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7KH�0 RWXHND�,QWHJUDWHG�&DWFKP HQW��
0 DQDJHP HQW�5 HVHDUFK�3URJUDP P H�
�
�
: KDW�LV�WKH�H[ SHFWHG�RXWFRP H" �
�
,P SURYHG�XQGHUVWDQGLQJ�RI�� �DQG�VRFLDO�OHDUQLQJ�DERXW���ODQG��IUHVKZDWHU��DQG�
QHDU�FRDVWDO�HQYLURQP HQWV�LQ�FDWFKP HQWV�ZLWK�P XOWLSOH��LQWHUDFWLQJ��DQG�SRWHQWLDOO\ �
FRQIOLFWLQJ�ODQG�DQG�ZDWHU�XVHV��

�

: KR�LV�LQYROYHG" �
3DUWQHUV�

x� / DQGFDUH�5 HVHDUFK��SURJUDP P H�P DQDJHU��ODQG�ZDWHU�UHVHDUFK��DQG�VRFLDO�
OHDUQLQJ�

$QGUHZ�) HQHP RU��&KULV�3KLOOLSV��: LOO�$OOHQ��/ HV�%DVKHU��* DUWK�+DUP VZRUWK��0 DUJDUHW�
. LOYLQJWRQ��0 DJJLH�$WNLQVRQ��- RKQ�' \ P RQG��2 VFDU�0 RQWHV�GH�2 FD��0 DUF�' UHVVHU��
- DJDWK�( NDQD\ DNH��- RKQ�3D\ QH��$OH[ �: DWVRQ��5 RQ�' H5 RVH��- DP HV�%DUULQJHU��0 LNH�
0 DUGHQ�

��
x� &DZWKURQ�,QVWLWXWH��IUHVKZDWHU�DQG�P DULQH�UHVHDUFK�

5 RJHU�<RXQJ��3DXO�* LOOHVSLH��&KULV�&RUQHOLVRQ��&KULV�%DWVWRQH��- LP �6LQQHU��%HQ�. QLJKW��
' HDQ�2 OVHQ��5 HLG�) RUUHVW��. DUHQ�6KHDUHU��- RH�+ D\ ��: HLP LQ�- LDQJ��$DURQ�4 XDUWHUP DQ��
5 RZDQ�6WULFNODQG��- RKQ�+D\ HV��%DUULH�) RUUHVW�



� � �

�
x� 7DVP DQ�' LVWULFW�&RXQFLO��ULYHU�JURXQGZDWHU�UHVHDUFK��UHVRXUFH�P DQDJHP HQW�

5 RE�6P LWK��6WHYH�0 DUNKDP ��- RVHSK�7KRP DV��7UHYRU�- DP HV��0 DU\ �$QQH�%DNHU��$QGUHZ�
%XUWRQ��( ULF�9HUVWDSSHQ��1 HLO�- DFNVRQ��0 DUWLQ�' R\ OH��/ LQGVD\ �9DXJKDQ�
��

&RQWULEXWRUV�
x� ,QVWLWXWH�RI�* HRORJLFDO�	 �1 XFOHDU�6FLHQFHV��JURXQGZDWHU�UHVHDUFK�

7LP RWK\ �+ RQJ��0 LNH�6WHZDUW��3DXO�: KLWH��0 DWWKLDV�5 DLEHU�
x� 1 ,: $ ��ULSDULDQ�DQG�ULYHU�VHGLP HQW�UHVHDUFK�

5 RE�' DYLHV�&ROOH\ ��0 XUUD\ �+ LFNV��5 RE�0 HUULOHHV�
x� 6FLRQ��ULSDULDQ�UHVWRUDWLRQ�UHVHDUFK�

/ LVD�/ DQJHU��1 LFN�/ HGJDUG��' DYH�+ HQOH\ �
x� &RP P RQ�* URXQG�/ WG��LQVWLWXWLRQDO�OHDUQLQJ�

* OHQ�/ DXGHU�
x� 3DQVRSK\ �/ WG��VRFLR�HFRQRP LF�P RGHOOLQJ�

$QWKRQ\ �&ROH�
x� 1 =�/ DQGFDUH�7UXVW��ODQGRZQHU�OLDLVRQ�DQG�DFWLRQ�

%DUEDUD�6WXDUW�
x� 7H�$WLDZD��1 J WL�5 DUXD��1 J WL�7DP D��7LDNLQD�7H�7DLDR���LZL�HQYLURQP HQWDO�

P RQLWRULQJ��FXOWXUDO�YDOXHV�
' HDQ�: DONHU��%DUQH\ �7KRP DV��&KHULH�7DZKDL��0 LFN�3DUN�DQG�RWKHUV�

x� 7KH�0 RWXHND�&RP P XQLW\ �5 HIHUHQFH�* URXS��FRP P XQLW\ �OLDLVRQ�
x� 7KH�) RXQGDWLRQ�IRU�5 HVHDUFK��6FLHQFH�	 �7HFKQRORJ\ ��IXQGLQJ�
x� ,QWHUQDWLRQDO�LQWHUHVW�JURXSV��8 1 ( 6&2 �+ \ GURORJ\ �IRU�WKH�( QYLURQP HQW��/ LIH�

DQG�3ROLF\ ���LQWHUQDWLRQDO�OLQNDJH�
x� 6HFWRU�RUJDQLVDWLRQV��ILVKHULHV��IRUHVWU\ ��DJULFXOWXUH��DTXDFXOWXUH« �

�
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: KDW¶V�WKH�ELJ�SLFWXUH�IRU�WKLV�,&0 �UHVHDUFK" �
�
7KH�,QWHJUDWHG�&DWFKP HQW�0 DQDJHP HQW��,&0 ��UHVHDUFK�SURJUDP P H�DVNV�WKH�TXHVWLRQ�
³: KDW�IDFWRUV�XQGHU�KXP DQ�FRQWURO�ZLOO�DFKLHYH�VXVWDLQDELOLW\ �IURP �ULGJH�WRSV�WR�WKH�VHD�LQ�
D�FDWFKP HQW�FRQWH[ W" ´����
�
2 XU� P XOWL�GLVFLSOLQDU\ � WHDP � DQVZHUHG� WKLV� TXHVWLRQ� E\ � GHILQLQJ� ,&0 � DV� LQWHJUDWHG� ODQG�
DQG�ZDWHU�P DQDJHP HQW�UHTXLULQJ�D�FRP ELQDWLRQ�RI�HFRV\ VWHP �UHVLOLHQFH�DQG�FRP P XQLW\ �
UHVLOLHQFH�� UDWKHU� WKDQ� EHLQJ� VLP SO\ � D� UDWLRQDO� WHFKQLFDO� SURFHVV�� : H� KDYH� LQWHJUDWHG�
UHVHDUFK� RQ� ELRSK\ VLFDO� SURFHVVHV� �ZDWHU�� VHGLP HQW�� QXWULHQW� DQG� FRQWDP LQDQW� IOX[ HV��
IURP �ULGJHWRSV�WR�WKH�VHD�ZLWK�UHVHDUFK�RQ�VRFLDO�SURFHVVHV��VRFLDO�OHDUQLQJ��FRP P XQLW\ �
HQJDJHP HQW��0 RUL�YDOXHV��SROLF\ �UHOHYDQFH��DW�ODUJH�FDWFKP HQW�VFDOH����
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�
7KH� SURJUDP P H� SURYLGHV� SURFHVVHV�� WRROV�� P HWKRGV�� P RGHOV� DQG� LQVLJKWV� IRU� UHJLRQDO�
FRXQFLOV�� FDWFKP HQW� JURXSV� DQG� VHFWRU� JURXSV� WR� WDFNOH� WKH� FRP SOH[ � FKDOOHQJHV� RI�
P DQDJLQJ�FXP XODWLYH�HIIHFWV�RI�ODQG��ZDWHU�DQG�FRDVWDO�XVHV���,WV�SULP DU\ �SURYLQJ�JURXQG�
LV�WKH�0 RWXHND�FDWFKP HQW�OLQNHG�WR�7DVP DQ�%D\ ��EXW�ZLWK�VRP H�UHVHDUFK�DOVR�FDUULHG�RXW�
LQ�WKH�* LVERUQH�DQG�: DLNDWR�UHJLRQV���,W�EHJDQ�LQ�� � � � �DQG�ZUDSV�XS�LQ�6HSWHP EHU�� � � � ��
IXQGHG�P DLQO\ �E\ �WKH�1 =�JRYHUQP HQW�WKURXJK�) 5 67��
�
: H� GHILQHG� D� JHQHULF� ,&0 � OHDUQLQJ� DQG� SROLF\ � GHYHORSP HQW� SURFHVV�� DQG� DSSOLHG� WKLV�
SURFHVV� VWDUWLQJ� ZLWK� VWDNHKROGHU� P HHWLQJV� DQG� VXUYH\ V� LQ� WKH� 0 RWXHND� WR� GHILQH� WKHVH�
P DLQ�ILYH�UHVHDUFK�LVVXHV��ZKLFK�DUH�DOVR�FRP P RQ�WR�P DQ\ �1 =�FDWFKP HQWV��
�

� �� $OORFDWLRQ�RI�6FDUFH�: DWHU�5 HVRXUFHV�DP RQJ�&RP SHWLQJ�/ DQG�	 �,QVWUHDP �8 VHV�
� �� 0 DQDJLQJ�/ DQG�8 VHV�LQ�+DUP RQ\ �ZLWK�) UHVKZDWHU�5 HVRXUFHV�
� �� 0 DQDJLQJ�/ DQG�DQG�) UHVKZDWHU�5 HVRXUFHV�WR�3URWHFW�DQG�0 DQDJH�0 DULQH�

5 HVRXUFHV�
� �� ,QWHJUDWLYH�WRROV�DQG�SURFHVVHV�IRU�P DQDJLQJ�&XP XODWLYH�( IIHFWV�
� �� %XLOGLQJ�+XP DQ�&DSLWDO�DQG�) DFLOLWDWLQJ�&RP P XQLW\ �$FWLRQ��

�
7KH� ,&0 � SURJUDP P H� KDV� VKRZQ� WKH� ULFK� DQG� RIWHQ� XQH[ SHFWHG� EHQHILWV� RI� UHVHDUFKLQJ�
SUDFWLFDO� SUREOHP V� DFURVV� WKHVH� LQWHUIDFHV�� ODQG�ZDWHU�� SHRSOH�ODQG�� FDWFKP HQW�FRDVW��
ULYHU�DTXLIHU�� FRXQFLO�FRP P XQLW\ �� VFLHQFH�SROLF\ �FRP P XQLW\ � DFWLRQ�� 0 DRUL�( XURSHDQ�
VFLHQFH� DQG� DFURVV� GLVFLSOLQHV�� � 7KDQNV� HVSHFLDOO\ � WR� RXU� OLQNV� ZLWK� 7DVP DQ� ' LVWULFW�
&RXQFLO��ZH�VHH�WKH�SURJUDP P H�DV�VKRZLQJ�WKH�EHQHILWV�RI�SUDFWLFDO�JURXQGHG�LQWHJUDWLYH�
VFLHQFH��
�

: KDW�LVVXHV�DUH�EHLQJ�UHVHDUFKHG" �±�VRP H�H[ DP SOHV�
�
� ��$ OORFDWLRQ�RI�6FDUFH�: DWHU�5 HVRXUFHV�DP RQJ�&RP SHWLQJ�/ DQG�	 �,QVWUHDP �8 VHV�

�
x� + RZ�GR�ORFDO�ODQG�XVHV�DIIHFW�WKH�DYDLODELOLW\ �RI�JURXQG�DQG�VXUIDFH�ZDWHU�RYHU�WKH�HQWLUH�

FDWFKP HQW" ���
x� : KDW�LV�WKH�P RVW�GHIHQVLEOH�ZD\ �WR�SODQ�IRU�WKH�DOORFDWLRQ�RI�ZDWHU�UHVRXUFHV�DP RQJ�

FRP SHWLQJ�DOWHUQDWLYH�XVHV" �
x� + RZ�P XFK�ZDWHU�LV�UHTXLUHG�WR�P DLQWDLQ�LQVWUHDP �YDOXHV" �
x� + RZ�GR�HFRQRP LF�UHWXUQV�DIIHFW�ODQGRZQHUV¶�DQG�UHFUHDWLRQDO�XVHV�RI�ZDWHU" �

�
� ��0 DQDJLQJ�ODQG�XVHV�LQ�KDUP RQ\ �Z LWK�IUHVKZ DWHU�UHVRXUFHV�

�
x� + RZ�LV�VHGLP HQW�P RELOLVHG�WR�UHDFK�ULYHUV��DQG�ZKDW�LP SDFWV�GRHV�LW�KDYH" �
x� : KDW�LQIRUP DWLRQ�LV�QHHGHG�WR�EHVW�P DQDJH�ULYHU�JUDYHO�DOORFDWLRQ" ���
x� : K\ �KDV�WKH�0 RWXHND�FDWFKP HQW�WURXW�SRSXODWLRQ�GHFOLQHG�WKHQ�SDUWLDOO\ �UHFRYHUHG" ���
x� + RZ�FDQ�ZDWHU�TXDOLW\ �EH�P DLQWDLQHG�RU�LP SURYHG�ZLWK�LQWHQVLI\ LQJ�ODQG�XVH" �
x� $UH�WKHUH�VLP SOH�VROXWLRQV�WR�ZDWHU�TXDOLW\ �FRQWDP LQDWLRQ" �
x� ,V�ULSDULDQ�UH�YHJHWDWLRQ�WKH�µVLOYHU�EXOOHW¶�IRU�LP SURYLQJ�ZDWHU�TXDOLW\ " �

�
� ��0 DQDJLQJ�/ DQG�DQG�) UHVKZ DWHU�5 HVRXUFHV�WR�3URWHFW�DQG�0 DQDJH�0 DULQH�

5 HVRXUFHV�
�
x� : KDW�DUH�WKH�ULVNV�WR�P DULQH�IDUP LQJ�IURP �DFWLYLWLHV�RQ�ODQG" ���
x� : KDW�DUH�WKH�IDFWRUV�WKDW�LQFUHDVH�RU�GHFUHDVH�WKH�SURGXFWLRQ�DQG�YDOXHV�RI�ILVK�DQG�

VKHOOILVK" �
x� : KHUH�DUH�WKH�IDHFDO�EDFWHULD�DIIHFWLQJ�P DULQH�IDUP V�FRP LQJ�IURP " �
x� : KDW�DUH�WKH�UHODWLYH�HIIHFWV�RI�ULYHU�IORZV��HVSHFLDOO\ �IORRGV��RQ�VFDOORS�DQG�P XVVHO�

SURGXFWLRQ�FRP SDUHG�WR�DFWLYLWLHV�OLNH�GUHGJLQJ�DQG�P DULQH�IDUP LQJ" �



� � �

�
� ��,QWHJUDWLYH�WRROV�DQG�SURFHVVHV�IRU�P DQDJLQJ�&XP XODWLYH�( IIHFWV�

�
x� : KDW�DUH�SUHIHUUHG�GHYHORSP HQW�SDWKZD\ V�WR�HQVXUH�FRQWLQXHG�VXVWDLQDEOH�P DQDJHP HQW�

DW�FDWFKP HQW�VFDOH" �
x� : KDW�DUH�WKH�RSSRUWXQLWLHV�IRU�XVLQJ�P RGHOOLQJ�WR�SUHGLFW�FXP XODWLYH�HIIHFWV�RI�ODQG�XVH�

VFHQDULRV" �
x� + RZ�FDQ�P RGHOV�KHOS�GHFLVLRQ�P DNHUV�EDODQFH�HQYLURQP HQWDO�LP SDFWV�DORQJVLGH�VRFLDO��

HFRQRP LF�DQG�FXOWXUDO�EHQHILWV�ZKHQ�SODQQLQJ�IRU�IXUWKHU�GHYHORSP HQW" �
�
� ��%XLOGLQJ�+XP DQ�&DSLWDO�DQG�) DFLOLWDWLQJ�&RP P XQLW\ �$ FWLRQ��

�
x� : KDW�P HWKRGV�ZRXOG�EHVW�P RWLYDWH�HQYLURQP HQWDO�VWHZDUGVKLS�E\ �FDWFKP HQW�DQG�

FRP P XQLW\ �JURXSV" ���
x� : KDW�P HWKRGV�FDQ�ZH�XVH�WR�SURP RWH�HIIHFWLYH�LQWHUDFWLRQ�EHWZHHQ�VFLHQWLVWV��UHVRXUFH�

P DQDJHUV��DQG�WKH�FRP P XQLW\ " ��
x� + RZ�FDQ�LZL�EXLOG�WKHLU�FDSDELOLW\ �LQ�WKH�UHVRXUFH�P DQDJHP HQW�SURFHVV" �
x� : KDW�DUH�VRP H�µRII�WKH�ZDOO¶�H[ DP SOHV�RI�LQQRYDWLYH�DQG�HQGXULQJ�FRP P XQLW\ �HQJDJHP HQW�

WKDW�ZH�FRXOG�XVH�WR�IDFLOLWDWH�FRP P XQLW\ �DFWLRQ" �
�

�
: KDW�KDV�WKH�,&0 �UHVHDUFK�SURJUDP P H�DFKLHYHG" �
�
� �� $ OORFDWLRQ�RI�6FDUFH�: DWHU�5 HVRXUFHV�DP RQJ�&RP SHWLQJ�/ DQG�	 �

,QVWUHDP �8 VHV�
�
: DWHU�$ OORFDWLRQ��$OORFDWLRQ�RI�ULYHU�IORZV�IRU�LUULJDWLRQ�YV�WKH�QDWLRQDOO\ �UHFRJQLVHG�WURXW�
ILVKHU\ �ZDV�D�IRFDO�SRLQW�RI�WKH�QHJRWLDWHG�DJUHHP HQW�RQ�WKH�0 RWXHND�: DWHU�&RQVHUYDWLRQ�2 UGHU��
JD] HWWHG�LQ�� � � � ��: DWHU�DOORFDWLRQ�OLP LWV�ZHUH�VHW�IRU�WKH�8 SSHU�0 RWXHND�FDWFKP HQWV�LQ�7' &¶V�
5 HVRXUFH�0 DQDJHP HQW�3ODQ�DQG�ZLOO�EH�XSGDWHG�ZKHQ�ULYHU�DTXLIHU�P RGHOOLQJ��VHH�EHORZ��LV�
FRP SOHWHG�����
�
,&0 �UHVHDUFK�ZLWK�WKH�( FRORJLF�
) RXQGDWLRQ�DQG�ZDWHU�VWDNHKROGHUV�XVHG�
WKH�0 RWXHND�FDWFKP HQW�DV�D�FDVH�VWXG\ �WR�
LGHQWLI\ �KRZ�ZDWHU�XVH�IOH[ LELOLW\ �FDQ�EH�
HQKDQFHG�DQG�VHFXULW\ �RI�VXSSO\ �EHWWHU�
XQGHUVWRRG��WKURXJK�FKDQJHV�WR�1 =¶V�
5 HVRXUFH�0 DQDJHP HQW�$FW�RU�ZDWHU�
DOORFDWLRQ�SROLF\ ���2 SWLRQV�LQFOXGH�IORZ�
VKDULQJ�DQG�ZDWHU�TXDOLW\ �P DQDJHP HQW�
WKURXJK�FDWFKP HQW�IDUP HU�JURXSV��
FKDQJHV�WR�ZDWHU�SHUP LW�VSHFLILFDWLRQV�DQG�
SURSRVDOV�WR�HQFRXUDJH�WUDQVIHUV�RI�ZDWHU�
SHUP LWV���7KLV�ZRUN�DGGUHVVHG�LVVXHV�
UDLVHG�LQ�WKH�0 I( �: DWHU�3URJUDP P H�RI�
$FWLRQ���0 RGHOV�SUHGLFWLQJ�KRZ�LQ�VWUHDP �KDELWDW�ZLOO�FKDQJH�ZLWK�IORZ�KDYH�EHHQ�XVHG�WR�DVVLVW�
IORZ�P DQDJHP HQW�GHFLVLRQV���
�
: DWHU�JRYHUQDQFH�UHP DLQV�D�SULRULW\ �LVVXH�IRU�WKH�QHZ�* RYHUQP HQW�DQG�WKH�7' &���,Q�� � � � � � � �ZH�
FRP SOHWHG�D�VXUYH\ �RI�� � �VWDNHKROGHUV�IURP �� �6RXWK�,VODQG�UHJLRQV�DQG�� �FDWFKP HQWV�DERXW�WKHLU�
5 0 $�ZDWHU�SODQ�GHYHORSP HQW�SURFHVV��DQG�SURSRVHG�D�µVWUDZ�P DQ¶�IRU�LP SURYLQJ�5 0 $�
SHUIRUP DQFH�IRU�ZDWHU�DOORFDWLRQ�DQG�ZDWHU�TXDOLW\ �P DQDJHP HQW��
�
&RQWDFWV��$QGUHZ�) HQHP RU��/ DQGFDUH�5 HVHDUFK���- LP �6LQQHU��&DZWKURQ�,QVWLWXWH���0 DU\ �$QQH�
%DNHU��7' &��
�



� � �

* URXQGZ DWHU�' \ QDP LFV��0 DQDJLQJ�LQFUHDVLQJ�GHP DQG�IRU�LUULJDWLRQ�IURP �JURXQGZDWHU�LQ�WKH�
8 SSHU�0 RWXHND�YDOOH\ �UHTXLUHV�NQRZOHGJH�RI�KRZ�WKHVH�DOOXYLDO�DTXLIHUV�LQWHUDFW�ZLWK�WKH�0 RWXHND�
DQG�WULEXWDU\ �ULYHUV��DQG�KRZ�JURXQGZDWHU�SXP SLQJ�LQGLUHFWO\ �LP SDFWV�DTXDWLF�HFRORJ\ ����

�
: LWK�* 1 6�DQG�7' &��D�) ( ) / 2 : �VSDWLDO�P RGHO�KDV�
EHHQ�FDOLEUDWHG�WR�SUHGLFW�FKDQJLQJ�JURXQGZDWHU�OHYHOV�
DQG�ULYHU�IORZV�IRU�WKH�XSSHU�0 RWXHND��EDVHG�RQ�
JHRORJLFDO�P DSSLQJ��ULYHU�IORZ�JDXJLQJ�DQG�ZHOO�
P RQLWRULQJ���6RLO�P RLVWXUH�H[ SHULP HQWV�RQ�. RUHUH�DQG�
: DLZKHUR�IDUP V�DUH�VKRZLQJ�WKH�FRQWULEXWLRQ�RI�KLOO�
VORSHV�WR�JURXQGZDWHU�UHFKDUJH���' DWLQJ�WKH�DOOXYLDO�
JURXQGZDWHU�VKRZV�LW�KDV�EHHQ�XQGHUJURXQG�RQO\ �� � � �
\ HDUV���,UULJDWLRQ�VFHQDULRV�DUH�EHLQJ�UXQ�WKURXJK�WKLV�
P RGHO�WR�XQGHUVWDQG�KRZ�GLIIHUHQW�OHYHOV�RI�LUULJDWHG�
ODQG�XVH�LQIOXHQFH�ULYHU�IORZV�DQG�HFRORJ\ ��KRZ�FOLP DWH�
FKDQJH�P D\ �DIIHFW�ULYHU�IORZV�DQG�JURXQGZDWHU�\ LHOGV��
DQG�ZKDW�LP SDFW�D�FKDQJLQJ�ULYHU�EHG�OHYHO�P LJKW�KDYH�
RQ�WKH�JURXQGZDWHU�WDEOH���
�

&RQWDFWV��7LP RWK\ �+ RQJ��* 1 6���- RVHSK�7KRP DV��7' &���$QGUHZ�) HQHP RU��/ DQGFDUH�5 HVHDUFK���
- DJDWK�( NDQD\ DNH��/ DQGFDUH�5 HVHDUFK���0 LNH�6WHZDUW��* 1 6��
�
: DWHU�8 VH�( FRQRP LFV��2 XW�RI�VWUHDP �ZDWHU�DOORFDWLRQ�IRU�LUULJDWLRQ�LV�GULYHQ�E\ �UHWXUQV�IRU�
SULP DU\ �SURGXFWLRQ���7KH�,&0 �SURJUDP P H�LV�VXSSRUWLQJ�3DXO�: KLWH¶V�� �\ HDU�VXUYH\ �RI�� � �
DJULFXOWXUDO�XVHUV�RI�JURXQGZDWHU�LQ�WKH�: DLP HD�3ODLQV��WR�DVVHVV�WKH�HFRQRP LF�GULYHUV�RI�
JURXQGZDWHU�XVH���7KLV�ZRUN�VKRZV�WKH�LQIOXHQFH�RI�OLIHVW\ OH�EORFN�GHP DQG�DQG�FKDQJHV�LQ�DSSOH�
SULFHV�RQ�JURXQGZDWHU�XVH����
�
7KH�FRVWV�DQG�EHQHILWV�RI�WKH�7DGP RU�ZDWHU�DXJP HQWDWLRQ�VFKHP H��+ RSH�5 LYHU�GLYHUVLRQ��ZHUH�
HYDOXDWHG��DQG�LQGLFDWH�QHW�SRVLWLYH�ILQDQFLDO�UHWXUQV�IRU�LUULJDWLRQ�ZDWHU�XVHUV�RI�GLYHUWHG�ZDWHU���$ �
FRP SDQLRQ�VWXG\ �RI�HFRORJLFDO�FRVWV�DQG�EHQHILWV�FRQFOXGHG�WKDW�WKH�ULYHU�GLYHUVLRQ�KDV�QRW�
DIIHFWHG�ZDWHU�TXDOLW\ �RU�ULYHU�HFRORJ\ �LQ�WKH�7DGP RU�5 LYHU��
�
&RQWDFWV��$QGUHZ�) HQHP RU��/ DQGFDUH�5 HVHDUFK���3DXO�: KLWH��* 1 6���' HDQ�2 OVHQ��&DZWKURQ��
�
� �� 0 DQDJLQJ�ODQG�XVHV�LQ�KDUP RQ\ �Z LWK�IUHVKZ DWHU�UHVRXUFHV�
�
5 LYHU�DQG�FRDVWDO�K\ GURORJ\ ��&KDQJHV�DQG�LQWHQVLILFDWLRQ�RI�ODQG�XVH�KDYH�LP SDFWHG�
VWUHDP �IORZV�DQG�ZDWHU�TXDOLW\ ���&RP SXWHU�P RGHOV�KHOS�XV�XQGHUVWDQG�ZK\ �WKHVH�FKDQJHV�RFFXU���
: H�KDYH�FDOLEUDWHG�D�6: $7�FDWFKP HQW�ZDWHU�EDODQFH�P RGHO�WR�FRP SDUH�WKH�HIIHFWV�RI�GLIIHUHQW�
YHJHWDWLRQ�FRYHU�WKURXJKRXW�WKH�FDWFKP HQW�RQ�ULYHU�IORZV���: H�KDYH�DOVR�GHYHORSHG�D�VLP SOH�ZDWHU�
EDODQFH�P RGHO�: $7<,( / ' �IRU�XQP RQLWRUHG�FDWFKP HQWV�WR�HVWLP DWH�KRZ�VWUHDP IORZV�ZLOO�FKDQJH�LI�
ODQG�FRYHU�LV�FKDQJHG��HJ�SODQWLQJ�RU�FXWWLQJ�GRZQ�IRUHVWV���

�
7KH�0 RWXHND�FDWFKP HQW�6: $7�
IORZ�DQG�FRQWDP LQDQW�P RGHO�
VKRZHG�WKDW�ULYHU�IORZ�DW�
: RRGVWRFN�LV�DERXW�� � � �KLJKHU�
QRZ�WKDQ�XQGHU�SUHKLVWRULF�EXVK�
ODQG�FRYHU��DQG�ZLWK�P D[ LP XP �
SRVVLEOH�DIIRUHVWDWLRQ�ZRXOG�EH�
DERXW�� � � �KLJKHU���1 XWULHQW�
IORZV�GRZQ�WKH�ULYHU�V\ VWHP V�
KDYH�EHHQ�P RGHOOHG�XVLQJ�
6: $7�DQG�EDFWHULDO�LQSXWV�WR�
WKH�ED\ �KDYH�EHHQ�SUHGLFWHG�

XVLQJ�D�IDHFDO�GLH�RII�P RGHO���6LP XODWHG�0 RWXHND�ULYHU�DQG�FRQWDP LQDQW�IORZV�IHHG�LQWR�WKH�
7DVP DQ�%D\ �FRDVWDO�FLUFXODWLRQ�DQG�HFRV\ VWHP �P RGHOV�WR�XQGHUVWDQG�FDWFKP HQW�LP SDFWV�RQ�WKH�
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ED\ ���0 RGHO�UHVXOWV�IURP �WKH�,' ( $6�P RGHO��VHH�EHORZ��SUHGLFW�WKH�LQ�VWUHDP �DQG�P DULQH�LP SDFWV�RI�
IXWXUH�ODQG�XVH�DQG�DTXDFXOWXUH�VFHQDULRV��
�
$W�D�P RUH�GHWDLOHG�VFDOH��3K' �VWXGHQW�. LUDQ�. XP DU�KDV�VKRZQ�WKDW�WKH�DYHUDJH�GDLO\ �WUDQVSLUDWLRQ�
�) HEUXDU\ �WR�$SULO��UDWH�RI�FUDFN�ZLOORZV�LQ�WKH�: DLZKHUR�ZHWODQG�ZDV�P RUH�WKDQ�IRXU�WLP HV�WKDW�
HVWLP DWHG�IRU�SDVWXUH��L�H��ZLOORZV�FRQVXP H�KXJH�DP RXQWV�RI�ZDWHU��
�
&RQWDFWV��- DJDWK�( NDQD\ DNH��/ DQGFDUH�5 HVHDUFK���7LP �' DYLH��( QYLURQP HQW�&DQWHUEXU\ ���$QGUHZ�
) HQHP RU��/ DQGFDUH�5 HVHDUFK��
�
6HGLP HQW�,P SDFWV�LQ�5 LYHU�DQG�&RDVWDO�( FRV\ VWHP V��6HGLP HQW�LV�EODP HG�IRU�

GHWHULRUDWLQJ�ILVK�KDELWDW�LQ�ULYHUV��DQG�KDV�
P DMRU�LP SDFWV�RQ�VFDOORS�UHVRXUFHV�LQ�
DUHDV�RII�WKH�ULYHU�P RXWK�LQ�7DVP DQ�%D\ ����
�
8 VLQJ�D�P RQLWRULQJ�QHWZRUN�RI�VXVSHQGHG�
VHGLP HQW�VDP SOHUV�LQ�WKH�FDWFKP HQW��VHW�
XS�LQ�FRQMXQFWLRQ�ZLWK�7' &�DQG�1 ,: $ ��ZH�
KDYH�VKRZQ�WKH�LP SRUWDQFH�RI�ORFDOLVHG�
ODUJH��LQIUHTXHQW�IORRGV�IRU�VHGLP HQW�
JHQHUDWLRQ�DQG�GLVSHUVDO�DQG�KDYH�DOVR�
EHHQ�GRFXP HQWLQJ�KRZ�VHGLP HQW�
JHQHUDWLRQ�YDULHV�GXULQJ�WKH�IRUHVW�KDUYHVW�
F\ FOH����
�
$ �� � �\ HDU�VWRUP �DW�( DVWHU�� � � � �LQ�WKH�

XSSHU�0 RWXHND�0 RWXSLNR�UDLVHG�VHGLP HQW�\ LHOGV�E\ �� � �WLP HV�LQ�WKH�DIIHFWHG�DUHD�DQG�E\ �� � � �WLP HV�
DW�WKH�FRDVW��7KLV�HIIHFW�KDV�SHUVLVWHG�IRU�WKH�ODVW�� �\ HDUV�ZLWK�\ LHOGV�VORZO\ �UHWXUQLQJ�WR�SUH�VWRUP �
OHYHOV��+ HDY\ �P HWDOV�IURP �D�P LQHUDO�EHOW�LQ�WKH�XSSHU�FDWFKP HQW�KDYH�EHHQ�WUDFNHG�IURP �WKDW�
VWRUP �GRZQ�ULYHU�LQWR�WKH�VHDEHG�VHGLP HQWV�RI�7DVP DQ�%D\ �ZLWK�WKHLU�FRQFHQWUDWLRQV�H[ FHHGLQJ�
FULWHULD�IRU�HFRV\ VWHP �KHDOWK�ZLWKLQ�WKH�FRDVWDO�ULYHU�SOXP H��7KHVH�LQIUHTXHQW�VWRUP V�KDYH�D�
SURIRXQG�LQIOXHQFH�RQ�ORQJ�WHUP �VHGLP HQW�\ LHOGV���
�
: H�KDYH�GHYHORSHG�D�ULYHUEHG�VXEVWUDWH�P RQLWRULQJ�P HWKRG�WR�TXDQWLWDWLYHO\ �OLQN�ILQH�VHGLP HQW�
RFFXUUHQFH�ZLWK�DTXDWLF�KDELWDW�VXLWDELOLW\ ���,W�SURYLGHV�GDWD�RQ�ILQH�VHGLP HQW�DEXQGDQFH�WKDW�
FRP SOHP HQWV�ELRORJLFDO�VXUYH\ V�VXFK�DV�GULIW�GLYHV�WR�P HDVXUH�WURXW�QXP EHUV��,W�KDV�EHHQ�DGDSWHG�
E\ �( QYLURQP HQW�&DQWHUEXU\ �LQ�WKHLU�VWDWH�RI�WKH�HQYLURQP HQW�P RQLWRULQJ�LQ�&DQWHUEXU\ �DQG�ZLOO�EH�
SDUW�RI�D�QDWLRQDO�( QYLUROLQN�WRROV�SURMHFW�RQ�KDELWDW�FKDUDFWHULVDWLRQ���
�
&RQWDFWV��/ HV�%DVKHU��/ DQGFDUH�5 HVHDUFK���0 XUUD\ �+LFNV��1 ,: $���&KULV�&RUQHOLVRQ��&DZWKURQ��
�
6XVWDLQDEOH�5 LYHU�* UDYHO�( [ WUDFWLRQ��&DWFKP HQW�VWDELOLVDWLRQ�ZRUNV��UHYHJHWDWLRQ�VLQFH�
WKH�EXVK�FOHDUDQFH�GD\ V�DQG�JUDYHO�H[ WUDFWLRQ�KDYH�OHG�WR�D�JUDGXDO�GHFOLQH�LQ�ULYHUEHG�OHYHOV��DQG�
WKH�QHHG�WR�OLP LW�JUDYHO�H[ WUDFWLRQ�IURP �ULYHUV���
�
$Q�,&0 �VWXG\ �ZLWK�7' &�
UHYLHZHG�EHG�OHYHO�
FKDQJHV�EDVHG�RQ�� � � �
\ HDUV�RI�ULYHU�FKDQQHO�
FURVV�VHFWLRQ�VXUYH\ V�LQ� WKH�
0 RWXHND�ULYHU��,W�
FRQILUP V�WKH�JHQHUDO�
GHJUDGDWLRQ�WUHQGV�EXW�
ILQGV�WKDW�P RUH�
LQIRUP DWLRQ�LV�QHHGHG�RQ�
JUDYHO�WUDQVSRUW�
P HFKDQLVP V��HVSHFLDOO\ �
GXULQJ�IORRGV���
�

/ RZ HU�0 RWXHND

�
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3HULRGLF�ULYHU�FURVV�VHFWLRQ�VXUYH\ V�DUH�WKH�SULP DU\ �WRRO�XVHG�E\ �P RVW�UHJLRQDO�FRXQFLOV�WR�P RQLWRU�
ULYHU�EHG�OHYHOV�DQG�WR�KHOS�VHW�JUDYHO�H[ WUDFWLRQ�OLP LWV�EXW�WKHVH�KDYH�VLJQLILFDQW�OLP LWDWLRQV�IRU�
DFFXUDWHO\ �HVWDEOLVKLQJ�JUDYHO�VXSSO\ �UDWHV��$QQXDO�* 36�VXUYH\ V��µ� �EHDFKHV¶��KDYH�EHWWHU�GHILQHG�
JUDYHO�YROXP H�FKDQJHV��DQG�DUH�EHLQJ�XVHG�WR�DVVHVV�KRZ�ZHOO�WKH�SUHVHQW�ULYHU�FURVV�VHFWLRQ�
QHWZRUN�UHIOHFWV�EHG�OHYHO�DQG�JUDYHO�YROXP H�FKDQJHV��7KH\ �VKRZ�WKDW�WKH�FURVV�VHFWLRQV�XQGHU�
HVWLP DWH�WKH�FKDQJHV�LQ�JUDYHO�YROXP HV�VWRUHG�LQ�WKH�ULYHU�EHG��EXW�WKH�ZRUN�FRQILUP V�WKH�
FRQWLQXLQJ�ORZHULQJ�RI�ULYHUEHG�OHYHOV��7KLV�W\ SH�RI�LQYHVWLJDWLRQ�FDQ�HVWDEOLVK�DQ�DYHUDJH�
VXVWDLQDEOH�JUDYHO�VXSSO\ �WKDW�FDQ�EH�DGMXVWHG�IROORZLQJ�ODUJH�IORRG�HYHQWV��,W�DOVR�VKRZV�KRZ�
FRQVWUDLQLQJ�WKH�ZLGWK�RI�JUDYHO�EHG�ZDQGHULQJ�ULYHUV�OHDGV�WR�FKDQQHO�GHJUDGDWLRQ�DQG�OLP LWV�
UHSOHQLVKP HQW�RI�WKH�JUDYHO�UHVRXUFH�RQ�EDUV�ZKHUH�JUDYHO�LV�W\ SLFDOO\ �H[ WUDFWHG�IURP ��
�
&RQWDFWV��/ HV�%DVKHU��/ DQGFDUH�5 HVHDUFK���,DQ�) XOOHU��0 DVVH\ �8 QLY���( ULF�9HUVWDSSHQ��7' &��
�
/ DQG�8 VH�,P SDFWV�RQ�: DWHU�4 XDOLW\ ��( DUO\ �ZDWHU�TXDOLW\ �UHVHDUFK�LGHQWLILHG�DUHDV�RI�

FRQFHUQ�LQ�RQH�SDUW�RI�WKH�FDWFKP HQW��SDUWLFXODUO\ �
UHODWHG�WR�WKH�GDLO\ �FURVVLQJ�RI�VWUHDP V�E\ �FRZV����
�
7KURXJK�ZRUNLQJ�FROODERUDWLYHO\ �ZLWK�WKH�GDLU\ �IDUP HUV��
VKHHS�DQG�EHHI�IDUP HUV��DQG�IRUHVWU\ �FRP SDQLHV�WKH�
EDFWHULDO�ZDWHU�TXDOLW\ �RI�WKH�6KHUU\ �5 LYHU�KDV�EHHQ�
LP SURYHG�E\ �P RUH�WKDQ�� � � ��LQLWLDOO\ �WKURXJK�EULGJLQJ�
GDLU\ �FURVVLQJV�DQG�IRUHVWU\ �FURVVLQJV��7KLV�ZRUN�KDV�
EHHQ�IROORZHG�E\ �IXUWKHU�ZDWHU�TXDOLW\ �VDP SOLQJ�LQ�
FRQMXQFWLRQ�ZLWK�7' &�ZKLFK�VKRZV�DQ�LP SURYHP HQW�LQ�

ULYHU�ZDWHU�TXDOLW\ ��WKRXJK�QRW�WR�VZLP P DEOH�VWDQGDUG�DW�WLP HV���
�
&ORVH�WLHV�ZLWK�WKH�ORFDO�FRP P XQLW\ �DQG�
ZLWK�WKH�1 =�/ DQGFDUH�7UXVW�DQG�7' &�VWDII�
KDYH�EXLOW�WUXVW�DQG�D�FROODERUDWLYH�
DSSURDFK���7KLV�UHVXOWHG�LQ�D�7UDQVSRZHU�
JUDQW�WR�SURYLGH�SODQWV�WR�EH�XVHG�LQ�RXU�
ULSDULDQ�UHVWRUDWLRQ�WULDOV��DQG�D�UHVHDUFK�
SDUWQHUVKLS�� � � � � � � � � �ZLWK�6) ) �IXQGLQJ�IRU�
ZKROH�FDWFKP HQW�/ DQGRZQHU�( QYLURQP HQWDO�
3ODQQLQJ�WR�LP SURYH�ZDWHU�TXDOLW\ �EH\ RQG�
WKH�FXUUHQW�� � � �LP SURYHP HQW����
�
%HVW�P DQDJHP HQW�SUDFWLFHV��%0 3V��IRU�WKH�
UDQJH�RI�ODQG�XVH�W\ SHV�LQ�WKH�6KHUU\ �KDYH�EHHQ�GHYHORSHG�DQG�D�%0 3�OLEUDU\ �HVWDEOLVKHG�RQ�WKH�
,&0 �ZHEVLWH�KWWS���LFP �ODQGFDUHUHVHDUFK�FR�Q] ���7KHVH�KDYH�EHHQ�XVHG�LQ�D�SDUWQHU�SURMHFW�ZLWK�
7' &�RQ�ZKROH�FDWFKP HQW�QXWULHQW�EXGJHWLQJ�LQ�WKH�0 RWXSLSL�FDWFKP HQW��IXQGHG�WKURXJK�( QYLUROLQN���
( [ SHFWHG�LP SURYHP HQWV�LQ�ZDWHU�TXDOLW\ �LQ�UHVSRQVH�WR�LP SOHP HQWDWLRQ�RI�EHVW�P DQDJHP HQW�
SUDFWLFHV��%0 3V��RQ�IDUP V�LQ�WKH�6KHUU\ �&DWFKP HQW�DUH�EHLQJ�P RQLWRUHG�WKURXJK�DGGLWLRQDO�ULYHU�
IORZ��ZDWHU�TXDOLW\ �DQG�K\ GURP HWULF�P RQLWRULQJ��µVWRUP �FKDVLQJ¶��GXULQJ�� � � � � � � ��
�
$ �IDUP HU�P DLQWDLQHG�ULSDULDQ�UHVWRUDWLRQ�WULDO�DW�0 DWDULNL�KDV�SURYLGHG�JXLGHOLQHV�IRU�IDUP HU�IULHQGO\ �
ULSDULDQ�UHVWRUDWLRQ�ZLWK�QDWLYH�SODQWV�LQ�ZHHG\ �HQYLURQP HQWV��DLP HG�DW�SURYLGLQJ�VWUHDP �VKDGH�
DQG�H[ FOXGLQJ�VWRFN�IURP �ULYHUEDQNV��$OLJQHG�ZLWK�WKH�6KHUU\ �ZRUN�LV�WKH�GDWDEDVH�RI�WKH�
VWDELOLVLQJ�SRWHQWLDO�DQG�JURZWK�FKDUDFWHULVWLFV�RI�1 HZ�=HDODQG¶V�LQGLJHQRXV�SODQWV�GHYHORSHG�IURP �
� �ILHOG�WULDOV�LQ�* LVERUQH��7RJHWKHU�ZLWK�ULSDULDQ�FRQGLWLRQ�P DSSLQJ��ULSDULDQ�UHVWRUDWLRQ�WULDOV�ZLWK�
WKH�6KHUU\ �5 LYHU�IDUP HUV��DQG�DVVHVVP HQW�RI�ULYHU�EDQN�VW\ OHV��WKLV�ZRUN�LV�DGYDQFLQJ�ULSDULDQ�
UHVWRUDWLRQ�P HWKRG�GHYHORSP HQW�QDWLRQZLGH��
�
$W�D�ZKROH�FDWFKP HQW�VFDOH�ZH�KDYH�GHYHORSHG�DQG�FDOLEUDWHG�D�P RGHO�WKDW�WUDFNV�IDHFDO�EDFWHULD�
P RYHP HQW�DQG�GLH�RII���,Q�� � � � � � � ��WKLV�ZLOO�EH�OLQNHG�LQWR�WKH�,' ( $6�P RGHO�LQ�ZKLFK�LP SDFWV�RI�
ODQG�XVH�FKDQJH�LQ�WKH�ULYHU�DQG�ED\ �DUH�EHLQJ�DVVHVVHG�IRU�� �ODQG�XVH�VFHQDULRV����
�
&RQWDFWV��$QGUHZ�) HQHP RU��/ DQGFDUH�5 HVHDUFK���%DUEDUD�6WXDUW��1 =�/ DQGFDUH�7UXVW���5 RJHU�
<RXQJ��&DZWKURQ�,QVWLWXWH���5 RE�' DYLHV�&ROOH\ ��1 ,: $���&KULV�3KLOOLSV��/ DQGFDUH�5 HVHDUFK���/ LVD�
/ DQJHU�	 �1 LFN�/ HGJDUG��6FLRQ���7UHYRU�- DP HV�	 �5 RE�6P LWK��7' &��



� � �

�
( IIHFWV�RQ�IUHVKZ DWHU�ILVK�RI�FKDQJLQJ�ULYHU�IORZ V���' HFLVLRQV�RQ�ZDWHU�DOORFDWLRQ�
DUH�RIWHQ�P DGH�DW�D�UHDFK�VFDOH�DQG�QHJOHFW�WKH�IDFW�WKDW�ILVK�SRSXODWLRQV�P RYH�WKURXJKRXW�D�ULYHU�
FDWFKP HQW���) ORZV�WKDW�DUH�DGHTXDWH�WR�SURWHFW�HFRV\ VWHP �KHDOWK�LQ�RQH�SDUW�RI�WKH�FDWFKP HQW�DW�
RQH�WLP H�RI�WKH�\ HDU�P D\ �QRW�EH�DGHTXDWH�DW�RWKHU�WLP HV�RI�WKH�\ HDU�RU�LQ�RWKHU�ORFDWLRQV����
�
0 RYHP HQWV�RI�UDGLR�WDJJHG�WURXW�WKURXJKRXW�WKH�0 RWXHND�KDYH�EHHQ�FKDUDFWHULVHG�E\ �&DZWKURQ�
,&0 �UHVHDUFKHUV�WR�XQGHUVWDQG�P RUH�DERXW�KDELWDW�UHTXLUHP HQWV�LQ�GLIIHUHQW�SDUWV�RI�WKH�ULYHU���$ �
� � � \ HDU�IORRG�XSVHW�WKH�VWXG\ �WR�VRP H�H[ WHQW��EXW�UHVXOWHG�LQ�DQ�LQWHUHVWLQJ�ILQGLQJ�±�P RUH�WKDQ�
KDOI�RI�WKH�DGXOW�WURXW�SRSXODWLRQ�LQ�WKH�WULEXWDU\ �P RVW�DIIHFWHG�E\ �WKH�IORRG�SHULVKHG�GXULQJ�WKH�
IORRG��7KH�UHVXOWV�LQGLFDWHG�WKH�LP SRUWDQFH�RI�IORZ�DQG�ZDWHU�WHP SHUDWXUH�IRU�FRQWUROOLQJ�ILVK�
P RYHP HQW��WKH�LP SRUWDQFH�RI�GHHS�SRROV�IRU�SURYLGLQJ�UHIXJH�IURP �ORZ�IORZV�DQG�ZDUP �ZDWHU�
WHP SHUDWXUHV��DQG�DOVR�WKH�GUDP DWLF�HIIHFWV�RI�WKDW�ODUJH�IORRG�RQ�DGXOW�WURXW�VXUYLYDO����
�
0 DQ\ �ILVK�VSHFLHV�P RYH�WKURXJKRXW�FDWFKP HQWV�WR�FRP SOHWH�WKHLU�OLIH�KLVWRU\ ��HVSHFLDOO\ �WKRVH�WKDW�
UHTXLUH�DFFHVV�WR�DQG�IURP �WKH�RFHDQ���,&0 �UHVHDUFK�KDV�FRQILUP HG�WKH�SRWHQWLDO�RI�XVLQJ�ILVK�
RWROLWK�P LFURFKHP LVWU\ �±�WKH�FKHP LVWU\ �RI�ILVK�HDUERQHV���IRU�WUDFNLQJ�KRZ�ILVK�KDYH�P RYHG�
WKURXJKRXW�D�FDWFKP HQW���,W�LV�QRZ�SRVVLEOH�WR�GLVWLQJXLVK�EHWZHHQ�ILVK�UHDUHG�LQ�GLIIHUHQW�SDUWV�RI�D�
FDWFKP HQW�DQG�WR�GHWHUP LQH�ZKHUH�D�ILVK�KDV�EHHQ�WKURXJKRXW�LWV�OLIH�E\ �ORRNLQJ�DW�WKH�FKHP LFDO�
VLJQDWXUHV�ODLG�GRZQ�LQ�LWV�RWROLWKV���7KLV�SRZHUIXO�WRRO�KDV�VXEVHTXHQWO\ �EHHQ�XVHG�LQ�VHYHUDO�
&RQVHUYDWLRQ�2 UGHU�DQG�FRQVHQW�KHDULQJV�WR�GHP RQVWUDWH�WKH�QHHG�IRU�XQUHVWULFWHG�P RYHP HQW�
WKURXJK�FDWFKP HQWV�WR�VXSSRUW�YDOXHG�ILVKHULHV��
�
: H�DOVR�FRQGXFWHG�D�WHVW�RI�D�� � ' �K\ GUDXOLF�P RGHO��5 LYHU�� ' � �IRU�GHILQLQJ�KRZ�KDELWDW�DYDLODELOLW\ �
IRU�GLIIHUHQW�VSHFLHV�ZLOO�YDU\ �ZLWK�IORZ�DW�VHYHUDO�VLWHV�WKURXJKRXW�WKH�FDWFKP HQW�LQFOXGLQJ�LQ�VRP H�
VP DOO�VWUHDP V�ZKHUH�WUDGLWLRQDO�P RGHOV�KDYH�SURYHG�SUREOHP DWLF���7KHVH�VWXGLHV�SURYLGHG�DGYLFH�
RQ�DSSURSULDWH�HQYLURQP HQWDO�IORZV�WKURXJKRXW�WKH�FDWFKP HQW��ZHUH�SUHVHQWHG�WR�WKH�7' &�
5 HVRXUFH�0 DQDJHP HQW�3ROLF\ �&RP P LWWHH��DQG�KDYH�EHHQ�LQFRUSRUDWHG�LQWR�D�IUDP HZRUN�IRU�IORZ�
P DQDJHP HQW�LQ�WKH�8 SSHU�0 RWXHND�5 LYHU��
�
&RQWDFWV��5 RJHU�<RXQJ�	 �- RH�+ D\ ��&DZWKURQ�,QVWLWXWH���5 LFN\ �2 OOH\ ��2 WDJR�8 QLY���7UHYRU�- DP HV�
�7' &��
�
� �� 0 DQDJLQJ�/ DQG�DQG�) UHVKZ DWHU�5 HVRXUFHV�WR�3URWHFW�DQG�0 DQDJH�

0 DULQH�5 HVRXUFHV�
�
7KH�&RQGLWLRQ�RI�5 LYHU�' HOWD�+DELWDW���5 LYHU�RXWIORZV�WR�WKH�FRDVW�DIIHFW�WKH�VWDELOLW\ ��
SURGXFWLYLW\ �DQG�HFRV\ VWHP �KHDOWK�RI�WKH�ULYHU�GHOWD��DQG�WKLV�KDV�D�IORZ�RQ�HIIHFW�RQ�P DULQH�
ILVKHULHV�DQG�DTXDFXOWXUH�SRWHQWLDO���$ �QDWLRQDO�SURWRFRO�IRU�P RQLWRULQJ�EDUULHU�HQFORVHG�HVWXDULHV�
KDV�EHHQ�DGDSWHG�WR�LQFOXGH�ULYHU�GHOWD�V\ VWHP V���%RWK�EURDG�VFDOH�P DSSLQJ�RQ�* ,6 ��DQG�ILQH�
VFDOH�DVVHVVP HQW�RI�VHDEHG�KDELWDWV�RI�WKH�0 RWXHND�5 LYHU�GHOWD�KDYH�QRZ�EHHQ�FRP SOHWHG�IRU�
FRP SDULVRQ�ZLWK�IXWXUH�UHSHDW�VXUYH\ V��
&RQWDFWV��3DXO�* LOOHVSLH��&DZWKURQ�,QVWLWXWH��
�
&DWFKP HQWV�( [ WHQG�2 IIVKRUH��2 XU�UHVHDUFK�KDV�VKRZQ�WKDW�WKH�0 RWXHND�µ&DWFKP HQW¶�
HIIHFWLYHO\ �H[ WHQGV�RIIVKRUH�HQFRP SDVVLQJ�P RUH�
WKDQ�� � � �NP � �RI�WKH�P DULQH�HQYLURQP HQW�RI�
7DVP DQ�%D\ ��3K\ VLFDO�DQG�FKHP LFDO��QXWULHQW��
FKDUDFWHULVWLFV�RI�WKH�ZDWHU�FROXP Q�ZLWKLQ�WKH�
SOXP H�KDYH�EHHQ�VKRZQ�WR�VWLP XODWH�WKH�JURZWK�RI�
P LFUR�DOJDH�XSRQ�ZKLFK�VKHOOILVK��LQFOXGLQJ�IDUP HG�
P XVVHOV��GHSHQG�IRU�IRRG����
�
6XVSHQGHG�VHGLP HQW�IURP �WKH�ULYHU�P RXWK�KDV�
EHHQ�VKRZQ�WR�JHQHUDWH�FKURQLF�KLJK�WXUELGLW\ �
FRQGLWLRQV�LQ�QHDU�ERWWRP �ZDWHUV�WKDW�FDQ�LQWHUIHUH�
ZLWK�WKH�IHHGLQJ�RI�VFDOORSV�DQG�SRWHQWLDOO\ �RWKHU�
FRP P HUFLDOO\ �DQG�HFRORJLFDOO\ �LP SRUWDQW�EHQWKLF�
VXVSHQVLRQ�IHHGLQJ�DQLP DOV���7KLV�P HFKDQLVP �KDV�
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EHHQ�VXJJHVWHG�DV�D�P DMRU�FRQWULEXWRU�WR�WKH�SRRU�SHUIRUP DQFH�RI�WKH�7DVP DQ�%D\ �VFDOORS�
UHVRXUFH�LQ�UHFHQW�\ HDUV���
�
2 I�WKLV�� � � NP � �RI�FDWFKP HQW�LQIOXHQFH��DERXW�� � �� � � �NP � �RI�VHDEHG�KDV�D�GHP RQVWUDEOH�WHUUHVWULDO�
VLJQDWXUH�DULVLQJ�IURP �WKH�ULYHU�RXWZHOOLQJ�SOXP H���1 DWXUDOO\ �KLJK�KHDY\ �P HWDO�OHYHOV��1 L��&U��&X��
ZLWKLQ�WKH�VHGLP HQW�IOXVKHG�IURP �WKH�5 HG�+ LOOV�DW�WKH�KHDG�RI�WKH�FDWFKP HQW�P D\ �EH�DIIHFWLQJ�
P DULQH�DQG�IUHVKZDWHU�OLIH��EHFDXVH�WKH\ �DUH�EH\ RQG�$1 =( &&�OHYHOV�IRU�HFRV\ VWHP �KHDOWK��7KHVH�
FDWFKP HQW�FRDVWDO�FRQQHFWLRQV�GHP RQVWUDWH�WKDW�P DQDJHP HQW�RI�FRDVWDO�HFRV\ VWHP V��ILVK�DQG�
VKHOOILVK�UHVRXUFHV�QHHG�WR�WDNH�DFFRXQW�RI�DFWLYLWLHV�DFURVV�WKH�HQWLUH�ODQG�VHD�FRQWLQXXP �
FRP SULVLQJ�RXU�UHGHILQHG�³FDWFKP HQẂ��7KLV�LV�D�P DMRU�GHYLDWLRQ�IURP �FXUUHQW�FRDVWDO�P DQDJHP HQW�
SUDFWLFH��
�
&RQWDFWV��3DXO�* LOOHVSLH�	 �&KULV�&RUQHOLVRQ��&DZWKURQ�,QVWLWXWH��
�
( IIHFWV�RI�WKH�0 RWXHND�5 LYHU�3OXP H�RQ�$ TXDFXOWXUH�0 DQDJHP HQW�$ UHDV����
: DWHU�TXDOLW\ �DQG�SURGXFWLYLW\ �LQ�WKH�� � � � �KD�RI�GHVLJQDWHG�$TXDFXOWXUH�0 DQDJHP HQW�$UHDV�RII�
WKH�0 RWXHND�ULYHU�P RXWK�LV�DIIHFWHG�E\ �WKH�ULYHU�GLVFKDUJH��SDUWLFXODUO\ �GXULQJ�ODUJH�IORRGV���7KH�
H[ WHQW�DQG�P DJQLWXGH�RI�IUHVKZDWHU�HIIHFWV�RQ�VHDZDWHU�WHP SHUDWXUH��VDOLQLW\ ��GHQVLW\ ��FKORURSK\ OO�
D��ZDWHU�FODULW\ �DQG�QXWULHQWV�KDV�EHHQ�P DSSHG�WR�SURYLGH�D�EDVLV�IRU�XQGHUVWDQGLQJ�WKH�QDWXUH�
DQG�VSDWLDO�H[ WHQW�RI�FDWFKP HQW�HIIHFWV�RQ�ZLOG��HQKDQFHG�DQG�IDUP HG�VKHOOILVK�UHVRXUFHV��
�
,QIRUP DWLRQ�JHQHUDWHG�WKURXJK�WKH�,&0 �3URJUDP P H�KDV�SURYHQ�FULWLFDO�WR�FRQVHQWLQJ�RI�D�ODUJH�
RIIVKRUH�P XVVHO�IDUP �LQ�ZHVWHUQ�7DVP DQ�%D\ ��7KH�ILUVW�VWDJH�RI�GHYHORSP HQW�DFKLHYHG�P DUNHWDEOH�
SURGXFW�VL] H�TXDOLW\ �ZLWKLQ�VHYHQ�P RQWKV��+ LJK�P XVVHO�JURZWK�UDWHV�RFFXUUHG�GXULQJ�VSULQJ�DQG�
DXWXP Q�� � � � �� � �ZLWK�D�VORZGRZQ��SDUWLFXODUO\ �LQ�WKH�XSSHU�ZDWHU�FROXP Q��GXULQJ�VXP P HU��7KLV�LV�
FRQVLVWHQW�ZLWK�SUHGLFWHG�FKORURSK\ OO�D�P D[ LP D�DQG�P LQLP D�DQG�ZDWHU�FROXP Q�VWUDWLILFDWLRQ�
FKDUDFWHULVWLFV�WKDW�DUH�LQIOXHQFHG�E\ �WKH�ULYHU�SOXP H��0 XVVHO�JURZLQJ�FRQGLWLRQV�DQG�FDWFKP HQW�
LP SOLFDWLRQV�DUH�EHLQJ�WUDFNHG�RYHU�WLP H�XVLQJ�ORQJ�WHUP �LQ�VLWX�GDWD�DQG�QXWULHQW�ORDGLQJ�
HVWLP DWHV���
�
+ DUYHVW�FRQGLWLRQV�DUH�SUHVHQWO\ �EHLQJ�GHYHORSHG�E\ �WKH�P XVVHO�LQGXVWU\ �XVLQJ�,&0 �GDWD�
GHP RQVWUDWLQJ�HOHYDWHG�FRQFHQWUDWLRQV�RI�IDHFDO�LQGLFDWRU�RUJDQLVP V�DIWHU�D�UDLQIDOO�HYHQW�ZLWKLQ�D�
SOXP H�H[ WHQGLQJ�DW�OHDVW�� �NP �RIIVKRUH��&RQWDP LQDQW�VRXUFHV�
ZHUH�OLQNHG�WR�UXP LQDQWV�XVLQJ�JHQHWLF�P DUNHUV��7KLV�LV�WKH�ILUVW�
REVHUYDWLRQ�LQ�1 HZ�=HDODQG�RI�UXP LQDQW�IDHFDO�FRQWDP LQDWLRQ�
IURP �D�ULYHU�SOXP H�H[ WHQGLQJ�ZHOO�RIIVKRUH���7KH�QHZ�P LFURELDO�
VRXUFH�WUDFNLQJ��0 67��WHFKQRORJ\ �XVHG�WR�WUDFN�WKH�VRXUFH�DQG�
IDWH�RI�ODQG�GHULYHG�IDHFDO�FRQWDP LQDQWV�LQ�ZDWHUZD\ V�DQG�
FRDVWDO�HQYLURQP HQWV��LV�QRZ�EHLQJ�FRP P HUFLDOO\ �GHYHORSHG�E\ �
WKH�&DZWKURQ�,QVWLWXWH����
�
7KH�P DQDJHP HQW�DSSOLFDWLRQV�RI�RXU�ULYHU�SOXP H�P RQLWRULQJ�
EXR\ �KDYH�VWUHQJWKHQHG�RYHU�WLP H�ZLWK�WKH�WULDOOLQJ�RI�QHZ�DQG�
P RUH�UREXVW�FRP SRQHQWV��6HDVRQDO�DQG�IORRG�UHODWHG�HYHQWV�
VKHG�OLJKW�RQ�WKH�YDULDELOLW\ �RI�IRRG�IRU�P XVVHO�DQG�VFDOORS�JURZWK�
DQG�FDQ�QRZ�EH�OLQNHG�GLUHFWO\ �WR�DTXDFXOWXUH�UHVSRQVHV��
1 XWULHQW�ORDGLQJ�IURP �WKH�FDWFKP HQW�WR�7DVP DQ�%D\ ��UHSRUWHG�
DQQXDOO\ �WR�VWDNHKROGHUV��� � � � � � � � � � �YDULHV�VHDVRQDOO\ �DQG�EHWZHHQ�\ HDUV�ZLWK�UHVXOWLQJ�
HFRV\ VWHP �LP SOLFDWLRQV��: H�KRSH�UHDO�WLP H�GDWD�FROOHFWLRQ�FDQ�EH�FRQWLQXHG�WR�DGYLVH�VKHOOILVK�
LQGXVWULHV�RQ�EDFWHULRORJLFDO�ZDWHU�TXDOLW\ ��WKH�IOXFWXDWLQJ�SURVSHFWV�IRU�VXFFHVVIXO�VSDW�
FROOHFWLRQ�VXUYLYDO��DQG�IRRG�DYDLODELOLW\ �IRU�VKHOOILVK��7KLV�ZRUN�SDYHV�WKH�ZD\ �WRZDUGV�FRVW�
HIIHFWLYH�XVDJH�RI�UHP RWH�LQ�VLWX�GDWD�FROOHFWLRQ�IRU�HQYLURQP HQWDO�UHVHDUFK�DQG�P RQLWRULQJ��
�
%DVHOLQH�GDWD�GHVFULEHG�DERYH�KDV�EHHQ�DSSOLHG�LQ�P RGHOV�RI�K\ GURG\ QDP LFV��FXUUHQWV�DQG�WLGHV���
ZDWHU�TXDOLW\ �GLVWULEXWLRQ�DFURVV�WKH�ED\ �DQG�ZLWK�GHSWK��SK\ WRSODQNWRQ�JURZWK�DQG�GHFOLQH�
�FKORURSK\ OO�D���DQG�WKH�P DULQH�IRRGZHE�IURP �DOJDH�XS�WR�ILQILVK���7KHVH�P RGHOV�DOORZ�HYDOXDWLRQ�RI�
WUDGH�RIIV�EHWZHHQ�ODUJH�VFDOH�ODQG�XVH�FKDQJH�RQVKRUH�DQG�DTXDFXOWXUH�VFHQDULRV�RIIVKRUH���
�
&RQWDFWV��3DXO�* LOOHVSLH�	 �&KULV�&RUQHOLVRQ�	 �%HQ�. QLJKW�	 �: HLP LQ�- LDQJ��&DZWKURQ�,QVWLWXWH���
1 HLO�- DFNVRQ�	 �6WHYH�0 DUNKDP ��7' &��
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� �� ,QWHJUDWLYH�WRROV�DQG�SURFHVVHV�IRU�P DQDJLQJ�&XP XODWLYH�( IIHFWV�
�
. QRZ OHGJH�%DVH��( VWDEOLVKLQJ�D�EDVHOLQH�RI�ZKDW�ZH�NQRZ�DOUHDG\ �LV�LP SRUWDQW�LQ�DQ\ �
UHVHDUFK�SURJUDP P H��7KH�,&0 �
SURJUDP P H�KDV�SXEOLVKHG�³7KH�
0 RWXHND�7HFKQLFDO�5 HSRUW��D�
FRP SUHKHQVLYH�VXP P DU\ �RI�
NQRZOHGJH�DERXW�WKH�0 RWXHND�DQG�
5 LZDND�FDWFKP HQWV́ ���,&0 �UHVHDUFK�
UHVXOWV��QHZ�ILQGLQJV��XS�FRP LQJ�
HYHQWV��DQG�DOO�UHSRUWV��
SUHVHQWDWLRQV��DQG�SXEOLVKHG�
DUWLFOHV�DUH�XSGDWHG�UHJXODUO\ �RQ�
WKH�SURJUDP P H�ZHEVLWH�
KWWS���LFP �ODQGFDUHUHVHDUFK�FR�Q] ����
�
7KH�µ0 RWXHND�7RROERRN¶�&' �5 2 0 �
KDV�DOVR�EHHQ�GHYHORSHG���7KLV�
LQWHJUDWHV�H[ LVWLQJ�DQG�QHZ�
NQRZOHGJH�RI�WKH�FDWFKP HQW�DQG�
OLQNV�LW�WR�JOREDO�FDWFKP HQW�P DQDJHP HQW�NQRZOHGJH���7KH�&' �5 2 0 �LV�GRP LQDWHG�E\ �ILJXUHV�DQG�
SKRWRV��UDWKHU�WKDQ�WH[ W��DQG�LV�GHVLJQHG�WR�VSUHDG�WKH�,&0 �P HVVDJH�WR�D�YDULHW\ �RI�DXGLHQFHV����
�
7KH�,&0 �UHVHDUFK�SURJUDP P H�ZDV�WKH�VXEMHFW�RI�&RXQWU\ �&DOHQGDU��VKRZQ�RQ�SULP HWLP H�
WHOHYLVLRQ��79� � �RQ�� � �- XQH�� � � � ��7KLV�KLJKOLJKWHG�,&0 �DV�DQ�RUJDQLVLQJ�FRQFHSW�IRU�ODQG�DQG�
ZDWHU�P DQDJHP HQW��DQG�DOVR�WKH�EHQHILWV�RI�VFLHQWLVWV��ODQGRZQHUV�DQG�FRP P XQLWLHV�ZRUNLQJ�
WRJHWKHU���5 HVHDUFK�UHVXOWV�DUH�DOVR�P DGH�DYDLODEOH�WKURXJK�WKH�,&0 �QHZVOHWWHU�&DWFKP HQW�
&RQQHFWLRQV�ZKLFK�UHJXODUO\ �JRHV�WR�RYHU�� � � �VXEVFULEHUV���$QRWKHU�LQWHJUDWLQJ�WRRO�IRU�,&0 �
NQRZOHGJH�LV�D�FDWFKP HQW�VFDOH�P RGHOOLQJ�IUDP HZRUN�ZKLFK�ZH�FDOO�,' ( $6��
�
&RQWDFWV��&KULV�3KLOOLS�	 �$QGUHZ�) HQHP RU�	 �/ HV�%DVKHU��/ DQGFDUH�5 HVHDUFK��
�
,' ( $ 6���&DWFKP HQW�VFDOH�P RGHOOLQJ�RIIHUV�DQ�RSSRUWXQLW\ �WR�SURYLGH�FRXQFLOV�DQG�VHFWRU�JURXSV�
ZLWK� VWUDWHJLF� DGYLFH� RQ� VFHQDULRV� ZKLFK� DVVHVV� LP SDFWV� QRW� RQO\ � RI� IXWXUH� ODQG� XVH� P L[ HV�� EXW�
RWKHU�W\ SHV�RI�GHYHORSP HQW�LP SDFWV�DV�ZHOO��H�J��SRSXODWLRQ�JURZWK��VXEGLYLVLRQ����
�
7KH�ILUVW�IRXQGDWLRQ�IRU�WKLV�UHVHDUFK�ZDV�DQ�LQWHJUDWLYH�7ULSOH�%RWWRP �/ LQH�P RGHOOLQJ�DSSURDFK�
WULDOOHG�XVLQJ�D�SDUWLFLSDWRU\ �SURFHVV��,QIOXHQFH�0 DWUL[ ��ZLWK�WKH�,&0 �&RP P XQLW\ �5 HIHUHQFH�* URXS���
7KH�SURFHVV�LGHQWLILHG�WKHVH�FULWLFDO�IDFWRUV�OLNHO\ �WR�DIIHFW�WKH�JURXS¶V�YLVLRQ�IRU�IXWXUH�VXVWDLQDELOLW\ �
RI�WKH�FDWFKP HQW���

o� 1 DWXUH�DQG�H[ WHQW�RI�SULP DU\ �LQGXVWULHV���
o� 0 HDVXUHV�RI�ZDWHU�TXDOLW\ �DQG�VXSSO\ ��DQG��
o� $YDLODEOH�P L[ �RI�SROLF\ �SODQV�UXOHV�OHJLVODWLRQ���

7KH�SURFHVV�DQG�LWV�UHVXOWV�UDLVHG�DZDUHQHVV�RI�WKH�YDOXH�RI�VXFK�WRROV�ZKLFK�P D\ �EH�XVHIXO�IRU�
LQIRUP LQJ�/ RQJ�7HUP �&RXQFLO�&RP P XQLW\ �3ODQV��DQG�IRU�IUDP LQJ�XS�UDWHSD\ HUV¶�RZQ�SHUVSHFWLYHV�
RQ�VXVWDLQDELOLW\ ��
���
7KH�VHFRQG�IRXQGDWLRQ�ZDV�GHYHORSP HQW�RI�FRP SRQHQW�P RGHOV��FDWFKP HQW�ZDWHU�\ LHOG�DQG�ZDWHU�
TXDOLW\ ��FDWFKP HQW�WUDQVSRUW�RI�IDHFDO�SDWKRJHQV�DQG�VHGLP HQW��H[ FKDQJH�RI�ZDWHU�EHWZHHQ�ULYHUV�
DQG� JURXQGZDWHU�� FRDVWDO� SURGXFWLYLW\ � DQG� IRRGZHE� P RGHOV�� DQ� µDJHQW�EDVHG� P RGHO¶� ZKLFK�
VLP XODWHV� SHRSOHV� UHVSRQVHV� WR� SROLFLHV�� DQG� WKH� 0 RWXHND� ) XWXUHV� HFRQRP LF� LQSXW�RXWSXW�P RGHO�
ZLWK�DVVRFLDWHG�SRSXODWLRQ�JURZWK�P RGXOH���
�
7RJHWKHU� WKHVH� P RGHOV� SURYLGH� WKH� WKLUG� IRXQGDWLRQ�� D� ODUJH�VFDOH� P RGHOOLQJ� IUDP HZRUN� FDOOHG�
,' ( $6� �,QWHJUDWHG�' \ QDP LF�( QYLURQP HQWDO�$VVHVVP HQW�6\ VWHP ��� � ,' ( $6�LV�D�VFHQDULR�P RGHOOLQJ�
V\ VWHP � FRP SULVLQJ� D� VHW� RI� OLQNHG� P RGHOV� WKDW� DOORZV� XV� WR� DVVHVV� FXP XODWLYH� HIIHFWV� RI� EURDG�
VFDOH�GHYHORSP HQW��HJ��ODQG�XVH�FKDQJHV��RYHU�D�� � � � � �\ HDU�WLP HIUDP H�DQG�GR�WKLV�E\ �ORRNLQJ�QRW�
RQO\ �DW�HQYLURQP HQWDO�RXWFRP HV��HJ�ZDWHU�TXDOLW\ ��EXW�DOVR�VRFLDO��HJ��HP SOR\ P HQW���HFRQRP LF��HJ��
* ' 3 �� DQG� FXOWXUDO� FRQVHTXHQFHV�� � ,W� V\ QWKHVL] HV� OHDUQLQJ� IURP � DOO� SDUWV� RI� WKH� UHVHDUFK�
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SURJUDP P H�WR�SRVWXODWH�KRZ�WKH�V\ VWHP �ZRXOG�UHVSRQG�DOO�WKH�ZD\ �RXW�LQWR�7DVP DQ�%D\ �LI�P DMRU�
FKDQJHV�DUH�P DGH�ZLWKLQ�WKH�0 RWXHND�FDWFKP HQW��
����
$Q� ,' ( $6� VWDNHKROGHU� JURXS� DQG� WKH� ,&0 � &RP P XQLW\ � 5 HIHUHQFH� * URXS� KDYH� LGHQWLILHG� DQG�
SULRULWLVHG�WKH�W\ SHV�RI�LVVXHV�WKH\ �VHH�IRU�WKH�FDWFKP HQW�LQ�IXWXUH��DQG�WKHVH�IRUP �WKH�EDVLV�IRU�� �
0 RWXHND�FDWFKP HQW�VFHQDULRV��7KHVH�DUH��� � � �SUH�KXP DQ��� � �SUHVHQW�ODQG�XVH��� � �SUHVHQW�ODQG�XVH�
ZLWK� EHVW� P DQDJHP HQW� SUDFWLFH� �� � � YHU\ � LQWHQVLYH� DJULFXOWXUH� �� �� YHU\ � LQWHQVLYH� DJULFXOWXUH� ZLWK�
EHVW�P DQDJHP HQW�SUDFWLFH��DQG��� � �FRQWLQXHG�SUHVHQW�JURZWK�XQWLO�� � � � ����

�
�
,' ( $6�KDV�EHHQ�DSSOLHG�WR�DVVHVV�DQG�FRP SDUH�WKH�HQYLURQP HQWDO�DQG�VRFLR�HFRQRP LF�LP SDFWV�
RI� WKHVH� VFHQDULRV�� LQFOXGLQJ� P RVW� UHFHQWO\ � WKH� LQFRUSRUDWLRQ� RI� 0 DRUL� FXOWXUDO� YDOXHV�� ,' ( $6� LV�
EHLQJ�GHYHORSHG�DV�D�LQWHJUDWLYH�WRRO�IRU�DGDSWLYH�P DQDJHP HQW�IURP �FDWFKP HQW�WR�UHJLRQDO�VFDOHV��
DQG� WR� P DS� WUHQGV� ZKLFK� GHILQH� DFFHSWDEOH� YV� QRQ�VXVWDLQDEOH� ODQG�ZDWHU�FRDVWDO� GHYHORSP HQW�
RSWLRQV���
�
&RQWDFWV��- RKQ�' \ P RQG�	 �2 VFDU�0 RQWHV�GH�2 FD�	 �$QGUHZ�) HQHP RU��/ DQGFDUH�5 HVHDUFK���%HQ�
. QLJKW�	 �5 RJHU�<RXQJ��&DZWKURQ���$QWKRQ\ �&ROH��3DQVRSK\ ���6WHYH�0 DUNKDP ��7' &��
�
0 RGHOOLQJ�&DWFKP HQW�) XWXUHV��7KH�,QIOXHQFH�0 DWUL[ �UHVHDUFK�GHVFULEHG�DERYH�LV�EHLQJ�
H[ WHQGHG�LQWR�DQ�HFRORJLFDO�HFRQRP LFV�P RGHO�RI�WKH�ZKROH�FDWFKP HQW��EHJLQQLQJ�ZLWK�DQ�HFRQRP LF�
LQSXW�RXWSXW�P RGHO���7KLV�LGHQWLILHV�WKH�H[ WHQW�WR�ZKLFK�WKH�HFRQRP LF�KHDOWK�RI�WKH�0 RWXHND�
FDWFKP HQW�GHSHQGV�RQ�WKH�QDWXUDO�UHVRXUFHV�DQG�HFRV\ VWHP �FRP SRQHQWV�RI�WKH�FDWFKP HQW���7KH�
P RGHO��LQ�FRQMXQFWLRQ�ZLWK�WKH�DJHQW�EDVHG�P RGHO�( 1 9,6,2 1 ��LV�SDUW�RI�WKH�,' ( $6�IUDP HZRUN��
DOORZLQJ�D�TXDGUXSOH�ERWWRP �OLQH�HYDOXDWLRQ�RI�YDULRXV�FDWFKP HQW�VFDOH�GHYHORSP HQW�VFHQDULRV����
�
&RQWDFWV��$QWKRQ\ �&ROH��3DQVRSK\ ���2 VFDU�0 RQWHV�GH�2 FD��/ DQGFDUH�5 HVHDUFK��
�
�
� �� %XLOGLQJ�+XP DQ�&DSLWDO�DQG�) DFLOLWDWLQJ�&RP P XQLW\ �$ FWLRQ��
�
&ROODERUDWLYH�OHDUQLQJ���0 DQDJHP HQW�LV�D�GLVWLQFWO\ �KXP DQ�SURFHVV���6RFLDO�UHVHDUFK�LV�
GHYHORSLQJ�WRROV�DQG�DSSURDFKHV�ZKLFK�FDQ�EH�XVHG�E\ �UHVHDUFK�JURXSV��DJHQF\ �VWDII�DQG�RWKHU�
FRP P XQLW\ �OHDGHUV�WR�VXSSRUW�P RUH�HIIHFWLYH�P XOWL�VWDNHKROGHU�SURFHVVHV�IRU�OHDUQLQJ�DQG�
GHFLVLRQ�P DNLQJ��7RSLFV�ZRUNHG�RQ�LQFOXGH�NQRZOHGJH�P DQDJHP HQW��LQWHJUDWLRQ��VWDNHKROGHU�
DQDO\ VLV��VRFLDO�FDSLWDO��HYDOXDWLRQ�DQG�FURVV�FDVH�OHDUQLQJ��) RU�H[ DP SOH��ZH�GHYHORSHG�D�
P HWKRGRORJ\ �ODEHOOHG�6RFLDO�6SDFHV�IRU�HYDOXDWLQJ�FROODERUDWLRQ�DP RQJ�GLIIHUHQW�JURXSV�LQ�
LQWHJUDWLYH�SURMHFWV��DQG�IRU�WKH�$XFNODQG�5 HJLRQDO�&RXQFLO�ZH�DSSOLHG�D�ORJLF�P RGHO�WR�HYDOXDWH�



� � � �

,&0 �SODQV�DFURVV�P XOWLSOH�WLP HVFDOHV�±�DQ�µ2 UGHUV�RI�2 XWFRP H¶�
DSSURDFK��$ �6HGLP HQW�/ HDUQLQJ�* URXS�KHOSHG�VWDNHKROGHUV�UHDFK�D�
FRP P RQ�XQGHUVWDQGLQJ�RI�VHGLP HQW�ORVV�DQG�LP SDFWV�LQ�ULYHUV��
�
$ �FRP P XQLW\ �UHVLOLHQFH�SURMHFW�FDOOHG�: DWHUVKHG�7DON�H[ SORUHG�ZKDW�
GLIIHUHQW�SHRSOH�FDUH�DERXW�DQG�IHHO�D�VHQVH�RI�UHVSRQVLELOLW\ �WRZDUGV�
LQ�WKH�0 RWXHND�FDWFKP HQW���2 IWHQ�WKHUH�LV�D�VHW�RI�SUDFWLFHV�RU�YDOXHV�
WKDW�XQGHUSLQ�RXU�ZDQWLQJ�WR�OHDYH�WKH�ODQG�LQ�EHWWHU�VKDSH��ZKHWKHU�LW�
LV�WKH�SHRSOH�ZKR�ZRUN�DQG�OLYH��ZKR�P DQDJH�RU�ZKR�GR�VFLHQFH�DERXW�
WKLV�SODFH���7KH�: DWHUVKHG�7DON�SURMHFW�GLVWLQJXLVKHG�KRZ�UHVLOLHQFH�
DSSURDFKHV�WR�SUREOHP �VROYLQJ�GLIIHU�IURP �WUDGLWLRQDO�DSSURDFKHV��HJ�RI�
VRP H�5 0 $�VWDWXWRU\ �SURFHVV���DQG�WKH�� � � � �ERRN�RQ�WKLV�SURMHFW�
GRFXP HQWV�WHFKQLTXHV�IRU�FXOWLYDWLQJ�LGHDV�DQG�FRP P XQLW\ �DFWLRQ�IRU�
EHWWHU�VWHZDUGVKLS�RI�WKH�HQYLURQP HQW���
�
&RQWDFWV��: LOO�$OOHQ�	 �0 DUJDUHW�. LOYLQJWRQ�	 �0 DJJLH�$WNLQVRQ�	 �$QGUHZ�) HQHP RU�	 �&KULV�3KLOOLSV�
�/ DQGFDUH�5 HVHDUFK��
�
&RP P XQLFDWLQJ�5 HVHDUFK� ) LQGLQJV�� ' HVLJQ� DQG� IDFLOLWDWLRQ� RI� FRP P XQLW\ � HQJDJHP HQW�
SURFHVVHV� LV� DQ� LP SRUWDQW� &RXQFLO� IXQFWLRQ�� DQG� RQH� ZH� VHH� DV� YLWDO� IRU� FDWFKP HQW� UHVHDUFK� WR�
P DNH� D� GLIIHUHQFH�� � 2 QH� P DMRU� P HWKRG� KDV� EHHQ� WKURXJK� RXU� ,&0 � $QQXDO� 0 HHWLQJV� KHOG� DW� WKH�
FRXQFLO�DQG�LQ�WKH�FDWFKP HQW�DURXQG�2 FWREHU�1 RYHP EHU��DQG�LQFOXGLQJ�SXEOLF�SDUWLFLSDWLRQ��
���

�
&RQWDFWV��$QGUHZ�) HQHP RU�	 �&KULV�3KLOOLSV��/ DQGFDUH�5 HVHDUFK���5 RJHU�<RXQJ��&DZWKURQ���6WHYH�
0 DUNKDP �	 �5 RE�6P LWK��7' &��

�
&RP P XQLW\ �,QSXW�WR�6XVWDLQDELOLW\ �' HFLVLRQV���7KH�,&0 �&RP P XQLW\ �5 HIHUHQFH�* URXS�
LV�D�WRXFKVWRQH�IRU�RXU�UHVHDUFK�GLUHFWLRQ�DQG�UHVHDUFK�ILQGLQJV���7KHVH�� �FDWFKP HQW�UHVLGHQWV�
P HHW�HYHU\ �� �� �P RQWKV���5 HFHQW�P HHWLQJV�KDYH�IRFXVVHG�RQ�µ) XWXUHV¶�P RGHOOLQJ��DQG�D�UHYLHZ�RI�
,&0 �P DULQH�UHVHDUFK�ZLWK�D�YLJRURXV�GHEDWH�DERXW�WKH�HIIHFWV�RI�VFDOORS�GUHGJLQJ�DQG�FDWFKP HQW�
UXQRII�RQ�WKH�UHFHQW�GHFOLQH�LQ�VFDOORS�SURGXFWLRQ���7KH�&5 * �SURYLGHG�WKHLU�LQVLJKWV�LQWR�
VXVWDLQDELOLW\ �RI�WKH�0 RWXHND�FDWFKP HQW�GHVFULEHG�DERYH�IRU�WKH�,' ( $6�VFHQDULR�P RGHOOLQJ��
�
&RQWDFWV��$QGUHZ�) HQHP RU�	 �: LOO�$OOHQ��/ DQGFDUH�5 HVHDUFK��

6XP P DU\ �RI�WKH�$ * 0 �SURJUDP P HV�
� � � � ��� 6WDNHKROGHU�: RUNVKRS��,PSURYLQJ�&RPPXQLW\ �( QJDJHPHQW��3XEOLF�) LHOG�7ULS��$ �' D\ �LQ�WKH�

&DWFKPHQW��6FLHQFH�: RUNVKRS��' HOLYHULQJ�WKH�9LVLRQ�WKURXJK�,&0 �5HVHDUFK��2 SHQ�
: RUNVKRS��&UHDWLQJ�DQ�,&0 �DUW�VFLHQFH�FROODERUDWLRQ�

� � � � �� : RUNVKRS��/ LQNLQJ�,&0 �5HVHDUFK�WR�0 DQDJHPHQW��3ODQQLQJ�WKH�0 RWXHND�,&0 �7RROERRN��
3XEOLF�) LHOG�7ULS��$ �' D\ �LQ�WKH�/ RZHU�0 RWXHND��6FLHQFH�: RUNVKRS��/ LQNLQJ�5HVHDUFK�LQWR�
7' &�3ROLF\ �

� � � � �� 1 DWLRQDO�,&0 �: RUNVKRS��7RROV��WHFKQLTXHV�DQG�OHVVRQV�IRU�,&0 ��3DFLILF�+ ( / 3�6\ PSRVLXP��
+ \ GURORJ\ �IRU�WKH�( QYLURQPHQW��/ LIH�	 �3ROLF\ ��,QWHUQDWLRQDO�,&0 �V\ PSRVLXP�VSRQVRUHG�E\ �
/ DQGFDUH�5HVHDUFK�DQG�8 1 ( 6&2 ��,&0 �&RDVWDO�: RUNVKRS��7KH�ULYHU�SOXPH�HFRV\ VWHP�RI�
7DVPDQ�%D\ ��

� � � � �� ,&0 �6WDNHKROGHU�: RUNVKRS��* UDYHO�DQG�5LYHU�&KDQQHO�' \ QDPLFV��7DVPDQ�%D\ �,&0 �) LHOG�
�%RDW��' D\ ��/ DQG�0 DULQH�,QWHUDFWLRQV��2 SHQ�: RUNVKRS��+RZ�DUH�ZH�GRLQJ�RQ�WKH�� �%,* �,&0 �
UHVHDUFK�LVVXHV" �

� � � � �� 3XEOLF�: RUNVKRS��&HOHEUDWLQJ�,&0 �6XFFHVV��6WDNHKROGHU�: RUNVKRSV��,QWHJUDWHG�&DWFKPHQW�
0 RGHOOLQJ�,' ( $6���7HDP�: RUNVKRS��� : KDW�DUH�WKH�RXWVWDQGLQJ�LVVXHV�IRU�LQWHJUDWHG�ODQG�	 �
ZDWHU�UHVHDUFK�DFURVV�1=" �

� � � � �� + RVWHG�DQG�UDQ�WKH�1 =$ 50 �1 DWLRQDO�&RQIHUHQFH���,QWHJUDWHG�&DWFKPHQW�0 DQDJHPHQW�±�DUH�
ZH�ZLVHU�WKDQ�ZH�ZHUH" �7KHPHV��%ROG�JRYHUQDQFH��&RPPLWWHG�&RPPXQLWLHV��2 XW�RI�WKH�VLORV��
LQWR�WKH�ODQGVFDSH�±�VFLHQFH�IRU�,&0 ��&DWFKPHQW�) XWXUHV�±�: LVGRP�IRU�WKH�7UDQVLWLRQ��
0 RWXHND�FDWFKPHQW�ILHOG�WULS��

�



� � � �

�
,Z L�9DOXHV�LQ�,QWHJUDWHG�&DWFKP HQW�0 DQDJHP HQW��0 RWXHND�LZL�7H�$WLDZD��1 J WL�
5 DUXD��1 J WL�7DP D�WKURXJK�7LDNLQD�7H�7DLDR�/ WG�
KDYH�D�NHHQ�LQWHUHVW�LQ�EXLOGLQJ�LQIRUP DWLRQ�
V\ VWHP V�IRU�DGGUHVVLQJ�FDWFKP HQW�DQG�HFRQRP LF�
LVVXHV���: H�KDYH�EXLOW�D�UHODWLRQVKLS�ZLWK�WKHVH�
LZL��DQG�GHYHORSHG�JXLGHOLQHV�IRU�LZL�FRQVXOWDWLRQ���
7KH�LZL�LGHQWLILHG�WKHLU�LVVXHV�DV�LQIRUP DWLRQ�
FROODWLRQ�IRU�LZL�P DQDJHP HQW�SODQV��GHILQLQJ�WKH�
SURFHVV�IRU�XQGHUWDNLQJ�&XOWXUDO�,P SDFW�
$VVHVVP HQWV�RI�GHYHORSP HQW�SURSRVDOV�XQGHU�
WKH�5 0 $��LP SURYHG�LQSXW�QHHGHG�LQ�UHVRXUFH�
FRQVHQW�GHFLVLRQV�DQG�FRQWDP LQDWHG�VLWHV�
P DQDJHP HQW���7KH�� �LZL�WKURXJK�WKH�,&0 �
SURJUDP P H�KDYH�GHYHORSHG�* ,6 �EDVHG�
LQIRUP DWLRQ�V\ VWHP V�IRU�HQYLURQP HQWDO�P DQDJHP HQW���7KH\ �DUH�DOVR�NHHQ�WR�LQYROYH�WKHLU�\ RXQJ�
SHRSOH�LQ�,&0 �SURMHFWV�UHODWLQJ�WR�ZDWHU�TXDOLW\ ��FRDVWDO�LVVXHV�DQG�NDLP RDQD����
�
&DZWKURQ�UHVHDUFKHUV�DUH�OHDGLQJ�GHYHORSP HQW�RI�QHZ�LQGLFDWRUV�RI�ULYHU�HFRV\ VWHP �KHDOWK���
&RP SDUDWLYH�ZRUN�EHWZHHQ�VFLHQWLILF�LQGLFDWRUV�RI�ULYHU�KHDOWK�DQG�FXOWXUDO�LQGLFDWRUV�RI�ULYHU�KHDOWK�
GHWHUP LQHG�E\ �ORFDO�LZL�LV�RQJRLQJ�LQ�WKH�0 RWXHND�DQG�5 LZDND�FDWFKP HQWV��DQG�ZDV�SURILOHG�LQ�D�
791 =�5 XUDO�' HOLYHU\ �SURJUDP P H�LQ�0 D\ �� � � � � ���,W�VKRZV�WKDW�VFLHQWLILFDOO\ �DQG�FXOWXUDOO\ ±EDVHG�
P RQLWRULQJ�DQG�DVVHVVP HQW�FDQ�SURYLGH�DQ�HQULFKHG�DQG�FRP SOHP HQWDU\ �XQGHUVWDQGLQJ�RI�
IUHVKZDWHU�V\ VWHP V��( DFK�DSSURDFK�RIIHUV�D�VOLJKWO\ �GLIIHUHQW�ZRUOGYLHZ�DQG�FDQ�EH�XVHG�VLGH�E\ �
VLGH�E\ �ORFDO�JRYHUQP HQW��FRP P XQLW\ ��LZL�DQG�KDS ��DQG�UHVHDUFK�DJHQFLHV�±�IRU�H[ DP SOH�LQ�
7' &¶V�6WDWH�RI�WKH�( QYLURQP HQW�P RQLWRULQJ�RI�ULYHUV��
�
&RQWDFWV��* DUWK�+ DUP VZRUWK��/ DQGFDUH�5 HVHDUFK���' HDQ�: DONHU��7LDNLQD�7H�7DLDR���5 RJHU�<RXQJ�
�&DZWKURQ���7UHYRU�- DP HV��7' &��
�
' HFLVLRQ�P DNLQJ�SURFHVVHV�LQ�UHVRXUFH�P DQDJHP HQW�DJHQFLHV���' HFLVLRQV�RQ�
UHVRXUFH�FRQVHQWV�DQG�5 0 $�SODQV�GR�QRW�QHFHVVDULO\ �IROORZ�DQ�REMHFWLYH�SURFHVV�XWLOLVLQJ�DOO�
DYDLODEOH�LQIRUP DWLRQ���$ �JURXS�ZLWKLQ�7' &�ZRUNHG�ZLWK�XV�WR�GHYHORS�DQ�LQVWLWXWLRQDO�OHDUQLQJ�
DSSURDFK�WR�LP SURYH�VFLHQFH�XSWDNH�DQG�LQIRUP DWLRQ�IORZV���2 UJDQLVDWLRQDO�VWUXFWXUH��SHUVRQDO�
UHODWLRQVKLSV��SROLWLFDO�LQIOXHQFHV��GHFLVLRQ�P DNLQJ�SURFHVVHV�DQG�DFFHVV�WR�LQIRUP DWLRQ�DOO�
LQIOXHQFH�UHVRXUFH�P DQDJHP HQW�GHFLVLRQV���,P SURYLQJ�KDUG�LQIRUP DWLRQ�V\ VWHP V�OLNH�* ,6 �DQG�
GDWDEDVHV�ZLOO�QRW�E\ �WKHP VHOYHV�QHFHVVDULO\ �UHVXOW�LQ�EHWWHU�GHFLVLRQ�P DNLQJ���7KLV�UHVHDUFK�KDV�
OHG�WR�LP SURYHG�GHVLJQ�RI�LQVWLWXWLRQDO�OHDUQLQJ�DSSURDFKHV�IRU�1 =�HQYLURQP HQWDO�P DQDJHP HQW�
LVVXHV���
�
&RQWDFWV��* OHQ�/ DXGHU��&RP P RQ�* URXQG���5 RE�6P LWK�	 �6WHYH�0 DUNKDP ��7' &��
�
$ UW�6FLHQFH�&ROODERUDWLRQ���7KH�0 RXQWDLQV�WR�WKH�6HD�LQLWLDWLYH�EHJDQ�ZLWK�D�ZRUNVKRS�

DOORZLQJ�D�JURXS�RI�DUWLVWV�DQG�VFLHQWLVWV�WR�H[ SORUH�
WKH�SRZHU�RI�FRQQHFWLRQV�DFURVV�WKH�WUDGLWLRQDO�
DUW�VFLHQFH�GLYLGH���7KLV�HIIRUW�DLP HG�WR�XQGHUVWDQG�
P RUH�DERXW�WKH�FROODERUDWLRQ�SURFHVV�EHWZHHQ�
SHRSOH�ZLWK�GLIIHUHQW�ZRUOGYLHZV���7KH�SURMHFW�±�SDUW�
IXQGHG�E\ �&UHDWLYH�1 =�DQG�0 2 5 67���GHYHORSHG�DQ�
DUW�VFLHQFH�µZRUN¶�WR�UDLVH�DZDUHQHVV�DQG�VKDUH�
XQGHUVWDQGLQJV�RI�WKH�VRFLDO�DQG�HQYLURQP HQWDO�
LQWHUFRQQHFWLRQV�ZLWKLQ�WKH�0 RWXHND�5 LYHU�
&DWFKP HQW���7KH�7UDYHOOLQJ�5 LYHU�H[ KLELWLRQ�WKDW�
UHVXOWHG�IURP �WKLV�ZRUN�KDV�EHHQ�H[ KLELWHG�DW�
1 HOVRQ¶V�6XWHU�* DOOHU\ �DQG�LQ�0 RWXHND�DQG�KDV�
UHFHLYHG�QDWLRQDO�DQG�LQWHUQDWLRQDO�DFFODLP ����

�
&RQWDFWV��0 DUJDUHW�. LOYLQJWRQ�	 �0 DJJLH�$WNLQVRQ�	 �$QGUHZ�) HQHP RU��/ DQGFDUH�5 HVHDUFK���6X] LH�
3HDFRFN��1 HOVRQ�0 DUOERURXJK�,QVWLWXWH�RI�7HFKQRORJ\ ��



� � � �

,QVLJKWV�RQ�,QWHJUDWLRQ�5 HOHYDQW�WR�&RXQFLOV�
�

6� / DQG�DQG�ZDWHU�UHVRXUFHV�P XVW�EH�P DQDJHG�WRJHWKHU�EHFDXVH�ZDWHU�LV�WKH�µVLQN¶�IRU�ZKDW�ZH�
GR�RQ�WKH�ODQG��DIIHFWLQJ�ZDWHU�TXDOLW\ ��DQG�H[ WUDFWLRQ�RI�ZDWHU�SULP DULO\ �VHUYHV�ODQG�XVHV��ZDWHU�
DOORFDWLRQ��

�
6� 6LQJOH�LVVXH�SROLF\ �FDQ�KDYH�XQH[ SHFWHG�VLGH�HIIHFWV�VR�LQWHJUDWHG�SROLF\ �P DNLQJ�LV�UHTXLUHG���

,QWHJUDWHG�SROLF\ �P XVW�EDODQFH�HQYLURQP HQWDO��HFRQRP LF��VRFLDO�	 �FXOWXUDO�HIIHFWV��WKH�� �
ZHOOEHLQJV��RI�ODQG�DQG�ZDWHU�XVHV�

�
6� ,QWHJUDWHG�ODQG�ZDWHU�P DQDJHP HQW�LV�QHHGHG�DFURVV�VFDOHV�IURP �SDGGRFN�! IDUP �! FDWFKP HQW�

! UHJLRQ�! QDWLRQ���,P SDFWV�DFFXP XODWH�µGRZQVWUHDP ¶���7KHUHIRUH�ODQGRZQHUV�DQG�UHVRXUFH�
P DQDJHUV�QHHG�WR�EH�DZDUH�RI�WKH�ELJJHU�VFDOHV�ZLWKLQ�ZKLFK�WKHLU�HQWHUSULVHV�DUH�P DQDJHG�

�
6� &DWFKP HQWV��ZDWHUVKHGV��DUH�LGHDO�RUJDQLVLQJ�XQLWV�IRU�P DQDJLQJ�IORZV�RI�ZDWHU��VHGLP HQW��

QXWULHQWV��FRQWDP LQDQWV�EHFDXVH�WKHVH�IORZV�RFFXU�ZLWKLQ�WRSRJUDSKLF�ERXQGDULHV���7KHUHIRUH�
FRXQFLOV�VKRXOG�P DQDJH�ODQG�DQG�ZDWHU�DW�VXEFDWFKP HQW�WR�FDWFKP HQW�VFDOH��ZKLOH�UHFRJQLVLQJ�
WKH�GLIIHULQJ�VFDOHV�RI�FRP P XQLWLHV��JRYHUQDQFH�DQG�WKH�HFRQRP \ ��

�
6� &RDVWDO�FDWFKP HQWV�H[ WHQG�RIIVKRUH�±�WKH�0 RWXHND�DIIHFWV�� � � NP � �RI�WKH�7DVP DQ�%D\ �VHDEHG���

7KHUHIRUH�SROLF\ �P DNLQJ�IRU�FRDVWDO�FDWFKP HQWV�VKRXOG�OLQN�ODQG��ZDWHU�DQG�FRDVW�
�
6� ,&0 �LV�D�SURFHVV��QRW�MXVW�DQ�RXWFRP H���7KHUHIRUH�LW�UHTXLUHV�RQJRLQJ�HQJDJHP HQW�DP RQJ�

ODQGRZQHUV��FRP P XQLWLHV��LQWHUHVW�JURXSV��DQG�SROLF\ �P DNHUV�LQ�ZRUNLQJ�FROODERUDWLYHO\ �WRZDUGV�
DJUHHG�JRDOV�IRU�VXVWDLQDEOH�ODQG�DQG�ZDWHU�UHVRXUFH�P DQDJHP HQW�

�
6� : H�KDYH�VXP P DULVHG�,&0 �

DV�� �LQWHUOLQNHG�SURFHVVHV��D�
FDWFKP HQW�VFDOH�3ODQQLQJ�
DQG�( YDOXDWLRQ�SURFHVV�
�FHQWUDO�VSLUDO��XQGHUSLQQHG�
E\ �. QRZOHGJH�0 DQDJHP HQW�
SURFHVVHV��LQQHU�VSLUDO��DQG�
6RFLDO�/ HDUQLQJ�SURFHVVHV�
�RXWHU�VSLUDO���

�
6� ,&0 �DV�D�ZHVWHUQ�FRQVWUXFW�

P LUURUV�NDLWLDNLWDQJD�
SURFHVVHV�IRU�0 RUL��ZLWK�
VXVWDLQDEOH�P DQDJHP HQW��
HQYLURQP HQWDO�VWHZDUGVKLS�
DQG�P DQDJLQJ�IRU�IXWXUH�
JHQHUDWLRQV�DV�LWV�DLP V�

�
6� ,Q�VXP P DU\ ��,&0 �LV�DERXW�

HYHU\ RQH�XQGHUVWDQGLQJ�WKH�
%LJ�3LFWXUH�DQG�P DQDJLQJ�ODQG�DQG�ZDWHU�DFFRUGLQJO\ ���7KHUHIRUH�LW�LQIOXHQFHV�QRW�MXVW�FRXQFLO�
SROLF\ ��EXW�HQYLURQP HQWDO�HGXFDWLRQ��JUDQWV�SURJUDP P HV��HQJLQHHULQJ�ZRUNV��FRP P XQLW\ �
RXWUHDFK��DQG�FRQVXOWDWLRQ�SURFHVVHV���

�
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,&0 �3URJUDP P H�&RQWDFW�/ LVW�
�

2 YHUDOO�,&0 �3URJUDP P H�' LUHFWLRQV�
�

$QGUHZ�) HQHP RU��3URJUDP P H�/ HDGHU�
) HQHP RU$# / DQGFDUH5 HVHDUFK�FR�Q] �

/ DQGFDUH�5 HVHDUFK��1 HOVRQ�
� � � � � � � � � � � � � � �

. QRZ OHGJH�	 �) XWXUHV�
�
&KULV�3KLOOLSV�
3KLOOLSV&# / DQGFDUH5 HVHDUFK�FR�Q] �
�
: LOO�$OOHQ��
$OOHQ: # / DQGFDUH5 HVHDUFK�FR�Q] �
�
- RKQ�' \ P RQG�
' \ P RQG- # / DQGFDUH5 HVHDUFK�FR�Q] �
�

) UHVKZ DWHU�,VVXHV�
�
5 RJHU�<RXQJ�
5 RJHU�<RXQJ# FDZWKURQ�RUJ�Q] �
�
' HDQ�2 OVHQ�
' HDQ�2 OVHQ# FDZWKURQ�RUJ�Q] �
�

0 DULQH�,VVXHV�
�
3DXO�* LOOHVSLH�
3DXO�* LOOHVSLH# FDZWKURQ�RUJ�Q] �
�
&KULV�&RUQHOLVRQ�
&KULV�&RUQHOLVRQ# FDZWKURQ�RUJ�Q] �
�

6HGLP HQW�	 �5 LSDULDQ�,VVXHV�
�
/ HV�%DVKHU�
%DVKHUO# / DQGFDUH5 HVHDUFK�FR�Q] �
�
&KULV�3KLOOLSV�
3KLOOLSV&# / DQGFDUH5 HVHDUFK�FR�Q] �

+ XP DQ�' LP HQVLRQV�
�
: LOO�$OOHQ�
$OOHQ: # / DQGFDUH5 HVHDUFK�FR�Q] �
�
0 DUJDUHW�. LOYLQJWRQ�
. LOYLQJWRQ0 # / DQGFDUH5 HVHDUFK�FR�Q] �
�
* DUWK�+ DUP VZRUWK�
+ DUP VZRUWK* # / DQGFDUH5 HVHDUFK�FR�Q] �
�

7DVP DQ�' LVWULFW�&RXQFLO�
�
0 DQDJHU�( QYLURQP HQWDO�,QIRUP DWLRQ�
5 RE�6P LWK# WGF�JRYW�Q] �
�
0 DQDJHU�3ROLF\ �
6WHYH�0 DUNKDP # WGF�JRYW�Q] �
�
: DWHU�5 HVRXUFH�6FLHQWLVW�
- RVHSK�7KRP DV# WGF�JRYW�Q] �
�
5 HVRXUFH�6FLHQWLVW��5 LYHUV�	 �&RDVW�
( ULF�9HUVWDSSHQ# WGF�JRYW�Q] �
�
: DWHU�4 XDOLW\ �6FLHQWLVW�
7UHYRU�- DP HV# WGF�JRYW�Q] �
�
3ROLF\ �3ODQQHU�
0 DU\ �$QQH�%DNHU# WGF�JRYW�Q] �
�

�


