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$JULFXOWXUH�DQG�VRFLHW\�KDYH�HQ�

WHUHG�D�FULWLFDO�SKDVH�DV�JOREDO�SRSX�
ODWLRQ�JURZV�LQ�QXPEHU�DQG�LQFRPH�
ZKLOH�DYDLODELOLW\�RI�ODQG�DQG�IUHVKZD�
WHU�IRU�DJULFXOWXUH�GLPLQLVKHV��$�PDMRU�
FKDOOHQJH�LGHQWLÀHG�E\�WKH�)RRG�DQG�
$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�
1DWLRQV��)$2��LQ������ZDV�KRZ�WR�GRX�
EOH�WKH�JOREDO�SURGXFWLRQ�RI�OLYHVWRFN�
SURGXFWV�GXULQJ�WKH�QH[W�IHZ�GHFDGHV�
ZLWKRXW�LQFUHDVLQJ�WKH�HQYLURQPHQWDO�
GDPDJH�FDXVHG�E\�OLYHVWRFN�SURGXFWLRQ�
DQG�UHODWHG�DFWLYLWLHV�

7KH�DXWKRUV�RI�WKLV�,VVXH�3DSHU�XVH�
D�1RUWK�$PHULFDQ��SULPDULO\�8�6���SHU�
VSHFWLYH�WR�H[DPLQH�WKH�OLYHVWRFN��ODQG��
DQG�ZDWHU�LVVXHV�UDLVHG�E\�WKH�)$2�LQ�D�
JOREDO�VHWWLQJ��7KH�DXWKRUV�GUDZ�KHDYLO\�
RQ�SXEOLVKHG�GDWD�DQG�OLWHUDWXUH�WR�ORRN�DW�
FXUUHQW�VWDWXV�DQG�WUHQGV�LQ�SK\VLFDO�DQG�
ELRORJLFDO�LQGLFDWRUV�DV�ZHOO�DV�SROLF\�

7KLV�PDWHULDO�LV�EDVHG�XSRQ�ZRUN�VXSSRUWHG�E\�WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH·V��86'$��1DWLRQDO�,QVWLWXWH�IRU�)RRG�DQG�$JULFXOWXUH��1,)$��*UDQWV�1R�������
�������������1R��������������������1R��������������������DQG�1R�������������������,68�3URMHFW�1R��������������$Q\�RSLQLRQV��ÀQGLQJV��FRQFOXVLRQV��RU�
UHFRPPHQGDWLRQV�H[SUHVVHG�LQ�WKLV�SXEOLFDWLRQ�DUH�WKRVH�RI�WKH�DXWKRU�V��DQG�GR�QRW�QHFHVVDULO\�UHÁHFW�WKH�YLHZV�RI�86'$²1,)$�RU�,68�

7KH�PRVW�SURPLQHQW�UHFHQW�8�6��QDWLRQDO�SROLF\�LVVXH�UHODWHG�WR�OLYHVWRFN��ODQG��DQG�ZDWHU�KDV�EHHQ�WKH�HIIHFW�RI�OLYHVWRFN�
SURGXFWLRQ�RQ�WKH�TXDOLW\�RI�VXUIDFH�ZDWHU�DQG�JURXQGZDWHU���3KRWR�IURP�6KXWWHUVWRFN��

:DWHU�DQG�/DQG�,VVXHV�$VVRFLDWHG�ZLWK��
$QLPDO�$JULFXOWXUH��$�8��6��3HUVSHFWLYH

DQG�ERWK�UHJXODWRU\�DQG�QRQUHJXODWRU\�
DSSURDFKHV�WR�DGGUHVVLQJ�WKH�LVVXHV�

7KH�DXWKRUV�QRWH�WKDW�OLYHVWRFN�DQG�
SRXOWU\�SURGXFWLRQ�DFFRXQW�IRU�QHDUO\�
KDOI�WKH�YDOXH�RI�8�6��DJULFXOWXUDO�SUR�
GXFWLRQ��WKDW�����RI�8�6��ODQG�VXUIDFH�LV�
XVHG�IRU�DJULFXOWXUDO�DFWLYLWLHV��DQG�WKDW�
DQ�HVWLPDWHG�����RI�JOREDO�IUHVKZDWHU�
XVH�E\�KXPDQV�LV�IRU�DJULFXOWXUH��LQFOXG�
LQJ�����LQ�WKH�8QLWHG�6WDWHV��$OWKRXJK�
KLVWRULFDO�JDLQV�LQ�\LHOGV�RI�JUDLQ�DQG�
OLYHVWRFN�SURGXFWV�KDYH�SURYLGHG�FRQ�
VXPHUV�ZLWK�DQ�DEXQGDQW�LQH[SHQVLYH�
VXSSO\�RI�IRRG��IRRG�GHPDQG�LV�LQFUHDV�
LQJ�UDSLGO\��)RU�H[DPSOH��JOREDO�PHDW�
FRQVXPSWLRQ�LV�SUHGLFWHG�WR�GRXEOH�DQG�
RYHUDOO�IRRG�FRQVXPSWLRQ�WR�ULVH�E\�
����E\������

7KH�DXWKRUV�DGGUHVV�PDMRU�ZD�
WHU�XVH�DQG�ZDWHU�TXDOLW\�FRQFHUQV�DQG�
ODQG�XVH�DQG�ODQG�GHJUDGDWLRQ�FRQFHUQV�
WKDW�ZHUH�UDLVHG�LQ�DQ�)$2�SXEOLFDWLRQ�
WLWOHG�/LYHVWRFN·V�/RQJ�6KDGRZ��7KRVH�

FRQFHUQV�DULVH�SULPDULO\�IURP�WKH�ODUJH�
ODQG�DUHD�XVHG�IRU�JUD]LQJ�DQG�SURGXF�
LQJ�IHHG�FURSV�DQG�WKH�IRUHFDVW�WKDW�DQ�
RWKHU�ELOOLRQ�WRQQHV�RI�IHHG�JUDLQ�ZLOO�EH�
UHTXLUHG�DQQXDOO\�E\�������,PSRUWDQW�
FRQFHUQV�DOVR�DULVH�IURP�WKH�PDQDJH�
PHQW�RI�ODUJH�YROXPHV�RI�PDQXUH�DQG�
IURP�SURFHVVLQJ�ZDVWHZDWHU�

0HWKRGV�RI�DGGUHVVLQJ�WKH�HQYLURQ�
PHQWDO�FKDOOHQJH�WKDW�ZHUH�VXJJHVWHG�E\�
WKH�DXWKRUV�RI�/LYHVWRFN·V�/RQJ�6KDGRZ�
LQFOXGHG�LQFUHDVHG�HIÀFLHQF\�RI�OLYH�
VWRFN�SURGXFWLRQ�DQG�LQFUHDVHG�UHJXOD�
WLRQ�DQG�LQFHQWLYHV�IRU�SROOXWLRQ�UHGXF�
WLRQ��,Q�WKH�8QLWHG�6WDWHV��WKH�DPRXQW�
RI�ODQG�DQG�IHHG�UHTXLUHG�WR�SURGXFH�D�
NLORJUDP�RI�DQLPDO�SURGXFW�KDV�GHFOLQHG�
VXEVWDQWLDOO\�GXULQJ�WKH�SDVW�VHYHUDO�
GHFDGHV��8QLWHG�6WDWHV�UHVHDUFK��HGXFD�
WLRQ��SROLF\��DQG�UHJXODWLRQ�RI�OLYHVWRFN�
SURGXFWLRQ�DQG�SURFHVVLQJ�KDYH�FUHDWHG�
WHFKQRORJLFDO�JDLQV��LQWHQVLÀFDWLRQ��
LQFUHDVHG�SURGXFWLYLW\��DQG�GHFUHDVHG�
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&$67�,VVXH�3DSHU����7DVN�)RUFH�0HPEHUV

$XWKRUV

5HYLHZHUV

.HOO\�'��=HULQJ��&KDLU���'HSDUW�
PHQW�RI�$JULFXOWXUDO�DQG�5HVRXUFH�
(FRQRPLFV��1RUWK�&DUROLQD�6WDWH�
8QLYHUVLW\��5DOHLJK
7HUHQFH�-��&HQWQHU��'HSDUWPHQW�
RI�$JULFXOWXUDO�DQG�$SSOLHG�
(FRQRPLFV��8QLYHUVLW\�RI�*HRUJLD��
$WKHQV
'HDQQH�0H\HU��([WHQVLRQ�6SHFLDO�
LVW��'HSDUWPHQW�RI�$QLPDO�6FLHQFH��
8QLYHUVLW\�RI�&DOLIRUQLD²'DYLV

GDQW�VXSSO\�RI�IRRG�DQG�SURWHFWLQJ�WKH�
HQYLURQPHQW�UHTXLUH�VXVWDLQHG�UHVHDUFK��
GHYHORSPHQW��HGXFDWLRQ��DQG�H[WHQVLRQ�
SURJUDPV�IURP�XQLYHUVLWLHV��JRYHUQPHQW�
DJHQFLHV��DQG�WKH�SULYDWH�VHFWRU��,Q�WKLV�
SDSHU��WKH�DXWKRUV�RXWOLQH�FXUUHQW�FKDO�
OHQJHV�LQ�DJULFXOWXUH�DQG�SURYLGH�IDFWXDO�
VXSSRUW�IRU�8�6��SROLF\PDNHUV�DQG�OHDG�
HUV�DV�WKH\�LQYHVW�LQ�FRQWLQXHG�GHYHORS�
PHQW�RI�WHFKQRORJ\��PDQDJHPHQW��PDU�
NHWV��DQG�SROLF\�IRU�OLYHVWRFN�SURGXFWLRQ�
LQ�WKH�FRQWH[W�RI�UDSLGO\�JURZLQJ�JOREDO�
GHPDQGV�RQ�UHVRXUFHV��

,1752'8&7,21
/LYHVWRFN�SURGXFWLRQ��LQFOXGLQJ�

SRXOWU\��LV�DQ�LPSRUWDQW�SDUW�RI�KXPDQ�
DFWLYLW\��$�SULPDU\�IXQFWLRQ�RI�OLYHVWRFN�
SURGXFWLRQ�LV�WR�PHHW�KXPDQ�GHPDQG�
IRU�PDMRU�GLHWDU\�FRPSRQHQWV��LQFOXGLQJ�
KLJK�TXDOLW\�SURWHLQ��PLQHUDOV��DQG�YLWD�
PLQV��/LYHVWRFN�FRQVWLWXWHV�����RI�WKH�
YDOXH�RI�JOREDO�DJULFXOWXUDO�RXWSXW�DQG�
PRUH�WKDQ�����RI�WKDW�YDOXH�LQ�GHYHO�
RSHG�FRXQWULHV��)$2�����D���/LYHVWRFN�
FRQYHUW�ZDWHU��SODQW�ELRPDVV��DQG�PLQHU�
DOV�LQWR�PHDW��PLON��HJJV��DQG�RWKHU�SURG�
XFWV��$JULFXOWXUH�LV�D�SULPDU\�XVH�RI�ODQG�
DQG�IUHVKZDWHU�E\�KXPDQV��*OREDOO\��
����RI�WKH�ODQG�VXUIDFH�LV�XVHG�IRU�DJUL�
FXOWXUH��LQFOXGLQJ�����RI�WKH�ODQG�LQ�WKH�
8QLWHG�6WDWHV��)$2�����D��)$2�����D��
86'$²(56��������$Q�HVWLPDWHG�����
RI�JOREDO�IUHVKZDWHU�XVH�E\�KXPDQV�LV�IRU�
DJULFXOWXUH��LQFOXGLQJ�����RI�IUHVKZDWHU�
ZLWKGUDZDOV��LQ�WKH�8QLWHG�6WDWHV��)$2�
����D��86*6�������

7KH������)RRG�DQG�$JULFXOWXUH�

2UJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQV�
�)$2��UHSRUW�WLWOHG�/LYHVWRFN·V�/RQJ�
6KDGRZ��//6��GUHZ�DWWHQWLRQ�WR�HQYL�
URQPHQWDO�LVVXHV�DULVLQJ�IURP�DQWLFLSDWHG�
UDSLG�H[SDQVLRQ�RI�OLYHVWRFN�SURGXFWLRQ��
7KH�SRSXODWLRQ�RI�WKH�SODQHW�LV�SUHGLFWHG�
WR�JURZ�IURP���ELOOLRQ�WR�����ELOOLRQ�DQG�
LQFRPH�SHU�FDSLWD�LV�SUHGLFWHG�WR�ULVH�E\�
�����E\�������)$2�����D���$�:RUOG�
%DQN�VWXG\�SUHGLFWHG�WKDW�WKH�QXPEHU�
RI�SHRSOH�LQ�WKH�PLGGOH�FODVV�JOREDOO\�
ZLOO�ULVH�E\������E\�������%XVVROR��'H�
+R\RV��DQG�0HGYHGHY��������%DVHG�RQ�
SUHGLFWHG�JURZWK�LQ�SRSXODWLRQ�DQG�LQ�
FRPH��DQG�EDVHG�RQ�KXPDQ�SURSHQVLW\�WR�
LQFUHDVH�PHDW��PLON��DQG�HJJ�FRQVXPS�
WLRQ�DV�LQFRPH�ULVHV��JOREDO�FRQVXPS�
WLRQ�RI�PHDW��PLON��DQG�HJJV�LV�SUHGLFWHG�
WR�GRXEOH�E\�������)$2�����D���$QQXDO�
FRQVXPSWLRQ�RI�IHHG�JUDLQ�LV�SUHGLFWHG�
WR�JURZ�E\�RQH�ELOOLRQ�WRQQHV�EHWZHHQ�
����������DQG�������DQG�XVH�RI�FRQ�
FHQWUDWH�IHHGV�ZLOO�LQFUHDVH�IDVWHU�WKDQ�
OLYHVWRFN�SURGXFWLRQ�LQ�GHYHORSLQJ�FRXQ�
WULHV��)$2�����D���$W�FXUUHQW�8�6��FRUQ�
\LHOGV��DSSUR[LPDWHO\����PLOOLRQ�KHFW�
DUHV��KD��RU�����WLPHV�FXUUHQW�8�6��FRUQ�
DFUHDJH�RI�DGGLWLRQDO�FRUQ�SURGXFWLRQ�
ZRXOG�EH�UHTXLUHG�WR�SURGXFH�RQH�ELOOLRQ�
WRQQHV��

7KH�)$2�HVWLPDWH�DSSDUHQWO\�GRHV�
QRW�LQFOXGH�WKH�UHTXLUHG�SURGXFWLRQ�RI�
VR\EHDQV�RU�RWKHU�SURWHLQ�VRXUFHV�IRU�
DQLPDO�IHHG��&RQVLGHU�WKDW�D�JURZLQJ�KX�
PDQ�SRSXODWLRQ�ZLWK�DQ�LQFUHDVLQJ�VWDQ�
GDUG�RI�OLYLQJ�ZLOO�FRQYHUW�DJULFXOWXUDO�
ODQG�WR�RWKHU�XVHV��ZLOO�GLUHFWO\�FRQVXPH�
PRUH�IUHVKZDWHU�DQG�HQHUJ\��ZLOO�HPLW�
PRUH�SROOXWLRQ��DQG�ZLOO�GHPDQG�PRUH�
HQYLURQPHQWDO�SURWHFWLRQ��,Q�VKRUW��KRZ�
GR�SHRSOH�GRXEOH�SURGXFWLRQ�RI�PHDW��
PLON��DQG�HJJV�DQG�LQFUHDVH�DOO�IRRG�

*��/DUU\�1HZWRQ��'HSDUWPHQW�RI�
$QLPDO�DQG�'DLU\�6FLHQFH��8QLYHU�
VLW\�RI�*HRUJLD��7LIWRQ
-RKQ�0��6ZHHWHQ��7H[DV�$JUL/LIH�
5HVHDUFK�DQG�([WHQVLRQ�&HQWHU��7H[DV�
$	0�8QLYHUVLW\�6\VWHP��$PDULOOR
6WHYHQ�:RRGUXII��:RRGUXII�	�
+RZH�(QYLURQPHQWDO�(QJLQHHULQJ��
,QF���&DQWRQ��*HRUJLD

-DQH�)UDQNHQEHUJHU��'HSDUWPHQW�
RI�$JULFXOWXUDO�DQG�%LRORJLFDO�

(QJLQHHULQJ��3XUGXH�8QLYHUVLW\��
:HVW�/DID\HWWH��,QGLDQD
-RKQ�/RU\��'HSDUWPHQW�RI�3ODQW�
6FLHQFHV��8QLYHUVLW\�RI�0LVVRXUL²
&ROXPELD
:��)��2ZVOH\��'HSDUWPHQW�RI�
$QLPDO�6FLHQFHV��$XEXUQ�8QLYHUVLW\��
$XEXUQ��$ODEDPD�

SROOXWLRQ�UDWHV��(PHUJLQJ�GHPDQGV�DQG�
FRQVWUDLQWV�LPSRVHG�RQ�OLYHVWRFN�SURGXF�
WLRQ�V\VWHPV�FDQ�KDYH�KXJH�LQÁXHQFHV�
DV�WKH�SXEOLF�ORRNV�DW�WKH�TXDOLW\�RI�DLU��
ZDWHU��DQG�IRRG��

'HVSLWH�VXEVWDQWLDO�KLVWRULFDO�WHFKQR�
ORJLFDO�DQG�SROLF\�DFKLHYHPHQWV�UHSRUWHG�
LQ�WKLV�,VVXH�3DSHU��WKH�DXWKRUV�LGHQWLI\�
WKH�QHHG�IRU�D�VXVWDLQHG��LQWHJUDWHG�UH�
VHDUFK�DSSURDFK�WR�OLYHVWRFN�SURGXFWLRQ��
PDQXUH�PDQDJHPHQW��QXWULHQW�DSSOLFD�
WLRQ��IHHG�FURS�SURGXFWLRQ��LUULJDWLRQ��DQG�
PRQLWRULQJ�DQG�PDQDJHPHQW�RI�VRLO�DQG�
ZDWHU�TXDOLW\��7KH�DXWKRUV�FLWH�HYLGHQFH�
RI�GHFOLQLQJ�UDWHV�RI�SURGXFWLYLW\�JDLQV�
LQ�UHFHQW�GHFDGHV��,QWHJUDWHG�UHVHDUFK��
HGXFDWLRQ��DQG�SROLF\�ZLOO�EH�FULWLFDO�WR�
GRXEOLQJ�IHHG�FURS�DQG�OLYHVWRFN�SURGXF�
WLRQ�ZKLOH�SURWHFWLQJ�WKH�HQYLURQPHQW��
FRQVHUYLQJ�OLPLWHG�UHVRXUFHV��DQG�FRQ�
VWUDLQLQJ�LQFUHDVHV�LQ�IRRG�SULFHV�

7KH�H[SHUWV�ZKR�FRPSLOHG�WKLV�SDSHU�
FRYHU�SURGXFWLRQ�RI�EHHI��GDLU\��SRUN��DQG�
SRXOWU\��DQG�WKH\�SURYLGH�D�ORRN�DW�WUHQGV�
DQG�QHZ�DSSURDFKHV��6RPH�QRWDEOH�H[�
DPSOHV�RI�HPHUJLQJ�UHJXODWRU\��QRQ�
UHJXODWRU\��PDQDJHPHQW��DQG�UHVHDUFK�
DSSURDFKHV�DUH������D�IRFXV�RQ�SROLF\�
WUDQVLWLRQV�WR�SUHYHQW�HFRQRPLF�GDPDJH�
WR�SURGXFHUV�DQG�FRQVXPHUV������HQYLURQ�
PHQWDO�PDQDJHPHQW�SURJUDPV��LQFOXGLQJ�
JRDO�VHWWLQJ��PRQLWRULQJ��DQG�UHSRUW�
LQJ������WKH�OLIH�F\FOH�DSSURDFK��ZKLFK�
SURYLGHV�D�FRPSUHKHQVLYH�DQDO\VLV�RI�
HIIHFWV�DQG�D�EDVLV�IRU�HIÀFLHQW�PLQLPL]D�
WLRQ�RI�WKHVH�HIIHFWV��DQG�����WKH�V\VWHPV�
DSSURDFK��ZKLFK�FRQVLGHUV�WKH�LQWHUGH�
SHQGHQW�HIIHFWV�RI�OLYHVWRFN�SURGXFWLRQ�
GHFLVLRQV�RQ�DLU�HPLVVLRQV��ZDWHU�TXDOLW\��
SXEOLF�KHDOWK��WKH�HFRQRP\��DQG�RWKHU�
LVVXHV�

7KH�JRDOV�RI�PDLQWDLQLQJ�DQ�DEXQ�

&$67�/LDLVRQ

$��'DYLG�6FDUIH��$PHULFDQ�9HWHULQDU\�
0HGLFDO�$VVRFLDWLRQ��6FKDXPEXUJ��
,OOLQRLV

��7KH�)$2�UHSRUW��)$2�����D��GHÀQHV�ZDWHU�XVH�
RU�ZLWKGUDZDOV�DV�ZDWHU�UHPRYHG�IURP�D�VRXUFH�
DQG�XVHG�IRU�KXPDQ�QHHGV��VRPH�RI�ZKLFK�PD\�EH�
UHWXUQHG�WR�WKH�VRXUFH�
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SURGXFWLRQ�E\�����RU�PRUH�IURP�D�GL�
PLQLVKLQJ�UHVRXUFH�EDVH�ZKLOH�PHHWLQJ�
HYHU�JUHDWHU�GHPDQGV�IRU�HQYLURQPHQWDO�
SURWHFWLRQ�DQG�VHFXULW\�RI�SXEOLF�KHDOWK"�
7KH�FKDOOHQJH�LV�HQRUPRXV�

7KH�VWDWHG�LQWHQW�RI�//6�ZDV�WR�GUDZ�
DWWHQWLRQ�WR�WKH�QHHG�WR�FXW�WKH�HQYL�
URQPHQWDO�LPSDFW�RI�JOREDO�OLYHVWRFN�
SURGXFWLRQ�LQ�KDOI�´MXVW�WR�DYRLG�LQFUHDV�
LQJµ�WKH�OHYHO�RI�HQYLURQPHQWDO�GDPDJH�
DV�JOREDO�OLYHVWRFN�SURGXFWLRQ�GRXEOHV�
E\�������)$2�����D���7KH�UHSRUW�FRQ�
FOXGHG�WKDW�JOREDO�OLYHVWRFN�SURGXFWLRQ�
´HPHUJHV�DV�RQH�RI�WKH�WRS�WZR�RU�WKUHH�
PRVW�VLJQLÀFDQW�FRQWULEXWRUV�WR�WKH�PRVW�
VHULRXV�HQYLURQPHQWDO�SUREOHPV��DW�HYHU\�
VFDOH�IURP�ORFDO�WR�JOREDOµ��)$2�����D���
&DWHJRULHV�RI�HQYLURQPHQWDO�GDPDJH�LQ�
FOXGH�ODQG�GHJUDGDWLRQ��FOLPDWH�FKDQJH�
DQG�DLU�SROOXWLRQ��ZDWHU�VKRUWDJH�DQG�
ZDWHU�SROOXWLRQ��DQG�ORVV�RI�ELRGLYHUVLW\�
�)$2�����D���3ULPDU\�H[DPSOHV�RI�ODQG�
GHJUDGDWLRQ�FLWHG�DUH�GHIRUHVWDWLRQ�LQ�WKH�
$PD]RQ�DQG�FRPSDFWLRQ�DQG�VRLO�HUR�
VLRQ�EHFDXVH�RI�RYHUJUD]LQJ�RQ�SDVWXUH�
DQG�UDQJHODQG��SDUWLFXODUO\�LQ�GU\�DUHDV��
:DWHU�HURVLRQ�RI�VRLO�LV�D�PDMRU�IRUP�RI�
ODQG�GHJUDGDWLRQ�ZLWK�SDUWLFXODUO\�ODUJH�
HIIHFWV�LQ�$VLD�DQG�$IULFD��)$2�����D���
$LU�SROOXWLRQ�LVVXHV�DVVRFLDWHG�ZLWK�OLYH�
VWRFN�SURGXFWLRQ�DUH�DGGUHVVHG�LQ�D�VHSD�
UDWH�&$67�,VVXH�3DSHU��&$67��������

7KH�OLYHVWRFN�VHFWRU�DFFRXQWV�IRU�
´RYHU����RI�JOREDO�KXPDQ�ZDWHU�XVH��
PRVWO\�IRU�WKH�LUULJDWLRQ�RI�IHHG�FURSVµ�
�)$2�����D���$FFRUGLQJ�WR�//6��LQ�WKH�
8QLWHG�6WDWHV������RI�VHGLPHQW�DQG�
HURVLRQ������RI�SHVWLFLGH�XVH������RI�
DQWLELRWLF�XVH��DQG�D�WKLUG�RI�WKH�ORDGV�
RI�QLWURJHQ��1��DQG�SKRVSKRUXV��3��LQWR�
IUHVKZDWHU�UHVRXUFHV�DUH�DWWULEXWHG�WR�
OLYHVWRFN�SURGXFWLRQ��7KRVH�FODLPV�DUH�
UHYLHZHG�LQ�WKLV�SDSHU��$OWKRXJK�LPSRU�
WDQW�RQ�D�JOREDO�VFDOH��LVVXHV�RI�ELRGLYHU�
VLW\�DUH�QRW�DGGUHVVHG�LQ�WKLV�,VVXH�3DSHU��
3UHYLRXV�&$67�SXEOLFDWLRQV�KDYH�DG�
GUHVVHG�OLYHVWRFN�SURGXFWLRQ�LQ�UHODWLRQ�WR�
ELRGLYHUVLW\��&$67�����������������D��

$�JHQHUDO�FRQFOXVLRQ�RI�//6�LV�WKDW�
´LPSURYLQJ�WKH�UHVRXUFH�XVH�HIÀFLHQF\�
RI�OLYHVWRFN�SURGXFWLRQ�FDQ�UHGXFH�HQ�
YLURQPHQWDO�LPSDFWVµ��)$2�����D���$�
VLPLODU�FRQFOXVLRQ�LV�IRXQG�IRU�8�6��OLYH�
VWRFN�SURGXFWLRQ�E\�%XOO�DQG�FROOHDJXHV�
��������,QFUHDVHG�´LQWHQVLÀFDWLRQµ�RI�
OLYHVWRFN�SURGXFWLRQ�DQG�LQFUHDVHG�LQ�
FHQWLYHV�DQG�UHJXODWLRQ�RI�JOREDO�OLYH�
VWRFN�SURGXFWLRQ�DQG�PHDW�SURFHVVLQJ�
DFWLYLWLHV�ZHUH�SURSRVHG�WR�DFKLHYH�UH�
VRXUFH��HQYLURQPHQWDO��DQG�SXEOLF�KHDOWK�
REMHFWLYHV�

7KH�SXUSRVH�RI�WKLV�&$67�,VVXH�
3DSHU�LV�WR�SURYLGH�D�IDFWXDO�RYHUYLHZ�RI�
WKH�UHODWLRQVKLS�EHWZHHQ�OLYHVWRFN�SUR�
GXFWLRQ�DQG�ODQG�DQG�ZDWHU�UHVRXUFHV�LQ�
WKH�8QLWHG�6WDWHV��7KLV�SDSHU�SURYLGHV�D�
VXPPDU\�RI�VFLHQWLÀF�LQTXLU\�DV�ZHOO�DV�
SROLF\�DQG�UHJXODWRU\�DVSHFWV�RI�OLYHVWRFN�
SURGXFWLRQ�DQG�SURFHVVLQJ�DV�WKH\�UHODWH�
WR�ODQG�DQG�ZDWHU�LVVXHV�LQ�WKH�8QLWHG�
6WDWHV��0DMRU�SRLQWV�PDGH�KHUH�LQFOXGH�
WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�OLYHVWRFN�
DQG�ODQG�DQG�ZDWHU�UHVRXUFHV�LV�GLUHFWO\�
DIIHFWHG�E\�����LPSURYHPHQWV�LQ�SURGXF�
WLYLW\�UHJLVWHUHG�WKURXJK�WHFKQRORJLFDO�
JDLQV�DQG�LQWHQVLÀFDWLRQ������LPSURYH�
PHQWV�LQ�ZDVWH�PDQDJHPHQW�V\VWHPV�DQG�
XQGHUVWDQGLQJ�RI�SROOXWLRQ�SURFHVVHV��
DQG�����HPHUJLQJ�GHPDQGV�RQ�OLYHVWRFN�
SURGXFWLRQ�V\VWHPV�WR�DGGUHVV�RWKHU�
VRFLDO�JRDOV��([DPSOHV�RI�RWKHU�VRFLDO�
JRDOV�LQFOXGH�SURWHFWLRQ�RI�DLU�TXDOLW\��
SURWHFWLRQ�RI�SXEOLF�KHDOWK��UHJXODWLRQ�RI�
DQWLELRWLF�XVH�IRU�OLYHVWRFN��SURWHFWLRQ�RI�
DQLPDO�ZHOIDUH��DQG�FRQVXPSWLRQ�RI�OR�
FDOO\�SURGXFHG�IRRGV��

&RQWUDVWV�DUH�GUDZQ�EHWZHHQ�WKH�VLW�
XDWLRQ�LQ�WKH�8QLWHG�6WDWHV�DQG�WKH�JOREDO�
VLWXDWLRQ�GHVFULEHG�LQ�//6��$OWKRXJK�
FXUUHQW�VWDWXV�LQ�WKH�8QLWHG�6WDWHV�GLIIHUV�
PDUNHGO\�IURP�RWKHU�SDUWV�RI�WKH�ZRUOG��
JURZLQJ�JOREDO�GHPDQG�ZLOO�DIIHFW�8�6��
FLWL]HQV�GLUHFWO\�WKURXJK�WKH�SULFHV�RI�UH�
VRXUFHV�DQG�IRRG�DQG�WKURXJK�GRPHVWLF�
DQG�JOREDO�HQYLURQPHQWDO�HIIHFWV��7KLV�
SDSHU�HPSKDVL]HV�WKH�QHHG�IRU�VXVWDLQHG�
UHVHDUFK��GHYHORSPHQW��DQG�HGXFDWLRQ�WR�
GUDPDWLFDOO\�LQFUHDVH�WKH�SURGXFWLYLW\�RI�
OLYHVWRFN�DQG�UHODWHG�V\VWHPV�ZKLOH�GH�
FUHDVLQJ�UHVRXUFH�XVH�DQG�QHJDWLYH�HQYL�
URQPHQWDO�HIIHFWV��

&203$5,621�2)�8�6��$1'�
*/2%$/�,668(6��67$786��
$1'�75(1'6

,VVXHV�UHODWHG�WR�OLYHVWRFN��ODQG��DQG�
ZDWHU�LQ�WKH�8QLWHG�6WDWHV�DUH�FRPSDUHG�
LQ�WKH�IROORZLQJ�VHFWLRQV�WR�WKRVH�LGHQ�
WLÀHG�RQ�D�JOREDO�VFDOH��)$2�����D���
6WDWXV�DQG�WUHQGV�DUH�SUHVHQWHG�WR�GHP�
RQVWUDWH�IXQGDPHQWDO�GLIIHUHQFHV�EH�
WZHHQ�JOREDO�DQG�8�6��LVVXHV�

8�6��/LYHVWRFN�3URGXFWLRQ�LQ�
D�*OREDO�&RQWH[W

/LYHVWRFN�SURGXFWLRQ�LQ�WKH�8QLWHG�
6WDWHV�LV�FRPSDUDEOH�WR�WKH�//6�FKDUDF�
WHUL]DWLRQ�RI�OLYHVWRFN�SURGXFWLRQ�LQ�GH�
YHORSHG�FRXQWULHV��LQWHQVLYH��KLJK�\LHOG�

LQJ��DQG�IHHG�HIÀFLHQW�LQ�FRPSDULVRQ�WR�
JOREDO�OLYHVWRFN�SURGXFWLRQ��7KH�ODUJHVW�
FRPSRQHQWV�RI�WKH�GLYHUVH�8�6��OLYHVWRFN�
VHFWRUV�DUH�KLJKO\�HIÀFLHQW�SURGXFHUV�RI�
PLON��PHDW��DQG�HJJV�IRU�GRPHVWLF�FRQ�
VXPSWLRQ�DQG�H[SRUW��,Q�FRQWUDVW�WR�WKH�
JOREDO�VLWXDWLRQ��OLYHVWRFN�LV�QR�ORQJHU�
UHOLHG�RQ�IRU�WUDQVSRUWDWLRQ��GUDIW�SRZHU��
RU�SURGXFWLRQ�RI�PDQXUH�IRU�KHDWLQJ�IXHO�
�H[FHSW�UHFHQW�ELRJDV�DQG�SRXOWU\�OLW�
WHU�FRPEXVWLRQ�HQHUJ\�UHFRYHU\��LQ�WKH�
8QLWHG�6WDWHV�

&DVK�UHFHLSWV�IURP�WKH�8�6��OLYH�
VWRFN�VHFWRUV�IHOO�IURP����WR�����RI�WRWDO�
IDUP�UHFHLSWV�EHWZHHQ������DQG������DV�
WKH�SULFH�RI�FURSV�URVH�VKDUSO\��86'$�
�������)HHG�JUDLQV�IRU�OLYHVWRFN��LQ�
FOXGLQJ�FRUQ�XVHG�IRU�HWKDQRO�DQG�RWKHU�
LQGXVWULDO�XVHV��FRQVWLWXWHG�DQRWKHU������
�������WR��������������RI�8�6��IDUP�
FDVK�UHFHLSWV��&DVK�UHFHLSWV�IURP�VR\�
EHDQ�PHDO��XVHG�SULPDULO\�IRU�OLYHVWRFN�
IHHG��DUH�QRW�UHSRUWHG�VHSDUDWHO\��EXW�
VR\EHDQV�FRQVWLWXWHG�DQRWKHU����������WR�
�������������RI�8�6��IDUP�FDVK�UHFHLSWV��
8QLWHG�6WDWHV�FDVK�UHFHLSWV�IURP�IDUPLQJ�
IHOO�IURP������ELOOLRQ�LQ������WR������
ELOOLRQ�LQ������DQG�ZHUH�HVWLPDWHG�DW�
�����ELOOLRQ�LQ�������86'$�������

/LYHVWRFN�SURGXFWLRQ�LV�FULWLFDO�WR�WKH�
HPSOR\PHQW��LQFRPH��DQG�VXEVLVWHQFH�RI�
����ELOOLRQ�SHRSOH��LQFOXGLQJ�RQH�ELOOLRQ�
RI�WKH�SRRUHVW�SHRSOH�RQ�WKH�SODQHW��)$2�
����D���:KHUHDV�WKLV�VWDWHPHQW�LV�OHVV�
DSSOLFDEOH�WR�GHYHORSHG�FRXQWULHV��DJUL�
FXOWXUH³LQFOXGLQJ�OLYHVWRFN�SURGXFWLRQ�
DQG�SURFHVVLQJ�RI�PHDW��PLON��DQG�HJJV³
LV�DQ�LPSRUWDQW�FDWHJRU\�RI�HPSOR\�
PHQW�LQ�UXUDO�DUHDV�RI�WKH�8QLWHG�6WDWHV��
$QLPDO�SURGXFWLRQ�GLUHFWO\�HPSOR\HG�
��������SHRSOH�LQ�WKH�8QLWHG�6WDWHV�LQ�
������UHSUHVHQWLQJ�����RI�WRWDO�8�6��
HPSOR\PHQW�LQ�DJULFXOWXUH��IRUHVWU\��DQG�
ÀVKLQJ��86'/²%/6��������'DLU\�SURG�
XFW�SURFHVVLQJ�DQG�PHDW�DQLPDO�VODXJKWHU�
DQG�SURFHVVLQJ�DUH�LPSRUWDQW�FDWHJRULHV�
RI�UXUDO�PDQXIDFWXULQJ�HPSOR\PHQW�LQ�
WKH�8QLWHG�6WDWHV��GLUHFWO\�HPSOR\LQJ�
��������DQG���������SHRSOH��UHVSHF�
WLYHO\��LQ�������86'/²%/6��������7KH�
GLUHFW�HFRQRPLF�HIIHFWV�RI�OLYHVWRFN�SUR�
GXFWLRQ�DQG�SURFHVVLQJ�DUH�PXOWLSOLHG�
ZKHQ�VHFRQGDU\�DQG�LQGLUHFW�HFRQRPLF�
HIIHFWV�DUH�FRQVLGHUHG��7KH�LQYHVWPHQW��
HPSOR\PHQW��LQFRPH��DQG�WD[�UHYHQXH�
WKDW�OLYHVWRFN�SURGXFWLRQ�DQG�SURFHVVLQJ�
SURYLGH�DUH�FULWLFDOO\�LPSRUWDQW�WR�PDQ\�
UXUDO�FRPPXQLWLHV�DQG�VRPH�VWDWHV�DFURVV�
WKH�8QLWHG�6WDWHV��3URPDU�,QWHUQDWLRQDO�
�������%\�SURGXFWV�RI�PHDW�SURGXFWLRQ�
LQFOXGH�WDOORZ�DQG�SRXOWU\�IDW��6PDOOHU�
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EXW�VLJQLÀFDQW�FRPSRQHQWV�RI�WKH�8�6��
OLYHVWRFN�VHFWRUV�SURYLGH�RWKHU�JRRGV�DQG�
VHUYLFHV�VXFK�DV�ZRRO��KRQH\��VSHFLDOW\�
PHDW��PLON��DQG�HJJV��IXUV��UHFUHDWLRQ��
DQG�FRPSDQLRQVKLS�

7KH�LQYHQWRU\�RI�OLYHVWRFN�LV�WKH�
QXPEHU�RI�DQLPDOV�DW�DQ\�SRLQW�LQ�WLPH��
3URGXFWLRQ�LV�WKH�QXPEHU�RI�OLYHVWRFN�
DQG�RU�WKH�ZHLJKW�RI�OLYHVWRFN��PLON��DQG�
HJJV�SURGXFHG�GXULQJ�D�VSHFLÀF�SHULRG�RI�
WLPH��8QLWHG�6WDWHV�LQYHQWRU\�DQG�DQQXDO�
SURGXFWLRQ�RI�PDMRU�OLYHVWRFN�SURGXFWV�
DUH�OLVWHG�LQ�7DEOH����

7UHQGV�DQG�\LHOG�FKDUDFWHULVWLFV�RI�
8�6��OLYHVWRFN�SURGXFWLRQ�DUH�HYLGHQW�LQ�
7DEOH����)LUVW��WKH�ZHLJKW�SURGXFHG�DQG�
\LHOG��SURGXFWLRQ�SHU�DQLPDO�LQ�LQYHQ�
WRU\�SHU�\HDU��RI�PHDW��PLON��DQG�HJJV�
LQFUHDVHG�EHWZHHQ������DQG�������,Q�
VRPH�LQVWDQFHV�WKH�QXPEHU�RI�DQLPDOV�
LQ�LQYHQWRU\�IHOO��H�J���GDLU\�FRZV���DQG�
LQ�RWKHU�LQVWDQFHV�LQYHQWRU\�URVH��H�J���
EURLOHU�FKLFNHQV���)RU�HDFK�RI�WKH�VSH�
FLHV�OLVWHG��8�6��SURGXFWLRQ�LQFUHDVHG�DW�
D�JUHDWHU�UDWH�WKDQ�LQYHQWRU\��LQGLFDWLQJ�
LQFUHDVHG�\LHOG�

$�VHFRQG�FKDUDFWHULVWLF�RI�WKH�8�6��
OLYHVWRFN�VHFWRU�LV�KLJK�\LHOG�LQ�FRPSDUL�
VRQ�WR�WKH�JOREDO�OLYHVWRFN�VHFWRU��7KH�
ULJKW�FROXPQ�LQ�7DEOH���OLVWV������8�6��
LQYHQWRU\�DQG�SURGXFWLRQ�DV�D�SHUFHQW�
DJH�RI�JOREDO�LQYHQWRU\�RU�SURGXFWLRQ��
UHVSHFWLYHO\��EDVHG�RQ�)$2�GDWD��(YLGHQW�
LQ�WKDW�FROXPQ�LV�WKDW�WKH�8�6��VKDUH�RI�
JOREDO�SURGXFWLRQ�LV�JUHDWHU�WKDQ�LWV�VKDUH�
RI�LQYHQWRU\��LQGLFDWLQJ�D�JUHDWHU�\LHOG�
LQ�WKH�8QLWHG�6WDWHV�WKDQ�LQ�WKH�JOREDO�
VHFWRU��$OVR�HYLGHQW�LQ�WKH�ULJKW�FROXPQ�
LV�WKH�ZLGH�UDQJH�LQ�8�6��VKDUH�RI�JOREDO�
SURGXFWLRQ�DFURVV�VSHFLHV��IURP�DSSUR[L�
PDWHO\����RI�HJJV�DQG�����RI�SLJ�PHDW�
WR�����RI�PLON�����WR�����RI�EHHI�DQG�
FKLFNHQ�PHDW��DQG�����RI�WXUNH\�PHDW��

7KH�8�6��OLYHVWRFN�DQG�SRXOWU\�VHF�
WRUV�VXSSO\�GRPHVWLF�FRQVXPHUV�DQG�
H[SRUW�PDUNHWV�DQG�DUH�DPRQJ�WKH�IHZ�
VHFWRUV�WKDW�SURGXFHG�D�WUDGH�VXUSOXV�
IRU�WKH�8QLWHG�6WDWHV�LQ�������7KH�8�6��
'HSDUWPHQW�RI�$JULFXOWXUH��86'$��UH�
SRUWV�GRPHVWLF�FRQVXPSWLRQ�RI�PHDW��
PLON��DQG�HJJV�DV�SHU�FDSLWD�GLVDSSHDU�
DQFH���WKLV�FRQVXPSWLRQ��VKRZQ�LQ�7DEOH�
���LQFOXGHV�SHW�IRRG�FRQVXPHG�E\�FRP�
SDQLRQ�DQLPDOV��8QLWHG�6WDWHV�EURLOHU�
PHDW�FRQVXPSWLRQ�QHDUO\�WULSOHG�EHWZHHQ�
�����DQG�������ZKHUHDV�FRQVXPSWLRQ�
RI�EHHI�DQG��WR�D�OHVVHU�H[WHQW��SRUN�IHOO�
RQ�D�SHU�FDSLWD�EDVLV��7KH�8QLWHG�6WDWHV�

LV�D�QHW�H[SRUWHU�RI�IHHG�JUDLQV��IRUDJH�
SURGXFWV��DQG�PRVW�OLYHVWRFN�SURGXFWV�
�:$2%��������7DEOH���OLVWV�8�6��QHW�H[�
SRUWV�DQG�QHW�LPSRUWV�RI�OLYHVWRFN�SURG�
XFWV��'UDPDWLF�LQFUHDVHV�LQ�QHW�H[SRUWV�
RI�EURLOHU�PHDW�DQG�SRUN�DUH�HYLGHQW�EH�
WZHHQ������DQG�������

7KH�IRFXV�RI�WKH�QH[W�VHFWLRQ�VKLIWV�
WR�WKH�HIIHFWV�RI�WKH�OLYHVWRFN�VHFWRUV�RQ�
ODQG�DQG�ZDWHU�UHVRXUFHV�LQ�WKH�8QLWHG�
6WDWHV�

8�6��/DQG�8VH�DQG�/DQG�
'HJUDGDWLRQ�$VVRFLDWHG�ZLWK�
/LYHVWRFN�3URGXFWLRQ�LQ�D�
*OREDO�&RQWH[W

7KHUH�DUH�������PLOOLRQ�KD�RI�ODQG�
LQ�WKH����VWDWHV�RI�WKH�8QLWHG�6WDWHV��
$SSUR[LPDWHO\�������PLOOLRQ�KD���������

ZHUH�FODVVLÀHG�DV�FURSODQG�LQ������
�86'$²(56��������$QRWKHU�������PLO�
OLRQ�KD���������ZHUH�FODVVLÀHG�DV�JUDVV�
ODQG��SDVWXUH��DQG�UDQJH�LQ�������7KH�
EDODQFH�RI�8�6��ODQG�DUHD�ZDV�FODVVLÀHG�
DV�IRUHVW�ODQG����������VSHFLDO�XVHV��UXUDO�
SDUNV�DQG�ZLOGOLIH�DUHDV��URDGV��HWF���
��������XUEDQ���������DQG�RWKHU��������
'LUHFW�ODQG�XVH�IRU�DQLPDO�SURGXFWLRQ�LV�
YHU\�VPDOO�ZLWK�WKH�H[FHSWLRQ�RI�FDWWOH�
JUD]LQJ�RQ�UDQJHODQGV�WKDW�KDYH�OLWWOH�
DOWHUQDWLYH�FRPPHUFLDO�XVH�RWKHU�WKDQ�
ZLOGOLIH�KDELWDW��

7KH�8QLWHG�6WDWHV�RFFXSLHG����RI�
WKH�ZRUOG·V�ODQG�DUHD��LQFOXGLQJ������
RI�WKH�JOREDO�DJULFXOWXUDO�DUHD��LQ������
�)$2�����F���:LWKLQ�WKH�FDWHJRU\�RI�DJ�
ULFXOWXUDO�ODQG��WKH�8QLWHG�6WDWHV�RFFX�
SLHG��������RI�DUDEOH�ODQG��VXLWDEOH�IRU�
SURGXFLQJ�FURSV��DQG������RI�SHUPDQHQW�

7DEOH���� 8�6��LQYHQWRU\�DQG�DQQXDO�SURGXFWLRQ�RI�OLYHVWRFN�DQG�SRXOWU\������������������

��� � � � ��RI�:RUOG
<HDU� ����� ����� ������ ����

%URLOHUV��\RXQJ�FKLFNHQV��

,QYHQWRU\��ELOOLRQ�ELUGV�� ����� ����� ����� �����

3URGXFWLRQ��ELOOLRQ�ELUGV�� ����� ����� ����� �������

3URGXFWLRQ��PLOOLRQ�WRQQHV�� ����� ����� ������ �����

&DWWOH

,QYHQWRU\��WRWDO��PLOOLRQ�KHDG�� ������ ����� ����� ������

3URGXFWLRQ��EHHI��PLOOLRQ�KHDG�� ����� ����� ����� �����

3URGXFWLRQ��EHHI��PLOOLRQ�WRQQHV�� ����� ����� ����� �����

6ZLQH

,QYHQWRU\��PLOOLRQ�KHDG�� ������ ������ ������ ����

3URGXFWLRQ��PLOOLRQ�KHDG�� ������ ������ ������ ����

3URGXFWLRQ��PLOOLRQ�WRQQHV�� ����� ����� ������ �����

7XUNH\V�

,QYHQWRU\��PLOOLRQ�KHDG�� ������ ������ ������ �����

3URGXFWLRQ��PLOOLRQ�KHDG�� ������ ������ ������ �����

3URGXFWLRQ��PLOOLRQ�WRQQHV�� ����� ����� ����� �������

'DLU\�FRZV

,QYHQWRU\��GDLU\�FRZV�DQG�
UHSODFHPHQW�KHLIHUV��PLOOLRQ�KHDG�� ������ ����� ����� ����

3URGXFWLRQ��PLON��PLOOLRQ�WRQQHV�� ����� ����� ����� �����

&KLFNHQ�HJJV

,QYHQWRU\��KHQV�NHSW�IRU�HJJ�
SURGXFWLRQ��PLOOLRQ�ELUGV�� ������ ������ ������ ����

3URGXFWLRQ��FKLFNHQ�HJJV��ELOOLRQ�HJJV�
�LQFOXGHV�WDEOH�HJJV�DQG�EURLOHU�HJJV�� ����� ����� ����� ����
3URGXFWLRQ��FKLFNHQ�HJJV�
�PLOOLRQ�WRQQHV�� ����� ����� ����� ������

6RXUFH��)$2�����E�

��,WDOLFL]HG�WHUPV��H[FHSW�JHQXV�VSHFLHV�QDPHV���
SXEOLVKHG�PDWHULDO�WLWOHV��DQG�OHJDO�FDVH�QDPHV��DUH�
GHÀQHG�LQ�WKH�*ORVVDU\�
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PHDGRZV�DQG�SDVWXUHV��7KH�8QLWHG�
6WDWHV�LQFOXGHV������RI�WKH�JOREDO�IRU�
HVW�DUHD�������RI�´RWKHUµ�ODQG��DQG�����
RI�WKH�JOREDO�LQODQG�ZDWHU�DUHD��DQG�LW�LV�
KRPH�WR�OHVV�WKDQ����RI�WKH�JOREDO�KX�
PDQ�SRSXODWLRQ�

0RUH�WKDQ�����RI�8�6��JUDVVODQG��
SDVWXUH��DQG�UDQJH�DFUHDJH�LV�ORFDWHG�LQ�
WKH�PRXQWDLQ�VWDWHV��$UL]RQD��&RORUDGR��
,GDKR��0RQWDQD��1HYDGD��1HZ�0H[LFR��
8WDK��:\RPLQJ��DQG�VRXWKHUQ�SODLQV�
�2NODKRPD��7H[DV���86'$²(56��������
7RJHWKHU�WKRVH�UHJLRQV�KDYH�DSSUR[L�
PDWHO\�����RI�WKH�8�6��LQYHQWRU\�RI�FDW�
WOH��ERWK�RQ�IHHG�DQG�QRW�RQ�FRQFHQWUDWHG�
IHHG���VR�LW�LV�FOHDU�WKDW�VWRFNLQJ�UDWHV�DUH�
UHODWLYHO\�ORZ�RQ�WKH�H[WHQVLYH�SDVWXUH�
DQG�UDQJHODQGV�LQ�WKRVH�VWDWHV��86'$²
1$66�����D��

$�SULPDU\�XVH�RI�FURSODQG�IRU�DQLPDO�
DJULFXOWXUH�LV�WR�SURGXFH�JUDLQ�IRU�GLHWDU\�
HQHUJ\��RLOVHHG�PHDO�IRU�SURWHLQ��DQG�
KD\�IRU�UXPLQDQWV��FDWWOH���7KH�86'$²
1DWLRQDO�$JULFXOWXUDO�6WDWLVWLFV�6HUYLFH�
�86'$²1$66�����²������UHSRUWHG�

�����PLOOLRQ�KD�ZHUH�SODQWHG�ZLWK�FRUQ�LQ�
������RI�ZKLFK������PLOOLRQ�KD�ZHUH�KDU�
YHVWHG�IRU�JUDLQ�DQG�����PLOOLRQ�KD�ZHUH�
KDUYHVWHG�IRU�VLODJH��6RUJKXP�ZDV�KDU�
YHVWHG�IURP�����PLOOLRQ�KD������DV�JUDLQ��
2DWV�ZHUH�SODQWHG�RQ�����PLOOLRQ�KD��ZLWK�
����KDUYHVWHG�DV�JUDLQ��$SSUR[LPDWHO\�
����RI�WKH�8�6��FRUQ�VXSSO\�ZDV�XVHG�
IRU�GRPHVWLF�´IHHG�DQG�UHVLGXDOµ�DQG�DO�
PRVW�����ZDV�XVHG�IRU�HWKDQRO�DV�ZHOO�
DV�IRRG��VHHG��DQG�LQGXVWULDO�XVHV�LQ������
�:$2%��������$SSUR[LPDWHO\�����RI�
WKH�PDVV�RI�FRUQ�XVHG�IRU�HWKDQRO�LV�UH�
WXUQHG�DV�GLVWLOOHUV�JUDLQ��D�UHVLGXDO�IHG�WR�
OLYHVWRFN�

,Q������������PLOOLRQ�KD�ZHUH�SODQW�
HG�ZLWK�VR\EHDQV�LQ�WKH�8QLWHG�6WDWHV��RI�
ZKLFK������ZHUH�KDUYHVWHG��6R\EHDQV�DUH�
FUXVKHG��DQG�WKH�RLO�LV�H[WUDFWHG�IRU�IRRG�
XVH��$OPRVW�����RI�8�6��VR\EHDQV�ZHUH�
FUXVKHG�GRPHVWLFDOO\�DQG�����RI�8�6��
VR\EHDQ�PHDO�VXSSO\�ZDV�IHG�GRPHVWL�
FDOO\�WR�OLYHVWRFN�LQ�������:$2%��������
+D\�ZDV�KDUYHVWHG�RQ������PLOOLRQ�KD�LQ�
�����

/DQG�LV�DOVR�XVHG�E\�OLYHVWRFN�RSHUD�
WLRQV�WR�UHFHLYH�PDQXUH��,Q�������PDQXUH�
ZDV�DSSOLHG�DV�D�IHUWLOL]HU�WR�����PLOOLRQ�
KD��ZKLFK�LV�HTXLYDOHQW�WR�OHVV�WKDQ����RI�
8�6��SODQWHG�DFUHV��86'$²(56��������
7KH�WRWDO�LQFOXGHG�����PLOOLRQ�KD�RI�FRUQ�
DQG������PLOOLRQ�KD�RI�KD\�DQG�JUDVVHV�

7KH�8QLWHG�1DWLRQV�(QYLURQPHQWDO�
3URJUDP�GHÀQLWLRQ�RI�ODQG�GHJUDGDWLRQ�
GHVFULEHV�D�ORVV�RI�UHVRXUFH�SRWHQWLDO�EH�
FDXVH�RI�SURFHVVHV�LQFOXGLQJ�VRLO�HURVLRQ��
GHWHULRUDWLRQ�RI�WKH�SK\VLFDO��FKHPLFDO��
ELRORJLFDO��DQG�HFRQRPLF�FKDUDFWHULVWLFV�
RI�WKH�VRLO��DQG�ORQJ�WHUP�ORVV�RI�QDWXUDO�
YHJHWDWLRQ��)$2�����D���6SHFLÀF�IRUPV�
RI�ODQG�GHJUDGDWLRQ�LQFOXGH�ZDWHU�HUR�
VLRQ�RI�VRLOV��GHVHUWLÀFDWLRQ�LQFOXGLQJ�
ORVV�RI�YHJHWDWLYH�FRYHU��DQG�\LHOG�UHGXF�
WLRQ�EHFDXVH�RI�VHYHUDO�IDFWRUV��LQFOXGLQJ�
VRLO�FRPSDFWLRQ�RQ�FURSODQG��'UHJQH�DQG�
&KRX��������DUH�FLWHG�LQ�//6�VWDWLQJ�WKDW�
����RI�GU\�ODQGV�LQ�1RUWK�$PHULFD�DQG�
����JOREDOO\�DUH�GHJUDGHG��(VZDUDQ��
/DO��DQG�5HLFK��������LGHQWLÀHG�FRQIX�
VLRQ�RYHU�GHÀQLWLRQV�RI�ODQG�GHJUDGDWLRQ�
DQG�ODFN�RI�D�GHPRQVWUDWHG�OLQN�EHWZHHQ�
PHDVXUHV�RI�ODQG�GHJUDGDWLRQ�DQG�RE�
VHUYHG�VRLO�SURGXFWLYLW\�DV�EHLQJ�DPRQJ�
WKH�REVWDFOHV�WR�HIIHFWLYH�SROLF\��7KH�
HYROXWLRQ�RI�8�6��SURJUDPV�IRU�VRLO�FRQ�
VHUYDWLRQ�DQG�FRQWURO�RI�ODQG�GHJUDGDWLRQ�
VLQFH������ZDV�QRW�GLVFXVVHG�LQ�//6��
'HIRUHVWDWLRQ�LV�D�PDMRU�LVVXH�UHODWHG�WR�
OLYHVWRFN�SURGXFWLRQ�JOREDOO\��SDUWLFX�
ODUO\�LQ�6RXWK�$PHULFD��)$2�����D���,Q�
FRQWUDVW��WKH�DUHD�RI�8�6��ODQG�LQ�IRUHVW�
LQFUHDVHG�E\������PLOOLRQ�KD�EHWZHHQ�
�����DQG�������86'$²(56�������GH�
VSLWH�D�GUDPDWLF�LQFUHDVH�LQ�8�6��OLYH�
VWRFN�SURGXFWLRQ�GXULQJ�WKDW�SHULRG�

8�6��:DWHU�8VH�,VVXHV��
$VVRFLDWHG�ZLWK�/LYHVWRFN�
3URGXFWLRQ�LQ�D�*OREDO�&RQWH[W

$Q�HVWLPDWHG�����RI�JOREDO�IUHVK�
ZDWHU�XVH�E\�KXPDQV�LV�IRU�DJULFXO�
WXUH��)$2�����D���7KH�OLYHVWRFN�VHFWRU�
DFFRXQWV�IRU�´RYHU����RI�JOREDO�KX�
PDQ�ZDWHU�XVH��PRVWO\�IRU�WKH�LUULJD�
WLRQ�RI�IHHG�FURSV�µ�DFFRUGLQJ�WR�//6��
8QLWHG�6WDWHV�ZLWKGUDZDOV�RI�ZDWHU�IRU�
DOO�SXUSRVHV�ZHUH�HVWLPDWHG�DW�������
WULOOLRQ�OLWHUV�SHU�GD\�LQ�������86*6�
�������(LJKW\�ÀYH�SHUFHQW�RI�WKH�WR�
WDO�ZDV�IUHVKZDWHU��6XUIDFH�ZDWHU�ZDV�
WKH�VRXUFH�IRU�����RI�DOO�ZLWKGUDZDOV��
$SSUR[LPDWHO\�����RI�8�6��ZLWKGUDZDOV�
ZDV�IRU�WKHUPRHOHFWULF�SRZHU�JHQHUDWLRQ��
,UULJDWLRQ�DFFRXQWHG�IRU�����RI�HVWLPDW�
HG�IUHVKZDWHU�ZLWKGUDZDOV�LQ�������$Q�
HVWLPDWHG�����RI�LUULJDWLRQ�ZLWKGUDZDOV�

7DEOH���� 8�6��FRQVXPSWLRQ�RI�PHDW��PLON��DQG�HJJV��SHU�FDSLWD�GLVDSSHDUDQFH�D�E

� ����� ����
&RPPRGLW\� �NLORJUDPV�>NJ@�\HDU�>\U@�FDSLWD�� �NJ�\U�FDSLWD�

%URLOHU�FKLFNHQ� ����� ����

%HHI� ����� ����

3RUN� ����� ����

7XUNH\� ���� ���

0LON� ������ �����

(JJV� ����HJJV�\U�FDSLWD� ����HJJV�\U�FDSLWD
D6RXUFH��86'$²(FRQRPLF�5HVHDUFK�6HUYLFH��(56��/LYHVWRFN�'DLU\�DQG�3RXOWU\�KLVWRULFDO�GDWD
��WDEOHV��86'$²(56�������
E&DUFDVV�ZHLJKW�DV�RSSRVHG�WR�UHWDLO�ZHLJKW�RU�ERQHOHVV�UHWDLO�ZHLJKW�

7DEOH���� 8�6��QHW�H[SRUWV�DQG�QHW�LPSRUWV�RI�OLYHVWRFN�SURGXFWVD�E

� ����� ����F

3URGXFW� 1HW�([SRUWV��WRQQHV��

&KLFNHQ�PHDW� �������� �����������������F

3RUN�SURGXFWV� ������� ��������������

(JJV�(JJ�SURGXFWV� ������� �������������

7XUNH\�PHDW� ������� �������������

� 1HW�,PSRUWV��WRQQHV��

0LON�HTXLYDOHQW�GDLU\�SURGXFWV� �������� ��������������

&DWWOH�PHDW�DQG�SURGXFWVG� �������� ��������������
D6RXUFH��)$2�����D�
E7KHVH�TXDQWLWLHV�GR�QRW�LQFOXGH�RIIDOV��VNLQV�DQG�KLGHV��RU�IDW�SURGXFWV��H[FHSW�EXWWHU��
F1XPEHUV�LQ�SDUHQWKHVHV�LQ������DUH�SHUFHQWDJHV�RI�8�6��SURGXFWLRQ�
G%RQHOHVV�EHHI�LPSRUWV�ZHUH�HTXLYDOHQW�WR����WR������RI�WKLV�WUDGH�GHÀFLW��)$2�����D��
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ZDV�LQ�WKH����ZHVWHUQ�FRQWHUPLQRXV�
VWDWHV�LQ�������86*6��������

%DVHG�RQ�8�6��*HRORJLFDO�6XUYH\�
�86*6��HVWLPDWHV�PDGH�HYHU\�ÀYH�
\HDUV�VLQFH�������WRWDO�ZLWKGUDZDOV�GH�
FOLQHG�VLQFH�SHDNLQJ�LQ������DQG�������
:LWKGUDZDOV�IRU�LUULJDWLRQ�KDYH�GHFOLQHG�
VWHDGLO\�VLQFH�WKDW�WLPH��HYHQ�WKRXJK�LU�
ULJDWHG�DFUHDJH�KDV�LQFUHDVHG��,UULJDWLRQ�
SUDFWLFHV�KDYH�EHHQ�DGRSWHG�WR�LPSURYH�
GLVWULEXWLRQ�XQLIRUPLW\�DQG�HIÀFLHQF\�
ZLWK�D�QHW�EHQHÀW�RI�OHVV�ZDWHU�QHHGHG�
SHU�XQLW�RI�FURS�IDUPHG��:LWKGUDZDOV�IRU�
GRPHVWLF�DQG�SXEOLF�ZDWHU�VXSSO\�KDYH�
LQFUHDVHG�VWHDGLO\��UHÁHFWLQJ�JURZWK�LQ�
SRSXODWLRQ�DQG�LQ�SHU�FDSLWD�XVH�

/LYHVWRFN�IDUPV�XVH�ZDWHU�IRU�PDQ\�
SXUSRVHV�LQFOXGLQJ�
�� OLYHVWRFN�FRQVXPSWLRQ��
�� DQLPDO�FRPIRUW�WKURXJK�FRROLQJ�RI�
DQLPDOV�DQG�EDUQV��

�� FRROLQJ�PLON�
�� VDQLWDWLRQ�RSHUDWLRQV��LQFOXGLQJ�
DQLPDO�K\JLHQH�DQG�ZDVKGRZQ�RI�
IDFLOLWLHV��DQG

�� FROOHFWLRQ�DQG�WUDQVSRUW�RI�ZDVWHV��
,QWHQVLYH�FDWWOH�IHHGLQJ�IDFLOLWLHV�PD\�
XVH�ZDWHU�IRU�GXVW�FRQWURO��IURVW�IUHH]H�
SURWHFWLRQ��RU�IHHG�SURFHVVLQJ��(VWLPDWHG�
8�6��ZDWHU�ZLWKGUDZDO�IRU�OLYHVWRFN�IDUP�
XVHV�LQ������ZDV�������PLOOLRQ�OLWHUV�
SHU�GD\��86*6��������/LYHVWRFN�ZDWHU�
ZLWKGUDZDOV�IRU�DOO�FDWHJRULHV�ZHUH�HV�
WLPDWHG�DW�OHVV�WKDQ������������RI�WRWDO�
IUHVKZDWHU�ZLWKGUDZDOV�LQ�������:DWHU�
ZLWKGUDZDOV�UHODWHG�WR�DQLPDO�DJULFXOWXUH�
LQFOXGH�WKUHH�FDWHJRULHV��WKH�SURGXFWLRQ�
RSHUDWLRQ�LWVHOI��PHDW��PLON��DQG�HJJ�SUR�
FHVVLQJ�IDFLOLWLHV��DQG�LUULJDWLRQ�RI�FURSV�
XVHG�IRU�IHHG��

:DWHU�XVH�GDWD�IRU�WKH�VRXWKHDVWHUQ�
8QLWHG�6WDWHV�SUHVHQWHG�E\�1HZWRQ�DQG�
FROOHDJXHV���������IRU�H[DPSOH��UHSRUW�
HG�WKDW�DQLPDO�DJULFXOWXUH�LQ�WKDW�DUHD��
DOWKRXJK�D�VLJQLÀFDQW�ZDWHU�XVHU�ZKHQ�
FRPSDUHG�WR�XUEDQ�DQG�VXEXUEDQ�XVH��
ZDV�OLNHO\�QRW�UHVSRQVLEOH�IRU�UHFHQW�
ZDWHU�VKRUWDJHV��*URXQGZDWHU�ZDV�WKH�
SULPDU\�VRXUFH�������RI�WKH�ZDWHU�XVHG�
LQ�OLYHVWRFN�RSHUDWLRQV�LQ�������86*6�
�������6XUIDFH�ZDWHU�DQG��LQ�VRPH�LQ�
VWDQFHV��D�PXQLFLSDO�ZDWHU�SURYLGHU�RU�LU�
ULJDWLRQ�GLVWULFW�DUH�RWKHU�VRXUFHV�IRU�OLYH�
VWRFN�RSHUDWLRQV��2QO\�PLQRU�LQFUHDVHV�
LQ�ZDWHU�ZLWKGUDZDOV�IRU�OLYHVWRFN�XVHV�
ZHUH�UHSRUWHG�E\�8�6��VWDWHV�LQFOXGHG�LQ�
ERWK�86*6�ZDWHU�XVH�VWXGLHV�FRQGXFWHG�
LQ������DQG�������86*6��������

$Q�H[DPSOH�RI�ZDWHU�XVH�LQ�DQ�DUHD�

RI�LQWHQVLYH�DQLPDO�SURGXFWLRQ�DQG�LU�
ULJDWLRQ�ZDV�SURYLGHG�E\�:HLQKHLPHU�
DQG�FROOHDJXHV���������:DWHU�XVH�HVWL�
PDWHG�IRU�OLYHVWRFN�SURGXFWLRQ�RQ�WKH�
7H[DV�+LJK�3ODLQV�ZDV�OHVV�WKDQ����RI�
WRWDO�ZDWHU�XVH�LQ������DQG�LV�H[SHFWHG�
WR�JURZ�WR�������LQ������DQG�������LQ�
������EHFDXVH�RI�LQFUHDVHG�FRQÀQHG�OLYH�
VWRFN�SURGXFWLRQ���������DQG�VKULQNLQJ�
LUULJDWLRQ�ZLWKGUDZDOV�GXH�WR�LPSURYHG�
LUULJDWLRQ�ZDWHU�XVH�HIÀFLHQF\�RU�JURXQG�
ZDWHU�GHSOHWLRQ��HYHQ�DV�PXQLFLSDO�LQ�
GXVWULDO�ZDWHU�XVH�LQFUHDVHV�

,Q�DGGLWLRQ�WR�ZDWHU�TXDQWLW\��ZDWHU�
TXDOLW\�LV�D�8�6��DQG�JOREDO�LVVXH�IRU�
OLYHVWRFN�SURGXFWLRQ��/LYHVWRFN�KHDOWK�
SUREOHPV�RU�EHORZ�QRUPDO�FRQVXPSWLRQ�
PD\�UHVXOW�IURP�VXEVWDQGDUG�TXDOLW\�ZD�
WHU��:HLQKHLPHU�HW�DO���������,QJHVWLRQ�
RI�PLQHUDO�RU�RUJDQLF�FRQWDPLQDQWV�FDQ�
FDXVH�SRRU�SHUIRUPDQFH�RU�QRQVSHFLÀF�
GLVHDVH�FRQGLWLRQV��7KH�PRVW�FRPPRQ�
ZDWHU�TXDOLW\�SUREOHPV�DIIHFWLQJ�OLYH�
VWRFN�SURGXFWLRQ�LQFOXGH�H[FHVV�VDOLQLW\�
DQG�KLJK�FRQFHQWUDWLRQ�RI�PLQHUDOV��PHD�
VXUHG�DV�WRWDO�GLVVROYHG�VROLGV��7'6V���
KLJK�QLWUDWHV�RU�QLWULWHV��EDFWHULDO�FRQWDP�
LQDWLRQ��EOXH�JUHHQ�DOJDH��RU�DFFLGHQWDO�
VSLOOV�RI�SHWUROHXP��SHVWLFLGHV��RU�IHUWLO�
L]HUV�LQWR�WKH�ZDWHU�VXSSO\��$OWKRXJK�WKH�
LPSRUWDQFH�RI�QLWUDWH��QLWULWH��VXOIDWH��DQG�
7'6V�DV�IDFWRUV�LQÁXHQFLQJ�ZDWHU�TXDOLW\�
IRU�OLYHVWRFN�KDV�EHHQ�UHFRJQL]HG��PD�
MRU�OLYHVWRFN�KHDOWK�SUREOHPV�DVVRFLDWHG�
ZLWK�ZDWHU�TXDOLW\�DUH�VHOGRP�UHSRUWHG�
H[FHSW�LQ�VLWH�VSHFLÀF�LQVWDQFHV��:DWHU�
PD\�VHUYH�DV�D�FDUULHU�WR�VSUHDG�GLVHDVH�
DQG�SRWHQWLDOO\�DIIHFW�DFFHSWDELOLW\�RU�
VDIHW\�RI�DQLPDO�SURGXFWV�IRU�KXPDQ�FRQ�
VXPSWLRQ�LI�SDWKRJHQV�DUH�SUHVHQW�DQG�
]RRQRWLF�RUJDQLVPV�DUH�YLDEOH�LQ�ODUJH�
HQRXJK�QXPEHUV�

6LJQLÀFDQW�TXDQWLWLHV�RI�ZDWHU�DUH�
XVHG�LQ�PHDW��WDEOH�HJJ��DQG�PLON�SURG�
XFWV�SURFHVVLQJ�RSHUDWLRQV��:DWHU�LV�XVHG�
IRU�ZDVKLQJ�SURGXFWV��KDLU�DQG�IHDWKHU�
UHPRYDO�RSHUDWLRQV��FOHDQLQJ�DQG�VDQL�
WL]LQJ�HTXLSPHQW�DQG�IDFLOLWLHV��SURGXFW�
FRROLQJ��WUDQVSRUW�RI�E\�SURGXFWV�DQG�
ZDVWHV�WR�E\�SURGXFWV�UHFRYHU\�V\VWHPV�
DQG�RU�ZDVWHZDWHU�WUHDWPHQW�XQLWV��DQG�
FRROLQJ�RI�PHFKDQLFDO�HTXLSPHQW�VXFK�
DV�FRPSUHVVRUV��UHIULJHUDWLRQ�XQLWV��DQG�
SXPSV��$GHTXDWH�ZDWHU�XVH�LQ�PHDW��HJJ��
DQG�PLON�SURGXFWV�SURFHVVLQJ�RSHUDWLRQV�
LV�UHTXLUHG�WR�HQVXUH�HOLPLQDWLRQ�UHGXF�
WLRQ�RI�IRRGERUQH�SDWKRJHQV�DQG�RWKHU�
FRQWDPLQDQWV��

:DWHU�XVH�LQ�PHDW��WDEOH�HJJ��DQG�
PLON�SURGXFWV�SURFHVVLQJ�SODQWV�LV�
FRQWUROOHG�E\�WKH�86'$�)RRG�6DIHW\�

,QVSHFWLRQ�6HUYLFH��86'$²)6,6���WKH�
)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��DQG�RU�
VWDWH�IRRG�VDIHW\�TXDOLW\�LQVSHFWRUV�ZLWK�
UHJXODWRU\�MXULVGLFWLRQ�RYHU�WKHVH�IDFLOL�
WLHV��&KDQJHV�LQ�IHGHUDO�DQG�VWDWH�IRRG�
VDIHW\�UHJXODWLRQV�DQG�RU�YDULDWLRQV�LQ�
LQWHUSUHWDWLRQV�E\�ORFDO�SODQW�LQVSHFWRUV�
KDYH�UHVXOWHG�LQ�VLJQLÀFDQW�LQFUHDVHV�LQ�
ZDWHU�XVDJH�LQ�PHDW��WDEOH�HJJ��DQG�PLON�
SURGXFWV�SURFHVVLQJ�SODQWV��)RU�H[DP�
SOH��DIWHU�LPSOHPHQWDWLRQ�RI�WKH�86'$²
)6,6·V�+D]DUG�$QDO\VLV�DQG�&ULWLFDO�
&RQWURO�3RLQW�UXOH��ZDWHU�XVH�LQ�WKH�SRXO�
WU\�SURFHVVLQJ�LQGXVWU\�LQFUHDVHG�E\�DQ�
HVWLPDWHG�����WR�����OLWHUV�SHU�FKLFNHQ�
SURFHVVHG��RU�DQ�LQFUHDVH�RI�DSSUR[L�
PDWHO\������5XVVHOO��������

7KH�VRXUFHV�RI�ZDWHU�XVHG�LQ�PHDW��
WDEOH�HJJ��DQG�PLON�SURGXFWV�SURFHVVLQJ�
IDFLOLWLHV�LQFOXGH�JURXQGZDWHU�DQG�VXU�
IDFH�ZDWHU�ZLWKGUDZDO�DQG�WUHDWPHQW�V\V�
WHPV�DV�ZHOO�DV�PXQLFLSDO�ZDWHU�SURYLG�
HUV��7KH�VXSSO\�ZDWHU�TXDOLW\�IRU�PHDW��
PLON��DQG�WDEOH�HJJ�SURFHVVLQJ�SODQWV�
PXVW�PHHW�DSSOLFDEOH�VWDQGDUGV�XQGHU�WKH�
6DIH�'ULQNLQJ�:DWHU�$FW��86'$²)6,6�
VDQLWDWLRQ�UHJXODWLRQV��DQG�RU�DSSOLFDEOH�
VWDWH�UHJXODWLRQV�DQG�ODZV�

7DEOH���SURYLGHV�LQIRUPDWLRQ�RQ�ZD�
WHU�XVDJH�UDWHV�IRU�YDULRXV�PHDW�DQG�WDEOH�
HJJ�SURFHVVLQJ�IDFLOLWLHV��:DWHU�XVDJH�
IDFWRUV�DQG�OLYHVWRFN�SURGXFW�SURFHVVLQJ�
IDFLOLW\�SURGXFWLRQ�UDWHV�IRU������ZHUH�
XVHG�WR�HVWLPDWH�WKH�DQQXDO�YROXPH�RI�
ZDWHU�XVHG�E\�PHDW�DQG�WDEOH�HJJ�SUR�
FHVVLQJ�SODQWV��:DWHU�XVDJH�DVVRFLDWHG�
ZLWK�GDLU\�RSHUDWLRQV�LV�DFFRXQWHG�IRU�LQ�
WKH�OLYHVWRFN�SURGXFWLRQ�ZDWHU�XVDJH�LQ�
IRUPDWLRQ�GLVFXVVHG�HDUOLHU��

%DVHG�RQ�WKLV�DQDO\VLV��WKH�HVWLPDW�
HG�DQQXDO�ZDWHU�XVDJH�LQ�WKH�PHDW�DQG�
WDEOH�HJJ�SURFHVVLQJ�LQGXVWULHV�DFFRXQW�
HG�IRU�OHVV�WKDQ������RI�WKH�WRWDO�DQQXDO�
IUHVKZDWHU�ZLWKGUDZDOV�LQ�������86*6�
�������2WKHU�DQFLOODU\�IDFLOLWLHV�DOVR�XVH�
ZDWHU��H�J���EURLOHU�KDWFKHULHV��IHHG�PLOOV��
E\�SURGXFWV�UHQGHULQJ�SODQWV��PHDW�IXU�
WKHU�SURFHVVLQJ�SODQWV��HWF����KRZHYHU��
ZDWHU�XVDJH�LQ�WKHVH�RSHUDWLRQV�LV�W\SL�
FDOO\�PLQRU�FRPSDUHG�WR�ZDWHU�XVDJH�LQ�
WKH�VODXJKWHU�SODQWV��7KHUH�LV�PLQLPDO�
ORVV�RI�ZDWHU�DFURVV�W\SLFDO�PHDW�DQG�
HJJ�SURFHVVLQJ�SODQWV��DQG�D�PDMRULW\�
RI�WKH�ZDWHU�XVHG�LQ�WKHVH�RSHUDWLRQV�LV�
WUHDWHG�DQG�UHWXUQHG�WR�WKH�HQYLURQPHQW��
([WHQVLRQ�DQG�PDQDJHPHQW�HIIRUWV�KDYH�
UHVXOWHG�LQ�PDQ\�PHDW�DQG�HJJ�SURFHVV�
LQJ�SODQWV�XVLQJ�YDULRXV�WUHDWPHQW�V\V�
WHPV�WR�DOORZ�VLJQLÀFDQW�UHXVH�RI�ZDWHU�

,UULJDWLRQ�RI�IHHG�FURSV�ZDV�LGHQWL�
ÀHG�E\�//6�DV�WKH�SULPDU\�XVH�RI�ZDWHU�
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SURGXFHV�D�URXJK�HVWLPDWH�RI�DSSUR[L�
PDWHO\����RI�8�6��IUHVKZDWHU�ZLWKGUDZ�
DOV�XVHG�WR�SURGXFH�IHHG�IRU�8�6��OLYH�
VWRFN�DQG�SRXOWU\��7KLV�HVWLPDWH�LV�ELDVHG�
XSZDUG�WR�WKH�H[WHQW�WKDW�IHHG�FURSV�XVH�
OHVV�LUULJDWLRQ�ZDWHU�SHU�KD�WKDQ�WKH�DYHU�
DJH�RI�DOO�LUULJDWHG�FURSV�

*ROOHKRQ�DQG�4XLQE\��������SRLQW�
RXW�WKDW�LUULJDWLRQ�ZDWHU�XVH�LV�DQ�HFR�
QRPLF�GHFLVLRQ�WKDW�LV�DIIHFWHG�E\�FRVWV�
RI�ZDWHU��HQHUJ\��ODERU��DQG�LUULJDWLRQ�
HTXLSPHQW��DV�ZHOO�DV�WKH�SULFH�RI�FURSV��
5HVWULFWLRQV�RQ�VXSSO\�EHFDXVH�RI�IDFWRUV�
VXFK�DV�VRXUFH�GHSOHWLRQ�DQG�ZHDWKHU��DV�
ZHOO�DV�UHJXODWRU\�WHUPV�DQG�FRQGLWLRQV��
DIIHFW�LUULJDWLRQ�ZDWHU�XVH��&$67�,VVXH�
3DSHU�����&$67�����E��SURYLGHV�DQ�LQ�
GHSWK�H[SRVLWLRQ�RI�ZDWHU�XVH�DQG�UHODWHG�
LVVXHV�LQ�WKH�8QLWHG�6WDWHV��$�SRLQW�PDGH�
LQ�WKDW�SDSHU�LV�WKDW�JURZLQJ�8�6��SRSXOD�
WLRQ�DQG�IDVWHU�JURZLQJ�JOREDO�GHPDQG�
IRU�IRRG��ÀEHU��DQG�RWKHU�UHVRXUFH�EDVHG�
JRRGV�DQG�VHUYLFHV�ZLOO�SODFH�VWHDGLO\�
LQFUHDVLQJ�GHPDQGV�RQ�OLPLWHG�IUHVKZD�
WHU�UHVRXUFHV�ZLWK�DFXWH�SUHVVXUH�LQ�VRPH�
UHJLRQV��:DWHU��ERWK�LUULJDWHG�DQG�UDLQ�
IDOO��PD\�EHFRPH�D�OLPLWLQJ�IDFWRU�WR�LQ�
FUHDVHG�FHUHDO�SURGXFWLRQ�LQ�PDMRU�JUDLQ�
SURGXFLQJ�DQG�H[SRUWLQJ�DUHDV�VXFK�DV�
WKH�8�6��0LGZHVW��FHQWUDO�&KLQD��DQG�DQ�
DUHD�RI�6RXWK�$PHULFD��)$2�����D��

,Q�VXPPDU\��8�6��IUHVKZDWHU�ZLWK�
GUDZDOV�IRU�OLYHVWRFN�SURGXFWLRQ�DQG�
SURFHVVLQJ�DUH�OHVV�WKDQ����RI�WRWDO�
ZLWKGUDZDOV��)UHVKZDWHU�ZLWKGUDZDOV�IRU�
LUULJDWLRQ�RI�FURSV�IHG�WR�8�6��OLYHVWRFN�
DQG�SRXOWU\�DUH�URXJKO\�HVWLPDWHG�DW�DS�
SUR[LPDWHO\����RI�WRWDO�8�6��IUHVKZDWHU�
ZLWKGUDZDOV�

8�6��:DWHU�3ROOXWLRQ�,VVXHV�
$VVRFLDWHG�ZLWK�/LYHVWRFN�
3URGXFWLRQ�LQ�D�*OREDO�&RQWH[W

:DWHU�SROOXWLRQ�LVVXHV�DVVRFLDWHG�
ZLWK�OLYHVWRFN�DQG�SRXOWU\�SURGXFWLRQ�
KDYH�EHHQ�SURPLQHQW�LQ�WKH�8QLWHG�6WDWHV�
GXULQJ�WKH�SDVW�IHZ�GHFDGHV��,PSRUWDQFH�
RI�WKH�LVVXHV�LV�UHÁHFWHG�LQ�UHYLVLRQV�RI�
VWDWH�DQG�IHGHUDO�ZDWHU�SROOXWLRQ�UHJXOD�
WLRQV�SHUWDLQLQJ�WR�OLYHVWRFN�DQG�SRXOWU\��
LQ�FRXUW�FDVHV��DQG�LQ�VXVWDLQHG�UHVHDUFK�
DQG�H[WHQVLRQ�HIIRUWV��:DWHU�SROOXWLRQ�
LVVXHV�DUH�LQH[WULFDEO\�OLQNHG�WR�DLU�SRO�
OXWLRQ�LVVXHV�UHODWHG�WR�OLYHVWRFN�DQG�
SRXOWU\��15&�������5LFH��&DOGZHOO��DQG�
+XPHQLN�������86*$2�������LQ�WKDW�
DQ\�FKDQJH�WR�OLYHVWRFN�SURGXFWLRQ�V\V�
WHPV�PD\�LPSDFW�ERWK�HPLVVLRQV�WKDW�DI�
IHFW�DLU�DQG�WKRVH�WKDW�DIIHFW�ZDWHU��:DWHU�
SROOXWLRQ�LVVXHV�UHODWHG�WR�OLYHVWRFN�DQG�
SRXOWU\�DUH�DOVR�LQH[WULFDEO\�OLQNHG�WR�
EURDGHU�ZDWHUVKHG�VFDOH�SROOXWLRQ�FRQWURO�
LVVXHV�DV�UHÁHFWHG�LQ�WRWDO�PD[LPXP�GDLO\�
ORDG��70'/��SURJUDPV�LQ�WKH�8QLWHG�
6WDWHV�

8QLWHG�6WDWHV�ZDWHU�TXDOLW\�FRQFHUQV�
DVVRFLDWHG�ZLWK�DQLPDO�IHHGLQJ�RSHUDWLRQV�
LQFOXGH
�� QXWULHQW�HQULFKPHQW��
�� R[\JHQ�GHSOHWLRQ�IURP�H[FHVV�RUJDQLF�
PDWWHU��

�� WXUELGLW\��
�� SDWKRJHQV��DQG�
�� SKDUPDFRORJLFDOO\�DFWLYH�FRPSRXQGV�
�3$&V���6ZHHWHQ�HW�DO��������

&RQVWLWXHQWV�LQ�DQLPDO�PDQXUHV�WKDW�PD\�

IRU�OLYHVWRFN�SURGXFWLRQ��,UULJDWHG�DJUL�
FXOWXUH�DFFRXQWV�IRU�����RI�FURS�SUR�
GXFWLRQ�DQG�����RI�FHUHDO�SURGXFWLRQ�
LQ�GHYHORSLQJ�FRXQWULHV��)$2�����D���
:DWHU�LV�HVVHQWLDO�IRU�WKH�JURZWK�RI�
SODQWV��5DLQIDOO�DQG�VRLO�PRLVWXUH�DUH�WKH�
RQO\�VRXUFHV�RI�ZDWHU�IRU�PRVW�DJULFXO�
WXUDO�ODQG�LQ�WKH�8QLWHG�6WDWHV��,UULJDWHG�
DFUHDJH�KDV�LQFUHDVHG�IURP�������PLOOLRQ�
KD�LQ������WR�������PLOOLRQ�KD�LQ������
DQG������PLOOLRQ�KD�LQ�������*ROOHKRQ�
DQG�4XLQE\��������,UULJDWHG�DUHD�ZDV�
HTXLYDOHQW�WR�����RI�8�6��FURSODQG�LQ�
������7KH�8�6��DYHUDJH�DQQXDO�DSSOLFD�
WLRQ�UDWHV�RI�LUULJDWLRQ�ZDWHU�GHFOLQHG�
IURP������PHWHUV��P��LQ������WR������P�
LQ�������*ROOHKRQ�DQG�4XLQE\��������
*ROOHKRQ�DQG�4XLQE\��������UHSRUWHG�
WKDW������PLOOLRQ�KD�RI�FRUQ�IRU�JUDLQ��
�����PLOOLRQ�KD�RI�VR\EHDQV��DQG������
PLOOLRQ�KD�RI�DOIDOID�KD\�ZHUH�LUULJDWHG�
LQ�������$V�D�SHUFHQWDJH�RI�WRWDO�LUUL�
JDWHG�KD�LQ�WKH�8QLWHG�6WDWHV�LQ�������
FRUQ�JUDLQ�ZDV������VR\EHDQV������DQG�
DOIDOID�KD\������7KH�LUULJDWHG�DFUHDJH�
UHSUHVHQWHG�DSSUR[LPDWHO\�����RI�WRWDO�
FRUQ�DFUHDJH�����RI�VR\EHDQ�DFUHDJH��
DQG�����RI�DOIDOID�DFUHDJH��

$�URXJK�HVWLPDWH�RI�WKH�IUDFWLRQ�RI�
8�6��LUULJDWLRQ�ZDWHU�XVHG�IRU�8�6��OLYH�
VWRFN�SURGXFWLRQ�FDQ�EH�REWDLQHG�E\�
VXPPLQJ�DFURVV�FURSV��WKH�SURGXFWV�RI�
VKDUH�RI�LUULJDWHG�DFUHV�DQG�VKDUH�RI�FURS�
XVHG�IRU�8�6��OLYHVWRFN�SURGXFWLRQ��7KDW�
FDOFXODWLRQ�VXJJHVWV�WKDW�DSSUR[LPDWHO\�
����RI�LUULJDWHG�DFUHDJH�LV�XVHG�WR�IHHG�
8�6��OLYHVWRFN�DQG�SRXOWU\��0XOWLSO\LQJ�
����RI�LUULJDWHG�DFUHV�E\�����RI�8�6��
IUHVKZDWHU�ZLWKGUDZDOV�IRU�LUULJDWLRQ�

7DEOH���� (VWLPDWHG�DQQXDO�ZDWHU�XVH�DW�PHDW�DQG�WDEOH�HJJ�SURFHVVLQJ�SODQWV

�� :DWHU�8VH�5DQJH� $YHUDJH�0HDQ�9DOXH� $QQXDO�3URGXFWLRQ�7RQQHV� (VWLPDWHG�$QQXDO�:DWHU�8VHG�LQ�
/LYHVWRFN�7\SH� �OLWHUV�SHU�XQLW�D�E� �OLWHUV�SHU�XQLW�D�E� /:.�RU����'R]HQ�&DVHV�RI�(JJVF� 3URFHVVLQJ�2SHUDWLRQV��%LOOLRQ�OLWHUV�G

&DWWOH� �����²������� ������ ����������� ���

&DOYHV� �����²������� ������ �������� ���

+RJV� �����²������ ������ ����������� ��

%URLOHUV� �� ������� ����������� �����

7XUNH\V� �� ������ ���������� ����

7DEOH�HJJV� � �²!�� ���� ������������ ���

� 7RWDO� ���

/:.³OLYH�ZHLJKW�NLOOHG
D6RXUFHV��86(3$�������)RU�WDEOH�HJJV��-RQHV�DQG�1RUWKFXWW�������1RUWKFXWW��0XVJURYH��DQG�-RQHV�������6RPH�YDOXHV�DUH�EDVHG�RQ�ZDVWHZDWHU�ÁRZV�
��EXW�DUH�VLPLODU�WR�ZDWHU�XVDJH��DV�RQO\�PLQRU�ORVVHV�RI�ZDWHU�RFFXU�DFURVV�W\SLFDO�PHDW�DQG�SRXOWU\�SURFHVVLQJ�SODQWV�
E8QLWV��OLWHUV�SHU�WRQQH�OLYH�ZHLJKW�NLOOHG��/:.���IRU�WDEOH�HJJV��OLWHUV�SHU����GR]HQ�FDVH�
F6RXUFH��86'$²1$66������
G'RHV�QRW�LQFOXGH�ZDWHU�XVDJH�LQ�PHDW�IXUWKHU�SURFHVVLQJ�RSHUDWLRQV�
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EH�GHWULPHQWDO�LI�DOORZHG�WR�GLVFKDUJH�WR�
VXUIDFH�ZDWHU�LQFOXGH�
�� QXWULHQWV��
�� RUJDQLF�PDWWHU��
�� 7'6V��
�� SDWKRJHQV��DQG�
�� RWKHU�SRWHQWLDO�FRQWDPLQDQWV��WUDFH�
HOHPHQWV��3$&V��SHVWLFLGHV��DQG�HQGR�
FULQH�GLVUXSWRUV���86(3$��������

0DQXUH��PRUWDOLW\��ZDVK�ZDWHU��DQG�DLU�
ERUQH�HPLVVLRQV�IURP�DQLPDO�RSHUDWLRQV��
DV�ZHOO�DV�ZDVWHV�IURP�SURFHVVLQJ�RSHUD�
WLRQV��FRQWDLQ�WKH�SRWHQWLDO�SROOXWDQWV��
7KH�SROOXWDQWV�PD\�UHDFK�JURXQGZDWHU�RU�
VXUIDFH�ZDWHU�E\�OHDFKLQJ�LQWR�WKH�VRLO�RU�
VXUIDFH�UXQRII�IURP�DQLPDO�IHHGLQJ�DUHDV��
ZDVWH�VWRUDJH�IDFLOLWLHV��DQG�ÀHOGV�UHFHLY�
LQJ�ZDVWH��LQÁRZ�LQWR�IDXOW\�ZHOOKHDGV��
VSLOOV��RU�GHSRVLWLRQ�IURP�DLU��

*OREDOO\��//6�VWDWHV�WKDW�WKH�OLYH�
VWRFN�VHFWRU�LV�´SUREDEO\�WKH�ODUJHVW�VHF�
WRUDO�VRXUFH�RI�ZDWHU�SROOXWLRQ�µ�,Q�WKH�
8QLWHG�6WDWHV��//6�HVWLPDWHV�OLYHVWRFN�LV�
UHVSRQVLEOH�IRU�����RI�VHGLPHQW�DQG�HUR�
VLRQ������RI�SHVWLFLGH�XVH������RI�DQWLEL�
RWLF�XVH��DQG�D�WKLUG�RI�WKH�ORDGV�RI�1�DQG�
3�LQWR�IUHVKZDWHU�UHVRXUFHV��7KH�IROORZ�
LQJ�VHFWLRQ�UHYLHZV�WKHVH�FODLPV�LQ�OLJKW�
RI�GHWDLOV�RI�//6�DQG�RWKHU�VFLHQWLÀF�DQG�
GDWD�VRXUFHV�

/LYHVWRFN·V�/RQJ�6KDGRZ�DWWULEXWHV�
����RI�VRLO�HURVLRQ�IURP�DJULFXOWXUDO�
ODQG�LQ�WKH�8QLWHG�6WDWHV�WR�OLYHVWRFN�
SURGXFWLRQ�E\�DWWULEXWLQJ�DOO�SDVWXUHODQG�
WR�WKH�OLYHVWRFN�LQGXVWU\�DQG�PXOWLSO\LQJ�
E\���WRQQHV�KD�\U��DWWULEXWLQJ����PLOOLRQ�
KD�RI�FURSODQG�WR�WKH�OLYHVWRFN�LQGXVWU\�
DQG�PXOWLSO\LQJ�E\������WRQQHV�KD�\U��
DQG�WKHQ�GLYLGLQJ�E\�DQ�HVWLPDWH�RI�WKH�
WRWDO�HURVLRQ�IURP�FURSODQG�LQ�WKH�8QLWHG�
6WDWHV�SOXV�WKH�FDOFXODWHG�HURVLRQ�IURP�
SDVWXUHODQG��7KH�UHSRUW�DOVR�DWWULEXWHV�
����RI�HURVLRQ�IURP�FURSODQG�WR�WKH�OLYH�
VWRFN�VHFWRU�DQG�HVWLPDWHV�WKDW�IHHG�FURS�
SURGXFWLRQ�XVHV����RI�DJULFXOWXUDO�ODQG�LQ�
WKH�8QLWHG�6WDWHV��$SSUR[LPDWHO\�����RI�
WKH�HURGHG�PDVV��DFFRUGLQJ�WR�//6��ZLOO�
HQG�XS�LQ�ZDWHU�UHVRXUFHV�ZLWKRXW�VSH�
FLÀF�UHIHUHQFH��7KH�UHSRUW�FLWHV�8UL�DQG�
/HZLV��������LQ�VWDWLQJ�WKDW�����RI�8�6��
FURSODQG�LV�ORVLQJ�VRLO�DW�D�UDWH�JUHDWHU�
WKDQ�LW�LV�UHJHQHUDWLQJ�VRLO�DQG�WKDW�DJUL�
FXOWXUH�LV�WKH�OHDGLQJ�FDXVH�RI�LPSDLUPHQW�
RI�ZDWHU�UHVRXUFHV�E\�VHGLPHQWV��7KH�UH�
SRUW�FLWHV�86'$²1$66���������ZKLFK�LV�
$JULFXOWXUDO�&KHPLFDO�8VH��DQG�WKH�)$2�
�����GDWDEDVH�DV�VRXUFHV��)$2�����D��

7KH�SULPDU\�VRXUFH�IRU�VRLO�HURVLRQ�
GDWD�LQ�WKH�8QLWHG�6WDWHV�LV�WKH�1DWLRQDO�

5HVRXUFHV�,QYHQWRU\��15,��FRP�
SLOHG�E\�WKH�86'$²1DWXUDO�5HVRXUFHV�
&RQVHUYDWLRQ�6HUYLFH��86'$²15&6�
�������7KH������WRQQH�KD�DYHUDJH�XVHG�
E\�//6�LV�FORVH�WR�WKH������QXPEHU�OLVWHG�
E\�WKH�86'$��7KH�DYHUDJH�VRLO�HURVLRQ�
UDWH�IURP�8�6��FURSODQG�GHFOLQHG�VWHDGLO\�
IURP������WKURXJK������DQG�ZDV�OLVWHG�DV�
������WRQQHV�KD�LQ�������7KH�15,�UHSRUW�
HPSKDVL]HV�WKDW�VRLO�HURVLRQ�UDWHV�YDU\�
ZLGHO\�E\�UHJLRQ��7ZR�LPSRUWDQW�DVSHFWV�
RI�WKH�15,�DVVHVVPHQW�DUH�WKH�GLVWLQFWLRQ�
EHWZHHQ�´KLJKO\�HURGLEOH�ODQGµ�DQG�´QRW�
KLJKO\�HURGLEOH�ODQGµ�DQG�WKH�GLVWLQFWLRQ�
EHWZHHQ�ODQG�HURGLQJ�DW�´DERYH�VRLO�ORVV�
WROHUDEOH�UDWHVµ�DQG�ODQG�HURGLQJ�DW�ORZHU�
UDWHV��7ROHUDEOH�UDWHV�DUH�GHÀQHG�DV�WKRVH�
DW�ZKLFK�FURS�SURGXFWLYH�FDSDFLW\�RI�WKH�
ODQG�LV�QRW�GHFUHDVHG��

$�QRWDEOH�WUHQG�LQ�WKH�15,�GDWD�LV�
WKDW�WKH�DPRXQW�RI�8�6��FURSODQG�HURGLQJ�
DW�DERYH�VRLO�ORVV�WROHUDEOH�UDWHV�IHOO�E\�
�����PLOOLRQ�KD�EHWZHHQ������DQG������
�86'$²15&6��������7KH�15,�UHSRUW�
VWDWHV�WKDW�����RI�8�6��FURSODQG�ZDV�
HURGLQJ�DW�UDWHV�DERYH�VRLO�ORVV�WROHUDEOH�
UDWHV�LQ�������GRZQ�IURP�����LQ������
�86'$²15&6��������7KH�15,�UHSRUW�
GRHV�QRW�GLVFXVV�UDQJHODQG�RU�JUDVVODQG�
RWKHU�WKDQ�FURSODQG��%ODQFR�&DQTXL�
DQG�/DO��������SURYLGH�WKRURXJK�FRYHU�
DJH�RI�VRLO�HURVLRQ�LQ�WKH�8QLWHG�6WDWHV�
DQG�DURXQG�WKH�ZRUOG��7KH\�QRWH�WKDW�WKH�
8QLWHG�6WDWHV�KDV�WKH�OHDVW�VRLO�HURVLRQ�
SUREOHP�DPRQJ�UHJLRQV�RI�WKH�ZRUOG�DQG�
WKDW�WKH�PRVW�VHULRXV�SUREOHPV�H[LVW�LQ�
OHVV�GHYHORSHG�DQG�GHQVHO\�SRSXODWHG�
UHJLRQV��7KH\�LGHQWLI\�RYHUJUD]LQJ�DQG�
GHIRUHVWDWLRQ�DV�PDMRU�FDXVHV�

7KH�PDUJLQDO�FRQWULEXWLRQ�RI�OLYH�
VWRFN�SURGXFWLRQ�WR�VXUIDFH�ZDWHU�VHGL�
PHQW�SROOXWLRQ�HLWKHU�IURP�SDVWXUH�DQG�
UDQJHODQGV�RU�IURP�FURSODQG�LV�QRW�LGHQWL�
ÀHG�E\�//6��$OO�HURVLRQ�IURP�ODQG�XVHG�
LQ�UHODWLRQ�WR�OLYHVWRFN�SURGXFWLRQ�LV�
VLPSO\�DWWULEXWHG�WR�OLYHVWRFN�DQG�����LV�
DVVXPHG�WR�EH�WUDQVSRUWHG�WR�ZDWHU��1R�
HVWLPDWH�LV�SURYLGHG�UHJDUGLQJ�ZKHWKHU�
RU�QRW�VHGLPHQW�SROOXWLRQ�ZRXOG�EH�GH�
FUHDVHG�LI�OLYHVWRFN�SURGXFWLRQ�ZDV�ORZ�
HUHG�RU��LI�VR��E\�ZKDW�SURSRUWLRQ�

3ROOXWLRQ�RI�VXUIDFH�ZDWHU�ZLWK�1�
FRPSRXQGV��QLWUDWH�LQ�SDUWLFXODU��DQG�3�
KDV�EHHQ�DQG�FRQWLQXHV�WR�EH�DQ�LPSRUWDQW�
LVVXH�LQ�WKH�8QLWHG�6WDWHV��(XWURSKLFDWLRQ�
DQG�K\SR[LD�FDXVHG�LQ�SDUW�E\�QXWULHQWV�
IURP�FURS�SURGXFWLRQ�KDYH�DOWHUHG�PDMRU�
ULYHUV�DQG�FRDVWDO�ZDWHUV��LQFOXGLQJ�WKH�
&KHVDSHDNH�%D\�DQG�*XOI�RI�0H[LFR�
�7XUQHU�DQG�5DEDODLV��������&LWLQJ�
&DUSHQWHU�DQG�FROOHDJXHV��������DQG�

)$2�GDWD�IRU�������)$2�����E���//6�
DWWULEXWHV�����RI�1�ORVVHV�DQG�����RI�3�
ORVVHV�IURP�8�6��FURSODQG�DQG������RI�1�
DQG�3�ORVVHV�IURP�8�6��SDVWXUH�DQG�UDQJH�
ODQGV�WR�OLYHVWRFN�SURGXFWLRQ��7KH�UHSRUW�
FRQFOXGHV�WKDW�����RI�1�DQG�3�ORDGLQJV�
WR�VXUIDFH�ZDWHU�LQ�WKH�8QLWHG�6WDWHV�LV�DW�
WULEXWDEOH�WR�OLYHVWRFN��EDVHG�RQ�DVVXPS�
WLRQV�WKDW�����RI�1�DSSOLHG�WR�ÀHOGV�DV�
IHUWLOL]HU�DQG�����RI�3�DSSOLHG�WR�ÀHOGV�LV�
ORVW�WR�VXUIDFH�ZDWHU��7KH�DVVXPHG�UDWHV�
RI�WUDQVSRUW�WR�ZDWHU�LQ�//6�DUH�DWWULE�
XWHG�WR�*DOORZD\�DQG�FROOHDJXHV��������
DQG�&DUSHQWHU�DQG�FROOHDJXHV���������
&DUSHQWHU�DQG�FROOHDJXHV��������VWDWH�
WKDW�IHUWLOL]HU�1�DQG�3�ORVVHV�LQ�UXQRII�DUH�
JHQHUDOO\�OHVV�WKDQ����RI�WKH�DPRXQW�DS�
SOLHG�DQG�VOLJKWO\�KLJKHU�IRU�PDQXUH�1�
DQG�3��7KH\�DOVR�FLWH�+RZDUWK�DQG�FRO�
OHDJXHV��������LQ�DVVXPLQJ�WKDW�WRWDO�1�
DQG�3�ORVVHV�WR�ZDWHU��LQFOXGLQJ�OHDFK�
LQJ�DQG�DWPRVSKHULF�GHSRVLWLRQ��DUH����WR�
����RI�WKH�DPRXQWV�DSSOLHG�RQ�ORDP�DQG�
FOD\�VRLOV�DQG����WR�����RI�WKH�DPRXQWV�
DSSOLHG�RQ�VDQG\�VRLOV��

+RZDUWK�DQG�FROOHDJXHV��������DS�
SOLHG�UHJUHVVLRQ�DQDO\VLV�WR�ULYHULQH�ÁX[�
HVWLPDWHV�IRU�1�DQG�3�FRPSDUHG�WR�HVWL�
PDWHV�RI�KXPDQ�FDXVHG�1�DQG�3�ORDGLQJV�
LQ�ULYHU�EDVLQV��7KH\�VWDWH�WKDW�WRWDO�HVWL�
PDWHG�1�ÁX[HV�IURP�ULYHUV�DUH�����RI�
WKHLU�HVWLPDWHV�RI�KXPDQ�FDXVHG�1�ORDG�
LQJV�LQ�ULYHU�EDVLQV��7KH\�DOVR�UHSRUW�D�
FRUUHODWLRQ�FRHIÀFLHQW�RI�����IRU�FKDQJHV�
LQ�HVWLPDWHG�ULYHULQH�1�ÁX[�SHU�FKDQJH�LQ�
HVWLPDWHG�DJULFXOWXUDO�DQG�IRRG�1�ORDG�
LQJV�LQ�ULYHU�EDVLQV��$GGLWLRQDOO\��//6�
SUHGLFWHG�WKDW�ORVVHV�IURP�FURSODQG�PDNH�
XS�����RI�1�ORVVHV�DWWULEXWHG�WR�OLYH�
VWRFN��7KHVH�QXPEHUV�DUH�SUHVHQWHG�LQ�WKH�
FRQWH[W�RI�UDSLGO\�LQFUHDVLQJ�IHUWLOL]HU�XVH�
DQG�UDSLGO\�LQFUHDVLQJ�SURGXFWLRQ�RI�IHHG�
DQG�OLYHVWRFN�LQ�$VLD�DQG�RWKHU�SDUWV�RI�
WKH�ZRUOG��$V�VWDWHG�E\�//6��XVH�RI�PLQ�
HUDO�IHUWLOL]HUV�KDV�GHFUHDVHG�VXEVWDQWLDOO\�
VLQFH������LQ�GHYHORSHG�FRXQWULHV�DQG��LQ�
1RUWK�$PHULFD��1�IHUWLOL]HU�XVH�LQFUHDVHG�
E\����DQG�3�IHUWLOL]HU�XVH�GHFUHDVHG�E\�
����EHWZHHQ������DQG�������

7KLUW\�VHYHQ�SHUFHQW�RI�8�6��SHVWLFLGH�
XVH�IRU�DJULFXOWXUH�DQG�DVVRFLDWHG�ZDWHU�
SROOXWLRQ�LV�DWWULEXWHG�WR�OLYHVWRFN�SURGXF�
WLRQ�E\�//6��7KH�UHSRUW�FLWHV�86'$²
1$66��������DQG�86'$²(56���������
VWDWLQJ�WKDW���WRQQHV�RI�SHVWLFLGHV�ZHUH�
DSSOLHG�SHU�������KD�RI�FRUQ�SOXV���WRQQH�
SHU�������KD�RI�VR\EHDQV�LQ�������UHSUH�
VHQWLQJ�����RI�WRWDO�DJULFXOWXUDO�XVH�RI�
KHUELFLGHV�DQG�LQVHFWLFLGHV��ZKLFK�LQ�WXUQ�
LV����WR������86'$²1$66�������RI�
WKH�8QLWHG�6WDWHV·�XVH�RI�SHVWLFLGHV��7KH�
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����ÀJXUH�ZDV�GRZQ�IURP�����LQ������
�)$2�����D���7KH�)$2�HVWLPDWH�LQFOXGHV�
DOO�8�6��FRUQ�DQG�VR\EHDQ�SURGXFWLRQ��RI�
ZKLFK�OHVV�WKDQ�KDOI�LV�XVHG�WR�VXSSRUW�
8�6��OLYHVWRFN�SURGXFWLRQ�

7KH�QRQWKHUDSHXWLF�XVH�RI�DQWLELRW�
LFV�LQ�OLYHVWRFN�SURGXFWLRQ�LV�DQRWKHU�LV�
VXH�DVVRFLDWHG�ZLWK�OLYHVWRFN�DQG�ZDWHU��
3XEOLF�KHDOWK�H[SHUWV�KDYH�DGYRFDWHG�
GHFUHDVHG�QRQWKHUDSHXWLF�XVH�RI�DQWLEL�
RWLFV�LQ�OLYHVWRFN�SURGXFWLRQ�WR�OLPLW�DQ�
WLELRWLF�UHVLVWDQFH��%HFNHU��������$�IHZ�
VWXGLHV�VXJJHVW�WKDW�ZDWHU�FRQWDPLQDWHG�
ZLWK�DQLPDO�PDQXUH�FRXOG�FRQWULEXWH�WR�
DQWLELRWLF�UHVLVWDQFH��6DSNRWD�HW�DO���������
/HJLVODWRUV�KDYH�LQWURGXFHG�ELOOV�LQ�WKH�
8�6��&RQJUHVV�IRU�WKH�SKDVHG�HOLPLQDWLRQ�
RI�QRQWKHUDSHXWLF�XVH�RI�VRPH�DQWLELRW�
LFV�XVHG�DV�DQLPDO�JURZWK�SURPRWHUV�
�&HQWQHU�����D���&RPSDUDWLYH�VWXGLHV�LQ�
(XURSH�DQDO\]LQJ�UHVLVWDQW�EDFWHULD�OHYHOV�
DIWHU�D�EDQ�RI�DQLPDO�DQWLELRWLFV�VKRZ�D�
VLJQLÀFDQW�GHFOLQH�LQ�UHVLVWDQFH��(PERUJ�
HW�DO���������2WKHU�VWXGLHV�ÀQG�LQFUHDVHG�
SUHYDOHQFH�RI�SDWKRJHQV�LQ�KHUGV�QRW�WUHDW�
HG�ZLWK�DQWLELRWLFV��*HEUH\HV�HW�DO���������
6FLHQWLVWV�FRQWLQXH�WR�VWXG\�ZKHWKHU�RU�QRW�
WKLV�XVH�RI�DQWLELRWLFV�PD\�FRQWULEXWH�WR�
DQWLELRWLF�UHVLVWDQFH�DQG�ZKHWKHU�RU�QRW�LW�
LV�D�QHW�EHQHÀW�WR�KXPDQ�KHDOWK�

:DWHU�SROOXWLRQ�IURP�OLYHVWRFN�PD�
QXUH�LV�DQ�LPSRUWDQW�LVVXH�LQ�WKH�8QLWHG�
6WDWHV�DQG�JOREDOO\��(VWLPDWLRQV�E\�//6�
DUH�WKDW�LQ�WKH�8QLWHG�6WDWHV�LQ�������DS�
SUR[LPDWHO\�����RI�WKH�1�DSSOLHG�WR�
FURSODQG�DQG������RI�WKH�1�DSSOLHG�WR�
SDVWXUHODQG�FDPH�IURP�PDQXUH��IRU�D�WR�
WDO�RI�����RI�WKH�HVWLPDWHG�1�DSSOLHG�WR�
DJULFXOWXUDO�ODQG��7KH�UHSRUW�GLG�QRW�SUR�
YLGH�D�VLPLODU�DQDO\VLV�IRU�3��7KH�UHSRUW�
VWDWHV�WKDW�WKH�XVH�RI�PDQXUH�DV�D�IHUWLO�
L]HU�VKRXOG�EH�HQFRXUDJHG�LQ�WKDW�PLQHUDO�
IHUWLOL]HUV�DUH�UHSODFHG�DQG�PDQXUH�1�LV�LQ�
DQ�RUJDQLF�IRUP�WKDW�UHOHDVHV�QLWUDWH�WR�WKH�
SODQW�WKURXJK�WLPH��SRWHQWLDOO\�GHFUHDV�
LQJ�1�ORVVHV��7KH�UHSRUW�DOVR�VWUHVVHV�WKH�
QHHG�IRU�FDUHIXO�PDQDJHPHQW�RI�PDQXUH�
WR�OLPLW�SROOXWLRQ�LQ�WKH�IRUP�RI�1��3��PHW�
DOV�VXFK�DV�FRSSHU�DQG�]LQF��SDWKRJHQV��
RUJDQLF�PDWHULDO�UHODWHG�WR�ELRFKHPLFDO�
R[\JHQ�GHPDQG��%2'���DQG�FRPSRXQGV�
WKDW�DIIHFW�HQGRFULQH�V\VWHPV��7KH�HI�
IHFWV�RI�PDQXUH�RQ�WKH�HQYLURQPHQW�DQG�
PHWKRGV�RI�PDQDJLQJ�PDQXUH�WR�PLQL�
PL]H�HQYLURQPHQWDO�HIIHFWV�KDYH�EHHQ�
PDMRU�IRFXVHV�RI�UHVHDUFK�DQG�HGXFDWLRQ�
LQ�WKH�8QLWHG�6WDWHV��/3(/&�������5LFH��
&DOGZHOO��DQG�+XPHQLN��������

8QLWHG�6WDWHV�ZDWHU�SROOXWLRQ�LVVXHV�
UHODWHG�WR�OLYHVWRFN�DQG�SRXOWU\�LQFOXGH�
FRQFHUQV�DULVLQJ�IURP�WKH�KLJK�FRQFHQWUD�

WLRQV�RI�OLYHVWRFN�DQG�SRXOWU\�SURGXFWLRQ�
LQ�VRPH�UHJLRQV�DQG�WKH�DVVRFLDWHG�FRQ�
FHQWUDWLRQ�RI�PDQXUH�WR�EH�ODQG�DSSOLHG�
�86'$²(56��������/LYHVWRFN�SURGXF�
WLRQ�KDV�EHHQ�FRQFHQWUDWLQJ�LQWR�IHZHU�
DQG�ODUJHU�IDUPV��DQG�WKH�IDUPV�KDYH�FRQ�
FHQWUDWHG�LQ�UHJLRQV�FORVH�WR�IHHG�PLOOV�
DQG�SURFHVVLQJ�IDFLOLWLHV��,QFUHDVHG�VSH�
FLDOL]DWLRQ�RI�OLYHVWRFN�DQG�SRXOWU\�IDUPV�
DOVR�FRQWULEXWHV�WR�IHZHU�IDUPV�RZQLQJ�
VXIÀFLHQW�FURS�DFUHDJH�WR�UHFHLYH�WKH�
PDQXUH�SURGXFHG��VR�PDQXUH�WUDQVSRUW�LV�
UHTXLUHG��8QLWHG�6WDWHV�LVVXHV�UHODWHG�WR�
PDQXUH�PDQDJHPHQW�DOVR�LQFOXGH�ULVN�RI�
HQYLURQPHQWDO�GDPDJH�EHFDXVH�RI�VSLOOV�
IURP�PDQXUH�VWRUDJH�IDFLOLWLHV��

2VWHUEHUJ�DQG�:DOOLQJD��������DUH�
FLWHG�E\�//6�DV�DQ�H[DPSOH�RI�WKH�IUH�
TXHQF\�RI�PDQXUH�VSLOOV��/LTXLG�RU�VOXUU\�
IRUPV�RI�PDQXUH�DUH�PRUH�SURQH�WR�VSLOOV�
WKDQ�GU\�IRUPV�RI�PDQXUH��DOWKRXJK�
ÁRRGLQJ�FDQ�UHVXOW�LQ�VWRUHG�GU\�PDQXUH�
HQWHULQJ�VXUIDFH�ZDWHU�DV�ZHOO��6WRUDJH�
RI�PDQXUH�IRU�XS�WR�VL[�PRQWKV�RU�D�\HDU�
LV�QHFHVVDU\�EHFDXVH�EHVW�PDQDJHPHQW�
SUDFWLFHV��%03V��LQFOXGH�WKDW�PDQXUH�
PD\�RQO\�EH�DSSOLHG�WR�FURSODQG�EH�
IRUH�FURS�SODQWLQJ�RU�LPPHGLDWHO\�DIWHU�
KDUYHVW�RU�DSSOLHG�WR�ODQG�XVHG�IRU�KD\�
RQO\�ZKLOH�WKH�FURS�LV�JURZLQJ�DQG�ZKHQ�
ZHDWKHU�DQG�VRLO�FRQGLWLRQV�SUHVHQW�PLQL�
PXP�ULVN�RI�UXQRII��7KLV�LV�LQ�VWDUN�FRQ�
WUDVW�WR�PRVW�ODUJH�PXQLFLSDO�ZDVWH�WUHDW�
PHQW�SODQWV�WKDW�GLVFKDUJH�WUHDWHG�ZDWHU�
FRQWLQXRXVO\�LQWR�VWUHDPV�DQG�KDYH�RQO\�
D�IHZ�GD\V�RI�HPHUJHQF\�VWRUDJH�FDSDF�
LW\��,Q�FRQWUDVW�WR�JHQHUDO�FRQFHUQV�DULVLQJ�
IURP�UHJLRQDO�FRQFHQWUDWLRQV�RI�OLYH�
VWRFN�DQG�SRXOWU\�DQG�UHSRUWV�RI�PDQXUH�
VSLOOV��DFWXDO�HIIHFWV�RI�OLYHVWRFN�PDQXUH�
RQ�ZDWHU�TXDOLW\�PD\�YDU\�ZLGHO\�DFURVV�
VSHFLÀF�ZDWHUVKHGV�ZLWK�GLIIHULQJ�WRSRJ�
UDSK\��VRLOV��ODQG�XVH�DQG�ODQG�FRYHU��DQG�
FOLPDWH��7KHUHIRUH��DQ�LPSRUWDQW�UHVHDUFK�
IRFXV�LV�SROOXWDQW�PRYHPHQW�WKURXJK�
YDU\LQJ�WHUUDLQ�VXFK�DV�NDUVW�VWUXFWXUHV�
�+DNN�HW�DO��������

8QLWHG�6WDWHV�ZDWHU�SROOXWLRQ�LVVXHV�
UHODWHG�WR�OLYHVWRFN�SURGXFWLRQ�DUH�FRP�
SRQHQWV�RI�EURDGHU�ZDWHU�TXDOLW\�LVVXHV�
GHÀQHG�IRU�YDULRXV�ZDWHUVKHGV��([DPSOHV�
LQFOXGH�WKH�LVVXH�RI�K\SR[LD�LQ�WKH�*XOI�
RI�0H[LFR��86(3$�����D��DQG�RQJR�
LQJ�HIIRUWV�WR�GHFUHDVH�SROOXWLRQ�LQ�WKH�
&KHVDSHDNH�%D\��7KH�ZDWHUVKHG�ZLGH�
HIIRUW�WR�ORZHU�QXWULHQW�FRQFHQWUDWLRQV�LQ�
VXUIDFH�ZDWHU�IRFXVHV�DWWHQWLRQ�RQ�ERWK�
SRLQW�VRXUFHV��36V��DQG�QRQSRLQW�VRXUFHV�
�136V��RI�SROOXWDQWV��3URJUDPV�WR�GH�
FUHDVH�SROOXWDQW�ORDGLQJ�LQFOXGH�70'/��
LQ�ZKLFK�D�FDS�RQ�WRWDO�ORDGLQJ�LV�HVWDE�

OLVKHG�DQG�QXWULHQW�WUDGLQJ�SURJUDPV�PD\�
EH�HVWDEOLVKHG�WR�UHDOORFDWH�GLVFKDUJH�
ULJKWV�ZLWKLQ�D�ZDWHUVKHG��6WHSKHQVRQ�
DQG�6KDEPDQ�������

7KH�FRPSDULVRQ�RU�VXEVWLWXWLRQ�RI�36�
DQG�136�GLVFKDUJHV�LQ�DIIHFWLQJ�ZDWHU�
TXDOLW\�LV�FKDOOHQJLQJ��6ZHHSLQJ�DVVXPS�
WLRQV�ZHUH�PDGH�E\�//6�DERXW�ZKDW�IUDF�
WLRQ�RI�QXWULHQWV�LQ�IHUWLOL]HU�DSSOLHG�WR�
FURSODQG�RU�PDQXUH�GHSRVLWHG�RQ�SDVWXUH�
�ERWK�136V��ZRXOG�UHDFK�VXUIDFH�ZDWHU��
7UXH�36�GLVFKDUJHV�DUH�HDVLO\�PHDVXUHG�
IRU�QXWULHQW�SROOXWDQW�FRQWHQW�DW�WKH�RXWIDOO�
LQWR�WKH�VWUHDP��7KH�VXEVWLWXWLRQ�RI�D�SUH�
GLFWHG�HIIHFW�RI�136�FKDQJHV�IRU�D�NQRZQ�
HIIHFW�RI�36�FKDQJHV�KDV�EHHQ�D�FKDOOHQJH�
IRU�EDVLQZLGH�QXWULHQW�WUDGLQJ�SURJUDPV��
0RGHOLQJ�36�DQG�136�HIIHFWV�RQ�ZDWHU�
TXDOLW\�KDV�EHHQ�WKH�IRFXV�RI�D�PDMRU�UH�
VHDUFK�HIIRUW�LQ�WKH�8QLWHG�6WDWHV��0XQR]�
&DUSHQD�HW�DO���������&RQVLGHUDEOH�FKDO�
OHQJHV�UHPDLQ�UHJDUGLQJ�TXDQWLÀFDWLRQ�
RI�WKH�FRQWULEXWLRQ�RI�VSHFLÀF�136V�WR�
VXUIDFH�ZDWHU�SROOXWLRQ�DQG��WKHUHIRUH��WKH�
EHQHÀW�RI�YDULRXV�FRQVHUYDWLRQ�PHDVXUHV�
DW�WKRVH�VRXUFHV��6:&6�������7RPHU�DQG�
/RFNH�������

8�6��$3352$&+(6�72��
$''5(66,1*�,668(6

7KH�SUHFHGLQJ�VHFWLRQV�GHVFULEHG�VWD�
WXV�DQG�WUHQGV�LQ�WKH�SRXOWU\�DQG�OLYHVWRFN�
VHFWRUV�DQG�UHODWHG�ODQG�DQG�ZDWHU�LVVXHV�
LQ�WKH�8QLWHG�6WDWHV�ZLWK�FRPSDULVRQV�WR�
WKH�JOREDO�VLWXDWLRQ��,VVXHV�SUHVHQWHG�LQ�
SUHFHGLQJ�VHFWLRQV�UHODWH�WR�OLYHVWRFN�DQG�
SRXOWU\�XVH�RI�ODQG�DQG�ZDWHU��ODQG�GHJUD�
GDWLRQ��DQG�ZDWHU�SROOXWLRQ��7KH�IROORZ�
LQJ�VHFWLRQV�SUHVHQW�8�6��DSSURDFKHV�WR�
WKH�LVVXHV�UDLVHG�

1XPHURXV�VWUDWHJLHV�IRU�GHFUHDVHG�
ZDWHU�XVH��PLWLJDWLRQ�DQG�SUHYHQWLRQ�RI�
ZDWHU�SROOXWLRQ��GHFUHDVHG�ODQG�GHJUDGD�
WLRQ��DQG�PRUH�HIÀFLHQW�XVH�RI�ODQG�DUH�
VXJJHVWHG�LQ�//6��7KHVH�VWUDWHJ\�VXJJHV�
WLRQV�LQFOXGH�
�� LPSURYLQJ�LUULJDWLRQ�HIÀFLHQF\��
�� LQFUHDVLQJ�ZDWHU�SURGXFWLYLW\��
�� LPSURYLQJ�ZDVWH�PDQDJHPHQW��
�� EHWWHU�GLHW�IRUPXODWLRQ��
�� XVH�RI�HQ]\PHV��
�� LPSURYHG�PDQXUH�FROOHFWLRQ��VWRUDJH��
WUHDWPHQW��DQG�XWLOL]DWLRQ��

�� LPSURYHG�ODQG�PDQDJHPHQW��
�� DGDSWHG�JUD]LQJ�V\VWHPV��
�� UDQJH�LPSURYHPHQW��
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�� LPSURYHG�WLPLQJ�RI�JUD]LQJ�SHULRG��
�� LPSURYHG�OLYHVWRFN�GLVWULEXWLRQ��DQG�
�� XVH�RI�FRQVHUYDWLRQ�EXIIHUV��)$2�
����D���

)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�UHIHU�
HQFHV�IRU�WKHVH�VWUDWHJLHV�DUH�SULPDULO\�
8�6��VRXUFHV��LQFOXGLQJ�/3(6��������DQG�
0RVOH\�DQG�FROOHDJXHV��������

7KH�8�6��DSSURDFK�WR�DGGUHVVLQJ�WKH�
ODQG�DQG�ZDWHU�LVVXHV�UHODWHG�WR�OLYHVWRFN�
SURGXFWLRQ�LV�DQ�LQWHJUDWLRQ�RI�LVVXH�
GULYHQ�UHVHDUFK��HGXFDWLRQ�DQG�RXWUHDFK��
HVWDEOLVKPHQW�RI�%03V�DQG�SURIHVVLRQDO�
VWDQGDUGV��DQG�SROLF\�GHYHORSPHQW�WKDW�
LQFOXGHV�H[SHUW�VXSSRUW��ÀQDQFLDO�LQFHQ�
WLYHV�IRU�FKDQJH��DQG�SHUIRUPDQFH�EDVHG�
UHJXODWLRQ��7KH�RXWFRPHV�RI�WKLV�DS�
SURDFK�JHQHUDOO\�KDYH�EHHQ�VWHDG\�LQ�
FUHDVHV�LQ�SURGXFWLYLW\�RI�WKH�OLYHVWRFN�
�DQG�IHHG�FURSV��VHFWRUV��FRUUHVSRQG�
LQJ�UHGXFWLRQV�LQ�UHVRXUFH�XVH�SHU�XQLW�
RI�OLYHVWRFN�DQG�SRXOWU\�SURGXFW��DQG�
VWHDG\�UHGXFWLRQV�LQ�SROOXWDQWV�JHQHUDWHG�
DV�LVVXHV�DUH�LGHQWLÀHG�DQG�DGGUHVVHG��
6SHFLÀF�DVSHFWV�RI�WKH�8�6��DSSURDFK�DQG�
UHVXOWLQJ�RXWFRPHV�DUH�SUHVHQWHG�LQ�WKH�
IROORZLQJ�VHFWLRQV�

8�6��$SSURDFKHV�WR�/DQG�
8VH�DQG�3UHYHQWLRQ�RI�/DQG�
'HJUDGDWLRQ

8QLWHG�6WDWHV�DSSURDFKHV�WR�ODQG�
XVH�DQG�SUHYHQWLRQ�RI�ODQG�GHJUDGDWLRQ�
KDYH�HPSKDVL]HG�WKH�DIRUHPHQWLRQHG�
LQWHJUDWLRQ�RI�UHVHDUFK��HGXFDWLRQ�DQG�
RXWUHDFK��%03V��SROLF\�GHYHORSPHQW��
DQG�UHJXODWLRQ��$�YDULHW\�RI�DSSURDFK�
HV�KDYH�EHHQ�DSSOLHG�DFURVV�WKH�GLYHUVH�
W\SHV�RI�DJULFXOWXUDO�ODQG�LQ�WKH�8QLWHG�
6WDWHV��5DQJHODQG�LQ�WKH�ZHVWHUQ�8QLWHG�
6WDWHV�FRQVWLWXWHV�PRUH�WKDQ�����RI�
8�6��DJULFXOWXUDO�ODQG��FDOFXODWHG�IURP�
86'$²(56��������7KH�8�6��JRYHUQ�
PHQW�RZQV�DSSUR[LPDWHO\�����RI�WKH�
ODQG�DUHD�LQ�WKH����ZHVWHUQ�FRQWHUPLQRXV�
VWDWHV��SOXV�����RI�$ODVND���8�6��&HQVXV�
%XUHDX��������LQFOXGLQJ�����PLOOLRQ�KD�
RI�UDQJHODQG�LQ�WKH�HOHYHQ�ZHVWHUQ�FRQ�
WHUPLQRXV�VWDWHV��&$67�������6NDJJV�
�������6NDJJV��������FLWHV�HVWLPDWHV�WKDW�
QHDUO\�KDOI�RI�8�6��UDQJHODQG�LV�RZQHG�E\�
HLWKHU�WKH�8QLWHG�6WDWHV�RU�VWDWH�RU�ORFDO�
JRYHUQPHQWV��

,Q�FRQWUDVW�WR�PRVW�8�6��DJULFXO�
WXUH��JRYHUQPHQWV�KDYH�D�GLUHFW�UROH�LQ�
PDQDJHPHQW�RI�YDVW�DUHDV�RI�UDQJHODQGV�
WKURXJK�RZQHUVKLS�DQG�WKH�LVVXDQFH�RI�
OHDVHV�IRU�JUD]LQJ�DQG�RWKHU�XVHV��&$67�
������6NDJJV��������0DQDJHPHQW�RI�

SXEOLF�ODQGV�LQ�ZHVWHUQ�VWDWHV�KDV�GUDZQ�
FRQVLGHUDEOH�DWWHQWLRQ��'RQDKXH��������
&RQJUHVV�ÀUVW�UHJXODWHG�WKHVH�ODQGV�XQ�
GHU�WKH�7D\ORU�*UD]LQJ�$FW�RI�������DQG�
VXEVHTXHQW�OHJLVODWLRQ�KDV�DWWHPSWHG�WR�
EDODQFH�DQG�UHFRQFLOH�FRPSHWLQJ�LQWHU�
HVWV��/HVV�WKDQ����RI�8�6��EHHI�SURGXFHUV�
�������UDQFKHUV��PDNH�XVH�RI�WKH�SXEOLF�
ODQGV��1LFROO��������)LUPV�GHVLULQJ�WR�H[�
WUDFW�PLQHUDOV�DQG�RLO�DQG�JDV�SRVH�DGGL�
WLRQDO�SHUFHLYHG�WKUHDWV�WR�WKH�HFRORJ\�RI�
WKHVH�ODQGV��9DQ$VVHOW�DQG�/D\NH��������
&RQWURYHUV\�DERXW�WKH�PDQDJHPHQW�RI�
WKHVH�ODQGV�IRU�UHFUHDWLRQDO��HQYLURQPHQ�
WDO��DQG�FRPPHUFLDO�XVHV�KDV�FKDOOHQJHG�
SROLF\PDNHUV��5DQFKHUV�KDYH�VRXJKW�WR�
PDLQWDLQ�ORZ�JUD]LQJ�IHHV�WR�DOORZ�WKHP�
WR�FRQWLQXH�FRPPHUFLDO�JUD]LQJ�RQ�WKRVH�
ODQGV��&$67��������2WKHUV�DUJXH�WKDW�
UHJXODWRU\�SURYLVLRQV�RIWHQ�IDYRU�JUD]�
LQJ�DW�WKH�H[SHQVH�RI�DOWHUQDWLYH�SXEOLF�
EHQHÀWV�IURP�UDQJHODQG�UHVWRUDWLRQ��ZDWHU�
TXDOLW\�LPSURYHPHQW��ELRORJLFDO�GLYHUVLW\��
DQG�RU�KDELWDW�SURWHFWLRQ��)HOOHU��������
(QYLURQPHQWDO�DQG�UHFUHDWLRQDO�LQWHU�
HVW�JURXSV�FRQWLQXH�WR�FKDOOHQJH�IHGHUDO�
UHJXODWRU\�DFWLRQ�DV�EHLQJ�FRQWUDU\�WR�
VWDWXWRU\�PDQGDWHV��%ODQFHWW�Y��8�6��%/0�
������2UHJRQ�Y��%/0��������

:HOO�PDQDJHG�JUD]LQJ�FDQ�VHUYH�DQ�
LPSRUWDQW�IXQFWLRQ�LQ�VXVWDLQLQJ�UDQJH�
ODQGV�E\�FRQWUROOLQJ�LQYDVLYH�VSHFLHV�VXFK�
DV�PXVN�WKLVWOH��FKHDWJUDVV��EURRPZHHG��
MXQLSHU��DQG�PHVTXLWH��&$67��������
2QJRLQJ�UHVHDUFK�DW�VWDWH�XQLYHUVLWLHV�DQG�
JRYHUQPHQW�DJHQFLHV�DQG�HVWDEOLVKPHQW�
RI�JUD]LQJ�%03V�VXSSRUWHG�E\�JRYHUQ�
PHQW�HPSOR\HG�H[WHQVLRQ�HGXFDWRUV�
FRQWULEXWH�WR�LPSURYHG�SURGXFWLYH�XVH�RI�
UDQJHODQGV��ODQG�FRQVHUYDWLRQ��DQG�SURYL�
VLRQ�RI�HFRORJLFDO�VHUYLFHV��&$67�������
������0RVOH\�HW�DO��������6NDJJV�������

8VH�RI�RWKHU�DJULFXOWXUDO�ODQG�IRU�
OLYHVWRFN�SURGXFWLRQ�PD\�EH�OHVV�PDQ�
DJHG�GLUHFWO\�E\�WKH�8�6��JRYHUQPHQW��DO�
WKRXJK�VWDWH�JRYHUQPHQWV�LPSRVH�VLWH�UH�
TXLUHPHQWV�IRU�ODUJHU�OLYHVWRFN�RSHUDWLRQV�
�,'15�Q�G����8VH�RI�ODQG�IRU�OLYHVWRFN�
SURGXFWLRQ�LV�DOVR�DIIHFWHG�E\�QXLVDQFH�
ODZ�DQG�ULJKW�WR�IDUP�ODZV�LPSRVHG�E\�
VWDWH�DQG�ORFDO�JRYHUQPHQWV��5LJKW�WR�
IDUP�ODZV��DOVR�NQRZQ�DV�DQWL�QXLVDQFH�
OHJLVODWLRQ��KDYH�EHHQ�HQDFWHG�E\�DOO�
VWDWHV�DQG�QLQH�&DQDGLDQ�SURYLQFHV�WR�
KHOS�DJULFXOWXUDO�SURGXFHUV�DQG�LQ�PDQ\�
FDVHV�RWKHU�GHVHUYLQJ�SURSHUW\�RZQHUV�
�.DOPDNRII��������7KH�ODZV�VXSSRUW�WKH�
UHWHQWLRQ�RI�IDUPODQG�E\�SUHFOXGLQJ�QXL�
VDQFH�ODZVXLWV�DJDLQVW�WKRVH�DJULFXOWXUDO�
SURSHUW\�XVHV�LQ�H[LVWHQFH�EHIRUH�QHZ�
QHDUE\�ODQG�XVHV��&HQWQHU��������������

:KHUHDV�WKH�ODZV�PD\�DGYHUVHO\�DIIHFW�
SURSHUW\�ULJKWV�RI�QHDUE\�SURSHUW\�RZQ�
HUV��OHJLVODWXUHV�IHOW�WKLV�ZDV�QHHGHG�WR�
VXSSRUW�DJULFXOWXUDO�ODQG�XVHV�DQG�EXVL�
QHVV�DFWLYLWLHV�LPSRUWDQW�WR�WKHLU�HFRQR�
PLHV��$�IHZ�OHJLVODWXUHV�KDYH�HQDFWHG�
ULJKW�WR�IDUP�SURYLVLRQV�DJDLQVW�IXWXUH�
QXLVDQFHV��7KH�GHQLJUDWLRQ�RI�QHLJKERU�
LQJ�SURSHUW\�ULJKWV�SURIIHUHG�E\�RQH�RI�
WKHVH�SURYLVLRQV�PD\�EH�VR�JUHDW�WKDW�
LW�RSHUDWHV�WR�HIIHFW�D�UHJXODWRU\�WDNLQJ�
�%RUPDQQ�Y��%RDUG�RI�6XSHUYLVRUV�������
&HQWQHU��������&OHDU�DOORFDWLRQ�RI�SURS�
HUW\�ULJKWV�DQG�UHVSRQVLELOLWLHV�IRU�ODQG�
XVH�KDV�EHHQ�DQ�LPSRUWDQW�FKDUDFWHULVWLF�
RI�WKH�GHYHORSPHQW�RI�DJULFXOWXUH�DQG�
HQYLURQPHQWDO�SURWHFWLRQ�LQ�WKH�8QLWHG�
6WDWHV�

3DVW�DQG�SURMHFWHG�ORVVHV�RI�DJULFXO�
WXUDO�ODQG�LQ�WKH�8QLWHG�6WDWHV�KDYH�EHHQ�
DGGUHVVHG�E\�YDULRXV�SURJUDPV�DQG�ODZV�
ZLWK�PL[HG�UHVXOWV��6WDWH�JRYHUQPHQWV�DW�
WHPSWHG�WR�VXSSRUW�FRQWLQXHG�DJULFXOWXUDO�
SURGXFWLRQ�WKURXJK�SUHIHUHQWLDO�DJULFXOWXU�
DO�DVVHVVPHQW�ODZV�DQG�RWKHU�WHFKQLTXHV�
�.OLQH�DQG�:LFKHOQV�������/RFNHUHW]�
�������3UHIHUHQWLDO�DJULFXOWXUDO�DVVHVVPHQW�
UHOLHV�RQ�JRYHUQPHQWDO�GLUHFWLRQ�WR�YDOXH�
IDUPODQG�DW�LWV��ORZHU��XVH�YDOXH�UDWKHU�
WKDQ�IDLU�PDUNHW�YDOXH�IRU�WKH�SXUSRVHV�RI�
DG�YDORUHP�WD[DWLRQ��3UHIHUHQWLDO�DVVHVV�
PHQW�ODZV�PD\�VLPSO\�VORZ�WKH�UDWH�RI�
IDUPODQG�ORVV�UDWKHU�WKDQ�SURYLGH�SHU�
PDQHQW�UHWHQWLRQ�RI�ODQG�DV�XQGHYHORSHG�
RSHQ�VSDFH��2WKHU�ODZV�XVH�FRQVHUYD�
WLRQ�HDVHPHQWV��EXW�ODFN�RI�SXEOLF�DFFHVV�
WR�SURWHFWHG�ODQGV�PD\�GHFUHDVH�SXEOLF�
DPHQLWLHV��-RKQVWRQ�DQG�'XNH��������
$JULFXOWXUDO�FRQVHUYDWLRQ�SHQVLRQV�DQG�
ULJKWV�RI�ÀUVW�UHIXVDO�KDYH�EHHQ�SURSRVHG�
DV�PRUH�DSSURSULDWH�WHFKQLTXHV�WR�SUH�
VHUYH�IDUPODQG��'XNH�DQG�/\QFK�������

8VH�RI�FURSODQG�LV�QRW�KHDYLO\�UHJX�
ODWHG��EXW�IDUPHUV�DUH�UHVSRQVLEOH�IRU�HI�
IHFWV�RI�VRPH�RI�WKHLU�DFWLRQV�RQ�QHLJK�
ERULQJ�SURSHUW\��$OWKRXJK�FURSODQG�
PDQDJHPHQW�LV�QRW�WKH�IRFXV�RI�WKLV�SD�
SHU��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�VXVWDLQHG�
UHVHDUFK��HGXFDWLRQ��H[WHQVLRQ��DQG�SROLF\�
GHYHORSPHQW�KDYH�UHVXOWHG�LQ�WKH�GUD�
PDWLF�UHGXFWLRQV�LQ�VRLO�HURVLRQ�GLVFXVVHG�
HDUOLHU��86'$²15&6��������ZKHUHDV�
FURS�\LHOGV�KDYH�LQFUHDVHG�GUDPDWLFDOO\�
�86'$²1$66�����E���

8�6��$SSURDFKHV�WR�:DWHU�
8VH�DQG�3URWHFWLRQ�RI�:DWHU�
4XDOLW\�LQ�5HODWLRQ�WR�/LYHVWRFN�
3URGXFWLRQ

:DWHU�XVH�LV�UHJXODWHG�WR�YDU\LQJ�
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GHJUHHV�E\�VWDWHV�DQG�ZDWHU�GLVWULFWV�LQ�WKH�
8QLWHG�6WDWHV��$OWKRXJK�GLUHFW�XVH�RI�ZD�
WHU�IRU�OLYHVWRFN�DQG�SRXOWU\�SURGXFWLRQ�
DQG�SURFHVVLQJ�UHSUHVHQWV�OHVV�WKDQ�RQH�
SHUFHQW�RI�8�6��IUHVKZDWHU�ZLWKGUDZDOV�
�86*6�������FDOFXODWLRQV�GHVFULEHG�SUH�
YLRXVO\���DQ\�XVH�RI�ZDWHU�LV�FRQWHQWLRXV�
LQ�VRPH�ORFDWLRQV�DW�VRPH�SRLQWV�LQ�WLPH�
�1HZWRQ�HW�DO���������:DWHU�XVH�KDV�ORQJ�
EHHQ�DQ�LVVXH�LQ�WKH�DULG�ZHVWHUQ�8QLWHG�
6WDWHV�DQG�LV�DQ�RQJRLQJ�LVVXH�IRU�WKH�
OLYHVWRFN�VHFWRU��:HLQKHLPHU�HW�DO���������
$FFHVV�ULJKWV�DQG�FRVW�RI�H[WUDFWLRQ��ZHOO�
FRQVWUXFWLRQ�DQG�SXPSLQJ��PD\�OLPLW�WKH�
XVH�RI�JURXQGZDWHU�IURP�GLPLQLVKLQJ�
UHVRXUFHV�VXFK�DV�WKH�2JDODOOD�DTXLIHU��
&RPSHWLQJ�GHPDQGV�IURP�D�JURZLQJ�
KXPDQ�SRSXODWLRQ�DUH�OLNHO\�WR�IXUWKHU�
GHFUHDVH�VXUIDFH�ZDWHU�DYDLODELOLW\�IRU�
DJULFXOWXUH�IURP�UHVRXUFHV�VXFK�DV�WKH�
&RORUDGR�5LYHU��&$67�����E���:DWHU�
VXSSO\�LVVXHV�PD\�EHFRPH�DFXWH�IRU�LU�
ULJDWHG�DJULFXOWXUH�LQ�VRPH�SDUWV�RI�WKH�
ZHVWHUQ�VWDWHV�DQG�DUH�HPHUJLQJ�LQ�DUHDV�
RI�UDSLGO\�JURZLQJ�KXPDQ�SRSXODWLRQ�LQ�
WKH�HDVWHUQ�VWDWHV��6XVWDLQHG�UHVHDUFK�DQG�
H[WHQVLRQ�SURJUDPV�KDYH�FRQWULEXWHG�WR�
PRUH�HIÀFLHQW�XVH�RI�ZDWHU�LQ�OLYHVWRFN�
DQG�SRXOWU\�RSHUDWLRQV�DQG�LQ�LUULJDWHG�
DJULFXOWXUH��*ROOHKRQ�DQG�4XLQE\�������

7KH�8QLWHG�6WDWHV·�DSSURDFKHV�WR�GH�
FUHDVLQJ�ZDWHU�SROOXWLRQ�DVVRFLDWHG�ZLWK�
OLYHVWRFN�DQG�SRXOWU\�SURGXFWLRQ�SUL�
PDULO\�IRFXV�RQ�PDQDJHPHQW�RI�PDQXUH�
DQG�ODQG�DSSOLFDWLRQ��&URSODQG�XVHG�WR�
SURGXFH�OLYHVWRFN�IHHG�ZDV�WKH�ODUJ�
HVW�VRXUFH�RI�VRPH�SROOXWDQWV�DVVRFLDWHG�
ZLWK�OLYHVWRFN�SURGXFWLRQ��1��3��SHVWL�
FLGHV��VHGLPHQWV���DV�HVWLPDWHG�E\�//6��
7KH�UHSRUW�VWDWHG�WKDW�8�6��XVH�RI�1�DQG�
3�IHUWLOL]HU�DQG�WKH�XVH�RI�SHVWLFLGHV�KDYH�
EHHQ�GHFOLQLQJ�DQG�WKDW�VRLO�HURVLRQ�KDV�
GHFOLQHG�GUDPDWLFDOO\��,PSURYHG�HIÀFLHQ�
F\�RI�LQSXW�XVH�DQG�VRLO�FRQVHUYDWLRQ�KDYH�
RFFXUUHG�DV�\LHOGV�LQFUHDVHG�GUDPDWLFDOO\�
EHFDXVH�RI�D�UDQJH�RI�VXFFHVVIXO�UHVHDUFK�
DQG�H[WHQVLRQ�SURJUDPV��ERWK�SXEOLF�DQG�
SULYDWH��$PRQJ�WKH�LQQRYDWLRQV�DUH�JHQHW�
LF�LPSURYHPHQW�RI�WKH�FURSV��GHYHORSPHQW�
RI�PRUH�HIIHFWLYH�DQG�OHVV�WR[LF�SHVWLFLGHV��
QR�WLOODJH�DQG�ORZ�WLOODJH�FURSSLQJ�V\V�
WHPV��DQG�SUHFLVLRQ�DJULFXOWXUH��

7KH�FRQVHUYDWLRQ�FRPSOLDQFH�SURYL�
VLRQV�RI�WKH�)RRG�6HFXULW\�$FW�RI������
ZHUH�LQVWUXPHQWDO�LQ�GHFUHDVLQJ�HURVLRQ��
2QH�ZD\�ZDV�WKURXJK�WKH�HVWDEOLVKPHQW�
RI�WKH�&RQVHUYDWLRQ�5HVHUYH�3URJUDP�
�&53���8UL��������8QGHU�WKH�&53��IDUP�
HUV�FDQ�ELG�WR�KDYH�SRUWLRQV�RI�WKHLU�ODQG�
OHDVHG�IRU����WR����\HDUV�WR�WKH�8�6��JRY�
HUQPHQW�IRU�DSSURYHG�FRQVHUYDWLRQ�XVHV�

LQ�H[FKDQJH�IRU�SD\PHQWV��,Q�������������
PLOOLRQ�KD�ZHUH�HQUROOHG�LQ�WKH�&53�
�86'$²)6$��������$�FULWLFDO�UHDOL]DWLRQ�
XQGHUO\LQJ�WKH�VXFFHVV�RI�WKH�&53�ZDV�
WKDW�D�YHU\�KLJK�SURSRUWLRQ�RI�HURVLRQ�ZDV�
RFFXUULQJ�RQ�D�VPDOO�SURSRUWLRQ�RI�ODQG�

7KH�8QLWHG�6WDWHV·�DSSURDFKHV�WR�
GHFUHDVLQJ�ZDWHU�SROOXWLRQ�IURP�PDQXUH�
PDQDJHPHQW�DQG�SDVWXUH�PDQDJHPHQW�
LQFOXGH�WKH�SUHYLRXVO\�GHVFULEHG�LQWHJUDW�
HG�DSSURDFK�ZLWK�D�VXEVWDQWLDO�UHJXODWRU\�
FRPSRQHQW��0RGLÀFDWLRQV�WR�WKH�&OHDQ�
:DWHU�$FW�LQ������HVWDEOLVKHG�HIÁXHQW�
OLPLWDWLRQV�IRU�QXPHURXV�LQGXVWULHV��LQ�
FOXGLQJ�FRQFHQWUDWHG�DQLPDO�IHHGLQJ�RS�
HUDWLRQV��&$)2V���WR�SURWHFW�WKH�FKHPL�
FDO��SK\VLFDO��DQG�ELRORJLFDO�LQWHJULW\�RI�
VXUIDFH�ZDWHUV�ZLWKLQ�WKH�FRXQWU\��8QLWHG�
6WDWHV�DQG�VWDWH�UHJXODWRU\��UHVHDUFK��H[�
WHQVLRQ��DQG�HGXFDWLRQDO�SURJUDPV�ZHUH�
GHYHORSHG�DQG�FRQWLQXH�WR�EH�LPSURYHG�
WR�PLQLPL]H�GLVFKDUJHV�RI�SROOXWDQWV�IURP�
OLYHVWRFN�RSHUDWLRQV�WR�VXUIDFH�ZDWHUV��
7KH�8QLWHG�6WDWHV�XVHV�D�IHGHUDO�SHUPLW�
WLQJ�V\VWHP��ZLWK�GHOHJDWLRQ�RI�DXWKRULW\�
WR�VWDWHV��WR�VDIHJXDUG�ZDWHU�UHVRXUFHV��
/HJDO�FKDOOHQJHV�WR�WKH�(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��(3$��DQG�VWDWH�JRY�
HUQPHQWV�KDYH�UHVXOWHG�LQ�RUGHUV�WR�WDNH�
DGGLWLRQDO�DFWLRQ�WR�GHFUHDVH�SROOXWLRQ�
DQG�KDYH�VWUXFN�GRZQ�WHUPV�RI�SURSRVHG�
UXOHV�LQ�VRPH�LQVWDQFHV�

7KH�GLVFKDUJH�RI�ZDVWHZDWHU�DQG�ZD�
WHUERUQH�SROOXWDQWV�IURP�SURFHVVLQJ�DQG�
IURP�ODUJH�&$)2V�LV�JRYHUQHG�E\�UHJXOD�
WLRQV�SURPXOJDWHG�XQGHU�WKH�&OHDQ�:DWHU�
$FW��86&�������86&)5�������86(3$�
�������7KH�DFW�DGRSWV�WKH�EDVLF�UXOH�WKDW�
XQSHUPLWWHG�GLVFKDUJHV�RI�SROOXWDQWV�LQWR�
QDYLJDEOH�ZDWHUV�DUH�QRW�DOORZHG��$�SHU�
PLWWLQJ�V\VWHP�DXWKRUL]HV�GLVFKDUJHV�RI�
OLPLWHG�DPRXQWV�RI�SROOXWDQWV�IURP�36V�
XQGHU�WKH�1DWLRQDO�3ROOXWDQW�'LVFKDUJH�
(OLPLQDWLRQ�6\VWHP��13'(6��SURJUDP��
8QGHU�WKLV�SURJUDP��PRVW�VWDWHV�KDYH�WKH�
DXWKRULW\�WR�LVVXH�13'(6�SHUPLWV��)RU�
OLYHVWRFN�DQG�SRXOWU\�IDUPV�QRW�GHÀQHG�
DV�&$)2V��36�UHJXODWLRQV�UHTXLUH�DGRS�
WLRQ�RI�%03V�WR�TXDOLI\�IRU�VWRUP�ZDWHU�
H[HPSWLRQV�

%HVW�PDQDJHPHQW�SUDFWLFHV�DUH�JHQ�
HUDOO\�EDVHG�RQ�UHVHDUFK�DQG�H[WHQVLRQ�
SURJUDP�H[SHULHQFH�DQG�RQ�UHODWHG�VWDQ�
GDUGV�SXEOLVKHG�E\�WKH�86'$²15&6�
DQG�WKH�$PHULFDQ�6RFLHW\�RI�$JULFXOWXUDO�
DQG�%LRORJLFDO�(QJLQHHUV��$6$%(���
5HVHDUFK��GHPRQVWUDWLRQ��DQG�HYDOXD�
WLRQV�RI�%03V�DQG�VLPLODU�SUDFWLFHV�DUH�
FRQGXFWHG�E\�WKH�86'$²$JULFXOWXUDO�
5HVHDUFK�6HUYLFH�DQG�WKH�QDWLRQDO�QHW�
ZRUN�RI�ODQG�JUDQW�XQLYHUVLWLHV�OLQNHG�

WKURXJK�WKH�86'$²1DWLRQDO�,QVWLWXWH�RI�
)RRG�DQG�$JULFXOWXUH��86'$²1,)$����
([DPSOHV�RI�UHVHDUFK�DQG�H[WHQVLRQ�WRS�
LFV�LQFOXGH�
�� GHVLJQ�RI�DQLPDO�KRXVLQJ�IDFLOLWLHV�
WR�VLPSOLI\�FDSWXUH�DQG�UHPRYDO�RI�
PDQXUH��

�� GHVLJQ�RI�PDQXUH�VWRUDJH�DQG�PDQXUH�
WUHDWPHQW�IDFLOLWLHV�WR�OLPLW�SROOXWLRQ�
DQG�QXLVDQFH��

�� GHVLJQ�DQG�RSHUDWLRQ�RI�ODQG�DSSOLFD�
WLRQ�V\VWHPV�IRU�PDQXUH�DQG�WUHDWPHQW�
HIÁXHQWV�WR�HQKDQFH�SODQW�SURGXFWLRQ�
DQG�OLPLW�SROOXWLRQ��DQG�

�� PDQDJHPHQW�RI�OLYHVWRFN�RQ�SDVWXUHV�
WR�OLPLW�SROOXWLRQ��FRQVHUYH�SDVWXUH�
SODQW�DQG�VRLO�KHDOWK��DQG�HQKDQFH�
OLYHVWRFN�SURGXFWLRQ��%XOO�HW�DO��������
0RVOH\�HW�DO��������5LFH��&DOGZHOO��
DQG�+XPHQLN��������

5HVXOWLQJ�%03V�DQG�SURIHVVLRQDO�VWDQ�
GDUGV�DUH�PDLQWDLQHG�E\�WKH�86'$²
15&6��86'$²15&6��������VWDWH�
H[WHQVLRQ�VHUYLFHV��DQG�SURIHVVLRQDO�RUJD�
QL]DWLRQV�VXFK�DV�WKH�$6$%(�

5HVHDUFK�DQG�H[WHQVLRQ�ZRUN�RQ�SRO�
OXWLRQ�SUHYHQWLRQ�LV�LQH[WULFDEO\�OLQNHG�
WR�UHVHDUFK�DQG�H[WHQVLRQ�SURJUDPV�RQ�
OLYHVWRFN�DQG�SRXOWU\�SURGXFWLRQ��)RU�
H[DPSOH��UHFHQW�ZRUN�KDV�HQDEOHG�WKH�DG�
GLWLRQ�RI�WKH�HQ]\PH�SK\WDVH�WR�WKH�IHHG�
RI�PRQRJDVWULF�DQLPDOV��SRXOWU\�DQG�SLJV��
WR�DOORZ�WKHP�WR�XVH�WKH�3�FRQWDLQHG�LQ�
JUDLQ�DV�SK\WDWH��$QJHO�HW�DO���������7KLV�
LQQRYDWLRQ�KDV�GHFUHDVHG�WKH�TXDQWLW\�
RI�VXSSOHPHQWDO�3�UHTXLUHG�LQ�WKH�DQL�
PDOV·�GLHWV��GHFUHDVHG�WKH�DPRXQW�RI�3�
H[FUHWHG�E\�WKH�DQLPDOV��DQG�LQFUHDVHG�
WKH�SURSRUWLRQ�RI�VROXEOH�3�LQ�WKH�H[�
FUHWD��&RPSOHPHQWDU\�ZRUN�HYDOXDWHG�
WKH�HIIHFWV�RQ�3�ORVV�IURP�ÀHOGV�RI�WKH�
LQFUHDVHG�SURSRUWLRQ�RI�VROXEOH�3��3HQQ�HW�
DO��������

$�ODUJH�ERG\�RI�ZRUN�VXSSRUWV�%03V�
LQ�ODQG�DSSOLFDWLRQ�RI�PDQXUH��%XOO�HW�DO��
������0RVOH\�HW�DO��������5LFH��&DOGZHOO��
DQG�+XPHQLN��������&ULWHULD�IRU�ODQG�
DSSOLFDWLRQ�HYROYH�DV�SROOXWLRQ�FRQFHUQV�
FKDQJH�WKURXJK�WLPH��$�ORQJ�VWDQGLQJ�
FULWHULRQ�OLPLWV�PDQXUH�DSSOLFDWLRQ�UDWHV�
WR�PHHW�WKH�1�QHHGV�RI�WKH�JURZLQJ�FURSV�
ZLWK�SODQW�DYDLODEOH�1��&RQFHUQ�RYHU�3�
LQ�VXUIDFH�ZDWHU�OHG�WR�WKH�PRUH�UHFHQW�
FULWHULRQ�RI�OLPLWLQJ�3�DFFXPXODWLRQ�LQ�
VRLOV�UHFHLYLQJ�PDQXUH��7KDW�FULWHULRQ�

��1,)$�ZDV�SUHYLRXVO\�WKH�&RRSHUDWLYH�6WDWH�
5HVHDUFK��(GXFDWLRQ��DQG�([WHQVLRQ�6HUYLFH�
�&65((6���
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VSXUUHG�GHYHORSPHQW�RI�LQGH[HV�RI�3�FRQ�
FHQWUDWLRQ�DQG�3�ORVV�DVVHVVPHQW�WRROV��
/LYHVWRFN�DQG�3RXOWU\�(QYLURQPHQWDO�
6WHZDUGVKLS�SURJUDPV�GHVFULEH�QXWUL�
HQW�EDODQFH�FULWHULD�IRU�OLYHVWRFN�IDUPV�
�/3(6�������

7KH�UHJXODWRU\�GLPHQVLRQ�RI�WKH�8�6��
DSSURDFK�WR�OLPLWLQJ�ZDWHU�SROOXWLRQ�IURP�
OLYHVWRFN�DQG�SRXOWU\�SURGXFWLRQ�LV�FHQ�
WHUHG�RQ�WKH�QDWLRQDO�13'(6�SURJUDP��
7KH�13'(6�SHUPLWWLQJ�SURYLVLRQV�JRY�
HUQLQJ�&$)2V�SURKLELW�DQ\�GLVFKDUJHV�
IURP�WKHLU�DQLPDO�FRQÀQHPHQW�DUHD��PD�
QXUH�VWRUDJH�DUHD��UDZ�PDWHULDOV�VWRUDJH�
DUHD��DQG�ZDVWH�FRQWDLQPHQW�DUHDV�H[FHSW�
XQGHU�H[WUHPH�VWRUP�FRQGLWLRQV��XVXDOO\�
GHÀQHG�DV�WKH����\HDU�����KRXU�VWRUP�
HYHQW��7KH�UHPDLQLQJ�SRWHQWLDO�VRXUFH�RI�
ZDWHU�SROOXWDQWV�IURP�&$)2V�DULVHV�IURP�
WKH�DSSOLFDWLRQ�RI�PDQXUH�WR�ODQG��7KH�
IHGHUDO�&$)2�UHJXODWLRQV�UHTXLUH�DSSOL�
FDWLRQ�RI�PDQXUH�LQ�DFFRUGDQFH�ZLWK�VLWH�
VSHFLÀF�QXWULHQW�PDQDJHPHQW�SUDFWLFHV�
WR�HQVXUH�DSSURSULDWH�DJULFXOWXUDO�XVH�
RI�WKH�QXWULHQWV��$�QXWULHQW�PDQDJHPHQW�
SODQ��103��LV�XVHG�WR�PHHW�WKLV�UHTXLUH�
PHQW��7KH�103�PXVW�LQFOXGH�DSSOLFDWLRQ�
UDWHV�IRU�PDQXUH�DSSOLHG�WR�ODQG�XQGHU�
WKH�RZQHUVKLS�RU�RSHUDWLRQDO�FRQWURO�RI�
WKH�&$)2�WR�PLQLPL]H�3�DQG�1�WUDQVSRUW�
IURP�WKH�ÀHOG�WR�VXUIDFH�ZDWHUV�LQ�FRP�
SOLDQFH�ZLWK�WKH�WHFKQLFDO�VWDQGDUGV�IRU�
QXWULHQW�PDQDJHPHQW��7KH�ODQG�DSSOLFD�
WLRQ�RI�PDQXUH�E\�&$)2V�ZLWK�DSSURYHG�
13'(6�SHUPLWV�PD\�UHVXOW�LQ�DOORZHG�
GLVFKDUJHV�WKDW�TXDOLI\�XQGHU�WKH�DJULFXO�
WXUDO�VWRUP�ZDWHU�GLVFKDUJH�H[HPSWLRQ��
7KH�IHGHUDO�&$)2�UHJXODWLRQV�GHÀQH�
DJULFXOWXUDO�VWRUP�ZDWHU�GLVFKDUJHV�WR�LQ�
FOXGH�DQ\�PDQXUH�IURP�ODQG�DUHDV�XQGHU�
WKH�FRQWURO�RI�D�&$)2�ZKHUH�WKH�PDQXUH�
KDV�RWKHUZLVH�EHHQ�DSSOLHG�LQ�DFFRUGDQFH�
ZLWK�VLWH�VSHFLÀF�QXWULHQW�PDQDJHPHQW�
SUDFWLFHV�WKDW�HQVXUH�DSSURSULDWH�DJULFXO�
WXUDO�XVH�RI�WKH�QXWULHQWV��86&)5�������

&RQWURYHUV\�KDV�H[LVWHG�DV�WR�UHTXLUH�
PHQWV�LQYROYLQJ�UHJXODWRU\�UHYLHZ�RI�
103V��$GPLQLVWUDWLYH�EXUGHQV�RI�DS�
SURYLQJ�LQGLYLGXDO�SHUPLWV�OHG�WKH�8�6��
(3$�WR�DGRSW�UHJXODWLRQV�WKDW�DOORZ�IRU�
JHQHUDO�SHUPLWV�WKDW�FRYHU�PXOWLSOH�IDFLOL�
WLHV�LQ�D�JHRJUDSKLFDO�DUHD��0DQ\�VWDWHV�
DGRSWHG�JHQHUDO�SHUPLWV�IRU�&$)2V�LQ�
YROYLQJ�D�IRUPDO�DFFHSWDQFH�RI�SHUPLWWLQJ�
WHUPV�HODERUDWHG�LQ�DQ�DSSURYHG�JHQHUDO�
SHUPLW�WKDW�DOORZV�GLVFKDUJHUV�WR�EH�DX�
WKRUL]HG�WR�GLVFKDUJH�WKURXJK�D�´QRWLFH�
RI�LQWHQW�µ�,QWHUHVWHG�SDUWLHV�VRXJKW�WKH�
UHTXLUHPHQW�WKDW�VWDWHV·�103V�DQG�QR�
WLFHV�RI�LQWHQW�VKRXOG�EH�PDGH�DYDLODEOH�
WR�WKH�SXEOLF��&HQWQHU�����E��6LHUUD�&OXE�

Y��'HSDUWPHQW�RI�(QYLURQPHQWDO�4XDOLW\�
�������6RPH�VWDWHV�DGRSWHG�SHUPLWWLQJ�
UHTXLUHPHQWV�FRQVLGHUDEO\�PRUH�VWULQJHQW�
WKDQ�WKRVH�VSHFLÀHG�LQ�WKH�&OHDQ�:DWHU�
$FW��

2Q�2FWREHU�����������WKH�8�6��(3$�
LVVXHG�WKH�UHYLVHG�13'(6�SHUPLW�DQG�
HIÁXHQW�OLPLWDWLRQV�JXLGHOLQH��(/*��
UHJXODWLRQV�IRU�&$)2V�LQ�UHVSRQVH�WR�WKH�
:DWHUNHHSHU�GHFLVLRQ��86(3$��������
7KH�QHZ�&$)2�UHJXODWLRQV�HVWDEOLVK�YDU�
LRXV�UHJXODWRU\�SHUPLWWLQJ�DQG�UHSRUWLQJ�
UHTXLUHPHQWV�IRU�&$)2V��LQFOXGLQJ�GH�
YHORSPHQW�DQG�LPSOHPHQWDWLRQ�RI�103V�
DQG�RWKHU�%03V��2QH�RI�WKH�PRUH�LP�
SRUWDQW�ÀQGLQJV�LQ�WKH�:DWHUNHHSHU�FRXUW�
GHFLVLRQ�SHUWDLQHG�WR�WKH�UHTXLUHPHQW�WR�
DSSO\�IRU�D�&$)2�13'(6�SHUPLW��VXFK�
D�UHTXLUHPHQW�FRXOG�QRW�EH�EDVHG�RQ�WKH�
SRWHQWLDO�WR�GLVFKDUJH�DQG�PXVW�UDWKHU�EH�
EDVHG�RQ�DQ�DFWXDO�GLVFKDUJH��7KLV�UXOLQJ�
ZDV�LPSRUWDQW�IRU�GU\�OLWWHU�SRXOWU\�RSHUD�
WLRQV��DV�DQ�DFWXDO�GLVFKDUJH�IURP�WKHVH�
RSHUDWLRQV�LV�XQOLNHO\�EHFDXVH�ERWK�WKH�
DQLPDO�DQG�VWRUHG�ZDVWH�PDWHULDOV�DUH�QRW�
W\SLFDOO\�H[SRVHG�WR�UDLQIDOO��7KH�FRXUW�
DOVR�FRQÀUPHG�WKDW�SUHFLSLWDWLRQ�UHODWHG�
GLVFKDUJHV�IURP�DJULFXOWXUDO�DUHDV�ZKHUH�
DQLPDO�ZDVWHV�DUH�DSSOLHG�LQ�D�PDQQHU�
IRU�´DSSURSULDWH�DJULFXOWXUDO�XWLOL]DWLRQµ�
TXDOLI\�DV�´DJULFXOWXUDO�VWRUP�ZDWHUµ�DQG�
DUH�H[FOXGHG�IURP�UHJXODWLRQ�DV�D�36�GLV�
FKDUJH��L�H���WKHVH�DUHDV�DUH�H[HPSW�IURP�
UHJXODWRU\�SHUPLWWLQJ���86(3$��������

,QIRUPDWLRQ�RQ�WKH�VSHFLÀF�DQLPDO�
IHHGLQJ�RSHUDWLRQV��$)2V��UHJXODWHG�XQ�
GHU�WKH�QHZ�&$)2�UXOH�FDQ�EH�IRXQG�RQ�
WKH�8�6��(3$�ZHEVLWH��86(3$�����E���
0RUH�LQIRUPDWLRQ�RQ�WKH�&$)2�UXOH�
FDQ�DOVR�EH�IRXQG�RQ�WKH�8�6��(3$�VLWH�
�86(3$²13'(6�������

0HDW��HJJ��DQG�PLON�SURGXFW�DQG�E\�
SURGXFW�SURFHVVLQJ�SODQWV�DUH�JHQHUDOO\�
FRQVLGHUHG�PDQXIDFWXULQJ�RSHUDWLRQV��DQG�
ZDVWHZDWHU�GLVFKDUJH�IURP�WKHVH�IDFLOL�
WLHV�LV�W\SLFDOO\�UHJXODWHG�XQGHU�WKH�&OHDQ�
:DWHU�$FW�DQG�E\�YDULRXV�IHGHUDO��VWDWH��
DQG�ORFDO�UHJXODWRU\�SURJUDPV�UHODWHG�WR�
ZDWHU�SROOXWLRQ�FRQWURO��5HJXODWRU\�SHU�
PLWV�DUH�JHQHUDOO\�UHTXLUHG�IRU�IDFLOLWLHV�
WKDW�GLVFKDUJH�WR�WKH�IROORZLQJ�
�� 6XUIDFH�ZDWHU³UHJXODWHG�XQGHU�IHG�
HUDO�DQG�RU�VWDWH�13'(6�SHUPLWWLQJ�
SURJUDPV

�� *URXQGZDWHU³UHJXODWHG�XQGHU�
IHGHUDO�DQG�RU�VWDWH�13'(6��/DQG�
$SSOLFDWLRQ�6\VWHP��8QGHUJURXQG�
,QMHFWLRQ�&RQWURO��DQG�RWKHU�SHUPLW�
WLQJ�SURJUDPV

�� 3XEOLFO\�RZQHG�WUHDWPHQW�ZRUNV�

�327:V�³UHJXODWHG�XQGHU�IHGHUDO��
VWDWH��DQG�RU�ORFDO�LQGLUHFW�GLVFKDUJH�
SURJUDPV
,Q������WKH�8�6��(3$�SURPXOJDWHG�

UHYLVHG�IHGHUDO�(/*V�IRU�WKH�PHDW�DQG�
SRXOWU\�SURGXFWV��033��36�FDWHJRU\��
ZKLFK�HVWDEOLVKHG�PLQLPXP�IHGHUDO�
VWDQGDUGV�IRU�WUHDWPHQW�RI�ZDVWHZDWHU�
IURP�PHDW�DQG�SRXOWU\�SURFHVVLQJ�SODQWV��
IXUWKHU�SURFHVVLQJ�SODQWV��DQG�UHQGHU�
LQJ�SODQWV�WKDW�GLVFKDUJH�WR�VXUIDFH�ZD�
WHU��:DVWHZDWHU�GLVFKDUJHV�IURP�PDQ\�
IDFLOLWLHV�VXEMHFW�WR�WKHVH�UHJXODWLRQV�DUH�
FRPPRQO\�WUHDWHG�WR�D�PXFK�KLJKHU�GH�
JUHH�WKDQ�LV�UHTXLUHG�XQGHU�WKH�QHZ�033�
(/*V�EHFDXVH�RI�PRUH�VWULQJHQW�GLV�
FKDUJH�SHUPLW�UHTXLUHPHQWV�

6WRUP�ZDWHU�GLVFKDUJHV�IURP�PHDW��
SRXOWU\��HJJ��DQG�PLON�SURGXFWV�DQG�E\�
SURGXFWV�SURFHVVLQJ�SODQWV��L�H���PDQXIDF�
WXULQJ�RSHUDWLRQV��DQG�DQFLOODU\�IDFLOLWLHV�
�L�H���IHHG�PLOOV��FROG�VWRUDJH�IDFLOLWLHV��
IXUWKHU�SURFHVVLQJ�SODQWV��HWF���DUH�DOVR�
JHQHUDOO\�UHJXODWHG�XQGHU�IHGHUDO�DQG�
VWDWH�13'(6�SHUPLWWLQJ�SURJUDPV�IRU�
VWRUP�ZDWHU�GLVFKDUJHV�DVVRFLDWHG�ZLWK�
LQGXVWULDO�DFWLYLWLHV��7KHVH�SURJUDPV�UH�
TXLUH�GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�
RI�VLWH�VSHFLÀF�VWRUP�ZDWHU�SROOXWLRQ�SUH�
YHQWLRQ�SODQV��URXWLQH�VDPSOLQJ�RI�VWRUP�
ZDWHU�GLVFKDUJHV��UHJXODWRU\�UHSRUWLQJ�
DQG�FRPSOLDQFH�ZLWK�DSSOLFDEOH�GLVFKDUJH�
OLPLWDWLRQV��DQG�RWKHU�FRQGLWLRQV�

%HFDXVH�RI�WKH�KLJK�OHYHOV�RI�SRO�
OXWDQWV�LQ�ZDVWHZDWHU�IURP�SURFHVVLQJ�
SODQWV��SUHWUHDWPHQW�LV�FRPPRQO\�UH�
TXLUHG�EHIRUH�WKH�ZDVWHZDWHU�DUULYHV�DW�
D�PXQLFLSDO�WUHDWPHQW�IDFLOLW\��FDOOHG�D�
327:��8QGHU�IHGHUDO�UHJXODWLRQV��SUR�
FHVVLQJ�IDFLOLWLHV�DUH�SURKLELWHG�IURP�LQ�
WURGXFLQJ�SROOXWDQWV�WKDW�´SDVV�WKURXJKµ�
RU�´LQWHUIHUHµ�ZLWK�WKH�RSHUDWLRQ�RI�WKH�
327:��86&)5��������3ROOXWDQWV�WKDW�
´SDVV�WKURXJKµ�D�327:�ZRXOG�FDXVH�D�
YLRODWLRQ�RI�WKH�327:·V�13'(6�SHUPLW��
3ROOXWDQWV�WKDW�´LQWHUIHUHµ�ZLWK�D�327:·V�
RSHUDWLRQV�ZRXOG�LQKLELW�RU�GLVUXSW�D�SUR�
FHVV�RU�RSHUDWLRQ�WR�FDXVH�D�YLRODWLRQ�RI�
WKH�327:·V�SHUPLW��7KH�IHGHUDO�UHJXOD�
WLRQV�VHW�IRUWK�OLPLWDWLRQV�IRU�%2'��WRWDO�
VXVSHQGHG�VROLGV��RLO�DQG�JDV��S+��IHFDO�
FROLIRUP��DPPRQLD��1+���DV�1��WRWDO�1��
WRWDO�3��DQG�FKHPLFDO�R[\JHQ�GHPDQG�LQ�
ZDVWHZDWHU�GLVFKDUJHV�IURP�SURFHVVLQJ�
IDFLOLWLHV��*LYHQ�WKHVH�SUHWUHDWPHQW�UHJX�
ODWLRQV��ZDVWHZDWHU�IURP�PHDW�SURFHVVLQJ�
IDFLOLWLHV�GRHV�QRW�LPSRVH�H[FHVVLYH�FRVWV�
RQ�327:V��0RVW�36�GLVFKDUJHUV�SRVH�D�
ULVN�RI�VSLOOV�RI�XQWUHDWHG�RU�XQGHUWUHDWHG�
ZDVWHZDWHU�GXULQJ�ÁRRGV�RU�EHFDXVH�RI�
IDLOXUH�RI�HTXLSPHQW��WUDQVSRUW�V\VWHPV��
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RU�FRQWDLQPHQW�IDFLOLWLHV��6WDWH�HQIRUFH�
PHQW�DJHQFLHV�W\SLFDOO\�PDLQWDLQ�SXEOLF�
UHFRUGV�RI�VXFK�VSLOOV��

$OWKRXJK�VLJQLÀFDQW�SURJUHVV�KDV�
EHHQ�PDGH�LQ�LPSURYLQJ�WKH�SK\VLFDO��
FKHPLFDO��DQG�ELRORJLFDO�LQWHJULW\�RI�
WKH�QDWLRQ·V�ZDWHUV��PXFK�PRUH�ZRUN�LV�
QHHGHG�WR�UHVWRUH�DQG�SURWHFW�WKRVH�ZDWHUV�
�86(3$²2:�����D���

3URGXFWLYLW\�*URZWK�DQG��
´,QWHQVLÀFDWLRQµ�RI�8�6���
/LYHVWRFN�DQG�&URS�3URGXFWLRQ

$V�VKRZQ�HDUOLHU��VLJQLÀFDQW�LP�
SURYHPHQWV�LQ�8�6��\LHOGV��SURGXFW�SHU�
XQLW�LQYHQWRU\��RI�DQLPDO�SURGXFWV�DUH�
HYLGHQW�LQ�7DEOH����*DLQV�LQ�8�6��FURS�
\LHOGV�DUH�HYLGHQW�LQ�86'$�GDWD��DYHUDJH�
8�6��FRUQ�\LHOGV�H[FHHGHG�������WRQQHV�
SHU�KD�IRU�WKH�ÀUVW�WLPH�LQ������DQG�H[�
FHHGHG�������WRQQHV�SHU�KD�IRU�WKH�ÀUVW�
WLPH�LQ�������86'$²1$66�����E���VHH�
)LJXUH�����7KH������DYHUDJH�8�6��FRUQ�
\LHOG�ZDV�HVWLPDWHG�DW��������WRQQHV�SHU�
KD��:$2%��������DQG�FXUUHQW�JHQHWLF�GH�
YHORSPHQWV�SURPLVH�IXUWKHU�UDSLG�JDLQV�LQ�
\LHOG�DQG�GHFOLQHV�LQ�1�DQG�ZDWHU�QHHGHG�
SHU�WRQQH�SURGXFHG��7HFKQRORJLFDO�LP�
SURYHPHQW��LQFUHDVHG�DGRSWLRQ�RI�H[LVW�
LQJ�WHFKQRORJ\��DQG�LPSURYHG�PDQDJH�
PHQW�DQG�RUJDQL]DWLRQ�RI�DJULFXOWXUDO�DQG�
IRRG�SURGXFWLRQ�V\VWHPV�FRLQFLGHG�ZLWK�
LPSURYHG�HIÀFLHQF\�DQG�GHFUHDVHG�FRVWV�
RI�DQLPDO�SURGXFWV��.H\�DQG�0F%ULGH�
������

5HVRXUFH�UHTXLUHPHQWV�SHU�XQLW�RI�
DQLPDO�SURGXFW�KDYH�IDOOHQ�VLJQLÀFDQWO\�
RYHU�WLPH��)RU�H[DPSOH��PDVV�RI�IHHG�
FRQVXPHG�SHU�PDVV�RI�HJJ�SURGXFHG�IHOO�
E\�����EHWZHHQ������DQG�������$UWKXU�
DQG�$OEHUV��������)L[�DQG�FROOHDJXHV�
�������IRXQG�D�����LPSURYHPHQW�LQ�WKH�
UDWLR�RI�OHDQ�JDLQ�WR�IHHG�FRQVXPHG�ZKHQ�
FRPSDULQJ������JHQHWLF�W\SH�SLJV�RQ�D�
�����GLHW�WR������W\SH�SLJV�RQ�D������
GLHW��+DYHQVWHLQ��)HUNHW��DQG�4XUHVKL�
�����D��IRXQG�WKDW������JHQHWLF�W\SH�

EURLOHU�FKLFNHQV�RQ�D������GLHW�DFKLHYHG�
D����WR�����UHGXFWLRQ�LQ�WKH�PDVV�RI�IHHG�
FRQVXPHG�SHU�PDVV�RI�EURLOHU�SURGXFHG�
ZKHQ�FRPSDUHG�WR������W\SH�ELUGV�RQ�
D������GLHW��7KH�����LPSURYHPHQW�RF�
FXUUHG�ZKHQ�WKH������ELUG�ZDV�OLJKWHU�
DQG�ROGHU�WKDQ�WKH������ELUG��ZKHUHDV�WKH�
����UHGXFWLRQ�RFFXUUHG�ZKHQ�WKH������
ELUG�ZDV�RI�HTXDO�ZHLJKW�DQG�PXFK�ROGHU�
WKDQ�WKH������ELUG��1LWURJHQ�IHUWLOL]HU�DS�
SOLHG�SHU�KD�RI�FRUQ�LQ�WKH�8QLWHG�6WDWHV�
URVH�IURP�������NJ�LQ������WR�������NJ�LQ�
������DQ�LQFUHDVH�RI������86'$²(56�
�������ZKHUHDV�FRUQ�\LHOGV�LQFUHDVHG�E\�
�����86'$²1$66�����E���7KHVH�GDWD�
LQGLFDWH�WKDW�WKH�1�IHUWLOL]HU�DSSOLHG�SHU�
WRQQH�RI�FRUQ�KDUYHVWHG�IHOO�E\�������
RYHU�WKH����\HDU�SHULRG��6LPLODUO\��3�IHU�
WLOL]HU�DSSOLHG�SHU�KD�RI�FRUQ�IHOO�IURP�
�����NJ�LQ������WR������NJ�LQ������������
SHU�KD�DQG������SHU�WRQQH�KDUYHVWHG�
�86'$²(56�������

7KH�FRPELQHG�HIIHFWV�RI�FURS�\LHOG�
JDLQV�DQG�DQLPDO�SURGXFWLYLW\�JDLQV�
DUH�H[DPLQHG�LQ�7DEOH���DQG�)LJXUH����
0HWKRGV�IRU�FDOFXODWLQJ�WKH�HVWLPDWHG�
FKDQJHV�RYHU�WLPH�LQ�DQLPDO�SURGXFWLY�
LW\�SHU�KD�RI�ODQG��7DEOH����DUH�UHSRUWHG�
LQ�$SSHQGL[�$��7KH�QXPEHUV�LQ�7DEOH���

VKRXOG�EH�FRQVLGHUHG�LQGH[�YDOXHV��EDVHG�
RQ�WKH�UHSRUWHG�GDWD�EHFDXVH�VRPH�PL�
QRU�W\SHV�RI�OLYHVWRFN�DUH�H[FOXGHG�IURP�
WKH�FDOFXODWLRQV�XVHG�WR�DOORFDWH�DJULFXO�
WXUDO�ODQG�DUHD�WR�WKH�YDULRXV�IRRG�DQLPDO�
VSHFLHV��

7KH�HVWLPDWHV�LQ�7DEOH���LOOXVWUDWH�
UHGXFWLRQV�RI����WR�����RYHU����\HDUV�
LQ�WKH�DJULFXOWXUDO�ODQG�DUHD�QHHGHG�WR�
SURGXFH�IHHG�IRU�D�XQLW�RI�PHDW��PLON��RU�
HJJV�LQ�1RUWK�$PHULFD��7KH�8�6��FKLFNHQ�
PHDW�LQGXVWU\�UHTXLUHG�DERXW�D�WKLUG�RI�
WKH�DJULFXOWXUDO�ODQG�LQ������WKDW�LW�GLG�
LQ������WR�SURGXFH�D�XQLW�RI�SURGXFW��,Q�
�����LW�WRRN����GD\V�WR�SURGXFH�D�����NJ�

)LJXUH���� 8QLWHG�6WDWHV�\LHOGV�RI�FRUQ�DQG�VR\EHDQV��WRQQHV�KD���86'$²1$66�����E��

��2QH�RI�WKH�IDFWRUV�WKDW�KDV�EHHQ�H[FOXGHG�DQG�WKDW�
PDNHV�WKH�UHTXLUHG�DFUHDJHV�DQ�LQGH[�UDWKHU�WKDQ�
D�KDUG�QXPEHU�LV�WKDW�QRW�DOO�DQLPDOV�KDYH�EHHQ�
LQFOXGHG��([FOXGHG�DQLPDOV�LQFOXGH�HTXLQHV��VKHHS�
DQG�JRDWV��GXFNV��ÀVK��DQG�RWKHUV��(TXLQHV�PD\�EH�DQ�
HVSHFLDOO\�LPSRUWDQW�IDFWRU��DV�WKHUH�DUH�OLPLWHG�GDWD�
RQ�WKH�WRWDO�JUD]LQJ�ODQG�GHYRWHG�WR�KRUVHV�DQG�WRWDO�
JUDLQV�IHG�WR�KRUVHV��+RUVHV�DQG�PXOHV�DUH�LPSRUWDQW�
KLVWRULFDOO\�DV�WKH�VXSSRUW�RI�GUDIW�DQLPDOV�ZDV�RQH�
RI�WKH�ODUJHVW�XVHV�RI�IHHG��-HQQLQJV�������EHIRUH�WKH�
DOPRVW�XQLYHUVDO�DGRSWLRQ�RI�PDFKLQH�SRZHU��7KH�
WUDQVLWLRQ�WR�PDFKLQH�SRZHU�UHOHDVHG�ODUJH�DUHDV�RI�
ODQG�WKDW�FRXOG�WKHQ�EH�GHYRWHG�WR�WKH�VXSSRUW�RI�IRRG�
SURGXFLQJ�DQLPDOV��7KLV�WUDQVLWLRQ�RFFXUUHG�EHIRUH�WKH�
SHULRG�LQ�7DEOH����7KHUH�ZHUH�IRXU�PLOOLRQ�KRUVHV�LQ�
WKH�8QLWHG�6WDWHV�LQ�������86'$²1$66�������

7DEOH���� &KDQJH�LQ�WKH�OLYHVWRFN�SURGXFWLYLW\�RI�1RUWK�$PHULFDQ�DJULFXOWXUDO�ODQG�����²����

� <HDU
� � � � � � � ��FKDQJH
.LORJUDPV�+HFWDUH�,QGH[� ����� ����� ����� ����� ����� ����� ����²����

&KLFNHQ�PHDW��NJ�KD� ���� ���� ������ ������ ������ ������ ���

3LJ�PHDW���ODUG���NJ�KD� ���� ���� ���� ���� ���� ���� ���

7XUNH\�PHDW��NJ�KD� ���� ���� ���� ���� ������ ������ ���

+HQ�HJJV��LQ�VKHOO���NJ�KD� ���� ���� ������ ������ ������ ������ ���

&DWWOH�PHDW��NJ�KD� ��� ��� ��� ��� ��� ��� ��

&RZ�PLON��ZKROH��IUHVK���NJ�KD� ���� ���� ���� ���� ������ ������ ���
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FKLFNHQ�WKDW�UHTXLUHG������NJ�RI�IHHG�SHU�
NJ�RI�JDLQ��ZKHUHDV�LQ������LW�WRRN����
GD\V�WR�SURGXFH�D������NJ�FKLFNHQ�WKDW�
UHTXLUHG������NJ�RI�IHHG�SHU�NJ�RI�JDLQ�
�0DF'RQDOG�DQG�0F%ULGH��������7XUNH\�
PHDW�SURGXFWLRQ�TXDGUXSOHG�GXULQJ�WKH�
SHULRG�LQGLFDWHG�LQ�7DEOH����ZKHUHDV�WKH�
HVWLPDWHG�DFUHDJH�UHTXLUHG�WR�IHHG�DOO�
WXUNH\V�LQFUHDVHG�RQO\�VOLJKWO\�GXULQJ�
WKLV�WLPH��2XWSXW�RI�HJJV�KDV�HVVHQWLDOO\�
GRXEOHG�GXULQJ�WKH�SDVW����\HDUV��EXW�WKH�
WRWDO�ODQG�DUHD�QHHGHG�WR�SURGXFH�WKH�HJJV�
GHFOLQHG�E\�DOPRVW�KDOI��7KH�SURGXFWLRQ�
SHU�KD�LQGH[�IRU�SRUN�LV�DOPRVW�����WLPHV�
JUHDWHU�WKDQ����\HDUV�DJR��ZKHUHDV�WKH�
SURGXFWLRQ�RI�SLJ�PHDW�LV�DSSUR[LPDWHO\�
�����WLPHV�JUHDWHU��VR�WKH�LQGH[�RI�WRWDO�
ODQG�UHTXLUHG�IRU�1RUWK�$PHULFDQ�SRUN�
SURGXFWLRQ�LQ������ZDV�RQO\�����RI�WKDW�
UHTXLUHG�LQ�WKH�HDUO\�����V��

7KH�SURGXFWLRQ�RI�FDWWOH�PHDW��EHHI��
LQ�1RUWK�$PHULFD�KDV�DOVR�LQFUHDVHG�
PRUH�WKDQ������GXULQJ�WKH�SDVW����\HDUV��
ZKHUHDV�WKH�FDWWOH�SRSXODWLRQ��RWKHU�WKDQ�
IRU�PLON��KDV�LQFUHDVHG�RQO\�VOLJKWO\�PRUH�
WKDQ������7KLV�SURGXFWLRQ�UHTXLUHV�RQO\�
DERXW����PRUH�ODQG�WKDQ�WKH�HDUOLHU�ODQG�
LQGH[����,Q�������PLON�FRZV�FRQVXPHG�
�����NJ�RI�IHHG��FRUQ�HTXLYDOHQW��IRU�HY�
HU\�NJ�RI�PLON�SURGXFHG��86'$²1$66�
�������ZKHUHDV�LQ������WKLV�QXPEHU�ZDV�
�����NJ��86'$²1$66��������7KH�GDLU\�

LQGXVWU\�VXSSOLHV�DSSUR[LPDWHO\�����
RI�8�6��EHHI�SURGXFWLRQ��7KH�QXPEHU�RI�
PLON�FRZV�LQ�1RUWK�$PHULFD�LV�OHVV�WKDQ�
����RI�WKH�QXPEHU����\HDUV�DJR��EXW�
PLON�SURGXFWLRQ�LV�PRUH�WKDQ�����JUHDWHU�
�7DEOH�����7KH�WRWDO�ODQG�DUHD�LQGH[�IRU�
PLON�SURGXFWLRQ�LQ�WKH�HDUO\�����V�ZDV�
VOLJKWO\�OHVV�WKDQ�����RI�WKDW�UHTXLUHG�LQ�
WKH�HDUO\�����V��7KH�LQFUHDVHG�SURGXF�
WLRQ�FRXSOHG�ZLWK�OHVV�DFUHDJH�UHVXOWHG�LQ�
PRUH�WKDQ�D������LQFUHDVH�LQ�WKH�SHU�KD�
LQGH[�IRU�PLON�SURGXFWLRQ��

7RWDO�IDFWRU�SURGXFWLYLW\��7)3��LV�DQ�
LQGH[�PHDVXUH�RI�SURGXFWLYLW\�WKURXJK�
ZKLFK�TXDQWLW\�SURGXFHG�LV�FRPSDUHG�WR�
D�ZHLJKWHG�VXP�RI�TXDQWLWLHV�RI�YDULRXV�
LQSXWV�FRQVXPHG��5HODWLYH�SULFHV�RI�LQ�
SXWV�DUH�XVHG�DV�ZHLJKWV�WR�VXP�WKH�LQSXW�
TXDQWLWLHV��.H\��0F%ULGH��DQG�0RVKHLP�
�������IRXQG�7)3�LQFUHDVHG�DW�DQ�DYHU�
DJH�UDWH�RI������DQQXDOO\�EHWZHHQ������
DQG������LQ�WKH�8�6��VZLQH�VHFWRU��7KH\�
GHFRPSRVHG�WKH�7)3�JURZWK�DQG�IRXQG�
WKDW�WKH�WRWDO�LQFOXGHG������DQQXDO�WHFK�
QLFDO�SURJUHVV�DQG������DQQXDO�JDLQ�LQ�
VFDOH�HIÀFLHQF\��7KHVH�JURZWK�UDWHV�ZHUH�
HVWLPDWHG�ZLWK�GDWD�UHSUHVHQWLQJ�D�SH�
ULRG�RI�UDSLG�WUDQVLWLRQ�LQ�WKH�8�6��VZLQH�
VHFWRU��3HUULQ�DQG�=HULQJ��������HVWL�
PDWHG�WKDW�7)3�IRU�WKH�8�6��EURLOHU�VHFWRU�
LQFUHDVHG�E\�������EHWZHHQ������DQG�
������7KLV�DQDO\VLV�VXJJHVWV�WKDW�������
PRUH�EURLOHU�PHDW�ZDV�SURGXFHG�IURP�WKH�
VDPH�TXDQWLW\�RI�LQSXWV�LQ������FRP�
SDUHG�WR�������1RWH�WKDW�LI�D�VLPLODU�UDWH�
RI�JURZWK�LQ�7)3�FRXOG�EH�PDLQWDLQHG�

IURP�QRZ�WKURXJK�������WKHQ�����PRUH�
EURLOHU�PHDW�FRXOG�EH�SURGXFHG�ZLWK�
RXW�DQ\�LQFUHDVH�LQ�WKH�TXDQWLW\�RI�LQSXWV�
FRQVXPHG��

*HQHWLF�DQG�GLHWDU\�LPSURYHPHQWV�
FRQWULEXWHG�VLJQLÀFDQWO\�WR�WKH�JDLQV�LQ�
7)3��)HHG�FRQYHUVLRQ��)&��LV�WKH�TXDQ�
WLW\�RI�IHHG�UHTXLUHG�WR�SURGXFH�RQH�XQLW�
RI�SURGXFW�LQ�ZKLFK�FDVH�SURGXFW�FDQ�
EH�HJJV��PHDW��ZRRO��RU�PLON��$V�)&�
LPSURYHV��OHVV�IHHG�LV�UHTXLUHG�SHU�XQLW�
RXWSXW��OHVV�IDUPODQG�LV�UHTXLUHG�WR�JURZ�
IHHG�LQSXWV��DQG�IHZHU�QXWULHQWV�DUH�H[�
FUHWHG�LQ�PDQXUH��

,PSURYHPHQWV�LQ�DQLPDO�SURGXFWLYLW\�
QRW�RQO\�GHFUHDVH�WKH�DPRXQW�RI�ODQG�UH�
TXLUHG�EXW�FDQ�GLUHFWO\�GHFUHDVH�WKH�TXDQ�
WLW\�RI�QXWULHQWV�H[FUHWHG��/RJLFDOO\��LI�D�
FHUWDLQ�TXDQWLW\�RI�QXWULHQWV��D��LV�UHWDLQHG�
LQ�D�XQLW�PDVV�RI�SURGXFW�DQG�WKH�TXDQ�
WLW\�RI�QXWULHQWV�FRQVXPHG�WR�SURGXFH�WKDW�
XQLW�RI�SURGXFW�IDOOV�IURP��E��WR��F��ZKLFK�
LV���E���WKHQ�WKH�TXDQWLW\�RI�QXWULHQWV�
UHWXUQHG�WR�WKH�HQYLURQPHQW�DV�ZDVWH�LV�
UHGXFHG�IURP��E�D��WR��F�D���)XUWKHUPRUH��
WKH�SURSRUWLRQDO�UHGXFWLRQ�LQ�ZDVWH�LV�
JUHDWHU�WKDQ�WKH�SURSRUWLRQDO�UHGXF�
WLRQ�LQ�IHHG�LQWDNH��>F�D@�>E�D@�F�E���9DQ�
+HXJWHQ��������FDOFXODWHG�D�����UHGXF�
WLRQ�LQ�QXWULHQW�H[FUHWLRQ�IURP�LPSURYHG�
JURZWK�SHUIRUPDQFH�RI������JHQHWLF�W\SH�
SLJV�FRPSDUHG�WR������JHQHWLF�W\SH�SLJV��
9DQ�+HXJWHQ��������DOVR�ZURWH�WKDW�LP�
SURYHG�QXWULHQW�XVH�E\�WKH�PRGHUQ�SLJV�
RQ�D�PRGHUQ�GLHW�ZRXOG�UHVXOW�LQ�IXUWKHU�
UHGXFWLRQV�RI�H[FUHWHG�QXWULHQWV��

'HFUHDVHG�H[FUHWLRQ�RI�QXWULHQWV�LP�
SOLHV�WKDW�OHVV�ODQG�DUHD�LV�UHTXLUHG�WR�UH�
FHLYH�WKH�PDQXUH�DV�D�FURS�IHUWLOL]HU�DQG��
WKHUHIRUH��WKH�ORVV�RI�QXWULHQWV�WR�JURXQG�
ZDWHU�DQG�VXUIDFH�ZDWHU�LV�GHFUHDVHG��DOO�
HOVH�KHOG�FRQVWDQW��$�VLPLODU�DQDO\VLV�FDQ�
EH�XVHG�WR�GHPRQVWUDWH�WKDW�WKH�QXWULHQWV�
ORVW�IURP�PLQHUDO�IHUWLOL]HUV�DSSOLHG�WR�
IHHG�FURSV�IDOO�RQ�D�SHU�WRQQH�KDUYHVWHG�
EDVLV�DQG�LQ�VRPH�LQVWDQFHV�RQ�D�SHU�KD�
EDVLV�DV�WKH�DSSOLFDWLRQ�UDWH�SHU�WRQQH�UH�
PRYHG�IDOOV��,PSURYHG�HIÀFLHQF\�RI�DQL�
PDO�DQG�FURS�V\VWHPV�LV�GHPRQVWUDWHG�WR�
EH�D�YHU\�LPSRUWDQW�DSSURDFK�WR�FRQVHUY�
LQJ�UHVRXUFHV�DQG�PLQLPL]LQJ�HQYLURQ�
PHQWDO�HIIHFWV��SDUWLFXODUO\�DV�WKH�GHPDQG�
IRU�IRRG�LQFUHDVHV�

,Q�VXPPDU\��WHFKQRORJLFDO�FKDQJH��
LQFUHDVHG�DGRSWLRQ�RI�H[LVWLQJ�WHFKQRO�
RJ\��DQG�LPSURYHG�PDQDJHPHQW�DQG�
RUJDQL]DWLRQ�RI�DJULFXOWXUDO�DQG�IRRG�SUR�
GXFWLRQ�V\VWHPV�DUH�LPSRUWDQW�PHWKRGV�
RI�ORZHULQJ�UHVRXUFH�XVH�DQG�GHFUHDV�
LQJ�SROOXWLRQ�IURP�DQLPDO�SURGXFWLRQ��
*HQHWLF�FKDQJHV��DORQJ�ZLWK�FKDQJHV�LQ�

)LJXUH���� ,QGH[�RI�8�6��ODQG�UHTXLUHG�SHU�XQLW�SURGXFHG��DSSUR[LPDWHO\�KD�WRQQH��
�1RWH��&DOFXODWHG�IURP�)$2�DQG�86'$�GDWD��&DWWOH�ODQG�LQFOXGHV�UDQJH�
DQG�LV�SORWWHG�RQ�OHIW�D[LV��$OO�RWKHUV�DUH�SORWWHG�RQ�ULJKW�D[LV���

��$OWKRXJK�EHHI�SURGXFWLRQ�XVHV�PRUH�ODQG�DUHD�WKDQ�
DQ\�RI�WKH�DQLPDO�FRPPRGLWLHV��PRVW�RI�WKLV�DUHD�LV�
JUD]LQJ�ODQG��ZKLFK�LV�QRW�VXLWDEOH�IRU�SURGXFWLRQ�RI�
RWKHU�IRRGV�RU�IRU�IHHG�XVH�E\�SLJV�RU�SRXOWU\�
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GLHW��KRXVLQJ��YHWHULQDU\�PHGLFDO�FDUH��
DQG�PDQDJHPHQW��UHVXOWHG�LQ�LQFUHDVHG�
HIÀFLHQF\�RI�SURGXFWLRQ�RI�PHDW��PLON��
DQG�HJJV��UHTXLULQJ�OHVV�IHHG�SHU�XQLW�
RI�SURGXFW��$UWKXU�DQG�$OEHUV�������
)L[�HW�DO��������+DYHQVWHLQ��)HUNHW��DQG�
4XUHVKL�����D������E���&KDQJHV�LQ�WKH�

VWUXFWXUH�RI�VHYHUDO�RI�WKH�DQLPDO�VHFWRUV�
KDYH�DFFRPSDQLHG�DGRSWLRQ�RI�LPSURYHG�
WHFKQRORJ\�DQG�DFFHOHUDWHG�WKH�SDFH�RI�
LPSURYHPHQW�LQ�JHQHWLF�VWRFNV�DQG�RWKHU�
DVSHFWV�RI�SURGXFWLRQ�WHFKQRORJ\�DQG�
PDQDJHPHQW��.H\�DQG�0F%ULGH�������
.H\��0F%ULGH��DQG�0RVKHLP��������
'UDPDWLF�SURGXFWLYLW\�JDLQV�DUH�DWWULE�
XWDEOH�WR�D�YHU\�VXFFHVVIXO�VXVWDLQHG�
UHVHDUFK��GHYHORSPHQW��DQG�HGXFDWLRQ�
HIIRUW�E\�8�6��ODQG�JUDQW�XQLYHUVLWLHV�DQG�
8�6��DQG�VWDWH�'HSDUWPHQWV�RI�$JULFXOWXUH�
LQ�FROODERUDWLRQ�ZLWK�D�YLJRURXV�DQG�GL�
YHUVH�SULYDWH�VHFWRU��$OVWRQ��%HGGRZ��DQG�
3DUGH\�������%HUJHURQ�������)L[�������

&KDOOHQJHV�DQG�(PHUJLQJ�
$SSURDFKHV�WR�3UHYHQWLRQ�RI�
3ROOXWLRQ�IURP�/LYHVWRFN

$�UDQJH�RI�UHVHDUFK�FKDOOHQJHV�UH�
PDLQV�IRU�8�6��DQLPDO�DJULFXOWXUH�LQ�UHOD�
WLRQ�WR�XVH�DQG�HIIHFWV�RQ�ODQG�DQG�ZDWHU�
UHVRXUFHV��1HZ�DSSURDFKHV�DUH�HPHUJLQJ�
WR�PDQDJH�WKH�HIIHFWV�RI�DQLPDO�DJULFXO�
WXUH�RQ�ODQG�DQG�ZDWHU�UHVRXUFHV�

3URGXFHU�SURÀW�LV�DQ�HQGXULQJ�PRWLYH�
IRU�PRGLI\LQJ�DQLPDO�SURGXFWLRQ�V\V�
WHPV��,PSHWXV�IRU�FKDQJH�DOVR�DULVHV�IURP�
WKRVH�VHHNLQJ�GHFUHDVHG�HQYLURQPHQWDO�
HPLVVLRQV��VWURQJHU�DQLPDO�ZHOIDUH�VWDQ�
GDUGV��DQG�LQFUHDVHG�SRWHQWLDO�SURÀW�IURP�
FRQVHUYLQJ�DQG�XVLQJ�FURS�QXWULHQWV�DQG�
HQHUJ\�LQ�PDQXUH��,QFUHDVHG�SURÀW�DULVHV�
IURP�UHGXFWLRQV�LQ�WKH�YDOXH�RI�LQSXWV�
XVHG�SHU�XQLW�YDOXH�RI�SURGXFW�DQG�PD\�
LQFOXGH�FKDQJHV�WR�JHQHWLFV��GLHW��KRXV�
LQJ��IHHGLQJ��ZDWHULQJ��YHQWLODWLRQ��YHW�
HULQDU\�PHGLFDO�FDUH��ZDVWH�PDQDJHPHQW��
DQG�WKH�PDQDJHPHQW�DQG�RUJDQL]DWLRQ�RI�
DQLPDO�SURGXFWLRQ�V\VWHPV��$�QXPEHU�RI�
UHVHDUFK�FKDOOHQJHV�UHODWH�WR�WKH�PDQDJH�
PHQW�RI�H[KDXVW�DLU�IURP�DQLPDO�KRXVLQJ�
IDFLOLWLHV�DQG�IHHGORWV�DV�ZHOO�DV�WKH�PDQ�
DJHPHQW�RI�PRUWDOLW\�DQG�PDQXUH�DW�WKH�
IDUPV�DQG�WKH�DSSOLFDWLRQ�RI�PDQXUH�WR�
ODQG�WR�IHUWLOL]H�FURSV��

5HFHQW�VKDUS�LQFUHDVHV�LQ�WKH�SULFHV�
DQG�JOREDO�GHPDQG�IRU�1�DQG�3�IHUWLOL]HUV�
DQG�HQHUJ\�KDYH�LQFUHDVHG�WKH�SRWHQWLDO�
YDOXH�RI�QXWULHQWV�DQG�HQHUJ\�LQ�PDQXUH��
&KDQJHV�LQ�DQLPDO�GLHWV��H�J���WKH�XVH�RI�
GLVWLOOHUV�JUDLQV��DQG�WKH�XVH�RI�DGGLWLYHV�
�H�J���SK\WDVH���$QJHO�HW�DO��������RF�
FXU�UHJXODUO\�DQG�DIIHFW�WKH�TXDQWLW\�DQG�
FRPSRVLWLRQ�RI�PDQXUH��WKH�VXEVHTXHQW�
FKHPLFDO�DQG�ELRORJLFDO�WUDQVIRUPDWLRQV�
RI�PDQXUH��DQG��WKHUHIRUH��WKH�DLU�HPLV�
VLRQV��ORVVHV�WR�ZDWHU��SDWKRJHQ�FRQ�
FHQWUDWLRQV��DQG�SHUIRUPDQFH�DV�D�FURS�
IHUWLOL]HU��2QJRLQJ�UHVHDUFK�LV�UHTXLUHG�

WR�HYDOXDWH�HIIHFWV�RI�FKDQJHV�LQ�DQLPDO�
SURGXFWLRQ�V\VWHPV�RQ�UHVRXUFH�XVH�DQG�
SURÀWV��HQYLURQPHQWDO�HPLVVLRQV��XVH�RI�
PDQXUH�DV�IHUWLOL]HU��DQG�RSWLPDO�GHVLJQ�
RI�IDFLOLWLHV�DQG�SROLF\��

$Q�HPHUJLQJ�DSSURDFK�WR�PDQXUH�
PDQDJHPHQW�LV�WKH�XVH�RI�PDUNHWV�IRU�
PDQXUH��7UDGLWLRQDOO\�LQ�WKH�8QLWHG�
6WDWHV��PDQXUH�KDV�EHHQ�DSSOLHG�RQ�ODQG�
RZQHG�E\�WKH�VDPH�IDUP�WKDW�RZQHG�WKH�
OLYHVWRFN��$V�IDUPV�KDYH�LQFUHDVHG�LQ�VL]H�
DQG�VSHFLDOL]DWLRQ��PDQXUH�LV�IUHTXHQWO\�
DSSOLHG�WR�ODQG�RQ�IDUPV�RWKHU�WKDQ�WKRVH�
KRXVLQJ�WKH�OLYHVWRFN��0DQXUH�LV�FRP�
PRQO\�WUDQVSRUWHG�IURP�DUHDV�ZLWK�H[FHVV�
PDQXUH�QXWULHQWV�WR�DUHDV�ZKHUH�WKHVH�
QXWULHQWV�DUH�GHÀFLHQW��6HYHUDO�VWDWHV�KDYH�
HVWDEOLVKHG�ÀQDQFLDO�DQG�RWKHU�DVVLVWDQFH�
SURJUDPV�IRU�WKH�UHORFDWLRQ�RI�DQLPDO�
PDQXUH�WR�DUHDV�GHÀFLHQW�LQ�QXWULHQWV�
�2NODKRPD�6WDWH�8QLYHUVLW\�([WHQVLRQ�
�������&RPPHUFLDO�IHUWLOL]HU�LV�D�QDVFHQW�
PDUNHW�IRU�PDQXUH��)RU�H[DPSOH��WKH�
3HUGXH�$JUL5HF\FOH��//&��SODQW�ORFDWHG�
LQ�'HODZDUH�DFFHSWV�SRXOWU\�OLWWHU�IURP�
IDUPV�LQ�WKH�'HOPDUYD�DUHD�DQG�SHOOHW�
L]HV�WKLV�PDWHULDO�WR�SURGXFH�EXON�IHUWLO�
L]HU�SURGXFWV�DV�ZHOO�DV�VSHFLDOW\�IHUWLOL]HU�
SURGXFWV�IRU�XVH�LQ�WXUI�DQG�KRUWLFXOWXUDO�
LQGXVWULHV�

5HQHZDEOH�HQHUJ\�LV�DQ�HPHUJLQJ�
PDUNHW�IRU�PDQXUH�DQG�OLWWHU��)LEURPLQQ��
D�VXEVLGLDU\�RI�)LEURZDWW��//&��RSHQHG�
D�SRZHU�SURGXFWLRQ�IDFLOLW\�LQ�0LQQHVRWD�
WKDW�XVHV�WXUNH\�OLWWHU�DQG�RWKHU�DJUL�
FXOWXUDO�ELRPDVV�DV�UHQHZDEOH�IXHO��
$QDHURELF�GLJHVWLRQ�RI�PDQXUH�KDV�EHHQ�
XVHG�WR�SURGXFH�ELRJDV�IRU�FHQWXULHV��
0LFURELDO�GLJHVWLRQ�RI�RUJDQLF�FDUERQ�
XQGHU�DQDHURELF�FRQGLWLRQV�\LHOGV�D�PL[�
RI�JDVHV��UHIHUUHG�WR�DV�ELRJDV��LQFOXG�
LQJ����WR�����PHWKDQH�ZLWK�WKH�EDODQFH�
EHLQJ�SULPDULO\�FDUERQ�GLR[LGH�DQG�WUDFH�
DPRXQWV�RI�K\GURJHQ�VXOÀGH�DQG�1+���
5HFHQW�LQWHUHVW�LQ�UHQHZDEOH�HQHUJ\�DQG�
JUHHQKRXVH�JDV�PLWLJDWLRQ�KDV�LQFUHDVHG�
LQWHUHVW��LQFHQWLYHV��DQG�LQYHVWPHQW�LQ�
DQDHURELF�GLJHVWHU�V\VWHPV�RQ�8�6��DQG�
&DQDGLDQ�OLYHVWRFN�IDUPV��7KH�ELRJDV�FDQ�
EH�EXUQHG�IRU�KHDWLQJ�RU�EXUQHG�LQ�D�JHQ�
HUDWRU�VHW�WR�SURGXFH�HOHFWULFLW\��%LRJDV�
DOVR�PD\�EH�VFUXEEHG�DQG�SUHVVXUL]HG�IRU�
LQMHFWLRQ�LQWR�QDWXUDO�JDV�OLQHV�RU�IRU�XVH�
LQ�YHKLFOHV�WKDW�UXQ�RQ�FRPSUHVVHG�JDV��
7KH�$J67$5�SURJUDP��86(3$�����F��
KDV�VXSSRUWHG�GHYHORSPHQW�DQG�LQVWDOOD�
WLRQ�RI�ELRJDV�WHFKQRORJLHV�IRU�GHFDGHV��
3DWKRJHQ�FRQFHQWUDWLRQ�DQG�WRWDO�VROLGV�
DUH�XVXDOO\�GHFUHDVHG�LQ�DQDHURELF�V\V�
WHPV��%XOO�HW�DO��������5LFH��&DOGZHOO��
DQG�+XPHQLN��������ZKHUHDV�RWKHU�

4XDQWLWDWLYH�JHQHWLFV�KDYH�EHHQ�
XVHG�LQ�SRXOWU\�EUHHGLQJ�WR�GHYHORS�
EURLOHU�OLQHV�WKDW�KDYH�LQFUHDVHG�
JURZWK�UDWH�DQG�LPSURYHG�IHHG�
FRQYHUVLRQ��)&���2SWLPL]HG�EURLOHU�
SURGXFWLRQ�EDVHG�RQ�WKH�LPSURYHG�
JURZWK�WUDLWV�UHVXOWV�LQ�GHFUHDVHG�
WLPH�QHFHVVDU\�IRU�DQLPDOV�WR�UHDFK�
KHDYLHU�PDUNHW�ZHLJKW��
7KH�$WKHQV�&DQDGLDQ�5DQGRPEUHG�
&RQWURO��$&5%&��ZDV�HVWDEOLVKHG�
LQ������E\�VFLHQWLVWV�DW�$JULFXOWXUH�
&DQDGD�DQG�KDV�EHHQ�PDLQWDLQHG��
7KH�SURGXFWLRQ�WUDLWV�RI�WKH�$&5%&�
VWUDLQ�ZHUH�HYDOXDWHG�LQ������DQG�
GHWHUPLQHG�WR�EH�XQFKDQJHG�IURP�
������7KLV�DOORZHG�FRPSDULVRQ�
EHWZHHQ�ROG�JHQHWLF�OLQHV��������DQG�
QHZ�JHQHWLF�OLQHV��������WR�HYDOX�
DWH�)&�DQG�JURZWK�UDWH��+DYHQVWHLQ��
)HUNHW��DQG�4XUHVKL�����D���FDUFDVV�
FRPSRVLWLRQ�DQG�\LHOG��+DYHQVWHLQ��
)HUNHW��DQG�4XUHVKL�����E���DQG�LP�
PXQH�UHVSRQVH��&KHHPD��4XUHVKL��
DQG�+DYHQVWHLQ��������$QLPDOV�UH�
FHLYHG�DSSURSULDWH�IHHGLQJ�UHJLPHQV��
DQG�QXPHURXV�SURGXFWLRQ�WUDLWV�ZHUH�
VWXGLHG��7KH�5RVV�����EURLOHU��D�FXU�
UHQW�JHQHWLF�OLQH�LQ�������RQ�WKH������
IHHG�ZDV�HVWLPDWHG�WR�KDYH�UHDFKHG�
������JUDPV�%:��ERG\�ZHLJKW��DW����
G��GD\V��RI�DJH�ZLWK�DQ�)&�RI�������
ZKHUHDV�WKH�$&5%&�RQ�WKH������
IHHG�ZRXOG�QRW�KDYH�UHDFKHG�WKDW�
%:�XQWLO�����G�RI�DJH�ZLWK�DQ�)&�RI�
������7KH�GHFUHDVHG�PDUNHW�DJH�DQG�
LPSURYHG�)&�ZRXOG�UHTXLUH�IDU�OHVV�
IHHG�LQSXW��DQG�DVVRFLDWHG�ODQG�WR�
JURZ�WKH�IHHG��WR�SURGXFH�D�NLORJUDP�
RI�PHDW��7KH�DXWKRUV�DWWULEXWHG�����
RI�WKH�JURZWK�LPSURYHPHQW�WR�JHQHW�
LFV�DQG�����WR�QXWULWLRQ��+DYHQVWHLQ��
)HUNHW��DQG�4XUHVKL�����D���&RP�
SDULVRQV�RI�FDUFDVV�ZHLJKWV�RI�WKH�
5RVV�����RQ�WKH������GLHW�YHUVXV�
WKH�$&5%&�RQ�WKH������GLHW�VKRZHG�
WKH\�ZHUH����������������DQG�����WLPHV�
KHDYLHU�WKDQ�WKH�$&5%&�DW���������
����DQG����G�RI�DJH��UHVSHFWLYHO\�

7H[WER[������'LVDJJUHJDWLQJ�*DLQV�LQ�
%URLOHU�3URGXFWLYLW\�
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QXWULHQWV��3�DQG�VDOWV��UHPDLQ�LQ�WKH�GL�
JHVWHU�HIÁXHQW�IRU�XVH�DV�IHUWLOL]HU��

0DQXUH�DV�H[FUHWHG�LV�EHWZHHQ����
DQG�����ZDWHU��GHSHQGLQJ�RQ�WKH�VSH�
FLHV�RI�DQLPDO��7KH�DGGLWLRQ�RI�EHGGLQJ�
PDWHULDO�DQG�HYDSRUDWLRQ�RI�ZDWHU�GXULQJ�
VWRUDJH�PD\�SURGXFH�D�PRUH�FRQFHQWUDW�
HG�IRUP�RI�PDQXUH�ZLWK�´DV�UHPRYHGµ�
PRLVWXUH�FRQWHQW�DV�ORZ�DV�����IRU�WXU�
NH\�OLWWHU��7KH�XVH�RI�DQDHURELF�WUHDWPHQW�
V\VWHPV�WR�GLJHVW�VROLGV��WKH�VHWWOLQJ�RI�
VROLGV�WR�WKH�ERWWRP�RI�VWRUDJH�IDFLOL�
WLHV��DQG�WKH�DFFXPXODWLRQ�RI�UDLQZDWHU�LQ�
RSHQ�VWRUDJH�IDFLOLWLHV�PD\�LQFUHDVH�ZDWHU�
FRQWHQW�WR�������RI�WKH�´DV�UHPRYHGµ�
PDVV�LQ�VZLQH�ODJRRQ�VXUIDFH�OLTXLG�
�$6$%(��������7KH�FRVWV�RI�VWRULQJ��
WUDQVSRUWLQJ��DQG�ODQG�DSSO\LQJ�PDQXUH�
DQG�PDQXUH�WUHDWPHQW�SURGXFWV�DUH�KLJKO\�
FRQGLWLRQDO�RQ�WKHLU�IRUP��7KRVH�FRVWV��
DV�D�SURSRUWLRQ�RI�WKH�IHUWLOL]HU�RU�HQHUJ\�
YDOXH�RI�PDQXUH�FRQVWLWXHQWV��DUH�KLJKO\�
FRQGLWLRQDO�RQ�WKH�FRPSRVLWLRQ�RI�WKH�
PDQXUH�RU�WUHDWPHQW�SURGXFW��$�UHPDLQ�
LQJ�FKDOOHQJH�LV�WR�LPSURYH�HIÀFLHQF\�RI�
V\VWHPV�WR�VHSDUDWH�VROLGV�DQG�QXWULHQWV�
IURP�ZDWHU�LQ�PDQXUH�WR�DOORZ�PRUH�HI�
ÀFLHQW�VWRUDJH��KDQGOLQJ��WUDQVSRUW��DQG�
XVH�RI�PDQXUH�FRPSRQHQWV��2WKHU�PDUNHW�
DSSURDFKHV�WR�OLYHVWRFN��ODQG��DQG�ZDWHU�
LVVXHV�LQFOXGH�EDVLQZLGH�PDUNHWV�IRU�UH�
GXFWLRQV�LQ�QXWULHQW�GLVFKDUJHV�DVVRFLDWHG�
ZLWK�70'/�SURJUDPV�

$�UHPDLQLQJ�UHVHDUFK�FKDOOHQJH�LQ�
WKH�8QLWHG�6WDWHV�LV�WKH�ODFN�RI�VSHFLÀF�
LQIRUPDWLRQ�DERXW�WKH�HIIHFW�RI�ODQG�DS�
SOLFDWLRQ�RI�PDQXUH�RQ�ZDWHU�TXDOLW\��
1XPHURXV�VWXGLHV�KDYH�DVVHVVHG�ZDWHU�
TXDOLW\�LQ�WKH�8QLWHG�6WDWHV��\HW�PDQ\�
TXHVWLRQV�UHPDLQ�UHJDUGLQJ�WKH�VSHFLÀF�
VRXUFHV�DQG�FDXVHV�RI�UHSRUWHG�ZDWHU�
TXDOLW\�LPSDLUPHQW�FRQGLWLRQV�LQ�D�QXP�
EHU�RI�ZDWHU�ERGLHV�DFURVV�WKH�FRXQWU\��
0RGLÀFDWLRQV�WR�WKH�&OHDQ�:DWHU�$FW�LQ�
�����GHFUHDVHG�DOORZDEOH�GLVFKDUJHV�RI�
SROOXWDQWV�WR�8�6��ZDWHUV��3XEOLF�DQG�SUL�
YDWH�LQYHVWPHQWV�ZHUH�PDGH�WR�GHFUHDVH�
GLVFKDUJHV�RI�SROOXWDQWV�IURP�36V��%\�
������LW�ZDV�DUJXHG�WKDW�WKH�SULPDU\�FRQ�
FHUQV�UHODWHG�WR�SROOXWDQWV�HQWHULQJ�ZDWHUV�
RI�WKH�8QLWHG�6WDWHV�IURP�36V�KDG�EHHQ�
DGGUHVVHG��OHDYLQJ�136�SROOXWLRQ��ZKLFK�
RULJLQDWHV�IURP�PDQ\�GLIIXVH�VRXUFHV��
DV�D�PDMRU�FRQFHUQ��7KH�8�6��(3$�VWDWHG�
WKDW�´SROOXWLRQ�IURP�XUEDQ�DQG�DJULFXO�
WXUDO�ODQG�WKDW�LV�WUDQVSRUWHG�E\�SUHFLSLWD�
WLRQ�DQG�UXQRII��FDOOHG�QRQSRLQW�VRXUFH�
RU�136�SROOXWLRQ��LV�WKH�OHDGLQJ�VRXUFH�RI�
SROOXWLRQµ�LQ�WKH�8QLWHG�6WDWHV��86(3$²
2:�����E���

7KH�ODFN�RI�LQIRUPDWLRQ�DERXW�

VRXUFHV�RI�QXWULHQWV�IRXQG�LQ�VWUHDPV��
ULYHUV��DQG�ODNHV�LV�D�SHUVLVWHQW�SUREOHP�
LQ�HIIRUWV�WR�LPSURYH�ZDWHU�TXDOLW\�LQ�
WKH�8QLWHG�6WDWHV��7KH�1DWLRQDO�:DWHU�
4XDOLW\�,QYHQWRU\�UHSRUWV�UHO\�RQ�VWDWH�
UHSRUWV�RI�WKH�VRXUFHV�RI�SROOXWDQWV�WKDW�
LPSDLU�ZDWHU�TXDOLW\��7KH������UHSRUW�
�86(3$²2:�������VD\V�WKDW�VWDWH�GDWD�
VKRXOG�QRW�EH�XVHG�IRU�FRPSDULVRQV�EH�
WZHHQ�VWDWHV�RU�ZLWKLQ�VWDWHV�RYHU�WLPH�
EHFDXVH�WKH�LQIRUPDWLRQ�LQ�VWDWH�UHSRUWV�
LV�KLJKO\�YDULDEOH�IURP�VWDWH�WR�VWDWH�DQG�
IURP�RQH�UHSRUWLQJ�SHULRG�WR�WKH�QH[W�
�86*6��������)RU�H[DPSOH��WKH�SHUFHQW�
DJH�RI�DVVHVVHG�ODNH�KHFWDUHV�UHSRUWHG�DV�
´QRW�FOHDQ�HQRXJK�WR�VXSSRUW�GHVLJQDWHG�
XVHVµ�MXPSHG�IURP�����LQ������WR�����
LQ�������EDVHG�VROHO\�RQ�UHVXOWV�RI�QHZ�
PRQLWRULQJ�IRU�PHUFXU\�LQ�ÀVK�DQG�ZDWHU�
LQ�0LQQHVRWD��

1XPHURXV�VWXGLHV�UHODWHG�WR�ODQG�DS�
SOLFDWLRQ�RI�PDQXUH�DQG�VXUIDFH�ZDWHU�
HIIHFWV�KDYH�PHDVXUHG�FRQFHQWUDWLRQV�
DQG�ÁRZV�DW�WKH�ÀHOG�HGJH��6WXGLHV�KDYH�
GHPRQVWUDWHG�WKH�EHQHÀWV�RI�YHJHWDWLYH�
EXIIHUV�LQ�GHFUHDVLQJ�WKH�ÁRZ�RI�FRQ�
WDPLQDQWV�LQWR�VXUIDFH�ZDWHU��=KDQJ�HW�
DO���������0XFK�RI�WKH�ZDWHUVKHG�VFDOH�
LQIRUPDWLRQ�DERXW�FRQWDPLQDQW�PRYH�
PHQW�IURP�OLYHVWRFN�RSHUDWLRQV�WR�VXUIDFH�
ZDWHU��KRZHYHU��LV�EDVHG�RQ�SUHGLFWLYH�
PRGHOV�UDWKHU�WKDQ�GLUHFW�PHDVXUHPHQW��
7KLV�SUREOHP�ZDV�DGGUHVVHG�E\�D�%OXH�
5LEERQ�3DQHO�RI�WKH�6RLO�DQG�:DWHU�
&RQVHUYDWLRQ�6RFLHW\��6:&6��HYDOXDW�
LQJ�WKH�&RQVHUYDWLRQ�(IIHFWV�$VVHVVPHQW�
3URJUDP��7KHLU�UHSRUW�WR�WKH�86'$�
�6:&6�������LQFOXGHG�WKH�IROORZ�
LQJ�VWDWHPHQW��´7KH�PRVW�LPSRUWDQW�DQG�
WURXEOLQJ�PLVVLQJ�SLHFH�LV�WKH�DEVHQFH�RI�
SODQV�IRU�RQ�WKH�JURXQG�PRQLWRULQJ�RI�
FKDQJH�LQ�WKH�HQYLURQPHQWDO�LQGLFDWRUV�
DQG�RXWFRPHV�FRQVHUYDWLRQ�SURJUDPV�DQG�
DFWLYLWLHV�DUH�LQWHQGHG�WR�LPSURYH�µ�

$OWKRXJK�WKH�86*6�DQG�RWKHU�DJHQ�
FLHV�PRQLWRU�VWUHDP�ZDWHU�TXDOLW\��WKHLU�
DELOLW\�WR�PRQLWRU�HIIHFWV�RI�VRXUFHV�WKDW�
GR�QRW�GLVFKDUJH�GLUHFWO\�LQWR�VWUHDPV�
LV�PLQLPDO��7KH�6:&6�UHSRUW�UHFRP�
PHQGHG�WKDW����RI�FRQVHUYDWLRQ�IXQGLQJ�
IRU�HDFK�SURJUDP�EH�DOORFDWHG�WR�PRQLWRU�
LQJ�WKH�HIIHFWV�RI�WKDW�SURJUDP��2QJRLQJ�
UHVHDUFK�LV�QHHGHG�WR�PRQLWRU�FKDQJHV�
LQ�ZDWHU�TXDOLW\�WKURXJK�WLPH�DQG�DFURVV�
ZDWHUVKHGV�DV�ODQG�XVH�FKDQJHV��LQFOXGLQJ�
ODQG�DSSOLFDWLRQ�RI�PDQXUH��ZLWKLQ�ZDWHU�
VKHGV��VHH�DOVR�7RPHU�DQG�/RFNH�������

7KH�8�6��UHJXODWRU\�DQG�PDQDJH�
PHQW�DSSURDFKHV�WR�FRQWUROOLQJ�HIIHFWV�RI�
OLYHVWRFN�RQ�WKH�HQYLURQPHQW�DUH�FRQ�
VWDQWO\�HYROYLQJ�ZLWK�OLYHVWRFN�SURGXF�

WLRQ�V\VWHPV��:KHQ�8�6��OLYHVWRFN�VHFWRUV�
FRQVLVWHG�RI�PRUH�WKDQ�D�PLOOLRQ�UHODWLYH�
O\�VPDOO�RSHUDWLRQV��WKH�FRVW�RI�UHJXOD�
WRU\�RYHUVLJKW�ZDV�GDXQWLQJ��SDUWLFXODUO\�
LQ�FRPSDULVRQ�WR�WKH�SRWHQWLDO�HQYLURQ�
PHQWDO�GDPDJH�WKDW�DQ\�VLQJOH�RSHUD�
WLRQ�PLJKW�FDXVH��7KH�UDWLRQDO�DSSURDFK�
IRU�PDQDJLQJ�HIIHFWV�IURP�QXPHURXV�
KLJKO\�GLVSHUVHG�OLYHVWRFN�RSHUDWLRQV�
LV�WR�UHO\�RQ�HGXFDWLRQ�DQG�LPSOHPHQ�
WDWLRQ�RI�%03V�DQG�FRPSODLQW�GULYHQ�
HQIRUFHPHQW��

$V�ODUJHU�OLYHVWRFN�RSHUDWLRQV�KDYH�
HPHUJHG�DQG�DV�VRFLDO�GHPDQGV�IRU�HQ�
YLURQPHQWDO�SURWHFWLRQ�KDYH�HVFDODWHG��
LQFUHDVHG�UHJXODWLRQ�DQG�SHUPLWWLQJ�KDV�
EHHQ�HQDFWHG��7KH�&OHDQ�:DWHU�$FW�RI�
�����LQWURGXFHG�SHUPLWWLQJ�UHTXLUHPHQWV�
IRU�WKH�ODUJHVW�$)2V��ZKLFK�ZHUH�VXEMHFW�
WR�PRUH�VWULQJHQW�UHJXODWRU\�FRQGLWLRQV�
WKDQ�VPDOOHU�FRQFHUQV��2SHUDWLRQV�XVLQJ�
OLTXLG�PDQXUH�KDQGOLQJ�V\VWHPV�ZHUH�
YLHZHG�DV�D�JUHDWHU�ULVN�WR�ZDWHU�TXDO�
LW\�DQG�VR�DUH�VXEMHFWHG�WR�PRUH�VWULQJHQW�
UHTXLUHPHQWV�WKDQ�GU\�PDQXUH�KDQGOLQJ�
RSHUDWLRQV��7KH�8�6��UHJXODWRU\�DSSURDFK�
VRXJKW�WR�HOLPLQDWH�GLUHFW�GLVFKDUJHV�
IURP�OLYHVWRFN�RSHUDWLRQV�H[FHSW�XQGHU�
UHODWLYHO\�XQFRPPRQ�VWRUP�FRQGLWLRQV��
)RU�H[DPSOH��WKH����\HDU����KRXU�VWRUP�
ZDV�XVHG�DV�DQ�HQJLQHHULQJ�GHVLJQ�FULWH�
ULRQ�DQG�D�%03�WKUHVKROG�

,QFHQWLYHV�WR�DGRSW�%03V�DUH�LP�
SRUWDQW�HOHPHQWV�RI�SROLF\��7KH�86'$²
15&6�DGPLQLVWHUV�VHYHUDO�SURJUDPV�WR�
HQFRXUDJH�HQYLURQPHQWDOO\�VRXQG�EH�
KDYLRU�E\�OLYHVWRFN�SURGXFHUV�DQG�RWKHU�
IDUPHUV��([DPSOHV�LQFOXGH�WKH�IROORZLQJ�
86'$²15&6�SURJUDPV��
�� &RQVHUYDWLRQ�&RPSOLDQFH��L�H���
´6ZDPSEXVWHUµ�DQG�´6RGEXVWHUµ�

�� &RQVHUYDWLRQ�5HVHUYH�3URJUDP
�� (QYLURQPHQWDO�4XDOLW\�,QFHQWLYHV�
3URJUDP
$V�OLYHVWRFN�VHFWRUV�VKLIW�WR�IHZHU�

RSHUDWLRQV�WKDW�DUH�ODUJHU�LQ�VL]H��H[LVW�
LQJ�&$)2�UHJXODWLRQV�DIIHFW�D�JUHDWHU�
SURSRUWLRQ�RI�RYHUDOO�PDQXUH�SURGXF�
WLRQ��%HJLQQLQJ�LQ�WKH�����V��UXOHV�DQG�
UHJXODWLRQV�JRYHUQLQJ�OLYHVWRFN�RSHUD�
WLRQV�XQGHU�WKH�&OHDQ�:DWHU�$FW�ZHUH�
UHYLVHG��VSXUUHG�LQ�SDUW�E\�DVVHVVPHQWV�
WKDW�136V�ZHUH�PDMRU�VRXUFHV�RI�SRO�
OXWLRQ��7KH�RQJRLQJ�VKLIW�WR�ODUJH�VFDOH�
GDLU\�IDUPV�DQG�WKH�UDSLG�VKLIW�WR�ODUJH�
VFDOH�SLJ�IDUPV�EHJLQQLQJ�DURXQG������
DOVR�FKDQJHG�H[SHFWDWLRQV�IRU�WKH�UHJXOD�
WRU\�V\VWHP��5HYLVHG�UHJXODWLRQV�KDYH�
UHVXOWHG�LQ�JUHDWHU�VDIHW\�PDUJLQV�LQ�
PDQXUH�PDQDJHPHQW�V\VWHP�GHVLJQ��
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JUHDWHU�H[SHFWDWLRQV�DQG�RYHUVLJKW�RI�WKH�
PDQDJHPHQW�RI�PDQXUH�QXWULHQWV�DSSOLHG�
WR�ODQG��DQG�LQWHJUDWLRQ�RI�PXOWLSOH�HQYL�
URQPHQWDO�DQG�SXEOLF�KHDOWK�FRQFHUQV�LQWR�
WKH�GHVLJQ�RI�PDQXUH�KDQGOLQJ�V\VWHPV�
�,'15�Q�G���86'$²15&6�������86(3$�
�������'LVFRXUVH�GXULQJ�WKH�UHYLVLRQ�
RI�UXOHV�XQGHU�WKH�&OHDQ�:DWHU�$FW�DQG�
VXEVHTXHQW�UHYLHZ�RI�SHUWLQHQW�IHGHUDO�
DLU�TXDOLW\�UHJXODWLRQV�UHYHDOHG�WKDW�DQ�
LQWHJUDWHG�DSSURDFK�WR�PDQDJLQJ�HQYLURQ�
PHQWDO�HIIHFWV�RI�OLYHVWRFN�RSHUDWLRQV�LV�
HPHUJLQJ��15&��������

1HZ�DSSURDFKHV�WR�GHVLJQLQJ�DQG�
PDQDJLQJ�OLYHVWRFN�RSHUDWLRQV�DUH�HPHUJ�
LQJ�LQ�WKH�8QLWHG�6WDWHV�ZLWK�HYROYLQJ�
OLYHVWRFN�VHFWRU�VWUXFWXUH�DQG�GLUHFW�FRP�
PXQLFDWLRQ�DPRQJ�HQYLURQPHQWDO�DQG�
SXEOLF�KHDOWK�DGYRFDWHV��UHJXODWRUV�DQG�
ODZPDNHUV��UHVHDUFKHUV�DQG�HGXFDWRUV��
DQG�OLYHVWRFN�SURGXFHUV��5HVHDUFK�DQG�
GHVLJQ�RI�OLYHVWRFN�SURGXFWLRQ�V\VWHPV�LQ�
WKH�8QLWHG�6WDWHV�DUH�VKLIWLQJ�WRZDUG�OLIH�
F\FOH�DSSURDFKHV�WR�DQDO\VLV�RI�UHVRXUFH�
XVH�DQG�HPLVVLRQV��6WDQGDUGV�IRU�OLIH�
F\FOH�DQDO\VLV��/&$��DUH�SXEOLVKHG�E\�
WKH�,QWHUQDWLRQDO�6WDQGDUGV�2UJDQL]DWLRQ�
�,62��������DQG�E\�WKH�8�6��/&$�GDWD�
EDVH�DW�WKH�1DWLRQDO�5HQHZDEOH�(QHUJ\�
/DERUDWRU\��/LYHVWRFN�RUJDQL]DWLRQV�LQ�
WKH�8QLWHG�6WDWHV�LQLWLDWHG�/&$V�RI�WKHLU�
VHFWRUV��H�J���GDLU\��HJJV��DQG�VZLQH���

7KH�/&$�DSSURDFK�LV�EHLQJ�DFFRP�
SDQLHG�E\�´SURFHVV�EDVHG�PRGHOLQJµ�RI�
OLYHVWRFN�SURGXFWLRQ�DFWLYLWLHV��3URFHVV�
EDVHG�PRGHOLQJ�LQFRUSRUDWHV�UHVHDUFK�
EDVHG�LQIRUPDWLRQ�RQ�VSHFLÀF�ELRORJLFDO��
FKHPLFDO��SK\VLFDO��DQG�HQHUJ\�SURFHVVHV�
WKDW�RFFXU�LQ�OLYHVWRFN�SURGXFWLRQ�LQWR�D�
EURDGHU�PRGHO�RI�UHVRXUFH�XVH��RXWSXWV�
SURGXFHG��DQG�HPLVVLRQV�WR�WKH�HQYLURQ�
PHQW��3URFHVV�EDVHG�PRGHOLQJ�DOORZV�
FKHFNV�DQG�EDODQFHV�RQ�REVHUYHG�SDUWLDO�
GDWD�DQG�DOORZV�PRUH�FUHGLEOH�LQWHUSROD�
WLYH�DQG�H[WUDSRODWLYH�SUHGLFWLRQV�RI�YDUL�
DEOHV�RI�LQWHUHVW��/LIH�F\FOH�DQDO\VLV�DQG�
SURFHVV�EDVHG�PRGHOLQJ�DUH�LQIRUPDWLRQ�
LQWHQVLYH�DFWLYLWLHV�HQDEOHG�E\�VXVWDLQHG�
LQYHVWPHQW�LQ�PHDVXUHPHQW�DQG�PRGHO�
LQJ�RI�VSHFLÀF�SURFHVVHV�RQ�OLYHVWRFN�DQG�
SRXOWU\�IDUPV�

$Q�H[DPSOH�RI�D�FRRSHUDWLYH�UHVHDUFK�
SURJUDP�WR�LQIRUP�SROLF\�LV�WKH�8�6��(3$�
FRQVHQW�DJUHHPHQW�ZLWK�VHYHUDO�QDWLRQ�
DO�OLYHVWRFN�DQG�SRXOWU\�RUJDQL]DWLRQV�
WR�FRQGXFW�WKH�1DWLRQDO�$LU�(PLVVLRQV�
0RQLWRULQJ�6WXG\��1$(06��DW�DQ�DU�
UD\�RI�$)2V�WR�PHDVXUH�FRQFHQWUDWLRQV�
RI�DLU�SROOXWDQWV�RI�FRQFHUQ�DQG�FDOFX�
ODWH�HPLVVLRQ�UDWHV��3DUWLFLSDWLQJ�HQWLWLHV�
LQFOXGH�UHSUHVHQWDWLYH�GDLU\��VZLQH��DQG�

SRXOWU\�IDUPV��7KH�GDWD�DQG�LQIRUPDWLRQ�
DFTXLUHG�LQ�WKH�1$(06�SURJUDP�ZLOO�EH�
XVHG�WR�GHYHORS�GDWDEDVHV�WKDW�FRXOG�IRUP�
WKH�EDVLV�IRU�IXWXUH�DLU�SHUPLWWLQJ�DQG�RU�
HPLVVLRQ�FRQWURO�SURJUDPV�IRU�DSSOLFDEOH�
$)2V�DV�ZHOO�DV�EHWWHU�SUHGLFWLRQ�RI�DLU�
HPLVVLRQV�IURP�D�ZLGH�YDULHW\�RI�OLYH�
VWRFN�SURGXFWLRQ�RSHUDWLRQV�

6\VWHPV�DQDO\VLV�RI�VXVWDLQDEOH�
OLYHVWRFN�SURGXFWLRQ�PHWKRGV�LV�DQRWKHU�
HPHUJLQJ�UHVHDUFK�DQG�HGXFDWLRQ�DS�
SURDFK��7KH�86'$²1,)$�5HVHDUFK�
&RPPLWWHH�6������LV�DQ�H[DPSOH�RI�FRO�
ODERUDWLRQ�DPRQJ�ODQG�JUDQW�XQLYHUVLW\�
IDFXOW\��86'$�UHVHDUFKHUV��DQG�RWKHUV�
WR�DQDO\]H�DQG�PRGHO�WKH�FRPSOH[�V\V�
WHPV�LQYROYHG�LQ�OLYHVWRFN�SURGXFWLRQ��
8QGHUVWDQGLQJ�WKH�LQWHUDFWLRQ�RI�DQL�
PDOV��IHHG��KRXVLQJ��PDQXUH�PDQDJHPHQW�
V\VWHPV��ZDWHU��HQHUJ\��DQG�ZHDWKHU�DV�
ZHOO�DV�SDWKRORJLFDO��HQYLURQPHQWDO��DQG�
RWKHU�YDULDEOHV�LQ�D�FRPPHUFLDO�SURGXF�
WLRQ�VHWWLQJ�LV�WKH�FKDOOHQJH�EHLQJ�DG�
GUHVVHG�E\�WKH�6������JURXS��$QRWKHU�
H[DPSOH�RI�V\VWHPV�RULHQWHG�UHVHDUFK�LV�
WKH�ZRUN�FRQGXFWHG�DW�1RUWK�&DUROLQD�
6WDWH�8QLYHUVLW\�XQGHU�DQ�DJUHHPHQW�
DPRQJ�WKH�$WWRUQH\�*HQHUDO�RI�1RUWK�
&DUROLQD��6PLWKÀHOG�)RRGV��DQG�RWKHUV�
�1&68�Q�G����7KLV�ZRUN�LQFOXGHG�WKUHH�
OLQNHG�DQDO\VHV�RI�D�QXPEHU�RI�DOWHUQD�
WLYH�PDQXUH�PDQDJHPHQW�V\VWHPV�IRU�
VZLQH�IDUPV�LQ�1RUWK�&DUROLQD��WHFKQLFDO�
SHUIRUPDQFH�RI�WKH�PDQXUH�PDQDJHPHQW�
V\VWHP��HQYLURQPHQWDO�HPLVVLRQV�IURP�
WKH�V\VWHP��DQG�HFRQRPLF�LPSOLFDWLRQV�RI�
WKH�V\VWHP�

,QQRYDWLRQV�DUH�HPHUJLQJ�LQ�WKH�PDQ�
DJHPHQW�RI�OLYHVWRFN�RSHUDWLRQV��9DULRXV�
OLYHVWRFN�SURGXFWLRQ�DQG�SURFHVVLQJ�ID�
FLOLWLHV�DQG�DVVRFLDWHG�FRPSDQLHV�KDYH�
LPSOHPHQWHG�FRPSUHKHQVLYH�HQYLURQ�
PHQWDO�PDQDJHPHQW�V\VWHPV��(06V���$Q�
(06�HVWDEOLVKHV�SURFHVVHV�DQG�SUDFWLFHV�
WKDW�HQDEOH�DQ�RUJDQL]DWLRQ�WR�GHFUHDVH�
HQYLURQPHQWDO�LPSDFWV�DQG�LQFUHDVH�RS�
HUDWLQJ�HIÀFLHQF\��,QWHUQDWLRQDO�6WDQGDUGV�
2UJDQL]DWLRQ�������SURYLGHV�JXLGHOLQHV�
IRU�WKLUG�SDUW\�DXGLWLQJ�DQG�FHUWLÀFDWLRQ�
RI�(06�SURJUDPV��6PLWKÀHOG�)RRGV��
,QF���VHFXUHG�,62�������FHUWLÀFDWLRQ�RI�
WKHLU�(06�SURJUDP�IRU�WKH�FRPSDQ\��LQ�
FOXGLQJ�LWV�RZQHG�$)2V�

7KH�FKLFNHQ�LQGXVWU\�LPSOHPHQWHG�
D�YROXQWDU\�SURJUDP�IRU�DGPLQLVWHULQJ�
QXWULHQW�PDQDJHPHQW�SODQV�DW�FKLFNHQ�
JURZHU�RSHUDWLRQV��,Q������WKH�1DWLRQDO�
&KLFNHQ�&RXQFLO��1&&��UHSRUWHG�WR�WKH�
8�6��(3$�WKDW�����RI�FKLFNHQ�JURZHUV�
KDG�103V�LQ�SODFH��D�UHSUHVHQWDWLYH�ZLWK�
WKH�1&&�UHFHQWO\�UHSRUWHG�WKDW�WKH�FXU�

UHQW�JURZHU�SDUWLFLSDWLRQ�LQ�WKLV�SURJUDP�
LV�DSSURDFKLQJ�������$JULFXOWXUDO�H[WHQ�
VLRQ�SURJUDPV�DFURVV�WKH�8QLWHG�6WDWHV�
KDYH�EHHQ�DVVLVWLQJ�OLYHVWRFN�SURGXFHUV�LQ�
GHYHORSLQJ�103V��/3(/&�������

/LYHVWRFN�SURGXFW�SURFHVVRUV�DUH�
DGRSWLQJ�DGYDQFHG�PDQDJHPHQW�SUR�
JUDPV�WR�PLQLPL]H�HQYLURQPHQWDO�HI�
IHFWV��([DPSOHV�LQFOXGH�ZDWHU�UHXVH�
XQGHU�86'$²)6,6�UHJXODWLRQV�WKDW�DO�
ORZ�UHXVH�RI�UHIXUELVKHG�ZDWHU�LQ�YDULRXV�
RSHUDWLRQV�DW�PHDW�DQG�SRXOWU\�SURFHVV�
LQJ�SODQWV��)RU�H[DPSOH��WKH�6PLWKÀHOG�
3DFNLQJ�&RPSDQ\·V�SODQW�LQ�7DU�+HHO��
1RUWK�&DUROLQD��LV�FXUUHQWO\�UHXVLQJ����
WR�����RI�WKH�ZDWHU�LW�HPSOR\V��6HYHUDO�
PHDW�SURFHVVLQJ�IDFLOLWLHV�KDYH�MRLQHG�
WKH�8�6��(3$·V�1DWLRQDO�(QYLURQPHQWDO�
3HUIRUPDQFH�7UDFN�3URJUDP��ZKLFK�
GULYHV�HQYLURQPHQWDO�H[FHOOHQFH�E\�HQ�
FRXUDJLQJ�IDFLOLWLHV�ZLWK�VWURQJ�HQYLURQ�
PHQWDO�UHFRUGV�WR�JR�DERYH�DQG�EH\RQG�
WKHLU�PLQLPXP�OHJDO�UHTXLUHPHQWV�

6RPH�PHDW��WDEOH�HJJ��DQG�PLON�SURG�
XFWV�SURGXFWLRQ�FRPSDQLHV�KDYH�DGRSWHG�
HQYLURQPHQWDO�VXVWDLQDELOLW\�SURJUDPV�
DQG�DQQXDO�HQYLURQPHQWDO�UHSRUWLQJ��$�
QXPEHU�RI�WKHVH�FRPSDQLHV�LVVXH�DQQXDO�
UHSRUWV�GRFXPHQWLQJ�WKHLU�HIIRUWV�UHODWHG�
WR�VXVWDLQDELOLW\��UHJXODWRU\�FRPSOLDQFH��
UHVRXUFH�XVH��ZDWHU�XVH��DQG�SURMHFWV�LP�
SOHPHQWHG�WR�GHFUHDVH�WKHLU�HQYLURQPHQ�
WDO�DQG�FDUERQ�IRRWSULQWV��

/LYHVWRFN�VHFWRU�HQYLURQPHQWDO�
DZDUGV�SURJUDPV�DUH�DQRWKHU�H[DPSOH�RI�
HPHUJLQJ�DSSURDFKHV��)RU�H[DPSOH��WKH�
8�6��3RXOWU\�DQG�(JJ�$VVRFLDWLRQ�HVWDE�
OLVKHG�WKH�&OHDQ�:DWHU�$ZDUG�WR�UHFRJ�
QL]H�RXWVWDQGLQJ�ZDVWHZDWHU�WUHDWPHQW�
IDFLOLWLHV�RSHUDWHG�E\�SRXOWU\�FRPSDQLHV�
DQG�WKH�)DPLO\�)DUP�(QYLURQPHQWDO�
([FHOOHQFH�$ZDUG�WR�UHFRJQL]H�H[HPSOD�
U\�HQYLURQPHQWDO�VWHZDUGVKLS�E\�IDP�
LO\�IDUPHUV�HQJDJHG�LQ�SRXOWU\�DQG�HJJ�
SURGXFWLRQ��7KH�$PHULFDQ�0HDW�,QVWLWXWH�
LQVWLWXWHG�WKH�0$36���7LHU�5HFRJQLWLRQ�
$ZDUGV�WR�UHFRJQL]H�PHPEHU�FRPSDQ\�
GHGLFDWLRQ�WR�FRQWLQXRXV�HQYLURQPHQWDO�
LPSURYHPHQW�WKURXJK�GHYHORSPHQW�DQG�
LPSOHPHQWDWLRQ�RI�(06V�

6WDNHKROGHU�EDVHG�DSSURDFKHV�WR�SRO�
LF\�GHYHORSPHQW�DUH�HPHUJLQJ�LQ�DQLPDO�
SURGXFWLRQ�DQG�ODQG�DQG�ZDWHU�UHVRXUFHV�
SROLF\�GHYHORSPHQW�LQ�WKH�8QLWHG�6WDWHV��
7ZR�FULWHULD�HPHUJH��)LUVW��GRHV�WKH�
QHZ�HTXLOLEULXP�RU�VWDWXV�FUHDWHG�E\�WKH�
SURSRVHG�SROLF\�FKDQJH�UHVXOW�LQ�DQ�LQ�
FUHDVHG�RYHUDOO�ZHOIDUH�RI�VRFLHW\"�,Q�RWK�
HU�ZRUGV��GRHV�LW�PDNH�DW�OHDVW�RQH�SHUVRQ�
EHWWHU�RII�ZLWKRXW�PDNLQJ�VRPHRQH�ZRUVH�
RII"�6HFRQG��GRHV�WKH�WUDQVLWLRQ�IURP�WKH�
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FXUUHQW�VWDWXV�WR�WKH�VWDWXV�FUHDWHG�E\�WKH�
SROLF\�FKDQJH�UHVXOW�LQ�QR�LQGLYLGXDO�RU�
FRPPXQLW\�EHLQJ�PDGH�ZRUVH�RII"�7KLV�
FULWHULRQ�JHQHUDOO\�LPSOLHV�WKDW�WKRVH�HQ�
WLWLHV�EHDULQJ�WKH�FRVWV�RI�WUDQVLWLRQ�DUH�
FRPSHQVDWHG�E\�WKRVH�HQWLWLHV�UHFHLYLQJ�
WKH�EHQHÀWV�RI�WUDQVLWLRQ��&HUWDLQO\��WKHVH�
FULWHULD�DUH�QRW�DGRSWHG�LQ�ODZ�QRU�HYHQ�
DGKHUHG�WR�XQLIRUPO\��1RQHWKHOHVV��WKH�
UHVXOW�RI�SROLWLFDO�DQG�OHJDO�FRQWHVWV�DORQJ�
ZLWK�LQFUHDVHG�GLUHFW�FRPPXQLFDWLRQ�
DPRQJ�VWDNHKROGHUV�DQG�LQWHJUDWLRQ�ZLWK�
LVVXH�RULHQWHG�UHVHDUFK�VXSSRUWV�PRUH�
FRQVHQVXV�OLNH�SROLF\�GHYHORSPHQW��15&�
������=HULQJ�������

7KH�SULPDU\�FKDOOHQJH�IDFLQJ�8�6��
DQG�JOREDO�DQLPDO�SURGXFWLRQ�V\VWHPV�
LV�WR�VXVWDLQ�WKH�UDWH�RI�LPSURYHPHQW�LQ�
SODQW�DQG�DQLPDO�SURGXFWLYLW\�DQG�LQ�HQYL�
URQPHQWDO�SURWHFWLRQ�REVHUYHG�GXULQJ�WKH�
SDVW�VHYHUDO�GHFDGHV��3LQJDOL�DQG�+HLVH\�
�������DUH�FLWHG�LQ�//6�VWDWLQJ�WKDW�WKH�
SURGXFWLYLW\�RI�ZKHDW�DQG�ULFH�LQ�ORZODQG�
$VLD�KDV�EHHQ�JURZLQJ�DW�D�YHU\�VORZ�
SDFH�VLQFH�������$OVWRQ��%HGGRZ��DQG�
3DUGH\��������KLJKOLJKWHG�VWURQJ�SRVLWLYH�
UDWHV�RI�UHWXUQ�RQ�SDVW�LQYHVWPHQWV�LQ�DJ�
ULFXOWXUDO�UHVHDUFK��EXW�WKH\�QRWHG�GHFOLQ�
LQJ�LQYHVWPHQW�DQG�GHFOLQLQJ�UDWHV�RI�SUR�
GXFWLYLW\�JDLQV�LQ�UHFHQW�\HDUV��7KLV�,VVXH�
3DSHU�LOOXVWUDWHV�WKDW�SDVW�LQYHVWPHQWV�LQ�
DQ�LQWHJUDWHG�SURJUDP�RI�UHVHDUFK��H[WHQ�
VLRQ��HGXFDWLRQ��DQG�SROLF\�GHYHORSPHQW�
FRQWULEXWHG�WR�VLJQLÀFDQW�GHFOLQHV�ERWK�
LQ�WKH�TXDQWLW\�RI�UHVRXUFHV�XVHG�SHU�XQLW�
RI�SURGXFWLRQ�DQG�LQ�SROOXWLRQ�SHU�XQLW�RI�
SURGXFWLRQ��+RZ�ZLOO�WKLV�HIIRUW�DQG�WKH�
UHVXOWLQJ�JDLQV�EH�VXVWDLQHG�DV�JOREDO�GH�
PDQG�IRU�DQLPDO�SURGXFWV�GRXEOHV�GXULQJ�
WKH�QH[W�IHZ�GHFDGHV"

,Q�VXPPDU\��QHZ�DSSURDFKHV�DUH�
HPHUJLQJ�LQ�UHVHDUFK�DQG�GHYHORSPHQW��
HGXFDWLRQ��PDQDJHPHQW��DQG�UHJXODWLRQ�
DQG�SROLF\�SHUWDLQLQJ�WR�OLYHVWRFN�RSHUD�
WLRQV�LQ�WKH�8QLWHG�6WDWHV��'LUHFW�FRP�
PXQLFDWLRQ�DPRQJ�LQWHUHVWHG�SDUWLHV�DQG�
VKDUHG�XQGHUVWDQGLQJ�RI�WKH�LVVXHV��GDWD��
DQG�XQFHUWDLQWLHV�DUH�VKDSLQJ�D�PRUH�
FROODERUDWLYH��UHVHDUFK�EDVHG��FRPSUH�
KHQVLYH�DSSURDFK�WR�PLQLPL]LQJ�WKH�HI�
IHFWV�RI�OLYHVWRFN�SURGXFWLRQ�RQ�OLPLWHG�
UHVRXUFHV��HQYLURQPHQWDO�DWWULEXWHV��DQG�
SXEOLF�KHDOWK��6XVWDLQLQJ�KLVWRULFDO�UDWHV�
RI�LPSURYHPHQW�LQ�DJULFXOWXUDO�SURGXF�
WLYLW\��HQYLURQPHQWDO�SURWHFWLRQ��DQG�UH�
VRXUFH�FRQVHUYDWLRQ�LV�D�PDMRU�FKDOOHQJH�

6800$5<
/LYHVWRFN�SURGXFWLRQ�SURYLGHV�DQ�

DEXQGDQW��GLYHUVH��DQG�UHODWLYHO\�LQH[SHQ�
VLYH�VXSSO\�RI�KLJK�TXDOLW\�SURWHLQ�DQG�

RWKHU�QXWULHQWV�WR�WKH�GLHWV�RI�FRQVXPHUV�
LQ�WKH�8QLWHG�6WDWHV�DQG�RWKHU�FRXQWULHV��
/LYHVWRFN�SURGXFWV�JHQHUDWH�DOPRVW�KDOI�
RI�WKH�FDVK�UHFHLSWV�RI�8�6��DJULFXOWXUH�
DQG�FRQVWLWXWH�D�FULWLFDO�FRPSRQHQW�RI�
WKH�IRRG�VXSSO\�IRU�8�6��FRQVXPHUV�DQG�
D�VLJQLÀFDQW�FRPSRQHQW�RI�QHW�H[SRUWV��
/LYHVWRFN��SULPDULO\�FDWWOH��JUD]H�WKH�����
RI�8�6��ODQG�FODVVLÀHG�DV�UDQJH��SDVWXUH��
DQG�JUDVVODQG³ODQG�WKDW�LV�JHQHUDOO\�QRW�
VXLWDEOH�IRU�FURS�SURGXFWLRQ��/LYHVWRFN��
LQFOXGLQJ�SRXOWU\��DOVR�FRQVXPH�IHHG�
JUDLQV�VXFK�DV�FRUQ�DQG�RLOVHHG�PHDO�VXFK�
DV�VR\EHDQ�PHDO��

/HVV�WKDQ�����RI�8�6��ODQG�DUHD�LV�
FODVVLÀHG�DV�FURSODQG��/HVV�WKDQ�����
RI�8�6��FURSODQG�LV�SODQWHG�WR�FRUQ��DQG�
DERXW�����RI�FRUQ�JUDLQ�ZDV�XVHG�IRU�GR�
PHVWLF�OLYHVWRFN�IHHG�LQ�������6LPLODUO\��
DSSUR[LPDWHO\�������RI�8�6��FURSODQG�
ZDV�SODQWHG�WR�VR\EHDQV��DQG�VR\EHDQ�
PHDO�IURP�DERXW�����RI�VR\EHDQ�SURGXF�
WLRQ�ZDV�IHG�WR�OLYHVWRFN�LQ�WKH�8QLWHG�
6WDWHV�LQ�������5HVLGXDOV�IURP�FRUQ�XVHG�
IRU�HWKDQRO�SURGXFWLRQ��GULHG�GLVWLOO�
HUV�JUDLQV�DQG�VROXEOHV��DUH�DOVR�IHG�WR�
OLYHVWRFN��&RPELQHG��WKH�DUHD�RI�ODQG�
UHTXLUHG�WR�SURGXFH�FRUQ��VR\EHDQ�PHDO��
DQG�GLVWLOOHUV�JUDLQ�UHVLGXDOV�IRU�8�6��DQL�
PDO�DJULFXOWXUH�LV�FUXGHO\�HVWLPDWHG�DW�
����RI�8�6��FURSODQG�RU�DSSUR[LPDWHO\�
���RI�WRWDO�8�6��DJULFXOWXUDO�ODQG��

9HU\�OLWWOH�ODQG�LV�XVHG�WR�KRXVH�OLYH�
VWRFN�LQ�WKH�8QLWHG�6WDWHV��/DQG�QHDU�
OLYHVWRFN�SURGXFWLRQ�RSHUDWLRQV�LV�DOVR�
XVHG�WR�UHFHLYH�PDQXUH�DV�D�FURS�IHUWLOL]HU�
DQG�VRLO�DPHQGPHQW��:KHUHDV�GHIRUHVWD�
WLRQ�LV�D�OLYHVWRFN�UHODWHG�LVVXH�LQ�VRPH�
FRXQWULHV��WKH�DUHD�RI�8�6��ODQG�LQ�IRUHVWV�
LQFUHDVHG�E\�����PLOOLRQ�KD�EHWZHHQ������
DQG�������GHVSLWH�GUDPDWLF�LQFUHDVHV�LQ�
OLYHVWRFN�SURGXFWLRQ��$QDO\VLV�RI�FKDQJHV�
EHWZHHQ������DQG������LQ�WKH�ODQG�DUHD�
UHTXLUHG�SHU�XQLW�RI�DQLPDO�SURGXFW�LQ�
1RUWK�$PHULFD�LOOXVWUDWHG�VKDUS�GHFOLQHV�
IRU�EHHI��������SRUN��������PLON��������
HJJV��������EURLOHUV��������DQG�WXUNH\V�
������

/LYHVWRFN�RSHUDWLRQV��LQFOXGLQJ�
SRXOWU\��DFFRXQWHG�IRU�DSSUR[LPDWHO\�
������RI�IUHVKZDWHU�ZLWKGUDZDOV�LQ�WKH�
8QLWHG�6WDWHV�LQ�������/LYHVWRFN�SURGXFW�
SURFHVVLQJ�IDFLOLWLHV�ZHUH�HVWLPDWHG�WR�
FRQVXPH�DERXW������RI�8�6��IUHVKZDWHU�
ZLWKGUDZDOV�LQ�������&URS�LUULJDWLRQ�ZDV�
WKH�VHFRQG�ODUJHVW�FRPSRQHQW�RI�8�6��
IUHVKZDWHU�ZLWKGUDZDOV�DW������ZLWK�����
RI�LUULJDWLRQ�ZLWKGUDZDOV�RFFXUULQJ�LQ�WKH�
���ZHVWHUQ�FRQWHUPLQRXV�VWDWHV�LQ�������
$SSUR[LPDWHO\�����RI�8�6��FURSODQG�
ZDV�LUULJDWHG�LQ�������&RUQ�JUDLQ�ZDV�
SODQWHG�RQ�����RI�LUULJDWHG�KD��VR\EHDQV�

RQ������DQG�DOIDOID�KD\�RQ������7KH�LU�
ULJDWHG�DFUHDJH�UHSUHVHQWHG�DERXW�����RI�
WRWDO�FRUQ�DFUHDJH�����RI�VR\EHDQ�DFUH�
DJH��DQG�����RI�DOIDOID�DFUHDJH��$�FUXGH�
HVWLPDWH�LV�WKDW����RI�8�6��IUHVKZDWHU�
ZLWKGUDZDOV�LV�XVHG�WR�LUULJDWH�IHHG�FURSV�
IRU�DQLPDO�DJULFXOWXUH�

7KH�PRVW�SURPLQHQW�UHFHQW�8�6��QD�
WLRQDO�SROLF\�LVVXH�UHODWHG�WR�OLYHVWRFN��
ODQG��DQG�ZDWHU�KDV�EHHQ�GLUHFWHG�WRZDUG�
WKH�HIIHFW�RI�OLYHVWRFN�SURGXFWLRQ�RQ�WKH�
TXDOLW\�RI�VXUIDFH�ZDWHU�DQG�JURXQGZDWHU��
&RQFHUQV�LQFOXGH�WKH�SROOXWLRQ�RI�ZDWHU�
ZLWK�QXWULHQWV��SDWKRJHQV��SKDUPDFRORJL�
FDOO\�DFWLYH�FRPSRXQGV��H[FHVV�RUJDQLF�
PDWWHU��DQG�WXUELGLW\��3RWHQWLDO�SROOX�
WLRQ�VRXUFHV�LQFOXGH�DUHDV�RFFXSLHG�E\�
DQLPDOV��PDQXUH�VWRUDJH�DQG�WUHDWPHQW�
DFWLYLWLHV��UXQRII�DQG�OHDFKLQJ�IURP�ODQG�
UHFHLYLQJ�PDQXUH�DV�D�IHUWLOL]HU�VRXUFH��
PRUWDOLW\�VWRUDJH�DQG�GLVSRVDO�IDFLOLWLHV��
GHSRVLWLRQ�RI�DLUERUQH�PDWHULDOV�HPLW�
WHG�E\�OLYHVWRFN�RSHUDWLRQV��FURSODQG�DQG�
SDVWXUHV��DQG�ZDVWH�IURP�DQLPDO�SURGXFW�
SURFHVVLQJ�RSHUDWLRQV��

8QLWHG�6WDWHV�UHJXODWLRQ�RI�OLYHVWRFN�
SURGXFWLRQ�WR�SURWHFW�ZDWHU�TXDOLW\�ZDV�
LQFOXGHG�LQ�WKH�&OHDQ�:DWHU�$FW�RI�������
$�PDMRU�UHYLVLRQ�RI�(3$�UXOHV�WKDW�UHJX�
ODWH�OLYHVWRFN�RSHUDWLRQV�XQGHU�WKH�&OHDQ�
:DWHU�$FW�ZDV�LQLWLDWHG�LQ������DQG�LV�EH�
LQJ�LPSOHPHQWHG�DIWHU�D�OHQJWK\�SURFHVV�
RI�(3$�UXOH�PDNLQJ�DQG�D�VHULHV�RI�FRXUW�
FKDOOHQJHV��7KH�UHJXODWRU\�DSSURDFK�LQ�
FOXGHV�SHUPLWWLQJ�UHTXLUHPHQWV�IRU�RSHUD�
WLRQV�LQ�WKH�ODUJHVW�VL]H�FDWHJRULHV�DQG�OHVV�
VWULQJHQW�UHTXLUHPHQWV�IRU�VPDOOHU�RSHUD�
WLRQV��'LVFKDUJHV�WR�VXUIDFH�ZDWHU�IURP�
OLYHVWRFN�SURGXFWLRQ�RSHUDWLRQV�DUH�JHQ�
HUDOO\�SURKLELWHG�H[FHSW�IRU�VWRUP�ZDWHU�
UXQRII�IURP�FURSODQG�UHFHLYLQJ�PDQXUH�
DV�D�FURS�IHUWLOL]HU��0DQXUH�IURP�OLYH�
VWRFN�IDUPV�LV�DSSOLHG�WR�OHVV�WKDQ����RI�
WKH�SODQWHG�DFUHV�LQ�WKH�8QLWHG�6WDWHV��EXW�
WKH�SRWHQWLDO�KDUP�IURP�PDQXUH�HQWHULQJ�
VWUHDPV�KDV�UHVXOWHG�LQ�D�VXVWDLQHG�HIIRUW�
WR�OLPLW�UXQRII��

$Q�HVWDEOLVKHG��SURGXFWLYH�UHVHDUFK�
DQG�HGXFDWLRQ�SURJUDP�HYDOXDWHV�OLYH�
VWRFN�SURGXFWLRQ�DQG�PDQXUH�PDQDJH�
PHQW�SUDFWLFHV�DQG�SURYLGHV�FULWLFDO�
LQIRUPDWLRQ��DVVLVWDQFH��DQG�%03V�IRU�
OLYHVWRFN�SURGXFHUV�DFURVV�WKH�FRXQ�
WU\��:DWHU�GLVFKDUJHV�E\�ODUJH�OLYHVWRFN�
SURGXFW�SURFHVVLQJ�RSHUDWLRQV�DUH�VWULFWO\�
UHJXODWHG�XQGHU�WKH�&OHDQ�:DWHU�$FW�DQG�
DVVRFLDWHG�UHJXODWLRQV�SHUWDLQLQJ�WR�PDQ�
XIDFWXULQJ�RSHUDWLRQV��

1HZ�DSSURDFKHV�DUH�HPHUJLQJ�LQ�WKH�
8QLWHG�6WDWHV�IRU�PDQDJLQJ�HIIHFWV�RI�
OLYHVWRFN�SURGXFWLRQ�RQ�OLPLWHG�QDWX�
UDO�UHVRXUFHV��HQYLURQPHQWDO�DWWULEXWHV��
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DQG�SXEOLF�KHDOWK��)RUPDO�PDQDJHPHQW�
SURJUDPV�LQFOXGLQJ�JRDO�VHWWLQJ��URX�
WLQH�PRQLWRULQJ��DQG�UHJXODU�UHSRUWLQJ�
KDYH�EHHQ�DGRSWHG�E\�YDULRXV�RSHUDWLRQV��
6RPH�RI�WKHVH�SURJUDPV��VXFK�DV�(06V��
DUH�DXGLWHG�E\�WKLUG�SDUWLHV�DQG�FRPSO\�
ZLWK�,62�VWDQGDUGV��$QRWKHU�HPHUJLQJ�
FRQFHSW�LV�WKH�OLIH�F\FOH�DSSURDFK�WR�DQDO�
\VLV�DQG�PDQDJHPHQW�RI�OLYHVWRFN�SUR�
GXFWLRQ��$�UHODWHG�HPHUJLQJ�DSSURDFK�LV�
WKH�XVH�RI�V\VWHPV�DQDO\VLV�E\�UHVHDUFKHUV�
WR�XQGHUVWDQG�WKH�LQWHUDFWLRQV�ZLWKLQ�OLYH�
VWRFN�SURGXFWLRQ�V\VWHPV�DQG�RSWLPL]H�
FRPSOH[�V\VWHPV�WR�PLQLPL]H�HIIHFWV�RQ�
OLPLWHG�QDWXUDO�UHVRXUFHV��HQYLURQPHQWDO�
DWWULEXWHV��DQG�SXEOLF�KHDOWK��7KH�V\VWHPV�
DSSURDFK�LV�FULWLFDO�WR�DGGUHVVLQJ�WKH�LQ�
WHUGHSHQGHQW�HIIHFWV�RI�OLYHVWRFN�SURGXF�
WLRQ�GHFLVLRQV�RQ�DLU�HPLVVLRQV��ZDWHU�
TXDOLW\��WKH�XVH�RI�ODQG�DQG�ZDWHU��SXEOLF�
KHDOWK��YDULRXV�VRFLDO�LVVXHV��WKH�VXSSO\�RI�
IRRG��DQG�WKH�HFRQRPLF�ZHOIDUH�RI�SHRSOH�
DQG�FRPPXQLWLHV�

3URJUHVV�KDV�EHHQ�PDGH�LQ�LPSURYLQJ�
ZDWHU�TXDOLW\�VLQFH�SDVVDJH�RI�WKH�&OHDQ�
:DWHU�$FW�LQ�������)RFXV�VKLIWHG�WR�136V�
RI�SROOXWLRQ�LQ�WKH�����V��$JULFXOWXUDO�
DFWLYLWLHV��LQFOXGLQJ�FURS�SURGXFWLRQ�DQG�
ODQG�DSSOLFDWLRQ�RI�PDQXUH��DUH�DPRQJ�
136V�RI�QXWULHQWV�DQG�RWKHU�SROOXWDQWV�
OLVWHG�LQ�ZDWHU�TXDOLW\�LQYHQWRU\�UHSRUWV��
1RWDEOH�LQ�VHYHUDO�UHSRUWV�LV�WKH�IDFW�WKDW�
WKHUH�KDV�EHHQ�YHU\�OLWWOH�PHDVXUHPHQW�RQ�
D�ZDWHUVKHG�VFDOH�RI�WKH�PDUJLQDO�HIIHFWV�
RI�ERWK�GLIIHUHQW�136V�RI�SROOXWDQWV�DQG�
YDULRXV�FRQVHUYDWLRQ�SUDFWLFHV��9HJHWDWLYH�
EXIIHUV�KDYH�SURYHG�HIIHFWLYH�LQ�HOLPLQDW�
LQJ�RU�GHFUHDVLQJ�WKH�UHOHDVH�UDWHV�RI�SRO�
OXWDQWV�LQWR�VXUIDFH�ZDWHU�

*OREDO�DQG�GRPHVWLF�WUHQGV�ZLOO�
IUDPH�SROLF\�LVVXHV�IRU�WKH�QH[W�IHZ�GH�
FDGHV��$�PDMRU�JOREDO�WUHQG�LGHQWLÀHG�E\�
//6�LV�WKDW�D�����LQFUHDVH�LQ�JOREDO�SRS�
XODWLRQ�E\������DQG�D������LQFUHDVH�LQ�
LQFRPH�SHU�FDSLWD�ZLOO�UHVXOW�LQ�GHPDQG�
IRU�����PRUH�IRRG��LQFOXGLQJ������
PRUH�PHDW�DQG�VLPLODU�LQFUHDVHV�LQ�PLON�
DQG�HJJ�SURGXFWLRQ��&RPSHWLQJ�GHPDQG�
IRU�IHHG�JUDLQV�DQG�RLOVHHGV�LV�H[SHFWHG�WR�
ULVH�VKDUSO\³IRU�H[SRUWV��DV�JOREDO�SRSX�
ODWLRQ�DQG�LQFRPH�ULVH��DQG�IRU�ELRIXHOV��
DV�JOREDO�ELRIXHO�FRQVXPSWLRQ�FRQWLQXHV�
WR�ULVH��3RSXODWLRQ��LQFRPH��DQG�FRQ�
VXPSWLRQ�PD\�JURZ�OHVV�UDSLGO\�LQ�GHYHO�
RSHG�FRXQWULHV�VXFK�DV�WKH�8QLWHG�6WDWHV�
DQG�PRUH�UDSLGO\�LQ�GHYHORSLQJ�FRXQWULHV��
'HPDQG�ZLOO�FRQWLQXH�WR�JURZ�IRU�QDWXUDO�
UHVRXUFHV�LQFOXGLQJ�ODQG��ZDWHU��PLQHUDOV�
VXFK�DV�3��DQG�HQHUJ\��LQFOXGLQJ�FRDO��SH�
WUROHXP��XUDQLXP��DQG�UHQHZDEOH�HQHUJ\��

&RQVXPHUV�LQ�GHYHORSLQJ�FRXQWULHV�
DQG�GHYHORSHG�FRXQWULHV�VXFK�DV�WKH�

8QLWHG�6WDWHV�FRPSHWH�LQ�JOREDO�PDUNHWV�
IRU�UHVRXUFHV��JRRGV��DQG�VHUYLFHV��7KH�
DUHD�RI�ODQG�DQG�VXSSO\�RI�IUHVKZDWHU�
DYDLODEOH�IRU�DJULFXOWXUH�DUH�H[SHFWHG�WR�
GHFOLQH�LQ�WKH�8QLWHG�6WDWHV�DQG�JORE�
DOO\�DV�D�JURZLQJ�SRSXODWLRQ�XVHV�OLPLWHG�
UHVRXUFHV�IRU�RWKHU�SXUSRVHV��$Q�DFFRP�
SDQ\LQJ�WUHQG�LV�WKDW�SHRSOH�ZLOO�GHPDQG�
JUHDWHU�SURWHFWLRQ�RI�WKH�HQYLURQPHQW��
HFRV\VWHPV��DQG�SXEOLF�KHDOWK�DV�LQFRPH�
ULVHV��2WKHU�VRFLDO�WUHQGV��VXFK�DV�LQ�
FUHDVHG�VWDQGDUGV�RI�DQLPDO�ZHOIDUH�DQG�
UHVWULFWHG�XVH�RI�DQWLELRWLFV��ZLOO�GLUHFWO\�
FRQVWUDLQ�DQLPDO�SURGXFWLRQ�V\VWHPV�

8QLWHG�6WDWHV�SROLF\�LVVXHV�OLQNHG�WR�
DQLPDO�SURGXFWLRQ�DUH�UHODWHG�WR�JOREDO�
LVVXHV�EXW�GLIIHU�LQ�IRFXV�DQG�RUGHU�RI�
SURPLQHQFH��6RFLDO�SUHIHUHQFH�IRU�SUR�
WHFWLRQ�RI�ZDWHU�DQG�DLU�TXDOLW\��SXE�
OLF�KHDOWK��DQG�DQLPDO�ZHOIDUH�KDV�EHHQ�
D�SURPLQHQW�QDWLRQDO�SROLF\�LVVXH�LQ�
WKH�8QLWHG�6WDWHV�DQG�PRVW�GHYHORSHG�
FRXQWULHV�IRU�WKH�SDVW�IHZ�GHFDGHV�DQG�LV�
H[SHFWHG�WR�FRQWLQXH�JURZLQJ�LQ�LPSRU�
WDQFH��$�PRGHVW�EXW�VLJQLÀFDQW�LQYHVW�
PHQW�KDV�EHHQ�PDGH�LQ�UHVHDUFK�WR�EHWWHU�
XQGHUVWDQG�WKH�FDXVHV��UDWHV��IDWH�DQG�
WUDQVSRUW��DQG�HIIHFWV�RI�HPLVVLRQV�IURP�
DQLPDO�SURGXFWLRQ�V\VWHPV��6XFK�LQIRU�
PDWLRQ�LV�FULWLFDO�WR�WKH�GHVLJQ�RI�HIÀ�
FLHQW�SROLF\�WR�PLQLPL]H�QHJDWLYH�LPSDFWV�
ZLWKRXW�LPSRVLQJ�XQQHFHVVDU\�GDPDJH�
RQ�FRQVXPHUV��SURGXFHUV��RWKHU�LQGLYLGX�
DOV��DQG�FRPPXQLWLHV��6XVWDLQHG�UHVHDUFK�
DQG�HGXFDWLRQ�HIIRUWV�DUH�UHTXLUHG�WR�IXU�
WKHU�GHFUHDVH�WKH�HQYLURQPHQWDO�HIIHFWV�RI�
DQLPDO�SURGXFWLRQ�V\VWHPV��HYHQ�DV�SUR�
GXFWLRQ�LQFUHDVHV�WR�PHHW�GRPHVWLF�DQG�
JOREDO�GHPDQG�

6HYHUDO�LVVXHV�WDNH�RQ�D�PRUH�UH�
JLRQDO�IRFXV�LQ�WKH�8QLWHG�6WDWHV��DO�
WKRXJK�WKH\�DUH�FRPPRQ�JOREDOO\��7KH�
XVH�RI�IUHVKZDWHU�WR�LUULJDWH�FURSV�DQG�IRU�
DQLPDO�SURGXFWLRQ�FRPSHWHV�ZLWK�GLUHFW�
FRQVXPSWLRQ�E\�SHRSOH�DQG�ZLWK�WKH�XVH�
WR�VXVWDLQ�VSHFLÀF�DTXDWLF�SRSXODWLRQV�
LQ�&DOLIRUQLD��RWKHU�SDUWV�RI�WKH�ZHVWHUQ�
VWDWHV��DQG�VRPH�UHJLRQV�LQ�WKH�HDVWHUQ�
8QLWHG�6WDWHV��7KH�VDOH�RU�ORVV�RI�ZDWHU�
VXSSO\�KDV�FDXVHG�VRPH�RQFH�DJULFXOWXU�
DOO\�SURGXFWLYH�ODQG�WR�EH�DEDQGRQHG��
5LVLQJ�KXPDQ�GHPDQG�IRU�ZDWHU�LV�LQ�
FUHDVLQJ�WKH�SUHVVXUH�IRU�IXUWKHU�DEDQGRQ�
PHQW�RI�DJULFXOWXUDOO\�SURGXFWLYH�KHFWDUHV�
LQ�DULG�UHJLRQV��:KROH�FRPPXQLWLHV�DUH�
DIIHFWHG�ZKHQ�DJULFXOWXUH�FHDVHV��7KH�
SRWHQWLDO�IRU�WKH�FKDQJLQJ�FOLPDWH�WR�
GHFUHDVH�UDLQIDOO�LQ�SULPDU\�IHHG�JUDLQ�
JURZLQJ�UHJLRQV�SRVHV�DGGLWLRQDO�ZDWHU�
UHVRXUFH�FKDOOHQJHV�IRU�DJULFXOWXUH�

)DUPODQG�SUHVHUYDWLRQ�LV�DQ�HVWDE�
OLVKHG�SURJUDP�LQ�WKH�8QLWHG�6WDWHV��EXW�

WKH�SUHVVXUH�WR�GHYHORS�DJULFXOWXUDO�ODQG�
IRU�RWKHU�SXUSRVHV�LV�JURZLQJ�ZLWK�SRSX�
ODWLRQ�DQG�LQFRPH�LQ�PDQ\�ORFDWLRQV��7KH�
SURWHFWLRQ�RI�IDUPODQG�DQG�WKH�FDSDFLW\�WR�
VXVWDLQ�IRRG�SURGXFWLRQ�DQG�WKH�SURYLVLRQ�
RI�HFRORJLFDO�DQG�DHVWKHWLF�VHUYLFHV�LV�D�
SROLF\�LVVXH�RI�JURZLQJ�LPSRUWDQFH�

7KH�KLJK�VWDQGDUG�RI�OLYLQJ�HQMR\HG�
E\�SHRSOH�LQ�GHYHORSHG�FRXQWULHV�DQG�WKH�
VXEVLVWHQFH�RI�SHRSOH�LQ�OHVV�GHYHORSHG�
FRXQWULHV�DUH�GXH�LQ�QR�VPDOO�SDUW�WR�WKH�
VWHDG\�LQFUHDVH�LQ�DJULFXOWXUDO�SURGXF�
WLYLW\�GXULQJ�WKH�SDVW�VHYHUDO�GHFDGHV��
0RGHVW�VXVWDLQHG�LQYHVWPHQW�LQ�8�6��
UHVHDUFK�DQG�HGXFDWLRQ�HQDEOHG�PRUH�
IRRG�WR�EH�SURGXFHG�IURP�GHFOLQLQJ�VXS�
SOLHV�RI�QDWXUDO�UHVRXUFHV�ZKLOH�GHFUHDV�
LQJ�WKH�UDWHV�RI�VRLO�HURVLRQ�DQG�SROOXWLRQ��
7KH�DZDUHQHVV�WKDW�D�QHZ�FRPPLWPHQW�
LV�QHHGHG�WR�LQFUHDVH�DJULFXOWXUDO�SUR�
GXFWLYLW\�JDLQV�RYHU�WKH�QH[W�IRUW\�\HDUV�
DQG�IXUWKHU�GHFUHDVH�WKH�HQYLURQPHQWDO�
HIIHFWV�RI�DJULFXOWXUH�KDV�EHHQ�FUHDWHG�E\�
//6�DQG�RWKHU�UHSRUWV��$�����LQFUHDVH�
LQ�WKH�TXDQWLW\�RI�IRRG�QHHGHG��LQFOXGLQJ�
D������LQFUHDVH�LQ�DQLPDO�SURGXFWV�DQG�
������������WRQQHV�RI�DGGLWLRQDO�IHHG�
JUDLQ�SHU�\HDU��IURP�D�FRQVWDQWO\�GHFOLQ�
LQJ�UHVRXUFH�EDVH�ZKLOH�PHHWLQJ�HYHU�
KLJKHU�VWDQGDUGV�RI�SURWHFWLRQ�RI�HQYLURQ�
PHQWDO�DWWULEXWHV��SXEOLF�KHDOWK��DQG�RWKHU�
VRFLDO�SUHIHUHQFHV�UHTXLUHV�D�WUHPHQGRXV�
LQFUHDVH�LQ�DJULFXOWXUDO�SURGXFWLYLW\��
3ROLF\�WR�FUHDWH�WKDW�SURGXFWLYLW\�JURZWK�
LQ�ERWK�SODQW�DQG�DQLPDO�V\VWHPV�DQG�
LQ�UHODWHG�HQYLURQPHQWDO�SURWHFWLRQ�DQG�
UHVRXUFH�FRQVHUYDWLRQ�V\VWHPV�LV�FULWL�
FDO��3ROLF\�WR�HQVXUH�DFFHVV�WR�UHVRXUFHV�
DQG�HGXFDWLRQ�DQG�WLPHO\�GLVWULEXWLRQ�RI�
IRRG�WR�WKH�SRRUHVW�SHRSOH�RQ�WKH�SODQHW�LV�
QHHGHG�WR�SUHYHQW�GLVDVWHU�

$33(1',;�$��0(7+2'6�
86('�72�&$/&8/$7(��
),*85(6�,1�7$%/(��

7KLV�DSSHQGL[�GHVFULEHV�WKH�FDOFX�
ODWLRQ�RI�QXPEHUV�SUHVHQWHG�LQ�7DEOH�
���ZKLFK�VKRZV�KLVWRULF�FKDQJHV�LQ�WKH�
ODQG�UHTXLUHG�IRU�SURGXFWLRQ�E\�VHOHFWHG�
DQLPDO�VHFWRUV�LQ�1RUWK�$PHULFD��'DWD�
ZHUH�REWDLQHG�IURP�WKH�)$267$7�GD�
WDEDVH��)$2�����E���FURS�DFUHDJH�DQG�
\LHOGV�IURP�5HVRXUFH67$7��)$2�����F���
DQG�IHHG�XVH�RI�JUDLQV��LQFOXGLQJ�EDUOH\��
EXFNZKHDW��FRUQ��PLOOHW��PL[HG�JUDLQV��
RDWV��UDSHVHHG��U\H��VRUJKXP��VR\EHDQV��
DQG�ZKHDW��DQG�DQLPDO�SURGXFWLRQ��LQ�
FOXGLQJ�FDWWOH��SLJ��VKHHS��DQG�SRXOWU\�
SRSXODWLRQV��DQLPDO�SURGXFWV��PHDW��PLON��
DQG�HJJV��IURP�WKH�3URG67$7�GDWDEDVH�
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�)$2�����E���,PSRUWHG�IHHGV�ZHUH�FRQ�
YHUWHG�WR�GRPHVWLF�DFUHV�XVLQJ�GRPHVWLF�
\LHOGV��5HSRUWHG�JUDLQ�ZDVWDJH�ZDV�DGGHG�
SURSRUWLRQDOO\�WR�IHHG�XVH�

)RU�SLJV�DQG�SRXOWU\��FRUQ�IHHG�XQLWV�
�&)8V���%\HUO\�������-HQQLQJV�������
XVHG�SHU�����SRXQGV�RI�SURGXFW��%\HUO\�
������-HQQLQJV�������86'$�������������
������ZHUH�SORWWHG�ZLWK�PLVVLQJ�YDOXHV�
DSSUR[LPDWHG�IURP�WUHQG�OLQHV��7DEOH�HJJ�
ZHLJKW�ZDV�DVVXPHG�WR�EH����RXQFHV�SHU�
GR]HQ��8QLWHG�6WDWHV�IHHG�UHTXLUHG��&)8��
ZDV�DVVXPHG�IRU�DOO�1RUWK�$PHULFD��&RUQ�
IHHG�XQLW�UHTXLUHPHQWV�ZHUH�FDOFXODWHG�
SHU�XQLW�RI�OLYH�ZHLJKW�JDLQ�DQG�SHU�XQLW�
PHDW�SURGXFWLRQ��FDUFDVV�ZHLJKW��XVLQJ�
8�6��ZHLJKWV��86'$²1$66�������������
�����������������>IRU�UHG�PHDW@��86'$²
1$66������������������>IRU�SRXOWU\@���
8QLWHG�6WDWHV�ODUG�SURGXFWLRQ�ZDV�FRQ�
YHUWHG�WR�FDUFDVV�ZHLJKW�XVLQJ�\LHOGV�
SUHVHQWHG�E\�=HLJOHU��������DQG�DGGHG�WR�
FDUFDVV�ZHLJKW��

&RQVXPSWLRQ�RI�YDULRXV�IHHG�JUDLQV�
ZDV�FRQYHUWHG�WR�FRUQ�HTXLYDOHQWV�
DQG�WRWDO�IHHG�UHTXLUHPHQW�FDOFXODWHG��
$UELWUDULO\��WKLV�DPRXQW�ZDV�GHFUHDVHG�E\�
����WR�DFFRXQW�IRU�WKH�LQFOXVLRQ�RI�IDWV�
DQG�RWKHU�E\�SURGXFWV�LQ�IHHG��D�FUXGH�
HVWLPDWH��HVSHFLDOO\�DFURVV�WLPH���7RWDO�
IHHG�UHTXLUHG�ZDV�GLYLGHG�E\�WKH�RYHU�
DOO�DYHUDJH�SHU�DFUH�\LHOG�RI�WKH�PL[HG�
IHHG�JUDLQV�WR�FUHDWH�WKH�HVWLPDWH�RI�WKH�
DFUHV�UHTXLUHG�WR�SURGXFH�HDFK�DQLPDO�
SURGXFW��$FUHDJH�DQG�DQLPDO�SURGXFWLRQ�
ZHUH�XVHG�WR�FDOFXODWH�ZHLJKW�SHU�DFUH�
DQG�DFUHV�SHU�ZHLJKW�UDWLRV�IRU�FKLFNHQ�
PHDW��SLJ�PHDW��WXUNH\�PHDW��DQG�HJJV��
&DOFXODWHG�YDOXHV�IRU�DPRXQWV�LQ�WKLV�
DQG�WKH�SUHYLRXV�SDUDJUDSK�ZHUH�VXEVH�
TXHQWO\�FRQYHUWHG�WR�PHWULF��,QWHUQDWLRQDO�
6\VWHP�RI�8QLWV��XQLWV��

7KH�HIIHFW�RI�JUD]LQJ�DQG�IRUDJH��IRU�
ZKLFK�DYHUDJH�SURGXFWLRQ�DQG�IHHG�YDOXH�
HVWLPDWHV�DUH�H[WUHPHO\�GLIÀFXOW��FRPSOL�
FDWHG�WKH�HVWLPDWLRQ�RI�UXPLQDQW�ODQG�UH�
TXLUHPHQWV��&DOFXODWLRQV�ZHUH�SHUIRUPHG�
LQ�WKUHH�VWHSV��DOORFDWLRQ�RI�IHHG�JUDLQV��
DOORFDWLRQ�RI�JUD]LQJ��DQG�DOORFDWLRQ�RI�
KDUYHVWHG�IRUDJH�

<HDUO\�XVH�RI�IHHG�JUDLQV�IRU�PLON�
FRZV��DOO�EHHI�FDWWOH��DQG�VKHHS�DQG�ODPEV�
�86'$�������������������DQG�SRSXOD�
WLRQ�QXPEHUV�IRU�GDLU\�FDWWOH�DQG�EHHI�
FDWWOH�ZHUH�XVHG�WR�DOORFDWH�WKH�IHHG�JUDLQ�
DFUHDJH�QRW�DVVLJQHG�WR�SRXOWU\�DQG�SLJV��
7KH�)$267$7�ODQG�XVH�QXPEHUV�IRU�
´SHUPDQHQW�PHDGRZV�DQG�SDVWXUHVµ�H[�
FHHGHG�86'$��������DFUHDJH�IRU�´FURS�
ODQG�XVHG�RQO\�IRU�SDVWXUH�RU�JUD]LQJµ�
SOXV�´ZRRGODQG�SDVWXUHGµ�SOXV�´SDVWXUH�

ODQG�DQG�UDQJHODQG�RWKHU�WKDQ�FURSODQG�
DQG�ZRRGODQG�SDVWXUHGµ�LQ�WKDW�WKH�)$2�
ZDV�SRVVLEO\�UHÁHFWLQJ�DOORFDWLRQ�RI�
SXEOLF�JUD]LQJ�ODQGV��7KH�)$2�GRHV�QRW�
UHSRUW�DFUHDJH�XVHG�IRU�VLODJH�DQG�KD\��
$FUHDJHV�IRU�FRUQ�DQG�VRUJKXP�VLODJHV�
DQG�IRUDJHV�SOXV�DOO�KD\��86'$²1$66�
����²�������UHODWLYH�WR�´PHDGRZV�DQG�
SDVWXUHV�µ�ZHUH�XVHG�WR�FDOFXODWH�1RUWK�
$PHULFDQ�VLODJH�DQG�KD\��EDVHG�RQ�WKH�
8�6��SHUFHQWDJHV��

%\HUO\��������SUHVHQWHG�GDWD�IRU�
WKH�XWLOL]DWLRQ�RI�&)8V�IURP�JUD]LQJ�IRU�
YDULRXV�NLQGV�RI�DQLPDOV�IRU�WKH�\HDUV�
�����WKURXJK�������7KH�SHUFHQWDJHV�RI�
WKH�\HDUO\�WRWDOV�ZHUH�FDOFXODWHG�IRU�PLON�
FRZV�DQG�IHHGORW�FDWWOH�SOXV�RWKHU�FDWWOH�
�XVHG�DV�WKH�WRNHQ�IRU�EHHI�FDWWOH���7KHVH�
GHULYHG�GDWD�ZHUH�SORWWHG�DQG�H[WHQGHG�
DV�WUHQG�OLQHV�WR�FRYHU�WKH�YDULRXV�\HDUV�
LQ�WKH�GDWD��5HVXOWLQJ�SHUFHQWDJHV�ZHUH�
XVHG�WR�DOORFDWH�JUD]LQJ�ODQG�DFUHDJH�WR�
FDWWOH�PHDW�SURGXFWLRQ�DQG�FRZ�PLON�SUR�
GXFWLRQ��6LODJH�DFUHDJH�ZDV�DOORFDWHG�DV�
�����PLQXV�WKH�JUD]LQJ�SHUFHQWDJH�DO�
ORFDWLRQ��WKDW�LV��LI�PLON�SURGXFWLRQ�XVHG�
����RI�WKH�JUD]LQJ�ODQG�LQ�D�JLYHQ�\HDU��
WKHQ�LW�ZDV�DOORFDWHG�����RI�WKH�VLODJH�
DFUHDJH�IRU�WKDW�\HDU��+D\�DFUHDJH�ZDV�
DUELWUDULO\�DOORFDWHG�����IRU�PLON�DQG�
����IRU�FDWWOH�PHDW��7KH�DFUHDJH�DOORFD�
WLRQV�IRU�IHHG�JUDLQV��JUD]LQJ��VLODJH��DQG�
KD\�ZHUH�VXPPHG�IRU�HDFK�FRPPRGLW\�WR�
HVWLPDWH�WKH�WRWDO�DFUHDJH�XVHG�WR�SURGXFH�
WKDW�FRPPRGLW\��5HVXOWV�LQ�7DEOH���UHÁHFW�
WKH�IDFW�WKDW�ODQG�XVH�IRU�FDWWOH�PHDW�DQG�
FRZ�PLON�DUH�FKDQJHG�WR�LQFOXGH�)$2�
JUD]LQJ�ODQG�DUHD�SOXV�86'$��DQG�RWKHU��
UHSRUWHG�VLODJH�DQG�KD\�DFUHDJH��7KXV�
ODQG�XVH�PD\�EH�RYHUVWDWHG��6LPLODUO\��
LQFOXVLRQ�RI�JUDLQ�ZDVWDJH�PD\�RYHUVWDWH�
ODQG�UHTXLUHPHQWV�LQ�7DEOH���

*/266$5<
$G�YDORUHP�WD[DWLRQ��$�WD[�EDVHG�RQ�WKH�

YDOXH�RI�UHDO�HVWDWH�RU�SHUVRQDO�SURSHU�
W\��,W�LV�PRUH�FRPPRQ�WKDQ�D�WD[�EDVHG�
RQ�WKH�TXDQWLW\�RI�DQ�LWHP��VXFK�DV�
FHQWV�SHU�NLORJUDP��UHJDUGOHVV�RI�SULFH��

&RQWHUPLQRXV��(QFORVHG�ZLWKLQ�RQH�
FRPPRQ�ERXQGDU\�

(IÁXHQW�OLPLWDWLRQV�JXLGHOLQH��
*XLGHOLQHV�DQG�VWDQGDUGV�HVWDEOLVKHG�
E\�WKH�(3$�IRU�GLIIHUHQW�QRQPXQLFL�
SDO��L�H���LQGXVWULDO��FDWHJRULHV��7KHVH�
JXLGHOLQHV�DUH�GHYHORSHG�EDVHG�RQ�WKH�
GHJUHH�RI�SROOXWDQW�UHGXFWLRQ�DWWDLQ�
DEOH�E\�DQ�LQGXVWULDO�FDWHJRU\�WKURXJK�
WKH�DSSOLFDWLRQ�RI�SROOXWDQW�FRQWURO�
WHFKQRORJLHV��86(3$²13'(6�������

(XWURSKLFDWLRQ��7KH�SURFHVV�E\�ZKLFK�
D�ERG\�RI�ZDWHU�EHFRPHV�HQULFKHG�LQ�
GLVVROYHG�QXWULHQWV�WKDW�VWLPXODWH�WKH�
JURZWK�RI�DTXDWLF�SODQW�OLIH��XVXDOO\�
UHVXOWLQJ�LQ�WKH�GHSOHWLRQ�RI�GLVVROYHG�
R[\JHQ��

)HHG�DQG�UHVLGXDO��$�86'$�WHUP�WKDW�
GHVFULEHV�WKH�TXDQWLW\�RI�JUDLQ�IHG�WR�
OLYHVWRFN�RU�FRQVXPHG�IRU�VRPH�SXU�
SRVH�RWKHU�WKDQ�WKH�IRRG�DQG�LQGXVWULDO�
XVH�FDWHJRULHV�VSHFLÀHG�E\�WKH�86'$�

+\SR[LD��$�GHÀFLHQF\�RI�R[\JHQ�
.DUVW�VWUXFWXUHV��,UUHJXODU�OLPHVWRQH�

UHJLRQV�ZLWK�VLQNV��XQGHUJURXQG�
VWUHDPV��DQG�FDYHUQV��

1RQSRLQW�VRXUFH��$Q�XQLGHQWLÀDEOH�
VRXUFH�RI�SROOXWLRQ�

3HU�FDSLWD�GLVDSSHDUDQFH��$�86'$�
WHUP�WKDW�GHVFULEHV�WKH�TXDQWLW\�RI�D�
FRPPRGLW\�WKDW�ZDV�FRQVXPHG��ZDVW�
HG��RU�RWKHUZLVH�DFTXLUHG�E\�FRQVXP�
HUV�GLYLGHG�E\�WKH�QXPEHU�RI�SHRSOH�LQ�
WKH�FRXQWU\��

3K\WDVH��$Q�HQ]\PH�WKDW�DOORZV�SRXOWU\�
DQG�RWKHU�PRQRJDVWULF�DQLPDOV�WR�XVH�
PRUH�SKRVSKRUXV�FRQWDLQHG�LQ�FRUQ��

3RLQW�VRXUFH��$Q�LGHQWLÀDEOH�FRQÀQHG�
VRXUFH�IURP�ZKLFK�D�SROOXWDQW�LV�GLV�
FKDUJHG�RU�HPLWWHG��

5HJXODWRU\�WDNLQJ��$�VLWXDWLRQ�LQ�ZKLFK�
D�JRYHUQPHQW�UHJXODWHV�D�SURSHUW\�WR�
VXFK�D�GHJUHH�WKDW�WKH�UHJXODWLRQ�HI�
IHFWLYHO\�DPRXQWV�WR�DQ�H[HUFLVH�RI�WKH�
JRYHUQPHQW·V�HPLQHQW�GRPDLQ�SRZHU�
ZLWKRXW�DFWXDOO\�GLYHVWLQJ�WKH�SURSHU�
W\·V�RZQHU�RI�WLWOH�WR�WKH�SURSHUW\��

5LJKW�WR�IDUP�ODZV��/DZV�WKDW�VXSSRUW�
WKH�UHWHQWLRQ�RI�IDUPODQG�E\�SUHFOXG�
LQJ�QXLVDQFH�ODZVXLWV�DJDLQVW�WKRVH�
DJULFXOWXUDO�SURSHUW\�XVHV�LQ�H[LVWHQFH�
EHIRUH�QHZ�QHDUE\�ODQG�XVHV��

7RWDO�IDFWRU�SURGXFWLYLW\��7KH�UDWLR�RI�
DQ�LQGH[�RI�DJJUHJDWH�RXWSXW�WR�DQ�LQ�
GH[�RI�DJJUHJDWH�LQSXW��&DSDOER�DQG�
$QWOH�������

=RRQRWLF��&RPPXQLFDEOH�IURP�DQLPDOV�
WR�KXPDQV�XQGHU�QDWXUDO�FRQGLWLRQV��

/,7(5$785(�&,7('
$OVWRQ��-���-��%HGGRZ��DQG�3��3DUGH\��������$J�

ULFXOWXUDO�UHVHDUFK��SURGXFWLYLW\��DQG�IRRG�
SULFHV�LQ�WKH�ORQJ�UXQ��6FLHQFH���������²�����

$PHULFDQ�6RFLHW\�RI�$JULFXOWXUDO�DQG�%LRORJL�
FDO�(QJLQHHUV��$6$%(���������0DQXUH�
3URGXFWLRQ�DQG�&KDUDFWHULVWLFV��$6$(�
'�������$6$%(��6W��-RVHSK��0LFKLJDQ��

$QJHO��5���:��:��6D\ORU��$��'��0LWFKHOO��:��
3RZHUV��DQG�7��-��$SSOHJDWH��������(I�
IHFW�RI�GLHWDU\�SKRVSKRUXV��SK\WDVH��DQG�
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���K\GUR[\FKROHFDOFLIHURO�RQ�EURLOHU�
FKLFNHQ�ERQH�PLQHUDOL]DWLRQ��OLWWHU�SKRV�
SKRUXV��DQG�SURFHVVLQJ�\LHOGV��3RXOWU\�6FL�
�������²�����

$UWKXU��-��$��DQG�*��$��$��$OEHUV��������,QGXVWULDO�
SHUVSHFWLYH�RQ�SUREOHPV�DQG�LVVXHV�DVVRFL�
DWHG�ZLWK�SRXOWU\�EUHHGLQJ��,Q�:��0��0XLU�
DQG�6��(��$JJUH\��HGV����3RXOWU\�*HQHWLFV�
%UHHGLQJ�DQG�7HFKQRORJ\��&$%,�3XEOLVK�
LQJ��&DPEULGJH��0DVVDFKXVHWWV�

%HFNHU��*��6��������$QWLELRWLF�8VH�LQ�$JUL�
FXOWXUH��%DFNJURXQG�DQG�/HJLVODWLRQ��
&RQJUHVVLRQDO�5HVHDUFK�6HUYLFH�5HSRUW�IRU�
&RQJUHVV����������-DQXDU\��

%HUJHURQ��/��������+LJK�\LHOG�DJULFXOWXUH�VORZV�
SDFH�RI�JOREDO�ZDUPLQJ�VD\�6WDQIRUG�
UHVHDUFKHUV��6WDQIRUG�5HSRUW��6WDQIRUG�8QL�
YHUVLW\��6WDQIRUG��&DOLIRUQLD��KWWS���QHZV�
VWDQIRUG�HGX�QHZV������MXQH�DJULFXOWXUH�
JOREDO�ZDUPLQJ��������KWPO����0DUFK������

%ODQFHWW�Y��8�6��%XUHDX�RI�/DQG�0DQDJHPHQW��
8�6��'LVW��/(;,6��������������

%ODQFR�&DQTXL��+��DQG�5��/DO��������3ULQFLSOHV�
RI�6RLO�&RQVHUYDWLRQ�DQG�0DQDJHPHQW��
6SULQJHU�6FLHQFH�%XVLQHVV�0HGLD�%�9�

%RUPDQQ�Y��%RDUG�RI�6XSHUYLVRUV������1�:���G�
�����,RZD��������

%XOO��/��6���'��0H\HU��-��0��5LFH��DQG�2��6LP�
PRQV��������5HFHQW�FKDQJHV�LQ�IRRG�DQLPDO�
SURGXFWLRQ�DQG�LPSDFWV�RQ�DQLPDO�ZDVWH�
PDQDJHPHQW��5HSRUW�RI�WKH�3(:�&RPPLV�
VLRQ�RQ�,QGXVWULDO�)DUP�$QLPDO�3URGXFWLRQ��
KWWS���ZZZ�QFLIDS�RUJ�ELQ�X�Y�3&,)$3B
):B),1$/��SGI����0DUFK������

%XVVROR��0���5��(��'H�+R\RV��DQG�'��0HGYHGHY��
������,V�WKH�GHYHORSLQJ�ZRUOG�FDWFKLQJ�XS"�
*OREDO�FRQYHUJHQFH�DQG�QDWLRQDO�ULVLQJ�
GLVSHUVLRQ��:RUOG�%DQN�3ROLF\�5HVHDUFK�
:RUNLQJ�3DSHU�1R��������

%\HUO\��7��&��������)HHG�XVH�LQ�EHHI�SURGXFWLRQ��
$�UHYLHZ��-�$QLP�6FL�������²����

&DSDOER��6��0��DQG�-��0��$QWOH��HGV����������
$JULFXOWXUDO�3URGXFWLYLW\��0HDVXUHPHQW�
DQG�([SODQDWLRQ��-RKQV�+RSNLQV�8QLYHUVLW\�
3UHVV��:DVKLQJWRQ��'�&�

&DUSHQWHU��6��5���1��)��&DUDFR��'��/��&RUUHOO��
5��:��+RZDUWK��$��1��6KDUSOH\��DQG�9��+��
6PLWK��������1RQSRLQW�SROOXWLRQ�RI�VXUIDFH�
ZDWHUV�ZLWK�SKRVSKRUXV�DQG�QLWURJHQ��(FRO�
$SSO�����������²����

&HQWQHU��7��-��������$QWL�QXLVDQFH�OHJLVOD�
WLRQ��&DQ�WKH�GHURJDWLRQ�RI�FRPPRQ�ODZ�
QXLVDQFH�EH�D�WDNLQJ"�(QYLURQ�/DZ�5HS�
��������²�������

&HQWQHU��7��-��������*RYHUQPHQWDO�DQG�XQFRQVWL�
WXWLRQDO�WDNLQJV��:KHQ�GR�ULJKW�WR�IDUP�ODZV�
JR�WRR�IDU��%RVWRQ�&ROO�(QYLURQ�$II�/DZ�5HY�
�����²����

&HQWQHU��7��-��������1XLVDQFHV�IURP�DQLPDO�
IHHGLQJ�RSHUDWLRQV��5HFRQFLOLQJ�DJULFXOWXUDO�
SURGXFWLRQ�DQG�QHLJKERULQJ�SURSHUW\�ULJKWV��
'UDNH�-�$JULF�/DZ�����²����

&HQWQHU��7��-������D��5HJXODWLQJ�WKH�XVH�RI�
QRQ�WKHUDSHXWLF�DQWLELRWLFV�LQ�IRRG�DQLPDOV��
*HRUJHWRZQ�,QWO�(QYLURQ�/DZ�5HY�����²����

&HQWQHU��7��-������E��&RXUWV�DQG�WKH�(3$�
LQWHUSUHW�13'(6�JHQHUDO�SHUPLW�UHTXLUH�
PHQWV�IRU�&$)2V��(QYLURQ�/DZ������������

����²������
&KHHPD��0��$���0��$��4XUHVKL��DQG�*��%��+DYHQ�

VWHLQ��������$�FRPSDULVRQ�RI�WKH�LPPXQH�
UHVSRQVH�RI�D������FRPPHUFLDO�EURLOHU�ZLWK�
D������UDQGRPEUHG�EURLOHU�VWUDLQ�ZKHQ�IHG�
UHSUHVHQWDWLYH������DQG������EURLOHU�GLHWV��
3RXOW�6FL��������²������

&RXQFLO�IRU�$JULFXOWXUDO�6FLHQFH�DQG�7HFKQRORJ\�
�&$67���������*UD]LQJ�RQ�3XEOLF�/DQGV��
&$67�7DVN�)RUFH�5HSRUW�5�����&$67��
$PHV��,RZD�

&RXQFLO�IRU�$JULFXOWXUDO�6FLHQFH�DQG�7HFKQRO�
RJ\��&$67���������%HQHÀWV�RI�%LRGLYHUVLW\��
&$67�7DVN�)RUFH�5HSRUW�5�����&$67��
$PHV��,RZD�

&RXQFLO�IRU�$JULFXOWXUDO�6FLHQFH�DQG�7HFKQRORJ\�
�&$67���������(QYLURQPHQWDO�,PSDFWV�RI�
/LYHVWRFN�RQ�8�6��*UD]LQJ�/DQGV��&$67�
,VVXH�3DSHU�,3����&$67��$PHV��,RZD�

&RXQFLO�IRU�$JULFXOWXUDO�6FLHQFH�DQG�7HFKQRORJ\�
�&$67�������D��7KH�(QGDQJHUHG�6SHFLHV�
$FW��,QWHUIDFLQJ�ZLWK�$JULFXOWXUDO�DQG�
1DWXUDO�(FRV\VWHPV��&$67�&RPPHQWDU\�
47$��������&$67��$PHV��,RZD�

&RXQFLO�IRU�$JULFXOWXUDO�6FLHQFH�DQG�7HFKQRO�
RJ\��&$67�������E��:DWHU��3HRSOH��DQG�WKH�
)XWXUH��:DWHU�$YDLODELOLW\�IRU�$JULFXOWXUH�LQ�
WKH�8QLWHG�6WDWHV��&$67�,VVXH�3DSHU�,3����
&$67��$PHV��,RZD��

&RXQFLO�IRU�$JULFXOWXUDO�6FLHQFH�DQG�7HFKQRORJ\�
�&$67���������$LU�,VVXHV�$VVRFLDWHG�ZLWK�
$QLPDO�$JULFXOWXUH��$�1RUWK�$PHULFDQ�3HU�
VSHFWLYH��&$67�,VVXH�3DSHU�,3����&$67��
$PHV��,RZD�

'RQDKXH��'��/��������:HVWHUQ�JUD]LQJ��7KH�
FDSWXUH�RI�JUDVV��JURXQG��DQG�JRYHUQPHQW��
(QYLURQ�/DZ�������²�����

'UHJQH��+��(��DQG�1��7��&KRX��������*OREDO�
GHVHUWLÀFDWLRQ�GLPHQVLRQV�DQG�FRVWV��,Q�+��
(��'UHJQH��HG����'HJUDGDWLRQ�DQG�5HVWRUD�
WLRQ�RI�$ULG�/DQGV��7H[DV�7HFK�8QLYHUVLW\��
/XEERFN��7H[DV�

'XNH��-��0��DQG�/��/\QFK��������*DXJLQJ�VXS�
SRUW�IRU�LQQRYDWLYH�IDUPODQG�SUHVHUYDWLRQ�
WHFKQLTXHV��3RO�6FL�������²����

(PERUJ��+��'���-��6��$QGHUVHQ��$��0��6H\IDUWK��
6��5��$QGHUVHQ��-��%RHO��DQG�+��&��:HJHQHU��
������5HODWLRQV�EHWZHHQ�WKH�RFFXUUHQFH�RI�
UHVLVWDQFH�WR�DQWLPLFURELDO�JURZWK�SURPRW�
HUV�DPRQJ�(QWHURFRFFXV�IDHFLXP�LVRODWHG�
IURP�EURLOHUV�DQG�EURLOHU�PHDW��,QW�-�)RRG�
0LFURELRO�������²�����

(VZDUDQ��+���5��/DO��DQG�3��)��5HLFK��������
/DQG�GHJUDGDWLRQ��$Q�RYHUYLHZ��,Q�(��0��
%ULGJHV��,��'��+DQQDP��/��5��2OGHPDQ��
)��:��7��3HQLQJ�GH�9ULHV��6��-��6FKHUU��DQG�
6��6RPSDWSDQLW��HGV����5HVSRQVHV�WR�/DQG�
'HJUDGDWLRQ��3URFHHGLQJV�RI�WKH�6HFRQG�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/DQG�'HJ�
UDGDWLRQ�DQG�'HVHUWLÀFDWLRQ��.KRQ�.DHQ��
7KDLODQG��2[IRUG�3UHVV��1HZ�'HOKL��,QGLD��
KWWS���VRLOV�XVGD�JRY�XVH�ZRUOGVRLOV�SDSHUV�
ODQG�GHJUDGDWLRQ�RYHUYLHZ�KWPO����0DUFK�
�����

)HOOHU��-��0��������5LGH�·HP�FRZER\��$�FULWLFDO�
ORRN�DW�%/0·V�SURSRVHG�QHZ�JUD]LQJ�UHJX�
ODWLRQV��(QYLURQ�/DZ��������²�����

)L[��-��������'LIIHUHQFHV�LQ�JURZWK�SHUIRUPDQFH��

FDUFDVV�FRPSRVLWLRQ��DQG�PHDW�TXDOLW\�
WUDLWV�RI�FRPPHUFLDO�SLJV�UHSUHVHQWDWLYH�RI�
�����DQG������JHQHWLF�W\SHV�ZKHQ�UHDUHG�
RQ������DQG������UHSUHVHQWDWLYH�IHHGLQJ�
SURJUDPV��0�6��WKHVLV��1RUWK�&DUROLQD�6WDWH�
8QLYHUVLW\��5DOHLJK�

)L[��-��6���-��3��&DVVDG\��(��YDQ�+HXJWHQ��'��-��
+DQVRQ��DQG�0��7��6HH��������'LIIHUHQFHV�
LQ�OHDQ�JURZWK�SHUIRUPDQFH�RI�SLJV�VDPSOHG�
IURP������DQG������FRPPHUFLDO�VZLQH�
IHG������DQG������UHSUHVHQWDWLYH�IHHGLQJ�
SURJUDPV��/LYHVW�6FL��������²����

)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�
1DWLRQV��)$2�������D��/LYHVWRFN·V�/RQJ�
6KDGRZ��)$2��5RPH��IWS���IWS�IDR�RUJ�
GHFUHS�IDR�����D����H�D����H22�SGI�����
2FWREHU������

)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�
1DWLRQV��)$2�������E��)$2�VWDWLVWLFDO�GD�
WDEDVHV��5RPH��KWWS���IDRVWDW�IDR�RUJ�GHIDXOW�
DVS[����0DUFK������

)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�
1DWLRQV��)$2�������D��)$267$7��7UDGH6�
7$7��KWWS���IDRVWDW�IDR�RUJ�VLWH�����GHIDXOW�
DVS[�����0DUFK������

)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�
1DWLRQV��)$2�������E��)$267$7��3URG�
67$7��KWWS���IDRVWDW�IDR�RUJ�VLWH�����GHIDXOW�
DVS[�����0DUFK������

)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�
1DWLRQV��)$2�������F��)$267$7��5H�
VRXUFH67$7��KWWS���IDRVWDW�IDR�RUJ�VLWH�����
GHIDXOW�DVS[�����0DUFK������

*DOORZD\��-��1���)��-��'HQWHQHU��'��*��&DSRQH��(��
:��%R\HU��5��:��+RZDUWK��6��3��6HLW]LQJHU��
*��3��$VQHU��&��&��&OHYHODQG��3��$��*UHHQ��
(��$��+ROODQG��'��0��.DUO��$��)��0LFKDHOV��
-��+��3RUWHU��$��5��7RZQVHQG��DQG�&��-��
9RURVPDUW\��������1LWURJHQ�F\FOHV��3DVW��
SUHVHQW��DQG�IXWXUH��%LRJHRFKHPLVWU\�
������²����

*HEUH\HV��:���3��%DKQVRQ��-��)XQN��-��0F.HDQ��
DQG�3��3DWFKDQHH��������6HURSUHYDOHQFH�RI�
7ULFKLQHOOD��7R[RSODVPD��DQG�6DOPRQHOOD�LQ�
DQWLPLFURELDO�IUHH�DQG�FRQYHQWLRQDO�VZLQH�
SURGXFWLRQ�V\VWHPV��)RRGERUQH�3DWKRJ�'LV�
����������²����

*ROOHKRQ��1��DQG�:��4XLQE\��������,UULJDWLRQ�UH�
VRXUFHV�DQG�ZDWHU�FRVWV��&KDSWHU������,Q�.��
:LHEH�DQG�1��*ROOHKRQ��HGV����$JULFXOWXUDO�
5HVRXUFHV�DQG�(QYLURQPHQWDO�,QGLFDWRUV��
�����HGLWLRQ�(,%�����86'$²(FRQRPLF�
5HVHDUFK�6HUYLFH��

+DNN��+���)��;��0��&DVH\��=��)DQ��DQG�*��/��
/DUVHQ��������$�UHYLHZ�RI�WKH�IDWH�RI�
PDQXUH�ERUQH��ODQG�DSSOLHG�KRUPRQHV��,Q�
.��/��+HQGHUVRQ�DQG�-��5��&RDWV��HGV����
9HWHULQDU\�3KDUPDFHXWLFDOV�LQ�WKH�(QYLURQ�
PHQW��$PHULFDQ�&KHPLFDO�6RFLHW\�

+DYHQVWHLQ��*��%���3��5��)HUNHW��DQG�0��$��
4XUHVKL������D��*URZWK��OLYDELOLW\��DQG�IHHG�
FRQYHUVLRQ�RI������YHUVXV������EURLOHUV�
ZKHQ�IHG�UHSUHVHQWDWLYH������DQG������
EURLOHU�GLHWV��3RXOW�6FL��������²�����

+DYHQVWHLQ��*��%���3��5��)HUNHW��DQG�0��$��
4XUHVKL������E��&DUFDVV�FRPSRVLWLRQ�DQG�
\LHOG�RI������YHUVXV������EURLOHUV�ZKHQ�IHG�
UHSUHVHQWDWLYH������DQG������EURLOHU�GLHWV��
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3RXOW�6FL��������²������
+RZDUWK��5��:���*��%LOOHQ��'��6ZDQH\��$��

7RZQVHQG��1��-DZRUVNL��.��/DMWKD��-��$��
'RZQLQJ��5��(OPJUHQ��1��&DUDFR��7��-RU�
GDQ��)��%HUHQGVH��-��)UHQH\��9��.XGH\DURY��
3��0XUGRFK��DQG�=��=KDR�/LDQJ��������
5HJLRQDO�QLWURJHQ�EXGJHWV�DQG�ULYHULQH�1�
DQG�3�ÁX[HV�IRU�WKH�GUDLQDJHV�WR�WKH�1RUWK�
$WODQWLF�2FHDQ��1DWXUDO�DQG�KXPDQ�LQÁX�
HQFHV��%LRJHRFKHPLVWU\������²�����

,RZD�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��,'15���
Q�G��0DVWHU�0DWUL[��KWWS���ZZZ�LRZDGQU�
JRY�HQYLURQPHQW�/DQG6WHZDUGVKLS�
$QLPDO)HHGLQJ2SHUDWLRQV�&RQÀQHPHQWV�
&RQVWUXFWLRQ5HTXLUHPHQWV�3HUPLWWHG�0DV�
WHU0DWUL[�DVS[����0DUFK������

-HQQLQJV��5��'��������)HHG�&RQVXPSWLRQ�E\�
/LYHVWRFN������²����8QLWHG�6WDWHV�'HSDUW�
PHQW�RI�$JULFXOWXUH�&LUFXODU�1R�������
:DVKLQJWRQ��'�&�����SS�

-RKQVWRQ��5��-��DQG�-��0��'XNH��������:LOOLQJ�
QHVV�WR�SD\�IRU�DJULFXOWXUDO�ODQG�SUHVHUYD�
WLRQ�DQG�SROLF\�SURFHVV�DWWULEXWHV��'RHV�
WKH�PHWKRG�PDWWHU��$P�-�$JULF�(FRQ�
�������²�����

-RQHV��'��5��DQG�-��.��1RUWKFXWW��������$�VXUYH\�
RI�SUDFWLFHV�LQ�VKHOO�HJJ�SURFHVVLQJ�IDFLOL�
WLHV�DQG�ZDWHU�XVH��,QW�-�3RXOW�6FL���������
���²����

.DOPDNRII��-��-��������´7KH�ULJKW�WR�IDUPµ��$�
VXUYH\�RI�IDUP�SUDFWLFHV�SURWHFWLRQ�OHJLVOD�
WLRQ�LQ�&DQDGD��6DVNDWFKHZDQ�/DZ�5HY�
������²����

.H\��1��DQG�:��0F%ULGH��������7KH�&KDQJ�
LQJ�(FRQRPLFV�RI�8�6��+RJ�3URGXFWLRQ��
(FRQRPLF�5HVHDUFK�5HSRUW�1R������86'$�
(FRQRPLF�5HVHDUFK�6HUYLFH�����SS�

.H\��1���:��0F%ULGH��DQG�5��0RVKHLP��������
'HFRPSRVLWLRQ�RI�WRWDO�IDFWRU�SURGXFWLYLW\�
FKDQJH�LQ�WKH�8�6��KRJ�LQGXVWU\��-�$JULF�
$SSO�(FRQ��������$SULO������²����

.OLQH��-��DQG�'��:LFKHOQV��������3XEOLF�SUHIHU�
HQFHV�UHJDUGLQJ�WKH�JRDOV�RI�IDUPODQG�SUHV�
HUYDWLRQ�SURJUDPV��/DQG�(FRQ�������²����

/LYHVWRFN�DQG�3RXOWU\�(QYLURQPHQWDO�/HDUQLQJ�
&HQWHU��/3(/&���������0DQXUH�0DQDJH�
PHQW�3ODQQHU�6RIWZDUH��KWWS���ZZZ�H[WHQ�
VLRQ�RUJ�PHGLDZLNL�ÀOHV����F���GHFÁ\HU�SGI�
���0DUFK������

/LYHVWRFN�DQG�3RXOWU\�(QYLURQPHQWDO�/HDUQLQJ�
&HQWHU��/3(/&���������$QLPDO�0DQXUH�
0DQDJHPHQW��8QLYHUVLW\�RI�0LQQH�
VRWD�([WHQVLRQ��KWWS���ZZZ�H[WHQVLRQ�RUJ�
DQLPDO�PDQXUH�PDQDJHPHQW����0DUFK������

/LYHVWRFN�DQG�3RXOWU\�(QYLURQPHQWDO�6WHZDUG�
VKLS��/3(6���������/LYHVWRFN�DQG�3RXOWU\�
(QYLURQPHQWDO�6WHZDUGVKLS��/3(6��&XU�
ULFXOXP��6WDUWVHLWH��KWWS���ZZZ�OSHV�RUJ�����
0DUFK������

/LYHVWRFN�DQG�3RXOWU\�(QYLURQPHQWDO�6WHZ�
DUGVKLS��/3(6���������/LYHVWRFN�DQG�
3RXOWU\�(QYLURQPHQWDO�6WHZDUGVKLS��/3(6��
&XUULFXOXP��0LVVLRQ��KWWS���ZZZ�OSHV�
RUJ�"V SURJUDPV����0DUFK������

/RFNHUHW]��:��������6HFRQGDU\�HIIHFWV�RQ�
PLGZHVWHUQ�DJULFXOWXUH�RI�PHWURSROLWDQ�
GHYHORSPHQW�DQG�GHFUHDVHV�LQ�IDUPODQG��
/DQG�(FRQ�������²����

0DF'RQDOG��-��0��DQG�:��'��0F%ULGH��������
7KH�7UDQVIRUPDWLRQ�RI�8�6��/LYHVWRFN�
$JULFXOWXUH��6FDOH��(IÀFLHQF\��DQG�5LVNV��
86'$²(56�(,%�����-DQXDU\�����SS�

0RVOH\��-��&���3��6��&RRN��$��-��*ULIÀV��DQG�-��
2·/DXJKOLQ��������*XLGHOLQHV�IRU�0DQDJ�
LQJ�&DWWOH�*UD]LQJ�LQ�5LSDULDQ�$UHDV�WR�
3URWHFW�:DWHU�4XDOLW\��5HYLHZ�RI�5HVHDUFK�
DQG�%HVW�0DQDJHPHQW�3UDFWLFHV�3ROLF\��
5HSRUW�1R������3ROLF\�$QDO\VLV�*URXS�
5HSRUW�6HULHV��,GDKR�)RUHVW��:LOGOLIH�DQG�
5DQJH�3ROLF\�$QDO\VLV�*URXS�

0XQR]�&DUSHQD��5���*��9HOOLGLV��$��6KLUPR�
KDPPDGL��DQG�:��:��:DOOHQGHU��������
(YDOXDWLRQ�RI�PRGHOLQJ�WRROV�IRU�70'/�
GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ��7�$6$%(�
�����������²����

1DWLRQDO�5HVHDUFK�&RXQFLO��15&���������$LU�
(PLVVLRQV�IURP�$QLPDO�)HHGLQJ�2SHUDWLRQV��
&XUUHQW�.QRZOHGJH��)XWXUH�1HHGV��7KH�1D�
WLRQDO�$FDGHPLHV�3UHVV��:DVKLQJWRQ��'�&�

1HZWRQ��*��/���-��)��%DNHU��&��5��'RYH��-��.��
%HUQDUG��0��'��0F&UDQLH��9��-��%RNHQ��'��
/��7KRPDV��DQG�*��+RRJHQERRP��������
$JULFXOWXUDO�ZDWHU�XVH�DVVRFLDWHG�ZLWK�
DQLPDO�SURGXFWLRQ�V\VWHPV�LQ�*HRUJLD��,Q�
.��-��+DWFKHU��HG����3URFHHGLQJV�*HRUJLD�
:DWHU�5HVRXUFHV�&RQIHUHQFH��KWWS���ZZZ�
JZUL�JDWHFK�HGX�XSORDGV�SURFHHGLQJV������
1HZWRQ���HW���DO�SGI����0DUFK������

1LFROO��6��������7KH�GHDWK�RI�UDQJHODQG�UHIRUP��-�
(QYLURQ�/DZ�/LWLJ������²����

1RUWK�&DUROLQD�6WDWH�8QLYHUVLW\��Q�G��:DVWH�
0DQDJHPHQW�3URJUDPV��KWWS���ZZZ�FDOV�
QFVX�HGX�ZDVWHBPJW�VPLWKÀHOGBSURMHFWV�
VPLWKÀHOGVLWH�KWP����0DUFK������

1RUWKFXWW��-��.���0��7��0XVJURYH��DQG�'��5��
-RQHV��������&KHPLFDO�DQDO\VHV�RI�FRP�
PHUFLDO�VKHOO�HJJ�ZDVK�ZDWHU��-�$SSO�3RXOW�
5HV�������²�����

2NODKRPD�6WDWH�8QLYHUVLW\�([WHQVLRQ��������
2NODKRPD�/LWWHU�0DUNHW��KWWS���ZZZ�RN�
OLWWHUPDUNHW�RUJ�LQFHQWLYHV�DVS����0DUFK������

2UHJRQ�1DWXUDO�'HVHUW�$VVRFLDWLRQ�Y��%XUHDX�
RI�/DQG�0DQDJHPHQW��8�6��'LVW��/(;,6�
�������������

2VWHUEHUJ��'��DQG�'��:DOOLQJD��������'HWHUPL�
QDQWV�RI�UXUDO�KHDOWK��$P�-�3XEOLF�+HDOWK�
��������

3HQQ��&��-���*��0XOOLQV��/��=HOD]Q\��-��:DUUHQ��
DQG�-��0F*UDWK��������6XUIDFH�UXQRII�ORVVHV�
RI�SKRVSKRUXV�IURP�9LUJLQLD�VRLOV�DPHQGHG�
ZLWK�WXUNH\�PDQXUH�XVLQJ�SK\WDVH�DQG�KLJK�
DYDLODEOH�SKRVSKRUXV�FRUQ�GLHWV��-�(QYLURQ�
4XDO��������²�����

3HUULQ��5��.��DQG�.��'��=HULQJ��������5DWHV�DQG�
VRXUFHV�RI�SURGXFWLYLW\�JDLQV�LQ�WKH�8�6��
EURLOHU�LQGXVWU\������²������-�$JU�5HVRXU�
(FRQ��������������3DSHU�SUHVHQWHG�DW�WKH�
:HVWHUQ�$JULFXOWXUDO�(FRQRPLFV�$VVRFLDWLRQ�
PHHWLQJV��-XO\��(GPRQWRQ��$OEHUWD��&DQDGD�

3LQJDOL��3��/��DQG�3��:��+HLVH\��������&HUHDO�
FURS�SURGXFWLYLW\�LQ�GHYHORSLQJ�FRXQWULHV��
3DVW�WUHQGV�DQG�IXWXUH�SURVSHFWV��&,00<7�
ZRUNLQJ�SDSHU��������,QWHUQDWLRQDO�0DL]H�
DQG�:KHDW�,PSURYHPHQW�&HQWHU��&,0�
0<7���KWWS���DSSV�FLPP\W�RUJ�5HVHDUFK�
(FRQRPLFV�PDS�UHVHDUFKBUHVXOWV�ZRUN�

LQJBSDSHUV�SGI�(:3�����B���SGI����
0DUFK������

3URPDU�,QWHUQDWLRQDO��������$QLPDO�$JULFXOWXUH�
(FRQRPLF�$QDO\VLV������²������$�UHSRUW�
SUHSDUHG�IRU�WKH�8QLWHG�6R\EHDQ�%RDUG��
KWWS���XQLWHGVR\EHDQ�RUJ�LPDJHV�XSORDGV�
PXOWLPHGLD�1DWLRQDOB$QLPDOB$JULFXO�
WXUHB(FRQRPLFB$QDO\VLVB�����SGI����
0DUFK������

5LFH��-��0���'��&DOGZHOO��DQG�)��+XPHQLN��HGV����
������$QLPDO�$JULFXOWXUH�DQG�WKH�(QYLURQ�
PHQW��1DWLRQDO�&HQWHU�IRU�0DQXUH�DQG�
$QLPDO�:DVWH�0DQDJHPHQW�:KLWH�3DSHUV��
$6$%(��6W��-RVHSK��0LFKLJDQ������SS�

5XVVHOO��6��������:DWHU�XVDJH�KDV�LQFUHDVHG�GXH�
WR�+$&&3��3RXOW�7LPHV��6XSS³3URFHVV�
)XUWK�3URFHVV��2FWREHU�����

6DSNRWD��$���)��&��&XUULHUR��.��(��*LEVRQ��DQG�
.��-��6FKZDE��������$QWLELRWLF�UHVLVWDQW�
HQWHURFRFFL�DQG�IHFDO�LQGLFDWRUV�LQ�VXUIDFH�
ZDWHU�DQG�JURXQGZDWHU�LPSDFWHG�E\�D�FRQ�
FHQWUDWHG�VZLQH�IHHGLQJ�RSHUDWLRQ��(QYLURQ�
+HDOWK�3HUVSHF���������²������

6LHUUD�&OXE�0DFNLQDF�&KDSWHU�Y��'HSDUWPHQW�RI�
(QYLURQPHQWDO�4XDOLW\������1�:���G�����
�0LFK��&W��$SS��������

6NDJJV��5��������(FRV\VWHP�VHUYLFHV�DQG�ZHVW�
HUQ�8�6��UDQJHODQGV��&KRLFHV�����������²���

6RLO�DQG�:DWHU�&RQVHUYDWLRQ�6RFLHW\��6:&6���
������)LQDO�5HSRUW�IURP�WKH�%OXH�5LEERQ�
3DQHO�&RQGXFWLQJ�DQ�([WHUQDO�5HYLHZ�RI�
WKH�86�'HSDUWPHQW�RI�$JULFXOWXUH�&RQVHU�
YDWLRQ�(IIHFWV�$VVHVVPHQW�3URMHFW��6RLO�DQG�
:DWHU�&RQVHUYDWLRQ�6RFLHW\��$QNHQ\��,RZD��

6WHSKHQVRQ��.��DQG�/��6KDEPDQ��������5KHWRULF�
DQG�UHDOLW\�RI�ZDWHU�TXDOLW\�WUDGLQJ�DQG�
WKH�SRWHQWLDO�IRU�PDUNHW�OLNH�UHIRUP��-�$P�
:DWHU�5HVRXU�$V�����������²���

6ZHHWHQ��-��0���%��$XYHUPDQQ��6��0XNKWDU��
1��$��&ROH��5��'H2WWH��'��%��3DUNHU��%��
:HLQKHLPHU��.��'��&DVH\��&��%��3DUQHOO��
5��7RGG��%��6KDZ��DQG�-��8SDGK\D\��������
1DWXUDO�UHVRXUFH�PDQDJHPHQW��$LU�TXDOLW\��
ZDWHU�TXDOLW\��DQG�PDQXUH�PDQDJHPHQW��3S��
��²����,Q�3URFHHGLQJV�+LJK�3ODLQV�/LYH�
VWRFN������&RQIHUHQFH��6KDSLQJ�WKH�)XWXUH�
RI�)RRG�$QLPDO�3URGXFWLRQ��7H[DV�$JUL/LIH�
5HVHDUFK�DQG�([WHQVLRQ�&HQWHU��$PDULOOR��
7H[DV��DQG�:HVW�7H[DV�$	0�8QLYHUVLW\��
&DQ\RQ��7H[DV�

7RPHU��0��DQG�0��/RFNH��������7KH�FKDOOHQJH�
RI�GRFXPHQWLQJ�ZDWHU�TXDOLW\�EHQHÀWV�RI�
FRQVHUYDWLRQ�SUDFWLFHV��$�UHYLHZ�RI�86'$�
$56·V�&RQVHUYDWLRQ�(IIHFWV�$VVHVVPHQW�
3URMHFW�ZDWHUVKHG�VWXGLHV��:DWHU�6FL�7HFK�
QRO������������²����

7XUQHU��5��(��DQG�1��1��5DEDODLV��������/LQN�
LQJ�ODQGVFDSH�DQG�ZDWHU�TXDOLW\�LQ�WKH�
0LVVLVVLSSL�5LYHU�EDVLQ�IRU�����\HDUV��
%LRVFLHQFH�������²����

8UL��1��'��������$�QRWH�RQ�VRLO�HURVLRQ�DQG�LWV�
HQYLURQPHQWDO�FRQVHTXHQFHV�LQ�WKH�8QLWHG�
6WDWHV��:DWHU��$LU��6RLO�3ROOXW��������²����

8UL��1��'��DQG�-��$��/HZLV��������7KH�G\QDPLFV�
RI�VRLO�HURVLRQ�LQ�86�DJULFXOWXUH��6FL�7RWDO�
(QYLURQ������������²���

8�6��&HQVXV�%XUHDX��������6WDWLVWLFDO�$EVWUDFW�RI�
WKH�8QLWHG�6WDWHV�����²������KWWS���ZZZ�
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FHQVXV�JRY�SURG�����SXEV���VWDWDE�SRS�SGI�
���0DUFK������

8�6��&RGH��86&���������7LWOH�����6HFWLRQV�������
������������

8�6��&RGH�RI�)HGHUDO�5HJXODWLRQV��86&)5���
������7LWOH�����3DUWV��������������������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��86'$���������
������������$JULFXOWXUDO�6WDWLVWLFV��KWWS���
ZZZ�QDVV�XVGD�JRY�3XEOLFDWLRQV�$JB6WD�
WLVWLFV�LQGH[�DVS����0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��86'$���������
7KH�&HQVXV�RI�$JULFXOWXUH��KWWS���ZZZ�
DJFHQVXV�XVGD�JRY�3XEOLFDWLRQV������LQGH[�
DVS�����0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH��86'$���������
)DUP�,QFRPH�DQG�&RVWV��)DUP�6HFWRU�
,QFRPH�)RUHFDVW��KWWS���ZZZ�HUV�XVGD�
JRY�EULHÀQJ�IDUPLQFRPH�GDWD�FUBW��SGI����
0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²(FRQRPLF�
5HVHDUFK�6HUYLFH��86'$²(56���������
&RQÀQHG�$QLPDO�3URGXFWLRQ�DQG�0DQXUH�
1XWULHQWV��$JULFXOWXUH�,QIRUPDWLRQ�%XOOHWLQ�
1R�������-XQH�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²(FRQRPLF�
5HVHDUFK�6HUYLFH��86'$²(56���������
$GRSWLRQ�DQG�SHVWLFLGH�XVH��,Q�$GRSWLRQ�
RI�%LRHQJLQHHUHG�&URSV��$JULFXOWXUDO�
(FRQRPLF�5HSRUW�1R���$(5������KWWS���
ZZZ�HUV�XVGD�JRY�3XEOLFDWLRQV�$(5�����
���0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²(FRQRPLF�
5HVHDUFK�6HUYLFH��86'$²(56���������
0DMRU�8VHV�RI�/DQG�LQ�WKH�8QLWHG�6WDWHV��
������(FRQRPLF�,QIRUPDWLRQ�%XOOHWLQ�1R��
�(,%������0D\��

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²(FRQRPLF�
5HVHDUFK�6HUYLFH��86'$²(56���������
6XPPDU\�7DEOHV��0DMRU�8VHV�RI�/DQG�LQ�
WKH�8QLWHG�6WDWHV��������KWWS���ZZZ�HUV�
XVGD�JRY�'DWD�0DMRU/DQG8VHV�0/8VXP�
PDU\WDEOHV�SGI����0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²(FRQRPLF�
5HVHDUFK�6HUYLFH��86'$²(56���������
/LYHVWRFN��'DLU\��DQG�3RXOWU\�2XWORRN��
/'3�0������2FWREHU�����

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²(FRQRPLF�
5HVHDUFK�6HUYLFH��86'$²(56���������0D�
QXUH�8VH�IRU�)HUWLOL]HU�DQG�(QHUJ\��5HSRUW�
WR�&RQJUHVV��$3�����-XQH�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²(FRQRPLF�
5HVHDUFK�6HUYLFH��86'$²(56���������
'DWD�6HWV��)HUWLOL]HU�8VH�DQG�3ULFH��KWWS���
ZZZ�HUV�XVGD�JRY�'DWD�)HUWLOL]HU8VH�����
0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²)DUP�6HUYLFH�
$JHQF\��86'$²)6$���������&RQVHUYD�
WLRQ�5HVHUYH�3URJUDP��0RQWKO\�6XPPDU\��
0DUFK�����SS�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWLRQDO�$JUL�
FXOWXUDO�6WDWLVWLFV�6HUYLFH��86'$²1$66���
������������������������������,QGH[�RI��
XVGD�QDVV�/LYH6ODX��KWWS���XVGD�PDQQOLE�
FRUQHOO�HGX�0DQQ8VGD�YLHZ'RFXPHQW,QIR�
GR"GRFXPHQW,' ��������0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWLRQDO�
$JULFXOWXUDO�6WDWLVWLFV�6HUYLFH��86'$²
1$66�������²������&URS�3URGXFWLRQ�

$QQXDO�6XPPDU\��KWWS���XVGD�PDQQOLE�
FRUQHOO�HGX�0DQQ8VGD�YLHZ'RFXPHQW,QIR�
GR"GRFXPHQW,' ��������0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWLRQDO�$JUL�
FXOWXUDO�6WDWLVWLFV�6HUYLFH��86'$²1$66���
������������������3RXOWU\�3URGXFWLRQ�
DQG�9DOXH��KWWS���XVGD�PDQQOLE�FRUQHOO�
HGX�0DQQ8VGD�YLHZ'RFXPHQW,QIR�
GR"GRFXPHQW,' ��������0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWLRQDO�$JUL�
FXOWXUDO�6WDWLVWLFV�6HUYLFH��86'$²1$66���
������$JULFXOWXUDO�6WDWLVWLFV�������KWWS���
ZZZ�QDVV�XVGD�JRY�3XEOLFDWLRQV�$JB6WD�
WLVWLFV�DJU�DOO�SGI�����0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWLRQDO�$JUL�
FXOWXUDO�6WDWLVWLFV�6HUYLFH��86'$²1$66���
������$JULFXOWXUDO�&KHPLFDO�8VH�

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWLRQDO�$JUL�
FXOWXUDO�6WDWLVWLFV�6HUYLFH��86'$²1$66���
������7KH�&HQVXV�RI�$JULFXOWXUH�������
&HQVXV�3XEOLFDWLRQV��KWWS���ZZZ�DJFHQVXV�
XVGD�JRY�3XEOLFDWLRQV������)XOOB5HSRUW�
9ROXPHB��B&KDSWHUB�B6WDWHB/HYHO�:DVK�
LQJWRQ�VW��B�B���B����SGI����0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWLRQDO�$JUL�
FXOWXUDO�6WDWLVWLFV�6HUYLFH��86'$²1$66���
������$JULFXOWXUDO�6WDWLVWLFV�������������
������KWWS���ZZZ�QDVV�XVGD�JRY�3XEOLFDWLRQV�
$JB6WDWLVWLFV�LQGH[�DVS����0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWLRQDO�$JUL�
FXOWXUDO�6WDWLVWLFV�6HUYLFH��86'$²1$66��
������$JULFXOWXUDO�6WDWLVWLFV�������KWWS���
ZZZ�QDVV�XVGD�JRY�3XEOLFDWLRQV�$JB6WD�
WLVWLFV�����������SGI�����0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWLRQDO�
$JULFXOWXUDO�6WDWLVWLFV�6HUYLFH��86'$²
1$66�������D��&DWWOH��KWWS���XVGD�PDQQOLE�
FRUQHOO�HGX�0DQQ8VGD�YLHZ'RFXPHQW,QIR�
GR"GRFXPHQW,' ��������0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWLRQDO�$JUL�
FXOWXUDO�6WDWLVWLFV�6HUYLFH��86'$²1$66���
����E��&URS�3URGXFWLRQ��+LVWRULFDO�7UDFN�
5HFRUGV��$SULO������SS��

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWXUDO�
5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH��86'$²
15&6���������1DWLRQDO�5HVRXUFHV�,QYHQ�
WRU\��6RLO�(URVLRQ�RQ�&URSODQG������
KWWS���ZZZ�QUFV�XVGD�JRY�ZSV�SRUWDO�QUFV��
GHWDLO�QDWLRQDO�WHFKQLFDO�QUD�QUL�UHVXOWV��
"	FLG VWHOSUGE�����������0DUFK������

8�6��'HSDUWPHQW�RI�$JULFXOWXUH²1DWXUDO�
5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH��86'$²
15&6���������1DWLRQDO�+DQGERRN�RI�&RQ�
VHUYDWLRQ�3UDFWLFHV��+B���B1+&3B72&��
KWWS���GLUHFWLYHV�VF�HJRY�XVGD�JRY�YLHZHU)6�
DVS["KLG ���������0DUFK������

8�6��'HSDUWPHQW�RI�/DERU²%XUHDX�RI�/DERU�6WD�
WLVWLFV��86'/²%/6���������&DUHHU�*XLGH�
WR�,QGXVWULHV������²�����(GLWLRQ��$JULFXOWXUH��
)RUHVWU\��DQG�)LVKLQJ��KWWS���ZZZ�EOV�JRY�
RFR�FJ�FJV����KWP����0DUFK������

8�6��'HSDUWPHQW�RI�/DERU²%XUHDX�RI�/DERU�
6WDWLVWLFV��86'/²%/6���������'DWD�
EDVHV��7DEOHV��DQG�&DOFXODWRUV�E\�6XE�
MHFW��(PSOR\PHQW��KWWS���ZZZ�EOV�JRY�
GDWD��HPSOR\PHQW����0DUFK������

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
�86(3$���������'HYHORSPHQW�'RFXPHQW�

IRU�WKH�)LQDO�5HYLVLRQV�WR�WKH�1DWLRQDO�
3ROOXWDQW�'LVFKDUJH�(OLPLQDWLRQ�6\VWHP�
5HJXODWLRQ�DQG�WKH�(IÁXHQW�*XLGHOLQHV�IRU�
&RQFHQWUDWHG�$QLPDO�)HHGLQJ�2SHUDWLRQV��
'HFHPEHU��

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
�86(3$������������&)5�3DUWV���������
�����DQG������1DWLRQDO�SROOXWDQW�GLVFKDUJH�
HOLPLQDWLRQ�V\VWHP�SHUPLW�UHJXODWLRQ�DQG�
HIÁXHQW�OLPLWDWLRQ�JXLGHOLQHV�DQG�VWDQGDUGV�
IRU�FRQFHQWUDWHG�DQLPDO�IHHGLQJ�RSHUDWLRQV�
�&$)2V���)LQDO�UXOH��)HG�5HJLV����������
����²������

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
�86(3$������������&)5�3DUWV���������DQG�
�����(3$�+4�2:������������)/5������
���5,1������$(���

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
�86(3$���������5HYLVHG�QDWLRQDO�SROOXWDQW�
GLVFKDUJH�HOLPLQDWLRQ�V\VWHP�SHUPLW�UHJXOD�
WLRQ�DQG�HIÁXHQW�OLPLWDWLRQV�JXLGHOLQHV�IRU�
FRQFHQWUDWHG�DQLPDO�IHHGLQJ�RSHUDWLRQV�LQ�
UHVSRQVH�WR�WKH�:DWHUNHHSHU�GHFLVLRQ��)HG�
5HJLV�����������KWWS���ZZZ�HSD�JRY�QSGHV�
UHJXODWLRQV�FDIRBÀQDOBUXOHBSUHDPEOH�����
SGI����0DUFK������

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
�86(3$�������D��0LVVLVVLSSL�5LYHU�*XOI�
RI�0H[LFR�:DWHUVKHG�1XWULHQW�7DVN�)RUFH��
KWWS���ZDWHU�HSD�JRY�W\SH�ZDWHUVKHGV�
QDPHG�PVEDVLQ�LQGH[�FIP����0DUFK������

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
�86(3$�������E��(IÁXHQW�*XLGHOLQHV��
&RQFHQWUDWHG�$QLPDO�)HHGLQJ�2SHUDWLRQV�
,QGXVWU\��KWWS���ZZZ�HSD�JRY�ZDWHUVFLHQFH�
JXLGH�FDIR����0DUFK������

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
�86(3$�������F��$J67$5��DQ�(3$�3DUWQHU�
VKLS�3URJUDP��KWWS���ZZZ�HSD�JRY�DJVWDU����
0DUFK������

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\²1DWLRQDO�
3ROOXWDQW�'LVFKDUJH�(OLPLQDWLRQ�6\VWHP�
�86(3$²13'(6���������(IÁXHQW�/LPLWD�
WLRQV�*XLGHOLQHV�DQG�6WDQGDUGV��KWWS���
FISXE�HSD�JRY�QSGHV�WHFKEDVHGSHUPLWWLQJ�
HIIJXLGH�FIP�����-XQH������

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\²1DWLRQDO�
3ROOXWDQW�'LVFKDUJH�(OLPLQDWLRQ�6\VWHP�
�86(3$²13'(6���������$QLPDO�)HHGLQJ�
2SHUDWLRQV��KWWS���FISXE�HSD�JRY�QSGHV�
KRPH�FIP"SURJUDPBLG �����0DUFK������

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\²2IÀFH�RI�
:DWHU��86(3$²2:�������D��:DWHU�4XDOLW\�
&RQGLWLRQV�LQ�WKH�8QLWHG�6WDWHV³$�3URÀOH�
IURP�WKH������1DWLRQDO�:DWHU�4XDOLW\�
,QYHQWRU\��(3$�����)���������$XJXVW��

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\²2IÀFH�
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