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%DFNJURXQG��
�
6DOW�PDUVKHV�DUH�SURGXFWLYH�FRDVWDO�ZHWODQGV�WKDW�SURYLGH�LPSRUWDQW�HFRV\VWHP�
VHUYLFHV�LQFOXGLQJ�KDELWDW�IRU�ILVK�DQG�ZLOGOLIH��QXWULHQW�UHPRYDO��FDUERQ�VHTXHVWUDWLRQ��
DQG�VWRUP�SURWHFWLRQ�IRU�FRDVWDO�SURSHUWLHV��$FURVV�WKH�QRUWKHDVW�86��DQG�HVSHFLDOO\�LQ�
VRXWKHUQ�1HZ�(QJODQG��PDUVKHV�KDYH�ORVW�VLJQLILFDQW�DUHD�DQG�WKH�UDWH�RI�ORVV�LV�
LQFUHDVLQJ�LQ�VRPH�SODFHV��7KH�WRWDO�ORVV�DQG�UDWH�RI�ORVV�DUH�DODUPLQJ��DQG�
FRPPXQLWLHV�XUJHQWO\�ZDQW�VROXWLRQV�WR�KHOS�FRQVHUYH�UHPDLQLQJ�PDUVK��DQG�UHVWRUH�
PDUVK�ZKHUH�SRVVLEOH��2QH�WHFKQLTXH�JDLQLQJ�DWWHQWLRQ�DFURVV�WKH�1RUWKHDVW�LQYROYHV�
UHVWRULQJ�WLGDO�K\GURORJ\�RQ�PDUVKHV�E\�FUHDWLQJ�VPDOO��VKDOORZ�FKDQQHOV��³UXQQHOV´��WKDW�
GUDLQ�DUHDV�RI�H[SDQGLQJ�VKDOORZ�ZDWHU��,I�OHIW�XQWUHDWHG��WKHVH�VKDOORZ�ZDWHU�DUHDV�
KDYH�WKH�SRWHQWLDO�WR�H[SDQG�RXWZDUG�UDSLGO\��NLOOLQJ�YHJHWDWLRQ�DQG�FRQYHUWLQJ�LQWHULRU�
PDUVK�SODWIRUP�LQWR�RSHQ�ZDWHU���

�

/LWWOH�%D\�

2FHDQ�9LHZ�
)DUP�

)LJXUH����7RS��0DS�RI�WKH�%X]]DUGV�%D\�VWXG\�DUHD��PDUVKHV�ZLWK�VWXG\�VLWHV�IRU�UXQQHO�SLORW�WHVW�LQGLFDWHG�ZLWK�
UHG�GRWV��%RWWRP��0DSV�RI�/LWWOH�%D\��OHIW��DQG�2FHDQ�9LHZ�)DUP��ULJKW���0RQLWRULQJ�WUDQVHFWV�VKRZQ�LQ�JUHHQ�
�UHIHUHQFH�VLWHV��DQG�SXUSOH��UXQQHO�VLWHV���5XQQHOV�DV�EXLOW�VKRZQ�LQ�EOXH���
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$V�RI�������YHU\�OLWWOH�GRFXPHQWDWLRQ�ZDV�DYDLODEOH�RQ�HLWKHU�WKH�HIILFDF\�RI�UXQQHOV�RU�
EHVW�SUDFWLFHV�IRU�LPSOHPHQWDWLRQ��6WLOO��LQWHUHVW�DPRQJ�UHVRXUFH�PDQDJHUV�LQ�UXQQHOV�
ZDV�EHFRPLQJ�ZLGHVSUHDG��LQFOXGLQJ�DPRQJ�QRQ�SURILWV�DQG�ODQG�WUXVWV�LQ�%X]]DUGV�
%D\��$V�RI�������WKHUH�ZHUH����UXQQHO�SURMHFWV�SODQQHG��LQ�SURJUHVV��RU�FRPSOHWHG�
DFURVV���QRUWKHDVWHUQ�86�VWDWHV�²�WKH�PDMRULW\�RI�WKHVH�FOXVWHUHG�LQ�1HZ�(QJODQG��,Q�
������RXU�WHDP�ODXQFKHG�D�SURMHFW�IXQGHG�E\�WKH�6RXWKHDVW�1HZ�(QJODQG�:DWHUVKHG�
*UDQW�3URJUDP�WR�V\QWKHVL]H�DQG�FRPPXQLFDWH�H[LVWLQJ�NQRZOHGJH�RQ�UXQQHOV��WHVW�SLORW�
UXQQHOV�LQ�%X]]DUGV�%D\��DQG�LGHQWLI\�ZKHUH�DQG�ZKHQ�UXQQHOV�DUH�PRVW�HIIHFWLYH�LQ�WKH�
FRQWH[W�RI�PDUVK�ORVV�SDWWHUQV�DQG�HQYLURQPHQWDO�FRQGLWLRQV�LQ�%X]]DUGV�%D\�VDOW�
PDUVKHV��3DUWQHUV�LQFOXGH�VFLHQWLVWV�DQG�UHVRXUFH�PDQDJHUV�IURP�%X]]DUGV�%D\�
&RDOLWLRQ��:RRGZHOO�&OLPDWH�5HVHDUFK�&HQWHU��%X]]DUGV�%D\�1DWLRQDO�(VWXDU\�
3URJUDP��6DYH�7KH�%D\��1DUUDJDQVHWW�%D\���%ULVWRO�&RXQWU\�0RVTXLWR�&RQWURO�3URMHFW��
DQG�WKH�86�*HRORJLFDO�6XUYH\���
�
'HYHORSLQJ�DQG�&RPPXQLFDWLQJ�.QRZOHGJH�RQ�5XQQHOV�
�
'XULQJ�WKLV�SURMHFW��RXU�WHDP�OHG�HIIRUWV�WR�JDWKHU�DQG�V\QWKHVL]H�H[LVWLQJ�NQRZOHGJH�
DQG�EHVW�SUDFWLFHV�RQ�UXQQHOV��DQG�
FRPPXQLFDWH�WKDW�LQIRUPDWLRQ�WKURXJK�
PXOWLSOH�PHGLXPV�WR�GLYHUVH�DXGLHQFHV��,Q�
0DUFK�������ZH�KHOG�D�ZRUNVKRS�RQ�
UXQQHOV�DWWHQGHG�E\�PRUH�WKDQ����
VFLHQWLVWV��UHVRXUFH�PDQDJHUV��UHJXODWRUV�
DQG�RWKHU�VWDNHKROGHUV��7HDP�PHPEHUV�
)HUJXVRQ�DQG�%UHQQDQ�SUHVHQWHG�
EDFNJURXQG�DQG�FDVH�VWXGLHV�RQ�UXQQHOV��
DQG�DOO�WHDP�PHPEHUV�KHOSHG�WR�OHDG�
GLVFXVVLRQ�JURXSV�DQG�SUHVHQW�RQ�RXU�
SURMHFW�JRDOV��:H�UHFHLYHG�XQLIRUPO\�
SRVLWLYH�IHHGEDFN�RQ�WKH�VXFFHVV�RI�WKH�
ZRUNVKRS�IRU�FRYHULQJ�EDFNJURXQG�
LQIRUPDWLRQ��EHVW�SUDFWLFHV��DQG�UHPDLQLQJ�
XQNQRZQV�RQ�UXQQHOV���
�
:H�FRPELQHG�WKH�LQIRUPDWLRQ�OHDUQHG�DW�
RXU�ZRUNVKRS�ZLWK�D�FDVH�VWXG\�IURP�
:LQQDSDXJ�0DUVK�LQ�5KRGH�,VODQG��GDWD�
IURP�WHDP�PHPEHU�)HUJXVRQ���DQG�
OLWHUDWXUH�UHYLHZ�WR�SURGXFH�D�SHUVSHFWLYHV�
SDSHU�RQ�UXQQHOV��QRZ�SXEOLVKHG�LQ�WKH�
VFLHQWLILF�MRXUQDO�(VWXDULHV�DQG�&RDVWV��
7KLV�SDSHU�SURYLGHV�EDFNJURXQG�RQ�ZK\�
PDUVKHV�DUH�H[SHULHQFLQJ�ORVV��DQ�
RYHUYLHZ�RI�WKH�KLVWRU\�DQG�XVH�RI�UXQQHOV��
FDVH�VWXG\�GDWD��DQG�FRQFOXGHV�E\�KLJKOLJKWLQJ�UHVHDUFK�TXHVWLRQV�WKDW�VWLOO�QHHG�
DGGUHVVLQJ��8VLQJ�SLHFHV�RI�WKH�VWRU\�GHYHORSHG�IRU�WKH�(VWXDULHV�DQG�&RDVWV�SDSHU��

)LJXUH����5HFRYHU\�RI�:LQQDSDXJ�PDUVK�DIWHU�
UXQQHOOLQJ�VKRZQ�IRU�D��ORZ�HOHYDWLRQ�DUHDV��DQG�E��
KLJKHU�HOHYDWLRQ�DUHDV��*URXQG�DQG�VSHFLHV�SHUFHQW�
FRYHU�VKRZQ�UHODWLYH�WR�UXQQHO�FRQVWUXFWLRQ�WLPHOLQH�
RQ�[�D[LV��$GDSWHG�IURP�%HVWHUPDQ�HW�DO��������
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%HVWHUPDQ�KDV�GHOLYHUHG����SUHVHQWDWLRQV�
WR�SXEOLF��VWDNHKROGHU��DQG�VFLHQWLILF�
DXGLHQFHV��3DUWQHUV�KDYH�JLYHQ�DQRWKHU���
SUHVHQWDWLRQV�UHODWHG�WR�WKLV�SURMHFW�GXULQJ�
WKH�SURMHFW�SHULRG���
�
3LORW�6WXG\�RQ�5XQQHOV�LQ�%X]]DUGV�
%D\�(VWXDU\�
�
2XU�WHDP�LQLWLDWHG�DQ�H[SHULPHQW�LQ������
WR�WHVW�UXQQHOV�XVLQJ�EHVW�SUDFWLFHV�
LGHQWLILHG�IURP�WHDP�PHPEHU�H[SHULHQFH��
:H�XVHG�D�%HIRUH�$IWHU�&RQWURO�,PSDFW�
VWXG\�GHVLJQ��PHDQLQJ�ZH�PRQLWRUHG�ERWK�
H[SHULPHQWDO�UXQQHO�DQG�UHIHUHQFH�VLWHV�
ZLWKRXW�UXQQHOV�EHIRUH�DQG�DIWHU�UXQQHO�
FUHDWLRQ��7KH�VWXG\�LQFOXGHV�D�WRWDO�RI����
UXQQHO�VLWHV�DQG����UHIHUHQFH�VLWHV��
GLVWULEXWHG�DFURVV�WZR�PDUVK�FRPSOH[HV�LQ�
%X]]DUGV�%D\��2XU�REMHFWLYHV�ZHUH����WR�
H[SHULPHQWDOO\�WHVW�WKH�HIILFDF\�RI�UXQQHOV��
���WR�WHVW�UXQQHO�HIILFDF\�DFURVV�D�UDQJH�RI�
HQYLURQPHQWDO�FKDUDFWHULVWLFV�LGHQWLILHG�DV�
LPSRUWDQW�WR�UXQQHO�VXFFHVV�DW�RXU�
ZRUNVKRS�DQG�E\�SDUWQHUV��DQG����WR�WHVW�
HFRV\VWHP�VFDOH�SURFHVVHV�LQ�UHVSRQVH�WR�
UXQQHOV�WKDW�SURYLGH�LQVLJKW�LQWR�KRZ�
PDUVKHV�ZLOO�UHVSRQG�ORQJ�WHUP��:H�DUH�

PRQLWRULQJ�D�ODUJH�VXLWH�RI�YDULDEOHV�WKDW�TXDQWLI\�WKH�YHJHWDWLRQ��K\GURORJ\��VRLO�
FKDUDFWHULVWLFV��DQG�VWUXFWXUDO�SURSHUWLHV�RI�PDUVKHV��7KLV�HIIRUW�KDV�LQYROYHG�FORVH�
SDUWQHUVKLS�DQG�VLJQLILFDQW�WLPH�LQYHVWPHQW�IURP�DOO�SURMHFW�SDUWQHUV��DGGLWLRQDO�VWDII�DW�
SDUWQHU�LQVWLWXWLRQV��
XQGHUJUDGXDWH�DQG�JUDGXDWH�
VWXGHQWV��YROXQWHHUV��ODQGRZQHUV��
DQG�FROOHDJXHV�IURP�RWKHU�
SDUWQHULQJ�RUJDQL]DWLRQV�QRW�
GLUHFWO\�LQYROYHG�ZLWK�WKLV�SURMHFW�
�H�J���'DUWPRXWK�1DWXUDO�
5HVRXUFHV�7UXVW��0DVV�$XGXERQ��
86�)LVK�DQG�:LOGOLIH�6HUYLFH��
5RXQG�WKH�%HQG�)DUP��DPRQJ�
RWKHUV����
�

)LJXUH����%X]]DUGV�%D\�&RDOLWLRQ�DQG�:RRGZHOO�&OLPDWH�
5HVHDUFK�&HQWHU�6WDII�VWXG\�YHJHWDWLRQ��LQYHUWHEUDWH�IDXQD��DQG�
VRLOV�DW�D�VLWH�ZLWK�D�UXQQHO�LQ�������3KRWR��5��-DNXED��

)LJXUH����&UHDWLRQ�RI�UXQQHOV�DW�2FHDQ�9LHZ�)DUP��7RS�
DQG�%RWWRP�/HIW��%ULVWRO�&RXQW\�0RVTXLWR�&RQWURO�
RSHUDWRU�FUHDWHV�D�UXQQHO�ZLWK�D�ORZ�JURXQG�SUHVVXUH�
H[FDYDWRU��%RWWRP�&HQWHU��6WDII�DQG�YROXQWHHUV�KDQG�GLJ�
D�UXQQHO��%RWWRP�5LJKW��:HQOH\�)HUJXVRQ�KDQG�GLJV�D�
UXQQHO��3KRWRV��5��-DNXED��$��%HVWHUPDQ��:��)HUJXVRQ��
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7KH�UXQQHO�DQG�UHIHUHQFH�VLWHV�FDSWXUH�D�ZLGH�UDQJH�RI�FKDUDFWHULVWLFV�OLNHO\�WR�LPSDFW�
WKH�HIILFDF\�RI�UXQQHOV��PDUVK�HOHYDWLRQ��GHSWK�RI�ZDWHU�LQ�GLHEDFN�DUHDV��SHUFHQW�EDUH�
JURXQG�DQG�FRQGLWLRQ�RI�SHDW�VRLO���$V�H[SHFWHG��WKH�PDJQLWXGH�RI�FKDQJHV�LQ�YHJHWDWLRQ�
DQG�ZDWHU�OHYHO�YDULHG�DORQJ�WKHVH�HQYLURQPHQWDO�JUDGLHQWV��+RZHYHU��HYHQ�DIWHU�RQO\�
RQH�\HDU�WKHUH�ZHUH�LQGLFDWRUV�DW�ERWK�VLWHV�WKDW�UXQQHOV�ZHUH�HIIHFWLYHO\�UHVWRULQJ�WLGDO�
K\GURORJ\�DQG�UHYHJHWDWLRQ�ZDV�EHJLQQLQJ�LQ�GHQXGHG�DUHDV��$W�/LWWOH�%D\��D�KLJKHU�
HOHYDWLRQ�PDUVK��ZDWHU�OHYHOV�GLG�QRW�FKDQJH�GUDPDWLFDOO\��%XW�YHJHWDWLRQ�FRYHU�
DSSHDUHG�WR�LQFUHDVH�VLJQLILFDQWO\��$W�2FHDQ�9LHZ�)DUP��D�ORZHU�HOHYDWLRQ�PDUVK��ZDWHU�
OHYHOV�GURSSHG�VLJQLILFDQWO\��WR�MXVW�EHORZ�WKH�VRLO�VXUIDFH���DQG�VRPH�UHYHJHWDWLRQ�ZDV�
EHJLQQLQJ�WR�RFFXU���

�
5HVLOLHQFH��9XOQHUDELOLW\�DQG�3RWHQWLDO�IRU�5HVWRUDWLRQ�$FURVV�%X]]DUGV�%D\�
0DUVKHV�
�
,Q�RUGHU�WR�H[WUDSRODWH�UHVXOWV�RI�WKH�UXQQHO�SLORW�VWXG\�WR�RWKHU�PDUVKHV�LQ�%X]]DUGV�
%D\��ZH�ILUVW�QHHGHG�WR�XQGHUVWDQG�WKH�VWDWH�RI�PDUVKHV�DFURVV�WKH�ZDWHUVKHG��7KLV�
LQIRUPDWLRQ�FDQ�EH�XVHG�E\�SODQQHUV�DQG�UHVRXUFH�PDQDJHUV�WR�VWUDWHJL]H�ZKLFK�
PDUVKHV�PLJKW�EH�JRRG�FDQGLGDWHV�IRU�UXQQHOV��,QLWLDOO\�ZH�ZHUH�LQWHUHVWHG�LQ�
ZDWHUVKHG�VFDOH�SURFHVVHV��EXW�UHFRJQL]HG�WKHVH�IDFWRUV�ZRXOG�KDYH�OLWWOH�EHDULQJ�RQ�
WKH�HIILFDF\�RI�UXQQHOV��ZKLFK�LV�GHWHUPLQHG�E\�ORFDO��VPDOO�VFDOH�IDFWRUV��)RU�H[DPSOH��
LQ�WKH�VDPH�VXE�ZDWHUVKHG��SDUW�RI�D�PDUVK�PD\�ERUGHU�FRQVHUYDWLRQ�ODQG�ZKHUHDV�
DQRWKHU�SDUW�RI�WKH�PDUVK�PD\�EH�QHDU�VHYHUDO�KRPHV�RQ�VHSWLF�V\VWHPV��7KHVH�WZR�
DUHDV�RI�WKH�VDPH�PDUVK�LQ�WKH�VDPH�VXE�ZDWHUVKHG�FOHDUO\�KDYH�GLIIHUHQW�K\SHU�ORFDO�
QLWURJHQ�ORDGLQJ���
�

2FHDQ�9LHZ�)DUP� %HIRUH�

$IWHU�

/LWWOH�%D\� %HIRUH�

$IWHU�

)LJXUH����%HIRUH��������DQG�DIWHU��������SKRWRV�RI�UXQQHO�VLWHV�DW�2FHDQ�9LHZ�)DUP��OHIW��DQG�/LWWOH�%D\��ULJKW���
3KRWRV��$��%HVWHUPDQ�
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7R�DFFRXQW�IRU�WKLV�
PRGLILFDWLRQ�LQ�WKLQNLQJ��
ZH�ORRNHG�DW�VWUHVVRUV��
FXUUHQW�FRQGLWLRQV��DQG�
WKH�SRWHQWLDO�IRU�
DGDSWDWLRQ�DW����PDUVK�
VLWHV�ZKHUH�%X]]DUGV�
%D\�&RDOLWLRQ�LV�
FRQGXFWLQJ�ORQJ�WHUP�
PRQLWRULQJ��:H�DUH�
GHYHORSLQJ�D�UHSRUW�WKDW�
FKDUDFWHUL]HV�VWUHVVRUV��
FRQGLWLRQ��DQG�
DGDSWDWLRQ�SRWHQWLDO�
XVLQJ�ERWK�RQ�WKH�
JURXQG��DQG�DHULDO�
PHDVXUHPHQWV��
6SHFLILFDOO\��ZH�DUH�
ORRNLQJ�DW�WKH�SHUFHQW�RI�
WKH�PDUVK�WKDW�LV�
YXOQHUDEOH�RU�UHVLOLHQW�WR�

ORVV�ZLWK�VHD�OHYHO�ULVH��EDVHG�RQ�FXUUHQW�HOHYDWLRQ���QLWURJHQ�FRQFHQWUDWLRQV�LQ�WKH�
ZDWHU�QHDU�WKH�PDUVK�VLWHV��WKH�QXPEHU�RI�VHSWLF�V\VWHPV�QHDU�WKH�PDUVK�VLWHV��WKH�
SUHVHQFH�RI�UHVWULFWLRQV�WR�WLGDO�IORZ��KRZ�PXFK�RI�WKH�PDUVK�LV�FRYHUHG�ZLWK�YHJHWDWLRQ��
ZKDW�W\SH�RI�VSHFLHV�GRPLQDWH�WKH�VLWH��ZKHWKHU�WKHUH�DUH�EDUULHUV�WKDW�ZRXOG�SUHYHQW�
PDUVK�PLJUDWLRQ��DQG�KRZ�PXFK�PDUVK�ORVV�KDV�RFFXUUHG�RYHU�WKH�ODVW����\HDUV��%RWK�
2FHDQ�9LHZ�)DUP�DQG�/LWWOH�%D\�DUH�LQFOXGHG�LQ�WKLV�DQDO\VLV�IRU�VLPSOLILHG�FRPSDULVRQ�
RI�PDUVK�FKDUDFWHULVWLFV�LQ�WKH�FRQWH[W�RI�UXQQHOV��:H�DQWLFLSDWH�UHOHDVLQJ�WKLV�UHSRUW�LQ�
VSULQJ�������
�
�
2XU�QH[W�VWHSV�ZLOO�EH�WR�PRGHO�
KRZ�PDUVKHV�DURXQG�%X]]DUGV�
%D\�ZLWK�YDU\LQJ�HQYLURQPHQWDO�
FKDUDFWHULVWLFV�UHVSRQG�WR�UXQQHOV�
XVLQJ�UHVXOWV�RI�WKH�UXQQHO�SLORW�
VWXG\�DQG�EDVHOLQH�NQRZOHGJH�RQ�
PDUVK�FRQGLWLRQ�JHQHUDWHG�IURP�
WKH�UHSRUW�GHVFULEHG�DERYH���
+RZHYHU��ZH�DUH�WRR�HDUO\�LQ�RXU�
VWXG\�WR�EXLOG�WKRVH�PRGHOV�DW�WKLV�
WLPH��7R�LOOXVWUDWH�KRZ�
FRQVHUYDWLRQ�RUJDQL]DWLRQV�
VWUDWHJL]H�WKH�DSSOLFDWLRQ�RI�
YDULRXV�WHFKQLTXHV��LQFOXGLQJ�
UXQQHOV��ZH�SXW�WRJHWKHU�D�FDVH�

)LJXUH����6WDII�DQG�LQWHUQV�IURP�%X]]DUGV�%D\�&RDOLWLRQ��0DVV�
$XGXERQ��6DYH�7KH�%D\��DQG�'DUWPRXWK�1DWXUDO�5HVRXUFHV�
7UXVW�PHHW�WR�GLVFXVV�UXQQHOV�DQG�RWKHU�FRQVHUYDWLRQ�VWUDWHJLHV�
DW�2FHDQ�9LHZ�)DUP��3KRWR��5��-DNXED�

)LJXUH����'UDIW�H[DPSOH�RI�VWUHVVRUV��FRQGLWLRQV��DQG�DGDSWDWLRQ�SRWHQWLDO�IRU�
RQH�RI�WKH����ORQJ�WHUP�PRQLWRULQJ�PDUVKHV��3HUFHQW�YXOQHUDEOH�DQG�SHUFHQW�
UHVLOLHQW�DUH�UHODWHG�WR�HOHYDWLRQV��LOOXVWUDWHG�LQ�WKH�XSSHU�ULJKW�LPDJH���
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VWXG\�UHSRUW�RQ�WKH�FROODERUDWLYH�UHVWRUDWLRQ�ZRUN�XQGHUZD\�DW�$OOHQV�3RQG��D�EDFN�
EDUULHU�VDOW�SRQG�LQ�'DUWPRXWK��0DVVDFKXVHWWV��ZLWK�KLJK�FRQVHUYDWLRQ�VLJQLILFDQFH��
2FHDQ�9LHZ�)DUP��RQH�RI�RXU�ORQJ�WHUP�PRQLWRULQJ�DQG�UXQQHO�PDUVK�VLWHV��LV�ORFDWHG�
ZLWKLQ�$OOHQV�3RQG��:H�GHVFULEH�KRZ�QRQ�SURILWV��DJHQFLHV��DQG�UHVHDUFK�LQVWLWXWLRQV�
DUH�ZRUNLQJ�FROODERUDWLYHO\�WR�DGGUHVV�VWUHVVRUV�RQ�PDUVKHV�DW�PXOWLSOH�VSDWLDO�VFDOHV��
$FWLRQV�DUH�EHLQJ�FRRUGLQDWHG�WR�DGGUHVV�FXUUHQW�VWUHVVRUV�RQ�WKH�PDUVK�SODWIRUP��RSHQ�
ZDWHU�FRQYHUVLRQ���XVLQJ�LQ�PDUVK�WHFKQLTXHV��UXQQHOV���ZKLOH�DOVR�FRQVLGHULQJ�ODUJHU�
VFDOH�VWUHVVRUV�DQG�FRQVHUYDWLRQ�VWUDWHJLHV��ODQG�SURWHFWLRQ��WLGDO�UHVWULFWLRQ�
PDQDJHPHQW��PDUVK�PLJUDWLRQ�IDFLOLWDWLRQ���%X]]DUGV�%D\�&RDOLWLRQ�KDV�OHG�VHYHUDO�
VWDNHKROGHU�VLWH�YLVLWV��DQG�RWKHU�PHHWLQJV�WR�VKDUH�LQIRUPDWLRQ�DQG�FRRUGLQDWH�H[LVWLQJ�
DQG�SODQQHG�FRQVHUYDWLRQ�ZRUN���
�
/RJLVWLFV�RI�WKH�3URMHFW�±�+RZ�:H�*RW�,W�'RQH�
�
7KLV�SURMHFW�ZDV�VXSSRUWHG�E\����������LQ�IXQGLQJ�IURP�WKH�61(3�:DWHUVKHG�*UDQWV�
3URJUDP�DQG�D�PDWFK�RI�RYHU�����������7KH�EXON�RI�WKH�SURMHFW�IXQGV�VXSSRUWHG�VWDII�
WLPH�E\�SURMHFW�SDUWQHUV�%X]]DUGV�%D\�&RDOLWLRQ��:RRGZHOO�&OLPDWH�5HVHDUFK�&HQWHU��
DQG�6DYH�7KH�%D\��61(3�IXQGLQJ�DOVR�VXSSRUWHG�WUDYHO�WR�SURMHFW�VLWHV��VXSSOLHV��
SDUWLFLSDWLRQ�LQ�VFLHQWLILF�FRQIHUHQFHV�WR�VKDUH�UHVXOWV��DQG�SXEOLFDWLRQ�RI�UHVXOWV�LQ�D�
VFLHQWLILF�MRXUQDO��$OO�SURMHFW�SDUWQHUV�GHGLFDWHG�VLJQLILFDQW�WLPH�WR�WKH�SURMHFW�WKURXJK�WKH�
YDULRXV�SKDVHV��LQFOXGLQJ�%X]]DUGV�%D\�1DWLRQDO�(VWXDU\�3URJUDP��8�6��*HRORJLFDO�
6XUYH\��DQG�%ULVWRO�&RXQW\�0RVTXLWR�&RQWURO�ZKRVH�VWDII�WLPH�ZDV�QRW�VXSSRUWHG�E\�
61(3��
�
7KLV�61(3�:DWHUVKHG�*UDQW�3URJUDP�IXQGLQJ�ZDV�PDWFKHG�E\�RYHU�����������,Q�NLQG�
PDWFK�ZDV�SURYLGHG�IURP�YROXQWHHU�VXSSRUW�DQG�LQVWLWXWLRQDO�IXQGLQJ�IURP�WKH�%X]]DUGV�
%D\�&RDOLWLRQ�DQG�WKH�:RRGZHOO�&OLPDWH�5HVHDUFK�&HQWHU�DQG�WKURXJK�VHFXULQJ�
DGGLWLRQDO�SURMHFW�IXQGLQJ�IURP�WKH�5RVH�)DPLO\�)RXQGDWLRQ��WKH�)OHHWZLQJ�)RXQGDWLRQ��
DQG�WKH�1RUWKHDVW�&OLPDWH�$GDSWDWLRQ�6FLHQFH�&HQWHU��$GGLWLRQDO�PDWFK�DERYH�
���������ZDV�SURYLGHG�E\�SURMHFW�SDUWQHUV�%X]]DUGV�%D\�1DWLRQDO�(VWXDU\�3URJUDP��
8�6��*HRORJLFDO�6XUYH\��DQG�%ULVWRO�&RXQW\�0RVTXLWR�&RQWURO�ZKR�GHGLFDWHG�VLJQLILFDQW�
WLPH�DQG�UHVRXUFHV�WR�WKLV�SURMHFW��
�
,PSDFW�RI�WKH�3URMHFW�
�
2XWUHDFK�DQG�FRPPXQLFDWLRQ�ZHUH�PDMRU�IRFXVHV�GXULQJ�WKH�SDVW�WZR�\HDUV��3URMHFW�
SDUWQHUV�VSUHDG�DZDUHQHVV�RQ�PDUVKHV��KRZ�DQG�ZK\�WKH\�DUH�H[SHULHQFLQJ�ORVV��DQG�
WKH�SRWHQWLDO�IRU�DGDSWDWLRQ�XVLQJ�UXQQHOV�WR�GLYHUVH�SXEOLF��VFLHQWLILF��DQG�HQYLURQPHQWDO�
PDQDJHU��DQG�SXEOLF�KHDOWK�FRPPXQLWLHV��:H�FRPPXQLFDWHG�WKHVH�WRSLFV�WKURXJK�D�
MRXUQDO�SXEOLFDWLRQ��WHFKQLFDO�UHSRUWV��GLJLWDO�VWRULHV��ZHELQDUV�DQG�YLUWXDO�SUHVHQWDWLRQV��
UDGLR�VWRULHV��DQG�LQ�SHUVRQ�PHHWLQJV��ZRUNVKRSV��DQG�VLWH�YLVLWV��:H�DOVR�EXLOW�
DZDUHQHVV�WKURXJK�ZRUNLQJ�ZLWK�XQGHUJUDGXDWH�VWXGHQW�LQWHUQV��JUDGXDWH�VWXGHQWV��DQG�
HDUO\�FDUHHU�SURIHVVLRQDOV�KLUHG�DV�VHDVRQDO�VWDII���

�
,Q�RXU�RXWUHDFK�DQG�FRPPXQLFDWLRQV��ZH�ZLGHO\�VKDUHG�H[LVWLQJ�EHVW�SUDFWLFHV�LQ�UXQQHO�
XVH�DQG�DSSOLFDWLRQ��:H�KDYH�KHOSHG�WR�GHYHORS�D�EDVHOLQH�XQGHUVWDQGLQJ�RI�WKH�
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�

WHFKQLTXH�DPRQJ�VWDNHKROGHUV��:H�DOVR�LGHQWLILHG�NH\�UHPDLQLQJ�TXHVWLRQV�RQ�UXQQHOV��
RXWOLQHG�LQ�RXU�ZULWWHQ�DQG�YLUWXDO�PHGLD�FRPPXQLFDWLRQV��6RPH�RI�WKHVH�TXHVWLRQV�
VKRXOG�EH�DGGUHVVHG�ZLWK�IXWXUH�UHVHDUFK�SURMHFWV��ZKLOH�ZH�DUH�FXUUHQWO\�VWXG\LQJ�
RWKHUV�DV�D�SDUW�RI�RXU�SLORW�WHVW�RQ�UXQQHOV���
�
:H�ODXQFKHG�DQG�FRPSOHWHG�WKH�ILUVW�WZR�\HDUV�RI�D�SLORW�VWXG\�RQ�UXQQHOV�LQ�%X]]DUGV�
%D\��5HVXOWV�ZLOO�SURYLGH�XUJHQWO\�QHHGHG�GDWD�WR�KHOS�GHYHORS�SURWRFROV��DQG�
JHQHUDOL]H�UXQQHO�HIIHFWV�WR�RWKHU�PDUVKHV��:H�KDYH�DQDO\]HG�GDWD�IURP�RXU�VWXG\��DV�
ZHOO�DV�GDWD�IURP�D�SDUWQHU¶V�UXQQHO�SURMHFW�LQ�5KRGH�,VODQG��DQG�VKDUHG�WKHVH�UHVXOWV�LQ�
ZULWWHQ�DQG�YLUWXDO�IRUPDWV��1H[W�VWHSV�ZLOO�LQYROYH�FRQGXFWLQJ�PRUH�IRUPDO�DQDO\VHV�WKDW�
FDQ�PRGHO�RXWFRPHV�IRU�PDUVKHV�ZKHUH�UXQQHOV�DUH�XVHG�DFURVV�D�JUDGLHQW�RI�
HQYLURQPHQWDO�FRQGLWLRQV��2XU�V\QWKHVLV�RQ�PDUVK�FRQGLWLRQ��VWUHVVRUV��DQG�SRWHQWLDO�IRU�
DGDSWDWLRQ�DQG�HDUO\�UXQQHO�UHVXOWV�KDYH�³VHW�WKH�VWDJH´�IRU�WKHVH�PRUH�IRUPDO�PRGHOOLQJ�
DQDO\VHV��:H�RXWOLQHG�GHFLVLRQ�PDNLQJ�SURFHVVHV��WUDGH�RIIV��DQG�SRWHQWLDO�V\QHUJLHV�RI�
GLIIHUHQW�FRQVHUYDWLRQ�VWUDWHJLHV�LQ�D�GHVFULSWLYH�FRQWH[W�WKURXJK�RXU�$OOHQV�3RQG�FDVH�
VWXG\���

�
6LJQLILFDQWO\��WKH�PHHWLQJV�DQG�
VLWH�YLVLWV�ZH�KDYH�RUJDQL]HG�DW�
2FHDQ�9LHZ�)DUP��/LWWOH�%D\�
DQG�HOVHZKHUH�KDYH�OHG�WR�
SURGXFWLYH�FRDOLWLRQ�EXLOGLQJ�
DPRQJ�UHJLRQDO�HQYLURQPHQWDO�
QRQ�SURILWV�DQG�RWKHU�DJHQFLHV��
:KLOH�RXU�JURXSV�KDYH�ZRUNHG�
WRJHWKHU�EHIRUH��ZRUNLQJ�FORVHO\�
RQ�WKH�VSHFLILF�LVVXHV�IDFLQJ�
PDUVKHV�LQ�%X]]DUGV�%D\�KDV�
EROVWHUHG�SDUWQHUVKLSV�DQG�EXLOW�
FDSDFLW\�IRU�PRUH�LQWHJUDWLYH�
IXWXUH�ZRUN��3DUWQHUVKLSV�
EHWZHHQ�%X]]DUGV�%D\�
&RDOLWLRQ�DQG�WKUHH�UHJLRQDO�
PRVTXLWR�FRQWURO�DJHQFLHV�KDYH�
KLJKOLJKWHG�UXQQHOV�DV�D�³ZLQ�
ZLQ´�IRU�SXEOLF�KHDOWK�DQG�
HQYLURQPHQWDO�UHVWRUDWLRQ��

7KHVH�VWUHQJWKHQHG�SDUWQHUVKLSV�KDYH�ODLG�WKH�JURXQGZRUN�IRU�UXQQHOV�WR�EH�XVHG�LQ�
PRUH�PDUVKHV�DURXQG�WKH�ZDWHUVKHG��,Q�DGGLWLRQ��WKH�RUJDQL]DWLRQV�SDUWQHULQJ�RQ�WKLV�
SURMHFW�DUH�ZRUNLQJ�PRUH�FORVHO\�ZLWK�0DVV�$XGXERQ�DQG�'DUWPRXWK�1DWXUDO�5HVRXUFHV�
7UXVW�DV�D�UHVXOW�RI�FRRUGLQDWLQJ�HIIRUWV�DW�$OOHQV�3RQG�PDUVKHV��)URP�RXU�PHHWLQJV�DQG�
VLWH�YLVLWV�ZH�KDYH�GHYHORSHG�LGHDV�IRU�IXWXUH�PRQLWRULQJ��UHVWRUDWLRQ��DQG�JUDQW�
SURSRVDOV��2XU�FROOHFWLYH�UHDFK�WR�FRPPXQLWLHV�LV�DOVR�VWUHQJWKHQHG�DQG�EURDGHQHG�E\�
RXU�SDUWQHUVKLSV��7KURXJK�WKLV�SURMHFW��ZH�KDYH�GHYHORSHG�NQRZOHGJH��SDUWQHUVKLSV��
DQG�FDSDFLW\�WR�IXUWKHU�HQYLURQPHQWDO�LQLWLDWLYHV�LQ�VRXWKHUQ�1HZ�(QJODQG��� �

)LJXUH����6WDII�IURP�%X]]DUGV�%D\�&RDOLWLRQ��6DYH�7KH�%D\��DQG�
%ULVWRO�&RXQW\��3O\PRXWK�&RXQW\��DQG�&DSH�&RGH�0RVTXLWR�&RQWUROV�
PHHW�WR�GLVFXVV�UXQQHOV�DV�D�WRRO�WR�FRPEDW�PRVTXLWR�EUHHGLQJ�DQG�
FRQVHUYH�PDUVKHV�DW�/LWWOH�%D\��3KRWR��%UHQGDQ�$QQHWW�
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61(3�:DWHUVKHG�
*UDQWV�
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(YDOXDWLQJ�0DQDJHPHQW�$FWLRQV�WR�3URPRWH�
6DOW�0DUVK�5HVLOLHQFH�
&RQWUDFW���61(3:*������%%&�60�

6HSWHPEHU���������±�)HEUXDU\����������

�

3URMHFW�)LQDO�5HSRUW��
6XEPLWWHG�)HEUXDU\����������

�

*UDQWHH�2UJDQL]DWLRQ��

%X]]DUGV�%D\�&RDOLWLRQ�
����)URQW�6WUHHW��1HZ�%HGIRUG��0$�������

3RLQW�RI�&RQWDFW���
5DFKHO�-DNXED��3K�'���6FLHQFH�'LUHFWRU�
��������������[����RU���������������
MDNXED#VDYHEX]]DUGVED\�RUJ�
� �



ϭϬ�
�

3URMHFW�5HSRUW�1DUUDWLYH�
�
��$���3URMHFW�5HVXOWV��
�
352-(&7�29(59,(:����
7KLV�SURMHFW�EURXJKW�WRJHWKHU�D�XQLTXH�WHDP�RI�H[SHULHQFHG�UHVHDUFKHUV�DQG�
SUDFWLWLRQHUV�WR�DGGUHVV�WKH�ORVV�RI�VDOW�PDUVK�KDELWDW��ZKLFK�LV�KDSSHQLQJ�DW�D�GUDPDWLF�
DQG�LQFUHDVLQJ�UDWH�LQ�6RXWKHDVW�1HZ�(QJODQG��6DOW�PDUVKHV�DUH�FULWLFDO�HFRV\VWHPV�
WKDW�SURYLGH�QXWULHQW�UHPRYDO��VWRUP�DQG�IORRG�SURWHFWLRQ��DQG�HVVHQWLDO�KDELWDW��0XOWLSOH�
VWUHVVRUV�DUH�DGYHUVHO\�DIIHFWLQJ�VDOW�PDUVKHV�LQFOXGLQJ�VHD�OHYHO�ULVH��HXWURSKLFDWLRQ��
GLWFKLQJ��LQFUHDVHG�VWRUP�LQWHQVLW\��WLGDO�UHVWULFWLRQV��DQG�ORZ�VHGLPHQW�VXSSO\��7KH�JRDO�
RI�WKLV�SURMHFW�ZDV�WR�LGHQWLI\�ZDWHUVKHG�PDUVK�FKDUDFWHULVWLFV�DQG�FRQVHUYDWLRQ�
VWUDWHJLHV�WKDW�ZLOO�SURPRWH�VDOW�PDUVK�UHVLOLHQFH�LQ�%X]]DUGV�%D\��7KH�SURMHFW�WHDP�
LQFOXGHG�WKH�%X]]DUGV�%D\�&RDOLWLRQ��%%&���:RRGZHOO�&OLPDWH�5HVHDUFK�&HQWHU�
�:RRGZHOO��IRUPHUO\�WKH�:RRGV�+ROH�5HVHDUFK�&HQWHU���%X]]DUGV�%D\�1DWLRQDO�(VWXDU\�
3URJUDP��%%1(3���6DYH�7KH�%D\��67%���8�6��*HRORJLFDO�6XUYH\��86*6���DQG�%ULVWRO�
&RXQW\�0RVTXLWR�&RQWURO�3URMHFW��%&0&3���7KLV�SURMHFW�WRRN�D�WZR�SURQJ�DSSURDFK�±�
ILUVW��DVVHVVLQJ�WKH�XVH�RI�UXQQHOV��ERWK�E\�V\QWKHVL]LQJ�LQIRUPDWLRQ�RQ�FRPSOHWHG�
SURMHFWV�DQG�E\�SHUIRUPLQJ�ILHOG�VWXGLHV��DQG�VHFRQG��E\�PDSSLQJ�KLVWRULFDO�DQG�FXUUHQW�
SDWWHUQV�RI�VDOW�PDUVK�ORVV��DV�ZHOO�DV�YXOQHUDELOLW\�WR�IXWXUH�ORVVHV��7KH�UHVXOWV�SURYLGH�
D�SLFWXUH�RI�VDOW�PDUVK�GHJUDGDWLRQ�DQG�DLG�VWUDWHJLF�SODQQLQJ�IRU�KRZ�EHVW�WR�SURPRWH�
VDOW�PDUVK�UHVLOLHQFH�LQ�%X]]DUGV�%D\��7KH�SURMHFW�GUHZ�RQ�WKH�ORQJ�WHUP�H[SHULHQFH�RI�
SURMHFW�SDUWQHUV�LQ��VDOW�PDUVK�ILHOG�UHVHDUFK�PRQLWRULQJ��JHRVSDWLDO�DQDO\VLV�DQG�
PDSSLQJ��LPSOHPHQWDWLRQ�RI�UXQQHOV��ZDWHU�TXDOLW\�PRQLWRULQJ��DQG�RXWUHDFK�WR�SROLF\�
PDNHUV�DQG�WKH�SXEOLF��7KH�SURMHFW�DOVR�OHYHUDJHG�UHFHQW�DHULDO�LPDJHU\�RI�VDOW�PDUVKHV�
FROOHFWHG�LQ�IDOO�RI�������D�QHZ�VDOW�PDUVK�PRQLWRULQJ�SURJUDP�LQ�%X]]DUGV�%D\�WKDW�
EHJDQ�LQ�VXPPHU�������DQG�RQJRLQJ�ZDWHU�TXDOLW\�PRQLWRULQJ�SHUIRUPHG�E\�WKH�%%&���
�
7$6.����(YDOXDWH�FXUUHQW�VWDWH�RI�SUDFWLFH�RQ�UXQQHOV�DQG�SRWHQWLDO�DSSOLFDWLRQ�WR�
%X]]DUGV�%D\�
�
7DVN�����±�:RUNVKRS�DQG�ZKLWH�SDSHU�WR�V\QWKHVL]H�NQRZOHGJH�RQ�UXQQHOV�±��
7R�EHWWHU�XQGHUVWDQG�WKH�HIILFDF\�RI�UXQQHOV�XVHG�IRU�UHVWRUDWLRQ��ZH�RUJDQL]HG�D�
ZRUNVKRS�RI�H[SHUWV�DQG�VWDNHKROGHUV�LQ�FRDVWDO�UHVRXUFH�PDQDJHPHQW�WKDW�ZDV�KHOG�
RQ�0DUFK���������DW�WKH�:RRGZHOO�&OLPDWH�5HVHDUFK�&HQWHU��:RUNVKRS�JRDOV�ZHUH�WR�
VROLFLW�H[SHUW�RSLQLRQ�RQ�WKH�SUDFWLFH�RI�UXQQHOOLQJ�DQG�WR�WU\�WR�EXLOG�FRQVHQVXV�DURXQG�
ZKHQ�DQG�KRZ�WR�XVH�UXQQHOV���
�
7KH�ZRUNVKRS�ZDV�DWWHQGHG�E\�RYHU����SDUWLFLSDQWV��$SSHQGL[�,��OLVW�LQFOXGHV�
RUJDQL]HUV�SUHVHQWHUV�DQG�D�IHZ�LQGLYLGXDOV�ZKR�5693¶HG�EXW�GLG�QRW�PDNH�LW���7KHUH�
ZHUH�UHSUHVHQWDWLYHV�IURP�D�EURDG�UDQJH�RI�RUJDQL]DWLRQV�LQFOXGLQJ�ORFDO�ODQG�WUXVWV��
WRZQ�FRQVHUYDWLRQ�FRPPLVVLRQV��VWDWH�UHJXODWRU\��IHGHUDO��DQG�PRVTXLWR�FRQWURO�
DJHQFLHV��DQG�DFDGHPLF�DQG�UHVHDUFK�LQVWLWXWLRQV��'XULQJ�WKH�ZRUNVKRS��VFLHQWLVWV�DQG�
PDQDJHUV�SUHVHQWHG�RXWFRPHV�IURP�UHFHQW�UXQQHO�SURMHFWV��IROORZHG�E\�SDQHO�DQG�VPDOO�
JURXS�GLVFXVVLRQV�WR�GLVFXVV�VLWXDWLRQV�ZKHUH�UXQQHOV�FRXOG�EH�XVHG�DQG�WR�UDQN�
SRWHQWLDO�WHVW�VLWHV�IRU�UXQQHOV��
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�

�
7KURXJK�WKH�ZRUNVKRS�ZH�GHYHORSHG�D�FROOHFWLYH�XQGHUVWDQGLQJ�RI�KRZ�UXQQHOV�PLJKW�
EH�XVHG�WR�VORZ�RU�UHYHUVH�RSHQ�ZDWHU�FRQYHUVLRQ��DQG�LGHQWLILHG�XQUHVROYHG�TXHVWLRQV��
7KLV�LQIRUPDWLRQ�ZDV�XVHG�WR�GHVLJQ�RXU�RZQ�H[SHULPHQWDO�WHVW�RI�UXQQHOV��7DVN�����
EHORZ���
�
7KH�IHHGEDFN�ZH�UHFHLYHG�DERXW�WKH�ZRUNVKRS�ZDV�XQLIRUPO\�SRVLWLYH��7KH�ZRUNVKRS�
GHPRQVWUDWHG�WKH�VLJQLILFDQW�LQWHUHVW�LQ�WKH�SRWHQWLDO�RI�UXQQHOV�IRU�EXLOGLQJ�PDUVK�
UHVLOLHQF\��3DUWLFLSDQWV�ZHUH�VXUYH\HG�SRVW�ZRUNVKRS�WR�TXDQWLI\�WKH�QXPEHU�RI�UXQQHO�
SURMHFWV�EHLQJ�FRQVLGHUHG�LQ�WKH�1RUWKHDVW��%HWZHHQ�WKLV�VXUYH\��OLWHUDWXUH�UHYLHZ��DQG�
VXEVHTXHQW�GLVFXVVLRQV�ZLWK�SDUWQHUV�ZH�LGHQWLILHG����UXQQHO�SURMHFWV�HLWKHU�FRPSOHWHG��
LQ�SURJUHVV��EHLQJ�SODQQHG�RU�FRQVLGHUHG�DURXQG�WKH�1RUWKHDVW����VWDWHV���,W�LV�FOHDU�WKDW�
GHYHORSLQJ�ULJRURXV�LQIRUPDWLRQ�DERXW�WKH�LPSDFWV�RI�WKH�WHFKQLTXH�LV�DQ�DFXWH�QHHG�
WKDW�WKLV�SURMHFW�KDV�KHOSHG�WR�ILOO��
�
,QIRUPDWLRQ�IURP�WKH�ZRUNVKRS�ZDV�VXPPDUL]HG�DQG�FRPELQHG�ZLWK�D�OLWHUDWXUH�UHYLHZ��
DQG�FDVH�VWXG\�RI�UXQQHOV�IURP�5KRGH�,VODQG�WR�SURGXFH�D�MRXUQDO�SXEOLFDWLRQ�
�%HVWHUPDQ��$�)���-DNXED��5�:���)HUJXVRQ��:���%UHQQDQ��'���&RVWD��-�(���	�'HHJDQ��
/�$��%X\LQJ�7LPH�ZLWK�5XQQHOV��$�&OLPDWH�$GDSWDWLRQ�7RRO�IRU�6DOW�0DUVKHV��(VWXDULHV�
DQG�&RDVWV��������KWWSV���GRL�RUJ���������V��������������������7KLV�SXEOLFDWLRQ��RSHQ�
DFFHVV�DQG�SXEOLFO\�DYDLODEOH��DWWDFKHG�DV�$SSHQGL[�,,��SUHVHQWV�WKH�FXUUHQW�VWDWH�RI�
NQRZOHGJH�RQ�WKH�SUDFWLFH�RI�UXQQHOOLQJ�DV�D�FOLPDWH�DGDSWDWLRQ�WHFKQLTXH��DQG�DOVR�
SUHVHQWV�UHPDLQLQJ�TXHVWLRQV�DQG�NQRZOHGJH�JDSV�WKDW�VKRXOG�EH�DQVZHUHG�ZLWK�
HPSLULFDO�HYLGHQFH�EHIRUH�UXQQHOV�DUH�ZLGHO\�XVHG�LQ�DGDSWDWLRQ�DQG�UHVWRUDWLRQ�
SURMHFWV��61(3�IXQGLQJ�QRW�RQO\�VXSSRUWHG�WKH�GHYHORSPHQW�RI�WKLV�SXEOLFDWLRQ�EXW�DOVR�
DOORZHG�XV�WR�PDNH�WKH�SXEOLFDWLRQ�³2SHQ�$FFHVV´�VR�DQ\RQH�FDQ�GRZQORDG�WKH�DUWLFOH�
IRU�IUHH���
�
,Q�DGGLWLRQ�WR�GHYHORSLQJ�WKH�PDQXVFULSW�DV�ZULWWHQ�GRFXPHQWDWLRQ�RQ�WKH�SUDFWLFH�RI�
UXQQHOV��ZH�HQJDJHG�VWDNHKROGHUV�DQG�SUDFWLWLRQHUV�WKURXJK�SUHVHQWDWLRQV�DQG�VLWH�
YLVLWV��3URMHFW�SUHVHQWDWLRQV�ZHUH�GHYHORSHG�DQG�GHOLYHUHG�IRU�ERWK�H[WHUQDO��5HVWRUH�
$PHULFD¶V�(VWXDULHV������9LUWXDO�6XPPLW��8QLYHUVLW\�RI�)ORULGD�:DWHU��:HWODQGV��DQG�
:DWHUVKHGV�:HELQDU��1HZ�(QJODQG�(VWXDULQH�5HVHDUFK�6RFLHW\�6SULQJ������0HHWLQJ��
0DVVDFKXVHWWV�(FRV\VWHP�&OLPDWH�$GDSWDWLRQ�1HWZRUN�6DOW�0DUVK�:RUNLQJ�*URXS��
%UDQIRUG�5RWDU\�&OXE�6SHDNHUV�%XUHDX��(DVW�&DUROLQH�8QLYHUVLW\�%LRORJ\�5HVHDUFK�,Q�
3URJUHVV�6HPLQDU�6HULHV��6RFLHW\�RI�:HWODQG�6FLHQWLVWV�:HELQDU�6HULHV��&RDVWDO�DQG�
(VWXDULQH�5HVHDUFK�)HGHUDWLRQ������%LHQQLDO�&RQIHUHQFH��DQG�LQWHUQDO��%%&�
/HDGHUVKLS�&RXQFLO��%%&�6FLHQFH�$GYLVRU\�&RPPLWWHH��:RRGZHOO�&OLPDWH�5HVHDUFK�
&HQWHU�,QWHUQDO�6HPLQDU��DXGLHQFHV��:H�KHOG�D�VLWH�YLVLW�DW�2FHDQ�9LHZ�)DUP�LQ�2FWREHU�
�����WR�GLVFXVV�PDQDJHPHQW�RI�WKH�$OOHQV�3RQG�WLGDO�LQOHW��LWV�LPSDFW�RQ�WKH�PDUVK��DQG�
WKH�UXQQHO�SURMHFW�ZLWK�VWDNHKROGHUV��$�VLWH�YLVLW�LQ�0D\������DW�WKH�/LWWOH�%D\�VLWH�
LQFOXGHG�VWDII�IURP�DOO�WKUHH�UHJLRQDO�PRVTXLWR�FRQWURO�DJHQFLHV��%ULVWRO�&RXQW\��
3O\PRXWK�&RXQW\��DQG�&DSH�&RG��ZKHUH�ZH�ORRNHG�DW�WKH�FRPSOHWHG�UXQQHOV�DQG�
UHYLHZHG�WKH�SURFHVV�XVHG�IRU�VLWH�VHOHFWLRQ��UXQQHO�GLJJLQJ��DQG�SHUPLWWLQJ��$�VHFRQG�
VLWH�YLVLW�LQ�0D\������DW�WKH�2FHDQ�9LHZ�)DUP�VLWH�EURXJKW�WRJHWKHU�VWDNHKROGHUV�IURP�
$OOHQV�3RQG�DQG�QRQ�SURILW�VWDII��'DUWPRXWK�1DWXUDO�5HVRXUFHV�7UXVW��0DVV�$XGXERQ��
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%X]]DUGV�%D\�&RDOLWLRQ��6DYH�7KH�%D\��DFWLYHO\�HQJDJHG�LQ�UHVWRUDWLRQ�WHFKQLTXHV�
DURXQG�WKH�ZDWHUVKHG��:H�DOVR�SUHVHQWHG�DW�D�'DUWPRXWK�1DWXUDO�5HVRXUFHV�7UXVW�
5HVWRUDWLRQ�:DON�$QG�7DON�KHOG�IRU�PHPEHUV�DQG�RWKHU�PHPEHUV�RI�WKH�SXEOLF�DW�2FHDQ�
9LHZ�)DUP��
�
7DVN�����±�'HVLJQ�DQG�LQVWDOO�H[SHULPHQWDO�UXQQHOV�±��
3ULRU�WR�VHOHFWLQJ�ORFDWLRQV�IRU�LQVWDOOLQJ�H[SHULPHQWDO�UXQQHOV��WKH�SURMHFW�WHDP�GLG�DQ�
LQLWLDO�VFUHHQLQJ�RI�SRWHQWLDO�ORFDWLRQV�XVLQJ�*RRJOH�(DUWK�VDWHOOLWH�LPDJHU\��7KLV�ZDV�
IROORZHG�E\�VLWH�YLVLWV�WR�WHQ�ORFDWLRQV�WR�IXUWKHU�DVVHVV�WKH�YLDELOLW\�RI�WKH�VLWH��2I�WKHVH��
���ZHUH�GLVFXVVHG�DQG�UDQNHG�ZLWK�ZRUNVKRS�SDUWLFLSDQWV��7DNLQJ�LQWR�DFFRXQW�WKH�
IHHGEDFN�IURP�WKH�ZRUNVKRS�SDUWLFLSDQWV��DGGLWLRQDO�ILHOG�VLWH�YLVLWV�E\�SURMHFW�WHDP�
PHPEHUV�DQG�GLVFXVVLRQV�ZLWK�ODQG�RZQHUV��WKH�SURMHFW�WHDP�VHOHFWHG�WZR�PDUVK�
FRPSOH[HV�IRU�FUHDWLQJ�H[SHULPHQWDO�UXQQHOV��7KH�H[SHULPHQWDO�UXQQHOV�ZHUH�ORFDWHG�DW�
2FHDQ�9LHZ�)DUP�LQ�'DUWPRXWK�DQG�/LWWOH�%D\�LQ�)DLUKDYHQ���
�
7KH�SURSHUW\�RZQHUV�'DUWPRXWK�1DWXUDO�5HVRXUFHV�7UXVW�DQG�WKH�7RZQ�RI�)DLUKDYHQ�
ZHUH�ERWK�HQWKXVLDVWLF�SDUWQHUV�LQWHUHVWHG�LQ�WKH�SRWHQWLDO�RI�UXQQHOV�WR�LQFUHDVH�WKH�
ORQJ�WHUP�UHVLOLHQF\�RI�VDOW�PDUVK�KDELWDW�RQ�WKHLU�SURSHUWLHV��3URMHFW�SDUWQHU�%&0&3�
WRRN�WKH�OHDG�LQ�DSSO\LQJ�IRU�SHUPLWV�IRU�WKH�SURMHFW�ZRUN��3HUPLWV�ZHUH�VHFXUHG�IURP�
ERWK�WKH�8�6��$UP\�&RUSV�RI�(QJLQHHUV�DQG�0DVVDFKXVHWWV�'HSDUWPHQW�RI�
(QYLURQPHQWDO�3URWHFWLRQ��7HQ�H[SHULPHQWDO�UXQQHOV�ZHUH�LQVWDOOHG�IURP�2FWREHU�±�
1RYHPEHU��ILYH�HDFK�DW�2FHDQ�9LHZ�)DUP�LQ�'DUWPRXWK��DQG�/LWWOH�%D\�LQ�)DLUKDYHQ���
7KH�EXON�RI�WKH�UXQQHO�LQVWDOODWLRQ�ZDV�SHUIRUPHG�E\�SURMHFW�SDUWQHU�%&0&3�ZLWK�KDQG�
GLJJLQJ�DVVLVWDQFH�IURP�SURMHFW�SDUWQHUV�DQG�WKHLU�YROXQWHHUV��)ROORZ�XS�VLWH�YLVLWV�
EHWZHHQ�2FWREHU������DQG�)HEUXDU\������ZHUH�PDGH�WR�PRGLI\��ZLGHQ��OHQJWKHQ��
H[WHQG�ZKHUH�QHFHVVDU\�WR�GUDLQ�SRROLQJ�ZDWHU���DQG�FOHDQ�UXQQHOV��UHPRYH�
DFFXPXODWHG�VHGLPHQWV�RU�FKXQNV�RI�SHDW���DQG�PDNH�PHDVXUHPHQWV�RI�UXQQHO�
GLPHQVLRQV���
�
7DVN�����±�$VVHVV�WKH�HIIHFW�RI�UXQQHOV�±��
0RQLWRULQJ�IRU�WKLV�SURMHFW�IROORZHG�D�SURMHFW�4XDOLW\�$VVXUDQFH�3URMHFW�3ODQ�WKDW�ZDV�
DSSURYHG�E\�(3$��%HVWHUPDQ�DQG�-DNXED��������ZH�KDYH�LQFOXGHG�D�WDEOH�GHVFULELQJ�
GLIIHUHQFHV�EHWZHHQ�RXU�ILQDO�VDPSOLQJ�SODQ�DQG�WKH�4$33��$SSHQGL[�,,,���7KH�UROH�RI�
UXQQHOV�LQ�VDOW�PDUVK�HFRV\VWHPV�ZDV�DVVHVVHG�XVLQJ�D�%$&,��%HIRUH�$IWHU�&RQWURO�
,PSDFW��GHVLJQ��,Q�RXU�SURMHFW�SURSRVDO��ZH�SURSRVHG�WKH�LQVWDOODWLRQ�DQG�PRQLWRULQJ�RI�
WKUHH�H[SHULPHQWDO�UXQQHOV��7KURXJK�RXU�QXPHURXV�VLWH�YLVLWV�DURXQG�WKH�ZDWHUVKHG�WR�
ORRN�DW�SRWHQWLDO�ORFDWLRQV�DQG�GLVFXVVLRQV�ZLWK�UXQQHO�ZRUNVKRS�SDUWLFLSDQWV��ZH�
GHWHUPLQHG�WKDW�WKUHH�H[SHULPHQWDO�UXQQHOV�ZRXOG�QRW�EH�VXIILFLHQW�UHSOLFDWLRQ�WR�EH�DEOH�
WR�FRQFOXVLYHO\�DVVHVV�WKH�HIIHFW�RI�UXQQHOV�JLYHQ�QDWXUDO�YDULDELOLW\��7KXV��ZH�GHFLGHG�WR�
LQFUHDVH�WKH�QXPEHU�RI�H[SHULPHQWDO�UXQQHOV�IURP�WKUHH�WR�WHQ��$FURVV�WKH�WZR�PDUVKHV��
ZH�HVWDEOLVKHG�WZHQW\�WRWDO�PRQLWRULQJ�WUDQVHFWV��WHQ�WR�PRQLWRU�H[SHULPHQWDO�DUHDV�
ZKHUH�D�UXQQHO�ZDV�GXJ�DQG�WHQ�WR�PRQLWRU�FRQWURO�DUHDV�ZKHUH�UXQQHOV�ZHUH�QRW�GXJ��
7UDQVHFWV�ZHUH�PRQLWRUHG�LQ�VXPPHU�������SULRU�WR�DQ\�UXQQHO�GLJJLQJ��DQG�LQ�VXPPHU�
������DIWHU�UXQQHOV�ZHUH�GXJ�DW����RI�WKH�VLWHV���
�
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�

7R�KHOS�VXSSRUW�WKH�LQFUHDVHG�LQVWUXPHQWDWLRQ�FRVWV�DVVRFLDWHG�ZLWK�H[SDQGLQJ�WKH�
QXPEHU�RI�PRQLWRULQJ�WUDQVHFWV��WKH�%%&�ZURWH�D�VXFFHVVIXO�JUDQW�DSSOLFDWLRQ�WR�D�
SULYDWH�IRXQGDWLRQ�IRU�DQ�DGGLWLRQDO���������WR�VXSSRUW�PRQLWRULQJ�DVVRFLDWHG�ZLWK�WKLV�
SURMHFW�DQG�WKH�%%&¶V�ORQJ�WHUP�VDOW�PDUVK�PRQLWRULQJ��5RVH�)DPLO\�)RXQGDWLRQ���:H�
DOVR�UHFHLYHG�VXSSRUW�IRU�DGGLWLRQDO�LQVWUXPHQWDWLRQ�IURP�WKH�WKH�)OHHWZLQJ�)RXQGDWLRQ��
7R�VXSSRUW�FRQWLQXLQJ�WKH�ZRUN�LQWR�IXWXUH�\HDUV��ZH�DOVR�ZURWH�D�VXFFHVVIXO�JUDQW�
DSSOLFDWLRQ�WR�WKH�1RUWKHDVW�&OLPDWH�$GDSWDWLRQ�6FLHQFH�&HQWHU����
�
7KHUH�ZHUH�VRPH�FKDOOHQJHV�DV�D�UHVXOW�RI�WKH�&29,'�SDQGHPLF�WKDW�VORZHG�GRZQ�RU�
FRPSOLFDWHG�VXPPHU������ILHOG�VHDVRQ�PRQLWRULQJ��H�J���H[WUD�WLPH�UHTXLUHG�WR�GLVLQIHFW�
HTXLSPHQW��KDYLQJ�D�ILHOG�WHDP�HDFK�XVH�VHSDUDWH�GDWD�VKHHWV�DQG�WUDYHO�VHSDUDWHO\���
KRZHYHU��WKH�YDVW�PDMRULW\�RI�WKH�ZRUN�ZDV�DFFRPSOLVKHG�DV�SODQQHG��9HJHWDWLRQ��
SKRWR��HOHYDWLRQ��DQG�ZDWHU�OHYHO�PRQLWRULQJ�ZHUH�FDUULHG�RXW�DW����H[SHULPHQWDO�DQG����
UHIHUHQFH�WUDQVHFWV��$GGLWLRQDO�PHDVXUHPHQWV��PRUH�YDULDEOHV�DQG�KLJKHU�UHSOLFDWLRQ��
ZHUH�PDGH�DW�D�VXEVHW�RI���H[SHULPHQWDO�DQG���UHIHUHQFH�WUDQVHFWV�LQFOXGLQJ��GHSOR\LQJ�
DQG�UHWULHYLQJ�VHGLPHQW�GHSRVLWLRQ�SODWHV��SHUIRUPLQJ�VKHDU�YDQH�PHDVXUHPHQWV��
FROOHFWLQJ�VHGLPHQW�FRUHV�IRU�DQDO\VLV�RI�VRLO�SURSHUWLHV��ZDWHU�FRQWHQW��EXON�GHQVLW\��
RUJDQLF�PDWWHU��DQG�SDUWLFOH�VL]H�GLVWULEXWLRQ���GHSOR\PHQW�DQG�UHWULHYDO�RI�SODVWHU�
HURVLRQ�EORFNV��DQG�PHDVXUHPHQWV�RI�GLHEDFN�DUHD�ZDWHU�GHSWK��0HDVXUHPHQWV�ZHUH�
UHSHDWHG�LQ�VXPPHU�������ZLWK�WKH�H[FHSWLRQ�RI�WZR�RI�WKH�WUDQVHFWV�DW�2FHDQ�9LHZ�
)DUP��WUDQVHFWV�ZHUH�ORFDWHG�LQ�D�ORZHU�HOHYDWLRQ��DQG�PRUH�GHJUDGHG�DUHD��DQG�ZH�
ZDQWHG�WR�PLQLPL]H�GLVWXUEDQFH�WKHUH���$W�WKHVH�WUDQVHFWV��ZH�FRQGXFWHG�OLPLWHG�
PRQLWRULQJ��YHJHWDWLRQ�IRU�D�VXEVHW�RI�NH\�PRQLWRULQJ�SORWV�DQG�SKRWRJUDSKV����
�
,QLWLDO�PRQLWRULQJ�UHVXOWV�DUH�GHVFULEHG�LQ�GHWDLO�LQ�DQ�DWWDFKHG�UHSRUW��³(DUO\�5HVSRQVHV�
WR�5XQQHOV�LQ�6RXWKHUQ�1HZ�(QJODQG�6DOW�0DUVKHV´��$SSHQGL[�,9��,Q�VKRUW��WKH�UHVXOWV�
LQGLFDWH�UXQQHOV�ORZHUHG�WKH�DYHUDJH�ZDWHU�WDEOH�KHLJKW�DW�2FHDQ�9LHZ�)DUP��EXW�QRW�DW�
/LWWOH�%D\��/LWWOH�%D\�FKDQJHV�PD\�QRW�KDYH�EHHQ�GHWHFWHG�EHFDXVH�D��ZDWHU�GHSWKV�
ZHUH�OHVV�WR�EHJLQ�ZLWK�DW�/LWWOH�%D\��E��WKHUH�ZHUH�YHU\�ODUJH�GLIIHUHQFHV�LQ�SUHFLSLWDWLRQ�
EHWZHHQ�������GU\��DQG�������ZHW���F��/LWWOH�%D\�UHIHUHQFH�VLWHV�ZHUH�VOLJKWO\�GULHU�WKDQ�
H[SHULPHQWDO�UXQQHO�VLWHV��VR�VWDWLVWLFDO�GLIIHUHQFHV�ZHUH�QRW�REVHUYHG��IXUWKHU�
H[SODQDWLRQ�DQG�GHWDLO�LQ�$SSHQGL[�,9���+RZHYHU��VWXG\�RI�WKH�KLJK�IUHTXHQF\�ZDWHU�OHYHO�
GDWD�VWLOO�LQGLFDWHG�WKDW�SHULRGV�RI�SURORQJHG�LQXQGDWLRQ��RU�ZDWHU�OHYHOV�YHU\�FORVH�WR�WKH�
VRLO�VXUIDFH��ZHUH�OHVV�LQWHQVH�DIWHU�UXQQHOV�ZHUH�LQVWDOOHG�DW�/LWWOH�%D\��9HJHWDWLRQ�
VKRZHG�D�VWURQJ��SRVLWLYH�UHVSRQVH�DW�/LWWOH�%D\��HYHQ�ZKHUH�ZDWHU�WDEOH�FKDQJHV�ZHUH�
OHVV�FOHDU��$W�2FHDQ�9LHZ�)DUP�WKHUH�ZDV�DOVR�HYLGHQFH�RI�UHYHJHWDWLRQ�VWDUWLQJ��EXW�
JLYHQ�LQLWLDO�FRQGLWLRQV�UHYHJHWDWLRQ�ZLOO�WDNH�ORQJHU�DW�2FHDQ�9LHZ�)DUP�WKDQ�/LWWOH�%D\��
2WKHU�K\GURORJLF�DQG�VRLO�SURSHUWLHV�PRVWO\�GLG�QRW�FKDQJH�ZLWKLQ�WKH�VWXG\�SHULRG��RU�
GLG�QRW�DSSHDU�WR�FKDQJH�GXH�WR�UXQQHOOLQJ��'HSHQGLQJ�RQ�WKH�YDULDEOH��WKLV�LV�HLWKHU�
EHFDXVH�RI�WKH�SUHFLSLWDWLRQ�GLIIHUHQFHV�EHWZHHQ�\HDUV��RU�EHFDXVH�LQVXIILFLHQW�WLPH�KDV�
SDVVHG�IRU�HFRV\VWHP�VFDOH�UHVSRQVHV�WR�RFFXU�IURP�UXQQHOOLQJ���
�
7$6.����$VVHVV�UROH�RI�ZDWHU�TXDOLW\�DQG�FRQVHUYDWLRQ�VWUDWHJLHV�IRU�PDUVK�
HOHYDWLRQ�DQG�VWDELOLW\�
�
7DVN�����±�0DS�VDOW�PDUVK�FRYHU��ORVV��DQG�JHRPRUSKRORJ\�LQ�QLQH�VXE�HVWXDULHV�±��
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3URMHFW�SDUWQHUV�DW�WKH�%%1(3�GHYHORSHG�D�GHWDLOHG�VDOW�PDUVK�ERXQGDU\�OD\HU�RI�DOO�WKH�
VDOW�PDUVKHV�DURXQG�%X]]DUGV�%D\�XVLQJ�DHULDO�LPDJHU\�IURP�������ZKLFK�SURYLGHG�WKH�
EHVW�FRYHUDJH�DYDLODEOH�IRU�GHWDLOHG�PDSSLQJ��%\�FRYHULQJ�DOO�WKH�VDOW�PDUVKHV�DURXQG�
%X]]DUGV�%D\��WKLV�OD\HU�H[SDQGV�VLJQLILFDQWO\�IURP�ZKDW�ZDV�LQ�RXU�SURSRVDO��ZKLFK�
ZDV�WR�SHUIRUP�WKH�PDSSLQJ�LQ�QLQH�VXE�HVWXDULHV��7KH������OD\HU�ZDV�XVHG�DV�WKH�
EDVLV�WR�EH�DEOH�WR�PRYH�EDFNZDUGV�DQG�IRUZDUGV�WKURXJK�WLPH�WR�TXDQWLI\�PDUVK�ORVV��
7R�DVVHVV�PDUVK�ORVV��PDUVK�DUHD�ZDV�TXDQWLILHG�DW�DQ�DGGLWLRQDO�WKUHH�WLPH�SRLQWV�
�������������������DW�WKH����%%&�ORQJ�WHUP�PDUVK�PRQLWRULQJ�VLWHV��7KH�PDUVK�ORVV�
RYHU�WKH�ODVW����\HDUV�DW�HDFK�RI�WKH����%%&�ORQJ�WHUP�PDUVK�PRQLWRULQJ�VLWHV�ZLOO�EH�
LQFOXGHG�LQ�WKH�UHSRUW�³%X]]DUGV�%D\�6DOW�0DUVKHV��9XOQHUDELOLW\�DQG�$GDSWDWLRQ�
3RWHQWLDO´��WKH�ILQDO�YHUVLRQ�ZLOO�EH�VXEPLWWHG�LQ�WKH�QH[W�IHZ�PRQWKV�WR�EH�LQFOXGHG�DV�
$SSHQGL[�9���7KH�H[SDQVLRQ�LQ�WKH�QXPEHU�RI�PDUVKHV�PDSSHG�KDV�VORZHG�SURJUHVV�RQ�
WKLV�WDVN��VR�PDS�OD\HUV�DUH�QRW�\HW�UHDG\�WR�EH�PDGH�SXEOLFO\�DYDLODEOH��+RZHYHU��ZH�
VWLOO�SODQ�WR�XSORDG�WKH�PDS�OD\HUV�WR�WKH�1RUWKHDVW�&RQVHUYDWLRQ�3ODQQLQJ�$WODV��1&3$��
DQG�%%1(3�ZHEVLWHV�DIWHU�SURMHFW�FRPSOHWLRQ���
�
7DVN�����±�0DS�FRQVHUYDWLRQ�UHJLPHV�DQG�VWUHVVRUV�IRU�QLQH�VXE�HVWXDULHV�±��
2XU�XQGHUVWDQGLQJ�RI�KRZ�WR�WKLQN�DERXW�GULYHUV�RI�PDUVK�ORVV�HYROYHG�RYHU�WKH�FRXUVH�
RI�WKH�SURMHFW�DQG�LQIOXHQFHG�RXU�DSSURDFK��:H�IRXQG�WKDW�ORRNLQJ�DW�ZDWHUVKHG�VFDOH�
SURFHVVHV�ZDV�QRW�QHFHVVDULO\�XVHIXO�LQ�WKH�FRQWH[W�RI�SRWHQWLDO�PDUVK�UHVWRUDWLRQ�
DFWLRQV�WKDW�ZRXOG�KDSSHQ�RQ�D�K\SHU�ORFDO�VFDOH��H�J���UXQQHOV���)RU�H[DPSOH��LQ�WKH�
VDPH�VXE�ZDWHUVKHG��SDUW�RI�D�PDUVK�PD\�ERUGHU�FRQVHUYDWLRQ�ODQG�ZKHUHDV�DQRWKHU�
SDUW�RI�WKH�PDUVK�PD\�EH�QHDU�VHYHUDO�KRPHV�RQ�VHSWLF�V\VWHPV��7KHVH�WZR�DUHDV�RI�
WKH�VDPH�PDUVK�LQ�WKH�VDPH�VXE�ZDWHUVKHG�FOHDUO\�KDYH�GLIIHUHQW�K\SHU�ORFDO�QLWURJHQ�
ORDGLQJ��6LPLODUO\��ZLWKLQ�WKH�VDPH�VXE�ZDWHUVKHG�KDOI�RI�WKH�PDUVK�DUHD�PD\�EH�
ERUGHUHG�E\�FRQVHUYDWLRQ�ODQG��ZKLOH�WKH�RWKHU�KDOI�LV�ERUGHUHG�E\�UHVLGHQWLDO�SURSHUWLHV�
RU�D�JROI�FRXUVH���
�
7R�DFFRXQW�IRU�WKLV�PRGLILFDWLRQ�LQ�WKLQNLQJ��ZH�ORRNHG�DW�VWUHVVRUV��FXUUHQW�FRQGLWLRQV��
DQG�WKH�SRWHQWLDO�IRU�DGDSWDWLRQ�DW�WKH����%%&�ORQJ�WHUP�PDUVK�VLWHV�RQ�WKH�PDUVK�VLWH�
VFDOH�UDWKHU�WKDQ�DW�WKH�ZDWHUVKHG�VFDOH��:H�GHYHORSHG�D�UHSRUW�WKDW�FKDUDFWHUL]HV�
WKHVH�WKLQJV�XVLQJ�ERWK�RQ�WKH�JURXQG�DQG�DHULDO�PHDVXUHPHQWV��6SHFLILFDOO\��ZH�
ORRNHG�DW�WKH�SHUFHQW�RI�WKH�PDUVK�WKDW�LV�YXOQHUDEOH�RU�UHVLOLHQW�WR�ORVV�ZLWK�VHD�OHYHO�
ULVH��EDVHG�RQ�FXUUHQW�HOHYDWLRQ���QLWURJHQ�FRQFHQWUDWLRQV�LQ�WKH�ZDWHU�QHDU�WKH�PDUVK�
VLWHV��WKH�QXPEHU�RI�VHSWLF�V\VWHPV�QHDU�WKH�PDUVK�VLWHV��WKH�SUHVHQFH�RI�UHVWULFWLRQV�WR�
WLGDO�IORZ��KRZ�PXFK�RI�WKH�PDUVK�LV�FRYHUHG�ZLWK�YHJHWDWLRQ��ZKDW�W\SH�RI�VSHFLHV�
GRPLQDWH�WKH�VLWH��ZKHWKHU�WKHUH�DUH�EDUULHUV�WKDW�ZRXOG�SUHYHQW�PDUVK�PLJUDWLRQ��DQG�
KRZ�PXFK�PDUVK�ORVV�KDV�RFFXUUHG�RYHU�WKH�ODVW����\HDUV��:H�DUH�PDNLQJ�ILQDO�
FKDQJHV�WR�WKLV�GRFXPHQW��DQG�WKH�ILQDO�YHUVLRQ�ZLOO�EH�VXEPLWWHG�LQ�WKH�QH[W�IHZ�PRQWKV�
WR�EH�LQFOXGHG�DV�$SSHQGL[�9�RI�WKLV�UHSRUW��
�
3URMHFW�SDUWQHUV�DW�WKH�8�6�*�6��FRPSOHWHG�D�KLJK�UHVROXWLRQ�ZDYH�WKUXVW�PDS�DQG�
SURYLGHG�GDWD�WR�WKH�SURMHFW�WHDP�IRU�D�VXEVHW�RI�WKH�%X]]DUGV�%D\�VLWHV��,Q�UHYLHZLQJ�
WKH�GDWD��ZH�GHFLGHG�QRW�WR�LQFOXGH�LW�LQ�RXU�DQDO\VLV�RI�PDUVK�VWUHVVRUV�EHFDXVH�DERXW�
KDOI�RI�WKH�VLWHV�RU�IRFDO�DUHDV�DUH�EHKLQG�D�EDUULHU�EHDFK��DQG�ZDYH�WKUXVW�PRGHOV�ZHUH�
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QRW�SURMHFWHG�LQWR�EDFN�EDUULHU�DUHDV��7KXV��WKH�YDOXHV�DYDLODEOH�DUH�QRW�DSSOLFDEOH�WR�
WKH�PDUVKHV�WKHPVHOYHV��
�
7DVN�����±�)LHOG�9HULILFDWLRQ�DQG�6DPSOLQJ�±�%%&�DQG�%%1(3�VWDII�ZRUNHG�WRJHWKHU�WR�
YDOLGDWH�DHULDO�LPDJHU\�LQWHUSUHWDWLRQ�WKURXJK�GLVFXVVLRQV�DQG�VLWH�YLVLWV��:H�DOVR�
FRPSDUHG�VXUYH\�HOHYDWLRQ�GDWD�WR�/L'$5�HOHYDWLRQ�GDWD�WR�YDOLGDWH�HOHYDWLRQ�
FDOFXODWLRQV�IURP�EHQFKPDUNV�DQG�*36�GDWD���
�
7DVN�����±�&RPSDUH�ZDWHUVKHG�GULYHUV�ZLWK�SRWHQWLDO�IRU�UHVWRUDWLRQ�YLD�UXQQHOV�±��
3URMHFW�SDUWQHUV¶�LQLWLDO�FRPSDULVRQV�EHWZHHQ�PDUVK�ORVV�DQG�HOHYDWLRQ��DORQJ�ZLWK�
H[WHQVLYH�GLVFXVVLRQV�RQ�UXQQHO�GHVLJQ�DQG�LPSOHPHQWDWLRQ��VXJJHVW�WKH�PRVW�LPSRUWDQW�
IDFWRUV�GHWHUPLQLQJ�UXQQHO�VXLWDELOLW\�DUH�GHWHUPLQHG�DW�WKH�ORFDO�PDUVK�VFDOH��UDWKHU�
WKDQ�ZDWHUVKHG�VFDOH��7R�SURYLGH�LQWHUHVWHG�ODQGRZQHUV�DQG�UHJXODWRUV�ZLWK�LQIRUPDWLRQ�
RQ�KRZ�WR�GHFLGH�ZKHWKHU�UHVWRUDWLRQ�YLD�UXQQHOV�LV�DQ�DSSURSULDWH�WRRO�IRU�D�JLYHQ�VLWH��
ZH�GHYHORSHG�WZR�UHVRXUFHV��7KH�ILUVW�UHVRXUFH�LV�WKH�MRXUQDO�SXEOLFDWLRQ�GHVFULEHG�
DERYH�LQ�7DVN������7KH�VHFRQG�UHVRXUFH��³6DOW�0DUVK�&RQVHUYDWLRQ�DQG�$GDSWDWLRQ�LQ�
$OOHQV�3RQG��$�&DVH�6WXG\�LQ�%X]]DUGV�%D\´��LV�DWWDFKHG�DV�$SSHQGL[�9,��8VLQJ�RXU�
2FHDQ�9LHZ�)DUP�VLWH�DQG�WKH�JUHDWHU�$OOHQV�3RQG�FRPSOH[�DV�D�FDVH�VWXG\��WKLV�UHSRUW�
GHVFULEHV�GLIIHUHQW�W\SHV�RI�FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�DFWLYLWLHV�IRU�PDUVKHV��DQG�KRZ�
WKH\�DGGUHVV�VWUHVVRUV�DW�GLIIHUHQW�VSDWLDO�DQG�WHPSRUDO�VFDOHV��:H�DOVR�GHVFULEHG�KRZ�
HQYLURQPHQWDO�PDQDJHUV�FDQ�XVH�WKHVH�VWUDWHJLHV�LQ�LVRODWLRQ��RU�DV�FRPSOHPHQWDU\�
WRROV�GHSHQGLQJ�RQ�HQYLURQPHQWDO�FRQGLWLRQV�DQG�UHVRXUFH�DYDLODELOLW\��:H�ZLOO�GLVWULEXWH�
WKLV�UHSRUW�WR�61(3�DUHD�UHVRXUFH�PDQDJHUV��UHJXODWRU\�DJHQFLHV��FROODERUDWRUV�DQG�
WKHLU�QHWZRUNV��DQG�DWWHQGHHV�RI�RXU������5XQQHO�ZRUNVKRS���
�
��%��1H[W�6WHSV�	�5HFRPPHQGDWLRQV�
�
:LWK�UHVSHFW�WR�WKH�UXQQHOV�LPSOHPHQWHG�WKURXJK�WKLV�SURMHFW��SURMHFW�SDUWQHUV�VHFXUHG�
DGGLWLRQDO�IXQGLQJ�WR�FRQWLQXH�PRQLWRULQJ�WKH�HIIHFWV�RI�WKH�UXQQHOV�LQ�VXPPHU������DQG�
VXPPHU������WKURXJK�WKH�1RUWKHDVWHUQ�&OLPDWH�$GDSWDWLRQ�6FLHQFH�&HQWHU��7KLV�
FRQWLQXDWLRQ�RI�WKH�SURMHFW�ZLOO�EH�H[WUHPHO\�YDOXDEOH�IRU�PRQLWRULQJ�KRZ�HFRV\VWHPV�
UHVSRQG�RYHU�WLPH�WR�UXQQHOV��:H�ZLOO�FRQWLQXH�WR�VWXG\�WKH�DELOLW\�RI�YHJHWDWLRQ�WR�
UHFRYHU�RYHU�PXOWLSOH�JURZLQJ�VHDVRQV��$V�D�VLQJOH�\HDU�ZDV�LQVXIILFLHQW�WR�REVHUYH�
FKDQJHV�WR�VWUXFWXUDO�SURSHUWLHV�RI�VDOW�PDUVKHV��HOHYDWLRQ��VRLO�FRQGLWLRQV���ZH�ZLOO�EH�
DEOH�WR�DVVHVV�KRZ�UXQQHOV�ZLOO�DIIHFW�WKH�ORQJ�WHUP�WUDMHFWRULHV�RI�VDOW�PDUVKHV��$QG�
VLQFH�SUHFLSLWDWLRQ�FDQ�YDU\�VLJQLILFDQWO\�EHWZHHQ�\HDUV��ZH�ZLOO�EHWWHU�XQGHUVWDQG�KRZ�
K\GURORJ\�UHVSRQGV��DQG�KRZ�ZH�FDQ�EHVW�DGDSW�UXQQHOV�WR�EH�HIIHFWLYH�XQGHU�PXOWLSOH�
HQYLURQPHQWDO�FRQGLWLRQV���
�
5XQQHOV�DUH�D�SURPLVLQJ�WRRO�IRU�VDOW�PDUVK�DGDSWDWLRQ��EXW�PXVW�EH�XVHG�LQ�FHUWDLQ�
HQYLURQPHQWV��XQGHU�FHUWDLQ�FRQGLWLRQV��3URMHFW�GHVLJQ�LV�VWLOO�KLJKO\�FRQWH[W�VSHFLILF��VR�
ZH�UHFRPPHQG�IXWXUH�UXQQHO�SURMHFWV�LQFOXGH�LQGLYLGXDOV�ZLWK�WUDLQLQJ�DQG�H[SHULHQFH�
XVLQJ�WKH�WHFKQLTXH��RU�VLPLODU�K\GURORJLF�PDQDJHPHQW�WRROV��7KH�UHVXOWV�RI�RXU�
FRQWLQXHG�PRQLWRULQJ�ZLOO�EH�XVHIXO�IRU�PDNLQJ�WKH�WHFKQLTXH�PRUH�JHQHUDOL]DEOH��VR�WKDW�
IXWXUH�SUDFWLWLRQHUV�FDQ�OHDUQ�DQG�DSSO\�WKH�WHFKQLTXH�LQGHSHQGHQWO\��:H�ZLOO�VKDUH�
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WKHVH�UHVXOWV�ZLWK�SUDFWLWLRQHUV��VWDWH�DQG�IHGHUDO�DJHQFLHV��DQG�UHVHDUFKHUV�WKURXJK�
SUHVHQWDWLRQV�DQG�MRXUQDO�SXEOLFDWLRQV��
�
&RPPXQLFDWLQJ�FXUUHQW�UHVXOWV�UHPDLQV�D�VLJQLILFDQW�JRDO�IRU�WKLV�SURMHFW��7KH�DWWDFKHG�
UHSRUWV��$SSHQGLFHV�,9±9,��ZLOO�EH�GLVWULEXWHG�WR�SDUWQHUV��7KH�UHSRUW�RQ�UXQQHO�
UHVSRQVHV�IURP�RXU�H[SHULPHQW��DQG�FRQVHUYDWLRQ�VWUDWHJLHV�DW�$OOHQV�3RQG�
�$SSHQGLFHV�,9�	�9,��ZLOO�EH�UHYLVHG�IRU�IRUPDW�DQG�OHQJWK��DQG�VXEPLWWHG�IRU�UHYLHZ�WR�
EHFRPH�MRXUQDO�SXEOLFDWLRQV�ODWHU�LQ�������)XOO�GDWD�VHWV�ZLOO�EH�PDGH�SXEOLFO\�DYDLODEOH�
E\�)HEUXDU\�������DW�WKH�FRPSOHWLRQ�RI�WKH�1RUWKHDVWHUQ�&OLPDWH�$GDSWDWLRQ�6FLHQFH�
&HQWHU�JUDQW���
�
6L[�RI�WKH�SURMHFW�WHDP�PHPEHUV�DUH�QRZ�SDUWLFLSDWLQJ�LQ�WKH�6DOW�0DUVK�:RUNLQJ�*URXS��
7KH�60:*�LV�RQH�RI�ILYH�ZRUNLQJ�JURXSV�RI�WKH�0DVVDFKXVHWWV�(FRV\VWHP�&OLPDWH�
$GDSWDWLRQ�1HWZRUN��0DVV�(&$1���7KLV�JURXS�LV�ZRUNLQJ�WR�FRRUGLQDWH�HIIRUWV�LQ�1HZ�
(QJODQG�DQG�WR�IRVWHU�FROODERUDWLRQV�DQG�LQFOXGHV�VWDWH��IHGHUDO��QRQSURILW��DQG�
XQLYHUVLW\�UHVHDUFKHUV�DQG�FRDVWDO�UHVRXUFH�PDQDJHUV��7KH�JURXS�KDV�EHHQ�GHYHORSLQJ�
D�FRQVHQVXV�GRFXPHQW�WKDW�GHILQHV�SULRULW\�UHVHDUFK�QHHGV�IRU�UHVLOLHQW�PDUVKHV��7KH�
FXUUHQW�GUDIW�GRFXPHQW�LQFOXGHV�WKUHH�KLJK�OHYHO�UHVHDUFK�SULRULWLHV��
��� ,PSURYH�XQGHUVWDQGLQJ�RI�HFRORJLFDO�DQG�SK\VLFDO�SURFHVV�ZLWKLQ�VDOW�PDUVK�

V\VWHPV��HVWDEOLVK�EDVHOLQHV��
��� ,GHQWLI\�YXOQHUDEOH�PDUVKHV��FROOHFW�RU�GHYHORS�GDWD�WR�WUDFN�HFRV\VWHP�FKDQJHV�DQG�

VXSSRUW�SUHGLFWLYH�PRGHOV��
��� ,QIRUP�UHVWRUDWLRQ�DQG�DGDSWDWLRQ�DFWLRQV�WR�VXVWDLQ�VDOW�PDUVKHV�DQG�WKHLU�

DVVRFLDWHG�IXQFWLRQV�DQG�VHUYLFHV��
7KLV�SURMHFW��DORQJ�ZLWK�WKH�%%&¶V�ORQJ�WHUP�VDOW�PDUVK�PRQLWRULQJ��GHYHORSHG�QHZ�
LQIRUPDWLRQ�LQ�HDFK�RI�WKHVH�UHVHDUFK�SULRULW\�DUHDV��
�

��&��&RPSOLDQFH�
$�4XDOLW\�$VVXUDQFH�3URMHFW�3ODQ��4$33��ZDV�DSSURYHG�E\�(3$��

x� %HVWHUPDQ��$���-DNXED��5��:��������4XDOLW\�$VVXUDQFH�3URMHFW�3ODQ�IRU�
(YDOXDWLQJ�0DQDJHPHQW�$FWLRQV�WR�3URPRWH�6DOW�0DUVK�5HVLOLHQFH�����SS��

�
3HUPLWV�IRU�UXQQHO�LQVWDOODWLRQ�ZHUH�DSSURYHG�E\�8�6��$UP\�&RUSV�RI�(QJLQHHUV�DQG�
0DVV'(3���

x� $SSURYDO�YLD�3UH�&RQVWUXFWLRQ�1RWLILFDWLRQ��3&1��XQGHU�WKH�86�$UP\�&RUSV�RI�
(QJLQHHUV��$&2(��0DVVDFKXVHWWV�*HQHUDO�3HUPLW�����

x� $SSURYDOV�DQG�1RWLILFDWLRQV�UHTXLUHG�E\�WKH�$&2(�LQFOXGLQJ��
R� )HGHUDO�&RQVLVWHQF\�&RQFXUUHQFH�IURP�WKH�0DVVDFKXVHWWV�2IILFH�RI�

&RDVWDO�=RQH�0DQDJHPHQW�
R� +LVWRULF�3URSHUW\�1RWLILFDWLRQ�WR�WKH�6WDWH�+LVWRULF�3UHVHUYDWLRQ�2IILFH�

�6+32���%RDUG�RI�8QGHUZDWHU�$UFKHRORJLFDO�5HVRXUFHV��%8$5���DQG�
7ULEDO�+LVWRULF�3UHVHUYDWLRQ�2IILFHUV��7+32��

x� 0DVV'(3�����:DWHU�4XDOLW\�&HUWLILFDWLRQ�
�
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��'��3URMHFW�3DUWQHUV�
7KLV�SURMHFW�ZDV�D�WUXO\�FROODERUDWLYH�HQGHDYRU�DQG�DOO�SURMHFW�SDUWQHUV�PDGH�PHDQLQJIXO�
FRQWULEXWLRQV�WR�VWUHQJWKHQ�WKH�RXWFRPH�RI�WKH�SURMHFW��7KH�PDMRU�DFWLYLWLHV�RI�HDFK�
SURMHFW�SDUWQHU�DUH�VXPPDUL]HG�KHUH��

%%&�±�/HG�WKH�UXQQHO�ZRUNVKRS�RUJDQL]DWLRQ�DQG�SODQQLQJ��V\QWKHVL]HG�ZRUNVKRS�
UHVXOWV�DQG�OHG�ZULWLQJ�RI�(VWXDULHV�DQG�&RDVWV�SXEOLFDWLRQ��SHUIRUPHG�ILHOG�YLVLWV�WR�
SRWHQWLDO�VLWHV�DQG�OLDLVHG�ZLWK�SURSHUW\�RZQHUV�DQG�WRZQ�FRQVHUYDWLRQ�FRPPLVVLRQV��OHG�
GLVFXVVLRQV�DERXW�H[SHULPHQWDO�UXQQHO�VLWH�VHOHFWLRQ��VXSSRUWHG�SHUPLW�UHYLHZ�E\�
SURYLGLQJ�DGGLWLRQDO�LQIRUPDWLRQ��VXSSRUWHG�LQVWDOODWLRQ�RI�SHUPDQHQW�EHQFKPDUN�
HOHYDWLRQ�EHQFKPDUNV��FRRUGLQDWHG�DQG�VXSSRUWHG�UXQQHO�LQVWDOODWLRQ��FRRUGLQDWHG�
YROXQWHHU�DVVLVWDQFH�IRU�UXQQHO�LPSOHPHQWDWLRQ�DQG�GDWD�PDQDJHPHQW��OHG�PRQLWRULQJ�
�LQFOXGLQJ�GUDIWLQJ�H[SHULPHQWDO�SODQ�DQG�4$33��VXSSO\�DQG�HTXLSPHQW�SURFXUHPHQW��
SUHSDUDWLRQ��DQG�GHSOR\PHQW��KLULQJ�VXSHUYLVLQJ�VXPPHU�ILHOG�VWDII��LPSOHPHQWLQJ�
PRQLWRULQJ�SODQ�RI�YHJHWDWLRQ��K\GURORJ\��VHGLPHQW�G\QDPLFV��VRLO�FKDUDFWHULVWLFV��DQG�
HOHYDWLRQ���SHUIRUPHG�ODE�DQDO\VLV��SHUIRUPHG�GDWD�HQWU\��GDWD�PDQDJHPHQW��GDWD�
TXDOLW\�DVVXUDQFH�UHYLHZ��DQG�VWDWLVWLFDO�DQDO\VHV��%D\ZDWFKHUV�PRQLWRULQJ�SURJUDP�
FROOHFWHG�QXWULHQW�VDPSOHV�WKDW�ZHUH�DQDO\]HG�DW�WKH�0DULQH�%LRORJLFDO�/DERUDWRU\��OHG�
DQDO\VLV�RI�UXQQHO�H[SHULPHQWDO�GDWD��GHYHORSHG�DQG�GHOLYHUHG�SURMHFW�SUHVHQWDWLRQV��
FRQGXFWHG�VLWH�YLVLWV�ZLWK�VWDII�IURP�RWKHU�RUJDQL]DWLRQV�WKDW�FRXOG�DOVR�LQVWDOO�UXQQHOV��
OHG�ZULWLQJ�RI�WKH�ILQDO�UHSRUW��LQFOXGLQJ�DSSHQGLFHV��SHUIRUPHG�SURMHFW�PDQDJHPHQW�
IXQFWLRQV��
�
:RRGZHOO�±�KRVWHG�UXQQHO�ZRUNVKRS�DQG�FRRUGLQDWHG�$�9�UHTXLUHPHQWV�WR�DOORZ�IRU�
UHPRWH�SDUWLFLSDQWV��DVVLVWHG�LQ�ZRUNVKRS�RUJDQL]DWLRQ�DQG�SODQQLQJ�DQG�SDUWLFLSDWHG�DV�
D�GLVFXVVLRQ�JURXS�OHDG��SDUWLFLSDWHG�LQ�GLVFXVVLRQV�DERXW�UXQQHO�VLWH�VHOHFWLRQ��DVVLVWHG�
LQ�WKH�GHYHORSPHQW�RI�WKH�H[SHULPHQWDO�SODQ��SURYLGHG�RYHUVLJKW�RI�UHVHDUFK�REMHFWLYHV��
VXSSRUWHG�SHUPLW�UHYLHZ�E\�SURYLGLQJ�DGGLWLRQDO�LQIRUPDWLRQ��VXSSRUWHG�UXQQHO�
LQVWDOODWLRQ��DVVLVWHG�LQ�WKH�UHYLHZ�RI�LQLWLDO�GDWD��SHUIRUPHG�ILHOG�YLVLWV�DQG�VXSSOLHG�ILHOG�
PRQLWRULQJ�DVVLVWDQFH��DQG�OLDLVHG�ZLWK�:RRGZHOO�DQG�1RUWKHDVWHUQ�8QLYHUVLW\�
UHVHDUFKHUV�WR�IDFLOLWDWH�WKH�FROOHFWLRQ�RI�DGGLWLRQDO�PRQLWRULQJ�SDUDPHWHUV�E\�
FROODERUDWRUV�RXWVLGH�WKH�61(3�SURMHFW�WHDP��SURYLGHG�VXSSRUW�IRU�ODE�DQDO\VHV��
H[SDQGHG�PRQLWRULQJ�RI�GHFRPSRVLWLRQ�UDWHV�DFURVV�VLWHV�LQ�UXQQHO�H[SHULPHQW�XVLQJ�
PXOWLSOH�PHWKRGV��PHDVXUHG�VRLO�UHGR[��ZDWHU�FRQWHQW��DQG�WHPSHUDWXUH�XVLQJ�VHQVRU�
SUREHV��SHUIRUPHG�QXWULHQW�DQDO\VLV�RI�VRLO�DQG�VXUIDFH�ZDWHU�RQ�PDUVKHV��FRQWULEXWHG�WR�
SUHSDUDWLRQ�DQG�UHYLVLRQV�RI�(VWXDULHV�DQG�&RDVWV�SXEOLFDWLRQ��
�
%%1(3�±�DVVLVWHG�LQ�ZRUNVKRS�RUJDQL]DWLRQ�DQG�SODQQLQJ�DQG�SDUWLFLSDWHG�DV�D�
GLVFXVVLRQ�JURXS�OHDG��SDUWLFLSDWHG�LQ�GLVFXVVLRQV�DERXW�UXQQHO�VLWH�VHOHFWLRQ��UXQQHO�
LQVWDOODWLRQ��DQG�PRQLWRULQJ�DFFHVV��UHYLHZHG�GUDIW�PDWHULDOV�IRU�SHUPLW�VXEPLVVLRQ��OHG�
LQVWDOODWLRQ�RI�HOHYDWLRQ�EHQFKPDUNV�DW�UXQQHO�DQG�ORQJ�WHUP�PRQLWRULQJ�VLWHV��FROOHFWHG�
*36�VSDWLDO�DQG�HOHYDWLRQ�GDWD�RI�EHQFKPDUNV�DQG�PDUNHUV��WUDLQHG�VWDII�RQ�WKH�XVH�RI�
D�GLJLWDO�ODVHU�OHYHO�IRU�VDOW�PDUVK�HOHYDWLRQ�PHDVXUHPHQWV�DQG�DVVLVWHG�ZLWK�HOHYDWLRQ�
ILHOG�ZRUN��FRQYHUWHG�GLJLWDO�OHYHO�VXUYH\�HOHYDWLRQ�GDWD�WR�1$9'����GHYHORSHG�VDOW�
PDUVK�FRYHU�PDS�OD\HUV�IRU����PDUVK�VLWHV�DW�IRXU�WLPHSRLQWV�IRU�WKH�FDOFXODWLRQ�RI�
PDUVK�ORVV��TXDOLW\�DVVXUDQFH�UHYLHZ�RI�VDOW�PDUVK�FRYHU�PDS�OD\HUV��FDOFXODWHG�VHSWLF�
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GHQVLW\�DQG�RWKHU�ODQG�XVH�VWDWLVWLFV�QHDU�WKH����PDUVK�VLWHV��DQDO\]HG�/L'$5�HOHYDWLRQ�
GDWD�DQG�FDOFXODWHG�HOHYDWLRQ�VWDWLVWLFV�IRU�HDFK�PDUVK�XQLW�IRU�DOO����PDUVK�VLWHV��KHOSHG�
YDOLGDWH�DHULDO�LPDJHU\�LQWHUSUHWDWLRQ�RI�YHJHWDWLRQ�ERXQGDULHV��SHUIRUPHG�DQDO\VLV�DQG�
TXDOLW\�DVVXUDQFH�UHYLHZ�RI�VDOW�PDUVK�HOHYDWLRQ�GDWD��FRQWULEXWHG�WR�SUHSDUDWLRQ�DQG�
UHYLVLRQV�RI�(VWXDULHV�DQG�&RDVWV�SXEOLFDWLRQ��

67%�±�DVVLVWHG�LQ�ZRUNVKRS�RUJDQL]DWLRQ�DQG�SODQQLQJ�DQG�SDUWLFLSDWHG�DV�D�GLVFXVVLRQ�
JURXS�OHDG��SDUWLFLSDWHG�LQ�GLVFXVVLRQV�DERXW�UXQQHO�VLWH�VHOHFWLRQ�DQG�LQVWDOODWLRQ�
DFFHVV��SURYLGHG�NH\�LQIRUPDWLRQ�RQ�WKH�GHVLJQ��SHUPLWWLQJ��DQG�LQVWDOODWLRQ�RI�UXQQHOV�
EDVHG�SDVW�H[SHULHQFH��OHG�ILHOG�YLVLWV�WR�SRWHQWLDO�VLWHV��VXSSRUWHG�SHUPLW�UHYLHZ�E\�
SURYLGLQJ�DGGLWLRQDO�LQIRUPDWLRQ��FR�OHG�WKH�UXQQHO�LQVWDOODWLRQ�SURYLGLQJ�FULWLFDO�LQVLJKW�RQ�
H[DFW�SODFHPHQW�RI�WKH�UXQQHOV��PDGH�PXOWLSOH�UHWXUQ�WULSV�WR�UXQQHO�VLWHV�WR�PDLQWDLQ�
DQG�FKHFN�UXQQHOV��KHOSHG�WR�FRRUGLQDWH�DQG�SDUWLFLSDWHG�LQ�ILHOG�YLVLWV�ZLWK�
VWDNHKROGHUV��VKDUHG�GDWD�IURP�DQG�VXSSRUWHG�LQWHUSUHWDWLRQ�RI�:LQQDSDXJ�UXQQHO�VWXG\�
WKDW�ZDV�LQFOXGHG�LQ�WKH�(VWXDULHV�DQG�&RDVWV�SXEOLFDWLRQ��FRQWULEXWHG�WR�SUHSDUDWLRQ�
DQG�UHYLVLRQ�RI�(VWXDULHV�DQG�&RDVWV�SXEOLFDWLRQ��

86*6�±�SDUWLFLSDWHG�DV�D�GLVFXVVLRQ�JURXS�OHDG�IRU�UXQQHO�ZRUNVKRS��DVVLVWHG�LQ�WKH�
GHYHORSPHQW�RI�WKH�H[SHULPHQWDO�SODQ��GHYHORSLQJ�KLJK�UHVROXWLRQ�ZLQG�ZDYH�WKUXVW�PDS�
FRYHULQJ�WKH�%X]]DUGV�%D\�FRDVWOLQH��SDUWLFLSDWHG�LQ�SURMHFW�WHDP�PHHWLQJV��DQDO\]HG�
VDPSOHV�IRU�SDUWLFOH�VL]H�DQDO\VLV��GHSOR\HG�DGGLWLRQDO�WXUELGLW\�DQG�ZDWHU�TXDOLW\�
VHQVRUV�DW�UXQQHO�VLWHV��SURFHVVHG�DQG�SURYLGHG�VHQVRU�GDWD��SURYLGHG�GDWD�RQ�WKH�
XQYHJHWDWHG�WR�YHJHWDWHG�UDWLR��8995��RI�DOO����PDUVK�VLWHV��SURYLGHG�VXSSRUW�UHYLHZ�RI�
DQDO\VLV�RI�PDUVK�VWUHVVRUV��FRQGLWLRQ��DQG�SRWHQWLDO�WR�DGDSW���

%&0&3±�DVVLVWHG�LQ�ZRUNVKRS�RUJDQL]DWLRQ�DQG�SODQQLQJ�DQG�SDUWLFLSDWHG�DV�D�
GLVFXVVLRQ�JURXS�OHDG��SDUWLFLSDWHG�LQ�GLVFXVVLRQV�DERXW�UXQQHO�VLWH�VHOHFWLRQ��
SDUWLFLSDWHG�LQ�ILHOG�YLVLWV�WR�SRWHQWLDO�UXQQHO�VLWHV��OHG�UXQQHO�SHUPLWWLQJ�DQG�FRRUGLQDWLRQ�
ZLWK�UHJXODWRU\�DJHQFLHV��FR�OHG�WKH�UXQQHO�LQVWDOODWLRQ��SURYLGHG�WKH�VWDII�DQG�H[FDYDWRU�
WKDW�SHUIRUPHG�WKH�EXON�RI�WKH�UXQQHO�LQVWDOODWLRQ��FRRUGLQDWHG�ZLWK�SURMHFW�SDUWQHUV�DQG�
ODQG�RZQHUV�RQ�VLWH�DFFHVV�IRU�VWDII�DQG�HTXLSPHQW��SHUIRUPHG�UHTXLUHG�PDLQWHQDQFH�
FKHFNV�DW�UXQQHO�VLWHV��KHOSHG�WR�FRRUGLQDWH�DQG�SDUWLFLSDWHG�LQ�ILHOG�YLVLWV�ZLWK�
VWDNHKROGHUV��SDUWLFLSDWHG�LQ�SURMHFW�WHDP�PHHWLQJV��FRQWULEXWHG�WR�SUHSDUDWLRQ�DQG�
UHYLVLRQ�RI�(VWXDULHV�DQG�&RDVWV�SXEOLFDWLRQ���

�
���(��9ROXQWHHU�DQG�&RPPXQLW\�,QYROYHPHQW�
9ROXQWHHUV�VXSSRUWHG�WKLV�SURMHFW�LQ�VHYHUDO�ZD\V��$V�SDUW�RI�WKH�%%&�%D\ZDWFKHUV�
0RQLWRULQJ�3URJUDP��YROXQWHHUV�FROOHFWHG�QXWULHQW�VDPSOHV�IURP�ZDWHU�ERGLHV�QHDU�WKH�
VDOW�PDUVK�PRQLWRULQJ�VLWHV��9ROXQWHHUV�DVVLVWHG�ZLWK�GDWD�HQWU\��RUJDQL]DWLRQ��DQG�
PDQDJHPHQW��6HYHUDO�VWXGHQWV�SURYLGHG�YROXQWHHU�DVVLVWDQFH�ZLWK�GDWD�HQWU\��
PDQDJHPHQW��DQG�DQDO\VLV�DQG�XVHG�WKH�H[SHULHQFH�WR�VXSSRUW�WKHLU�GHJUHHV��7KHVH�
LQFOXGHG�WZR�0DVVDFKXVHWWV�0DULWLPH�$FDGHP\�FR�RS�VWXGHQWV��D�8QLRQ�&ROOHJH�
VWXGHQW��DQG�VHYHUDO�KLJK�VFKRRO�VWXGHQWV��9ROXQWHHUV�DVVRFLDWHG�ZLWK�WKH�%%&�DQG�WKH�
'DUWPRXWK�1DWXUDO�5HVRXUFHV�7UXVW�DVVLVWHG�ZLWK�KDQG�GLJJLQJ�RI�UXQQHOV���

3URMHFW�VWDII�LQYROYHG�FRPPXQLW\�PHPEHUV�LQ�SDUWV�RI�WKLV�SURMHFW��2QH�RI�WKH�SURMHFW�
UXQQHO�VLWHV�LV�ORFDWHG�RQ�WKH�VKRUHV�RI�$OOHQV�3RQG��$OOHQV�3RQG�LV�D�VDOW�SRQG�ZKRVH�
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LQOHW�PLJUDWHV�RYHU�WLPH�DQG�SHULRGLFDOO\�FORVHV��([WHQGHG�FORVXUHV�RI�WKH�LQOHW�KDUP�WKH�
PDUVK�YHJHWDWLRQ�DQG�ELUG�KDELWDW�VR�FRPPXQLW\�PHPEHUV�KDYH�KLVWRULFDOO\�ZRUNHG�ZLWK�
0DVV�$XGXERQ�WR�PDQDJH�WKH�LQOHW�DQG�KDYH�SHUPLWV�WR�UH�RSHQ�WKH�LQOHW�ZKHQ�LW�FORVHV�
�GHWDLOHG�GHVFULSWLRQ�RI�SURFHVV�DQG�PDQDJHPHQW�LQ�$SSHQGL[�9,���3URMHFW�VWDII�
FRPPXQLFDWHG�ZLWK�DQG�SURYLGHG�LQIRUPDWLRQ�WR�$OOHQV�3RQG�VWDNHKROGHUV�RQFH�ZH�
UHDOL]HG�WKDW�DQ�LQOHW�FORVXUH�ZDV�OLNHO\��7KH�LQOHW�GLG�FORVH��VR�SURMHFW�VWDII�NHSW�LQ�
FRPPXQLFDWLRQ�ZLWK�$OOHQV�3RQG�VWDNHKROGHUV�DERXW�LQOHW�PDQDJHPHQW�DQG�LWV�UH�
RSHQLQJ���

7HDP�PHPEHUV�SDUWLFLSDWHG�LQ�WKH�0DVVDFKXVHWWV�(FRV\VWHP�&OLPDWH�$GDSWDWLRQ�
1HWZRUN�6DOW�0DUVK�:RUNLQJ�*URXS��ZKLFK�LV�ZRUNLQJ�WR�GHYHORS�D�VWDWH�ZLGH�VWUDWHJ\�
GRFXPHQW�RQ�WKH�PRVW�LPSRUWDQW�UHVHDUFK�TXHVWLRQV�WKDW�QHHG�WR�EH�DGGUHVVHG�
�GHVFULEHG�DERYH���7KLV�JURXS�DOVR�VHUYHV�DV�D�TXDUWHUO\�RSSRUWXQLW\�WR�FRPPXQLFDWH�
DQG�OHDUQ�DERXW�UHVHDUFK��UHVWRUDWLRQ�SURMHFWV��DQG�QHZ�RSSRUWXQLWLHV�LQ�DSSOLHG�VDOW�
PDUVK�HFRORJ\�DQG�UHVWRUDWLRQ�IURP�VFLHQWLVWV�DQG�SUDFWLWLRQHUV�DURXQG�WKH�VWDWH�RI�
0DVVDFKXVHWWV��DQG�QHLJKERULQJ�1HZ�(QJODQG�VWDWHV��

%%&�SURYLGHG�VDOW�PDUVK�GDWD�WR�FRQVXOWDQWV��)XVV�	�2¶1HLOO��ZRUNLQJ�ZLWK�WKH�7RZQ�RI�
0DWWDSRLVHWW�RQ�UHSODFLQJ�D�FXOYHUW�QHDU�RQH�RI�RXU�ORQJ�WHUP�PRQLWRULQJ�VLWHV�WR�KHOS�LQ�
WKHLU�DVVHVVPHQW�RI�KRZ�WKH�FXOYHUW�PD\�LPSDFW�WKH�DGMDFHQW�PDUVK���

7KH�%%&�VHUYHG�DV�D�KRVW�VLWH�IRU�DQ�(QYLURQPHQWDO�'DWD�,QLWLDWLYH��(',��)HOORZ��(',¶V�
SXUSRVH�LV�WR�SURPRWH�DQG�HQDEOH�WKH�FXUDWLRQ�DQG�UH�XVH�RI�HQYLURQPHQWDO�GDWD��DQG�
WKHLU�IHOORZVKLS�SURJUDP�VXSSRUWV�VXPPHU�IHOORZV�E\�SURYLGLQJ�D�VWLSHQG�DQG�
WUDLQLQJ�VXSSRUW��2XU�(',�)HOORZ�ZRUNHG�RQ�SHUIRUPLQJ�WKH�QHFHVVDU\�GDWD�
WUDQVIRUPDWLRQV��TXDOLW\�DVVXUDQFH�UHYLHZ��DQG�GHYHORSLQJ�PHWDGDWD�IRU�RXU�YHJHWDWLRQ�
GDWD�VR�WKDW�WKH�GDWD�FDQ�EH�SXEOLVKHG�DQG�PDGH�IUHHO\�DYDLODEOH�WR�WKH�FRPPXQLW\��
7KH\�DQWLFLSDWH�FRPSOHWLRQ�DQG�UHOHDVH�RI�WKH�GDWD�LQ�������

�

��)��2XWUHDFK�	�&RPPXQLFDWLRQV�
$V�GHVFULEHG�LQ�7DVN���UHVXOWV��WKH�SURMHFW�WHDP�KHOG�D�VXFFHVVIXO�UXQQHO�ZRUNVKRS�LQ�
0DUFK�������ZKLFK�ZDV�DQ�RSSRUWXQLW\�WR�SXEOLFL]H�WKH�SURMHFW�ZLWK�UHJLRQDO�
FRQVHUYDWLRQ�RUJDQL]DWLRQV��DFDGHPLFV��DQG�ORFDO��VWDWH��DQG�IHGHUDO�JRYHUQPHQW�
RIILFLDOV��,QIRUPDWLRQ�IURP�WKH�ZRUNVKRS�ZDV�VXPPDUL]HG�DQG�FRPELQHG�ZLWK�D�OLWHUDWXUH�
UHYLHZ�DQG�FDVH�VWXG\�RI�UXQQHOV�IURP�5KRGH�,VODQG�WR�SURGXFH�D�MRXUQDO�SXEOLFDWLRQ�
�%HVWHUPDQ��$�)���-DNXED��5�:���)HUJXVRQ��:���%UHQQDQ��'���&RVWD��-�(���	�'HHJDQ��
/�$��%X\LQJ�7LPH�ZLWK�5XQQHOV��$�&OLPDWH�$GDSWDWLRQ�7RRO�IRU�6DOW�0DUVKHV��(VWXDULHV�
DQG�&RDVWV��������KWWSV���GRL�RUJ���������V��������������������7KLV�SXEOLFDWLRQ�LV�
DWWDFKHG�DV�$SSHQGL[�,,��
�
$W�WKH�RXWVHW�RI�WKH�SURMHFW��%%&�VWDII�PHW�ZLWK�ORFDO�PXQLFLSDO�RIILFLDOV�IURP�VL[�WRZQV�
DQG�ZLWK�VWDII�IURP�WKH�3O\PRXWK�DQG�%DUQVWDEOH�0RVTXLWR�&RQWURO�SURJUDPV�WR�GHVFULEH�
WKH�SURMHFW��VROLFLW�IHHGEDFN�DQG�LGHDV�IRU�UXQQHO�VLWHV��DQG�WR�SXEOLFL]H�WKH�UXQQHO�
ZRUNVKRS��7KH�SURMHFW�WHDP�FRRUGLQDWHG�WZR�VLWH�YLVLWV�LQ�0D\�������2QH�DW�WKH�/LWWOH�
%D\�UXQQHO�VLWH�LQFOXGHG�VWDII�IURP�DOO�WKUHH�UHJLRQDO�PRVTXLWR�FRQWURO�DJHQFLHV��7KH�
VHFRQG�VLWH�YLVLW�ZDV�WR�WKH�2FHDQ�9LHZ�)DUP�UXQQHO�VLWH�ZLWK�VWDNHKROGHUV�IURP�$OOHQV�
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3RQG�DQG�QRQ�SURILW�VWDII��'DUWPRXWK�1DWXUDO�5HVRXUFHV�7UXVW��0DVV�$XGXERQ��
%X]]DUGV�%D\�&RDOLWLRQ��6DYH�7KH�%D\��DFWLYHO\�HQJDJHG�LQ�UHVWRUDWLRQ�WHFKQLTXHV�
DURXQG�WKH�ZDWHUVKHG��%RWK�VLWH�YLVLWV�ZHUH�RSSRUWXQLWLHV�IRU�WKH�SURMHFW�WHDP�WR�VKRZ�
VWDNHKROGHUV�WKH�FRPSOHWHG�UXQQHOV��GHVFULEH�WKH�SURFHVV�XVHG�IRU�VLWH�VHOHFWLRQ��UXQQHO�
GLJJLQJ��DQG�SHUPLWWLQJ��DQG�DQVZHU�TXHVWLRQV�DERXW�WKH�SURFHVV��
�
7KH�%%&�GHYHORSHG�GLJLWDO�RXWUHDFK�SLHFHV�UHODWHG�WR�WKH�SURMHFW�WKDW�ZHUH�VKDUHG�ZLWK�
RXU�PHPEHUV��ZKLFK�LQFOXGHV�a�������SHRSOH��

x� ³7DFNOLQJ�VDOWPDUVK�GHFOLQH�ZLWK�VFLHQFH�DW����VLWHV�DURXQG�WKH�%D\´�-XQH�����
������KWWSV���ZZZ�VDYHEX]]DUGVED\�RUJ�QHZV�WDFNOLQJ�VDOWPDUVK�GHFOLQH�ZLWK�
VFLHQFH�DW����VLWHV�DURXQG�WKH�ED\�����

x� ³3URWHFWLQJ�VDOW�PDUVK´�SDUW�RI�WKH�³&RDOLWLRQ¶V���QG�$QQXDO�0HHWLQJ�RIIHUV�YLUWXDO�
WULS�DURXQG�%X]]DUGV�%D\´�$XJXVW����������
�KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y &)]�WE�HE/,	W ����V���

x� ³1HZ�WHFKQLTXH�WR�VDYH�%X]]DUGV�%D\�VDOW�PDUVKHV�EHLQJ�SLORWHG�LQ�'DUWPRXWK�
DQG�)DLUKDYHQ´�1RYHPEHU����������KWWSV���ZZZ�VDYHEX]]DUGVED\�RUJ�QHZV�QHZ�
WHFKQLTXH�WR�VDYH�EX]]DUGV�ED\�VDOW�PDUVKHV�EHLQJ�SLORWHG�LQ�GDUWPRXWK�DQG�
IDLUKDYHQ�����

x� ³6WXG\LQJ�D�QHZ�WHFKQLTXH�WR�VDYH�WKUHDWHQHG�VDOW�PDUVKHV´�1RYHPEHU����������
�KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y PLVZ:$�0'�����

x� ³&RDOLWLRQ�VFLHQWLVW�HOHFWHG�WR�JRYHUQLQJ�ERDUG�RI�QDWLRQDO�UHVHDUFK�DVVRFLDWLRQ´�
6HSWHPEHU����������KWWSV���ZZZ�VDYHEX]]DUGVED\�RUJ�QHZV�FRDOLWLRQ�VFLHQWLVW�
JRYHUQLQJ�ERDUG����

x� ³%X\LQJ�WLPH�ZLWK�UXQQHOV��$�FOLPDWH�DGDSWDWLRQ�WRRO�IRU�VDOW�PDUVKHV´�)HEUXDU\����
������KWWSV���ZZZ�VDYHEX]]DUGVED\�RUJ�QHZV�EX\LQJ�WLPH�ZLWK�UXQQHOV����

�
7KH�:RRGZHOO�&OLPDWH�5HVHDUFK�&HQWHU�DOVR�SXEOLVKHG�D�YHUVLRQ�RI�RQH�RI�WKH�GLJLWDO�
VWRULHV��

x� ³$VVHVVLQJ�QHZ�VDOW�PDUVK�UHVWRUDWLRQ�WHFKQLTXH�LQ�%X]]DUGV�%D\´�1RYHPEHU�����
������KWWSV���ZZZ�ZRRGZHOOFOLPDWH�RUJ�DVVHVVLQJ�QHZ�VDOW�PDUVK�UHVWRUDWLRQ�
WHFKQLTXH�LQ�EX]]DUGV�ED\�����

�
7KH�1RUWKHDVW�&OLPDWH�$GDSWDWLRQ�6FLHQFH�&HQWHU�SXEOLVKHG�D�GLJLWDO�VWRU\�IRU�WKHLU�
QHZVOHWWHU�RQ�WKH�(VWXDULHV�DQG�&RDVWV�SXEOLFDWLRQ��

x� ³%X\LQJ�7LPH�:LWK�5XQQHOV��$�&OLPDWH�$GDSWDWLRQ�7RRO�)RU�6DOW�0DUVKHV´�
)HEUXDU\����������KWWSV���QHFDVF�XPDVV�HGX�QHZV�EX\LQJ�WLPH�UXQQHOV�FOLPDWH�
DGDSWDWLRQ�WRRO�VDOW�PDUVKHV��
�

7KH�'DUWPRXWK�1DWXUDO�5HVRXUFHV�7UXVW�LQFOXGHG�DQ�DUWLFOH�GHVFULELQJ�WKH�SURMHFW�DQG�
UHODWHG�ZRUN�³6DOW�0DUVK�0LJUDWLRQ�:RUN´�LQ�WKHLU�VXPPHU������³0LOHVWRQHV´�QHZVOHWWHU��
�KWWSV���GQUW�RUJ�VDOW�PDUVK�PLJUDWLRQ�ZRUN���
�
$�1RYHPEHU������%%&�SUHVV�UHOHDVH�ZDV�SLFNHG�XS�E\�VHYHUDO�QHZV�RXWOHWV�LQFOXGLQJ�
WKH�'DUWPRXWK�:HHN��KWWSV���GDUWPRXWK�WKHZHHNWRGD\�FRP�DUWLFOH�SLORW�UHVWRUDWLRQ�
SURJUDP�XQGHU�ZD\�GDUWPRXWK�VDOW�PDUVK���������DQG�WKH�&DSH�DQG�,VODQGV�135�
VWDWLRQ��:&$,��KWWSV���ZZZ�FDSHDQGLVODQGV�RUJ�VFLHQFH�HQYLURQPHQW������������QHZ�



Ϯϭ�
�

PHWKRG�WR�VDYH�VDOW�PDUVKHV�SLORWHG�LQ�EX]]DUGV�ED\���9HUVLRQV�RI�WKH�:&$,�VWRU\�
ZHUH�DOVR�UXQ�RQ�%RVWRQ��:*%+��DQG�&RQQHFWLFXW�3XEOLF�5DGLR�VWDWLRQV���
�
%%&�SURMHFW�WHDP�PHPEHUV�JDYH�SUHVHQWDWLRQV�RQ�WKH�SURMHFW�WR�SXEOLF�OD\�DXGLHQFHV�
LQFOXGLQJ��

x� %X]]DUGV�%D\�&RDOLWLRQ�/HDGHUVKLS�&RXQFLO�'HHSHU�'LYH�6HULHV��$SULO����������
R� %HVWHUPDQ��$OLFH�³6DOW�PDUVK�DGDSWLYH�PDQDJHPHQW�WR�VHD�OHYHO�ULVH�

XVLQJ�UXQQHOV´�
x� %UDQIRUG�5RWDU\�&OXE�6SHDNHUV�%XUHDX��0D\�����������

R� %HVWHUPDQ��$OLFH�³%X\LQJ�7LPH��$GDSWLQJ�6DOW�0DUVKHV�WR���VW�&HQWXU\�
6HD�/HYHO�5LVH´�

x� 'DUWPRXWK�1DWXUDO�5HVRXUFHV�7UXVW�(YHQWV��6HSWHPEHU����������
R� %HVWHUPDQ��$OLFH�³6DOW�0DUVK�5HVWRUDWLRQ�:DON´��'DUWPRXWK��0$���

�
3URMHFW�WHDP�VWDII�JDYH�SUHVHQWDWLRQV�RQ�WKH�SURMHFW�WR�VFLHQWLILF�DXGLHQFHV�LQFOXGLQJ��

x� 1DWLRQDO�&RDVWDO�DQG�(VWXDULQH������9LUWXDO�6XPPLW��6HSWHPEHU����±�2FWREHU����
������

R� %HVWHUPDQ��$OLFH�³'HYHORSLQJ�%HVW�3UDFWLFHV�LQ�5XQQHO�3URMHFW�'HVLJQ�
DQG�3ODQQLQJ�´�

x� %%&¶V�6FLHQWLILF�$GYLVRU\�&RPPLWWHH�FRQVLVWLQJ�RI�ORFDO�H[SHUWV�RQ�PDULQH�
VFLHQFH��ODQG�PDQDJHPHQW��VHGLPHQW��ZHWODQGV��DQG�DJULFXOWXUH���

x� 8QLYHUVLW\�RI�)ORULGD¶V�6SULQJ������:DWHU��:HWODQGV��DQG�:DWHUVKHGV�:HELQDU�
VHULHV��0DUFK������������

R� %HVWHUPDQ��$OLFH�³%X\LQJ�7LPH�±�6DOW�PDUVK�DGDSWLYH�PDQDJHPHQW�WR�VHD�
OHYHO�ULVH�XVLQJ�UXQQHOV´�5HFRUGLQJ�RI�WKH�SUHVHQWDWLRQ�DYDLODEOH�DW��
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y D�/\F�S�X�4�

x� 1HZ�(QJODQG�(VWXDULQH�5HVHDUFK�6RFLHW\�6SULQJ�0HHWLQJ��$SULO�����������
R� +HUULQJ��0HOLVVD�³0RQLWRULQJ�FKDQJHV�LQ�6SDUWLQD�DOWHUQLIORUD�JURZWK�

DFURVV�D�6RXWKHUQ�1HZ�(QJODQG�:DWHUVKHG´�
R� %HVWHUPDQ��$OLFH�³¶5XQQHOOLQJ¶�WRZDUG�FOLPDWH�DGDSWDWLRQ��$VVHVVLQJ�D�

K\GURORJLF�PDQDJHPHQW�VWUDWHJ\�IRU�VDOW�PDUVKHV´�
x� 0DVVDFKXVHWWV�(FRV\VWHP�&OLPDWH�$GDSWDWLRQ�1HWZRUN�6DOW�0DUVK�:RUNLQJ�

*URXS��$SULO����������
R� %HVWHUPDQ��$OLFH�³(YDOXDWLQJ�VDOW�PDUVK�DGDSWLYH�PDQDJHPHQW�WR�VHD�

OHYHO�ULVH�XVLQJ�UXQQHOV´�
x� 61(3�&RDVWDO�5HVLOLHQFH�:HELQDU��:HWODQGV�DQG�6HDJUDVVHV��1DWXUH¶V�

6XSHUKHURHV�LQ�WKH�)LJKW�IRU�&RDVWDO�5HVLOLHQFH�LQ�6RXWKHDVW�1HZ�(QJODQG��-XO\�
���������

R� -DNXED��5DFKHO�³%XLOGLQJ�&RDVWDO�5HVLOLHQF\�LQ�%X]]DUGV�%D\�6DOW�
0DUVKHV´�

x� &RDVWDO�DQG�(VWXDULQH�5HVHDUFK�)HGHUDWLRQ���WK�%LHQQLDO�&RQIHUHQFH��
1RYHPEHU���±������±�����������

R� +RIIDUW��/LOOLDQ�³(VWDEOLVKLQJ�EDVHOLQH�FRQGLWLRQV�IRU�UDSLGO\�GHJUDGLQJ�
PDUVKHV�DFURVV�D�VRXWKHUQ�1HZ�(QJODQG�ZDWHUVKHG�´�

R� 6XOOLYDQ��+LOODU\�³7KH�LPSDFW�RI�UXQQHOOLQJ�DV�D�K\GURORJLF�DGDSWDWLRQ�
VWUDWHJ\�RQ�VDOW�PDUVK�FDUERQ�GHFRPSRVLWLRQ�´�
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R� %HVWHUPDQ��$OLFH�³µ5XQQHOOLQJ¶�WRZDUG�FOLPDWH�DGDSWDWLRQ��&DQ�LQWHULRU�
GURZQLQJ�EH�UHYHUVHG"´�

x� (DVW�&DUROLQD�8QLYHUVLW\��'HSW��RI�%LRORJ\��5HVHDUFK�,Q�3URJUHVV�6HPLQDU�
6HULHV��6HS�����������

R� %HVWHUPDQ��$OLFH�³%X\LQJ�WLPH�±�6DOW�PDUVK�DGDSWLYH�PDQDJHPHQW�WR�VHD�
OHYHO�ULVH�XVLQJ�UXQQHOV�´�

x� 6RFLHW\�RI�:HWODQG�6FLHQWLVWV�:HELQDU�6HULHV��2FWREHU�����������
R� %HVWHUPDQ��$OLFH�³%X\LQJ�WLPH�±�6DOW�PDUVK�DGDSWLYH�PDQDJHPHQW�WR�VHD�

OHYHO�ULVH�XVLQJ�UXQQHOV�´�
x� �����1RUWKHDVWHUQ�0RVTXLWR�&RQWURO�$VVRFLDWLRQ��10&$��$QQXDO�0HHWLQJ��

R� %UHQQDQ��'LDQD�³3DUWQHUVKLSV�LQ�WKH�6DOW�0DUVK��0RVTXLWR�&RQWURO�PHHWV�
(FRORJLFDO�5HVWRUDWLRQ�´�

x� :RRGZHOO�&OLPDWH�5HVHDUFK�&HQWHU�,QWHUQDO�6HPLQDU��-DQXDU\���������
R� %HVWHUPDQ��$OLFH�³%X\LQJ�7LPH�±�6DOW�PDUVK�DGDSWLYH�PDQDJHPHQW�WR�VHD�

OHYHO�ULVH�XVLQJ�UXQQHOV�´�
�
� �
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3URMHFW�%XGJHW�5HSRUW�
�

��$��6XPPDU\�%XGJHW�7DEOHV�
7DEOH����([SHQGLWXUHV�E\�IHGHUDO�FRVW�FDWHJRU\�

�
�
�
7DEOH����([SHQGLWXUHV�E\�WDVN�

�
�
��%��%XGJHW�1DUUDWLYH�
7KLV�SURMHFW�ZDV�VXSSRUWHG�E\����������LQ�IXQGLQJ�IURP�WKH�61(3�:DWHUVKHG�*UDQWV�
3URJUDP�DQG�D�PDWFK�RI�RYHU�����������7KH�DFWXDO�SURMHFW�H[SHQGLWXUHV�IROORZHG�YHU\�
FORVHO\�ZLWK�WKH�EXGJHWHG�IXQGV��7KHUH�ZHUH�VDYLQJV�LQ�6XSSOLHV�FRVWV�GXH�WR�DQ�
H[WHUQDO�SULYDWH�IRXQGDWLRQ�JUDQW�UHFHLYHG�SDUW�RI�WKH�ZD\�WKURXJK�WKH�SURMHFW�WKDW�
FRYHUHG�6XSSOLHV��7KHVH�VDYLQJV�ZHUH�DSSOLHG�WR�3HUVRQQHO�WR�VXSSRUW�DGGLWLRQDO�VWDII�
WLPH�RQ�WKH�SURMHFW��7KH�EXON�RI�WKH�SURMHFW�IXQGV�VXSSRUWHG�VWDII�WLPH�E\�SURMHFW�
SDUWQHUV�%%&��:RRGZHOO��DQG�67%��$OO�SURMHFW�SDUWQHUV��DOVR�LQFOXGLQJ�%%1(3��86*6��
DQG�%&0&3��GHGLFDWHG�VLJQLILFDQW�WLPH�WR�WKH�SURMHFW�WKURXJK�WKH�YDULRXV�SKDVHV�
LQFOXGLQJ�FRRUGLQDWLQJ�DQG�KRVWLQJ�WKH�5XQQHO�:RUNVKRS��GHVLJQ�SHUPLWWLQJ�LQVWDOODWLRQ�
RI�H[SHULPHQWDO�UXQQHOV��SODQQLQJ�DQG�LPSOHPHQWDWLRQ�RI�H[SHULPHQWDO�PRQLWRULQJ�SODQ��
VLWH�YLVLWV�EHIRUH�DQG�DIWHU�UXQQHO�LQVWDOODWLRQ��RXWUHDFK�WKURXJK�SUHVHQWDWLRQV�DQG�
PHHWLQJV�ZLWK�VWDNHKROGHUV��RXWUHDFK�WR�WKH�FRPPXQLW\�WKURXJK�GLJLWDO�VWRULHV�DQG�
QHZVOHWWHU�SLHFHV��DQG�GHYHORSPHQW�RI�GRFXPHQWV�WR�VKDUH�UHVXOWV�DQDO\VLV�DQG�OHVVRQV�
OHDUQHG��L�H���MRXUQDO�SXEOLFDWLRQ��FDVH�VWXG\��SXEOLF�UHSRUW��HWF���61(3�IXQGLQJ�DOORZHG�
WKH�%%&�WR�KLUH�D�IXOO�WLPH�SRVWGRFWRUDO�UHVHDUFKHU�ZKR�ZDV�GHGLFDWHG�WR�WKLV�SURMHFW��
7KH�VFRSH�RI�ZRUN�SURSRVHG�ZDV�VLJQLILFDQW�DQG�ZKDW�ZDV�DFFRPSOLVKHG�ZRXOG�QRW�
KDYH�EHHQ�SRVVLEOH�ZLWKRXW�D�VLQJOH�SHUVRQ�IRFXVHG�RQ�WKH�SURMHFW�LQ�DGGLWLRQ�WR�WKH�
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KƚŚĞƌ Ψϯ͕ϬϬϬ ΨϮϳ͕ϳϴϵ Ψϯ͕ϮϴϬ͘ϬϬ Ψϯ͕ϮϴϬ ΨϬ Ψϭϱ͕Ϯϭϴ /ŶͲ<ŝŶĚ
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dŽƚĂů ΨϮϮϯ͕ϱϯϯ ΨϳϮ͕ϳϮϴ ΨϯϬ͕ϳϭϰ͘Ϯϳ ΨϮϮϯ͕ϱϯϯ Ψϯ͕ϴϳϲ Ψϭϯϱ͕ϰϱϯ

�ƵĚŐĞƚ��ĂƚĞŐŽƌǇ

dŽƚĂů�
�ƵĚŐĞƚĞĚ�
&ƵŶĚƐ

�ǆƉĞŶĚĞĚ�
WƌŽŐƌĞƐƐ�
WĞƌŝŽĚ�ϭ

�ǆƉĞŶĚĞĚ�
WƌŽŐƌĞƐƐ�
WĞƌŝŽĚ�Ϯ

�ǆƉĞŶĚĞĚ�
WƌŽŐƌĞƐƐ�
WĞƌŝŽĚ�ϯ

�ǆƉĞŶĚĞĚ�
WƌŽŐƌĞƐƐ�
WĞƌŝŽĚ�ϰ

�ǆƉĞŶĚĞĚ�
WƌŽŐƌĞƐƐ�
WĞƌŝŽĚ�ϱ

�ǆƉĞŶĚĞĚ�
WƌŽŐƌĞƐƐ�
WĞƌŝŽĚ�ϲ

�ǆƉĞŶĚĞĚ�
WƌŽŐƌĞƐƐ�
WĞƌŝŽĚ�ϳ

�ǆƉĞŶĚĞĚ�
WƌŽŐƌĞƐƐ�
WĞƌŝŽĚ�ϴ

�ǆƉĞŶĚĞĚ�
WƌŽŐƌĞƐƐ�
WĞƌŝŽĚ�ϵ

�ĐƚƵĂů�
�ǆƉĞŶĚĞĚ�ƚŽ�

�ĂƚĞ

dĂƐŬ�ϭ��ǀĂůƵĂƚĞ�ZƵŶŶĞůƐ Ψϭϭϯ͕ϲϱϳ ΨϮ͕ϯϴϵ͘ϭϮ ΨϮϱ͕ϱϮϲ Ψϭϱ͕ϴϱϲ ΨϮϲ͕Ϭϭϴ Ψϭϲ͕ϮϴϮ Ψϭϱ͕ϭϱϵ Ψϭϴ͕ϵϱϬ ΨϮϮ͕ϰϬϬ Ψϵ͕ϯϭϯ Ψϭϱϭ͕ϴϵϮ
dĂƐŬ�Ϯ��ƐƐĞƐƐ�ĚƌŝǀĞƌƐ�ŽĨ�ŵĂƌƐŚ�ƐƚĂďŝůŝƚǇ Ψϵϳ͕ϭϯϲ Ψϰϴϵ͘ϬϬ Ψϴ͕ϱϳϯ Ψϰ͕ϭϬϲ Ψϵ͕ϭϲϳ Ψϰ͕ϱϴϰ Ψϯ͕ϳϳϵ Ψϲ͕ϭϱϵ Ψϱ͕ϰϴϬ Ψϭϳ͕Ϭϴϴ Ψϱϵ͕ϰϮϲ
KƵƚƌĞĂĐŚ�Θ��ŽŵŵƵŶŝĐĂƚŝŽŶƐ ΨϭϮ͕ϳϰϬ ΨϭϮϯ͘ϬϬ Ψϭ͕Ϯϰϵ͘ϬϬ Ψϭ͕ϬϮϳ͘ϬϬ Ψϭ͕ϰϬϯ͘ϱϮ Ψϳϳϱ͘ϴϳ Ψϵϰϰ͘ϲϴ Ψϭ͕ϬϬϴ͘ϳϵ Ψϭ͕ϯϲϵ͘ϵϵ Ψϰ͕ϯϭϮ͘ϴϭ ΨϭϮ͕Ϯϭϱ
dŽƚĂů ΨϮϮϯ͕ϱϯϯ Ψϯ͕ϬϬϭ͘ϭϮ Ψϯϱ͕ϯϰϳ͘ϴϯ ΨϮϬ͕ϵϴϵ͘Ϯϳ Ψϯϲ͕ϱϴϴ͘ϰϲ ΨϮϭ͕ϲϰϭ͘ϵϲ Ψϭϵ͕ϴϴϮ͘ϱϵ ΨϮϲ͕ϭϭϳ͘ϱϴ ΨϮϵ͕Ϯϰϵ͘ϵϳ ΨϯϬ͕ϳϭϰ͘Ϯϳ ΨϮϮϯ͕ϱϯϯ
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ODUJH�LQYHVWPHQW�LQ�WLPH�E\�DOO�SURMHFW�SDUWQHUV��,Q�DGGLWLRQ�WR�VWDII�WLPH��61(3�IXQGLQJ�
VXSSRUWHG�WUDYHO�WR�IURP�SURMHFW�VLWHV�DQG�SDUWLFLSDWLRQ�LQ�PXOWLSOH�VFLHQWLILF�FRQIHUHQFHV�
WR�VKDUH�UHVXOWV��61(3�IXQGLQJ�VXSSRUWHG�WKH�IHHV�DVVRFLDWHG�ZLWK�SXEOLVKLQJ�WKH�UXQQHO�
SDSHU�LQ�(VWXDULHV�DQG�&RDVWV�DQG�PDNLQJ�LW�IUHHO\�DYDLODEOH�WR�WKH�SXEOLF��$�VPDOO�
DPRXQW�RI�61(3�IXQGLQJ�VXSSRUWHG�SXUFKDVH�RI�VXSSOLHV�WR�SHUIRUP�PRQLWRULQJ�
DFWLYLWLHV��
�
7KH�SURMHFW�PDWFK�GRFXPHQWHG�KHUH�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�LQLWLDOO\�EXGJHWHG�DQG�
UHSUHVHQWV�D�����PDWFK�RI�WKH�61(3�IXQGV��0DWFK�IXQGV�FDPH�IURP�PDQ\�VRXUFHV��,Q�
NLQG�PDWFK�ZDV�SURYLGHG�E\�WKH�%%&�WKURXJK�LWV�%D\ZDWFKHUV�:DWHU�4XDOLW\�0RQLWRULQJ�
3URJUDP��ZKHUH�YROXQWHHUV�FROOHFWHG�VDPSOHV�WKDW�ZHUH�DQDO\]HG�IRU�QLWURJHQ�
FRQFHQWUDWLRQV�E\�WKH�0DULQH�%LRORJLFDO�/DERUDWRU\�DQG�WKURXJK�LQVWLWXWLRQDO�IXQGLQJ�WR�
VXSSRUW�DGGLWLRQDO�VWDII�WLPH��7KH�%%&�DOVR�VHFXUHG�H[WHUQDO�JUDQWV�IURP�WKH�5RVH�
)DPLO\�)RXQGDWLRQ�DQG�WKH�)OHHWZLQJ�)RXQGDWLRQ��ZKLFK�VXSSRUWHG�WKH�SXUFKDVH�RI�
VXSSOLHV��7KH�:RRGZHOO�SURYLGHG�SDUWLDO�VXSSRUW�IRU�LQGLUHFW�FRVWV�DV�LQ�NLQG�PDWFK��7KH�
:RRGZHOO�DOVR�VHFXUHG�D�JUDQW�IURP�WKH�1RUWKHDVW�&OLPDWH�$GDSWDWLRQ�6FLHQFH�&HQWHU��
ZKLFK�SURYLGHG�DGGLWLRQDO�WLPH�IRU�VWDII�VXSSRUW�RI�WKLV�SURMHFW�DQG�ZKLFK�ZLOO�DOORZ�WKH�
FRQWLQXDWLRQ�RI�WKH�PRQLWRULQJ�DVVRFLDWHG�ZLWK�WKLV�SURMHFW�IRU�DQ�DGGLWLRQDO�WZR�ILHOG�
VHDVRQV��
���
$GGLWLRQDO�PDWFK�QRW�FDSWXUHG�LQ�WKLV�EXGJHW�WDEOH�LV�VXSSRUW�E\�SURMHFW�SDUWQHUV�
%%1(3��86*6��DQG�%&0&3��(DFK�RI�WKHVH�SURMHFW�SDUWQHUV�GHGLFDWHG�WLPH�DQG�
UHVRXUFHV�WR�WKLV�SURMHFW�DV�GHWDLOHG�LQ�WKH�3URMHFW�3DUWQHUV�VHFWLRQ�DERYH��&ULWLFDO�SDUWV�
RI�WKLV�SURMHFW�ZHUH�SHUIRUPHG�E\�WKHVH�SDUWQHUV�DW�QR�FRVW�WR�WKLV�SURMHFW��:KLOH�D�GROODU�
YDOXH�RI�WKH�PDWFK�LV�QRW�SUHVHQWHG��ZH�FDQQRW�XQGHUVWDWH�KRZ�LPSRUWDQW�WKH�VXSSRUW�RI�
WKHVH�SDUWQHUV�ZDV�WR�WKH�SURMHFWV¶�VXFFHVV����
�
�
���6XSSRUWLQJ�0DWHULDOV�
$�QXPEHU�RI�VXSSRUWLQJ�PDWHULDOV�DUH�SURYLGHG�DV�DSSHQGLFHV��GLJLWDO�OLQNV��DQG�
DWWDFKPHQWV�WR�WKLV�UHSRUW��
�
$SSHQGLFHV��

�� $SSHQGL[�,��$WWHQGHHV��SUHVHQWHUV�DQG�RUJDQL]HUV�RI�WKH������³(YDOXDWLQJ�
5XQQHOV�IRU�6DOW�0DUVK�$GDSWDWLRQ´�ZRUNVKRS���

�� $SSHQGL[�,,��-RXUQDO�SXEOLFDWLRQ�RQ�UXQQHOV��³%HVWHUPDQ��$�)���-DNXED��5�:���
)HUJXVRQ��:���%UHQQDQ��'���&RVWD��-�(���	�'HHJDQ��/�$��%X\LQJ�7LPH�ZLWK�
5XQQHOV��$�&OLPDWH�$GDSWDWLRQ�7RRO�IRU�6DOW�0DUVKHV��(VWXDULHV�DQG�&RDVWV�
�������KWWSV���GRL�RUJ���������V�����������������´�

�� $SSHQGL[�,,,��8SGDWHG�0HWKRGRORJ\�6XPPDU\��
�� $SSHQGL[�,9��7HFKQLFDO�UHSRUW�RQ�LQLWLDO�PRQLWRULQJ�UHVXOWV��³%HVWHUPDQ��$�)���

5�:��-DNXED��+�$��6XOOLYDQ��-�(��&RVWD��:��)HUJXVRQ��'��%UHQQDQ��/�$��'HHJDQ��
������(DUO\�5HVSRQVHV�WR�5XQQHOV�LQ�6RXWKHUQ�1HZ�(QJODQG�6DOW�0DUVKHV�����
SDJHV�´�

�� $SSHQGL[�9,��&DVH�VWXG\�RQ�DSSURDFKHV�DQG�FRQVLGHUDWLRQV�IRU�VDOW�PDUVK�
FRQVHUYDWLRQ�DQG�DGDSWDWLRQ��³%HVWHUPDQ��$�)���:��)HUJXVRQ��5��:��-DNXED��
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������6DOW�0DUVK�&RQVHUYDWLRQ�DQG�$GDSWDWLRQ�LQ�$OOHQV�3RQG��$�&DVH�6WXG\�LQ�
%X]]DUGV�%D\�����SDJHV�´�

�
'LJLWDO�5HVRXUFHV��

�� ³7DFNOLQJ�VDOWPDUVK�GHFOLQH�ZLWK�VFLHQFH�DW����VLWHV�DURXQG�WKH�%D\´�
R� KWWSV���ZZZ�VDYHEX]]DUGVED\�RUJ�QHZV�WDFNOLQJ�VDOWPDUVK�GHFOLQH�ZLWK�

VFLHQFH�DW����VLWHV�DURXQG�WKH�ED\����
�� ³3URWHFWLQJ�VDOW�PDUVK´�SDUW�RI�WKH�³&RDOLWLRQ¶V���QG�$QQXDO�0HHWLQJ�RIIHUV�YLUWXDO�

WULS�DURXQG�%X]]DUGV�%D\´��
R� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y &)]�WE�HE/,	W ����V��

�� ³1HZ�WHFKQLTXH�WR�VDYH�%X]]DUGV�%D\�VDOW�PDUVKHV�EHLQJ�SLORWHG�LQ�'DUWPRXWK�
DQG�)DLUKDYHQ´��

R� KWWSV���ZZZ�VDYHEX]]DUGVED\�RUJ�QHZV�QHZ�WHFKQLTXH�WR�VDYH�EX]]DUGV�
ED\�VDOW�PDUVKHV�EHLQJ�SLORWHG�LQ�GDUWPRXWK�DQG�IDLUKDYHQ����

�� ³6WXG\LQJ�D�QHZ�WHFKQLTXH�WR�VDYH�WKUHDWHQHG�VDOW�PDUVKHV´��
R� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y PLVZ:$�0'���

�� ³&RDOLWLRQ�VFLHQWLVW�HOHFWHG�WR�JRYHUQLQJ�ERDUG�RI�QDWLRQDO�UHVHDUFK�DVVRFLDWLRQ´��
R� KWWSV���ZZZ�VDYHEX]]DUGVED\�RUJ�QHZV�FRDOLWLRQ�VFLHQWLVW�JRYHUQLQJ�

ERDUG��
�� ³%X\LQJ�WLPH�ZLWK�UXQQHOV��$�FOLPDWH�DGDSWDWLRQ�WRRO�IRU�VDOW�PDUVKHV´��

R� KWWSV���ZZZ�VDYHEX]]DUGVED\�RUJ�QHZV�EX\LQJ�WLPH�ZLWK�UXQQHOV��
�� ³$VVHVVLQJ�QHZ�VDOW�PDUVK�UHVWRUDWLRQ�WHFKQLTXH�LQ�%X]]DUGV�%D\´��

R� KWWSV���ZZZ�ZRRGZHOOFOLPDWH�RUJ�DVVHVVLQJ�QHZ�VDOW�PDUVK�UHVWRUDWLRQ�
WHFKQLTXH�LQ�EX]]DUGV�ED\����

�� ³%X\LQJ�7LPH�:LWK�5XQQHOV��$�&OLPDWH�$GDSWDWLRQ�7RRO�)RU�6DOW�0DUVKHV´��
R� KWWSV���QHFDVF�XPDVV�HGX�QHZV�EX\LQJ�WLPH�UXQQHOV�FOLPDWH�DGDSWDWLRQ�

WRRO�VDOW�PDUVKHV���
�� ³6DOW�0DUVK�0LJUDWLRQ�:RUN´��

R� KWWSV���GQUW�RUJ�VDOW�PDUVK�PLJUDWLRQ�ZRUN���
�� ³3LORW�UHVWRUDWLRQ�SURJUDP�XQGHU�ZD\�LQ�'DUWPRXWK�VDOW�PDUVK´�

R� KWWSV���GDUWPRXWK�WKHZHHNWRGD\�FRP�DUWLFOH�SLORW�UHVWRUDWLRQ�SURJUDP�
XQGHU�ZD\�GDUWPRXWK�VDOW�PDUVK��������

�� �³1HZ�0HWKRG�WR�6DYH�6DOW�0DUVKHV�3LORWHG�LQ�%X]]DUGV�%D\´�
R� KWWSV���ZZZ�FDSHDQGLVODQGV�RUJ�VFLHQFH�HQYLURQPHQW������������QHZ�

PHWKRG�WR�VDYH�VDOW�PDUVKHV�SLORWHG�LQ�EX]]DUGV�ED\�
�� ³%X\LQJ�7LPH�±�6DOW�PDUVK�DGDSWLYH�PDQDJHPHQW�WR�VHD�OHYHO�ULVH�XVLQJ�UXQQHOV´��

R� KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y D�/\F�S�X�4�
�

$WWDFKPHQWV��
�� 3URMHFW�3RVWHU��³(YDOXDWLQJ�0DQDJHPHQW�$FWLRQV�WR�3URPRWH�6DOW�0DUVK�

5HVLOLHQFH�´�
�� 3UHVV�UHOHDVH��³1HZ�WHFKQLTXH�WR�VDYH�%X]]DUGV�%D\�VDOW�PDUVKHV�EHLQJ�SLORWHG�

LQ�'DUWPRXWK�DQG�)DLUKDYHQ�´�
�
�

���&HUWLILFDWLRQ�
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7KH�XQGHUVLJQHG�YHULILHV�WKDW�WKH�GHVFULSWLRQV�RI�DFWLYLWLHV�DQG�H[SHQGLWXUHV�LQ�WKLV�ILQDO�
UHSRUW�DUH�DFFXUDWH�WR�WKH�EHVW�RI�P\�NQRZOHGJH��DQG�WKDW�WKH�DFWLYLWLHV�ZHUH�FRQGXFWHG�
LQ�DJUHHPHQW�ZLWK�WKH�JUDQW�FRQWUDFW��,�FHUWLI\�WKDW�WKH�PDWFKLQJ�IXQG�OHYHOV�HVWDEOLVKHG�
LQ�WKH�JUDQW�FRQWUDFW�DQG�UHSRUWHG�KHUH�KDYH�EHHQ�PHW��
�
*UDQWHH�6LJQDWXUH��

�
1DPH��� 5DFKHO�-DNXED�
-RE�7LWOH�� 9LFH�3UHVLGHQW�IRU�%D\�6FLHQFH�
'DWH�� � ����������
2UJDQL]DWLRQ���%X]]DUGV�%D\�&RDOLWLRQ�

� �
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$SSHQGL[�,��$WWHQGHHV��SUHVHQWHUV�DQG�RUJDQL]HUV�RI�WKH������³(YDOXDWLQJ�5XQQHOV�
IRU�6DOW�0DUVK�$GDSWDWLRQ´�ZRUNVKRS��7KLV�OLVW�LQFOXGHV�DOO�DWWHQGHHV�WKDW�LQGLFDWHG�WKH\�
ZRXOG�DWWHQG��D�IHZ��OHVV�WKDQ����ZHUH�XOWLPDWHO\�XQDEOH�WR�PDNH�WKH�ZRUNVKRS��
,QVWLWXWLRQV�DQG�MRE�WLWOHV�ZHUH�JDWKHUHG�DW�WKH�WLPH�RI�WKH�ZRUNVKRS��ZKLOH�ZH�KDYH�
XSGDWHG�VRPH�DIILOLDWLRQV��VRPH�PD\�EH�RXW�RI�GDWH��H�J���VHDVRQDO�VWDII�DQG�VWXGHQWV���
6RPH�DUH�DOVR�XQNQRZQ��DV�DWWHQGHHV�GLG�QRW�SURYLGH�WKLV�LQIRUPDWLRQ�GXULQJ�
UHJLVWUDWLRQ��

�

/DVW� )LUVW� ,QVWLWXWLRQ� 7LWOH�
$GDPRZLF]� 6XVDQ� 86�)LVK�DQG�:LOGOLIH�6HUYLFH� %LRORJLVW�

$QQHWW� %UHQGDQ� %X]]DUGV�%D\�&RDOLWLRQ�
9LFH�3UHVLGHQW��:DWHUVKHG�
3URWHFWLRQ�

$UGLWR� 7KRPDV� 5HVWRUH�$PHULFD¶V�(VWXDULHV�
'LUHFWRU��6RXWKHDVW�1HZ�(QJODQG�
:DWHUVKHG�*UDQWV�3URJUDP�

$\YD]LDQ� 6X]DQQH�
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��
$WODQWLF�(FRORJ\�'LYLVLRQ� 5HVHDUFK�(FRORJLVW�

%DUWHDX� /RXLVH�
)DLUKDYHQ�$FXVKQHW�/DQG�
3UHVHUYDWLRQ�7UXVW� �

%HVWHUPDQ� $OLFH� %X]]DUGV�%D\�&RDOLWLRQ� 3RVWGRFWRUDO�5HVHDUFKHU�)HOORZ�

%LGODFN� (OOHQ�
3O\PRXWK�&RXQW\�0RVTXLWR�
&RQWURO�3URMHFW� (QWRPRORJLVW�

%RHUL� %RE� &RDVWDO�=RQH�0DQDJHPHQW� 3URMHFW�5HYLHZ�&RRUGLQDWRU�
%RRQLVDU� 1DWH� 1RUIRON�&RXQW\�0RVTXLWR�&RQWURO� 6XUYHLOODQFH�7HFKQLFLDQ�

%UHQQDQ� 'LDQD�
%ULVWRO�&RXQW\�0RVTXLWR�&RQWURO�
3URMHFW� :HWODQGV�(FRORJLVW�

%ULGH� -LP� 6LSSLFDQ�/DQGV�7UXVW� ([HFXWLYH�'LUHFWRU�
%XUGLFN� 'DYH� 8QLYHUVLW\�RI�1HZ�+DPSVKLUH� 5HVHDUFK�3URIHVVRU�

%XVKHH� 'UHZ�
%ULVWRO�&RXQW\�0RVTXLWR�&RQWURO�
3URMHFW� )RUHPDQ�

&DOORZ� &\QWKLD� 0DULRQ�&RQVHUYDWLRQ�&RPPLVVLRQ� 0HPEHU�
&DUXOOR� 0DUF� &RDVWDO�=RQH�0DQDJHPHQW� *,6�+DELWDW�$QDO\VW�

&KDIIHH� &DLWOLQ�
&RDVWDO�5HVRXUFHV�0DQDJHPHQW�
&RXQFLO� &RDVWDO�3ROLF\�$QDO\VW�

&RVWD� -RH�
%X]]DUGV�%D\�1DWLRQDO�(VWXDU\�
3URJUDP� ([HFXWLYH�'LUHFWRU�

'HHJDQ� /LQGD�
:RRGZHOO�&OLPDWH�5HVHDUFK�
&HQWHU� 6HQLRU�6FLHQWLVW�

'XSUH\� $OH[DQGUD� 7XIWV�8QLYHUVLW\� *UDGXDWH�6WXGHQW�
)HUJXVRQ� :HQOH\� 6DYH�7KH�%D\� 'LUHFWRU�RI�+DELWDW�5HVWRUDWLRQ�
)UDSDLVH� /DXUHQW� 7XIWV�8QLYHUVLW\� *UDGXDWH�VWXGHQW�
*DQMX� 1HLO� 86�*HRORJLF�6XUYH\� 5HVHDUFK�2FHDQRJUDSKHU�

*HWWPDQ� $ODQ��
5KRGH�,VODQG�0RVTXLWR�
$EDWHPHQW� &RRUGLQDWRU�

*LEOLQ� $QQH�
0DULQH�%LRORJLFDO�/DERUDWRU\���
7KH�(FRV\VWHPV�&HQWHU� 6HQLRU�6FLHQWLVW�



Ϯϴ�
�

*LOOHWW� %UDQGRQ�
3O\PRXWK�&RXQW\�0RVTXLWR�
&RQWURO�3URMHFW� (TXLSPHQW�2SHUDWRU�

*OHQQ� .DWKU\Q� &RDVWDO�=RQH�0DQDJHPHQW�� 1RUWK�6KRUH�5HJLRQDO�&RRUGLQDWRU�

*UDG\� 6DUD�
0DVV%D\V�DQG�1RUWK�DQG�6RXWK�
5LYHUV�:DWHUVKHG�$VVRFLDWLRQ�

6RXWK�6KRUH�5HJLRQDO�&RRUGLQDWRU�
DQG�:DWHUVKHG�(FRORJLVW�

+DQORQ� +HLGL� 86�)LVK�DQG�:LOGOLIH�6HUYLFH� :LOGOLIH�%LRORJLVW�
+DUWOH\� 0LWFK� $WODQWLF�&RDVW�-RLQW�9HQWXUH� $VVLVWDQW�&RRUGLQDWRU�
+RSSLQJ� 5XVVHOO� 7KH�7UXVWHHV�RI�5HVHUYDWLRQV� (FRORJ\�3URJUDP�'LUHFWRU�
+XJXHQLQ� 0LNH� 0DWWDSRLVVHWW�/DQG�7UXVW� 3UHVLGHQW�
,ZDQHMNR� 7RP� 6XIIRON�&RXQW\�9HFWRU�&RQWURO� 'LUHFWRU�
-DFHN� &KULVWLQH� $UP\�&RUSV�RI�(QJLQHHUV� 3HUPLW�3URMHFW�0DQDJHU�
-DNXED� 5DFKHO� %X]]DUGV�%D\�&RDOLWLRQ� 9LFH�3UHVLGHQW��%D\�6FLHQFH�
-DPHVRQ� 'DQLHOOH� 7XIWV�8QLYHUVLW\� *UDGXDWH�VWXGHQW�
-DQLN� 'DYLG� &RDVWDO�=RQH�0DQDJHPHQW� 6RXWK�&RDVW�5HJLRQDO�&RRGLQDWRU�

.HHU� *HRUJHDQQ�
'HSDUWPHQW�RI�(FRORJLFDO�
5HVWRUDWLRQ� (FRORJLFDO�5HVWRUDWLRQ�6SHFLDOLVW�

.HLPHO� $QQDOLHVH� 7XIWV�8QLYHUVLW\� *UDGXDWH�VWXGHQW�

.HQQHG\� &ULVWLQD�
0$�'LYLVLRQ�RI�(FRORJLFDO�
5HVWRUDWLRQ�

&RDVWDO�:HWODQGV�5HVWRUDWLRQ�
6SHFLDOLVW�

.LQJ� .DWHO\QQ�

1RUWKHDVW�0DVVDFKXVHWWV�
0RVTXLWR�&RQWURO�DQG�:HWODQGV�
0DQDJHPHQW�'LVWULFW� :HWODQGV�&RRUGLQDWRU�

/DVNDULV� -RKQ� 86�)LVK�DQG�:LOGOLIH�6HUYLFH� %LRORJLVW�
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Early Responses to Runnels in Southern New England Salt Marshes  
 

A technical report on results from a collaborative experiment testing the efficacy of 
runnels, an emerging climate adaptation tool, in Buzzards Bay. 
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Summary 

• This project tested runnels, an emerging climate adaptation technique used to restore tidal 
hydrology and revegetate marshes experiencing interior open-water conversion.  
 

• Runnels were tested at two salt marshes in Buzzards Bay. The study includes 10 sites 
with experimental runnels and 10 reference sites, split between both marshes. Sites were 
monitored before (2020) and after (2021) runnels were installed. This report presents data 
from before and after runnel creation, collected at 12 of the 20 sites where we completed 
intensive sampling (6 sites each marsh).  
 

• Little Bay in Town of Fairhaven is a fringing marsh exposed to an open embayment. 
Ocean View Farm in Town of Dartmouth is a sheltered marsh within a back-barrier salt 
pond, separated from Buzzards Bay by barrier spit and connected by a narrow tidal inlet. 
Marshes and sites within marshes differed in platform elevations, level of peat 
degradation, depth shallow water in areas of vegetation dieback, landscape position 
(proximity to upland and/or creek), and degree of vegetation loss. Tidal range differed 
between the two marshes as well. 
 

• Early responses showed evidence of a runnel-effect at both marshes. At Little Bay, visual 
evidence of vegetation change from photographs illustrated revegetation occurring. At 
Ocean View Farm, water table heights decreased significantly, from chronically above 
the soil surface to below the soil surface. 
 

• Responses differed between marshes. At Little Bay, water table heights and soil 
properties related to soil moisture indicated conditions were either the same, or wetter in 
2021 (after runnels) than in 2020 (before runnels). This is likely due to less severe initial 
conditions at Little Bay (shallower water features, higher platform elevation), in 
combination with precipitation differences. In addition, large differences in precipitation 
between the years probably masked some runnel effects (2020 dry, 2021 very wet). 
 

• At Ocean View Farm some revegetation was beginning to occur at runnel-sites (based on 
visual inspection of photographs), but changes appear lower in magnitude than at Little 
Bay. This is probably because conditions were more degraded at Ocean View Farm than 
Little Bay initially, as described above (lower platform elevation and deeper water 
features, as well as greater vegetation dieback and bare ground cover). 
 

• We did not observe evidence that runnels would over-drain marshes, lead to altered 
decomposition patterns, or platform subsidence.  

 
• We did not observe evidence that runnel installation altered hydroperiods, or decreased 

sediment deposition on marshes.   
 

• Additional years of sampling will be needed to quantitatively assess vegetation changes, 
and understand how hydrology, soil processes, sediment dynamics, and geomorphology 
will change with runnels.   
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1. Introduction 

1.1. Background 

Salt marshes are productive coastal wetlands that provide important ecosystem services 

such as nutrient removal, carbon sequestration, and storm protection for coastal properties. 

Direct (dredging, draining, filling, tidal flow restriction) (Gedan et al. 2009, Burdick et al. 2020) 

and indirect (sea level rise) (Kearney and Turner 2016, Mariotti 2016, FitzGerald and Hughes 

2019) human activities have contributed to salt marsh loss. A prominent form of salt marsh loss 

is interior conversion to open water, which occurs when water becomes impounded on the 

surface of a marsh, stresses vegetation, and leads to plant death. Communities and resource 

managers are urgently in need of tools to address this problem of expanding shallow water in 

marshes. Over the past ten years, creating “runnels” has emerged as a tool in New England salt 

marshes to address marsh loss to interior shallow water (Besterman et al. 2022).  

Runnels are shallow channels that were originally developed in Australia to control 

mosquitoes by draining standing water (Hulsman et al. 1989). Studies have demonstrated runnels 

are an effective mosquito-management technique with low-environmental impacts in Australia 

(Knight et al. 2021, and references therein). However, less data is available on runnels as a 

conservation strategy. In the context of marsh conservation, runnels work by draining shallow 

water from the marsh surface and restoring tidal hydrology, allowing revegetation to occur 

(Wigand et al. 2017, Babson et al. 2020, Perry et al. 2021, Besterman et al. 2022). When used in 

coordination with other management strategies, they may help marshes adapt to rising sea level 

over longer time horizons (Wigand et al. 2017, Besterman et al. 2022).  

Runnels appear to be a promising conservation strategy based on several projects 

conducted over the past 10 years in the northeast U.S. (Perry et al. 2021, Besterman et al. 2022), 
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especially when used for restoring vegetation and decreasing surface water depths. However, few 

projects have experimental designs that included monitoring before and after implementation, 

and of treatment as well as reference sites (a Before-After-Control-Impact, or BACI design). 

Projects have not typically included experimental replicates, or testing along environmental 

gradients. Further, ecosystem-scale responses to runnels including soil dynamics, sediment 

transport, elevation change, and hydrodynamics have only been measured in a few projects (e.g., 

Perry et al. 2021). Data from most of these projects is not yet available publicly or through 

publications. As a result, knowledge of runnel efficacy across a range of environmental 

conditions and marsh types is generally qualitative, and difficult to generalize beyond 

practitioner experience. With growing interest in using runnels from natural resource managers, 

quantitative data are needed to support both regulatory approval processes and effective 

application of the technique. 

1.2. Objectives and Approach 

Our team initiated an experiment in 2020 to test runnels using best practices identified 

from team-member experience. Our objectives were 1) to experimentally test the efficacy of 

runnels using a replicated BACI-design, 2) to test runnel efficacy across a range of 

characteristics (platform elevation, depth of shallow water area, level of peat degradation, tidal 

range, wind exposure), and 3) test ecosystem-scale processes in response to runnels that provide 

insight into how marshes will respond long-term. In this report we present our study design and 

methods, background site characteristics, and some early responses to runnels (one-year post-

implementation). While we are measuring a large suite of variables in this project, we have 

limited this report to those variables which are likely to have responded within a single year. For 

a few variables, we tested to see if any change had occurred in one year, and after determining 
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there were no differences, proceeded to present background-only data. These variables are 

specified below. 

 

2. Methods 

2.1. Site Selection 

We selected two marsh complexes within Buzzards Bay, Massachusetts. We initially 

identified marshes where we observed shallow water and bare areas in aerial imagery, and then 

conducted site visits, field assessments, and meetings with local partners and municipalities. We 

assessed the characteristics in Table 1 and selected marshes that met the “good candidate” 

criteria in as many categories as possible. These characteristics were identified as important to 

runnel project success by experienced project partners, as well as through a workshop on runnels 

held in 2020 (Besterman et al. 2022). There are other factors groups could consider during site 

selection (Besterman et al. 2022), but these were the priorities for our project team based on our 

goals and available resources, and the environment of Buzzards Bay.  

Little Bay Marsh in Town of Fairhaven and Ocean View Farm in Town of Dartmouth 

were selected as study marshes (Figure 1). These two marshes are both protected lands with 

protected upland space to migrate, have supportive landowners with whom we partnered, and are 

located in towns where we had municipal, public, partner, and county mosquito control support 

to initiate and maintain the project. These marshes have both been historically ditched, and have 

many shallow water areas present that appear to have formed recently.  

Little Bay (LB) is a fringing marsh exposed to an open embayment, with high exposure 

to wind-waves and a tidal range of 1.15 m. Adjacent upland at LB is covered by low-lying forest, 

including red maple swamp habitat, and we have observed fresh surface water inputs where the 
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high marsh borders the upland. Ocean View Farm (OVF) is a sheltered marsh with adjacent 

uplands covered by hay fields. OVF sits within a back-barrier salt pond and is connected to 

Buzzards Bay through a narrow tidal inlet. The tidal range estimated from a tide station outside 

of the salt pond is smaller than at LB (0.96 m), and the tidal inlet further restricts the tides within 

the pond. Approximately every five years the inlet migrates, narrows, and closes. Prior to a full 

closure, the tidal range becomes further restricted, with tidal connectivity eventually cut off 

completely. A local non-profit and homeowner’s group manage the re-opening by dredging a 

new inlet within weeks of a full closure. A full closure occurred between December 2020 and 

January 2021, and the inlet was reopened in February 2021. Based on partial tidal data obtained 

from a water level data logger in the pond (Onset HOBO U20L-04), it appears the tidal range in 

2020 was around 0.35 m in the pond. After dredging, the tidal range increased appreciably, but 

tidal elevations were still slightly dampened relative to tide station data, so the tidal range at 

OVF was still less than then 0.96 m estimated from outside the pond.  

In addition to the tidal range and landscape differences between LB and OVF, these 

marshes also differ in platform elevation and degree of degradation within shallow water areas. 

Both marshes exhibited a within-marsh gradient of elevation and condition. Within each marsh 

we selected sites (shallow water areas) for our study that spanned a range of horizontal size, 

platform elevation, depth, vegetation cover, and peat degradation. These characteristics ranged 

from meeting “good candidate” characteristics, to nearly “poor candidate” characteristics (Table 

1). We did not select sites that would qualify as poor candidates across all environmental 

categories, as we wanted to test sites that resource managers could realistically expect a response 

from runnel adaptation.  
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Table 1. Marsh characteristics used to select study sites. Based on authors’ experience using 
runnels over the past ten years, and knowledge synthesized from a 2020 workshop on runnels. 
Marsh characteristics are divided into Environmental Characteristics and Logistics and 
Community Considerations (practical factors affecting the implementation and sustainability of a 
runnel project). Characteristics were sorted into “good” and “poor” categories. Many sites 
exhibited features in-between these end-points.  
 
Marsh 
Characteristic  

Good Candidate  Poor Candidate 

Environmental Characteristics 
Shallow water 
areas 

• Features present 
• Bed of shallow water area is 

firm, with intact peat 
• Evidence of recent formation  
• Evidence of horizontal 

spread/expansion 

• Features not present 
• Bed of shallow water area is 

soft and covered with layer 
(>10 cm) of unconsolidated 
material 

• Evidence of older formation 
(40+ years) 

• Stable border, no signs of 
horizontal spread/expansion 

Microtopography 
and water flow 

• Embankments, levees, ditch 
spoils, and/or clogged ditches 
that create barriers to flow 

• No evidence of topographic 
barriers to flow 

• Barriers that cannot be fixed 
with a runnel (e.g., 
undersized culvert) 

Elevation • Platform around shallow 
water feature is at or above 
mean high water 

• Bed of shallow water area 
sits 20 cm or less below the 
platform 

• Platform around shallow 
water feature is close to mean 
sea level 

• Bed of shallow water area 
sits greater than 20 cm below 
the platform 

Adaptation 
potential 

• Adjacent upland has a low 
topographic slope, no 
hardened barriers to 
migration 

• Marsh complex is large with 
significant amount of marsh 
area found at or above mean 
high water 

• Topographic slope or 
hardened barrier prevent 
migration 

• Marsh complex is small, 
fringing, narrow, and/or 
mostly sits below mean high 
water 

Logistics and Community Considerations 
Public and 
municipal 
interest 

• Public health issues due to 
standing water (mosquito 
breeding) 

• Expansion of invasive 
Phragmites australis 

• Unsupportive municipality 
and community 
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associated with shallow water 
areas 

• Municipality concerned about 
marsh loss; supportive of 
restoration/adaptation 
activities 

• Marsh provides coastal 
defense to local 
community/property 

Landowner 
interest 

• Landowner concern about 
marsh loss; supportive of 
restoration/adaptation 

• Unsupportive landowner 

Adaptation 
potential 

• Marsh and adjacent upland 
protected from development 

• Existing and extensive 
infrastructure directly 
adjacent to marsh (e.g., dense 
housing) 

Stewardship 
potential 

• Established partnerships with 
volunteer-community, 
municipality, mosquito 
control agency, landowners 

• Interest among partners to 
maintain runnels 

• No local partners 

Access • Marsh is easy to access by 
road and foot 

• Accessible to partners 
• Machinery (if needed) for 

runnel creation or monitoring 
can access marsh 

• Only accessible by boat 
• Highly restrictive access 

(difficulty gaining permission 
for future 
monitoring/maintenance) 

• No access for machinery (if 
machinery needed) 

 

2.2. Experimental Design 

 We used a replicated-BACI (Before-After-Control-Impact) design to test the effect of 

runnels on salt marsh hydrology, vegetation, sediment and soil dynamics, and other ecosystem 

processes. We selected 10 distinct areas of shallow, standing water at both LB and OVF as study 

sites (20 sites total). As described above, the degree of vegetation loss, elevation loss, and peat 

degradation within each of these shallow water areas varied. Of the 20 sites, twelve were 

intensively monitored with greater replication and more variables monitored. This report presents 

methods and data from the intensive sites only. 
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Sites within each marsh complex were hydrologically independent, separated by a 

microtopographic barrier such as a levee, ditch, or creek. At each site we identified an 

approximate mid-point within the shallow water area (centroid), and then established a 

monitoring transect that bisected the shallow water area and extended from the high marsh 

toward the low marsh. Three zones were established for sampling: Zone 1 (0–5m upland and 

seaward of the centroid), Zone 2 (5–15m upland and seaward of the centroid), and Zone 3 (15–

30m upland and seaward of the centroid). We established 1-m2 monitoring plots along the 

transect, assigning five plots to Zone 1, four plots to Zone 2, and four plots to Zone 3. In some 

cases, shallow water areas were located too close to the upland or seaward edge of the platform 

to fit all of the Zone 2 or Zone 3 plots; fewer monitoring plots were used on those transects. One 

side of each transect was designated for walking and disturbance (e.g., collection of soil cores), 

and the other was dedicated to vegetation monitoring and left undisturbed. Monitoring took place 

in the summer and fall of 2020 before runnels were created at all sites, and during the winter, 

spring and summer of 2021 after runnels were created. Monitoring frequency differed across 

variables; details on each variable monitored are presented below.  

2.3. Background Variables 

2.3.3. Turbidity 

 Sediment suspended in the water column floods marshes with each high tide, deposits 

onto the marsh platform and contributes marsh vertical accretion. Degraded marshes undergoing 

erosion may lose sediment, contributing to suspended sediment concentrations in adjacent 

waters. Water turbidity provides a measurement of suspended sediment concentration, and can 

be measured using sensors to understand the marsh sediment balance, i.e., whether a marsh is 

gaining or losing sediment (Nowacki and Ganju 2019). We deployed water quality sondes (YSI 
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EXO2) to measure turbidity at LB and OVF. One sonde was deployed on the bed of the open 

embayment adjacent to each marsh. Sondes were mounted on platforms 15 cm off the bed, and 

protected with anti-fouling copper tape and wiper blades. We deployed these instruments for four 

weeks in August 2021 to measure available sediment to Buzzards Bay marshes, and determine 

the average sediment balance at each marsh.  

 Sondes measured turbidity in Nephelometric Turbidity Units, or NTUs. Sondes were 

calibrated using NTU standards prior to deployment in accordance with USGS protocols. We 

calculated standard summary statistics and percentiles for turbidity throughout the deployment. 

We also calculated the difference between turbidity during flood and ebb tide, which has been 

shown to correlate well with whether a marsh is losing or gaining sediment on average. Finally, 

we examined how patterns of turbidity corresponded with wind events at LB and OVF to assess 

how sensitive the sediment dynamics at these marshes are to wind. Wind speeds were gathered 

from a NOAA Buoy at the mouth of Buzzards Bay, buoy number BUZM3. 

2.3.1. Elevation 

At each site, elevations were measured along transects against benchmarks using a digital 

laser level (Leica Sprinter 250m) and barcode staff. Along each transect the barcode staff was 

placed on the vegetation-side of the transect. Measurements were collected at every monitoring 

plot, as well as every 2 m along the transect and at any visible microtopographic transitions (e.g., 

depressions or hummocks on marsh platform). The benchmarks were NGS rod style benchmarks 

installed for this study in 2019 and 2020. The elevations of benchmarks were documented using 

a GPS system (Juniper Systems Geode) and software (EZSurv) using post-processed kinematic 

(PPK) survey technology. Vertical elevations were corrected to the North American Vertical 
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Datum of 1988 (NAVD88). At least two elevation observations were made for each benchmark, 

and observations were generally repeatable to 3 cm. 

Elevation surveys were undertaken during the growing season in 2020 and 2021. 

Reference transects at LB were established and surveyed prior to initiating this experiment 

(2019), providing an additional time point of elevation measurements. A few transects were 

surveyed twice in a season to confirm measurements. After inspecting the data, we determined 

variation between surveys was within the expected error range of the method, so all data were 

included in analyses. We did not expect to see a difference in marsh platform elevations from 

runnels after one year, and visually inspected the data to confirm this expectation. Measurements 

were within the expected error range, thus we averaged across all surveys to estimate elevations. 

Elevation measurements were used to calculate two metrics: platform elevation and depth 

of shallow water areas. Measurements were collected at slightly different horizontal positions 

between surveys, although some positions were consistent (e.g., established monitoring plots). 

To process the data, we first averaged measurements collected at the same horizontal locations 

across surveys. To create a smoothed profile across measurements collected at different 

horizontal positions in different surveys, we calculated a rolling average across three or four 

values for each transect (determined for each transect separately to avoid over-smoothing or 

over-interpreting unique elevations). We restricted the rolling-average analysis to elevations 

measured within Zone 1 and Zone 2, as those were most relevant for the geomorphology of the 

shallow water area.  

The platform elevation was interpreted as the median value (Watson et al. 2017) of the 

smoothed profile. To determine the depth of the shallow water area we needed to compare the 

elevations within the shallow water area to the surrounding platform, while accounting for a 



 13 

negative slope between the upland and seaward end of the transect. The negative slope was 

removed from the data by detrending the smoothed profile. The minimum detrended elevation 

within the shallow water area was compared with the detrended platform elevation (median) to 

estimate the depth of the shallow water area. This approach provided a reproducible method that 

avoided over-interpreting any individual elevation measurement (e.g., small holes or hummocks 

can bias estimates). 

2.3.4. Soil Shear Strength 

 Soil shear strength, or the amount of shear stress a soil can withstand without moving, 

provides information on the stability of a soil. In these marshes, greater shear strength 

corresponds with higher root density, more intact and drier peat, while lower shear strength 

measurements would be found in more saturated, less consolidated soils with lower root density. 

Shear strength may also increase if platform subsidence occurs within areas of dieback, 

vegetative and elevation context is important to interpreting shear strength measurements. We 

used a field inspection vane (Humboldt Field Vane Shear Set) to measure soil shear strength in 

shallow water areas. Measurements were collected in a well-vegetated high marsh area along 

each monitoring transect for comparison, as well as in the shallow water area. In the shallow 

water area shear strength was measured on the walking-side of the transect (but away from 

walking paths) in a location corresponding with the centroid, and the nearest upland and seaward 

monitoring plots. While measurements were not taken in monitoring plots, we selected ground 

patches with similar cover to each plot (similar water depth, cover of vegetation and bare peat). 

In each of the four monitoring locations, three replicate vertical profiles were tested within a 1-

m2 area. In the high marsh, measurements were taken at 10 cm depth. In the shallow water areas 

measurements were taken at 5-cm, 15-cm, and 30-cm depths. In total, nine measurements were 
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made at each depth at each site within the shallow water area, and three measurements in the 

high marsh (fewer in a couple cases due to rocks). These measurements were averaged for 

analysis. Shear strength was measured in 2020 before runnels were created, and again in 2021 

after runnels were created. As no differences between the before and after periods were detected, 

we present only pre-runnel data from 2020 as background information about the sites.  

2.3.2. Sediment Grain Size 

 Sediment grain size distributions were used in this report to interpret exposure of shallow 

water areas to flooding tides, and vulnerability to erosion. Across the marsh platform coarser 

sediments are deposited closer to the platform-water interface, while little coarse material is 

transported to the interior of the marsh. Thus, we would expect to see coarser sediments near to 

creeks and the marsh bank. Surface sediments (depth of 2-cm) were collected within the shallow 

water area to quantify the distribution of sediment grain sizes in 2020 before runnels were 

created. We calculated the percent of fine sediments (grains < 0.05 mm) in the shallow water 

areas as an indicator for water and sediment dynamics, and vulnerability to erosion. Sediment 

samples were processed to remove organic material. Samples were then processed using laser 

diffraction to estimate the distribution of sizes.  

2.4. Response Variables 

2.4.1. Water Level 

 Water levels were monitored using Onset HOBO Water Level Loggers (U20L-04) 

deployed in PVC wells at each site. Wells were installed on the “walking side” of each transect, 

at least a meter away from the transect line but within the deepest part of the shallow water area. 

Perforated PVC pipes were inserted into the marsh platform and loggers were suspended by 

nylon-coated steel wire from a locking well cap. In 2020, 0.40-m pipes were inserted to a depth 
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of approximately 0.30 m in the marsh. We modified the design in summer 2021 to use 1.20-m 

pipes installed to approximately 1.0 m-depth. The deeper wells improved vertical stability. In 

both designs loggers were deployed so that the tip of the logger rested at the base of the well 

(~0.30 m and ~1.0 m below the soil surface in 2020 and 2021, respectively). All water level 

measurements were adjusted relative to the soil height at each well to account for small 

differences in deployment depth, so that a depth of 0.0 m is equal to the soil height.  

 Loggers recorded pressure every 15-minutes, which was converted into a water depth 

using a standard conversion procedure. Loggers were deployed from July – October 2020, 

January or February 2021 – June 4, 2021, and June 8, 2021 – August 2021. At a few sites a 

deployment was missed due to equipment malfunctions. Across the twelve sites and three 

deployments we collected 289,000 water level measurements. To understand fluctuations of the 

water table over time we calculated the daily minimum water level, and used that as a proxy for 

the water table height.  

 To analyze changes in water level over time we statistically tested the effect of the 

runnels using a three-way interaction linear model including: treatment (runnel or reference), 

time (before or after runnels), and marsh (LB or OVF). This model tested if a change in water 

level between before and after runnels were created varied between reference and runnel-

treatment sites, while also allowing LB and OVF to follow different patterns.  

2.4.2 Hydroperiod 

 Hydroperiod is a measure of the length of time a wetland is inundated with water. For 

this study, we were interested in the tidal hydroperiod specifically (i.e., discounting the 

impounded, permanent inundation at some sites). Tidal hydroperiod can influence the amount of 

marine-sourced sediment deposited on the marsh, with longer hydroperiods providing greater 
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potential for sediment deposition. Most of the shallow water sites we studied were inundated 

with water either permanently or intermittently and did not drain as the tide receded. We needed 

a method to differentiate the tidal flooding from the longer-term inundation to understand tidal 

hydroperiod. To accomplish this, we used a software package developed in the R programming 

language for detecting high and low tides in water level time series, and human interpretation to 

adjust parameters and ensure we were not capturing spurious water level fluctuations. After 

identifying high and low tide moments in the time series, we calculated the length of time 

between each high and subsequent low, then multiplied that value by two to estimate the 

hydroperiod for each flooding tide. Because differentiating tidal flooding from background water 

levels required a detailed and iterative process, we focused on a subset of sites to determine 

whether hydroperiod changed with runnelling. We selected one reference and one runnel site at 

both LB and OVF. We tested a model comparing hydroperiod length from before and after 

runnels were installed, from both reference and runnel sites.  

2.4.3. Water Table Dynamics 

 The water table is impacted by factors other than runnelling, and these variables may 

modify the efficacy of the runnel. These factors include precipitation, the tidal phase (spring vs. 

neap tide), location on the platform relative to the upland and creek, and depth of the depression 

within the shallow water area. For this analysis we focused on daily precipitation measured at 

local weather stations, and the tidal phase. Tidal phase was interpreted by calculating the 

maximum daily water level at each site, presumed to be the height of the highest tide occurring 

each day. We compared precipitation and tidal phase in 2021 with water table heights across 

sites and treatment groups at both OVF and LB. We compared the relative effects of tidal phase 

and precipitation on water table heights between sites, and treatment groups.  
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2.4.4. Visual Ecosystem Changes 

 At each site we installed photo posts to collect standardized, long-term photographs of 

sites over time. Photographs were taken before runnels were created, and after runnels were 

created at multiple time points. In this report we present photos taken during the autumn between 

late-September and early-November in both years. Photos were always taken at the same angle 

using the camera in a mobile “smart” phone. As one year is insufficient to quantitatively analyze 

changes in vegetative cover and community composition, these photographs provide an early 

indicator of how the sites overall responded to runnels.   

 

2.4.5. Sediment Deposition 

Sediment deposition on the marsh platform occurs with incoming tides, and helps 

marshes to vertically accrete. We measured sediment deposition within shallow water areas to 

understand the importance of suspended sediment in Buzzards Bay marshes in general, and 

whether runnels affected the magnitude of sediment deposition in shallow water areas. 

Deposition was measured using sediment traps constructed with acrylic plates (~100-cm2) and 

glass microfiber filters (9-cm diameter). We fixed filters to plates using UV-resistant rubber 

bands. Plates were then secured to the soil surface using aluminum gutter spikes (20.34 cm 

length). These sediment traps were deployed on the vegetation-side of the transect, at least 1-m 

away from our vegetation plots. This location was chosen to avoid any disturbance from walking 

or sampling. A trap was placed at distances corresponding with each vegetation plot in Zone 1 (n 

= 5), in an area with similar ground cover to the vegetation plot.  

Traps were deployed for ~2 weeks in 2020. However, some filters were lost or damaged 

when deployed for this long. Filters with significant damage were not included in analyses. Traps 



 18 

were deployed for 2-3 days in 2021 during spring tide cycles to ensure tides would reach the 

traps, but limit exposure to water and waves to reduce damage. This revised method was a 

significant improvement, and only a couple of traps were excluded due to damage or erroneous 

measurements. Traps at OVF suffered more damage, and we also faced some logistical issues 

with deployments. As a result, our sample size was insufficient for statistical comparisons at 

OVF, and we proceeded with analyses at LB only. One reference site at LB was also problematic 

because sediments within the dieback were mineral and loosely packed due to intensive crab 

burrowing (LBSB, Table 2). A massive quantity of sediment washed onto traps at this site from 

the surrounding soil, and we had no good way to differentiate this sediment from the surrounding 

sediments. Thus, we excluded this site from analysis. In total we analyzed data from two 

deployments in 2020 for 5 sites (nsite = 3 – 10, fewer than 10 due to losses and trap damage), and 

two deployments in 2021 for 5 sites (nsite = 10), yielding a total of 88 observations at LB. 

After traps were collected in the field, they were stored frozen until analysis. Traps were 

dried at 60° C until constant weight, then dry weights were compared with initial filter weights to 

calculate total accumulated sediment. Filters were then ashed in a muffle furnace for 4 hours at 

450° C to calculate the quantity of inorganic sediment accumulated on the trap. Inorganic 

sediment is a more useful measure of sediment deposition because organic deposits typically 

decompose rapidly, and do not contribute as significantly to vertical accretion. Since the 

deployment length changed between years, we normalized accumulated sediment mass to the 

number of tides that flooded shallow water areas by at least 10 cm. Tides were identified and 

counted using the same approach as the hydroperiod analysis. We tested for an effect of runnels 

using a linear model with an interaction effect between time period (before and after runnels) and 

treatment (runnel and reference sites), while accounting for between-site differences.  
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2.4.6. Soil Moisture Content and Porewater Salinity 

Soil moisture refers to the quantity of water contained within a soil matrix. Too much soil 

water can stress and kill plants, while too little can lead to decomposition of the organic matter in 

soils, resulting in elevation loss. We measured soil water content to understand the effect of 

runnels on soil moisture. Porewater salinity can vary in salt marshes depending on the salinity of 

flooding waters, distance from creeks, inundation frequency, and effects of upland freshwater 

from both surface runoff and groundwater sources. We measured soil moisture content and 

porewater salinity using a modified 60-mL syringe to collect soil cores to a depth of 5 cm. 

Duplicate cores were collected at 6 – 7 locations distributed along the walking-side of the 

sampling transect in May and October 2020, and in May, August and October in 2021. Duplicate 

cores were combined in a single centrifuge tube, and frozen until analysis.  

To measure porewater salinity, tubes were thawed, centrifuged, and supernatant was 

extracted from the soil core. Salinity was measured on the supernatant of each core using a 

laboratory probe. To measure soil moisture content, a 5-g subsample was taken from each soil 

core, weighed, dried for 24 hours at 60° C, then reweighed. The difference between the wet 

weight and dry weight was interpreted as the mass of water in the soil. For analyses, core-

locations were categorized into three groups: Up (Zone 2 and 3, landward of the shallow water 

area), Center (Zone 1), and Down (Zone 2 and 3, seaward of the shallow water area). These three 

groups each contained 2–3 sampling locations. 

 

2.4.7. Redox Potential 

 The redox potential of a soil is an electrochemical indicator for how easily organic matter 

can be decomposed. Values are measured in millivolts (mV); positive and higher values indicate 
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a greater potential for organic matter decomposition, while negative and lower values indicate 

lower potential for decomposition. Soils of wetlands become saturated, which lowers oxygen and 

other electron acceptor availability in the soil (gases diffuse more slowly into liquid than air). 

Reduced electron acceptor availability lowers the redox potential, and the rate of decomposition. 

For this study, we were interested in redox potential as indicator for how microbial 

decomposition might change in response to runnels. We measured redox potential using a probe 

(Extech RE300 ExStik ORP Meter) inserted 5 cm into the soil. Measurements were collected 

adjacent to the 6 – 7 locations where cores were collected (above), once per month between May 

and October in both 2020 and 2021. Measurements were grouped into the Up, Center, and Down 

categories as described above.  

2.4.8. Decomposition 

 Decomposition of organic material in soils is an ecosystem process affected by the 

quantity of organic matter and the redox potential of a soil. We were interested in comparing 

decomposition rates from before and after runnels were created to determine whether draining 

surface water would alter decomposition rates (specifically, if rates would increase). We 

measured decomposition with an established protocol using green and herbal (red) tea bags. This 

“tea-bag experiment” involves drying and weighing bags, burying them for 80 days, then 

collecting, drying, and reweighing. The difference in mass lost between the green and red tea 

bags is used to calculate a decomposition constant (K). Higher K-values indicate faster 

decomposition, while lower K-values indicate slower decomposition rates. We buried bags at 

three locations corresponding with the Up, Center, and Down zones along the walking-side of 

the transect at a depth of 5 cm. In 2020, 5 green and 5 red tea bags were buried in each location. 
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In 2021, 10 green and 10 red tea bags were buried in each location. Bags were buried during the 

growing season in both years.  

 

3. Results and Discussion 

3.1. Soil Structure and Geomorphology 

 Platform elevations varied within and between marshes. OVF sites were lower in 

elevation (0.272 – 0.472 m NAVD88) than LB (0.543 – 0.833 m NAVD88) (Table 2). Similarly, 

depression-depths within shallow water areas varied within marshes (Table 2, Fig. 2), with OVF 

sites ranging between 0.056 m and 0.181 m, and LB sites ranging between 0.011 m and 0.148 m. 

LBSB differed from other sites in that the unvegetated area did not coincide with a depression in 

elevation, so we excluded this site from depth calculations. Soil shear strength also varied 

between and within marshes, indicating a range of peat degradation. Lower soil shear strength 

within the dieback areas indicates peat has undergone greater decomposition and soil is less 

consolidated. OVF had generally lower soil shear strength in the surface 5 cm of soil than LB, 

indicating greater peat degradation (Fig. 3). Across both marshes, sites with deeper depressions 

generally also exhibited lower soil shear strength throughout the profile (Figs. 2 & 3), indicating 

these sites were likely more degraded to begin with than sites with shallower depths and greater 

soil shear strength.  
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Table 2. Background variables on site soil structure and geomorphology. Sites are organized by 
treatment and marsh, and averages with standard deviation (SD) presented. Platform elevation as 
meters above NAVD88, the depth of the depression within the shallow water area as meters 
below the platform, and percent of fine sediments within surface 2-cm of shallow water areas are 
displayed. 

Site 
Platform Elevation 
(m NAVD88) Depth of Dieback (m) Percent fines 

Ocean View Farm Reference Sites 
OVFD/Reference 1 0.399 m 0.058 m 71.4% 
OVFF/Reference 2 0.382 m 0.067 m 72.2% 
OVFG/Reference 3 0.272 m 0.181 m 79.6% 

Average (SD) 0.351 (0.07) m 0.102 (0.07) m 74.4 (4.5) % 
Ocean View Farm Runnel Sites 

OVFA/Runnel 1 0.472 m 0.056 m 37.9% 
OVFE/Runnel 2 0.393 m 0.098 m 95.5% 
OVFH/Runnel 3 0.290 m 0.142 m 75.1% 

Average (SD) 0.385 (0.09) m 0.099 (0.04) m 69.5 (29.2) % 
Little Bay Reference Sites 

LBNA/Reference 4 0.734 m 0.148 m 60.7% 
LBSC/Reference 5 0.543 m 0.021 m 60.7% 
LBSB/Reference 6 0.833 m NA 39.7% 

Average (SD) 0.703 (0.15) m 0.085 m 53.7 (12.1) % 
Little Bay Runnel Sites 

LBND/Runnel 4 0.706 m 0.025 m 39.8% 
LBNF/Runnel 5 0.682 m 0.011 m 56.2% 
LBSM/Runnel 6 0.644 m 0.071 m 74.2% 

Average (SD) 0.677 (0.03) m 0.036 (0.03) m 56.7 (17.2)% 
 

3.2. Visual Changes in Vegetation 

 Initially OVF had greater bare ground cover than LB within shallow water areas (Figs. 4–

26, even numbers). Areas were larger, with less total vegetation and more contiguous loss as 

opposed to the patchier vegetation-loss at LB. At both LB and OVF, 1-year after photographs 

show some positive revegetation at runnel sites (Figs. 4 – 8, 16 – 20 even numbers). The amount 

of change varied across sites, but consistent positive responses were observed. LB generally 

appears to have greater revegetation at runnels sites than OVF. Reference sites showed little or 

no change in vegetative cover (Figs. 10 – 14, 22 – 26 even numbers).  
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3.3. Water Levels 

 Water table heights and tidal amplitudes experienced at each site differed within and 

between marshes (Figs. 5–27, odd numbers). As discussed above, tidal ranges are known to 

differ between LB and OVF due to different geomorphic settings, and between years at OVF due 

to the tidal inlet dredging. Tidal amplitudes increased in 2021 relative to 2020 across OVF sites 

as a result of re-opening the inlet; however, differences were still apparent between runnel and 

reference sites. With deeper shallow water areas and lower platform elevation, we observed 

higher water table heights at OVF than LB in both years, and longer periods of continuous 

inundation above the soil surface (Figs. 5–27, odd numbers).  

3.3.1. Effects of Tides and Precipitation on Water Levels 

To understand how differences in tidal phase and precipitation affected water table 

heights we tested various linear models. There were no interactions between treatment (runnel 

vs. reference sites) and either tidal phase or precipitation at marshes. At OVF, both precipitation 

and tidal phase significantly affected water levels, and effects differed across sites (pmodel < 

0.0001, pprecipXsite = 0.02, ptidalXsite <0.0001). Precipitation had the largest impact at OVFA/Runnel 

1, where 10mm of rainfall led to an increase of 0.9mm in the shallow water area (9% increase). 

This effect was similar in magnitude at OVFD/Reference 1, and OVFE/Runnel 2, and larger than 

effects at OVFF/Reference 2, OVFG/Reference 3, and OVFH/Reference 3. Tidal phase 

predictably had a much larger effect on water levels at OVF than precipitation. The effect was 

largest at OVFA, with a 10mm increase in tidal height leading to a 1.8mm increase in water table 

heights (18% increase). Patterns were similar as with precipitation, with OVFD and OVFE 

appearing similar, and OVFF, OVFG, and OVFH showing dampened effects of tidal phase on 

water levels. Water levels at OVFF, OVFG and OVFH were more consistent through time than 
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OVFA, OVFD, and OVFE, regardless of tides or precipitation. This suggests water table heights 

at these three locations are controlled by landscape position, platform elevation, depression 

depth, and microtopographic features that can block hydrologic flow. Note that we used 2021 

data for this analysis, after runnels were created. Since OVFE and OVFF are similar in platform 

elevation, landscape position, and depression depth, the difference between these two sites likely 

indicates the runnel successfully breached a microtopographic barrier, allowing flooding to 

resemble tidal patterns more closely. Meanwhile, water levels at OVFF remain constant, 

indicating continued impoundment. 

At LB we also observed effects of precipitation and tidal phase, but precipitation effects 

did not differ across sites (pmodel < 0.0001, pprecip = 0.03, ptidalXsite <0.0001). Across the marsh 

precipitation had a lesser effect than at OVF, with a 10mm rainfall event corresponding with a 

0.6mm rise in water table heights (6% increase). Tidal phase also affected water table heights, 

with a larger effect of tidal flooding at LB than at OVF on water levels, and differing effects 

across sites.  The largest effect of tidal height was seen at LBSB/Reference 5, where an increase 

in tidal height of 10mm led to a 3.4mm increase in the water table (34% increase). Tidal effects 

were mostly similar across sites, except for LBSM/Runnel 6 where tidal effects were dampened 

to a 1.1mm increase in water table height per 10mm higher tide (11% increase in water level).  

3.3.2. Water Table Heights and Soil Water 

 We use a linear mixed-effects model to test for an effect of runnels on water table 

heights. We included a three-way interaction between time (before or after runnels installed), 

treatment (runnel or reference site), and marsh (LB vs. OVF), while accounting for differences 

between individual sites. We found that runnels significantly reduced water levels at OVF 

(ptreatXtimeXOVF < 0.0001) relative to reference sites, but not at LB (ptreatXtimeXLB = 0.68) (Fig. 28). 
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There were, however, visible differences in the length and frequency of inundation events at LB 

runnel sites (Figs. 4–27, LB sites). A few factors may have contributed to the absence of a 

statistical effect. First, water levels were lower across LB, and especially at reference sites, prior 

to runnel installation. Thus, any runnel effect on water table heights would have been smaller in 

magnitude and more difficult to detect. Second, precipitation was much lower in 2020 than in 

2021, so a small effect of lowered water table heights from runnels may have been countered by 

overall wetter conditions. Precipitation may not have mediated an overall runnel effect at OVF 

because precipitation had little significance on water levels for 3 of the 6 sites. 

 The hypothesis that precipitation reduced runnel effects on water table heights at LB is 

supported by soil moisture content and porewater salinity data (Figs. 29 & 30). Though we did 

not perform statistical tests on these data, soil moisture content appeared higher in 2021 than 

2020 across all experimental zones and at all sites (Fig. 29). Porewater salinity also appeared 

lower across all sites and experimental zones (Fig. 30). Differences in soil moisture and 

porewater salinity between the two years were present at both OVF and LB, though appeared 

larger at LB. Thus, it seems likely that higher precipitation at LB increased soil moisture, 

decreased soil salinity, and masked any effects of the runnel on the water table.  

 Porewater salinity, independent from precipitation effects, could either increase or 

decrease with runnelling. Porewater may freshen with runnels if runnels prevent tidal water from 

becoming impounded on the marsh where it becomes hypersaline over time with evaporation. 

High marsh areas are particularly vulnerable to forming hypersaline conditions since they are 

flushed less frequently than more seaward locations. Porewater may become more saline after 

runnels if high freshwater inputs from upland sources were contributing initially to water 

impoundment, and runnels restore tidal connections to shallow water areas. At both LB and OVF 
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in 2020, average porewater salinities were slightly higher (around 35–45 ppt) than those of 

flooding waters (~33 ppt). Porewater salinity decreases occurred everywhere in 2021, though 

effects were especially pronounced in the ‘Up’ zone adjacent to upland areas. That effects 

appeared more pronounced in the Up zone further supports an effect of precipitation and 

freshwater input on differences in marsh hydrology between 2020 and 2021, and the hypothesis 

precipitation differences masked a runnel effect, if any occurred. Determining how runnels will 

ultimately affect porewater salinity and overall marsh hydrology at these marshes will require 

further years of sampling since the 2020 – 2021 period was strongly affected by precipitation 

patterns. 

3.3.3. Hydroperiod 

 We analyzed hydroperiods at two reference and two runnel sites at OVF and LB 

(OVFE/Runnel 2, OVFF/Reference 2, LBNF/Runnel 4 LBNA/Reference 4) to determine 

whether runnels impacted hydroperiod. The runnel at LBNF did not impact hydroperiod relative 

to LBNA (ptreatXtimeXLB = 0.9). OVF did show a decrease in hydroperiod at both OVFE and 

OVFF, with a greater decrease at the reference (OVFF). The decrease in hydroperiod is most 

likely driven by the dredging of a new tidal inlet at OVF. The inlet had already narrowed 

substantially by summer 2020, before closing fully over the winter. Thus, the dredging should 

have increased the tidal flushing in the summer of 2021 relative to 2020. Given the lack of an 

effect at LB, and the decrease in hydroperiod at both runnel and reference sites at OVF, we 

conclude that runnels at the scale constructed for this project do not alter hydroperiods. 

3.4. Soil Chemistry and Processes 

 Redox potential and decomposition (Figs. 32 & 33) followed patterns that would be 

expected based on the soil moisture data and pattern of increased precipitation. We did not 



 27 

perform statistical tests on these data, but observed an apparent decrease in redox levels between 

2020 and 2021 in all three experimental zones at runnel and references sites at both marshes 

(Fig. 32). Wetter conditions correspond with lower redox potential. Rainfall likely explains the 

difference between these two years. Similarly, wetter conditions and lower redox potential can 

result in decreased rates of decomposition, which we observed in 2021 relative to 2020 at all 

sites (Fig. 33). Long-term measurements over a few years will be needed to determine whether 

runnels have a net impact on soil chemistry and processes.  

3.5. Sediment Dynamics 

3.5.1. Turbidity 

 Turbidity, an indicator for suspended sediment, was generally low at both LB and OVF 

(Fig. 34). We used a formula developed elsewhere to convert NTUs to suspended sediment 

concentration for comparisons with other systems (Nowacki and Ganju 2019). While a system-

specific conversion is needed, these values provide a first-order approximation of suspended 

sediment in the system. At LB, sondes measured an average of 6.9 mg L-1 of sediment, (SD = 7.9 

mg L-1). Values were similar, but slightly lower at OVF, with an average of 6.3 mg L-1 (SD = 3.4 

mg L-1) measured. These values are near the minimum suspended sediment concentrations (4 mg 

L-1) measured across 13 different marsh complexes in North America. This follows expectation, 

as Buzzards Bay is a low sediment system. The implication is very little inorganic sediment is 

available to subsidize elevation in marshes. During significant wind events, sediments were 

resuspended at LB and temporarily led to higher turbidity in the water column (Fig. 34). 

Resuspension events have the potential to transport sediment onto marsh platforms. With OVF 

protected behind a barrier island and narrow inlet, winds were unable to generate enough wave 

energy to resuspend sediments, and no spike in suspended sediment was observed (Fig. 34).  
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 The flood-ebb turbidity differential appeared to be near neutral at both OVF and LB. 

OVF slightly favored sediment import, with a positive differential of 0.4. LB very slightly 

favored sediment export, which can indicate erosion occurring (-0.1). However, this value is near 

enough to zero to consider the sediment balance neutral between import and export. For 

comparison, the highest import observed across marsh sites measured in Nowacki and Ganju was 

+5, while the largest sediment export differential measured was -17 (Nowacki and Ganju 2019). 

While very little sediment is available to LB and OVF in general, neither marsh is losing 

sediment, and wind-driven resuspension can lead to sediment import events at LB. 

3.5.2. Sediment Deposition 

 Across all sites and both years the average sediment deposition was 31.8 mg per tide of 

10 cm or more (mg T-1 hereafter), with SD of 26.3 mg T-1 (excluding LBSB/Reference 5). Due to 

changes in methodology between 2020 and 2021, a reduced sample size we suggest sediment 

deposition results be interpreted as tentative until more sampling can be conducted. Statistical 

tests indicated that inorganic sediment deposition increased within shallow water areas at LB 

runnel sites relative to reference sites after runnels were installed (ptreatXtime = 0.01, F = 6.47, df = 

83) (Fig. 35). Increases in sediment deposition were apparent from 2020 to 2021 at both 

reference and runnel sites (due to either methodological or environmental differences). However, 

runnel site deposition increased by 31.2 mg T-1 from 2020 to 2021, while reference sites 

increased by 3.5 mg T-1 (difference of 27.7 mg T-1).  

To ensure these increases were not simply caused by disturbance to soils from runnel 

creation, and subsequent sediment mobility, we compared the percent organic content of 

deposited sediments. If the higher deposition was only caused by mobilized surface sediments 

within the dieback areas, we would expect the percent organic to increase from 2020 to 2021, 
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and the percent organic sediment to resemble the percent organic content of the surrounding 

soils. First, average organic content of sediment deposited on filters (18% in 2021) was lower 

than organic content of soil cores collected from sites (> 40% for most samples, data not 

presented here). Second, the percent organic decreased at runnel sites relative to reference sites 

between 2020 and 2021 (p = 0.07), although high variability suggests this result requires greater 

scrutiny. Whether or not the relative increase in inorganic material deposited is supported with 

subsequent sampling, it does not appear that the increased deposition could be driven by eroding 

or mobilized marsh surface sediments.  

Tentative evidence suggests inorganic sediment deposition may increase within shallow 

water areas as a result of runnels. If further data collection supports this finding, it may be caused 

by runnels increasing connectivity between the interior marsh platform and open embayment. 

With microtides and low sediment in Buzzards Bay, very little sediment would make it into the 

interior platform areas where the shallow water dieback areas occur. The runnels may provide a 

more direct conduit for sediment to be transported into the marsh interior. However, more robust 

sampling and testing at both OVF and LB is needed to confirm these results. 

 

4. Conclusions 

 Early responses of two salt marsh complexes in the Buzzard Bay Estuary show promising 

results for runnels as a climate adaptation technique. Visual evidence of vegetation changes, and 

water table dynamics show that tidal hydrology and marsh vegetation are beginning to show 

signs of restoration, with variation across sites and marshes. Variation is likely caused by large 

differences in background conditions at the two marshes, and among sites, including platform 

elevation, depth of dieback area, landscape position, peat degradation and tidal range. In 
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addition, temporal factors such as precipitation significantly affected water dynamics at the two 

marshes, and resulting soil chemistry and processes. The higher rainfall occurring in 2021 over 

2020 confounded our ability to detect an effect of runnels on multiple marsh properties and to 

determine the “footprint” of a runnel across the marsh platform (between experimental zones). 

We found very tentative evidence of increased inorganic sediment deposition within dieback 

areas after runnels were created; however, this result needs further study to confirm. Additional 

years of data collection are needed to fully understand the responses of these marshes to runnels, 

and how a number of spatial and temporal factors interact with the runnelling approach to affect 

marsh hydrology, geomorphology, and vegetation.  
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Figure 1. Site maps of LB and OVF. Green lines represent sampling transects at reference sites, 

and purple lines indicate sampling transects at runnel sites. Light blue lines illustrate the runnels 

created in October and November 2020. The stars indicate the intensive sites. All reporting in 

this document focuses on the intensive sites only.  
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Figure 2. Elevation profiles at a) LB, and b) OVF. See Table 2 for experimental treatment units 

of each site (4-letter codes). Profiles extend from the high marsh-upland border (0 on x-axis) 

seaward toward open water. Gray dots are averaged elevation measurements collected along 

sampling transects, and the smoothed depth profile of the shallow water area is illustrated with 

the purple line. Long-dashed horizontal line shows the median elevation for each transect, 

interpreted as the platform elevation. The dotted vertical line illustrates the centroid of the 

shallow water area along transect. 

 a) 



 33 
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Figure 3. Soil shear strength vertical profiles (mean +/- SE) collected at a) LB and b) OVF. See 

Table 2 for experimental treatment units of each site (4-letter codes). Black line illustrates the 

shear strength profile at 5, 15, and 30 cm depths within the shallow water area (or “dieback”), 

and the green point shows the shear strength in a well vegetated patch of marsh from the upland 

edge of the transect (usually high marsh vegetation) collected at 10 cm depth.   
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Figure 4. Before and after photograph at OVFA, Runnel Site 1.  
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Figure 5. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at OVFA, Runnel Site. 1. 

Light blue line shows 15-minute data, and the dark blue line shows the water table height. 
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Figure 6. Before and after photograph at OVFE, Runnel Site 2. 
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Figure 7. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at OVFE, Runnel Site. 1. 

Light blue line shows 15-minute data, and the dark blue line shows the water table height. 
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Figure 8. Before and after photograph at OVFH, Runnel Site 3. 
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Figure 9. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at OVFH, Runnel Site. 3. 

Light blue line shows 15-minute data, and the dark blue line shows the water table height.  
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Figure 10. Before and after photograph at OVFD, Reference Site 1. 
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Figure 11. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at OVFD, Reference Site 

1. Light blue line shows 15-minute data, and the dark blue line shows the water table height.  
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Figure 12. Before and after photograph at OVFF, Reference Site 2. 
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Figure 13. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at OVFF, Reference Site 2. 

Light blue line shows 15-minute data, and the dark blue line shows the water table height.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 45 

Figure 14. Before and after photograph at OVFG, Reference Site 3. 
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Figure 15. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at OVFG, Reference Site 

3. Light blue line shows 15-minute data, and the dark blue line shows the water table height.  
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Figure 16. Before and after photograph at LBND, Runnel Site 4. 
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Figure 17. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at LBND, Runnel Site 4. 

Light blue line shows 15-minute data, and the dark blue line shows the water table height.  
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Figure 18. Before and after photograph at LBNF, Runnel Site 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Runnel Site 5/LBNF Before 
November 2020 

After 
September 2021 



 50 

Figure 19. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at LBNF, Runnel Site 5. 

Light blue line shows 15-minute data, and the dark blue line shows the water table height. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 51 

Figure 20. Before and after photograph at LBSM, Runnel Site 6. 
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Figure 21. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at LBSM, Runnel Site 6. 

Light blue line shows 15-minute data, and the dark blue line shows the water table height.  
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Figure 22. Before and after photograph at LBNA, Reference Site 4. 
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Figure 23. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at LBNA, Reference Site 

4. Light blue line shows 15-minute data, and the dark blue line shows the water table height.  
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Figure 24. Before and after photograph at LBSB, Reference Site 5. 
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Figure 25. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at LBSB, Reference Site 5. 

Light blue line shows 15-minute data, and the dark blue line shows the water table height.  
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Figure 26. Before and after photograph at LBSC, Reference Site 6. 
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Figure 27. Local precipitation, and water levels from before runnels were installed (2020) and after (2021) at LBSC, Reference Site 6. 

Light blue line shows 15-minute data, and the dark blue line shows the water table height.  
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Figure 28. Results of statistical test for an effect of runnels on water table heights at LB and 

OVF. Displaying mean and water table heights and standard error for runnel and reference sites, 

before and after runnel-installation, and accounting for between-site differences. Model results 

indicated runnels decreased water table heights at OVF relative to reference sites, but not at LB 

(p < 0.001).  
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Figure 29. Soil moisture content as percent of wet weight of soil cores measured at a) OVF and 

b) LB sites. Boxplots show percentages before (purple, dark green) and after (gray, light green) 

runnel installation, in ‘Down’ (creekward), ‘Center’ (within dieback), and ‘Up’ (upland) 

experimental zones, at both runnel and reference sites. 
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Figure 30. Porewater salinity as parts per thousand (ppt) measured at a) OVF and b) LB sites. 

Boxplots show percentages before (purple, dark green) and after (gray, light green) runnel 

installation, in ‘Down’ (creekward), ‘Center’ (within dieback), and ‘Up’ (upland) experimental 

zones, at both runnel and reference sites. 
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Figure 31. Illustration of method to estimate hydroperiod. 15-min water level data in m shown 

as a time series, identified high and low tide points identified using software indicated with open 

circles, and reference minimum water level used to identify low tide points shown as blue dashed 

horizontal line.  
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Figure 32. Redox potential measured as millivolts (mV) at a) OVF and b) LB sites. Boxplots 

show percentages before (purple, dark green) and after (gray, light green) runnel installation, in 

‘Down’ (creekward), ‘Center’ (within dieback), and ‘Up’ (upland) experimental zones, at both 

runnel and reference sites. 
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Figure 33. Decomposition of tea bags expressed with the K constant at a) OVF and b) LB sites. 

Boxplots show percentages before (purple, dark green) and after (gray, light green) runnel 

installation, in ‘Down’ (creekward), ‘Center’ (within dieback), and ‘Up’ (upland) experimental 

zones, at both runnel and reference sites. 
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Figure 34. Upper panel: Wind speed at BUZM3 (entrance to Buzzards Bay), lower panel: 

turbidity at Little Bay channel site (red) and Ocean View Farm channel site (blue). Large peaks 

at LB represent resuspension of bed material during storms, with perhaps slight export of 

sediment from the marsh during events (but overall neutral transport over the entire time period). 

OVF shows no response to wind-wave resuspension. 
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Figure 35. Sediment deposition as milligrams (mg) of inorganic sediment accumulated per 

flooding tide of 10-cm depth or more at LB. Boxplots show sediment deposition in before (dark 

green) and after (light green) periods, at both reference and runnel sites. Initial data exploration 

indicates that sediment deposition might increase within shallow water areas after creating 

runnels (p = 0.01).  
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6DOW�0DUVK�&RQVHUYDWLRQ�DQG�$GDSWDWLRQ�LQ�$OOHQV�
3RQG��$�&DVH�6WXG\�LQ�%X]]DUGV�%D\�
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6XJJHVWHG�&LWDWLRQ��%HVWHUPDQ��$�)���:��
)HUJXVRQ��5��:��-DNXED��������6DOW�0DUVK�
&RQVHUYDWLRQ�DQG�$GDSWDWLRQ�LQ�$OOHQV�3RQG��$�
&DVH�6WXG\�LQ�%X]]DUGV�%D\�����SDJHV��
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6800$5<���7KH�VDOW�PDUVKHV�DURXQG�$OOHQV�3RQG�GHPRQVWUDWH�KRZ�KLVWRULF�DOWHUDWLRQV�DQG�
FXUUHQW�VWUHVVRUV�DUH�GHJUDGLQJ�VDOW�PDUVK�KDELWDW�WKURXJKRXW�WKH�1RUWKHDVW�8�6��7KH\�DUH�DOVR�
LOOXVWUDWLYH�RI�WKH�PXOWLSOH�VWUDWHJLHV�DW�GLIIHUHQW�VFDOHV�WKDW�FDQ�EH�XVHG�WR�IDFLOLWDWH�DGDSWDWLRQ�LQ�
RUGHU�WR�UHWDLQ�YDOXDEOH�VDOW�PDUVK�KDELWDW��7KLV�UHSRUW�GHVFULEHV�WKH�H[LVWLQJ�FRQGLWLRQV�DQG�
VWUHVVRUV�IDFLQJ�WKLV�PDUVK�DQG�WKH�YDULRXV�FRQVHUYDWLRQ�DFWLYLWLHV�XQGHUWDNHQ�E\�PXOWLSOH�
RUJDQL]DWLRQV�DQG�DJHQFLHV��
�
��� %DFNJURXQG�
�

&RDVWDO�ZHWODQGV�LQFOXGLQJ�VDOW�
PDUVKHV�DUH�FULWLFDO�HFRV\VWHPV�
SURYLGLQJ�EHQHILWV�WR�ILVK�DQG�ZLOGOLIH��
LQYHUWHEUDWH�DQLPDOV��DQG�SHRSOH�WKURXJK�
UHVRXUFH�SURYLVLRQLQJ��ZDWHU�TXDOLW\�
LPSURYHPHQW��DQG�FRDVWDO�GHIHQVH��)LJ��
����6DOW�PDUVKHV�DURXQG�WKH�ZRUOG��DQG�
HVSHFLDOO\�LQ�WKH�1RUWKHDVW�8�6���DUH�
H[SHULHQFLQJ�UDSLG�ORVV�DV�D�UHVXOW�RI�
FRPSOH[��LQWHUDFWLQJ�IDFWRUV��
$FFHOHUDWLQJ�VHD�OHYHO�ULVH�LV�WKH�SULPDU\�
VWUHVVRU�IRU�VRXWKHDVWHUQ�1HZ�(QJODQG�
PDUVKHV��+LJKHU�KLJK�WLGHV�LQFUHDVH�WKH�
IUHTXHQF\�DQG�OHQJWK�RI�LQXQGDWLRQ��$V�D�
UHVXOW��VRLOV�EHFRPH�ZDWHUORJJHG��DQG�
SODQWV�EHFRPH�VWUHVVHG�DQG�EHJLQ�WR�GLH�
EDFN��:KLOH�VRPH�PDUVKHV�KDYH�WKH�
QDWXUDO�DELOLW\�WR�LQFUHDVH�WKHLU�YHUWLFDO�HOHYDWLRQ�DW�WKH�VDPH�SDFH�DV�VHD�OHYHO�ULVH��PDQ\�PDUVKHV�
LQ�VRXWKHDVWHUQ�1HZ�(QJODQG�GR�QRW�KDYH�WKLV�FDSDFLW\��7KLV�LV�EHFDXVH�WKHVH�PDUVKHV�DUH�
H[SHULHQFLQJ�HVSHFLDOO\�KLJK�UDWHV�RI�VHD�OHYHO�ULVH��KDYH�ORZ�VXVSHQGHG�VHGLPHQW�VXSSO\�LQ�
IORRGLQJ�ZDWHUV��DQG�DUH�QRW�YHUWLFDOO\�DFFXPXODWLQJ�ELRPDVV�DW�D�VXIILFLHQW�UDWH�WR�PDWFK�ULVLQJ�
VHDV��
�

+RUL]RQWDO�PLJUDWLRQ�RI�D�VDOW�PDUVK�FDQ�FRPSHQVDWH�IRU�DQ�LQDELOLW\�WR�YHUWLFDOO\�DFFUHWH�²�
ZLWK�WKH�PDUVK�PRYLQJ�LQODQG�DV�DQ�DOWHUQDWLYH�DGDSWDWLRQ�WR�VHD�OHYHO�ULVH��0LJUDWLRQ�LV�SRVVLEOH�
ZKHUH�WKHUH�LV�D�JHQWOH�VORSH�EHWZHHQ�PDUVK�DQG�DGMDFHQW�XSODQGV��+RZHYHU��LQ�1HZ�(QJODQG�WKH�
WUDQVLWLRQ�EHWZHHQ�PDUVK�DQG�XSODQG�LV�WRR�VWHHS�LQ�PDQ\�SODFHV�WR�DOORZ�PLJUDWLRQ��$ORQJ�PDQ\�
FRDVWOLQHV�KDUGHQHG�LQIUDVWUXFWXUH�KDV�EHHQ�SODFHG�LQWR�WKLV�PLJUDWLRQ�]RQH��LQFOXGLQJ�ZDOOV��
URDGV��DQG�EXLOGLQJV��IXUWKHU�OLPLWLQJ�PLJUDWLRQ��5LVLQJ�VHDV�DQG�KDUGHQHG�LQIUDVWUXFWXUH�FUHDWH�D�
³FRDVWDO�VTXHH]H´�RQ�VDOW�PDUVKHV��OHDGLQJ�WR�HURVLRQ�DQG�UHGXFLQJ�FDSDFLW\�IRU�DGDSWDWLRQ���
�

0DUVK�ORVV�LV�H[DFHUEDWHG�E\�LQWHUDFWLRQV�EHWZHHQ�VHD�OHYHO�ULVH�DQG�KLVWRULF�PRGLILFDWLRQV�
PDGH�WR�PDUVKHV�E\�SHRSOH��0RGLILFDWLRQV�LQFOXGLQJ�GLWFKHV��³RSHQ�PDUVK�ZDWHU�PDQDJHPHQW´��
FXOYHUWV��DQG�DJULFXOWXUDO�LQIUDVWUXFWXUH�VXFK�DV�HPEDQNPHQWV�KDYH�DOWHUHG�WKH�IXQGDPHQWDO�VKDSH�
DQG�VWUXFWXUH�RI�PDUVKHV��,QWHUDFWLRQV�EHWZHHQ�VHD�OHYHO�ULVH�DQG�WKHVH�PRGLILFDWLRQV�FDQ�OHDG�WR�
GLWFK�H[SDQVLRQ�DQG�FRQYHUVLRQ�RI�YHJHWDWHG�PDUVK�WR�VKDOORZ�ZDWHU�DUHDV��)LJ������

)LJXUH����6DOW�PDUVK�DW�2FHDQ�9LHZ�)DUP�ZLWKLQ�$OOHQV�3RQG�
SURYLGHV�KDELWDW�DQG�UHVRXUFHV�IRU�SHRSOH�DQG�DQLPDOV��
LQFOXGLQJ�WKH�WKUHDWHQHG�VSHFLHV�6DOWPDUVK�6SDUURZ��QHVW�
VKRZQ�KHUH���3KRWRV��$OLFH�%HVWHUPDQ��
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�

2WKHU�VWUHVVRUV�DOVR�QHJDWLYHO\�LPSDFW�PDUVKHV��1LWURJHQ�IURP�DJULFXOWXUH�DQG�VHZDJH�HQWHUV�
HVWXDULHV�DQG�IORRGV�PDUVKHV��GHFUHDVLQJ�PDUVK�UHVLOLHQFH��+LJK�QLWURJHQ�FDQ�HQKDQFH�PLFURELDO�
GHFRPSRVLWLRQ��R[LGL]LQJ�WKH�RUJDQLF�SHDW�LQ�PDUVKHV�ZKLFK�SURYLGHV�FULWLFDO�HOHYDWLRQ�FDSLWDO��
+LJK�QLWURJHQ�DOVR�OHDGV�WR�D�ZHDNHQHG�URRW�VWUXFWXUH��DQG�PDUVK�HGJHV�FDQ�IUDFWXUH�DQG�FOHDYH�
RII�DV�D�UHVXOW��0DUVK�HGJHV�FDQ�HURGH�IURP�ZLQG�ZDYHV�WKDW�XQGHUFXW�EDQNV�DQG�OHDG�WR�PDUVK�
FOHDYLQJ��)LJ������$Q�RYHUDEXQGDQFH�RI�KHUELYRURXV�FUDEV�KDV�GHJUDGHG�VRPH�1HZ�(QJODQG�
PDUVKHV��7KHUH�LV�DGGLWLRQDO�FRQFHUQ�DPRQJ�UHVRXUFH�PDQDJHUV�WKDW�H[WHQVLYH�EXUURZ�QHWZRUNV�
FUHDWHG�E\�FUDEV�PLJKW�ZHDNHQ�VRLO�VWUXFWXUH�LQ�DUHDV�ZKHUH�YHJHWDWLRQ�LV�VWUHVVHG�RU�KDV�DOUHDG\�
GLHG�EDFN���
�

$GGUHVVLQJ�WKH�SUREOHP�RI�PDUVK�ORVV�UHTXLUHV�DQ�DGDSWLYH��V\VWHPV�DSSURDFK�WKDW�FRQVLGHUV�
PXOWLSOH�VWUHVVRUV�DFWLQJ�DW�GLIIHUHQW�VSDWLDO�DQG�WHPSRUDO�VFDOHV��,QGLYLGXDO�FRQVHUYDWLRQ�
RUJDQL]DWLRQV�PXVW�GHFLGH�KRZ�WR�LQYHVW�OLPLWHG�UHVRXUFHV��DQG�WKHUHIRUH�ZKLFK�PDUVKHV�DQG�
ZKLFK�VWUHVVRUV�DUH�PRVW�FULWLFDO�WR�DGGUHVV��3DUWQHUVKLS�DQG�FROODERUDWLRQ�SURYLGH�D�PHFKDQLVP�
WR�WDFNOH�PXOWLSOH�LVVXHV�DW�RQFH��,Q�%X]]DUGV�%D\��PXOWLSOH�RUJDQL]DWLRQV�DQG�DJHQFLHV�ZRUNLQJ�
DFURVV�VRXWKHUQ�1HZ�(QJODQG�KDYH�SDUWQHUHG�WR�FRQVHUYH��DGDSW��DQG�UHVWRUH�D�ODUJH�VDOW�PDUVK�
FRPSOH[�LQ�$OOHQV�3RQG��,Q�WKLV�VKRUW�UHSRUW�ZH�GHWDLO�WKH�H[LVWLQJ�FRQGLWLRQV�DQG�VWUHVVRUV�IDFLQJ�
WKLV�PDUVK��WKH�YDULRXV�FRQVHUYDWLRQ�DFWLYLWLHV�XQGHUWDNHQ��DQG�WKH�UDWLRQDOH�EHKLQG�GHFLVLRQV���
�
���$OOHQV�3RQG��&XUUHQW�&RQGLWLRQ�
�

$OOHQV�3RQG�LV�D�EDFN�EDUULHU�VDOW�SRQG�FRQQHFWHG�WR�%X]]DUGV�%D\�E\�D�QDUURZ�WLGDO�LQOHW�
�)LJ������7KH�PDUVK�LQ�$OOHQV�3RQG�LV�RQH�RI�WKH�ODUJHVW�FRQWLJXRXV�V\VWHPV�RI�VDOW�PDUVK�LQ�
%X]]DUGV�%D\��,Q�DGGLWLRQ��LW�SURYLGHV�VRPH�RI�WKH�PRVW�LPSRUWDQW�KDELWDW�IRU�6DOWPDUVK�
6SDUURZV�LQ�%X]]DUGV�%D\��DQG�LV�XVHG�E\�RWKHU�PDUVK�GHSHQGHQW�ZLOGOLIH�VXFK�DV�:LOOHW��
'LDPRQGEDFN�7HUUDSLQ��DQG�6HDVLGH�6SDUURZV��7KH�PDUVK�LV�VXUURXQGHG�E\�H[WHQVLYH��ORZ�O\LQJ��
DQG�PRVWO\�XQGHYHORSHG�XSODQG�DQG�DJULFXOWXUDO�KD\�ILHOGV����

�
7KH�VDOW�PDUVKHV�LQ�$OOHQV�3RQG�H[KLELW�VLJQV�RI�VWUHVV�VLPLODU�WR�PDQ\�VRXWKHUQ�1HZ�

(QJODQG�PDUVKHV��7KH�YHJHWDWLRQ�DQG�HOHYDWLRQ�ZLWKLQ�WKH�2FHDQ�9LHZ�)DUP�PDUVK��PDLQ�IRFXV�
RI�WKLV�UHSRUW��)LJ�����KDV�EHHQ�VWXGLHG�LQ�GHWDLO��-DNXED�HW�DO���������DQG�LV�OLNHO\�VLPLODU�WR�
PDUVKHV�DFURVV�WKH�$OOHQV�3RQG�FRPSOH[��2FHDQ�9LHZ�)DUP�LV�GRPLQDWHG�E\�WKH�³ORZ�PDUVK´�
VSHFLHV�6SDUWLQD�DOWHUQLIORUD������UHODWLYH�FRYHU���ZKLOH�³KLJK�PDUVK´�VSHFLHV�OHVV�WROHUDQW�RI�
IORRGLQJ��'LVWLFKOLV�VSLFDWD��-XQFXV�JHUDUGLL��6SDUWLQD�SDWHQV��UHSUHVHQW�RQO\�����UHODWLYH�FRYHU��

)LJXUH����7\SHV�RI�PDUVK�ORVV�DIIHFWLQJ�VRXWKHUQ�1HZ�(QJODQG�PDUVKHV��GLWFK�H[SDQVLRQ��OHIW���LQWHULRU�
VKDOORZ�ZDWHU�H[SDQVLRQ��FHQWHU���HGJH�RU�EDQN�ORVV��ULJKW���3KRWRV��5DFKHO�-DNXED��$OLFH�%HVWHUPDQ��DQG�
&KULV�1HLOO���
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�
7KH�PDUVK�VXUIDFH�LV�����YHJHWDWHG��ZLWK�����FRYHUHG�E\�EDUH�SHDW�RU�VKDOORZ�ZDWHU��7KH�
%X]]DUGV�%D\�&RDOLWLRQ��%%&��LV�FXUUHQWO\�VWXG\LQJ�PDUVKHV�DURXQG�%X]]DUGV�%D\��DQG�WKH�
YHJHWDWLYH�FRYHU�DW�2FHDQ�9LHZ�)DUP�LV�EHORZ�WKH���WK�SHUFHQWLOH�RI�WKHVH�PDUVKHV��7KH�PDUVK�
VLWV�DW�D�UHODWLYHO\�ORZ�HOHYDWLRQ��ZLWK�RQO\�����RI�WKH�SODWIRUP�DERYH�PHDQ�KLJK�ZDWHU��EDVHG�RQ�
ILHOG�VXUYH\V�RI�HOHYDWLRQ���7KLV�HOHYDWLRQ�DOVR�SODFHV�2FHDQ�9LHZ�)DUP�EHORZ�WKH���WK�SHUFHQWLOH�
RI�PDUVKHV�DURXQG�%X]]DUGV�%D\���

�
'HVSLWH�FXUUHQW�FRQGLWLRQV�DW�2FHDQ�9LHZ�)DUP��WKH�PDUVK�UHPDLQV�DQ�HFRORJLFDOO\�LPSRUWDQW�

UHVRXUFH��$V�D�UHVXOW��PXOWLSOH�FRQVHUYDWLRQ�RUJDQL]DWLRQV�KDYH�UHFRJQL]HG�$OOHQV�3RQG�DV�D�
SULRULW\�VDOW�PDUVK�ZLWKLQ�%X]]DUGV�%D\�IRU�FRQVHUYDWLRQ�DQG�DGDSWDWLRQ�SURMHFWV��7KHVH�SURMHFWV�
DGGUHVV�VWUHVVRUV�ZLWK�VFDOH�VSHFLILF�FRQVHUYDWLRQ�VWUDWHJLHV�RSHUDWLQJ�DW�WKUHH�OHYHOV��D�
ZDWHUVKHG�VFDOH�LQFOXVLYH�
RI�WKH�HQWLUH�$OOHQV�3RQG�
VXE�HVWXDU\�DQG�VXE�
ZDWHUVKHG��D�ODQGVFDSH�
VFDOH�LQFOXVLYH�R�I�WKH�
PDUVK�DQG�LWV�VXUURXQGLQJ�
XSODQG�KDELWDWV��DQG�D�
PDUVK�VFDOH�LQFOXVLYH�RI�
WKH�PDUVK�SODWIRUP��)LJ��
����2UJDQL]DWLRQV�KDYH�
ZRUNHG�LQGLYLGXDOO\�DQG�LQ�
FROODERUDWLRQ�WR�WDFNOH�
PXOWL�VFDOH�VWUHVVRUV�
WKURXJK�ODQG�SURWHFWLRQ��
ZDWHUVKHG�PDQDJHPHQW��
DQG�DGDSWDWLRQ�DQG�
UHVWRUDWLRQ���

)LJXUH����/HIW��0DS�RI�$OOHQV�3RQG�SURSHUWLHV�DQG�IRFDO�]RQHV�IRU�FRQVHUYDWLRQ��%OXH�JUD\�SRO\JRQV�VKRZ�
0DVV�$XGXERQ�RZQHG�SURSHUWLHV��WKH�JROG�SRO\JRQ�VKRZV�WKH�2FHDQ�9LHZ�)DUP�SURSHUW\�ZLWK�SDUFHOV�RZQHG�
E\�'DUWPRXWK�1DWXUDO�5HVRXUFHV�7UXVW�DQG�5RXQG�WKH�%HQG�)DUP�RXWOLQHG��ERXQGDULHV�DSSUR[LPDWH���0DJHQWD�
FLUFOHV�VKRZ�WKH�FRQVHUYDWLRQ�IRFXV�DUHDV�ZLWKLQ�2FHDQ�9LHZ�)DUP��XSSHU�ULJKW��DQG�WKH�ZHVWHUQ�VLGH�RI�$OOHQV�
3RQG��ORZHU�OHIW���0DS�DGDSWHG�IURP�0DVV�$XGXERQ�/DQG�&RQVHUYDWLRQ�6WRU\0DS��5LJKW��%X]]DUGV�%D\�ZLWK�
$OOHQV�3RQG�PDUVKHV�RXWOLQHG�LQ�\HOORZ���

2FHDQ�9LHZ�)DUP�
3URSHUW\�

0DVV�
$XGXERQ�
3URSHUW\�

$OOHQV�3RQG�

)LJXUH����0DLQ�VWUHVVRUV�RQ�VRXWKHUQ�1HZ�(QJODQG�PDUVKHV�DW�WKUHH�VSDWLDO�
VFDOHV��ZDWHUVKHG��PDUVK��ODQGVFDSH���DQG�H[DPSOHV�RI�FRQVHUYDWLRQ�
VWUDWHJLHV�DSSOLHG�DW�WKHVH�VDPH�WKUHH�VFDOHV��1RWH�WLGDO�UHVWULFWLRQV�FDQ�
VWUHVV�PDUVKHV�DW�D�ODQGVFDSH�VFDOH��H�J���XQGHUVL]HG�FXOYHUW���RU�DW�WKH�VFDOH�
RI�D�ZDWHUVKHG��WLGDO�LQOHW���
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�
���/DQG�3URWHFWLRQ�
�

/DQG�SURWHFWLRQ�LV�D�FULWLFDO�ILUVW�VWHS�LQ�FRQVHUYDWLRQ�IRU�ZDWHUVKHG��ODQGVFDSH��DQG�PDUVK�
VFDOHV��0DVV�$XGXERQ�KDV�EHHQ�JURZLQJ�WKH�$OOHQV�3RQG�:LOGOLIH�6DQFWXDU\�IRU�GHFDGHV�E\�
DFTXLULQJ�GRQDWHG�SDUFHOV�RI�ODQG�DQG�HVWDEOLVKLQJ�FRQVHUYDWLRQ�UHVWULFWLRQV�WKDW�SURYLGH�
SHUPDQHQW�SURWHFWLRQ�IRU�FRQVHUYDWLRQ�YDOXHV��7KH�2FHDQ�9LHZ�)DUP�SURSHUW\�ZDV�D�NH\�PLVVLQJ�
SLHFH�RI�SURWHFWLRQ�ZLWKLQ�$OOHQV�3RQG��:KHQ�WKLV�SURSHUW\�EHFDPH�DYDLODEOH�IRU�SXUFKDVH��%%&�
OHG�D�IXQGUDLVLQJ�HIIRUW�VR�FROODERUDWLQJ�RUJDQL]DWLRQV�FRXOG�EX\�WKH�ODQG��DQG�FUHDWH�
FRQVHUYDWLRQ�UHVWULFWLRQV��2ZQHUVKLS�ZDV�WUDQVIHUUHG�DQG�FRQVHUYDWLRQ�UHVWULFWLRQV�ZHQW�LQWR�
SODFH�LQ�������7KH�SURSHUW\�LQFOXGHV�WZR�SDUFHOV��RQH�RZQHG�E\�5RXQG�WKH�%HQG�)DUP��DQG�RQH�
E\�'DUWPRXWK�1DWXUDO�5HVRXUFHV�7UXVW��'157���)LJ������7KH�FRQVHUYDWLRQ�UHVWULFWLRQ�IRU�WKH�
5RXQG�WKH�%HQG�RZQHG�SDUFHO�LV�KHOG�E\�%%&��DQG�%%&�DQG�WKH�7RZQ�RI�'DUWPRXWK�MRLQWO\�
KROG�WKH�FRQVHUYDWLRQ�UHVWULFWLRQ�RQ�WKH�'157�RZQHG�SDUFHO��2FHDQ�9LHZ�)DUP�LQFOXGHV�PDUVK�
DQG�XSODQG�KDELWDW�ZLWKLQ�WKH�$OOHQV�3RQG�V\VWHP��3URWHFWLQJ�DQG�FRQVHUYLQJ�XSODQGV�DGMDFHQW�WR�
VDOW�PDUVK�LV�LPSRUWDQW�IRU�HQDEOLQJ�PDUVK�PLJUDWLRQ��7KH�VORSH�EHWZHHQ�2FHDQ�9LHZ�)DUP�
PDUVK�DQG�DGMDFHQW�XSODQG�LV�IDYRUDEOH��VR�SURWHFWLQJ�WKLV�XSODQG�KDV�FUHDWHG�DQ�RSSRUWXQLW\�IRU�
PLJUDWLRQ��8SODQG�ODQG�SURWHFWLRQ�PLWLJDWHV�IXWXUH�SRWHQWLDO�ULVN�IURP�GHYHORSPHQW��LQFOXGLQJ�
VWUHVVRUV�RSHUDWLQJ�DW�ODUJHU�VSDWLDO�VFDOHV�VXFK�DV�QLWURJHQ�ORDGLQJ���

�
���:DWHUVKHG�0DQDJHPHQW�
�
&RQVHUYDWLRQ�VWUDWHJLHV�DSSOLHG�DW�D�ZDWHUVKHG�VFDOH�FDQ�UHGXFH�VWUHVV�IRU�DOO�RI�WKH�PDUVKHV�
ZLWKLQ�WKDW�ZDWHUVKHG��:KLOH�WKH�HIIHFWV�RI�WKHVH�FRQVHUYDWLRQ�VWUDWHJLHV�PD\�EH�OHVV�REYLRXV�
WKDQ�LQ�PDUVK�UHVWRUDWLRQ��WKH\�DUH�HTXDOO\�LPSRUWDQW�DV�D�ZD\�WR�UHGXFH�VWUHVV��H�J���
HXWURSKLFDWLRQ��WLGDO�UHVWULFWLRQV���DQG�EROVWHU�UHVLOLHQFH��ODQG�XVH�FKDQJH��WLGDO�LQOHW�
PDQDJHPHQW���)RU�H[DPSOH��ODQG�XVH�FKDQJH�FDQ�EH�DQ�HIIHFWLYH�WRRO�WR�UHGXFH�QLWURJHQ�ORDGLQJ�
ZLWKLQ�D�ZDWHUVKHG��$QG�ZKLOH�WLGDO�UHVWULFWLRQV�PD\�DSSO\�WR�VPDOOHU�VFDOH�IHDWXUHV�VXFK�DV�
XQGHUVL]HG�FXOYHUWV��LQ�$OOHQV�3RQG�WKH�HQWLUH�ZDWHUVKHG�LV�DIIHFWHG�E\�WKH�PDQDJHPHQW�RI�WKH�
LQOHW�FRQQHFWLQJ�WKH�SRQG�WR�%X]]DUGV�%D\���
�
�����/DQG�8VH�
�

$IWHU�'157�WRRN�RZQHUVKLS�RI�2FHDQ�9LHZ�)DUP�WKH\�WUDQVLWLRQHG�ODQG�XVH�SUDFWLFHV�RQ�WKH�
SURSHUW\��3UHYLRXVO\��WKH�XSODQG�ZDV�XVHG�IRU�WUDGLWLRQDO�DJULFXOWXUH��FRUQ��ZLWK�IHUWLOL]HU�XVH���,Q�
$SULO������'157�FRQYHUWHG�ILHOGV�IURP�FRUQ�WR�KD\��VHHG�PL[�RI�����DOIDOID������WLPRWK\��
����FORYHU���DQG�FHDVHG�DQ\�XVH�RI�IHUWLOL]HUV��0RZLQJ�ZDV�RQO\�SUDFWLFHG�WZLFH�SHU�\HDU��DIWHU�
QHVWLQJ�VHDVRQ�WR�DOORZ�ILHOGV�WR�EH�XVHG�E\�PLJUDWRU\�ELUGV�VXFK�DV�%REROLQN��/DQG�XVH�FKDQJH�
VWRSSHG�LQSXWV�RI�QLWURJHQ�IURP�WKLV�SURSHUW\�WKDW�ZRXOG�KDYH�UHVXOWHG�IURP�WUDGLWLRQDO�
DJULFXOWXUH��7KH�YHJHWDWLRQ�FKDQJHV�DOVR�SURYLGHG�KDELWDW�IRU�VRQJELUGV�DQG�RWKHU�ZLOGOLIH��$�
VHFRQG�SKDVH�RI�FRQYHUVLRQ�LV�XQGHUZD\�QRZ��ZLWK�WKH�JRDO�RI�IDFLOLWDWLQJ�PDUVK�PLJUDWLRQ��7KLV�
LV�GHVFULEHG�LQ�6HFWLRQ�����EHORZ��
��
�
� �



� �

�����,QOHW�PDQDJHPHQW�
�

7KH�WLGDO�LQOHW�SUHVHQWV�RQH�RI�WKH�PRVW�GLUHFW�WKUHDWV�WR�WKH�VDOW�PDUVKHV�LQ�$OOHQV�3RQG��
UHVWULFWHG�WLGDO�IORZ�LQWR�DQG�RXW�RI�WKH�SRQG�FDQ�OHDG�WR�WKH�V\VWHP�KROGLQJ�ZDWHU�DQG�VWUHVVLQJ�
SODQWV��7KLV�SURFHVV�ZRXOG�EH�VWUHVVIXO�RQ�LWV�RZQ��EXW�LQ�LQWHUDFWLRQ�ZLWK�VHD�OHYHO�ULVH�SUHVHQWV�D�
VHULRXV�WKUHDW�WR�$OOHQV�3RQG�PDUVKHV��7KH�LQOHW�QDWXUDOO\�FORVHV�HYHU\�IHZ�\HDUV�DQG�PXVW�EH�
GUHGJHG�WR�UHFRQQHFW�WKH�SRQG�WR�%X]]DUGV�%D\��)LJ������%DVHG�RQ�H[LVWLQJ�GRFXPHQWV��FXUUHQW�
PDQDJHUV�EHOLHYH�WKH�LQOHW�KDV�EHHQ�PDQDJHG�E\�WKH�ORFDO�FRPPXQLW\�DQG�7RZQ�RI�'DUWPRXWK�
F\FOLFDOO\�IRU�DURXQG�����\HDUV��7KLV�F\FOH�PD\�EH�VSHHGLQJ�XS��WKRXJKW�WR�KLVWRULFDOO\�RFFXU�
HYHU\��±��\HDUV��EXW�PRUH�RFFXUULQJ�HYHU\��±��\HDUV���&XUUHQW�PDQDJHPHQW�LV�OHG�E\�WKH�$OOHQV�
3RQG�$VVRFLDWLRQ��D�KRPHRZQHU¶V�JURXS��DQG�0DVV�$XGXERQ�ZKR�DVVLVWV�ZLWK�WKH�UHRSHQLQJ�DQG�
PRQLWRULQJ�QHHGHG�IRU�SHUPLWV���
�

0DQDJLQJ�IORZ�WKURXJK�WKH�LQOHW�LV�QHFHVVDU\�IRU�FRQVHUYLQJ�VDOW�PDUVK�KDELWDW�LQ�$OOHQV�
3RQG��(DUO\�LQ������D�IXOO�FORVXUH�RFFXUUHG��DQG�WKH�LQOHW�UHPDLQHG�FORVHG�WKURXJK�WKH�JURZLQJ�
VHDVRQ��)LJ������%DFN�EDUULHU�DUHDV�IORRGHG�IURP�$SULO�WKURXJK�2FWREHU��7KH�FRQVHTXHQFHV�ZHUH�
GUDPDWLF���3LSLQJ�SORYHU�QHVWLQJ�ZDV�������RI�D�W\SLFDO�\HDU��XQSXEOLVKHG�GDWD��0DVV�$XGXERQ���
DQG�6DOWPDUVK�6SDUURZ��6HDVLGH�6SDUURZ��DQG�:LOOHW�SRSXODWLRQV�GHFOLQHG��0DVV�YHJHWDWLRQ�GLH�
RII�RFFXUUHG�LQ�WKH�EDFN�EDUULHU�VDOW�PDUVKHV��,W�LV�XQNQRZQ�WKH�H[DFW�H[WHQW�RI�GLH�RII��DQG�KRZ�
PXFK�RI�WKH�2FHDQ�9LHZ�)DUP�PDUVK�ZDV�ORVW�²�EXW�WKH�GLH�RII�LQFOXGHG�PXFK�RI�WKH�ORZ�PDUVK�
WKURXJKRXW�WKH�$OOHQV�3RQG�FRPSOH[��,W�WRRN�DURXQG���\HDUV�IRU�YHJHWDWLRQ�WR�UHFRYHU��6DOWPDUVK�
DQG�6HDVLGH�6SDUURZ�SRSXODWLRQV�WRRN�VHYHUDO�\HDUV�WR�UHFRYHU��0RVTXLWR�EUHHGLQJ�LQFUHDVHG�
VLJQLILFDQWO\�GXULQJ�WKH�FORVXUH��FUHDWLQJ�SXEOLF�KHDOWK�FRQFHUQV��*LYHQ�WKH�HFRORJLFDO�DQG�SXEOLF�
KHDOWK�LPSRUWDQFH�RI�PDQDJLQJ�WKH�LQOHW��VHYHUDO�RUJDQL]DWLRQV�DQG�UHJXODWRU\�DJHQFLHV�KDYH�EHHQ�

������������������������������������������������������
��%XFKVEDXP��5��������5HVSRQVHV�DQG�5HFRYHU\�RI�6DOW�0DUVK�9HJHWDWLRQ�DQG�%LUGV�LQ�6RXWKHDVWHUQ�0DVVDFKXVHWWV�
WR�7ZR�+\GURORJLF�(YHQWV��D�7LGDO�5HVWRUDWLRQ�DQG�DQ�,QXQGDWLRQ�(YHQW��(VWXDULHV�DQG�&RDVWV��
KWWSV���GRL�RUJ���������V������������������

����������������

�������� �������� ��������

��������

)LJXUH����7LPH�VHULHV�RI�LQOHW�FORVXUH�DQG�UHRSHQLQJ��)XOO�FORVXUHV�RFFXUUHG�LQ�������������������DQG�������
7KH�LQOHW�LV�UHRSHQHG�DW�WKH�HDVWHUQ�HQG�RI�WKH�EDUULHU�VSLW��LW�WKHQ�PLJUDWHV�ZHVW��QDUURZV�DQG�FORVHV��
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HQJDJHG�LQ�FRQYHUVDWLRQV�DERXW�KRZ�WR�VWUHDPOLQH�SHUPLWWLQJ�DQG�HQVXUH�VXVWDLQDEOH�
PDQDJHPHQW�RI�WKH�LQOHW��6LQFH�WKH�LQOHW�ZDV�UHRSHQHG�LQ�ODWH�������LW�KDV�IXOO\�FORVHG�DQG�EHHQ�
UHRSHQHG�WKUHH�WLPHV���������������������
�
���$GDSWDWLRQ�DQG�5HVWRUDWLRQ�
�

'LUHFW�WHFKQLTXHV�FDQ�EH�XVHG�ZLWKLQ�WKH�PDUVK�FRPSOH[�DQG�LQ�DGMDFHQW�XSODQG�DUHDV�WR�KHOS�
UHVWRUH�VDOW�PDUVK�HFRORJLFDO�IXQFWLRQ�DQG�DGDSW�PDUVKHV�WR�FKDQJLQJ�HQYLURQPHQWDO�GULYHUV��H�J���
FOLPDWH�FKDQJH���$W�2FHDQ�9LHZ�)DUP��DQG�RWKHU�PDUVKHV�ZLWKLQ�$OOHQV�3RQG��DGDSWDWLRQ�DQG�
UHVWRUDWLRQ�DFWLYLWLHV�DUH�XQGHUZD\�ERWK�ZLWKLQ�WKH�PDUVK��H�J���UXQQHOV�WR�IDFLOLWDWH�YHJHWDWLRQ�
DQG�K\GURORJLF�UHVWRUDWLRQ���DQG�LQ�DGMDFHQW�XSODQGV��H�J���YHJHWDWLRQ�PDQDJHPHQW��UXQQHOV�WR�
IDFLOLWDWH�PLJUDWLRQ����

�
�����0DUVK�3ODWIRUP�
�

$FURVV�$OOHQV�3RQG��PDUVKHV�DUH�H[SHULHQFLQJ�LQWHULRU�VKDOORZ�ZDWHU�H[SDQVLRQ��2Q�WKH�
'157�RZQHG�2FHDQ�9LHZ�)DUP�LQ�PDUVK�FRQVHUYDWLRQ�DFWLYLWLHV�KDYH�IRFXVHG�RQ�K\GURORJLF�
UHVWRUDWLRQ��%%&��ZRUNLQJ�LQ�FROODERUDWLRQ�ZLWK�:RRGZHOO�&OLPDWH�5HVHDUFK�&HQWHU�
�:RRGZHOO���6DYH�7KH�%D\��1DUUDJDQVHWW�%D\���DQG�%ULVWRO�&RXQW\�0RVTXLWR�&RQWURO�3URMHFW�
FUHDWHG�UXQQHOV�WR�GUDLQ�VXUIDFH�ZDWHU��UHGXFLQJ�SODQW�VWUHVV�DQG�PRVTXLWR�EUHHGLQJ�KDELWDW���DQG�
UHVWRUH�WLGDO�K\GURORJ\�DQG�YHJHWDWLRQ�LQ�������,Q�DGGLWLRQ�WR�FUHDWLQJ�UXQQHOV��FORJJHG�GLWFKHV�
ZHUH�FOHDUHG�WR�LPSURYH�GUDLQDJH��EXW�RQO\�WR�WKH�GHSWK�RI�D�UXQQHO��a���´���5XQQHOV�DQG�GLWFK�
PDLQWHQDQFH�DUH�DOVR�SODQQHG�IRU�WKH�0DVV�$XGXERQ�RZQHG�ZHVWHUQ�VLGH�RI�$OOHQV�3RQG��)LJ������
6LWHV�ZHUH�VHOHFWHG�DFFRUGLQJ�WR�WKH�FKDUDFWHULVWLFV�OLVWHG�LQ�7DEOH����)LJ�������

)LJXUH����:HQOH\�)HUJXVRQ��'LUHFWRU�RI�+DELWDW�5HVWRUDWLRQ�DW�
6DYH�7KH�%D\��SHUIRUPV�LQLWLDO�DVVHVVPHQWV�DW�D�VKDOORZ�ZDWHU�
DUHD��PHDVXULQJ�GHSWKV�DFURVV�WKH�IHDWXUH�DQG�WHVWLQJ�WKH�WH[WXUH�
DQG�ILUPQHVV�RI�WKH�XQGHUO\LQJ�SHDW��3KRWR��5��-DNXED��
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)LJXUH����&UHDWLRQ�RI�UXQQHOV�DW�2FHDQ�9LHZ�)DUP��7RS�DQG�%RWWRP�/HIW��%ULVWRO�&RXQW\�
0RVTXLWR�&RQWURO�RSHUDWRU�FUHDWHV�D�UXQQHO�ZLWK�D�ORZ�JURXQG�SUHVVXUH�H[FDYDWRU��%RWWRP�
&HQWHU��6WDII�DQG�YROXQWHHUV�KDQG�GLJ�D�UXQQHO��%RWWRP�5LJKW��:HQOH\�)HUJXVRQ�KDQG�GLJV�D�
UXQQHO��3KRWRV��5��-DNXED��$��%HVWHUPDQ��:��)HUJXVRQ��
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7DEOH����/LVW�RI�FKDUDFWHULVWLFV�XVHG�WR�VHOHFW�UXQQHO�VLWHV�ZLWKLQ�$OOHQV�3RQG�PDUVKHV��
0DUVK�&KDUDFWHULVWLF�� *RRG�&DQGLGDWH�� 3RRU�&DQGLGDWH�
6KDOORZ�ZDWHU�DUHDV� x� ,PSRXQGHG�VKDOORZ�

ZDWHU�DUHD�LV�ILUP��ZLWK�
LQWDFW�SHDW�

x� (YLGHQFH�RI�UHFHQW�
IRUPDWLRQ��

x� (YLGHQFH�RI�KRUL]RQWDO�
VSUHDG�H[SDQVLRQ�

x� ,PSRXQGHG�VKDOORZ�
ZDWHU�DUHD�LV�VRIW�DQG�
FRYHUHG�ZLWK�OD\HU��!���
FP��RI�XQFRQVROLGDWHG�
PDWHULDO�

x� (YLGHQFH�RI�ROGHU�
IRUPDWLRQ������\HDUV��

x� 6WDEOH�ERUGHU��QR�VLJQV�
RI�KRUL]RQWDO�
VSUHDG�H[SDQVLRQ�

0LFURWRSRJUDSK\�DQG�ZDWHU�
IORZ�

x� (PEDQNPHQWV��OHYHHV��
GLWFK�VSRLOV��DQG�RU�GLWFK�
SOXJV�WKDW�FUHDWH�EDUULHUV�
WR�IORZ�

x� 1R�HYLGHQFH�RI�
WRSRJUDSKLF�EDUULHUV�WR�
IORZ�

(OHYDWLRQ� x� 3ODWIRUP�DURXQG�VKDOORZ�
ZDWHU�IHDWXUH�LV�DW�RU�
DERYH�PHDQ�KLJK�ZDWHU�

x� ,PSRXQGHG�ZDWHU�LV�OHVV�
WKDQ����FP�GHHS�

x� 3ODWIRUP�DURXQG�VKDOORZ�
ZDWHU�IHDWXUH�LV�FORVH�WR�
PHDQ�VHD�OHYHO�

x� %HG�RI�VKDOORZ�ZDWHU�
DUHD�VLWV�JUHDWHU�WKDQ����
FP�EHORZ�WKH�SODWIRUP�

�
)LYH�DUHDV�RI�VKDOORZ�ZDWHU�ZHUH�WUHDWHG�ZLWK�UXQQHOV�DV�D�SDUW�RI�D�FRQWUROOHG�H[SHULPHQW�

�ILYH�UHIHUHQFH�DQG�ILYH�UXQQHO�VLWHV�DW�2FHDQ�9LHZ�)DUP���5XQQHOV�ZHUH�FUHDWHG�LQ�SKDVHV��
PRQLWRULQJ�IORZ�EHWZHHQ�SKDVHV�WR�DVVHVV�LI�GHSWKV��ZLGWKV��DQG�OHQJWKV�RI�UXQQHOV�ZHUH�
VXIILFLHQW�WR�GUDLQ�VKDOORZ�ZDWHU�DUHDV��5XQQHOV�ZHUH�H[FDYDWHG�WR�D�PD[LPXP�GHSWK�RI���´��DQG�
PD[LPXP�ZLGWK�RI���´��7KHVH�PD[LPXP�GLPHQVLRQV�ZHUH�XVHG�EHFDXVH�WKH\�ZHUH�WKH�EHVW�
RSWLRQ�DYDLODEOH�XVLQJ�WKH�ORZ�JURXQG�SUHVVXUH�H[FDYDWRU��+RZHYHU��RWKHU�UXQQHO�SURMHFWV�LQ�
1HZ�(QJODQG�KDYH�IRXQG�WKDW�UXQQHOV�GXJ�ZLGHU�WKDQ���´�EXW�GXJ�ZLWK�WKH�VDPH�PD[LPXP�GHSWK�
PRUH�VXFFHVVIXOO\�PDLQWDLQ�GUDLQDJH�ZLWKRXW�UHJXODU�PDLQWHQDQFH��DV�WKH\�GR�QRW�FORJ�ZLWK�
VHGLPHQW�DV�HDVLO\��$�VLOO�ZDV�OHIW�LQ�HDFK�UXQQHO�GXULQJ�WKH�LQLWLDO�SKDVH�RI�H[FDYDWLRQ��DFWLQJ�DV�
D�³VSHHG�EXPS´�WR�VORZ�ZDWHU�IORZ�DQG�WUDS�DQ\�XQFRQVROLGDWHG�VHGLPHQWV�HURGHG�RII�WKH�
SODWIRUP��5XQQHOV�ZHUH�FRQVWUXFWHG�WR�EH�QDUURZHU�DQG�VKDOORZHU�ZKHUH�WKH\�LQWHUVHFWHG�ZLWK�
XQYHJHWDWHG�VRLOV�WR�OLPLW�WKH�ULVN�RI�HURVLRQ��([FDYDWLRQ�ZDV�SHUIRUPHG�XVLQJ�D�FRPELQDWLRQ�RI�D�
ORZ�JURXQG�SUHVVXUH�H[FDYDWRU�DQG�KDQG�GLJJLQJ��)LJ������%ULVWRO�&RXQW\�0RVTXLWR�&RQWURO�
3URMHFW�OHG�WKH�H[FDYDWRU�ZRUN��ZKLOH�VWDII�DQG�YROXQWHHUV�IURP�%%&��6DYH�7KH�%D\��'157��DQG�
%ULVWRO�&RXQW\�0RVTXLWR�&RQWURO�ZRUNHG�WR�FRPSOHWH�KDQG�GLJJLQJ��)LJ�������

�
3HDW�DQG�VDOW�PDUVK�YHJHWDWLRQ�H[FDYDWHG�IURP�UXQQHOV�DQG�GLWFKHV�DW�2FHDQ�9LHZ�)DUP�ZHUH�

XVHG�WR�FUHDWH�VPDOO�HOHYDWHG�³KDELWDW�LVODQGV´�WKDW�UHYHJHWDWH�ZLWK�ORZ�RU�KLJK�PDUVK�YHJHWDWLRQ�
GHSHQGLQJ�RQ�HOHYDWLRQ��)LJ������2QFH�UHYHJHWDWHG��WKHVH�LVODQGV�FDQ�IXQFWLRQ�DV�IXWXUH�KDELWDW�IRU�
PDUVK�QHVWLQJ�ELUGV��7KH�86):6�$WODQWLF�&RDVW�-RLQW�9HQWXUH
V�6DOWPDUVK�%LUG�&RQVHUYDWLRQ�
3ODQ�IRU�WKH�$WODQWLF�&RDVW��LGHQWLILHV�FUHDWLQJ�KDELWDW�LVODQGV��UHIHUUHG�WR�DV�³PLFURWRSRJUDSK\´�

������������������������������������������������������
��6DOW�0DUVK�%LUG�&RQVHUYDWLRQ�3ODQ�IRU�WKH�$WODQWLF�&RDVW��������$WODQWLF�&RDVW�-RLQW�9HQWXUH���
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RU�³PRXQGV´��DV�D�PHWKRG�WR�SURYLGH�QHVWLQJ�DUHD�WKDW�LV�OHVV�SURQH�WR�IORRGLQJ��7KH�PHWKRGV�
GHVFULEHG�DERYH�XVHG�WR�FUHDWH�UXQQHOV��ZRUNLQJ�LQ�SKDVHV��OHDYLQJ�VLOOV��VSHFLILF�GHSWKV�DQG�
ZLGWKV��DQG�KDELWDW�LVODQGV��DUH�EHVW�SUDFWLFHV�GHYHORSHG�WKURXJK�PRUH�WKDQ�WHQ�\HDUV�RI�UXQQHO�
SURMHFWV�OHG�E\�SDUWQHUV��$�PRUH�LQ�GHSWK�GLVFXVVLRQ�RI�WKH�WKHRU\�DQG�SUDFWLFH�RI�UXQQHOV�LV�
DYDLODEOH���

�
5XQQHOV�DQG�K\GURORJLF�UHVWRUDWLRQ�FDQ�RIIHU�PDQ\�EHQHILWV��7KH�SULPDU\�JRDO�RI�WKLV�LQ�

PDUVK�WHFKQLTXH�LV�WR�UHVWRUH�WLGDO�K\GURORJ\�DQG�UHVWRUH�YHJHWDWLRQ��6KDOORZ�ZDWHU�DUHDV�FDQ�
H[SDQG�WKURXJK�UHLQIRUFLQJ�F\FOHV��GUDLQLQJ�WKHP�FDQ�VWRS�WKLV�SURFHVV�RI�H[SDQVLRQ�DQG�SUHYHQW�
IXUWKHU�ORVVHV��5XQQHOV�EHQHILW�SXEOLF�KHDOWK�E\�UHGXFLQJ�PRVTXLWR�ODUYDH�WKURXJK�GUDLQLQJ�ZDWHU�
DQG�SURYLGLQJ�ILVK�EHWWHU�DFFHVV�WR�WKH�XSSHU�PDUVK�SODWIRUP��7KH\�DOVR�FDQ�EH�XVHG�WR�UHGXFH�WKH�
KHLJKW�DQG�GHQVLW\�RI�3KUDJPLWHV�DXVWUDOLV�E\�LQFUHDVLQJ�VDOLQLW\�RI�VXUIDFH�ZDWHU�LQ�DQ�DUHD��DQG�
WKH�KDELWDW�LVODQGV�FUHDWHG�IURP�H[FDYDWHG�SHDW�KDYH�WKH�SRWHQWLDO�WR�EHQHILW�QHVWLQJ�ELUGV��$V�D�
SDUW�RI�WKH�UXQQHO�VWXG\�DW�2FHDQ�9LHZ�)DUP��%%&�DQG�:RRGZHOO�DUH�OHDGLQJ�DQ�LQWHQVLYH�
PRQLWRULQJ�SURJUDP�WR�KHOS�TXDQWLI\�UXQQHO�HIILFDF\�DFURVV�D�UDQJH�RI�LQLWLDO�FRQGLWLRQV��)LJ�������

�
,Q�DGGLWLRQ�WR�WKHVH�HFRV\VWHP�IXQFWLRQV��UXQQHOV�FDQ�³SUHSDUH´�VLWHV�IRU�RWKHU�DGDSWDWLRQ�

WHFKQLTXHV��,I�XSSHU�PDUVK�DUHDV�FRQYHUW�WR�RSHQ�ZDWHU��WKHQ�PDUVK�PLJUDWLRQ�PD\�EH�OHVV�OLNHO\�
WR�RFFXU�HYHQ�ZLWK�D�IDYRUDEOH�VORSH��
7HFKQLTXHV�VXFK�DV�VHGLPHQW�SODFHPHQW�
�QRW�XVHG�LQ�$OOHQV�3RQG��DUH�OHVV�OLNHO\�
WR�EH�VXFFHVVIXO�ZKHQ�DSSOLHG�WR�
ZDWHUORJJHG�VRLOV��7KXV��E\�UHVWRULQJ�
K\GURORJ\��RWKHU�WHFKQLTXHV�DUH�PRUH�
OLNHO\�WR�EH�VXFFHVVIXO��8VLQJ�UXQQHOV�WR�
UHFRQQHFW�WLGDO�IORZ�WKURXJK�WRSRJUDSKLF�
EDUULHUV��H�J���HPEDQNPHQWV��GLWFK�VSRLOV��
DOVR�KHOSV�PLWLJDWH�IORRGLQJ�VWUHVV�IURP�
VHD�OHYHO�ULVH��

�
�
�����0LJUDWLRQ�=RQH�
�
:LWK�ULVLQJ�VHD�OHYHO��WKH�QHHG�IRU�
PDUVKHV�WR�LQFUHDVH�WKHLU�HOHYDWLRQ�LV�
LQHYLWDEOH��7KLV�FDQ�HLWKHU�RFFXU�E\�LQFUHDVLQJ�HOHYDWLRQ�LQ�VLWX�WKURXJK�QDWXUDO��VHGLPHQW�DQG�
ELRPDVV�DFFUHWLRQ���RU�KXPDQ�DVVLVWHG��VHGLPHQW�SODFHPHQW��PHWKRGV��,Q�VLWX�DFFUHWLRQ�LV�
XQOLNHO\�WR�EH�VXIILFLHQW�WR�FRPEDW�ULVLQJ�VHDV�EHFDXVH�VHGLPHQW�VXSSO\�LV�ORZ�LQ�%X]]DUGV�%D\��
ELRPDVV�DFFUHWLRQ�LV�OLNHO\�OHVV�WKDQ�WKH�UDWH�RI�VHD�OHYHO�ULVH��DQG�VHGLPHQW�SODFHPHQW�LV�QRW�
FXUUHQWO\�DQ�DSSURYHG�WHFKQLTXH�LQ�0DVVDFKXVHWWV��0DUVKHV�FDQ�DOVR�LQFUHDVH�WKHLU�UHODWLYH�
HOHYDWLRQ�WKURXJK�KRUL]RQWDO�PLJUDWLRQ�LQWR�XSODQGV��)DFLOLWDWLQJ�PDUVK�PLJUDWLRQ�LV�D�PDMRU�
IRFXV�RI�DGDSWDWLRQ�ZRUN�LQ�$OOHQV�3RQG�PDUVKHV�DQG�LQFOXGHV�UXQQHOV��YHJHWDWLRQ�PDQDJHPHQW��
DQG�KDUGHQHG�EDUULHU�UHPRYDO��(DFK�RI�WKHVH�DSSURDFKHV�LV�GHVFULEHG�LQ�JUHDWHU�GHWDLO�EHORZ��
������������������������������������������������������
��%HVWHUPDQ��$�)���-DNXED��5�:���)HUJXVRQ��:���%UHQQDQ��'���&RVWD��-�(���	�'HHJDQ��/�$��������%X\LQJ�7LPH�ZLWK�
5XQQHOV��$�&OLPDWH�$GDSWDWLRQ�7RRO�IRU�6DOW�0DUVKHV��(VWXDULHV�DQG�&RDVWV��KWWSV���GRL�RUJ���������V����������
��������

)LJXUH����$�QHZO\�FUHDWHG�³KDELWDW�LVODQG´�IRUPHG�IURP�SHDW�
H[FDYDWHG�ZKLOH�GLJJLQJ�D�UXQQHO��3KRWR��$��%HVWHUPDQ���
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�
� $�VHFRQG�SKDVH�RI�UXQQHOV�LV�SODQQHG�RQ�WKH�2FHDQ�9LHZ�)DUP�SURSHUW\�WKDW�ZLOO�H[WHQG�
KLJKHU�LQWR�WKH�PDUVK��DQG�LQWR�ZDWHUORJJHG�DUHDV�ZLWK�KLJK�3KUDJPLWHV�FRYHU��%ULVWRO�&RXQW\�
0RVTXLWR�&RQWURO�ZLOO�OHDG�WKLV�SKDVH�RI�H[FDYDWLRQ�LQ�FRRUGLQDWLRQ�ZLWK�6DYH�7KH�%D\��
,QWURGXFLQJ�UXQQHOV�LQWR�KLJKHU�HOHYDWLRQ�]RQHV�FDQ�LQFUHDVH�VDOLQLW\�DQG�ORZHU�WKH�ZDWHU�WDEOH��LQ�
DGGLWLRQ�WR�UHGXFLQJ�WKH�FRYHU�RI�LQYDVLYH�3KUDJPLWHV��5XQQHOV�FDQ�SUHSDUH�KLJKHU�HOHYDWLRQ�
VRLOV��K\GURORJ\��DQG�YHJHWDWLRQ�FRPPXQLWLHV�IRU�PDUVK�PLJUDWLRQ��
�
� '157��0DVV�$XGXERQ��DQG�
6DYH�WKH�%D\�KDYH�SDUWQHUHG�RQ�D�
SURMHFW�WR�IDFLOLWDWH�PDUVK�PLJUDWLRQ�
WKURXJK�PXOWLSOH�PHWKRGV�RQ�ERWK�WKH�
2FHDQ�9LHZ�)DUP�SURSHUW\�DQG�
ZHVWHUQ�VLGH�RI�$OOHQV�3RQG��2Q�WKH�
2FHDQ�9LHZ�)DUP�SURSHUW\��HIIRUWV�
DUH�IRFXVHG�RQ�WUDQVLWLRQLQJ�DQG�
SUHSDULQJ�YHJHWDWLRQ�LQ�WKH�XSODQG�
DQG�HFRWRQH�EHWZHHQ�PDUVK�DQG�
XSODQG��:RRG\�LQYDVLYH�VSHFLHV�KDG�
FRORQL]HG�WKH�VKUXE�GRPLQDWHG�
HFRWRQH�EHWZHHQ�WKH�PDUVK�DQG�KD\�
ILHOGV�DW�2FHDQ�9LHZ�)DUP��'157��
0DVV�$XGXERQ��DQG�D�WHDP�RI�
YROXQWHHUV�UHPRYHG�ODUJH�VZDWKV�RI�LQYDVLYH�ZRRG\�VKUXEV��!���DFUHV���OHDYLQJ�RQO\�QDWLYH�SODQWV�
DORQJ�PXFK�RI�WKH�ERUGHU�RI�2FHDQ�9LHZ�)DUP�PDUVK�LQ�������%\�UHGXFLQJ�WKH�GHQVLW\�RI�ZRRG\�
YHJHWDWLRQ�LQ�WKLV�]RQH��'157�DQG�0DVV�$XGXERQ�KRSH�WR�JLYH�PDUVK�JUDVVHV�D�FRPSHWLWLYH�
DGYDQWDJH�WR�PLJUDWH��7KH�QH[W�SKDVH�RI�FRQYHUVLRQ�ZLOO�RFFXU�LQ�������ZKHQ�DQ�DUHD�RI�XSODQG�
FXUUHQWO\�YHJHWDWHG�ZLWK�KD\�ZLOO�XQGHUJR�DQ�RUJDQLF�KHUELFLGH�WUHDWPHQW�WR�UHPRYH�WKH�KD\�
JUDVVHV��DQG�EH�UHSODFHG�ZLWK�QDWLYH��PRUH�VDOW�WROHUDQW�JUDVV�VSHFLHV�W\SLFDOO\�IRXQG�LQ�WKH�PDUVK�
WUDQVLWLRQ�]RQH��7KH�VHHG�PL[�ZLOO�XVH����VSHFLHV��LQFOXGLQJ�&RDVWDO�3DQLF�*UDVV��3DQLFXP�
DPDUXP���:LQWHU�%HQW�*UDVV��$JURVWLV�K\HPDOLV���DQG�:LOG�5\H��(O\PXV�FDQDGHQVLV���DV�VRPH�
H[DPSOHV��%\�UH�LQWURGXFLQJ�QDWLYH��VDOW�WROHUDQW�SODQWV��WKH�ILHOGV�PD\�EH�PRUH�OLNHO\�WR�
WUDQVLWLRQ�WR�VDOW�PDUVK�DV�VHD�OHYHO�FRQWLQXHV�WR�ULVH�WKDQ�LI�WKH\�UHPDLQHG�SODQWHG�ZLWK�VSHFLHV�
WKDW�ZRXOG�GLH�ZLWK�PRUH�IUHTXHQW�WLGDO�IORRGLQJ��
�
� 2Q�WKH�ZHVWHUQ�VLGH�RI�$OOHQV�3RQG��PLJUDWLRQ�IDFLOLWDWLRQ�LV�SODQQHG�XVLQJ�UXQQHOV�DQG�
E\�UHPRYLQJ�KDUGHQHG�EDUULHUV�WR�PLJUDWLRQ��5XQQHOV�KDYH�QRW�\HW�EHHQ�LQVWDOOHG��EXW�DUH�SODQQHG�
WR�H[WHQG�LQWR�WKH�EUDFNLVK�PDUVK�DGMDFHQW�WR�WKH�VDOW�PDUVK�LQ�VHYHUDO�ORFDWLRQV��5HPRYLQJ�
KDUGHQHG�EDUULHUV�LV�DQ�LPSRUWDQW�DQG�ZLGHO\�SUDFWLFHG�WRRO�WR�IDFLOLWDWH�PLJUDWLRQ��7KLV�FRXOG�
LQFOXGH�WKH�FRPSOHWH�UHPRYDO�RU�UHORFDWLRQ�RI�ZDOOV��VKHGV��SDUNLQJ�ORWV��DQG�HYHQ�EXLOGLQJV��2Q�
WKH�ZHVWHUQ�VLGH�RI�$OOHQV�3RQG��UHPQDQW�VWRQH�ZDOOV�IURP�KLVWRULFDO�DJULFXOWXUDO�XVH�ERUGHU�WKH�
PDUVK�SHULPHWHU��6HFWLRQV�RI�WKHVH�ZDOOV�DUH�SODQQHG�IRU�UHPRYDO�LQ�IRXU�ORFDWLRQV�WR�DOORZ�EHWWHU�
RSSRUWXQLW\�IRU�YHJHWDWLRQ�WUDQVJUHVVLRQ�ZLWK�VHD�OHYHO�ULVH��DQG�WR�UHGXFH�WKH�KHLJKW�DQG�GHQVLW\�
RI�3KUDJPLWHV�DXVWUDOLV�WKDW�GRPLQDWHV�WKH�EUDFNLVK�ZHWODQGV���
�
���6\QWKHVLV�DQG�&RQFOXVLRQV�

)LJXUH����%X]]DUGV�%D\�&RDOLWLRQ�DQG�:RRGZHOO�&OLPDWH�
5HVHDUFK�&HQWHU�6WDII�VWXG\�YHJHWDWLRQ��LQYHUWHEUDWH�IDXQD��DQG�
VRLOV�DW�D�VLWH�ZLWK�D�UXQQHO�LQ�������3KRWR��5��-DNXED��
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PDUVKHV�RU�XSODQGV��7KH�LQOHW�QHHGV�WR�EH�PDQDJHG�WR�DFFRPPRGDWH�SUHVHQW�GD\�DQG�IXWXUH�VHD�
OHYHO��,I�WLGDO�IORZ�EHFRPHV�WRR�UHVWULFWHG�UHODWLYH�WR�UHJLRQDO�VHD�OHYHO�PXFK�RI�WKH�LQWHUWLGDO�
]RQH�FRXOG�FRQYHUW�WR�RSHQ�ZDWHU��6LPLODUO\��ZDWHUVKHG�VFDOH�VWUHVVRUV�VXFK�DV�QLWURJHQ�ORDGLQJ�

FDQ�LPSDFW�KRZ�LQ�PDUVK�DFWLRQV�OLNH�
UXQQHOV�SHUIRUP��:DWHUVKHG�VFDOH�
GULYHUV�DUH�LPSRUWDQW�WR�FRQVLGHU�
LQGHSHQGHQW�IURP�DQG�LQ�LQWHUDFWLRQ�ZLWK�
ODQGVFDSH��DQG�PDUVK�VFDOH�FRQVHUYDWLRQ�
VWUDWHJLHV���
�

/DQGVFDSH�VFDOH�DQG�PDUVK�VFDOH�
VWUDWHJLHV�ZRUN�ZHOO�LQ�FRRUGLQDWLRQ��
/DQG�SURWHFWLRQ�LV�RI�SULPDU\�
LPSRUWDQFH�DPRQJ�WKHVH��ZLWKRXW�ZKLFK�
QRQH�RI�WKH�ZRUN�FXUUHQWO\�RQJRLQJ�RU�
SODQQHG�DW�2FHDQ�9LHZ�)DUP�FRXOG�
RFFXU��:LWK�ERWK�PDUVK�DQG�XSODQG�
SURWHFWHG��FRRUGLQDWHG�VWUDWHJLHV�FDQ�EH�
XVHG�DFURVV�KDELWDWV�WR�SURPRWH�
FRQVHUYDWLRQ�DQG�DGDSWDWLRQ��5XQQHOV�
DUH�XVHG�DV�ERWK�D�PDUVK�VFDOH�VWUDWHJ\�

WR�UHVWRUH�PDUVK�YHJHWDWLRQ��DQG�DV�D�ODQGVFDSH�VFDOH�VWUDWHJ\�WR�KHOS�IDFLOLWDWH�PLJUDWLRQ��
5XQQHOV�DUH�XVHG�LQ�FRPELQDWLRQ�ZLWK�YHJHWDWLRQ�PDQDJHPHQW��DQG�KDUGHQHG�EDUULHU�UHPRYDO�WR�
UHVWRUH�FXUUHQW�FRQGLWLRQV�DQG�DFFRPPRGDWH�IXWXUH�FKDQJHV��+RZHYHU��LW�UHPDLQV�LPSRUWDQW�WR�
FRQVLGHU�KRZ�UXQQHOV�LQWHUDFW�ZLWK�ODQGVFDSH�VFDOH�VWUHVVRUV��)RU�H[DPSOH��LQWHUDFWLRQV�EHWZHHQ�
UXQQHOV�DQG�WLGDO�UHVWULFWLRQV�IURP�FXOYHUWV��DQG�EHWZHHQ�UXQQHOV�DQG�IUHVKZDWHU�LQSXWV�IURP�
DGMDFHQW�IUHVKZDWHU�ZHWODQGV�RU�JURXQGZDWHU�VHHSV��UHPDLQ�LPSRUWDQW�DUHDV�RI�UHVHDUFK��
�

:KHUH�PDUVKHV�DUH�VHYHUHO\�GHJUDGHG��DQ�RUJDQL]DWLRQ�PD\�FRQVLGHU�IRFXVLQJ�RQ�ODQGVFDSH�
VFDOH�DFWLRQV�UDWKHU�WKDQ�VPDOOHU�VFDOH��LQ�PDUVK�VWUDWHJLHV��)RU�H[DPSOH��LQ�RQH�DUHD�RI�2FHDQ�
9LHZ�)DUP�WKH�PDUVK�SODWIRUP�HOHYDWLRQ�LV�ORZ��RQO\�DERXW������P�DERYH�ORFDO�PHDQ�VHD�OHYHO���
$V�D�UHVXOW��LQ�PDUVK�UXQQHOV�PD\�RQO\�³EX\´�D�VPDOO�DPRXQW�RI�WLPH�IRU�WKH�PDUVK��:KHUH�%%&�
DQG�SDUWQHUV�LQVWDOOHG�D�UXQQHO�LQ�WKLV�]RQH��ZDWHU�KDV�VXFFHVVIXOO\�GUDLQHG�DQG�VRPH�UHYHJHWDWLRQ�
LV�RFFXUULQJ��+RZHYHU��WKH�ZDWHU�WDEOH�LV�VWLOO�YHU\�KLJK��VLWWLQJ�MXVW�EHORZ�WKH�VRLO�VXUIDFH��:LWK�
H[SHFWHG�VHD�OHYHO�ULVH�DQG�WKH�GHJUDGHG�FRQGLWLRQ�RI�WKH�SHDW�LQ�WKLV�DUHD��WKH�SODWIRUP�PD\�

)LJXUH�����6WDII�DQG�LQWHUQV�IURP�%X]]DUGV�%D\�&RDOLWLRQ��
0DVV�$XGXERQ��6DYH�WKH�%D\��DQG�'DUWPRXWK�1DWXUDO�
5HVRXUFHV�7UXVW�PHHW�WR�GLVFXVV�UXQQHOV�DQG�RWKHU�FRQVHUYDWLRQ�
VWUDWHJLHV�DW�2FHDQ�9LHZ�)DUP��3KRWR��5��-DNXED�



� ��

FRQYHUW�WR�RSHQ�ZDWHU�PXFK�VRRQHU�WKDQ�RWKHU�SDUWV�RI�WKH�PDUVK��DW�WKH�VFDOH�RI�GHFDGHV���ZLWK�
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WRJHWKHU��7KLV�PRGHO�RI�V\QHUJLVWLF�FRQVHUYDWLRQ�ZRUN�WDFNOLQJ�LVVXHV�DFURVV�PXOWLSOH�VSDWLDO�DQG�
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New technique to save Buzzards Bay salt marshes 
being piloted in Dartmouth and Fairhaven  

 
NEW BEDFORD, Mass.²The Buzzards Bay Coalition is working to address the problem of 

salt marsh decline on Buzzards Bay by assessing a restoration technique that has been 

shown to be effective in other places in the Northeast.  

The project is a partnership involving the Coalition, the Woodwell Climate Research Center, the 

Buzzards Bay National Estuary Program, Save The Bay in Rhode Island, the U.S. Geological 

Survey, and the Bristol County Mosquito Control Commission. The team is working with local 

landowners²the Dartmouth Natural Resources Trust (DNRT) and the Town of Fairhaven²on 

the study.  

The technique being tested could reverse losses in some marshes and help guide new 

restoration projects. The work is critical because salt marshes are not only beautiful but also 

vital natural resources. Marshes filter out pollution from reaching the Bay, provide habitat for 

wildlife, and protect homes from flooding. However, increasing stress from pollution and sea 

level rise is leading to the dramatic loss of many of these critical habitats, which further 

endangers the long-term health of the Bay.  

³:H�FDQ�QHYHU�fully improve and preserve Buzzards Bay and its water quality, if we stand by as 

the Bay loses its salt marshes. These marsh habitats play an essential role in sustaining a 

KHDOWK\�%D\�HFRV\VWHP��DQG�RYHU�WKH�SDVW�WZR�GHFDGHV��ZH¶YH�VHHQ�GUDPDWLF�DQG�DFFHOHUDWLQJ�
ORVVHV�RI�PDUVKODQGV�´�VDLG�0DUN�5DVPXVVHQ��SUHVLGHQW�RI�WKH�&RDOLWLRQ�� 

Rachel Jakuba, Ph.D., the science director for the Coalition, notes that some of the challenges 

facing salt marshes come from what are known as interior ³GLH�EDFN�DUHDV´²places where 

mailto:graca@savebuzzardsbay.org


increasing high tides are leaving more water stranded on the marsh, rather than draining away 

when the tide recedes. The standing salt water kills marsh plants that are adapted to dry 

conditions at low tide. In addition, these areas of impounded water create mosquito breeding 

habitat that can pose public health threats.  

³7KHVH�GLH�EDFN�DUHDV�threaten the marsh. They expand over time, effectively eating the marsh 

IURP�WKH�LQVLGH�RXW�DV�WKHVH�DUHDV�JURZ�´�VDLG�$OLFH�%HVWHUPDQ��Ph.D., WKH�&RDOLWLRQ¶V�post-

doctoral researcher who is coordinating the research of this promising restoration technique to 

shrink die back areas.  

The restoration technique being tested to combat die back areas is known as runnelling, a 

process in which shallow, channels are dug in the marsh to aid the natural tidal flow and drain 

impounded water.  

³The idea is for the standing surface water to drain out of these die-back areas, which should 

DOORZ�IRU�YHJHWDWLRQ�WR�EHJLQ�JURZLQJ�EDFN��UHVWRULQJ�RWKHU�HFRV\VWHP�SURSHUWLHV�´�said 

Besterman. The strategy has been employed in Rhode Island by project partner Save The Bay, 

but this marks only the second time it is being tried in Buzzards Bay.  

The project team worked with local officials, conservation agents and landowners to evaluate 

twelve sites for their potential to benefit from runnelling, settling on salt marshes on Allens Pond 

in Dartmouth and Little Bay in Fairhaven, both of which have multiple die back zones. The pilot 

runnels were completed at Ocean View in late October; work at Little Bay will take place the 

week of Nov. 9.  

³The salt marsh here at Ocean View Farm is home to several UDUH�DQG�HQGDQJHUHG�VSHFLHV�´�

VDLG�/LQGD�9DQGHUYHHU��/DQG�0DQDJHU�IRU�'157���³6HHLQJ�GLH�EDFN�LQ�WKH�PDUVK�LV�FRQFHUQLQJ��

especially for the wildlife that depend on it for nesting, feeding, and shelter. We are excited to 

work with the Coalition and all of the project partners to try and restore the health of the marsh 

not only for the benefit of wildlife��EXW�DOVR�VR�WKDW�RWKHUV�PD\�EHQHILW��,W¶V�RXU�KRSH�WKDW�WKH�
runnelling technique will advance the science of salt marsh restoration on the Southcoast.´     

The installation of the runnels takes place partly by hand and partly through the use of a 

specialized excavator operated by the Bristol County Mosquito Control Commission. The 

equipment is designed to minimize impact on marsh vegetation. In fact, it exerts less pressure 



per square foot than a human foot, making it possible to install the runnels quickly and with 

minimal impact to the environment.   

The effect of the created runnels will be assessed as a part of multi-year study, including 

PRQLWRULQJ�RQ�³WUHDWPHQW´�DUHDV�ZKHUH�UXQQHOV�KDYH�EHHQ�FUHDWHG��DQG�³UHIHUHQFH´�DUHDV�ZKHUH�

no action was taken. Before the runnels could be installed, Besterman and colleagues 

conducted a months-long study of the salt marshes² including soil composition, water levels, 

marsh levels, and plant surveys as well as other ecosystem properties. In all, the team gathered 

69,000 water level measurements, 680 marsh elevation readings, and vegetation surveys at 

400 plots. Gathered data will be used to assess whether and how the technique contributes to 

strengthening the health of the marshes and which marshes are good candidates for using 

runnels. 

In addition to this project, the Coalition also is conducting long-term monitoring of 11 salt 

marshes from Westport to Falmouth in partnership with the Buzzards Bay National Estuary 

Program. ³/RRNLQJ�DW�DOO�RI�WKH�VDOW�PDUVKHV�DURXQG�%X]]DUGV�%D\��ZH�KDYH�QRWLFHG�DUHDV�RI�

UHDOO\�UDSLG�GHJUDGDWLRQ�LQ�UHFHQW�\HDUV��,Q�VRPH�SODFHV��LW¶V�KDSSHQLQJ�YHU\�IDVW��DQG�ZH¶UH�

trying to understand what factors are involved so that we can develop strategies to slow or 

UHYHUVH�PDUVK�ORVV�´�Jakuba said.    

+DOWLQJ�WKH�GHFOLQH�RI�WKH�%D\¶V�VDOW�PDUVKHV�QRW�RQO\�ZLOO�KHOS�HIIRUWV�WR�LPSURYH�ZDWHU�TXDOLW\��

but it will also protect critical habitat for myriad fish and shellfish species that spawn, grow and 

live in these areas. Coastal developments will also benefit, as marshes help to absorb the 

energy of ocean waves and absorb the temporary flooding caused by storm surges. 

This project is supported by Southeast New England Program (SNEP) Watershed Grants. 

SNEP Watershed Grants are funded by the U.S. Environmental Protection Agency (EPA) 

WKURXJK�D�FROODERUDWLRQ�ZLWK�5HVWRUH�$PHULFD¶V�(VWXDULHV��5$(���)RU�PRUH�RQ�61(3�:DWHUVKHd 

Grants, see www.snepgrants.org. 

### 

The Buzzards Bay Coalition is a nonprofit organization dedicated to the protection, restoration, and 
sustainable use and enjoyment of Buzzards Bay and its watershed. The Coalition works to improve the health 
of the Bay ecosystem for all through education, conservation, research and advocacy, and is supported by 
more than 10,500 members. 
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