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5HVSRQVH WR 5HYLHZHUV¶ REVHUYDWLRQV RQ PDQXVFULSW ³9DOLGDWLRQ RI D

QHZ JOREDO LUULJDWLRQ VFKHPH LQ WKH ODQG VXUIDFH PRGHO 25&+,'(( Y���´

3HGUR )� $UEROHGD�2EDQGR� $JQqV 'XFKDUQH� =XQ <LQ� 3KLOLSSH &LDLV

&RUUHVSRQGHQFH� 3HGUR )� $UEROHGD�2EDQGR �SHGUR�DUEROHGDBREDQGR#XSPF�IU�

5HSO\ WR DQRQ\PRXV UHYLHZHU �

5HYLHZ FRPPHQWV RQ µ9DOLGDWLRQ RI D QHZ JOREDO LUULJDWLRQ VFKHPH LQ WKH ODQG VXUIDFH PRGHO

25&+,'(( Y���´ E\ $UEROHGD�2EDQGR HW DO�

7KH DXWKRUV SUHVHQW D QHZ JOREDO LUULJDWLRQ VFKHPH LQVLGH WKH 25&+,'(( ODQG VXUIDFH

PRGHO� 7KH LUULJDWLRQ PRGHO FDOFXODWHV WKH LUULJDWLRQ ZDWHU GHPDQG EDVHG RQ VRLO PRLVWXUH

GHILFLW DJDLQVW WKHLU WDUJHW VRLO PRLVWXUH DIWHU LUULJDWLRQ� DQG WKH LUULJDWLRQ UDWH LV FRQVWUDLQHG

E\ WKH DYDLODEOH ZDWHU VXSSO\ IURP WKUHH PDMRU UHVHUYRLUV �VWUHDP� RYHUODQG� DQG

JURXQGZDWHU�� ,UULJDWLRQ PRGHO SDUDPHWHU EHWD WKDW FRQWUROV WKH LUULJDWLRQ WDUJHW VRLO PRLVWXUH

ZDV WXQHG WR PDWFK VRPH H[LVWLQJ JOREDO LUULJDWLRQ HVWLPDWHV� *OREDO�VFDOH LUULJDWLRQ HVWLPDWH

IURP WKH PRGHO LV FRPSDUDEOH ZLWK RWKHU H[LVWLQJ HVWLPDWHV� H�J�� )$2¶V $48$67$7 DQG

6DFNV HW DO� ������� EXW LWV UHJLRQDO HVWLPDWHV VKRZ QRWLFHDEOH GLIIHUHQFHV� SDUWLFXODUO\�

XQGHUHVWLPDWHG LUULJDWLRQ LQ VRPH LUULJDWLRQ KRWVSRWV LQ &KLQD� ,QGLD DQG WKH 86 LV QRWDEOH�

+RZHYHU� ZLWK WKH LUULJDWLRQ RQ� QHJDWLYH ELDVHV LQ (7 RYHU LUULJDWHG DUHDV LPSURYHG�

7KH QHZ LUULJDWLRQ VFKHPH VKDUHV FRPPRQ IHDWXUHV ZLWK RWKHU VRPH H[LVWLQJ LUULJDWLRQ

VFKHPHV WKDW DGRSW VLPLODU FRQFHSWV RI DGGLQJ LUULJDWLRQ ZDWHU WR VRLO XS WR D �WXQHDEOH�

WDUJHW YDOXH GXULQJ WKH SUHVFULEHG FURSSLQJ VHDVRQV� %XW WKLV ZRUN FRQYLQFLQJO\ VKRZV WKH

LPSRUWDQFH RI LQFOXGLQJ LUULJDWLRQ VFKHPH LQ JOREDO ODQG VXUIDFH �RU K\GURORJLFDO� PRGHOOLQJ WR

FRUUHFWO\ UHSURGXFH HYDSRWUDQVSLUDWLRQ� ZKLFK KDV LPSRUWDQW LPSOLFDWLRQV WR UHOHYDQW ODQG

VXUIDFH SURFHVVHV DQG ODQG�DWPRVSKHUH LQWHUDFWLRQ� 0RUHRYHU� WKDQNV WR WKH H[SOLFLW

UHSUHVHQWDWLRQV RI LUULJDWLRQ ZDWHU VRXUFH� WKH DXWKRUV DUJXH WKH SRVVLEOH UROH RI LUULJDWLRQ

VRXUFHG IURP QRQ�UHQHZDEOH JURXQGZDWHU VWRUDJH LQ H[SODLQLQJ WKH JDS EHWZHHQ PRGHOOHG

7:6 DQG *5$&(�GHULYHG 7:6� 7KH PDQXVFULSW LV ZHOO ZULWWHQ DQG WKH WRSLF LV ZLWKLQ WKH

LQWHUHVWV RI (*8VSKHUH¶V UHDGHUV� , UHFRPPHQG WKDW WKH PDQXVFULSW LV FRQVLGHUHG IRU

SXEOLFDWLRQ LQ (*8VSKHUH RQFH VRPH WHFKQLFDO FRQFHUQV OLVWHG LQ WKH IROORZLQJ VHFWLRQ DUH

DGGUHVVHG�

:H WKDQN WKH DQRQ\PRXV UHYLHZHUV IRU WKH WLPH KH VSHQW WR UHDG DQG FRPPHQW RXU SDSHU�

%HORZ� ZH SURYLGH D SRLQW�E\�SRLQW UHVSRQVH WR WKHVH FRPPHQWV� 6HQWHQFHV IURP WKH

RULJLQDO VXEPLWWHG PDQXVFULSW DUH SUHVHQWHG LQ LWDOLF� ZKLOH WKH SURSRVLWLRQ WR UHVSRQG WR WKH

REVHUYDWLRQV DUH SUHVHQWHG LQ EROG� 2EVHUYDWLRQV IURP UHYLHZHU � DUH QXPEHUHG IURP � WR

���

�� $FFRUGLQJ WR WKH GHVFULSWLRQ RI LUULJDWLRQ VFKHPH �6HFWLRQ ����� WKH VRLO PRLVWXUH GHLILF

' LV VHW WR ]HUR ZKHQ FURSV DQG JUDVVHV DUH EHORZ D FHUWDLQ WKUHVKROG YDOXH� /$,BOLP�

$OWKRXJK WKLV PLJKW EH D SUDFWLFDO FKRLFH IRU WKH ODWWHU SDUW RI D FURS JURZWK F\FOH

�PDWXULW\ VWDJH WR KDUYHVW�� LUULJDWLRQV IURP VRZLQJ WKH HPHUJHQFH VWDJHV� ZRXOG EH

PLVVHG� *LYHQ WKDW PRVW FURSV UHTXLUH VXIILFLHQW LUULJDWLRQ LQ WKH HDUO\ VWDJH RI WKHLU

JURZWK F\FOH� WKLV ZRXOG OHDG WR DQ XQGHUHVWLPDWHG LUULJDWLRQ RYHUDOO�



�

:H DJUHH WKDW WKH /$, WKUHVKROG YDOXH FRXOG SUHYHQW LUULJDWLRQ GXULQJ WKH HDUO\ VWDJHV RI WKH

SODQW JURZWK� $V VWDWHG LQ WKH SDSHU� ZH GR VR WR SUHYHQW LUULJDWLRQ ZKHQ WKHUH LV QR SODQW

GHYHORSPHQW� IRU H[DPSOH GXULQJ ERUHDO ZLQWHU LQ WKH QRUWKHUQ KHPLVSKHUH� %XW ZH DJUHH

WKDW LW RYHUORRN LUULJDWLRQ GXULQJ HPHUJHQFH� DQG FRXOG OHDG WR XQGHUHVWLPDWLRQ� :H SURSRVH

WR DGG WKH IROORZLQJ VHQWHQFH �LQ EROG� WR WKH SDSHU� OLQH ��� RI WKH RULJLQDO VXEPLWWHG

GRFXPHQW�

7R SUHYHQW LUULJDWLRQ ZKHQ WKHUH LV QR SODQW GHYHORSPHQW� IRU H[DPSOH GXULQJ ZLQWHU� ZH VHW

WKH GHILFLW ' WR ]HUR LI DOO FURSV DQG JUDVVHV DUH EHORZ D FHUWDLQ /$, WKUHVKROG� /$,OLP� %\

GRLQJ VR� ZH RYHUORRN LUULJDWLRQ XVHG WR HQKDQFH JHUPLQDWLRQ� DQG WHQG WR

XQGHUHVWLPDWH LUULJDWLRQ DPRXQWV�

%HVLGHV� ZH DGG D VHQWHQFH LQ WKH GLVFXVVLRQ� OLQH ���� WR WDNH LQWR DFFRXQW WKLV REVHUYDWLRQ

DQG REVHUYDWLRQ � IURP UHYLHZHU � �VHH UHVSRQVH WR REVHUYDWLRQ � IURP UHYLHZHU ��

�� ,Q DGGLWLRQ� LW LV VWDWHG LQ 6HFWLRQ ��� WKDW ³ZH GR QRW VHSDUDWH WKH LUULJDWHG DUHD LQWR D

VHSDUDWH VRLO FROXPQ� L�H� WKH VRLO FROXPQ LQFOXGHV FURSV �ERWK LUULJDWHG DQG UDLQIHG�

DQG JUDVVHV«7KH HIIHFWLYH LUULJDWLRQ �,� VHH EHORZ� LV XQLIRUPO\ DSSOLHG RYHU WKH

FURSV DQG JUDVVHV VRLO FROXPQ�´ 7KLV LPSOLHV WKDW LI D IUDFWLRQ ���� RI FURS�JUDVV

FROXPQ LV LUULJDWHG WR PHHW WKH WDUJHW VRLO PRLVWXUH FRQWHQW �EHWD [ ILHOG FDSDFLW\�� WKH

DGGHG ZDWHU LV VSUHDG RYHU WKH ZKROH FROXPQ� OHDGLQJ WR WKH VRLO PRLVWXUH FRQWHQW

VWLOO XQGHU WKH WDUJHW VRLO PRLVWXUH� 7KLV ZLOO LQ WXUQ PDNH WKH PRGHO DGG PRUH ZDWHU

IRU LUULJDWLRQ XQWLO WKH HQWLUH FROXPQ WKDW FRQWDLQV IUDFWLRQDO FURSV�JUDVVHV UHFHLYHV

ZDWHU XS WR WKH WDUJHW VRLO PRLVWXUH� ,V WKLV WKH FDVH" 7KH DXWKRUV PHQWLRQ

RYHUHVWLPDWHG HYDSRWUDQVSLUDWLRQ DV D SRVVLEOH UHVXOW RI WKH VLPSOLILHG ZDWHU DGGLWLRQ

VFKHPH� EXW LQ FRPELQDWLRQ ZLWK WKH DGGLWLRQDO LUULJDWLRQ FDXVHG E\ WKH XQLIRUP

VSUHDG RI ZDWHU WR WKH HQWLUH FURS�JUDVV FROXPQ� RYHU�LUULJDWLRQ HIIHFW FDQ EH IDLUO\

VLJQLILFDQW� SDUWLFXODUO\ ZKHQ D FURS�JUDVV FROXPQ UHSUHVHQW VSDUVH FURSSLQJ DUHD

ZLWK D VPDOO FURS IUDFWLRQ�

7KH UHYLHZHU LV ULJKW� ,Q WKH FDVH WKDW WKH LUULJDWHG DUHD LV PXFK VPDOOHU WKDQ WKH FURSV DQG

JUDVVHV VRLO FROXPQ IUDFWLRQ� WKH DGGHG ZDWHU GRHV QRW QHFHVVDULO\ OHDG WR LQFUHDVH WKH VRLO

PRLVWXUH FRQWHQW RYHU WKH WDUJHW VRLO PRLVWXUH� 7KH UHVXOW LV FRQWLQXRXV LUULJDWLRQ �LI WKHUH LV

VRLO GHILFLW DQG DYDLODEOH ZDWHU� GXULQJ WKH JURZLQJ VHDVRQ� %XW QRWH WKDW WKH LUULJDWHG IUDFWLRQ

DQG WKH PD[LPXP LUULJDWLRQ UDWH SHU KRXU DOVR FRQWURO WKH ZDWHU GHPDQG� 6R HYHQ LI

RYHUHVWLPDWLRQ LV D OLNHO\ RXWSXW� XQGHUHVWLPDWLRQ LV DOVR SRVVLEOH�

:H SURSRVH WR FKDQJH WKH VHQWHQFH LQ OLQH ��� RI WKH RULJLQDO VXEPLWWHG GRFXPHQW� VR WKLV

SDUWLFXODU FDVH LV LWV FRQVHTXHQFHV DUH EHWWHU H[SODLQHG�

,I WKH IUDFWLRQ RI LUULJDWHG DUHD LV PXFK VPDOOHU WKDQ WKH IUDFWLRQ RI WKH FURSV DQG JUDVVHV

IUDFWLRQ RI VRLO FROXPQ� LUULJDWLRQ ZLOO HYHQWXDOO\ EH VSUHDG RYHU D ODUJHU DUHD WKDQ WKH

DFWXDOO\ LUULJDWHG VXUIDFH� 7KLV SDUWLFXODU FDVH �DQ LPSRUWDQW GLIIHUHQFH LQ LUULJDWHG

IUDFWLRQ DQG VRLO FROXPQ IUDFWLRQ� FRXOG OLNHO\ UHVXOW LQ RYHUHVWLPDWLRQ RI WKH DPRXQW RI

LUULJDWLRQ �PDLQO\ EHFDXVH WKH ZDWHU SXW RQ WKH VXUIDFH ZLOO QRW EH VXIILFLHQW WR UHDFK

WKH VRLO PRLVWXUH WDUJHW� VHH 6��� %HVLGHV� WKH IUDFWLRQ RI LUULJDWLRQ ZDWHU WKDW DFWXDOO\

HYDSRUDWHV FRXOG EH ODUJHU WKDQ LQ UHDOLW\� 7KH ODWWHU FRXOG OHDG WR DQ RYHUHVWLPDWLRQ RI

WKH HYDSRWUDQVSLUDWLRQ LQFUHDVH� HVSHFLDOO\ LQ DUHDV WKDW DUH HQHUJ\�FRQWUROOHG

?FLWHS^3XPD����` DQG DQ RYHUHVWLPDWLRQ RI LUULJDWLRQ HIILFLHQF\�



�

$OVR� ZH SURSRVH WR DGG D QHZ ILJXUH LQ VXSSOHPHQWDU\� )LJ� 6�� )LJ� 6��E VKRZV WKH

LUULJDWLRQ ELDV E\ FODVV RI LUULJDWHG VXUIDFH RYHU FURS DQG JUDVV VRLO FROXPQ� ,Q FRPSDULVRQ� LQ

)LJ� 6��D ZH VKRZ WKH VDPH SORW E\ FODVV RI LUULJDWHG IUDFWLRQ� :KLOH VSDUVH LUULJDWLRQ LQ

FURSODQGV FRXOG OLNHO\ OHDG WR RYHUHVWLPDWLRQ LQ RXU PRGHO� LW LV QRW DOZD\V WKH FDVH� $OVR�

XQGHUHVWLPDWLRQ LQ LQWHQVLYHO\ LUULJDWHG DUHDV LV PRUH LPSRUWDQW�

7KH QHZ )LJXUH 6� LV VKRZQ EHORZ�

)LJXUH 6� 8VH RI IDFWRU DQDO\VLV DJDLQVW LUULJDWLRQ ELDV� ,UULJDWLRQ UDWH ELDV DJDLQVW

GDWD IURP 6DFNV HW DO� ������� DV D IXQFWLRQ RI LUULJDWHG IUDFWLRQ FODVVHV �D� DQG

FODVVHV RI WKH UDWLR RI LUULJDWHG IUDFWLRQ DQG FURSV DQG JUDVVHV VRLO FROXPQ IUDFWLRQ

�E�� %RWK SORWV XVH GDWD IURP WKH ,UU VLPXODWLRQ IRU ����� ,UULJDWLRQ UDWH ELDV DJDLQVW

GDWD IURP 6DFNV HW DO� ������� DV D IXQFWLRQ RI LUULJDWHG IUDFWLRQ FODVVHV DQG µEHWD¶

SDUDPHWHU YDOXHV �F�� ,UULJDWLRQ UDWH DV D IXQFWLRQ RI LUULJDWHG IUDFWLRQ FODVVHV DQG

µEHWD¶ SDUDPHWHU YDOXHV �G�� %RWK SORWV �F� DQG �G� XVH GDWD IURP VKRUW VLPXODWLRQV

XVHG IRU WKH WXQLQJ SDUDPHWHU DQDO\VLV� IRU �����

�� 7KH QHZ LUULJDWLRQ VFKHPH DGG LUULJDWLRQ ZDWHU WR FORVH WR VRLO PRLVWXUH GHILFLW� WKH

GLIIHUHQFH EHWZHHQ WKH DFWXDO VRLO PRLVWXUH DQG µEHWD [ ILHOG FDSDFLW\¶� EXW WKH

PDQXVFULSW GRHV QRW SURYLGH WKH VRLO PRLVWXUH YDOXH WKDW WULJJHUV LUULJDWLRQ �WKLV LV D

GLIIHUHQW WULJJHU WKDQ WKH /$,BPLQ�� 'RHV WKLV PHDQ WKDW LUULJDWLRQ LV WULJJHUHG

ZKHQHYHU VRLO PRLVWXUH GURSV EHORZ µEHWD [ ILHOG FDSDFLW\¶" 7KLV ZRXOG UHVXOW LQ

FRQWLQXRXV LUULJDWLRQ RYHU WKH ZKROH GXUDWLRQ RI WKH FURSSLQJ VHDVRQ �ZKHQ /$, !



�

/$,BPLQ�� OHDGLQJ WR XQUHDOLVWLF HPXODWLRQ RI LUULJDWLRQ �DQG OLNHO\ RYHUHVWLPDWLRQ RI

LUULJDWLRQ��

7KH UHYLHZHU LV ULJKW� WKH XVH RI D µEHWD [ ILHOG FDSDFLW\ 60¶ PLJKW UHVXOW LQ D FRQWLQXRXV

LUULJDWLRQ GXULQJ WKH ZKROH JURZLQJ VHDVRQ �LI WKHUH LV HQRXJK DYDLODEOH ZDWHU�� XQOHVV VRLO

PRLVWXUH EHFRPHV JUHDWHU WKDQ WKH WDUJHW GXH WR SUHFLSLWDWLRQ�

7R DGGUHVV WKLV REVHUYDWLRQ� ZH SURSRVH WR LQFOXGH DOO WKH OLPLWDWLRQV RI WKH VFKHPH DW WKH

EHJLQQLQJ RI GLVFXVVLRQ �VHH UHVSRQVH WR REVHUYDWLRQ �� RI WKH ILUVW UHYLHZHU��

:H SURSRVH WR DGG VRPH FODULILFDWLRQV LQ OLQH ��� RI WKH RULJLQDO VXEPLWWHG GRFXPHQW�

ZKHUH :L DQG :IF L�ERWK LQ PP� DUH WKH DFWXDO DQG ILHOG FDSDFLW\ VRLO PRLVWXUH LQ VRLO OD\HU L�

UHVSHFWLYHO\� DQG � LV D XVHU GHSHQGHQW SDUDPHWHU WKDW FRQWUROV WKH WDUJHW YDOXH ZLWK

UHVSHFW WR ILHOG FDSDFLW\ �VHH )LJ� 6�� LQ WKH VXSSOHPHQWDU\ IRU LQIRUPDWLRQ UHJDUGLQJ

VRLO WH[WXUH DQG ILHOG FDSDFLW\ VRLO PRLVWXUH LQ WKH URRW ]RQH�� :KHQ VRLO PRLVWXUH

GURSV EHORZ WKH WDUJHW� LUULJDWLRQ LV WULJJHUHG�

%HVLGHV� LQ RUGHU WR WDNH LQWR DFFRXQW REVHUYDWLRQV � DQG � IURP UHYLHZHU �� ZH DGG D

VHQWHQFH LQ WKH GLVFXVVLRQ� OLQH ��� RI WKH RULJLQDO VXEPLWWHG GRFXPHQW�

)LQDOO\� WKH FRQGLWLRQV WR WULJJHU LUULJDWLRQ� DOWKRXJK FRQWUROOHG E\ IRXU SDUDPHWHUV� PD\ VHHP

WRR VLPSOH LQ RXU VFKHPH� HVSHFLDOO\ FRPSDUHG WR VSHFLDOL]HG LUULJDWLRQ PRGHOV� WKH QHZ

LUULJDWLRQ VFKHPH LQ /60 &/0� �<DR HW DO�� ������ RU WKH ,6%$ /60 �'UXHO HW DO�� ������

ZKLFK LPSOHPHQW FRPSOH[ VHWV RI UXOHV WR UHSUHVHQW GLIIHUHQW LUULJDWLRQ VWUDWHJLHV� 6RPH

UXOHV FRXOG FKDQJH WKH PRPHQW ZKHQ LUULJDWLRQ LV WULJJHUHG DQG LQFUHDVH WKH DPRXQW

�IRU LQVWDQFH DOORZLQJ LUULJDWLRQ VRPH GD\V EHIRUH WKH FURS HPHUJHQFH� RU GHFUHDVH

WKH LUULJDWLRQ DPRXQW �IRU LQVWDQFH� SUHYHQWLQJ LUULJDWLRQ GXULQJ PDWXULW\ RI WKH FURS�

RU SUHYHQWLQJ FRQWLQXRXV LUULJDWLRQ GXULQJ PRUH WKDQ D FHUWDLQ QXPEHU RI GD\V��

)LQDOO\� ZH SURSRVH WR DGG D PDS RI VRLO WH[WXUH DV XVHG E\ WKH PRGHO� DQG WKH

FRUUHVSRQGLQJ ILHOG FDSDFLW\ 60� LQ )LJ� 6�� RI WKH VXSSOHPHQWDU\� DQG FLWH LW LQ OLQH ����





�

�� /LQH ������ ³7KLV UHIHUHQFH 3(7«SDUDPHWHU�´ 7KLV VHQWHQFH QHHGV WR EH UHZULWWHQ

IRU FODULW\�

:H SURSRVH WR FKDQJH WKLV SKUDVH� VHH WKH UHVSRQVH �� EHORZ�

�� /LQH ���� ³7UHH´ �! 7KUHH

:H SURSRVH WR FRUUHFW WKH W\SR LQ WKH QHZ YHUVLRQ RI WKH SDSHU�

�� /LQH ���� &RUUHFW ³FURS� JUDVV VRLO FROXPQ´

:H SURSRVH WR FKDQJH WKH W\SR LQ WKH QHZ YHUVLRQ RI WKH SDSHU�

�� /LQH �������� )RU WKH UHDVRQ GHVFULEHG LQ WKH JHQHUDO FRPPHQW VHFWLRQ� , WKLQN µWKH

IUDFWLRQ LUULJDWHG LV JUHDWHU WKDQ WKH FURS�JUDVV VRLO FROXPQ¶ ZRXOG EH OHVV RI D

FRQFHUQ IRU FRUUHFWLRQ LUULJDWLRQ VLPXODWLRQ�

:H DJUHH� EXW LW EHORQJV WR WKH FKHFNV FXUUHQWO\ PDGH E\ WKH VFKHPH� VR ZH SUHIHU WR OHDYH

LW LQ WKH PDQXVFULSW�

�� /LQH ���� :KDW LV WKH GHILQLWLRQ RI µUHQHZDEOH�JURXQGZDWHU UHVHUYRLUV¶ LQ WKLV ZRUN"

,W FRUUHVSRQGV WR VKDOORZ DTXLIHUV UHFKDUJHG E\ GUDLQDJH DW WKH VRLO ERWWRP� :H SURSRVH WR

DGG D VHQWHQFH LQ WKH GLVFXVVLRQ� OLQH ��� RI WKH RULJLQDO VXEPLWWHG GRFXPHQW�

,Q WKLV HTXDWLRQ� 6M >PP@ LV WKH YROXPH VWRUDJH LQ HDFK URXWLQJ UHVHUYRLU� ZLWK LQGH[ M HTXDO ��

� DQG � IRU WKH VWUHDP� RYHUODQG� DQG UHQHZDEOH�JURXQGZDWHU �L�H� VKDOORZ DTXLIHUV WKDW

DUH UHFKDUJHG E\ GUDLQDJH DW WKH VRLO ERWWRP� UHVHUYRLUV� UHVSHFWLYHO\�

��� /LQH ���� ³���[ ��� NP´ �! ³��� [ ��� NP´

:H SURSRVH WR FKDQJH WKH W\SR LQ WKH QHZ YHUVLRQ RI WKH SDSHU

��� /LQH �������� ��� [ ��A�� ��� [ ��A�� 'RHV +,' LQFOXGH /8+Y� RU VHSDUDWH" ,W

DSSHDUV WR EH DVVXPHG LQ WZR GLIIHUHQW ZD\V"

,I ERWK GDWDVHWV VKDUHG WKH VDPH VSDWLDO GLVWULEXWLRQ� $(, VKRXOG LQFOXGH $$, DQG VR� +,'

VKRXOG LQFOXGH /8+Y�� %XW DV ERWK GDWDVHWV UHO\ RQ GLIIHUHQW LQIRUPDWLRQ VRXUFHV� SURFHVVHG

ZLWK GLIIHUHQW PHWKRGV� LQFOXVLRQ RI $$, LQ $$, LV QRW WKH FDVH� LQ IDFW LW LV HDV\ WR YHULI\ WKH

LPSRUWDQW GLIIHUHQFHV LQ WKH VSDWLDO GLVWULEXWLRQ RI ERWK GDWDVHWV�

:H LQFOXGH D VHQWHQFH WR FODULI\ WKHVH GLIIHUHQFHV EHWZHHQ ERWK GDWDVHWV�

7KH PDLQ GLIIHUHQFH EHWZHHQ WKH +,' DQG /8+Y� PDSV LV WKDW +,' SUHVFULEHV WKH DUHD WKDW

LV HTXLSSHG IRU LUULJDWLRQ �$(,�� ZKLOH /8+Y� SUHVFULEHV WKH DUHD WKDW LV DFWXDOO\ LUULJDWHG

�$$,�� $V D UHVXOW� WKH +,' GDWDVHW KDV D JUHDWHU LUULJDWHG VXUIDFH ���� ���A� NPA�� IRU +,'�

��� ���A� NPA�� IRU /8+Y� DW JOREDO VFDOH DURXQG ������ ,W DOVR PHDQV WKDW $$, VKRXOG EH

LQFOXGHG LQ WKH $(, LI WKH WZR GDWDVHWV VKDUHG D VLPLODU VSDWLDO GLVWULEXWLRQ� %XW WKLV LV QRW

WKH FDVH� DV WKH WZR GDWDVHWV UHO\ RQ GLIIHUHQW LQIRUPDWLRQ VRXUFHV� SURFHVVHG ZLWK

GLIIHUHQW PHWKRGV �2OLYHLUD ������



�

��� /LQH ���� ³D�SULRUL´ �! D SULURL

:H SURSRVH WR FKDQJH WKH W\SR �IURP D�SULRUL WR D SULRUL� LQ WKH QHZ YHUVLRQ RI WKH SDSHU

��� /LQH �������� 7KLV MXVWLILHV D FORVH H[DP RI WKUHVKROG 60 WULJJHULQJ LUULJDWLRQ DQG

SRVVLEOH IODZV LQ LUULJDWLRQ DSSOLFDWLRQ WR WKH HQWLUH FURS�JUDVV FROXPQ ZLWK D IUDFWLRQDO

FRYHUDJH� SDUWLFXODUO\ ZKHQ WKH IUDFWLRQ LV VPDOO�

,W LV UHODWHG WR WKH HIIHFW RI EHWD RQ ZDWHU DPRXQW DQG LUULJDWLRQ HIILFLHQF\

,W FRXOG EH UHODWHG WR VRPH IODZV RQ WKH LUULJDWLRQ VFKHPH� EXW DOVR WR WKH

UHSUHVHQWDWLRQ RI LQILOWUDWLRQ� RU WR RWKHU PRGHO IODZV� OLNH DQ RYHUHVWLPDWLRQ RI EDUH

VRLO HYDSRUDWLRQ�

:H DJUHH ZLWK WKH UHYLHZHU� LW LV SRVVLEOH WKDW SDUW RI WKH LUULJDWLRQ ELDV LV SUREDEO\ GXH WR

IODZV LQ WKH VFKHPH� WR WKH HIIHFW RI WKH WXQHG µEHWD¶ YDOXH� DQG WR RWKHU IODZV LQ WKH PRGHO�

IRU LQVWDQFH LQILOWUDWLRQ�

:H SURSRVH WR LQFOXGH D FODVVLILFDWLRQ RI WKH W\SH RI OLPLWDWLRQV WKDW FRXOG LPSDFW RXU

HVWLPDWHV RI LUULJDWLRQ DPRXQW RU WKH HIIHFW RI LUULJDWLRQ RQ RWKHU YDULDEOHV� DW WKH EHJLQQLQJ RI

WKH GLVFXVVLRQ� OLQH ��� RI WKH RULJLQDO PDQXVFULSW�

,Q WKLV VWXG\� ZH LPSOHPHQWHG D QHZ JOREDO LUULJDWLRQ VFKHPH LQVLGH WKH 25&+,'(( ODQG

VXUIDFH PRGHO EDVHG RQ SUHYLRXV ZRUN IURP <LQ HW DO� ������ LQ &KLQD�:KLOH ZH IRXQG D

UHGXFWLRQ LQ VRPH PRGHOOLQJ ELDVHV ZKHQ LUULJDWLRQ LV DFWLYDWHG� ZH DOVR LGHQWLILHG DW

OHDVW IRXU W\SHV RI OLPLWDWLRQV LQ RXU PRGHOOLQJ IUDPHZRUN WKDW FDQ DIIHFW WKH HVWLPDWHV

RI LUULJDWLRQ RU WKH HIIHFWV RI LUULJDWLRQ RQ RWKHU YDULDEOHV LQVLGH WKH ODQG VXUIDFH

PRGHO�

�� 7KH LUULJDWLRQ VFKHPH H[KLELWV VRPH VKRUWFRPLQJV WKDW PD\ ELDV WKH HVWLPDWHG

LUULJDWLRQ DPRXQW� WKH XVH RI D VLQJOH LUULJDWLRQ WHFKQLTXH� VLPSOLILHG UXOHV WR

WULJJHU LUULJDWLRQ DQG DOORFDWH WKH DYDLODEOH ZDWHU� WKH MRLQW UHSUHVHQWDWLRQ RI

UDLQIHG DQG LUULJDWHG FURSV ZLWKLQ WKH VDPH VRLO FROXPQ� WKH

QRQ�UHSUHVHQWDWLRQ RI FRQYH\DQFH ORVVHV� DOWKRXJK ORVVHV GXH WR UHWXUQ IORZV

DUH UHSUHVHQWHG�

�� 7KH SDUDPHWHU WXQLQJ LV RYHUO\ VLPSOLVWLF� $V D ILUVW VWHS� ZH FRQVLGHUHG

JOREDOO\ XQLIRUP SDUDPHWHUV� ZKLFK LV RYHUO\ VLPSOLVWLF� DOWKRXJK VSDWLDOO\

GLVWULEXWHG YDOXHV ZRXOG DOORZ XV WR EHWWHU GHVFULEH WKH ORFDO IHDWXUHV RI

LUULJDWLRQ V\VWHPV� DV VKRZQ E\ WKH VSDWLDO YDULDWLRQV LQ RSWLPL]HG � PDS� DQG

WKH GHSHQGHQFH RI WKH ORFDO LUULJDWLRQ ELDV RQ WKH IUDFWLRQ RI SDGG\ ULFH�

�� :H DOVR XVH D VLQJOH PHWHRURORJLFDO IRUFLQJ GDWDVHW DQG D VLQJOH \HDU WR

FKDUDFWHUL]H REVHUYHG LUULJDWLRQ YDOXHV� 7KLV FRQWULEXWHV WR ELDVLQJ WKH

SDUDPHWHU DGMXVWPHQW SURFHVV E\ WDNLQJ XQFHUWDLQ GDWD �PHWHRURORJLFDO IRUFLQJ

DQG UHIHUHQFH LUULJDWLRQ� DV FHUWDLQ�

�� 7KH 25&+,'(( PRGHO H[KLELWV PDQ\ XQFHUWDLQWLHV WKDW DUH QRW UHODWHG WR WKH

LUULJDWLRQ VFKHPH� EXW XOWLPDWHO\ LPSDFW WKH LUULJDWLRQ ZLWKGUDZDOV DQG

HIILFLHQF\ �GHILQHG KHUH DV WKH UDWLR RI DGGLWLRQDO (7 GXH WR LUULJDWLRQ WR ZDWHU

ZLWKGUDZDO� DQG WKH WHPSRUDO G\QDPLFV RI LUULJDWLRQ� 2QH SDUWLFXODU XQFHUWDLQW\

FRPHV IURP WKH RYHUHVWLPDWLRQ RI EDUH VRLO HYDSRUDWLRQ �&KHUX\ HW DO�� ������
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WKDW ZH SUHVHQWO\ WU\ WR FRUUHFW LQ 25&+,'((� 2WKHU XQFHUWDLQWLHV UHVXOW IURP

WKH LQKHUHQW VLPSOLILFDWLRQV RI DQ\ PRGHO� ,Q 25&+,'((� WKH\ LQFOXGH WKH XVH

RI D VLQJOH VRLO WH[WXUH LQ HDFK JULG FHOO� RI RQO\ WZR NLQGV RI FURSV ZLWK

VLPSOLILHG SKHQRORJ\ DQG FURS FDOHQGDUV� DQG WKH FKRLFHV PDGH WR VLPXODWH

LQILOWUDWLRQ DQG HYDSRUDWLYH SURFHVVHV�

)LQDOO\� ZH SURSRVH WR DGG WZR DGGLWLRQDO SORWV WR )LJ� 6�� )LJ� 6��F VKRZV WKH HIIHFW RI

FKDQJLQJ EHWD RQ LUULJDWLRQ ELDV� E\ FODVV RI LUULJDWHG IUDFWLRQ� )LJ� 6��G VKRZV WKH HIIHFW RI

FKDQJLQJ EHWD RQ WKH LUULJDWLRQ UDWH� E\ FODVV RI LUULJDWHG IUDFWLRQ �VHH )LJ� 6� LQ UHVSRQVH WR

REVHUYDWLRQ � UHYLHZHU ��� %RWK VKRZ WKDW KLJKHU EHWD LQFUHDVHV WKH LUULJDWLRQ UDWH� EXW WKH

HIIHFW RQ LUULJDWLRQ ELDV LV GLIIHUHQW DFFRUGLQJ WR WKH FODVV�

:H SURSRVH WR LQFOXGH WKH QH[W VHQWHQFH LQ EROG LQ OLQH ��� RI WKH RULJLQDO PDQXVFULSW WR FLWH

WKH QHZ )LJXUH�

:KHQ FRPSDULQJ WKH LUULJDWLRQ ZDWHU DPRXQW DW JOREDO VFDOH �LQ NP� IRU WKH \HDU ��� �����

)LJ� ��D� ZH REVHUYH WKDW D YDOXH RI ��� PD[LPL]HV WKH LUULJDWLRQ DQG PLQLPL]HV WKH LUULJDWLRQ

ELDV� :KHQ ZH DVVHVV WKH GLVWULEXWLRQ RI ELDV XVLQJ JULG�FHOO YDOXHV �LQ PP�G� )LJ� ��E� ZH

REVHUYH WKDW IRU � HTXDO WR ���� ���� RU �� WKH ELDV GLVWULEXWLRQ LV FHQWHUHG DURXQG �� ZKLOH LW

VWDUWV WR PRYH XS IRU YDOXHV ��� DQG ���� 7KLV EHKDYLRU FDQ EH VOLJKWO\ GLIIHUHQW

GHSHQGLQJ RQ WKH LUULJDWHG IUDFWLRQ �VHH )LJ 6���

��� /LQH �������� ,UU VLPXODWLRQ UHVXOW� ������ NPA��\ DSSHDUV WR EH FORVHU WR WKH KLJKHU

HQG RI ���������" $OVR UHVXOWV LQ )LJXUH � LQGLFDWH WKDW WKH GLIIHUHQFH LQ JOREDO

LUULJDWLRQ PD\ QRW UHIOHFW WKDW ODUJH FRQWLQHQWDO�FRXQWU\ VFDOH GLIIHUHQFH�

:H GR QRW IXOO\ XQGHUVWDQG� EXW RXU UHVXOW IRU WRWDO LUULJDWLRQ ZLWKGUDZDO� ����� LV LQ WKH ORZ

SDUW RI WKH UDQJH ��������� NP��\� :H DJUHH WKDW WKH GLIIHUHQFHV LQ JOREDO LUULJDWLRQ �DURXQG

���� FRPSDUHG WR WKH LUULJDWLRQ DPRXQW RI a���� NP��\ IURP $48$67$7� GRHV QRW

QHFHVVDULO\ UHIOHFW ODUJH GLIIHUHQFHV DW FRQWLQHQWDO�FRXQWU\ VFDOH EHFDXVH WKH RYHU DQG

XQGHUHVWLPDWLRQV ODUJHO\ EDODQFH HDFK RWKHU� 7KDW LV ZK\ ZH LQFOXGH DQ HYDOXDWLRQ DW

FRXQWU\ OHYHO� DQG DW JULG�FHOO OHYHO�

7R PDNH WKLV SRLQW FOHDUHU� HVSHFLDOO\ IRU WKH GLIIHUHQFHV ZLWKLQ D FRXQWU\� ZH SURSRVH WR DGG

D VHQWHQFH LQ WKH GLVFXVVLRQ� OLQH ��� RI WKH RULJLQDO VXEPLWWHG GRFXPHQW� DQG FLWH )LJ 6��

�6HH UHVSRQVH WR REVHUYDWLRQ � UHYLHZHU � IRU WKH )LJXUH��

7KH RWKHU UHJLRQV SUHVHQW LQ JHQHUDO DQ RYHUHVWLPDWLRQ RI LUULJDWLRQ ZLWKGUDZDOV� ZKLFK LV

HVSHFLDOO\ LPSRUWDQW LQ VRPH VPDOO DUHDV LQ $IULFD� LQ (DVWHUQ (XURSH DQG QRUWK WR WKH

&DVSLDQ VHD� DQG LQ VRPH DUHDV RI FHQWUDO $VLD� )LQDOO\� ZH QRWH WKDW ZLWKLQ D FRXQWU\� LW

LV SRVVLEOH WR REVHUYH DUHDV ZLWK SRVLWLYH DQG QHJDWLYH ELDV� IRU LQVWDQFH LQ WKH 86$

RU ,QGLD� 7KLV FRXOG DOVR EH SDUWLDOO\ H[SODLQHG E\ WKH XVH RI JOREDOO\ XQLIRUP YDOXHV�

DV WKHUH FRXOG EH LPSRUWDQW ORFDO GLIIHUHQFHV RQ LUULJDWLRQ VWUDWHJLHV ZLWKLQ WKH VDPH

FRXQWU\� DQG LW UHPDUNV WKH QHHG WR DVVHVV WKH LUULJDWLRQ ELDV DW GLIIHUHQW VFDOHV �6HH

)LJ� 6����

��� )LJXUH � FDSWLRQ� 7KH FDSWLRQ GHVFULEHV ZKDW DXWKRUV GLG ZLWK WKH EHWD YV� LUU� EXW LW

GRHV QRW SURSHUO\ GHVFULEH ZKDW WKH ILJXUHV DUH DERXW�
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7R FODULI\ WKH ILJXUH¶V GHVFULSWLRQ� ZH SURSRVH WR FKDQJH WKH FDSWLRQ WR WKH IROORZLQJ RQH�

)LJXUH �� &DOLEUDWLRQ RI � YDOXH ZLWK 6DFNV HW DO� ������ GDWDVHW DV REVHUYHG YDOXH� XVLQJ

RXWSXWV IURP WKH VKRUW VLPXODWLRQV� %LDV LQ WRWDO LUULJDWLRQ YROXPH LQ NP� E\ � YDOXH �D��

ER[SORW RI WKH ELDV RI LUULJDWLRQ UDWHV LQ JULGFHOOV LQ PP�G E\ � YDOXH �E��

��� /LQH �������� 7KLV LV QRW D FRQYLQFLQJ H[SODQDWLRQ EHFDXVH )LJXUH �F VKRZV

QRWLFHDEOH FRQWUDVWV EHWZHHQ RYHU� DQG XQGHU�LUULJDWLRQ ZLWKLQ D FRXQWU\� IRU H[DPSOH

LQ WKH 86 DQG ,QGLD�

:H DJUHH ZLWK WKH UHYLHZHU� DQG ZH LQFOXGHG D FODULILFDWLRQ LQ WKDW VHQVH �VHH UHVSRQVH WR

REVHUYDWLRQ �� UHYLHZHU ��

��� /LQH �������� $JDLQ� JOREDO DQQXDO LUULJDWLRQ PD\ QRW EH WKH EHVW ZD\ WR TXDQWLI\

HUURUV LQ LUU ZKHQ WKH\ VKRZ VWURQJ ELDVHV ZLWK GLIIHUHQW VLJQV EHWZHHQ

FRQWLQHQWV�FRXQWULHV�

:H DJUHH ZLWK WKH UHYLHZHU� DV VDLG LQ UHVSRQVH �� DQG ��� DQG WKDW LV ZK\ ZH LQFOXGH DQ

HYDOXDWLRQ DW GLIIHUHQW VFDOHV�

:H SURSRVH WR DGG WKH IROORZLQJ WZR VHQWHQFH DIWHU OLQH ��� RI WKH RULJLQDO VXEPLWWHG SDSHU

VR WKH VSDWLDO KHWHURJHQHLW\ RI WKH YDULDELOLW\ LV KLJKOLJKWHG LQ WKLV SDUW RI WKH PDQXVFULSW�

7KH JOREDO DQQXDO LUULJDWLRQ YROXPHV �)LJ� ��D� VKRZ D ODUJH XQFHUWDLQW\ DFURVV WKH

VLPXODWLRQV GXH WR FKDQJHV LQ WKH SDUDPHWHU YDOXHV �IRU LQVWDQFH� ������ EHWZHHQ

,UUB1R7XQQHG DQG ,UU�� EXW QRWH WKDW WKH FKDQJH RQ LUULJDWLRQ UDWHV DW JULGFHOO VFDOH FDQ

KDYH D VWURQJ VSDWLDO KHWHURJHQHLW\ ZLWKLQ D FRXQWU\ �)LJ� ��F� IRU LQVWDQFH LQ ,QGLD RU

WKH 86$� 7KH SDUDPHWHU VHW XVHG LQ WKH ,UU VLPXODWLRQ PDQDJHV WR LQFUHDVH WKH LUULJDWLRQ

UDWH DQG WR PDUNHGO\ UHGXFH WKH LUULJDWLRQ ELDV ZKHQ FRPSDUHG WR WKH ,UUB1R7XQHG

VLPXODWLRQ DW JOREDO VFDOH� HYHQ LI ORFDOO\ ZH PD\ REVHUYH ERWK DQ LQFUHDVH RU D

GHFUHDVH RQ WKH LUULJDWLRQ UDWH LQ WKH VDPH FRXQWU\� IRU LQVWDQFH LQ &KLQD �ZLWK D

PDUNHG QRUWK�VRXWK GLIIHUHQFH� )LJ� ��F� ,UUB1R7XQHG�,UU� RU WKH ,QGXV ULYHU EDVLQ LQ

3DNLVWDQ DQG ,QGLD �VHH )LJ� ��F� ,UUB1R7XQHG�,UU��

��� /LQH �������� , DP QRW VXUH ZKDW WKH PRGHO ZRXOG GR ZLWK D EHWD ! �� 6LQFH VRLO

PRLVWXUH ZRXOG EH PD[ DW WKH �HIIHFWLYH� SRURVLW\� LI EHWD [ ILHOG FDSDFLW\ ! SRURVLW\�

ZRXOG WKH LUULJDWLRQ VFKHPH NHHS DGGLQJ ZDWHU HYHU\ WLPH VWHS"

7KH UHYLHZHU LV ULJKW� LI EHWD [ ILHOG FDSDFLW\ ! SRURVLW\� WKH VFKHPH ZRXOG NHHS DGGLQJ ZDWHU

HYHU\ WLPH VWHS �LI ZDWHU LV DYDLODEOH�� EXW ZH FDUH WKDW EHWD [ ILHOG FDSDFLW\ � SRURVLW\ E\

FKRRVLQJ WKH EHWD YDOXH� :H SURSRVH WR VKRZ WKH WKHRUHWLFDO PD[LPXP µEHWD¶ E\ WH[WXUH LQ

WKH VXSSOHPHQWDU\� 7KH PD[LPXP µEHWD¶ UHVXOWV RI WKH UDWLR RI VDWXUDWHG VRLO PRLVWXUH WR ILHOG

FDSDFLW\ VRLO PRLVWXUH� DV VKRZQ LQ WDEOH 6��

:H FLWH WKH QHZ WDEOH LQ OLQH ��� RI WKH VXEPLWWHG PDQXVFULSW

7KHRUHWLFDOO\ WKH XSSHU OLPLW LV LQILQLWH� EXW YDOXHV DERYH ��� PD\ H[FHHG WKH VDWXUDWHG VRLO

PRLVWXUH IRU VRPH VRLO WH[WXUHV� WKH ORZHU OLPLW LV ]HUR �VHH 7DEOH 6���
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7DEOH 6� 3DUDPHWHUV IRU VRLO WH[WXUHV XVHG LQ 25&+,'((� �V LV VDWXUDWHG VRLO PRLVWXUH

DQG �IF LV WKH ILHOG FDSDFLW\ VRLO PRLVWXUH� LQ YROXPHWULF FRQWHQW� � PD[ LV WKH

WKHRUHWLFDO PD[LPXP � YDOXH WKDW FDQ EH XVHG� ZKHUH �  �V��IF � VR WKH WDUJHW VRLO

PRLVWXUH GRHV QRW VXUSDVV VDWXUDWHG FRQGLWLRQV�

3DUDPHWHU 6DQG\ /RDP /RDP &OD\ /RDP

�V �P��P�� ���� ���� ����

�IF �P��P�� ������ ������ ������

� PD[ ��� ��� ��� ���

��� /LQH ���� ³EDVHGRQ´ �! EDVHG RQ

:H ZLOO FRUUHFW WKLV W\SR LQ WKH QHZ YHUVLRQ RI WKH PDQXVFULSW�

��� )LJXUH � LQVHW WH[W� 5HGXFH WKH IRQW VL]H WR PDNH WKH ZKROH WH[W YLVLEOH�

:H FRUUHFWHG D VPDOO W\SR LQ WKH LQVHW WH[W� EXW ZH GR QRW IXOO\ XQGHUVWDQG ZKLFK WH[W LV QRW

YLVLEOH LQ WKLV ILJXUH� :H SURSRVH WR GLVFXVV ZLWK WKH HGLWRU WR FRUUHFW WKLV REVHUYDWLRQ�

)LQDO QRWH�

:H DOVR FRUUHFWHG WKH VW\OH RI VRPH VHQWHQFHV� VR WKH\ ZHUH PRUH XQGHUVWDQGDEOH� DQG

VRPH RUWKRJUDSKLF DQG JUDPPDU HUURUV�

5()(5(1&(6

$OOHQ� 5� *�� 3HUHLUD� /� 6�� 5DHV� '�� DQG 6PLWK� 0�� &URS HYDSRWUDQVSLUDWLRQ� ,UULJ� 'UDLQDJH

3DSHU� ��� 81 )RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ� 5RPH� ,WDO\� ,6%1 �������������� �����

&KHUX\� )�� 'XFKDUQH� $�� +RXUGLQ� )�� 0XVDW� ,�� 9LJQRQ� (�� *DVWLQHDX� *�� %DVWULNRY� 9��

9XLFKDUG� 1�� 'LDOOR� %�� 'XIUHVQH� -�� *KDWWDV� -�� *UDQGSHL[� -�� ,GHONDGL� $�� 0HOOXO� /��

0DLJQDQ� )�� 0HQHJR]� 0�� 2WWOp� &�� 3H\OLQ� 3�� 6HUYRQQDW� -�� :DQJ� )�� DQG =KDR� <��

,PSURYHG QHDU VXUIDFH FRQWLQHQWDO FOLPDWH LQ ,36/�&0�$�/5 E\ FRPELQHG HYROXWLRQV RI

DWPRVSKHULF DQG ODQG VXUIDFH SK\VLFV� -RXUQDO RI $GYDQFHV LQ 0RGHOLQJ (DUWK 6\VWHPV�

KWWSV���GRL�RUJ�������������06������� �����

&KLDUHOOL� '� '�� 3DVVHUD� &�� 5RVD� /�� 'DYLV� .� )�� '¶2GRULFR� 3�� DQG 5XOOL� 0� &�� 7KH JUHHQ

DQG EOXH FURS ZDWHU UHTXLUHPHQW :$71(('6 PRGHO DQG LWV JOREDO JULGGHG RXWSXWV�

6FLHQWLILF 'DWD� �� �±�� KWWSV���GRL�RUJ���������V������������������ �����

'UXHO� $�� 0XQLHU� 6�� 0XFLD� $�� $OEHUJHU� &�� &DOYHW� -� &�� ,PSOHPHQWDWLRQ RI D QHZ FURS

SKHQRORJ\ DQG LUULJDWLRQ VFKHPH LQ WKH ,6%$ ODQG VXUIDFH PRGHO XVLQJ 685)(;BY����

*HRVFL� 0RGHO 'HY�� ��� ����±����� ��������JPG�������������� �����
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0HNRQQHQ� 0� 0� DQG +RHNVWUD� $� <�� 7KH JUHHQ� EOXH DQG JUH\ ZDWHU IRRWSULQW RI FURSV DQG

GHULYHG FURS SURGXFWV� +\GURORJ\ DQG (DUWK 6\VWHP 6FLHQFHV� ��� ����±�����

KWWSV���GRL�RUJ���������KHVV�������������� �����

6DFNV� :� -�� &RRN� %� ,�� %XHQQLQJ� 1�� /HYLV� 6�� DQG +HONRZVNL� -� +�� (IIHFWV RI JOREDO

LUULJDWLRQ RQ WKH QHDU�VXUIDFH FOLPDWH� &OLPDWH '\QDPLFV� ��� ���±����

KWWSV���GRL�RUJ���������V���������������]� �����

6LHEHUW� 6� DQG '|OO� 3�� 4XDQWLI\LQJ EOXH DQG JUHHQ YLUWXDO ZDWHU FRQWHQWV LQ JOREDO FURS

SURGXFWLRQ DV ZHOO DV SRWHQWLDO SURGXFWLRQ ORVVHV ZLWKRXW LUULJDWLRQ� -RXUQDO RI +\GURORJ\�

���� ���±���� KWWSV���GRL�RUJ���������M�MK\GURO������������� �����

:DGD� <� DQG %LHUNHQV� 0� )� 3�� 6XVWDLQDELOLW\ RI JOREDO ZDWHU XVH� SDVW UHFRQVWUXFWLRQ DQG

IXWXUH SURMHFWLRQV� (QYLURQPHQWDO 5HVHDUFK /HWWHUV� �� ��� ����

KWWSV���GRL�RUJ������������������������������� �����

<DR� <�� 9DQGHUNHOHQ� ,�� /RPEDUGR]]L� '�� 6ZHQVRQ� 6�� /DZUHQFH� '�� -lJHUPH\U� -�� HW DO��

,PSOHPHQWDWLRQ DQG HYDOXDWLRQ RI LUULJDWLRQ WHFKQLTXHV LQ WKH &RPPXQLW\ /DQG 0RGHO�

-RXUQDO RI $GYDQFHV LQ 0RGHOLQJ (DUWK 6\VWHPV� ��� KWWSV���GRL�

RUJ�������������06������� �����

<LQ� =�� :DQJ� ;� +�� 2WWOp� &�� =KRX� )�� *XLPEHUWHDX� 0�� 3ROFKHU� -�� 3HQJ� 6� 6�� 3LDR� 6�

/�� /L� /�� %R� <�� &KHQ� ;� /�� =KRX� ;� '�� .LP� +�� DQG &LDLV� 3�� ,PSURYHPHQW RI WKH

,UULJDWLRQ 6FKHPH LQ WKH 25&+,'(( /DQG 6XUIDFH 0RGHO DQG ,PSDFWV RI ,UULJDWLRQ RQ

5HJLRQDO :DWHU %XGJHWV 2YHU &KLQD� -RXUQDO RI $GYDQFHV LQ 0RGHOLQJ (DUWK 6\VWHPV� ���

�±��� KWWSV���GRL�RUJ�������������06������� �����


