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,PSDFWHG�DQG�5HIHUHQFH�6WUHDPV&RQFHQWUDWLRQV�LQ�LPSDFWHG�DQG�UHIHUHQFH�VWUHDPV�ZHUH�FRPSDUHG�WR�ZDWHU�TXDOLW\�FULWHULDIRU�DTXDWLF�OLIH�HYHQ�WKRXJK�WKHVH�FULWHULD�PD\�QRW�EH�OHJDOO\�DSSOLFDEOH�WR�DOO�RI�WKHVWUHDP�UHDFKHV�WKDW�DUH�WKH�VXEMHFW�RI�WKLV�VWXG\���:KHUH�DSSOLFDEOH��PHDVXUHG�VWUHDPFRQFHQWUDWLRQV�ZHUH�DOVR�FRPSDUHG�WR�GULQNLQJ�ZDWHU�VXSSO\��PDQJDQHVH�DQG�LURQ��DQGDJULFXOWXUDO�ZDWHU�TXDOLW\�VWDQGDUGV��PDQJDQHVH����7KH�GULQNLQJ�ZDWHU�VXSSO\�VWDQGDUGVIRU�PDQJDQHVH�DQG�LURQ�DUH�SULPDULO\�DHVWKHWLF�EDVHG�UDWKHU�WKDQ�KHDOWK�EDVHG�FULWHULD��EXWDUH�FRQVLGHUDEO\�PRUH�VWULQJHQW�WKDQ�WKH�DTXDWLF�OLIH�FULWHULD���&RQFHQWUDWLRQV�LQ�LPSDFWHGVWUHDPV��&DPS�&UHHN�DQG�0R]DUW�&UHHN��DUH�DOVR�FRPSDUHG�WR�UHIHUHQFH�VWUHDPV�.H\VWRQH�*XOFK�DQG�-RQHV�*XOFK��&DPS�&UHHN,Q�&DPS�&UHHN��WKH�GUDLQDJH�EDVLQ�PRVW�KHDYLO\�LPSDFWHG�E\�VQRZPDNLQJ��FDGPLXP�OHDG��DQG�VLOYHU�FRQFHQWUDWLRQV�ZHUH�QHDU�RU�EHORZ�GHWHFWLRQ�OLPLWV��LQGLFDWLQJ�ZDWHUTXDOLW\�IRU�WKHVH�SDUDPHWHUV�ZDV�VLPLODU�WR�WKH�UHIHUHQFH�VLWHV���'LVVROYHG�FRSSHUFRQFHQWUDWLRQV�UDQJHG�IURP�������PJ�O�WR�����PJ�O��DQG�ZHUH�JHQHUDOO\�KLJKHU�WKDQ�WKHFRQFHQWUDWLRQV�IRXQG�DW�WKH�UHIHUHQFH�VLWHV�LQ�-RQHV�*XOFK�DQG�.H\VWRQH�*XOFK���:KLOHWKHVH�FRQFHQWUDWLRQV�ZHUH�VRPHZKDW�HOHYDWHG��WKH\�ZHUH�EHORZ�WKH�DFXWH������PJ�O��DQGFKURQLF������PJ�O��KDUGQHVV�EDVHG�DTXDWLF�OLIH�FULWHULD���7KH�HOHYDWHG�WRWDO�FRSSHUFRQFHQWUDWLRQV�DOVR�DSSHDUHG�WR�FRLQFLGH�ZLWK�HOHYDWHG�LURQ�DQG�DOXPLQXPFRQFHQWUDWLRQV��VXJJHVWLQJ�WKDW�HURVLRQ�FRXOG�EH�D�FRQWULEXWLQJ�IDFWRU�
'LVVROYHG�LURQ�FRQFHQWUDWLRQV�UDQJHG�IURP����WR�����PJ�O��ZLWK�WKH�KLJKHVW�FRQFHQWUDWLRQRFFXUULQJ�RQ�0D\�����������'HWHUPLQDWLRQ�RI�ZKHWKHU�WKH�VWUHDP�PHHWV�WKH�GRPHVWLFZDWHU�VXSSO\�VWDQGDUG�IRU�GLVVROYHG�LURQ�LV�EDVHG�XSRQ�WKH���WK SHUFHQWLOH�RI�WKH�GDWD�:4&&��5HJXODWLRQ�1R������VHFWLRQ���������E�����7KH���WK SHUFHQWLOH�FRQFHQWUDWLRQ�ZDV����PJ�O��ZKLFK�LV�ZHOO�EHORZ�WKH�GRPHVWLF�ZDWHU�VXSSO\�VWDQGDUG�RI�����PJ�O�IRUGLVVROYHG�LURQ���7RWDO�LURQ�FRQFHQWUDWLRQV�UDQJHG�IURP�����WR�������PJ�O��ZLWK�WKH�KLJKHVWFRQFHQWUDWLRQV�RFFXUULQJ�RQ�WKH�ULVLQJ�OLPE�RI�WKH�K\GURJUDSK�RQ�0D\�����������$OWKRXJKVRPH�RI�WKH�LQGLYLGXDO�FRQFHQWUDWLRQV�H[FHHGHG�WKH�FKURQLF�DTXDWLF�OLIH�FULWHULRQ�IRU�LURQ�GHWHUPLQDWLRQ�RI�ZKHWKHU�WKH�VWUHDP�PHHWV�WKH�DTXDWLF�OLIH�VWDQGDUG�IRU�WRWDO�LURQ�LV�EDVHGXSRQ�WKH���WK SHUFHQWLOH�RI�WKH�GDWD���7KH���WK SHUFHQWLOH�RI�WKH�WRWDO�LURQ�GDWD�ZDV����PJ�O��ZKLFK�LV�ZHOO�ZLWKLQ�WKH�DTXDWLF�OLIH�FULWHULRQ�RI�������PJ�O�IRU�WRWDO�UHFRYHUDEOHLURQ�=LQF�FRQFHQWUDWLRQV�LQ�&DPS�&UHHN�ZHUH�VXEVWDQWLDOO\�KLJKHU�WKDQ�FRQFHQWUDWLRQV�DW�WKHUHIHUHQFH�VLWHV���'LVVROYHG�]LQF�FRQFHQWUDWLRQV�ZHUH�KLJKHVW�GXULQJ�WKH�LQLWLDO�ULVLQJ�OLPERI�WKH�K\GURJUDSK��a$SULO���WK WR�HDUO\�0D\����3HDN�GLVVROYHG�]LQF�FRQFHQWUDWLRQV�RI���PJ�O�ZHUH�EHORZ�WKH�DFXWH�������PJ�O��DQG�FKURQLF�������PJ�O��KDUGQHVV�EDVHG�DTXDWLFOLIH�FULWHULD���7KH�SHDN�WRWDO�]LQF�FRQFHQWUDWLRQ�RI����PJ�O�ZDV�ZHOO�EHORZ�DJULFXOWXUDO�������PJ�O��DQG�GRPHVWLF�ZDWHU�VXSSO\��������PJ�O��VWDQGDUGV�
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0DQJDQHVH�FRQFHQWUDWLRQV�LQ�&DPS�&UHHN�ZHUH�DOVR�FRQVLGHUDEO\�KLJKHU�WKDQ�DW�WKHUHIHUHQFH�VLWHV���7KH�SHDN�WRWDO�PDQJDQHVH�FRQFHQWUDWLRQ�ZDV�����PJ�O��ZKLOH�WKH�KLJKHVWFRQFHQWUDWLRQ�LQ�WKH�UHIHUHQFH�VWUHDPV�ZDV����PJ�O���&RQFHQWUDWLRQV�RI�GLVVROYHG�DQG�WRWDOPDQJDQHVH�ZHUH�DOVR�PRVW�HOHYDWHG�GXULQJ�WKH�ULVLQJ�OLPE�RI�WKH�K\GURJUDSK�DQG�ZHUHDOVR�HOHYDWHG�GXULQJ�IDOOLQJ�OLPE���7KH�SHDN�GLVVROYHG�PDQJDQHVH�FRQFHQWUDWLRQ�ZDV���PJ�O��DQG�WKH�SHDN�WRWDO�PDQJDQHVH�FRQFHQWUDWLRQ�ZDV�����PJ�O���7KH�KLJKHVW�GLVVROYHGPDQJDQHVH�FRQFHQWUDWLRQV�ZHUH�ZHOO�EHORZ�WKH�DFXWH��������PJ�O��DQG�FKURQLF�������PJ�O��DTXDWLF�OLIH�FULWHULD��DQG�DOVR�EHORZ�WKH�GRPHVWLF�ZDWHU�VXSSO\�FULWHULD�RI����PJ�O�0R]DUW�&UHHN7KH�0R]DUW�&UHHN�GUDLQDJH�UHFHLYHV�WKH�VHFRQG�ODUJHVW�DPRXQW�RI�VQRZPDNLQJ�FRYHUDJH�����DFUHV��UHODWLYH�WR�WKH�VL]H�RI�WKH�GUDLQDJH�EDVLQ������DFUHV����6LPLODU�WR�&DPS�&UHHN�FDGPLXP��OHDG��DQG�VLOYHU�FRQFHQWUDWLRQV�ZHUH�QHDU�RU�EHORZ�GHWHFWLRQ�OLPLWV��LQGLFDWLQJZDWHU�TXDOLW\�IRU�WKHVH�SDUDPHWHUV�ZDV�VLPLODU�WR�WKH�UHIHUHQFH�VLWHV���'LVVROYHG�FRSSHUFRQFHQWUDWLRQV�UDQJHG�IURP�������WR�����PJ�O��DQG�ZHUH�VLPLODU�WR��LI�QRW�ORZHU�WKDQ�WKHFRQFHQWUDWLRQV�IRXQG�DW�WKH�UHIHUHQFH�VLWHV�LQ�-RQHV�*XOFK�DQG�.H\VWRQH�*XOFK�
'LVVROYHG�DOXPLQXP�FRQFHQWUDWLRQV�UDQJHG�IURP����WR����PJ�O��ZLWK�WKH�KLJKHVWFRQFHQWUDWLRQ�RFFXUULQJ�GXULQJ�UHODWLYHO\�KLJK�IORZV�RQ�WKH�ULVLQJ�OLPE�RI�WKH�K\GURJUDSK�&RQFHQWUDWLRQV�ZHUH�KLJKHU�WKDQ�WKRVH�REVHUYHG�DW�WKH�.H\VWRQH�*XOFK�DQG�-RQHV�*XOFKUHIHUHQFH�VLWHV�ZKHUH�GLVVROYHG�DOXPLQXP�UDQJHG�IURP���WR����PJ�O��EXW�ORZHU�WKDQFRQFHQWUDWLRQV�GRZQVWUHDP�LQ�WKH�ORZHU�UHDFK�RI�.H\VWRQH�*XOFK���7KHVH�FRQFHQWUDWLRQVZHUH�ZHOO�EHORZ�WKH�DFXWH������PJ�O��DQG�FKURQLF�����PJ�O��DTXDWLF�OLIH�VWDQGDUGV�IRUGLVVROYHG�DOXPLQXP�
'LVVROYHG�LURQ�FRQFHQWUDWLRQV�UDQJHG�IURP������WR�����PJ�O��DQG�WKH�KLJKHVWFRQFHQWUDWLRQV�ZHUH�ZHOO�EHORZ�WKH�GULQNLQJ�ZDWHU�VXSSO\�VWDQGDUG�RI�����PJ�O���7RWDOLURQ�FRQFHQWUDWLRQV�UDQJHG�IURP�����WR�������PJ�O��ZLWK�WKH�KLJKHVW�FRQFHQWUDWLRQVRFFXUULQJ�RQ�WKH�ULVLQJ�OLPE�RI�WKH�K\GURJUDSK��EHWZHHQ�$SULO���WK DQG�0D\��UG LQFRQMXQFWLRQ�ZLWK�HDUO\�SHDN�IORZV���7KH���WK SHUFHQWLOH�RI�WKH�WRWDO�LURQ�GDWD�ZDV�����PJ�O�ZKLFK�LV�ZHOO�ZLWKLQ�WKH�DTXDWLF�OLIH�VWDQGDUG�RI�������PJ�O���7KH�WLPLQJ�RI�WKH�HOHYDWHGWRWDO�LURQ�FRQFHQWUDWLRQV�LQGLFDWHV�WKDW�WKH\�ZHUH�SUREDEO\�DVVRFLDWHG�ZLWK�HURVLRQ�DWORZHU�HOHYDWLRQV�ZLWKLQ�WKH�ZDWHUVKHG�DQG�RU�ZLWK�UHVXVSHQVLRQ�RI�VWUHDP�VHGLPHQW�=LQF�FRQFHQWUDWLRQV�LQ�0R]DUW�&UHHN�ZHUH�VXEVWDQWLDOO\�KLJKHU�WKDQ�FRQFHQWUDWLRQV�DW�WKHUHIHUHQFH�VLWHV���'LVVROYHG�]LQF�FRQFHQWUDWLRQV�ZHUH�PRVW�HOHYDWHG�GXULQJ�WKH�LQLWLDO�ULVLQJOLPE�RI�WKH�K\GURJUDSK��ZLWK�WKH�SHDN�FRQFHQWUDWLRQ�����PJ�O��RFFXUULQJ�RQ�0D\��QG�'LVVROYHG�FRQFHQWUDWLRQV�ZHUH�ZHOO�EHORZ�WKH�DFXWH�������PJ�O��DQG�FKURQLF�������PJ�O�DTXDWLF�OLIH�VWDQGDUGV���7KH�SHDN�WRWDO�]LQF�FRQFHQWUDWLRQ�����PJ�O��DOVR�RFFXUUHG�RQ�0D\�QG��DQG�ZDV�ZHOO�EHORZ�WKH�DSSOLFDEOH�VWDQGDUGV�IRU�WRWDO�UHFRYHUDEOH�]LQF�RI�������PJ�OIRU�DJULFXOWXUH�DQG�������PJ�O�IRU�GULQNLQJ�ZDWHU�VXSSO\�
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0DQJDQHVH�FRQFHQWUDWLRQV�LQ�0R]DUW�&UHHN�ZHUH�DOVR�FRQVLGHUDEO\�KLJKHU�WKDQFRQFHQWUDWLRQV�LQ�.H\VWRQH�*XOFK�DQG�-RQHV�*XOFK���$JDLQ��GLVVROYHG�DQG�WRWDOPDQJDQHVH�FRQFHQWUDWLRQV�ZHUH�PRVW�HOHYDWHG�GXULQJ�WKH�ULVLQJ�OLPE�RI�WKH�K\GURJUDSKDQG�DOVR�VRPHZKDW�HOHYDWHG�GXULQJ�WKH�IDOOLQJ�OLPE�RI�WKH�K\GURJUDSK���7KH�SHDNGLVVROYHG�PDQJDQHVH�FRQFHQWUDWLRQ�ZDV����PJ�O��DQG�WKH�SHDN�WRWDO�PDQJDQHVHFRQFHQWUDWLRQ�ZDV�����PJ�O�
7KH�KLJKHVW�GLVVROYHG�PDQJDQHVH�FRQFHQWUDWLRQ�RI����PJ�O�ZDV�ZHOO�EHORZ�WKH�DFXWH�������PJ�O��DQG�FKURQLF��������PJ�O��DTXDWLF�OLIH�VWDQGDUGV��DQG�DOVR�EHORZ�WKH�GRPHVWLFZDWHU�VXSSO\�VWDQGDUG�RI����PJ�O���7KH�SHDN�WRWDO�PDQJDQHVH�FRQFHQWUDWLRQ������PJ�O��ZDVKLJKHU�WKDQ�WKH�VWDQGDUG�RI�����PJ�O�IRU�DJULFXOWXUH��EXW�WKH���WK SHUFHQWLOH�RI�WKH�GDWD�ZDV���PJ�O��ZKLFK�ZDV�ZHOO�EHORZ�WKH�VWDQGDUG�0DFURLQYHUWHEUDWHV0DFURLQYHUWHEUDWH�VDPSOHV�ZHUH�FROOHFWHG�LQ�-RQHV�*XOFK��&DPS�&UHHN��0R]DUW�&UHHN�DQG�.H\VWRQH�*XOFK���,Q�RUGHU�WR�PLQLPL]H�WKH�QDWXUDO�YDULDWLRQ�WKDW�FDQ�RFFXU�EHWZHHQVLWH�ORFDWLRQV��VDPSOHV�ZHUH�FROOHFWHG�IURP�VWUHDP�UHDFKHV�RI�VLPLODU�KDELWDW�DQGHOHYDWLRQ�QHDU�ORFDWLRQV�ZKHUH�ZDWHU�TXDOLW\�VDPSOHV�ZHUH�FROOHFWHG���7KH�-RQHV�*XOFKVLWH�ZDV�FRQVLGHUHG�WKH�UHIHUHQFH�VLWH�EHFDXVH�LW�ZDV�WKH�OHDVW�LPSDFWHG�E\�VQRZPDNLQJ�7KUHH�TXDQWLWDWLYH�VDPSOHV�RI�PDFURLQYHUWHEUDWH�FRPPXQLWLHV�ZHUH�FROOHFWHG�DW�HDFKORFDWLRQ��DQG�SRSXODWLRQ�GHQVLWLHV�DQG�VSHFLHV�OLVWV�ZHUH�GHYHORSHG�IRU�HDFK�VDPSOLQJ�VLWH�7KH�VSHFLHV�GLYHUVLW\��GLVWULEXWLRQ�DQG�DEXQGDQFH�UHVXOWV�ZHUH�XVHG�LQ�YDULRXV�PHWULFVDQG�LQGLFHV�WR�SURYLGH�LQIRUPDWLRQ�UHJDUGLQJ�ZDWHU�TXDOLW\�DQG�KDELWDW�FRQGLWLRQV�,QWHUSUHWDWLRQ�RI�PDFURLQYHUWHEUDWH�GDWD�XVLQJ�WKH�SURYLGHG�LQGLFHV�VXJJHVWV�WKDW�DOOVWDWLRQV�KDG�ZDWHU�TXDOLW\�WKDW�UDWHG�IURP�³IDLU´�WR�³H[FHOOHQW�´��&DPS�&UHHN�FRQVLVWHQWO\KDG�WKH�ORZHVW�TXDOLW\�UDWLQJV�IRU�HYHU\�LQGH[�RU�PHWULF���,QGLFHV�WKDW�ZHUH�VSHFLILFDOO\�XVHGWR�WHVW�IRU�WKH�SUHVHQFH�RI�PHWDOV�VXJJHVW�WKDW�VRPH�RI�WKH�REVHUYHG�LPSDFW�LQ�&DPS&UHHN�ZDV�PHWDOV�UHODWHG���7KH�IDFW�WKDW�DOO�RWKHU�LQGH[�YDOXHV�GHWHFWHG�D�QHJDWLYH�LPSDFWVXJJHVWV�WKDW�RWKHU�IRUPV�RI�VWUHVV�DOVR�LQIOXHQFH�WKH�&DPS�&UHHN�VLWH���,W�LV�OLNHO\�WKDWPXFK�RI�WKLV�VWUHVV�PD\�EH�DWWULEXWHG�WR�FKDQQHOL]DWLRQ�DQG�FXOYHUWV�WKDW�H[LVW�XSVWUHDP�RIWKH�VDPSOLQJ�VLWH�ORFDWLRQ���&RPSDULVRQ�RI�PRVW�PHWULF�YDOXHV�IRU�WKH�RWKHU�WKUHH�VLWHVZHUH�VLPLODU��KRZHYHU��PHWDO�UHODWHG�LQGLFHV�VXJJHVW�WKDW�VRPH�LPSDFW�IURP�PHWDOV�PD\DOVR�EH�SUHVHQW�LQ�0R]DUW�&UHHN�6RLOV7ZR�JHQHUDO�W\SHV�RI�VRLOV�ZHUH�VDPSOHG�DW�WKH�.H\VWRQH�6NL�$UHD��ORDP\�VRLOV�DQGZHWODQG�VRLOV���5HIHUHQFH�VRLOV�QRW�H[SRVHG�WR�DUWLILFLDO�VQRZ�ZHUH�FROOHFWHG�IRU�ERWK�VRLOW\SHV���6RLO�VDPSOHV�ZHUH�FROOHFWHG�RQ�0D\�����������GXULQJ�VQRZPHOW�UXQRII�DQG�RQ-XQH���DQG����������LPPHGLDWHO\�IROORZLQJ�VQRZPHOW���6RLO�VDPSOLQJ�ORFDWLRQV�ZHUHZLWKLQ�WKH�&DPS�&UHHN��.H\VWRQH�*XOFK��6QDNH�5LYHU��RQ�WKH�*R�'HYLO�UXQ���DQG�0R]DUW&UHHN�ZDWHUVKHGV�
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$OWKRXJK�RQO\����VRLO�VDPSOHV�ZHUH�FROOHFWHG�DW�WZR�GLIIHUHQW�WLPHV��WKHUH�LV�DQ�LQGLFDWLRQWKDW�VRPH�VRLOV�H[SRVHG�WR�VQRZPDNLQJ�GR�FRQWDLQ�KLJKHU�FRQFHQWUDWLRQV�RI�]LQF�DQGPDQJDQHVH��WZR�PHWDOV�VWURQJO\�DVVRFLDWHG�ZLWK�VQRZPDNLQJ�VRXUFH�ZDWHU��UHODWLYH�WR�WKHUHIHUHQFH�VRLO�FRQFHQWUDWLRQV��%DVHG�RQ�WKHVH�OLPLWHG�UHVXOWV��LW�LV�QRW�SRVVLEOH�WRVWDWLVWLFDOO\�FKDUDFWHUL]H�WKH�GLIIHUHQFHV�EHWZHHQ�UHIHUHQFH�DQG�LPSDFWHG�VRLOV�RU�FKDQJHVLQ�VRLO�PHWDOV�FRQFHQWUDWLRQV�RYHU�WLPH�GXH�WR�VQRZPDNLQJ�/RDP\�6RLOV0HDQ�]LQF�DQG�FRSSHU�FRQFHQWUDWLRQV�RQ�WKH�6FKRROPDVWHU�VNL�WUDLO�LQ�WKH�&DPS�&UHHNEDVLQ�ZHUH�VRPHZKDW�HOHYDWHG�FRPSDUHG�WR�DYHUDJH�UHIHUHQFH�VLWH�ORDP\�VRLOFRQFHQWUDWLRQV���=LQF�FRQFHQWUDWLRQV�LQ�WKUHH�UHSOLFDWH�VDPSOHV�ZHUH�UHODWLYHO\�FRQVLVWHQWDQG�DYHUDJHG����PJ�NJ��QHDUO\�WZLFH�WKDW�RI�UHIHUHQFH�VDPSOH�ORDP\�VRLOV�ZKLFKDYHUDJHG������PJ�NJ��EXW�OHVV�WKDQ�WKH�ZRUOG�PHDQ�DYHUDJH�RI����PJ�NJ���&RSSHUFRQFHQWUDWLRQV�DYHUDJHG����PJ�NJ��DSSUR[LPDWHO\�����WLPHV�WKDW�RI�UHIHUHQFH�VLWHV�ORDP\VRLO��EXW�WKH�VDPH�DV�WKH�86$�DYHUDJH�FRQFHQWUDWLRQ�IRU�YDULRXV�VRLOV���0DQJDQHVHFRQFHQWUDWLRQV�DYHUDJHG�����PJ�NJ�LQ�&DPS�&UHHN�EDVLQ�ORDP\�VRLOV�DQG�ZHUH�ORZHUWKDQ�WKH�DYHUDJH�FRQFHQWUDWLRQ�RI�����PJ�NJ�LQ�UHIHUHQFH�VRLOV�DQG�WKH�ZRUOG�PHDQFRQFHQWUDWLRQ�RI�����PJ�NJ�=LQF��FRSSHU�DQG�OHDG�FRQFHQWUDWLRQV�LQ�&DPS�&UHHN�EDVLQ�VRLOV�RQ�WKH�)UHQFKPDQ�VNLWUDLO�ZHUH�YHU\�VLPLODU�WR�UHIHUHQFH�FRQFHQWUDWLRQV�DQG�ORZHU�WKDQ�ZRUOG�DQG�86$�PHDQFRQFHQWUDWLRQV���&DGPLXP�FRQFHQWUDWLRQV�DYHUDJHG������PJ�NJ��ZKLFK�ZDV�DOPRVW�WZLFHDV�KLJK�DV�LQ�UHIHUHQFH�VRLOV�EXW�ZHOO�EHORZ�WKH�ZRUOG�PHDQ�FRQFHQWUDWLRQ�RI������PJ�NJ�7KH�KLJKHVW�PDQJDQHVH�FRQFHQWUDWLRQ������PJ�NJ��ZDV�DSSUR[LPDWHO\�����WLPH�KLJKHUWKDQ�WKH�DYHUDJH�UHIHUHQFH�ORDP\�VRLO�YDOXHV�DQG�����WLPHV�KLJKHU�WKDW�WKH�86$�PHDQFRQFHQWUDWLRQ���+RZHYHU��UHIHUHQFH�VDPSOH�FRQFHQWUDWLRQV�UDQJHG�IURP�����WR�����PJ�NJ�LQGLFDWLQJ�WKDW�WKH�QDWXUDO�YDULDELOLW\�RI�PDQJDQHVH�LQ�UHIHUHQFH�VRLOV�PD\�EH�KLJK�=LQF�FRQFHQWUDWLRQV�RQ�WKH�0R]DUW�VNL�VORSH�LQ�WKH�0R]DUW�&UHHN�EDVLQ�UDQJHG�IURP����WR���PJ�NJ��ZLWK�DQ�DYHUDJH�FRQFHQWUDWLRQ�RI����PJ�NJ���7KLV�ZDV�DERXW�����WLPHV�KLJKHUWKDW�WKH�DYHUDJH�UHIHUHQFH�FRQFHQWUDWLRQ�RI������PJ�NJ�EXW�OHVV�WKDQ�WKH�ZRUOG�PHDQ�]LQFFRQFHQWUDWLRQ�����PJ�NJ����&RSSHU�DQG�FDGPLXP�FRQFHQWUDWLRQV�DYHUDJHG�DERXW�����DQG����WLPHV�UHIHUHQFH�VLWH�DYHUDJHV�UHVSHFWLYHO\��EXW�ZHUH�ZHOO�EHORZ�86$�DQG�ZRUOGPHDQ�FRQFHQWUDWLRQV���0DQJDQHVH�FRQFHQWUDWLRQV�LQ�0R]DUW�VRLOV�UDQJHG�IURP�����WR������PJ�NJ�DQG�DYHUDJHG�����PJ�NJ��ZKLFK�LV�DERXW���WLPHV�KLJKHU�WKDQ�WKH�DYHUDJHUHIHUHQFH�FRQFHQWUDWLRQ������PJ�NJ��DQG�����WLPHV�KLJKHU�WKDQ�WKH�86$�PHDQFRQFHQWUDWLRQ�:HWODQG�6RLOV=LQF�DQG�FRSSHU�FRQFHQWUDWLRQV�LQ�WKH�ZHWODQG�UHIHUHQFH�VRLO�����DQG����PJ�NJ�UHVSHFWLYHO\��ZHUH�DSSUR[LPDWHO\�WZLFH�WKRVH�LQ�DYHUDJH�ORDP\�UHIHUHQFH�VRLO�������DQG����PJ�NJ��UHVSHFWLYHO\����$YHUDJH�PDQJDQHVH�FRQFHQWUDWLRQV�LQ�WKH�ZHWODQG�UHIHUHQFHVRLO������PJ�NJ���RQ�WKH�RWKHU�KDQG��ZHUH�DSSUR[LPDWHO\�����PJ�NJ�ORZHU�WKDQ�LQ�WKHORDP\�UHIHUHQFH�VRLO������PJ�NJ����:HWODQG�VRLOV�JHQHUDOO\�KDYH�D�KLJKHU�DIILQLW\�IRU
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PHWDOV�EHFDXVH�RI�WKH�SUHVHQFH�RI�RUJDQLF�PDWWHU��6DID\D�HW�DO����������+RZHYHU��WKHSHUFHQWDJH�RI�RUJDQLF�FDUERQ�LQ�WKH�ZHWODQG�UHIHUHQFH�VRLO����������ZDV�YHU\�VLPLODU�WRRUJDQLF�PDWWHU�SHUFHQWDJHV�LQ�WKH�VDPSOHV�IURP�ORDP\�VRLO�RQ�WKH�*R�'HYLO�UXQ�������WR�������72&��$YHUDJH�]LQF�FRQFHQWUDWLRQV�IRU�WZR�LPSDFWHG�ZHWODQG�VRLO�VDPSOHV�FROOHFWHG�RQ�WKH)UHQFKPDQ�VNL�WUDLO��&DPS�&UHHN�EDVLQ��ZHUH����PJ�NJ��DYHUDJH�RI�WZR�UHSOLFDWHV����DQG�����PJ�NJ��DQG�����PJ�NJ��WKH�KLJKHVW�FRQFHQWUDWLRQV�PHDVXUHG�LQ�DOO�WKH�VRLOVDPSOHV���7KHVH�]LQF�FRQFHQWUDWLRQV�ZHUH�����DQG�����WLPHV�KLJKHU�WKDQ�WKRVH�LQ�WKHUHIHUHQFH�ZHWODQG�VRLO�VDPSOH���7KHUH�ZDV�D�ODUJH�DPRXQW�RI�YDULDELOLW\�LQ�]LQFFRQFHQWUDWLRQ�LQ�ERWK�WKH�LPSDFWHG�ZHWODQG�VRLOV�DQG�LQ�UHIHUHQFH�VRLOV�&RSSHU�FRQFHQWUDWLRQV�LQ�LPSDFWHG�&DPS�&UHHN�ZHWODQG�VRLOV�������DQG������PJ�NJ�ZHUH�RQO\�VOLJKWO\�KLJKHU�WKDQ�WKRVH�LQ�UHIHUHQFH�ZHWODQG�VRLO�����PJ�NJ����&RQFHQWUDWLRQVRI�PDQJDQHVH��LURQ��FDGPLXP��DQG�OHDG�ZHUH�DOVR�DSSUR[LPDWHO\�WKH�VDPH�DV�RU�RQO\VOLJKWO\�KLJKHU�WKDQ�EDFNJURXQG�ZHWODQG�VRLO�FRQFHQWUDWLRQV�6SULQJ�DQG�6RLO�:DWHU7ZR�VSULQJ�VDPSOHV�DQG�VL[�VRLO�ZDWHU�VDPSOHV�ZHUH�FROOHFWHG�DW�WKH�.H\VWRQH�5HVRUW�LQ0D\�DQG�-XQH��������7KH�VSULQJ�VDPSOHV�ZHUH�ERWK�FROOHFWHG�LQ�D�ZHWODQG�RQ�WKH)UHQFKPDQ�VORSH�LQ�WKH�&DPS�&UHHN�GUDLQDJH���7KH�VRLO�ZDWHU�VDPSOHV�ZHUH�H[WUDFWHGIURP�VHYHUDO�RI�WKH�VRLO�VDPSOHV�GLVFXVVHG�DERYH�E\�SUHVVXUH�ILOWUDWLRQ���6RLO�ZDWHUVDPSOHV�ZHUH�FROOHFWHG�IURP�WKUHH�ORFDWLRQV�LQ�WKH�&DPS�&UHHN�GUDLQDJH��RQH�IURP�DORDP\�VRLO�FROOHFWHG�RQ�0D\�����������DQG�WZR�IURP�ZHWODQG�VRLOV�FROOHFWHG�RQ�-XQH����������2QH�EDFNJURXQG�ZHWODQG�VRLO�ZDWHU�VDPSOH�ZDV�FROOHFWHG�IURP�D�VPDOO�VSULQJ�DUHDLQ�WKH�.H\VWRQH�*XOFK�GUDLQDJH�LQ�-XQH�������DQG�WZR�VRLO�ZDWHU�VDPSOHV�ZHUH�FROOHFWHGIURP�ORDP\�VRLOV�LQ�WKH�0R]DUW�GUDLQDJH�RQ�-XQH���������7KH�VDPSOH�FROOHFWHG�IURP�WKH�VSULQJ�DW�WKH�WRS�RI�WKH�)UHQFKPDQ�ZHWODQG��IORZ�a��JSP��KDG�FRQFHQWUDWLRQV�RI�PHWDOV�WKDW�ZHUH�QHDU�RU�EHORZ�GHWHFWLRQ�OHYHOV���7KH�VDPSOHFROOHFWHG�IURP�D�VPDOOHU�VSULQJ�MXVW�GRZQJUDGLHQW�IURP�WKH�WRS�RI�WKH�ZHWODQG�KDGVRPHZKDW�HOHYDWHG�FRQFHQWUDWLRQV�RI�LURQ�DQG�PDQJDQHVH������DQG����PJ�O��UHVSHFWLYHO\��EXW�]LQF�DQG�FRSSHU�FRQFHQWUDWLRQV�ZHUH�ORZ����DQG���PJ�O��UHVSHFWLYHO\����,Q�JHQHUDO��WKHTXDOLW\�RI�ZDWHU�IURP�WKH�WZR�VSULQJ�VDPSOHV�ZDV�DPRQJ�WKH�EHVW�RI�DQ\�ZDWHU�VDPSOHFROOHFWHG�DW�WKH�VLWH���%RWK�ORFDWLRQV�DUH�LQ�DUHDV�H[SRVHG�WR�DUWLILFLDO�VQRZ�ZKHUHVQRZPDNLQJ�KDV�EHHQ�RQJRLQJ�VLQFH������7KH�KLJKHVW�WRWDO�]LQF�DQG�FRSSHU�FRQFHQWUDWLRQV�PHDVXUHG�LQ�VRLO�ZDWHU�ZHUH�IURP�WKHORDP\�VRLO�VDPSOH�FROOHFWHG�RQ�0D\����������RQ�WKH�6FKRROPDVWHU�VNL�VORSH��&DPS&UHHN�EDVLQ����7RWDO�]LQF�DQG�FRSSHU�FRQFHQWUDWLRQV�LQ�WKLV�VDPSOH�ZHUH�����DQG����PJ�O�UHVSHFWLYHO\��DOWKRXJK�ODERUDWRU\�GHWHFWLRQ�OLPLWV�IRU�PDQ\�RI�WKH�FRQVWLWXHQWV�ZHUH�KLJKIRU�WKLV�VDPSOH���7RWDO�LURQ�FRQFHQWUDWLRQV�ZHUH�QRW�KLJKHU�WKDQ�WKRVH�LQ�RWKHU�VRLO�ZDWHUVDPSOHV�DQG�PDQJDQHVH�FRQFHQWUDWLRQV�ZHUH�QRW�GHWHUPLQHG�
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7RWDO�]LQF�DQG�FRSSHU�FRQFHQWUDWLRQV�LQ�WKH�WZR�VRLO�ZDWHU�VDPSOHV�IURP�WKH�)UHQFKPDQZHWODQG�VRLO�VDPSOHV��&DPS�&UHHN�EDVLQ��ZHUH�HOHYDWHG�FRPSDUHG�WR�PRVW�RWKHU�VRLOZDWHU�VDPSOHV��DQG�ZHUH���WR���WLPHV�KLJKHU�WKDQ�WKRVH�LQ�WKH�EDVHOLQH�ZHWODQG�VRLO�ZDWHUVDPSOH���+RZHYHU��GLVVROYHG�FRSSHU�DQG�]LQF�FRQFHQWUDWLRQV�ZHUH�UHODWLYHO\�ORZ�9HJHWDWLRQ�6XUYH\$�YHJHWDWLRQ�VXUYH\�DW�.H\VWRQH�5HVRUW�ZDV�FRQGXFWHG�LQ�6HSWHPEHU������WR�DVVHVV�DQGFRPSDUH�WKH�JHQHUDO�VWDWXV�RI�VNL�VORSH�YHJHWDWLRQ�LQ�DUHDV�ZKHUH�VQRZPDNLQJ�WDNHV�SODFHDQG�UHIHUHQFH�DUHDV�WKDW�DUH�QRW�LPSDFWHG�E\�VQRZPDNLQJ���7KH�ORFDWLRQV�VXUYH\HGLQFOXGHG�DOO�RI�WKH�VLWHV�IURP�ZKLFK�VRLO�VDPSOHV�KDG�EHHQ�FROOHFWHG�LQ�$SULO�DQG�0D\�RI�������$W�HDFK�ORFDWLRQ��WKH�JHQHUDO�FRQGLWLRQ�RI�YHJHWDWLRQ�ZDV�DVVHVVHG�WR�DVFHUWDLQZKHWKHU�DQ\�REYLRXV�GLIIHUHQFHV�H[LVWHG�WKDW�FRXOG�EH�DVVRFLDWHG�ZLWK�GLIIHUHQFHV�LQ�WKHLQSXW�RI�PHWDOV�IURP�VQRZPDNLQJ�ZDWHU�7KH�VXUYH\�RI�YHJHWDWLYH�FRQGLWLRQV�LQGLFDWHG�QR�GLVFHUQDEOH�GLIIHUHQFH�EHWZHHQ�DUHDVWKDW�UHFHLYH�DUWLILFLDO�VQRZ�DQG�WKRVH�WKDW�GR�QRW�UHFHLYH�VQRZPDNLQJ�LQ�WHUPV�RI�SODQWVSHFLHV�FRPSRVLWLRQ�DQG�YHJHWDWLRQ�GHQVLW\���,Q�PDQ\�DUHDV�WKDW�KDYH�EHHQ�H[WHQVLYHO\GLVWXUEHG�E\�VNL�DUHD�GHYHORSPHQW��QDWLYH�YHJHWDWLRQ�LV�EHFRPLQJ�UHHVWDEOLVKHG���7KHPDMRU�DSSDUHQW�YDULDEOH�FRQWUROOLQJ�WKH�VSHFLHV�FRPSRVLWLRQ�LV�WKH�WLPH�HODSVHG�VLQFH�WKHFUHDWLRQ�RI�WKH�VNL�VORSHV�DQG�ODVW�UHYHJHWDWLRQ�HIIRUWV�� ,I�WKH�DGGLWLRQDO�VQRZ�IURPDUWLILFLDO�VRXUFHV�KDV�KDG�DQ�HIIHFW�RQ�WKH�FRPSRVLWLRQV�RI�YHJHWDWLRQ�LQ�ZHWODQG�RU�XSODQGDUHDV�RQ�VNL�VORSHV��LW�ZDV�QRW�UHDGLO\�DSSDUHQW�*HQHUDO�HVWLPDWHV�RI�JURXQG�FRYHU��OLYH�YHJHWDWLRQ�SOXV�OLWWHU�SOXV�VWDQGLQJ�GHDG�SOXV�URFN!��FP�GLDPHWHU��RQ�XSODQG�VNL�VORSHV�ZHUH�HVWLPDWHG�WR�UDQJH�IURP�����WR�����DQGZHUH�QRW�FRQVLVWHQWO\�ORZHU�RU�KLJKHU�LQ�DUHDV�DIIHFWHG�E\�VQRZPDNLQJ���$FFXPXODWLRQ�RIVWDQGLQJ�GHDG�DQG�OLWWHU�LV�OLPLWHG�E\�WKH�UHODWLYHO\�KLJK�UDWH�RI�GHFRPSRVLWLRQ�HQKDQFHGE\�WKH�ORQJ�SHULRG�RI�VDWXUDWLRQ�EHQHDWK�WKH�VQRZSDFN���,Q�ZHWODQG�DUHDV��WKHUH�ZDVVLPLODUO\�QR�REVHUYDEOH�UHGXFWLRQ�LQ�WKH�RUGLQDULO\�YHU\�KLJK�WRWDO�JURXQG�FRYHU�FRPSDUHGWR�UHIHUHQFH�ZHWODQGV�1R�HYLGHQFH�RI�VHULRXV�HURVLRQ�ZDV�HQFRXQWHUHG�RQ�WKH�VORSHV���+RZHYHU��WRWDO�JURXQGFRYHU�RQ�WKH�VNL�VORSHV�ZDV�OHVV�WKDQ�WKDW�RI�WKH�RULJLQDO�IRUHVW�HFRV\VWHP�GXH�WR�WKHDEVHQFH�RI�WUHH�FRYHU�DQG�WKH�DVVRFLDWHG�KHDY\�OLWWHU�RI�IDOOHQ�QHHGOHV��EUDQFKHV��DQG�EROHVWKDW�FKDUDFWHUL]HV�PRVW�VXEDOSLQH�IRUHVWV���$V�D�FRQVHTXHQFH�RI�WKH�PRUH�OLPLWHG�JURXQGFRYHU��WKH�VNL�VORSHV�DUH�OLNHO\�WR�ORVH�VRPH�VHGLPHQW�GXULQJ�VSULQJ�UXQRII�DQGWKXQGHUVWRUPV�EHFDXVH�WKHUH�LV�OHVV�JURXQG�FRYHU���$OVR��GUDLQDJH�FRQYH\DQFHV�DORQJURDGV�DQG�ZDWHU�EDUV�WHQG�WR�FRQFHQWUDWH�IORZV�DQG�HURVLYH�IRUFHV�FDXVLQJ�VRPH�ORFDOL]HGHURVLRQ�SUREOHPV�&RQFOXVLRQV
� 6DPSOLQJ�UHVXOWV�IRU�DUWLILFLDO�VQRZ�DQG�VWUHDPV�WKDW�GUDLQ�DUHDV�ZKHUHVQRZPDNLQJ�RFFXUV�VKRZHG�WKDW�FRQFHQWUDWLRQV�RI�DOXPLQXP��FDGPLXP��FRSSHUDQG�OHDG�ZHUH�ZHOO�EHORZ�DTXDWLF�OLIH�FULWHULD�
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� 7UDFH�PHWDOV�DVVRFLDWHG�ZLWK�6QDNH�5LYHU�VQRZPDNLQJ�VRXUFH�ZDWHU��SULPDULO\]LQF�DQG�PDQJDQHVH��ZHUH�FRQVLGHUDEO\�HOHYDWHG�LQ�WKH�DUWLILFLDO�VQRZ��VQRZPHOWZDWHU�DQG�ZDWHUEDUV�WKDW�GUDLQ�DUHDV�FRYHUHG�E\�VQRZPDNLQJ�FRPSDUHG�WRUHIHUHQFH�DUHDV�
� 5HVXOWV�IURP�WKH�O\VLPHWHU�DQG�VQRZPHOW�GUDLQDJH�VWXGLHV�KDYH�VKRZQ�WKDW�]LQF�PDQJDQHVH��VXOIDWH��DQG�RWKHU�LRQV�DVVRFLDWHG�ZLWK�DUWLILFLDO�VQRZ�HOXWHG�RXW�RIWKH�VQRZSDFN�HDUO\�LQ�WKH�VQRZPHOW�F\FOH�EHIRUH�PRVW�RI�WKH�VQRZ�ZDV�PHOWHG�7KH�KLJKHVW�]LQF�DQG�PDQJDQHVH�FRQFHQWUDWLRQV�DQG�PRVW�SURQRXQFHG�HOXWLRQHIIHFW�RFFXUUHG�LQ�WKH�DUHDV�ZKHUH�WKH�VORZHVW�HDUO\�PHOW�UDWHV�RFFXUUHG���7KHUHVXOWV�RI�WKLV�LQYHVWLJDWLRQ�VXJJHVW�WKDW�WKH�LRQLF�SXOVH�IURP�WKH�DUWLILFLDOVQRZSDFN�LV�VRPHZKDW�GHOD\HG�UHODWLYH�WR�WKH�QDWXUDO�VQRZSDFN�
� =LQF�DQG�PDQJDQHVH�FRQFHQWUDWLRQV�LQ�VWUHDPV�GUDLQLQJ�DUHDV�FRYHUHG�E\VQRZPDNLQJ�ZHUH�HOHYDWHG�EXW�ZHUH�ZLWKLQ�ZDWHU�TXDOLW\�FULWHULD�IRU�DTXDWLF�OLIHGXULQJ�WKH������VQRZPHOW�UXQRII�VHDVRQ�
� 2FFDVLRQDO�H[FHHGHQFHV�RI�WKH�DTXDWLF�OLIH�VWDQGDUG�IRU�WRWDO�LURQ�ZHUH�REVHUYHGLQ�&DPS�&UHHN�DQG�0R]DUW�&UHHN���7KHVH�HYHQWV�ZHUH�DVVRFLDWHG�ZLWK�HURVLRQGXULQJ�SHULRGV�RI�UDSLG�VQRZPHOW�DQG�ZHUH�QRW�WKH�UHVXOW�RI�PHWDOV�LQVQRZPDNLQJ�VRXUFH�ZDWHU�
� 0DFURLQYHUWHEUDWH�SRSXODWLRQ�DQG�GLYHUVLW\�GDWD�LQGLFDWHG�ZDWHU�TXDOLW\�WKDWUDQJHG�IURP�IDLU�WR�H[FHOOHQW�DW�WKH�.H\VWRQH�6NL�$UHD�VDPSOLQJ�VLWHV���,QGLFHV�IRUPHWDOV�LPSDFWV�WR�PDFURLQYHUWHEUDWHV�LQGLFDWH�D�PLOG�LPSDFW�DW�WKH�&DPS�&UHHNVLWH�DQG�D�OHVVRU�LPSDFW�DW�WKH�0R]DUW�&UHHN�VLWH�
� 0HWDOV�FRQFHQWUDWLRQV�LQ�.H\VWRQH�6NL�$UHD�ORDP\�VRLOV�IURP�VQRZPDNLQJ�DUHDVZHUH�JHQHUDOO\�IRXQG�WR�EH�KLJKHU�WKDQ�VNL�DUHD�UHIHUHQFH�VLWHV�EXW�ZHUH�VLPLODU�WRRU�OHVV�WKDQ�ZRUOG�86�DYHUDJH�FRQFHQWUDWLRQ�UDQJHV�
� =LQF�FRQFHQWUDWLRQV�LQ�WZR�ZHWODQG�VRLO�VDPSOHV�FROOHFWHG�RQ�WKH�)UHQFKPDQ�VNLVORSH�ZHUH�FRQVLGHUDEO\�KLJKHU�WKDQ�FRQFHQWUDWLRQV�LQ�UHIHUHQFH�ZHWODQG�VRLOV�VXJJHVWLQJ�WKH�SRVVLELOLW\�RI�LPSDFWV�IURP�VQRZPDNLQJ�DUHDV�WKDW�GUDLQ�WR�WKHZHWODQG�
� 6DPSOHV�FROOHFWHG�IURP�VSULQJV�ORFDWHG�LQ�WKH�YLFLQLW\�RI�WKH�ZHWODQG�RQ�WKH)UHQFKPDQ�VNL�VORSH�LQ�WKH�&DPS�&UHHN�GUDLQDJH�KDG�LURQ�DQG�PDQJDQHVHFRQFHQWUDWLRQV�WKDW�ZHUH�VRPHZKDW�HOHYDWHG���)RU�DOO�RWKHU�SDUDPHWHUV��WKHTXDOLW\�RI�ZDWHU�IURP�WKH�VSULQJ�VDPSOHV�ZDV�DPRQJ�WKH�EHVW�RI�DQ\�ZDWHU�VDPSOHFROOHFWHG�DW�WKH�VLWH�
� 7RWDO�]LQF�DQG�FRSSHU�FRQFHQWUDWLRQV�LQ�WZR�VRLO�ZDWHU�VDPSOHV�IURP�WKH)UHQFKPDQ�ZHWODQG��&DPS�&UHHN�EDVLQ��ZHUH�HOHYDWHG�FRPSDUHG�WR�PRVW�RWKHUVRLO�ZDWHU�VDPSOHV��DQG�ZHUH���WR���WLPHV�KLJKHU�WKDQ�WKRVH�LQ�WKH�EDVHOLQH
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ZHWODQG�VRLO�ZDWHU�VDPSOH���'LVVROYHG�FRSSHU�DQG�]LQF�FRQFHQWUDWLRQV�ZHUHUHODWLYHO\�ORZ�
� 3ODQW�FRPPXQLWLHV�ZLWKLQ�VQRZPDNLQJ�DQG�QRQ�VQRZPDNLQJ�DUHDV��LQFOXGLQJQDWXUDO�DQG�UHYHJHWDWHG�DUHDV��ZHUH�IRXQG�WR�EH�KHDOWK\�LQ�WHUPV�RI�VSHFLHVFRPSRVLWLRQ�DQG�FRYHU�
� 7KH�GDWD�TXDOLW\�HYDOXDWLRQ�IRU�WKLV�VWXG\�LQGLFDWHV�WKDW�WKH�RYHUDOO�TXDOLW\�RI�WKHGDWD�LV�DFFHSWDEOH�IRU�WKH�DQDO\VHV�FRQGXFWHG���7KH�UHVXOWV�IURP�DQDO\VLV�RI�EODQNVDPSOHV�LQGLFDWH�WKDW�ERWK�GLVVROYHG�]LQF�FRQFHQWUDWLRQV��DQG�SRVVLEO\�WRWDOFRQFHQWUDWLRQV��IRU�WKLV�SURMHFW�DUH�ELDVHG�KLJK�E\���WR�����J�O�


