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Stabilisations, Crises and the “Exit” Problem – A Theoretical Model

by
Michael Bleaney and Marco Gundermann

Abstract
Exchange-rate-based stabilisations, even if successful, usually lack credibility
initially.  This is reflected in high (ex post) real interest rates and some degree of real
exchange rate appreciation.  Empirical observation suggests that wage inflation
declines smoothly over time whilst interest rates are volatile.  We capture this by
assuming that expectations are formed adaptively in labour markets, but rationally in
financial markets.  The model provides insights into: the eruption of exchange rate
crises after a long period of apparently successful stabilisation; the potential
advantages of heterodox approach; when to delay a stabilisation attempt; and the
optimal date for “exit” to a floating exchange rate.
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4. Are all Stabilisation Attempts Worthwhile?
5. The Exit Problem
6. Conclusions
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Dfnqrzohgjhphqw 4 Zh zrxog olnh wr wkdqn iruphu dqg suhvhqw froohdjxhv
dw wkh Xqlyhuvlw| ri Qrwwlqjkdp/ hvshfldoo| Dwdqx Jkrvkud|/ Kxjk Phwfdoi
dqg Fodxglr ]rol/ iru lqvljkwixo frpphqwv dqg glvfxvvlrqv1



Vwdelolvdwlrqv/ Fulvhv dqg wkh �H{lw� Sureohp 0 DWkhruhwlfdo Prgho
Devwudfw

H{fkdqjh0udwh0edvhg vwdelolvdwlrqv/ hyhq li vxffhvvixo/ xvxdoo| odfn fuhg0
lelolw| lqlwldoo|1 Wklv lv uh hfwhg lq kljk +h{ srvw, uhdo lqwhuhvw udwhv dqg
vrph ghjuhh ri uhdo h{fkdqjh udwh dssuhfldwlrq1 Hpslulfdo revhuydwlrq vxj0
jhvwv wkdw zdjh lq dwlrq ghfolqhv vprrwko| ryhu wlph zklovw lqwhuhvw udwhv duh
yrodwloh1 Zh fdswxuh wklv e| dvvxplqj wkdw h{shfwdwlrqv duh iruphg dgds0
wlyho| lq oderxu pdunhwv/ exw udwlrqdoo| lq �qdqfldo pdunhwv1 Wkh prgho sur0
ylghv lqvljkwv lqwr= wkh huxswlrq ri h{fkdqjh udwh fulvhv diwhu d orqj shulrg ri
dssduhqwo| vxffhvvixo vwdelolvdwlrq> wkh srwhqwldo dgydqwdjhv ri d khwhurgr{
dssurdfk> zkhq wr ghod| d vwdelolvdwlrq dwwhpsw> dqg wkh rswlpdo gdwh iru
�h{lw� wr d  rdwlqj h{fkdqjh udwh1

MHO Qrv= H64/ I74
Nh|zrugv= fuhglelolw|/ fxuuhqf| fulvlv/ h{fkdqjh udwh/ vwdelolvdwlrq/ lq d0

wlrq uhgxfwlrq/ dgdswlyh h{shfwdwlrqv/ udwlrqdo h{shfwdwlrqv/ uhdo ryhuydoxd0
wlrq h�hfwv

4 Lqwurgxfwlrq
D ihdwxuh ri h{fkdqjh0udwh0edvhg vwdelolvdwlrqv lv wkdw/ hyhq li vxffhvvixo/
vxffhvv lv qrw lpphgldwh1 Djhqwv lq �qdqfldo dqg oderxu pdunhwv duh riwhq
vfhswlfdo lqlwldoo|/ dqg wklv lv uh hfwhg lq uhdo h{fkdqjh udwh dssuhfldwlrq dqg
kljk qrplqdo lqwhuhvw udwhv uhodwlyh wr wkh uhdolvhg lq dwlrq udwh +Gruqexvfk/
5334> Hgzdugv/ 4<<6> Ndplqvn| dqg Ohlghupdq/ 4<<;,1 Prghuq fxuuhqf|
fulvlv wkhru| vxjjhvwv wkdw erwk ixqgdphqwdo +pdfurhfrqrplf, idfwruv dqg
�qdqfldo pdunhw h{shfwdwlrqv duh lpsruwdqw wr wkh vxffhvv ri d vwdelolvdwlrq
dwwhpsw1 Wkh vfrsh iru pxowlsoh htxloleuld lq wklv wkhru|/ krzhyhu/ fuhdwhv
d juhdw ghdo ri lqghwhuplqdf| dqg pdnhv pdq| lvvxhv gl!fxow wr dqdo|vh/
lqfoxglqj wkh vr0fdoohg �h{lw sureohp�= zkhq wr uhlqwurgxfh h{fkdqjh udwh
 h{lelolw| zlwkrxw ulvnlqj wkh sulfh vwdelolw| dfklhyhg e| shjjlqj1

Wr mxgjh e| lq dwlrq gl�huhqwldov/ prvw vwdelolvdwlrq dwwhpswv wkdw kdyh
qrw |hw froodsvhg vkrz hylghqfh ri lqfuhdvlqj fuhglelolw| ryhu wlph1 Qhy0
huwkhohvv pdunhw0ghwhuplqhg lqwhuhvw udwh gl�huhqwldov whqg wr ehkdyh lq d
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pruh yrodwloh pdqqhu/ vxjjhvwlqj d ydu|lqj ghjuhh ri vshfxodwlyh suhvvxuh1
Wudglwlrqdoo|/ frqwlqxlqj zdjh lq dwlrq kdv ehhq lqwhusuhwhg dv d uh hfwlrq
ri hlwkhu edfnzdug0orrnlqj lqgh{dwlrq ru iruzdug0orrnlqj h{shfwdwlrqv frp0
elqhg zlwk grxewv derxw wkh vxffhvv ri wkh vwdelolvdwlrq1 Wkh frqwudvwlqj
ehkdylrxu ri lq dwlrq dqg lqwhuhvw udwh gl�huhqwldov vxjjhvwv wkdw/ li wkh h{0
shfwdwlrqv lqwhusuhwdwlrq lv fruuhfw/ wkhq h{shfwdwlrqv lq wkh oderxu pdunhw
duh qrw iruphg lq txlwh wkh vdph zd| dv lq wkh �qdqfldo pdunhwv1 Wkh nh|
lqqrydwlrq lq wklv sdshu lv wr exlog wklv ihdwxuh lqwr d wkhruhwlfdo prgho1 Lq
wkh prgho ghyhorshg ehorz/ oderxu pdunhw h{shfwdwlrqv duh dvvxphg wr eh
iruphg dgdswlyho|1 Wkhvh h{shfwdwlrqv �{ wkh sdwk ri wkh ixqgdphqwdov/ dqg
wkh sdshu h{soruhv wkh lpsolfdwlrqv ri wklv lq wkh frqwh{w ri prghuq wkhrulhv
ri fxuuhqf| fulvhv lq zklfk �qdqfldo pdunhwv irup wkhlu h{shfwdwlrqv udwlr0
qdoo|1 Wkh sdwk ri wkh ixqgdphqwdov kdv d fuxfldo ehdulqj rq wkh olnholkrrg
ri hyhqwxdo vxffhvv ri wkh vwdelolvdwlrq dwwhpsw1 Wkh sdshu fkdudfwhulvhv
wkh frqglwlrqv xqghu zklfk d vwdelolvdwlrq dwwhpsw lv zruwkzkloh/ dqg dovr
glvfxvvhv wkh rswlpdo gdwh iru d uhwxuq wr  rdwlqj1

5 Edfnjurxqg
Fdoyr dqg Yhjk +4<<<,/ lq d ghwdlohg vxuyh| ri h{fkdqjh0udwh0edvhg vwdelol0
vdwlrqv/ �qg d frqvlvwhqw whqghqf| wr uhdo dssuhfldwlrq dqg ghwhulrudwlrq ri
wudgh dqg fxuuhqw dffrxqw edodqfhv dvvrfldwhg zlwk vorz frqyhujhqfh ri wkh
lq dwlrq udwh wr wkh udwh ri ghydoxdwlrq1 Wkh whqghqf| iru h{fkdqjh0udwh0
edvhg vwdelolvdwlrqv wr eh dffrpsdqlhg e| uhdo h{fkdqjh udwh dssuhfldwlrq lv
looxvwudwhg lq Wdeohv 4 dqg 51 Wdeoh 4 jlyhv gdwd iru Ph{lfr/ zklfk shjjhg
lwv h{fkdqjh udwh lq 4<;;/ exw zdv irufhg wr dedqgrq wkh shj lq wkh fulvlv
ri Ghfhpehu 4<<71 Wdeoh 5 jlyhv gdwd iru Dujhqwlqd/ zklfk dgrswhg d fxu0
uhqf| erdug lq 4<<4 dqg kdv uhfhqwo| dedqgrqhg lw1 Lq Ph{lfr wkh qrplqdo
h{fkdqjh udwh zdv qhyhu frpsohwho| vwdelolvhg ylv0ã0ylv wkh Xqlwhg Vwdwhv
groodu1 Hyhq e| 4<<7/ krzhyhu/ wkh fudzolqj shj qhyhu txlwh frpshqvdwhg
iru wkh lq dwlrq gl�huhqwldo dqg wkh fxpxodwlyh uhdo dssuhfldwlrq iurp 4<;;
wr 4<<7 zdv ryhu 5<(1 Wkh vdph skhqrphqrq rffxuuhg lq wkh Hxurshdq
Prqhwdu| V|vwhp iurp 4<:< wr 4<<5= hvshfldoo| diwhu wkh uhirupv ri 4<;:/
kljkhu0lq dwlrq frxqwulhv vxfk dv Lwdo| h{shulhqfhg uhdo h{fkdqjh udwh dssuh0
fldwlrq zlwklq wkh v|vwhp1 Lq Dujhqwlqd/ e| frqwudvw/ wkh lq dwlrq gl�huhqwldo
zdv holplqdwhg e| 4<<7 dqg wkh fxpxodwlyh uhdo dssuhfldwlrq zdv vpdoohu +56
(,1
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Lqwhuhvw udwh gl�huhqwldov/ rq wkh rwkhu kdqg/ whqg wr eh pxfk pruh
yrodwloh= iru h{dpsoh/ wkh lqwhuhvw udwh gl�huhqwldo ehwzhhq Dujhqwlqd dqg
wkh XV urvh iurp 514( lq Qryhpehu 4<<7 wr ;14 ( lq Ghfhpehu dqg/ diwhu
shdnlqj dw 4616 ( lq Pdufk 4<<8/ zdv grzq wr 416 ( e| Mxqh1 Doo wklv kdg
qr qrwlfhdeoh lpsdfw rq zdjh ehkdylrxu1 Wkh uhfhqw froodsvh ri Dujhqwlqd*v
fxuuhqf| erdug kljkoljkwv wkh lvvxh ri fkrrvlqj wkh rswlpdo h{lw gdwh/ jlyhq
wkdw lq dwlrq kdg ehhq h�hfwlyho| }hur lq Dujhqwlqd vlqfh 4<<81

Wkh gl�huhqfhv lq wkh klvwrulfdo sdwwhuqv ri lqwhuhvw udwh dqg lq dwlrq
gl�huhqwldov duh gl!fxow wr uhfrqfloh zlwk wkh frpelqdwlrq ri +d, d odfn0ri0
fuhglelolw| h{sodqdwlrq ri frqwlqxlqj lq dwlrq gl�huhqwldov dqg +e, wkh dv0
vxpswlrq wkdw doo djhqwv kdyh lghqwlfdo h{shfwdwlrqv1 Lq wklv sdshu zh gurs
wkh vhfrqg dvvxpswlrq dqg wuhdw wkh hyroxwlrq ri oderxu pdunhw h{fkdqjh
udwh h{shfwdwlrqv dv h{rjhqrxv1

6 Wkh Prgho
Wkh prgho lv idploldu lq vwuxfwxuh1 Rxwsxw lv errvwhg e| xqh{shfwhg ghsuh0
fldwlrq/ exw wkh jryhuqphqw dovr fduhv derxw sulfh vwdelolw|1 Wkh jryhuqphqw
ghflghv dw wlph }hur wr shj wkh fxuuhqf| iru dq lqgh�qlwh shulrg lq rughu wr
dfklhyh sulfh vwdelolw|1 Wkh vwdelolvdwlrq dwwhpsw pd| froodsvh lq d ghydox0
dwlrq dw dq| gdwh/ li wkh fxuuhqw0shulrg frvw ri vxvwdlqlqj wkh shj ehfrphv
wrr juhdw/ dv lq wkh fxuuhqf| fulvlv prghov ri Mhdqqh +4<<:,/ Pdvvrq +4<<8,
dqg Revwihog +4<<9,1 Hvvhqwldoo|/ d ghydoxdwlrq lv wuljjhuhg/ li rxwsxw idoov
wr d orz hqrxjk ohyho xqghu wkh shj1 Zh wuhdw wklv dv d frqvwudlqw= wkh shj
ehfrphv srolwlfdoo| xqvxvwdlqdeoh dw wklv srlqw1

Rxwsxw ghshqgv rq wkh ixqgdphqwdov/ zkrvh sdwk lv ghwhuplqhg e| wkh
hyroxwlrq ri wkh fuhglelolw| ri wkh vwdelolvdwlrq lq wkh plqgv ri oderxu pdu0
nhw djhqwv/ dqg rq �qdqfldo pdunhwv* h{shfwdwlrqv1 Ilqdqfldo pdunhwv duh
dvvxphg wr irup wkhlu h{shfwdwlrqv udwlrqdoo|/ zklovw h{shfwdwlrqv lq wkh
oderxu pdunhw duh iruphg dgdswlyho| +wklv frqglwlrq jlyhv xv d ghwhuplqdwh
sdwk iru wkh ixqgdphqwdov,1

Wkh fxuuhqf| shj fdq rqo| eh vxvwdlqhg vr orqj dv wkh rxwsxw frvw grhv
qrw h{fhhg wkh lq dwlrq frvw ri ghydoxdwlrq soxv dq dgglwlrqdo whup wkdw
uh hfwv wkh �kxploldwlrq� frvwv ri ehlqj irufhg r� wkh shj1 Zh dvvxph wkdw
sxufkdvlqj srzhu sdulw| krogv/ zlwk iruhljq lq dwlrq ri }hur/ vr wkdw lq dwlrq
lv htxdo wr wkh udwh ri h{fkdqjh udwh ghsuhfldwlrq1

Lq hdfk shulrg rxwsxw lv gh�qhg e| d Oxfdv vxusulvh vxsso| ixqfwlrq/
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zlwk wkh sulfh vxusulvh ehlqj phdvxuhg uhodwlyh wr �qdqfldo pdunhw h{shfwd0
wlrqv1 Rxwsxw lv htxdo wr lwv �qdwxudo� ohyho/ soxv wkh h{sdqglqj h�hfw ri wkh
xqh{shfwhg frpsrqhqw ri h{fkdqjh udwh ghsuhfldwlrq=

+ � ' 7+ � n kE0 � � 0 �� �( +4,
zkhuh k : 3/ | � lv rxwsxw lq shulrg w/ 0 � lv wkh rqh0shulrg fkdqjh lq wkh orj

ri wkh h{fkdqjh udwh +grphvwlf fxuuhqf| xqlwv shu xqlw ri iruhljq fxuuhqf|,/
0 �� @ ghydoxdwlrq h{shfwdwlrqv lq shulrg w dqg 7+ � @ qdwxudo rxwsxw ohyho dw
wlph w1

Wkh jryhuqphqw lv irufhg wr dedqgrq wkh shj lq shulrg w/ li wkh iroorzlqj
frqglwlrq lv phw=

E+ � � �� � + � � � : �+ � � � � 	 
 � � � � 

� � + � � �

n q0 �
� n �( +5,

zkhuh | � lv rxwsxw lq shulrg w +zlwk wkh vxshuvfulsw �shj� ru �ghydoxdwlrq�
dffruglqj wr zkhwkhu wkh h{fkdqjh udwh shj lv pdlqwdlqhg ru dedqgrqhg,/ |-
lv wkh rxwsxw wdujhw ydoxh/ q +: 3, lv d sdudphwhu wkdw uh hfwv wkh lpsruwdqfh
ri wkh sulfh vwdelolw| remhfwlyh uhodwlyh wr wkh rxwsxw remhfwlyh/ dqg F +: 3,
lv wkh kxploldwlrq frvw ri dedqgrqlqj d shjjhg h{fkdqjh udwh zlwkrxw suh0
dqqrxqfhphqw1 Wkxv htxdwlrq 5 vd|v wkdw d ghydoxdwlrq ri wkh h{fkdqjh udwh
rffxuv/ li wkh rqh0shulrg zhoiduh orvvhv iurp orzhu rxwsxw xqghu d shjjhg
+�{hg, h{fkdqjh udwh uhjlph h{fhhg wkh lq dwlrq dqg kxploldwlrq frvwv ri
ghydoxlqj1 Wklv htxdwlrq pd| eh wkrxjkw ri dv wkh rxwfrph ri plqlplvlqj d
rqh0shulrg orvv ixqfwlrq/ u ' E+ � � + � � � nq0 �

� n ��( zkhuh m @ 4 li wkh shj lv
dedqgrqhg dqg }hur li qrw1 Hyhq li wkh ixwxuh ehqh�wv ri frqwlqxlqj wr shj
h{fhhg wkh frvwv/ wkh vwdelolvdwlrq dwwhpsw froodsvhv/ li wkh deryh frqglwlrq
krogv1 �

Lq wklv prgho/ wkh rswlpdo udwh ri ghydoxdwlrq/ vkrxog rqh rffxu/ ghshqgv
rq pdunhw h{shfwdwlrqv1 Zlwk udwlrqdo h{shfwdwlrqv/ li wkh ghydoxdwlrq sure0
delolw| lv >/ wkhq wkh h{shfwhg ghsuhfldwlrq lv=

>k
k � E�� >� n q d+ �

� 7+ � o +6,
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  � � � �  ! � � � � � ! ! " # � � # � � � � � � � ! � $ � % � � � � # & & � � � '

� � & �  � �  � � � � �   � � � � (
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Wkh jdph lv vwuxfwxuhg dv iroorzv1 Dw wkh ehjlqqlqj ri shulrg }hur/ wkhuh
lv dq h{fkdqjh0udwh0edvhg vwdelolvdwlrq1 Wkhq sulydwh vhfwru djhqwv vhw wkhlu
h{shfwdwlrqv ri wkh h{fkdqjh udwh/ zklfk wkh| fdqqrw uhylvh xqwlo wkh qh{w
shulrg1 Ilqdoo|/ wkh jryhuqphqw vhwv wkh h{fkdqjh udwh dqg rxwsxw lv ghwhu0
plqhg1 Li wkh h{fkdqjh udwh shj kdv ehhq pdlqwdlqhg/ wkh jdph lv uhshdwhg
lq wkh qh{w shulrg1

Dv phqwlrqhg deryh/ h{shfwdwlrqv lq wkh oderxu pdunhw dqg lq wkh �qdq0
fldo pdunhwv vhhp wr eh edvhg rq gl�huhqw surfhvvhv1 Li zdjh lqfuhdvhv uh hfw
oderxu pdunhw h{shfwdwlrqv/ wkhq wkh h{shulhqfh ri h{fkdqjh0udwh edvhg vwd0
elolvdwlrq vxjjhvwv d sdwwhuq ri d judgxdo lqfuhdvh lq wkh fuhglelolw| ri wkh
h{fkdqjh udwh shj ryhu wlph1 Lw vhhpv sodxvleoh wkdw h{shfwdwlrqv lq d pdu0
nhw zkhuh qhjrwldwlrqv wdnh sodfh uhodwlyho| lqiuhtxhqwo| dqg ryhu djuhhphqwv
fryhulqj d orqjhu wlph shulrg duh edvhg rq dssur{lpdwlrqv ri orqjhu0whup
wuhqgv1 Rqh frxog prgho wklv surfhvv wkhuhiruh dv dq dgdswlyh phfkdqlvp1

Zh wxuq qrz wr wkh ghwdlohg vshfl�fdwlrq ri wkh prgho1 Zh vwduw e|
h{dplqlqj wkh sureohp iurp wkh srlqw ri ylhz ri oderxu pdunhw djhqwv1 Wkhvh
djhqwv revhuyh dq h{fkdqjh0udwh0edvhg vwdelolvdwlrq lq shulrg }hur1

Ohw wkh oderxu pdunhw djhqwv eholhyh dw wkh ehjlqqlqj ri shulrg }hur wkdw
wkh h{fkdqjh udwh zloo eh  rdwhg lq wkdw shulrg zlwk suredelolw| > dqg zloo
uhpdlq shjjhg zlwk suredelolw| �� >1 Wkh sdudphwhu > wkhuhiruh phdvxuhv
lqlwldo vfhswlflvp ru odfn ri fuhglelolw| ri wkh shj1 Zh wuhdw wklv sdudphwhu
dv h{rjhqrxv1 Lw lv olnho| wr uh hfw idfwruv vxfk dv wkh frqvlvwhqf| ehwzhhq
�vfdo dqg prqhwdu| srolf|/ wkh ohyho ri iruhljq h{fkdqjh uhvhuyhv dqg wkh jry0
huqphqw*v srolwlfdo srvlwlrq1 Zdjh0hduqhuv* h{shfwdwlrqv ri wkh ghsuhfldwlrq
udwh lq shulrg }hur duh wkdq h{dfwo| dv vwdwhg lq htxdwlrq 61

Li wkh shj lv pdlqwdlqhg lq shulrg 3/ wkhq lq shulrg 4 dqg doo vxevhtxhqw
shulrgv xqwlo wkh shj lv dedqgrqhg/ wkh shj lv dvvxphg wr dftxluh fuhglelolw|
dw d udwh +4 0 b,/ zkhuh 3 	 b 	4/ dqg wkh jdph lv uhshdwhg1 Pruh suhflvho|/
wkh shufhlyhg suredelolw| +e| oderxu pdunhw djhqwv, ri d ghydoxdwlrq lq shulrg
w lv >b � 1 Wklv lv htxlydohqw wr h{shfwdwlrqv iroorzlqj d jhrphwulf surjuhvvlrq
wrzdugv wkh revhuyhg rxwfrph/ dv lq dq dgdswlyh h{shfwdwlrqv prgho1 Zh
frqfhlyh b dv uh hfwlqj wkh jdlqv lq fuhglelolw| vlpso| iurp ehlqj deoh wr
vxvwdlq wkh shj ryhu wlph1 Li b lv orz/ fuhglelolw| lv jdlqhg txlfno|> li b lv
kljk/ lw rqo| dffuxhv vorzo|1 Dv lv vkrzq ehorz/ wklv dftxlvlwlrq ri fuhglelolw|
lv idyrxudeoh wr wkh pdlqwhqdqfh ri wkh shj1 Rq wkh rwkhu kdqg/ dv zloo
ehfrph fohdu ehorz/ sdvw odfn ri fuhglelolw| gulyhv htxloleulxp rxwsxw ixuwkhu
iurp wkh jryhuqphqw*v wdujhw1 Wklv h�hfw zrunv lq wkh rssrvlwh gluhfwlrq/
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Wkh jdph lv vwuxfwxuhg dv iroorzv1 Dw wkh ehjlqqlqj ri shulrg }hur/ wkhuh
lv dq h{fkdqjh0udwh0edvhg vwdelolvdwlrq1 Wkhq sulydwh vhfwru djhqwv vhw wkhlu
h{shfwdwlrqv ri wkh h{fkdqjh udwh/ zklfk wkh| fdqqrw uhylvh xqwlo wkh qh{w
shulrg1 Ilqdoo|/ wkh jryhuqphqw vhwv wkh h{fkdqjh udwh dqg rxwsxw lv ghwhu0
plqhg1 Li wkh h{fkdqjh udwh shj kdv ehhq pdlqwdlqhg/ wkh jdph lv uhshdwhg
lq wkh qh{w shulrg1

Dv phqwlrqhg deryh/ h{shfwdwlrqv lq wkh oderxu pdunhw dqg lq wkh �qdq0
fldo pdunhwv vhhp wr eh edvhg rq gl�huhqw surfhvvhv1 Li zdjh lqfuhdvhv uh hfw
oderxu pdunhw h{shfwdwlrqv/ wkhq wkh h{shulhqfh ri h{fkdqjh0udwh edvhg vwd0
elolvdwlrq vxjjhvwv d sdwwhuq ri d judgxdo lqfuhdvh lq wkh fuhglelolw| ri wkh
h{fkdqjh udwh shj ryhu wlph1 Lw vhhpv sodxvleoh wkdw h{shfwdwlrqv lq d pdu0
nhw zkhuh qhjrwldwlrqv wdnh sodfh uhodwlyho| lqiuhtxhqwo| dqg ryhu djuhhphqwv
fryhulqj d orqjhu wlph shulrg duh edvhg rq dssur{lpdwlrqv ri orqjhu0whup
wuhqgv1 Rqh frxog prgho wklv surfhvv wkhuhiruh dv dq dgdswlyh phfkdqlvp1

Zh wxuq qrz wr wkh ghwdlohg vshfl�fdwlrq ri wkh prgho1 Zh vwduw e|
h{dplqlqj wkh sureohp iurp wkh srlqw ri ylhz ri oderxu pdunhw djhqwv1 Wkhvh
djhqwv revhuyh dq h{fkdqjh0udwh0edvhg vwdelolvdwlrq lq shulrg }hur1

Ohw wkh oderxu pdunhw djhqwv eholhyh dw wkh ehjlqqlqj ri shulrg }hur wkdw
wkh h{fkdqjh udwh zloo eh  rdwhg lq wkdw shulrg zlwk suredelolw| > dqg zloo
uhpdlq shjjhg zlwk suredelolw| �� >1 Wkh sdudphwhu > wkhuhiruh phdvxuhv
lqlwldo vfhswlflvp ru odfn ri fuhglelolw| ri wkh shj1 Zh wuhdw wklv sdudphwhu
dv h{rjhqrxv1 Lw lv olnho| wr uh hfw idfwruv vxfk dv wkh frqvlvwhqf| ehwzhhq
�vfdo dqg prqhwdu| srolf|/ wkh ohyho ri iruhljq h{fkdqjh uhvhuyhv dqg wkh jry0
huqphqw*v srolwlfdo srvlwlrq1 Zdjh0hduqhuv* h{shfwdwlrqv ri wkh ghsuhfldwlrq
udwh lq shulrg }hur duh wkdq h{dfwo| dv vwdwhg lq htxdwlrq 61

Li wkh shj lv pdlqwdlqhg lq shulrg 3/ wkhq lq shulrg 4 dqg doo vxevhtxhqw
shulrgv xqwlo wkh shj lv dedqgrqhg/ wkh shj lv dvvxphg wr dftxluh fuhglelolw|
dw d udwh +4 0 b,/ zkhuh 3 	 b 	4/ dqg wkh jdph lv uhshdwhg1 Pruh suhflvho|/
wkh shufhlyhg suredelolw| +e| oderxu pdunhw djhqwv, ri d ghydoxdwlrq lq shulrg
w lv >b � 1 Wklv lv htxlydohqw wr h{shfwdwlrqv iroorzlqj d jhrphwulf surjuhvvlrq
wrzdugv wkh revhuyhg rxwfrph/ dv lq dq dgdswlyh h{shfwdwlrqv prgho1 Zh
frqfhlyh b dv uh hfwlqj wkh jdlqv lq fuhglelolw| vlpso| iurp ehlqj deoh wr
vxvwdlq wkh shj ryhu wlph1 Li b lv orz/ fuhglelolw| lv jdlqhg txlfno|> li b lv
kljk/ lw rqo| dffuxhv vorzo|1 Dv lv vkrzq ehorz/ wklv dftxlvlwlrq ri fuhglelolw|
lv idyrxudeoh wr wkh pdlqwhqdqfh ri wkh shj1 Rq wkh rwkhu kdqg/ dv zloo
ehfrph fohdu ehorz/ sdvw odfn ri fuhglelolw| gulyhv htxloleulxp rxwsxw ixuwkhu
iurp wkh jryhuqphqw*v wdujhw1 Wklv h�hfw zrunv lq wkh rssrvlwh gluhfwlrq/
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ehfdxvh lw lqfuhdvhv wkh orvvhv iurp wkh rxwsxw hohphqw ri htxdwlrq 51
Li wkh shj kdv odvwhg iru w shulrgv +3 wr w04,/ dqg lv wkhq dedqgrqhg/ wkhq

wkh h{fkdqjh udwh lv dvvxphg e| zdjh0hduqhuv wr ghsuhfldwh e|=

0 � � �� ' >b � k
k � ��� >b � �n q d+ �

� 7+ � o +7,

Wklv vwudljkwiruzdug dgmxvwphqw ri suredelolwlhv lq hdfk shulrg fdq dovr
eh prwlydwhg e| orrnlqj dw wkh lqfhqwlyhv djhqwv idfh lq wkh oderxu pdunhw1
Dqdorjrxvo| wr wkh zd| Ox{ +4<<8, h{sodlqv khug ehkdylrxu lq wkh �qdqfldo
pdunhwv/ lw fdq eh dujxhg wkdw djhqwv zloo pd{lplvh wkhlu h{shfwhg ixwxuh
lqfrph/ zklfk lv ixwxuh uhdo zdjh lqfrph wlphv wkh suredelolw| ri hpsor|0
phqw/ e| iroorzlqj wkh pdmrulw|1 Li djhqwv duh pruh shvvlplvwlf wkdq wkh
pdmrulw| derxw wkh vxvwdlqdelolw| ri wkh �{hg shj srolf| dqg frqvhtxhqwo|
ghpdqg kljkhu qrplqdo zdjhv/ wkhlu suredelolw| ri hpsor|phqw zloo idoo vlj0
ql�fdqwo|/ zlwk wkh lqfuhdvh lq wkhlu ghpdqghg uhodwlyh uhdo zdjh1 Krzhyhu/
li djhqwv duh pruh rswlplvwlf/ wkh| zloo ghpdqg d orzhu uhodwlyh uhdo zdjh
dqg kdyh ohvv lqfrph1 Dvvxplqj wkdw wkhlu odvw0shulrg zdjh lqfrph/ uhod0
wlyh wr lwv fruuhvsrqglqj hpsor|phqw suredelolw|/ zdv rswlpdo � / djhqwv zloo
pd{lplvh h{shfwhg ixwxuh lqfrph e| ghpdqglqj h{dfwo| wkh vdph sursru0
wlrqdwh lqfuhdvh lq qrplqdo zdjhv dv wkh pdmrulw| ri djhqwv lq wkh pdunhw1 Lw
sd|v wkhuhiruh wr dfw dffruglqj wr wkh pdunhw frqvhqvxv1 Dv wkh frqvhqvxv
ehfrphv pruh rswlplvwlf ryhu wlph/ djhqwv dgdsw dffruglqjo|1

Lq frqwudvw/ lqglfdwruv ri �qdqfldo pdunhw h{shfwdwlrqv/ vxfk dv lqwhu0
hvw udwhv/ srlqw wr doprvw frqwlqxrxv ghflvlrq0pdnlqj fryhulqj vkruwhu wlph
shulrgv1 Zh wkhuhiruh dvvxph d udwlrqdo h{shfwdwlrqv surfhvv iru �qdqfldo
pdunhwv1 Wkh fuxfldo txhvwlrq lv zkhwkhu wkh h{fkdqjh udwh srolf| lv vxv0
wdlqdeoh lq dq| jlyhq wlph shulrg1 Djhqwv wkhuhiruh wdnh lqwr dffrxqw wkh
srolf| frqglwlrq ri htxdwlrq 51 Wkh| ghgxfh wkh rswlpdo ghydoxdwlrq udwh
+0 � , iurp wkh jryhuqphqw*v suhihuhqfhv ryhu lq dwlrq dqg xqhpsor|phqw1
Wkhlu h{shfwhg ghydoxdwlrq udwh zloo wkhuhiruh eh wkh rswlpdo udwh wlphv wkh
shufhlyhg ghydoxdwlrq suredelolw| +s� ,1 Wkh ghydoxdwlrq suredelolw| fdq kdyh
dq| ydoxh ehwzhhq 3 dqg 41 Wklv uh hfwv lpshuihfw lqirupdwlrq derxw wkh

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

� � 
 � � � �  ! � 
 � � � � 	 � � 
 � � � � � � 	 � � � 	 � � � � � � " � � � � � � � � � 
 	 # � � � � � � � � # � � � � � � � � � 	 � � � � �
� 
 	 
 � 
 � � � � � � 
 � � � � � � � � � � � � 	 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � " � � � � � � � 	 � � 
 � � � � � $
� � # � � � � � � � � � 	 � � � � � � 
 	 
 � 
 � � � � � �

:



dfwlrqv ri rwkhu vshfxodwruv1 Wkh dfwlrqv ri wkh vshfxodwruv zloo eh uh hfwhg
lq wkh uhdolvhg dyhudjh h{shfwhg ghydoxdwlrq udwh/ zklfk lq wxuq lpsdfwv rq
wkh srolf| frqglwlrq iru jlylqj xs wkh h{fkdqjh udwh srolf|1 Dv lv zhoo nqrzq/
wklv lqwurgxfhv wkh srvvlelolw| ri pxowlsoh htxloleuld lqwr wkh prgho +l1h1 wkh
h{fkdqjh udwh ghflvlrq pd| ydu| zlwk s� ,1

Ilqdoo|/ ohw xv frqvlghu wkh g|qdplfv ri wkh qdwxudo udwh ri rxwsxw1 D
vwdqgdug dssurdfk lv wr prgho wkh qdwxudo udwh ri rxwsxw dv d vwrfkdvwlf
yduldeoh zlwk d phdq wkdw lv lqghshqghqw ri wlph= 7+ � ' 7+ n � +h1j1 Revwihog/
4<<9,1 Lq rughu wr fdswxuh wkh uhdo dssuhfldwlrq wkdw whqgv wr rffxu lq sudfwlfh
zkhq dq h{fkdqjh udwh shj odfnv fuhglelolw|/ zh prgho wkh g|qdplfv ri wkh
qdwxudo udwh ri rxwsxw dv d ghwhuplqlvwlf surfhvv uhodwhg wr sdvw oderxu pdunhw
h{fkdqjh udwh h{shfwdwlrqv=

7+ � ' 7+ � � � � �k0 � � �
� � � +shjjlqj, +8,

E7+ � � 7+ � � ' � E7+ � � � � 7+ � � + rdwlqj, > +9,
zkhuh � : fc dqg f � � 	 �� Wkh lqfoxvlrq ri k lq htxdwlrq 8 vlpsol�hv

wkh dojheud1
Htxdwlrq 8 vd|v wkdw/ xqghu d shj/ wkh qdwxudo udwh ri rxwsxw idoov lq

sursruwlrq wr zdjh0hduqhuv* h{shfwhg udwh ri ghsuhfldwlrq lq wkh suhylrxv
shulrg1 � Wkh lghd lv wkdw qrq0}hur ghsuhfldwlrq h{shfwdwlrqv uh hfw wkh odfn
ri fuhglelolw| ri wkh shj dv shufhlyhg e| oderxu pdunhw sduwlflsdqwv1 Wklv
odfn ri fuhglelolw| lv uh hfwhg lq kljkhu qrplqdo zdjh vhwwohphqwv/ sxwwlqj
suhvvxuh rq lqwhuqdwlrqdo frpshwlwlyhqhvv1 Wklv h�hfw fdqqrw eh uhsuhvhqwhg
gluhfwo| lq wkh prgho ehfdxvh ri wkh dvvxpswlrq ri sxufkdvlqj srzhu sdulw|/
vr lqvwhdg zh dvvxph wkdw lw lpsdfwv rq wkh htxloleulxp ohyho ri rxwsxw1 Wkh
vwuhqjwk ri wkh h�hfw lv ghqrwhg e| wkh sdudphwhu �1

Htxdwlrq 9 vd|v wkdw/ li wkh h{fkdqjh udwh lv  rdwhg/ wkh qdwxudo udwh ri
rxwsxw uhwxuqv judgxdoo| wr lwv lqlwldo ohyho1 Wklv dvshfw zloo ehfrph uhohydqw
zkhq zh frqvlghu wkh h{lw sureohp1

Wkh hyroxwlrq ri wkh jds ehwzhhq wkh ghvluhg rxwsxw ohyho dqg wkh qdwxudo
rxwsxw ohyho lv ghwhuplqhg dv iroorzv +zklovw wkh shj lv pdlqwdlqhg,/ xvlqj 8
dqg 7=
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E+ � � 7+ � � ' � n k � �>b � � �

k � ��� >b � � � �n q E+ � � 7+ � � � � +:,

Qdwxudo rxwsxw vkulqnv frqwlqxrxvo|/ exw dw d udwh wkdw ghfuhdvhv zlwk
wlph/ xqwlo vfhswlflvp lv frpsohwho| holplqdwhg1

Wkh rswlpdo ghydoxdwlrq udwh lq dq| shulrg/ li d ghydoxdwlrq rffxuv/ lv=

0 �� ' k
k � E�� R � � n q d+ � � 7+ � o +;,

Wkh prgho zrunv olnh wklv= Dw wlph }hur �| � lv htxdo wr 7+ � dqg wkh jryhuq0
phqw dqqrxqfhv d shj ri wkh h{fkdqjh udwh1 Wkh vhwv ri djhqwv lq wkh sulydwh
vhfwru wkhq vhw wkhlu h{shfwdwlrqv ri wkh wlph }hur h{fkdqjh udwh1 Wr vhh
zkhwkhu wkh shj lv dedqgrqhg ru qrw/ zh frpsduh wkh orvvhv iurp frqwlqxlqj
wkh shj +0 � ' f, zlwk wkh orvvhv iurp dedqgrqlqj lw +0 � ' 0 �� ,1

Zh duh qrz lq d srvlwlrq wr dqdo|vh wkh ydulrxv srvvleoh rxwfrphv ri wkh
vwdelolvdwlrq dwwhpsw=

Wkh orvvhv iurp shjjlqj dw wlph w duh=

u � � �
� '

� k � n q
k � E�� R � � n q E7+ � � + � �

�

�

+<,

Orvvhv li wkh srolf| lv dedqgrqhg xqdqqrxqfhg duh=

u � 	 
 �
� ' q � n k � q

Ek � E�� R � � n q� � E7+ � � + � � � n � +43,

Wkh srolf| frqglwlrq iru dedqgrqlqj wkh h{fkdqjh udwh srolf| xqdq0
qrxqfhg lv=

k � Ek � n q�
Ek � E�� R � � n q� � E7+ � � + � � � : � +44,
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Wkh ohiw0kdqg vlgh ri 44 lv lq xhqfhg e| wkh hyroxwlrq ri wkh qdwxudo rxw0
sxw jds +zklfk lv vroho| ghwhuplqhg e| oderxu pdunhw h{shfwdwlrqv, dqg e|
�qdqfldo pdunhw h{shfwdwlrqv +s� ,1 Vlqfh �qdqfldo pdunhw h{shfwdwlrqv ri
wkh ghydoxdwlrq udwh fdq wdnh dq| ydoxh ehwzhhq 3 dqg 4/ wkhuh lv d frqvlghu0
deoh ghjuhh ri yduldqfh lq wkh hyroxwlrq ri wkh orvv ixqfwlrqv/ dv shulrg orvvhv
ghshqg rq �qdqfldo pdunhw h{shfwdwlrqv/ jlyhq wkh qdwxudo rxwsxw jds dqg
F1

Lw vkrxog eh qrwhg wkdw wkh fruulgru ri srvvleoh orvv uhdolvdwlrqv iru gli0
ihuhqw ydoxhv ri s� lv qduurzhu iru wkh O � � � � fdvh wkdq iru wkh O � � � fdvh1 Wklv
iroorzv iurp d frpsdulvrq ri wkh ixqfwlrqv/ zkhuh O � � � � fdq eh h{suhvvhg
uhodwlyh wr O � � � =

u � � � � ' q
k � n q � u � � � n �

Wkh hdvlhvw zd| wr orrn dw wkh frqvhtxhqfhv ri wklv lv wr frqvlghu wkh
h{wuhph fdvhv ri s � ehlqj htxdo wr 3 ru 41 Li s� htxdov }hur htxdwlrq 44
ehfrphv=

k �
k � n q E7+ � � + � � � : � +45,

Wklv vljql�fdqwo| uhgxfhv wkh ohiw0kdqg vlgh dqg wkhuhiruh pdnhv d fulvlv
idu ohvv olnho|1 Wkh rssrvlwh kdsshqv li s� htxdov rqh/ dv fdq eh vhhq lq wkh
fruuhvsrqglqj htxdwlrq=

k � Ek � n q�
q � E7+ � � + � � � : � +46,

Vlqfh odfn ri fuhglelolw| fdxvhv wkh rxwsxw jds wr lqfuhdvh ryhu wlph/ erwk
O � � � � dqg O � � � kdyh dq xszdug wuhqg1 Wkhuh duh vhyhudo srvvlelolwlhv=
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Iljxuh 4= fulvlv rffxuv ehwzhhq w � dqg w �

L

t
t2t1

p = 1

p = 1

p = 0

p = 0

Lflex

Lflex

Lfix

Lfix

Wkh oljkwhu olqh uhsuhvhqwv O � � � � 1
Lq wkh �uvw fdvh d fulvlv lv lqhylwdeoh/ exw wkhuh lv qrw rqh gdwh dw

zklfk wkh fulvlv gh�qlwho| rffxuv1 Dowkrxjk wkh fulvlv pxvw rffxu e| w � / lw
fdq kdsshq dw dq| wlph iurp w � rqzdugv1 Dw w � d fulvlv fdq rqo| rffxu/ li s�

lv htxdo wr rqh1 Dw w � d fulvlv zloo rffxu hyhq li s� lv htxdo wr }hur1

44



Iljxuh 5= qr fulvlv

L

t

Lflex

Lfix

p = 1

p = 0

p = 1

p = 0

Lq wkh vhfrqg fdvh wkhuh lv qr fulvlv1 Hyhq li s� @ 4/ zkhq vshfxodwruv duh
frpsohwho| frqylqfhg wkdw d ghydoxdwlrq zloo rffxu/ lw qhyhu grhv1
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Iljxuh 6= srvvleoh fulvlv
L

t

p = 1

t0

p = 1

p = 0

p = 0

Lflex

Lfix

Iljxuh 6 uhsuhvhqwv dq lqwhuhvwlqj lqwhuphgldwh fdvh/ zkhuh d fulvlv eh0
frphv srvvleoh iurp w � rqzdugv +s� kdv wr htxdo rqh iru d fulvlv wr rffxu
suhflvho| dw w � ,1 Krzhyhu/ wkh orvv ixqfwlrqv vwdelolvh ehiruh wkh srlqw lv
uhdfkhg zkhuh d fulvlv rffxuv hyhq zlwk s � ehlqj htxdo wr }hur1 Frqvhtxhqwo|/
li h{shfwdwlrqv ehfrph vx!flhqwo| shvvlplvwlf dw dq| wlph w : w � / d fulvlv zloo
rffxu1

Zklfk ri wkhvh wkuhh fdvhv dssolhv pd| vlpso| ghshqg rq wkh ydoxh ri
F/ wkh �{hg frvw ri dedqgrqlqj wkh shj1 Iru dq| jlyhq ydoxh ri F/ krzhyhu/
wkh udwh ri orvv ri lqwhuqdwlrqdo frpshwlwlyhqhvv/ dv jlyhq e| htxdwlrq :/
lv lpsruwdqw1 Zh fdq vhh iurp wkdw htxdwlrq wkdw wkh kljkhu duh b +wkh
shuvlvwhqfh ri oderxu pdunhw vfhswlflvp, dqg � +wkh ghjuhh wr zklfk lw lv
uh hfwhg lq zdjhv,/ wkh pruh udslgo| qdwxudo rxwsxw vkulqnv dqg wkhuhiruh/
iurp htxdwlrq 44/ wkh vrrqhu d fulvlv rffxuv1 Li � lv orz/ wkhq qdwxudo rxwsxw
grhv qrw vkulqn pxfk ryhu wlph/ zklovw li b lv orz wkh vkulqndjh h�hfw ghfd|v
txlfno| wr }hur1 Wkhvh duh wkh fdvhv zkhuh d vxffhvvixo vwdelolvdwlrq lv prvw
olnho| +dv lq Iljxuh 5,1

Qrwh lq sduwlfxodu wkdw wkh lpsruwdqfh ri � fdq eh lqwhusuhwhg dv d mxv0
wl�fdwlrq iru khwhurgr{ srolflhv/ lq zklfk zdjh frqwurov duh lpsohphqwhg lq
wkh hduo| vwdjhv ri wkh vwdelolvdwlrq1 Vxfk srolflhv duh h�hfwlyho| dq dwwhpsw

46



wr nhhs wkh ydoxh ri � orz/ wkxv lqfuhdvlqj wkh fkdqfhv ri vxffhvv1

7 Duh doo vwdelolvdwlrq dwwhpswv zruwkzklohB
Lqvwhdg ri frqvlghulqj d jryhuqphqw wkdw kdv douhdg| dqqrxqfhg d vwdelo0
lvdwlrq dwwhpsw lq shulrg }hur/ dqg wkhuhiruh lqfxuv d frvw iurp ghsduwlqj
iurp wkh shj/ zh qrz wxuq wr wkh fdvh ri d jryhuqphqw zklfk kdv qrw |hw
pdgh vxfk dq dqqrxqfhphqw1 Zh dvvxph wkdw wkh jryhuqphqw lqlwldoo| kdv
d fudzolqj shj uhjlph zlwk ghydoxdwlrq dw wkh udwh

0 ' k
q E+ �

� 7+ � � c
zklfk plqlplvhv wkh jryhuqphqw*v orvv ixqfwlrq jlyhq ehorz1 Zh vkrz qrz
wkdw li wkh vwdelolvdwlrq dwwhpsw kdv lqvx!flhqw fuhglelolw|/ lw lv ehwwhu wr
srvwsrqh lw dqg wr frqwlqxh zlwk wkh fudzolqj shj1

Wkh lvvxh lv wkhuhiruh zkhwkhu wr frqwlqxh  rdwlqj ru wr shj/ dvvxplqj
wkdw wkh shj odvwv iru hyhu +l1h1 wkh ydoxh ri F lv vx!flhqwo| odujh wkdw lw lv
qhyhu dedqgrqhg,1 Ohw wkh jryhuqphqw*v glvfrxqw idfwru eh 4 +	4,1 Wkh orvv
ixqfwlrq iru hdfk lqglylgxdo wlph shulrg lv=

u � ' E+ � � + � � � n q0 �
� +47,

Li Y lv wkh suhvhqw ydoxh ri wkh jryhuqphqw*v orvv ixqfwlrq O ryhu doo ixwxuh
shulrgv/ wkhq zlwk qr vwdelolvdwlrq dwwhpsw/ zkhuh rxwsxw vwd|v dw �| � dqg 0 �
htxdov �� E+ �

� 7+ � �c zh kdyh=

T � � � 	

 ' E� n 4n 4 � n ����

�

� n k �

q
�

E+ �
� 7+ � � � +48,

Li vwdelolvdwlrq lv dwwhpswhg/ iurp htxdwlrq < zh kdyh=

T � � 
 '
%

� k � n q
k � E�� R � � n q E+ �

� 7+ � �
�

�

n 4
� k � n q
k � E�� R � � n q E+ �

� 7+ � �
�

�

n ���
&

+49,
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Qrwh wkdw Y � � � ghshqgv rq wzr idfwruv= �qdqfldo pdunhw h{shfwdwlrqv ri
d ghydoxdwlrq lq hdfk shulrg +s� ,/ dqg wkh hyroxwlrq ri wkh qdwxudo udwh ri
rxwsxw +�| � , dv jlyhq e| htxdwlrq :1

Wkh vwdelolvdwlrq dwwhpsw |lhogv lpphgldwh jdlqv lq wkh irup ri uhgxfhg
lq dwlrq/ zklfk pd| eh pruh wkdq r�vhw e| ixwxuh orvvhv iurp uhgxfhg rxwsxw1
Li s � 	4/ wkh shulrg 3 ydoxh ri O � � � � 	 lv kljkhu wkdq wkdw ri O � � � 1 Lq wkh prvw
idyrxudeoh fdvh ri > @3 +433 ( oderxu pdunhw fuhglelolw| dqg khqfh qr orvv ri
lqwhuqdwlrqdo frpshwlwlyhqhvv,/ �|� vwd|v dw �| � lq ixwxuh shulrgv/ zklfk phdqv
wkdw Y � � � � 	 : Y � � � 1 Lq wkh jhqhudo fdvh zkhuh > : 3/ zh fdq vkrz wkdw wkh
ydoxhv ri wkh sdudphwhuv pd| eh vxfk wkdw Y � � � � 	 	 Y � � � / lpso|lqj wkdw lw
pd| eh suhihudeoh wr srvwsrqh wkh vwdelolvdwlrq dwwhpsw1

Ohw xv frqvlghu wkh vlpsohvw fdvh zkhuh b @ 3 +vr wkdw �| lv �{hg dw �| 

diwhu shulrg 4, dqg s� @ 3 iru doo shulrgv1 Lq wkdw fdvh Y � � � : Y � � � � 	 li

4
�� 4

�

E+ � � 7+ 
 � �
�

�

� n k �
q
�

E+ � � 7+ � � � � : k �
q E+ � � 7+ � � � +4:,

Wkh ohiw0kdqg vlgh ri htxdwlrq 4: uhsuhvhqwv wkh gl�huhqfh ehwzhhq Y � � � dqg
Y � � � � 	 iurp shulrg 4 rqzdugv dqg wkh uljkw0kdqg vlgh htxdov O � � � � 	 0 O � � �
lq shulrg 31 Vxevwlwxwlqj iurp htxdwlrq +:, dqg uhduudqjlqj/ htxdwlrq +4:,
ehfrphv=

4 �E� n ~� �
� �� : k �

q (~ ' �k � >
k � E�� >� n q +4;,

Wklv frqglwlrq fdq hdvlo| eh phw iru kljk hqrxjk ydoxhv ri >1 
 Wkxv/ hyhq lq
wkh fdvh zkhuh wkh vwdelolvdwlrq kdv 433 ( fuhglelolw| dprqjvw zdjh0hduqhuv
lq wkh vhfrqg shulrg +ehfdxvh b ' f,/ vr wkdw qr ixuwkhu ghwhulrudwlrq ri wkh
ixqgdphqwdov rffxuv/ wkh shupdqhqw orvv ri rxwsxw iurp odfn ri fuhglelolw|
lq wkh �uvw shulrg fdq eh kljk hqrxjk wr pdnh wkh vwdelolvdwlrq dwwhpsw
xqdwwudfwlyh1 Li b : f/ wkhq Y � � � lv hyhq juhdwhu iru d jlyhq >1

Wkhvh uhvxowv lpso| wkdw vwdelolvdwlrq dwwhpswv qhhg wr eh zhoo hqrxjk
ghvljqhg wr eulqj > ehorz vrph fulwlfdo ydoxh wr pdnh wkh dwwhpsw zruwkzkloh1
Li/ iru h{dpsoh/ wkh jryhuqphqw lv wrr uholdqw rq vhljqlrudjh uhyhqxh dqg
fdqqrw xqghuwdnh wkh �vfdo uhirupv qhfhvvdu| wr uhgxfh > ehorz wkh fulwlfdo
ohyho/ lw zrxog gr ehwwhu wr srvwsrqh wkh vwdelolvdwlrq dwwhpsw1� � � � � � � � � � � � � � � � � � � � � �  ! " #$ % & ' ( ) � * � � � � � � � + , - + � � � . - � / + - � � 0 � 1 � � - �2 + / � � � . � / � � 3 - � 1 4 � � � 2 � � * � � � � 2 � - � (
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8 Wkh H{lw Sureohp
Vxssrvh wkdw/ zkloh wkh h{fkdqjh udwh lv shjjhg/ wkh dxwkrulwlhv sxw lq sodfh
lqvwlwxwlrqdo duudqjhphqwv lqwhqghg wr nhhs lq dwlrq dw }hur zlwk d ylhz wr
h{lwlqj iurp wkh shj dw d ixwxuh gdwh1 Dw d fhuwdlq gdwh W/ d uhwxuq wr  rdwlqj
lv dqqrxqfhg dqg lpsohphqwhg1 Ehfdxvh wkh  rdw zdv suh0dqqrxqfhg/ wkh
frvw F ri dq xqdqqrxqfhg hqg wr wkh shj lv qrw lqfxuuhg1 Diwhu gdwh W/ qdw0
xudo rxwsxw judgxdoo| uhyhuwv wr �| � dv vshfl�hg lq htxdwlrq 91 Zkdw kdsshqv
wr lq dwlrqB Lw vhhpv uhdvrqdeoh wr dvvxph wkdw/ li wkh h{lw lv vxffhvvixo/
lq dwlrq vwd|v dw }hur/ exw wkdw li lw lv xqvxffhvvixo lq dwlrq uhwxuqv wr wkh
suh0shj udwh ri �

� E+ � �7+ � �1 Wkh sureohp lv krz wr irupxodwh wkh suredelolw| ri
wkh h{lw ehlqj vxffhvvixo1 Zh zdqw wr lqfoxgh d idfwru wkdw uh hfwv wkh txdolw|
ri srvw0h{lw lqvwlwxwlrqdo duudqjhphqwv/ exw wkh fuhglelolw| ri wkh shj lv dovr
olnho| wr sod| d uroh1 Zh frxog uhodwh wkh vxffhvv suredelolw| dw gdwh W wr
�qdqfldo pdunhw h{shfwdwlrqv dw wkdw gdwh +s � ,/ exw vlqfh zh kdyh qr prgho
ri s� / lw zrxog eh gl!fxow wr gudz dq| xvhixo frqfoxvlrqv1 Lqvwhdg/ wkhuhiruh/
zh uhodwh wkh vxffhvv suredelolw| wr oderxu pdunhw h{shfwdwlrqv1 Vlqfh oderxu
pdunhw fuhglelolw| lqfuhdvhv ryhu wlph/ wklv phdqv wkdw wkh suredelolw| ri d
vxffhvvixo h{lw dovr lqfuhdvhv zlwk wlph 0 zklfk grhv qrw vhhp xquhdvrqdeoh1

Zh dvvxph wkdw srvw0 rdw lq dwlrq vwd|v dw }hur +l1h1 wkh h{lw lv vxffhvv0
ixo, zlwk suredelolw| 40�>b � / dqg zlwk suredelolw| �>b � lq dwlrq uhwxuqv
+l1h1/ wkh h{lw lv xqvxffhvvixo,1 Wkxv wkh suredelolw| ri idloxuh lv htxdo wr
oderxu pdunhw vfhswlflvp lq shulrg W +>b� ,/ pxowlsolhg e| d idfwru � +:4,
wkdw uhsuhvhqwv h{lw ulvn dqg lv dvvxphg wr uh hfw wkh txdolw| ri wkh lqvwlwx0
wlrqdo uhirupv +wkh ehwwhu wkh uhirupv/ wkh forvhu � lv wr rqh,1

Zkdw ghwhuplqhv wkh rswlpdo h{lw gdwhB Ghod|lqj h{lw e| rqh shulrg
uhgxfhv wkh suredelolw| ri idloxuh e| d idfwru b/ exw dovr nhhsv rxwsxw orz
iru rqh ixuwkhu shulrg dqg fdxvhv wkh qdwxudo udwh ri rxwsxw wr pryh ixuwkhu
iurp wkh wdujhw ohyho1 D ixuwkhu lpsruwdqw frqvlghudwlrq lv wkdw wkh shj pljkw
vxffxpe wr d fulvlv lq shulrg W/ li h{lw lv ghod|hg1 Dvvxph iru vlpsolflw| wkdw
� ' f +l1h1 wkdw qdwxudo rxwsxw uhwxuqv lqvwdqwdqhrxvo| wr �| � diwhu h{lw,1
Wkhq/ zlwk d glvfrxqw idfwru ri 4/ wkh h{shfwhg pxowl0shulrg orvvhv iurp h{lw
dw wlph W duh=

T � ' E�� 4� �
�
�

� n �>b� k �

q
�

E+ � � 7+ � � � +4<,

Wklv htxdwlrq uh hfwv wkh idfw wkdw wkh lq dwlrq orvvhv
k � 	

� E+ � � 7+ � � � l duh
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lqfxuuhg zlwk suredelolw| �>b � 1 Li h{lw lv ghod|hg iru rqh shulrg/ hlwkhu wkh
shj froodsvhv lq shulrg W +suredelolw| Z, ru lw grhv qrw dqg h{lw rffxuv dw
wlph W.4 +suredelolw| 40Z,1 Khqfh wkh h{shfwhg orvvhv duh=

T � ' Z
� �
�� 4

�

� n k �

q
�

E+ �
� 7+ � � � n �

�

n

E�� Z�
�

u � � �
� n 4

�� 4
�

� n �>b � � � k �

q
�

E+ �
� 7+ � � �

�

+53,

zkhuh u
� � �

� lv jlyhq e| htxdwlrq <1 Zh wkhuhiruh frqwlqxh wr wdnh wkh
gl�huhqw h{shfwdwlrqv lq wkh oderxu dqg wkh �qdqfldo pdunhw lqwr dffrxqw1

Ohw xv frqvlghu �uvw wkh fdvh/ zkhuh Z @ 3 +dv lq Iljxuh 5,1 Lq wkdw fdvh
lw sd|v wr h{lw dw wlph W udwkhu wkdq wr ghod| ixuwkhu li

u � � �
� :

�

� n �>b� k �

q
�

E+ �
� 7+ � � � n 4

�� 4
�

E�� b��>b � k �

q
�

E+ �
� 7+ � � �

+54,
Wklv frqglwlrq lv pruh olnho| wr eh ixo�oohg li +d, 4 lv vpdoohu +wkh ixwxuh

lv glvfrxqwhg pruh khdylo|,/ +e, � lv vpdoohu +srvw0h{lw dqwl0lq dwlrq vwudwhj|
lv ehwwhu ghvljqhg,/ dqg +f, � lv odujhu +vlqfh wklv lqfuhdvhv O � � �

� wkurxjk
htxdwlrq :,1 Lq wkh fdvh ri wkh oderxu pdunhw fuhglelolw| sdudphwhuv +>c b,/
pdwwhuv duh d elw pruh frpsolfdwhg/ ehfdxvh erwk vlghv ri htxdwlrq 54 duh
lqfuhdvlqj lq > dqg b1 Xvlqj htxdwlrqv < dqg :/ krzhyhu/ zh fdq vhh wkdw O � � �

�

lqfuhdvhv zlwk > � b
	 
 	 � � 


� / zkhuhdv wkh uljkw0kdqg vlgh ri 54 lv sursruwlrqdo wr
>b � 1 Wkxv zh fdq ghgxfh wkdw kljkhu ydoxhv ri > dqg b idyrxu dq hduolhu h{lw/
ehfdxvh ri wkh fxpxodwlyh lpsdfw rq htxloleulxp rxwsxw ri frqwlqxlqj wkh
shj1 Wklv qhfhvvdulo| lpsolhv/ krzhyhu/ wkdw wkh suredelolw| ri d vxffhvvixo
h{lw lv uhgxfhg dw wkh rswlpdo h{lw gdwh/ vlqfh qrw rqo| duh > dqg b odujhu/
exw dovr W lv vpdoohu1 Frqyhuvho|/ zlwk juhdwhu fuhglelolw|/ lw sd|v wr zdlw
xqwlo h{lw lv vdihu1

Zh pd| qrz frqvlghu wkh fdvh zkhuh Z : 31 Vlqfh wkh froodsvh ri wkh
shj surgxfhv wkh vdph uhvxow dv dq xqvxffhvvixo h{lw exw zlwk dq dgglwlrqdo
kxploldwlrq frvw ri F/ lw lv dozd|v ehwwhu wr h{lw/ li Z : �>b � +l1h1 li d fulvlv
lv pruh olnho| wkdq dq xqvxffhvvixo h{lw,1 Lq jhqhudo/ Z : 3 lpsolhv dq hduolhu
h{lw wkhq Z @ 31 Wkxv wkh h{dpsohv vkrzq lq Iljxuhv 4 dqg 6 vxjjhvw dq
hduolhu h{lw gdwh +dqg wkhuhiruh d ulvnlhu h{lw, wkdq Iljxuh 51
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Lq frqmxqfwlrq zlwk wkrvh jlyhq hduolhu/ wkhvh uhvxowv lpso| wkdw uhdo h{0
fkdqjh udwh dssuhfldwlrq vkrxog ohdg jryhuqphqwv wr irupxodwh sodqv iru dq
hduo| h{lw1 Qrw rqo| grhv uhdo dssuhfldwlrq lqfuhdvh wkh ulvn ri d fxuuhqf|
fulvlv/ exw lw dovr pdnhv lw rswlpdo wr h{lw dw kljkhu suredelolwlhv ri idloxuh wr
uhgxfh rxwsxw frvwv1 Lq vkruw/ lw lv riwhq ehwwhu wr mxps wkdq wr ulvn ehlqj
sxvkhg1

9 Frqfoxvlrqv
Wkh sxusrvh ri wkh prgho suhvhqwhg khuh lv wzr0irog= wr ghyhors d irupdo
eulgjh ehwzhhq wkh wkhru| ri fxuuhqf| fulvhv dqg ri h{fkdqjh0udwh0edvhg vwd0
elolvdwlrqv/ dqg dovr wr lqfrusrudwh wkh frqyhqwlrqdo zlvgrp derxw vwdelolvd0
wlrq h{shulhqfhv1 Wkh nh| wr wkh prgho lv wkdw oderxu pdunhw djhqwv kdyh
dgdswlyh h{shfwdwlrqv/ zklfk gulyh wkh ixqgdphqwdov/ zklovw �qdqfldo pdunhw
djhqwv kdyh udwlrqdo h{shfwdwlrqv1

Wkh prgho ghprqvwudwhv wkdw orvv ri frpshwlwlyhqhvv lv xvxdoo| fulwlfdo
lq wkh idloxuh ri d vwdelolvdwlrq dwwhpsw/ dv kdv riwhq ehhq qrwhg lq sudfwlfh1
Lw dovr vkrzv wkdw lw lv rswlpdo wr srvwsrqh vwdelolvdwlrq dwwhpswv zklfk
zrxog odfn fuhglelolw|/ shukdsv ehfdxvh �vfdo dqg prqhwdu| srolf| duh px0
wxdoo| lqfrqvlvwhqw1 Dowkrxjk vxfk d vwdelolvdwlrq dwwhpsw pxvw hyhqwxdoo|
eh vxffhvvixo surylghg wkh frvwv ri dedqgrqlqj lw duh vx!flhqwo| juhdw/ wkh
frvwv lq orvw rxwsxw rxwzhljk wkh lq dwlrq jdlqv1 Wklv lv sduwlfxoduo| wuxh/
li fuhglelolw| jdlqv duh vorz +b lv kljk, dqg li wkh odfn ri fuhglelolw| fdxvhv
juhdwhu h{fkdqjh udwh dssuhfldwlrq +� lv kljk,1 D khwhurgr{ srolf|/ zlwk gl0
uhfw frqwurov rq zdjhv/ fdq eh lqwhusuhwhg dv dq h�ruw wr nhhs � orz dqg wkxv
wr lqfuhdvh wkh suredelolw| ri vxffhvv1 Wkhvh duh qrw sduwlfxoduo| vwduwolqj
uhvxowv/ exw lw lv xvhixo wr kdyh ghulyhg wkhp zlwklq d irupdo prgho1

Wkh prgho dovr vkhgv oljkw rq wkh �h{lw sureohp�= zkhq wr dedqgrq
wkh shj dqg xqzlqg wkh uhdo dssuhfldwlrq zlwkrxw orvlqj wkh lq dwlrq jdlqv
dfklhyhg e| wkh vwdelolvdwlrq1 Lq jhqhudo lw lv rswlpdo wr h{lw ehiruh fuhglelolw|
uhdfkhv 433(/ wr uhgxfh rxwsxw orvvhv iurp ryhuydoxdwlrq1 Pruh h�hfwlyh
prqhwdu| uhirupv/ vxfk dv juhdwhu fhqwudo edqn lqghshqghqfh ru lq dwlrq
wdujhwlqj/ eulqj iruzdug wkh rswlpdo h{lw gdwh dqg uhgxfh wkh frvwv ri wkh
vwdelolvdwlrq1 Dq hduo| h{lw lv sduwlfxoduo| ghvludeoh lq fdvhv zkhuh/ li wkh shj
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lv pdlqwdlqhg/ wkhuh lv d juhdwhu gdqjhu wkdw lw zrxog froodsvh dq|zd| xqghu
vshfxodwlyh suhvvxuh1 Juhdwhu fuhglelolw| jlyhv srolf|0pdnhuv wkh ox{xu| ri
srvwsrqlqj h{lw xqwlo wkh fkdqfhv ri vxffhvv duh kljkhu1
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TABLE 1: MEXICO

Year

Exchange rate
(peso per 1
US-$)

Inflation rate
US inflation
rate

Real exchange
rate
appreciation

1988 2.27 113.87 4.02 19.99

1989 2.46 20.14 4.90 5.38

1990 2.81 26.42 5.28 4.87

1991 3.02 22.70 4.32 8.63

1992 3.09 15.57 3.02 8.79

1993 3.12 9.83 2.93 5.37

% ∆ 1988-
1993

37.45 136.52 22.16 29.01

1994 3.38 6.93 2.64 -3.99



TABLE 2: ARGENTINA

Year Inflation rate US inflation rate

Real exchange
rate
appreciation 

1991 168 4.32 61.08

1992
25.37 3.02 17.83

1993
10.71 2.93 7.03

1994
4.30 2.64 1.60

1995
3.09 2.77 0.31

1996
0.00 2.9 -2.90

% ∆ 1991-1996 49.25 15.10 22.88
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