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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 RI ³9DOLGDWLRQ RI D QHZ JOREDO LUULJDWLRQ VFKHPH LQ WKH ODQG VXUIDFH PRGHO

25&+,'(( Y���´ E\ $UEROHGD�2EDQGR HW DO� IRU *0'

7KH DXWKRUV LPSURYHG DQ LUULJDWLRQ VFKHPH LQ /60 25&+,'(( DQG HYDOXDWHG WKH

LPSURYHPHQW� 8VLQJ UHSRUWHG LUULJDWLRQ VWDWLVWLFV IRU WKH \HDU ����� WKH\ JOREDOO\�XQLIRUPO\

WXQHG NH\ SDUDPHWHUV RI WKH LUULJDWLRQ VFKHPH XVHG LQ 25&+,'(( WR DFKLHYH D EHWWHU

EDODQFH LQ HVWLPDWLQJ WKH JOREDO WRWDO LUULJDWLRQ YROXPH DQG VSDWLDOO\ PLQLPL]LQJ LUULJDWLRQ

ELDV� ,W LV DOVR LQYHVWLJDWHG KRZ HDFK RI WKHVH SDUDPHWHUV FDQ FKDQJH WKH LUULJDWLRQ HVWLPDWH�

,Q DGGLWLRQ WR PRGLI\LQJ WKHLU LUULJDWLRQ VFKHPH� WKLV VWXG\ VKRZV KRZ PXFK LUULJDWLRQ FDQ

DIIHFW VLPXODWLRQV RQ K\GURORJLFDO SURFHVVHV LQ WHUPV RI VHYHUDO K\GURORJLFDO YDULDEOHV�

HYDSRWUDQVSLUDWLRQ� OHDI DUHD LQGH[� ULYHU GLVFKDUJH DQG WRWDO ZDWHU VWRUDJH� ,Q DGGLWLRQ� WKHLU

IDFWRU DQDO\VHV LQGLFDWH SRWHQWLDO UHVHDUFK GLUHFWLRQV WR IXUWKHU LPSURYH WKH 25&+,'((

LUULJDWLRQ PRGHO� VXFK DV WKH H[SOLFLW LQFOXVLRQ RI SDGG\ ULFH�

6XFK PRGHO LPSURYHPHQW LV HVVHQWLDO IRU D EHWWHU XQGHUVWDQGLQJ RI ODQG VXUIDFH SURFHVVHV LQ

(DUWK V\VWHP VFLHQFH� &RQVLGHULQJ WKH IDFW WKDW KXPDQ DFWLYLWLHV KDYH LQIOXHQFHG WKH (DUWK

V\VWHP� LUULJDWLRQ VKRXOG DOVR EH D FULWLFDO FRPSRQHQW WR EH IXUWKHU LQYHVWLJDWHG� , XQGHUVWDQG

WKDW WKLV LV DQ LPSRUWDQW VWHS IRU 25&+,'((� +RZHYHU� , KDYH VRPH PDMRU FRQFHUQV WKDW WKH

DXWKRUV QHHG WR DGGUHVV�

:H WKDQN WKH UHYLHZHU IRU KLV WLPH RQ UHDGLQJ DQG UHYLHZLQJ WKLV PDQXVFULSW� %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 ���

� 0DMRU FRPPHQWV !

�� ��� :K\ GR WKH DXWKRUV LQVLVW RQ JOREDOO\ XQLIRUP SDUDPHWHUV �WXQLQJ�" :KLOH EHWWHU

HVWLPDWLRQ RI WRWDO JOREDO LUULJDWLRQ ZLWKGUDZDOV LV DQ LPSRUWDQW FKDOOHQJH� EHWWHU

HVWLPDWLRQ RI LUULJDWLRQ LQ KHDYLO\ LUULJDWHG UHJLRQV VKRXOG DOVR EH D SULRULW\ LQ D JOREDO

VWXG\� 7KH UHVXOWV VKRZ WKDW WKLV LUULJDWLRQ ZDWHU HVWLPDWH LV UHODWLYHO\ VPDOO FRPSDUHG

WR RWKHU LUULJDWLRQ HVWLPDWHV �6HFWLRQ����� DQG WKLV VKRXOG EH UHODWHG WR WKH

XQGHUHVWLPDWLRQ RI LUULJDWLRQ YROXPH LQ KHDYLO\ LUULJDWHG FRXQWULHV �)LJ�E�F�� 2Q WKH

RWKHU KDQG� WKH JOREDOO\ XQLIRUP SDUDPHWHU WXQLQJ UHGXFHG LUULJDWLRQ YROXPH WR

H[DFHUEDWH WKH XQGHUHVWLPDWLRQ LQ WKHVH UHJLRQV �)LJ�F��� )LJ��� 7KH DXWKRUV DOVR

VWDWH WKDW WKLV LV D GUDZEDFN �/LQH������ 7KHUHIRUH� , ZRQGHU LI WKLV WXQLQJ LV VXIILFLHQW

WR LPSURYH WKH VLPXODWLRQ VNLOO RI 25&+,'((� 6LQFH WKH DXWKRUV DOUHDG\ SUHVHQW
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VSDWLDOO\ YDU\LQJ EHWD YDOXH� ZKLFK LV D NH\ WXQHG SDUDPHWHU� WR PLQLPL]H WKH LUULJDWLRQ

ELDV LQ WKLV VWXG\ �)LJ��� , ZRQGHU ZK\ WKH DXWKRUV GLG QRW DSSO\ WKLV VSDWLDOO\ YDU\LQJ

SDUDPHWHU WR HVWLPDWH WKH PDLQ LUULJDWLRQ HVWLPDWH� , DVVXPH WKDW WKHUH DUH UHDVRQV

�SHUKDSV� UHODWHG WR PRGHOLQJ SKLORVRSK\� IRU WKLV GHFLVLRQ WR DSSO\ JOREDOO\ XQLIRUP

SDUDPHWHUV DQG WKHLU WXQLQJ� ,I VR� , H[SHFW WKH DXWKRUV WR FODULI\ WKHLU WKRXJKWV LQ DQ

HDUOLHU SDUW RI WKLV PDQXVFULSW�

:H DJUHH ZLWK WKH UHYLHZHU� EHWWHU HVWLPDWLRQV RI LUULJDWLRQ ZLWKGUDZDOV DW JOREDO VFDOH DUH

QRW LQFRPSDWLEOH ZLWK EHWWHU HVWLPDWLRQV RI ZLWKGUDZDOV LQ WKRVH KHDYLO\ LUULJDWHG UHJLRQV� %XW

ZH LQVLVW RQ JOREDOO\ XQLIRUP SDUDPHWHUV� EHFDXVH� LW LV D ILUVW VWHS LQ WKH LPSOHPHQWDWLRQ RI

LUULJDWLRQ DW JOREDO VFDOH� LW LV D WUDGHRII EHWZHHQ UHSUHVHQWDWLRQ RI ILUVW�RUGHU HIIHFWV DQG

LQFOXVLRQ RI ORFDO LUULJDWLRQ VWUDWHJLHV� GHVSLWH WKH VKRUWFRPLQJ� ZH VKRZ WKDW WKH VFKHPH

DGHTXDWHO\ UHSUHVHQW PDLQ HIIHFWV� ILQDOO\ ZH VKRZ WKDW WKHUH LV DQ LQWHUHVWLQJ FOXH WR

LPSURYH LUULJDWLRQ UHSUHVHQWDWLRQ E\ LQFOXGLQJ D VSDWLDOO\ YDU\LQJ µEHWD¶ YDOXH� XVLQJ WKH

SUHVHQFH RI SDGG\ ULFH ILHOGV�

7KH ODWWHU �XVLQJ SDGG\ ULFH WR VSDWLDOO\ YDU\ µEHWD¶� LV LPSRUWDQW VLQFH SXQFWXDO RSWLPL]DWLRQ LV

QRW FRQVLGHUHG LQ 25&+,'(( GXH WR VFDOH GHSHQGHQFH� VR WKH /60 QHHGV WR XVH REVHUYHG

VSDWLDO IHDWXUHV �H�J�� IUDFWLRQV RI 3)7� VRLO WH[WXUH� RU SDGG\ ULFH IUDFWLRQV��

:H SURSRVH WR LQFOXGH WKH GUDZEDFN RI JOREDOO\ XQLIRUP SDUDPHWHUV DQG WKH OLPLWDWLRQ RQ WKH

SDUDPHWHU WXQLQJ DW WKH EHJLQQLQJ RI WKH GLVFXVVLRQ �VHFWLRQ � RI WKH RULJLQDO PDQXVFULSW�� DV

GHVFULEHG LQ WKH DQVZHU WR REVHUYDWLRQ ��� UHYLHZHU ��

�� ��� $QRWKHU FRQFHUQ UHODWHG WR WKH SDUDPHWHU WXQLQJ LV WKH UHIHUHQFH \HDU� �����

*LYHQ WKH VSDWLRWHPSRUDO XQFHUWDLQW\ LQ WKH PHWHRURORJLFDO IRUFLQJ GDWD �HYHQ ZLWK

UHDQDO\VLV�EDVHG IRUFLQJ GDWD�� , ZRQGHU LI WKH VLQJOH UHIHUHQFH \HDU DOORZV WKH

DXWKRUV WR UREXVWO\ WXQH WKH SDUDPHWHU� , UHTXLUH DQ H[SODQDWLRQ RU PHWKRGRORJLFDO

PRGLILFDWLRQ LQ WKLV UHJDUG�

7KHVH WZR FRQFHUQV �XQFHUWDLQW\ LQ PHWHRURORJLFDO GDWD� DQG XQFHUWDLQW\ LQ WKH WXQLQJ

SURFHVV ZLWK D VLQJOH UHIHUHQFH \HDU� DUH LPSRUWDQW� :H DJUHH ZLWK WKH UHYLHZHU WKDW WKHVH

WZR LVVXHV FRXOG DIIHFW WKH UREXVWQHVV RI WKH SDUDPHWHU WXQLQJ�

2Q WKH ILUVW LVVXH� LW ZDV RXW RI WKH SDSHU VFRSH WR DVVHVV WKH HIIHFW RI FKDQJLQJ WKH

PHWHRURORJLFDO LQSXW RQ LUULJDWLRQ HVWLPDWHV� DOWKRXJK ZH H[SHFW WR LQFOXGH WKLV HIIHFW LQ WKH

IXWXUH� 2Q WKH VHFRQG LVVXH� WKH \HDU ���� IRU WXQLQJ LV RIWHQ XVHG DV UHIHUHQFH� EHFDXVH

WKHUH LV PRUH GDWD IRU WKDW \HDU �VHH IRU LQVWDQFH 3RNKUHO HW DO�� ����� WDEOH ��

:H SURSRVH WR LQFOXGH WKHVH WZR LVVXHV DW WKH EHJLQQLQJ RI WKH GLVFXVVLRQ �VHFWLRQ � RI WKH

RULJLQDO PDQXVFULSW�� DV GHVFULEHG LQ WKH DQVZHU WR REVHUYDWLRQ ��� UHYLHZHU ��

:H SURSRVH WR DGG D VHQWHQFH RQ WKH FRQFHUQ DERXW WKH XVH RI D VLQJOH UHIHUHQFH \HDU DQG

WKH UHDVRQV WR XVH GDWD IURP \HDU ���� �O� ��� RI WKH RULJLQDO PDQXVFULSW��

:H UDQ D WRWDO RI �� VLPXODWLRQV ZLWK YDU\LQJ SDUDPHWHUV� SOXV D UHIHUHQFH VLPXODWLRQ ZLWK QR

LUULJDWLRQ� $OO RI WKHP ZHUH UXQ ZLWK WKH VDPH LQLWLDO FRQGLWLRQV IRU WKUHH \HDUV ����� � ������

DQG D FRPSDULVRQ RI LUULJDWLRQ DPRXQW DQG (7 LQFUHDVH ZDV SHUIRUPHG IRU WKH \HDU ����� %\

XVLQJ WKH ODVW VLPXODWLRQ \HDU� ZH UHGXFH WKH HIIHFW RI WKH FRPPRQ LQLWLDO FRQGLWLRQV RQ WKH
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VLPXODWLRQ UHVXOWV� DQG WKH \HDU ���� FRUUHVSRQGV WR WKH YDOXHV JLYHQ LQ $48$67$7 DQG

6DFNV HW DO� ������� 1RWH WKDW ZH XVH D VLQJOH PHWHRURORJLFDO IRUFLQJ GDWDVHW DQG

FRPSDUH RXU HVWLPDWHV WR D VLQJOH VHW RI REVHUYHG $48$67$7 GDWD IRU WKH SHULRG

DURXQG WKH \HDU ����� :H FKRRVH WR FRPSDUH RXU HVWLPDWHV IRU WKH \HDU ���� EHFDXVH

WKLV \HDU LV FRPPRQO\ XVHG DV WKH UHIHUHQFH SHULRG LQ WKH OLWHUDWXUH FRQFHUQLQJ WKH

HVWLPDWLRQ RI WKH DPRXQW RI LUULJDWLRQ RQ D JOREDO VFDOH �VHH� H�J�� 3RNKUHO HW DO�� �����

7DEOH ��� 7KH FKRLFH RI WKH \HDU ���� LV PDLQO\ GXH WR WKH H[LVWHQFH RI PRUH FRPSOHWH

UHSRUWHG RU REVHUYHG YDOXHV IRU WKDW \HDU� DV ZHOO DV VLPXODWHG HVWLPDWHV� :H XVH WKH

VDPH UHIHUHQFH SHULRG WR FRPSDUH RXU UHVXOWV ZLWK LQGHSHQGHQW GDWD� $ EULHI

GHVFULSWLRQ RI HDFK SDUDPHWHU DV ZHOO DV WKH XQLW� UDQJH� DQG YDOXHV XVHG LQ WKH VHQVLWLYLW\

DQDO\VLV LV VKRZQ LQ 7DEOH ��

�� ��� , ZRXOG OLNH WKH DXWKRUV WR UHYLVLW LUULJDWLRQ HIILFLHQF\ DQG GHVFULEH LQ PRUH GHWDLO

KRZ WKH\ DFFRXQW IRU WKLV IDFWRU LQ WKHLU LUULJDWLRQ HVWLPDWH� , PD\ EH ZURQJ� EXW DV IDU

DV , KDYH UHDG 6HFWLRQ ���� HYDSRUDWLYH� LQILOWUDWLRQ� DQG VHHSDJH ORVVHV GXULQJ

FRQYH\DQFH� GLVWULEXWLRQ� DQG DSSOLFDWLRQ SURFHVVHV� DUH QRW FRQVLGHUHG LQ WKH

FDOFXODWLRQ RI LUULJDWLRQ ZDWHU ZLWKGUDZDO IURP LUULJDWLRQ UHTXLUHPHQW� 2WKHU PRGHOV

WKDW XVH VRLO PRLVWXUH WDUJHW PHWKRGV JHQHUDOO\ FRQVLGHU LUULJDWLRQ HIILFLHQF\ �VXFK DV

&/0�� /3-P/� +��� DQG +L*:0$7 HWF��� $OWKRXJK LUULJDWLRQ HIILFLHQF\ KDV D ODUJH

XQFHUWDLQW\� LI LUULJDWLRQ HIILFLHQF\ LV QRW FRQVLGHUHG� LUULJDWLRQ ZLWKGUDZDO FDQQRW EH

SURSHUO\ HVWLPDWHG IURP LUULJDWLRQ UHTXLUHPHQWV� 7KXV� WKH UHODWLYHO\ VPDOOHU JOREDO

WRWDO LUULJDWLRQ YROXPH HVWLPDWHG LQ WKLV VWXG\ PD\ EH UHODWHG WR WKLV SRLQW� �1RWH WKDW

WKLV LV WKH GLIIHUHQW LUULJDWLRQ HIILFLHQF\ GHILQHG LQ OLQH�����

7KH VFKHPH GRHV QRW FRQVLGHU FRQYH\DQFH ORVVHV� EXW ZH GR DOORZ WKH PRGHO WR FDOFXODWH

ORVVHV UHODWHG WR WKH DSSOLFDWLRQ RI LUULJDWLRQ� DV ZH VLPSO\ SXW WKH ZLWKGUDZQ ZDWHU RYHU WKH

VRLO VXUIDFH IRU LQILOWUDWLRQ� 7KLV PHDQV WKDW WKH PRGHO GHFLGHV LI WKH DGGHG ZDWHU UXQV RII RU

QRW� WKHQ LI WKH LQILOWUDWHG ZDWHU LV XVHG E\ WKH SODQW RU HYDSRUDWHV IURP WKH EDUH VRLO� RU LI

XOWLPDWHO\ LW LQFUHDVHV GHHS GUDLQDJH� ,W DOVR LPSOLHV WKDW WKH ZDWHU GHPDQG LV UDUHO\ IXOILOOHG

GXULQJ D VLQJOH WLPH VWHS� EHFDXVH QRW DOO WKH DGGHG ZDWHU LV XVHG E\ WKH SODQW� 7KDW LV ZK\

ZH ILW RXU YDOXHV WR UHSRUWHG LUULJDWLRQ DPRXQWV IURP $48$67$7� EXW FKHFN WKH HIIHFW LQ

HYDSRWUDQVSLUDWLRQ LQFUHDVH DV ZHOO�

:H SURSRVH WR VKRZ KRZ LUULJDWLRQ HIILFLHQF\ LV FRQVLGHUHG LQ VRPH PRGHOV� LQ LQWURGXFWLRQ�

OLQH �� RI WKH RULJLQDO PDQXVFULSW�

6RPH PRGHOV DOVR FRQVLGHU FRQYH\DQFH ORVVHV DQG UHWXUQ IORZV WR ULYHUV DQG DTXLIHUV�

L�H� WKH\ FRQVLGHU WKH WRWDO ZDWHU ZLWKGUDZDO �ZDWHU GHPDQG SOXV ORVVHV�� E\ XVLQJ

HPSLULFDO UDWLRV RI LUULJDWLRQ HIILFLHQF\ �UDWLR RI (7 LQFUHDVH WR ZDWHU ZLWKGUDZDO� RU

VSHFLILF UXOHV DFFRUGLQJ WR WKH LUULJDWLRQ WHFKQLTXH �5RVW HW DO�� ����� -lJHUPH\U HW DO��

������

:H SURSRVH WR KLJKOLJKW WKH GLIIHUHQW W\SHV RI VKRUWFRPLQJ DQG IODZV LQ WKH PRGHOOLQJ

IUDPHZRUN� DQG LWV HIIHFWV RQ LUULJDWLRQ HIILFLHQF\� LQ GLVFXVVLRQ �VHFWLRQ � RI WKH RULJLQDO

PDQXVFULSW�� DV GHVFULEHG LQ WKH DQVZHU WR REVHUYDWLRQ ��� UHYLHZHU ��

:H SURSRVH WR FODULI\ ZKDW LV LQFOXGHG LQ /60V �UHWXUQ IORZV� DQG ZKDW LV QRW LQFOXGHG

�FRQYH\DQFH ORVVHV� E\ FKDQJLQJ WKH FXUUHQW VHQWHQFH� VR LW LV FOHDUHU �OLQH �� RI RULJLQDO

PDQXVFULSW��
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6RPH /60V SUHVFULEH LUULJDWLRQ UDWHV HVWLPDWHG RIIOLQH �/R DQG )DPLJOLHWWL� ����� &RRN HW DO��

������ EXW PRVW RI /60V DQG VRPH *+0V HVWLPDWH LUULJDWLRQ GHPDQG E\ FDOFXODWLQJ D

GHILFLW� IRU LQVWDQFH� D VRLO PRLVWXUH GHILFLW EHWZHHQ DFWXDO DQG D WDUJHW VRLO PRLVWXUH

�+DGGHODQG HW DO�� ����� /HQJ HW DO�� ����� 3RNKUHO HW DO�� ����� -lJHUPH\U HW DO�� ������

6RPH /60V� ZKLFK EHQHILW IURP D SK\VLFDOO\ EDVHG GHVFULSWLRQ RI VXUIDFH UXQRII DQG

GUDLQDJH� FDQ H[SOLFLWO\ FDOFXODWH UHWXUQ IORZ� EXW FRQYH\DQFH ORVVHV DUH QRW H[SOLFLWO\

LQFOXGHG �<LQ HW DO�� ����� /HQJ HW DO�� ������

:H SURSRVH WR DGG D SRLQW DW WKH HQG RI VHFWLRQ �� 6HQVLWLYLW\ DQDO\VLV DQG SDUDPHWHU WXQLQJ�

VR LW LV FOHDU WKDW RXU PRGHOOLQJ IUDPHZRUN ODFNV VRPH LPSRUWDQW FKDUDFWHULVWLFV RI LUULJDWLRQ

WKDW FRXOG DIIHFW ZDWHU ZLWKGUDZDO� (7 LQFUHDVH DQG XOWLPDWHO\ LUULJDWLRQ HIILFLHQF\� LQ OLQH ���

RI WKH RULJLQDO VXEPLWWHG SDSHU�

$IWHU WKLV DQDO\VLV ZH XQGHUOLQH IRXU SRLQWV� )LUVW� WKLV SURFHVV GRHV QRW FRUUHVSRQG WR D

SURSHU FDOLEUDWLRQ� DV ZH DVVXPHG XQLIRUP SDUDPHWHU YDOXHV� WKH QXPEHU RI VLPXODWLRQV LV

ORZ DQG WKH REVHUYHG GDWD LV VSDUVH� 7KH REMHFWLYH RI WKH VHQVLWLYLW\ DQDO\VLV DQG SDUDPHWHU

WXQLQJ ZDV WR LGHQWLI\ NH\ SDUDPHWHUV DQG UHGXFH WKH XQGHUHVWLPDWLRQ RI LUULJDWLRQ E\ WXQLQJ

WKH XQLIRUP SDUDPHWHU YDOXHV� 6HFRQG� RXU VFKHPH GRHV QRW LQFOXGH FRQYH\DQFH ORVVHV

DOWKRXJK DSSOLFDWLRQ ORVVHV DQG UHWXUQ IORZV DUH UHSUHVHQWHG� $V 25&+,'((

GHWHUPLQHV WKH ZDWHU SDUWLWLRQLQJ� VRPH PRGHO IODZV LQ K\GURORJLF SURFHVVHV OLNH

LQILOWUDWLRQ RU EDUH VRLO HYDSRUDWLRQ FRXOG ELDV WKH HIIHFW LQ UHWXUQ IORZV� LQ WKH

LQFUHDVH RI (7� DQG XOWLPDWHO\ LQ WKH LUULJDWLRQ HIILFLHQF\�

�� ��� &RXOG \RX DGG D GHVFULSWLRQ DERXW WKH FURS FDOHQGDU" ,W VKRXOG EH H[SODLQHG KRZ

WKH DXWKRUV GHILQHG WKH LUULJDWLRQ SHULRG� 7KH DXWKRUV PHQWLRQ WKDW WKH\ GLG QRW

FRQVLGHU GRXEOH FURSSLQJ� EXW WKHUH GRHV QRW VHHP WR EH DQ\ H[SODQDWLRQ DERXW WKH

FURS FDOHQGDU LQ WKH FXUUHQW PDQXVFULSW�

:H SURSRVH WR LQFOXGH WKH LQIRUPDWLRQ RQ FURS FDOHQGDUV DIWHU OLQH ��� RI WKH RULJLQDO

PDQXVFULSW�

����� VR WKDW &� DQG &� FURSV DUH VLPSO\ DVVXPHG WR KDYH WKH VDPH SKHQRORJ\ DV QDWXUDO

JUDVVODQGV� EXW ZLWK KLJKHU FDUER[\ODWLRQ UDWHV DQG DGDSWHG PD[LPXP SRVVLEOH /$, �.ULQQHU

HW DO�� ������ 7KH FURS JURZLQJ VHDVRQ GHSHQGV RQ PHDQ DQQXDO DLU WHPSHUDWXUH� DV

GHWDLOHG LQ �.ULQQHU HW DO�� ������ ,Q FRRO UHJLRQV LW VWDUWV DIWHU D SUHGHILQHG QXPEHU RI

JURZLQJ GHJUHH GD\V� ZKLOH LQ ZDUP UHJLRQV� LW VWDUWV D SUHGHILQHG QXPEHU RI GD\V

DIWHU VRLO PRLVWXUH KDV UHDFKHG LWV PLQLPXP GXULQJ WKH GU\ VHDVRQ� ,Q LQWHUPHGLDWH

]RQHV� WKH WZR FULWHULD KDYH WR EH IXOILOOHG� 7KH HQG RI WKH JURZLQJ VHDVRQ DOVR

GHSHQGV RQ WHPSHUDWXUH DQG ZDWHU VWUHVV� DQG RQ OHDI DJH�

:H SURSRVH WR LQFOXGH WKH GLIIHUHQFHV LQ FURS FDOHQGDU DQG JURZLQJ VHDVRQ DV D VRXUFH

OHDGLQJ WR GLIIHUHQFHV LQ LUULJDWLRQ DPRXQW� HIILFLHQF\ DQG LUULJDWLRQ G\QDPLFV �VHFWLRQ � RI WKH

RULJLQDO PDQXVFULSW�� DV GHVFULEHG LQ WKH DQVZHU WR REVHUYDWLRQ ��� UHYLHZHU ��

�� ��� +RZ GRHV 25&+,'(( GHILQH ³UHQHZDEOH´�JURXQGZDWHU UHVRXUFH"

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

LQIRUPDWLRQ LQ WKH PDQXVFULSW� VHH UHVSRQVH WR REVHUYDWLRQ � UHYLHZHU ��
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�� ��� $OO ILJXUHV DUH EOXUUHG� ,W VHHPV WKDW GSL QHHGV WR EH KLJKHU�

:H SURSRVH WR H[SORUH WKLV SUREOHP ZLWK WKH HGLWLRQ VWDII� &XUUHQWO\ ZH DUH XVLQJ ��� GSL� EXW

ZH FDQ LQFUHDVH WKH UHVROXWLRQ RI RXU ILJXUHV LI QHHGHG�

�� ��� 5HJDUGLQJ )LJ�E�F� FRXOG \RX SURYLGH �VXSSOHPHQWDU\� ILJXUHV LQ � FRPSDUHG WR

6DFNHV HW DO� ����" ,W LV GLIILFXOW WR VHH KRZ WKH LUULJDWLRQ ELDV LV FULWLFDO FRPSDUHG WR

WKH UHIHUHQFH YDOXHV�

:H SURSRVH WR LQFOXGH WKH GLIIHUHQFH LQ � LQ WKH VXSSOHPHQWDU\ DV )LJ� 6��� :H DOVR

SURSRVH WR LQFOXGH D PDS RI LUULJDWLRQ HIILFLHQF\ �UDWLR RI (7 LQFUHDVH WR ZDWHU ZLWKGUDZDO� E\

FRXQWU\�

:H DOVR SURSRVH WR LQFOXGH WKH IROORZLQJ WH[W LQ WKH VXSSOHPHQWDU\�

,Q )LJ� 6���D ZH FDQ REVHUYH D VWURQJ RYHUHVWLPDWLRQ �UHG�� 7KHVH DUHDV GHSLFW D VPDOO

LUULJDWLRQ UDWH ����� WR ���� PP�G� WKDW LV VWURQJO\ VXUSDVVHG E\ WKH VLPXODWLRQV� EXW

WKH DEVROXWH YDOXH UHPDLQV VPDOO� 2Q WKH RWKHU KDQG� ZH REVHUYH DUHDV ZLWK D VWURQJ

XQGHUHVWLPDWLRQ �EOXH�� 7KHVH DUHDV VKRZ KLJKHU LUULJDWLRQ UDWHV WKDQ WKH DUHDV LQ UHG

�RYHU ���� DQG LQ JHQHUDO� ILW ZHOO ZLWK UHJLRQV ZKHUH SDGG\ ULFH LV LPSRUWDQW�

,UULJDWLRQ HIILFLHQF\ PDS E\ FRXQWU\ �LQ )LJ� 6���E� VKRZ YDOXHV RYHU ���� LQ VRPH

FRXQWULHV� 7KHVH KLJK LUULJDWLRQ HIILFLHQF\ YDOXHV PHDQ WKDW WKH FURSV LQFUHDVH (7 E\

XVLQJ D KLJKHU IUDFWLRQ RI UDLQIDOO� HYHQ ZKHQ WKHUH LV QRW LUULJDWLRQ LQ WKH DUHD� 7KLV LV

WKH UHVXOW RI VXSSUHVVLQJ SDUW RI WKH FURS ZDWHU VWUHVV� DQG ODFNLQJ D VSHFLDOL]HG

SKHQRORJ\ PRGXOH ZLWK FURS VWDJHV OLNH JHUPLQDWLRQ DQG KDUYHVWLQJ� $V FURSV DUH QRW

KDUYHVWHG� HYHQ LI WKHUH LV QRW LUULJDWLRQ� WKHUH LV PRUH (7�





�

� 0LQRU FRPPHQWV !

�� /LQH ��� 3(7 QHHGV WR EH VSHOOHG RXW KHUH�

:H SURSRVH WR FKDQJH WKLV VHQWHQFH� SOHDVH VHH UHVSRQVH WR REVHUYDWLRQ � DQG � IURP

UHYLHZHU ��

�� /LQH ��� ,I , UHPHPEHU FRUUHFWO\� +�� DSSOLHV WKH VRLO PRLVWXUH WDUJHW PHWKRG�

7KH UHYLHZHU LV ULJKW� ZH ZLOO UHWLUH µ+DQDVDNL HW DO�� ����¶ IURP WKLV FLWDWLRQ� DV +�� DSSOLHV

WKH VRLO PRLVWXUH WDUJHW PHWKRG�

��� /LQH ��� ,Q WKLV FRQWH[W� *+0 VKRXOG DOVR EH LQFOXGHG�

:H DJUHH� ZH SURSRVH WR VOLJKWO\ FKDQJH WKH VHQWHQFH�

,Q DGGLWLRQ� LUULJDWLRQ VKRUWDJH GXH WR ZDWHU DYDLODELOLW\ LV QRW ZHOO UHSUHVHQWHG LQ WKRVH /60V

�DQG *+0V� LQFOXGLQJ WKLV IHDWXUH� DV VRPH RI WKHP LQFOXGH D YLUWXDO LQILQLWH UHVHUYRLU WR

IXOILOO LUULJDWLRQ GHPDQG �2]GRJDQ HW DO�� ����� /HQJ HW DO�� ����� 3RNKUHO HW DO�� ������

��� 7DEOH�� 3UREDEO\� $L VKRXOG EH DL�

7KDQNV IRU WKLV W\SR� ZH ZLOO FRUUHFW LW

��� /LQH ���� ,W ZRXOG EH EHWWHU WR H[SODLQ WKH RULJLQDO VSDWLDO UHVROXWLRQ RI WKH REVHUYHG

GDWD LQ 6HFWLRQ ����

:H ZLOO DGG WKH ODFNLQJ UHVROXWLRQV IRU )/8;&20� */($0 DQG /$,�J

:H XVH WZR GDWDVHWV� WKH ILUVW SURGXFW LV */($0 Y���D� ZKLFK FRPELQHV VDWHOOLWH�REVHUYHG

YDOXHV RI VRLO PRLVWXUH� YHJHWDWLRQ RSWLFDO GHSWK� DQG VQRZ�ZDWHU HTXLYDOHQW� UHDQDO\VLV RI DLU

WHPSHUDWXUH DQG UDGLDWLRQ� DQG D PXOWLVRXUFH SUHFLSLWDWLRQ SURGXFW DW ����� RI JULGFHOO VL]H

�0DUWHQV HW DO�� ������ 7KH VHFRQG GDWDVHW LV )/8;&20 �-XQJ HW DO�������� ZKLFK PHUJHV

)OX[QHW HGG\ FRYDULDQFH WRZHUV ZLWK UHPRWH VHQVLQJ �56� DQG PHWHRURORJLFDO �0(7(2� GDWD

XVLQJ PDFKLQH OHDUQLQJ DOJRULWKPV DW ���� RI JULGFHOO VL]H� +HUH ZH XVH 56�0(7(2

SURGXFWV� VSHFLILFDOO\ WKH DYHUDJHV RI 56�0(7(2:)'(, DQG 56�0(7(2FUXQFHS�Y�� WR FRYHU WKH

DQDO\VLV SHULRG�

:H XVH WKH /$,�J GDWDVH7 �=KX HW DO�� ����� FOLPDWRORJLFDO YDOXHV IRU WKH SHULRG ����������

7KLV GDWDVHW DSSOLHV D QHXUDO QHWZRUN DOJRULWKP RQ VDWHOOLWH REVHUYDWLRQV RI WKH 1RUPDOL]HG

'LIIHUHQFH 9HJHWDWLRQ ,QGH[ �1'9,� �J WR HVWLPDWH /$, DW ���� GHJUHHV RI VSDWLDO

UHVROXWLRQ�

��� )LJ�D� &RXOG LW EH SRVVLEOH WR DGG D UHIHUHQFH SORW�V� �$48$67$7 RU RWKHU PRGHOV¶

HVWLPDWH�"

:H SURSRVH WR DGG D GDVKHG OLQH VKRZLQJ WKH $48$67$7 HVWLPDWH IRU WKH \HDU �����



�

��� /LQH ���� ³ZH REVHUYH KLJKHU SHDNV DQG ORZ YDOXHV ,Q +XDQJ +H ZKHQ LUULJDWLRQ LV

DFWLYDWHG´� , FDQ QRW XQGHUVWDQG ZKLFK ³ORZ YDOXHV´ LV DERXW� &RXOG \RX UHSKUDVH

WKLV"

7KDQNV IRU WKLV REVHUYDWLRQ� :H SURSRVH WR UHIRUPXODWH DV IROORZV�

:H QRZ IRFXV RQ WKH DYHUDJH 7:6$ YDOXH DW WKH EDVLQ VFDOH �)LJ� ��� $FWLYDWLRQ RI LUULJDWLRQ

LQGXFHV VPDOO FKDQJHV LQ 7:6$� ZKLFK LV FRKHUHQW ZLWK FKDQJHV LQ 7:6 EHWZHHQ ERWK

VLPXODWLRQV �)LJXUH 6��� )RU LQVWDQFH� ZH REVHUYH KLJKHU SHDNV LQ WKH 7:6$ YDOXHV LQ

+XDQJ +H ZKHQ LUULJDWLRQ LV DFWLYDWHG� /RZ YDOXHV DOVR EHFRPH ORZHU IRU WKH ,UU

VLPXODWLRQ LQ +XDQJ +H EDVLQ� ,Q WKH *DQJHV ULYHU EDVLQ� ORZ YDOXHV DUH ORZHU DV ZHOO LQ

WKH ,UU VLPXODWLRQ WKDQ LQ 1R,UU�

��� /LQH �������� , FRXOG QRW XQGHUVWDQG WKH SRLQW RI WKLV VHQWHQFH LQ P\ ILUVW UHDGLQJ�

&RXOG \RX H[HPSOLI\ EDVLQV LQ )LJ� LQ WKLV VHQWHQFH"

:H SURSRVH WR SXW VRPH H[DPSOHV� DV VXJJHVWHG E\ WKH UHYLHZHU�

7KH PDLQ HIIHFW RI LUULJDWLRQ RYHU WKH VHDVRQDO YDULDWLRQV LV WKDW SHDN GLVFKDUJH FDQ RFFXUV

EHIRUH LQ WKH ,UU VLPXODWLRQ �IRU LQVWDQFH 0LVVRXUL ULYHU RU <HOORZ ULYHU�� RU WKDW WKH

GHFUHDVH DIWHU WKH SHDN LV PRUH UDSLG DQG ORZ YDOXHV DUH ORZHU LQ ,UU WKDQ LQ 1R,UU �IRU

LQVWDQFH &RORUDGR ULYHU RU WKH 'DQXEH ULYHU��

��� )LJ �� $GG [�D[LV ODEHO�

:H SURSRVH WR DGG WKH [�D[LV ODEHO DV µ,UULJDWLRQ FODVVHV¶�

��� /LQH ���� +DQDVDNL HW DO� ����E VHHPV WR EH D ZURQJ UHIHUHQFH KHUH EHFDXVH +��

XVHV JURXQGZDWHU UHVRXUFH ZKHQ VXUIDFH ZDWHU DYDLODELOLW\ LV QRW VXIILFLHQW WR PHHW

LUULJDWLRQ GHPDQG�

:H GLVDJUHH ZLWK WKH UHYLHZHU� ,Q +DQDVDNL HW DO�� ����� LQ VLPXODWLRQ ,5* WKH\ XVH D VLQJOH

LPDJLQDU\ ZDWHU VRXUFH� ,Q )8/ VLPXODWLRQ� WKH\ PDNH WKH K\SRWKHVLV WKDW DOO WKH ZDWHU

ZLWKGUDZQ FRPHV IURP WKH ULYHUV� ,Q +DQDVDNL HW DO�� ����� WKH PRGHO LQFOXGHV D QHZ

JURXQGZDWHU UHFKDUJH� DQG DOORZV JURXQGZDWHU DEVWUDFWLRQ �6HFWLRQ ���� 1HZO\ DGGHG

VFKHPHV�� :H SURSRVH WR OHDYH WKH FLWDWLRQ DV LW LV�

��� /LQH ���� ³« OLNH WRSRJUDSK\ DQG HQYLURQPHQWDO IORZ´� 5HIHU +DQDVDNL HW DO� ����

KHUH�

:H ZLOO UHIHU WR +DQDVDNL HW DO� ���� LQ WKLV OLQH�

��� /LQH ���� 7KH IROORZLQJ PRGHOV DOVR LQFOXGH GHWDLOHG LUULJDWLRQ VFKHPHV�

GRL���������KHVV�������������� GRL�������������06�������

:H WKDQN WKH UHYLHZHU IRU WKLV SDSHU� ZH SURSRVH WR LQFOXGH WKH UHIHUHQFH LQ RXU SDSHU� OLQH

��� IRU <DR HW DO�� ����� 7KH UHIHUHQFH -lJHUPH\U HW DO�� ���� KDV EHHQ DOUHDG\ FLWHG LQ WKH

PDQXVFULSW�



�

)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�

)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

&RRN� %� ,�� 6KXNOD� 6� 3�� 3XPD� 0� -�� DQG 1D]DUHQNR� /� 6�� ,UULJDWLRQ DV DQ KLVWRULFDO

FOLPDWH IRUFLQJ� &OLPDWH '\QDPLFV� ��� ����±�����

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�������������� �����

+DGGHODQG� ,�� /HWWHQPDLHU� '� 3�� DQG 6NDXJHQ� 7�� (IIHFWV RI LUULJDWLRQ RQ WKH ZDWHU DQG

HQHUJ\ EDODQFHV RI WKH &RORUDGR DQG 0HNRQJ ULYHU EDVLQV� -RXUQDO RI +\GURORJ\� ����

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

+DQDVDNL� 1�� .DQDH� 6�� 2NL� 7�� 0DVXGD� .�� 0RWR\D� .�� 6KLUDNDZD� 1�� 6KHQ� <�� DQG

7DQDND� .�� $Q LQWHJUDWHG PRGHO IRU WKH DVVHVVPHQW RI JOREDO ZDWHU UHVRXUFHV ± 3DUW ��

$SSOLFDWLRQV DQG DVVHVVPHQWV� +\GURORJ\ DQG (DUWK 6\VWHP 6FLHQFHV� ��� ����±�����

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

+DQDVDNL� 1�� <RVKLNDZD� 6�� 3RNKUHO� <�� DQG .DQDH� 6�� $ JOREDO K\GURORJLFDO VLPXODWLRQ WR

VSHFLI\ WKH VRXUFHV RI ZDWHU XVHG E\ KXPDQV� +\GURORJ\ DQG (DUWK 6\VWHP 6FLHQFHV� ���

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

-lJHUPH\U� -�� *HUWHQ� '�� +HLQNH� -�� 6FKDSKRII� 6�� .XPPX� 0�� DQG /XFKW� :�� :DWHU

VDYLQJV SRWHQWLDOV RI LUULJDWLRQ V\VWHPV� JOREDO VLPXODWLRQ RI SURFHVVHV DQG OLQNDJHV�

+\GURORJ\ DQG (DUWK 6\VWHP 6FLHQFHV� ��� ����±�����

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

-XQJ� 0�� .RLUDOD� 6�� :HEHU� 8�� ,FKLL� .�� *DQV� )�� &DPSV�9DOOV� *�� 3DSDOH� '�� 6FKZDOP�

&�� 7UDPRQWDQD� *�� DQG 5HLFKVWHLQ� 0�� 7KH )/8;&20 HQVHPEOH RI JOREDO

ODQG�DWPRVSKHUH HQHUJ\ IOX[HV� 6FLHQWLILF 'DWD� �� ���

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

.ULQQHU� *�� 9LRY\� 1�� GH 1REOHW�'XFRXGUp� 1�� 2JpH� -�� 3ROFKHU� -�� )ULHGOLQJVWHLQ� 3�� &LDLV�

3�� 6LWFK� 6�� DQG 3UHQWLFH� ,� &�� $ G\QDPLF JOREDO YHJHWDWLRQ PRGHO IRU VWXGLHV RI WKH

FRXSOHG DWPRVSKHUH�ELRVSKHUH V\VWHP� *OREDO %LRJHRFKHPLFDO &\FOHV� ��� �±���

KWWSV���GRL�RUJ�������������*%������� �����



��

/HQJ� *�� +XDQJ� 0�� 7DQJ� 4�� *DR� +�� DQG /HXQJ� /� 5�� 0RGHOLQJ WKH (IIHFWV RI

*URXQGZDWHU�)HG ,UULJDWLRQ RQ 7HUUHVWULDO +\GURORJ\ RYHU WKH &RQWHUPLQRXV 8QLWHG 6WDWHV�

-RXUQDO RI +\GURPHWHRURORJ\� ��� ���±���� KWWSV���GRL�RUJ���������-+0�'���������� �����

/HQJ� *�� /HXQJ� /� 5�� DQG +XDQJ� 0�� 6LJQLILFDQW LPSDFWV RI LUULJDWLRQ ZDWHU VRXUFHV DQG

PHWKRGV RQ PRGHOLQJ LUULJDWLRQ HIIHFWV LQ WKH $&0( /DQG 0RGHO� -RXUQDO RI $GYDQFHV LQ

0RGHOLQJ (DUWK 6\VWHPV� �� ����±����� KWWSV���GRL�RUJ�������������06������� �����

/R� 0��+� DQG )DPLJOLHWWL� -� 6�� ,UULJDWLRQ LQ &DOLIRUQLD¶V &HQWUDO 9DOOH\ VWUHQJWKHQV WKH

VRXWKZHVWHUQ 8�6� ZDWHU F\FOH� *HRSK\VLFDO 5HVHDUFK /HWWHUV� ��� ���±����

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

0DUWHQV� %�� 0LUDOOHV� '� *�� /LHYHQV� +�� YDQ GHU 6FKDOLH� 5�� GH -HX� 5� $� 0��

)HUQiQGH]�3ULHWR� '�� %HFN� +� (�� 'RULJR� :� $�� DQG 9HUKRHVW� 1� (� &�� */($0 Y��

VDWHOOLWH�EDVHG ODQG HYDSRUDWLRQ DQG URRW�]RQH VRLO PRLVWXUH� *HRVFLHQWLILF 0RGHO

'HYHORSPHQW� ��� ����±����� KWWSV���GRL�RUJ���������JPG�������������� �����

2]GRJDQ� 0�� 5RGHOO� 0�� %HDXGRLQJ� +� .�� DQG 7ROO� '� /�� 6LPXODWLQJ WKH HIIHFWV RI LUULJDWLRQ

RYHU WKH XQLWHG VWDWHV LQ D ODQG VXUIDFH PRGHO EDVHG RQ VDWHOOLWH�GHULYHG DJULFXOWXUDO GDWD�

-RXUQDO RI +\GURPHWHRURORJ\� ��� ���±���� KWWSV���GRL�RUJ�������������-+0������� �����

3RNKUHO� <�� +DQDVDNL� 1�� .RLUDOD� 6�� &KR� -�� <HK� 3� -�� .LP� +�� .DQDH� 6�� DQG 2NL� 7��

,QFRUSRUDWLQJ $QWKURSRJHQLF :DWHU 5HJXODWLRQ 0RGXOHV LQWR D /DQG 6XUIDFH 0RGHO� -RXUQDO

RI +\GURPHWHRURORJ\� ��� ���±���� KWWSV���GRL�RUJ���������-+0�'���������� �����

3RNKUHO� <� 1�� .RLUDOD� 6�� <HK� 3� -��)�� +DQDVDNL� 1�� /RQJXHYHUJQH� /�� .DQDH� 6�� DQG 2NL�

7�� ,QFRUSRUDWLRQ RI JURXQGZDWHU SXPSLQJ LQ D JOREDO /DQG 6XUIDFH 0RGHO ZLWK WKH

UHSUHVHQWDWLRQ RI KXPDQ LPSDFWV� :DWHU 5HVRXUFHV 5HVHDUFK� ���

��±���KWWSV���GRL�RUJ�������������:5������� �����

3RNKUHO� <� 1�� +DQDVDNL� 1�� :DGD� <�� DQG .LP� +�� 5HFHQW SURJUHVVHV LQ LQFRUSRUDWLQJ

KXPDQ ODQG�ZDWHU PDQDJHPHQW LQWR JOREDO ODQG VXUIDFH PRGHOV WRZDUG WKHLU LQWHJUDWLRQ LQWR

(DUWK V\VWHP PRGHOV� :LOH\ ,QWHUGLVFLSOLQDU\ 5HYLHZV� :DWHU� �� ���±����

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

5RVW� 6�� *HUWHQ� '�� %RQGHDX� $�� /XFKW� :�� 5RKZHU� -�� DQG 6FKDSKRII� 6�� $JULFXOWXUDO

JUHHQ DQG EOXH ZDWHU FRQVXPSWLRQ DQG LWV LQIOXHQFH RQ WKH JOREDO ZDWHU V\VWHP� :DWHU

5HVRXUFHV 5HVHDUFK� ��� �±��� KWWSV���GRL�RUJ�������������:5������� �����

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

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

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

<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������� �����

=KX� =�� %L� -�� 3DQ� <�� *DQJXO\� 6�� $QDY� $�� ;X� /�� 6DPDQWD� $�� 3LDR� 6�� 1HPDQL� 5�� DQG

0\QHQL� 5�� *OREDO 'DWD 6HWV RI 9HJHWDWLRQ /HDI $UHD ,QGH[ �/$,��J DQG )UDFWLRQ RI

3KRWRV\QWKHWLFDOO\ $FWLYH 5DGLDWLRQ �)3$5��J 'HULYHG IURP *OREDO ,QYHQWRU\ 0RGHOLQJ DQG

0DSSLQJ 6WXGLHV �*,006� 1RUPDOL]HG 'LIIHUHQFH 9HJHWDWLRQ ,QGH[ �1'9,�J� IRU WKH 3HULRG

���� WR �� 5HPRWH 6HQVLQJ� �� ���±���� KWWSV���GRL�RUJ���������UV�������� �����


