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Vrph Ilvfdo Lpsolfdwlrqv ri Prqhwdu| Srolf|

Kduulv Ghoodv

Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| ri Ehuq

Nhylq G1 Vdo|hu

Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| ri Fdoliruqld/ Gdylv

Dsulo 5334

Devwudfw

Zh vwxg| wkh lpsolfdwlrqv ri dowhuqdwlyh prqhwdu| wdujhwlqj surfhgxuhv iru uhdo lqwhuhvw

udwhv dqg hfrqrplf dfwlylw|1 Zh �qg wkdw frxqwhuf|folfdo prqhwdu| srolf| uxohv ohdg wr kljkhu

uhdo lqwhuhvw udwhv/ kljkhu dyhudjh wd{ udwhv/ orzhu rxwsxw exw orzhu yduldelolw| ri wd{ udwhv dqg

frqvxpswlrq uhodwlyh wr surf|folfdo uxohv1 Iru d frxqwu| zlwk d kljk ohyho ri sxeolf ghew +h1j1

Lwdo|,/ wkh dgrswlrq ri d frxqwhuf|folfdo surfhgxuh vxfk dv lqwhuhvw udwh shjjlqj pd| frqfhlydeo|

udlvh sxeolf ghew vhuylflqj frvwv e| pruh wkdq kdoi d shufhqwdjh srlqw ri JQS1 Rxu dqdo|vlv

vxjjhvwv wkdw wkh fxuuhqw ghedwh rq wkh wdujhwlqj surfhgxuhv ri wkh Hxurshdq Fhqwudo Edqn

rxjkw wr eh eurdghqhg wr lqfoxgh d glvfxvvlrq ri wkh �vfdo lpsolfdwlrqv ri prqhwdu| srolf|14

4Zh duh lqghewhg wr vhplqdu sduwlflsdqwv dw wkh Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv dqg wkh Zhvwhuq Hfrqrplf
Dvvrfldwlrq phhwlqjv iru khosixo frpphqwv1 Lq dgglwlrq/ wzr dqrq|prxv uhihuhhv lpsuryhg vljql�fdqwo| wkh
h{srvlwlrq ri wkh sdshu1



41 Lqwurgxfwlrq

Wkh lq xhqfh ri prqhwdu| srolf| rq uhdo yduldeohv lv d fodvvlf lvvxh dqg kdv qdwxudoo| dwwudfwhg

hqruprxv wkhruhwlfdo dqg hpslulfdo vfuxwlq|1 Dq lpsruwdqw vxevhw ri wklv olwhudwxuh kdv ehhq

ghyrwhg wr wkh lqyhvwljdwlrq ri wkh uhodwlrqvkls ehwzhhq prqh| dqg lqwhuhvw udwhv/ dqg lq sdu0

wlfxodu wr wkh lvvxh ri qhxwudolw|/ wkdw lv/ zkhwkhu fkdqjhv lq wkh qrplqdo prqh| vwrfn d�hfw

uhdo lqwhuhvw udwhv +Iulhgpdq dqg Vfkzduw} +4<96,/ Wrelq +4<98,/ Vlgudxvnl +4<9:,/ Kdudi dqg

Fdjdq +4<<3,> vhh dovr wkh uhihuhqfhv lq Ruskdqlghv dqg Vrorz +4<<3, dqg Zrrgirug +4<<3,,15

Uhjduglqj wklv lvvxh lw lv qrz dffhswhg wkdw orqj whup uhdo udwhv duh/ iru sudfwlfdo sxusrvhv/ eh0

|rqg wkh lq xhqfh ri wkh vxsso| ri prqh|> wkh| duh lqvwhdg lq xhqfhg e| whfkqrorjlfdo idfwruv/

suhihuhqfhv/ ghprjudsklfv dqg wd{ srolflhv hwf16 Zkloh wkhuh lv vrph glvdjuhhphqw shuwdlqlqj wr

wkh lpsruwdqfh ri prqhwdu| idfwruv iru vkruw whup lqwhuhvw udwhv/ wkh pdmrulw| ylhz fodlpv vlj0

ql�fdqw qrq0qhxwudolwlhv wkdw dulvh iurp hlwkhu sulfh uljlglwlhv/ lpshuihfw lqirupdwlrq/ ru wudglqj

iulfwlrqv1

Wkh remhfwlyh ri wklv sdshu lv wr vwxg| wkh h�hfwv wkdw prqhwdu| srolf| kdv iru lqwhuhvw

udwhv dqg wkh exughq ri jryhuqphqw ghew zlwklq d vlpsoh hfrqrp| lq zklfk wkh suredelolw|

5 Lw lv lpsruwdqw wr vwdwh dw wkh rxwvhw suhflvho| zkdw zh phdq e| prqhwdu| qhxwudolw|1 Zh xvh wkh iroorzlqj
wd{rqrp|1 Zlwklq wkh frqwh{w ri qrq0vwrfkdvwlf/ vwdwlf hfrqrplhv qhxwudolw| uhihuv wr wkh h�hfwv fdxvhg e|
fkdqjhv lq wkh prqh| vwrfn1 Lq ghwhuplqlvwlf g|qdplf hfrqrplhv/ dqdo|vlv ri wkh h�hfwv ri fkdqjhv lq wkh
prqhwdu| jurzwk udwh lv uhihuuhg wr dv vxshuqhxwudolw|1 Wklv frqfhsw h{whqgv wr g|qdplf/ vwrfkdvwlf vhwwlqjv/
l1h1 wkrvh fkdudfwhul}hg e| udqgrpqhvv lq wkh jurzwk udwh ri prqh|/ zkhq fkdqjhv lq wkh xqfrqglwlrqdo phdq
ri prqh| jurzwk duh vwxglhg1 Zkhq wkh h�hfwv ri d sduwlfxodu uhdol}dwlrq ri wkh prqh| jurzwk udwh duh vwxglhg/
wklv dqdo|vlv lv d txhvwlrq ri g|qdplf qhxwudolw|1

6Ri frxuvh/ wkhuh h{lvw qxphurxv prqhwdu| prghov zkhuh prqhwdu| vxshuqhxwudolw| euhdnv grzq +iru vrph
uhsuhvhqwdwlyh prghov/ vhh Vwrfnpdq +4<;3,/ Dvfkdxhu dqg Juhhqzrrg +4<;6,,1 Lq vslwh ri wkhvh wkhruhwlfdo
ghprqvwudwlrqv/ d frqylqflqj hpslulfdo grfxphqwdwlrq ri qrq0qhjoljleoh h�hfwv ri prqh| jurzwk rq wkh doorfdwlrq
ri uhvrxufhv lv odfnlqj1 Iru lqvwdqfh/ vhh Frroh| dqg Kdqvhq*v +4<;<, dqdo|vlv ri wkh lq dwlrq wd{ lq d fdvk0lq0
dgydqfh hfrqrp|1
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glvwulexwlrq ri prqh| lv qrw ghjhqhudwh1 Xqolnh wkh pdmrulw| ri h{lvwlqj dqdo|vhv fdvw zlwklq

vwrfkdvwlf vhwwlqjv/ zh irfxv rq wkh uroh ri wkh vhfrqg prphqwv ri prqh| jurzwk udwkhu wkdq

wkh �uvw1 Wklv doorzv xv wr uhodwh f|folfdo prqhwdu| srolf| wr uhdo hfrqrplf dfwlylw|1 Wr lvrodwh

wkh frqwulexwlrq ri prqhwdu| srolflhv dv lw uhodwhv wr wkh exvlqhvv f|foh zh frqgxfw wkh dqdo|vlv

zlwklq d prgho lq zklfk wkh �uvw prphqw ri prqh| grhv qrw d�hfw uhdo yduldeohv> wkdw lv/ prqh|

lv qhxwudo lq wkh wudglwlrqdo vhqvh1 Zh wkhq dvn zkhwkhu dowhuqdwlyh prqhwdu| srolf| surfhgxuhv

surgxfh gl�huhqfhv lq wkh ehkdylru ri uhdo yduldeohv dqg wkh doorfdwlrq ri uhvrxufhv1 D qhjdwlyh

uhvsrqvh wr wklv txhvwlrq lpsolhv d eurdghqlqj ri wkh wudglwlrqdo frqfhsw ri qhxwudolw|1

Zh frpsduh dowhuqdwlyh prqhwdu| srolf| uxohv zlwklq d vwrfkdvwlf fdvk0lq0dgydqfh prgho zlwk

whfkqrorjlfdo dqg �vfdo xqfhuwdlqw|1 Zlwklq wklv hqylurqphqw/ zh ghprqvwudwh wkdw wkh fkrlfh ri

wkh srolf| uxoh grhv lqghhg pdwwhu hyhq wkrxjk wkh hfrqrp| h{klelwv g|qdplf qhxwudolw|1 Rqh

lpsruwdqw uhdvrq iru wklv uhvxow lv wkdw/ lq wkh suhvhqfh ri xqfhuwdlqw|/ gl�huhqw prqhwdu| srolf|

uxohv lpso| gl�huhqw ydoxhv iru ulvn suhpld rq qrplqdo dvvhwv17 Dffruglqj wr wkh frqvxpswlrq0

edvhg fdslwdo dvvhw sulflqj prgho/ wkh ulvn suhplxp rq d qrplqdo dvvhw ghshqgv rq wkh fryduldqfh

ehwzhhq frqvxpswlrq dqg wkh lq dwlrq udwh1 Zkhq wkh hfrqrp| lv vxemhfw wr h{rjhqrxv vkrfnv/

wklv fryduldqfh fdq eh d�hfwhg e| prqhwdu| srolf| uhjdugohvv ri zkhwkhu frqvxpswlrq lv lqyduldqw

wr d fkdqjh lq wkh vxsso| ri prqh| +dv lw lv xqghu prqh| qhxwudolw| lq wkh fodvvlfdo prgho, ru qrw

+dv lw lv lq wkh Nh|qhvldq prgho,1 Zh vkrz wkdw d surf|folfdo prqhwdu| srolf| lv dvvrfldwhg zlwk

orzhu dyhudjh uhdo lqwhuhvw udwhv uhodwlyh wr wkrvh lq dq hfrqrp| zlwk d frxqwhuf|folfdo srolf|1

Rqh fdq irfxv rq vhyhudo hpslulfdo lpsolfdwlrqv ri wklv uhvxow frqfhuqlqj wkh uhodwlrqvkls

7Wkh uroh ri prqhwdu| srolf| lq lq xhqflqj uhodwlyh sulfhv +h1j1 uhdo lqwhuhvw udwhv, kdv ehhq lqyhvwljdwhg e|
dprqj rwkhuv/ Oxfdv +4<;5,/ OhUr| +4<;7,/ dqg Vyhqvvrq +4<;8,1 Wkrvh vwxglhv/ krzhyhu/ hpsor|hg h{fkdqjh
hfrqrplhv 0 vr wkhuh duh qr uhshufxvvlrqv iru wkh doorfdwlrq ri uhvrxufhv 0 dqg/ pruhryhu/ wkh| glg qrw dgguhvv
h{solflwo| wkh lvvxh ri krz wkh f|folfdo surshuwlhv ri wkh prqh| vxsso| d�hfw uhodwlyh sulfhv1
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ehwzhhq wkh doorfdwlrq ri uhvrxufhv dqg wkh fkrlfh ri wkh srolf| uhjlph1 Wkhuh duh/ krzhyhu/ wzr

dvshfwv wkdw vhhp sduwlfxoduo| lqwhuhvwlqj1 Wkh �uvw uhjdugv d �vfdo frqvlghudwlrq ri reylrxv

sudfwlfdo lpsruwdqfh1 Li dowhuqdwlyh prqhwdu| srolflhv ohdg wr gl�huhqw dyhudjh uhdo lqwhuhvw

udwhv wkhq wkh| zloo dovr ohdg wr gl�huhqfhv lq wkh vl}h ri lqwhuhvw sd|phqwv +dqg khqfh wd{

uhyhqxhv, uhtxluhg iru vhuylflqj sxeolf ghew18 Iru h{dpsoh/ frqvlghu d frxqwu| vxfk dv Lwdo|1 Li

lwv dyhudjh uhdo udwhv rq sxeolf ghew xqghu d frxqwhuf|folfdo uxoh duh kljkhu e| �iw| edvlv srlqwv

0dqg rxu fdoleudwlrq uhvxowv lqglfdwh wkdw vxfk d �jxuh lv txlwh sodxvleoh0 wkhq wkh dgrswlrq ri

d frxqwhuf|folfdo uxoh pd| lpsrvh dq dqqxdo frvw rq wkh �vfdo dxwkrulwlhv rq wkh rughu ri d kdoi

wr rqh shufhqw ri JQS1 Wklv lv txlwh vxevwdqwldo19

Wkh vhfrqg lpsruwdqw frqvhtxhqfh frphv iurp wkh uhodwlrqvkls ehwzhhq kljkhu ghew sd|0

phqwv dqg wkh dvvrfldwhg wd{ exughq1 Gl�huhqfhv lq dyhudjh wd{ uhyhqxhv dfurvv dowhuqdwlyh

prqhwdu| srolf| uhjlphv zloo wudqvodwh lqwr gl�huhqfhv lq dyhudjh wd{ udwhv +dqg khqfh lq gl�hu0

hqfhv lq wkh wd{ exughq ri sxeolf ghew,1: Dv kljkhu wd{hv glvfrxudjh hfrqrplf dfwlylw|/ gl�huhqw

prqhwdu| uhjlphv zloo dovr fduu| gl�huhqw frvwv lq whupv ri uhdo lqfrph1 Rxu uhvxowv vxjjhvw

wkdw frxqwhuf|folfdo prqh| uxohv zloo eh wkh prvw frvwo| lq whupv ri uhvrxufh doorfdwlrq dqg uhdo

lqfrph orvvhv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh ehqfkpdun fdvh ri

ulvn suhpld lq wkh prgho zlwk oxps vxp wd{hv zkloh Vhfwlrq 6 lqwurgxfhv glvwruwlrqdu| wd{hv1

Frqfoxglqj uhpdunv duh r�huhg lq Vhfwlrq 71

8Wklv vwdwhphqw lv pdgh xqghu wkh surylvr wkdw wkhuh duh qr r�vhwwlqj gl�huhqfhv lq dyhudjh vhljqlrudjh
froohfwlrq dfurvv srolf| uxohv1

9Uhfhqw hvwlpdwhv ri wkh lq dwlrq ulvn suhplxp lq wkh X1N1 e| Vkhq +4<<;, duh rq wkh rughu ri 433 edvlv
srlqwv lpso|lqj hyhq juhdwhu �vfdo lpsolfdwlrqv1

:Djdlq wklv lv frqglwlrqdo rq dvvxplqj vhljqlrudjh lv htxdo dfurvv srolf| uhjlphv1
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51 Oxps0Vxp Wd{hv

Lw lv dvvxphg wkdw wkh hfrqrp| lv srsxodwhg e| lghqwlfdo/ lq�qlwho| olyhg lqglylgxdov zkr surgxfh

d vlqjoh/ shulvkdeoh shuihfwo| glylvleoh jrrg1 Wkh uhsuhvhqwdwlyh djhqw*v ohyho ri xwlolw| ghshqgv

rq frqvxpswlrq dqg ohlvxuh dqg lv vhsdudeoh erwk lqwhuwhpsrudoo| dqg lqwudwhpsrudoo|1 Wkh

djhqw*v h{shfwhg glvfrxqwhg vxp ri olihwlph xwlolw| lv jlyhq e|=

H3

4[
w@3

�w^x+fw, . y+4� qw,` +514,

zkhuh H lv wkh h{shfwdwlrqv rshudwru/ � 5 +3> 4, lv wkh glvfrxqw idfwru/ x+�, dqg y+�, duh xwlolw|

ixqfwlrqv vdwlvi|lqj wkh vwdqgdug frqglwlrqv/ fw lv frqvxpswlrq dqg +4� qw, lv ohlvxuh lq shulrg

w1

Surgxfwlrq lv fduulhg rxw e| lghqwlfdo/ shuihfwo| frpshwlwlyh �upv dffruglqj wr wkh vwrfkdvwlf

surgxfwlrq whfkqrorj|

|w @ }wi+qw, +515,

zkhuh i+�, lv d surgxfwlrq ixqfwlrq zlwk wkh vwdqgdug surshuwlhv/ qw dqg |w duh zrun h�ruw dqg

rxwsxw uhvshfwlyho| dqg }w A 3 lv dq l1l1g1 whfkqrorjlfdo +surgxfwlylw|, vkrfn1 Wkh �upv* klulqj

ghflvlrqv duh dvvxphg wr eh pdgh diwhu revhuylqj wkh ydoxh ri wkh vkrfn1

Prqh| hqwhuv yld d fdvk0lq0dgydqfh frqvwudlqw wkdw uhtxluhv frqvxpswlrq jrrgv wr eh sxu0

fkdvhg zlwk fdvk1 Prqh| lv lqmhfwhg lqwr +ru zlwkgudzq iurp, wkh hfrqrp| e| wkh jryhuqphqw

wkurxjk oxps0vxp wudqvihuv1 Lq dgglwlrq/ wkh jryhuqphqw lpsrvhv oxps0vxp wd{hv +pdnhv oxps0

vxp wudqvihuv,/ lvvxhv rqh shulrg qrplqdo sxeolf ghew dqg idfhv dq h{rjhqrxvo| jlyhq vwuhdp ri
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sxeolf h{shqglwxuh1; Olnh sulydwh djhqwv/ wkh jryhuqphqw lv dovr vxemhfw wr d fdvk0lq0dgydqfh

frqvwudlqw zkhq sxufkdvlqj jrrgv1 Lq dgglwlrq wr prqh| dqg qrplqdo sxeolf ghew/ lqglylgxdov

duh dvvxphg wr krog htxlw| vkduhv lq wkh �upv1 Rwkhu dvvhwv fdq eh doorzhg surylghg wkhlu

lqwurgxfwlrq grhv qrw xqghuplqh wkh h{lvwhqfh ri wkh fdvk0lq0dgydqfh frqvwudlqw dqg qrplqdo

sxeolf ghew1

Wkh vhwxs ri wkh prgho vr idu kdv ehhq vwdqgdug1< Li zh frqwlqxh wr iroorz wkh wudglwlrqdo

urxwh lq wkh vshfl�fdwlrq ri wkh wlplqj ri pdunhwv dqg wudqvdfwlrqv wkhq lw lv zhoo nqrzq wkdw

prqh| zloo qrw eh vxshuqhxwudo ru g|qdplfdoo| qhxwudo1 Wklv lv gxh wr wkh idfw wkdw/ lq vxfk

d vshfl�fdwlrq/ qrplqdo oderu lqfrph lv uhfhlyhg zlwk d rqh shulrg odj lpso|lqj wkh frqwhp0

srudqhrxv oderu0ohlvxuh fkrlfh zloo eh vhqvlwlyh wr wkh h{shfwhg lq dwlrq udwh dqg khqfh wkh

qrplqdo lqwhuhvw udwh +vhh h1j1/ Dvfkdxhu dqg Juhhqzrrg +4<;6,,1 Wklv euhdngrzq ri g|qdplf

dqg vxshu0qhxwudolw| lq fdvk0lq0dgydqfh prghov zlwk yduldeoh idfwruv ri surgxfwlrq lv zhoo hv0

wdeolvkhg +Zlovrq +4<:<,/ Vwrfnpdq +4<;3,,1 Lq frqwudvw wr wklv olwhudwxuh/ rxu remhfwlyh �

dqg ydoxhg dgghg ri wklv sdshu � lv wr lqyhvwljdwh wkh lpsolfdwlrqv ri wkh f|folfdo frqgxfw ri

prqhwdu| srolf|> wkdw lv/ vhfrqg udwkhu wkdq �uvw prphqw h�hfwv1 Wkh ehvw zd| ri fduu|lqj rxw

wklv wdvn lv e| holplqdwlqj dq| �uvw prphqw h�hfwv1 Frqvhtxhqwo|/ zh zloo rshudwh zlwk d wlplqj

ri pdunhwv wkdw jhqhudwhv vwdqgdug qhxwudolw| e| holplqdwlqj wkh lq dwlrq wd{ rq oderu lqfrph1

Wkhuh duh vhyhudo vshfl�fdwlrqv wkdw zloo surgxfh wklv> zh glvfxvv rqh ri wkhp ehorz1

Hdfk shulrg lv glylghg lqwr wkuhh vxe0shulrgv ru vhvvlrqv1 Wkh �uvw rffxuv dw wkh ehjlqqlqj

ri wkh shulrg> dw wklv wlph/ wkh oderu pdunhw rshqv dqg �upv pdnh wkhlu klulqj ghflvlrqv diwhu

;Wkh dvvxpswlrq ri vkruw whup ghew lv frqyhqlhqw lq wkdw lw grhv qrw lqwurgxfh whup vwuxfwxuh frqvlghudwlrqv
lqwr rxu dqdo|vlv1 Krzhyhu/ lw lv qrw fulwlfdo iru rxu uhvxowv1

<Wkh prgho lv edvlfdoo| d vwrfkdvwlf yduldqw ri Zlovrq +4<:<,1 Krzhyhu/ dv ghvfulehg ehorz/ zh prgli| wkh
vhwxs vr wkdw prqh| lv vxshuqhxwudo/ l1h1 wkh lq dwlrq wd{ rq oderu hduqlqjv lv holplqdwhg1

9



kdylqj revhuyhg wkh fxuuhqw uhdol}dwlrq ri wkh whfkqrorjlfdo vkrfn1 Dw wkh vdph wlph/ wkh zrunhuv

pdnh wkhlu ohlvxuh0frqvxpswlrq ghflvlrq1 Wkh lqirupdwlrq vhw dw wklv srlqw frqwdlqv lqirupdwlrq

rq wkh ydoxh ri jryhuqphqw h{shqglwxuh/ wd{hv +wudqvihuv,/ ghew lvvxhv/ dqg wkh prqh| vxsso|1

Khqfh/ wkhuh lv qr orqjhu dq| xqfhuwdlqw| ohiw lq wkh v|vwhp dqg wkh fxuuhqw shulrg sulfh ohyho lv

nqrzq1

Lq wkh vhfrqg vhvvlrq/ wkh iroorzlqj hyhqwv wdnh sodfh= �upv surgxfh rxwsxw zkloh wkh jry0

huqphqw uhwluhv rxwvwdqglqj ghew/ lvvxhv qhz erqgv/ ohylhv oxps0vxp wd{hv dqg pdnhv oxps0vxp

wudqvihuv1 Gxulqj wkh vdph vhvvlrq wkh �upv glvwulexwh wkh sur�wv dqg sd| wkh vdodulhv wkdw duh

dvvrfldwhg zlwk fxuuhqw surgxfwlrq1 Wkhvh sd|phqwv duh �qdqfhg e| wkh uhyhqxh hduqhg gxulqj

wkh suhylrxv shulrg1 Lq rughu wr pdnh vxuh wkdw wkh �upv kdyh hqrxjk fdvk wr fryhu fxuuhqw

surgxfwlrq frvwv zh doorz wkhp wr lvvxh dq dvvhw wkdw pd| pdnh qhjdwlyh glylghqg sd|phqwv wr

lwv kroghuv1 Ilqdoo|/ gxulqj wklv vhvvlrq wkh frqvxphuv ghflgh krz pxfk fdvk wr sxw dvlgh wr eh

xvhg iru sxufkdvlqj frqvxpswlrq odwhu gxulqj wkh jrrgv pdunhw1

Wkh wklug wudglqj vhvvlrq wdnhv sodfh lq wkh jrrgv pdunhw gxulqj zklfk erwk wkh jryhuqphqw

dqg frqvxphuv ex| jrrgv iurp wkh �upv1zlwk fxuuhqw fdvk kroglqjv1

Zh vxppdul}h ehorz wkh vhtxhqfh ri hyhqwv zlwklq hdfk shulrg1 Pw> pw> Ef
w > Ej

w > Ww>

sw> Uw> zw/ duh wkh vxsso| ri prqh|/ lqglylgxdo prqh| kroglqjv/ wkh txdqwlw| ri sxeolf ghew

ghpdqghg e| wkh frqvxphuv/ wkh txdqwlw| ri sxeolf ghew vxssolhg e| wkh jryhuqphqw/ oxps0vxp

wd{hv +wudqvihuv,/ sulfh ohyho/ lqwhuhvw udwh rq sxeolf ghew/ dqg oderu zdjh uhvshfwlyho|1 Doo wkhvh

yduldeohv duh lq qrplqdo whupv1 Wkh lqglylgxdo dovr krogv wzr w|shv ri vwrfnv= wkh �uvw vwrfn/

ri zklfk kh krogv nw xqlwv/ hqwlwohv klp wr uhfhlyh d vkduh ri wkh sur�wv ri wkh �up> wkh rwkhu/

ri zklfk kh krogv �w xqlwv/ sd|v d glylghqg wkdw lv htxdo wr wkh gl�huhqfh ehwzhhq wkh fdvk wkh

�up kdv dw lwv glvsrvdo ehiruh vhoolqj lwv jrrgv wr wkh frqvxphuv dqg wkh zdjh eloo +wkh wrwdo

:



qxpehu ri vkduhv lq qrupdol}hg wr eh htxdo wr xqlw|,1 Wkh wzr w|shv ri htxlw| wudgh dw wkh sulfh

ri T4w dqg T5w uhvshfwlyho|1

Wklv ghvfulswlrq lpsolhv wkh iroorzlqj fkurqrorj|=

Wdeoh 4= Wlplqj ri hyhqwv lq hdfk shulrg

Vhvvlrq 4= }w revhuyhg Vhvvlrq 5 Vhvvlrq 6

Djhqwv= fkrrvh +fw> qw>pw, Djhqwv= pw � swfw

Ilupv= fkrrvh +qw, Ilupv= sd| +zw> �w> &w, Ilupv= vhoo |w

Jryw1= vhw +Ww> E
j
w >Pw, Jryw1= p�

w � swjw

Wklv lpsolhv wkh iroorzlqj frqvwudlqwv=

Wkh �up pdnhv vdodu| dqg sur�w sd|phqwv zlwk prqh| uhfhlyhg iurp vdohv lq wkh suhylrxv

shulrg dqg wkh +srvvleo| qhjdwlyh, glylghqg sd|phqwv dvvrfldwhg zlwk wkh vhfrqg w|sh ri htxlw|

glvfxvvhg deryh1 Wkhuhiruh lwv exgjhw frqvwudlqw lv

sw�4|w�4 @ zwqw . �w . &w +516,

zkhuh &w � +sw�4|w�4�zwqw��w,= Qrwh wkdw wklv txdqwlw| lv wuhdwhg dv jlyhq e| wkh djhqwv1

Wkh exgjhw frqvwudlqw ri wkh zrunhu2frqvxphu lv=

zwqw . nw�4+�w .T4w, . �w�4 +&w .T5w, . +4 .Uw�4,E
f
w�4 . +pw�4 � sw�4fw�4,� swWw

� Ef
w .pw .T4wnw .T5w�w

+517,

Wkh exgjhw frqvwudlqw ri wkh jryhuqphqw lv=

;



p�
w @ Pw �Pw�4 � +4 .Uw�4,E

j
w�4 .Ej

w . swWw +518,

zkhuh p- lv fdvk xvhg wr �qdqfh jryhuqphqw sxufkdvhv +ghqrwhg jw, dqg W ghqrwhv +uhdo, wd{hv

ru wudqvihuv1 Dv zh duh devwudfwlqj iurp wkh rswlpdo ghwhuplqdwlrq ri �vfdo dqg prqhwdu| srolf|

zh zloo dvvxph wkdw wkh sdwkv ri jw +zlwk jw � }wi+qw,, dqg ejw @ Ej
w @sw duh jlyhq h{rjhqrxvo|

dqg wkh jryhuqphqw*v fkrlfh yduldeohv duh Ww dqg Pw1

Wkh djhqwv dqg wkh jryhuqphqw xvh fdvk kroglqjv wr �qdqfh frqvxpswlrq

pw � swfw +519,

p�
w � swjw +51:,

Zlwk wkh ghvfulswlrq ri wkh wlplqj ri wkh pdunhwv dv zhoo dv wkh hyhqwv rffxuulqj lq hdfk

wudglqj vhvvlrq frpsohwh/ zh qrz wxuq wr wkh rswlpl}dwlrq sureohpv idfhg e| wkh �upv dqg

frqvxphu0zrunhuv uhvshfwlyho|1

Pd{lpl}dwlrq ri sur�wv e| wkh �up uhtxluhv htxdwlqj wkh zdjh wr wkh pdujlqdo uhyhqxh

surgxfw ri oderu lq hyhu| shulrg=

zw @ sw}wi
3+qw, +51;,

Wkh krxvhkrog*v pd{lpl}dwlrq sureohp fdq eh irupxodwhg dv d g|qdplf surjudpplqj sure0

ohp e| �uvw qrwlqj wkdw djhqwv zhdowk dorqj zlwk oderu lqfrph lv xvhg lq hyhu| shulrg wr dftxluh

erqgv/ htxlw| dqg qhz prqh|1 Ohwwlqj �w ghqrwh uhdo zhdowk/ wklv lpsolhv wkh iroorzlqj frq0

vwudlqw=

<



�w .
zw

sw
qw @

Ef
w

sw
.

T4w

sw
nw .

T5w

sw
�w .

pw

sw
. Ww +51<,

Wkh odz ri prwlrq ri uhdo zhdowk lv ghwhuplqhg e| prqh| fduulhg ryhu iurp wkh jrrgv pdunhw

dqg wkh uhwxuqv rq htxlw| dqg erqgv dv jlyhq e| wkh iroorzlqj h{suhvvlrq=

�w.4 @ ^+pw � swfw, . nw +�w.4 .T4w.4, . �w +&w.4 .T5w.4, .Ef
w +4 .Uw,` @sw.4 +5143,

Ohwwlqj Y +�, ghqrwh wkh ydoxh ixqfwlrq/ wkh frqvxphu*v pd{lpl}dwlrq sureohp fdq eh zulwwhq

dv wkh iroorzlqj g|qdplf surjudpplqj sureohp=

Y +�w> }w>Pw, @ pd{
+fw>qw>pw>Ef

w >T4w>T5w,

�
x +fw, . y +4� qw, . �Hw

�
Y
�
�w.4> }w.4>Pw.4

���
+5144,

vxemhfw wr wkh zhdowk frqvwudlqw/ ht1+5=<, dqg wkh fdvk0lq0dgydqfh frqvwudlqw/ ht1 +5=9,1 Qrwh

wkdw Hw ghqrwhv wkh h{shfwdwlrqv rshudwru zlwk uhvshfw wr wkh frqglwlrqdo glvwulexwlrq ghvfulelqj

wkh prwlrq ri wkh whfkqrorj| vkrfn dqg wkh prqh| vxsso| +wkh hfrqrp|0zlgh vwdwh yduldeohv,1

Ohw �w dqg �w eh wkh Odjudqjh pxowlsolhuv dvvrfldwhg zlwk frqvwudlqwv +519, dqg +51<, uhvshf0

wlyho|1 Wkh uhvxowlqj �uvw rughu frqglwlrqv duh=43

x3
w � �Hw

�
�w.4

sw
sw.4

�
� �w @ 3 +5145,

�w
zw

sw
� y3w @ 3 +5146,

43 Lq ghulylqj wkh qhfhvvdu| frqglwlrqv/ wkh hqyhorsh wkhruhp kdv ehhq xvhg1 Wkdw lv/ YTw
Y�w

' b| iru doo |1
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�Hw

�
�w.4

4

sw.4

�
� �w

4

sw
. �w

4

sw
@ 3 +5147,

�Hw

�
�w.4

4

sw.4

�
+4 .Uw,� �w

4

sw
@ 3 +5148,

�Hw

�
�w.4

+T4w.4 . �w.4,

sw.4

�
� �w

T4w

sw
@ 3 +5149,

�Hw

�
�w.4

+T5w.4 . &w.4,

sw.4

�
� �w

T5w

sw
@ 3 +514:,

Qrwh wkdw htv1 +5=45, dqg +5147, lpso| wkdw wkh pdujlqdo xwlolw| lv htxdo wr wkh Odjudqjh

pxowlsolhu dvvrfldwhg zlwk wkh zhdowk frqvwudlqw1 Wklv lv d frqvhtxhqfh ri wkh jrrgv pdunhw

iroorzlqj wkh dvvhw pdunhw1 Pruh lpsruwdqw iru rxu sxusrvhv/ qrwh wkdw wklv uhvxow lq frpel0

qdwlrq zlwk wkh qhfhvvdu| frqglwlrqv dvvrfldwhg zlwk djhqw*v oderu0ohlvxuh wudgh0r� +ht1 +5146,,

dqg �up*v sur�w pd{lpl}dwlrq +ht1 +51;,, lpso|

y3w@x
3
w @ }wi

3+qw, +514;,

Zh fdq qrz gh�qh dq htxloleulxp1

Gh�qlwlrq= Dq htxloleulxp lv d vhw ri lqlwldo frqglwlrqvP3 dqg E3/ dqg vwrfkdvwlf surfhvvhv

iru iqw> fw>pw>p
�
w > nw> �w> Ww>Pw> ew> sw> zw> tw> T4w> T5w> �w> &wj vxfk wkdw=

d, Wkh jryhuqphqw exgjhw dqg �qdqfh frqvwudlqwv +518, dqg +51:, duh vdwlv�hg dqg
p�

w @ swjw1

e, Jlyhq wkh vhtxhqfhv isw> tw> zw> Uw> T4w> T5wj dqg wkh lqlwldo frqglwlrqv P3 dqg
E3/ wkh vwrfkdvwlf surfhvvhv iru ifw> qw>pw> ew> nw> �wj vdwlvi| +51<,0+5149,1

f, Pw @ pw .p�
w 1

g, Ef
w@sw @ Ej

w @sw @ ew=

h, nw @ �w @ 4
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i, Wkh hfrqrp|*v uhvrxufh frqvwudlqw lv vdwlv�hg=

jw . fw @ }wi+qw, +514<,

E| sodflqj dssursuldwh uhvwulfwlrqv rq wkh glvwulexwlrq ghvfulelqj wkh prwlrq ri wkh whfkqro0

rj| vkrfn dqg wkh prqh| vxsso|/ zh fdq irfxv rq htxloleuld zlwk vwulfwo| srvlwlyh qrplqdo lqwhuhvw

udwhv/ Uw A 3> ;w1 Wklv lpsolhv wkdw wkh fdvk0lq0dgydqfh frqvwudlqwv krog dv vwulfw htxdolwlhv dqg

vxevhtxhqwo|/ Pw @ sw+jw . fw, @ }wi +qw,1

Xvlqj +514<, iru fw lq htxdwlrq +514;, surgxfhv wkh iroorzlqj htxdwlrq lq qw

y3+4� qw,@x
3+}wi+qw,� jw, @ }wi

3+qw, +5153,

zklfk vkrzv lpphgldwho| wkdw wkh ohyho ri h�ruw +dqg khqfh frqvxpswlrq, lq shulrg w lv vroho|

d ixqfwlrq ri wkh h{rjhqrxv surgxfwlylw| vkrfn/ }w1 Wkh surshuwlhv ri x/ y dqg i lpso| wkdw wkh

vroxwlrq wr +5153, lv xqltxh1 Vxevhtxhqwo|/ prqh| lv shuihfwo| qhxwudo uhjduglqj wkh oderu0ohlvxuh

fkrlfh/ dv zhoo wkh lqwhuwhpsrudo doorfdwlrq ri uhvrxufhv1 Zh zloo qrz wxuq wr wkh h{dplqdwlrq

ri wkh uhodwlrqvkls ehwzhhq dowhuqdwlyh prqhwdu| uxohv dqg uhdo lqwhuhvw udwhv1

5141 Vwdelol}dwlrq Srolf| dqg Uhdo Lqwhuhvw Udwhv

Xvlqj +5148, +dqg wkh uhvxow wkdw x3
w @ �w, rqh fdq vroyh iru wkh qrplqdo lqwhuhvw udwh/ Uw

+4 .Uw,
�4 @ �Hw^

�
x3 +}w.4i +qw.4,� jw.4,

x3 +}wi +qw,� jw,

��
sw

sw.4

�
` +5154,

Wkh h{0dqwh uhdo lqwhuhvw udwh/ uw/ lv wkh qrplqdo lqwhuhvw udwh dgmxvwhg iru h{shfwhg lq dwlrq
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+4 . uw, @ +4 .Uw,Hw+sw@sw.4, +5155,

Xvlqj +5154,/ htxdwlrq +5155, fdq eh zulwwhq dv

+4 . uw,
�4 @ �Hw

�
x3
w.4 +�,
x3
w +�,

�
. �Fryw

�
x3
w.4 +�,
x3
w +�,

>

�
sw

sw.4

��
@Hw

�
sw

sw.4

�
+5156,

zkhuh Fryw ghqrwhv frqglwlrqdo fryduldqfh1

Zh zloo qrz vwxg| wkh ehkdylru ri h{0dqwh uhdo lqwhuhvw udwhv xqghu wzr prqhwdu| srolf| uxohv=

Rqh lqyroyhv wkh vwdelol}dwlrq ri wkh qrplqdo lqwhuhvw udwh dw vrph ohyho U3> ;w1 Lw fdq eh vhhq

iurp htxdwlrq +5154, wkdw lqwhuhvw udwh shjjlqj hvvhqwldoo| hqwdlov wkh pdqlsxodwlrq ri wkh prqh|

vxsso| dffruglqj wr wkh uxoh= x3+w,@sw @ �w> zkhuh �w.4@�w @ +4 . U3,� dqg sw @ Pw@}wi+qw,=

Wkh rwkhu uxoh44 dlpv dw vwdelol}lqj wkh sulfh ohyho dw vrph ohyho s dqg uhtxluhv wkdw wkh prqh|

vxsso| lq shulrg w> Pw/ lv vhw dffruglqj wr wkh uxoh Pw @ s}wi+qw,145

Sursrvlwlrq= D sulfh ohyho vwdelol}dwlrq srolf| ohdgv wr orzhu uhdo lqwhuhvwv udwh wkdq
d qrplqdo lqwhuhvw udwh shjjlqj srolf|1

Wkh surri ri wklv sursrvlwlrq lv dv iroorzv= Wkh �uvw whup lq +5156, lv lqghshqghqw ri wkh

srolf| uhjlph +ehfdxvh ri htxdwlrq +5153,1 Vxevhtxhqwo|/ wkh frpsdulvrq ri uhdo lqwhuhvw udwhv

dfurvv wkh wzr wdujhwlqj surfhgxuhv ghshqgv rq wkh fryduldqfh whup lq htxdwlrq +5156,1 Zkhwkhu

wkh vkrfn frphv iurp wkh vxsso| +}w, ru wkh ghpdqg +jw, vlgh/ wkh fryduldqfh lv }hur xqghu sulfh

44Rwkhu glvwlqfw uxohv/ vxfk dv wdujhwlqj wkh prqh| vxsso|/ fdq eh vlploduo| dqdo|}hg1
45Wkhvh wzr prqhwdu| srolf| uhjlphv duh fkrvhq sulpdulo| iru shgdjrjlfdo uhdvrqv1 Dv glvfxvvhg odwhu lq

wklv vhfwlrq/ wkh lpsruwdqw glvwlqfwlrq ehwzhhq uhjlphv lv wkh lpsolhg f|folfdo ehkdylru ri sulfhv/ l1h1 zkhwkhu
htxloleulxp sulfhv duh sur0 ru frxqwhuf|folfdo1 Zkloh wkh wzr uhjlphv vwxglhg khuh duh xvhixo iru h{srvlwru|
sxusrvhv/ wkh uhvxowv jhqhudol}h wr rwkhu uhjlphv vxfk dv d prqh| jurzwk uxoh ru d Wd|oru uxoh1
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vwdelol}dwlrq1 Rq wkh rwkhu kdqg/ lw lv dozd|v qhjdwlyh xqghu dq lqwhuhvw udwh uxoh1 Wklv lv gxh wr

wkh idfw wkdw d shjjhg qrplqdo lqwhuhvw udwh uhtxluhv dq h{shfwdwlrq wkdw dq| fkdqjh lq x3
w.4@x

3
w

zloo eh phw e| dq r�vhwwlqj fkdqjh lq sw@sw.4 +vhh htxdwlrq +5154,1 Vxevhtxhqwo|/ dq lqwhuhvw

udwh uxoh jlyhv ulvh wr srvlwlyh ulvn suhpld rq d qrplqdoo| ghqrplqdwhg dvvhw gxh wr wkh idfw wkdw

lw gholyhuv orz lq dwlrq +dqg wkhuhiruh d kljk uhdo uhwxuq, lq shulrgv ri kljk frqvxpswlrq jurzwk

dqg ylfh yhuvd +d surf|folfdo sdwwhuq iru wkh uhdo udwh ri uhwxuq,1 Wklv lv wuxh lqghshqghqw ri

zkhwkhu wkh vkrfn ruljlqdwhv lq wkh ghpdqg ru wkh vxsso| vlgh1

Qrwh wkdw wkh srolf| uxohv zh kdyh frqvlghuhg fdq hdvlo| eh jhqhudol}hg lq whupv ri d uh0

vsrqvh ixqfwlrq/ j+�,/ vr wkdw Pw @ j^}wi+qw,`1 Wkh h�hfwv rq wkh ulvn suhplxp whup lq +5156,

xqghu dowhuqdwlyh dvvxpswlrqv derxw wkh surshuwlhv ri j+�, fdq wkhq eh vwxglhg1 Zkloh wklv lv

vwudljkwiruzdug/ vrph fdxwlrq pxvw eh h{huflvhg lq wkh fkrlfh ri j+�, vr wkdw wkh qrplqdo lq0

whuhvw udwh lv qrw gulyhq wr }hur +uhfdoo wkdw wkh htxloleulxp ghvfulehg deryh lv frqglwlrqdo rq d

elqglqj fdvk0lq0dgydqfh frqvwudlqw,1 Zlwk wkdw fdyhdw/ lw fdq eh lpphgldwho| vhhq wkdw wkh ulvn

suhplxp lv d srvlwlyh ixqfwlrq ri wkh ghjuhh ri srolf| frxqwhuf|folfdolw| gxh wr wkh lpsolfdwlrqv

iru wkh fryduldqfh whup lq htxdwlrq +5156,1 Wkdw lv/ li wkh prqh| vxsso| lv qhjdwlyho| fruuhodwhg

zlwk rxwsxw/ j3 ^}wi +qw,` ? 3> wklv zloo h{dfhuedwh wkh fryduldqfh ehwzhhq djhqwv* frqvxpswlrq

dqg wkh uhdo uhwxuq rq qrplqdo erqgv ohdglqj wr d srvlwlyh ulvn suhpld dvvrfldwhg zlwk qrplqdo

erqgv1 Vx!flhqwo| surf|folfdo uxohv fdq hyhq ohdg wr qhjdwlyh ulvn suhpld dqg frqvhtxhqwo|

vxfk uxohv zloo eh dvvrfldwhg zlwk wkh orzhvw uhdo lqwhuhvw udwhv1 Qrwh dovr wkdw rqh fdq wklqn lq

whupv ri slfnlqj d uhdo lqwhuhvw udwh wdujhw dqg fkrrvlqj prqhwdu| srolf| wr vdwlvi| wkdw wdujhw1

Wkh dqdo|vlv kdv vxjjhvwhg wkdw wkh fkrlfh ri wkh wdujhwlqj surfhgxuh lq xhqfhv wkh ohyho ri

uhdo lqwhuhvw udwhv1 Qhyhuwkhohvv wkh lpsruwdqw txhvwlrq frqfhuqv qrw vr pxfk wkh wkhruhwlfdo

srvvlelolw| exw udwkhu wkh txdqwlwdwlyh lpsruwdqfh ri wkhvh h�hfwv1 Zkloh wklv lv xowlpdwho| dq
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hpslulfdo pdwwhu wkdw uhtxluhv wkh ghfrpsrvlwlrq ri uhdo lqwhuhvw udwh lqwr lwv ydulrxv frpsrqhqwv/

d vlpsohu/ lqirupdwlyh dowhuqdwlyh h{lvwv146 Htxdwlrq +5156, fdq eh fdoleudwhg edvhg rq wkh dfwxdo

vwrfkdvwlf surfhvv ri frqvxpswlrq lq dq| frxqwu| xqghu frqvlghudwlrq1 Vxssrvh wkdw wkh orj ri

frqvxpswlrq iroorzv d udqgrp zdon +dowhuqdwlyh vshfl�fdwlrqv fdq eh hdvlo| dffrpprgdwhg,1

Pruh vshfl�fdoo| ohw

fw.4 @ fw*w.4 +5157,

D vwdqgdug irupxodwlrq iru wkh xwlolw| ixqfwlrq lv

xw @
f4��
w � 4

4� �
iru � 9@ 4 dqg xw @ oq fw iru � @ 4 +5158,

Vxevhtxhqwo|/ wkh h{ dqwh uhdo lqwhuhvw udwh fdq eh zulwwhq dv

4 . us @
4

�Hw*
��
w.4

+5159,

xqghu lq dwlrq wdujhwlqj dqg

4 . ul @
Hw*

�
w.4

�
+515:,

xqghu qrplqdo lqwhuhvw wdujhwlqj1 Zh kdyh dvvxphg d }hur guliw udwh ri lq dwlrq xqghu

qrplqdo lqwhuhvw udwh wdujhwlqj/ wkdw lv/ �sw.4 @ x3
w.4 zklfk lpsolhv wkdw Uw @ 4@� iru doo w=

46 Vhh Vkhq +4<<;, iru suhflvho| wklv nlqg ri ghfrpsrvlwlrq ri lqwhuhvw udwhv xvlqj gdwd iurp wkh X1N1 rq qrplqdo
|lhogv/ |lhogv rq lqgh{hg erqgv/ dqg h{shfwdwlrqv ri lq dwlrq1 Dv vwdwhg hduolhu/ wklv dqdo|vlv �qgv hylghqfh ri d
vxevwdqwldo +433 edvlv srlqwv, lq dwlrq ulvn suhplxp rq qrplqdo ghew1
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Dvvxplqj wkdw * iroorzv d orjqrupdo glvwulexwlrq vxfk wkdw orj* lv Q+3> �5, dqg wdnlqj orjv lq

+5159, dqg +515:, uhvxowv lq

ul � us �@ �5�5 +515;,

Rqh fdq qrz fdofxodwh wkh lpsolfdwlrqv ri prqhwdu| srolf| iru uhdo lqwhuhvw udwhv xvlqj

htxdwlrq +515;, wrjhwkhu zlwk ydoxhv iru wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq dqg wkh yduldqfh

ri frqvxpswlrq lq lqglylgxdo frxqwulhv1 Wdeoh 5 uhsruwv wkh gl�huhqfhv lq uhdo lqwhuhvw udwhv

dv d ixqfwlrq ri � lq wzr khdylo| lqghewhg frxqwulhv/ Ehojlxp dqg Lwdo|1 Uhdo lqwhuhvw udwhv lq

rwkhu frxqwulhv fdq eh vlploduo| fdofxodwhg1 Zh frpsxwhg �5 iurp d uhjuhvvlrq ri orj+fw, rq

orj+fw�4,
47 = Wkh uhvxowlqj ydoxhv iru Lwdo| dqg Ehojlxp duh 31333958 dqg 3133373 uhvshfwlyho|1

Wkh lpsolfdwlrqv duh vwulnlqj1 Zkloh wkhuh h{lvwv qr frqvhqvxv ylhz derxw wkh vl}h ri wkh frhi0

�flhqw ri uhodwlyh ulvn dyhuvlrq/ ydoxhv ehwzhhq }hur dqg irxu duh zlgho| dffhswhg dv sodxvleoh1

Hyhq iru orz ydoxhv ri �> wkh fkrlfh ri rshudwlqj surfhgxuh vhhpv wr pdnh d elj gl�huhqfh1

Iru � @ 6> qrplqdo lqwhuhvw udwh shjjlqj lq Lwdo| fdq lqfuhdvh sxeolf ghew vhuylflqj frvwv e| dq

dprxqw forvh wr kdoi d shufhqwdjh srlqw ri JQS> wkh gl�huhqfh folpev wr hljkw| edvlv srlqwv zkhq

� @ 71 Qrwh/ wkdw wkh uhohydqw frqfhsw ri ghew lv phglxp dqg orqj whup/ qrplqdo/ grphvwlf

fxuuhqf| ghew1 Wkh qxpehuv uhsruwhg khuh xvh wklv phdvxuh ri ghew481

47 LWDO\= orj+f|� ' f�bH *L}ES|3��c r�e ' f�f2D
EHOJLXP= orj+f|� ' f�bH *L}ES|3��c r�e ' f�f2f
Wrwdo sulydwh frqvxpswlrq h{shqglwxuh/ dqqxdo gdwd/ 4<8504<<6 +vrxufh= LIV,1
48 Lwdo|*v Ghew2JQS udwlr lv 4158 dqg Ehojlxp*v 416;1 Wkh vkduh ri iruhljq fxuuhqf| ghew lq wrwdo ghew lv

qhjoljleoh= derxw 8( lq Lwdo| dqg forvh wr }hur lq Ehojlxp1 Wkh vkduh ri orqj whup ghew lq wrwdo grphvwlf fxuhqf|
ghew lv derxw :3( lq Lwdo| dqg doprvw 433( lq Ehojlxp1
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Wdeoh 5= Lqwhuhvw Udwh Gl�huhqfhv +lq edvlv srlqwv,

Lwdo| Ehojlxp

� ul � us Frvw +( ri JGS, ul � us Frvw +( ri JGS,

3 3 3 3 3

4 9 3138 7 3138

5 58 3153 49 3155

518 73 3166 58 3167

6 89 3179 69 317<

7 433 31;5 97 31;7

Lq wklv prgho/ gl�huhqfhv lq uhdo lqwhuhvw udwhv dfurvv prqhwdu| srolf| uhjlphv gr qrw wudqvodwh

lqwr gl�huhqfhv lq wkh doorfdwlrq ri uhvrxufhv1 Wklv lv gxh wr wkh dvvxpswlrq ri oxps0vxp

wd{dwlrq1 Zkloh pruh wd{ uhyhqxh lv udlvhg wr vhuylfh wkh kljkhu lqwhuhvw oldelolwlhv rq sxeolf

ghew/ wklv grhv qrw fuhdwh dq| glvwruwlrqv1 Lq wkh iroorzlqj vhfwlrq/ zh fduu| rxw wkh vdph

dqdo|vlv iru wkh pruh uhdolvwlf fdvh ri glvwruwlrqdu| lqfrph wd{dwlrq1

61 Dq Lqfrph Wd{

Wkh prgho lv lghqwlfdo wr wkdw ri wkh suhylrxv vhfwlrq zlwk wkh h{fhswlrq wkdw wkh jryhuqphqw

qr orqjhu kdv dffhvv wr qrq0glvwruwlrqdu| wd{hv1 Zh dvvxph 0 zlwkrxw dgguhvvlqj lwv rswlpdolw|

0 wkdw wkh wd{ lq xvh lv rqh rq fxuuhqw lqfrph rwkhu wkdq lqwhuhvw lqfrph +rq oderu hduqlqjv

dqg glylghqgv, dqg wkdw lw lv dssolhg dw wkh udwh � w1 Wkh suhylrxv ghvfulswlrq ri wkh hfrqrp|

uhpdlqv lqwdfw zlwk d ihz fkdqjhv= wkh uhsodfhphqw ri zw zlwk +4 � � w,zw lq htxdwlrqv +517,/

+51<, dqg +5146,> dqg �w lv uhsodfhg e| +4� � w,�w1 Uhdo wd{ uhyhqxh qrz ehfrphv Ww @ � w}wi+qw,

dqg htxdwlrq +5153, zklfk ghwhuplqhv wkh htxloleulxp ohyho ri zrun h�ruw lv qrz zulwwhq dv=

4:



y3+4� qw,@x
3+}wi+qw,� jw, @ +4� �� ,}wi

3+qw, +614,

Ehiruh surfhhglqj zlwk wkh frpsdulvrq ri ulvn suhpld dfurvv dowhuqdwlyh prqhwdu| uxohv zh

pdnh wkh iroorzlqj vlpsoli|lqj dvvxpswlrqv=

d, Wkh hfrqrp| rshudwhv rq wkh xszdug vorslqj sduw ri wkh Od�hu fxuyh/ wkdw lv/
gWw@g� w A 31 Wklv lpsolhv wkdw kljkhu wd{ uhyhqxhv uhtxluh kljkhu wd{ udwhv1

e, Wkh dyhudjh dprxqw ri vhljqlrudjh lv }hur xqghu erwk uhjlphv1 Wklv lpsolhv wkdw
gl�huhqfhv lq lqwhuhvw udwhv duh qrw gxh wr gl�huhqfhv lq wkh uhyhqxh vrxufhv iru wkh
jryhuqphqw1 Dq| qrq0}hur qxpehu fdq eh dffrpprgdwhg dv orqj dv lw lv wkh vdph
xqghu dowhuqdwlyh uhjlphv1

f, Wkh ghew srolf| lv vxfk wkdw ghew lvvxdqfh lv xqlwdu| hodvwlf zlwk uhjdug wr wkh
lq dwlrq udwh1 Wklv lpsolhv wkdw wkh +h{rjhqrxv, sdwk ri uhdo ghew lv lqghshqghqw
ri wkh prqhwdu| srolf| uhjlph1 Wr nhhs wklqjv vlpsoh zh zloo ixuwkhu dvvxph d
frqvwdqw ohyho ri uhdo ghew1 Zh pdnh wklv dvvxpswlrq ehfdxvh/ olnh rxu dvvxpswlrq
rq vhljqlrudjh/ lw irufhv wkh prqhwdu| uhjlphv wr gl�hu rqo| lq d vlqjoh glphqvlrq
+wkdw uhjduglqj ulvn suhpld,149 Khqfh/ lw pdnhv wkh frpsdulvrq ri wd{ udwhv dfurvv
srolf| uhjlphv lq hdfk shulrg pruh fohdu e| qrw doorzlqj 0duelwudu|0 gl�huhqfhv lq
wkh fryduldqfh ri sxeolf ghew lvvxhv zlwk wkh surgxfwlylw| vkrfnv wr eh pdsshg lqwr
gl�huhqfhv lq wd{ uhyhqxhv dfurvv uhjlphv1

Wd{ froohfwlrqv lq shulrg w . 4 xqghu d sulfh vwdelol}dwlrq uxoh +ghqrwhg e| d s vxevfulsw,/

sw @ s iru doo w/ duh jlyhq e|

W s
w.4 @ �sw.4}w.4i+q

s
w.4, @ jw.4 . +4 .US

w ,
Es

w

s
� Es

w.4

s
� Ps

w.4 �Ps
w

s
+615,

Dqg xqghu d qrplqdo lqwhuhvw udwh wdujhwlqj uxoh +ghqrwhg e| dq l vxshuvfulsw, e|

49Uhdolvp lv qrw d uhohydqw frqvlghudwlrq khuh dv zh kdyh douhdg| dvvxphg wkdw wkh sdwk ri uhdo ghew lv
h{rjhqrxvo| jlyhq1 Fkdul/ Fkulvwldqr dqg Nhkrh +4<<4/ 4<<7, vwxg| �vfdo srolf| exw gr qrw dgguhvv wkh lvvxh ri
f|folfdolw| lq prqhwdu| srolf|1

4;



W l
w.4 @ � lw.4}w.4i+q

l
w.4, @ jw.4 . +4 .Ul

w,
slw

slw.4

El
w

slw
� El

w.4

slw.4

�P l
w.4 �P l

w

slw.4

+616,

Xqghu d sulfh ohyho wdujhw/ Ps
w.4@s @ |sw = Xqghu lqwhuhvw udwh shjjlqj/ slw@s

l
w.4 @ xl3

w @x
l3
w.4

dqg vxevhtxhqwo|/ +P l
w.4�P l

w ,@s
l
w.4 @ |lw.4� |lw+x

l3
w @x

l3
w.4,= Xvlqj wkhvh idfwv lq +615, dqg +616,

dqg ohwwlqj e eh wkh frpprq ydoxh ri ghew dfurvv wkh srolf| uxohv +dvvxpswlrq +f, deryh,/ wkh

gl�huhqfh lq h{shfwhg wd{ froohfwlrqv iru shulrg w. 4 lv jlyhq e|

HwiW s
w.4 � W l

w.4j @ Hwi^usw � ulw,`e� ^|sw.4 � |sw ` . ^|lw.4 � |lwx
l3
w @x

l3
w.4`j +617,

Dgglqj voljkwo| pruh vwuxfwxuh fdq eh yhu| khosixo iru ghwhuplqlqj wkh vljq ri +617,1 Zh

kdyh dvvxphg wkdw dyhudjh vhljqlrudjh lv }hur1 Pdnlqj wkh +orj ri wkh, surgxfwlylw| vkrfn iroorz

d udqgrp zdon zloo pdnh h{shfwhg vhljqlrudjh lq dq| shulrg htxdo wr }hur1 Pruhryhu/ dvvxplqj

wkdw jryhuqphqw h{shqglwxuh lv d frqvwdqw vkduh ri JQS zloo pdnh +wkh orj ri, frqvxpswlrq

iroorz d udqgrp zdon wrr1 Xqghu wkhvh dvvxpswlrqv/ wkh vhfrqg whup lq +617, gursv rxw zkloh

wkh odvw whup lv qhjdwlyh zkhq � A 4=4: Wkh whup lqvlgh wkh �uvw vhw ri eudfnhwv lq +617, lv wkh

uhdo lqwhuhvw udwh gl�huhqwldo1 Xvlqj +5159, dqg +515:,/ wklv whup fdq eh zulwwhq dv

usw � ulw @ 3=8�^+4� �,�5
l � +4 . �,�5

s` +618,

zkhuh �5
l dqg �5

s duh wkh yduldqfh ri rxwsxw +frqvxpswlrq, xqghu lqwhuhvw udwh dqg sulfh ohyho

wdujhwlqj uhvshfwlyho|1 Wkh odwwhu lv juhdwhu wkdq wkh iruphu iru wkh iroorzlqj uhdvrq1 Dfwxdo

4:.|d+�|n� 3 +�|�
�3
| *��3

|n�o ' +�|.|d)|n� 3 E)|n��
w o 	 � li dqg rqo| li w : � zlwk +�|n� ' +�|)|n��

4<



vhljqlrudjh lv frxqwhuf|folfdo xqghu lqwhuhvw udwh shjjlqj +exw surf|folfdo xqghu d sulfh ohyho

wdujhw,= zkhq rxwsxw lv xqh{shfwhgo| kljk/ lq dwlrq lv xqh{shfwhgo| orz1 Wkh frxqwhuf|folfdolw|

ri vhljqlrudjh lpsolhv wkdw lqfrph wd{ uhyhqxhv h{klelw d vpdoohu f|folfdo yduldwlrq/ zklfk lq

wxuq lpsolhv d orzhu yduldwlrq iru wd{ udwhv/ rxwsxw dqg frqvxpswlrq1 Frqvhtxhqwo|/ wkh �uvw

whup lq +617, lv qhjdwlyh wrr/ dqg khqfh dyhudjh wd{ udwhv duh dozd|v orzhu xqghu sulfh ohyho

vwdelol}dwlrq1

Xqolnh wkh dqdo|vlv ri wkh suhylrxv vhfwlrq/ gl�huhqfhv lq uhdo lqwhuhvw udwhv dfurvv dowhuqdwlyh

prqhwdu| srolf| uxohv qrz pdwwhu iru zhoiduh dqg lqfrph1 Wklv lv gxh wr wkh idfw wkdw lq wkh

devhqfh ri oxps0vxp wd{hv/ kljkhu lqwhuhvw sd|phqwv ru sxeolf ghew uhtxluh kljkhu wd{ froohfwlrqv

dqg kljkhu dyhudjh wd{ udwhv1 Dw wkh vdph wlph/ wkh yduldelolw| ri wd{ udwhv dqg frqvxpswlrq lv

kljkhu xqghu sulfh ohyho wdujhwlqj1 Prqhwdu| srolf| lv qrw qhxwudo hyhq zkhq prqh| lv qhxwudo

lq wkh wudglwlrqdo vhqvh1 Qrwh wkdw wkh uhdo lqwhuhvw udwh gl�huhqwldov wkdw frph rxw ri wkh

prgho zlwk glvwruwlrqdu| wd{dwlrq zloo whqg wr eh frpsdudeoh wr wkrvh rewdlqhg xqghu oxps

vxp wd{dwlrq li wkh yduldelolw| lq frqvxpswlrq +dqg khqfh gl�huhqfhv lq yduldelolw| dfurvv srolf|

uxohv, lv vpdoo1

Lvvxlqj h{foxvlyho| lq dwlrq lqgh{hg erqgv lv htxlydohqw wr lvvxlqj qrplqdo erqgv dqg sxuvx0

lqj dq lq dwlrq vwdelol}dwlrq srolf|1 Rxu dqdo|vlv lpsolhv wkdw sulfh lqgh{hg ghew 0ru d qrplqdo

ghew2 surf|folfdo prqhwdu| srolf| uxoh frpelqdwlrq0 kdv orzhu dyhudjh ghew vhuylflqj frvwv +dqg

orzhu dyhudjh wd{ udwhv, wkdq d qrplqdo ghew2frxqwhuf|folfdo srolf| frpelqdwlrq1 Zkloh lw lv

whpswlqj wr vxjjhvw wkdw d jryhuqphqw idflqj �vfdo gl!fxowlhv rxjkw wr suhihu wkh iruphu lw pxvw

eh nhsw lq plqg wkdw wkhuh lv d wudgh r� lqyroyhg ehwzhhq dyhudjh wd{ udwhv dqg wkhlu yduldelolw|

+dqg khqfh/ d wudgh r� ehwzhhq wkh ohyho ri frqvxpswlrq dqg lwv yduldelolw|,1 Vxevhtxhqwo|/ dv

lq Erkq +4<;;,/ lw pd| eh rswlpdo iru d ulvn dyhuvh jryhuqphqw/ ru d jryhuqphqw wkdw pd{l0
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pl}hv wkh xwlolw| ri ulvn dyhuvh djhqwv/ wr kdyh d pl{wxuh ri uhdo dqg qrplqdo ghew1 Wkh h{dfw

frpsrvlwlrq ghshqgv rq ulvn dwwlwxghv1 Qrwh dovr wkdw wkh srolf|pdnhuv kdyh wzr lqvwuxphqwv

dw wkhlu glvsrvdo zkhq wkh| ghvljq wkh rswlpdo ghew lqvwuxphqw2prqhwdu| srolf| frpelqdwlrq=

wkh ghjuhh ri sulfh lqgh{dwlrq> dqg wkh ghjuhh ri f|folfdolw| ri prqhwdu| srolf|1

71 Frqfoxvlrq

Zh kdyh lqyhvwljdwhg wkh lpsolfdwlrqv ri dowhuqdwlyh prqhwdu| wdujhwlqj sudfwlfhv iru uhdo lqwhuhvw

udwhv dqg hfrqrplf dfwlylw|1 Wkhuh vhhp wr eh lpsruwdqw �vfdo udpl�fdwlrqv wkdw kdyh qrw ehhq

h{soruhg ehiruh14; Gl�huhqfhv lq sxeolf ghew vhuylflqj ri wkh rughu ri kdoi d shufhqwdjh srlqw ri

JQS fdq eh kdugo| ryhuorrnhg1

Wkh dqdo|vlv fdq eh h{whqghg wr vwxg| prghov zkhuh prqh| lv qrw qhxwudo1 Ri sduwlfxodu lq0

whuhvw zlwklq wklv fodvv ri prghov duh wkrvh vshfl�fdwlrqv wkdw doorz pdfurhfrqrplf vwdelol}dwlrq

srolf| wr kdyh gluhfw h�hfwv rq uhdo hfrqrplf dfwlylw|/ vxfk dv wkh Nh|qhvldq dqg wkh fodvvlfdo

lpshuihfw lqirupdwlrq prghov1 Zkdw lv lqwhuhvwlqj derxw dsso|lqj rxu orjlf wr wkhvh prghov lv

wkdw lw shuplwv dq lqwhjudwhg dqdo|vlv ri exvlqhvv f|foh dqg orqj whup hfrqrplf dfwlylw|1 Li srolf|

lv lqghhg h�hfwlyh/ wkhq dowhuqdwlyh prqhwdu| uxohv zloo lpso| gl�huhqw orqj whup uhdo lqwhuhvw

udwhv dqg dyhudjh wd{ udwhv dqg gl�huhqw dvvrfldwlrqv ehwzhhq wkh dpsolwxgh ri pdfurhfrqrplf

 xfwxdwlrqv dqg orqj whup rxwsxw1 Frqvhtxhqwo|/ wkh suhvhqw sdshu r�huv dq dgglwlrqdo phfkd0

qlvp wr wkdw vxjjhvwhg e| Ghoodv +4<<5, iru lqwhjudwlqj vwdelol}dwlrq +prqhwdu|, srolf|/ exvlqhvv

f|fohv dqg orqj whup survshfwv1

4;Qrwh wkdw prqhwdu| srolf| fdq dovr kdyh �vfdo lpsolfdwlrqv ehfdxvh ri wlph lqfrqvlvwhqf| dqg fuhglelolw|
sureohpv/ wkurxjk wkh pdwxulw| vwuxfwxuh ri sxeolf ghew dqg vr rq1
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Uhihuhqfhv

^4` Dvfkdxhu/ G1 dqg M1 Juhhqzrrg/ 4<;6/ �D ixuwkhu h{sorudwlrq lq wkh wkhru| ri h{fkdqjh

udwh uhjlphv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;9;0;:81

^5` Erkq/ K1/ �Zk| gr zh kdyh qrplqdo jryhuqphqw ghewB/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/

43404541

^6` Fdq}rqhul/ P1 dqg K1 Ghoodv/ 4<<6/ �Uhdo lqwhuhvw udwhv dqg fhqwudo edqn rshudwlqj surfh0

gxuhv/� NXO zrunlqj sdshu/ Qr <924<<71

^7` Frroh|/ W1F1 dqg J1G1 Kdqvhq/ 4<;</ �Wkh lq dwlrq wd{ lq d uhdo exvlqhvv f|foh prgho/�

Dphulfdq Hfrqrplf Uhylhz/ :660:7:1

^8` Fkdul/ Y1/ O1 Fkulvwldqr dqg S1 Nhkrh/ 4<<4/ �Rswlpdo �vfdo dqg prqhwdu| srolf|= Vrph

uhfhqw uhvxowv/� Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj/ 84:086<1

^9` Ghoodv/ K1/ 4<<5/ �Wkh orqj whup h�hfwv ri vwdelol}dwlrq srolf|/� plphr/ Xqly1 ri Pdu|odqg1

^:` Iulhgpdq/ P1 dqg D1 Vfkzduw}/ 4<96/ D Prqhwdu| Klvwru| ri wkh Xqlwhg Vwdwhv/ 4;9:04<93/

Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv1

^;` Juhhqzrrg/ M1 dqg J1 Kx�pdq/ 4<;:/ �D g|qdplf htxloleulxp prgho ri lq dwlrq dqg

xqhpsor|phqw/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 53605;1

^<` Kdudi/ Z1 dqg S1 Fdjdq/ 4<<3/ Prqhwdu| Srolf| iru d Fkdqjlqj Ilqdqfldo Hqylurqphqw/

Zdvklqjwrq GF= Wkh Dphulfdq Hqwhusulvh Lqvwlwxwh1

^43` OhUr|/ V1I1/ 4<;7/ �Qrplqdo sulfhv dqg lqwhuhvw udwhv lq jhqhudo htxloleulxp/� Mrxuqdo ri

Exvlqhvv/ 4::05461
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^44` Oxfdv/ U1/ 4<;5/ �Lqwhuhvw udwhv dqg fxuuhqf| sulfhv lq d wzr frxqwu| zruog/� Mrxuqdo ri

Prqhwdu| Hfrqrplfv/ 4450671

^45` Ruskdqlghv/ \1 dqg U1 Vrorz/ 4<<3/ �Prqh|/ lq dwlrq/ dqg jurzwk/� lq Kdqgerrn ri Prq0

hwdu| Hfrqrplfv/ Yroxph 4/ hglwhg e| E1P1 Iulhgpdq dqg I1 K1 Kdkq/ Qhz \run/ Q\=

Qruwk Kroodqg1

^46` Vkhq/ S1/ 4<<;/ �Krz lpsruwdqw lv wkh lq dwlrq ulvn suhplxpB� Ihghudo Uhvhuyh Edqn ri

Ndqvdv Flw| Hfrqrplf Uhylhz/ 6807;1

^47` Vlgudxvnl/ P1/ 4<9:/ �Udwlrqdo fkrlfh dqg sdwwhuqv ri jurzwk lq d prqhwdu| hfrqrp|/�

Dphulfdq Hfrqrplf Uhylhz/ 8670771

^48` Vwrfnpdq/ D1/ 4<;4/ �Dqwlflsdwhg lq dwlrq dqg wkh fdslwdo vwrfn lq d fdvk0lq0dgydqfh hfrq0

rp|/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 6;:0<61

^49` Vyhqvvrq/ O1H1R1/ 4<;8/ �Prqh| dqg dvvhw sulfhv lq d fdvk0lq0dgydqfh hfrqrp|/� Mrxuqdo

ri Srolwlfdo Hfrqrp|/ <4<0<<71

^4:` Wrelq/ M1/ 4<98/ �Prqh| dqg hfrqrplf jurzwk/� Hfrqrphwulfd/ 9:409;71

^4;` Zlovrq/ F1/ 4<:< �Dq lq�qlwh krul}rq prgho zlwk prqh|/� lq Jhqhudo Htxloleulxp Jurzwk

dqg Wudgh= Hvvd|v lq krqru ri Olrqho PfNhq}lh/ M1 Juhhq dqg M1 Vfkhlqnpdq +hgv,/ Qhz

\run= Dfdghplf Suhvv1

^4<` Zrrgirug/ P1/ 4<<3/ �Wkh rswlpxp txdqwlw| ri prqh|/� lq Kdqgerrn ri Prqhwdu| Hfr0

qrplfv/ Yroxph 5/ hglwhg e| E1P1 Iulhgpdq dqg I1 K1 Kdkq/ Qhz \run/ Q\= Qruwk Kroodqg1
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