
'1$ IOH[LELOLW\ UHJXODWHV WUDQVFULSWLRQ IDFWRU ELQGLQJ WR QXFOHRVRPHV

/XFD 0DULDQL��
� ;LDR /LX���� .ZDQJZRRQ /HH���� 6WHSKHQ 6� *LVVHOEUHFKW�� 3KLOLS $� &ROH����

0DUWKD /� %XO\N����


� 'LYLVLRQ RI *HQHWLFV� 'HSDUWPHQW RI 0HGLFLQH� %ULJKDP DQG :RPHQ¶V +RVSLWDO DQG +DUYDUG

0HGLFDO 6FKRRO� %RVWRQ� 0$ ������
� 'HSDUWPHQW RI %LRPHGLFDO ,QIRUPDWLFV� +DUYDUG 0HGLFDO 6FKRRO� %RVWRQ� 0$ ������
� 'HSDUWPHQW RI %LRORJLFDO &KHPLVWU\ DQG 0ROHFXODU 3KDUPDFRORJ\� +DUYDUG 0HGLFDO 6FKRRO�

%RVWRQ� 0$ ������
� 'HSDUWPHQW RI 3DWKRORJ\� %ULJKDP DQG :RPHQ¶V +RVSLWDO DQG +DUYDUG 0HGLFDO 6FKRRO�

%RVWRQ� 0$ ������


 &RUUHVSRQGHQFH VKRXOG EH DGGUHVVHG WR 0�/�%� �POEXO\N#JHQHWLFV�PHG�KDUYDUG�HGX� DQG

/�0� �OPDULDQL#EZK�KDUYDUG�HGX��

.H\ZRUGV�

7UDQVFULSWLRQ IDFWRUV� SLRQHHUV� QXFOHRVRPHV� '1$ IOH[LELOLW\� KLJK�WKURXJKSXW QXFOHRVRPH

ELQGLQJ DVVD\� 3,21($5�VHT� '1$ ELQGLQJ VLWHV� &K,3�VHT
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$%675$&7

&HOO IDWH GHFLVLRQV DUH FRQWUROOHG E\ VHTXHQFH�VSHFLILF WUDQVFULSWLRQ IDFWRUV �7)V�� UHIHUUHG WR DV

µSLRQHHU¶ IDFWRUV� WKDW ELQG WKHLU WDUJHW VLWHV ZLWKLQ QXFOHRVRPHV �µSLRQHHU ELQGLQJ¶� DQG WKXV

LQLWLDWH FKURPDWLQ RSHQLQJ� +RZHYHU� SLRQHHUV ELQG MXVW D PLQRULW\ RI WKHLU UHFRJQLWLRQ VHTXHQFHV

SUHVHQW LQ WKH JHQRPH� VXJJHVWLQJ WKDW ORFDO VHTXHQFH FRQWH[W IHDWXUHV PD\ UHJXODWH SLRQHHU

ELQGLQJ� +HUH� ZH GHYHORSHG 3,21($5�VHT� D KLJKO\ SDUDOOHO VHTXHQFLQJ�EDVHG ELRFKHPLFDO

DVVD\ IRU KLJK�WKURXJKSXW DQDO\VLV RI 7) ELQGLQJ WR QXFOHRVRPHV RQ QXFOHRVRPH SRVLWLRQLQJ

VHTXHQFHV� 8VLQJ 3,21($5�VHT� ZH FKDUDFWHUL]HG WKH SLRQHHU ELQGLQJ RI � KXPDQ SLRQHHU

7)V� &RPSDULVRQ RI 7) ELQGLQJ WR QXFOHRVRPHV EDVHG RQ WKH V\QWKHWLF :LGRP ��� �:����

PRGHO VHTXHQFH YHUVXV WKUHH GLIIHUHQW JHQRPLF VHTXHQFHV UHYHDOHG WKDW WKH SRVLWLRQDO

SUHIHUHQFHV RI WKHVH 7)V¶ ELQGLQJ WR QXFOHRVRPHV �L�H�� G\DG� SHULRGLF DQG HQG ELQGLQJ� LV

GHWHUPLQHG E\ WKH EURDGHU VHTXHQFH FRQWH[W RI WKH QXFOHRVRPH� UDWKHU WKDQ EHLQJ D SURSHUW\

LQWULQVLF WR WKH 7)� :H SURSRVH D PRGHO ZKHUH WKH IOH[LELOLW\ DQG ULJLGLW\ ZLWKLQ QXFOHRVRPDO '1$

UHJXODWH ZKHUH SLRQHHUV ELQG ZLWKLQ QXFOHRVRPHV� 2XU UHVXOWV VXJJHVW WKDW WKH EURDGHU SK\VLFDO

SURSHUWLHV RI QXFOHRVRPDO '1$ UHSUHVHQW DQRWKHU OD\HU RI FLV�UHJXODWRU\ LQIRUPDWLRQ UHDG RXW E\

7)V LQ HXNDU\RWLF JHQRPHV�
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0$,1

,Q HXNDU\RWHV� JHQH H[SUHVVLRQ SURJUDPV DUH G\QDPLFDOO\ UHJXODWHG E\ FKDQJHV LQ WKH

DFFHVVLELOLW\ RI FKURPDWLQ IRU WUDQVFULSWLRQ IDFWRU �7)� ELQGLQJ WR VSHFLILF '1$ PRWLIV ����� ES��

7)V WKDW FDQ SLRQHHU LQDFFHVVLEOH FKURPDWLQ IRU VXEVHTXHQW WUDQVFULSWLRQDO DFWLYLW\ WKXV VHUYH DV

JDWHNHHSHUV RI FHOOXODU GLIIHUHQWLDWLRQ���� +RZHYHU� LW UHPDLQV XQFOHDU ZKLFK 7)V DUH DEOH WR

WDUJHW VLWHV ZLWKLQ QXFOHRVRPHV DQG ZKDW FRQWUROV WKHLU SLRQHHU ELQGLQJ�

6HYHUDO� QRW PXWXDOO\ H[FOXVLYH PRGHOV IRU KRZ 7)V DFFHVV WKHLU QXFOHRVRPDO '1$

ELQGLQJ VLWHV KDYH EHHQ SURSRVHG�� VXFK DV FRPSHWLWLRQ EHWZHHQ 7)V DQG KLVWRQHV IRU '1$

ELQGLQJ����� RU VSRQWDQHRXV� SDUWLDO XQZUDSSLQJ RI QXFOHRVRPHV SURYLGLQJ WUDQVLHQW DFFHVV WR

'1$ WDUJHW VLWHV���� 3LRQHHUV KDYH EHHQ IRXQG WR H[KLELW GLIIHUHQFHV LQ WKHLU SUHIHUHQWLDO

HQJDJHPHQW ZLWK FHUWDLQ UHJLRQV RI QXFOHRVRPHV� LQ SDUWLFXODU DW� WKH G\DG�� ZKHUH WKH VLQJOH

'1$ J\UH LV DQWLFLSDWHG WR EH PRUH DFFHVVLEOH WKDQ HOVHZKHUH ZLWKLQ WKH QXFOHRVRPH ZKHUH

WKHUH DUH WZR '1$ J\UHV�� WKH HQGV������ ZKHUH WKH '1$ PD\ VSRQWDQHRXVO\ XQZUDS IURP WKH

KLVWRQH RFWDPHU� WKXV� SURYLGLQJ WUDQVLHQW DFFHVV WR '1$ WDUJHW VLWHV���� LQWHUQDO SRVLWLRQV RI

QXFOHRVRPHV WKURXJK '1$ GLVWRUWLRQ��� RU SRVLWLRQV VSDFHG ZLWK DSSUR[LPDWHO\ ���ES

SHULRGLFLW\��� ZKHUH 7) ELQGLQJ VLWHV LQ WKH PDMRU JURRYH RI WKH '1$ IDFH RXWZDUG�� :KLOH VRPH

7)V PD\ WDUJHW GLIIHUHQW UHFRJQLWLRQ VHTXHQFHV RQ QXFOHRVRPHV WKDQ RQ IUHH '1$������������ VXFK

GLIIHUHQFHV GR QRW H[SODLQ GLIIHUHQFHV DPRQJ 7)V LQ WKHLU SRVLWLRQDO SUHIHUHQFHV RI ELQGLQJ WR

QXFOHRVRPHV�

1XPHURXV ELRFKHPLFDO VWXGLHV RI 7) ELQGLQJ WR QXFOHRVRPHV KDYH XVHG QXFOHRVRPHV

DVVHPEOHG RQ V\QWKHWLF '1$ VHTXHQFHV VHOHFWHG IRU KLJK DIILQLW\ IRU WKH KLVWRQH RFWDPHU��� LQ

SDUWLFXODU WKRVH EDVHG RQ WKH :LGRP ��� �:���� WHPSODWH������������ $ UHFHQW ODUJH�VFDOH LQ YLWUR

VHOHFWLRQ �³1&$3�6(/(;´� VXUYH\ RI H[WHQGHG '1$ ELQGLQJ GRPDLQV RI ��� KXPDQ 7)V

FODVVLILHG WKHP DFFRUGLQJ WR WKHLU SRVLWLRQDO SUHIHUHQFHV RI ELQGLQJ WR QXFOHRVRPHV EXLOW RQ

FRPSOHWHO\ UDQGRPL]HG '1$ VHTXHQFH��� +RZHYHU� LW UHPDLQV XQFOHDU ZKHWKHU UHVXOWV IURP

ELQGLQJ WR SXUHO\ V\QWKHWLF QXFOHRVRPDO '1$V JHQHUDOL]H WR ELQGLQJ WR QXFOHRVRPHV DVVHPEOHG

RQ JHQRPLF '1$ VHTXHQFHV� )RU H[DPSOH� QXFOHRVRPH 1� ZLWKLQ WKH $/% HQKDQFHU �$/%1���

ZKLFK LV WDUJHWHG LQ YLYR E\ WKH SLRQHHU IDFWRU )2;$ GXULQJ OLYHU GHYHORSPHQW��� H[KLELWV

)2;�VSHFLILF VLWHV LQ FORVH SUR[LPLW\ ���� ES� WR WKH G\DG����� LQ FRQWUDVW� UHVXOWV IURP WKH

1&$3�6(/(; VXUYH\ IRXQG )2; 7)V WR EH HQG DQG SHULRGLF ELQGHUV��� $V DQRWKHU H[DPSOH� WKH

&;� FKHPRNLQH UHFHSWRU � �&;�&5�� QXFOHRVRPH� ZKLFK LV SLRQHHUHG E\ 38�� DQG &(%3$

7)V WR SURPRWH PDFURSKDJH LGHQWLW\� FRQWDLQV WKHLU ELQGLQJ PRWLIV QHDU WKH H[SHFWHG G\DG DQG
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LV ERXQG E\ WKHP ZKHQ DVVHPEOHG LQ YLWUR LQWR HLWKHU PRQRQXFOHRVRPHV�� RU FRPSDFWHG

QXFOHRVRPH DUUD\V��� ,Q FRQWUDVW� &(%3%� D FORVH SDUDORJ RI &(%3$� H[KLELWHG VWURQJ

HQG�ELQGLQJ SUHIHUHQFH LQ WKH 1&$3�6(/(; VXUYH\��� $V \HW DQRWKHU H[DPSOH� D QXFOHRVRPH

IURP WKH /,1��% GLVWDO HQKDQFHU� ZKLFK LV SLRQHHUHG LQ YLYR E\ 62;� DQG 2&7� GXULQJ

UHSURJUDPPLQJ��� ZDV ERXQG E\ ERWK 62;� DQG 2&7� LQ YLWUR��� ZKHUHDV QR RU ZHDN ELQGLQJ E\

62;� RU 2&7�� UHVSHFWLYHO\� ZDV GHWHFWHG RQ :����EDVHG QXFOHRVRPHV FDUU\LQJ WKHLU ELQGLQJ

PRWLIV DW PXOWLSOH SRVLWLRQV��� 0RUHRYHU� WKH VWUXFWXUHV RI 2&7� ERXQG WR :��� YHUVXV /,1��%

QXFOHRVRPHV GLIIHU FRQVLGHUDEO\� 2&7� ELQGV DW WKH HQWU\�H[LW VLWHV RQ :��� QXFOHRVRPHV

XVLQJ H[FOXVLYHO\ LWV 328 '1$ ELQGLQJ GRPDLQ �'%'���� ZKLOH RQ /,1��% QXFOHRVRPHV �DV ZHOO

RQ QXFOHRVRPHV EDVHG RQ WKH Q0$71� JHQRPLF ORFXV� LW ELQGV XVLQJ ERWK WKH +' DQG 328

'%'V RQ WKH OLQNHU '1$� ZKLFK LV VSDWLDOO\ SUR[LPDO WR WKH G\DG� DQG DOVR XVLQJ WKH DFWLYDWLRQ

GRPDLQ� ZKLFK LQWHUDFWV ZLWK WKH KLVWRQH +� DQG +� 1�WHUPLQDO WDLOV���

$ FU\R�(0 VWXG\ RI D QXFOHRVRPH FRQWDLQLQJ WKH $/%1� HQKDQFHU '1$ VHTXHQFH IRXQG

WKDW WKH KLVWRQHV ZHUH PRUH ZHDNO\ DVVRFLDWHG ZLWK WKDW '1$ WKDQ LQ D QXFOHRVRPH FRQWDLQLQJ

:��� WHPSODWH� VXJJHVWLQJ WKDW GLIIHUHQW '1$ VHTXHQFHV PD\ KDYH GLIIHUHQW DFFHVVLELOLW\ WR

'1$ ELQGLQJ SURWHLQV��� 6\QWKHWLF '1$ VHTXHQFHV SUHIHUHQWLDOO\ ERXQG E\ WKH KLVWRQH RFWDPHU

GLVSOD\ ���ES SHULRGLFLW\ LQ VLQJOH QXFOHRWLGHV DQG GLQXFOHRWLGHV������ LQ DJUHHPHQW ZLWK WKDW

IRXQG LQ QXFOHRVRPH SRVLWLRQLQJ VHTXHQFHV LQ HXNDU\RWLF JHQRPHV��� 7KHVH SHULRGLF

ROLJRQXFOHRWLGH VLJQDOV IDFLOLWDWH '1$ VHTXHQFH EHQGLQJ DW SUHFLVH SRVLWLRQV DURXQG WKH KLVWRQH

RFWDPHU� WKXV LQGXFLQJ WKH IRUPDWLRQ RI VWDEOH QXFOHRVRPHV��� $ VLQJOH�PROHFXOH VWXG\ IRXQG

WKDW WKH XQZUDSSLQJ RI RQH '1$ HQG RI D :����EDVHG QXFOHRVRPH FDQ VWDELOL]H WKH RWKHU

HQG��� VXJJHVWLQJ WKDW GLIIHUHQFHV LQ '1$ FRPSRVLWLRQ DFURVV QXFOHRVRPHV PLJKW UHVXOW LQ

GLIIHUHQWLDO DFFHVV WR WKH HQGV RI QXFOHRVRPHV� )XUWKHUPRUH� UHVXOWV IURP VHYHUDO LQ YLYR VWXGLHV

LQGLFDWH WKDW SLRQHHUV ELQG LQ YLYR WR RQO\ D PLQRULW\ RI WKH JHQRPLF VLWHV HQFRPSDVVLQJ WKHLU

UHFRJQLWLRQ PRWLIV������ $OWRJHWKHU� WKHVH UHVXOWV UDLVH WKH SRVVLELOLW\ WKDW WKH '1$ VHTXHQFH

FRQWH[W RI QXFOHRVRPHV PD\ FRQWURO WKH XWLOL]DWLRQ RI 7) ELQGLQJ VLWHV E\ SLRQHHUV�

7R DGGUHVV WKLV TXHVWLRQ� ZH GHYHORSHG 3,21($5�VHT WHFKQRORJ\ DQG XVHG LW WR

FKDUDFWHUL]H ELQGLQJ E\ � KXPDQ SLRQHHU 7)V WR QXFOHRVRPHV EDVHG RQ :��� YHUVXV WKUHH

JHQRPLF VHTXHQFHV� HDFK RI ZKLFK ZH WLOHG ZLWK UDQGRP '1$ VHJPHQWV� 7KLV DSSURDFK

SURYLGHV D SODWIRUP WR LQWHUURJDWH WKH VHTXHQFH FRQWH[W IHDWXUHV WKDW UHJXODWH 7) ELQGLQJ WR

QXFOHRVRPHV�
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5HVXOWV

3,21($5�VHT DVVD\ GHVLJQ

7R GHWHUPLQH WKH HIIHFWV RI QXFOHRVRPH '1$ FRPSRVLWLRQ RQ WKH VHTXHQFH VSHFLILFLW\

DQG SRVLWLRQDO SUHIHUHQFHV RI SLRQHHU ELQGLQJ� ZH GHYHORSHG 3,21($5�VHT �3LRQHHU

,QWHUDFWLRQV 2Q 1XFOHRVRPDO (OHPHQWV $IWHU 5HFRQVWLWXWLRQ IROORZHG E\ VHTXHQFLQJ� IRU KLJKO\

SDUDOOHO DQDO\VLV RI WKH QXFOHRVRPDO '1$ ELQGLQJ SUHIHUHQFHV RI 7)V �)LJ� �D�� %ULHIO\� LQ
3,21($5�6HT� ZH WLOHG DFURVV ����ES QXFOHRVRPH SRVLWLRQLQJ VHTXHQFHV �µWHPSODWHV¶� HYHU\ �

ES ZLWK ���ES UDQGRP UHJLRQV �1�� WLOHV� �µ3,21($5�VHT GHVLJQ RI WKH ,QSXW /LEUDU\¶ LQ

6XSSOHPHQWDU\ ,QIRUPDWLRQ�� +HUH� ZH XVHG IRXU ZHOO�FKDUDFWHUL]HG WHPSODWHV� WKUHH RI ZKLFK
UHSUHVHQW LQ YLYR UHJXODWRU\ HOHPHQWV DVVRFLDWHG ZLWK WKUHH JHQRPLF QXFOHRVRPHV �$/%1��

&;�&5�� 15&$0������ DQG WKH KLJK�DIILQLW\ :��� VHTXHQFH����� �6XSSOHPHQWDU\ 7DEOH ���
0HUJLQJ WKH UHVXOWLQJ IRXU WHPSODWH VXEOLEUDULHV UHVXOWHG LQ D OLEUDU\ RI a� [ ���� XQLTXH '1$

VHTXHQFHV �6XSSOHPHQWDU\ 7DEOH ��� 7KH '1$ OLEUDULHV ZHUH GLDO\]HG ZLWK KLVWRQH RFWDPHUV

FRPSULVLQJ WKH FDQRQLFDO KXPDQ KLVWRQHV �+�$� +�%� +��� DQG +�� ��+LVWRQH RFWDPHU

DVVHPEO\ DQG SXULILFDWLRQ� LQ 6XSSOHPHQWDU\ ,QIRUPDWLRQ� DQG ([WHQGHG 'DWD )LJ� �D� WR
IRUP QXFOHRVRPH FRUH SDUWLFOHV ��1XFOHRVRPH DVVHPEO\� LQ 6XSSOHPHQWDU\ ,QIRUPDWLRQ�
([WHQGHG 'DWD )LJ� �E�� :H FRQILUPHG FRUUHFW QXFOHRVRPH DVVHPEO\ E\ 01DVH�VHT SURILOLQJ

�([WHQGHG 'DWD )LJ� �F�� ,QVHUWLRQ RI VHTXHQFHV FRQWDLQLQJ NQRZQ 7) ELQGLQJ VLWHV GLG QRW

PRGLI\ WKH RYHUDOO DFFHVVLELOLW\ SURILOH RI WKH QXFOHRVRPH FRUH SDUWLFOHV �1&3V� DVVHPEOHG RQ

VLQJOH WHPSODWHV FRQWDLQLQJ 7) ELQGLQJ VHTXHQFHV DW GLIIHUHQW SRVLWLRQV �([WHQGHG 'DWD )LJ�
�G� 6XSSOHPHQWDU\ 7DEOH �� QRU RQ WKH WHPSODWH VXEOLEUDULHV �([WHQGHG 'DWD )LJ� �H�I�� 7KH
UHVXOWLQJ µ1&3 LQSXW OLEUDU\¶ ZDV XVHG LQ VHOHFWLRQV IRU ELQGLQJ E\ *67�WDJJHG 7)V LQ IRXU

URXQGV RI QXFOHRVRPH DVVHPEO\� 7) VHOHFWLRQ DQG 3&5 DPSOLILFDWLRQ �)LJ� �D�� 6HOHFWLRQV XVLQJ
*67 DORQH ZHUH SHUIRUPHG DV D QHJDWLYH FRQWURO� $IWHU IRXU URXQGV RI VHOHFWLRQV� OLEUDULHV ZHUH

VHTXHQFHG DQG DQDO\]HG IRU HQULFKPHQW RI 7) '1$ ELQGLQJ VHTXHQFHV DV FRPSDUHG WR WKH

LQSXW OLEUDULHV DQG IRU WKH SRVLWLRQDO SUHIHUHQFHV RI WKHVH VHTXHQFHV ZLWKLQ WKH QXFOHRVRPHV�

1XFOHRVRPDO VHTXHQFH FRQWH[W LQIOXHQFHV 7) ELQGLQJ WR QXFOHRVRPHV

:H DVVD\HG �� IXOO�OHQJWK KXPDQ 7)V LQ GXSOLFDWH E\ 3,21($5�VHT �([WHQGHG 'DWD
)LJ� �D� 6XSSOHPHQWDU\ 7DEOH ��� �� WKDW KDYH EHHQ UHSRUWHG WR DFW DV SLRQHHUV HLWKHU LQ YLWUR
RU LQ YLYR �$6&/���� &(%3%��� )2;$���� *$7$���� *$7$���� ./)���� 2&7��328�)���� 3$;����

38���63,������� 581;��� DQG RQH� =1)���� WKDW KDV QRW EHHQ UHSRUWHG WR ELQG QXFOHRVRPDO
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'1$� 6LQFH SLRQHHUV W\SLFDOO\ VHUYH DV UHJXODWRUV RI FHOO W\SH VSHFLILFDWLRQ� ZH K\SRWKHVL]HG

WKDW =1)���� D NH\ GHYHORSPHQWDO UHJXODWRU H[SUHVVHG DFURVV FHOO W\SHV��� ZRXOG QRW VHUYH DV D

SLRQHHU� ,Q SDUDOOHO� ZH DVVD\HG WKHVH 7)V IRU ELQGLQJ WR WKH IUHH '1$ LQSXW OLEUDULHV�

7R LQVSHFW WKH VHTXHQFH VSHFLILFLW\ RI 7) ELQGLQJ LQ DQ XQELDVHG PDQQHU� ZH DQDO\]HG

WKH UDQGRPL]HG WLOLQJ VHTXHQFHV FRPSXWDWLRQDOO\ XVLQJ D GH QRYR PRWLI GLVFRYHU\ PHWKRG�����

ZKLFK VFRUHV '1$ VHTXHQFHV RI OHQJWK N �µN�PHUV¶� IRU HQULFKPHQW DV FRPSDUHG WR WKH LQSXW�

)RU HDFK YDOXH RI N� ZH WKHQ FRPELQHG WKH HQULFKPHQW RI PXOWLSOH N�PHUV SHU OLEUDU\ WR FDOFXODWH

WKH LQIRUPDWLRQ JDLQHG E\ WKH LQSXW OLEUDU\ GXULQJ VHOHFWLRQ� ZKLFK FDQ EH TXDQWLILHG E\ WKH

.XOOEDFN�/HLEOHU GLYHUJHQFH��� DQG WKXV LQIHUUHG HDFK 7)¶V RSWLPDO '1$ ELQGLQJ VLWH OHQJWK LQ

HDFK WHPSODWH VXEOLEUDU\�� �6XSSOHPHQWDU\ ,QIRUPDWLRQ�� ,Q VXEVHTXHQW DQDO\VHV ZH DVVLJQHG
WR HDFK 7) WKH DYHUDJH RSWLPDO N�PHU OHQJWK DPRQJ LWV OLEUDULHV� ZKLFK ZDV ���PHUV IRU 2&7��

��PHUV IRU )2;$�� ./)�� 38�� DQG =1)���� DQG ��PHUV IRU WKH UHPDLQLQJ 7)V� 7KH 7)V¶ WRS

HQULFKHG N�PHUV LQ IUHH '1$ OLEUDULHV PDWFKHG WKHLU NQRZQ '1$ ELQGLQJ VSHFLILFLWLHV��

�([WHQGHG 'DWD 7DEOH �� 6XSSOHPHQWDU\ 7DEOH ���

7R HYDOXDWH 7) '1$ ELQGLQJ HQULFKPHQW LQ HDFK OLEUDU\� ZH XVHG WZR VFRUHV� �� WKH

HQULFKPHQW �)LJ� �E� ([WHQGHG 'DWD )LJ� �E� RI D 7)¶V PRVW SUHIHUHQWLDO '1$ ELQGLQJ VLWH

N�PHU� DQG �� WKH .XOOEDFN�/HLEOHU GLYHUJHQFH �LQIRUPDWLRQ JDLQ� �([WHQGHG 'DWD )LJ� �F�G� IRU
FRPSUHKHQVLYH VFRULQJ RYHU DOO WKH N�PHUV RI RSWLPDO OHQJWK HQULFKHG LQ D OLEUDU\ �DV GHVFULEHG

SUHYLRXVO\ IRU 6(/(;�6HT GDWD������� .�PHU HQULFKPHQW ZDV KLJKO\ UHSURGXFLEOH DFURVV OLEUDU\

UHSOLFDWHV �PHGLDQ 6SHDUPDQ FRUUHODWLRQ FRHIILFLHQW 5  ����� )LJ� �F� DQG ZDV
LQGLVWLQJXLVKDEOH RQ OLEUDULHV EDVHG RQ :��� YHUVXV JHQRPLF WHPSODWHV �)LJ� �G�� $FFRUGLQJ WR
ERWK VFRUHV� 7)V FRQVLVWHQWO\ H[KLELWHG UHGXFHG ELQGLQJ VSHFLILFLW\ RQ 1&3V WKDQ RQ IUHH '1$

�)LJ� �E� ([WHQGHG 'DWD )LJ� �E�G�� FRQVLVWHQW ZLWK SULRU UHSRUWV WKDW QXFOHRVRPHV W\SLFDOO\
OLPLW '1$ ELQGLQJ������ 6HYHQ RI WKH �� 7)V ± &(%3%� )2;$�� *$7$���� 2&7�� 3$;� DQG

581;� ± H[KLELWHG VLJQLILFDQW VHTXHQFH�VSHFLILF ELQGLQJ WR 1&3 OLEUDULHV DV FRPSDUHG WR *67

QHJDWLYH FRQWUROV �)LJ� �E� ([WHQGHG 'DWD )LJ� �F�� 7KHVH � 7)V¶ PRVW HQULFKHG N�PHUV LQ
ELQGLQJ WR QXFOHRVRPHV ZHUH DOPRVW LGHQWLFDO WR WKRVH IURP ELQGLQJ WR IUHH '1$ �([WHQGHG
'DWD 7DEOH �� 6XSSOHPHQWDU\ 7DEOH ��� VXJJHVWLQJ WKDW RWKHU FKURPDWLQ IHDWXUHV PD\
FRQWULEXWH WR WKH SUHIHUHQFH IRU VRPH 7)V WR UHFRJQL]H PRUH GHJHQHUDWH VHTXHQFH PRWLIV RQ

QXFOHRVRPHV LQ YLYR������ 2I WKH UHPDLQLQJ � 7)V� =1)��� KDV QRW EHHQ VKRZQ WR ELQG

QXFOHRVRPHV� $6&/� KDV EHHQ VKRZQ WR UHTXLUH KHWHURGLPHUL]DWLRQ ZLWK D E+/+ FR�IDFWRU IRU

GHWHFWDEOH LQ YLWUR QXFOHRVRPH ELQGLQJ��� QXFOHRVRPH ELQGLQJ E\ ./)� KDV EHHQ VKRZQ WR EH

ORZ RU EHORZ GHWHFWLRQ LQ VLPLODU ELRFKHPLFDO DVVD\V������ DQG 38�� ELQGLQJ KDV EHHQ IRXQG WR EH
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UHVWULFWHG E\ QXFOHRVRPHV DQG WR ELQG RQO\ DW WKH H[LW�HQWU\ VLWHV RI QXFOHRVRPHV����� LQ D UHJLRQ

EH\RQG ZKHUH ZH WLOHG ZLWK ���ES UDQGRP VHTXHQFHV� 7R IXUWKHU FRUURERUDWH WKH UHVXOWV ZH

REWDLQHG E\ 3,21($5�VHT� ZH ORRNHG DW WKH SXEOLVKHG (�0, GLDJRQDO SURILOHV IURP OLJ���

1&$3�6(/(; GDWD�� IRU WKH VDPH 7)V RU YHU\ FORVH SDUDORJV WKHUHRI �([WHQGHG 'DWD )LJ�

�H�I�� 7KHVH SURILOHV� ZKLFK SURYLGH WKH SRVLWLRQV RI WKH 7) '1$ ELQGLQJ VLWHV� UHYHDOHG WKDW 7)V

�RU FORVH SDUDORJV� WKDW ERXQG QXFOHRVRPHV LQ 3,21($5�VHT DVVD\V H[KLELWHG (�0, SURILOHV

W\SLFDO RI QXFOHRVRPH�ELQGLQJ 7)V� ZKLFK ZDV QRW WKH FDVH IRU 7)V �RU FORVH SDUDORJV� WKDW GLG

QRW ELQG QXFOHRVRPHV LQ 3,21($5�VHT �([WHQGHG 'DWD )LJ� �J�K��

:H QRWLFHG WKDW LQIRUPDWLRQ JDLQ ZDV VLJQLILFDQWO\ ORZHU RQ :����EDVHG 1&3 OLEUDULHV

WKDQ RQ 1&3V EDVHG RQ WKH JHQRPLF WHPSODWHV� ZKHUHDV LW ZDV WKH VDPH ZKHQ FRPSDULQJ WKH

FRUUHVSRQGLQJ IUHH '1$ OLEUDULHV �)LJ� �H�� )XUWKHUPRUH� N�PHU HQULFKPHQW IURP 7) ELQGLQJ WR

1&3V EDVHG RQ D JHQRPLF WHPSODWH ZDV VLJQLILFDQWO\ OHVV FRUUHODWHG ZLWK WKDW IURP ELQGLQJ WR

:����EDVHG OLEUDULHV WKDQ ZLWK WKDW IURP RWKHU JHQRPLF WHPSODWH OLEUDULHV �)LJ� �I�J�� 7RJHWKHU�
WKHVH UHVXOWV UHYHDOHG WKDW WKH QXFOHRVRPDO VHTXHQFH FRQWH[W LQIOXHQFHV 7)�1&3 ELQGLQJ

UHFRJQLWLRQ�

&(%3% H[KLELWV PXOWLSOH SLRQHHU ELQGLQJ PRGHV WR :����EDVHG QXFOHRVRPHV

:H UHDVRQHG WKDW WKH GLIIHUHQFHV LQ 7) SLRQHHU ELQGLQJ WR WKH :����EDVHG

3,21($5�VHT OLEUDULHV �)LJ� �H� PD\ EH GXH WR WKH KLJKHU VWDELOLW\ RI :����EDVHG 1&3V WKDQ RI

1&3V EDVHG RQ JHQRPLF ORFL��� :H WKHUHIRUH DVNHG LI GLVWLQFW SLRQHHU ELQGLQJ PRGHV RFFXU RQ

:����EDVHG 1&3V DV FRPSDUHG WR JHQRPLF WHPSODWHV� 6LQFH WKH 7)V¶ '1$ ELQGLQJ VSHFLILFLW\

ZDV WKH VDPH RQ 1&3V DV RQ IUHH '1$ �)LJ� �D� ([WHQGHG 'DWD )LJ� �D�F� ([WHQGHG 'DWD
7DEOH ��� ZH DVNHG LI WKH 7)V PD\ GLIIHU LQVWHDG LQ WKHLU SRVLWLRQDO SUHIHUHQFH IRU ELQGLQJ WR
:��� YHUVXV JHQRPLF VHTXHQFH 1&3V�

)RU &(%3%� WKH PRVW HQULFKHG ��PHU �77*&*&$$� RFFXUUHG SUHIHUHQWLDOO\ DW VSHFLILF

ORFDWLRQV LQ WKH ULJKW KDOI RI :����EDVHG QXFOHRVRPHV DURXQG VXSHUKHOLFDO ORFDWLRQ >6+/@ ��

�)LJ� �E�� FRQVLVWHQW ZLWK D SULRU VWXG\ WKDW IRXQG WKDW &(%3% ELQGV WR WKH HQGV RI 1&3V

DVVHPEOHG RQ IXOO\ UDQGRPL]HG '1$ OLEUDULHV��� 6XUSULVLQJO\� KRZHYHU� ZH IRXQG WKDW WKH PRVW

HQULFKHG ��PHUV ZHUH DOVR HQULFKHG DW WZR VSHFLILF SRVLWLRQV QHDU WKH G\DG DW DSSUR[LPDWHO\

6+/ �� WR � ���PHUV VSDQQLQJ SRVLWLRQV ����� ES DQG ����� ES DFFRUGLQJ WR WKH WHPSODWH

FRRUGLQDWH VFKHPH�� )XUWKHUPRUH� WKHVH WZR VLWHV GLIIHUHG LQ WKHLU PRWLI RULHQWDWLRQ� WKH SUHIHUUHG

��PHUV DW SRVLWLRQ ����� ES �77*&*>7�$@$$� ZHUH WKH UHYHUVH FRPSOHPHQW RI WKH ��PHUV
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SUHIHUUHG DW ����� ES �77>7�$@&*&$$�� 6LQFH WKH H[SHFWHG SRVLWLRQ RI WKH G\DG LV DW �� ES�

WKHVH WZR SHDNV UHSUHVHQW WKH VDPH ELQGLQJ VLWH V\PPHWULFDOO\ SRVLWLRQHG RQ WKH OHIW DQG RQ WKH

ULJKW VLGH RI WKH G\DG �ERWWRP VFKHPDV LQ )LJ� �E�� $QDO\VLV RI ELQGLQJ WR WKH DVVRFLDWHG IUHH
'1$ OLEUDULHV FRQILUPHG WKDW WKHVH SUHIHUHQWLDO ELQGLQJ ORFDWLRQV ZHUH VSHFLILF WR QXFOHRVRPHV

�LQVHW� ([WHQGHG 'DWD )LJ� �G��

3UHYLRXV UHSRUWV KDYH LQGLFDWHG WKDW &(%3% DQG� PRUH JHQHUDOO\� E=,3 DQG E+/+ 7)V

DUH XQOLNHO\ WR ELQG LQWHUQDO QXFOHRVRPH SRVLWLRQV�� EHFDXVH RI WKH SRWHQWLDO VWHULF FODVK

EHWZHHQ WKHLU H[WHQGHG VFLVVRU�OLNH '1$�FRQWDFWLQJ DOSKD�KHOLFHV DQG WKH KLVWRQH RFWDPHU������

7R UHFRQFLOH WKHVH VWUXFWXUDO FRQFHUQV ZLWK RXU ILQGLQJV� ZH FUHDWHG LQ VLOLFR PRGHOV IRU WKH

&(%3%�QXFOHRVRPH FRPSOH[ XVLQJ WZR RUWKRJRQDO PRGHOLQJ DSSURDFKHV� D GHHS

OHDUQLQJ�EDVHG DSSURDFK XVLQJ $OSKD)ROG��� DQG PROHFXODU PRGHOLQJ XVLQJ 5RVHWWD���

�6XSSOHPHQWDU\ ,QIRUPDWLRQ��

8VLQJ $OSKD)ROG�� ZH JHQHUDWHG D &(%3%�1&3 VWUXFWXUH IRU D :��� 1&3 FRQWDLQLQJ D

&(%3% ELQGLQJ VLWH DW SRVLWLRQ ����� ES �6XSSOHPHQWDU\ 7DEOH ��� 7KLV VWUXFWXUH SUHGLFWV WKDW
WKH &�WHUPLQDO E=,3 GRPDLQ RI &(%3% �&(%3% &7'� LQ D GLPHU FODPSV RQWR WKH &(%3%

ELQGLQJ VLWH QHDU WKH G\DG� ZLWK RQH &(%3% &7' WKUHDGLQJ WKURXJK WKH VSDFH EHWZHHQ WKH

G\DG DQG WKH JOREXODU GRPDLQ RI KLVWRQH +� �)LJ� �F�� 7KH RYHUDOO PRGH RI ELQGLQJ UHVHPEOHV
WKH &(%3% &7' GLPHU UHFRJQL]LQJ D OLQHDU &(%3% FRQVHQVXV VHTXHQFH��� DOWKRXJK WKH

&(%3% ELQGLQJ VLWH DGRSWV D VOLJKW FXUYDWXUH LQ WKH QXFOHRVRPDO HQYLURQPHQW� ,Q WKLV ELQGLQJ

PRGH� WKH SRVLWLRQ DQG VSDFLQJ RI WKH &(%3% ELQGLQJ VLWH QHDU WKH G\DG DUH FUXFLDO IRU &(%3%

UHFRJQLWLRQ� (YHQ D VOLJKW VKLIW RI '1$ FDQ VLJQLILFDQWO\ LPSDFW WKH &(%3% ELQGLQJ PRGH E\

RFFOXGLQJ WKH VPDOO VSDFH EHWZHHQ WKH G\DG DQG WKH KLVWRQH +� JOREXODU GRPDLQ� SUHYHQWLQJ

RQH &(%3% &7' IURP WKUHDGLQJ WKURXJK� :KHQ D ��ES VKLIW RI WKH &(%3% PRWLI IURP WKH �����

ES SRVLWLRQ ZDV LQWURGXFHG� $OSKD)ROG� H[KLELWHG� �� ORZHU SUHGLFWHG DOLJQPHQW HUURU �3$(�

VFRUHV EHWZHHQ WKH &(%3% GLPHU DQG WKH KLVWRQHV RU QXFOHRVRPDO '1$� DQG �� WKH DEVHQFH RI

SHUSHQGLFXODUO\ GRFNHG WRSRORJ\ RI &(%3% VHHQ LQ WKH XQVKLIWHG FRPSOH[ VWUXFWXUH �([WHQGHG
'DWD )LJ� ��� 7KHVH REVHUYDWLRQV LQGLFDWH WKDW WKH LQVHUWLRQ RI WKH &(%3% PRWLI DW WKH ����� ES

SRVLWLRQ HQDEOHV &(%3% WR UHFRJQL]H WKH QXFOHRVRPH LQ D XQLTXH FRQIRUPDWLRQ� DQG HYHQ D

��ES VKLIW RI WKLV PRWLI PD\ GLVUXSW WKLV ELQGLQJ PRGH� $OWRJHWKHU� WKHVH PRGHOLQJ UHVXOWV VXSSRUW

WKH SUHIHUHQWLDO SRVLWLRQ &(%3% PD\ QHHG WR UHFRJQL]H LWV FRJQDWH VHTXHQFH QHDU WKH G\DG� DV

UHYHDOHG E\ RXU 3,21($5�VHT UHVXOWV �)LJ� �E��
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8VLQJ 5RVHWWD�� ZH HPSOR\HG D FRPSDUDWLYH PRGHOLQJ VWUDWHJ\ DV DQ RUWKRJRQDO

DSSURDFK WR REWDLQ D &(%3%�1&3 VWUXFWXUH� %ULHIO\� ZH XVHG D SUHYLRXVO\ VROYHG QXFOHRVRPH

FU\VWDO VWUXFWXUH �3'%� �$2,� DV D WHPSODWH DQG UHSODFHG WKH QXFOHRVRPDO '1$ VHTXHQFH ZLWK

WKH ��� ES :��� '1$ VHTXHQFH FRQWDLQLQJ D &(%3%�ELQGLQJ ��PHU DW SRVLWLRQ ����� ES

SUHGLFWHG E\ 3,21($5�VHT �)LJ� �E�� 7KHQ� ZH VXSHULPSRVHG WKH &(%3% &7' GLPHU�'1$

FRPSOH[ �3'%� �0*���� RQ WKH QXFOHRVRPH� FRPELQHG WKH SUH�SRVLWLRQHG &(%3%�'1$ DQG

QXFOHRVRPH VWUXFWXUHV� DQG UHOD[HG WKH ZKROH FRPSOH[ XVLQJ 5RVHWWD�¶V 5HOD[ DSSOLFDWLRQ���

2YHUDOO� WKH &(%3% VWUXFWXUH IURP 5RVHWWD� ZDV LQ JRRG DJUHHPHQW ZLWK WKH $OSKD)ROG�

VWUXFWXUH �)LJ� �G��

7R FRUURERUDWH WKHVH ILQGLQJV ELRFKHPLFDOO\� ZH XVHG HOHFWURSKRUHWLF PRELOLW\ VKLIW

DVVD\V �(06$V� WR FRPSDUH ELQGLQJ E\ &(%3% WR :��� QXFOHRVRPHV FDUU\LQJ D &(%3%

ELQGLQJ VHTXHQFH DW GLIIHUHQW SRVLWLRQV �6XSSOHPHQWDU\ 7DEOH ��� 7KH UHVXOWV VKRZHG WKDW
&(%3% ERXQG VSHFLILFDOO\ WR :����EDVHG QXFOHRVRPHV ZLWK D &(%3% ELQGLQJ VHTXHQFH DW

SRVLWLRQ ����� ES� ZKHUHDV &(%3% DVVRFLDWLRQ ZLWK 1&3V ZLWK WKH ELQGLQJ VLWH DW SRVLWLRQ

����� ES RU ����� ES ZDV LQGLVWLQJXLVKDEOH IURP WKDW ZLWK 1&3V ODFNLQJ D &(%3% ELQGLQJ

VHTXHQFH �)LJ� �H� ([WHQGHG 'DWD )LJ� ��� 7KHVH UHVXOWV VXSSRUW RXU 3,21($5�6HT UHVXOWV
DQG VXSSRUW RXU VWUXFWXUDO PRGHO SUHGLFWLRQ WKDW D VOLJKW VKLIW RI '1$ FDQ VLJQLILFDQWO\ LPSDFW WKH

&(%3% ELQGLQJ PRGH�

$OWRJHWKHU� WKHVH UHVXOWV UHYHDOHG WKDW &(%3%� ZKLFK ZDV UHSRUWHG SUHYLRXVO\ WR EH DQ

³HQG ELQGHU´��� FDQ DOVR ELQG DW VSHFLILF SRVLWLRQV QHDU WKH G\DG LQ :����EDVHG 1&3V�

6HTXHQFH FRQWH[W UHJXODWHV SRVLWLRQDO SUHIHUHQFHV LQ SLRQHHU ELQGLQJ

7R LQYHVWLJDWH WKH SRWHQWLDO PHFKDQLVPV XQGHUO\LQJ WKH PXOWLSOH ELQGLQJ PRGHV RI

&(%3% LQ WKH :��� OLEUDU\ �)LJ� ��� ZH ILUVW DVNHG ZKHWKHU WKH\ ZHUH D SURSHUW\ VSHFLILF WR
&(%3% RU DOWHUQDWLYHO\ WR WKH :��� 1&3V� ,QVSHFWLRQ RI WKH SRVLWLRQDO SUHIHUHQFHV RI RWKHU 7)V

WKDW H[KLELWHG SLRQHHU ELQGLQJ E\ 3,21($5�VHT �L�H�� 2&7�� 581;�� 3$;�� )2;$�� *$7$��

*$7$�� �)LJ� �E� UHYHDOHG WKDW VLPLODU WR &(%3%� 581;� DQG 3$;� DOVR VKRZHG VWURQJ
SUHIHUHQFHV IRU ELQGLQJ WKHLU UHFRJQLWLRQ VHTXHQFHV DW VSHFLILF LQWHUQDO SRVLWLRQV RI WKH :���

1&3V �)LJ� �D�� LQ FRQWUDVW WR WKHLU ODFN RI SRVLWLRQDO ELQGLQJ SUHIHUHQFHV� DV H[SHFWHG� LQ WKH
FRUUHVSRQGLQJ IUHH '1$ OLEUDULHV �([WHQGHG 'DWD )LJ� �G�� 3$;�¶V PRVW HQULFKHG ��PHUV
�$$7>7�&@*$77� ([WHQGHG 'DWD )LJ� �E� ZHUH IRXQG PRVWO\ DW VSHFLILF SRVLWLRQV SUR[LPDO WR WKH
G\DG� ZKLOH WKRVH RI 581;� �77*&**77� ([WHQGHG 'DWD )LJ� �F� ZHUH ERXQG SUHIHUHQWLDOO\ DW
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���ES SHULRGLFLW\ LQ WKH ULJKW KDOI RI :����EDVHG 1&3V �)LJ� �D�� FRQVLVWHQW ZLWK D SULRU VWXG\
WKDW IRXQG 581;� WR ELQG ZLWK WKH VDPH SHULRGLFLW\ RQ 1&3V DVVHPEOHG RQ IXOO\ GHJHQHUDWH

VHTXHQFH���

,Q FRQWUDVW� WKH G\DG DQG SHULRGLF ELQGLQJ PRGHV H[KLELWHG E\ WKHVH 7)V RQ :����EDVHG

1&3V ZHUH DEVHQW IURP WKH 1&3V EDVHG RQ JHQRPLF VHTXHQFHV �)LJ� �D�� 0RUHRYHU� ZH
QRWLFHG WKDW IRU WKHVH � 7)V WKH ELQGLQJ RFFXUUHG SUHIHUHQWLDOO\ DW WKH �ƍ HQG RI 15&$0�EDVHG

QXFOHRVRPHV DQG DW WKH �¶ HQG RI &;�&5��EDVHG QXFOHRVRPHV� ZKLOH LQ $/%1� OLEUDULHV WKHUH

ZDV QR DSSDUHQW SRVLWLRQDO SUHIHUHQFH �)LJ� �D�� VXJJHVWLQJ WKDW WKH SRVLWLRQDO SUHIHUHQFH ZDV
QRW DQ LQKHUHQW SURSHUW\ RI WKHLU '1$ ELQGLQJ GRPDLQV� EXW UDWKHU YDULHG GHSHQGLQJ RQ WKH

VHTXHQFH FRQWH[W RI WKH QXFOHRVRPDO '1$�

:H UHDVRQHG WKDW :����VSHFLILF SUHIHUHQFHV IRU G\DG DQG SHULRGLF ELQGLQJ E\ &(%3%�

3$;�� DQG 581;� PLJKW RULJLQDWH IURP WKH KLJKHU VWDELOLW\ RI :����EDVHG QXFOHRVRPHV�� DV

FRPSDUHG WR QXFOHRVRPHV EDVHG RQ JHQRPLF VHTXHQFHV� ZKLFK PLJKW SHUPLW JUHDWHU HQG

EUHDWKLQJ GXH WR D ORRVHU VWUXFWXUH� DV VXJJHVWHG E\ D GLUHFW FRPSDULVRQ EHWZHHQ :��� DQG

$/%1� QXFOHRVRPH VWUXFWXUHV��� 7R LQYHVWLJDWH VXFK SRWHQWLDO VHTXHQFH�GHSHQGHQW GLIIHUHQFHV

LQ '1$ DFFHVVLELOLW\ DFURVV WKH GLIIHUHQW QXFOHRVRPHV LQ RXU VXUYH\� ZH DVVD\HG WKH LQSXW 1&3

OLEUDULHV E\ 01DVH�VHT �6XSSOHPHQWDU\ ,QIRUPDWLRQ�� 7KH 01DVH�VHT SURILOHV VKRZHG WKDW
WKH :��� 1&3V ZHUH WKH PRVW SURWHFWHG IURP 01DVH GLJHVWLRQ DQG WKHUHIRUH SURYLGHG WKH

OHDVW DFFHVVLEOH HQGV IRU 7) ELQGLQJ �)LJ� �E� ([WHQGHG 'DWD )LJ� �D��

'1$ IOH[LELOLW\ XQGHUOLHV QXFOHRVRPDO HQG�ELQGLQJ SUHIHUHQFHV RI 7)V

$ SULRU VLQJOH�PROHFXOH VWXG\ IRXQG WKDW WKH VHTXHQFH FRPSRVLWLRQ RI WKH LQQHU TXDUWHUV

RI :����EDVHG QXFOHRVRPDO '1$ DIIHFWV WKH G\QDPLFV RI WKH DGMDFHQW RXWHU TXDUWHUV��� 7KHVH

DXWKRUV SURSRVH D PRGHO LQ ZKLFK WKH LQKHUHQW '1$ ULJLGLW\ GXH WR LWV VHTXHQFH LV OHVV IDYRUDEOH

IRU ZUDSSLQJ DURXQG WKH RFWDPHU� WKXV H[SRVLQJ SRWHQWLDO 7) ELQGLQJ VLWHV� :H WKHUHIRUH DVNHG

ZKHWKHU '1$ IOH[LELOLW\ PLJKW FRQWURO WKH VHTXHQFH�GHSHQGHQW HQG�ELQGLQJ SUHIHUHQFHV WKDW ZH

REVHUYHG LQ RXU 3,21($5�VHT GDWD� 7R DQDO\]H '1$ IOH[LELOLW\ RI QXFOHRVRPHV� ZH XVHG WZR

GHHS OHDUQLQJ PRGHOV����� WUDLQHG RQ ORRS�VHT GDWD������ ZKLFK TXDQWLILHV WKH DELOLW\ RI a����ES

'1$ VHTXHQFHV WR IRUP ORRSV LQ YLWUR �µF\FOL]DELOLW\¶� DV D SUR[\ IRU WKH '1$ IOH[LELOLW\� :H XVHG

WKHVH GHHS OHDUQLQJ PRGHOV� ZKLFK SUHGLFW WKH VHTXHQFH F\FOL]DELOLW\ RI XVHU�LQSXW ���ES

VHTXHQFHV� WR VFRUH ���ES VOLGLQJ ZLQGRZV WLOLQJ DFURVV WKH QXFOHRVRPDO VHTXHQFHV �)LJ� �F��
&RPSDULVRQ RI WKH DYHUDJH F\FOL]DELOLW\ RI WKH '1$ LQSXW OLEUDULHV EDVHG RQ WKH GLIIHUHQW
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WHPSODWHV UHYHDOHG WKDW WKH :��� OLEUDU\ ZDV RYHUDOO PXFK PRUH IOH[LEOH WKDQ OLEUDULHV EDVHG RQ

WKH JHQRPLF VHTXHQFHV �)LJ� �G�� ,QWULJXLQJO\� WKH 1&3 LQSXW OLEUDULHV VKRZHG WKH VDPH WUHQG

IRU '1$ F\FOL]DELOLW\ DV IRU SURWHFWLRQ IURP 01DVH GLJHVWLRQ �)LJ� �E�G�� VXJJHVWLQJ WKDW WKH
IOH[LELOLW\ RI WKH QXFOHRVRPDO '1$ VHTXHQFH FRQWUROV WKH DFFHVVLELOLW\ RI WKH DVVRFLDWHG

QXFOHRVRPHV�

:H QH[W H[DPLQHG WKH F\FOL]DELOLW\ SURILOHV DORQJ WKH WHPSODWHV� :H IRXQG WKDW WKH

SUHGLFWHG F\FOL]DELOLW\ ZDV QRQKRPRJHQRXV DFURVV WKH WHPSODWHV� ZLWK D WHQGHQF\ WR GHFUHDVH

IURP WKH �¶ WR WKH �¶ HQG IRU WKH :��� DQG 15&$0 WHPSODWHV DQG IURP WKH �¶ WR WKH �¶ HQG IRU

WKH &;�&5� WHPSODWH �)LJ� �H�� +LJKO\ VLPLODU F\FOL]DELOLW\ SURILOHV ZHUH REWDLQHG XVLQJ ERWK
GHHS OHDUQLQJ PRGHOV �([WHQGHG 'DWD )LJ� �E�� 6WULNLQJO\� ZH QRWLFHG WKDW WKH SUHIHUUHG
SRVLWLRQV IRU 7) SLRQHHU ELQGLQJ WHQGHG WR RFFXU DW WKH OHVV F\FOL]DEOH VLGH �FRPSDUH )LJ� �D
DQG )LJ� �H�� ([DPLQDWLRQ RI WKH F\FOL]DELOLW\ RI WKH '1$ LQSXW OLEUDU\ FRQILUPHG WKDW WKH LQVHUWHG

1�� UDQGRP WLOHV GLG QRW DOWHU WKH DV\PPHWU\ WUHQG RI VHTXHQFH F\FOL]DELOLW\ �([WHQGHG 'DWD
)LJ� �F�� $ SULRU REVHUYDWLRQ WKDW WKH HQG RI :����EDVHG QXFOHRVRPHV DGMDFHQW WR PRUH ULJLG

LQWHUQDO '1$ XQZUDSV PRUH HDVLO\�� OHG XV WR K\SRWKHVL]H WKDW VXFK DV\PPHWU\ LQ '1$ IOH[LELOLW\

PLJKW GULYH 7) ELQGLQJ SUHIHUHQWLDOO\ WR WKH HQG RI QXFOHRVRPHV DGMDFHQW WR WKH PRUH ULJLG

LQWHUQDO '1$� 7R WHVW WKLV K\SRWKHVLV� ZH XVHG (06$V WR FRPSDUH &(%3% ELQGLQJ WR 15&$0

1&3V EXLOW ZLWK &(%3% PRWLIV SRVLWLRQHG RQ WKH PRUH IOH[LEOH HQG �DW SRVLWLRQ ����� ES� YHUVXV

WKH PRUH ULJLG HQG �DW SRVLWLRQ ������� ES� �6XSSOHPHQWDU\ 7DEOH ��� ,Q DJUHHPHQW ZLWK RXU
SUHGLFWLRQV� ZH REVHUYHG VWURQJHU &(%3% ELQGLQJ WR 1&3V FDUU\LQJ WKH PRWLI RQ WKH PRUH ULJLG

HQG RI WKH 15&$0 QXFOHRVRPDO '1$ �)LJ� �I� ([WHQGHG 'DWD )LJ� �G�I��

7KHVH IOH[LELOLW\�DVVRFLDWHG HQG�ELQGLQJ SUHIHUHQFHV ZHUH HLWKHU ZHDNHU RU DEVHQW IRU WKH

RWKHU IRXU 7)V �2&7�� )2;$�� *$7$�� *$7$�� WKDW ERXQG QXFOHRVRPHV E\ 3,21($5�VHT� ,Q

WKH FDVH RI 2&7�� ZKLFK VKRZHG PDUNHG HQG ELQGLQJ LQ OLEUDULHV EDVHG RQ ERWK :��� DQG

JHQRPLF WHPSODWHV� WKH ERXQG HQG ZDV GHILQHG E\ WKH PRWLI RULHQWDWLRQ �WKH IRUZDUG PRWLI

$$77>$�7@*&7$7 DW WKH �¶ HQG DQG WKH UHYHUVH FRPSOHPHQWDU\ PRWLI 7$7*&>$�7@$$77 DW WKH �ƍ

HQG� ([WHQGHG 'DWD )LJ� �D�� LQ DJUHHPHQW ZLWK SULRU LQ YLWUR VWXGLHV RI 2&7� ELQGLQJ WR
QXFOHRVRPHV EDVHG RQ :����� DQG JHQRPLF VHTXHQFHV�� )2;$� DOVR GLVSOD\HG HQG ELQGLQJ

SUHIHUHQFHV DFURVV DOO WKH 1&3 OLEUDULHV �([WHQGHG 'DWD )LJ� �E�� LQ DJUHHPHQW ZLWK D SULRU
VWXG\ WKDW IRXQG )2;$� WR EH DQ HQG ELQGHU��� )LQDOO\� WKH ELQGLQJ PRGHV RI *$7$� DQG *$7$��

ZKLFK VKRZHG YHU\ VLPLODU ELQGLQJ VLWH SRVLWLRQDO SUHIHUHQFHV DORQJ WKH QXFOHRVRPHV

�([WHQGHG 'DWD )LJ� �F�G�� ZHUH KLJKO\ FRQVLVWHQW ZLWK WKRVH RI &(%3%� 3$;� DQG 581;� RQ
:���� 15&$0 DQG &;�&5� WHPSODWHV� DQG ZHUH FRQVLVWHQW ZLWK D SULRU VWXG\ WKDW IRXQG
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*$7$� GLPHUV WR ELQG WDQGHP *$7 VLWHV RQ :����EDVHG QXFOHRVRPHV��� KRZHYHU� WKH

DVVRFLDWHG IUHH '1$ OLEUDULHV H[KLELWHG HQULFKPHQW RI *$7$ ELQGLQJ VLWHV DW VHYHUDO SRVLWLRQV�

ZKLFK ELDVHG WKH LQWHUSUHWDWLRQ RI WKHLU 1&3 ELQGLQJ SURILOHV� 2YHUDOO� WKH SRVLWLRQDO SUHIHUHQFH

UHVXOWV IURP WKH SULRU =KX HW DO� VXUYH\ RI 7) ELQGLQJ WR QXFOHRVRPHV FRQWDLQLQJ ����ES

UDQGRPL]HG VHTXHQFH�� ZHUH LQ JHQHUDO DJUHHPHQW� ZLWK VRPH H[FHSWLRQV� ZLWK RXU

3,21($5�6HT UHVXOWV IRU 7) ELQGLQJ WR VLWHV RQ :����EDVHG QXFOHRVRPHV� ODUJHU GLIIHUHQFHV�

KRZHYHU� ZHUH DSSDUHQW ZKHQ FRPSDULQJ WKH ELQGLQJ PRGHV FDOOHG E\ =KX HW DO� ZLWK WKH

ELQGLQJ PRGHV WKDW ZH REVHUYHG IRU 7) LQWHUDFWLRQV ZLWK 1&3V DVVHPEOHG RQ JHQRPLF

QXFOHRVRPH SRVLWLRQLQJ VHTXHQFHV �([WHQGHG 'DWD )LJ� �� 6XSSOHPHQWDU\ 'LVFXVVLRQ��

$OWRJHWKHU� WKHVH UHVXOWV UHYHDOHG WKDW FHUWDLQ 7)V XVH GLIIHUHQW ELQGLQJ PRGHV WR

SLRQHHU QXFOHRVRPHV DQG WKDW WKRVH PRGHV DUH UHJXODWHG E\ WKH VHTXHQFH FRQWH[W LQ ZKLFK

WKHLU FRJQDWH PRWLI LV HPEHGGHG� :H QH[W DVNHG LI '1$ IOH[LELOLW\ FRQWUROV QXFOHRVRPH ELQGLQJ

E\ 7)V EH\RQG WKRVH WKDW ZH DVVD\HG E\ 3,21($5�6HT� +HUH� ZH DQDO\]HG SXEOLVKHG

1&$3�6(/(; GDWD IRU ��� KXPDQ 7)V IRU ELQGLQJ WR 1&3V WKDW LQFOXGHG ����ES LQWHUQDO�

UDQGRPL]HG VHTXHQFH �1���� �6XSSOHPHQWDU\ ,QIRUPDWLRQ� )LJ� �D� ([WHQGHG 'DWD )LJ� �D�
6XSSOHPHQWDU\ 7DEOH ��� )RU HDFK 7)� ZH LQVSHFWHG 1&3V FRQWDLQLQJ 7) ELQGLQJ VLWHV DW WKH

HQGV RI WKH UDQGRPL]HG UHJLRQV �µHQG ELQGLQJ UHDGV¶� �)LJ� �D� ([WHQGHG 'DWD )LJ� �D�� )RU D
VLPSOLILHG UHSUHVHQWDWLRQ RI WKH HQG ELQGLQJ UHDGV� ZH UH�RULHQWHG WKH VHTXHQFLQJ UHDGV VXFK

WKDW WKH 7) ELQGLQJ VLWHV DUH DOZD\V RQ WKH OHIW �µUH�RULHQWDWLRQ¶� )LJ� �D� DQG WKHQ SURILOHG WKHLU
F\FOL]DELOLW\ DV GHVFULEHG DERYH �)LJ� �F��

:H IRXQG WKDW &(%3% HQG ELQGLQJ VLWHV LQ WKH 1&$3�6(/(; GDWD WHQGHG WR RFFXU RQ

WKH PRUH ULJLG VLGH RI WKH QXFOHRVRPHV �SXUSOH FXUYH� )LJ� �E�� FRQVLVWHQW ZLWK RXU
3,21($5�6HT GDWD RQ &(%3% HQG�ELQGLQJ SUHIHUHQFHV RQ &;�&5�� 15&$0 DQG:���

QXFOHRVRPHV �)LJ� �D�H�I�� $V QHJDWLYH FRQWUROV� DQDO\VLV RI QHLWKHU IUHH '1$ VHOHFWHG IRU

ELQGLQJ WR &(%3% DORQH �³+7�6(/(;´� QRU '1$ VHOHFWHG IRU ELQGLQJ WR QXFOHRVRPHV DORQH

�³QXFOHRVRPH�6(/(;´� ([WHQGHG 'DWD )LJ� �D� VKRZHG D GLIIHUHQFH LQ WKH '1$ F\FOL]DELOLW\ RI

WKH QXFOHRVRPH HQGV ZLWK YHUVXV ZLWKRXW &(%3% ELQGLQJ VLWHV �)LJ� �E�� 1RWDEO\� ZKHQ
FRPSDUHG WR &(%3% +7�6(/(; UHDGV� WKH F\FOL]DELOLW\ RI 1��� LQ QXFOHRVRPH�6(/(; UHDGV ZDV

PXFK KLJKHU� LQGLFDWLQJ WKDW WKH\ DUH RYHUDOO PRUH IOH[LEOH� DV H[SHFWHG IRU VHTXHQFHV VHOHFWHG

WR IRUP QXFOHRVRPHV �)LJ� �E��

6WURQJ QXFOHRVRPH SRVLWLRQLQJ VHTXHQFHV KDYH EHHQ REVHUYHG WR GLVSOD\ a���ES

QXFOHRWLGH SHULRGLFLW\��� :H IRXQG WKDW WKH QXFOHRWLGH SHULRGLFLW\ LQ WKH OHIW ������ ES� DQG ULJKW
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������� ES� VLGHV RI WKH 1��� UHJLRQV RI WKH QXFOHRVRPHV ZHUH KLJKO\ FRQFRUGDQW ZLWK WKH

F\FOL]DELOLW\ DQDO\VLV� WKH 1��� VLGHV DGMDFHQW WR WKH ELQGLQJ VLWHV �OHIW VLGHV� GLG QRW VKRZ DQ\

���ES SHULRGLFLW\� DOWKRXJK WKH 1��� VLGHV ORFDWHG GLVWDO WR WKH &(%3% ELQGLQJ VLWHV �ULJKW VLGHV�

H[KLELWHG SURQRXQFHG ���ES SHULRGLFLW\ �SXUSOH FXUYHV� )LJ� �F�� VXJJHVWLQJ WKDW WKH
&(%3%�ERXQG VLGHV DUH OHVV OLNHO\ WR EH DVVRFLDWHG VWURQJO\ ZLWK KLVWRQH RFWDPHU� ,Q FRQWUDVW�

WKH 7)�XQERXQG QXFOHRVRPH�6(/(; FRQWUROV H[KLELWHG VWURQJ ���ES SHULRGLFLW\ LQ ERWK KDOYHV�

LQ DJUHHPHQW ZLWK WKHLU H[SHFWHG SUHIHUHQFH WR IRUP QXFOHRVRPHV �JUHHQ FXUYHV� )LJ� �F��
ZKHUHDV WKH +7�6(/(; IUHH '1$ FRQWUROV GLG QRW VKRZ ���ES SHULRGLFLW\� DV H[SHFWHG �\HOORZ

FXUYHV� )LJ� �F��

7R DLG LQ JHQHUDOL]LQJ WKHVH UHVXOWV WR 7)V EH\RQG &(%3%� ZH DVVLJQHG WZR VFRUHV WR

TXDQWLI\ HDFK 7)¶V F\FOL]DELOLW\ SURILOH� ��� WKH DYHUDJH F\FOL]DELOLW\ RI WKH LQWHUQDO 1&3 UHJLRQ DV

D SUR[\ IRU LWV RYHUDOO IOH[LELOLW\� DQG ��� WKH VORSH RI WKH LQWHUQDO UHJLRQ DV D SUR[\ IRU LWV

GLIIHUHQWLDO IOH[LELOLW\ EHWZHHQ WKH WZR HQGV �([WHQGHG 'DWD )LJ� �E��:H WKHQ FODVVLILHG WKH ���

7)V DVVD\HG E\ ERWK 1&$3�6(/(; DQG +7�6(/(; ZLWK VXIILFLHQW UHDG GHSWK IRU WKLV

F\FOL]DELOLW\ DQDO\VLV �6XSSOHPHQWDU\ ,QIRUPDWLRQ� LQWR �� HQG ELQGHUV DQG �� QRQ�HQG ELQGHUV
�DQG �� XQGHWHUPLQHG� �([WHQGHG 'DWD )LJ� �F�� 7KH UHVXOWV UHYHDOHG WKDW WKH �� HQG ELQGHUV
ZHUH HQULFKHG IRU ELQGLQJ WKHLU VLWHV RQ WKH PRUH ULJLG HQGV RI WKH QXFOHRVRPHV DV FRPSDUHG WR

WKH �� QRQ�HQG ELQGHUV �3  ��� [ ����� :LOFR[RQ UDQN VXP¶V WHVW� �)LJ� �G�H�� ,Q FRQWUDVW� WKH
+7�6(/(; �DQG 7)�XQERXQG QXFOHRVRPH�6(/(;� FRQWUROV GLG QRW VKRZ D VLJQLILFDQW GLIIHUHQFH

EHWZHHQ WKH HQG YHUVXV QRQ�HQG ELQGHUV �([WHQGHG 'DWD )LJ� �G�� 0RUHRYHU� ZH IRXQG WKDW WKH
HQG ELQGHUV H[KLELWHG WKH VDPH ���ES GLQXFOHRWLGH SHULRGLFLW\ SDWWHUQ DV GLG &(%3% �FRPSDUH

)LJ� �F DQG ([WHQGHG 'DWD )LJ� �H�� IXUWKHU VXSSRUWLQJ RXU PRGHO WKDW WKH 7) HQG�ELQGLQJ

PRGH LV UHJXODWHG E\ WKH EURDGHU VHTXHQFH FRQWH[W RI WKH QXFOHRVRPH DQG IDYRUHG RQ VLWHV

ORFDWHG DW WKH PRUH ULJLG VLGH RI QXFOHRVRPHV�

7R LQYHVWLJDWH ZKHWKHU WKH '1$ IOH[LELOLW\ RI WKH QXFOHRVRPH DIIHFWV WKH UHFUXLWPHQW RI

7)V DW PRUH LQWHUQDO VLWHV� ZH VWUDWLILHG WKH 7)�ERXQG 1&3 UHDGV DFFRUGLQJ WR WKH SRVLWLRQ RI WKH

7) ELQGLQJ VHTXHQFH ZLWKLQ WKH 1��� UHJLRQV LQWR � VXEVHWV� ������ ������ ������ ����� ES IURP

WKH OHIW HQG RI WKH UHDGV �6XSSOHPHQWDU\ ,QIRUPDWLRQ�� :H IRXQG WKDW WKH HQG ELQGLQJ RI

&(%3% H[WHQGHG WR PRUH LQWHUQDO SRVLWLRQV LI WKH\ ZHUH IODQNHG E\ PRUH ULJLG '1$ UHJLRQV

WRZDUGV WKH G\DG �OHIW� ([WHQGHG 'DWD )LJ� �I�� 7KLV WUHQG JHQHUDOL]HG WR DOO �� HQG�ELQGHUV�
ZLWK WKH DYHUDJH F\FOL]DELOLW\ RI WKH ULJKW VLGH VHTXHQFHV GHFUHDVLQJ SURSRUWLRQDOO\ WR WKH H[WHQW

RI WKH LQWHUQDO ELQGLQJ E\ WKH 7) �3  ���� [ ������ $129$� �)LJ� �I� ([WHQGHG 'DWD )LJ� �I��
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7R GHWHUPLQH LI '1$ IOH[LELOLW\ PRGXODWHV 7) ELQGLQJ WR QXFOHRVRPHV LQ YLYR� ZH

DQDO\]HG 7) JHQRPLF RFFXSDQF\ �&K,3�VHT� DQG QXFOHRVRPH RFFXSDQF\ �01DVH�VHT� GDWD

IURP KXPDQ .��� FHOOV��� )URP WKRVH GDWD� ZH LGHQWLILHG ������ QXFOHRVRPHV WKDW RYHUODSSHG D

&(%3% &K,3�VHT SHDN DQG FRQWDLQHG D &(%3% ELQGLQJ VLWH ZLWKLQ �� ES RI RQH HQG RI WKH

QXFOHRVRPHV �6XSSOHPHQWDU\ ,QIRUPDWLRQ� )LJ� �D� 6XSSOHPHQWDU\ 7DEOH ��� :H IRXQG WKDW

WKHVH ������ &(%3%�ERXQG QXFOHRVRPHV ZHUH VLJQLILFDQWO\ PRUH ULJLG �L�H�� KDG ORZHU

F\FOL]DELOLW\� LQ WKH LQWHUQDO UHJLRQ IODQNLQJ WKH &(%3% PRWLI WKDQ QXFOHRVRPHV WKDW FRQWDLQHG

WKH &(%3% ELQGLQJ VLWH EXW ZHUH QRW ERXQG E\ &(%3% �)LJ� �E��

'LVFXVVLRQ

,Q WKLV VWXG\� ZH GHYHORSHG 3,21($5�VHT� D KLJK�WKURXJKSXW ELRFKHPLFDO DVVD\ IRU

DQDO\VLV RI WKH HIIHFWV RI QXFOHRVRPDO '1$ FRPSRVLWLRQ RQ SLRQHHU ELQGLQJ� ZKLFK ZH XVHG WR

DQDO\]H WKH '1$ VHTXHQFH VSHFLILFLW\ DQG SRVLWLRQDO SUHIHUHQFH RI ELQGLQJ E\ VHYHQ SLRQHHUV WR

QXFOHRVRPHV DVVHPEOHG RQ IRXU GLIIHUHQW VHTXHQFH FRQWH[WV� ,Q FRQWUDVW WR SULRU PRGHOV WKDW

KDYH VXJJHVWHG WKDW WKH SRVLWLRQDO SUHIHUHQFH IRU HQJDJLQJ ZLWK QXFOHRVRPHV �H�J�� G\DG�

SHULRGLF� HQG ELQGLQJ� LV DQ LQWULQVLF SURSHUW\ RI D SDUWLFXODU 7) RU 7) IDPLO\�������� ZH IRXQG WKDW

WKH SRVLWLRQDO SUHIHUHQFHV RI SLRQHHU ELQGLQJ FDQ DOVR EH UHJXODWHG E\ WKH '1$ FRPSRVLWLRQ RI

WKH ZKROH QXFOHRVRPH� 3LRQHHUV ERXQG SUHIHUHQWLDOO\ WR LQWHUQDO VLWHV RQ KLJK�VWDELOLW\

QXFOHRVRPHV WKURXJK G\DG DQG SHULRGLF ELQGLQJ� 7KH :��� VHTXHQFH LV NQRZQ WR IRUP PRUH

VWDEOH QXFOHRVRPHV WKDQ GR JHQRPLF VHTXHQFHV������ ZKLFK FRXOG PLQLPL]H µHQG EUHDWKLQJ¶ RI

:��� 1&3V� ,QGHHG� LQ RXU DVVD\ :����EDVHG 1&3V IDYRUHG 7) ELQGLQJ DW PRUH LQWHUQDO

UHJLRQV� VXFK DV WKH µVLQJOH�J\UH¶ G\DG RU LQWHUVSHUVHG VLWHV WKDW IROORZHG WKH ���ES SHULRGLFLW\

RI '1$ ZUDSSHG DURXQG WKH KLVWRQH RFWDPHU�� ,Q FRQWUDVW� 7)V SUHIHUHQWLDOO\ ERXQG WKH HQGV RI

JHQRPLF QXFOHRVRPHV ZLWK OHVV IOH[LEOH '1$� 2XU UHVXOWV VXSSRUW D PRGHO LQ ZKLFK WKH PRUH

ULJLG KDOI RI WKH QXFOHRVRPDO '1$ LV PRUH OLNHO\ WR G\QDPLFDOO\ XQZUDS� H[SRVLQJ ELQGLQJ VLWHV

IRU 7) UHFRJQLWLRQ �)LJ� �F��

2XU UHVXOWV IRU 7) ELQGLQJ WR QXFOHRVRPHV EDVHG RQ JHQRPLF VHTXHQFHV PD\ PRUH

DFFXUDWHO\ UHIOHFW WKH LQ YLYR ELQGLQJ SUHIHUHQFHV RI SLRQHHUV� 1XFOHRVRPHV KDYH EHHQ IRXQG WR

XQZUDS WKHLU HQGV LQ D G\QDPLF ZD\ WKDW GHSHQGV RQ WKH ORFDO IOH[LELOLW\ RI WKH '1$ VHTXHQFH�

ZLWK XQZUDSSLQJ DW RQH HQG VWDELOL]LQJ WKH RWKHU HQG RI WKH QXFOHRVRPH��� 7KXV� WKH '1$

VHTXHQFH RI D QXFOHRVRPH FDQ DPSOLI\ GLIIHUHQFHV LQ ORFDO '1$ IOH[LELOLW\ LQWR DV\PPHWULF
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QXFOHRVRPH XQZUDSSLQJ� WKXV SURYLGLQJ D PHFKDQLVP IRU UHJXODWLQJ 7) DFFHVV WR VSHFLILF ORFL

WKDW LV FRQVLVWHQW ZLWK ZKDW ZH IRXQG IRU 7) ELQGLQJ WR QXFOHRVRPHV EDVHG RQ WKH &;�&5� DQG

15&$0 JHQRPLF VHTXHQFHV�

7KH LGHD RI SLRQHHUV DV D VXEJURXS RI 7)V ZLWK WKH GLVWLQFW DELOLW\ WR UHFRJQL]H WKHLU

FRJQDWH '1$ PRWLI RQ QXFOHRVRPHV UHPDLQV FRQWURYHUVLDO� $ UHFHQW VWXG\ FKDOOHQJHG WKLV

PRGHO E\ VKRZLQJ WKDW ERWK WKH DUFKHW\SDO SLRQHHU )2;$� DQG LWV DVVRFLDWHG QRQ�SLRQHHU

+1)� FDQ µSLRQHHU¶ IRU HDFK RWKHU LQ YLYR� EXW ZLWK GLIIHUHQW VWUHQJWKV DQG FRRSHUDWLYHO\���

)XUWKHUPRUH� SULRU LQ YLYR VWXGLHV KDYH VKRZQ WKDW HYHQ WKH PRVW ZHOO�HVWDEOLVKHG SLRQHHUV ELQG

RQO\ VXEVHWV RI JHQRPLF RFFXUUHQFHV RI WKHLU UHFRJQLWLRQ VLWHV��������� $OWRJHWKHU� WKHVH UHVXOWV

VXJJHVW WKDW LQVWHDG RI D FDWHJRULFDO GLVWLQFWLRQ EHWZHHQ SLRQHHUV DQG QRQ�SLRQHHUV� 7) ELQGLQJ

WR QXFOHRVRPHV IRUPV D FRQWLQXXP DQG GHSHQGV RQ DGGLWLRQDO FXHV� %\ VKRZLQJ WKDW WKH '1$

VHTXHQFH RI QXFOHRVRPHV UHVWULFWV ZKLFK PRWLI LQVWDQFHV DUH HOLJLEOH IRU SLRQHHU ELQGLQJ� ZH

SUHVHQW RQH SRWHQWLDO PHFKDQLVP IRU WKH REVHUYHG VHOHFWLYLW\ RI PRWLI XWLOL]DWLRQ LQ YLYR�

2XU UHVXOWV VXJJHVW WKDW ORFDO '1$ IOH[LELOLW\ UHSUHVHQWV DQRWKHU OD\HU RI FLV�UHJXODWRU\

HQFRGLQJ LQ WKH JHQRPH� JRLQJ EH\RQG 7) ELQGLQJ VLWH PRWLIV� ,PSURYHG WRROV WKDW LQFOXGH

VFRULQJ RI '1$ VHTXHQFH IOH[LELOLW\ PD\ OHDG WR PRUH DFFXUDWH SUHGLFWLRQ RI IXQFWLRQDO 7)

JHQRPLF ELQGLQJ VLWHV DQG WKXV DLG LQ WKH LQWHUSUHWDWLRQ RI QRQFRGLQJ YDULDQWV� )XWXUH VWXGLHV

DUH QHHGHG WR GHWHUPLQH WKH LQIOXHQFH RI HSLJHQRPLF IHDWXUHV DQG LQWHUDFWLRQV ZLWK FRIDFWRUV

DQG FKURPDWLQ UHPRGHOHUV RQ 7) ELQGLQJ WR QXFOHRVRPHV DQG JHQH UHJXODWLRQ�
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$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV VXSSRUWHG LQ SDUW E\ DQ $PHULFDQ +HDUW $VVRFLDWLRQ SRVWGRFWRUDO IHOORZVKLS

�������� WR .�/�� DQG E\ JUDQWV IURP WKH 8�6� 1DWLRQDO ,QVWLWXWHV RI +HDOWK �5�� +*������ DQG

5�� +*������ WR 0�/�%� 5�� *0����� WR 3�&��� :H WKDQN 7DHNMLS +D� 3DUN -RQJKDQ� DQG

6RSKLD <DQ IRU VKDULQJ WKHLU XQSXEOLVKHG VRIWZDUH WR SUHGLFW '1$ VHTXHQFH IOH[LELOLW\� :H WKDQN

PHPEHUV RI WKH %XO\N ODE IRU KHOSIXO GLVFXVVLRQ� 0� :X� 5� .LQJVWRQ DQG -� &RFKUDQH IRU

WHFKQLFDO DVVLVWDQFH LQ WKH SURGXFWLRQ RI RFWDPHUV DQG QXFOHRVRPHV LQ WKH LQLWLDO VWDJHV RI WKLV

SURMHFW�

$XWKRU &RQWULEXWLRQV
/�0� DQG 0�/�%� GHVLJQHG WKH H[SHULPHQWV� /�0� SHUIRUPHG H[SHULPHQWV� /�0� DQG ;�/�

SHUIRUPHG DQDO\VHV� /�0�� .�/�� ;�/�� DQG 6�6�*� SHUIRUPHG PROHFXODU PRGHOLQJ DQG VWUXFWXUH

LQWHUSUHWDWLRQ� .�/� DQG 3�$�&� FRQWULEXWHG WR SURGXFWLRQ RI KLVWRQH RFWDPHUV DQG SXULILFDWLRQ RI

&(%3%� $OO DXWKRUV LQWHUSUHWHG WKH UHVXOWV� /�0�� ;�/� DQG 0�/�%� ZURWH WKH PDQXVFULSW��$OO

DXWKRUV UHDG DQG HGLWHG WKH PDQXVFULSW�

&RPSHWLQJ ,QWHUHVWV
$OO DXWKRUV GHFODUH QR FRPSHWLQJ LQWHUHVWV�
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5HIHUHQFHV

� =DUHW� .� 6� 3LRQHHU 7UDQVFULSWLRQ )DFWRUV ,QLWLDWLQJ *HQH 1HWZRUN &KDQJHV� $QQX 5HY
*HQHW ��� �������� GRL���������DQQXUHY�JHQHW�������������� �������

� %DOVDOREUH� $� 	 'URXLQ� -� 3LRQHHU IDFWRUV DV PDVWHU UHJXODWRUV RI WKH HSLJHQRPH DQG
FHOO IDWH� 1DW 5HY 0RO &HOO %LRO ��� �������� GRL���������V����������������] �������

� ,VEHO� /�� *UDQG� 5� 6� 	 6FKXEHOHU� '� *HQHUDWLQJ VSHFLILFLW\ LQ JHQRPH UHJXODWLRQ
WKURXJK WUDQVFULSWLRQ IDFWRU VHQVLWLYLW\ WR FKURPDWLQ� 1DW 5HY *HQHW ��� ��������
GRL���������V����������������� �������

� (FKLJR\D� .� HW DO� 1XFOHRVRPH ELQGLQJ E\ WKH SLRQHHU WUDQVFULSWLRQ IDFWRU 2&7�� 6FL
5HS ��� ������ GRL���������V����������������� �������

� -RVHSK� 6� 5� HW DO� &RPSHWLWLRQ EHWZHHQ KLVWRQH DQG WUDQVFULSWLRQ IDFWRU ELQGLQJ
UHJXODWHV WKH RQVHW RI WUDQVFULSWLRQ LQ ]HEUDILVK HPEU\RV� (OLIH ��
GRL���������H/LIH������ �������

� 3RLULHU� 0� *�� %XVVLHN� 0�� /DQJRZVNL� -� 	 :LGRP� -� 6SRQWDQHRXV DFFHVV WR '1$
WDUJHW VLWHV LQ IROGHG FKURPDWLQ ILEHUV� - 0RO %LRO ���� ��������
GRL���������M�MPE������������ �������

� /L� *� 	 :LGRP� -� 1XFOHRVRPHV IDFLOLWDWH WKHLU RZQ LQYDVLRQ� 1DW 6WUXFW 0RO %LRO ���
�������� GRL���������QVPE��� �������

� 6HNL\D� 7�� 0XWKXUDMDQ� 8� 0�� /XJHU� .�� 7XOLQ� $� 9� 	 =DUHW� .� 6� 1XFOHRVRPH�ELQGLQJ
DIILQLW\ DV D SULPDU\ GHWHUPLQDQW RI WKH QXFOHDU PRELOLW\ RI WKH SLRQHHU WUDQVFULSWLRQ IDFWRU
)R[$� *HQHV 'HY ��� �������� GRL���������JDG�������� �������

� /XJHU� .�� 0DGHU� $� :�� 5LFKPRQG� 5� .�� 6DUJHQW� '� )� 	 5LFKPRQG� 7� -� &U\VWDO
VWUXFWXUH RI WKH QXFOHRVRPH FRUH SDUWLFOH DW ��� $ UHVROXWLRQ� 1DWXUH ���� ��������
GRL�������������� �������

�� 0LFKDHO� $� .� HW DO� 0HFKDQLVPV RI 2&7��62;� PRWLI UHDGRXW RQ QXFOHRVRPHV�
6FLHQFH ���� ���������� GRL���������VFLHQFH�DEE���� �������

�� 0LFKDHO� $� .� HW DO� &RRSHUDWLRQ EHWZHHQ E+/+ WUDQVFULSWLRQ IDFWRUV DQG KLVWRQHV IRU
'1$ DFFHVV� 1DWXUH ���� �������� GRL���������V����������������� �������

�� 7DQDND� +� HW DO� ,QWHUDFWLRQ RI WKH SLRQHHU WUDQVFULSWLRQ IDFWRU *$7$� ZLWK QXFOHRVRPHV�
1DW &RPPXQ ��� ����� GRL���������V����������������\ �������

�� 'RGRQRYD� 6� 2�� =KX� )�� 'LHQHPDQQ� &�� 7DLSDOH� -� 	 &UDPHU� 3� 1XFOHRVRPH�ERXQG
62;� DQG 62;�� VWUXFWXUHV HOXFLGDWH SLRQHHU IDFWRU IXQFWLRQ� 1DWXUH ���� ��������
GRL���������V���������������\ �������

�� =KX� )� HW DO� 7KH LQWHUDFWLRQ ODQGVFDSH EHWZHHQ WUDQVFULSWLRQ IDFWRUV DQG WKH
QXFOHRVRPH� 1DWXUH ���� ������ GRL���������V���������������� �������

�� 0HHUV� 0� 3�� -DQVVHQV� '� +� 	 +HQLNRII� 6� 3LRQHHU )DFWRU�1XFOHRVRPH %LQGLQJ (YHQWV
GXULQJ 'LIIHUHQWLDWLRQ $UH 0RWLI (QFRGHG� 0RO &HOO ��� ������� H����
GRL���������M�PROFHO������������ �������

�� 6RXIL� $� HW DO� 3LRQHHU WUDQVFULSWLRQ IDFWRUV WDUJHW SDUWLDO '1$ PRWLIV RQ QXFOHRVRPHV WR
LQLWLDWH UHSURJUDPPLQJ� &HOO ���� �������� GRL���������M�FHOO������������ �������

�� 0D\UDQ� $� HW DO� 3LRQHHU IDFWRU 3D[� GHSOR\V D VWDEOH HQKDQFHU UHSHUWRLUH IRU
VSHFLILFDWLRQ RI FHOO IDWH� 1DW *HQHW ��� �������� GRL���������V����������������
�������

�� /RZDU\� 3� 7� 	 :LGRP� -� 1HZ '1$ VHTXHQFH UXOHV IRU KLJK DIILQLW\ ELQGLQJ WR KLVWRQH
RFWDPHU DQG VHTXHQFH�GLUHFWHG QXFOHRVRPH SRVLWLRQLQJ� - 0RO %LRO ���� ������
GRL���������MPEL���������� �������

�� 0LQGHUMDKQ� -� HW DO� 0HFKDQLVPV JRYHUQLQJ WKH SLRQHHULQJ DQG UHGLVWULEXWLRQ FDSDELOLWLHV
RI WKH QRQ�FODVVLFDO SLRQHHU 38��� 1DW &RPPXQ ��� ����
GRL���������V����������������� �������
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�� <X� ;� 	 %XFN� 0� -� 'HILQLQJ 73�� SLRQHHULQJ FDSDELOLWLHV ZLWK FRPSHWLWLYH QXFOHRVRPH
ELQGLQJ DVVD\V� *HQRPH 5HV ��� �������� GRL���������JU����������� �������

�� &KD\D� '�� +D\DPL]X� 7�� %XVWLQ� 0� 	 =DUHW� .� 6� 7UDQVFULSWLRQ IDFWRU )R[$ �+1)�� RQ D
QXFOHRVRPH DW DQ HQKDQFHU FRPSOH[ LQ OLYHU FKURPDWLQ� - %LRO &KHP ���� ������������
GRL���������MEF�0��������� �������

�� 0F3KHUVRQ� &� (�� 6KLP� (� <�� )ULHGPDQ� '� 6� 	 =DUHW� .� 6� $Q DFWLYH WLVVXH�VSHFLILF
HQKDQFHU DQG ERXQG WUDQVFULSWLRQ IDFWRUV H[LVWLQJ LQ D SUHFLVHO\ SRVLWLRQHG QXFOHRVRPDO
DUUD\� &HOO ��� �������� GRL����������������������������W �������

�� )HUQDQGH] *DUFLD� 0� HW DO� 6WUXFWXUDO )HDWXUHV RI 7UDQVFULSWLRQ )DFWRUV $VVRFLDWLQJ ZLWK
1XFOHRVRPH %LQGLQJ� 0RO &HOO ��� ������� H���� GRL���������M�PROFHO������������
�������

�� )UHGHULFN� 0� $� HW DO� $ SLRQHHU IDFWRU ORFDOO\ RSHQV FRPSDFWHG FKURPDWLQ WR HQDEOH
WDUJHWHG $73�GHSHQGHQW QXFOHRVRPH UHPRGHOLQJ� 1DW 6WUXFW 0RO %LRO ��� ������
GRL���������V����������������� �������

�� 6RXIL� $�� 'RQDKXH� *� 	 =DUHW� .� 6� )DFLOLWDWRUV DQG LPSHGLPHQWV RI WKH SOXULSRWHQF\
UHSURJUDPPLQJ IDFWRUV
 LQLWLDO HQJDJHPHQW ZLWK WKH JHQRPH� &HOO ���� ���������
GRL���������M�FHOO������������ �������

�� 6LQKD� .� .�� %LORNDSLF� 6�� 'X� <�� 0DOLN� '� 	 +DOLF� 0� +LVWRQH PRGLILFDWLRQV UHJXODWH
SLRQHHU WUDQVFULSWLRQ IDFWRU FRRSHUDWLYLW\� 1DWXUH ���� ��������
GRL���������V����������������� �������

�� 7DNL]DZD� <� HW DO� &U\R�(0 VWUXFWXUH RI WKH QXFOHRVRPH FRQWDLQLQJ WKH $/%� HQKDQFHU
'1$ VHTXHQFH� 2SHQ %LRO �� GRL���������UVRE������� �������

�� 6DWFKZHOO� 6� &�� 'UHZ� +� 5� 	 7UDYHUV� $� $� 6HTXHQFH SHULRGLFLWLHV LQ FKLFNHQ
QXFOHRVRPH FRUH '1$� - 0RO %LRO ���� �������� GRL�����������������������������
�������

�� :LGRP� -� 5ROH RI '1$ VHTXHQFH LQ QXFOHRVRPH VWDELOLW\ DQG G\QDPLFV� 4 5HY %LRSK\V
��� �������� GRL���������V���������������� �������

�� 1JR� 7� 7�� =KDQJ� 4�� =KRX� 5�� <RGK� -� *� 	 +D� 7� $V\PPHWULF XQZUDSSLQJ RI
QXFOHRVRPHV XQGHU WHQVLRQ GLUHFWHG E\ '1$ ORFDO IOH[LELOLW\� &HOO ���� ����������
GRL���������M�FHOO������������ �������

�� +XUWDGR� $�� +ROPHV� .� $�� 5RVV�,QQHV� &� 6�� 6FKPLGW� '� 	 &DUUROO� -� 6� )2;$� LV D
NH\ GHWHUPLQDQW RI HVWURJHQ UHFHSWRU IXQFWLRQ DQG HQGRFULQH UHVSRQVH� 1DW *HQHW ���
������ GRL���������QJ���� �������

�� 'RQDJKH\� -� HW DO� *HQHWLF GHWHUPLQDQWV DQG HSLJHQHWLF HIIHFWV RI SLRQHHU�IDFWRU
RFFXSDQF\� 1DW *HQHW ��� �������� GRL���������V���������������� �������

�� *LEVRQ� 7� -�� /DUVRQ� (� '� 	 +DUULVRQ� 0� 0� 3URWHLQ�LQWULQVLF SURSHUWLHV DQG
FRQWH[W�GHSHQGHQW HIIHFWV UHJXODWH SLRQHHU IDFWRU ELQGLQJ DQG IXQFWLRQ� 1DW 6WUXFW 0RO
%LRO ��� �������� GRL���������V����������������� �������

�� 7KDVWURP� $�� /RZDU\� 3� 7� 	 :LGRP� -� 0HDVXUHPHQW RI KLVWRQH�'1$ LQWHUDFWLRQ IUHH
HQHUJ\ LQ QXFOHRVRPHV� 0HWKRGV ��� ������ GRL���������M�\PHWK������������ �������

�� 9DVXGHYDQ� '�� &KXD� (� <� '� 	 'DYH\� &� $� &U\VWDO VWUXFWXUHV RI QXFOHRVRPH FRUH
SDUWLFOHV FRQWDLQLQJ WKH 
���
 VWURQJ SRVLWLRQLQJ VHTXHQFH� - 0RO %LRO ���� �����
GRL���������M�MPE������������ �������

�� :DSLQVNL� 2� /� HW DO� +LHUDUFKLFDO PHFKDQLVPV IRU GLUHFW UHSURJUDPPLQJ RI ILEUREODVWV WR
QHXURQV� &HOO ���� �������� GRL���������M�FHOO������������ �������

�� *DUEHU� 0� HW DO� $ KLJK�WKURXJKSXW FKURPDWLQ LPPXQRSUHFLSLWDWLRQ DSSURDFK UHYHDOV
SULQFLSOHV RI G\QDPLF JHQH UHJXODWLRQ LQ PDPPDOV� 0RO &HOO ��� ��������
GRL���������M�PROFHO������������ �������

�� &LULOOR� /� $� HW DO� 2SHQLQJ RI FRPSDFWHG FKURPDWLQ E\ HDUO\ GHYHORSPHQWDO WUDQVFULSWLRQ
IDFWRUV +1)� �)R[$� DQG *$7$��� 0RO &HOO �� ��������
GRL���������V�������������������� �������
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�� .DGDXNH� 6� HW DO� 7LVVXH�VSHFLILF PLWRWLF ERRNPDUNLQJ E\ KHPDWRSRLHWLF WUDQVFULSWLRQ
IDFWRU *$7$�� &HOO ���� �������� GRL���������M�FHOO������������ �������

�� *KLVOHWWL� 6� HW DO� ,GHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ RI HQKDQFHUV FRQWUROOLQJ WKH
LQIODPPDWRU\ JHQH H[SUHVVLRQ SURJUDP LQ PDFURSKDJHV� ,PPXQLW\ ��� ��������
GRL���������M�LPPXQL������������ �������

�� +RMR� +� HW DO� 5XQ[� UHJXODWHV FKURPDWLQ DFFHVVLELOLW\ WR GLUHFW WKH RVWHREODVW SURJUDP
DW QHRQDWDO VWDJHV� &HOO 5HS ��� ������� GRL���������M�FHOUHS������������ �������

�� 0\VOLQVNL� (�� .URO� $� 	 &DUERQ� 3� =1)�� DQG =1)��� DUH WZR KXPDQ KRPRORJV RI WKH
WUDQVFULSWLRQDO DFWLYDWRU 6WDI� - %LRO &KHP ���� ������������
GRL���������MEF������������� �������

�� 5LOH\� 7� 5� HW DO� 6(/(;�VHT� D PHWKRG IRU FKDUDFWHUL]LQJ WKH FRPSOHWH UHSHUWRLUH RI
ELQGLQJ VLWH SUHIHUHQFHV IRU WUDQVFULSWLRQ IDFWRU FRPSOH[HV� 0HWKRGV 0RO %LRO �����
�������� GRL��������������������������B�� �������

�� 6ODWWHU\� 0� HW DO� &RIDFWRU ELQGLQJ HYRNHV ODWHQW GLIIHUHQFHV LQ '1$ ELQGLQJ VSHFLILFLW\
EHWZHHQ +R[ SURWHLQV� &HOO ���� ���������� GRL���������M�FHOO������������ �������

�� :HLUDXFK� 0� 7� HW DO� 'HWHUPLQDWLRQ DQG LQIHUHQFH RI HXNDU\RWLF WUDQVFULSWLRQ IDFWRU
VHTXHQFH VSHFLILFLW\� &HOO ���� ���������� GRL���������M�FHOO������������ �������

�� /LDQ� 7�� *XDQ� 5�� =KRX� %� 5� 	 %DL� <� 6WUXFWXUDO PHFKDQLVP RI V\QHUJLVWLF WDUJHWLQJ RI
WKH &;�&5� QXFOHRVRPH E\ 38�� DQG &�(%3DOSKD� 1DW 6WUXFW 0RO %LRO ��� ��������
GRL���������V����������������] �������

�� $EUDPVRQ� -� HW DO� $FFXUDWH VWUXFWXUH SUHGLFWLRQ RI ELRPROHFXODU LQWHUDFWLRQV ZLWK
$OSKD)ROG �� 1DWXUH ���� �������� GRL���������V����������������Z �������

�� /HDYHU�)D\� $� HW DO� 526(77$�� DQ REMHFW�RULHQWHG VRIWZDUH VXLWH IRU WKH VLPXODWLRQ DQG
GHVLJQ RI PDFURPROHFXOHV� 0HWKRGV (Q]\PRO ���� ��������
GRL���������%������������������������� �������

�� <DQJ� -� HW DO� 6WUXFWXUDO EDVLV IRU HIIHFWV RI &S$ PRGLILFDWLRQV RQ &�(%3EHWD ELQGLQJ RI
'1$� 1XFOHLF $FLGV 5HV ��� ���������� GRL���������QDU�JN\���� �������

�� &RQZD\� 3�� 7\ND� 0� '�� 'L0DLR� )�� .RQHUGLQJ� '� (� 	 %DNHU� '� 5HOD[DWLRQ RI
EDFNERQH ERQG JHRPHWU\ LPSURYHV SURWHLQ HQHUJ\ ODQGVFDSH PRGHOLQJ� 3URWHLQ 6FL ���
������ GRL���������SUR����� �������

�� 3DUN� -� 	 +D� 7� -� ,Q SUHSDUDWLRQ� �������
�� /L� .�� &DUUROO� 0�� 9DIDEDNKVK� 5�� :DQJ� ;� $� 	 :DQJ� -� 3� '1$F\F3� D GHHS OHDUQLQJ

WRRO IRU '1$ F\FOL]DELOLW\ SUHGLFWLRQ� 1XFOHLF $FLGV 5HV ��� ����������
GRL���������QDU�JNDF��� �������

�� %DVX� $� HW DO� 0HDVXULQJ '1$ PHFKDQLFV RQ WKH JHQRPH VFDOH� 1DWXUH ���� ��������
GRL���������V����������������� �������

�� %DVX� $� HW DO� 'HFLSKHULQJ WKH PHFKDQLFDO FRGH RI WKH JHQRPH DQG HSLJHQRPH� 1DW
6WUXFW 0RO %LRO ��� ���������� GRL���������V����������������� �������

�� 'UHZ� +� 5� 	 7UDYHUV� $� $� '1$ EHQGLQJ DQG LWV UHODWLRQ WR QXFOHRVRPH SRVLWLRQLQJ� -
0RO %LRO ���� �������� GRL����������������������������� �������

�� /XR� <� HW DO� 1HZ GHYHORSPHQWV RQ WKH (QF\FORSHGLD RI '1$ (OHPHQWV �(1&2'(� GDWD
SRUWDO� 1XFOHLF $FLGV 5HV ��� '����'���� GRL���������QDU�JN]���� �������

�� +DQVHQ� -� /�� /RHOO� .� -� 	 &RKHQ� %� $� $ WHVW RI WKH SLRQHHU IDFWRU K\SRWKHVLV XVLQJ
HFWRSLF OLYHU JHQH DFWLYDWLRQ� (OLIH ��� GRL���������H/LIH������ �������

�� 0LODQ� 0� HW DO� )2;$� FRQWUROV WKH FLV�UHJXODWRU\ QHWZRUNV RI SDQFUHDWLF FDQFHU FHOOV LQ
D GLIIHUHQWLDWLRQ JUDGH�VSHFLILF PDQQHU� (0%2 - ��� H�������
GRL����������HPEM����������� �������

�� /DUVRQ� (� '� HW DO� &HOO�W\SH�VSHFLILF FKURPDWLQ RFFXSDQF\ E\ WKH SLRQHHU IDFWRU =HOGD
GULYHV NH\ GHYHORSPHQWDO WUDQVLWLRQV LQ 'URVRSKLOD� 1DW &RPPXQ ��� �����
GRL���������V����������������\ �������
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)LJXUH OHJHQGV

)LJXUH �� 3,21($5±VHT DVVD\ UHYHDOV 7)V ZLWK VSHFLILF ELQGLQJ WR QXFOHRVRPHV�

�D� 3,21($5�VHT DVVD\ VFKHPD� '1$ VHTXHQFHV WKDW IDYRU QXFOHRVRPH SRVLWLRQLQJ �µ����ES

7HPSODWHV¶� DUH WLOHG ZLWK ���ES UDQGRP UHJLRQV �1�� UDQGRP WLOHV� EOXH� LQ WKH LQWHUQDO UHJLRQV

EHWZHHQ IL[HG SULPHUV DQG SRROHG WRJHWKHU WR IRUP WKH IUHH '1$ LQSXW OLEUDU\ �µ7LOLQJ¶�� ZKLFK LV

WKHQ DVVHPEOHG LQWR 1&3V WR IRUP WKH 1&3 LQSXW OLEUDU\ XVLQJ SUHYLRXVO\ UHFRQVWLWXWHG KLVWRQH

RFWDPHUV �µ1&3 /LEUDU\ $VVHPEO\¶�� 1&3V DUH WKHQ LQFXEDWHG ZLWK *67�WDJJHG 7)V DQG SXOOHG

GRZQ XVLQJ *67�VSHFLILF EHDGV �µ7)�1&3 DIILQLW\ FDSWXUH¶�� 7KH VHOHFWHG '1$ OLEUDULHV DUH

3&5�DPSOLILHG� VHOHFWHG E\ � DGGLWLRQDO URXQGV� DQG WKHQ VHTXHQFHG WR GHWHUPLQH 7) ELQGLQJ

VLWHV ZLWKLQ WKH 1�� WLOHV �µ3&5 DPSOLILFDWLRQ¶��

�E� &RPSDULVRQ RI WKH KLJKHVW N�PHU HQULFKPHQW LQ OLEUDULHV EDVHG RQ GLVWLQFW WHPSODWHV
�V\PEROV�� VHOHFWHG E\ WKH LQGLFDWHG 7)V �RU WKH *67 PRFN FRQWURO� DQG DVVHPEOHG RQ 1&3V

�SXUSOH� YHUVXV NHSW DV IUHH '1$ �\HOORZ��

�F� 5HSUHVHQWDWLYH H[DPSOH RI FRUUHODWLRQ RI N�PHU HQULFKPHQW �6SHDUPDQ 5  ����� EHWZHHQ

1&3 OLEUDU\ UHSOLFDWHV XSRQ 3,21($5�VHT VHOHFWLRQ�

�G� )RU WKH � 7)V LQ �E�� WKH FRUUHODWLRQ RI N�PHU HQULFKPHQW EHWZHHQ 3,21($5�VHT UHSOLFDWHV LQ
:��� OLEUDULHV YHUVXV OLEUDULHV EDVHG RQ WKH JHQRPLF WHPSODWHV �$/%1�� &;�&5� DQG

15&$0� �:LOFR[RQ 5DQN 6XP 7HVW� 3  ������

�H� )RU WKH � 7)V LQ �E�� FRPSDULVRQV RI LQIRUPDWLRQ JDLQ RI OLEUDULHV EDVHG RQ :��� YHUVXV WKH

JHQRPLF WHPSODWHV DQG VHOHFWHG HLWKHU DV 1&3 �SXUSOH� RU IUHH '1$ �\HOORZ� �([WHQGHG 'DWD
)LJ� �F��

�I� 5HSUHVHQWDWLYH H[DPSOH RI FRUUHODWLRQ RI N�PHU HQULFKPHQW �6SHDUPDQ 5  ����� EHWZHHQ

1&3 OLEUDULHV EDVHG RQ :��� DQG WKH JHQRPLF WHPSODWHV XSRQ 3,21($5�VHT VHOHFWLRQ�

�J� )RU WKH � 7)V LQ �E�� WKH FRUUHODWLRQ FRHIILFLHQWV RI N�PHU HQULFKPHQW EHWZHHQ :��� DQG

HDFK JHQRPLF WHPSODWH DUH VLJQLILFDQWO\ ORZHU WKDQ DPRQJ WKH JHQRPLF WHPSODWHV �:LOFR[RQ

5DQN 6XP 7HVW� 3  ��� [ ������

)LJXUH �� &(%3% UHFRJQL]HV ELQGLQJ VLWHV DW VSHFLILF ORFDWLRQV RI WKH :����EDVHG 1&3V
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�D� ��PHU HQULFKPHQW LQ :��� OLEUDULHV ERXQG E\ &(%3% HLWKHU DV IUHH '1$ �[�D[LV� RU 1&3V

�\�D[LV� �6SHDUPDQ 5  ������ 7KH IUHH '1$ OLEUDU\ FDPH IURP 5RXQG � VHOHFWLRQ� ZKRVH

HQULFKPHQW OHYHOV ZHUH PRVW VLPLODU WR WKRVH RI 1&3 OLEUDULHV IURP 5RXQG � VHOHFWLRQ� 7KH PRVW

HQULFKHG ��PHUV DUH QXPEHUHG DFFRUGLQJ WR WKH VHTXHQFHV VKRZQ LQ �E��

�E� 3RVLWLRQDO GHQVLW\ SURILOHV RI WKH LQGLFDWHG ��PHUV LQ WKH 1�� WLOHV RI 1&3 OLEUDULHV IURP �D��

%RWWRP� $UURZV SRLQW WR VFKHPDV RI 1&3V FRQWDLQLQJ WKH &(%3% ELQGLQJ ��PHUV DW WKH

LQGLFDWHG SRVLWLRQV� DW SRVLWLRQ ����� ES �OHIW� RU ����� ES �ULJKW��

�F�G� 6WUXFWXUHV SUHGLFWHG E\ $OSKD)ROG� �F� DQG 5RVHWWD �G� RI WKH '1$ ELQGLQJ GRPDLQV RI D

&(%3% GLPHU ERXQG WR WKH &(%3% UHFRJQLWLRQ VLWH LQVHUWHG DW SRVLWLRQ ����� ES LQ D :���

QXFOHRVRPH� $ VFDOH EDU VKRZLQJ SHU�UHVLGXH FRQILGHQFH PHWULF FDOOHG SUHGLFWHG ORFDO GLVWDQFH

GLIIHUHQFH WHVW �S/''7� IURP WKH $OSKD)ROG� SUHGLFWLRQ LV VKRZQ RQ WKH ULJKW�

�H� 5HSUHVHQWDWLYH (06$V VKRZLQJ &(%3% ELQGLQJ WR :��� 1&3V FDUU\LQJ D &(%3% ELQGLQJ

��PHU DW WKH LQGLFDWHG SRVLWLRQV� 7KH DUURZV LQGLFDWH WKH SRVLWLRQ RI WKH GLIIHUHQW FRQILJXUDWLRQV

RI WKH '1$ LQ WKH UHDFWLRQV �UHVLGXDO IUHH '1$� UHFRQVWLWXWHG 1&3� &(%3%�ERXQG 1&3��

)LJXUH �� 7KH '1$ FRPSRVLWLRQ RI QXFOHRVRPHV PRGXODWHV WKH SRVLWLRQDO SUHIHUHQFHV RI
7) ELQGLQJ�

�D� 3RVLWLRQDO GHQVLW\ SURILOHV RI WKH PRVW HQULFKHG ��PHUV IRU &(%3%� 3$;�� 581;� LQ WKH 1��

WLOHV RI 1&3 OLEUDULHV EDVHG RQ GLIIHUHQW WHPSODWHV� $UURZV RQ WKH WRS RI 15&$0 SURILOHV

KLJKOLJKW DQ H[DPSOH RI ��PHU SRVLWLRQV WKDW DUH V\PPHWULFDO DURXQG WKH G\DG� EXW VKRZ

GLIIHUHQW OHYHOV RI PRWLI HQULFKPHQW� VXJJHVWLQJ WKDW WKH 7)V SUHIHU WR ELQG DW ��� ES PRUH WKDQ

DW �� ES�

�E� 3HUFHQWDJHV RI VHTXHQFHV IURP HDFK RI WKH :���� 15&$0� $/%1�� &;�&5� 1&3 OLEUDULHV

DIWHU 01DVH GLJHVWLRQ DQG VHTXHQFLQJ �� UHSOLFDWHV�� 1HJDWLYH FRQWUROV SHUIRUPHG ZLWKRXW

01DVH UHVXOWHG LQ VHTXHQFHV IURP HDFK RI WKH � OLEUDULHV DW a��� RI WKH WRWDO SRRO �([WHQGHG
'DWD )LJ� �D��

�F�:RUNIORZ IRU WKH SUHGLFWLRQ RI '1$ F\FOL]DELOLW\ DORQJ ����ES VHTXHQFHV XVLQJ D GHHS

OHDUQLQJ PRGHO WUDLQHG RQ ���ES ORRS�VHT GDWD� '1$ VHTXHQFH LV FRQYHUWHG WR ���ES VOLGLQJ
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ZLQGRZV DQG PDSSHG WR D F\FOL]DELOLW\ VFRUH YHFWRU ZLWK D SUHGLFWLRQ PRGHO� ,Q WKH FDVH RI D

����ES VHTXHQFH� WKH ���ES VOLGLQJ ZLQGRZV FUHDWHV D YHFWRU RI �� F\FOL]DELOLW\ VFRUHV�

�G� )RU WKH LQGLFDWHG WHPSODWH� WKH GLVWULEXWLRQV RI WKH DYHUDJH VHTXHQFH F\FOL]DELOLW\ LQ WKH
DVVRFLDWHG LQSXW OLEUDULHV�

�H� 6HTXHQFH F\FOL]DELOLW\ SURILOHV RI WKH LQGLFDWHG WHPSODWHV IRU HDFK SRVLWLRQ RI WKH ���ES
VOLGLQJ ZLQGRZV�

�I� 5HSUHVHQWDWLYH (06$ VKRZLQJ &(%3% ELQGLQJ WR 15&$0 1&3V FDUU\LQJ WKH &(%3% PRWLIV

DW WKH LQGLFDWHG SRVLWLRQV� 7KH DUURZV LQGLFDWH WKH SRVLWLRQV RI WKH GLIIHUHQW FRQILJXUDWLRQV RI WKH

'1$ LQ WKH UHDFWLRQV �UHVLGXDO IUHH '1$� UHFRQVWLWXWHG 1&3� &(%3%�ERXQG 1&3��

)LJXUH �� '1$ VHTXHQFH FRPSRVLWLRQ GULYHV 7) ELQGLQJ WRZDUGV WKH OHVV IOH[LEOH HQG RI
WKH QXFOHRVRPHV�

�D�:RUNIORZ RI WKH F\FOL]DELOLW\ DQDO\VLV RI 1&$3�6(/(;� +7�6(/(;� DQG 1XFOHRVRPH�6(/(;

GDWD� (DFK OLEUDU\ FRQVLVWV RI ����ES UHDGV ZLWK D ����ES UDQGRP UHJLRQ �1���� EOXH�� IODQNHG E\

IL[HG SULPHUV DW WKH HQG �EODFN�� 5HDGV FRQWDLQLQJ WKH PRVW �L�H�� WRS ��� HQULFKHG N�PHUV �UHG�

LQ WKH ILUVW RU ODVW �� EDVH SDLUV RI WKH UDQGRP UHJLRQ DUH ILOWHUHG� UH�RULHQWHG WR KDYH WKH ELQGLQJ

VLWH RQ WKH OHIW VLGH� DQG WKHQ SURILOHG IRU VHTXHQFH F\FOL]DELOLW\ XVLQJ WKH ���ES VOLGLQJ ZLQGRZ

PRGHO GHVFULEHG LQ )LJ� �F�

�E� $YHUDJHG SURILOHV RI VHTXHQFH F\FOL]DELOLW\ LQ 1XFOHRVRPH�6(/(; �JUHHQ�� &(%3%

1&$3�6(/(; �SXUSOH� DQG &(%3% +7�6(/(; OLEUDULHV �\HOORZ�� 7KH �� PRVW HQULFKHG N�PHUV

�DQG WKHLU UHYHUVH FRPSOHPHQWV� IRXQG LQ &(%3% 1&$3�6(/(; ZHUH XVHG WR ILOWHU WKH

µHQG�ELQGLQJ¶ UHDGV LQ WKH � OLEUDULHV�

�F� $YHUDJHG ���ES SHULRGLFLW\ LQWHQVLW\ �GDVKHG OLQH� RI QXFOHRWLGH µ$¶ DFURVV ILOWHUHG UHDGV IURP
WKH 1XFOHRVRPH�6(/(; OLEUDU\ �JUHHQ�� WKH &(%3% 1&$3�6(/(; OLEUDU\ �SXUSOH�� WKH &(%3%

+7�6(/(; OLEUDU\ �\HOORZ�� UHVSHFWLYHO\� 7KH LQWHUQDO UDQGRP UHJLRQV ZLWKRXW WKH 7) ELQGLQJ

VLWHV DUH VHSDUDWHG LQWR WZR V\PPHWULFDO UHJLRQV RQ WKH VHTXHQFH� DGMDFHQW WR WKH 7) ELQGLQJ

VLWHV �OHIW� UHJLRQ ����� ES� DQG GLVWDQW IURP WKH 7) ELQGLQJ VLWHV �ULJKW� UHJLRQ ��������
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�G� %XONV RI DYHUDJHG SURILOHV RI VHTXHQFH F\FOL]DELOLW\ IRU 7)V FODVVLILHG DV HQG ELQGHUV �OHIW� RU
QRQ�HQG ELQGHUV �ULJKW� IURP D SXEOLVKHG 1&$3�6(/(; VFUHHQ��� )RU HDFK 7)� WKH DYHUDJHG

SURILOH RI VHTXHQFH F\FOL]DELOLW\ ZDV REWDLQHG DV GHSLFWHG LQ �D�E��

�H� )LWWHG OLQHDU UHJUHVVLRQ VORSHV RQ WKH LQWHUQDO VHTXHQFH F\FOL]DELOLW\ RI 1&$3�6(/(; GDWD

IRU HQG ELQGLQJ YHUVXV QRQ�HQG ELQGLQJ 7)V �:LOFR[RQ 5DQN 6XP 7HVW� 3  ��� [ ������

�I� $YHUDJHG F\FOL]DELOLW\ RI WKH ULJKW KDOI VHTXHQFHV RI 1&$3�6(/(; OLEUDULHV IRU ��

HQG�ELQGLQJ 7)V� 'DWD ZHUH VWUDWLILHG DFFRUGLQJ WR WKH GLVWDQFH EHWZHHQ WKH 7) ELQGLQJ VLWHV

DQG WKH �¶ HQG RI WKH QXFOHRVRPH �([WHQGHG 'DWD )LJ� �I� DQG WKH GLVWDQFH ZDV XVHG WR WHVW D
OLQHDU UHJUHVVLRQ PRGHO E\ $129$ �3  ���� [ �������

)LJXUH �� 6HTXHQFHV RI LQ YLYR &(%3%�ERXQG QXFOHRVRPHV VKRZV WKH '1$ IOH[LELOLW\
DV\PPHWU\ SUHGLFWHG E\ LQ YLWUR &(%3%�ERXQG QXFOHRVRPHV

�D� &(%3% &K,3�VHT VLJQDOV DQG SHDNV� 01DVH�VHT VLJQDO DQG QXFOHRVRPH FDOOV LQ .��� FHOOV

�WRS WUDFNV� DQG JHQRPH VHTXHQFH F\FOL]DELOLW\ FRPSXWHG E\ D ���ES VOLGLQJ ZLQGRZ PRGHO DV LQ

)LJ� �F �ERWWRP WUDFN� DFURVV WKH LQGLFDWHG JHQRPLF UHJLRQ �FKU�� �����������������������

�E� 1XFOHRVRPHV LQ .��� FHOOV WKDW FRQWDLQHG &(%3% PRWLIV ZLWKLQ ���ES IURP WKH HQGV ZHUH

GLYLGHG LQWR WZR JURXSV DFFRUGLQJ WR WKHLU RYHUODS ZLWK &(%3% &K,3�VHT SHDNV� $YHUDJH

SURILOHV RI VHTXHQFH F\FOL]DELOLW\ IRU WKH WZR JURXSV ZHUH FRPSXWHG DV LQ )LJ� �E� 7KH
F\FOL]DELOLW\ RI WKH ���ES ZLQGRZ FHQWHUHG DW �� ES IURP WKH QXFOHRVRPH HQG ZLWK WKH &(%3%

ELQGLQJ PRWLI LV VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ &(%3%�ERXQG QXFOHRVRPHV DQG QXFOHRVRPHV

QRW ERXQG E\ &(%3% �³&(%3%�XQERXQG´��

�F� *UDSKLFDO UHSUHVHQWDWLRQ RI WKH UROH RI '1$ IOH[LELOLW\ LQ UHJXODWLQJ SRVLWLRQDO SUHIHUHQFHV IRU

7) ELQGLQJ WR QXFOHRVRPHV�
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