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�$1'�5��72/28(,��'HSW��RI�&LYLO�(QJLQHHULQJ��6KDULI�8QLYHUVLW\�RI�7HFK���3�2��%R[�������������$]DGL�$YHQXH��7HKUDQ��,��5��RI�,UDQ�(PDLO��PDQRXFKHKUYD]LUL#\DKRR�FRP�
�$EVWUDFW±�7KH�FKDOOHQJHV�RI�ZDWHU�UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW�DUH�HQRUPRXV��$URXQG�WKH�

JOREH�� WKH� LQFUHDVLQJ�XVH�RI�ZDWHU�FRXSOHG�ZLWK�HQYLURQPHQWDO�GHWHULRUDWLRQ�FDOOV� IRU� VXVWDLQDEOH�
GHYHORSPHQW�RI� WKH� OLPLWHG�ZDWHU� UHVRXUFHV��$V� D� VLJQLILFDQW�SDUW� RI� WKH�ZRUOG¶V�SRSXODWLRQ� VWLOO�
ODFNV� DFFHVV� WR� VDIH� ZDWHU� DQG� DGHTXDWH� VDQLWDWLRQ�� DQG� DV� JOREDO� XUEDQL]DWLRQ� FRQWLQXHV� WR�
LQFUHDVH��FRQWLQXRXV��FRPSUHKHQVLYH��FRRUGLQDWHG�DQG�FRRSHUDWLYH�ZDWHU�UHVRXUFHV�PDQDJHPHQW�LV�
UHTXLUHG�IRU�WKH�VXVWDLQDEOH�IXWXUH�RI�XUEDQ�DUHDV��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�ZDWHU�
UHVRXUFHV� VXVWDLQDEOH� GHYHORSPHQW� IRU� VHOHFWHG� XUEDQ� DUHDV� DURXQG� WKH� ZRUOG��8VLQJ� FHQWUDOL]HG�
GDWDEDVHV�RI�LQWHUQDWLRQDO�DJHQFLHV�IRU�WKH�SHULRG�RI������WR�������XUEDQ�LQIRUPDWLRQ�SHUWLQHQW�WR�
ZDWHU� UHVRXUFHV� ZHUH� FROOHFWHG�� DQDO\]HG� DQG� PRGHOHG�� 7KH� VWXG\� GDWDEDVH� FRQVLVWHG� RI�
LQIRUPDWLRQ� UHJDUGLQJ� XUEDQ� ZDWHU� DFFHVVLELOLW\�� FRQVXPSWLRQ�� SULFH�� ZDVWHZDWHU� WUHDWPHQW�� DQG�
RWKHU� SHUWLQHQW� VRFLDO�� HQYLURQPHQWDO� DQG� HFRQRPLF� LQGLFDWRUV�� $IWHU� SUHOLPLQDU\� HYDOXDWLRQ� RI�
PRUH�WKDQ�����FLWLHV�DURXQG�WKH�JOREH��GXH�WR�GDWD�LQDFFHVVLELOLW\��LQFRPSOHWHQHVV�DQG�PLVVLQJ������
FLWLHV� ZHUH� VHOHFWHG� IRU� GHWDLOHG� DQDO\VLV�� 7KH� VWDWLVWLFDO� DQDO\VHV� IRU� WKH� VHOHFWHG� FLWLHV� VKRZHG�
LQWHUHVWLQJ�UHVXOWV�DQG�UHODWLRQV�LQ�FRQQHFWLRQ�ZLWK�XUEDQ�ZDWHU�UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW�
LQ�GLIIHUHQW�UHJLRQV�DQG�FRXQWULHV��)RU�WKH�SHULRG�RI������WR�������HODVWLFLW\�RI�GDWDEDVH�YDULDEOHV�
ZHUH�GHYHORSHG��8VLQJ�HODVWLFLWLHV��XUEDQ�DUHD�UDQNLQJV�DQG�DGGUHVVLQJ�ZDWHU�UHVRXUFHV�VXVWDLQDEOH�
GHYHORSPHQW�ZHUH�VXJJHVWHG��7KH�GHYHORSHG�HODVWLFLW\�DQG�UDQNLQJV�ZHUH�XVHG�LQ�WD[RQRP\�RI�WKH�
VHOHFWHG� ���� FLWLHV�� DQG� UHIOHFWHG� FRQVLGHUDEOH� YDULDWLRQV� LQ� XUEDQ� ZDWHU� GHPDQG� DQG� VXSSO\�
GHYHORSPHQW�� $V� HDFK� XUEDQ� DUHD� LV� XQLTXH� LQ� PDQ\� KLVWRULFDO�� JHRJUDSKLFDO�� FXOWXUDO�� VRFLDO��
SROLWLFDO��HQYLURQPHQWDO�DQG�HFRQRPLF�DVSHFWV��DQ\�FRPSDUDWLYH�DSSUDLVDO�QHHGV�GXH�FRQVLGHUDWLRQ�
RI� ORFDO� IDFWRUV� DQG� LVVXHV�� 1HYHUWKHOHVV�� WKH� DSSOLHG� FRPSDUDWLYH� DSSUDLVDO� PHWKRGRORJ\� LV�
VXJJHVWHG�DV�D�FRPSOLPHQW�WR�DQ\�RWKHU�W\SH�RI�DSSUDLVDO�WR�HQKDQFH�XUEDQ�SROLFLHV�LQ�VXSSRUW�RI�
VXVWDLQDEOH�XUEDQ�ZDWHU�UHVRXUFHV�GHYHORSPHQW�������������.H\ZRUGV±�6XVWDLQDEOH�GHYHORSPHQW��ZDWHU�UHVRXUFHV��XUEDQ�DUHDV��JOREDO�VWXG\��FRPSDUDWLYH�DQDO\VLV���

���,1752'8&7,21��
7KH� ODVW� IRUW\� \HDUV� RI� SRSXODWLRQ�� XUEDQL]DWLRQ� DQG� HFRQRPLF� JURZWK� KDYH� UDLVHG� PDQ\� FRQFHUQV� RI�
XQGHVLUDEOH� VRFLR�HQYLURQPHQWDO� LPSDFWV� DURXQG� WKH� JOREH�� 7KH� SXEOLFDWLRQ� RI� ³2XU� &RPPRQ� )XWXUH´�
NQRZQ� DV�7KH�%UXQGWODQG�5HSRUW�� LQWURGXFHG� VXVWDLQDEOH� GHYHORSPHQW� DV� D� NH\� FRQFHSW� DGGUHVVLQJ� WKH�
LQWLPDWH�UHODWLRQVKLSV�EHWZHHQ�HFRQRPLF�DFWLYLWLHV�DQG�HFRORJ\��7KH�%UXQGWODQG�5HSRUW�DFNQRZOHGJHV�WKDW�
WKH�EDVLF�QHHGV�RI�DOO�SHRSOH�VKRXOG�EH�PHW�ZLWK�GXH�FRQVLGHUDWLRQ�RI�IXWXUH�JHQHUDWLRQV�>�@��7KH�UHSRUW�
HPSKDVL]HV� LQWHU� DQG� LQWUD� JHQHUDWLRQDO� HTXLWDELOLWLHV� LQ� WKH� VHQVH� RI� IDLUQHVV� DQG� VKDULQJ�� 6XVWDLQDEOH�
GHYHORSPHQW� IDYRUV� VROXWLRQV� WKDW� HIIHFWLYHO\� LQWHJUDWH� HFRQRPLF�� HQYLURQPHQWDO� DQG� FRPPXQLW\�
FRQVLGHUDWLRQV�� DQG� LV� H[SHFWHG� WR� EH� RQH� RI� WKH�PDMRU� FKDOOHQJHV� RI� WKH� ��VW� FHQWXU\�� ,QGHHG�� KROLVWLF�
SHUVSHFWLYHV� DGGUHVVLQJ� DQG� DSSUDLVLQJ� LQWHUUHODWLRQVKLSV� DQG� LQWHUIDFHV� RI� HQYLURQPHQWDO�� VRFLDO�� DQG�
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��
HFRQRPLF� VXEV\VWHPV� DUH�QHHGHG�� ,Q� WKH� ODVW� WZR�GHFDGHV�� LW� KDV� EHFRPH� WKH�GHYHORSPHQW� IRFXV� RI� WKH�
JOREDO�FRPPXQLW\�DQG�LQFUHDVLQJO\�KDV�EHHQ�GLVFXVVHG�DW�GLIIHUHQW�OHYHOV�RI�PDQ\�JRYHUQPHQWV�DQG�FLYLO�
VRFLHWLHV��6XVWDLQDEOH�VRFLHW\�IDYRUV�FRQGLWLRQV�WKDW�EHQHILW�WKH�HQYLURQPHQW��WKH�HFRQRP\�DQG�WKH�VRFLHW\��
ZLWKRXW�FRPSURPLVLQJ�WKH�ZHOIDUH�RI�IXWXUH�JHQHUDWLRQV��&RQVHTXHQWO\��D�PDVVLYH�OLWHUDWXUH�RQ�VXVWDLQDEOH�
GHYHORSPHQW�KDV�JURZQ�XS� IURP� WKH�FRQFHUQV�DERXW� WKH� UHODWLRQVKLSV�DPRQJ�HFRQRPLF�DFWLYLWLHV�� VRFLDO�
DVSHFWV��DQG�HQYLURQPHQWDO�FRQVLGHUDWLRQV�>���@��

7KH� FRQFHSWV� RI� VXVWDLQDEOH� GHYHORSPHQW� IRU� GLIIHUHQW� VHFWRUV�� VXFK� DV� ZDWHU� UHVRXUFHV�� DUH� RIWHQ�
GHULYHG� IURP� WKH� %UXQGWODQG� 5HSRUW� JHQHUDO� WHUPV�� :DWHU� UHVRXUFHV� VXVWDLQDEOH� GHYHORSPHQW� LPSOLHV�
SURYLVLRQ�RI�UHTXLUHG�ZDWHU�ZKLOH�SURWHFWLQJ�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW�E\�RSWLPDO�XVH�RI�VFDUFH�
UHVRXUFHV�RYHU�D�ORQJ�WLPH�SHUVSHFWLYH��,VVXHV�FRQFHUQLQJ�ZDWHU�UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW�KDYH�
EHHQ� DGGUHVVHG�DW� YDULRXV� WLPHV� DQG�JHRJUDSKLF� VFRSHV�� IURP� ORFDO� WR� JOREDO� VFDOHV� >����@��$URXQG� WKH�
JOREH� WKH� LQFUHDVLQJ� XVH� RI� ZDWHU� FRXSOHG� ZLWK� HQYLURQPHQWDO� GHWHULRUDWLRQ� FDOOV� IRU� VXVWDLQDEOH�
GHYHORSPHQW�RI�WKH�OLPLWHG�ZDWHU�UHVRXUFHV��*OREDOO\��VRPH�����ELOOLRQ�SHRSOH�ODFN�DFFHVV�WR�VDIH�ZDWHU��
����ELOOLRQ�ODFN�DFFHVV�WR�VDIH�VDQLWDWLRQ�DQG�����PLOOLRQ�SUHPDWXUH�GHDWKV�DUH�DWWULEXWDEOH�WR�XQVDIH�ZDWHU��
SRRU� VDQLWDWLRQ�� DQG� SRRU� K\JLHQH� >��@�� 6LQFH� D� JURZLQJ� VKDUH� RI� WKH� JOREDO� SRSXODWLRQ� LV� XUEDQL]HG��
VXVWDLQDELOLW\�KDV�LQFUHDVLQJO\�EHFRPH�IRFXVHG�RQ�XUEDQ�DUHDV��,Q�GHYHORSLQJ�FRXQWULHV��XUEDQ�DUHDV�RIWHQ�
KDYH�FKURQLF�GHILFLHQFLHV�LQ�WKH�SURYLVLRQ�RI�WKH�PRVW�EDVLF�VHUYLFHV��ZKLOH�WKHLU�HQYLURQPHQWDO�FRQGLWLRQV�
DUH�GHWHULRUDWLQJ��8UEDQ�ZDWHU�VXSSO\�DQG�GHPDQG�VKRXOG�EH�HIILFDFLRXVO\�EDODQFHG�DQG�PDQDJHG�>��@��$V�
D VLJQLILFDQW�SDUW�RI�WKH�ZRUOG¶V�SRSXODWLRQ�VWLOO�ODFNV�DFFHVV�WR�VDIH�ZDWHU�DQG�DGHTXDWH�VDQLWDWLRQ��DQG�DV�
JOREDO�XUEDQL]DWLRQ�FRQWLQXHV�WR�LQFUHDVH��FRQWLQXRXV��FRPSUHKHQVLYH��FRRUGLQDWHG�DQG�FRRSHUDWLYH�ZDWHU�
UHVRXUFHV�PDQDJHPHQW�LV�UHTXLUHG�DW�DOO�OHYHOV�IRU�D�VXVWDLQDEOH�IXWXUH�>�����@���

7KH�REMHFWLYH�RI� WKH� VWXG\� UHSRUWHG�KHUHLQ�ZDV� WR� FRPSDUDWLYHO\�DVVHVV�ZDWHU� UHVRXUFHV� VXVWDLQDEOH�
GHYHORSPHQW�IRU�VHOHFWHG�XUEDQ�DUHDV�LQ�WKH�ZRUOG�GXULQJ�WKH�ODVW�GHFDGH��8VLQJ�FHQWUDOL]HG�GDWDEDVHV�RI�
LQWHUQDWLRQDO�DJHQFLHV��IRU�WKH�SHULRG�RI������WR�������XUEDQ�LQIRUPDWLRQ�SHUWLQHQW�WR�ZDWHU�UHVRXUFHV�ZHUH�
FROOHFWHG�� DQDO\]HG� DQG� PRGHOHG�� 7KH� VWXG\� GDWDEDVH� FRQVLVWHG� RI� LQIRUPDWLRQ� UHJDUGLQJ� XUEDQ� ZDWHU�
DFFHVVLELOLW\�� FRQVXPSWLRQ�� SULFH�� ZDVWHZDWHU� WUHDWPHQW�� DQG� RWKHU� SHUWLQHQW� VRFLDO�� HQYLURQPHQWDO� DQG�
HFRQRPLF�YDULDEOHV��'XH�WR�GDWD�LQFRPSOHWHQHVV�DQG�PLVVLQJ�YDOXHV��DQG�DIWHU�VHYHUDO�VFUHHQLQJ�VWDJHV��D�
VHW�RI�XUEDQ�DUHDV�ZLWK�DGHTXDWH�LQIRUPDWLRQ�ZDV�LGHQWLILHG�IRU�GHWDLOHG�DQDO\VLV��7KH�VXEVHTXHQW�DQDO\VHV�
DQG� PRGHOLQJ� IRU� WKH� VHOHFWHG� XUEDQ� DUHDV� VKRZHG� LQWHUHVWLQJ� UHVXOWV� DQG� UHODWLRQV� LQ� FRQQHFWLRQ� ZLWK�
ZDWHU� UHVRXUFHV� VXVWDLQDEOH� GHYHORSPHQW�� 7KH� VWXG\� FRQILUPHG� WKH� VLJQLILFDQFH� RI� XUEDQ� DUHDV� ZDWHU�
UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW�FKDOOHQJHV�RI�WKH���VW�FHQWXU\��
�

�� '$7$%$6(��
7R� DGGUHVV� VXVWDLQDEOH� GHYHORSPHQW� RI� XUEDQ� ZDWHU� UHVRXUFHV�� UHOHYDQW� WLPH�VHULHV� ZDWHU�� VRFLDO��

HQYLURQPHQWDO� DQG� HFRQRPLFDO� LQIRUPDWLRQ� ZDV� JDWKHUHG� DQG� DQDO\]HG�� 7KH� OLPLWHG� VWXG\� UHVRXUFHV�
FRQILQHG� WKH� GDWD� FROOHFWLRQ� WR� LQIRUPDWLRQ� JDWKHULQJ� IURP� LQWHUQDWLRQDO� GDWDEDQNV� >�����@�� 7KH� PDLQ�
SUREOHP�HQFRXQWHUHG�ZDV�WKH�DYDLODELOLW\�DQG�DFFHVVLELOLW\�WR�FRPSDUDEOH�ZDWHU�GDWD�RQ�GHPDQG��VXSSO\��
XWLOL]DWLRQ� DQG� LPSDFWV� DW� WKH� XUEDQ� OHYHO��7KH�XUEDQ�PDLQ� FHQWUDOL]HG�GDWD� VRXUFH�ZDV� IRXQG� WR� EH� WKH�
8UEDQ� ,QGLFDWRU�'DWDEDVH� >��@��$IWHU� HYDOXDWLRQ� RI� WKH� FHQWUDOL]HG� DQG� DFFHVVLEOH� WLPH�VHULHV� GDWDEDVHV�
DQG�WKHLU�FRPSOHWHQHVV��WKH�OLPLWHG�VWXG\�UHVRXUFHV�FRQILQHG�WKH�VWXG\�VFRSH�WR�D�SUHOLPLQDU\�VHOHFWLRQ�RI�
���� XUEDQ� DUHDV� DQG� D� WLPH�VHULHV� SHULRG� RI� ����� WR� ������ 7KH� VHOHFWHG� XUEDQ� DUHDV� ZHUH� IURP� ����
FRXQWULHV� DURXQG� WKH� JOREH�� 7KH� SURFHVV� RI� GDWD� UHILQHPHQW� DQG� UHGXFWLRQ� LQFOXGHG� VHYHUDO� VWDJHV� RI�
XQLYDULDWH� DQG� PXOWLYDULDWH� VWDWLVWLFDO� DQDO\VHV�� HVSHFLDOO\� IDFWRU� DQDO\VLV�� 'XH� WR� WLPH�VHULHV� GDWD�
LQFRPSOHWHQHVV�DQG�PLVVLQJ�YDOXHV��DQG�DIWHU�VHYHUDO�VFUHHQLQJ�VWDJHV������XUEDQ�DUHDV�IURP����FRXQWULHV�
ZHUH�VHOHFWHG�IRU�GHWDLOHG�DQDO\VLV��7DEOH���VKRZV�WKH�ILQDO�VWXG\�GDWDEDVH�VWUXFWXUH�DQG�YDULDEOH�GHWDLOV���

�
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��
7DEOH����'HVFULSWLRQ�DQG�VWUXFWXUH�RI�WKH�VWXG\�GDWDEDVH�YDULDEOHV��� &DWHJRU\� 1R�� �1DPH� �'HVFULSWLRQ�
� :8+$ 8UEDQ�KRXVHKROGV�ZLWK�DFFHVV�ZLWKLQ�����PHWHU�LQ��� :8+& 8UEDQ�KRXVHKROGV�ZLWK�FRQQHFWLRQ�LQ���� :835 8UEDQ�ZDWHU�SULFH�LQ���SHU�FXELF�PHWHU�� :8&2 8UEDQ�GDLO\�FRQVXPSWLRQ�LQ�OLWHU�SHU�FDSLWD�� :867 8UEDQ�ZDWHU�VHZDJH�WUHDWHG�LQ��

:DWHU�
� :8+6 8UEDQ�KRXVHKROGV�ZLWK�VHZDJH�FRQQHFWLRQ�LQ��� 6838 8UEDQ�SRSXODWLRQ�LQ�WKRXVDQG� 683+ 8UEDQ�KRXVHKROGV�EHORZ�SRYHUW\�OLQH�LQ��� 680) 8UEDQ�DQQXDO�PRUWDOLW\�UDWH�IRU�DJH���DQG�EHORZ LQ���� 613* 1DWLRQDO�DQQXDO�SRSXODWLRQ�JURZWK�LQ���� 613' 1DWLRQDO�SRSXODWLRQ�GHQVLW\�LQ�SHUVRQV�SHU�VTXDUH�NLORPHWHU

6RFLR�GHPRJUDSKLF�
�� 6183 1DWLRQDO�SRSXODWLRQ�LQ�XUEDQ�DUHDV�LQ���� (865 8UEDQ�VROLG�ZDVWH�WUHDWHG�LQ���� (8+( 8UEDQ�KRXVHKROGV�ZLWK�HOHFWULF�FRQQHFWLRQ�LQ���� (83( 8UEDQ�ORFDO�HQYLURQPHQWDO�SODQV�H[LVWHG��]HUR�RU�RQH�� (83/ 8UEDQ�ORFDO�HQYLURQPHQWDO�SODQV�LQVWLWXWLRQDOL]HG��]HUR�RU�RQH�� (83, 8UEDQ�ORFDO�HQYLURQPHQWDO�SODQV�LPSOHPHQWHG��]HUR�RU�RQH

(QYLURQPHQWDO�
�� (1(0 1DWLRQDO�DQQXDO�&2��HPLVVLRQV�LQ�PHWULF�WRQV�SHU�FDSLWD�� &8&3 8UEDQ�FLW\�SURGXFW�LQ�86���� &87& 8UEDQ�KRXVHKROGV�ZLWK�WHOHSKRQH�FRQQHFWLRQ�LQ���� &8'& 8UEDQ�GLVDVWHU�EXLOGLQJ�FRGH�H[LWHG��]HUR�RU�RQH��� &8'0 8UEDQ�KD]DUG�DQG�GLVDVWHU�PDSSLQJ�H[LWHG��]HUR�RU�RQH�� &8', 8UEDQ�EXLOGLQJ�GLVDVWHU�LQVXUDQFH�H[LVWHG��]HUR�RU�RQH�� &1*' 1DWLRQDO�*'3�LQ�FRQVWDQW������86�ELOOLRQ��

(FRQRPLFDO��

�� &1,) ,QIODWLRQ��*'3�GHIODWRU

7KH�7DEOH���GHILQLWLRQV�DUH�DYDLODEOH�LQ�WKH�RULJLQDO�GDWDEDVH�DQG�KDG�EHHQ�JLYHQ�WR�LQGLYLGXDO�FLWLHV�
ZKLOH�WKH�LQIRUPDWLRQ�ZDV�EHLQJ�FRPSOHWHG��7KH�VWXG\�DVVLJQHG�YDULDEOH�QDPHV�FRQVLVWLQJ�RI���GLJLWV��7KH�
ILUVW�GLJLW�VKRZV�WKH�FDWHJRU\�W\SH��WKH�VHFRQG�GLJLW�VKRZV�YDULDEOH�W\SH��HLWKHU�XUEDQ�RU�QDWLRQDO��DQG�WKH�
WKLUG� DQG� IRUWK� GLJLWV� UHIOHFW� YDULDEOH� GHVFULSWLRQ��7KHUH�ZHUH���� FDUGLQDO� DQG���QRPLQDO� YDULDEOHV��7KH�
QRPLQDO�YDULDEOHV�ZHUH�(83(��XUEDQ�ORFDO�HQYLURQPHQWDO�SODQV�H[LVWHG��(83/��XUEDQ�ORFDO�HQYLURQPHQWDO�
SODQV� LQVWLWXWLRQDOL]HG�� (83,�� XUEDQ� ORFDO� HQYLURQPHQWDO� SODQV� LPSOHPHQWHG�� &8'&�� XUEDQ� GLVDVWHU�
EXLOGLQJ� FRGH� H[LVWHG�� &8'0�� XUEDQ� KD]DUG� DQG� GLVDVWHU�PDSSLQJ� H[LVWHG�� DQG� &8',�� XUEDQ� EXLOGLQJ�
GLVDVWHU�LQVXUDQFH�H[LVWHG��ZLWK�WKH�YDOXH�RI�HLWKHU�]HUR�RU�RQH��2QO\����XUEDQ�DUHDV�KDG�QR�PLVVLQJ�GDWD��
QDPHO\��$PPDQ�RI�-RUGDQ��$VXQFLRQ�RI�3DUDJXD\��%DQJDORUH�RI�,QGLD��%HOJUDGH�RI�6HUELD��%UD]]DYLOOH�RI�
&RQJR�� %XGDSHVW� RI� +XQJDU\�� &KHQQDL� RI� ,QGLD�� &RORPER� RI� 6UL� /DQND�� &RWRQRX� RI� %HQLQ�� 'KDND� RI�
%DQJODGHVK�� -DNDUWD� RI� ,QGRQHVLD��.LJDOL� RI�5ZDQGD��.RVWURPD� RI�5XVVLD��0RVFRZ�RI�5XVVLD��1L]KQ\�
1RYJRURG�RI�5XVVLD��3RUWR�1RYR�RI�%HQLQ��4XLWR�RI�(FXDGRU��5HFLIH�RI�%UD]LO��5LR�GH�-DQHLUR�RI�%UD]LO��
6DQWD�&UX]� RI� %ROLYLD�� 6HPDUDQJ� RI� ,QGRQHVLD�� 6RILD� RI� %XOJDULD�� 6WRFNKROP� RI� 6ZHGHQ�� 6XUDED\D� RI�
,QGRQHVLD��<DRXQGH�RI�&DPHURQ�DQG�<HUHYDQ�RI�$UPHQLD��

7KH�XQLYDULDWH�VWDWLVWLFDO�DQDO\VLV�RI�WKH�GDWDEDVH�VKHG�OLJKW�RQ�WKH�GDWDEDVH�FURVV��VHFWLRQDO�DQG�WLPH�
VHULHV� YDULDELOLW\�� 7KH� DQDO\VLV� FRYHUHG� FRPSXWDWLRQ� RI� VWDWLVWLFV� VXFK� DV� PLQLPXP�� PD[LPXP�� PHDQ��
UDQJH�� YDULDQFH�� VWDQGDUG� GHYLDWLRQ�� FRHIILFLHQW� RI� YDULDWLRQ�� NXUWRVLV� DQG� VNHZQHVV�� 7DEOH� �� VKRZV� D�
VXPPDU\�RI� WKH� UHVXOWV�RI�GHVFULSWLYH� DQDO\VLV��)RU� HDFK�RI� WKH����YDULDEOHV�� WKH� WDEOH� VKRZV� WKH�PHDQ��
VWDQGDUG�GHYLDWLRQ�DQG�FRHIILFLHQW�RI�YDULDWLRQ�IRU������DQG�������DQG�WKH�FKDQJHV�GXULQJ�WKHVH���\HDUV��
%DVHG�RQ�PHDQ�YDOXHV��DOO�FDUGLQDO�YDULDEOHV�VKRZHG�JURZWK�GXULQJ������WR������H[FHSW�:8+$��SHUFHQW�
RI� XUEDQ� KRXVHKROGV� ZLWK� DFFHVV� ZLWKLQ� ���� PHWHUV�� :8+&�� SHUFHQW� XUEDQ� KRXVHKROGV� ZLWK� ZDWHU�
FRQQHFWLRQ��:835��XUEDQ�ZDWHU�SULFH�LQ�GROODU�SHU�FXELF�PHWHU��:8&2��XUEDQ�GDLO\�FRQVXPSWLRQ�LQ�OLWHU�
SHU� FDSLWD�� 683+�� SHUFHQW� RI� XUEDQ� KRXVHKROGV� EHORZ� SRYHUW\� OLQH�� 613*�� QDWLRQDO� DQQXDO� SRSXODWLRQ�
JURZWK�� (1(0�� QDWLRQDO� DQQXDO� &2�� HPLVVLRQV� LQ� PHWULF� WRQV� SHU� FDSLWD�� DQG� &1,)�� *'3� ,QIODWLRQ�
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��
GHIODWRU�� 7KH� VWXG\� GDWDEDVH� XQLYDULDWH� DQDO\VLV� VKRZHG� VLJQLILFDQW� FURVV�VHFWLRQDO� DQG� WLPH�VHULHV�
YDULDWLRQV��DV�ZHUH�UHIOHFWHG�E\�VWDQGDUG�GHYLDWLRQ�DQG�FRHIILFLHQW�RI�YDULDWLRQ�YDOXHV�RI�7DEOH����7KH������
PLQLPXP��DYHUDJH�DQG�PD[LPXP�FRHIILFLHQW�RI�YDULDWLRQ�YDOXHV�ZHUH������������DQG�������UHVSHFWLYHO\��
7KH� ����� PLQLPXP�� DYHUDJH� DQG� PD[LPXP� FRHIILFLHQW� RI� YDULDWLRQ� YDOXHV� ZHUH� ������ ����� DQG� ������
UHVSHFWLYHO\��7KH�����������PLQLPXP��DYHUDJH�DQG�PD[LPXP�FRHIILFLHQW�RI�YDULDWLRQ�RI�YDULDEOH�FKDQJHV�
ZHUH� ������ ������ DQG� �������� UHVSHFWLYHO\�� 7KH� WLPH�VHULHV� FKDQJHV� QRW� VXSSRUWLQJ� VXVWDLQDEOH�
GHYHORSPHQW� ZHUH� UHODWHG� WR� YDULDEOHV� :8+$�� SHUFHQW� RI� XUEDQ� KRXVHKROGV� ZLWK� DFFHVV� ZLWKLQ� ����
PHWHUV��:8+&��SHUFHQW�RI�XUEDQ�KRXVHKROGV�ZLWK�ZDWHU�FRQQHFWLRQ��DQG�680)��SHUFHQW�RI�XUEDQ�DQQXDO�
PRUWDOLW\� UDWH� IRU� DJH� �� DQG� EHORZ�� 6LQFH� IRU� WKH� QRPLQDO� YDULDEOHV� LQ� HQYLURQPHQWDO� DQG� HFRQRPLF�
FDWHJRULHV� WKHUH�ZDV�QR� LQIRUPDWLRQ�DYDLODEOH� IRU�������QR�VWDWLVWLFV�EHFDPH�DYDLODEOH� IRU� WKHLU�FKDQJHV�
IURP������WR�������DV�VKRZQ�E\�WKH�V\PERO�³1$´�LQ�7DEOH����%DVHG�RQ������FRHIILFLHQW�RI�YDULDWLRQV��IRU�
YDULDEOH�FDWHJRULHV�RI�ZDWHU��VRFLDO��HQYLURQPHQWDO�DQG�HFRQRPLF��WKH�KLJKHVW�YDULDELOLWLHV�ZHUH�REVHUYHG�
IRU�:835��XUEDQ�ZDWHU�SULFH�LQ�GROODUV�SHU�FXELF�PHWHU��613'��QDWLRQDO�SRSXODWLRQ�GHQVLW\�LQ�SHUVRQV�SHU�
VTXDUH� NLORPHWHU�� (1(0�� QDWLRQDO� DQQXDO� &2�� HPLVVLRQV� LQ� PHWULF� WRQV� SHU� FDSLWD�� DQG� &1,)�� *'3�
,QIODWLRQ�GHIODWRU��UHVSHFWLYHO\��%DVHG�RQ������FRHIILFLHQW�RI�YDULDWLRQV��IRU�YDULDEOH�FDWHJRULHV�RI�ZDWHU��
VRFLDO��HQYLURQPHQWDO�DQG�HFRQRPLF��WKH�KLJKHVW�YDULDELOLWLHV�ZHUH�REVHUYHG�IRU�:835��XUEDQ�ZDWHU�SULFH�
LQ� GROODU� SHU� FXELF�PHWHU�� 613'�� QDWLRQDO� SRSXODWLRQ� GHQVLW\� LQ� SHUVRQV� SHU� VTXDUH� NLORPHWHU�� (1(0��
QDWLRQDO�DQQXDO�&2��HPLVVLRQV�LQ�PHWULF�WRQV�SHU�FDSLWD��DQG�&1*'��QDWLRQDO�*'3�LQ�FRQVWDQW������86�
ELOOLRQ�GROODUV��UHVSHFWLYHO\��)RU�WKH�FKDQJHV�IURP������WR�������IRU���YDULDEOH�FDWHJRULHV�RI�ZDWHU��VRFLDO��
HQYLURQPHQWDO�DQG�HFRQRPLF��WKH�KLJKHVW�YDULDELOLWLHV�ZHUH�REVHUYHG�IRU�:867��SHUFHQW�RI�XUEDQ�ZDWHU�
VHZDJH� WUHDWHG��613*��QDWLRQDO� DQQXDO�SRSXODWLRQ�JURZWK��(865��SHUFHQW�RI�XUEDQ� VROLG�ZDVWH� WUHDWHG��
DQG� &8&3�� XUEDQ� FLW\� SURGXFW� LQ� GROODUV�� UHVSHFWLYHO\�� 7KH� PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� RI� QRPLQDO�
YDULDEOHV� UHIOHFW� VLJQLILFDQW� FRQFHUQV� UHJDUGLQJ� WKH� HQYLURQPHQW� DQG� GLVDVWHU� PLWLJDWLRQ� E\� ORFDO�
JRYHUQPHQWV�LQ�������8UEDQ�HQYLURQPHQWDO�SODQQLQJ�ZDV�LPSOHPHQWHG�LQ�����RI�WKH�VHOHFWHG�XUEDQ�DUHDV�
LQ�������)XUWKHUPRUH��ORFDO�JRYHUQPHQW�GLVDVWHU�PLWLJDWLRQ�SROLFLHV�DQG�DFWLYLWLHV�H[LVWHG�IRU�DURXQG�KDOI�
RI�WKH�VHOHFWHG�XUEDQ�DUHDV�LQ�������7KHVH�UHIOHFW�VRPH�VLJQLILFDQW�DWWHQWLRQ�WRZDUG�XUEDQ�ZDWHU�UHVRXUFHV�
VXVWDLQDEOH�GHYHORSPHQW�GXULQJ�WKH�ILYH�\HDU�VWXG\�SHULRG�RI������WR�������

�
7DEOH����'HVFULSWLYH�DQDO\VLV�RI�WKH�GDWDEDVH�YDULDEOHV���

1R�� 9DULDEOH�QDPH� 0HDQ������ 6��'�������
&�2�)������� 0HDQ������ 6��'�������

&�2�)� ����� 0HDQ������� 6�'���������
&�2�)� ������

� :8+$� ������ ������ ����� ������ ������ ����� ������ ������ ������
� :8+&� ������ ������ ����� ������ ������ ����� ������ ������ ������
� :835� ����� ����� ����� ����� ����� ����� ������ ����� �����
� :8&2� ������� ������� ����� ������� ������� ����� ������� ������ �����
� :867� ������ ������ ����� ������ ������ ����� ����� ������ ������
� :8+6� ������ ������ ����� ������ ������ ����� ����� ������ �����
� 6838� ������� ������� ����� ������� ������� ����� ������� ������� �����
� 683+� ������ ������ ����� ������ ������ ����� ������ ������ ������
� 680)� ����� ����� ����� ����� ����� ����� ���� ���� �����
��� 613*� ����� ����� ����� ����� ����� ����� ������ ����� ������
��� 613'� ������� ������� ����� ������� ������� ����� ����� ������ �����
��� 6183� ������ ������ ����� ������ ������ ����� ����� ����� �����
��� (865� ������ ������ ����� ������ ������ ����� ����� ������ ������
��� (8+(� ������ ������ ����� ������ ������ ����� ����� ������ �����
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��
7DEOH���&RQWLQXHG��
��� (83(� 1$� 1$� 1$� ����� ����� ����� 1$� 1$� 1$�
�� (83/� 1$� 1$� 1$� ����� ����� ����� 1$� 1$� 1$�
��� (83,� 1$� 1$� 1$� ����� ����� ����� 1$� 1$� 1$�
�� (1(0� ����� ����� ����� ����� ����� ����� ������ ����� �����
��� &8&3� ������� ������� ����� ������� ������� ����� ������� ������� �����
��� &87&� ������ ������ ����� ������ ������ ����� ������ ������ �����
��� &8'&� 1$� 1$� 1$� ����� ����� ����� 1$� 1$� 1$�
��� &8'0� 1$� 1$� 1$� ����� ����� ����� 1$� 1$� 1$�
��� &8',� 1$� 1$� 1$� ����� ����� ����� 1$� 1$� 1$�
��� &1*'� ������� ������� ����� ������� ������� ����� ����� ������� �����

��� &1,)� ������� ������� ����� ������ ������ ����� �������� ������� �����
$YHUDJH� 1$� 1$� ����� 1$� 1$� ����� 1$� 1$� ������

���&255(/$7,21�$1$/<6,6��
7R� GHYHORS� DQ� XQGHUVWDQGLQJ� RI� WKH� LQWHUUHODWLRQVKLS� DPRQJ� GDWDEDVH� YDULDEOHV�� DV� D� ILUVW�� SDLU�ZLVH�
FRUUHODWLRQ�DQDO\VLV� IRU������������DQG� WKH�FKDQJHV��ZDV�SHUIRUPHG��7KH� VL]H���[���FRUUHODWLRQ�PDWUL[�
SUHYHQWHG� WKHLU� GLVSOD\� KHUHLQ��7DEOH� �� VKRZV� D� VXPPDU\� RI� FRUUHODWLRQ� DQDO\VLV�ZLWK� UHVSHFW� WR�ZDWHU�
YDULDEOHV��� 7DEOH����&RUUHODWLRQ�DQDO\VLV�RI�WKH�GDWDEDVH�ZDWHU�YDULDEOHV���
9DULDEOH� &RUUHODWHG�ZLWK�YDULDEOHV� 9DULDEOH� &RUUHODWHG�ZLWK�YDULDEOHV� 9DULDEOH� &RUUHODWHG��ZLWK�

YDULDEOHV�

�
:8+$���

���6183���6183���(865����
(865���(8+(���(8+(����
(1(0���(1(0���&8&3����
&87&���&87&���&1*'����
&1*'���&1*'¨�:8+$����
:8+&���:8+&���:8&2����
:8&2���:867���:867����
:8+6���:8+6���

���683+���680)���680)����

613*���613*���613'¨��

:8+$¨�:835����
�

�
:8+$���

���613'���613'���6183����
6183���(865���(865����
(8+(���(8+(���(8+(����
(1(0���(1(0���&8&3����
&87&���&87&���&87&¨�&1*'��
�&1*'���:8+$���:8+$¨��
:8+&���:8+&���:835¨��
:8&2���:8&2���:867����
:867���:8+6���:8+6���
���683+���680)���680)����
613*���613*���6183¨��
:8+&¨�:835���:835���

:8+$ �

���613'���613'���
�613'¨�&8'&����
:8+$���:835¨��
���680)���613*¨��
:8+$���:835���

�
:8+&���

���6183���6183���(865����
(865���(8+(���(8+(����
(1(0���(1(0���&8&3����
&8&3���&87&���&87&����
&1*'���&1*'���&1*'¨��
:8+$���:8+$���:8+&����
:8&2���:8&2���:867����
:867���:8+6���:8+6���
���680)���680)���680)¨��
613*���613*���6183¨��
(865¨�(8+(¨�(83(����
(1(0¨�:8+&¨�:835����
:8+6¨�

�
:8+&���

���6183���6183���(865����
(865���(8+(���(8+(����
(1(0���(1(0���&8&3����
&8&3���&87&���&87&����
&87&¨�&1*'���&1*'����
&1*'¨�&,1)���:8+$����
:8+$���:8+&���:8&2���
�:8&2���:867���:867����
:8+6���:8+6���
����683+���680)���680)����
680)¨�613*���613*����
613'¨�6183¨�(865¨��
(83(���(1(0¨�&,1)¨�

:8+& �

���680)���613*���
�(8+(¨�:835����
:867¨�:8+6¨����
����613*¨�613'����
613'���613'¨��
(8+(���:8+$����
:8+&���:8+6���

�
:835�

��

���(865¨�:8+&¨�:835���
����(8+(���(8+(���&8'&����
&8'0���&8',���:8+$����
:8+$¨�:8+&���:835¨�� �

:835�
��

���680)���&8&3���&8&3���
�&8&3¨�:835���
����(8+(���(8+(���:8+$����
:8+$���:8&2���

:835 �

���(8+(���(8+(����
&8'&���:8+$����
:8+$¨���
����680)���(865¨��
:835���
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��
7DEOH���&RQWLQXHG��
�

�
:8&2���

���6183���6183���(865���
�(865���(8+(���(8+(����
(1(0���(1(0���&8&3����
&87&���&87&���&8'0����
&1*'���&1*'���&1*'¨��
&,1)���:8+$���:8+$����
:8+&���:8+&���:8&2����
:867���:8+6���:8+6�����
����680)���680)���680)¨��
613*���613*���6183¨��
(865¨�(1(0¨�&,1)¨�:8&2¨�

�
:8&2���

���6183���6183���(865���
(8+(���(8+(���(1(0����
(1(0���&8&3���&8&3����
&87&���&87&���&1*'����
&1*'���&1*'¨�:8+$����
:8+$���:8+&���:8+&����
:8&2���:867���:867����
:8+6���:8+6���
����680)���680)���680)¨��
613*���613*���6183¨��
(865¨�:835���

:8&2 �

���680)���613*����
613*���6183¨��
(1(0¨�
����6183���(1(0����
(1(0���&87&����
&87&���:8&2����
:8+6���:8+6���

�
:867�

��

���6183���6183���(865���
�(8+(���(8+(���(1(0����
(1(0���&8&3���&8&3����
&87&���&87&���&1*'����
&1*'���&1*'¨�:8+$����
:8+$���:8+&���:8+&����
:8&2���:8&2���:867����
:8+6���:8+6����
����680)���680)���613*����
613*���6183¨�(1(0¨��:867¨�

�
:867�

��

���6838¨�6183���6183����
(865���(8+(���(8+(����
(1(0���(1(0���&8&3����
&87&���&87&���&87&¨��
&1*'���&1*'���:8+$���:8+
$���:8+&���:8+&���:8&2���
:867���:867¨��
:8+6���:8+6���
����680)���680)���613*����
613*���613*¨�613'¨��
6183¨�(8+(¨�(1(0¨��&8'0���

�
:867 �

���&,1)¨�:8+&¨��
:867�������������������
����683+���613*¨��
613'���613'����
613'¨�&,1)����
:867���
�

�
:8+6���

���6183���6183���(865����
(8+(���(8+(���(1(0����
(1(0���&8&3���&8&3����
&87&���&87&���&1*'����
&1*'���&1*'¨�:8+$����
:8+$���:8+&���:8+&����
:8&2���:8&2���:867����
:867���:8+6����
����680)���680)���613*����
613*���6183¨�(865¨�(83(����
(1(0¨�:8+&¨�:8&2¨�:8+6¨��
:8+& �:8+6 ��&87& �

�
:8+6���

���6183���6183���(865����
(865���(8+(���(8+(����
(1(0���(1(0���&8&3����
&8&3���&87&���&87&�����
&87&¨�&1*'���&1*'����
&1*'¨�:8+$���:8+$����
:8+&���:8+&���:8&2����
:8&2���:867���:867����
:8+6���
����680)���680)���613*����
613*���613'¨�6183¨�(865¨��
(1(0¨�:8&2¨�

:8+6 �

���6183¨�&,1)����
:8+&¨���
���:8+&���:8+6���

7KH�FRUUHODWLRQ�PDWUL[�UHYHDOHG�D�QXPEHU�RI�LQWHUHVWLQJ�SDWWHUQV�DQG�ZDV�IRXQG�XVHIXO�LQ�VXEVHTXHQW�
DQDO\VHV� DQG�PRGHOLQJ��0DQ\� SDLUV� RI� YDULDEOHV� ZHUH� IRXQG� FRUUHODWHG� DW� D� OHYHO� RI� VLJQLILFDQFH� ������
%DVHG�RQ�WKH���[���FRUUHODWLRQ�PDWUL[��RQ�DYHUDJH��D�ZDWHU�YDULDEOH�ZDV�SRVLWLYHO\��������DQG�QHJDWLYHO\�
�������VLJQLILFDQWO\�FRUUHODWLQJ�ZLWK� WKH�RWKHU�YDULDEOHV�� ,Q�7DEOH���HDFK�YDULDEOH� LV�VKRZQ�E\�DQ� LQGH[�
UHIOHFWLQJ�WKH�\HDU�RU�WKH�FKDQJHV��7KH�ZDWHU�YDULDEOHV�VKRZHG�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQV�ZLWK�VRFLDO�
YDULDEOHV�� ������ HFRQRPLF� YDULDEOHV��������ZDWHU� YDULDEOHV�� �������DQG� HQYLURQPHQWDO� YDULDEOHV�� ������
UHVSHFWLYHO\�� 7KH\� VKRZHG� VLJQLILFDQW� QHJDWLYH� FRUUHODWLRQV� ZLWK� VRFLDO� YDULDEOHV�� ������ HFRQRPLF�
YDULDEOHV��������ZDWHU�YDULDEOHV��������DQG�HQYLURQPHQWDO�YDULDEOHV��������UHVSHFWLYHO\��

,Q� ������ IRU� :8+$�� SHUFHQW� RI� XUEDQ� KRXVHKROGV� ZLWK� ZDWHU� DFFHVV� ZLWKLQ� ���� PHWHUV�� FURVV�
VHFWLRQDO� SRVLWLYH� FRUUHODWLRQV�ZHUH� IRXQG�ZLWK� 6183�� (865�� (8+(�� (1(0��&8&3��&87&��&1*'��
:8+&��:8&2��:867�DQG�:8+6��&URVV�VHFWLRQDO�QHJDWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK�680)�DQG�



8UEDQ�ZDWHU�UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW��«��

)HEUXDU\�������������������������������������������������������������������������������,UDQLDQ�-RXUQDO�RI�6FLHQFH�	�7HFKQRORJ\��9ROXPH�����1XPEHU�%��

��
613*�� ,Q� ������ IRU� :8+&� WKH� SHUFHQW� RI� XUEDQ� KRXVHKROGV� ZLWK� ZDWHU� FRQQHFWLRQ�� FURVV� VHFWLRQDO�
SRVLWLYH� FRUUHODWLRQV� ZHUH� IRXQG�ZLWK� 6183�� (865�� (8+(�� (1(0�� &8&3�� &87&�� &1*'��:8+$��
:8&2��:867�DQG�:8+6��&URVV� VHFWLRQDO� QHJDWLYH� FRUUHODWLRQV�ZHUH� IRXQG�ZLWK�680)�� 613*�DQG�
:835�� ,Q� ������ IRU�:835�� XUEDQ�ZDWHU� SULFH� LQ� GROODUV� SHU� FXELF�PHWHU�� QR� FURVV� VHFWLRQDO� SRVLWLYH�
FRUUHODWLRQ�ZDV�IRXQG��EXW�QHJDWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK�(8+(�DQG�:8+&��,Q�������IRU�:8&2��
XUEDQ�GDLO\�FRQVXPSWLRQ�LQ�OLWHU�SHU�FDSLWD�ZHUH�IRXQG�ZLWK�6183��(865��(8+(��(1(0��&8&3��&87&��
&1*'��&,1)��:8+$��:8+&��:867� DQG�:8+6��&URVV� VHFWLRQDO� QHJDWLYH� FRUUHODWLRQV�ZHUH� IRXQG�
ZLWK� 680)� DQG� 613*�� ,Q� ������ IRU�:867�� SHUFHQW� RI� XUEDQ� ZDWHU� VHZDJH� WUHDWHG� ZHUH� IRXQG�ZLWK�
6183�� (865�� (8+(�� (1(0�� &8&3�� &87&�� &1*'�� :8+$�� :8+&�� :8&2� DQG� :8+6�� &URVV�
VHFWLRQDO�QHJDWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK�680)�DQG�613*��,Q�������IRU�:8+6��SHUFHQW�RI�XUEDQ�
KRXVHKROGV�ZLWK�VHZDJH�FRQQHFWLRQ��FURVV�VHFWLRQDO�SRVLWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK�6183��(865��
(8+(��(1(0��&8&3��&87&��&1*'��:8+$��:8+&��:8&2�DQG�:867��&URVV� VHFWLRQDO�QHJDWLYH�
FRUUHODWLRQV�ZHUH�IRXQG�ZLWK�680)�DQG�613*��

,Q� ������ IRU� :8+$�� SHUFHQW� RI� XUEDQ� KRXVHKROGV� ZLWK� ZDWHU� DFFHVV� ZLWKLQ� ���� PHWHUV�� FURVV�
VHFWLRQDO�SRVLWLYH�FRUUHODWLRQV�ZHUH� IRXQG�ZLWK�613'��6183��(8+(��(1(0��&87&��&1*'��:8+&��
:8&2��:867�DQG�:8+6��&URVV�VHFWLRQDO�QHJDWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK�683+��680)��613*�
DQG�:835�� ,Q� ������ IRU�:8+&�� SHUFHQW� RI� XUEDQ� KRXVHKROGV� ZLWK� ZDWHU� FRQQHFWLRQ�� FURVV� VHFWLRQDO�
SRVLWLYH� FRUUHODWLRQV� ZHUH� IRXQG�ZLWK� 6183�� (865�� (8+(�� (1(0�� &8&3�� &87&�� &1*'��:8+$��
:8&2��:867�DQG�:8+6��&URVV�VHFWLRQDO�QHJDWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK�683+��680)��613*�
DQG� (83(�� ,Q� ������ IRU�:835�� XUEDQ�ZDWHU� SULFH� LQ� GROODUV� SHU� FXELF�PHWHU�� FURVV� VHFWLRQDO� SRVLWLYH�
FRUUHODWLRQ�ZHUH�IRXQG�ZLWK�&8&3��&URVV�VHFWLRQDO�QHJDWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK�(8+(��:8+$�
DQG�:8&2�� ,Q� ������ IRU�:8&2��XUEDQ�GDLO\� FRQVXPSWLRQ� LQ� OLWHU� SHU� FDSLWD�ZHUH� IRXQG�ZLWK�6183��
(8+(��(1(0��&8&3��&87&��&1*'��:8+$��:8+&��:867�DQG�:8+6��&URVV� VHFWLRQDO� QHJDWLYH�
FRUUHODWLRQV� ZHUH� IRXQG�ZLWK� 680)�� 613*� DQG�:835�� ,Q� ������ IRU�:867�� SHUFHQW� RI� XUEDQ� ZDWHU�
VHZDJH� WUHDWHG�� FURVV� VHFWLRQDO� SRVLWLYH� FRUUHODWLRQV� ZHUH� IRXQG� ZLWK� 6183�� (8+(�� (1(0�� &87&��
&1*'��:8+$��:8+&��:8&2� DQG�:8+6�� &URVV� VHFWLRQDO� QHJDWLYH� FRUUHODWLRQV� ZHUH� IRXQG� ZLWK�
680)��613*�DQG�&8'0�� ,Q������� IRU�:8+6��SHUFHQW�RI�XUEDQ�KRXVHKROGV�ZLWK� VHZDJH�FRQQHFWLRQ��
FURVV� VHFWLRQDO� SRVLWLYH� FRUUHODWLRQV� ZHUH� IRXQG� ZLWK� 6183�� (865�� (8+(�� (1(0�� &8&3�� &87&��
&1*'�� :8+$�� :8+&�� :8&2� DQG�:867�� &URVV� VHFWLRQDO� QHJDWLYH� FRUUHODWLRQV� ZHUH� IRXQG� ZLWK�
680)�DQG�613*��

'XULQJ� WKH�SHULRG������ WR� ������ FKDQJHV� IRU�:8+$�� WKH�SHUFHQW� RI� XUEDQ�KRXVHKROGV�ZLWK�ZDWHU�
DFFHVV�ZLWKLQ�����PHWHUV��SRVLWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK������613'��1HJDWLYH�FRUUHODWLRQV�ZHUH�
IRXQG�ZLWK������:8+$�DQG�:835��'XULQJ�WKH�SHULRG������WR�������FKDQJHV�IRU�:8+&��LQ�SHUFHQW�RI�
XUEDQ�KRXVHKROGV�ZLWK�ZDWHU�FRQQHFWLRQ��SRVLWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK������613*�DQG�:835��
1HJDWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK������613'��(8+(��:8+&�DQG�:8+6��'XULQJ�WKH�SHULRG������
WR�������FKDQJHV�IRU�:835��XUEDQ�ZDWHU�SULFH�LQ�GROODUV�SHU�FXELF�PHWHU��SRVLWLYH�FRUUHODWLRQ�ZDV�IRXQG�
ZLWK������(8+(��1HJDWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK������680)�DQG�:835��'XULQJ�WKH�SHULRG������
WR�������FKDQJHV�IRU�:8&2��XUEDQ�GDLO\�FRQVXPSWLRQ�LQ�OLWHU�SHU�FDSLWD��SRVLWLYH�FRUUHODWLRQ�ZDV�IRXQG�
ZLWK� ����� 613*�� 1HJDWLYH� FRUUHODWLRQV� ZHUH� IRXQG� ZLWK� ����� 6183�� (1(0�� &87&�� :8&2� DQG�
:8+6��'XULQJ�WKH�SHULRG������WR�������FKDQJHV�IRU�:867��SHUFHQW�RI�XUEDQ�ZDWHU�VHZDJH�WUHDWHG��QR�
SRVLWLYH�FRUUHODWLRQ�ZDV�IRXQG�ZLWK�DQ\������YDULDEOH��1HJDWLYH�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK������683+��
613'�� &,1)� DQG� :867�� 'XULQJ� WKH� SHULRG� ����� WR� ������ FKDQJHV� IRU� :8+6�� SHUFHQW� RI� XUEDQ�
KRXVHKROGV�ZLWK�VHZDJH�FRQQHFWLRQ��QR�SRVLWLYH�FRUUHODWLRQ�ZDV�IRXQG�ZLWK�DQ\������YDULDEOH��1HJDWLYH�
FRUUHODWLRQV�ZHUH�IRXQG�ZLWK������:8+&�DQG�:8+6��
$V�PDQ\�SDLUV�RI�YDULDEOHV�ZHUH� IRXQG�VLJQLILFDQWO\� FRUUHODWHG�� WKH� UHVXOWV�RI�FRUUHODWLRQ�DQDO\VLV�FRXOG�
KDYH�EHHQ�XVHG�DV�LQSXWV�WR�FURVV�VHFWLRQDO�DQG�WLPH�VHULHV�HPSLULFDO�PRGHO�GHYHORSPHQW��1HYHUWKHOHVV��WR�
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���
DGGUHVV� VXVWDLQDEOH� GHYHORSPHQW�� WKH� VWXG\� IRFXVHG� PRUH� RQ� WLPH� VHULHV� DQDO\VLV�� DQG� VSHFLILFDOO\�
HODVWLFLW\�DQDO\VLV���
�

�� (/$67,&,7<�$1$/<6,6��
$V�D�SUHOLPLQDU\�H[SORUDWLRQ� LQWR�ZDWHU�UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW��HODVWLFLW\�RI�ZDWHU�YDULDEOHV�
ZLWK�UHVSHFW�WR�VRFLDO��HQYLURQPHQWDO�DQG�HFRQRPLF�YDULDEOHV�ZDV�GHYHORSHG�>�����@��7KH�DUF�HODVWLFLW\�(�
RI�D�YDULDEOH�<�ZLWK�UHVSHFW� WR�D�YDULDEOH�;�IRU� WKH�SHULRG�W��W�� UHIOHFWV� WKH�DYHUDJH�SHUFHQW�YDULDEOH�<�
FKDQJHV�ZLWK�UHVSHFW�WR�D�RQH�SHUFHQW�FKDQJH�RI�WKH�YDULDEOH�;��GXULQJ�W��WR�W���DV�LV�VKRZQ�E\�(T�������
�

(<�;�W��W�� >�<W����<W����<W����<W��@���>�;W����;W����;W����;W��@�������������������������������������������������������������������������
:KHUH�(<�;�W��W�� LV� WKH� DUF� HODVWLFLW\� RI� YDULDEOH�<�ZLWK� UHVSHFW� WR� YDULDEOH�;�GXULQJ� WKH�SHULRG� W�� WR� W���
:KHQ�WKH�GLIIHUHQFH�EHWZHHQ�W��DQG�W��EHFRPHV�YHU\�VPDOO��WKH�DUF�HODVWLFLW\�FRQYHUJHV�WR�SRLQW�HODVWLFLW\��
)RU�HDFK�RI�WKH�����XUEDQ�DUHDV��EDVHG�RQ�QRQ�PLVVLQJ�YDOXHV��D�PD[LPXP�RI��[�� ����HODVWLFLWLHV�IRU�WKH�
SHULRG�RI������WR�����ZHUH�FRPSXWHG��)RU�(T�������<¶V�ZHUH�ZDWHU�YDULDEOHV��DQG�;¶V�ZHUH�WKH�FDUGLQDO�
VRFLDO�� HQYLURQPHQWDO� DQG� HFRQRPLF� YDULDEOHV�� 7KH� QRPLQDO� YDULDEOHV� RI� (83(�� (83/�� (83,�� &8'&��
&8'0� DQG� &8',� ZHUH� H[FOXGHG� IURP� HODVWLFLW\� GHYHORSPHQW�� 7KH� GHVFULSWLYH� DQDO\VLV� RI� WKH� ����
HODVWLFLWLHV�VKRZHG�VHYHUDO�LQWHUHVWLQJ�UHVXOWV��$IWHU�FDUHIXO�HYDOXDWLRQ�DQG�FRQVLGHUDWLRQ�RI�PLVVLQJ�YDOXHV�
DQG�FRUUHODWLRQ�PDWUL[�����HODVWLFLWLHV�ZHUH�VHOHFWHG�IRU�IXUWKHU�DQDO\VLV��)RU�WKH�VHOHFWHG�HODVWLFLWLHV��<¶V�
ZHUH� YDULDEOHV�:8+$��:8+&��:835��:8&2��:867� DQG�:8+6�� DQG�;¶V� ZHUH� YDULDEOHV� 6838��
683+��(865��(1(0��&8&3�DQG�&1*'��7KH� UHVXOWV�RI�GHVFULSWLYH�DQDO\VLV� IRU� WKH����HODVWLFLWLHV� DUH�
VXPPDUL]HG�LQ�7DEOH����
�

7DEOH����'HVFULSWLYH�DQDO\VLV�RI�VHOHFWHG�HODVWLFLWLHV��
(ODVWLFLW\� 0HDQ� 6WDQGDUG�GHYLDWLRQ� (ODVWLFLW\� 0HDQ� 6WDQGDUG�GHYLDWLRQ� (ODVWLFLW\� 0HDQ� 6WDQGDUG�GHYLDWLRQ�
(:8+$�6838� ������ ����� (:8+$�(865� ������ ����� (:8+$�&8&3� ������ �����
(:8+&�6838� ����� ������ (:8+&��(865� ����� ����� (:8+&�&8&3� ����� �����
(:835�6838� ����� ������ (:835��(865� ������ ����� (:835�&8&3� ������ ������
(:8&2�6838� ������ ������� (:8&2��(865� ����� ����� (:8&2�&8&3� ����� �����
(:867�6838� ������ ������ (:867��(865� ����� ����� (:867�&8&3� ������ �����
(:8+6�6838� ����� ������ (:8+6��(865� ����� ����� (:8+6�&8&3� ����� �����
(:8+$�683+� ����� ����� (:8+$�(1(0� ������ ����� (:8+$�&1*'� ������ �����
(:8+&�683+� ������ ����� (:8+&�(1(0� ������ ������ (:8+&�&1*'� ����� �����
(:835�683+� ������ ����� (:835�(1(0� ������ ������ (:835�&1*'� ������ �����
(:8&2�683+� ������ ����� (:8&2�(1(0� ������ ������ (:8&2�&1*'� ����� �����
(:867�683+� ����� ����� (:867�(1(0� ����� ������ (:867��&1*'� ����� �����
(:8+6�683+� ������ ����� (:8+6�(1(0� ����� ������ (:8+6�&1*'� ������ �����

7KH� HODVWLFLWLHV� VKRZHG� VLJQLILFDQW� YDULDWLRQV� UHIOHFWHG� E\� WKH� REVHUYHG� PHDQV� DQG� VWDQGDUG�
GHYLDWLRQV�� 7KH� KLJKHVW� YDULDWLRQ� LQ� HDFK� RI� WKH� WULSDUWLWH� FDWHJRULHV� RI� VRFLDO�� HQYLURQPHQWDO� DQG�
HFRQRPLF��EDVHG�RQ�FRHIILFLHQW�RI�YDULDWLRQ��ZHUH�REVHUYHG� IRU�(:8&2�683+� (:8+$�(1(0� DQG�(:8+6�&1*'�
UHVSHFWLYHO\��(DFK�RI�WKH�GHYHORSHG�HODVWLFLWLHV�UHSUHVHQWHG�D�XQLTXH�IDFHW�KLQWLQJ�DW�XUEDQ�ZDWHU�UHVRXUFHV�
VXVWDLQDEOH� GHYHORSPHQW�� 7KH\� ZHUH� IRXQG� WR� EH� DFFHSWDEOH� LQGLFDWRUV� IRU� VXVWDLQDEOH� GHYHORSPHQW�



8UEDQ�ZDWHU�UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW��«��

)HEUXDU\�������������������������������������������������������������������������������,UDQLDQ�-RXUQDO�RI�6FLHQFH�	�7HFKQRORJ\��9ROXPH�����1XPEHU�%��

���
DSSUDLVDO�DGGUHVVLQJ�VSHFLILF�VXEMHFWV�SHUWLQHQW�WR�WKH�LQYROYHG�SDLUV�RI�YDULDEOHV��7KH\�RIIHU�D�SURILOH�IRU�
HDFK�XUEDQ�DUHD�WKDW�FRXOG�EH�XVHG�LQ�WKH�PRQLWRULQJ�DQG�FRQWURO�RI�VXVWDLQDEOH�GHYHORSPHQW��7R�VXSSRUW�
VXVWDLQDEOH� GHYHORSPHQW�� WKH� LQFUHDVH� RI�:8+$��:8+&��:867� DQG�:8+6� HODVWLFLWLHV� ZHUH� IRXQG�
PRUH�GHVLUDEOH���

'HYHORSPHQW�RI�HODVWLFLWLHV�SURYLGHG�D�EDVH�WR�IXUWKHU�GHYHORS�LQGLYLGXDO�DQG�FRPSRVLWH�VXVWDLQDEOH�
GHYHORSPHQW� UDQNLQJV��$V� VRFLDO�� HQYLURQPHQWDO� DQG� HFRQRPLFDO� DUH� WKH�PDMRU� WULSDUWLWH� GLPHQVLRQV� RI�
VXVWDLQDEOH�GHYHORSPHQW��IRU�XUEDQ�DUHDV�LQ�HDFK�JURXS��LQGLYLGXDO�UDQNLQJV�DQG�D�FRPSRVLWH�UDQNLQJ�ZHUH�
GHYHORSHG�IRU�FRPSDUDWLYH�DQDO\VLV��6HYHUDO�FODVVLILFDWLRQV�ZHUH�GHYHORSHG��XVLQJ�GLIIHUHQW�FRPELQDWLRQV�
RI�ZDWHU�YDULDEOHV�DQG�FDUGLQDO�YDULDEOHV��

7KH�LQGLYLGXDO�UDQNLQJ�RI�XUEDQ�DUHD�IRU�VSHFLILF�<�DQG�;�YDULDEOHV��5<�;��LV�GHYHORSHG�E\�FRPSDULQJ�
WKH� UDWH� RI� FKDQJHV� LQ�ZDWHU� YDULDEOHV�ZLWK� UHVSHFW� WR� WKH� UDWH� RI� FKDQJHV� LQ� VRFLDO�� HQYLURQPHQWDO� DQG�
HFRQRPLF�YDULDEOHV��DIWHU�GXH�FRQVLGHUDWLRQ�RI�D�GHVLUDEOH�VLJQ�IRU�VXVWDLQDEOH�GHYHORSPHQW��)RU�LQVWDQFH��
LQ� GHYHORSLQJ� 5:8+$�683+� WKH� XUEDQ� DUHDV� IRU� ZKLFK� UHOHYDQW� GDWD� DUH� DYDLODEOH� DUH� GLYLGHG� LQWR� IRXU�
VXEJURXSV�EDVHG�RQ�VLJQ�RI�FKDQJHV�LQ�:8+$�DQG�683+�YDULDEOHV��6XEJURXS���LQFOXGHV�XUEDQ�DUHDV�ZLWK�
D SRVLWLYH�VLJQ�LQ�WKH�UDWH�RI�FKDQJHV�LQ�:8+$�DQG�QHJDWLYH�VLJQ�LQ�WKH�UDWH�RI�FKDQJHV�LQ�683+��7KH\�
IRUP� WKH�PRVW� GHVLUDEOH� VXEJURXS�ZLWK� UHVSHFW� WR� VXVWDLQDEOH� GHYHORSPHQW�� 6XEJURXS� �� LQFOXGHV� XUEDQ�
DUHDV�ZLWK�D�SRVLWLYH�VLJQ�LQ�WKH�UDWH�RI�FKDQJHV�LQ�ERWK�:8+$�DQG�683+�YDULDEOHV��6XEJURXS���LQFOXGHV�
XUEDQ�DUHDV�ZLWK�D�QHJDWLYH�VLJQ�LQ�WKH�UDWH�RI�FKDQJHV�LQ�ERWK�:8+$�DQG�683+�YDULDEOHV��6XEJURXS���
LQFOXGHV�XUEDQ�DUHDV�ZLWK�D�QHJDWLYH�VLJQ�LQ�WKH�UDWH�RI�FKDQJHV�LQ�:8+$�DQG�D�SRVLWLYH�VLJQ�LQ�WKH�UDWH�RI�
FKDQJHV� LQ� 683+�� 7KH\� IRUP� WKH�PRVW� XQGHVLUDEOH� VXEJURXS�ZLWK� UHVSHFW� WR� VXVWDLQDEOH� GHYHORSPHQW��
6XEVHTXHQWO\��WKH�XUEDQ�DUHDV�LQ�HDFK�VXEJURXS�DUH�UDQNHG�EDVHG�RQ�GHVLUDEOH�SHUFHQW�FKDQJHV�LQ�:8+$�
DQG�683+�YDULDEOHV�WR�GHYHORS�LQGLYLGXDO�UDQNLQJV��)RU�FRPSDUDWLYH�DVVHVVPHQW�RI�LQGLYLGXDO�UDQNLQJV��D�
SHUFHQWLOH�UDQNLQJ�IRU�HDFK�XUEDQ�DUHD�ZDV�GHYHORSHG��3HUFHQWLOH�UDQNLQJ�VKRZV�WKH�UHODWLYH�SHUIRUPDQFH�
ZLWK�UHVSHFW�WR�RWKHU�XUEDQ�DUHDV��DQG�ZDV�GHYHORSHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ����

35<�;� 5<�;�� �1����������������������������������������������������������������������������
:KHUH�35<�;�LV�WKH�SHUFHQWLOH�UDQNLQJ�RI�XUEDQ�DUHD�IRU�VSHFLILF�<�DQG�;�YDULDEOHV�DQG�1�LV�WKH�QXPEHU�RI�
XUEDQ� DUHDV� IRU� ZKLFK� UHOHYDQW� GDWD� LV� DYDLODEOH�� 7KH� ORZHU� WKH� SHUFHQWLOH� UDQNLQJ� WKH� EHWWHU� WKH�
SHUIRUPDQFH�� )RU� H[DPSOH�� DQ� XUEDQ� DUHD� ZLWK� D� SHUFHQWLOH� UDQNLQJ� RI� ���� SHUIRUPHG� EHWWHU� WKDQ� ���
SHUFHQW�RI�RWKHU�XUEDQ�DUHDV���

'HWHUPLQLQJ�LQGLYLGXDO�UDQNLQJV��WKH�FRPSRVLWH�UDQNLQJ�&5�IRU�HDFK�RI�WKH�VRFLDO��HQYLURQPHQWDO�DQG�
HFRQRPLFDO�JURXSV��ZDV�IXUWKHU�FRPSXWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��
�

&5*� � 35<�;� ��Q�����������������������������������������������������������������������
:KHUH�&5* LV�WKH�FRPSRVLWH�UDQNLQJ�RI�JURXS�*��HLWKHU�VRFLDO�6�RU�HQYLURQPHQWDO�(�RU�HFRQRPLFDO�&��DQG�
35<�;�LV�WKH�LQGLYLGXDO�SHUFHQWLOH�UDQNLQJ�RI�XUEDQ�DUHD�IRU�VSHFLILF�<�DQG�;�YDULDEOHV��DQG�Q�LV�WKH�QXPEHU�
RI�LQGLYLGXDO�UDQNLQJV�EDVHG�RQ�WKH�QXPEHU�RI�<�DQG�;�YDULDEOHV��,Q�WKLV�DQDO\VLV��WKH�<¶V�ZHUH�:8+$��
:8+&��:867� DQG�:8+6�� DQG� ;¶V� ZHUH� 6838�� 683+�� (865�� (1(0�� &8&3� DQG� &1*'�� 6LQFH�
PRQRWRQLF�LQFUHDVH�RI�:835�DQG�:8&2�FRXOG�QRW�DOZD\V�EH�UHODWHG�WR�VXVWDLQDEOH�GHYHORSPHQW��WKH\�
ZHUH�H[FOXGHG�IURP�&5�GHYHORSPHQW�RI�(TXDWLRQ����7KH�FRPSRVLWH�UDQNLQJ�&5�IRU�HDFK�XUEDQ�DUHD�LV�D�
UDQNLQJ�IURP�������ZLWK�]HUR�UHIOHFWLQJ�WKH�EHVW�UDQNLQJ�VFRUH�DQG�RQH�KXQGUHG�WKH�ZRUVW�UDQNLQJ�VFRUH��
)LJXUHV���WR���UHIOHFW�WKH�UHVXOW�RI�FRPSRVLWH�UDQNLQJV�IRU�WKH�WULSDUWLWH�GLPHQVLRQV�IRU�WKH�VHOHFWHG�XUEDQ�
DUHDV��
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7R� GHYHORS� DQ� RYHUDOO� VXVWDLQDEOH� GHYHORSPHQW� UDQNLQJ�� VRFLDO�� HQYLURQPHQWDO� DQG� HFRQRPLF�
FRPSRVLWH�UDQNLQJV�ZHUH�DJDLQ�DJJUHJDWHG�DV�ZHLJKWHG�FRPELQDWLRQ��
�

265 �� 6�&56�� (�&5(�� &�&5&� ��� 6��� (��� &� �����
:KHUH�265�LV� WKH�RYHUDOO�XUEDQ�ZDWHU� UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW� UDQNLQJ�� 6�� (�DQG� &�DUH� WKH�
ZHLJKWLQJ�IDFWRUV�RI�VRFLDO��HQYLURQPHQWDO�DQG�HFRQRPLFDO�GLPHQVLRQV��UHVSHFWLYHO\��)LJXUH���VKRZV�WKH�
UHVXOWV� RI� WKH� DERYH�PHQWLRQHG� FRPSXWDWLRQV�� XVLQJ� HTXDO� ZHLJKWLQJ� IDFWRUV�� 6� �  (� �  &� � 7KLV�
DVVXPSWLRQ�ZDV�EDVHG�RQ�FRQVLGHULQJ�HTXDO� LPSRUWDQFH� IRU� WKH�FRPSRVLWH� UDQNLQJV�RI� WKH� WKUHH�JURXSV��
2EYLRXVO\��RWKHU�ZHLJKW�IDFWRU�YDOXHV�FDQ�EH�VHOHFWHG�WKDW�ZRXOG�UHIOHFW�RWKHU�UHODWLYH�ZHLJKWV��7KH�YDOXHV�
IRU� RYHUDOO� VXVWDLQDEOH� GHYHORSPHQW� UDQNLQJ� VKRXOG� EH� LQWHUSUHWHG� LQ� WKH� FRQWH[W� RI� FRPSDUDWLYH�
DVVHVVPHQW����
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)LJ�����2YHUDOO�VXVWDLQDEOH�GHYHORSPHQW�UDQNLQJ��265��
)LJXUHV� �� WR� �� VXPPDUL]H� WKH� WKUHH� FRPSRVLWH� UDQNLQJV� RI� VRFLDO�� HQYLURQPHQWDO� DQG� HFRQRPLF�

FDWHJRULHV��DQG�WKH�RYHUDOO�VXVWDLQDEOH�GHYHORSPHQW�UDQNLQJV�RI�WKH�VHOHFWHG�XUEDQ�DUHDV��'XH�WR�PLVVLQJ�
YDOXHV��DPRQJ�����XUEDQ�DUHDV��WKH�UDQNHG�XUEDQ�DUHDV�LQ�VRFLDO��HQYLURQPHQWDO�DQG�HFRQRPLF�JURXSV�ZHUH�
�������DQG�����UHVSHFWLYHO\��$QG��DV�D�FRQVHTXHQFH��IRU����XUEDQ�DUHDV�RYHUDOO�VXVWDLQDEOH�GHYHORSPHQW�
UDQNLQJ�ZDV�GHYHORSHG��DV�UHIOHFWHG�LQ�)LJXUH����7KH�EHVW�&56��&5(�DQG�&5& ZHUH�IRU�.LQVKDVD��5DEDW�DQG�
&RWRQRX�� UHVSHFWLYHO\��$PRQJ� WKH� ��� UDQNHG� XUEDQ� DUHDV�� &RWRQRX�� 3RUWR�1RYR� DQG�%XGDSHVW� VKRZHG�
EHWWHU�RYHUDOO�VXVWDLQDEOH�GHYHORSPHQW�UDQNLQJV��7KHVH�XUEDQ�DUHDV�FDQ�EH�XVHG�DV�VKRZFDVHV�IRU�OHDUQHG�
OHVVRQV� DQG� JRRG� SUDFWLFHV��+DYLQJ� WKH� YDOXHV� RI� FRPSRVLWH� UDQNLQJV� LQ�PDMRU� WULSDUWLWH� GLPHQVLRQV� RI�
VXVWDLQDEOH� GHYHORSPHQW�� XUEDQ�ZDWHU� UHVRXUFHV� VXVWDLQDEOH� GHYHORSPHQW� S\UDPLGV� IRU� HDFK� XUEDQ� DUHD�
FDQ� EH� GHYHORSHG�� )RU� H[DPSOH�� ZDWHU� UHVRXUFHV� VXVWDLQDEOH� GHYHORSPHQW� S\UDPLGV� IRU� $PPDQ� DQG�
%HOJUDGH�DUH�VKRZQ�LQ�)LJXUHV���DQG����7KH�]HUR�YDOXH�LQ�WKHVH�ILJXUHV�UHIOHFWV�WKH�EHVW�UDQNLQJ�LQ�HDFK�RI�
WKH�WULSDUWLWH�GLPHQVLRQV��

�����

�������
6RFLDO�&DWHJRU\�5DQNLQJ

(QYLURQPHQW�&DWHJRU\
5DQNLQJ

(FRQRPLF�FDWHJRU\
5DQNLQJ

)LJ�����8UEDQ�ZDWHU�UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW�S\UDPLG�IRU�$PPDQ�

�����

�������
6RFLDO�&DWHJRU\�5DQNLQJ

(QYLURQPHQW�&DWHJRU\
5DQNLQJ

(FRQRPLF�FDWHJRU\
5DQNLQJ

)LJ�����8UEDQ�ZDWHU�UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW�S\UDPLG�IRU�%HOJUDGH�
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���
���&21&/86,21��

7KLV�SDSHU�GHVFULEHV�DQ�DWWHPSW�WR�DGGUHVV�XUEDQ�ZDWHU�UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW�IRU�XUEDQ�DUHDV�
DURXQG� WKH� ZRUOG� WKURXJK� D� PDFURVFRSLF� FRPSDUDWLYH� DQDO\VLV�� 7KH� VWXG\� GDWDEDVH� FRQVLVWHG� RI� ���
YDULDEOHV� IRU� ���� XUEDQ� DUHDV� IURP� ��� FRXQWULHV�� 7KH� YDULDEOHV� ZHUH� �� IRU� ZDWHU�� DQG� ��� IRU� �� RWKHU�
FDWHJRULHV�RI�VRFLDO��HFRQRPLF��DQG�HQYLURQPHQWDO��7KH�YDULDEOHV�ZHUH�QHLWKHU�XQLTXH�QRU�VWDQGDUG��DQG�IDU�
IURP� LGHDO�� 7KH� VHOHFWHG� YDULDEOHV� DQG� WKH� SHULRG� RI� ����� WR� ����� ZHUH� VXLWDEOH� LQ� WKH� FRQWH[W� RI�
LQIRUPDWLRQ� DYDLODELOLW\�� UHOLDELOLW\� DQG� FRPSOHWHQHVV�� $YDLODELOLW\� RI� PRUH� UHOHYDQW� FRPSDUDWLYH� XUEDQ�
GDWD�RQ�ZDWHU�GHPDQG��VXSSO\�DQG�XWLOL]DWLRQ��DQG�WKHLU�PRUH�GLUHFW�HFRQRPLF��VRFLDO�DQG�HQYLURQPHQWDO�
LPSDFW� FRXOG�KDYH�JUHDWO\� HQKDQFHG� WKH� VWXG\� UHVXOWV��$V�D� FRQVHTXHQFH�� WKH� VWXG\� UHVXOWV�ZRXOG�EH�RI�
PRUH�PHWKRGRORJLFDO�LQWHUHVW��DQG�WKHLU�GLUHFW�SROLF\�LPSOLFDWLRQV�UHQGHU�JUHDW�FDXWLRQ��)XUWKHUPRUH��HDFK�
XUEDQ� DUHD� LV� XQLTXH� LQ� PDQ\� KLVWRULFDO�� JHRJUDSKLFDO�� FXOWXUDO�� VRFLDO�� HQYLURQPHQWDO� DQG� HFRQRPLF�
DVSHFWV� WKDW� DQ\� FRPSDUDWLYH� DSSUDLVDO� QHHGV� GXH� FRQVLGHUDWLRQ� RI� WKHVH� ORFDO� IDFWRUV� DQG� LVVXHV��
1HYHUWKHOHVV�� WKH� DSSOLHG� FRPSDUDWLYH� DVVHVVPHQW�PHWKRGRORJ\� FRXOG� EH� XVHG� DV� D� FRPSOLPHQW� WR� DQ\�
RWKHU� W\SH� RI� DVVHVVPHQW� WR� HQKDQFH� XUEDQ� SROLFLHV� LQ� VXSSRUW� RI� VXVWDLQDEOH� XUEDQ� ZDWHU� UHVRXUFHV�
GHYHORSPHQW��

)RU�WKH�VHOHFWHG�XUEDQ�DUHDV��WKH�GDWDEDVH�XQLYDULDWH�DQDO\VLV�VKRZHG�VLJQLILFDQW�FURVV�VHFWLRQDO�DQG�
WLPH�VHULHV� YDULDWLRQV�� 7KH� REVHUYHG� WUHQGV�� KRZHYHU�� ZHUH� QRW� DOZD\V� LQ� IDYRU� RI� VXVWDLQDEOH�
GHYHORSPHQW�� %DVHG� RQ�PHDQ� YDOXHV�� WKH� ����� WR� ����� WLPH�VHULHV� FKDQJHV� QRW� VXSSRUWLQJ� VXVWDLQDEOH�
GHYHORSPHQW�ZHUH�PRUH�UHODWHG�WR���YDULDEOHV��QDPHO\�SHUFHQW�RI�KRXVHKROGV�ZLWK�ZDWHU�DFFHVV��:8+$��
SHUFHQW�RI�KRXVHKROGV�ZLWK�ZDWHU�FRQQHFWLRQ��:8+&��DQG�XUEDQ�PRUWDOLW\�UDWH��680)��1HYHUWKHOHVV��WKH�
PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� RI� QRPLQDO� YDULDEOHV� UHIOHFWHG� WKH� VLJQLILFDQW� FRQFHUQV� UHJDUGLQJ�
HQYLURQPHQW�DQG�GLVDVWHU�PLWLJDWLRQ�E\�ORFDO�JRYHUQPHQWV�VLQFH�������7KH�SDLU�ZLVH�FRUUHODWLRQ�DQDO\VLV�
VKRZHG�WKDW�IRU������������DQG�FKDQJHV�IURP������WR�������RQ�DYHUDJH��D�ZDWHU�YDULDEOH�ZDV�SRVLWLYHO\��
�������� DQG� QHJDWLYHO\�� ������� VLJQLILFDQWO\� FRUUHODWHG� ZLWK� WKH� RWKHU� YDULDEOHV�� $V� D� SUHOLPLQDU\�
H[SORUDWLRQ�LQWR�XUEDQ�ZDWHU� UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW�� IRU�HDFK�XUEDQ�DUHD��HODVWLFLW\�RI�ZDWHU�
YDULDEOHV� ZLWK� UHVSHFW� WR� VRFLDO�� HQYLURQPHQWDO� DQG� HFRQRPLF� YDULDEOHV� ZDV� GHYHORSHG�� &RPSRVLWH�
UDQNLQJV� IRU� WKH� WULSDUWLWH�GLPHQVLRQV�RI� VRFLDO�� HQYLURQPHQWDO� DQG� HFRQRPLF�ZHUH� GHYHORSHG��8WLOL]LQJ�
WULSDUWLWH� FRPSRVLWH� UDQNLQJV�� IRU� FRPSDUDWLYH� VXVWDLQDEOH� GHYHORSPHQW� DVVHVVPHQW� ZLWK� D� VLQJOH�
GLPHQVLRQ��DQ�RYHUDOO�VXVWDLQDEOH�GHYHORSPHQW�UDQNLQJ�ZDV�DOVR�GHYHORSHG��7KH�GHYHORSHG�HODVWLFLWLHV�DQG�
UDQNLQJV�FDQ�EH�XVHG�LQ�XUEDQ�ZDWHU�UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW�PDQDJHPHQW��7KH\�DUH�VXJJHVWHG�
DV�VXVWDLQDEOH�GHYHORSPHQW�LQGLFDWRUV�IRU�FRPSDUDWLYH�DSSUDLVDO��$OWKRXJK�WKH�VWXG\�GDWDEDVH�GLG�QRW�KDYH�
DQ\� LQIRUPDWLRQ� UHJDUGLQJ� XUEDQ� DUHDV� LQ� ,UDQ�� WKH� GDWD� FDQ� EH� GHYHORSHG� GRPHVWLFDOO\�� DQG� FDQ�
FRQVHTXHQWO\�EH�XVHG�IRU�IXWXUH�FRPSDUDWLYH�DSSUDLVDOV��

8UEDQ� ZDWHU� UHVRXUFHV� VXVWDLQDEOH� GHYHORSPHQW� VKRXOG� EH� SXUVXHG� WKURXJK� UREXVW� PDQDJHPHQW��
LQWHJUDWHG� SROLF\� PDNLQJ�� HIILFLHQW� UHVRXUFH� DOORFDWLRQ� DQG� XWLOL]DWLRQ�� DQG� HIILFDFLRXV� LQIRUPDWLRQ�
FROOHFWLRQ�DQG�GLVVHPLQDWLRQ��(QKDQFHPHQW�RI�UHOHYDQW�DQG�FHQWUDOL]HG�ZDWHU�UHVRXUFHV�GDWDEDVHV�LV�D�NH\�
HOHPHQW�RI�VXVWDLQDEOH�GHYHORSPHQW�PRQLWRULQJ�DQG�FRQWURO��,Q�WKLV�VWXG\��WKH�HODVWLFLW\�RI�ZDWHU�YDULDEOHV�
ZLWK�UHVSHFW�WR� WULSDUWLWH�GLPHQVLRQV�RI�VRFLDO��HQYLURQPHQWDO�DQG�HFRQRPLF�ZDV�VXJJHVWHG�DV�D�EDVH�IRU�
WKH� GHYHORSPHQW� RI� LQGLFDWRUV�� 7KH� VWXG\� ILQGLQJV� ZHUH� EDVHG� RQ� VHOHFWHG� YDULDEOHV� WKDW� ZHUH� QHLWKHU�
XQLTXH� QRU� XQLYHUVDO� DQG� FRQVHTXHQWO\�� WKH� VWXG\� LV� RI� PRUH� PHWKRGRORJLFDO� YDOXH� WKDQ� TXDQWLWDWLYH�
UHVXOWV�� %DVHG� RQ� WKH� OLPLWHG� GDWD�� QHYHUWKHOHVV�� WKH� VWXG\� FRQILUPHG� WKH� VLJQLILFDQFH� RI� XUEDQ� ZDWHU�
UHVRXUFHV�VXVWDLQDEOH�GHYHORSPHQW�FKDOOHQJHV��
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���
$FNQRZOHGJHPHQW� 7KH� DXWKRUV� ZLVK� WR� WKDQN� 6KDULI� 8QLYHUVLW\� RI� 7HFKQRORJ\� IRU� SURYLGLQJ� SDUWLDO�
IXQGLQJ�IRU�WKLV�VWXG\��
�

5()(5(1&(6��
��� :RUOG�&RPPLVVLRQ�RQ�(QYLURQPHQW�DQG�'HYHORSPHQW�� ��������2XU�FRPPRQ� IXWXUH��2[IRUG�8QLYHUVLW\�3UHVV��

2[IRUG���
��� (OOLRW��-��$����������$Q�LQWURGXFWLRQ�WR�VXVWDLQDEOH�GHYHORSPHQW���QG�(GLWLRQ��5RXWOHGJH��/RQGRQ��8.��
��� +DUGL�� 3�� 	� =GDQ�� 7�� ��������0HDVXULQJ� VXVWDLQDEOH� GHYHORSPHQW�� UHYLHZ� RI� FXUUHQW� SUDFWLFH�� ,QWHUQDWLRQDO�

,QVWLWXWH�IRU�6XVWDLQDEOH�'HYHORSPHQW��&DQDGD��
��� 0RIIDWW��,���+DQOH\��1��	�:LOVRQ��0��'����������0HDVXULQJ�DQG�PRGHOLQJ�VXVWDLQDEOH�GHYHORSPHQW��3DUWKHQRQ�

3XEOLVKLQJ�*URXS��/RQGRQ���
��� 9D]LUL��0��	� 5DVVDIL�� $�� $�� �������� $Q� DSSUDLVDO� RI� IRUHVW� VXVWDLQDEOH� GHYHORSPHQW� LQ� WKH� $VLD� DQG� 3DFLILF�

5HJLRQ��3URFHHGLQJV�RI��UG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�(FRV\VWHP���DQG�6XVWDLQDEOH�'HYHORSPHQW��:HVVH[��8.��
SS�����������
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