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%DFNJURXQG
$�YDULHW\�RI�GLIIHUHQW�PHWKRGV�PD\�EH�XVHG�IRU�VXUYH\LQJ�PDULQH�V\VWHPV��WR�SURYLGH�LQIRUPDWLRQ
DERXW�WKH�VWUXFWXUH�DQG�VWDWXV�RI�WKH�UHVLGHQW�FRPPXQLWLHV���,Q�FRQMXQFWLRQ�ZLWK�SURFHVV�RULHQWHG
VWXGLHV�WKH�LQIRUPDWLRQ�REWDLQHG�IURP�WKHVH�VXUYH\V�FDQ�EH�XVHG�WR�LPSURYH�RXU�XQGHUVWDQGLQJ
RI�WKHVH�V\VWHPV�DQG�WKH�VSDWLDO�DQG�WHPSRUDO�VFDOHV�DW�ZKLFK�PDMRU�HFRV\VWHP�SURFHVVHV�RSHUDWH�
$� VRXQG� XQGHUVWDQGLQJ� RI� WKHVH� LVVXHV� LV� HVVHQWLDO� WR� HQVXUH� WKH� HIIHFWLYH�PDQDJHPHQW� RI� RXU
PDULQH�HQYLURQPHQW�

6FRSH
7KLV�UHSRUW�GHVFULEHV�D�VHW�RI�QRQ�GHVWUXFWLYH�VDPSOLQJ�PHWKRGRORJLHV�DQG�FRQVLGHUV�WKH�H[WHQW
WR� ZKLFK� WKH\� FDQ� EH� DSSOLHG� WR� SURYLGH� LQIRUPDWLRQ� DERXW� WKH� VWUXFWXUH� RI� WHPSHUDWH� UHHI
FRPPXQLWLHV� LQ�*XOI� 6W�9LQFHQW�� 6RXWK�$XVWUDOLD�� � 7KHVH�PHWKRGV� DUH� FXUUHQWO\� EHLQJ� IXUWKHU
PRGLILHG�DQG�GHYHORSHG�LQ�DQ�RQJRLQJ�SURMHFW�EHLQJ�UXQ�MRLQWO\�ZLWK�WKH�FRQVHUYDWLRQ�FRXQFLO�DV
SDUW�RI�WKH�5HHI�:DWFK�FRPPXQLW\�PRQLWRULQJ�SURJUDP�

$SSURDFK
7KLV�VWXG\�WULDOHG�WKUHH�QRQ�GHVWUXFWLYH�VDPSOLQJ�SURWRFROV�ZKLFK�IRFXV�RQ�GLIIHUHQW�DVSHFWV�RI
WHPSHUDWH�UHHI�V\VWHPV�

• 7KH�/LQH�,QWHUFHSW�7UDQVHFW��/,7��PHWKRG�ZDV�XVHG�WR�VXUYH\�WKH�VHVVLOH�PDFUR�EHQWKRV�WKDW
IRUPV�WKH�PDMRU�VWUXFWXUDO�FRPSRQHQWV�RI�WHPSHUDWH�UHHI�V\VWHPV�

• $�QRQ�GHVWUXFWLYH�TXDGUDW�PHWKRG�ZDV�XVHG�IRU�WKH�QRQ�DOJDO�VHVVLOH�DQG�VHGHQWDU\�ELRWD�

• $�YLVXDO�FHQVXV�PHWKRG�ZDV�XVHG�WR�DVVHVV�PRELOH�ELRWD�

)LQGLQJV

• 7KH�/,7�PHWKRG�SURYHG�WR�EH�WKH�EHVW�PHWKRG�IRU�GLIIHUHQWLDWLQJ�UHHIV�RQ�WKH�EDVLV�RI� WKH
GRPLQDQW�WD[D��RQ�D�SHUFHQW�FRYHU�EDVLV��PDNLQJ�XS�WKH�UHHI�FRPPXQLWLHV���7KH�PHWKRG�FDQ
EH�HPSOR\HG�ZLWK�D�YDU\LQJ�GHJUHH�RI�WD[RQRPLF�UHVROXWLRQ�DQG�VR�PD\�EH�DGDSWHG�IRU�XVH�E\
WUDLQHG� SURIHVVLRQDOV� RU� E\� QRYLFH�XQWUDLQHG� GLYHUV�� %HFDXVH� LW� IRFXVHV� RQ� WKH� FRPPXQLW\
GRPLQDQWV� WKH� /,7� PHWKRG� LV� LGHDO� IRU� SLFNLQJ� XS� ODUJH� VFDOH�VWUXFWXUDO� FKDQJHV� LQ� UHHI
V\VWHPV�

• 7KH�/,7�PHWKRG�GRHV�QRW�SURYLGH�JRRG�LQIRUPDWLRQ�DERXW�VSHFLHV�WKDW�KDYH�ORZ�SHUFHQWDJH
FRYHU�DQG�LW�LV�WKHUHIRUH�QRW�VXLWDEOH�IRU�WKH�DVVHVVPHQW�RI�FU\SWLF�RU�VPDOO�VHGHQWDU\�WD[D�WKDW
GR� QRW� GRPLQDWH� V\VWHPV� LQ� WHUPV� RI� ELRPDVV� RU� FRYHU�� � )RU� WKHVH� WD[D� QRQ�GHVWUXFWLYH
TXDGUDW�VDPSOLQJ�LV�WKH�PRVW�DSSURSULDWH�SURWRFRO�

• 9LVXDO�DVVHVVPHQW�RI� ILVK�FRPPXQLWLHV� LV� DSSURSULDWH� IRU� VWXGLHV�ZLWK�D�SDUWLFXODU� IRFXV�RQ
ILVK��HJ�ILVKHU\�VXUYH\V��EXW�LV�QRW�VHQVLWLYH�WR�XQGHUO\LQJ�FKDQJHV�LQ�WKH�RYHUDOO�FRPSRVLWLRQ
RI�UHHI�FRPPXQLWLHV�

5HFRPPHQGDWLRQV

• (IIRUWV�VKRXOG�EH�FRQFHQWUDWHG�RQ�WKH�GHYHORSPHQW�RI�WKH�/,7�PHWKRG�IRU�XVH�LQ�WKH�ORQJ�
WHUP� PRQLWRULQJ� RI� FKDQJHV� LQ� UHHI� V\VWHPV�� 7KLV� PHWKRG� LV� SDUWLFXODUO\� VXLWDEOH� IRU
LPSOHPHQWDWLRQ�E\�FRPPXQLW\�JURXSV�

• 7KH�TXDGUDW�PHWKRG� VKRXOG�EH�XVHG� DV� D� WRRO� IRU� LQYHVWLJDWLRQV�RI� D�PRUH� VSHFLILF�QDWXUH�
HVSHFLDOO\�WKRVH�WKDW�UHTXLUH�D�IRFXV�RQ�VSHFLILF�VHVVLOH�RU�VHGHQWDU\�WD[D�

• )LVK� YLVXDO� FHQVXV� VKRXOG� EH� XVHG� IRU� WKH� DVVHVVPHQW� RI� FKDQJHV� LQ� ILVK� SRSXODWLRQV� RI
SDUWLFXODU�LQWHUHVW�
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��� ,QWURGXFWLRQ
$�YDULHW\�RI�GLIIHUHQW�PHWKRGV�PD\�EH�XVHG�IRU�VXUYH\LQJ�PDULQH�V\VWHPV��WR�SURYLGH�LQIRUPDWLRQ
DERXW�WKH�VWUXFWXUH�DQG�VWDWXV�RI�WKH�UHVLGHQW�FRPPXQLWLHV���,Q�FRQMXQFWLRQ�ZLWK�SURFHVV�RULHQWHG
VWXGLHV��WKH�LQIRUPDWLRQ�REWDLQHG�IURP�WKHVH�VXUYH\V�FDQ�EH�XVHG�WR�LPSURYH�RXU�XQGHUVWDQGLQJ
RI�WKHVH�V\VWHPV�DQG�WKH�VSDWLDO�DQG�WHPSRUDO�VFDOHV�DW�ZKLFK�PDMRU�HFRV\VWHP�SURFHVVHV�RSHUDWH�
$� VRXQG� XQGHUVWDQGLQJ� RI� WKHVH� LVVXHV� LV� HVVHQWLDO� WR� HQVXUH� WKH� HIIHFWLYH�PDQDJHPHQW� RI� RXU
PDULQH�HQYLURQPHQW�

+LVWRULFDOO\� WKH� PHWKRGV� XVHG� IRU� WKH� DVVHVVPHQW� RI� PDULQH� V\VWHPV� KDYH� LQFOXGHG� ERWK
GHVWUXFWLYH� DQG� QRQ�GHVWUXFWLYH� WHFKQLTXHV�� ,Q� DQ\� JLYHQ� VLWXDWLRQ� WKH� PHDVXUHPHQWV� WDNHQ
GHSHQG�XSRQ�WKH�VSHFLILF�TXHVWLRQV�EHLQJ�DVNHG�DQG�WKH�H[WHQW�WR�ZKLFK�WKH�SURFHVV�RI�PDNLQJ
WKH�PHDVXUHPHQWV�FDQ�EH�DOORZHG�WR�LPSDFW�XSRQ�WKH�V\VWHP��7KLV�UHSRUW�GHVFULEHV�D�VHW�RI�QRQ�
GHVWUXFWLYH� VDPSOLQJ�PHWKRGRORJLHV� DQG� FRQVLGHUV� WKH� H[WHQW� WR�ZKLFK� WKH\� FDQ� EH� DSSOLHG� WR
SURYLGH�LQIRUPDWLRQ�DERXW�WKH�VWUXFWXUH�RI�WHPSHUDWH�UHHI�FRPPXQLWLHV�LQ�*XOI�6W�9LQFHQW��6RXWK
$XVWUDOLD�� � 7KHVH�PHWKRGV� DUH� FXUUHQWO\� EHLQJ� IXUWKHU�PRGLILHG� DQG� GHYHORSHG� LQ� DQ� RQJRLQJ
SURMHFW�EHLQJ� UXQ� MRLQWO\�ZLWK� WKH� FRQVHUYDWLRQ� FRXQFLO�� DV�SDUW� RI� WKH�5HHI�:DWFK� FRPPXQLW\
PRQLWRULQJ�SURJUDP�

������������������������������������������������
�'HWDLOV�RI�WKH�/,7��QRQ�GHVWUXFWLYH�TXDGUDW�DQG�ILVK�YLVXDO�FHQVXV�PHWKRGV�KDYH�EHHQ�SURYLGHG�WR�WKH�FRQVHUYDWLRQ

FRXQFLO��5HHI�:DWFK�JURXS��DQG�DUH�EHLQJ�XVHG�DV�WKH�EDVLV�IRU�WKH�GHYHORSPHQW�RI�FRPPXQLW\�PRQLWRULQJ�SURJUDPV�
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��� %DFNJURXQG�WR�ILHOG�PHWKRGV
����� (YDOXDWLRQ�RI�PHWKRGRORJLHV

7HVWLQJ� D� VDPSOLQJ�PHWKRGRORJ\� LQ� WKH� ILHOG� FDQ� EH� GRQH� E\� FRPSDULQJ� FRPPXQLW\� HVWLPDWHV
ZLWK�WKRVH�REWDLQHG�IURP�DQRWKHU�VDPSOLQJ�WHFKQLTXH��,GHDOO\�FRPSDULVRQV�FRXOG�EH�PDGH�ZLWK
UHVXOWV�RI� D�GHILQLWLYH� FRPPXQLW\� FHQVXV�ZKLFK�ZRXOG�SURYLGH� FORVH� WR� DEVROXWH� YDOXHV� DJDLQVW
ZKLFK�WKH�VDPSOLQJ�PHWKRG�FRXOG�EH�WHVWHG��8QIRUWXQDWHO\�VXFK�D�FHQVXV�LV�QRW�IHDVLEOH�EHFDXVH
RI� WKH� WLPH� LQYROYHG� �7XUQHU� ������� &RPSDULQJ� HVWLPDWHV� ZLWK� WKRVH� REWDLQHG� IURP� DQRWKHU
DFFHSWHG�WHFKQLTXH�LV�WKHUHIRUH�WKH�RQO\�SUDFWLFDO�SRVVLELOLW\�

&RPSDULVRQV�RI�HVWLPDWHV�WR�WKRVH�REWDLQHG�XVLQJ�DOWHUQDWLYH�PHWKRGV�DUH�PXFK�IDVWHU�DQG�KDYH
EHHQ�XVHG�HIIHFWLYHO\�LQ�SUHYLRXV�VWXGLHV��&KLDSSRQH�DQG�6XOOLYDQ�������6XOOLYDQ�DQG�&KLDSSRQH
������� 7KHVH� VWXGLHV� WHQG� WR� JDXJH� HIILFLHQF\� LQ� WHUPV� RI� WKH� DELOLW\� WR� GLVFULPLQDWH� EHWZHHQ
FRPPXQLW\� VWUXFWXUHV�� 7KLV� GLUHFW� FRPSDULVRQ� FDQ� EH� XVHG� WR� GHPRQVWUDWH� WKH� GHJUHH� RI
VLPLODULW\� EHWZHHQ�PHWKRGV� EXW� JLYHV� OLWWOH� LQGLFDWLRQ� DV� WR�ZKHWKHU� HLWKHU�PHWKRG� LV� IDLWKIXOO\
UHSURGXFLQJ� LQIRUPDWLRQ�DERXW� WKH� V\VWHP��$V�D� UHVXOW� DQ�DVVXPSWLRQ�PXVW�EH�PDGH� UHJDUGLQJ
WKH�TXDOLW\�RI�GDWD�IURP�WKH�DFFHSWHG�PHWKRG��7XUQHU�������

7KLV�VWXG\�WULDOHG�WKUHH�PHWKRGV�RI�QRQ�GHVWUXFWLYH�VDPSOLQJ�ZKLFK�IRFXV�RQ�GLIIHUHQW�DVSHFWV�RI
WKH�HFRV\VWHPV�H[DPLQHG��7KH�/,7�PHWKRG�ZDV�XVHG� WR� VXUYH\� WKH� VHVVLOH�PDFUR�EHQWKRV� WKDW
IRUPV� WKH�PDMRU� VWUXFWXUDO� FRPSRQHQWV� RI� WHPSHUDWH� UHHI� V\VWHPV�� $� QRQ�GHVWUXFWLYH� TXDGUDW
PHWKRG�ZDV�XVHG�IRU�WKH�QRQ�DOJDO� VHVVLOH�DQG�VHGHQWDU\�ELRWD�DQG�D�YLVXDO�FHQVXV�PHWKRG�ZDV
XVHG� WR� DVVHVV� PRELOH� ELRWD�� 'HWDLOV� RI� WKH� DSSOLFDWLRQ� RI� WKHVH� PHWKRGV� DUH� FRQWDLQHG� LQ
$SSHQGLFHV�$�WR�&�

����� 'HVWUXFWLYH�4XDGUDW�+DUYHVWLQJ
'HVWUXFWLYH� TXDGUDW� KDUYHVWLQJ� KDV� EHFRPH� WKH� PRVW� FRPPRQ�PHWKRG� IRU� VXUYH\LQJ� VXEWLGDO
PDULQH� DOJDO� V\VWHPV� EHFDXVH� LW� PLQLPLVHV� WKH� DPRXQW� RI� WLPH� VSHQW� XQGHU� ZDWHU� �/LWWOHU� DQG
/LWWOHU����������7KH�WHFKQLTXH�LQYROYHV�WKH�SODFHPHQW�RI�TXDGUDWV�RQ�WKH�VXEVWUDWH�DQG�OLIHIRUPV
RI� LQWHUHVW�ZLWKLQ� WKH� TXDGUDW� DUH� WKHQ� KDUYHVWHG� DQG� SODFHG� LQ� ODEHOOHG� EDJV�� � 7KHVH� EDJV� DUH
UHWXUQHG� WR� WKH� ODERUDWRU\�ZKHUH� WKH\�FDQ�EH� VRUWHG� LQWR� WD[D�DQG� FRXQWHG� DQG�RU�ZHLJKHG� WR
REWDLQ� D� TXDQWLWDWLYH�PHDVXUH� �QR�� RI� LQGLYLGXDOV� RU� ELRPDVV�� SHU� XQLW� DUHD� �/LWWOHU� DQG� /LWWOHU�
������

,Q�PDQ\� FDVHV� WKH� FKRLFH� RI� WKH� VDPSOH� VL]H� LV� EDVHG� DOPRVW� VROHO\� RQ� LQWXLWLRQ� DQG� WUDGLWLRQ
UDWKHU�WKDQ�RQ�D�TXDQWLWDWLYH�DVVHVVPHQW�RI�WKH�DSSURSULDWHQHVV�RI�WKH�VDPSOLQJ�UHJLPH�WR�H[WUDFW
IDLWKIXO� LQIRUPDWLRQ� DERXW� WKH� V\VWHP� �$QGUHZ� DQG�0DSVWRQH�� ������� � 7KH�PRVW� ZLGHO\� XVHG
TXDGUDW� VL]H� LQ�PDULQH� V\VWHPV� LV� D� VTXDUH�TXDGUDW�RI� �����PHWUH� DUHD� �$QGUHZ�DQG�0DSVWRQH�
�������KRZHYHU�WKHUH�LV�D�ORW�RI�GHYLDWLRQ�IURP�WKLV�LQ�WKH�OLWHUDWXUH���)RU�H[DPSOH��SUHYLRXV�ZRUN
LQ� 6RXWK�$XVWUDOLD� E\� 6KHSKHUG� DQG�:RPHUVOH\� ������� XVHG� D� ����P�� URXQG� TXDGUDW� ZKHUHDV
&ROOLQJV��������XVHG�D���P��VTXDUH�TXDGUDW�

$�PDMRU�SUREOHP�ZLWK�GHVWUXFWLYH�KDUYHVWLQJ�LV�WKH�UHVXOWDQW�GDPDJH�WR�WKH�V\VWHP��'H�:UHHGH�
������� �:KLOH� GHVWUXFWLYH� TXDGUDW� VDPSOLQJ�PD\� EH� DQ� HIIHFWLYH� ZD\� RI� VXUYH\LQJ� DQ� DUHD�� LW·V
LPSDFW� RQ� WKDW� DUHD� PD\� RXWZHLJK� LW·V� XVHIXOQHVV�� � 7KLV� LV� SDUWLFXODUO\� VR� LQ� DUHDV� RI� KLJK
FRQVHUYDWLRQ� VWDWXV� �HJ� DUHDV� ZKLFK� FRQWDLQ� UDUH� VSHFLHV��� RU� DUHDV� ZKLFK� DUH� WR� EH� UHSHDWHGO\
VDPSOHG� �VXFK�DV� WKRVH� VXEMHFW� WR�RQJRLQJ�PRQLWRULQJ��� �:KLOH� VPDOO� VFDOH�GLVWXUEDQFHV� DUH� DQ
LPSRUWDQW�SDUW�RI�SDWFK�G\QDPLFV� LQ�PDULQH�FRPPXQLWLHV� �6FKHLO�DQG�)RVWHU���������GHVWUXFWLYH
VDPSOLQJ�LV�PRUH�OLNHO\�WR�FRQIRXQG�UHVXOWV�DQG�OHDG�WR�FKDQJHV�LQ�FRPPXQLW\�VWUXFWXUH�WKURXJK
FKDQJHV�LQ�WKH�GLVWXUEDQFH�UHJLPH��7XUQHU�������� �,Q�WKH�FRQWH[W�RI�WKH�DLPV�RI�WKLV�VWXG\��WKLV
W\SH� RI� VDPSOLQJ� LV� QRW� FRQVLGHUHG� D� YLDEOH� RSWLRQ�� DQG� WKHUHIRUH� DQ� DOWHUQDWLYH� WKDW� LV� QRQ�
GHVWUXFWLYH�LV�QHHGHG�
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7KLV� SURMHFW� KDV� DLPHG� WR� GHYHORS� D� PHWKRGRORJ\� FDSDEOH� RI� FROOHFWLQJ� JRRG� TXDOLW\
HQYLURQPHQWDO� GDWD� XVLQJ� QRQ�GHVWUXFWLYH�PHWKRGV�� 7KHVH�PHWKRGV� VKRXOG� DOVR� EH� DEOH� WR� EH
GHYHORSHG� IRU� XVH� E\� SHUVRQV� IURP� FRPPXQLW\� JURXSV� DQG� RWKHU� RUJDQL]DWLRQV� ZLWK� OLPLWHG
ELRORJLFDO� WUDLQLQJ�DQG�XQGHUVWDQGLQJ��:RUN�GHVFULEHG� LQ� WKLV� UHSRUW� UHODWHV� WR�DQ�HYDOXDWLRQ�RI
WKH�QRQ�GHVWUXFWLYH�PHWKRGV�GHYHORSHG�

����� /LQH�,QWHUFHSW�7UDQVHFWLQJ
7KH�/LQH�,QWHUFHSW�7UDQVHFW��/,7��PHWKRG�SURYLGHV�D�EDVLV�IRU�REWDLQLQJ�TXDQWLWDWLYH�PHDVXUHV
RQ�WKH�SHUFHQWDJH�FRYHU�RI�VHVVLOH�EHQWKLF�RUJDQLVPV�ZLWKRXW�GHVWUXFWLYH�KDUYHVW���7XUQHU�������
KDV�SURYLGHG�D�GHWDLOHG�GLVFXVVLRQ�RI�WKH�DSSURSULDWHQHVV�RI�WKH�/,7�PHWKRG�WR�WKH�DVVHVVPHQW�RI
PDFUR�DOJDO� GRPLQDWHG�PDULQH� EHQWKLF� V\VWHPV�� � ,Q� VXPPDU\�� /,7� KDV� WUDGLWLRQDOO\� EHHQ� XVHG
RQO\�LQ�WHUUHVWULDO��HJ�:HEE�HW�DO���������RU�PDULQH�V\VWHPV��HJ�5HLFKHOW�HW�DO���������LQ�ZKLFK�RQH
FDQ�DVVXPH�WKDW�LQGLYLGXDOV�DUH�QRW�RYHUODSSLQJ��0XWWODN�DQG�6DGRRJKL�$OYDQGL��������/XFDV�DQG
6HEHU����������2Q�WKH�IDFH�RI�LW�WKLV�ZRXOG�QRW�DSSO\�WR�PDFUR�DOJDO�GRPLQDWHG�V\VWHPV�LQ�ZKLFK
WKH�FRPPXQLW\�LV�PXOWL�OD\HUHG���1HYHUWKHOHVV��LQ�D�GHWDLOHG�VWXG\�EDVHG�DURXQG�UHHIDO�V\VWHPV�DW
:HVW�,VODQG�6RXWK�$XVWUDOLD��7XUQHU��������GHPRQVWUDWHG�WKDW�/,7�ZDV�IDVWHU�DQG�MXVW�DV�HIIHFWLYH
LQ�GHWHUPLQLQJ�FRPPXQLW\�VWUXFWXUH�DV�WKH�PRUH�JHQHUDOO\�XVHG�GHVWUXFWLYH�KDUYHVWLQJ�SURSRVHG
E\� /LWWOHU� DQG� /LWWOHU� �������� � )XUWKHU�� JLYHQ� WKDW� /,7� LV� QRQ�GHVWUXFWLYH� LW� ZDV� IHOW� WKDW�
SDUWLFXODUO\� LQ�VHQVLWLYH�KDELWDWV��WKLV�SURYLGHG�D�PXFK�PRUH�UHVSRQVLEOH�DSSURDFK�WR�HFRV\VWHP
DVVHVVPHQW�

����� 1RQ�GHVWUXFWLYH�TXDGUDWV
1RQ�GHVWUXFWLYH�TXDGUDW�VDPSOLQJ�LV�GRQH�E\�SODFLQJ�D�TXDGUDW�RI�JLYHQ�VL]H�RYHU�WKH�VXEVWUDWXP�
$OO�XQLWDU\�RUJDQLVPV�ZLWKLQ�WKH�DUHD�FLUFXPVFULEHG�E\�WKH�TXDGUDW�DUH�WKHQ�FRXQWHG�WR�SURYLGH�D
TXDQWLWDWLYH�PHDVXUH� RI� WKH� DEXQGDQFH� RI� HDFK� WD[D�JURXS�ZLWKLQ� WKDW� DUHD�� � 5HVXOWV� DUH� WKHQ
SUHVHQWHG�DV�QXPEHU�SHU�XQLW�DUHD��JHQHUDOO\�Q�P����

����� )LVK�YLVXDO�FHQVXV
7KHUH�DUH�WZR�PDLQ�FDWHJRULHV�RI�XQGHUZDWHU�ILVK�FHQVXV��,Q�VWULS�WUDQVHFWV��DOO�LQGLYLGXDO�ZLWKLQ�D
VSHFLILHG� DUHD� �IL[HG� SDWK� ZLGWK�� DUH� FRXQWHG�� ,Q� OLQH� WUDQVHFWV�� DOO� LQGLYLGXDOV� DUH� FRXQWHG
UHJDUGOHVV� RI� GLVWDQFH� IURP� WKH� REVHUYHU�� :LWK� WKLV� ODWWHU� PHWKRG�� WKH� SUREDELOLW\� RI� VLJKWLQJ
GHFOLQHV�ZLWK� GLVWDQFH�� EXW� D�PXFK� JUHDWHU� DUHD� FDQ� EH� VXUYH\HG�� 7RWDO� GHQVLW\� LV� REWDLQHG� E\
FRUUHFWLQJ�WKH�QXPEHU�REVHUYHG��EDVHG�RQ�WKH�SUREDELOLW\�RI�VLJKWLQJ�IRU�D�JLYHQ�GLVWDQFH�

6WULS�WUDQVHFWV�DUH�PRVW�RIWHQ�HPSOR\HG��RIWHQ�DORQJ�D�GHSWK�FRQWRXU��IL[HG�FRPSDVV�GLUHFWLRQ�RU
GHPDUFDWHG�SDWK��7KH�SUHFLVLRQ�DQG�DFFXUDF\�RI�VWULS�WUDQVHFWV�IRU�VPDOO�UHHI�ILVKHV�LV�D�IXQFWLRQ
RI� WUDQVHFW� OHQJWK� UHODWLYH� WR� WKH� DEXQGDQFH� DQG�SDWFKLQHVV� RI� WKH� VSHFLHV� H[DPLQHG� �6DOH� DQG
6KDUS� ������� ,Q� JHQHUDO� SUHFLVLRQ� LQFUHDVHV� ZLWK� LQFUHDVHG� WUDQVHFW� OHQJWK�� EXW� DEXQGDQFH
HVWLPDWHV�PD\�GHFUHDVH�DV�WUDQVHFW�ZLGWK�LQFUHDVHV�

7KHUH�LV�D�JURZLQJ�OLWHUDWXUH�RQ�WKH�XVH�RI�XQGHUZDWHU�YLVXDO�FHQVXV�DQG�WKH�EHVW�ZD\�WR�REWDLQ
DFFXUDWH� HVWLPDWHV� RI� DEXQGDQFH� �HJ� 6DPRLO\V� ������ 6DOH� DQG� 6KDUS� ������� 3UREOHPV� DUH
FRQVLGHUDEOH�� KRZHYHU�� SDUWLFXODUO\� ZLWK� UHVSHFW� WR� GLIIHUHQFHV� LQ� WKH� EHKDYLRXU� RI� GLIIHUHQW
VSHFLHV��)RU�H[DPSOH��+DUPHOLQ�9LYLHQ�HW�DO���������QRWHG�ORZHU�ILVK�DEXQGDQFH�ZKHQ�FRQVHFXWLYH
YLVXDO�VXUYH\V�ZHUH�FRQGXFWHG�LQ�WKH�VDPH�DUHD�



0HWKRGRORJLHV�IRU�UHHI�DVVHVVPHQW 3DJH��

��� 5HVXOWV�DQG�'LVFXVVLRQ���FULWLFDO�HYDOXDWLRQ�RI
DVVHVVPHQW�SURWRFROV

����� /,7
,Q�JHQHUDO�ZH�IRXQG�WKH�/,7�PHWKRG�SURYLGHG�JRRG�TXDOLW\�TXDQWLWDWLYH�GDWD�IRU�WHPSHUDWH�UHHI
V\VWHPV���,WV�VLPSOH�DSSOLFDWLRQ�DOVR�PDNHV� LW�HDVLO\�DGDSWDEOH�IRU�GDWD�FROOHFWLRQ�E\�FRPPXQLW\
JURXSV� DQG� RUJDQL]DWLRQV�ZKRVH� SHUVRQQHO� KDYH� OLPLWHG� ELRORJLFDO� WUDLQLQJ�� ,Q� RXU� YLHZ�� WKHVH
IDFWRUV� SOXV� WKH� ORZ� LPSDFW� QDWXUH� RI� WKH� WHFKQLTXH� PDNH� LW� PRVW� VXLWDEOH� IRU� WKH� ORQJ�WHUP
PRQLWRULQJ�RI�WHPSHUDWH�UHHI�V\VWHPV�

7KH� /,7� PHWKRG� SURYHG� WR� EH� VWUDLJKWIRUZDUG� LQ� LWV� ILHOG� DSSOLFDWLRQ� DQG� DOORZHG� D� UDSLG
DVVHVVPHQW�� +RZHYHU�� LQ� DUHDV� ODFNLQJ� WKH� ODUJHU� GRPLQDQW� EURZQ� DOJDH� LW� ZDV� PRUH� WLPH
FRQVXPLQJ��7LPH�WDNHQ�LV�ODUJHO\�D�PDWWHU�RI�WKH�UHVROXWLRQ�DW�ZKLFK�WKH�V\VWHP�LV�VDPSOHG����FP
LQ�WKH�FXUUHQW�VWXG\��DQG�GHSHQGV�RQ�WKH�UHTXLUHPHQWV�RI�LQGLYLGXDO�VWXGLHV�

7KH�XVH�RI� VLPSOH� OLIHIRUP� FDWHJRULHV�ZDV� JHQHUDOO\� VXFFHVVIXO�� ,W�PLQLPL]HG� WUDLQLQJ� WLPH� DQG
PHDQW� WKDW� GLYHUV� LQ� WKH� ILHOG� FRXOG� FODVVLI\� HYHQ� WKRVH� WD[D� WKDW� WKH\� KDG� QHYHU� SUHYLRXVO\
HQFRXQWHUHG�E\�XVLQJ�WKH�VLPSOH�FULWHULD�VHW�RXW�LQ�WDEOH���RI�$SSHQGL[�$�

7KH� XVH� RI� OLIHIRUP� OHYHOV� RI� FODVVLILFDWLRQ� SURYLGHV� OLWWOH� WD[RQRPLF� UHVROXWLRQ�� DQG� WKHUHIRUH
FDQQRW�EH�XVHG�LQ�EURDG�EDVHG�ELRGLYHUVLW\�DVVHVVPHQWV��7KLV�VWXG\�KDV�KRZHYHU��VKRZQ�LW�FDQ�EH
XVHG� WR� GHWHFW� GLIIHUHQFHV� LQ� EURDG� FRPPXQLW\� VWUXFWXUH� EHWZHHQ� UHHIV�� ,Q� WKH� FRQWH[W� RI
PRQLWRULQJ�WKH�KHDOWK�RI�HFRV\VWHPV�LW�LV�UHDVRQDEOH�WR�H[SHFW�WKDW�WKLV�PHWKRG�ZRXOG�EH�FDSDEOH
RI� GHWHFWLQJ� FKDQJHV� LQ� NH\� VWUXFWXUDO� DWWULEXWHV� RI� WKH� UHHI� RYHU� WLPH�� 2QFH� FKDQJHV� LQ� WKH
FRQGLWLRQ�RI�D�V\VWHP�KDYH�EHHQ�LGHQWLILHG��RWKHU�PHWKRGV�FRXOG�EH�XVHG�WR�HOXFLGDWH�WKH�QDWXUH
RI�WKH�FKDQJH�

,QLWLDO�OLIHIRUP�JURXSLQJV�XVHG�LQ�WKLV�VWXG\�ZDV�SUREDEO\�LQVXIILFLHQW�LQ�VRPH�ZD\V��7KH�JURXSLQJ
RI�DOO�EURZQ�UREXVW�DOJDH��%552%��LQFOXGHG�VSHFLHV�RI�DOJDH�WKDW�ZHUH�UDWKHU�GLIIHUHQW�LQ�QDWXUH�
(FNORQLD�UDGLDWD��ZKLFK�GRPLQDWHV�WKH�VRXWKHUQ�UHHIV��LQ�SDUWLFXODU�1RDUOXQJD���LV�VWUXFWXUDOO\�TXLWH
GLIIHUHQW�WR�RWKHU�FRPPXQLW\�GRPLQDQW�EURZQ�DOJDH�VXFK�DV�&\VWRSKRUD�VSS��DQG�6DUJDVVXP�VSS�

7R�UHVROYH�WKLV�VKRUWFRPLQJ�ZH�UHFRPPHQG�WKDW�WKH�EURZQ�UREXVW��%552%��OLIHIRUP�FDWHJRU\
VKRXOG�EH�EURNHQ�LQWR�WZR�VHSDUDWH�FDWHJRULHV� WR�UHSUHVHQW�WKH�GLIIHUHQW�SK\VLFDO�FKDUDFWHULVWLFV
RI� WKHVH� DOJDH�� %URZQ� UREXVW� DOJDH� ZLWK� IODWWHQHG� EODGHV� FRXOG� EH� OLVWHG� DV� %5)/$7�� 7KLV
FDWHJRU\� UHSUHVHQWV� WD[D� VXFK� DV� (FNORQLD� JHQHUDOO\� IRXQG� DFURVV� D� EURDG� UDQJH� RI� SK\VLFDO
FRQGLWLRQV��DOWKRXJK� LQ�WKH�$GHODLGH�PHWURSROLWDQ�UHJLRQ�PRUH�FRPPRQO\� LQ� WKH�KLJKHU�HQHUJ\
KDELWDWV�� %URZQ� UREXVW� DOJDH� WKDW� KDYH� D� EUDQFKHG� VWUXFWXUH� PRUH� FRPPRQ� WR� ORZHU� HQHUJ\
KDELWDWV�FRXOG�EH�OLVWHG�DV�%5%5$1&+��7KLV�FDWHJRU\�ZRXOG�LQFOXGH�VSHFLHV�RI�ERWK�&\VWRSKRUD
DQG�6DUJDVVXP��)RU�VXUYH\V�RI�DUHDV�RXWVLGH�WKH�$GHODLGH�PHWURSROLWDQ�UHJLRQ�D�WKLUG�FDWHJRU\�IRU
IORDWLQJ�EURZQ�DOJDH��%5)/2$7��LV�UHFRPPHQGHG�IRU�WD[D�VXFK�DV�0DFURF\VWLV�VSS��RU�3K\OORVSRUD
FRPRVD�ZKLFK�DUH�UHSUHVHQWDWLYH�RI�DQRWKHU�OLIHIRUP�

$OWKRXJK�ZH�KDYH�VKRZQ� WKDW� WKH�XVH�RI� OLIHIRUP�FDWHJRULHV�GRHV�SURYLGH� VXIILFLHQW� UHVROXWLRQ
IRU� FKDUDFWHULVLQJ� UHHIV�� VRPH� EHQHILW� PD\� EH� GHULYHG� IURP� UHFRUGLQJ� LQIRUPDWLRQ� DERXW� WKH
DFWXDO�VSHFLHV�SUHVHQW�DV�FRPPXQLW\�GRPLQDQWV��6XUYH\V�E\�RUJDQLVDWLRQV�ZLWK�WUDLQHG�SHUVRQQHO
PD\�ZHOO�EH�FDUULHG�RXW�ZLWK�D�JUHDWHU� OHYHO�RI� WD[RQRPLF�UHVROXWLRQ��HLWKHU�WR�JHQXV�RU�VSHFLHV
OHYHO� IRU� GRPLQDQW� WD[D�� DQG� WKHUHE\� SURYLGH� PXFK� PRUH� GHWDLO� DERXW� WKH� VWUXFWXUH� RI� WKHVH
FRPPXQLWLHV�� �&KHVKLUH� DQG�5RZOLQJ� �������� IRU� H[DPSOH�� XVHG� WKH�/,7�PHWKRG� WR� VXUYH\� WKH
UHHI�DW�3HQQHVKDZ�XVLQJ�D�JHQHULF�OHYHO�RI�FODVVLILFDWLRQ�IRU�FRPPXQLW\�GRPLQDQWV�

'DWD�IRU�WKLV�VXUYH\�ZDV�FROOHFWHG�IURP�RQO\�RQH�W\SH�RI�KDELWDW�UHSUHVHQWHG�DW�HDFK�UHHI��6LPLODU
WRSRJUDSKLF� FKDUDFWHULVWLFV� ZHUH� VRXJKW� DW� HDFK� UHHI� LQ� DQ� HIIRUW� WR� PDLQWDLQ� FRQVLVWHQF\
WKURXJKRXW� WKH� VWXG\�� 'XH� WR� WKH� GLIIHULQJ� QDWXUH� RI� WKH� UHHIV� VXUYH\HG� WKLV� ZDV� QRW� DOZD\V



0HWKRGRORJLHV�IRU�UHHI�DVVHVVPHQW 3DJH��

SRVVLEOH�� 1RDUOXQJD� LQ� SDUWLFXODU� GLVSOD\HG� GLIIHUHQW� WRSRJUDSKLF� FKDUDFWHULVWLFV�� DQG� WKLV� ZDV
HYLGHQW�LQ�WKH�UHVXOWV�IURP�/,7�GDWD��$OO�RWKHU�UHHIV�ZHUH�VXUYH\HG�RQ�UHHI�WRSV��7KH�UHHI�WRS�DW
1RDUOXQJD� KRZHYHU� LV� LQWHUWLGDO�� WKHUHIRUH�� WR� VDPSOH� DW� VXIILFLHQW� GHSWK� LW� ZDV� QHFHVVDU\� WR
FKRRVH�D�UHHI�VORSH�

,W�VKRXOG�DOVR�EH�UHFRJQL]HG�WKDW�RQH�UHHI�PD\�FRQWDLQ�D�QXPEHU�RI�KDELWDW� W\SHV��'XH�WR�WLPH
DQG� HFRQRPLF� FRQVWUDLQWV� LW� LV� QRW� DOZD\V� SRVVLEOH� WR� VXUYH\� DOO� KDELWDW� W\SHV� SUHVHQW�� :KLOH
VDPSOLQJ� RQH� W\SH� PD\� JLYH� DQ� LQGLFDWLRQ� RI� WKH� FRQGLWLRQ� RI� WKH� UHHI� DV� D� ZKROH�� GLIIHUHQW
KDELWDWV� PD\� EH� DIIHFWHG� LQ� GLIIHUHQW� ZD\V� E\� DQWKURSRJHQLF� LPSDFWV�� :KHUH� UHVRXUFHV� DUH
VXIILFLHQW�� VXUYH\� RI� WKH� GLIIHUHQW� KDELWDWV� SUHVHQW� ZLWKLQ� D� UHHI� FRXOG� EH� TXLWH� XVHIXO� LQ
PRQLWRULQJ� WKH� UHHI·V� KHDOWK�� )RU� H[DPSOH�� LQ� WKH� FDVH� RI�1RDUOXQJD� LW� ZRXOG� EH� GHVLUDEOH� WR
FROOHFW�LQIRUPDWLRQ�IURP�WKH�FRPPXQLWLHV�RQ�WKH�WRS�DQG�LQVKRUH�VLGHV�RI�WKH�UHHI�

7KLV�VWXG\�RQO\�IRFXVVHG�RQ�VXUIDFHV�ZLWK�LQFOLQDWLRQV�UDQJLQJ�IURP�IODW�WR�DSSUR[LPDWHO\�IRUW\�
ILYH�GHJUHHV��&RPPXQLWLHV�RQ�QHDU�YHUWLFDO�VXUIDFHV�RI�WKH�UHHI�ZRXOG�EH�TXLWH�GLIIHUHQW�LQ�QDWXUH
WR�WKRVH�RQ�IODW�VXUIDFHV��DQG�DV�VXFK�ZRXOG�DOVR�EH�ZRUWK\�RI� LQYHVWLJDWLRQ� LQ�WKHLU�RZQ�ULJKW�
$GDSWDWLRQ�RI�ERWK�WKH�/,7�DQG�TXDGUDW�PHWKRGV�XVHG�LQ�WKLV�VWXG\�FRXOG�EH�PDGH�LQ�RUGHU�WR
VDPSOH�VXFK�VXUIDFHV�

����� 4XDGUDW
/LNH�WKH�/,7�PHWKRG��WKH�QRQ�GHVWUXFWLYH�TXDGUDW�VDPSOLQJ�PHWKRG�VXLWHG�WKH�JRDOV�RI�WKLV�VWXG\
LQ� WKDW� LW�ZDV� ORZ� LPSDFW� DQG� HDVLO\� DSSOLFDEOH� LQ� WKH� ILHOG��7KH� TXDGUDW�PHWKRG�ZDV� KRZHYHU
PRUH�GLIILFXOW� WR�DSSO\� LQ�UHVSHFW�RI� WKH� LGHQWLILFDWLRQ�RI�YDULRXV�WD[D��:KLOH�DOJDO�FRPPXQLWLHV
FDQ�EH�GLYLGHG�LQWR�OLIHIRUP�FDWHJRULHV��ZKLFK�KDYH�PHDQLQJ�LQ�HFRORJLFDO�WHUPV��EDVHG�RQ�VHYHUDO
VLPSOH�WR�XQGHUVWDQG�PRUSKRORJLFDO�FRQFHSWV��WKLV�LV�QRW�VR�HDV\�IRU�VHVVLOH�VHGHQWDU\�IDXQD���7KH
WD[RQRPLF� FDWHJRULHV� XVHG� IRU� WKH� TXDGUDW� PHWKRG� QHHG� WR� EH� PHPRULVHG�� 7KLV� PDNHV� WKH
TXDGUDW�PHWKRG�PRUH�GLIILFXOW�WR�LPSOHPHQW�LQ�WHUPV�RI�WUDLQLQJ�DQG�PD\�LQWURGXFH�JUHDWHU�HUURUV
LQ�FODVVLILFDWLRQ�EHWZHHQ�GLYHUV�

7KH�TXDGUDW�VDPSOLQJ�ZDV�FDUULHG�RXW�RQ�WKH�VDPH�WUDQVHFW�OLQHV�DV�WKH�/,7�VXUYH\��KRZHYHU��WKH
SDWWHUQV�LQ�WKH�GLVWULEXWLRQ�RI�WKH�VHVVLOH�DQG�VHGHQWDU\�WD[D� LGHQWLILHG�GLG�QRW�YDU\� LQ�WKH�VDPH
ZD\�DV�WKH�WD[D�TXDQWLILHG�XVLQJ�WKH�/,7�VXUYH\V��7KHUH�ZHUH�QR�FOHDU�DVVRFLDWLRQV�EHWZHHQ�UHHIV
LQ�WHUPV�RI�WKH�DEXQGDQFH�RI�WD[D�DVVHVVHG�XVLQJ�WKH�TXDGUDW�VXUYH\V�

7KH� ODFN�RI� DQ\�FOHDU�GLIIHUHQWLDWLRQ�RI� WKH�PHWURSROLWDQ� UHHIV��ZKHQ�XVLQJ�GDWD�REWDLQHG� IURP
TXDGUDW� VXUYH\V� �&KHVKLUH� HW� DO�� ����D��� PD\� LQGLFDWH� WKH� PHWKRG� LQ� LWV� FXUUHQW� IRUP� ODFNV
VWDWLVWLFDO�SRZHU���$OWHUQDWLYHO\�WKHUH�PD\�QRW�EH�DQ\�UHDO�GLIIHUHQFH�EHWZHHQ�WKH�VHVVLOH�VHGHQWDU\
FRPPXQLWLHV� RQ� WKH� GLIIHUHQW� UHHIV�� 7KH� VFDOHV� RI� REVHUYDWLRQ� DQG� VWDWLVWLFDO� SRZHU� DUH� WZR
IDFWRUV�WKDW�QHHG�WR�EH�FRQVLGHUHG�ZKHQ�DVVHVVLQJ�WKLV�DSSDUHQW�ODFN�RI�GLIIHUHQWLDWLRQ�

7KH�TXDGUDW�PHWKRG�VDPSOHV�WKH�UHHI�FRPPXQLW\�DW�D�GLIIHUHQW�VSDWLDO�VFDOH�WR�WKH�/,7�PHWKRG�
$OWKRXJK� WKH�/,7�PHWKRG� VHHPV� WR� LQGLFDWH� WKDW� WKH� UHHI� FRPPXQLWLHV� DUH� LQ� IDFW� GLIIHUHQW� LQ
VWUXFWXUH�DW�WKH�ODUJHU�VFDOH��&KHVKLUH�HW�DO������D���WKLV�LQ�QR�ZD\�VXJJHVWV�WKDW�WKHVH�GLIIHUHQFHV
VKRXOG�EH�PDQLIHVWHG�DW�WKH�OHYHO�H[DPLQHG�E\�WKH�TXDGUDW�PHWKRG��0RUH�GHWDLOHG�NQRZOHGJH�RI
WKH� YDULRXV� RUJDQLVPV� EHLQJ� VXUYH\HG� DQG� SDUWLFXODUO\� KRZ� WKH\� DUH� DVVRFLDWHG� ZLWK� WKH� DOJDO
FRPPXQLW\� ZRXOG� DOORZ� LQYHVWLJDWRUV� WR� PDNH� HGXFDWHG� GHFLVLRQV� DERXW� WKH� VXLWDELOLW\� RI� WKH
YDULRXV�WD[D�LQ�WKH�GLIIHUHQWLDWLRQ�RI�UHHIV�DQG�LQ�LQGLFDWLQJ�WKHLU�VWDWXV��7KLV�UHSUHVHQWV�DQRWKHU
OHYHO�RI�LQYHVWLJDWLRQ�DQG�LV�GHSHQGHQW�RQ�WKH�SDUWLFXODU�JRDOV�RI�LQGLYLGXDO�VWXGLHV�

)XUWKHU� LQYHVWLJDWLRQ� LV�QHFHVVDU\� WR�GHWHUPLQH�ZKHWKHU� WKH� LQWHQVLW\�RI� VDPSOLQJ�XVHG� LQ� WKHVH
VXUYH\V��HLJKW����FP��TXDGUDWV�RQ�HDFK�RI�VL[�WUDQVHFWV�SHU�VLWH��LV�VXIILFLHQW�WR�GHWHFW�GLIIHUHQFHV
LQ�WKLV�W\SH�RI�FRPPXQLW\�
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����� )LVK�YLVXDO�FHQVXV
2QH�GLIILFXOW\�ZLWK�WKH�YLVXDO�FHQVXV�DSSURDFK� LV� WKDW� LW� UHTXLUHV�GLYHUV�ZKR�DUH�H[SHULHQFHG� LQ
WKH�WD[RQRP\�RI�WKH�ORFDO�ILVK�SRSXODWLRQV�DQG�ZKR�DUH�DEOH�WR�UDSLGO\�LGHQWLI\�DQG�UHFRUG�VSHFLHV
GXULQJ�VXUYH\V��+RZHYHU��VLQFH�WKH�REMHFW�RI�WKLV�VWXG\�LV�WR�GHYHORS�UDSLG�DQG�FRVW�HIIHFWLYH�ZD\V
WR� DVVHVV� WKH� VWDWXV� RI� UHHIV�� LW� LV� SHUKDSV� XQUHDVRQDEOH� WR� H[SHFW� WKDW� WKH� FRVWV� RI� HPSOR\LQJ
SHUVRQQHO� ZLWK� VXFK� H[SHUWLVH� FDQ� EH� ERUQH� RQ� D� FRQWLQXLQJ� EDVLV�� $V� D� UHVXOW� WKH� DSSURDFK
DGRSWHG�IRU�WKLV�VWXG\�ZDV�WR�VXUYH\�DEXQGDQFHV�IRU�JURXSV�RI�ILVK�DW�WKH�OHYHOV�RI�WKHLU�FRPPRQ
QDPHV��7KLV�OHYHO�RI�UHFRJQLWLRQ�PDNHV�WUDLQLQJ�RI�GLYHUV�VLPSOHU�VLQFH�GLYHUV�ZLWK�NQRZOHGJH�RI
ILVK�DW�WKLV�OHYHO�DUH�PRUH�FRPPRQ�

7KH� GDWD� IURP� WKLV� VWXG\� VKRZHG� OLWWOH� GLIIHUHQWLDWLRQ� EHWZHHQ� UHHIV� �&KHVKLUH� HW� DO�� ����D���$
QXPEHU�RI� IDFWRUV��ZKLFK�PD\�KDYH�FRQWULEXWHG� WR� WKLV� ODFN�RI�GLVFULPLQDWLRQ��EHFDPH� HYLGHQW
GXULQJ�WKH�VWXG\�

$�VXUYH\�RI�WKLV�VFDOH�PXVW�EH�FDUULHG�RXW�RYHU�D�WLPH�IUDPH�RI�VHYHUDO�ZHHNV��DQG�LW�LV�WKHUHIRUH
OLNHO\��DV�LQ�WKH�FDVH�RI�WKLV�VWXG\��WKDW�VDPSOLQJ�ZLOO�EH�FDUULHG�RXW�LQ�D�ZLGH�YDULHW\�RI�FRQGLWLRQV�
7KLV�KDV�WKH�SRWHQWLDO�WR�DIIHFW�UHVXOWV�DW�WZR�OHYHOV��)LUVWO\��YDU\LQJ�FRQGLWLRQV�ZLOO�DIIHFW�D�GLYHU·V
DELOLW\� WR� DFFXUDWHO\� PDNH� ILVK� LGHQWLILFDWLRQV� DQG� FRXQWV�� 6RPH� VLWHV� ZHUH� VXUYH\HG� LQ� FDOP
FRQGLWLRQV�ZLWK�YLVLELOLW\�RI����P�DQG�PRUH�ZKLOH�RWKHUV�ZHUH�VXUYH\HG�LQ�OHVV�WKDQ���P�YLVLELOLW\
DQG�VLJQLILFDQW�VXUJH��6WURQJ�VXUJH�UHGXFHV�WKH�GLYHUV�FRQFHQWUDWLRQ�RQ�WKH�WDVN�RI�FRXQWLQJ�ILVK�
ZKLOH�SRRU�YLVLELOLW\�GHFUHDVHV�WKH�SUREDELOLW\�RI�WKHP�VHHLQJ�VRPH�ILVK�VSHFLHV�

9DU\LQJ� FRQGLWLRQV�PD\� DOVR� DIIHFW� WKH� GDWD� LQ� DQRWKHU�ZD\�� GLIIHUHQW� ILVK� VSHFLHV�PD\� EHKDYH
GLIIHUHQWO\� LQ� GLIIHUHQW� FRQGLWLRQV�� )XUWKHU� LQYHVWLJDWLRQ� RI� WKH� EHKDYLRXU� RI� GLIIHUHQW� ILVK� LQ
UHODWLRQ�WR�YDU\LQJ�HQYLURQPHQWDO�FRQGLWLRQV�LV�QHFHVVDU\���7KH�SUHVHQFH�RI�GLYHUV�PD\�DOVR�HIIHFW
ILVK��(QJOLVK� HW� DO�� �������QRWH� WKDW� VRPH� ILVK�PD\�EH�DWWUDFWHG� WR�GLYHUV�GXULQJ� D� VXUYH\�ZKLOH
RWKHUV�PD\�EH�VFDUHG�DZD\�

$�VHFRQG�DSSURDFK�WR�WKLV�NLQG�RI�VXUYH\�LV�WR�IRFXV�DWWHQWLRQ�RQ�D�IHZ�NH\�ILVK�WD[D���7D[D�FRXOG
EH� FKRVHQ� WR� VXLW� WKH� TXHVWLRQ� EHLQJ� DVNHG� EXW�PD\� LQFOXGH� VSHFLHV� VXEMHFW� WR� UHFUHDWLRQDO� RU
FRPPHUFLDO�H[SORLWDWLRQ�RU�WKRVH�FRQVLGHUHG�WR�UHSUHVHQW�DQ�LPSRUWDQW�HFRORJLFDO�FRPSRQHQW�RI
WKH� UHHI� V\VWHP� �WKLV� ODWWHU� UHTXLUHV� VSHFLILF� GHILQLWLRQ� EXW� W\SLFDOO\� PD\� UHODWH� WR� QXPHULFDO
GRPLQDQFH�RU�DOWHUQDWLYHO\�NH\VWRQH�UROHV��

7KH�PRELOLW\�RI�YDULRXV�ILVK�WD[D�DOVR�QHHGV�WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ��$QDO\VLV�RI�GDWD�ZLWK
DOO� ILVK� WD[D� SUHVHQW� PHDQV� UHVXOWV� ZLOO� EH� LQIOXHQFHG� E\� D� OHYHO� RI� ´QRLVHµ� UHVXOWLQJ� IURP
YDULDELOLW\�RI�DEXQGDQFHV�RI�ILVK�ZKLFK�PD\�QRW�EH�VSHFLILFDOO\�DVVRFLDWHG�ZLWK�WKH�YDULRXV�UHHIV�
EXW�DUH�LQ�IDFW�PLJUDWRU\�

7KH�DQDO\VLV�RI�GDWD�IRU�WKLV�VWXG\�ZDV�FDUULHG�RXW�DIWHU�WKH�H[FOXVLRQ�RI�D�QXPEHU�RI�WD[D�ZKLFK
ZHUH� PLJUDWRU\� DQG� ZHUH� WKHUHIRUH� FRQVLGHUHG� WR� KDYH� QR� DVVRFLDWLRQ� ZLWK� SDUWLFXODU� UHHIV�
+RZHYHU��VRPH�RI�WKH�WD[D�LQFOXGHG�KDYH�ZLGH�KRPH�UDQJHV�DQG�PD\�WUDYHO�EHWZHHQ�D�QXPEHU�RI
UHHIV�

6HYHUDO� IDFWRUV� LQ� WKH� DSSOLFDWLRQ� RI� WKLV� PHWKRG� DOVR� KDYH� WKH� SRWHQWLDO� WR� LQIOXHQFH� UHVXOWV�
$ORQJ�D����P�WUDQVHFW��SDUWLFXODUO\�RQ�GD\V�ZLWK�SRRU�YLVLELOLW\�WKHUH� LV�D�SRWHQWLDO� WR�FRXQW�WKH
VDPH� ILVK� WZLFH� DV� D� UHVXOW� RI� D� ILVK� VZLPPLQJ� LQ� DQG�RXW� RI� WKH� ILHOG� RI� YLHZ�RI� WKH� GLYHU� DW
YDULRXV�SRLQWV�DORQJ�WKH�WUDQVHFW�

$EVROXWH� FRXQWV�ZHUH� XVHG� IRU� WKLV� VWXG\�� 7KLV� SURYHG� WR� EH� HDVLO\� FDUULHG� RXW� LQ�PRVW� FDVHV�
KRZHYHU� RFFDVLRQDOO\� YHU\� KLJK� DEXQGDQFHV� RI� FHUWDLQ� VSHFLHV� ZHUH� HQFRXQWHUHG�� 7KLV� ZDV
SDUWLFXODUO\� WKH� FDVH� IRU� WKH� GUHGJH� DQG� EDUJH�� :KHQ� QXPEHUV� H[FHHG� ��� �� ��� HVWLPDWHV� RI
QXPEHUV�EHFRPH�OHVV�DFFXUDWH��)DVW�PRYLQJ�VFKRROV�RI�ILVK�ZHUH�DOVR�RIWHQ�GLIILFXOW�WR�DFFXUDWHO\
FRXQW��7KHVH� LQDFFXUDFLHV� LQWURGXFH�D�SRWHQWLDO� IRU�YDULDELOLW\� LQ� VDPSOLQJ�� SDUWLFXODUO\�EHWZHHQ
GLYHUV��,W�LV�WKHUHIRUH�FRQVLGHUHG�WKDW�IRU�IXWXUH�VXUYH\V�ORJ��DEXQGDQFH�FDWHJRULHV�PD\�EH�PRUH
VXLWDEOH�DV�UHFRPPHQGHG�LQ�WKH�LQLWLDO�UHSRUW��&KHVKLUH�HW�DO������E��
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��� ,QGLFHV�IRU�WKH�DVVHVVPHQW�RI �UHHI �VWDWXV
����� %DFNJURXQG

$VVHVVPHQW� RI� HFRV\VWHPV� JHQHUDOO\� FRPSULVHV� WKH� PHDVXUHPHQW� RI� D� YDULHW\� RI� SDUDPHWHUV
ZKLFK��ZKHQ�FRQVLGHUHG�WRJHWKHU��GHVFULEH�WKH�SK\VLFDO��FKHPLFDO�DQG�ELRORJLFDO�SURSHUWLHV�RI�WKH
V\VWHP�� � ,Q� DQ\� JLYHQ� FDVH� WKH� FKRLFH� RI� SDUDPHWHUV� LV� GHSHQGHQW� XSRQ� WKH� VSHFLILF� TXHVWLRQV
EHLQJ�DVNHG�DQG�WKH�H[WHQW�WR�ZKLFK�WKH�SURFHVV�RI�PDNLQJ�WKH�PHDVXUHPHQWV�FDQ�EH�DOORZHG�WR
LPSDFW�XSRQ�WKH�V\VWHP��,Q�WKH�IROORZLQJ�� LQIRUPDWLRQ� LV�SUHVHQWHG�RQ�D�VHULHV�RI�ZDWHU�TXDOLW\
SDUDPHWHUV�DQG�DELRWLF�DQG�ELRWLF�LQGLFHV�RI�UHHI�KHDOWK�

����� :DWHU�TXDOLW\�SDUDPHWHUV
:DWHU�TXDOLW\�LV�FOHDUO\�LPSRUWDQW�LQ�GHWHUPLQLQJ�WKH�KHDOWK�VWDWXV�RI�UHHIV��:RPHUVOH\�DQG�.LQJ
������� GHILQH� WKUHH� JURXSV� RI� HQYLURQPHQWDO� IDFWRUV� LQWR� ZKLFK� ZDWHU� TXDOLW\� SDUDPHWHUV� IDOO�
WKHVH� DUH�� G\QDPLF�� SK\VLFDO� DQG� FKHPLFDO� IDFWRUV��'\QDPLF� IDFWRUV� UHODWH� WR�ZDWHU�PRYHPHQW�
LQFOXGLQJ�WLGDO�PRYHPHQW��FXUUHQWV��XSZHOOLQJ��DQG�ZLQG��ZDYH�DQG�VWRUP�DFWLRQ��3K\VLFDO�IDFWRUV
LQFOXGH�SDUDPHWHUV�VXFK�DV�WHPSHUDWXUH�DQG�WXUELGLW\�RU�VHGLPHQWDWLRQ��&KHPLFDO�IDFWRUV�LQFOXGH
VDOLQLW\�� QXWULHQW� OHYHOV�� DYDLODELOLW\� LH� RI� JDVHV� �HJ�2�� DQG� &2���� S+� DQG� SROOXWDQWV� �HJ� KHDY\
PHWDOV�DQG�RUJDQRFKORULQV��

:DWHU�TXDOLW\�KRZHYHU��LV�QRW�QHFHVVDULO\�HDV\�WR�PHDVXUH��0RVW�SDUDPHWHUV�DUH�KLJKO\�YDULDEOH�LQ
WLPH�DQG�VSDFH�DQG�VSRW�PHDVXUHPHQWV��EDVHG�RQ�SK\VLFDO�DQG�RU�FKHPLFDO�SDUDPHWHUV��DUH�UDUHO\
PHDQLQJIXO�� $Q\� VDPSOLQJ� SURJUDP� WKHUHIRUH�� QHHGV� WR� EH� FRJQLVDQW� RI� WKDW� YDULDELOLW\�� $Q
DVVHVVPHQW� RI� ZDWHU� TXDOLW\� VKRXOG� EH� XQGHUWDNHQ� XVLQJ� DQ� DSSURSULDWHO\� VWUXFWXUHG� VDPSOLQJ
SURJUDP�ZKLFK�GHDOV�ZLWK�ERWK�WKH�VSDWLDO�DQG�WHPSRUDO�VFDOHV�RI�YDULDELOLW\�

7KH�IROORZLQJ�VHFWLRQ�LV�LQWHQGHG�WR�SURYLGH�DQ�LQGLFDWLRQ�RI�ZKLFK�ZDWHU�TXDOLW\�SDUDPHWHUV�FDQ
EH�PHDVXUHG�DQG�KRZ�WKH\�VKRXOG�EH�PHDVXUHG��,W�VKRXOG�KRZHYHU�EH�UHFRJQLVHG�WKDW�WKH�VRUW�RI
VDPSOLQJ� SURJUDP� WKDW� RQH� GHYHORSV� IRU� ORRNLQJ� DW� WKH� ELRWD�� ZLOO� LQ� DOO� SUREDELOLW\� QRW� EH
FRPSDWLEOH�ZLWK�D�VDPSOLQJ�SURJUDP�IRU�ORRNLQJ�DW�ZDWHU�TXDOLW\�

������� '\QDPLF�SDUDPHWHUV

���������:DWHU�0RWLRQ
4XDQWLILFDWLRQ� RI� ZDWHU� PRYHPHQW� DQG� GLUHFWLRQ� LV� LPSRUWDQW� LI� PRGHOOLQJ� RI� WKH� UHHI
HQYLURQPHQW� LV� SURSRVHG�� � :DWHU� PRWLRQ� LV� DOVR� ZRUWK� PHDVXULQJ� IRU� LWV� LQKHUHQW� UROH� LQ
VHGLPHQWDWLRQ��VFRXU��IHHGLQJ��DQG�UHSURGXFWLRQ���7KHUH�DUH�D�QXPEHU�RI�W\SHV�RI�ZDWHU�PRWLRQ
WKDW� FDQ� EH� PHDVXUHG�� � 0HDVXULQJ� ZDWHU� YROXPH� WUDQVSRUW� IDFLOLWDWHV� DQDO\VLV� RI� FRPPXQLW\
PHWDEROLVP�DQG�HFRORJ\���$FRXVWLF�SURILOHUV�FDQ�SURYLGH� LQVWDQWDQHRXV�PHDVXUHV�RI� WKH�FXUUHQW
GLUHFWLRQ�DQG�PDJQLWXGH���&XUUHQW�PHWHUV��HJ�,QWHU�RFHDQ�FXUUHQW�PHWHU��W\SH�6���FDQ�EH�SODFHG
WR�UHFRUG�RYHU�HLWKHU�VKRUW�RU� ORQJ�SHULRGV�RI� WLPH� WKH�FXUUHQW� IORZ�DQG�GLUHFWLRQ�� �7KHVH� WZR
ODWWHU�WHFKQLTXHV�FDQ�EH�TXLWH�H[SHQVLYH�LQ�WHUPV�RI�WKH�HTXLSPHQW�UHTXLUHG�DQG��DOWKRXJK�XVHIXO�
ZHUH�QRW�XVHG�IRU�WKLV�VWXG\�

$�TXDOLWDWLYH�PHDVXUH�RI�FXUUHQW� IORZ�DQG�GLUHFWLRQ�FDQ�EH�REWDLQHG�E\�VLPSO\� WLPLQJ� WKH�GULIW
UDWH� RI� SODQNWRQ�RU� ELWV� RI� DOJDH� DFURVV� D� NQRZQ� GLVWDQFH� DQG� WKHQ� UHFRUGLQJ� WKH� GLUHFWLRQ� RI
IORZ���7KLV�W\SH�RI�PHDVXUH�LV�KDQG\�DV�LW�UHTXLUHV�RQO\�D�FRPSDVV��ZDWFK�DQG�SHQFLO�VODWH��DQG�LV
WKHUHIRUH� FRQVLGHUHG� TXLWH� FRPSDWLEOH� ZLWK� WKH� FRPPXQLW\� EDVHG� DSSURDFK� WR� PRQLWRULQJ
HQYLVDJHG� IRU� WKHVH� WHFKQLTXHV�� � ,Q�D� VLPLODU�PDQQHU��SDUWLFOHV� FDQ�EH�YLGHR�WDSHG� DQG�YHORFLW\
FDQ�EH�PHDVXUHG�DW�D� ODWHU�GDWH�� �7KLV�PD\�SURYH�WR�EH�HYHQ�HDVLHU� LI�XVHG� LQ�FRQMXQFWLRQ�ZLWK
YLGHR� WUDQVHFWV��'LJLWDO� IORZ�PHWHUV� �HJ�*HQHUDO�2FHDQLFV�� FDQ� DOVR� EH� XVHIXO� DIWHU� FDOLEUDWLRQ�
7KHVH�PHWHUV�RQO\�UHIOHFW�IORZ�DQG�QRW�GLUHFWLRQ�
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4XDOLWDWLYH�PHDVXUHPHQWV�RI�WRWDO�ZDWHU�PRWLRQ�FDQ�EH�GHWHUPLQHG�E\�VLPSO\�PHDVXULQJ�KRZ�IDVW
D�VXEVWDQFH�ZLOO�GLVVROYH���7KLV�PHDVXUH�LV�TXDOLWDWLYH�DV�KLJK�SDUWLFXODWH�OHYHOV�LQFUHDVH�VFRXU�DQG
GLVVROXWLRQ� UDWH� DV�ZLOO� DQ\�PRWLRQ�RQ� WKH�SDUW�RI� WKH� VXEVWDQFH�� �+LJK�YDULDELOLW\� LV� OLNHO\�� EXW
HYHQ�WKHVH�URXJK�PHDVXUHPHQWV�ZLOO�SURYLGH�D�VLPSOH�PHDVXUH�RI�WRWDO�ZDWHU�PRWLRQ�WKDW�FDQ�EH
FRPSDUHG�ERWK�WHPSRUDOO\�DQG�VSDWLDOO\�

������� 3K\VLFDO�SDUDPHWHUV

���������7HPSHUDWXUH
$� WHPSHUDWXUH� GHSWK� SURILOH� PD\� EH� WDNHQ� DW� WKH� WLPH� RI� VDPSOLQJ� LQ� RUGHU� WR� SURYLGH
WKHUPRFOLQH� LQIRUPDWLRQ� IRU� WKDW� GD\�� � 7KLV� W\SH� RI� LQIRUPDWLRQ� LV� QRW� LPPHGLDWHO\� XVHIXO� LQ
GHWHUPLQLQJ�WKH�VWDWXV�RI�D�UHHI�EXW�VKRXOG�EH�DQ�LQWHJUDO�SDUW�RI�DQ\�ORQJ�WHUP�GDWD�VHW�EHFDXVH
FKDQJHV� RYHU� WKH� ORQJ�WHUP� FDQ� EH� LQGLFDWLYH� RI� VKLIWV� LQ� K\GURJUDSKLF� FRQGLWLRQV� ZKLFK�PD\
KDYH� LPSRUWDQW� LQIOXHQFHV� RQ� UHHI� V\VWHPV�� � 7KH� DFFXUDF\� RI� WKH�PHDVXUH� VKRXOG� EH�����R� &�
'HWHUPLQDWLRQ� RI� ZDWHU� WHPSHUDWXUHV� FDQ� EH� PDGH� VLPSO\� E\� XVLQJ� D� PHUFXU\� WKHUPRPHWHU
GXULQJ�D�GLYH�RU�LQ�ZDWHU�VDPSOHV�FROOHFWHG�IURP�GLVFUHWH�GHSWKV���0HUFXU\�WKHUPRPHWHUV��ZKLOH
LQH[SHQVLYH�� DUH� DOVR� IUDJLOH� DQG� WKH� ULVN� RI� EUHDNDJH� DQG� OHDNDJH� RI� PHUFXU\� LQWR� WKH
HQYLURQPHQW�KDV�WR�EH�FRQVLGHUHG�LQ�WKH�GHVLJQ�RI�D�VDPSOLQJ�VWUDWHJ\���7KH�XVH�RI�RWKHU�W\SHV�RI
WKHUPRPHWHUV� �DOFRKRO�� GLJLWDO�� ZDWFK�� HWF�� VKRXOG� EH� GLVFRXUDJHG� XQOHVV� FDUHIXO� FDOLEUDWLRQ� LV
LQFOXGHG� LQ� WKH� SURWRFRO��7KH� LGHDO� V\VWHP�� KRZHYHU�� LV� D� VRQGH�GDWD� ORJJHU� �GLVFXVVHG� EHORZ�
WKDW�FDQ�EH�ORZHUHG�WR�WKH�ERWWRP�IURP�WKH�ERDW�DQG�WKHQ�SXOOHG�EDFN�LQWR�WKH�ERDW���7KLV�W\SH
RI� V\VWHP� UHFRUGV� WKH� WHPSHUDWXUH� HYHU\� VHFRQG� DQG� GRZQORDGV� WKH� LQIRUPDWLRQ� LQWR� WKH� GDWD
ORJJHU�� 7KLV� LQIRUPDWLRQ� FDQ� EH� SULQWHG� RXW� RU� GRZQORDGHG� LQWR� DQ\� W\SH� RI� FRPSXWHU� YLD� D
56����FRQQHFWLRQ�

���������7XUELGLW\
7XUELGLW\� LV� RIWHQ� DVVXPHG� WR� EH� D� SULPDU\� FRPSRQHQW� RI� UHHI� KHDOWK� VXUYH\� WHFKQLTXHV� DV
H[FHVVLYH� WXUELGLW\� LV� RIWHQ� FRUUHODWHG� ZLWK� KLJKHU� VHGLPHQWDWLRQ� UDWHV�� 7KH� <6,� VRQGH
LQFRUSRUDWHV�D�QHSKHORPHWHU�LQ�WKH�VHQVRU�SDFNDJH��KRZHYHU��SUHYLRXV�UHVXOWV�KDYH�EHHQ�IRXQG�WR
EH�LQVHQVLWLYH���7KH�6HFFKL�GLVN�SURYLGHV�D�YHU\�VLPSOH�PHWKRG�RI�JDLQLQJ�D�YLVXDO�LQGH[�RI�ZDWHU
FODULW\�

7KH� 6HFFKL� GLVN� LV� QDPHG� DIWHU� WKH� ,WDOLDQ� SK\VLFLVW� $QJHOR� 6HFFKL� ZKR� SXEOLVKHG� RQ� WKLV
WHFKQLTXH�LQ�������LQ�3UHVLVHQGRUIHU���������7KH�GLVN�LWVHOI�LV����FP�LQ�GLDPHWHU�DQG�LV�DWWDFKHG�WR
D�QRQ�VWUHWFK�OLQH�LQ�WKH�FHQWHU���7KH�GLVN�LV�WKHQ�ORZHUHG�YHUWLFDOO\�LQWR�WKH�ZDWHU��ZLWK�WKH�GLVN
UHPDLQLQJ�KRUL]RQWDO��XQWLO�WKH�GLVN�GLVDSSHDUV�IURP�VLJKW���7KLV�GLVDSSHDUDQFH�GHSWK�LV�LQYHUVHO\
SURSRUWLRQDO�WR�WKH�DPRXQW�RI�RUJDQLF�DQG�LQRUJDQLF�SDUWLFOHV�LQ�WKH�ZDWHU�

'XH� WR� WKH� ORZ� FRVW� DQG� VLPSOH� DSSOLFDWLRQ� RI� WKLV�PHWKRG�� LW� LV� WKH�PRVW� REYLRXV� FKRLFH� IRU
ORQJ�WHUP�XVH��SDUWLFXODUO\�LI�FRPPXQLW\�JURXSV�DUH�LQYROYHG�LQ�GDWD�FROOHFWLRQ���1DWXUDO�OHYHOV�RI
SDUWLFXODWH� PDWWHU� YDU\� ZLWKLQ� DQG� EHWZHHQ� VHDVRQV� DQG� V\VWHPV�� /RQJ�WHUP� PRQLWRULQJ� DW
VSHFLILF�VLWHV�XVLQJ�WKLV�PHWKRG�SURYLGHV�WKH�EHVW�EDVH�OLQH�IRU�WKH�GHWHFWLRQ�RI�RYHUDOO�FKDQJHV�LQ
WKH�WXUELGLW\�DW�SDUWLFXODU�VLWHV�

���������6HGLPHQW�DQDO\VLV�WUDSV
([FHVVLYH� VHGLPHQWDWLRQ� FDQ� DGYHUVHO\� DIIHFW� WKH� VWUXFWXUH� DQG� IXQFWLRQ� RI� UHHI� HFRV\VWHPV�E\
DOWHULQJ�ERWK�SK\VLFDO�DQG�ELRORJLFDO�SURFHVVHV���7KHUH�DUH�D�KXJH�YDULHW\�RI�VKDSHV�DQG�VL]HV�IRU
VHGLPHQW�WUDSV��*DUGQHU�����D��E��*XOLFNVRQ�������%XWPDQ�HW�DO�������²�DOO�LQ�&R\HU�DQG�:LWPDQ
��������7KH�EDVLF�SULQFLSOH�EHKLQG�DOO�RI�WKH�GHVLJQV�LV�WR�FROOHFW�VHGLPHQWV�DV�WKH\�VLQN�WKURXJK
WKH� ZDWHU� FROXPQ�� ,W� KDV� EHHQ� HVWDEOLVKHG� WKDW� VLPSOH� F\OLQGHUV� SURYLGH� WKH� EHVW� IRUP� IRU
VHGLPHQW� WUDSV� LQ� DOO� W\SHV� RI� ZDWHU�� EH� LW� VWDJQDQW� RU� WXUEXOHQW�� OLPQLF� RU� PDULQH�� DV� IXQQHOV
JHQHUDOO\�XQGHUWUDS�DQG�ERWWOHV�RYHUWUDS�WKH�DFWXDO�IOX[�RI�SDUWLFOHV�LQ�PRYLQJ�ZDWHUV��+DNDQVRQ
HW�� DO��� ������� � &LUFXODU� VKDSHG� WUDSV� DOVR� DYRLG� FRUQHU� HIIHFWV� LQ� RPQLGLUHFWLRQDOO\� FLUFXODWLQJ
ZDWHUV� �%ORPTYLVW�	�.RIRHG�� ������� � 6RPH� WUDSV� ZLOO� LQFRUSRUDWH� IL[DWLYHV� ZLWKLQ� WKH� VDPSOH
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ERWWOHV� WR� HQVXUH� WKDW� RUJDQLVPV� QHLWKHU� FUHDWH� RU� GHSOHWH� VHGLPHQWV�� � 6HGLPHQW� WUDSV� JLYH� DQ
LQGLFDWLRQ� RI� VHGLPHQWDWLRQ� UDWHV� EXW� GR� QRW� UHIOHFW� WKH� GHJUHH� RI� UH�VXVSHQVLRQ� DQG�RU
KRUL]RQWDO�WUDQVSRUW�RI�VHGLPHQWV�� �+RUL]RQWDO�VHGLPHQWV�WUDSV�RU�YHUWLFDO�WUDSV�ZLWK�EDIIOHV�FDQ
SURYLGH�HVWLPDWHV�RI�KRUL]RQWDO�WUDQVSRUW�

7UDSV�FDQ�EH�VHW�XS�E\�GHSOR\LQJ�WKHP�RQ�WKH�ILUVW�GLYH�DW�D�VLWH��DQG�WKHQ�FROOHFWLQJ�WKHP�RQ�WKH
ODVW�GLYH���$�WZR�WR�WKUHH�GD\�LQWHUYDO�PD\�EH�VXIILFLHQW�WR�GHWHUPLQH�VHGLPHQWDWLRQ�UDWHV���7KHVH
WUDSV�FDQ�EH�FRQVWUXFWHG�RI�39&�WXEHV��D�PLQLPXP�KHLJKW�GLDPHWHU�UDWLR�RI�����LV�DGYLVHG����,W�LV
UHFRPPHQGHG�WKDW�WKHVH�WUDSV�EH�FRQVWUXFWHG�ZLWKLQ�D�ZHLJKWHG�UDFN�VR�WKDW�WKH�HQWLUH�DUUD\�FDQ
EH�SODFHG�HLWKHU�RQWR� WKH� UHHI�RU� WKH�DGMDFHQW�VXEVWUDWH�ZLWK�PLQLPDO�GLVWXUEDQFH�� �7KH� UDFN� LV
FRQVWUXFWHG� RXW� RI� UHEDU� DQG� ZHLJKWHG� GRZQ� ZLWK� �� NJ� DGGLWLRQDO� ZHLJKW� �WR� PLQLPL]H
PRYHPHQW����7KH�39&�WXEH�V��DUH�WKHQ�DWWDFKHG�WR�WKH�UDFN���3OXJV��RI�DSSURSULDWH�GLDPHWHU��DUH
XVHG�WR�VHDO� WKH�WXEHV�SULRU� WR�GHSOR\PHQW�DQG�FROOHFWLRQ�� �'XH�WR�WKH�ZHLJKW�RI� WKH�DUUD\�� WKH
UDFNV�VKRXOG�EH�ORZHUHG�DQG�UHFRYHUHG�IURP�WKH�ERDW�DQG�QRW�FDUULHG�E\�WKH�GLYHUV�

6HGLPHQW� DQDO\VLV� H[DPLQHV� WKH� JUDLQ� VL]H� GLVWULEXWLRQ� RI� VHWWOHG� VHGLPHQWV�� � 6HGLPHQWV� DUH
FROOHFWHG�E\�FRUHV�RU�JUDEV�DQG�WKHQ�VLHYHG�WKURXJK�D�VHTXHQWLDO�VLHYH�VHULHV�WR�SURYLGH�JUDLQ�VL]H
LQIRUPDWLRQ�� �&RUHV�FDQ�EH�FROOHFWHG�DURXQG�D� UHHI�E\�XVLQJ���� FF� V\ULQJHV�ZLWK� WKH� IURQW� HQG
UHPRYHG���7KH�V\ULQJH�LV�SXVKHG�LQWR�WKH�VXEVWUDWH�DQG�WKHQ�ZLWKGUDZQ��WKH�SOXQJHU�ZLOO�KROG�WKH
FRUH�LQ�SODFH���7KH�HQWLUH�FRUH�V\ULQJH�SOXQJHU�VKRXOG�WKHQ�EH�SODFHG�LQWR�D�ODEHOOHG�SODVWLF�EDJ
DQG� WKH� EDJ� VHDOHG� �=LSORF� EDJV� ZRUN� ZHOO� �� HQVXUH� WKDW� DOO� H[FHVV� ZDWHU� LV� UHPRYHG� EHIRUH
VHDOLQJ���$QDO\VLV�RI�VHGLPHQW�RQ�WKH�UHHI�LWVHOI�FDQ�DOVR�EH�JDWKHUHG�ZLWK�D�V\ULQJH��LQWDFW����7KH
PDWHULDO� LV�VXFNHG�XS�ZLWK�WKH�V\ULQJH�DQG�WKH�V\ULQJH� LV� WKHQ�SODFHG� LQWR�D� ODEHOOHG�SODVWLF�EDJ�
6DPSOH�VL]HV�ZLOO�EH�PXFK�VPDOOHU�ZLWK�WKLV�WHFKQLTXH���6DPSOHV�VKRXOG�EH�WDNHQ�DW�UDQGRP�VLWHV
DORQJ�WKH�WUDQVHFW�OLQH�

�������&KHPLFDO�SDUDPHWHUV

���������6DOLQLW\
6DOLQLW\�PHDVXUHPHQWV�DUH�XVHG�WR�GHWHUPLQH�KDORFOLQHV�ZLWKLQ�WKH�ZDWHU�FROXPQ�DQG�WR�LGHQWLI\
WKH� LQWUXVLRQ� RI� IUHVK� ZDWHU� RU� GLIIHUHQW� VHDZDWHU� PDVVHV� LQWR� WKH� UHHI� V\VWHP�� � $V� ZLWK
WHPSHUDWXUH��WKHUH�DUH�D�QXPEHU�RI� LQVWUXPHQWV�IRU�PHDVXULQJ�VDOLQLW\�� WKH�PRVW� LQH[SHQVLYH�RI
ZKLFK� LV� WKH� UHIUDFWRPHWHU�� � 7KHVH� KDQG� KHOG� GHYLFHV� FDQ� EH� SXUFKDVHG� IURP� FRPPHUFLDO
VXSSOLHUV��DSSUR[LPDWHO\�����������DQG�FDQ�UHDG������R�RU�������R�DFFXUDF\��:KLOH�LQH[SHQVLYH
DQG�VLPSOH��WKH�UHIUDFWRPHWHU�PHWKRG�ZDV�QRW�XVHG�IRU�WKLV�VWXG\�DV�WKH�UHIUDFWRPHWHU�UHSUHVHQWV
DQ�DGGLWLRQDO�VPDOO�SLHFH�RI�IUDJLOH�HTXLSPHQW�DQG�UHTXLUHV�SLSHWWHV���7KH�SUHIHUUHG�DOWHUQDWLYH�WR
WKH�UHIUDFWRPHWHU�LV�D�VRQGH�GDWD�ORJJHU�V\VWHP��VHH�EHORZ��

���������S+
6HDZDWHU�LV�DQ�H[FHOOHQW�EXIIHULQJ�DJHQW��EXW�ZKHQ�WKH�S+�RI�WKH�V\VWHP�LV�DOWHUHG�VLJQLILFDQWO\�
WKH�FKHPLFDO�SURFHVVHV�FDQ�OLNHZLVH�EH�GUDPDWLFDOO\�DIIHFWHG�� �)RU� LQVWDQFH�� WKH�FDUERQ�GLR[LGH�
FDUERQLF�DFLG�ELFDUERQDWH�V\VWHP�LV�JHQHUDOO\�LQ�HTXLOLEULXP���$�VKLIW�LQ�WKH�S+�FRXOG�UHVXOW�LQ�D
VKLIW�LQ�WKH�TXDQWLW\�RI�&2����'HWHUPLQDWLRQ�RI�S+�LQ�WKH�ZDWHU�FROXPQ�VKRXOG�EH�PDGH�GXULQJ
WKH� VDPSOLQJ� SURFHGXUH�� � $FFXUDF\� RI� WKLV� PHDVXUHPHQW� FDQ� YDU\� GHSHQGLQJ� XSRQ� WKH
LQVWUXPHQWDWLRQ�XWLOLVHG�� �$�S+�PHWHU� LV� D� VLPSOH�PHWKRG� WKDW� FDQ� JLYH� DFFXUDWH� UHDGLQJV� WR� �
VLJQLILFDQW�ILJXUHV���,W�LV�VXJJHVWHG�WKDW�DFFXUDF\�WR�WZR�VLJQLILFDQW�ILJXUHV�LV�PRUH�WKDQ�DGHTXDWH
DV�VPDOO�VKLIWV���������DUH�QRW�JRLQJ�WR�KDYH�PXFK�DIIHFW�RQ�WKH�UHHI�V\VWHP���6LQFH�WKH�S+�VFDOH�LV
D�ORJDULWKPLF�VFDOH��D�VKLIW�����XQLW�LV�D����IROG�GLIIHUHQFH�DQG�WKLV�GLIIHUHQFH�PD\�KDYH�DQ�HIIHFW
RQ�WKH�UHHI�V\VWHP�

���������2[\JHQ
7KH� XVH� RI� DQ� R[\JHQ� HOHFWURGH� �SRODURJUDSKLF� PHWKRG�� \LHOGV� DQ� LQVWDQWDQHRXV� PHDVXUH� RI
R[\JHQ�� �7KLV�PHWKRG� LV� VLPSOH�DQG�FDQ�SURYLGH�FRQWLQXRXV� UHDGLQJV�� �7KHUH�DUH� WZR� W\SHV�RI
R[\JHQ� HOHFWURGHV� �PHPEUDQH� FRYHUHG� VROLG� HOHFWURGHV� DQG� ZLGH�ERUH� GURSSLQJ�PHUFXU\
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HOHFWURGHV�� RI� ZKLFK� WKH� PRUH� FRPPRQ� LV� WKH� PHPEUDQH� FRYHUHG� HOHFWURGH�� � 7KLV� W\SH� RI
HOHFWURGH�LV�SUHVHQW�LQ�WKH�VRQGH�V\VWHPV�GHVFULEHG�EHORZ�

���������7RWDO�2UJDQLF�&DUERQ
�0HWKRGV� IRU� GHWHUPLQLQJ� 72&� OHYHOV� LQYROYH� YHU\� GHWDLOHG� DQG� H[DFWLQJ� DQDO\VHV� DQG� WKH
RFHDQRJUDSKLF�FRPPXQLW\�KDV�\HW�WR�DJUHH�RQ�D�VWDQGDUGLVHG�PHWKRGRORJ\�

���������3KRVSKRUXV
7KHUH�DUH� WZR�SULPDU\� W\SHV�RI�SKRVSKRUXV� LQ�VHDZDWHU� �UHDFWLYH�DQG� WRWDO��ZLWK� WKH�GLIIHUHQFH
EHWZHHQ�WKHVH�WZR�EHLQJ�WKH�WRWDO�RUJDQLF�SKRVSKRUXV�FRQWHQW����7KHUH�DUH�D�QXPEHU�RI�IDFWRUV
WKDW�PDNH� WKH� XVH� RI� WKLV� SDUDPHWHU� GLIILFXOW�� 7KHVH� IDFWRUV� LQFOXGH� WKH� UDSLG� SURFHVVLQJ� WLPH
UHTXLUHG� �ZLWKLQ���KRXUV�RI� FROOHFWLRQ��� WKH� ODUJH� VDPSOH�YROXPH� UHTXLUHG� �DW� OHDVW� �� OLWUHV��� WKH
GHGLFDWLRQ�RI�JODVVZDUH� WR� WKLV�DQDO\VLV�� WKH� IDFW� WKDW� VWDQGDUGV�GHFD\�DQG�KDYH� WR�EH�JHQHUDWHG
IUHVK�IRU�HDFK�UXQ��DQG�VHYHUDO�RWKHUV��UHYLHZHG�LQ�3LOVRQ���������$QDO\WLFDO�PHWKRGV�WR�GHWHUPLQH
GLVVROYHG�SKRVSKRUXV�FDQ�DOVR�EH�IRXQG�LQ�6WULFNODQG�DQG�3DUVRQV����������&RORULPHWULF�DQDO\VLV
ZLOO�QRUPDOO\�UHTXLUH�D�VSHFWURSKRWRPHWHU�ZLWK�D����FP�OLJKW�SDWK�DQG�WKH�SURFHVVLQJ�RI�DERXW���
P/�RI�VHDZDWHU�SHU�VDPSOH�DQDO\VLV�

���������1LWURJHQ
1LWURJHQ�OHYHOV�DUH�LPSRUWDQW�LQ�VHDZDWHU�V\VWHPV��EXW�OHYHOV�RI�QLWURJHQRXV�FRPSRXQGV�DUH�RIWHQ
H[WUHPHO\� ORZ�DQG�GLIILFXOW� WR�PHDVXUH�ZLWK�DQ\� W\SH�RI� HDVLO\� DYDLODEOH� HTXLSPHQW�� �$QDO\WLFDO
PHWKRGV�WR�GHWHUPLQH�GLVVROYHG�QLWURJHQ�FDQ�EH�IRXQG�LQ�6WULFNODQG�DQG�3DUVRQV��������

���������+HDY\�PHWDOV��RUJDQRFKORULQV
0LQHUDORJLFDO� DQDO\VLV� UHTXLUHV� WKH�XVH�RI�;�UD\� IOXRUHVFHQFH�� KHDY\�PHWDOV� DUH� DQDO\VHG�ZLWK� D
,QGXFWLYHO\�&RXSOHG�3ODVPD�$WRPLF�(PLVVLRQ�6SHFWURSKRWRPHWHU��H[FHSW�IRU�0HUFXU\�ZKLFK�LV
DQDO\VHG�ZLWK� D� 9DSRXU�*HQHUDWLRQ� $WRPLF� $EVRUSWLRQ� 6SHFWURSKRWRPHWHU��� 2UJDQLF� DQDO\VLV
UHTXLUHV�&DSLOODU\�*DV�&KURPDWRJUDSK\�XVLQJ�)ODPH� ,RQLVDWLRQ�'HWHFWLRQ��7KHUPLRQLF�6SHFLILF
'HWHFWLRQ��(OHFWURQ�&DSWXUH�'HWHFWLRQ�DQG�0DVV�6SHFWURPHWU\�� �2UJDQRWLQ�DQDO\VLV� LV�GRQH�YLD
DQ�HOHFWULFDOO\�KHDWHG�TXDUW]�IXUQDFH�DWRPLF�DEVRUSWLRQ�VSHFWURSKRWRPHWHU�

�������<6,�621'(
7KH�<6,�621'(�V\VWHP�LV�ILHOG�SRUWDEOH�DQG�LV�FDSDEOH�RI�WDNLQJ�LQVWDQWDQHRXV�PHDVXUHPHQWV
RI�GLVVROYHG�R[\JHQ��VDOLQLW\��WHPSHUDWXUH��GHSWK��DQG�WXUELGLW\���7KH�RSHUDWLRQ�RI�WKH�621'(�LV
VLPSOH��WKH�XQLW�LV�ORZHUHG�WR�WKH�ERWWRP�DQG�WKHQ�VORZO\�UDLVHG�WR�WKH�VXUIDFH���$OO�PHDVXUHPHQWV
DUH� ORJJHG� LQWR�WKH�GDWD� ORJJHU�ZKLFK�FDQ�VWRUH�XS�WR�����VLWHV�DQG�RYHU��������UHDGLQJV�� �7KH
6\VWHP� FDQ� KROG� ���� VHSDUDWH� UXQV� DQG� DOO� UHVXOWV� DUH� VKRZQ� RQ� WKH� GLVSOD\� GXULQJ� UHFRUGLQJ�
,QIRUPDWLRQ�FDQ�EH�GRZQORDGHG�GLUHFWO\�WR�D�SULQWHU�RU�WR�D�FRPSXWHU�

7KH� GLVVROYHG� R[\JHQ� SUREH� LV� D� PHPEUDQH�FRYHUHG� HOHFWURGH�� VHOI� VWLUULQJ� DQG� FDQ� PHDVXUH
GLVVROYHG�R[\JHQ�OHYHOV�IURP��������PJ�O�������PJ�O�

7KH� VDOLQLW\� LV� FRPSXWHG� IURP� WKH� WHPSHUDWXUH� DQG� WKH� XQFRPSHQVDWHG� FRQGXFWLYLW\
PHDVXUHPHQW�DQG�KDV�D�UDQJH�IURP������SSW�������SSW�

7KH�UDQJH�IRU�GHSWK�PHDVXUHPHQWV�LV������P�������P�

7XUELGLW\�LV�PHDVXUHG�LQ�QHSKHORPHWULF�7XUELGLW\�8QLWV��178��ZLWK�DQ�DFFXUDF\�RI��������178�

7HPSHUDWXUH�UDQJH�LV����WR�����&��������&�

,W�LV�UHFRPPHQGHG�WKDW�WXUELGLW\�DOVR�EH�PHDVXUHG�ZLWK�D�6HFFKL�GLVN���7KH�6HFFKL�GLVN�LV�ORZHUHG
RYHU� WKH� VLGH� RI� WKH� ERDW� ZLWKLQ� RQH� KRXU� RI� QRRQ� DQG� WKH� GHSWK� ZKHUH� WKH� GLVN� GLVDSSHDUV
�GHWHUPLQHG�E\�PDUNLQJ�WKH�OLQH�LQ�����P�LQWHUYDOV��LV�UHFRUGHG���&ORXG�FRYHU��LI�DQ\��DQG�VHD�VWDWH
VKRXOG�DOVR�EH�UHFRUGHG�
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����� $ELRWLF�SDUDPHWHUV
���������3K\VLFDO�VWUXFWXUH�KDELWDW

0DSSLQJ� RI� WKH� SK\VLFDO� VWUXFWXUH�KDELWDW� FDQ� EH� GRQH� E\� GLYHU� FHQVXV�� ���PP� SKRWRJUDSK\�
YLGHR� WUDQVHFWV�� DQG� DFWXDO�PHDVXUHPHQW� RI� WKH� VXEVWUDWH�� /LPLWDWLRQV� RI� WKHVH�PHWKRGV� DUH� DV
IROORZV�

• GLYHU�FHQVXV��TXDOLWDWLYH�DQG�KLJKO\�YDULDEOH

• ��PP�SKRWRJUDSK\��TXDGUDWV�OLPLWHG�E\�VL]H�DQG�QXPEHU�RI�TXDGUDWV��ZDWHU�FODULW\�DQG�TXDOLW\
RI�LPDJHV

• YLGHR� WUDQVHFWV�� �XVHIXO� EXW� OLPLWHG�E\�ZDWHU� FODULW\�� LPDJH�TXDOLW\�� DQG�YDULDQFHV� LQ�GLVWDQFH
IURP�VXEVWUDWH

• DFWXDO�VXEVWUDWH�PHDVXUHPHQWV��WLPH�FRQVXPLQJ�DQG�GLIILFXOW�WR�H[WUDSRODWH�
,Q� WKLV� VWXG\� D� PHWKRG� SURSRVHG� E\� $URQVRQ� HW� DO�� ������� ZDV� XVHG� WR� JDLQ� DQ� LQGH[� RI� WKH
FRPSOH[LW\���&���&�LV�FDOFXODWHG�DV�&� �����G�/��ZKHUH�G�LV�WKH�KRUL]RQWDO�GLVWDQFH�FRYHUHG�E\�D
FRQIRUPHG�FKDLQ��PHDVXUHG�DJDLQVW�WKH�WUDQVHFW�WDSH��DQG�/�LV�LWV�OHQJWK�ZKHQ�IXOO\�H[WHQGHG��HJ
$URQVRQ�DQG�+DUPV�������+XEEDUG�HW�DO���������DQG�RWKHUV�LQ�$URQVRQ�HW�DO����������7KLV�FKDLQ
FDQ� EH� DQ\� OHQJWK� ZLWK� OLQNV� DSSUR[LPDWHO\� ��� PP� ORQJ�� � 7KH� FKDLQ� LV� SODFHG� DJDLQVW� WKH
VXEVWUDWXP�DQG�FRQIRUPHG� WR� WKH�FRQWRXUV�RI� WKH�VXEVWUDWXP�� �7KH� LQGH[�JLYHV�DQ�HVWLPDWH�RI
WRSRJUDSKLF�FRPSOH[LW\�

7KLV�PHWKRG�SURYLGHG�HVWLPDWHV�RI�FRPSOH[LW\�ZKLFK�DSSHDUHG�PHDQLQJIXO�LQ�WKH�FRQWH[W�RI�WKH
VWXG\� DV� D� ZKROH�� DQG�ZDV� VLPSOH� WR� LPSOHPHQW� LQ� WKH� ILHOG�� ,Q� DGGLWLRQ�� WKH� RQO\� HTXLSPHQW
QHHGHG�LQ�DGGLWLRQ�WR�WKDW�UHTXLUHG�IRU�RWKHU�VXUYH\�PHWKRGV�PHQWLRQHG�DERYH�ZDV�D�FKDLQ��,W�LV
WKHUHIRUH�FRQVLGHUHG�LGHDO�IRU�XVH�E\�FRPPXQLW\�JURXSV�IRU�FROOHFWLQJ�ODUJH�EDVHOLQH�GDWDVHWV�RQ
WKH�WRSRJUDSKLF�FKDUDFWHULVWLFV�IRU�UHHIV�WKDW�DUH�EHLQJ�PRQLWRUHG�

����� %LRWLF�LQGLFHV
7KH� GHYHORSPHQW� RI� D� VHW� RI� LQGLFHV� IRU� FKDUDFWHUL]LQJ� UHHIV�� ZKLFK� FRXOG� EH� HDVLO\� DVVHVVHG�
SDUWLFXODUO\�IRU�FRPPXQLW\�JURXSV��ZRXOG�EH�D�SDUWLFXODUO\�XVHIXO�WRRO��7KH�DSSOLFDWLRQ�RI�WKH�WZR
VRUWV� RI� LQGLFHV� WKDW� FRXOG� EH� XVHG� �LQGLFDWRU� VSHFLHV� RU� WD[D�� DQG� PXOWLYDULDWH� LQGLFHV� RI
FRPPXQLW\� VWDWXV�� LV� VXEMHFW� WR� D�QXPEHU�RI�GLIILFXOWLHV� LQ� WKH� FRQWH[W� RI� WHPSHUDWH� UHHIV� �VHH
&KHVKLUH�HW�DO������D�IRU�D�PRUH�GHWDLOHG�GLVFXVVLRQ��

&KHVKLUH� HW�DO�� �����D��SURSRVH�KRZHYHU�� WKDW�D�SKDHRSK\FHDQ� �EURZQ�DOJDO��GRPLQDWHG�PDFUR�
DOJDO�FDQRS\�LV�WKH�GHILQLQJ�IHDWXUH�RI�VRXWKHUQ�$XVWUDOLDQ�VXEWLGDO�UHHI�V\VWHPV��DQG�DV�VXFK��WKH
GHJUHH�WR�ZKLFK�WKLV�LV�WUXH�IRU�DQ\�SDUWLFXODU�UHHI�FRXOG�EH�XVHG�DV�DQ�LQGLFDWRU�RI�LWV�KHDOWK�RU
VWDWXV�

$�PDMRU� ILQGLQJ� LQ� WKLV� VWXG\�ZDV� WKDW� GLIIHUHQFHV� LQ� UHHI� FRPPXQLW\� VWUXFWXUH�ZHUH� DSSDUHQW
EHWZHHQ�WKH�QRUWKHUQ�DQG�VRXWKHUQ�PHWURSROLWDQ�EHDFKHV��EDVHG�PDLQO\�RQ�WKH�SHUFHQW�FRYHU�RI
GRPLQDQW� EURZQ� DOJDH�� 7KHVH� GLIIHUHQFHV� ZHUH� DWWULEXWHG� WR� D� QXPEHU� RI� SRWHQWLDO� LPSDFWV
LQFOXGLQJ�PHWURSROLWDQ�VWRUPZDWHU�UXQRII�DQG�VHZDJH�RXWIDOO��7KLV�LQGLFDWHV�WKDW�SHUFHQW�FRYHU�RI
UREXVW�EURZQ�DOJDH�PD\�SURYLGH�D�JRRG�JHQHUDO�LQGH[�RI�UHHI�KHDOWK�RQ�VRXWKHUQ�$XVWUDOLDQ�UHHIV
�IRU�D�PRUH�GHWDLOHG�GLVFXVVLRQ�VHH�&KHVKLUH�HW�DO������D��

$VVHVVPHQWV�RI�WKH�SHUFHQW�FRYHU�RI�´UREXVW�EURZQ�DOJDHµ�XVLQJ�WKH�/,7�PHWKRG�LV�D�UHODWLYHO\
VWUDLJKWIRUZDUG� H[HUFLVH�� ZKLFK� FRXOG� EH� FDUULHG� RXW� E\� FRPPXQLW\� JURXSV�� 7KLV� IRUP� RI
DVVHVVPHQW�ZRXOG�LGHQWLI\�ORQJ�WHUP�VKLIWV�LQ�WKH�FRPPXQLW\�SDWWHUQV�RI�WKH�GRPLQDQW�IHDWXUH�RI
D�V\VWHP��EURZQ�DOJDH��DQG�WKXV�LGHQWLI\�DUHDV�WKDW�PD\�UHTXLUH�PRUH�LQWHQVLYH�LQYHVWLJDWLRQ�
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��� &RQFOXVLRQV
7KH� /,7�PHWKRG� SURYHG� WR� EH� WKH� EHVW� PHWKRG� IRU� GLIIHUHQWLDWLQJ� UHHIV� RQ� WKH� EDVLV� RI� WKH
GRPLQDQW�WD[D��RQ�D�SHUFHQW�FRYHU�EDVLV��PDNLQJ�XS�WKH�UHHI�FRPPXQLWLHV���7KH�PHWKRG�FDQ�EH
HPSOR\HG� ZLWK� D� YDU\LQJ� GHJUHH� RI� WD[RQRPLF� UHVROXWLRQ� DQG� VR� PD\� EH� DGDSWHG� IRU� XVH� E\
WUDLQHG� SURIHVVLRQDOV� RU� E\� QRYLFH�XQWUDLQHG� GLYHUV�� %HFDXVH� LW� IRFXVHV� RQ� WKH� FRPPXQLW\
GRPLQDQWV�WKH�/,7�PHWKRG�LV�LGHDO�IRU�SLFNLQJ�XS�ODUJH�VFDOH�VWUXFWXUDO�FKDQJHV�LQ�UHHI�V\VWHPV�

7KH� /,7�PHWKRG� GRHV� QRW� SURYLGH� JRRG� LQIRUPDWLRQ� DERXW� VSHFLHV� WKDW� KDYH� ORZ� SHUFHQWDJH
FRYHU�DQG�LW�LV�WKHUHIRUH�QRW�VXLWDEOH�IRU�WKH�DVVHVVPHQW�RI�FU\SWLF�RU�VPDOO�VHGHQWDU\�WD[D�ZKLFK
GR�QRW�GRPLQDWH�V\VWHPV�LQ�ELRPDVV�RU�FRYHU�WHUPV���)RU�WKHVH�WD[D�DOWHUQDWLYH�SURWRFROV�QHHG�WR
EH�HPSOR\HG��VXFK�DV�QRQ�GHVWUXFWLYH�TXDGUDW�VDPSOLQJ��

7KH� TXDGUDW� PHWKRG� XVHG� LQ� WKLV� VWXG\� VKRZHG� VRPH� GLIIHUHQFHV� EHWZHHQ� FRPPXQLWLHV� RI
VHGHQWDU\�IORUD�DQG�IDXQD��KRZHYHU�� WKH�GHJUHH� WR�ZKLFK� WKHVH�GLIIHUHQFHV�FRXOG�EH� LQWHUSUHWHG
ZDV� VRPHZKDW� OHVV� WKDQ� WKDW� H[SHULHQFHG� ZLWK� WKH� /,7� PHWKRG�� 7KLV� VXJJHVWV� WKDW� DOWKRXJK
XVHIXO�� WKH� PHWKRG� PLJKW� EH� EHWWHU� VXLWHG� WR� PRUH� LQWHQVH� LQYHVWLJDWLRQ�� SDUWLFXODUO\� WKRVH
WDUJHWLQJ�LPSRUWDQW�VSHFLHV��HJ�LQYDVLYH�VSHFLHV��

9LVXDO� DVVHVVPHQW� RI� ILVK� FRPPXQLWLHV� DUH� FRQVLGHUHG� WR� EH� DSSURSULDWH� IRU� VWXGLHV� ZLWK� D
SDUWLFXODU� IRFXV� RQ� ILVK� �HJ� ILVKHU\� VXUYH\V�� EXW� DUH� QRW� VHQVLWLYH� WR� XQGHUO\LQJ� FKDQJHV� LQ� WKH
FRPSRVLWLRQ�RI�WKH�UHHI�FRPPXQLWLHV�

��� 5HFRPPHQGDWLRQV
• (IIRUWV�VKRXOG�EH�FRQFHQWUDWHG�RQ�WKH�GHYHORSPHQW�RI�WKH�/,7�PHWKRG��$SSHQGL[�$��IRU�XVH

LQ�WKH�ORQJ�WHUP�PRQLWRULQJ�RI�FKDQJHV�LQ�UHHIDO�KDELWDWV�FRPPXQLW\�VWUXFWXUH��7KLV�PHWKRG
LV�SDUWLFXODUO\�XVHIXO�IRU�LPSOHPHQWDWLRQ�E\�FRPPXQLW\�JURXSV�

• 7KH� TXDGUDW� PHWKRG� VKRXOG� EH� XVHG� PRUH� DV� D� WRRO� IRU� LQYHVWLJDWLRQ� RI� D� PRUH� VSHFLILF
QDWXUH��HVSHFLDOO\�WKRVH�WKDW�UHTXLUH�D�IRFXV�RQ�VSHFLILF�VHVVLOH�RU�VHGHQWDU\�WD[D�

• )LVK� YLVXDO� FHQVXV� FRXOG� EH� XVHG� IRU� WKH� DVVHVVPHQW� RI� FKDQJHV� LQ� SRSXODWLRQV� RI� WDUJHW
VSHFLHV�RI�SDUWLFXODU�LQWHUHVW�

��� $FNQRZOHGJPHQWV
7KDQNV�WR�-DPHV�'RXEH��-HII�.ZLN��)OLQGHUV�8QLYHUVLW\��(PPD�&URQLQ��,DQ�0DJUDLWK�DQG�.HLWK
5RZOLQJ��$GHODLGH�8QLYHUVLW\���7KLV�ZRUN�ZDV�IXQGHG�E\�WKH�(QYLURQPHQW�3URWHFWLRQ�$XWKRULW\
RI�6RXWK�$XVWUDOLD�
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��� 5HIHUHQFHV
$QGUHZ��1�/�� DQG�0DSVWRQH��%�'�� �������� � 6DPSOLQJ� DQG� WKH� GHVFULSWLRQ� RI� VSDWLDO� SDWWHUQ� LQ

PDULQH�HFRORJ\��2FHDQRJUDSK\�DQG�0DULQH�%LRORJ\�$QQXDO�5HYLHZ�����������

$URQVRQ��5��%���(GPXQGV��3��-���3UHFKW��:��)���6ZDQVRQ��'��:��DQG�/HYLWDQ��'��5�����������/DUJH�
VFDOH�� ORQJ�WHUP� PRQLWRULQJ� RI� &DULEEHDQ� FRUDO� UHHIV�� VLPSOH�� TXLFN�� LQH[SHQVLYH
WHFKQLTXHV���$WROO�5HVHDUFK�%XOOHWLQ������������

$URQVRQ��5�%��DQG�+DUPV��&�$�����������2SKLXURLGV�LQ�D�%DKDPLDQ�VDOWZDWHU�ODNH��7KH�HFRORJ\�RI
D�SDOHR]RLF�OLNH�FRPPXQLW\��(FRORJ\��������������

%ORPTYLVW� 6�� $QG� +DNDQVRQ� /�� $UHYLHZ� RQ� VHGLPHQW� WUDSV� LQ� DTXDWLF� HQYLURQPHQWV�� $UF�
+\GURELRO��������������

&KHVKLUH��$�&��DQG�5RZOLQJ��.�3���������$�ILHOG�VWXG\�RQ�EHQWKLF�FRPPXQLWLHV�DW�3HQQHVKDZ�LQ�VXSSRUW�RI
D�'HYHORSPHQW�3ODQ�IRU�3HQQHVKDZ�+DUERU��$�UHSRUW�WR�3RUWV�&RUS��6$�����SS

&KHVKLUH��$�&���+DOO��6�-���+DYHQKDQG��-��DQG�0LOOHU��'�-�������D���$VVHVVLQJ�WKH�VWDWXV�RI�WHPSHUDWH�UHHIV
LQ�*XOI�6W�9LQFHQW�,��5HVXOWV�RI�ILHOG�VXUYH\V���5HSRUW�WR�WKH�(QYLURQPHQW�3URWHFWLRQ�$XWKRULW\
RI�6RXWK�$XVW��SS��

&KHVKLUH��$�&���+DYHQKDQG�� -���+DOO�� 6�-���0DWVXPRWR��*�� DQG�%XWOHU��$�-�� �����E�� �$VVHVVLQJ� WKH
VWDWXV� RI� WHPSHUDWH� UHHIV� LQ� *XOI� 6W� 9LQFHQW� ,�� %DFNJURXQG� DQG� PHWKRGRORJ\� IRU� DVVHVVPHQWV�
3UHOLPLQDU\�UHSRUW�WR�WKH�(QYLURQPHQW�3URWHFWLRQ�$XWKRULW\�RI�6RXWK�$XVW��SS��

&KLDSSRQH��0��DQG�6XOOLYDQ��.�0����������$�&RPSDULVRQ�RI�OLQH�WUDQVHFW�YHUVXV�OLQHDU�SHUFHQWDJH
VDPSOLQJ�IRU�HYDOXDWLQJ�VWRQ\�FRUDO��´6FOHUDFWLQLDµ�DQG�´0LOOHSRULQDµ��FRPPXQLW\�VLPLODULW\
DQG�DUHD�FRYHUDJH�RQ�UHHIV�RI�WKH�FHQWUDO�%DKDPDV��&RUDO�5HHIV�������������

&ROOLQJV��*�-�� �������� �6SDWLRWHPSRUDO� YDULDWLRQ� RI�PDFURDOJDO� FRPPXQLWLHV� RI� VRXWKHUQ�)OHXULHX� 3HQLQVXOD�
6RXWK�$XVWUDOLD���3K�'�WKHVLV��'HSDUWPHQW�RI�%RWDQ\��8QLYHUVLW\�RI�$GHODLGH�SS�����

&R\HU�� -�� DQG�:LWPDQ�� -�� �������� �7KH�8QGHUZDWHU�&DWDORJ��$� JXLGH� WR�PHWKRGV� LQ� XQGHUZDWHU� UHVHDUFK�
6KRDOV�0DULQH�/DERUDWRU\�DQG�1HZ�<RUN�6HD�*UDQW��1HZ�<RUN������SS�

'H� :UHHGH�� 5�(�� ������� *URZWK� DQG� DJH� FODVV� GLVWULEXWLRQ� RI� 3WHU\JRSKRUD� FDOLIRUQLFD
�3KDHRSK\WD���0DULQH�(FRORJ\�3URJUHVV�6HULHV������������

(GJDU�*�-���������$XVWUDOLDQ�0DULQH�/LIH��WKH�SODQWV�DQG�DQLPDOV�RI�WHPSHUDWH�ZDWHUV��5HHG��.HZ��9LF�

(QJOLVK��6��:LONLQVRQ��&��DQG�%DNHU��9���������6XUYH\�0DQXDO�IRU�7URSLFDO�0DULQH�5HVRXUFHV��$6($1
$XVWUDOLDQ�0DULQH�6FLHQFH�3URMHFW��$XVWUDOLDQ�,QVWLWXWH�RI�0DULQH�6FLHQFH��7RZQVYLOOH�

+DNDQVRQ�/���)ORGHUXV�6��$QG�:DOOLQ�0���������6HGLPHQW� WUDS�DVVHPEODJHV� ��D�PHWKRGRORJLFDO
GHVFULSWLRQ��+\GURELRORJLD������������������

+DUPHOLQ�9LYLHQ��0�/���+DUPHOLQ��-�*���&KDXYHW��&���'XYDO��&���*DO]LQ��5���/HMHXQH��3���%DUQDEH�
*���%ODQF��)���&KHYDOLHU��5���'XFOHUF�� -�� DQG�/DVVHUUH��*�� �������(YDOXDWLRQ�YXVXHOOH�GHV
SHXSOHPHQWV� HW� SRXODWLRQV� GH� SRLVVRQV��0HWKRGHV� HW� SUREOHPHV��5HYXH� G·(FRORJLH� 7HUUH� HW
9LH��������������

+XEEDUG��'�.���0LOOHU��$�,��DQG�6FDWXUR��'�����������3URGXFWLRQ�DQG�F\FOLQJ�RI�FDOFLXP�FDUERQDWH
LQ�D�VKHOI�HGJH�UHHI�V\VWHP��6W��&URL[��86$�9LUJLQ�,VODQGV���$SSOLFDWLRQV�WR�WKH�QDWXUH�RI
UHHI�V\VWHPV�LQ�WKH�IRVVLO�UHFRUG��-��6HG��3HW�������������

+XWFKLQV�� %�� DQG� 6ZDLQVWRQ�� 5�� ������� 6HD� )LVKHV� RI� 6RXWKHUQ� $XVWUDOLD�� 6ZDLQVWRQ� SXEOLVKLQJ�
'DJOLVK��:�$�

/LWWOHU��0�0��DQG�/LWWOHU��'�6���HGV�����������+DQGERRN�RI�SK\FRORJLFDO�PHWKRGV��1HZ�<RUN��&DPEULGJH
8QLYHUVLW\�3UHVV��9RO����(FRORJLFDO�ILHOG�PHWKRGV��PDFURDOJDH�
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/XFDV��+�$�� DQG� 6HEHU��*�$�)�� �������� (VWLPDWLQJ� FRYHUDJH� DQG� SDUWLFOH� GHQVLW\� XVLQJ� WKH� OLQH
LQWHUFHSW�PHWKRG��%LRPHWULND�������������

0XWWODN��+�$��DQG�6DGRRJKL�$OYDQGL��6�0����������$�QRWH�RQ�WKH�OLQH�LQWHUFHSW�VDPSOLQJ�PHWKRG�
%LRPHWULFV���������������

3UHLVHQGRUIHU��5�:�������6HFFKL�GLVN�VFLHQFH��9LVXDO�RSWLFV�RI�QDWXUDO�ZDWHUV��/LPQRO��2FHDQRJ�����
��������

5HLFKHOW�� 5�(�� /R\D�� $�<�� DQG� %UDGEXU\�� 5�+�� ������� 3DWWHUQV� LQ� WKH� XVH� RI� VSDFH� E\� EHQWKLF
FRPPXQLWLHV�RQ�WZR�FRUDO�UHHIV�RI�WKH�*UHDW�%DUULHU�5HHI��$XVWUDOLD���&RUDO�5HHIV�����������

6DOH�� 3�)�� DQG� 6KDUS�� %�-�� ������� &RUUHFWLRQ� IRU� ELDV� LQ� YLVXDO� WUDQVHFW� FHQVXVHV� RI� FRUDO� UHHI
ILVKHV��&RUDO�5HHIV����������

6DPRLO\V��0���������5HYLHZ�RI�XQGHUZDWHU�YLVXDO�FHQVXV�PHWKRG�GHYHORSHG�E\�4'3,�$&,$5�SURMHFW��YLVXDO
DVVHVVPHQW� RI� UHHI� ILVK� VWRFNV�� 'HSW� 3ULPDU\� ,QG��� %ULVEDQH�� &RQI��:RUNVKRS� 6HU�� &������
��SS�

6FKHLO��'�5��DQG�)RVWHU��0�6����������7KH�VWUXFWXUH�RI�VXEWLGDO�DOJDO�VWDQGV�LQ�WHPSHUDWH�ZDWHUV�
2FHDQRJUDSK\�DQG�0DULQH�%LRORJ\�$QQXDO�5HYLHZ�������������

6KHSKHUG�� 6�$�� DQG�:RPHUVOH\�� +�%�6�� �������� 7KH� VXEOLWWRUDO� HFRORJ\� RI� :HVW� ,VODQG�� 6RXWK
$XVWUDOLD����(QYLURQPHQWDO�IHDWXUHV�DQG�WKH�DOJDO�HFRORJ\��7UDQVDFWLRQV�2I�7KH�5R\DO�6RFLHW\
2I�6RXWK�$XVWUDOLD�������������

6WULFNODQG� -�'�+�� DQG�3DUVRQV�7�5�� ������$�SUDFWLFDO� KDQGERRN�RI� VHDZDWHU� DQDO\VLV��)LVK��5HV�
%RDUG��&DQDGD��%XOO����������

6XOOLYDQ�� .�0�� DQG� &KLDSSRQH�� 0�� �������� $� FRPSDULVRQ� RI� EHOW� TXDGUDW� DQG� VSHFLHV
SUHVHQFH�DEVHQFH� VDPSOLQJ� RI� VWRQ\� FRUDO� �6FOHUDWLQLD� DQG�0LOOHSRULQD�� DQG� VSRQJHV� IRU
HYDOXDWLQJ� VSHFLHV� SDWWHUQLQJ� RQ� SDWFK� UHHIV� LQ� WKH� &HQWUDO� %DKDPDV�� %XOOHWLQ� RI� 0DULQH
6FLHQFH���������������

7XUQHU�� '�� -�� �������$� FRPSDUDWLYH� VWXG\� RI� GHVWUXFWLYH� DQG� QRQ�GHVWUXFWLYH� VXUYH\� WHFKQLTXHV� IRU� XVH� LQ
PDFURDOJDO�V\VWHPV��+RQRXU�WKHVLV���%RWDQ\�'HSDUWPHQW��7KH�8QLYHUVLW\�RI�$GHODLGH��6RXWK
$XVWUDOLD�

:HEE�� /�-��� 7UDFH\�� -�*��� :LOOLDPV�� :�7�� DQG� /DQFH�� *�0�� �������� 6WXGLHV� LQ� WKH� QXPHULFDO
DQDO\VLV� RI� FRPSOH[� UDLQIRUHVW� FRPPXQLWLHV�� 9�� $� FRPSDULVRQ� RI� WKH� SURSHUWLHV� RI
IORULVWLF�DQG�SK\VLRJQRPLF�VWUXFWXUH�GDWD��-RXUQDO�RI�(FRORJ\�������������

:RPHUVOH\��+�%�6�DQG�.LQJ�5�-����������(FRORJ\�RI�7HPSHUDWH�5RFN\�6KRUHV��,Q�0�1��&OD\WRQ
DQG�5�-��.LQJ��(GV����%LRORJ\�RI�0DULQH�3ODQWV���/RQJPDQ�&KHVKLUH����������
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��� $SSHQGL[�$��0HWKRGRORJ\�IRU�WKH�/LQH�,QWHUFHSW
7UDQVHFW��/,7��VDPSOLQJ�

����� $EVWUDFW
/LQH� LQWHUFHSW� WUDQVHFW� �/,7�� LV� D� WHUP�XVHG� WR�GHVFULEH�RQH� DSSURDFK� WR� WKH� VXUYH\�RI�PDULQH
EHQWKLF� KDELWDWV�� � 3UHYLRXVO\� LW� KDV� EHHQ� XVHG� H[WHQVLYHO\� LQ� WKH� VXUYH\� RI� ERWK� WHUUHVWULDO
HFRV\VWHPV� DQG� FRUDO� UHHIV� WKURXJKRXW� WKH�*UHDW� %DUULHU� 5HHI� DQG� ,QGR�0DOD\DQ� DUFKLSHODJR�
0RUH�UHFHQWO\�/,7�KDV�EHHQ�PRGLILHG�DQG� WULDOHG� IRU�XVH� LQ� WKH�DVVHVVPHQW�RI� WHPSHUDWH� URFN\
UHHIV�LQ�6RXWKHUQ�$XVWUDOLD���7KH�PDMRU�VWUHQJWK�RI�WKH�WHFKQLTXH�LV�LQ�LWV�HDVH�RI�XVH�DQG�WKH�IDFW
WKDW� LW� SURYLGHV� JRRG� TXDOLW\� GDWD� RQ� WKH� QDWXUH� RI� FRPPXQLWLHV� RQ� UHHIV�� � ,PSRUWDQWO\�� WKH
PHWKRG�LV�QRQ�GHVWUXFWLYH�DQG�WKHUHIRUH�VXLWDEOH�IRU�VXUYH\V�RI�HFRORJLFDOO\�VHQVLWLYH�KDELWDWV�

'DWD�DUH�FROOHFWHG�E\�SDLUV�RI�GLYHUV�ZKR�OD\�RXW�D�OLQH��URSH�RU�WDSH��DFURVV�WKH�VHDEHG���'LYHUV
VWDUW�DW�RQH�HQG�RI�WKH�OLQH�DQG�WKHQ�ZRUN�WKHLU�ZD\�DORQJ�WKH�OLQH�UHFRUGLQJ�WKH�SRLQWV�DW�ZKLFK
WKH� OLIHIRUPV� �DQLPDOV� DQG� SODQWV�� XQGHUQHDWK� WKH� OLQH� FKDQJH� IURP� RQH� W\SH� �OLIHIRUP�� WR
DQRWKHU���7KHVH�GDWD�FDQ�WKHQ�EH�VXPPDULVHG�WR�SURYLGH�LQIRUPDWLRQ�RQ�WKH�SHUFHQW�RI�WKH�UHHI
FRYHUHG�E\�HDFK�OLIHIRUP���7KLV�LQIRUPDWLRQ�FDQ�WKHQ�EH�DQDO\VHG�RU�LQWHUSUHWHG�WR�GHYHORS�RXU
XQGHUVWDQGLQJ�DERXW�WKH�VWDWXV�RI�WKH�UHHI�FRPPXQLWLHV�

����� %DFNJURXQG
7KH� /,7�PHWKRG� GHVFULEHG� LQ� WKH� IROORZLQJ� KDV� EHHQ� DGDSWHG� ODUJHO\� IURP� WKDW� GHVFULEHG� E\
(QJOLVK� HW� DO�� ������� IRU� WKH� VXUYH\� RI� WURSLFDO� PDULQH� UHVRXUFHV�� � 7KH� DGDSWDWLRQV� ZKHUH
GHYHORSHG�LQ�D�UHVHDUFK�SURJUDP�E\�7XUQHU��������ZKR�XQGHUWRRN�D�EURDG�EDVHG�FRPSDULVRQ�RI
WKH� PHWKRGV� ZLWK� WUDGLWLRQDO� WHFKQLTXHV� IRU� VXUYH\LQJ� PDFURDOJDO� GRPLQDWHG� WHPSHUDWH� UHHI
V\VWHPV�� � 7XUQHU� FRQFOXGHG� WKDW� WKH� PHWKRG� ZDV� PXFK� HDVLHU� WR� DSSO\� WKDQ� PRVW� WUDGLWLRQDO
WHFKQLTXHV��ZDV�FDSDEOH�RI�SURYLGLQJ�XVHIXO�LQIRUPDWLRQ�DERXW�WKH�VWUXFWXUH�RI�UHHI�FRPPXQLWLHV
DQG�KDG�WKH�LPSRUWDQW�DGYDQWDJH�RI�EHLQJ�QRQ�GHVWUXFWLYH�

/,7�LV�RQO\�RQH�PHWKRG�ZKLFK�FDQ�EH�XVHG�IRU�WKH�UDSLG��TXDQWLWDWLYH�DVVHVVPHQW�RI� WHPSHUDWH
UHHI�FRPPXQLWLHV���,W�QHHGV�WR�EH�XQGHUVWRRG�WKDW�D�FRPSOHWH�DVVHVVPHQW�RI�DQ\�UHHI�V\VWHP�ZLOO
UHTXLUH� WKH�FROOHFWLRQ�RI� LQIRUPDWLRQ�DW�GLIIHUHQW�VFDOHV� �LQ� WLPH�DQG� VSDFH�� HDFK�RI�ZKLFK�PD\
UHTXLUH� WKH� XVH� RI� DOWHUQDWLYH� DSSURDFKHV� IRU� WKH� FROOHFWLRQ� RI� GDWD�� �1HYHUWKHOHVV�� LQ� D� EURDG
UDQJH� RI� UHHI� VXUYH\V�� /,7� KDV� EHHQ� DEOH� WR� FRQVLVWHQWO\� SURYLGH� D� ORW� RI� XVHIXO� LQIRUPDWLRQ
UHODWLYHO\�TXLFNO\�DQG�HFRQRPLFDOO\�DQG� LV� WKHUHIRUH�D�YHU\�JRRG�PHWKRG�IRU�XVH�E\�FRPPXQLW\
JURXSV�

:KHUHDV� /,7� FDQ� EH� DSSOLHG� DW� DQ\� OHYHO� RI� WD[RQRPLF� UHVROXWLRQ� WKH� IROORZLQJ� GLVFXVVLRQ
DVVXPHV�WKDW�LW�ZLOO�EH�XQGHUWDNHQ�XVLQJ�OLIHIRUP�FODVVLILFDWLRQV���7KLV�HQVXUHV�WKDW�LW�FDQ�EH�PRUH
JHQHUDOO\�XVHG�E\�LQGLYLGXDOV�JURXSV�ZKR�PD\�KDYH�RQO\�OLPLWHG�H[SHUWLVH�LQ�WKH�LGHQWLILFDWLRQ�RI
UHHI�ELRWD��DQLPDOV�DQG�SODQWV��

7KH�JHQHUDO�WKHRU\�XQGHUO\LQJ�WKH�XVH�RI�WKH�/,7�PHWKRG�LV�VXPPDULVHG�E\�(QJOLVK�HW�DO���������
,Q� EULHI� LW� UHOLHV� RQ� WKH� SULQFLSOH� WKDW� D� OLQH� OD\HG� RXW� DFURVV� WKH� VXEVWUDWXP� ZLOO� RYHUOD\� D
UHSUHVHQWDWLYH�FROOHFWLRQ�RI� UHHI� OLIHIRUPV�� �%\� FDOFXODWLQJ� WKH� OHQJWK�RI� WKH� OLQH� LQWHUFHSWHG�E\
HDFK�OLIHIRUP�WKHLU�SHUFHQWDJH�FRYHU�FDQ�EH�WKHQ�EH�GHWHUPLQHG��E\�UHSUHVHQWLQJ�WKHVH�OHQJWKV�DV
D�SHUFHQWDJH�RI�WKH�WRWDO�OHQJWK�RI�WKH�OLQH��

)XUWKHUPRUH��EHFDXVH�WKH�DFWXDO�ORFDWLRQ�RI�HDFK�RI�WKH�OLIHIRUPV�DORQJ�WKH�WUDQVHFW�LV�UHFRUGHG�
ZH� FDQ� REWDLQ� YDOXDEOH� LQIRUPDWLRQ� RQ� WKH� VSDWLDO� UHODWLRQVKLSV� EHWZHHQ� GLIIHUHQW� ELRWLF
FRPSRQHQWV�� �7RJHWKHU� WKLV� LQIRUPDWLRQ� FDQ�EH�XVHG� WR� SURYLGH� D� SLFWXUH� RI� WKH� VWDWXV� RI� WKH
OLYLQJ�FRPPXQLWLHV�RQ� WKH� UHHI�ZKLFK� LQ� WXUQ�FDQ�EH�XVHG�DV�D�EDVLV� IRU�FRPSDULQJ�GLIIHUHQFHV
EHWZHHQ�ORFDWLRQV�RU�RI�FKDQJHV�WKURXJK�WLPH�
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����� $GYDQWDJHV
• 7KH�OLQH�LQWHUFHSW�WUDQVHFW��/,7��PHWKRG�LV�QRQ�GHVWUXFWLYH�

• /,7�LV�HDV\�WR�LPSOHPHQW�DQG�GRHV�QRW�UHTXLUH�H[SHQVLYH�HTXLSPHQW�

• /,7·V�SURYLGHV�TXDQWLWDWLYH�GDWD�RQ�FRYHU�ZKLFK�LV�D�XVHIXO�ELRORJLFDO�LQGH[�

• 7KH�XVH�RI�OLIHIRUP�FDWHJRULHV�HQDEOHV�LQIRUPDWLRQ�DERXW�WKH�PDMRU�VWUXFWXUDO�HOHPHQWV�RI�WKH
UHHI�WR�EH�REWDLQHG�E\�SHRSOH�ZLWK�D�OLPLWHG�DPRXQW�RI�WUDLQLQJ�LQ�WKH�LGHQWLILFDWLRQ�RI�PDULQH
EHQWKLF�RUJDQLVPV�

• 7KH�XVH�RI�OLIHIRUP�FDWHJRULHV�DOORZV�FRPSDULVRQV�RI�WKH�VWDWXV�RI�UHHIV�IURP�JHRJUDSKLFDOO\
GLVWDQW�DUHDV�ZKHUH�IHZ�VSHFLHV�PD\�EH�IRXQG�LQ�FRPPRQ�

����� 'LVDGYDQWDJHV
• 7KH�XVH�RI�OLIHIRUP�OHYHOV�RI�FODVVLILFDWLRQ�SURYLGHV�OLWWOH�WD[RQRPLF�UHVROXWLRQ�DQG�WKHUHIRUH
FDQQRW�EH�XVHG�LQ�EURDG�EDVHG�ELRGLYHUVLW\�DVVHVVPHQWV�

• 3HUFHQWDJH� FRYHU� GRHV� QRW� SURYLGH� D� FRQVLVWHQW� SUR[\� IRU� RWKHU� LQGLFHV� VXFK� DV� VWDQGLQJ
ELRPDVV�RU�DEXQGDQFH�

����� /RJLVWLFV
������� 3HUVRQQHO

• $�WHDP�RI�DW� OHDVW���SHRSOH�LV�UHTXLUHG�FRPSULVLQJ���GLYHUV��ZRUNLQJ�WRJHWKHU��DQG�D�VXUIDFH
VXSSRUW�SHUVRQ�

• 'LYHUV�QHHG�WR�XQGHUWDNH�WUDLQLQJ�LQ�WKH�LGHQWLILFDWLRQ�RI�WKH�OLIHIRUPV���,GHDOO\�WUDLQLQJ�VKRXOG
EH� FDUULHG� RXW� LQ� WKH� ILHOG� �VHH� EHORZ�� DQG� LV� XQGHUWDNHQ� WR� HQVXUH� FRQVLVWHQF\� LQ� WKH
LQIRUPDWLRQ�UHFRUGHG�E\�GLIIHUHQW�SHRSOH�

• 'LYHUV�QHHG�WR�EH�DZDUH�RI�WKH�QHHG�WR�FDUHIXOO\�PRQLWRU�WKHLU�ERWWRP�WLPHV���,W�LV�HDV\�WR�ORVH
WUDFN�RI�WLPH�ZKHQ�PDNLQJ�GHWDLOHG�REVHUYDWLRQV�

�������(TXLSPHQW
• ([FHSW�LQ�YHU\�VKDOORZ�ZDWHU�WKH�PHWKRG�UHTXLUHV�GLYHUV�WR�RSHUDWH�RQ�6&8%$�RU�KRRNDK�

• (DFK� GLYH� WHDP� UHTXLUHV� �� ILEUHJODVV� VXUYH\LQJ� WDSH� RU� QRQ�EXR\DQW� URSH� PDUNHG� DW� �� P
LQWHUYDOV���7KLV�OLQH�VKRXOG�EH����P�LQ�OHQJWK�DQG�KDYH�D�KRRN�DQG�RU�OLJKW�OLQH�DW�HDFK�HQG�VR
WKDW�LW�FDQ�EH�DWWDFKHG�WR�WKH�VHDEHG�HLWKHU�E\�W\LQJ�RII�WR�UHHI�SURWXEHUDQFHV�RU�WR�ZHLJKWV�

• (DFK�GLYHU�UHTXLUHV�D���P�VWDLQOHVV�VWHHO�UXOHU�PDUNHG�DW���FP�LQWHUYDOV�DQG�ZHLJKWHG�ZLWK����
NJ�OHDG�

• (DFK�GLYHU�UHTXLUHV�DQ�XQGHUZDWHU�VODWH� �$��XQGHUZDWHU�SDSHU� LV�UHFRPPHQGHG��DQG�SHQFLOV
�WLHG� WR� WKH� VODWH�� VKDUSHQHG� DW� ERWK� HQGV��� � (DFK� GLYHU� UHFRUGV� GDWD� RQWR� WKLV� VKHHW�ZKLFK
VKRXOG� EH� SUH�SULQWHG� XVLQJ�ZDWHUSURRI� LQN� �GR� QRW� SULQW� XVLQJ� DQ� LQN�MHW� RU� EXEEOH�MHW
SULQWHU��RU�PDQXDOO\�UXOHG�XS�XVLQJ�D�SHQFLO���7KH�HDVLHVW�DSSURDFK�LV�WR�SKRWRFRS\�WKH�GDWD
VKHHW� ODEHOOHG� �/,7���� LQ� DSSHQGL[� $� RQWR� DUFKLWHFWXUDO� GUDIWLQJ� ILOP� RU� SHUPDQHQW� SDSHU
�ZDWHUSURRI��

�������0DLQWHQDQFH
• $OO�HTXLSPHQW�VKRXOG�EH�ZDVKHG�LQ�IUHVKZDWHU�LPPHGLDWHO\�DIWHU�XVH���6WDLQOHVV�VWHHO�UXOHUV�FDQ
EH� OLJKWO\� RLOHG� RU� VSUD\HG� ZLWK� &5&� �RU� VLPLODU��� � 7KH� GDWD� VKHHWV� VKRXOG� EH� ZDVKHG� LQ
IUHVKZDWHU�WR�JHW�ULG�RI�VDOW�DQG�WKHQ�SHJJHG�RQWR�D�OLQH�WR�GU\�
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����� 6LWH�VHOHFWLRQ
7R�XQGHUWDNH�D�FRPSOHWH�DVVHVVPHQW�RI�DQ\�UHHI� LW� LV�QHFHVVDU\� WR�GHWHUPLQH� WKH� UDQJH�RI� VLWHV
SUHVHQW�RQ�WKH�UHHI���7KLV�UHTXLUHV�D�FRQVLGHUDWLRQ�RI�D�QXPEHU�RI�LVVXHV�LQFOXGLQJ�WKH�RYHUDOO�VL]H
RI� WKH� UHHI� V\VWHP�� � ,PSRUWDQWO\�� KRZHYHU� UDWKHU� WKDQ� WU\LQJ� WR� FRYHU� WKH� ZKROH� UHHI� ZLWK� D
QXPEHU�RI�DG�KRF�VXUYH\V�LW�LV�EHWWHU�WR�REWDLQ�UHSOLFDWH�WUDQVHFWV�IURP�RQH�RU�PRUH�VSHFLILF�VLWHV
RQ�WKH�UHHI���,Q�RUGHU�WR�PDNH�D�TXDQWLWDWLYH�DVVHVVPHQW�LW�LV�EHWWHU�WR�KDYH���UHSOLFDWH�WUDQVHFWV
IURP�RQH�VLWH�UDWKHU�WKDQ�D�VLQJOH�WUDQVHFW�IURP�HDFK�RI�ILYH�VLWHV�

• $�VLWH�LV�GHILQHG�DV�D�SODFH�RQ�WKH�UHHI�ZKLFK�KDV�D�JHQHUDOO\�FRQVLVWHQW�SK\VLFDO�HQYLURQPHQW�
7KLV�VKRXOG�LQFOXGH�D�FRQVLGHUDWLRQ�RI�

��� 6XEVWUDWH�W\SH���SUHIHUDEO\�D�URFN\�KDELWDW�ZLWK�OLWWOH�RU�QR�VDQG��\RX�FDQ�DFFRXQW�IRU
VPDOO�VDQG�SDWFKHV�E\�UHFRUGLQJ�WKHP�DV�D�SVHXGR�OLIHIRUP��

��� 'HSWK� �� DOO� WUDQVHFWV� VKRXOG� EH� UXQ� DW� DURXQG� WKH� VDPH� GHSWK�� � 'HSWK� VKRXOG� EH
FRQVWDQW� DFURVV� WKH� OHQJWK�RI� D� WUDQVHFW�� � ,GHDOO\� VXUYH\V� VKRXOG�RQO\�EH� FRQGXFWHG� DW
GHSWKV� UHSUHVHQWLQJ�PXOWLSOHV�RI���P� ��P����P���P�HWF��� �'HSWK� LV� GHILQHG� DV�GHSWK
EHORZ�PHDQ�ORZ�ZDWHU�

��� $VSHFW���DOO�WUDQVHFWV�VKRXOG�EH�UXQ�DFURVV�D�VXUIDFH�ZLWK�D�UHODWLYHO\�FRQVLVWHQW�DVSHFW
�YHUWLFDO�VXUIDFH��KRUL]RQWDO�VXUIDFH�����GHJUHH�DQJOH�VXUIDFH��

��� ([SRVXUH���DOO�WUDQVHFWV�IRU�D�JLYHQ�VLWH�VKRXOG�KDYH�VLPLODU�H[SRVXUH�WR�SUHYDLOLQJ�ZDYH
RU�WLGDO�IORZV��LH�HLWKHU�RQ�WKH�H[SRVHG�RU�OHHZDUG�VLGH�RI�WKH�UHHI��

 ,W�QHHGV�WR�EH�UHFRJQLVHG�WKDW�QR�WZR�DUHDV�ZKHUH�D�WUDQVHFW�FDQ�EH�UXQ�DUH�LGHQWLFDO�VR�WKLV
UHTXLUHV� D� GHJUHH� RI� MXGJHPHQW�� 3UREOHPV� IURP� LQFRQVLVWHQFLHV� EHWZHHQ� WUDQVHFWV� FDQ� EH
DGGUHVVHG�E\�FDUHIXOO\�UHFRUGLQJ�UHOHYDQW�GDWD�DERXW�WKH�WUDQVHFWV�RQ�WKH�GDWD�VKHHWV�

• ,I�LW�LV�LQWHQGHG�WR�UHSHDWHGO\�PRQLWRU�D�JLYHQ�VLWH�WKHQ�LW�LV�LPSRUWDQW�WR�PDUN�WKH�VLWH�LQ�VXFK
D�ZD\�WKDW�LW�FDQ�EH�UHORFDWHG�DW�D�IXWXUH�GDWH���6WDU�SLFNHWV�PD\�EH�ZHGJHG�LQWR�FUHYLFHV�RQ�WKH
UHHI�DQG�ZLOO�VXUYLYH�IRU�D�IHZ�\HDUV�� �3ODVWLF�FDWWOH�HDU� WDJV�FDQ�EH�DWWDFKHG� WR� WKH�SLFNHW� WR
SURYLGH�D�ODEHO�LI�UHTXLUHG�

����� *HQHUDO�SURFHGXUH
7KH�JHQHUDO�DSSURDFK�LQYROYHV�OD\LQJ�D�WUDQVHFW�OLQH�DFURVV�WKH�VXEVWUDWXP�DQG�WKHQ�UHFRUGLQJ�WKH
SRLQWV�DORQJ�WKDW�OLQH�DW�ZKLFK�WKH�QDWXUH�RI�WKH�EHQWKLF�FRPPXQLWLHV�FKDQJH��)LJXUH����

• 7KH�WZHQW\�PHWUH�JXLGH�WDSH�URSH�LV�SODFHG�RYHU�WKH�VXEVWUDWXP�DQG�VHFXUHG�DW�HLWKHU�HQG�WR
PLQLPL]H�PRYHPHQW��:KHQ�OD\LQJ�RXW�WKH�WUDQVHFW�URSH�RU�WDSH��FDUH�VKRXOG�EH�WDNHQ�QRW�WR
GLVWXUE�WKH�DUHD��SDUWLFXODUO\�ZLWK�ILQV�

• 2QH�GLYHU�WKHQ�PRYHV�WR�WKH�VWDUW�RI�WKH�OLQH�WKH�RWKHU�WR�WKH����P�PDUN�RQ�WKH�OLQH�

• 7KH�GLYHUV�UHFRUG�WKH�PHWUH�PDUN�LQ�WKH�ILUVW�URZ�RI�WKH�0(75(�FROXPQ�RQ�WKHLU�GDWD�VKHHWV
�)RUP�/,7������'LYHU�RQH�UHFRUGV���P�DQG�GLYHU���UHFRUGV����P�

• (DFK�GLYHU�SODFHV�WKHLU���P�ZHLJKWHG�UXOHU�RYHU�WKH�VXEVWUDWXP�VR�WKDW�LW�LV�URXJKO\�DOLJQHG�WR
WKH�JXLGH�WDSH���7KH�ILUVW�GLYHU�HQVXUHV�WKDW�WKH�HQG�RI�WKHLU�UXOHU����FP��LV�DOLJQHG�ZLWK�WKH���P
PDUN�RQ�WKH�JXLGH�WDSH��7KH�VHFRQG�GLYHU�HQVXUHV�WKDW�WKH�HQG�RI�WKHLU�UXOHU����FP��LV�DOLJQHG
ZLWK�WKH����P�PDUN�RQ�WKH�JXLGH�WDSH�� �7KH�XVH�RI� WKH�ZHLJKWHG�UXOHU�SLQV�DQ\� ORRVH�SODQWV
GRZQ� DQG� RYHUFRPHV� WKH� SUREOHP� RI� PDFURDOJDH� RU� VHDJUDVVHV� PRYLQJ� DURXQG� XQGHU� WKH
LQIOXHQFH� RI� ZDYHV� DQG� FXUUHQWV� �WKLV� LV� SDUWLFXODUO\� LPSRUWDQW� LQ� VKDOORZ� RU� ZDYH� H[SRVHG
VLWHV��

• (DFK�GLYHU�WKHQ�ZULWHV�GRZQ�LQ�WKH�WKLUG�FROXPQ�RI�WKHLU�GDWD�VKHHW��ODEHOOHG�/,)()250��WKH
QDPH�RI�WKH�OLIHIRUP�DW�WKH�VWDUW�RI�WKHLU�UXOHU��HJ�785)��QRWH�WKDW�H[DPSOHV�RI�HDFK�OLIHIRUP



0HWKRGRORJLHV�IRU�UHHI�DVVHVVPHQW 3DJH���

DUH� VKRZQ� LQ� 3ODWHV� �� WR� ��� DW� WKH� HQG� RI� WKLV� DSSHQGL[��� � 7KLV� ZLOO� LGHQWLI\� WKH� GRPLQDQW
OLIHIRUP�RQ�WKLV�SRUWLRQ�RI�WKH�WUDQVHFW�

• 7KH�GLYHU� WKHQ�VFDQV�DORQJ� WKH� UXOHU�XQWLO� WKH\� ILQG�D�SRLQW� DW�ZKLFK� WKH�GRPLQDQW� OLIHIRUP
�LPPHGLDWHO\� XQGHU� WKH� UXOHU�� FKDQJHV�� �7KH� SRLQW� DW�ZKLFK� WKH� FKDQJH� RFFXUV� LV� FDOOHG� WKH
WUDQVLWLRQ�SRLQW���7KH�GLYHU�UHFRUGV�WKH�PHDVXUHPHQW��LQ�FP��DW�ZKLFK�WKH�WUDQVLWLRQ�RFFXUV�E\
ZULWLQJ�WKLV�LQ�WKH�FROXPQ�ODEHOOHG�75$16,7,21��)RUP�/,7����

• 7KH�GLYHU�WKHQ�UHFRUGV�WKH�QDPH�RI�WKH�OLIHIRUP�WKDW�LV�IRXQG�LQ�WKH�QH[W�SRUWLRQ�RI�WKH�UXOHU
LQ�WKH�QH[W�URZ�RI�WKH�/,)()250�FROXPQ�

• 7KH� GLYHU� ORRNV� IRU� WKH� QH[W� WUDQVLWLRQ� SRLQW� DQG� UHFRUGV� WKH� YDOXH� LQ� WKH� 75$16,7,21
FROXPQ���7KH�ODVW�WZR�VWHSV�DUH�UHSHDWHG�XQWLO�WKH�HQG�RI�WKH�UXOHU�LV�UHDFKHG��7KH�GLYHU�VKRXOG
DOZD\V�ZRUN�DORQJ�WKH�VDPH�HGJH�RI�WKHLU�UXOHU�

• 2Q�UHDFKLQJ�WKH�HQG�RI�WKH�UXOHU�WKH�GLYHU�UHFRUGV�WKH�YDOXH�RI�����FP�LQ�WKH�75$16,7,21
ILHOG��HYHQ�LI�WKH�FXUUHQW�OLIHIRUP�FRQWLQXHV�RQ�SDVW�WKH�HQG�RI�WKH�UXOHU��

• 7KH�UXOHU�LV�PRYHG�VR�WKDW�WKH�EHJLQQLQJ�LV�DOLJQHG�ZLWK�WKH�HQG�SRLQW�RI�WKH�ODVW�SODFHPHQW
DQG�VR�WKDW�WKH�UXOHU�LV�URXJKO\�DOLJQHG�ZLWK�WKH�JXLGH�WDSH�

• 7KH�DERYH�SURFHVV�LV�WKHQ�UHSHDWHG�ZLWK�WKH�GLYHU�UHFRUGLQJ�WKH�VWDUW�SRVLWLRQ�RI�WKH�UXOHU�LQ
WKH�0(75(�FROXPQ�� WKH� OLIHIRUP� LQ� WKH�/,)()250�FROXPQ�DQG� WKH�SRLQW�RQ� WKH� UXOHU�DW
ZKLFK�WKH�QH[W�WUDQVLWLRQ�RFFXUV�LQ�WKH�75$16,7,21�FROXPQ�

• ,QIRUPDWLRQ� VKRXOG� EH� UHFRUGHG� ZLWK� D� VSDWLDO� UHVROXWLRQ� RI� �� FP�� � 7KLV� PHDQV� WKDW� LI� D
OLIHIRUP�LV�IRXQG�IRU�D�FRQWLJXRXV�GLVWDQFH�RI�OHVV�WKDQ���FP�LW�LV�QRW�UHFRUGHG�

• ,I� WKH�ERWWRP�WRSRJUDSK\�VXGGHQO\�FKDQJHV� �HJ�D� FUHYLFH�RU� FKDQJH� LQ�GHSWK�� UHVXOWLQJ� LQ� D
JDS�RI����FP�RU�PRUH�EHWZHHQ� WKH� UXOHU�DQG� WKH� OLIHIRUPV�JURZLQJ�XQGHU� LW�� WKHQ� WKH�GLYHU
UHFRUGV�'''��PLVVLQJ�GDWD�� LQ�WKH�/,)()250�FROXPQ�� �7KH�GLYHU� WKHQ�FRQWLQXHV� WR�VFDQ
DORQJ�WKH�UXOHU�XQWLO�LW�DJDLQ�FRPHV�LQWR�FORVH�SUR[LPLW\�ZLWK�WKH�EHQWKRV��OHVV�WKDQ����FP��DQG
UHFRUG�WKDW�SRLQW�DV�WKH�75$16,7,21�

)LJXUH����6FKHPDWLF�YLHZ�RI�EHQWKRV�VKRZLQJ�/,7�

RCORAL (8)

SUBSTRATE  (12)

GFOLI  (28)

RFOLI  (49)

BRROBUST  (60)

RFOLI  (65)

GFOLI  (75)

BRROBUST  (100)
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7DEOH���([DPSOH�RI�GDWD�UHFRUGHG�IURP�/,7�VKRZQ�LQ�)LJXUH���

7UDQVHFW 0HWUH 7UDQVLWLRQ /LIHIRUP 6SHFLHV

� � � 5&25$/ 8QNQRZQ

�� 68%675$7(

�� *)2/, &DXOHUSD

�� 5)2/, $VSDUDJRSVLV

�� %5%5$1&+ &\VWRSKHUD

�� 5)2/, $VSDUDJRSVLV

�� *)2/, &DXOHUSD

��� %5)/$7 (FNORQLD

������� 'LYHU�WUDLQLQJ

���������2YHUYLHZ
,W�LV�LPSRUWDQW�WR�HQVXUH�WKDW�GLIIHUHQW�GLYHUV�UHFRUG�WKH�VDPH�LQIRUPDWLRQ�DERXW�WKH�EHQWKRV���,Q
RUGHU� WR�HQVXUH� WKDW� WKLV�KDSSHQV�GLYHUV�VKRXOG�EH� WUDLQHG� LQ� WKH�PHWKRGRORJ\�� �'LYHU� WUDLQLQJ
VKRXOG� FRQVLVW� RI� LQVWUXFWLRQ� LQ� WKH� XVH� RI� WKH� WHFKQLTXH� IROORZHG� E\� ILHOG� WUDLQLQJ� LQFOXGLQJ
FDOLEUDWLRQ�� 'LYHUV� QHHG� WR� EHFRPH� IDPLOLDU� ZLWK� WKH� /,7� PHWKRG�� WKH� WHUPLQRORJ\� XVHG� WR
GLVWLQJXLVK�YDULRXV�OLIHIRUPV�DQG�WKH�XVH�RI�WKH�NH\�IRU�LGHQWLILFDWLRQ��7DEOH�����7UDLQLQJ�VKRXOG
LQYROYH�WKH�IROORZLQJ�VWHSV�

• ,QWURGXFWLRQ� WR� WKH� PHWKRG� LQFOXGLQJ� DQ� H[SODQDWLRQ� RI� WKH� LPSRUWDQFH� RI� REWDLQLQJ
UHSHDWDEOH�TXDQWLWDWLYH�PHDVXUHPHQWV�

• ,QWURGXFWLRQ�WR�WKH�WHUPLQRORJ\�WR�HQVXUH�D�FRPPRQ�XQGHUVWDQGLQJ�RI�WHUPV�DQG�FRQFHSWV�

• ,QWURGXFWLRQ�WR�WKH�ELRWD�OLNHO\�WR�EH�HQFRXQWHUHG�LQFOXGLQJ�D�JHQHUDO�FRQVLGHUDWLRQ�RI�WKHLU
EDVLF�ELRORJ\��QRWH�WKDW�H[DPSOHV�RI�HDFK�OLIHIRUP�DUH�VKRZQ�LQ�3ODWHV���WR����DW�WKH�HQG�RI
WKLV�DSSHQGL[��

• 6LPXODWHG�WUDQVHFWV�RQ�ODQG�WR�IDPLOLDULVH�GLYHUV�ZLWK�WKH�PHWKRG�DQG�HTXLSPHQW�

• )LHOG� LGHQWLILFDWLRQ�RI� OLIHIRUPV�� �)LHOG�EDVHG� H[HUFLVHV� WR� LQWURGXFH�GLYHUV� WR� WKH� OLIHIRUPV
DQG�WR�GHYHORS�VNLOOV�LQ�DVVLJQLQJ�GLIIHUHQW�RUJDQLVPV�WR�WKH�YDULRXV�OLIHIRUP�FDWHJRULHV�

• )LHOG�SUDFWLFH�DQG�FDOLEUDWLRQ�RI�GLYHUV���)LHOG�FDOLEUDWLRQ�RI�GLYHUV�VKRXOG�EH�FDUULHG�RXW�LQ�D
ORFDWLRQ�ZKLFK�KDV�D�YDULHW\�RI�ELRWD��EXW� LV� UHODWLYHO\�VLPSOH� IRU�GLYLQJ� �LH�JRRG�FRQGLWLRQV
ZLWK�OLWWOH�RU�QR�VXUJH�ZDYH�DFWLRQ���7KLV�DOORZV�GLYHUV�WR�EHFRPH�IDPLOLDU�ZLWK�WKH�XVH�RI�WKH
WHFKQLTXH�XQGHUZDWHU�

���������,GHQWLILFDWLRQ�RI�OLIHIRUPV
$OJDH�FDQ�EH�FODVVLILHG�LQWR�GLIIHUHQW�OLIHIRUPV�EDVHG�RQ�FRORXU��VL]H��VKDSH�DQG�WH[WXUH��7DEOH��
KDV� EHHQ� VHWXS� WR� SURYLGH� XVHUV� ZLWK� D� ILHOG� NH\� WR� WKH� DOJDO� OLIHIRUPV�� � 7KLV� WDEOH� VKRXOG� EH
FRSLHG� RQWR� XQGHUZDWHU� SDSHU� DQG� WDNHQ� ZLWK� GLYHUV� WR� XVH� DV� D� UHDG\� UHIHUHQFH� IRU� ILHOG
LGHQWLILFDWLRQV���7R�XVH�WKLV�WDEOH�ILUVWO\�GHFLGH�WR�ZKLFK�FRORXU�JURXS�WKH�DOJD�EHORQJV�DQG�WKHQ
XVH� LQIRUPDWLRQ� DERXW� WKH� VL]H�� VKDSH� DQG� WH[WXUH� WR� FKRRVH� WKH� FRUUHFW� URZ�� � )RU� H[DPSOH� D
JUHHQ�DOJD��FKRRVH�FROXPQ�JUHHQ��ZKLFK� LV����FP�KLJK��KDV�D�EXVK\�PRUSKRORJ\�DQG� LV� VRIW� LQ
WH[WXUH��FKRRVH�URZ����⇒�/,)()250 *)2/,�
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7DEOH����$OJDO�OLIHIRUP�LGHQWLILFDWLRQ�FKDUW���,GHQWLI\�WKH�FROXPQ�EDVHG�RQ�WKH�FRORXU�RI�WKH�DOJD�DQG�WKHQ
XVH�WKH�LQIRUPDWLRQ�DERXW�VL]H��VKDSH�DQG�WH[WXUH�WR�GHILQH�WKH�UHOHYDQW�URZ���7KH�OLIHIRUP�FRGH�LV�VKRZQ�LQ
WKH�FHOOV�ZLWK�WKH�JUH\�EDFNJURXQG�

0RUSKRORJ\ &RORXU
6L]H��FP� 6KDSH 7H[WXUH 5HG *UHHQ %URZQ

���FP )LQH�IHDWKHU\ 6RIW��
VOLP\

785) 785) 785)

6XUIDFH�FUXVW +DUG 5(1& � %5(1&

����� %UDQFKHG�DQG�VSLN\�RU�IHUQ
OLNH

+DUG�
EULWWOH

5&25$/ � �

������ 0HPEUDQRXV���VKHHW�OLNH��
VDFN�OLNH

6RIW�PD\
EH�VOLP\

50(0 *0(0 %50(0

������ %XVK\��IUHTXHQWO\�EUDQFKHG 6RIW 5)2/, *)2/, %5)2/,

������ )ODWWHQHG�DQG�URXQGHG�RU�IDQ
VKDSHG

)LUP 5/2%( */2%( %5/2%(

����!��� 5REXVW��EUDQFKHG�ZLWK�UREXVW
RU�OHDI�OLNH�EODGHV

/HDWKHU\�
WRXJK

552% � �

������� 5REXVW��IODWWHQHG�EODGHV�PD\
EH�FRUUXJDWHG�RU�VPRRWK�ZLWK
ZHOO�GHILQHG�VWDON�DW�EDVH

/HDWKHU\�
WRXJK

� � %5)/$7

������� 5REXVW��EUDQFKHG�RIWHQ�EXVK\
LQDSSHDUDQFH��2QH�RU�PRUH
WRXJK�FHQWUDO�VWDONV

/HDWKHU\�
WRXJK

� � %5%5$1&+

������ /XPS\�RU�VSKHULFDO )LUP � */803 �
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7DEOH���JLYHV�D�GHILQLWLRQ�RI�HDFK�RI�WKH�OLIHIRUP�FRGHV�XVHG�DQG�OLVWV�VRPH�RI�WKH�UHSUHVHQWDWLYH
WD[D�LW�FRYHUV���7DEOH���JLYHV�D�OLVW�RI�OLIHIRUP�FRGHV�IRU�WKH�QRQ���DOJDO�WD[D�VXUYH\HG�

7DEOH����$OJDO�OLIHIRUPV�ZLWK�UHSUHVHQWDWLYH�VSHFLHV

/LIHIRUP�FRGH 'HVFULSWLRQ 5HSUHVHQWDWLYH�WD[D

%5(1& %URZQ�HQFUXVWLQJ�DOJDH 5DOIVLD

%5)2/, %URZQ�IROLDFHRXV�DOJDH +DORSWHULV��&ODGRVWHSKXV��/RERVSLUD

%5)/$7 %URZQ�UREXVW�DOJDH�ZLWK� ODUJH� IODWWHQHG�EODGHV� �PXFK�EURDGHU� WKDQ

WKLFN����QRW�PHPEUDQRXV�EHFDXVH�YHU\�UREXVW

(FNORQLD��'XUYLOODHD��0DFURF\VWLV

%5%5$1&+ %URZQ� UREXVW� DOJDH� ZLWK� KLJKO\� EUDQFKHG� KDELW� �EODGHV� QRW� PXFK

EURDGHU�WKDQ�WKH\�DUH�WKLFN�

&\VWRSKRUD� VSS�� 6DUJDVVXP�� &DXORF\VWLV�� $FURFDUSLD�

6F\WRWKDOLD��6HLURFRFFXV��;LSKRSKRUD

%5/2%( %URZQ�OREHG�DOJDH =RQDULD��3DGLQD��7XUELQDULD��/RERSKRUD

%50(0 %URZQ�PHPEUDQRXV�DOJDH 6F\WRVLSKRQ�

785) 7XUILQJ�DOJDH��DOO�FRORXUV� 6SKDFHODULD��(FWRFDUSXV��&HULDPLXP��&ODGRSKRUD

*)2/, *UHHQ�IROLDFHRXV�DOJDH &DXOHUSD� VSS�� &ODGRSKRUD�� &KDHWRPRUSKD�� $SMRKQLD�

&RGLXP��%U\RSVLV

*/2%( *UHHQ�OREHG�DOJDH 'LFW\RVSKDHULD��$YUDLQYLOOHD

*/803 *UHHQ�OXPS\�DOJDH &RGLXP�VSS

*0(0 *UHHQ�PHPEUDQRXV�DOJDH 8OYD�VSS

5&25$/ 5HG�FRUDOOLQH�DOJDH &RUDOOLQD��0HWDJRQLDOLWKRQ�

5(1& 5HG�HQFUXVWLQJ�DOJDH 6SRUROLWKRQ

5)2/, 5HG�IROLDFHRXV�DOJDH 3ORFDPLXP�� 3KDFHORFDUSXV�� 1L]\PHQLD�� *HOLGLXP�

3WHURFODGLD

552% 5HG�UREXVW�DOJDH 2VPXQGDULD��/HQRUPDQGLD

5/2%( 5HG�OREHG�DOJDH 3H\VVRQQHOLD

50(0 5HG�PHPEUDQRXV�DOJDH *ORLRVDFFKLRQ��3DFK\GLFW\RQ

7DEOH� ��� /LVW� RI� DQLPDO� OLIHIRUP� FRGHV� DQG� DVVRFLDWHG� WD[D�� /LIHIRUP� FRGHV� LQ� EROG� W\SH� UHSUHVHQW� WKRVH
ZKLFK�DUH�FRPPRQO\�IRXQG�XVLQJ�WKH�/,7�PHWKRG��7KRVH�XQGHUOLQHG�RFFXU�IUHTXHQWO\�

%URDG�FDWHJRU\ /LIHIRUP�FRGH 7D[D�LQFOXGHG

6SRQJHV $0263 $PRUSKRXV�VSRQJHV

',63 'LVFUHHW�VSRQJHV

0ROOXVFV *$67 *DVWURSRGV

23,6 2SLVWKREUDQFKV

%,9 %LYDOYHV

$VFLGLDQV &2/$6& &RORQLDO�DVFLGLDQV

67$6& 6WDONHG�DVFLGLDQV

2$6& 2WKHU�DVFLGLDQV

(FKLQRGHUPV 85&+,1 8UFKLQV

&26& &RVFLQDVWDULDV�VWDUILVK

&5,1 &ULQRLGV

67$5 6WDUILVK��DOO�RWKHU�W\SHV�

:RUPV 78%32/ 7XEH�SRO\FKDHWHV

32/ 2WKHU�SRO\FKDHWHV

6$%(/ 6DEHOOLG�ZRUPV

+2/2 +RORWKXULDQV

+\GURLGV +<' +\GULRGV

$QHPRQHV $1(0 $QHPRQHV

&RUDO &25$/ &RUDOV

&UXVWDFHDQV &5$% &UDEV

*226 *RRVH�EDUQDFOHV

&586 2WKHU�FUXVWDFHDQV

���������,Q�ZDWHU�GLYHU�WUDLQLQJ�DQG�FDOLEUDWLRQ
• 2QH�RU�PRUH� WUDLQLQJ� WUDQVHFWV� VKRXOG� �EH� VHW� XS� IRU� WKH� WUDLQLQJ� DQG� FDOLEUDWLRQ�RI�GLYHUV�
,QLWLDOO\�WKHVH�VKRXOG�EH�UHODWLYHO\�VKRUW������P����'LYHUV�VKRXOG�LQLWLDOO\�VZLP�WKH�WUDQVHFW� LQ
SDLUV� WDNLQJ� WXUQV� LQ� LGHQWLI\LQJ� WKH� OLIHIRUPV� WKDW� WKH\� HQFRXQWHU�� �:LWK� HDFK� QHZ� OLIHIRUP
GLYHUV� VKRXOG� FKHFN� WKH� LGHQWLILFDWLRQV�ZLWK� WKHLU� EXGG\��7KLV� H[HUFLVH� VKRXOG�SURFHHG�XQWLO
ERWK�GLYHUV�DUH�VDWLVILHG�WKDW�WKH\�NQRZ�DQG�DJUHH�RQ�DOO�OLIHIRUPV�DORQJ�WKH�WUDQVHFW�

• 'LYHUV� VKRXOG� WKHQ�PRYH� WR� WKH� VWDUW�RI� WKH� WUDQVHFW� DQG� OD\�GRZQ� WKH���P�ZHLJKWHG� UXOHU�
(DFK�GLYHU�WKHQ�WDNHV�D�WXUQ�WR�UHFRUG�WKH�OLIHIRUPV�DQG�WUDQVLWLRQV�IRU�WKH���P�VHJPHQW�
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• $W� WKH� HQG� RI� WKH� �P� VHJPHQW� GLYHUV� VKRXOG� WKHQ� FRPSDUH� UHVXOWV� DQG� UHVROYH
XQFHUWDLQWLHV�PLV�LGHQWLILFDWLRQV�� �1RWH� WKDW�D�GLIIHUHQFH�RI���FP�RU� OHVV� LQ� WKH� UHFRUGLQJ�RI
DQ\�WUDQVLWLRQ�SRLQW�LV�FRQVLGHUHG�DFFHSWDEOH���,I�ODUJHU�GLIIHUHQFHV�RFFXU�GLYHUV�VKRXOG�HQVXUH
WKDW�WKH\�DUH�ERWK�UHDGLQJ�WKH�VDPH�VLGH�RI�WKH�UXOHU�DQG�WKDW�WKH\�DUH�VLJKWLQJ�IURP�WKH�VDPH
DQJOH�WR�HQVXUH�WKDW�SDUDOOD[�HUURUV�DUH�PLQLPLVHG�

• 'LYHUV�VKRXOG�WKHQ�UHSHDW�WKH�ODVW�WZR�VWHSV�IRU�HDFK���P�VHJPHQW�RI�WKH�WUDLQLQJ�WUDQVHFW���,I
UHTXLUHG�DGGLWLRQDO�WUDLQLQJ�WUDQVHFWV�VKRXOG�EH� ODLG�RXW�IRU�GLYHUV� WR�XVH� LQ�GHYHORSLQJ�WKHLU
VNLOOV�

• 2Q�FRPSOHWLRQ�RI�WKH�WUDLQLQJ�WUDQVHFWV�GLYHUV�VKRXOG�OD\�RXW�D�FDOLEUDWLRQ�WUDQVHFW����P��DQG
LQGLYLGXDOO\�ZRUN�DORQJ� LW� UHFRUGLQJ�GDWD� IRU�HDFK���P�VHJPHQW�� �$W� WKH�HQG�RI� WKH� WUDQVHFW
WKH\� VKRXOG� WKHQ� UHYLHZ� WKH� GDWD� IRU� WKH� IXOO� ��P� OHQJWK� DQG� UHVROYH� DQ\� GLVFUHSDQFLHV� LQ
UHFRUGHG� GDWD�� 7KLV� H[HUFLVH� PD\� QHHG� WR� EH� UHSHDWHG� VHYHUDO� WLPHV� EHIRUH� UHVXOWV� DUH
FRQVLVWHQW�EHWZHHQ�GLYHUV�

'DWD� IURP� WKHVH� WUDLQLQJ� WUDQVHFWV� VKRXOG� EH� NHSW� DV� RULJLQDOO\� UHFRUGHG� DV� LW� FDQ� SURYLGH
LPSRUWDQW�LQIRUPDWLRQ�DERXW�VDPSOLQJ�YDULDELOLW\�DQG�WKH�HIIHFWLYHQHVV�RI�WUDLQLQJ��7UDLQLQJ�GLYHV
DOVR�VHUYH�DV�YDOXDEOH�IDPLOLDULVDWLRQ�WLPH�IRU�GLYHUV�WR�EHFRPH�FRPSHWHQW�DW�ZRUNLQJ�XQGHUZDWHU�

�������'DWD�UHFRUGLQJ
• %HIRUH�HDFK�GLYH��WKH�QDPH�RI�WKH�GLYHU�DQG�WKHLU�EXGG\�VKRXOG�EH�ZULWWHQ�RQ�HDFK�GDWD�VKHHW�

'HWDLOV�DERXW�WKH�VLWH�DQG�WUDQVHFW�ORFDWLRQ�VKRXOG�DOVR�EH�UHFRUGHG�DORQJ�ZLWK�UHOHYDQW�GDWD
RQ�DPELHQW�ZDWHU�ZHDWKHU�FRQGLWLRQV�

• 2QFH�LQ�WKH�ZDWHU�RQH�GLYHU�OD\V�RXW�WKH�WUDQVHFW�OLQH���7KH�VHFRQG�GLYHU�VKRXOG�UHFRUG�GHWDLOV
IRU� WKH� WUDQVHFW�� 7KLV� ZLOO� LQFOXGH� GHSWK�� YLVLELOLW\� DQG� FRPPHQWV� DERXW� WKH� JHQHUDO
DSSHDUDQFH�RI�WKH�VLWH�

• 'LYHUV� VKRXOG� WKHQ� SURFHHG� WR� UHFRUG� GDWD� IRU� WKHLU� UHVSHFWLYH� VHFWLRQV� RI� WUDQVHFW� LQ� WKH
PDQQHU�GHVFULEHG�DERYH�� WKDW� LV�� UHFRUGLQJ� OLIHIRUP�FRGHV�DQG� WUDQVLWLRQ�SRLQWV� IRU�HDFK�RI
WKH� OLIHIRUPV� HQFRXQWHUHG�� 'LYHUV� VKRXOG� WDNH� FDUH� WR� UHFRUG� RQO\� WKH� RUJDQLVPV� GLUHFWO\
EHQHDWK�WKH�UXOHU��LH�WRS�OD\HU���DQG�DOZD\V�ZRUN�DORQJ�WKH�VDPH�HGJH�RI�WKH�UXOHU�HJ�RQO\�XVH
WKH�WRS�HGJH�UDWKHU�WKDQ�VZLWFKLQJ�IURP�WRS�WR�ERWWRP��,I�XQVXUH�RI�DQ�LGHQWLILFDWLRQ�D�EHVW
JXHVV� VKRXOG�EH� UHFRUGHG� DORQJ�ZLWK� VRPH�QRWHV� DERXW� WKH� DSSHDUDQFH�RI� WKH�RUJDQLVP� LQ
TXHVWLRQ���2QFH�WKH�WUDQVHFW�KDV�EHHQ�FRPSOHWHG�EXGGLHV�FDQ�KHOS�UHVROYH�XQFHUWDLQWLHV�IRU
RQH�DQRWKHU�

• 8SRQ�FRPSOHWLRQ�GDWD� VKHHWV� DQG� VODWHV� VKRXOG�EH�SODFHG� LQ� D� FDWFKEDJ�� WUDQVHFW� OLQH�WDSH
DQG�UXOHUV�UHWULHYHG�DQG�GLYHUV�VKRXOG�DVFHQG�DV�SHU�QRUPDO�

• ,PPHGLDWHO\�XSRQ�FRPSOHWLRQ�RI�WKH�GLYH�WKH�GLYHUV�VKRXOG�VZDS�VODWHV�IRU�FKHFNLQJ��RU�KDYH
D�GLYH�VXSHUYLVRU�FKHFN�WKHP���6ODWHV�VKRXOG�EH�FKHFNHG�IRU�UHDGDELOLW\�DQG�SURSHU�UHFRUGLQJ
RI�OLIHIRUP�FRGHV��$Q\�SUREOHPV�HQFRXQWHUHG�VKRXOG�EH�GLVFXVVHG�DW�WKLV�WLPH�ZKLOH�WKH\�DUH
VWLOO�IUHVK�LQ�WKH�GLYHU·V�PHPRU\�

�������'DWD�3URFHVVLQJ
'HWDLOV� RI� WKH� GD\·V� GLYLQJ� VKRXOG� EH� UHFRUGHG� LQ� D� GLDU\�� DQG� GDWD� VKRXOG� EH� HQWHUHG� LQWR� D
GDWDEDVH��5HFRUGV�VKRXOG�EH�HQWHUHG�LQWR�D�GDWD�WDEOH��LQ�D�VLPLODU�IRUPDW�WR�7DEOH�����HDFK�ZLWK�D
XQLTXH�VDPSOH� LGHQWLILHU�� OLIHIRUP�DQG� WUDQVLWLRQ�SRLQW��$OO�GDWD�HQWHUHG�VKRXOG�EH�FKHFNHG�DQG
YHULILHG�E\�D�VHFRQG�SHUVRQ�DIWHU�HQWU\��DQG�GDWD�VKRXOG�DOZD\V�EH�EDFNHG�XS�

�������'DWD�$QDO\VLV
6XPPDU\�GDWD�VKRZLQJ�SHUFHQW�FRYHUDJH�RI�HDFK�OLIHIRUP�FDQ�EH�FDOFXODWHG�IURP�WKH�/,7�GDWD�LQ
WKH�IROORZLQJ�ZD\�
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• /HQJWKV� RI� WKH� WUDQVHFW� FRYHUHG� E\� HDFK� OLIHIRUP� FDWHJRU\� FDQ� EH� FDOFXODWHG� E\� WDNLQJ� WKH
WUDQVLWLRQ� SRLQW� IRU� HDFK� HQWU\� DQG� VXEWUDFWLQJ� WKH� SUHYLRXV� WUDQVLWLRQ�� HJ� LI� WKH� WUDQVLWLRQ
UHFRUGHG�IRU�5)2/,� LV������ DQG� WKH�SUHYLRXV� WUDQVLWLRQ� LV������ WKHQ� WKH� OHQJWK�FRYHUHG�E\
5)2/,�LV����FP�

• )RU�HDFK�OLIHIRUP�FDWHJRU\�WKH�OHQJWKV�VKRXOG�WKHQ�EH�VXPPHG��GLYLGHG�E\�WKH�WRWDO�OHQJWK�RI
WKH�WUDQVHFW�PLQXV� WKH�DPRXQW� UHFRUGHG�DV�´'''µ��QR�GDWD�� VHH�DERYH��DQG�PXOWLSOLHG�E\
����WR�JHW�WKH�SHUFHQW�FRYHUDJH�IRU�WKDW�OLIHIRUP�RYHU�WKH�ZKROH�WUDQVHFW��7KLV�SURFHVV�FDQ�EH
IRUPXODULVHG�DV�IROORZV�

�������������������3HUFHQW�FRYHU�OLIHIRUP�$� �
L

Y D
A∑

∑−
× 100
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 �����



0HWKRGRORJLHV�IRU�UHHI�DVVHVVPHQW 3DJH���

������� 3ODWHV

Plate 4: Gracilaria cliftonii, an example of
RFOLI

Plate 3: Haliptilon roseum, an example of
RCORAL

Plate 1: Turfing red algae, an example of
TURF

Plate 2: Encrusting red algae, an example of
RENC (Taken from Australian Marine 

Life, Edgar 1997)
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Plate 5: Dasya sp., an example of
RFOLI

Plate 6: Lobophora variegata, an
example of BRLOBE

Plate 7: Caulerpa sp., an example of
GFOLI

Plate 8: Osmundaria prolifera, an example of
RROB (Taken from Australian Marine 

Life, Edgar 1997)
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Plate 9: Ecklonia radiata, an example of
BRFLAT

Plate 10: Cystophora intermedia, an example of
BRBRANCH (Taken from Australian Marine 

Life, Edgar 1997)

Plate 11: Codium sp., an example of
GLUMP
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����� )RUP�/,7��
'LYHUV�QDPH� 7UDQVHFW� 

*URXS�&OXE�QDPH� 7LPH�RI�GD\ 

'DWH 5HHI�QDPH�RU�*36�FRRUG 

����������� $VSHFW� +RUL]RQWDO 9HUWLFDO ���GHJUHHV 'HSWK��P�� 

([SRVXUH� 6HDZDUG /HHZDUG

0HWUH 7UDQVLWLRQ /LIHIRUP 6SHFLHV 0HWUH 7UDQVLWLRQ /LIHIRUP 6SHFLHV
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���� $SSHQGL[�%�0HWKRGRORJ\�IRU�XVLQJ�TXDGUDW
VDPSOLQJ�IRU�WKH�VXUYH\�RI �WHPSHUDWH�URFN\�UHHIV
������ $EVWUDFW

7KH�TXDGUDW�PHWKRG�SURYLGHV�RQH�DSSURDFK�WR�WKH�VXUYH\�RI�PDULQH�EHQWKLF�KDELWDWV��,W�LV�ZLGHO\
XVHG� LQ� ERWK� WHUUHVWULDO� DQG�PDULQH� HFRV\VWHPV�� �7KLV� WHFKQLTXH� LV� VLPSOH� WR� XVH� DQG� SURYLGHV
JRRG�GDWD�RQ�WKH�QDWXUH�RI�VHVVLOH�DQG�VHGHQWDU\�FRPPXQLWLHV�RQ�UHHIV���,PSRUWDQWO\��WKH�PHWKRG
LV�QRQ�GHVWUXFWLYH�DQG�WKHUHIRUH�VXLWDEOH�IRU�VXUYH\V�RI�HFRORJLFDOO\�VHQVLWLYH�KDELWDWV�

'DWD�DUH�FROOHFWHG�E\�SDLUV�RI�GLYHUV�ZKR�OD\�RXW�D�OLQH��URSH�RU�WDSH��DFURVV�WKH�VHDEHG���'LYHUV
WKHQ�SODFH�D�TXDGUDW�RI�D�SDUWLFXODU�VL]H�DW�UDQGRP�SRLQWV�DORQJ�WKH�OLQH��DQG�UHFRUG�DEXQGDQFHV
IRU�VHVVLOH�VHGHQWDU\�ELRWD�

7KLV�PHWKRG�FRPSOLPHQWV�WKH�OLQH�LQWHUFHSW�WUDQVHFW��/,7��PHWKRG�ZKLFK�FRQFHUQV�PDLQO\�DOJDO
FRYHU�� ,W� SURYLGHV� TXDQWLWDWLYH� GDWD� WKDW� FDQ� EH� DQDO\VHG� RU� LQWHUSUHWHG� WR� GHYHORS� RXU
XQGHUVWDQGLQJ�DERXW�WKH�VWDWXV�RI�WKH�UHHI�FRPPXQLWLHV�

������ %DFNJURXQG
7KH�QRQ�GHVWUXFWLYH�TXDGUDW� VDPSOLQJ�PHWKRG�GHVFULEHG� EHORZ� LV� LQWHQGHG� WR� FRPSOLPHQW� WKH
/,7� RU� OLQH� LQWHUFHSW� WUDQVHFW� PHWKRG� E\� SURYLGLQJ� D� PHDQV� RI� DVVHVVLQJ� LQYHUWHEUDWH
FRPPXQLWLHV�WKDW�PD\�EH�DVVRFLDWHG�ZLWK�WHPSHUDWH�UHHI�V\VWHPV���6XUYH\�PHWKRGV�XVLQJ�TXDGUDW
VDPSOLQJ�DUH�FRPPRQO\�XVHG�LQ�ERWK�PDULQH�DQG�WHUUHVWULDO�V\VWHPV��7KH�PHWKRG�LV�FDUULHG�RXW�E\
SODFLQJ� D� TXDGUDW� RI� JLYHQ� VL]H� RYHU� WKH� VXEVWUDWXP�� $OO� XQLWDU\� RUJDQLVPV� ZLWKLQ� WKH� DUHD
FLUFXPVFULEHG� E\� WKH� TXDGUDW� DUH� FRXQWHG� WKXV� SURYLGLQJ� D� TXDQWLWDWLYH� PHDVXUH� RI� WKH
DEXQGDQFH�RI�HDFK�WD[D�JURXS�ZLWKLQ�WKDW�DUHD�

������ $GYDQWDJHV
• 7KH�TXDGUDW�VDPSOLQJ�PHWKRG�LV�QRQ�GHVWUXFWLYH�

• ,W�LV�HDV\�WR�LPSOHPHQW�DQG�GRHV�QRW�UHTXLUH�H[SHQVLYH�HTXLSPHQW�

• 4XDGUDWLQJ�SURYLGHV�TXDQWLWDWLYH�DEXQGDQFH�GDWD�ZKLFK�LV�D�XVHIXO�ELRORJLFDO�LQGH[�

• ,I�EURDG�OHYHO�WD[RQRPLF�FDWHJRULHV�DUH�XVHG��LQIRUPDWLRQ�DERXW�WKH�PDMRU�VWUXFWXUDO�HOHPHQWV
RI�WKH�UHHI�FDQ�EH�REWDLQHG�E\�SHRSOH�ZLWK�D�OLPLWHG�DPRXQW�RI�WUDLQLQJ�LQ�WKH�LGHQWLILFDWLRQ�RI
PDULQH�EHQWKLF�RUJDQLVPV�

������'LVDGYDQWDJHV
• 7KH�XVH�RI�EURDG�OHYHO�WD[RQRPLF�FDWHJRULHV�SURYLGHV�OLWWOH�WD[RQRPLF�UHVROXWLRQ�DQG�WKHUHIRUH
FDQQRW�EH�XVHG�LQ�EURDG�EDVHG�ELRGLYHUVLW\�DVVHVVPHQWV�

• 4XDGUDW�FRXQWV�GR�QRW�SURYLGH�D�FRQVLVWHQW�SUR[\�IRU�RWKHU�LQGLFHV�VXFK�DV�VWDQGLQJ�ELRPDVV
RU�FRYHU�

������ /RJLVWLFV
��������3HUVRQQHO

• $�WHDP�RI�DW� OHDVW���SHRSOH�LV�UHTXLUHG�FRPSULVLQJ���GLYHUV��ZRUNLQJ�WRJHWKHU��DQG�D�VXUIDFH
VXSSRUW�SHUVRQ�
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• 'LYHUV� QHHG� WR� XQGHUWDNH� WUDLQLQJ� LQ� WKH� LGHQWLILFDWLRQ� RI� WKH� RUJDQLVPV�� � ,GHDOO\� WUDLQLQJ
VKRXOG�EH�FDUULHG�RXW�LQ�WKH�ILHOG��VHH�EHORZ��DQG�LV�XQGHUWDNHQ�WR�HQVXUH�FRQVLVWHQF\�LQ�WKH
LQIRUPDWLRQ�UHFRUGHG�E\�GLIIHUHQW�SHRSOH�

• 'LYHUV�QHHG�WR�EH�DZDUH�RI�WKH�QHHG�WR�FDUHIXOO\�PRQLWRU�WKHLU�ERWWRP�WLPHV���,W�LV�HDV\�WR�ORVH
WUDFN�RI�WLPH�ZKHQ�PDNLQJ�GHWDLOHG�REVHUYDWLRQV�

��������(TXLSPHQW
• ([FHSW�LQ�YHU\�VKDOORZ�ZDWHU�WKH�PHWKRG�UHTXLUHV�GLYHUV�WR�RSHUDWH�RQ�6&8%$�RU�KRRNDK�

• (DFK� GLYH� WHDP� UHTXLUHV� �� ILEUHJODVV� VXUYH\LQJ� WDSH� RU� QRQ�EXR\DQW� URSH� PDUNHG� DW� �� P
LQWHUYDOV���7KLV�OLQH�VKRXOG�EH����P�LQ�OHQJWK�DQG�KDYH�D�KRRN�DQG�RU�OLJKW�OLQH�DW�HDFK�HQG�VR
WKDW�LW�FDQ�EH�DWWDFKHG�WR�WKH�VHDEHG�HLWKHU�E\�W\LQJ�RII�WR�UHHI�SURWXEHUDQFHV�RU�WR�ZHLJKWV�

• (DFK�GLYHU�UHTXLUHV�D����FP��TXDGUDW��7KH�TXDGUDW�QHHGV�WR�EH�PDGH�IURP�D�PDWHULDO�WKDW�ZLOO
DOORZ� LW� WR� VLQN� DQG� UHVW� ILUPO\� RQ� WKH� ERWWRP� �KHDY\� JDXJH� ZLUH� LV� UHFRPPHQGHG��� 7KH
TXDGUDW�VKRXOG�EH�PDUNHG�LQ�D�ZD\�WR�PDNH�LW�KLJKO\�YLVLEOH�XQGHUZDWHU�HLWKHU�E\�FRORXULQJ�LW
RU�PDUNLQJ�LW�ZLWK�IOXRUHVFHQW�IODJJLQJ�WDSH�

• (DFK�GLYHU�UHTXLUHV�DQ�XQGHUZDWHU�VODWH� �$��XQGHUZDWHU�SDSHU� LV�UHFRPPHQGHG��DQG�SHQFLOV
�WLHG�WR�WKH�VODWH��VKDUSHQHG�DW�ERWK�HQGV����(DFK�GLYHU�ZLOO�UHFRUG�GDWD�RQWR�WKLV�VKHHW�ZKLFK
VKRXOG� EH� SUH�SULQWHG� XVLQJ�ZDWHUSURRI� LQN� �GR� QRW� SULQW� XVLQJ� DQ� LQN�MHW� RU� EXEEOH�MHW
SULQWHU��RU�PDQXDOO\�UXOHG�XS�XVLQJ�D�SHQFLO���7KH�HDVLHVW�DSSURDFK�LV�WR�SKRWRFRS\�WKH�GDWD
VKHHW� ODEHOOHG�´4XDGUDW�VDPSOH�GDWDµ�DW� WKH�HQG�RI� WKLV�DSSHQGL[�RQWR�DUFKLWHFWXUDO�GUDIWLQJ
ILOP�RU�SHUPDQHQW�SDSHU��ZDWHUSURRI��

��������0DLQWHQDQFH
• $OO�HTXLSPHQW�VKRXOG�EH�ZDVKHG�LQ�IUHVKZDWHU�LPPHGLDWHO\�DIWHU�XVH��7KH�GDWD�VKHHWV�VKRXOG
EH�ZDVKHG�LQ�IUHVKZDWHU�WR�JHW�ULG�RI�VDOW�DQG�WKHQ�SHJJHG�RQWR�D�OLQH�WR�GU\�

������ 6LWH�VHOHFWLRQ
7R�XQGHUWDNH�D�FRPSOHWH�DVVHVVPHQW�RI�DQ\�UHHI� LW� LV�QHFHVVDU\� WR�GHWHUPLQH� WKH� UDQJH�RI� VLWHV
SUHVHQW�RQ�WKH�UHHI���7KLV�UHTXLUHV�D�FRQVLGHUDWLRQ�RI�D�QXPEHU�RI�LVVXHV�LQFOXGLQJ�WKH�RYHUDOO�VL]H
RI� WKH� UHHI� V\VWHP�� � ,PSRUWDQWO\�� KRZHYHU� UDWKHU� WKDQ� WU\LQJ� WR� FRYHU� WKH� ZKROH� UHHI� ZLWK� D
QXPEHU�RI�DG�KRF�VXUYH\V�LW�LV�EHWWHU�WR�REWDLQ�UHSOLFDWH�WUDQVHFWV�IURP�RQH�RU�PRUH�VSHFLILF�VLWHV
RQ�WKH�UHHI���,Q�RUGHU�WR�PDNH�D�TXDQWLWDWLYH�DVVHVVPHQW�LW�LV�EHWWHU�WR�KDYH���UHSOLFDWH�WUDQVHFWV
IURP�RQH�VLWH�UDWKHU�WKDQ�D�VLQJOH�WUDQVHFW�IURP�HDFK�RI�ILYH�VLWHV�

• $�VLWH�LV�GHILQHG�DV�D�SODFH�RQ�WKH�UHHI�ZKLFK�KDV�D�JHQHUDOO\�FRQVLVWHQW�SK\VLFDO�HQYLURQPHQW�
7KLV�VKRXOG�LQFOXGH�D�FRQVLGHUDWLRQ�RI�

��� 6XEVWUDWH�W\SH���SUHIHUDEO\�D�URFN\�KDELWDW�ZLWK�OLWWOH�RU�QR�VDQG�

��� 'HSWK� �� DOO� WUDQVHFWV� VKRXOG� EH� UXQ� DW� DURXQG� WKH� VDPH� GHSWK�� � 'HSWK� VKRXOG� EH
FRQVWDQW� DFURVV� WKH� OHQJWK�RI� D� WUDQVHFW�� � ,GHDOO\� VXUYH\V� VKRXOG�RQO\�EH� FRQGXFWHG� DW
GHSWKV� UHSUHVHQWLQJ�PXOWLSOHV�RI���P� ��P����P���P�HWF��� �'HSWK� LV� GHILQHG� DV�GHSWK
EHORZ�PHDQ�ORZ�ZDWHU�

��� $VSHFW���DOO�WUDQVHFWV�VKRXOG�EH�UXQ�DFURVV�D�VXUIDFH�ZLWK�D�UHODWLYHO\�FRQVLVWHQW�DVSHFW
�YHUWLFDO�VXUIDFH��KRUL]RQWDO�VXUIDFH�����GHJUHH�DQJOH�VXUIDFH��

��� ([SRVXUH���DOO�WUDQVHFWV�IRU�D�JLYHQ�VLWH�VKRXOG�KDYH�VLPLODU�H[SRVXUH�WR�SUHYDLOLQJ�ZDYH
RU�WLGDO�IORZV��LH�HLWKHU�RQ�WKH�H[SRVHG�RU�OHHZDUG�VLGH�RI�WKH�UHHI��
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 ,W�QHHGV�WR�EH�UHFRJQLVHG�WKDW�QR�WZR�DUHDV�ZKHUH�D�WUDQVHFW�FDQ�EH�UXQ�DUH�LGHQWLFDO�VR�WKLV
UHTXLUHV� D� GHJUHH� RI� MXGJHPHQW�� 3UREOHPV� IURP� LQFRQVLVWHQFLHV� EHWZHHQ� WUDQVHFWV� FDQ� EH
DGGUHVVHG�E\�FDUHIXOO\�UHFRUGLQJ�UHOHYDQW�GDWD�DERXW�WKH�WUDQVHFWV�RQ�WKH�GDWD�VKHHWV�

• ,I�LW�LV�LQWHQGHG�WR�UHSHDWHGO\�PRQLWRU�D�JLYHQ�VLWH�WKHQ�LW�LV�LPSRUWDQW�WR�PDUN�WKH�VLWH�LQ�VXFK
D�ZD\�WKDW�LW�FDQ�EH�UHORFDWHG�DW�D�IXWXUH�GDWH���6WDU�SLFNHWV�PD\�EH�ZHGJHG�LQWR�FUHYLFHV�RQ�WKH
UHHI�DQG�ZLOO�VXUYLYH�IRU�D�IHZ�\HDUV�� �3ODVWLF�FDWWOH�HDU� WDJV�FDQ�EH�DWWDFKHG� WR� WKH�SLFNHW� WR
SURYLGH�D�ODEHO�LI�UHTXLUHG�

������*HQHUDO�SURFHGXUH
7KH�JHQHUDO�DSSURDFK�LQYROYHV�OD\LQJ�RXW�TXDGUDWV�LQ�D�VWUDWLILHG�UDQGRP�SURFHGXUH��7KLV�FDQ�EH
DFKLHYHG�E\�OD\LQJ�D����P�WUDQVHFW�OLQH�DFURVV�WKH�VXEVWUDWXP�DQG�WKHQ�DVVLJQLQJ�WKH�SODFHPHQW�RI
TXDGUDWV�DFFRUGLQJ�WR�UDQGRP�GLVWDQFHV�DORQJ�WKDW�OLQH��$OO�VHGHQWDU\�RUJDQLVPV�ZLWKLQ�TXDGUDWV
DUH�LGHQWLILHG�DQG�FRXQWHG�

• %HIRUH�FRPPHQFLQJ�D�GD\V�ZRUN�D�VHULHV�RI�UDQGRP�QXPEHUV��EHWZHHQ���DQG�����QHHG�WR�EH
JHQHUDWHG�� %HIRUH� HDFK� GLYH�� ERWK� GLYHUV� ZLOO� QHHG� WR� UHFRUG� RQ� WKHLU� VODWHV� IRXU� UDQGRP
QXPEHUV�ZKLFK�LQGLFDWH�WKH�GLVWDQFH�DORQJ�WKH�WDSH�DW�ZKLFK�WKH\�ZLOO�VDPSOH�

• 7KH�WZHQW\�PHWUH�JXLGH�WDSH�URSH�LV�SODFHG�RYHU�WKH�VXEVWUDWXP�DQG�VHFXUHG�DW�HLWKHU�HQG�WR
PLQLPL]H�PRYHPHQW��:KHQ�OD\LQJ�RXW�WKH�WUDQVHFW�URSH�RU�WDSH��FDUH�VKRXOG�EH�WDNHQ�QRW�WR
GLVWXUE�WKH�DUHD��SDUWLFXODUO\�ZLWK�ILQV�

• 2QH�GLYHU�WKHQ�PRYHV�WR�WKH�VWDUW�RI�WKH�OLQH�WKH�RWKHU�WR�WKH����P�PDUN�RQ�WKH�OLQH�

• 7KH�GLYHUV�PRYH�DORQJ�WKH�WUDQVHFW�WKH�GLVWDQFH�VKRZQ�E\�WKH�ILUVW�RI�WKHLU�UDQGRP�QXPEHUV
DQG�UHFRUG�WKDW�GLVWDQFH�LQ�WKH�ILUVW�FROXPQ�RI�WKHLU�GDWD�UHFRUG�VKHHWV��)RUP�48$'���DW�WKH
HQG�RI�WKLV�VHFWLRQ��

• 7KH\�WKHQ�SODFH�WKHLU�TXDGUDW�ZLWK�WKH�ERWWRP�VLGH� LQ�FRQWDFW�ZLWK�WKH�WUDQVHFW� OLQH�DQG�WKH
OHIW�VLGH� LQ� OLQH�ZLWK�WKH�VDPSOLQJ�GLVWDQFH� �UDQGRP�QR���� �&DUH�VKRXOG�EH� WDNHQ� WR�PDLQWDLQ
WRSRJUDSKLFDO� FRQVLVWHQF\� LQ� VDPSOLQJ� TXDGUDWV�� 7KH� TXDGUDW� VKRXOG� EH� SODFHG� RQ� VXUIDFHV
ZLWK� DQ� LQFOLQDWLRQ� RI� QR�PRUH� WKDQ� IRUW\� ILYH� GHJUHHV�� ,I� LW� LV� IRXQG� WKDW� WKH� SRLQW� WR� EH
VDPSOHG� LV�SUHGRPLQDQWO\�PRUH�YHUWLFDO� WKDQ� WKLV�� WKHQ� WKH�TXDGUDW� VKRXOG�EH�SODFHG�RQ� WKH
QHDUHVW�VXUIDFH�WKDW�PHHWV�WKLV�UHTXLUHPHQW�

• 7KH�GLYHU�WKHQ�ZULWHV�GRZQ�LQ�WKH�VHFRQG�FROXPQ�RI�WKHLU�GDWD�VKHHW��ODEHOOHG�)LHOGFRGH��WKH
QDPH� RI� HDFK� WD[D� SUHVHQW� LQ� WKH� TXDGUDW� �HJ� 2$6&�� 78%32/� DQG� *$67��� � 7KH\� WKHQ
SURFHHG�WR�FRXQW�HDFK�RI�WKH�WD[D�DQG�UHFRUG�WKHLU�DEXQGDQFHV�LQ�WKH�WKLUG�FROXPQ��ODEHOOHG
$EXQGDQFH��

• 7KH�GLYHU�ORRNV�IRU�WKH�QH[W�VDPSOLQJ�SRLQW�DQG�UHFRUGV�WD[D�SUHVHQW�DQG�WKHLU�DEXQGDQFHV�IRU
WKDW� TXDGUDW�� 7KLV� SURFHVV� LV� UHSHDWHG� XQWLO� WKH� IRXU� TXDGUDWV� KDYH� EHHQ� FRPSOHWHG�� $Q
H[DPSOH�RI�D�W\SLFDO�VHW�RI�TXDGUDWV�LV�VKRZQ�LQ�7DEOH���
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7DEOH�����([DPSOH�RI�GDWD�UHFRUGHG�IURP�TXDGUDW�VDPSOLQJ�

'LVWDQFH��P� )LHOGFRGH $EXQGDQFH

��� 85&+,1 �

32/ �

78%32/ ��

� *$67 �

2$6& �

$0263 �

� %,9 �

*$67 �

67$6& �

��� ',63 �

&2/$6& �

78%32/ �

��������'LYHU�WUDLQLQJ

����������2YHUYLHZ
,W�LV�LPSRUWDQW�WR�HQVXUH�WKDW�GLIIHUHQW�GLYHUV�UHFRUG�WKH�VDPH�LQIRUPDWLRQ�DERXW�WKH�EHQWKRV���,Q
RUGHU� WR�HQVXUH� WKDW� WKLV�KDSSHQV�GLYHUV�VKRXOG�EH� WUDLQHG� LQ� WKH�PHWKRGRORJ\�� �'LYHU� WUDLQLQJ
VKRXOG� FRQVLVW� RI� LQVWUXFWLRQ� LQ� WKH� XVH� RI� WKH� WHFKQLTXH� IROORZHG� E\� ILHOG� WUDLQLQJ� LQFOXGLQJ
FDOLEUDWLRQ��'LYHUV�QHHG� WR�EHFRPH� IDPLOLDU�ZLWK� WKH�TXDGUDW�PHWKRG�� WKH� WHUPLQRORJ\�XVHG� WR
GLVWLQJXLVK�YDULRXV�WD[D�DQG�WKH�WD[D�WKHPVHOYHV��7UDLQLQJ�VKRXOG�LQYROYH�WKH�IROORZLQJ�VWHSV�

• ,QWURGXFWLRQ� WR� WKH� PHWKRG� LQFOXGLQJ� DQ� H[SODQDWLRQ� RI� WKH� LPSRUWDQFH� RI� REWDLQLQJ
UHSHDWDEOH�TXDQWLWDWLYH�PHDVXUHPHQWV�

• ,QWURGXFWLRQ�WR�WKH�WHUPLQRORJ\�WR�HQVXUH�D�FRPPRQ�XQGHUVWDQGLQJ�RI�WHUPV�DQG�FRQFHSWV�

• ,QWURGXFWLRQ�WR�WKH�ELRWD�OLNHO\�WR�EH�HQFRXQWHUHG�LQFOXGLQJ�D�JHQHUDO�FRQVLGHUDWLRQ�RI�WKHLU
EDVLF�ELRORJ\�

• 6LPXODWHG�WUDQVHFWV�RQ�ODQG�WR�IDPLOLDULVH�GLYHUV�ZLWK�WKH�PHWKRG�DQG�HTXLSPHQW�

• 3UDFWLFH�VHVVLRQV�LQ�LGHQWLILFDWLRQ�RI�FRPPRQ�WD[D�IURP�SLFWXUHV��7DEOH���VKRZV�ILHOG�FRGHV
XVHG�IRU�YDULRXV� WD[D� OLNHO\� WR�EH�HQFRXQWHUHG�RQ� UHHIV� LQ� WKH�*XOI�6W�9LQFHQW�� ´$XVWUDOLDQ
0DULQH�/LIHµ� �(GJDU��������FRQWDLQV�JRRG�SKRWRJUDSKLF� LOOXVWUDWLRQ�RI�PRVW�RUJDQLVPV� WKDW
DUH�OLNHO\�WR�EH�HQFRXQWHUHG�

• )LHOG� LGHQWLILFDWLRQ� RI� WD[D�� )LHOG� EDVHG� H[HUFLVHV� WR� LQWURGXFH� GLYHUV� WR� WKH� WD[D� DQG� WR
GHYHORS�VNLOOV�LQ�DVVLJQLQJ�GLIIHUHQW�RUJDQLVPV�WR�WKH�YDULRXV�WD[D�FDWHJRULHV�

• )LHOG�SUDFWLFH�DQG�FDOLEUDWLRQ�RI�GLYHUV���)LHOG�FDOLEUDWLRQ�RI�GLYHUV�VKRXOG�EH�FDUULHG�RXW�LQ�D
ORFDWLRQ�ZKLFK�KDV�D�YDULHW\�RI�ELRWD��EXW� LV� UHODWLYHO\�VLPSOH� IRU�GLYLQJ� �LH�JRRG�FRQGLWLRQV
ZLWK�OLWWOH�RU�QR�VXUJH�ZDYH�DFWLRQ���7KLV�DOORZV�GLYHUV�WR�EHFRPH�IDPLOLDU�ZLWK�WKH�XVH�RI�WKH
WHFKQLTXH�XQGHUZDWHU�
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7DEOH����7D[D�DQG�ILHOG�FRGHV�IRU�WKH�TXDGUDW�VDPSOLQJ�WHFKQLTXH

%URDG�FDWHJRU\ )LHOG�FRGH 5HSUHVHQWDWLYH�WD[D

6SRQJHV $0263 $PRUSKRXV�VSRQJHV

',63 'LVFUHHW�VSRQJHV

0ROOXVFV *$67 *DVWURSRGV

%,9 %LYDOYHV

23,6 2SLVWKREUDQFKV

$VFLGLDQV &2/$6& &RORQLDO�DVFLGLDQV

67$6& 6WDONHG�DVFLGLDQV

2$6& 2WKHU�DVFLGLDQV

(FKLQRGHUPV 85&+,1 8UFKLQV

&26& &RVFLQDVWDULDV�VWDUILVK

&5,1 &ULQRLGV

67$5 6WDUILVK��DOO�RWKHU�W\SHV�

:RUPV 78%32/ 7XEH�SRO\FKDHWHV

32/ 2WKHU�SRO\FKDHWHV

6$%(/ 6DEHOOLG�ZRUPV

+2/2 +RORWKXULDQV

+\GULRGV +<' +\GULRGV

$QHPRQHV $1(0 $QHPRQHV

&RUDO &25$/ &RUDOV

&UXVWDFHDQV &5$% &UDEV

*226 *RRVH�EDUQDFOHV

&586 2WKHU�FUXVWDFHDQV

����������,Q�ZDWHU�GLYHU�WUDLQLQJ�DQG�FDOLEUDWLRQ
• 2QH�RU�PRUH� WUDLQLQJ� WUDQVHFWV� VKRXOG� �EH� VHW� XS� IRU� WKH� WUDLQLQJ� DQG� FDOLEUDWLRQ�RI�GLYHUV�
,QLWLDOO\�WKHVH�VKRXOG�EH�UHODWLYHO\�VKRUW������P����'LYHUV�VKRXOG�LQLWLDOO\�VZLP�WKH�WUDQVHFW� LQ
SDLUV� WDNLQJ� WXUQV� LQ� LGHQWLI\LQJ� WKH� WD[D� WKDW� WKH\� HQFRXQWHU�� � :LWK� HDFK� QHZ� WD[D� GLYHUV
VKRXOG� FKHFN� WKH� LGHQWLILFDWLRQV� ZLWK� WKHLU� EXGG\�� 7KLV� H[HUFLVH� VKRXOG� SURFHHG� XQWLO� ERWK
GLYHUV�DUH�VDWLVILHG�WKDW�WKH\�NQRZ�DQG�DJUHH�RQ�PRVW�WD[D�DORQJ�WKH�WUDQVHFW�

• 'LYHUV�VKRXOG�WKHQ�OD\�GRZQ�WKHLU�TXDGUDWV�DQG�UHFRUG�WD[D�DQG�DEXQGDQFHV�SUHVHQW�

• :LWKRXW�PRYLQJ� WKH� TXDGUDWV� WKH� GLYHUV� VKRXOG� WKHQ� VZDS�� UH�VDPSOH� WKHQ� FRPSDUH� UHVXOWV
DQG�UHFRQFLOH�DQ\�GLIIHUHQFHV�

• 7KLV� SURFHVV� VKRXOG� EH� UHSHDWHG� VHYHUDO� WLPHV� XQWLO� WKH� LGHQWLILFDWLRQV� DQG� FRXQWV� DUH
UHDVRQDEO\�FRQVLVWHQW�EHWZHHQ�GLYHUV��:LWK�JURXSV�RI�GLYHUV�LW�LV�SUHIHUDEOH�WR�PL[�GLYHU�SDLUV
WR�HQVXUH�FRQVLVWHQF\�EHWZHHQ� WKH�ZKROH�JURXS��$GGLWLRQDO� WUDLQLQJ� WUDQVHFWV� VKRXOG�EH� ODLG
RXW�LI�UHTXLUHG�IRU�GLYHUV�WR�XVH�LQ�GHYHORSLQJ�WKHLU�VNLOOV�

'DWD� IURP� WKHVH� WUDLQLQJ� WUDQVHFWV� VKRXOG� EH� NHSW� DV� RULJLQDOO\� UHFRUGHG� DV� LW� FDQ� SURYLGH
LPSRUWDQW�LQIRUPDWLRQ�DERXW�VDPSOLQJ�YDULDELOLW\�DQG�WKH�HIIHFWLYHQHVV�RI�WUDLQLQJ��7UDLQLQJ�GLYHV
DOVR�VHUYH�DV�YDOXDEOH�IDPLOLDULVDWLRQ�WLPH�IRU�GLYHUV�WR�EHFRPH�FRPSHWHQW�DW�ZRUNLQJ�XQGHUZDWHU�

��������'DWD�UHFRUGLQJ
• %HIRUH�HDFK�GLYH��WKH�QDPH�RI�WKH�GLYHU�DQG�WKHLU�EXGG\�VKRXOG�EH�ZULWWHQ�RQ�HDFK�GDWD�VKHHW�

'HWDLOV�DERXW�WKH�VLWH�DQG�WUDQVHFW�ORFDWLRQ�VKRXOG�DOVR�EH�UHFRUGHG�DORQJ�ZLWK�UHOHYDQW�GDWD
RQ�DPELHQW�ZDWHU�ZHDWKHU�FRQGLWLRQV�

• 2QFH�LQ�WKH�ZDWHU�RQH�GLYHU�OD\V�RXW�WKH�WUDQVHFW�OLQH���7KH�VHFRQG�GLYHU�VKRXOG�UHFRUG�GHWDLOV
IRU� WKH� WUDQVHFW�� 7KLV� ZLOO� LQFOXGH� GHSWK�� YLVLELOLW\� DQG� FRPPHQWV� DERXW� WKH� JHQHUDO
DSSHDUDQFH�RI�WKH�VLWH�

• 'LYHUV� VKRXOG� WKHQ� SURFHHG� WR� UHFRUG� GDWD� IRU� WKHLU� UHVSHFWLYH� VHFWLRQV� RI� WUDQVHFW� LQ� WKH
PDQQHU�GHVFULEHG�DERYH��,I�XQVXUH�RI�DQ�LGHQWLILFDWLRQ�D�EHVW�JXHVV�VKRXOG�EH�UHFRUGHG�DORQJ
ZLWK�VRPH�QRWHV�DERXW�WKH�DSSHDUDQFH�RI�WKH�RUJDQLVP�LQ�TXHVWLRQ�� �2QFH� WKH� WUDQVHFW�KDV
EHHQ�FRPSOHWHG�EXGGLHV�FDQ�KHOS�UHVROYH�XQFHUWDLQWLHV�IRU�RQH�DQRWKHU�
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• 8SRQ�FRPSOHWLRQ�GDWD� VKHHWV� DQG� VODWHV� VKRXOG�EH�SODFHG� LQ� D� FDWFKEDJ�� WUDQVHFW� OLQH�WDSH
UHWULHYHG�DQG�GLYHUV�VKRXOG�DVFHQG�DV�SHU�QRUPDO�

• ,PPHGLDWHO\�XSRQ�FRPSOHWLRQ�RI�WKH�GLYH�WKH�GLYHUV�VKRXOG�VZDS�VODWHV�IRU�FKHFNLQJ��RU�KDYH
D�GLYH�VXSHUYLVRU�FKHFN�WKHP���6ODWHV�VKRXOG�EH�FKHFNHG�IRU�UHDGDELOLW\�DQG�SURSHU�UHFRUGLQJ
RI�WD[D�FRGHV��$Q\�SUREOHPV�HQFRXQWHUHG�VKRXOG�EH�GLVFXVVHG�DW�WKLV�WLPH�ZKLOH�WKH\�DUH�VWLOO
IUHVK�LQ�WKH�GLYHU·V�PHPRU\�

��������'DWD�3URFHVVLQJ
'HWDLOV� RI� WKH� GD\·V� GLYLQJ� VKRXOG� EH� UHFRUGHG� LQ� D� GLDU\�� DQG� GDWD� VKRXOG� EH� HQWHUHG� LQWR� D
GDWDEDVH��5HFRUGV�VKRXOG�EH�HQWHUHG�LQWR�D�GDWD�WDEOH��HDFK�ZLWK�D�XQLTXH�VDPSOH�LGHQWLILHU��WD[D
DQG�DEXQGDQFH�FRXQW��HJ�7DEOH�����$OO�GDWD�HQWHUHG�VKRXOG�EH�FKHFNHG�DQG�YHULILHG�E\�D�VHFRQG
SHUVRQ�DIWHU�HQWU\��DQG�GDWD�VKRXOG�DOZD\V�EH�EDFNHG�XS�

7DEOH����'DWD�WDEOH�IRU�TXDGUDW�GDWD�

7UDQVHFW 'LVWDQFH��P� )LHOGFRGH 7D[D $EXQGDQFH

� ��� 85&+,1 8UFKLQ �

� ��� 32/ 3RO\FKDHWH �

� ��� 78%32/ 7XEH�SRO\FKDHWHV ��

� � *$67 *DVWURSRG �

� � 2$6& $VLGLDQ �

� � $0263 $PRUSKRXV�VSRQJH �

� � %,9 %LYDOYH �

� � *$67 *DVWURSRG �

� � 67$6& 6WDONHG�DVFLGLDQ �

� ��� ',63 'LVFUHHWH�VSRQJH �

� ��� &2/$6& &RORQLDO�DVFLGLDQ �

� ��� 78%32/ 7XEH�SRO\FKDHWHV �
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������ )RUP�4XDG����
'LYHUV�QDPH� 7UDQVHFW� 

*URXS�&OXE�QDPH� 7LPH�RI�GD\ 

'DWH 5HHI�QDPH�RU�*36�FRRUG 

����������� $VSHFW� +RUL]RQWDO 9HUWLFDO ���GHJUHHV 'HSWK��P�� 

([SRVXUH� 6HDZDUG /HHZDUG

'LVWDQFH� )LHOGFRGH $EXQGDQFH 6SHFLHV�RU
FRPPHQW

'LVWDQFH� )LHOGFRGH $EXQGDQFH 6SHFLHV�RU
FRPPHQW
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���� $SSHQGL[�&��0HWKRGRORJ\�IRU�XVLQJ�ILVK�YLVXDO
FHQVXV�VDPSOLQJ�IRU�WKH�VXUYH\�RI �WHPSHUDWH

URFN\�UHHIV
������ $EVWUDFW

)LVK� YLVXDO� FHQVXV� LV� D�PHWKRG� RI� DVVHVVLQJ� ILVK� FRPPXQLWLHV�� ,W� LV� D� FRPPRQO\� XVHG�PHWKRG
ZKLFK� SURGXFHV� GDWD� ZKLFK� FDQ� EH� XVHG� WR� DVVHVV� VSDWLDO� RU� WHPSRUDO� FKDQJHV� LQ� UHHI� ILVK
DVVHPEODJHV�

'DWD� DUH� FROOHFWHG� E\� SDLUV� RI� GLYHUV� VZLPPLQJ� ���PHWUH� WUDQVHFWV� UHFRUGLQJ� ILVK� WD[D� SUHVHQW
ZLWKLQ� D� �� PHWUH� UDGLXV� DQG� WKHLU� DEXQGDQFHV�� 7KLV� HIIHFWLYHO\� JLYHV� DQ� HVWLPDWH� RI� WKH� ILVK
FRPPXQLW\�ZLWKLQ�D����PHWUH�E\���PHWUH�UDGLXV�WXQQHO��,W�SURYLGHV�TXDQWLWDWLYH�GDWD�WKDW�FDQ�EH
DQDO\VHG�RU�LQWHUSUHWHG�WR�GHYHORS�RXU�XQGHUVWDQGLQJ�DERXW�WKH�VWDWXV�RI�WKH�UHHI�FRPPXQLWLHV�

������ %DFNJURXQG
7KH� ILVK� YLVXDO� FHQVXV� PHWKRG� GHVFULEHG� EHORZ� LV� D� ZLGHO\� XVHG� PHWKRG� DGDSWHG� IRU� XVH� LQ
FRQMXQFWLRQ�ZLWK�WKH�OLQH�LQWHUFHSW�WUDQVHFW��/,7��DQG�QRQ�GHVWUXFWLYH�TXDGUDW�VDPSOLQJ�PHWKRGV
GHYHORSHG�IRU�WKLV�VWXG\��,W�UHSUHVHQWV�RQH�PHWKRG�IRU�WKH�TXDQWLWDWLYH�DVVHVVPHQW�RI�WHPSHUDWH
UHHI�FRPPXQLWLHV��$V�D�FRPSOHPHQW�WR�WKH�/,7�DQG�TXDGUDW�VDPSOLQJ�PHWKRGV�GHVFULEHG�LQ�WKLV
VWXG\�LW�LV�D�YDOXDEOH�WRRO�IRU�FRQVROLGDWLQJ�NQRZOHGJH�RI�WHPSHUDWH�UHHI�V\VWHPV�

7KH�PHWKRG�GHVFULEHG�EHORZ�LQYROYHV�GLYHUV�UHFRUGLQJ� ILVK� WD[D�DQG�DEXQGDQFHV�DORQJ�D����P
WUDQVHFW�ZLWKLQ�D���P�UDGLXV�RI�WKH�GLYHU��7KLV�PHWKRG�FDQ�TXLFNO\�DQG�HDVLO\�VXSSO\�TXDQWLWDWLYH
LQIRUPDWLRQ�DERXW�D�UDQJH�RI�ILVK�WD[D�ZKLFK�FDQ�EH�XVHG�LQ�WKH�PDQDJHPHQW�RI�WHPSHUDWH�UHHI
V\VWHPV��,QIRUPDWLRQ�FDQ�EH�FROOHFWHG�DW�D�YDULHW\�RI�WD[RQRPLF�OHYHOV��KRZHYHU��FROOHFWLRQ�DW�WKH
OHYHO�RI�WKH�FRPPRQ�QDPHV�RI�ILVK�LQ�D�SDUWLFXODU�UHJLRQ�PDNHV�WKH�PHWKRG�PRUH�HDVLO\�DGDSWHG
IRU�XVH�E\�FRPPXQLW\�JURXSV�

������ $GYDQWDJHV
• ,W�LV�HDV\�WR�LPSOHPHQW�DQG�GRHV�QRW�UHTXLUH�H[SHQVLYH�HTXLSPHQW�

• ,W�SURYLGHV�TXDQWLWDWLYH�DEXQGDQFH�GDWD�ZKLFK�LV�D�XVHIXO�ELRORJLFDO�LQGH[�

• 7KH�XVH�WD[RQRPLF�FDWHJRULHV�IDPLOLDU�WR�WKH�DYHUDJH�GLYHU�HQDEOHV�LQIRUPDWLRQ�DERXW�WKH�ILVK
FRPPXQLW\� RI� D� UHHI� WR� EH� REWDLQHG� E\� SHRSOH� ZLWK� D� OLPLWHG� DPRXQW� RI� WUDLQLQJ� LQ� WKH
LGHQWLILFDWLRQ�RI�PDULQH�RUJDQLVPV�

������ 'LVDGYDQWDJHV
• 7KH�XVH�RI�EURDG�OHYHO�WD[RQRPLF�FDWHJRULHV�SURYLGHV�OLWWOH�WD[RQRPLF�UHVROXWLRQ�DQG�WKHUHIRUH
FDQQRW�EH�XVHG�LQ�EURDG�EDVHG�ELRGLYHUVLW\�DVVHVVPHQWV�

• )LVK�PD\�EH�DWWUDFWHG�RU�UHSHOOHG�E\�WKH�SUHVHQFH�RI�D�GLYHU��(QJOLVK�HW�DO��������

• 3RWHQWLDO�IRU�HUURU�LQ�DEXQGDQFH�HVWLPDWHV�ZLWK�KLJKO\�PRELOH�DQG�RU�QXPHURXV�ILVK�

������ /RJLVWLFV
��������3HUVRQQHO

• $�WHDP�RI�DW� OHDVW���SHRSOH�LV�UHTXLUHG�FRPSULVLQJ���GLYHUV��ZRUNLQJ�WRJHWKHU��DQG�D�VXUIDFH
VXSSRUW�SHUVRQ�
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• 'LYHUV�QHHG�WR�XQGHUWDNH� WUDLQLQJ� LQ� WKH� LGHQWLILFDWLRQ�RI� WKH�RUJDQLVPV��7UDLQLQJ�VKRXOG�EH
FDUULHG�RXW� LQ�WKH�ILHOG��VHH�EHORZ��DQG�WKURXJK�XVH�RI�SLFWXUHV� WR�HQVXUH�FRQVLVWHQF\� LQ� WKH
LQIRUPDWLRQ�UHFRUGHG�E\�GLIIHUHQW�SHRSOH�

• 'LYHUV�QHHG�WR�EH�DZDUH�RI�WKH�QHHG�WR�FDUHIXOO\�PRQLWRU�WKHLU�ERWWRP�WLPHV���,W�LV�HDV\�WR�ORVH
WUDFN�RI�WLPH�ZKHQ�PDNLQJ�GHWDLOHG�REVHUYDWLRQV�

��������(TXLSPHQW
• ([FHSW�LQ�YHU\�VKDOORZ�ZDWHU�WKH�PHWKRG�UHTXLUHV�GLYHUV�WR�RSHUDWH�RQ�6&8%$�RU�KRRNDK�

• (DFK�GLYH�WHDP�UHTXLUHV���ILEUHJODVV�VXUYH\LQJ�WDSH�RU�QRQ�EXR\DQW�URSH���7KLV�OLQH�VKRXOG�EH
���P�LQ�OHQJWK�DQG�KDYH�D�KRRN�DQG�RU�OLJKW�OLQH�DW�HDFK�HQG�VR�WKDW�LW�FDQ�EH�DWWDFKHG�WR�WKH
VHDEHG�HLWKHU�E\�W\LQJ�RII�WR�UHHI�SURWXEHUDQFHV�RU�WR�ZHLJKWV�

• 2QH� GLYHU� UHTXLUHV� DQ� XQGHUZDWHU� VODWH� �$�� XQGHUZDWHU� SDSHU� LV� UHFRPPHQGHG�� DQG� SHQFLO
�WLHG�WR�WKH�VODWH��VKDUSHQHG�DW�ERWK�HQGV��� �7KLV�GLYHU�ZLOO�UHFRUG�GDWD�RQWR�WKH�VKHHW�ZKLFK
VKRXOG� EH� SUH�SULQWHG� XVLQJ�ZDWHUSURRI� LQN� �GR� QRW� SULQW� XVLQJ� DQ� LQN�MHW� RU� EXEEOH�MHW
SULQWHU��RU�PDQXDOO\�UXOHG�XS�XVLQJ�D�SHQFLO���7KH�HDVLHVW�DSSURDFK�LV�WR�SKRWRFRS\�WKH�GDWD
VKHHW� ODEHOOHG�´)LVK�YLVXDO�FHQVXV�GDWDµ�DW� WKH�HQG�RI�WKLV� VHFWLRQ�RQWR�DUFKLWHFWXUDO�GUDIWLQJ
ILOP�RU�SHUPDQHQW�SDSHU��ZDWHUSURRI��

��������0DLQWHQDQFH
• $OO�HTXLSPHQW�VKRXOG�EH�ZDVKHG�LQ�IUHVKZDWHU�LPPHGLDWHO\�DIWHU�XVH��7KH�GDWD�VKHHWV�VKRXOG
EH�ZDVKHG�LQ�IUHVKZDWHU�WR�JHW�ULG�RI�VDOW�DQG�WKHQ�SHJJHG�RQWR�D�OLQH�WR�GU\�

������ 6LWH�VHOHFWLRQ
7R�XQGHUWDNH�D�FRPSOHWH�DVVHVVPHQW�RI�DQ\�UHHI� LW� LV�QHFHVVDU\� WR�GHWHUPLQH� WKH� UDQJH�RI� VLWHV
SUHVHQW�RQ�WKH�UHHI���7KLV�UHTXLUHV�D�FRQVLGHUDWLRQ�RI�D�QXPEHU�RI�LVVXHV�LQFOXGLQJ�WKH�RYHUDOO�VL]H
RI� WKH� UHHI� V\VWHP�� � ,PSRUWDQWO\�� KRZHYHU� UDWKHU� WKDQ� WU\LQJ� WR� FRYHU� WKH� ZKROH� UHHI� ZLWK� D
QXPEHU�RI�DG�KRF��VXUYH\V�LW�LV�EHWWHU�WR�REWDLQ�UHSOLFDWH�WUDQVHFWV�IURP�RQH�RU�PRUH�VSHFLILF�VLWHV
RQ�WKH�UHHI���,Q�RUGHU�WR�PDNH�D�TXDQWLWDWLYH�DVVHVVPHQW�LW�LV�EHWWHU�WR�KDYH���UHSOLFDWH�WUDQVHFWV
IURP�RQH�VLWH�UDWKHU�WKDQ�D�VLQJOH�WUDQVHFW�IURP�HDFK�RI�ILYH�VLWHV�

• $�VLWH�LV�GHILQHG�DV�D�SODFH�RQ�WKH�UHHI�ZKLFK�KDV�D�JHQHUDOO\�FRQVLVWHQW�SK\VLFDO�HQYLURQPHQW�
7KLV�VKRXOG�LQFOXGH�D�FRQVLGHUDWLRQ�RI�

��� 6XEVWUDWH�W\SH���SUHIHUDEO\�D�URFN\�KDELWDW�ZLWK�OLWWOH�RU�QR�VDQG�

��� 'HSWK� �� DOO� WUDQVHFWV� VKRXOG� EH� UXQ� DW� DURXQG� WKH� VDPH� GHSWK�� � 'HSWK� VKRXOG� EH
FRQVWDQW� DFURVV� WKH� OHQJWK�RI� D� WUDQVHFW�� � ,GHDOO\� VXUYH\V� VKRXOG�RQO\�EH� FRQGXFWHG� DW
GHSWKV� UHSUHVHQWLQJ�PXOWLSOHV�RI���P� ��P����P���P�HWF��� �'HSWK� LV� GHILQHG� DV�GHSWK
EHORZ�PHDQ�ORZ�ZDWHU�

��� $VSHFW���DOO�WUDQVHFWV�VKRXOG�EH�UXQ�DFURVV�D�VXUIDFH�ZLWK�D�UHODWLYHO\�FRQVLVWHQW�DVSHFW
�YHUWLFDO�VXUIDFH��KRUL]RQWDO�VXUIDFH�����GHJUHH�DQJOH�VXUIDFH��

��� ([SRVXUH���DOO�WUDQVHFWV�IRU�D�JLYHQ�VLWH�VKRXOG�KDYH�VLPLODU�H[SRVXUH�WR�SUHYDLOLQJ�ZDYH
RU�WLGDO�IORZV��LH�HLWKHU�RQ�WKH�H[SRVHG�RU�OHHZDUG�VLGH�RI�WKH�UHHI��

 ,W�QHHGV�WR�EH�UHFRJQLVHG�WKDW�QR�WZR�DUHDV�ZKHUH�D�WUDQVHFW�FDQ�EH�UXQ�DUH�LGHQWLFDO�VR�WKLV
UHTXLUHV� D� GHJUHH� RI� MXGJHPHQW�� 3UREOHPV� IURP� LQFRQVLVWHQFLHV� EHWZHHQ� WUDQVHFWV� FDQ� EH
DGGUHVVHG�E\�FDUHIXOO\�UHFRUGLQJ�UHOHYDQW�GDWD�DERXW�WKH�WUDQVHFWV�RQ�WKH�GDWD�VKHHWV�

• ,I�LW�LV�LQWHQGHG�WR�UHSHDWHGO\�PRQLWRU�D�JLYHQ�VLWH�WKHQ�LW�LV�LPSRUWDQW�WR�PDUN�WKH�VLWH�LQ�VXFK
D�ZD\�WKDW�LW�FDQ�EH�UHORFDWHG�DW�D�IXWXUH�GDWH���6WDU�SLFNHWV�PD\�EH�ZHGJHG�LQWR�FUHYLFHV�RQ�WKH
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UHHI�DQG�ZLOO�VXUYLYH�IRU�D�IHZ�\HDUV�� �3ODVWLF�FDWWOH�HDU� WDJV�FDQ�EH�DWWDFKHG� WR� WKH�SLFNHW� WR
SURYLGH�D�ODEHO�LI�UHTXLUHG�

������ *HQHUDO�SURFHGXUH
7KH� JHQHUDO� DSSURDFK� LQYROYHV� D� SDLU� RI� GLYHUV� VZLPPLQJ� DORQJ� D� WUDQVHFW�� RQH� FRXQWLQJ� DQG
UHFRUGLQJ�ILVK�DEXQGDQFHV��DQG�WKH�RWKHU�PHDVXULQJ�GLVWDQFH�

• 'LYHUV� VKRXOG� FDUU\� RXW� ILVK� YLVXDO� FHQVXVHV� EHIRUH� DQ\� RWKHU� DFWLYLW\� WR� DYRLG� LQIOXHQFLQJ
FRQVHTXHQW�FRXQWV�

• 8SRQ� UHDFKLQJ� WKH� ERWWRP� GLYHUV� VKRXOG� DWWDFK� WKH� ILIW\� PHWUH� JXLGH�WDSH�URSH� WR� WKH
VXEVWUDWH� RU� ZHLJKW�� 'LYHUV� WKHQ� VZLP� RII� LQ� D� SUHGHWHUPLQHG� GLUHFWLRQ� EHLQJ� FDUHIXO� WR
PDLQWDLQ�D�FRQVLVWHQW�GHSWK�

• 7KH� OHDGLQJ�GLYHU� LGHQWLILHV�DQG�FRXQWV�DQ\� ILVK�HQFRXQWHUHG�ZLWKLQ�D���P� UDGLXV�� UHFRUGLQJ
WKH�LQIRUPDWLRQ�RQ�WKH�ILVK�YLVXDO�FHQVXV�GDWD�VKHHW�DV�VKRZQ�LQ�7DEOH���� �7KH�VHFRQG�GLYHU
OD\V� RXW� WKH� PHDVXULQJ� OLQH�WDSH� LGHDOO\� VWD\LQJ� EHKLQG� DQG� EHORZ� WKH� GLYHU� GRLQJ� WKH
UHFRUGLQJ�� &DUH� VKRXOG� EH� WDNHQ� WR� PDLQWDLQ� D� VORZ� EXW� FRQVWDQW� VSHHG� WKURXJKRXW� WKH
WUDQVHFW�

• 2QFH�ILIW\�PHWUHV�KDYH�EHHQ�FRYHUHG�WKH�VHFRQG�GLYHU�QRWLILHV�WKH�ILUVW�WR�VWRS�UHFRUGLQJ��7KH
WUDQVHFW�OLQH�FDQ�WKHQ�EH�UHWULHYHG��,I�D�VHFRQG�WUDQVHFW�LV�WR�EH�GRQH��GLYHUV�VKRXOG�EH�FDUHIXO
QRW�WR�FRYHU�WKH�VDPH�DUHD�XQOHVV�VXIILFLHQW�WLPH�KDV�SDVW��VHYHUDO�KRXUV��

7DEOH�����([DPSOH�RI�GDWD�UHFRUGHG�IURP�)LVK�FHQVXV�

7UDQVHFW 7D[D $EXQGDQFH

� /HDWKHU�MDFNHW ���������

6LOYHU�GUXPPHU ��������������

%XOOVH\H ����������

&RZILVK �

2OG�:LIH �������

'XVN\�0RUZRQJ �

� &RZILVK �

6LOYHU�GUXPPHU �����

:HHG\�ZKLWLQJ �

'XVN\�0RUZRQJ ���������

0DJSLH�3HUFK �

/HDWKHU�MDFNHW �����

��������'LYHU�WUDLQLQJ

����������2YHUYLHZ
,W� LV� LPSRUWDQW� WR� HQVXUH� WKDW� LQIRUPDWLRQ� FROOHFWHG� LV� FRQVLVWHQW� EHWZHHQ� GLYHUV�� � ,Q� RUGHU� WR
HQVXUH� WKDW� WKLV� KDSSHQV� GLYHUV� VKRXOG� EH� WUDLQHG� LQ� WKH�PHWKRGRORJ\�� �'LYHU� WUDLQLQJ� VKRXOG
FRQVLVW�RI�LQVWUXFWLRQ�LQ�WKH�XVH�RI�WKH�WHFKQLTXH�IROORZHG�E\�ILHOG�WUDLQLQJ�LQFOXGLQJ�FDOLEUDWLRQ�
'LYHUV�QHHG�WR�EHFRPH�IDPLOLDU�ZLWK�WKH�ILVK�YLVXDO�FHQVXV�PHWKRG�DQG�WKH�ILVK�WD[D�OLNHO\�WR�EH
HQFRXQWHUHG��7DEOH�����7UDLQLQJ�VKRXOG�LQYROYH�WKH�IROORZLQJ�VWHSV�

• ,QWURGXFWLRQ� WR� WKH� PHWKRG� LQFOXGLQJ� DQ� H[SODQDWLRQ� RI� WKH� LPSRUWDQFH� RI� REWDLQLQJ
UHSHDWDEOH�TXDQWLWDWLYH�PHDVXUHPHQWV�

• ,QWURGXFWLRQ�WR�WKH�WHUPLQRORJ\�WR�HQVXUH�D�FRPPRQ�XQGHUVWDQGLQJ�RI�WHUPV�DQG�FRQFHSWV�

• ,QWURGXFWLRQ�WR�WKH�ELRWD�OLNHO\�WR�EH�HQFRXQWHUHG�LQFOXGLQJ�D�JHQHUDO�FRQVLGHUDWLRQ�RI�WKHLU
EDVLF�ELRORJ\�

• )DPLOLDULVDWLRQ�ZLWK�WKH�IHDWXUHV�DQG�WHUPLQRORJ\�XVHG�LQ�LGHQWLI\LQJ�ILVK�
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• ,GHQWLILFDWLRQ� RI� WD[D� IURP� WH[WV� �´6HD� ILVKHV� RI� 6RXWKHUQ� $XVWUDOLDµ� E\� +XWFKLQV� DQG
6ZDLQVWRQ�������SURYLGHV�JUDSKLFV�RI�PRVW�ILVK�OLNHO\�WR�EH�HQFRXQWHUHG�ZLWK�ERWK�FRPPRQ
DQG�VFLHQWLILF�QDPHV��

• )LHOG�LGHQWLILFDWLRQ�RI�WD[D���)LHOG�EDVHG�H[HUFLVHV�WR�IXUWKHU�LPSURYH�GLYHUV�NQRZOHGJH�RI�WKH
ILVK�WD[D�

• )LHOG�SUDFWLFH�DQG�FDOLEUDWLRQ�RI�GLYHUV���)LHOG�FDOLEUDWLRQ�RI�GLYHUV�VKRXOG�EH�FDUULHG�RXW�LQ�D
ORFDWLRQ�ZKLFK�KDV�D�YDULHW\�RI�ELRWD��EXW� LV� UHODWLYHO\�VLPSOH� IRU�GLYLQJ� �LH�JRRG�FRQGLWLRQV
ZLWK�OLWWOH�RU�QR�VXUJH�ZDYH�DFWLRQ���7KLV�DOORZV�GLYHUV�WR�EHFRPH�IDPLOLDU�ZLWK�WKH�XVH�RI�WKH
WHFKQLTXH�XQGHUZDWHU�

7DEOH����)LVK�FRPPRQO\�HQFRXQWHUHG�LQ�WKH�$GHODLGH�PHWURSROLWDQ�UHJLRQ�

)LVK�ILHOG�QDPHV )LVK�WD[D

Blenny Blennidae
Blue Devil Paraplesiops meleagris
Bullseye Pempheris spp
Cowfish Aracana spp
Crab Portunidae
Cuttlefish Sepia
Dragonet Bovichthys variegatus
Dusky Morwong Dactylophora nigricans
Fry Fry
Goatfish Upeniechthys vlamingii
Goby Gobidae
Herring Cale Odax cyanomelas
Hula Fish Trachinops spp.
Leather Jacket Meuschenia spp.
Long Finned Pike Dinolestes lewini
Magpie Perch Cheilodactylus nigripes
Moonlighter Tilodon sexfasciatum
Mullet Aldrichetta forsteri
Old Wife Enoplosus armatus
Salmon trout Arripis truttaceus
Silver Drummer Kyphosus sydneyanus
Squid Sepioteuthus australis
Stingray Myliobatis australis
Sweep Scorpis spp
Talma Chelmonops spp
Three fin Norfolkia clarkei
Toadfish Tetradontidae
unknown Unidentified
Victorian Scalyfin Parma victoriae
Weedfish Clinidae
Weedy Whiting Siphonognathus spp, Neoodax balteatus &

Haletta semifasciata
Whiting Sillaginidae
Wrasse Thalossoma spp.
Yellowtail Scad Trachurus novaezelandiae
Zebra Fish Girella zebra
Silver Belly Parequula melbournensis

����������,GHQWLILFDWLRQ�RI�WD[D
'LYHUV�QHHG�WR�PHPRULVH�WKH�GLIIHUHQW�ILVK�WD[D�WKH\�DUH�OLNHO\�WR�HQFRXQWHU��,W�LV�UHFRPPHQGHG
WKDW�FRPPRQ�QDPHV�DUH�XVHG� WR�PDNH� WKLV�SURFHVV�VLPSOHU��%HVW� UHVXOWV�DUH�DFKLHYHG�E\�GLYHUV
WDNLQJ� D� WH[W�ZLWK� JRRG� SLFWXUHV� RI� HDFK� RI� WKH� ILVK� OLNHO\� WR� EH� HQFRXQWHUHG�� DQG� WHVWLQJ� RQH
DQRWKHU�RQ�D�VPDOO�QXPEHU�RI�SLFWXUHV�DW�D�WLPH�XQWLO�PRVW�WD[D�OLNHO\�WR�EH�HQFRXQWHUHG�DUH�HDVLO\
UHFRJQLVHG��7DEOH�����7KLV� LV�HDVLO\�DFKLHYHG�VLQFH�PRVW�GLYHUV�DOUHDG\�KDYH�VRPH�NQRZOHGJH�RI
ILVK�VSHFLHV�
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����������,Q�ZDWHU�GLYHU�WUDLQLQJ�DQG�FDOLEUDWLRQ
• 'XH� WR� WKH� KLJKO\� PRELOH� QDWXUH� RI� ILVK�� FDOLEUDWLRQ� FDQ� RQO\� EH� GRQH� E\� GLYHUV

VLPXOWDQHRXVO\�ORRNLQJ�DW�WKH�VDPH�DUHD�

• ,QLWLDOO\�GLYHUV�VKRXOG�VZLP�DORQJ�WRJHWKHU�SRLQWLQJ�RXW�GLIIHUHQW�WD[D�DQG�FKHFNLQJ�WKDW�ERWK
DJUHH�RQ�WKH�LGHQWLILFDWLRQ�

• 2QFH� FRQILGHQW� GLYHUV� VKRXOG� WKHQ� VZLP� VHFWLRQV� RI� UHHI� VLGH� E\� VLGH� UHFRUGLQJ� GDWD
VHSDUDWHO\��SHULRGLFDOO\�VWRSSLQJ�WR�FRPSDUH�UHVXOWV�DQG�UHVROYH�GLIIHUHQFHV�

'DWD� IURP� WKHVH� WUDLQLQJ� WUDQVHFWV� VKRXOG� EH� NHSW� DV� RULJLQDOO\� UHFRUGHG� DV� LW� FDQ� SURYLGH
LPSRUWDQW�LQIRUPDWLRQ�DERXW�VDPSOLQJ�YDULDELOLW\�DQG�WKH�HIIHFWLYHQHVV�RI�WUDLQLQJ��7UDLQLQJ�GLYHV
DOVR�VHUYH�DV�YDOXDEOH�IDPLOLDULVDWLRQ�WLPH�IRU�GLYHUV�WR�EHFRPH�FRPSHWHQW�DW�ZRUNLQJ�XQGHUZDWHU�

��������'DWD�UHFRUGLQJ
• %HIRUH� WKH�GLYH�GHWDLOV�RI� WKH� WUDQVHFW� VXFK�DV� ORFDWLRQ��GHSWK�� FRQGLWLRQV�DQG� WKH�QDPH�RI

GLYHU�DQG�EXGG\�VKRXOG�EH�UHFRUGHG�RQ�WKH�GDWD�VKHHW�

• $W�WKH�VWDUW�RI�HDFK�WUDQVHFW�WKH�ILUVW�GLYHU�ZULWHV�WKH�WUDQVHFW�QXPEHU�LQ�WKH�ILUVW�FROXPQ�RI
WKH�GDWD�VKHHW��)LVK�9LVXDO�&HQVXV�

• 'LYHUV�VZLP�HDFK�WUDQVHFW�ZLWK�WKH�SHUVRQ�UHFRUGLQJ�GDWD�DW� WKH�IURQW��7KH\�VKRXOG�UHPDLQ
FORVH� WR� WKH�ERWWRP�WR�UHGXFH� WKH�HIIHFW�RI� WKHLU�SUHVHQFH�RQ� WKH� ILVK��7KH�SDFH�VKRXOG�EH
VORZ�EXW�FRQVWDQW�

• 'LYHUV�QHHG�WR�EH�SDUWLFXODUO\�ZDU\�RI�FRXQWLQJ�WKH�VDPH�LQGLYLGXDO�ILVK�PRUH�WKDQ�RQFH�

• ,I�D�GLYHU�LV�XQFHUWDLQ�RI�DQ�LGHQWLILFDWLRQ�WKH\�VKRXOG�UHFRUG�D�GHVFULSWLRQ�DQG�EHVW�JXHVV��DQG
EULQJ�LW�WR�WKH�DWWHQWLRQ�RI�WKHLU�GLYH�EXGG\�VR�WKH\�FDQ�GLVFXVV�LW�XSRQ�VXUIDFLQJ�

��������'DWD�3URFHVVLQJ
'HWDLOV� RI� WKH� GD\V� GLYLQJ� VKRXOG� EH� UHFRUGHG� LQ� D� GLDU\�� DQG� GDWD� VKRXOG� EH� HQWHUHG� LQWR� D
GDWDEDVH��5HFRUGV�VKRXOG�EH�HQWHUHG�LQWR�D�GDWD�WDEOH��HDFK�ZLWK�D�XQLTXH�VDPSOH�LGHQWLILHU��WD[D
DQG�DEXQGDQFH�FRXQW� �7DEOH������$OO�GDWD�HQWHUHG� VKRXOG�EH�FKHFNHG�DQG�YHULILHG�E\�D� VHFRQG
SHUVRQ�DIWHU�HQWU\��DQG�GDWD�VKRXOG�DOZD\V�EH�EDFNHG�XS�

7DEOH�����)LVK�FHQVXV�GDWD�WDEOH�

7UDQVHFW )LHOG�QDPH 7D[D 7RWDO

DEXQGDQFH

� /HDWKHU�MDFNHW Meuschenia spp �

� 6LOYHU�GUXPPHU Kyphosus sydneyanus �

� %XOOVH\H Pempheris spp ��

� &RZILVK Aracana spp �

� 2OG�:LIH Enoplosus armatus ��

� 'XVN\�0RUZRQJ Dactylophora nigricans �

� &RZILVK Aracana spp �

� 6LOYHU�GUXPPHU Kyphosus sydneyanus �

� :HHG\�ZKLWLQJ Siphonognathus spp �

� 'XVN\�0RUZRQJ Dactylophora nigricans �

� 0DJSLH�3HUFK Cheilodactylus nigripes �

� /HDWKHU�MDFNHW Meuschenia spp �
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������ )LVK�YLVXDO�FHQVXV�GDWD�VKHHW
'LYHUV�QDPH� 

*URXS�&OXE�QDPH� 7LPH�RI�GD\ 

'DWH 5HHI�QDPH�RU�*36�FRRUG 

����������� $VSHFW� +RUL]RQWDO 9HUWLFDO ���GHJUHHV 'HSWK��P�� 

([SRVXUH� 6HDZDUG /HHZDUG

7UDQVHFW )LVK
ILHOGQDPH

$EXQGDQFH 7UDQVHFW )LVK
ILHOGQDPH

$EXQGDQFH


