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A bstract

T he size ofaspeaultive attadk is alubled Toran exdance rate agetzae wth inttamargnal
inenettias. U sing these valbles we caluete the epacted survival time ofa targetzae. W e
s that this yields mae reesanebk vales Tar a uni Bteral target zae ampared 1o a target
zare macel with margral interverttias. T he expected survval time does not dgpad an the
bandwidth and the specultive attads can hgppen at any pdnt irsice the band with alincst
eqal praosbility. W e abo ampEte sone sasitivity analysis and gpply aur methad o dotain
the survival time of the “Swedidh” targetzae
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1 Inboductian

W e alublte the eqpedied survival time of a target zae when the intenatias of the aatral bank are
intamargral T he .. iststructural madeling of the exdance rake dynamics in a target zae by Krugman
[14]essumed thatthe central bank intervenes the exdance rate anly atthe baundaries. H onever; subsequent
tests ofthis madel igected its implicatias (eg Flood R aead il athiesaon[8 ] and L indbergand Saderdind
[17)- 11thes bean dosened thatthe inttamargnal intervatias madel disaussad by D elgpdoand D umas [4]
and Rootand 0 bstied [117].. 6 exdance rates dynamics in a target zane better: A o the data relbesed by
the acaral banks (seg Treampk ¢ iaezzi andt ioennini [127] ad L incbergand Saderind [16) indicate
that the intenentias are inkemargnal

A cantral bank aan defed a target zae ince.nitely, Tor ecample by inaesssing the interest rate 1o
su¢ dealy high valles. H onever; pically a targetzae is used 1O asate a stebke edance rate whidh, in
twm, antributes 1o the stebi ity of intermal maao variabks. B ut a ety hich intersst rate o defed the
band aaradicts the aigral purmpase ofimplEmanting a target zae since itmay induce instabiity in the
aanany. Sowe eect that the catral bank setasice a.>&d anaut of reserves to delead e band. A s
disassed by Krugnan and R atamberg [157] even when the amaunt of resenves are knonn by the market;
as g as this does notar ect the dynamics of the exdance rate irsice the band we still eqecta asdibke
targetzae ifthe resenes are su¢ dentdy hidh. H onever-affter sane time the resernves will dpEte and there
will be a speaulEtive atiadk an the edance e, T he targetzae will atherbe realiged ar colipse toa
fiee faating regme. In this pgper; we assume the Btier:

P reviasly Flbad and ¢ arber[9 ] B uiter [3] amag others calulied the expedied survival time of a
.X8d exhance rate regme vWhidh can be regarded as ananmowexdance rate band. D umas and Svassan [ 7]
dd similbr alultias fora taget zae with margnal intenattias. T hey indicated that their alibrated
calubltias do notssam o . tthe el e epaiane T he survival ime in same Gsss Tor a reesanebke
amaunt of resenks is in ader of aaturies. 1N this pgper we atiempt to see it the survival time is mare
esibk ifve Lee the inramargnal intenantias macel which .. s the real e target zane experiance better:
W e doserne that there is a substantial improanatt in the eected survival time. W e abo dosene that
the survival time does not dnaenge substantially with the size of the band. T he aolligpse Gan hgppen atany
exdhance rate anay fram the aaiter of the band with alimcst equial dhance. H ence a speaulEtive attadk an
heppen alncstanywhere in the band with equal praoebi ity exogptat the baundaries where there is ahiger
dence ofatiadk T his is of aaurse attradiciary 10 K rugman’s madel where the aolligpse can anly heppen
atthe baundaries butitis in acoadancee with the previas target zane exerienass.

In the nextsection we disasss target zae madek. 1N Sedtian 3 we showv howv 1o caluate the expecied
survival time ofa targetzaewth intramargnal intervaitias. W e calibrate aurgppraech to the parameters
ofthe Swedish target zare eariaxe in Sedtian 4. W e disass passibE extarsias in the stsection.



2 Taoet! aell okek

21 N agral Inernaetios

In atarget zae the exdange rate of a country is restricied betineen thovales X and X by the aanral
bank ofthe cury. T he researdh an variaus agpects of a target zane todk o after Krugman [14]madeled
e edance rake dynamics in a target zae. In his madel the boaritim of the exdange rate of hane
auntry X the vale of fordigh maney in tems of damestic maney; is a funation of its Tundemental f ad
the eected rate of dhange in the exdance ratle

X = T+ OF [ Fck @

vwhare® is the sami-elstiaty of the exdance rate with respect 1o the epecied exdance rate depredatian.
T he fTundameatalis de.ned a6

ft =M+ Vg (2)

H eremy = QR ¢+ Dy)is the looaritm of the marey stodk whereR ¢ and D¢ are the Tordign resenes ard
the donestic aaedit ad the \elbdty v is an exagpas maetary shodk T he maney stodk dangss any at
the bandary of the tarcetzae.

dne=d ¢ i ¢ ©)]

where d  ad d)  are pasitive anly when x= x and x= X respectinvely . W ewill assume that conmadity
priass are fexibl purdiesing ponerparity and uncovered interest rate parity hold, and there is Tull epitall
mdoi ity

0 igrally Krugnan assumed that the interaitias are mace at the bandaries of the taget zae
(magmal interatias) ad they are in.nitessimal  In this Gse we assume that v, is a B ronnian motian
with anat zero castant drift

d/t=1(1+ B s (4)

wvhere B ¢ is the standard B ronnian motian. T he soluiian 1o this systam is alulied by anag others
Krugnan[14Jort =( and by D eloppdoand D umes [4Hor the gerneral e, T he g ofthe exdance rate is
gvan as a fTunaiaon of the Tundamental

=T+ 01+ Ae!Tc+ B ezl G)
where
i1®--p12®2+ %2
;12_ 3/42®

1Sverssa20 Jhes aaompete natied nical treatise of et zane modek.
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The aastaits A ad B ; ad the baunds an the Tndemattak’ can be dotained by using the baundary
adtias

— _ ak - dk_
=% xO=x L®=FMO=: ©

T he st o egpalities Blbw firam the ‘smooth pasting’ aconditias. T he epldtepresias Tor f ad £
canbefoud inD elppdoand D umas [4] Theaastans A adB are gven in Frootand 0 bstied [11 Jorin
Krugnan and R olembarg [15] T he fiee $aat solution 1o this systam aonespads 1 “no bubbE’ cesg e,
A =B =0, ad>="F+ ®1:

22 Inramagral Inenaetias

Usngthedalafion Bl S ad trell adic auntries, Krugnans aignal target zane madel hes been tested.
T he madel aboe implies that the distribution ofthe edance rate within the band mustbe U -shegped. B ut
the data shons thatthe distributian is hump-sheped. 4 o the naonlinear relatian betnean the exdance rate
and the ndemattal cannot be shonn o edst 1tis ako knonn that internentias mace by the cantral
banks are not anly at the baundaries but ako irsice the target zae. Faeampk L indberg and Saderiind
[19disass the intervantias made by the R iksbank ad indicate that inttamargral interention is a ruke
ratherthen an exaption. H ence extlasias 1O the aignal model seam necsssary.

A mean reerting stodestic procss far the TTndameantal woukd generate a hump-sheped exdance rate
distribution. A kg the edance rate function willbe aincst inearrin fndementak. | indbergand Saderiind
[19 aasidaring an intra margnal intervatian polioy, managed 1o dotain ahump-sheped distribution with
sane mass at the edges ofthe band. T he overall .. tofthairmodel 1o the datawss quite good aampared
the margnal interatias macel

H ere wewilluse anh R (1) proosss to madel the exdance rate dynemics in the band. Equation (1) still
cke..nes the reltian betinean the exdance rate and the indemental T he findamentalis gven by 2). T he
driftoftre \elbdty is novzeg die = %AB - Since the intervantion palicy is dnenged, the equatian (3) willl
be dicerait W e assume that the maetary autharity wi ll intervane aantiruasly with inaessing size es the
edance rate mokes anay fiam sane prefened bel 33

dne= iyfe i fopt+ d ¢ i d ¢ 0

% is apoicy paaneter. d t ad d ¢ are same as in (B) and T anrespads 1o the prefenad edhance rate
bel > =x0D

2D elbppdo and D umas [4]shons that thare is amanotonic relatian betneen the band an the Tindemattiab

and the band on the edance ratie
3T his aonrespancs 1o supply shodk interpretation of the meen reverting procsss as disaussad by D elogpdo
adD umas [4]




D elopdo and D umeas [4]and Frootand 0 bstied [10 Hound the solutian 1o this systam as

M il M ll
Tt ®%F, 11 1+@% 3
=5 Sr AN oo 4Bl o e ®)

1+ ®% 20% 72 0% ’2°

where ", = PReE § FO% andll @@dis Krummer's fnclion.
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R
i is te ganmafundian, @ = 01 XileiXdk; z> 0. A adB are the aaxstarts ofintegatian 1o be
determinad by the baundary aoditias (6 ad the aaditian >¢ = > () T he fieetaat soutian in this

aeisx =T

3 SpeaulEtine A tads ard the Collgose of aT aroetl ae

In this pgper; we will aasiderthe colipse ofF a target zae into a fiee Taat regme. 1twill be assumed that
the resenves of the aaral bank are imited butstill enaugh 1o suppart a aedibke target zane® . Sine the
antral bank hes o intervere the edhance rate with Imited resenes, afteravihi e the reserves will depkete
and the targetzae will Ize is aedbilty. T his in twm, will cause a speauliive atied< 1tis passibE ©
alubBte the minimum anaunt of reserves, Whidh is equal 1o the anaunt of the speaultive attedk at the
manattofcolipse necsssary todeled the targetzae. W hie Krugnan [13]and Flbod and 6 arber |9 Jdid
this for..xed regmes, Krugman and R otemberg [15 ] loded atthe ae sided targetzanes’ . Finallly, D elgedo
andD umas [5 Jdotained the bBel of resernves thatt trigoess the speaulative atted< farthe o sided targetzane
1o the margnal intervartiass madel 1n this sactian, afterwe showv the minimum  resernes farthe margnal
intervarition macel we will dotain the same o the madel with intra margnal intervantion.

T he eqectatian of the Tadgn reserves falling 1o zaro or to same uneaoptebe high beel Fmay tiger
abuying attadk ara seling attadk Sinee the resene bal in the magnal intenertion ceee dangs anly
at the baundaries, the speaultive attad<s Will caour at the baundariesS. Since itis passibe o Torecsst the
atiadk by doserving the resernve el atthe time offthe colligpse there wi ll notbe any dhange in the exdance
raie bl othernise there wauld be an abittace qopartunity. H ence anly the tondamental will dhence at
the cdligpse. Just before the dolipss the firee taat exdance rate conrespading 1o the Tondementtal T is
T+ 01, ridtafierthe collgpse the exdance rate will sty X H ence the dnance in the tndamental shauld
bef+ ®1 jx e assume the alipseis instartaneas the anly dence in the indemental is the denge

4K rugman andR olemberg|[15 Jdisassss the necsssary amaunt of resenves tosustain aaedibe targetzane

and howthattis related to ‘smooth pasting” acondition.

50 ne sided zane hes anlly upperar baerbaund and the cantral bark in the cese ofmargnalintenenias,
internenes anly atae ad.

DV tharwise itwauld notmake serse 1o use a aedibke target zane madel




in the resenes. T herelare the size of the speaultie attadk is

=f+01 ix ®)

g)l

W e can abo alubte the size ofthe seling attadk at the bnerbaundary e

)

=Xij®r jT: 10)

T herefore vhenever the reseres alll belova and x = X there will be a buying attadk and the target
zaew ll oliepse. Simi by ifthe resarves are mare then 2§ aand X=X thaew ll be a seling attad<and
the et zae wi ll colispse.

In the cee ofinlamargnal intenentias, the reserves diange atany pdntirsice the band. T herelag
e reserves an Bl bebbw(arraiseeboe) aaitialhal eatany edancge raie. |1 attimet, the fTundamental
is T and the edance rate is >4, then the firee Taat Tundamatal is . Since after the coligpse there is No
epected dnance in the edance rate the dance in the Tundemeantal will be ¢ j >¢, Whidch is the aitical
\al e 1o trigera speaultive atltadk at thatedance rate. H ence the resenes at the time of an attadk are
gvenby
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Ifm< 0, thaeis aseling atiadk
T he coligpse time of a target zae with the margnal intenerias is dotained by D umas and Svernssan
[7] D uring the qperatian of a target zae itmust be true that

a-me-kja ad F-f-F:
T his implies that the \eloaty vy = f¢ § me mustsalisky
fiGid-w-fija

T he acoligpse W ll caurwhen v hits ae of these baunds. H encs D elgpdo and Svasson [7]indicated,. the
alipse time is equivalent 1o the .. 1Ist passage time of a B ronnian motian. T he survival expected time T,
andticalupm initial bek b ad 1;, isgwven by

TR FE® i@ i @i iaivw);ort =0; 12)

i+ @i, Fiaivw) 1 it T

HT 6 1 1 1(q i eiu(_FigivU)) ot &1; 3

whearey, =% jr adp=21=%2.



D umas and Svassn [7 Jepplied this Tomula to alulie the eqpected survival time in the Swedish cesg
where the exdance rate band is 8 5 pearaant T hey assumed that the standard deviation %2 and the drift
are both 10 pacatperyear, whidh they admitto be auite bxce. T hey Tound aut thata reserve bel egal
1027 times the speaultive attedk size (r j a=100 kg paxcnt) brings abaut an eqpected survival time of
10-20 years. W hen they dhange 1 tozaro they dotained 120 years. A s they pdrted aut, the recait Finnish
and Swedish eperiance antrasted 1o these resullts.

In the inra margral interventians model vhi ke the ondemental stillis baunded by £ and T, the baund
M resenes dgpencs an the Tindemental

e 1 xXF)=wWI) - m¢ - B W= § (& i xFOX ()

T hisgwes us avary camplicated ... Istitime passage prdblkem Tarastodiestic procsss, ae inwvwhidh the barmiars
depad an the procsss itself

4 CanputatiaalR esults and D isassias

0 btaining an expliadtsolutian 1 this prablEm proed o be ifnotimpassibE very di¢ ault To dotain the
resuls we usell atte Carbo simulatian of 15000 dosenatias. T he time inaementin the disaetization of
the madel is set 10 00 periads peryear’ .

First we Ik at the Swadish’ exdance rate band of 8 5 parcant T he paranetars are gven by
Lincdbargand Saderind [1gas® = 035357, % = (00312163, % = 3684211, X% = 0 63%, =0 1 45445,
T= 30031636 andf-= 0106530 . W e dacse r; the maxdmum size of reserves o triggera aollepse, 625
times theinitial reseres. T he maxdmum sizedlt‘eqoea,lbli\,eaﬂad(isf"i 3k Figure 1 shons the expecied
survival time \varsLs the reserves whose unitis the maxdmum size of the speaultive atted< 2.7 times the
soeault\e attadk in the margnal attadk Gse aarespads 1045 in the gegph. Forthatwe dotain 3 years
of sur/ival ime. 1Tthe resenes are no mare then 3 times the maxdmum size of a paaulEtive attadk the
survival time is abaut 15 years. Casidaning the ot that the Swedish target zae bsted ebaut 10 years
(fram 0 cdoer1982 toFall 1992) in the Iongsst case these \valles are aomparebke.

Inthenextstep, we bdkatthea ectofthe bandnidih. W eplbtasynmetrictargetzae G4 > =>%iX)
1o div erentvales of bandwidth 23 W e assumed thatt > =0, ® =035, % =368, % =003 ad f-.=0.
First, ulsing 8) V\esol,efrf"rlmeriaalyﬁ’%m% T henwe setthe resene my O be the lrgsstvale of
the dicerence Tj stwhich conespancs 1 the lrgsstvalle of sksince £ stis manote in st W e noticed
that vwhi e the bandwidih dhangess betineen 0.02 10 0.14, the survival time stays araund 35 years. W hen

W eexpaimanted with dhangng the rumberofsamp E patts and disaetization size T the .. istsimulation
bebw naessing both do notmake a quantative dis erence in the resultbutitinaessss the simulation ime
substattially. T he axck is witien int auss. W e Gan supply itupan reguest




Figure 1: BExpecied survival time of Swedish target zae as a Tinction of resenes. R eserves are in units of
minimum resere anaunt o sustain a aedbke argetzae



m =45(f‘"i0 1 Dthesurvival timeis .. xad abaut years. In the margnalinternention macel aeansee
fran eguatias (12) ad (13) that the eqected survival time inaaassvxﬂhf"a‘f which inaesesss with 3%
and X respectively. A sD umas and Svasson [7 Jdoservad, the bandwidth hes astrangerar ectan the survval
time of a target zae with margnal interatias when the reseres are vary o In the infermargnal
intervertion madel the reserves are usad insice the targetzae o revert the direction ofedance rate and
at the baundaries 1o ke the exdance rate irside the zae. 4 s the bandwidth gets bager the prdosbi ity
thatthe exdance rate hits the baundary will deaesse disstially and dLe 1o the meen reversian £ctor; the
edhance rate will pad the majarity of the time in the middke of the band. B ut the exhance rate will
soatmare time an aesice ofthe band. T hen the cantral bankowi ll ise mare reseness o ke the exdance
rate in the band and will not reoer the resenes. H enae the survval time is nota fector or the selbctian
of the banowidtt? .

W e abo bdk at the er ect of the starting pant of the exdance rate irnsice the targetzae. D umas ad
Sversson [7]1oud that Tor the margnal intervaition target zae model when the resenes have reedned
minimum, rtwoud still Eke an eqrected time of D years Torthe target zane 1o adlipse iTthe Tundemental
ad the edange rate start at the srag end of e band. Bvenwith + =10%, itis abaut10 years. 0 F
aursg this hes implicatias fothe reaigmeants of the target zane since after a rmaligmant, itwill matier
vhere 1o lbcate the edance rate in the nenw zane because this will e ect drsstically the time of the next
reaigment’ 1% W hen ve iun the Swedish target zane with my, = 4§ 58 v see that the survival time
deaessss maotically fran 27 years 1 20 years as the inftial \val e of the edance rae in the bad
dangs from the bnerbbandary 1© hidherbandary. 1fwe doose my = fj tthen itdangs fram 35
years 109 matts. H ence the survinal ime is still sarsitive 1o the initial bcation of the exdance rate in the
band althaugh the reltian is weaker navwsinae a substantial amaunt of resenes are usad irside the band.

A aaseguae of intlamargnal internerian is the passibi ity of coligpse of a target zae when the
edhance rakeis inside the band. T his is oFcourse mare in acaadance with the real e expearience aompared
10 the margnal intervattion macel where a aolligpse can anly ocaur at the bandaries. | extwe Iodk at

¢T he other fector Tor the size of the bandwidth is the manetary indgpendenae see Svassan [20 J[foran
exelbtdisassian, aboSvassm[18 Jand Svasson[19 Horthe relation betineen the interestrate dic exentiak
and the bandnidth.

A Mhauch we assumed thatafier the coliepse, the edance rate dynamics beaome fiee faating ifte re
aigmants are deaded endogenosly (ratharthen gven as exaganaus shodss as inthe realigmant ileratuie)
the lobation ofthe exdance rate in the newband will be impartant o the timing ofFthe next realigmant

10B ertola and Svasson [2 Jand W ermer [21] assume that the exdange rate pasition within the band is
undiaengd. D umas, Jarargen and !l ashund [§. x&s the Tindemeatal afterthe jJump and calulatss the new
pasitian of the exdance rate fian the madel B all and R ana[1 ]set the starting \al e a6 the mid pantof
the newband. B ertola and Sversson [2 Jassumes thatitstarts fran the stragend of the target zae. B ut;
the reaigment proess in eedh ofthese papers is exanas.




Fgure2: P rdoabi ity ofFa adligpse in a intramargnal intenertion targetzae

the distributian of the bation of a speaultive attack and the adlipse. W e pbt the dasity, calulbaied
wsing a kermel smoothing method, fora symmetric targetzae ofF =1 5%, % = 01031, ® =0 135, % =10,
m =4(F"i Had r=25m, in FHgure 2: B esides sane massss at the baundary of the band the dasity
is aonaatrated in the midde betnean the catler and the ed parits. FHandD il &arget zae realiged in
the middE of the upper part of the band 6aut of 7 reaigments. T he other eqperiencss albko showv that
the adligpse is notnecsssarily at the baundary of the band. 0 ur alultias indicate that the mass atthe
baundaries beaome negligblke as the bandwidth gets brger:

W e abodid same sasitivity analysis. Forasymmetric texgetzae ofF2=15%, % =033, ® =01 35,
=0 andm, =45Fi® } s epedted the survival time dearessss With 1. B utas % inaesses flom 1 1O
7, the survival time dengss anly 1.5 years. A g L indberg and Soderiind indicate that the Ioss Tnctian in
the simulated maments esimatoris fakin ® direcion. H ence we lbdk at the sasitivity of survival time
®. Forparametervales of t=15%, % =01031, % =388, % =0 andm =45F i % vwhen we dence
® fram 0.1 ©05 the survival time stays betneen 12 1013 years. H ence the resulls are not sasitive e
parameter-
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Figure 3 Bected Survival time Tordic erat\vales of the drift of the \velbdty

5 sare Bdersias

A lhauch the madel eboe seams 1 Gpture the coligpse ofF a target zae mare realistically; itstill nescs o
be improad. 0 ne naassary improaneattis the addition ofa drift term to the velodty sinee in most Geses
the ednomic aanditias in the danestic cauntry is warsening over time. [fwe assume that the \eloaty of
the Tundematal is gven as in (4) then we expect to have a shorter eected survival time since nov the
resenes are abo spatto aunterthe e ectofthe pasitive drift of the Tndematal In this Gsg the solutian

(@) isgwenby
M il M ll
=ft+ ®Y%f.+ ®1+AM 1 1., B 1+®% 3 ., . .

L+ @% 20%°2” ¢ 0% 27t ©
were =@ j @ ift))=p17z3/4. Since the fiee Taatsoltian is >¢ = T+ @1, the reserves in the pantof

attad<willbe

_ehR+ 01 i), T Mieens T

Al —— = iBl .
® 1+ @Y% ' 20%°2°t 1 0% 27t

W e simulte the survival time Tor parametervalbes oF = 15%, % = 0331, % = 368, % = 0; ad
1 =0%;1% ad3% inFigure 3. T he drestic daareese in the survival time is clearin this se. T he e ectis
strager then the calulatias gven in D umas and Svassan [7]

W e an abo e mae geraral stodsstic proosses Tor the velbdty and the TTndameatal since a mae
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ogeral proasss may improe the . tto the data L etus asssume that the \elbbdty is an 1o procsss

dr = Fodt % EOB «
ad tre intervartias ollbwvamae gneralmeen evartingproess dneg = j2EFEfc i fcHt d ¢ i d ¢ IT
we assume that the exdance rate is thice dic erantisble Tunction <) ofthe Tindematal 1to's Enmawill
yied
E @OA=1 D" 12O

A fierwe plg TorE @<rdk fran (1) we dotain the second ader diz erartial equatian

=T+ 0@ i LN+ 0% D 15

U nder aartain smaothness assumptias an 1 (F)%2° ) and %(F) this equatian hes a unigue solutian >
T hen thebaunds an resenes aregven by (14) as T § X)) - me - A (e i >X(F)) Fdlloning the arguments
ofSection 3we can .nd the baund an the resenes a8

i@ - Mm@ - *i i x@OX

W e can alnays sole gopradmately (15) with ponersaries. T hen rumerical methods ofthe previals section
enebke s o alubEe the survival ime.

6 Ccaodison

Ittwes shonn by L indbergand Saderiind [1gland B alland R ana [l Jthat the targetzane madeks with intia
magnal ineernentias produce a betier .. 1o the real e aget zae eerience. 1N this pgper; we shoned
that itako yielks a betfer resulit T the eqecied survival time then the target zae madel with margnal
inervaitias. In gnaal itis notpassibE © knowv the amaunt of reserves whidh a caral bark is wiling
10 spad o protect the zae. T he anaunt of reserves éan be thaudht as the aammitment of the bank ©©
the survival ofFtre target zae. 0 e impartantextansian in this aresawaud be 1 alubie the timing ofa
soeuEtive atiadk 10 a realigniing arget zae hence the alulatian ofthe timing of realgmenit
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