
:H KDYH FDUHIXOO\ FRQVLGHUHG UHYLHZ FRPPHQWV DQG UHYLVHG WKH PDQXVFULSW
DFFRUGLQJO\� 3RLQW�WR�SRLQW UHVSRQVHV WR WKH UHYLHZ FRPPHQWV IURP WKH UHIHUHHV DUH DV
IROORZ�

5HIHUHH FRPPHQWV DUH LQ EOXH FRORUHG IRQWV� DQG RXU UHSOLHV LQ EODFN�

5HVSRQVH WR 5HIHUHH &RPPHQWV �
7KLV PDQXVFULSW GHVFULEHV WKH LPSOHPHQWDWLRQ DQG LQLWLDO UHVXOWV RI VLPXODWLRQV XVLQJ
D YHU\ KLJK�UHVROXWLRQ ������� JOREDO RFHDQ PRGHO� LQFOXGLQJ ZDYHV DQG WLGHV� 7KLV LV
DQ H[FHSWLRQDO HIIRUW DQG DGGV WR D VPDOO KDQGIXO RI VLPLODU YHU\ KLJK�UHVROXWLRQ
VLPXODWLRQV RI WKH RFHDQ ZKLFK KDYH EHHQ XQGHUWDNHQ WR GDWH� $V VXFK� LW LV VXLWDEOH
IRU SXEOLFDWLRQ LQ *0' DQG GHVHUYHV WR EH HYHQWXDOO\ SXEOLVKHG�
+RZHYHU� WKH PDQXVFULSW LV HVVHQWLDOO\ WKH VDPH DV WKHLU SUHYLRXV YHUVLRQ�
JPG��������� ZKLFK , KDYH UHYLHZHG WZLFH DQG ZDV XOWLPDWHO\ UHMHFWHG� 7KH PDLQ
SUREOHP ZLWK WKHLU SUHYLRXV YHUVLRQ� DQG WKH FXUUHQW VXEPLVVLRQ� LV WKHLU SHUVLVWHQW
EHOLHI WKDW WKH %Y SDUDPHWHULVDWLRQ UHSUHVHQWV PL[LQJ E\ QRQ�EUHDNLQJ ZDYHV� ZKLFK LW
GRHV QRW� $OWKRXJK WKH\ KDYH UHPRYHG WKUHH RI WKH SUHYLRXV UHIHUHQFHV WR %Y DV
UHSUHVHQWLQJ PL[LQJ E\ QRQ�EUHDNLQJ ZDYHV� WKHUH DUH VWLOO VHYHUDO SODFHV LQ ZKLFK WKLV
EHOLHI LV UHWDLQHG �ZKLFK , ZLOO GHWDLO EHORZ�� 8QIRUWXQDWHO\� WKHUHIRUH� WKH SDSHU PXVW
EH UHMHFWHG DJDLQ�
)LUVWO\� WKRXJK� , LQFOXGH DJDLQ P\ UHVSRQVH WR WKH DXWKRUV¶ SUHYLRXV FRPPHQWV DERXW
%Y� ³, WKDQN WKH DXWKRUV IRU WKHLU UHVSRQVH RQ WKH %Y SDUDPHWHULVDWLRQ� +RZHYHU� QR
JRRG UHDVRQ KDV VWLOO EHHQ SURYLGHG WR VXSSRUW WKHLU DVVXPSWLRQ WKDW Z¶ DQG O¶ DUH LQ
SKDVH IRU WKH ZDYHV �WR OHDGLQJ RUGHU�� (YHQ WKRXJK� \HV� WKH IOXLG PRWLRQ LV QRW IXOO\
LUURWDWLRQDO� WR ILUVW RUGHU� IRU D PRQRFKURPDWLF ZDYH WUDLQ� Z¶ DQG O¶ DUH LQ TXDGUDWXUH�
VR WKDW �Z¶O¶!  �� +RZHYHU� LQ 4LDR HW DO� ������ 2FHDQ '\QDPLFV ��� ����������� D
VLQJOH PRQRFKURPDWLF ZDYH LV FRQVLGHUHG� DQG WKH NH\ XQGHUO\LQJ DVVXPSWLRQ IRU %Y
LV PDGH EHWZHHQ HTXDWLRQV �� DQG �� WKDW Z¶ DQG O¶ DUH LQ SKDVH� VR WKDW �Z¶O¶! LV
121�=(52� 7KHUH LV QR MXVWLILFDWLRQ JLYHQ IRU WKLV� HLWKHU LQ WKH SDSHU� RU WKH DXWKRUV¶
UHVSRQVH WR P\ RULJLQDO SRLQW RQ WKLV� 5HJDUGLQJ WKH ZDYH WDQN REVHUYDWLRQV ZKLFK DUH
SXUSRUWHG WR VXSSRUW %Y� , ZRXOG QHHG WR ORRN DW WKHVH YHU\ FORVHO\ DV D VHSDUDWH
H[HUFLVH� EXW ZRXOG PDNH WKH REVHUYDWLRQ WKDW PL[LQJ HIIHFWV ZLOO UHVXOW IURP WKH VLGHV
RI WKH WDQN ZKLFK PD\ EH GLIILFXOW WR DOORZ IRU� $QG WKHLU WKLUG SRLQW WKDW %Y KDV
DOUHDG\ EHHQ XVHG LQ D UDQJH RI OHDGLQJ PRGHOV DQG FDQ GUDPDWLFDOO\ LPSURYH WKHLU
PL[HG OD\HUV LV LUUHOHYDQW WR WKH SRLQW LQ TXHVWLRQ� RI FRXUVH� WKH DGGLWLRQ RI D
�SRVVLEO\ ODUJH� QHDU�VXUIDFH PL[LQJ WHUP ZLOO UHVXOW LQ WKH UHGXFWLRQ RI RYHU�KHDWLQJ
LQ WKH RFHDQ VXUIDFH WKURXJK DGGLWLRQDO GRZQZDUG PL[LQJ�´ 7KH RYHUDOO HIIHFW RI %Y LV
WR DGG DQ DUELWUDU\� XQSK\VLFDO PL[LQJ WHUP �ZKLFK FRXOG EH TXLWH ODUJH� WR WKH XSSHU
RFHDQ�
7KH SODFHV ZKLFK QHHG WR EH FRUUHFWHG LQ WKH SUHVHQW PDQXVFULSW� FRQFHUQLQJ %Y� DUH
QRZ�
O� ��� ³7KH QRQ�EUHDNLQJ VXUIDFH ZDYH�LQGXFHG PL[LQJ �%Y� LV SURYHQ WR VWLOO EH´
VKRXOG UHDG ³$ SUHYLRXVO\ GHVFULEHG XSSHU RFHDQ PL[LQJ VFKHPH �%Y� LV SURYHQ WR
VWLOO EH´
O� �������� :K\ LV WKH GLVFXVVLRQ RI WKH 6WRNHV VKHDU IRUFH LQWURGXFHG KHUH� ZKDW



LPSDFW GRHV LW KDYH RQ DQ\WKLQJ EHLQJ GLVFXVVHG" L�H� ZKDW GRHV WKH HSVLORQ SDUDPHWHU
FRPSDUH WKH 6WRNHV VKHDU IRUFH WR" ,V WKLV LQWHQGHG WR MXVWLI\ WKH LQFOXVLRQ RI %Y LQ WKH
PRGHO �LH E\ VD\LQJ WKLV ZLOO EH LPSRUWDQW ZKHQ WKH 6WRNHV VKHDU IRUFH LV LPSRUWDQW�"
1RWH WKDW %Y GRHV 127 UHSUHVHQW WKH HIIHFW RI PL[LQJ E\ QRQ�EUHDNLQJ ZDYHV�
7KHUHIRUH� , FDQQRW VHH WKH SRLQW RI WKLV GLVFXVVLRQ DERXW WKH 6WRNHV VKHDU IRUFH� DQG
WKH GLVFXVVLRQ LQ OLQHV ������� VKRXOG EH GHOHWHG�
O� ���� ³3ULRU WR H[DPLQLQJ WKH HIIHFWV RI VXUIDFH ZDYH�LQGXFHG PL[LQJ LQ WKH «´ ZH
DUH 127 H[DPLQLQJ WKH HIIHFWV RI VXUIDFH�ZDYH LQGXFHG PL[LQJ KHUH� RQO\ RI WKH %Y
SDUDPHWHULVDWLRQ ZKLFK GRHV 127 UHSUHVHQW EUHDNLQJ E\ QRQ�EUHDNLQJ ZDYHV� 7KLV
VHQWHQFH PXVW EH FKDQJHG WR ³3ULRU WR H[DPLQLQJ WKH HIIHFWV RI WKH %Y PL[LQJ VFKHPH
LQ WKH «´
O� ���� %Y GRHV 127 UHSUHVHQW PL[LQJ E\ QRQ�EUHDNLQJ ZDYHV� VR FKDQJH ³WKH
QRQ�EUHDNLQJ ZDYH LQGXFHG PL[LQJ �%Y�´ WR ³WKH PL[LQJ LQGXFHG E\ %Y´
$XWKRU UHVSRQVH�

$IWHU FDUHIXO VWXG\ RI WKH FRPPHQWV� ZH DUH UHVSRQGLQJ DV IROORZV�

)LUVW� ZH ZRXOG OLNH WR WKDQN WKH UHYLHZHU IRU \RXU RYHUDOO LPSUHVVLRQ RI RXU
PDQXVFULSW� , TXRWH� ³7KLV PDQXVFULSW GHVFULEHV WKH LPSOHPHQWDWLRQ DQG LQLWLDO UHVXOWV
RI VLPXODWLRQV XVLQJ D YHU\ KLJK�UHVROXWLRQ ������� JOREDO RFHDQ PRGHO� LQFOXGLQJ
ZDYHV DQG WLGHV� 7KLV LV DQ H[FHSWLRQDO HIIRUW DQG DGGV WR D VPDOO KDQGIXO RI VLPLODU
YHU\ KLJK�UHVROXWLRQ VLPXODWLRQV RI WKH RFHDQ ZKLFK KDYH EHHQ XQGHUWDNHQ WR GDWH� $V
VXFK� LW LV VXLWDEOH IRU SXEOLFDWLRQ LQ *0' DQG GHVHUYHV WR EH HYHQWXDOO\ SXEOLVKHG�´

+RZHYHU� \RX DOVR KDG SHUVLVWHQW DQG VSHFLILF PLVJLYLQJV H[SUHVVHG LQ PXOWLSOH
FRPPHQWV� /HW XV VXPPDUL]H WKH PDLQ FRQFHUQV DV IROORZV�

�� <RXU PDLQ FRQFHUQ LV RXU YLHZ RQ WKH %Y SDUDPHWHUL]DWLRQ UHSUHVHQWLQJ
PL[LQJ E\ QRQ�EUHDNLQJ ZDYHV� ZKLFK \RX WKLQN LW GRHV QRW�

�� <RX DOVR WKLQNV WKDW ³WKH 6WRNHV VKHDU IRUFH LQWURGXFHG KHUH� ZKDW LPSDFW GRHV
LW KDYH RQ DQ\WKLQJ EHLQJ GLVFXVVHG" «� 1RWH WKDW %Y GRHV 127 UHSUHVHQW WKH
HIIHFW RI PL[LQJ E\ QRQ�EUHDNLQJ ZDYHV� 7KHUHIRUH� , FDQQRW VHH WKH SRLQW RI
WKLV GLVFXVVLRQ DERXW WKH 6WRNHV VKHDU IRUFH�´

�� ³:H DUH 127 H[DPLQLQJ WKH HIIHFWV RI VXUIDFH�ZDYH LQGXFHG PL[LQJ KHUH�
RQO\ RI WKH %Y SDUDPHWHULVDWLRQ ZKLFK GRHV 127 UHSUHVHQW EUHDNLQJ E\
QRQ�EUHDNLQJ ZDYHV�´

:H FDQ FRQFOXGH WKDW WKH UHYLHZHU GRHV QRW REMHFW WR WKH ZDYH LQGXFHG RU HQKDQFHG
PL[LQJ� EXW \RX DUH VSHFLILFDOO\ REMHFWLQJ WR WKH SRLQW WKDW ³QRQ�EUHDNLQJ ZDYH´ FRXOG
LQGXFH RU HQKDQFH PL[LQJ�

,W LV REYLRXV WKDW RFHDQ PL[LQJ LQYROYHV WXUEXOHQFH� 2QH RI WKH PDLQ VRXUFHV RI
RFHDQLF WXUEXOHQFH LV IURP EUHDNLQJ ZDYHV DV UHSRUWHG E\ WKH FODVVLF VWXGLHV E\
7KRUSH ������� +RZHYHU� WKH\ ERWK SRLQWHG RXW WKDW WKH WXUEXOHQFH VR JHQHUDWHG LV



FRQILQHG WR WKH XSSHU PRVW OD\HU RI WKH RFHDQ ZLWK WKH WKLFNQHVV RI WKH RUGHU RI WKH
ZDYH DPSOLWXGH� 7KH PDLQ FRQWULEXWLRQ RI %Y LV WR SURSRVH D PHFKDQLVP RQ KRZ WKH
WXUEXOHQFH� JHQHUDWHG HLWKHU E\ EUHDNLQJ ZDYHV RU VXUIDFH GULIW VKHDU LQVWDELOLW\�
SURSDJDWHV GRZQ� LQ D VWDEO\ VWUDWLILHG IOXLG� WR D GHSWK WKDW ZRXOG LQIOXHQFH WKH
ODUJH�VFDOH JHQHUDO FLUFXODWLRQ�

0L[LQJ LV DQ HQHUJ\ SUREOHP� 7KHUHIRUH� WKH UROH RI WKH VXUIDFH ZDYHV� EHLQJ WKH PRVW
HQHUJHWLF PRWLRQ RQ WKH RFHDQ XSSHU OD\HU� VKRXOG EH VHULRXVO\ FRQVLGHUHG� 7KLV
SUREOHP KDV EHHQ D KRW VXEMHFW IRU LQYHVWLJDWLRQ DV UHYLHZHG E\ 4LDR HW DO �������
7KLV SUREOHP ZDV WKH LQLWLDWHG E\ 3KLOOLSV ������� $IWHU PDQ\ VWXGLHV� WKH EHVW HIIRUW
ZDV WKH GHWDLOHG DQDO\VLV E\ 7HL[HLUD DQG %HOFKHU ������ UHIHUUHG DV 7% WKHUHDIWHU��
3KLOOLSV ILUVW SURSRVHG WKH ZDYH RUELWDO YHORFLW\ FRXOG LQGXFH WXUEXOHQFH VWUDLQLQJ� 7%
FDUHIXOO\ IRUPXODWH WKH LQWHUDFWLRQ PHFKDQLVP XVLQJ ³D VLQJOH PRQRFKURPDWLF ZDYH´
DV D PRGHO� 7KH PDLQ FRQFOXVLRQ RI 7% FDQ EH VXPPDUL]HG �ZLWK VRPH GLUHFW
TXRWDWLRQV� DV IROORZV�

“$ UDSLG�GLVWRUWLRQ PRGHO LV GHYHORSHG WR LQYHVWLJDWH WKH LQWHUDFWLRQ RI ZHDN

WXUEXOHQFH ZLWK D PRQRFKURPDWLF LUURWDWLRQDO VXUIDFH ZDWHU ZDYH� 7KH PRGHO LV
DSSOLFDEOH ZKHQ WKH RUELWDO YHORFLW\ RI WKH ZDYH LV ODUJHU WKDQ WKH WXUEXOHQFH LQWHQVLW\�
DQG ZKHQ WKH VORSH RI WKH ZDYH LV VXIILFLHQWO\ KLJK WKDW WKH VWUDLQLQJ RI WKH WXUEXOHQFH
E\ WKH ZDYH GRPLQDWHV RYHU WKH VWUDLQLQJ RI WKH WXUEXOHQFH E\ LWVHOI� 7KH WXUEXOHQFH
VXǲHUV WZR GLVWRUWLRQV� )LUVWO\� YRUWLFLW\ LQ WKH WXUEXOHQFH LV PRGXODWHG E\ WKH ZDYH
RUELWDO PRWLRQV� ZKLFK OHDGV WR WKH VWUHDPZLVH 5H\QROGV VWUHVV DWWDLQLQJ PD[LPD DW
WKH ZDYH FUHVWV DQG PLQLPD DW WKH ZDYH WURXJKV� WKH 5H\QROGV VWUHVV QRUPDO WR WKH
IUHH VXUIDFH GHYHORSV PLQLPD DW WKH ZDYH FUHVWV DQG PD[LPD DW WKH WURXJKV �VHH
)LJXUH ��� 6HFRQGO\� RYHU VHYHUDO ZDYH F\FOHV WKH 6WRNHV GULIW DVVRFLDWHG ZLWK WKH
ZDYH WLOWV YHUWLFDO YRUWLFLW\ LQWR WKH KRUL]RQWDO GLUHFWLRQ� VXEVHTXHQWO\ VWUHWFKLQJ LW
LQWR HORQJDWHG VWUHDPZLVH YRUWLFHV� ZKLFK FRPH WR GRPLQDWH WKH ÀRZ �VHH )LJXUH ���
7KHVH UHVXOWV DUH VKRZQ WR EH VWULNLQJO\ GLIIHUHQW IURP WXUEXOHQFH GLVWRUWHG E\ D PHDQ
VKHDU ÀRZ� ZKHQ µVWUHDN\ VWUXFWXUHV¶ RI KLJK DQG ORZ VWUHDPZLVH YHORFLW\ ÀXFWXDWLRQV
GHYHORS�´ 7KH SUHGLFWHG YRUWLFLW\ GLVWULEXWLRQ KDV EHHQ FRQILUPHG E\ RSHQ RFHDQ
WXUEXOHQFH PHDVXUHPHQW E\ 4LDR HW DO �������

³7KH NLQHWLFDO HQHUJ\ JHQHUDWLRQ IURP WKH WXUEXOHQFH DQG ZDYH LQWHUDFWLRQ LV
HVWLPDWHG DV



7KLV HVWLPDWH RI 7.( SURGXFWLRQ KDV D VLPLODU IRUP WR WKH WHUP LQYROYLQJ WKH 6WRNHV
GULIW LQ WKH 7.( HTXDWLRQ ����� RI 0F:LOOLDPV HW DO� ������� ,W LV DV LI WKHUH ZHUH D
6WRNHV GULIW µVKHDU¶ WKDW JHQHUDWHV 7.(�

³)LJXUH �� 6FKHPDWLF GLDJUDP VKRZLQJ WKH YRUWLFLW\ VWUHWFKLQJ DQG FRPSUHVVLRQ
LQGXFHG E\ WKH RUELWDO PRWLRQ DW WKH FUHVW DQG DW WKH WURXJK RI D VXUIDFH ZDYH� LQ D
IUDPH RI UHIHUHQFH WUDYHOOLQJ ZLWK WKH ZDYH�

³7KH GLVWRUWLRQ RI WKH WXUEXOHQFH E\ WKH 6WRNHV GULIW EHFRPHV FOHDU DIWHU D
FRQVLGHUDEOH QXPEHU RI ZDYH F\FOHV�

³)LJXUH �� 6FKHPDWLF GLDJUDP VKRZLQJ WKH WLOWLQJ DQG VWUHWFKLQJ RI WKH YHUWLFDO
YRUWLFLW\ FDUULHG RXW E\ WKH 6WRNHV GULIW RI D VXUIDFH ZDYH RYHU D QXPEHU RI ZDYH
F\FOHV� LQ D ¿[HG IUDPH RI UHIHUHQFH�

“7KH SK\VLFDO PHFKDQLVP IRU WKH LQWHQVL¿FDWLRQ RI WKH VWUHDPZLVH YRUWLFHV LQ WKH

SUHVHQW PRGHO LV WKH VDPH DV PHFKDQLVP &/� RI &UDLN 	 /HLERYLFK ������ IRU WKH
JHQHUDWLRQ RI /DQJPXLU FLUFXODWLRQV� ,W LQYROYHV WKH WLOWLQJ RI YHUWLFDO YRUWLFLW\ E\



WKH 6WRNHV GULIW RI WKH ZDYH DQG LWV DPSOL¿FDWLRQ DV VWUHDPZLVH YRUWLFLW\ �¿JXUH ���
7KH GLǲHUHQFH LV WKDW WKH &UDLN±/HLERYLFK IRUPXODWLRQ GHSDUWV IURP DQ LQ¿QLWHVLPDO
YHUWLFDO YRUWLFLW\ SHUWXUEDWLRQ DULVLQJ IURP WUDQVYHUVH YDULDWLRQV RI WKH ZLQG�LQGXFHG
VKHDU FXUUHQW� ZKHUHDV LQ WKH SUHVHQW PRGHO� WKHUH LV LQLWLDOO\ D ¿QLWH DQG LVRWURSLF
GLVWULEXWLRQ RI YRUWLFLW\� DVVRFLDWHG ZLWK WKH WXUEXOHQFH� ,Q ERWK FDVHV� WKH 6WRNHV GULIW
VHOHFWLYHO\ DPSOL¿HV WKH YHUWLFDO YRUWLFLW\ FRPSRQHQW DV VWUHDPZLVH YRUWLFLW\�´

&OHDUO\� WKH 6WRNHV GULIW LV WKH NH\ HOHPHQW IRU ZDYH�WXUEXOHQFH LQWHUDFWLRQV� ,Q IDFW�
6WRNHV GULIW H[LVWV LQ QRQ�EUHDNLQJ� LQYLVFLG� LUURWDWLRQDO PRQRFKURPDWLF ZDYH WUDLQ�
,WV H[LVWHQFH� KRZHYHU� LV LQ /DJUDQJLDQ VHQVH� LQ D SDUWLFOH IROORZLQJ IUDPH WR UHYHDO
PDVV�WUDQVSRUW� ILUVW GHULYHG E\ 6WRNHV LQ ����� DQG KHQFH WKH HSRQ\PRXV GULIW� )URP
WKH G\QDPLF SRLQW RI YLHZ� WKH H[LVWHQFH DQG WKH LQIOXHQFH RI 6WRNHV GULIW LV YHU\ FOHDU�
(YHQ LUURWDWLRQDO DQG QRQ�EUHDNLQJ ZDYH FDXVHV HQHUJ\� (� SURSDJDWLRQ� ,Q ZDYH
PRWLRQ�

( 0F�

:KHUH ( LV WKH HQHUJ\�0 LV WKH PRPHQWXP DQG F WKH SKDVH YHORFLW\� 0RPHQWXP LV
PDVV PXOWLSOLHV E\ PDVV�WUDQVSRUW YHORFLW\� $V F LV ODUJH� WKH PRPHQWXP DVVRFLDWHG
ZLWK ZDYH PRWLRQ LV VPDOO� RI D VHFRQG RUGHU PDJQLWXGH� EXW QRW ]HUR� HYHQ WKH HQHUJ\
LV ODUJH� ,Q WKH 7% VWXG\� WKH ZDYH LV D PRQRFKURPDWLF� LUURWDWLRQDO� DQG QRQ�EUHDNLQJ
VXUIDFH ZDWHU ZDYH� )RU WKH NH\ UROH LV WKH VHOHFWLYH DPSOLILFDWLRQ E\ WKH 6WRNHV
GULIW �D�N�D� 6WRNHV VKHDU� RQ WKH ORQJ�WHUP VWUDLQLQJ RI WKH WXUEXOHQFH YHUWLFDO
YRUWLFLW\ WR WKH KRUL]RQWDO GLUHFWLRQ� WKXV LQGXFH DQG HQKDQFH YHUWLFDO PL[LQJ� 7KHUH
VKRXOG EH QR GRXEW WKH ZDYH LQYROYHG LV

1RQ�EUHDNLQJ�
(YHQ PRQRFKURPDWLF� DQG
6WRNHV GULIW SOD\V WKH NH\ UROH�

2XU FRQWULEXWLRQ LQ WKH SDUDPHWHUL]DWLRQ RI %Y LV WR H[SUHVV LWV HIIHFW LQ WHUP RI ZDYH
SDUDPHWHUV� ,Q SDUDPHWHUL]DWLRQ RI %Y� ZH VHOHFWHG D YHORFLW\ VFDOH DQG D OHQJWK VFDOH�
7KH SURGXFW RI WKHVH TXDQWLWLHV JLYHV WKH ³(GG\ 9LVFRVLW\´ HTXLYDOHQFH� ,Q RFHDQ
G\QDPLF� PDQ\ SKHQRPHQD LQYROYHG DUH FOHDUO\ XQNQRZQ� 3DUDPHWHUL]DWLRQ LV WKH
RQO\ ZD\ WR PRYH IRUZDUG� )RU H[DPSOH� WKH HGG\ YLVFRVLW\ LQ WKH JHQHUDO FLUFXODWLRQ
XVHG LV MXVW WR PDNH WKH FRPSXWDWLRQ VWDEOH� ZLWK OLWWOH SK\VLFDO MXVWLILFDWLRQ� , ZLVK WKH
UHYLHZHU ZRXOG WDNH WKLV SRLQW LQWR FRQVLGHUDWLRQ WRR�

1H[W� OHW XV GLVFXVV WKH %Y SDUDPHWHUL]DWLRQ VFKHPH� ZKLFK LV DOVR RI D PDMRU FRQFHUQ
RI WKH UHYLHZHU� 2Q WKLV SRLQW� \RX VWDWHG� ³, WKDQN WKH DXWKRUV IRU WKHLU UHVSRQVH RQ
WKH %Y SDUDPHWHULVDWLRQ� +RZHYHU� QR JRRG UHDVRQ KDV VWLOO EHHQ SURYLGHG WR VXSSRUW
WKHLU DVVXPSWLRQ WKDW Z¶ DQG O¶ DUH LQ SKDVH IRU WKH ZDYHV �WR OHDGLQJ RUGHU�� (YHQ



WKRXJK� \HV� WKH IOXLG PRWLRQ LV QRW IXOO\ LUURWDWLRQDO� WR ILUVW RUGHU� IRU D
PRQRFKURPDWLF ZDYH WUDLQ� Z¶ DQG O¶ DUH LQ TXDGUDWXUH� VR WKDW �Z¶O¶!  �� +RZHYHU�
LQ 4LDR HW DO� ������ 2FHDQ '\QDPLFV ��� ����������� D VLQJOH PRQRFKURPDWLF ZDYH
LV FRQVLGHUHG� DQG WKH NH\ XQGHUO\LQJ DVVXPSWLRQ IRU %Y LV PDGH EHWZHHQ HTXDWLRQV
�� DQG �� WKDW Z¶ DQG O¶ DUH LQ SKDVH� VR WKDW �Z¶O¶! LV 121�=(52� 7KHUH LV QR
MXVWLILFDWLRQ JLYHQ IRU WKLV� HLWKHU LQ WKH SDSHU� RU WKH DXWKRUV¶ UHVSRQVH WR P\ RULJLQDO
SRLQW RQ WKLV� 5HJDUGLQJ WKH ZDYH WDQN REVHUYDWLRQV ZKLFK DUH SXUSRUWHG WR VXSSRUW
%Y� , ZRXOG QHHG WR ORRN DW WKHVH YHU\ FORVHO\ DV D VHSDUDWH H[HUFLVH� EXW ZRXOG PDNH
WKH REVHUYDWLRQ WKDW PL[LQJ HIIHFWV ZLOO UHVXOW IURP WKH VLGHV RI WKH WDQN ZKLFK PD\ EH
GLIILFXOW WR DOORZ IRU� $QG WKHLU WKLUG SRLQW WKDW %Y KDV DOUHDG\ EHHQ XVHG LQ D UDQJH RI
OHDGLQJ PRGHOV DQG FDQ GUDPDWLFDOO\ LPSURYH WKHLU PL[HG OD\HUV LV LUUHOHYDQW WR WKH
SRLQW LQ TXHVWLRQ� RI FRXUVH� WKH DGGLWLRQ RI D �SRVVLEO\ ODUJH� QHDU�VXUIDFH PL[LQJ
WHUP ZLOO UHVXOW LQ WKH UHGXFWLRQ RI RYHU�KHDWLQJ LQ WKH RFHDQ VXUIDFH WKURXJK
DGGLWLRQDO GRZQZDUG PL[LQJ�´ 7KH RYHUDOO HIIHFW RI %Y LV WR DGG DQ DUELWUDU\�
XQSK\VLFDO PL[LQJ WHUP �ZKLFK FRXOG EH TXLWH ODUJH� WR WKH XSSHU RFHDQ�

7KH GLVFUHSDQF\ RQ WKH SDUDPHWHUL]DWLRQ VFKHPH VKRXOG EH HDVLO\ UHVROYHG� 7KH NH\ LV
ZKHWKHU ³IRU D PRQRFKURPDWLF ZDYH WUDLQ� Z¶ DQG O¶ DUH LQ TXDGUDWXUH� VR WKDW �Z¶O¶!
 ��´ RU ³Z¶ DQG O¶ DUH LQ SKDVH� VR WKDW �Z¶O¶! LV 121�=(52�´ ,Q WKH RULJLQDO 4LDR
HW DO ������ SDSHU� WKHUH LV QR �Z¶O¶! WHUP� ,QVWHDG� WKH WHUP VKRXOG EH �Z¶�ZO�Z!� 7KH
GLIIHUHQFH ORRNV VXEWOH� EXW LW LV FULWLFDO� ,Q 4LDR HW DO ������� LW ZDV FDUHIXOO\ VWDWHG�
DQG ZH TXRWH WKDW

³:H XVH DQ DQDORJ\ WR WKH 3UDQGWO PL[LQJ OHQJWK WKHRU\ WR SDUDPHWHUL]H WKH
PRPHQWXP PL[LQJ LQGXFHG E\ ZDYH PRWLRQ� « )RU RFHDQ VXUIDFH ZDYH SURFHVVHV�
ZH DVVXPH WKDW WKH PL[LQJ OHQJWK OLZ LV SURSRUWLRQDO WR WKH UDQJH RI WKH SDUWLFOH
GLVSODFHPHQW LQ WKH L�WK GLUHFWLRQ� :H QHHG WR QRWH WKDW WKH FRQFHUQ RI WKH
H[SUHVVLRQ X¶LZ KHUH LV QRW WKH PDWKHPDWLFDO GHULYDWLRQ� EXW D FRQFHSW DQG
DVVXPSWLRQ RI HTXLYDOHQW VFDOHV� X
LZ VKRXOG EH XQGHUVWRRG DV WKH LQFUHPHQW RI
WKH ZDYH PRWLRQ YHORFLW\ DW WKH VSDWLDO LQWHUYDO RI OLZ LQ WKH L�WK GLUHFWLRQ�´

7KHUHIRUH� X
LZ LV SUHFLVHO\ WKH 6WRNHV GULIW YHORFLW\� DQG OLZ LV WKH SDUWLFOH H[FXUVLRQ
UDQJH� 7KH\ DUH ERWK VFDOHV IRU WKH ZDYH PRWLRQ� 127 0$7+(0$7,&$/
'(5,9$7,21� REYLRXVO\� WKHUH LV QR SKDVH UHODWLRQVKLS DW DOO� ³7KH LQFUHPHQW RI WKH
ZDYH PRWLRQ YHORFLW\ DW WKH VSDWLDO LQWHUYDO RI OLZ´ LV FOHDUO\ LQ WKH /DJUDQJLDQ VHQVH�
RU WKH 6WRNHV GULIW� $V VWDWHG DERYH� 6WRNHV GULIW H[LVWV IRU QRQ�EUHDNLQJ� LUURWDWLRQDO�
DQG HYHQ 0RQRFKURPDWLF ZDWHU ZDYHV�

1%� 3OHDVH DOVR QRWH WKH GLIIHUHQFH EHWZHHQ ĲZZLM DQG ĲZFLM� 7KHVH UHSUHVHQW WZR W\SHV
RI 5H\QROGV VWUHVVHV� ĲZZLM DUH ZDYH UHODWHG VWUHVVHV� WKH SXUH ZDYH TXDQWLWLHV DQG
FRXOG EH GHULYHG PDWKHPDWLFDOO\� )RU LUURWDWLRQDO ZDYH ILHOG� WKHLU YDOXHV DUH ]HUR
ZKHQ WKH YHORFLWLHV DUH LQ TXDGUDWXUH� ĲZFLM DUH ZDYH FXUUHQW LQWHUDFWLRQV WKDW LQFOXGH



WKH ZDYH LQGXFHG 6WRNHV GULIW DQG DPELHQW FXUUHQW ILHOG� :H ZLOO FRQFHQWUDWH LQ WKH
ZDYH UHODWHG 6WRNHV GULIW KHUH� ZKLFK H[LVWV RQO\ LQ /DJUDQJLDQ IUDPH� $V 4LDR HW DO
������ ZDV IRUPXODWHG LQ (XOHULDQ IUDPH� 6WRNHV GULIW FRXOG QRW EH GHULYHG DQG FRXOG
RQO\ EH SDUDPHWHUL]HG� +RZHYHU� WKLV PXFK LV FOHDUO\ VWDWHG� ³ X
LZ VKRXOG EH
XQGHUVWRRG DV WKH LQFUHPHQW RI WKH ZDYH PRWLRQ YHORFLW\ DW WKH VSDWLDO LQWHUYDO RI OLZ LQ
WKH L�WK GLUHFWLRQ�´ WKHUHIRUH� WKH YHORFLW\ LV H[DFWO\ WKH 6WRNHV GULIW�

1RZ� OHW XV WXUQ WR VRPH RI WKH PLQRU SRLQWV�

�� 7KLV LV 127 D IXOO\�FRXSOHG PRGHO DV WKH VXUIDFH ZDYHV DUH FRPSXWHG RIIOLQH
DQG GR QRW LQWHUDFW ZLWK WKH RFHDQ FLUFXODWLRQ ILHOGV DV WKH\ HYROYH� VR FKDQJH
³VXUIDFH ZDYH�WLGH�FLUFXODWLRQ IXOO\ FRXSOHG PRGHO´ WR ³VXUIDFH
ZDYH�WLGH�FLUFXODWLRQ FRXSOHG PRGHO´�

:H VHW XS D IXOO\ FRXSOHG PRGHO� 'XH WR WKH OLPLWDWLRQ RI FRPSXWHU UHVRXUFHV� ZH UXQ
WKH ZDYH PRGHO RIIOLQH� )ROORZLQJ \RXU UHYLHZ FRPPHQWV� ZH UHPRYH WKH ZRUG
³IXOO\´�

�� 5HJDUGLQJ WKH ZDYH WDQN REVHUYDWLRQV ZKLFK DUH SXUSRUWHG WR VXSSRUW %Y� ,
ZRXOG QHHG WR ORRN DW WKHVH YHU\ FORVHO\ DV D VHSDUDWH H[HUFLVH� EXW ZRXOG
PDNH WKH REVHUYDWLRQ WKDW PL[LQJ HIIHFWV ZLOO UHVXOW IURP WKH VLGHV RI WKH WDQN
ZKLFK PD\ EH GLIILFXOW WR DOORZ IRU�

7KH HIIHFW RI VLGH RI WKH WDQN ZDV D FULWLFDO LVVXH ZKHQ WKDW SDSHU ZDV ILUVW VXEPLWWHG
IRU SXEOLFDWLRQ� 7KH RUGHU RI PDJQLWXGH DUJXPHQW FRXOG KHOS KHUH� ,W VXIILFHV WR VD\
WKDW WKH PROHFXODU YLVFRVLW\ LV PDQ\ RUGHUV VPDOOHU WKDQ WKH %Y� $GGLWLRQDOO\� RWKHU
H[SHULPHQWV RQ WKH GLVVLSDWLRQ UDWH PHDVXUHPHQW LQ WKH RSHQ RFHDQ �L�H� 6XWKHUODQG�
����� DOVR VXSSRUW WKH YDOLGLW\ RI %Y� 7KHUH DUH QR VLGHV LQ WKH RFHDQ� RI FRXUVH�

:H WKDQN WKH UHYLHZHU LQ SRLQWLQJ RXW PDQ\ GHWDLOHG V\QWD[ DQG H[SUHVVLRQ DQRPDOLHV�
:H KDYH IROORZHG DOO WKHVH VXJJHVWLRQV LQ PRVW SODFHV�

)LQDOO\� ZH KRSH WKHVH H[SODQDWLRQV RQ WKH QRQ�EUHDNLQJ� LUURWDWLRQDO DQG HYHQ
PRQRFKURPDWLF ZDYH FRXOG FRQWULEXWH WR HQKDQFLQJ PL[LQJ ZRXOG UHVROYH WKH
UHYLHZHU¶V FRQFHUQV�

5HIHUHQFH�

+XDQJ� &� -�� 4LDR� )�� 'DL� '�� 0D� +�� 	 *XR� -�� ����� )LHOG PHDVXUHPHQW RI XSSHU
RFHDQ WXUEXOHQFH GLVVLSDWLRQ DVVRFLDWHG ZLWK ZDYH�WXUEXOHQFH LQWHUDFWLRQ LQ WKH 6RXWK
&KLQD 6HD� -� *HRSK\V� 5HV�� ���� &��-��� GRL�������������-&������

3KLOOLSV� 2�0�� ����� $ QRWH RQ WKH WXUEXOHQFH JHQHUDWHG E\ JUDYLW\ ZDYHV� - *HRSK\V
5HV �������±����� GRL���������-=���L���S�����



4LDR )� <XDQ <� 'HQJ -� 'DL '� 6RQJ =�� ���� :DYH±WXUEXOHQFH LQWHUDFWLRQ�LQGXFHG
YHUWLFDO PL[LQJ DQG LWV HIIHFWV LQ RFHDQ DQG FOLPDWH PRGHOV� 3KLO� 7UDQV� 5� 6RF� $
������������� KWWS���G[�GRL�RUJ���������UVWD����������

6XWKHUODQG *�� :DUG� %� 	 &KULVWHQVHQ� .� +�� ����� :DYH�WXUEXOHQFH VFDOLQJ LQ WKH
RFHDQ PL[HG OD\HU� 2FHDQ 6FL�� �� ���±���� GRL���������RV�����������

7HL[HLUD� 0� $� &� $QG %HOFKHU� 6� (�� ����� 2Q WKH GLVWRUWLRQ RI WXUEXOHQFH E\ D
SURJUHVVLYH VXUIDFH ZDYH� -� )OXLG 0HFK� ���� �������

7KRUSH� 6� $�� ����� 7KH 7XUEXOHQW 2FHDQ� &DPEULGJH 8QLYHUVLW\ 3UHVV� 1HZ <RUN

2WKHU FRPPHQWV ZKLFK VKRXOG EH DGGUHVVHG DUH DV IROORZV�

O� ��� 1HHG WR H[SODLQ ZKDW DUH WKH ³XQEDODQFHG PRWLRQV´ UHIHUUHG WR KHUH" $UH WKH\
WKH PRWLRQV LQGXFHG E\ LQWHUQDO WLGHV IRU LQVWDQFH"

$XWKRU UHVSRQVH� $V LQWURGXFHG E\ 5RFKD HW DO� ������ DQG &KHUHVNLQ HW DO� �������
WKH ³XQEDODQFHG PRWLRQV´ UHIHUUHG WR WKH JHRVWURSKLFDOO\ XQEDODQFHG PRWLRQV� L�H�
DJHRVWURSKLF PRWLRQV� H�J� LQWHUQDO WLGHV DQG LQHUWLD�JUDYLW\ ZDYHV� 7KLV KDV EHHQ
DGGHG LQ WKH UHYLVLRQ LQ OLQH ���

5HIHUHQFH�

&KHUHVNLQ� 7� .�� 5RFKD� &� %��*LOOH� 6� 7�� 0HQHPHQOLV� '�� DQG 3DVVDUR� 0��
&KDUDFWHUL]LQJ WKHWUDQVLWLRQ IURP EDODQFHG WR XQEDODQFHG PRWLRQV LQ WKH VRXWKHUQ
&DOLIRUQLD &XUUHQW� -RXUQDO RI *HRSK\VLFDO 5HVHDUFK� 2FHDQV� ���� ����±�����
GRL�KWWSV���GRL�RUJ�������������-&������� ����

5RFKD� &� %�� &KHUHVNLQ� 7� .�� *LOOH� 6� 7�� DQG 0HQHPHQOLV� '�� 0HVRVFDOH WR
VXEPHVRVFDOH ZDYHQXPEHU VSHFWUD LQ 'UDNH 3DVVDJH� -� 3K\V� 2FHDQRJU�� ������
�������� GRL���������-32�'����������� �����

O� �������� ,Q WKH KLJK UHVROXWLRQ FDVH� WKH ZDYH DQG RFHDQ FLUFXODWLRQ PRGHO DUH
FRXSOHG RIIOLQH� VR WKH ZDYH ILHOG FDQQRW LQWHUDFW ZLWK WKH RFHDQ FLUFXODWLRQ ILHOGV DV
WKH\ FKDQJH �LH EHFDXVH WKH ZDYH ILHOGV DUH SUHYLRXVO\ VDYHG DV IL[HG GDWD ILOHV�� 1HHG
WR H[SODLQ WKLV IXOO\ KHUH�

$XWKRU UHVSRQVH� 7KH H[SODQDWLRQ KDV EHHQ DGGHG LQ WKH UHYLVLRQ� $V VKRZQ LQ )LJ�
��E� WKH PRGHO LV VXUIDFH ZDYH DQG RFHDQ FLUFXODWLRQ PRGHOV IXOO\ FRXSOHG� DQG WKH
RFHDQ FXUUHQW FDQ PRGXODWH WKH VXUIDFH ZDYH KHLJKW� )RU FRPSXWHU HIILFLHQF\� ZH WXUQ
RII WKH FRXSOLQJ SUR WHPSRUH�



O� �������� 7KH %Y ILHOG DSSOLHG WR WKH KLJK�UHVROXWLRQ ������� PRGHO LV FDOFXODWHG
IURP DQ RQOLQH�FRXSOHG ORZHU UHVROXWLRQ PRGHO ������� 7KH ORZHU UHVROXWLRQ PRGHO
ZLOO KDYH GLIIHUHQW FLUFXODWLRQ ILHOGV �L�H� WKH FXUUHQWV ZLOO EH VORZHU DQG EURDGHU� DQG
SUREDEO\ LQ GLIIHUHQW SODFHV�� VR WKH %Y ILHOG DSSOLHG WR WKH KLJK�UHVROXWLRQ PRGHO ZLOO
QRW EH DSSURSULDWH� :KDW GLIIHUHQFH ZLOO WKLV PDNH WR WKH KLJK�UHVROXWLRQ UHVXOWV"

$XWKRU UHVSRQVH�:H WRWDOO\ DJUHH ZLWK \RX WKDW WKH VDPH UHVROXWLRQ RI VXUIDFH ZDYH
DQG RFHDQ FLUFXODWLRQ PRGHOV LV WKH EHVW FKRLFH� +RZHYHU� LQ FXUUHQW VWDJH� ZH KDYH
GLIILFXOW\ WR UXQ D ����� ZDYH PRGHO GXH WR LQVXIILFLHQW FRPSXWDWLRQDO UHVRXUFHV� 2XU
JURXS WHVWHG GDLO\ DQG PRQWKO\ DYHUDJHG %Y LQ D FRDUVH UHVROXWLRQ RFHDQ FLUFXODWLRQ
PRGHO� WKH GLIIHUHQFH LV QRW ELJ �=KDR HW DO�� ������ DQG ERWK FDQ PXFK LPSURYH WKH
XSSHU RFHDQ VLPXODWLRQ� 6R� ZH FDQ GHGXFH WKDW WKH FRDUVH UHVROXWLRQ %Y RI ���� FDQ
ZRUN IRU ),2�&20��� DOWKRXJK QRW SHUIHFW�

5HIHUHQFH�

=KDR� &�� 4LDR� )�� ;LD� &�� DQG :DQJ� *�� 6HQVLWLYH VWXG\ RI WKH ORQJ DQG VKRUW
VXUIDFH ZDYH�LQGXFHG YHUWLFDO PL[LQJ LQ D ZDYH�FLUFXODWLRQ FRXSOHG PRGHO� $FWD
2FHDQRORJLFD 6LQLFD� ������ ����� GRL���������V���������������\� �����

O� ��� 7KH ZDYH�WLGH�FLUFXODWLRQ PRGHO LV 127 IXOO\ FRXSOHG VLQFH WKH ZDYHV DUH UXQ
RIIOLQH ± FKDQJH WKLV WR ³,Q (;3�� ZDYH�WLGH�FLUFXODWLRQ FRXSOLQJ LV HQDEOHG´�

$XWKRU UHVSRQVH� 'RQH�

S� � DQG ILJ�V � DQG �� :KDW ORQJLWXGHV DUH WKH ,&5( GLDJQRVWLFV GHILQHG RYHU
�SUHVXPDEO\ WKRVH LQ WKH ILJXUHV�"

$XWKRU UHVSRQVH� 7KH ORQJLWXGHV RI WKH ,&5( GLDJQRVWLFV DUH GHILQHG DV WKRVH LQ WKH
)LJXUHV � DQG �� L�H�� ���� (����� ( DQG ��� :���� : UHVSHFWLYHO\� 7KH H[SODQDWLRQ
LV DGGHG LQ OLQH ��� RI WKH UHYLVLRQ�

S� � DQG ILJ� �� +RZ LV WKH ,&5( GHILQHG IRU WKH *XOI 6WUHDP LQ WKH ����� PRGHO� VLQFH
WKH FRQWRXU XVHG IRU LWV GHILQLWLRQ GRHV QRW H[LVW HDVWZDUGV RI DERXW ���:"

$XWKRU UHVSRQVH� 7KH ,&5( GHILQHG IRU WKH *XOI 6WUHDP LQ WKH ����� PRGHO LV
LGHQWLFDO WR WKDW RI ����� PRGHO� KHQFH WKH WRWDO DUHD PLVILW HDVWZDUGV RI DERXW ���:
RI WKH ����� PRGHO LV TXLWH ODUJH GXH WR WKDW WKH ����� PRGHO LV QRW DEOH WR UHSURGXFH
WKH GHHS SHQHWUDWLRQ RI WKH *XOI 6WUHDP LQWR WKH $WODQWLF RFHDQ� $V D UHVXOW� LQ )LJ� �
WKH ,&5( RI WKH ����� PRGHO LV PXFK ODUJHU WKDQ WKDW RI ����� PRGHO�

O� �������� KRZ GR \RX MXVWLI\ WKH FODLP WKDW ³WKH JOREDO WLGH DFFXUDF\ LV VXIILFLHQW WR
VXSSRUW´ «� ³ WKH LQYHVWLJDWLRQ RI WLGH�FLUFXODWLRQ FRXSOHG SURFHVVHV´ JLYHQ WKDW WKH
HUURUV LQ ILJ �J DUH LQ H[FHVV RI ��FP RYHU ODUJH UHJLRQV RI WKH RFHDQ"



$XWKRU UHVSRQVH� $V VKRZQ LQ )LJ� �I� WKH RYHUDOO SDWWHUQ RI WKH 0� JOREDO WLGH DJUHHV
ZHOO ZLWK WKH 73;2�� PRVW RI WKH DPSKLGURPLF SRLQWV LQ WKH RSHQ EDVLQV DUH
UHSURGXFHG UHDVRQDEO\� 2Q WKH RWKHU KDQG� WKH EDURWURSLF WLGH LV ILOWHUHG RXW LQ WKH
ZDYHQXPEHU VSHFWUXP DQDO\VLV WR DYRLG WKH GLUHFW LPSDFWV RI WKH EDURWURSLF WLGH� :H
KDYH UHILQHG WKH VHQWHQFHV �OLQHV ������� RI WKH UHYLVLRQ� DFFRUGLQJO\�

7KH GHWHULRUDWLQJ RI WKH DFFXUDF\ RI WKH JOREDO EDURFOLQLF WLGH PRGHO LV DQ RSHQ
TXHVWLRQ IRU RFHDQ PRGHO FRPPXQLW\� 6LQFH D ODUJH SRUWLRQ RI WLGDO HQHUJ\ FRQYHUVLRQ
LV UHVROYHG E\ WKH PRGHO� WKH WLGDO GLVVLSDWLRQ SDUDPHWHUL]DWLRQ IRU WKH �����
EDURFOLQLF UXQ PXVW EH DEOH WR GLVWLQJXLVK WKH XQUHVROYHG DQG UHVROYHG WLGDO HQHUJ\
GLVVLSDWLRQ�FRQYHUVLRQ� 7R RXU NQRZOHGJH� WKLV NLQG RI WLGDO GLVVLSDWLRQ VFKHPH VWLOO
GRHV QRW H[LVW LQ WKH H[LVWLQJ SXEOLFDWLRQV DQG LV D GDXQWLQJ FKDOOHQJH IRU WKH RFHDQ
PRGHO VFLHQWLILF FRPPXQLW\� +HQFH ZH FKRRVH WR GLVDEOH WKH WRSRJUDSKLF GUDJ VFKHPH
XVHG LQ WKH EDURWURSLF UXQV QRW WR WXQH LW� ZKLFK LV DOLJQHG ZLWK //&���� RI 0,7JFP
�$UELF HW DO�� ������

:H KDYH DOVR FRQGXFWHG DGGLWLRQDO QXPHULFDO H[SHULPHQWV WR WHVW WKH YDOLGLW\ RI RXU
PRGHO SK\VLFV� DQG WR IXUWKHU LOOXVWUDWH WKH DGYDQWDJHV RI RXU PRGHOOLQJ VWUDWHJ\�
)ROORZLQJ $UELF HW DO� ������� ZH LPSOHPHQW WRSRJUDSKLF GUDJ VFKHPH �-D\QH DQG 6W�
/DXUHQW� ����� LQ WKH JOREDO EDURFOLQLF UXQ WR LPSURYH WKH DFFXUDF\ RI WKH VLPXODWHG
JOREDO WLGH� D ���KRXU ER[FDU WLPH ILOWHU LV DGRSWHG LQ WKH WRSRJUDSKLF GUDJ VFKHPH
DQG WKH SUHVVXUH IRUFH WR VHSDUDWH WKH WLGDO DQG QRQ�WLGDO PRWLRQV� ,Q RXU
LPSOHPHQWDWLRQ WKH WRSRJUDSKLF GUDJ VFKHPH LV DSSOLHG LQ WKH EDURWURSLF PRPHQWXP
HTXDWLRQ� 'XH WR OLPLWHG WLPH� WKH EHVW WXQHG H[SHULPHQWV DUH FRQGXFWHG LQ WKH �����
PRGHO� ZKLOH D VKRUW�WHUP H[SHULPHQW LV FRQGXFWHG LQ WKH ����� PRGHO� 7KUHH
QXPHULFDO H[SHULPHQWV EDVHG RQ WKH ����� PRGHO DUH FRQGXFWHG� �� EDURWURSLF UXQ
ZLWK WRSRJUDSKLF GUDJ WXQHG �%7B:LWK'UDJ�� �� EDURFOLQLF UXQ ZLWKRXW WRSRJUDSKLF
GUDJ �%&B1R'UDJ�� DQG �� EDURFOLQLF UXQ ZLWK WRSRJUDSKLF GUDJ EHVW WXQHG
�%&B:LWK'UDJ�� $OO RI WKH WKUHH H[SHULPHQWV UXQ IRU � PRQWKV� DQG WKH RXWSXWV RI ODVW
� PRQWKV DUH XVHG WR FRQGXFW KDUPRQLF DQDO\VLV� )LJXUH 5� VKRZV WKH FR�WLGDO FKDUWV
DQG 506( RI WKUHH QXPHULFDO H[SHULPHQWV� WKH VLPXODWHG 0� WLGH RI %&B:LWK'UDJ LV
VLJQLILFDQWO\ LPSURYHG FRPSDUHG WR WKDW RI %&B1R'UDJ� 7KH 506( RI %&B1R'UDJ
LV HYHQ VPDOOHU WKDQ WKDW RI %7B:LWK'UDJ� 7KH JOREDO DYHUDJHG 506( RI WLGDO
HOHYDWLRQ LV GHFUHDVHG IURP ����� FP RI %&B1R'UDJ WR ��� FP RI %&B:LWK'UDJ�
ZKLFK KDV VLPLODU DFFXUDF\ ZLWK WKDW RI ���� FP RI $UELF HW DO� ������� 7KH DERYH
UHVXOWV SURYLGH XV D VROXWLRQ WR LPSURYH WLGH VLPXODWLRQ�

$OWKRXJK WKH VLPXODWHG WLGH RI QXPHULFDO H[SHULPHQW ZLWKRXW WRSRJUDSKLF GUDJ LV OHVV
DFFXUDWH� LQ FXUUHQW VWDJH LW VWLOO KDV WKH IROORZLQJ WZR VXEVWDQWLDO DGYDQWDJHV RYHU WKH
H[SHULPHQW ZLWK WRSRJUDSKLF GUDJ�

�� $V PHQWLRQHG E\ $UELF HW DO� ������� WKH ���KRXU ER[FDU WLPH ILOWHU DGRSWHG LQ WKH
QXPHULFDO H[SHULPHQW ZLWK WRSRJUDSKLF GUDJ LV ³ODJJHG LQ WLPH �L�H� IURP WKH SUHYLRXV
�� K�´ DQG LV QRW DEOH WR VHSDUDWH WKH WLGDO DQG QRQ�WLGDO PRWLRQV H[DFWO\� :KLOH LQ WKH
QXPHULFDO H[SHULPHQW ZLWKRXW WRSRJUDSKLF GUDJ� WKH ���KRXU ER[FDU WLPH ILOWHU LV QR



ORQJHU QHHGHG� ZKLFK H[HPSW WKH GHJUDGDWLRQ RI WKH RFHDQ FLUFXODWLRQ VLPXODWLRQ
FDXVHG E\ WKH WLPH ILOWHU� 7KH VDWLVI\LQJ VLPXODWLRQ RI PDLQ SDWKV RI .XURVKLR DQG
*XOI 6WUHDP LQ WKH (;3� �)LJXUH �F DQG �F RI WKH UHYLVLRQ� PLJKW EH DQ HYLGHQFH
VXSSRUWLQJ WKLV DGYDQWDJH�

�� 7KH ���KRXU ER[FDU WLPH ILOWHU H[FOXGHV PRVW RI WKH FRQYHUJHQW�GLYHUJHQW
EDURWURSLF IORZV FDXVHG E\ LQWHUQDO WLGHV� ZKLFK GHJUDGHV WKH G\QDPLF VHD OHYHO WR
³VXUIDFH WLGH SOXV FLUFXODWLRQ VLPXODWLRQV´ �)LJXUH 5��� 7KLV LV HVVHQWLDOO\ GHFRXSOLQJ
EHWZHHQ VXUIDFH WLGH DQG LQWHUQDO WLGH� :KLOH LQ WKH H[SHULPHQW ZLWKRXW WRSRJUDSKLF
GUDJ� WKH WLGH�FLUFXODWLRQ FRXSOHG SURFHVVHV �VXFK DV LQWHUQDO WLGHV DQG UHODWHG LQHUWLDO
JUDYLW\ ZDYHV� DUH IDLWKIXOO\ UHSUHVHQWHG LQ WKH G\QDPLF VHD OHYHO� ZKLFK LV WKH
IRXQGDWLRQ RI WKH ZDYHQXPEHU VSHFWUXP DQDO\VLV LQ WKLV SDSHU �)LJXUHV �� RI WKH
UHYLVLRQ��

:H KRSH WKH DERYH DGGHG QXPHULFDO H[SHULPHQWV DQG H[SODQDWLRQV FRXOG DOOHYLDWH
UHYLHZHU¶V FRQFHUQV DERXW WKH WLGDO DFFXUDF\�

)LJXUH 5� 0� FR�WLGDO FKDUWV RI 73;2� �D�� EDURWURSLF �E� DQG EDURFOLQLF �I� WLGH
PRGHO RI ����� ZLWK WRSRJUDSKLF GUDJ VFKHPH EHVW WXQHG� EDURFOLQLF WLGH PRGHO RI
����� ZLWKRXW WRSRJUDSKLF GUDJ �G�� DQG WKHLU 506( �F� J DQG H��



)LJXUH 5� 66+ VQDSVKRW RI WKH ����� PRGHO �(;3�� ZLWK ���KRXU ER[FDU WLPH ILOWHUHG
WRSRJUDSKLF GUDJ �D�� DQG ZLWKRXW WRSRJUDSKLF GUDJ �E��

5HIHUHQFH�

$UELF� %� .�� :DOOFUDIW� $� -�� DQG 0HW]JHU� (� -�� &RQFXUUHQW VLPXODWLRQ RI WKH
HGG\LQJ JHQHUDO FLUFXODWLRQ DQG WLGHV LQ D JOREDO RFHDQ PRGHO� 2FHDQ 0RGHO��
������ �������� �����

$UELF� %�� $OIRUG� 0�� $QVRQJ� -�� %XLMVPDQ� 0�� &LRWWL� 5�� )DUUDU� -�� +DOOEHUJ� 5��
+HQ]H� &�� +LOO� &�� /XHFNH� &�� 0HQHPHQOLV� '�� 0HW]JHU� (�� 0�HOOHU� 0��
1HOVRQ� $�� 1HOVRQ� %�� 1JRGRFN� +�� 3RQWH� 5�� 5LFKPDQ� -�� 6DYDJH� $�� DQG
=KDR� =�� $ SULPHU RQ JOREDO LQWHUQDO WLGH DQG LQWHUQDO JUDYLW\ ZDYH FRQWLQXXP
PRGHOLQJ LQ +<&20 DQG 0,7JFP� KWWSV���GRL�RUJ����������JRY�����FK���
�����

-D\QH� 6� 5�� DQG 6W /DXUHQW� /� &�� 3DUDPHWHUL]LQJ WLGDO GLVVLSDWLRQ RYHU URXJK
WRSRJUDSK\� *HRSK\V� 5HV� /HWW�� ������ �������� �����

)LJ� �� �G� VKRZV WKH /60/ QRW WKH 0/' DV VSHFLILHG LQ WKH FDSWLRQ�

$XWKRU UHVSRQVH� 7KDQNV IRU SRLQWLQJ RXW WKLV� WKH FDSWLRQ LV FRUUHFWHG LQ WKH
UHYLVLRQ�

)LJ�V �� DQG �� DQG GLVFXVVLRQ RI WKH LQFOXVLRQ RI LQWHUQDO WLGHV� 7KLV ZDV QLFH WR VHH
DQG WKH PRVW XVHIXO SDUW RI WKH SDSHU� 7KH LQFOXVLRQ RI WKH LQWHUQDO WLGHV DSSHDUV WR
DGG 66+ YDULDELOLW\ EHWZHHQ ������ NP DQG LQFUHDVH WKH DPRXQW RI HQHUJ\ LQ WKH
VSHFWUD �ILJ� ��� LQ WKH PRUH TXLHVFHQW WURSLFDO UHJLRQV� VR WKDW WKH VSHFWUDO VORSH LV
UHGXFHG DQG PRUH LQ DJUHHPHQW ZLWK WKH REVHUYDWLRQV� +RZHYHU� ILJ� �� FOHDUO\ VKRZV
WKDW WKH LQWHUQDO WLGDO ILHOG DW WKH VXUIDFH LV WRR VWURQJ� SUREDEO\ EHFDXVH RI WKH ODFN RI
ERWWRP GLVVLSDWLRQ� &DQ WKH DXWKRUV FRPPHQW RQ KRZ WR UHFRQFLOH WKHVH WZR DVSHFWV�
LH LI WKH LQWHUQDO WLGDO ILHOG ZDV UHDOLVWLF� ZKDW ZRXOG WKH HIIHFW RQ WKH VSHFWUDO VORSHV
EH �H�J� LQ ILJ� ���H���

$XWKRU UHVSRQVH� $OWKRXJK WKH VORSHV RI (;3� �)LJ� ��F� DUH PRUH LQ DJUHHPHQW
ZLWK WKH REVHUYDWLRQV WKDQ WKDW RI (;3� �)LJ� ��E�� WKHUH LV VWLOO VRPH GLVFUHSDQFLHV�
HVSHFLDOO\ LQ WKH ORZ ODWLWXGH UHJLRQV RI $WODQWLF� ,Q WKLV UHJLRQ� WKH VORSH RI (;3� LV
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DSSDUHQWO\ PRUH IODW WKDQ WKH REVHUYDWLRQV� ZKLFK PD\ LQGLFDWH WKH LQWHUQDO WLGH KHUH LV
WRR VWURQJ� 0RUH UHDOLVWLF LQWHUQDO WLGDO ILHOG PD\ IXUWKHU LPSURYH WKH DJUHHPHQW RI WKH
PRGHO DQG REVHUYDWLRQV� 7KLV DOVR UHPLQG XV WKDW D SURSHU GLVVLSDWLRQ VFKHPH RI WKH
LQWHUQDO WLGH DQG LWV DGDSWLRQ ZLWK WKH WUDGLWLRQDO YLVFRVLW\ VFKHPHV IRU 2*&0 QHHG WR
EH GHYHORSHG LQ WKH IXWXUH�

O� ���� 5HSODFH ³LW GLVSODFHV E\ FOHDU GLVFUHWH EHDPV´ ZLWK ³WKHVH DUH VKRZQ E\ FOHDU
GLVFUHWH EHDPV´

$XWKRU UHVSRQVH� 7KDQNV� LW LV UHSODFHG LQ WKH UHYLVLRQ�

O����� ZKDW DUH WKH XQEDODQFHG PRWLRQV ± SUHVXPDEO\ WKH LQWHUQDO WLGHV� ,*:V HWF"

$XWKRU UHVSRQVH� 7KH ³XQEDODQFHG PRWLRQV´ UHIHUUHG WR WKH DJHRVWURSKLF PRWLRQV�
KHUH PDLQO\ LQWHUQDO WLGHV DQG LQHUWLD�JUDYLW\ ZDYHV� 7KH H[SODQDWLRQ KDV EHHQ DGGHG
LQ WKH UHYLVLRQ�

)LJ� ��� 3OHDVH VD\ ZKLFK VROLG EODFN OLQH LV WKH WHQWK QRUPDO PRGH� DQG ZKLFK LV WKH
ILUVW"

$XWKRU UHVSRQVH� 7KH FDSWLRQ KDV EHHQ PRGLILHG� ³6ROLG EODFN FXUYHV GHQRWH WKH
GLVSHUVLRQ UHODWLRQV IRU LQHUWLD�JUDYLW\ ZDYHV RI WKH ILUVW �XSSHU� DQG WHQWK �ORZHU�
YHUWLFDO PRGHV� ´

)LJ� �� FDSWLRQ LV ZURQJ� H�J WKH ER[ FHQWUHG DW ����(� ���1 LV VKRZQ LQ SDQHOV �D�� �E�
DQG �F� DQG QRW LQ SDQHOV �D� DQG �E� DV LQ WKH FDSWLRQ� ZLWK VLPLODU FRPPHQWV IRU WKH
RWKHU URZV RI SDQHOV�

$XWKRU UHVSRQVH� 7KDQNV IRU WKH FRPPHQWV� WKH FDSWLRQ KDV EHHQ FRUUHFWHG LQ WKH
UHYLVLRQ�

O� ���� 7KLV LV 127 D IXOO\�FRXSOHG PRGHO DV WKH VXUIDFH ZDYHV DUH FRPSXWHG RIIOLQH
DQG GR QRW LQWHUDFW ZLWK WKH RFHDQ FLUFXODWLRQ ILHOGV DV WKH\ HYROYH� VR FKDQJH ³VXUIDFH
ZDYH�WLGH�FLUFXODWLRQ IXOO\ FRXSOHG PRGHO´ WR ³VXUIDFH ZDYH�WLGH�FLUFXODWLRQ FRXSOHG
PRGHO´�

$XWKRU UHVSRQVH� 7KLV KDV EHHQ FKDQJHG LQ WKH UHYLVLRQ�

O� �������� ³ZH FOHDUO\ VKRZ VXUIDFH ZDYH�WLGH�FLUFXODWLRQ FRXSOLQJ FDQ GUDPDWLFDOO\
LPSURYH RXU VLPXODWLRQV´ LV QRW WUXH VLQFH WKH VXUIDFH ZDYHV DUH QRW IXOO\ FRXSOHG� 6R
GHOHWH WKH ZRUG ³FOHDUO\´�

$XWKRU UHVSRQVH� 'RQH�



0LQRU FRUUHFWLRQV WR WKH (QJOLVK �XS WR OLQH ���� DUH DV IROORZV �WKHUH DUH PDQ\ PRUH
VXFK FRUUHFWLRQV ZKLFK FRXOG EH PDGH� VR D WKRURXJK UHDG�WKURXJK E\ D QDWLYH (QJOLVK
VSHDNHU ZRXOG EH RI EHQHILW KHUH��

O� �� )XUWKHU LPSURYHG UHVROXWLRQ KDV D VLJQLILFDQW LPSDFW

O� �� 7KH PRVW XQFHUWDLQ WHUP

O� �� SURSRVHG DQ XSSHU RFHDQ PL[LQJ VFKHPH RI %Y

O� �� LQ PDQ\ FRDUVH UHVROXWLRQ

O� �� FRDUVH DQG KLJK UHVROXWLRQ

O� �� FRQILJXUDWLRQV DQG GHVLJQ

O� ��� EDURFOLQLF H[SHULPHQWV VR WKDW

$XWKRU UHVSRQVH� 7KDQNV IRU WKHVH FRUUHFWLRQV� WKH\ KDYH EHHQ FRUUHFWHG LQ WKH
UHYLVLRQ� :H KDYH WXUQHG WR D QDWLYH (QJOLVK VSHDNHU WR SROLVK WKH GUDIW�



5HIHUHH FRPPHQWV DUH LQ EOXH FRORUHG IRQWV� DQG RXU UHSOLHV LQ EODFN�

5HVSRQVH WR 5HIHUHH &RPPHQWV �

7KH SDSHU LQWURGXFHV ����� UHVROXWLRQ VLPXODWLRQV ZLWK ZDYHV DQG WLGHV� , WKLQN LW LV D
QLFH ILUVW HIIRUW LQ WHUPV RI PRGHO GHYHORSPHQW� +RZHYHU� , GRQ¶W ILQG WKH UHVXOWV IURP
WKHVH UXQV ZDUUDQW D VROLG VFLHQWLILF SXEOLFDWLRQ� 7KHUHIRUH� , UHFRPPHQG UHMHFWLRQ WR
WKH SDSHU�

7KH FRQFOXVLRQ RQ WKH HIIHFW RI UHVROXWLRQV LV KDUGO\ LQQRYDWLYH� KLJKHU UHVROXWLRQ
UHVROYHV VPDOOHU VFDOH SURFHVVHV� DQG WKDW DIIHFWV HGG\�ULFK V\VWHPV OLNH .XURVKLR DQG
*XOI 6WUHDP� ,Q FRQWUDVW� $&& VHHPV WR JHW ZRUVH LQ ������ ZKLFK VHHPV WR PH LV D
PRUH LQWHUHVWLQJ DVSHFW� EXW WKH DXWKRUV FXULRXVO\ OHIW LW RXW�

$XWKRU UHVSRQVH� 7KDQN \RX VR PXFK IRU SRLQWLQJ RXW WKDW WKLV LV ³D QLFH ILUVW HIIRUW
LQ WHUPV RI PRGHO GHYHORSPHQW´ UHJDUGLQJ WKH ����� UHVROXWLRQ VLPXODWLRQV ZLWK
ZDYHV DQG WLGHV LQ WKLV SDSHU� )RU UHVSRQGLQJ \RXU FRPPHQWV� ³7KH FRQFOXVLRQ RQ WKH
HIIHFW RI UHVROXWLRQV LV KDUGO\ LQQRYDWLYH� KLJKHU UHVROXWLRQ UHVROYHV VPDOOHU VFDOH
SURFHVVHV� DQG WKDW DIIHFWV HGG\�ULFK V\VWHPV OLNH .XURVKLR DQG *XOI 6WUHDP´� ZH
FODULI\�UHSHDW WKH QRYHOW\ RI WKLV VXEPLVVLRQ DV IROORZV�

�� ,W LV WKH ILUVW WU\ LQ WKH ZRUOG IRU PRGHO GHYHORSPHQW WR FRXSOH WKH VXUIDFH ZDYH�
WLGH DQG FLUFXODWLRQ LQWR D KLJK UHVROXWLRQ PRGHO� ZKLFK LV HPSKDVL]HG E\ UHYLHZHU�
DQG WKH PRGHO SHUIRUPV TXLWH ZHOO� 7KLV LQQRYDWLRQ RQ RFHDQ PRGHO GHYHORSPHQW
VKRXOG GHVHUYH WKH SXEOLFDWLRQ RQ *0'� :H DOVR ZRXOG OLNH WR TXRWH WKH FRPPHQWV
RI DQRWKHU UHIHUHH ³DGGV WR D VPDOO KDQGIXO RI VLPLODU YHU\ KLJK�UHVROXWLRQ VLPXODWLRQV
RI WKH RFHDQ ZKLFK KDYH EHHQ XQGHUWDNHQ WR GDWH�´

�� )RU WKH ILUVW WLPH� ZH TXDQWLWDWLYHO\ GHPRQVWUDWHG WKDW� ��� %\ LQFOXGLQJ WLGH� WKH
JHQHUDWHG LQWHUQDO WLGH PRGXODWHV WKH 6HD 6XUIDFH +HLJKW RQ JOREDO VFDOH ZKLFK LV WKH
NH\ IDFWRU FRQWULEXWLQJ WR WKH VXEVWDQWLDOO\ LPSURYHG DJUHHPHQW RI PRGHO DJDLQVW
VDWHOOLWH REVHUYDWLRQV LQ WHUPV RI ZDYH QXPEHU VSHFWUDO VORSHV RI PHVRVFDOH UDQJH LQ
WKH ORZ ODWLWXGH DQG ORZ (.( UHJLRQV� 7R RXU NQRZOHGJH� WKLV LV WKH ILUVW UHSRUW IRU WKH
JOREDO RFHDQ PRGHO LQ LPSURYLQJ WKH VLPXODWLRQ RI WKH ZDYH QXPEHU VSHFWUDO VORSHV
RI PHVRVFDOH UDQJH� ��� 7KH QRQ�EUHDNLQJ VXUIDFH ZDYH�LQGXFHG PL[LQJ �%Y� LV
SURYHG VWLOO WR EH DQ LPSRUWDQW FRQWULEXWRU WKDW LPSURYHV WKH DJUHHPHQW RI WKH
VLPXODWHG VXPPHU PL[HG OD\HU GHSWK DJDLQVW WKH $UJR REVHUYDWLRQV HYHQ ZLWK KLJK
KRUL]RQWDO UHVROXWLRQ RI ������ ZLWK WKH VLPXODWHG 0/' PHDQ HUURU UHGXFHG IURP ����
P ZLWKRXW %Y WR ���� P LQ H[SHULPHQW ZLWK %Y� :H SURYLGH D VROXWLRQ IRU DFFXUDWH
0/' ZKLFK LV FUXFLDOO\ LPSRUWDQW IRU WKH FOLPDWH V\VWHP� PDULQH HFRV\VWHP� DQG
7URSLFDO &\FORQH HYROXWLRQ�

�� $V DQ H[DPSOH� ZH TXDQWLWDWLYHO\ DVVHVV WKH LPSURYHPHQWV RI VLPXODWHG (.( RI WKH
GHYHORSHG JOREDO RFHDQ PRGHOV ZLWK KRUL]RQWDO UHVROXWLRQV RI ����� DQG ������ 7KHQ



ZH TXDQWLWDWLYHO\ DVVHVV WKH LPSDFW RI KRUL]RQWDO UHVROXWLRQ RQ WKH VLPXODWHG SDWKV RI
.XURVKLR DQG *XOI 6WUHDP� E\ SURSRVLQJ WKH ,QWHJUDWHG &LUFXODWLRQ 5RXWH (UURU
�,&5(� DV D TXDQWLWDWLYH FULWHULD� $V IDU DV ZH NQRZ� LW LV DOVR WKH ILUVW WLPH WKDW WKLV
,&5( FULWHULD IRU RFHDQ PRGHO HYDOXDWLRQ LV SURSRVHG DQG DSSOLHG�

7KH $&& LV QRW VSHFLILFDOO\ VWXGLHG LQ WKLV SDSHU� ZH ZLOO ORRN LQWR LW LQ WKH IXWXUH�

%DVHG RQ DOO WKH DERYH GLVWLQFW LQQRYDWLRQV� DQG ZLWK VHULRXV FRQVLGHUDWLRQ� ZH VHOHFW
WKLV KLJKO\ UHSXWHG MRXUQDO RI *0'�

7KH WLGH SDUW LV DOVR FRQIXVLQJ� )LUVW� WKH JOREDO DYHUDJHG 506 HUURUV LQ WKH EDURWURSLF
UXQV DUH VXVSLFLRXVO\ KLJK �HYHQ KLJKHU WKDQ VRPH RI WKH SDVW ZRUNV ZLWK ORZHU
UHVROXWLRQV�� ZKLFK EHJV IXUWKHU LQYHVWLJDWLRQ RI WKH YDOLGLW\ RI WKH PRGHO SK\VLFV DQG
PDNHV LW KDUG WR DUJXH WKH FRQFOXVLRQV EDVHG RQ WKHVH VLPXODWLRQV� )XUWKHUPRUH� WKH
����� EDURFOLQLF UXQ \LHOGV HYHQ ZRUVH WLGHV WKDQ QRW RQO\ LWV EDURWURSLF FRXQWHUSDUW
EXW DOVR WKH ����� UHVROXWLRQ UXQV� ,Q P\ RSLQLRQ� WKLV UHVXOW DORQH GLVFUHGLWV WKH PRGHO
DQG WKH FRQFOXVLRQV IURP WKH VLPXODWLRQV�

$XWKRU UHVSRQVH�:H GLVDJUHH ZLWK WKH UHYLHZ FRPPHQWV RI ³WKH JOREDO DYHUDJHG
506 HUURUV LQ WKH EDURWURSLF UXQV DUH VXVSLFLRXVO\ KLJK´� $V ZH FDQ VHH LQ )LJXUHV �G
DQG H� WKH VLPXODWHG FR�WLGDO FKDUWV RI EDURWURSLF UXQV DJUHH SUHWW\ JRRG ZLWK WKDW RI
73;2�� DQG WKH JOREDO DYHUDJHG 506 HUURUV LQ WKH EDURWURSLF UXQV LV ���� FP� ,W LV D
YHU\ UHDVRQDEOH VWDWLVWLF DQG ODLG D VROLG IRXQGDWLRQ IRU WKH GHYHORSPHQW RI KLJK
UHVROXWLRQ VXUIDFH�ZDYH�WLGH�FLUFXODWLRQ FRXSOHG PRGHO� *RLQJ WKURXJK WKH SUHYLRXV
SXEOLFDWLRQV ZLWK VLPLODU PRGHO SK\VLFV �6KULYHU HW DO�� ������ ZH QRWLFHG WKDW WKHLU
VLPXODWLRQ HUURUV IRU 0� LV ���� FP� ZKLOH RXU VLPXODWLRQ HUURU LV ���� FP� )RU JOREDO
EDURWURSLF WLGH PRGHOV� WKH 506( EHFRPH LQVHQVLWLYH WR WKH PRGHO UHVROXWLRQ EH\RQG
a����� �(JEHUW HW DO�� ������ $OWKRXJK ZH VWLOO KDYH URRP WR LPSURYH WKH DFFXUDF\
�VXFK DV� FKDQJLQJ PRGHO GLVFUHWL]DWLRQ IURP %�JULG WR &�JULG� PRUH UHDOLVWLF
WUHDWPHQW RI 6HOI $WUDFNWLRQ DQG /RDGLQJ HIIHFW HWF�� WR FDOO LW �VXVSLFLRXVO\ KLJK ���
EHJV IXUWKHU LQYHVWLJDWLRQ RI WKH YDOLGLW\ RI WKH PRGHO SK\VLFV DQG PDNHV LW KDUG WR
DUJXH WKH FRQFOXVLRQV EDVHG RQ WKHVH VLPXODWLRQV� LV XQIDLU DQG REYLRXVO\ DQ
H[DJJHUDWLRQ�,Q WKLV SDSHU� ZH UHSRUWHG WKDW WKH LQWHUQDO WLGH FDQ PRGXODWH VHD VXUIDFH
KHLJKW� DQG VHUYHV DV WKH NH\ IDFWRU FRQWULEXWLQJ WR WKH VXEVWDQWLDOO\ LPSURYHG
DJUHHPHQW RI PRGHO DJDLQVW VDWHOOLWH REVHUYDWLRQV LQ WHUPV RI ZDYH QXPEHU VSHFWUDO
VORSHV RI PHVRVFDOH UDQJHV� 7KLV LV WKH ILUVW UHSRUW IRU WKH JOREDO RFHDQ PRGHO� ,I ZH
DUH ZURQJ� ZH DVN 5HYLHZHU � WR HGXFDWH XV� 7KH NH\ WKDW ZH FDQ REVHUYH WKH
LPSRUWDQW WLGH�FLUFXODWLRQ FRXSOHG HIIHFWV LQ RXU QXPHULFDO H[SHULPHQWV LV WKDW ZH
KDYH FKRVHQ WKH SURSHU PRGHO VHWWLQJV� LQFOXGLQJ QRUPDO PRGHO EDFNJURXQG YLVFRVLW\�
DQG FORVHG WRSRJUDSKLF GUDJ VFKHPH XVHG LQ WKH EDURWURSLF UXQV QRW WR WXQH LW� ZKLFK
LV DOLJQHG ZLWK //&���� RI 0,7JFP �$UELF HW DO�� ������ 7KHVH PRGHOOLQJ VWUDWHJLHV
SXUVXH KRQHVW UHSUHVHQWDWLRQ RI WKH WLGH�FLUFXODWLRQ FRXSOHG SURFHVVHV� QRW MXVW WKH
DFFXUDF\ RI WKH WLGH� $V VKRZQ LQ )LJ� �I� WKH SDWWHUQ RI WKH ����� EDURFOLQLF UXQ



DJUHHV ZHOO ZLWK WKDW RI 73;2�� 6LQFH D ODUJH SRUWLRQ RI WLGDO HQHUJ\ FRQYHUVLRQ LV
UHVROYHG E\ WKH PRGHO� WKH WLGDO GLVVLSDWLRQ SDUDPHWHUL]DWLRQ IRU WKH ����� EDURFOLQLF
UXQ PXVW EH DEOH WR GLVWLQJXLVK WKH XQUHVROYHG DQG UHVROYHG WLGDO HQHUJ\
GLVVLSDWLRQ�FRQYHUVLRQ� 7R RXU NQRZOHGJH� WKLV NLQG RI WLGDO GLVVLSDWLRQ VFKHPH VWLOO
GRHV QRW H[LVW LQ WKH SUHVHQW SXEOLFDWLRQV DQG LV D GDXQWLQJ FKDOOHQJH IRU WKH RFHDQ
PRGHO VFLHQWLILF FRPPXQLW\� ,I WKH UHYLHZHU NQRZV VRPH SXEOLFDWLRQ� SOHDVH OHW XV
NQRZ� +HQFH ZH FKRRVH WR GLVDEOH WKH WRSRJUDSKLF GUDJ VFKHPH XVHG LQ WKH EDURWURSLF
UXQV QRW WR WXQH LW� ZKLFK LV DOLJQHG ZLWK //&���� RI 0,7JFP �$UELF HW DO�� ������
$OWKRXJK WKLV OHDGV WR ODUJHU HUURUV LQ VLPXODWHG JOREDO WLGH� ZH EHOLHYH WKDW LQ WKH
FXUUHQW VWDJH� WKH UHSUHVHQWDWLRQ RI WLGH�FLUFXODWLRQ FRXSOHG SURFHVVHV ZLOO EHQHILW
IURP WKLV VWUDWHJ\ MXVW DV VKRZQ LQ )LJXUH ��F�

:H KDYH DOVR FRQGXFWHG DGGLWLRQDO QXPHULFDO H[SHULPHQWV WR WHVW WKH YDOLGLW\ RI RXU
PRGHO SK\VLFV� DQG WR IXUWKHU LOOXVWUDWH WKH DGYDQWDJHV RI RXU PRGHOOLQJ VWUDWHJ\�
)ROORZLQJ $UELF HW DO� ������� ZH LPSOHPHQW WRSRJUDSKLF GUDJ VFKHPH �-D\QH DQG 6W�
/DXUHQW� ����� LQ WKH JOREDO EDURFOLQLF UXQ WR LPSURYH WKH DFFXUDF\ RI WKH VLPXODWHG
JOREDO WLGH� D ���KRXU ER[FDU WLPH ILOWHU LV DGRSWHG LQ WKH WRSRJUDSKLF GUDJ VFKHPH
DQG WKH SUHVVXUH IRUFH WR VHSDUDWH WKH WLGDO DQG QRQ�WLGDO PRWLRQV� ,Q RXU
LPSOHPHQWDWLRQ WKH WRSRJUDSKLF GUDJ VFKHPH LV DSSOLHG LQ WKH EDURWURSLF PRPHQWXP
HTXDWLRQ� 'XH WR OLPLWHG WLPH� WKH EHVW WXQHG H[SHULPHQWV DUH FRQGXFWHG LQ WKH �����
PRGHO� ZKLOH D VKRUW�WHUP H[SHULPHQW LV FRQGXFWHG LQ WKH ����� PRGHO� 7KUHH
QXPHULFDO H[SHULPHQWV EDVHG RQ WKH ����� PRGHO DUH FRQGXFWHG� �� EDURWURSLF UXQ
ZLWK WRSRJUDSKLF GUDJ WXQHG �%7B:LWK'UDJ�� �� EDURFOLQLF UXQ ZLWKRXW WRSRJUDSKLF
GUDJ �%&B1R'UDJ�� DQG �� EDURFOLQLF UXQ ZLWK WRSRJUDSKLF GUDJ EHVW WXQHG
�%&B:LWK'UDJ�� $OO RI WKH WKUHH H[SHULPHQWV UXQ IRU � PRQWKV� DQG WKH RXWSXWV RI ODVW
� PRQWKV DUH XVHG WR FRQGXFW KDUPRQLF DQDO\VLV� )LJXUH 5� VKRZV WKH FR�WLGDO FKDUWV
DQG 506( RI WKUHH QXPHULFDO H[SHULPHQWV� WKH VLPXODWHG 0� WLGH RI %&B:LWK'UDJ LV
VLJQLILFDQWO\ LPSURYHG FRPSDUHG WR WKDW RI %&B1R'UDJ� 7KH 506( RI %&B1R'UDJ
LV HYHQ VPDOOHU WKDQ WKDW RI %7B:LWK'UDJ� 7KH JOREDO DYHUDJHG 506( RI WLGDO
HOHYDWLRQ LV GHFUHDVHG IURP ����� FP RI %&B1R'UDJ WR ��� FP RI %&B:LWK'UDJ�
ZKLFK KDV VLPLODU DFFXUDF\ ZLWK WKDW RI ���� FP RI $UELF HW DO� ������� 7KH DERYH
UHVXOWV SURYLGH XV D VROXWLRQ WR LPSURYH WLGH VLPXODWLRQ�

$OWKRXJK WKH VLPXODWHG WLGH RI QXPHULFDO H[SHULPHQW ZLWKRXW WRSRJUDSKLF GUDJ LV OHVV
DFFXUDWH� LQ FXUUHQW VWDJH LW VWLOO KDV WKH IROORZLQJ WZR VXEVWDQWLDO DGYDQWDJHV RYHU WKH
H[SHULPHQW ZLWK WRSRJUDSKLF GUDJ�

�� $V PHQWLRQHG E\ $UELF HW DO� ������� WKH ���KRXU ER[FDU WLPH ILOWHU DGRSWHG LQ WKH
QXPHULFDO H[SHULPHQW ZLWK WRSRJUDSKLF GUDJ LV ³ODJJHG LQ WLPH �L�H� IURP WKH SUHYLRXV
�� K�´ DQG LV QRW DEOH WR VHSDUDWH WKH WLGDO DQG QRQ�WLGDO PRWLRQV H[DFWO\� :KLOH LQ WKH
QXPHULFDO H[SHULPHQW ZLWKRXW WRSRJUDSKLF GUDJ� WKH ���KRXU ER[FDU WLPH ILOWHU LV QR
ORQJHU QHHGHG� ZKLFK H[HPSW WKH GHJUDGDWLRQ RI WKH RFHDQ FLUFXODWLRQ VLPXODWLRQ
FDXVHG E\ WKH WLPH ILOWHU� 7KH VDWLVI\LQJ VLPXODWLRQ RI PDLQ SDWKV RI .XURVKLR DQG
*XOI 6WUHDP LQ WKH (;3� �)LJXUH �F DQG �F RI WKH UHYLVLRQ� PLJKW EH DQ HYLGHQFH
VXSSRUWLQJ WKLV DGYDQWDJH�



�� 7KH ���KRXU ER[FDU WLPH ILOWHU H[FOXGHV PRVW RI WKH FRQYHUJHQW�GLYHUJHQW
EDURWURSLF IORZV FDXVHG E\ LQWHUQDO WLGHV� ZKLFK GHJUDGHV WKH G\QDPLF VHD OHYHO WR
³VXUIDFH WLGH SOXV FLUFXODWLRQ VLPXODWLRQV´ �)LJXUH 5��� 7KLV LV HVVHQWLDOO\ GHFRXSOLQJ
EHWZHHQ VXUIDFH WLGH DQG LQWHUQDO WLGH� :KLOH LQ WKH H[SHULPHQW ZLWKRXW WRSRJUDSKLF
GUDJ� WKH WLGH�FLUFXODWLRQ FRXSOHG SURFHVVHV �VXFK DV LQWHUQDO WLGHV DQG UHODWHG LQHUWLDO
JUDYLW\ ZDYHV� DUH IDLWKIXOO\ UHSUHVHQWHG LQ WKH G\QDPLF VHD OHYHO� ZKLFK LV WKH
IRXQGDWLRQ RI WKH ZDYHQXPEHU VSHFWUXP DQDO\VLV LQ WKLV SDSHU �)LJXUHV �� RI WKH
UHYLVLRQ��

:H KRSH WKH DERYH DGGHG QXPHULFDO H[SHULPHQWV DQG H[SODQDWLRQV FRXOG DOOHYLDWH
UHYLHZHU¶V FRQFHUQV DERXW WKH WLGDO DFFXUDF\�

)LJXUH 5� 0� FR�WLGDO FKDUWV RI 73;2� �D�� EDURWURSLF �E� DQG EDURFOLQLF �I� WLGH PRGHO RI �����
ZLWK WRSRJUDSKLF GUDJ VFKHPH EHVW WXQHG� EDURFOLQLF WLGH PRGHO RI ����� �G� ZLWKRXW
WRSRJUDSKLF GUDJ� DQG WKHLU 506( �F� J DQG H��



)LJXUH 5� 66+ VQDSVKRW RI WKH ����� PRGHO �(;3�� ZLWK ���KRXU ER[FDU WLPH ILOWHUHG
WRSRJUDSKLF GUDJ �D�� DQG ZLWKRXW WRSRJUDSKLF GUDJ �E��

5HIHUHQFH�

$UELF� %� .�� :DOOFUDIW� $� -�� DQG 0HW]JHU� (� -�� &RQFXUUHQW VLPXODWLRQ RI WKH
HGG\LQJ JHQHUDO FLUFXODWLRQ DQG WLGHV LQ D JOREDO RFHDQ PRGHO� 2FHDQ 0RGHO��
������ �������� �����

$UELF� %�� $OIRUG� 0�� $QVRQJ� -�� %XLMVPDQ� 0�� &LRWWL� 5�� )DUUDU� -�� +DOOEHUJ� 5��
+HQ]H� &�� +LOO� &�� /XHFNH� &�� 0HQHPHQOLV� '�� 0HW]JHU� (�� 0�HOOHU� 0��
1HOVRQ� $�� 1HOVRQ� %�� 1JRGRFN� +�� 3RQWH� 5�� 5LFKPDQ� -�� 6DYDJH� $�� DQG
=KDR� =�� $ 3ULPHU RQ *OREDO ,QWHUQDO 7LGH DQG ,QWHUQDO *UDYLW\ :DYH
&RQWLQXXP 0RGHOLQJ LQ +<&20 DQG 0,7JFP�
KWWSV���GRL�RUJ����������JRY�����FK��� �����

(JEHUW� *� '�� 5D\� 5� '�� DQG %LOOV� %� *�� 1XPHULFDO PRGHOLQJ RI WKH JOREDO
VHPLGLXUQDO WLGH LQ WKH SUHVHQW GD\ DQG LQ WKH ODVW JODFLDO PD[LPXP� -� *HRSK\V�
5HV�� ����&��� GRL�������������-&������� �����

-D\QH� 6� 5�� DQG 6W /DXUHQW� /� &�� 3DUDPHWHUL]LQJ WLGDO GLVVLSDWLRQ RYHU URXJK
WRSRJUDSK\� *HRSK\V� 5HV� /HWW�� ������ �������� �����

6KULYHU� -�� $UELF� %� .�� 5LFKPDQ� -�� 5D\� 5�� 0HW]JHU� (�� :DOOFUDIW� $�� DQG 7LPNR�
3�� $Q HYDOXDWLRQ RI WKH EDURWURSLF DQG LQWHUQDO WLGHV LQ D KLJK�UHVROXWLRQ JOREDO
RFHDQ FLUFXODWLRQ PRGHO� -� *HRSK\V� 5HV�� ����&����
GRL�������������-&������� �����

,Q DGGLWLRQ� , ILQG WKH GUDIW SRRUO\ ZULWWHQ� 7KHUH DUH QXPHURXV JUDPPDU PLVWDNHV�
DQG PDQ\ VHQWHQFHV DUH HLWKHU FRQIXVLQJ RU DZNZDUG�

$XWKRU UHVSRQVH�:H KDYH LQYLWHG D QDWLYH (QJOLVK VSHDNHU WR SROLVK WKH GUDIW� 7KH
FHUWLILFDWH LV DWWDFKHG KHUH� 7KH FRUUHVSRQGLQJ DXWKRU LV WKH FR�HGLWRU�LQ�FKLHI RI
2FHDQ 0RGHOOLQJ� DQG KDYH DFWLYHO\ WDNHQ SDUW LQ LQWHUQDWLRQDO FRRSHUDWLRQ LQFOXGLQJ
DV WKH 'HFDGH $GYLVRU\ %RDUG PHPEHU RI 8QLWHG 1DWLRQV 'HFDGH RI 2FHDQ 6FLHQFH
IRU 6XVWDLQDEOH 'HYHORSPHQW� 2XU (QJOLVK LV IDU IURP SHUIHFW RU EHDXWLIXO� EXW VKRXOG
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EH RND\ IRU VFLHQWLILF XQGHUVWDQGLQJ� ,I WKH UHYLHZHU FRXOG SURYLGH GHWDLOHG FRPPHQWV
RQ ZKLFK VHQWHQFH VKRXOG EH SROLVKHG� WKDW ZLOO EH KLJKO\ DSSUHFLDWHG�


