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Fdwkrolf Xqlyhuvlw| ri Ohxyhq

Qddpvhvwuddw 9<

6333 Ohxyhq
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Mdqxdu| 4;/ 4<<<

Devwudfw

Lq wklv sdshu zh h{dplqh dvvhw sulfh g|qdplfv +l1h1 wkh frqyhujhqfh vshhg, lq wkh hyhqw ri
suh0dqqrxqfhg frqyhuvlrq ydoxhv dqg gdwhv1 Wkh wkhruhwlfdo iudphzrun iru wkhvh g|qdplfv
kdv ehhq ghyhorshg lq Gh Judxzh hw do1 +4<<<,1 Zh h{dplqh wzr lqvwdqfhv ri frqyhuvlrq/
qrwdeo| wkh 4;:<0Uhvxpswlrq ri Vshflh Sd|phqwv lq wkh XVD dqg wkh frqyhuvlrq ri Hx0
urshdq fxuuhqflhv lqwr wkh Hxur rq Mdqxdu| 4/ 4<<<1 Lq rxu hfrqrphwulf prgho zh wuhdw
wkh xqghuo|lqj ixqgdphqwdov dv xqrevhuydeoh dqg hvwlpdwh wkhlu hyroxwlrq yld d Ndopdq
�owhulqj whfkqltxh1 Hvwlpdwlrq uhvxowv uhyhdo ydoxhv iru wkh udwh ru vshhg ri frqyhujhqfh
wkdw duh lq olqh zlwk lqwxlwlrq dqg dprxqw wr ohyhov zhoo ehorz +lpsolflw, hvwlpdwhv olvwhg
lq olwhudwxuh1

MHO fodvvl�fdwlrq= I64/ I661
Nh|zrugv= Vwrfkdvwlf surfhvv vzlwfklqj/ dvvhw sulflqj/ HPX/ frqyhuvlrq/ Ndopdq �owhu1

WFruuhvsrqglqj dxwkru1 Dgguhvv iru fruuhvsrqghqfh= F1H1V1/ Qddpvhvwuddw 9</ 6333 Ohxyhq/ Ehojlxp1
Skrqh= +.,65+3,492659;8</ id{= +.,65+3,492659:<9/ h0pdlo= Kdqv1GhzdfkwhuChfrq1NXOhxyhq1df1eh1 Zh duh
lqghewhg wr Vwhskdqlh Ghylvvfkhu iru surylglqj xv zlwk wkh gdwd1
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4 Lqwurgxfwlrq

Hfrqrphwulf dqdo|vlv ri dvvhw sulflqj prghov lv kdpshuhg e| wkh lqwulfdwh sureohp ri lghqwl0

�fdwlrq ri h{shfwdwlrqv1 Dv vxfk/ hfrqrphwulf dqdo|vlv lv prvw riwhq dq dqdo|vlv ri d mrlqhg

k|srwkhvlv ri dvvxpswlrqv frqfhuqlqj h{shfwdwlrqv dqg vrph prgho gulylqj wkh ixqgdphq0

wdov1 Uhdo0olih dvvhw frqyhuvlrq h{shulphqwv/ krzhyhu/ r�hu d qhdw vroxwlrq wr wkh sureohp

ri h{shfwdwlrq lghqwl�fdwlrq dqg wkxv doorz xv wr whvw dvvhw sulflqj uhodwlrqv vhsdudwho| iru

wkh ehkdylrudo dvvxpswlrqv zlwk uhvshfw wr h{shfwdwlrqv irupdwlrq1 Wkh jrdo ri wklv sdshu

lv wr wdnh wkh rssruwxqlw| fuhdwhg e| wzr vxfk frqyhuvlrq h{shulphqwv wr whvw wkh fdqrqlfdo

dvvhw0sulflqj dssurdfk1

Wkh edvlf dvvhw sulflqj prgho/ glvfxvvhg lq iru lqvwdqfh Nohlq dqg Ohzlv +4<<6,/ vwduwv

iurp wkh dvvxpswlrq wkdw wkh sulfh ri dq dvvhw lv wr eh vhhq dv d ixqfwlrq ri +xqrevhuydeoh,

ixqgdphqwdov dqg lwv rzq h{shfwhg fkdqjh1 Gh Judxzh hw do1 +4<<<, h{whqg wklv vlpsoh

iudphzrun wr dvvhwv iru zklfk frqyhuvlrq zlwk wdnh sodfh dw d �{hg whuplqdo sulfh dqg dw d

suh0vshfl�hg srlqw lq wlph1 Vxfk d �qlwh0krul}rq vhw0xs kdv d vwurqj dsshdo dv wkh frqyhuvlrq

ydoxh dfwv dv d frruglqdwlrq ghylfh lq wkh irupdwlrq ri h{shfwdwlrqv1 Khqfh/ pdunhwv kdyh exw

d vlqjoh irfdo srlqw zklfk/ xqghu wkh dvvxpswlrq ri fuhglelolw| ri wkh frqyhuvlrq prgdolwlhv/

suhfoxghv wkh hphujhqfh ri glyhujlqj h{shfwdwlrqv ru vxq vsrwv1 Wklv sduwlfxodu ihdwxuh kdv

vwurqj lpsolfdwlrqv iru wkh delolw| wr hpslulfdoo| whvw wkh xqghuo|lqj dvvhw sulfh prgho1 Lq

frqwudvw wr wkh lq�qlwh0krul}rq prgho/ h{shfwdwlrqv lq wkh hyhqw ri frqyhuvlrq fdq hdvlo| eh

lghqwl�hg1 Dv vxfk/ wkh prgho zloo hyroyh durxqg rqo| rqh xqnqrzq sdudphwhu zklfk fdq

vxevhtxhqwo| eh hvwlpdwhg1 Wklv sdudphwhu lv wkh vxemhfwlyh glvfrxqw udwh ru wkh vshhg ri

frqyhujhqfh14

Wkh dgydqwdjhv ri wkh wkhruhwlfdo dqg hpslulfdo dssurdfk wr eh xqghuwdnhq duh wzrirog1

Iluvw/ gluhfw whvwlqj ri rqh ri wkh prvw zlghvsuhdg dqg dffhswhg sulflqj iudphzrunv lv vwudljkw0

iruzdug dv dujxhg deryh1 Vhfrqg/ wkh sdshu suhvhqwv dq dowhuqdwlyh hvwlpdwlrq iudphzrun

iru wkh fuxfldo wkhruhwlfdo sdudphwhu/ qdpho| wkh udwh ru vshhg ri frqyhujhqfh1 Suhylrxv uh0

vhdufk xvhg wzr dssurdfkhv wr hpslulfdoo| lghqwli| wkh odwwhu sdudphwhu1 Iluvw/ lq h{fkdqjh

udwh hfrqrplfv wkh edvlf dvvhw sulflqj dssurdfk zdv jlyhq frqwhqw yld wkh prqhwdu| prgho

ri h{fkdqjh udwh ghwhuplqdwlrq1 Wkh vhqvlwlylw| ri wkh h{fkdqjh udwh wr lwv h{shfwhg fkdqjh

wkhq fdq eh lqwhusuhwhg dv wkh lqwhuhvw udwh vhpl0hodvwlflw| ri prqh| ghpdqg/ �1 Hvwlpdwhv ri

4Wkh frqfhswv ri wkh vxemhfwlyh glvfrxqw idfwru dqg wkh vshhg ri frqyhujhqfh zloo eh gh�qhg lq Vhfwlrq 51
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� lq olwhudwxuh ydu| zlgho| ehwzhhq 5( dqg 73( rq d shu dqqxp edvlv15 Krzhyhu/ soxjjlqj

wkhvh ydoxhv lqwr wkh edvlf h{fkdqjh udwh htxdwlrq zrxog uhwxuq xquhdolvwlfdoo| odujh ydoxhv

iru wkh vxemhfwlyh glvfrxqw udwh ru wkh vshhg ri frqyhujhqfh1 Wklv vkrxog frph dv qr vxusulvh

lq ylhz ri wkh +jhqhudo, srru shuirupdqfh ri wkh prqhwdu| prgho lq wkh vkruw uxq1 Wkh

vhfrqg dssurdfk/ lq zklfk rxu hvwlpdwlrq whfkqltxh zloo eh hpehgghg/ wuhdwv wkh xqghuo|lqj

ixqgdphqwdov dv xqrevhuydeoh vwdwh yduldeohv1 Jdughd}dedo hw do1 +4<<:, hvwlpdwh d elyduldwh

dvvhw sulflqj prgho yld wkh phwkrg ri vlpxodwhg prphqwv1 Iru �yh  rdwlqj h{fkdqjh udwhv

ylv0ã0ylv wkh XV0groodu/ wkh| rewdlq vxemhfwlyh glvfrxqw udwhv wkdw duh ehwzhhq :18( dqg 75(

shu dqqxp16 Exugd dqg Jhuodfk +4<<6, dsso| d vwdwh0vsdfh prgho wr wkh g|qdplfv ri wkh

Rvwpdun0GHP h{fkdqjh udwh sulru wr frqyhuvlrq zlwklq wkh Jhupdq Prqhwdu| Xql�fdwlrq ri

4<<31 Wkh| hvwlpdwh wkh udwh ri frqyhujhqfh dw 41568( rq d gdlo| edvlv ru 778( rq d |hduo|

edvlv1 Wklv vxusulvlqj �jxuh/ krzhyhu/ lv olnho| wr eh wkh frqvhtxhqfh ri wkh vshfl�f qdwxuh ri

wkh lqvwlwxwlrqdo iudphzrun wkdw lpsolhg pxowlsoh frqyhuvlrq udwhv dqg khqfh ohg wr gl!fxowlhv

lq lghqwli|lqj dqg hfrqrphwulfdoo| lpsohphqwlqj fohdq0fxw frqyhuvlrq prgdolwlhv1

Rxu hpslulfdo vwudwhj| lv dnlq wr wkh dssurdfk xvhg lq Exugd dqg Jhuodfk +4<<6,1 Krz0

hyhu/ zh zloo frqvlghu h{shulphqwv lq zklfk vlpsoh dqg fohdu frqyhuvlrq prgdolwlhv doorz iru

d vwudljkwiruzdug hfrqrphwulf wuhdwphqw1 Dv vxfk/ dq hdv| dqg xqdpeljxrxv whvw ri wkh

frqyhuvlrq dvvhw sulflqj prgho lv uhqghuhg srvvleoh1 Wkh sdshu dssolhv wkh wkhruhwlfdo prgho

wr wkh 4;:<0Uhvxpswlrq ri Vshflh Sd|phqwv lq wkh XVD lq zklfk sdshu juhhqedfnv lvvxhg

gxulqj wkh Flylo Zdu ehfdph ixoo| frqyhuwleoh dw sdu lqwr jrog frlq rq Mdqxdu| 4/ 4;:<1 Wkh

vhfrqg h{shulphqw ghdov zlwk frqyhuvlrq ri Hxurshdq fxuuhqflhv lqwr Hxur rq Mdqxdu| 4/

4<<<1 Lw vkrxog eh qrwhg wkdw wkhvh klvwrulfdo h{shulphqwv duh fkdudfwhul}hg e| vlpsoh frq0

yhuvlrq prgdolwlhv lq wkh vhqvh wkdw d xqltxh whuplqdo ydoxh dqg d �{hg frqyhuvlrq gdwh zhuh

dqqrxqfhg1

Wkh hpslulfdo hvwlpdwhv uhyhdo ohyhov iru wkh vshhg ri frqyhujhqfh wkdw duh prvwo| +zhoo,

ehorz 5( ru forvh wr ydoxhv rqh frxog h{shfw lq d iudphzrun zlwk lpplqhqw frqyhuvlrq dw d

suh0vshfl�hg whuplqdo sulfh1 Zh dovr vkrz wkdw vxfk ohyhov lpso| wkdw wkh uroh ri ixqgdphqwdov

lq h{sodlqlqj dvvhw sulfhv zloo eh h{wuhpho| olplwhg gxulqj wkh |hdu suhfhglqj frqyhuvlrq1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh eulh | rxwolqh wkh

5Vhh/ iru lqvwdqfh/ Phhvh +4<;9,/ Zhvw +4<;:, dqg Iorrg hw do1 +4<<4,1
6 Lw lv wr eh qrwhg wkdw lq wkhlu lq�qlwh0krul}rq iudphzrun/ h{shfwdwlrqv fdqqrw eh vlqjohg rxw dv zh zloo eh

deoh wr gr zlwklq rxu wkhruhwlfdo dqg hpslulfdo iudphzrun1
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dssolfdeoh dvvhw sulflqj prgho1 Lq vhfwlrq 6 zh olqn wkh wkhruhwlfdo sulflqj htxdwlrq wr wkh

Ndopdq �owhulqj vwdwh0vsdfh prgho1 Vhfwlrq 7 �uvw jlyhv vrph ghwdlov rq wkh wzr frqyhuvlrq

h{shulphqwv dqg vdpsoh shulrgv1 Vxevhtxhqwo|/ zh suhvhqw dqg lqwhusuhw hvwlpdwlrq uhvxowv1

Ilqdoo|/ vhfwlrq 8 vxppdul}hv wkh pdlq �qglqjv dqg jlyhv vrph srolf| frqvlghudwlrqv1

5 D vlpsoh prgho ri dvvhw sulfh g|qdplfv xqghu frqyhuvlrq

Wkh zd| dvvhw sulfh g|qdplfv zloo uhvsrqg wr wkh dqqrxqfhphqw ri frqyhuvlrq zloo eh h{dp0

lqhg zlwklq wkh zhoo0nqrzq dvvhw sulfh htxdwlrq=

s +w, @ i +w, . �
H| ^gs +w,`

gw
= +4,

Wkh orj ri wkh dvvhw sulfh dw wlph w lv ghqrwhg e| s +w, dqg i +w, uhsuhvhqwv wkh +orj, ixqgdphq0

wdo1 Wkh h{shfwdwlrqv rshudwru dw wlph w lv jlyhq e| H|1 Li wkh dvvhw lv dq h{fkdqjh udwh/ wkh

ixqgdphqwdo fdq eh lqwhusuhwhg dv dq lqglfdwru ri wkh uhodwlyh vxsso| wr ghpdqg frqglwlrqv

ri wkh krph fxuuhqf| +vhh iru lqvwdqfh Nohlq dqg Ohzlv +4<<6,,1 Zlwklq wkh prqhwdu| prgho

ri h{fkdqjh udwh ghwhuplqdwlrq wkh ixqgdphqwdo lv vshfl�hg xvlqj prqh| ghpdqg htxdwlrqv/

SSS dqg XLS1 Lq wkh fdvh zkhuh s +w, lv wkh sulfh ri d vwrfn/ i +w, fdq eh lqwhusuhwhg dv wkh

orj ri wkh glylghqg dw wlph w1 Wkh sdudphwhu � phdvxuhv wkh vhqvlwlylw| ri wkh dvvhw sulfh

wr lwv rzq h{shfwhg ixwxuh fkdqjh1 E| frqvwuxfwlrq/ �

b
fdq eh lqwhusuhwhg dv wkh vxemhfwlyh

glvfrxqw idfwru +vhh iru lqvwdqfh Vyhqvvrq +4<<4, dqg Ehuwrod +4<<6,,1

Uxolqj rxw vshfxodwlyh exeeohv/ wkh xqltxh vdggoh0sdwk vroxwlrq lq wkh lq�qlwh0krul}rq

fdvh lv jlyhq e| +vhh Iurrw dqg Revwihog +4<<4d/e,,=

s +w, @
4

�

]
"

|

H| ^i +v,` h{s

�
�

v� w

�

�
gv= +5,

Htxdwlrq +5, krogv iru doo w|shv ri vhtxhqfhv ri ixqgdphqwdov dqg dv vxfk zloo dovr eh xvhixo

lq rughu wr vwxg| wkh lpsolfdwlrqv ri frqyhuvlrq1 Vxssrvh wkdw dw wlph w� dq djhqw +fuhgleo|,

dqqrxqfhv wkdw dw vrph ixwxuh/ �{hg gdwh/ W / kh ru vkh zloo frqyhuw d fhuwdlq dvvhw dw d fhuwdlq

sulfh/ f1 Dvvxplqj wkdw frqyhuvlrq fdq dovr eh grqh dw dq| w N W dw wkh �{hg frqyhuvlrq

sulfh f lpsolhv wkdw H| ^gs +l,` @ 3 iru l N W= Vxevwlwxwlqj wkh odwwhu frqglwlrq lq htxdwlrq +5,

wkhq lpsolhv wkdw s +l, @ f iru l N W vxfk wkdw s +l, @ f @ i +l, iru l N W= Vxevwlwxwlqj wkhvh

htxdolwlhv lq htxdwlrq +5, uhvxowv lq wkh vdggoh0sdwk iru wkh dvvhw sulfh sulru wr wkh uhjlph
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vzlwfk=7

s +w, @ h{s

�
�

W � w

�

�
f.

4

�

]
A

|

H| ^i +v,` h{s

�
�

v� w

�

�
gv iru w� � w � W= +6,

Wkh vroxwlrq lq htxdwlrq +6, frqvlvwv ri wzr sduwv1 Wkh �uvw rqh uhsuhvhqwv wkh glvfrxqwhg

ydoxh ri wkh dvvhw*v frqyhuvlrq ydoxh/ zkloh wkh vhfrqg whup jlyhv wkh glvfrxqwhg ydoxh ri

h{shfwhg ixqgdphqwdov ehwzhhq w dqg W= Wkh vroxwlrq kdv wkh iroorzlqj lqwxlwlrq1 Pdunhwv

uhdol}h wkdw dw wkh frqyhuvlrq gdwh wkh ixqgdphqwdo ydoxh ri wkh dvvhw lv vlpso| lwv frqyhuvlrq

ydoxh1 Wklv ydoxh zloo vxevhtxhqwo| eh glvfrxqwhg wr wkh suhvhqw srlqw ri wlph1 Fxuuhqw ydoxhv

ri ixqgdphqwdov ehwzhhq w dqg W wkhq frqvwlwxwh dq dgglwlrqdo vrxufh ri ydoxh1

Rqh fdq vlpsoli| htxdwlrq +6, e| dvvxplqj wkdw wkh ixqgdphqwdo iroorzv guliwohvv Eurzqldq

prwlrq1 Wklv |lhogv=

s +w, @ h{s

�
�

W � w

�

�
f.

�
4� h{s

�
�

W � w

�

��
i +w, = +7,

Wkh dvvhw sulfh lv wkxv d frqyh{ frpelqdwlrq ri wkh frqyhuvlrq ydoxh dqg wkh fxuuhqw ohyho ri

wkh ixqgdphqwdo1 Qrwh wkdw zhljkwv zloo vkliw wrzdug wkh frqyhuvlrq ydoxh dv rqh jhwv forvhu

wr wkh frqyhuvlrq gdwh W 1 Dw wlph W doo zhljkw zloo eh sodfhg rq wkh frqyhuvlrq ydoxh dv

uhtxluhg e| wkh udwlrqdo h{shfwdwlrqv dvvxpswlrq1 Wkh fuxfldo idfwru lq wkh ghwhuplqdwlrq ri

wkh ohyho dqg wkh glvsodfhphqw ri wkh zhljkwv lv wkh vxemhfwlyh glvfrxqw udwh �

b
1 Wkh vpdoohu

�

b
/ fhwhulv sdulexv/ wkh odujhu wkh zhljkw ri wkh frqyhuvlrq udwh zloo eh1

Htxdwlrq +7, zloo eh wkh vwduwlqj srlqw iru rxu hpslulfdo dqdo|vlv1 Vr/ zh dvvxph wkh

ixqgdphqwdo wr iroorz guliwohvv Eurzqldq prwlrq zklfk vhhpv uhdvrqdeoh lq ylhz ri wkh vdpsoh

shulrgv fkrvhq +vhh ehorz,1

Ilqdoo|/ htxdwlrq +7, doorzv xv wr jlyh frqwhqw wr wkh qrwlrq ri wkh vshhg ru udwh ri frq0

yhujhqfh1 Zh gh�qh wkh udwh ri frqyhujhqfh dv wkh devroxwh ydoxh ri wkh h{shfwhg fkdqjh ri

wkh orj glvwdqfh ehwzhhq wkh dvvhw sulfh dqg wkh frqyhuvlrq udwh1 Wklv jlyh xv dq lghd ri wkh

+devroxwh ydoxh ri wkh, lqvwdqwdqhrxv h{shfwhg udwh ri fkdqjh uhtxluhg lq rughu wr htxdwh wkh

dvvhw sulfh dqg wkh frqyhuvlrq udwh dw wlph W 1 Ohw xv gh�qh | +w, @ s +w, � f1 Lwv h{shfwhg

fkdqjh wkhq fdq eh fdofxodwhg yld htxdwlrq +7,/ qrwlqj wkdw i +w, lv dvvxphg wr iroorz guliwohvv

7 Lq vhfwlrq 4 ri wkh dsshqgl{ lq Gh Judxzh hw do1 +4<<<, lw lv vkrzq wkdw wklv vroxwlrq dovr iroorzv li rqh
dowhuqdwlyho| dvvxphv wkdw wkh pdunhw iru wkh dvvhw fhdvhv wr h{lvw dw wlph A 1
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Eurzqldq prwlrq=8

H| ^g| +w,` @ �
4

�
h{s

�
�

W � w

�

�
^i +w,� f` = +8,

Wkh uhtxluhg h{shfwhg fkdqjh lq | +w, ghfuhdvhv wrzdug frqyhujhqfh xqwlo lw uhdfkhv }hur ru

xqwlo wkh dvvhw sulfh dqg wkh frqyhuvlrq udwh frlqflgh19 Sulru wr frqyhuvlrq/ H| ^g| +w,` zloo

ghshqg rq wkh uhodwlyh srvlwlrq ri wkh dfwxdo ixqgdphqwdo ylv0ã0ylv wkh frqyhuvlrq udwh1 Wkh

lqwxlwlrq ehklqg wklv lv vlpsoh1 Li dw vrph srlqw ri wlph wkh ixqgdphqwdo htxdov f/ pdunhwv

zloo h{shfw qr ixuwkhu pryhphqw lq wkh dvvhw sulfh1 Li rq wkh rwkhu kdqg wkh ixqgdphqwdo

h{fhhgv +idoov ehorz, wkh frqyhuvlrq udwh/ wkh udwh ri frqyhujhqfh kdv wr eh qhjdwlyh +srvlwlyh,

lq h{shfwdwlrq1 Wkh udwh dw zklfk | +w, lv wr dowhu wkhq lv jlyhq e|/ diwhu wdnlqj wkh devroxwh

ydoxh=

UF @
4

�
h{s

�
�

W � w

�

�

zkhuh UF ghqrwhv wkh udwh ri frqyhujhqfh1

Lq wkh uhpdlqghu ri wkh sdshu/ zh zloo dssur{lpdwh UF e| UFW=

UFW @
4

�
=

Wkxv lq wkh odwwhu gh�qlwlrq/ wkh udwh ri frqyhujhqfh frlqflghv zlwk wkh vxemhfwlyh glvfrxqw

udwh1 Lq rughu wr rewdlq wklv htxdwlrq zh kdg wr uhpryh wkh wlph0ghshqghqf| ri UF1 Wklv

vhhpv d uhdvrqdeoh dvvxpswlrq rq ehkdoi ri wzr uhdvrqv1 Iluvw/ wkh vdpsoh shulrgv frqvlghuhg

khuh duh uhodwlyho| vkruw1 Vhfrqg/ hvwlpdwlrq/ dv zh zloo vhh ehorz/ |lhoghg vpdoo ydoxhv iru wkh

vxemhfwlyh glvfrxqw idfwru �

b
1 Zkhq frpelqlqj wkhvh wzr revhuydwlrqv/ wkh plvphdvxuhphqw

lqyroyhg lq htxdwlqj UF dqg UFW zloo eh idluo| olplwhg1 Iljxuh 4 looxvwudwhv wklv srlqw1 Zh

vkrz wkh shufhqwdjh ryhuhvwlpdwlrq ri UF wkurxjk wkh xvh ri UFW iru wkh odvw |hdu suhfhglqj

frqyhuvlrq zkhq xvlqj vxemhfwlyh glvfrxqw udwhv wkdw duh uhsuhvhqwdwlyh iru rxu hvwlpdwhv ri

�

b
1 Wkh olqhv lq �jxuh 4 ghslfw ryhuhvwlpdwlrq iru glvfrxqw udwhv ri ;(/ 9(/ 7(/ 5( dqg

4( uhvshfwlyho|1 Wkh kljkhvw ghjuhh ri ryhuhvwlpdwlrq lv/ ri frxuvh/ ghwhfwhg iru wkh odujhvw

glvfrxqw udwh1 Prvw ri wkh glvfrxqw udwhv ghwhfwhg ehorz/ krzhyhu/ dprxqw dw prvw wr 5(

lq zklfk fdvh ryhuhvwlpdwlrq ri UF e| UFW lv vpdoohu wkdq 518(1 Iurp d sudfwlfdo srlqw

ri ylhz/ zh wkhuhiruh ihho frq�ghqw wkdw htxdwlqj wkh vxemhfwlyh glvfrxqw udwh dqg wkh udwh

8Ru/ .| d_s E|�o ' f1
9
Qrwh iurp vhfwlrq 2 wkdw R E�� ' S ' s E�� iru � N A 1

9



ri frqyhujhqfh hqwdlov qr vxevwdqwldo huuruv1 Dovr iurp dq lqwxlwlyh srlqw ri ylhz rqh zrxog

h{shfw d forvh uhodwlrq ehwzhhq wkhvh wzr frqfhswv1

Lqvhuw �jxuh 4

6 Wkh hvwlpdwlrq surfhgxuh

Zh rsw iru d vwdwh0vsdfh prgho lq zklfk wkh vwdwh ri wkh qdwxuh/ l1h1 wkh ixqgdphqwdo/ lv vhhq

dv wkh xqrevhuydeoh gulylqj irufh1 Wklv fkrlfh doorzv xv wr flufxpyhqw wkh wkhruhwlfdo dqg

hpslulfdo gl!fxowlhv hqfrxqwhuhg lq h{solflwo| gh�qlqj wkh ixqgdphqwdo ri wkh dvvhw sulfh1

Wkh wlph vhulhv ri wkh ixqgdphqwdov dqg wkh dvvhw sulfh htxdwlrq duh hvwlpdwhg yld d

Ndopdq �owhulqj hvwlpdwlrq dssurdfk1 Zh wkhuhe| dgrsw d glvfuhwh0wlph iudphzrun lq zklfk

zh dvvxph wkh vwdwh yduldeoh wr iroorz d guliwohvv udqgrp zdon/ l1h1 wkh glvfuhwh0wlph htxlydohqw

ri d guliwohvv Eurzqldq prwlrq=

s +w, @ h{s

�
�

W � w

�

�
f.

�
4� h{s

�
�

W � w

�

��
i +w, . %| +9,

i +w, @ i +w� 4, . �| +:,

Htxdwlrq +9, lv wkh revhuydwlrq htxdwlrq lq zklfk wkh ixqgdphqwdo/ l1h1 wkh vwdwh ri qdwxuh/

lv olqnhg wr wkh dvvhw sulfh dffruglqj wr rxu wkhruhwlfdo prgho1 Lw lv wr eh qrwhg wkdw wkh

frh!flhqwv ri wkh wzr lqsxwv/ wkh �{hg ydoxh f dqg wkh ixqgdphqwdov/ ydu| ryhu wlph lq

ixqfwlrq ri wkh uhpdlqlqj wlph wr frqyhuvlrq dqg wkh udwh ri frqyhujhqfh/ �

b
1 Htxdwlrq +9, lv

vxemhfw wr wkh revhuydwlrq huuru/ %|/ wkdw lv dvvxphg wr eh qrupdoo| glvwulexwhg zlwk phdq }hur

dqg ghfuhdvlqj yduldqfh +W � w,�20/ l1h1 %| � Q
�
3> +W � w,�20

�
1 Lqwxlwlyho|/ rqh fdq lqwhusuhw

wkh revhuydwlrq huuru dv qrlvh lq wkh pdunhwv* delolw| wr fruuhfwo| uhvsrqg wr wkh sulflqj lqsxwv1

Olqnlqj wkh yduldqfh idfwru wr wkh uhpdlqlqj wlph xqwlo frqyhuvlrq uh hfwv wkh ohduqlqj surfhvv

lq zklfk pdunhwv rewdlq d ehwwhu ylhz rq wkh sulflqj surfhvv zkhq wkh frqyhuvlrq gdwh frphv

qhduhu1 Krzhyhu/ wkh ghfuhdvh dovr orjlfdoo| kdv wr iroorz iurp wkh vshfl�fdwlrq ri erwk wkh

revhuydwlrq dqg wkh v|vwhp htxdwlrqv dv zh zloo lqglfdwh ehorz1

Htxdwlrq +:, lv fdoohg wkh v|vwhp htxdwlrq wkdw jryhuqv wkh frxuvh ri wkh vwdwh yduldeoh1 Zh

fkrvh iru d glvfuhwh0wlph udqgrp zdon zlwkrxw guliw dv lqfoxvlrq ri d guliw idfwru/ erwk iurp d

:



wkhruhwlfdo dqg dq hpslulfdo srlqw ri ylhz/ vhhphg xqzduudqwhg1 Wkh v|vwhp htxdwlrq lv dovr

vxemhfw wr dq huuru/ �|/ zklfk lv dvvxphg wr eh qrupdoo| glvwulexwhg zlwk frqvwdqw yduldqfh/ l1h1

�| � Q
�
3> �2#

�
1 Wkh odwwhu dvvxpswlrq lpsolhv wkdw zh gr qrw hvwhhp lw olnho| wkdw yduldelolw|

lq wkh ixqgdphqwdo surfhvv lv wr ghfuhdvh lq ixqfwlrq ri wkh uhpdlqlqj wlph xqwlo frqyhuvlrq1

Wklv dvvxpswlrq wrjhwkhu zlwk wkh ghfuhdvh lq wkh zhljkw ri wkh ixqgdphqwdo zkhq +W � w,

jurzv vpdoohu reylrxvo| lpsolhv wkdw yduldelolw| ri wkh dvvhw sulfh zloo eh ghfuhdvlqj iru vpdoohu

+W � w,1: Wklv dujxphqw dovr mxvwl�hv wkh wlph0ghshqglqj vshfl�fdwlrq fkrvhq iru wkh yduldqfh

ri wkh revhuydwlrq htxdwlrq huuru1

Wkh hvwlpdwlrq surfhgxuh xvhg lq rxu hpslulfdo vhw0xs hperglhv d uhfxuvlyh vwudwhj| lq

zklfk wkh ixqgdphqwdo lv �owhuhg lq ixqfwlrq ri wkh wkuhh sdudphwhuv wkdw duh wr eh hvwl0

pdwhg/ lq fdvx
�

b
/ �20 dqg �2#1 Ehiruh zh suhvhqw wkh vhw ri htxdwlrqv wkdw ghvfulehv wkh

lqwhuqdo g|qdplfv ri wkh Ndopdq �owhu/ zh lqglfdwh wkh qrwdwlrq xvhg1 Wkh idfwru g+w, gh0

qrwhv h{s
�
�

A3|
b

�
1 Qrwh wkdw g +w, ghshqgv rq rqh ri wkh sdudphwhuv wr eh hvwlpdwhg/ qrwdeo|

rq wkh vxemhfwlyh glvfrxqw idfwru �

b
1 Wkh uhfxuvlyh hqgrjhqrxv sdudphwhuv zloo eh dgguhvvhg

wkurxjk wkh xvh ri d grxeoh wlph lqgh{ lq zklfk wkh odvw lqgh{ ghqrwhv wkh wlph srlqw lq

zklfk surmhfwlrq lv pdgh iru wkh srlqw ri wlph uhsuhvhqwhg e| wkh �uvw wlph lqgh{1 Surmhfwhg

yduldeohv duh fkdudfwhul}hg e| wkh vxshuvfulsw ef = Dv vxfk/ ei +w. 4> w, ghqrwhv wkh surmhfwlrq

iru wkh ixqgdphqwdo lq shulrg w . 4 edvhg rq lqirupdwlrq dydlodeoh dw wlph w1 Wkh Ndopdq

�owhu lq rxu prgho wkhq fdq eh zulwwhq dv=;

ei +w. 4> w, @ ei +w> w,

S +w. 4> w, @ S +w> w, . �2#

E +w. 4> w, @ +4� g +w,,2 S +w> w, . �20 +W � w,

e% +w. 4> w, @ s +w. 4,� g +w, f� +4� g +w,, ei +w. 4> w,

N +w. 4, @ S +w. 4> w, +4� g +w,,E +w. 4> w,3�

ei +w. 4> w. 4, @ ei +w. 4> w, .N +w. 4,e% +w. 4> w,

S +w. 4> w. 4, @ +4�N +w. 4, +4� g +w,,,S +w. 4> w,

: Lqghhg/ xqghu wkh dvvxpswlrq ri fuhglelolw| ri wkh frqyhuvlrq ydoxh wkh rqo| uhpdlqlqj vrxufh ri yduldelolw|
ruljlqdwhv iurp wkh hyroxwlrq ri wkh ixqgdphqwdo +vhh Gh Judxzh hw do1 +4<<<, iru d pruh ghwdlohg wuhdwphqw
ri wklv lvvxh,1

;Wkh ghvfulswlrq iroorzv Exuphlvwhu dqg Zdoo +4<;5,1 D frqflvh ghulydwlrq ri wkh Ndopdq �owhu dqg lwv
lqwxlwlrq lv jlyhq lq Phlqkrog dqg Vlqjsxuzdood +4<;6,1

;



Wkh yduldqfh0fryduldqfh pdwul{ ri wkh lqqrydwlrq lq wkh revhuydwlrq htxdwlrq lv wkhq jlyhq

e| E +w. 4> w,/ ru

E +w. 4> w, @ H
qe% +w. 4> w,2

r
=

Hvwlpdwlrq ri wkh sdudphwhuv �20/ �
2
# dqg �

b
lv shuiruphg lq dq lwhudwlyh pdqqhu1 Khuhwr/ zh

irupxodwhg d �uvw jxhvv iru wkhvh wkuhh sdudphwhuv dqg iru wkh lqlwldo ydoxh ri wkh ixqgdphqwdo

dqg vxevhtxhqwo| udq wkh deryh �owhu1 Wkh uhvxowlqj lqqrydwlrqv lq wkh revhuydwlrq htxdwlrq

wrjhwkhu zlwk wkhlu yduldqfh0fryduldqfh pdwul{ zhuh soxjjhg lqwr wkh iroorzlqj orvv ixqfwlrq=

M
�
��
�
@ �

4

5

A3�[
|'|f

%e% +w. 4> w,2

E +w. 4> w,
� oq +E +w. 4> w,,

&
>

zkhuh �� ghqrwhv wkh yhfwru ri sdudphwhu hvwlpdwhv iru lwhudwlrq l dqg wf uhsuhvhqwv wkh vwduwlqj

srlqw ri wkh vdpsoh shulrg1 Wkh ixqfwlrq M
�
��
�
wkhq fdq eh pd{lpl}hg yld pd{lpxp olnhol0

krrg1< Wkh lpsuryhg sdudphwhu hvwlpdwhv lq wkh yhfwru �� uh0hqwhu wkh �owhu dqg vxevhtxhqwo|

wkh olnholkrrg ixqfwlrq xqwlo wkh uhtxluhg ohyho ri frqyhujhqfh lv dfklhyhg1

Lq wklv sdshu zh lqlwldoo| lqfoxghg dovr wkh lqlwldo ydoxh ri wkh ixqgdphqwdo lq wkh yhfwru

ri sdudphwhuv wr eh hvwlpdwhg1 Zh vxevhtxhqwo| uh0udq wkh lwhudwlyh surfhgxuh xvlqj wkh

hvwlpdwh iru i +wf, dv lwv +�{hg, lqlwldo ydoxh dv wkh Khvvldq lq wkh �uvw uxq prvwo| idlohg wr

lqyhuw1 Zh wkxv �qdoo| hvwlpdwhg wkh yhfwru
�
�

b
�20 �2#

�
�

1

7 Gdwd dqg hvwlpdwlrq uhvxowv

Ehiruh suhvhqwlqj hvwlpdwlrq uhvxowv/ zh surylgh pruh ghwdlov rq wkh frqyhuvlrq h{shulphqwv/

wkh vdpsoh shulrgv fkrvhq dqg jlyh d txdolwdwlyh glvfxvvlrq ri wkh hyroxwlrq ri wkhvh dvvhw

sulfhv +vhfwlrq 7=4,1 Vhfwlrq 7=5 wkhq jlyhv wkh hvwlpdwlrq uhvxowv wrjhwkhu zlwk dgglwlrqdo

lqirupdwlrq rq wkh sulflqj zhljkwv dqg wkh uroh ri ixqgdphqwdov1

714 Gdwd dqg vdpsoh shulrgv

Wkh 4;:<0Uhvxpswlrq ri Vshflh Sd|phqwv lq wkh XVD lv rxu �uvw frqyhuvlrq h{shulphqw1

Rq Mdqxdu| 47/ 4;:8 Frqjuhvv ghflghg wkdw sdshu juhhqedfnv lvvxhg gxulqj wkh Flylo Zdu

zhuh wr ehfrph ixoo| frqyhuwleoh dw sdu lqwr jrog frlq rq Mdqxdu| 4/ 4;:<1 Hvwlpdwlrq zloo

irfxv rq wkh shulrg Mdqxdu| 4/ 4;:; 0 Ghfhpehu 64/ 4;:;1 Zh wkxv uhvwulfw dwwhqwlrq wr

<
Vhh Exuphlvwhu dqg Zdoo +4<;5,/ s1 5:4/ iru wkh qhfhvvdu| frqglwlrqv1

<



wkh |hdu suhfhglqj frqyhuvlrq1 Zh kdyh wzr uhdvrqv iru grlqj vr1 Iluvw/ rxu wkhruhwlfdo

prgho dvvxphv fuhglelolw| ri wkh dqqrxqfhphqw zklfk/ iurp wkh dffrxqwv ri Plwfkhoo +4<3;,/

zdv qrw lpphgldwho| hvwdeolvkhg diwhu wkh ghflvlrq zdv frppxqlfdwhg1 Dv wkh odvw |hdu

zdv fkdudfwhul}hg e| wkh pdwhuldo suhsdudwlrqv ri frqyhuvlrq/ fuhglelolw| frxog qr orqjhu eh

grxewhg1 Vhfrqg/ glvuhjduglqj wkh lvvxh ri +sduwldoo|, odfnlqj fuhglelolw| ri wkh dqqrxqfhphqw

zh dovr hvwlpdwhg wkh prgho iru ydulrxv hduolhu vwduwlqj gdwhv1 Hvwlpdwhv/ krzhyhu/ kdugo|

gl�hu iurp wkrvh wkdw zloo eh uhsruwhg ehorz1

Wkh gdwd vhulhv lv wdnhq iurp Plwfkhoo +4<3;, zkr uhsruwv gdlo| sulfhv ri juhhqedfnv

h{suhvvhg lq shufhqw ri sdu1 Iljxuh 5 vkrzv wkh hyroxwlrq ri wkh juhhqedfn sulfh iru rxu

vdpsoh shulrg143 Wkh frqyhuvlrq ydoxh lv uhsuhvhqwhg e| wkh krul}rqwdo olqh dw 4331 Wkh �jxuh

hperglhv wkh pdlq suhglfwlrqv iurp rxu wkhruhwlfdo prgho1 Iluvw/ douhdg| d |hdu sulru wr

frqyhuvlrq wkh dvvhw sulfh irxqg lwvhoi uhodwlyho| forvh wr wkh xowlpdwh dvvhw sulfh dv d uhvxow

ri wkh vwurqj zhljkw ri wkh odwwhu lq sulflqj144 Vhfrqg/ wkh prgho suhglfwv wkdw wkh zhljkw

ri wkh frqyhuvlrq ydoxh zloo eh h{srqhqwldoo| olqnhg wr wkh vxemhfwlyh glvfrxqw idfwru dqg

wkh uhpdlqlqj wlph wr frqyhuvlrq1 Wkxv/ wkh sulfh zrxog frqyhujh lq dq h{srqhqwldo pdqqhu

wrzdug wkh frqyhuvlrq udwh1 Wklv fohduo| lv wkh grplqdwlqj ihdwxuh ri �jxuh 51

Lqvhuw �jxuh 5

Wkh vhfrqg frqyhuvlrq h{shulphqw lv wkh fuhdwlrq ri wkh Hxur rq Mdqxdu| 4/ 4<<<1 Dw wkdw

gdwh/ wkh lqglylgxdo fxuuhqflhv ri wkh lqlwldo HPX0phpehuv zhuh �{hg lq whupv ri wkh Hxur1

Krzhyhu/ wkh hpehgghg elodwhudo frqyhuvlrq udwhv/ l1h1 ri wkh Ehojldq iudqf lq whupv ri wkh

Jhupdq pdun iru lqvwdqfh/ zhuh dqqrxqfhg hduolhu/ qdpho| rq Pd| 4/ 4<<;1 Dw wklv gdwh dx0

wkrulwlhv ghflghg wkdw suhydlolqj elodwhudo HUP0sdulwlhv zrxog dovr eh wkh elodwhudo frqyhuvlrq

udwhv1 Wkhvh ydoxhv duh jlyhq lq wdeoh 41 Zh h{dplqh elodwhudo h{fkdqjh udwhv ylv0ã0ylv wkh

Jhupdq pdun dqg wkxv suhvhqw uhvxowv iru qlqh fxuuhqflhv1 Rxu vdpsoh shulrg uxqv iurp Mdqx0

du| 4/ 4<<; xqwlo Vhswhpehu 5/ 4<<;1 Wklv shulrg wkxv vwduwv sulru wr wkh dfwxdo dqqrxqfhphqw

ri elodwhudo frqyhuvlrq udwhv1 Khqfh/ zh dvvxph wkdw wklv lqirupdwlrq zdv douhdg| nqrzq dw

wkh ehjlqqlqj ri wkh vdpsoh shulrg1 Wklv suhvxpswlrq lv mxvwl�hg e| wkh revhuydwlrq dv wr

43Plwfkhoo +4<3;, uhsruwv erwk wkh gdlo| kljkhvw dqg wkh gdlo| orzhvw sulfhv1 Zh fkrvh wr xvh gdlo| kljkhvw
ydoxhv/ d fkrlfh wkdw lq qr zd| d�hfwhg qhlwkhu wkh ylvxdo lpsuhvvlrq qru wkh hvwlpdwlrq uhvxowv1

44Vrph qxphulfdo h{dpsohv looxvwudwh wklv1 Soxjjlqj lq vxemhfwlyh glvfrxqw udwhv ri 43(/ 8( dqg 5( lq wkh
�uvw whup ri htxdwlrq +7, uhwxuqv zhljkwv iru wkh frqyhuvlrq udwh ri <3(/ <8( dqg <;(/ uhvshfwlyho| douhdg|
rqh |hdu sulru wr frqyhuvlrq1

43



zklfk ydulrxv dffrxqwv vxjjhvwhg wkdw dw wkdw wlph wkhuh zdv d eurdg djuhhphqw rq erwk wkh

qxpehu ri sduwlflsdwlqj frxqwulhv dqg wkh frqyhuvlrq udwhv wr eh xvhg145 Wkh vdpsoh hqgv rq

Vhswhpehu 5/ 4<<;/ l1h1 irxu prqwkv sulru wr frqyhuvlrq1 Zh fkrvh wklv gdwh dv dw wkdw srlqw

ri wlph rqh frxog vwloo revhuyh gl�huhqfhv lq frqyhujhqfh wr wkh dqqrxqfhg frqyhuvlrq udwhv

+vhh ehorz,1

Lqvhuw wdeoh 4

Lqvhuw �jxuh 6

Wkh gdlo| h{fkdqjh udwh gdwd zhuh wdnhq iurp Gdwdvwuhdp dqg duh ghslfwhg lq �jxuh 61 Lq

wklv �jxuh zh ghslfw wkh orfdo fxuuhqf| sulfh ri wkh Jhupdq pdun lq shufhqw ri wkh elodwhudo

frqyhuvlrq udwhv1 Wkh frqyhuvlrq udwh/ djdlq/ lv uhsuhvhqwhg e| wkh krul}rqwdo olqh dw 4331

Lq rughu wr idflolwdwh frpsdulvrq dfurvv fxuuhqflhv doo sdqhov kdyh wkh vdph vfdoh zlwk wkh

h{fhswlrq ri wkh Lulvk sxqw dqg wkh Lwdoldq olud1 Iru wkh odwwhu wzr fxuuhqflhv d vrphzkdw

zlghu vfdoh kdg wr eh fkrvhq1 Iru wkh uhpdlqlqj vhyhq fxuuhqflhv rqh fdq revhuyh wkdw douhdg|

rqh |hdu sulru wr frqyhuvlrq h{fkdqjh udwhv zhuh h{wuhpho| forvh wr wkh xowlpdwh frqyhuvlrq

udwhv1 Lq wkh fdvh ri wkh Gxwfk jxloghu/ wkh Ehojldq iudqf dqg/ hvshfldoo|/ wkh Dxvwuldq vfkloolqj

h{fkdqjh udwhv zhuh kdugo| glvwlqjxlvkdeoh iurp wkh frqyhuvlrq udwhv1 Iru wkh Sruwxjxhvh/

Vsdqlvk dqg Ilqqlvk fxuuhqflhv d olplwhg dprxqw ri frqyhujhqfh zdv qhfhvvdu| dqg dovr

revhuydeoh lq �jxuh 61 Ilqdoo|/ iru wkh Lulvk sxqw dqg wkh Lwdoldq olud wkh qhhg iru frqyhujhqfh

zdv vrphzkdw odujhu dqg qrw frpsohwho| dfklhyhg lq Vhswhpehu 4<<;1 Wkh uhdvrq fdq eh

irxqg lq wkh uhpdlqlqj +vxevwdqwldo, lqwhuhvw udwh gl�huhqwldo zlwk Jhupdq|1

715 Hvwlpdwlrq uhvxowv

Wkh �uvw wkuhh froxpqv ri wdeoh 5 suhvhqw wkh hvwlpdwhv iru wkh orj ri wkh wkuhh sdudphwhuv1

Wkh vwdqgdug huuruv duh jlyhq zlwklq eudfnhwv dqg zhuh frpsxwhg edvhg rq wkh lqyhuvh ri wkh

Khvvldq1 Wkh irxuwk froxpq vkrzv wkh lpsolhg dqqxdol}hg ydoxh iru wkh vxemhfwlyh glvfrxqw

udwh �

b
dv hvwlpdwlrq zdv sxuvxhg xvlqj gdlo| gdwd1 Zh vxevhtxhqwo| lqglfdwh wkh lpsolhg

zhljkw ri wkh frqyhuvlrq ydoxh f dw wkh ehjlqqlqj ri wkh uhvshfwlyh vdpsoh shulrgv +froxpq d,

dqg dw 453 gd|v sulru wr frqyhuvlrq +froxpq e,1

45Iru wkh Lulvk sxqw vlwxdwlrq zdv vrphzkdw frpsolfdwhg e| wkh idfw wkdw wkh sdulw| ri wkh sxqw zdv uhydoxhg
rq Pdufk 49/ 4<<;1 Zh sxuvxh hvwlpdwlrq zlwk wkh uhydoxhg sdulw|1 Wklv fkrlfh uh hfwv wkh djuhhphqw lq
pdunhwv wkdw wkh rog sdulw| zdv xqolnho| wr eh fkrvhq dv wkh frqyhuvlrq udwh1 Wkh uhdoljqphqw/ pruh ru ohvv/
phuho| eurxjkw wkh sdulw| lq olqh zlwk wkh dfwxdo ohyho ri wkh sxqw1

44



Lq doo fdvhv/ wkh yduldqfh hvwlpdwh iru wkh revhuydwlrq htxdwlrq lv rqo| d iudfwlrq ri lwv

frxqwhusduw ri wkh v|vwhp htxdwlrq1 Wklv lqglfdwhv wkdw wkh ixqgdphqwdo h{shulhqfhg vxe0

vwdqwldo/ doehlw vwloo olplwhg lq h{whqw/ yduldelolw| zkhq frpsduhg wr wkh dvvhw sulfh1 Wklv

frphv dv qr vxusulvh dv wkh wkhruhwlfdo prgho douhdg| suhglfwhg wkdw rqo| d vpdoo iudfwlrq

ri yduldelolw| lq wkh ixqgdphqwdo zrxog vsloo ryhu wr wkh dvvhw sulfh1 Dv d uhvxow suhglfwlrq

huuruv lq wkh revhuydwlrq htxdwlrq dqg wkhlu yduldqfh vkrxog eh olplwhg lq h{whqw dqg +pxfk,

vpdoohu wkdw wkrvh lq wkh v|vwhp htxdwlrq1

Lqvhuw wdeoh 5

Iurp �jxuhv 5 dqg 6 zh uhfdoo wkdw sulfhv zhuh dozd|v lq d yhu| qduurz udqjh zlwk uhvshfw wr

wkh xowlpdwh frqyhuvlrq sulfh1 Wkh vroh h{fhswlrqv/ doehlw wkdw gl�huhqfhv zhuh idluo| olplwhg/

zhuh wkh Lulvk sxqw dqg wkh Lwdoldq olud rq wkh rqh kdqg dqg wkh juhhqedfn sulfh rq wkh rwkhu

kdqg1 Lq wkh fdvh ri wkh wzr fxuuhqflhv/ wkh Ndopdq �owhu hvwlpdwlrq dssurdfk h{sodlqv wkh

gl�huhqfh zlwk uhvshfw wr wkh frqyhuvlrq ydoxh yld erwk odujhu yduldqfh ri v|vwhp htxdwlrq

huuruv/ �2#/ dqg odujhu vxemhfwlyh glvfrxqw udwhv/ �

b
1 Wkh lqwxlwlrq lv vlpsoh= wkurxjkrxw prvw

ri wkh hvwlpdwlrq shulrg pdunhwv vdz d +vwurqj, qhhg iru ghsuhfldwlrq gxh wr wkh idfw wkdw

lqwhuhvw udwhv lq Luhodqg dqg Lwdo| vwloo +vxevwdqwldoo|, h{fhhghg wkhlu Jhupdq frxqwhusduwv

zklfk frxog eh lqwhusuhwhg dv wkh ehqfkpdun iru HPX lqwhuhvw udwhv1 Pdunhwv wkhuhiruh

uhtxluhg vxevwdqwldoo| odujhu glvfrxqw udwhv lq kroglqj wkhvh wzr dvvhwv1 Dv d uhvxow/ wkh odujhu

vshhgv ri frqyhujhqfh lpsolhg dovr odujhu ghjuhhv ri yduldelolw| lq wkh v|vwhp htxdwlrq1 Iru wkh

juhhqedfn/ rq wkh frqwudu|/ frqyhujhqfh zdv xowlpdwho| frpsohwho| dfklhyhg dv zh hvwlpdwhg

xqwlo wkh frqyhuvlrq gdwh1 Khqfh/ wkh Ndopdq �owhu h{sodlqhg wkh 6 shufhqwdjh srlqw ulvh lq

wkh sulfh ryhu wkdw |hdu vroho| yld d odujhu hvwlpdwh iru wkh udwh ru vshhg ri frqyhujhqfh1

Dqqxdol}hg vxemhfwlyh glvfrxqw idfwruv duh zlwklq d udqjh ri 315( xs wr ;(/ exw prvwo|

durxqg ru ehorz 4(1 Wkhvh ydoxhv vhhp uhdvrqdeoh lq ylhz ri wkh uhpdlqlqj wlph xqwlo

frqyhuvlrq dqg duh zhoo lq olqh zlwk lqwxlwlrq1 Wkh olplwhg h{whqw ri uhpdlqlqj frqyhujhqfh

frxog lqghhg qrw kdyh zduudqwhg odujh udwhv ri frqyhujhqfh1 Fdofxodwlrq ri wkh zhljkw ri

wkh frqyhuvlrq udwh lq sulflqj looxvwudwhv wklv srlqw1 Froxpqv +d, dqg +e, uhyhdo wkdw dw doo

wlphv wkh zhljkw ri f zdv deryh <6( dqg prvwo| ryhu <<(146 Wkxv/ lq ylhz ri wkh idfw wkdw

46Uhfdoo wkdw Exugd dqg Jhuodfk +4<<6, rewdlqhg d glvfrxqw idfwru ri ryhu 733( zklfk lpsolhg wkdw rq
Mdqxdu| 57/ 4<<3 vwloo ;6( ri wkh sulfh ri wkh Rvwpdun zdv dwwulexwhg wr ixwxuh ixqgdphqwdov +vhh Exugd dqg
Jhuodfk +4<<6,/ s1 75:,1 Wklv �qglqj vhhpv wkh pruh shfxoldu lq ylhz ri wkh flwhg dffrxqwv rq wkh lpplqhqfh
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dvvhw sulfhv zhuh forvh wr wkh xowlpdwh frqyhuvlrq sulfh d orz udwh ri frqyhujhqfh zdv wr eh

h{shfwhg/ dqg dovr ghwhfwhg/ zklfk lq lwvhoi zrxog lpso| wkdw wkh zhljkw ri wkh frqyhuvlrq

udwh zhuh forvh wr xqlw|/ dqg ylfh yhuvd1

Zh frqwlqxh e| ylvxdol}lqj wkh uroh ri wkh ixqgdphqwdov lq sulflqj1 Dv zh kdyh �owhuhg

wkh vhtxhqfh ri wkh xqghuo|lqj ixqgdphqwdov dqg hvwlpdwhg wkh udwh ri frqyhujhqfh/ zh fdq

gluhfwo| fdofxodwh wkh sduw ri wkh dvvhw sulfh h{sodlqhg e| ixqgdphqwdov1 Wklv frqwulexwlrq

lv jlyhq e| wkh vhfrqg whup rq wkh UKV ri htxdwlrq +7,1 Lq �jxuhv 7 dqg 8 zh ghslfw wklv

txdqwlw| lq shufhqw ri wkh dfwxdo dvvhw sulfh1

Lqvhuw �jxuhv 7 dqg 8

Iljxuh 7 ghdov zlwk wkh 4;:<0Uhvxpswlrq lq zklfk wkh qxpehu ri gd|v uhpdlqlqj xqwlo frqyhu0

vlrq lv uhsuhvhqwhg rq wkh krul}rqwdo d{lv1 Zh vhh wkdw +xqrevhuydeoh, ixqgdphqwdov douhdg|

rqh |hdu sulru wr frqyhuvlrq kdyh rqo| d olplwhg uroh wr sod| zlwk d pd{lpxp ydoxh ri rqo|

9(1 Dv suhglfwhg wkh lpsruwdqfh ri ixqgdphqwdov txlfno| ghfolqhv dqg uhdfkhv }hur dw wkh

frqyhuvlrq gdwh1 Wkh yluwxdo luuhohydqfh ri ixqgdphqwdov lq sulflqj zkhq frqyhuvlrq lv wr

frph lv hyhq pruh vwulnlqjo| dssduhqw lq �jxuh 8 zklfk irfxvhv rq wkh qlqh HPX0fxuuhqflhv1

Wkh uroh ri ixqgdphqwdov xqwlo irxu prqwkv sulru wr frqyhuvlrq lv jhqhudoo| olplwhg wr 4(/

djdlq zlwk wkh h{fhswlrq ri wkh Lulvk sxqw dqg wkh Lwdoldq olud iru uhdvrqv lqglfdwhg hduolhu1

Dv h{shfwhg wkh frqwulexwlrq ri ixqgdphqwdov ghfuhdvhv wrzdug frqyhuvlrq1

8 Frqfoxvlrqv

Wklv sdshu vhhnv wr vkhg pruh oljkw rq wkh jhqhudo dvvhw sulflqj ylhz dqg pruh lq sduwlfxodu

rq rqh ri lwv fuxfldo sdudphwhuv/ qrwdeo| wkh vhqvlwlylw| ri wkh dvvhw sulfh wr lwv rzq h{shfwhg

fkdqjh1 Wkh dvvhw sulflqj prgho vhhv wkh fxuuhqw dvvhw sulfh dv ghshqglqj rq dfwxdo +xq0

revhuydeoh, ixqgdphqwdov dqg lwv rzq h{shfwhg sulfh fkdqjh d udwr ri �1 Zh h{dplqh wklv

iudphzrun lq wkh frqwh{w ri dvvhw frqyhuvlrq dw d suh0vshfl�hg gdwh dqg dw d nqrzq ydoxh dv

ghyhorshg lq d eurdghu iudphzrun lq Gh Judxzh hw do1 +4<<<,1 Wkhlu dvvhw sulfh htxdwlrq

wkhq ghshqgv rq fxuuhqw ixqgdphqwdov/ wkh frqyhuvlrq ydoxh/ wkh wlph wr frqyhuvlrq dqg wkh

vxemhfwlyh glvfrxqw udwh �

b
1 Khqfh/ zh fdq gluhfwo| dvvhvv h{shfwdwlrqv +irupdwlrq,1 Pruhryhu/

wkh xqnqrzq idfwru �

b
fdq vwudljkwiruzdugo| eh lvrodwhg lq wkh hpslulfdo dssolfdwlrq1 Zh dovr

ri prqhwdu| xqlrq1 Krzhyhu/ wkh hfrqrphwulf wuhdwphqw dqg wkh frpsoh{lw| ri frqyhujhqfh prgdolwlhv duh wr
eh vhhq dv wkh pdlq gulylqj vrxufh iru wkhlu �qglqj1
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vkrz wkhruhwlfdoo| wkdw wkh idfwru �

b
fdq eh lqwhusuhwhg dv d forvh dssur{lpdwlrq wr wkh udwh

ri frqyhujhqfh ri wkh dvvhw sulfh wr lwv dqqrxqfhg wdujhw udwh/ l1h1 wkh frqyhuvlrq ydoxh1

Wkh wkhruhwlfdo prgho lv wudqvodwhg lqwr dq hpslulfdoo| whvwdeoh prgho wkurxjk dvvxplqj

wkdw wkh ixqgdphqwdo iroorzv guliwohvv Eurzqldq prwlrq1 Wkh hpslulfdo prgho lv vhw xs lq d

glvfuhwh0wlph Ndopdq �owhulqj iudphzrun1 Wklv dssurdfk iuhhv xv iurp wkh qhhg ri kdylqj

wr vshfli| wkh qrwlrq ri dvvhw sulfh ixqgdphqwdov1 Wklv lv d zruwkzkloh h{huflvh dv hpslulfdo

dssolfdwlrqv ri iru lqvwdqfh wkh prqhwdu| prgho ri h{fkdqjh udwh ghwhuplqdwlrq/ wr rxu ylhz/

lpso| xquhdolvwlfdoo| odujh ydoxhv iru wkh udwh ri frqyhujhqfh1 Wklv revhuydwlrq lv olnho| wr

eh gxh wr wkh idloxuh ri wkh prqhwdu| prgho ri h{fkdqjh udwh ghwhuplqdwlrq lq wkh vkruw uxq

vxfk dv fdxvhg iru lqvwdqfh e| wkh idloxuh ri SSS dw wklv iuhtxhqf|1 Rxu prgho flufxpyhqwv

wklv gl!fxow| dqg doorzv xv wr gluhfwo| hvwlpdwh wkh vshhg ri frqyhujhqfh1

Zh dsso| rxu iudphzrun wr wkh fxuuhqflhv wkdw sduwlflsdwh lq wkh �uvw zdyh ri HPX dqg wr

wkh 4;:<0Uhvxpswlrq ri Vshflh Sd|phqwv lq wkh XVD1 Hvwlpdwhv iru wkh vshhg ri frqyhujhqfh

lq wkh fdvh ri Hxurshdq fxuuhqflhv duh vhqvleoh dqg prvwo| ehorz 4( iru wkh odvw |hdu suhfhglqj

wkh vwduw ri HPX rq Mdqxdu| 4/ 4<<<1 Dovr uhdvrqdeoh hvwlpdwhv zhuh rewdlqhg iru wkh 4;:<0

Uhvxpswlrq lq zklfk sdshu juhhqedfnv zhuh frqyhuwhg dw sdu lq jrog frlq1 Wkh wkhruhwlfdo

prgho wrjhwkhu zlwk wkh orz hvwlpdwhv ri wkh udwh ri frqyhujhqfh dovr lpso| wkdw wkh uroh

ri ixqgdphqwdov lq sulflqj zkhq frqyhuvlrq lv wr eh sxuvxhg lq d qrw wr idu dzd| ixwxuh lv

olplwhg wr dw prvw 9(/ exw prvwo| hyhq ehorz 4(1

Rqh ri wkh reylrxv lpsolfdwlrqv ri rxu wkhruhwlfdo dqg hpslulfdo uhvxowv lv wkh olplwhg

vhqvlwlylw| ri dvvhw sulfhv wr vkrfnv lq ixqgdphqwdov zkhq frqyhuvlrq lv wr rffxu1 Lqghhg/ wkh

frpelqdwlrq ri d �{hg frqyhuvlrq gdwh wrjhwkhu zlwk d suh0ghwhuplqhg frqyhuvlrq udwh dfwv

dv d vwurqj frruglqdwlrq ghylfh lq iruplqj h{fkdqjh udwh ru dvvhw sulfh h{shfwdwlrqv1 Wklv

revhuydwlrq lv wkhq olnho| wr h{sodlq wkh uhodwlyh fdop ri lqwud0Hxurshdq iruhljq h{fkdqjh

pdunhwv lq 4<<: dqg 4<<; ghvslwh zruogzlgh dvvhw pdunhw wxuexohqfh wkdw lq wkh sdvw riwhq

dovr ohg wr vwurqj whqvlrqv zlwklq wkh HUP147 Wkh sdshu wkxv hperglhv vrph fohdu ohvvrqv iru

ixwxuh hqwulhv lqwr HPX ru/ pruh lq jhqhudo/ iru rwkhu lqvwdqfhv ri dvvhw sulfh frqyhuvlrq1 Wkh

dqqrxqfhphqw ri d fohdu frqyhuvlrq wlphwdeoh wrjhwkhu zlwk wkh frqyhuvlrq ydoxh wr eh ds0

solhg zloo vwurqjo| olplw dvvhw sulfh yduldelolw| dv yduldelolw| vsloo0ryhuv iurp ixqgdphqwdov duh

vkduso| uhgxfhg1 Wklv dujxphqw/ krzhyhu/ klqjhv rq wkh delolw| ri djhqwv wr fuhdwh fuhglelolw|

47Pruh ghwdlov rq wkh uhodwlrq ehwzhhq wkh frqyhujhqfh surfhgxuhv dqg lqwud0Hxurshdq h{fkdqjh udwh eh0
kdylru fdq eh irxqg lq Gh Judxzh hw do1 +4<<;,1
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rq wkh frqyhuvlrq prgdolwlhv1 Li pdunhwv rq wkh frqwudu| txhvwlrq wkh dqqrxqfhg frqyhuvlrq

udwh/ yduldelolw| olqnhg wr wkh h{shfwhg frqyhuvlrq udwh pd| hyhq errvw ryhudoo dvvhw sulfh

yduldelolw|1
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Figure 1: Percentage overestimation of the rate of convergence by the time-
independent approximation for subjective discount rates of 8%, 6%, 4%,
2% and 1% over the last year prior to conversion.
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Figure 2: Value of paper greenbacks (in percent of gold coin par) and the conversion value, January 1, 1878 - December 31, 1878.
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Figure 3: Local currency price of German marks in percent of the conversion rate, January 1, 1998 - September 2, 1998.

(a) Portuguese escudo (b) Spanish peseta (c) Finnish markka
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Figure 3: continued

(d) French franc (e) Irish punt (f) Italian lira

����

����

���

�����

������ ������ ������ ������ ������ ������ ������ ������

����

����

����

����

�����

������ ������ ������ ������ ������ ������ ������ ������

����

����

����

����

����

�����

������ ������ ������ ������ ������ ������ ������ ������

(g) Dutch guilder (h) Austrian schilling (i) Belgian franc
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Figure 4: Remaining contribution of the fundamental to pricing of paper greenbacks (in percent of the price), January 1, 1878 – December 31, 1878.
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Figure 5: Remaining contribution of the fundamental to exchange rate pricing (in percent of the exchange rate), January 1, 1998 - September 2, 1998.

(a) Portuguese escudo (b) Spanish peseta (c) Finnish markka
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Figure 5: continued

(d) French franc (e) Irish punt (f) Italian lira
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(g) Dutch guilder (h) Austrian schilling (i) Belgian franc

�

����

���

����

��� ��� ��� ��� ��� ��� ���

�

���

���

��� ��� ��� ��� ��� ��� ���

�

���

���

���

��� ��� ��� ��� ��� ��� ���



DISCUSSION PAPERS 1998

DPS 98.01 Louis Baeck, Thematisation and Canon Building in Post-War Development
Studies, January (Development Economics).

DPS 98.02 Hans Dewachter and Hanno Lustig, Sticky Prices and the Nominal Effects of
Real Shocks, January (International Economics).

DPS 98.03 Ilse Frederickx, Health in Rural Tanzania: The Determinants of Health
Status, Health Care Demand and Health Care Choice, January (Development
Economics).

DPS 98.04 Paul De Grauwe, European Unemployment.  A Tale of Demand and Supply,
February (International Economics).

DPS 98.05 João Cocco, Francisco Gomes and Pascal Maenhout, Consumption and
Portfolio Choice over the Life-Cycle, March (Financial Economics).

DPS 98.06 Yunus Aksoy and Hanno Lustig, Circular Aspects of Exchange Rates and
Market Structure, January (International Economics).

DPS 98.07 André Decoster and Frederic Vermeulen, Evaluation of the Empirical
Performance of Two-Stage Budgeting AIDS, QUAIDS and Rotterdam Models
Based on Weak Separability, April (Public Economics).

DPS 98.08 Erik Schokkaert and Luc Van Ootegem, Preference Variation and Private
Donations, April (Public Economics).

DPS 98.09 Erik Schokkaert, Mr. Fairmind is Post-Welfarist: Opinions on Distributive
Justice, April (Public Economics).

DPS 98.10 Dirk Van de gaer, Michel Martinez and Erik Schokkaert, Measuring
Intergenerational Mobility and Equality of Opportunity, April (Public
Economics).

DPS 98.11 Paulo Augusto Nunes, Testing the Validity of WTP values from a Contingent
Valuation Survey in Portugal, April (Public Economics).

DPS 98.12 Paulo Augusto Nunes, Measuring the WTP for Recreation and Biodiversity
Protection Programs, April (Public Economics).

DPS 98.13 Laurens Cherchye and Tom Van Puyenbroeck, Learning from Input-Output
Mixes in DEA: A Proportional Measure for Slack-Based Efficient
Projections, February (Public Economics).

DPS 98.14 Jerzy Mycielski and Yohanes Riyanto, On the Interaction between Taste and
Distance and Its Implications on the Vertical Distribution Arrangement, May
(Financial Economics).

DPS 98.15 Jerzy Mycielski, Yohanes Riyanto and Filip Wuyts, Product Differentiation
and the Equilibrium Structure of the Manufacturer-Retailer Relationship,
May (Financial Economics).



DPS 98.16 Hans Degryse and Patrick Van Cayseele, Relationship Lending within a Bank-
based System: Evidence from European Small Business Data, April (Financial
Economics).

DPS 98.17 Pramila Krishnan, Tesfaye Gebre Selassie and Stefan Dercon, The Urban
Labour Market During Structural Adjustment: Ethiopia 1990-1997, April
(Development Economics).

DPS 98.18 Bart Capéau and Stefan Dercon, Prices, Local Measurement Units and
Subsistence Consumption in Rural Surveys: An Econometric Approach with
an Application to Ethiopia, March (Development Economics).

DPS 98.19 Stefan Dercon and Pramila Krishnan, Changes in Poverty in Rural Ethiopia
1989-1995: Measurement, Robustness Tests and Decomposition, March
(Development Economics).

DPS 98.20 Jenke R. ter Horst, Theo E. Nijman and Marno Verbeek, Eliminating Biases
in Evaluating Mutual Fund Performance from a Survivorship Free Sample,
June (Econometrics).

DPS 98.21 Hilke Vandenbussche and Jozef Konings, Globalization and the effects of
national versus international competition on the labour market.  Theory and
evidence from Belgian firm level data, August (Financial Economics).

DPS 98.22 Wim Moesen and Laurens Cherchye, The Macroeconomic Performance of
Nations Measurement and Perception, August (Public Economics).

DPS 98.23 Anneleen Peeters, Interim Employment and a Leading Indicator for the
Belgian Labour Market, September (International Economics, IERP 137).

DPS 98.24 Wessel Marquering and Marno Verbeek, An Empirical Analysis of
Intertemporal Asset Pricing Models with Transaction Costs and Habit
Persistence, September (Econometrics).

DPS 98.25 Filip Abraham and Joeri Van Rompuy, Is Belgium ready for EMU?  A look at
national, sectoral and regional developments, September (International
Economics, IERP 138).

DPS 98.26 Sara Ochelen, Stef Proost and Kurt Van Dender, Optimal Pricing for Urban
Road Transport Externalities, September (Public Economics).

DPS 98.27 Knud Munk, Optimal Support to Low-skilled Households, July (Public
Economics).

DPS 98.28 Wim Moesen and Philippe Van Cauwenberge, The Status of the Budget
Constraint, Federalism and the Relative Size of Government: A Bureaucracy
Approach, September (Public Economics).

DPS 98.29 Laurens Cherchye, The Measurement of Macroeconomic Performance:
Comparison of DEA-Based Alternatives, August (Public Economics).

DPS 98.30 Jürgen Janssens, Volatility and Risk Premia on Belgian Secondary Long Term
Government Bond Markets, October (Financial Economics).



DPS 98.31 Stef Proost and Kurt Van Dender, Effectiveness and Welfare Impacts of
Alternative Policies to Address Atmospheric Pollution in Urban Road
Transport (Public Economics).

DPS 98.32 Inge Mayeres and Stef Proost, Marginal Tax Reform, Externalities and
Income Distribution, (Public Economics).

DPS 98.33 André Decoster and Guy Van Camp, The unit of analysis in microsimulation
models for personal income taxes: fiscal unit or household? (Public
Economics).

DPS 98.34 Paul De Grauwe, Hans Dewachter and Yunus Aksoy, The European Central
Bank: Decision Rules and Macroeconomic Performance, (International
Economics).

DPS 98.35 Laurent Franckx, The use of ambient inspections in environmental monitoring
and enforcement when the inspection agency cannot commit itself to
announced inspection probabilities, (Public Economics).

DPS 98.36 Reginald Loyen, Macro-economische functieverschuivingen in de haven van
Antwerpen.  Reconstructie van een databank en eerste analyse van de
maritieme overslag (1900-1997), (Quantitative Economic History).



DISCUSSION PAPERS 1999

DPS 99.01 Laurens Cherchye and Tom Van Puyenbroeck, Product Mixes as Objects of
Choice in Nonparametric Efficiency Measurement, January (Public
Economics).

DPS 99.02 Hans Dewachter and Dirk Veestraeten, Measuring Convergence Speed of
Asset Prices toward a Pre-Announced Target, January (International
Economics).

DPS 99.03 Philip Verwimp, Estimating Returns to Education in Off-Farm Activities in
Rural Ethiopia, January (Development Economics).


