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%HVLGHV�NQRZQ�HQWUDQFHV�LQWR�WKH�3RVWRMQD�FDYH�V\VWHP�WKHUH�DUH�DOVR�RWKHU�� OHVV�NQRZQ�DFFHVVHV� IURP�WKH�VXU�
IDFH��6RPH�DUH� MXVW�ZLGHQHG� ILVVXUHV�QRW�ELJ�HQRXJK� IRU�D�PDQ� WR�SDVV�� IXQFWLRQLQJ�DV�EUHDWKLQJ�KROHV��RWKHUV� DUH
VPDOOHU�HQWUDQFHV�WKDW�ZHUH�LQ�XVH�����RU�PRUH�\HDUV�DJR�DQG�DUH�QR�ORQJHU�DFFHVVLEOH��:LWK�WKH�XVH�RI�VXUIDFH�WRSR�
JUDSKLF�PDSV����������DQG�FDYH�PDSV����������WKH�WKLFNQHVV�RI�WKH�FDYH�URRI�RQ�VHOHFWHG�SODFHV�LQ�WKH�3RVWRMQD�FDYH
V\VWHP�ZDV�FDOFXODWHG��6L[�LQWHUHVWLQJ�SODFHV�ZLWK�JUHDW�SRWHQWLDOV�IRU�FDYH�FRQWLQXDWLRQ�ZHUH�GHWHUPLQHG��0DWHYÊHY
5RY�� FKLPQH\� VRXWK� RI� .RQFHUWQD� 'YRUDQD�� VLGH� SDVVDJH� LQ� /HSH� -DPH�� 5XJORYLFD�� 3XKDOQLN� 3UL� 3LYNL� -DPL� DQG
EUHDWKLQJ�KROHV�LQ�9RGQL�'RO�DQG�.R]MD� -DPD�FROODSVH�GROLQHV���9HOLND� -HUÈDQRYD�GROLQH� LV� UHJDUGLQJ� WKH� UHVXOWV�RI
PDQXDO�GULOOLQJ�RI�WKH�VHGLPHQWV�DW�LWV�ERWWRP�QRW�RQO\�D�IRUPHU�FROODSVH�GROLQH�EXW�D�URRIOHVV�FDYH�DV�ZHOO�

.H\�ZRUGV��3RVWRMQD�NDUVW��FDYH�HQWUDQFHV��KLVWRU\�RI�H[SORUDWLRQV��3RVWRMQD�FDYH�V\VWHP��6ORYHQLD
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,O� VLVWHPD� GHOOH� JURWWH� GL� 3RVWXPLD� YDQWD�� ROWUH� FKH� L� EHQ� QRWL� LQJUHVVL� SULQFLSDOL�� DQFKH� DOWUL� PLQRUL� H� PHQR
FRQRVFLXWL��DFFHVVLELOL�GDOOD�VXSHUILFLH��$OFXQL�DFFHVVL�VRQR�IHVVXUH�DOODUJDWH��QRQ�DEEDVWDQ]D�ODUJKH�SHU�LO�SDVVDJJLR
GHOO¢XRPR��PD�FKH�IXQ]LRQDQR�TXDOL�IRUL�SHU�LO�SDVVDJJLR�GHOO¢DULD��$OWUH�HQWUDWH�PLQRUL�FKH�RUD�QRQ�VRQR�SL|�DFFHV�
VLELOL��YHQLYDQR�XVDWH�SL|�GL�����DQQL�RU�VRQR��&RQ�O¢XVR�GL�PDSSH�WRSRJUDILFKH�VXSHUILFLDOL����������H�PDSSH�GHOOH
JURWWH���������o�VWDWR�FDOFRODWR�OR�VSHVVRUH�GHO�WHWWR�LQ�GHWHUPLQDWH�DUHH�GHO�VLVWHPD�GHOOH�JURWWH�GL�3RVWXPLD��6HL�DUHH
LQWHUHVVDQWL��FRQ�JUDQGL�SRWHQ]LDOL�SHU�OD�FRQWLQXD]LRQH�GHOOH�JURWWH��VRQR�VWDWH�ORFDOL]]DWH��OD�*DOOHULD�GL�0DWHYÊ��LO
FDPLQR�D�VXG�GHOOD�6DOD�GHL�&RQFHUWL��OD�JDOOHULD�VHFRQGDULD�QHOOH�*URWWH�%HOOH��5XJORYLFD��3XKDOQLN�YLFLQR�DOOD�*URWWD
GL�3LYND�H� L� IRUL�SHU� LO�SDVVDJJLR�GHOO¢DULD�QHOOH�GROLQH�FROODVVDWH�GL�9RGQL�'RO�H�.R]MD� -DPD��� ,Q� VHJXLWR�D� ULVXOWDWL
VHGLPHQWRORJLFL�GL�WULYHOOD]LRQL�PDQXDOL��OD�9HOLND�-HUÈDQRYD�GROLQD�o�FRQVLGHUDWD�QRQ�VROR�TXDOH�DQWLFD�GROLQD�FRO�
ODVVDWD�PD�DQFKH�FRPH�JURWWD�VHQ]D�WHWWR�

3DUROH�FKLDYH��FDUVR�GL�3RVWXPLD��HQWUDWH�GHOOH�JURWWH��VWRULD�GHOOH�HVSORUD]LRQL��VLVWHPD�GHOOH�JURWWH�GL�3RVWXPLD�
6ORYHQLD
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(YHQ�LI�FDYHUV�DUH�ZRUNLQJ�KDUG�WR�H[WHQG�PDQ\�6OR�
YHQH�FDYHV��WKH�3RVWRMQD�FDYH�V\VWHP�VWLOO�UHSUHVHQWV�WKH
ORQJHVW�NQRZQ�FDYH�V\VWHP���������P��LQ�6ORYHQLD��7KH
FDYH�V\VWHP�KDV�VHYHUDO�NQRZQ�HQWUDQFHV�
�� SRQRU�HQWUDQFH�RI�WKH�3LYND�5LYHU������P���)LJ����
�� HQWUDQFHV� IURP�WKH�DUWLILFLDO�SODWIRUP� �������P�� �)LJ�

��
�� HQWUDQFH�WR�WKH�2WRÊND�-DPD��������P���)LJ����
�� 0DJGDOHQD�VKDIW�HQWUDQFH������P���)LJ����
�� àUQD�-DPD�HQWUDQFH������P���)LJ����
�� 3LYND�-DPD�HQWUDQFH������P���)LJ����

*RVSRGDULá� �������GHILQHG� WKH�HQWUDQFHV� WR�2WRÊND�
0DJGDOHQD��àUQD�DQG�3LYND�-DPD�DV�VHFRQGDU\�FROODSVH
GROLQHV�

%HVLGHV� NQRZQ� HQWUDQFHV� WKHUH� DUH� DOVR� RWKHU�� OHVV
NQRZQ�DFFHVVHV�IURP�WKH�VXUIDFH��6RPH�DUH�MXVW�ZLGHQHG
ILVVXUHV�QRW�ELJ�HQRXJK�IRU�D�PDQ�WR�SDVV��IXQFWLRQLQJ�DV
EUHDWKLQJ�KROHV��RWKHUV�DUH�VPDOO�HQWUDQFHV� WKDW�ZHUH� LQ
XVH�����RU�PRUH�\HDUV�DJR�DQG�DUH�QR�ORQJHU�DFFHVVLEOH
�H�J���0DWHYÌHY�5RY���7KHUH�DUH�DOVR�VRPH�ROG�HQWUDQFHV
WKDW�DUH�FRPSOHWHO\�ILOOHG�ZLWK�VHGLPHQWV��DV�WKH�RQH�HDVW
RI� %LRVSHOHRORÊND� 3RVWDMD� �%DYGHN�� ������� DQG� FDVHV
ZKHUH� WKH� NDUVWRORJLFDO� SURFHVVHV� RQ� WKH� VXUIDFH� GUDZ
WKH�GROLQHV�RU�FROODSVH�GROLQHV�QHDU�WKH�XQGHUO\LQJ�FDYH
SDVVDJHV��DV�LQ�WKH�FDVH�RI�3LVDQL�5RY�

,Q�3RVWRMQD�NDUVW�DUHD�WKHUH�DUH�DOVR�VRPH�KRUL]RQWDO
FDYHV� DQG� VKDIWV� WKDW� GR� QRW� KDYH� WKH� FRQQHFWLRQ�ZLWK

WKH� 3RVWRMQD� FDYH� V\VWHP�� EXW� DW� OHDVW� VRPH� RI� WKHP
SUREDEO\�EHORQJ�WR�WKH�ROGHU�VWDJHV�RI�WKH�VSHOHRJHQHVLV�
PHDQLQJ� WKDW� LQ� WKH�SDVW� WKH\�ZHUH�FRQQHFWHG�ZLWK�DF�
WLYH�SDVVDJHV�RI� WKH�3RVWRMQD�FDYH�V\VWHP��=JXED� -DPD�
-DPD�.ROLÊHYND��-DPD�1D�3RWL��ÉHEHOD������D���

7KH� DUHD� EHWZHHQ� WKH� 3RVWRMQD� DQG� 3ODQLQD� FDYH
V\VWHP�ZDV�DOZD\V�RI�D�ELJ�LQWHUHVW�GXH�WR�WKH�XQNQRZQ
XQGHUJURXQG�FRQQHFWLRQ�EHWZHHQ�ERWK�FDYHV��7KHUH�DUH
VWLOO�DW�OHDVW�������P�RI�XQNQRZQ�SDVVDJHV��7KH�GLYHV�LQ
�����DQG������SHUIRUPHG�E\�9UKRYHF�PDGH�D�ELJ�VWHS
LQ� XQGHUVWDQGLQJ� WKH� XQGHUJURXQG� 3LYND� IORZ� WRZDUGV
WKH�3ODQLQD�FDYH�V\VWHP�

0(7+2'2/2*<

*HRGHWLF� PDS� �*DOOLQR�� ��������� RI� FDYH� SDVVDJHV
WRJHWKHU�ZLWK� GLJLWDO� PRGHO� UHOLHI� RI� WKH� VXUIDFH� ����P
FRQWRXU� OLQHV�� ZHUH� XVHG� WR� UHSUHVHQW� WKH� SRVLWLRQ� RI
FDYH� SDVVDJHV� UHJDUGLQJ� WKH� VXUIDFH� NDUVW� IHDWXUHV� �)LJ�
����7KH�SRVLWLRQ�RI�UHJLVWHUHG�FDYHV�LQ�WKH�DUHD��.DWDVWHU
MDP� ,=5.�=5&� 6$=8�� DQG� SRVLWLRQ� RI� RWKHU� FDYHV� �ÉH�
EHOD������D������E��ZHUH�PDUNHG�RQ� WKH�PDS�DV�ZHOO�
)URP�WKH�PDS�RI�WKH�FDYH���������*DOOLQR�����������DQG
IURP� WKH� WRSRJUDSKLF� PDSV� ���������� WKH� WKLFNQHVV� RI
SDUWLFXODU�SDUWV�RI�WKH�FDYH�URRI�ZDV�FDOFXODWHG��7DEOH���
)LJ������2OG�UHFRUGV��.DWDVWHU�MDP�,=5.�=5&�6$=8��ZHUH
VWXGLHG� WR� EHWWHU� XQGHUVWDQG� WKH� KLVWRULF� FRQQHFWLRQV
EHWZHHQ�WKH�VXUIDFH�DQG�WKH�XQGHUJURXQG�

)LJ�� ��� 3RQRU� HQWUDQFH� RI� WKH� 3LYND� 5LYHU� ����� P��
�3KRWR��6��ÈHEHOD�
6O�����3RQRUQL�YKRG�UHNH�3LYNH������P����)RWR��6��ÈHEHOD�

)LJ�����(QWUDQFHV�IURP�WKH�DUWLILFLDO�SODWIRUP��������P��
��WK�0DUFK�������7KH�ELJJHU�HQWUDQFH�RQ�WKH�ULJKW�ZDV
ILOOHG�ZLWK�VHGLPHQWV�XQWLO��������3KRWR��6��ÈHEHOD�
6O�� ��� 9KRGD� ]� XPHWQH� SORÉàDGL� �������P��� ����PDUHF
������9HàML� YKRG� QD� GHVQL� MH� ELO� GR� OHWD� ����� ]DVXW� V
VHGLPHQWL���)RWR��6��ÈHEHOD�
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)LJ�����7KH�HQWUDQFH�WR�2WRÉND�-DPD��������P����3KRWR�
6��ÈHEHOD�
6O�����9KRG�Y�2WRÉNR�MDPR��������P����)RWR��6��ÈHEHOD�

)LJ�� ��� 0DJGDOHQD� VKDIW� HQWUDQFH� ����� P��� �3KRWR�� 6�
*ODËDU�
6O�� ��� 9KRG� Y� 0DJGDOHQR� MDPR� ����� P��� �)RWR�� 6�
*ODËDU�

)LJ�����ßUQD�-DPD�HQWUDQFH������P����3KRWR��6��ÈHEHOD�
6O�����9KRG�Y�ßUQR�MDPR������P����)RWR��6��ÈHEHOD�

)LJ�� ��� 3LYND� -DPD� HQWUDQFH� ����� P��� ��WK� -XO\� �����
�3KRWR��6��ÈHEHOD�
6O�����9KRG�Y�3LYNR�MDPR������P�������MXOLM��������)RWR�
6��ÈHEHOD�
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&DYH�HQWUDQFHV�DQG�EUHDWKLQJ�KROHV

0DWHYÌHY�5RY��DFFHVVLEOH� IURP�àUQD� -DPD��ZDV�GLV�
FRYHUHG� E\� 0DWHYÌ� 9LOKDU� IURP� WKH� YLOODJH� RI� 2WRN
DURXQG�WKH�\HDU�������.DWDVWHU�MDP�,=5.�=5&�6$=8��

2Q���WK�0D\�������,YDQ�0LFKOHU��)UDQF�+ULEDU��6LOYR
0RGULMDQ�DQG�=PDJR�ËHOH� �DW� SRLQW�5�� )LJ�� ��� HQODUJHG
WKH� FRQWLQXDWLRQ� RI� 0DWHYÌHY� 5RY� WRZDUGV� WKH� ZHVW�
7KH\� UHDFKHG� D� VPDOOHU� URRP� GHFRUDWHG� ZLWK� VWDODJ�
PLWHV��2Q� WKH�ZHVWHUQ�ZDOO�RI� WKH� URRP�PDUNHG�ZLWK� É
�)LJ�� ���� WKH\� QRWLFHG� WKH� LQVFULSWLRQ�� 0DWHYÊ� ÞHUQDß

IURP�9HOLNL�2WRN�DQG�)UDQF�'ROHQF�ZHUH�KHUH�LQ������
,W� ZDV� SDUWO\� ZULWWHQ� LQ� *RWKLF� OHWWHUV�� %XW� WKH� SDVVDJH
GLG�QRW�ILQLVK�WKHUH��LW�FRQWLQXHG�IXUWKHU�WR�WKH�ZHVW�LQWR
WKH�KLJK�URRP�GHFRUDWHG�ZLWK�VWDODJPLWHV��VWDODFWLWHV�DQG
FRORXUIXO�IORZVWRQH��WKH�URRP�PDUNHG�ZLWK�=�RQ�)LJ�����
$W�WKH�QRUWKHUQ�HGJH�RI�WKH�URRP��WKH\�IRXQG�D�SLOH����P
KLJK�DQG������P�ORQJ�DQG�ZLGH��RI�EURNHQ�RU� VDZQ�RII
VWDODJPLWHV�DQG�VWDODFWLWHV� �������FP� LQ�GLDPHWHU���7KLV
ZDV�WKH�HYLGHQFH�RI�XQRIILFLDO�WUDGH�ZLWK�VWDODJPLWHV�DQG
VWDODFWLWHV��.DWDVWHU�MDP�,=5.�=5&�6$=8���1DPHO\��SHR�
SOH�XVHG�WR�EULQJ�VWDODFWLWHV�IURP�0DWHYÌHY�5RY�DQG�VHOO
WKHP�DW�WKH�HQWUDQFH�RI�WKH�3RVWRMQD�FDYHV��+DEH��������

7DE�����7KH�WKLFNQHVV�RI�FDYH�URRI�IRU����VHOHFWHG�DUHDV�LQ�WKH�3RVWRMQD�FDYH�V\VWHP�
7DE�����'HEHOLQD�MDPVNHJD�VWURSD�]D����L]EUDQLK�PHVW�Y�3RVWRMQVNHP�MDPVNHP�VLVWHPX�

3RLQW %RWWRP
�P�

&HLOLQJ
�P�

6XUIDFH
�P�

7KLFNQHVV�RI
WKH�URRI��P�

%RWWRP�RI�FROODSVH
GROLQH��P�

7RS�RI�WKH
KLOO��P�

� ��� ��� ��� ��
� ��� ��� ��� ��
� ����� ����� ����� ����
� ��� ��� ��� ��
� ����� ����� ��� ����
� ��� ��� ��� ��
� ��� ��� ��� ��
� ������ ������ ��� ������
��5RY�EUH]�,PHQD ����� ��� ��� ��
�� ����� ��� ����� ����

���3LVDQL�5RY ����� ����� ��� ���� �����9HOLND
-HUÊDQRYD�GROLQH�

�� ����� ����� ��� ����
�� ��� ��� ��� ��

���9HOLND�*RUD ����� ����� ��� ���� �����
�1HPáML�9UK�

�� ��� ��� ��� ��
�� ��� ��� ��� ��
�� ��� ��� ��� ��
�� ����� ��� ��� ��
�� ����� ����� ��� ����
�� ����� ����� ��� ����
�� ����� ��� ��� ��
���0DWHYÌHY�5RY ��� ��� ��� �� ���
�� ��� ��� ��� �� ���
���2WRÊND�-DPD ����� ��� ��� ��

���=JRUQML�7DUWDUXV ����� ����� ��� ���� �����6WDUD
$SQHQLFD�

���7DUWDUXV ����� ��� ��� �� ���
�� ��� ��� ��� ��
���.RQFHUWQD�'YRUDQD�VLGH�SDVVDJH ��� ��� ��� ��
���3LYND�SRQRU ���
���HQWUDQFH�WR�2WRÊND�-DPD ����� ���
�� ��� ��� ��� ��
���HQWUDQFH�WR�0DJGDOHQD�-DPD ���
�� ��� ��� ��������� � �����5XJORYLFD�
���HQWUDQFH�WR�3LYND�-DPD ��� ��� ��
���HQG�VLIRQ�LQ�3LYND�-DPD ����� ��� ��� ��
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0DWHYÌHY� 5RY� LV� QRW� RQ� WKH� FDYH�PDS� E\� 3HUNR� 	
*UDGHQLJR���������,W�ZDV�QRW�GUDZQ�RQ�WKH�PDS�E\�*DO�
OLQR� �*DOOLQR�� ��������� HLWKHU�� $FFRUGLQJ� WR� 6KDZ
��������WKH�QDPH�0DWWKlXVJDQJ��0DWHYÌHY�5RY��DSSHDUV
IRU�WKH�ILUVW�WLPH�LQ�ÉHUNR�	�0LFKOHU��������

'XULQJ� WKH� FRQVWUXFWLRQ�ZRUNV� IRU� WKH� XQGHUJURXQG
UDLOZD\�LQ������LQ�WKH�VRXWKHUQ�SDUW�RI�.RQFHUWQD�'YR�
UDQD��D�FKLPQH\� �)LJ�����QXPEHU����� IROORZLQJ� WKH� IDXOW
�������ZDV�GLVFRYHUHG��$ORM]�9DGQMDO�DQG�=PDJR�ËHOH
IROORZHG� D� VWURQJ� ZLQG� EORZ� DQG� DIWHU� DERXW� ��� P
UHDFKHG� WKH� JUDYHOV�� :KLOH� GLJJLQJ� WKH� JUDYHOV�� WKH\
UHDFKHG� WKH� ERWWRP� RI� D� FROODSVHG� GROLQH� ����� P��
ZKLFK� OHG� WKHP� WR� WKLQN� WKH\�ZHUH�FORVH� WR� WKH� VXUIDFH
�*RVSRGDULá���������7KH�'LQDULF�RULHQWHG� �1:�6(��SDV�
VDJH�LV����P�ORQJ�DQG����P�KLJK��7KH�SDVVDJH�UHSUHVHQWV
FRUURVLRQDOO\� ZLGHQHG� IDXOW�� 7KH� SDVVDJH� ZDV� QHYHU
FRQQHFWHG�ZLWK�WKH�VXUIDFH�EHFDXVH�WKHUH�LV�VWLOO�DERXW��
P�RI�JUDYHO�SOXJJLQJ�WKH�XSSHU�PRVW�HQG�RI�WKH�SDVVDJH
�.DWDVWHU�MDP�,=5.�=5&�6$=8��

'XULQJ� WKH� ZDWHU� WUDFLQJ� WHVW� LQ� ����� �.RJRYÊHN�
������� )UDQMR�'UROH� DQG� -XULM�+DMQD�FOLPEHG� WKH� FKLP�
QH\� FDOOHG� 5RY� 3UL� 0XPLML� IURP� WKH� FDYH� WRZDUGV� WKH

VXUIDFH�� ,Q� ����� D�PDS�ZDV� GUDZQ� E\� )�� 'UROH� DQG� -�
+DMQD�� UHSUHVHQWLQJ�D� V\VWHP�RI� YHUWLFDO�SDVVDJHV����P
KLJK� �.DWDVWHU� MDP� ,=5.� =5&� 6$=8��� 7KHUH� ZDV� VWLOO
DERXW����P�RI�YHUWLFDO�GLVWDQFH�WR�WKH�VXUIDFH��EXW�GXH�WR
WKH� QDUURZ� SDVVDJH� WKH� FRQWLQXDWLRQ�ZDV� QRW� SRVVLEOH�
2Q�WKH�VXUIDFH��LQ�D�GROLQH�WZR�EUHDWKLQJ�KROHV�WKDW�DUH
FRQQHFWHG� ZLWK� WKLV� YHUWLFDO� SDVVDJH� ZHUH� GHWHFWHG� DO�
UHDG\�LQ�������ÉHEHOD������E��

1XPEHU�����)LJ�����UHSUHVHQWV�D�VPDOO�VLGH�SDVVDJH�LQ
/HSH� -DPH� WKDW� ZDV� DERXW� ��� \HDUV� DJR� DUWLILFLDOO\� HQ�
ODUJHG�E\�$ORM]�9DGQMDO�DQG�=PDJR�ËHOH�WR�WXUQ�LW�LQWR�D
VWURQJ� EORZKROH�� 7KHUH� ZHUH� VXJJHVWLRQV� RI� FDYH� FRQ�
WLQXDWLRQ� DW� WKLV� SRLQW�� 6LQFH� DIWHU� DERXW� ����P� RI� GLJ�
JLQJ�WKH�QHZ�SDVVDJHV�ZHUH�QRW�IRXQG��WKH�FRQWLQXDWLRQ
VWRSSHG�

,Q�FROG�ZLQWHU�GD\V�HDUO\�LQ�WKH�PRUQLQJ��ZDUP�FDYH
DLU� FRPHV� RXW� RI� EUHDWKLQJ� KROHV� DQG� PHOWV� WKH� VQRZ�
2QH�RI�VXFK�EUHDWKLQJ�KROHV�LQ�WKH�3RVWRMQD�NDUVW�DUHD�LV
VLWXDWHG�LQ�WKH�]RQH�ZLWK�REYLRXV�JUDYLPHWULF�GHILFLHQF\
GHWHFWHG� E\� JHRSK\VLFDO� UHVHDUFK� LQ� \HDUV� ���������
�$QHOOL��������

)LJ�� ��� 'LJLWDO� PRGHO� UHOLHI� RI� WKH� VXUIDFH� ZLWK� ��� P
FRQWRXU� OLQHV�� WKH� 3RVWRMQD� FDYH� V\VWHP� JURXQG� SODQ
DQG� RWKHU� NQRZQ� FDYHV� LQ� WKH� DUHD�� &KDUWRJUDSK\� RI
GLJLWDO� PRGHO� UHOLHI� E\� -�� +DMQD�� /HJHQG�� ��� FDYH� HQ�
WUDQFH� ZLWK� FDYH� UHJLVWHU� QXPEHU� �.DWDVWHU� MDP� ,=5.
=5&� 6$=8��� ���5XJORYLFD�� ����-DPD� .ROLÉHYND�� ����
ßUQD� -DPD�� ����3LYND� -DPD�� ����-DPD� 1D� 3RWL�� ����
3RVWRMQVND� -DPD�� ����2WRÉND� -DPD�� ����/HGHQD� -DPD
3RG� 0DJGDOHQR� *RUR�� ����0DJGDOHQD� -DPD�� ����
%UH]QR� 9� +UHQRYÉNLK� 7DOLK�� �����-DPD� 9� +UHQRYÉNLK
7DOLK�� �����6SRGPRO� 9� 5LVRYFX�� �����=JXED� -DPD�
�����3XKDOQLN� 3UL� 3LYNL� -DPL�� �����%UH]QR� 3UL� ßUQL
-DPL�� ��� VPDOOHU� FDYHV� QRW� UHJLVWHUHG� LQ� .DWDVWHU� MDP
,=5.�=5&�6$=8�����FDYH�JURXQG�SODQ�ZLWK� WKH�XQGHU�
JURXQG�3LYND�5LYHU�
6O�����'LJLWDOQL�PRGHO�UHOLHID�SRYUÉMD�]�L]RKLSVDPL�QD���
P�� WORULVRP� 3RVWRMQVNHJD� MDPVNHJD� VLVWHPD� LQ� GUXJLPL
SR]QDQLPL� MDPDPL��.DUWRJUDILMR�GLJLWDOQHJD�PRGHOD�UH�
OLHID� MH� RSUDYLO� -XULM� +DMQD�� /HJHQGD�� ��� MDPVNL� YKRG� V
NDWDVWUVNR�ÉWHYLONR��.DWDVWHU�MDP�,=5.�=5&�6$=8������
5XJORYLFD�� ����-DPD� .ROLÉHYND�� ����ßUQD� MDPD�� ����
3LYND� MDPD�� ����-DPD� QD� SRWL�� ����3RVWRMQVND� MDPD�
����2WRÉND� MDPD�� ����/HGHQD� MDPD� SRG� 0DJGDOHQR
JRUR�� ����0DJGDOHQD� MDPD�� ����%UH]QR� Y� +UHQRYÉNLK
WDOLK�� �����-DPD� Y� +UHQRYÉNLK� WDOLK�� �����6SRGPRO� Y
5LVRYFX�� �����=JXED� MDPD�� �����3XKDOQLN� SUL� 3LYNL
MDPL�������%UH]QR�SUL�ßUQL�MDPL�����PDQMÉH�MDPH��NL�QLVR
UHJLVWULUDQH� Y� .DWDVWUX� MDP� ,=5.� =5&� 6$=8�� ��� WORULV
MDPVNLK�URYRY�V�SRG]HPHOMVNR�3LYNR�
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$ERYH�WKH�NQRZQ�SDVVDJHV�RI�WKH�3RVWRMQD�FDYH�V\V�
WHP� $QHOOL� ������� GHWHUPLQHG� �� EUHDWKLQJ� KROHV� ZLWK
YHU\� SRVVLEOH� LQWHUFRQQHFWLRQ� DQG� �� EUHDWKLQJ� KROHV
EHWZHHQ� WKH� 3RVWRMQD� DQG� 3ODQLQD� FDYH� V\VWHPV�� ,Q
9RGQL�'RO�FROODSVH�GROLQH��)LJ������WKH�DLU�FRPLQJ�RXW�RI
WKH�EUHDWKLQJ�KROH�KDG�D�WHPSHUDWXUH�RI����&�ZLWK�RXWHU
WHPSHUDWXUH� RI� ���� �&� RQ� �WK� )HEUXDU\� ����� �$QHOOL�
������� 9HU\� SURVSHFWLYH� EUHDWKLQJ� KROHV� LQ� 9RGQL� 'RO
DQG�.R]MD� -DPD� DUH� QRZDGD\V� VWLOO� QRW� FRQQHFWHG�ZLWK
SRVVLEOH�XQGHUJURXQG�SDVVDJHV�

&RQQHFWLQJ� WKH�SRVLWLRQ�RI�$QHOOL
V� �������EUHDWKLQJ
KROHV�ZLWK�DFWXDO�NQRZQ�FDYHV� �.DWDVWHU� MDP� ,=5.�=5&
6$=8�� LV� QRW� HDV\�� EHFDXVH� RI� WKH� SUREDEOH� ORFDWLRQ
PLVWDNHV�LQ�WKH�SDVW�

,Q�WKH�3RVWRMQD�NDUVW�DUHD��WKHUH�DUH�VRPH�LQWHUHVWLQJ
FDYHV� WKDW� DUH� QRW� FRQQHFWHG� ZLWK� WKH� DFWXDO� 3RVWRMQD
FDYH� V\VWHP�� EXW� DUH� SUREDEO\� SDUW� RI� WKH� VDPH� K\GUR�
ORJLF�V\VWHP��7KH�SDVVDJH�RI�-DPD�.ROLÊHYND��)LJ���������
LV�VLWXDWHG�DW�����P��0LFKOHU�	�+ULEDU��������DQG�DERXW
��� P� EHORZ� WKHUH� LV� DQ� XQGHUJURXQG� SDVVDJH� RI� WKH
3LYND�5LYHU�� -DPD�1D�3RWL�DQG�=JXED� MDPD��)LJ��������
DQG�������ZHUH�DOUHDG\�NQRZQ�E\�0DUWHO� �������� -DPD
1D�3RWL� LV�GHVFULEHG�DV� D� IRUPHU� FRQWLQXDWLRQ�RI�3LVDQL
5RY� �0DUWHO�� ������ *RVSRGDULá�� ������ ÉHEHOD�� ����D�
ÉHEHOD� 	� àDU�� ������� 7RGD\� LWV� HQWUDQFH� LV� KLGGHQ� E\
FROODSVHG�EORFNV�DQG�VRLO�

/HGHQD�-DPD�3RG�0DJGDOHQR�*RUR��)LJ����������LV���
P�GHHS�DQG� UHDFKHV�����P�DW� LWV� ERWWRP�� ,W� LV� VLWXDWHG
DERXW�����P�QRUWK�RI�-DPD�.ROLÊHYND�

6SRGPRO�9�5LVRYFX� �)LJ�� ��� ������ LV� NQRZQ� IRU� 3D�
OHROLWKLF� ILQGLQJV� �%URGDU���������7KH�FDYH
V�HQWUDQFH� LV
DW�����P��WKH�FDYH�LV�DERXW����P�ORQJ�

$ERXW� ������� P� QRUWK� RI� WKH� XQGHUJURXQG� 3LYND
IROORZLQJ�WKH�VLSKRQ�LQ�3LYND�-DPD�WKHUH�DUH�WZR�FDYHV�
-DPD� 9� +UHQRYÊNLK� 7DOLK� DQG� %UH]QR� 9� +UHQRYÊNLK
7DOLK� �)LJ�� ��� ����� DQG� ������ 7KH� ILUVW� RQH� LV� D� JHQWO\
GLSSLQJ� VKRUWHU� FDYH� DQG� WKH� VHFRQG� RQH� LV� D� ���� P
GHHS�VKDIW� �&DWDVWR� VWRULFR�9HQH]LD�*LXOLD� �9*��������
3R]]R� D� 1� GHO� $ELVVR� GHOOD� 3LXFD� �.DWDVWHU� MDP� ,=5.
=5&� 6$=8���� 7KH� ERWWRP� RI� WKH� VKDIW� LV� DERXW� ��� P
DERYH�WKH�XQGHUJURXQG�3LYND�OHYHO�

7KH�VKDIW�3XKDOQLN�3UL�3LYNL�-DPL��)LJ�����������LV���
P�GHHS��,WV�HQWUDQFH�LV�DW�����P�DQG�LV�VLWXDWHG�GLUHFWO\
DERYH�WKH�SDVVDJHV�RI�3LYND�-DPD��7KHUH�LV�VWLOO�DERXW���
P� RI� XQNQRZQ� FRQQHFWLRQ� EHWZHHQ� WKH� VKDIW� DQG� WKH
XQGHUJURXQG� SDVVDJH�� 7KH� VKDIW� LV� D� VWURQJ� EUHDWKLQJ
KROH�

%UH]QR�3UL�àUQL�-DPL��)LJ�����������LV����P�ORQJ�DQG
��� P� GHHS� ZLWK� WZR� HQWUDQFHV�� 7KH� FDYH� LV� VLWXDWHG
DERXW����P�QRUWK�RI� WKH�NQRZQ�SDVVDJHV�RI�àUQD� -DPD
ZLWK� WKH� ORZHVW� OHYHO� DW� ���� P�� ZKLFK� LV� DERXW� ��� P
KLJKHU� WKDQ� SDVVDJHV� RI� àUQD� -DPD�� 7KH� FDYH� ZDV� GH�
VFULEHG�E\�$QHOOL��������DQG�FODVVLILHG�XQGHU�WKH�QXPEHU
�����9*��.DWDVWHU�MDP�,=5.�=5&�6$=8��

)LJ�� ��� 6HOHFWHG�SODFHV� IRU� WKH� FDOFXODWLRQ�RI� WKLFNQHVV
RI� FDYH� FHLOLQJ� EHWZHHQ� WKH� VXUIDFH� DQG� WKH� 3RVWRMQD
FDYH�V\VWHP�UHJDUGLQJ�7DEOH���
6O�� ��� ,]EUDQD�PHVWD� ]D� L]UDàXQDQR� GHEHOLQR� MDPVNHJD
VWURSD��PHG�SRYUÉMHP�LQ�3RVWRMQVNLP�MDPVNLP�VLVWHPRP
JOHGH�QD�7DEHOR���

&ROODSVH�GROLQHV�DQG�FDYH�SDVVDJHV

*HRGHWLF� PHDVXUHPHQWV� RI� WKH� ERWWRP� RI� 9HOLND
-HUÊDQRYD� GROLQH� DQG� WKH� SRVLWLRQ� RI� 3LVDQL� 5RY� ZHUH
SHUIRUPHG� LQ� ����� �*RVSRGDULá�� DQG� LQ� ����� �ÉHEHOD�
����D���7KH�ERWWRP�RI�9HOLND� -HUÊDQRYD�GROLQH�ZDV�GH�
WHUPLQHG�ZLWK�D�ODVHU�WKHRGROLWH�E\�)UDQMR�'UROH�DW����
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)LJ�����0DWHYËHY�5RY�DIWHU�������.DWDVWHU�MDP�,=5.�=5&�6$=8���7KH�FLUFOHV�QHDU�SRLQW�=�PDUN�D�SLOH�RI�VWDODJPLWHV
DQG�VWDODFWLWHV�UHDG\�WR�EH�WUDQVSRUWHG�WR�WKH�VXUIDFH�DQG�XQRIILFLDOO\�VROG�WR�FDYH�YLVLWRUV�
6O�����0DWHYËHY�5RY�SR�OHWX�������.DWDVWHU�MDP�,=5.�=5&�6$=8���.URJD�SUL�WRàNL�=�R]QDàXMHWD�VNODGRYQLFR�VWDODJ�
PLWRY�LQ�VWDODNWLWRY�SULSUDYOMHQLK�]D�SUHQRV�QD�SRYUÉMH�LQ�QHXUDGQR�SURGDMR�MDPVNLP�RELVNRYDOFHP�

P��ÉHEHOD������D���ZKLOH�RQ�WRSRJUDSKLF�PDS��������LW
LV� VHW� DW� ������P�� 7KH� ERWWRP� RI� WKH� QRUWKHUQ� HGJH� RI
3LVDQL�5RY�LV�DW�������P��ÉHEHOD�	�àDU���������,Q�)HEUX�
DU\� ������ 3UHWQHU� IRXQG� WZR� OLYH� WURJOR[HQH� EHHWWOHV
VSHFLHV� 6WRPLV� URVWUDWXV� 6WXUP�� VRPH� VSLGHUV� �7URJOR�
SK\OXV� FDYLFROD� .ROODU� DQG� 7URJORSK\OXV� QHJOHFWXV
.UDXVV��DQG�VRPH�FULFNHWV�LQ�3LVDQL�5RY��WKH�VSHFLHV�FDQ
EH�IRXQG�DW�FDYH�HQWUDQFHV��*RVSRGDULá��������

7KH� JURXQG�OHYHO� LQ� àUQD� -DPD� �QXPEHU� ���� )LJ�� ��
7DE�����LV�VLWXDWHG�DW�������P��7KH�ERWWRP�RI�9RGQL�'RO
FROODSVH� GROLQH� �)LJ�� ��� LV� LQ� LWV� FHQWUDO� SDUW� DW� ����P�
HDVWHUQ�SDUW�DW�����P�DQG�ZHVWHUQ�SDUW�DW�����P��.R]MD
-DPD�FROODSVH�GROLQH� �)LJ�����KDV� WKH�ERWWRP�DW�����P�
'HHSHQLQJ� RI� ERWK� FROODSVH� GROLQHV� FXW� RII� WKH� IRUPHU
FRQQHFWLRQ�IURP�àUQD�-DPD�WRZDUGV�SUREDEO\�XQNQRZQ
SDVVDJHV�LQ�WKH�DUHD�RI�9RGQL�'RO�DQG�.R]MD�-DPD�

7KH�RULJLQ�RI�6WDUD�$SQHQLFD� �)LJ����� LV�FORVHO\� FRQ�
QHFWHG�ZLWK�DQ�LPSRUWDQW�FUXVKHG�]RQH�LQ� WKH�GLUHFWLRQ
DOPRVW�(�:���������������7KH�ERWWRP�RI�6WDUD�$SQHQLFD
LV� DW� ����P�� 7KH� GHYHORSPHQW� DQG� GHHSHQLQJ� RI� 6WDUD
$SQHQLFD� FXW� RII� WKH� SRVVLEOH� FRQQHFWLRQ� EHWZHHQ
2WRÊND�-DPD�DQG�=JRUQML�7DUWDUXV�SDVVDJH� �*RVSRGDULá�
������������

2Q� WKH� VXUIDFH�� RQ� WKH� JUDYHO� ERWWRP� RI� 6WDUD� $S�
QHQLFD� FROODSVH� GROLQH� 3UHWQHU� IRXQG� D� FDYH� EHHWOH
%DWK\VFLPRUSKXV�E\VVLQXV� 6FKL{GWH� WKDW�SUREDEO\�RULJL�
QDWHG� LQ� =JRUQML� 7DUWDUXV� RU�2WRÊND� -DPD� �*RVSRGDULá�
������

&KDUDFWHULVWLFV�RI�VHGLPHQWV�DW�WKH�ERWWRP
RI�9HOLND�-HUÇDQRYD�GROLQH

%HFDXVH� RI� WKH� VXSSRVHG� FXW�RII� RI� 3LVDQL� 5RY� SDV�
VDJH� ZLWK� WKH� ORZHULQJ� RI� 9HOLND� -HUÊDQRYD� GROLQH� WKH
GULOOLQJ�ZLWK�PDQXDO�GULOOLQJ� VHW�ZDV�SHUIRUPHG�RQ���WK

0D\� ����� �)LJ�� ����� 7KH� LGHD� ZDV� WR� GHWHUPLQH� WKH
WKLFNQHVV� DQG� WKH� RULJLQ� RI� VHGLPHQWV�� $IWHU� ���� P� ZH
UHDFKHG�WKH�FDYH�VHGLPHQWV��)LJ�������7KH�ILUVW�FKDQJH�LQ
FRORXU� DSSHDUHG� DW� �����P�ZKHUH� WKH� FRORXU� FKDQJHG
IURP� GDUN� EURZQ� DQG� EURZQ� WR� GDUN� \HOORZLVK� EURZQ
��<5�����0XQVHOO�6RLO�&RORU�&KDUWV���������$W�����P�WKH
FRORXU� RI� WKH� VHGLPHQWV� ZDV� EHWZHHQ� GDUN� EURZQ� DQG
EURZQ� ���<5����� 7KDW
V� WKH� OD\HU� RI� VHGLPHQWV�� ZKLFK
FDQ�EH�IROORZHG�WR�WKH�GHSWK�RI���P������<5�������VWURQJ
EURZQ��DQG�SUREDEO\�IXUWKHU�RQ��,W
V�FURVV�EHGGHG�ORDP�
:H�GLG�QRW� H[SHFW� VHGLPHQWV� DV� WKLFN�DV� WKDW� DQG� DIWHU
UHDFKLQJ� WKH� GHSWK� RI� �� P� GXH� WR� WKH� ODFN� RI� GULOOLQJ
WXEHV� WKH� GULOOLQJ� ZDV� VWRSSHG�� %XW� ZH� FDQ� VWDWH�� ZLWK
JUHDW�SUREDELOLW\�WKDW�FDYH�VHGLPHQWV�JR�RQ�IRU�DW�OHDVW�D
IHZ�PHWHUV�

7KH� QRUWKHUQ� HQG� RI� 3LVDQL� 5RY� LV� ILOOHG� ZLWK� FDYH
VHGLPHQWV�WKDW�DUH�DV�UHJDUGV�WKH�WH[WXUH�DQG�FRORXU�YHU\
VLPLODU� WR�RWKHU� FDYH� VHGLPHQW� ILOOV� LQ� WKH� 3RVWRMQD�DQG
3ODQLQD� FDYH� V\VWHPV� �ÉHEHOD� 	� 6DVRZVN\�� ������� 7KH
DJH� RI� VXFK� ODPLQDWHG� ORDP� ZDV� E\� SDOHRPDJQHWLF
DQDO\VHV� GHWHFWHG� DW� OHVV� WKDQ� �������� \HDUV�� ,Q� WKLV
VHQVH�DOVR� WKH� GHHSHQLQJ� RI�9HOLND� -HUÊDQRYD�GROLQH� WR
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)LJ������9HOLND�-HUÉDQRYD�GROLQH��PDQXDO�GULOOLQJ�RQ���WK

0D\��������3KRWR��6��ÈHEHOD�
6O������9HOLND�-HUÉDQRYD�GROLQD��URàQR�YUWDQMH�����PDMD
�������)RWR��6��ÈHEHOD�

WKH� OHYHO� RI� 3LVDQL� 5RY� FDQ� EH� DVVRFLDWHG� WR� WKH� VDPH
WLPH�SHULRG��ÉHEHOD�	�6DVRZVN\���������=XSDQ�+DMQD�HW
DO���������GHWHUPLQHG�1RUPDO�SRODULW\�DQG�DVVXPHG�WKDW
GHSRVLWLRQ� RI� WKH� VHGLPHQW� SURILOH� DW� WKH� HQG� RI� 3LVDQL
5RY�RFFXUUHG�ZLWKLQ�WKH�%UXQKHV�FKURQ������������

6WHSLÊQLN� ������� FRQQHFWHG� ORDP\� VHGLPHQWV� IURP
9HOLND� DQG� 0DOD� -HUÊDQRYD� GROLQHV� ZLWK� WKH� VHGLPHQW
OHYHO�LQ�3LVDQL�5RY��/RDP\�PDWHULDO�SUREDEO\�RULJLQDWHG
IURP�3LYND�IO\VFK�EDVLQ�

9HOLND� -HUÊDQRYD�GROLQH�ZDV� LQ������ �ÉHEHOD�	�àDU�
������ GHVFULEHG� DV� IRUPHU� FROODSVH� GROLQH� DQG� E\
UHDFKLQJ� WKH� FDYH� VHGLPHQWV� DW� LWV� ERWWRP� E\� PDQXDO
GULOOLQJ��9HOLND�-HUÊDQRYD�GROLQH�LV�GHILQHG�DV�D�VR�FDOOHG
URRIOHVV�FDYH��0LKHYF�HW�DO���������DV�ZHOO�

7KH�WKLFNQHVV�RI�WKH�FHLOLQJ�EHWZHHQ�WKH�VXUIDFH
DQG�WKH�3RVWRMQD�FDYH�V\VWHP

2Q� WKH� EDVLV� RI� WRSRJUDSKLF� PDSV� RI� WKH� VXUIDFH
���������DQG�FDYH�PDSV����������WKH�WKLFNQHVV�RI�WKH�VH�
OHFWHG�SDUWV� RI� WKH�FHLOLQJ� EHWZHHQ� WKH� VXUIDFH� DQG� WKH
FDYH��)LJ�����ZDV�FDOFXODWHG��7DE�����

)LJ�� ���� 6HGLPHQW� SURILOH� LQ�9HOLND� -HUÉDQRYD�GROLQH� �FRORXUV� DIWHU�0XQVHOO� 6RLO� &RORU�&KDUWV�� ������� /HJHQG�� ��
ORDP����ODPLQDWHG�ORDP����ODPLQDWHG�FDYH�ORDP����ODPLQDWHG�FDYH�ORDP�ZLWK�VDQG\�OD\HUV����FKDUFRDO����OLPHVWRQH
SLHFHV����IORZVWRQH�
6O������6HGLPHQWQL�SURILO�Y�9HOLNL�-HUÉDQRYL�GROLQL��EDUYH�SR�0XQVHOO�6RLO�&RORU�&KDUWV���������/HJHQGD����LORYLFD����
ODPLQLUDQD�LORYLFD����ODPLQLUDQD�MDPVND�LORYLFD����ODPLQLUDQD�MDPVND�LORYLFD�V�SHÉàHQLPL�SODVWPL����RJOMH����NRVL�DS�
QHQFD����VLJD�
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7KH� WKLFNHVW� FHLOLQJ� LV� DW� QXPEHU� �� �7DE�� ��� )LJ�� ���
WKDW�LV��������P��$W�QXPEHU�����7DE�����)LJ������LQ�2WRÊ�
ND�-DPD��LW�LV�RQO\����P�WKLFN��$ERYH�SURVSHURXV�SODFHV
IRU�SRVVLEOH�FRQQHFWLRQV�EHWZHHQ� WKH�FDYH�DQG� WKH�VXU�
IDFH�WKHUH�LV�VWLOO����P�IRU�QXPEHU����)LJ�����������P�IRU
WKH� HQG� RI� 3LVDQL� 5RY� �QXPEHU� ���� )LJ�� ���� ��� P� IRU
QXPEHU�����)LJ�����ZLWK�D�VWURQJ�EORZKROH�LQ�/HSH�-DPH�
���P� ����P� DOUHDG\� FOLPEHG�� DW� WKH� VRXWK� VLGH� RI� WKH
SDVVDJH�RI�.RQFHUWQD�'YRUDQD��QXPEHU�����)LJ���������P
DW�WKH�HQG�RI�0DWHYÌHY�5RY��QXPEHU�����)LJ������$ERYH
=JRUQML�7DUWDUXV��QXPEHU�����)LJ�����WKHUH�LV�VWLOO������P
RI� FDYH� URRI�� $Q� LQWHUHVWLQJ� UHVXOW� ZDV� FDOFXODWHG� IRU
5XJORYLFD��QXPEHU�����)LJ������%HWZHHQ�WKH�ERWWRP�RI�D
���P�GHHS�VKDIW�DQG�WKH�XQGHUJURXQG�3LYND�5LYHU�FKDQ�
QHO�WKHUH�LV�RQO\���P�RI�FHLOLQJ��PDNLQJ�WKLV�SODFH�DQ�LQ�
WHUHVWLQJ� VWDUWLQJ�SRLQW� IRU� UHDFKLQJ� WKH� XQGHUJURXQG
3LYND�E\�GLJJLQJ�

&21&/86,216

7KH�VWXG\�ZDV�SHUIRUPHG�WR�ILQG�SRVVLEOH�SURVSHURXV
FRQQHFWLRQV� EHWZHHQ� WKH� VXUIDFH� DQG� WKH� XQGHUJURXQG
SDVVDJHV� RI� WKH� 3RVWRMQD� FDYH� V\VWHP�� WKHUHIRUH� WKH
WKLFNQHVV�RI�WKH�VHOHFWHG�SDUWV�RI� WKH�FDYH�URRI�ZDV�FDO�
FXODWHG��,QWHUHVWLQJ�SODFHV�ZLWK�JUHDW�SRWHQWLDOV�DUH�
� 7KH� IXUWKHUPRVW� ZHVWHUQ� FKDPEHU� RI�0DWHYÌHY� 5RY

DFFHVVHG� E\� ORFDO� SHRSOH� IURP� WKH� VXUIDFH� DW� OHDVW
����\HDUV�DJR�

� 7KH����P�KLJK�FKLPQH\�VRXWK�RI�.RQFHUWQD�'YRUDQD
ZLWK�VWLOO�DERXW���P�RI�XQH[SORUHG�SDVVDJH�

� 7KH�VPDOO�VLGH�SDVVDJH� LQ�/HSH� -DPH� WKDW�ZDV�DUWLIL�
FLDOO\� HQODUJHG� DERXW� ��� \HDUV� DJR� WR� WXUQ� LW� LQWR� D
VWURQJ�EORZKROH��0LFURFOLPDWH�VWXGLHV�LQ�WKLV�SDVVDJH
VKRZ�ORFDO�YDULDELOLW\�WKDW�FRXOG�EH�WKH�UHVXOW�RI�XQ�
NQRZQ�SDVVDJHV� LQ� WKH�EDFN� �7XUN�	�ÉHEHOD��������
7KH� SODFH� LV� ����P� VRXWK� DQG����P�DERYH� WKH� XQ�
GHUJURXQG�3LYND�5LYHU�

� %HWZHHQ� WKH� ERWWRP�RI� 5XJORYLFD� VKDIW� DQG� WKH� XQ�
GHUJURXQG�3LYND�5LYHU�WKHUH�LV�RQO\���P�RI�FDYH�URRI�

� %HWZHHQ� WKH� VKDIW� 3XKDOQLN� 3UL� 3LYNL� -DPL� DQG� WKH
XQGHUJURXQG�3LYND�5LYHU�WKHUH�LV�VWLOO�DERXW����P�RI
XQNQRZQ�FRQQHFWLRQ�

� 9RGQL�'RO�DQG�.R]MD�-DPD�FROODSVH�GROLQHV�DUH�VXLW�
DEOH� IRU� UHPRYLQJ� WKH� PDWHULDO� IURP� WKH� EUHDWKLQJ
KROHV�DQG�LQ�WKLV�ZD\�UHDFKLQJ�WKH�XQNQRZQ�SDUWV�RI
WKH�3RVWRMQD�FDYH�V\VWHP�
,Q� WKH�3RVWRMQD�NDUVW�DUHD� WKHUH�DUH� VRPH� LQWHUHVWLQJ

FDYHV� �-DPD� .ROLÊHYND�� -DPD� 1D� 3RWL�� =JXED� -DPD�
6SRGPRO�9�5LVRYFX��/HGHQD�-DPD�3RG�0DJGDOHQR�*RUR�
%UH]QR� 3UL� àUQL� -DPL�� WKDW� DUH� QRW� FRQQHFWHG� ZLWK� WKH
DFWXDO�3RVWRMQD�FDYH�V\VWHP�EXW�DUH�SUREDEO\�SDUW�RI�WKH
VDPH� K\GURORJLF� V\VWHP�� 7KH� GHHSHQLQJ� RI� FROODSVH
GROLQHV�LQ�WKH�3RVWRMQD�NDUVW�DUHD�LV�FRQQHFWHG�ZLWK�WKH
GHYHORSPHQW�RI� FDYH�SDVVDJHV��9HOLND� -HUÊDQRYD�GROLQH
LV�QRW�RQO\�D�IRUPHU�FROODSVH�GROLQH��ÉHEHOD�	�àDU�������
EXW� UHJDUGLQJ� WKH� UHVXOWV�RI�PDQXDO�GULOOLQJ�RI� WKH� VHGL�
PHQWV�DW�LWV�ERWWRP�D�URRIOHVV�FDYH�DV�ZHOO�
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7KH� VWXG\�ZDV� SHUIRUPHG�ZLWKLQ� WKH� .DUVW� 5HVHDUFK
3URJUDPPH�ILQDQFHG�E\�6ORYHQLDQ�5HVHDUFK�$JHQF\�DQG
SURMHFWV��([SHUW�FRQWURO�DQG� UHFRPPHQGDWLRQV� IRU�PDQ�
DJHPHQW�RI�FDYH�V\VWHPV��6WURNRYQL�QDG]RU�LQ�VYHWRYDQMH
SUL� XSUDYOMDQMX� ]� MDPVNLPL� VLVWHPL�� DQG� &OLPDWLF� DQG
ELRORJLF� PRQLWRULQJ� RI� FDYH� V\VWHPV� �.OLPDWVNL� LQ� EL�
RORÈNL� PRQLWRULQJ� MDPVNLK� VLVWHPRY�� ILQDQFHG� E\� 7XU�
L]HP� .5$6� 'HVWLQDFLMVNL� PDQDJHPHQW� G�G�� 7KH� DXWKRU
ZRXOG� OLNH� WR� WKDQN� WR�6WDQLVODY�*ODÌDU� �7XUL]HP�.5$6
'HVWLQDFLMVNL�PDQDJHPHQW�G�G��� IRU�)LJXUH���DQG�WR�-XULM
+DMQD� �.DUVW� 5HVHDUFK� ,QVWLWXWH� =5&� 6$=8�� IRU� FKDU�
WRJUDSK\�RI�GLJLWDO�PRGHO�UHOLHI�RI�)LJXUH���
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3ROHJ�]QDQLK�YKRGRY�Y�3RVWRMQVNL�MDPVNL�VLVWHP�REVWDMDMR�WXGL�GUXJL��PDQM�]QDQL�GRVWRSL�V�SRYUÈMD��1HNDWHUL�VR�OH
UD]ÈLUMHQH�UD]SRNH��NL�QLVR�SUHKRGQH�LQ�SUHGVWDYOMDMR�GLKDOQLNH��QHNDWHUL�SD�VR�PDQMÈL�YKRGL��NL�VR�MLK�XSRUDEOMDOL����
DOL� YHß� OHW� QD]DM� LQ� GDQHV� QLVR� YHß� GRVWRSQL��2]HPOMH�PHG� 3RVWRMQVNLP� LQ� 3ODQLQVNLP� MDPVNLP� VLVWHPRP� MH� ELOR
YHGQR�]DQLPLYR�]DUDGL�QH]QDQH�SRYH]DYH�PHG�REHPD�MDPDPD��0HG�QMLPD�MH�ÈH�YHGQR�YVDM�������P�QH]QDQLK�UR�
YRY�� =D� L]EUDQD� PHVWD� Y� 3RVWRMQVNHP� MDPVNHP� VLVWHPX� VPR� L]UDßXQDOL� GHEHOLQR� VWURSD�� 8SRUDELOL� VPR� SRGDWNH
SRYUÈLQVNLK�WRSRJUDIVNLK�NDUW����������LQ�MDPVNH�NDUWH����������'D�EL�UD]XPHOL�]JRGRYLQVNH�GRVWRSH�PHG�SRYUÈMHP�LQ
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SRG]HPOMHP�� VPR� SURXßHYDOL� ]JRGRYLQVNH� ]DSLVH�� 1DPHQ� ÈWXGLMH� MH� ELO� XJRWRYLWL� PRÊQH� XJRGQH� SRYH]DYH� PHG
SRYUÈMHP�LQ�SRG]HPOMHP��'RORßHQLK�MH�ELOR�ÈHVW�]DQLPLYLK�PHVW�]�YHOLNLP�SRWHQFLDORP�]D�QDSUHGRYDQMH��0DWHYÊHY
URY��NDPLQ�MXÊQR�RG�.RQFHUWQH�GYRUDQH��VWUDQVNL�URY�Y�/HSLK�MDPDK��5XJORYLFD��3XKDOQLN�SUL�3LYNL�MDPL�LQ�GLKDOQLNL�Y
XGRUQLFDK�9RGQL�GRO� LQ�.R]MD� MDPD���1D�3RVWRMQVNHP�NUDVX� MH� WXGL�YHß� MDP� �-DPD�.ROLÈHYND�� -DPD�QD�SRWL��=JXED
MDPD��6SRGPRO�Y�5LVRYFX��/HGHQD� MDPD�SRG�0DJGDOHQR�JRUR��%UH]QR�SUL�ÞUQL� MDPL��� NL�QLVR�YHß�SRYH]DQH�]� URYL
3RVWRMQVNHJD�MDPVNHJD�VLVWHPD��YHQGDU�VR�Y�VYRML�VSHOHRORÈNL�SUHWHNORVWL�YHUMHWQR�SULSDGDOH�LVWHPX�KLGURORÈNHPX�VLV�
WHPX��3RJODEOMDQMH�XGRUQLF�QD�3RVWRMQVNHP�NUDVX�MH�SRYH]DQR�]�UD]YRMHP�MDPVNLK�URYRY��9HOLND�-HUÈDQRYD�GROLQD�QL
OH�ELYÈD�XGRUQLFD��DPSDN�MH�JOHGH�QD�UH]XOWDWH�VHGLPHQWRY�QD�SRGODJL�URßQHJD�YUWDQMD�Y�GQX�GROLQH�WXGL�EUH]VWURSQD
MDPD�

.OMXÞQH�EHVHGH��3RVWRMQVNL�NUDV��MDPVNL�YKRGL��]JRGRYLQD�UD]LVNRYDQMD��3RVWRMQVNL�MDPVNL�VLVWHP��6ORYHQLMD
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$QHOOL��)����������6ILDWDWRL�GL�JURWWD�QHOOD�UHJLRQH�FDUVLFD
GL�3RVWXPLD��/H�*URWWH�G
,WDOLD���D��,��������
$QHOOL�� )�� �������� 6X� DOFXQH� FDYLWj� H� VILDWDWRL� GL� JURWWD
GHO�&DUVR�GL�3RVWXPLD��/H�*URWWH�G
,WDOLD���D��,,�������
%DYGHN��$����������$UKHRORÊNL�QDG]RU�Y�3RVWRMQVNL�MDPL�
1DÊH�MDPH��������������
%URGDU��6����������3DOHROLWVNH�QDMGEH�Y�MDPL�5LVRYHF�SUL
3RVWRMQL��$FWD�FDUVRORJLFD�������������
*DOOLQR�� /�� ����������� 7DYROH� GHO� 5LOLHYR� GHOOH� 5�5�
*URWWH�GL�3RVWXPLD���������3RVWXPLD�
*RVSRGDULÞ��5�� ��������6SHOHRORÊNL� SURFHVL� L]�PODMÊHJD
SOHLVWRFHQD��1DÊH�MDPH������������������
*RVSRGDULÞ��5�� �������� 7KH�4XDWHUQDU\�FDYHV�GHYHORS�
PHQW�EHWZHHQ�WKH�3LYND�EDVLQ�DQG�SROMH�RI�3ODQLQD��$FWD
&DUVRORJLFD�����������
*RVSRGDULÞ�� 5�� �������� $JH� DQG� GHYHORSPHQW� RI� FRO�
ODSVH� GROLQHV� DERYH� WKH� FDYH� V\VWHPV�� 7KH� H[DPSOHV
IURP�&ODVVLFDO�.DUVW�RI�6ORYHQLD� �1:�<XJRVODYLD���$QQ�
6RF��*pRO��%HOJ����������������
+DEH�� )�� �������� 7KH� 3RVWRMQD� FDYHV�� 3RVWRMQVND� MDPD�
3RVWRMQD�����S�
.DWDVWHU�MDP�,=5.�=5&�6$=8��3RVWRMQD�
.RJRYÇHN�� -�� �������� 6RPH�H[DPSOHV� RI� WKH� NDUVW�ZDWHU
SROOXWLRQ� RQ� WKH� 6ORYHQH� NDUVW�� $FWD� FDUVRORJLFD�� ���
��������
0DUWHO��(��$�� ��������/HV�$EvPHV��/LEUDLULH�&KDUOHV�'H�
ODJUDYH��3DULV������S�
0LFKOHU��,��	�)��+ULEDU���������3ULVSHYHN�N�SR]QDYDQMX
SRG]HPHOMVNH�3LYNH��$FWD�FDUVRORJLFD�������������
0LKHYF�� $��� 7�� 6ODEH� 	� 6�� ÆHEHOD� �������� 'HQXGHG
FDYHV�DQ�LQKHULWHG�HOHPHQW�LQ�WKH�NDUVW�PRUSKRORJ\��WKH
FDVH�IURP�.UDV��$FWD�FDUVRORJLFD�����������������

0XQVHOO� 6RLO� &RORU� &KDUWV� �������� 0XQVHOO� 6RLO� &RORU
&KDUWV��0XQVHOO�&RORU��%DOWLPRUH��0DU\ODQG�
3HUNR��*��$��	�6��*UDGHQLJR���������3RVWXPLD�H� OH�VXH
FHOHEUL�JURWWH��*URWWH�GL�3RVWXPLD��3RVWXPLD������S�
6KDZ�� 7�� �������� 1DPHV� IURP� WKH� SDVW� LQ� 3RVWRMQVND
MDPD��3RVWRMQD�&DYH���=DORÌED�=5&��/MXEOMDQD������S�
6WHSLÇQLN��8����������7KH�RULJLQ�RI�VHGLPHQWV� LQVLGH� WKH
FROODSVH� GROLQHV� RI� 3RVWRMQD� NDUVW� �6ORYHQLD��� $FWD� FDU�
VRORJLFD��������������
ÆHEHOD�� 6�� �����D��� 7KH�FDYHV� -DPD�QD� SRWL� DQG�=JXED
MDPD��$FWD�FDUVRORJLFD��������������
ÆHEHOD�� 6�� �����E��� 9ORJD� WHNWRQVNLK� VWUXNWXU� SUL� QDVWD�
MDQMX� MDPVNLK� URYRY� LQ� NUDÊNLK� SRYUÊLQVNLK� REOLN�� 'RN�
WRUVND�GLVHUWDFLMD��8QLYHU]D�Y�/MXEOMDQL��/MXEOMDQD������S�
ÆHEHOD��6��	� -��ÝDU� ��������9HOLND� -HUÊDQRYD�GROLQH��� D
IRUPHU�FROODSVH�GROLQH��$FWD�FDUVRORJLFD��������������
ÆHEHOD��6��	�,��'��6DVRZVN\���������$JH�DQG�0DJQHWLVP
RI� &DYH� 6HGLPHQWV� IURP� 3RVWRMQVND� MDPD� FDYH� V\VWHP
DQG� 3ODQLQVND� MDPD� FDYH�� 6ORYHQLD�� $FWD� FDUVRORJLFD�
������������
ÆHUNR��$��	�,��0LFKOHU���������'LH�*URWWH�YRQ�3RVWRMQD
�$GHOVEHUJHU� *URWWH�� XQG� VRQVWLJH� 6HFKHQVZ�UGLJNHLWHQ
GHV�.DUVWHV��=DYRG�3RVWRMQVNH�MDPH��3RVWRMQD������S�
7XUN�� -�� 	� 6�� ÆHEHOD� �������� /RFDO� FKDUDFWHULVWLFV� RI
3RVWRMQVND� -DPD� FOLPDWH�� DLU� WHPSHUDWXUH� DQG� SUHVVXUH
PRQLWRULQJ�� ,Q��*DEURYÊHN��)��	�$��0LKHYF� �HGV����&DYH
FOLPDWH��*XLGH�ERRN�	�DEVWUDFWV����WK� ,QWHUQDWLRQDO�.DU�
VWRORJLFDO� 6FKRRO� �&ODVVLFDO� .DUVW��� ������ -XQH� �����
3RVWRMQD��,=5.�=5&�6$=8��SS��������
=XSDQ� +DMQD�� 1��� $�� 0LKHYF�� 3�� 3UXQHU� 	� 3�� %RVgN
�������� 3DODHRPDJQHWLVP� DQG� PDJQHWRVWUDWLJUDSK\� RI
NDUVW� VHGLPHQWV� LQ� 6ORYHQLD�� =5&� 3XEOLVKLQJ�� &DUVR�
ORJLFD��/MXEOMDQD�����������


