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��)OHHW�6W�)UHPDQWOH�:$��SDUWUJ#IOHHWVW�WUDLQLQJ�ZD�JRY�DX
�'HSDUWPHQW�RI�$JULFXOWXUH��:HVWHUQ�$XVWUDOLD�

��%DURQ�+D\�&UW�6RXWK�3HUWK��:$��DIXUH\#DJULF�ZD�JRY�DX
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:HVWHUQ�$XVWUDOLD� KDV� WKH� ODUJHVW� DUHD� RI� GU\ODQG� VDOLQLW\� LQ�$XVWUDOLD� DQG� WKH� KLJKHVW� ULVN� RI

LQFUHDVHG�VDOLQLW\�RYHU�WKH�QH[W����\HDUV��1/:5$��������,W�LV�HVWLPDWHG�WKDW����������PLOOLRQ

KHFWDUHV�� RI� WKH� VRXWKZHVW� UHJLRQ� KDV� D� KLJK� SRWHQWLDO� RI� GHYHORSLQJ� VDOLQLW\� IURP� VKDOORZ

ZDWHUWDEOHV��ZLWK�WKLV�ILJXUH�SUHGLFWHG�WR�GRXEOH�E\�������2I�WKH�����PLOOLRQ�KHFWDUHV�FXUUHQWO\

DW�KLJK�ULVN������LV�DJULFXOWXUDO�ODQG��,Q�DGGLWLRQ��LW�KDV�EHHQ�SUHGLFWHG�WKDW�:HVWHUQ�$XVWUDOLD

FRQWDLQV�����RI�WKH�QDWLRQV� 
DW�ULVN
�QDWLYH�YHJHWDWLRQ��ZLWK�D�IXUWKHU�����RI�WKH�URDG�QHWZRUN

DQG�����RI�EXLOW�LQIUDVWUXFWXUH��WRZQV��DOVR�XQGHU�WKUHDW��1/:5$�������

,Q������WKH�'HSDUWPHQW�RI�$JULFXOWXUH��:HVWHUQ�$XVWUDOLD�� LQLWLDWHG�WKH�5XUDO�7RZQV�3URJUDP

�573��XQGHU�WKH�6WDWH�6DOLQLW\�$FWLRQ�3ODQ��2QH�RI�WKH�PHWKRGV�LQ�ZKLFK�WKH�573�LV�DVVLVWLQJ

UXUDO� WRZQV� LV� WKURXJK�WKH� LPSOHPHQWDWLRQ�RI�D�JURXQGZDWHU�SXPSLQJ�SURJUDP��ZKLFK�DLPV� WR

UHGXFH�WKH�LPSDFW�RI�ULVLQJ�JURXQGZDWHU�WDEOHV�RQ�UXUDO�LQIUDVWUXFWXUH��7KLV�LV�EHLQJ�DFKLHYHG�E\

SXPSLQJ�VDOLQH�ZDWHU�IURP�EHQHDWK�WKUHDWHQHG�WRZQV�DQG�GLYHUWLQJ�LW�LQWR�HYDSRUDWLRQ�EDVLQV�

3XPSLQJ�VHDZDWHU�DQG�WKH�KLJK�FRVW�RI�FRDVWDO�ODQG��DUH�WKH�PRVW�VLJQLILFDQW�FRVWV�IRU�D�W\SLFDO

SXPS�DVKRUH��PDULQH�DTXDFXOWXUH�RSHUDWLRQ��/RFDWLQJ�VXFK�RSHUDWLRQV�RQ�VDOW�GHJUDGHG�ODQG�DQG

XWLOLVLQJ� VDOLQH� JURXQGZDWHU� IURP� GLYHUVLRQDU\� SURJUDPV� VXFK� DV� WKH� 5XUDO� 7RZQV� SXPSLQJ

SURJUDP� ZLOO� VLJQLILFDQWO\� UHGXFH� WKHVH� FRVWV�� $GGLWLRQDO� EHQHILWV� RI� ORFDWLQJ� DTXDFXOWXUH

RSHUDWLRQV� LQ� UXUDO� WRZQV� LQFOXGH� WKH� H[LVWHQFH� RI� LQIUDVWUXFWXUH� DQG� SRSXODWLRQ� EDVH�� DQG� WKH

FUHDWLRQ�RI�HPSOR\PHQW�DQG�HFRQRPLF�RSSRUWXQLWLHV� LQ�DUHDV�FXUUHQWO\�H[SHULHQFLQJ�HFRQRPLF

GHFOLQH�

$OWKRXJK� WKH� LRQLF�FRPSRVLWLRQ�RI� VDOLQH�JURXQGZDWHU� LQ� WKH�:$�ZKHDWEHOW�JHQHUDOO\� UHIOHFWV

WKDW� RI� VHDZDWHU�� WKH� H[DFW� FRPSRVLWLRQ� YDULHV� EHWZHHQ� WRZQV� DQG� HYHQ� ZLWKLQ� WRZQV�� 7KLV

YDULDELOLW\� UHODWHV� WR� WKH� QDWXUH� DQG� WLPLQJ� RI� UHFKDUJH�� DQG� WKH� QDWXUH� RI� WKH� XQGHUO\LQJ

JURXQGZDWHU�V\VWHPV��)RU�H[DPSOH��JURXQGZDWHU�VRXUFHV�EDVHG�QHDU�SDODHRFKDQQHOV�DQG�UHODWHG

GHHSHU� UHJROLWK� DUH� PRUH� OLNHO\� WR� EH� KLJKO\� VDOLQH� DQG� JHRFKHPLFDOO\� PDWXUH�� 2Q� WKH� RWKHU

KDQG�� DTXLIHU� V\VWHPV� LQ� ZHVWHUQ� RU� PLGVORSH� SRVLWLRQV� DUH� OLNHO\� WR� EH� PRUH� PRGHUQ� DQG

WKHUHIRUH� FRPSRVHG� RI� D� PL[WXUH� RI� ZDWHUV� VRXUFHG� IURP� SUH�H[LVWLQJ� VWRUDJHV� DQG� UHFHQW

UHFKDUJH� IURP�RYHUO\LQJ� DJULFXOWXUDO�� SHUL�XUEDQ� DQG�XUEDQ� DUHDV��'XH� WR� WKLV� YDULDELOLW\�� LW� LV

XQOLNHO\�WKDW�DOO�ZDWHU�VRXUFHV�ZLOO�KDYH�D�VXLWDEOH�FKHPLFDO�FRPSRVLWLRQ�IRU�FXOWXULQJ�PDULQH�RU

HVWXDULQH�ILVK�

&RPSDULQJ� WKH� JURZWK� DQG� VXUYLYDO� RI� PDULQH� ILVK� LQ� SRWHQWLDO� ZDWHU� VRXUFHV� DJDLQVW� IXOO�

VWUHQJWK� VHDZDWHU� DQG� VHDZDWHU� DGMXVWHG� WR� DQ� HTXLYDOHQW� VDOLQLW\� WR� WKDW� RI� WKH� JURXQGZDWHU

XQGHU�WHVW�LV�DQ�HIIHFWLYH�PHDVXUH�RI�GHWHUPLQLQJ�VXLWDELOLW\��7KHVH�PHWKRGV�DUH��KRZHYHU��WLPH



FRQVXPLQJ�DQG�FRVWO\� WR�SHUIRUP��7ULDOV�ZHUH� WKHUHIRUH�XQGHUWDNHQ� WR�GHWHUPLQH� LI�D� VHULHV�RI

VLPSOH� ODERUDWRU\� WHVWV� FRXOG�EH�XVHG� DV� D� UHOLDEOH� LQGLFDWRU� RI� WKH� VXLWDELOLW\�RI� LQODQG� VDOLQH

ZDWHU�VRXUFHV�IRU�JURZLQJ�PDULQH�ILVK��7KH�IRXU�WHVWV�LQFOXGHG�����DQ�DVVHVVPHQW�RI�WKH�ZDWHU©V

VDOLQLW\� DQG� S+�� ��� GHWHUPLQDWLRQ� RI� WKH� LRQLF� FRPSRVLWLRQ� RI� WKH�ZDWHU�� ��� EDFWHULDO� WR[LFLW\

WHVWLQJ� �0LFURWR[��� DQG� ��� SHVWLFLGH� DQDO\VLV�� $IWHU� WKHVH� WHVWV� ZHUH� FRQGXFWHG�� D� VHULHV� RI

JURZWK� WULDOV� XVLQJ� MXYHQLOH� VQDSSHU� �3DJUXV� DXUDWXV��ZHUH� WKHQ� SHUIRUPHG� WR� GHWHUPLQH� LI� D

SRVLWLYH�FRUUHODWLRQ�H[LVWV�EHWZHHQ�WKH�WHVW�UHVXOWV�DQG�WKH�UHVXOWV�REWDLQHG�LQ�WKH�JURZWK�WULDOV�

*URXQGZDWHU� VRXUFHV� IURP� WKH� 'XPEOH\XQJ� ZDWHU� FDWFKPHQW� ZHUH� XVHG� LQ� WKH� FDVH� VWXG\�

(OHYHQ�WHVW�ERUHV�ZHUH�RULJLQDOO\�FRPPLVVLRQHG�ZLWKLQ�WKH�WRZQ�DV�D�SDUW�RI�D�FRPPXQLW\�EDVHG

HYDOXDWLRQ� RI� VDOLQLW\� ULVN�� ZLWK� VHYHUDO� PRUH� ERUHV� ODWHU� GULOOHG� DV� SDUW� RI� WKH� 5XUDO� 7RZQV

3URJUDP��:KLWILHOG���������7KH�ERUHV�ZHUH�HVWDEOLVKHG�DV�SDUW�RI�DQ�RYHUDOO�JURXQGZDWHU�VWXG\

WR�WHVW�DTXLIHU�SURSHUWLHV��PHDVXUH�UDWHV�RI�ZDWHUWDEOH�FKDQJH�RYHU�WLPH�DQG�REVHUYH�WKH�LPSDFW

RI�VDOLQLW\�PDQDJHPHQW�WUHDWPHQWV�

,I� WKH� UDQJH� RI� LQODQG� VDOLQH� ZDWHU� VRXUFHV� FDQ� EH� QDUURZHG� GRZQ� WR� WKRVH� VXLWDEOH� IRU

DTXDXFXOWXUH� XVLQJ� D� FRPELQDWLRQ� RI� ODERUDWRU\� WHVWV�� VXUYLYDO� DQG� JURZWK� WULDOV� FDQ� WKHQ

SURFHHG�RQ�D�VPDOOHU�QXPEHU�RI�SRWHQWLDO�ZDWHU�VRXUFHV��%\�H[FOXGLQJ�ZDWHU�VRXUFHV�SURYHQ�WR

EH� XQVXLWDEOH� YLD� FRVW�HIIHFWLYH� ODERUDWRU\� WHVWLQJ�� JUHDWHU� YDOXH� FDQ� EH� REWDLQHG� IURP� PRUH

FRVWO\�EXW�HVVHQWLDO�JURZWK�WULDOV�

0(7+2'6

7HVW����6DOLQLW\�DQG�S+

6DOLQLW\� DQG� S+� ZHUH� WKH� LQLWLDO� PHDVXUHPHQWV� DSSOLHG� WR� WKH� HOHYHQ� WHVW� ERUHV� IURP� WKH

'XPEOH\XQJ�FDWFKPHQW�

3UHYLRXV� XQSXEOLVKHG� ZRUN� FRQGXFWHG� DW� WKH� $TXDFXOWXUH� 'HYHORSPHQW� 8QLW� �$'8�� KDV

GHWHUPLQHG�WKDW�VQDSSHU�JURZ�ZHOO�LQ�VDOLQLWLHV�DV�ORZ�DV����SSW��7KLV�VDOLQLW\�ZDV�WKHUHIRUH�VHW

DV�WKH�PLQLPXP�WKDW�ZRXOG�EH�FRQVLGHUHG�LQ�WKH�'XPEOH\XQJ�ERUHV��6DOLQLW\�ZDV�PHDVXUHG�DV

QRUPDOLVHG�HOHFWULFDO�FRQGXFWLYLW\��(&���6�FP��DQG�FRQYHUWHG�WR�SDUWV�SHU�WKRXVDQG��SSW��XVLQJ

WKH�HTXDWLRQV�JLYHQ�LQ�$3+$��������DQG�0LOOHU�HW�DO��������

*URXQGZDWHU�VRXUFHV�LQ�WKH�ZKHDWEHOW�YDU\�ERWK�UHJLRQDOO\�DQG�ORFDOO\�LQ�S+��EXW�DUH�W\SLFDOO\

DFLGLF�� 7KH� UHDVRQ� IRU� WKH� ORZ� S+� RI� PDQ\� RI� WKHVH� JURXQGZDWHU� VRXUFHV� LV� VWLOO� EHLQJ

UHVHDUFKHG��KRZHYHU�LW�DSSHDUV�WKDW�WKH\�DUH�VXEMHFW�WR�IHUURO\VLV��DQG�LQ�ORFDOL]HG�DUHDV��VXOILGH

R[LGL]DWLRQ��,I� WKH�S+�RI�D�JURXQGZDWHU�VRXUFH�LV�RQO\�����XQLWV�EHORZ�DQ�DFFHSWDEOH� OHYHO�IRU

ILVK�FXOWXUH��DHUDWLRQ�PD\�LQFUHDVH�WKH�S+�WR�DQ�DFFHSWDEOH�OHYHO��PRVW�SUREDEO\�E\�WKH�OLEHUDWLRQ

RI�FDUERQ�GLR[LGH�IURP�FDUERQLF�DFLG�

7KH� S+� RI� WKH� VDOLQH� JURXQGZDWHU� VRXUFHV� ZHUH� PHDVXUHG� LPPHGLDWHO\� DIWHU� SXPSLQJ�� WKHQ

DJDLQ�DIWHU�������PLQXWHV�RI�YLJRURXV�DHUDWLRQ��7KRVH�ZDWHU�VRXUFHV�ZLWK�S+�WKDW�LQFUHDVHG�WR

EHWZHHQ�����DQG�����DIWHU�DHUDWLRQ�ZHUH�FRQVLGHUHG�IRU�IXUWKHU�WHVWLQJ�



%DVHG�RQ� WKH� WZR�FULWHULD� DERYH�� IRXU�RI� WKH� WZHOYH�'XPEOH\XQJ� WHVW� ERUHV�ZHUH� VHOHFWHG� IRU

IXUWKHU�WHVWLQJ��7KH�VDOLQLW\�DQG�SUH��DQG�SRVW�DHUDWLRQ�S+�YDOXHV�RI�WKHVH�IRXU�ERUHV�DUH�VKRZQ

LQ�7DEOH���

7HVW���� ,RQLF�&RPSRVLWLRQ

6HDZDWHU�FRQWDLQV�D�QXPEHU�RI� LRQV�HVVHQWLDO� IRU� WKH� VXUYLYDO� DQG�JURZWK�RI�PDULQH� ILVK��7KH

FRQFHQWUDWLRQ� RI� WKHVH� LRQV� YDULHV� EHWZHHQ� VDOLQH� JURXQGZDWHU� VRXUFHV� DQG� LV� OLNHO\� WR� EH� D

PDMRU�IDFWRU�LQ�GHWHUPLQLQJ�WKH�VXLWDELOLW\�RI�WKHVH�VRXUFHV�IRU�JURZLQJ�PDULQH�ILVK��:DWHU�IURP

WKH� IRXU� WHVW� ERUHV� ZDV� WKHUHIRUH� DQDO\VHG� IRU� ��� FRPPRQ� LRQV� IRXQG� LQ� VHDZDWHU� XVLQJ

LQGXFWLYHO\� FRXSOHG� SODVPD� DWRPLF� HPLVVLRQ� VSHFWURVFRS\� �,&3$(6��� 7KH� FRQFHQWUDWLRQ� RI

FKORULGH� LRQV�ZDV�GHWHUPLQHG�YLD� D� VLOYHU�FKORULGH� WLWUDWLRQ��7KHVH� SDUDPHWHUV�ZHUH� FRPSDUHG

DJDLQVW�WKRVH�PHDVXUHG�LQ�IXOO�VWUHQJWK�VHDZDWHU�����SSW��DQG�VHDZDWHU�GLOXWHG�WR����SSW�

7DEOH��� VKRZV� WKH� FRQFHQWUDWLRQ�RI� WKH�PDMRU� LRQV� �GHILQHG�DV�KDYLQJ�D� FRQFHQWUDWLRQ�JUHDWHU

WKDQ���PJ�OLWUH��6SRWWH����������:LWK�WKH�H[FHSWLRQ�RI�FDOFLXP�DQG�SRWDVVLXP��WKH�FRQFHQWUDWLRQ

RI�DOO�RWKHU�LRQV�LQ�WKH�ERUH�ZDWHU�VDPSOHV�ZDV�VLPLODU�WR�WKRVH�LQ�WKH�GLOXWHG�VHDZDWHU�VDPSOHV�

7KH�UDQJH�RI�FDOFLXP�DQG�SRWDVVLXP�IRU�WKH�ERUH�ZDWHU�VRXUFHV�ZDV����WR�����SSP�DQG�����WR

���� SSP�� UHVSHFWLYHO\�� FRPSDUHG� WR� YDOXHV� RI� ���� DQG� ���� SSP�� UHVSHFWLYHO\� LQ� GLOXWHG

VHDZDWHU�

1RQH�RI�WKH�ZDWHU�VDPSOHV�WHVWHG�FRQWDLQHG�WR[LF�OHYHOV�RI�KHDY\�PHWDOV�

7HVW��� 0LFURWR[
�
�7R[LFLW\�7HVWLQJ

0LFURWR[��WHVWLQJ�UHOLHV�RQ�WKH�XVH�RI�WKH�OXPLQHVFHQW�EDFWHULD��9LEULR�ILVFKHUL��WR�PHDVXUH�WKH

WR[LFLW\� RI� ZDWHU� VDPSOHV�� 7KHVH� EDFWHULD� SURGXFH� OLJKW� DV� D� E\�SURGXFW� RI� UHVSLUDWLRQ�� 7KH

SUHVHQFH� RI� WR[LQV� LQ� WKH� ZDWHU� LQKLELWV� WKH� FHOOXODU� DFWLYLW\� RI� WKH� EDFWHULD�� UHVXOWLQJ� LQ� D

GHFUHDVHG�UDWH�RI�UHVSLUDWLRQ�DQG�KHQFH�D�FRUUHVSRQGLQJ�GHFUHDVH�LQ�WKH�UDWH�RI�OXPLQHVFHQFH�

:DWHU�VDPSOHV�IURP�WKH�IRXU�WHVW�ERUHV�ZHUH�FROOHFWHG�LPPHGLDWHO\�DIWHU�SXPSLQJ�DQG�VWRUHG�RQ

LFH�XQWLO�DQDO\VLV�

7KH�UHVXOWV�RI�WKH�0LFURWR[��WHVWV�DUH�VKRZQ�LQ�7DEOH����%RUHV���DQG���ZHUH�IRXQG�WR�EH�WR[LF�

ZKHUHDV�ERUHV���DQG���ZHUH�QRQ�WR[LF�

7HVW��� 3HVWLFLGH�$QDO\VLV

7KLUWHHQ� SHVWLFLGHV� DQG� KHUELFLGHV� ZHUH� LGHQWLILHG� DV� KDYLQJ� EHHQ� XVHG� LQ� WKH� 'XPEOH\XQJ

DJULFXOWXUDO�UHJLRQ�RYHU�WKH�ODVW����\HDUV��:DWHU�VDPSOHV�ZHUH�WDNHQ�IURP�WKH�IRXU�WHVW�ERUHV�DQG

DQDO\VHG� IRU� WKHVH� FKHPLFDOV� XVLQJ� JDV� FKURPDWRJUDSK\��7KLV� DQDO\VLV� UHYHDOHG� QR� GHWHFWDEOH

OHYHOV�RI�DQ\�RI�WKHVH�SHVWLFLGHV�RU�KHUELFLGHV���������PJ�/��



%RUH�� %RUH�� %RUH�� %RUH��
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�VHDZDWHU�

6DOLQLW\��SSW� ���� �� �� �� �� ��

3UH�DHUDWLRQ�S+ ��� ��� ��� ��� � �

3RVW�DHUDWLRQ�S+ ��� ��� ��� ��� � �

1D��SSP� ����� ����� ����� ����� ����� ������

&O��SSP� ����� ����� ����� ������ ����� ������

&D��SSP� �� �� �� ��� ��� ���

0J��SSP� ��� ��� ��� ����� ��� �����

.��SSP� ��� ��� ��� ��� ��� ���

6��SSP� ��� ��� ��� ��� ��� ���

% ��� ��� ��� ��� ��� ���

6U ��� ��� ���� ��� ��� ���

7R[LFLW\

�(&����Y�Y�
1RQ�WR[LF �� �� 1RQ�WR[LF � �

7DEOH���� &KHPLFDO�SURSHUWLHV�RI�IRXU�ERUH�ZDWHU�VRXUFHV�IURP�WKH�'XPEOH\XQJ�

ZDWHU�FDWFKPHQW�DQG�VHDZDWHU��IXOO�VWUHQJWK�DQG�GLOXWHG��

*URZWK�7ULDOV

'XULQJ� WKUHH� VHSDUDWH�JURZWK� WULDOV�� WKH�SHUIRUPDQFH�RI� MXYHQLOH� VQDSSHU� LQ� UDZ�DQG�PRGLILHG

ERUH� ZDWHU� VRXUFHV� ZDV� FRPSDUHG� DJDLQVW� WZR� FRQWUROV� �IXOO�VWUHQJWK� VHDZDWHU� ���� SSW�� DQG

VHDZDWHU�GLOXWHG�WR����SSW���7KH�WUHDWPHQWV�FRPSDUHG�GXULQJ�HDFK�WULDO�DUH�VKRZQ�LQ�7DEOH����,Q

WULDOV� ��	���� ERUH�ZDWHU� VRXUFHV�ZHUH� VXSSOHPHQWHG�ZLWK�&D&O�� DQG�.&O� WR� REWDLQ�&D� DQG�.

OHYHOV�HTXLYDOHQW�WR�WKRVH�LQ�VHDZDWHU�GLOXWHG�WR����SSW�

7ULDO�� 7ULDO�� 7ULDO��

:DWHU�6RXUFHV ���SSW ���SSW %RUH�����&D

���SSW ���SSW %RUH�����&D���.

%RUH�� %RUH�� %RUH�����.

%RUH�� %RUH�����&D �

%RUH�� %RUH�����&D���. �

� %RUH�� �

,QLWLDO�)LVK�:W��J� ����������� ������������ ������������

)LVK�1XPEHU �� �� �

7ULDO�'XUDWLRQ��ZNV� � � �

7DEOH���� 7UHDWPHQWV� XVHG� LQ� WKH� WKUHH� JURZWK� WULDOV�� 6XSSOHPHQWDWLRQ� RI� &D� DQG�RU� .

ZHUH�PDGH�WR�WKH�HTXLYDOHQW�FRQFHQWUDWLRQ�RI�VHDZDWHU�GLOXWHG�WR����SSW�

(DFK� WUHDWPHQW� ZDV� WHVWHG� LQ� WULSOLFDWH� LQ� ���� OLWUH� WDQNV�� 7KH� ZDWHU� LQ� HDFK� WDQN� ZDV

FRQWLQXRXVO\� UHFLUFXODWHG� WKURXJK� D� PHFKDQLFDO� DQG� ELRORJLFDO� DLU�ZDWHU�OLIW� ILOWHU� WR� UHPRYH

VROLG� ZDVWH� DQG� R[LGLVH� WR[LF� QLWURJHQRXV� ZDVWH� SURGXFWV�� 7KH� ERWWRP� RI� HDFK� WDQN� ZDV



YDFXXPHG�GDLO\�WR�UHPRYH�IDHFHV�DQG�����RI�WKH�ZDWHU�YROXPH�UHSODFHG��7HPSHUDWXUH��S+�DQG

GLVVROYHG� R[\JHQ� ZHUH� PHDVXUHG� GDLO\� DQG� WRWDO� DPPRQLD� QLWURJHQ� �7$1�� PHDVXUHG� WZLFH

ZHHNO\��$OO�RI� WKH�PHDVXUHG�ZDWHU� TXDOLW\�SDUDPHWHUV� UHPDLQHG�ZLWKLQ� VDIH� OLPLWV� WKURXJKRXW

WKH� WULDOV��)LVK�ZHUH� IHG� WR� VDWLHW\� WKUHH� WLPHV� GDLO\� RQ� VLQNLQJ� DTXDFXOWXUH�SHOOHWV� �6NUHWWLQJ�

$XVWUDOLD������SURWHLQ������ OLSLG���7KH�ZHLJKW�RI�SHOOHWV�FRQVXPHG�E\� ILVK� LQ�HDFK� WDQN�ZDV

UHFRUGHG�DW�WKH�HQG�RI�HDFK�GD\�

5(68/76�$1'�',6&866,21

)LVK�LQ�ZDWHU�IURP�ERUHV���DQG���GLHG�E\�GD\���DQG�����UHVSHFWLYHO\�GXULQJ�WULDO����'XULQJ�WULDO���

DOO�ILVK�LQ�ZDWHU�IURP�ERUH���GLHG�ZLWKLQ���GD\V��$IWHU�VWRULQJ�WKH�ZDWHU�IURP�ERUH���IRU����GD\V

�ZLWK� DHUDWLRQ�� ILVK� ZHUH� DJDLQ� DGGHG� WR� WKH� WULDO� WDQNV� DQG� VXEVHTXHQWO\� VXUYLYHG� IRU� WKH

UHPDLQLQJ����GD\V�RI�WKH�WULDO��KRZHYHU��QR�JURZWK�GDWD�ZDV�FROOHFWHG�RYHU�WKLV�SHULRG��6XUYLYDO

RI�ILVK�LQ�DOO�ERUH���WUHDWPHQWV�DQG�WKH�WZR�FRQWURO�WDQNV�ZHUH������LQ�DOO� WULDOV��7KH�VXUYLYDO

UHVXOWV�REWDLQHG�LQ�WULDO���FRUUHODWHG�ZHOO�ZLWK�WKH�LQLWLDO�0LFURWR[��UHVXOWV��ZKLFK�VKRZHG�ERUHV

��DQG���WR�EH� WR[LF�DQG�ERUH��� WR�EH�QRQ�WR[LF��7KH�UHDVRQ�EHKLQG�WKH�PRUWDOLW\�RI�ILVK� LQ� WKH

ZDWHU�IURP�ERUH���ZDV�QRW�DSSDUHQW�DQG�QRW�LQGLFDWHG�E\�WKH�UHVXOWV�RI�WKH�0LFURWR[��WHVWLQJ�

7KH� ZDWHU� LQ� ZKLFK� WKH� ILVK� GLHG� ZDV�� KRZHYHU�� QRW� SXPSHG� DW� WKH� VDPH� WLPH� DV� WKH� ZDWHU

FROOHFWHG�IRU�0LFURWR[��WHVWLQJ�DQG�WKH�SRRU�VXUYLYDO�PD\�KDYH�EHHQ�WKH�UHVXOW�RI�D�WR[LQ�EXLOG

XS� LQ� WKH� VWDWLF� ERUH� SLSH� ZKLFK� ZDV� QRW� DGHTXDWHO\� IOXVKHG� IURP� WKH� ERUH� OLQH� SULRU� WR

FROOHFWLRQ��7KDW� WKH� ILVK� VXEVHTXHQWO\� VXUYLYHG� IRU�D� IXUWKHU����GD\V� DIWHU� UHVWRFNLQJ� VXJJHVWV

WKDW�IXUWKHU�DQDO\VLV�RI�WKLV�ZDWHU�VRXUFH�LV�ZRUWKZKLOH�

)LQDO�ZHLJKWV� RI� ILVK� LQ� WKH� UHPDLQLQJ� WKUHH� WUHDWPHQWV� RI� WULDO� �� DUH� VKRZQ� LQ�)LJXUH� ��� )LVK

JURZQ� LQ�ZDWHU� IURP�ERUH���ZHUH� VLJQLILFDQWO\� VPDOOHU� WKDQ� WKRVH�JURZQ� LQ�ERWK� IXOO�VWUHQJWK

DQG�GLOXWHG�VHDZDWHU�DW�WKH�HQG�RI�WKH�WULDO��7KLV� ORZHU�JURZWK�UDWH� LQ�ERUH���ZDV�WKH�UHVXOW�RI

ERWK� D� VLJQLILFDQWO\� ORZHU� IRRG� LQWDNH� DQG� KLJKHU� IRRG� FRQYHUVLRQ� UDWLR� FRPSDUHG� WR� ERWK

VHDZDWHU�DQG�GLOXWHG�VHDZDWHU�

:KHQ�ZDWHU� IURP� ERUH� �� ZDV� VXSSOHPHQWHG�ZLWK� ERWK� FDOFLXP� DQG� SRWDVVLXP�� WKHUH� ZDV� QR

VLJQLILFDQW�GLIIHUHQFH�LQ�JURZWK�EHWZHHQ�ILVK�LQ�WKLV�ZDWHU�VRXUFH�DQG�WKRVH�JURZQ�LQ�ERWK�IXOO�

VWUHQJWK� DQG� GLOXWHG� VHDZDWHU� �)LJXUH� ���� 6XSSOHPHQWDWLRQ� RI� WKH� ZDWHU� ZLWK� FDOFLXP� DORQH

VOLJKWO\�LPSURYHG�WKH�JURZWK�SHUIRUPDQFH�RI�ILVK�FRPSDUHG�WR�WKRVH�JURZQ�LQ�UDZ�ERUH�ZDWHU�

EXW� QRW� VLJQLILFDQWO\� VR�� 7KH� JURZWK� RI� ILVK� LQ� FDOFLXP� VXSSOHPHQWHG� ERUH� ZDWHU� ZDV

VLJQLILFDQWO\� OHVV� WKDQ� ILVK� JURZQ� LQ� ZDWHU� DW� ��� SSW�� 5HVXOWV� IURP� WULDO� �� VXJJHVW� WKDW

VXSSOHPHQWDWLRQ�RI�SRWDVVLXP�LV�RI�JUHDWHU�LPSRUWDQFH�WKDQ�FDOFLXP��DV�WKHUH�ZDV�QR�VLJQLILFDQW

GLIIHUHQFH� LQ� JURZWK� EHWZHHQ� ILVK� JURZQ� LQ� ZDWHU� VXSSOHPHQWHG� ZLWK� ERWK� SRWDVVLXP� DQG

FDOFLXP� DQG� WKRVH� JURZQ� LQ�ZDWHU� VXSSOHPHQWHG�ZLWK� SRWDVVLXP� RQO\� �)LJXUH� ���� 7KRVH� ILVK

JURZQ�LQ�ZDWHU�VXSSOHPHQWHG�ZLWK�FDOFLXP�RQO\�ZHUH�VLJQLILFDQWO\�VPDOOHU�DW�WKH�HQG�RI�WKH�WULDO

WKDQ�WKRVH�JURZQ�LQ�ERUH�ZDWHU�FRQWDLQLQJ�VXSSOHPHQWDO�SRWDVVLXP�
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)LJXUH��� )LQDO�ZHLJKW�RI�MXYHQLOH�VQDSSHU�JURZQ�LQ�VDOLQH�JURXQGZDWHU��GLOXWHG�VHDZDWHU

DQG�IXOO�VWUHQJWK�VHDZDWHU��&ROXPQV�VKDULQJ�WKH�VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\

GLIIHUHQW��S!������

7KH�LPSRUWDQFH�RI�LRQLF�FRPSRVLWLRQ�WR�WKH�VXUYLYDO�DQG�JURZWK�RI�VQDSSHU�KDV�EHHQ�VKRZQ�E\

)LHOGHU�HW�DO���������7KHVH�DXWKRUV�IRXQG�WKDW�UDZ�VDOLQH�JURXQGZDWHU�ZLWK�SRWDVVLXP�OHYHOV�RI

��SSP�UHVXOWHG� LQ������PRUWDOLW\�ZLWKLQ���GD\V��:KHQ�OHYHOV�ZHUH� LQFUHDVHG� WR�����SSP�ILVK

ZHUH�IRXQG�WR�VXUYLYH�DQG�JURZ�DW�WKH�HTXLYDOHQW�UDWH�WR�WKRVH�LQ�GLOXWHG�VHDZDWHU��:DWHU�IURP

ERUH���LQ�WKH�FXUUHQW�WULDOV�FRQWDLQHG�D�YHU\�VLPLODU�OHYHO�RI�SRWDVVLXP�WR�WKDW�IRXQG�E\�)LHOGHU�HW

DO� ������� WR� VXSSRUW� H[FHOOHQW� JURZWK�� *URZWK� UDWH� LQ� WKLV� ZDWHU� VRXUFH� ZDV�� KRZHYHU�

VLJQLILFDQWO\� ORZHU� WKDQ� REWDLQHG� LQ� VHDZDWHU� RI� DQ� HTXLYDOHQW� VDOLQLW\�� ,Q� WKH� FXUUHQW� WULDOV�

VXSSOHPHQWDWLRQ� ZLWK� SRWDVVLXP� WR� D� OHYHO� HTXLYDOHQW� WR� WKDW� RI� GLOXWHG� VHDZDWHU� �����SSP�

VLJQLILFDQWO\�LPSURYHG�JURZWK�
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)LJXUH��� )LQDO� ZHLJKW� RI� MXYHQLOH� VQDSSHU� JURZQ� LQ� UDZ� DQG� PRGLILHG� VDOLQH

JURXQGZDWHU��GLOXWHG�VHDZDWHU�DQG�IXOO�VWUHQJWK�VHDZDWHU��&ROXPQV�VKDULQJ�WKH

VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��S!������
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)LJXUH��� )LQDO�ZHLJKW�RI�MXYHQLOH�VQDSSHU�JURZQ�LQ�PRGLILHG�VDOLQH�

JURXQGZDWHU��&ROXPQV�VKDULQJ�WKH�VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�
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.QRZOHGJH�RI�WKH�WDUJHW�VSHFLHV©�VDOLQLW\�DQG�S+�WROHUDQFHV�HQDEOHV�D�EURDG�EUXVK�DSSURDFK�WR

QDUURZLQJ� GRZQ� SRWHQWLDO� ZDWHU� VRXUFHV�� 7KLV� DVVHVVPHQW� DORQH�� KRZHYHU�� LV� LQVXIILFLHQW� WR

GHWHUPLQH�VXLWDELOLW\�

7KH� LPSRUWDQFH� RI� LRQLF� FRPSRVLWLRQ� WR� PDULQH� ILVK� ZDV� KLJKOLJKWHG� LQ� WKH� FXUUHQW� WULDO�

$OWKRXJK� WKH� UHTXLUHG� OHYHOV� RI� HVVHQWLDO� LRQV�ZLOO� YDU\� EHWZHHQ� VSHFLHV�� GHSHQGLQJ� RQ� WKHLU

SK\VLRORJ\��GHWHUPLQDWLRQ�RI�LRQLF�FRQWHQW�YLD�,&3$(6�LV�VWLOO�DQ�LPSRUWDQW�VWHS�LQ�GHWHUPLQLQJ

D�ZDWHU�VRXUFH©V�SRWHQWLDO��1RW�RQO\�LV�VXFK�DQDO\VLV�HIIHFWLYH�LQ�GHWHUPLQLQJ�WKH�H[WHQW�RI�DQ\

SRVVLEOH�GHILFLHQFLHV�LQ�HVVHQWLDO�LRQV��LW�LV�DOVR�LPSRUWDQW�IRU�HQVXULQJ�VDIH�OHYHOV�RI�SRWHQWLDOO\

WR[LF�LRQV�VXFK�DV�KHDY\�PHWDOV�

1R�GHWHFWDEOH� OHYHOV� RI� SHVWLFLGHV�ZHUH� IRXQG� LQ� WKH� FXUUHQW� WULDO��7KH� VSHFLILFLW\� RI� SHVWLFLGH

WHVWLQJ�LV�D�GLVDGYDQWDJH�LQ�WKDW�LW�UHTXLUHV�D�GHWDLOHG�NQRZOHGJH�RI�WKH�SHVWLFLGHV�IRU�ZKLFK�WR

WHVW��,Q�ORFDWLQJ�ZDWHU�VRXUFHV�ZLWK�SRWHQWLDO�IRU�DTXDFXOWXUH�WKHUH�LV�QR�DGYDQWDJH�NQRZLQJ�WKH

H[DFW� WR[LQ� SUHVHQW�� VLPSO\� NQRZLQJ� WKDW� LW� LV� WR[LF� WR� DTXDWLF� RUJDQLVPV� LV� VXIILFLHQW� IRU

HOLPLQDWLQJ�D�ZDWHU�VRXUFH�

7KH� EHQHILW� RI� 0LFURWR[�� WHVWLQJ� RYHU� SHVWLFLGH� WHVWLQJ� LV� WKDW� LV� FKHDSHU� WR� SHUIRUP� DQG

SURYLGHV� LQIRUPDWLRQ� RQO\� RQ� WKH� GHJUHH� RI� WR[LFLW\�� UDWKHU� WKDQ� WKH� QDWXUH� RI� WKH� WR[LQ�

0LFURWR[��WHVWLQJ�VKRZHG�JRRG�SRWHQWLDO�IRU�GHWHUPLQLQJ�ZDWHU�VXLWDELOLW\��DV������PRUWDOLW\

RFFXUUHG�LQ�DOO�ZDWHU�VRXUFHV�WKDW�ZHUH�IRXQG�WR�EH�WR[LF��0LFURWR[��WHVWLQJ�GLG�QRW��KRZHYHU�



IRUHFDVW� WKH�SRRU�VXUYLYDO�H[SHULHQFHG� LQ�ERUH����)XUWKHU� LQYHVWLJDWLRQ� LV� WKHUHIRUH� UHTXLUHG� WR

GHWHUPLQH�WKH�FDXVH�RI�WKLV�PRUWDOLW\�DQG�ZKHWKHU�DQ\�IXUWKHU�WHVWV�DUH�DYDLODEOH�WKDW�FRXOG�KDYH

SUHGLFWHG�WKLV�UHVXOW��$W�WKLV�VWDJH�LW�DSSHDUV�WKDW�D�SRVLWLYH�0LFURWR[��WHVW�PD\�H[FOXGH�D�ZDWHU

VRXUFH� IURP� IXUWKHU� LQYHVWLJDWLRQV�� KRZHYHU� D� QHJDWLYH� WHVW� LV� QRW� D� JXDUDQWHH� WKDW� ILVK� ZLOO

VXUYLYH��)XUWKHU�LQYHVWLJDWLRQV�LQWR�0LFURWR[��WHVWLQJ�DUH�FRQWLQXLQJ�

%DVHG�RQ�WKH�FXUUHQW�ILQGLQJV��LW�LV�UHFRPPHQGHG�WR�ILUVWO\�QDUURZ�GRZQ�SRWHQWLDO�ZDWHU�VRXUFHV

XVLQJ� WKH� VHOHFWHG� ILVK©V� NQRZQ� WROHUDQFH� RI� S+� DQG� VDOLQLW\�� 3K\VLFDO� FKDUDFWHULVWLFV� RI� WKH

ZDWHU� VXSSO\� VXFK� DV� SXPSLQJ� UDWHV� DQG� ERUH� GHSWK� DUH� DOVR� XVHIXO� SDUDPHWHUV� IRU� OLPLWLQJ

SURVSHFWLYH� VRXUFHV�� 7KH� DPRXQW� RI� ZDWHU� UHTXLUHG� ZLOO� GHSHQG� RQ� WKH� SURGXFWLRQ� RI� ILVK

UHTXLUHG�DQG�WKH�W\SH�RI�V\VWHP�XVHG�IRU�WKHLU�FXOWXUH��HJ�UHFLUFXODWLQJ�YV�IORZ�WKURXJK���%RUHV

LQWHUVHFWLQJ� D� VXEVWDQWLDO� �!�P�� WKLFNQHVV� RI� D� VDWXUDWHG� DTXLIHU� DUH� SUHIHUDEOH� GXH� WR� WKHLU

DELOLW\� WR� PDLQWDLQ� SXPSLQJ� UDWHV� RYHU� WKH� ORQJ� WHUP�� 'HHSHU� ERUHV� DUH� PRUH� OLNHO\� WR� EH

JHRFKHPLFDOO\�PDWXUH� DQG� OHVV� FRQWDPLQDWHG� E\� WR[LQV�� 6HFRQGO\��0LFURWR[�� WHVWLQJ�PD\� EH

SHUIRUPHG��ZLWK�DQ\�D�SRVLWLYH� UHVXOWV�HOLPLQDWLQJ�SRWHQWLDO�ZDWHU� VRXUFHV��5HPDLQLQJ�VRXUFHV

VKRXOG� WKHQ� EH� VXEMHFWHG� WR� DQ� DQDO\VLV� RI� LRQLF� FRPSRVLWLRQ� WR� LGHQWLI\� OLPLWLQJ� DQG� WR[LF

HOHPHQWV�� )LQDOO\�� JURZWK� WULDOV� VKRXOG� EH� XVHG� FRQILUP� RU� GHQ\� D�ZDWHU� VRXUFHV� SRWHQWLDO� E\

FRPSDULQJ�JURZWK�DQG�VXUYLYDO� UDWHV�DJDLQVW� WKRVH�REWDLQHG� LQ�ERWK�IXOO�VWUHQJWK�VHDZDWHU�DQG

VHDZDWHU�DGMXVWHG�WR�D�VDOLQLW\�RI�WKDW�RI�WKH�ZDWHU�XQGHU�LQYHVWLJDWLRQ�

$&.12:/('*(0(176

7KLV� VWXG\� ZDV� IXQGHG� XQGHU� WKH� 'XPEOH\XQJ� :DWHU� 0DQDJHPHQW� 6WUDWHJ\�� D� FRRSHUDWLYH

SURMHFW�EHWZHHQ�WKH�'XPEOH\XQJ�=RQH�&RPPLWWHH��WKH�:DWHU�DQG�5LYHUV�&RPPLVVLRQ�DQG�WKH

'HSDUWPHQW�RI�$JULFXOWXUH��:$�

5()(5(1&(6

$3+$� �������� 6WDQGDUG� PHWKRGV� IRU� WKH� H[DPLQDWLRQ� RI� ZDWHU� DQG� ZDVWHZDWHU�� $PHULFDQ

3XEOLF� +HDOWK� $VVRFLDWLRQ�� $PHULFDQ� :DWHU� :RUNV� $VVRFLDWLRQ�� :DWHU� (QYLURQPHQW

)HGHUDWLRQ��:DVKLQJWRQ�

1DWLRQDO�/DQG�DQG�:DWHU�5HVRXUFHV�$XGLW��1/:5$�������DW�ZZZ�QOZUD�JRY�DX�

)LHOGHU�� '�� 6��� %DUGVOH\�� :�� -�� DQG� $OODQ�� *��� /�� ������ 6XUYLYDO� DQG� JURZWK� RI� $XVWUDOLDQ

VQDSSHU�� 3DJUXV� DXUDWXV�� LQ� VDOLQH� JURXQGZDWHU� IURP� LQODQG� 1HZ� 6RXWK� :DOHV�� $XVWUDOLD�

$TXDFXOWXUH�������������

0LOOHU��5�/���%UDGIRUG��:�/��DQG��3HWHUV��1��(��������8QLWHG�6WDWHV�*HRORJLFDO�6XUYH\�:DWHU�

6XSSO\�3DSHU�������86*6��)HGHUDO�&HQWHU�%R[��������'HQYHU��&2������

6SRWWH��6����������&DSWLYH�6HDZDWHU�)LVKHV��6FLHQFH�DQG�7HFKQRORJ\��:LOH\�,QWHUVFLHQFH��1HZ

<RUN�

:KLWILHOG��%����������*URXQGZDWHU�VWXG\�RI� WKH�'XPEOH\XQJ� WRZQVLWH��5HVRXUFH�0DQDJHPHQW

7HFKQLFDO�5HSRUW��'HSDUWPHQW�RI�$JULFXOWXUH��:HVWHUQ�$XVWUDOLD�


