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$JULFXOWXUH���$Q�2YHUYLHZ

'U��%XUKDQ�8��&KRXGKXU\
3ULQFLSDO�6FLHQWLVW��$56�RQ�6RLO�3K\VLFV�DQG�6:&�

,&$5�5HVHDUFK�&RPSOH[�IRU�1(+�5HJLRQ
8PLDP��0HJKDOD\D�������

(�PDLO��EXUKDQ�LFDU#JPDLO�FRP
'U��%XUKDQ�8��&KRXGKXU\�KDV�EHHQ�ZRUNLQJ

DV� D� 3ULQFLSDO� 6FLHQWLVW� VLQFH� -DQXDU\� ����� LQ� WKH
'LYLVLRQ�RI�6\VWHP�5HVHDUFK�DQG�(QJLQHHULQJ��,&$5
5HVHDUFK� &RPSOH[� IRU� 1(+� 5HJLRQ�� 8PLDP�
0HJKDOD\D��+H� FRPHV� IURP�$VVDP�� JUDGXDWHG�ZLWK
D� %�6F��LQ� $JULFXOWXUH� IURP� $VVDP� $JULFXOWXUDO
8QLYHUVLW\��-RUKDW�� DQG� REWDLQHG� D�PDVWHU¶V� GHJUHH
LQ�6RLO� 6FLHQFH� IURP� 3XQMDE� $JULFXOWXUDO
8QLYHUVLW\��/XGKLDQD�� 3XQMDE�� +H� UHFHLYHG� KLV
GRFWRUDO� GHJUHH��$JULFXOWXUDO� 3K\VLFV�� 6RLO
3K\VLFV��IURP� WKH� ,QGLDQ� $JULFXOWXUDO� 5HVHDUFK
,QVWLWXWH�LQ�3XVD��'U��&KRXGKXU\�GLG�KLV�SRVW�GRFWRUDO
UHVHDUFK� RQ� VRLO� ELRSK\VLFV� WKURXJK� 5RWKDPVWHG
,QWHUQDWLRQDO� )HOORZ� DW� 5RWKDPVWHG� 5HVHDUFK� LQ
/RQGRQ�� 8QLWHG� .LQJGRP��1HZ� 'HOKL�� +H� ZDV
DZDUGHG� ZLWK� D� SUHVWLJLRXV� ,$5,� PHULW� PRGHO� IRU
RXWVWDQGLQJ� SHUIRUPDQFH� GXULQJ�3K��'� SURJUDPPH�
,&$5�0XOWLGLVFLSOLQDU\�7HDP�5HVHDUFK�$ZDUG�� EHVW
UHVHDUFK�DUWLFOHV��SRVWHUV��RUDO�SUHVHQWDWLRQV��HWF��E\
D�QXPEHU�RI�SURIHVVLRQDO�DQG�VFLHQWLILF�VRFLHWLHV��7KH
PDLQ� IRFXV� RI� KLV� UHVHDUFK� LV�RQ�PDQDJLQJ� QDWXUDO
UHVRXUFHV�LQ�KLOO�HFRV\VWHP��LQFOXGLQJ�VRLO�FDUERQ�DQG
VRLO� HURVLRQ� DW� UHJLRQDO� VFDOH�� XVLQJ� JHRVSDWLDO
WRROV��UHPRWH� 6HQVLQJ� DQG� *,6��DQG� VLPXODWLRQ
PRGHOV��+\SHUVSHFWUDO�UHPRWH�VHQVLQJ�RI�VRLO�DQG�FURS
VSHFWUDO�OLEUDU\�JHQHUDWLRQ��FOLPDWH�FKDQJH��DQG�ZDWHU
UHVRXUFHV�� HWF��+LV� SXEOLFDWLRQV� LQFOXGH� ���� SHHU�
UHYLHZHG�UHVHDUFK�SDSHUV��QDWLRQDO�DQG�LQWHUQDWLRQDO�
DQG���� RWKHU� IRUPV� RI� SXEOLFDWLRQV� �ERRNV�WHFKQLFDO
EXOOHWLQV�FRQIHUHQFH�SDSHUV��HWF����+H�FXUUHQWO\�OHDGV
DV�3ULQFLSDO� ,QYHVWLJDWRU� RI�1DWLRQDO� ,QQRYDWLRQV� LQ
&OLPDWH� 5HVLOLHQW�$JULFXOWXUH� �1,&5$���FRPSULVLQJ
D� WHDP�RI� ��� VFLHQWLVWV�ZRUNLQJ� RQ� FOLPDWH� UHVLOLHQW
DJULFXOWXUH� GHYHORSPHQW� LQ� QRUWKHDVWHUQ� ,QGLD�

$%675$&7
3UHFLVLRQ�$JULFXOWXUH��3$��UHOLHV�KHDYLO\�RQ

DGYDQFHG�WRROV�DQG�WHFKQRORJLHV�WR�PRQLWRU�VRLO�DQG
FURS�YDULDELOLW\�ERWK�ZLWKLQ� DQG�EHWZHHQ� ILHOGV��%\
HPSOR\LQJ�VLWH�VSHFLILF�PDQDJHPHQW��WKLV�DSSURDFK�DLPV
WR�RSWLPL]H�DJURQRPLF�LQSXWV�DQG�DFKLHYH�KLJKHU�SU
RGXFWLYLW\��7KH� LQWHJUDWLRQ�RI�5HPRWH�6HQVLQJ� �56�
WHFKQRORJ\�PDUNV�D�FUXFLDO�MXQFWXUH�IRU�3$��SURSHOOLQJ
WKH�DGRSWLRQ�RI�9DULDEOH�5DWH�7HFKQRORJ\��957���56
WHFKQRORJ\�SURYLGHV�HVVHQWLDO�VSDWLDO�LQSXW�PHWULFV��VXFK
DV� VRLO� QXWULHQWV�� FURS� FRQGLWLRQV��ZHHG� DQG�GLVHDVH
LQIHVWDWLRQV�� DQG� \LHOG�� DPRQJ� RWKHU� WKLQJV��7KHVH
PHDVXUHV�IDFLOLWDWH�WKH�LPSOHPHQWDWLRQ�RI�VLWH�VSHFLILF
LQSXW� DSSOLFDWLRQ� UDWHV�� D� IXQGDPHQWDO� JRDO� RI� WKH
3$��)DUP�PDQDJHPHQW�LV�DLGHG�E\�YDULRXV�WHFKQRORJLHV�
HDFK�ZLWK� LWV� RZQ� DGYDQWDJHV� DQG� GLVDGYDQWDJHV�
*URXQG�EDVHG� SUR[LPDO�56� V\VWHPV� DUH� FRQIURQWHG
ZLWK�DFFHVVLELOLW\�DQG�FRYHUDJH�VFDOH�OLPLWDWLRQV��ZKLOH
VDWHOOLWH� V\VWHPV� DUH� FRQIURQWHG�ZLWK� LVVXHV� VXFK� DV
FORXG� FRYHU� DQG� FRDUVH� UHVROXWLRQ�� � ,Q� FRQWUDVW�
XQPDQQHG�DHULDO�YHKLFOHV��8$9V��UHPRWH�VHQVLQJ�RIIHUV
D� SURPLVLQJ� VROXWLRQ�� SRWHQWLDOO\� VXUPRXQWLQJ� WKH
FRQVWUDLQWV�RI�JURXQG�EDVHG�DQG� VDWHOOLWH�56��8$9V
DUH� D� SUHIHUUHG� FKRLFH� GXH� WR� WKHLU� H[FHSWLRQDO
UHVROXWLRQ�� GHWDLOHG� YHJHWDWLRQ� LQVLJKWV��PXOWL�DQJOH
REVHUYDWLRQV�� DQG� JURZLQJ� DFFHSWDQFH� DPRQJ� WKH
UHVHDUFK� FRPPXQLW\� DQG� LQGXVWU\� VWDNHKROGHUV�
+RZHYHU��WKH�XVH�RI�8$9V�LQ�DJULFXOWXUH�LV�VWLOO�D�FRVWO\
LQYHVWPHQW��HVSHFLDOO\�IRU�VPDOO�IDUPHUV��ZKLFK�PDNHV
LW� LQDFFHVVLEOH� WR� WKHP��0RUHRYHU�� WKH� DEVHQFH�RI� D
VWDQGDUGL]HG�PHWKRG�RU�ZRUNIORZ�IRU�WKH�XVH�RI�8$9V
LQ� SUHFLVLRQ� DJULFXOWXUH� GHWHUV� WKHLU� ZLGHVSUHDG
DGRSWLRQ�� 7KLV� DUWLFOH� SURYLGHV� DQ� RYHUYLHZ� RI� WKH
DGYDQFHPHQWV� DQG�SRWHQWLDO� DSSOLFDWLRQV�RI�8$9� LQ
SUHFLVLRQ�DJULFXOWXUH��ZKLOH�KLJKOLJKWLQJ�WKH�REVWDFOHV
WR�ZLGHVSUHDG�DGRSWLRQ�

.H\ZRUGV��3UHFLVLRQ�DJULFXOWXUH��UHPRWH�VHQVLQJ�
XQPDQQHG�DHULDO�YHKLFOH��VHQVRUV

$JULFXOWXUH� LV� D� FRUQHUVWRQH� RI� KXPDQ
OLYHOLKRRG�DQG�IDFHV�PDMRU�FKDOOHQJHV�UHODWHG�WR�JOREDO
HQYLURQPHQWDO�FRQGLWLRQV��6HQVLWLYLW\�RI�DJULFXOWXUDO
SURGXFWV�WR�HQYLURQPHQWDO�IDFWRUV�UHTXLUHV�DFFXUDWH
LQIRUPDWLRQ�LQ�UHDO�WLPH�WR�KHOS�IDUPHUV�XQGHUVWDQG
WKH�FDXVH�RI�YDULDELOLW\��3UHFLVLRQ�DJULFXOWXUH��3$��LV

7KH�$QGKUD�$JULF��-����������������������
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EHFRPLQJ�D�UHVHDUFK�IRFXV�WKDW�DLPV�WR�RSWLPL]H�LQSXWV�
ERRVW�FURS�SURGXFWLYLW\��DQG�PLQLPL]H�HQYLURQPHQWDO
LPSDFW��E\�H[HFXWLQJ�WDUJHWHG�DFWLRQV�DW�SUHFLVH�UDWHV�
LQWHQVLWLHV��ORFDWLRQV��DQG�WLPHV��9HOXVDP\�HW�DO��
�������3$�LQYROYHV�ILHOG�]RQLQJ�DQG�FXVWRP�WUHDWPHQWV
EDVHG� RQ� ODQGVFDSH�� VRLO�� DQG� SDVW� SUDFWLFHV�
+RZHYHU��PDQXDO�LPSOHPHQWDWLRQ�RI�3$V�LV�ODERXU
LQWHQVLYH��ZKLFK� HQFRXUDJHV� WKH� LQWHJUDWLRQ� RI
WHFKQRORJ\� WR� DGGUHVV� WKHVH� FKDOOHQJHV� �0DHV
DQG�6WHSSH���������6LJQLILFDQW�VWULGHV�LQ�DJULFXOWXUH
KDYH� EHHQ� PDGH� E\� WHFKQRORJLFDO
DGYDQFHPHQWV��'HVSLWH�WKLV��FRQYHQWLRQDO�DSSURDFKHV
DUH�VWLOO�FRPPRQ�LQ�DUHDV�VXFK�DV�VRLO�DQG�FURS�DQDO\VLV�
SUHFLVLRQ�DJULFXOWXUH��DQG�TXDOLW\�FRQWURO��:KLOH�UHPRWH
VHQVLQJ�KDV�VHHQ�H[WHQVLYH�XVH�LQ�GHIHQVH��LWV�SRWHQWLDO
LQ�DJULFXOWXUH�UHPDLQV�ODUJHO\�XQWDSSHG��$JULFXOWXUDO
WHFKQRORJLHV�VXFK�DV�YDULDEOH�UDWH�WHFKQRORJLHV��957��
JUDLQ�\LHOG�PRQLWRUV��JOREDO�SRVLWLRQLQJ�V\VWHP��*36��
VHQVRU�QHWZRUNV��DQG�UHPRWH�VHQVLQJ��56��LQ�3$�KDYH
JDLQHG�LPSRUWDQFH�LQ�UHFHQW�\HDUV���0DQL�HW�DO��
������

7KH�UHPRWH�VHQVLQJ��56��SURYLGHV�UHDO�WLPH
LQIRUPDWLRQ�RQ�FURS�DQG�VRLO�SURSHUWLHV��IDFLOLWDWLQJ
LQIRUPHG�GHFLVLRQV� IRU� HIIHFWLYH� FURS� DQG� ODQG
PDQDJHPHQW��7KLV�PHWKRG�LV�D�UHOLDEOH��UDSLG��DQG�FRVW�
HIIHFWLYH�ZD\�WR�PRQLWRU�DQG�DQDO\]H�DJULFXOWXUDO�ILHOGV
RQ� D� ODUJH� VFDOH��ZKLFK� LV�QRW� SRVVLEOH� WKURXJK
WUDGLWLRQDO�VXUYH\V���7KH�56�HQFRPSDVVHV�YDULRXV
EDQGV�RI�HOHFWURPDJQHWLF�UDGLDWLRQ��LQFOXGLQJ�YLVLEOH�
QHDU�LQIUDUHG��1,5���VKRUW�ZDYH�LQIUDUHG��6:,5��
WKHUPDO�LQIUDUHG��7,5��DQG�PLFURZDYHV���3UHFLVLRQ
IDUPLQJ�UHOLHV�RQ�JURXQG�EDVHG�URERWLFV�DQG�VDWHOOLWH�
DHULDO�56��ZKLFK�HQDEOH�PDSSLQJ�RI�ILHOG�YDULDELOLW\�
PRQLWRULQJ�RI�ZDWHU�VWUHVV��QXWULHQW�VWDWXV��SODQW�FRYHU�
SHVWV�� GLVHDVHV�� DQG�PRUH�� �3LLNNL� HW� DO��� ������
+RZHYHU��FKDOOHQJHV�UHPDLQ��VXFK�DV�LQDFFHVVLELOLW\
LQ�GLIILFXOW�WHUUDLQ��FRDUVH�VSDWLDO�UHVROXWLRQ��VLJQLILFDQW
UHYLVLWLQJ�WLPH��DQG�FORXG�FRYHU��7KH�SUHIHUUHG�VROXWLRQ
LV�DHULDO�V\VWHPV�OLNH�8QPDQQHG�$HULDO�9HKLFOHV
�8$9V���ZKLFK�FDQ�IO\�XQGHU�FORXGV�DQG�SURYLGH
YHU\�KLJK�UHVROXWLRQ�LPDJHV�

8QPDQQHG�$HULDO�9HKLFOHV��8$9V��KDYH
EHFRPH�DQ�LQH[SHQVLYH�DOWHUQDWLYH�WR�PRQLWRULQJ�FURS
FRQGLWLRQV�LQ�UHDO�WLPH��8$9V�KDYH�EHHQ�LGHQWLILHG�LQ
SUHYLRXV�VWXGLHV�DV�D�SRWHQWLDO�DOWHUQDWLYH�WR�VDWHOOLWH
DQG� DLUERUQH� UHPRWH� VHQVLQJ� LQ� SUHFLVLRQ
DJULFXOWXUH��8$9V�SURYLGH�GHWDLOHG�LPDJHV��ZKLFK�DLG
LQ�WLPHO\�FURS��WUDLW�PRQLWRULQJ��VWUHVV�DVVHVVPHQW��DQG

KHDOWK�DQDO\VLV��%\�SURGXFLQJ���'�PDSV�DQG�PRGHOV�
8$9V�IDFLOLWDWHV�ILHOG�SODQQLQJ��GUDLQDJH�DQG�\LHOG
SUHGLFWLRQ��7KH�WDUJHWHG�LQSXW�DSSOLFDWLRQ�LV�HQDEOHG
E\� WKHP��ZKLFK� UHGXFHV�ZDVWH� DQG� FRVWV�ZKLOH
RSWLPL]LQJ�LUULJDWLRQ�DQG�SHVW�PDQDJHPHQW��5HDO�WLPH
GDWD�DLGV�LQ�LQIRUPHG�GHFLVLRQ�PDNLQJ��LPSURYLQJ
SURGXFWLYLW\��UHVRXUFH�HIILFLHQF\��DQG�VXVWDLQDEOH
IDUPLQJ�SUDFWLFHV��7KHVH�DUH�VPDOO��UHXVDEOH�UHPRWH
FRQWURO�YHKLFOHV�WKDW�FDQ�JHQHUDWH�KLJK�UHVROXWLRQ
LPDJHV��8$9V�DUH�FRQWUROOHG�E\�UDGLR�RU�VPDUWSKRQH
WR�FDSWXUH�YDULRXV�LPDJHV�XVLQJ�GLIIHUHQW�VHQVRUV�WR
PHHW�3$�UHTXLUHPHQWV��1KDPR�HW�DO����������7KHVH
VHQVRUV� SURYLGH� YDOXDEOH� ��'� GDWD�ZLWK�*36
FRRUGLQDWHV�RU�OLYH�YLGHR�DW�JURXQG�VWDWLRQV��0DHV
DQG�6WHSSH���������7KH�SRWHQWLDO�RI�8$9V�WR�HQKDQFH
VRLO� TXDOLW\� DQG� FURS� SURGXFWLYLW\� LQ� SUHFLVLRQ
DJULFXOWXUH�LV�VLJQLILFDQW��)LJXUH���JLYHV�DQ�RYHUYLHZ
RI�WKH�GDWD�DFTXLVLWLRQ�SURFHVV�DQG�KRZ�LW�ZRUNV�LQ
WKH� 3$� V\VWHP��ZKLOH� ILJXUH� �� GHSLFWV� FHUWDLQ
DSSOLFDWLRQV�LQ�WKH�FURS�PRQLWRULQJ�H[SHULPHQW��7KLV
UHYLHZ� RXWOLQHV� WKH� W\SHV� RI�8$9V�� WHFKQLFDO
VSHFLILFDWLRQV��FKDOOHQJHV�DQG�IXWXUH�SURVSHFWV�RI
8$9�UHPRWH�VHQVLQJ�LQ�SUHFLVLRQ�DJULFXOWXUH��

&20321(176�2)�8$9V� ,1�35(&,6,21
$*5,&8/785(

7KH�FRPSRQHQWV�RI�8$9�EDVHG�SUHFLVLRQ
DJULFXOWXUH�UHIHU�WR�WKH�YDULRXV�HVVHQWLDO�HOHPHQWV�WKDW
FRPH�WRJHWKHU�WR�IDFLOLWDWH�GDWD�FROOHFWLRQ��DQDO\VLV�
DQG�GHFLVLRQ�PDNLQJ��7KH�SK\VLFDO�8$9�SODWIRUP�
VHQVRUV��FRPPXQLFDWLRQ�V\VWHPV��QDYLJDWLRQ�WRROV�
GDWD�SURFHVVLQJ�VRIWZDUH��DQG�PRUH�DUH�LQFOXGHG�LQ
WKHVH� FRPSRQHQWV���7KH�8$9� V\VWHP¶V� RYHUDOO
IXQFWLRQDOLW\�LV�DLGHG�E\�HDFK�FRPSRQHQW��ZKLFK�UHVXOWV
LQ�RSWLPL]HG�UHVRXUFH�PDQDJHPHQW�DQG�LQFUHDVHG
FURS�SURGXFWLYLW\��7KH�HVVHQWLDO�FRPSRQHQWV�DUH�

8$9�3ODWIRUP
7KH�SK\VLFDO�DLUFUDIW�LWVHOI��HTXLSSHG�ZLWK�WKH

UHTXLVLWH�SURSXOVLRQ�V\VWHPV��URWRUV�RU�IL[HG�ZLQJ��
IOLJKW�FRQWURO�V\VWHPV�DQG�FRPPXQLFDWLRQ�GHYLFHV��7KH
8$9�LV�WKH�FDUULHU�IRU�YDULRXV�VHQVRUV�DQG�SD\ORDGV��
7KH� DVVLJQHG� WDVN�RU� DSSOLFDWLRQ�KDV� OHG� WR� WKH
GHYHORSPHQW�RI�D�YDVW�UDQJH�RI�8$9V��8$9�V\VWHPV
FDQ�EH�FODVVLILHG�E\�ZHLJKW��QXPEHU�RI�URWRUV��VL]H�
SRZHU��ORDG��PHFKDQLVP��REMHFWLYH��HWF��WKURXJK
YDULRXV�FODVVLILFDWLRQ�V\VWHPV��7DEOH�����6LQJKDO�HW
DO���������



7DEOH����&ODVVLILFDWLRQ�RI�8$9V�DQG�WKHLU�FKDUDFWHULVWLFV�

&DWHJRU\� 7\SHV� &KDUDFWHULVWLFV�

$HURG\QDPLFV�

)L[HG�ZLQJ� x�7KH�PDLQ�ZLQJ�WKDW�JHQHUDWHV�OLIW�LV�IL[HG�DQG�WKH�SRZHU�
GHYLFH�VXSSOLHV�WKH�IRUZDUG�IRUFH�

x� 6LPSOH�LQ�GHVLJQ��
x�5HTXLUHV�KLJKHU�VWDUWLQJ�YHORFLW\�DQG�KLJKHU�GUDJ�OLIW�
UDWLR��

/LPLWDWLRQV��

x�&DQQRW�PDLQWDLQ�IL[HG�SRVLWLRQ�DQG�VORZ�VSHHG�
x�'HVLJQ�VDWXUDWLRQ�

5RWDU\�ZLQJ� x�7KH�EODGH�URWDWHV�UHODWLYH�WR�WKH�IXVHODJH�DQG�SRZHU�
GHYLFHV�JHQHUDWHV�OLIW�

x�&DSDEOH�RI�KDYLQJ�YHUWLFDO�IOLJKW�ZKLFK�IDFLOLWDWHV�
WDNHRII�DQG�ODQGLQJ�

x� )XUWKHU�FODVVLILHG�DV�D�VLQJOH�URWRU�DQG�PXOWL�URWRU�8$9�
/LPLWDWLRQV��

x�/RZ�IOLJKW�VWDELOLW\�DJDLQVW�ZLQG�DQG�ORZ�VSHHG�
)ODSSLQJ�ZLQJ� x�2EWDLQ�OLIW�DQG�SRZHU�E\�IODSSLQJ�ZLQJV�XS�DQG�GRZQ�

x� ,GHDO�IRU�VPDOO��OLJKW�DQG�PLQLDWXUH�8$9V�
x� )OH[LEOH��OLJKWZHLJKW�DQG�FDQ�ZLWKVWDQG�IOLJKWV�LQ�ZLQG\�
FRQGLWLRQV�

+\EULG�ZLQJ� x� )XVLRQ�RI�WZR�RI�WKH�DERYH�PHQWLRQHG�ZLQJV��L�H��)L[HG�
URWRU�ZLQJ�DQG�IL[HG�IODSSLQJ�ZLQJ�8$9V�

x�+DYH�KLJKHU�SHUIRUPDQFH�DQG�DHURG\QDPLF�DGYDQWDJHV�

7DNH�RII�DQG�
/DQGLQJ��

+RUL]RQWDO�WDNHRII�
DQG�ODQGLQJ��+72/��

x�+72/�KDV�D�VPRRWK�ODQGLQJ�DQG�D�KLJK�FUXLVLQJ�VSHHG�

9HUWLFDO�WDNHRII�DQG�
ODQGLQJ��972/��

x�972/�KDV�D�ORZ�FUXLVLQJ�VSHHG��

:HLJKW�

6XSHU�+HDY\� x� 3D\ORDG�VL]H�������NJ��
x�2SHUDWLRQ�UDQJH�������NP�

+HDY\� x� 3D\ORDG�VL]H�������NJ�
x�2SHUDWLRQ�UDQJH�������NP�

+LJK�$OWLWXGH�/RQJ�
(QGXUDQFH��+$/(��

x� 3D\ORDG�VL]H�������NJ�
x�2SHUDWLRQ�UDQJH������NP�

0HGLXP�$OWLWXGH�
/RQJ�(QGXUDQFH�
�0$/(��

x� 3D\ORDG�VL]H�������NJ�
x�2SHUDWLRQ�UDQJH������NP�

/LJKW� x� 3D\ORDG�VL]H�����NJ��
x�2SHUDWLRQ�UDQJH�����NP�

6PDOO�	�0LQL� x� 3D\ORDG�VL]H�����NJ�DQG�OHVV��
x�2SHUDWLRQ�UDQJH�����NP�

0LFUR�	�1DQR� x� 3D\ORDG�VL]H����NJ�������JP��
x�2SHUDWLRQ�UDQJH���������NP�

�

���� �3RWHQWLDO�RI�8$9V�LQ�3UHFLVLRQ�$JULFXOWXUH ��������������



6HQVRUV
7R�FDSWXUH�LQIRUPDWLRQ�DERXW�FURSV��VRLO�

HQYLURQPHQWDO�FRQGLWLRQV��DQG�RWKHU�UHOHYDQW�IDFWRUV�
YDULRXV� VHQVRUV� DUH� DWWDFKHG� WR� WKH�8$9�� �7KH
VHOHFWLRQ�RI�VHQVRUV�LQ�3$�LV�EDVHG�RQ�WKH�DSSOLFDWLRQ�
)RU�PRWLRQ�LQWHQVLYH�WDVNV�OLNH�ODUJH�ODQG�PDSSLQJ�
JOREDO� VKXWWHU� FDPHUDV� DUH� IDYRUHG�RYHU� UROOLQJ
VKXWWHUV�GXH�WR�WKHLU�VLQJOH�VQDSVKRW�VFHQH�FDSWXUH
WKDW�UHGXFHV�PRWLRQ�DUWLIDFWV��7KH�IUDPH�UDWH�LV�FUXFLDO�
KLJKHU�UDWHV�LQFUHDVH�UHVROXWLRQ�DQG�FRYHUDJH��ZKLFK
LV�FUXFLDO�IRU�LPDJH�VWLWFKLQJ��7KH�)LHOG�2I�9LHZ��)29�

SOD\V�D�FUXFLDO�UROH�LQ�PRQLWRULQJ�EHWZHHQ�FURS�DLVOHV
DQG�GHWHFWLQJ� VKDGHG�ZHHGV��*URXQG�6DPSOLQJ
'LVWDQFH� �*6'�� GHWHUPLQHV� WKH� UHVROXWLRQ
E\�PHDVXULQJ�VHQVRU�KHLJKW�DQG�SL[HO�FRXQW���2SWLFDO
VHQVRUV�ZLWK�YLVLEOH�EDQGV�DQG�1,5�DUH�SUHIHUUHG�IRU
DVVHVVLQJ�FURS�KHDOWK�EDVHG�RQ�YHJHWDWLRQ��ZKHUHDV
WKHUPDO�VHQVRUV�DUH�VXLWDEOH�IRU�GHQVH�FDQRSLHV�
6HQVRU�FKRLFH�LQ�SUHFLVLRQ�DJULFXOWXUH�LV�LQIOXHQFHG
E\�WKHVH�IDFWRUV��=KDQJ�DQG�=KRX���������7DEOH��
EHORZ�JLYHV�D�EULHI�GHVFULSWLRQ�RI�WKH�SURGXFWV�WKDW
DUH�PRVW�FRPPRQO\�DYDLODEOH�LQ�WKH�PDUNHW�

�

7\SH� &KDUDFWHULVWLFV� /LPLWDWLRQV�

5HG�*UHHQ�
%OXH��5*%��
VHQVRUV�

x�8WLOL]HV�WKH�UHG��JUHHQ��DQG�EOXH�
ZDYHOHQJWKV�WR�FDSWXUH�LPDJH�

x�&RVW�HIIHFWLYH��KLJK�VSDWLDO�
UHVROXWLRQ�LPDJHV��HDV\�WR�XVH��DQG�
OLJKW�ZHLJKW�

x�6LPSOH�LQIRUPDWLRQ�SURFHVVLQJ�
x�5*%�LQGLFHV�SURYLGH�PRUH�SUHFLVH�
LQIRUPDWLRQ�

x�/DFNV�GHWDLOHG�VSHFWUDO�
LQIRUPDWLRQ�

0XOWLVSHFWUDO�
VHQVRUV�

x�&DSWXUH�LPDJHV�LQ�PXOWLSOH�EDQGV�
RI�WKH�HOHFWURPDJQHWLF��(0��
VSHFWUXP�

x�2IIHUV�VSHFWUDO�GDWD�IRU�DGYDQFHG�
YHJHWDWLRQ�DQDO\VLV��FURS�KHDOWK�
DVVHVVPHQW��DQG�VWUHVV�GHWHFWLRQ��

x�%HLQJ�PRUH�VHQVLWLYH��VWDEOH�RYHU�
WLPH��DQG�LQGHSHQGHQW�RI�ZHDWKHU�
FRQGLWLRQV��

x�/LPLWHG�VSHFWUDO�
UHVROXWLRQ�

x�&RPSOH[�GDWD�
LQWHUSUHWDWLRQ�DQG�
H[SHQVLYH�

x�*HQHUDWH�D�ODUJH�DPRXQW�
RI�GDWD�WKDW�QHHGV�
VXLWDEOH�LQIUDVWUXFWXUH�
DQG�UHVRXUFHV��

+\SHUVSHFWUDO�
VHQVRUV�

x�&DSWXUH�GDWD�LQ�QXPHURXV�QDUURZ�
DQG�FRQWLJXRXV�VSHFWUDO�EDQGV�

x�7KH�VSHFWUDO�UHVROXWLRQ�LV�XOWUD�WKLQ��
SURYLGH�PXFK�PRUH�GHWDLOHG�DQG�
XQIHWWHUHG�LQIRUPDWLRQ��

x�(IIHFWLYH�LQ�LGHQWLI\LQJ�PLQHUDO�
FRPSRVLWLRQ�DQG�VRLO�SURSHUWLHV��
DLGLQJ�LQ�VRLO�IHUWLOLW\�DVVHVVPHQW�
DQG�SUHFLVLRQ�QXWULHQW�PDQDJHPHQW��

x�5HTXLUH�VRSKLVWLFDWHG�
DQDO\VLV�WHFKQLTXHV�

x�([SHQVLYH�WR�GHYHORS��
SXUFKDVH��DQG�PDLQWDLQ�

7KHUPDO�
VHQVRUV�

x��&DSWXUHV�LQIUDUHG�UDGLDWLRQ�HPLWWHG�
E\�REMHFWV��

x�,GHQWLILHV�WHPSHUDWXUH�DQRPDOLHV��
XVHIXO�IRU�GHWHFWLQJ�VWUHVV��
HYDOXDWLQJ�LUULJDWLRQ�HIILFLHQF\�DQG�
GHWHFWLQJ�ZDWHU�OHDNDJH��

x�5HFRPPHQGHG�WR�GHWHFW�
WHPSHUDWXUH�LQGXFHG�ZDWHU�VWUHVV�LQ�
FURSV�

x�*RRG�DWPRVSKHULF�
FRQGLWLRQV�DUH�
QHFHVVDU\��HVSHFLDOO\�IRU�
VSHFLILF�WDVNV�OLNH�
WKHUPDO�DQDO\VLV��

�

7DEOH����9DULRXV�VHQVRUV�DQG�WKHLU�SURSHUWLHV
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3D\ORDGV
7KH�SDFNDJHV� DUH� FRPSOHWH� DQG� FRQWDLQ

VHQVRUV��DV�ZHOO�DV�RWKHU�QHFHVVDU\�HTXLSPHQW��VXFK
DV� SRZHU� VXSSOLHV�� GDWD� VWRUDJH� GHYLFHV�� DQG
FRPPXQLFDWLRQ�V\VWHPV��IRU�GDWD�FROOHFWLRQ�DQG
SURFHVVLQJ��$Q�5*%�FDPHUD��D�PXOWLVSHFWUDO�VHQVRU�
D�*36�XQLW�� DQG� DQ� RQERDUG� FRPSXWHU� IRU� GDWD
SURFHVVLQJ�FRXOG�EH�LQFOXGHG�LQ�D�SD\ORDG�IRU�FURS
KHDOWK�DVVHVVPHQW��0DHV�DQG�6WHSSH��������

'DWD�6WRUDJH�DQG�3URFHVVLQJ
0DQDJLQJ�DQG�XWLOL]LQJ�YDOXDEOH�LQIRUPDWLRQ

FROOHFWHG�GXULQJ�8$9�IOLJKWV�UHTXLUHV�HIIHFWLYH�GDWD
VWRUDJH�DQG�SURFHVVLQJ��8$9V�JDWKHU�GLYHUVH�GDWD�
LQFOXGLQJ� LPDJHV�� YLGHRV�� VHQVRU� UHDGLQJV�� DQG
WHOHPHWU\��QHFHVVLWDWLQJ�SURSHU�VWRUDJH�PHFKDQLVPV
WR�IDFLOLWDWH�VXEVHTXHQW�DQDO\VLV��2QERDUG�VWRUDJH�
PDWFKLQJ�PLVVLRQ�UHTXLUHPHQWV�IRU�VWRUDJH�FDSDFLW\�
DQG�ZLUHOHVV�GDWD�WUDQVIHU�PHWKRGV�FRQWULEXWH�WR
HIILFLHQW�GDWD�PDQDJHPHQW��$OVR��SURFHVVLQJ�WKH�GDWD
FROOHFWHG� LV� HVVHQWLDO� WR� REWDLQLQJ� DFWLRQDEOH
LQIRUPDWLRQ��8$9V�JHQHUDWH�YDVW�GDWDVHWV�ZKLFK
UHTXLUH� VSHFLDOL]HG� VRIWZDUH� DQG� DOJRULWKPV� IRU
LQWHUSUHWDWLRQ��,W�FRYHUV�LPDJH�HQKDQFHPHQW��JHR�
UHIHUHQFLQJ��UHPRWH�VHQVLQJ�DQDO\VLV��PDFKLQH�OHDUQLQJ�
PDS�JHQHUDWLRQ��GDWD�IXVLRQ��VWRUDJH��DUFKLYLQJ�DQG
HYHQ�UHDO�WLPH�SURFHVVLQJ��0DUFKL�HW�DO���������
)DUPHUV� DQG� VWDNHKROGHUV� FDQ�PDNH� LQIRUPHG
GHFLVLRQV��HQKDQFH�FURS�PDQDJHPHQW��DQG�RSWLPL]H
DJULFXOWXUDO�SURGXFWLYLW\�WKURXJK�WKH�FRQYHUVLRQ�RI�UDZ
GDWD�LQWR�DFWLRQDEOH�LQWHOOLJHQFH�WKURXJK�WKH�XVH�RI
WKHVH�FRPSRQHQWV�

*URXQG�&RQWURO�6WDWLRQ��*&6�
7KH�*&6� LV� D� FRPSXWHU�EDVHG� LQWHUIDFH

ZKHUH�WKH�8$9�LV�RSHUDWHG�DQG�PRQLWRUHG��7KH
V\VWHP�FRQVLVWV� RI� KDUGZDUH� �VXFK� DV� D� UHPRWH
FRQWUROOHU�RU�FRPSXWHU��DQG�VRIWZDUH�LQWHUIDFHV�WKDW
HQDEOH�RSHUDWRUV�WR�SODQ�IOLJKWV��FRQWURO�WKH�8$9�
UHFHLYH�GDWD��DQG�YLVXDOL]H�FROOHFWHG�LQIRUPDWLRQ�

'DWD�3URFHVVLQJ�6RIWZDUH
6RIWZDUH�LV�FULWLFDO�WR�SODQQLQJ��IOLJKW�SDWKV�

FRQWUROOLQJ�WKH�8$9��SURFHVVLQJ�WKH�FROOHFWHG�GDWD�
DQG�JHQHUDWLQJ�DFWLRQDEOH�GDWD���$�IOLJKW�SODQQLQJ
VRIWZDUH�DVVLVWV�LQ�GHILQLQJ�URXWHV��ZD\SRLQWV�DQG�RWKHU
IOLJKW�SDUDPHWHUV��'DWD�SURFHVVLQJ�VRIWZDUH�WUDQVIRUPV
FROOHFWHG�GDWD�LQWR�XVDEOH�LQIRUPDWLRQ��OLNH�PDSV�RU
�'�PRGHOV��0DQL�HW�DO����������

$33/,&$7,216
7R�LPSURYH�FURS�\LHOGV�DQG�SURGXFW�TXDOLW\

ZLWKRXW�DQ\�XQQHFHVVDU\�HQYLURQPHQWDO�LPSDFW��3$
UHOLHV�RQ�HIIHFWLYH�DQG�DFFXUDWH�$JURFKHPLFDOV�DQG
WHFKQRORJLHV��DV�SUHYLRXVO\�GLVFXVVHG��7KH�ORZ�FRVW�
KLJK�UHVROXWLRQ�LPDJLQJ�RIIHUHG�E\�8$9V�KDV�EHHQ�D
SHUIHFW�DGGLWLRQ�WR�WKH�3$�LQGXVWU\�DQG�WKH�PRVW�ZLGHO\
XVHG�IRU�PRQLWRULQJ�DQG�DJURFKHPLFDO�VSUD\LQJ��/LX
HW�DO����������,Q�WKLV�VHFWLRQ��ZH�GLVFXVVHG�VRPH�RI
WKH�PRVW�FRPPRQ�8$9�DSSOLFDWLRQV�LQ�3$�V\VWHPV�
VXFK�DV�

:DWHU�6WUHVV�'HWHFWLRQ
3UHFLVLRQ�LUULJDWLRQ�SULPDULO\�DLPV�WR�RSWLPL]H

WKH�XVH�RI�ZDWHU�UHVRXUFHV�DQG�SUHYHQW�FURS�VWUHVV
GXH�WR�ZDWHU�VFDUFLW\��,W�DOVR�UHGXFHV�SUREOHPV�VXFK
DV�VRLO�VDOLQLW\��DFLGLW\��QXWULHQW�OHDFKLQJ��ZDWHU�ORJJLQJ
LQ�ORZODQGV�DQG�GURXJKWV�LQ�XSODQGV��$Q�HIIHFWLYH
VWUDWHJ\�IRU�WKLV�LQYROYHV�HYDOXDWLQJ�FURS�ZDWHU�VWUHVV
LQGLFHV��HQDEOLQJ�WKH�HDUO\�LGHQWLILFDWLRQ�RI�GURXJKW
VWUHVV��RIWHQ�XS�WR����WR����KRXUV�EHIRUH�LW�EHFRPHV
YLVXDOO\�DSSDUHQW��0DUFKL�HW�DO����������7R�HVWLPDWH
VWRPDWDO�FRQGXFWDQFH�EDVHG�RQ�WHPSHUDWXUH�GDWD�
8$9�DVVLVWHG�WKHUPDO�LPDJLQJ�XWLOL]HV�WKH�GHFUHDVH�LQ
OHDI� RU� SODQW� VXUIDFH� WHPSHUDWXUH� GXULQJ
WUDQVSLUDWLRQ��0DHV�DQG�6WHSSH���������%\�XVLQJ
8$9V�� ILHOG�PRQLWRULQJ� RI�ZDWHU� VWUHVV� FDQ� EH
LPSURYHG��OHDGLQJ�WR�LPSURYHG�LUULJDWLRQ�VFKHGXOLQJ�
7KH�DFFXUDF\�RI�FURS�ZDWHU�VWUHVV�DVVHVVPHQW�KDV
EHHQ�LQFUHDVHG�E\�WKH�LQWHJUDWLRQ�RI�WKHUPDO�DQG
PXOWLVSHFWUDO�8$9V�FRPSDUHG�WR�VSDFH�ERUQH�UHPRWH
VHQVLQJ�GXH�WR�KLJK�UHVROXWLRQ��1KDPR�HW�DO���������
0RUHRYHU��K\SHUVSHFWUDO�VHQVRUV�RIIHU�YHJHWDWLRQ
LQGLFHV�OLNH�1'9,�DQG�VXQ�LQGXFHG�IOXRUHVFHQFH
�6,)��WR�GHWHFW�PRLVWXUH�VWUHVV��DOEHLW�ZLWK�D�VOLJKWO\
ORZHU�VHQVLWLYLW\�WKDQ�WKHUPDO�LQGLFHV�

:HHG�'HWHFWLRQ�DQG�0DSSLQJ
:HHGV�SRVH�D�VLJQLILFDQW�WKUHDW�WR�DJULFXOWXUDO

SURGXFWLYLW\��SRWHQWLDOO\�OHDGLQJ�WR�VXEVWDQWLDO�\LHOG
ORVVHV�RU�HYHQ�FURS�IDLOXUH��7R�SUHYHQW�HQYLURQPHQWDO
KDUP��LW�LV�LPSRUWDQW�WR�DSSO\�KHUELFLGHV�DSSURSULDWHO\
DQG�UHVSRQVLEO\��7KHUHIRUH��DFFXUDWH�LGHQWLILFDWLRQ�RI
ZHHG�DUHDV��W\SHV�DQG�GHQVLWLHV�LV�FULWLFDO�IRU�WDUJHWHG
KHUELFLGH�DSSOLFDWLRQ�RU�VSHFLILF�FXOWXUDO�LQWHUYHQWLRQV�
�0DUFKL�HW�DO����������%\�XVLQJ�8$9�VHQVRUV�OLNH
5*%��PXOWLVSHFWUDO��DQG�K\SHUVSHFWUDO��ZHHGV�FDQ�EH
GHWHFWHG�DQG�WKHLU�GLVWULEXWLRQ�FDQ�EH�PDSSHG��)RU
LQVWDQFH��*RHO�HW�DO���������LGHQWLILHG�VSHFWUDO�EDQGV

���� �3RWHQWLDO�RI�8$9V�LQ�3UHFLVLRQ�$JULFXOWXUH ��������������



LQ�WKH�UHG�DQG�QHDU�LQIUDUHG�UHJLRQV�WKDW�HIIHFWLYHO\
GLVFULPLQDWH�ZHHG\�DUHDV�IURP�QRQ�ZHHG\�RQHV��7KH
NH\�IDFWRUV�DUH�DFKLHYLQJ�XS�WR�����DFFXUDF\�LQ�ZHHG
LGHQWLILFDWLRQ��KLJK�VSDWLDO�UHVROXWLRQ��DQG�ORZ�HOHYDWLRQ
�)LJ�����7KH�XVH�RI�VSHFWUDO�GLVFULPLQDWLRQ�LQ�VLWH�
VSHFLILF�ZHHG�PDQDJHPHQW�UHVXOWHG�LQ�D�VLJQLILFDQW
UHGXFWLRQ�LQ�WKH�WLPH�UHTXLUHG�IRU�ZHHG�LGHQWLILFDWLRQ
DQG� KHUELFLGH� XVH�� ZLWKRXW� DIIHFWLQJ� FURS
SHUIRUPDQFH��0DHV�DQG�6WHSSH��������

3HVW�DQG�'LVHDVH�'HWHFWLRQ
3HVW�DQG�GLVHDVH�LQIHVWDWLRQV�WKDW�DUH�EHORZ

WKH�HFRQRPLF�WKUHVKROG�FDQ�KDYH�DQ�LPSDFW�RQ�SURGXFW
TXDOLW\��LI�QRW�RQ�FURS�SHUIRUPDQFH��8$9�LPDJHU\
IDFLOLWDWHV�HDUO\�GHWHFWLRQ�RI�SHVWV�DQG�GLVHDVHV�
HQDEOLQJ�SUHFLVH�SHVWLFLGH�DSSOLFDWLRQ�DQG�UHGXFLQJ
FRVWV�DQG�HQYLURQPHQWDO�LPSDFW��0DUFKL�HW�DO���������
6LWH�VSHFLILF� SHVWLFLGH�PDQDJHPHQW� LQYROYHV
SLQSRLQWLQJ�LQIHFWHG�DUHDV�DFFXUDWHO\�EDVHG�RQ�VSHFWUDO
GLVFUHSDQFLHV��7R�JDWKHU�GHWDLOHG�LQIRUPDWLRQ��ORZ�
OHYHO�IOLJKWV�DQG�KLJK�UHVROXWLRQ�VSHFWUDO�VHQVRUV�DUH
HVVHQWLDO� �/LX� HW� DO��� �������7R� JDWKHU� GHWDLOHG
LQIRUPDWLRQ��ORZ�DOWLWXGH�IO\LQJ�DQG�KLJK�UHVROXWLRQ�
VSHFWUDO�VHQVRUV�DUH�HVVHQWLDO��+\SHUVSHFWUDO�LPDJHV
DUH�EHWWHU�DW�HDUO\�GHWHFWLRQ�DQG�GLVFULPLQDWLRQ��ZKLOH
PXOWLVSHFWUDO�LPDJHV�DUH�PRUH�VXVFHSWLEOH�WR�IDOVH
QHJDWLYHV��6SHFWUDO� UHIOHFWDQFH� LV�XQLTXH�GXH� WR
FKDQJHV�LQ�OHDI�FKHPLVWU\�DQG�VWUXFWXUH�FDXVHG�E\
SDWKRJHQV��PDNLQJ�K\SHUVSHFWUDO�DQG�WKHUPDO�GDWD
FRPELQDWLRQV�YDOXDEOH�IRU�HDUO\�GLVHDVH�LGHQWLILFDWLRQ
�9HOXVDP\�HW�DO���������

*URZWK�DQG�%LRPDVV�0RQLWRULQJ
8$9�DLGV�IDUPHUV�LQ�WUDFNLQJ�FURS�JURZWK

LQGLFDWRUV�OLNH�VHHGOLQJ�VWDWXV��JURZWK�VWDJH��DQG
ELRPDVV��ZKLFK�LV�HVVHQWLDO�IRU�PDLQWDLQLQJ�FURS�KHDOWK�
SUHYHQWLQJ�QXWULHQW�GHILFLHQFLHV��\LHOG�DQDO\VLV��DQG
SROLF\�IRUPXODWLRQ��%LRSK\VLFDO�DQG�ELRFKHPLFDO
SURSHUWLHV��VXFK�DV�FURS�KHLJKW��FDQ�EH�DFFHVVHG
WKURXJK�YHJHWDWLRQ�LQGLFHV�GHULYHG�IURP�PXOWLVSHFWUDO�
K\SHU�VSHFWUDO�VHQVRUV�PRXQWHG�WR�8$9��)LJ�����OHDI
DUHD�LQGH[��QLWURJHQ�FRQWHQW��DQG�PRUH��6WUXFWXUH�
IURP�PRWLRQ� �6I0�� VRIWZDUH� SURYLGHV� SUHFLVH
YHJHWDWLRQ�KHLJKW�GDWD�DQG�LV�VXSHULRU�WR�/,'$5�IRU
SUHFLVLRQ�DJULFXOWXUH��DOWKRXJK�LW¶V�OLPLWHG�ZKHQ�VRLO�LV
FRQFHDOHG��%\�FRPELQLQJ�YHJHWDWLRQ�KHLJKW�ZLWK�RWKHU
LQGLFHV�� WKH� ELRPDVV� DERYH�JURXQG�LV� HVWLPDWHG
�0DUFKL�HW�DO���������

<LHOG�(VWLPDWLRQ
$FFXUDWH�\LHOG�HVWLPDWLRQ�LV�HVVHQWLDO�IRU

HIILFLHQW�VWRFN�SODQQLQJ�DQG�JHQWOH�KDUYHVWLQJ��8$9
UHPRWH�VHQVLQJ�SURYLGHV�D�QRQGHVWUXFWLYH�ZD\�WR
SUHGLFW� FURS� \LHOG� WKURXJK� PRUSKRORJLFDO
REVHUYDWLRQ��&RVW�� FORXG� LQWHUIHUHQFH�� DQG� ODQG
KHWHURJHQHLW\� OLPLW� KLJK�UHVROXWLRQ� VDWHOOLWH
LPDJHV��8$9V�HTXLSSHG�ZLWK�PXOWLPRGDO�VHQVRUV�²
K\SHUVSHFWUDO�PXOWLVSHFWUDO��WKHUPDO�LQIUDUHG��DQG
FRPELQDWLRQV�ZLWK�5*%�RU�6$5�²�SURYLGH�FRQVLVWHQW
DQG�DFFXUDWH�GDWD�IRU�\LHOG�SUHGLFWLRQ��/LX�HW�DO��
�������7KH�FRUUHODWLRQ�EHWZHHQ�KLJK�UHVROXWLRQ�8$9�
GHULYHG�YHJHWDWLRQ�LQGLFHV�DQG�JUHHQ�ELRPDVV�DQG�\LHOG
PDNHV�WKHP�UHOLDEOH�SUHGLFWRUV��<LHOG�IRUHFDVWLQJ
IDFLOLWDWHV�WLPHO\�SUHSDUDWLRQ�IRU�FURS�VKRUWDJHV�RU
VXUSOXVHV�� (PSLULFDO� VWDWLVWLFDO�PRGHOV��ZDWHU
FRQVXPSWLRQ�EDODQFH�PRGHOV��DQG�ELRPDVV�HVWLPDWLRQ
PRGHOV�DUH�WKH�WKUHH�SULPDU\�56�PRGHOV�IRU�\LHOG
HVWLPDWLRQ��9HOXVDP\�HW�DO����������7R�HYDOXDWH
JHQHWLF�YDULDWLRQ¶V�LPSDFW�RQ�FURS�GHYHORSPHQW�DQG
\LHOG�SRWHQWLDO��SODQW�KHLJKW�DQG�ELRPDVV�DUH�FUXFLDO�
ZKLFK�LV�FUXFLDO�IRU�WDLORUHG�FURS�PDQDJHPHQW�DQG
\LHOG�SURMHFWLRQV��/LX�HW�DO���������

6RLO�0RQLWRULQJ
&HQWUDO�WR�SUHFLVLRQ�DJULFXOWXUH��FURS�VHQVRUV

GHWHUPLQH�YDULDEOH�IHUWLOL]HU�DSSOLFDWLRQ�UDWHV��3ODQW
QXWULWLRQDO�VWDWXV�FDQ�EH�HIIHFWLYHO\�DVVHVVHG�XVLQJ
K\SHUVSHFWUDO�8$9�LPDJHU\��5HDO�WLPH�YDULDEOH
IHUWLOL]HU�UDWH�UHFRPPHQGDWLRQV�FDQ�EH�SURYLGHG�E\
YDULRXV� FRPPHUFLDO�PXOWLVSHFWUDO� V\VWHPV� E\
OHYHUDJLQJ�WKH�FRQQHFWLRQ�EHWZHHQ�SODQW�UHIOHFWDQFH
DQG� QXWULWLRQDO� VWDWXV�� �3LLNNL� HW� DO��� ������
+\SHUVSHFWUDO� GDWD� SURYLGHV� VXSHULRU� UHVXOWV
FRPSDUHG�WR�PXOWLVSHFWUDO�VHQVRUV��EXW�LW�UHOLHV�RQ
HPSLULFDO�PRGHOV�WKDW�DUH�VSHFLILF�WR�WKH�ORFDWLRQ�DQG
VHDVRQ��%\� FRPSXWLQJ� YDULRXV� UHIOHFWLRQ� LQSXW
SDUDPHWHUV��UDGLDWLRQ�WUDQVIHU�UHYHUVDO�PRGHOV�FDQ
FLUFXPYHQW�WKLV�OLPLWDWLRQ��)HQJKXD�HW�DO����������8$9
LPDJHU\�KDV�DGYDQWDJHV�RYHU�VDWHOOLWH�LPDJHU\�LQ�WHUPV
RI�YHJHWDWLRQ�KHLJKW�HVWLPDWLRQ�DQG�GLYHUVH�YLHZLQJ
DQJOH�SHUVSHFWLYHV�

)URVW�'HWHFWLRQ�DQG�\LHOG�SUHGLFWLRQ
,Q�PDQ\�SDUWV�RI�,QGLD��FURSV�DUH�IUHTXHQWO\

GDPDJHG�E\�IURVW��UHVXOWLQJ�LQ�SRRU�\LHOGV�RU�HYHQ
FRPSOHWH�FURS�IDLOXUH��'U\�DLU�RQ�ZLQGOHVV�QLJKWV�XQGHU
FOHDU�VNLHV�KDV�DOVR�VHHQ�DQ�LQFUHDVH�LQ�KRDU�IURVW�
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+RZHYHU��IURVW�LV�RIWHQ�ORFDO�DQG�XQSUHGLFWDEOH��DQG
VLQFH� LW� RFFXUV� DW� QLJKW�� LW� FDQ� EH
RYHUORRNHG��)XUWKHUPRUH��WKH�GDPDJH�LW�FDXVHV�WR�D
FURS�PD\�JR�XQQRWLFHG�IRU�D�ZHHN�RU�PRUH��DIWHU
ZKLFK�LW�EHFRPHV�DSSDUHQW�WKDW�WKH�FURS�ZLOO�QRW
UHFRYHU��,Q�WKLV�UHJDUG��8$9V�RU�ORZ�IO\LQJ�GURQHV
FDQ�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�HDUO\�GHWHFWLRQ�DQG
TXDQWLWDWLYH�DVVHVVPHQW�RI�WKH�ORVV�RI�SKRWRV\QWKHWLF
SRWHQWLDO�RI�JHO�GDPDJHG�FURSV��0RQLWRULQJ�FURS
FRQGLWLRQV��PDSSLQJ�GDPDJHG�DUHDV��PDQDJLQJ�FURS
UHFRYHU\��DQG�SUHGLFWLQJ�WKH�\LHOG�RI�GDPDJHG�ILHOGV
PD\�DOVR�EH�SRVVLEOH�XVLQJ�WKH�8$9��&KRXGKXU\�HW
DO����������$V�ERWK�PXOWLVSHFWUDO�FDPHUDV�DQG�8$9V
EHFRPH�FKHDSHU��IDUPHUV�VKRXOG�EH�DEOH�WR�DIIRUG
WKHP�WR�PRQLWRU�WKHLU�FURSV�DQG�DVVHVV�DQ\�GDPDJH
FDXVHG�E\�IURVW�TXLFNO\��7KH�TXLFN�DQG�KLJK�UHVROXWLRQ
GDPDJH�DUHD�PDSSLQJ��)LJ����DELOLW\�RI�WKH�8$9�FDQ
EH�XWLOL]HG�IRU�VHWWOLQJ�FURS�LQVXUDQFH�FODLPV�LQ�D�VLPLODU
PDQQHU��

/,0,7$7,21�$1'�)8785(�5(6($5&+
',5(&7,9(6�21�8$9V

7KH�DGRSWLRQ�RI�8$9V�LV�DFFRPSDQLHG�E\
VHYHUDO� FRQVWUDLQWV��6PDOO�VFDOH� IDUPHUV� FDQQRW
DFFHVV�WKHP�GXH�WR�WKH�VXEVWDQWLDO�LQYHVWPHQW�UHTXLUHG
IRU�WKHLU�XVH�LQ�DJULFXOWXUH��7KH�ODFN�RI�VWDQGDUGL]HG
ZRUNIORZV� KDV� OHG� WR� LQIRUPDO� SUDFWLFHV� WKDW
GLVFRXUDJH� RWKHU�SRWHQWLDO�VWDNHKROGHUV��'DWD
FROOHFWLRQ� DQG� SURFHVVLQJ� LQYROYHV� FRPSOH[
FRPSXWDWLRQV��UHTXLULQJ�VSHFLDOL]HG�WUDLQLQJ�RU�H[SHUW
HQJDJHPHQW��WKHUHE\�LQFUHDVLQJ�FRVWV��/RZ�FRVW
8$9V�DOVR�KDV�FHUWDLQ�GLVDGYDQWDJHV��VXFK�DV�UHGXFHG
GLPHQVLRQV�� VWDELOLW\�� IOLJKW� DOWLWXGH�� DQG� LPDJH
TXDOLW\��,Q�DGGLWLRQ��VKRUW�IOLJKW�WLPHV��IOH[LEOH�IOLJKW
VFKHGXOHV��WKH�FRPSOH[LW\�RI�UHSHDWHG�PHDVXUHPHQWV�
DQG�YXOQHUDELOLW\�WR�ZHDWKHU�FRQGLWLRQV�OLPLW�WKHLU
HIIHFWLYHQHVV��$GGLWLRQDO�FKDOOHQJHV�DUH�SRVHG�E\
VDIHW\��VHFXULW\��DQG�UHJXODWLRQV�

8$9�LPSOHPHQWDWLRQ�LQ�3UHFLVLRQ�$JULFXOWXUH
LV�VWLOO�LQ�LWV�LQIDQF\��EXW�LW�VKRZV�WKH�SRWHQWLDO�IRU
DGYDQFHPHQW�LQ�DSSOLFDWLRQV�DQG�WHFKQRORJ\��7KH
UDSLG�DGYDQFHPHQWV�LQ�8$9�WHFKQRORJ\�ZLOO�UHVXOW�LQ
D�UHGXFWLRQ�LQ�VHQVRU�DQG�GDWD�SURFHVVLQJ�FRVWV�IRU
\HDUV�WR�FRPH���+RZHYHU��WKHUH�LV�D�JUHDW�GHDO�RI
SURPLVH�LQ�HQKDQFLQJ�WKH�IOLJKW�GXUDWLRQ�DQG�VWDELOLW\�
$GGUHVVLQJ�WKH�VKRUWDJH�RI�DOJRULWKPV�IRU�SUHFLVH
YHJHWDWLRQ�DQDO\VLV�DQG�DXWRPDWHG�DQRPDO\�GHWHFWLRQ
LV�FUXFLDO��7KH�LQWHJUDWLRQ�RI�PXOWLSOH�VHQVRUV�LV

HVVHQWLDO�IRU�VXSHULRU�VRLO�DQG�YHJHWDWLRQ�PRQLWRULQJ�
ZKLFK�PLQLPL]HV�SRVW�KDUYHVW�ORVVHV�DQG�SHVW�DQG
GLVHDVH�WKUHDWV�WR�PD[LPL]H�SURILWDELOLW\�E\�UHGXFLQJ
LQSXW�FRVWV��VSHFLILFDOO\�IHUWLOL]HU��7KH�QH[W�SKDVH�LV
WKH� FRQVWUXFWLRQ� RI� UHDO�WLPH� GHFLVLRQ� VXSSRUW
V\VWHPV��'HYHORSLQJ�D�PRUH�SURILFLHQW��D�VWDQGDUGL]HG
GDWD� DFTXLVLWLRQ�PHWKRGRORJ\� EDVHG� RQ� FURS
SKHQRORJLFDO�VWDJHV�LV�YLWDO�IRU�SUHFLVLRQ�

7KLV�DUWLFOH�DLPV�WR�JLYH�D�FRPSUHKHQVLYH
RYHUYLHZ�RI�WKH�XVH�DQG�VLJQLILFDQFH�RI�8$9V�LQ
SUHFLVLRQ�DJULFXOWXUH��8$9�WHFKQRORJ\�LV�ZLGHO\
DFFHSWHG� DV� DQ� HIILFLHQW� DQG� UREXVW�PHWKRG� IRU
REWDLQLQJ�LQIRUPDWLRQ�WR�LQFUHDVH�SURGXFWLYLW\�DQG
HFRQRPLF�JDLQV�RQ�D�VXVWDLQDEOH�EDVLV��$OWKRXJK�LW�LV
D�FRVWO\�LQYHVWPHQW��LW�HQVXUHV�D�JRRG�UHWXUQ���,WV
SUDFWLFDO�DSSOLFDWLRQ�VWLOO�SUHVHQWV�D�YDULHW\�RI�FULWLFDO
FKDOOHQJHV��VXFK�DV�SODWIRUP�UHOLDELOLW\��IOLJKW�WLPH�
DQDO\WLFV�VRIWZDUH��DQG�ODFN�RI�VWDQGDUG�RSHUDWLQJ
SURFHGXUHV��$QRWKHU�REVWDFOH�LV�WKH�FKDOOHQJH�RI
DQDO\]LQJ�DQG�LQWHUSUHWLQJ�LQIRUPDWLRQ���)DPLOLDUL]DWLRQ
RI�WKLV�WHFKQRORJ\�ZLWK�IDUPHUV�DQG�VPDOOKROGHUV�LV
QHFHVVDU\�IRU�IXOO�H[SORLWDWLRQ�DQG�LPSOHPHQWDWLRQ��,W
LV� SUHGLFWHG� WKDW�ZLWK� FRQWLQXHG� DQG� ULJRURXV
GHYHORSPHQW��LPSURYHPHQWV�LQ�SODWIRUP�WHFKQRORJ\�
FDPHUD�GHVLJQ��DQG�LPDJH�SURFHVVLQJ�WHFKQLTXHV�ZLOO
UHVXOW�LQ�FRVW�UHGXFWLRQ�

/,7(5$785(�&,7('
&KRXGKXU\�%�8��:HEVWHU�5��6KDUPD�9��*RVZDPL

-��0HHWHL�7�7��.ULVKQDSSD�5�DQG�5DMX�3
/�1� ������ )URVW� GDPDJH� WR�PDL]H� LQ
QRUWKHDVWHUQ�,QGLD��GHWHFWLRQ�DQG�DVVHVVPHQW
E\�K\SHUVSHFWUDO�SUR[LPDO�UHPRWH�VHQVLQJ�
-RXUQDO�RI�$SSOLHG�5HPRWH�6HQVLQJ��������
�������

'H�0DUFKL�0��'LDQWLQL�$�DQG�3DSSDODUGR�6�(
�����'URQHV� DQG� *HRJUDSKLFDO
,QIRUPDWLRQ�7HFKQRORJLHV�LQ�$JURHFRORJ\
DQG�2UJDQLF�)DUPLQJ��&RQWULEXWLRQV� WR
7HFKQRORJLFDO�6RYHUHLJQW\���VW�HG���7D\ORU
	�)UDQFLV��$ELQJGRQ��2[RQ������SS�

*RHO�3�.��3UDVKHU�6�2��3DWHO�50��6PLWK�'�/
DQG�'L7RPPDVR�$������8VH�RI�DLUERUQH
PXOWL±VSHFWUDO�LPDJHU\�IRU�ZHHG�GHWHFWLRQ�LQ
ILHOG� FURSV��7UDQVDFWLRQV� RI� WKH�$6$(�
�����������

���� �3RWHQWLDO�RI�8$9V�LQ�3UHFLVLRQ�$JULFXOWXUH ��������������



)L
JX
UH
���
�6
FK
HP

DW
LF
�UH
SU
HV
HQ
WD
WLR

Q�
RI
�WK
H�V
\Q
HU
J\
�E
HW
Z
HH
Q�
8
$9

V�D
QG

�S
UH
FL
VLR

Q�
DJ
UL
FX
OWX

UH
�

��� ������%XUKDQ�8��&KRXGKXU\ �����������������������������������������$$-���



)LJXUH����7KH�DSSOLFDWLRQ�RI�PXOWL�VSHFWUDO�8$9V�IRU�FURS��H�J��0DL]H��JURZWK�DQG�KHDOWK�DVVHVV
PHQW�DFWLYLWLHV��LQFOXGLQJ�GHWHFWLRQ�RI�IURVW�GDPDJH�DW�,&$5�5&�LQ�1(+�5HJLRQ��8PLDP�
0HJKDOD\D

���� �3RWHQWLDO�RI�8$9V�LQ�3UHFLVLRQ�$JULFXOWXUH ��������������



/LX�-��;LDQJ�-��-LQ�<��/LX�5��<DQ�-�DQG�:DQJ�/
����� %RRVW� 3UHFLVLRQ�$JULFXOWXUH�ZLWK
8QPDQQHG�$HULDO�9HKLFOH�5HPRWH�6HQVLQJ�DQG
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