
$11$/(6�©�6HU��KLVW��QDW��©����©������©��

���

5HYLHZ�DUWLFOH �8'&�����������������������
5HFHLYHG������������

29(59,(:�2)�(87523+,&$7,21�5(/$7('�(9(176�$1'�27+(5
,55(*8/$5�(3,62'(6�,1�6/29(1,$1�6($��*8/)�2)�75,(67(�

$'5,$7,&�6($�

9DOHQWLQD�785.��3DWULFLMD�02=(7,Þ�	�$OHQND�0$/(-
*=NEJA��EKHKCU�0P=PEKJ�-EN=J
�+=PEKJ=H�&JOPEPQPA�KB��EKHKCU
�0&������-EN=J
�#KNJ=ÜA���
�0HKRAJE=

"�I=EH!�PQNG$I>OO�KNC

$%675$&7

(XWURSKLFDWLRQ� LV� RQH� RI� WKH� LPSRUWDQW� GULYHUV� RI�PDULQH� HFRV\VWHPV� GHJUDGDWLRQ� DQG� LV� D� SDUWLFXODUO\� HYLGHQW
SUREOHP�QHDU�WKH�FHQWUH�RI�KXPDQ�SRSXODWLRQ��$OWKRXJK�DGYDQFHV�KDYH�EHHQ�PDGH�GXULQJ�WKH�SDVW����\HDUV��HXWUR�
SKLFDWLRQ� UHPDLQV� RQH� RI� WKH� SULPDU\� SUREOHPV� DIIHFWLQJ� FRDVWDO� PDULQH� HFRV\VWHPV� DQG� VHPL�HQFORVHG� VHDV�� $Q
RYHUYLHZ�RI�HXWURSKLFDWLRQ�DQG�LWV�FRQVHTXHQFHV�LQ�WKH�6ORYHQLDQ�VHD�LV�SUHVHQWHG�ZLWK�D�IRFXV�RQ�WKH�SHODJLF�GR�
PDLQ��FRPPXQLWLHV�RI� WKH�FRDVWDO�HFRV\VWHP� LQ�SDUWLFXODU�RQ�EDFWHULR��DQG�SK\WRSODQNWRQ�DEXQGDQFH��SURGXFWLRQ�
IUHTXHQF\�RI� EORRPV�DQG�GRPLQDQW� RUJDQLVPV�� RFFXUUHQFH� RI� KDUPIXO� WR[LF� DOJDO� VSHFLHV�� VZDUPLQJ� RI� JHODWLQRXV
]RRSODQNWRQ��WKH�PXFLODJH�SKHQRPHQRQ�DQG�RQ�K\SR[LD�DQR[LD�HYHQWV�LQ�WKH�ERWWRP�OD\HUV�

.H\�ZRUGV��HXWURSKLFDWLRQ��QXWULHQWV��SODQNWRQ��EORRPV��DQR[LD��PXFXV�DJJUHJDWHV��*XOI�RI�7ULHVWH
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/¢HXWURIL]]D]LRQH�o�XQR�GHL�YHWWRUL�SL|�LPSRUWDQWL�GHOOD�GHJUDGD]LRQH�GHJOL�HFRVLVWHPL�PDULQL�HG�o�XQ�SUREOHPD
SDUWLFRODUPHQWH� HYLGHQWH� LQ� SURVVLPLWi� GHL� FHQWUL� DELWDWL�� %HQFKo� QHJOL� XOWLPL� WUHQW¢DQQL� OD� ULFHUFD� DEELD� IDWWR� SUR�
JUHVVL��O¢HXWURIL]]D]LRQH�ULPDQH�XQR�GHL�SUREOHPL�SULPDUL�FKH�DIIOLJJRQR�JOL�HFRVLVWHPL�PDULQL�FRVWLHUL�H�L�PDUL�VHPL�
FKLXVL��/¢DUWLFROR�SUHVHQWD�XQD�YDOXWD]LRQH�GHOO¢HXWURIL]]D]LRQH�H�GHOOH�FRQVHJXHQ]H�LQ�PDUH�VORYHQR��LQFHQWUDWD�VR�
SUDWWXWWR�VXO�GRPLQLR�SHODJLFR��9HQJRQR�WUDWWDWH�OH�FRPXQLWi�GHJOL�HFRVLVWHPL�FRVWLHUL��LQ�SDUWLFRODUH�O¢DEERQGDQ]D�GL
EDWWHULR�� H� ILWRSODQFWRQ�� OD� SURGX]LRQH� SULPDULD�� OD� IUHTXHQ]D� GHOOH� ILRULWXUH�� OD� SUHVHQ]D� GL� RUJDQLVPL� GRPLQDQWL�
VSHFLH�DOJDOL�WRVVLFKH�H�]RRSODQFWRQ�JHODWLQRVR��L�IHQRPHQL�PXFLOODJLQRVL�H�O¢LSRVVLD�DQRVVLD�GHJOL�VWUDWL�GL�IRQGR�

3DUROH�FKLDYH��HXWURIL]]D]LRQH��QXWULHQWL��SODQFWRQ��ILRULWXUH��DJJUHJDWL�PXFLOODJLQRVL��*ROIR�GL�7ULHVWH
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7KH�VHPL�HQFORVHG�*XOI�RI�7ULHVWH�LV�WKH�QRUWKHUQPRVW
SDUW�RI� WKH�0HGLWHUUDQHDQ�6HD�RSHQHG� WR� WKH�UHVW�RI� WKH
QRUWKHUQ� $GULDWLF� DORQJ� LWV� ZHVWHUQ� VLGH� �)LJ�� ���� 7KH
VXUIDFH�DUHD�RI�WKH�*XOI�LV�DERXW�����NP���ZKLOH�LWV�YRO�
XPH� LV� HVWLPDWHG� DW� ����NP���:LWK� IHZ� H[FHSWLRQV�� WKH
ZDWHU�GHSWK�GRHV�QRW�H[FHHG����P��DQG�RQO\�����RI�WKH
*XOI� LV� VKDOORZHU� WKDQ� ���P� �0DOHM� 	�0DODáLá�� ������
2FHDQRJUDSKLF� SURSHUWLHV� RI� WKH� *XOI� ZHUH� GHVFULEHG
UHFHQWO\�E\�0DODáLá�	�3HWHOLQ� �������� WKH\�DUH� VWURQJO\
DIIHFWHG� E\� ZDWHU� PDVV� H[FKDQJH� IURP� WKH� VRXWKHUQ
$GULDWLF��ULYHU�LQIORZ�DQG�PHWHRURORJLFDO�FRQGLWLRQV��,W�LV
WKH�ULYHU�6RáD��,VRQ]R��WKDW�H[HUWV�WKH�JUHDWHVW�LPSDFW�RQ
WKH�*XOI¤V�G\QDPLFV��([FHSW�GXULQJ�WKH�VXPPHU�PRQWKV�
D�SOXPH�RI�IUHVKZDWHU�IURP�WKH�6RáD��,VRQ]R��ULYHU�LV�DO�
ZD\V�SUHVHQW�LQ�WKH�VXUIDFH�OD\HU�RI�WKH�*XOI��DQG�IUHVK�
ZDWHU�PD\�VSUHDG�RQ� WKH� VXUIDFH�DV� IDU�GRZQ�DV� WR� WKH
PLGGOH� RI� WKH� *XOI� �0DOHM� HW� DO��� ������� 2OLJRWURSKLF�
VRXWKHUQ� $GULDWLF� ERWWRP� ZDWHU� HQWHUV� WKH� *XOI� DW� WKH

VRXWKHUQ�VLGH�DQG�IORZV�RXW�DIWHU�PL[LQJ�ZLWK�WKH�XSSHU
ZDWHUV��&LUFXODWLRQ�RI�GHHSHU�ZDWHU�LV�F\FORQLF�DQG�FDQ
EH�RSSRVLWH�WR�WKDW�LQ�WKH�XSSHU�OD\HU��0DODáLá�	�3HWHOLQ�
�������'LVFKDUJH� E\� RWKHU� ULYHUV� DORQJ� WKH�HDVWHUQ� DQG
VRXWKHUQ�FRDVWOLQH� LV�PLQRU� �DERXW� �����2OLYRWWL�HW� DO��
����D��0DODáLá�HW�DO����������DQG�PLJKW�KDYH�DQ�LPSDFW
RQ�WKH�HFRORJ\�RI�WKH�LQQHU�VKDOORZ�ED\V�

0HDQ�PRQWKO\�WHPSHUDWXUHV�LQ�WKH�ODVW�WHQ�\HDUV�YDU\
IURP����� WR������ g&��ZLWK� VDOLQLW\� IOXFWXDWLQJ� IURP�����
WR� ������ VKRZLQJ� TXLFN� FKDQJHV� LQ� WKH� XSSHU� OD\HUV� RI
WKH�ZDWHU�FROXPQ��6WDWLVWLFDO�DQDO\VLV�RI�WKH�LQWHU�DQQXDO
YDULDWLRQV�RI�PHDQ� VHDVRQDO� WHPSHUDWXUHV� RYHU� WKH� SDVW
WHQ�\HDUV�VKRZ�DQ�LQFUHDVH�LQ�WHPSHUDWXUH�EHWZHHQ�����
DQG������g&�SHU�\HDU�� ,Q�DGGLWLRQ��DQ� LQWHU�DQQXDO� WUHQG
IRU�LQFUHDVLQJ�VDOLQLW\�LQ�WKH�VXUIDFH�OD\HU�RI�WKH�*XOI�ZDV
REVHUYHG��0DODáLá�HW�DO����������6WURQJ�YDULDWLRQV�RI�VHD
ZDWHU� WHPSHUDWXUH�� VWUDWLILFDWLRQ� RI� WKH� ZDWHU� FROXPQ
DQG� WRWDO� LUUDGLDQFH�GXULQJ� WKH�\HDU�GHWHUPLQH� WKH� SUR�
QRXQFHG�VHDVRQDO�F\FOHV�LQ�WKH�*XOI�RI�7ULHVWH��0DODáLá
	�3HWHOLQ��������

)LJ�����/RFDWLRQ�RI�VDPSOLQJ�VWDWLRQV�IRU�WKH�SXUSRVH�RI�HXWURSKLFDWLRQ�PRQLWRULQJ�LQ�WKH�6ORYHQLDQ�VHD��*XOI�RI�7UL�
HVWH��
6O�����3ULND]�PHULOQLK�PHVW�HYWURILNDFLMVNHJD�PRQLWRULQJD�Y�VORYHQVNHP�PRUMX��7UËDÉNL�]DOLY��
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,PSDFW�RI�DQWKURSRJHQLF�QXWULHQW�LQSXWV�RQ�WKH�TXDO�
LW\�RI�WKH�FRDVWDO�ZDWHUV�KDV�EHHQ�VWXGLHG�LQ�WKH�*XOI�RI
7ULHVWH� VLQFH� WKH� HDUO\� VHYHQWLHV� �ÉWLUQ�� ������ ����D�
����E��ÉWLUQ�HW�DO���������2OLYRWWL�HW�DO�������D������E�
ÉWLUQ�� ������� 7KH� PDLQ� VRXUFHV� RI� SRWHQWLDO� SROOXWDQWV�
LQFOXGLQJ� WKRVH� IURP� IUHVK� ZDWHU� LQIORZV� DQG� VHZDJH
GLVFKDUJHV� LQWR� WKH� *XOI� RI� 7ULHVWH�� ZHUH� SUHVHQWHG� E\
2OLYRWWL� HW� DO�� �����D�� ����E��� ZKHUHDV� WKRVH� GLUHFWO\
DIIHFWLQJ� WKH� %D\� RI� .RSHU� ZHUH� VWXGLHG� E\� 7XUN� 	
3RWRáQLN� �������� $FFRUGLQJ� WR� WKH� GDWD� DQG� FULWHULD� RI
WKH� VHYHULW\� RI� WKH� HIIHFWV� RQ� WKH� PDULQH� HQYLURQPHQW�
WKH�HVWXDULHV�RI�WKH�5LÌDQD�DQG�%DGDÊHYLFD�ULYHUV�DUH�WKH
PDLQ�SROOXWLRQ�KRW�VSRWV�DORQJ�WKH�6ORYHQLDQ�FRDVW��7XUN
	�3RWRáQLN���������7KH� ULYHUV� UHFHLYH�PDLQO\� XQWUHDWHG
RU� SULPDULO\� WUHDWHG� XUEDQ� DQG� LQGXVWULDO� ZDVWHZDWHU
IURP�WKH�WRZQ�RI�.RSHU�DQG�LQODQG�DJJORPHUDWLRQV�DORQJ
WKH� ULYHU� EDQNV�� 7KH� LQSXW� RI� VRPH� SROOXWDQWV� LQWR� WKH
FRDVWDO�VHD�LV�HVWLPDWHG�DQQXDOO\�RQ�WKH�EDVLV�RI�WKH�DY�
HUDJH� IORZ� UDWHV� DQG� DYHUDJH� FRQFHQWUDWLRQV� RI� SROOXW�
DQWV�LQ�WKH�ULYHU�HVWXDULHV�DQG�DW�WKH�RXWOHWV�RI�ZDVWHZD�
WHU�WUHDWPHQW�SODQWV��::73��LQ�.RSHU�DQG�3LUDQ��7XÊQLN
HW�DO���������7XUN�HW�DO���\HDUO\�UHSRUWV�������������7KH
JURVV�IOX[HV�IRU�VXVSHQGHG�VROLGV��QLWURJHQ�DQG�SKRVSKR�
URXV� DWWDLQHG� WKH� ����� W�� ���� W� DQG� ��� W� SHU� \HDU�� UH�
VSHFWLYHO\� �7DE�� ��� IRU� WKH� ���������� SHULRG�� 7KH
HYDOXDWLRQ� LQSXWV� GR� QRW� GLIIHU� LI� FRPSDUHG�ZLWK� SUHYL�
RXV� \HDUV� �7XÊQLN�HW� DO��� ������� 6WDWLVWLFDO� HYDOXDWLRQ� RI
PD[LPDO�YDOXHV�RI�QXWULHQW�FRQFHQWUDWLRQV�IURP�VHDVRQDO
PHDVXUHPHQWV� LQ� ULYHU� HVWXDULHV� DORQJ� WKH� 6ORYHQLDQ
FRDVW�VKRZHG�DQ�LQFUHDVH�LQ�WRWDO�QLWURJHQ�DQG�GHFUHDVH
LQ�WRWDO�SKRVSKRURXV�IRU� WKH�����������SHULRG� �)LJ�����
7KH� TXDQWLWLHV� RI� HVWLPDWHG� LQSXWV� DORQJ� WKH� 6ORYHQLDQ
FRDVW�DUH�PLQLPDO�LQ�FRPSDULVRQ�ZLWK�RWKHU�DUHDV�RI�WKH
1RUWKHUQ� $GULDWLF� �7XÊQLN� HW� DO��� ������ 3DJQRWWD� HW� DO��

�������+RZHYHU�� KLJK� LQSXWV� RI� QLWURJHQ� DQG�SKRVSKR�
URXV�LQIOXHQFH�WKH�TXDOLW\�RI�WKH�HVWXDU\�LQ�WKH�LQQHU�SDUW
RI�WKH�%D\�RI�.RSHU�

7KH� LPSDFW�RI�RUJDQLF�DQG�EDFWHULDO�SROOXWHG�ZDVWH�
ZDWHU�GLVFKDUJHG�LQWR�WKH�VWUDWLILHG�HVWXDU\�RI�WKH�5LÌDQD
5LYHU�DQG�WKH�LQQHU�SDUW�RI�WKH�VKDOORZ�%D\�RI�.RSHU�ZDV
VWXGLHG� RQO\� LQ� WKH� ODWH� ��¤V� �)DJDQHOL� 	� 7XUN�� �����
7XUN� 	� )DJDQHOL�� ������� 7KH� UHVXOWV� RI� VHDVRQDO� PHDV�
XUHPHQWV�RI�FKHPLFDO�DQG�EDFWHULDO�SDUDPHWHUV� VKRZHG
WKDW� GLVVROYHG� RUJDQLF� PDWWHU� LV� PDLQO\� FRQWUROOHG� E\
EDFWHULD�DQG� UHODWHG� WR� WKH�ZDWHU� WHPSHUDWXUH� DQG� ULYHU
GLVFKDUJH��'LVVROYHG�RUJDQLF�QLWURJHQ�DQG�GLVVROYHG�RU�
JDQLF�SKRVSKRURXV�DUH�PLQHUDOL]HG�DQG�DPPRQLD� LV�QL�
WULILHG��ZKLOH� GLVVROYHG�RUJDQLF� FDUERQ� LV� FRQWUROOHG� E\
PLQHUDOL]DWLRQ� DQG� FKHPLFDO� SUHFLSLWDWLRQ�� 'XULQJ� WKH
VXPPHU�� ZKHQ� WKH� HVWXDU\� LV� FKDUDFWHUL]HG� ZLWK� ORZ
IORZ� UDWH� DQG� KLJK� ZDWHU� WHPSHUDWXUH�� R[\JHQ� DQG� QL�
WUDWH�GHSOHWLRQ�SUHYDLO�� VKRZLQJ�GRPLQDQFH�RI�GHQLWULIL�
FDWLRQ�SURFHVVHV��7KH�DSSOLFDWLRQ�RI�VXFK�ELRJHRFKHPL�
FDO� VWXGLHV� LV� LPSRUWDQW� IRU�SUHGLFWLRQ�RI� DQWKURSRJHQLF
LPSDFWV� RQ� VPDOO� HVWXDULHV� DQG� LQQHU� SDUW� RI� WKH� ED\V�
7KH�KLJK�FRQFHQWUDWLRQV�RI�IDHFDO�FROLIRUPV��DV�WKH�PDLQ
SROOXWLRQ�LQGLFDWRUV��ZHUH�IRXQG�LQ�WKH�DUHD�FORVH�WR�WKH
PDLQ�VHZDJH�RXWIDOO��7KH�FRQFHQWUDWLRQ�RI� IDHFDO�EDFWH�
ULD�GHFOLQHG�WRZDUGV�WKH�PLGGOH�RI�WKH�%D\�RI�.RSHU��DQG
FRXOG� EH� GHWHFWHG� DSSUR[LPDWHO\� ��������P� IURP� WKH
SROOXWLRQ�VRXUFH��/HQDUáLá��������7XUN�HW�DO���������7XUN�
������

,Q� WKH� VHYHQWLHV� DQG� HLJKWLHV�� VHYHUDO� VWXGLHV� H[DP�
LQHG� WKH� LPSDFW� RI� XQWUHDWHG� VHZDJH� RQ� HFRV\VWHPV� LQ
H[SHULPHQWDO� ODJRRQV� �0DOHM� HW� DO��� ������ 9XNRYLá�
�������DQG�WKH�LPSDFW�RI�WKH�XQGHUZDWHU�VHZDJH�RXWIDOO
RQ�VXUURXQGLQJV�LQ�WKH�%D\�RI�3LUDQ��$YáLQ�HW�DO��������
0DOHM�HW�DO��� ����������D��� ,Q� VHZDJH�SROOXWLRQ�H[SHUL�
PHQWV�LQ�WKH�HQFORVHG�ODJRRQ�V\VWHP��WKH�SK\WRSODQNWRQ
ELRPDVV� ZDV� VLJQLILFDQWO\� UHGXFHG� DQG� SK\WRSODQNWRQ
FRPPXQLW\�FKDQJHG��)DQXNR���������,Q�FRQWUDVW��D�KLJK

7DE�����*URVV� LQSXW� RI� WRWDO� SKRVSKRURXV� �7RW� 3��� WRWDO� QLWURJHQ� �7RW�1�� DQG� WRWDO� VXVSHQGHG� VROLGV� �766�� LQ� WKH
6ORYHQLDQ� FRDVWDO� VHD� LQ� WKH�����������SHULRG��(VWLPDWHV� DUH�EDVHG�RQ� \HDUO\� DYHUDJH� IORZ� UDWHV� DQG� RQ� QXWUL�
HQW�766�FRQFHQWUDWLRQV�LQ�WKH�ULYHULQH�LQIORZV�DQG�LQ�WKH�HIIOXHQWV�RI�ZDVWHZDWHU�WUHDWPHQW�SODQWV��::73��
7DE�� ��� &HORWHQ� YQRV� FHORNXSQHJD� IRVIRUMD� �7RW� 3��� FHORNXSQHJD� GXÉLND� �7RW� 1�� LQ� VXVSHQGLUDQH� VQRYL� �766�� Y
VORYHQVNR�REDOQR�PRUMH�Y�REGREMX������������2FHQD�YQRVD�MH�QDUHMHQD�QD�RVQRYL�SRYSUHàQLK�OHWQLK�SUHWRNRY�LQ
NRQFHQWUDFLM�KUDQLO�766�Y�UHàQLK�SULWRNLK�LQ�RGSODNDK�àLVWLOQLK�QDSUDY��::73��

,QIORZV���HIIOXHQWV
)ORZ�UDWH

�����P��\U���
7RW�3
�W�\U���

7RW�1
�W�\U���

766
�W�\U���

5LÌDQD ��� � ��� ����
%DGDÊHYLFD ��� � �� ��
'UQLFD ��� � �� ��
'UDJRQMD �� � �� ��
::73�.RSHU ��� �� ��� ���
::73�3LUDQ ��� �� ��� ���
7RWDO �� ��� ����
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FRQFHQWUDWLRQ�RI�QXWULHQWV�SURYRNHG�D�SUROLIHUDWLRQ�RI�WKH
QLWURSKLOLF� EHQWKLF� PDFURDOJDH�� PDLQO\� 8OYD� ULJLGD
�9XNRYLá���������0RUH�UHFHQWO\��\HDUO\�VWXGLHV�H[DPLQHG
WKH�GLVWULEXWLRQ�RI�ZDVWHZDWHU�LQ�WKH�ZDWHU�FROXPQ�IURP
GLIIXVHUV�RI�WKH�3LUDQ�VHZDJH�RXWIDOO��0DODáLá�	�9XNRYLá�
������0DODáLá�HW�DO����������7KH�LQLWLDO�VSUHDG�RI�VHZDJH
IURP�GLIIXVHUV� LQ� WKH�%D\�RI�3LUDQ�ZDV� VWXGLHG�ZLWK�QX�
PHULFDO�PRGHOOLQJ� �0DODáLá���������ZKHUHDV� WKH� LPSDFW
RI�QXWULHQWV�RQ� VHOHFWHG�ELRORJLFDO�SDUDPHWHUV�KDV�EHHQ
SUHVHQWHG�E\�0R]HWLá�HW�DO���������DQG�)ODQGHU�3XWUOH�	

0DOHM���������7KH�LQIOXHQFH�RI�DQWKURSRJHQLF�HPLVVLRQV
ZDV�DOVR�UHFRUGHG�E\�WKH�PHDVXUHPHQWV�RI�DWPRVSKHULF
GHSRVLWLRQV�GXULQJ�WKH����-XQH������6HSWHPEHU������SH�
ULRG� �0DOHM�HW�DO��� �������5DLQIDOO�HYHQWV�GHOLYHUHG�FRQ�
VLGHUDEOH�DPRXQW�RI�QXWULHQWV������W�RI�QLWURJHQ�DQG�����W
RI� SKRVSKRURXV��� ZKLFK� HQKDQFHG� SULPDU\� SURGXFWLRQ
DQG�SK\WRSODQNWRQ�ELRPDVV�LQ�PHVRFRVP�H[SHULPHQW�DV
ZHOO�DV�LQ�ILHOG�PHDVXUHPHQWV��DQG�ZHUH�FRQQHFWHG�ZLWK
D� VKLIW� LQ� FRPPXQLW\� VWUXFWXUH� RI� SK\WRSODQNWRQ� �0DOHM
HW�DO���������

)LJ�� ��� 7RWDO� QLWURJHQ� �WRS�� FRQFHQWUDWLRQV� DQG� WRWDO� SKRVSKRUXV� �ERWWRP�� FRQFHQWUDWLRQV� LQ� WKH� ULYHU� HVWXDULHV
�5LËDQD��%DGDÉHYLFD��'UQLFD��'UDJRQMD��DORQJ�6ORYHQLDQ�FRDVW�LQ�WKH�����������SHULRG�
6O�� ��� .RQFHQWUDFLMH� FHORNXSQHJD� GXÉLND� �]JRUDM�� LQ� FHORNXSQHJD� IRVIRUMD� �VSRGDM�� Y� HVWXDULMX� UHN� �5LËDQD�
%DGDÉHYLFD��'UQLFD��'UDJRQMD��Y]GROË�VORYHQVNH�REDOH�Y�REGREMX�����������
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)LJ�����&RQFHQWUDWLRQV�RI�QLWUDWH�LQ�WKH�VXUIDFH�OD\HU�LQ�WKH�*XOI�RI�7ULHVWH�LQ�WKH�����������SHULRG�
6O�����.RQFHQWUDFLMH�QLWUDWD�Y�SRYUÉLQVNHP�VORMX�Y�7UËDÉNHP�]DOLYX�Y�REGREMX�����������

)LJ�����&RQFHQWUDWLRQV�RI�RUWKRSKRVSKDWH�LQ�WKH�VXUIDFH�OD\HU�LQ�WKH�*XOI�RI�7ULHVWH�LQ�WKH�����������SHULRG�
6O�����.RQFHQWUDFLMH�RUWRIRVIDWD�Y�SRYUÉLQVNHP�VORMX�Y�7UËDÉNHP�]DOLYX�Y�REGREMX�����������

)LJ�����&RQFHQWUDWLRQV�RI�DPPRQLD�LQ�WKH�ERWWRP�OD\HU�LQ�WKH�*XOI�RI�7ULHVWH�LQ�WKH�����������SHULRG�
6O�����.RQFHQWUDFLMH�DPRQLMD�Y�SULGQHQHP�VORMX�Y�7UËDÉNHP�]DOLYX�Y�REGREMX�����������
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5LYHU� LQSXWV� LQIOXHQFH� WKH� G\QDPLFV� RI� QXWULHQWV� LQ
WKH�*XOI¤V�VHD�ZDWHU��)DJDQHOL��������)DJDQHOL�	�7XÊQLN�
������2OLYRWWL�HW�DO������D������E��7XÊQLN�HW�DO��������
0R]HWLá�HW�DO����������+LJK�FRQFHQWUDWLRQV�RI� LQRUJDQLF
QLWURJHQ�� HVSHFLDOO\�QLWUDWH�� DW� WKH� VHD� VXUIDFH�JHQHUDOO\
FRLQFLGH�ZLWK�ORZHU�VDOLQLW\��7KH�FRQFHQWUDWLRQ�RI�QLWUDWH
LQ�WKH�VXUIDFH�LV�KLJK�LQ�ZLQWHU��ORZ�LQ�VXPPHU�DQG�ULVHV
DJDLQ� LQ� ODWH� DXWXPQ�� 1LWUDWH� YDOXHV� JHQHUDOO\� UDQJH
IURP�����WR�������PRO�O���ZLWK�D�SHDN�DURXQG�����PRO�O��

�)LJ������&RQFHQWUDWLRQV�RI�RUWKRSKRVSKDWH�DUH�JHQHUDOO\
ORZ�� WKH�KLJKHVW�EHLQJ�EHORZ����� �PRO� O��� �)LJ�� ���� 7KH
YDOXHV� LQ� WKH� VXUIDFH�DQG� LQ� WKH�ERWWRP� OD\HU� DUH� IDLUO\
HTXDO��ZLWK�WKH�G\QDPLFV�YDU\LQJ�IURP�PRQWK�WR�PRQWK
DQG� \HDU� WR� \HDU�� 7KH� DPPRQLXP� FRQFHQWUDWLRQV� DUH
KLJKHU� LQ� OD\HUV� DERYH�ERWWRP� �EHWZHHQ������ DQG�����
�PRO� O���� �)LJ������ GXH� WR� WKH� LQWHQVH� UHJHQHUDWLRQ� SURF�
HVVHV� GXULQJ� ODWH� VXPPHU� DQG� DXWXPQ�� +LJKHU� DPPR�
QLXP� FRQFHQWUDWLRQV� FRLQFLGH� ZLWK� LQFUHDVHG� FRQFHQ�
WUDWLRQV� RI� VLOLFDWH� DQG� ORZ� FRQFHQWUDWLRQ� RI� R[\JHQ
�7XUN�HW�DO����������1XWULHQW�FRQFHQWUDWLRQV��1�3�UDWLRV�LQ
WKH� DPELHQW� SRRO� RI� LQRUJDQLF� QXWULHQWV�� DQG� ELRDVVD\V
LQGLFDWH� WKDW� ERWK� SK\WRSODQNWRQ� ELRPDVV� DQG� JURZWK
UDWHV�DUH�3�UDWKHU�WKDQ�1�OLPLWHG�LQ�WKH�1RUWKHUQ�$GULDWLF
6HD��UHYLHZ�LQ�0DORQH�HW�DO����������(QULFKPHQW�H[SHUL�
PHQWV� SURYHG� WKDW� SKRVSKRURXV� KDV� EHHQ� WKH� SULPDU\
OLPLWLQJ�HOHPHQW�IRU�WKH�JURZWK�RI�SK\WRSODQNWRQ�DV�ZHOO
DV�IRU�EDFWHULRSODQNWRQ�LQ�WKH�*XOI�RI�7ULHVWH��0R]HWLá�HW
DO�������D��&DXZHW�HW�DO���������)DMRQ�HW�DO���������0DOHM
HW�DO���������

,QGLYLGXDO�VWXGLHV�RQ�WKH�YDULDELOLW\�RI�RUJDQLF�QLWUR�
JHQ�� RUJDQLF� SKRVSKRUXV� DQG� GLVVROYHG� RUJDQLF� PDWWHU
DORQJ� WKH� 6ORYHQLDQ� FRDVW� ZHUH� SHUIRUPHG� RQO\� GXULQJ
WKH� ���������� SHULRG� �)DJDQHOL�� ������ )DJDQHOL� 	
+HUQGO���������7KH� LQIOXHQFH� RI� SURFHVVHV� RFFXUULQJ� LQ
WKH�PDULQH�VHGLPHQW�RQ�RUJDQLF�FDUERQ�DQG�QLWURJHQ�F\�
FOLQJ� LQ� WKH�VHD�ZDWHU�FROXPQ�LV�HYLGHQW� LQ� WKH� VKDOORZ
*XOI�RI�7ULHVWH��)DJDQHOL�HW�DO���������+HUQGO�HW�DO��������
%HUWX]]L�HW�DO���������

,Q�UHFHQW�\HDUV�� WKH�WURSKLF�VWDWXV�RI� WKH�HDVWHUQ�SDUW
RI� WKH�*XOI� KDV� EHHQ� DVVHVVHG� E\�PHDQV� RI� D� QXPHULF
VFDOH��L�H��WKH�7URSKLF�,QGH[��75,;���9ROOHQZDLGHU�HW�DO��
�������$FFRUGLQJ� WR� WKH�75,;�FODVVLILFDWLRQ�FULWHULD�� WKH
DQQXDO� PHDQ� YDOXHV� RI� ��� FRUUHVSRQG� WR� HOHYDWHG� WUR�
SKLF� VWDWH�� VFDUFH� SURGXFWLYH� ZDWHUV� DQG� JRRG� FRDVWDO
TXDOLW\� FRQGLWLRQ�� 7KH� PHDQ� DQQXDO� YDOXH� EHWZHHQ� �
DQG� �� FRUUHVSRQGV� WR� JRRG� WURSKLF� VWDWH�� PRGHUDWHO\
SURGXFWLYH� ZDWHUV� ZLWK� RFFDVLRQDO� ZDWHU� WXUELGLW\�
DQRPDORXV�ZDWHU�FRORXUV�DQG�ERWWRP�ZDWHU�K\SR[LD�HSL�
VRGHV�� 7KH� DQQXDO� 75,;� YDOXHV� EHWZHHQ� ���� DQG� �� �
FRUUHVSRQG�WR�PHGLRFUH�DQG�EDG�WURSKLF�VWDWXV�� LQGLFDW�
LQJ� YHU\� SURGXFWLYH� ZDWHUV� ZLWK� KLJK� ZDWHU� WXUELGLW\�
SHUVLVWHQW� DQRPDO\� LQ� WKH�ZDWHU� FRORXU� DQG� UHJXODU� DQ�
R[LF�HSLVRGHV�ZLWK�KLJK�PRUWDOLW\�UDWH�RI�EHQWKLF�RUJDQ�
LVPV�DV�ZHOO�DV�RWKHU�HIIHFWV�RQ� WKH� VWDWH�RI� WKH�HFRV\V�
WHP��H�J��GHFUHDVHG�ELRGLYHUVLW\���$SDUW� IURP�FRQFHQWUD�
WLRQV� RI� GLVVROYHG� LQRUJDQLF� QLWURJHQ�� WRWDO� SKRVSKRUXV

DQG� FKORURSK\OO� D�� WKH� SURSRVHG� LQGH[� DOVR� REVHUYHV
R[\JHQ�VDWXUDWLRQ��7KH�75,;�FDOFXODWHG�YDOXHV�DW�VWDWLRQV
LQ� FRDVWDO� ZDWHUV� GXULQJ� WKH� ���������� SHULRG� IHOO
PRVWO\�EHWZHHQ���DQG��� �)LJ������ 6HDVRQDO� YDULDELOLW\� LV
FKDUDFWHULVWLF�� ZLWK� ORZHU� YDOXHV� GXULQJ� WKH� VXPPHU
PRQWKV�DQG�SHDN�YDOXHV�LQ�VSULQJ�DQG�DXWXPQ��2VFLOOD�
WLRQV�DUH�PRUH�SURQRXQFHG�LQ�WKH�VXUIDFH�OD\HU��ZLWK�WKH
75,;�YDOXHV�YDU\LQJ�SDUWLFXODUO\�DW�VWDWLRQ�LQ�WKH�PLGGOH
RI�WKH�*XOI��7KH�75,;�YDOXHV�DUH�KLJKHU�LQ�WKH�LQQHU�SDUW
RI� WKH� %D\� RI� .RSHU�� GXH� WR� WKH� HIIHFWV� RI� WKH� 5LÌDQD
5LYHU� LQIORZ�� FRPSDUHG� WR� WKH� ORZHU� YDOXHV� DORQJ� WKH
WUDQVHFW�IURP�WKH�PLGGOH�RI�WKH�%D\�RI�3LUDQ�DQG�DW�UHIHU�
HQFH� VWDWLRQ� �VDPSOLQJ� VWDWLRQ� ���)��ZKHUH� WKH� DQWKUR�
SRJHQLF� LPSDFW� LV� QHJOLJLEOH��2YHUDOO�� DFFRUGLQJ� WR� WKH
WURSKLF�75,;�DQG�)S�LQGH[HV��FDOFXODWHG�IURP�WKH�DQDO\�
VHV� RI� SK\WRSODQNWRQ�SLJPHQWV� ELRPDUNHUV� �)ODQGHU� 3X�
WUOH�	�0DOHM��������� WKH�*XOI�RI�7ULHVWH�FRXOG�EH�FODVVL�
ILHG� DV� ROLJRWURSKLF� DQG� LQ� VRPH� SDUWV� DV� PRGHUDWH
HXWURSKLF�DUHD��HVSHFLDOO\�LQ�WKH�LQQHU�SDUW�RI�WKH�%D\�RI
.RSHU�

9$5,$%,/,7<�2)�3+<723/$1.721

$� ODUJH� VSDWLDO�� VHDVRQDO�DQG� LQWHU�DQQXDO� YDULDELOLW\
RI�SODQNWRQ�KDV�EHHQ�GRFXPHQWHG�IRU�WKH�*XOI�RI�7ULHVWH�
9DULDELOLW\� GHSHQGV� XSRQ� WKH� FRPELQHG� HIIHFWV� RI� WKH
ULYHU� QXWULHQW� LQSXW�� PHWHRURORJLFDO� FRQGLWLRQV�� WKH� GH�
JUHH�RI�ZDWHU�FROXPQ�VWUDWLILFDWLRQ�DQG�KRUL]RQWDO�ZDWHU
DGYHFWLRQ� IURP� WKH�PLGGOH�$GULDWLF� �0DOHM�HW� DO��� �����
0R]HWLá�HW�DO�������E��0DODáLá�	�3HWHOLQ���������6WXGLHV
RQ�SK\WRSODQNWRQ�WD[RQRP\�KDYH�EHHQ�SHUIRUPHG�VLQFH
WKH�PLG�����V�DQG� WKH\�FRYHUHG�PDLQO\�DEXQGDQFHV�RI
WKH� PRVW� FRPPRQ� VSHFLHV� RI� PLFURSK\WRSODQNWRQ� �UH�
YLHZ� LQ� )DQXNR�� ������ )RQGD� 8PDQL� HW� DO��� �����
+DUGLQJ� HW� DO��� ������� 3K\WRSODQNWRQ� VWXGLHV� VLQFH� WKH
����V¤� KDYH� VKRZQ� WKH� LPSRUWDQFH� RI� WKH� DXWRWURSKLF
QDQRSODQNWRQ� IUDFWLRQ� �)RQGD� 8PDQL� HW� DO��� �����
0R]HWLá�HW�DO�������E���3LFRSODQNWRQ�IUDFWLRQ�ZDV�HYDOX�
DWHG� RQO\� UHFHQWO\� �)DQXNR� 	� 7XUN�� ������ 7XUN� HW� DO��
����D��)XNV�HW�DO���������

7KH� YDULDELOLW\� RI� SK\WRSODQNWRQ�ELRPDVV� DQG� VWUXF�
WXUH� KDV� EHHQ� V\VWHPDWLFDOO\� IROORZHG� DORQJ� WKH� 6ORYH�
QLDQ�FRDVW�VLQFH�������)DQXNR��������������0R]HWLá�HW
DO�������E���������6HDVRQDO��PRQWKO\��ZHHNO\�DQG�HYHQ
GDLO\� VDPSOLQJ� RI� SK\WRSODQNWRQ� GHPRQVWUDWHG� DEUXSW
FKDQJHV� LQ� DEXQGDQFH� DQG� FRPPXQLW\� FRPSRVLWLRQ� LQ
SK\WRSODQNWRQ� DVVHPEODJHV� �)DQXNR�� ������ ������� 7KH
UHODWLRQVKLS�EHWZHHQ�QXWULHQWV�DQG�FKORURSK\OO�ELRPDVV
KDV�EHHQ�VWXGLHG� LQ� WKH�%D\�RI�.RSHU� �)DQXNR�	� -XVWLß�
������� 0RUH� UHFHQWO\�� D� VWXG\� SHUIRUPHG� RYHU� ���\HDU
SHULRG� HYDOXDWHG� WUHQGV� RI� SK\WRSODQNWRQ� ELRPDVV� LQ
UHODWLRQ�WR�SK\VLFDO�DQG�FKHPLFDO�SDUDPHWHUV��0R]HWLá�HW
DO��� ������� $OWKRXJK� FKDQJHV� RI� QXWULHQWV� WKURXJK� WLPH
ZHUH� REVHUYHG�� WKHUH� ZDV� QR� VWDWLVWLFDOO\� VLJQLILFDQW
WUHQG�LQ�SK\WRSODQNWRQ�ELRPDVV�WKDW�FRXOG�EH�UHODWHG�WR
WKH�HXWURSKLFDWLRQ�RI�WKH�DUHD��0R]HWLá�HW�DO����������7KH
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RYHUDOO�PHDQV�RI� FKORURSK\OO�D� FRQFHQWUDWLRQV� RYHU� WKH
SDVW����\HDUV�������������DW�ILYH�VDPSOLQJ�VWDWLRQV�ZHUH
EHWZHHQ�����DQG������J�O��� �)LJ�����ZLWK�DEVROXWH�YDOXHV
UDQJLQJ� IURP� ���� WR� ���� �J� O���� 7KH� KLJKHVW� YDOXHV� DUH
FKDUDFWHULVWLF�RI� WKH�%D\�RI�.RSHU�DQG� IRU� WKH�FHQWUH�RI
WKH�*XOI��ZKLOH�WKH�ORZHVW�YDOXHV�DUH�IRXQG�DW�UHIHUHQFH
VWDWLRQ��ZKLFK�LV�DIIHFWHG�E\�ROLJRWURSKLF�ZDWHUV�IURP�WKH
VRXWKHUQ�$GULDWLF��6HDVRQDO�GLVWULEXWLRQ�RI�PHDQ�FKORUR�
SK\OO� D� YDOXHV� LQGLFDWHG� JUHDW� GLIIHUHQFHV� EHWZHHQ
PRQWKV��)LJ������+LJK�YDOXHV�DUH�PHDVXUHG�IURP�)HEUXDU\
WR�$SULO��EXW�DIWHU� UHDFKLQJ� WKH�VSULQJ�SHDN�YDOXHV�� WKH\
DUH�UHODWLYHO\�PRGHVW�LQ�0D\�DQG�-XQH��'XULQJ�WKH�VXP�
PHU�PRQWKV�� FKORURSK\OO� D� FRQFHQWUDWLRQV� DUH� WKH� ORZ�
HVW�� ZKLOH� LQ� 2FWREHU� DQG� 1RYHPEHU� FRQFHQWUDWLRQV
UHDFK�WKH�VHFRQG�VHDVRQDO�SHDN��,QWHU�DQQXDO�GLIIHUHQFHV
EHWZHHQ�PHDQ�YDOXHV�DUH�DOVR�TXLWH�VLJQLILFDQW��DOWKRXJK
QR�WUHQG�ZDV�GHWHFWHG�LQ�WKH�����������SHULRG��)LJ�����
$OWKRXJK� SK\WRSODQNWRQ� ELRPDVV� LQFUHDVHG� JUDGXDOO\
IURP������� LW�GURSSHG�EHORZ����J� O���DJDLQ� LQ������� LQ
����� DQG� ������ LW� GLG� QRW� GLIIHU� VLJQLILFDQWO\� IURP� WKH
����������SHULRG�

)LJ�����%R[SORWV�RI�75,;� LQGH[�RI� WKH� VL[� VDPSOLQJ� VWD�
WLRQV�LQ�WKH�*XOI�RI�7ULHVWH������������SHULRG��
6O�����%R[SORW�JUDI�]D�YUHGQRVWL�75,;� LQGHNVD�QD� ÉHVWLK
PHULOQLK� PHVWLK� Y� 7UËDÉNHP� ]DOLYX� �REGREMH� �����
������

(XWURSKLFDWLRQ�HIIHFWV�FDQ�DOVR�EH�GLVSOD\HG�DV�D�VKLIW
LQ�DOJDO�VSHFLHV�FRPSRVLWLRQ�DQG�DQ�LQFUHDVH�LQ�WKH�IUH�
TXHQF\�DQG�LQWHQVLW\�RI�QXLVDQFH�DOJDO�EORRPV��7KH�PRVW
LPSRUWDQW�JURXSV�RI�SK\WRSODQNWRQ�LQ�WKH�*XOI�RI�7ULHVWH
DUH�QDQRIODJHOODWHV� WKDW� LQFOXGH�YDULRXV�FODVVHV�RI�DXWR�
WURSKLF� IODJHOODWHV�� DQG� DUH� IROORZHG� E\� GLDWRPV�� GLQR�
IODJHOODWHV�� FRFFROLWKRSKRUHV� DQG� VLOLFRIODJHOODWHV�� 7KH
UHVXOWV� RI� PRQWKO\� PHDVXUHPHQWV� RI� SK\WRSODQNWRQ
DEXQGDQFH� LQ� WKH� ���������� SHULRG� VKRZHG� D� UDWKHU

XQLIRUP� DQQXDO� GLVWULEXWLRQ� RI� WRWDO� DEXQGDQFH� ZLWK
VRPH� LQWHU�DQQXDO� FKDQJHV� RI� SDUWLFXODU� SK\WRSODQNWRQ
JURXSV� �0R]HWLá� 	� )UDQFp�� ������� 'LDWRPV� DQG� QDQR�
IODJHOODWHV� PDLQWDLQ� D� YHU\� FRQVWDQW� GLVWULEXWLRQ� DQG
DEXQGDQFH�WKURXJKRXW�WKH�\HDUV��EXW�ZLWK�GLIIHUHQW�VHD�
VRQDO� FKDUDFWHULVWLFV�� 1DQRIODJHOODWHV� DUH� WKH� GRPLQDQW
JURXS� LQ� VSULQJ�� ZKLOH� GLDWRPV� DEUXSW� VLJQLILFDQWO\� LQ
ODWH�DXWXPQ�DV�ZHOO�DV� LQ� -XO\��'LQRIODJHOODWHV�DQG�FRF�
FROLWKRSKRUHV� DUH� FKDUDFWHUL]HG� E\� ODUJHU� LQWHU�DQQXDO
FKDQJHV�� GXH� WR� GLIIHUHQW� RFFXUUHQFH�DEVHQFH� RI� VHD�
VRQDO� EORRPV� �0R]HWLá� 	� )UDQFp�� ������� 7KLV� JHQHUDO
SLFWXUH�RI�SK\WRSODQNWRQ�FRPPXQLW\�VWUXFWXUH�DQG� WRWDO
DEXQGDQFH� ZRXOG� VXJJHVW� WKDW� SK\VLFDO�FKHPLFDO� DQG
ELRORJLFDO��H�J���JUD]LQJ��SURSHUWLHV�RI�WKH�*XOI�RI�7ULHVWH
UHPDLQHG� UHODWLYHO\� VWDEOH� LQ� WKH� ���������� SHULRG� RU
WKH\�GLG�QRW�DIIHFW�WKH�VWUXFWXUH�DW�WKH�JURXS�OHYHO�

$V�D�FRPSOHPHQW�WR�WKH�FODVVLFDO�RSWLFDO�PHWKRGV�RI
WKH� JURXS�VSHFLILF� SK\WRSODQNWRQ�ELRPDVV� KDV� EHHQ� DV�
VHVVHG� XVLQJ� WKH� UHYHUVH�SKDVH� KLJK� SUHVVXUH� OLTXLG
FKURPDWRJUDSK\� �+3/&�� PHWKRG�� 5HVXOWV� RI� WKH� PRVW
SURPLQHQW� ELRPDUNHU� SLJPHQW� LQGLFDWHG� WKDW� WKH� LQ�
FUHDVH�LQ�FKORURSK\OO�LV�PDLQO\�GXH�WR�GLDWRPV��JHQHUDOO\
WKH�PRVW�UHSUHVHQWHG�JURXS�GXULQJ�VSULQJ�DQG�DXWXPQ�DW
WKH�VXUIDFH�OD\HU�DQG�EHORZ�WKH�S\FQRFOLQH�OD\HU�GXULQJ
WKH� VXPPHU� PRQWKV� �)ODQGHU� 3XWUOH� HW� DO��� ������� 7KLV
ZDV�DOVR� WKH�PDLQ�SK\WRSODQNWRQ�JURXS� IRXQG� LQ�PXFL�
ODJH�DJJUHJDWHV��%DOGL�HW�DO���������)ODQGHU�3XWUOH�HW�DO��
������� ,Q� WKH� VSULQJ� SHULRG�� WKH� FRQWULEXWLRQ� RI� ��¤�
KH[DQR\OR[\IXFR[DQWKLQ� FRQWDLQLQJ� SK\WRSODQNWRQ
�SU\PQHVLRSK\WHV�� KDV� EHHQ� VLJQLILFDQW� SUHFHGLQJ� WKH
DFFXPXODWLRQ� RI� JHODWLQRXV� PDWHULDO� �)ODQGHU� 3XWUOH� 	
0DOHM��������7XUN�HW�DO�������E���3LFRSODQNWRQ�LV�DOVR�D
VXEVWDQWLDO� FRPSRQHQW� RI� WKH� DXWRWURSKLF� ELRPDVV� DQG
SURGXFWLRQ�LQ�WKH�*XOI�RI�7ULHVWH��)DQXNR�	�7XUN�������
7XUN�HW�DO���������DV�ZHOO�DV�LQ�WKH�HQWLUH�QRUWKHUQ�$GUL�
DWLF� �)XNV�HW� DO��� ������� 8QLFHOOXODU� F\DQREDFWHULD�PD\
UHSUHVHQW� ������� RI� WKH� WRWDO� DXWRWURSKLF� FDUERQ�� DQ
HVWLPDWH� EDVHG� RQ� FKORURSK\OO� PHDVXUHPHQWV�� 6RPH
EORRPV�RI� F\DQREDFWHULD� VWDUW� LQ� VSULQJ�� EXW� GXULQJ� WKH
VXPPHU�FHOO�GHQVLWLHV� LQFUHDVH�UDSLGO\�DQG�UHPDLQ�UHOD�
WLYHO\� KLJK� WKURXJKRXW� WKH� VXPPHU� �7XUN� HW� DO��� ����D�
)XNV�HW�DO���������

9$5,$%,/,7<�2)�27+(5�0,&5225*$1,606

7KH�VSHFLHV�FRPSRVLWLRQ�RI�WKH�EDFWHULDO�FRPPXQLW\
LV� ODUJHO\� XQNQRZQ�� 7KH� EDFWHULRSODQNWRQ� DVVHPEODJH
KDV�EHHQ�WUHDWHG��XQWLO�QRZ��DV�D�VLQJOH�JURXS��FODVVLILHG
E\�GRPLQDQW� FHOO� VKDSH� DQG�GHWHUPLQHG�E\�DEXQGDQFH
DQG� DFWLYLW\�� )UHH� OLYLQJ� KHWHURWURSKLF� EDFWHULD� DUH� QRW
UDQGRPO\� GLVWULEXWHG� YHUWLFDOO\� DQG� KRUL]RQWDOO\�� DF�
FRUGLQJ� WR� FRQFHQWUDWLRQ� JUDGLHQWV� LQ� PLFURHQYLURQ�
PHQWV� LQ� RUGHU� WR� PD[LPL]H� GLVVROYHG� RUJDQLF� PDWWHU
XSWDNH��7KH�DEXQGDQFH�RI�KHWHURWURSKLF�EDFWHULD������WR
���Õ���� FHOOV� O���� LV�ZLWKLQ� WKH� UDQJH� UHSRUWHG� IRU� RWKHU
FRDVWDO� DUHDV� LQ� WKH� QRUWKHUQ� $GULDWLF� 6HD� �7XUN�� �����
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7XUN�	�+DJVWU{P��������7XUN�HW�DO�������D���7KH�EDFWH�
ULDO�SURGXFWLRQ�PHDVXUHG�ZLWK� WKH� WULWLDWHG� W\PLGLQH� LQ�
FRUSRUDWLRQ�PHWKRG�YDULHG�EHWZHHQ�����DQG�����J�&�O��

G���� VKRZLQJ� VHDVRQDO�DQG�GLHO� YDULDWLRQV��7KH� UDWLR�EH�
WZHHQ� SURGXFWLRQ� DQG� ELRPDVV� �3�%� UDWLR�� LQGLFDWHG
WXUQRYHU� RI� EHWZHHQ� ����� DQG� ���� WLPHV� SHU� GD\�� ZLWK
KLJKHU� UDWHV� GXULQJ� WKH� VXPPHU�� 6LPLODU� UHVXOWV� ZHUH
REWDLQHG�E\�PHDVXULQJ�WKH�EDFWHULDO�JURZWK�UDWHV�LQ�VLWX�
XVLQJ�GLDO\VLV�EDJV��+HUQGO�HW�DO����������%DFWHULDO�QXWUL�
HQW� LQFRUSRUDWLRQ� DQG� UHPLQHUDOL]DWLRQ� LV� FRQWUROOHG� E\
WKH�VXEVWUDWH¤V�FKHPLFDO�FRPSRVLWLRQ�DQG�EDFWHULDO�JURVV
JURZWK�HIILFLHQF\�

%DFWHULDO�DEXQGDQFH�VKRZV�D�UHPDUNDEOH�VWDELOLW\� LQ
PRVW�DTXDWLF�V\VWHPV��7KH�VHDVRQDO�G\QDPLFV�RI�KHWHUR�
WURSKLF�RUJDQLVPV�DW�GLIIHUHQW�WURSKLF�OHYHOV�DQG�IXQFWLRQ
LQ� SHODJLF� FRPPXQLWLHV� ZDV� ILUVW� VWXGLHG� GXULQJ� WKH
��������SHULRG� LQ�VHD�ZDWHUV�RI� WKH�HDVWHUQ�SDUW�RI� WKH
*XOI��1RUWKHUQ�$GULDWLF���7XUN���������0RQWKO\�VDPSOLQJ
RI�PLFURRUJDQLVPV�DQG�GLVVROYHG�FDUERK\GUDWHV�RYHU�WKH
WZR�\HDU�SHULRG�LQ�WKH�*XOI�RI�7ULHVWH�VXJJHVWHG�WKDW�DF�
FXPXODWLRQ� RI� GLVVROYHG� FDUERK\GUDWHV� RFFXUUHG� ZKHQ
EDFWHULDO� DEXQGDQFH�ZDV� FRQWUROOHG� E\� SUHGDWRUV� �7XUN
HW�DO�������D���'XULQJ�WKH�VXPPHU�PRQWKV��ZKHQ�ROLJR�
WURSKLF� FRQGLWLRQV� SUHYDLOHG�� WKH� SURFHVVHV� RI� WUDQVIRU�
PDWLRQ�RI�RUJDQLF�PDWWHU� WKURXJK�D�PLFURELDO� ORRS� W\SH
RI�IRRG�ZHE�DUH�LPSRUWDQW�LQ�WKH�ZDWHU�FROXPQ��7KH�VHD�
VRQDO�IOXFWXDWLRQ�RI�EDFWHULDO�VWDQGLQJ�VWRFNV�DQG�EDFWH�
ULDO�JURZWK�DUH�QRW�FRUUHODWHG�RYHU�WLPH�GXH�WR�PRUWDOLW\
DQG�SUHGDWLRQ�

0RVW�RI�WKH�EDFWHULDO�ELRPDVV�LV�XWLOL]HG�E\�SURWR]RD�
DV�VKRZQ�E\�PHDVXUHPHQWV�RI�SURWR]RD�JUD]LQJ�RQ�EDF�
WHULD�DQG�WKH�UHFRUGHG�JURZWK�RI�QDQRIODJHOODWHV��7XUN�HW
DO���������7XUN�	�+DJVWU{P���������+HWHURWURSKLF�QDQR�
IODJHOODWHV�DUH�WKH�PDMRU�FRQVXPHUV�RI�EDFWHULD��VLQFH�WKH
IODJHOODWHV� FDQ� HIILFLHQWO\� FDSWXUH� PDULQH� EDFWHULD�� 7KH
QXPEHU�RI�KHWHURWURSKLF�QDQRIODJHOODWHV�YDULHG�EHWZHHQ
���� DQG� ���Õ���� FHOOV� O��� LQ� WKH� *XOI� RI� 7ULHVWH�� 7KH
YDULDWLRQ�LQ�QXPEHUV�DQG�WKHLU�UHODWLRQVKLSV�ZLWK�EDFWH�
ULD�KDYH�EHHQ�VKRZQ�LQ�D� WZR�VWDJH�FKHPRVWDWH�H[SHUL�
PHQW�DQG�LQ�GLHO�PHDVXUHPHQWV�RI�LQ�VLWX�PHDVXUHPHQWV
LQ� WKH�*XOI�RI�7ULHVWH� �7XUN�HW�DO���������� ,Q� WKH�EDJ�H[�
SHULPHQW�� ��&�ODEHOHG� EDFWHULD� ZHUH� LQFRUSRUDWHG� LQWR
QDQRIODJHOODWH�VL]H�IUDFWLRQV��DQG�RQO\�D�OLPLWHG�DPRXQW
RI�ODEHO�ZDV�WUDQVIHUUHG�LQWR�ODUJHU�VL]H�IUDFWLRQV��GXH�WR
SUHGDWLRQ��7KH�UDQJH�RI�SUHGDWLRQ�YDULHG�EHWZHHQ���DQG
��Õ���� FHOOV� O���� ZKLFK� UHSUHVHQW� DQ� LQJHVWLRQ� UDWH� RI
EHWZHHQ� ��� DQG� ��� EDFWHULDO� FHOOV� SHU� IODJHOODWH� SHU
KRXU�

:KLOH�FRQVXPLQJ�EDFWHULD��QDQRIODJHOODWHV� UHOHDVH�D
VXEVWDQWLDO�DPRXQW�RI�GLVVROYHG�RUJDQLF�PDWWHU�� VXFK�DV
GLVVROYHG� '1$�� 7KH� GHJUDGDWLRQ� DQG� WUDQVIHU� RI� SKRV�
SKRURXV� IURP� ��3�ODEHOHG� SODVPLG� '1$� DGGHG� WR� VHD�
ZDWHU�VDPSOHV�IURP�WKH�VWDWLRQ�LQ�WKH�*XOI�RI�7ULHVWH�LQ�
GLFDWHG�D�UDSLG�WXUQRYHU�RI�'1$������KRXUV��PHGLDWHG�D
UHOHDVH� RI� LQRUJDQLF� SKRVSKRURXV�� )XUWKHUPRUH�� D� WLJKW
FRXSOLQJ� EHWZHHQ� UHOHDVHG� LQRUJDQLF� SKRVSKRURXV� DQG
XSWDNH� E\� QDQR�� DQG� SLFRSODQNWRQ� VL]H� IUDFWLRQ� ZDV
GHPRQVWUDWHG�� ,Q�3�OLPLWHG� V\VWHPV�� WKH�FRXSOHG�XSWDNH
RI� UHOHDVHG� SKRVSKDWH� KDV� EHHQ� VKRZQ� WR� EH� HIIHFWLYH�
DQG�EDFWHULD�FRPSHWH�HIILFLHQWO\�ZLWK�DOJDH� �7XUN�HW�DO��
������� %DFWHULRSKDJHV� KDYH� EHHQ� DOVR� VXJJHVWHG� DV� DQ
LPSRUWDQW�IDFWRU�IRU�EDFWHULDO�PRUWDOLW\�LQ�WKH�*XOI�RI�7UL�
HVWH��%DOGL�HW�DO���������6WRSDU�HW�DO����������7KH�WRWDO�YL�
UDO�DEXQGDQFH�UDQJHG�EHWZHHQ�����DQG���Õ����SHU�OLWUH�
$FFRUGLQJ� WR� YLUXV�PRUSKRORJ\� GHWHUPLQHG�E\� WUDQVPL�
WLRQ� HOHFWURQ� PLFURVFRS\�� EDFWHULRSKDJHV� UHSUHVHQW� D
VLJQLILFDQW� ������ IUDFWLRQ� RI� WKH� YLUXV� FRPPXQLW\�� $
UHODWLYHO\� KLJK� RFFXUUHQFH� RI� O\VRJHQLF� EDFWHULD� LQ� WKH
*XOI� RI� 7ULHVWH� VXJJHVWV� WKDW� WHPSHUDWH� SKDJHV� PD\� EH
LPSRUWDQW� FRPSRQHQW� RI� YLULRSODQNWRQ� �6WRSDU� HW� DO��
�������0RUH�UHFHQW�UHVXOWV�DOVR�VKRZHG�WKDW�WKH�EDFWHULDO
O\VDWH�UHOHDVHG�DV�GLVVROYHG�RUJDQLF�PDWWHU�DQG�WKHLU�QX�
WULWLRQDO�TXDOLW\�GHWHUPLQH�WKH�JURZWK�UDWH�DQG�DFWLYLW\�RI
RWKHU�EDFWHULD��2GLß�HW�DO���������

%HVLGH� QDQRIODJHOODWHV�� VRPH� VWXGLHV� VXJJHVW� WKDW
FLOLDWHV�DQG�FHUWDLQ�RWKHU�SURWLVWV�DUH�LPSRUWDQW�FRQVXP�
HUV� RI� EDFWHULD� DQG� SK\WRSODQNWRQ�� ZKLFK� PLJKW� LQIOX�
HQFH�WKH�IRRG�ZHE�VWUXFWXUH�DQG�IXQFWLRQ��$Q�RYHUYLHZ
RI� VHDVRQDO� SDWWHUQV� LQ� RUJDQLVP� DEXQGDQFH� DQG� ELR�
PDVV�� VSHFLHV� FRPSRVLWLRQ� DQG� WKH� HFRORJLFDO� UROHV� RI
PLFUR�FRQVXPHUV�IRU�WKH�1RUWKHUQ�$GULDWLF�DUH�SUHVHQWHG
E\�&RDWV�	�5HYHODQWH���������/LWWOH�LQIRUPDWLRQ�LV�DYDLO�
DEOH�RQ�PLFUR]RRSODQNWRQ�SUHGDWLRQ� LQ� WKH�*XOI�RI�7UL�
HVWH��/LSHM��������/LSHM�HW�DO���������&RDVW�	�5HYHODQWH�
�������&LOLDWHG�SURWR]RD�FRQVWLWXWH��������RI�WRWDO�PL�
FUR]RRSODQNWRQ�DEXQGDQFH�DQG��������RI�WKH�FRPPX�
QLW\� ELRPDVV� �&RDWV� 	� 5HYHODQWH�� ������� 7KH� VWXG\� RI
LQWHU�DQQXDO�YDULDWLRQV�RI�SODQNWRQ�IRRG�ZHEV�FRQILUPHG
KLJK� \HDU�WR�\HDU� YDULDWLRQV� LQ� PLFUR]RRSODQNWRQ� DQG
PHVR]RRSODQNWRQ�DEXQGDQFHV�DQG�WD[RQRPLF�FRPSRVL�
WLRQ�GXULQJ�WKH�����������SHULRG��)RQGD�8PDQL�HW�DO��
�������6LJQLILFDQW�GHFUHDVH�LQ�DEXQGDQFH�RI�FLOLDWH�SUR�
WR]RD�GXH�WR�WKH�WRWDO�QXPEHU�RI�PLFUR]RRSODQNWRQ�DQG
GRPLQDQFH�RI�2LWKRQD�QDQD�KDV� EHHQ� UHFRUGHG� GXULQJ
WKH�SUHVHQFH�RI�PXFRXV�DJJUHJDWHV��.UÊLQLß��������
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)LJ�� ���2YHUDOO�PHDQV� RI� FKORURSK\OO� D� FRQFHQWUDWLRQV
�DORQJ� WKH�ZDWHU�FROXPQ�DQG� LQ����\HDU�SHULRG��RI� ILYH
VDPSOLQJ�VWDWLRQV� LQ� WKH�*XOI�RI�7ULHVWH������������SH�
ULRG�
6O�����&HORWQH�VUHGQMH�YUHGQRVWL�NRQFHQWUDFLM�NORURILOD�D
�Y]GROË� YRGQHJD� VWROSD� LQ� Y� ���OHWQHP� REGREMX�� QD
SHWLK� PHULOQLK� PHVWLK� Y� 7UËDÉNHP� ]DOLYX�� REGREMH
����������

)LJ�� ��� 6HDVRQDO� GLVWULEXWLRQ� RI� PRQWKO\� PHDQV� RI
FKORURSK\OO� D�� FRQVGHULQJ� D� ���\HDU� SHULRG� ������
������DQG� ILYH�VDPSOLQJ�VWDWLRQV� LQ� WKH�*XOI�RI�7ULHVWH
�WKH�VDPH�DV�LQ�ILJXUH����
6O�� ��� 6H]RQVND� SRUD]GHOLWHY� PHVHàQLK� VUHGQMLK� YUHG�
QRVWL� NORURILOD� D�� XSRÉWHYDMH� ���OHWQR� REGREMH� ������
������ LQ�SHW�PHULOQLK�PHVW�Y�7UËDÉNHP�]DOLYX� �LVWH�NRW
QD�VOLNL����

)LJ�� ��� 9DULDWLRQV� RI� DQQXDO� PHDQV� RI� FKORURSK\OO� D�
FRQVGHULQJ� D� ���\HDU� SHULRG� ������������ DQG� ILYH
VDPSOLQJ�VWDWLRQV�LQ�WKH�*XOI�RI�7ULHVWH��WKH�VDPH�DV�LQ
ILJXUH����
6O�� ��� 9DULDFLMH� OHWQLK� VUHGQMLK� YUHGQRVWL� NORURILOD� D�
XSRÉWHYDMH� ���OHWQR� REGREMH� ������������ LQ� SHW� PH�
ULOQLK�PHVW�Y�7UËDÉNHP�]DOLYX��LVWH�NRW�QD�VOLNL����

9$5,$%,/,7<�,1�35,0$5<�352'8&7,21

6HYHUDO� VWXGLHV� RI� SULPDU\� SURGXFWLRQ� KDYH� EHHQ
SHUIRUPHG�RQ�WKH�6ORYHQLDQ�DQG�,WDOLDQ�VLGHV�RI�WKH�*XOI
�)DJDQHOL� HW� DO��� ������ )RQGD� 8PDQL� 	� *KLUDUGHOOL�
������0DOHM�HW�DO���������&DEULQL�HW�DO���������&DQWRQL�HW
DO����������ZLWK�UHVXOWV�LQGLFDWLQJ�ODUJH�YDULDWLRQV�

)LUVW� PHDVXUHPHQWV� RI� SULPDU\� SURGXFWLRQ� LQ� WKH
VRXWKHDVWHUQ�SDUW�RI�WKH�*XOI�GDWH�EDFN�WR�WKH�HDUO\���¤V
�-XO\��������-XQH�������)DJDQHOL�HW�DO���������DQG�UHVXOWV
YDU\�IURP��������PJ�&�P���G����JLYLQJ�DQ�DYHUDJH�DQQXDO
HVWLPDWH�RI����J�&�P���D����'DLO\�YDOXHV�RI�SULPDU\�SUR�
GXFWLRQ�PHDVXUHPHQWV�SHUIRUPHG�D�GHFDGH�ODWHU�� L�H�� LQ
������0DOHM�HW�DO����������DUH�KLJKHU�WKDQ�WKRVH�UHSRUWHG
E\�)DJDQHOL�HW�DO����������UDQJLQJ�IURP��������PJ�&�P��

G����+RZHYHU��DQ�DQQXDO�HVWLPDWLRQ�ZDV�QRW�PDGH�GXH�WR
LQFRPSOHWH�VDPSOLQJ�DFURVV�WKH�VHDVRQDO�F\FOH�

,Q� WKH� QRUWKZHVWHUQ� SDUW� RI� WKH� *XOI�� WKH� ODWHVW� SUL�
PDU\� SURGXFWLRQ� PHDVXUHPHQWV� HQFRPSDVV� WKH� SHULRG
IURP�2FWREHU������WR�)HEUXDU\�������LQFOXGLQJ�WKH�\HDU
����� ZLWK� PXFLODJH� HYHQW� �&DQWRQL� HW� DO��� ������� 7KH
PD[LPDO�GDLO\�UDWHV������PJ�&�P���G����DUH�PXFK�KLJKHU
DV� FRPSDUHG� WR� WKH� VRXWKHDVWHUQ� SDUW� �VHH� DERYH��
ZKHUHDV� WKH� ORZHVW� UDWHV� ����� PJ� &� P��� G���� DUH� YHU\
VLPLODU�� +RZHYHU�� WKH� FRPSDULVRQ� RI� GDLO\� SURGXFWLRQ
UDWHV��HVSHFLDOO\�WKH�KLJKHVW�RQH��EHWZHHQ�WKH�VRXWKHDVW�
HUQ�DQG�QRUWKZHVWHUQ�SDUW�RI�WKH�*XOI�LV�QRW�VWULFWO\�FRQ�
VLVWHQW��7KH�ODWWHU�PHDVXUHPHQWV�IURP������LQ�WKH�VRXWK�



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

3=HAJPEJ=�12/(
�-=PNE?EF=�*,7"1&Û����HAJG=�*�)"'!�,3"/3&"4�,#�"21/,-%& �1&,+�/")�1"!�"3"+10��+!�,1%"/�&//"$2)�/�"-&0,!"0��
��������

���

HDVWHUQ�SDUW�GLG�QRW�FRYHU� WKH�HQWLUH�DQQXDO�F\FOH�� WKXV
WKH�KLJKHVW�UDWH�FRXOG�EH�ZHOO�XQGHUHVWLPDWHG�

'DLO\� DQG� DQQXDO� SULPDU\� SURGXFWLRQ� UDWHV� LQGLFDWH
UHODWLYHO\� ORZ�SHODJLF�SURGXFWLRQ�DQG�DUH� ORZHU� IRU� WKH
HQWLUH�*XOI�RI�7ULHVWH�FRPSDUHG�WR�WKH�HVWLPDWHV�UHSRUWHG
IRU� WKH� QRUWKHUQ� $GULDWLF�� 5HVLGHQFH� WLPH� RI� IUHVKZDWHU
DQG� DYDLODELOLW\� RI� WKH� QXWULHQWV� GHWHUPLQH� WKH� UDWHV� RI
SURGXFWLRQ� LQ� WKH�*XOI�RI�7ULHVWH� �&DQWRQL�HW�DO���������
&RPSDULVRQV� RI� DQQXDO� SK\WRSODQNWRQ� SURGXFWLRQ� ZLWK
ULYHULQH� QXWULHQW� LQSXWV� VXJJHVW� WKDW� UHF\FOLQJ� QXWULHQWV
VXSSRUW� DERXW�����RI�SK\WRSODQNWRQ�SURGXFWLRQ� LQ� WKH
QRUWKHUQ�$GULDWLF��+DUGLQJ�HW�DO���������

3/$1.721�%/2206

,Q�VSLWH�RI� WKH� IUHTXHQW�SODQNWRQ�VXUYH\V�FDUULHG�RXW
VLQFH�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\��RQO\�IHZ�SODQN�
WRQ�UHFRUGV�RQ�EORRPV�LQ�WKH�$GULDWLF�6HD�DUH�DW�KDQG�IRU
WKH�SHULRG�SULRU� WR� WKH�����V� �)DQXNR�������� UHYLHZ� LQ
6HOOQHU�	�)RQGD�8PDQL���������,Q�WKH�*XOI�RI�7ULHVWH��DO�
JDO� EORRPV�RFFXUUHG�PRUH� IUHTXHQWO\� LQ� VKDOORZ� DUHDV�
VXFK� DV� ODJRRQV�� ED\V� DQG� KDUERXUV� �7DE�� ���� EXW� ZLWK
ORZHU�LQWHQVLW\�DQG�IUHTXHQF\�DORQJ�WKH�6ORYHQLDQ�FRDVW
FRPSDUHG� WR� PRUH� HXWURSKLF� DUHDV� DORQJ� WKH� ZHVWHUQ
FRDVW�� L�H�� (PLOLD�5RPDJQD� UHJLRQ�� (YHQWV� UHVXOWLQJ� LQ
YLVLEOH�ZDWHU�GLVFRORUDWLRQV�DUH� OLQNHG�PDLQO\� WR� KLJKO\
VWUDWLILHG�V\VWHPV�DQG�WKH�VSULQJ�VXPPHU�SHULRG��)RU�WKH
*XOI�RI�7ULHVWH��WKHUH�LV�D�KLVWRULFDO�UHFRUG�IURP�1RYHP�
EHU� ����� RQ� EORRPV� RI� KHWHURWURSKLF� GLQRIODJHOODWH

1RFWLOXFD�VFLQWLOODQV� �6HOOQHU�	�)RQGD�8PDQL���������$
ODUJH�VFDOH� UHG� WLGH�RI�1�� VFLQWLOODQV� FRYHULQJ� WKH�HQWLUH
1RUWKHUQ� $GULDWLF� ZDV� REVHUYHG� LQ� -XQH� ����� �)RQGD
8PDQL�HW�DO����������$�UHG� WLGH�FDXVHG�E\� WKH�VDPH�RU�
JDQLVPV�UH�DSSHDUHG�LQ�WKH�VXPPHUV�RI������������DQG
����� �0DOHM��������+RQVHOO�HW�DO��� ������ )RQGD�8PDQL
HW� DO��� �������$IWHU� WKDW��1�� VFLQWLOODQV� UHPDLQHG� D� FRQ�
VWDQW� SODQNWRQ� FRPSRQHQW� XQWLO� ������ ZKHQ� VXPPHU
EORRP�DSSHDUHG�\HW� DJDLQ��'XULQJ� WKH� ����V�� DJJUHJD�
WLRQV� RI�3HULGLQLXP� RYXP�� FDXVLQJ� GLVFRORUDWLRQ� RI� WKH
ZDWHU��ZHUH�UHFRUGHG� �%XVVDQL��������� ,Q� -XQH�DQG�6HS�
WHPEHU� ������ /LQJXORGLQLXP� SRO\HGUXP� �V\Q�� *RQ\DX�
OD[� SRO\HGUD�� EORRP� ZDV� REVHUYHG� �)RQGD� 8PDQL�
�������'LVFRORUDWLRQ�RI� VHD�ZDWHU�GXH� WR�([XYLHOOD�PD�
ULQD�ZDV�UHFRUGHG�LQ�7ULHVWH�+DUERXU�LQ�-XQH�������7KH
VHD� ZDV� FRORXUHG� EURZQ� GXH� WR� /�� SRO\HGUXP� EORRP
DOVR� LQ� ����� DQG� DJDLQ� LQ� WKH� HQWLUH�*XOI� RI� 7ULHVWH� LQ
6HSWHPEHU� ������$W� WKH� HQG�RI�0D\�������6FULSSVLHOOD
IDHURHQVH� EORRP� ZDV� UHFRUGHG� LQ� WKH� LQVKRUH� DUHDV
�)RQGD�8PDQL�	�+RQVHOO���������DQG� WKHUH�ZDV�D� ODUJH
EORRP� RI� *\PQRGLQLXP� VSS�� LQ� WKH� ZKROH� QRUWKHUQ
$GULDWLF� LQ� WKH� DXWXPQ� ����� �$UWHJLDQL� HW� DO��� ������
'XULQJ� WKH� �������� SHULRG�� VHYHUDO� ZLQWHU� GLDWRP
EORRPV� ZHUH� UHFRUGHG�� VXFK� DV� +HPLDXOXV� KDXFNLL
EORRP� LQ�'HFHPEHU� ������ZKLFK� ODVWHG� XQWLO� )HEUXDU\
�����ZLWK�PD[LPXP�FKORURSK\OO�D�FRQFHQWUDWLRQ�RI���
�J� O��� �)DQXNR�	� 7XUN�� �������2WKHU� EORRPV�ZHUH� DOVR
UHFRUGHG�� VXFK� DV� WKDW� RI� VLOLFRIODJHOODWH� VSHFLHV� 'L�
VWHSKDQXV�VSHFXOXP�DW�D�GHSWK�RI����P��XS� WR����Õ���

7DE�����5HFRUGV�RI�SODQNWRQ�EORRPV�DQG�XQXVXDO�HYHQWV�LQ�WKH�*XOI�RI�7ULHVWH�GXULQJ�WKH�����������SHULRG�
7DE�����=DSLVL�SODQNWRQVNLK�FYHWHQM�LQ�QHQDYDGQLK�GRJRGNRY�Y�7UËDÉNHP�]DOLYX�Y�REGREMX�����������

6SHFLHV���HYHQW <HDU $XWKRU
3HULGLQLXP�RYXP ���� %XVVDQL������
/LQJXORGLQLXP�SRO\HGUXP��V\Q�
*RQ\DXOD[�SRO\HGUD�

���������������� )RQGD�8PDQL��������)DQXNR������

1RFWLOXFD�VFLQWLOODQV ����������������������������
����

&DVVLQDUL�HW�DO���������0DOHM��������+RQ�
VHOO�HW�DO���������)RQGD�8PDQL�HW�DO��

����
([XYLHOOD�PDULQD ���� )RQGD�8PDQL������
*RQ\DXOD[�SRO\HGUD ���� )RQGD�8PDQL������
6FULSSVLHOOD�IDHURHQVH ���� )RQGD�	�+RQVHOO������
'LVWHSKDQXV�VSHFXOXP ���� )DQXNR������
5KL]RVROHQLD�DODWD�I��JUDFLOOLPD ���� )DQXNR������
*\PQRGLQXP�VSS� ���� $UWHJLDQL�HW�DO�������
3URURFHQWUXP�PLFDQV ���� )DQXNR������
+HPLDXOXV�KDXFNLL ������� )DQXNR�	�7XUN������
PXFXV�DJJUHJDWHV ��������������������������

����������������
)RQGD�8PDQL�HW�DO���������6WDFKRZLWVFK
HW�DO���������6HOOQHU�	�)RQGD�8PDQL�
������0DOHM�HW�DO���������3UHFDOL�HW�DO��

����
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FHOOV� O�����ZKLFK�PD\�KDYH�FRQWULEXWHG� WR�DQR[LF�FRQGL�
WLRQV� LQ� $XJXVW� ����� �)DQXNR�� �������:DWHU� GLVFRORUD�
WLRQ� E\� VXPPHU� EORRPV� RI�5KL]RVROHQLD� DODWD� I�� JUDFLO�
OLPD� GLDWRP� ZHUH� UHFRUGHG� DORQJ� WKH� ,VWULDQ� FRDVW� LQ
������DQG�DSSHDUHG�UHJXODUO\� LQ�WKH�����������SHULRG
�ZLWK� DEXQGDQFH� RI� �������Õ���� FHOOV� O���� �)DQXNR�
����D���$�PRQRVSHFLILF�UHG�WLGH�RI�3URURFHQWUXP�PLFDQV
GLQRIODJHOODWH� ZDV� UHFRUGHG� LQ� WKH� DXWXPQ� RI� ����
�)DQXNR���������7KH�UHFRUGV�RI�GRPLQDQW�SK\WRSODQNWRQ
EORRP�VSHFLHV� LQ� WKH�*XOI�RI�7ULHVWH�DUH�VXPPDUL]HG� LQ
7DEOH���IRU�WKH�����������SHULRG�

2&&855(1&(�2)�72;,&�3+<723/$1.721�63(&,(6

,QFUHDVHG� DEXQGDQFH� RI� VRPH� GLQRIODJHOODWH� DQG
GLDWRP� VSHFLHV� PD\� VRPHWLPHV� KDYH� KDUPIXO� FRQVH�
TXHQFHV�RQ�WKH�PDULQH�RUJDQLVPV�DV�ZHOO�DV�RQ�KXPDQV�
$PRQJ�YDULRXV�W\SHV�RI� LQWR[LFDWLRQ�� WKUHH�DUH�RI�PDMRU
FRQFHUQ� LQ� WKH� *XOI� RI� 7ULHVWH�� VLQFH� WKH� FDXVDWLYH� RU�
JDQLVPV� DUH� FRPPRQO\� IRXQG� LQ� WKH� QRUWKHUQ� $GULDWLF�
)LUVW�LV�WKH�GLDUUKHWLF�VKHOOILVK�SRLVRQLQJ��'63���ZKLFK�LV
FDXVHG�PDLQO\� E\� YDULRXV� GLQRIODJHOODWH� VSHFLHV� RI� WKH
JHQXV�'LQRSK\VLV�� 2WKHU� SRWHQWLDOO\� WR[LF� VSHFLHV� WKDW
DOVR�SURGXFH�'63�UHODWHG� OLSRSKLOLF� WR[LQV� �\HVVRWR[LQV�
DUH� /�� SRO\HGUXP� DQG� 3URWRFHUDWLXP� UHWLFXODWXP�� %RWK
DUH� FRPPRQO\� IRXQG� LQ� WKH� SK\WRSODQNWRQ� FRPPXQLW\
RI� WKH�*XOI� RI� 7ULHVWH�� 6HFRQG�� DQG�PRUH� GDQJHURXV�� LV
SDUDO\WLF� VKHOOILVK� SRLVRQLQJ� �363��� ZKLFK� LV� FDXVHG� E\
VRPH� GLQRIODJHOODWH� VSHFLHV� RI� WKH� JHQXV�$OH[DQGULXP�
5HFHQWO\� �LQ� ������� DQDO\VHV� RI� $63� �DPQHVLF� VKHOOILVK
SRLVRQLQJ�� FRPPHQFHG� GXH� WR� UHJXODU� RFFXUUHQFH� RI
VRPH�GLDWRP� VSHFLHV� RI� WKH�JHQXV�3VHXGR�QLW]VFKLD�� $W
VKHOOILVK�IDUPV�RQ�WKH�6ORYHQLDQ�FRDVW��'63�WR[LQV�RFFXU
DOPRVW� HYHU\� \HDU�� 7HPSRUDU\� EDQV� RI� VKHOOILVK� IDUPV
IURP������RQZDUGV�DUH�TXRWHG�LQ�6HGPDN�HW�DO���������

7KH� ILUVW� GRFXPHQWHG�RXWEUHDN� RI�'63� LQ� 6ORYHQLDQ
FRDVWDO� ZDWHUV� GDWHV� IURP� WKH� DXWXPQ�ZLQWHU� ����� SH�
ULRG� �)DQXNR� HW� DO��� ������ 6HGPDN� 	� )DQXNR�.RYDáLß�
������� LW� ZDV� UHODWHG� WR� WKH� RFFXUUHQFH� DQG� LQFUHDVHG
DEXQGDQFH� RI� YDULRXV�'LQRSK\VLV� VSHFLHV�� %HVLGHV� WKLV
HYHQW�� VHYHUDO� DXWKRUV� �+RQVHOO� HW� DO��� ������ �����
0R]HWLá�HW�DO���������UHSRUWHG�RQ�WKH�UHJXODU�RFFXUUHQFH
RI� WR[LF� GLQRIODJHOODWHV� RYHU� VKRUW� WLPH� �PDLQO\� ZDUP�
SHULRGV�LQ�WKH�*XOI�RI�7ULHVWH�

$� ORQJHU�VHULHV�RI�GDWD�ZDV�HYDOXDWHG� IRU� WKH������
�����SHULRG��)UDQFp�	�0R]HWLá������D���VKRZLQJ�WKH�VHD�
VRQDO� GLVWULEXWLRQ� DQG� LQWHU�DQQXDO� YDULDWLRQV� RI�'\QR�
SK\VLV� VSHFLHV�� &RPSDULVRQ� EHWZHHQ� �� PRVW� UHFXUUHQW
'LQRSK\VLV� VSHFLHV� DQG� HQYLURQPHQWDO� IDFWRUV� VKRZHG
WKDW�RQO\�RQH�DQG�WKH�PRVW�DEXQGDQW�VSHFLHV��'��VDFFX�
OXV��ZDV� VLJQLILFDQWO\�FRUUHODWHG� WR� WKH� VSHFLILF� HQYLURQ�

PHQWDO�FRQGLWLRQV��L�H��WKHUPDO�DQG�KDOLQH�VWUDWLILFDWLRQ��
ZKLOH�QRQH�RI�WKH�LQRUJDQLF�QXWULHQWV�LQIOXHQFHG�WKH�GLV�
WULEXWLRQ�DQG�DEXQGDQFH�RI�'LQRSK\VLV�VSS��'��VDFFXOXV
DSSHDUV� WR� EH� LQIOXHQFHG� E\� IUHVKZDWHU� LQSXWV� LQ� RWKHU
FRDVWDO� 0HGLWHUUDQHDQ� DUHDV� DV� ZHOO� �&DURSSR�� �����
9LOOD�HW�DO���������

&RQWUDU\�WR�WKH�VHDVRQDO�G\QDPLFV�RI�WKH�JHQXV�$OH�
[DQGULXP��ZKLFK� LV� IRXQG� LQ� UHODWLYHO\� ORZ�QXPEHUV� LQ
FROGHU�PRQWKV��HDUO\�VSULQJ��DXWXPQ��EXW�GRHV�QRW� IRUP
WR[LF�EORRPV��WKH�DEXQGDQFH�RI�'LQRSK\VLV�VSS��VWDUWV�WR
LQFUHDVH� ZLWK� WKH� ZDUPLQJ� RI� WKH� VHD� LQ� 0D\� DQG
UHDFKHV� LWV� SHDN� GXULQJ� WKH� VXPPHU�HDUO\� DXWXPQ
PRQWKV��)UDQFp�	�0R]HWLá������E��

-(//<),6+�%/2206

2WKHU�PDVVLYH�SODQNWRQ�HYHQWV�LQ�WKH�QRUWKHUQ�$GUL�
DWLF�ZHUH�RXWEUHDNV�RI�ODUJH�MHOO\ILVK��ZKLFK�PD\�KDYH�D
VLJQLILFDQW�LPSDFW�RQ�ILVKHULHV��WRXULVP�DQG�WKH�IRRG�ZHE
WURSKLF� VWUXFWXUHV� �0DOHM�� ������� $OWKRXJK� HLJKW� VF\�
SKRPHGXVDH�VSHFLHV�KDYH�EHHQ�GHWHUPLQHG�RYHU�WKH�ODVW
����\HDUV�LQ�WKH�QRUWKHUQ�$GULDWLF��UHIHUHQFHV�LQ�3XUFHOO
HW�DO����������RQO\�D�IHZ�RI�WKHP�KDYH�EHHQ�REVHUYHG�LQ
ODUJH� QXPEHUV�� 5HSHDWHG�PDVVLYH� RFFXUUHQFHV� RI� MHOO\�
ILVK�LQ�WKH�QRUWKHUQ�$GULDWLF�DV�ZHOO�DV�LQ�WKH�*XOI�RI�7UL�
HVWH� ZHUH� UHFRUGHG� IRU� $XUHOLD� DXULWD�� &KU\VDRUD� K\�
VRVFHOOD��&RW\ORUKL]D� WXEHUFXODWD��3HODJLD�QRFWLOXFD�DQG
5KL]RVWRPD�SXOPR��0DOHM���������7DE������$HTXRUHD�IRU�
VNDOHD� ZHUH� PHQWLRQHG� VHYHUDO� WLPHV� VLQFH� WKH� ����V�
0RVW� LQIRUPDWLRQ� LV� DYDLODEOH� IRU� 3�� QRFWLOXFD�� ZKLFK
ZDV� UHFRUGHG� LQ� PDVVHV� GXULQJ� WZR� SHULRGV�� GXULQJ
����������DQG����������� �0DOHM�� ������ ������0DOHM
	�9XNRYLá��������81(3��������DQG�DJDLQ�GXULQJ������
������%ORRPV�RI�3��QRFWLOXFD�KDYH�EHHQ�VKRZQ�WR�H[HUW
D� VLJQLILFDQW� LQIOXHQFH� RQ� QHW� ]RRSODQNWRQ� SURGXFWLRQ�
VWUXFWXUH� PRGLILFDWLRQ� DQG� UHOHDVLQJ� D� FRQVLGHUDEOH
DPRXQW�RI�QXWULHQWV��0DOHM��������

$XUHOLD�VS��KDV�EHHQ�DEXQGDQW�LQ�WKH�����������SH�
ULRG� �0DOHM��������������3XUFHOO�HW�DO���������DQG� IURP
����� RQ�� 6WXGLHV� RQ� 5�� SXOPR� VWDUWHG� RQO\� UHFHQWO\
�0DOHM� HW� DO��� ������� EXW� WKHUH� KDV� EHHQ� QR� V\VWHPDWLF
VWXG\�UHJDUGLQJ�WKH�DEXQGDQFH�DQG�GLVWULEXWLRQ�RI�&��WX�
EHUFXODWD�DQG�&��K\VRVFHOOD�

$QRWKHU�SODQNWRQ�JURXS��FWHQRSKRUHV��PD\�EH�DEXQ�
GDQW�LQ�WKH�*XOI�RI�7ULHVWH�DQG�WKH�HQWLUH�QRUWKHUQ�$GUL�
DWLF�LQ�FROGHU�SDUWV�RI� WKH�\HDU��0DOHM���������(QRUPRXV
QXPEHUV� RI� SWHURSRG�&UHVHLV� DFLFXOD� ZHUH� UHFRUGHG� LQ
6HSWHPEHU������DQG�DJDLQ�LQ�-XO�$XJ������QHDU�VKRUH�LQ
WKH�%D\� RI� 3LUDQ� �0DOHM�� ������� 7KLV� VSHFLHV�ZDV� DJDLQ
QRWHG�LQ�������EXW�ZDV�QRW�VR�DEXQGDQW�
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7DE�����5HFRUGV�RI�PDVVLYH�JHODWLQRXV�]RRSODQNWRQ�RFFXUUHQFH�LQ�IRXU�SHULRGV�IURP������WR������LQ�WKH�*XOI�RI
7ULHVWH�
7DE�����=DSLVL�PDVRYQHJD�SRMDYOMDQMD�ËHODWLQR]QHJD�]RRSODQNWRQD�Y�ÉWLWLK�]DSRUHGQLK�REGREMLK�Y�OHWLK�����������Y
7UËDÉNHP�]DOLYX�

2UJDQLVP ��������� ��������� ��������� ���������
+\GURPHGXVDH
$HTXRUHD�IRUVNDOHD � � �� ��
6F\SKRPHGXVDH
$XUHOLD�DXULWD � � �� �
&KU\VDRUD�K\VRVFHOOD � � �
&RW\ORUKL]D�WXEHUFXODWD �� � ��
3HODJLD�QRFWLOXFD �� �� �
5KL]RVWRPD�SXOPR � � ���
&WHQRSKRUD � � �� ��
*DVWURSRGD
&UHVHLV�DFLFXOD �� � �
7KDOLDFHD � �� � ��
��"RAJP�S=O�K>OANRA@�KJ?A�EJ�PDA�LANEK@���"RAJP�S=O�K>OANRA@�OARAN=H�PEIAO�EJ�PDA�LANEK@����"RAJP�S=O�K>OANRA@�ARANU�UA=N�@QNEJC�PDA�LANEK@
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2YHU� WKH� ODVW����\HDUV��D�VKLIW� IURP�UHG� WLGHV� WR�PX�
FLODJH� SKHQRPHQD� KDV� EHHQ� REVHUYHG�� 6LQFH� ������ DO�
PRVW�HYHU\�\HDU�D�PXFLODJH�SKHQRPHQD�RI�GLIIHUHQW� LQ�
WHQVLW\�DSSHDUHG��PDQLIHVWHG�DV�GHQVH�PDFURIORFV�� FRE�
ZHE��FORXGV��EODQNHWV��FUHDP\�JHODWLQRXV� OD\HU� �6WDFKR�
ZLWVFK�HW�DO���������3UHFDOL�HW�DO����������7DE�����

,Q� WKH�$GULDWLF�6HD�� WKH�RFFXUUHQFH�RI�PXFLODJH� KDV
EHHQ� REVHUYHG� IRU� DW� OHDVW� WZR� FHQWXULHV�� D� UHFRUG� E\
9HQHWLDQ� DXWKRULWLHV� GDWHG� IURP� ����� H[LVWV�� UHSRUWLQJ
PXFLODJH� PDVVHV� FRYHULQJ� FRDVWDO� ZDWHUV� DQG� PDNLQJ
ILVKLQJ�LPSRVVLEOH��7KLV�SKHQRPHQRQ�ZDV�GHVFULEHG� IRU
WKH�ILUVW�WLPH�LQ�WKH�*XOI�RI�7ULHVWH�LQ�������6\UVNL��������
7KH� ��WK� DQG� ��WK� FHQWXU\� FKURQLFOHV� RI� WKH� QRUWKHUQ
$GULDWLF� WRZQV� DQG� VFLHQWLILF� MRXUQDOV� UHSRUWHG� VLPLODU
HYHQWV� LQ� ������ ������ ������ ������ ������ ������ �����
�����������������������DQG�������)RQGD�8PDQL�HW�DO��
�������6RPH�GHVFULEH�WKLV�SUREOHP�DV�ORFDO��ZKLOH�RWKHUV
PHQWLRQ�PXFLODJH�PDVVHV� VSUHDGLQJ� DOO� RYHU� WKH� QRUWK�
HUQ� $GULDWLF�� 0RUH� UHFHQWO\�� ODUJH�VFDOH� PXFLODJLQRXV
DJJUHJDWH� IRUPDWLRQV� RFFXUUHG� GXULQJ� WKH� VSULQJV�VXP�
PHUV�RI������������������������������������������DQG
������ 7KH� W\SRORJ\� RI� DJJUHJDWHV� ZDV� GHVFULEHG� E\
6WDFKRZLWVFK�HW�DO�� �������DQG�PRUH�UHFHQWO\�E\�3UHFDOL
HW�DO���������

/DUJH� IORFNV� UHDFKLQJ� VHYHUDO� FP� DUH� VHDVRQDOO\
DEXQGDQW�LQ�WKH�QRUWKHUQ�$GULDWLF�DQG�KDYH�EHHQ�JHQHU�
DOO\� UHODWHG� WR� GHFD\LQJ� GLDWRP� EORRPV� �+HUQGO� 	� 3H�
GX]]L���������2FFDVLRQDOO\��PDVVHV�RI�PXFLODJH� UHPDLQ
VXVSHQGHG�LQ�WKH�ZDWHU�FROXPQ�RI�WKH�QRUWKHUQ�$GULDWLF
IRU� XS� WR� VHYHUDO� PRQWKV� GXULQJ� WKH� VXPPHU� VWUDWLILHG
VHDVRQ��0D\�WR�6HSWHPEHU���ZLWK�WKH�SKHQRPHQRQ�GLVVL�

SDWLQJ�E\� WKH� WLPH�RI�DXWXPQDO�YHUWLFDO�PL[LQJ� �'HJRE�
ELV� HW� DO��� ������ 0DOHM� HW� DO��� ������ 6HOOQHU� 	� )RQGD
8PDQL�� ������� 7KH� RFFXUUHQFH� RI�PXFLODJH� LV� QRW� OLP�
LWHG�WR�WKH�$GULDWLF�6HD��,W�LV�NQRZQ�DOO�RYHU�WKH�0HGLWHU�
UDQHDQ�� HVSHFLDOO\� LQ� *UHHN� ZDWHUV�� LQ� WKH� 7\UUKHQLDQ
6HD�DQG�DURXQG�WKH�FRDVWV�RI�6LFLO\��,Q�WKHVH�DUHDV��KRZ�
HYHU�� WKH�PXFLODJH�PDVVHV�XVXDOO\�VWD\� LQ�GHHSHU� OD\HUV
RI� WKH� VHD� DQG� UDUHO\� HPHUJH� RQ� WKH� VXUIDFH�� $OVR�� WKH
GXUDWLRQ�LV�VKRUWHU�WKDQ�LQ�WKH�QRUWKHUQ�$GULDWLF��$�VLPL�
ODU�SKHQRPHQRQ�LV�NQRZQ�WR�RFFXU�LQ�WKH�1RUWKHUQ�6HD�
RII� WKH�FRDVWV�RI�)UDQFH��%HOJLXP��7KH�1HWKHUODQGV�DQG
*HUPDQ\�� ZKHUH� IRDP\� DQG� PXFLODJLQRXV� PDVVHV� DF�
FXPXODWH� LQ� VSULQJ�� 6LPLODU� HYHQW� WR� QRUWKHUQ� $GULDWLF
PXFLODJH�LV�DOVR�UHSRUWHG�IURP�WKH�FRDVWDO�ZDWHUV�RI�1HZ
=HDODQG��ZKHUH�D�GLQRIODJHOODWH�VSHFLHV�*RQ\DXOD[�K\D�
OLQD�LV�UHSHDWHGO\�LQYROYHG�LQ�WKH�UHOHDVH�RI�SRO\VDFFKD�
ULGH� H[XGDWHV� DQG� VXEVHTXHQW� IRUPDWLRQ� RI� JHODWLQRXV
PDFURDJJUHJDWHV��0DF.HQ]LH�HW�DO����������+RZHYHU��WKH
LQWHQVLW\�RI�WKLV�SKHQRPHQRQ�VHHPV�WR�EH�XQLTXH�WR�WKH
QRUWKHUQ� $GULDWLF� DUHD�� DQG� ZKHQ� LW� RFFXUV�� PXFLODJH
DFFXPXODWHV� LQ� WKH� ZDWHU� FROXPQ� DQG� DW� WKH� VXUIDFH
FRYHULQJ� XS� WR� VHYHUDO� KXQGUHGV� RI� VTXDUH� NLORPHWUHV�
FUHDWLQJ� VHULRXV� SUREOHPV� IRU� WRXULVP� DQG� ILVKHULHV� �5L�
QDOGL�HW�DO���������)XQDUL�HW�DO����������)RU� WKH� VXPPHU
�����PXFLODJH�HYHQW�LQ�WKH�*XOI�RI�7ULHVWH��0DOHM�HW�DO�
������� FDOFXODWHG� WKDW� WKH� WRWDO� RI� LQWHJUDWHG�PXFLODJH�
DVVRFLDWHG�SDUWLFXODWH�FDUERQ�ZDV����J�&�P���

,Q� UHFHQW� \HDUV�� VHYHUDO� K\SRWKHVHV� IRU� H[SODLQLQJ
PXFLODJH� GHYHORSPHQW� LQ� WKH� QRUWKHUQ� $GULDWLF� KDYH
EHHQ� SURSRVHG�� 7KH� UROH� RI� SK\WRSODQNWRQ� KDV� EHHQ
WHVWHG� LQ� FRPELQDWLRQ�ZLWK� VSHFLILF� HQYLURQPHQWDO� IDF�
WRUV�DQG�FKDQJHV�LQ�SK\WRSODQNWRQ�FRPPXQLW\�VWUXFWXUH
�'HJREELV�HW�DO����������QXWULHQW� OLPLWDWLRQ��)DMRQ�HW�DO��
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�������SK\WRSODQNWRQ�FHOO� O\VLV� �%DOGL�HW�DO����������DQG
UHGXFHG� JUD]LQJ� SUHVVXUH� �0DOHM� 	� +DUULV�� ������� 7KH
H[WHQVLYH� FHOO� O\VLV� ZDV� VXSSRUWHG� E\� DQDO\VHV� XVLQJ
VFDQQLQJ�FRQIRFDO�ODVHU�PLFURVFRS\�LQ�FRPELQDWLRQ�ZLWK
GLIIHUHQW�IOXRUHVFHQW�PROHFXODU�SUREHV�DQG�OLSLG�DQDO\VHV
�%DOGL�HW�DO����������3K\WRSODQNWRQ�UHVSRQVH�WR�WKH�DGGL�
WLRQ�RI�GLIIHUHQW� FRPELQDWLRQV�RI� LQRUJDQLF�1�� 3� DQG� 6L
QXWULHQWV�DV�ZHOO�DV� UDLQ�DQG� ULYHU�ZDWHU�ZDV� VWXGLHG� LQ
HQFORVXUH� H[SHULPHQWV� �0R]HWLá�HW� DO��� ����D��0DOHM�HW
DO����������7KH�HQULFKPHQW�RI�QLWURJHQ�DQG�SKRVSKRU�DF�
FXPXODWLRQ� DQG� WKH� UHOHDVH� RI� SRO\VDFFKDULGHV� E\
SODQNWRQLF�FHOOV�ZHUH�VWXGLHG�LQ�D�FRQWUROOHG�H[SHULPHQW
�)DMRQ� HW� DO��� ������ 0DOHM� HW� DO��� ������� 7KHVH� H[SHUL�
PHQWV� VKRZHG� WKDW� WKH�PLFURIODJHOODWH�GRPLQDWHG� FRP�
PXQLW\�UHOHDVHG�PRUH�GLVVROYHG�RUJDQLF�FDUERQ�SHU�XQLW
ELRPDVV�� $W� WKH� WUDQVLWLRQ� WR� WKH� VWDWLRQDU\� SKDVH�� WKH
GHFD\�RI�DXWRWURSKLF�FRPPXQLW\�ZDV�DFFRPSDQLHG�E\�D
QHW�DFFXPXODWLRQ�RI�FDUERK\GUDWH�ULFK�GLVVROYHG�RUJDQLF
FDUERQ�� $]DP� HW� DO�� ������� HPSKDVL]HG� D� VXVWDLQHG
EDFWHULDO� DFWLYLW\� DQG� WKH� UROH� RI� �VORZ�WR�GHJUDGH�� RU�
JDQLF�PDWWHU��&RPPRQ�WR�DOO�SURSRVHG�PHFKDQLVPV�DUH
WKH� VWHSV� RI� SURGXFWLRQ� DQG� DFFXPXODWLRQ� RI� GLVVROYHG
RUJDQLF�PDWWHU� �'20�� UHVLVWDQW� WR� GHJUDGDWLRQ�� 8QGHU�
VWDQGLQJ� WKH� SURFHVVHV� WKDW� FKDQQHO� FDUERQ� IOX[� LQ� ID�
YRXU�RI�'20�WKDW�LV�VORZ�WR�GHJUDGH�WKXV�VHHPV�FUXFLDO
IRU�H[SODLQLQJ�WKH�PXFLODJH�SKHQRPHQRQ�LQ�WKH�QRUWKHUQ
$GULDWLF��$OXZLKDUH�	�5HSHWD��������VKRZHG�WKDW�D�ODUJH
IUDFWLRQ� RI� KLJK� PROHFXODU� ZHLJKW� '20� FRQVLVWHG� RI
VWUXFWXUDOO\�UHODWHG�DF\ODWHG�SRO\VDFFKDULGHV��7KH\�GHP�
RQVWUDWHG� SURGXFWLRQ� RI� WKHVH� FRPSRXQGV� E\� SK\WR�
SODQNWRQ� DQG�RU� EDFWHULD� DQG� DFFXPXODWLRQ� RI� DF\ODWHG
SRO\VDFFKDULGHV� DIWHU� EDFWHULDO� GHJUDGDWLRQ� LQ� FXOWXUH
H[SHULPHQWV�� $� VLPLODU� PDFURPROHFXODU� VWUXFWXUH� FRP�
SRVHG�RI� FDUERK\GUDWHV�ZDV� IRXQG� IRU�PDFURDJJUHJDWHV
IURP� WKH� QRUWKHUQ� $GULDWLF� �.RYDá� HW� DO��� ������ ������
1DWXUH� RI� VXVSHQGHG� SDUWLFXODWH� PDWWHU� GXULQJ� GHQVLW\
VWUDWLILFDWLRQ�LQ�VKDOORZ�FRDVWDO�ZDWHUV�DQG�FKDUDFWHUL]D�
WLRQ� RI� PDFURDJJUHJDWHV� KDV� EHHQ� VWXGLHG� E\� .RYDá� 	
)DJDQHOL��������DQG�.RYDá�HW�DO���������������������

/DUJH�PXFXV�DJJUHJDWHV�LQIOXHQFH�PLFUR]RRSODQNWRQ
DQG� PHVR]RRSODQNWRQ� WHPSRUDO� DQG� VSDWLDO� YDULDELOLW\
GLUHFWO\�E\�GHFUHDVLQJ�WKH�QDXSOLDU�FRSHSRG�SRSXODWLRQ
�.UÊLQLß��������RU�FKDQJLQJ� IHHGLQJ�FDSDELOLW\� �0DOHM�	
+DUULV�� ������ %RFKGDQVN\� 	� +HUQGO�� ������ DQG� LQGL�
UHFWO\� E\� DOWHULQJ� IRRG�ZHE� VWUXFWXUH� DQG� IXQFWLRQ� �&D�
EULQL�HW�DO���������&DWDOHWWR�HW�DO���������)RQGD�8PDQL�HW
DO���������

0XFXV�DJJUHJDWHV�FDQ�VHYHUHO\�DIIHFW�VRPH�ILVK�VSH�
FLHV�WKDW�EUHHG�GXULQJ�WKH�ZDUP�SHULRG�RI�WKH�\HDU��IRU�LW
LV� KDUG� IRU� WKH� HJJV� WR� VXUYLYH� LI� WUDSSHG� LQ� PXFLODJH
PDVV��7KH�ILVK�WKDW�EUHHG�LQ�WKH�FULWLFDO�SHULRG�DUH�PRVWO\
VDUGLQHV� �&OXSHD� SLOFKDUGXV�� DQG� DQFKRYLHV� �(QJUDXOLV
HQFUDVLFKROXV��� EXW� RWKHUV� VXIIHU� DV� ZHOO�� IRU� LQVWDQFH
IORXQGHUV� �3ODWLFKWK\V� IOHVXV��� VDQG�VPHOW� �$WKHULQD�ER\�
HUL���DQG�ZKLWLQJ��*DGXV�PHUODQJXV���:KHQ�WKH�PXFLODJH
VLQNV� WR� WKH� ERWWRP�� LW� SK\VLFDOO\� FRYHUV� WKH� RUJDQLVPV

OLYLQJ�RQ�WKH�ERWWRP�RU�LQ�WKH�VHGLPHQW�DQG�WKXV�PDNHV
QRUPDO�SK\VLRORJLFDO�SURFHVVHV� LPSRVVLEOH��)LOWHULQJ�RU�
JDQLVPV��VSRQJHV�DQG�WXQLFDWHV��DUH�VHYHUHO\�DIIHFWHG��DV
DUH�VRPH�RWKHU�RUJDQLVPV��VXFK�DV�FRHOHQWHUDWHV��%HORZ
WKH� VHGLPHQWHG�PXFLODJH�� WRWDO� ODFN� RI� R[\JHQ� RFFXUV�
ZKLFK� DGGLWLRQDOO\� DIIHFWV� WKH� RUJDQLVPV� OLYLQJ� RQ� WKH
ERWWRP�� IRU� WKH\� FDQ� QRW� HVFDSH� WKH�PXFLODJH� DUHD�� ,Q
������LQFUHDVHG�PRUWDOLW\�RI�3LWDULD�FKLRQH�ZDV�UHFRUGHG
LQ� WKH� *XOI� RI� 7ULHVWH� DV� ZHOO� DV� PRUWDOLW\� RI� YDULRXV
VFDOORSV��&KODP\V�VSS���3HFWHQ�MDFREDHXV��

+<32;,$�$1'�$12;,$

3HULRGV� RI� R[\JHQ� GHSOHWLRQ� EHORZ� WKH� WKHUPRFOLQH
KDYH�EHHQ�REVHUYHG�DOPRVW�HYHU\�\HDU�LQ�WKH�*XOI�RI�7UL�
HVWH��6WDFKRZLWVFK��������)DJDQHOL�HW�DO���������0DOHM�HW
DO��� ������ 6WDFKRZLWVFK�HW� DO��� ������0DOHM� 	�0DODáLá�
������� ,Q�WKH�ODVW� WZR�GHFDGHV��K\SR[LDV�KDYH�EHHQ�RF�
FXUULQJ�LQ�WKH�FHQWUDO�SDUW�RI�WKH�*XOI�LQ�ODWH�VXPPHU�RU
LQ� HDUO\� DXWXPQ� �$XJXVW�2FWREHU�� �0DOHM� 	� 0DODáLá�
������� ZKLOH� DQR[LD� RFFXUV� RFFDVLRQDOO\� DQG� ZDV� UH�
FRUGHG� LQ� ������ ������ ������ ������ ������ DQG� �����
7KH�PRVW�GHVWUXFWLYH�DQR[LD�ZDV�UHFRUGHG�LQ�6HSWHPEHU
����� �6WDFKRZLWVFK�� ������ )DJDQHOL� HW� DO��� ������� LW
ODVWHG�IRU�WZR�ZHHNV��FRYHULQJ�RQH� WKLUG�RI� WKH�*XOI�� ,Q
WKH�DIIHFWHG�DUHD��DOO�WKH�DWWDFKHG��SDUWLDOO\�DWWDFKHG�DQG
SRRUO\� PRELOH� GHPHUVDO� DQLPDOV� GLHG� DW� WKDW� WLPH�� $O�
PRVW�WKH�HQWLUH�EHQWKLF�DVVRFLDWLRQV�RI�EULWWOH�VWDU�2SKL�
RWUL[� TXLQTXHPDFXODWD�� VSRQJHV� RI� WKH� JHQXV� 5HQLHUD
DQG�DVFLGLDQV�RI� WKH�JHQXV�0LFURFRVPRV� �6WDFKRZLWVFK�
������ ZHUH� GHVWUR\HG�� DQG� KDYH� QRW� UHFRYHUHG� FRP�
SOHWHO\� �6WDFKRZLWVFK�� ������ ������ 6WDFKRZLWVFK� 	
)XFKV��������

&21&/86,216

,QFUHDVLQJ� SRSXODWLRQ� LQ� WKH� FRDVWDO� ]RQH�� ODQG�XVH
FKDQJHV�DQG�ODQG�EDVH�VRXUFHV�RI�SROOXWLRQ�LQIOXHQFH�WKH
TXDOLW\�RI�FRDVWDO�ZDWHU�DQG�HFRV\VWHPV��(XWURSKLFDWLRQ�
UHODWHG� SKHQRPHQD� DQG� WKH� VDQLWDU\� TXDOLW\� RI� WKH
EHDFKHV� DSSHDU� WR� EH� WKH� PDLQ� FRDVWDO� HQYLURQPHQW
SUREOHPV�LQ�WKH�$GULDWLF��SDUWLFXODUO\� LQ� WKH�*XOI�RI�7UL�
HVWH��2XU�VWXG\�ZDV�FRQFHQWUDWHG�RQ�RYHUYLHZ�RI�OLWHUD�
WXUH�DQG�DQDO\VHV�RI�UHFHQW�GDWD�IRU�WKH�6ORYHQLDQ�VHD�

,Q� VHPL�HQFORVHG� VHDV�� VXFK� DV� WKH� *XOI� RI� 7ULHVWH�
HXWURSKLFDWLRQ�SUREOHPV�DUH�PDLQO\�VXEMHFW�WR�WKH�FRP�
ELQHG�HIIHFWV�RI�RFHDQRJUDSKLF��FKHPLFDO�DQG�ELRORJLFDO
LQWHUDFWLRQV�� 7KH� KLJKO\� YDULDEOH� FRQGLWLRQV� LQ� WKH� SH�
ODJLF�HFRV\VWHP�LQIOXHQFH� WKH� IUHTXHQF\�RI�EORRPV��RF�
FXUUHQFH� RI� KDUPIXO� WR[LF� DOJDO� VSHFLHV�� VZDUPLQJ� RI
JHODWLQRXV�]RRSODQNWRQ��WKH�PXFLODJH�SKHQRPHQRQ�DQG
K\SR[LD�DQR[LD�HYHQWV�� ,PSURSHU�XVH�RI� ODQG�DQG�SRLQW�
VRXUFH� GLVFKDUJHV� RI� XQWUHDWHG�ZDVWHZDWHU� DQG� VHZDJH
FRQWLQXH�WR�SROOXWH�HVWXDULQH�DQG�LQQHU�SDUWV�RI�WKH�ED\V�
7KH�WURSKLF�FRQGLWLRQV�RI�6ORYHQLDQ�FRDVWDO�ZDWHUV�ZHUH
DVVHVVHG� DV� 75,;� LQGH[� RQ� WKH� EDVLV� RI� FKHPLFDO� DQG
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ELRORJLFDO�SDUDPHWHUV��7KH�VHD�ZDV�FKDUDFWHUL]HG�DV�ROL�
JRWURSKLF�WR�PHVRWURSKLF�� LQGLFDWLQJ�ZRUVH�WURSLF�VWDWXV
LQ�WKH�LQQHU�SDUW�RI� WKH�%D\�RI�.RSHU��(SLVRGLF�KLJK�QX�
WULHQW� GHSRVLWLRQ�PD\� KDYH� D� VLJQLILFDQW� LPSDFW� RQ�PL�
FURSODQNWRQ�DV�ZHOO�DV�RQ�WKH�LQWHQVLW\�DQG�IUHTXHQF\�RI
HXWURSKLFDWLRQ� SKHQRPHQD�� 7KH� ZDVWHZDWHU� GLVFKDUJHV
FORVH�WR�WKH�FRDVW�PD\�SRVH�D�KHDOWK�ULVN�WR�DQ\RQH�ZKR
FRPHV� LQWR� FRQWDFW� ZLWK� WKH� ZDWHU� RU� ZKR� FRQVXPHV
IRRG� FROOHFWHG� IURP� WKH� VHD�ZDWHU��$Q� REVHUYDWLRQ� V\V�
WHP�VKRXOG�EH�GHVLJQHG� LQ�RUGHU� WR�JDWKHU�EHWWHU� VFLHQ�
WLILF� DQG� WHFKQLFDO� LQIRUPDWLRQ� WR� XVHIXO� HDUO\� ZDUQLQJ
DQG� WR� GHFLGH� RQ� VXLWDEOH� PHDVXUHV� RI� LQWHUYHQWLRQ�� $

FRDVWDO�DUHD�LV�WKH�PRVW�YDOXDEOH�DQG�G\QDPLF�UHJLRQ��VR
DQ� LQWHJUDWHG� DSSURDFK� VKRXOG� EH� DGRSWHG� WR� SURYLGH
GDWD� IRU� WKH�RSWLPL]DWLRQ�RI�FRQWURO�PHDVXUHV�DQG�FOHDU
LQGLFDWLRQV�IRU�GHFLVLRQ�PDNHUV�

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

7KH�DXWKRUV�DUH�JUDWHIXO�WR�WKH�81(3��8QLWHG�1DWLRQ
(QYLURQPHQWDO�3URJUDP��IRU�ILQDQFLDO�VXSSRUW�DQG�WR�0U�
0LOLMDQ�ÉLÊNR� IRU�KLV�FRQWULEXWLRQ� LQ� VWDWLVWLFDO�DQG�75,;
DQDO\VHV�

35(*/('�32-$929�(9752),.$&,-(�,1�'58*,+�1(1$9$'1,+�'2*2'.29
9�6/29(16.(0�025-8��75Ë$É.,�=$/,9��-$'5$16.2�025-(�

9DOHQWLQD�785.��3DWULFLMD�02=(7,Þ�	�$OHQND�0$/(-
*KNOG=�>EKHK
G=�LKOP=F=
�+=?EKJ=HJE�EJ
PEPQP�V=�>EKHKCEFK
�0&������-EN=J
�#KNJ=ÜA���
�0HKRAJEF=

"�I=EH!�PQNG$I>OO�KNC
329=(7(.

(YWURILNDFLMD�MH�SRPHPEHQ�GHMDYQLN�GHJUDGDFLMH�PRUVNLK�HNRVLVWHPRY�LQ�MH�Y�YHOLNL�PHUL�SRVOHGLFD�ßORYHNRYHJD
YSOLYD�QD�RNROMH��.OMXE� ÈWHYLOQLP� VSR]QDQMHP�Y�]DGQMLK���� OHWLK�RVWDMD� HYWURILNDFLMD�NOMXßHQ�SUREOHP��NL�YSOLYD�QD
NDNRYRVW�REDOQLK�REPRßLM��ÈH�SRVHEQR�SRO]DSUWLK�PRULM��NDNUÈHQ�MH�WXGL�7UÊDÈNL�]DOLY��,QWHQ]LWHWD�LQ�SRJRVWRVW�SRMD�
YRY��SRYH]DQLK�]�HYWURILNDFLMR��VWD�RGYLVQL�SUHGYVHP�RG�VSOHWD�UD]PHU�YQRVD�KUDQLO�V�NRSQHJD��PHWHRURORÈNLK�UD]PHU�
VWUDWLILNDFLMH�YRGQHJD�VWROSD�LQ�KRUL]RQWDOQH�DGYHNFLMH�YRGQLK�PDV�

3RGDQ� MH� SUHJOHG� OLWHUDWXUQLK� SRGDWNRY� SRMDYRY� LQ� SRVOHGLF� HYWURILNDFLMH� Y� 7UÊDÈNHP� ]DOLYX� V� SRXGDUNRP� QD
GRPLQDQWQLK�SHODÈNLK�]GUXÊEDK�REDOQHJD�HNRVLVWHPD��SRVHEQR�QD� EDNWHULMVNL� LQ� ILWRSODQNWRQVNL� DEXQGDQFL� LQ� SUR�
GXNFLML�� IUHNYHQFL� SODQNWRQVNLK� FYHWHQM�� SRMDYOMDQMD� WRNVLßQLK� YUVW� ILWRSODQNWRQD� LQ� ÊHODWLQR]QHJD� ]RRSODQNWRQD� WHU
SRMDYOMDQMD�VOX]HQMD�PRUMD�LQ�KLSRNVLMH�DQRNVLMH�

.OMXÞQH�EHVHGH��HYWURILNDFLMD��KUDQLOD��SODQNWRQVND�FYHWHQMD��DQRNVLMD��VOX]DVWL�DJUHJDWL��7UÌDÊNL�]DOLY
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$OXZLKDUH��/��,�	�'��-�5HSHWD���������$�FRPSDULVRQ�RI
WKH�&KHPLFDO�&KDUDFWHULVWLFV�RI�2FHDQLF�'20�DQG�([�
WUDFHOOXODU�'20�3URGXFHG�E\�PDULQH�DOJDH��0DU�� (FRO�
3URJU��6HU����������������
$UWHJDQL��$���5��$]]ROLQL��0��0DU]RFFKL��0��0RUELGRQL�
$��6ROD]]X�	�)��&DYROR���������3ULPH�RVVHUYD]LRQL�VX�XQ
�EORRP�� ILWRSODQFWRQLFR� OXQJR� OD� FRVWD� PDUFKLJLDQD
QHOO¤DQQR�������1RYD�7KDODVVLD�������������
$YÞLQ�� $��� %�� 9ULÇHU� 	� $�� 9XNRYLÞ� �������� (FRV\VWHP
PRGLILFDWLRQV�DURXQG�WKH�VXEPDULQH�VHZDJH�RXWIDOO�IURP
3LUDQ� VHZDJH� V\VWHP�� 6ORYHQVNR�PRUMH� LQ� ]DOHGMH�� ����
��������
$]DP��)��� 6�� )RQGD�8PDQL�	� (�� )XQDUL� �������� 6LJQLIL�
FDQFH� RI� EDFWHULD� LQ� WKH�PXFLODJH� SKHQRPHQRQ� LQ� WKH
QRUWKHUQ� $GULDWLF�� $QQ�� ,VW�� 6XSHU�� 6DQLWj�� ������� ����
����
%DOGL��)���3��0R]HWLÞ��9��7XUN��$��0DOHM��$��0LQDFFL��$�
6DOLRW� 	� /��0HMDQHOOH� �������� &HOO� O\VLV� DQG� UHOHDVH� RI
SDUWLFXODWH� SRO\VDFFKDULGHV� LQ� H[WHQVLYH� PDULQH� PXFL�
ODJH�DVVHVVHG�E\�OLSLG�ELRPDNHUV�DQG�PROHFXODU�SUREHV�
0DU��(FRO��3URJ��6HU��������������
%HUWX]]L��$��� -��)DJDQHOL�	�$��%UDPEDWL� ��������$QQXDO
YDULDWLRQ� RI� EHQWKLF� QXWULHQW� IOX[HV� LQ� VKDOORZ� FRDVWDO
ZDWHUV� �*XOI� RI� 7ULHVWH�� 1RUWKHUQ� $GULDWLF� 6HD��� 0DU�
(FRO���������������
%XVDQL��0���������� �5HG� WLGHV��QHOO¤$OWR�$GULDWLFR��:OG�
:LOGO��)RQG�������������
%RFKGDQVN\�� $�� %�� 	� *�� +HUQGO� �������� (FRORJ\� RI
DPRUSKRXV�DJJUHJDWLRQV� �PDULQH� VQRZ�� LQ� WKH�1RUWKHUQ
$GULDWLF� 6HD�� ,,,�� =RRSODQNWRQ� LQWHUDFWLRQV� ZLWK� PDULQH
VQRZ��0DU��(FRO��3URJ��6HU���������������
&DEULQL��0���6��)RQGD�8PDQL�	�*��+RQVHOO���������0X�
FLODJLQRXV� DJJUHJDWHV� LQ� WKH� *XOI� RI� 7ULHVWH� �1RUWKHUQ
$GULDWLF�6HD���DQDO\VLV�RI�WKH�SK\WRSODQNWRQ�FRPPXQLWLHV
LQ�WKH�SHULRG�-XQH�$XJXVW�������,Q��9ROOHQZHLGHU��5��$��
5��0DUFKHWWL� 	� 5�� 9LYLDQL� �HGV����0DULQH� &RDVWDO� (XWUR�
SKLFDWLRQ��(OVHYLHU��$PVWHUGDP��SS����������
&DEULQL��0���$��%XVVDQL��0��&HOLR��(��'LDQD��3��0R]HWLÞ�
,�� 3HFFKLDU� 	� 6�� )RQGD� 8PDQL� �������� 9DULDELOLWD
VSD]LDOH� H� WHPSRUDOH� GHOOD� SURGX]LRQH� SULPDULD� QHOOH
DFTXH�FRVWLHUH�GHO�*ROIR�GL�7ULHVWH��%LRO��0DU��0HGLW�����
��������
&DQWRQL�� &��� 6�� &R]]L�� ,�� 3HFFKLDU�� 0�� &DEULQL�� 3�
0R]HWLÞ��*��&DWDODQR�	�6��)RQGD�8PDQL���������6KRUW�
WHUP�YDULDELOLW\�RI�SULPDU\�SURGXFWLRQ�DQG�LQRUJDQLF�QL�
WURJHQ�XSWDNH�UHODWHG�WR�WKH�HQYLURQPHQWDO�FRQGLWLRQV�LQ
D�VKDOORZ�FRDVWDO�DUHD� �*XOI�RI�7ULHVWH��1�$GULDWLF�6HD��
2FHDQRO��$FWD��������������
&DURSSR�� &�� �������� $XWRHFRORJ\� DQG� PRUSKRORJLFDO
YDULDELOLW\�RI�'LQRSK\VLV� VDFFXOXV� �'LQRSK\FHDH��'LQR�
SK\VLDFHDH��LQ�D�0HGLWHUUDQHDQ�ODJRRQ��-��0DU��%LRO��$VV�
8��.�������������

&DVVLQDUL��(���'��*ULOOR��0��3ULQFL��0��6SHFFKL��)��6WUDYLVL
	� *�� 9DOOL� ��������2VVHUYD]LRQL� VX� 1RFWLOXFD� PLOLDULV
685,5$<�GHO�*ROIR�GL�7ULHVWH��$WWL�&RQY�� 6F��1D]�� 3�)�
2FHDQRJUDILD�H�IRQGL�0DULQL��5RPD��PDU]R�������SS����
��
&DWDOHWWR��%��� (�� )HROL�� 6�� )RQGD�8PDQL��0��0RQWL�	� ,�
3HFFKLDU� �������� $QDO\VHV� RI� WKH� UHODWLRQVKLS� EHWZHHQ
PXFRXV� DJJUHJDWHV� DQG� SK\WRSODQNWRQ� FRPPXQLWLHV� LQ
WKH�*XOI�RI�7ULHVWH� �1RUWKHUQ�$GULDWLF�6HD��E\�PXOWLYDUL�
DWH�WHFKQLTXHV��3�6�=�1��,��0DU��(FRO���������������
&DXZHW��*���$��7HU]LÜ��0��$KHO��3��0R]HWLÞ��9��7XUN�	
$��0DOHM���������(IIHFW�RI�QXWULHQWV�DGGLWLRQ�RQ�PLFURELDO
SODQNWRQ�DQG�GLVVROYHG�RUJDQLF�PDWWHU�YDULDELOLW\��3DUW���
%LRFKHPLFDO�DVSHFW�� ,Q��+RSNLQV��7��6���$��$UWHJLDQL��*�
&DXZHW�� '�� 'HJREELV� 	� $�� 0DOHM� �HGV���� 7KH� $GULDWLF
6HD��SURFHHGLQJV�RI�WKH�ZRUNVKRS��3K\VLFDO�DQG�ELRJHR�
FKHPLFDO�SURFHVVHV� LQ� WKH�$GULDWLF�6HD���(FRV\VWHPV� UH�
VHDUFK� UHSRUW��1R� ���� (XURSHDQ�&RPPLVVLRQ�� 'LUHFWRU�
DWH�*HQHUDO�IRU�5HVHDUFK��/X[HPEXUJ��SS����������
&RDWV��'��:��	�1�� 5HYHODQWH� ��������'LVWULEXWLRQ� DQG
WURSKLF� LPSOLFDWLRQV� RI� PLFUR]RRSODQNWRQ�� ,Q��0DORQH�
7�� &��� $�� 0DOHM�� /�� :�� +DUGLQJ�� 1�� 6PRGODND� 	� 5�� (�
7XUQHU� �HGV����(FRV\VWHPV�DW� WKH� ODQG�VHD�PDUJLQ��GUDLQ�
DJH�EDVLQ� WR� FRDVWDO� VHD��&RDVWDO� DQG�HVWXDULQH� VWXGLHV�
1R�����$*8��:DVKLQJWRQ��SS����������
'HJREELV��'���6��)RQGD�8PDQL��3��)UDQFR��$��0DOHM��5�
3UHFDOL�	�1��6PRGODND���������&KDQJHV�LQ�WKH�QRUWKHUQ
$GULDWLF�HFRV\VWHP�DQG� WKH�K\SHUWURSKLF�DSSHDUDQFH�RI
JHODWLQRXV�DJJUHJDWHV��6FL��7RWDO�(QYLURQ��������������
'HJREELV��'���$��0DOHM�	�6��)RQGD�8PDQL� ��������7KH
PXFLODJH� SKHQRPHQRQ� LQ� WKH� QRUWKHUQ� $GULDWLF� 6HD�� $
FULWLFDO�UHYLHZ�RI�WKH�SUHVHQW�VFLHQWLILF�K\SRWKHVHV��$QQ�
,VW��6XSHU��6DQLWj��������������
)DJDQHOL��-����������2UJDQLF�QLWURJHQ�DQG�SKRVSKRUXV�LQ
WKH�*XOI�RI�7ULHVWH��1RUWKHUQ�$GULDWLF���$UFK��2FHDQRJU�
/LPQRO������������������
)DJDQHOL�� -�� 	� 3�� 7XÇQLN� �������� +UDQLOQH� VROL� RJOMLND�
GXÊLND�� VLOLFLMD� LQ� IRVIRUMD� Y� Y]KRGQHP� GHOX� 7UÌDÊNHJD
]DOLYD��$FWD�$GULDW��������������
)DJDQHOL��-��	�9��7XUN���������%HKDYLRU�RI�GLVVROYHG�RU�
JDQLF�PDWWHU� LQ�D�VPDOO��SROOXWHG�HVWXDU\��6FL��0DU������
��������
)DJDQHOL�� -�� 	� *�� +HUQGO� �������� 'LVVROYHG� RUJDQLF
PDWWHU� LQ� WKH� ZDWHUV� RI� WKH� *XOI� RI� 7ULHVWH� �1RUWKHUQ
$GULDWLF���7KDODVVLD�-XJRVO�������������
)DJDQHOL��-���1��)DQXNR��3��6WHJQDU�	�$��9XNRYLÞ��������
5D]LVNRYDQMD� SULPDUQH� SHODÊNH� ELRSURGXNFLMH� Y
7UÌDÊNHP�]DOLYX��$FWD�$GULDW�������������
)DJDQHOL��-���$��$YÞLQ��1��)DQXNR��$��0DOHM��9��7XUN��3�
7XÇQLN�� %�� 9ULÇHU� 	� $�� 9XNRYLÞ� �������� %RWWRP� /D\HU
$QR[LD� LQ� WKH�&HQWUDO� 3DUW� RI� WKH�*XOI� RI� 7ULHVWH� LQ� WKH
/DWH�6XPPHU�RI�������0DU��3ROOXW��%XOO�������������
)DJDQHOL�� -��� 7�� 'ROHQF�� -�� 3H]GLÞ�� %�� 2JRUHOHF� 	� 0�
0LÇLÞ� �������� 1XWULHQWV� LQ� VHGLPHQW� SRUH� ZDWHU� RI� WKH
*XOI�RI�7ULHVWH��1RUWKHUQ�$GULDWLF���%ROO��2FHDQRO��7HRU�
$SSO�������������
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)DMRQ��&���*��&DXZHW��3��/HEDURQ��6��7HU]LÜ��0��$KHO��$�
0DOHM��3��0R]HWLÞ�	�9��7XUN���������7KH�DFFXPXODWLRQ
DQG� UHOHDVH� RI� SRO\VDFFKDULGHV� E\� SODQNWRQLF� FHOOV� DQG
WKH� VXEVHTXHQW� EDFWHULDO� UHVSRQVH� GXULQJ� D� FRQWUROOHG
H[SHULPHQW��)(06�0LFURELRO��(FRO���������������
)DQXNR�� 1�� �������� 6RPH� DVSHFWV� RI� SK\WRSODQNWRQ
FRPPXQLWLHV� LQ� WKH� (DVWHUQ� SDUW� RI� WKH� *XOI� RI� 7ULHVWH�
1RUWK�$GULDWLF��1RYD�7KDODVVLD�����������
)DQXNR��1�� ��������$�FRQWULEXWLRQ� WR� WKH�NQRZOHGJH�RI
WKH� SK\WRSODQNWRQ� RI� WKH� *XOI� RI� 7ULHVWH�� %LRO�� 9HVWQ��
�������������
)DQXNR��1�������D���7KH�LQIOXHQFH�RI�H[SHULPHQWDO�VHZ�
DJH� SROOXWLRQ� RQ� ODJRRQ� SK\WRSODQNWRQ�� 0DU�� 3ROOXW�
%XOO���������������
)DQXNR�� 1�� �����E��� 7KH� VXPPHU� SUROLIHUDWLRQV� RI
5KL]RVROHQLD� DODWD� YDU��JUDFLOOLPD� LQ� WKH� FRDVWDO� ZDWHUV
RI�1RUWK�$GULDWLF��5DSS��&RPP��LQW��0HU�0pGLW����������
����
)DQXNR��1����������3RVVLEOH�UHODWLRQ�EHWZHHQ�D�EORRP�RI
'LVWHSKDQXV� VSHFXOXP� DQG� DQR[LD� LQ� ERWWRP�ZDWHUV� LQ
WKH�1RUWKHUQ�$GULDWLF��������-��3ODQNWRQ�5HV�������������
���
)DQXNR�� 1�� �������� (XWURSKLFDWLRQ� DQG� FRQFRPLWDQW
SODQNWRQ�EORRPV�LQ�WKH�1RUWK�$GULDWLF��81(3�)$2�)LQDO
UHSRUWV�RQ�UHVHDUFK�SURMHFWV�GHDOLQJ�ZLWK�HXWURSKLFDWLRQ
DQG� SODQNWRQ� EORRPV�� 0$3� 7HFKQLFDO� UHSRUWV�� 1R� ���
81(3��$WKHQV�������SS��������
)DQXNR�� 1�� 	� '�� -XVWLÜ� �������� 1XWULHQWV� DQG� FKORUR�
SK\OO� LQ� WKH� %D\� RI� .RSHU�� 1RUWKHUQ� $GULDWLF�� 5DSS�
&RPP��LQW��0HU�0pGLW�������SS����
)DQXNR��1��	�9��7XUN���������7KH�RFHDQRORJLF�SURSHU�
WLHV� RI� WKH� VHD� ZDWHU� RI� WKH� *XOI� RI� 7ULHVWH� EHIRUH� DQG
GXULQJ� WKH� �PDUH� VSRUFR��SKHQRPHQRQ� �VXPPHU�������
%ROO��2FHDQRO��7HRU��$SSO��������������
)DQXNR�� 1��� 3�� 0DÞHN� 	� %�� 6HGPDN� �������� 7R[LFLW\
WHVWLQJ�RI�PXVVHOV�GXULQJ�WKH�GLQRIODJHOODWH�EORRP��%LRO�
9HVWQ�������������
)ODQGHU�3XWUOH��9��	�$��0DOHM� ��������7KH� WURSKLF� VWDWH
RI� FRDVWDO�ZDWHUV� XQGHU� WKH� LQIOXHQFH� RI� DQWKURSRJHQLF
VRXUFHV�RI�QXWULHQWV� �ILVK� IDUP�� VHZDJH�RXWIDOOV��� 3HULRG�
%LRO����������������
)ODQGHU�3XWUOH��9���6��7HU]LÜ��$��0DOHM�	�0��$KHO��������
(IIHFWV�RI�PXFLODJH�HYHQW�RQ� WKH�GLVWULEXWLRQ�RI�VXPPHU
SK\WRSODQNWRQ� DV� UHIOHFWHG� E\� SK\WRSODQNWRQ� SLJPHQWV�
3HULRG��%LRO�������������������
)RQGD�8PDQL�� 6�� �������� +\GURORJ\� DQG� �UHG� WLGHV�� LQ
WKH�*XOI�RI�7ULHVWH��1RUWKHUQ�$GULDWLF�6HD���2HEDOLD�����
��������
)RQGD�8PDQL��6��	�*��+RQVHOO���������3ULPH�VHJQDOD]L�
RQL� GL� XQD� ILRULWXUD� GL� 6FULSSVLHOOD� IDHURHQVH� �3DXOVHQ�
%DOHFK� 	� 2OLYHLUD� 6RDUHV� QHO� *ROIR� GL� 7ULHVWH�� 1RYD
7KDODVVLD�������������
)RQGD�8PDQL��6��	�(��*KLUDUGHOOL���������&DUDWWHULVWLFKH
FKLPLFKH�H�ELRORJLFH�GHO� VLVWHPD�SHODJLFR�GHO�*ROIR�GL
7ULHVWH��+\GURUHV�����������

)RQGD�8PDQL�� 6��� (�� *KLUDUGHOOL� 	�0�� 6SHFFKL� �������
*OL� HSLVRGL�GL� �PDUH� VSRUFR�� QHOO¤$GULDWLFR� GDO� ����� DL
JLRUQL� QRVWUL�� 5HJLRQH� $XWRQRPD� )ULXOL�9HQH]LD� *LXOLD�
'LUH]LRQH�5HJLRQDOH�$PELHQWH��7ULHVWH��9RO�����������S�
)RQGD�8PDQL�� 6��� 3�� )UDQFR�� (��*KLUDUGHOOL�	�$��0DOHM
�������� 2XWOLQH� RI� RFHDQRJUDSK\� DQG� WKH� SODQNWRQ� RI
WKH�$GULDWLF�6HD�� ,Q��&RORPER��*��� ,��)HUUDUL��9��8��&HF�
FKHUHOOL� 	� 5�� 5RVVL� �HGV���� 0DULQH� (XWURSKLFDWLRQ� DQG
3RSXODWLRQ� '\QDPLFV�� 3URFHHGLQJV� RI� WKH� ��WK� (0%6�
2OVHQ�	�2OVHQ��)UHGHQVERUJ��SS����������
)RQGD�8PDQL�� 6��� $�� %HUDQ�� 6�� 3DUODWR�� '�� 9LUJLOLR�� 7�
=ROOHW�� $�� 'H� 2OD]DEDO�� %�� /D]]DULQL� 	� 0�� &DEULQL
��������1RFWLOXFD�VFLQWLOODQV�0$&$571(<�LQ�WKH�1RUWK�
HUQ�$GULDWLF�6HD��ORQJ�WHUP�G\QDPLFV��UHODWLRQVKLSV�ZLWK
WHPSHUDWXUH� DQG� HXWURSKLFDWLRQ�� DQG� UROH� LQ� WKH� IRRG
ZHE��-��3ODQNWRQ�5HV���������������
)RQGD�8PDQL��6���/��0LODQL��'��%RUPH��$��'H�2OD]DEDO�
6�� 3DUODWR�� 5�� 3UHFDOL�� 5�� .UDXV�� '�� /XÞLÜ�� -�� 1MLUH�� &�
7RWWL�� 7�� 5RPDJQROL��0�� 3RPSHL� 	�0�� &DQJLQL� �������
,QWHU�DQQXDO� YDULDWLRQV� RI� SODQNWRQLF� IRRG� ZHEV� LQ� WKH
QRUWKHUQ�$GULDWLF�6HD��6FL��7RWDO�(QYLURQ����������������
)UDQFm�� -��	�3��0R]HWLÞ� �����D��� (FRORJLFDO� FKDUDFWHUL�
]DWLRQ�RI� WR[LF�SK\WRSODQNWRQ�VSHFLHV� �'LQRSK\VLV� VSS��
'LQRSK\FHDH�� LQ� 6ORYHQLDQ� PDULFXOWXUH� DUHDV� �*XOI� RI
7ULHVWH�� $GULDWLF� 6HD�� DQG� WKH� LPSOLFDWLRQV� IRU�PRQLWRU�
LQJ��0DU��3ROOXW��%XOO�����������������
)UDQFm�� -�� 	� 3�� 0R]HWLÞ� �����E��� 'LYHUVLW\� DQG� VRPH
HFRORJLFDO�DVSHFWV�RI�DUPRUHG�GLQRIODJHOODWHV�LQ�WKH�*XOI
RI�7ULHVWH��WKH�$GULDWLF�6HD��3HULRG��%LRO����������������
)XNV��'���-��5DGLÜ��7��5DGLÜ��0��1DMGHN��0��%ODÉLQD��'�
'HJREELV�	�1��6PRGODND���������5HODWLRQVKLSV�EHWZHHQ
KHWHURWURSKLF�EDFWHULD�DQG�F\DQREDFWHULD�LQ�WKH�QRUWKHUQ
$GULDWLF� LQ� UHODWLRQ� WR� WKH� PXFLODJH� SKHQRPHQRQ�� 6FL�
7RWDO�(QYLURQ����������������
)XQDUL�� (��� )�� $]DP�� 6�� )RQGD� 8PDQL� 	� 5�� 3DJQRWWD
��������6WDWH�RI�WKH�DUW�DQG�QHZ�VFLHQWLILF�K\SRWKHVHV�RQ
WKH�SKHQRPHQRQ�RI�PXFLODJHV�LQ�WKH�$GULDWLF�6HD��$QQ�
,VW��6XSHU��6DQLWj����������������
+DUGLQJ�� /��:��	�'��'HJREELV� �������3URGXFWLRQ� DQG
IDWH� RI� SK\WRSODQNWRQ�� DQQXDO� F\FOHV� DQG� LQWHUDQQXDO
YDULDELOLW\�� ,Q��0DORQH��7��&���$��0DOHM�� /��:��+DUGLQJ�
1�� 6PRGODND� 	� 5�� (�� 7XUQHU� �HGV���� (FRV\VWHPV� DW� WKH
ODQG�VHD�PDUJLQ�� GUDLQDJH� EDVLQ� WR� FRDVWDO� VHD��&RDVWDO
DQG� HVWXDULQH� VWXGLHV�� 1R� ���� $*8�� :DVKLQJWRQ�� SS�
��������
+HUQGO�� *�� -�� 	� 3�� 3HGX]]L� �������� 7KH� HFRORJ\� RI
DPRUSKRXV�DJJUHJDWLRQV� �PDULQH� VQRZ�� LQ� WKH�1RUWKHUQ
$GULDWLF�6HD�� ,��*HQHUDO�FRQVLGHUDWLRQV��3�6�=�1�� ,��0DU�
(FRO������������
+HUQGO�� *�� -��� -�� )DJDQHOL�� 1�� )DQXNR� .RYDÞLÜ�� 3�� 3H�
GX]]L�	�9��7XUN���������5ROH�RI�EDFWHULD� LQ� WKH�FDUERQ
DQG�QLWURJHQ�IORZ�EHWZHHQ�ZDWHU�FROXPQ�DQG�VHGLPHQW
LQ�D�VKDOORZ�PDULQH�ED\��%D\�RI�3LUDQ��1RUWKHUQ�$GULDWLF
6HD���3�6�=�1��,��0DU��(FRO��������������
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+RQVHO�� *��� '�� /DXVL� '� 	� 0�� &DEULQL� �������� ,QGL�
YLGXD]LRQL� GL� FRPXQLWD� ILWRSODQFWRQLFKH� QHO� PDUH
$GULDWLFR� H� ORUR� FRUUHDOD]LRQL� FRQ� SDUDPHWUL� ELRWLFL� HG
DPELHQWDOL�PHGLDQWH�DQDOLVL�PXOWLYDULDWH��%ROO��2FHDQRO�
7HRU��$SSOLF���16���������
+RQVHOO��*��� /��%RQL��0��&DEULQL�	�0��3RPSHL� �������
7R[LF�RU�SRWHQWLDOO\�WR[LF�GLQRIODJHOODWHV�IURP�WKH�1RUWK�
HUQ�$GULDWLF�� ,Q��9ROOHQZHLGHU��5��$���5��0DUFKHWWL�	�5�
9LYLDQL� �HGV���� 0DULQH� &RDVWDO� (XWURSKLFDWLRQ�� (OVHYLHU�
$PVWHUGDP��SS����������
+RQVHOO��*���5��3ROHWWL��0��3RPSHL��/��6LGDUL��$��0LODQ�
GUL�� &�� &DVDGHL� 	� 5�� 9LYLDQL� �������� $OH[DQGULXP� PL�
QXWXP� +DOLP� DQG� 363� FRQWDPLQDWLRQ� LQ� WKH� 1RUWKHUQ
$GULDWLF� 6HD� �0HGLWHUUDQHDQ�6HD��� ,Q�� <DVVXPRWR�� 7��� <�
2VKLPD� 	� <�� )XNX\R� �HGV���� +DUPIXO� DQG� WR[LF� DOJDO
EORRPV��,2&�81(6&2��3DULV��SS��������
.RYDÞ��1��	�-��)DJDQHOL� ��������1DWXUH�DQG�VHGLPHQWD�
WLRQ� RI� VXVSHQGHG� SDUWLFXODWH� PDWWHU� GXULQJ� GHQVLW\
VWUDWLILFDWLRQ� LQ� VKDOORZ� FRDVWDO� ZDWHUV� �*XOI� RI� 7ULHVWH�
QRUWKHUQ�$GULDWLF���0DU��(FRO��3URJ��6HU���������������
.RYDÞ��1��� -��)DJDQHOL��%��ÆNHW�	�2��%DMW� ��������&KDU�
DFWHUL]DWLRQ� RI� PDFURDJJUHJDWHV� DQG� SKRWRGHJUDGDWLRQ
RI�WKHLU�ZDWHU�VROXEOH�IUDFWLRQ��2UJ��*HRFKHP�����������
����������
.RYDÞ��1���2��%DMW��-��)DJDQHOL��%��ÆNHW�	�%��2UHO��������
6WXG\� RI� PDFURDJJUHJDWH� FRPSRVLWLRQ� XVLQJ� )7�,5� DQG
�VXSS�+�105�VSHFWURVFRS\��0DU��&KHP���������������
.RYDÞ�� 1��� -�� )DJDQHOL�� 2�� %DMW� 	� 1�� 3HQQD� �������
&KHPLFDO�FRPSRVLWLRQ�RI�PDFURDJJUHJDWHV�LQ�WKH�QRUWK�
HUQ�$GULDWLF�6HD��2UJ��*HRFKHP�����������������
.RYDÞ��1���3��0R]HWLÞ�� -��7ULFKHW�	�&��'HIDUJH� �������
3K\WRSODQNWRQ� FRPSRVLWLRQ� DQG� RUJDQLF� PDWWHU� RUJDQL�
]DWLRQ�RI�PXFRXV�DJJUHJDWHV�E\�PHDQV�RI�OLJKW�DQG�FU\R�
VFDQQLQJ� HOHFWURQ� PLFURVFRS\�� 0DU�� %LRO��� ����� ����
����
.UÇLQLÜ��)����������&KDQJHV�LQ�PLFUR]RRSODQNWRQ�DVVHP�
EODJHV�LQ�WKH�QRUWKHUQ�$GULDWLF�6HD�GXULQJ������WR������
-��3ODQNWRQ�5HV���������������
/HQDUÞLÞ��0�� �������� 6OLND� IHNDOQHJD�RQHVQDÌHQMD�REDO�
QHJD�PRUMD� VORYHQVNH� ,VWUH� LQ� SRYH]DQRVW� LQGLNDWRUVNLK
VNXSLQ� EDNWHULM�� 0DJLVWUVNR� GHOR�� 8QYLHU]D� Y� /MXEOMDQL�
/MXEOMDQD�
/LSHM�� /�� �������� 7KH� WLQWLQQLG� IDXQD� �7LQWLQQLQD�� &KR�
UHRWULFKLGD�� &LOLRSKRUD�� LQ� 6ORYHQLDQ� FRDVWDO� ZDWHUV�
5D]SUDYH�,9��6$=8��;;;,,,�������������
/LSHM�� /��� 3��0R]HWLÞ�� 9�� 7XUN� 	� $��0DOHM� �������� 7KH
WURSKLF� UROH� RI� WKH�PDULQH� FODGRFHUDQ�3HQLOLD� DYLURVWULV
LQ�WKH�*XOI�RI�7ULHVWH��+\GURELRORJLD��������������
0DF.HQ]LH�� /��� ,�� 6LPV�� 9�� %HX]HQEHUJ� 	� 3�� *LOOHVSLH
��������0DVV� DFFXPXODWLRQ� RI� PXFLODJH� FDXVHG� E\� GL�
QRIODJHOODWH� SRO\VDFFKDULGH� H[XGDWHV� LQ� 7DVPDQ� %D\�
1HZ�=HDODQG��+DUPIXO�$OJDH�����������
0DODÞLÞ�� 9�� �������� 1XPHULFDO� PRGHOLQJ� RI� WKH� LQLWLDO
VSUHDG� RI� VHZDJH� IURP� GLIIXVHUV� LQ� WKH� %D\� RI� 3LUDQ
�QRUWKHUQ�$GULDWLF���(FRO��0RGHO����������������

0DODÞLÞ��9��	�$��9XNRYLÞ���������3UHOLPLQDU\�UHVXOWV�RI
WKH� VXEPDULQH� RXWIDOO� VXUYH\� QHDU� 3LUDQ� �QRUWKHUQ�$GUL�
DWLF�6HD���,Q��.UDMQF��$�� �HG����7UDFHU�K\GURORJ\�����SUR�
FHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ�:DWHU
7UDFLQJ��$��$��%DONHPD��5RWWHUGDP��SS����������
0DODÞLÞ�� 9�� 	� %�� 3HWHOLQ� �������� *XOI� RI� 7ULHVWH�� ,Q�
&XVKPDQ�5RLVLQ��%���0��*DáLß��3��0��3RXODLQ�	�$��$UWH�
JLDQL� �HGV����3K\VLFDO�RFHDQRJUDSK\�RI� WKH�$GULDWLF�6HD�
SDVW�� SUHVHQW� DQG� IXWXUH�� .OXZHU� $FDGHPLF� 3UHVV�� 'RU�
GUHFKW��SS����������
0DODÞLÞ�� 9��� %�� 3HWHOLQ�� $�� 9XNRYLÞ� 	� %�� 3RWRÞQLN
��������0XQLFLSDO�GLVFKDUJHV�DORQJ�WKH�6ORYHQLDQ�OLWWRUDO
�WKH�1RUWKHUQ�$GULDWLF� 6HD�� �� FRPPXQLW\� SODQQLQJ� DQG
WKH�HQYLURQPHQWDO�ORDG��3HULRG��%LRO������������������
0DODÞLÞ�� 9��� 0�� &HOLR�� %�� ÝHUPHOM�� $�� %XVVDQL� 	� &�
&RPLFL� �������� ,QWHUDQQXDO� HYROXWLRQ� RI� VHDVRQDO� WKHU�
PRFOLQH�SURSHUWLHV�LQ�WKH�*XOI�RI�7ULHVWH��QRUWKHUQ�$GUL�
DWLF�������������-�*HRSK\V��5HV�������������
0DOHM�� $�� �������� (IIHFWV� RI� 3LUDQ� XQGHUZDWHU� VHZDJH
RXWIDOO�XSRQ�VXUURXQGLQJ�FRDVWDO�HFRV\VWHP��1RUWK�$GUL�
DWLF���,Q��&,(60��&DJOLDUL�������2FWREHU��������-RXUQpHV
eWXG��3ROOXWLRQV�������������
0DOHM��$�� �������� 3UHOLPLQDU\� UHSRUW� RQ� WKH� HSK\UDH� RI
3HODJLD�QRFWLOXFD��)RUVNDO��IURP�WKH�%D\�RI�7ULHVWH��1RUWK
$GULDWLF��5DSS��3�9��5pXQ����&RPP��LQW��([SORU��6FL��0HU
0pGLW����������SS����������
0DOHM�� $�� �������� 2EVHUYDWLRQV� RQ� 1RFWLOXFD� PLOLDULV
6XULUD\�UHG�WLGH�LQ�WKH�*XOI�RI�7ULHVWH�GXULQJ�������7KDO�
DVVLD�-XJRVO���������������
0DOHM��$����������%HKDYLRXU�DQG� WURSKLF�HFRORJ\�RI� WKH
MHOO\ILVK�3HODJLD�QRFWLOXFD� �)RUVVNDO��������� -�� ([S��0DU�
%LRO��(FRO����������������
0DOHM��$����������*HODWLQRXV�DJJUHJDWHV� LQ� WKH�QRUWKHUQ
$GULDWLF�6HD��%XOO��,QVW��2FHDQRJU���������������
0DOHM�� $�� �������� $UH� LUUHJXODU� SODQNWRQ� SKHQRPHQD
JHWWLQJ�PRUH� IUHTXHQW� LQ� WKH� QRUWKHUQ�$GULDWLF� 6HD"� &,�
(60� ����� *HODWLQRXV� ]RRSODQNWRQ� RXWEUHDNV�� WKHRU\
DQG�SUDFWLFH��&,(60�:RUNVKRS�6HULHV��0RQDFR��1R����
SS������
0DOHM��$��	�$��9XNRYLÞ���������$JJUHJDWLRQV�RI�3HODJLD
QRFWLOXFD� �&QLGDULD�� 6F\SKR]RD�� DQG� WKHLU� HFRORJLFDO
FRQVHTXHQFHV�� 5DSS�� 3�9�� 5pXQ�� �� &RPP�� LQW�� ([SORU�
6FL��0HU�0pGLW���������
0DOHM��$��	�5��3��+DUULV� �������� ,QKLELWLRQ� RI� FRSHSRG
JUD]LQJ�E\�GLDWRP�H[XGDWHV��D�IDFWRU�LQ�WKH�GHYHORSPHQW
RI�PXFXV�DJJUHJDWHV"�0DU��(FRO��3URJ��6HU�������������
0DOHM��$��	�9��0DODÞLÞ���������)DFWRUV�DIIHFWLQJ�ERWWRP
OD\HU� R[\JHQ� GHSOHWLRQ� LQ� WKH� *XOI� RI� 7ULHVWH� �$GULDWLF
6HD���$QQDOHV��6HU��+LVW��1DW���������������
0DOHM��$���$��$YÞLQ��-��)DJDQHOL��1��)DQXNR�.RYDÞLÞ��0�
/HQDUÞLÞ��-��ÆWLUQ��%��9ULÇHU�	�$��9XNRYLÞ���������0RGL�
ILFDWLRQV�RI�DQ�H[SHULPHQWDOO\�SROOXWHG�HFRV\VWHP�LQ�WKH
/DJRRQ� RI� 6WUXQMDQ�� 1RUWK� $GULDWLF�� ,Q�� $QWDO\D�� �����
1RYHPEUH�������0RQDFR�� -RXUQpHV�eWXG��3ROOXWLRQV����
��������
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0DOHM��$���3��0R]HWLÞ��9��0DODÞLÞ��6��7HU]LÜ�	�0��$KHO
��������3K\WRSODQNWRQ�UHVSRQVHV�WR�IUHVKZDWHU�LQSXWV�LQ
D�VPDOO�VHPL�HQFORVHG�JXOI��*XOI�RI�7ULHVWH��$GULDWLF�6HD��
0DU��(FRO��3URJ��6HU����������������
0DOHM��$���3��0R]HWLÞ��9��0DODÞLÞ�	�9��7XUN���������5H�
VSRQVH� RI� VXPPHU� SK\WRSODQNWRQ� WR� HSLVRGLF� PHWHRUR�
ORJLFDO�HYHQWV� �*XOI�RI�7ULHVWH��$GULDWLF�6HD��� 3�6�=�1�� ,�
0DU��(FRO���������������
0DOHM�� $��� %�� 3HWHOLQ� 	� %�� ÝHUPHOM� �������� 4XDQWLILFD�
WLRQ� RI� PXFLODJH�DVVRFLDWHG� VXVSHQGHG� PDWWHU� LQ� WKH
*XOI� RI� 7ULHVWH� �$GULDWLF� 6HD��� $QQDOHV�� 6HU�� +LVW�� 1DW��
�������������
0DOHM��$���3��0R]HWLÞ��9��7XUN��6��7HU]LÜ��0��$KHO�	�*�
&DXZHW� �������� &KDQJHV� LQ� SDUWLFXODWH� DQG� GLVVROYHG
RUJDQLF�PDWWHU� LQ� QXWULHQW�HQULFKHG� HQFORVXUHV� IURP� DQ
DUHD�LQIOXHQFHG�E\�PXFLODJH�� WKH�QRUWKHUQ�$GULDWLF�6HD�
-��3ODQNWRQ�5HV���������������
0DORQH��7��&���$��0DOHM��/�:��+DUGLQJ��1��6PRGODND�	
5�� (�� 7XUQHU� �HGV��� �������� (FRV\VWHPV� DW� WKH� ODQG�VHD
PDUJLQ��GUDLQDJH�EDVLQ�WR�FRDVWDO�VHD��&RDVWDO�DQG�HVWXD�
ULQH�VWXGLHV��1R�����$*8��:DVKLQJWRQ������S�
0R]HWLÞ�� 3�� 	� -�� )UDQFm� �������� /RQJ�WHUP� FKDQJHV� LQ
SK\WRSODQNWRQ�FRPPXQLW\�VWUXFWXUH�IURP������WR������
$GULDWLF�6HD��5DSS��&RPP��LQW��0HU�0pGLW�������SS������
0R]HWLÞ��3���0��&DEULQ��6��ÝRN��5��&KLXUFR�	�$��%HUDQ
��������7HPSRUDO�GLVWULEXWLRQ�RI�$OH[DQGULXP�VSS��LQ�WKH
*XOI� RI� 7ULHVWH� �1RUWKHUQ� $GULDWLF��� $QQDOHV�� 6HU�� +LVW�
1DW�����������������
0R]HWLÞ�� 3��� 9�� 7XUN� 	� $�� 0DOHM� �����D��� 1XWULHQW�
HQULFKPHQW� HIIHFW� RQ� SODQNWRQ� FRPSRVLWLRQ�� $QQDOHV�
6HU��+LVW��1DW���������������
0R]HWLÞ�� 3��� 6�� )RQGD�8PDQL�� %�� &DWDOHWWR�	�$��0DOHM
�����E��� 6HDVRQDO� DQG� LQWHU�DQQXDO� SODQNWRQ� YDULDELOLW\
LQ� WKH� *XOI� RI� 7ULHVWH� �1RUWKHUQ� $GULDWLF��� ,&(6� -�� 0DU�
6FL���������������
0R]HWLÞ�� 3��� 9�� 0DODÞLÞ� 	� 9�� 7XUN� �������� (FRORJLFDO
FKDUDFWHULVWLFV�RI�VHDZDWHU�LQIOXHQFHG�E\�VHZDJH�RXWIDOO�
$QQDOHV��6HU��+LVW��1DW�����������������
0R]HWLÞ��3���-��)UDQFm��0��ÆLÇNR�	�2��%DMW� ��������6SD�
WLDO�DQG�WHPSRUDO�SDWWHUQV�RI�SK\WRSODQNWRQ�DVVHPEODJHV
LQ�D�VKDOORZ�FRDVWDO�VHD��*XOI�RI�7ULHVWH���,Q��:DVVPDQQ
3�� 	� %�� ÞRVRYLß� �HGV���� (XWURSKLFDWLRQ� LQ� WKH� FRDVWDO
]RQH� RI� WKH� HDVWHUQ� $GULDWLF� 6HD�� VRXWK�HDVWHUQ� (XURSH
SURJUDPPH�V\PSRVLXP��+YDU��&URDWLD��$SULO����0D\���
������ 1RUZHJLDQ� 5HVHDUFK� &RXQFLO�� 6RXWK�HDVWHUQ
(XURSH�SURJUDPPH�V\PSRVLXP�������
2GLÜ�� '��� 9�� 7XUN� 	� '�� 6WRSDU� �������� (QYLURQPHQWDO
VWUHVV� GHWHUPLQHV� WKH� TXDOLW\� RI� EDFWHULDO� O\VDWH� DQG� LWV
XWLOL]DWLRQ�HIILFLHQF\�LQ�D�VLPSOH�PLFURELDO�ORRS��0LFURE�
(FRO���������������
2OLYRWWL�� 5��� -�� )DJDQHOL�	�$��0DOHM� �����D��� ,PSDFW� RI
RUJDQLF� SROOXWDQWV� RQ� FRDVWDO� ZDWHUV�� *XOI� RI� 7ULHVWH�
:DWHU�6FL��7HFKQRO�������������
2OLYRWWL��5��-��)DJDQHOL�	�$��0DOHM������E���(XWURSKLFD�
WLRQ�RI�FRDVWDO�ZDWHUV��*XOI�RI�7ULHVWH��:DWHU�6FL��7HFK�
QRO���������������

3DJQRWWD��5���$��%DULÜ�	�9��7XUN���������(QYLURQPHQWDO
SUREOHPV� LQ� FRDVWDO� ]RQHV�� ,Q��&ULVFLDQL�� )���'��'HJRE�
ELV��9��0DODáLá��5��3DJQRWWD�	�5��3XULQL��HGV����3URFHHG�
LQJV�RI� WKH� ,QWHUQDWLRQDO�ZRUNVKRS�RQ� WKH� �&RRUGLQDWHG
$GULDWLF�2EVHUYLQJ�6\VWHP��&$26��7ULHVWH�� ,WDO\�������
2FWREHU��������&$26��7ULHVWH��������SS��������
3UHFDOL��5���0��*LDQL��0��0DULQL��)��*ULOOL��&��5��)HUUDUL�
2��3HÞDU�	�(��3DVFKLQL���������0XFLODJLQRXV�DJJUHJDWHV
LQ� WKH�1RUWKHUQ�$GULDWLF� LQ� WKH� SHULRG� ����������� 7\�
SRORJ\�DQG�GLVWULEXWLRQ��6FL��7RWDO�(QYLURQ��������������
3XUFHOO�� -�� (��� $��0DOHM� 	� $�� %HQRYLÜ� �������� 3RWHQWLDO
OLQNV� RI� MHOO\ILVK� WR� HXWURSKLFDWLRQ� DQG� ILVKHULHV�� ,Q�
0DORQH��7��&���$��0DOHM��/��:��+DUGLQJ��1��6PRGODND�	
5�(�� 7XUQHU� �HGV���� (FRV\VWHPV� DW� WKH� ODQG�VHD� PDUJLQ�
GUDLQDJH� EDVLQ� WR� FRDVWDO� VHD�� &RDVWDO� DQG� HVWXDULQH
VWXGLHV��1R�����$*8��:DVKLQJWRQ��SS����������
5LQDOGL�� $��� 5�� $�� 9ROOHQZHLGHU�� *�� 0RQWDQDUL�� &�� 5�
)HUUDUL�	�$��*KHWWL���������0XFLODJHV�LQ�,WDOLDQ�VHDV��WKH
$GULDWLF� DQG� 7\UUKHQLDQ� VHDV� GXULQJ� ����������� 6FL�
7RWDO�(QYLURQ����������������
6HGPDN��%��	�1�� )DQXNR� ��������2FFXUUHQFH� RI�'LQR�
SK\VLV�VSS��DQG�WR[LF�VKHOOILVK�LQ�WKH�1RUWKHUQ�$GULDWLF��-�
$SSO��3K\FRO��������������
6HGPDN��%���5��2EDO�	�3��0R]HWLÞ� ��������1DG]RU�QDG
ELRWRNVLQL�SULVSHYD�N�YDUQL�KUDQL�L]�PRUMD��9HW��1RY������
��������
6HOOQHU��.�*��	� 6�� )RQGD�8PDQL� ��������'LQRIODJHOODWH
EORRPV�DQG�PXFLODJH�SURGXFWLRQ�� ,Q��0DORQH��7��&���$�
0DOHM��/��:��+DUGLQJ��1��6PRGODND�	�5�(��7XUQHU��HGV���
(FRV\VWHPV� DW� WKH� ODQG�VHD� PDUJLQ�� GUDLQDJH� EDVLQ� WR
FRDVWDO�VHD��&RDVWDO�DQG�HVWXDULQH�VWXGLHV��1R�����$*8�
:DVKLQJWRQ��SS����������
6WDFKRZLWVFK��0�� ��������0DVV�PRUWDOLW\� LQ� WKH�*XOI�RI
7ULHVWH��WKH�FRXUVH�RI�FRPPXQLW\�GHVWUXFWLRQ��3�6�=�1��,�
0DU��(FRO��������������
6WDFKRZLWVFK��0�� ��������$QR[LD� LQ� WKH� QRUWKHUQ� $GUL�
DWLF�6HD��UDSLG�GHDWK��VORZ�UHFRYHU\�� ,Q��7\VRQ��5��9��	
7�� +�� 3HDUVRQ� �HGV���� 0RGHUQ� DQG� DQFLHQW� FRQWLQHQWDO
VKHOI�DQR[LD��*HRORJLFDO�6RFLHW\�6SHFLDO�3XEOLFDWLRQ��1R
����SS����������
6WDFKRZLWVFK�� 0�� �������� %HQWKLF� FRPPXQLWLHV�� HXWUR�
SKLFDWLRQ
V��PHPRU\�PRGH��� ,Q��9ROOHQZHLGHU��5��$���5�
0DUFKHWWL�	�5�� 9LYLDQL� �HGV����0DULQH�&RDVWDO� (XWURSKL�
FDWLRQ��(OVHYLHU��$PVWHUGDP��SS������������
6WDFKRZLWVFK��0��	�$��)XFKV���������/RQJ�WHUP�FKDQJHV
LQ� WKH� EHQWKRV� RI� WKH� 1RUWKHUQ� $GULDWLF�� $QQDOHV�� 6HU�
+LVW��1DW��������������
6WDFKRZLWVFK��0���1��)DQXNR�	�0��5LFKWHU���������0X�
FXV�DJJUHJDWHV�LQ�WKH�$GULDWLF�6HD��DQ�2YHUYLHZ�RI�VWDJHV
DQG�RFFXUUHQFHV��3�6�=�1��,��0DU��(FRO������������������
6WRSDU��'���$��ÝHUQH��0��ÈLJPDQ��0��3ROMÇDN�3ULMDWHOM�	
9��7XUN���������9LUDO�DEXQGDQFH�DQG�D�KLJK�SURSRUWLRQ
RI� O\VRJHQV� VXJJHVW� WKDW� YLUXVHV� DUH� LPSRUWDQW�PHPEHUV
RI� WKH�PLFURELDO� FRPPXQLW\� LQ� WKH� JXOI� RI� 7ULHVWH�� 0L�
FURE��(FRO�����������
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6\UVNL�� '�� �������� 6XOOH� PDVVH� JOXWLQRVH� RVVHUYDWH� QHL
PHVL�GL�*LXJQR�H�/XJOLR������QHOOD�SDUWH�VHWWHQWULRQDOH
GHOO¤$GULDWLFR��7LS��+HUPDQVWRIHU��7ULHVWH�������
ÆWLUQ��-����������7KH�FRQVHTXHQFHV�RI� WKH� LQFUHDVHG�VHD
ELRSURGXFWLRQ� FDXVHG� E\� RUJDQLF� SROOXWLRQ� DQG� SRVVL�
ELOLWLHV� IRU� WKH�SURWHFWLRQ��5HY�� ,QWHUQ��2FHDQRJU��0HG��
������������
ÆWLUQ�� -�� �����D��� (FRORJLFDO� FRQVHTXHQFHV� RI� PDULQH
SROOXWLRQ��5HY��,QWHUQ��2FHDQRJU��0HG�������������
ÆWLUQ�� -�� �����E���0RGLILFDWLRQV� RI� VRPH�0HGLWHUUDQHDQ
FRPPXQLWLHV�GXH�WR�PDULQH�SROOXWLRQ��7KDODVVLD� -XJRVO��
�����������
ÆWLUQ�� -�� ��������0DQ�PDGH�HXWURSKLFDWLRQ� LQ� WKH�0HGL�
WHUUDQHDQ�6HD��0HGLW����������
ÆWLUQ��-���$��$YÞLQ��-��&HQFHOM��0��'RUHU��6��*RPLÇÞHN��6�
.YHGHU� 	� $�� 0DOHM� �������� 3ROOXWLRQ� SUREOHPV� RI� WKH
$GULDWLF� 6HD� DQ� LQWHUGLVFLSOLQDU\� DSSURDFK�� 5HY�� ,QWHUQ�
2FHDQRJU��0HG����������������
7XUN�� 9�� �������� 3RUD]GHOLWHY� IHNDOQLK� NROLIRUPRY� Y
REDOQHP�PRUMX�Y]KRGQHJD�GHOD�7UÌDÊNHJD�]DOLYD��=GUDY�
9HVWQ����������������
7XUN�� 9�� ��������7KH�PLFURELDO� IRRG�ZHE�� 7LPH� VFDOHV
DQG�QXWULHQW�G\QDPLFV�LQ�WKH�*XOI�RI�7ULHVWH��3K��'��7KH�
VLV��8QLYHUVLW\�RI�8PH½��6ZHGHQ�
7XUN��9��	�-��)DJDQHOL���������2QHVQDÌHQRVW�UHNH�5LÌDQH
LQ� QRWUDQMRVWL� .RSUVNHJD� ]DOLYD�� 3RPRUVND�PHGLFLQD�9�
QDXáQH�UDVSUDYH��������������
7XUN��9��	�£��+DJVWUxP���������6HDVRQDO�GLVWULEXWLRQ�RI
QDQRIODJHOODWHV� DQG� EDFWHULYRU\� LQ� WKH� *XOI� RI� 7ULHVWH
�1RUWKHUQ�$GULDWLF���3HULRG��%LRO���������������
7XUN��9��	�%��3RWRÞQLN� ��������3ROOXWLRQ�KRW� VSRWV� DQG
VHQVLWLYH�DUHDV�DORQJ� WKH�6ORYHQLDQ�FRDVW��$QQDOHV��6HU�
+LVW��1DW������������������
7XUN�� 9��� -�� )DJDQHOL�	�$��0DOHM� ��������$� ORRN� DW� WKH
SROOXWLRQ�SUREOHPV�LQ�WKH�%D\�RI�.RSHU� �1RUWK�$GULDWLF�
LQ� UHODWLRQ� WR� WKH� SURYLVLRQDO� VHZDJH� RXWIDOO�� ,Q��:RUN�
VKRS�RQ�3ROOXWLRQ�RI� WKH�0HGLWHUUDQHDQ��&DQQHV�������
-RXUQpHV�eWXG��3ROOXWLRQV�������������
7XUN��9���/��/LSHM�	�$��0DOHM��������+HWHURWURSKLF�SODQN�
WRQ�G\QDPLFV�LQ�WKH�VWUDWLILHG�ZDWHU�FROXPQ�LQ�WKH�*XOI�RI
7ULHVWH��5DSS��&RPP��LQW��0HU�0pGLW�������SS������
7XUN��9��� $�� 6�� 5HKQVWDP�� (�� /XQGEHUJ�	�£��+DJVWUxP
�������� 5HOHDVH� RI� EDFWHULDO� '1$� E\�PDULQH� QDQRIODJ�
HOODWHV��DQ�LQWHUPHGLDWH�VWHS�LQ�SKRVSKRUXV�UHJHQHUDWLRQ�
$SSO��(QYLURQ��0LFURELRO�����������������
7XUN�� 9��� $��0DOHM�� 2�� %DMW�� 1�� .RYDÞ�� 3�� 0R]HWLÞ�� $�
5DPÇDN��0��+RUYDW��5��0LODÞLÞ�	�-��ÈXSDQ���������1D�
WLRQDO� PRQLWRULQJ� SURJUDPPH� RI� 6ORYHQLD�� SURJUDPPH
IRU�WKH�DVVHVVPHQW�DQG�FRQWURO�RI�SROOXWLRQ�LQ�WKH�0HGL�
WHUUDQHDQ�UHJLRQ��0('�32/���3+$6(�,,,����5HSRUW������
5HSRUWV�0%6��1R����1DWLRQDO�,QVWLWXWH�RI�%LRORJ\��0DULQH
%LRORJ\�6WDWLRQ��3LUDQ������S�
7XUN��9���3��0R]HWLÞ�	�$��0DOHM������D���6HDVRQDO�YDUL�
DELOLW\� LQ� SK\WRSODQNWRQ� DQG� EDFWHULRSODQNWRQ� GLVWULEX�
WLRQ�LQ�WKH�VHPL�HQFORVHG�WHPSHUDWH�JXOI��*XOI�RI�7ULHVWH�
$GULDWLF�6HD���$QQDOHV��6HU��+LVW��1DW����������������

7XUN�� 9��� $��0DOHM�� 2�� %DMW�� 1�� .RYDÞ�� 3�� 0R]HWLÞ�� $�
5DPÇDN��0��+RUYDW��5��0LODÞLÞ��-��ÆÞDQÞDU�	�'��%RÇQMDN
�����E��� 1DWLRQDO� PRQLWRULQJ� SURJUDPPH� RI� 6ORYHQLD�
SURJUDPPH� IRU� WKH� DVVHVVPHQW� DQG� FRQWURO� RI� SROOXWLRQ
LQ� WKH�0HGLWHUUDQHDQ� UHJLRQ� �0('� 32/� �� 3+$6(� ,,,�� �
5HSRUW�������5HSRUWV�0%6��1R�����1DWLRQDO� ,QVWLWXWH�RI
%LRORJ\��0DULQH�%LRORJ\�6WDWLRQ��3LUDQ�����S�
7XUN��9���%��ÝHUPHOM��%��3HWHOLQ��$��0DOHM�	�9��0DODÞLÞ
�������� 3RURáLOR� R� VWDQMX� RNROMD� ���������� �� 0RUMH�
SURMHNWQD� QDORJD�� 3RURáLOD� 0%3�� ÊW�� ���� 1DFLRQDOQL
LQÊWLWXW�]D�ELRORJLMR��0RUVND�ELRORÊND�SRVWDMD��3LUDQ�� �LQ
6ORYHQLDQ�
7XUN��9���$��0DOHM�� -��)UDQFm��1��.RYDÞ��3��0R]HWLÞ��$�
5DPÇDN��0��+RUYDW��5��0LODÞLÞ��-��ÆÞDQÞDU�	�'��%RÇQMDN
�������� 1DWLRQDO� PRQLWRULQJ� SURJUDPPH� RI� 6ORYHQLD�
SURJUDPPH� IRU� WKH� DVVHVVPHQW� DQG� FRQWURO� RI� SROOXWLRQ
LQ� WKH�0HGLWHUUDQHDQ� UHJLRQ� �0('� 32/� �� 3+$6(� ,,,�� �
5HSRUW�������5HSRUWV�0%6��1R�����1DWLRQDO� ,QVWLWXWH�RI
%LRORJ\��0DULQH�%LRORJ\�6WDWLRQ��3LUDQ�����S�
7XUN�� 9��� $�� 0DOHM�� 2�� %DMW�� -�� )UDQFm�� 1�� .RYDÞ�� 3�
0R]HWLÞ��$��5DPÇDN��0��+RUYDW��5��0LODÞLÞ�� -��ÆÞDQÞDU
	�'�� %RÇQMDN� �������� 1DWLRQDO� PRQLWRULQJ� SURJUDPPH
RI� 6ORYHQLD��SURJUDPPH� IRU� WKH�DVVHVVPHQW� DQG�FRQWURO
RI� SROOXWLRQ� LQ� WKH� 0HGLWHUUDQHDQ� UHJLRQ� �0('� 32/� �
3+$6(�,,,����5HSRUW�������5HSRUWV�0%6��1R�����1DWLRQDO
,QVWLWXWH�RI�%LRORJ\��0DULQH�%LRORJ\�6WDWLRQ��3LUDQ�����S�
7XUN��9���9��)ODQGHU�3XWUOH�	�$��0DOHM������D���7KH�PL�
FURSODQNWRQ� VWUXFWXUH� EHIRUH� DSSHDUDQFH� RI� PXFXV� DJ�
JUHJDWHV�� $6/2� ����� 6XPPHU� 0HHWLQJ�� D� SLOJULPDJH
WKURXJK� JOREDO� DTXDWLF� VFLHQFHV�� &RQIHUHQFH� DEVWUDFWV�
6DQWLDJR�GH�&RPSRVWHOD�� 6SDLQ�� -XQH�������� ������ SS�
����
7XUN��9���$��0DOHM��2��%DMW��3��0R]HWLÞ��$��5DPÇDN��0�
+RUYDW�� 5�� 0LODÞLÞ�� -�� ÆÞDQÞDU� 	� '�� %RÇQMDN� �����E��
1DWLRQDO� PRQLWRULQJ� SURJUDPPH� RI� 6ORYHQLD�� SUR�
JUDPPH� IRU� WKH� DVVHVVPHQW� DQG� FRQWURO� RI� SROOXWLRQ� LQ
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SRUW�������5HSRUWV�0%6��1R�����1DWLRQDO�,QVWLWXWH�RI�%L�
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