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���,QWURGXFWLRQ
7KH�W\SLFDOO\�VDQG\�VKRUHV�RI�WKH�:DGGHQ�6HD�,VODQGV�DQG�RQ�VRPH�ORFDWLRQV�RQ�WKH
PDLQODQG�FRDVW�FRQVLVW�RI�WKH�QHDUVKRUH��VXUI�]RQH��EHDFK��GXQHV�DQG�GXQH�VODFNV�
7RJHWKHU�WKH\�FRPSULVH�D�VLQJOH�JHRPRUSKLF�V\VWHP��FDOOHG�WKH�OLWWRUDO�DFWLYH�]RQH��,W�LV
FKDUDFWHUL]HG�E\�VHGLPHQW�WUDQVSRUW�E\�FXUUHQWV��ZDYHV��DQG�ZLQG�DQG�OLHV�EHWZHHQ�WKH
RXWHU�OLPLW�RI�ZDYH�HIIHFWV�RQ�ERWWRP�VWDELOLW\�DQG�WKH�ODQGZDUG�OLPLW�RI�DHROLDQ�VDQG
WUDQVSRUW��%HDFKHV�DQG�GXQHV��LQFOXGLQJ�GXQH�VODFNV���WKH�IRFXV�RI�WKLV�UHSRUW��DUH
PDLQO\�IRXQG�RQ�WKH�1RUWK�6HD�VLGH�RI�WKH�EDUULHU�LVODQGV��RQ�VPDOO�:DGGHQ�6HD
LVODQGV�DQG�DORQJ�WKH�PDLQODQG�FRDVW�DW�6NDOOLQJHQ�DQG�(LGHUVWHGW�SHQLQVXODV��DQG
QHDU�&X[KDYHQ�

7KH�OLWWRUDO�DFWLYH�]RQH�FRQVLVWV�RI�WZR�HFRORJLFDO�V\VWHPV�����WKH�EHDFK��VXUI]RQH�DQG
QHDUVKRUH�SRSXODWHG�E\�PDULQH�ELRWD��DQG����WKH�GXQH�V\VWHP�LQKDELWHG�E\�WHUUHVWULDO
SODQWV�DQG�DQLPDOV��'XQHV�DQG�GXQH�VODFNV�DUH�FRPSDUDWLYHO\�KLJK�LQ�ELRGLYHUVLW\�DQG
DUH�KRPH�WR�YDULRXV�HQGDQJHUHG�VSHFLHV��$OO�EHDFK�DQG�GXQH�DUHDV�RXWVLGH�KXPDQ
VHWWOHPHQWV�KDYH�EHHQ�GHVLJQDWHG�DV�1DWXUD������DUHDV�XQGHU�WKH�%LUGV�DQG�+DELWDWV
'LUHFWLYHV�DQG�1DWLRQDO�&RQVHUYDWLRQ��ZZZ�JHRGLHQVWH�EIQ�GH�
ZZZ�ZDOWHUZDGGHQPRQLWRU�RUJ��DUHDOLQIRUPDWLRQ�PLOMRHSRUWDO�GN���7KH�1DWXUD�����
KDELWDW�W\SHV�FRQFHUQHG�DUH�JLYHQ�LQ�7DEOH���

%HDFKHV�DQG�GXQHV�DUH�DOVR�RI�LPSRUWDQFH�IRU�FRDVWDO�GHIHQFH��UHFUHDWLRQ��GULQNLQJ�
ZDWHU�H[WUDFWLRQ��DQG�YDULRXV�RWKHU�IXQFWLRQV��(YHUDUG�HW�DO����������%HDFKHV��GXQHV
DQG�GXQH�VODFNV�KDYH�EHHQ�PRGLILHG�WR�YDULRXV�GHJUHHV�WKURXJK�IRU�H[DPSOH�PDUUDP
SODQWLQJ�DQG�VDQG�IHQFHV��VDQG�GULIW�GLNHV��EHDFK�QRXULVKPHQWV��UHYHWPHQWV��GUDLQDJH�
UHFUHDWLRQ��DQG�QDWXUH�PDQDJHPHQW�VXFK�DV�OLYHVWRFN�JUD]LQJ��PRZLQJ�DQG�VRG
FXWWLQJ��6WLOO��WKH�:DGGHQ�6HD�LVODQG�GXQHV��SDUWLFXODUO\�WKRVH�LQ�XQLQKDELWHG�DUHDV�
KDYH�D�IDU�PRUH�QDWXUDO�FKDUDFWHU�WKDQ�WKRVH�RI�WKH�PDLQODQG�GXQHV�DORQJ�WKH
1RUWKZHVW�(XURSHDQ�FRDVW��+HOOZLJ�	�6WRFN��������

7KH�WDUJHWV�IRU�%HDFKHV�DQG�'XQHV��DV�GHILQHG�LQ�WKH�:DGGHQ�6HD�3ODQ�������DUH�

,QFUHDVHG�QDWXUDO�G\QDPLFV�RI�EHDFKHV��SULPDU\�GXQHV��EHDFK�SODLQV�DQG
SULPDU\�GXQH�YDOOH\V�LQ�FRQQHFWLRQ�ZLWK�WKH�RIIVKRUH�]RQH�
$Q�LQFUHDVHG�SUHVHQFH�RI�D�FRPSOHWH�QDWXUDO�YHJHWDWLRQ�VXFFHVVLRQ�

,Q�WKH�IROORZLQJ�WH[W��WKH�WDUJHWV�DUH�VOLJKWO\�DGDSWHG�VR�WR�XVH�WKH�FRUUHFW�ZRUGLQJ�

0RQLWRULQJ�SURJUDPPHV�PDLQO\�FRQFHUQ�WKH�GXQHV��ZKHUHDV�WKH�EHDFK�HFRV\VWHP�LV
UHODWLYHO\�SRRUO\�VWXGLHG�DQG�QRW�DW�DOO�PRQLWRUHG��7KHUHIRUH��WKLV�UHSRUW�ZLOO�SUHVHQW
PRVWO\�PRQLWRULQJ�UHVXOWV�RQ�GXQHV��ZKHUHDV�DVVHVVLQJ�EHDFK�VWDWXV�UHPDLQV�D
FKDOOHQJH��$V�EHDFKHV�VKRXOG�EH�UHFRJQLVHG�DV�SDUW�RI�WKH�OLWWRUDO�DFWLYH�]RQH�DQG�RI
1DWXUD������SURWHFWHG�DUHDV��WKLV�UHSRUW�JLYHV�LQIRUPDWLRQ�RQ�WKH�EHDFK�HFRV\VWHP�DV
EDVLV�IRU�IXWXUH�PRQLWRULQJ��DV�ZHOO�DV�WUHQGV�LQ�EHDFK�QRXULVKPHQWV�DV�WKUHDW�WR�WKH
EHDFK�HFRV\VWHP��$GGLWLRQDOO\��DQ�DVVHVVPHQW�RI�WKH�GHJUHH�RI�QDWXUDO�G\QDPLFV�LQ
EHDFKHV�DQG�GXQHV�LV�JLYHQ��)RU�GXQHV��LQFOXGLQJ�GXQH�VODFNV���PRQLWRULQJ�UHVXOWV�DUH
JLYHQ�IRU�GXQH�YHJHWDWLRQ��LQYDVLYH�SODQW�VSHFLHV��JURXQGZDWHU�H[WUDFWLRQV��DQG
DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ��7KHUH�LV�VSHFLDO�DWWHQWLRQ�IRU�WKH�VPDOO��XQLQKDELWHG
LVODQGV�WKDW�ZHUH�XQGHUUHSUHVHQWHG�LQ�WKH�SUHYLRXV�465V�

�



)LJXUH����,QWHUWLGDO�EHDFK�RQ�6FKLHUPRQQLNRRJ��3KRWR��*HUDUG�-DQVVHQ��

�

)LJXUH����%LUGV��PDLQO\�/HVVHU�EODFN�EDFNHG�JXOO��/DUXV�IXVFXV���XVLQJ�WKH�EHDFK�RI
$PUXP�DV�UHVWLQJ�SODFH��,Q�WKH�EDFNJURXQG�HPEU\RQLF�GXQHV��70$3�W\SH�;����DQG
ZKLWH�GXQHV��;�����3KRWR��0DUWLQ�6WRFN���/.1�6+���������

�



)LJXUH����/HIW��$���:KLWH�GXQHV��70$3�W\SH�;����RQ�$PHODQG��1/���3KRWR��$OPD�GH
*URRW���5LJKW��%���0RVDLF�RI�GXQH�YHJHWDWLRQ�RQ�/DQJHRRJ��3KRWR��0DUWLQ�6WRFN��

�

7DEOH����1DWXUD������+DELWDW�W\SHV�RI�WKH�OLWWRUDO�DFWLYH�]RQH��ZLWK�WKHLU�FRUUHVSRQGLQJ
70$3�YHJHWDWLRQ�W\SHV��)RU�UHJLRQDO�GLIIHUHQFHV�VHH�WKH�70$3�W\SRORJ\��6RXUFH�
3HWHUVHQ�HW�DO���������

�

���6WDWXV�DQG�WUHQGV

7KH�EHDFK�HFRV\VWHP

,W�LV�QRW�SRVVLEOH�WR�SUHVHQW�WKH�VWDWXV�DQG�WUHQGV�RI�WKH�EHDFK�HFRV\VWHP��DV�WKHUH�LV�QR
WULODWHUDO�PRQLWRULQJ�SURJUDPPH�DQG�ORFDO�GDWD�DUH�YHU\�VFDUFH��6WLOO��LW�FDQ�EH
DVVXPHG�WKDW�EHDFKHV�DUH�RYHUDOO�LQFUHDVLQJO\�XQGHU�VWUHVV�RI�KXPDQ�DFWLYLWLHV��OLNH
VDQG�QRXULVKPHQWV�DQG�UHFUHDWLRQ�UHODWHG�DFWLYLWLHV��7KLV�VXE�FKDSWHU�JLYHV�D�EULHI
GHVFULSWLRQ�RI�WKH�EHDFK�HFRV\VWHP�WR�VHUYH�DV�D�EDVLV�IRU�WKH�GHYHORSPHQW�RI�D
WULODWHUDO�PRQLWRULQJ�SODQ��$V�DQ�H[DPSOH��WKH�GHYHORSPHQW�RI�EHDFK�KDELWDW�DUHDV�LV



JLYHQ�

7KH�EHDFK�HFRV\VWHP�FDQ�EH�GLYLGHG�LQWR�WKH�VXSUDWLGDO�DQG�WKH�LQWHUWLGDO�]RQH��)LJXUH
����7KH�LQWHUWLGDO�EHDFK�IRUPV�WRJHWKHU�ZLWK�WKH�DGMDFHQW�VXUI�]RQH�D�QXUVHU\�DUHD�IRU
MXYHQLOH��IODW��ILVK��7KH�PDFURLQYHUWHEUDWH�IDXQD�RI�WKH�LQWHUWLGDO�]RQH�LV�IRRG�IRU
MXYHQLOH�IODWILVK��VKULPS��DQG�VHYHUDO�VKRUHELUGV��&KDUDFWHULVWLF�PDFURIDXQD�VSHFLHV�RI
WKH�LQWHUWLGDO�EHDFK�DUH�WKH�SRO\FKDHWH�6FROHOHSLV�VTXDPDWD��WKH�DPSKLSRGV
+DXVWRULXV�DUHQDULXV�DQG�%DWK\SRUHLD�VDUVL��DQG�WKH�LVRSRG�(XU\GLFH�SXOFKUD
�)LJXUH�����0DULQH�DOJDH��SODQW�UHPDLQV�DQG�DQLPDO�FDUFDVVHV�WKDW�GULIW�DVKRUH�DUH�WKH
PRVW�LPSRUWDQW�UHVRXUFH�IRU�VHFRQGDU\�SURGXFWLRQ�RI�WKH�EHDFK�HFRV\VWHP��ILOWHU
IHHGHUV�DQG�GHSRVLW�IHHGHUV�WXUQ�RYHU�KLJK�DPRXQWV�RI�SDUWLFXODWH�RUJDQLF�PDWWHU��DQG
IHHG�RQ�HSLSVDPPLF�EDFWHULD�DQG�PHLRIDXQD��)LJXUHV���DQG����

2Q�WKH�VXSUDWLGDO�EHDFK��WKH�RUJDQLF�ZUDFN��IDFLOLWDWHG�E\�WKH�GHJUDGDWLRQ�DFWLYLWLHV�RI
WKH�6DQGKRSSHUV��7DOLWUXV�VDOWDWRU���SURYLGHV�VWDELOLW\�DQG�QXWULHQWV�IRU�SLRQHHU
YHJHWDWLRQ��,Q�WKH�DEVHQFH�RI�ZUDFN�RI�PDULQH�RULJLQ��VDQGKRSSHUV�FDQ�DOVR�XVH�SODQW
PDWHULDO�IURP�GXQH�YHJHWDWLRQ�DV�D�IRRG�VRXUFH��)XUWKHU��WKH�VXSUDWLGDO�EHDFK�LV�XVHG
IRU�EUHHGLQJ�E\�VKRUHELUGV�DQG�DV�KDXO�RXW�DQG�SXSSLQJ�VLWH�IRU�VHDOV��0DQ\�W\SLFDO
EHDFK�EUHHGLQJ�ELUG�VSHFLHV��OLNH�VHYHUDO�7HUQ�VSHFLHV��5LQJHG�SORYHU��&KDUDGULXV
KLDWLFXOD��DQG�.HQWLVK�SORYHU��&KDUDGULXV�DOH[DQGULQXV���KDYH�FXUUHQWO\�ORZ
UHSURGXFWLYH�VXFFHVV��VHH�UHSRUW��%UHHGLQJ�ELUGV���

7KH�LQWHUDFWLRQV�RI�PDULQH�GHEULV��WHUUHVWULDO�GHEULV��H�J��WKH�URRWV�DQG�VKRRWV�RI
(O\WULJLD�MXQFHD�VXEVS��ERUHRDWODQWLFD���DQG�WKH�YDULRXV�SDUWV�RI�WKH�IRRG�ZHE�PDNH
VDQG\�EHDFKHV��OLNH�VDOW�PDUVKHV��DQ�LPSRUWDQW�IXQFWLRQDO�OLQN�EHWZHHQ�WKH�WHUUHVWULDO
DQG�PDULQH�HQYLURQPHQW�

$�SRVVLEOH�LQGLFDWRU�IRU�WKH�DUHD�DQG�GLVWULEXWLRQ�RI�EHDFKHV�FRXOG�EH�EHDFK�DUHD�SHU
LVODQG��GHULYHG�IURP�GDWD�WKDW�DUH�QRUPDOO\�FROOHFWHG�IRU�FRDVWDO�SURWHFWLRQ�SXUSRVHV�
$Q�H[DPSOH�LV�JLYHQ�IRU�WZR�'XWFK�LVODQGV��)LJXUH�����%HDFK�DUHD�RQ�6FKLHUPRQQLNRRJ
LQFUHDVHG�FRQVLGHUDEO\�IRU�����\HDUV��IROORZHG�E\�D�GHFOLQH�GXULQJ�WKH�SDVW����\HDUV�
2Q�7HUVFKHOOLQJ��WRWDO�EHDFK�DUHD�KDV�VWDELOLVHG�RYHU�WKH�SDVW����\HDUV�DIWHU�DQ�HDUOLHU
GHFUHDVH��2Q�ERWK�LVODQGV��LQWHUWLGDO�EHDFK�DUHD�LQFUHDVHG�

�



)LJXUH����7KH�OLWWRUDO�DFWLYH�]RQH��DIWHU�0F/DFKODQ�	�%URZQ��������ZLWK�1DWXUD�����
KDELWDW�W\SHV��/:� �ORZ�ZDWHU�OLQHO�+:� �KLJK�ZDWHU�OLQH��6' VWRUP�GULIWOLQH��7KH
VXSUDWLGDO�EHDFK�LV�QRW�RU�RQO\�SDUWO\�SURWHFWHG�XQGHU�WKH�%LUGV�DQG�+DELWDWV�'LUHFWLYH�

�

)LJXUH����&KDUDFWHULVWLF�IDXQDO�VSHFLHV�RI�VDQG\�EHDFKHV��6RXUFH��-DQVVHQ��������

�



)LJXUH����&KDUDFWHULVWLF�FRPSRQHQWV�RI�LQWHUVWLWLDO��PHLR��IDXQD�RI�VDQG\�EHDFKHV
DURXQG�6\OW��,PDJH��$:,�:DWWHQPHHUVWDWLRQ�6\OW��

�



)LJXUH����%HDFK�VXUIDFH�DUHD�RI�7HUVFKHOOLQJ��DERYH��DQG�6FKLHUPRQQLNRRJ��EHORZ��
GLYLGHG�LQWR�WRWDO��VXSUDWLGDO�DQG�LQWHUWLGDO�EHDFK��6RXUFH��'HOWDUHV��

�

1DWXUDO�G\QDPLFV�RI�EHDFKHV�DQG�GXQHV

'\QDPLF�DUHDV��ZKHUH�VDQG�FDQ�EH�WUDQVSRUWHG�IUHHO\�E\�ZLQG�DQG�RU�ZDWHU�DUH�DQ
LPSRUWDQW�SDUW�RI�QDWXUDO�EHDFKHV�DQG�GXQHV��3HWHUVHQ�	�/DPPHUWV���������)LJXUH����
7KH�GHSRVLWHG�VHGLPHQW�FRQWULEXWHV�WR�GXQH�DQG��WR�D�OHVVHU�GHJUHH��WR�VDOW�PDUVK
JURZWK��DOORZLQJ�WKH�LVODQG�WR�JURZ�ZLWK�VHD�OHYHO�ULVH��2RVW�HW�DO����������,Q�D�QRUPDOn
VXFFHVVLRQ�IURP�HPEU\RQLF�GXQHV�WR�ROG�GXQHV�ZLWK�FOLPD[�YHJHWDWLRQ��ODQGVFDSH
G\QDPLFV�DUH�JHQHUDOO\�UHGXFHG��9DULRXV�KXPDQ�DFWLYLWLHV�KDYH�IXUWKHU�UHGXFHG�WKH
G\QDPLF�DUHD�RI�GXQHV��H�J��0DUUDP�SODQWLQJ��FRQVWUXFWLRQ�RI�VDQG�IHQFHV�DQG�VDQG�
GULIW�GLNHV��)LJXUH��$���FRDVWDO�FRQVWUXFWLRQ�ZRUNV��SLQH�SODQWDWLRQV��DQG�DWPRVSKHULF
QLWURJHQ�GHSRVLWLRQ��6DQG�QRXULVKPHQWV�DQG�PHFKDQLFDO�EHDFK�FOHDQLQJ�KDYH
LQIOXHQFHG�QDWXUDO�VHGLPHQW�G\QDPLFV��7KH�GLVWXUEDQFH�E\�QDWXUDO�G\QDPLFV�PD\�EH
DQ�LPSRUWDQW�SURFHVV�LQ�ORFDOO\�FUHDWLQJ�SLRQHHU�VHWWLQJV�DQG�WKXV�SUHVHUYLQJ
ELRGLYHUVLW\��2RVW�HW�DO���������'H�*URRW�HW�DO���������

6SHFLILF�PRQLWRULQJ�RI�QDWXUDO�G\QDPLFV�RI�EHDFKHV�DQG�GXQHV�GRHV�QRW�H[LVW�LQ�WKH
:DGGHQ�6HD�UHJLRQ��7KLV�WH[W�JLYHV�D�ILUVW��TXDOLWDWLYH�RYHUYLHZ�RI�WKH�VWDWH�RI�WKH
QDWXUDO�G\QDPLFV�RQ�WKH�LQWHUIDFH�EHWZHHQ�WKH�1RUWK�6HD�DQG�WKH�LVODQGV��)XUWKHU
LQIRUPDWLRQ�RQ�WKH�ODUJHU�VFDOH�LV�JLYHQ�LQ�WKH�UHSRUW��*HRPRUSKRORJ\��

7KH�GHJUHH�RI�KXPDQ�LQWHUIHUHQFH�VWURQJO\�YDULHV�EHWZHHQ�LVODQGV�DQG�UHJLRQV��7DEOH
����7KH�PRVW�LPSRUWDQW�UHGXFWLRQ�RI�G\QDPLFV�LV�FDXVHG�E\�FRDVWDO�SURWHFWLRQ�ZRUNV
�VHH�DOVR�$QQH[���DQG�UHSRUW��&RDVWDO�ULVN�PDQDJHPHQW����6WRQH�UHYHWPHQWV��WKDW
VWURQJO\�IL[�WKH�SRVLWLRQ�RI�WKH�FRDVWOLQH��DUH�PDLQWDLQHG�RQ�PRVW�RI�WKH�/RZHU�6D[RQ\
LVODQGV��EXW�DUH�QRW�RU�RQO\�OLPLWHG�SUHVHQW�LQ�WKH�RWKHU�UHJLRQV��%HDFK�QRXULVKPHQWV
SUHYHQW�HURVLRQDO�FRDVWV�WR�GHYHORS�DQG�PD\�IDFLOLWDWH�WKH�IRUPDWLRQ�RI�QHZ�HPEU\RQLF
GXQHV��7KH\�DUH�FDUULHG�RXW�RQ�PRVW�RI�WKH�'XWFK�LQKDELWHG�LVODQGV��KDOI�RI�WKH�/RZHU
6D[RQ\�LVODQGV�DQG�RQ�VRPH�RI�WKH�6FKOHVZLJ�+ROVWHLQ�DQG�'DQLVK�LVODQGV�

3ODQWLQJ�0DUUDP�JUDVV��PDLQO\�$PPRSKLOD�DUHQDULD�DQG�$PPRSKLOD�EDOWLFD��DQG
FRQVWUXFWLQJ�VDQG�IHQFHV�LQ�WKH�H[LVWLQJ�GXQHV�XVHG�WR�EH�SUDFWLFH�WKURXJKRXW�WKH
:DGGHQ�6HD��7KH�DPRXQW�RI�SODQWLQJV�KDV�UHGXFHG��EXW�LW�LV�VWLOO�SUDFWLFHG�IRU�FRDVWDO
SURWHFWLRQ��,Q�WKH�SDVW�FHQWXULHV��PDQ\�VDQG�GULIW�GLNHV�ZHUH�FRQVWUXFWHG�E\�FDWFKLQJ



VDQG�LQ�VWUDWHJLFDOO\�SODFHG�VDQG�IHQFHV�DQG�VXEVHTXHQW�PDUUDP�SODQWLQJV��%HFDXVH�RI
WKHLU�RIWHQ�FRQVLGHUDEOH�VL]H��XS�WR�NLORPHWUHV��DQG�SODFHPHQW�DFURVV�ZDVKRYHUV��WKH\
KDYH�VWURQJO\�UHGXFHG�WKH�G\QDPLFV�DQG�DOWHUHG�ODUJH�SDUWV�RI�WKH�GXQHV�DQG�EHDFKHV
RI�PRVW�RI�WKH�LVODQGV�

1DWXUDO�G\QDPLFV�QRZ�HIIHFWLYHO\�PDLQO\�RFFXU�RQ�WKH�SDUWV�RI�WKH�LVODQGV�ZLWKRXW
KXPDQ�VHWWOHPHQW��WKH�DUHD�RI�ZKLFK�YDULHV�VWURQJO\�EHWZHHQ�LVODQGV��0RVW��EXW�QRW�DOO�
XQLQKDELWHG�LVODQGV�KDYH�D�ODUJHU�GHJUHH�RI�G\QDPLFV�WKDQ�WKH�ODUJHU�RQHV��$�SRVVLEOH
LQGLFDWRU�IRU�GXQH�G\QDPLFV�LV�WKH�QXPEHU�DQG�DUHD�RI�EORZRXWV��$QQH[����

,Q�WKH�1HWKHUODQGV��WKH�ORQJ�ODVWLQJ�DUWLILFLDO�UHGXFWLRQ�RI�GXQH�G\QDPLFV�LV�FXUUHQWO\
VHHQ�DV�D�WKUHDW�WR�ELRGLYHUVLW\��QDWXUDO�YDOXHV�DQG�HFRV\VWHP�VHUYLFHV��2Q�7HUVFKHOOLQJ
�)LJXUH��%��DQG�$PHODQG��GXQH�YHJHWDWLRQ�ZDV�WKHUHIRUH�UHPRYHG�DQG�QRWFKHV�ZHUH
PDGH�LQ�WKH�IRUHGXQH��VR�WKDW�ZLQG�DQG�ZDWHU�PD\�RSHUDWH�PRUH�IUHHO\�RQ�WKH�GXQHV�

�

7DEOH����'HJUHH�RI�QDWXUDO�G\QDPLFV�RI�EHDFKHV�DQG�GXQHV�SHU�UHJLRQ��$OVR
LQWHUYHQWLRQV�IURP�WKH�SDVW�DUH�LQFOXGHG��DV�IDU�DV�WKH\�VWLOO�KDYH�DQ�HIIHFW�RQ�WKH
G\QDPLFV�RI�EHDFKHV�DQG�GXQHV�

�

)LJXUH����/HIW��$���:DVKRYHU�RQ�6SLHNHURRJ��ZKHUH�1RUWK�6HD�ZDWHU�IORRGV�DFURVV�WKH
GXQHV�GXULQJ�VWRUP�IORRGV��3KRWR��$OPD�GH�*URRW���5LJKW��%���$HROLDQ�VDQG�WUDQVSRUW�RQ
5ePe��3KRWR��0DUWLQ�6WRFN���/.1�6+���

�



)LJXUH����/HIW��$���6DQG�IHQFHV�DQG�PDUUDP�SODQWLQJ�RQ�$PHODQG��5LJKW��%���$UWLILFLDOO\
UHMXYHQDWHG�GXQHV�RQ�7HUVFKHOOLQJ��3KRWRV��$OPD�GH�*URRW��

�

'XQH�YHJHWDWLRQ

'XQH�YHJHWDWLRQ�RFFXUV�LQ�GU\�GXQHV�DQG�ZHW�GXQH�VODFNV��,Q�������WKH�70$3�W\SRORJ\
RI�FRDVWDO�YHJHWDWLRQ��L�H��GXQHV��GXQH�VODFNV�DQG�VDOW�PDUVKHV��ZDV�ILQDOLVHG�VR�WKDW
VWDWXV�DQG�WUHQGV�LQ�YHJHWDWLRQ�FRYHU�FDQ�QRZ�EH�DVVHVVHG�WULODWHUDOO\��3HWHUVHQ�HW�DO��
������

'HVSLWH�WKH�HVWDEOLVKPHQW�RI�WKH�70$3�W\SRORJ\��GXQH�YHJHWDWLRQ�LV�PDSSHG
GLIIHUHQWO\�LQ�WKH�WKUHH�FRXQWULHV��,Q�6FKOHVZLJ�+ROVWHLQ��+DPEXUJ�DQG�/RZHU�6D[RQ\�
WKH�PRVW�UHFHQW�PDSV��DOPRVW��FRYHU�WKH�IXOO�70$3�W\SRORJ\��2QO\�+DPEXUJ�DQG
6FKOHVZLJ�+ROVWHLQ�KDYH�SURGXFHG�QHZ�PDSV�RI�GXQH�YHJHWDWLRQ�VLQFH�WKH�465������
,Q�'HQPDUN��YHJHWDWLRQ�LV�PDSSHG�WR�WKH�OHYHO�RI�1DWXUD������KDELWDW�W\SHV��ZKLFK�LV
OHVV�GHWDLOHG�WKDQ�WKH�70$3�W\SRORJ\��7KH�PDSSLQJ�RI�6NDOOLQJHQ�LV�LQFRPSOHWH��,Q�WKH
1HWKHUODQGV��PDSSLQJ�LV�GRQH�E\�WKH�LQGLYLGXDO��QDWXUH��PDQDJHPHQW�DJHQFLHV��ZKLFK
PD\�EH�XS�WR�WKUHH�SHU�LVODQG��7KH�YDULRXV�ORFDO�DQG�UHJLRQDO�W\SRORJLHV�DOORZ�WHPSRUDO
FRPSDULVRQ�ZLWKLQ�LVODQGV��EXW�QRQH�RI�WKRVH�IXOO\�FRUUHVSRQGV�ZLWK�WKH�70$3
W\SRORJ\��$OVR��QRW�DOO�GXQH�DUHDV�DUH�PDSSHG�DQG�PDSSLQJ�\HDUV�YDU\��7KH�RYHUDOO
GHWHFWLRQ�RI�WUHQGV�LQ�YHJHWDWLRQ�W\SHV�LV�IXUWKHU�FRPSOLFDWHG�E\�D�FKDQJH�LQ�PDSSLQJ
PHWKRGV�DQG�DUHDV�LQ�DOPRVW�DOO�DUHDV�VLQFH�WKH�465�������H[FHSW�IRU�+DPEXUJ���VR
WKDW�D�FRPSDULVRQ�ZLWK�WKH�GDWD�SUHVHQWHG�LQ�WKH�465������DQG�KHQFH�WUHQG�DQDO\VLV
LV�QRW�SRVVLEOH��,Q�*HUPDQ\��WKH�FRPLQJ�PDSSLQJ�VXUYH\��������ZLOO�EH�VXLWDEOH�IRU
FRPSDULVRQ�ZLWK�WKH�GDWD�SUHVHQWHG�KHUH�

$�WRWDO�RI�DERXW��������KD�RI�GXQHV�DQG�GXQH�VODFNV�KDYH�EHHQ�PDSSHG�LQ�WKH�:DGGHQ
6HD�UHJLRQ��7KH�DUHD�LV��ZLWK�D�PDSSHG�DUHD�RI�DOPRVW�������KD��ODUJHVW�LQ�WKH
1HWKHUODQGV��HYHQ�ZLWK�SDUWV�RI�WKH�GXQHV�QRW�PDSSHG��,Q�/RZHU�6D[RQ\��DOPRVW������
KD�LV�SUHVHQW��+DPEXUJ����KD��6FKOHVZLJ�+ROVWHLQ�������KD�DQG�'HQPDUN�������KD
�ZLWK�SDUWV�PLVVLQJ���:KHQ�UHJDUGHG�RQ�WKH�KLJKHVW�W\SRORJ\�OHYHO��)LJXUH������WKH�IXOO
VXFFHVVLRQDO�VHULHV�LV�SUHVHQW�LQ�HDFK�UHJLRQ��DOEHLW�LQ�GLIIHUHQW�SURSRUWLRQV�RI�WKH
YHJHWDWLRQ�W\SHV��%HDFK�GULIWOLQH��;����)LJXUH���$��LV�JHQHUDOO\�WKH�VPDOOHVW�DUHD��EXW�LW
LV�QRW�PDSSHG�HYHU\ZKHUH��RU�DV�SDUW�RI�;����HPEU\RQLF�GXQHV���7KH�DUHD�RI�HPEU\RQLF
GXQHV��;����LV�DOPRVW�����KD�LQ�HDFK�RI�WKH�UHJLRQV�RI�WKH�1HWKHUODQGV��/RZHU�6D[RQ\
DQG�6FKOHVZLJ�+ROVWHLQ��EXW�PDSSLQJ�PHWKRGV�RI�WKLV�W\SH�YDU\��,Q�'HQPDUN�WKH
PDSSHG�DUHD�LV�YHU\�VPDOO��0RVW�RI�WKH�;���W\SH��JHQHULF�GXQHV��LQ�WKH�1HWKHUODQGV
SUREDEO\�FRQVLVWV�RI�ZKLWH�GXQHV�DQG�GXQH�JUDVVODQG��;���DQG�;�����VR�WKDW�WKH
SURSRUWLRQ�RI�WKHVH�W\SHV�WR�WKH�WRWDO�DUHD�LV�PRUH�RU�OHVV�WKH�VDPH�DV�LQ�/RZHU�6D[RQ\�
,Q�FRQWUDVW��GXQH�KHDWKV��;����)LJXUH���%��GRPLQDWH�LQ�6FKOHVZLJ�+ROVWHLQ�DQG
'HQPDUN��'XQH�VFUXE��;����RFFXUV�PRVWO\�LQ�/RZHU�6D[RQ\��DQG�PXFK�OHVV�LQ�WKH�RWKHU
UHJLRQV��'XQH�ZRRGODQGV��;����RFFXU�PRVWO\�LQ�WKH�1HWKHUODQGV�GXH�WR�SLQH



SODQWDWLRQV�DQG�/RZHU�6D[RQ\��ZKHUHDV�SLQH�SODQWDWLRQV�LQ�'HQPDUN�DUH�QRW�PDSSHG�
7KH�DUHD�RI�GXQH�VODFNV��+����)LJXUH���%��LV�KLJKHVW�LQ�WKH�1HWKHUODQGV�DQG�'HQPDUN�
DQG�ORZHVW�LQ�6FKOHVZLJ�+ROVWHLQ��7KHUH�DUH�YDULDWLRQV�IURP�WKLV�JHQHUDO�SDWWHUQ�ZKHQ
WKH�LQGLYLGXDO�LVODQGV�DUH�FRQVLGHUHG��DQ�RYHUYLHZ�LV�JLYHQ�LQ�$QQH[���

�

�

)LJXUH�����'XQH�YHJHWDWLRQ�W\SH�SHU�UHJLRQ��ERWK�VPDOO�DQG�ODUJH�LVODQGV��6HH�7DEOH��
IRU�OHJHQG��ZKHUH�<�DUH�W\SHV�QRW�SRVVLEOH�WR�WUDQVODWH�WR�WKH�70$3�W\SRORJ\���;��
FRQVLVWV�RI�GXQH�DUHDV�LQ�WKH�1HWKHUODQGV�PDSSHG�E\�5:6��WKDW�DUH�QRW�HPEU\RQLF
GXQHV��;����RU�EHDFK�GULIWOLQH��;�����DQG�ZLOO�LQ�PRVW�FDVHV�EH�;���DQG�;�����&RQVLGHUDEOH
GXQH�DUHDV�RI�7H[HO��1/��DQG�6NDOOLQJHQ��'.��KDYH�QRW�EHHQ�PDSSHG�

�

)LJXUH�����/HIW��$���'ULIWOLQH�YHJHWDWLRQ��;����RQ�7ULVFKHQ��5LJKW��%���&DOOXQD�YXOJDULV
W\SH��;������RQ�$PUXP��3KRWRV��0DUWLQ�6WRFN���/.1�6+���

�



)LJXUH�����/HIW��$���0RELOH�GXQHV��EDFNJURXQG��DQG�(PSHWUXP�QLJUXP�YHJHWDWLRQ�W\SH
�;������RQ�6\OW��3KRWR��0DUWLQ�6WRFN���/.1�6+����5LJKW��%���3DUQDVVLD�SDOXVWULV�DV�SDUW
RI�WKH�6FKRHQXV�QLJULFDQV�W\SH��+������LQ�D�GXQH�VODFN��3KRWR��-dUJ�3HWHUVHQ��

�

7DEOH����0DLQ�70$3�YHJHWDWLRQ�W\SHV�RI�GXQHV�DQG�GXQH�VODFNV��6RXUFH��3HWHUVHQ�HW�DO��
������

�

'XQH�YHJHWDWLRQ�RI�VPDOO�LVODQGV

7KHUH�DUH�YDULRXV�VPDOO�LVODQGV�LQ�WKH�:DGGHQ�6HD��L�H��VDQG�IODWV��DERYH�PHDQ�KLJK
ZDWHU��YHJHWDWHG�ZLWK�WHUUHVWULDO�SODQWV��WKDW�DUH�QRW�LQKDELWHG�E\�KXPDQV�DQG�WKDW�DUH
PXFK�VPDOOHU�WKDQ�WKHLU�LQKDELWHG�FRXQWHUSDUWV��7KH�LVODQGV�YDU\�VWURQJO\�LQ�DJH�
ORFDWLRQ�ZLWKLQ�WKH�:DGGHQ�6HD��L�H��PRUH�RU�OHVV�H[SRVHG���DQG�GHJUHH�RI�KXPDQ
LQIOXHQFH��0RUH�LQIRUPDWLRQ�LV�JLYHQ�LQ�WKH�UHSRUW��*HRPRUSKRORJ\���7KH�PDLQ�IHDWXUH
RI�PDQ\�RI�WKHVH�VPDOO�LVODQGV��RIWHQ�ODFNLQJ�FRDVWDO�GHIHQFH�VWUXFWXUHV��LV�WKHLU�KLJKO\
G\QDPLF�QDWXUH��WKH\�DUH�FRQVWDQWO\�RQ�WKH�PRYH��VKLIWLQJ�UDWHV�FKDQJH�RYHU�WKH�\HDUV
DQG�DUH�GHWHUPLQHG�E\�VHGLPHQW�VXSSO\�LQ�FRQMXQFWLRQ�ZLWK�VLQJXODU��PRVWO\�VWRUP�
UHODWHG��HYHQWV��7KHVH�LVODQGV�RIWHQ�KDYH�D�GLIIHUHQW�KLVWRU\�WKDQ�WKHLU�ODUJHU��LQKDELWHG
FRXQWHUSDUWV�DQG�PD\�WKHUHIRUH�VKRZ�D�YHU\�GLIIHUHQW�GHYHORSPHQW��%\�QRZ��PRVW
VPDOO�LVODQGV�DUH�SDUW�RI�UHJXODU�PDSSLQJ�SURJUDPPHV�LQ�DOO�WKUHH�FRXQWULHV��RQO\�IRU
5LFKHO��LQIRUPDWLRQ�ZDV�GHULYHG�IURP�DQRWKHU�VRXUFH��DQG�FDQ�QRZ�EH�FRPSDUHG�DV�IDU
DV�WKH�GDWD�VRXUFH�DOORZV��VHH�SUHYLRXV�FKDSWHU���0RUH�GHWDLOHG�LQIRUPDWLRQ�FDQ�EH
IRXQG�LQ�WKH�UHFHQW�RYHUYLHZ�RI�+HOOZLJ�	�6WRFN��������



7KH�WRWDO�DUHD�RI�GXQH�YHJHWDWLRQ�YDULHV�FRQVLGHUDEO\�EHWZHHQ�WKH�VPDOO�LVODQGV��ZLWK
DUHD�DQG�YHJHWDWLRQ�FRPSRVLWLRQ�UHIOHFWLQJ�LVODQG�DJH�DQG�WKH�GHJUHH�RI�KXPDQ
LQIOXHQFH��)LJXUH������)LUVWO\��PRVW�DUH�UHODWLYHO\�\RXQJ�LVODQGV�������\HDUV��ZLWK
PDLQO\�;������(O\WULJLD�MXQFHD��YHJHWDWLRQ��5LFKHO��)LJXUH���$��%UDVVHXU�HW�DO���������
.DFKHORW��/gWMH�+RUQ��DQG�1RUGHURRJVDQG��)LJXUH���%��SDUW�RI�WKH�$XhHQVbQGH��6WRFN
HW�DO����������7KH�LVODQGV�RI�0HOOXP�DQG�0HPPHUW�DUH�ROGHU�DQG�FRQVHTXHQWO\�VKRZ�D
ODUJHU�UDQJH�RI�WKH�VXFFHVVLRQDO�VWDJHV��9HJHWDWLRQ�RQ�7ULVFKHQ�GHYHORSHG�DERXW�WKH
VDPH�WLPH��EXW�GXH�WR�LWV�KLJK�G\QDPLFV�WKHUH�DUH�PDLQO\�\RXQJHU�VXFFHVVLRQDO�VWDJHV
SUHVHQW��)LJXUH������5RWWXPHURRJ�DQG�5RWWXPHUSODDW�DUH�H[SHFWHG�WR�KDYH�D�VLPLODU
UDQJH�RI�W\SHV�DV�0HOOXP�DQG�0HPPHUW��EXW�ZHUH�QRW�PDSSHG�LQ�VXIILFLHQW�GHWDLO�
1LJHKfUQ�DQG�6FKDUKfUQ�FDQ�EH�VHHQ�DV�LQWHUPHGLDWH�VWDJHV��/DQJOL�LV�ROGHVW��DQG�LV�D
UHPQDQW�RI�D�PXFK�ODUJHU�LVODQG��VKRZLQJ�D�SDWWHUQ�RI�ROGHU�VXFFHVVLRQDO�VWDJHV��JUH\
GXQHV�DQG�GXQH�KHDWKV���*ULHQG��DOVR�D�UHPQDQW��ZLOO�SUREDEO\�ORRN�VLPLODU�LI�PDSSHG
LQ�GHWDLO��0LQVHQHU�2RJ�ZDV�GHYHORSHG�DV�D�FRDVWDO�SURWHFWLRQ�ZRUN��DQG�WKH�DEVHQFH�RI
QDWXUDO�G\QDPLFV�KDV�JLYHQ�LW�D�GRPLQDQFH�RI�GXQH�JUDVVODQG��;�����,W�LV�H[SHFWHG�WKDW
WKH�\RXQJHU�LVODQGV�ZLOO�LQ�WLPH�GHYHORS�PRUH�VXFFHVVLRQDO�VWDJHV��WKH�IDVW
GHYHORSPHQW�DLGHG�E\�WKH�KLJK�QXWULHQW�LQSXW�IURP�EUHHGLQJ�ELUG�FRORQLHV�WKDW�DUH
IUHTXHQWO\�VHHQ�RQ�WKH�VPDOO�LVODQGV�

�

�

)LJXUH�����'XQH�YHJHWDWLRQ�W\SHV�RI�WKH�VPDOO�XQLQKDELWHG�LVODQGV��;���LQ�WKH
1HWKHUODQGV�LV�D�FRPELQDWLRQ�RI�DOO�W\SHV�;���WR�;�����7KH�DUHD�RI�;���RI�WKH
$XbHQVcQGH�LV�VPDOOHU�LQ�UHDOLW\��DV�WKH�HQWLUH�DUHD�ZLWK�GLVSHUVHG�HPEU\RQLF�GXQHV�ZDV
RXWOLQHG��LQVWHDG�RI�PDSSLQJ�RQO\�WKH�YHJHWDWHG�DUHD�

�



)LJXUH�����/HIW��$���7KH�QHZO\�GHYHORSHG�HPEU\RQLF�GXQH�ILHOG�RQ�5LFKHO��1/��LQ�����
�3KRWR��,0$5(���5LJKW��%���7KH�LVODQG�RI�1RUGHURRJVDQG��SDUW�RI�WKH�$XbHQVcQGH��
������3KRWR��0DUWLQ�6WRFN���/.1�6+���

�

)LJXUH�����:DVKRYHU�GHSRVLWV�LQ�WKH�KLJKO\�G\QDPLF�HQYLURQPHQW�RI�7ULVFKHQ��*HUPDQ\
�3KRWR��0DUWLQ�6WRFN���/.1�6+���

�

7KUHDWV��EHDFK�QRXULVKPHQWV�DQG�EHDFK�UHFUHDWLRQ

%HDFK�QRXULVKPHQWV��)LJXUH�����DQG�IRUHVKRUH�QRXULVKPHQWV�DUH�FDUULHG�RXW�RQ
VHYHUDO�LVODQGV�LQ�WKH�1HWKHUODQGV��/RZHU�6D[RQ\�DQG�6FKOHVZLJ�+ROVWHLQ��VHH�UHSRUW
�&RDVWDO�5LVN�0DQDJHPHQW����7KH�YROXPH�RI�EHDFK�QRXULVKPHQWV�RQ�WKH�'XWFK
:DGGHQ�,VODQGV�YDULHG�EHWZHHQ���DQG����PLOOLRQ�P��SHU�SHULRG�VLQFH�������)LJXUH�����
&RPSDUHG�WR�WKH�465�������WKH�YROXPH�KDV�LQFUHDVHG�WR�����PLOOLRQ�P���0HDQZKLOH�
WKH�YROXPH�RI�IRUHVKRUH�QRXULVKPHQWV�VOLJKWO\�GHFUHDVHG�IURP������WR������PLOOLRQ�P�

�QRW�VKRZQ���%HDFK�QRXULVKPHQWV�RQ�6\OW��6FKOHVZLJ�+ROVWHLQ��ZHUH�DSSUR[LPDWHO\��
PLOOLRQ�P��EHWZHHQ������DQG�������D�QXPEHU�WKDW�KDV�EHHQ�UHODWLYHO\�VWDEOH�VLQFH�WKH
ODWH�����V��2Q�1RUGHUQH\��/DQJHRRJ��:DQJHURRJH��DQG�%OcYDQG��6NDOOLQJHQ���EHDFKHV



ZHUH�DOVR�QRXULVKHG�EXW�ZLWK�PXFK�VPDOOHU�YROXPHV�FRPSDUHG�WR�6\OW�DQG�WKH�'XWFK
LVODQGV�

7KH�HFRORJLFDO�HIIHFWV�RI�QRXULVKPHQWV�RQ�VPDOOHU�WHPSRUDO�DQG�VSDWLDO�VFDOHV��L�H�
\HDUV�DQG�VSHFLILF�EHDFK�VLWHV��FDQ�EH�YDOXHG�DV�XQGHVLUDEOH��6SH\EURHFN�HW�DO��������
-DQVVHQ�HW�DO���������GLVWXUEDQFH�RI�EUHHGLQJ�ELUGV�DQG�EXU\LQJ�EHQWKLF�FRPPXQLWLHV�
7KH�PRVW�GLUHFW�QHJDWLYH�HIIHFW�RI�EHDFK�QRXULVKPHQW�LV�WKH�WKLFN�OD\HU�RI�VDQG�DSSOLHG
RQ�WKH�EHDFK��0RVW�PDFURLQYHUWHEUDWH�IDXQD�LV�XQOLNHO\�WR�VXUYLYH�D�EXULDO�RI�VDQG�RI
PRUH�WKDQ���P��OHW�DORQH�WKH�PRUH�UHJXODUO\�XVHG�OD\HUV�RI���WR���P��/HHZLV�HW�DO��
�������5HFRYHU\�RI�WKH�EHQWKLF�IDXQD�WDNHV�SODFH�ZLWKLQ�D�IHZ�\HDUV��EXW�LV�VSHFLHV�
VSHFLILF��/HHZLV�HW�DO����������6LQFH��DW�OHDVW�LQ�WKH�1HWKHUODQGV��WKH�IUHTXHQF\�LQ�ZKLFK
VDQG�QRXULVKPHQWV�DUH�DSSOLHG�LV�LQ�WKH�VDPH�RUGHU�DV�WKH�UHFRYHU\�WLPH��WKH�IDXQD�RI
QRXULVKHG�EHDFKHV�DUH�KDUGO\�HYHU�LQ�DQ�XQGLVWXUEHG�VWDWH�

2Q�ODUJHU�WHPSRUDO�DQG�VSDWLDO�VFDOHV��GHFDGHV�DQG�UHJLRQV���QRXULVKPHQWV�ERWK
FRQWULEXWH�WR�WKH�IRUPDWLRQ�RI�FRDVWDO�KDELWDWV��EHDFKHV�DQG�HPEU\RQLF�GXQHV���DQG�WR
WKH�ORVV�RI�HURVLRQDO�FRDVWV��ZKLFK�ZRXOG�FDXVH�QDWXUDO�G\QDPLFV�RI�WKH�GXQHV��,Q�WKH
1HWKHUODQGV��WKH�RQJRLQJ�QRXULVKPHQWV�VLQFH������KDYH�VWRSSHG�WKH�FRDVWOLQH�IURP
IXUWKHU�UHWUHDWLQJ��$V�D�FRQVHTXHQFH��WKH�DUHD�RI�HPEU\RQLF�GXQHV�KDV�ORFDOO\
LQFUHDVHG�DQG�D�TXDUWHU�RI�WKH�QRXULVKHG�VDQG�LV�WUDQVSRUWHG�LQWR�WKH�GXQHV�E\�ZLQG
�$UHQV�	�-DQVVHQ��������

5HFUHDWLRQ��)LJXUH�����FDQ�DOVR�QHJDWLYHO\�LQIOXHQFH�WKH�EHDFK�HFRV\VWHP��'HIHR�HW�DO��
�������IRU�LQVWDQFH�WKURXJK�GLVWXUELQJ�DQG�WUDPSOLQJ�WKH�EHDFK�IDXQD�DQG�OHDYLQJ
OLWWHU�RQ�WKH�EHDFK��0HFKDQLFDO�EHDFK�FOHDQLQJ�LV�RIWHQ�HPSOR\HG�DV�D�PHDVXUH�DJDLQVW
OLWWHULQJ��HVSHFLDOO\�RQ�FURZGHG�WRXULVW�EHDFKHV��7KH�ZDVWH�LV�PDLQO\�FROOHFWHG
PDQXDOO\�DQG�WUDQVSRUWHG�E\�PDFKLQHV��EXW�RQ�VRPH�*HUPDQ�DQG�'XWFK�LVODQGV
VWUHWFKHV�RI�EHDFKHV�DUH�DOVR�FOHDQHG�PHFKDQLFDOO\�LQ�VXPPHU��0HFKDQLFDO�EHDFK
FOHDQLQJ�QRW�RQO\�GLVWXUEV�WKH�VDQG�E\�UDNLQJ�DQG�VLHYLQJ�LW��EXW�DOVR�UHPRYHV�ZUDFN
IURP�WKH�EHDFK��1RUGVWURP�HW�DO����������ZKLFK�LV�DQ�LPSRUWDQW�UHVRXUFH�IRU�VXSUDWLGDO
FUXVWDFHDQV�DQG�LQVHFWV��6HHGOLQJV�DQG�LQ�VRPH�FDVHV�DOVR�PDWXUH�SODQWV��GULIW�OLQH
KDELWDWV��DUH�UHPRYHG��UHVXOWLQJ�LQ�D�PXFK�ORZHU�RFFXUUHQFH�RI�KDELWDW�W\SH�����
�$QQXDO�YHJHWDWLRQ�RI�GULIWOLQHV���'XH�WR�WKH�ODFN�RI�GDWD�LW�FDQQRW�EH�VWDWHG�ZKHWKHU
PHFKDQLFDO�EHDFK�FOHDQLQJ�LV�DQ�LQFUHDVLQJ�RU�GHFUHDVLQJ�DFWLYLW\�RQ�WKH�LVODQGV�

�



)LJXUH�����%HDFK�QRXULVKPHQW�RQ�$PHODQG��3KRWR��$OPD�GH�*URRW��

�

)LJXUH�����%HDFK�QRXULVKPHQWV�RQ�WKH�LVODQG�FRDVWV�RI�WKH�1HWKHUODQGV�DQG�6\OW
�6FKOHVZLJ�+ROVWHLQ��VXPPHG�SHU�WLPH�SHULRG���6RXUFHV��5LMNVZDWHUVWDDW��1HWKHUODQGV�
DQG�/DQGHVEHWULHE�IfU�.fVWHQVFKXW]��1DWLRQDOSDUN�XQG�0HHUHVVFKXW]�6FKOHVZLJ�
+ROVWHLQ��

�

)LJXUH�����%HDFK�UHFUHDWLRQ�RQ�$PHODQG��3KRWR��$OPD�GH�*URRW��

�

7KUHDWV��LQYDVLYH�DOLHQ�SODQW�VSHFLHV

,Q�GXQHV�DQG�GXQH�VODFNV��YDULRXV�SRWHQWLDOO\�LQYDVLYH�DQG�LQYDVLYH�DOLHQ�SODQW�VSHFLHV
�,$36��VHH�DOVR�UHSRUW��$OLHQ�VSHFLHV���RFFXU�WKDW�PD\�DIIHFW�WKH�GXQH�HFRV\VWHP��7KH\
DUH�IDYRXUHG�E\�WKH�UHODWLYHO\�GU\�DQG�ZDUP�KDELWDWV�ZLWK�KLJK�OLJKW�DYDLODELOLW\��7KH
ORZ�FRPSHWLWLYH�DELOLW\�RI�QDWLYH�GXQH�VSHFLHV�RI�QXWULHQW�SRRU�VRLOV��GXQH�IL[DWLRQ�DQG
QXWULHQW�HQULFKPHQW��SDUWLFXODUO\�DWPRVSKHULF�QLWURJHQ�LQSXW��IXUWKHU�VWUHQJWKHQ�WKH
LQYDVLRQ�RI�DOLHQ�SODQW�VSHFLHV��6SDUULXV�	�.RRLMPDQ��������

2QO\�IHZ�RI�WKH�,$36�DUH�PRQLWRUHG��VR�WKDW�DVVHVVLQJ�WKH�H[WHQW�RI�WKH�LQYDVLRQV�LV�QRW
DOZD\V�SRVVLEOH��7KH�PRVW�ZHOO�NQRZQ�DQG��DW�OHDVW�SDUWO\��PRQLWRUHG�,$36�DUH
&DPS\ORSXV�LQWURIOH[XV��+HDWK�VWDU�PRVV��)LJXUH������5RVD�UXJRVD��-DSDQHVH�URVH�



LQWURGXFHG�DV�RUQDPHQWDO�JDUGHQ�SODQW��)LJXUH������3UXQXV�VHURWLQD��5XP�FKHUU\��
DQG�3LQXV�VSS���DFWLYHO\�SODQWHG�LQ�SLQH�SODQWDWLRQV���7KH\�KDYH�DOUHDG\�EHHQ�SUHVHQW
LQ�WKH�SDVW�GHFDGHV�DQG�DUH�FXUUHQWO\�VSUHDGLQJ�IXUWKHU��:LWKLQ�WKH�70$3�W\SRORJ\�
VWDQGV�GRPLQDWHG�E\�5RVD�UXJRVD�DUH�PDSSHG�DV�W\SH�;������DQG�WKH�SLQH�VSHFLHV
3LQXV�V\OYHVWULV��3��PXJR��3��QLJUD��DOWKRXJK�3LQXV�V\OYHVWULV�LV�FRQVLGHUHG�QDWLYH�LQ
'HQPDUN��LQ�;������,Q�;����3UXQXV�VHURWLQD�PD\�EH�GRPLQDQW��EXW�LWV�FRYHU
SHUFHQWDJH�LV�QRW�SDUW�RI�WKH�70$3�W\SRORJ\�DQG�LV�RQO\�PDSSHG�ORFDOO\��5RVD�UXJRVD
�;�������FRYHUV�JHQHUDOO\�OHVV�WKDQ�����RI�WKH�WRWDO�GXQH�DUHD�SHU�LVODQG��EXW�UHDFKHV
DURXQG�����RQ�6\OW�DQG�)fKU��DQG�DV�PXFK�DV������RQ�:DQJHURRJH��)LJXUH������3LQXV
VSHFLHV�FRYHU�DERXW�����RI�WKH�GXQH�DUHD�SHU�LVODQG��7KHVH�QXPEHUV�DUH�SUREDEO\
XQGHUHVWLPDWHV�RI�WKH�WRWDO�LQYDVLRQ�RI�WKHVH�VSHFLHV��EHFDXVH�LQ�PDQ\�FDVHV�,$36�PD\
DOVR�RFFXU�LQVLGH�RWKHU�YHJHWDWLRQ�W\SHV�DQG�ZRRGODQGV�DUH�RIWHQ�QRW�PDSSHG��7KHUH�LV
QR�FRUUHODWLRQ�EHWZHHQ�WKH�WRWDO�GXQH�DUHD�SHU�LVODQG��$QQH[����DQG�WKH�SHUFHQWDJH
DUHD�FRYHUHG�E\�,$36��)LJXUH�����

7KH�PRVV�&DPS\ORSXV�LQWURIOH[XV�ZDV�LQWURGXFHG�WR�WKH�:DGGHQ�6HD�UHJLRQ�LQ�WKH
ODWH�����V�DQG�KDV�VLQFH�WKHQ�VSUHDG�LQ�GXQH�DUHDV��7KHUH�LV�QR�VHSDUDWH�70$3�W\SH
IRU�YHJHWDWLRQ�GRPLQDWHG�E\�WKLV�VSHFLHV��EXW�LW�LV�LQFOXGHG�DV�RQH�mW\SLFDOn�VSHFLHV�LQ
WKH�70$3�W\SH�;����5HFHQWO\��6NRZURQHN�HW�DO���������XVHG�D�UHPRWH�VHQVLQJ�DQG
PRGHOOLQJ�DSSURDFK�WR�PDS�LWV�GLVWULEXWLRQ�RQ�WKH�LVODQG�RI�6\OW��$FFRUGLQJ�WR�WKLV
VWXG\��&DPS\ORSXV�LQWURIOH[XV�KDV�LQYDGHG�DSSUR[LPDWHO\�����RI�WKH�DUHD�RI�WKH�W\SH
;����DQG�����RI�;����7KH�PRGHO�SUHGLFWHG�DOVR�RFFXUUHQFHV�LQ�RWKHU�70$3�W\SHV��EXW
GXH�WR�PHWKRGRORJLFDO�GLIILFXOWLHV��WKHVH�UHVXOWV�VKRXOG�EH�FRQVLGHUHG�ZLWK�FDXWLRQ�
7KH�VWXG\�KRZHYHU�VKRZV�WKDW�UHPRWH�VHQVLQJ�WHFKQLTXHV�PLJKW�EH�D�XVHIXO�WRRO�IRU�WKH
IXWXUH�PRQLWRULQJ�RI�,$36�LQ�GXQHV�RI�WKH�:DGGHQ�6HD�UHJLRQ�

5HODWLYHO\�QHZ�,$36�WKDW�DUH�VSUHDGLQJ��EXW�DUH�QRW�PDSSHG�\HW��DUH�6HQHFLR
LQDHTXLGHQV��1DUURZ�OHDYHG�5DJZRUW��DQG�&UDVVXOD�KHOPVLL��1HZ�=HDODQG
3LJP\ZHHG���7KHVH�DQG�RWKHU�LQYDVLYH�DOLHQ�SODQW�VSHFLHV�DUH�GHVFULEHG�LQ�$QQH[���

&XUUHQWO\��WKH�70$3�W\SRORJ\�LV�LQVXIILFLHQW�IRU�WUDFNLQJ�WKH�LQYDVLRQ�RI�,$36��)RU
WKDW��WKH�FRYHU�SHUFHQWDJH�RI�VSHFLILF�,$36�VKRXOG�EH�VFRUHG�SHU�PDSSHG�SRO\JRQ�

�



)LJXUH�����&DPS\ORSXV�LQWURIOH[XV��3KRWR��0DLNH�,VHUPDQQ��

�

)LJXUH�����/HIW��$���/DUJH�SDWFKHV�RI�5RVD�UXJRVD�RQ�:DQJHURRJH��3KRWR��3HWHU
.dUEHU���5LJKW��%���5RVD�UXJRVD��EURZQLVK��RQ�6\OW��3KRWR��0DUWLQ�6WRFN���/.1�6+���

�



)LJXUH�����$UHD�RI�70$3�W\SHV�GRPLQDWHG�E\�LQYDVLYH�DOLHQ�VSHFLHV��;������5RVD�UXJRVD
W\SH��;������3LQXV�VSS��W\SH��DV�SHUFHQWDJH�RI�WKH�WRWDO�PDSSHG�GXQH�DUHD�SHU�LVODQG�LQ
WKH�1HWKHUODQGV�DQG�*HUPDQ\��&RPSDUDEOH�GDWD�IURP�'HQPDUN�DUH�QRW�DYDLODEOH�

�

7KUHDWV��JURXQGZDWHU�H[WUDFWLRQ

*URXQGZDWHU�H[WUDFWLRQV�DIIHFW�WKH�K\GURORJLFDO�V\VWHP�RQ�WKH�:DGGHQ�6HD�LVODQGV�E\
�ORFDOO\��ORZHULQJ�JURXQGZDWHU�WDEOHV�DQG�UHGXFLQJ�VHHSDJH��7KLV�PD\�KDYH�VWURQJ
QHJDWLYH�HIIHFWV�RQ�GXQH�VODFN�YHJHWDWLRQ��VHH�EDFNJURXQG�LQIRUPDWLRQ�LQ�3HWHUVHQ�	
/DPPHUWV���������&RQVHTXHQWO\��JURXQGZDWHU�H[WUDFWLRQV�DUH�XQGHU�VFUXWLQ\�LQ
YDULRXV�1DWXUD������PDQDJHPHQW�SODQV��DQG�GULQNLQJ�ZDWHU�H[WUDFWLRQV�KDYH�EHHQ
HQGHG�RQ��IRU�H[DPSOH��7H[HO�DQG�5iPi��$Q�RYHUYLHZ�RI�FXUUHQW�DQG�KLVWRULF
JURXQGZDWHU�H[WUDFWLRQV�LV�JLYHQ�LQ�)LJXUH�����DV�IDU�DV�GDWD�DUH�DYDLODEOH��([WUDFWLRQV
RWKHU�WKDQ�IRU�GULQNLQJ�ZDWHU��VXFK�DV�E\�IDUPHUV��DUH�QRW�LQFOXGHG��L�H��QRW�DYDLODEOH��
EXW�LW�LV�HVWLPDWHG�WKDW�WKH\�PD\�EH�VL]HDEOH�LQ�VRPH�VLWXDWLRQV��7KH�H[DFW�ORZHULQJ�RI
JURXQGZDWHU�WDEOHV�DQG�WKXV�WKH�SRWHQWLDO�HIIHFW�RQ�WKH�GXQH�HFRV\VWHP�GHSHQGV
VWURQJO\�RQ�WKH�ORFDO�VLWXDWLRQ��SUHVHQFH�RI�GXQH�VODFNV��VHGLPHQW�W\SHV�LQ�WKH
VXEVXUIDFH��WRSRJUDSK\��YHJHWDWLRQ�W\SH��ORFDWLRQ�RI�ZHOOV���%LRPRQLWRULQJ�LV�QHHGHG�WR
DVVHVV�WKH�HIIHFWV��EXW�WKLV�LV�LPSOHPHQWHG�RQO\�ORFDOO\��/DPPHUWV�HW�DO����������7KH
JLYHQ�JURXQGZDWHU�H[WUDFWLRQV�DUH�FRQVHTXHQWO\�XVHG�KHUH�RQO\�DV�SUR[\�IRU�WKH
SRWHQWLDO�HIIHFW�RQ�GXQH�DQG�EHDFK�KDELWDWV�

,Q�WKH�����V��PRUH�DQG�PRUH�WRXULVWV�VWDUWHG�WR�YLVLW�WKH�:DGGHQ�6HD�LVODQGV��UHVXOWLQJ
LQ�D�JURZLQJ�QHHG�IRU�GULQNLQJ�ZDWHU��6LQFH�WKHQ��WKH�DPRXQW�RI�JURXQGZDWHU�H[WUDFWHG
LQFUHDVHG�YHU\�IDVW�XQWLO�WKH�PLG�����V��&XUUHQWO\��WKHUH�DUH�ODUJH�YDULDWLRQV�LQ�WKH
DPRXQW�RI�JURXQGZDWHU�H[WUDFWHG�SHU�LVODQG��ZLWK�6\OW�KDYLQJ�E\�IDU�PRVW�JURXQGZDWHU
H[WUDFWHG��6LQFH�WKH�ODVW�465��H[WUDFWLRQV�KDYH�GHFUHDVHG�RQ�)DQi��DQG�LQFUHDVHG�RQ
9OLHODQG��7HUVFKHOOLQJ��6FKLHUPRQQLNRRJ��DQG�$PUXP��([WUDFWLRQV�RQ�5iPi�ZHUH
WHUPLQDWHG��(OVHZKHUH��WKH�H[WUDFWLRQV�KDYH�VWD\HG�PRUH�RU�OHVV�DW�WKH�VDPH�OHYHO��7KH
DPRXQW�RI�H[WUDFWHG�JURXQGZDWHU�LV�QRW�DOZD\V�UHODWHG�WR�LVODQG�VL]H��EXW�DOVR�WR�WKH
QXPEHU�RI�WRXULVWV��PDQDJHPHQW�GHFLVLRQV�DQG�WKH�DYDLODELOLW\�RI�GULQNLQJ�ZDWHU
VXSSO\�IURP�WKH�PDLQODQG��WKH�LVODQGV�ZLWK�DQ�DVWHULVN�LQ�)LJXUH������$V�JURXQGZDWHU
H[WUDFWLRQV�KDYH�UHPDLQHG�PRUH�RU�OHVV�VWDEOH�RQ�PRVW�LVODQGV��ZDWHU�VDYLQJ�PHDVXUHV
KDYH�SUREDEO\�EHHQ�HIIHFWLYH��+RZHYHU��PRVW�H[WUDFWLRQV�DUH�VWLOO�DW�D�OHYHO�WKDW�WKH\



IRUP�D��SRWHQWLDO��WKUHDW�WR�GXQH�VODFN�YHJHWDWLRQ�

2Q�VRPH�*HUPDQ�LVODQGV��DGDSWLYH�PDQDJHPHQW�RI�JURXQGZDWHU�H[WUDFWLRQ�LV
LPSOHPHQWHG��:DWHU�LV�H[WUDFWHG�IURP�ZHOOV�FORVH�WR�ZHW�GXQH�VODFNV�LQ�WKH�ZHW
PRQWKV��ZKHUHDV�GXULQJ�GU\�PRQWKV�ZDWHU�LV�H[WUDFWHG�IURP�ZHOOV�XQGHU�GU\�GXQHV�
6XFK�PDQDJHPHQW�KDV�ORZHU�LPSDFW�RQ�ERWK�WKH�IUHVKZDWHU�OHQV��ORZHU�ULVN�RI
VDOWZDWHU�LQWUXVLRQ��DQG�WKH�HFRV\VWHP��OHVV�ORZHULQJ�RI�WKH�ZDWHU�WDEOH�LQ�WKH�VHDVRQ
ZKHQ�WKH�YHJHWDWLRQ�LV�PRVW�VHQVLWLYH�WR�GURXJKW���7KH�UHVXOWV�RI�ELRPRQLWRULQJ�RQ
1RUGHUQH\�DQG�/DQJHRRJ�VKRZ�WKDW�WKLV�DSSURDFK�KDV�OHG�WR�GHFUHDVLQJ�HFRORJLFDO
HIIHFWV�RI�ZDWHU�H[WUDFWLRQ��/DPPHUWV�HW�DO����������&RQVHTXHQWO\��LW�LV�QHFHVVDU\�WR
RUJDQL]H�D�WULODWHUDO�H[FKDQJH�RI�NQRZOHGJH�RQ�WKH�HFRORJLFDO�HIIHFWV�RI�JURXQGZDWHU
H[WUDFWLRQV��HVSHFLDOO\�RQ�ZD\V�WR�HFRORJLFDOO\�RSWLPL]H�GULQNLQJ�ZDWHU�SURGXFWLRQ��H�J�
E\�H[WUDFWLQJ�IURP�RWKHU�ORFDWLRQV�RU�GHHSHU�DTXLIHUV��E\�DSSO\LQJ�QHZ�GHVDOLQDWLRQ
WHFKQLTXHV�RQ�VHD�ZDWHU�RU�EUDFNLVK�RU�VDOW�JURXQGZDWHU���/DPPHUWV�HW�DO���������

�

)LJXUH�����'ULQNLQJ�ZDWHU�H[WUDFWLRQV�RQ�WKH�:DGGHQ�6HD�LVODQGV�SHU�VHFWRU��LQ�PLOOLRQ
P��\HDU���
�DVWHULVNV�LQGLFDWH�LVODQGV�WKDW�DUH�WRWDOO\�RU�SDUWLDOO\�SURYLGHG�ZLWK�GULQNLQJ
ZDWHU�IURP�WKH�PDLQODQG�

�

7KUHDWV��DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ

$WPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�LQFUHDVHG�LQ�WKH���WK�FHQWXU\��UHDFKLQJ�D�SHDN�RI
a���NJ�KD���\U���LQ�WKH�����V�DQG�GHFUHDVLQJ�DJDLQ�WR�a���NJ�KD���\U���LQ�������3HWHUVHQ
	�/DPPHUWV��������/DPPHUWV�HW�DO����������&XUUHQW�OHYHOV�RI�QLWURJHQ�GHSRVLWLRQ�IRU
WKH�GXQHV�RI�WKH�:DGGHQ�6HD�LVODQGV�UDQJH�EHWZHHQ���������NJ�KD���\U���LQ�WKH�'XWFK
SDUW��EHWZHHQ��������NJ�KD���\U���LQ�WKH�*HUPDQ�SDUW�DQG�EHWZHHQ��������NJ�KD���\U���LQ�WKH
'DQLVK�SDUW�RI�WKH�:DGGHQ�6HD��)LJXUH������L�H��D�GHFUHDVH�LQ�DYHUDJH�OHYHO�IURP�WKH
1HWKHUODQGV�WRZDUG�'HQPDUN��:LWKLQ�WKH�1HWKHUODQGV��GHSRVLWLRQ�YDOXHV�LQFUHDVH
IURP�ZHVW��7H[HO��WR�HDVW��6FKLHUPRQQLNRRJ��)LJXUH������PRVW�OLNHO\�UHODWHG�WR�ORFDO
VRXUFHV�

'XQH�KDELWDWV�DUH�YXOQHUDEOH�WR�KLJK�QLWURJHQ�GHSRVLWLRQ�UDWHV��ZLWK�FULWLFDO�ORDGV�VHW



DW���������NJ�KD���\U���IRU�QXWULHQW�SRRU�KDELWDWV�VXFK�DV�FRDVWDO��JUH\��GXQHV��YDQ
'REEHQ�HW�DO����������(XWURSKLFDWLRQ�GXH�WR�DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�FDQ
FDXVH�JUDVV�HQFURDFKPHQW�DQG�DFFHOHUDWLRQ�RI�YHJHWDWLRQ�VXFFHVVLRQ��3URYRRVW�HW�DO��
�������,Q�WKH������465��3HWHUVHQ�	�/DPPHUWV���������WKH�OHYHOV�RI�QLWURJHQ
GHSRVLWLRQ�ZHUH�SUHGLFWHG�WR�EH�EHWZHHQ���DQG����NJ�KD���\U���LQ�������$V�WKHVH�YDOXHV
DUH�EHORZ�WKH�FULWLFDO�ORDG�IRU�WKH�PRVW�YXOQHUDEOH�KDELWDWV��LW�ZDV�FRQFOXGHG�WKDW�RQO\
ORFDO�SUREOHPV�ZRXOG�UHPDLQ��VXFK�DV�KLJK�VWDQGLQJ�FURS�DQG�ODUJH�OLWWHU�OD\HUV��)RU
WKH�'XWFK�LVODQGV��)LJXUH�����ERWK�FXUUHQW�HVWLPDWHV�DQG�PRGHO�SUHGLFWLRQV�IRU�����
LQGLFDWH�QLWURJHQ�GHSRVLWLRQ�UDWHV�WKDW�DUH�VWLOO�KLJKHU�WKDQ�WKH�FULWLFDO�ORDGV�RI�FD�
������NJ�KD���\U���IRU�QXWULHQW�SRRU��GU\�DQG�ZHW�SLRQHHU�YHJHWDWLRQ�W\SHV��YDQ�'REEHQ
HW�DO����������VR�WKDW�WKH�SUREOHP�SUREDEO\�UHPDLQV�UHOHYDQW�IRU�WKH�QH[W�GHFDGHV�

�

)LJXUH�����$YHUDJH�QLWURJHQ�GHSRVLWLRQ��NJ�KD���\U����RQ�WKH�:DGGHQ�6HD�LVODQGV
FDOFXODWHG�IRU�WKH�1HWKHUODQGV��������KWWSV���PRQLWRU�DHULXV�QO�PRQLWRU���*HUPDQ\
�������KWWS���JLV�XED�GH�ZHEVLWH�GHSR����DQG�'HQPDUN�������
KWWS���GFH��DX�GN�SXE�65����SGI��

�



)LJXUH�����&XUUHQW�DQG�SUHGLFWHG�OHYHOV�RI�QLWURJHQ�GHSRVLWLRQ�IRU�WKH�'XWFK�:DGGHQ
6HD�LVODQGV�IURP������WR�������VWDWXV�������GDWD�IURP
KWWSV���PRQLWRU�DHULXV�QO�PRQLWRU��

�

)LJXUH�����(XWURSKLHG�GXQHV�RQ�$PHODQG�WKURXJK�D�FRPELQDWLRQ�RI�DWPRVSKHULF
QLWURJHQ�GHSRVLWLRQ�DQG�ELUG�GURSSLQJV��3KRWR��$OPD�GH�*URRW��

���$VVHVVPHQW
6DQGZLFKHG�EHWZHHQ�ULVLQJ�VHD�OHYHO�RQ�WKH�RQH�VLGH�DQG�LQFUHDVLQJ�KXPDQ�DFWLYLW\�RQ
WKH�RWKHU��EHDFKHV�DQG�GXQHV�DUH�XQGHU�SUHVVXUH��'HIHR�HW�DO����������7KH�YDULRXV
WKUHDWV��)LJXUH����IRU�WKH�EHDFK��RULJLQDWH�IURP�GLUHFW�RU�LQGLUHFW�KXPDQ�LPSDFW��ZLWK
FRDVWDO�SURWHFWLRQ��WRXULVP��PHFKDQLFDO�EHDFK�FOHDQLQJ��DQG�ODQG�XVH�DV�LPSRUWDQW
GULYHUV��$OVR�RWKHU�KXPDQ�DFWLYLWLHV�DQG�FOLPDWH�FKDQJH�WKUHDWHQ�EHDFKHV�DQG�GXQHV�



7KH�WKUHDWV�DUH�HVWLPDWHG�WR�EH�DW�DSSUR[LPDWHO\�WKH�VDPH�OHYHO�DV�LQ�������9DULRXV
PLWLJDWLRQ�VWUDWHJLHV�DUH�DSSOLHG�WR�FRXQWHUDFW�WKH�HIIHFWV�RI�WKH�SUHVVXUHV��H�J��VRG�
FXWWLQJ��JUD]LQJ��DQG�PRZLQJ��FUHDWLQJ�QRWFKHV�DQG�YHJHWDWLRQ�UHPRYDO�RI�GXQHV�
WHPSRUDO�DQG�VSDWLDO�]RQDWLRQ�RI�UHFUHDWLRQ��DQG�REWDLQLQJ�GULQNLQJ�ZDWHU�IURP�WKH
PDLQODQG�DQG�DGDSWLYH�ZHOO�PDQDJHPHQW�

(YHQ�DIWHU����\HDUV�RI�WULODWHUDO�FRRSHUDWLRQ�DQG�WKH�LPSOHPHQWDWLRQ�RI�(XURSHDQ
QDWXUH�GLUHFWLYHV��WKHUH�LV�D�FRPSOHWH�ODFN�RI�PRQLWRULQJ�RI�WKH�EHDFK�ELRWD�DQG�QRW�DOO
UHOHYDQW�GXQH�DVSHFWV�DUH�PRQLWRUHG��&RQVHTXHQWO\��WKH�WULODWHUDO�WDUJHWV�IRU�EHDFKHV
DQG�GXQHV�FDQ�RQO\�EH�HYDOXDWHG�SDUWLDOO\��,Q�DGGLWLRQ�WR�WKH�WZR�WDUJHWV�RI�WKH�:DGGHQ
6HD�3ODQ��WKH�VWDWH�RI�WKH�EHDFK�HFRV\VWHP�DQG�HFRV\VWHP�HQJLQHHULQJ�IXQFWLRQ�DUH
HYDOXDWHG��JLYHQ�WKHLU�LPSRUWDQFH�IRU�1DWXUD������DQG�WKH�:RUOG�+HULWDJH�VWDWXV�

�

)LJXUH�����,PSDFWV�RQ�WKH�EHDFK�GXQH�V\VWHP��DGDSWHG�DIWHU�0F/DFKODQ�	�%URZQ�
������

�

7DUJHW����,QFUHDVHG�QDWXUDO�G\QDPLFV�RI�EHDFKHV��SULPDU\�GXQHV�
EHDFK�SODLQV�DQG�SULPDU\�GXQH�VODFNV�LQ�FRQQHFWLRQ�ZLWK�WKH
QHDUVKRUH�]RQH

7DUJHW�HYDOXDWLRQ

0DQ\�EHDFKHV�DQG�GXQHV�DUH�DIIHFWHG�E\�DQWKURSRJHQLF�LQIOXHQFHV��VXFK�DV�FRDVWDO
SURWHFWLRQ�DQG�YHJHWDWLRQ�SODQWLQJ��WKDW�OLPLW�QDWXUDO�JHRPRUSKLF�SURFHVVHV�DQG
ODQGVFDSH�FKDQJHV��7KLV�WDUJHW�DLPV�WR�LQFUHDVH�WKH�DUHD�WKDW�LV�XQGHU�LQIOXHQFH�RI�WKH
QDWXUDO�JHRPRUSKLF�DQG�ELRORJLFDO�SURFHVVHV��DQG�WKH�H[FKDQJH�RI�PDWWHU�DQG�ELRWD
DORQJ�WKH�HQWLUH�JUDGLHQW�RI�WKH�QHDUVKRUH�]RQH�WR�WKH�LQQHU�GXQHV��7KLV�PHDQV�WKDW�WKH
j�RIWHQ�VWDELOLVLQJ�j�HIIHFWV�RI�FXUUHQW�FRDVWDO�SURWHFWLRQ�PHDVXUHV�DQG�RWKHU�KXPDQ
LQIOXHQFHV�RQ�WKH�FRDVWDO�HFRV\VWHP�VKRXOG�EH�UHGXFHG�



$OWKRXJK�WKH�WDUJHW�KDV�DOUHDG\�EHHQ�HVWDEOLVKHG�WZHQW\�\HDUV�DJR��WKHUH�DUH�VWLOO�QR
GHVFULSWRUV�GHILQHG�KRZ�WR�HYDOXDWH�LW��1HLWKHU�LV�WKHUH�GHGLFDWHG�PRQLWRULQJ�IRU�WKLV
WDUJHW��QRU�LWV�WKUHDWV��%\�XVLQJ�RWKHU�SURMHFW�PHDVXUHPHQWV��LQIRUPDWLRQ�RQ�VRPH
WKUHDWV�FRXOG�EH�REWDLQHG��EHDFK�QRXULVKPHQWV��WKH�SUHVHQFH�RI�FRDVWDO�SURWHFWLRQ
ZRUNV�DQG�YHJHWDWLRQ�SODQWLQJ��DQG�WKH�QXPEHU�RI�EORZRXWV�LQ�WKH�HVWDEOLVKHG�GXQHV
�VHH�$QQH[�����6HH�DOVR�UHSRUW�RQ��*HRPRUSKRORJ\��

�

&RQFOXVLRQV

$V�TXDQWLWDWLYH�GDWD�RQ�QDWXUDO�G\QDPLFV�DUH�ODUJHO\�DEVHQW��LW�LV�RQO\�SRVVLEOH
WR�GR�D�TXDOLWDWLYH�DVVHVVPHQW�RI�WKLV�WDUJHW�
7KH�IROORZLQJ�KXPDQ�LPSDFWV�KDYH�QHJDWLYH�HIIHFWV�RQ�QDWXUDO�G\QDPLFV�
DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ��FRDVWDO�SURWHFWLRQ�ZRUNV��GXQH�IL[DWLRQ�
GUDLQDJH�DQG�JURXQGZDWHU�H[WUDFWLRQ��UHFUHDWLRQ�UHODWHG�DFWLYLWLHV��WUDPSOLQJ�
EXLOGLQJV��URDGV��GLVWXUEDQFH��JROI�FRXUVHV��EHDFK�FOHDQLQJ��HWF���KDV�VLQFH�ORQJ
UHVXOWHG�LQ�D�ORVV�RI�G\QDPLF�SURFHVVHV�LQLWLDWHG�E\�ZLQG�DQG�ZDWHU�
7UDPSOLQJ�E\�SHRSOH��UHFUHDWLRQ��PD\�KDYH�ERWK�QHJDWLYH��GHVWUXFWLRQ�RI�ZHOO�
GHYHORSHG�KDELWDWV��GLVWXUEDQFH�RI�ZLOGOLIH��DQG�SRVLWLYH��LQFUHDVHG�GXQH
G\QDPLFV��HIIHFWV�RQ�WKH�GXQHV�
1DWXUDO�G\QDPLFV�DUH�FXUUHQWO\�QRW��RU�RQO\�OLPLWHG��SUHVHQW�LQ�PRVW�GXQH�DUHDV�
2QO\�WKH�SDUWV�RI�WKH�LVODQGV�DGMDFHQW�WR�WKH�LQOHWV��H�J��WKH�HDVWHUQ�SDUWV�RI
1RUGHUQH\�DQG�6SLHNHURRJ���VPDOO�LVODQGV��H�J��.DFKHORWSODWH��6FKDUKfUQ�
7ULVFKHQ��DQG�DFFUHWLRQDU\�VKRUHV��5iPi��PD\�H[KLELW�PRUH�RU�OHVV�IXOO�QDWXUDO
G\QDPLFV��7KLV�GHJUHH�RI�QDWXUDO�G\QDPLFV�KDV�QRW�PDUNHGO\�LQFUHDVHG�VLQFH
WKH�465�������GHVSLWH�WKH�DEVHQFH�RU�DEDQGRQPHQW�RI�FRDVWDO�SURWHFWLRQ��JRLQJ
RQ�IRU�VHYHUDO�GHFDGHV��DW�WKHVH�VLWHV��7KH�UHFHQW�VSRQWDQHRXV�IRUPDWLRQ�RI
HPEU\RQLF�GXQHV�RQ�5LFKHO��.DFKHORWSODWH��DQG�1RUGHURRJVDQG�SURYLGHV�D�JRRG
RSSRUWXQLW\�IRU�SLRQHHU�VWDJHV�RI�GXQHV�DQG�VDOW�PDUVKHV�WR�GHYHORS�XQGHU�IXOO\
QDWXUDO�G\QDPLFV�
5HFHQW�PDQDJHPHQW�LQWHUYHQWLRQV�LQ�WKH�1HWKHUODQGV��FUHDWLQJ�EORZRXWV�DQG
QRWFKHV��)LJXUH�����DQG�YHJHWDWLRQ�UHPRYDO�ERWK�LQ�WKH�VHDZDUG�DQG�ODQGZDUG
SDUWV�RI�WKH�GXQHV��DOORZ�PRUH�G\QDPLFV�RI�ZLQG�DQG�ZDWHU�LQWR�WKH�GXQHV��7KLV
LV�D�JRRG�VWDUW�WR�FRXQWHUDFW�VWDELOLVLQJ�PHDVXUHV�WDNHQ�SUHYLRXVO\�
7KH�ORZHU�UHGXFWLRQ�LQ�QLWURJHQ�GHSRVLWLRQ�WKDQ�SUHYLRXVO\�WKRXJKW�LQFUHDVHV
YHJHWDWLRQ�JURZWK�DQG�WKHUHIRUH�WKH�VWDELOLVDWLRQ�RI�WKH�GXQH�VXUIDFH�E\
YHJHWDWLRQ�
7KH�HIIHFWV�RI�ORQJ�WHUP�QRXULVKPHQWV�RQ�WKH�ODUJH�VFDOH�EHDFK�GXQH�V\VWHP
DQG�LWV�QDWXUDO�G\QDPLFV�DUH�QRW�ZHOO�NQRZQ�7KH�QHHG�IRU�FRDVWDO�SURWHFWLRQ
ZLOO�FRQWLQXH�XQGHU�RQJRLQJ�VHD�OHYHO�ULVH�DQG�FOLPDWH�FKDQJH��7R�DYRLG�IXUWKHU
UHGXFWLRQ�RI�WKH�QDWXUDO�G\QDPLFV�RI�EHDFKHV�DQG�GXQHV��QHZ�FRDVWDO�SURWHFWLRQ
VWUDWHJLHV�QHHG�WR�EH�GHYHORSHG�

�



)LJXUH�����/HIW��$���$UWLILFLDOO\�FUHDWHG�QRWFK�LQ�WKH�IRUHGXQHV�RI�$PHODQG��3KRWR��$OPD
GH�*URRW���5LJKW��%���6DQG�IHQFHV�RQ�$PUXP��3KRWR��0DUWLQ�6WRFN���/.1�6+���

�

)LJXUH�����/HIW��$���6DQG�WUDQVSRUW�DQG�QDWXUDOO\�GHYHORSHG�GXQHV�RQ�5ePe��3KRWR�
$OPD�GH�*URRW���5LJKW��%���'XQH�HURVLRQ��3KRWR��8OULFK�+HOOZLJ��

�

7DUJHW����$Q�LQFUHDVHG�SUHVHQFH�RI�D�FRPSOHWH�QDWXUDO
YHJHWDWLRQ�VXFFHVVLRQ

7DUJHW�HYDOXDWLRQ

$�FRPSOHWH�QDWXUDO�YHJHWDWLRQ�VXFFHVVLRQ�PHDQV�WKDW�DOO�VXFFHVVLRQDO�VWDJHV�RI�DOO
]RQHV��VXSUDWLGDO�EHDFK��GXQHV�DQG�GXQH�VODFNV��DUH�SUHVHQW�ZLWKLQ�WKH�:DGGHQ�6HD�
DV�GHILQHG�LQ�WKH�70$3�W\SRORJ\��3HWHUVHQ�HW�DO���������

0RVW�UHOHYDQW�DUHDV�DUH�QRZ�PDSSHG�DFFRUGLQJ�WR�WKH�70$3�W\SRORJ\�RU�1DWXUD�����
KDELWDW�W\SHV��VR�WKDW�DQ�DVVHVVPHQW�FDQ�EH�PDGH�RI�WKH�SUHVHQFH�RI�WKH�W\SHV��)RU�PRVW
DUHDV��PDSSLQJ�PHWKRGV�GHYLDWH�IURP�WKH�RQHV�XVHG�LQ�WKH�465�������VR�WKDW�WKH�UDWH
RI�VXFFHVVLRQ�FRXOG�QRW�EH�GHVFULEHG��0RQLWRULQJ�RI�,$36�XQGHU�70$3�LV�QRW�VXIILFLHQW
IRU�XQHTXLYRFDO�HYDOXDWLRQ�DQG�VKRXOG�EH�LPSURYHG�

�

&RQFOXVLRQV

0RVW�RI�WKH�FRQFOXVLRQV�IURP�WKH�465�������3HWHUVHQ�	�/DPPHUWV��������DQG
������/DPPHUWV�HW�DO���������VWLOO�VWDQG�
'XQH�YHJHWDWLRQ�PRQLWRULQJ�LV�VWLOO�RQ�LWV�ZD\�LQ�EHLQJ�KDUPRQL]HG�DQG
RUJDQL]HG�WULODWHUDOO\��2Q�WKH�ODQGVFDSH�OHYHO��WKH�FRPSOHWLRQ�RI�WKH�70$3
W\SRORJ\�RI�FRDVWDO�YHJHWDWLRQ�LQ�������3HWHUVHQ�HW�DO���������KDV�EHHQ�DQ
LPSRUWDQW�PLOHVWRQH�LQ�WKLV�SURFHVV�,Q�WKH�:DGGHQ�6HD�DUHD�DV�D�ZKROH��WKH�IXOO
VHULHV�RI�YHJHWDWLRQ�W\SHV��UHJDUGHG�DW�WKH�KLJKHVW�OHYHO�RI�WKH�70$3�W\SRORJ\�
RI�QDWXUDO�YHJHWDWLRQ�VXFFHVVLRQ�LV�SUHVHQW��+RZHYHU��WKH�HQWLUH�VXFFHVVLRQ
VHULHV�LV�QRW�DOZD\V�SUHVHQW�RQ�HDFK�LQGLYLGXDO�LVODQG��EHFDXVH�RI�ORFDO
GLIIHUHQFHV�LQ�PDQDJHPHQW��KLVWRU\��JHRJUDSKLFDO�VLWXDWLRQ�DQG�VL]H��WKDW
GHWHUPLQH�WKH�GHYHORSPHQW�RI�VSHFLILF�YHJHWDWLRQ�W\SHV�
7KH�ORVV�RI�G\QDPLF�SURFHVVHV�LQLWLDWHG�E\�ZLQG�DQG�ZDWHU�DQG�RWKHU�KXPDQ
SUHVVXUHV�KDYH�OHG�WR�DQ�LQFUHDVHG�YHJHWDWLRQ�VXFFHVVLRQ�UDWH�DQG�OLPLWHG
UHMXYHQDWLRQ�RU�QHZ�IRUPDWLRQ�RI�SLRQHHU�VLWXDWLRQV��IURP�3HWHUVHQ�	
/DPPHUWV��������

%HDFK�FOHDQLQJ�DQG�GULYLQJ�LQKLELW�WKH�HVWDEOLVKPHQW�RI�GULIWOLQH



YHJHWDWLRQ�DQG�HPEU\RQLF�GXQHV�
1LWURJHQ�GHSRVLWLRQ�UDWHV�DUH�LQ�PDQ\�LQVWDQFHV�VWLOO�DERYH�WKH�FULWLFDO
GHSRVLWLRQ�ORDGV��,Q�FRPELQDWLRQ�ZLWK�WKH�DPRXQW�DOUHDG\�GHSRVLWHG�
WKHVH�FRQWLQXH�WR�EH�D�VHYHUH�SUREOHP�IRU�WKH�FRQVHUYDWLRQ�RI�QXWULHQW�
SRRU�YHJHWDWLRQ�W\SHV��LQFOXGLQJ�SULRULWLVHG�1DWXUD������KDELWDW�W\SHV�
*URXQGZDWHU�H[WUDFWLRQV�UHPDLQ�D�WKUHDW�WR�WKH�YHJHWDWLRQ�RI�ZHW�GXQH
VODFNV�

6PDOO��G\QDPLF�LVODQGV�DUH�PRVW�OLNHO\�WR�GHYHORS�WKH�FRPSOHWH�VHULHV�RI
YHJHWDWLRQ�W\SHV�LQ�WKH�DEVHQFH�RI�PDQDJHPHQW�DQG�RWKHU�DQWKURSRJHQLF
LQIOXHQFHV��7KHLU�VPDOO�VL]H��UHODWLYH�\RXWK�DQG�G\QDPLFV�PD\�KRZHYHU�OLPLW�WKH
SRVVLEOH�UDQJH�RI�VXFFHVVLRQ�VWDJHV�
,Q�DOO�UHJLRQV�RI�WKH�:DGGHQ�6HD�DUHD��&DPS\ORSXV�LQWURIOH[XV��3LQXV�VSS��
3UXQXV�VHURWLQD�DQG�5RVD�UXJRVD�KDYH�EHHQ�SUHVHQW�IRU�D�ORQJ�WLPH�DQG�DUH
FXUUHQWO\�VSUHDGLQJ�IXUWKHU��7KH�VSUHDG�RI�QHZ�,$36�LV�H[SHFWHG�

�

)LJXUH�����/HIW��$���6WDELOLVHG�GXQHV�ZLWK�GXQH�KHDWK��;����RQ�6\OW��3KRWR��$OPD�GH
*URRW���5LJKW��%���'XQHV�RQ�$PUXP��3KRWR��0DUWLQ�6WRFN���/.1�6+���

�

)LJXUH�����+LSSRSKDH�UKDPQRLGHV��%XFNWKRUQ��W\SH�;������RQ�6FKLHUPRQQLNRRJ��3KRWR�
$OPD�GH�*URRW��

�



)DYRXUDEOH�FRQGLWLRQV�IRU�WKH�EHDFK�HFRV\VWHP

(YDOXDWLRQ

)RU�EHDFKHV��LW�ZDV�DOUHDG\�FRQFOXGHG�LQ������DQG�������/DPPHUWV�HW�DO��������
3HWHUVHQ�DQG�/DPPHUWV��������WKDW�WKHUH�ZDV�LQVXIILFLHQW�NQRZOHGJH�DERXW�WKH�DFWXDO
VWDWXV�RI�EHDFKHV�LQ�WKH�:DGGHQ�6HD�WR�HYDOXDWH�7DUJHW����QDWXUDO�G\QDPLFV��RI�WKH
:63�������$�WULODWHUDO�WDUJHW�IRU�WKH�VWDWH�RI�WKH�EHDFK�HFRV\VWHP�LV�KRZHYHU�ODFNLQJ�
:LWKLQ�1DWXUD�������QDWLRQDO�WDUJHWV�KDYH�EHHQ�GHILQHG�IRU�WKH�LQWHUWLGDO�EHDFK��EXW
WKH\�DUH�QRW�WULODWHUDOO\�FRRUGLQDWHG��7KHVH�WDUJHWV�UDQJH�IURP�FRQVHUYDWLRQ�RI�WKH
DFWXDO�VWDWXV�WR�LPSURYHPHQW�RI�TXDOLW\�DQG�DUHD��6LQFH�PRQLWRULQJ�LV�ODFNLQJ��WKH
1DWXUD������WDUJHWV�FDQQRW�EH�IXOO\�HYDOXDWHG�DW�WKLV�PRPHQW��)RU�WKH�VXSUDWLGDO
EHDFK��QR�WDUJHWV�DUH�IRUPXODWHG�ZLWKLQ�1DWXUD������QRU�LQ�WKH�:DGGHQ�6HD�3ODQ�
7KLV�LV�FRQVLGHUHG�DV�D�ODFN��DQG�WKHUHIRUH�ZH�GR�D�VKRUW�DVVHVVPHQW�KHUH�

�

&RQFOXVLRQV

$�WULODWHUDO�WDUJHW�IRU�WKH�VWDWH�RI�WKH�HFRV\VWHP�RI�WKH�LQWHUWLGDO�DQG�VXSUDWLGDO
EHDFK�LV�PLVVLQJ�DQG�VKRXOG�EH�GHYHORSHG�
$V�PRQLWRULQJ�GDWD�RQ�EHDFKHV�DUH�ODUJHO\�DEVHQW��LW�LV�QRW�SRVVLEOH�WR�GR�D
TXDQWLWDWLYH�DVVHVVPHQW�RI�WKH�EHDFK�HFRV\VWHP�
7KH�VXSUDWLGDO�SDUW�RI�WKH�EHDFK�LV�QRW�SDUW�RI�DQ\�1DWXUD������KDELWDW�W\SH�
ZKHUHDV�LW�KDV�ODUJH�HFRORJLFDO�YDOXH�DV�SDUW�RI�WKH�FRQWLQXXP�IURP�VHD�WR�ODQG�
LWV�XVH�E\�ELUGV��VHDOV�DQG�LQWHUVWLWLDO�IDXQD��DQG�LW�EHLQJ�WKH�EDVLV�IRU�WKH
GHYHORSPHQW�RI�GXQHV�DQG�JUHHQ�EHDFKHV�
2Q�WKH�EHDFKHV��EHDFK�GULYLQJ��PHFKDQLFDO�EHDFK�FOHDQLQJ��DQG�WUDPSOLQJ�FDXVH
WKH�GLVWXUEDQFH�DQG�HYHQ�GHVWUXFWLRQ�RI�SLRQHHU�GXQHV�DQG�EHDFK�IDXQD�

�

)LJXUH�����%HDFK�UHFUHDWLRQ�RQ�WKH�VDQG\�VKRUH�RI�6W��3HWHU�2UGLQJ��3KRWR��0DUWLQ
6WRFN���/.1�6+���

�



)LJXUH�����5LSSOHV�RQ�WKH�LQWHUWLGDO�EHDFK�RI�7H[HO��3KRWR��$OPD�GH�*URRW��

�

:HOO�IXQFWLRQLQJ�HFRV\VWHP�HQJLQHHULQJ�SURFHVVHV

1RW�LQ�WKH�:DGGHQ�6HD�3ODQ��EXW�RI�LPSRUWDQFH�LQ�WKH�FRQWH[W�RI�WKH�:RUOG�+HULWDJH
6WDWXV��LV�HFRV\VWHP�HQJLQHHULQJ�IXQFWLRQLQJ��ZKHWKHU�WKH�XQLTXH�QDWXUDO�SURFHVVHV
WKDW�VKDSH�WKH�:DGGHQ�6HD�UHJLRQ��DQG�PRUH�VSHFLILFDOO\�WKH�ELRJHRPRUSKLF
LQWHUDFWLRQ�EHWZHHQ�VHGLPHQW�DQG�RUJDQLVPV��DUH�IXQFWLRQLQJ�ZHOO��)RU�GXQHV�WKDW
PHDQV�ZKHWKHU�GXQH�IRUPDWLRQ��VDQG�WUDQVSRUW�DQG�YHJHWDWLRQ�JURZWK��DQG�GXQH
G\QDPLFV�DUH�IXQFWLRQLQJ�QDWXUDOO\�DQG�XQREVWUXFWHG��H�J��)LJXUH������'XQHV�DUH
W\SLFDO�H[DPSOHV�RI�ELRJHRPRUSKLF�V\VWHPV�WKDW�DUH�VWURQJO\�VKDSHG�E\�WKH�LQWHUDFWLRQ
EHWZHHQ�$PPRSKLOD�DUHQDULD��/H\PXV�DUHQDULXV��$PPRSKLOD�EDOWLFD�DQG�(O\WULJLD
MXQFHD��(O\PXV�IDUFWXV��DQG�VDQG�WUDQVSRUW�E\�WKH�ZLQG��'XQHV�ZLWK�WKHVH�VSHFLHV
�;���DQG�;����FRYHU�ODUJH�VXUIDFHV��)LJXUH������+RZHYHU��DV�PHQWLRQHG�EHIRUH��GXH�WR
0DUUDP�SODQWLQJ�DQG�VDQG�IHQFHV��QDWXUDO�G\QDPLFV�KDYH�GLPLQLVKHG��%HDFK�FOHDQLQJ
DQG�GULYLQJ�IXUWKHU�SRVH�D�WKUHDW�WR�QHZ�HVWDEOLVKPHQW�RI�HFRV\VWHP�HQJLQHHULQJ�GXQH
JUDVVHV��+HQFH�WKH�VSHFLHV�WKHPVHOYHV�DUH�QRW�XQGHU�WKUHDW��EXW�WKH�QDWXUDO�HFRV\VWHP
HQJLQHHULQJ�IXQFWLRQLQJ�KDV�EHHQ�VRPHZKDW�DOWHUHG�

�



)LJXUH�����0DUUDP�JUDVV��$PPRSKLOD�DUHQDULD��FDWFKLQJ�VDQG�RQ�6SLHNHURRJ��3KRWR�
0DUWLQ�6WRFN���/.1�6+���

�

)LJXUH�����/HIW��$���:KLWH�GXQHV�RQ�$PUXP�ZKHUH�GXQH�JUDVVHV�FDSWXUH�WKH�VDQG�EORZQ
LQ�IURP�WKH�EHDFK��3KRWR��0DUWLQ�6WRFN���/.1�6+����5LJKW��%���$HROLDQ�VDQG�WUDQVSRUW
RQ�5ePe��3KRWR��$OPD�GH�*URRW��

���5HFRPPHQGDWLRQV
7KH�FXUUHQW�WDUJHWV�DV�JLYHQ�LQ�WKH�:DGGHQ�6HD�3ODQ������GR�QRW�FRYHU�DOO�WULODWHUDOO\
UHOHYDQW�DVSHFWV�RI�WKH�EHDFKHV�DQG�GXQHV��7KHUHIRUH�LW�LV�UHFRPPHQGHG�WR�LPSURYH
WKH�WDUJHWV��ERWK�LQ�ZRUGLQJ�DQG�LQ�FRQWHQWV��DV�DSSOLHG�LQ�FKDSWHU����7KH
FXUUHQW�WDUJHWV�VKRXOG�EH�FRPSOHPHQWHG�ZLWK�DGGLWLRQDO�WDUJHWV�RQ�WKH�EHDFK
HFRV\VWHP�DQG�WKH�GXQH�IDXQD��WR�EH�GHYHORSHG�LQ�WKH�6DOW�0DUVKHV�DQG�'XQHV
([SHUW�*URXS�

�

5HFRPPHQGDWLRQV�IRU�VFLHQFH�DQG�PRQLWRULQJ

5HOHYDQW�LQGLFDWRUV�DQG�EHDFK�PRQLWRULQJ�VKRXOG�EH�GHVLJQHG�DQG�LPSOHPHQWHG
WULODWHUDOO\�DV�VRRQ�DV�SRVVLEOH��%HDFK�UHVHDUFK�DQG�PRQLWRULQJ�VKRXOG�SUHVHQW



LQIRUPDWLRQ�RQ�DUHD�DQG�TXDOLW\�RI�WKH�EHDFK�KDELWDWV��DQG�LQFOXGH�ERWK�DELRWLF
DQG�ELRWLF�SDUDPHWHUV��DV�ZHOO�DV�LQIRUPDWLRQ�RQ�WKH�YDULRXV�SUHVVXUHV�UHVXOWLQJ
IURP�KXPDQ�DFWLYLWLHV��7KH�GHWDLOV�RI�KRZ�WR�GR�WKLV�QHHG�WR�EH�GHYHORSHG��$Q
H[DPSOH�ZRXOG�EH�WKH�HYDOXDWLRQ�RI�VWDWXV�DQG�WUHQGV�LQ�EHDFK�VXUIDFH�DUHD�
VLPLODU�WR�WKH�YHJHWDWLRQ�W\SHV�RI�GXQHV�DQG�GXQH�VODFNV�
'XQH�YHJHWDWLRQ�PRQLWRULQJ�VKRXOG�EH�IXUWKHU�KDUPRQL]HG��&XUUHQWO\��RQO\
6FKOHVZLJ�+ROVWHLQ�DQG�+DPEXUJ�IROORZ�ERWK�WKH�DGYLVHG�70$3�W\SRORJ\�DQG
PDSSLQJ�LQWHUYDO�RI�VL[�\HDUV�RU�OHVV��,Q�WKH�1HWKHUODQGV��PDSSLQJ�HIIRUWV�QHHG
WR�EH�DGDSWHG�VXFK�WKDW�WKH\�LQFOXGH�WKH�HQWLUH�YHJHWDWHG�GXQH�DUHDV��KDYH
LQWHUYDOV�RI�VL[�\HDUV�RU�OHVV��DQG�XVH�W\SRORJLHV�WKDW�FDQ�EH�XQHTXLYRFDOO\
WUDQVODWHG�LQWR�70$3�W\SHV��,I�SRVVLEOH��WKH�LVODQGV�VKRXOG�EH�PDSSHG�DV�D�XQLW�
L�H��VDOW�PDUVKHV��EHDFKHV�DQG�GXQHV�LQ�RQH�PDSSLQJ�HIIRUW��7KH�PDSSLQJ�LQ
'HQPDUN�VKRXOG�EH�LPSURYHG�E\�DGRSWLQJ�WKH�PRUH�GHWDLOHG�70$3�W\SRORJ\
LQVWHDG�RI�1DWXUD������KDELWDW�W\SH��9HJHWDWLRQ�PRQLWRULQJ�VKRXOG�EH�IXUWKHU
LPSURYHG�E\�WKH�IROORZLQJ�

(YDOXDWH�H[LVWLQJ�GHWDLOHG�YHJHWDWLRQ�PRQLWRULQJ�SURJUDPPHV��L�H�
SHUPDQHQW�TXDGUDWV�VXFK�DV�WKH�129$1$�PRQLWRULQJ�SURJUDPPH�LQ
'HQPDUN��RQ�WKHLU�XVH�IRU�WKH�DVVHVVPHQW�RI�YHJHWDWLRQ�VWDWXV�DQG
WUHQGV�
0RQLWRULQJ�RI��SRWHQWLDOO\��LQYDVLYH�SODQW�VSHFLHV�VKRXOG�EH�LPSOHPHQWHG
WULODWHUDOO\��JLYHQ�WKH�FXUUHQW�XQFHUWDLQW\�DURXQG�WKH�GHJUHH�RI�LQYDVLRQ�
0RQLWRULQJ�RI�UDUH�SODQW�VSHFLHV�VKRXOG�EH�GHFLGHG�RQ�DQG�LPSOHPHQWHG
WULODWHUDOO\�
)RU�DOO�UHJLRQV��LQIRUPDWLRQ�RQ�PDQDJHPHQW�W\SH��JUD]LQJ��VRG�FXWWLQJ�
HWF���DQG�GUDLQDJH�VKRXOG�EH�LQFOXGHG�LQ�WKH�YHJHWDWLRQ�PDSSLQJ��VLPLODU
WR�WKH�VDOW�PDUVKHV�
7KH�XVH�RI�8$9V��GURQHV��PD\�LPSURYH�PRQLWRULQJ�GHWDLO�DQG�UHGXFH
FRVWV�

0RQLWRULQJ�RI�WDUJHW�IDXQD�VSHFLHV��H�J��WKH�1DWWHUMDFN�WRDG��%XIR�FDODPLWD��LQ
SULPDU\�GXQH�VODFNV��LV�ODFNLQJ�DQG�VKRXOG�EH�GHFLGHG�XSRQ��8QIRUWXQDWHO\�
YHU\�OLWWOH�LV�NQRZQ�DERXW�WKH�UROH�RI�IDXQD�JURXSV�ZLWKLQ�GXQH�HFRV\VWHPV��VR
WKDW�LW�LV�GLIILFXOW�WR�GHILQH�IXQFWLRQDO�IDXQD�JURXSV��OHW�DORQH�WR�VHOHFW�WKH
LQGLFDWLYH�VSHFLHV�IRU�VXFK�JURXSV��/DPPHUWV�HW�DO���������
0RQLWRULQJ�RI�EHDFK�DQG�GXQH�G\QDPLFV�VKRXOG�EH�GHVLJQHG�DQG�LPSOHPHQWHG�
WR�EH�DEOH�WR�HYDOXDWH�7DUJHW����7KLV�FRXOG��IRU�H[DPSOH��LQFOXGH�WKH�SUHVHQFH�RI
ZDVKRYHU�W\SH�IHDWXUHV��PDQDJHPHQW�LQWHUYHQWLRQV��DQG�EORZRXWV�VKLIWLQJ
VDQGV�PDSSHG�DV�VHSDUDWH�XQLWV��,QIRUPDWLRQ�RQ�WKH�JURZWK�DQG�HURVLRQ�RI
GXQHV��LQFOXGLQJ�GXQH�IRRW�G\QDPLFV��FDQ�EH�GHULYHG�IURP�H[LVWLQJ�SK\VLFDO
PRQLWRULQJ�SURJUDPPHV�
*URXQGZDWHU�H[WUDFWLRQV�RWKHU�WKDQ�GULQNLQJ�ZDWHU�H[WUDFWLRQV�VKRXOG�EH
LQFOXGHG�LQ�PRQLWRULQJ��7KH��SRWHQWLDO��HIIHFWV�RI�JURXQGZDWHU�H[WUDFWLRQ
VKRXOG�EH�HYDOXDWHG�E\�UHODWLQJ�WKH�DFWXDO�H[WUDFWLRQV�WR�WKH�VL]H�RI�WKH
IUHVKZDWHU�OHQV�SHU�LVODQG��$GGLWLRQDOO\��LW�VKRXOG�EH�HYDOXDWHG�LI�WKHUH�DUH�E\
QRZ�VXIILFLHQW�GDWD�WKDW�VKRZ�WKH�DUHD�DIIHFWHG�E\�WKH�H[WUDFWLRQV�

�



)LJXUH�����/HIW��$���'URVHUD�URWXQGLIROLD�RQ�7HUVFKHOOLQJ��5LJKW��%���'XQH�VODFN�ZLWK
RUFKLGV�RQ�7HUVFKHOOLQJ��3KRWRV��$OPD�GH�*URRW��

�

)LJXUH�����1DWXUDOO\�IRUPHG�GXQHV�RQ�$PHODQG��3KRWR��$OPD�GH�*URRW��

�

5HFRPPHQGDWLRQV�IRU�PDQDJHPHQW

1RQH�RI�WKH�jVWLOO�YDOLGj�UHFRPPHQGDWLRQV�IRU�EHDFKHV�LQ�WKH�465V�RI������DQG�����
�3HWHUVHQ�	�/DPPHUWV��������/DPPHUWV�HW�DO���������KDYH�\HW�EHHQ�LPSOHPHQWHG�
7KLV�LV�D�ZRUU\LQJ�GHYHORSPHQW�ZKLFK�FDOOV�IRU�WULODWHUDO�DFWLRQ�

0RUHRYHU��WKH�XQYHJHWDWHG�VXSUDWLGDO�EHDFKHV�DUH�QRW�GHVLJQDWHG�DV�1DWXUD�����
KDELWDW�W\SHV��'HSHQGLQJ�RQ�QDWLRQDO�ODZV��WKLV�HVVHQWLDOO\�PHDQV�WKDW�SDUW�RI�WKH
OLWWRUDO�DFWLYH�]RQH�LV�QRW�DOZD\V�XQGHU�QDWXUH�SURWHFWLRQ�DQG�WKHUHIRUH�QRW�HYHU\ZKHUH
SURWHFWHG�DV�DQ�HFRORJLFDO�XQLW�

,W�LV�UHFRPPHQGHG�WR�

PDQDJH�WKH�kDFWLYH�OLWWRUDO�]RQHl�DV�D�FRDVWDO�HQWLW\�
DGG�WKH�GU\��VXSUDWLGDO�EHDFK�KDELWDW�WR�WKH�SURWHFWHG�KDELWDW�W\SHV�ZLWKLQ�WKH
1DWXUD������IUDPHZRUN��DQG�FRRUGLQDWH�WKH�SURWHFWLRQ�RI�WKH�1�����EHDFK
KDELWDW�W\SHV�RQ�D�WULODWHUDO�EDVLV�



SURWHFW�PRUH�EHDFKHV�IURP�KXPDQ�GLVWXUEDQFH��IRU�IDXQD�GXULQJ�WKH�ELUG
EUHHGLQJ�VHDVRQ�DQG�WKH�VHDO�SXSSLQJ�DQG�PRXOWLQJ�VHDVRQV��DQG�IRU�YHJHWDWLRQ
VR�WKDW�HPEU\RQLF�GXQHV�PD\�HVWDEOLVK�
PLWLJDWH�WKH�PDLQ�SUHVVXUHV�RQ�WKH�EHDFK�HFRV\VWHP��PDLQO\�UHFUHDWLRQ�DQG
EHDFK�QRXULVKPHQWV�

7KH�UHGXFWLRQ�RI�GXQH�G\QDPLFV�DV�D�UHVXOW�RI�FRDVWDO�SURWHFWLRQ�ZRUNV�DQG
DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�VKRXOG�UHFHLYH�PRUH�DWWHQWLRQ�WULODWHUDOO\��,Q�WKH
1HWKHUODQGV��YDULRXV�GXQH�UHDFWLYDWLRQ�SURMHFWV�DUH�FDUULHG�RXW��+HUH��FDUH�VKRXOG�EH
WDNHQ�WKDW�DOVR�WKH�ROGHU��VRPHWLPHV�XQPDQDJHG�VXFFHVVLRQDO�VWDJHV�KDYH�QDWXUDO
YDOXHV�DQG�VKRXOG�EH�SDUW�RI�WKH�ODQGVFDSH��WRR��,Q�*HUPDQ\�DQG�'HQPDUN��FDUH
VKRXOG�EH�WDNHQ�WKDW�YDOXDEOH�G\QDPLF�DUHDV�ZLOO�UHPDLQ�DQG�QRW�EHFRPH�IL[HG�

*URXQGZDWHU�H[WUDFWLRQV�KDYH�UHPDLQHG�PRUH�RU�OHVV�FRQVWDQW�VLQFH�WKH�465�����
�/DPPHUWV�HW�DO����������:DWHU�SUHVHUYDWLRQ�SROLF\�VKRXOG�EH�FRQWLQXHG�DQG�ZKHUH
SRVVLEOH�LQWHQVLILHG��VR�WKDW�GURXJKW�SUHVVXUH�RQ�ZHW�GXQH�VODFNV�FDQ�EH�IXUWKHU
UHGXFHG��:KHUH�SRVVLEOH��ZHOO�PDQDJHPHQW�ZLWK�ELRPRQLWRULQJ��/DPPHUWV�HW�DO��
������VKRXOG�EH�DGDSWHG�VXFK�WKDW�WKH�LPSDFW�RQ�VHQVLWLYH�GXQH�VODFN�YHJHWDWLRQ�LV
PLQLPLVHG�

�

)LJXUH�����7KH�LQWHUWLGDO�EHDFK�RI�6FKLHUPRQQLNRRJ��3KRWR��$OPD�GH�*URRW��

�



)LJXUH�����%HDFK�KRXVHV�RQ�7H[HO��3KRWR��$OPD�GH�*URRW��

���6XPPDU\
%HDFKHV�DQG�GXQHV�IRUP�WKH�VDQG\�RXWHU�VLGH�RI�WKH�:DGGHQ�6HD�DUHD�DQG�FRQWDLQ�D
YDULHW\�RI�KDELWDW�W\SHV��%HDFK�DUHD�DQG�HFRORJLFDO�VWDWXV�DUH�FXUUHQWO\�QRW�PRQLWRUHG�
'XQH�YHJHWDWLRQ�PRQLWRULQJ�LV�LQFUHDVLQJO\�KDUPRQLVHG�WULODWHUDOO\��EXW�QRW�DOO�WLPH
VHULHV�DUH�FRQVLVWHQW�DQG�WUHQGV�FDQ�WKHUHIRUH�QRW�EH�LGHQWLILHG��\HW�

�

6WDWXV�DQG�WUHQGV

1DWXUDO�G\QDPLFV�RI�EHDFKHV�DQG�GXQHV�RFFXU�PDLQO\�RQ�WKH�XQLQKDELWHG�SDUWV
RI�WKH�EDUULHU�LVODQGV�ZLWKRXW�FRDVWDO�SURWHFWLRQ��DQG�RQ�VPDOO�XQLQKDELWHG
LVODQGV��,Q�WKH�1HWKHUODQGV��GXQH�DFWLYDWLRQ�SURMHFWV�DUH�FDUULHG�RXW�WR�LQFUHDVH
G\QDPLFV�
$�WRWDO�RI�DERXW��������KD�RI�GXQHV�DQG�GXQH�VODFNV�ZHUH�PDSSHG�LQ�WKH
:DGGHQ�6HD�UHJLRQ��DSSUR[LPDWHO\�������KD�LQ�WKH�1HWKHUODQGV��������KD�LQ
/RZHU�6D[RQ\�����KD�LQ�+DPEXUJ��������KD�LQ�6FKOHVZLJ�+ROVWHLQ�DQG������
KD�LQ�'HQPDUN��$OPRVW�DOO�DUH�ORFDWHG�RQ�WKH�EDUULHU�LVODQGV��7KH�UHODWLYH
RFFXUUHQFH�RI�YHJHWDWLRQ�W\SHV�YDULHV�EHWZHHQ�LVODQGV�DQG�UHJLRQV��7KH�VPDOO
LVODQGV�LQ�WKH�:DGGHQ�6HD�H[KLELW�D�ODUJH�UDQJH�RI�GXQHV�GLIIHULQJ�LQ�DJH�
G\QDPLFV�DQG�YHJHWDWLRQ�W\SHV��,QYDVLYH�DOLHQ�SODQW�VSHFLHV�HQFURDFK�LQ�WKH
GXQHV�DQG�GXQH�VODFNV��DQG�WKH�70$3�PRQLWRULQJ�VKRXOG�EH�LPSURYHG�WR
LQFOXGH�WKHVH�GHYHORSPHQWV�
%HDFK�HFRORJLFDO�VWDWXV�FDQQRW�EH�UHSRUWHG��EXW�LQIRUPDWLRQ�RQ�EHDFK
QRXULVKPHQWV�DQG�UHFUHDWLRQ�LQGLFDWH�WKDW�WKLV�HFRV\VWHP�LV�XQGHU�SUHVVXUH�
7KH�YDULRXV�WKUHDWV�WR�GXQHV�DQG�EHDFKHV�DUH�HVWLPDWHG�WR�EH�DW�DSSUR[LPDWHO\
WKH�VDPH�OHYHO�DV�LQ������
*URXQGZDWHU�H[WUDFWLRQV�DQG�DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�KDYH�LQ�PRVW
LQVWDQFHV�QRW��RU�PDUJLQDOO\��GHFUHDVHG�VLQFH�������DQG�WKHUHIRUH�VWLOO�KDYH��LQ
VRPH�FDVHV�SRWHQWLDOO\��QHJDWLYH�HIIHFWV�RQ�WKH�GXQH�YHJHWDWLRQ�



�

$VVHVVPHQW

7DUJHW����,QFUHDVHG�QDWXUDO�G\QDPLFV�RI�EHDFKHV��SULPDU\�GXQHV��EHDFK
SODLQV�DQG�SULPDU\�GXQH�VODFNV�LQ�FRQQHFWLRQ�ZLWK�WKH�QHDUVKRUH�]RQH

7KLV�WDUJHW�VWLOO�ODFNV�GHVFULSWRUV�DQG�GHGLFDWHG�PRQLWRULQJ�
4XDOLWDWLYH�LQWHUSUHWDWLRQ�VKRZV�WKDW�WKH�FRPELQDWLRQ�RI�QLWURJHQ�GHSRVLWLRQ�
FRDVWDO�SURWHFWLRQ�ZRUNV��GXQH�IL[DWLRQ��GUDLQDJH��DQG�UHFUHDWLRQ�UHODWHG
DFWLYLWLHV�DQG�EXLOGLQJV�KDV�VLQFH�ORQJ�UHVXOWHG�LQ�D�ORVV�RI�G\QDPLF�SURFHVVHV
LQLWLDWHG�E\�ZLQG�DQG�ZDWHU��7UHQGV�LQ�QDWXUDO�G\QDPLFV�FDQQRW�EH�LGHQWLILHG�

�

7DUJHW����$Q�LQFUHDVHG�SUHVHQFH�RI�D�FRPSOHWH�QDWXUDO�YHJHWDWLRQ
VXFFHVVLRQ

$OO�VXFFHVVLRQDO�VWDJHV�RI�WKH�YHJHWDWLRQ�DUH�SUHVHQW��EXW�WUHQGV�FDQQRW�EH
LGHQWLILHG�
%HDFK�HFRV\VWHP��$V�DOUHDG\�FRQFOXGHG�LQ�WKH�465V�RI������DQG�������WKHUH�LV
VWLOO�LQVXIILFLHQW�NQRZOHGJH�WR�DVVHVV�WKH�HFRORJLFDO�VWDWXV�RI�EHDFKHV�LQ�WKH
:DGGHQ�6HD�
(FRV\VWHP�HQJLQHHULQJ�SURFHVVHV��(FRV\VWHP�HQJLQHHULQJ�GXQH�JUDVVHV�DUH
DEXQGDQWO\�SUHVHQW�LQ�WKH�IRUHGXQHV��EXW�WKH�SURFHVVHV�DUH�RIWHQ�LQKLELWHG�WR
YDULRXV�GHJUHHV�E\�SDVW�DQG�RU�SUHVHQW�FRDVWDO�SURWHFWLRQ�PHDVXUHV�

�

5HFRPPHQGDWLRQV

,PSURYH�WKH�WDUJHWV�ERWK�LQ�ZRUGLQJ�DQG�LQ�FRQWHQWV��DQG�FRPSOHPHQW�WKHP
ZLWK�DGGLWLRQDO�WDUJHWV�RQ�WKH�EHDFK�HFRV\VWHP�DQG�GXQH�IDXQD�
,QGLFDWRUV�DQG�PRQLWRULQJ�IRU�EHDFKHV�DQG�QDWXUDO�G\QDPLFV�VKRXOG�EH
GHVLJQHG�DQG�LPSOHPHQWHG�WULODWHUDOO\��DV�VRRQ�DV�SRVVLEOH�
9HJHWDWLRQ�PRQLWRULQJ�VKRXOG�EH�IXUWKHU�KDUPRQLVHG�WULODWHUDOO\�DQG�H[WHQGHG
ZLWK�LQYDVLYH�DOLHQ�SODQW�VSHFLHV�DQG�UDUH�SODQW�VSHFLHV�

�

$ERXW�WKH�DXWKRUV

$�9��GH�*URRW���*�0��-DQVVHQ���0��,VHUPDQQ���0��6WRFN���0��*ODKQ��
.��(OVFKRW���8��+HOOZLJ���-��3HWHUVHQ���3��(VVHOLQN���:��YDQ�'XLQ����3�
.dUEHU����.��-HQVHQ����1��+HFNHU��

��,0$5(6�:DJHQLQJHQ��$QNHUSDUN���������$*�'HQ�+HOGHU��1/

��5LMNVZDWHUVWDDW�1RRUG�1HGHUODQG��=XLGHUVLQJHO���������-+
/HHXZDUGHQ��1/



��8QLYHUVLW\�RI�%UHPHQ��/HREHQHU�6WU���1:����������%UHPHQ��'

��1DWLRQDOSDUNYHUZDOWXQJ�6FKOHVZLJ�+ROVWHLQLVFKHV�:DWWHQPHHU�
6FKORbJDUWHQ����������7dQQLQJ��'

��0LOMeVW\UHOVHQ�6\GM\OODQG��6NRYULGHUYHM���������*UDP��'.

��:DJHQLQJHQ��8QLYHUVLW\�	�5HVHDUFK��:85���$QNHUSDUN���������
$*�'HQ�+HOGHU��1/

��,QVWLWXWH�IRU�DSSOLHG�HQYLURQPHQWDO�ELRORJ\�DQG�PRQLWRULQJ�
:XUVWHU�/DQGVWUDVVH�����������:UHPHQ��'

��1DWXUH�&RQVXOW��+DFNHOEULQN�����������+LOGHVKHLP��'

��38&&,0$5��(FRORJLFDO�5HVHDUFK�DQG�&RQVXOWDQF\��%RHUPDUNH����
�����+'�9ULHV��1/

���$UWHPLVLD�NZHOGHURQGHU]RHN��*UDDI�:LOOHP�,,�VWUDDW����������
./�'HQ�+HOGHU��1/

���1DWLRQDOSDUNYHUZDOWXQJ�+DPEXUJLVFKHV�:DWWHQPHHU�
1HXHQIHOGHU�6WUDbH�����������+DPEXUJ��'

���8QLYHUVLW\�RI�+DPEXUJ��2KQKRUVWVWU������������+DPEXUJ��'

���1DWLRQDOSDUNYHUZDOWXQJ�1LHGHUVcFKVLVFKHV�:DWWHQPHHU�
9LUFKRZVWU�����������:LOKHOPVKDYHQ��'

�

$FNQRZOHGJHPHQWV

:H�ZRXOG�OLNH�WR�WKDQN�

$OO�PHPEHUV�RI�WKH�WULODWHUDO�([SHUW�*URXS�RQ�6DOW�PDUVKHV
DQG�'XQHV�IRU�WKHLU�FRQVWUXFWLYH�GLVFXVVLRQV�DQG�FRPPHQWV
RQ�WKH�GUDIW�WH[WV�
$JHQFLHV�DQG�LQGLYLGXDOV�SURYLGLQJ�GDWD�DQG�DQDO\VHV�IRU�WKLV
UHSRUW�
7KH�1HWKHUODQGV��,W�)U\VNH�*HD��6WDDWVERVEHKHHU�
1DWXXUPRQXPHQWHQ��0LQLVWU\�RI�(FRQRPLF�$IIDLUV�
5LMNVZDWHUVWDDW��'HOWDUHV��,0$5(6��9LWHQV��$OWHUUD�
*HUPDQ\��1DWLRQDOSDUNYHUZDOWXQJ�1LHGHUVcFKVLVFKHV
:DWWHQPHHU��1DWLRQDOSDUNYHUZDOWXQJ�+DPEXUJLVFKHV
:DWWHQPHHU��/DQGHVEHWULHE�IfU�.fVWHQVFKXW]��1DWLRQDOSDUN
XQG�0HHUHVVFKXW]�6FKOHVZLJ�+ROVWHLQ��.UHLV�1RUGIULHVODQG�



$:,��0LQLVWHULXP�IfU�/DQGZLUWVFKDIW��8PZHOW�XQG�OcQGOLFKH
5cXPH�GHV�/DQGHV�6FKOHVZLJ�+ROVWHLQ��1/.:1�
'HQPDUN��1DWXUVW\UHOVHQ�9DGHKDYHW��'DQPDUNV�0LOMeSRUWDO�
.\VWGLUHNWRUDWHW�
&RPPRQ�:DGGHQ�6HD�6HFUHWDULDW
5HYLHZHUV�IURP�WKH�HGLWRULDO�ERDUG�IRU�WKHLU�VXJJHVWLRQV�

5HIHUHQFHV

$'',1�(1�5()/,67�$UHQV��6�0���-DQVVHQ��*�0���������.XVWYHUGHGLJLQJ��VXSSOHWLHV�HQ�QDWXXU�
9DNEODG�1DWXXU�%RV�/DQGVFKDS��������������

%LHUPDQQ��5���'DQLeOV��)���������&DPS\ORSXV�LQWURIOH[XV��'LFUDQDFHDH��%U\RSVLGD��LQ�IOHFKWHQUHLFKHQ
6LOEHUJUDVIOXUHQ�0LWWHOHXURSDV��,Q��)�-�$��'DQLeOV��0��6FKXO]��-��3HLQH��(GV����)OHFKWHQ�)ROOPDQQ�
&RQWULEXWLRQV�WR�OLFKHQRORJ\�LQ�+RQRXU�RI�*HUKDUG�)ROOPDQQ��SS����������

%UDVVHXU��6�0�-�0���'H�*URRW��$�9���$DUWV��*���'LMNPDQ��(�0���.LUNZRRG��5���������3XSSLQJ�KDELWDW�RI
JUH\�VHDOV�LQ�WKH�'XWFK�:DGGHQ�6HD��&��������,0$5(6�:DJHQLQJHQ�85��,-PXLGHQ�

&KDEUHULH��2���/RLQDUG��-���3HUULQ��6���6DJXH]��5���'HFRFT��*���������,PSDFW�RI�3UXQXV�VHURWLQD�LQYDVLRQ
RQ�XQGHUVWRU\�IXQFWLRQDO�GLYHUVLW\�LQ�D�(XURSHDQ�WHPSHUDWH�IRUHVW��%LRORJLFDO�,QYDVLRQV��������
����������

'H�*URRW��$�9���2RVW��$�3���9HHQHNODDV��5�0���/DPPHUWV��(�-���YDQ�'XLQ��:�(���YDQ�:HVHQEHHFN��%�.��
������7DOHV�RI�LVODQG�WDLOV��ELRJHRPRUSKLF�GHYHORSPHQW�DQG�PDQDJHPHQW�RI�EDUULHU�LVODQGV��-RXUQDO
RI�&RDVWDO�&RQVHUYDWLRQ�������

'HIHR��2���0F/DFKODQ��$���6FKRHPDQ��'�6���6FKODFKHU��7�$���'XJDQ��-���-RQHV��$���/DVWUD��0���6FDSLQL��)��
������7KUHDWV�WR�VDQG\�EHDFK�HFRV\VWHPV��$�UHYLHZ��(VWXDULQH��&RDVWDO�DQG�6KHOI�6FLHQFH��������������

(YHUDUG��0���-RQHV��/���:DWWV��%���������+DYH�ZH�QHJOHFWHG�WKH�VRFLHWDO�LPSRUWDQFH�RI�VDQG�GXQHV"�$Q
HFRV\VWHP�VHUYLFHV�SHUVSHFWLYH��$TXDWLF�&RQVHUYDWLRQ��0DULQH�DQG�)UHVKZDWHU�(FRV\VWHPV��������
��������

+HOOZLJ��8���6WRFN��0���������'\QDPLF�LVODQGV�LQ�WKH�:DGGHQ�6HD��(FRV\VWHP�1R�����&RPPRQ
:DGGHQ�6HD�6HFUHWDULDW��:LOKHOPVKDYHQ��*HUPDQ\�

,VHUPDQQ��0���������&ODVVLILFDWLRQ�DQG�KDELWDW�FKDUDFWHULVWLFV�RI�SODQW�FRPPXQLWLHV�LQYDGHG�E\�WKH
QRQ�QDWLYH�5RVD�UXJRVD�7KXQE��LQ�1:�(XURSH��3K\WRFRHQRORJLD�������������������

-DQVVHQ��*�0���������.HQQLVGRFXPHQW�'HQNNDGHU�(FRORJLVFK�6XSSOHUHQ����������.XVW$GYLHV�

-DQVVHQ��*�0���/HHZLV��/���0DU[��6���������0LWLJDWLRQ�RI�WKH�HFRORJLFDO�HIIHFWV�RI�QRXULVKPHQW�RQ�VDQG\
VKRUHV��D�FDVH�VWXG\��3URFHHGLQJV�RI�WKH�)LIWK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�6DQG\�%HDFKHV��7UDYDX[�GH
On,QVWLWXW�6FLHQWLILTXH��VdULH�JdQdUDOH��SS�����H����

.HWQHU�2RVWUD��5���������%XQWJUDVGXLQ�RS�7HUVFKHOOLQJ�QD����MDDU�ZHHU�RQGHU]RFKW��'H�/HYHQGH
1DWXXU�����������

.HWQHU�2RVWUD��5���6oNRUD��.�9���������'HFOLQH�RI�OLFKHQ�GLYHUVLW\�LQ�FDOFLXP�SRRU�FRDVWDO�GXQH
YHJHWDWLRQ�VLQFH�WKH�����V��UHODWHG�WR�JUDVV�DQG�PRVV�HQFURDFKPHQW��3K\WRFRHQRORJLD��������



��������

.XKELHU��+���������6HQHFLR�LQDHTXLGHQV�'&��HLQ�1HXEXUJHU�GHU�QRUGZHVWGHXWVFKHQ�)ORUD��$EK�
1DWXUZLVVHQVFKDIW��9HU��%UHPHQ�����������������

/DPPHUWV��(�-���3HWHUVHQ��-���+RFKNLUFK��$���������%HDFKHV�DQG�'XQHV��,Q��+��0DUHQFLF��-��'H�9ODV
�(GV����4XDOLW\�6WDWXV�5HSRUW�������:DGGHQ6HD�(FRV\VWHP�1R������&RPPRQ�:DGGHQ�6HD�6HFUHWDULDW
�&:66���:LOKHOPVKDYHQ��*HUPDQ\��7ULODWHUDO�0RQLWRULQJ�DQG�$VVHVVPHQW�*URXS��70$*��
:LOKHOPVKDYHQ��SS�������

/HHZLV��/���YDQ�%RGHJRP��3�0���5R]HPD��-���-DQVVHQ��*�0���������'RHV�EHDFK�QRXULVKPHQW�KDYH�ORQJ�
WHUP�HIIHFWV�RQ�LQWHUWLGDO�PDFURLQYHUWHEUDWH�VSHFLHV�DEXQGDQFH"�(VWXDULQH��&RDVWDO�DQG�6KHOI
6FLHQFH���������������

0F/DFKODQ��$���%URZQ��$�&���������(FRORJ\�RI�VDQG\�VKRUHV��$FDGHPLF�3UHVV�

1DWWHU��/��6���������/RNDOH�$XVEUHLWXQJVPXVWHU�XQG�,QYDVLRQVHUIROJ�GHU�1HRSK\WHQ�5RVD�UXJRVD�
3LQXV�QLJUD�XQG�3UXQXV�VHURWLQD�DXI�6SLHNHURRJ��%6F��8QLYHUVLWbW�.REOHQ]�/DQGDX�����SS�

1HKULQJ��6���.RZDULN��,���5DELWVFK��:���(VVO��)���������1DWXUVFKXW]IDFKOLFKH�,QYDVLYLWcWVEHZHUWXQJHQ
IeU�LQ�'HXWVFKODQG�ZLOG�OHEHQGH�JHELHWVIUHPGH�*HIcfSIODQ]HQ��%I1�6NULSWHQ�����

1RUGVWURP��.�)���-DFNVRQ��1�/���)UHHVWRQH��$�/���.RURWN\��.�+���3XOHR��-�$���������(IIHFWV�RI�EHDFK
UDNLQJ�DQG�VDQG�IHQFHV�RQ�GXQH�GLPHQVLRQV�DQG�PRUSKRORJ\��*HRPRUSKRORJ\������������������

2RVW��$�3���+RHNVWUD��3���:LHUVPD��$���)OHPPLQJ��%���/DPPHUWV��(�-���3HMUXS��0���+RIVWHGH��-���YDQ�GHU
9DON��%���.LGHQ��3���%DUWKROG\��-���YDQ�GHU�%HUJ��0�:���9RV��3�&���GH�9ULHV��6���:DQJ��=�%���������%DUULHU
LVODQG�PDQDJHPHQW��/HVVRQV�IURP�WKH�SDVW�DQG�GLUHFWLRQV�IRU�WKH�IXWXUH��2FHDQ�	�&RDVWDO
0DQDJHPHQW���������������

3HWHUVHQ��-���������'LH�'eQHQWDOYHJHWDWLRQ�GHU�:DWWHQPHHU�,QVHOQ�LQ�GHU�VeGOLFKHQ�1RUGVHH��HLQH
SIODQ]HQVR]LRORJLVFKH�XQG�dNRORJLVFKH�9HUJOHLFKVXQWHUVXFKXQJ�XQWHU�%HUeFNVLFKWLJXQJ�YRQ�1XW]XQJ
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