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,Q WKLV SDSHU , VXSSRUW XVLQJ HFRQRPHWULF WHFKQLTXHV WR PHDVXUH WKH VL]H RI WKH KLGGHQ �XQGHUJURXQG�

HFRQRP\� EHFDXVH VXFK LQIRUPDWLRQ LV LPSRUWDQW IRU WKH FRQVWUXFWLRQ RI FHUWDLQ HFRQRPLF PRGHOV�

DQG IRU HPSLULFDO SROLF\ DQDO\VLV� *HQHUDOO\� GHWDLOHG LQIRUPDWLRQ RQ WKH RXWSXW RI WKH KLGGHQ

HFRQRP\ LV XQDYDLODEOH� (YHQ ZKHUH FDUHIXO PHDVXUHV RI WKH XQGHUJURXQG HFRQRP\ KDYH EHHQ

FRQVWUXFWHG� XVXDOO\ WKHVH GDWD DUH DYDLODEOH RQO\ SHULRGLFDOO\� ,PSRUWDQW H[FHSWLRQV DUH WKH FODVVLF

UHVXOWV RI 7DQ]L ������ IRU WKH 8QLWHG 6WDWHV� DQG %KDWWDFKDU\\D
V ������ VHULHV IRU WKH 8QLWHG

.LQJGRP� ,Q WKH FDVH RI WKH 1HZ =HDODQG HFRQRP\� D WLPH�VHULHV RI GDWD RQ WKH KLGGHQ HFRQRP\ KDV

EHHQ JHQHUDWHG UHFHQWO\ �*LOHV� ����D�� 7KLV SURYLGHV WKH XQXVXDO RSSRUWXQLW\ WR XQGHUWDNH

HFRQRPHWULF PRGHOOLQJ LQ D ZD\ ZKLFK WDNHV DFFRXQW RI VXFK DFWLYLW\ IRUPDOO\� 0RUHRYHU� ZH FDQ

H[DPLQH WKH SROLF\ LPSOLFDWLRQV DULVLQJ IURP WKH OLQNDJHV EHWZHHQ KLGGHQ RXWSXW DQG YDULRXV

PHDVXUHG HFRQRPLF DJJUHJDWHV�

$OWKRXJK� KLVWRULFDOO\� HPSLULFDO PHDVXUHV RI WKH KLGGHQ HFRQRP\ KDYH YDULHG HQRUPRXVO\ LQ WHUPV

RI WKH PHWKRGRORJ\ HPSOR\HG� WKH UHOLDELOLW\ RI WKH GDWD� DQG WKH PDJQLWXGHV WKDW KDYH EHHQ

HVWLPDWHG� WKHUH LV FRPSHOOLQJ HYLGHQFH UHJDUGLQJ FHUWDLQ DVSHFWV RI WKLV SKHQRPHQRQ� )LUVW� LW VHHPV

FOHDU WKDW WKH VL]H RI WKH KLGGHQ HFRQRP\ KDV EHHQ JURZLQJ �QRW RQO\ LQ DFWXDO QRPLQDO DQG UHDO

WHUPV� EXW DOVR UHODWLYH WR UHFRUGHG *'3� RYHU WKH SDVW WZR RU WKUHH GHFDGHV� LQ DOPRVW DOO RI WKH

FRXQWULHV IRU ZKLFK FRPSDUDWLYH GDWD KDYH EHHQ DVVHPEOHG � 6HFRQG� WKHUH LV HYLGHQFH WKDW WKLV�

JURZWK LQ WKH XQGHUJURXQG HFRQRP\ LV DVVRFLDWHG ZLWK LQFUHDVHV LQ WKH DFWXDO RU SHUFHLYHG WD[

EXUGHQ� 7KLUG� WKHUH LV HYLGHQFH WKDW WKHUH LV D VLPLODU DVVRFLDWLRQ EHWZHHQ XQGHUJURXQG HFRQRPLF

DFWLYLW\ DQG WKH �GHJUHH RI HFRQRPLF UHJXODWLRQ�� 5DWKHU WKDQ JR LQWR D GHWDLOHG GRFXPHQWDWLRQ RI

WKHVH DVVHUWLRQV KHUH� WKH UHDGHU PLJKW FRQVXOW WKH GLVFXVVLRQ DQG UHIHUHQFHV LQ *LOHV �����D��

&DUDJDWD DQG *LOHV ������� DQG *LOHV DQG &DUDJDWD ������� IRU H[DPSOH�
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7KHUH LV D VXEVWDQWLDO OLWHUDWXUH RQ WKH SUREOHP RI PHDVXULQJ WKH VL]H RI WKH KLGGHQ HFRQRP\� 6RPH

RI WKH GLIIHUHQW DSSURDFKHV WKDW KDYH EHHQ XVHG DUH GLVFXVVHG E\ *LOHV �����D�� DQG PDQ\ RWKHU

DXWKRUV� 7KHVH DSSURDFKHV LQFOXGH XVLQJ VXUYH\V RI WD[DWLRQ FRPSOLDQFH� XVLQJ WKH �LQLWLDO

GLVFUHSDQF\� EHWZHHQ QDWLRQDO LQFRPH DQG QDWLRQDO H[SHQGLWXUH� FRQVLGHULQJ IOXFWXDWLRQV LQ ODERXU
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IRUFH SDUWLFLSDWLRQ UDWHV� WKH PRQHWDU\ �WUDQVDFWLRQV DSSURDFK� RI )HLJH ������� PRGLILFDWLRQV RI

FXUUHQF\ GHPDQG HTXDWLRQV� DW OHDVW VLQFH WKH SLRQHHULQJ ZRUN RI &DJDQ ������� DQG WKH XVH RI

�ODWHQW YDULDEOH� VWUXFWXUDO PRGHOV� 7KHVH PHWKRGV KDYH WKHLU UHVSHFWLYH VWUHQJWKV DQG ZHDNQHVVHV�

EXW , ILQG WKH XVH RI VWUXFWXUDO ODWHQW YDULDEOH PRGHOV WR EH HQFRXUDJLQJ� 7KLV LV SDUWO\ EHFDXVH WKHVH

PRGHOV WDNH H[SOLFLW DFFRXQW RI ERWK LQGLFDWRUV RI KLGGHQ DFWLYLW\� DQG SRWHQWLDO FDXVHV� LQ D ULJRURXV

VWUXFWXUDO PRGHO� EXW DOVR EHFDXVH WKLV IUDPHZRUN IDFLOLWDWHV IRUPDO VWDWLVWLFDO WHVWLQJ RI WKHVH

UHODWLRQVKLSV�

,,� $ 02'(//,1* 0(7+2'2/2*<

,Q P\ EDVLF ZRUN RQ WKH VL]H RI WKH 1HZ =HDODQG KLGGHQ HFRQRP\ , KDYH XVHG D WZR�SDUW PRGHOOLQJ

PHWKRGRORJ\� 7KLV LV GHWDLOHG LQ *LOHV �����D�� EXW EDVLFDOO\ , HVWLPDWHG D 0,0,& ��PXOWLSOH

LQGLFDWRUV� PXOWLSOH FDXVHV�� VWUXFWXUDO PRGHO WR JHW D WLPH�VHULHV LQGH[ RI KLGGHQ�PHDVXUHG RXWSXW��

DQG HVWLPDWHG D �GHPDQG IRU FDVK� PRGHO WR REWDLQ D EHQFKPDUN IRU FRQYHUWLQJ WKLV LQGH[ LQWR GROODU

XQLWV� 8QOLNH HDUOLHU HPSLULFDO VWXGLHV RI WKH KLGGHQ HFRQRP\� DWWHQWLRQ ZDV SDLG WR WKH QRQ�

VWDWLRQDULW\ RI WKH WLPH�VHULHV GDWD�

0,0,& PRGHOV KDYH DOVR EHHQ XVHG E\ )UH\ DQG :HFN�+DQQHPDQQ ������� $LJQHU HW DO� ������� DQG

UHFHQWO\ E\ 7HGGV ������ WR PRGHO WKH XQGHUJURXQG HFRQRP\� 0\ 0,0,& PRGHO WUHDWV KLGGHQ

RXWSXW DV DQ XQREVHUYDEOH �ODWHQW� YDULDEOH� DQG XVHV VHYHUDO �PHDVXUDEOH� FDXVDO YDULDEOHV DQG

LQGLFDWRU YDULDEOHV� 7KH IRUPHU LQFOXGH PHDVXUHV RI WKH DYHUDJH DQG PDUJLQDO WD[ UDWHV� LQIODWLRQ� UHDO

LQFRPH DQG WKH GHJUHH RI UHJXODWLRQ LQ WKH HFRQRP\� 7KH ODWWHU LQFOXGH FKDQJHV LQ WKH �PDOH� ODERXU

IRUFH SDUWLFLSDWLRQ UDWH DQG LQ WKH FDVK�PRQH\ VXSSO\ UDWLR� 0\ FDVK�GHPDQG HTXDWLRQ GLIIHUV IURP

WKH LQQRYDWLYH PRGHO SURSRVHG E\ %KDWWDFKDU\\D ������ LQ KLV VWXG\ RI WKH %ULWLVK XQGHUJURXQG

HFRQRP\� , DOORZ IRU GLIIHUHQW YHORFLWLHV RI FLUFXODWLRQ LQ WKH �KLGGHQ� DQG �UHFRUGHG� HFRQRPLHV�

H[SOLFLWO\ �H[SODLQ� KLGGHQ DFWLYLW\� DQG DYRLG D IXQFWLRQDO DSSUR[LPDWLRQ LQ KLV DSSURDFK�

�)LJXUH � $ERXW +HUH�

)LJXUH � VKRZV P\ WLPH�VHULHV RI WKH 1HZ =HDODQG KLGGHQ HFRQRP\� DV D SHUFHQWDJH RI UHDO *'3�

RYHU WKH SHULRG ���� WR ����� ,PSRUWDQW VXSSRUWLYH HYLGHQFH DV WR LWV UHFHQW RUGHU RI PDJQLWXGH LV
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JHQHUDWHG IURP DFWXDO ,QODQG 5HYHQXH 'HSDUWPHQW DXGLW UHFRUGV E\ *LOHV �����F�� 7KHUH LV D FOHDU

GRZQZDUG VKLIW LQ WKH UHODWLYH VL]H RI WKH +LGGHQ (FRQRP\ LPPHGLDWHO\ DIWHU WKH LQWURGXFWLRQ RI WKH

JRRGV DQG VHUYLFHV WD[ �*67�� DQG WKH VLPXOWDQHRXV UHGXFWLRQV LQ WKH VDOHV� SHUVRQDO� DQG FRUSRUDWH

WD[ UDWHV LQ 2FWREHU ����� 7KH KLGGHQ HFRQRP\ IROORZV WKH SKDVHV RI WKH EXVLQHVV F\FOH LQ 1HZ

=HDODQG� DV LV FRQILUPHG LQ *LOHV �����G� ����D�� 8QUHFRUGHG HFRQRPLF DFWLYLW\ LQFUHDVHG IURP

DURXQG ���� RI PHDVXUHG UHDO *'3 LQ ���� WR D SHDN RI ����� LQ ����� WKHQ IHOO WR ���� RI *'3

LQ ���� EHIRUH LQFUHDVLQJ WR DURXQG ����� LQ ����� 7KHUH LV D VHFRQGDU\ HIIHFW LQ WKH F\FOLFDO GHFOLQH

IROORZLQJ WKH LQFUHDVH LQ WKH *67 UDWH IURP ��� WR ����� LQ -XO\ �����

9DULRXV DXWKRUV �H�J�� $OOLQJKDP DQG 6DQGPR� ����� KDYH SURYLGHG WKHRUHWLFDO IRXQGDWLRQV IRU WKH

K\SRWKHVLV WKDW XQGHUJURXQG HFRQRPLF DFWLYLW\ LQFUHDVHV ZLWK WKH WD[ EXUGHQ� )LJXUH � FRUURERUDWHV

WKLV IRU 1HZ =HDODQG� HVSHFLDOO\ ZKHQ FRQVLGHUHG ZLWK WKH GDWD RQ WKH HIIHFWLYH WD[ UDWH LQ WKDW

FRXQWU\ � 7KH PRGHOOLQJ ZRUN RI &DUDJDWD DQG *LOHV ������ DQG *LOHV DQG &DUDJDWD ������ SURYLGHV�

VLPXODWLRQ HYLGHQFH ZKLFK VKDUSHQV RXU XQGHUVWDQGLQJ RI WKLV OLQNDJH� )LQDOO\� ZKHQ WKH UDWLR GDWD

LQ )LJXUH � DUH GHFRPSRVHG LQWR VHSDUDWH VHULHV IRU KLGGHQ DQG UHFRUGHG RXWSXW� ZH ILQG WKDW WKH�

DEVROXWH VL]H RI WKH KLGGHQ HFRQRP\ H[KLELWV JUHDWHU YRODWLOLW\ WKDQ GRHV UHFRUGHG UHDO RXWSXW � WKH

VDPSOH FRHIILFLHQWV RI YDULDWLRQ DUH ��� DQG ��� UHVSHFWLYHO\�
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%HFDXVH FRPSOHWH VDPSOHV RI YDOXHV IRU WKH KLGGHQ HFRQRP\ DUH TXLWH UDUH� LW LV GLIILFXOW WR ILQG

H[SOLFLW H[DPSOHV RI HFRQRPHWULF PRGHOV ZKLFK LQFRUSRUDWH WKLV LPSRUWDQW IDFHW RI WKH HFRQRP\�

5HFHQWO\� KRZHYHU� WKH GDWD JHQHUDWHG E\ *LOHV �����D� KDYH EHHQ XVHG LQ VHYHUDO VXFK ZD\V� )LUVW�

WKH WLPH�VHULHV RI GDWD IRU WKH 1HZ =HDODQG KLGGHQ HFRQRP\ KDYH EHHQ XVHG WR H[DPLQH WKH FDXVDO

OLQNDJHV EHWZHHQ WKLV VHFWRU RI WKH HFRQRP\� DQG RWKHU LQWHUHVWLQJ PDFURHFRQRPLF YDULDEOHV� )RU

H[DPSOH� *LOHV �����E� UHSRUWV HYLGHQFH RI *UDQJHU FDXVDOLW\ IURP PHDVXUHG WR KLGGHQ DFWLYLW\ LQ

1HZ =HDODQG� EXW RQO\ ZHDN HYLGHQFH RI FDXVDOLW\ LQ WKH UHYHUVH GLUHFWLRQ� 7KLV ILQGLQJ SRVHV

VRPHWKLQJ RI D GLOHPPD IRU SROLF\�PDNHUV ZLVKLQJ WR VWLPXODWH HFRQRPLF JURZWK� EXW DOVR ZLVKLQJ

WR FRQWDLQ WKH �WD[�JDS�� -RKQVRQ ������ KDV H[WHQGHG WKLV DQDO\VLV E\ UH�FRQVLGHULQJ WKH PRQH\�
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RXWSXW FDXVDOLW\ LVVXH IRU 1HZ =HDODQG� ZLWK DQ H[SOLFLW DOORZDQFH IRU ERWK UHFRUGHG DQG KLGGHQ

RXWSXW� ,QWHUHVWLQJO\� VKH ILQGV FDXVDOLW\ IURP 0� WR PHDVXUHG RXWSXW� EXW QR VXFK FDXVDOLW\ ZKHQ

�KLGGHQ RXWSXW� LV DGGHG WR WKH ODWWHU YDULDEOH� 7KLV KDV LPSRUWDQW LPSOLFDWLRQV IRU PRQHWDU\ SROLF\

LQ WKDW FRXQWU\�

7KH KLGGHQ RXWSXW GDWD KDYH DOVR EHHQ XVHG E\ *LOHV �����G� ����D� WR WHVW IRU DV\PPHWULHV LQ WKH

PHDVXUHG DQG KLGGHQ EXVLQHVV F\FOHV� 1R DV\PPHWULHV DUH IRXQG LQ HLWKHU F\FOH� LPSO\LQJ WKDW ILVFDO

DQG PRQHWDU\ SROLF\ FKDQJHV WKDW UHVSRQG WR WKH REVHUYHG EXVLQHVV F\FOH DUH OLNHO\ WR KDYH FRQVLVWHQW

HIIHFWV RQ WKH KLGGHQ F\FOH� )LQDOO\� �*LOHV� ����F� , KDYH IRXQG VWURQJ HYLGHQFH RI *UDQJHU FDXVDOLW\

IURP WD[�UHODWHG SURVHFXWLRQV WR WKH VL]H RI WKH KLGGHQ HFRQRP\ LQ 1HZ =HDODQG� VXJJHVWLQJ WKDW WKH

FRPSOLDQFH HIIRUWV RI WKDW FRXQWU\
V ,QODQG 5HYHQXH 'HSDUWPHQW DUH SUR�DFWLYH� UDWKHU WKDQ UHDFWLYH�

7KLV LV DQ LPSRUWDQW FRQFOXVLRQ LQ UHODWLRQ WR WKH DOORFDWLRQ RI UHVRXUFHV WR HQFRXUDJH WD[DWLRQ

FRPSOLDQFH�

8QUHFRUGHG HFRQRPLF DFWLYLW\ LV XQWD[HG� LPSO\LQJ D VKRUWIDOO EHWZHHQ DFWXDO DQG SRWHQWLDO WD[

UHYHQXH� 7KLV �WD[�JDS�� FDQ EH HVWLPDWHG E\ PXOWLSO\LQJ WKH KLGGHQ�PHDVXUHG *'3 UDWLR E\ WRWDO

WD[ UHYHQXH� JLYLQJ ILJXUHV ZKLFK UDQJH IURP ���� WR ����� RI WRWDO WD[ OLDELOLW\ RYHU WKH VDPSOH�

UHSUHVHQWLQJ �����%LOOLRQ WR �����%LOOLRQ LQ IRUHJRQH QRPLQDO UHYHQXH � &DUDJDWD DQG *LOHV �������

DQG *LOHV DQG &DUDJDWD ������ HVWLPDWH D QRQ�OLQHDU UHODWLRQVKLS EHWZHHQ KLGGHQ RXWSXW DQG WKH

HIIHFWLYH WD[ UDWH� ZLWK DOORZDQFHV IRU JURZWK LQ UHDO PHDVXUHG RXWSXW DQG IRU FKDQJHV LQ WKH �WD[

PL[� RYHU WLPH� 7KH\ WKHQ VLPXODWH WKH HIIHFW RQ WKH KLGGHQ HFRQRP\ RI YDULRXV FKDQJHV LQ ILVFDO

SROLF\� $PRQJ WKHLU PRVW LPSRUWDQW ILQGLQJV DUH ILUVW� WKDW LQ 1HZ =HDODQG� DSSUR[LPDWHO\ KDOI RI

KLGGHQ DFWLYLW\ LV ILVFDOO\ UHVSRQVLYH � WKH UHVW EHLQJ �KDUG FRUH HYDVLRQ�� VHFRQG� WKDW DQ HIIHFWLYH

WD[ UDWH RI WKH RUGHU RI ��� RI *'3 PD[LPL]HV WKH LPSDFW RI WD[ UHGXFWLRQV RQ WKH KLGGHQ HFRQRP\�

DQG WKLUG� WKDW DGMXVWLQJ ILVFDO SROLF\ LQ IDYRXU RI PRUH LQGLUHFW WD[DWLRQ DQG OHVV GLUHFW WD[DWLRQ LV

HIIHFWLYH LQ FRPEDWWLQJ WD[ HYDVLRQ� 7KHVH UHVXOWV ZDUUDQW IXUWKHU LQYHVWLJDWLRQ LQ RWKHU HFRQRPLHV�



�

,9� 7+( '(0$1' )25 021(<� $*$,1

7R DGG WR WKH DERYH OLVW RI H[DPSOHV RI HFRQRPHWULF DQDO\VHV XVLQJ KLGGHQ HFRQRP\ GDWD� , FRQVLGHU

RQH IXUWKHU DSSOLFDWLRQ� +HUH , SURYLGH VRPH QHZ UHVXOWV RQ PRGHOOLQJ WKH GHPDQG IRU PRQH\ LQ 1HZ

=HDODQG� WDNLQJ DFFRXQW RI WKH IDFW WKDW UHFRUGHG RXWSXW XQGHUVWDWHV DFWXDO RXWSXW� 7KLV XQGHU�

VWDWHPHQW YDULHV RYHU WKH EXVLQHVV F\FOH� &RQVLGHU WKH IROORZLQJ VLPSOH PRQH\ GHPDQG HTXDWLRQ�

ZKLFK LV LQ WKH VSLULW RI HDUO\ ZRUN E\ /DLGOHU DQG 3DUNLQ ������� DQG +HQGU\ DQG 0L]RQ �������
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ZKHUH 0 LV WKH PRQH\ VWRFN� < LV �UHFRUGHG� UHDO RXWSXW RU LQFRPH� 5 LV D VKRUW�WHUP LQWHUHVW UDWH
W 5W W

YDULDEOH� DQG 3 LV WKH SULFH OHYHO� DW WLPH �W�� 7KRPDV ������ SURYLGHV DQ H[FHOOHQW GLVFXVVLRQ RI WKH
W

LVVXHV DVVRFLDWHG ZLWK WKH IRUPXODWLRQ DQG HVWLPDWLRQ RI VXFK PRQH\ GHPDQG PRGHOV� LQFOXGLQJ WKH

LVVXHV DVVRFLDWHG ZLWK WKH FKRLFH RI GDWD IRU WKH PRQH\� RXWSXW� DQG LQWHUHVW UDWH YDULDEOHV� 7DNLQJ

QDWXUDO ORJDULWKPV �LQ ORZHU�FDVH V\PEROV��

P  �� � �� \ � �� U ��� S � �� �W � � 5W � W � W W

���

ZKHUH �  ORJ�� 
��
� �

6XSSRVH WKDW ZH H[WHQG PRGHO ��� WR DOORZ IRU ERWK D �UHFRUGHG� DQG D �KLGGHQ� VHFWRU� ZLWK WKH

GHPDQG IRU PRQH\ GHSHQGLQJ RQ WRWDO RXWSXW� <  �< � < �� 7KH REYLRXV FRXQWHUSDUW WR
5+W 5W +W

HTXDWLRQ ��� LV ��

P  �� � �� \ � �� U ��� S � �� �W � � 5+W � W � W W

���

&OHDUO\� RQH LQWHUHVWLQJ TXHVWLRQ LV ZKHWKHU RU QRW VXFK DQ DOORZDQFH IRU WKH SUHVHQFH RI KLGGHQ

DFWLYLW\� LI GDWD IRU WKH ODWWHU DUH DYDLODEOH� KDV DQ\ LPSDFW RQ WKH SROLF\ FRQFOXVLRQV DULVLQJ IURP WKH

HVWLPDWLRQ RI WKH PRQH\�GHPDQG PRGHO� , H[SORUH WKLV KHUH ZLWK WKH 1HZ =HDODQG KLGGHQ HFRQRP\

GDWD GHVFULEHG DERYH� 7KH VDPSOH FRYHUV WKH FDOHQGDU \HDUV ���� WR ����� 7KH VWDUWLQJ GDWH LV

FRQVWUDLQHG E\ WKH DYDLODEOH LQWHUHVW UDWH GDWD� ZKLOH WKH ILQLVKLQJ GDWH LV GHWHUPLQHG E\ WKH HVWLPDWHG
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KLGGHQ RXWSXW GDWD� +HUH� 0 LV 0�� D FKRLFH JRYHUQHG E\ WKH IDFW WKDW QDUURZHU GHILQLWLRQV RI WKH
W

1HZ =HDODQG PRQH\ VWRFN H[KLELW VWUXFWXUDO EUHDNV RYHU WKH VDPSOH SHULRG EHFDXVH RI FKDQJHV LQ

WKH ZD\ LQ ZKLFK ()7326 WUDQVDFWLRQV ZHUH FDWHJRUL]HG� 3 LV WKH &RQVXPHU 3ULFH ,QGH[� DQG 5�

W W

LV WKH QLQHW\�GD\ ELOO UDWH� %RWK < DQG < DUH LQ UHDO ������� PLOOLRQV RI GROODUV� )XUWKHU GDWD
5W +W

GHWDLOV DUH JLYHQ E\ *LOHV �����D�� DQG DUH DYDLODEOH RQ UHTXHVW�

7DEOH � VKRZV WKH UHVXOWV RI WHVWLQJ WKH YDULRXV �ORJ� GDWD VHULHV IRU QRQ�VWDWLRQDULW\� %RWK WKH

�DXJPHQWHG� 'LFNH\�)XOOHU �6DLG DQG 'LFNH\� ����� �$')� DQG .ZLDWRZVNL HW DO� ������ �.366�

WHVWV DUH XVHG � , KDYH IROORZHG WKH VHTXHQWLDO VWUDWHJ\ VXJJHVWHG E\ 'RODGR HW DO� ������ WR GHDO ZLWK�

WKH GULIW DQG WUHQG WHUPV LQ WKH $') UHJUHVVLRQV� ,Q 7DEOH �� W LV WKH $') �W�WHVW� ZLWK GULIW DQG
GW

WUHQG� ) LV WKH $') �)�WHVW� IRU D XQLW URRW DQG �]HUR WUHQG�� W LV WKH $') �W�WHVW� ZLWK GULIW �EXW
XW G

QR WUHQG�� ) LV WKH $') �)�WHVW� IRU D XQLW URRW DQG �]HUR GULIW�� DQG W GHQRWHV WKH �QR�GULIW�QR�
XG

WUHQG� $') �W�WHVW�� ([SRVLWRU\ LOOXVWUDWLRQV RI WKH 'RODGR HW DO� VWUDWHJ\ DUH JLYHQ E\ *LOHV HW DO�

������� DQG *LOHV �����D�� IRU H[DPSOH�

�7DEOH � $ERXW +HUH�

7KH XQLW URRW WHVW UHVXOWV LQ 7DEOH � VXJJHVW WKDW HDFK RI WKH YDULDEOHV IRU HTXDWLRQV ��� DQG ��� DUH

,���� 7KLV ZDV VXSSRUWHG ZKHQ WKH FRUUHVSRQGLQJ WHVWV ZHUH DSSOLHG WR WKH ILUVW�GLIIHUHQFHG GDWD� 7KH

RWKHU UHVXOWV LQ 7DEOH � UHODWH WR WKH (QJOH�*UDQJHU �WZR�VWHS� WHVW IRU FRLQWHJUDWLRQ EHWZHHQ WKH

YDULDEOHV LQ HDFK FDVH� $V ZH VHH� LQ HDFK HTXDWLRQ WKH YDULDEOHV DSSHDU WR EH FRLQWHJUDWHG� ,W ZRXOG

EH LQWHUHVWLQJ WR LQYHVWLJDWH WKLV LVVXH IXUWKHU� XVLQJ -RKDQVHQ
V SURFHGXUH WR GHWHUPLQH WKH QXPEHU

RI FRLQWHJUDWLQJ YHFWRUV� EXW KHUH , VKDOO VLPSO\ XVH WKH HYLGHQFH RI VRPH FRLQWHJUDWLRQ WR VXSSRUW

WKH HVWLPDWLRQ RI ��� DQG ��� LQ WKH �ORJ� OHYHOV RI WKH GDWD� 7KDW LV� , ZLOO IRFXV RQ ORQJ�UXQ

HTXLOLEUDWLQJ UHODWLRQVKLSV� UDWKHU WKDQ RQ VKRUW�UXQ G\QDPLFV YLD HUURU�FRUUHFWLRQ PRGHOV� ,QGHHG�

WKH LVVXH RI ODJV DQG G\QDPLFV LQ WKH FRQWH[W RI PRQH\ GHPDQG HTXDWLRQV KDV EHHQ FRQWURYHUVLDO

�H�J�� 0D\HV� ����� SS��������� 7KRPDV� ����� SS����������

7KH 2/6 UHVXOWV IRU ��� DQG ��� DSSHDU LQ 7DEOH �� ZLWK VRPH EDVLF GLDJQRVWLF VWDWLVWLFV� 7KHVH ZHUH

DOVR REWDLQHG ZLWK 6+$=$0 ��������,Q WKDW WDEOH� ': LV WKH H[DFW 'XUELQ�:DWVRQ WHVW� -% GHQRWHV

WKH -DUTXH�%HUD QRUPDOLW\ WHVW� 5 LV WKH 5(6(7 WHVW XVLQJ �L� SRZHUV RI WKH FRQGLWLRQDO PHDQ� ) LV
L L



�

WKH )5(6(7 WHVW �'H%HQHGLFWLV DQG *LOHV� ����� XVLQJ �L� )RXULHU WHUPV� /0 LV WKH /DJUDQJH
L

0XOWLSOLHU WHVW IRU �LWK�� RUGHU DXWRFRUUHODWLRQ� DQG + GHQRWHV WKH +DXVPDQ WHVW VWDWLVWLF � EDVHG RQ�

2/6 DQG ,9 HVWLPDWLRQ �XVLQJ ODJJHG UHJUHVVRUV DV LQVWUXPHQWV�� 7KH UHVXOWV LQ 7DEOH � LQGLFDWH WKDW

IRU ERWK PRGHOV� WKH HVWLPDWHG FRHIILFLHQWV DUH RI WKH DQWLFLSDWHG VLJQ DQG DUH VLJQLILFDQW� DQG WKH

GLDJQRVWLF WHVWV VXSSRUW WKH PRGHOV
 VSHFLILFDWLRQV� 1R VLJQLILFDQW YDOXHV ZHUH REWDLQHG IRU DQ\ RI

WKH KRPRVNHGDVWLFLW\ WHVW VWDWLVWLFV WKDW DUH URXWLQHO\ FRPSXWHG E\ 6+$=$0� WKH VWDELOLW\ RI WKH

GHPDQG IRU PRQH\ ZDV VXSSRUWHG E\ ERWK &8680 DQG &868064 WHVWV� DQG DSSOLFDWLRQ RI WKH

'DYLGVRQ DQG 0DF.LQQRQ ������ �- WHVW� SURGXFHG �W�VWDWLVWLFV� RI ����� DQG ����� VR QHLWKHU RI WKH

WZR PRGHOV FRXOG EH UHMHFWHG LQ IDYRXU RI WKH RWKHU�

�7DEOH � $ERXW +HUH�

7KH SDUDPHWHU HVWLPDWHV IRU HTXDWLRQV ��� DQG ��� LQ 7DEOH � DUH TXLWH VLPLODU� EXW WKHUH DUH VRPH

LQWHUHVWLQJ GLIIHUHQFHV� )RU H[DPSOH� DGGLQJ LQ WKH KLGGHQ VHFWRU VXJJHVWV WKLV GHPDQG LV LQFRPH

LQHODVWLF� UDWKHU WKDQ HODVWLF� �1HLWKHU HODVWLFLW\ LV VLJQLILFDQWO\ GLIIHUHQW IURP XQLW\�� ,Q FRQWUDVW� WKH

HVWLPDWHG SULFH DQG LQWHUHVW UDWH HODVWLFLWLHV LQFUHDVH VOLJKWO\� DQG EHFRPH PRUH VLJQLILFDQW� ZKHQ

XQGHUJURXQG RXWSXW LV LQFRUSRUDWHG LQWR WKH PRGHO� *HQHUDOO\� WKH 1HZ =HDODQG PRQH\ GHPDQG

IXQFWLRQ DSSHDUV WR EH TXLWH UREXVW WR WKH H[FOXVLRQ RI WKH XQGHUJURXQG HFRQRP\� DQG VR RUWKRGR[

PRGHOV PD\ EH TXLWH UHOLDEOH IRU SROLF\�PDNLQJ�

9� &21&/86,216

7KH YHU\ QDWXUH RI WKH KLGGHQ HFRQRP\ PDNHV RQH VFHSWLFDO RI DQ\ DWWHPSWV WR PHDVXUH LWV

PDJQLWXGH� DQG WR XVH VXFK PHDVXUHV LQ HFRQRPHWULF PRGHOV GHVLJQHG WR DLG SROLF\�PDNHUV�

+RZHYHU� GXULQJ WKH SDVW WKUHH GHFDGHV� VWDWLVWLFDO WRROV KDYH EHHQ GHYHORSHG ZKLFK PDNH WKLV WDVN

OHVV GDXQWLQJ� &RXSOLQJ WKLV ZLWK WKH ZLGHVSUHDG LQWHUQDWLRQDO HYLGHQFH WKDW WKH KLGGHQ HFRQRP\ LV

ODUJH� JURZLQJ� DQG DW OHDVW SDUWLDOO\ VHQVLWLYH WR ILVFDO LQVWUXPHQWV LQ PRVW FRXQWULHV� , ZRXOG

FRQWHQG WKDW FDUHIXO DWWHPSWV WR HVWLPDWH DQG XVH PHDVXUHV RI WKH KLGGHQ HFRQRP\ VKRXOG EH WDNHQ

VHULRXVO\� (YHQ EDVLF HYLGHQFH RQ WKH FDXVDO UHODWLRQVKLSV EHWZHHQ KLGGHQ RXWSXW DQG RWKHU

PDFURHFRQRPLF YDULDEOHV LV LPSRUWDQW IRU SROLF\�PDNLQJ� DQG LI DOORZDQFHV IRU WKH KLGGHQ VHFWRU LQ

RXU VWUXFWXUDO PRGHOV DIIHFW WKH DVVRFLDWHG SROLF\ LPSOLFDWLRQV� WKHQ WKLV GHVHUYHV IXUWKHU UHVHDUFK�
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8QLW 5RRW DQG &RLQWHJUDWLRQ 7HVWV

0RQH\ 'HPDQG 0RGHOV� $QQXDO /RJDULWKPLF 'DWD

6DPSOH SHULRG� ���� � ����

$') 1RQ�6WDWLRQDULW\ 7HVWV .366 6WDWLRQDULW\ 7HVWV

�O  ��

6HULHV S W ) W ) W ,�"� /HYHO 7UHQG ,�"�
GW XW G XG

P � ����� ���� ����� ����
 Q�D�� ,��� ����
 ����
 ,���

\ � ����� ���� ���� ���� ��� ,��� ���� ����
 ,���
5+

\ � ����� ���� ���� ����
 Q�D�� ,��� ���� ����
 ,���
5

U � ����� ���� ����� ���� ����� ,��� ���� ����
 ,���

S � ���� ���� ����� ���� ���� ,��� ���� ����
 ,���

(QJOH�*UDQJHU�$') &RLQWHJUDWLRQ 7HVWV

(TXDWLRQ 1R 7UHQG :LWK 7UHQG

��� �����
 �����

��� �����
 �����


 � 6LJQLILFDQW DW WKH ��� OHYHO
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2/6 5HJUHVVLRQ 5HVXOWV�����

(TQ� �� �� ���� �� 5 ': +
� � � �

�

��� ������� ����� ������ ����� ���� ���� ����

�������� ������� �������� ������� >����@ >����@

��� ������� ����� ������ ����� ���� ���� ����

�������� ������� �������� ������� >����@ >����@

)XUWKHU 'LDJQRVWLF 7HVWV

(TQ� -% 5 5 5 ) ) ) /0 /0 /0 /0
� � � � � � � � � �

��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

>����@ >����@ >����@ >����@ >����@ >����@ >����@ >����@ >����@ >����@ >����@

��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

>����@ >����@ >����@ >����@ >����@ >����@ >����@ >����@ >����@ >����@ >����@

�� �W�YDOXHV� DSSHDU LQ SDUHQWKHVHV�

�� �S�YDOXHV� DSSHDU LQ EUDFNHWV�

�� $OWKRXJK ZH H[SHFW � ! �� WKH DQWLFLSDWHG VLJQ RI � LV DPELJXRXV�
�




�
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$LJQHU� '� -�� 6FKQHLGHU� ) DQG *KRVK� '� ������� 
0H DQG P\ VKDGRZ� HVWLPDWLQJ WKH VL]H RI WKH

KLGGHQ HFRQRP\ IURP WLPH VHULHV GDWD�
 ,Q '\QDPLF (FRQRPHWULF 0RGHOLQJ� 3URFHHGLQJV RI WKH 7KLUG

,QWHUQDWLRQDO 6\PSRVLXP LQ (FRQRPLF 7KHRU\ DQG (FRQRPHWULFV �HGV� :� $� %DUQHWW HW DO���

&DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV� SS� ��������

$OOLQJKDP� 0� DQG 6DQGPR� $� ������� 
,QFRPH WD[ HYDVLRQ� D WKHRUHWLFDO DQDO\VLV�
 -RXUQDO RI 3XEOLF

(FRQRPLFV� YRO� �� SS� ��������

%KDWWDFKDU\\D� '� .� ������� 
$Q HFRQRPHWULF PHWKRG RI HVWLPDWLQJ WKH 
KLGGHQ
 HFRQRP\
� 8QLWHG

.LQJGRP ����������� � HVWLPDWHV DQG WHVWV�
 (FRQRPLF -RXUQDO� YRO� ���� SS� ��������

&DJDQ� 3� ������� 
7KH GHPDQG IRU FXUUHQF\ UHODWLYH WR WKH WRWDO PRQH\ VXSSO\�
 MRXUQDO RI 3ROLWLFDO

(FRQRP\� YRO� ��� SS� ��������

&DUDJDWD� 3� -� DQG *LOHV� '� (� $� ������� 
6LPXODWLQJ WKH UHODWLRQVKLS EHWZHHQ WKH KLGGHQ HFRQRP\

DQG WKH WD[ OHYHO DQG WD[ PL[ LQ 1HZ =HDODQG�
 (FRQRPHWULFV :RUNLQJ 3DSHU ����� 'HSDUWPHQW RI

(FRQRPLFV� 8QLYHUVLW\ RI 9LFWRULD�

'DYLGVRQ� 5� DQG 0DF.LQQRQ� -�� ������� 
6HYHUDO WHVWV IRU PRGHO VSHFLILFDWLRQ LQ WKH SUHVHQFH RI

DOWHUQDWLYH K\SRWKHVHV�
 (FRQRPHWULFD� YRO� ��� SS� ��������

'H%HQHGLFWLV� /� )� DQG *LOHV� '� (� $� ������� 
7HVWLQJ WKH VSHFLILFDWLRQ RI UHJUHVVLRQ PRGHOV XVLQJ

)RXULHU VHULHV DSSUR[LPDWLRQV� WKH )5(6(7 WHVW�
 ,Q +DQGERRN RI $SSOLHG (FRQRPLF 6WDWLVWLFV� �HGV�

$� 8OODK DQG '� (� $� *LOHV�� 1HZ <RUN� 0DUFHO 'HNNHU� SS� ��������



��

'RGV� -� /� DQG *LOHV� '� (� $� ������� 
$OWHUQDWLYH VWUDWHJLHV IRU 
DXJPHQWLQJ
 WKH 'LFNH\�)XOOHU WHVW�

VL]H�UREXVWQHVV LQ WKH IDFH RI SUH�WHVWLQJ�
 -RXUQDO RI 6WDWLVWLFDO &RPSXWDWLRQ DQG 6LPXODWLRQ� YRO�

��� SS� ��������

'RODGR� -� -�� -HQNLQVRQ� 7� DQG 6RVYLOOD�5LYHUR� 6� ������� 
&RLQWHJUDWLRQ DQG XQLW URRWV�
 -RXUQDO

RI (FRQRPLF 6XUYH\V� YRO� �� SS� ��������

)HLJH� (� /� ������� 
+RZ ELJ LV WKH LUUHJXODU HFRQRP\"
 &KDOOHQJH� YRO� ��� SS������

)UH\� %� 6� DQG :HFN�+DQQHPDQQ� +� ������� 
7KH KLGGHQ HFRQRP\ DV DQ 
XQREVHUYHG
 YDULDEOH�


(XURSHDQ (FRQRPLF 5HYLHZ� YRO���� SS� ������

*LOHV� '� (� $� �����D�� 
7KH KLGGHQ HFRQRP\ DQG WKH WD[�JDS LQ 1HZ =HDODQG� D ODWHQW YDULDEOH

DQDO\VLV
�'LVFXVVLRQ 3DSHU ����� 'HSDUWPHQW RI (FRQRPLFV� 8QLYHUVLW\ RI 9LFWRULD�

*LOHV� '� (� $� �����E�� 
&DXVDOLW\ EHWZHHQ WKH PHDVXUHG DQG XQGHUJURXQG HFRQRPLHV LQ 1HZ

=HDODQG�
 $SSOLHG (FRQRPLFV /HWWHUV� YRO� �� SS� ������

*LOHV� '� (� $� �����F�� 
7KH KLGGHQ HFRQRP\ DQG WD[�HYDVLRQ SURVHFXWLRQV LQ 1HZ =HDODQG�
 $SSOLHG

(FRQRPLFV /HWWHUV� YRO� �� SS� ��������

*LOHV� '� (� $� �����G�� 
7HVWLQJ IRU DV\PPHWU\ LQ WKH PHDVXUHG DQG XQGHUJURXQG EXVLQHVV F\FOHV

LQ 1HZ =HDODQG�
 (FRQRPLF 5HFRUG� YRO� ��� SS� ��������

*LOHV� '� (� $� �����D�� 
7KH ULVH DQG IDOO RI WKH 1HZ =HDODQG XQGHUJURXQG HFRQRP\� DUH WKH

5HVSRQVHV 6\PPHWULF"�� IRUWKFRPLQJ LQ $SSOLHG (FRQRPLFV /HWWHUV� �����

*L( � $ � � � � � � E � � 
 7 K H X Q G H U J U R X Q G H F R Q R P \ � P L Q L P L ] L Q

)RUWKFRPLQJ LQ +RZ WR 6SHQG WKH )LVFDO 'LYLGHQG� :KDW LV WKH 2SWLPDO 6L]H RI *RYHUQPHQW" �HG�

+� *UXEHO�� 9DPFRXYHU� )UDVHU ,QVWLWXWH�
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*LOHV� '� (� $� �����F�� 
0RGHOOLQJ WKH WD[ FRPSOLDQFH SURILOHV RI 1HZ =HDODQG ILUPV� HYLGHQFH

IURP DXGLW UHFRUGV�
 (FRQRPHWULFV :RUNLQJ 3DSHU ����� 'HSDUWPHQW RI (FRQRPLFV� 8QLYHUVLW\ RI

9LFWRULD�

*LOHV� '� (� $� DQG &DUDJDWD� 3� -� ������� 
7KH OHDUQLQJ SDWK RI WKH KLGGHQ HFRQRP\� WD[ DQG JURZWK

HIIHFWV LQ 1HZ =HDODQG�
 (FRQRPHWULFV :RUNLQJ 3DSHU ����� 'HSDUWPHQW RI (FRQRPLFV� 8QLYHUVLW\

RI 9LFWRULD�

*LOHV� '� (� $�� *LOHV� -� $� DQG 0F&DQQ� (� %� 0� ������� 
&DXVDOLW\� XQLW URRWV DQG H[SRUW�OHG

JURZWK� WKH 1HZ =HDODQG H[SHULHQFH�
 -RXUQDO RI ,QWHUQDWLRQDO 7UDGH DQG (FRQRPLF 'HYHORSPHQW�

YRO� �� SS� ��������

+HQGU\� '� )� DQG 0L]RQ� *� (� ������� 
6HULDO FRUUHODWLRQ DV D FRQYHQLHQW VLPSOLILFDWLRQ� QRW D

QXLVDQFH� D FRPPHQW RQ D VWXG\ RI WKH GHPDQG IRU PRQH\ E\ WKH %DQN RI (QJODQG�
 (FRQRPLF

-RXUQDO� YRO� ��� SS� ��������

-RKQVRQ� %� ������� 
0RQH\�LQFRPH FDXVDOLW\ DQG WKH 1HZ =HDODQG XQGHUJURXQG HFRQRP\�
 0�$�

([WHQGHG (VVD\� 'HSDUWPHQW RI (FRQRPLFV� 8QLYHUVLW\ RI 9LFWRULD�

-|UHVNRJ� .� DQG *ROGEHUJHU� $� 6� ������� 
(VWLPDWLRQ RI D PRGHO ZLWK PXOWLSOH LQGLFDWRUV DQG

PXOWLSOH FDXVHV RI D VLQJOH ODWHQW YDULDEOH�
 -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ� YRO� ���

SS� ��������

-|UHVNRJ� .� DQG 6|UERP� '� ������� /,65(/ �� 6WUXFWXUDO (TXDWLRQ 0RGHOLQJ :LWK WKH 6,03/,6

&RPPDQG /DQJXDJH� &KLFDJR� 6FLHQWLILF 6RIWZDUH ,QWHUQDWLRQDO�

.ZLDWRZVNL� '�� 3KLOOLSV� 3� &� %�� 6FKPLGW� 3� DQG 6KLQ� < ������� 
7HVWLQJ WKH QXOO K\SRWKHVLV RI

VWDWLRQDULW\ DJDLQVW WKH DOWHUQDWLYH RI D XQLW URRW � KRZ VXUH DUH ZH WKDW HFRQRPLF WLPH VHULHV KDYH D

XQLW URRW"
 -RXUQDO RI (FRQRPHWULFV� YRO� ��� SS� ��������
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/DLGOHU� '� DQG 3DUNLQ� -� 0� ������� 
7KH GHPDQG IRU PRQH\ LQ WKH 8QLWHG .LQJGRP� ����������

SUHOLPLQDU\ HVWLPDWHV�
 0DQFKHVWHU 6FKRRO� YRO� ��� SS� ��������

0D\HV� '� *� ������� $SSOLFDWLRQV RI (FRQRPHWULFV� (QJOHZRRG &OLIIV� 1�-�� 3UHQWLFH�+DOO�

6DLG� 6� (� DQG 'LFNH\� '� $� ������� 
7HVWLQJ IRU XQLW URRWV LQ DXWRUHJUHVVLYH�PRYLQJ DYHUDJH PRGHOV

RI XQNQRZQ RUGHU�
 %LRPHWULND� YRO� ��� SS� ��������

6FKQHLGHU� )�������� 
(PSLULFDO UHVXOWV IRU WKH VL]H RI WKH VKDGRZ HFRQRP\ RI :HVWHUQ (XURSHDQ

FRXQWULHV RYHU WLPH�
 :RUNLQJ 3DSHU ����� ,QVWLWXW I�U 9RONVZLUWVFKDIWVOHKUH� /LQ] 8QLYHUVLW\�

6+$=$0 ������� 6+$=$0 (FRQRPHWULFV &RPSXWHU 3URJUDP� 8VHU
V 5HIHUHQFH 0DQXDO� 9HUVLRQ

���� 1HZ <RUN� 0F*UDZ�+LOO�

7DQ]L� 9� ������� 
7KH XQGHUJURXQG HFRQRP\ LQ WKH 8QLWHG 6WDWHV� DQQXDO HVWLPDWHV� ����������


,�0�)� 6WDII 3DSHUV� YRO� ��� SS� ��������

7HGGV� /� ������� 
0HDVXULQJ WKH VL]H RI WKH KLGGHQ HFRQRP\ LQ &DQDGD� D ODWHQW YDULDEOH�0,0,&

PRGHO DSSURDFK�
 0�$� H[WHQGHG (VVD\� 'HSDUWPHQW RI (FRQRPLFV� 8QLYHUVLW\ RI 9LFWRULD�

7KRPDV� 5� /�������� ,QWURGXFWRU\ (FRQRPHWULFV� 7KHRU\ DQG $SSOLFDWLRQV� 1HZ <RUN� /RQJPDQ�

=HOOQHU� $� ������� 
(VWLPDWLRQ RI UHJUHVVLRQ UHODWLRQVKLSV FRQWDLQLQJ XQREVHUYDEOH YDULDEOHV�


,QWHUQDWLRQDO (FRQRPLF 5HYLHZ � YRO� ��� SS� ��������



��
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 , DP JUDWHIXO WR -RKDQQDK %UDQVRQ� 3DWULFN &DUDJDWD� /LQGD 'H%HQHGLFWLV� (UZLQ 'LHZHUW�

-XGLWK *LOHV� $QQD +HLOHU� %HWW\ -RKQVRQ� .QR[ /RYHOO� *HUDOG 6FXOO\� -RKQ 6PDOO� $GROI

6WURRPEHUJHQ� /LQGVD\ 7HGGV� DQG .HQ :KLWH IRU WKHLU FRQVWUXFWLYH VXJJHVWLRQV RQ WKH

UHVHDUFK XQGHUO\LQJ WKLV SDSHU� 1RQH RI WKHP VKRXOG EH EODPHG IRU DQ\ H[FHVVHV LQ WKH YLHZV

H[SUHVVHG KHUH� )XOO GHWDLOV RI P\ UHVHDUFK SURJUDP RQ WKH KLGGHQ HFRQRP\� DQG FRSLHV RI

DOO RI P\ SDSHUV RQ WKLV WRSLF� FDQ EH GRZQORDGHG IURP P\ LQWHUQHW VLWH DW WKH IROORZLQJ

DGGUHVV� KWWS���ZHE�XYLF�FD�HFRQ�HFRQRPHWBKH�KWPO�

�� &KDQJHV LQ WKH UHODWLYH VL]H RI WKH KLGGHQ HFRQRP\ DQG LQ �WD[ UHYHQXH�*'3� RYHU WLPH� DUH

LOOXVWUDWHG DW KWWS���ZHE�XYLF�FD�HFRQ�ILJXUH��JLI DQG KWWS���ZHE�XYLF�FD�HFRQ�ILJXUH��JLI

UHVSHFWLYHO\� RQ WKH LQWHUQHW�

�� 6HH =HOOQHU ������� -|UHVNRJ DQG *ROGEHUJHU ������� DQG -|UHVNRJ DQG 6|UERP �������

�� 1HDU WKH HQG RI P\ VDPSOH� �7D[ 5HYHQXH�*'3� ZDV DW D ��� \HDU KLJK LQ 1HZ =HDODQG� 6HH

KWWS���ZHE�XYLF�FD�HFRQ�ILJXUH��JLI RQ WKH LQWHUQHW�

�� )RU GHWDLOV� VHH KWWS���ZHE�XYLF�FD�HFRQ�ILJXUH��JLI RQ WKH LQWHUQHW�

�� 6HH KWWS���ZHE�XYLF�FD�HFRQ�ILJXUH��JLI RQ WKH LQWHUQHW�

�� &OHDUO\� WKH PRGHO FRXOG EH H[WHQGHG WR DOORZ IRU GLIIHUHQW HODVWLFLWLHV ZLWK UHVSHFW WR

UHFRUGHG DQG KLGGHQ RXWSXW� ,QGHHG� WKH FXUUHQF\ GHPDQG HTXDWLRQ XVHG LQ *LOHV �����D� WR

FDOLEUDWH WKH 0,0,& PRGHO LQGH[ PDNHV MXVW VXFK DQ DOORZDQFH�

�� �()7326� GHQRWHV �(OHFWURQLF )XQG 7UDQVIHU DW 3RLQW RI 6DOH�� DQG UHIHUV WR WKH LQWURGXFWLRQ

RI WKH XVH RI EDQN GHELW FDUG IRU HOHFWURQLF UHWDLO WUDQVDFWLRQV LQ OLHX RI FDVK LQ -XQH �����

�� ,Q WKH IRUPHU FDVH WKH QXOO LV D XQLW URRW DQG WKH DOWHUQDWLYH LV VWDWLRQDULW\� ,Q WKH ODWWHU FDVH

WKH QXOO LV HLWKHU OHYHO RU WUHQG VWDWLRQDULW\� DQG WKH DOWHUQDWLYH LV D XQLW URRW� )RU WKH $')

WHVWV� WKH DXJPHQWDWLRQ OHYHO �S� LV FKRVHQ E\ WKH GHIDXOW PHWKRG LQ 6+$=$0 ������� 7KLV

PHWKRG LV VXSSRUWHG E\ WKH UHVXOWV RI 'RGV DQG *LOHV ������� LQ WHUPV RI PLQLPDO VL]H�

GLVWRUWLRQ� IRU VDPSOHV RI RXU VL]H�

�� 7KH QXOO K\SRWKHVLV WKDW WKH UHJUHVVRUV DUH XQFRUUHODWHG ZLWK WKH HUURUV LV VWURQJO\ VXSSRUWHG�

DQG QRW VXUSULVLQJO\ WKH 2/6 DQG �XQUHSRUWHG� ,9 SDUDPHWHU HVWLPDWHV DUH YHU\ VLPLODU�



��


