ�WKH�VRLO��RU�E\�
WKH�DFWLRQ�RI�OLJKWQLQJ�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�G��,QWHUGHSHQGHQFH

6XPPDU\��7KLV�LWHP�VHHNV�WR�KHOS�FDQGLGDWHV�XQGHUVWDQG�WKDW�WKHUH�LV�D�VWUXJJOH�IRU�H[LVWHQFH�DQG�WKH�
VXUYLYDO�RI�DQLPDOV�DQG�SODQWV�GHSHQGV�RQ�KRZ�WKH\�FRSH�ZLWK�FRPSHWLWLRQ�DQG�SUHGDWLRQ��7KHUH�DUH�DOVR�RWKHU�
W\SHV�RI�LQWHUGHSHQGHQFH�WR�LQFOXGH�SDUDVLWLVP�DQG�RUJDQLVPV�FR�H[LVWLQJ�WR�WKHLU�PXWXDO�EHQH¿W�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

6XUYH\�D�KDELWDW�DQG�SURGXFH�D�GLVSOD\�WR�VKRZ�WKH�
SODQWV�DQLPDOV�FRPSHWLQJ�LQ�WKH�KDELWDW��)RU�H[DPSOH��
ZK\�DUH�µZHHGV¶�VXFFHVVIXO�FRPSHWLWRUV"
5HVHDUFK�LQYDVLYH�VSHFLHV��IRU�H[DPSOH�+LPDOD\DQ�
EDOVDP��-DSDQHVH�NQRWZHHG�DQG�$PHULFDQ�FUD\¿VK�

([SODLQ�KRZ�FRPSHWLWLRQ�PD\�LQÀXHQFH�WKH�
GLVWULEXWLRQ�DQG�SRSXODWLRQ�VL]H�RI�DQLPDOV�RU�SODQWV��
UHODWHG�WR�WKH�DYDLODELOLW\�RI�IRRG��ZDWHU��VKHOWHU��OLJKW�
DQG�PLQHUDOV�
,QWHUSUHW�GDWD�ZKLFK�VKRZV�WKDW�DQLPDOV�DQG�SODQWV�
FDQ�EH�DIIHFWHG�E\�FRPSHWLWLRQ�IRU�UHVRXUFHV��
LQFOXGLQJ�SRSXODWLRQ�VL]HV�DQG�GLVWULEXWLRQ�GDWD�

([SODLQ�KRZ�WKH�VL]H�RI�D�SUHGDWRU�SRSXODWLRQ�ZLOO�
DIIHFW�WKH�QXPEHUV�RI�SUH\�DQG�YLFH�YHUVD�

([DPLQH�URRW�QRGXOHV�XVLQJ�D�KDQG�OHQV�
5HVHDUFK�H[DPSOHV�RI�PXWXDOLVP�DQG�RWKHU�
DVVRFLDWLRQV�EHWZHHQ�RUJDQLVPV��
5HVHDUFK�KRZ�SDUDVLWHV�DUH�DGDSWHG�WR�VXUYLYH�LQ�RQ�
WKHLU�SDUWLFXODU�KRVWV�

5HFDOO�WKDW�VRPH�RUJDQLVPV�EHQH¿W�IURP�WKH�
SUHVHQFH�RI�RUJDQLVPV�RI�D�GLIIHUHQW�VSHFLHV�
'HVFULEH�RQH�H[DPSOH�RI�VXFK�D�UHODWLRQVKLS��OLPLWHG�
WR�FOHDQHU�VSHFLHV��WR�LQFOXGH�R[SHFNHU�DQG�EXIIDOR�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�G��,QWHUGHSHQGHQFH

/LQNV�WR�RWKHU�LWHPV��%�E��(QHUJ\�ÀRZ��%�F��5HF\FOLQJ��%�H��$GDSWDWLRQV��%�I��1DWXUDO�VHOHFWLRQ

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�KRZ�VLPLODU�DQLPDOV�LQ�WKH�VDPH�KDELWDW�ZLOO�
EH�LQ�FORVH�FRPSHWLWLRQ�
'HVFULEH�KRZ�RUJDQLVPV�ZLWKLQ�D�VSHFLHV�FRPSHWH�LQ�
RUGHU�WR�VXUYLYH�DQG�EUHHG�

8VH�WKH�WHUPV�LQWHUVSHFL¿F�DQG�LQWUDVSHFL¿F�WR�
GHVFULEH�JLYHQ�H[DPSOHV�RI�FRPSHWLWLRQ�DQG�H[SODLQ�
ZK\�LQWUDVSHFL¿F�FRPSHWLWLRQ�LV�RIWHQ�PRUH�VLJQL¿FDQW�
([SODLQ�ZKDW�LV�PHDQW�E\�WKH�WHUP�HFRORJLFDO�QLFKH�
8QGHUVWDQG�WKDW�VLPLODU�RUJDQLVPV�ZLOO�RFFXS\�VLPLODU�
HFRORJLFDO�QLFKHV�

([SODLQ�KRZ�WKH�SRSXODWLRQV�RI�VRPH�SUHGDWRUV�DQG�
WKHLU�SUH\�VKRZ�F\FOLFDO�ÀXFWXDWLRQV�LQ�QXPEHUV�

([SODLQ�ZK\�WKH�F\FOHV�RI�SRSXODWLRQ�IRU�SUHGDWRU�DQG�
SUH\�DUH�RXW�RI�SKDVH�ZLWK�HDFK�RWKHU�

'HVFULEH�RWKHU�W\SHV�RI�LQWHUGHSHQGHQFH�EHWZHHQ�
RUJDQLVPV�WR�LQFOXGH�
�� SDUDVLWLVP��ZKHUH�WKH�SDUDVLWH�EHQH¿WV�WR�WKH�

OLYLQJ�KRVW¶V�GHWULPHQW��LQFOXGLQJ�ÀHDV�DQG�
WDSHZRUPV

�� PXWXDOLVP��ZKHUH�ERWK�VSHFLHV�EHQH¿W�LQFOXGLQJ�
FOHDQHU�VSHFLHV�DQG�SROOLQDWLRQ�E\�LQVHFWV�

([SODLQ�KRZ�WKH�LQWHUGHSHQGHQFH�RI�RUJDQLVPV�
GHWHUPLQHV�WKHLU�GLVWULEXWLRQ�DQG�DEXQGDQFH�
([SODLQ�ZK\�QLWURJHQ�¿[LQJ�EDFWHULD�LQ�WKH�URRW�
QRGXOHV�RI�OHJXPLQRXV�SODQWV�DUH�DQ�H[DPSOH�RI�
PXWXDOLVP�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�H��$GDSWDWLRQV

6XPPDU\��2XU�HQYLURQPHQW�LV�FRQVWDQWO\�FKDQJLQJ��7KLV�DIIHFWV�DQLPDO�DQG�SODQW�GLVWULEXWLRQV��7KLV�LWHP�
GHYHORSV�LGHDV�DERXW�KRZ�VRPH�SODQWV�DQG�DQLPDOV�VXFFHVVIXOO\�DGDSW�WR�VXLW�WKHLU�FKDQJLQJ�HQYLURQPHQW�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

8VLQJ�D�KDQG�OHQV��REVHUYH�D�ZRUP�DQG�OLVW�DOO�RI�LWV�
DGDSWDWLRQV�WKDW�PDNH�LW�VXFFHVVIXO�IRU�OLIH�LQ�WKH�VRLO��
0DNH�D�PRGHO�RI�D�SODQW�DQG�GLVFXVV�WKH�DGDSWDWLRQV�
WKDW�PDNH�LW�VXFFHVVIXO��
5HVHDUFK�RUJDQLVPV�WKDW�KDYH�ORVW�UHGXFHG�IHDWXUHV�
WKDW�DUH�QR�ORQJHU�UHTXLUHG�H�J��EOLQG�FDYH�¿VK�WKDW�
KDYH�ORVW�H\HV�
&DUU\�RXW�DQ�LQWHUQHW�VHDUFK�WR�¿QG�SLFWXUHV�RI�
DQLPDOV�RU�SODQWV�ZLWK�VXFFHVVIXO�FDPRXÀDJH�DQG�
RWKHU�DGDSWDWLRQV��
,GHQWLI\�SUHGDWRUV�DQG�GLVFXVV�WKH�DGDSWDWLRQV�WKDW�
ZLOO�PDNH�WKHP�VXFFHVVIXO�
8VH�,&7�WR�PDNH�D�SRVWHU�WR�H[SODLQ�KRZ�DQ�RUJDQLVP�
LV�DGDSWHG�WR�LWV�KDELWDW�

([SODLQ�KRZ�VRPH�DQLPDOV�DUH�DGDSWHG�WR�EH�
VXFFHVVIXO�SUHGDWRUV��WR�LQFOXGH�
�� ELQRFXODU�YLVLRQ�WR�MXGJH�GLVWDQFH�DQG�VL]H
�� KXQWLQJ�VWUDWHJ\
�� EUHHGLQJ�VWUDWHJ\�
([SODLQ�KRZ�VRPH�DQLPDOV�DUH�DGDSWHG�WR�DYRLG�
EHLQJ�FDXJKW�DV�SUH\��WR�LQFOXGH�
�� H\HV�RQ�VLGH�RI�KHDG�IRU�ZLGH�¿HOG�RI�YLHZ
�� OLYLQJ�LQ�JURXSV��KHUGV�RU�VKRDOV��WR�UHGXFH�WKH�

FKDQFH�RI�EHLQJ�FDXJKW
�� FU\SWLF�DQG�ZDUQLQJ�FRORXUDWLRQ
�� PLPLFU\
�� EUHHGLQJ�VWUDWHJ\��V\QFKURQRXV�EUHHGLQJ��

'LVFXVV�SRVVLEOH�FOLPDWH�FKDQJHV�DQG�SUHGLFW�ZKLFK�
DQLPDOV�DQG�SODQWV�ZLOO�VXFFHVVIXOO\�DGDSW�WR�VXUYLYH�
LQ�WKH�QHZ�FRQGLWLRQV�

5HFDOO�WKDW�DQLPDOV�DQG�SODQWV�WKDW�DUH�DGDSWHG�WR�
WKHLU�KDELWDWV�DUH�EHWWHU�DEOH�WR�FRPSHWH�IRU�OLPLWHG�
UHVRXUFHV�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�H��$GDSWDWLRQV

/LQNV�WR�RWKHU�LWHPV��%�G��,QWHUGHSHQGHQFH��%�I��1DWXUDO�VHOHFWLRQ��%�H��7KH�FLUFXODWRU\�V\VWHP��
%�J��1HZ�JHQHV�IRU�ROG��%�D��(FRORJ\�LQ�WKH�ORFDO�HQYLURQPHQW��%�F��/HDYHV�DQG�SKRWRV\QWKHVLV���
%�G��'LIIXVLRQ�DQG�RVPRVLV��%�H��7UDQVSRUW�LQ�SODQWV��%�G��5HVSLUDWRU\�V\VWHPV��%�H��'LJHVWLRQ�

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�KRZ�DGDSWDWLRQV�WR�FROG�HQYLURQPHQWV�KHOS�
RUJDQLVPV�VXUYLYH��WR�LQFOXGH�
�� DQDWRPLFDO�PHWKRGV�RI�UHGXFLQJ�KHDW�ORVV��

LQFOXGLQJ�LQVXODWLRQ�DQG�VXUIDFH�DUHD
�� EHKDYLRXUDO�DGDSWDWLRQV��LQFOXGLQJ�PLJUDWLRQ�DQG�

KLEHUQDWLRQ�
([SODLQ�KRZ�DGDSWDWLRQV�WR�KRW�HQYLURQPHQWV�KHOS�
RUJDQLVPV�VXUYLYH�WR�LQFOXGH�
�� EHKDYLRXUDO�DQG�DQDWRPLFDO�PHWKRGV�RI�

LQFUHDVLQJ�KHDW�ORVV
�� EHKDYLRXUDO�PHWKRGV�RI�UHGXFLQJ�KHDW�JDLQ�
([SODLQ�KRZ�DGDSWDWLRQV�WR�GU\�HQYLURQPHQWV�KHOS�
RUJDQLVPV�VXUYLYH�WR�LQFOXGH�
�� EHKDYLRXUDO��DQDWRPLFDO�DQG�SK\VLRORJLFDO�

PHWKRGV�IRU�FRSLQJ�ZLWK�ODFN�RI�ZDWHU�

$QDO\VH�VXUIDFH�DUHD�WR�YROXPH�UDWLRV�LQ�WKH�FRQWH[W�
RI�GLIIHUHQW�HQYLURQPHQWDO�VWUHVVHV�
([SODLQ�KRZ�FRXQWHU�FXUUHQW�KHDW�H[FKDQJH�V\VWHPV�
�H�J��LQ�SHQJXLQV��PLQLPLVH�KHDW�ORVV�
8QGHUVWDQG�WKDW�VRPH�RUJDQLVPV�DUH�ELRFKHPLFDOO\�
DGDSWHG�WR�H[WUHPH�FRQGLWLRQV��LQFOXGLQJ�GLIIHUHQW�
RSWLPXP�WHPSHUDWXUHV�IRU�HQ]\PHV�LQ�H[WUHPRSKLOHV�
DQG�RUJDQLVPV�ZLWK�DQWLIUHH]H�SURWHLQV�

([SODLQ�KRZ�DQLPDOV�DQG�SODQWV�WKDW�DUH�DGDSWHG�WR�
DQ�HQYLURQPHQW�DUH�EHWWHU�DEOH�WR�FRPSHWH�IRU�OLPLWHG�
UHVRXUFHV�

'HVFULEH�KRZ�VRPH�RUJDQLVPV�DUH��
�� VSHFLDOLVWV��ZKLFK�DUH�ZHOO�VXLWHG�WR�RQO\�FHUWDLQ�

KDELWDWV�
�� JHQHUDOLVWV��ZKLFK�FDQ�OLYH�LQ�D�UDQJH�RI�KDELWDWV�

EXW�FDQ�HDVLO\�EH�RXW�FRPSHWHG�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�I��1DWXUDO�VHOHFWLRQ

6XPPDU\��7KH�FRQFHSW�RI�HYROXWLRQ�LV�ZHOO�NQRZQ��+RZHYHU��WKH�PHFKDQLVP�RI�HYROXWLRQ�E\�QDWXUDO�VHOHFWLRQ�
LV�FRPPRQO\�PLVXQGHUVWRRG��7KLV�LWHP�GLVFXVVHV�HYLGHQFH�IRU�HYROXWLRQ�DV�ZHOO�DV�LWV�PHFKDQLVP��,W�DOVR�
ORRNV�DW�KRZ�VFLHQWL¿F�WKHRULHV�GHYHORS�DQG�ZK\�VRPH�EHFRPH�DFFHSWHG�DQG�VRPH�GR�QRW�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

'UDZ�D�SRVWHU�WR�VKRZ�KRZ�QDWXUDO�VHOHFWLRQ�WDNHV�
SODFH�
'HVLJQ�D�QHZVSDSHU�DUWLFOH�WHOOLQJ�SHRSOH�DERXW�
&KDUOHV�'DUZLQ¶V�REVHUYDWLRQV�DQG�WKHRULHV�
5HVHDUFK�WKH�UROH�RI�$OIUHG�5XVVHOO�:DOODFH�LQ�
GHYHORSLQJ�WKH�WKHRU\�RI�QDWXUDO�VHOHFWLRQ�
5HVHDUFK�&KDUOHV�'DUZLQ�DQG�KLV�YR\DJHV�
3ORW�WKH�GLVWULEXWLRQ�RI�WKH�SHSSHUHG�PRWK�RQ�D�PDS�
VKRZLQJ�PDMRU�FLWLHV�
5HVHDUFK�UHVLVWDQW�EDFWHULD�DQG�GLVFXVV�WKH�SUREOHPV�
WKH\�FDXVH�LQ�KRVSLWDOV�
5HVHDUFK�VSHFLHV�WKDW�GR�QRW�DSSHDU�WR�KDYH�HYROYHG�
EXW�KDYH�VWD\HG�DV�WKH\�DUH�IRU�PLOOLRQV�RI�\HDUV��
VR�FDOOHG�µOLYLQJ�IRVVLOV¶��H�J��FRHODFDQWK��FURFRGLOHV��
VKDUNV�DQG�*LQNJR�DQG�VXJJHVW�ZK\�WKH\�GR�QRW�
DSSHDU�WR�KDYH�FKDQJHG��

,GHQWLI\�YDULDWLRQV�ZLWKLQ�D�SRSXODWLRQ�RI�RUJDQLVPV�RI�
WKH�VDPH�VSHFLHV�
([SODLQ�ZK\�DQLPDOV�DQG�SODQWV�WKDW�DUH�EHWWHU�
DGDSWHG�WR�WKHLU�HQYLURQPHQW�DUH�PRUH�OLNHO\�WR�
VXUYLYH�
5HFRJQLVH�WKDW�RYHU�ORQJ�SHULRGV�RI�WLPH��JURXSV�
RI�RUJDQLVPV�FDQ�FKDQJH�DQG�WKDW�WKLV�LV�FDOOHG�
HYROXWLRQ�
8QGHUVWDQG�KRZ�ZKHQ�HQYLURQPHQWV�FKDQJH��VRPH�
DQLPDO�DQG�SODQW�VSHFLHV�VXUYLYH�RU�HYROYH�EXW�PDQ\�
EHFRPH�H[WLQFW�

5HVHDUFK�/DPDUFN�DQG�KLV�LGHDV�DERXW�HYROXWLRQ� 5HFDOO�WKDW�
�� PDQ\�WKHRULHV�KDYH�EHHQ�SXW�IRUZDUG�WR�H[SODLQ�

KRZ�HYROXWLRQ�PD\�RFFXU
�� PRVW�VFLHQWLVWV�DFFHSW�WKH�WKHRU\�RI�QDWXUDO�

VHOHFWLRQ�¿UVW�SXW�IRUZDUG�E\�&KDUOHV�'DUZLQ�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�I��1DWXUDO�VHOHFWLRQ

/LQNV�WR�RWKHU�LWHPV��%�K��9DULDWLRQ�DQG�LQKHULWDQFH��%�D��&ODVVL¿FDWLRQ��%�G��,QWHUGHSHQGHQFH��
%�H��$GDSWDWLRQV��%�J��1HZ�JHQHV�IRU�ROG��%�H��/LIH�LQ�VRLO

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�'DUZLQ¶V�WKHRU\�RI�HYROXWLRQ�E\�QDWXUDO�
VHOHFWLRQ�WR�LQFOXGH�
�� SUHVHQFH�RI�QDWXUDO�YDULDWLRQ
�� FRPSHWLWLRQ�IRU�OLPLWHG�UHVRXUFHV
�� VXUYLYDO�RI�WKH�¿WWHVW
�� LQKHULWDQFH�RI�µVXFFHVVIXO¶�DGDSWDWLRQV�

5HFDOO�WKDW�DGDSWDWLRQV�DUH�FRQWUROOHG�E\�JHQHV�
DQG�WKDW�WKHVH�JHQHV�FDQ�EH�SDVVHG�RQ�WR�WKH�QH[W�
JHQHUDWLRQ�

([SODLQ�KRZ�RYHU�ORQJ�SHULRGV�RI�WLPH�WKH�FKDQJHV�
EURXJKW�DERXW�E\�QDWXUDO�VHOHFWLRQ�PD\�UHVXOW�LQ�WKH�
IRUPDWLRQ�RI�QHZ�VSHFLHV�
8QGHUVWDQG�ZK\�VSHFLDWLRQ�UHTXLUHV�JHRJUDSKLFDO�RU�
UHSURGXFWLYH�LVRODWLRQ�RI�SRSXODWLRQV�

([SODLQ�WKH�UHDVRQV�ZK\�WKH�WKHRU\�RI�HYROXWLRQ�E\�
QDWXUDO�VHOHFWLRQ�PHW�ZLWK�DQ�LQLWLDOO\�KRVWLOH�UHVSRQVH�
�VRFLDO�DQG�KLVWRULFDO�FRQWH[W��
5HFRJQLVH�WKDW�QDWXUDO�VHOHFWLRQ�DV�D�WKHRU\�LV�QRZ�
ZLGHO\�DFFHSWHG�
�� EHFDXVH�LW�H[SODLQV�D�ZLGH�UDQJH�RI�REVHUYDWLRQV
�� EHFDXVH�LW�KDV�EHHQ�GLVFXVVHG�DQG�WHVWHG�E\�D�

ZLGH�UDQJH�RI�VFLHQWLVWV�

([SODLQ�KRZ�/DPDUFN¶V�LGHD�RI�HYROXWLRQ�E\�WKH�
LQKHULWDQFH�RI�DFTXLUHG�FKDUDFWHULVWLFV�ZDV�GLIIHUHQW�
IURP�'DUZLQ¶V�WKHRU\�
([SODLQ�ZK\�/DPDUFN¶V�WKHRU\�ZDV�GLVFUHGLWHG��
KLV�H[SODQDWLRQ�GLG�QRW�KDYH�D�JHQHWLF�EDVLV�
5HFRJQLVH�WKDW�WKH�WKHRU\�RI�QDWXUDO�VHOHFWLRQ�KDV�
GHYHORSHG�DV�QHZ�GLVFRYHULHV�KDYH�EHHQ�PDGH��WR�
LQFOXGH�WKH�XQGHUVWDQGLQJ�RI�LQKHULWDQFH�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�J��3RSXODWLRQ�DQG�SROOXWLRQ

6XPPDU\��<RXQJ�SHRSOH�DUH�DZDUH�RI�WKH�LQFUHDVLQJ�KXPDQ�SRSXODWLRQ�DQG�KRZ�WKLV�LV�UHODWHG�WR�DQ�LQFUHDVH�
LQ�SROOXWLRQ�OHYHOV��7KH�XVH�RI�OLYLQJ�DQG�QRQ�OLYLQJ�LQGLFDWRUV�RI�SROOXWLRQ�DUH�FRQVLGHUHG�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

3ORW�WKH�LQFUHDVH�LQ�SRSXODWLRQ�DQG�FRPSDUH�ZLWK�WKH�
LQFUHDVH�LQ�D�SROOXWDQW�
'UDZ�D�SRVWHU�WR�VKRZ�WKH�SHUFHQWDJH�RI�GLIIHUHQW�
W\SHV�RI�KRXVHKROG�ZDVWH�IRXQG�LQ�WKH�DYHUDJH�IDPLO\�
GXVWELQ�
,QYHVWLJDWH�WKH�JHUPLQDWLRQ�RI�VHHGV�DQG�WKH�JURZWK�
RI�VHHGOLQJV�LQ�GLIIHUHQW�OHYHOV�RI�DFLG�UDLQ�

5HFRJQLVH�WKDW�WKH�KXPDQ�SRSXODWLRQ�LV�LQFUHDVLQJ�
5HFRJQLVH�WKDW�WKH�KXPDQ�SRSXODWLRQ�XVHV�
UHVRXUFHV��VRPH�RI�ZKLFK�DUH�¿QLWH��WR�LQFOXGH�
�� IRVVLO�IXHOV
�� PLQHUDOV�
([SODLQ�KRZ�DV�WKH�KXPDQ�SRSXODWLRQ�LQFUHDVHV��
UHVRXUFH�XVH�LQFUHDVHV�DQG�WKHUHIRUH�PRUH�SROOXWLRQ�
LV�FUHDWHG��SROOXWDQWV�OLPLWHG�WR�
�� KRXVHKROG�ZDVWH
�� VHZDJH
�� VXOIXU�GLR[LGH�IURP�EXUQLQJ�IRVVLO�IXHOV
�� FDUERQ�GLR[LGH�IURP�EXUQLQJ�IRVVLO�IXHOV�

5HVHDUFK�WKH�PHWKRGV�XVHG�WR�PHDVXUH�WKH�LQFUHDVH�
LQ�OHYHOV�RI�FDUERQ�GLR[LGH�LQ�WKH�SDVW�����\HDUV�
5HVHDUFK�SRVVLEOH�OLQNV�EHWZHHQ�WKH�GDWD�FRQFHUQLQJ�
FDUERQ�GLR[LGH�OHYHOV�DQG�JOREDO�WHPSHUDWXUHV�
([SORUH�LPSDFWV�RI�FKHPLFDOV�RQ�SODQW�JURZWK�
ZZZ�VDSV�SODQWVFL�FDP�DF�XN�

8QGHUVWDQG�WKDW�SROOXWLRQ�FDQ�DIIHFW�WKH�QXPEHU�DQG�
W\SH�RI�RUJDQLVPV�WKDW�FDQ�VXUYLYH�LQ�D�SDUWLFXODU�
SODFH�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�J��3RSXODWLRQ�DQG�SROOXWLRQ

/LQNV�WR�RWKHU�LWHPV��%�K��6XVWDLQDELOLW\��%�D��(FRORJ\�LQ�WKH�ORFDO�HQYLURQPHQW��%�G��%LRIXHOV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�WKH�KXPDQ�SRSXODWLRQ�LV�LQFUHDVLQJ�
H[SRQHQWLDOO\�
8QGHUVWDQG�WKDW�SRSXODWLRQ�JURZWK�LV�WKH�UHVXOW�RI�WKH�
ELUWK�UDWH�H[FHHGLQJ�WKH�GHDWK�UDWH�
([SODLQ�WKH�FDXVHV�DQG�FRQVHTXHQFHV�RI�
�� JOREDO�ZDUPLQJ
�� R]RQH�GHSOHWLRQ�
�� DFLG�UDLQ�

([SODLQ�KRZ�WKH�GHYHORSHG�FRXQWULHV�RI�WKH�ZRUOG��
ZLWK�D�VPDOO�SURSRUWLRQ�RI�WKH�ZRUOG¶V�SRSXODWLRQ��KDYH�
WKH�JUHDWHVW�LPSDFW�RQ�WKH�XVH�RI�UHVRXUFHV�DQG�WKH�
FUHDWLRQ�RI�SROOXWLRQ�
([SODLQ�WKH�WHUP�µFDUERQ�IRRWSULQW¶�LQ�WHUPV�RI�WKH�
DPRXQW�RI�JUHHQKRXVH�JDVHV�JLYHQ�RII�LQ�D�FHUWDLQ�
SHULRG�RI�WLPH�
'LVFXVV�WKH�SRVVLEOH�FRQVHTXHQFHV�RI�H[SRQHQWLDO�
JURZWK�

([SODLQ�KRZ�WKH�SUHVHQFH�DEVHQFH�RI�LQGLFDWRU�
VSHFLHV�KHOSV�WR�LQGLFDWH�WKH�OHYHO�RI�SROOXWLRQ��WR�
LQFOXGH�
�� ZDWHU�SROOXWLRQ�±�ZDWHUORXVH��VOXGJHZRUP���

UDW�WDLOHG�PDJJRW�DQG�PD\À\�ODUYD
�� DLU�SROOXWLRQ�±�OLFKHQ�
'HVFULEH�KRZ�SROOXWLRQ�FDQ�EH�PHDVXUHG�
�� E\�GLUHFW�PHDVXUHPHQW�RI�SROOXWDQW�OHYHOV
�� E\�PHDVXULQJ�WKH�RFFXUUHQFH�RI�LQGLFDWRU�VSHFLHV�

,QWHUSUHW�GDWD�RQ�LQGLFDWRU�VSHFLHV�
'HVFULEH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�XVLQJ�
OLYLQJ�DQG�QRQ�OLYLQJ�PHWKRGV�RI�PHDVXULQJ�OHYHOV�RI�
SROOXWLRQ�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�K��6XVWDLQDELOLW\

6XPPDU\��6XVWDLQDEOH�GHYHORSPHQW�LV�D�WHUP�WKDW�LV�EHFRPLQJ�PRUH�ZLGHO\�XVHG�DQG�UHIHUV�WR�WKH�HFRQRPLF�
H[SORLWDWLRQ�RI�WKH�HQYLURQPHQW�LQ�D�ZD\�WKDW�FDQ�EH�PDLQWDLQHG�ZLWKRXW�FDXVLQJ�SHUPDQHQW�GDPDJH��:H�DUH�
DOVR�FRQVFLRXV�RI�WKH�GDPDJH�WKDW�KDV�DOUHDG\�EHHQ�GRQH�DQG�DUH�WU\LQJ�WR�SURWHFW�HQGDQJHUHG�KDELWDWV�DQG�
VSHFLHV��7KLV�LWHP�GHYHORSV�LGHDV�DERXW�RXU�FKRLFHV�DQG�UHVSRQVLELOLWLHV�ZLWK�SDUWLFXODU�UHIHUHQFH�WR�ZKDOHV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

0DNH�D�GLVSOD\�RI�HQGDQJHUHG�DQG�H[WLQFW�SODQWV�DQG�
DQLPDOV�
5HVHDUFK�RUJDQLVPV�WKDW�XVHG�WR�H[LVW�LQ�WKH�8.�
8VH�,&7�WR�SURGXFH�DQ�LQIRUPDWLRQ�OHDÀHW�RQ�RQH�
HQGDQJHUHG�VSHFLHV��VKRZLQJ�UHDVRQV�IRU�LWV�
SUHGLFDPHQW�DQG�VXJJHVWLRQV�IRU�LWV�SURWHFWLRQ��XVLQJ�
WKH�,8&1�UHG�OLVW�
5HVHDUFK�WKH�XVH�RI�VHHG�EDQNV��H[WLQFW�SODQWV�
SURMHFW�DW�.HZ��

([SODLQ�ZK\�RUJDQLVPV�EHFRPH�H[WLQFW�RU�
HQGDQJHUHG��WR�LQFOXGH�
�� FOLPDWH�FKDQJH
�� KDELWDW�GHVWUXFWLRQ
�� KXQWLQJ
�� SROOXWLRQ
�� FRPSHWLWLRQ�
'HVFULEH�KRZ�HQGDQJHUHG�VSHFLHV�FDQ�EH�FRQVHUYHG��
WR�LQFOXGH�
�� SURWHFWLQJ�KDELWDWV
�� OHJDO�SURWHFWLRQ
�� HGXFDWLRQ�SURJUDPPHV
�� FDSWLYH�EUHHGLQJ�SURJUDPPHV
�� VHHG�EDQNV
�� FUHDWLQJ�DUWL¿FLDO�HFRV\VWHPV�

6HDUFK�WKH�LQWHUQHW�IRU�LQIRUPDWLRQ�RQ�DQ�HQGDQJHUHG�
VSHFLHV�
&ODVV�GLVFXVVLRQ�RQ�QDWXUH�UHVHUYHV��µ:K\�VKRXOG�ZH�
KDYH�]RRV�PDULQH�SDUNV�QDWXUH�UHVHUYHV"¶�
3ORW�WKH�GLVWULEXWLRQV�RI�ZKDOH�VSHFLHV�RQ�D�ZRUOG�
PDS�

,QWHUSUHW�GDWD�ZKLFK�VKRZV�WKDW�ZKDOH�VSHFLHV¶�
GLVWULEXWLRQV�GHSHQG�RQ�WKHLU�IHHGLQJ�KDELWDWV�
'LVFXVV�WKH�UHDVRQV�ZK\�FHUWDLQ�ZKDOH�VSHFLHV�DUH�
FORVH�WR�H[WLQFWLRQ�

5HFRJQLVH�WKDW�D�VXVWDLQDEOH�UHVRXUFH�FDQ�EH�
UHPRYHG�IURP�WKH�HQYLURQPHQW�ZLWKRXW�LW�UXQQLQJ�RXW�
5HFDOO�WKDW�VRPH�UHVRXUFHV�FDQ�EH�PDLQWDLQHG��
OLPLWHG�WR�
�� ¿VK�VWRFNV
�� ZRRGODQG�
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0RGXOH�%���8QGHUVWDQGLQJ�2XU�(QYLURQPHQW
,WHP�%�K��6XVWDLQDELOLW\

/LQNV�WR�RWKHU�LWHPV��%�I��1DWXUDO�VHOHFWLRQ��%�J��3RSXODWLRQ�DQG�SROOXWLRQ

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�UHDVRQV�IRU�FRQVHUYDWLRQ�SURJUDPPHV��WR�
LQFOXGH�
�� SURWHFWLQJ�KXPDQ�IRRG�VXSSO\
�� HQVXULQJ�PLQLPDO�GDPDJH�WR�IRRG�FKDLQV
�� IXWXUH�LGHQWL¿FDWLRQ�RI�SODQWV�IRU�PHGLFDO�SXUSRVHV
�� FXOWXUDO�DVSHFWV�
([SODLQ�ZK\�VSHFLHV�DUH�DW�ULVN�RI�H[WLQFWLRQ�LI�WKH�
QXPEHU�RI�LQGLYLGXDOV�RU�KDELWDWV�IDOOV�EHORZ�D�FULWLFDO�
OHYHO�

([SODLQ�ZK\�VSHFLHV�DUH�DW�ULVN�RI�H[WLQFWLRQ�LI�WKHUH�LV�
QRW�HQRXJK�JHQHWLF�YDULDWLRQ�LQ�WKH�SRSXODWLRQ�
(YDOXDWH�D�JLYHQ�H[DPSOH�RI�D�FRQVHUYDWLRQ�
SURJUDPPH�LQ�WHUPV�RI�
�� JHQHWLF�YDULDWLRQ�RI�NH\�VSHFLHV
�� YLDELOLW\�RI�SRSXODWLRQV�
�� DYDLODEOH�KDELWDWV
�� LQWHUDFWLRQ�EHWZHHQ�VSHFLHV�

5HFRJQLVH�WKDW�ERWK�OLYLQJ�DQG�GHDG�ZKDOHV�KDYH�
FRPPHUFLDO�YDOXH��WRXULVP�ZKHQ�DOLYH��IRRG��RLO�DQG�
FRVPHWLFV�ZKHQ�GHDG�
'HVFULEH�LVVXHV�DULVLQJ�IURP�NHHSLQJ�ZKDOHV�LQ�
FDSWLYLW\��HQWHUWDLQPHQW��UHVHDUFK��FDSWLYH�EUHHGLQJ�
SURJUDPPHV�DQG�ODFN�RI�IUHHGRP�

5HFRJQLVH�WKDW�VRPH�DVSHFWV�RI�ZKDOH�ELRORJ\�DUH�
VWLOO�QRW�IXOO\�XQGHUVWRRG��FRPPXQLFDWLRQ��PLJUDWLRQ�
SDWWHUQV�DQG�VXUYLYDO�DW�H[WUHPH�GHSWKV�
'HVFULEH�LVVXHV�FRQFHUQLQJ�ZKDOLQJ��WR�LQFOXGH��
JHWWLQJ�LQWHUQDWLRQDO�DJUHHPHQW��SROLFLQJ�DQG�
HQIRUFLQJ�VXFK�DJUHHPHQWV�DQG�KXQWLQJ�IRU�UHVHDUFK�

([SODLQ�WKH�WHUP�µVXVWDLQDEOH�GHYHORSPHQW¶�DV�
SURYLGLQJ�IRU�WKH�QHHGV�RI�DQ�LQFUHDVLQJ�SRSXODWLRQ�
ZLWKRXW�KDUPLQJ�WKH�HQYLURQPHQW�
([SODLQ�KRZ�¿VK�VWRFNV�DQG�ZRRGODQG�FDQ�EH�
VXVWDLQHG�DQG�GHYHORSHG�XVLQJ�
�� HGXFDWLRQ
�� TXRWDV�RQ�¿VKLQJ
�� UH�SODQWLQJ�RI�ZRRGODQG�

([SODLQ�WKH�LPSRUWDQFH�RI�SRSXODWLRQ�VL]H��ZDVWH�
SURGXFWV�DQG�IRRG�DQG�HQHUJ\�GHPDQGV�LQ�WKH�
DFKLHYHPHQW�RI�VXVWDLQDEOH�GHYHORSPHQW�
8QGHUVWDQG�WKDW�VXVWDLQDELOLW\�UHTXLUHV�SODQQLQJ�
DQG�FR�RSHUDWLRQ�DW�ORFDO��QDWLRQDO�DQG�LQWHUQDWLRQDO�
OHYHOV�
'HVFULEH�KRZ�VXVWDLQDEOH�GHYHORSPHQW�PD\�SURWHFW�
HQGDQJHUHG�VSHFLHV�
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���� 0RGXOH�%���/LYLQJ�$QG�*URZLQJ

0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�D��0ROHFXOHV�RI�OLIH

6XPPDU\��7KH�IXQGDPHQWDO�SURFHVVHV�RI�OLIH�RFFXU�LQVLGH�FHOOV��7KLV�LWHP�H[DPLQHV�WKH�UROH�RI�'1$�LQ�
WKH�SURGXFWLRQ�RI�SURWHLQV��WKH�EXLOGLQJ�EORFNV�RI�OLYLQJ�WKLQJV��7KLV�LWHP�SURYLGHV�WKH�RSSRUWXQLW\�WR�H[SODLQ�
SKHQRPHQD�XVLQJ�VFLHQWL¿F�WKHRULHV��PRGHOV�DQG�LGHDV��8VLQJ�WKH�GLVFRYHU\�RI�WKH�VWUXFWXUH�RI�'1$�LW�DOVR�
LOOXVWUDWHV�WKH�FROODERUDWLYH�QDWXUH�RI�VFLHQFH�DQG�WKH�QHHG�IRU�QHZ�GLVFRYHULHV�WR�EH�YDOLGDWHG�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

0DNH�D�VWDLQHG�FKHHN�FHOO�VOLGH�DQG�H[DPLQH�LW�XVLQJ�
D�PLFURVFRSH�

,GHQWLI\�WKH�PLWRFKRQGULD�LQ�DQ�DQLPDO�FHOO�
5HFDOO�WKDW�UHVSLUDWLRQ�RFFXUV�LQ�WKH�PLWRFKRQGULD�
SURYLGLQJ�HQHUJ\�IRU�OLIH�SURFHVVHV�

8VH�RI�µ&DNH�:RUNVKRS¶�
�� µ5HFLSH�IRU�OLIH¶�±�DQ�DFWLYLW\�WR�GHPRQVWUDWH�XVH�

RI�D�UHFLSH��FRGH��
6HH�ZZZ�EEVUF�DF�XN��
([DPLQH�D�PRGHO�RI�'1$��
&DUU\�RXW�UROH�SOD\LQJ�H[HUFLVH�WR�GHPRQVWUDWH�EDVH�
SDLULQJV�
5HVHDUFK�WKH�+XPDQ�*HQRPH�3URMHFW�DQG�HIIRUWV�WR�
VHTXHQFH�WKH�JHQRPH�RI�RWKHU�RUJDQLVPV�

5HFDOO�WKDW�FKURPRVRPHV�LQ�WKH�QXFOHXV��
�� FDUU\�FRGHG�LQIRUPDWLRQ�LQ�WKH�IRUP�RI�JHQHV
�� DUH�PDGH�RI�D�PROHFXOH�FDOOHG�'1$��
5HFDOO�WKDW�WKH�LQIRUPDWLRQ�LQ�JHQHV�LV�LQ�WKH�IRUP�RI�
FRGHG�LQVWUXFWLRQV�FDOOHG�WKH�JHQHWLF�FRGH��
8QGHUVWDQG�WKDW�WKH�JHQHWLF�FRGH�FRQWUROV�FHOO�
DFWLYLW\�DQG�FRQVHTXHQWO\�VRPH�FKDUDFWHULVWLFV�RI�WKH�
RUJDQLVP�
5HFDOO�WKDW�'1$�FRQWUROV�WKH�SURGXFWLRQ�RI�GLIIHUHQW�
SURWHLQV��
5HFDOO�WKDW�SURWHLQV�DUH�QHHGHG�IRU�WKH�JURZWK�DQG�
UHSDLU�RI�FHOOV�

5HVHDUFK�WKH�UROHV�RI�:DWVRQ��&ULFN�DQG�RWKHUV�LQ�
LQFUHDVLQJ�RXU�XQGHUVWDQGLQJ�RI�WKH�VWUXFWXUH�RI�'1$�

5HFDOO�WKDW�WKH�VWUXFWXUH�RI�'1$�ZDV�¿UVW�ZRUNHG�RXW�
E\�WZR�VFLHQWLVWV�FDOOHG�:DWVRQ�DQG�&ULFN�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�D��0ROHFXOHV�RI�OLIH

/LQNV�WR�RWKHU�LWHPV��%�K��9DULDWLRQ�DQG�LQKHULWDQFH��%�E��3URWHLQV�DQG�PXWDWLRQV��%�G��&HOO�GLYLVLRQ��
%�J��1HZ�JHQHV�IRU�ROG��%�K��*HQH�WHFKQRORJ\

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�ZK\�OLYHU�DQG�PXVFOH�FHOOV�KDYH�ODUJH�
QXPEHUV�RI�PLWRFKRQGULD�

5HFDOO�WKDW�
�� VRPH�VWUXFWXUHV�LQ�FHOOV��VXFK�DV�ULERVRPHV��DUH�

WRR�VPDOO�WR�EH�VHHQ�ZLWK�WKH�OLJKW�PLFURVFRSH
�� ULERVRPHV�DUH�LQ�WKH�F\WRSODVP�DQG�DUH�WKH�VLWH�

RI�SURWHLQ�V\QWKHVLV�

'HVFULEH�WKH�VWUXFWXUH�RI�'1$�DV�WZR�VWUDQGV�FRLOHG�
WR�IRUP�D�GRXEOH�KHOL[��HDFK�VWUDQG�FRQWDLQLQJ�
FKHPLFDOV�FDOOHG�EDVHV��RI�ZKLFK�WKHUH�DUH�IRXU�
GLIIHUHQW�W\SHV��ZLWK�FURVV�OLQNV�EHWZHHQ�WKH�VWUDQGV�
IRUPHG�E\�SDLUV�RI�EDVHV�
'HVFULEH�FKURPRVRPHV�DV�ORQJ��FRLOHG�PROHFXOHV�RI�
'1$��GLYLGHG�XS�LQWR�UHJLRQV�FDOOHG�JHQHV�
5HFDOO�WKDW�HDFK�JHQH�
�� FRQWDLQV�D�GLIIHUHQW�VHTXHQFH�RI�EDVHV
�� FRGHV�IRU�D�SDUWLFXODU�SURWHLQ�
5HFDOO�WKDW�SURWHLQV�DUH�PDGH�LQ�WKH�F\WRSODVP�DQG�
XQGHUVWDQG�ZK\�D�FRS\�RI�WKH�JHQH�LV�QHHGHG��WKH�
JHQH�LWVHOI�FDQQRW�OHDYH�WKH�QXFOHXV�

5HFDOO�WKDW�WKH�IRXU�EDVHV�RI�'1$�DUH�$��7��&�DQG�*�
�IXOO�QDPHV�ZLOO�QRW�EH�UHTXLUHG��
'HVFULEH�WKH�FRPSOHPHQWDU\�EDVH�SDLULQJV��$�±�7�DQG�
*�±�&�
([SODLQ�KRZ�SURWHLQ�VWUXFWXUH�LV�GHWHUPLQHG�E\�WKH�
'1$�EDVH�FRGH��WR�LQFOXGH�
�� WKH�EDVH�VHTXHQFH�GHWHUPLQHV�DPLQR�DFLG�

VHTXHQFH
�� HDFK�DPLQR�DFLG�LV�FRGHG�IRU�E\�D�VHTXHQFH�RI���

EDVHV�
([SODLQ�KRZ�WKH�FRGH�QHHGHG�WR�SURGXFH�D�SURWHLQ�LV�
FDUULHG�IURP�WKH�'1$�WR�WKH�ULERVRPHV�E\�D�PROHFXOH�
FDOOHG�P51$�
([SODLQ�KRZ�'1$�FRQWUROV�FHOO�IXQFWLRQ�E\�FRQWUROOLQJ�
WKH�SURGXFWLRQ�RI�SURWHLQV��VRPH�RI�ZKLFK�DUH�
HQ]\PHV�

'HVFULEH�KRZ�:DWVRQ�DQG�&ULFN�XVHG�GDWD�IURP�RWKHU�
VFLHQWLVWV�WR�EXLOG�D�PRGHO�RI�'1$��WR�LQFOXGH�
�� ;�UD\�GDWD�VKRZLQJ�WKDW�WKHUH�ZHUH�WZR�FKDLQV�

ZRXQG�LQ�D�KHOL[
�� GDWD�LQGLFDWLQJ�WKDW�WKH�EDVHV�RFFXUUHG�LQ�SDLUV�

([SODLQ�ZK\�QHZ�GLVFRYHULHV��VXFK�DV�:DWVRQ�DQG�
&ULFN¶V��DUH�QRW�DFFHSWHG�RU�UHZDUGHG�LPPHGLDWHO\��WR�
LQFOXGH�
�� WKH�LPSRUWDQFH�RI�RWKHU�VFLHQWLVWV�UHSHDWLQJ�RU�

WHVWLQJ�WKH�ZRUN�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�E��3URWHLQV�DQG�PXWDWLRQV

6XPPDU\��7KH�JHQHWLF�PDWHULDO�LQ�WKH�IRUP�RI�'1$�FRGHV�IRU�WKH�SURGXFWLRQ�RI�SURWHLQV��7KLV�LWHP�ORRNV�DW�
WKH�VWUXFWXUH�DQG�IXQFWLRQV�RI�SURWHLQV�LQ�OLYLQJ�RUJDQLVPV��LQFOXGLQJ�WKH�UROH�RI�HQ]\PHV��,W�DOVR�LQWURGXFHV�
PXWDWLRQV�DQG�KRZ�WKH\�FDQ�DOWHU�WKH�SURWHLQV�WKDW�D�FHOO�SURGXFHV��7KH�VWXG\�RI�HQ]\PH�DFWLRQ�SURYLGHV�WKH�
RSSRUWXQLW\�WR�JDLQ�WKH�VNLOOV�RI�ZRUNLQJ�DFFXUDWHO\�DQG�VDIHO\��LQGLYLGXDOO\�DQG�ZLWK�RWKHUV��WR�FROOHFW�¿UVW�KDQG�
GDWD�DQG�WR�WHVW�D�VFLHQWL¿F�H[SODQDWLRQ�XVLQJ�VFLHQWL¿F�WKHRULHV��PRGHOV�DQG�LGHDV��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HFDOO�VRPH�H[DPSOHV�RI�SURWHLQV�WR�LQFOXGH�
�� FROODJHQ
�� LQVXOLQ
�� KDHPRJORELQ�

%XLOG�SODVWLFLQH�PRGHOV�WR�LOOXVWUDWH�WKH�µORFN�DQG�NH\¶�
PHFKDQLVP�
,QYHVWLJDWH�WKH�HIIHFWV�RI�FKDQJLQJ�WHPSHUDWXUH�RU�S+�
RQ�HQ]\PH�DFWLYLW\�

'HVFULEH�HQ]\PHV�DV�
�� SURWHLQV�
�� PROHFXOHV�WKDW�VSHHG�XS�D�FKHPLFDO�UHDFWLRQ�
�� ZRUNLQJ�EHVW�DW�D�SDUWLFXODU�WHPSHUDWXUH�
8QGHUVWDQG�WKDW�HQ]\PHV�KDYH�DFWLYH�VLWHV�WKDW�
VXEVWUDWH�PROHFXOHV�¿W�LQWR�ZKHQ�D�UHDFWLRQ�WDNHV�
SODFH��

5HFRJQLVH�WKDW�GLIIHUHQW�FHOOV�DQG�GLIIHUHQW�RUJDQLVPV�
ZLOO�SURGXFH�GLIIHUHQW�SURWHLQV�
'HVFULEH�JHQH�PXWDWLRQV�DV�FKDQJHV�WR�JHQHV�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�E��3URWHLQV�DQG�PXWDWLRQV

/LQNV�WR�RWKHU�LWHPV��%�E��+XPDQ�KHDOWK�DQG�GLHW��%�F��6WD\LQJ�KHDOWK\��%�K��9DULDWLRQ�DQG�LQKHULWDQFH��
%�D��0ROHFXOHV�RI�OLIH��%�H��'LJHVWLRQ��%�J��(Q]\PHV�LQ�DFWLRQ

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFRJQLVH�WKDW�SURWHLQV�DUH�PDGH�RI�ORQJ�FKDLQV�RI�
DPLQR�DFLGV�
'HVFULEH�VRPH�IXQFWLRQV�RI�SURWHLQV��WR�LQFOXGH�
�� VWUXFWXUDO��OLPLWHG�WR�FROODJHQ�
�� KRUPRQHV��OLPLWHG�WR�LQVXOLQ�
�� FDUULHU�PROHFXOHV��OLPLWHG�WR�KDHPRJORELQ�
�� HQ]\PHV�

([SODLQ�KRZ�HDFK�SURWHLQ�KDV�LWV�RZQ�QXPEHU�DQG�
VHTXHQFH�RI�DPLQR�DFLGV��ZKLFK�UHVXOWV�LQ�GLIIHUHQWO\�
VKDSHG�PROHFXOHV��ZKLFK�KDYH�GLIIHUHQW�IXQFWLRQV�

'HVFULEH�HQ]\PHV�DV��
�� ELRORJLFDO�FDWDO\VWV
�� FDWDO\VLQJ�FKHPLFDO�UHDFWLRQV�RFFXUULQJ�LQ�

OLYLQJ�FHOOV��UHVSLUDWLRQ��SKRWRV\QWKHVLV��SURWHLQ�
V\QWKHVLV

�� KDYLQJ�D�KLJK�VSHFL¿FLW\�IRU�WKHLU�VXEVWUDWH�
([SODLQ�WKH�VSHFL¿FLW\�RI�HQ]\PHV�LQ�WHUPV�RI�WKH�
µORFN�DQG�NH\¶�PHFKDQLVP�
'HVFULEH�KRZ�FKDQJLQJ�WHPSHUDWXUH�DQG�S+��DZD\�
IURP�WKH�RSWLPXP��ZLOO�FKDQJH�WKH�UDWH�RI�UHDFWLRQ�RI�
DQ�HQ]\PH�FDWDO\VHG�UHDFWLRQ��

([SODLQ�KRZ�HQ]\PH�DFWLYLW\�LV�DIIHFWHG�E\�S+�DQG�
WHPSHUDWXUH��WR�LQFOXGH�
�� ORZHU�FROOLVLRQ�UDWHV�DW�ORZ�WHPSHUDWXUHV
�� GHQDWXULQJ�DW�H[WUHPHV�RI�S+�DQG�KLJK�

WHPSHUDWXUHV
�� GHQDWXULQJ�DV�DQ�LUUHYHUVLEOH�FKDQJH�LQKLELWLQJ�

HQ]\PH�IXQFWLRQ
�� GHQDWXULQJ�FKDQJLQJ�WKH�VKDSH�RI�WKH�DFWLYH�VLWH�
&DOFXODWH�DQG�LQWHUSUHW�WKH�4���YDOXH�IRU�D�UHDFWLRQ�
RYHU�D����&�LQWHUYDO��JLYHQ�JUDSKLFDO�RU�QXPHULFDO�
GDWD��XVLQJ�WKH�IRUPXOD�

4���� �
UDWH�DW�KLJKHU�WHPSHUDWXUH
UDWH�DW�ORZHU�WHPSHUDWXUH

5HFDOO�WKDW�JHQH�PXWDWLRQV�PD\�OHDG�WR�WKH�
SURGXFWLRQ�RI�GLIIHUHQW�SURWHLQV�
8QGHUVWDQG�WKDW�PXWDWLRQV�RFFXU�VSRQWDQHRXVO\�EXW�
FDQ�EH�PDGH�WR�RFFXU�PRUH�RIWHQ�E\�UDGLDWLRQ�RU�
FKHPLFDOV�
8QGHUVWDQG�WKDW�PXWDWLRQV�DUH�RIWHQ�KDUPIXO�EXW�PD\�
EH�EHQH¿FLDO�RU�KDYH�QR�HIIHFW�

8QGHUVWDQG�WKDW�RQO\�VRPH�RI�WKH�IXOO�VHW�RI�JHQHV�DUH�
XVHG�LQ�DQ\�RQH�FHOO��VRPH�JHQHV�DUH�VZLWFKHG�RII�
8QGHUVWDQG�WKDW�WKH�JHQHV�VZLWFKHG�RQ�GHWHUPLQH�WKH�
IXQFWLRQV�RI�D�FHOO�
([SODLQ�KRZ�FKDQJHV�WR�JHQHV�DOWHU��RU�SUHYHQW�WKH�
SURGXFWLRQ�RI�WKH�SURWHLQ�ZKLFK�LV�QRUPDOO\�PDGH�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�F��5HVSLUDWLRQ

6XPPDU\��5HVSLUDWLRQ�LV�D�YLWDO�UHDFWLRQ�WKDW�WDNHV�SODFH�LQVLGH�FHOOV��,W�UHOHDVHV�WKH�HQHUJ\�WKDW�LV�QHHGHG�
WR�GULYH�PDQ\�RWKHU�PHWDEROLF�UHDFWLRQV��7KLV�LWHP�SURYLGHV�FDQGLGDWHV�ZLWK�WKH�RSSRUWXQLW\�WR�FROOHFW�DQG�
DQDO\VH�VFLHQWL¿F�GDWD�FRQFHUQLQJ�UHVSLUDWLRQ�UDWHV��7KH\�FDQ�DOVR�JDLQ�WKH�VNLOOV�RI�ZRUNLQJ�DFFXUDWHO\�DQG�
VDIHO\��LQGLYLGXDOO\�DQG�ZLWK�RWKHUV��WR�FROOHFW�¿UVW�KDQG�GDWD�ZKHQ�LQYHVWLJDWLQJ�SXOVH�UHFRYHU\�WLPHV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

8VH�OLPH�ZDWHU�RU�K\GURJHQ�FDUERQDWH�LQGLFDWRU�WR�
FRPSDUH�UDWHV�RI�UHVSLUDWLRQ�

5HFRJQLVH�WKDW�WKH�HQHUJ\�SURYLGHG�E\�UHVSLUDWLRQ�LV�
QHHGHG�IRU�DOO�OLIH�SURFHVVHV�LQ�SODQWV�DQG�LQ�DQLPDOV�
5HFDOO�DQG�XVH�WKH�ZRUG�HTXDWLRQ�IRU�DHURELF�
UHVSLUDWLRQ�

JOXFRVH���R[\JHQ�ĺ�FDUERQ�GLR[LGH���ZDWHU�
'HVFULEH�H[DPSOHV�RI�OLIH�SURFHVVHV�WKDW�UHTXLUH�
HQHUJ\�IURP�UHVSLUDWLRQ��WR�LQFOXGH�
�� PXVFOH�FRQWUDFWLRQ
�� SURWHLQ�V\QWKHVLV
�� FRQWURO�RI�ERG\�WHPSHUDWXUH�LQ�PDPPDOV�

&DUU\�RXW�D�¿VW�FOHQFKLQJ�H[HUFLVH�ZLWK�DUP�UDLVHG�
DQG�WKHQ�ORZHUHG�WR�GHPRQVWUDWH�PXVFOH�IDWLJXH�
&DUU\�RXW�D�ZHLJKW�OLIWLQJ�H[HUFLVH�E\�D�¿QJHU�WR�VKRZ�
PXVFOH�IDWLJXH�
&DUU\�RXW�H[SHULPHQWV�RQ�SXOVH�UHFRYHU\�WLPHV�DQG�
FRPSDUH�GDWD�XVLQJ�,&7�VNLOOV�

([SODLQ�ZK\�EUHDWKLQJ�DQG�SXOVH�UDWHV�LQFUHDVH�
GXULQJ�H[HUFLVH�
'HVFULEH�DQ�H[SHULPHQW�WR�PHDVXUH�UHVWLQJ�SXOVH�UDWH�
DQG�UHFRYHU\�WLPH�DIWHU�H[HUFLVH�
$QDO\VH�JLYHQ�GDWD�IURP�D�SXOVH�UDWH�H[SHULPHQW�
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,WHP�%�F��5HVSLUDWLRQ

/LQNV�WR�RWKHU�LWHPV��%�D��)LWQHVV�DQG�KHDOWK��%�F��5HF\FOLQJ��%�E��3KRWRV\QWKHVLV��%�G��5HVSLUDWRU\�
V\VWHPV��%�F��8VHIXO�PLFURRUJDQLVPV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�DQG�XVH�WKH�V\PERO�HTXDWLRQ�IRU�DHURELF�
UHVSLUDWLRQ�

&�+��2�����2��ĺ��&2�����+�2�
8VH�GDWD�IURP�H[SHULPHQWV�WR�FRPSDUH�UHVSLUDWLRQ�
UDWHV��WR�LQFOXGH�
�� LQFUHDVHG�R[\JHQ�FRQVXPSWLRQ
�� LQFUHDVHG�FDUERQ�GLR[LGH�SURGXFWLRQ��
&DOFXODWH�WKH�UHVSLUDWRU\�TXRWLHQW��54��XVLQJ�WKH�
IRUPXOD��GDWD�SURYLGHG��

54� �
FDUERQ�GLR[LGH�SURGXFHG

R[\JHQ�XVHG

5HFDOO�WKDW�UHVSLUDWLRQ�UHVXOWV�LQ�WKH�SURGXFWLRQ�RI�$73�
DQG�WKDW�$73�LV�XVHG�DV�WKH�HQHUJ\�VRXUFH�IRU�PDQ\�
SURFHVVHV�LQ�FHOOV�
([SODLQ�KRZ�WKH�UDWH�RI�R[\JHQ�FRQVXPSWLRQ�FDQ�
EH�XVHG�DV�DQ�HVWLPDWH�RI�PHWDEROLF�UDWH�EHFDXVH�
DHURELF�UHVSLUDWLRQ�UHTXLUHV�R[\JHQ��
([SODLQ�ZK\�WKH�UDWH�RI�UHVSLUDWLRQ�LV�LQÀXHQFHG�E\�
FKDQJHV�LQ�WHPSHUDWXUH�DQG�S+�

([SODLQ�ZK\�DQDHURELF�UHVSLUDWLRQ�WDNHV�SODFH�GXULQJ�
KDUG�H[HUFLVH�LQ�DGGLWLRQ�WR�DHURELF�UHVSLUDWLRQ�
5HFDOO�WKDW�WKLV�SURGXFHV�ODFWLF�DFLG�ZKLFK�
DFFXPXODWHV�LQ�PXVFOHV�FDXVLQJ�SDLQ�DQG�IDWLJXH�
5HFDOO�DQG�XVH�WKH�ZRUG�HTXDWLRQ�IRU�DQDHURELF�
UHVSLUDWLRQ�ZKLFK�UHOHDVHV�HQHUJ\�

JOXFRVH�ĺ�ODFWLF�DFLG
8QGHUVWDQG�WKDW�DQDHURELF�UHVSLUDWLRQ�UHOHDVHV�
PXFK�OHVV�HQHUJ\�SHU�JOXFRVH�PROHFXOH�WKDQ�DHURELF�
UHVSLUDWLRQ�

([SODLQ�IDWLJXH�LQ�WHUPV�RI�ODFWLF�DFLG�EXLOG�XS��R[\JHQ�
GHEW��DQG�KRZ�WKLV�LV�UHPRYHG�GXULQJ�UHFRYHU\��WR�
LQFOXGH�
�� KDUG�H[HUFLVH�FDXVLQJ�ODFN�RI�R[\JHQ�LQ�FHOOV
�� WKH�LQFRPSOHWH�EUHDNGRZQ�RI�JOXFRVH
�� FRQWLQXHG�SDQWLQJ�UHSODFLQJ�R[\JHQ�DOORZLQJ��

DHURELF�UHVSLUDWLRQ
�� LQFUHDVHG�KHDUW�UDWH�HQVXULQJ�WKDW�EORRG��

FDUULHV�ODFWLF�DFLG�DZD\�WR�WKH�OLYHU�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�G��&HOO�GLYLVLRQ

6XPPDU\��$V�OLYLQJ�WKLQJV�JURZ��WKH�QXPEHU�RI�FHOOV�LQ�WKHP�LQFUHDVHV��7KLV�EULQJV�VLJQL¿FDQW�DGYDQWDJHV��
DQG�UHTXLUHV�WKH�GHYHORSPHQW�RI�FRPSOH[�RUJDQ�V\VWHPV��7KLV�LWHP�ORRNV�DW�WKH�WZR�ZD\V�FHOOV�GLYLGH��PLWRVLV�
DQG�PHLRVLV��DQG�WKH�GLIIHUHQFHV�EHWZHHQ�WKHVH�W\SHV�RI�FHOO�GLYLVLRQ��6RIWZDUH�VLPXODWLRQV�DQG�YLGHR�FOLSV�
ZKLFK�VKRZ�FHOO�GLYLVLRQ�DUH�XVHV�RI�,&7�LQ�WHDFKLQJ�DQG�OHDUQLQJ��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

'HVFULEH�WKH�GLIIHUHQFH�EHWZHHQ�VLPSOH�RUJDQLVPV�
ZKLFK�DUH�XQLFHOOXODU�DQG�PRUH�FRPSOH[�RUJDQLVPV�
ZKLFK�DUH�PXOWLFHOOXODU�

:DWFK�D�YLGHR��H[DPLQH�SKRWRJUDSKV�DQG�XVH�
VRIWZDUH�VLPXODWLRQV�RI�FHOO�GLYLVLRQ�
8VH�PRGHOV�WR�LOOXVWUDWH�FHOO�GLYLVLRQ��XVLQJ�ZRRO�RU�
SODVWLFLQH�
([DPLQH�SUHSDUHG�PLFURVFRSH�VOLGHV�WR�VKRZ�FHOO�
GLYLVLRQ�
3UHSDUH�D�VWDLQHG�PLFURVFRSH�VOLGH�RI�D�URRW�WLS�
VTXDVK�WR�VKRZ�PLWRVLV��H�J��JDUOLF�RU�K\DFLQWK��
8VH�EDFWHULDO�RU�\HDVW�JURZLQJ�NLWV�

5HFDOO�WKDW�PRVW�ERG\�FHOOV�FRQWDLQ�FKURPRVRPHV�LQ�
PDWFKLQJ�SDLUV�
([SODLQ�ZK\�WKH�FKURPRVRPHV�KDYH�WR�EH�FRSLHG�WR�
SURGXFH�QHZ�FHOOV�IRU�JURZWK�
5HFDOO�WKDW�WKLV�W\SH�RI�FHOO�GLYLVLRQ�LV�DOVR�QHHGHG�IRU�
�� UHSODFHPHQW�RI�ZRUQ�RXW�FHOOV
�� UHSDLU�WR�GDPDJHG�WLVVXH
�� DVH[XDO�UHSURGXFWLRQ�

([DPLQH�EXOO¶V�VSHUP�XVLQJ�D�PLFURVFRSH�
([DPLQH�D�KHQ¶V�HJJ�WR�VKRZ�WKH�ODUJH�DPRXQW�RI�
VWRUHG�IRRG�
([DPLQH�SROOHQ�XVLQJ�D�PLFURVFRSH�

5HFDOO�WKDW�LQ�VH[XDO�UHSURGXFWLRQ�JDPHWHV�MRLQ�LQ�
IHUWLOLVDWLRQ�
5HFDOO�WKDW�JDPHWHV�KDYH�KDOI�WKH�QXPEHU�RI�
FKURPRVRPHV�RI�ERG\�FHOOV�
8QGHUVWDQG�WKDW�LQ�VH[XDO�UHSURGXFWLRQ�WR�SURGXFH�
D�XQLTXH�LQGLYLGXDO�KDOI�WKH�JHQHV�FRPH�IURP�HDFK�
SDUHQW�
([SODLQ�ZK\�VSHUP�FHOOV�DUH�SURGXFHG�LQ�ODUJH�
QXPEHUV��WR�LQFUHDVH�WKH�FKDQFH�RI�IHUWLOLVDWLRQ�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�G��&HOO�GLYLVLRQ

/LQNV�WR�RWKHU�LWHPV��%�K��9DULDWLRQ�DQG�LQKHULWDQFH��%�I��*URZWK�DQG�GHYHORSPHQW��%�G��'LIIXVLRQ�DQG�
RVPRVLV��%�D��8QGHUVWDQGLQJ�PLFUREHV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�WKH�DGYDQWDJHV�RI�EHLQJ�PXOWLFHOOXODU�
�� DOORZV�RUJDQLVP�WR�EH�ODUJHU
�� DOORZV�IRU�FHOO�GLIIHUHQWLDWLRQ
�� DOORZV�RUJDQLVP�WR�EH�PRUH�FRPSOH[�

([SODLQ�ZK\�EHFRPLQJ�PXOWLFHOOXODU�UHTXLUHV�WKH�
GHYHORSPHQW�RI�VSHFLDOLVHG�RUJDQ�V\VWHPV��OLPLWHG�WR�
�� FRPPXQLFDWLRQ�EHWZHHQ�FHOOV
�� VXSSO\LQJ�WKH�FHOOV�ZLWK�QXWULHQWV
�� FRQWUROOLQJ�H[FKDQJHV�ZLWK�WKH�HQYLURQPHQW�

5HFDOO�WKDW�QHZ�FHOOV�IRU�JURZWK�DUH�SURGXFHG�E\�
PLWRVLV�
([SODLQ�ZK\�WKHVH�QHZ�FHOOV�DUH�JHQHWLFDOO\�LGHQWLFDO�
5HFDOO�WKDW�LQ�PDPPDOV��ERG\�FHOOV�DUH�GLSORLG��WZR�
FRSLHV�RI�HDFK�FKURPRVRPH��
([SODLQ�ZK\�'1$�UHSOLFDWLRQ�PXVW�WDNH�SODFH�EHIRUH�
FHOOV�GLYLGH�

'HVFULEH�KRZ��SULRU�WR�PLWRVLV��'1$�UHSOLFDWLRQ�
RFFXUV��WR�LQFOXGH�
�� µXQ]LSSLQJ¶�WR�IRUP�VLQJOH�VWUDQGV
�� QHZ�GRXEOH�VWUDQGV�IRUPLQJ�E\�FRPSOHPHQWDU\�

EDVH�SDLULQJ�
'HVFULEH�KRZ�LQ�PLWRVLV�WKH�FKURPRVRPHV�
�� OLQH�XS�DORQJ�WKH�FHQWUH�RI�WKH�FHOO
�� WKH\�WKHQ�GLYLGH
�� WKH�FRSLHV�PRYH�WR�RSSRVLWH�SROHV�RI�WKH�FHOO�

5HFDOO�WKDW�JDPHWHV�DUH�SURGXFHG�E\�PHLRVLV�
'HVFULEH�JDPHWHV�DV�KDSORLG��FRQWDLQ�RQH�
FKURPRVRPH�IURP�HDFK�SDLU��
([SODLQ�ZK\�IHUWLOLVDWLRQ�UHVXOWV�LQ�JHQHWLF�YDULDWLRQ��
OLPLWHG�WR�
�� JDPHWHV�FRPELQH�WR�IRUP�D�GLSORLG�]\JRWH
�� JHQHV�RQ�WKH�FKURPRVRPHV�FRPELQH�WR�FRQWURO�

WKH�FKDUDFWHULVWLFV�RI�WKH�]\JRWH��
([SODLQ�KRZ�WKH�VWUXFWXUH�RI�D�VSHUP�FHOO�LV�DGDSWHG�
WR�LWV�IXQFWLRQ��WR�LQFOXGH�
�� PDQ\�PLWRFKRQGULD�WR�SURYLGH�HQHUJ\
�� DQ�DFURVRPH�WKDW�UHOHDVHV�HQ]\PHV�WR�GLJHVW�WKH�

HJJ�PHPEUDQH�

([SODLQ�ZK\��LQ�PHLRVLV��WKH�FKURPRVRPH�QXPEHU�
LV�KDOYHG�DQG�HDFK�FHOO�LV�JHQHWLFDOO\�GLIIHUHQW��WR�
LQFOXGH�
�� RQH�FKURPRVRPH�IURP�HDFK�SDLU�VHSDUDWH�WR�

RSSRVLWH�SROHV�RI�WKH�FHOO�LQ�WKH�¿UVW�GLYLVLRQ
�� FKURPRVRPHV�GLYLGH�DQG�WKH�FRSLHV�PRYH�WR�

RSSRVLWH�SROHV�RI�WKH�FHOO�LQ�WKH�VHFRQG�GLYLVLRQ�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�H��7KH�FLUFXODWRU\�V\VWHP

6XPPDU\��7KH�GHYHORSPHQW�RI�ODUJHU��PXOWLFHOOXODU�RUJDQLVPV�KDV�UHVXOWHG�LQ�WKH�GHYHORSPHQW�RI�FRPSOH[�
RUJDQ�V\VWHPV��7KLV�LWHP�GHVFULEHV�RQH�RI�WKHVH�V\VWHPV��WKH�FLUFXODWRU\�V\VWHP��,W�H[SODLQV�ZK\�EORRG�LV�
YLWDO�IRU�OLIH�DV�LW�WUDQVSRUWV�PDWHULDOV�DURXQG�WKH�ERG\�WR�DQG�IURP�GLIIHUHQW�FHOOV��5HVHDUFK�DQG�SUHVHQWDWLRQ�
RI�D�UHSRUW�RQ�GLVRUGHUV�RI�WKH�EORRG�DOORZV�WKH�RSSRUWXQLW\�WR�XVH�,&7�LQ�WHDFKLQJ�DQG�OHDUQLQJ�WR�SUHVHQW�
LQIRUPDWLRQ�XVLQJ�VFLHQWL¿F�ODQJXDJH�DQG�FRQYHQWLRQV��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HVHDUFK�DQG�SUHVHQW�D�UHSRUW�RQ�GLVRUGHUV�RI�WKH�
EORRG�H�J��KDHPRSKLOLD��VLFNOH�FHOO�DQDHPLD�DQG�
OHXNDHPLD�

'HVFULEH�WKH�IXQFWLRQV�RI�FRPSRQHQWV�RI�WKH�EORRG�
�� UHG�EORRG�FHOOV
�� ZKLWH�EORRG�FHOOV
�� SODWHOHWV�

5HVHDUFK�ZKDW�WR�GR�LI�VRPHRQH�KDV�D�FXW�DQG�LV�
EOHHGLQJ�EDGO\�

5HFDOO�WKDW�WKH�EORRG�PRYHV�DURXQG�WKH�ERG\�LQ�
�� DUWHULHV
�� YHLQV
�� FDSLOODULHV�

([DPLQH�DQ�DQLPDO�KHDUW��RU�PRGHO�� 'HVFULEH�WKH�IXQFWLRQV�RI�WKH�KHDUW�LQ�WKH�SXPSLQJ�RI�
EORRG��WR�LQFOXGH�
�� WKH�ULJKW�VLGH�RI�WKH�KHDUW�SXPSLQJ�EORRG�WR�WKH�

OXQJV
�� WKH�OHIW�VLGH�RI�WKH�KHDUW�SXPSLQJ�EORRG�WR�WKH�UHVW�

RI�WKH�ERG\�
5HFDOO�WKDW�EORRG�LQ�DUWHULHV�LV�XQGHU�KLJKHU�SUHVVXUH�
WKDQ�EORRG�LQ�WKH�YHLQV�
([SODLQ��LQ�WHUPV�RI�SUHVVXUH�GLIIHUHQFH��ZK\�EORRG�
ÀRZV�IURP�RQH�DUHD�WR�DQRWKHU�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�H��7KH�FLUFXODWRU\�V\VWHP

/LQNV�WR�RWKHU�LWHPV��%�D��)LWQHVV�DQG�KHDOWK��%�G��'LIIXVLRQ�DQG�RVPRVLV��%�E��&LUFXODWRU\�V\VWHP�DQG�WKH�
FDUGLDF�F\FOH��%�F��5XQQLQJ�UHSDLUV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�KRZ�WKH�VWUXFWXUH�RI�D�UHG�EORRG�FHOO�LV�
DGDSWHG�WR�LWV�IXQFWLRQ��VL]H��VKDSH��FRQWDLQV�
KDHPRJORELQ��ODFN�RI�QXFOHXV�
'HVFULEH�WKH�IXQFWLRQ�RI�SODVPD�

([SODLQ�KRZ�WKH�VWUXFWXUH�RI�D�UHG�EORRG�FHOO�LV�
DGDSWHG�WR�LWV�IXQFWLRQ�LQ�WHUPV�RI�WKH�VPDOO�VL]H�
SURYLGLQJ�D�ODUJH�VXUIDFH�DUHD�WR�YROXPH�UDWLR�
'HVFULEH�KRZ�KDHPRJORELQ�LQ�UHG�EORRG�FHOOV�UHDFWV�
ZLWK�R[\JHQ�LQ�WKH�OXQJV�WR�IRUP�R[\KDHPRJORELQ�
DQG�KRZ�WKH�UHYHUVH�RI�WKLV�UHDFWLRQ�KDSSHQV�LQ�WKH�
WLVVXHV�

'HVFULEH�KRZ�WKH�SDUWV�RI�WKH�FLUFXODWRU\�V\VWHP�ZRUN�
WRJHWKHU�WR�EULQJ�DERXW�WKH�WUDQVSRUW�RI�VXEVWDQFHV�
DURXQG�WKH�ERG\��WR�LQFOXGH�
�� DUWHULHV�WUDQVSRUWLQJ�EORRG�DZD\�IURP�WKH�KHDUW
�� YHLQV�WUDQVSRUWLQJ�EORRG�WR�WKH�KHDUW
�� FDSLOODULHV�H[FKDQJLQJ�PDWHULDOV�ZLWK�WLVVXHV�

([SODLQ�KRZ�WKH�DGDSWDWLRQV�RI�DUWHULHV��YHLQV�DQG�
FDSLOODULHV�UHODWH�WR�WKHLU�IXQFWLRQV��WR�LQFOXGH�
�� WKLFN�PXVFXODU�DQG�HODVWLF�ZDOO�LQ�DUWHULHV
�� ODUJH�OXPHQ�DQG�SUHVHQFH�RI�YDOYHV�LQ�YHLQV
�� SHUPHDELOLW\�RI�FDSLOODULHV�

,GHQWLI\�WKH�QDPHV�DQG�SRVLWLRQV�RI�WKH�SDUWV�RI�WKH�
KHDUW�DQG�GHVFULEH�WKHLU�IXQFWLRQV��WR�LQFOXGH�
�� OHIW�DQG�ULJKW�YHQWULFOHV�WR�SXPS�EORRG
�� OHIW�DQG�ULJKW�DWULD�WR�UHFHLYH�EORRG
�� VHPLOXQDU��WULFXVSLG�DQG�ELFXVSLG�YDOYHV�WR�

SUHYHQW�EDFNÀRZ
�� IRXU�PDLQ�EORRG�YHVVHOV�RI�WKH�KHDUW�
([SODLQ�ZK\�WKH�OHIW�YHQWULFOH�KDV�D�WKLFNHU�PXVFOH�
ZDOO�WKDQ�WKH�ULJKW�YHQWULFOH�

([SODLQ�WKH�DGYDQWDJH�RI�WKH�GRXEOH�FLUFXODWRU\�
V\VWHP�LQ�PDPPDOV��WR�LQFOXGH�
�� KLJKHU�SUHVVXUHV
�� WKHUHIRUH�JUHDWHU�UDWH�RI�ÀRZ�WR�WKH�WLVVXHV�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�I��*URZWK�DQG�GHYHORSPHQW

6XPPDU\��7KH�JURZWK�RI�RUJDQLVPV�FDQ�EH�PHDVXUHG�LQ�GLIIHUHQW�ZD\V��:KLOVW�WKHUH�DUH�VLPLODULWLHV�LQ�WKH�
SDWWHUQV�RI�JURZWK�DQG�GHYHORSPHQW�LQ�DOO�RUJDQLVPV�WKHUH�DUH�VRPH�PDMRU�YDULDWLRQV�EHWZHHQ�SODQWV�DQG�
DQLPDOV��7KLV�LWHP�H[SORUHV�VRPH�RI�WKHVH�GLIIHUHQFHV��5HVHDUFK�LQWR�KXPDQ�VWHP�FHOOV�DQG�FDQFHU�SURYLGHV�
RSSRUWXQLWLHV�WR�GLVFXVV�KRZ�DQG�ZK\�GHFLVLRQV�DERXW�VFLHQFH�DUH�PDGH�DQG�WKH�UHODWHG�HWKLFDO�LVVXHV��7KHVH�
GLVFXVVLRQV�FDQ�DOVR�SURYLGH�WKH�RSSRUWXQLW\�WR�VKRZ�WKDW�WKHUH�DUH�VRPH�TXHVWLRQV�WKDW�VFLHQFH�FDQQRW�
FXUUHQWO\�DQVZHU�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

0DNH�DQ�RQLRQ�FHOO�VOLGH�DQG�H[DPLQH�LW�XVLQJ�D�
PLFURVFRSH�

'HVFULEH�WKH�IXQFWLRQV�RI�SDUWV�RI�D�SODQW�FHOO�WR�
LQFOXGH��
�� YDFXROH��FRQWDLQLQJ�FHOO�VDS�DQG�SURYLGLQJ�VXSSRUW
�� WKH�FHOO�ZDOO��PDGH�RI�FHOOXORVH�WR�SURYLGH�VXSSRUW�
'HVFULEH�KRZ�WR�PDNH�D�VWDLQHG�VOLGH�RI�DQ�RQLRQ�
FHOO�
8QGHUVWDQG�WKDW�EDFWHULDO�FHOOV�DUH�VPDOOHU�DQG�
VLPSOHU�WKDQ�SODQW�DQG�DQLPDO�FHOOV�

*URZ�VHHGOLQJV�IURP�VHHGV�DQG�PHDVXUH�WKHLU�JURZWK�
UDWH�XVLQJ�GLIIHUHQW�PHDVXUHPHQWV�
3ORW�GDWD�RQ�ZHLJKW�JDLQ�RI�D�EDE\�XVLQJ�D�FDVH�VWXG\�
RU�FROOHFWHG�GDWD��6HH�3HUVRQDO�&KLOG�+HDOWK�5HFRUG�
IURP�/RFDO�+HDOWK�$XWKRULW\�

5HFDOO�WKDW�JURZWK�FDQ�EH�PHDVXUHG�DV�DQ�LQFUHDVH�
LQ�KHLJKW��ZHW�PDVV�RU�GU\�PDVV�
,QWHUSUHW�GDWD�RQ�D�W\SLFDO�JURZWK�FXUYH�IRU�DQ�
LQGLYLGXDO�

5HVHDUFK�KXPDQ�VWHP�FHOOV�
5HVHDUFK�FDQFHU��XQFRQWUROOHG�JURZWK�RI�FHOOV��

'HVFULEH�WKH�SURFHVV�RI�JURZWK�DV�FHOO�GLYLVLRQ�
IROORZHG�E\�FHOOV�EHFRPLQJ�VSHFLDOLVHG�
5HFDOO�WKDW�WKH�SURFHVV�RI�FHOOV�EHFRPLQJ�VSHFLDOLVHG�
LV�FDOOHG�GLIIHUHQWLDWLRQ�

8QGHUVWDQG�WKDW�DQLPDOV�JURZ�LQ�WKH�HDUO\�VWDJHV�RI�
WKHLU�OLYHV�ZKHUHDV�SODQWV�JURZ�FRQWLQXDOO\�
8QGHUVWDQG�WKDW�DOO�SDUWV�RI�DQ�DQLPDO�DUH�LQYROYHG�LQ�
JURZWK�ZKHUHDV�SODQWV�JURZ�DW�VSHFL¿F�SDUWV�RI�WKH�
SODQW�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�I��*URZWK�DQG�GHYHORSPHQW

/LQNV�WR�RWKHU�LWHPV��%�G��&HOO�GLYLVLRQ��%�K��*URZWK�DQG�UHSDLU��%�D��8QGHUVWDQGLQJ�PLFUREHV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

,GHQWLI\�VLPSOH�GLIIHUHQFHV�EHWZHHQ�EDFWHULDO�FHOOV�
DQG�SODQW�DQG�DQLPDO�FHOOV�
5HFDOO�WKDW�EDFWHULDO�FHOOV�ODFN�
�� D�µWUXH¶�QXFOHXV�
�� PLWRFKRQGULD�
�� FKORURSODVWV��

'HVFULEH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DUUDQJHPHQW�
RI�'1$�LQ�D�EDFWHULDO�FHOO�DQG�D�SODQW�DQLPDO�FHOO��WR�
LQFOXGH�
�� SUHVHQFH�DEVHQFH�RI�D�QXFOHXV
�� VLQJOH�FLUFXODU�VWUDQG�FKURPRVRPHV�

5HFDOO�WKDW�GU\�PDVV�LV�WKH�EHVW�PHDVXUH�RI�JURZWK�
,QWHUSUHW�GDWD�RQ�LQFUHDVH�LQ�PDVV��LQFOXGLQJ�ZHW�DQG�
GU\�PDVV��
'HVFULEH�WKH�PDLQ�SKDVHV�RI�D�W\SLFDO�JURZWK�FXUYH�
5HFDOO�WKDW�LQ�KXPDQ�JURZWK�WKHUH�DUH�WZR�SKDVHV�
RI�UDSLG�JURZWK��RQH�MXVW�DIWHU�ELUWK�DQG�WKH�RWKHU�LQ�
DGROHVFHQFH�

([SODLQ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�
PHDVXULQJ�JURZWK�E\�
�� OHQJWK
�� ZHW�PDVV
�� GU\�PDVV�
([SODLQ�ZK\�WKH�JURZWK�RI�SDUWV�RI�DQ�RUJDQLVP�PD\�
GLIIHU�IURP�WKH�JURZWK�UDWH�RI�WKH�ZKROH�RUJDQLVP�

5HFDOO�WKDW�XQGLIIHUHQWLDWHG�FHOOV�FDOOHG�VWHP�FHOOV�FDQ�
GHYHORS�LQWR�GLIIHUHQW�FHOOV��WLVVXHV�DQG�RUJDQV�
5HFDOO�WKDW�VWHP�FHOOV�FDQ�EH�REWDLQHG�IURP�
HPEU\RQLF�WLVVXH�DQG�FRXOG�SRWHQWLDOO\�EH�XVHG�WR�
WUHDW�PHGLFDO�FRQGLWLRQV�
'LVFXVV�LVVXHV�DULVLQJ�IURP�VWHP�FHOO�UHVHDUFK�LQ�
DQLPDOV�

([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�DGXOW�DQG�HPEU\RQLF�
VWHP�FHOOV�

([SODLQ�ZK\�SODQW�JURZWK�GLIIHUV�IURP�DQLPDO�JURZWK��
WR�LQFOXGH�
�� DQLPDOV�WHQG�WR�JURZ�WR�D�¿QLWH�VL]H�EXW�PDQ\�

SODQWV�FDQ�JURZ�FRQWLQXRXVO\
�� SODQW�FHOO�GLYLVLRQ�LV�PDLQO\�UHVWULFWHG�WR�DUHDV�

FDOOHG�PHULVWHPV�
�� FHOO�HQODUJHPHQW�LV�WKH�PDLQ�PHWKRG�E\�ZKLFK�

SODQWV�JDLQ�KHLJKW
�� PDQ\�SODQW�FHOOV�UHWDLQ�WKH�DELOLW\�WR�GLIIHUHQWLDWH�

EXW�PRVW�DQLPDO�FHOOV�ORVH�LW�DW�DQ�HDUO\�VWDJH�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�J��1HZ�JHQHV�IRU�ROG

6XPPDU\��*HQHWLF�HQJLQHHULQJ�DQG�JHQHWLF�PRGL¿FDWLRQ�DUH�UHODWLYHO\�UHFHQW�WHUPV�EXW�KXPDQV�KDYH�EHHQ�
JHQHWLFDOO\�PRGLI\LQJ�DQLPDOV�DQG�SODQWV�XVLQJ�VHOHFWLYH�EUHHGLQJ�IRU�WKRXVDQGV�RI�\HDUV��'HEDWLQJ�WKH�
DUJXPHQWV�IRU�DQG�DJDLQVW�*0�DQG�JHQH�WKHUDS\�SURYLGHV�RSSRUWXQLWLHV�WR�GLVFXVV�KRZ�DQG�ZK\�GHFLVLRQV�
DERXW�VFLHQFH�DUH�PDGH��7KHVH�GLVFXVVLRQV�GHPRQVWUDWH�WKH�OLPLWDWLRQV�RI�VFLHQFH�WR�SURYLGLQJ�IDFWXDO�
LQIRUPDWLRQ�DQG�QHZ�WHFKQLTXHV��7KH�GHFLVLRQV�DV�WR�ZKHWKHU�WR�XVH�WKHVH�WHFKQLTXHV�QHHG�WR�EH�WDNHQ�E\�
UHSUHVHQWDWLYHV�RI�WKH�ZKROH�SRSXODWLRQ�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HVHDUFK�H[DPSOHV�RI�GLIIHUHQW�DQLPDO�DQG�SODQW�
EUHHGV�WKDW�KDYH�EHHQ�SURGXFHG�E\�VHOHFWLYH�
EUHHGLQJ�

'HVFULEH�WKH�SURFHVV�RI�VHOHFWLYH�EUHHGLQJ�DV�
LQYROYLQJ�WKH�
�� VHOHFWLRQ�RI�GHVLUHG�FKDUDFWHULVWLFV
�� FURVV�EUHHGLQJ
�� VHOHFWLRQ�RI�VXLWDEOH�RIIVSULQJ�RYHU�PDQ\�

JHQHUDWLRQV�
([SODLQ�KRZ�VHOHFWLYH�EUHHGLQJ�FDQ�FRQWULEXWH�WR�
LPSURYHG�DJULFXOWXUDO�\LHOGV�

6XUYH\�IRRGV�WKDW�FRQWDLQ�*0�LQJUHGLHQWV�
5HVHDUFK�DQG�SUHVHQW�HYLGHQFH�IRU�WKH�EHQH¿WV�DQG�
ULVNV�RI�*0�IRRG�
5HVHDUFK�WKH�GLIIHUHQFHV�EHWZHHQ�JHQH�WKHUDS\�
DQG�JHUP�OLQH�WUHDWPHQW�DV�SRVVLEOH�WUHDWPHQWV�IRU�
JHQHWLF�GLVRUGHUV�

5HFDOO�WKDW��
�� VHOHFWHG�JHQHV�FDQ�EH�DUWL¿FLDOO\�WUDQVIHUUHG�IURP�

RQH�OLYLQJ�RUJDQLVP�WR�DQRWKHU�
�� WKLV�WUDQVIHU�RI�JHQHV�LV�FDOOHG�JHQHWLF�

HQJLQHHULQJ�RU�JHQHWLF�PRGL¿FDWLRQ
�� WKH�WUDQVIHU�RI�JHQHV�FDQ�SURGXFH�RUJDQLVPV�ZLWK�

GLIIHUHQW�FKDUDFWHULVWLFV��
,GHQWLI\�IHDWXUHV�RI�SODQWV�DQG�DQLPDOV�WKDW�PLJKW�EH�
VHOHFWHG�IRU�LQ�D�JHQHWLF�HQJLQHHULQJ�SURJUDPPH�

5HFRJQLVH�WKDW�LQ�WKH�IXWXUH�LW�PD\�EH�SRVVLEOH�WR�XVH�
JHQHWLF�HQJLQHHULQJ�WR�FKDQJH�D�SHUVRQ¶V�JHQHV�DQG�
FXUH�FHUWDLQ�GLVRUGHUV�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�J��1HZ�JHQHV�IRU�ROG

/LQNV�WR�RWKHU�LWHPV��%�D��0ROHFXOHV�RI�OLIH��%�K��&ORQLQJ��%�K��*HQH�WHFKQRORJ\

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFRJQLVH�WKDW�D�VHOHFWLYH�EUHHGLQJ�SURJUDPPH�PD\�
OHDG�WR�LQEUHHGLQJ��ZKLFK�FDQ�FDXVH�KHDOWK�SUREOHPV�
ZLWKLQ�WKH�VSHFLHV�

([SODLQ�KRZ�D�VHOHFWLYH�EUHHGLQJ�SURJUDPPH�
PD\�UHGXFH�WKH�JHQH�SRRO�OHDGLQJ�WR�SUREOHPV�RI�
LQEUHHGLQJ��WR�LQFOXGH�
�� DFFXPXODWLRQ�RI�KDUPIXO�UHFHVVLYH�FKDUDFWHULVWLFV
�� UHGXFWLRQ�LQ�YDULDWLRQ�

([SODLQ�VRPH�SRWHQWLDO�DGYDQWDJHV�DQG�ULVNV�RI�
JHQHWLF�HQJLQHHULQJ�
�� DGYDQWDJH�±�RUJDQLVPV�ZLWK�GHVLUHG�IHDWXUHV�DUH�

SURGXFHG�UDSLGO\
�� ULVNV�±�LQVHUWHG�JHQHV�PD\�KDYH�XQH[SHFWHG�

KDUPIXO�HIIHFWV�
'HVFULEH��LQ�RXWOLQH�RQO\��VRPH�H[DPSOHV�RI�JHQHWLF�
HQJLQHHULQJ�
�� WDNLQJ�WKH�JHQHV�WKDW�FRQWURO�EHWD�FDURWHQH�

SURGXFWLRQ�DQG�SXWWLQJ�WKHP�LQWR�ULFH��+XPDQV�
FDQ�WKHQ�FRQYHUW�WKH�EHWD�FDURWHQH�IURP�ULFH�LQWR�
9LWDPLQ�$��VROYLQJ�WKH�SUREOHP�RI�SDUWV�RI�WKH�
ZRUOG�UHO\LQJ�RQ�ULFH�EXW�ODFNLQJ�YLWDPLQ�$�

�� WKH�SURGXFWLRQ�RI�KXPDQ�LQVXOLQ�E\�JHQHWLFDOO\�
HQJLQHHUHG�EDFWHULD

�� WUDQVIHUULQJ�UHVLVWDQFH�WR�KHUELFLGHV��IURVW�
GDPDJH�RU�GLVHDVH�WR�FURS�SODQWV�

'LVFXVV�WKH�HWKLFDO�LVVXHV�LQYROYHG�LQ�JHQHWLF�
PRGL¿FDWLRQ�

8QGHUVWDQG�WKH�SULQFLSOHV�RI�JHQHWLF�HQJLQHHULQJ��WR�
LQFOXGH�
�� VHOHFWLRQ�RI�GHVLUHG�FKDUDFWHULVWLFV
�� LVRODWLRQ�RI�JHQHV�UHVSRQVLEOH
�� LQVHUWLRQ�RI�WKH�JHQHV�LQWR�RWKHU�RUJDQLVPV
�� UHSOLFDWLRQ�RI�WKHVH�RUJDQLVPV�

5HFDOO�WKDW�FKDQJLQJ�D�SHUVRQ¶V�JHQHV�LQ�DQ�DWWHPSW�
WR�FXUH�GLVRUGHUV�LV�FDOOHG�JHQH�WKHUDS\�

5HFDOO�WKDW�JHQH�WKHUDS\�FRXOG�LQYROYH�ERG\�FHOOV�RU�
JDPHWHV�
([SODLQ�ZK\�JHQH�WKHUDS\�LQYROYLQJ�JDPHWHV�LV�
FRQWURYHUVLDO�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�K��&ORQLQJ

6XPPDU\��+XPDQ�LQGLYLGXDOV�DUH�XQLTXH��\HW�PRGHUQ�VFLHQFH�KDV�WKH�DELOLW\�WR�FUHDWH�JHQHWLFDOO\�LGHQWLFDO�
FRSLHV�RI�FRPSOH[�RUJDQLVPV��7KLV�LWHP�FRQVLGHUV�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�XVLQJ�WKLV�VFLHQWL¿F�
NQRZOHGJH��)LQGLQJ�RXW�DERXW�WKH�WHFKQLTXHV�XVHG�WR�SURGXFH�'ROO\��WKH�¿UVW�FORQHG�DQLPDO�SURYLGHV�WKH�
RSSRUWXQLW\�WR�LOOXVWUDWH�WKH�XVH�RI�,&7�LQ�VFLHQFH��HWKLFDO�LVVXHV�DERXW�FRQWHPSRUDU\�VFLHQWL¿F�GHYHORSPHQWV�
DQG�WKH�UROH�RI�WKH�VFLHQFH�FRPPXQLW\�LQ�YDOLGDWLQJ�FKDQJHV�LQ�VFLHQWL¿F�NQRZOHGJH�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

5HVHDUFK�LQIRUPDWLRQ�RQ�WKH�WHFKQLTXHV�XVHG�WR�
SURGXFH�'ROO\��WKH�¿UVW�FORQHG�PDPPDO�
5HVHDUFK�WKH�FXUUHQW�VFLHQWL¿F�DQG�OHJDO�SRVLWLRQ�RQ�
[HQRWUDQVSODQWV�

5HFDOO�WKDW�
�� FORQLQJ�LV�DQ�H[DPSOH�RI�DVH[XDO�UHSURGXFWLRQ
�� FORQLQJ�SURGXFHV�JHQHWLFDOO\�LGHQWLFDO�FRSLHV�

�FORQHV��
5HFDOO�WKDW�'ROO\�WKH�VKHHS�ZDV�WKH�¿UVW�PDPPDO�
FORQHG�IURP�DQ�DGXOW�
5HFRJQLVH�WKDW�LGHQWLFDO�WZLQV�DUH�QDWXUDOO\�RFFXUULQJ�
FORQHV�

&DUU\�RXW�D�PHULVWHP�WLVVXH�FXOWXUH�XVLQJ�FDXOLÀRZHU� 5HFRJQLVH�WKDW�SODQWV�JURZQ�IURP�FXWWLQJV�RU�WLVVXH�
FXOWXUH�DUH�FORQHV�
'HVFULEH�KRZ�VSLGHU�SODQWV��SRWDWRHV�DQG�
VWUDZEHUULHV�UHSURGXFH�DVH[XDOO\�
'HVFULEH�KRZ�WR�WDNH�D�FXWWLQJ�
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0RGXOH�%���/LYLQJ�$QG�*URZLQJ
,WHP�%�K��&ORQLQJ

/LQNV�WR�RWKHU�LWHPV��%�K��9DULDWLRQ�DQG�LQKHULWDQFH��%�G��&HOO�GLYLVLRQ��%�J��1HZ�JHQHV�IRU�ROG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKDW�'ROO\�WKH�VKHHS�ZDV�SURGXFHG�E\�WKH�
SURFHVV�RI�QXFOHDU�WUDQVIHU�DQG�WKDW�QXFOHDU�WUDQVIHU�
LQYROYHV�SODFLQJ�WKH�QXFOHXV�RI�D�ERG\�FHOO�LQWR�DQ�
HJJ�FHOO�
'HVFULEH�VRPH�SRVVLEOH�XVHV�RI�FORQLQJ��OLPLWHG�WR�
�� PDVV�SURGXFLQJ�DQLPDOV�ZLWK�GHVLUDEOH�

FKDUDFWHULVWLFV
�� SURGXFLQJ�DQLPDOV�WKDW�KDYH�EHHQ�JHQHWLFDOO\�

HQJLQHHUHG�WR�SURYLGH�KXPDQ�SURGXFWV
�� SURGXFLQJ�KXPDQ�HPEU\RV�WR�VXSSO\�VWHP�FHOOV�

IRU�WKHUDS\�
8QGHUVWDQG�WKH�HWKLFDO�GLOHPPDV�FRQFHUQLQJ�KXPDQ�
FORQLQJ�

'HVFULEH�LQ�RXWOLQH�WKH�FORQLQJ�WHFKQLTXH�XVHG�WR�
SURGXFH�'ROO\��WR�LQFOXGH�
�� QXFOHXV�UHPRYHG�IURP�DQ�HJJ�FHOO
�� HJJ�FHOO�QXFOHXV�UHSODFHG�ZLWK�WKH�QXFOHXV�IURP�

DQ�XGGHU�FHOO
�� HJJ�FHOO�JLYHQ�DQ�HOHFWULF�VKRFN�WR�PDNH�LW�GLYLGH
�� HPEU\R�LPSODQWHG�LQWR�D�VXUURJDWH�PRWKHU�VKHHS
�� HPEU\R�JURZV�LQWR�D�FORQH�RI�WKH�VKHHS�IURP�

ZKLFK�WKH�XGGHU�FHOO�FDPH�
'HVFULEH�WKH�EHQH¿WV�DQG�ULVNV�RI�XVLQJ�FORQLQJ�
WHFKQRORJ\�
([SODLQ�WKH�SRVVLEOH�LPSOLFDWLRQV�RI�XVLQJ�JHQHWLFDOO\�
PRGL¿HG�DQLPDOV�WR�VXSSO\�UHSODFHPHQW�RUJDQV�IRU�
KXPDQV�

'HVFULEH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�
DVVRFLDWHG�ZLWK�WKH�FRPPHUFLDO�XVH�RI�FORQHG�SODQWV��
WR�LQFOXGH�
�� DGYDQWDJH�±�FDQ�EH�VXUH�RI�WKH�FKDUDFWHULVWLFV�

RI�WKH�SODQW�VLQFH�DOO�SODQWV�ZLOO�EH�JHQHWLFDOO\�
LGHQWLFDO

�� DGYDQWDJH�±�LW�LV�SRVVLEOH�WR�PDVV�SURGXFH�SODQWV�
WKDW�PD\�EH�GLI¿FXOW�WR�JURZ�IURP�VHHG

�� GLVDGYDQWDJH�±�LI�SODQWV�EHFRPH�VXVFHSWLEOH�WR�
GLVHDVH�RU�WR�FKDQJH�LQ�HQYLURQPHQWDO�FRQGLWLRQV�
WKHQ�DOO�SODQWV�ZLOO�EH�DIIHFWHG

�� GLVDGYDQWDJH�±�ODFN�RI�JHQHWLF�YDULDWLRQ�

'HVFULEH�SODQW�FORQLQJ�E\�WLVVXH�FXOWXUH��WR�LQFOXGH�
�� VHOHFWLRQ�IRU�FKDUDFWHULVWLFV
�� ODUJH�QXPEHU�RI�VPDOO�SLHFHV�RI�WLVVXH
�� DVHSWLF�WHFKQLTXH
�� XVH�RI�VXLWDEOH�JURZWK�PHGLXP�DQG�FRQGLWLRQV�
([SODLQ�ZK\�FORQLQJ�SODQWV�LV�HDVLHU�WKDQ�FORQLQJ�
DQLPDOV��PDQ\�SODQW�FHOOV�UHWDLQ�DELOLW\�WR�GLIIHUHQWLDWH�
XQOLNH�DQLPDO�FHOOV�ZKLFK�XVXDOO\�ORVH�WKLV�DELOLW\�DW�DQ�
HDUO\�VWDJH�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�D��(FRORJ\�LQ�WKH�ORFDO�HQYLURQPHQW

6XPPDU\��:H�DUH�VXUURXQGHG�E\�D�KXJH�YDULHW\�RI�OLYLQJ�RUJDQLVPV��PDQ\�RI�ZKLFK�JR�XQQRWLFHG��7KLV�LWHP�
VHHNV�WR�KHOS�FDQGLGDWHV�DSSUHFLDWH�WKLV�YDULHW\��&DQGLGDWHV�DUH�LQWURGXFHG�WR�PHWKRGV�RI�VDPSOLQJ�DQG�
PDSSLQJ�DQLPDOV�DQG�SODQWV��,W�DOVR�SURYLGHV�DQ�DSSUHFLDWLRQ�RI�WKH�ELRGLYHUVLW\�RI�VRPH�DUWL¿FLDO�HFRV\VWHPV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

8VH�D�YDULHW\�RI�VDPSOLQJ�WHFKQLTXHV�WR�LQFOXGH�
SRRWHUV��QHWV��SLWIDOO�WUDSV��TXDGUDWV��WXOOJUHQ�IXQQHO��
EHOW�WUDQVHFWV��
(VWLPDWH�WKH�QXPEHU�RI�ZHHGV�LQ�D�¿HOG�
([DPLQH�WKH�YDULHW\�RI�OLIH�LQ�D�RQH�PHWUH�TXDGUDW�RI�
WXUI�RU�IURP�D�VDPSOH�RI�OHDI�OLWWHU�

'HVFULEH�KRZ�WR�XVH�FROOHFWLQJ�FRXQWLQJ�PHWKRGV��WR�
LQFOXGH��
�� SRRWHUV
�� QHWV
�� SLWIDOO�WUDSV
�� TXDGUDWV�
'HVFULEH�D�PHWKRG�WR�VKRZ�WKH�YDULHW\�RI�SODQWV�DQG�
DQLPDOV�OLYLQJ�LQ�D�VPDOO�DUHD�VXFK�DV�D��P�TXDGUDW�
8VH�NH\V�WR�LGHQWLI\�SODQWV�DQG�DQLPDOV�

&RPSDUH�WKH�FRPPXQLWLHV�RI�WZR�GLIIHUHQW�KDELWDWV�
8VH�VHQVRUV�DQG�GDWD�ORJJHUV�WR�FROOHFW�GDWD�VXFK�DV�
WHPSHUDWXUH��OLJKW�LQWHQVLW\�DQG�VRLO�S+�WKHQ�OLQN�WKLV�
ZLWK�WKH�DQLPDOV�DQG�SODQWV�IRXQG�LQ�GLIIHUHQW�SODFHV��
0DS�WKH�GLVWULEXWLRQ�RI�SODQW�VSHFLHV�DW�GLIIHUHQW�
GLVWDQFHV�IURP�D�SRQG�WUHH�

([SODLQ�KRZ�WKH�GLVWULEXWLRQ�RI�RUJDQLVPV�ZLWKLQ�D�
KDELWDW�LV�DIIHFWHG�E\�WKH�SUHVHQFH�RI�RWKHU�OLYLQJ�
RUJDQLVPV�DV�ZHOO�DV�SK\VLFDO�IDFWRUV�

&RPSDUH�D�FXOWLYDWHG�DUHD�ZLWK�DQ�XQFXOWLYDWHG�DUHD� 'H¿QH�ELRGLYHUVLW\�DV�WKH�YDULHW\�RI�GLIIHUHQW�VSHFLHV�
OLYLQJ�LQ�D�KDELWDW�
,GHQWLI\�QDWLYH�ZRRGODQGV�DQG�ODNHV�DV�QDWXUDO�
HFRV\VWHPV�DQG�IRUHVWU\�SODQWDWLRQV�DQG�¿VK�IDUPV�
DV�DUWL¿FLDO�HFRV\VWHPV�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�D��(FRORJ\�LQ�WKH�ORFDO�HQYLURQPHQW

/LQNV�WR�RWKHU�LWHPV��%�D��&ODVVL¿FDWLRQ��%�H��$GDSWDWLRQV��%�J��3RSXODWLRQ�DQG�SROOXWLRQ��%�H��/LIH�LQ�VRLO��
%�I��0LFURVFRSLF�OLIH�LQ�ZDWHU

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8VH�GDWD�IURP�FROOHFWLQJ�FRXQWLQJ�PHWKRGV�WR�
FDOFXODWH�DQ�HVWLPDWH�RI�WKH�SRSXODWLRQ�VL]H�EDVHG�RQ�
�� VFDOLQJ�XS�IURP�D�VPDOO�VDPSOH�DUHD�
�� WKH�XVH�RI�FDSWXUH�UHFDSWXUH�GDWD��JLYHQ�WKH�

IRUPXOD�
SRSXODWLRQ�VL]H� �

QXPEHU�LQ��VW�VDPSOH�×�QXPEHU�LQ��QG�VDPSOH
QXPEHU�LQ��QG�VDPSOH�SUHYLRXVO\�PDUNHG

([SODLQ�WKH�HIIHFW�RI�VDPSOH�VL]H�RQ�WKH�DFFXUDF\�RI�
DQ�HVWLPDWH�RI�SRSXODWLRQ�VL]H�
([SODLQ�WKH�QHHG�WR�PDNH�FHUWDLQ�DVVXPSWLRQV�ZKHQ�
XVLQJ�FDSWXUH�UHFDSWXUH�GDWD��WR�LQFOXGH�
�� QR�GHDWK��LPPLJUDWLRQ�RU�HPLJUDWLRQ
�� LGHQWLFDO�VDPSOLQJ�PHWKRGV
�� PDUNLQJ�QRW�DIIHFWLQJ�VXUYLYDO�UDWH�

([SODLQ�WKH�GLIIHUHQFHV�EHWZHHQ�
�� HFRV\VWHP�DQG�KDELWDW
�� FRPPXQLW\�DQG�SRSXODWLRQ��
'HVFULEH�KRZ�WR�PDS�WKH�GLVWULEXWLRQ�RI�RUJDQLVPV�LQ�
D�KDELWDW�XVLQJ�D�WUDQVHFW�OLQH�
,QWHUSUHW�GDWD�IURP�NLWH�GLDJUDPV�VKRZLQJ�WKH�
GLVWULEXWLRQ�RI�RUJDQLVPV��

([SODLQ�ZKDW�LW�PHDQV�IRU�DQ�HFRV\VWHP�WR�EH�
GHVFULEHG�DV�VHOI�VXSSRUWLQJ�LQ�DOO�IDFWRUV�RWKHU�WKDQ�
DQ�HQHUJ\�VRXUFH�
'HVFULEH�]RQDWLRQ�DV�D�JUDGXDO�FKDQJH�LQ�WKH�
GLVWULEXWLRQ�RI�VSHFLHV�DFURVV�D�KDELWDW�
([SODLQ�KRZ�D�JUDGXDO�FKDQJH�RI�DQ�DELRWLF�IDFWRU�FDQ�
UHVXOW�LQ�WKH�]RQDWLRQ�RI�RUJDQLVPV�LQ�D�KDELWDW�

&RPSDUH�WKH�ELRGLYHUVLW\�RI�QDWXUDO�HFRV\VWHPV�DQG�
DUWL¿FLDO�HFRV\VWHPV�WR�LQFOXGH�
�� QDWLYH�ZRRGODQGV�DQG�ODNHV�ZLWK�IRUHVWU\�

SODQWDWLRQV�DQG�¿VK�IDUPV�

([SODLQ�UHDVRQV�IRU�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�
ELRGLYHUVLW\�RI�QDWLYH�ZRRGODQGV�DQG�ODNHV�FRPSDUHG�
ZLWK�IRUHVWU\�SODQWDWLRQV�DQG�¿VK�IDUPV�
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,WHP�%�E��3KRWRV\QWKHVLV

6XPPDU\��9LUWXDOO\�HYHU\WKLQJ�ZH�HDW�FDQ�EH�WUDFHG�EDFN�WR�SODQWV��(LWKHU�ZH�HDW�IRRG�IURP�SODQWV�RU�ZH�HDW�
IRRG�IURP�DQLPDOV��WKDW�LQ�WXUQ�KDYH�HDWHQ�SODQWV��7KLV�LWHP�ORRNV�DW�KRZ�SODQWV�PDNH�IRRG�LQ�WKH�¿UVW�SODFH�
DQG�ZKDW�WKH\�GR�ZLWK�LW�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

7HVW�OHDYHV�IRU�VWDUFK��YDULHJDWHG�DQG�QRQ�YDULHJDWHG�
OHDYHV�DQG�OHDYHV�GHSULYHG�RI�OLJKW�RU�FDUERQ�GLR[LGH�
,QYHVWLJDWH�WKH�UHOHDVH�RI�R[\JHQ�E\�SRQGZHHG�

5HFDOO�DQG�XVH�WKH�ZRUG�HTXDWLRQ�IRU�SKRWRV\QWKHVLV�
��������OLJKW�HQHUJ\�

FDUERQ�GLR[LGH���ZDWHU� �JOXFRVH���R[\JHQ
��������FKORURSK\OO�

8QGHUVWDQG�WKDW�R[\JHQ�LV�D�ZDVWH�SURGXFW�LQ�WKLV�
UHDFWLRQ�

'UDZ�D�SRVWHU�WR�VKRZ�ZKDW�KDSSHQV�WR�WKH�JOXFRVH�
PDGH�LQ�SKRWRV\QWKHVLV�

5HFDOO�WKDW�WKH�JOXFRVH�PDGH�LQ�SKRWRV\QWKHVLV�
LV�WUDQVSRUWHG�DV�VROXEOH�VXJDUV�EXW�LV�VWRUHG�DV�
LQVROXEOH�VWDUFK�
5HFDOO�WKDW�JOXFRVH�DQG�VWDUFK�FDQ�EH�FRQYHUWHG�WR�
RWKHU�VXEVWDQFHV�LQ�SODQWV�WR�EH�XVHG�IRU�HQHUJ\��
JURZWK�DQG�VWRUDJH�SURGXFWV�

,QYHVWLJDWH�WKH�HIIHFW�RI�FKDQJLQJ�OLJKW�LQWHQVLW\��
WHPSHUDWXUH�RU�FDUERQ�GLR[LGH�FRQFHQWUDWLRQ�RQ�
WKH�UDWH�RI�SKRWRV\QWKHVLV�E\�PHDVXULQJ�WKH�UDWH�RI�
R[\JHQ�UHOHDVHG�IURP�SRQGZHHG�
5HVHDUFK�KRZ�FRPPHUFLDO�JODVVKRXVHV�PD[LPLVH�
WKH�JURZWK�RI�FURSV�E\�PD[LPLVLQJ�WKH�UDWH�RI�
SKRWRV\QWKHVLV�

([SODLQ�ZK\�SODQWV�JURZ�IDVWHU�LQ�WKH�VXPPHU�
EHFDXVH�RI�PRUH�
�� OLJKW
�� ZDUPWK�

8QGHUVWDQG�WKDW�SODQWV�FDUU\�RXW�UHVSLUDWLRQ�DV�ZHOO�
DV�SKRWRV\QWKHVLV�
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,WHP�%�E��3KRWRV\QWKHVLV

/LQNV�WR�RWKHU�LWHPV��%�E��(QHUJ\�ÀRZ��%�F��5HF\FOLQJ��%�F��5HVSLUDWLRQ��%�F��/HDYHV�DQG�SKRWRV\QWKHVLV��
%�G��'LIIXVLRQ�DQG�RVPRVLV��%�H��7UDQVSRUW�LQ�SODQWV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�DQG�XVH�WKH�EDODQFHG�V\PERO�HTXDWLRQ�IRU�
SKRWRV\QWKHVLV�

�OLJKW�HQHUJ\�
����&2�����+�2� �&�+��2�����2�

�FKORURSK\OO�
'HVFULEH�WKH�GHYHORSPHQW�RI�WKH�XQGHUVWDQGLQJ�RI�WKH�
SURFHVV�RI�SKRWRV\QWKHVLV��WR�LQFOXGH�
�� WKH�YLHZ�RI�*UHHN�VFLHQWLVWV�WKDW�SODQWV�JDLQHG�

PDVV�RQO\�E\�WDNLQJ�LQ�PLQHUDOV�IURP�WKH�VRLO
�� 9DQ�+HOPRQW¶V�H[SHULPHQWDO�FRQFOXVLRQ�WKDW�SODQW�

JURZWK�FDQQRW�EH�VROHO\�GXH�WR�QXWULHQWV�IURP�WKH�
VRLO�

�� 3ULHVWOH\¶V�H[SHULPHQW�ZKLFK�VKRZHG�WKDW�R[\JHQ�
LV�SURGXFHG�E\�SODQWV�

([SODLQ�KRZ�H[SHULPHQWV�XVLQJ�LVRWRSHV�KDYH�
LQFUHDVHG�RXU�XQGHUVWDQGLQJ�RI�SKRWRV\QWKHVLV��WR�
LQFOXGH��WKDW�R[\JHQ�SURGXFHG�E\�SKRWRV\QWKHVLV�
FRPHV�IURP�WKH�ZDWHU�DQG�QRW�WKH�FDUERQ�GLR[LGH�
'HVFULEH�SKRWRV\QWKHVLV�DV�D�WZR�VWDJH�SURFHVV�
�� OLJKW�HQHUJ\�LV�XVHG�WR�VSOLW�ZDWHU��UHOHDVLQJ�

R[\JHQ�JDV�DQG�K\GURJHQ�LRQV
�� FDUERQ�GLR[LGH�JDV�FRPELQHV�ZLWK�WKH�K\GURJHQ�

WR�PDNH�JOXFRVH�

'HVFULEH�WKH�FRQYHUVLRQ�RI�JOXFRVH�DQG�VWDUFK�WR�
RWKHU�VXEVWDQFHV�LQ�SODQWV�DQG�WKHLU�XVH�
�� JOXFRVH�IRU�HQHUJ\��UHVSLUDWLRQ�
�� FHOOXORVH�IRU�FHOO�ZDOOV
�� SURWHLQV�IRU�JURZWK�DQG�UHSDLU
�� VWDUFK��IDWV�DQG�RLOV�IRU�VWRUDJH�

([SODLQ�ZK\�LQVROXEOH�VXEVWDQFHV�VXFK�DV�VWDUFK�DUH�
XVHG�IRU�VWRUDJH�
�� GRHV�QRW�PRYH�DZD\�LQ�VROXWLRQ�IURP�VWRUDJH�

DUHDV�
�� GRHV�QRW�DIIHFW�ZDWHU�FRQFHQWUDWLRQ�LQVLGH�FHOOV�

'HVFULEH�KRZ�SKRWRV\QWKHVLV�FDQ�EH�LQFUHDVHG�E\�
SURYLGLQJ�
�� PRUH�FDUERQ�GLR[LGH
�� PRUH�OLJKW
�� KLJKHU�WHPSHUDWXUH�

([SODLQ�WKH�HIIHFWV�RI�OLPLWLQJ�IDFWRUV�RQ�WKH�UDWH�RI�
SKRWRV\QWKHVLV�
�� &2�

�� OLJKW
�� WHPSHUDWXUH�

([SODLQ�ZK\�SODQWV�FDUU\�RXW�UHVSLUDWLRQ�DOO�WKH�WLPH� ([SODLQ�ZK\�SODQWV�WDNH�LQ�FDUERQ�GLR[LGH�DQG�JLYH�
RXW�R[\JHQ�GXULQJ�WKH�GD\�DQG�GR�WKH�UHYHUVH�DW�
QLJKW��LQ�WHUPV�RI�ERWK�SKRWRV\QWKHVLV�DQG�UHVSLUDWLRQ�
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,WHP�%�F��/HDYHV�DQG�SKRWRV\QWKHVLV

6XPPDU\��7R�PRVW�WHHQDJHUV��SODQWV�DUH�WKHUH�WR�EH�HDWHQ�DQG�VRPHWLPHV�DGPLUHG�IRU�WKHLU�FRORXUIXO�ÀRZHUV��
7KLV�LWHP�VHHNV�WR�FRQVROLGDWH�XQGHUVWDQGLQJ�RI�KRZ�JUHHQ�SODQWV�ZRUN��3UHSDULQJ�DQG�H[DPLQLQJ�VOLGHV�RI�
OHDYHV�SURYLGHV�WKH�RSSRUWXQLW\�WR�ZRUN�DFFXUDWHO\�DQG�VDIHO\�DQG�SUHVHQW�LQIRUPDWLRQ�XVLQJ�VFLHQWL¿F�DQG�
PDWKHPDWLFDO�FRQYHQWLRQV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([DPLQH�D�YDULHW\�RI�OHDYHV�WR�ORRN�DW�FRPPRQ�
IHDWXUHV�
'HVLJQ�WKH�µLGHDO¶�OHDI�
0DNH�OHDI�SULQWV�DQG�H[DPLQH�VWRPDWD�XQGHU�D�
PLFURVFRSH�
([DPLQH�SUHSDUHG�PLFURVFRSH�VOLGHV�VKRZLQJ�WKH�
LQWHUQDO�VWUXFWXUH�RI�OHDYHV�
8VH�,&7�WR�H[DPLQH�OHDYHV��
ZZZ�SODQWVFLHQFHLPDJHV�RUJ�XN�

8QGHUVWDQG�ZK\�FKORURSODVWV�DUH�QRW�IRXQG�LQ�DOO�SODQW�
FHOOV�
5HFDOO�WKDW�FKORURSK\OO�SLJPHQWV�LQ�FKORURSODVWV�
DEVRUE�OLJKW�HQHUJ\�IRU�SKRWRV\QWKHVLV�
5HFDOO�WKH�HQWU\�SRLQWV�RI�PDWHULDOV�UHTXLUHG�IRU�
SKRWRV\QWKHVLV�
�� ZDWHU�WKURXJK�URRW�KDLUV
�� FDUERQ�GLR[LGH�WKURXJK�VWRPDWD�
5HFDOO�WKH�H[LW�SRLQW�RI�PDWHULDOV�SURGXFHG�LQ�
SKRWRV\QWKHVLV�
�� R[\JHQ�WKURXJK�VWRPDWD�
8QGHUVWDQG�WKDW�EURDGHU�OHDYHV�HQDEOH�PRUH�VXQOLJKW�
WR�EH�DEVRUEHG�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�F��/HDYHV�DQG�SKRWRV\QWKHVLV

/LQNV�WR�RWKHU�LWHPV��%�J��&RQWUROOLQJ�SODQW�JURZWK��%�E��3KRWRV\QWKHVLV��%�G��'LIIXVLRQ�DQG�RVPRVLV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

1DPH�DQG�ORFDWH�WKH�SDUWV�RI�D�OHDI�
�� FXWLFOH
�� XSSHU�DQG�ORZHU�HSLGHUPLV
�� SDOLVDGH�DQG�VSRQJ\�PHVRSK\OO�OD\HUV
�� VWRPDWD�DQG�JXDUG�FHOOV
�� YDVFXODU�EXQGOH�
([SODLQ�KRZ�OHDYHV�DUH�DGDSWHG�IRU�HI¿FLHQW�
SKRWRV\QWKHVLV�
�� EURDG�VR�ODUJH�VXUIDFH�DUHD
�� WKLQ�VR�VKRUW�GLVWDQFH�IRU�JDVHV�WR�GLIIXVH
�� FRQWDLQ�FKORURSK\OO�DQG�RWKHU�SLJPHQWV�WR�DEVRUE�

OLJKW�IURP�GLIIHUHQW�SDUWV�RI�WKH�VSHFWUXP
�� KDYH�D�QHWZRUN�RI�YDVFXODU�EXQGOHV�IRU�VXSSRUW�

DQG�WUDQVSRUW
�� JXDUG�FHOOV�ZKLFK�RSHQ�DQG�FORVH�WKH�VWRPDWD�

([SODLQ�KRZ�WKH�FHOOXODU�VWUXFWXUH�RI�D�OHDI�LV�DGDSWHG�
IRU�HI¿FLHQW�SKRWRV\QWKHVLV�
�� HSLGHUPLV�LV�WUDQVSDUHQW
�� SDOLVDGH�OD\HU�DW�WKH�WRS�FRQWDLQLQJ�PRVW�RI�WKH�

FKORURSODVWV
�� DLU�VSDFHV�LQ�WKH�VSRQJ\�PHVRSK\OO�DOORZ�

GLIIXVLRQ�EHWZHHQ�VWRPDWD�DQG�SKRWRV\QWKHVLVLQJ�
FHOOV

�� LQWHUQDO�VXUIDFH�DUHD�WR�YROXPH�UDWLR�YHU\�ODUJH�
,QWHUSUHW�GDWD�RQ�WKH�DEVRUSWLRQ�RI�OLJKW�E\�
SKRWRV\QWKHWLF�SLJPHQWV��FKORURSK\OO�D�DQG�E��
FDURWHQH�DQG�[DQWKRSK\OO��WR�H[SODLQ�KRZ�SODQWV�
PD[LPLVH�WKH�XVH�RI�HQHUJ\�IURP�WKH�6XQ�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�G��'LIIXVLRQ�DQG�RVPRVLV

6XPPDU\��7KH�PDWHULDOV�XVHG�LQ��DQG�SURGXFHG�E\��OLIH�SURFHVVHV��PRYH�WKURXJK�OLYLQJ�RUJDQLVPV�LQ�VHYHUDO�
ZD\V��RQH�RI�WKH�PRVW�LPSRUWDQW�RI�WKHVH�EHLQJ�GLIIXVLRQ��2QH�VXFK�PDWHULDO�LV�ZDWHU�ZKLFK�LV�QHHGHG�IRU�NH\�
OLIH�SURFHVVHV�VXFK�DV�SKRWRV\QWKHVLV��VXSSRUW�DQG�WUDQVSRUW�RI�PDWHULDOV��:DWHU�HQWHUV�SODQWV�E\�D�W\SH�RI�
GLIIXVLRQ�FDOOHG�RVPRVLV��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

'HPRQVWUDWH�GLIIXVLRQ�H�J��VSUHDG�RI�SHUIXPH�DFURVV�
D�URRP��SRWDVVLXP�SHUPDQJDQDWH�LQ�ZDWHU�
,QYHVWLJDWH�WKH�UDWH�RI�GLIIXVLRQ�RI�IRRG�G\H�WKURXJK�
DJDU�MHOO\�

5HFDOO�WKDW�VXEVWDQFHV�PRYH�LQ�DQG�RXW�RI�FHOOV�E\�
GLIIXVLRQ�WKURXJK�WKH�FHOO�PHPEUDQH�
'HVFULEH�GLIIXVLRQ�DV�WKH�PRYHPHQW�RI�D�VXEVWDQFH�
IURP�D�UHJLRQ�RI�KLJK�WR�ORZ�FRQFHQWUDWLRQ�

&DUU\�RXW�H[SHULPHQWV�WR�GHPRQVWUDWH�RVPRVLV�
XVLQJ�YLVNLQJ�WXELQJ�DQG�VROXWLRQV�RI�YDULRXV�
FRQFHQWUDWLRQV�

5HFRJQLVH�WKDW�ZDWHU�PRYHV�LQ�DQG�RXW�RI�SODQW�FHOOV�
E\�RVPRVLV�WKURXJK�WKH�FHOO�PHPEUDQH�

,QYHVWLJDWH�WKH�HIIHFWV�RI�FKDQJLQJ�VROXWH�
FRQFHQWUDWLRQ�RQ�SRWDWR�GLVFV�VWULSV�

5HFDOO�WKDW�WKH�SODQW�FHOO�ZDOO�SURYLGHV�VXSSRUW�
8QGHUVWDQG�WKDW�ODFN�RI�ZDWHU�FDQ�FDXVH�SODQWV�WR�
GURRS��ZLOW��

0DNH�OHDI�SULQWV�RI�XSSHU�DQG�ORZHU�VXUIDFHV�RI�
OHDYHV�DQG�H[DPLQH�ZLWK�D�PLFURVFRSH�WR�LQYHVWLJDWH�
QXPEHU�GLVWULEXWLRQ�RI�VWRPDWD�

'HVFULEH�KRZ�FDUERQ�GLR[LGH�DQG�R[\JHQ�GLIIXVH�LQ�
DQG�RXW�RI�SODQWV�WKURXJK�WKH�OHDYHV�

5HFDOO�WKDW�ZDWHU�PRYHV�LQ�DQG�RXW�RI�DQLPDO�FHOOV�
WKURXJK�WKH�FHOO�PHPEUDQH�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�G��'LIIXVLRQ�DQG�RVPRVLV

/LQNV�WR�RWKHU�LWHPV��%�G��&HOO�GLYLVLRQ��%�H��7KH�FLUFXODWRU\�V\VWHP��%�F��/HDYHV�DQG�SKRWRV\QWKHVLV��
%�G��5HVSLUDWRU\�V\VWHPV��%�H��'LJHVWLRQ��%�I��:DVWH�GLVSRVDO

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�WKH�QHW�PRYHPHQW�RI�SDUWLFOHV�E\�GLIIXVLRQ�
IURP�DQ�DUHD�RI�KLJK�FRQFHQWUDWLRQ�WR�DQ�DUHD�RI�ORZ�
FRQFHQWUDWLRQ��DV�D�FRQVHTXHQFH�RI�WKH�UDQGRP�
PRYHPHQW�RI�LQGLYLGXDO�SDUWLFOHV�
'HVFULEH�KRZ�PROHFXOHV�HQWHU�DQG�OHDYH�FHOOV�E\�
GLIIXVLRQ�WKURXJK�WKH�FHOO�PHPEUDQH�

([SODLQ�KRZ�WKH�UDWH�RI�GLIIXVLRQ�LV�LQFUHDVHG�E\�
�� D�VKRUWHU�GLVWDQFH
�� D�JUHDWHU�FRQFHQWUDWLRQ�GLIIHUHQFH��JUDGLHQW�
�� D�JUHDWHU�VXUIDFH�DUHD�

'HVFULEH�RVPRVLV�DV�WKH�PRYHPHQW�RI�ZDWHU�DFURVV�
D�SDUWLDOO\�SHUPHDEOH�PHPEUDQH�IURP�DQ�DUHD�RI�KLJK�
ZDWHU�FRQFHQWUDWLRQ��L�H��GLOXWH�VROXWLRQ��WR�DQ�DUHD�RI�
ORZ�ZDWHU�FRQFHQWUDWLRQ��L�H��FRQFHQWUDWHG�VROXWLRQ��
5HFDOO�WKDW�RVPRVLV�LV�D�W\SH�RI�GLIIXVLRQ�
([SODLQ�WKH�WHUP�SDUWLDOO\�SHUPHDEOH�

([SODLQ�WKH�QHW�PRYHPHQW�RI�ZDWHU�PROHFXOHV�E\�
RVPRVLV�IURP�DQ�DUHD�RI�KLJK�ZDWHU�FRQFHQWUDWLRQ�WR�
DQ�DUHD�RI�ORZ�ZDWHU�FRQFHQWUDWLRQ�DFURVV�D�SDUWLDOO\�
SHUPHDEOH�PHPEUDQH��DV�D�FRQVHTXHQFH�RI�WKH�
UDQGRP�PRYHPHQW�RI�LQGLYLGXDO�SDUWLFOHV�
3UHGLFW�WKH�GLUHFWLRQ�RI�ZDWHU�PRYHPHQW�LQ�RVPRVLV�

([SODLQ�KRZ�SODQWV�DUH�VXSSRUWHG�E\�WKH�WXUJRU�
SUHVVXUH�ZLWKLQ�FHOOV�
�� ZDWHU�SUHVVXUH�DFWLQJ�DJDLQVW�LQHODVWLF�FHOO�ZDOO�
([SODLQ�ZLOWLQJ�LQ�WHUPV�RI�D�ODFN�RI�WXUJRU�SUHVVXUH�

([SODLQ�WKH�WHUPV��ÀDFFLG��SODVPRO\VHG�DQG�WXUJLG�

([SODLQ�KRZ�OHDYHV�DUH�DGDSWHG�WR�LQFUHDVH�WKH�UDWH�
RI�GLIIXVLRQ�RI�FDUERQ�GLR[LGH�DQG�R[\JHQ�

'HVFULEH�WKH�HIIHFWV�RI�WKH�XSWDNH�DQG�ORVV�RI�ZDWHU�
RQ�DQLPDO�FHOOV�

([SODLQ�ZK\�WKHUH�DUH�GLIIHUHQFHV�LQ�WKH�HIIHFWV�RI�
ZDWHU�XSWDNH�DQG�ORVV�RQ�SODQW�DQG�DQLPDO�FHOOV�
8VH�WKH�WHUPV��FUHQDWLRQ�DQG�O\VLV�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�H��7UDQVSRUW�LQ�SODQWV�

6XPPDU\��7KH�PDWHULDOV�XVHG�LQ��DQG�SURGXFHG�E\��OLIH�SURFHVVHV�LQ�SODQWV��PRYH�WKURXJK�SODQWV�LQ�VHYHUDO�
ZD\V��7KH�VXJJHVWHG�DFWLYLWLHV�HDFK�SURYLGH�WKH�RSSRUWXQLW\�WR�SODQ�D�WHVW�RI�D�VFLHQWL¿F�LGHD��DQDO\VH�DQG�
LQWHUSUHW�GDWD�XVLQJ�TXDOLWDWLYH�WHFKQLTXHV��SUHVHQW�LQIRUPDWLRQ�DQG�GUDZ�D�FRQFOXVLRQ�XVLQJ�VFLHQWL¿F�DQG�
WHFKQLFDO�FRQYHQWLRQV��,QYHVWLJDWLQJ�IDFWRUV�DIIHFWLQJ�WUDQVSLUDWLRQ�UDWH�FDQ�LQFOXGH�WKH�XVH�RI�,&7�LQ�WHDFKLQJ�
DQG�OHDUQLQJ�DQG�LOOXVWUDWHV�WKH�XVH�RI�PRGHOV�LQ�H[SODLQLQJ�VFLHQWL¿F�SKHQRPHQD��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([DPLQH�VWDLQHG�WLVVXHV�RI�VRPH�VSHFLHV�RI�SODQWV�

&DUU\�RXW�H[SHULPHQWV�WR�HVWLPDWH�WUDQVSLUDWLRQ
�� ORVV�RI�ZDWHU�E\�SODQWV
�� SODQWV�ORVH�ZDWHU�WKURXJK�WKHLU�OHDYHV
�� ZKLFK�VXUIDFH�RI�D�OHDI�ORVHV�PRVW�ZDWHU
�� ZHLJKLQJ�SRWWHG�SODQWV�±�ORVV�RI�PDVV�

'HVFULEH�KRZ�ZDWHU�WUDYHOV�WKURXJK�D�SODQW�
�� DEVRUSWLRQ�IURP�VRLO�WKURXJK�URRW�KDLUV
�� WUDQVSRUW�WKURXJK�WKH�SODQW��XS�WKH�VWHP�WR�WKH�

OHDYHV
�� HYDSRUDWLRQ�IURP�WKH�OHDYHV��WUDQVSLUDWLRQ��

&DUU\�RXW�DQ�H[SHULPHQW�WR�VKRZ�IDFWRUV�WKDW�DIIHFW�
WUDQVSLUDWLRQ�UDWH�
�� OLJKW
�� ZLQG
�� WHPSHUDWXUH
�� KXPLGLW\�
,&7�GDWD�ORJJLQJ�RSSRUWXQLW\�

'HVFULEH�H[SHULPHQWV�WR�VKRZ�WKDW�WUDQVSLUDWLRQ�UDWH�
LV�DIIHFWHG�E\�
�� OLJKW�LQWHQVLW\
�� WHPSHUDWXUH
�� DLU�PRYHPHQW�
�� KXPLGLW\�

,QYHVWLJDWH�KRZ�TXLFNO\�GHWDFKHG�OHDYHV�GU\�RXW�
ZKHQ�GLIIHUHQW�VXUIDFHV�DUH�FRYHUHG�ZLWK�SHWUROHXP�
MHOO\�

8QGHUVWDQG�WKDW�KHDOWK\�SODQWV�PXVW�EDODQFH�ZDWHU�
ORVV�ZLWK�ZDWHU�XSWDNH�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�H��7UDQVSRUW�LQ�SODQWV�

/LQNV�WR�RWKHU�LWHPV��%�E��3KRWRV\QWKHVLV��%�G��'LIIXVLRQ�DQG�RVPRVLV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�WKH�DUUDQJHPHQW�RI�[\OHP�DQG�SKORHP�
LQ�D�GLFRW\OHGRQRXV�URRW��VWHP�DQG�OHDI��WR�LQFOXGH�
YDVFXODU�EXQGOHV�
5HODWH�[\OHP�DQG�SKORHP�WR�WKHLU�IXQFWLRQ�
�� [\OHP�±�WUDQVSLUDWLRQ�±�PRYHPHQW�RI�ZDWHU�DQG�

PLQHUDOV�IURP�WKH�URRWV�WR�WKH�VKRRW�DQG�OHDYHV
�� SKORHP�±�WUDQVORFDWLRQ�±�PRYHPHQW�RI�IRRG�

VXEVWDQFHV��VXJDUV��XS�DQG�GRZQ�VWHPV�WR�
JURZLQJ�DQG�VWRUDJH�WLVVXHV�

8QGHUVWDQG�WKDW�ERWK�[\OHP�DQG�SKORHP�IRUP�
FRQWLQXRXV�V\VWHPV�LQ�OHDYHV��VWHPV�DQG�URRWV�

'HVFULEH�WKH�VWUXFWXUH�RI�[\OHP�DQG�SKORHP�
�� [\OHP�YHVVHOV�±�WKLFN�VWUHQJWKHQHG�FHOOXORVH�FHOO�

ZDOO�ZLWK�D�KROORZ�OXPHQ��GHDG�FHOOV�
�� SKORHP�±�FROXPQV�RI�OLYLQJ�FHOOV�

5HFDOO�WUDQVSLUDWLRQ�DV�WKH�HYDSRUDWLRQ�DQG�GLIIXVLRQ�
RI�ZDWHU�IURP�LQVLGH�OHDYHV��
'HVFULEH�KRZ�WUDQVSLUDWLRQ�FDXVHV�ZDWHU�WR�EH�PRYHG�
XS�[\OHP�YHVVHOV�

([SODLQ�KRZ�WUDQVSLUDWLRQ�DQG�ZDWHU�ORVV�IURP�OHDYHV�
DUH�D�FRQVHTXHQFH�RI�WKH�ZD\�LQ�ZKLFK�OHDYHV�DUH�
DGDSWHG�IRU�HI¿FLHQW�SKRWRV\QWKHVLV�

'HVFULEH�WKH�HIIHFW�RQ�WUDQVSLUDWLRQ�UDWH�RI�
�� LQFUHDVH�LQ�OLJKW�LQWHQVLW\
�� LQFUHDVH�LQ�WHPSHUDWXUH
�� LQFUHDVH�LQ�DLU�PRYHPHQW�
�� GHFUHDVH�LQ�KXPLGLW\�
,QWHUSUHW�GDWD�IURP�H[SHULPHQWV�RQ�WUDQVSLUDWLRQ�UDWH�

([SODLQ�ZK\�WUDQVSLUDWLRQ�UDWH�LV�LQFUHDVHG�E\�
�� LQFUHDVH�LQ�OLJKW�LQWHQVLW\
�� LQFUHDVH�LQ�WHPSHUDWXUH
�� LQFUHDVH�LQ�DLU�PRYHPHQW�
�� GHFUHDVH�LQ�KXPLGLW\�

([SODLQ�KRZ�URRW�KDLUV�LQFUHDVH�WKH�DELOLW\�RI�URRWV�WR�
WDNH�XS�ZDWHU�E\�RVPRVLV�
5HFDOO�WKDW�WUDQVSLUDWLRQ�SURYLGHV�SODQWV�ZLWK�ZDWHU�
IRU�
�� FRROLQJ
�� SKRWRV\QWKHVLV
�� VXSSRUW
�� PRYHPHQW�RI�PLQHUDOV�
([SODLQ�KRZ�WKH�VWUXFWXUH�RI�D�OHDI�LV�DGDSWHG�WR�
UHGXFH�H[FHVVLYH�ZDWHU�ORVV�
�� ZD[\�FXWLFOH
�� VPDOO�QXPEHU�RI�VWRPDWD�RQ�XSSHU�VXUIDFH�

([SODLQ�KRZ�WKH�FHOOXODU�VWUXFWXUH�RI�D�OHDI�LV�DGDSWHG�
WR�UHGXFH�ZDWHU�ORVV�
�� FKDQJHV�LQ�JXDUG�FHOO�WXUJLGLW\��GXH�WR�OLJKW�

LQWHQVLW\�DQG�DYDLODELOLW\�RI�ZDWHU��WR�UHJXODWH�
VWRPDWDO�DSHUWXUHV

�� QXPEHU��GLVWULEXWLRQ��SRVLWLRQ�DQG�VL]H�RI�VWRPDWD�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�I��3ODQWV�QHHG�PLQHUDOV�

6XPPDU\��&DQGLGDWHV�VKRXOG�DSSUHFLDWH�WKDW�D�EDODQFHG�GLHW�FRQWDLQV�PLQHUDOV�DQG�YLWDPLQV��7KH�DFWXDO�
DPRXQWV�QHHGHG�DUH�VPDOO�EXW�ZLWKRXW�WKHP�RXU�KHDOWK�ZLOO�VXIIHU��3ODQWV�DOVR�QHHG�PLQHUDOV�DQG�ZLWKRXW�WKHP�
WKHLU�JURZWK�ZLOO�VXIIHU��7KH�VXUYH\�RI�WKH�FRQWHQWV�RI�µSODQW�IRRGV¶�SURYLGHV�WKH�RSSRUWXQLW\�WR�XVH�,&7�VRXUFHV�
DQG�WRROV�WR�FROOHFW�VHFRQGDU\�GDWD�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

6XUYH\�WKH�FRQWHQWV�RI�IHUWLOLVHUV�VXFK�DV�µSODQW�
IRRGV¶��3UDFWLFDOV�DYDLODEOH�IURP�6$36��+RZ�6FLHQFH�
:RUNV�SUDFWLFDO�DFWLYLWLHV��

5HFDOO�WKDW�IHUWLOLVHUV�FRQWDLQ�PLQHUDOV�VXFK�DV�
QLWUDWHV��SKRVSKDWHV��SRWDVVLXP�DQG�PDJQHVLXP�
FRPSRXQGV�DQG�WKDW�WKHVH�DUH�QHHGHG�IRU�SODQW�
JURZWK�
,QWHUSUHW�GDWD�RQ�13.�YDOXHV�WR�VKRZ�WKH�UHODWLYH�
SURSRUWLRQV�RI�QLWUDWHV��SKRVSKDWHV�DQG�SRWDVVLXP�LQ�
IHUWLOLVHUV�

&DUU\�RXW�DQ�H[SHULPHQW�WR�VKRZ�WKH�UHVXOWV�RI�
PLQHUDO�GH¿FLHQFLHV�LQ�SODQWV�
,QYHVWLJDWH�WKH�FRQWHQWV�DQG�PDQXIDFWXUH�RI�RUJDQLF�
DQG�V\QWKHWLF�IHUWLOLVHUV�

'HVFULEH�H[SHULPHQWV�WR�VKRZ�WKH�HIIHFWV�RQ�SODQWV�RI�
PLQHUDO�GH¿FLHQFLHV�
�� VRLO�OHVV�FXOWXUH
�� HDFK�WULDO�PLVVLQJ�RQH�PLQHUDO�

'HVFULEH�KRZ�PLQHUDOV�DUH�DEVRUEHG��WR�LQFOXGH�
�� GLVVROYHG�LQ�VROXWLRQ
�� E\�WKH�URRW�KDLUV
�� IURP�WKH�VRLO�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�I��3ODQWV�QHHG�PLQHUDOV�

/LQNV�WR�RWKHU�LWHPV��%�F��5HF\FOLQJ��%�J��'HFD\��%�K��)DUPLQJ

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�ZK\�SODQWV�UHTXLUH�
�� QLWUDWHV��IRU�SURWHLQV�ZKLFK�DUH�QHHGHG�IRU�FHOO�

JURZWK
�� SKRVSKDWHV��IRU�UHVSLUDWLRQ�DQG�JURZWK
�� SRWDVVLXP�FRPSRXQGV��IRU�UHVSLUDWLRQ�DQG�

SKRWRV\QWKHVLV
�� PDJQHVLXP�FRPSRXQGV��IRU�SKRWRV\QWKHVLV�

'HVFULEH�KRZ�HOHPHQWV�REWDLQHG�IURP�VRLO�PLQHUDOV�
DUH�XVHG�LQ�WKH�SURGXFWLRQ�RI�FRPSRXQGV�LQ�SODQWV��
OLPLWHG�WR�
�� QLWURJHQ�WR�PDNH�DPLQR�DFLGV
�� SKRVSKRUXV�WR�PDNH�'1$�DQG�FHOO�PHPEUDQHV
�� SRWDVVLXP�WR�KHOS�HQ]\PHV��LQ�SKRWRV\QWKHVLV�

DQG�UHVSLUDWLRQ�
�� PDJQHVLXP�WR�PDNH�FKORURSK\OO�

5HODWH�PLQHUDO�GH¿FLHQFLHV�WR�WKH�UHVXOWLQJ�SRRU�SODQW�
JURZWK�
�� QLWUDWH�±�SRRU�JURZWK�DQG�\HOORZ�OHDYHV
�� SKRVSKDWH�±�SRRU�URRW�JURZWK�DQG�GLVFRORXUHG�

OHDYHV
�� SRWDVVLXP�±�SRRU�ÀRZHU�DQG�IUXLW�JURZWK�DQG�

GLVFRORXUHG�OHDYHV�
�� PDJQHVLXP�±�\HOORZ�OHDYHV�

5HFDOO�WKDW�PLQHUDOV�DUH�XVXDOO\�SUHVHQW�LQ�VRLO�LQ�
TXLWH�ORZ�FRQFHQWUDWLRQV�

([SODLQ�KRZ�PLQHUDOV�DUH�WDNHQ�XS�LQWR�URRW�KDLU�FHOOV�
E\�DFWLYH�WUDQVSRUW�
8QGHUVWDQG�WKDW�DFWLYH�WUDQVSRUW�FDQ�PRYH�
VXEVWDQFHV�IURP�ORZ�FRQFHQWUDWLRQV�WR�KLJK�
FRQFHQWUDWLRQV��DJDLQVW�WKH�FRQFHQWUDWLRQ�JUDGLHQW���
DFURVV�D�FHOO�PHPEUDQH��XVLQJ�HQHUJ\�IURP�
UHVSLUDWLRQ�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�J��'HFD\

6XPPDU\��:H�WU\�WR�SUHYHQW�IRRG�JRLQJ�RII��GHFD\LQJ��EXW�ZH�ZDQW�GHFD\�WR�KDSSHQ�ZKHQ�VHZDJH�LV�WUHDWHG�
RU�ZKHQ�FRPSRVW�LV�PDGH��7KLV�LWHP�LV�FRQFHUQHG�ZLWK�WKH�SURFHVV�RI�GHFD\�DQG�VRPH�H[DPSOHV��7KH�
H[SHULPHQWV�RQ�GHFD\�SURYLGH�WKH�RSSRUWXQLW\�WR�SODQ�D�WHVW�RI�D�VFLHQWL¿F�LGHD��DQDO\VH�DQG�LQWHUSUHW�GDWD�
XVLQJ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�WHFKQLTXHV��SUHVHQW�LQIRUPDWLRQ�DQG�GUDZ�D�FRQFOXVLRQ�XVLQJ�VFLHQWL¿F�DQG�
WHFKQLFDO�FRQYHQWLRQV��7KH�VXUYH\�RI�SUHVHUYDWLRQ�WHFKQLTXHV�SURYLGHV�WKH�RSSRUWXQLW\�WR�XVH�,&7�VRXUFHV�DQG�
WRROV�WR�FROOHFW�VHFRQGDU\�GDWD�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([DPLQH�UHVXOWV��H�J��SKRWRJUDSKV��RI�ORQJ�WHUP�
GHFD\�RI�FRPSRVW�

5HFDOO�WKH�NH\�IDFWRUV�LQ�WKH�SURFHVV�RI�GHFD\�
�� SUHVHQFH�RI�PLFURRUJDQLVPV
�� WHPSHUDWXUH
�� R[\JHQ
�� PRLVWXUH�
([SODLQ�ZK\�GHFD\�LV�LPSRUWDQW�IRU�SODQW�JURZWK�

&DUU\�RXW�DQ�H[SHULPHQW�WR�VKRZ�GHFD\�H�J��EUHDG�RU�
IUXLW�
,QYHVWLJDWH�WKH�HIIHFW�RI�WHPSHUDWXUH�RQ�GHFD\�

'HVFULEH�KRZ�WR�FDUU\�RXW�DQ�H[SHULPHQW�WR�VKRZ�WKDW�
GHFD\�LV�FDXVHG�E\�WKH�GHFRPSRVHUV�EDFWHULD�DQG�
IXQJL�

0DNH�D�FRPSRVW�FROXPQ�
9LVLW�D�VHZDJH�ZRUNV�

5HFDOO�WKDW�PLFURRUJDQLVPV�DUH�XVHG�WR�
�� EUHDN�GRZQ�KXPDQ�ZDVWH��VHZDJH�
�� EUHDN�GRZQ�SODQW�ZDVWH��FRPSRVW��

6XUYH\�GLIIHUHQW�IRRG�SUHVHUYDWLRQ�PHWKRGV�DQG�
H[SODLQ�KRZ�HDFK�ZRUNV�
,QYHVWLJDWH�GLIIHUHQW�IRRG�SUHVHUYDWLRQ�PHWKRGV�

5HFRJQLVH�WKDW�IRRG�SUHVHUYDWLRQ�WHFKQLTXHV�UHGXFH�
WKH�UDWH�RI�GHFD\�
�� FDQQLQJ
�� FRROLQJ
�� IUHH]LQJ
�� GU\LQJ
�� DGGLQJ�VDOW�VXJDU
�� DGGLQJ�YLQHJDU�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�J��'HFD\

/LQNV�WR�RWKHU�LWHPV��%�F��5HVSLUDWLRQ��%�I��3ODQWV�QHHG�PLQHUDOV��%�K��)DUPLQJ��%�G��%LRIXHOV��%�H��/LIH�LQ�
VRLO

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�WKH�HIIHFWV�RQ�WKH�UDWH�RI�GHFD\�RI�FKDQJLQJ�
�� WHPSHUDWXUH
�� DPRXQW�RI�R[\JHQ
�� DPRXQW�RI�ZDWHU�

([SODLQ�ZK\�FKDQJLQJ�WHPSHUDWXUH��DQG�WKH�DPRXQWV�
RI�R[\JHQ�DQG�ZDWHU��DIIHFW�WKH�UDWH�RI�GHFD\�LQ�WHUPV�
RI�WKH�
�� HIIHFW�RQ�PLFURELDO�UHVSLUDWLRQ
�� HIIHFW�RQ�JURZWK�DQG�UHSURGXFWLRQ�RI�

PLFURRUJDQLVPV�

5HFDOO�WKDW�GHWULWLYRUHV��LQFOXGLQJ�HDUWKZRUPV��
PDJJRWV�DQG�ZRRGOLFH��IHHG�RQ�GHDG�DQG�GHFD\LQJ�
PDWHULDO��GHWULWXV��
([SODLQ�KRZ�GHWULWLYRUHV�LQFUHDVH�WKH�UDWH�RI�GHFD\�E\�
SURGXFLQJ�D�ODUJHU�VXUIDFH�DUHD�

([SODLQ�WKH�WHUP�VDSURSK\WH�
([SODLQ�KRZ�VDSURSK\WLF�IXQJL�GLJHVW�GHDG�PDWHULDO��
LQ�WHUPV�RI�H[WUDFHOOXODU�GLJHVWLRQ�

([SODLQ�KRZ�IRRG�SUHVHUYDWLRQ�PHWKRGV�UHGXFH�WKH�
UDWH�RI�GHFD\�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�K��)DUPLQJ�

6XPPDU\��2UJDQLF�IDUPLQJ�KDV�EHFRPH�PRUH�ZLGHVSUHDG�EXW�LQWHQVLYH�IDUPLQJ�WHFKQLTXHV�DUH�PRUH�
FRPPRQ��7KLV�LWHP�ORRNV�DW�WKH�LVVXHV�FRQFHUQLQJ�VXVWDLQDEOH�IRRG�SURGXFWLRQ��'LVFXVVLQJ�GLIIHUHQW�IDUPLQJ�
PHWKRGV�SURYLGHV�PDQ\�RSSRUWXQLWLHV�WR�LQYHVWLJDWH�ZK\�GHFLVLRQV�DERXW�VFLHQFH�DQG�WHFKQRORJ\�DUH�PDGH�
DQG�WKH�HWKLFDO�LVVXHV�UDLVHG��7KLV�FDQ�EH�GHYHORSHG�WR�ORRN�DW�WKH�VRFLDO��HFRQRPLF�DQG�HQYLURQPHQWDO�HIIHFWV�
RI�VXFK�GHFLVLRQV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

$UUDQJH�D�YLVLW�WR�D�ORFDO�IDUP�JDUGHQ�FHQWUH�VPDOO�
KROGLQJ�

$QDO\VH�GDWD�WR�VKRZ�WKDW�IDUPHUV�FDQ�SURGXFH�PRUH�
IRRG�LI�WKH\�XVH�SHVWLFLGHV�DQG�XQGHUVWDQG�WKDW�WKHVH�
SUDFWLFHV�FDQ�FDXVH�KDUP�WR�WKH�HQYLURQPHQW�DQG�WR�
KHDOWK�
5HFDOO�WKDW�SHVWLFLGHV�NLOO�SHVWV�ZKLFK�DUH�DQ\�
RUJDQLVPV�WKDW�GDPDJH�FURSV�
5HFDOO�WKDW�H[DPSOHV�RI�SHVWLFLGHV�LQFOXGH�
�� LQVHFWLFLGHV�WR�NLOO�LQVHFWV�
�� IXQJLFLGHV�WR�NLOO�IXQJL
�� KHUELFLGHV�WR�NLOO�SODQWV��ZHHGV��

5ROH�SOD\�H[HUFLVH�WR�KLJKOLJKW�GLIIHUHQW�YLHZ�SRLQWV�
RQ�LQWHQVLYH�IDUPLQJ�

5HFDOO�WKDW�LQWHQVLYH�IDUPLQJ�PHDQV�WU\LQJ�WR�SURGXFH�
DV�PXFK�IRRG�DV�SRVVLEOH�IURP�WKH�ODQG��SODQWV�DQG�
DQLPDOV�DYDLODEOH�
'HVFULEH�KRZ�LQWHQVLYH�IDUPLQJ�PHWKRGV�FDQ�
LQFUHDVH�SURGXFWLYLW\�PHWKRGV�OLPLWHG�WR�
�� ¿VK�IDUPLQJ
�� JODVVKRXVHV
�� K\GURSRQLFV
�� EDWWHU\�IDUPLQJ�

6XUYH\�XVH�RI�RUJDQLF�IRRG�DQG�UHDVRQV�IRU�FKRLFH�
*URZ�OHWWXFH�WRPDWR�SODQWV�XVLQJ�K\GURSRQLFV�
,QYHVWLJDWH�ZHEVLWHV�VXFK�DV�'()5$��/($)�

'HVFULEH�RUJDQLF�IDUPLQJ�PHWKRGV�
�� QR�DUWL¿FLDO�IHUWLOLVHUV
�� QR�SHVWLFLGHV�

'HVFULEH�KRZ�SHVWV�FDQ�EH�FRQWUROOHG�ELRORJLFDOO\�E\�
LQWURGXFLQJ�SUHGDWRUV�
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0RGXOH�%���,W¶V�$�*UHHQ�:RUOG
,WHP�%�K��)DUPLQJ�

/LQNV�WR�RWKHU�LWHPV��%�J��&RQWUROOLQJ�SODQW�JURZWK��%�D��(FRORJ\�LQ�WKH�ORFDO�HQYLURQPHQW��%�I��3ODQWV�QHHG�
PLQHUDOV��%�J��'HFD\��%�G��%LRIXHOV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�WKH�GLVDGYDQWDJHV�RI�XVLQJ�SHVWLFLGHV�
�� SHVWLFLGHV�PD\�HQWHU�DQG�DFFXPXODWH�LQ�IRRG��

FKDLQV�
�� SHVWLFLGHV�PD\�KDUP�RUJDQLVPV�ZKLFK�DUH�QRW�

SHVWV
�� VRPH�SHVWLFLGHV�DUH�SHUVLVWHQW��

'HVFULEH�KRZ�SODQWV�FDQ�EH�JURZQ�ZLWKRXW�VRLO�
�K\GURSRQLFV��
'HVFULEH�SRVVLEOH�XVHV�RI�K\GURSRQLFV��WR�LQFOXGH�
�� JODVVKRXVH�WRPDWRHV
�� SODQW�JURZWK�LQ�DUHDV�RI�EDUUHQ�VRLO�
8QGHUVWDQG�WKDW�LQWHQVLYH�IDUPLQJ�PHWKRGV�PD\�EH�
HI¿FLHQW�EXW�WKH\�UDLVH�HWKLFDO�GLOHPPDV�

([SODLQ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�
K\GURSRQLFV�
�� EHWWHU�FRQWURO�RI�PLQHUDO�OHYHOV�DQG�GLVHDVH
�� ODFN�RI�VXSSRUW�IRU�SODQW
�� UHTXLUHG�DGGLWLRQ�RI�IHUWLOLVHUV��
([SODLQ�KRZ�LQWHQVLYH�IRRG�SURGXFWLRQ�LPSURYHV�
WKH�HI¿FLHQF\�RI�HQHUJ\�WUDQVIHU�E\�UHGXFLQJ�HQHUJ\�
WUDQVIHU�
�� WR�SHVWV��LQFOXGLQJ�FRPSHWLQJ�SODQWV��ZHHGV�
�� DV�KHDW�IURP�IDUP�DQLPDOV�E\�NHHSLQJ�WKHP�

SHQQHG�LQGRRUV��EDWWHU\�IDUPLQJ��VR�WKDW�WKH\�DUH�
ZDUP�DQG�PRYH�DURXQG�OHVV�

'HVFULEH�RUJDQLF�IDUPLQJ�WHFKQLTXHV�
�� XVH�RI�DQLPDO�PDQXUH�DQG�FRPSRVW
�� FURS�URWDWLRQ�LQFOXGLQJ�XVH�RI�QLWURJHQ�¿[LQJ�FURSV
�� ZHHGLQJ
�� YDU\LQJ�VHHG�SODQWLQJ�WLPHV�
([SODLQ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�RUJDQLF�
IDUPLQJ�WHFKQLTXHV�

([SODLQ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�
ELRORJLFDO�FRQWURO��WR�LQFOXGH�
�� DGYDQWDJHV��QR�QHHG�IRU�FKHPLFDO�SHVWLFLGHV��

GRHV�QRW�QHHG�UHSHDWHG�WUHDWPHQW
�� GLVDGYDQWDJHV��SUHGDWRU�PD\�QRW�HDW�SHVW��PD\�

HDW�XVHIXO�VSHFLHV��PD\�LQFUHDVH�RXW�RI�FRQWURO��
PD\�QRW�VWD\�LQ�WKH�DUHD�ZKHUH�LW�LV�QHHGHG�

,Q�WKH�FRQWH[W�RI�ELRORJLFDO�FRQWURO��H[SODLQ�KRZ�
UHPRYLQJ�RQH�RU�PRUH�RUJDQLVPV�IURP�D�IRRG�FKDLQ�
RU�ZHE�PD\�DIIHFW�RWKHU�RUJDQLVPV�
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0RGXOH�%���7KH�/LYLQJ�%RG\
,WHP�%�D��6NHOHWRQV

6XPPDU\��0RYHPHQW�LV�SDUW�RI�RXU�GDLO\�OLYHV��(I¿FLHQW�PRYHPHQW�UHOLHV�RQ�D�IXQFWLRQLQJ�VNHOHWDO�DQG�
PXVFXODU�V\VWHP��$FFLGHQWV�GR�KDSSHQ�DQG�ERQHV�FDQ�EH�EURNHQ��7KLV�LWHP�DLPV�WR�SURYLGH�WKH�QHFHVVDU\�
VFLHQFH�WR�XQGHUVWDQG�WKH�VWUXFWXUH�RI�ERQHV�DQG�MRLQWV��DQG�KRZ�GDPDJH�FDQ�EH�GHWHFWHG��XVLQJ�
FRQWHPSRUDU\�WHFKQRORJLFDO�GHYHORSPHQWV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([DPLQH�;�UD\V�RI�VNHOHWRQV�
�� FKLOG�DQG�DGXOW
�� DUWKULWLF�MRLQW
�� ZLWK�ULFNHWV
�� ZLWK�IUDFWXUHV�
([DPLQH�KXPDQ�DQG�DQLPDO�VNHOHWRQV�DQG�LGHQWLI\�
VRPH�RI�WKH�ERQHV�

5HFDOO�WKDW�
�� VRPH�DQLPDOV��LQFOXGLQJ�ZRUPV��GR�QRW�KDYH�D�

VNHOHWRQ�PDGH�RI�KDUG�PDWHULDO
�� VRPH�DQLPDOV��LQFOXGLQJ�LQVHFWV��KDYH�DQ�H[WHUQDO�

VNHOHWRQ
�� VRPH�DQLPDOV��LQFOXGLQJ�KXPDQV��KDYH�DQ�

LQWHUQDO�VNHOHWRQ�
5HFDOO�WKDW�DQ�LQVHFW¶V�H[WHUQDO�VNHOHWRQ�LV�PDGH�RI�
FKLWLQ�
'HVFULEH�WKH�GLIIHUHQW�IRUPV�RI�LQWHUQDO�VNHOHWRQ�
�� PDGH�RQO\�RI�FDUWLODJH��OLPLWHG�WR�VKDUNV�
�� PDGH�PDLQO\�RI�ERQH�ZLWK�VRPH�FDUWLODJH�

�RXWHU�HDU��QRVH��HQG�RI�ORQJ�ERQHV���WR�LQFOXGH�
KXPDQV��

5HVHDUFK�WHFKQRORJLHV�ZKLFK�DVVHVV�WKH�KHDOWK�RI�
ERQHV�H�J��ERQH�GHQVLW\�VFDQV�

'HVFULEH�WKH�GLIIHUHQW�W\SHV�RI�IUDFWXUHV�RI�ERQHV�
�� VLPSOH
�� FRPSRXQG
�� JUHHQ�VWLFN�
5HFDOO�WKDW�;�UD\V�DUH�XVHG�WR�GHWHFW�IUDFWXUHV�

&DUU\�RXW�DQ�H[SHULPHQW�WR�FRPSDUH�WKH�VWUHQJWKV�RI�
VROLG�DQG�KROORZ�VWUXFWXUHV�

'HVFULEH�D�MRLQW�DV�WKH�SODFH�ZKHUH�WZR�RU�PRUH�
ERQHV�PHHW��MRLQHG�E\�OLJDPHQWV��DQG�UHFRJQLVH�
WKDW�WKH�ERQHV�DUH�PRYHG�E\�PXVFOHV��DWWDFKHG�E\�
WHQGRQV��
,GHQWLI\�WKH�ORFDWLRQV�LQ�WKH�KXPDQ�ERG\�RI�D�¿[HG�
MRLQW��VNXOO���KLQJH�MRLQW��HOERZ��NQHH���DQG�EDOO�DQG�
VRFNHW�MRLQW��VKRXOGHU��KLS��

,GHQWLI\�WKH�PDLQ�ERQHV��KXPHUXV��XOQD��UDGLXV��DQG�
PXVFOHV��ELFHSV��WULFHSV��LQ�D�KXPDQ�DUP��
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0RGXOH�%���7KH�/LYLQJ�%RG\
,WHP�%�D��6NHOHWRQV

/LQNV�WR�RWKHU�LWHPV��%�D��)LWQHVV�DQG�KHDOWK

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�ZK\�DQ�LQWHUQDO�VNHOHWRQ�LV�DGYDQWDJHRXV�
FRPSDUHG�ZLWK�DQ�H[WHUQDO�VNHOHWRQ�
�� IUDPHZRUN�RI�ERG\
�� FDQ�JURZ�ZLWK�ERG\
�� HDV\�WR�DWWDFK�PXVFOHV
�� ÀH[LELOLW\�
8QGHUVWDQG�WKDW�FDUWLODJH�DQG�ERQH�DUH�OLYLQJ�WLVVXHV�
'HVFULEH�WKH�VWUXFWXUH�RI�D�ORQJ�ERQH�
�� KHDG�ZLWK�FRYHULQJ�RI�FDUWLODJH
�� VKDIW�FRQWDLQLQJ�ERQH�PDUURZ�ZLWK�EORRG�YHVVHOV�
([SODLQ�ZK\�ORQJ�ERQHV�WKDW�DUH�KROORZ�DUH�
DGYDQWDJHRXV��LQ�WHUPV�RI�ZHLJKW�DQG�VWUHQJWK�

8QGHUVWDQG�WKDW�FDUWLODJH�DQG�ERQH�DUH�VXVFHSWLEOH�WR�
LQIHFWLRQ�EXW�FDQ�JURZ�DQG�UHSDLU�WKHPVHOYHV�
'HVFULEH�KRZ��LQ�KXPDQV��WKH�VNHOHWRQ�VWDUWV�
RII�DV�FDUWLODJH�EXW�LV�RVVL¿HG��FDUWLODJH�LV�VORZO\�
UHSODFHG�E\�WKH�DGGLWLRQ�RI�FDOFLXP�DQG�SKRVSKRUXV�
�RVVL¿FDWLRQ���DQG�WKDW�ZKHWKHU�D�SHUVRQ�LV�VWLOO�
JURZLQJ�FDQ�EH�GHWHUPLQHG�E\�WKH�DPRXQW�RI�
FDUWLODJH�SUHVHQW�

5HFDOO�WKDW��GHVSLWH�EHLQJ�YHU\�VWURQJ��ERQHV�FDQ�
HDVLO\�EH�EURNHQ�E\�D�VKDUS�NQRFN�
([SODLQ�ZK\�HOGHUO\�SHRSOH�DUH�PRUH�SURQH�WR�
IUDFWXUHV��OLPLWHG�WR�RVWHRSRURVLV�

([SODLQ�ZK\�LW�FDQ�EH�GDQJHURXV�WR�PRYH�D�SHUVRQ�
ZLWK�D�VXVSHFWHG�IUDFWXUH�

'HVFULEH�WKH�VWUXFWXUH�RI�V\QRYLDO�MRLQWV��V\QRYLDO�
ÀXLG��V\QRYLDO�PHPEUDQH��OLJDPHQWV��FDUWLODJH�
'HVFULEH�WKH�W\SHV�DQG�UDQJH�RI�PRYHPHQW�LQ�
�� D�EDOO�DQG�VRFNHW
�� KLQJH�MRLQW�

([SODLQ�WKH�IXQFWLRQV�LQ�D�V\QRYLDO�MRLQW�RI�
�� V\QRYLDO�ÀXLG
�� V\QRYLDO�PHPEUDQH
�� FDUWLODJH
�� OLJDPHQWV�

'HVFULEH�KRZ�WKH�ELFHSV�DQG�WULFHSV�PXVFOHV�RSHUDWH�
�E\�FRQWUDFWLRQ�DQG�UHOD[DWLRQ��DV�DQWDJRQLVWLF�
PXVFOHV�WR�EHQG�RU�VWUDLJKWHQ�WKH�DUP�

([SODLQ�KRZ�WKH�DUP�EHQGLQJ�DQG�VWUDLJKWHQLQJ�LV�DQ�
H[DPSOH�RI�D�OHYHU�
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0RGXOH�%���7KH�/LYLQJ�%RG\
,WHP�%�E��&LUFXODWRU\�V\VWHPV�DQG�WKH�FDUGLDF�F\FOH

6XPPDU\��2XU�KHDUW�EHDWV�DXWRPDWLFDOO\�IURP�EHIRUH�ELUWK�XQWLO�ZH�GLH��LW�DOVR�DGMXVWV�LWVHOI�WR�YDU\LQJ�OHYHOV�RI�
DFWLYLW\��7KH�KLVWRU\�RI�GLVFRYHULHV�DERXW�EORRG�FLUFXODWLRQ�LV�DQ�LQWHUHVWLQJ�VWRU\�FXOPLQDWLQJ�LQ�RXU�LQFUHDVLQJ�
XVH�RI�PRGHUQ�WHFKQRORJ\��8VLQJ�YLGHR�FOLSV�WR�VKRZ�KHDUW�DFWLRQ�LV�DQ�H[DPSOH�RI�XVLQJ�,&7�LQ�WHDFKLQJ�DQG�
OHDUQLQJ�ZKLOH�(&*�WUDFHV�LOOXVWUDWH�WKH�XVH�RI�,&7�LQ�VFLHQFH�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

/LVWHQ�ZDWFK�7RQ\�+DQFRFN¶V�FODVVLF�µ7KH�%ORRG�
'RQRU¶��
&RQVWUXFW�D�WLPH�OLQH�RI�GLVFRYHULHV�DERXW�EORRG�
FLUFXODWLRQ�XVLQJ�YDULRXV�VRXUFHV�
5HVHDUFK�KHDUW�GLVHDVH�LQ�WKH�ZRUOG�DQG�GLVSOD\�WKH�
LQIRUPDWLRQ�XVLQJ�FKDUWV�DQG�JUDSKV�

5HFDOO�WKDW�
�� VRPH�DQLPDOV��LQFOXGLQJ�DPRHED��GR�QRW�KDYH�D�

EORRG�FLUFXODWRU\�V\VWHP
�� VRPH�DQLPDOV��LQFOXGLQJ�LQVHFWV��KDYH�DQ�RSHQ�

FLUFXODWRU\�V\VWHP
�� VRPH�DQLPDOV��LQFOXGLQJ�KXPDQV��KDYH�D�FORVHG�

FLUFXODWRU\�V\VWHP�
8QGHUVWDQG�WKH�GLIIHUHQFH�EHWZHHQ�RSHQ�DQG�FORVHG�
FLUFXODWRU\�V\VWHPV�
5HFDOO�WKDW�LQ�D�FORVHG�FLUFXODWRU\�V\VWHP��EORRG�ZLOO�
ÀRZ�LQ�DUWHULHV��YHLQV�DQG�FDSLOODULHV�

:DWFK�YLGHR�ÀDVK�FOLSV�RQ�KHDUW�DFWLRQ� 8QGHUVWDQG�KRZ�KHDUW�PXVFOH�FDXVHV�EORRG�WR�PRYH�

,QWHUSUHW�DQ�HOHFWURFDUGLRJUDSK��(&*��WUDFH�RI�D�
QRUPDO�EHDW��3456�ZDYH��

'HVFULEH�WKH�KHDUW�DV�PDGH�RI�SRZHUIXO�PXVFOHV�
ZKLFK�DUH�VXSSOLHG�ZLWK�IRRG�VXEVWDQFHV��LQFOXGLQJ�
JOXFRVH��DQG�R[\JHQ�E\�WKH�FRURQDU\�DUWHU\�
8QGHUVWDQG�ZK\�WKH�KHDUW�QHHGV�D�FRQVWDQW�VXSSO\�RI�
JOXFRVH�DQG�R[\JHQ�
'HVFULEH�WKH�SXOVH�DV�D�PHDVXUH�RI�WKH�KHDUW�EHDW�
�PXVFOH�FRQWUDFWLRQ��WR�SXW�WKH�EORRG�XQGHU�SUHVVXUH�
DQG�UHFRJQLVH�WKDW�LW�FDQ�EH�GHWHFWHG�DW�YDULRXV�
SODFHV��ZULVW��HDU��WHPSOH��
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,WHP�%�E��&LUFXODWRU\�V\VWHPV�DQG�WKH�FDUGLDF�F\FOH

/LQNV�WR�RWKHU�LWHPV��%�H��7KH�FLUFXODWRU\�V\VWHP��%�F��5XQQLQJ�UHSDLUV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�ZK\�PDQ\�DQLPDOV�QHHG�D�EORRG�FLUFXODWRU\�
V\VWHP�
'HVFULEH�D�VLQJOH�FLUFXODWRU\�V\VWHP�DV�EHLQJ�RQH�
FLUFXLW�IURP�WKH�KHDUW�
'HVFULEH�D�GRXEOH�FLUFXODWRU\�V\VWHP�DV�EHLQJ�WZR�
FLUFXLWV�IURP�WKH�KHDUW�
&RPSDUH�WKH�FLUFXODWRU\�V\VWHPV�RI�¿VK�DQG�
PDPPDOV�

'HVFULEH�WKH�FRQWULEXWLRQ�RI�*DOHQ���QG�FHQWXU\��
�LPSRUWDQFH�RI�WKH�SXOVH��WKH�GLIIHUHQFH�EHWZHHQ�
EORRG�LQ�DUWHULHV�DQG�YHLQV��DQG�:LOOLDP�+DUYH\����WK�
FHQWXU\���FLUFXODWLRQ��WRZDUGV�WKH�XQGHUVWDQGLQJ�RI�
EORRG�FLUFXODWLRQ�
([SODLQ�ZK\�D�VLQJOH�FLUFXODWRU\�V\VWHP�OLQNV�WR�D�WZR�
FKDPEHUHG�KHDUW�
([SODLQ�ZK\�D�GRXEOH�FLUFXODWRU\�V\VWHP�OLQNV�WR�D�
IRXU�FKDPEHUHG�KHDUW�
8QGHUVWDQG�WKDW�WKH�EORRG�LV�XQGHU�D�KLJKHU�SUHVVXUH�
LQ�D�GRXEOH�FLUFXODWRU\�V\VWHP�FRPSDUHG�ZLWK�D�VLQJOH�
FLUFXODWRU\�V\VWHP�DQG�KRZ�WKLV�DOORZV�PDWHULDOV�WR�EH�
WUDQVSRUWHG�PRUH�TXLFNO\�DURXQG�WKH�ERG\�

,QWHUSUHW�GDWD�RQ�SUHVVXUH�FKDQJHV�LQ�DUWHULHV��YHLQV�
DQG�FDSLOODULHV�

'HVFULEH�WKH�FDUGLDF�F\FOH�DQG�LQWHUSUHW�DVVRFLDWHG�
JUDSKV�DQG�FKDUWV�
([SODLQ�WKH�VHTXHQFH�RI�FRQWUDFWLRQ�RI�WKH�DWULD�
DQG�YHQWULFOHV�DQG�WKH�VHTXHQFH�RI�RSHQLQJ�RI�WKH�
VHPLOXQDU�DQG�DWULR�YHQWULFXODU�YDOYHV�

'HVFULEH�KRZ�KHDUW�UDWH�LV�OLQNHG�WR�DFWLYLW\�
8QGHUVWDQG�KRZ�KHDUW�PXVFOH�FRQWUDFWLRQ�LV�
FRQWUROOHG��E\�JURXSV�RI�FHOOV�FDOOHG�WKH�SDFHPDNHUV�
ZKLFK�SURGXFH�D�VPDOO�HOHFWULF�FXUUHQW�WKDW�VWLPXODWHV�
PXVFOH�FRQWUDFWLRQ�
5HFRJQLVH�WKDW�DUWL¿FLDO�SDFHPDNHUV�DUH�QRZ�
FRPPRQO\�XVHG�WR�FRQWURO�KHDUW�EHDW�
5HFRJQLVH�WKDW�WHFKQLTXHV�VXFK�DV�(&*�DQG�
HFKRFDUGLRJUDPV�DUH�XVHG�WR�LQYHVWLJDWH�KHDUW�DFWLRQ�
5HFDOO�WKDW�KHDUW�UDWH�FDQ�EH�LQFUHDVHG�E\�WKH�
KRUPRQH�DGUHQDOLQH�

'HVFULEH�KRZ�WKH�SDFHPDNHU�FHOOV��6$1�DQG�$91��
FRRUGLQDWH�KHDUW�PXVFOH�FRQWUDFWLRQ�
�� LPSXOVHV�IURP�WKH�6$1�FDXVH�WKH�DWULD�WR�FRQWUDFW�

DQG�VWLPXODWH�WKH�$91
�� LPSXOVHV�IURP�WKH�$91�FDXVH�WKH�YHQWULFOHV�WR�

FRQWUDFW�
,QWHUSUHW�GDWD�IURP�(&*�DQG�HFKRFDUGLRJUDPV�
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,WHP�%�F��5XQQLQJ�UHSDLUV

6XPPDU\��2XU�KHDUW�DQG�FLUFXODWLRQ�FDQ�JR�ZURQJ��:H�QHHG�WR�XQGHUVWDQG�KRZ�RXU�OLIHVW\OH�FDQ�FDXVH�WKLV��
:H�DOVR�QHHG�WR�NQRZ�KRZ�WKHVH�IDXOWV�FDQ�EH�GHWHFWHG�DQG�KRZ�WKH\�FDQ�EH�SXW�ULJKW�XVLQJ�PRGHUQ�VXUJLFDO�
WHFKQLTXHV��7KLV�LWHP�DOORZV�GLVFXVVLRQ�RQ�VRPH�RI�WKH�GHFLVLRQV�DQG�HWKLFDO�LVVXHV�DURXQG�EORRG�GRQDWLRQ��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([DPLQH�PRGHOV�RI�WKH�KHDUW�DQG�KHDUW�YDOYHV�
:DWFK�YLGHRV�ÀDVK�FOLSV�WR�VKRZ�DFWLRQ�RI�YDOYHV�
5HVHDUFK�W\SHV�RI�KHDUW�YDOYHV��
5HVHDUFK�FDXVHV�RI�KHDUW�GLVHDVH�

5HFRJQLVH�WKDW�WKHUH�DUH�PDQ\�KHDUW�FRQGLWLRQV�DQG�
GLVHDVHV��WR�LQFOXGH�
�� LUUHJXODU�KHDUW�EHDW
�� KROH�LQ�WKH�KHDUW
�� GDPDJHG�RU�ZHDN�YDOYHV
�� FRURQDU\�KHDUW�GLVHDVH�DQG�KHDUW�DWWDFNV�

5HVHDUFK�WKH�LQFLGHQFH�RI�KDHPRSKLOLD�LQ�(XURSH¶V�
UR\DO�IDPLOLHV�
9LVLW�RU�OLVWHQ�WR�D�SUHVHQWDWLRQ�IURP�WKH�1DWLRQDO�
%ORRG�6HUYLFH�

'HVFULEH�UHDVRQV�IRU�EORRG�GRQDWLRQ�
5HFDOO�WKDW�WKHUH�DUH�GLIIHUHQW�EORRG�JURXSV�FDOOHG�
$��%��$%�DQG�2��ZKLFK�DUH�IXUWKHU�VXEGLYLGHG�LQWR�
5KHVXV�SRVLWLYH�DQG�QHJDWLYH�
'HVFULEH�WKH�IXQFWLRQ�RI�EORRG�FORWV�DW�FXWV�DQG�
DSSUHFLDWH�WKDW�WKH\�VRPHWLPHV�RFFXU�DEQRUPDOO\�
LQVLGH�EORRG�YHVVHOV�
5HFDOO�WKDW�DQWL�FRDJXODQW�GUXJV�FDQ�EH�XVHG�WR�
UHGXFH�FORWWLQJ�
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/LQNV�WR�RWKHU�LWHPV��%�D��)LWQHVV�DQG�KHDOWK��%�H��7KH�FLUFXODWRU\�V\VWHP��%�E��&LUFXODWRU\�V\VWHPV�DQG�WKH�
FDUGLDF�F\FOH��%�K��*URZWK�DQG�UHSDLU

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�WKH�FRQVHTXHQFHV�RI�D�µKROH�LQ�WKH�KHDUW¶��
�� EORRG�FDQ�PRYH�GLUHFWO\�IURP�RQH�VLGH�RI�WKH�

KHDUW�WR�WKH�RWKHU�VLGH�RI�WKH�KHDUW
�� OHVV�R[\JHQ�LQ�WKH�EORRG
�� FDQ�UHTXLUH�FRUUHFWLRQ�E\�VXUJHU\�
([SODLQ�WKH�FRQVHTXHQFHV�RI�GDPDJHG�RU�ZHDN�
YDOYHV�LQ�WKH�KHDUW��
�� UHGXFH�HIIHFWLYH�EORRG�FLUFXODWLRQ
�� FDQ�UHTXLUH�UHSODFHPHQW�E\�DUWL¿FLDO�YDOYHV�
([SODLQ�WKH�FRQVHTXHQFHV�RI�D�EORFNHG�FRURQDU\�
DUWHU\��
�� UHGXFHV�EORRG�ÀRZ�WR�WKH�KHDUW�PXVFOH
�� FDQ�UHTXLUH�WUHDWPHQW�E\�E\SDVV�VXUJHU\�
5HFRJQLVH�WKDW�WKHUH�DUH�µKHDUW�DVVLVW¶�GHYLFHV�DV�ZHOO�
DV�KHDUW�WUDQVSODQWV�

([SODLQ�KRZ�D�µKROH�LQ�WKH�KHDUW¶�UHVXOWV�LQ�OHVV�
R[\JHQ�LQ�WKH�EORRG�
8QGHUVWDQG�ZK\�XQERUQ�EDELHV�FDQ�DOO�KDYH�D�µKROH�
LQ�WKH�KHDUW¶�DQG�GR�QRW�QHHG�D�GRXEOH�FLUFXODWRU\�
V\VWHP�DQG�ZK\�WKH�KROH�FORVHV�VRRQ�DIWHU�ELUWK�
([SODLQ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�D�KHDUW�
SDFHPDNHU�RU�DUWL¿FLDO�KHDUW�YDOYHV�RYHU�D�KHDUW�
WUDQVSODQW�

'HVFULEH�WKH�SURFHVVHV�RI�
�� EORRG�GRQDWLRQ
�� EORRG�WUDQVIXVLRQ�
5HFDOO�WKDW�KDHPRSKLOLD�LV�DQ�LQKHULWHG�FRQGLWLRQ�LQ�
ZKLFK�WKH�EORRG�GRHV�QRW�HDVLO\�FORW�
5HFDOO�WKDW�GUXJV�VXFK�DV�ZDUIDULQ��KHSDULQ�DQG�
DVSLULQ�DUH�XVHG�WR�FRQWURO�FORWWLQJ�
'HVFULEH�WKH�SURFHVV�RI�EORRG�FORWWLQJ��OLPLWHG�WR�
�� SODWHOHWV�LQ�FRQWDFW�ZLWK�GDPDJHG�EORRG�YHVVHOV��

FDXVLQJ�D�VHULHV�RI�FKHPLFDO�UHDFWLRQV�OHDGLQJ�WR�
WKH�IRUPDWLRQ�RI�D�PHVK�RI�¿EULQ�¿EUHV��FORW��

5HFDOO�WKDW�XQVXFFHVVIXO�EORRG�WUDQVIXVLRQV�FDXVH�
DJJOXWLQDWLRQ��EORRG�FOXPSLQJ��
([SODLQ�KRZ�WKH�SUHVHQFH�RI�DQWLJHQV�DQG�DQWLERGLHV�
LQ�UHG�EORRG�FHOOV�DQG�EORRG�VHUXP�GHWHUPLQHV�KRZ�
EORRG�JURXSV�UHDFW�DQG�WKHUHIRUH�ZKHWKHU�D�EORRG�
WUDQVIXVLRQ�LV�VXFFHVVIXO�
'HVFULEH�ZKLFK�EORRG�JURXSV��$��%��$%�DQG�2��KDYH�
�� DQWLJHQV�$�DQG�%
�� DQWLERGLHV�DQWL�$�DQG�DQWL�%�
([SODLQ�ZKLFK�EORRG�JURXSV�FDQ�EH�XVHG�WR�GRQDWH�
EORRG�WR�ZKLFK�RWKHU�EORRG�JURXSV�
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6XPPDU\��:LWK�WRGD\¶V�SROOXWHG�DWPRVSKHUH��PDQ\�SHRSOH�VXIIHU�IURP�UHVSLUDWRU\�GLVHDVHV��7KLV�XQLW�ORRNV�
DW�KRZ�UHVSLUDWRU\�V\VWHPV�ZRUN�DQG�DW�UHVSLUDWRU\�SUREOHPV��WKHLU�FDXVHV�DQG�SRVVLEOH�WUHDWPHQWV��7KH�
H[SHULPHQWDO�ZRUN�RQ�PHDVXULQJ�OXQJ�FDSDFLWLHV��UHVSLUDWLRQ�DQG�SHDN�ÀRZ�GHYHORS�WKH�DELOLW\�WR�SUHVHQW�DQG�
DQDO\VH�LQIRUPDWLRQ�XVLQJ�WHFKQLFDO�DQG�PDWKHPDWLFDO�ODQJXDJH�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�DQ�H[SHULPHQW�WR�VKRZ�WKH�GLIIHUHQW�
DPRXQWV�RI�FDUERQ�GLR[LGH�LQ�LQKDOHG�DQG�H[KDOHG�DLU�

8QGHUVWDQG�ZK\�PRVW�OLYLQJ�WKLQJV�QHHG�R[\JHQ�WR�
UHOHDVH�HQHUJ\�IURP�IRRG�
8QGHUVWDQG�WKDW�VPDOO�VLPSOH�RUJDQLVPV��LQFOXGLQJ�
DPRHED�DQG�HDUWKZRUPV��WDNH�LQ�R[\JHQ�WKURXJK�
WKHLU�PRLVW�DQG�SHUPHDEOH�H[WHUQDO�VXUIDFHV�
5HFRJQLVH�WKDW�ODUJHU��PRUH�FRPSOH[�DQLPDOV�KDYH�
VSHFLDO�RUJDQV�IRU�H[FKDQJH�RI�JDVHV��VXFK�DV�JLOOV�
DQG�OXQJV�
8QGHUVWDQG�KRZ�VXUIDFH�DUHD�DIIHFWV�WKH�H[FKDQJH�RI�
JDVHV�

([DPLQH�D�PRGHO�RI�D�EHOO�MDU�DQG�UXEEHU�VKHHW�WR�
H[SODLQ�EUHDWKLQJ�
0HDVXUH�OXQJ�FDSDFLWLHV�

'HVFULEH�WKH�IXQFWLRQV�RI�WKH�PDLQ�SDUWV�RI�WKH�KXPDQ�
UHVSLUDWRU\�V\VWHP��WUDFKHD��EURQFKXV��EURQFKLROHV��
OXQJV��DOYHROL��SOHXUDO�PHPEUDQHV��ULEV��LQWHUFRVWDO�
PXVFOHV�DQG�GLDSKUDJP��
([SODLQ�WKH�WHUPV�EUHDWKLQJ��UHVSLUDWLRQ��LQVSLUDWLRQ�
�LQKDODWLRQ��DQG�H[SLUDWLRQ��H[KDODWLRQ��
'HVFULEH�WKH�GLUHFWLRQ�RI�H[FKDQJH�RI�FDUERQ�GLR[LGH�
DQG�R[\JHQ�DW�WKH�OXQJV�DQG�LQ�WLVVXHV�

&DUU\�RXW�DQ�H[SHULPHQW�WR�WHVW�SHDN�ÀRZ�RI�
LQGLYLGXDOV��
5HVHDUFK�RQH�RU�PRUH�LQGXVWULDO�UHVSLUDWRU\�GLVHDVHV�
DQG�SUHVHQW�WKH�LQIRUPDWLRQ�LQ�D�SRVWHU�RU�OHDÀHW�

5HFDOO�WKDW�WKHUH�DUH�PDQ\�FRQGLWLRQV�DQG�GLVHDVHV�RI�
WKH�UHVSLUDWRU\�V\VWHP��WR�LQFOXGH�
�� DVWKPD��EURQFKLWLV��SQHXPRQLD�DQG�OXQJ�FDQFHU�
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/LQNV�WR�RWKHU�LWHPV��%�E��+XPDQ�KHDOWK�DQG�GLHW��%�H��'UXJV�DQG�\RX��%�F��5HVSLUDWLRQ��
%�G��'LIIXVLRQ�DQG�RVPRVLV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFRJQLVH�WKDW�WKH�PHWKRGV�RI�JDVHRXV�H[FKDQJH�RI�
DPSKLELDQV�DQG�¿VK�UHVWULFW�WKHP�WR�WKHLU�KDELWDWV�
�� DPSKLELDQV�QHHG�PRLVW�KDELWDWV
�� ¿VK�JLOOV�RQO\�ZRUN�LQ�ZDWHU�

([SODLQ�ZK\�WKH�PHWKRGV�RI�JDVHRXV�H[FKDQJH�RI�
DPSKLELDQV�DQG�¿VK�UHVWULFW�WKHP�WR�WKHLU�KDELWDWV�
�� WKH�SHUPHDEOH�VNLQ�RI�DPSKLELDQV�PDNHV�WKHP�

VXVFHSWLEOH�WR�H[FHVVLYH�ZDWHU�ORVV
�� ¿VK�JLOOV�ZRUN�E\�IRUFLQJ�ZDWHU�DFURVV�WKH�

¿ODPHQWV�

8QGHUVWDQG�WKH�SURFHVV�RI�YHQWLODWLRQ�LQ�WHUPV�RI�
FKDQJLQJ�YROXPH�DQG�SUHVVXUH�WR�LQFOXGH�EUHDWKLQJ�LQ�
KXPDQV�
([SODLQ�WKH�WHUPV�WLGDO�DLU��YLWDO�FDSDFLW\�DLU�DQG�
UHVLGXDO�DLU�DV�SDUW�RI�WKH�WRWDO�OXQJ�FDSDFLW\�
([SODLQ�KRZ�JDVHRXV�H[FKDQJH�RFFXUV�ZLWKLQ�DOYHROL�
E\�GLIIXVLRQ�EHWZHHQ�DLU�DQG�EORRG�

([SODLQ�KRZ�JDVHRXV�H[FKDQJH�VXUIDFHV�DUH�DGDSWHG�
IRU�HI¿FLHQW�JDVHRXV�H[FKDQJH��SHUPHDEOH��PRLVW�
VXUIDFH��ODUJH�VXUIDFH�DUHD��JRRG�EORRG�VXSSO\�DQG�
WKLQ�OLQLQJ��RQH�FHOO�WKLFN���
,QWHUSUHW�GDWD�RQ�OXQJ�FDSDFLWLHV��IURP�D�VSLURPHWHU��

'HVFULEH�KRZ�WKH�UHVSLUDWRU\�V\VWHP�SURWHFWV�LWVHOI�
IURP�GLVHDVH�E\�PXFXV�DQG�FLOLDWHG�FHOOV�LQ�WKH�
WUDFKHD�DQG�EURQFKL�
5HFRJQLVH�WKDW�WKHUH�DUH�OXQJ�GLVHDVHV�
�� ZLWK�LQGXVWULDO�FDXVHV��VXFK�DV�DVEHVWRVLV�
�� ZLWK�JHQHWLF�FDXVHV��VXFK�DV�F\VWLF�¿EURVLV�
�� FDXVHG�E\�OLIH�VW\OH��VXFK�DV�OXQJ�FDQFHU��
DQG�EULHÀ\�GHVFULEH�HDFK�GLVHDVH�
�� DVEHVWRVLV�±�LQÀDPPDWLRQ�DQG�VFDUULQJ�OLPLWLQJ�

JDV�H[FKDQJH
�� F\VWLF�¿EURVLV�±�WRR�PXFK�PXFXV�LQ�WKH�

EURQFKLROHV
�� OXQJ�FDQFHU�±�FHOOV�JURZ�UDSLGO\�UHGXFLQJ�VXUIDFH�

DUHD�LQ�OXQJV�
'HVFULEH�WKH�V\PSWRPV�RI�DVWKPD��GLI¿FXOW\�
EUHDWKLQJ��ZKHH]LQJ��WLJKW�FKHVW��DQG�LWV�WUHDWPHQW�
�LQKDOHUV��

([SODLQ�ZK\�WKH�UHVSLUDWRU\�V\VWHP�LV�SURQH�WR�
GLVHDVHV�
'HVFULEH�ZKDW�KDSSHQV�GXULQJ�DQ�DVWKPD�DWWDFN�
�� OLQLQJ�RI�DLUZD\V�EHFRPHV�LQÀDPHG
�� ÀXLG�EXLOGV�XS�LQ�DLUZD\V
�� PXVFOHV�DURXQG�EURQFKLROHV�FRQWUDFW�FRQVWULFWLQJ�

DLUZD\V�
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6XPPDU\��)RRG�SURYLGHV�WKH�UDZ�PDWHULDOV�IRU�JURZWK�DV�ZHOO�DV�EHLQJ�WKH�VRXUFH�RI�WKH�HQHUJ\�ZH�UHOHDVH�
WKURXJK�UHVSLUDWLRQ��7KH�GLIIHUHQW�SDUWV�RI�WKH�GLJHVWLYH�V\VWHP�DUH�HDFK�DGDSWHG�IRU�WKHLU�RZQ�UROHV�LQ�
GLJHVWLQJ�DQG�DEVRUELQJ�IRRG�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

,QYHVWLJDWH�WKH�GLJHVWLRQ�RI�VWDUFK��SURWHLQ�DQG�IDW�
XVLQJ�VLPSOH�IRRG�WHVWV�

'HVFULEH�WKH�SRVLWLRQ�DQG�IXQFWLRQ�RI�WKH�SDUWV�RI�WKH�
KXPDQ�GLJHVWLYH�V\VWHP�
�� VDOLYDU\�JODQGV�
�� VWRPDFK
�� SDQFUHDV
�� OLYHU�DQG�JDOO�EODGGHU
�� VPDOO�LQWHVWLQH
�� ODUJH�LQWHVWLQH�
'HVFULEH�WKH�SURFHVV�RI�SK\VLFDO�GLJHVWLRQ�DV�
EUHDNLQJ�IRRG�LQWR�VPDOOHU�SLHFHV�E\�
�� FKHZLQJ�LQ�WKH�PRXWK
�� VTXHH]LQJ�LQ�WKH�VWRPDFK�
8QGHUVWDQG�WKDW�LQ�FKHPLFDO�GLJHVWLRQ�WKH�GLJHVWLYH�
HQ]\PHV�EUHDNGRZQ�ODUJH�IRRG�PROHFXOHV�LQWR�
VPDOOHU�RQHV�VR�WKH\�FDQ�EH�DEVRUEHG�LQWR�WKH�EORRG�

,QYHVWLJDWH�WKH�PRYHPHQW�RI�IRRG�PROHFXOHV�DFURVV�
SDUWLDOO\�SHUPHDEOH�PHPEUDQHV�

5HFRJQLVH�WKDW�IRRG�HQWHUV�WKH�EORRG�LQ�WKH�VPDOO�
LQWHVWLQH�DQG�OHDYHV�LQ�ERG\�WLVVXHV�
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0RGXOH�%���7KH�/LYLQJ�%RG\
,WHP�%�H��'LJHVWLRQ

/LQNV�WR�RWKHU�LWHPV��%�E��+XPDQ�KHDOWK�DQG�GLHW��%�E��3URWHLQV�DQG�PXWDWLRQV��%�G��'LIIXVLRQ�DQG�RVPRVLV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�WKH�LPSRUWDQFH�RI�SK\VLFDO�GLJHVWLRQ�
�� WR�SDVV�PRUH�HDVLO\�WKURXJK�WKH�GLJHVWLYH�V\VWHP
�� WR�SURYLGH�D�ODUJHU�VXUIDFH�DUHD�
([SODLQ�KRZ�FDUERK\GUDWHV��SURWHLQV�DQG�IDWV�DUH�
GLJHVWHG�E\�VSHFL¿F�HQ]\PHV�LQ�WKH�PRXWK��VWRPDFK�
DQG�VPDOO�LQWHVWLQH�UHVSHFWLYHO\��OLPLWHG�WR�
�� FDUERK\GUDVH�EUHDNV�GRZQ�VWDUFK�WR�VXJDU
�� SURWHDVH�EUHDNV�GRZQ�SURWHLQ�WR�DPLQR�DFLGV�
�� OLSDVH�EUHDNV�GRZQ�IDW�WR�IDWW\�DFLGV�DQG�JO\FHURO�
5HFDOO�WKDW�VWRPDFK�DFLG�DLGV�SURWHDVH�IXQFWLRQ�

([SODLQ�KRZ�ELOH��IURP�WKH�JDOO�EODGGHU��LPSURYHV�IDW�
GLJHVWLRQ�
([SODLQ�ZK\�WKH�S+�LQ�WKH�VWRPDFK�LV�PDLQWDLQHG�DW�
DFLGLF�OHYHOV��ZKHUHDV�WKH�S+�LQ�WKH�PRXWK�DQG�VPDOO�
LQWHVWLQH�LV�DONDOLQH�RU�QHXWUDO�
8QGHUVWDQG�WKDW�WKH�EUHDNGRZQ�RI�VWDUFK�LV�D�WZR�
VWHS�SURFHVV�LQYROYLQJ�WKH�EUHDNGRZQ�RI�VWDUFK�LQWR�
PDOWRVH�DQG�PDOWRVH�LQWR�JOXFRVH�

8QGHUVWDQG�ZK\�ODUJH�PROHFXOHV�QHHG�WR�EH�EURNHQ�
GRZQ�LQWR�VPDOO�PROHFXOHV�
'HVFULEH�KRZ�VPDOO�GLJHVWHG�IRRG�PROHFXOHV�DUH�
DEVRUEHG�LQWR�WKH�EORRG�SODVPD�RU�O\PSK�LQ�WKH�VPDOO�
LQWHVWLQH�E\�GLIIXVLRQ�

([SODLQ�KRZ�WKH�VPDOO�LQWHVWLQH�LV�DGDSWHG�IRU�WKH�
HI¿FLHQW�DEVRUSWLRQ�RI�IRRG�
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0RGXOH�%���7KH�/LYLQJ�%RG\
,WHP�%�I��:DVWH�GLVSRVDO�

6XPPDU\��2XU�ERGLHV�SURGXFH�ZDVWH��ZKLFK�LV�RIWHQ�WR[LF��7R�DYRLG�SRLVRQLQJ�RXUVHOYHV��ZH�PXVW�JHW�ULG�RI�
WKLV�ZDVWH��:KDW�UROH�GR�RXU�NLGQH\V��VNLQ�DQG�OXQJV�SOD\�LQ�WKLV�SURFHVV"�5HVHDUFKLQJ�PHWKRGV�RI�UHVSLUDWRU\�
DQG�NLGQH\�IDLOXUH�FDQ�EH�XVHG�WR�LOOXVWUDWH�FRQWHPSRUDU\�VFLHQWL¿F�DQG�WHFKQRORJLFDO�GHYHORSPHQWV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�H[SHULPHQWV�WR�WHVW�PRFN�XULQH�VDPSOHV�
5HVHDUFK�NLGQH\�IDLOXUH�DQG�LWV�WUHDWPHQW�

([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�HJHVWLRQ�DQG�
H[FUHWLRQ�
1DPH�DQG�ORFDWH�WKH�SRVLWLRQV�RI�WKH�PDLQ�RUJDQV�RI�
H[FUHWLRQ�
�� OXQJV
�� NLGQH\V
�� VNLQ�
5HFDOO�WKDW�WKH�NLGQH\V�H[FUHWH�XUHD��ZDWHU�DQG�VDOW�LQ�
XULQH�
8QGHUVWDQG�WKDW�WKH�DPRXQW�DQG�FRQFHQWUDWLRQ�
RI�XULQH�SURGXFHG�LV�DIIHFWHG�E\�ZDWHU�LQWDNH��
WHPSHUDWXUH�DQG�H[HUFLVH�

,QYHVWLJDWH�WKH�HIIHFW�RI�H[HUFLVH�RQ�UDWH�RI�EUHDWKLQJ� 5HFDOO�WKDW�FDUERQ�GLR[LGH�SURGXFHG�E\�UHVSLUDWLRQ��LV�
UHPRYHG�IURP�WKH�ERG\�WKURXJK�WKH�OXQJV�
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0RGXOH�%���7KH�/LYLQJ�%RG\
,WHP�%�I��:DVWH�GLVSRVDO�

/LQNV�WR�RWKHU�LWHPV��%�H��'UXJV�DQG�\RX��%�I��6WD\LQJ�LQ�EDODQFH��%�G��'LIIXVLRQ�DQG�RVPRVLV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�WKH�LPSRUWDQFH�RI�PDLQWDLQLQJ�D�FRQVWDQW�
FRQFHQWUDWLRQ�RI�ZDWHU�PROHFXOHV�LQ�EORRG�SODVPD�
'HVFULEH�WKH�JURVV�VWUXFWXUH�RI�D�NLGQH\�DQG�
DVVRFLDWHG�EORRG�YHVVHOV��FRUWH[��PHGXOOD��XUHWHU��
UHQDO�DUWHU\��UHQDO�YHLQ��
([SODLQ�KRZ�NLGQH\V�ZRUN�
�� ¿OWHU�EORRG�DW�KLJK�SUHVVXUH
�� UH�DEVRUE�ZDWHU�DQG�XVHIXO�VXEVWDQFHV�
5HFDOO�WKDW�XUHD��SURGXFHG�LQ�WKH�OLYHU��IURP�H[FHVV�
DPLQR�DFLGV���LV�UHPRYHG�IURP�WKH�EORRG�E\�WKH�
NLGQH\V�
([SODLQ�ZK\�WKH�DPRXQW�DQG�FRQFHQWUDWLRQ�RI�XULQH�
SURGXFHG�LV�DIIHFWHG�E\�ZDWHU�LQWDNH��KHDW�DQG�
H[HUFLVH�

([SODLQ�KRZ�WKH�VWUXFWXUH�RI�WKH�NLGQH\�WXEXOH�
�QHSKURQ��LV�UHODWHG�WR�¿OWUDWLRQ�RI�WKH�EORRG�DQG�
IRUPDWLRQ�RI�XULQH�
�� D�¿OWHU�XQLW�RI�JORPHUXOXV�DQG�FDSVXOH
�� D�UHJLRQ�IRU�VHOHFWLYH�UHDEVRUSWLRQ
�� D�UHJLRQ�IRU�VDOW�DQG�ZDWHU�UHJXODWLRQ�
([SODLQ�WKH�SULQFLSOH�RI�D�GLDO\VLV�PDFKLQH�DQG�KRZ�
LW�UHPRYHV�XUHD�DQG�PDLQWDLQV�OHYHOV�RI�VRGLXP�DQG�
JOXFRVH�LQ�WKH�EORRG�RI�D�SDWLHQW�ZLWK�NLGQH\�IDLOXUH�
([SODLQ�KRZ�WKH�FRQFHQWUDWLRQ�RI�XULQH�LV�FRQWUROOHG�
E\�WKH�DQWLGLXUHWLF�KRUPRQH��$'+���UHOHDVHG�E\�WKH�
SLWXLWDU\�JODQG�
�� $'+�LQFUHDVHV�SHUPHDELOLW\�RI�NLGQH\�WXEXOHV�VR�

PRUH�ZDWHU�LV�UHDEVRUEHG�EDFN�LQWR�WKH�EORRG
�� $'+�SURGXFWLRQ�LV�FRQWUROOHG�E\�D�QHJDWLYH�

IHHGEDFN�PHFKDQLVP�

([SODLQ�ZK\�FDUERQ�GLR[LGH�PXVW�EH�UHPRYHG�IURP�
WKH�ERG\��OLPLWHG�WR�WKH�WR[LF�HIIHFW�RI�KLJK�OHYHOV�

([SODLQ�KRZ�WKH�ERG\�UHVSRQGV�WR�LQFUHDVHG�FDUERQ�
GLR[LGH�OHYHOV�LQ�WKH�EORRG�
�� GHWHFWHG�E\�WKH�EUDLQ
�� LQFUHDVHG�UDWH�RI�EUHDWKLQJ�UHVXOWV�
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0RGXOH�%���7KH�/LYLQJ�%RG\
,WHP�%�J��/LIH�JRHV�RQ�

6XPPDU\��+XPDQV��OLNH�DOO�RWKHU�DQLPDOV��KDYH�EDVLF�QHHGV�IRU�VXUYLYDO�DQG�UHSURGXFWLRQ�WR�FDUU\�RQ�RXU�
VSHFLHV��:KHQ�WKLQJV�GR�QRW�ZRUN�DV�WKH\�VKRXOG�ZH�H[SHFW�PRGHUQ�WHFKQLTXHV�WR�VROYH�RXU�SUREOHP��
6RPHWLPHV�VROXWLRQV�UDLVH�RWKHU�LVVXHV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([DPLQH�PLFURVFRSH�VOLGHV�RI�WHVWHV�DQG�RYDULHV�
([DPLQH�PRGHOV�RI�D�GHYHORSLQJ�IRHWXV�

'HVFULEH�WKH�IXQFWLRQ�RI�WKH�VFURWXP�
�� NHHSV�WKH�WHVWHV�RXWVLGH�WKH�ERG\�ZKHUH�WKH�

WHPSHUDWXUH�LV�EHWWHU�IRU�VSHUP�GHYHORSPHQW�
'HVFULEH�WKH�PDLQ�VWDJHV�RI�WKH�PHQVWUXDO�F\FOH�
�� PHQVWUXDWLRQ�±�XWHUXV�OLQLQJ�EUHDNV�GRZQ��SHULRG�
�� WKLFNHQLQJ�RI�XWHUXV�OLQLQJ
�� RYXODWLRQ�±�HJJ�UHOHDVHG�E\�RYDU\�

5ROH�SOD\�RU�GHEDWH�DERXW�XVLQJ�LQIHUWLOLW\�WUHDWPHQWV� 8QGHUVWDQG�WKDW�IHUWLOLVDWLRQ�DQG�SUHJQDQF\�DUH�QRW�
JXDUDQWHHG�IRU�DOO�FRXSOHV�
8QGHUVWDQG�WKH�FDXVHV�RI�LQIHUWLOLW\��OLPLWHG�WR�
�� EORFNDJH�RI�IDOORSLDQ�WXEHV�RU�VSHUP�GXFWV
�� HJJV�QRW�GHYHORSHG�RU�UHOHDVHG�IURP�RYDULHV
�� LQVXI¿FLHQW�IHUWLOH�VSHUP�SURGXFHG�E\�WHVWHV�
5HFRJQLVH�WKDW�LQ�VRPH��EXW�QRW�DOO��FDVHV�SUHJQDQF\�
FDQ�EH�DFKLHYHG�ZLWK�WKH�KHOS�RI�IHUWLOLW\�WUHDWPHQW�

8QGHUVWDQG�UHDVRQV�IRU�FKHFNLQJ�IRHWDO�GHYHORSPHQW�

1DPH�DQG�ORFDWH�KXPDQ�HQGRFULQH�JODQGV�DQG�QDPH�
WKH�KRUPRQHV�SURGXFHG�
�� RYDULHV�±�RHVWURJHQ��SURJHVWHURQH
�� WHVWHV�±�WHVWRVWHURQH�
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0RGXOH�%���7KH�/LYLQJ�%RG\
,WHP�%�J��/LIH�JRHV�RQ�

/LQNV�WR�RWKHU�LWHPV��%�K��9DULDWLRQ�DQG�LQKHULWDQFH��%�K��*URZWK�DQG�UHSDLU

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�WKH�UROH�RI�KRUPRQHV�LQ�WKH�PHQVWUXDO�F\FOH��
�� RHVWURJHQ�FDXVHV�WKH�UHSDLU�RI�WKH�XWHUXV�ZDOO
�� SURJHVWHURQH�PDLQWDLQV�WKH�XWHUXV�ZDOO
�� )6+��IROOLFOH�VWLPXODWLQJ�KRUPRQH��VWLPXODWHV�DQ�

HJJ�WR�GHYHORS�
�� /+��OXWHLQLVLQJ�KRUPRQH��FRQWUROV�RYXODWLRQ�
5HFDOO�WKDW�)6+�DQG�/+�DUH�UHOHDVHG�E\�WKH�SLWXLWDU\�
JODQG�LQ�WKH�EUDLQ�

([SODLQ�KRZ�QHJDWLYH�IHHGEDFN�PHFKDQLVPV�DIIHFW�
KRUPRQH�SURGXFWLRQ�LQ�WKH�PHQVWUXDO�F\FOH�

([SODLQ�WUHDWPHQWV�IRU�LQIHUWLOLW\�WR�LQFOXGH�
�� DUWL¿FLDO�LQVHPLQDWLRQ
�� XVH�RI�)6+
�� ³LQ�YLWUR´�IHUWLOLVDWLRQ��,9)�
�� HJJ�GRQDWLRQ
�� VXUURJDF\
�� RYDU\�WUDQVSODQWV�
([SODLQ�WKH�DUJXPHQWV�IRU�DQG�DJDLQVW�VXFK�LQIHUWLOLW\�
WUHDWPHQWV�

(YDOXDWH�LQIHUWLOLW\�WUHDWPHQWV�LQ�WHUPV�RI�PRUDO�
LVVXHV��ULVNV�DQG�EHQH¿WV�

'HVFULEH�KRZ�IRHWDO�GHYHORSPHQW�FDQ�EH�FKHFNHG�WR�
LGHQWLI\�FRQGLWLRQV�VXFK�DV�'RZQ¶V�V\QGURPH�XVLQJ�
DPQLRFHQWHVLV�DQG�FKURPRVRPDO�DQDO\VLV�
([SODLQ�ZK\�IRHWDO�VFUHHQLQJ�UDLVHV�HWKLFDO�LVVXHV�

5HFDOO�WKDW�IHUWLOLW\�LQ�KXPDQV�FDQ�EH�FRQWUROOHG�E\�WKH�
DUWL¿FLDO�XVH�RI�VH[�KRUPRQHV��FRQWUDFHSWLYH�SLOO�DQG�
IHUWLOLW\�GUXJV�

([SODLQ�KRZ�IHUWLOLW\�FDQ�EH�UHGXFHG�E\�WKH�XVH�RI�
IHPDOH�KRUPRQHV��FRQWUDFHSWLRQ��ZKLFK�SUHYHQW�
RYXODWLRQ�E\�PLPLFNLQJ�SUHJQDQF\�±�LQKLELWLQJ�)6+�
UHOHDVH�
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0RGXOH�%���7KH�/LYLQJ�%RG\
,WHP�%�K��*URZWK�DQG�UHSDLU

6XPPDU\��:H�VWDUW�OLIH�DV�D�PLFURVFRSLF�IHUWLOLVHG�HJJ�DQG�JURZ�DW�GLIIHUHQW�UDWHV�DW�GLIIHUHQW�WLPHV�RI�RXU�OLYHV�
DQG�DUH�VRPHWLPHV�VXUSULVHG�WR�¿QG�ZH�KDYH�UHDFKHG�D�KHLJKW�RI�QHDUO\�WZR�PHWUHV��+RZHYHU��DV�SHRSOH�OLYH�
ORQJHU��SDUWV�RI�WKHLU�ERGLHV�ZHDU�RXW�RU�JR�ZURQJ��7KLV�LWHP�HQFRXUDJHV�GLVFXVVLRQ�DERXW�SRVVLEOH�WUHDWPHQWV�
DQG�HWKLFDO�LVVXHV�LQYROYHG��,W�DOVR�SURYLGHV�WKH�RSSRUWXQLW\�WR�GHEDWH�WKH�LVVXHV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

0HDVXUH�KHLJKWV�RI�FDQGLGDWHV�LQ�\RXU�FODVV�\HDU�DQG�
GLVSOD\�DV�QRUPDO�GLVWULEXWLRQV�IRU�ER\V�DQG�JLUOV�
&ROOHFW�GDWD�IURP�DQRWKHU�\HDU�JURXS�DQG�FRPSDUH�
GLVWULEXWLRQV�
8VH�ZHEVLWHV�YLVLW�PXVHXPV�XVH�UHIHUHQFH�ERRNV�
WR�¿QG�RXW�DYHUDJH�KHLJKWV�GXULQJ�KLVWRU\��ORRN�DW�
VXLWV�RI�DUPRXU��GRRU�KHLJKWV�LQ�ROG�EXLOGLQJV��KHLJKW�
UHTXLUHPHQWV�IRU�WKH�$UPHG�)RUFHV��

5HFDOO�WKDW�JURZWK�FDQ�EH�PHDVXUHG�DV�DQ�LQFUHDVH�
LQ�KHLJKW�RU�PDVV�
8QGHUVWDQG�WKDW�D�SHUVRQ¶V�¿QDO�KHLJKW�DQG�PDVV�LV�
GHWHUPLQHG�E\�D�QXPEHU�RI�IDFWRUV��LQFOXGLQJ�
�� WKHLU�JHQHV
�� GLHW�DQG�H[HUFLVH
�� KRUPRQHV
�� KHDOWK�GLVHDVH�
'HVFULEH�WKH�PDLQ�VWDJHV�RI�KXPDQ�JURZWK�DQG�
LGHQWLI\�WKHP�RQ�D�KXPDQ�JURZWK�FXUYH�
�� LQIDQF\��XS�WR���\HDUV�
�� FKLOGKRRG��IURP���WR����\HDUV�
�� DGROHVFHQFH��SXEHUW\���IURP����WR�������\HDUV�
�� PDWXULW\��DGXOWKRRG���WKH�ORQJHVW�VWDJH�
�� ROG�DJH��DERYH�������\HDUV��

5HVHDUFK�GRQRU�FDUGV�DQG�RWKHU�GRQRU�RUJDQLVDWLRQV�
VXFK�DV�WKH�$QWKRQ\�1RODQ�7UXVW�

5HFDOO�WKDW��GXH�WR�GLVHDVH�RU�WUDXPD��LW�LV�VRPHWLPHV�
QHFHVVDU\�WR�UHSODFH�ERG\�SDUWV�ZLWK�ELRORJLFDO�RU�
PHFKDQLFDO�SDUWV�
5HFDOO�WKDW�VRPH�PHFKDQLFDO�UHSODFHPHQWV�VXFK�
DV�WKH�KHDUW�DQG�OXQJ�PDFKLQH��NLGQH\�GLDO\VLV�DQG�
PHFKDQLFDO�YHQWLODWRUV�DUH�XVHG�RXWVLGH�WKH�ERG\�

5HVHDUFK�WKH�KLVWRU\�RI�RQH�RUJDQ�WUDQVSODQW� 8QGHUVWDQG�WKDW�RUJDQV�FDQ�EH�GRQDWHG�E\�OLYLQJ�RU�
GHDG�GRQRUV�
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0RGXOH�%���7KH�/LYLQJ�%RG\
,WHP�%�K��*URZWK�DQG�UHSDLU

/LQNV�WR�RWKHU�LWHPV��%�I��*URZWK�DQG�GHYHORSPHQW��%�F��5XQQLQJ�UHSDLUV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW�H[WUHPHV�RI�KHLJKW�DUH�XVXDOO\�FDXVHG�E\�
JHQHV�RU�KRUPRQH�LPEDODQFH�
'HVFULEH�KRZ�GLHW�DQG�H[HUFLVH�FDQ�LQÀXHQFH�JURZWK��
5HFRJQLVH�WKDW�GLIIHUHQW�SDUWV�RI�D�IRHWXV�DQG�D�EDE\�
JURZ�DW�GLIIHUHQW�UDWHV�
8QGHUVWDQG�ZK\�D�EDE\¶V�OHQJWK��PDVV�DQG�KHDG�VL]H�
DUH�UHJXODUO\�PRQLWRUHG�GXULQJ�WKHLU�¿UVW�PRQWKV��WR�
SURYLGH�HDUO\�ZDUQLQJ�RI�JURZWK�SUREOHPV�
8QGHUVWDQG�WKH�XVH�RI�DYHUDJH�JURZWK�FKDUWV�
([SODLQ�SRVVLEOH�FDXVHV�RI�WKH�LQFUHDVH�LQ�OLIH�
H[SHFWDQF\�GXULQJ�UHFHQW�WLPHV��WR�LQFOXGH��OHVV�
LQGXVWULDO�GLVHDVH��KHDOWKLHU�GLHW�DQG�OLIH�VW\OH��PRGHUQ�
WUHDWPHQWV�DQG�FXUHV�IRU�GLVHDVH�DQG�EHWWHU�KRXVLQJ�

5HFDOO�WKDW�WKH�KXPDQ�JURZWK�KRUPRQH�LV�SURGXFHG�
E\�WKH�SLWXLWDU\�JODQG�DQG�WKDW�LW�VWLPXODWHV�JHQHUDO�
JURZWK�HVSHFLDOO\�LQ�ORQJ�ERQHV�
'HVFULEH�SRVVLEOH�FRQVHTXHQFHV�RI�PRUH�SHRSOH�
OLYLQJ�ORQJHU��RQ�D�SHUVRQDO�DQG�QDWLRQDO�OHYHO��

([SODLQ�SUREOHPV�LQ�VXSSO\�RI�GRQRU�RUJDQV��OLPLWHG�
WR�
�� VKRUWDJH�RI�GRQRUV
�� WLVVXH�PDWFK
�� VL]H�DQG�DJH�
([SODLQ�SUREOHPV�RI�XVLQJ�PHFKDQLFDO�UHSODFHPHQWV��
OLPLWHG�WR�
�� VL]H
�� SRZHU�VXSSO\
�� PDWHULDOV�XVHG
�� ERG\�UHDFWLRQV�
'HVFULEH�WKH�HWKLFDO�LVVXHV�FRQFHUQLQJ�RUJDQ�
GRQDWLRQ�

'HVFULEH�SUREOHPV�ZLWK�WUDQVSODQWV��OLPLWHG�WR�
�� UHMHFWLRQ
�� LPPXQR�VXSSUHVVLYH�GUXJ�WUHDWPHQW�

([SODLQ�ZK\�GRQRUV�FDQ�EH�OLYLQJ�DQG�ZKDW�PDNHV�D�
VXLWDEOH�OLYLQJ�GRQRU�
'HVFULEH�WKH�FULWHULD�QHHGHG�IRU�D�GHDG�SHUVRQ�WR�EH�
D�VXLWDEOH�GRQRU�

'HVFULEH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�D�
UHJLVWHU�RI�GRQRUV�
,QWHUSUHW�GDWD�RQ�WUDQVSODQWV�DQG�VXFFHVV�UDWHV�
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���� 0RGXOH�%���%H\RQG�7KH�0LFURVFRSH

0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�D��8QGHUVWDQGLQJ�PLFUREHV

6XPPDU\��:H�DUH�XVHG�WR�WDONLQJ�DERXW�SODQWV�DQG�DQLPDOV�WKDW�FDQ�EH�VHHQ�DQG�WRXFKHG��0LFURVFRSLF�
RUJDQLVPV�VXFK�DV�EDFWHULD��YLUXVHV�DQG�IXQJL�WHQG�WR�EH�HLWKHU�LJQRUHG�RU�FDXVH�IHDU��7KLV�XQLW�FRQVLGHUV�WKH�
FKDUDFWHULVWLFV�RI�WKHVH�RUJDQLVPV�DQG�JLYHV�VRPH�DSSUHFLDWLRQ�RI�WKH�LPSRUWDQFH�RI�VFDOH�LQ�ELRORJ\��3UDFWLFDO�
ZRUN�ZLWK�PLFURRUJDQLVPV�GHYHORSV�WKH�VNLOOV�RI�ZRUNLQJ�VDIHO\�DQG�DFFXUDWHO\�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([DPLQH�JUHDWO\�PDJQL¿HG�LPDJHV�RI�EDFWHULD�DQG�
FDOFXODWH�PDJQL¿FDWLRQ�
µ+RZ�ELJ�ZRXOG�D�FDW�EH�LI�ZH�PDJQL¿HG�LW�E\�WKH�
VDPH�IDFWRU"¶�LV�D�XVHIXO�SUREOHP�WR�VROYH��
3UHSDUH�D�FXOWXUH�RI�EDFWHULD�RQ�DQ�DJDU�SODWH�XVLQJ�
DVHSWLF�WHFKQLTXH�

5HFDOO�WKDW�WKH�VL]H�RI�D�W\SLFDO�EDFWHULDO�FHOO�LV�MXVW�D�
IHZ�PLFURQV��WKRXVDQGWKV�RI�D�PP��
,GHQWLI\�DQG�ODEHO�SDUWV�RI�D�ÀDJHOODWH�EDFLOOXV�DV�
VKRZQ�E\�(��FROL��WR�LQFOXGH�
�� ÀDJHOOXP
�� FHOO�ZDOO
�� EDFWHULDO�'1$�
5HFRJQLVH�WKDW�EDFWHULD�FDQ�EH�FODVVL¿HG�E\�WKHLU�
VKDSH�
'HVFULEH�KRZ�EDFWHULD�UHSURGXFH�E\�VSOLWWLQJ�LQWR�WZR�
8QGHUVWDQG�WKDW�EDFWHULD�FDQ�UHSURGXFH�YHU\�UDSLGO\�
LQ�VXLWDEOH�FRQGLWLRQV�
5HFRJQLVH�WKDW�EDFWHULD�FDQ�EH�JURZQ�LQ�ODUJH�
IHUPHQWHUV�

0DNH�D�VOLGH�RI�\HDVW�DQG�VWDLQ�LW�ZLWK�PHWK\OHQH�EOXH�
DQG�H[DPLQH�LW�XQGHU�D�PLFURVFRSH�

5HFDOO�WKDW�\HDVW�LV�D�IXQJXV�
,GHQWLI\�DQG�ODEHO�SDUWV�RI�D�\HDVW�FHOO��WR�LQFOXGH�
�� QXFOHXV
�� F\WRSODVP
�� FHOO�ZDOO
�� EXG�
'HVFULEH�KRZ�\HDVW�UHSURGXFHV�DVH[XDOO\�E\�
EXGGLQJ�

8QGHUVWDQG�WKDW�YLUXVHV�DUH�
�� QRW�OLYLQJ�FHOOV
�� PXFK�VPDOOHU�WKDQ�EDFWHULD�DQG�IXQJL�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�D��8QGHUVWDQGLQJ�PLFUREHV

/LQNV�WR�RWKHU�LWHPV��%�F��6WD\LQJ�KHDOWK\��%�D��&ODVVL¿FDWLRQ��%�G��&HOO�GLYLVLRQ��%�J��'HFD\��%�E��+DUPIXO�
PLFURRUJDQLVPV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�KRZ�WKH�SDUWV�RI�EDFWHULDO�FHOOV�UHODWH�WR�WKHLU�
IXQFWLRQ��WR�LQFOXGH�
�� ÀDJHOOXP�IRU�PRYHPHQW
�� FHOO�ZDOO�WR�PDLQWDLQ�VKDSH��DQG�WR�VWRS�LW�IURP�

EXUVWLQJ
�� '1$�WR�FRQWURO�WKH�FHOO¶V�DFWLYLWLHV�DQG�UHSOLFDWLRQ�

RI�WKH�FHOO�
'HVFULEH�WKH�PDLQ�VKDSHV�RI�EDFWHULD�DV�
�� VSKHULFDO
�� URG
�� VSLUDO�
�� FXUYHG�URGV�
5HFDOO�WKDW�EDFWHULD�UHSURGXFH�E\�D�W\SH�RI�DVH[XDO�
UHSURGXFWLRQ�FDOOHG�ELQDU\�¿VVLRQ�
'HVFULEH�DVHSWLF�WHFKQLTXHV�IRU�FXOWXULQJ�EDFWHULD�RQ�
DQ�DJDU�SODWH�

([SODLQ�KRZ�EDFWHULD�
�� FDQ�VXUYLYH�RQ�DQ�HQRUPRXV�UDQJH�RI�HQHUJ\�

VRXUFHV
�� FDQ�H[SORLW�D�YHU\�ZLGH�UDQJH�RI�KDELWDWV
EHFDXVH�VRPH�EDFWHULD�FDQ�FRQVXPH�RUJDQLF�
QXWULHQWV�DQG�RWKHUV�FDQ�PDNH�WKHLU�RZQ�
([SODLQ�WKH�FRQVHTXHQFHV�RI�YHU\�UDSLG�EDFWHULDO�
UHSURGXFWLRQ�LQ�WHUPV�RI�IRRG�VSRLODJH�DQG�GLVHDVH��
([SODLQ�UHDVRQV�IRU�WKH�VDIH�KDQGOLQJ�RI�EDFWHULD�

'HVFULEH�KRZ�\HDVW�JURZWK�UDWH�FDQ�EH�LQFUHDVHG��LWV�
RSWLPXP�JURZWK�UDWH�EHLQJ�FRQWUROOHG�E\�
�� IRRG�DYDLODELOLW\
�� WHPSHUDWXUH
�� S+
�� UHPRYDO�RI�ZDVWH�SURGXFWV�

'HVFULEH�KRZ�\HDVW�JURZWK�UDWH�GRXEOHV�IRU�HYHU\�
���&�ULVH�LQ�WHPSHUDWXUH�XQWLO�WKH�RSWLPXP�LV�
UHDFKHG�

'HVFULEH�WKH�VWUXFWXUH�RI�YLUXVHV�DV��
�� D�SURWHLQ�FRDW�
�� VXUURXQGLQJ�D�VWUDQG�RI�JHQHWLF�PDWHULDO�
8QGHUVWDQG�WKDW�YLUXVHV��
�� FDQ�RQO\�UHSURGXFH�LQ�RWKHU�OLYLQJ�FHOOV
�� RQO\�DWWDFN�VSHFL¿F�FHOOV
�� PD\�DWWDFN�SODQW��EDFWHULDO�RU�DQLPDO�FHOOV�

([SODLQ�KRZ�D�YLUXV�UHSURGXFHV��WR�LQFOXGH�
�� DWWDFKLQJ�LWVHOI�WR�D�VSHFL¿F�KRVW�FHOO
�� LQMHFWLQJ�LWV�JHQHWLF�PDWHULDO�LQWR�WKH�FHOO
�� XVLQJ�WKH�FHOO�WR�PDNH�WKH�FRPSRQHQWV�RI�QHZ�

YLUXVHV
�� FDXVLQJ�WKH�KRVW�FHOO�WR�VSOLW�RSHQ�WR�UHOHDVH�WKH�

YLUXVHV�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�E��+DUPIXO�PLFURRUJDQLVPV

6XPPDU\��'HVSLWH�JLYLQJ�D�UDQJH�RI�XVHIXO�SURGXFWV��VRPH�PLFURRUJDQLVPV�DUH�GDQJHURXV�WR�KXPDQV��(DFK�
\HDU�PLOOLRQV�RI�GHDWKV�DUH�GLUHFWO\�FDXVHG�E\�EDFWHULD�DQG�YLUXVHV��7KH�ZRUN�RI�/LVWHU��3DVWHXU�DQG�)OHPLQJ�
LOOXVWUDWHV�KRZ�XQFHUWDLQWLHV�LQ�VFLHQWL¿F�NQRZOHGJH�FKDQJH�RYHU�WLPH�DQG�WKH�UROH�RI�WKH�VFLHQWL¿F�FRPPXQLW\�
LQ�YDOLGDWLQJ�WKHVH�FKDQJHV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

8QGHUVWDQG�WKDW�VRPH�PLFURRUJDQLVPV�DUH�
SDWKRJHQV��
'HVFULEH�KRZ�SDWKRJHQV�FDQ�HQWHU�WKH�ERG\��OLPLWHG�
WR�
�� QRVH��DLUERUQH�PLFURRUJDQLVPV�
�� PRXWK��FRQWDPLQDWHG�IRRG�DQG�ZDWHU�
�� VNLQ��LQVHFW�ELWHV��FXWV��LQIHFWHG�QHHGOHV�
�� UHSURGXFWLYH�RUJDQV��FRQWDFW��
5HODWH�GLIIHUHQW�W\SHV�RI�PLFURRUJDQLVPV�WR�WKH�
GLVHDVH�WKH\�FDQ�FDXVH��OLPLWHG�WR�
�� FKROHUD�DQG�IRRG�SRLVRQLQJ��FDXVHG�E\�EDFWHULD
�� LQÀXHQ]D�DQG�FKLFNHQSR[��FDXVHG�E\�YLUXVHV
�� DWKOHWH¶V�IRRW�FDXVHG�E\�D�IXQJXV�

5HVHDUFK�KRZ�DLG�DJHQFLHV�VXFK�DV�WKH�5HG�&URVV�
UHVSRQG�UDSLGO\�WR�DQ�HPHUJHQF\�
5HVHDUFK�LQFLGHQFH�RI�GLVHDVH�IROORZLQJ�D�UHFHQW�
QDWXUDO�GLVDVWHU�

5HFDOO�WKDW�GLVHDVHV�VXFK�DV�FKROHUD�DQG�IRRG�
SRLVRQLQJ�FDQ�EH�D�PDMRU�SUREOHP�IROORZLQJ�D�
QDWXUDO�GLVDVWHU�VXFK�DV�HDUWKTXDNHV�DQG�HUXSWLQJ�
YROFDQRHV�

&RPSDUH�WKH�HIIHFWLYHQHVV�RI�GLIIHUHQW�DQWLVHSWLFV�
DQWLELRWLFV�XVLQJ�D�FXOWXUH�RI�EDFWHULD�RQ�DQ�DJDU�SODWH�
�E\�PHDVXULQJ�DQG�FRPSDULQJ�WKH�GLDPHWHUV�RI�WKH�
KDORV��

5HFRJQLVH�WKDW�KDUPIXO�EDFWHULD�FDQ�EH�FRQWUROOHG�E\�
DQWLELRWLFV�
8QGHUVWDQG�WKDW�EDFWHULD�FDQ�GHYHORS�UHVLVWDQFH�WR�
DQWLELRWLFV�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�E��+DUPIXO�PLFURRUJDQLVPV

/LQNV�WR�RWKHU�LWHPV��%�F��6WD\LQJ�KHDOWK\��%�D��8QGHUVWDQGLQJ�PLFUREHV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

8QGHUVWDQG�KRZ�WKH�WUDQVPLVVLRQ�RI�GLVHDVHV�FDQ�EH�
SUHYHQWHG��OLPLWHG�WR�GLVHDVH�WUDQVPLWWHG�E\�
�� IRRG�
�� ZDWHU�
�� FRQWDFW
�� DLUERUQH�GURSOHWV�
'HVFULEH�WKH�VWDJHV�RI�DQ�LQIHFWLRXV�GLVHDVH��WR�
LQFOXGH�
�� HQWU\�LQWR�WKH�ERG\
�� UDSLG�JURZWK��WKH�LQFXEDWLRQ�SHULRG
�� SURGXFWLRQ�RI�PDQ\�WR[LQV
�� DSSHDUDQFH�RI�V\PSWRPV�VXFK�DV�IHYHU�

,QWHUSUHW�GDWD�RQ�WKH�LQFLGHQFH�RI�LQÀXHQ]D��IRRG�
SRLVRQLQJ�DQG�FKROHUD�

([SODLQ�ZK\�QDWXUDO�GLVDVWHUV�FDXVH�D�UDSLG�VSUHDG�RI�
GLVHDVHV��WR�LQFOXGH�
�� GDPDJH�WR�VHZDJH�V\VWHPV�DQG�ZDWHU�VXSSOLHV
�� GDPDJH�WR�HOHFWULFDO�VXSSOLHV�FDXVLQJ�UDSLG�IRRG�

GHFD\
�� GLVSODFHPHQW�RI�SHRSOH
�� GLVUXSWLRQ�WR�KHDOWK�VHUYLFHV�

'HVFULEH�WKH�SLRQHHULQJ�ZRUN�RI�WKH�IROORZLQJ�
VFLHQWLVWV�LQ�WKH�WUHDWPHQW�RI�GLVHDVH��OLPLWHG�WR�
�� 3DVWHXU�DQG�WKH�JHUP�WKHRU\�RI�GLVHDVH
�� /LVWHU�DQG�WKH�GHYHORSPHQW�RI�DQWLVHSWLFV
�� )OHPLQJ�DQG�WKH�GLVFRYHU\�RI�SHQLFLOOLQ�
'HVFULEH�KRZ�DQWLVHSWLFV�DQG�DQWLELRWLFV�DUH�XVHG�LQ�
WKH�FRQWURO�RI�GLVHDVH�
5HFDOO�WKDW�YLUXVHV�DUH�XQDIIHFWHG�E\�DQWLELRWLFV�
([SODLQ�KRZ�VRPH�VWUDLQV�RI�EDFWHULD�DUH�GHYHORSLQJ�
UHVLVWDQFH�WR�DQWLELRWLFV�E\�QDWXUDO�VHOHFWLRQ�

([SODLQ�WKH�LPSRUWDQFH�RI�YDULRXV�SURFHGXUHV�LQ�WKH�
SUHYHQWLRQ�RI�DQWLELRWLF�UHVLVWDQFH�WR�LQFOXGH�
�� RQO\�SUHVFULELQJ�DQWLELRWLFV�ZKHQ�QHFHVVDU\
�� FRPSOHWLRQ�RI�WKH�GRVH�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�F��8VHIXO�PLFURRUJDQLVPV

6XPPDU\��$V�ZH�EHJLQ�WR�XQGHUVWDQG�KRZ�PLFURRUJDQLVPV�ZRUN��ZH�FDQ�GHYHORS�QHZ�ZD\V�RI�XVLQJ�WKHP�DV�
ZHOO�DV�PDNLQJ�H[LVWLQJ�SURFHVVHV�PRUH�HI¿FLHQW�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

0DNH�\RJKXUW�XVLQJ�IUHVKO\�SDVWHXULVHG�PLON�DQG�D�
VWDUWHU�FXOWXUH�RI�OLYH�\RJKXUW��
0HDVXUH�DQG�UHFRUG�WKH�S+�RI�PLON�DV�LW�LV�FRQYHUWHG�
WR�\RJKXUW�XVLQJ�S+�SDSHU�S+�PHWHU�GDWD�ORJJHU�
&RQVLGHU�DGYHUWV�IRU�µSUR�ELRWLF¶�\RJKXUWV�

5HFDOO�WKDW�VRPH�EDFWHULD�DUH�XVHIXO�LQ�
�� \RJKXUW�PDNLQJ�
�� FKHHVH�SURGXFWLRQ
�� YLQHJDU�SURGXFWLRQ
�� VLODJH�SURGXFWLRQ
�� FRPSRVWLQJ�

%UHZLQJ�EHHU��FLGHU�RU�ZLQH�
$�µKRPH�EUHZ¶�EHHU�RU�ZLQH�NLW�FDQ�EH�XVHG�WR�
GHPRQVWUDWH�WKH�SULQFLSOHV�RI�IHUPHQWDWLRQ��
&ROOHFW�JDV�IURP�IHUPHQWLQJ�VXJDU�DQG�WHVW�LW�IRU�
FDUERQ�GLR[LGH��
&DUU\�RXW�H[SHULPHQWV�WR�VKRZ�KRZ�\HDVW�DFWLYLW\�LV�
DIIHFWHG�E\�WHPSHUDWXUH�

'HVFULEH�IHUPHQWDWLRQ�DV�WKH�SURGXFWLRQ�RI�DOFRKRO��
LQFOXGLQJ�ZLQH�DQG�EHHU��E\�WKH�EUHDNGRZQ�RI�VXJDUV�
E\�\HDVW�LQ�WKH�DEVHQFH�RI�R[\JHQ��
5HFDOO�WKDW�D�JDV��FDUERQ�GLR[LGH��LV�DOVR�SURGXFHG�
GXULQJ�IHUPHQWDWLRQ�

5HFDOO�WKDW�VRPH�SURGXFWV�RI�IHUPHQWDWLRQ�FDQ�EH�
IXUWKHU�WUHDWHG�WR�LQFUHDVH�WKH�DOFRKRO�FRQFHQWUDWLRQ�
WR�SURGXFH�VSLULWV�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�F��8VHIXO�PLFURRUJDQLVPV

/LQNV�WR�RWKHU�LWHPV��%�F��5HVSLUDWLRQ��%�D��8QGHUVWDQGLQJ�PLFUREHV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�WKH�PDLQ�VWDJHV�LQ�PDNLQJ�\RJKXUW��WR�
LQFOXGH�
�� VWHULOLVDWLRQ�RI�HTXLSPHQW
�� SDVWHXULVDWLRQ�RI�PLON
�� LQFXEDWLRQ�RI�FXOWXUH
�� VDPSOLQJ
�� DGGLWLRQ�RI�ÀDYRXUV��FRORXUV�DQG�SDFNDJLQJ�

'HVFULEH�WKH�DFWLRQ�RI�/DFWREDFLOOXV�EDFWHULD�LQ�\RJXUW�
PDNLQJ��WR�LQFOXGH��
�� WKH�EUHDNGRZQ�RI�ODFWRVH�LQ�PLON
�� WKH�SURGXFWLRQ�RI�ODFWLF�DFLG�

5HFDOO�DQG�XVH�WKH�ZRUG�HTXDWLRQ�IRU�IHUPHQWDWLRQ�
�DQDHURELF�UHVSLUDWLRQ�LQ�\HDVW��
JOXFRVH��VXJDU��ĺ�HWKDQRO��DOFRKRO����FDUERQ�GLR[LGH
'HVFULEH�WKH�PDLQ�VWDJHV�LQ�EUHZLQJ�EHHU�RU�ZLQH��WR�
LQFOXGH�
�� H[WUDFWLQJ�VXJDU�IURP�VRXUFH�PDWHULDO
�� DGGLQJ�\HDVW��NHHSLQJ�LW�ZDUP
�� SUHYHQWLQJ�HQWU\�RI�DLU�DQG�RWKHU�PLFURRUJDQLVPV
�� FODULI\LQJ�FOHDULQJ��GUDZLQJ�RII�WKH�ZLQH�EHHU
�� SDVWHXULVLQJ��FDVNLQJ�RU�ERWWOLQJ�

5HFDOO�DQG�XVH�WKH�EDODQFHG�FKHPLFDO�HTXDWLRQ�IRU�
IHUPHQWDWLRQ��DQDHURELF�UHVSLUDWLRQ��

&�+��2��ĺ��&�+�2+����&2��
([SODLQ�WKH�LPSOLFDWLRQV�IRU�WKH�IHUPHQWDWLRQ�SURFHVV�
RI�\HDVW�EHLQJ�DEOH�WR�XQGHUJR�DHURELF�RU�DQDHURELF�
UHVSLUDWLRQ�
,QWHUSUHW�GDWD�RQ�WKH�EUHDNGRZQ�RI�VXJDU�E\�\HDVW�LQ�
GLIIHUHQW�FRQGLWLRQV�VXFK�DV�FKDQJLQJ�WHPSHUDWXUH�
DQG�WKH�SUHVHQFH�RU�DEVHQFH�RI�R[\JHQ�
'HVFULEH�ZKDW�LV�PHDQW�E\�WKH�WHUP�SDVWHXULVDWLRQ�
DQG�H[SODLQ�ZK\�WKLV�QHHGV�WR�EH�GRQH�LQ�WKH�FDVH�RI�
ERWWOHG�EHHUV�

'HVFULEH�WKH�SURFHVV�RI�GLVWLOODWLRQ�WR�LQFUHDVH�WKH�
DOFRKRO�FRQFHQWUDWLRQ��DQG�XQGHUVWDQG�WKDW�WKLV�
FRPPHUFLDO�SURFHVV�QHHGV�OLFHQVHG�SUHPLVHV�

8QGHUVWDQG�KRZ�IHUPHQWDWLRQ�LV�OLPLWHG�E\�WKH�HIIHFWV�
RI�LQFUHDVLQJ�OHYHOV�RI�DOFRKRO�
8QGHUVWDQG�WKDW�GLIIHUHQW�VWUDLQV�RI�\HDVW�FDQ�WROHUDWH�
GLIIHUHQW�OHYHOV�RI�DOFRKRO�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�G��%LRIXHOV

6XPPDU\��:LWK�SUREOHPV�RI�GHFOLQLQJ�VWRFNV�RI�IRVVLO�IXHOV�DQG�ORQJ�WHUP�SUREOHPV�RI�QXFOHDU�HQHUJ\��PDQ\�
FRXQWULHV�DUH�GHYHORSLQJ�FOHDQHU�IXHOV�ZKLFK�QHHG�RQO\�VLPSOH�WHFKQRORJ\��0DQ\�RI�WKHVH�SURFHVVHV�LQYROYH�
WKH�XVH�RI�PLFURRUJDQLVPV�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([SODLQ�KRZ�SODQWV�SURGXFH�ELRPDVV�
5HFRJQLVH�H[DPSOHV�RI�IXHOV�IURP�ELRPDVV��WR�
LQFOXGH�
�� DOFRKRO
�� ELRJDV
�� ZRRG�

5HVHDUFK�WKH�XVH�RI�ELRJDV�LQ�1HSDO�
'HVLJQ�D�ELRJDV�GLJHVWHU�DQG�GLVSOD\�WKH�SODQV�DV�D�
FKDUW�
5HVHDUFK�XVH�RI�ELRJDV�LQ�FLWLHV�VXFK�DV�1HZFDVWOH�
DQG�/HHGV�

8QGHUVWDQG�ZK\�ELRJDV��PDLQO\�PHWKDQH��LV�DQ�
LPSRUWDQW�HQHUJ\�UHVRXUFH�LQ�FHUWDLQ�UHPRWH�SDUWV�RI�
WKH�ZRUOG�ODFNLQJ�D�PDLQV�HOHFWULFLW\�VXSSO\�RU�PDLQV�
VHZDJH�V\VWHP�
5HFDOO�WKDW�WKH�URWWLQJ�RI�RUJDQLF�PDWHULDO�VXFK�DV�
GHDG�SODQWV�DQG�DQLPDO�ZDVWH��
�� RFFXUV�LQ�PDUVKHV��VHSWLF�WDQNV�DQG�DQLPDO�

GLJHVWLYH�V\VWHPV
�� SURGXFHV�D�PL[WXUH�RI�JDVHV�LQFOXGLQJ�PHWKDQH�
�� LV�FDXVHG�E\�WKH�DFWLRQ�RI�EDFWHULD�
5HFDOO�WKDW�ELRJDV�FDQ�EH�SURGXFHG�RQ�D�ODUJH�VFDOH�
XVLQJ�D�GLJHVWHU�
([SODLQ�ZK\�PHWKDQH�EHLQJ�UHOHDVHG�IURP�ODQG¿OO�
VLWHV�LV�GDQJHURXV��LW�FDQ�EXUQ�RU�H[SORGH�SUHYHQWLQJ�
XVH�RI�WKH�VLWH�IRU�PDQ\�\HDUV�

5HFDOO�WKDW�DOFRKRO��
�� FDQ�EH�PDGH�IURP�\HDVW
�� FDQ�EH�XVHG�DV�D�ELRIXHO�E\�PL[LQJ�ZLWK�SHWURO�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�G��%LRIXHOV

/LQNV�WR�RWKHU�LWHPV��%�J��3RSXODWLRQ�DQG�SROOXWLRQ��%�K��)DUPLQJ

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�GLIIHUHQW�PHWKRGV�RI�WUDQVIHUULQJ�HQHUJ\�
IURP�ELRPDVV��WR�LQFOXGH�
�� EXUQLQJ�IDVW�JURZLQJ�WUHHV
�� IHUPHQWLQJ�ELRPDVV�XVLQJ�EDFWHULD�RU�\HDVW�
*LYHQ�GDWD��HYDOXDWH�GLIIHUHQW�PHWKRGV�RI�WUDQVIHUULQJ�
HQHUJ\�IURP�ELRPDVV�
'HVFULEH�WKH�DGYDQWDJHV�RI�XVLQJ�ELRIXHOV��WR�LQFOXGH�
�� DOWHUQDWLYH�VRXUFHV�WR�IRVVLO�IXHOV
�� QR�LQFUHDVH�LQ�JUHHQKRXVH�JDV�OHYHOV
�� QR�SDUWLFXODWHV�SURGXFHG�

([SODLQ�ZK\�WKH�EXUQLQJ�RI�ELRIXHOV�GRHV�QRW�FDXVH�D�
QHW�LQFUHDVH�LQ�JUHHQKRXVH�JDV�OHYHOV�LI�
�� WKH\�DUH�EXUQW�DW�WKH�VDPH�UDWH�DV�WKH�ELRPDVV�LV�

EHLQJ�SURGXFHG
�� DUHDV�RI�ODQG�DUH�QRW�FOHDUHG�RI�RWKHU�YHJHWDWLRQ�

LQ�RUGHU�WR�JURZ�FURSV�IRU�ELRIXHOV�
([SODLQ�KRZ��LQ�VRPH�DUHDV��WKH�XVH�RI�ODUJH�DUHDV�RI�
ODQG�WR�SURGXFH�ELRIXHOV�LV�UHVXOWLQJ�LQ�
�� KDELWDW�ORVV
�� H[WLQFWLRQ�RI�VSHFLHV�

5HFDOO�WKDW�ELRJDV�FRQWDLQV�
�� PDLQO\�PHWKDQH
�� VRPH�FDUERQ�GLR[LGH
�� WUDFHV�RI�K\GURJHQ��QLWURJHQ�DQG�K\GURJHQ�

VXO¿GH�
'HVFULEH�KRZ�PHWKDQH�FDQ�EH�SURGXFHG�RQ�D�ODUJH�
VFDOH�XVLQJ�D�FRQWLQXRXV�ÀRZ�PHWKRG�RI�SURYLGLQJ�
RUJDQLF�ZDVWH�DQG�UHPRYLQJ�WKH�JDV�DQG�UHPDLQLQJ�
VROLGV��
'HVFULEH�WKH�XVHV�RI�ELRJDV��WR�LQFOXGH�
�� EXUQLQJ�WR�JHQHUDWH�HOHFWULFLW\
�� EXUQLQJ�WR�SURGXFH�KRW�ZDWHU�DQG�VWHDP�IRU��

KHDWLQJ�V\VWHPV
�� XVHG�DV�D�IXHO�IRU�YHKLFOHV�
'HVFULEH�KRZ�ELRJDV�SURGXFWLRQ�LV�DIIHFWHG�E\�
WHPSHUDWXUH��

5HFDOO�WKDW�ELRJDV�FRQWDLQLQJ�PRUH�WKDQ�����
PHWKDQH�FDQ�EH�EXUQW�LQ�D�FRQWUROOHG�ZD\�EXW�D�ORZHU�
SHUFHQWDJH�RI�DERXW�����LV�H[SORVLYH�
8QGHUVWDQG�WKDW�ELRJDV�LV�D�µFOHDQHU¶�IXHO�WKDQ�GLHVHO�
DQG�SHWURO�EXW�GRHV�QRW�FRQWDLQ�DV�PXFK�HQHUJ\�DV�
QDWXUDO�JDV�
([SODLQ�ZK\�ELRJDV�SURGXFWLRQ�LV�DIIHFWHG�E\�
WHPSHUDWXUH��

5HFDOO�WKDW�D�PL[WXUH�RI�SHWURO�DQG�DOFRKRO�
�� LV�FDOOHG�JDVRKRO�
�� LV�XVHG�IRU�FDUV�LQ�FRXQWULHV�VXFK�DV�%UD]LO�

8QGHUVWDQG�ZK\�JDVRKRO�LV�PRUH�HFRQRPLFDOO\�YLDEOH�
LQ�FRXQWULHV�WKDW�KDYH�DPSOH�VXJDU�FDQH�DQG�VPDOO�RLO�
UHVHUYHV�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�H��/LIH�LQ�VRLO

6XPPDU\��/LIH�DERYH�JURXQG�LV�REYLRXV��/LIH�EHORZ�JURXQG�LV�MXVW�DV�GLYHUVH�DQG�HVVHQWLDO�LQ�PDLQWDLQLQJ�WKH�
UHF\FOLQJ�RI�LPSRUWDQW�HOHPHQWV�DQG�SURYLGLQJ�WKH�FRUUHFW�FRQGLWLRQV�IRU�SODQW�JURZWK��:LWKRXW�WKH�DFWLRQ�RI�VRLO�
OLIH�ZH�ZRXOG�KDYH�WR�FOLPE�RYHU�GHDG�GLQRVDXU�ERGLHV�WR�JHW�WR�VFKRRO�DQG�PDQ\�LPSRUWDQW�HOHPHQWV�ZRXOG�EH�
XQDYDLODEOH�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

&DUU\�RXW�DQ�H[SHULPHQW�WR�VKRZ�WKDW�OLIH�LV�SUHVHQW�
LQ�D�VRLO�VDPSOH��XVLQJ�OLPH�ZDWHU�RU�ELFDUERQDWH�
LQGLFDWRU���
,QYHVWLJDWH�WKH�KXPXV��DLU�DQG�ZDWHU�FRQWHQW�RI�VRLO�

'HVFULEH�WKH�PDLQ�FRPSRQHQWV�RI�VRLO�DV�EHLQJ�
�� GLIIHUHQW�VL]HG�PLQHUDO�SDUWLFOHV
�� GHDG�PDWHULDO
�� OLYLQJ�RUJDQLVPV
�� DLU�
�� ZDWHU�

,GHQWLI\�VRLO�IDXQD�DQG�ÀRUD�XVLQJ�LGHQWL¿FDWLRQ�NH\V�
([DPLQH�PLFURVFRSLF�VRLO�OLIH�XVLQJ�OLJKW�DQG�ELQRFXODU�
PLFURVFRSHV�

'HVFULEH�D�W\SLFDO�IRRG�ZHE�LQ�D�VRLO��WR�LQFOXGH�
�� KHUELYRUHV�VXFK�DV�VOXJV��VQDLOV�DQG�ZLUH�ZRUPV
�� GHWULWLYRUHV�VXFK�DV�HDUWKZRUPV��PLOOLSHGHV�DQG�

VSULQJWDLOV
�� FDUQLYRUHV�VXFK�DV�FHQWLSHGHV��VSLGHUV�DQG�

JURXQG�EHHWOHV�
'HVFULEH�WKH�UROH�RI�EDFWHULD�DQG�IXQJL�DV�
GHFRPSRVHUV�

&RPSDUH�WKH�FRPSRVLWLRQ�RI�GLIIHUHQW�VRLOV� ([SODLQ�ZK\�VRLO�LV�LPSRUWDQW�IRU�WKH�PDMRULW\�RI�SODQWV�

6HW�XS�D�ZRUPHU\� 5HFRJQLVH�WKDW�HDUWKZRUPV�FDQ�LPSURYH�VRLO�VWUXFWXUH�
DQG�IHUWLOLW\�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�H��/LIH�LQ�VRLO

/LQNV�WR�RWKHU�LWHPV��%�E��(QHUJ\�ÀRZ��%�F��5HF\FOLQJ��%�D��(FRORJ\�LQ�WKH�ORFDO�HQYLURQPHQW��%�J��'HFD\

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�WKH�GLIIHUHQFH�EHWZHHQ�D�VDQG\�VRLO�DQG�D�
FOD\�VRLO�LQ�WHUPV�RI�SDUWLFOH�VL]H�
5HFDOO�WKDW�ORDP�LV�D�VRLO�WKDW�FRQWDLQV�D�PL[WXUH�RI�
FOD\�DQG�VDQG�
5HFDOO�WKDW�LI�WKH�GHDG�PDWHULDO�LQ�VRLO�LV�ODUJHO\�
GHFRPSRVHG��LW�LV�FDOOHG�KXPXV�
'HVFULEH�VLPSOH�H[SHULPHQWV�WR�FRPSDUH�WKH�KXPXV��
DLU�DQG�ZDWHU�FRQWHQW�RI�GLIIHUHQW�VRLOV�

([SODLQ�KRZ�SDUWLFOH�VL]H�DIIHFWV�WKH�DLU�FRQWHQW�DQG�
SHUPHDELOLW\�RI�VRLOV�
([SODLQ�WKH�UHVXOWV�RI�VRLO�H[SHULPHQWV�LQ�WHUPV�RI�
PLQHUDO�SDUWLFOH�VL]H�DQG�RUJDQLF�PDWWHU�FRQWHQW�

,QWHUSUHW�GDWD�RQ�VRLO�IRRG�ZHEV�

([SODLQ�ZK\�VRPH�OLIH�LQ�VRLO�GHSHQGV�RQ�D�VXSSO\�RI�
R[\JHQ�DQG�ZDWHU�
([SODLQ�WKH�LPSRUWDQFH�RI�KXPXV�LQ�WKH�VRLO��OLPLWHG�
WR�
�� GHFRPSRVLWLRQ�WR�UHOHDVH�PLQHUDOV
�� LQFUHDVLQJ�WKH�DLU�FRQWHQW�

([SODLQ�ZK\�DHUDWLQJ�DQG�GUDLQLQJ�ZLOO�LPSURYH�VRLOV�
([SODLQ�ZK\�QHXWUDOLVLQJ�DFLGLF�VRLOV�DQG�PL[LQJ�XS�
VRLO�OD\HUV�LV�LPSRUWDQW�

([SODLQ�ZK\�HDUWKZRUPV�DUH�LPSRUWDQW�WR�VRLO�
VWUXFWXUH�DQG�IHUWLOLW\��WR�LQFOXGH�
�� EXU\LQJ�RUJDQLF�PDWHULDO�IRU�GHFRPSRVLWLRQ�E\�

EDFWHULD�DQG�IXQJL
�� DHUDWLQJ�DQG�GUDLQLQJ�WKH�VRLO
�� PL[LQJ�XS�VRLO�OD\HUV
�� QHXWUDOLVLQJ�DFLGLF�VRLO�

5HFRJQLVH�WKH�SDUW�SOD\HG�E\�&KDUOHV�'DUZLQ�
LQ�KLJKOLJKWLQJ�WKH�LPSRUWDQFH�RI�HDUWKZRUPV�LQ�
DJULFXOWXUH�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�I��0LFURVFRSLF�OLIH�LQ�ZDWHU

6XPPDU\��0RUH�WKDQ�WZR�WKLUGV�RI�WKH�(DUWK¶V�VXUIDFH�LV�FRYHUHG�E\�ZDWHU��PRVWO\�VHD�ZDWHU��/LIH�LQ�ZDWHU�
LV�GLIIHUHQW�IURP�OLIH�RQ�ODQG�\HW�LW�VKRZV�WKH�VDPH�LQFUHGLEOH�YDULDWLRQ��6RPH�RI�WKLV�OLIH�LV�REYLRXV��GXH�WR�LWV�
VL]H��EXW�LW�DOO�GHSHQGV�RQ�PLFURVFRSLF�SODQNWRQ�IRU�D�VRXUFH�RI�IRRG��6LQFH�WKHUH�VHHPV�WR�EH�VR�PXFK�ZDWHU��
ZH�KDYH�XQIRUWXQDWHO\�XVHG�LW�WR�GLVSRVH�RI�ZDVWH�FDXVLQJ�H[WHQVLYH�GDPDJH�WR�DTXDWLF�OLIH�

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([DPLQH�PLFURVFRSLF�OLIH�LQ�SRQG�ZDWHU� 5HFRJQLVH�WKDW�WKHUH�DUH�D�ZLGH�YDULHW\�RI�
PLFURRUJDQLVPV�OLYLQJ�LQ�ZDWHU�

([DPLQH�OLYLQJ�'DSKQLD�WR�REVHUYH�LQWHUQDO�VWUXFWXUHV�
VXFK�DV�LWV�KHDUW�DQG�GLJHVWLYH�V\VWHP�

5HFRJQLVH�WKDW�SODQNWRQ�DUH�PLFURVFRSLF�SODQWV�
�SK\WRSODQNWRQ��DQG�PLFURVFRSLF�DQLPDOV�
�]RRSODQNWRQ��
5HFDOO�WKDW�SK\WRSODQNWRQ�DUH�FDSDEOH�RI�
SKRWRV\QWKHVLV�DQG�DUH�SURGXFHUV�LQ�DTXDWLF�IRRG�
FKDLQV�DQG�ZHEV��
8QGHUVWDQG�WKDW�SODQNWRQ�
�� KDYH�OLPLWHG�PRYHPHQW�DQG�VR�UHO\�RQ�ZDWHU�

FXUUHQWV
�� VKRZ�VHDVRQDO�YDULDWLRQV�LQ�QXPEHUV�GXH�WR�

YDULDWLRQV�LQ�OLJKW��WHPSHUDWXUH�DQG�PLQHUDOV�

5HVHDUFK�WKH�HIIHFW�RI�PDULQH�SROOXWLRQ�RQ�ZKDOH�
VSHFLHV�DQG�RWKHU�PDULQH�RUJDQLVPV�

5HFDOO�WKDW�WKH�YDULHW\�DQG�QXPEHUV�RI�DTXDWLF�
PLFURRUJDQLVPV�FDQ�EH�DIIHFWHG�E\�SROOXWLRQ�DQG�DFLG�
UDLQ�
5HFRJQLVH�YDULRXV�SROOXWDQWV�RI�ZDWHU��WR�LQFOXGH��RLO��
VHZDJH��3&%V��IHUWLOLVHUV��SHVWLFLGHV�DQG�GHWHUJHQWV��
$QDO\VH�GDWD�RQ�ZDWHU�SROOXWLRQ�WR�GHWHUPLQH�WKH�
SROOXWLRQ�VRXUFH�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�I��0LFURVFRSLF�OLIH�LQ�ZDWHU

/LQNV�WR�RWKHU�LWHPV��%�E��(QHUJ\�ÀRZ��%�D��(FRORJ\�LQ�WKH�ORFDO�HQYLURQPHQW

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

([SODLQ�WKH�DGYDQWDJHV�RI�OLIH�LQ�ZDWHU��OLPLWHG�WR�
�� QR�SUREOHP�RI�ZDWHU�VKRUWDJH�DQG�GHK\GUDWLRQ
�� OHVV�YDULDWLRQ�LQ�WHPSHUDWXUH
�� PRUH�VXSSRUW
�� HDV\�GLVSRVDO�RI�ZDVWH�SURGXFWV�
([SODLQ�WKH�GLVDGYDQWDJHV�RI�OLIH�LQ�ZDWHU��OLPLWHG�WR�
�� UHJXODWLQJ�ZDWHU�FRQWHQW
�� UHVLVWDQFH�WR�PRYHPHQW�

([SODLQ�WKH�SUREOHPV�RI�ZDWHU�EDODQFH�FDXVHG�E\�
RVPRVLV�
'HVFULEH�WKH�DFWLRQ�RI�FRQWUDFWLOH�YDFXROHV�LQ�
PLFURVFRSLF�DQLPDOV�VXFK�DV�DPRHED�

'HVFULEH�KRZ�IDFWRUV�DIIHFWLQJ�SKRWRV\QWKHVLV�YDU\�DW�
GLIIHUHQW�GHSWKV�DQG�LQ�GLIIHUHQW�VHDVRQV�LQ�ZDWHU��WR�
LQFOXGH�
�� OLJKW
�� WHPSHUDWXUH
�� PLQHUDOV�
,QWHUSUHW�GDWD�RQ�VHDVRQDO�ÀXFWXDWLRQV�LQ�
SK\WRSODQNWRQ�DQG�]RRSODQNWRQ�

,QWHUSUHW�GDWD�RQ�PDULQH�IRRG�ZHEV�
8QGHUVWDQG�WKDW�µJUD]LQJ�IRRG�ZHEV¶�DUH�PRVW�
FRPPRQ�LQ�WKH�RFHDQV�EXW�VRPH�IRRG�FKDLQV�UHO\�RQ�
�� µPDULQH�VQRZ¶
�� EDFWHULD��GHHS�LQ�WKH�RFHDQ��DFWLQJ�DV�SURGXFHUV��

([SODLQ�KRZ�VHZDJH�DQG�IHUWLOLVHU�UXQ�RII�FDQ�FDXVH�
HXWURSKLFDWLRQ��WR�LQFOXGH�
�� UDSLG�JURZWK�RI�DOJDH
�� UHVXOWLQJ�GHDWK�DQG�GHFD\
�� XVLQJ�XS�R[\JHQ
�� FDXVLQJ�WKH�GHDWK�RI�DQLPDOV�XQDEOH�WR�UHVSLUH�
'HVFULEH�KRZ�FHUWDLQ�VSHFLHV�RI�RUJDQLVPV�DUH�XVHG�
DV�ELRORJLFDO�LQGLFDWRUV�IRU�S+�DQG�R[\JHQ�OHYHOV�

([SODLQ�WKH�DFFXPXODWLYH��ORQJ�WHUP�HIIHFW�RI�3&%V�
DQG�''7�RQ�DQLPDOV�VXFK�DV�ZKDOHV�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�J��(Q]\PHV�LQ�DFWLRQ

6XPPDU\��0DQ\�HIIHFWV�RI�PLFURRUJDQLVPV�DUH�EDVHG�RQ�WKH�HQ]\PHV�WKH\�FRQWDLQ��(Q]\PHV�DUH�VSHFL¿F�
DQG�FDWDO\VH�PDQ\�UHDFWLRQV�ZKLFK�DUH�XVHIXO�WR�KXPDQV��7KH\�HQDEOH�UHDFWLRQV�ZKLFK�QRUPDOO\�WDNH�SODFH�DW�
PXFK�KLJKHU�WHPSHUDWXUHV�WR�ZRUN�DW�ORZ�WHPSHUDWXUHV��WKXV�VDYLQJ�HQHUJ\��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

,QYHVWLJDWH�WKH�HIIHFWLYHQHVV�RI�D�ELRORJLFDO�ZDVKLQJ�
SRZGHU�LQ�UHPRYLQJ�IRRG�VWDLQV�
3ODQ�RU�SHUIRUP�DQ�LQYHVWLJDWLRQ�WR�¿QG�WKH�HIIHFWV�
RI�WHPSHUDWXUH��VRDNLQJ�WLPH�RU�FRQFHQWUDWLRQ�RI�
ZDVKLQJ�SRZGHU�VROXWLRQ�RQ�WKH�HI¿FLHQF\�RI�VWDLQ�
UHPRYDO�

'HVFULEH�HYHU\GD\�XVHV�RI�HQ]\PHV��OLPLWHG�WR�
�� ELRORJLFDO�ZDVKLQJ�SRZGHUV�DQG�VWDLQ�UHPRYHUV
�� FKHHVH�PDNLQJ�DQG�MXLFH�H[WUDFWLRQ
�� WKH�SUHSDUDWLRQ�RI�PHGLFDO�SURGXFWV�VXFK�DV�

UHDJHQW�VWLFNV
�� DOWHULQJ�WKH�ÀDYRXU�RI�IRRG�SURGXFWV��
5HFDOO�WKDW�ELRORJLFDO�ZDVKLQJ�SRZGHUV�GR�QRW�ZRUN�DW�
KLJK�WHPSHUDWXUH�DQG�H[WUHPHV�RI�S+�

'HPRQVWUDWH�WKH�XVH�RI�µFOLQLVWL[¶�RU�µGH[WURVWL[¶�WR�
GHWHUPLQH�WKH�JOXFRVH�FRQFHQWUDWLRQ�RI�D�VHULHV�RI�
µVSRRI�XULQHV¶�
�JOXFRVH�GLVVROYHG�LQ�D�VROXWLRQ�RI�ZDWHU��D�WUDFH�RI�
PDUPLWH�	���GURS�RI�ZDVKLQJ�XS�OLTXLG�VR�LW�ORRNV�OLNH�
XULQH��

'HVFULEH�KRZ�SHRSOH�ZLWK�GLDEHWHV�WHVW�WKHLU�XULQH�
�XVLQJ�HLWKHU�%HQHGLFW¶V�WHVW�RU�UHDJHQW�VWULS�VWLFNV��IRU�
WKH�SUHVHQFH�RI�JOXFRVH�

,PPRELOLVH�HQ]\PHV�LQ�DOJLQDWH�EHDGV�DQG�
LQYHVWLJDWH�WKH�HIIHFW�RQ�D�VXEVWUDWH�

5HFDOO�KRZ�VRPH�HQ]\PHV�FDQ�EH�LPPRELOLVHG��
�� LQ�JHO�EHDGV
�� RQ�UHDJHQW�VWLFNV�
5HFDOO�WKDW�LPPRELOLVHG�HQ]\PHV�RQ�UHDJHQW�VWLFNV�
FDQ�EH�XVHG�WR�PHDVXUH�JOXFRVH�OHYHOV�LQ�WKH�EORRG�
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0RGXOH�%���%H\RQG�7KH�0LFURVFRSH
,WHP�%�J��(Q]\PHV�LQ�DFWLRQ

/LQNV�WR�RWKHU�LWHPV��%�E��3URWHLQV�DQG�PXWDWLRQV

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

'HVFULEH�WKH�HQ]\PHV�LQ�ELRORJLFDO�ZDVKLQJ�SRZGHUV��
WR�LQFOXGH�
�� DP\ODVHV�±�WR�GLJHVW�WKH�FDUERK\GUDWH�VWDUFK
�� OLSDVHV�±�WR�GLJHVW�IDW�DQG�UHPRYH�IDWW\�VWDLQV
�� SURWHDVHV�±�WR�GLJHVW�SURWHLQ�DQG�UHPRYH�SURWHLQ�

VWDLQV�
([SODLQ�ZK\�ELRORJLFDO�ZDVKLQJ�SRZGHUV�ZRUN�EHVW�DW�
PRGHUDWH�WHPSHUDWXUHV�

([SODLQ�ZK\�WKH�SURGXFWV�RI�GLJHVWLRQ�ZLOO�HDVLO\�ZDVK�
RXW�RI�FORWKHV��LQ�WHUPV�RI�WKHLU�VROXELOLW\�
([SODLQ�ZK\�ELRORJLFDO�ZDVKLQJ�SRZGHUV�PD\�QRW�
ZRUN�LQ�DFLGLF�RU�DONDOLQH�WDS�ZDWHU�

'HVFULEH�KRZ�VXFURVH�FDQ�EH�EURNHQ�GRZQ�E\�WKH�
XVH�RI�DQ�HQ]\PH�FDOOHG�VXFUDVH��LQYHUWDVH��
5HFRJQLVH�WKDW��ZKHQ�VXFURVH�LV�EURNHQ�GRZQ�E\�
HQ]\PHV��WKH�SURGXFW�LV�PXFK�VZHHWHU�PDNLQJ�LW�
XVHIXO�WR�WKH�IRRG�LQGXVWU\�

([SODLQ�KRZ�IRRGV�DUH�VZHHWHQHG�XVLQJ�LQYHUWDVH��
�� LQYHUWDVH�FRQYHUWV�VXFURVH�LQWR�JOXFRVH�DQG�

IUXFWRVH
�� WKHVH�VXJDUV�DUH�PXFK�VZHHWHU�WKDQ�WKH�VXFURVH
�� IRRGV�FDQ�WKHUHIRUH�EH�VZHHWHQHG�ZLWKRXW�DGGLQJ�

VR�PXFK�VXJDU��H�J��LQ�ORZ�FDORULH�IRRGV��

'HVFULEH�KRZ�HQ]\PHV�FDQ�EH�LPPRELOLVHG�LQ�JHO�
EHDGV�E\�
�� PL[LQJ�WKH�HQ]\PH�ZLWK�DOJLQDWH
�� GURSSLQJ�WKH�PL[WXUH�LQWR�FDOFLXP�FKORULGH�

VROXWLRQ�
([SODLQ�WKH�DGYDQWDJHV�RI�LPPRELOLVLQJ�HQ]\PHV��WR�
LQFOXGH�
�� WKH�PL[WXUH�QRW�EHFRPLQJ�FRQWDPLQDWHG�ZLWK�WKH�

HQ]\PH
�� LPPRELOLVHG�HQ]\PHV�LQ�DOJLQDWH�EHDGV�FDQ�EH�

XVHG�LQ�FRQWLQXRXV�ÀRZ�SURFHVVLQJ�

([SODLQ�WKH�FRQGLWLRQ�RI�ODFWRVH�LQWROHUDQFH�
�� WKH\�FDQQRW�SURGXFH�WKH�HQ]\PH�ODFWDVH
�� VR�EDFWHULD�LQ�WKH�JXW�IHUPHQW�ODFWRVH
�� IHUPHQWDWLRQ�SURGXFHV�GLDUUKRHD�DQG�ZLQG�
([SODLQ�WKH�SULQFLSOHV�EHKLQG�WKH�SURGXFWLRQ�RI�
ODFWRVH�IUHH�PLON�IRU�SHRSOH�ZLWK�ODFWRVH�LQWROHUDQFH��
WR�LQFOXGH�
�� LPPRELOLVHG�ODFWDVH�FRQYHUWLQJ�ODFWRVH�LQ�PLON�

LQWR�JOXFRVH�DQG�JDODFWRVH
�� WKHVH�VLPSOH�VXJDUV�FDQ�WKHQ�EH�DEVRUEHG�
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6XPPDU\��%LRWHFKQRORJ\�LV�³XVLQJ�OLIH�WR�PDNH�WKLQJV´��*HQHWLF�HQJLQHHULQJ�KDV�WKH�SRWHQWLDO�WR�DOWHU�OLIH�RQ�
(DUWK�LQ�D�YHU\�VKRUW�WLPH�VSDQ�E\�WUDQVIHUULQJ�JHQHV�IURP�RQH�RUJDQLVP�WR�DQRWKHU��*HQHWLF�HQJLQHHULQJ�LV�
SRVVLEOH�GXH�WR�WKH�DYDLODELOLW\�RI�HQ]\PHV�WKDW�FDQ�EH�XVHG�WR�PDQLSXODWH�'1$��7KH�VDPH�HQ]\PHV�FDQ�EH�
XVHG�WR�SURGXFH�'1$�µ¿QJHUSULQWV¶��

6XJJHVWHG�SUDFWLFDO�DQG�UHVHDUFK�
DFWLYLWLHV�WR�VHOHFW�IURP

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
)RXQGDWLRQ�7LHU�RQO\��ORZ�GHPDQG

([WUDFW�'1$�IURP�RQLRQV��NLZL�IUXLW�RU�ZKHDW�JHUP� 'H¿QH�JHQHWLF�HQJLQHHULQJ�DV�DOWHULQJ�WKH�JHQHWLF�
FRGH�RI�DQ�RUJDQLVP�E\�LQVHUWLQJ�JHQHV�
8QGHUVWDQG�WKDW�JHQHV�IURP�RQH�RUJDQLVP�FDQ�ZRUN�
LQ�DQRWKHU�
'HVFULEH�WKH�SURFHVV�RI�JHQHWLF�HQJLQHHULQJ�
�� UHPRYLQJ�D�JHQH�IURP�RQH�RUJDQLVP
�� LQVHUWLQJ�LW�LQWR�DQRWKHU�RUJDQLVP
�� WKH�JHQH�ZRUNV�LQ�WKH�QHZ�RUJDQLVP�

8VH�JHQH�VSOLFLQJ�NLWV��XVLQJ�D�OXPLQRXV�JHQH�IURP�
MHOO\�¿VK��

5HFDOO�WKDW�EDFWHULD�FDQ�EH�JHQHWLFDOO\�HQJLQHHUHG�WR�
SURGXFH�XVHIXO�KXPDQ�SURWHLQV��WR�LQFOXGH�
�� LQVXOLQ
�� KXPDQ�JURZWK�KRUPRQH�
'HVFULEH�KRZ�WKHVH�EDFWHULD�FDQ�EH�JURZQ�LQ�ODUJH�
IHUPHQWHUV�WR�SURGXFH�ODUJH�TXDQWLWLHV�RI�SURWHLQV�

([DPLQH�'1$�µ¿QJHUSULQWLQJ¶�UHVXOWV�
8VH�'1$�µ¿QJHUSULQWLQJ�NLWV¶��XVLQJ�ODPEGD�SKDJH�
'1$��

5HFDOO�WKDW�D�SHUVRQ¶V�'1$�FDQ�EH�XVHG�WR�SURGXFH�D�
'1$�µ¿QJHUSULQW¶�
8QGHUVWDQG�WKDW�WKLV�FDQ�EH�XVHG�WR�LGHQWLI\�D�SHUVRQ�
EHFDXVH�D�SHUVRQ¶V�'1$�LV�XQLTXH�
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/LQNV�WR�RWKHU�LWHPV��%�D��0ROHFXOHV�RI�OLIH��%�J��1HZ�JHQHV�IRU�ROG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
ERWK�WLHUV��VWDQGDUG�GHPDQG

$VVHVVDEOH�OHDUQLQJ�RXWFRPHV
+LJKHU�7LHU�RQO\��KLJK�GHPDQG

5HFDOO�WKDW�WKH�QHZ�W\SH�RI�RUJDQLVP�SURGXFHG�E\�
JHQHWLF�HQJLQHHULQJ�LV�FDOOHG�D�WUDQVJHQLF�RUJDQLVP�
'HVFULEH�WKH�PDLQ�VWDJHV�LQ�JHQHWLF�HQJLQHHULQJ�
�� LGHQWL¿FDWLRQ�RI�D�GHVLUHG�JHQH�LQ�RQH�RUJDQLVP
�� UHPRYDO�RI�JHQH�IURP�'1$�
�� FXWWLQJ�RSHQ�WKH�'1$�LQ�DQRWKHU�RUJDQLVP
�� LQVHUWLQJ�WKH�QHZ�JHQH�LQWR�WKH�'1$
�� JHQH�ZRUNV�LQ�WUDQVJHQLF�RUJDQLVP
�� WUDQVJHQLF�RUJDQLVP�FDQ�EH�FORQHG�WR�SURGXFH�

LGHQWLFDO�FRSLHV�
5HFDOO�WKDW�WKH�FXWWLQJ�DQG�LQVHUWLQJ�RI�'1$�LV�
DFKLHYHG�XVLQJ�HQ]\PHV�

([SODLQ�ZK\�JHQHV�IURP�RQH�RUJDQLVP�FDQ�ZRUN�LQ�
DQRWKHU��PDNLQJ�JHQHWLF�HQJLQHHULQJ�SRVVLEOH��
([SODLQ�KRZ��
�� UHVWULFWLRQ�HQ]\PHV�FXW�RSHQ�'1$�WR�OHDYH�µVWLFN\�

HQGV¶
�� WKH�µVWLFN\�HQGV¶�DOORZ�OLJDVH�HQ]\PHV�WR�UHMRLQ�

'1$�VWUDQGV�

'HVFULEH�KRZ�EDFWHULD�FDQ�EH�XVHG�LQ�JHQHWLF�
HQJLQHHULQJ�WR�SURGXFH�KXPDQ�LQVXOLQ��WR�LQFOXGH�
�� WKH�JHQH�IRU�SURGXFLQJ�KXPDQ�LQVXOLQ�LV�FXW�RXW�RI�

KXPDQ�'1$
�� D�ORRS�RI�EDFWHULDO�'1$�LV�FXW�RSHQ
�� WKH�LQVXOLQ�JHQH�LV�LQVHUWHG�LQWR�WKH�ORRS
�� WKH�ORRS�LV�LQVHUWHG�LQWR�D�EDFWHULXP
�� WKH�EDFWHULD�DUH�WKHQ�DEOH�WR�SURGXFH�LQVXOLQ
�� WUDQVJHQLF�EDFWHULD�DUH�FXOWXUHG�E\�FORQLQJ
�� ODUJH�TXDQWLWLHV�RI�LQVXOLQ�DUH�KDUYHVWHG�

5HFDOO�WKDW�EDFWHULD�KDYH�ORRSV�RI�'1$�FDOOHG�
SODVPLGV�LQ�WKHLU�F\WRSODVP�
([SODLQ�KRZ��EHFDXVH�WKHVH�SODVPLGV�FDQ�EH�WDNHQ�
XS�E\�EDFWHULD��WKH\�FDQ�EH�XVHG�DV�µYHFWRUV¶�LQ�
JHQHWLF�HQJLQHHULQJ�
5HFDOO�WKDW�DVVD\LQJ�WHFKQLTXHV�DUH�XVHG�WR�FKHFN�
WKDW�WKH�QHZ�JHQH�KDV�EHHQ�FRUUHFWO\�WUDQVIHUUHG�

,QWHUSUHW�GDWD�RQ�'1$�µ¿QJHUSULQWLQJ¶�IRU�LGHQWL¿FDWLRQ��
'HVFULEH�WKH�DUJXPHQWV�IRU�DQG�DJDLQVW�WKH�VWRUDJH�
RI�'1$�µ¿QJHUSULQWV¶�

'HVFULEH�WKH�VWDJHV�LQ�WKH�SURGXFWLRQ�RI�D�'1$�
µ¿QJHUSULQW¶��WR�LQFOXGH�
�� H[WUDFWLRQ�RI�'1$�IURP�VDPSOH
�� IUDJPHQWDWLRQ�RI�'1$�XVLQJ�UHVWULFWLRQ�HQ]\PHV�
�� VHSDUDWLRQ�XVLQJ�HOHFWURSKRUHVLV
�� YLVXDOLVLQJ�SDWWHUQ�XVLQJ�D�UDGLRDFWLYH�SUREH�


