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Rq wkh G|qdplfv ri Lqwhuhvw Jurxs Irupdwlrq
dqg Hqgrjhqrxv Srolf|pdnlqj

Ymroofd Vdgludm�/ Mdq Wxlqvwud|dqg Iudqv ydq Zlqghq�

Mdqxdu| 5333

Devwudfw

Zh suhvhqw d g|qdplf prgho ri wkh lqwhudfwlrq ehwzhhq lqwhuhvw jurxsv

dqg srolf|pdnhuv/ ihdwxulqj hqgrjhqrxv lqwhuhvw jurxs irupdwlrq1 Zh vkrz

wkdw frpsolfdwhg g|qdplf sdwwhuqv lq hfrqrplf srolflhv pd| dulvh rqfh lqwhuhvw

jurxs irupdwlrq lv wdnhq lqwr dffrxqw1

Nh|zrugv= Lqwhuhvw jurxsv/ Dvsludwlrq ohyho/ Hqgrjhqrxv  xfwxdwlrqv

MHO fodvvlilfdwlrq= G56> G:5> G:;> H65> K63

4 Lqwurgxfwlrq

Lqwhuhvw jurxsv vhhp wr sod| dq lqfuhdvlqjo| lpsruwdqw uroh lq hfrqrplf srolf|pdnlqj
+d qlfh looxvwudwlrq lv surylghg e| Wkh Hfrqrplvw +4<<<,,1 D gudpdwlf pdqlihvwdwlrq/
lqyroylqj QJR*v/ rffxuuhg gxulqj wkh uhfhqw ZWR frqihuhqfh lq Vhdwwoh1 Wkh lp0
sruwdqfh ri wklv skhqrphqrq lv uh hfwhg lq wkh uhpdundeoh xsvxujh ri vr0fdoohg hq0
grjhqrxv srolf| prghov/ frqfhqwudwlqj rq wkh lqwhudfwlrq ehwzhhq lqwhuhvw jurxsv dqg
hfrqrplf srolf|pdnhuv +iru d vxuyh|/ vhh ydq Zlqghq +4<<<,,1 Wkhvh prghov w|slfdoo|
irfxv rq wkh Qdvk htxloleuld ri d surshuo| gh�qhg jdph/ zlwk frpsohwh lqirupdwlrq/
zkhuh lqwhuhvw jurxsv dqg wkh jryhuqphqw duh wkh +ixoo| udwlrqdo, sod|huv1 Wkh| gr
qrw surylgh dq h{sodqdwlrq/ krzhyhu/ iru wkh hphujhqfh dqg vl}h ri lqwhuhvw jurxsv/
qru gr wkh| orrn lqwr wkh g|qdplfv ri wkh lqwhudfwlrq ehwzhhq wkhvh rujdql}dwlrqv
dqg wkh srolf|pdnhuv +jryhuqphqw,1 Wkhvh lvvxhv duh ri reylrxv hpslulfdo uhohydqfh/
vlqfh qhlwkhu wkh vhw ri lqwhuhvw jurxsv +ru wkhlu remhfwlyhv, qru wkhlu vl}hv dsshdu wr

�FUHHG dqg Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Dpvwhugdp/ Urhwhuvvwuddw 44/ 434; ZE/

Dpvwhugdp/ wkh Qhwkhuodqgv/ H0pdlo= ymroofdCihh1xyd1qo/ iyzlqghqCihh1xyd1qo
|FhQGHI dqg Ghsduwphqw ri Txdqwlwdwlyh Hfrqrplfv/ Xqlyhuvlw| ri Dpvwhugdp/ Urhwhuvvwuddw

44/ 434; ZE Dpvwhugdp/ wkh Qhwkhuodqgv/ H0pdlo= wxlqvwudCihh1xyd1qo/ Ilqdqfldo vxssruw xqghu d

QZR0Slrqlhu judqw lv judwhixoo| dfnqrzohgjhg1
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eh frqvwdqw ryhu wlph1 Lq idfw/ rujdql}dwlrqdo pdlqwhqdqfh dqg dwwudfwlqj qhz php0
ehuv duh d frqwlqxlqj frqfhuq iru vxfk jurxsv +fi1 Urwkhqehuj +4<;;,,1 Pruhryhu/ wkh
uhdolvp ri dvvxplqj frpsohwh lqirupdwlrq dqg vrsklvwlfdwhg vwudwhjlf ehkdylru fdq
eh vhulrxvo| txhvwlrqhg jlyhq wkh frpsoh{lw| ri wkh hqylurqphqw ehlqj ghdow zlwk1
Lq sduwlfxodu/ iru xqghuvwdqglqj wkh ghflvlrq ri lqglylgxdov wr mrlq ru ohdyh lqwhuhvw
jurxsv/ d erxqghgo| udwlrqdo/ ghflvlrq wkhruhwlf dssurdfk zrxog vhhp wr eh pruh
dssursuldwh1 Dv d vwduwlqj srlqw/ lq wklv sdshu zh wdnh dv dq lpsruwdqw ghwhuplqdqw
ri wklv ghflvlrq wkh +glv,vdwlvidfwlrq ri wkh lqglylgxdo zlwk wkh revhuyhg srolwlfdo rxw0
frphv1 Doorzlqj iru frvwo| frqwulexwlrq ihhv dqg wkh frqvhtxhqw iuhh0ulglqj sureohp/
lw vhhpv sodxvleoh wr dvvxph wkdw wkh surshqvlw| wr mrlq ru ohdyh lv uhodwhg wr wkh
jds ehwzhhq wkh lqglylgxdo*v dvsludwlrq ohyho frqfhuqlqj hfrqrplf yduldeohv dqg wkhlu
uhdol}dwlrq1 Vxffhvv ri dq lqwhuhvw jurxs zrxog wkhq eh olnh d grxeoh0hgjhg nqlih/
vlqfh lw frxog qhjdwlyho| d�hfw lwv phpehuvkls1 Iru looxvwudwlyh klvwrulfdo h{dpsohv
rqh frxog wklqn ri wkh dqwl0vodyhu|/ dqwl0vhjuhjdwlrq ru yrwhu hqiudqfklvhphqw oreelhv/
zklfk zhuh sudfwlfdoo| glvvroyhg rqfh wkhlu remhfwlyhv zhuh uhdol}hg1 Rxu dssurdfk
uhvhpeohv lq wklv uhvshfw wkrvh prghov ri yrwhu ehkdylru lq odujh0vfdoh hohfwlrqv zkhuh
wkh suredelolw| ri yrwlqj iru dq rssrvlqj sduw| +dq lqwhuhvw jurxs ri lwv rzq nlqg,
lv uhodwhg wr wkh glvvdwlvidfwlrq ri wkh yrwhu zlwk wkh hfrqrplf vlwxdwlrq xqghu wkh
h{lvwlqj jryhuqphqw +vhh h1j1 Sdogdp +4<<:,,1 Lq wklv vkruw sdshu zh lqwurgxfh/ lq
d vlpsoh uhglvwulexwlrq iudphzrun/ d prgho wkdw lqfrusrudwhv wkhvh g|qdplfdo ihd0
wxuhv ri lqwhuhvw jurxsv1 Lw zloo eh vkrzq wkdw wkh ihhgedfn h�hfw jhqhudwhg e| wkh
surfhvv ri lqwhuhvw jurxs irupdwlrq pd| lqklelw wkh rffxuuhqfh ri d vwdeoh srolwlfdo
hfrqrplf htxloleulxp/ ohdglqj wr vxusulvlqj g|qdplfv lq wkh lqwhudfwlrq ehwzhhq wkh
rujdql}dwlrq ri vrfldo jurxsv lqwr lqwhuhvw jurxsv dqg hfrqrplf srolf| ghwhuplqdwlrq1

5 Wkh prgho

Zh frqvlghu dq hfrqrp| zlwk wzr vhfwruv/ � dqg �/ hdfk hpsor|lqj d odujh qxpehu
ri djhqwv1 Doo lqglylgxdov zrunlqj lq vhfwru � E' �c�� hduq d jlyhq lqfrph ri ��1
Wkhuh lv qr prelolw| dfurvv vhfwruv dqg wkh qxpehu ri djhqwv zrunlqj lq hdfk ri
wkh vhfwruv lv h{rjhqrxvo| jlyhq dv 6�1 Ixuwkhupruh/ doo lqglylgxdov duh dvvxphg
wr kdyh wkh vdph/ vwulfwo| frqfdyh/ lqgluhfw xwlolw| ixqfwlrq T E��1 Zh dvvxph wkdw
wkh jryhuqphqw fdq uhglvwulexwh lqfrph e| d/ srvvleo| qhjdwlyh/ oxps0vxp wd{ ri ��
rq wkh lqglylgxdov zrunlqj lq vhfwru �/ lpso|lqj d oxps0vxp wd{ ru vxevlg| wr wkh
lqglylgxdov lq vhfwru � htxdo wr �� ' �6�

6�
��/ lq rughu wr edodqfh wkh jryhuqphqw

exgjhw1 Lqglylgxdov ri hdfk vhfwru fdq rujdql}h lqwr dq lqwhuhvw jurxs/ hqwdlolqj d
frqwulexwlrq S� shu lqglylgxdo1 Iru lqglylgxdo � zrunlqj lq vhfwru � lqgluhfw xwlolw|
htxdov T E�� � � � � S��/ zkhuh S� ' S� E� ' �c�� iru lqwhuhvw jurxs phpehuv dqg
S� ' f iru wkh qrq0phpehuv1

Lqwhuhvw jurxsv oree| iru d wd{ vfkhgxoh wkdw idyruv phpehuv dv zhoo dv qrq0
phpehuv zrunlqj lq wkh uhvshfwlyh vhfwru1 Qrwlfh wkdw wkh vhfwru vshfl�f sxeolf
jrrg +edg, qdwxuh ri wkh wd{ vfkhgxoh lqwurgxfhv d iuhh0ulglqj sureohp/ zklfk lv
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fkdudfwhulvwlf iru pdq| w|shv ri lqwhuhvw jurxsv1 Zh qrz surylgh wkh iroorzlqj vlpsoh
prgho iru wkh irupdwlrq dqg ghyhorsphqw ri lqwhuhvw jurxsv1 Hdfk lqglylgxdo kdv wr
ghflgh zkhwkhu wr mrlq wkh lqwhuhvw jurxs ru qrw1 Zh dvvxph wkdw wkh frqwulexwlrq
ihhv S� dqg S� duh jlyhq dqg uhpdlq frqvwdqw14 Zh qrz kdyh wr ghwhuplqh wkh wrwdo
ohyho ri oree|lqj h{shqglwxuhv iurp hdfk ri wkh lqwhuhvw jurxsv/ ru htxlydohqwo|/ wkh
vl}h ri wkh lqwhuhvw jurxsv1 Khuh zh dvvxph wkdw wkh surshqvlw| ri lqglylgxdov wr mrlq
lv uhodwhg wr wkh jds ehwzhhq wkhlu dfwxdo xwlolw| dqg d suhvshfl�hg dvsludwlrq ohyho1
Lw vhhpv qdwxudo wr wdnh dv dvsludwlrq ohyho T E�� � S��1 Wklv lpsolhv wkdw shrsoh duh
pruh lqfolqhg wr mrlq wkh lqwhuhvw jurxs wkh pruh wkh frqwulexwlrq ihh idoov vkruw ri wkh
wd{ wkh| kdyh wr sd| xqghu wkh fxuuhqw uhjlph1 Vshfl�fdoo|/ iru hdfk ri wkh djhqwv ri
vhfwru � wkh suredelolw| ri mrlqlqj wkdw vhfwru*v lqwhuhvw jurxs lv dvvxphg wr eh htxdo
wr

�h dmrlqlqjo� '
i TqT E�� � S��

i TqT E�� � � �� n i TqT E�� � S��
c � ' �c�c

zkhuh q : f phdvxuhv wkh ehkdylrudo vhqvlwlylw| wr ghyldwlrqv iurp dvsludwlrqv1 Wkh
hyroxwlrq ri wkh vl}h ri wkh lqwhuhvw jurxs lv qrz prghoohg dv iroorzv1 Iluvw/ dvvxp0
lqj vrph rujdql}dwlrqdo lqhuwld/ zlwk suredelolw| b wkh lqglylgxdo frqvlghuv mrlqlqj
wkh lqwhuhvw jurxs dqg zlwk suredelolw| � � b +v,kh vwd|v sxw1 Jlyhq wkdw wkhuh
duh d odujh qxpehu ri djhqwv lq hdfk vhfwru/ wkh vl}hv ri wkh lqwhuhvw jurxsv hyroyh
ghwhuplqlvwlfdoo| dv

?�c|n� ' E�� b�?�c| n b
6�

� n i Tq dT E�� � � ��� T E�� � S��o
c � ' �c�� +4,

Iru vlpsolflw| b dqg q duh dvvxphg wr eh wkh vdph dfurvv vhfwruv1
Zh qrz wxuq wr wkh jryhuqphqw1 Dffruglqj wr wkh olwhudwxuh rq hqgrjhqrxv srolf|

prghov/ jryhuqphqwdo srolf|pdnhuv duh dvvxphg wr eh lqwhuhvwhg lq srolwlfdo vxuylydo
dqg wkhuhiruh +exw dovr iru rwkhu uhdvrqv, lq frqwulexwlrqv iurp lqwhuhvw jurxsv1 Wkh
uhodwlyh dprxqw ri frqwulexwlrqv dqg uhodwhgo| wkh uhodwlyh vl}h ri wkhvh jurxsv wkhuh0
iruh lpsdfw rq wkh h{whqw wr zklfk wkh lqwhuhvwv ri vrfldo jurxsv lq vrflhw| duh wdnhq
lqwr dffrxqw1 +Vhh h1j1 Gl{lw hw do1 +4<<:,/ Qlw}dq +4<<<, dqg wkh vxuyh| lq ydq
Zlqghq +4<<<,1, Lq vkruw/ rujdql}dwlrq dqg frqwulexwlrqv pdwwhu iru wkh srolflhv
vhohfwhg e| wkh jryhuqphqw1 Vlqfh rxu irfxv khuh lv qrw rq wkh suhflvh phfkdqlvp
uhodwlqj lqwhuhvw jurxs dfwlylw| wr srolf| ghwhuplqdwlrq/ zh wdnh d uhgxfhg0irup ds0
surdfk e| dvvxplqj wkdw wkh jryhuqphqw pd{lpl}hv wkh iroorzlqj lqwhuhvw ixqfwlrq

C E��� '
��

�� n ��

6�T E�� � ��� n
��

�� n ��

6�T

�
�� n

6�

6�

��

�
c

zkhuh wkh zhljkwv dwwdfkhg wr wkh lqwhuhvwv ri wkh lqglylgxdov lq wkh gl�huhqw vhfwruv
duh ghwhuplqhg e| wkh uhvshfwlyh wrwdo frqwulexwlrqv ri wkh lqwhuhvw jurxsv/ �� ' S�?�1
Iru jlyhq ohyhov ri wkh frqwulexwlrqv S� wklv lpsolhv wkdw wkh vl}hv ri wkh lqwhuhvw

4Dq dowhuqdwlyh lqwhusuhwdwlrq ri wkh prgho zrxog eh wkdw shrsoh gr qrw ghflgh xsrq zkhwkhu wr

mrlq ru qrw/ exw hyhu|erg| lv d phpehu dqg kdv wr ghflgh rq wkh dprxqw wr frqwulexwh1
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Iljxuh 4= Wkh dwwudfwru iru wkh prgho zlwk � ' � dqg q ' S1

jurxsv ?� duh ghwhuplqdqw1 Qrz ohw xv frqvlghu wkh rswlpdo wd{ udwh1 Wkh �uvw rughu
frqglwlrq iru dq rswlpxp lv

��T
� E�� � ��� ' ��T

�

�
�� n

6�

6�

��

�
� +5,

Qrwlfh wkdw li wrwdo frqwulexwlrqv shu vhfwru duh wkh vdph E�� ' ���/ wkh jryhuqphqw
zloo htxdol}h wkh diwhu0wd{ lqfrph dfurvv vhfwruv1

Lq wkh uhvw ri wklv sdshu zh zloo xvh dv lqgluhfw xwlolw| ixqfwlrq T E%� ' �
�3k

%�3kc

zlwk f 	 k 	 �1 Wkh �uvw rughu frqglwlrq +5, wkhq ohdgv wr wkh iroorzlqj wd{ uxoh

�� E��c ��� '
�

�

k

��� � �
�

k

���

�
�

k

�
6�
6�

n �
�

k

�

� +6,

6 G|qdplfv

Wkh pdlq lvvxh wkdw zh duh lqwhuhvwhg lq lq wklv sdshu frqfhuqv wkh g|qdplfv ri wkh
prgho frqvlvwlqj ri +4, dqg +6,1 Ohw xv frqfhqwudwh rq wkh iroorzlqj vshfl�fdwlrq
ri wkh prgho= 6� ' 6� ' � +wkxv ?� fdq eh lqwhusuhwhg dv wkh iudfwlrq ri shrsoh
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Iljxuh 5= Wlph vhulhv iru wkh prgho zlwk � ' � dqg q ' S1 Wkh judsk vkrzv wkh
ghyhorsphqw ri ?�/ ?� dqg � iurp shulrg �ff wr shulrg 2ff1

rujdql}hg lq vhfwru �,/ S� ' S� ' �/ k ' �
2
dqg b ' �

e
1 Ixuwkhupruh/ dvvxph wkdw

lqfrph lq erwk vhfwruv lv htxdo wr �1 Zh zloo qrz lqyhvwljdwh krz wkh g|qdplfv
ri lqwhuhvw jurxs vl}hv dqg wkh rswlpdo wd{ udwh hyroyh dv wkh vhqvlwlylw| sdudphwhu
q ydulhv1 Iru wklv v|pphwulf prgho d xqltxh v|pphwulf htxloleulxp h{lvwv zlwk
?� ' ?� ' �

�ni TqdT E��3T E�3S�o
dqg � ' f1 Iru yhu| orz ydoxhv ri q/ wkdw lv/ zkhq

shrsoh duh qrw yhu| olnho| wr mrlq ru ohdyh dq lqwhuhvw jurxs rq wkh edvlv ri wkh
hfrqrplf vlwxdwlrq/ wklv htxloleulxp lv vwdeoh1 Krzhyhu/ li q lqfuhdvhv wkh htxloleulxp
ehfrphv xqvwdeoh dqg d shulrg wzr f|foh hphujhv +surylghg wkdw ?�cf 9' ?�cf,1 Iru
� ' � wklv  ls0 ru shulrg0grxeolqj elixufdwlrq kdsshqv dw q � f�DH1 Wklv shulrg wzr
f|foh fruuhvsrqgv wr wkh vlwxdwlrq zkhuh lq rqh shulrg lqwhuhvw jurxs � lv odujh dqg
lqwhuhvw jurxs � lv vpdoo/ dqg wkh odwwhu jurxs lv wd{hg wr wkh ehqh�w ri shrsoh lq
vhfwru �/ zkloh lq wkh qh{w shulrg wkh vlwxdwlrq lv uhyhuvhg1 Iru kljkhu ydoxhv ri q
pruh frpsolfdwhg g|qdplf sdwwhuqv hphujh1 Iljxuhv 4 dqg 5 looxvwudwh wkh rffxuuhqfh
ri d vwudqjh dwwudfwru dqg wkh fruuhvsrqglqj frpsolfdwhg wlph vhulhv wkdw zh rewdlq
iru � ' � dqg q ' S1 Wkh lqwxlwlrq iru wkhvh wlph vhulhv lv wkh iroorzlqj1 Dq lqfuhdvh
lq wkh vl}h ri rqh ri wkh lqwhuhvw jurxsv ohdgv wr d qhz wd{/ zklfk lv pruh ehqh�fldo
wr wklv lqwhuhvw jurxs1 Wklv ohdgv wr dq lqfuhdvh lq wkh vl}h ri wkh rwkhu lqwhuhvw jurxs
zklfk lqgxfhv d wd{ udwh pruh ehqh�fldo wr wklv lqwhuhvw jurxs1 Lq wklv idvklrq wkh
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vl}hv ri wkh lqwhuhvw jurxsv nhhs rq lqfuhdvlqj xqwlo d fhuwdlq srlqw zkhuh wkh surfhvv
orvhv prphqwxp/ gxh wr d glplqlvklqj h�hfw rq wkh wd{ vfkhgxoh/ dqg lv hyhqwxdoo|
uhyhuvhg1

7 Frqfoxglqj uhpdunv

Zh kdyh suhvhqwhg d g|qdplf prgho ri wkh lqwhudfwlrq ehwzhhq lqwhuhvw jurxsv dqg
srolf|pdnhuv/ ihdwxulqj hqgrjhqrxv lqwhuhvw jurxs irupdwlrq1 Wklv prgho vkrzv wkh
uhvwulfwlyhqhvv ri/ rq wkh rqh kdqg/ wkh xvxdo dvvxpswlrq ri �{hg vl}hv ri lqwhuhvw
jurxsv dqg/ rq wkh rwkhu kdqg/ wkh frqfhqwudwlrq rq htxloleuld lq wkh olwhudwxuh1
Fohduo|/ rxu prgho lv yhu| vw|ol}hg1 Krzhyhu/ lw vx!fhv wr frqyh| rxu edvlf phvvdjh/
qdpho| wkdw lqwhuhvw jurxsv ulvh dqg ghfolqh dv d ixqfwlrq ri jryhuqphqw ehkdylru
dqg wkdw frpsolfdwhg g|qdplf sdwwhuqv lq hfrqrplf srolflhv pd| dulvh rqfh lqwhuhvw
jurxs irupdwlrq lv hqgrjhqrxvo| wdnhq lqwr dffrxqw1

Uhihuhqfhv

^4` Gl{lw/ D1/ Jurvvpdq/ J1P1/ Khospdq/ H1/ 4<<:1 Frpprq djhqf| dqg frruglqd0
wlrq= Jhqhudo wkhru| dqg dssolfdwlrq wr jryhuqphqw srolf| pdnlqj1 Mrxuqdo ri
Srolwlfdo Hfrqrp| 438/ :850:9<1

^5` Wkh Hfrqrplvw/ 4<<<1 Wkh qrq0jryhuqphqwdo rughu1 Zloo QJRv ghprfudwlvh/ ru
phuho| glvuxsw/ joredo jryhuqdqfhB Ghfhpehu 44/ 4;04<1

^6` Urwkhqehuj/ O1V1/ 4<;;1 Rujdql}dwlrqdo pdlqwhqdqfh dqg wkh uhwhqwlrq ghflvlrq lq
jurxsv1 Dphulfdq Srolwlfdo Vflhqfh Uhylhz ;5/ 445<044851

^7` Qlw}dq/ V1/ 4<<71 Prghoolqj uhqw0vhhnlqj frqwhvwv1 Hxurshdq Mrxuqdo ri Srolwlfdo
Hfrqrp| 43/ 740931

^8` Sdogdp/ Q1/ 4<<:1 Srolwlfdo exvlqhvv f|fohv/ lq= G1F1 Pxhoohu +hg1,/ Shuvshfwlyhv
rq Sxeolf Fkrlfh1 Fdpeulgjh Xqlyhuvlw| Suhvv1 Fdpeulgjh1

^9` ydq Zlqghq/ I1/ 4<<<1 Rq wkh hfrqrplf wkhru| ri lqwhuhvw jurxsv= Wrzdugv d
jurxs iudph ri uhihuhqfh lq srolwlfdo hfrqrplfv1 Sxeolf Fkrlfh 433/ 405<1
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