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$UWXUR -RVuH *DOLQGR �

HPDLO� DJDOLQGR#XLXF�HGX

8QLYHUVLW\ RI ,OOLQRLV DW 8UEDQD�&KDPSDLJQ

2FWREHU ��� ����

$EVWUDFW

7KLV SDSHU DQDO\]HV FUHGLELOLW\ LQ WKH &RORPELDQ H[FKDQJH UDWH WDUJHW ]RQH�

$ PRGHO RI LPSHUIHFW FUHGLELOLW\� LQ WKH VSLULW RI %HUWROD DQG 6YHQVVRQ ������

LV GHULYHG� DQG XVHG WR H[SODLQ ZK\ WKH H[FKDQJH UDWH LQ &RORPELD KDV UH�

PDLQHG IRU SURORQJHG SHULRGV QHDU WKH ERUGHUV RI WKH ]RQH� 7KH PDLQ IHDWXUH

RI WKH PRGHO LV WKDW FHQWUDO SDULW\ GHSUHFLDWLRQ H[SHFWDWLRQV DUH HQGRJHQRXV

ZLWK UHVSHFW WR WKH SRVLWLRQ RI WKH H[FKDQJH UDWH LQVLGH WKH WDUJHW ]RQH� 7KH

.UXJPDQ ������ SHUIHFWO\ FUHGLEOH VHWXS LV D SDUWLFXODU FDVH RI WKLV JHQHUDO

PRGHO� $ NH\ LPSOLFDWLRQ RI WKH PRGHO LV WKDW GHSUHFLDWLRQ H[SHFWDWLRQV ULVH

UDWKHU WKDQ IDOO DV WKH H[FKDQJH UDWH DSSURDFKHV WKH XSSHU EDQG� ,W LV DOVR

VKRZQ� WKDW WKLV PRGHO VKDUHV RWKHU HPSLULFDO IHDWXUHV ZLWK WKH EDVLF WDU�

JHW ]RQH PRGHO� 8VLQJ WKH PHWKRG RI VLPXODWHG PRPHQWV WR HVWLPDWH WKH

VWUXFWXUDO SDUDPHWHUV XQGHUO\LQJ WKH PRGHO� , nQG HYLGHQFH VXJJHVWLQJ WKDW

&RORPELD
V H[FKDQJH UDWH WDUJHW ]RQH LV SURSHUO\ GHVFULEHG E\ D PRGHO RI

WKLV QDWXUH�

�, DP JUDWHIXO WR :HUQHU %DHU� $OEHUWR &DUUDVTXLOOD� +DGL (VIDKDQL� :LOOLDP 0DORQH\�

=KLMLH ;LDR� DQG SDUWLFLSDQWV DW WKH ;9, /DWLQ $PHULFDQ PHHWLQJ RI WKH (FRQRPHWULF

6RFLHW\ DQG DW WKH ���� /DWLQ $PHULFDQ DQG &DULEHDQ (FRQRPLF $VVRFLDWLRQ PHHWLQJ IRU

FRPPHQWV DQG VXJJHVWLRQV RQ SUHYLRXV YHUVLRQV� $OO HUURUV UHPDLQ P\ UHVSRQVLELOLW\� , DP

DOVR JUDWHIXO WR %DQFR GH OD 5HSuXEOLFD GH &RORPELD IRU nQDQFLDO VXSSRUW�
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7KLV SDSHU GHYHORSV DQ H[WHQVLRQ RI D WDUJHW ]RQH PRGHO ZLWK LPSHUIHFW FUHG�

LELOLW\ EDVHG RQ %HUWROD DQG 6YHQVVRQ >����@� %HUWROD DQG 6YHQVVRQ PRGLI\

WKH EDVLF WDUJHW ]RQH PRGHO GXH WR .UXJPDQ >����@ E\ DOORZLQJ WKH SRVVLELO�

LW\ WKDW WKH WDUJHW ]RQH LV QRW SHUIHFWO\ FUHGLEOH DV LQ WKH EDVLF VHWXS�� 7KH\

PRGHO LPSHUIHFW FUHGLELOLW\ DV D UDQGRP SURFHVV ZKLFK LV SRVVLEO\ FRUUHODWHG

ZLWK WKH VWRFKDVWLF VKRFNV WKDW GULYH WKH IXQGDPHQWDOV WKDW GHWHUPLQH WKH

QRPLQDO H[FKDQJH UDWH�

7KH PRGHO SUHVHQWHG LQ WKLV SDSHU� LQFRUSRUDWHV WKH SRVLWLRQ RI WKH H[FKDQJH

UDWH ZLWK UHVSHFW WR WKH XSSHU DQG ORZHU EDQGV LQ WKH IRUPDWLRQ RI H[SHFWD�

WLRQV� $JHQWV UHDG LQIRUPDWLRQ RQ IXQGDPHQWDOV LQ WKH H[FKDQJH UDWH� DQG

EDVHG RQ WKHLU SHUFHSWLRQ DERXW SROLF\ PDNHUV DQG RQ ZKDW WKH\ WKLQN SROLF\

PDNHUV NQRZ DERXW IXQGDPHQWDOV� IRUP H[SHFWDWLRQV RQ IXWXUH UHDOLJQPHQWV

RI WKH FHQWUDO SDULW\� ,I DJHQWV SHUFHLYH WKDW WKH SROLF\ PDNHUV WKDW UXQ WKH

WDUJHW ]RQH DUH QRW GHSHQGDEOH� LQ WKH VHQVH WKDW WKH\ PD\ QRW EH ZLOOLQJ WR

XQGHUWDNH WKH FRVWV RI GHIHQGLQJ WKH WDUJHW ]RQH� DQG UDWKHU ZRXOG SUHIHU WR

UHDOLJQ WKH FHQWUDO SDULW\ ZKHQ WKH H[FKDQJH UDWH UHDFKHV D EDQG� WKH H[SHF�

WDWLRQ RI D UHDOLJQPHQW ZLOO LQFUHDVH DV WKH H[FKDQJH UDWH DSSURDFKHV D EDQG
�� ,W LV VKRZQ WKDW ZKHQ FHQWUDO SDULW\ UHDOLJQPHQW H[SHFWDWLRQV DUH PRGHOHG

LQ VXFK D ZD\� WKH H[FKDQJH UDWH
V YDULDQFH VWDELOL]LQJ SURSHUWLHV DWWULEXWHG

WR WDUJHW ]RQHV ZLWK SHUIHFW FUHGLELOLW\� DUH GLPLQLVKHG� 0RUHRYHU� LW FDQ EH

WKH FDVH WKDW WKH UHVXOWLQJ H[FKDQJH UDWH LV HYHQ PRUH YRODWLOH WKDQ WKDW RI

D IUHH oRDW UHJLPH�

�,PSHUIHFW FUHGLELOLW\ LQ WKLV FRQWH[W PHDQV WKDW D QRQ QHJOLJLEOH SUREDELOLW\ RI D UH�

DOLJQPHQW RI WKH FHQWUDO SDULW\ RI WKH WDUJHW ]RQH H[LVWV�
�,I DJHQWV EHOLHYH WKDW WKH FHQWUDO EDQN ZLOO LQFXU LQ FRVWV E\ GHIHQGLQJ WKH EDQG� DQG

IXUWKHU WKH\ DOVR DVVXPH WKDW D QRQ GHSHQGDEOH SROLF\ PDNHU UXQV WKH FHQWUDO EDQN DQG

ZRXOG SUHIHU WR DEDQGRQ WKH EDQG FRPPLWPHQW UDWKHU WKDQ SD\LQJ VXFK FRVWV� LW LV QDWXUDO

WR H[SHFW D KLJKHU UHDOLJQPHQW H[SHFWDWLRQ DV WKH H[FKDQJH UDWH DSSURDFKHV WKH EDQGV�

&XNLHUPDQ HW DO� >����@ GHYHORS D SROLWLFDO HFRQRP\ PRGHO RI LPSHUIHFWO\ FUHGLEOH WDUJHW

]RQHV� IROORZLQJ WKHVH OLQHV�

�



8QIRUWXQDWHO\� LQ SUDFWLFH� LGHQWLI\LQJ LI WKH UHJLPH LV FUHGLEOH RU QRW LV D

GLpFXOW WDVN� $V VKRZQ LQ WKLV SDSHU WKH EHKDYLRU RI WKH H[FKDQJH UDWH

LQVLGH WKH WDUJHW ]RQH FDQ EH VLPLODU LQ HLWKHU PRGHO� DQG KHQFH� LW LV KLJKO\

SRVVLEOH WKDW� EDVHG RQ REVHUYHG PDUNHW H[FKDQJH UDWH LQIRUPDWLRQ� SROLF\

PDNHUV GUDZ LPSURSHU LQIHUHQFHV DERXW KRZ DJHQWV SHUFHLYH FUHGLELOLW\�

7KH .UXJPDQ PRGHO SUHGLFWV WKDW WKH H[FKDQJH UDWH VKRXOG UHPDLQ PRVW

RI WKH WLPH QHDU WKH EDQGV WKDQ LQ WKH FHQWHU RI WKH WDUJHW ]RQH� 7KDW LV�

LW SUHGLFWV WKDW WKH XQFRQGLWLRQDO GLVWULEXWLRQ RI WKH H[FKDQJH UDWH PXVW EH

ELPRGDO �8�VKDSHG�� ,W LV VKRZQ WKDW ZKHQ ZH DOORZ IRU LPSHUIHFW FUHGLELOLW\

LQ WKH ZD\ PRGHOHG KHUH� WKH VROXWLRQ DOVR \LHOGV D 8 VKDSHG GLVWULEXWLRQ

VLPLODU WR WKH .UXJPDQ RQH� +RZHYHU� LQ WKH PRGHO ZLWK LPSHUIHFW FUHGLELOLW\

HYHQ PRUH PDVV LV FRQFHQWUDWHG LQ WKH EDQGV DQG OHVV LQ WKH FHQWHU ZKHQ

FRPSDUHG WR WKH .UXJPDQ VHWXS� 7R LGHQWLI\ ZKDW NLQG RI UHJLPH LV LQ

SODFH� DQ HFRQRPHWULF HVWLPDWLRQ RI WKH VWUXFWXUDO SDUDPHWHUV RI WKH PRGHO

LV QHHGHG�

$OWHUQDWLYHV WR VWUXFWXUDO HVWLPDWLRQ WR LGHQWLI\ UHDOLJQPHQW H[SHFWDWLRQV DUH

WHVWV EDVHG RQ LQWHUHVW UDWH GLmHUHQWLDOV� ,Q IDFW� WKH PRVW SRSXODU FUHGLELOLW\

WHVWV DUH EDVHG RQ WKHP GLUHFWO\ RU RQ LQIRUPDWLRQ RQ H[SHFWHG UHDOLJQPHQWV

GHULYHG IURP WKHP �� +RZHYHU� DV QRWHG E\ )UDQNHO DQG 3KLOOLSV >����@ WKHVH

SURFHGXUHV IDLO WR WDNH LQWR DFFRXQW ULVN SUHPLD ZKLFK FDQ EH D VLJQLnFDQW

VRXUFH RI LQWHUHVW UDWH GLmHUHQWLDO oXFWXDWLRQ �VSHFLDOO\ LQ GHYHORSLQJ FRXQ�

WULHV�� $QRWKHU GUDZEDFN RI WKHVH DSSURDFKHV LV WKDW WKH\ UHO\ RQ IRUHFDVWV RI

WKH H[FKDQJH UDWH LQVLGH WKH WDUJHW ]RQH ZKLFK DUH XVHG WR GHULYH WKH H[SHFWHG

UHDOLJQPHQW RI WKH FHQWUDO SDULW\ �� 7KH SUREOHP IDFHG E\ VXFK SURFHGXUHV LV

WKH ORZ SHUIRUPDQFH RI PRQHWDU\ PRGHOV LQ SUHGLFWLQJ VKRUW UXQ PRYHPHQWV

RI WKH H[FKDQJH UDWH� 7KLV XQIRUWXQDWH HPSLULFDO IHDWXUH KDV EHHQ DPSO\

�([DPSOHV RI WKHVH W\SH RI WHVWV DUH IRXQG LQ 6YHQVVRQ >����D@� &KHQ DQG *LRYDQQLQL

>����@ DQG 5RVH DQG 6YHQVVRQ >����@
�7KH H[SHFWHG UHDOLJQPHQW LV HVWLPDWHG DV �L b Le� b (�G[� GW ZLWK L� Le DQG [ WKH

GRPHVWLF DQG IRUHLJQ LQWHUHVW UDWHV� DQG WKH H[FKDQJH UDWH LQVLGH WKH WDUJHW ]RQH� UHVSHF�

WLYHO\�

�



GRFXPHQWHG LQ OLWHUDWXUH �� (UURQHRXV IRUHFDVWV RI WKH H[FKDQJH UDWH LPSO\

HUURQHRXV HVWLPDWLRQV RI H[SHFWHG UHDOLJQPHQWV�

,Q WKLV SDSHU� WKH PHWKRG RI VLPXODWHG PRPHQWV LV XVHG WR HVWLPDWH WKH

SDUDPHWHUV RI WKH PRGHO� %DVHG RQ WKHVH� LQIHUHQFH DERXW WKH FUHGLELOLW\

RI WKH &RORPELDQ WDUJHW ]RQH LV PDGH� 7KH UHVW RI WKH SDSHU LV RUJDQL]HG

DV IROORZV� 6HFWLRQ � SUHVHQWV D EULHI GHVFULSWLRQ DQG VRPH EDVLF VW\OL]HG

IDFWV RI &RORPELD
V WDUJHW ]RQH� 6HFWLRQ � SUHVHQWV WKH PRGHO DQG GHULYHV LWV

LPSOLFDWLRQV� 6HFWLRQ � IRFXVHV RQ HVWLPDWLRQ LVVXHV DQG VHFWLRQ � RQ UHVXOWV�

&RQFOXGLQJ UHPDUNV DUH LQFOXGHG DW WKH HQG�

� 7+( &2/20%,$1 7$5*(7 =21(

&RORPELD IRUPDOO\ DGRSWHG D WDUJHW ]RQH UHJLPH LQ -DQXDU\ ���� �� 7KH

SUHYDLOLQJ PDUNHW H[FKDQJH UDWH DW WKDW GDWH ZDV VHW DV WKH FHQWUDO SDULW\�

7KH ZLGWK ZDV VHW DW ���� IURP WKH SDULW\� DQG WKH EDQG ZDV DOORZHG WR

�([DPSOHV DUH IRXQG LQ 0HHVH DQG 5RJRm >����@� DQG PRUH UHFHQWO\ &KLQQ DQG 0HHVH

>����@ ZKR VKRZ WKDW QR PRQHWDU\ PRGHO KDV D EHWWHU IRUHFDVWLQJ SHUIRUPDQFH WKDQ D

UDQGRP ZDON�
�%HIRUH WKLV GDWH� DQG DV D PRQHWDU\ UHVSRQVH RI WKH &RORPELDQ FHQWUDO EDQN WR PDVVLYH

IRUHLJQ FDSLWDO LQoRZV� D GROODU GHQRPLQDWHG FHUWLnFDWH FDOOHG WKH FHUWLnFDGR GH FDPELR

�IURP KHUH RQ &&� ZDV FRQVWDQWO\ LVVXHG WR H[SRUWHUV DQG RWKHU VHOOHUV RI IRUHLJQ H[FKDQJH

WR VWHULOL]H WKHVH oRZV� ,Q VKRUW WKH H[FKDQJH UDWH V\VWHP ZRUNHG DV IROORZV� +ROGHUV

RI &&V KDG WKUHH DOWHUQDWLYHV� NHHS WKHP XQWLO PDWXULW\ DQG UHFHLYH WKH SHVRV DIWHU DW

PDWXULW\� VHOO WKHP WR WKH FHQWUDO EDQN DW D ����� GLVFRXQW UDWH ZLWK UHVSHFW WR WKH GD\
V

RpFLDO H[FKDQJH UDWH�WKH RpFLDO H[FKDQJH UDWH LQ WKLV FRQWH[W LV WKH H[FKDQJH UDWH DW

ZKLFK WKH FHQWUDO EDQN UHGHHPHG &&V DW PDWXULW\�� RU VHOO WKHP WR WKLUG SDUWLHV LQ WKH

IRUHLJQ H[FKDQJH PDUNHW DW D UDWH ORZHU WKDQ WKH RpFLDO H[FKDQJH UDWH� EXW KLJKHU WKDQ

WKDW UHFHLYHG DW WKH FHQWUDO EDQN� &DUUDVTXLOOD >����D@ DUJXHV WKDW LQ SUDFWLFH� D WDUJHW

]RQH ZLWK FHLOLQJ HTXDO WR WKH RpFLDO GDLO\ H[FKDQJH UDWH DQG oRRU HTXDO WR ����� RI WKDW

YDOXH ZDV GHYHORSHG� +RZHYHU UXOHV GLUHFWO\ UHODWHG ZLWK WKH EHKDYLRU DQG GHIHQVH RI

WKH EDQGV ZHUH QRW H[SOLFLW� 7KHVH UXOHV� ZKLFK GHWHUPLQH WKH LQVWLWXWLRQDO IUDPHZRUN RI

WKH WDUJHW ]RQH DUH WKH HVVHQFH RI PXFK RI WKH FRPPRQ UHVXOWV DWWULEXWHG WR WDUJHW ]RQH

PRGHOV� *LYHQ WKLV� LQ WKLV SDSHU RQO\ WKH SHULRG RI IRUPDO WDUJHW ]RQHV LV DQDO\]HG�

�



FUDZO DW D UDWH RI ��� SHU DQQXP� 6HYHUDO DXWKRUV � KDYH DUJXHG WKDW WKH

-DQXDU\�'HFHPEHU ���� EDQG ZDV QRW FUHGLEOH EHFDXVH LW ZDV QRW FRQVLVWHQW

ZLWK D UHDO DSSUHFLDWLRQ WUHQG WKDW IXQGDPHQWDOV ZKHUH H[KLELWLQJ� *LYHQ

WKLV� LQ 'HFHPEHU ���� WKH WDUJHW ]RQH ZDV UHDOLJQHG GRZQZDUG E\ �����

PDNLQJ WKH FHQWUDO SDULW\ HTXDO WKH SUHYLRXV ORZHU ERXQG� ,Q $XJXVW �����

WKH WDUJHW ]RQH ZDV UHDOLJQHG DJDLQ� $W WKDW WLPH WKH FHQWUDO SDULW\ ZDV

GHYDOXHG ���

$Q LQWHUHVWLQJ IHDWXUH RI WKH &RORPELDQ WDUJHW ]RQH LV WKDW WKH H[FKDQJH

UDWH WHQGV WR UHPDLQ YHU\ FORVH WR HLWKHU WKH XSSHU RU WKH ORZHU EDQG IRU

SURORQJHG SHULRGV� )LJXUH � VKRZV WKLV EHKDYLRU� 7KLV SDWWHUQ LV DSSDUHQWO\

FRQVLVWHQW ZLWK WKH LPSOLFDWLRQV RI EDVLF WDUJHW ]RQH PRGHOV �� )LJXUH �

SORWV WKH HVWLPDWH RI WKH XQFRQGLWLRQDO GLVWULEXWLRQ RI WKH H[FKDQJH UDWH LQ

&RORPELD VLQFH ���� � IROORZLQJ WKH &KHQ DQG *LRYDQQLQL >����@ SURFHGXUH

GHWDLOHG LQ WKH DSSHQGL[� $V FDQ EH VHHQ WKH ELPRGDO GLVWULEXWLRQ LV D VW\OL]HG

IDFW LQ &RORPELDQ GDWD� 7KLV� LQ LWVHOI LV D YHU\ LPSRUWDQW nQGLQJ VLQFH� HYHQ

LI WKH EDVLF PRGHO SUHGLFWV VXFK D EHKDYLRU� LQWHUQDWLRQDO HPSLULFDO HYLGHQFH��

KDV VKRZQ WKDW WKLV SDWWHUQ GRHV QRW KROG� DQG WKDW WKH GLVWULEXWLRQ LQ PRVW

FRXQWULHV LV KXPS VKDSHG �GHQVLW\ FRQFHQWUDWHV LQ WKH PLGGOH� LQVWHDG�

$V VWDWHG DERYH� HYHQ LI WKH GLVWULEXWLRQ LPSOLHG E\ .UXJPDQ
V PRGHO LV

DSSDUHQWO\ VDWLVnHG LQ &RORPELD� WKHUH LV QR HYLGHQFH WKDW LW LV WKH FRUUHFW

ELPRGDO GLVWULEXWLRQ� WKDW LV� LI LW LV WKH HPSLULFDO 8�VKDSHG GLVWULEXWLRQ IRUH�

FDVWHG E\ WKH .UXJPDQ PRGHO RI SHUIHFW FUHGLELOLW\� ,QWHUQDWLRQDO HYLGHQFH

UDLVHV GRXEWV DERXW WKLV� $ FRPSDULVRQ RI WKH DYHUDJH WLPH SHULRG WKDW WKH

H[FKDQJH UDWH VSHQGV QHDU D EDQG VXJJHVWV WKDW &RORPELD
V EHKDYLRU LV DW\S�

�H�J� &DUUDVTXLOOD >����D@ DQG 8UUXWLD >����@
�6HH .UXJPDQ >����@�

��6HH &KHQ DQG *LRYDQQLQL >����@� )ORRG HW DO� >����@ � *DUEHU DQG 6YHQVVRQ >����@

DQG /LQGEHUJ DQG 6RGHUOLQG >����@ IRU nQGLQJV RQ KXPS VKDSHG GLVWULEXWLRQV LQ (XURSHDQ

FXUUHQFLHV� DQG )HOL] DQG -�:HOFK >����@ IRU D GLVFXVVLRQ RI 0H[LFR DQG &KLOH� 7KLV HP�

SLULFDO UHVXOW KDV EHHQ OLQNHG WR WKH IDFW WKDW LQ SUDFWLFH WKHUH LV D VLJQLnFDQW DPRXQW RI

LQWHUYHQWLRQ LQVLGH WKH EDQGV� DQG WKDW FHQWUDO EDQNV XVXDOO\ DFW FRQVHUYDWLYHO\ DQG SUHIHU

WR RmVHW GHSDUWXUHV IRUP WKH FHQWUDO SDULW\�
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LFDO� ,Q &RORPELD� DQ DYHUDJH YLVLW WR WKH XSSHU EDQG ODVWV ��� ZHHNV� DQG DQ

DYHUDJH YLVLW WR WKH ORZHU RQH ODVWV � ZHHNV� ,Q )UDQFH DQ DYHUDJH YLVLW WR WKH

XSSHU DQG ORZHU EDQGV ODVWHG RQO\ ��� DQG ��� ZHHNV UHVSHFWLYHO\� ,Q ,WDO\

DQ DYHUDJH YLVLW WR WKH ORZHU EDQG ODVWHG LQ DYHUDJH � ZHHNV� DQG LQ 0H[LFR�

D YLVLW WR WKH XSSHU RQH ODVWHG RQO\ ��� ZHHNV� ,Q RWKHU ZRUGV� LQ &RORPELD

WKH H[FKDQJH UDWH VHHPV WR VWLFN WR WKH EDQGV IRU ORQJHU SHULRGV� FRPSDUHG

WR RWKHU WDUJHW ]RQHV� $V VKRZQ EHORZ WKLV LV D VDOLHQW IHDWXUH RI WDUJHW ]RQHV

ZLWK FHUWDLQ SDWWHUQV RI LPSHUIHFW FUHGLELOLW\�

� $ 02'(/ :,7+ ,03(5)(&7 &5(',�
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%DVHG RQ %HUWROD DQG 6YHQVVRQ >����@ D PRGHO ZKLFK GHVFULEHV WKH EHKDYLRU

RI WKH H[FKDQJH UDWH VXEMHFW WR UHDOLJQPHQW H[SHFWDWLRQV LV GHULYHG� 5HDOLJQ�

PHQW H[SHFWDWLRQV DUH QRW H[FOXVLYHO\ PRGHOHG DV D IXQFWLRQ RI IXQGDPHQWDOV�

EXW DGGLWLRQDOO\� D FRPSRQHQW ZKLFK UHODWHV WKH SRVLWLRQ RI WKH H[FKDQJH UDWH

LQVLGH WKH EDQG ZLWK UHDOLJQPHQWV LV LQFOXGHG � $V ZLOO EH VKRZQ RQH RI WKH

PD\RU LPSOLFDWLRQV RI D PRGHO ZLWK WKHVH FKDUDFWHULVWLFV LV WKDW WKH H[FKDQJH

UDWH UHPDLQV QHDU WKH EDQGV IRU SURORQJHG SHULRGV� 7KDW LV� WKH GLVWULEXWLRQ

RI WKH H[FKDQJH UDWH LQVLGH WKH EDQGV LV ELPRGDO ZLWK YHU\ KLJK FRQFHQWUDWLRQ

RI PDVV DW WKH WDLOV�

$V LQ WKH EDVLF .UXJPDQ >����@ VHW XS� DVVXPH WKDW WKH H[FKDQJH UDWH LV

GHWHUPLQHG LQ D SXUHO\ PRQHWDU\ PRGHO� VXFK WKDW�

V  I � m
(>GV@

GW
���

ZKHUH V LV WKH ORJDULWKP RI WKH H[FKDQJH UDWH� m WKH VHPL HODVWLFLW\ RI PRQH\
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GHPDQG ZLWK UHVSHFW WR WKH LQWHUHVW UDWH� DQG I D VHW RI IXQGDPHQWDOV �� WKDW

DUH GULYHQ E\ D %URZQLDQ PRWLRQ RI WKH IRUP�

GI  xIGW� }IG:I ���

ZLWK :I D VWDQGDUG :LHQHU SURFHVV � L�H� (>G:I @  � DQG (>�G:I�
�@  GW�

$V LQ %HUWROD DQG 6YHQVVRQ� WKH YDULDEOHV DUH GHnQHG LQ WHUPV RI WKHLU GHYLD�

WLRQ IURP WKH FHQWUDO SDULW\� 6SHFLnFDOO\ [  Vb F DQG aI  I b F DUH GHnQHG

WR EH WKH GHYLDWLRQ RI WKH H[FKDQJH UDWH ZLWK UHVSHFW WR WKH FHQWUDO SDULW\

DQG WKH GHYLDWLRQ RI IXQGDPHQWDOV UHVSHFWLYHO\�

$GGLWLRQDOO\� WKH H[SHFWDWLRQ LQ WKH ULJKW KDQG VLGH RI ��� FDQ EH UHZULWWHQ

DV�

(W>GV@

GW
 

(W>G[@

GW
�

(W>GF@

GW
���

ZKHUH WKH nUVW WHUP LV WKH H[SHFWHG GHSUHFLDWLRQ RI WKH H[FKDQJH UDWH LQVLGH

WKH WDUJHW ]RQH DQG WKH VHFRQG RQH LV WKH H[SHFWHG GHSUHFLDWLRQ RI WKH FHQWUDO

SDULW\� 7KH VHFRQG WHUP FDSWXUHV WKH HmHFWV RI LPSHUIHFW FUHGLELOLW\ LVVXHV LQ

WKH PRGHO� 7\SLFDOO\ (W>GF@
GW

LV PRGHOHG DV�

��,Q WKH VLPSOHVW VHWXS I  P�Y ZLWKP PRQH\ VXSSO\ DQG Y UDQGRP VKRFNV� (TXDWLRQ

� LV D VWDQGDUG PRQHWDU\ HTXDWLRQ RI WKH H[FKDQJH UDWH� 7R GHULYH LW� DVVXPH WKDW PRQH\

GHPDQG LV JLYHQ E\ P b S  \ b mL ZKHUH P LV PRQH\ VXSSO\� S WKH SULFH OHYHO� L WKH

LQWHUHVW UDWH DQG \ LV LQFRPH� $OO YDULDEOHV H[FHSW WKH LQWHUHVW UDWH DUH LQ ORJV� $VVXPH

DOVR WKDW WKHUH LV D IRUHLJQ HFRQRP\ ZLWK WKH VDPH PRQH\ GHPDQG� :H GHQRWH IRUHLJQ

YDULDEOHV ZLWK D e� 6XEWUDFWLQJ GRPHVWLF DQG IRUHLJQ PRQH\ GHPDQGV \LHOGV� �S b Se�  

�PbPe�b �\ b \e� � m�Lb Le�� 8QGHU WKH 333 DVVXPSWLRQ WKH H[FKDQJH UDWH� H� HTXDOV

�S b Se�� KHQFH� V  �P b Pe� b �\ b \e� � m�L b Le�� 0RUHRYHU� DVVXPLQJ XQFRYHUHG

LQWHUHVW UDWH SDULW\ VXFK WKDW �L b Le�  (>GV@
GW

WKHQ� V  �P bPe� b �\ b \e� � m
(>GV@
GW

RU� V  I � m
(>GV@
GW

ZKLFK LV HTXDWLRQ ���� $ ULVN SUHPLXP FRXOG DOVR EH LQFOXGHG DQG WKH

UHVXOW ZRXOG UHPDLQ VLPLODU DV DERYH�
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ZKHUH J IROORZV D %URZQLDQ PRWLRQ�

GJ  xJGW� }JG:J ���

7KH VWRFKDVWLF SURFHVVHV GULYLQJ J DQG aI FDQ EH SRVLWLYHO\ FRUUHODWHG� ZKLFK

PHDQV WKDW H[SHFWDWLRQV RI UHDOLJQPHQWV DUH DOORZHG WR LQFUHDVH ZLWK IXQ�

GDPHQWDO VKRFNV� 7KLV SDSHU H[WHQGV WKH %HUWROD DQG 6YHQVVRQ PRGHO� DQG

DGGLWLRQDOO\ WR D UDQGRP J� WKH H[SHFWDWLRQV RI GHSUHFLDWLRQ RI WKH FHQWUDO

SDULW\ DUH DOVR GHWHUPLQHG E\ WKH SRVLWLRQ RI WKH H[FKDQJH UDWH LQVLGH WKH

WDUJHW ]RQH� 7KLV DOORZV XV WR HQGRJHQL]H WKH H[SHFWHG UHDOLJQPHQW SURFHVV�

)RU VLPSOLFLW\ WKH UHODWLRQVKLS EHWZHHQ WKH SRVLWLRQ RI WKH H[FKDQJH UDWH

LQVLGH WKH EDQG DQG H[SHFWDWLRQV LV DVVXPHG OLQHDU� 5HDOLJQPHQW H[SHFWD�

WLRQV LQFUHDVH ZKHQ WKH H[FKDQJH UDWH LV QHDU WKH EDQGV� DQG GHFUHDVHV DV LW

DSSURDFKHV WKH FHQWUDO SDULW\� )RUPDOO\� DVVXPH WKDW�

(W>GF@

GW
 J� � J�

J�  n[ � n w � ���

DQG J� IROORZV WKH %URZQLDQ PRWLRQ DERYH� 5HSODFLQJ ��� DQG ��� LQ ���� DQG

GHnQLQJ YDULDEOHV LQ WHUPV RI GHYLDWLRQV IURP FHQWUDO SDULW\� \LHOGV

[  aI � mJ� � mn[� m
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6ROYLQJ IRU [ �

�



[  
aI � mJ�
�b mn

�
m

�b mn

(>G[@

GW
���

$V XVXDO LQ WKLV W\SH RI OLWHUDWXUH� D FRPSRVLWH IXQGDPHQWDO K FDQ EH GHnQHG

VXFK WKDW K  aI � mJ� DQG
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ZKHUH K LV D %URZQLDQ PRWLRQ WKDW HYROYHV DFFRUGLQJ WR

GK  xGW� }G:
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ZKHUH | LV WKH FRHpFLHQW RI FRUUHODWLRQ EHWZHHQ G:I DQG G:J� $V LQ .UXJ�

PDQ� WKH PRGHO LV VROYHG E\ GHULYLQJ (>G[@
GW
� VROYLQJ WKH UHVXOWLQJ GLmHUHQWLDO

HTXDWLRQ� DQG LPSRVLQJ PDUJLQDO FRQGLWLRQV WR LGHQWLI\ WKH XQLTXH VROXWLRQ�

7R GR VR ZH VWDUW E\ VWDWLQJ D VROXWLRQ ;�K��� WR WKH H[FKDQJH UDWH GHWHUPL�

QDWLRQ SUREOHP� 8VLQJ HTXDWLRQ ��� DQG LQYRNLQJ ,WAR
V OHPPD�� ZH JHW�

G[  >;K�K�x�
�

�
;KK�K�}
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7DNLQJ H[SHFWDWLRQV DQG SOXJJLQJ WKH UHVXOW LQ ��� \LHOGV WKH IROORZLQJ VHFRQG

RUGHU GLmHUHQWLDO HTXDWLRQ�

��;�K� LV DVVXPHG WR EH FRQWLQXRXV DQG WZR WLPHV GLmHUHQWLDEOH LQ K�
��,WAR
V /HPPD VWDWHV WKDW LI \  I�[� DQG [ IROORZV D %URZQLDQ PRWLRQ RI WKH IRUP

G[  xGW� }GZ WKHQG\  >I[�[�x�
�
�
I[[�[�}

�@GW� I[�[�}GZ�
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ZLWK JHQHUDO VROXWLRQ�
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7KH PRGHO DVVXPHV WKDW WKH FHQWUDO EDQN LQWHUYHQHV ZKHQ IXQGDPHQWDOV

UHDFK FHUWDLQ LPSOLFLW OLPLWV �K DQG xK� WKDW DUH FRQVLVWHQW ZLWK WKH PD[LPXP

DQG PLQLPXP YDOXHV RI WKH H[FKDQJH UDWH�[� x[��� 7KH FHQWUDO EDQN EX\V

IRUHLJQ FXUUHQF\ ZKHQ K  K� DQG VHOOV ZKHQ K  xK�

&� DQG &�� DV ZHOO DV WKH LPSOLFLW OLPLWV RQ WKH IXQGDPHQWDOV K DQG xK� DUH

GHWHUPLQHG E\ VROYLQJ WKH IROORZLQJ V\VWHP�
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��x[ DQG [ DUH WKH XSSHU DQG ORZHU EDQGV RI WKH QRUPDOL]HG H[FKDQJH UDWH�
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(TXDWLRQV ���� DQG ���� GHWHUPLQH WKH OHYHOV RI WKH FRPSRVLWH IXQGDPHQWDOV

DW ZKLFK WKH H[FKDQJH UDWH LQVLGH WKH WDUJHW ]RQH UHDFKHV WKH XSSHU DQG

ORZHU ERXQGV� (TXDWLRQV ���� DQG ���� DUH NQRZQ DV WKH VPRRWK SDVWLQJ

FRQGLWLRQV� 7KHVH LPSO\ WKDW DW WKH ERXQGDULHV WKH H[FKDQJH UDWH LV FRP�

SOHWHO\ LQVHQVLWLYH WR IXQGDPHQWDOV� 7KH LQWXLWLRQ EHKLQG WKHVH FRQGLWLRQV LV

DV IROORZV� ,QVLGH WKH EDQG� VLQFH IXQGDPHQWDOV IROORZ D %URZQLDQ PRWLRQ�

WKHLU H[SHFWHG UDWH RI FKDQJH LV FRQVWDQW �]HUR� LI x ��� %XW DW WKH EDQGV

WKH H[SHFWHG UDWH RI FKDQJH RI IXQGDPHQWDOV LV GLmHUHQW IURP ]HUR� WKHUH LV

D GLVFRQWLQXLW\� $W WKH EDQGV WKH IXQGDPHQWDO FDQ HLWKHU UHPDLQ WKHUH RU

UHWXUQ WR WKH LQWHULRU� +HQFH� DW WKH XSSHU EDQG WKH H[SHFWHG FKDQJH LV QHJ�

DWLYH� DQG LV SRVLWLYH DW WKH ORZHU RQH� +RZHYHU� WKH H[FKDQJH UDWH FDQ QRW

H[KLELW WKHVH GLVFRQWLQXLWLHV� WKDW LV LW FDQ QRW MXPS� VLQFH WKLV ZRXOG DOORZ

IRU DUELWUDJH RSSRUWXQLWLHV� ,I WKH VPRRWK SDVWLQJ FRQGLWLRQV GR QRW KROG�

WKH GLVFRQWLQXLW\ LQ WKH H[SHFWHG UDWH RI FKDQJH RI IXQGDPHQWDOV ZRXOG LP�

SO\ D GLVFRQWLQXLW\ LQ WKH H[SHFWHG FKDQJH RI WKH H[FKDQJH UDWH� DQG KHQFH� D

GLVFRQWLQXLW\ LQ WKH H[FKDQJH UDWH LWVHOI� 7KH RQO\ ZD\ WKDW DW WKH EDQGV WKH

H[FKDQJH UDWH IROORZV D FRQWLQXRXV VROXWLRQ JLYHQ WKDW IXQGDPHQWDOV IROORZ D

GLVFRQWLQXRXV SDWK� LV LI LW LV FRPSOHWHO\ LQVHQVLWLYH WR WKH IXQGDPHQWDOV �RU

KRUL]RQWDO��

)RU SDUWLFXODU YDOXHV RI WKH SDUDPHWHUV WKH V\VWHP FDQ EH VROYHG QXPHULFDOO\�

1RWH WKDW LI WKHUH LV IXOO FUHGLELOLW\ � WKDW LV LI n  � DQG J�  �� WKH VROXWLRQ

LV LGHQWLFDO WR WKDW RI WKH EDVLF .UXJPDQ PRGHO� ,I WKH H[SHFWDWLRQ RI D

UHDOLJQPHQW LV QRW D IXQFWLRQ RI WKH SRVLWLRQ RI WKH H[FKDQJH UDWH LQVLGH WKH

WDUJHW ]RQH �n  � RQO\� WKHQ WKH VROXWLRQ LV %HUWROD DQG 6YHQVVRQ
V�

)LJXUH � SORWV WKLV VROXWLRQ IRU WZR DOWHUQDWLYH YDOXHV RI n� n  �� WKH .UXJ�

��



PDQ FDVH� DQG n  ��� D FDVH ZKHUH WKHUH LV LPSHUIHFW FUHGLELOLW\ ��� $V FDQ

EH VHHQ ZKHQ WKHUH LV LPSHUIHFW FUHGLELOLW\ WKH VROXWLRQ OLHV RYHU WKH .UXJPDQ

VROXWLRQ IRU SRVLWLYH YDOXHV RI WKH H[FKDQJH UDWH� DQG XQGHU LW �LQ DEVROXWH

YDOXHV� IRU QHJDWLYH RQHV� 7KLV KDSSHQV EHFDXVH ZKHQ WKHUH LV LPSHUIHFW FUHG�

LELOLW\ WKHUH LV DQ DGGLWLRQDO GHSUHFLDWLQJ �DSSUHFLDWLQJ� H[SHFWDWLRQ ZKHQ

WKH H[FKDQJH UDWH LV LQ WKH XSSHU �ORZHU� KDOI RI WKH EDQG � FDXVHG E\ WKH

?QHUYRXVQHVV� LQVSLUHG E\ WKH SRVLWLRQ RI WKH H[FKDQJH UDWH�

7KH PDLQ GLmHUHQFH EHWZHHQ WKHVH PRGHOV LV KRZ H[SHFWHG GHSUHFLDWLRQ LV

PRGHOHG� ([SHFWHG GHSUHFLDWLRQ FDQ EH GHULYHG IURP HTXDWLRQ ����
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5HSODFLQJ [ E\ LWV VROXWLRQ \LHOGV�
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)LJXUHV � DQG � SORW pH ZKHQ n  ��� DQG n  ��� ��� 7KH EDVLF WDUJHW

]RQH PRGHO �n  ���� DVVXPHV WKDW H[SHFWHG GHSUHFLDWLRQ GHFUHDVHV DV WKH

H[FKDQJH UDWH GHSDUWV IURP WKH ORZHU ERXQG DQG DSSURDFKHV WKH XSSHU RQH�

7KDW LV� H[SHFWHG GHSUHFLDWLRQ LV SRVLWLYH DW WKH XSSHU EDQG DQG QHJDWLYH DW

WKH ORZHU RQH� 7KLV KDSSHQV EHFDXVH DJHQWV H[SHFW WKDW WKH FHQWUDO EDQN

ZLOO LQWHUYHQH DW WKH PDUJLQV DQG ZLWK WKDW� WKH\ ZLOO UHYHUW WKH SDWK RI WKH

H[FKDQJH UDWH� ,Q WKH PRGHO SUHVHQWHG KHUH� H[DFWO\ WKH RSSRVLWH KDSSHQV�

$JHQWV H[SHFW WKDW DXWKRULWLHV ZLOO QRW LQWHUYHQH WR GHIHQG WKH WDUJHW ]RQH�

EXW WKDW LQVWHDG WKH FHQWUDO SDULW\ LV JRLQJ WR EH UHDOLJQHG� +HQFH� H[SHFWHG

GHSUHFLDWLRQ ZLOO EH KLJKHU DW WKH XSSHU EDQG� DQG DQ DSSUHFLDWLRQ ZLOO EH

H[SHFWHG DW WKH ORZHU RQH�

��7KH UHVW RI WKH SDUDPHWHUV XVHG DUH� m  ����� }  ���� DQG x  ����
��,Q WKH JUDSK J�  ����

��



$ UHOHYDQW IHDWXUH RI WKH PRGHO DERYH LV FRQFHUQHG ZLWK WKH GLVWULEXWLRQ RI

WKH H[FKDQJH UDWH LQVLGH WKH WDUJHW ]RQH� .UXJPDQ VKRZV WKDW LQ KLV PRGHO

WKH H[FKDQJH UDWH IROORZV DQ XQFRQGLWLRQDO 8�VKDSHG �ELPRGDO� GLVWULEXWLRQ�

7KDW LV� PRUH PDVV LV FRQFHQWUDWHG LQ WKH ERUGHUV RI WKH WDUJHW ]RQH WKDQ LQ

WKH FHQWHU� 7KH PRGHO ZLWK LPSHUIHFW FUHGLELOLW\ H[KLELWV WKH VDPH SURSHUW\�

KRZHYHU� LW FRQFHQWUDWHV HYHQ PRUH PDVV QHDU WKH ERUGHUV DQG OHVV LQ WKH

FHQWHU WKDQ LQ WKH .UXJPDQ PRGHO� )ROORZLQJ +DUULVRQ >����@ DQG 6YHQVVRQ

>����@ ZH NQRZ WKDW WKH XQFRQGLWLRQDO GHQVLW\ IXQFWLRQ RI WKH FRPSRVLWH

IXQGDPHQWDO� JLYHQ WKDW LW IROORZV D %URZQLDQ PRWLRQ� LV JLYHQ E\�
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ZKHUH t  �x
}�
� 8VLQJ WKH FKDQJH RI YDULDEOH UXOH ZH FDQ nQG WKH XQFRQGLWLRQDO

GLVWULEXWLRQ RI WKH H[FKDQJH UDWH�

�[�[�  
�K�[b��[��

M[K�[b��[��M ����

ZLWK [b�>[@ WKH LQYHUVH RI ����� *LYHQ WKDW [b�>[@ LV LPSOLFLWO\ GHnQHG� �[�[�

FDQ RQO\ EH QXPHULFDOO\ VLPXODWHG� )LJXUH � SORWV WKH GLVWULEXWLRQV IRU n  

� DQG n  ���� 7KH .UXJPDQ PRGHO FRQFHQWUDWHV PRUH REVHUYDWLRQV DW

WKH ERUGHUV EHFDXVH WKH H[FKDQJH UDWH PRYHV VORZHU DW WKH ERUGHUV WKDQ

DW WKH FHQWHU� JLYHQ WKDW ZKHQ LW GHSDUWV IURP WKH FHQWUDO SDULW\ WZR HmHFWV

RSHUDWH� $ GHSUHFLDWLQJ HmHFW OHDG E\ IXQGDPHQWDOV� DQG DQ DSSUHFLDWLQJ RQH

OHDG E\ WKH IDFW WKDW DJHQWV H[SHFW WKDW WKH FHQWUDO EDQN ZLOO LQWHUYHQH �VHOO

IRUHLJQ UHVHUYHV� WR GHIHQG WKH EDQG� ,Q WKH PRGHO ZLWK LPSHUIHFW FUHGLELOLW\

WKH H[FKDQJH UDWH ZLOO PRYH HYHQ IDVWHU WRZDUGV WKH ERUGHU RI WKH EDQG

JLYHQ WKH DGGLWLRQDO GHSUHFLDWLQJ HmHFW SURYRNHG E\ WKH ZD\ H[SHFWDWLRQV

��



DUH GHnQHG� EXW WKHUH VWLOO LV VRPH DSSUHFLDWLQJ HmHFW JLYHQ WKDW WKH FHQWUDO

EDQN LV SDUWLDOO\ FUHGLEOH� 7KLV LV WLHG WR WKH DVVXPSWLRQV WKDW D VPRRWK

SDVWLQJ HTXLOLEULXP LV VWLOO UHDFKHG� HYHQ ZKHQ WKHUH LV ORZ FUHGLELOLW\�

)LJXUH � SORWV WKH FRQGLWLRQDO YDULDQFH RI WKH H[FKDQJH UDWH IRU WKH VDPH

FDVHV DERYH� 7KH FRQGLWLRQDO YDULDQFH RI WKH H[FKDQJH UDWH LQVLGH WKH WDUJHW

]RQH LV JLYHQ E\�
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,Q WKH .UXJPDQ FDVH WKH H[FKDQJH UDWH
V YDULDQFH LV DOZD\V OHVV WKDQ WKH

YDULDQFH RI WKH IXQGDPHQWDOV �VLQFH [K�K� � ��� ZKLFK ZRXOG EH WKH YDULDQFH

RI WKH H[FKDQJH UDWH LQ DEVHQFH RI EDQGV� 7KLV LV RQH RI WKH PRVW LPSRUWDQW

SURSHUWLHV RI WKH .UXJPDQ PRGHO� :KHQ WKH WDUJHW ]RQHV DUH FUHGLEOH WKHUH

LV D VWDELOL]LQJ PHFKDQLVP LQ WKH H[FKDQJH UDWH� :KHQ WKHUH LV LPSHUIHFW

FUHGLELOLW\ WKLV VWDELOL]LQJ PHFKDQLVP LV UHGXFHG� DQG YDQLVKHV LQ DUHDV VXU�

URXQGLQJ WKH FHQWHU RI WKH EDQG� 7KLV LV FOHDUO\ VKRZQ LQ WKH JUDSK� :KHQ

n � � WKH LQVWDQWDQHRXV YDULDQFH RI WKH H[FKDQJH UDWH H[FHHGV WKDW RI WKH

IUHH oRDW VROXWLRQ� WKDW LV H[FHHGV WKH YDULDQFH RI WKH IXQGDPHQWDO SURFHVV�

,Q WKH IROORZLQJ VHFWLRQ� WKH PRGHO LV HVWLPDWHG XVLQJ &RORPELDQ GDWD DQG

HPSLULFDO UHJXODULWLHV DUH WHVWHG�

� (67,0$7,21 ,668(6

,Q RUGHU WR WHVW LI &RORPELDQ GDWD VDWLVI\ WKH PRGHO DERYH� WKH V\VWHP �����

���� LV HVWLPDWHG XVLQJ WKH PHWKRG RI VLPXODWHG PRPHQWV�060� ��� 7KH HV�

��7KLV PHWKRG KDV EHHQ XVHG E\ 6PLWK DQG 6SHQFHU >����@ WR HVWLPDWH LI *HUPDQ 0DUN

� ,WDOLDQ /LUD H[FKDQJH UDWH GDWD VDWLVI\ WKH .UXJPDQ PRGHO� 'H -RQJ >����@ ZKR WHVWV

WKH VDPH PRGHO IRU WKH %HOJLDQ IUDQF� 'XWFK JXLOGHU� 'DQLVK NURQH� )UHQFK IUDQF� ,ULVK

SXQW DQG ,WDOLDQ OLUD H[FKDQJH UDWHV� DQG E\ /LQGEHUJ DQG 3�6RGHUOLQG >����D@ ZKR WHVW LI

6ZHGLVK GDWD VDWLVI\ D PRGHO ZLWK LQWHUYHQWLRQ LQVLGH WKH EDQGV�

��



WLPDWLRQ SURFHGXUH LV EDVHG RQ PLQLPL]LQJ WKH GLVWDQFH EHWZHHQ D YHFWRU RI

VDPSOH PRPHQWV RI WKH H[FKDQJH UDWH DQG D YHFWRU RI VLPXODWHG PRPHQWV���

5HFDOO WKDW *00 PLQLPL]HV WKH GLVWDQFH EHWZHHQ D YHFWRU RI VDPSOH PR�

PHQWV DQG RQH RI WKHRUHWLFDO �DQDO\WLFDOO\ GHULYHG� PRPHQWV� 7KH UDWLRQDOH

IRU 060 LV WKDW DQDO\WLFDO H[SUHVVLRQV IRU WKH WKHRUHWLFDO PRPHQWV RI SDUWLF�

XODU PRGHOV FDQ EH YHU\ GLpFXOW WR GHULYH� DQG HYHQ ZKHQ WKH\ DUH GHULYDEOH

WKH\ GR QRW QHFHVVDULO\ LGHQWLI\ WKH ZKROH VHW RI SDUDPHWHUV� ,Q WKH H[FKDQJH

UDWH WDUJHW ]RQH PRGHOV WKHUH LV DQ DGGLWLRQDO LQFHQWLYH WR XVH VXFK WHFKQLTXH�

IXQGDPHQWDOV DUH XQREVHUYDEOH DQG EHFDXVH RI WKLV� DOWHUQDWLYH PHWKRGV VXFK

DV PD[LPXP OLNHOLKRRG HVWLPDWLRQ DUH SUHFOXGHG� *LYHQ WKLV� 060 DSSHDUV

DV D FRQYHQLHQW HPSLULFDO DOWHUQDWLYH VLQFH IXQGDPHQWDOV FDQ EH VLPXODWHG

LQVWHDG�

7KH HPSLULFDO REMHFWLYH LV WR HVWLPDWH D YHFWRU RI SDUDPHWHUV o�  �x� }� m� n��

)RU VXFK D SXUSRVH , GHnQH ORVV IXQFWLRQ FRPSRVHG RI D ZHLJKWHG VXP RI WKH

GLmHUHQFH EHWZHHQ HPSULFDO DQG VLPXODWHG PRPHQWV� RI WKH IRUP�
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ZKHUH 07 �[� DUH HPSLULFDO PRPHQWV DQG 01�V�o� KV�o�� DUH WKH PRPHQWV

JHQHUDWHG E\ WKH Vb WK VLPXODWLRQ RI WKH H[FKDQJH UDWH� 7KH ZHLJWK PDWUL[�

:7 LV GHnQHG DV :7  �� �
�
Q
�b�lb�� ZLWK Q  1 7 � DQG l LV D FRQVLVWHQW

FRYDULDQFH PDWUL[ RI WKH HPSLULFDO PRPHQWV HVWLPDWHG IROORZLQJ 1HZH\ DQG

:HVW >����@� ,Q WKH H[SUHVVLRQ DERYH 7 LV WKH QXPEHU RI REVHUYDWLRQV LQ

WKH VDPSOH� 1 WKH QXPEHU RI REVHUYDWLRQV RI WKH VLPXODWHG VHULHV DQG 6 WKH

QXPEHU RI WLPHV WKH H[SHULPHQW LV UHSOLFDWHG� 7KH PRPHQWV VHOHFWHG DUH

GHWHUPLQHG DFFRUGLQJ WR ZKDW DUH FRQVLGHUHG VDOLHQW IHDWXUHV RI WKH PRGHO�

)ROORZLQJ OLWHUDWXUH� WKH nUVW IRXU PRPHQWV RI WKH H[FKDQJH UDWH DQG LWV nUVW

GLmHUHQFH DUH FRQVLGHUHG�

��)RU GHWDLOV RQ WKH PHWKRGRORJ\ VHH /HH DQG ,QJUDP >����@ DQG *RXULHURX[ DQG 0RQIRUW

>����@�
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7KH IXQGDPHQWDOV K DUH VLPXODWHG DFFRUGLQJ WR �
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ZKHUH Z LV D VHULHV RI 1 UDQGRP HOHPHQWV JHQHUDWHG IURP D VWDQGDUG QRUPDO

GHQVLW\� DQG K�  ��

7KH VDPSOH VL]H 7 LV ���� 1 LV ��� DQG 6 LV ����� 2QFH IXQGDPHQWDOV DUH

VLPXODWHG JLYHQ D YHFWRU RI SDUDPHWHUV � WKH H[FKDQJH UDWH LV DOVR VLPXODWHG

XVLQJ HTXDWLRQ ����� DQG 01�V�o� KV�o� IRU V  ���6 DUH FRPSXWHG� 2YHU D

JULG RI SDUDPHWHUV /�6� o� LV PLQLPL]HG� ,Q WKLV FDVH m LV DOORZHG WR UDQJH

EHWZHHQ ��� DQG ���� x EHWZHHQ ���� DQG ���� } EHWZHHQ ����� DQG ���� DQG

n EHWZHHQ ��� DQG ���� 7ZHQW\ YDOXHV RI HDFK SDUDPHWHU VHSDUDWHG E\ D

FRQVWDQW GLVWDQFH ZLWKLQ WKHLU UDQJH DUH FRQVLGHUHG ��� 7KH ZLGWK RI WKH

EDQG XVHG� LV &RORPELD
V ���� YDOXH�

7KH 060 HVWLPDWRU LV�
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5HVXOWV DUH UHSRUWHG LQ WKH IROORZLQJ VHFWLRQ�

��1RWH WKDW LQ RUGHU WR VLPXODWH WKH H[FKDQJH UDWH SURFHVV WKH V\VWHP ��������� KDV WR

EH VROYHG �QXPHULFDOO\� IRU HDFK SDUDPHWHU FRPELQDWLRQ� VLQFH &��&��xK� DQG K GHSHQG RQ

WKH YDOXHV RI WKH SDUDPHWHUV�
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7KH VDPSOH PRPHQWV ZKHUH HVWLPDWHG XVLQJ ZHHNO\ &RORPELDQ SHVR � 86

GROODU H[FKDQJH UDWH GDWD IRU WKH 'HFHPEHU ���� � $XJXVW ���� SHULRG� 7DEOH

� UHSRUWV WKH UHVXOWV� 7KH nUVW FROXPQ UHSRUWV WKH SDUDPHWHU HVWLPDWHG� WKH

VHFRQG VWDQGDUG HUURUV ��� DQG WKH IRXUWK UHSRUWV VLJQLnFDQFH OHYHOV IRU WHVWV

WKDW WKH SDUDPHWHUV HTXDO ]HUR� 7KH ODVW OLQH UHSRUWV /HH DQG ,QJUDP
V

nWQHVV WHVW ZKLFK LV GLVWULEXWHG DV D �� ZLWK GHJUHHV RI IUHHGRP HTXDO WR WKH

GLmHUHQFH EHWZHHQ WKH QXPEHU RI PRPHQWV DQG WKH QXPEHU RI SDUDPHWHUV RI

WKH PRGHO� 7KH QXOO K\SRWKHVLV RI WKLV WHVW LV WKDW WKH VLPXODWHG PRPHQWV

PDWFK WKH HPSLULFDO RQHV�

5HVXOWV VXJJHVW WKDW LQ JHQHUDO WKH GDWD nW WKH PRGHO DSSURSULDWHO\� 0RUH�

RYHU WKH HVWLPDWHV RI WKH SDUDPHWHUV� LQ SDUWLFXODU WKDW RI n �n  ���� DQG VLJ�

QLnFDQW� VXJJHVW WKDW WKHUH LV HYLGHQFH RI LPSHUIHFW FUHGLELOLW\ LQ &RORPELD
V

IRUHLJQ H[FKDQJH PDUNHW� 5HVXOWV VXJJHVW WKDW DJHQWV LQFUHDVH WKHLU UHDOLJQ�

PHQW H[SHFWDWLRQV DV WKH H[FKDQJH UDWH DSSURDFKHV HLWKHU EDQG� 0RUHRYHU� LW

LV VKRZQ WKDW ZKHQ WKH H[FKDQJH UDWH UHDFKHV WKH XSSHU EDQG D GHSUHFLDWLRQ

RI WKH FHQWUDO SDULW\ RI D PDJQLWXGH RI DSSUR[LPDWHO\ ������ LV H[SHFWHG�

*LYHQ WKH HVWLPDWHV DERYH� DQG WKH SUHYLRXV H[SODQDWLRQ RQ KRZ WKH YRODWLO�

LW\ RI WKH H[FKDQJH UDWH LQFUHDVHV ZLWK n� LW DSSHDUV WKDW WKH VWDELOL]LQJ

SURSHUWLHV RI WDUJHW ]RQHV DUH QRW IXOO\ SUHVHQW LQ &RORPELD�

� &21&/86,216

7KLV SDSHU GHYHORSV D PRGHO LQ ZKLFK WKH H[SHFWHG GHSUHFLDWLRQ RI WKH FHQWUDO

SDULW\ �RU WKH H[SHFWHG UHDOLJQPHQW RI WKH WDUJHW ]RQH� LV D IXQFWLRQ RI IDFWRUV

OLQNHG WR IXQGDPHQWDO DQG QRQ IXQGDPHQWDO YDULDEOHV� 7KH PDLQ LPSOLFDWLRQV

��)RU D GLVFXVVLRQ RQ WKH HVWLPDWLRQ RI DVV\PSWRWLF VWDQGDUG HUURUV� VHH /HH DQG ,QJUDP

>����@ DQG *RXULHURX[ DQG 0RQIRUW >����@�
��n e x[  �����

��



RI VXFK D PRGHO DUH WKDW GHSUHFLDWLRQ H[SHFWDWLRQV� DQG KHQFH LQWHUHVW UDWH

GLmHUHQWLDOV� LQFUHDVH ZLWK WKH SRVLWLRQ RI WKH H[FKDQJH UDWH LQVLGH WKH EDQG�

WKH H[FKDQJH UDWH VWLFNV WR WKH EDQGV� DQG WKH VWDELOL]LQJ SURSHUWLHV RI WKH

WDUJHW ]RQH DUH VHULRXVO\ GLPLQLVKHG�

7KH PRGHO LV HVWLPDWHG XVLQJ &RORPELDQ GDWD� DQG VLJQLnFDQW UHVXOWV DUH RE�

WDLQHG� 5HVXOWV VXJJHVW WKDW LQ &RORPELD � WKH ODFN RI FUHGLELOLW\ LQ WKH WDUJHW

]RQH� FDQ DFFRXQW IRU DSSUR[LPDWHO\ ���� RI WKH LQWHUHVW UDWH GLmHUHQWLDO� ,W

LV DOVR VKRZQ WKDW JLYHQ WKH FXUUHQW SROLF\ VWDQFH LQ &RORPELD� D WDUJHW ]RQH

UHJLPH LV LQHpFLHQW� JLYHQ WKDW LPSHUIHFW FUHGLELOLW\ LQGXFHV DGGLWLRQDO XQ�

FHUWDLQW\ LQ WKH IRUHLJQ H[FKDQJH PDUNHW� DQG WKH PRQHWDU\ LQGHSHQGHQFH

WKDW WDUJHW ]RQH UHJLPHV XVXDOO\ EX\ LV FRQVLGHUDEO\ UHGXFHG�

,W LV LPSRUWDQW WR QRWH WKDW WKHVH DUH DYHUDJH UHVXOWV� DQG E\ QR PHDQV FDQ

WKH\ H[SODLQ WKH HYROXWLRQ RI FUHGLELOLW\ DFURVV WLPH� 6HYHUDO WHFKQLTXHV KDYH

EHHQ GHYHORSHG WR GR VR� ([DPSOHV RI VXFK SURFHGXUHV DUH IRXQG LQ &KHQ

DQG *LRYDQQLQL >����@� %HNDHUW DQG *UD\ >����@� 0L]UDFK >����@ DQG 6YHQVVRQ

>����D@� +RZHYHU WKLV LV QRW WKH SXUSRVH RI WKLV SDSHU�

��
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)LJXUH �� ([FKDQJH 5DWH DQG 7DUJHW =RQH LQ &RORPELD
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)LJXUH �� 'LVWULEXWLRQ RI ([FKDQJH 5DWH LQ 7DUJHW =RQH
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)LJXUH �� ([FKDQJH 5DWH 6ROXWLRQV
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)LJXUH �� ([SHFWHG 'HSUHFLDWLRQ
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)LJXUH �� 'LVWULEXWLRQ RI ([FKDQJH 5DWH ,QVLGH 7DUJHW =RQH
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)LJXUH �� 9DULDQFH RI ([FKDQJH 5DWH ,QVLGH 7DUJHW =RQH
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7DEOH �� 0HWKRG RI 6LPXODWHG 0RPHQWV (VWLPDWLRQ

RI 7DUJHW =RQH 0RGHO :LWK ,PSHUIHFW &UHGLELOLW\�

&RORPELD 'HF������$XJ�����

(VWLPDWH 6WG�(UURUD 6LJQLnFDQFHE

m ���� ����� �����

x ����� ����� �����

} ���� ����� �����

n ���� ����� �����

����� ������ �����
D $V\PSWRWLF 6WDQGDUG (UURUV�
E 5HIHUV WR VLJQLnFDQFH OHYHO RI WKH WHVW XQGHU WKH QXOO

K\SRWKHVLV WKDW WKH SDUDPHWHU HTXDOV ]HUR�

7KH PRPHQWV XVHG IRU WKH HVWLPDWLRQ DUH WKH PHDQ�

YDULDQFH� VNHZQHVV DQG NXUWRVLV RI WKH ORJ RI WKH H[�

FKDQJH UDWH LQVLGH WKH WDUJHW ]RQH DQG LWV nUVW GLmHU�

HQFH�
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&KHQ DQG *LRYDQQLQL >����@ GHYHORS D PHWKRG WR HVWLPDWH WKH XQFRQGLWLRQDO

GLVWULEXWLRQ RI WKH H[FKDQJH UDWH LQVLGH WKH EDQG WDNLQJ LQWR DFFRXQW WKH

SUHVHQFH RI WKH WDUJHW ]RQHV� 7KH\ VWDUW E\ FRQVLGHULQJ WKH IROORZLQJ %R[�

&R[ WUDQVIRUPDWLRQ RI WKH H[FKDQJH UDWH LQVLGH WKH WDUJHW ]RQH� [� ZKHUH

[  V b F ZLWK V WKH ORJ RI WKH H[FKDQJH UDWH DQG F WKH ORJ RI WKH FHQWUDO

SDULW\�
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ZKHUH % LV KDOI WKH ZLGWK RI WKH EDQG� 7KH UDQGRP YDULDEOH \ LV DVVXPHG WR

EH VWDQGDUG QRUPDOO\ GLVWULEXWHG� *LYHQ WKLV� WKH GLVWULEXWLRQ RI [ JLYHQ % LV

GHWHUPLQHG XQLTXHO\ E\ � DQG p� 'LmHUHQW FRPELQDWLRQV RI WKHVH SDUDPHWHUV

FDQ UHVHPEOH PRVW NQRZQ GLVWULEXWLRQV� 7R HVWLPDWH � DQG p� PD[LPXP

OLNHOLKRRG PHWKRGV FDQ EH XVHG� 8VLQJ WKH FKDQJH RI YDULDEOH UXOH� WKH GHQVLW\

RI [ FDQ EH FRPSXWHG�
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ZKHUH � LV WKH VWDQGDUG QRUPDO GHQVLW\ IXQFWLRQ� DQG - � WKH MDFRELDQ LV JLYHQ
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7KH ORJ OLNHOLKRRG IXQFWLRQ FDQ EH ZULWWHQ DV�
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7DEOH �� 0D[LPXP /LNHOLKRRG (VWLPDWLRQ RI

8QFRQGLWLRQDO 'HQVLW\ 3DUDPHWHUV

3DUDPHWHU (VWLPDWH 6WG�(UURU 6LJQLnFDQFH D

� ������ ������ ������

p ������ ������ ������
D 5HIHUV WR VLJQLnFDQFH OHYHO RI WKH WHVW XQGHU WKH QXOO K\SRWKHVLV

WKDW WKH SDUDPHWHU HTXDOV ]HUR�
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%\ PD[LPL]LQJ WKH ORJ OLNHOLKRRG IXQFWLRQ ZH REWDLQ HVWLPDWHV RI � DQG p�

DQG WKH GHQVLW\ FXUYH FDQ EH QXPHULFDOO\ VLPXODWHG�

5HVXOWV RI WKLV PD[LPL]DWLRQ IRU &RORPELDQ GDWD DUH UHSRUWHG LQ WDEOH � �

7KH GHQVLW\ FXUYH DVVRFLDWHG ZLWK WKHVH SDUDPHWHUV LV SORWWHG LQ nJXUH ��
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5HIHUHQFHV

*� %HNDHUW DQG 6� *UD\� ?7DUJHW ]RQHV DQG WKH H[FKDQJH UDWH� DQ HPSLULFDO

LQYHVWLJDWLRQ�� 1%(5 :RUNLQJ 3DSHU 6HULHV� ������� -DQXDU\ �����

*� %HUWROD DQG /� 6YHQVVRQ� ?6WRFKDVWLF GHYDOXDWLRQ ULVN DQG WKH HPSLULFDO

nW RI WDUJHW ]RQH PRGHOV�� 5HYLHZ RI (FRQRPLF 6WXGLHV� ������^���� �����

$� &DUUDVTXLOOD� ?([FKDQJH UDWH EDQGV DQG VKLIWV LQ WKH VWDELOL]DWLRQ SROLF\

UHJLPH� ,VVXHV VXJJHVWHG E\ WKH H[SHULHQFH RI FRORPELD�� ,QWHUQDWLRQDO

0RQHWDU\ )XQG� �:3�������� ����D�

=� &KHQ DQG $� *LRYDQQLQL� ?(VWLPDWLQJ H[SHFWHG H[FKDQJH UDWHV XQGHU

WDUJHW ]RQHV�� 1%(5 :RUNLQJ 3DSHU 6HULHV� ������� �����

0� &KLQQ DQG 5� 0HHVH� ?%DQNLQJ RQ FXUUHQF\ IRUHFDVWV� +RZ SUHGLFWDEOH

LV FKDQJH LQ PRQH\"�� -RXUQDO RI ,QWHUQDWLRQDO (FRQRPLFV� ������^����

�����

$� &XNLHUPDQ� 0�.LJXHO� DQG /�/HLGHUPDQ� ?7KH FKRLFH RI H[FKDQJH UDWH

EDQGV� %DODQFLQJ FUHGLELOLW\ DQG oH[LELOLW\�� 7KH 6DFNOHU ,QVWLWXWH RI (FR�

QRPLF 6WXGLHV� �:3 1R������� �����

)� 'H -RQJ� ?$ XQLYDULDWH DQDO\VLV RI HPV H[FKDQJH UDWHV XVLQJ D WDUJHW ]RQH

PRGHO�� -RXUQDO RI $SSOLHG (FRQRPHWULFV� ����^��� �����

5� )HOL] DQG -�:HOFK� ?8Q DQDOLVLV GH OD FUHGLELOLGDG \ GHO FRPSRUWDPLHQWR GH

ODV EDQGDV XQLODWHUDOHV GH ORV WLSRV GH FDPELR HQ PH[LFR \ FKLOH�� (FRQRPLD

0H[LFDQD� ,,,�����^��� -DQ�-XO\ �����

5� )ORRG� $� 5RVH� DQG '�0DWKLHVRQ� ?$Q HPSLULFDO H[SORUDWLRQ RI H[FKDQJH

UDWH WDUJHW ]RQHV�� &DUQHJLH�5RFKHVWHU 6HULHV RQ 3XEOLF 3ROLF\� ����^���

�����

-� )UDQNHO DQG 6� 3KLOOLSV� ?7KH HXURSHDQ PRQHWDU\ V\VWHP� &UHGLEOH DW

ODVW"�� 1%(5 :RUNLQJ 3DSHU 6HULHV� ������� $XJXVW �����

��



3� *DUEHU DQG /� 6YHQVVRQ� ?7KH RSHUDWLRQ DQG FROODSVH RI n[HG H[FKDQJH

UDWH UHJLPHV�� 1%(5 :RUNLQJ 3DSHU� ������� 'HFHPEHU �����

&� *RXULHURX[ DQG $� 0RQIRUW� 6LPXODWLRQ %DVHG (FRQRPHWULF 0HWKRGV�

2[IRUG 8QLYHUVLW\ 3UHVV� 1HZ <RUN� �����

0� +DUULVRQ� %URZQLDQ 0RWLRQ DQG 6WRFKDVWLF )ORZ 6\VWHPV� :LOH\� 1HZ

<RUN� �����

3� .UXJPDQ� ?7DUJHW ]RQHV DQG H[FKDQJH UDWH G\QDPLFV�� 4XDUWHUO\ -RXUQDO

RI (FRQRPLFV� ���������^���� �����

%� /HH DQG %� ,QJUDP� ?6LPXODWLRQ HVWLPDWLRQ RI WLPH VHULHV PRGHOV�� -RXUQDO

RI (FRQRPHWULFV� ������^���� �����

+� /LQGEHUJ DQG 3�6RGHUOLQG� ?,QWHUYHQWLRQ SROLF\ DQG PHDQ UHYHUVLRQ LQ

H[FKDQJH UDWH WDUJHW ]RQHV� 7KH VZHGLVK FDVH�� 6FDQGLQDYLDQ -RXUQDO RI

(FRQRPLFV� ������^���� ����D�

+� /LQGEHUJ DQG 3� 6RGHUOLQG� ?7HVWLQJ WKH EDVLF WDUJHW ]RQH PRGHO RQ

VZHGLVK GDWD�� (XURSHDQ (FRQRPLF 5HYLHZ� ����������^����� $XJXVW �����

5� 0HHVH DQG .� 5RJRm� ?7KH RXW�RI�VDPSOH IDLOXUH RI HPSLULFDO H[FKDQJH

UDWH PRGHOV� 6DPSOLQJ HUURU RU PLVVSHFLnFDWLRQ"�� ,Q -� )UDQNHO� HGLWRU�

([FKDQJH 5DWHV DQG ,QWHUQDWLRQDO 0DFURHFRQRPLFV� 8QLYHUVLW\ RI &KLFDJR

3UHVV� &KLFDJR� �����

%� 0L]UDFK� ?7DUJHW ]RQH PRGHOV ZLWK VWRFKDVWLF UHDOLJQPHQWV� DQ HFRQR�

PHWULF HYDOXDWLRQ�� -RXUQDO RI ,QWHUQDWLRQDO 0RQH\ DQG )LQDQFH� ������

���^���� �����

:� 1HZH\ DQG .� :HVW� ?$ VLPSOH� SRVLWLYH GHnQLWH� KHWHURVNHGDVWLFLW\ DQG

DXWRFRUUHODWLRQ FRQVLVWHQW FRYDULDQFH PDWUL[�� (FRQRPHWULFD� ������^����

�����

��



$� 5RVH DQG /� 6YHQVVRQ� ?([SHFWHG DQG SUHGLFWHG UHDOLJQPHQWV� 7KH m�GP

H[FKDQJH UDWH GXULQJ WKH HPV�� 6FDQGLQDYLDQ -RXUQDO RI (FRQRPLFV� ��

�������^���� �����

*� 6PLWK DQG 0� 6SHQFHU� ?(VWLPDWLRQ DQG WHVWLQJ LQ PRGHOV RI H[FKDQJH UDWH

WDUJHW ]RQHV DQG SURFHVV VZLWFKLQJ�� ,Q 3� .UXJPDQ DQG 0�0LOOHU� HGLWRUV�

([FKDQJH 5DWH 7DUJHWV DQG &XUUHQF\ %DQGV� &DPEULGJH 8QLYHUVLW\ 3UHVV�

&DPEULGJH 0$� �����

/� 6YHQVVRQ� ?7DUJHW ]RQHV DQG LQWHUHVW UDWH YDULDELOLW\�� -RXUQDO RI ,QWHU�

QDWLRQDO (FRQRPLFV� ����������^��� $XJXVW �����

/� 6YHQVVRQ� ?7KH VLPSOHVW WHVW RI WDUJHW ]RQH FUHGLELOLW\�� ,0) 6WDm 3DSHUV�

���������^���� 6HSWHPEHU ����D�

0� 8UUXWLD� ?(O VLVWHPD GH EDQGDV FDPELDULDV HQ FRORPELD�� 5HYLVWD GHO

%DQFR GH OD 5HSXEOLFD GH &RORPELD� ������ -DQXDU\ �����

��
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