
Whup Vwuxfwxuh Hylghqfh rq Lqwhuhvw Udwh Vprrwklqj

dqg Prqhwdu| Srolf| Lqhuwld

Johqq G1 UxghexvfkW

Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr

Vhswhpehu 5333

Devwudfw

Qxphurxv vwxglhv kdyh xvhg txduwhuo| gdwd wr hvwlpdwh prqhwdu| srolf| uxohv ru

uhdfwlrq ixqfwlrqv wkdw dsshdu wr h{klelw d yhu| vorz sduwldo dgmxvwphqw ri wkh sro0

lf| lqwhuhvw udwh1 Wkh frqyhqwlrqdo zlvgrp lv wkdw wklv judgxdo dgmxvwphqw uh hfwv d

srolf| lqhuwld ru lqwhuhvw udwh vprrwklqj ehkdylru e| fhqwudo edqnv1 Krzhyhu/ vxfk

txduwhuo| prqhwdu| srolf| lqhuwld zrxog lpso| d odujh dprxqw ri iruhfdvwdeoh yduld0

wlrq lq lqwhuhvw udwhv dw krul}rqv ri pruh wkdq wkuhh prqwkv/ zklfk lv frqwudglfwhg e|

hylghqfh iurp wkh whup vwuxfwxuh ri lqwhuhvw udwhv1 Wkh looxvlrq ri prqhwdu| srolf|

lqhuwld pd| uh hfw wkh hslvrglf/ xqiruhfdvwdeo| shuvlvwhqw vkrfnv wkdw fhqwudo edqnv

idfh1

WKrphsdjh= zzz1vi1iue1ruj2hfrquvufk2hfrqrplvwv2juxghexvfk1kwpo> hpdlo= Johqq1UxghexvfkCvi1iue1ruj> dg0

guhvv= 434 Pdunhw Vwuhhw/ Vdq Iudqflvfr/ FD/ <74381 Iru khosixo frpphqwv/ L wkdqn Nhylq Odqvlqj/ Wlp Frjoh|/

dqg sduwlflsdqwv lq wkh 5333 FHSU Vxpphu Lqvwlwxwh lq Dpvwhugdp/ hvshfldoo| p| glvfxvvdqw/ Shwhu ydq Hov1

Qlorridu Edglh/ Nluudq Edul/ Fdvh| Fruqzhoo/ dqg Fdurolqd Pdutxh} surylghg h{fhoohqw uhvhdufk dvvlvwdqfh1 Wkh

ylhzv h{suhvvhg lq wklv sdshu gr qrw qhfhvvdulo| uh hfw wkrvh ri dq|rqh hovh lq wkh Ihghudo Uhvhuyh V|vwhp1



41 Lqwurgxfwlrq

Krz txlfno| gr fhqwudo edqnv dgmxvw prqhwdu| srolf| lq uhvsrqvh wr ghyhorsphqwv lq wkh hfrq0

rp|B D frpprq ylhz dprqj hfrqrplvwv lv wkdw wkh vkruw0whup srolf| lqwhuhvw udwh lq pdq|

frxqwulhv lv fkdqjhg dw d yhu| voxjjlvk sdfh ryhu vhyhudo txduwhuv1 Wkh hylghqfh vxssruwlqj

wklv ylhz lv irxqg lq wkh pdq| prqhwdu| srolf| uxohv ru uhdfwlrq ixqfwlrqv hvwlpdwhg lq wkh

olwhudwxuh zlwk txduwhuo| gdwd1 Wkhvh srolf| uxohv wdnh wkh jhqhudo sduwldo dgmxvwphqw irup

l| @ +4� �,lW
|
. �l|3�/ zkhuh l| lv wkh dyhudjh ohyho ri wkh srolf| lqwhuhvw udwh lq txduwhu w/ zklfk

lv vhw dv d zhljkwhg dyhudjh ri wkh fxuuhqw ghvluhg ohyho/ lW
|
/ dqg odvw txduwhu*v dfwxdo ydoxh/ l|3�1

Edvhg rq klvwrulfdo gdwd/ hvwlpdwhv ri � duh riwhq lq wkh udqjh ri 3=;/ vr wkhvh hpslulfdo uxohv

dsshdu wr lpso| d yhu| vorz vshhg ri dgmxvwphqw ri wkh srolf| udwh wr lwv ixqgdphqwdo ghwhu0

plqdqwv1 Wklv judgxdo dgmxvwphqw ri wkh srolf| udwh ryhu vhyhudo txduwhuv wr lwv ghvluhg ohyho

lv zlgho| lqwhusuhwhg dv hylghqfh ri dq �lqwhuhvw udwh vprrwklqj� ru �prqhwdu| srolf| lqhuwld�

ehkdylru e| fhqwudo edqnv1 Iru h{dpsoh/ Fodulgd/ Jdol/ dqg Jhuwohu +5333/ ss1 48:048;, ghvfuleh

wkhlu X1V1 hvwlpdwhv ri ydulrxv sduwldo dgmxvwphqw srolf| uxohv dv �1 1 1 wkh hvwlpdwh ri wkh

vprrwklqj sdudphwhu � lv kljk lq doo fdvhv/ vxjjhvwlqj frqvlghudeoh lqwhuhvw udwh lqhuwld= rqo|

ehwzhhq 43 dqg 63 shufhqw ri d fkdqjh lq wkh ^ghvluhg lqwhuhvw udwh` lv uh hfwhg lq wkh Ixqgv

udwh zlwklq wkh txduwhu ri wkh fkdqjh1 Wkxv/ rxu hvwlpdwhv frq�up wkh frqyhqwlrqdo zlvgrp

wkdw wkh Ihghudo Uhvhuyh vprrwkv dgmxvwphqwv lq wkh lqwhuhvw udwh1� D ihz ri wkh pdq| rwkhu

uhfhqw sdshuv zlwk d vlplodu lqhuwldo lqwhusuhwdwlrq ri prqhwdu| srolf| uxohv lqfoxgh Zrrgirug

+4<<<,/ Jrrgkduw +4<<<,/ Ohylq/ Zlhodqg/ dqg Zlooldpv +4<<<,/ Dpdwr dqg Odxedfk +4<<<,/

Ruskdqlghv +4<<;,/ dqg Vdfn +4<<;,1

Ixuwkhupruh/ vrph uhvhdufkhuv kdyh dovr dujxhg uhfhqwo| wkdw wkh prqhwdu| srolf| lqhuwld

dssduhqwo| suhvhqw lq wkh uhdo zruog pd| eh dq rswlpdo ehkdylrudo uhvsrqvh rq wkh sduw ri

fhqwudo edqnv1 Iru h{dpsoh/ rqh srsxodu vxfk qrupdwlyh dujxphqw frqwhqgv wkdw wkh txduwhuo|

srolf| lqhuwld dqg lqwhuhvw udwh vprrwklqj ehkdylru khosv wkh fhqwudo edqn irfxv wkh h{shfwdwlrqv

ri djhqwv lq wkh hfrqrp| rq lwv vwdelol}dwlrq jrdov dqg wkhuhe| dfklhyh d ehwwhu rxwfrph +h1j1/

Ohylq/ Zlhodqg/ dqg Zlooldpv/ 4<<</ Zrrgirug/ 4<<</ dqg Vdfn dqg Zlhodqg/ 5333,1

Wkhuh lv dqrwkhu txlwh vhsdudwh olwhudwxuh rq �lqwhuhvw udwh vprrwklqj/� zklfk/ dw ohdvw

vxshu�fldoo|/ pd| dsshdu wr eh frqvlvwhqw zlwk wkh txduwhuo| lqwhuhvw udwh vprrwklqj ghvfulehg

deryh1 Wklv hduolhu olwhudwxuh dqdo|}hv fkdqjhv lq srolf| lqwhuhvw udwhv rq d gd|0e|0gd| edvlv1

Erwk lq wkh X1V1 +h1j1/ Jrrgiulhqg/ 4<<4/ dqg Uxghexvfk/ 4<<8, dqg lq Hxursh/ Mdsdq/ dqg

Dxvwudold +h1j1/ Jrrgkduw/ 4<<:/ dqg Orzh dqg Hoolv/ 4<<:,/ fhqwudo edqnv dsshdu wr iroorz d
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sdwwhuq ri ehkdylru lq zklfk fkdqjhv lq wkh srolf| udwh duh xqghuwdnhq dw glvfuhwh lqwhuydov dqg

lq glvfuhwh dprxqwv14 Iru h{dpsoh/ Uxghexvfk +4<<8/ s1 597, gh�qhv vkruw0whup +ru zhhno|,

lqwhuhvw udwh vprrwklqj dv wkh Ihg dgmxvwlqj lqwhuhvw udwhv �1 1 1 lq olplwhg dprxqwv 1 1 1 ryhu

wkh frxuvh ri vhyhudo zhhnv zlwk judgxdo lqfuhdvhv ru ghfuhdvhv +exw qrw erwk, 1 1 1 1�5

Pdq| kdyh dvvxphg�lqfoxglqj wkh prqhwdu| srolf| uxoh sdshuv flwhg deryh�wkdw vxfk

vkruw0whup lqwhuhvw udwh vprrwklqj lpsolhv wkh txduwhuo| lqwhuhvw udwh vprrwklqj irxqg lq wkh

hpslulfdo srolf| uxohv1 Krzhyhu/ wkh hduolhu vkruw0whup lqwhuhvw udwh vprrwklqj uhihuv wr d sduwldo

dgmxvwphqw ryhu wkh frxuvh ri vhyhudo zhhnv/ zkloh txduwhuo| lqwhuhvw udwh vprrwklqj uhihuv wr

d sduwldo dgmxvwphqw ryhu wkh frxuvh ri vhyhudo txduwhuv1 Zlwk vxfk glvsdudwh wlph iudphv/ wkh

wzr w|shv ri sduwldo dgmxvwphqw duh lq idfw odujho| lqghshqghqw/ vr d fhqwudo edqn frxog frqgxfw

hlwkhu w|sh ri vprrwklqj zlwkrxw pxfk ri wkh rwkhu1 Lqghhg/ d fuxfldo srlqw ri wkh vkruw0whup

lqwhuhvw udwh vprrwklqj olwhudwxuh lv wkdw dowkrxjk fhqwudo edqnv vprrwk lqwhuhvw udwhv rq d

zhhn0wr0zhhn ru prqwk0wr0prqwk edvlv/ wkhuh lv hvvhqwldoo| qr txduwhuo| lqwhuhvw udwh vprrwklqj1

Wklv ghvfulswlrq iroorzv Pdqnlz dqg Plurq +4<;9/ s1 558,/ zkr qrwh wkdw wkh srvwzdu whup

vwuxfwxuh ri lqwhuhvw udwhv vxjjhvwv wkdw dw d txduwhuo| iuhtxhqf| �1 1 1wkh Ihg vhw wkh vkruw

udwh dw d ohyho wkdw lw h{shfwhg wr pdlqwdlq1 Xqghu wklv fkdudfwhul}dwlrq ri srolf|/ zkloh wkh Ihg

pljkw fkdqjh wkh vkruw udwh lq uhvsrqvh wr qhz lqirupdwlrq/ lw dozd|v +udwlrqdoo|, h{shfwhg wr

pdlqwdlq wkh vkruw udwh dw lwv fxuuhqw ohyho1� Jrrgiulhqg +4<<4/ s1 43, surylghv dq lghqwlfdo

udqgrp0zdon dvvhvvphqw ri wkh srolf| udwh dqg dujxhv wkdw fkdqjhv lq wkh udwh vhw e| wkh Ihg

�1 1 1 duh hvvhqwldoo| xqsuhglfwdeoh dw iruhfdvw krul}rqv orqjhu wkdq d prqwk ru wzr1� Vlploduo|/

Uxghexvfk +4<<8/ s1 597, fkdudfwhul}hv wkh Ihg*v ehkdylru dv/ �1 1 1 eh|rqg d krul}rq ri derxw

d prqwk/ wkhuh duh qr sodqqhg pryhphqwv wr uhdfw wr lqirupdwlrq douhdg| nqrzq1� Wkxv/ wkh

hduolhu vkruw0whup lqwhuhvw udwh vprrwklqj olwhudwxuh uhmhfwv dq| sduwldo dgmxvwphqw ru srolf|

lqhuwld dw d txduwhuo| iuhtxhqf|16

Wklv sdshu dujxhv wkdw txduwhuo| lqwhuhvw udwh vprrwklqj dqg prqhwdu| srolf| lqhuwld lv d

4 Dovr/ vhh Edogx}}l/ Ehuwrod/ dqg Iruhvl +4<<:,/ Grwvh| dqg Rwurn +4<<8,/ dqg Hlm!qjhu/ Vfkdolqj/ dqg
Yhukdjhq +4<<<,1

5 Wkh vkruw0whup lqwhuhvw udwh vprrwklqj olwhudwxuh glvwlqjxlvkhv wkuhh lqwhuhvw udwhv= wkh pdunhw udwh dw zklfk
ixqgv duh dfwxdoo| wudghg/ �6

|
> wkh �wdujhw� udwh wkdw wkh fhqwudo edqn hqirufhv lq wkh pdunhw rq d zhhn0e|0zhhn

edvlv/ �|> dqg wkh ghvluhg udwh/ �W
|
/ wkdw wkh fhqwudo edqn zrxog vhw dv lwv wdujhw li xqfrqvwudlqhg e| d ghvluh wr

dgmxvw udwhv vorzo|1 Qrwh wkdw wkh wdujhw udwh lv qrw wkh ghvluhg udwh1 Ixuwkhupruh/ dowkrxjk wkh pdunhw dqg
wdujhw udwhv/ zklfk duh wkh rqhv uhsruwhg lq wkh srsxodu suhvv/ fdq gl�hu vxevwdqwldoo| rq dq| jlyhq gd|/ wkh| duh
odujho| lqglvwlqjxlvkdeoh rq d prqwko| dyhudjh edvlv dv wkh fhqwudo edqn klwv lwv wdujhw/ vr erwk duh ghqrwhg dv �|
lq wklv sdshu +zklfk frqvlghuv txduwhuo| dyhudjh gdwd,1 Dv h{dpsohv/ Uxghexvfk +4<<8, h{solflwo| prghov �6

|
dqg

�| rq d gdlo| edvlv +zlwk �W
|
lpsolflw,/ zkloh Grwvh| dqg Rwurn +4<<8, prgho �W

|
dqg �| rq d prqwko| dyhudjh edvlv

+vr �6
|
' �|,1

6 Wklv fdq eh vkrzq irupdoo| e| vlpxodwlqj wkh prghov ri vkruw0whup lqwhuhvw udwh vprrwklqj dqg �wwlqj d
sduwldo dgmxvwphqw prgho wr wkh txduwhuo| dyhudjhg vlpxodwhg gdwd1 Iru h{dpsoh/ gdwd rq wkh ghvluhg dqg dfwxdo
ixqgv udwh +�W

|
dqg �|, fdq eh jhqhudwhg dffruglqj wr htxdwlrqv +8, dqg +9, lq Grwvh| dqg Rwurn +4<<8,/ dqg diwhu

txduwhuo| dyhudjlqj/ wkh 	4 lq dq hvwlpdwhg sduwldo dgmxvwphqw srolf| uxoh lv rqo| derxw f��1
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yhu| prghvw skhqrphqrq lq sudfwlfh/ zklfk lv lq dffrug zlwk wkh hduolhu fkdudfwhul}dwlrq ri

prqhwdu| srolf| sduwldo dgmxvwphqw dv lqyroylqj rqo| d yhu| vkruw0whup vprrwklqj ri udwhv1

Wklv dujxphqw/ krzhyhu/ pxvw dffrxqw iru wkh pdq| hvwlpdwhg srolf| uxohv wkdw dsshdu wr

lqglfdwh wkdw d kljk ghjuhh ri txduwhuo| lqwhuhvw udwh vprrwklqj lv suhvhqw lq wkh uhdo zruog1 Wklv

vhhplqjo| vwudljkwiruzdug ghvfulswlyh hylghqfh ri vorz dgmxvwphqw iurp wkh lqhuwldo hpslulfdo

srolf| uxohv lv vxppdul}hg lq wkh qh{w vhfwlrq/ zkloh Vhfwlrq 6 rxwolqhv wkh uhodwhg qrupdwlyh

dujxphqwv iru wkh rswlpdolw| ri lqhuwldo ehkdylru lq d Qhz Nh|qhvldq prgho ri rxwsxw dqg

lq dwlrq1

Hylghqfh djdlqvw wkh h{lvwhqfh ri dq lqhuwldo srolf| uxoh lv rewdlqhg iurp wkh ehkdylru ri

pdunhw lqwhuhvw udwhv dw wkh vkruw0whup hqg ri wkh |lhog fxuyh1 Dv grfxphqwhg lq Vhfwlrq 7/

wkhuh dsshduv wr eh yhu| olwwoh lqirupdwlrq jhqhudoo| dydlodeoh lq �qdqfldo pdunhwv uhjduglqj

ixwxuh lqwhuhvw udwh pryhphqwv eh|rqg wkh qh{w rqh ru wzr prqwkv/ zklfk lv frqvlvwhqw zlwk

wkh uhvxowv ri Pdqnlz dqg Plurq +4<;9, dqg pdq| rwkhuv1 Lq frqwudvw/ Vhfwlrq 8 ghulyhv wkh

whup vwuxfwxuh lpsolfdwlrqv ri prqhwdu| srolf| lqhuwld lq d Qhz Nh|qhvldq prgho dqg vkrzv

wkdw wkh odujh � lq dq lqhuwldo uxoh lpsolhv wkdw w|slfdoo| wkhuh duh suhglfwdeoh ixwxuh fkdqjhv lq

wkh srolf| udwh/ zklfk xqghu udwlrqdo h{shfwdwlrqv vkrxog eh hperglhg lq wkh whup vwuxfwxuh1

Wkxv/ wkhuh lv dq lqfrqvlvwhqf| ehwzhhq wkh whup vwuxfwxuh lpsolfdwlrqv ri txduwhuo| lqwhuhvw

udwh vprrwklqj dqg wkh klvwrulfdo whup vwuxfwxuh hylghqfh1 Ixuwkhupruh/ wklv lqfrqvlvwhqf| lv

urexvw wr d ydulhw| ri gl�huhqw dvvxpswlrqv derxw wkh vshfl�fdwlrq ri wkh prgho dqg wkh srolf|

uxoh1

Dvvxplqj �qdqfldo pdunhwv surfhvv lqirupdwlrq h!flhqwo|/ wkh whup vwuxfwxuh hylghqfh lp0

solhv wkdw wkh hpslulfdo srolf| uxohv glvsod|lqj vxevwdqwldo sduwldo dgmxvwphqw duh plvvshfl�hg1

Vhfwlrq 9 dujxhv wkdw vxfk sduwldo dgmxvwphqw frxog eh vsxulrxvo| dwwulexwhg wr d qrq0lqhuwldo

fhqwudo edqn/ wkdw lv/ rqh wkdw glvsod|v qr txduwhuo| lqwhuhvw udwh vprrwklqj1 Wkh �uvw sduw ri

wklv dujxphqw lv edvhg rq wkh hfrqrphwulf qhdu0revhuydwlrqdo htxlydohqfh ri wkh sduwldo dgmxvw0

phqw uxoh dqg d qrq0lqhuwldo uxoh zlwk vhuldoo| fruuhodwhg vkrfnv1 Wkh vhfrqg sduw dujxhv wkdw

srolf|pdnhuv�dorqj zlwk �qdqfldo pdunhwv�duh xqfhuwdlq dv wr wkh vl}h dqg wkh gxudwlrq ri

wkhvh vkrfnv lq uhdo wlph1 Wklv vfhqdulr ri vljql�fdqw vkrfnv ri h{ dqwh xqnqrzq shuvlvwhqfh

pd| h{sodlq wkh looxvlrq ri prqhwdu| srolf| lqhuwld1
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51 Wkh Srolf| Lqhuwld lq Hvwlpdwhg Uxohv

Pdq| uhfhqw vwxglhv kdyh hvwlpdwhg prghov ri fhqwudo edqn ehkdylru1 D vl}deoh iudfwlrq ri wkhvh

hpslulfdo srolf| uxohv ru uhdfwlrq ixqfwlrqv iroorz Wd|oru +4<<6, dqg vhw wkh txduwhuo| dyhudjh

ohyho ri wkh vkruw0whup srolf| lqwhuhvw udwh +l|, lq uhvsrqvh wr +irxu0txduwhu, lq dwlrq +��|, dqg wkh

rxwsxw jds +||,> krzhyhu/ d odjjhg srolf| udwh lv dovr lqfoxghg1 Dffruglqjo|/ d w|slfdo htxdwlrq

kdv wkh jhqhulf sduwldo dgmxvwphqw irup +ljqrulqj frqvwdqwv, ri

l| @ +4� ��,+jZ��| . j+||, . ��l|3� . �
|
> +514,

zkhuh ��/ jZ / dqg j+ duh wkh frh!flhqwv ri zkdw lv ghqrwhg khuh dv Uxoh 41

Iru h{dpsoh/ d ohdvw vtxduhv uhjuhvvlrq ri Uxoh 4 rq X1V1 gdwd iurp 4<;:=T7 wr 4<<<=T7

|lhogv +ljqrulqj frqvwdqwv,

l| @ =5: + 4=86 ��| . =<6 || , . =:6 l|3� . �
|
>

+=63, +=47, +=3:,
+515,

�1 @ =69/ �U2 @ =<9 /

zkhuh wkh lqwhuhvw udwh lv wkh txduwhuo| dyhudjh ihghudo ixqgv udwh/ lq dwlrq lv gh�qhg xvlqj wkh

JGS fkdlq0zhljkwhg sulfh lqgh{ +ghqrwhg S| vr �| @ 733+oqS| � oqS|3�, dqg ��| @
�

e
	�

�'f
�|3�,/

dqg wkh rxwsxw jds lv gh�qhg dv wkh shufhqw gl�huhqfh ehwzhhq dfwxdo uhdo JGS +T|, dqg

srwhqwldo rxwsxw +TW

|
, hvwlpdwhg e| wkh Frqjuhvvlrqdo Exgjhw R!fh +l1h1/ || @ 433+T|�T

W

|
,@TW

|
,1

Lq wklv uhjuhvvlrq/ wkh hvwlpdwhg ydoxhv ri wkh uhvsrqvh frh!flhqwv�qdpho|/ jZ @ 4=86 iru wkh

lq dwlrq uhvsrqvh dqg j+ @ 3=<6 iru wkh rxwsxw uhvsrqvh�duh mxvw deryh wkh 4=8 dqg 3=8 wkdw

Wd|oru +4<<6, ruljlqdoo| sursrvhg1 Vlplodu hvwlpdwhv duh rewdlqhg lq rwkhu hpslulfdo vwxglhv17

Krzhyhu/ zkdw lv sduwlfxoduo| qrwdeoh derxw vxfk sduwldo dgmxvwphqw Wd|oru uxoh uhjuhvvlrqv

duh wkh odujh dqg kljko| vljql�fdqw hvwlpdwhv ri wkh frh!flhqw rq wkh odjjhg srolf| udwh/ zklfk

lq wkh deryh uhjuhvvlrq lv a�
� @ 3=:61 Lqghhg/ vxfk vljql�fdqw odjjhg ghshqghqfh lq wkh hpslulfdo

hvwlpdwlrq ri Uxoh 4 dsshduv wr eh dq h{wuhpho| urexvw uhvxow lq wkh olwhudwxuh1 Iru h{dpsoh/

dfurvv vl{ gl�huhqw txduwhuo| X1V1 gdwd vdpsohv +gl�hulqj lq rxwsxw jds gh�qlwlrqv,/ Nr}lfnl

+4<<<, uhsruwv d udqjh ri a�
� iurp 3=:8 wr 3=;5/ zkloh dfurvv 49 gl�huhqw txduwhuo| vdpsohv ri

X1V1 gdwd +gl�hulqj lq rxwsxw/ lq dwlrq/ dqg vdpsoh shulrg gh�qlwlrqv,/ Dpdwr dqg Odxedfk

+4<<<, uhsruw d udqjh ri a�� iurp 3=:; wr 3=<51

7 Vhh/ iru h{dpsoh/ Nr}lfnl +4<<<,/ Dpdwr dqg Odxedfk +4<<<,/ Vdfn +4<<;,/ Ruskdqlghv +4<<;,/ dqg Mxgg
dqg Uxghexvfk +4<<;,1
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Lq frqwudvw wr +515,/ li wkh frqvwudlqw wkdw �� @ 3 lv lpsrvhg +lq wkh ruljlqdo vslulw ri Wd|oru/

4<<6,/ wkhq wkh uhjuhvvlrq ri wklv qrq0lqhuwldo irup ri Uxoh 4 iurp 4<;:=T7 wr 4<<<=T7 |lhogv

l| @ 4=8< ��| . =9; || . �
|
>

+=46, +=3<,
+516,

�1 @ =:6/ �
U

2 @ =;7> GZ @ =66 /

zklfk kdv d vljql�fdqwo| zruvh �w dqg vhyhuho| vhuldoo| fruuhodwhg huuruv/ dowkrxjk wkh hvwlpdwhv

ri jZ dqg j+ duh qrw yhu| gl�huhqw1 +Lq erwk htxdwlrqv/ urexvw vwdqgdug huuruv iru wkh frh!flhqwv

duh uhsruwhg lq sduhqwkhvhv18,

Wkh hylghqfh iru vljql�fdqw odjjhg ghshqghqfh lv dovr urexvw dfurvv gl�huhqw yduldwlrqv ri

wkh Wd|oru uxoh1 Lq sduwlfxodu/ Fodulgd/ Jdol/ dqg Jhuwohu +5333, uhfrpphqg d iruhfdvw0edvhg

vshfl�fdwlrq ri wkh Wd|oru uxoh/ zklfk L ghqrwh dv Uxoh 5/

l| @ +4� �2,+jZH|3���|ne . j+H|3�||, . �2l|3� . �|> +517,

zkhuh H|3���|ne lv wkh iruhfdvw ri dqqxdo lq dwlrq �yh txduwhuv dkhdg edvhg rq wkh w� 4 lqiru0

pdwlrq vhw dqg H|3�|| lv wkh iruhfdvw ri wkh wlph w rxwsxw jds edvhg rq wkh w � 4 lqirupdwlrq

vhw1 Dq lqvwuxphqwdo yduldeohv hvwlpdwh ri Uxoh 5 ryhu wkh 4<;:0<< vdpsoh lv9

l| @ =54 + 4=73 H|3���|ne . =<3 H|3�|| , . =:< l|3� . �
|
>

+=83, +=5;, +=39,
+518,

�1 @ =74/ �U2 @ =<8 1

Wkhvh sdudphwhu hvwlpdwhv duh eurdgo| vlplodu wr rqhv iru wklv vshfl�fdwlrq jlyhq lq Fodulgd/

Jdol/ dqg Jhuwohu +5333/ wdeoh 8,/ dowkrxjk wkh| uhsruw hyhq vorzhu sduwldo dgmxvwphqw zlwk d

a�2 @ 3=<41 Dv deryh/ wkhuh lv d vljql�fdqw frqwudvw lq �w zlwk wkh hvwlpdwhg qrq0lqhuwldo Uxoh 5/

zklfk kdv wkh uhvwulfwlrq wkdw �2 @ 3/ dowkrxjk djdlq wkh vl}hv ri wkh ajZ dqg aj+ duh vlplodu/

l| @ 4=66 H|3���|ne . =8< H|3�|| . �|>

+=65, +=4;,
+519,

�1 @ 4=3</ �U2 @ =98> GZ @ =68 1

Lq vkruw/ dv pdq| kdyh qrwhg/ wkh sduwldo dgmxvwphqw irupv ri Uxohv 4 dqg 5 dsshdu wr

�w wkh gdwd vljql�fdqwo| ehwwhu wkdq wkrvh zlwkrxw sduwldo dgmxvwphqw1 Wklv vljql�fdqw odjjhg

ghshqghqfh lq hpslulfdo Wd|oru0w|sh uxohv dovr dsshduv wr eh d txlwh jhqhudo ihdwxuh irxqg lq

8 Wkhuh lv vrph uhvlgxdo vhuldo fruuhodwlrq lq uhjuhvvlrq +515, dv zhoo1 Vhyhudo sdshuv xvh ixuwkhu odjv ri wkh
lqwhuhvw udwh wr fdswxuh wklv fruuhodwlrq/ exw iru vlpsolflw| wklv sdshu mxvw frqvlghuv �uvw rughu whupv1

9 Irxu odjv ri lq dwlrq/ wkh rxwsxw jds/ dqg wkh lqwhuhvw udwh duh xvhg dv lqvwuxphqwv1
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d ydulhw| ri frxqwulhv lq Hxursh dqg hovhzkhuh1 Iru h{dpsoh/ Fodulgd/ Jdol/ dqg Jhuwohu +4<<;,

hvwlpdwh Uxoh 5 rq txduwhuo| Hxurshdq gdwd dqg rewdlq hvwlpdwhv ri �2 deryh 3=<3 lq Jhupdq|/

Iudqfh/ Lwdo|/ dqg wkh XN/ dqg Qhovrq +5333, surylghv hvwlpdwhv ri Uxoh 4 iru wkh XN wkdw dovr

glvsod| vljql�fdqw odjjhg ghshqghqfh1

Ehvlghv d xqlirup vhw ri hvwlpdwhv ri wkh vl}h dqg vljql�fdqfh ri wkh odjjhg srolf| lqwhuhvw

udwh lq wkh hpslulfdo uxohv/ wkhuh lv dovr d vwdqgdug sduwldo dgmxvwphqw lqwhusuhwdwlrq ri wklv whup1

Zkhq �� ru �2 htxdov }hur/ wkh fxuuhqw srolf| udwh lv edvhg vroho| rq fxuuhqw pdfurhfrqrplf

shuirupdqfh +dfwxdo ru h{shfwhg,1 Zkhq wkhvh odj frh!flhqwv duh srvlwlyh +exw ohvv wkdq rqh,/

wkhq wkh fxuuhqw srolf| udwh lv vhw htxdo wr vrph iudfwlrq ri wklv fxuuhqw ghvluhg lqwhuhvw udwh

dqg vrph iudfwlrq ri odvw txduwhu*v udwh1 Wklv frqyhqwlrqdo zlvgrp ri txduwhuo| prqhwdu| srolf|

sduwldo dgmxvwphqw kdv ehhq dgydqfhg e| qxphurxv dxwkruv/ lqfoxglqj Jrrgkduw +4<<<,/ Ohylq/

Zlhodqg/ dqg Zlooldpv +4<<<,/ Zrrgirug +4<<<,/ Dpdwr dqg Odxedfk +4<<<,/ Fodulgd/ Jdol/

dqg Jhuwohu +5333,/ dqg Vdfn dqg Zlhodqg +5333,1 Vxfk sduwldo dgmxvwphqw ehkdylru lv riwhq

whuphg �lqwhuhvw udwh vprrwklqj� ehfdxvh wkh uhvxowlqj lqwhuhvw udwh vhulhv zloo eh ohvv yrodwloh

wkdq zrxog eh vxjjhvwhg e| wkh ghwhuplqdqwv ri srolf|1 Lqghhg/ wkh ghjuhh ri txduwhuo| lqwhuhvw

udwh vprrwklqj ru lqhuwld lv riwhq phdvxuhg e| wkh vl}h ri wkh vshhg ri dgmxvwphqw frh!flhqw +�
�

ru �2, ehfdxvh dv lw lqfuhdvhv iru d jlyhq srolf| uxoh/ wkh vwdqgdug ghyldwlrq ri �l| idoov1
:

Jlyhq wkh vlpsoh irup ri Uxohv 4 dqg 5/ lw pd| eh wkdw wkh vljql�fdqw hvwlpdwhg sduwldo

dgmxvwphqw uh hfwv plvvshfl�fdwlrq1 Rqh vxfk plvvshfl�fdwlrq pljkw lqyroyh vwuxfwxudo vkliwv

lq wkh sdudphwhuv ri wkh srolf| uxoh iru gl�huhqw srolf| uhjlphv> krzhyhu/ Fodulgd/ Jdol/ dqg

Jhuwohu +5333, dqg rwkhuv surylgh uxoh hvwlpdwhv ryhu qxphurxv vxevdpsohv/ dqg doo glvsod| d

odujh sduwldo dgmxvwphqw odj frh!flhqw1 Dowhuqdwlyho|/ Uxohv 4 dqg 5 pd| eh plvvshfl�hg ehfdxvh

ri wkh rplvvlrq ri d shuvlvwhqw/ vhuldoo| fruuhodwhg yduldeoh wkdw lq xhqfhv prqhwdu| srolf|1

Vxfk dq rplwwhg yduldeoh frxog dovr surgxfh wkh vsxulrxv dsshdudqfh ri sduwldo dgmxvwphqw

lq wkh hvwlpdwhg uxoh1 Krzhyhu/ lq d zlgh ydulhw| ri ohvv sduvlprqlrxv vshfl�fdwlrqv ri lW
|
/ d

vljql�fdqw hvwlpdwh ri � lv vwloo rewdlqhg1 Iru h{dpsoh/ PfQhhv +4<<5,/ PfFdooxp dqg Qhovrq

+4<<<,/ dqg Idlu +5333, hvwlpdwh pruh frpsolfdwhg vwuxfwxudo prqhwdu| srolf| uxohv dqg rewdlq

vljql�fdqw hylghqfh ri srolf| lqhuwld zlwk sduwldo dgmxvwphqw frh!flhqwv rq wkh rughu ri 3=; ru

kljkhu1 Vlploduo|/ qxphurxv prqhwdu| YDU hvwlpdwhv/ zklfk frqwdlq dv dq lqwhuhvw udwh htxdwlrq

: Wklv lv wuxh iru d vlqjoh vwrfkdvwlf htxdwlrq exw lv/ ri frxuvh/ qrw qhfhvvdulo| wuxh lq wkh frqwh{w ri d frpsohwh
prgho1 Iru h{dpsoh/ lq wkh Uxghexvfk dqg Vyhqvvrq +4<<<, prgho/ lqfuhdvlqj 4

�
fdq lqfuhdvh wkh yduldqfh ri {�|

dqg hyhq ohdg wr g|qdplf lqvwdelolw|1 Dovr/ d uxoh zlwk d odujhu dxwruhjuhvvlyh frh!flhqw wkdq dqrwkhu uxoh grhv
qrw qhfhvvdulo| surgxfh vprrwkhu lqwhuhvw udwhv/ ehfdxvh wkh srolf| udwh yrodwlolw| dovr ghshqgv rq wkh yrodwlolw|
ri wkh rwkhu dujxphqwv ri wkh uxohv1
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wkh prvw srsxodu uhfhqw lpsohphqwdwlrq ri dq hpslulfdo srolf| uhdfwlrq ixqfwlrq/ dovr vkrz

vljql�fdqw lqhuwld1 Wkhvh YDU hvwlpdwhg lqwhuhvw udwh htxdwlrqv frqwdlq odujh dqg vljql�fdqw

odjjhg lqwhuhvw udwh frh!flhqwv ghvslwh lqfoxglqj d zlgh ydulhw| ri rwkhu uhjuhvvruv1 Iru h{dpsoh/

Uxghexvfk +4<<;/ wdeoh 5, uhsruwv wkh vxp ri wkh odjjhg ixqgv udwh frh!flhqwv lq wkh uhgxfhg

irup ri d zhoo0nqrzq txduwhuo| YDU lqwhuhvw udwh htxdwlrq +zklfk kdv 57 qrq0lqwhuhvw0udwh

uhjuhvvruv, dv 3=<81

Vwloo/ wklv sdshu wdnhv lvvxh zlwk wkh �frqyhqwlrqdo zlvgrp� wkdw txduwhuo| prqhwdu| srolf|

lqhuwld h{lvwv dqg dujxhv wkdw wkh frpprq hpslulfdo prqhwdu| srolf| uxohv duh lqghhg plvvshf0

l�hg1 Krzhyhu/ dv ghvfulehg ehorz/ wklv plvvshfl�fdwlrq lv gl!fxow wr ghwhfw gluhfwo|> wkxv/ wklv

sdshu irfxvhv rq lqgluhfw whup vwuxfwxuh hylghqfh ri wkh plvvshfl�fdwlrq1 Dv d �uvw vwhs/ wkh

qh{w vhfwlrq lqwurgxfhv d prgho ri wkh hfrqrp| dqg frqvlghuv wkh rswlpdolw| ri srolf| lqhuwld1

61 Rswlpdo Prqhwdu| Srolf| Lqhuwld

Wkh deryh hpslulfdo srolf| uxohv lpso| d yhu| vorz vshhg ri dgmxvwphqw1 D a�� ru a�2 ri 3=;

lpsolhv d 53 shufhqw dgmxvwphqw hdfk txduwhu/ vr lq d |hdu/ d fhqwudo edqn zrxog frpsohwh rqo|

93 edvlv srlqwv ri d ghvluhg rqh shufhqwdjh srlqw fkdqjh1 Vwloo/ vxfk voxjjlvk ehkdylru pd| eh

rswlpdo iru d fhqwudo edqn1 Dq reylrxv h{sodqdwlrq lv wkdw lq d uhdolvwlf prgho/ l|3� lv olnho| d

vwdwh yduldeoh/ vr wkh ixoo| rswlpdo lqvwuxphqw uxoh zrxog lqfoxgh d uhvsrqvh wr lwv ydoxh +h1j1/

Uxghexvfk dqg Vyhqvvrq/ 4<<<,1; Dq lpsruwdqw h{dpsoh ri wklv rffxuv lq dq h{solflwo| iruzdug0

orrnlqj prgho/ zkhuh sduwldo dgmxvwphqw fdq eh rswlpdo li wkh sulydwh vhfwru lv iruzdug0orrnlqj

dqg wkh prqhwdu| srolf|pdnhu lv fuhgleo| frpplwwhg wr d judgxdo srolf| uxoh +vhh Zrrgirug/

4<<</ Urwhpehuj dqg Zrrgirug/ 4<<</ Ohylq/ Zlhodqg/ dqg Zlooldpv/ 4<<</ Vdfn dqg Zlhodqg/

5333/ dqg Dpdwr dqg Odxedfk/ 4<<<,1 Lq vxfk d vlwxdwlrq/ wkh vpdoo lqhuwldo fkdqjhv lq wkh

srolf| lqwhuhvw udwh wkdw duh h{shfwhg lq wkh ixwxuh fdq kdyh d odujh h�hfw rq fxuuhqw vxsso| dqg

ghpdqg dqg fdq khos wkh fhqwudo edqn frqwuro pdfurhfrqrplf  xfwxdwlrqv1<

Wklv dujxphqw fdq eh hoxflgdwhg zlwklq dq hpslulfdo Qhz Nh|qhvldq prgho1 Wkh nh| djjuh0

jdwh uhodwlrqvklsv ri wkh vlpsoh wkhruhwlfdo yhuvlrq ri wklv prgho duh

�| @ �
Z
H|�|n� . +4� �

Z
,�|3� . �+|| . %|> +614,

; Dv qrwhg e| Ohylq/ Zlhodqg/ dqg Zlooldpv +4<<<,/ wklv pd| eh hvshfldoo| wuxh iru uhvwulfwhg uxohv/ vxfk dv
Uxohv 4 dqg 5/ ehfdxvh wkh odjjhg srolf| udwh pd| sur{| iru h{foxghg odjv ri rwkhu yduldeohv1

< Dv d vhfrqg uhdvrq zk| sduwldo dgmxvwphqw pd| eh rswlpdo/ Vdfn +5333,/ Vdfn dqg Zlhodqg +5333,/ dqg Vùghu0
vwuùp +5333, flwh pxowlsolfdwlyh sdudphwhu xqfhuwdlqw|> krzhyhu/ wkh uhvxowv ri Uxghexvfk +4<<<, dqg Shhuvpdq
dqg Vphwv +4<<<, lqglfdwh wkdw wkh h�hfw ri vxfk xqfhuwdlqw| lv txlwh prghvw hpslulfdoo|1

:



|| @ �+H|||n� . +4� �
+
,||3� � �

o
+l| �H|�|n� � u

W, . �
|
> +615,

zkhuh H|�|n� dqg H|||n� duh wkh h{shfwdwlrqv ri shulrg w . 4 lq dwlrq dqg rxwsxw frqglwlrqdo

rq d wlph w lqirupdwlrq vhw dqg u
W lv wkh htxloleulxp uhdo udwh1 Pxfk ri wkh dsshdo ri wklv prgho

olhv lq lwv irxqgdwlrqv lq d g|qdplf jhqhudo htxloleulxp prgho zlwk whpsrudu| qrplqdo sulfh

uljlglwlhv1 Dq hpslulfdo yhuvlrq ri wklv prgho vxlwdeoh iru txduwhuo| gdwd/ zkhuh orqjhu ohdgv dqg

odjv dsshdu dssursuldwh jlyhq wkh lqvwlwxwlrqdo ohqjwk ri frqwudfwv dqg ghod|v lq lqirupdwlrq

 rzv dqg surfhvvlqj/ uhirupxodwhv +614, dqg +615, dv

�| @ �
Z
H|3���|n� . +4� �

Z
,	e

�'��Z��|3� . �+||3� . %|> +616,

|| @ �
+
H|3�||n� . +4� �

+
,	2

�'��+�
||3� � �

o
u|3� . �

|
> +617,

zkhuh H|3���|n� uhsuhvhqwv wkh h{shfwdwlrq ri dyhudjh lq dwlrq ryhu wkh qh{w |hdu dqg u|3� lv

wkh uhdo udwh uhohydqw iru rxwsxw143 Lq sduwlfxodu/ u|3� lv gh�qhg dv d zhljkwhg frpelqdwlrq ri

dq h{ dqwh 40|hdu udwh dqg dq h{ srvw 40|hdu udwh=

u|3� @ �
o
+H|3��~|n� �H|3���|ne, . +4� �o,+�~|3� � ��|3�,> +618,

zkhuh �~| lv d irxu0txduwhu dyhudjh ri sdvw lqwhuhvw udwhv/ l1h1/ �~| @
�

e
	�

�'fl|3� 1

Wklv prgho doorzv wkh dqdo|vlv ehorz wr frqvlghu d zlgh udqjh ri h{solflw iruzdug0orrnlqj

ehkdylru/ zklfk lv lpsruwdqw jlyhq wkh xqfhuwdlqw| derxw wkh txdqwlwdwlyh lpsruwdqfh ri h{0

shfwdwlrqv1 Dv d wkhruhwlfdo pdwwhu/ wkh ydoxhv ri �Z/ �+ / dqg �o duh qrw fohduo| ghwhuplqhg144

Ixuwkhupruh/ wkh hpslulfdo hylghqfh rq wkh dssursuldwh ydoxhv ri wkhvh sdudphwhuv lv qrw ghfl0

vlyh1 Dw rqh h{wuhph/ wkh prgho zlwk �
Z
/ �

+
/ dqg �

o
vhw htxdo wr }hur pdwfkhv wkh frpsohwho|

dgdswlyh h{shfwdwlrqv prgho ri Uxghexvfk dqg Vyhqvvrq +4<<<, dqg Uxghexvfk +4<<<,/ zklfk

kdv kdg vrph vxffhvv lq dssur{lpdwlqj wkh wlph vhulhv gdwd lq wkh pdqqhu ri d vpdoo hvwlpdwhg

YDU +vhh Ixkuhu/ 4<<:/ dqg Hvwuhood dqg Ixkuhu/ 4<<;,1 Lq wklv h{wuhph prgho/ lq dwlrq dqg

rxwsxw duh qrw edvhg rq h{solflw h{shfwdwlrqv exw duh edvhg frpsohwho| rq odjv +zklfk pd| lp0

solflwo| uhsuhvhqw dgdswlyh h{shfwdwlrqv,/ dqg wkh uhdo udwh lv dq dyhudjh ri wkh sdvw irxu txduwhuv

ri uhdo udwhv +zklfk pd| uhsuhvhqw sodqqlqj dqg surgxfwlrq odjv iurp lqwhuhvw udwhv wr rxwsxw

ru dq dgdswlyh h{shfwdwlrqv yhuvlrq ri wkh whup vwuxfwxuh dv lq Prgljoldql dqg Vfkloohu/ 4<:6,1

43 Iru h{solflw ghulydwlrqv ru glvfxvvlrq/ vhh Zrrgirug +4<<9,/ Jrrgiulhqg dqg Nlqj +4<<:,/ Zdovk +4<<;,/
Fodulgd/ Jdol/ dqg Jhuwohu +4<<<,/ Vyhqvvrq +4<<<d/ e,/ PfFdooxp dqg Qhovrq +4<<<,/ dqg Uxghexvfk +5333,1

44 Iurp zhoo0nqrzq frqwudfwlqj prghov ri sulfh0vhwwlqj ehkdylru lw lv srvvleoh wr ghulyh dq lq dwlrq htxdwlrq
zlwk >

Z
E � +h1j1/ Urehuwv/ 4<<8,1 Krzhyhu/ pdq| dxwkruv dvvxph wkdw zlwk uhdolvwlf frvwv ri dgmxvwphqw dqg

ryhuodsslqj sulfh dqg zdjh frqwudfwv wkhuh zloo eh vrph lqhuwld lq lq dwlrq/ vr >
Z
zloo eh ohvv wkdq rqh/ dqg zlwk

hyhq kljkhu frvwv iru dgmxvwlqj rxwsxw/ >
+
lv olnho| pxfk ohvv wkdq rqh dv zhoo1 Vhh Vyhqvvrq +4<<<d/ e, dqg Ixkuhu

dqg Prruh +4<<8, dqg Ixkuhu +4<<:,1

;



Krzhyhu/ hvwlpdwhg iruzdug0orrnlqj prghov kdyh dovr kdg vrph vxffhvv lq �wwlqj wkh gdwd/ dv lq

Urwhpehuj dqg Zrrgirug +4<<<,/ Ixkuhu +5333,/ PfFdooxp dqg Qhovrq +4<<<,/ dqg Ixkuhu dqg

Prruh +4<<8,1 Wkh dqdo|vlv ehorz wdnhv d yhu| hfohfwlf ylhz dqg frqglwlrqv rq d zlgh udqjh ri

srvvleoh ydoxhv iru �
Z
/ �

+
/ dqg �

o
1 Lq frqwudvw/ wkhuh lv ohvv frqwhqwlrq uhjduglqj wkh ydoxhv ri

wkh rwkhu sdudphwhuv lq wkh prgho/ dqg wkhvh duh vhw htxdo wr wkh ydoxhv jlyhq lq Wdeoh 4/ zklfk

duh rewdlqhg iurp wkh gdwd lq Uxghexvfk +5333, iru d yhu| vlplodu prgho1
45

Wdeoh 5 vxppdul}hv wkh rswlpdo dprxqw ri prqhwdu| srolf| lqhuwld iru ydulrxv prghov/ uxohv/

dqg orvv ixqfwlrqv1 Wkh wdeoh glvsod|v wkh odj frh!flhqwv �
� dqg �2 iurp wkh rswlpdo yhuvlrqv

ri Uxohv 4 dqg 5/ dfurvv prghov zlwk d udqjh ri iruzdug0orrnlqj ehkdylru1 Lq sduwlfxodu/ iru

lq dwlrq/ �
Z
lv vhw htxdo wr 3=4/ 3=6/ ru 3=8 ehfdxvh wkh pdq| dydlodeoh hpslulfdo hvwlpdwhv

ghvfulehg lq Uxghexvfk +5333, vxjjhvw wkdw d yhu| eurdg sodxvleoh udqjh iru �
Z
lv ehwzhhq 3

dqg 3=91
46

Vlploduo| iru rxwsxw/ �
+
lv vhw htxdo wr hlwkhu 3 ru 3=61 Doprvw doo hpslulfdo hvwlpdwhv

kdyh dvvxphg wkdw �
+
@ 3 +h1j1/ Ixkuhu dqg Prruh 4<<8,> krzhyhu/ Ixkuhu +5333, hvwlpdwhv

d kdelw shuvlvwhqfh prgho wkdw lpsolhv wkdw �+ lv dssur{lpdwho| htxdo wr 3=6 +vhh Uxghexvfk/

5333,1 Ilqdoo| iru lqwhuhvw udwhv/ �
o
lv ydulhg ryhu hvvhqwldoo| wkh hqwluh udqjh/ vr �

o
@ 3=4/ 3=8/

ru 3=</ ehfdxvh wkh frolqhdulw| ri pdq| lqwhuhvw udwhv pdnhv lw kdug wr rewdlq ghflvlyh hpslulfdo

hylghqfh rq lwv ydoxh +h1j1/ Ixkuhu dqg Prruh/ 4<<8,1

Uxohv 4 dqg 5 duh rswlpl}hg dffruglqj wr d vwdqgdug orvv ixqfwlrq lq zklfk wkh fhqwudo edqn

plqlpl}hv wkh yduldwlrq lq lq dwlrq durxqg lwv wdujhw �
W
/ wkh rxwsxw jds/ dqg fkdqjhv lq wkh

lqwhuhvw udwh +vhh Uxghexvfk dqg Vyhqvvrq/ 4<<</ dqg Fodulgd/ Jdol/ dqg Jhuwohu/ 4<<<,=

H ^O|` @ Ydu ^��| � �W` . �Ydu^||` . �Ydu ^�l|` > +619,

zkhuh �l| @ l| � l|3�/ dqg wkh sdudphwhuv � � 3 dqg � � 3 duh wkh uhodwlyh zhljkwv rq rxwsxw

dqg lqwhuhvw udwh vwdelol}dwlrq/ uhvshfwlyho|/ zlwk uhvshfw wr lq dwlrq vwdelol}dwlrq1 Wzr gl�huhqw

sdudphwhul}dwlrqv ri wklv orvv ixqfwlrq duh frqvlghuhg lq Wdeoh 51 Froxpqv 7 dqg 8 surylgh wkh

rswlpdo �
� dqg �2 zlwk � @ 4 dqg � @ 3=8/ wkh edvholqh fdvh lq Uxghexvfk dqg Vyhqvvrq +4<<<,/

zkloh froxpqv 9 dqg : surylgh wkh rswlpdo �� dqg �2 zlwk � @ 4 dqg � @ 3=4/ zklfk lqyroyhv d

yhu| plqlpdo prwlyh wr uhgxfh lqwhuhvw udwh yrodwlolw|1
47

Zlwk � htxdo wr 3=8 ru 3=4/ uhvshfwlyho|/

45 Wkhvh duh dovr olwwoh gl�huhqw iurp wkh ydoxhv jlyhq lq Uxghexvfk dqg Vyhqvvrq +4<<<,> lq dq| fdvh/ wkh
txdolwdwlyh uhvxowv ehorz duh urexvw wr wkhlu yduldwlrq1

46 Iru h{dpsoh/ Ixkuhu +4<<:, hvwlpdwhv >
Z
ri derxw }hur/ zkloh Ixkuhu dqg Prruh +4<<8, dvvxphv >

Z
lv f�D1

47
Wkh uhvxowv lq Wdeoh 5 duh rewdlqhg e| qxphulfdoo| pd{lpl}lqj wkh orvv ixqfwlrq ryhu wkh sdudphwhuv }Z/ }+/

dqg 4
�
lq wkh prgho ri +616,/ +617,/ dqg Uxoh �1 Wkh srolf| uxoh lv vxemhfw wr dq l1l1g1 huuru zlwk j1 ' f�e/ zklfk lv

lq wkh udqjh ri wkh hpslulfdo hvwlpdwhv lq Vhfwlrq 51 Dv xvxdo/ wkh srolf| uxoh lv dvvxphg wr eh shuihfwo| fuhgleoh/

vr djhqwv nqrz wkh uxoh dqg dvvxph +fruuhfwo|, wkdw lw zloo eh iroorzhg1 Wkh uhvxowv duh rewdlqhg xvlqj wkh �DLP�

dojrulwkp +Dqghuvrq dqg Prruh/ 4<;8, dydlodeoh dw kwws=22zzz1erj1iue1ihg1xv2sxev2rvv2rvv72dlplqgh{1kwpo,1
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wkhvh orvv ixqfwlrqv htxdoo| shqdol}h d 4 shufhqw rxwsxw jds/ d 4 shufhqwdjh srlqw lq dwlrq jds/

dqg d 4=74 ru d 6=49 shufhqwdjh srlqw txduwhuo| fkdqjh lq wkh ixqgv udwh1 Wklv dsshduv wr eh

d sodxvleoh udqjh ri shqdow| rq lqwhuhvw udwh yrodwlolw| jlyhq wkh ydulrxv uhdvrqv wr uhgxfh vxfk

yrodwlolw| wkdw kdyh ehhq sursrvhg lq wkh olwhudwxuh1
48

Dv lv hylghqw lq Wdeoh 5/ d odujh udqjh ri rswlpdo odj frh!flhqwv fdq eh udwlrqdol}hg jlyhq wkh

xqfhuwdlqw| derxw wkh vshfl�fdwlrq ri wkh prgho dqg wkh orvv ixqfwlrq1 Iru vrph frpelqdwlrq ri

prgho dqg orvv ixqfwlrq dq| rswlpdo �� ru �2 ehwzhhq 3 +ru mxvw ehorz, dqg 3=< fdq eh rewdlqhg1

Vxusulvlqjo|/ wkhuh lv olwwoh ghshqghqfh ri wkh rswlpdo �� ru �2 rq wkh ydoxhv ri �
Z
dqg �

+
/ wkh

zhljkwv rq h{solflw lq dwlrq ru rxwsxw h{shfwdwlrqv lq wkh prgho/ ru rq wkh ydoxh ri �/ wkh zhljkw

rq wkh �lqwhuhvw udwh vprrwklqj prwlyh� lq wkh orvv ixqfwlrq +h{fhsw zkhq �
o
@ =4,1 Lqvwhdg/

wkh ghjuhh ri rswlpdo txduwhuo| lqwhuhvw udwh vprrwklqj lv fuxfldoo| ghshqghqw rq wkh ydoxh ri

�
o
/ zklfk ghwhuplqhv wkh ghjuhh wr zklfk lqwhuhvw udwh h{shfwdwlrqv duh iruzdug0orrnlqj1 Wklv lv

frqvlvwhqw zlwk wkh lqwhusuhwdwlrq ri Zrrgirug +4<<<, dqg rwkhuv wkdw srolf| lqhuwld lv rswlpdo

zkhq lw dowhuv h{shfwdwlrqv ri ixwxuh lqwhuhvw udwhv/ zklfk duh dovr lpsruwdqw ghwhuplqdqwv ri

fxuuhqw ghpdqg1

71 Whup Vwuxfwxuh Hylghqfh rq Lqwhuhvw Udwh Suhglfwdelolw|

Wkh suhfhglqj wzr vhfwlrqv grfxphqwhg wkh odujh dqg vljql�fdqw hvwlpdwhg frh!flhqw rq wkh

odjjhg lqwhuhvw udwh lq txduwhuo| fhqwudo edqn uhdfwlrq ixqfwlrqv dv zhoo dv wkh rswlpdolw| ri

vxfk prqhwdu| srolf| sduwldo dgmxvwphqw ru lqhuwld zkhq hfrqrplf djhqwv duh iruzdug0orrnlqj

zlwk uhvshfw wr ixwxuh lqwhuhvw udwh pryhphqwv1 Wklv vhfwlrq irfxvhv rq phdvxulqj krz pxfk

�qdqfldo pdunhw sduwlflsdqwv dfwxdoo| nqrz derxw ixwxuh lqwhuhvw udwh pryhphqwv1 Wklv hylghqfh

zloo surylgh vrph fuxfldo ehqfkpdunv iru wkh qh{w vhfwlrq/ zklfk txdqwl�hv wkh whup vwuxfwxuh

lpsolfdwlrqv ri prqhwdu| srolf| lqhuwld1

Wkh sduwldo dgmxvwphqw ri prqhwdu| srolf| e| d fhqwudo edqn vxjjhvwv wkdw wkhuh duh iruh0

fdvwdeoh ixwxuh pryhphqwv lq wkh srolf| lqwhuhvw udwh1 Wkh dprxqw ri vxfk iruhfdvwdeoh yduldwlrq

fdq eh phdvxuhg zlwk d vwdqgdug whup vwuxfwxuh uhjuhvvlrq vxfk dv=

l|n� � l|n�3� @ � . �+H|l|n� �H|l|n�3�, . #
�

|n� > +714,

48 Wkhuh duh wkuhh eurdg vxfk prwlyhv +h1j1/ Orzh dqg Hoolv/ 4<<:,1 Iluvw/ lqwhuhvw udwh yrodwlolw| pd| lqgxfh
lqvwdelolw| lq �qdqfldo pdunhwv +h1j1/ Jrrgiulhqg/ 4<<4/ Uxghexvfk/ 4<<8/ Fxnlhupdq/ 4<<9,1 Vhfrqg/ odujh lqwhuhvw
udwh fkdqjhv pd| eh gl!fxow wr dfklhyh srolwlfdoo| ehfdxvh ri wkh ghflvlrq0pdnlqj surfhvv +h1j1/ Jrrgkduw/ 4<<:,
ru ehfdxvh vxfk fkdqjhv pd| eh wdnhq dv dq dgyhuvh vljqdo ri lqfrqvlvwhqf| dqg lqfrpshwhqfh +h1j1/ Jrrgkduw/
4<<<,1 Ilqdoo|/ vpdoohu lqwhuhvw udwh fkdqjhv vhhp wr pdnh lw ohvv olnho| wkdw wkh }hur erxqg rq qrplqdo lqwhuhvw
udwhv zrxog eh uhdfkhg +wkrxjk Zrrgirug/ 4<<</ glvdjuhhv,1
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+iru m � 4,1 Wklv htxdwlrq uhjuhvvhv wkh uhdol}hg fkdqjh lq wkh srolf| udwh ehwzhhq wzr dgmdfhqw

txduwhuv rq wkh h{shfwhg vxfk fkdqjh149 Xqghu udwlrqdo h{shfwdwlrqv/ l|n� @ H|l|n�.h|n� / zkhuh

h|n� / wkh h{shfwdwlrqdo huuru/ kdv d phdq ri }hur dqg lv xqfruuhodwhg zlwk wlph w lqirupdwlrq1

Lq wklv fdvh/ wkh lqwhuhvw udwh iruhfdvwlqj uhjuhvvlrq +714, zrxog |lhog lq wkh olplw dq hvwlpdwh ri

a� @ 3 dqg a� @ 41 Ixuwkhupruh/ iru dvvhvvlqj prqhwdu| srolf| lqhuwld/ d vwdwlvwlf ri sduwlfxodu

lqwhuhvw lv wkh U2 ri wklv uhjuhvvlrq/ zklfk surylghv wkh sursruwlrq ri wkh yduldqfh ri wkh ixwxuh

fkdqjh lq lqwhuhvw udwhv wkdw fdq eh iruhfdvwhg dw wlph w1

Pdq| sdshuv kdyh hvwlpdwhg whup vwuxfwxuh uhjuhvvlrqv vxfk dv +714, iru wkh srvwzdu shulrg

xvlqj 60 dqg 90prqwk ru 90 dqg 450prqwk Wuhdvxu| eloo vsuhdgv dv sur{lhv iru h{shfwdwlrqv +vhh/

iru h{dpsoh/ Pdqnlz dqg Plurq/ 4<;9/ Plvknlq/ 4<;;/ Frrn dqg Kdkq/ 4<<3/ dqg Uxghexvfk/

4<<8,1 Wkhvh vwxglhv w|slfdoo| kdyh rewdlqhg U2*v yhu| forvh wr }hur1 Iru h{dpsoh/ lq d 4<8<0

4<:< vdpsoh/ Pdqnlz dqg Plurq +4<;9/ Wdeoh 4, rewdlq dq U2 ri 3=35 lq d uhjuhvvlrq ri wkh

fkdqjh lq wkh 60prqwk udwh rq wkh 60 dqg 90prqwk vsuhdg1 Krzhyhu/ wkhvh uhvxowv pljkw eh

wrr shvvlplvwlf ehfdxvh wkh| w|slfdoo| fryhu d orqj vdpsoh wkdw pd| qrw hqfrpsdvv d frqvlvwhqw

prqhwdu| srolf| uhjlph> wklv lv lpsruwdqw ehfdxvh wkh whup vwuxfwxuh lpsolfdwlrqv ghulyhg lq

wkh qh{w vhfwlrq dvvxph wkdw djhqwv nqrz wkh srolf| uxoh wkdw wkh fhqwudo edqn lv frpplwwhg

wr +vhh Ixkuhu/ 4<<9,1 Dv dq dowhuqdwlyh/ L hvwlpdwh +714, zlwk udwhv rq 60prqwk hxurgroodu dqg

hxurgroodu ixwxuhv/ zklfk kdyh ehhq wkh wudglqj yhklfoh ri fkrlfh iru khgjlqj vkruw0uxq ixwxuh

lqwhuhvw udwh pryhphqwv vlqfh wkh plg04<;3v14: Wkh hxurgroodu uhjuhvvlrqv xvh d vkruw vdpsoh

iurp 4<;;=34 wr 5333=34/ fryhulqj zkdw lv dujxdeo| d vlqjoh frqvlvwhqw srolf| uhjlph1

Ghqrwh HG+w . m,| dv wkh lqwhuhvw udwh rq hxurgroodu ghsrvlwv gxulqj txduwhu w . m wkdw lv

h{shfwhg dv ri wkh hqg ri txduwhu w1 Wkxv/ HG+w . 4,| lv wkh vsrw 60prqwk hxurgroodu udwh dw

wkh hqg ri txduwhu w/ dqg HG+w. 5,| lv wkh udwh rq d hxurgroodu ixwxuhv frqwudfw wkdw vhwwohv 6

prqwkv dkhdg14; Wkhq dvvxph wkdw HG+w . m,| @ H|l|n� . !
�

| / zkhuh !
�

| lv wkh whup suhplxp

dvvrfldwhg zlwk wkh mwk frqwudfw1 Xqghu wkh h{shfwdwlrqv k|srwkhvlv ri wkh whup vwuxfwxuh/ wkh

whup suhpld duh dvvxphg wr eh frqvwdqw ryhu wlph/ exw lq sudfwlfh lw lv zlgho| uhfrjql}hg wkdw

wkhuh lv vrph wlph yduldwlrq1 Wkh frqvhtxhqfhv ri wlph0ydu|lqj whup suhpld duh glvfxvvhg ehorz1

Xvlqj hxurgroodu gdwd wr suhglfw wkh rqh0txduwhu0dkhdg fkdqjh lq wkh txduwhuo| dyhudjh ixqgv

49 Wkhvh �pdujlqdo� uhjuhvvlrqv duh frpprq lq wkh olwhudwxuh +h1j1/ Plvknlq/ 4<;;,> krzhyhu/ L rewdlqhg vlplodu
uhvxowv zlwk rwkhu irupv dv zhoo1

4: Hxurgroodu ixwxuhv frqwudfwv duh edvhg rq wkh <30gd| Orqgrq Lqwhuedqn R�huhg Udwh +OLERU,1 Iru ixuwkhu
ghwdlov/ vhh Mhjdghhvk dqg Shqqdffkl +4<<9,1

4; Iru wkh wkuhh uhjuhvvlrqv xvlqj hxurgroodu udwhv/ txduwhuv duh gh�qhg wr vwduw dw wkh hxurgroodu ixwxuhv frqwudfw
vhwwohphqw gdwhv +zklfk rffxu derxw wzr zhhnv ehiruh wkh vwduw gdwhv ri wkh xvxdo txduwhuv, lq rughu wr fdswxuh
wuxh wzr0 dqg wkuhh0txduwhu0dkhdg h{shfwdwlrqv1
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udwh/ htxdwlrq +714, zlwk m @ 4 lv hvwlpdwhg iurp 4<;;=T4 wr 5333=T4 dv

l|n� � l| @ �=58 . =;4 +HG+w. 4,| � l|, . #�

|n�>

+=38, +=43,
+715,

��� @ =63> U2
@ =89 1

Wklv htxdwlrq lqglfdwhv wkdw wkh 60prqwk hxurgroodu udwh iruhfdvwv �l|n� txlwh zhoo +zlwk dq

dyhudjh whup suhplxp ri derxw 58 edvlv srlqwv,1 Wkh U2 lqglfdwhv wkdw mxvw ryhu 83 shufhqw

ri wkh rqh0txduwhu0dkhdg fkdqjh lq wkh txduwhuo| dyhudjh ixqgv udwh lv nqrzq dw wkh hqg ri d

w|slfdo txduwhu1 Wklv lv frqvlvwhqw zlwk wkh hylghqfh dqg lqwhusuhwdwlrq lq Uxghexvfk +4<<8,

ri lqwhuhvw udwh vprrwklqj dw d zhhno| dqg prqwko| iuhtxhqf|1 Wkdw lv/ dw wkh hqg ri txduwhu

w/ �qdqfldo pdunhwv kdyh vrph lqirupdwlrq derxw fkdqjhv gxulqj wkh �uvw vhyhudo zhhnv ri wkh

iroorzlqj txduwhu14< Lq dgglwlrq/ lq wklv uhjuhvvlrq/ fkdqjhv lq wkh ixqgv udwh gxulqj txduwhu w

+zklfk duh ri frxuvh nqrzq dw wkh hqg ri txduwhu w, zloo dovr khos suhglfw wkh txduwhuo| dyhudjh

fkdqjh �l|n�1 Krzhyhu/ diwhu uhsodflqj l| zlwk wkh hqg ri txduwhu w ixqgv udwh/ wkhuh vwloo lv

vxevwdqwldo suhglfwlyh srzhu zlwk U2
� =61

Krzhyhu/ ri sduwlfxodu lqwhuhvw lq dvvhvvlqj txduwhuo| prqhwdu| srolf| lqhuwld zloo eh wkh

suhglfwlyh delolw| dw voljkwo| orqjhu krul}rqv1 Suhglfwlqj wkh rqh0txduwhu fkdqjh lq wkh ixqgv

udwh wzr txduwhuv dkhdg +htxdwlrq +714, zlwk m @ 5, |lhogv
53

l|n2 � l|n� @ �=39 . =7: +HG+w. 5,| �HG+w. 4,|, . #2
|n2>

+=3:, +=4;,
+716,

��2 @ =75> U2
@ =46 1

Suhglfwlqj �l|n� dw txduwhu w |lhogv

l|n� � l|n2 @ �=3< . =73 +HG+w. 6,| �HG+w. 5,|, . #�|n�>

+=3;, +=63,
+717,

��� @ =77> U2
@ =37 1

Wkhvh uhjuhvvlrqv lqglfdwh wkdw wkhuh lv olwwoh li dq| lqirupdwlrq xvxdoo| dydlodeoh lq �qdqfldo

pdunhwv iru suhglfwlqj wkh ohyho ri wkh ixqgv udwh wkuhh wr vl{ prqwkv rxw +U2
@ =46, dqg qr

lqirupdwlrq iru suhglfwlqj lw vl{ wr qlqh prqwkv rxw +U2
@ =37,154 Wkhvh U2*v zloo eh xvhg dv

ehqfkpdunv iru dvvhvvlqj wkh sodxvlelolw| ri prqhwdu| srolf| lqhuwld lq wkh qh{w vhfwlrq1 Wkhvh

4< Lq sduwlfxodu/ wklv vljql�fdqw suhglfwlyh delolw| iru {�|n� lv frqvlvwhqw zlwk wkh grfxphqwhg delolw| ri d
wzr0prqwk dqg rqh0prqwk lqwhuhvw udwh vsuhdg wr suhglfw wkh rqh0prqwk0dkhdg fkdqjh1

53 Iru � : �/ wkh iruhfdvw huuruv zloo kdyh dq ��E� 3 �� prylqj dyhudjh fruuhodwlrq/ vr urexvw vwdqgdug huuruv
duh uhsruwhg lq sduhqwkhvhv1

54 Iru suhglfwlqj {�|n2/ wkh R0ydoxh iru wkh k|srwkhvlv wkdw -2 ' f lv f�f�/ dqg iru suhglfwlqj {�|n�/ wkh R0ydoxh
lv f��D1
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uhvxowv wxuq rxw wr eh rqo| pdujlqdoo| ehwwhu wkdq wkh vwdqgdug rqhv ghvfulehg deryh zlwk

Wuhdvxu| eloov1 Wkh| duh dovr frqvlvwhqw zlwk wkh h�hfw ri gd|0wr0gd| prqhwdu| srolf| vxusulvhv

rq wkh vorsh ri wkh whup vwuxfwxuh dv lq Nxwwqhu +5333,1 D vxusulvh fkdqjh lq wkh srolf| udwh

wdujhw rq d sduwlfxodu gd| vkliwv wkh ohyho ri wkh whup vwuxfwxuh e| d vlplodu dprxqw dfurvv doo

krul}rqv/ exw fduulhv olwwoh lqirupdwlrq derxw ixwxuh fkdqjhv lq udwhv1 Wklv odfn ri lqirupdwlrq

lv dovr uh hfwhg lq wkh jhqhudo devhqfh ri wudglqj lq ihghudo ixqgv ixwxuhv eh|rqg d krul}rq ri

irxu prqwkv +vhh Uxghexvfk 4<<;,1

Ilqdoo|/ wkh suhvhqfh ri wlph0ydu|lqj whup suhpld vkrxog eh qrwhg/ zklfk/ dv vwuhvvhg e|

Pdqnlz dqg Plurq +4<;9,/ fdq kdyh vhyhuh frqvhtxhqfhv iru hpslulfdo uhjuhvvlrqv olnh +716,1

Wkh vdpsoh hvwlpdwhv ri wkh � dqg U
2 ri wklv uhjuhvvlrq zloo ghshqg srvlwlyho| rq wkh fryduldqfh

ehwzhhq wkh lqghshqghqw dqg ghshqghqw yduldeohv/ �l|n2 dqg HG+w . 5,| � HG+w . 4,|/ dqg

lqyhuvho| rq wkhlu yduldqfhv1 Dffruglqjo|/ dv wkh wlph yduldwlrq lq wkh whup suhpld ehfrphv pruh

vljql�fdqw +errvwlqj wkh lqghshqghqw/ qrlv| yduldwlrq lq wkh hxurgroodu vsuhdg,/ wkh hvwlpdwhv �

dqg U
2 fdq eh gulyhq dzd| iurp 4 hyhq lq wkh olplw1 Wkh vwdqgdug ghyldwlrq ri wkh uhvlgxdo wr

wkh whup vwuxfwxuh uhjuhvvlrq surylghv d urxjk xsshu erxqg rq wkh vl}h ri wkh whup suhplxp1

Iru h{dpsoh/ lq +716,/ #2
|
@ !

�
|
� !

2
|
. h|n2 � h|n�/ zklfk lv d frpelqdwlrq ri whup suhpld dqg

wkh h{shfwdwlrqdo huuruv1 Wkh h{shfwdwlrqdo huuruv duh ruwkrjrqdo wr wkh whup suhpld> wkxv/ wkh

vwdqgdug ghyldwlrq ri wkh whup suhplxp dvvrfldwhg zlwk wkh w. 5 dqg w . 4 hxurgroodu vsuhdg

+l1h1/ !�
|
� !

2
|
, lv vpdoohu wkdq 3=75/ wkh vwdqgdug ghyldwlrq ri wkh uhjuhvvlrq +��2,1

81 Whup Vwuxfwxuh Lpsolfdwlrqv ri Srolf| Lqhuwld

Wkh suhylrxv vhfwlrq surylghg hylghqfh wkdw eh|rqg d krul}rq ri wkuhh prqwkv wkhuh lv olwwoh suh0

glfwlyh lqirupdwlrq lq �qdqfldo pdunhwv derxw wkh ixwxuh sdwk ri vkruw0whup lqwhuhvw udwhv1 Wklv

vhfwlrq h{soruhv zkhwkhu wkdw hylghqfh fdq eh uhfrqflohg zlwk d vljql�fdqw ghjuhh ri txduwhuo|

prqhwdu| srolf| lqhuwld1 Lqwxlwlyho|/ vxfk d uhfrqfloldwlrq vhhpv xqolnho|/ iru li wkh ixqgv udwh

lv w|slfdoo| dgmxvwhg e| rqo| 53 shufhqw wrzdug lwv ghvluhg wdujhw lq d jlyhq txduwhu/ wkhq wkh

uhpdlqlqj ;3 shufhqw dgmxvwphqw vkrxog eh h{shfwhg wr rffxu lq ixwxuh txduwhuv1 Wkh sduwldo

dgmxvwphqw ri wkh vkruw0whup srolf| lqwhuhvw udwh hperglhg lq Uxoh 4 ru 5 zlwk kljk �� ru �2

lpsolhv wkdw wkhuh w|slfdoo| lv d odujh dprxqw ri suhglfwdeoh ixwxuh yduldwlrq lq wkh srolf| udwh1

Lqghhg/ wklv lv wkh hvvhqfh ri rswlpdo srolf| lqhuwld= Ehfdxvh sulydwh djhqwv nqrz wkdw wkh srolf|

udwh lv olnho| wr eh dgmxvwhg e| d fhuwdlq dprxqw lq wkh ixwxuh/ wkh| fkdqjh wkhlu ehkdylru wrgd|1

Wkh uhodwlrqvkls ehwzhhq wkh iruhfdvwdeoh yduldwlrq lq wkh lqwhuhvw udwh/ dv phdvxuhg e| wkh
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U2
ri wkh �l|n2 suhglfwlrq htxdwlrq/ dqg txduwhuo| srolf| lqhuwld/ dv phdvxuhg e| wkh �� dqg

�2 lq Uxohv 4 dqg 5/ lv looxvwudwhg lq Iljxuh 41 Wklv �jxuh judskv wkh +dqdo|wlfdo srsxodwlrq,

ydoxh ri wkh U2
ri wkh uhjuhvvlrq +714,/ zlwk m @ 5/ dv d ixqfwlrq ri wkh ydoxh ri �� ru �2 iru d

uhsuhvhqwdwlyh fdvh ri wkh prgho ghvfulehg deryh/ qdpho|/ zlwk �Z @ =6/ �o @ =8/ dqg �+ @ 3

+dqg wkh rwkhu sdudphwhuv jlyhq lq Wdeoh 4,155 Dovr/ iru erwk srolf| Uxohv 4 +514, dqg 5 +517,/

jZ dqg j+ duh vhw htxdo wr 4=8 dqg 3=;/ uhvshfwlyho|/ dqg wkh uxoh huuru lv l1l1g1 zlwk �1 @ 3=71

+Wklv fdoleudwlrq lv lq wkh udqjh ri wkh hpslulfdo uxoh hvwlpdwhv jlyhq lq Vhfwlrq 51, Qrwh wkdw

hyhq iru wkh qrq0lqhuwldo srolf| uxohv wkhuh lv vrph suhglfwdeoh ixwxuh pryhphqw lq lqwhuhvw udwhv

+zlwk U2 @ =44 zkhq �� @ 3 dqg U2 @ =36 zkhq �2 @ 3,1 Iru h{dpsoh/ wkh iruhfdvwlqj srzhu

zlwk Uxoh 4 zkhq �� @ 3 uh hfwv wkh idfw wkdw wkhuh duh suhglfwdeoh pryhphqwv wzr txduwhuv

dkhdg lq wkh rxwsxw jds dqg lq wkh irxu0txduwhu lq dwlrq udwh/ zklfk sduwo| ghwhuplqh lqwhuhvw

udwhv1 Vwloo/ dv �� dqg �2 lqfuhdvh/ wkh dprxqw ri suhglfwdeoh yduldwlrq lq �l|n2 dovr lqfuhdvhv/

zlwk U2
ydoxhv ri =7: dw �� @ 3=; dqg =78 dw �2 @ 3=;1

Wklv edvlf uhodwlrqvkls ehwzhhq suhglfwdeoh lqwhuhvw udwh yduldwlrq dqg prqhwdu| lqhuwld lv

urexvw dfurvv d zlgh ydulhw| ri prghov dqg uxohv1 Wdeoh 6 h{dplqhv wkh vdph 4; gl�huhqw

sdudphwhul}dwlrqv ri wkh prgho frqvlghuhg lq Vhfwlrq 6 dqg qrq0lqhuwldo +�� @ �2 @ 3, dqg

lqhuwldo +�� @ �2 @ 3=;, yhuvlrqv ri erwk Uxohv 4 dqg 51 +Djdlq/ jZ @ 4=8/ j+ @ 3=;/ dqg �1 @ 3=71,

Lq dgglwlrq/ d wlph0ydu|lqj whup suhplxp/ !�|�!
2

|
/ lv lqfoxghg/ zklfk lv dvvxphg wr eh l1l1g1 zlwk

d vwdqgdug ghyldwlrq ri 3=48156 Dv qrwhg deryh/ vxfk d whup suhplxp uhgxfhv wkh U2
ydoxhv1

Hdfk prgho dqg uxoh frpelqdwlrq uhsruwv U2

u
dqg U2

L
/ zklfk duh wkh 8 shufhqw orzhu dqg xsshu

fulwlfdo ydoxhv/ uhvshfwlyho|/ iru wkh vpdoo0vdpsoh glvwulexwlrq ri wkh U2
+zklfk duh dssursuldwh

iru <8 shufhqw rqh0vlghg ru <3 shufhqw wzr0vlghg whvwv,1 Wkhvh fulwlfdo ydoxhv duh fdofxodwhg iurp

43/333 vlpxodwhg vdpsohv ri wkh prgho dqg wkh jlyhq uxoh +zlwk 433 revhuydwlrqv hdfk,/ dqg

wkh| doorz d suredelolvwlf dvvhvvphqw ri wkh klvwrulfdo whup vwuxfwxuh uhjuhvvlrq uhvxowv jlyhq lq

Vhfwlrq 71 Wkh erwwrp olqh lq wkh wdeoh jlyhv wkh phgldq U2

u
dqg U2

L
ydoxhv dfurvv doo prghov1

Dowkrxjk wkhuh lv lqwhuhvwlqj yduldwlrq dfurvv prghov/ wkh ydoxh ri �� ru �2 lv wkh nh| ghwhuplqdqw

ri lqwhuhvw udwh suhglfwdelolw|/ vr L irfxv rq wkh phgldq ydoxhv1 Edvhg rq wkh klvwrulfdo uhvxowv

55 Dv deryh iru Wdeoh 5/ wkh xqltxh vwdwlrqdu| udwlrqdo h{shfwdwlrqv vroxwlrq iru hdfk vshfl�hg srolf| uxoh dqg
prgho lv vroyhg yld DLP +vhh Ohylq/ Zlhodqg/ dqg Zlooldpv/ 4<<</ dqg Dqghuvrq dqg Prruh/ 4<;8,1 Wkh uhgxfhg0
irup uhsuhvhqwdwlrq ri wkh vdggoh0srlqw vroxwlrq lv frpsxwhg/ wkh xqfrqglwlrqdo yduldqfh0fryduldqfh pdwul{ ri wkh
prgho yduldeohv dqg wkh whup vsuhdgv lv rewdlqhg dqdo|wlfdoo|/ dqg wkh whup vwuxfwxuh uhjuhvvlrq dv|pswrwlf -

2

lv fdofxodwhg xvlqj wkh dssursuldwh yduldqfhv dqg fryduldqfhv1
56 Pdqnlz dqg Plurq +4<;9/ Wdeoh 6, hvwlpdwh wkh vwdqgdug huuru ri wklv whup suhplxp wr eh f��S/ zkloh lq d

pruh frpsolfdwhg wlph vhulhv vshfl�fdwlrq zlwk prqwko| gdwd/ Grwvh| dqg Rwurn +4<<8, hvwlpdwh lw wr eh f���1
Dovr wklv vwdqgdug ghyldwlrq lv derxw rqh0wklug wkh vl}h ri wkh uhjuhvvlrq vwdqgdug huuru ri +716,/ zklfk lqfoxghv
wkh hxurgroodu whup suhpld dqg wkh ruwkrjrqdo h{shfwdwlrqdo huuru1
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zlwk hxurgroodu gdwd/ wkh ehqfkpdun U2
ydoxh iru wkh �l|n2 suhglfwlrq uhjuhvvlrq lv 3=461 Wklv

ydoxh lv dozd|v lqfoxghg lq wkh frq�ghqfh lqwhuydov iru wkh qrq0lqhuwldo �� @ 3 dqg �2 @ 3 fdvhv>

lqghhg/ lw lv txlwh forvh wr wkh vpdoo0vdpsoh phdqv +zklfk duh qrw vkrzq,1
57

Lq frqwudvw/ iru wkh

lqhuwldo srolf| uxohv/ wkh U2
frq�ghqfh lqwhuydov zlwk �� @ =; dqg zlwk �2 @ =; erwk olh deryh

wkh klvwrulfdo U2
ydoxh1

Dv vkrzq lq Wdeoh 7/ yhu| vlplodu uhvxowv duh rewdlqhg iru wkh �l|n� suhglfwlrq uhjuhvvlrq1

Djdlq/ d U2
u
dqg U2

L
sdlu lv fdofxodwhg iru hdfk ri wkh prgho dqg uxoh frpelqdwlrqv xvhg lq

Wdeoh 61 Uhfdoo iurp wkh suhylrxv vhfwlrq wkdw wkh ehqfkpdun ydoxh ri U2
ydoxhv iurp wkh

klvwrulfdo gdwd lv 3=371 Dv ehiruh/ wkh klvwrulfdo ydoxh lv frqwdlqhg lq wkh frq�ghqfh lqwhuydov ri

wkh qrq0lqhuwldo srolf| uxohv/ exw lw lv qrw frqwdlqhg lq wkh phgldq lqhuwldo srolf| uxoh lqwhuydo1

Lq vxp/ txduwhuo| sduwldo dgmxvwphqw dqg lqwhuhvw udwh vprrwklqj ru lqhuwld gr qrw dsshdu

wr eh frqvlvwhqw zlwk wkh odfn ri lqirupdwlrq lq wkh whup vwuxfwxuh ri lqwhuhvw udwhv1

91 Wkh Looxvlrq ri Prqhwdu| Srolf| Lqhuwld

Wkh odujh hvwlpdwhg odj frh!flhqwv lq wkh hpslulfdo sduwldo dgmxvwphqw srolf| uxohv dsshdu wr eh

vwurqj hylghqfh ri prqhwdu| srolf| lqhuwld1 Krzhyhu/ vxfk txduwhuo| lqhuwld lv lqfrqvlvwhqw zlwk

wkh yhu| orz lqwhuhvw udwh iruhfdvwdelolw| lq wkh whup vwuxfwxuh ri lqwhuhvw udwhv1 Wklv vhfwlrq

vkrzv krz wkh sduwldo dgmxvwphqw hylghqfh lq wkh hpslulfdo uxohv pd| eh h{sodlqhg e| d udwlrqdoh

rwkhu wkdq srolf| lqhuwld1

Dv d �uvw vwhs/ qrwh wkdw wkhuh lv d odujh olwhudwxuh wkdw dujxhv wkdw sduwldo dgmxvwphqw prghov

vxfk dv Uxohv 4 dqg 5 duh yhu| gl!fxow wr lghqwli| dqg hvwlpdwh hpslulfdoo| lq wkh suhvhqfh ri

vhuldoo| fruuhodwhg vkrfnv +h1j1/ Julolfkhv/ 4<9:/ Eolqghu/ 4<;9/ Kdoo dqg Urvdqqd/ 4<<4/ dqg

PfPdqxv/ Qdqnhuylv/ dqg Vdylq/ 4<<7,1 Lq sduwlfxodu/ d vwdqgdug srolf| uxoh zlwk vorz sduwldo

dgmxvwphqw dqg qr vhuldo fruuhodwlrq lq wkh huuruv zloo eh yhu| gl!fxow wr glvwlqjxlvk hpslulfdoo|

iurp d srolf| uxoh wkdw kdv lpphgldwh srolf| dgmxvwphqw exw kljko| vhuldoo| fruuhodwhg vkrfnv1

Xvlqj wkh 4<;:04<<< gdwd iurp Vhfwlrq 5/ wklv odwwhu irup ri Uxoh 4 lv hvwlpdwhg dv58

l| @ 4=57 ��| . =66 || . �
|
> �

|
@ =<5�

|3� . $|>

+=57, +=43, +=39,
+914,

�/ @ =69/ �U2 @ =<9 1

57 Wkh whup suhpld dovr uhgxfh wkh vorsh hvwlpdwhv lq wkh whup vwuxfwxuh uhjuhvvlrq wr forvh wr wkh klvwrulfdo
ydoxhv1

58 Uxoh 4 zlwk dq DU+4, huuru lv hvwlpdwhg yld pd{lpxp olnholkrrg/ zkloh uxoh 5 zlwk dq DU+4, huuru lv
hvwlpdwhg zlwk dq lqvwuxphqwdo yduldeohv yhuvlrq ri wkh Kloguhwk0Ox surfhgxuh1
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Wklv uxoh dvvxphv wkdw �� @ 3 exw doorzv iru �uvw rughu vhuldo fruuhodwlrq zkhuh �
e
@ 3=<5 lv

gh�qhg dv wkh DU+4, huuru frh!flhqw1 Iru Uxoh 5/ wkh fruuhvsrqglqj DU+4, hvwlpdwh lv

l| @ 5=33 H|3���|ne . =6< H|3�|| . �
|
> �

|
@ =::�

|3� . $|>

+=99, +=57, +=44,
+915,

�/ @ =69/ �U2 @ =;9 1

Wkhvh wzr hvwlpdwhg dxwrfruuhodwhg huuru yhuvlrqv ri Uxohv 4 dqg 5 glvsod| d �w wr wkh gdwd

dv zhoo dv ajZ dqg aj+ wkdw duh eurdgo| frpsdudeoh wr wkh sduwldo dgmxvwphqw irupv +515, dqg

+518,1 Lq wkhru|/ lw lv srvvleoh wr hvwlpdwh d uxoh wkdw doorzhg iru erwk sduwldo dgmxvwphqw

dqg vhuldoo| fruuhodwhg vkrfnv> krzhyhu/ dv dujxhg lq wkh uhvhdufk flwhg deryh/ lw zloo eh yhu|

kdug wr glvwlqjxlvk wkhvh wzr prghov jlyhq wkh rwkhu dujxphqwv ri wkh uxohv1 Dv lq Eolqghu

+4<;9,/ glvwlqjxlvklqj wkh wzr fdvhv ghshqgv fuxfldoo| rq wkh rwkhu uhjuhvvruv lq wkh uxoh dqg

zloo eh hvshfldoo| gl!fxow lq wklv vhwwlqj zkhuh rxwsxw dqg lq dwlrq ghshqg rq lqwhuhvw udwhv1

Wklv qhdu0revhuydwlrqdo0htxlydohqfh surylghv wkh prwlydwlrq iru h{dplqlqj wkh lqgluhfw whup

vwuxfwxuh hylghqfh dv deryh1

Wkh hvwlpdwhg sduwldo dgmxvwphqw srolf| uxohv idlohg wkh whup vwuxfwxuh whvw lq Vhfwlrq 8 e|

lpso|lqj wrr pxfk lqwhuhvw udwh iruhfdvwdelolw|1 Krzhyhu/ wkh qhdu0revhuydwlrqdoo|0htxlydohqw

hvwlpdwhg uxohv +914, dqg +915, zlwk vhuldoo| fruuhodwhg DU+4, vkrfnv pd| qrw sdvv wklv whvw

hlwkhu1 Li djhqwv nqrz wkh shuvlvwhqw qdwxuh ri wkh vkrfnv/ wkhq hyhq li wkh fhqwudo edqn dg0

mxvwv srolf| lpphgldwho| wr rxwsxw dqg lq dwlrq/ wkh surmhfwlrq ri wkh olqjhulqj h�hfwv ri wkh

nqrzq dxwrfruuhodwhg vkrfnv vkrxog lpso| vljql�fdqw lqwhuhvw udwh suhglfwdelolw|1 Lqghhg/ vxfk

suhglfwdelolw| lv glvsod|hg lq sdqho D ri Wdeoh 8 +zklfk/ iru euhylw|/ rqo| frqvlghuv wkh prgho

zlwk �Z @ =6/ �o @ =8/ dqg �+ @ 3,= Uxohv 4 dqg 5 wdnh d irup vlplodu wr wkh rqhv deryh/ zlwk

jZ @ 4=8/ j+ @ =;/ �� @ �2 @ 3/ dqg dq DU+4, vkrfn fdoleudwhg zlwk �e @ 3=; dqg �/ @ 3=71 Wkh

prgho lv vroyhg lq wkh xvxdo ixoo frpplwphqw idvklrq vr doo djhqwv lq wkh hfrqrp| nqrz wkh vhuldo

fruuhodwlrq sdwwhuq ri wkh srolf| uxoh vkrfnv159 Wkh uhvxowlqj U
2
u dqg U

2
L sdluv iru wkh �l|n2

dqg �l|n� suhglfwlrq uhjuhvvlrqv/ jlyhq dv wkh plggoh irxu hqwulhv lq hdfk olqh/ vkrz wkdw wkhvh

uxohv zlwk nqrzq vhuldoo| fruuhodwhg vkrfnv glvsod| hyhq pruh lqwhuhvw udwh iruhfdvwdelolw| wkdq

wkh sduwldo dgmxvwphqw uxohv1 Dovr lqfoxghg dv wkh �qdo wzr hqwulhv lq hdfk olqh duh wkh phdq

dqg vwdqgdug huuru ri wkh vpdoo0vdpsoh glvwulexwlrqv ri a�� dqg a�2 iurp wkh hvwlpdwhg sduwldo

dgmxvwphqw Uxohv 4 dqg 5 xqghu wkh lqfruuhfw dvvxpswlrq wkdw wkh srolf| udwh vkrfnv duh vhuldoo|

59 Wklv lv grqh e| vroylqj wkh prgho zlwk wkh txdvl0gl�huhqfhg irupv ri wkh uxohv lq DLP1
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xqfruuhodwhg15: Qrwh wkh phdq a�� dqg a�2 duh derxw 3=;/ forvho| pdwfklqj wkh hpslulfdo sduwldo

dgmxvwphqw uxoh hvwlpdwhv> wkxv/ vhuldoo| fruuhodwhg vkrfnv frxog dffrxqw iru wkh frqyhqwlrqdo

srolf| uxoh hvwlpdwhv +515, dqg +518,1

Wkh lqwhuhvw udwh iruhfdvwdelolw| lq sdqho D uh hfwv wkh hfrqrp|0zlgh nqrzohgjh ri wkh wlph

vhulhv shuvlvwhqfh surshuwlhv ri wkh srolf| uxoh vkrfnv1 Wkh dowhuqdwlyh lv vkrzq lq sdqho E/

zklfk surylghv uhvxowv iru wkh vdph vshfl�fdwlrqv dv lq sdqho D h{fhsw wkh vhuldo fruuhodwlrq ri

wkh vkrfnv lv xqnqrzq wr hyhu|rqh lq wkh hfrqrp|1 Lq sduwlfxodu/ djhqwv dvvxph wkdw wkh vkrfnv

duh vhuldoo| xqfruuhodwhg udwkhu wkdq iroorzlqj wkh wuxh DU+4, surfhvv1 Wklv vfhqdulr lv deoh wr

pdwfk wkh whup vwuxfwxuh hylghqfh ri d yhu| orz iruhfdvwdelolw| ri lqwhuhvw udwhv1 Wkh frq�ghqfh

lqwhuydov frqwdlq wkh ehqfkpdun 3=46 dqg 3=37 U
2 ydoxhv iru wkh �l|n2 dqg �l|n� suhglfwdelolw|

uhjuhvvlrqv1 Lq dgglwlrq/ wklv vfhqdulr lv deoh wr dffrxqw iru vrph ri wkh vsxulrxv hylghqfh ri

voxjjlvk srolf| sduwldo dgmxvwphqw/ vxsso|lqj phdq a�� dqg a�2 lq hvwlpdwhv ri wkh +lqfruuhfw,

sduwldo dgmxvwphqw irupv iru Uxohv 4 dqg 5 wkdw duh vljql�fdqwo| juhdwhu wkdq }hur1

Wkh nh| uhpdlqlqj lvvxh lv sodxvlelolw|= Duh wkhuh vkrfnv wr wkh srolf| uxoh wkdw dsshdu

vhuldoo| xqfruuhodwhg h{ dqwh exw duh vhuldoo| fruuhodwhg h{ srvwB Wkh uhvw ri wklv vhfwlrq dujxhv

wkdw sdqho E grhv surylgh d sodxvleoh uhfrqfloldwlrq ri wkh hpslulfdo whup vwuxfwxuh dqg srolf|

uxoh uhvxowv1

Lqghhg/ rqh vxfk vkrfn kdv douhdg| ehhq glvfxvvhg lq wkh srolf| uxohv olwhudwxuh1 Vhyhudo

uhfhqw sdshuv +h1j1/ Vphwv/ 4<<</ Uxghexvfk/ 4<<</ 5333/ dqg Ruskdqlghv/ hw do1/ 4<<<, kdyh

dujxhg wkdw vhwwlqj prqhwdu| srolf| dffruglqj wr Wd|oru0w|sh uxohv uhtxluhv uho|lqj rq d frq0

whpsrudqhrxv ru uhdo0wlph hvwlpdwh ri wkh rxwsxw jds/ ghqrwhg ||�|/ zklfk lv gl!fxow wr phdvxuh

dffxudwho|1 Uhdo0wlph rxwsxw jds hvwlpdwhv duh riwhq prghohg dv qrlv| hvwlpdwhv ri wkh �qdo

vhulhv/ l1h1/ ||�| @ || . q|> zkhuh wkh vwrfkdvwlf huuru lv wkh phdvxuhphqw huuru sodjxlqj wkh sro0

lf|pdnhu +l1h1/ wkh uhylvlrq iurp wkh vwdqgsrlqw ri wkh hqg ri wkh vdpsoh,1 Ixuwkhupruh/ edvhg

rq wkh klvwrulfdo gdwd/ wkh hvwlpdwhg uhylvlrqv/ q|/ duh odujh dqg shuvlvwhqw dqg riwhq prghohg

dv dq DU+4, surfhvv zlwk odj frh!flhqw ri 3=;81 Lq wklv fdvh/ li wkh fhqwudo edqn iroorzv Uxoh 4

zlwk qr sduwldo dgmxvwphqw ru huuru lq uhdo wlph/

l| @ jZ��| . j+||�|> +916,

5: Wkdw lv/ lq wklv vfhqdulr/ uhjuhvvlrqv +514, dqg +517, duh hvwlpdwhg dvvxplqj 4
e
' f dqg qhlwkhu 4

�
qru 4

2

lv htxdo wr }hur/ zkhq lq idfw 4
e
' f�H dqg 4

�
' 4

2
' f1 Wkh uhjuhvvlrqv duh hvwlpdwhg rq 43/333 vdpsohv ri

vlpxodwhg gdwd zlwk 433 revhuydwlrqv hdfk1

4:



wkh hfrqrphwulfldq zrunlqj zlwk wkh �qdo gdwd zloo hvwlpdwh

l| @ ajZ��| . aj+|| . n|> +917,

zkhuh wkh huuru n| @ aj+q| lv wkh kljko| vhuldoo| fruuhodwhg uhdo0wlph gdwd qrlvh1 Iurp wkh vwdqg0

srlqw ri wkh hfrqrphwulfldq/ wkhvh duh vhuldoo| fruuhodwhg h{ srvw huuruv> krzhyhu/ lq uhdo wlph/

wkh huuruv duh h{ dqwh xqfruuhodwhg dv uhtxluhg lq sdqho E1 Hyhq zruvh/ wkh hfrqrphwulfldq pd|

hvwlpdwh wkh sduwldo dgmxvwphqw irup ri Uxoh 4 dqg lqfruuhfwo| lqwhusuhw wkh vhuldoo| fruuhodwhg h{

srvw uhylvlrqv dv hylghqfh ri srolf| lqhuwld dqg lqwhuhvw udwh vprrwklqj1 Lqghhg/ Odqvlqj +5333,

surylghv d fduhixo vlpxodwlrq vwxg| wkdw ghprqvwudwhv wkh srwhqwldo h�hfwlyhqhvv ri uhdo0wlph

rxwsxw jds huuruv wr dffrxqw iru wkh vsxulrxv hylghqfh ri srolf| lqhuwld lq h{dfwo| wklv idvklrq1

Vwloo/ h{ srvw vhuldoo| fruuhodwhg rxwsxw jds uhylvlrqv duh suredeo| qrw d jhqhudo hqrxjk h{0

sodqdwlrq wr uhfrqfloh wkh srolf| lqhuwld dqg whup vwuxfwxuh hylghqfh frpsohwho|1 Iluvw/ dowkrxjk

vxfk dq h{sodqdwlrq dssolhv wr Wd|oru0w|sh uxohv/ wkhuh duh pdq| rwkhu hvwlpdwhg klvwrulfdo uh0

dfwlrq ixqfwlrqv wkdw gr qrw lqfoxgh dq rxwsxw jds/ exw vwloo h{klelw vljql�fdqw shuvlvwhqfh/ iru

h{dpsoh/ PfQhhv +4<<5,/ PfFdooxp dqg Qhovrq +4<<<,/ Idlu +5333,/ dqg wkh YDU lqwhuhvw udwh

htxdwlrqv ghvfulehg deryh1 Vhfrqg/ edvhg rq d yhu| whqwdwlyh uhfrqvwuxfwlrq ri uhdo0wlph rxw0

sxw jds gdwd/ Ruskdqlghv +4<<;, uhsruwv vljql�fdqw srolf| lqhuwld hyhq zkhq hvwlpdwlqj sduwldo

dgmxvwphqw uxohv xvlqj wkh uhdo0wlph gdwd +dovr vhh Hydqv/ 4<<;,1 Wkxv/ dowkrxjk rxwsxw jds

uhylvlrqv duh xqolnho| wr eh wkh pdlq vrxufh ri h{ srvw vhuldoo| fruuhodwhg vkrfnv/ wkh| duh dw wkh

yhu| ohdvw looxvwudwlyh1

Wr �qg d pruh frqylqflqj fdqglgdwh/ lw lv xvhixo wr uh0h{dplqh wkh ruljlqdo dqdo|vlv ri Wd|oru

+4<<6,/ zklfk sxw iruzdug d ghvfulswlrq ri srolf| zlwkrxw lqwhuhvw udwh vprrwklqj ru sduwldo

dgmxvwphqw1 Wd|oru dujxhg wkdw uhfhqw klvwrulfdo prqhwdu| srolf| kdg iroorzhg d uxoh rqo| dv

d jxlgh/ vr ghyldwlrqv iurp wkh uxoh gxulqj ydulrxv hslvrghv zhuh dq dssursuldwh uhvsrqvh wr

vshfldo flufxpvwdqfhv/ qrw hylghqfh ri sduwldo dgmxvwphqw1 Wklv ylhz lv looxvwudwhg lq Iljxuh 5/

zklfk glvsod|v wkh klvwrulfdo ydoxhv ri wkh ixqgv udwh +vrolg olqh, dqg wkh �wwhg ydoxhv iurp wkh

hvwlpdwhg Uxoh 4 lq +914,/ zklfk doorzv iru vhuldoo| fruuhodwhg vkrfnv1 Wkhvh odujh shuvlvwhqw

vkrfnv/ wkh ghyldwlrqv ehwzhhq wkh wzr olqhv/ dsshdu wr fruuhvsrqg wr vhyhudo vshfldo hslvrghv

+Nr}lfnl/ 4<<<,1 Prvw qrwdeo|/ wkh ghyldwlrqv lq 4<<5 dqg 4<<6 duh frpprqo| lqwhusuhwhg dv

uhvsrqvhv wr d glvuxswlrq lq wkh  rz ri fuhglw1 Dv Ihg Fkdlupdq Dodq Juhhqvsdq whvwl�hg wr

Frqjuhvv rq Mxqh 55/ 4<<7= �Krxvhkrogv dqg exvlqhvvhv ehfdph pxfk pruh uhoxfwdqw wr eruurz

dqg vshqg dqg ohqghuv wr h{whqg fuhglw�d skhqrphqrq riwhq uhihuuhg wr dv wkh cfuhglw fuxqfk1*

Lq dq hqghdyru wr ghixvh wkhvh �qdqfldo vwudlqv/ zh pryhg vkruw0whup udwhv orzhu lq d orqj vhulhv
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ri vwhsv wkdw hqghg lq wkh odwh vxpphu ri 4<<5/ dqg zh khog wkhp dw xqxvxdoo| orz ohyhov wkurxjk

wkh hqg ri 4<<6�erwk devroxwho| dqg/ lpsruwdqwo|/ uhodwlyh wr lq dwlrq1� Wkxv/ wklv hslvrgh lv

ehwwhu ghvfulehg dv d shuvlvwhqw �fuhglw fuxqfk� vkrfn wkdq dv d voxjjlvk sduwldo dgmxvwphqw wr d

nqrzq ghvluhg udwh15; Lq whupv ri wkh Wd|oru uxoh/ wkh glvuxswlrq ri fuhglw vxsso| fdq eh wuhdwhg

dv d whpsrudu| orzhulqj ri wkh htxloleulxp uhdo udwh/ zklfk wkh Ihg uhvsrqgv wr e| orzhulqj wkh

ixqgv udwh +uhodwlyh wr uhdglqjv rq rxwsxw dqg lq dwlrq,15< Ixuwkhupruh/ dvvxplqj wkdw �qdqfldo

pdunhwv dqg wkh Ihg glg qrw nqrz zkhq wkh fuhglw fuxqfk zrxog hqg/ wkh shuvlvwhqfh ri wkh

vkrfn zdv xqnqrzq h{ dqwh/ vr lw zrxog qrw kdyh ehhq lqfrusrudwhg lqwr wkh whup vwuxfwxuh163

Vlploduo|/ d zruogzlgh �qdqfldo fulvlv dsshduhg wr sod| d odujh uroh lq orzhulqj udwhv lq 4<<;

dqg 4<<</ dqg frpprglw| sulfh vfduhv sxvkhg udwhv xs lq 4<;;0;< dqg 4<<70<8164 Wkh gxudwlrq

ri wkhvh hslvrglf idfwruv dovr dsshduhg wr eh gl!fxow wr suhglfw h{ dqwh/ dqg wkhlu whuplqdwlrq

zrxog qrw eh lqfrusrudwhg lqwr wkh whup vwuxfwxuh zlwk dq| juhdw fhuwdlqw|1

Dv wklv ghvfulswlrq ri fuhglw fuxqfkhv dqg �qdqfldo fulvhv vkrxog pdnh fohdu/ wkhvh vshfldo

flufxpvwdqfhv ru vkrfnv duh hvvhqwldoo| xqltxh hslvrghv dqg duh qrw ehlqj jhqhudwhg dffruglqj wr

d vlqjoh jlyhq wlph vhulhv surfhvv/ dv vxjjhvwhg e| +914,1 Wkh prgholqj ri wkh vkrfnv wr wkh Wd|oru

uxoh dv d vlqjoh/ zhoo0vshfl�hg DU+4, surfhvv lv vlpso| d frqyhqlhqw hfrqrphwulf dssur{lpdwlrq1

Wklv dssur{lpdwlrq lv plvohdglqj ehfdxvh lw vhhpv wr lpso| wkdw wkh shuvlvwhqfh ri wkh vkrfnv ru

rplwwhg idfwruv fdq eh nqrzq h{ dqwh/ zkhq lq idfw wkh| duh xqltxh hslvrghv1 Lq suhflvho| wklv

vslulw/ iru h{dpsoh/ Jhuodfk dqg Vfkqdeho +5333, surylgh dq dowhuqdwlyh prgholqj vwudwhj| iru

wkhlu hvwlpdwhv ri wkh Wd|oru uxoh iru Hxursh lq wkh 4<<3v�hvvhqwldoo| surylglqj gxpp| yduldeoh

lqwhufhsw vkliwv iru d odujh shuvlvwhqw uxoh ghyldwlrq1 Wkh| �qg +s1 49:, wkdw d Hxurshdq Wd|oru

uxoh �wv txlwh zhoo zlwkrxw dq| sduwldo dgmxvwphqw exw zlwk �1 1 1 gxpplhv iru wkh shulrg

4<<5=604<<6=6 wr frqwuro iru srolf| uhvsrqvhv wr lqwud0Hxurshdq h{fkdqjh pdunhw suhvvxuhv lq

wklv shulrg� Dvvxplqj vxfk gxpplhv duh ri xqnqrzq gxudwlrq h{ dqwh/ dv lv olnho|/ wklv uxoh

5; Nr}lfnl +4<<</ s1 57, dovr pdnhv wkh srlqw wkdw �1 1 1 lqirupdwlrq dqg hyhqwv rxwvlgh wkh vfrsh ri Wd|oru0w|sh
uxoh vshfl�fdwlrqv 1 1 1� riwhq dsshdu wr lq xhqfh srolf| dfwlrqv1 Wklv zrxog eh wurxeolqj li wkh qrq0lqhuwldo
irupv ri Uxohv 4 dqg 5 zhuh wrr sduvlprqlrxv dqg h{foxghg d vhuldoo| fruuhodwhg h{sodqdwru| yduldeoh vxfk dv d
frpprglw| sulfh lqgh{/ vr wkdw wkh shuvlvwhqw vkrfnv uh hfwhg d vhuldoo| fruuhodwhg rplwwhg yduldeoh1 Krzhyhu/
dv qrwhg deryh/ wkh hpslulfdo uhdfwlrq ixqfwlrq olwhudwxuh/ lqfoxglqj prqhwdu| YDUv/ kdv sodfhg wkh suryhueldo
nlwfkhq vlqn rq wkh uljkw0kdqg vlgh lq dwwhpswv wr h{sodlq wkh srolf| udwh/ |hw vhuldoo| fruuhodwhg huuruv uhpdlq/
zklfk duh prghohg wkurxjk odjjhg lqwhuhvw udwhv dqg sduwldo dgmxvwphqw1 Lq dgglwlrq/ d vhuldoo| fruuhodwhg rplwwhg
h{sodqdwru| yduldeoh zrxog surylgh lqirupdwlrq derxw ixwxuh pryhphqwv wkdw zrxog eh lqfrusrudwhg lqwr wkh whup
vwuxfwxuh1

5< Lq frqwudvw wr wkh �vkrfnv� lq wkh YDU olwhudwxuh/ wkhvh ghyldwlrqv iurp wkh uxoh duh xqdqwlflsdwhg dw d
txduwhuo| iuhtxhqf| exw duh qrw h{rjhqrxv ehfdxvh wkh| uhvsrqg wr ghyhorsphqwv lq wkh hfrqp|1

63 Uxghexvfk +4<<;/ �jxuh :, surylghv dq dqdo|vlv ri �qdqfldo pdunhw h{shfwdwlrqv iru wklv sduwlfxodu hslvrgh1
64 Ihghudo Uhvhuyh Jryhuqru Odxuhqfh Ph|hu +4<<</ s1 :, kdg wklv h{sodqdwlrq iru wkh hdvlqj ri srolf| gxulqj

odwh 4<<;= �Wkhuh duh wkuhh ghyhorsphqwv/ hdfk ri zklfk/ L eholhyh/ frqwulexwhg wr wklv ghfolqh lq wkh ixqgv udwh
uhodwlyh wr Wd|oru Uxoh suhvfulswlrq1 Wkh �uvw hyhqw zdv wkh gudpdwlf �qdqfldo pdunhw wxuexohqfh/ iroorzlqj wkh
Uxvvldq ghidxow dqg ghydoxdwlrq1 Wkh ghfolqh lq wkh ihghudo ixqgv udwh zdv/ lq p| ylhz/ dssursuldwh wr r�vhw
wkh vkdus ghwhulrudwlrq lq �qdqfldo pdunhw frqglwlrqv/ lqfoxglqj zlghu sulydwh ulvn vsuhdgv/ hylghqfh ri wljkwhu
xqghuzulwlqj dqg ordq whupv dw edqnv/ dqg vkduso| uhgxfhg oltxlglw| lq �qdqfldo pdunhwv1�

4<



irupxodwlrq zloo dovr pdwfk wkh whup vwuxfwxuh uhvxowv1

:1 Frqfoxvlrq

Hpslulfdo prqhwdu| srolf| uxohv zlwk odujh hvwlpdwhg frh!flhqwv rq wkh odjjhg srolf| lqwhuhvw

udwh/ zklfk duh yhu| suhydohqw lq wkh olwhudwxuh/ duh zlgho| lqwhusuhwhg dv lqglfdwlqj d voxjjlvk

dgmxvwphqw ri wkh srolf| udwh wr lwv ghwhuplqdqwv�rq wkh rughu ri rqo| derxw 53 shufhqw shu

txduwhu1 Wklv sduwldo dgmxvwphqw lpsolhv suhglfwdeoh ixwxuh fkdqjhv lq wkh srolf| udwh ryhu

krul}rqv ri d ihz txduwhuv/ zklfk grhv qrw dffrug zlwk wkh odfn ri lqirupdwlrq derxw vxfk

fkdqjhv lq �qdqfldo pdunhwv1 Wklv sdshu sursrvhv d uhvroxwlrq ri wklv hpslulfdo lqfrqvlvwhqf| e|

surylglqj dq dowhuqdwlyh lqwhusuhwdwlrq ri wkh odujh odj frh!flhqwv lq wkh hvwlpdwhg srolf| uxohv1

Wkhvh frh!flhqwv uh hfw vhuldoo| fruuhodwhg ru shuvlvwhqw vshfldo idfwruv ru vkrfnv wkdw fdxvh

wkh fhqwudo edqn wr ghyldwh iurp wkh srolf| uxoh lq xqsuhglfwdeoh zd|v dqg iru xqsuhglfwdeoh

gxudwlrqv1

Wklv dujxphqw xvhv lqgluhfw whup vwuxfwxuh hylghqfh wr glvplvv wkh sduwldo dgmxvwphqw uxoh1

Dv qrwhg deryh/ lw dsshduv gl!fxow wr ghyhors gluhfw hylghqfh djdlqvw wkh sduwldo dgmxvwphqw uxoh

+lq wkh irup ri qrq0uhmhfwlrq ri wkh � @ 3 k|srwkhvlv,1 Lq sduwlfxodu/ wkh xqfhuwdlqw| lq prgholqj

wkh ghvluhg srolf| udwh/ jlyhq wkh hqgrjhqhlw| ri lwv ghwhuplqdqwv/ wkh uhdo0wlph qdwxuh ri wkh

lqirupdwlrq vhw/ dv zhoo dv vpdoo vdpsohv dydlodeoh/ pdnhv dq| gluhfw hylghqfh iurp hvwlpdwhg

uxohv gl!fxow wr rewdlq1 Iru h{dpsoh/ wkh uxoh zlwk sduwldo dgmxvwphqw dqg wkh uxoh zlwk vhuldoo|

fruuhodwhg vkrfnv erwk dsshdu wr �w wkh gdwd dv hpslulfdo uhdfwlrq ixqfwlrqv1 Krzhyhu/ wkh|

kdyh yhu| gl�huhqw hfrqrplf lqwhusuhwdwlrqv1 Lq wkh iruphu uxoh/ shuvlvwhqw ghyldwlrqv iurp dq

rxwsxw dqg lq dwlrq uhvsrqvh rffxu ehfdxvh srolf|pdnhuv duh vorz wr uhdfw1 Lq wkh odwwhu uxoh/

wkhvh ghyldwlrqv uh hfw wkh srolf|pdnhu*v uhvsrqvh wr rwkhu lq xhqfhv ri xqnqrzq gxudwlrq1 Wkh

wzr w|shv ri uxohv fdq eh glvwlqjxlvkhg/ krzhyhu/ e| wkhlu yhu| gl�huhqw lpsolfdwlrqv iru wkh whup

vwuxfwxuh1 Rqo| wkh vhuldoo| fruuhodwhg vkrfnv uxoh +zlwk hslvrglf ru xqltxh vkrfnv, lv frqvlvwhqw

zlwk wkh klvwrulfdo hylghqfh vkrzlqj wkdw wkh whup vwuxfwxuh lv odujho| xqlqirupdwlyh derxw wkh

ixwxuh frxuvh ri wkh srolf| udwh1

Wkhuh pd| eh rwkhu srvvleoh uhfrqfloldwlrqv ri wkh srolf| uxoh dqg whup vwuxfwxuh hpslulfdo

uhvxowv1 Iru h{dpsoh/ lw pd| eh wkdw wkh udwlrqdo h{shfwdwlrqv k|srwkhvlv ri wkh whup vwuxfwxuh

fdqqrw eh dssolhg dqg wkh dvvrfldwhg whup vwuxfwxuh lqwhusuhwdwlrqv deryh duh vsxulrxv1 Rqh zd|

lq zklfk wklv k|srwkhvlv pd| idlo lv wkdw h{shfwdwlrqv duh qrw udwlrqdo/ exw wklv zrxog xqghuplqh

pdq| dvshfwv ri dq| h{solflwo| iruzdug0orrnlqj pdfurhfrqrplf prgholqj h{huflvh vxfk dv wkh rqh
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deryh1 Ru whup suhpld iru vkruw0whup lqwhuhvw udwhv pd| eh hyhq pruh yrodwloh wkdq dvvxphg

deryh> krzhyhu/ li udwhv duh gulyhq e| yrodwloh whup suhpld/ wkhq lw vhhpv xqolnho| wkdw wkh| fdq

frppxqlfdwh wkh vxewoh h{shfwdwlrqv ri ixwxuh prqhwdu| srolf| dv uhtxluhg lq wkh olwhudwxuh rq

rswlpdo prqhwdu| srolf| lqhuwld1

Lw lv dovr srvvleoh wkdw wkhuh lv vrph lqwhuphgldwh fdvh ri sduwldo dgmxvwphqw/ d �� ru �2 ri

3=7/ vd|/ dorqj zlwk vrph vhuldoo| fruuhodwhg vkrfnv/ wkdw lv qrw vwulfwo| uhmhfwhg e| wkh whup

vwuxfwxuh hylghqfh1 +Qrwh/ iru h{dpsoh/ wkh qrqolqhdulw| lq Iljxuh 41, Krzhyhu/ lw vkrxog eh

qrwhg wkdw zkloh uhdo0zruog glvfxvvlrqv ri prqhwdu| srolf| vrphwlphv phqwlrq wkh �lqfuhphq0

wdolvp� dqg �judgxdolvp� ri vprrwklqj wkh srolf| udwh ryhu wkh qh{w vhyhudo zhhnv/ wkhuh lv qr

dfnqrzohgjphqw ri txduwhuo| lqwhuhvw udwh vprrwklqj165 Dv wkh Qhz \run Wlphv +Mxo| 59/ 5333,

vxppdul}hg ri uhfhqw Frqjuhvvlrqdo whvwlprq|= �Dodq Juhhqvsdq/ wkh Ihghudo Uhvhuyh fkdlu0

pdq/ vdlg wrgd| wkdw wkh fhqwudo edqn*v ghflvlrq derxw zkhwkhu wr udlvh lqwhuhvw udwhv djdlq dw

lwv phhwlqj qh{w prqwk zrxog klqjh lq odujh sduw rq hfrqrplf gdwd uhohdvhg lq frplqj zhhnv1�

Wkdw lv/ wkhuh zdv olwwoh li dq| shqw0xs suhvvxuh iurp wkh sdvw iru ixuwkhu dgmxvwphqw1

Lq ixwxuh uhvhdufk/ wkh hpslulfdo uxohv jlyhq lq Vhfwlrq 9 fdq eh lpsuryhg dv ixuwkhu h�ruw lv

pdgh lq hvwlpdwlqj uxohv zlwkrxw wkh fuxwfk ri sduwldo dgmxvwphqw1 Jlyhq wkh vlplodu hvwlpdwhv

deryh ri jZ dqg j+ dfurvv uxohv/ lw pd| eh wkdw sdvw frqfoxvlrqv derxw wkhvh frh!flhqwv/ dv lq

Fodulgd/ Jdol/ dqg Jhuwohu +5333,/ duh urexvw wr wkh h{dfw irupxodwlrq ri vhuldo fruuhodwlrq lq wkh

uxoh1 Krzhyhu/ wkh odjjhg srolf| udwh/ wkrxjk xvhixo lq prsslqj xs uhvlgxdo vhuldo fruuhodwlrq/

vkrxog qrw eh jlyhq d vwuxfwxudo sduwldo dgmxvwphqw lqwhusuhwdwlrq zlwk uhjdug wr fhqwudo edqn

ehkdylru1 Lq sduwlfxodu/ xvlqj wkh sduwldo dgmxvwphqw uxoh lq d prgho dv d uhsuhvhqwdwlrq ri

klvwrulfdo srolf| +dv lq Ohylq/ Zlhodqg/ dqg Zlooldpv/ 4<<</ dqg pdq| rwkhu vwxglhv, pd| jlyh

yhu| plvohdglqj uhvxowv/ hvshfldoo| derxw wkh qdwxuh ri rswlpdo srolf| lqhuwld1
66

Zlwk uhjdug wr rswlpdolw|/ wkh pdlqwdlqhg k|srwkhvlv ri hfrqrplfv iru fhqwudo edqnv/ dv iru

rwkhu djhqwv lq wkh hfrqrp|/ lv wkdw wkh qrq0lqhuwldo srolf| uxoh dssduhqwo| xvhg lq sudfwlfh lv

rswlpdo/ dqg fhuwdlqo|/ wkh uxoh fdq eh udwlrqdol}hg dv vxfk lq sduwlfxodu prghov dv lq Wdeoh 51

Krzhyhu/ lw vkrxog eh vwuhvvhg wkdw wkhuh duh pdq| dvshfwv ri wkh prqhwdu| srolf| surfhvv vwloo

wr eh prghohg/ hvshfldoo| lpshuihfw fuhglelolw| dqg xqfhuwdlqw| +vhh Uxghexvfk/ 4<<<,1

65 Dqg dv qrwhg lq wkh lqwurgxfwlrq/ prghov ri prqwko| lqwhuhvw udwh vprrwklqj lpso| yhu| olwwoh li dq| txduwhuo|
lqwhuhvw udwh vprrwklqj1

66 Wklv lv wkh ylhz ri Grqdog Nrkq/ d Ihghudo Uhvhuyh uhvhdufk gluhfwru/ zkr glvplvvhv rswlpdo srolf| lqhuwld
+lq Wd|oru/ 4<<</ s1 64:,= �1 1 1 d voxjjlvk uhdfwlrq lv zrunlqj ehwwhu khuh/ lq d iruzdug0orrnlqj prgho/ ehfdxvh
wkh sulydwh vhfwru nqrzv zkdw lv jrlqj rq dqg wkhuhiruh vwdelol}hv wkh hfrqrp|1 Lq wkh uhdo zruog/ wklv lv qrw zkdw
kdsshqv1 Erwk wkh sulydwh vhfwru dqg wkh srolf|pdnhu ohduq judgxdoo| derxw wkh vl}h ri d vkrfn/ zklfk frxog
shukdsv ohdg wr lqvwdelolw| zlwk d vorz srolf| uhdfwlrq1�
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Dovr/ wkh devhqfh ri sduwldo dgmxvwphqw grhv qrw phdq wkdw fhqwudo edqnv duh qrw wu|lqj

wr lq xhqfh orqj0whup lqwhuhvw udwhv1 Krzhyhu/ lq rughu wr lq xhqfh wkh orqj udwh/ fhqwudo

edqnv rqo| pxvw suhvhqw d fohdu sdwk iru wkh srolf| udwh wkdw fdq vkdsh h{shfwhg ixwxuh udwhv1

Wkh sduwldo dgmxvwphqw uxoh surylghv rqh vxfk sdwk/ exw lw lv qrw wkh rqo| rqh1 Dv qrwhg e|

Jrrgiulhqg +4<<4, dqg Uxghexvfk +4<<8,/ dq h{ dqwh frqvwdqw sdwk/ zklfk lv dssur{lpdwho|

zkdw wkh qrq0lqhuwldo uxohv gholyhu/ lv dqrwkhu reylrxv fkrlfh1

Ilqdoo|/ ixuwkhu fduhixo dqdo|vlv ri wkh hpslulfdo srolf| uxoh lv uhtxluhg lq prgholqj dqg

lghqwli|lqj wkh vkrfnv1 Vhfwlrq 9 surylghv d vlpsoh irupxodwlrq iru dgglqj vkrfnv wr d srolf|

uxoh1 D ehwwhu vshfl�fdwlrq pd| olqn shuvlvwhqw vkrfnv lq erwk wkh uxoh dqg wkh uhvw ri wkh

prgho1 D erxw ri fuhglw iulfwlrqv ru lpshglphqwv pd| orzhu wkh htxloleulxp uhdo udwh dqg

surylgh d shuvlvwhqw qhjdwlyh vkrfn wr wkh srolf| uxoh dqg wr wkh rxwsxw htxdwlrq dv zhoo +vhh

Uxghexvfk/ 4<<<,1 Dowhuqdwlyho|/ dq lglrv|qfudwlf lq dwlrq vfduh pd| surylgh d vkrfn wr wkh

uxoh dqg wr lq dwlrq h{shfwdwlrqv pruh eurdgo|1
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18 18 16 13; 164 13< 16; 134 143 138 15;

1< 14 3 135 14< 13; 173 133 13< 13: 16;

1< 16 3 136 154 148 189 134 143 143 177

1< 18 3 13; 164 166 1:: 135 143 148 185

1< 14 16 135 14< 138 163 133 143 137 15:

1< 16 16 135 14< 139 165 133 143 137 15:

1< 18 16 137 154 13: 163 134 143 136 157

Phgldq 136 153 13< 175 134 143 13: 168
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Wdeoh 8

Vhuldoo| Fruuhodwhg Vkrfnv dqg Lqwhuhvw Udwh Iruhfdvwdelolw|

�l|n2 iruhfdvwdelolw| �l|n� iruhfdvwdelolw| a�� ru a�2

Uxoh U
2
u

U
2
L

U
2
u

U
2
L

phdq v1h1

Sdqho D1 Vkrfnv ri Nqrzq Shuvlvwhqfh

4 193 1;< 17; 1;7 1;5 134

5 186 1;3 15< 199 1;4 136

Sdqho E1 Vkrfnv ri Xqnqrzq Shuvlvwhqfh

4 138 157 137 155 16: 139

5 134 145 134 144 16< 13:
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Uhihuhqfhv

^4` Dpdwr/ Mh�hu|/ dqg Wkrpdv Odxedfk +4<<<,/ �Wkh Ydoxh ri Lqwhuhvw Udwh Vprrwklqj= Krz

wkh Sulydwh Vhfwru Khosv wkh Ihghudo Uhvhuyh/� Hfrqrplf Uhylhz/ Ihghudo Uhvhuyh Edqn ri

Ndqvdv/ Wklug Txduwhu/ 7:0971

^5` Dqghuvrq/ Jdu| V1/ dqg Jhrujh Prruh +4<;8,/ �D Olqhdu Dojheudlf Surfhgxuh iru Vroylqj

Olqhdu Shuihfw Iruhvljkw Prghov/� Hfrqrplfv Ohwwhuv 4:/ 57:0851

^6` Edogx}}l/ Slhoxljl/ Jxlvhssh Ehuwrod/ dqg Vloyhulr Iruhvl +4<<:,/ �D Prgho ri Wdujhw

Fkdqjhv dqg wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 6</

556057<1

^7` Eolqghu/ Dodq V1 +4<;9,/ �Pruh rq wkh Vshhg ri Dgmxvwphqw lq Lqyhqwru| Prghov/� Mrxuqdo

ri Prqh|/ Fuhglw dqg Edqnlqj 4;/ 68806981

^8` Fodulgd/ Ulfkdug/ Mrugl Jdol/ dqg Pdun Jhuwohu +4<<;,/ �Prqhwdu| Srolf| Uxohv lq Sudfwlfh=

Vrph Lqwhuqdwlrqdo Hylghqfh/� Hxurshdq Hfrqrplf Uhylhz 75/ 43660439:1

^9` Fodulgd/ Ulfkdug/ Mrugl Jdol/ dqg Pdun Jhuwohu +4<<<,/ �Wkh Vflhqfh ri Prqhwdu| Srolf|=

D Qhz Nh|qhvldq Shuvshfwlyh/� Mrxuqdo ri Hfrqrplf Olwhudwxuh 6:/ 499404:3:1

^:` Fodulgd/ Ulfkdug/ Mrugl Jdol/ dqg Pdun Jhuwohu+5333,/ �Prqhwdu| Srolf| Uxohv dqg Pdfurh0

frqrplf Vwdelolw|= Hylghqfh dqg Vrph Wkhru|/� Txduwhuo| Mrxuqdo ri Hfrqrplfv 448/ 47:0

4;31

^;` Frrn/ Wlprwk| dqg Wkrpdv Kdkq +4<<3,/ �Lqwhuhvw Udwh H{shfwdwlrqv dqg wkh Vorsh ri

wkh Prqh| Pdunhw \lhog Fxuyh/� Hfrqrplf Uhylhz/ Ihghudo Uhvhuyh Edqn ri Ulfkprqg/

Vhsw2Rfw/ 6048

^<` Fxnlhupdq/ Doh{ +4<<9,/ �Zk| Grhv wkh Ihg Vprrwk Lqwhuhvw UdwhvB� lq Prqhwdu| Srolf|

rq wkh :8wk Dqqlyhuvdu| ri wkh Ihghudo Uhvhuyh V|vwhp/ hglwhg e| P1 Ehorjqld/ Ervwrq=

Noxzhu Dfdghplf Sxeolvkhuv/ 444047:1

^43` Grwvh|/ Plfkdho/ dqg Fkulvwrskhu Rwurn +4<<8,/ �Wkh Udwlrqdo H{shfwdwlrqv K|srwkhvlv ri

wkh Whup Vwuxfwxuh/ Prqhwdu| Srolf| dqg Wlph0Ydu|lqj Whup Suhpld/� Hfrqrplf Txdu0

whuo|/ +Ihghudo Uhvhuyh Edqn ri Ulfkprqg,/ ;4+4,/ 980;41

^44` Hlm!qjhu/ V|oyhvwhu/ Hulf Vfkdolqj/ dqgZloohp Yhukdjhq +4<<<,/ �D Wkhru| ri Lqwhuhvw Udwh

Vwhsslqj= Lq dwlrq Wdujhwlqj lq d G|qdplf Phqx Frvw Prgho/� zrunlqj sdshu/ Wloexuj

Xqlyhuvlw|/ 407;1

^45` Hvwuhood/ Duwxur/ dqg Mh�uh| F1 Ixkuhu +4<<;,/ �G|qdplf Lqfrqvlvwhqflhv= Frxqwhuidfwxdo

Lpsolfdwlrqv ri d Fodvv ri Udwlrqdo H{shfwdwlrqv Prghov/� Zrunlqj Sdshu Qr1 <;08/ Ihghudo

Uhvhuyh Edqn ri Ervwrq1

^46` Hydqv/ Fkduohv O1 +4<<;,/ �Uhdo0Wlph Wd|oru Uxohv dqg wkh Ihghudo Ixqgv Ixwxuhv Pdunhw/�

Hfrqrplf Shuvshfwlyhv/ Ihghudo Uhvhuyh Edqn ri Fklfdjr/ Wklug Txduwhu/ 770881

^47` Idlu/ Ud| +5333,/ �Hvwlpdwhg/ Fdoleudwhg dqg Rswlpdo Lqwhuhvw Udwh Uxohv/� pdqxvfulsw/

\doh Xqlyhuvlw|1

^48` Ixkuhu/ Mh�huh| F1 +4<<9,/ �Prqhwdu| Srolf| Vkliwv dqg Orqj0Whup Lqwhuhvw Udwhv/� Wkh

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Qryhpehu/ 44;60453<1
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^49` Ixkuhu/ Mh�uh| F1 +4<<:,/ �Wkh +Xq,Lpsruwdqfh ri Iruzdug0Orrnlqj Ehkdylru lq Sulfh

Vshfl�fdwlrqv/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj +Dxjxvw,/ 66;06831

^4:` Ixkuhu/ Mh�uh| F1 +5333,/ �Kdelw Irupdwlrq lq Frqvxpswlrq dqg Lwv Lpsolfdwlrqv iru

Prqhwdu|0Srolf| Prghov/� Wkh Dphulfdq Hfrqrplf Uhylhz <3/ 69:0<31

^4;` Ixkuhu/ Mh�hu| F1/ dqg Jhrujh U1 Prruh +4<<8,/ �Prqhwdu| Srolf| Wudgh0R�v dqg wkh

Fruuhodwlrq Ehwzhhq Qrplqdo Lqwhuhvw Udwhv dqg Uhdo Rxwsxw/� Dphulfdq Hfrqrplf Uhylhz

;8/ 54<056<1

^4<` Jhuodfk/ Vwhidq/ dqg Jhuw Vfkqdeho +5333,/ �Wkh Wd|oru Uxoh dqg Lqwhuhvw Udwhv lq wkh

HPX Duhd/� Hfrqrplfv Ohwwhuv 9:/ 49804:41

^53` Jrrgiulhqg/ P1 +4<<4,/ �Lqwhuhvw Udwhv dqg wkh Frqgxfw ri Prqhwdu| Srolf|/� Fduqhjlh0

Urfkhvwhu Vhulhv rq Sxeolf Srolf| 67/ :0631

^54` Jrrgiulhqg/ Pduylq/ dqg Urehuw J1 Nlqj +4<<:,/ �Wkh Qhz Qhrfodvvlfdo V|qwkhvlv dqg wkh

Uroh ri Prqhwdu| Srolf|/� lq QEHU Pdfurhfrqrplfv Dqqxdo/ 56405;61

^55` Jrrgkduw/ Fkduohv +4<<:,/ �Zk| Gr wkh Prqhwdu| Dxwkrulwlhv Vprrwk Lqwhuhvw UdwhvB� lq

Hxurshdq Prqhwdu| Srolf|/ hglwhg e| Vwhidq Frooljqrq/ Zdvklqjwrq/ GF= Slqwhu/ 44<04:;1

^56` Jrrgkduw/ Fkduohv +4<<<,/ �Fhqwudo Edqnhuv dqg Xqfhuwdlqw|/� Edqn ri Hqjodqg Txduwhuo|

Exoohwlq 6<+4,/ 43504481

^57` Julolfkhv/ ]yl +4<9:,1 �Glvwulexwhg Odjv= D Vxuyh|/� Hfrqrphwulfd 68/ 4907<1

^58` Kdoo/ Dodvwdlu/ dqg Urehuw M1 Urvdqqd +4<<4,/ �Hvwlpdwlqj wkh Vshhg ri Dgmxvwphqw lq

Sduwldo Dgmxvwphqw Prghov/� Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv </ 7740861

^59` Mhjdghhvk/ Qdudvlpkdq/ dqg Jhrujh J1 Shqqdffkl +4<<9,/ �Wkh Ehkdylru ri Lqwhuhvw Udwhv

Lpsolhg e| wkh Whup Vwuxfwxuh ri Hxurgroodu Ixwxuhv/� Mrxuqdo ri Prqh|/ Fuhglw dqg Edqn0

lqj 5;/ 75307791

^5:` Mxgg/ Mrkq/ dqg Johqq Uxghexvfk +4<<;,/ �Wd|oru*v Uxoh dqg wkh Ihg= 4<:304<<:/� Hfr0

qrplf Uhylhz/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr/ qr1 6/ 60491

^5;` Nr}lfnl/ Vkdurq +4<<<,/ �Krz Xvhixo Duh Wd|oru Uxohv iru Prqhwdu| Srolf|B� Hfrqrplf

Uhylhz/ Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw|/ Vhfrqg Txduwhu/ 80661

^5<` Nxwwqhu/ Nhqqhwk +5333,/ �Prqhwdu| Srolf| Vxusulvhv dqg Lqwhuhvw Udwhv= Hylghqfh iurp

wkh Ihg Ixqgv Ixwxuhv Pdunhw/� pdqxvfulsw/ Ihghudo Uhvhuyh Edqn ri Qhz \run1

^63` Odqvlqj/ Nhylq +5333,/ �Ohduqlqj Derxw d Vkliw lq Wuhqg Rxwsxw= Lpsolfdwlrqv iru Prqh0

wdu| Srolf| dqg Lq dwlrq/� pdqxvfulsw/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr1

^64` Ohylq/ Dqguhz/ Yronhu Zlhodqg/ dqg Mrkq F1 Zlooldpv +4<<<,/ �Urexvwqhvv ri Vlpsoh

Prqhwdu| Srolf| Uxohv xqghu Prgho Xqfhuwdlqw|/� lq Prqhwdu| Srolf| Uxohv/ hglwhg e|

Mrkq E1 Wd|oru/ Fklfdjr= Fklfdjr Xqlyhuvlw| Suhvv/ 59605<<1

^65` Orzh/ Sklols/ dqg Oxf| Hoolv +4<<:,/ �Wkh Vprrwklqj ri R!fldo Lqwhuhvw Udwhv/� lq Prq0

hwdu| Srolf| dqg Lq dwlrq Wdujhwlqj= Surfhhglqjv ri d Frqihuhqfh/ V|gqh|/ Dxvwudold= Uh0

vhuyh Edqn ri Dxvwudold/ 5;906451
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^66` Pdqnlz/ Q1 Juhjru|/ dqg Mh�uh| D1 Plurq +4<;9,/ �Wkh Fkdqjlqj Ehkdylru ri wkh Whup

Vwuxfwxuh ri Lqwhuhvw Udwhv/� Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv 434/ 54405;1

^67` PfFdooxp/ Ehqqhww W1/ dqg Hgzdug Qhovrq +4<<<,/ �Qrplqdo Lqfrph Wdujhwlqj lq dq

Rshq0Hfrqrp| Rswlpl}lqj Prgho/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 76/ 88608:;1

^68` PfPdqxv/ Grxjodv/ D1/ Mrkq F1 Qdqnhuylv/ dqg Q1H1 Vdylq +4<<7,/ �Pxowlsoh Rswlpd dqg

Dv|pswrwlf Dssur{lpdwlrqv lq wkh Sduwldo Dgmxvwphqw Prgho/� Mrxuqdo ri Hfrqrphwulfv

95/ <4045;1

^69` PfQhhv/ Vwhskhq N1 +4<<5,/ �D Iruzdug0Orrnlqj Prqhwdu| Srolf| Uhdfwlrq Ixqfwlrq= Frq0

wlqxlw| dqg Fkdqjh/� Qhz Hqjodqg Hfrqrplf Uhylhz/ Qryhpehu2Ghfhpehu/ 60471

^6:` Ph|hu/ Odxuhqfh +4<<<,/ �Wkh Joredo Hfrqrplf Rxworrn dqg Fkdoohqjhv Idflqj Prqh0

wdu| Srolf| durxqg wkh Zruog/� Uhpdunv dw wkh Dqqxdo Glqqhu ri wkh Vrflhw| ri Exvlqhvv

Hfrqrplvwv/ Iheuxdu| 58/ dydlodeoh dw kwws=22zzz1ihghudouhvhuyh1jry2erduggrfv2vshhfkhv1

^6;` Plvknlq/ Iuhghulf V1 +4<;;,/ �Wkh Lqirupdwlrq lq wkh Whup Vwuxfwxuh= Vrph Ixuwkhu Uh0

vxowv/� Mrxuqdo ri Dssolhg Hfrqrphwulfv 6/ 63:06471

^6<` Prgljoldql/ Iudqfr/ dqg Urehuw Vfkloohu +4<:6,/ �Lq dwlrq/ Udwlrqdo H{shfwdwlrqv dqg wkh

Whup Vwuxfwxuh ri Lqwhuhvw Udwhv/� Hfrqrplfd 73/ 450761

^73` Qhovrq/ Hgzdug +5333,/ �XN Prqhwdu| Srolf| 4<:504<<:= D Jxlgh Xvlqj Wd|oru Uxohv/�

Edqn ri Hqjodqg Zrunlqj sdshu 4531

^74` Ruskdqlghv/ Dwkdqdvlrv +4<<;,/ �Prqhwdu| Srolf| Uxohv Edvhg rq Uhdo0Wlph Gdwd/� zrun0

lqj sdshu/ Ihghudo Uhvhuyh Erdug1

^75` Ruskdqlghv/ Dwkdqdvlrv/ Ulfkdug Sruwhu/ Gdylg Uhlivfkqhlghu/ Urehuw Whworz/ dqg Iuhghulfr

Ilqdq +4<<<,/ �Huuruv lq wkh Phdvxuhphqw ri wkh Rxwsxw Jds dqg wkh Ghvljq ri Prqhwdu|

Srolf|/� Mrxuqdo ri Hfrqrplfv dqg Exvlqhvv 85/ 44:0751

^76` Shhuvpdq/ Jhuw/ dqg Iudqn Vphwv +4<<<,/ �Wkh Wd|oru Uxoh= D Xvhixo Prqhwdu| Srolf|

Ehqfkpdun iru wkh Hxur DuhdB� Lqwhuqdwlrqdo Ilqdqfh 5 / ;804491

^77` Urehuwv/ Mrkq P1 +4<<8,/ �Qhz Nh|qhvldq Hfrqrplfv dqg wkh Skloolsv Fxuyh/� Mrxuqdo ri

Prqh| dqg Edqnlqj +Qryhpehu,/ <:80<;71

^78` Urwhpehuj/ Mxolr/ dqg Plfkdho Zrrgirug +4<<<,/ �Lqwhuhvw Udwh Uxohv lq dq Hvwlpdwhg

Vwlfn| Sulfh Prgho/� lqPrqhwdu| Srolf| Uxohv/ hglwhg e| Mrkq E1 Wd|oru/ Fklfdjr= Fklfdjr

Xqlyhuvlw| Suhvv/ 8:044<1

^79` Uxghexvfk/ Johqq +4<<8,/ �Ihghudo Uhvhuyh Lqwhuhvw Udwh Wdujhwlqj/ Udwlrqdo H{shfwdwlrqv/

dqg wkh Whup Vwuxfwxuh/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 68/ 57805:71

^7:` Uxghexvfk/ Johqq G1 +4<<;,/ �Gr Phdvxuhv ri Prqhwdu| Srolf| lq d YDU Pdnh VhqvhB�

Lqwhuqdwlrqdo Hfrqrplf Uhylhz 6</ <3:0<641

^7;` Uxghexvfk/ Johqq G1 +4<<<,/ �Lv wkh Ihg Wrr WlplgB Prqhwdu| Srolf| lq dq Xqfhuwdlq

Zruog/� Zrunlqj Sdshu <<038/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr/ iruwkfrplqj lq wkh

Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv1
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^7<` Uxghexvfk/ Johqq G1 +5333,/ �Dvvhvvlqj Qrplqdo Lqfrph Uxohv iru Prqhwdu| Srolf| zlwk

Prgho dqg Gdwd Xqfhuwdlqw|/� Zrunlqj Sdshu 5333036/ Ihghudo Uhvhuyh Edqn ri Vdq Iudq0

flvfr1

^83` Uxghexvfk/ Johqq G1/ dqg Oduv H1R1 Vyhqvvrq +4<<<,/ �Srolf| Uxohv iru Lq dwlrq Wdujhw0

lqj/� lq Prqhwdu| Srolf| Uxohv/ hglwhg e| Mrkq E1 Wd|oru/ Fklfdjr= Fklfdjr Xqlyhuvlw|

Suhvv/ 53605791

^84` Vdfn/ Euldq +4<<;, �Xqfhuwdlqw|/ Ohduqlqj dqg Judgxdo Prqhwdu| Srolf|/� IHGV zrunlqj

sdshu 67/ Ihghudo Uhvhuyh Erdug1

^85` Vdfn/ Euldq +5333,/ �Grhv wkh Ihg Dfw Judgxdoo|B D YDU Dqdo|vlv/� Mrxuqdo ri Prqhwdu|

Hfrqrplfv 79/ 55<05891

^86` Vdfn/ Euldq/ dqg Yronhu Zlhodqg +5333,/ �Lqwhuhvw Udwh Vprrwklqj dqg Rswlpdo Prqhwdu|

Srolf|= D Uhylhz ri Uhfhqw Hpslulfdo Hylghqfh/� Mrxuqdo ri Hfrqrplfv dqg Exvlqhvv 85/

538055;1

^87` Vphwv/ Iudqn +4<<<,/ �Rxwsxw Jds Xqfhuwdlqw|= Grhv Lw Pdwwhu iru wkh Wd|oru UxohB� lq

Prqhwdu| Srolf| Xqghu Xqfhuwdlqw|/ hglwhg e| Ehqmdplq Kxqw dqg Dguldq Ruu/ Zhoolqjwrq/

Qhz ]hdodqg= Uhvhuyh Edqn ri Qhz ]hdodqg/ 4305<1

^88` Vùghuvwuùp/ Xoi +5333,/ �Vkrxog Fhqwudo Edqnv Eh Pruh DjjuhvvlyhB� pdqxvfulsw/ Fhqwudo

Edqn ri Vzhghq1

^89` Vyhqvvrq/ Oduv H1R1 +4<<<d,/ �Lq dwlrq Wdujhwlqj= Vrph H{whqvlrqv/� Vfdqglqdyldq Mrxuqdo

ri Hfrqrplfv 434/ 66:06941

^8:` Vyhqvvrq/ Oduv H1R1 +4<<<e,/ �Lq dwlrq Wdujhwlqj dv d Prqhwdu| Srolf| Uxoh/� Mrxuqdo ri

Prqhwdu| Hfrqrplfv 76/ 93:09871

^8;` Wd|oru/ Mrkq E1 +4<<6,/ �Glvfuhwlrq yhuvxv Srolf| Uxohv lq Sudfwlfh/� Fduqhjlh0Urfkhvwhu

Frqihuhqfh Vhulhv rq Sxeolf Srolf| 6</ 4<805471

^8<` Wd|oru/ Mrkq E1 +4<<<,/ +hg1,/ Prqhwdu| Srolf| Uxohv/ Fklfdjr/ LO= Fklfdjr Xqlyhuvlw|

Suhvv1

^93` Zdovk/ Fduo H1 +4<<;,/ Prqhwdu| Wkhru| dqg Srolf|/ Fdpeulgjh PD= PLW Suhvv1

^94` Zrrgirug/ Plfkdho +4<<9,/ �Frqwuro ri wkh Sxeolf Ghew= D Uhtxluhphqw iru Sulfh Vwdelo0

lw|B� QEHU Zrunlqj Sdshu Qr1 8<;71

^95` Zrrgirug/ Plfkdho +4<<<,/ �Rswlpdo Prqhwdu| Srolf| Lqhuwld/� Wkh Pdqfkhvwhu Vfkrro

Vxssohphqw/ 40681
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Figure 1
Interest Rate Forecastability and Policy Inertia
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