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UH� ³5HYLHZ RI 6FKQHLGHU HW DO� ����´� 9LQFHQW 9HUMDQV� �� $XJ ����

:H DSSUHFLDWH \RXU WKRURXJK UHYLHZ DQG DUH ZRUNLQJ WR DGGUHVV \RXU FRQFHUQV� )ROORZLQJ EHORZ LV
RXU UHVSRQVH �LQ EOXH� WR \RXU HQXPHUDWHG PDMRU DQG VSHFLILF FRPPHQWV� ZKLFK DUH LWDOLFL]HG KHUH
IRU UHIHUHQFH�

�� 7KH ODFN RI LQIRUPDWLRQ DERXW WKH RSWLPLVDWLRQ
+HUH DUH WZR UHYLHZ FULWHULD RI *0'�

� ³$UH WKH PHWKRGV DQG DVVXPSWLRQV YDOLG DQG FOHDUO\ RXWOLQHG"´
� ³,V WKH GHVFULSWLRQ VXIILFLHQWO\ FRPSOHWH DQG SUHFLVH WR DOORZ WKHLU UHSURGXFWLRQ E\
IHOORZ VFLHQWLVWV �WUDFHDELOLW\ RI UHVXOWV�"´

, IRFXV ILUVW RQ WKH RSWLPLVDWLRQ PHWKRG DSSOLHG �6HFWLRQ ����� 7KH HQWLUH RSWLPLVDWLRQ PHWKRG
LV GHVFULEHG LQ D VLQJOH VHQWHQFH �OLQHV ���������
³)URP RXU HVWLPDWHG HPSLULFDO VWUDLQ UDWH�YHUVXV�GHSWK GDWD� ZH RSWLPL]HG WKH SUHYLRXVO\
GHVFULEHG GHQVLILFDWLRQ PRGHO FRHIILFLHQWV �IURP $¶��� Y.¶��� DQG $¶��� E\ DSSO\LQJ D UHJX�
ODUL]HG OHDVW VTXDUHV DOJRULWKP IRU WZR VWDJHV RI GHQVLILFDWLRQ �DERYH DQG EHORZ ρ  ��� NJ
P−3��´
7KH $¶�� PRGHO LQFOXGHV � GLIIHUHQW FRHIILFLHQWV �c1, c2, c3, c4, c5, ρdm, η0�� WKH Y.¶�� LQFOXGHV
�� �c3, c4, c5, ρdm, η0, cη, f1, f2, aη, bη� DQG WKH $¶�� LQFOXGHV � �c3, c4, c5, ρdm, kρ<550
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Ec�� $GGLWLRQDOO\� LQ WKH 5HVXOWV VHFWLRQ� WKH DXWKRUV PHQWLRQ ³DGGLQJ D FRQVWDQW FRPSDFWLRQ
WHUP´ �OLQH ����� ZKLFK GRHV QRW DSSHDU LQ DQ\ HTXDWLRQ DQG LV QRW H[SODLQHG LQ WKH 0HWKRGV
VHFWLRQ� 7KURXJKRXW WKH PDQXVFULSW� WKH DXWKRUV QHYHU VWDWH ZKLFK FRHIILFLHQWV DUH VXEMHFW
WR WKH RSWLPLVDWLRQ� 0RUHRYHU� WKH\ PHQWLRQ LQ 6HFWLRQ ��� WKDW ³ZH KDYH \HW WR WHVW LQ (/0
DQ RSWLPL]HG YHUVLRQ RI WKH VHPL�HPSLULFDO PRGHO´� )URP P\ XQGHUVWDQGLQJ� WKH ³VHPL�
HPSLULFDO PRGHO´ LV $¶�� DQG WKH\ GHFLGHG WR FRPSXWH WKH (/0 VLPXODWLRQV ZLWK WKH RULJLQDO
YHUVLRQ RI $¶�� DQG QRW WKH RSWLPLVHG YHUVLRQ� ,Q FRQWUDVW� IRU VRPH UHDVRQ� WKH DXWKRUV
GLG WKH (/0 VLPXODWLRQV ZLWK WKH RSWLPLVHG YHUVLRQ �Y.¶���� RI Y.¶��� 7KH\ VWLOO SURYLGH
VSHFXODWLYH DYHQXHV IRU D UH�SDUDPHWHULVDWLRQ RI $¶�� DW OLQHV �������� 7KHVH VWDWHPHQWV DUH
QRW VXSSRUWHG E\ DQ\ TXDQWLWDWLYH LQIRUPDWLRQ DERXW D EHWWHU ILW RI WKH RSWLPLVHG $¶�� HLWKHU WR
REVHUYHG GDWD RU WR WKH VWUDLQ UDWHV JHQHUDWHG IURP WKH PRGHO RI +HUURQ DQG /DQJZD\ ������
�UHIHUUHG WR DV +/ KHUHDIWHU�� )LQDOO\� WKH\ DVVHUW WKDW WKH\ RSWLPLVH $¶�� �³ZH RSWLPL]HG
WKH SUHYLRXVO\ GHVFULEHG GHQVLILFDWLRQ PRGHO FRHIILFLHQWV �IURP $¶��� Y.¶��� DQG $¶���´��
+RZHYHU� WKH RQO\ LQIRUPDWLRQ WR EH IRXQG DERXW WKH PRGLILFDWLRQV EURXJKW WR WKH PRGHO
LV WKH FKDQJH RI WKH YDOXH RI c5� EXW QRWKLQJ DERXW RWKHU SDUDPHWHUV DQG QRWKLQJ DERXW D
SHUIRUPDQFH FRPSDULVRQ EHWZHHQ WKH RULJLQDO $¶�� DQG WKH RSWLPLVHG YHUVLRQ�
&OHDUO\� ZH IDLOHG WR SURYLGH HVVHQWLDO GHWDLOV UHJDUGLQJ WKH RSWLPL]DWLRQ PHWKRG XVHG WR
FDOLEUDWH ILUQ GHQVLILFDWLRQPRGHO FRHIILFLHQWV� :KLOH ZH H[SHULPHQWHG ZLWK QXPHURXVPRGHO
FRQILJXUDWLRQV� WKH RSWLPL]DWLRQ UHIHUUHG WR LQ WKH PDQXVFULSW SHUWDLQV WR c3� η0� DQG kc� DV
UHIHUUHG WR DERYH� SOXV DQ DGGLWLRQDO WHUP QRW PHQWLRQHG LQ WKH PDQXVFULSW� :H DSSUHFLDWH
\RX SRLQWLQJ RXW WKLV RYHUVLJKW� 7KHVH FRHIILFLHQWV ZHUH FDOLEUDWHG XVLQJ D FRQYROXWHG OHDVW
VTXDUHV DOJRULWKP WKDW ZH PXVW FODULI\ LQ RXU UHYLVLRQ�



$W WKH WLPH RI VXEPLVVLRQ� ZH GLG QRW KDYH (/0 VLPXODWLRQ UHVXOWV IURP WKH RSWLPL]HG YHU�
VLRQ RI WKH $¶�� FRQILJXUDWLRQ �KHUHDIWHU $¶����� ,GHDOO\� ZH ZRXOG WHVW GR]HQV RI PRGHO
FRQILJXUDWLRQV LQ (/0� +RZHYHU WKH (/0 VLPXODWLRQV RQ FHQWXU\ WLPHVFDOHV DUH FRPSX�
WDWLRQDOO\ H[SHQVLYH DQG WLPH FRQVXPLQJ� %DVHG RQ WKH SUHOLPLQDU\ UHVXOWV RI RXU VWDWLV�
WLFDO PRGHOLQJ� ZH H[SHULPHQWHG ZLWK D VPDOO VHOHFWLRQ RI PRGHO FRQILJXUDWLRQV �LQFOXG�
LQJ ERWK Y.¶�� DQG Y.¶����� ZKLFK ZH GHVFULEH LQ WKH PDQXVFULSW� 2XU VSHFXODWLYH UH�
SDUDPHWHUL]DWLRQ RI WKH $¶�� PRGHO KDV QRZ EHHQ WHVWHG LQ D FHQWXU\�VFDOH (/0 VLPXODWLRQ�
EXW GXH WR WKH QRWHG ODFN RI FODULW\� LW LV QRW FOHDU KRZ ZH DUULYHG DW WKHVH VSHFXODWLRQV� )L�
QDOO\� ZH GLVFRYHUHG WKDW WKH RULJLQDO �$¶��� FRQILJXUDWLRQ LPSOHPHQWHG LQ (/0 FRXOG EH
VLJQLILFDQWO\ LPSURYHG E\ VLPSO\ PRGLI\LQJ c5� 7KHUHIRUH� ZH FDOFXODWHG WKH RSWLPDO YDOXH
RI c5 XVLQJ RXU VWDWLVWLFDO PRGHO� EXW DJDLQ� WKHVH UHVXOWV DUH LPSRVVLEOH IRU WKH UHDGHU WR IXOO\
FRPSUHKHQG GXH WR RXU ODFN RI FODULW\�
7R DGGUHVV WKHVH FULWLFDO IODZV� ZH DUH H[SDQGLQJ 6HFWLRQ ��� E\ DGGLQJ GHWDLOV UHJDUGLQJ WKH
RSWLPL]DWLRQ PHWKRG� :H DUH DOVR DGGLQJ QHZ UHVXOWV IURP WKH $¶��� (/0 VLPXODWLRQV DQG
DUH UHPRYLQJ WKH VSHFXODWLYH FRPPHQWV WRZDUG WKH HQG RI 6HFWLRQ ����
&RPLQJ EDFN WR WKH RSWLPLVDWLRQ PHWKRGRORJ\ LWVHOI� WKH DXWKRUV GHFLGH WR VHOHFW DQQXDO
PHDQ WHPSHUDWXUHV RQO\ EHORZ ���◦&� EXW WKH\ WKHQ SURFHHG WR PRGHO VLPXODWLRQV IRU JULG
FHOOV ZKHUH WKH DQQXDO PHDQ WHPSHUDWXUH LV DV KLJK DV ��� ◦& �6HFWLRQ ���� )LJXUHV �� �
DQG ��� ,W LV SX]]OLQJ WKDW WKH DXWKRUV WKHPVHOYHV VXJJHVW D EHWWHU DSSURDFK WR VHOHFWLQJ
PHDQ DQQXDO WHPSHUDWXUHV DQG DFFXPXODWLRQ UDWHV� ZKLFK ZRXOG EH HDV\ WR LPSOHPHQW �OLQHV
��������� 7KH\ DOVR FODLP WR FDOLEUDWH WKH PRGHOV E\ PDWFKLQJ WKH FRPSXWHG VWUDLQ UDWHV
WR WKH +/ VWUDLQ UDWHV� 7KH LVVXH LV WKDW VHYHUDO PRGHOV XVH G\QDPLF YDULDEOHV LQ WKH VWUDLQ
UDWH HTXDWLRQV� T, σ, P DQG re LQ (TV �� �� �� �� �� � DQG ��� 7KH +/ FDQ SURYLGH DQDO\WLF
VROXWLRQV RI VWUDLQ UDWHV IRU VWHDG\ VWDWH DQQXDO PHDQ WHPSHUDWXUH DQG DFFXPXODWLRQ� 7KH
G\QDPLF PRGHOV UHTXLUH YDOXHV IRU WKH G\QDPLF YDULDEOHV DW HDFK WLPH VWHS DQG IRU HDFK OD\HU
RI WKH ILUQ FROXPQ� $ VWHDG\ VWDWH DQQXDO PHDQ WHPSHUDWXUH GRHV QRW FRUUHVSRQG WR DOO ILUQ
OD\HUV KDYLQJ WKH VDPH WHPSHUDWXUH \HDU�URXQG �WHPSHUDWXUH VWLOO YDULHV VHDVRQDOO\ ZKHQ LQ
VWHDG\ VWDWH�� 6LPLODUO\� DFFXPXODWLRQ UDWH VWLOO YDULHV VHDVRQDOO\� ZKLFK PHDQV WKDW σ DOVR
YDULHV LQ WLPH IRU DQ\ ILUQ OD\HU �DJDLQ� HYHQ LQ VWHDG\ VWDWH�� )LQDOO\� WKH UHDGHU KDV QR
LQIRUPDWLRQ DERXW KRZ re LV FDOFXODWHG LQ WKH FRPSXWDWLRQV RI WKHVH VWHDG\ VWDWH VWUDLQ UDWHV�
7KH FDOLEUDWLRQ PHWKRG RQO\ FRQVLGHUV GHQVLW\ SURILOHV IRU PHDQ DQQXDO WHPSHUDWXUHV OHVV
WKDQ ���◦& VR WKDW LW ZLOO EH RSWLPL]HG IRU GU\ ILUQ GHQVLILFDWLRQ� +RZHYHU� (/0 VLPXODWLRQV
SURYLGH JOREDO UHVXOWV� LQFOXGLQJ ZDUPHU JULG�FHOOV WKDW DUH VKRZQ LQ )LJV� �� �� DQG �� ,Q
WKH IXWXUH� LW ZRXOG EH LQWHUHVWLQJ WR GRZQORDG RXWSXW IURP UHJLRQDO FOLPDWH PRGHOV DQG
UHDQDO\VHV WR UHDG LQWR WKH VWDWLVWLFDO PRGHO� +RZHYHU� VXFK DQ DSSURDFK LV EH\RQG WKH VFRSH
RI WKLV VWXG\� 5HJUHWIXOO\� ZH IDLOHG WR SURYLGH HQRXJK GHWDLOV DERXW WKH UHVW RI RXU VWDWLVWLFDO
PRGHO DQG RSWLPL]DWLRQ PHWKRG LQFOXGLQJ KRZ ZH FDOFXODWH WKH G\QDPLF YDULDEOHV T, σ, P
DQG re�
7R DGGUHVV WKHVH LVVXHV� ILUVW� ZH ZLOO FKDQJH WKH FRPSDULVRQV RI (/0 UHVXOWV YHUVXV +HUURQ
DQG /DQJZD\ ������ VR WKDW WKH FROXPQV LQ )LJV� �� �� DQG � FHQWHU DURXQG PHDQ DQQXDO
WHPSHUDWXUHV RI ���� ���� DQG ��� ◦&� 7KLV ZLOO HOLPLQDWH WKH GLVFUHSDQF\ LQ WKH WHPSHUD�
WXUH FXWRII UHIHUUHG WR DERYH� $QG VHFRQG� ZH DUH H[SDQGLQJ 6HFWLRQ ��� WR LQFOXGH GHWDLOV
UHJDUGLQJ KRZ G\QDPLF YDULDEOHV �T, σ, P DQG re� DUH HVWLPDWHG�
)XUWKHUPRUH� WKH ³UHJXODUL]HG OHDVW VTXDUH DOJRULWKP´ LV QRW GHVFULEHG� :K\ QRW SURFHHG
WR D VLPSOH OHDVW VTXDUH" :KDW LV WKH SHQDOW\ WHUP" :KDW DUH WKH SHQDOLVHG IDFWRUV" $QG�
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PRVW LPSRUWDQWO\� ZKLFK FRHIILFLHQWV DUH VXEMHFW WR WKH RSWLPLVDWLRQ DQG ZKDW LV WKH UDQJH RI
SRVVLEOH YDOXHV FRYHUHG E\ WKH RSWLPLVDWLRQ"
<HV� WKH OHDVW VTXDUHV DOJRULWKP LV FRQYROXWHG DQG WRWDOO\ REVFXUH EDVHG RQ WKH PDQXVFULSW
DORQH� 1RQH RI WKHVH UHDVRQDEOH TXHVWLRQV DUH DQVZHUHG DQG WKHUHIRUH WKH UHVXOWV FDQQRW EH
UHSURGXFHG�
7R FRUUHFW WKLV FULWLFDO IODZ� ZH DUH DGGLQJ WR 6HFWLRQ ��� RU DQ $SSHQGL[ D PRUH GHWDLOHG
GHVFULSWLRQ RI WKH DOJRULWKP LQFOXGLQJ DOO SHUWLQHQW WXQLQJ SDUDPHWHUV DQG FRHIILFLHQWV VXEMHFW
WR WKH RSWLPL]DWLRQ�
, WKLQN WKDW WKH DXWKRUV FDQ HDVLO\ XQGHUVWDQG WKDW WKH LVVXHV , UDLVH KHUH DUH FRQFHUQLQJ ZLWK
UHVSHFW WR WKH *0' UHYLHZ FULWHULD�
<HV� WKH LVVXHV \RX UDLVH VKRZ WKDW WKH RULJLQDOO\ VXEPLWWHG PDQXVFULSW ODFNV WKH FOHDU H[SOD�
QDWLRQ QHHGHG WR PDNH LW UHSURGXFLEOH� 7KH IRUWKFRPLQJ UHYLVLRQ ZLOO UHVROYH WKHVH LVVXHV DV
ZH GHVFULEH�

�� 7KH (/0 ILUQ GHQVLW\ VLPXODWLRQV
0\ ILUVW FRQFHUQ UHODWHV WR WKH GDWD WKDW LV XVHG IRU PRGHO HYDOXDWLRQ� :K\ XVH WKH FRUHV
RI 0RVOH\�7KRPSVRQ HW DO� ������ DQG /DPRUH\ ������" $QG ZK\ GR WKH DXWKRUV DYHUDJH
WKH *UHHQODQG FRUHV" 7KH\ KLJKOLJKW WKHPVHOYHV WKDW ³YDULDELOLW\ FDQ EH ODUJH� SDUWLFXODUO\
DFURVV WKH *U,6´ �OLQH ����� :K\ QRW FRPSDUH DQ REVHUYHG ILUQ FRUH WR WKH PRGHO VLPX�
ODWLRQV IRU WKH JULG FHOO RI WKH FRUUHVSRQGLQJ ORFDWLRQ" $YHUDJLQJ REVHUYHG DQG PRGHOOHG
ILUQ GHSWK�GHQVLW\ SURILOHV PDNHV OLWWOH VHQVH� 7KH DXWKRUV WKHPVHOYHV VHHP WR SRLQW RXW WKLV
VKRUWFRPLQJ RI WKH VWXG\ �OLQHV ��������� ³WKRXJK RXU DQDO\VLV ZLWK (/0 WKXV IDU LV OLPLWHG
WR D JHQHUDOL]HG FRPSDULVRQ ZLWK D EURDG �FOLPDWH� SHUVSHFWLYH UDWKHU WKDQ WR D PRUH VLWH�
VSHFLILF FRPSDULVRQ DJDLQVW GLUHFW REVHUYDWLRQV´� 6R ZK\ ZDV D VLWH�VSHFLILF FRPSDULVRQ
QRW SHUIRUPHG"
7KH HYDOXDWLRQ DJDLQVW REVHUYDWLRQV ZDV DOVR FKDOOHQJHG E\ WKH RWKHU UHYLHZHUV�
7R UHGHHP WKLV IODZ� ZH DUH DGGLQJ WR 6HFWLRQ � D QHZ DQDO\VLV WKDW HYDOXDWHV *UHHQODQG ,FH
6KHHW �*U,6� UHVXOWV DJDLQVW WKH 680XS GDWDVHW �.RHQLJ DQG 0RQWJRPHU\� ������ DV \RX
VXJJHVW EHORZ� 7KLV DQDO\VLV FRYHUV WKH DFFXPXODWLRQ DUHDV RI WKH *U,6 EHWWHU WKDQ WKH VXE�
VHW RI PHDVXUHPHQWV SURYLGHG E\ 0RVOH\�7KRPSVRQ HW DO� ������ DQG DGGV D JHRJUDSKLFDO
FRPSDULVRQ ZLWK D TXDQWLWDWLYH HYDOXDWLRQ� %\ FRPSXWLQJ D VLPLODULW\ PDWUL[� ZH FDWHJRUL]H
PHDVXUHPHQWV QHDUHVW LQ GLVWDQFH DQG WLPH WR FRUUHVSRQGLQJ (/0 VLPXODWLRQV DQG WKHQ DV�
VHVV PRGHO DFFXUDF\ ZLWK URRW PHDQ VTXDUHG HUURUV �506(�� 7KLV QHZ DQDO\VLV VHUYHV WZR
REMHFWLYHV� RQH� LPSURYH WKH TXDOLW\ RI WKH PRGHO WR REVHUYDWLRQDO FRPSDULVRQ E\ FRQWURO�
OLQJ IRU VSDFH �ORFDWLRQ� DQG WLPH �\HDU�� DQG WZR� RIIHU PHWULFV IRU TXDQWLWDWLYHO\ DVVHVVLQJ
PRGHO DFFXUDF\�
0RUHRYHU� WKH GDWD VHOHFWHG DUH QRW LQ OLQH ZLWK WKH REMHFWLYH RI WKH VWXG\� LPSURYLQJ GU\
GHQVLILFDWLRQ VFKHPHV� 0RVW RI WKH *UHHQODQG JULG FHOOV DUH OLNHO\ DIIHFWHG E\ PHOW� DQG 6LSOH
'RPH LV DQ DUHD RI $QWDUFWLFD ZLWK UHODWLYHO\ KLJK PHOW UDWHV IRU WKH FRQWLQHQW� :K\ GRQ¶W
WKH DXWKRUV VHOHFW GDWD RQO\ IURP GU\ VQRZ DUHDV �KLJKHU DFFXPXODWLRQ ]RQH RI *UHHQODQG
DQG PRUH LQODQG UHJLRQV RI $QWDUFWLFD�" 'R WKH DXWKRUV NQRZ DERXW WKH H[WHQVLYH 680XS
GDWDVHW �.RHQLJ DQG0RQWJRPHU\� ����� WKDW LQFOXGHV PDQ\PRUH ILUQ FRUHV" 7KH RFFXUUHQFH
RI PHOW LV FOHDU EHFDXVH WKHUH LV ³IRUPDWLRQ RI LFH OHQVHV´ �OLQH ����� %XW QR LQIRUPDWLRQ LV
SURYLGHG DERXW WKH PRGHO VFKHPHV IRU VLPXODWLRQ RI PHOWZDWHU SHUFRODWLRQ DQG UHIUHH]LQJ�
0RUHRYHU� WKH VLPXODWLRQV DUH SHUIRUPHG ZLWK DWPRVSKHULF IRUFLQJ DW YHU\ FRDUVH UHVROXWLRQ�
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ZKLFK LV XQGHUOLQHG DW OLQHV ������� �, PHQWLRQ KHUH WKDW WKH UHVROXWLRQ LV QRW SURYLGHG LQ
WKH PDQXVFULSW�� 7KLV IRUFHV WKH DXWKRUV WR DUWLILFLDOO\ DGMXVW WKHLU HYDOXDWLRQ� ³WKLV ODUJH
JULG FHOO UHPDSSLQJ OHDG WR D FROG ELDV� UHVXOWLQJ LQ WRR�VORZ GHQVLILFDWLRQ� 7KHUHIRUH� ZH
DGMXVWHG RXU 6LSOH 'RPH FRPSDULVRQV WR LQFOXGH JULGFHOOV DZD\ IURP WKH FRDVW WKDW EHWWHU
UHSUHVHQW DWPRVSKHULF FRQGLWLRQV DQG UHVXOW LQ D PRUH UHDOLVWLF GHQVLW\ VLPXODWLRQ´� )LUVWO\�
, ZRXOG WKLQN WKDW JULG FHOOV DZD\ IURP WKH FRDVW VKRXOG EH HYHQ FROGHU DQG WKXV HQKDQFH
WKH FROG ELDV� 6HFRQGO\� WKLV IXUWKHU XQGHUOLQHV WKH TXHVWLRQ RI ZK\ FKRRVLQJ 6LSOH 'RPH
DQG *UHHQODQG ILUQ FRUHV WR HYDOXDWH WKH PRGHOV� 7KLV FKRLFH EULQJV LQ SUREOHPV UHODWHG WR
WKH DGHTXDF\ RI WKH PRGHO IRUFLQJ� ZKLFK PDNHV LW YHU\ GLIILFXOW WR GLVHQWDQJOH ILUQ PRGHO
GHILFLHQFLHV IURP HUURUV GXH WR LQDGHTXDWH IRUFLQJ�
7R UHVWULFW RXU HYDOXDWLRQ WR JULG�FHOOV ZLWKRXW PHOW� ZH RULJLQDOO\ UHPRYHG (/0 FROXPQV
WKDW H[SHULHQFH PHDQ DQQXDO WHPSHUDWXUHV RI JUHDWHU WKDQ ���◦&� 5HJDUGLQJ WKH 6LSOH 'RPH
FDVH VWXG\� ZH ZHUH PLVWDNHQ DERXW WKH ³���FROG ELDV� UHVXOWLQJ LQ WRR�VORZ GHQVLILFDWLRQ´
�OLQH ����� 5DWKHU� (/0 KDV D ³ZDUP´ ELDV WKHUH� UHVXOWLQJ LQ WRR PXFK GHQVLILFDWLRQ� VR ZH
DGMXVWHG WKH (/0 FRPSDULVRQ LQODQG� ZKLFK LV PRUH UHSUHVHQWDWLYH RI WKH DFWXDO 6LSOH 'RPH
FOLPDWH DQG UHVXOWHG LQ EHWWHU DJUHHPHQW ZLWK WKH REVHUYHG GHQVLW\ SURILOHV� <RXU SRLQW DERXW
WKH GLIILFXOW\ LQ HYDOXDWLQJ FRXUVH UHVROXWLRQ (/0 JULG FHOOV WR SRLQW EDVHG PHDVXUHPHQWV LV
ZK\ ZH JHQHUDOO\ IDOO EDFN WR WKH PRGHO RI +HUURQ DQG /DQJZD\ ������ WR HYDOXDWH PRGHO
SHUIRUPDQFH� 7KH +/ HPSLULFDO PRGHO FDQ EH DSSOLHG WR JULGFHOOV WKDW H[SHULHQFH IDXOW\ DW�
PRVSKHULF LQSXW GDWD� 7KH FRPSDULVRQV SORWWHG LQ )LJV� �� �� DQG � FRQWURO IRU PHDQ DQQXDO
WHPSHUDWXUH DQG DFFXPXODWLRQ WR KHOS GLVHQWDQJOH ILUQ PRGHO GHILFLHQFLHV IURP LQDFFXUDWH
DWPRVSKHULF IRUFLQJ� $V PHQWLRQHG DERYH� ZH QRZ KDYH D PXFK PRUH FRPSUHKHQVLYH HYDO�
XDWLRQ DJDLQVW WKH 680XS �PHDVXUHPHQW� GDWDVHW �.RHQLJ DQG 0RQWJRPHU\� ������
%HFDXVH ERWK RULJLQDO HYDOXDWLRQ PHWKRGV DUH TXHVWLRQDEOH� ZH DUH DGGLQJ WR 6HFWLRQ � DQ�
RWKHU HYDOXDWLRQ WKDW EHWWHU FRQWUROV IRU JHRJUDSKLF ORFDWLRQ DQG WLPH DQG DOVR SURYLGHV 50�
6(V ZLWK UHIHUHQFH WR 680XS REVHUYDWLRQV �.RHQLJ DQG 0RQWJRPHU\� ������ 7KLV QHZ
HYDOXDWLRQ LQGLFDWHV WKDW RXU RSWLPL]DWLRQPHWKRG LPSURYHV XSRQ WKH VQRZSDFN DQG ILUQ FRP�
SDFWLRQ PRGHO FXUUHQWO\ LQ &/0 IRU PRVW PRGHO JULG�FHOOV DFURVV WKH *U,6�
7KH VSLQ�XS SHULRG LV WDNHQ WR EH ��� \HDUV� 7KLV LV OLNHO\ WRR VKRUW IRU ORZ�DFFXPXODWLRQ JULG
FHOOV �WKXVPRVW RI WKH GU\ VQRZ ]RQH� WR EXLOG D IXOO ILUQ OD\HU �L�H� XQWLO LFH GHQVLW\ LV UHDFKHG��
7KH DXWKRUV VKRXOG WKXV VXSSRUW WKHLU VWDWHPHQW �OLQHV �������� WKDW WKH SURILOHV ³DYHUDJHG
IURP WKH ILQDO ��� \HDUV RI VLPXODWLRQ UHVXOWV´ �WKXV VWDUWLQJ WKH DYHUDJLQJ RQO\ DIWHU ���
\HDUV� DUH ³VWHDG\�VWDWH GHQVLW\ SURILOHV´� )RU H[DPSOH� DIWHU ��� \HDUV RI DQ DFFXPXODWLRQ
UDWH RI ���� P Z�H� \U−1 �WKH OLPLW DVVXPHG IRU ZDUP GU\ VQRZ ]RQHV LQ 6HFWLRQ ����� RQO\
�� P Z�H� KDYH DFFXPXODWHG� ZKLFK FRUUHVSRQGV URXJKO\ WR D ILUQ FROXPQ RI �� P� , GRXEW
WKDW WKLV UHSUHVHQWV D VWHDG\ VWDWH� $V VKRZQ LQ )LJXUH � �7 ����&�� ILUQ WKDW LV ��� \HDUV
ROG LV RQO\ DW ��� NJ P−3 GHQVLW\� VKRZLQJ WKDW WKH ILUQ OD\HU LV PRVW OLNHO\ QRW LQ VWHDG\
VWDWH DIWHU ��� \HDUV DQG QRW HYHQ DIWHU ��� \HDUV� &RQFHUQLQJ WKH IUHVK VQRZ GHQVLW\� WKH
$¶�� PRGHO FDOFXODWHV VXUIDFH GHQVLWLHV E\ LWVHOI� ZKLOH Y.¶�� DQG Y.¶��� XVH D IUHVK VQRZ
SDUDPHWHULVDWLRQ �QRW JLYHQ LQ WKH PDQXVFULSW����� %XW KRZ LV IUHVK VQRZ GHQVLW\ FDOFXODWHG
IRU WKH $¶�� PRGHO" 7KH SURJQRVWLF HTXDWLRQ IRU re VKRXOG DOVR EH JLYHQ RU UHIHUUHG WR�
:H DUH DZDUH RI WKH GLIILFXOWLHV SHUWDLQLQJ WR IXOO\ VSLQQLQJ XS WKH ILUQ FROXPQ LQ ORZ DFFX�
PXODWLRQ JULG�FHOOV WKDW UHSUHVHQW PRVW RI WKH $QWDUFWLF ,FH 6KHHW �$,6�� 7KDW LV ZK\ ZH RQO\
HYDOXDWH ILUQ FROXPQV WKDW H[FHHG D WKLFNQHVV RI �� P� %\ ILOWHULQJ RXW FROXPQV WKDW KDYH QRW
UHDFKHG WKLV WKUHVKROG� ZH DUH RQO\ HYDOXDWLQJ UHODWLYHO\ KLJK DFFXPXODWLRQ JULG�FHOOV PRVWO\
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UHSUHVHQWLQJ WKH *U,6� 7KLV LV DOVR ZK\ ZH RQO\ VKRZ UHODWLYHO\ ZDUP JULG�FHOOV LQ )LJV� ��
�� DQG �� L�H�� EHFDXVH PRVW RI WKH JULG�FHOOV WKDW KDYH UHODWLYHO\ ORZ DFFXPXODWLRQ UDWHV DUH
PXFK FROGHU DQG KDYH QRW UHDFKHG D GHSWK RI �� P�
7R DGGUHVV FRQFHUQV UDLVHG DERYH� ZH DUH DGGLQJ D GHPRQVWUDWLRQ VKRZLQJ WKH WLPH HYROXWLRQ
RI WKH VLPXODWHG ILUQ GHQVLW\ SURILOHV XVHG IRU HYDOXDWLRQ� %HFDXVH WKH GHHS GHQVLW\ WUHQGV
RYHU WKH ODVW ��� \HDUV DUH VWDWLVWLFDOO\ LQGLVWLQJXLVKDEOH IURP ]HUR� ZLWK YDULDWLRQV RFFXUULQJ
DOPRVW H[FOXVLYHO\ LQ WKH WRS �� P� RXU ��� \HDU VSLQ XS LV DGHTXDWH IRU HYDOXDWLQJ JULG�FHOOV
WKDW DFFXPXODWH DW OHDVW ��� P 6:( \U−1� FRYHULQJ PRVW RI WKH *U,6 DQG SDUWV RI WKH $,6�
:H ZLOO DOVR DGG WR WKH UHYLVLRQ WKDW WKH ³$¶��´ PRGHO FRQILJXUDWLRQ XVHV D FRQVWDQW QHZ
VQRZ GHQVLW\ RI �� NJ P−3� $QG ZH ZLOO DGG WKH QHZ VQRZ GHQVLW\ SDUDPHWHUL]DWLRQ E\
YDQ .DPSHQKRXW HW DO� ������ WR WKH UHYLVHG 6HFWLRQ �� ZKHUH ZH SURYLGH D VWUHDPOLQHG
LQWURGXFWLRQ RI HDFK RI WKH (/0 H[SHULPHQWV HYDOXDWHG LQ 6HFWLRQ �� 7KH SURJQRVWLF HTXDWLRQ
IRU re LV LQFOXGHG LQ WKH 6QRZ� ,FH� DQG $HURVRO 5DGLDWLYH 0RGHO �61,&$5� UHIHUHQFHG LQ
OLQHV ������ :H ZLOO DGG re DIWHU ³LFH HIIHFWLYH JUDLQ VL]H �IURP 61,&$5�´ IRU FODULW\�
7KH DSSUR[LPDWLRQ RI YHUWLFDO VWUDLQ UDWHV �OLQH ���� LV DOVR XQFOHDU� 7KLV UDLVHV WKH VDPH
TXHVWLRQV WKDW , PHQWLRQHG DERYH DERXW WKH G\QDPLF YDULDEOHV ZKHQ DVVXPLQJ D VWHDG\ VWDWH�
,Q P\ YLHZ� WKH DXWKRUV VKRXOG LQFOXGH D GHWDLOHG H[SODQDWLRQ DERXW KRZ WKH VWHDG\ VWDWH
VWUDLQ UDWHV RI $¶��� $¶��� Y.¶�� DQG Y.¶��� DUH FDOFXODWHG� 7KLV KROGV IRU ERWK WKH FDOL�
EUDWLRQ VWHS DV IRU WKH (/0 VLPXODWLRQV �L�H� WKH YDOXHV DSSHDULQJ LQ )LJXUH ���
:H DJUHH WKDW LW FDQ EH GLIILFXOW WR IROORZ WKH QXDQFHV DVVRFLDWHG ZLWK DOO WKH GLIIHUHQW PRGHO
FRQILJXUDWLRQV� LQFOXGLQJ ERWK ZLWKLQ WKH VWDWLVWLFDO PRGHO DQG WKH (/0 H[SHULPHQWV� +RZ�
HYHU� DOO RI VWUDLQ UDWHV FDOFXODWHG LQ RXU VWXG\ DUH IURP WKH HTXDWLRQV SURYLGHG LQ 6HFWLRQ
��
$V ZH DWWHPSW WR PLWLJDWH WKLV FRQIXVLRQ� ZH DUH IROORZLQJ \RXU VXJJHVWLRQ WR H[SDQG WKH
GHVFULSWLRQ RI WKH VWDWLVWLFDO PRGHO� :H KRSH RXU UHYLVLRQ RI 6HFWLRQ � ZLOO UHGXFH REVFX�
ULW\ DQG� LQ DGGLWLRQ WR DGGLQJ GHWDLOV GLVFXVVHG LQ SUHYLRXV UHVSRQVHV� SURYLGH UHDGHUV ZLWK
FOHDUHU VWHSV RQ KRZ WR UHSURGXFH RXU VWDWLVWLFDO PRGHOLQJ UHVXOWV DQG DSSUR[LPDWHG VWUDLQ
UDWHV IURP (/0 VLPXODWLRQV�
:KHQ DQDO\VLQJ DQG HYDOXDWLQJ WKH UHVXOWV� WKHUH LV D VHYHUH ODFN RI TXDQWLILFDWLRQ� 7KLV KROGV
IRU ERWK WKH (TXLOLEULXP FOLPDWH VLPXODWLRQV DQG WKH 7ZHQWLHWK FHQWXU\ FOLPDWH VLPXODWLRQV�
, JLYH VRPH H[DPSOHV�

� ³WKH VHPL�HPSLULFDO PRGHO LPSURYHV WKH GHQVLW\ SURILOH´ �OLQH ����� LPSURYHV ZLWK UH�
VSHFW WR ZKDW �, JXHVV WKDW WKH DXWKRUV PHDQ $¶�� LPSURYHV WKH GHQVLW\ SURILOH ZLWK
UHVSHFW WR $¶���" $QG WKH VWDWHPHQW RI ³LPSURYHPHQW´ VKRXOG QRW EH EDVHG RQ D PHUH
YLVXDO FRPSDULVRQ RI )LJXUHV � DQG �� 0RUHRYHU� LW VKRXOG EH FODULILHG WKDW WKH DXWKRUV
HYDOXDWH WKH PRGHO UHVXOWV DJDLQVW UHVXOWV IURP +/� ZKLFK LV QRW D JXDUDQWHH RI PRGHO
DFFXUDF\�
<RX JXHVV FRUUHFWO\� WKRXJK \RX VKRXOG QRW KDYH KDG WR JXHVV DW DOO�
:H TXDQWLI\ LPSURYHPHQWV ZLWK RXU QHZ DQDO\VLV� ZKLFK FRPSXWHV 506(V RI (/0
GHQVLW\ SURILOHV ZLWK UHIHUHQFH WR WKH QHDUHVW PHDVXUHPHQWV IURP WKH 680XS GDWDVHW
�.RHQLJ DQG 0RQWJRPHU\� ������ 7KLV QHZ DQDO\VLV VXSSRUWV RXU SUHYLRXV TXDOLWDWLYH
FODLPV� ZKLFK ZLOO EH PRYHG LQWR D QHZ ³'LVFXVVLRQ´ VHFWLRQ ���� :H KRSH WKDW RXU QHZ
IRUPDW� KDYLQJ WZR VHSDUDWH ³5HVXOWV´ DQG ³'LVFXVVLRQ´ VHFWLRQV� ZLOO DOORZ UHDGHUV WR
EHWWHU LQWHUSUHW RXU TXDQWLWDWLYH UHVXOWV ZLWKRXW FRQIRXQGLQJ LQIOXHQFHV IURP RXU PRUH
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VSHFXODWLYH UHPDUNV�
� ³'HQVLILFDWLRQ WDSHUV�RII DW ORZHU GHQVLWLHV �DURXQG ��� NJ P−3� IRU FROGHU FOLPDWHV�
D WHPSHUDWXUH�GHSHQGHQW HIIHFW HQKDQFHG ZLWK WKH PRGHO IURP $UWKHUQ HW DO� �������´
�OLQHV��������� IURP )LJXUHV � DQG �� LW LV QRW REYLRXV WKDW WKLV HIIHFW LV >V@WURQJHU LQ
$¶�� WKDQ LQ Y.¶���� 7KH HQKDQFHPHQW RI WKH HIIHFW VKRXOG WKXV EH TXDQWLILHG�
$JUHHG�
:H ZLOO TXDQWLI\ WKLV VWDWHPHQW� PRYH LW LQWR WKH GLVFXVVLRQ� DQG IXUWKHU TXDOLI\ LW E\
UHSODFLQJ ³���HIIHFW HQKDQFHG���´ ZLWK ³���HIIHFW VOLJKWO\ HQKDQFHG���´

� ³$ ORZHU PRGHO YDULDQFH RFFXUV ZKHQ LW GRHV QRW FRYDU\ ZLWK WKH HPSLULFDO PRGHO� 7KLV
HIIHFWLYHO\ UHGXFHV D PRGHO¶V SUHGLFWLRQ ULVN LI LW GRHV QRW DOVR UHVXOW LQ DQ LQFUHDVHG
ELDV�´ �OLQHV ��������� ,I WKH DXWKRUV GLVFXVV DERXW WKH ELDV RI PRGHOV� WKH\ FDQ VLPSO\
DGG D ³%LDV´ FROXPQ LQ 7DEOH ��

� ³ERWK PRGHOV VKRZ LPSURYHPHQW FRPSDUHG WR WKHLU RULJLQDO FRXQWHUSDUWV �(/0 Y� DQG
&/0��´ �OLQHV ��������� WKLV LV LPSRVVLEOH WR HYDOXDWH IRU WKH UHDGHU EHFDXVH ��� RQO\
WKH UHVXOWV RI $¶�� DQG Y.¶��� DUH VKRZQ LQ )LJXUH �� DQG QRW WKH RQHV RI WKHLU VR�
FDOOHG ³RULJLQDO FRXQWHUSDUWV´ �ZKLFK DUH $¶�� DQG Y.¶�� , VXSSRVH�� DQG ��� WKHUH
LV QR TXDQWLWDWLYH HYDOXDWLRQ RI WKH PRGHOV¶ SHUIRUPDQFH ZLWK UHVSHFW WR WKH REVHUYHG
GDWD �H�J� 506(� ELDV� HWF���
2XU ODFN RI D VXIILFLHQW TXDQWLWDWLYH DQDO\VLV LV WKH IXQGDPHQWDO PRWLI LQ WKH RSHQ GLV�
FXVVLRQ RI WKLV VWXG\�
2XU UHYLVLRQ LQFOXGHV DQ H[SDQGHG 6HFWLRQ � WKDW VWUHDPOLQHV WKH SUHVHQWDWLRQ RI (/0
H[SHULPHQWDO UHVXOWV DQG DOVR LQFOXGHV 506(V FRPSXWHG ZLWK UHIHUHQFH WR WKH 680XS
PHDVXUHPHQW GDWDVHW �.RHQLJ DQG 0RQWJRPHU\� ������

� ³(QFRXUDJLQJO\� RXU VLPXODWLRQ UHVXOWV FRPSDUH ZHOO ZLWK ILUQ GHQVLW\ PHDVXUHPHQWV
DQG LQGLFDWH DQ LPSURYHG FDSDELOLW\ LQ WKH (/0�´ �OLQHV ��������� VDPH UHPDUNV DV
IRU WKH SUHYLRXV SRLQW�
$JDLQ �QRW VXUSULVLQJO\�� RXU ODFN RI D VXIILFLHQW TXDQWLWDWLYH DQDO\VLV LV WKH IXQGDPHQWDO
PRWLI LQ WKH RSHQ GLVFXVVLRQ RI WKLV VWXG\�
,Q RXU UHYLVLRQ ZH H[SDQG 6HFWLRQ �� ZKLFK QRZ VWUHDPOLQHV WKH SUHVHQWDWLRQ RI (/0
H[SHULPHQWDO UHVXOWV DQG DOVR LQFOXGHV 506(V FRPSXWHG ZLWK UHIHUHQFH WR WKH 680XS
PHDVXUHPHQW GDWDVHW �.RHQLJ DQG 0RQWJRPHU\� ������

�� 7KH QRYHOW\ DQG REMHFWLYH RI WKH VWXG\
*0' UHYLHZ FULWHULRQ�

� 'RHV WKH SDSHU SUHVHQW QRYHO FRQFHSWV� LGHDV� WRROV� RU GDWD"
)LUQ PRGHO RSWLPLVDWLRQ KDV EHHQ DGGUHVVHG LQ QXPHURXV VWXGLHV RYHU WKH UHFHQW \HDUV �H�J�
/LJWHQEHUJ HW DO�� ����� .XLSHUV 0XQQHNH HW DO�� ����� YDQ .DPSHQKRXW HW DO�� ����� 6PLWK HW
DO�� ����� 9HUMDQV HW DO�� ������ )RXU RI WKH VWXGLHV PHQWLRQHG KDYH DOUHDG\ LQYHVWLJDWHG WKH
RSWLPLVDWLRQ RI WKH PRGHO RI $UWKHUQ HW DO� ������� IRU $QWDUFWLFD� *UHHQODQG RU ERWK� $Q HDV\
DQG VWUDLJKWIRUZDUG ZD\ WR LPSURYH WKH (/0 ZRXOG EH WR LPSOHPHQW WKH SDUDPHWHULVDWLRQV
GHYHORSHG LQ WKHVH VWXGLHV� ,I WKH DXWKRUV ZDQW WR DGGUHVV WKH VDPH SUREOHP� WKH\ VKRXOG
SURSRVH D QHZ� RULJLQDO PHWKRG� +RZHYHU� LQ FRQWUDVW WR WKH H[LVWLQJ OLWHUDWXUH� WKH\ GR QRW
FDOLEUDWH WKH PRGHO RI $UWKHUQ HW DO� ������ ZLWK REVHUYDWLRQV EXW ZLWK +/�FRPSXWHG VWUDLQ
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UDWHV� $QG� DV PHQWLRQHG DERYH� LW LV XQFOHDU WR PH KRZ WKH\ FDOLEUDWH D G\QDPLF PRGHO
WR VWHDG\ VWDWH VWUDLQ UDWHV� 7KH\ VKRXOG MXVWLI\ ZK\ WKHLU PHWKRGRORJ\ LV EHWWHU VXLWHG WR
WKHLU REMHFWLYH WKDQ XVLQJ ZKDW RWKHU UHVHDUFKHUV KDYH DOUHDG\ DFFRPSOLVKHG� 0RUHRYHU� WKH
REMHFWLYH VWDWHG LQ WKH FRQFOXVLRQ RI LPSURYLQJ WKH FDSDELOLW\ RI WKH (/0 WR EHWWHU VLPXODWH
UHIUHH]LQJ UDWHV LQ ILUQ LV QRW LQ OLQH ZLWK WKH VWXG\ LWVHOI� 7KH IRFXV RI WKH FDOLEUDWLRQ LV
RQ GU\ ILUQ GHQVLILFDWLRQ DQG GRHV QRW VXSSRUW WKH VWDWHPHQWV DW OLQHV ���������� ³:LWK DQ
HYDOXDWLRQ RI WKH VLPXODWLRQ RI GU\ ILUQ GHQVLILFDWLRQ� ZH KDYH RSWLPL]HG WKH (/0 ILUQ PRGHO
IRU IXWXUH VWXGLHV RI WKH LPSDFWV RI OLTXLG ZDWHU RQ ILUQ GHQVLW\ DQG 60%� 8OWLPDWHO\� WKLV
VWXG\ VHHNV WR HQDEOH EHWWHU SUHGLFWLRQV RI 6/5 DV D GLUHFW UHVXOW RI VXUIDFH PHOW DQG PDVV
ORVV IURP WKH *U,6�´
&XUUHQWO\� DV IDU DV ZH NQRZ� WKHUH LV RQO\ RQH RWKHU (60 WKDW DWWHPSWV WR LQFOXGH VQRZSDFN
SURFHVVHV DW WKLV OHYHO RI GHWDLO �&(60�� ZKLFK ZH GLVFXVV DQG FRPSDUH WR LQ RXU VWXG\� :H
DUH QRW DZDUH RI DQ\ RWKHU ILUQ SDUDPHWHU RSWLPL]DWLRQ VWXGLHV WKDW SURYLGH D FRPSOHWH VHW RI
YDOXHV WKDW FDQ VLPSO\ SOXJ LQWR (/0� )XUWKHUPRUH� EHFDXVH (/0 LQFOXGHV WZR GU\ VQRZ
GHQVLILFDWLRQ SURFHVVHV �GHVWUXFWLYH PHWDPRUSKLVP DQG RYHUEXUGHQ SUHVVXUH FRPSDFWLRQ��
DVVLPLODWLQJ SXEOLVKHG ILUQ GHQVLILFDWLRQ PRGHOV LQWR (/0 UHTXLUHV FDOLEUDWLQJ WKHLU FRHI�
ILFLHQWV WR DFFRXQW IRU ERWK FRPSDFWLRQ WHUPV� :KDW LV DOVR QRYHO DERXW RXU VWXG\ LV WKDW
ZH H[SHULPHQW ZLWK FRPELQDWLRQV RI H[LVWLQJ VQRZSDFN DQG ILUQ GHQVLILFDWLRQ SDUDPHWHUL]D�
WLRQV� :H RSWLPL]H XVLQJ WKH PRGHO RI +/¶�� DV FDOLEUDWLRQ GDWD EHFDXVH LW FDQ PRUH HDVLO\
EH DSSOLHG WR UHJLRQV ZKHUH REVHUYDWLRQV DUH OLPLWHG� (YHQ ZLWK D FRPSOHWH REVHUYDWLRQDO
GDWD SURGXFW� GHQVLW\ SURILOHV ZRXOG VWLOO QHHG D VPRRWKLQJ ILOWHU WR LPSURYH WKH QXPHULFDO
VWDELOLW\ RI WKH YHUWLFDO GLIIHUHQWLDOV XVHG LQ WKH FDOFXODWLRQ RI VWUDLQ UDWHV� :H XVH WKLV PHWKRG
WR RSWLPL]H VWUDLQ UDWH GDWD WR VWHDG\ VWUDLQ UDWHV� WKRXJK ZH IDLOHG WR SURYLGH DGHTXDWH GRF�
XPHQWDWLRQ UHJDUGLQJ WKH SUHVVXUH� WHPSHUDWXUH� DQG JUDLQ VL]H LQSXWV WR WKH PRGHO�
:H DLP WR DGGUHVV WKLV SUREOHP E\ SURYLGLQJ PRUH GHWDLOV UHJDUGLQJ WKH VWDWLVWLFDO ILUQ PRGHO
XVHG WR FDOFXODWH SUHVVXUH DQG WHPSHUDWXUH SURILOHV� :H DUH DOVR UHPRYLQJ WKH PLVOHDGLQJ
TXRWH VWDWHG DERYH� 2XU UHYLVHG PDQXVFULSW ZLOO DOVR LQFOXGH VRPH DGGLWLRQDO GLVFXVVLRQ LQ
WKH LQWURGXFWLRQ WR VWUHVV WKDW WKH JRDO KHUH LV QRW WR PDNH WKH EHVW ILUQ PRGHO HYHU DQG VWLFN
WKDW LQ RXU (60� 5DWKHU� ZH QHHG D PRGHO WKDW EDODQFHV SK\VLFDO UHDOLVP DJDLQVW FRPSXWD�
WLRQDO FRVW�
,I WKH DXWKRUV GR ZDQW WR EHWWHU FDSWXUH OLTXLG ZDWHU HIIHFWV� WKH\ VKRXOG IRFXV RQ WKLV YHU\
FKDOOHQJLQJ WRSLF E\ VWXG\LQJ WKH PHFKDQLVPV RI ZHW ILUQ FRPSDFWLRQ� PHOWZDWHU SHUFRODWLRQ
DQG UHIUHH]LQJ�
:HW ILUQ GHQVLILFDWLRQ LV RXWVLGH WKH VFRSH RI WKLV VWXG\� ,W FRXOG EH WKH WRSLF RI D IXWXUH VWXG\�
EXW LW ZRXOG EH SUHPDWXUH WR WU\ WR LPSURYH WKH ZHW SURFHVVHV XQWLO WKH GU\ SURFHVVHV KDYH
EHHQ IXOO\ YHWWHG�

�� 7KH FODULW\ RI WKH PDQXVFULSW
*0' UHYLHZ FULWHULRQ�

� ,V WKH RYHUDOO SUHVHQWDWLRQ ZHOO VWUXFWXUHG DQG FOHDU"
,W LV YHU\ GLIILFXOW IRU WKH UHDGHU WR XQGHUVWDQG WKH GLIIHUHQW VWHSV RI WKH VWXG\� 7KH DXWKRUV
DOWHUQDWH EHWZHHQ GLIIHUHQW ZD\V WR UHIHU WR D VDPH WKLQJ� )RU H[DPSOH� WKH $¶�� PRGHO LV
VRPHWLPHV UHIHUUHG WR DV ³$¶��´ DQG VRPHWLPHV DV ³WKH VHPL�HPSLULFDO PRGHO´� WKH Y.¶��
PRGHO LV VRPHWLPHV UHIHUUHG WR DV ³Y.¶��´� VRPHWLPHV DV ³WKH &/0´ DQG VRPHWLPHV DV WKH
³6QRZSDFN PRGHO´ �VHH )LJXUH ��� 6LPLODUO\� LW LV QHYHU FOHDUO\ VWDWHG WKDW WKH ³HPSLULFDO

�



VWUDLQ UDWHV´ FRUUHVSRQG WR WKH RQHV FRPSXWHG ZLWK WKH +/� $ ILUVW� VLPSOH ZD\ WR LPSURYH WKH
FODULW\ ZRXOG EH WR FRQVLVWHQWO\ XVH WKH WHUPV $¶��� $¶��� Y.¶�� DQG Y.¶��� WKURXJKRXW WKH
PDQXVFULSW� LQFOXGLQJ LQ WKH FDSWLRQV RI WKH )LJXUHV� ,Q OLQH ZLWK WKLV� WKH 6HFWLRQ ��� VKRXOG
EH VSOLW LQ IRXU VXEVHFWLRQV WKDW FOHDUO\ GHWDLO HDFK RI WKHVH IRXU PRGHOV LQVWHDG RI VXEVHFWLRQV
SUHVHQWLQJ HTXDWLRQV ZKLFK DUH VXEVHTXHQWO\ DVVLJQHG WR WKH PRGHOV LQ D FRQIXVLQJ ZD\�
:H DSSUHFLDWH WKHVH FRQVWUXFWLYH FRPPHQWV�
$V D ILUVW VWHS� ZH DUH IROORZLQJ \RXU VXJJHVWLRQ UHJDUGLQJ 6HFWLRQ ���� 6HFRQG� ZH ZLOO
UHPDLQ FRQVLVWHQW LQ RXU ODEHOLQJ RI (/0 H[SHULPHQWV WKURXJKRXW WKH PDQXVFULSW� ZKLFK
HQWDLOV UHSODFLQJ WKH LPSOLFLW GHVFULSWRUV \RX PHQWLRQ DERYH�
7KH )LJXUHV DQG 7DEOHV DOVR ODFN FODULW\� ,Q )LJXUHV � DQG �� ZK\ DUH KLJK YDOXHV RI DFFX�
PXODWLRQ RQO\ VKRZQ DW GHSWKV JUHDWHU WKDQ �� P" (YHQ LQ D KLJK�DFFXPXODWLRQ FOLPDWH�
WKHUH ZLOO DOZD\V EH D VKDOORZ DQG D GHHS SDUW RI WKH ILUQ FROXPQ� $QG KRZ ZHUH WKH VXUIDFH
GHQVLW\ YDOXHV FKRVHQ IRU WKH +/�FRPSXWHG SURILOHV" 7KH FDSWLRQ RI )LJXUH � PHQWLRQV WKDW
WKH QHZ ILUQ PRGHO ³FDQ H[WHQG DV GHHS DV �� P´� ZKHUHDV LW LV DOZD\V SUHVHQWHG DV D ³VHPL�
LQILQLWH´ JULG LQ WKH WH[W� :KLFK RI WKHVH WZR VWDWHPHQWV LV WUXH" ,Q )LJXUH �� ZK\ DUH WKHUH
SRLQWV ZLWKRXW D YHUWLFDO HUURU EDU" $QG ZK\ GR VRPH SRLQWV KDYH D KRUL]RQWDO HUURU EDU
�DJH VKRXOG EH ZHOO�GHWHUPLQHG IRU DQ\ ILUQ OD\HU RI DQ\ PRGHO UXQ�" ,Q 7DEOH �� HTXDWLRQ
QXPEHUV FRXOG EH SURYLGHG IRU HDFK PRGHO WR NQRZ ZKLFK HTXDWLRQV DSSO\ WR ZKLFK PRGHO�
,Q 7DEOH �� WKH PRGHO QDPHV VKRXOG EH XVHG LQ WKH FROXPQ ³'HQVLILFDWLRQ PRGHO´ LQVWHDG
RI WKH PHFKDQLVPV DSSOLHG DQG WKH YDULDEOH IRU ZKLFK WKH VWDWLVWLFV DUH FDOFXODWHG VKRXOG
EH VSHFLILHG LQ WKH FDSWLRQ �SUHVXPDEO\ VWUDLQ UDWH YDOXHV�� ,PSURYLQJ WKH VWUXFWXUH RI WKH
PDQXVFULSW FRXOG SRVVLEO\ KHOS GHFUHDVH WKH GHJUHH RI FRQIXVLRQ IRU WKH UHDGHU ZKHQ WU\LQJ
WR XQGHUVWDQG WKH VWXG\�
7KH HPSLULFDO PRGHO IURP +HUURQ DQG /DQJZD\ ������ JLYHV GHQVLW\ SURILOHV WKDW GR QRW
YDU\ ZLWK DFFXPXODWLRQ UDWH IRU GHSWKV OHVV �PRUH VKDOORZ� WKDQ WKH FULWLFDO GHSWK� L�H�� ZKHUH
GHQVLW\ LV OHVV WKDQ ��� NJ P−3� ,Q )LJV� � DQG �� WKH KLJK YDOXHV RI DFFXPXODWLRQ DUH
REVFXUHG E\ WKH ORZHVW YDOXH� 7KH VXUIDFH GHQVLWLHV UDQJH IURP ��� WR ��� NJ P−3� ZKLFK
DUH DSSURSULDWH IRU LFH VKHHWV �YDQ .DPSHQKRXW HW DO�� ����� +HUURQ DQG /DQJZD\� ������
7KHPD[LPXP GHSWK RI WKH QHZ VQRZSDFNPRGHO LV D UHFXUUHQW SRLQW RI FRQIXVLRQ IRU UHDGHUV�
:KLOH WKH QHZ YHUWLFDO JULG KDV D ERWWRP PRVW OD\HU ZLWKRXW D ERXQG RQ LWV PD[LPXP WKLFN�
QHVV� ZH FKRRVH �� P DV WKH OLPLW IRU PRVW RI RXU DQDO\VLV EHFDXVH WKDW LV URXJKO\ KRZ IDU
EHORZ WKH VXUIDFH WKH �� OD\HUV RI ILQLWH WKLFNQHVV ZLOO H[WHQGZKHQ WKH\ UHDFK WKHLU PD[LPXP
WKLFNQHVVHV �)LJXUH ��� 7KHUHIRUH� WKH JULG LV WUXO\ VHPL�LQILQLWH� DQG ZH FKRRVH WR H[FOXGH
WKH VHPL�LQILQLWH OD\HU IURP �DQG WKXV UHVWULFW WKH YHUWLFDO H[WHQW RI� RXU DQDO\VLV EHFDXVH WKH
PRGHO FDQQRW UHVROYH G\QDPLF YDULDEOHV GHHSHU WKDQ �� P DW D YHUWLFDO VFDOH DSSURSULDWH IRU
VLPXODWLQJ GHQVLILFDWLRQ �VHH DOVR UHVSRQVH WR DQRQ\PRXV UHIHUHH ���
,Q )LJ� �� LW DSSHDUV WKDW VRPH RI WKH YHUWLFDO HUURU EDUV DUH REVFXUHG� :H VSHFXODWH WKLV LV
FDXVHG E\ SRRU UHQGLQJ RI YHFWRU JUDSKLFV� +RUL]RQWDO HUURU EDUV UHSUHVHQW JULG�FHOO VWDQGDUG
GHYLDWLRQV JURXSHG E\ WKHLU (XOHULDQ UHIHUHQFH OD\HU �L�H� IL[HG GHSWK�� $ OD\HU zi� H�J�� DFURVV
WKH JOREDO ODQG VXUIDFH GRPDLQ UHSUHVHQWV ILUQ WKDW YDULHV VLJQLILFDQWO\ LQ DJH� 7KLV UHVXOWV LQ
D EOXUUHG DQDO\VLV WKDW ZH DFFRXQW IRU ZLWK KRUL]RQWDO HUURU EDUV�
7R LPSURYH FODULW\� ZH FKDQJHG WKH ZRUGLQJ LQ WKH FDSWLRQ RI )LJ� �� ZKLFK UHSODFHV ³�� P´
ZLWK ³VHPL�LQILQLWH�´ 1H[W� ZH ZLOO WU\ XVLQJ D GLIIHUHQW LPDJH IRUPDW �RU FKDQJH WKH OLQH
VW\OHV� IRU )LJ� � WR HOXFLGDWH WKH YHUWLFDO HUURU EDUV� 7KH UHYLVLRQ ZLOO PRUH FOHDUO\ H[SODLQ
WKH PHDQLQJV RI DOO WKH V\PEROV �D[HV� OLPLWV� HWF���� LQ WKH FDSWLRQ� )LQDOO\ ZH DSSUHFLDWH

�



\RXU VXJJHVWLRQV RQ KRZ WR FODULI\ LQIRUPDWLRQ JLYHQ LQ 7DEOHV � DQG � DQG ZLOO IROORZ WKHP
DFFRUGLQJO\�

� OLQH��
&KDQJH ³FRQVLVW´ WR FRQVLVWV�
&RUUHFWHG�

� OLQH ���
, GRXEW WKDW DQ\ SDOHRFOLPDWH VWXG\ XVHV (DUWK 6\VWHP 0RGHOV WR GHWHUPLQH SRUH FORVH RII
GHSWK DQG WLPLQJ�
7KH\ DUH QRW DEOH WR XVLQJ FXUUHQW (DUWK 6\VWHP 0RGHOV� IXUWKHU PRWLYDWLQJ WKLV VWXG\�

� OLQH ���
5HSHWLWLRQ RI ³FRXSOHG´�
:H ZLOO UHSKUDVH WKLV VHQWHQFH LQ RXU UHYLVLRQ�

� OLQHV ������
$V IDU DV , XQGHUVWDQG� WKHUH LV D FRQWUDGLFWLRQ EHWZHHQ ³GRHV QRW \HW H[LVW´ DQG H[SODLQLQJ
WKH LPSOHPHQWDWLRQ RI WKH DGYDQFHG ILUQ PRGHO LQ WKH &/0�
7KH DGYDQFHG ILUQ PRGHO LQ &/0 �YHUVLRQ �� OLPLWV LWV VQRZ ZDWHU HTXLYDOHQW �6:(� GHSWK
WR �� P� ZKLFK OLNHO\ FRUUHVSRQGV WR D PD[LPXP DOORWWHG ILUQ WKLFNQHVV RI OHVV WKDQ �� P�
)XUWKHUPRUH� WKH &/0 ILUQ GHQVLILFDWLRQ PRGHO LV QRW YDOLG IRU GHQVLWLHV JUHDWHU WKDQ ��� NJ
P−3 �VWDJH ���
:H ZLOO HODERUDWH WKLV SRLQW LQ RXU UHYLVHG ³'LVFXVVLRQ´ VHFWLRQ ����

� OLQHV ������
&KDQJH ³WKRVH SUHGLFWHG E\ +HUURQ DQG /DQJZD\ ������´ WR ³WKRVH SUHGLFWHG E\ WKH PRGHO
RI +HUURQ DQG /DQJZD\ �������´ 0RUHRYHU� , VXJJHVW XVLQJ D FRQVLVWHQW ZD\ WR UHIHU WR WKLV
PRGHO �H�J� +/¶����
7KDQN \RX� ZH ZLOO IROORZ WKHVH VXJJHVWLRQV�

� OLQHV ������
$GG DQ H[SODQDWRU\ VHQWHQFH DERXW WKH IDFW WKDW VQRZSDFN PRGHOV DQG ILUQ PRGHOV DOVR KDYH
D GLIIHUHQW YHUWLFDO VFDOH RI DSSOLFDWLRQ�
1LFH VXJJHVWLRQ� :H ZLOO GR VR DFFRUGLQJO\�

� 6HFWLRQ ����
3URYLGH XQLWV RI DOO WKH YDULDEOHV DQG TXDQWLWLHV SUHVHQWHG� 7KLV ZLOO PDNH FOHDU WKDW WKHUH
DUH VRPH XQLW LQFRQVLVWHQFLHV LQ VRPH RI WKH HTXDWLRQV �ZKLFK , JLYH EHORZ��
:H ZLOO FKHFN DOO HTXDWLRQV DQG YDULDEOHV IRU FRQVLVWHQF\ DQG DGG XQLWV DFFRUGLQJO\�

� (TXDWLRQV �� �� � DQG ��
7KH YDULDEOHV ε̇ DQG

(
1
∆z

∂∆z
∂t

)
DUH HTXLYDOHQW WR HDFK RWKHU DV IDU DV , XQGHUVWDQG� 8VH HLWKHU

RQH RI WKH WZR QRWDWLRQV�
:H ZLOO DGG D VWDWHPHQW RI WKHLU HTXLYDOHQFH DQG UHIHU WR WKHLU IROORZLQJ TXDQWLWLHV DV ε̇�

� OLQH ���
6SHFLI\ LI

(
1
∆z

∂∆z
∂t

)

GP
LV DOVR FRQVLGHUHG LQ &/0 �Y���

7KDQN \RX IRU SRLQWLQJ WKLV RXW� :H ZLOO FODULI\ WKDW WKH GHVWUXFWLYH PHWDPRUSKLVP �GP�
SDUDPHWHUL]DWLRQ LV DOVR XVHG LQ &/0 �Y���

�



� OLQH ���
,Q &/0�Y��� cη = ��� NJ P−3 DQG f2 ZDV VHW WR �� 2QO\ f1 DFFRXQWV IRU WKH HIIHFWV RI OLTXLG
ZDWHU DQG QRW cη/(f1f2)�
,Q &/0�Y��� cη = ��� NJ P−3

�KWWSV���JLWKXE�FRP�(6&203�&760�EORE�PDVWHU�VUF�ELRJHRSK\V�6QRZ+\GURORJ\0RG�)���
OLQH ������ 7KLV FRQIOLFWV ZLWK YDQ .DPSHQKRXW HW DO� ������� ZKR VSHFLI\ cη = ��� NJ P−3�
%HFDXVH ZH DGRSW WKH VDPH FRQVWDQW YDOXH IRU f2� WKH TXRWLHQW cη/f2 FDQ EH OXPSHG WRJHWKHU
DV D FRQVWDQW FRHIILFLHQW� DQG WKH HQWLUH H[SUHVVLRQ cη/(f1f2) VWLOO GHSHQGV RQ WKH OLTXLG ZDWHU
FRQWHQW YLD f1�

� OLQH ���
7KH FKDUDFWHULVWLF GHSWK LV QRW ³D VLQJOH YDOXHG SUR[\ IRU D JLYHQ VLWH¶V IXOO GHQVLW\ SURILOH´
EXW RQO\ IRU WKH XSSHU GHQVLW\ SURILOH�
:H ZLOO UHSODFH ³IXOO´ ZLWK ³XSSHU�´

� OLQH ���
1R V DW ³VWDJHV�´
7KDQN \RX� :H ZLOO FRUUHFW�

� OLQH ���
$GG KHUH WKH H[SODQDWRU\ VHQWHQFH DERXW ZK\ PRGHOV DVVXPH D WZR�VWDJH GHQVLILFDWLRQ SUR�
FHVV�
'RQH�

� OLQH ���
7KH VHQWHQFH ³(PSLULFDO ILUQ GHQVLILFDWLRQ PRGHOV W\SLFDOO\ HPSOR\ DQDO\WLF IXQFWLRQV WKDW
DVVXPH D VWHDG\�VWDWH GHQVLW\ SURILOH´ LV QRW WUXH� 2QO\ WKH PRGHO RI +HUURQ DQG /DQJZD\
������ DQG D IHZ RWKHUV SURYLGH DQDO\WLF IXQFWLRQV EXW DOPRVW DOO RI WKH UHFHQW ILUQ PRGHOV
DUH G\QDPLF PRGHOV�
,W LV RXU XQGHUVWDQGLQJ WKDW WKH ROGHU ³HPSLULFDO´ PRGHOV XVH VWDWLVWLFDO PHWKRGV �OLQHDU UH�
JUHVVLRQ� WR FDOLEUDWH DQDO\WLFDO IRUPXODWLRQV GLUHFWO\ WR GHQVLW\ PHDVXUHPHQWV�
:H ZLOO UHSODFH WKH DERYH VHQWHQFH ZLWK ³(PSLULFDO ILUQ GHQVLILFDWLRQ PRGHOV KDYH KLVWRUL�
FDOO\ HPSOR\HG DQDO\WLF IXQFWLRQV WKDW DVVXPH D VWHDG\�VWDWH GHQVLW\ SURILOH�´

� OLQH ���
5HSKUDVH�
:LOO FRQVLGHU�

� (TXDWLRQ ��
7KLV HTXDWLRQ LV HUURQHRXV� 7KH XQLWV RI WKH OHIW� DQG ULJKW�KDQG VLGHV GR QRW PDWFK� 7KH
FRUUHFWLRQ LV� w(z) = A

ρ(z)/ρw
� ZKHUH ρw LV WKH GHQVLW\ RI ZDWHU ����� NJ P−3��

+HUH LV RXU GLPHQVLRQDO DQDO\VLV�
w(z) >P V−1@  A/ρ(z) >NJ P−2 V−1× NJ−1 P3@  >P V−1@� ZKHUH A LV WKH DFFXPXODWLRQ UDWH
LQ WHUPV RI NJ P−2 V−1 HTXLYDOHQW WR PP RI VQRZ ZDWHU HTXLYDOHQW �6:(� SHU VHFRQG�
:H ZLOO FRUUHFW OLQH ���� UHSODFLQJ ³���� 6:( SHU \HDU�´ ZLWK ³���� PP 6:( V−1��´

� (TXDWLRQ ��
$JDLQ� WKLV HTXDWLRQ LV HUURQHRXV DQG WKHUH LV D XQLW LQFRQVLVWHQF\� 7KH FRUUHFWLRQ VXJJHVWHG
DERYH� IL[HV WKH HUURU�

��



2XU FRUUHFWLRQ DERYH IL[HV WKH HUURU�
� (TXDWLRQ ��
7KH YDULDEOH P LV GHILQHG KHUH DV WKH ³RYHUEXUGHQ SUHVVXUH´� ZKLFK PDNHV LW HTXLYDOHQW WR
σ� , VXVSHFW WKDW WKLV YDULDEOH FRUUHVSRQGV WR WKH P DV GHILQHG LQ (TXDWLRQ �� ZKLFK VKRXOG
EH FDOOHG WKH ³JUDLQ�ORDG VWUHVV�´ , XQGHUOLQH KHUH WKDW LQ WKH PRGHO RI $UWKHUQ HW DO� �������
LW LV UHDOO\ σ WKDW LV XVHG DQG QRW WKH JUDLQ�ORDG VWUHVV� 7KH DXWKRUV VKRXOG H[SODLQ ZK\ WKH\
GLIIHU IURP WKH RULJLQDO PRGHO RI $UWKHUQ HW DO� ������ RQ WKLV SRLQW�
7KHVH DUH VRPH LQWHUHVWLQJ SRLQWV WKDW DUH FRQIXVLQJ LQ WKH OLWHUDWXUH� +HUH� ZH UHVHUYH σ
IRU WKH YHUWLFDOO\�LQWHJUDWHG �FROXPQ� DUHDO GHQVLW\ >NJ P−2@ DQG P IRU WKH RYHUEXUGHQ VWUHVV
>3D@� %HFDXVH RI LQFRQVLVWHQW XVH RI WXQLQJ FRHIILFLHQWV LQ WKH OLWHUDWXUH� WKLV VXEWOH GLVWLQFWLRQ
LV RQO\ DSSDUHQW LQ GLPHQVLRQDO DQDO\VLV� ,Q &/0�Y��� IRU H[DPSOH� YDQ .DPSHQKRXW HW DO�
������ DUH LQGHHG UHIHUULQJ WR σ� ZKLFK UHTXLUHV EHLQJ PXOWLSOLHG E\ WKH DFFHOHUDWLRQ GXH
WR JUDYLW\ �g� >P V−2@ WR FRQYHUW WKLV TXDQWLW\ WR ³RYHUEXUGHQ SUHVVXUH´ DV D VWUHVV� 7KHVH
FRQYHUVLRQV JHW ZDVKHG RXW E\ WXQLQJ FRHIILFLHQWV� ZKLFK DUH �DJDLQ� LQFRQVLVWHQW DFURVV WKH
OLWHUDWXUH�
,Q OLQH ���� ZH GR UHIHU WR WKH ³JUDLQ�ORDG VWUHVV´ DV \RX VXJJHVW� <RX DUH FRUUHFW� KRZHYHU�
LQ WKDW $UWKHUQ HW DO� ������ DUH UHIHUULQJ WR WKH ³RYHUEXUGHQ SUHVVXUH´ LQ WKHLU PRGHO DQG
QRW WKH ³JUDLQ�ORDG VWUHVV´ DV ZH DGRSW LQ RXU LPSOHPHQWDWLRQ RI WKHLU PRGHO� 2XU FKRLFH LV
PRWLYDWHG LQ WKH GLVFXVVLRQ RI $UWKHUQ HW DO� ������� ZKHUH WKH\ VWDWH WKDW WKHLU PRGHO UHVXOWV
LQ GHQVLILFDWLRQ WKDW RFFXUV WRR VORZO\ RYHU WKH LQWHULRU LFH VKHHWV� 7KHUHIRUH� ZH DSSO\ WKH
³JUDLQ�ORDG VWUHVV´ LQVWHDG RI ³RYHUEXUGHQ SUHVVXUH�´ DV LQ HT� ���� EHFDXVH WKDW LQFUHDVHV
WKH PDJQLWXGH RI WKHLU PRGHOHG VWUDLQ UDWHV E\ DSSUR[LPDWHO\ D IDFWRU RI �� )XUWKHUPRUH�
DIWHU DSSO\LQJ RXU RIIOLQH FDOLEUDWLRQ PHWKRG� WKH GLVWLQFWLRQ EHWZHHQ WKHVH WZR DSSURDFKHV
�QHLWKHU RI ZKLFK UHSUHVHQWV D PHFKDQLFDOO\ VRXQG PHWKRG� E\ WKH ZD\�� LV RI VHFRQG RUGHU
LPSRUWDQFH�
)RU FODULW\� ZH ZLOO DGG D EULHI GLVFXVVLRQ �VLPLODU WR DERYH� DIWHU HT� ��� PRWLYDWLQJ RXU
FKRLFH RI ³JUDLQ�ORDG VWUHVV´ P �

� OLQHV ��������
6SHFLI\ WKDW WKH ³SODXVLEOH ILUQ GHQVLW\�YHUVXV�GHSWK SURILOHV´ ZHUH FRPSXWHG ZLWK WKH GLI�
IHUHQW PRGHOV DQG WKH +/�
:H DOUHDG\ PHQWLRQ �DOEHLW FRPSDFWO\� WKDW WKH ³SODXVLEOH ILUQ GHQVLW\�YHUVXV�GHSWK SURILOHV´
ZHUH FRPSXWHG XVLQJ WKH PRGHO RI +HUURQ DQG /DQJZD\ ������ LQ OLQHV ��������

� 6HFWLRQ ����
:K\ GR WKH DXWKRUV GHFLGH WR GUDZ DQQXDO WHPSHUDWXUHV IURP D GLVWULEXWLRQ UHSUHVHQWDWLYH RI
WKH JOREDO (DUWK FOLPDWHV LQVWHDG RI WKH SRODU FOLPDWHV" ,V WKH REMHFWLYH WR KDYH PXFK PRUH
YDOXHV FORVH WR T =���◦C" 7KLV VKRXOG EH FODULILHG�
%HFDXVH ZH ZLOO VRRQ VWXG\ ZKDW KDSSHQV ZKHQ GU\ ILUQ VWDUWV WR PHOW� ZH RSWLPL]H RXU
FDOLEUDWLRQ URXWLQH WR EH PRUH UHSUHVHQWDWLYH RI YDOXHV FORVH WR T =���◦C� ,Q WKH IXWXUH� DV
GLVFXVVHG DERYH� ZH FRXOG GULYH WKH VWDWLVWLFDO PRGHO ZLWK LQSXW GDWD IURP D UHJLRQDO FOLPDWH
PRGHO RU SRODU UHDQDO\VLV� KRZHYHU� WKLV LV EH\RQG WKH VFRSH RI RXU SUHVHQW VWXG\�
,Q RXU UHYLVLRQ� ZH ZLOO VSHFLI\ RXU PRWLYDWLRQ IRU IDYRULQJ YDOXHV FORVH WR T =���◦C�

� +RZ DUH DOO WKHVH YDOXHV GHFLGHG�
:H UHYLHZHG WKH ZRUN E\ +HUURQ DQG /DQJZD\ ������ DQG DUULYHG DW WKH IROORZLQJ YDOXHV

��



EDVHG RQ WKH GRPDLQ RI REVHUYDWLRQV DSSOLHG LQ WKHLU VWXG\�
± ���◦& DV D WKUHVKROG �ZKHUHDV (/0 VLPXODWLRQV LQYROYH ZDUPHU VLWHV�
7KLV LV D URXJK HVWLPDWH SDUWLWLRQLQJ *UHHQODQG¶V GU\ VQRZ ]RQHV WKDW ZH REWDLQHG IURP
&XIIH\ DQG 3DWHUVRQ �������
:H ZLOO DGG WKH UHIHUHQFH�

± ���◦& DV OLPLW EHWZHHQ ORZ� DQG KLJK�DFFXPXODWLRQ VLWHV �PDQ\ VLWHV FDQ KDYH T >
���◦& DQG A <���� P 6:( \U−1�
%HFDXVH ZH GLG QRW ZDQW XQUHDOLVWLFDOO\ KLJK DFFXPXODWLRQ YDOXHV IRU T < ���◦&� ZH
VHOHFWHG WKLV OLPLW EDVHG RQ REVHUYDWLRQV WDEXODWHG E\ +HUURQ DQG /DQJZD\ ������� 2XU
VWDWLVWLFDO PRGHO GRHV QRW FRQVLGHU ORZ DFFXPXODWLRQ YDOXHV IRUT > ���◦&EHFDXVH WKH\
DUH QRW ZHOO UHSUHVHQWHG E\ WKH PRGHO RI +HUURQ DQG /DQJZD\ �������

± VXUIDFH GHQVLW\ YDOXHV EHWZHHQ ��� DQG ��� NJ P−3

7KHVH OLPLWV ZHUH GHGXFHG IURP WKH UDQJH RI YDOXHV VHOHFWHG E\ +HUURQ DQG /DQJZD\
������ PRVW DSSOLFDEOH WR RXU GRPDLQ RI LQWHUHVW �L�H�� GU\ VQRZ ]RQHV��

� OLQH ����
6SHFLI\ WKH UHVROXWLRQ RI ³FRDUVH�UHVROXWLRQ´�
7KH KRUL]RQWDO UHVROXWLRQ RI WKH QH�� JULG LV ���◦�
$V UHTXHVWHG� ZH ZLOO SURYLGH WKH QRPLQDO UHVROXWLRQ ZKHQ UHIHUULQJ WR QH���

� OLQH ����
:KDW GRHV ³�DQ ³,�FRPSVHW´ DW QH�� UHVROXWLRQ�´ PHDQ"
7KLV LV RXU (DUWK V\VWHP PRGHOLQJ MDUJRQ� PHDQLQJ VWDQG�DORQH ODQG VXUIDFH PRGHO �L�H� XQ�
FRXSOHG (/0� DW ���◦ KRUL]RQWDO UHVROXWLRQ�
:H ZLOO DGG WKH QH�� QRPLQDO UHVROXWLRQ�

� OLQH ����
&KDQJH ³-DQXDU\ �VW´ WR ³-DQXDU\ �VW �����´
2ND\�

� OLQH ����
'HILQH ³UHVWDUW UXQV´� ,Q JHQHUDO� LW LV JRRG SUDFWLFH WR GHILQH DQ\ WHUP XVHG WKDW PD\ QRW
EH VWUDLJKWIRUZDUG WR HYHU\RQH UHDGLQJ WKH VWXG\�
³5HVWDUW UXQV´ DUH LQ SDUHQWKHVHV� 7KH\ DUH GHILQHG LQ WKH FRUUHVSRQGLQJ VHQWHQFH�

� 7DEOH �� $GG D FROXPQ IRU ρdm YDOXHV� $GG DQRWKHU FROXPQ WKDW LQGLFDWHV ZKLFK HTXDWLRQV
DSSO\ WR ZKLFK PRGHO� ZLWK WKH FRUUHVSRQGLQJ HTXDWLRQ QXPEHUV �VHH 0DMRU &RPPHQW ���
7KDQN \RX IRU WKH KHOSIXO VXJJHVWLRQ� :H ZLOO XSGDWH 7DEOH � DFFRUGLQJO\�

� OLQHV ��������
$OO WKH GHWDLOV SURYLGHG DERXW WKH REVHUYDWLRQDO GDWD VKRXOG EH JLYHQ LQ D VHSDUDWH VXE�
VHFWLRQ� $UH WKH VLWHV RI PHDVXUHPHQWV DIIHFWHG E\ VXUIDFH PHOW" $QG DUH WKHVH ILUQ FRUH
PHDVXUHPHQWV RSHQ DFFHVV"
:H ZLOO PRYH WKLV SDUDJUDSK LQWR LWV RZQ VXEVHFWLRQ DQG RIIHU RXU SHUVSHFWLYHV RQ WKH DSSOL�
FDELOLW\ DQG TXDOLW\ RI WKHVH SXEOLFO\ DYDLODEOH PHDVXUHPHQWV�

� 6HFWLRQ ��
7KHUH DUH D ORW RI VSHFXODWLYH VWDWHPHQWV LQ WKLV VHFWLRQ� , VXJJHVW VSOLWWLQJ LW LQWR D VHFWLRQ

��



5HVXOWV DQG D VHFWLRQ 'LVFXVVLRQ� VR WKDW WKH UHDGHU FDQ GLVWLQJXLVK EHWZHHQ PRGHO UHVXOWV
DQG WKH WKRXJKWV RI WKH DXWKRUV�
7KDQN \RX IRU WKLV H[FHOOHQW VXJJHVWLRQ� :H DSSUHFLDWH \RXU FRPPHQW DV LW LV FOHDU \RX KDYH
SXW VRPH WKRXJKW LQWR KRZ WKH PDQXVFULSW FDQ EH EHWWHU VWUXFWXUHG WR EHQHILW UHDGHUV�
:H DUH DGGLQJ D VHSDUDWH ³'LVFXVVLRQ´ VHFWLRQ ���� 7KLV HQWDLOV PRYLQJ PRVW RI WKH PDWHULDO
FXUUHQWO\ LQ 6HFWLRQ � LQWR WKH QHZ 6HFWLRQ � DQG DGGLQJ DQ XSGDWHG DQDO\VLV WR WKH EHJLQQLQJ
RI 6HFWLRQ �� :H WKLQN \RX ZLOO DSSUHFLDWH VHHLQJ \RXU VXJJHVWLRQV UHDOL]HG LQ RXU UHYLVLRQ�
ZKLFK ZLOO UHVROYH PDQ\ RI WKH LVVXHV \RX EULQJ WR RXU DWWHQWLRQ�

� OLQH ����
&KDQJH ³DFFXPXODWLRQV´ WR ³DFFXPXODWLRQ UDWHV�´
'RQH�

� OLQHV ��������
+HUH� WKH HQWLUH PHWKRGRORJ\ LV DJDLQ GHILQHG� 7KLV FDQ EH FRQIXVLQJ IRU WKH UHDGHUV� )RU
H[DPSOH� , VXJJHVW UHSKUDVLQJ WKH VHQWHQFH ³7R LPSURYH WKH DFFXUDF\ RI RXU ILUQ PRGHO VLP�
XODWLRQV� ZH RSWLPL]H FRPSDFWLRQ WHUPV DJDLQVW HPSLULFDO VWUDLQ UDWHV XVLQJ VWDWLVWLFDO PRG�
HOLQJ´ EHFDXVH WKLV ZDV WKH SRLQW RI D SUHYLRXV VHFWLRQ�
:H GLVDJUHH WKDW WKH ³HQWLUH PHWKRGRORJ\ LV DJDLQ GHILQHG�´ 5DWKHU� WKLV LV D YHU\ EULHI VXP�
PDU\ RI WKH PHWKRGRORJ\ DQG LQWURGXFHV RXU DQDO\VLV EHORZ�
7KLV SDUDJUDSK ZLOO EH WULPPHG DQG PRYHG LQ RXU UHYLVLRQ�

� OLQH ����
'RHV WKH VWDWHPHQW ³WKH PHDQ DQQXDO WHPSHUDWXUH LV ZLWKLQ D FRXSOH GHJUHHV RI ��� ◦&´
UHIHU WR WKH UHVXOWV RI )LJXUH � IRU 7 ���◦C" ,I VR� LW ZRXOG EH FOHDUHU WR JLYH WKH H[DFW PHDQ
DQQXDO WHPSHUDWXUH YDOXH�
:HZLOO JLYH WKH H[DFW YDOXHV RI WKH PHDQ DQQXDO WHPSHUDWXUHV LQVWHDG RI WKH LPSUHFLVH VWDWH�
PHQW DERYH�

� OLQHV ��������
´7KHVH VLPXODWLRQV GHPRQVWUDWH D VWURQJHU HIIHFW RI WHPSHUDWXUH RQ GHQVLILFDWLRQ UDWHV� UH�
VXOWLQJ LQ PRUH YDULDWLRQ LQ GHQVLW\ ZLWK GHSWK �)LJ ���´ , WKLQN WKDW WKLV VHQWHQFH PHDQV PRUH
YDULDEOH GHSWK�GHQVLW\ SURILOHV DFFRUGLQJ WR WKH PHDQ DQQXDO WHPSHUDWXUH� ,I VR� LW VKRXOG EH
UHSKUDVHG�
7KLV VHQWHQFH LV EHLQJ PRYHG LQWR DQG UHSKUDVHG LQ RXU QHZ ³'LVFXVVLRQ´ VHFWLRQ�

� OLQHV ��������
6SHFLI\ ZKLFK PRGHOV XVH WKH ³EHWWHU IUHVK VQRZ GHQVLW\ SDUDPHWHUL]DWLRQ´�
:H ZLOO DGG GLVFXVVLRQ RI ZKLFK PRGHOV UHVXOW LQ EHWWHU IUHVK VQRZ GHQVLW\�

� OLQHV ��������
6WUDQJH XVH RI FRPPDV�
:H UHPRYHG WKH FRPPD DIWHU ³(/0´�

� OLQH ����
:KDW LV ³RYHU�GHQVLILFDWLRQ´"
8QUHDOLVWLFDOO\ KLJK GHQVLILFDWLRQ UDWHV�
+HUH� DQG WKURXJKRXW WKH PDQXVFULSW DV QHFHVVDU\� ZH ZLOO UHIUDLQ IURP XVLQJ WKLV WHUP LQ
IDYRU RI D EHWWHU GHVFULSWLRQ�

��



� OLQH ����
7KH QRWLRQ RI ³GHQVLW\ SURILOHV WKDW YDU\ WRR ZHDNO\ ZLWK GHSWK´ VKRXOG EH UHSODFHG ZLWK WKH
RQH RI GHQVLW\ WKDW LQFUHDVHV WRR ZHDNO\ LQ GHSWK�
:H ZLOO PDNH WKH UHOHYDQW FKDQJHV�

� OLQH ����
:KDW GRHV ³7KHLU´ UHIHU WR"
$UWKHUQ HW DO� ������� :H ZLOO VSHFLI\�

� OLQHV ��������
$UH WKHVH WKH RQO\ FRHIILFLHQWV LQFOXGHG LQ WKH RSWLPLVDWLRQ" 2U WKH RQO\ RQHV WKDW ZHUH
GHFLGHG WR EH FKDQJHG" 6HH 0DMRU &RPPHQW ��
<HV� WKHVH DUH WKH RQO\ FRHIILFLHQWV LQFOXGHG LQ WKH RSWLPL]DWLRQ� DV ZH GHVFULEH LQ RXU UH�
VSRQVH WR \RXU ILUVW PDMRU FRPPHQW�
:H ZLOO FOHDUO\ VWDWH WKHVH GHWDLOV LQ RXU H[SDQGHG VWDWLVWLFDO PRGHOLQJ VXEVHFWLRQ�

� OLQH ����
7KH FRHIILFLHQW f2 LV UHODWHG WR WKH JUDLQ UDGLXV �VHH 9LRQQHW HW DO�� ������ ,I WKH (/0 FDO�
FXODWHV JUDLQ VL]H� f2 FDQ EH FDOFXODWHG DFFRUGLQJO\� ,W LV FUXFLDO WKDW WKH DXWKRUV FODULI\
ZK\ WKH\ GHFLGH QRW WR IROORZ WKH RULJLQDO IRUPXODWLRQ RI f2 �DV D IXQFWLRQ RI JUDLQ VL]H� EXW
WR FRQVLGHU LW DV D SXUH WXQLQJ IDFWRU� 7KLV LV DOO WKH PRUH UHOHYDQW VLQFH LW LV HPSKDVLVHG
WKURXJKRXW WKH PDQXVFULSW WKDW ILUQ PRGHOV QHHG WR DFFRXQW IRU PLFURSK\VLFDO IHDWXUHV�
+HUH� ZH IROORZ YDQ .DPSHQKRXW HW DO� ������� %XW SHUKDSV ZH VKRXOG H[SHULPHQW ZLWK WKH
RULJLQDO IRUPXODWLRQ IURP 9LRQQHW HW DO� ������ LQ WKH IXWXUH�
)RU QRZ� ZH ZLOO DGG D GLVFXVVLRQ UHJDUGLQJ WKLV SDUDPHWHU� LQFOXGLQJ LWV RULJLQDO YDOXH� WKH
YDOXH DGRSWHG E\ &/0�Y��� DQG LQ RXU VWXG\ DV D SXUH WXQLQJ IDFWRU�

� OLQH ����
6SHFLI\ WKDW WKH GHQVLW\ PRGHO FRHIILFLHQWV DUH FDOLEUDWHG WR WKH +/�FRPSXWHG VWUDLQ UDWHV�
:H ZLOO VSHFLI\ WKLV GHWDLO�

� OLQHV ��������
6SHFLI\ WKH YDULDEOH IRU ZKLFK WKH VWDWLVWLFV DUH FDOFXODWHG� 6HH 0DMRU &RPPHQW ��
7KLV VHQWHQFH UHIHUV WR WKH VWUDLQ UDWH ε̇� ZKLFK ZH ZLOO VSHFLI\�

� OLQHV ��������
+RZ GR WKH DXWKRUV H[SODLQ WKHVH UHVXOWV"
7KHVH UHVXOWV VXJJHVW WKDW WKH RYHUEXUGHQ SUHVVXUH GHSHQGHQFH� ZKLFK LV SDUW RI PRVW ILUQ
GHQVILFDWLRQPRGHOV� FRPSOLFDWHV LWV FDOFXODWLRQ RI UHDOLVWLF VWUDLQ UDWHV� $ VLPSOHU� WHPSHUDWXUH�
GHQVLW\ GHSHQGHQW HTXDWLRQ ±ZKLOH RULJLQDOO\ XVHG IRU FDOFXODWLQJ FRPSDFWLRQ GXH WR GHVWUXF�
WLYH PHWDPRUSKLVP ± FDQ EH PRGLILHG VR WKDW LW UHVXOWV LQ GHQVLILFDWLRQ UDWHV PRUH KLJKO\
FRUUHODWHG ZLWK WKRVH SUHGLFWHG E\ WKH PRGHO RI +HUURQ DQG /DQJZD\ ������� 7KLV LV D VXU�
SULVLQJ UHVXOW WKDW FKDOOHQJHV WKH XVH RYHUEXUGHQ SUHVVXUH LQ ILUQ GHQVLILFDWLRQ PRGHOV WKDW
GHSHQG PRVWO\ RQ WKHLU IXQFWLRQV RI GHQVLW\�

� 7DEOH ��
7KH PHQWLRQ WR HT� ��� LV DQ HUURU EHFDXVH LW LV QRW WKH RQH IRU GHVWUXFWLYH PHWDPRUSKLVP
DQG c5 GRHV QRW DSSHDU LQ WKLV HTXDWLRQ�
7KDQN \RX IRU EULQJLQJ WKLV WR RXU DWWHQWLRQ�

��



:H ZLOO UHSODFH ³HT� ���´ ZLWK ³HT� ���´� ZKLFK LV WKH FRUUHFW HTXDWLRQ�
� OLQH ����
7KH YDOXH RI 52 =���� LV YDOLG RQO\ IRU VWUDLQ UDWHV LQ WKH VHFRQG VWDJH� 1RWH DOVR WKDW 7DEOH
� VKRZV 52 =�����
:H ZLOO DGG WKDW 52 =���� IRU WKH ILUVW VWDJH�
$ GLIIHUHQFH LQ 52 RI ���� LV QHJOLJLEOH DQG D UHVXOW RI UHSHDWLQJ H[SHULPHQWV WKDW JHQHUDWH
LQSXW YDOXHV DW UDQGRP�

� OLQH ����
³$ ORZHU PRGHO YDULDQFH RFFXUV ZKHQ LW GRHV QRW FRYDU\ ZLWK WKH HPSLULFDO PRGHO´� 7KLV
VWDWHPHQW VRXQGV OLNH D JHQHUDO VWDWHPHQW� EXW , EHOLHYH WKDW LW LV DSSOLFDEOH RQO\ WR WKH UHVXOWV
RI WKLV VSHFLILF VWXG\�
:H ZLOO UHSKUDVH DV ³7KHVH VPDOOHU YDULDQFHV LQGLFDWH WKDW RXU H[SHULPHQWDO PRGHO GRHV QRW
FRYDU\ ZLWK YDOXHV GHULYHG IURP WKH PRGHO RI +HUURQ DQG /DQJZD\ ������´

� OLQH ����
:KDW GRHV ³WKHVH UHVXOWV´ UHIHU WR" 7KH SDUDJUDSK DERYH LV DERXW YDULDQFHV LQ WKH FRP�
SDFWLRQ UDWHV�
:LOO FKDQJH ³WKHVH UHVXOWV LQGLFDWH´ WR ³RXU FRYDULDQFH DQDO\VLV VKRZV´

� OLQHV ��������
³QHJDWLYH FRUUHODWLRQV EHWZHHQ RYHUEXUGHQ SUHVVXUH DQG HPSLULFDO VWUDLQ UDWHV´� WKLV LV H[�
SODLQHG E\ KLJKHU RYHUEXUGHQ EHLQJ DSSOLHG WR GHHSHU ILUQ� ZKLFK LV DW KLJKHU GHQVLW\ DQG
WKXV FRPSDFWV OHVV� $ VLPSOH H[SODQDWLRQ FRXOG EH SURYLGHG WR WKH UHDGHU�

� OLQHV ��������
1RWH WKDW (TXDWLRQV �� � DQG � DUH GLUHFWO\ GHSHQGHQW RQ GHQVLW\�

� OLQHV ��������
$UH WKHVH UHVXOWV RU VSHFXODWLRQV" :KHUH GR WKHVH YDOXHV FRPH IURP" $QG GLG WKH ³VWDWLVWLFDO
FRPSXWLQJ´ IRFXV RQO\ RQ WKHVH VSHFLILF FRHIILFLHQWV RI $¶��" 6XFK FRQFOXVLRQV VKRXOG QRW
EH VWDWHG ZLWKRXW TXDQWLWDWLYH UHVXOWV WR VXSSRUW WKHP� , HPSKDVLVH DJDLQ WKH QHHG WR FODULI\
WKH RSWLPLVDWLRQ PHWKRG DQG LWV UHVXOWV�
7KHVH DUH UHVXOWV IURP RXU VWDWLVWLFDO FRPSXWLQJ� ZKLFK ZH VSHFXODWH ZLOO LPSURYH WKH $¶��
H[SHULPHQWDO UHVXOWV� :H ZLOO LQFOXGH UHVXOWV IURP WKLV (/0 H[SHULPHQW �³$¶���´� LQ RXU
UHYLVLRQ� WKXV UHGXFLQJ WKH VSHFXODWLYH QDWXUH RI WKHVH UHVXOWV�
:H DUH UHRUJDQL]LQJ DQG H[SDQGLQJ 6HFWLRQ � VR WKDW RXU VWDWLVWLFDO PRGHO LV PRUH WUDQVSDUHQW�
H[SDQGLQJ 6HFWLRQ � VR RXU (/0 H[SHULPHQWDO UHVXOWV DUH PRUH VWUHDPOLQHG� DQG DGGLQJ D
³'LVXFVVLRQ´ VHFWLRQ ��� WR VLJQDO D FOHDU GLVWLQFWLRQ RI UHVXOWV IURP RXU PRUH VSHFXODWLYH
UHPDUNV UHJDUGLQJ IXWXUH PRGHO GHYHORSPHQW�

� OLQHV ��������
:K\ GLG WKH DXWKRUV GHFLGH WR XVH WKH RSWLPLVHG Y.¶�� EXW QRW WKH RSWLPLVHG PRGHO RI $¶��"
:H KDG QRW FRPSOHWHG (/0 H[SHULPHQWV XVLQJ WKH RSWLPL]HG PRGHO RI $¶�� �³$¶���´��
:LWK WKH $¶��� (/0 H[SHULPHQW QRZ FRPSOHWH� ZH ZLOO SURYLGH WKHVH UHVXOWV LQ RXU UHYLVHG
6HFWLRQ ��

� OLQH ����
7\SR ³WKH WKH´

��



&RUUHFWHG�
� OLQH ����
³QH��´ LV QRW GHILQHG�
7KH KRUL]RQWDO UHVROXWLRQ RI WKH QH�� JULG LV ���◦�
$V UHTXHVWHG� ZH ZLOO SURYLGH WKH QRPLQDO UHVROXWLRQ ZKHQ UHIHUULQJ WR QH���

� OLQH ����
7KH VWDWHPHQW ³ZH VKRXOG IRFXV RQ WKH QHDU VXUIDFH OD\HUV� DV WKH\ FRQWDLQ WKH SULPDU\ 60%
FRPSRQHQWV´ VKRXOG EH FODULILHG�
:H UHPRYHG WKLV VHQWHQFH�

� OLQH ����
³LW FRXOG EH QHFHVVDU\ WR PRGHO WKH XSSHU PRVW �� P´� ,V WKLV ILJXUH RI �� P VXSSRUWHG E\
WKH UHVXOWV" ,I QRW� UHIHUHQFHV VKRXOG EH SURYLGHG�
:H UHPRYHG WKLV VHQWHQFH�

� OLQHV ��������
³WKH RSWLPL]HG YHUVLRQ �Y.¶���� LV OLNHO\ WKH EHWWHU FKRLFH IRU LPSOHPHQWDWLRQ LQWR WKH QH[W
PDMRU UHOHDVH RI WKH (�60´� $JDLQ� LW LV XQFOHDU LI WKLV LV VSHFXODWLYH RU LI WKH UHVXOWV SURYLGH
VWURQJ HYLGHQFH IRU WKLV� $QG KRZ ZRXOG DQ RSWLPLVHG YHUVLRQ RI $¶�� FRPSDUH WR Y.¶���"
:LWK (/0 VLPXODWLRQV RI DQ RSWLPL]HG YHUVLRQ RI $¶�� QRZ FRPSOHWH� ZH FDQ RIIHU D PRUH
WKRURXJK GLVFXVVLRQ RI WKH RSWLPL]HG PRGHO FRPSDULVRQV� ,Q RXU UHYLVLRQ� ZH LQFOXGH UHVXOWV
IURP ERWK RI WKHVH SDUWLFXODU (/0 H[SHULPHQWV LQ WKH H[SDQGHG 6HFWLRQ � DQG WKHLU UHVSHFWLYH
506(V FDOFXODWHG ZLWK UHIHUHQFH WR WKH 680XS GDWDVHW �.RHQLJ DQG 0RQWJRPHU\� ������
)XUWKHUPRUH� WKH FRPSDULVRQ RI $¶��� DQG Y.¶��� PRGHO DFFXUDF\ LV WKH IRFXV RI D SDUD�
JUDSK LQ RXU UHYLVHG ³'LVFXVVLRQ´ VHFWLRQ�

� OLQHV ��������
$ ORZ ELDV LV XVXDOO\ SUHIHUDEOH WR D KLJK ELDV� :KDW LV PHDQW E\ WKLV VHQWHQFH"
:H UHPRYHG WKLV SRRUO\ ZRUGHG VHQWHQFH�

� OLQH ����
³,Q WKH QHDU IXWXUH� WKLV FRXOG EH WKH HQWLUH *U,6´� :KDW LV WKH ³QHDU IXWXUH´" $QG UHIHUHQFHV
VKRXOG EH SURYLGHG�
:HZLOO UHSODFH ³,Q WKH QHDU IXWXUH´ ZLWK ³%\ ����´ DQG FLWH 0DFKJXWK HW DO� ������ DV UHFHQW
HYLGHQFH VXJJHVWLQJ WKDW IHHGEDFN SURFHVVHV ZLOO OLNHO\ FDXVH WKH *U,6 PHOW H[WHQW WR H[SDQG
UDSLGO\ LQ D ZDUPLQJ FOLPDWH�

� &RQFOXVLRQV�
6HH 0DMRU &RPPHQW ��
5HJDUGLQJ OLQHV �������� ZH UHSODFH ³��� KDYH RSWLPL]HG���� 8OWLPDWHO\� WKLV VWXG\ VHHNV
WR HQDEOH EHWWHU SUHGLFWLRQV RI 6/5 DV D GLUHFW UHVXOW RI VXUIDFH PHOW DQG PDVV ORVV IURP
WKH *U,6�´ ZLWK ³���SUHSDUHG���� 7KLV VWXG\ PDUNV SURJUHVV WRZDUG EHWWHU SUHGLFWLRQV RI 6/5
FDXVHG E\ VXUIDFH PHOWLQJ RI WKH *U,6�´

� OLQH ����
&KDQJH ³ZLWK VWHDG\�VWDWH HPSLULFDO PRGHOV´ WR ³ZLWK D VWHDG\�VWDWH HPSLULFDO PRGHO�´
7KDQN \RX� ZH ZLOO FKDQJH WKH WH[W DFFRUGLQJO\�

� OLQHV ��������

��



, GR QRW EHOLHYH WKDW WKH DQDO\VLV LV ³VLPLODU WR WKDW E\ YDQ .DPSHQKRXW HW DO� ������ IRU
&/0�´
:HZLOO UHSODFH ³DQDO\VLV´ ZLWK ³PRGHO GHYHORSPHQW´� ZKLFK SDUDOOHOV WKH ZRUN RI YDQ .DP�
SHQKRXW HW DO� ������ LQ &/0�

� &RGH DQG GDWD DYDLODELOLW\�
7KH DYDLODELOLW\ RI WKH ILUQ FRUH PHDVXUHPHQWV VKRXOG EH SURYLGHG LQ WKLV VHFWLRQ�
:HZLOO VHHN JXLGDQFH IURP WKH WRSLFDO HGLWRU UHJDUGLQJ WKH SROLF\ DVVRFLDWHG ZLWK SUHYLRXVO\
SXEOLVKHG GDWD�

� )LJXUHV�
6HH 0DMRU &RPPHQW �� $OVR� LQ DOO )LJXUH FDSWLRQV DQG OHJHQGV� WKH PRGHOV VKRXOG EH FRQ�
VLVWHQWO\ UHIHUUHG WR DV $¶��� $¶��� Y.¶�� DQG Y.¶����
3OHDVH VHH RXU UHVSRQVH WR 0DMRU &RPPHQW ��

� )LJXUH ��
7KH YHUWLFDO H[WHQVLRQ RI ³�� P GHHS´ �FDSWLRQ� FRQWUDGLFWV WKH ³VHPL�LQILQLWH´ VWDWHG LQ WKH
WH[W�
:H FKDQJHG WKH ZRUGLQJ LQ WKH FDSWLRQ WR SURYLGH FODULW\ RQ WKH VHPL�LQILQLWH ERWWRP OD\HU
DQG UHPRYHG WKH PHQWLRQ RI �� P�

� )LJXUHV � DQG ��
7KH YHUWLFDO�KRUL]RQWDO OLQHV DW ρ =��� NJ P−3 DQG ρ =��� NJ P−3 FDQ EH UHPRYHG WR
LPSURYH WKH FODULW\ RI WKH )LJXUHV�
:K\ GR KLJK DFFXPXODWLRQ UDWH YDOXHV DSSHDU RQO\ DW JUHDW GHSWK"
6HH RXU UHVSRQVH WR 0DMRU &RPPHQW ��

� )LJXUH ��
³IRU YDULRXV SODXVLEOH DFFXPXODWLRQ UDWHV �����±���� P 6:( \U�í1 �´� :K\ LV ���� P 6:(
\U�í1 FKRVHQ DV ORZHU OLPLW"
7KLV OLPLW ZDV FKRVHQ DV D VXLWDEOH YDOXH EDVHG RQ REVHUYDWLRQV UHIHUUHG WR E\ +HUURQ DQG
/DQJZD\ �������
7KH FRQVWUXFWLRQ RI WKH KRUL]RQWDO HUURU EDUV LV QRW FOHDU WR PH�
:H GHVFULEHG WKH KRUL]RQWDO HUURU EDU DERYH� EXW ZLOO FODULI\ WKLV LQ D UHYLVHG ILJXUH�

� )LJXUH ��
'R WKHVH SORWV VKRZ WKH UHVXOWV RI $¶�� �WRS� DQG Y.¶�� �ERWWRP�"
³$¶��´ DQG ³Y.¶��´ UHIHU WR LPSOHPHQWDWLRQV LQ (/0� )LJ� � VKRZV UHVXOWV IURP WKH FRP�
ELQHG GHVWUXFWLYH PHWDPRUSKLVP SOXV RYHUEXUGHQ SUHVVXUH FRPSDFWLRQ HTXDWLRQV DIWHU FDOL�
EUDWLRQ�
7KH UHYLVHG VWUXFWXUH ZLOO FODULI\ WKH GLVWLQFWLRQ EHWZHHQ RIIOLQH ILUQ PRGHO FRQILJXUDWLRQV
WDUJHWHG LQ WKH RSWLPL]DWLRQ YHUVXV VLPLODU LPSOHPHQWDWLRQV LQ (/0 H[SHULPHQWV�

��



)RU D GLUHFW ORRN DW KRZZH DGGUHVV WKHVH FRPPHQWV� SOHDVH VHH WKH IRUWKFRPLQJ UHYLVHGPDQXVFULSW�

6LQFHUHO\�

$GDP 0� 6FKQHLGHU HW DO�
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