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The Distributional Approach to
Iixchange Rate Target Zones:

Upon the faundation slone Taid by rupman (1991), there has prown a
prolific literatnre examining the effect of {arget zones on exchange rate
behavionr. Without exception, this literature uses the Krupiman madel as a
hage, and then expands or modifies ik in some manner. This baz piven hirth
tn models with disrrele inlervention (Flood and Garber), with imperlectly
crorible bands combined with realipnments {(Berlela and Caballern), with
conglanl drift (variens), with mean reverling fundamentals (Delgado and
Ilumas), and with stachnsiic devaluation rizsk (Berlola and Svensson),
amongs!, many others. 11y contrast, this paper presenfs an alirrpafive
perspeefive an Largel zanes, as oullined recently in Rose (1992). Wherens
Krugman maodels agsume that fundnmentals ollow a stachastie process, we
assume {thal the exchauvge rate itsell is slochastic in a diserete lime,
conlinuaus slale space model, This has five central implicalions, ns

summarised helow.

The apprench is virtuous in its simplicity. Tn particnlar, the problem
recduces ta madelling a stochnastic variable with a donhly bounded
dislribulion. As o result, there is no need for stochastic enlealus, smonlh
paslting conditions, nor second-order diflferential equaliens. Despile theee
differences, it is appraling 1o make comparisons with Krugiian madels, for
it is shown thal under a lree-Toat, the exchange rale can follnw {the same
patlt in hoth medels, Inluitive analyvtical solulions arn ensily derived.
Mareover, the techniques introduced in this paper have general application

to the modelling of hounded slochnstic processes,

Secondly, it allows the exchanpe rate Lo be viewed in inleriemparal
space. A larpel zomneis then shown Lo have two maniflestiations: (a}it defines
a feasible zone willin which the exchange rate must Nuctuate. This frasihle
zone aclks as n windnw throuph which we view exchange rafe pelivily,
Moreover (B), 1he zone implies thal the expected Tuture exchange roie i a
non-linear S-shaped Munclion of the current rate. Only a sepinent of this 8-
curve will lie within the feasible zone. In Lhe presence of o diift procese, the

shape of this (inlernal) sepment, may not resemble an *S* at all,

‘I is with eansiderable pleasure thal 1 Thank Jeff Sheen for many enliphtening
discussinng, the clarity and rlegnnee of which, have preatly benefiled thic paper T am
piateful for rommenis by Lars Bvenssaan,
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Thirdly, the puper geneérales new resulls, Lo is shown that under a
perfectly credible band, the expecled exchange rate will converge (withoul
oscillution) Lo an intertemporal cquifibrium, even when the stochashe
process contains a constant drilt Levin. The actoal exchange rate is shown (o
converge slochastically wader a rational expectations hypotlsis that has
expository value. Thuse results extend naturally to Uthe interest differcndiul,
and it is shown that a target zone regime converges Lo the sume inlerest
diflerential as a perfectly fixed exchunge rute regime: thul is, to a zero

ditlcrential.

Fourthly, the model appears Lo it the fact: well, for il can explain
empirical phenomena which Krugman models have hiud problems with. In
partivular, Krugman models predict that in the loog run, the exchunge rule
should be mere frequently nesr Lhe Linits of the band than near the cenlre
of the Land. Empirically, the oppusite is true; our model predicls Lthis
empirical result, and it does so with a perfectly eredible band, and without
pican-reverling inlerventions. We alsa proffer an explanution as o why
non var models of estimation have fuiled to out perfurn linear vnes.

i

Finally, by adopting a distributivnal approach lo Largel zones, rather
thitn using the fundamental asset-pricing approach of Kruginan models, the
basic sudel presented here does not need Lo make any assumption about
the existence or absence of markel rationality. By contrast, it has been
sugpested thul Krugman models require excessive rationalily un the parl of
investors by inaposing saddle-path solutions. Indeed, Krugman and Miller
argue Lhat il is this pssumplion of markuet rationalily that “is the most

serious uhjection Lo the target zone maodel” (10920, p.14).

The puper is sbruclured aver 8 seclions. Secrion § provides the basic
wmodel for a perfectly credible band. Secrion {1 discusses the S-shaped curve
and the feasible zone. Secrion I considers issucs of stability (the marriage
effect), convergence, and equilibrium. Secrion v links the mwodel with
empirical evidence, and argues that it is consisicul, though somnewhat
paradoxical, for non-linearity to be theoretically important and
siisullanvously empirically insigoificunt. Seciion v shows that we cxpect the
interest differential to tend Lo zero under a perdectly credible target zone
reginse. Section ¥ illustrates how the distributional approacl can be used
when the intervention stralegy is explicilly known. Seciion VI exlends the
anulysis Lo intra-marginal intervention. Seciion Vi provides concluding

comments and appendices follow.
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I The Model

We procoed by comparing a free flout regime with a target zone regime

Under a Free Floal Regime

It is asswmed Lhat, under a free leal, the exchange rule follows a
random walk:

@ s, st ke, whereg~N(l, (7:) (Gaussian While Noise)

where 5 denotes the spot exchange rate (domestic price of foreign
currency, and measured in natural logarithing), & denotes a constant drift
Lerm that may be zero, and £ denotes Gaussian while noise. The above
equation implieg

S Nk (111]

or more generally, for any tiine period 1+ 4 | the Lransition densily is
@ - A, o ‘
2 SN0 kA, U, A) wilh pdf sy and distribution funclion ¢Xs)

This process? is cenlral Lo the paper and has three motivalions.

The first is empirical, for it 13 now widely accepted that it is difficult to
outperform a random walle in forceasting nominal exchange rates under a
free floal. Mussa (1979} finds that the natural logarithm of the spot
ex.ci.lange rale follows approximately a random walk. Meese and Rogoff
(1983) “find tad a vandom watk model would have predicted major-country
exchange rites during the recent floating-rale period as well as any of our
candidale models [in terms of out-of-sample forecasting]” (p.3), Similarly
Fratinnni, Hur and Kang (1987) state: *If Lhere 1s a cenlral message to thf.:
paper, this involves the reiteration of the robustness of the random walk as
a way to explain the behaviour of the spot exchange rate” {p.511). More
recently, see Liu and Maddala (1992) amongst many olhers. This is not to
say that exchange rates should follow random walks, but merely that it is
empirically difTicult to distinguish them fromn randomm walks, In essence, a
random walk is still the benchmark Lo beat. '
The second motivalion is analylical: by assuming a randem walk, the
cssenlial fealures that distinguish a targel zone from a free-float (JE;{I he
clegantly derived. .
The third motivalien is that in Krugman models, the free float exchange
rate follows a random walk (continuous Lime) — see Appendix B. In csstcnce
ﬁlf}];‘ﬂz\:it;:cff’;In::(:{ultlls(;‘:u: dc:rivcd frf;m & cantinugus-time perspeclive. In particular, if s
kg “}OT\’III;;".I‘ motl(l;n di=kdi + oz, whc.re 715 A ‘!Vicner process, Lthen

, where A is now interpreted as o conlinuous varialle.
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then, the free-floal exchanye rale in this paper can follow the same
stochaslic path as il daes in Krugman models. We like to think of this as
‘pasting Lo the literature’. Nevertheless, we stress the word ‘can’ to
emphasise an iwportant distinclion between the present paper and
Krugman models. As King, Wallace and Weber (1992) have recently shown,
exchange rates are able 1o display randomness unreloted to fundamentals.
More gencrally, tesls Tor excess volatility in financial markets suggest that
assct prices may be affected by more than fundamentals — an empirical
resull consistent with the theoretical literature on fads, handwagon effects
and rational stochustic speculative bubbles. Since Krugman medels only
caplure fundamental sources of randomness, they may not capture the full

stochastic nature of exchungre rates.

Under a Target Zone Regime

We now establish a perfecily eredible tarpet zone which places lower
and upper bounds on the exchange rate, so that s € {5, 7). Then, given s, the
transilion density of s, , eonditional on s<s5<¥ is a doubly Lruncated
normal distribution with pdf:

ng(s],fl;r For § < 5§ < §

(¢(.\')Ix<s<f] = l i where w o= @(5) - dg)

Chherwise

From an economic standpoint, this statistical technique c¢an be
justilfied from Ltwo quite different perspectives. The first perspeclive argues
that the bounds of an awnnounced targel zonme are always known,
Contrariwise, the specific intervention strategy that is used to keep the
exchanpe rate wilhin its bounds is typically unknown, and is almosi
certainly Lime variant. Tn particular, assume that a perfectly eredible band
13 announged hut that the intervention stralegy thal sustains il i8 not
known, so that the announcement of the band is the unly difference Lotween
the free-float information set .Q,” and the target-zone informalion sel !Z,H. Hi
econnmic apents use all available information under each regime, then in
their tarpget-zone calculations, they must replace the free-float pdf ¢s), with
the conditional distribution ol s, conditional on y <3 <3 as above. :
If, contrary to this ussumplion, there are othier differences belween !2,” and
N,u, this information must be modelled explicitly. This approach, where the
intervention sirategy is assumed known, is the second perspectlive. It is
discussed in Scerion VI where we illustrate the explicit intervenlion strategy
that yields the doubly-truncated transition density above,

Exaclly half-way between the bounds, there exisls a centre value s, In
this sense, every zonu can be thought of a5 being symmetric around some s,

hage &

Wao wish to duerive the expecled future exchange rale as a function of
the spot rate, under each regime. For nolationa! convenience, we define:

e " i ; i
@ & = Fly, M the free float expectation of 5, (conditional on the
i AT 1 na
free Noat information set sl time 1)
o= 1" 17 5 a e
@ 50 = E|s 8 the target zone expectation of 5, {eonililional on the
where: target zone information sel al Lime 1, so that agenis
o 1z
(§<35,,<5)e O know that 5, , Hes within the bounds of the target zone.)

The free-float solubion (@) is given inunediately by eguation @ as:
E

@ s =5+ kA

The larget-zone solution (@) is given by simply calculating the
expectation of a random variable with doubly Lruncated normal distobution
which yields {see Appendix A):

@ (,c” =5 +kA ggrfA

Yaa ]

where, & = sy Plg)
W D5y dXg) = Probls <, < 5] mulera fice float (IR VY

?L‘,}

Thus, the target zone expectation {317) is caleulated using the pdf

and cdf of the unbounded free floal variable s, . Since s, is always known, as
are the bounds, 527 is fully specified, given ¢ and k. The expectalion of next

period's exchange rate is oblained by simply setting A= 1, and yiclds

which forms ihe basis for much of our analysis. This result is also
inluilive... Under a free float {(@*), the expected exchange rate shifls each
period by the drill term k. Under a targel zone, theve are 2 sources of
change: a} the drilt term £ as before, and b) the expecled appreciation or
depreciation {f’ a 2 0) created by the presence of the target zone itself. This
terim creates non-linearities?, and is discussed in greater detail in

I'roposilivn 2, below,

INat only is the exchange rate non-linear under & target zone regime, but it is alse
heleroskedaslic. This can be shown hy caleulating the variance of a doubly truncated
randem varinble. This is illustrated in Rose (1992) — also, see Svensson (1981) who
demonstrates hetervskedasticily within the framework of a Krugmean model.



Page 6
{f. The S-shaped Curve and the Feasible Zone

The target-zone solution {@*) defines a non-linear A-order
expectational difference ecqualion rs:—i=f(s, | k, & A, 5 5), where f is a
function defined by @* Plotting 57 against s, yiclds the facinorous S-shaped
curve, but now in the form of a phase diagram. This is illustrated? in
Diggram 1, willl A = 1, and with the drift tevm k = 0 (non-zero drift ia discussed later).
By conlrast, the free-float solution {D*) is just the 45° line passing through
the origin (lur £ = 0).

1

Since 5, {5, ¥), AND since 5 f, e (5, 5), the bounds of the target zone
define a square-shaped leasible zone within which both 5, and S22 must be
located, The presence of an exchange rate target zone Lhus has iwo
manifestations: namely, a S-curve, and a feasible zone. The intersection set
of the feasible zone and the S-curve defines the relevant segment of Lhe
S-curve, i.e. that segment of the S-curve salisfying (.\',, ,s,?':,] € (5 5.

As one would expect with a doubly truncated normal distribution, and
as apparent from ®iggram 1, 51 approaches its bounds asymiplolically. Thus,
a porlion of the S-curve must lie outside the feusible zone, and we see that

the tails of Lthe 8 are 'irrelevant’, so to speak, in this zero-drifl case.

Tlfaﬂrﬂm 1 Expected Fanure Rate e
(<= — 02} .
| d i
|
|
|
Il\' Current Rate
: gt . 5
-0.14 -0.2 n.4 '

1 The hand is
] 4 standasd
] deviations wicle,
1

§  Feasibie Zone

A“_-..___.e,__‘;!_: & s

Zero Diift

41)".”.’}”1”' I is a compuler-generaled plol denwn by Mathematica. The Mathematicn
package/motehaok that generated the basic target-zone diagrams in this paper, is available
in Rose (1992},

5Recall from @ that ,,r,’,—': is the expeciation of 5., canditional en s, lying within its bounds.
Henee, 5 must alwnys lie strictly within the hounds, By contrast, in Krugman models, the
5.curve smoalh-pastes to ils hounds within some fensible zone. This is discussed furlher in
Section VI,
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Proposilion 1a Whun & = ¢, the shape of the S curve does not
change; it siniply shifls kA units to the left  (that is, when & > 0, it
shilts Lo the left, and when k <0, it shifis to Lhe right).

% Z? s
Proof @+ can be re-expressed as &)=t ] o4, 5 5), where

- 2 =
fo= 85, +kA, since 5., ~N(s, +kA, 7.4), and where f* is assumed to be an
invertible function, ag §-shaped curves are. Suppose we now consirain our
. s T , ATZ ~TZ
attention to any specific value of 55, which we denote 5. Then, 5, relates
uniguely 1o same specific value of g = s, +bA, namely g This, in turn,

delines a unigue value of s, as a function of &, nauncly § = ﬁ kA, QE L

Proposition lais verified by plotting the S-curve (A = 1) for various

el

values of k. This is dane in Diggraw 2, which plols the S-curve fur £> 0, k=10,

and & <.

! . Free tloat lines s, t& with:
Diagram 2 Expected Yutuse Rale. £ 5 () =0 4 =<0
e

# /

. . § =02
The band i
4 standard =62
deviations wide, de=01

The S-curves are horizondally & units away [rom cach other, even
thaugh the gap between them ‘scems’ widest in the middle, and narrowest
in the toils, This is a perceptlual distortion.
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Praposilion b As k varies, the shape of the relevanl segment of
the S-curve does change, and may not resemble nn ‘$-shape at all,

Proof Follows from 1a: see diseussion immediately below,

Tt is useful to Lhink of the feasible zone as a (ixed window through
which we view S-curves. Imagine that you are looking through the fixed
window at the S-curve in Diagram 1 where k = 0 and A = 1. To derive the
S-curve for all k # 0, simply apply Proposition la.... that is, pul your hand
through the windew, take hold of the S-curve and pull it & units to the lefl
(by 1a). A different portion of the S-shaped curve is now seen in the
window; instead of looking al the middle of the curve, you will now be
viewing more of the tails, Thus, although the 8-curve itself does not change
shape, the relevant segment does change, and may not resemble an S at all!
Diggram 3 {a-d) gives the rclevant scgment of the S-curve for varioug k valucs
with 4 = 1. Note that when 141 is large (3b and i), the relevant segment will
be cither concave (3h) OR convex (i), and hence quite unlike an S,

Diagram 3

Expected Future Rae Expecraf Foture Rate

Lixpecied Fumre Rale

ey L gl wee ; s T o
1k =-0.05 ! k=202 ',
1 it 1 1
1 ,':r'm. ) 7
1 - '
[ 4 )
! 2 Pl ! - :
1 - ! ) b
! . ! ! ;
1 ; '
& 1 I S
& B / T8 e T T -5
: / - !
1 g '
1 4 ! )
1 T : t o
1 ’ 1
= ; ! . '
i il ' @ s - Large: @
v . - s
. - - Nrgllnc DE\H ! ¢ o .t 7[‘:1:_73”17\:('“1_1;'!]‘

[eage ?
Il The Marriage Effect and Convergence

i'rf:— snl < lr"::—«*"nl forall 5, + kA +1,
Proposition 2
[ If 5, +k A& =35, then R AN )
The exchange rate is mare Stable’ under a target zone regie, than under a free-float.
Froposition 2 is a formal statement of what we ferm the marriage
effect, akin perhaps to Krugman's foneynoon effect, and refers to the
stability created when a government commits itself to an exchange rale
target zone. All it says is that the deviation of all future expecied exchange
rates from 1, (the band's centre) will always be smaller under a target zone
regime than under a free float. Although this is sclf-evideni [rom Thagram 1,
the proof below formalises the result, and in doing so, provides some

intuition about &,

Proof Since the normal digtribution is symmetric around ils mean,
@) will equal ¢5) ifT the mean of the distribulion is the midpoint
hetween & and §. The mean of 5,15 5, 4 k &, and 5, s the midpaint. Se if
5 +kA > 5, the mean lies closer 1o ¥ than 5, 50 that &5 > &5, in which
case &> (1. Thus, the sign of #is given by:

®, 6=0 ilandonlyif 5 +kA % £

ANY

Since both w and g are stricily positive, ®* implies that:

reA

m < : : it
By, fa 2 5 HkA ilandenlyif d=10

Thus &, and &, yield:

S

ANV

7 & . q .
B fua s s HEkA ifandonly il s, HkA

By substituting s, for 5, + £ 4 in ®_, this may be expressed as:

i = . . w G -
By A= 5y 2 S H ifand only if s — 5% 3 0 QED.

As an aside, note that an S-curve is made out of a comvex seclion and a
conenve scction. It is convex for p< s, and concave for p1> 5, where
p=35 +kA When £ =0, this simplifies to convex for s, < 5,, and eoncave for

5, > 5, (a8 per Diagrim 1).
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Convergence

I this section, we demonsirate exchange rale convergence properlies
under a targel zone regime. We do so over two parts: Part 1 itlustrates
convergence of the actual exchange rate under a rulional expectations
hypothesis that has expository value, o Part 2, thig restriclive assumption
is dropped and convergence of the expoecled exchange rate is established.

Fart 1 Convergence of the Actual Exchange Rate
Under a rulional expectations hypothesis,
Yo = ;‘{f + ‘;.1 when |§M is an wowornelaed process

which has both a delerministic component (™) and o stochastic
component (£, ). In this section, we demonstrate the convergence of the
deterministic comnponent. T'o do so, we ignore® the stochastic component so
that 5., = 5. Wilh 4 = 1, @* defines a non-linear expectational frst-order
difference vquation of the form s = f5, | k, o, 5, 5. 165, = 575, @* may be
re-wrilten as 5, ~ f{s, | - ). He-writing at +1 and substituling in yields
8, = JUG) = 1), and more generally s, , = f(s,). Then the entire time
path is imimediately given by a single S-curve, now inlerpreted as o simple
phase tine, as illustrated in Diggum 4, where & = 0, with the arrows indicating
the time path.  Moreover, an
S-curve has all the desirable

properties we could hope fur:

Disgram 4 ¥

I+l

a)its slope (f') is always positive
so that the resutling tune path
18 noncoscillatery, and b) f' €1,
s07 that the tme path is
convergent. By definition, the

resulting intertemporal
equilibrium is achieved when
5,,,= 3, Lraplically, this seeurs
at the interseclion belween the
phase line f and the 45° hine
passing theough the orvigin,

Feasible Zoug |

SAllerualively, this uxereise can be interpreted as n perfuel foresight assumption.
L If f detwotes a5 curve, then its slope () musd reach o maximun at the point of inflexion
whire the S curve changes in shape from convex ‘,A,ﬁ > ,1:,') Lu conciave LJ‘:‘; < ,.1:,’). At this

point 4% = 2% i whire the S curve cuts the free-out line, which las a slope ol 1.
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Thus, whoen k = 0, equilibrium s* occurs at the cenire of Lhe zone 5, 10k >0,
then s*> 5, (Lo see why, apply Proposition la and pull the S-curve & units Lo
the left: it now cuts the 45° equilibrium line Lo the right ol 5,).

Similarly, if & <0, then s* <s5,. We have thus proved Proposition Ja:

Proposition 3a
Under a ralional expectalions hypothesis, the exchange rale converges
to an equilibrium at s* where.

S*EID ifand onlyif %20

By @*, at any such equilibrium, if s5=x, then k = o &/, 50 that in
equilibrium, the drift in the exchange rate is exactly offset by the expected
depreciation due to the bounds of Lhe target zone.

We have shown that under a rational expectations hypothesis, the aclual
exchange rate will converge deterministically to a well-defined equilibrium,
il the uncorrelated stochastic component &,, is ignored. More generally,
when ¢, is included, the deterministic path to equilibrium will be replaced
by a stochastic path. If k is zero or small, this will yicld a hump-shaped
equilibrium density funetion -- sce Appendix D. When the rational
expectations hypothesis is dropped, the essence of these results still holds
true fur the cxpected exchange rate, as now discussed.

Parl 2 Convergence of the Expected Exchange Rate

The target zone solution @* expresses the expected future exchange
rate 57 as a function of 5, not only for next period (4 = 1}, but for all lime
periods into the future. For each and every A, there corresponds a unique
S-curve. The issue of convergence can then be handled within the model,
and without additional assumptions, by seeing what happens to the S-curve
as A increases. If, as argued above, the exchange raic converges as lime
progresses, then this convergence should be reflected in the shape of the
S-curve as A increases. The derivation follows....

Stated simply, a target zone is a stochastic process with a lower and

upper bound. The tightness of this zone is measured by how wide il is in

v ; ; -3 :
standard devialion units; that is by w = e Then, as w v <~ the tarpet
g¥a

zone approaches a free-float. Contrariwise, as w — 1. the bLaget zope
approaches a fixed exchange rate regime. Intuitively then, 1o e The

size of the leagible zone will pull the S-curve towne - tha g fie fet g
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ior given o. To obtain the fixed exchange rale solution, lel w — 0 by
decreasing the size of the band whilst holding o constant. As G—43)
deereases, the feasible zone ghrinks in upon its centre until, in the limit, it
is just a point at 5,. A different perspective can be obtained by again letting
w — 0, but this time by increasing o, whilst holding the size of the band
constant. In the limit, as w — 0, this must yield the same soiution' s, for
every 5, in the feasible zone, even though (5 - 5 ) may be physically large (but
infinitesimal rclative to o). By doing so, we see that the target zone
representation of a fixed exchange rate regime is not just the point s, but
rather the horizontal line passing through s, (i.e. the horizontal axis in
Ihagrim 1. This result is argued more formally in Appendix C; namely, that
an ingcrease in o, given the hounds, pulls the S-curve lowards the horizontal
line through s,. ,‘RéAstating this, as w — 0, the S-curve approaches the
horizontal line through 5. Proposition 3b then follows:

Proposition 3b Gk 35, 88 A e IF k=0

In the absence of drift, the target rone expectation of §,,, converges upan the

centre of the band 8, as Aincreases.

Prool . Asd -yee, w— 0, sincews= 5=£,
old

Note the similarity between Propositions 3a {(actual outcowres) and 3b
(expected outcomes). Proposition 3b is illustrated by Diagram 5a which plots
the S-curve for 4 =1, 2, 4, and 235, with k =0. Diagram 6a provides the time plot
of 5,5 as A inereasos from 1 through 20, for six different starting values of s,.

Propoesition 3b was restricted to & = 0. Recall that ,u =14, +kA. Hence,
when k2 0, there are two effects associated with an increase in 4, Firstly,
the S-curve will get pulled towards the horizontal axis, as discussed above,
Sccondly, by Proposition 1a, the S-curve gets shifted k 4 units to the lelt.
Consequently, the dynamics when & # 0 are complex. Diagram 55 (k > 0) and

Diagram 5¢ (k <{) provide the S-curves for 4= 1, 2, 4, and 25. Diagram 65 (k > 0}
T2

wa B8 A increases from 1

and Disgram 6c (k < 0) provide the time plot of 5
through 20. It is clear that il £ > 0, the expected exchange rate converges to
a value greater than s, and if k <0, the sxpecled exchange rate converges to
a value smaller than s, which yields a more general form for Proposition 3b,

and completes the analogy with Proposition 3a.

i 5 =02
Diagram 5 et
T'he S-curve as A changes vt
17
l‘snA
I._-.A,‘ ,797-2,‘_-__._____" ‘.F-—-A;l
: [ o™ A=12
-~ e A=4
: 0.1} L T
| e A=25
| o somsprpannn o0
R 1 o b :
@ e L olz 0.4 5
e’ :
-'/ //
L | ™ ~0.1F |
” I
- S R 1 Zero Drift; k=0
1
:5:;:\

Positive Drift: £ = .05
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Draggram 6 - §-on2 b
Time Plots: Plotling 5,7 against A oo o : : S
e T IV Linking Theory with Empirical Results

— and a paradox on the imporiance of non-linearify —

Zeve Dirift: k=0 Twa results stund out from the availuble empirical lileralure,

Empirical fesult  Exchange rates are more frequently found at the centre
of their bands than at the limits of their bands, and hence have a
hump-shaped distribution (see Berlola and Caballero (1992)).

This is predicted by the present model, Assume & = 0 for 1lie moment.
Theu, it was illustrated that if we assume ralional expectations and iguore
the uncorrelated stochastie component, the exchange rate will converge
deterministically Lo the centre of the band. More generally, wlen the
stochastic component is included, the exchange rale will converge
stochuslically to the contre of the bund. Finally, dropping rational

expeclations altogether, by propesition 3b, we will always expect the
exchange rate to converge upon the centre of its band, for £ = O Indeed,
unless the drilk terin is very large® relative to the band, we will stil] expect
the exchange rate ta converge to a vulue near the centre of the band.

By comparison, first-generation Krugman models do not fare guite so well...
indeed, as Svensson (1991) has shown, standard Krugman models predick
that in the long run, the exchange rate should be more frequently near the

timits of the band than near the centre of the band! This dichotomy between
evidence anid theory is reinforced by the work of Smith and Spencer (p.223)

who find that Krugman muodels predict greater kurtosis in exchunge rale
levels than are observed in reality.

Second-geneyation Krugman models bave attempted Lo address this issue
by introduciog more complex inlervention policies. For instance, Delgado
and Dumas (1992) and Lindberg and Saderlind (1992) propese that in
addition 1o marginal inlerventiong at the edge of the band, there may be

intra-marginal mean-reverting (leaning-apainsi-the-wind) interventions as
17 well. 1 g0, this will yield a hump-shaped distribution {sce Lindberg and
Saderlind}, but this result is achieved somnewhat tautologically — with even

Npgali\A'lc'i)}'il"(: k=-.05 a small amount of leaning, it is the leaning that does the work, and not the
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band, ag is apparent from Svensson (19893). That is, it is the managed float
that generales these results — not the targel zone? itself. By conlrast, we
show that the very existence of a perfectly credible band is sulficient to
generate the hump-shaped relationship.

Bl any cuse, vre would not expeet targe drift terms under the exchange rate mechanism of’
Lhe EM3, although this is an empirical mutter itself,

94 second altempt has been made Lo explain the hump-shaped distribulion using the
Krugmun model. Specifieally, Bertola snd Caballero (1992) show ihai if bands are

-0l
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Entpirical Result  S-curves are of course non-linear, Enpirically, however,
non-linear eslimation would appear to have no consistent out-of-
samaple advantage over lincar estimation: see for instance Meese and
Rose (19901, or Flood, Rose and Matlhicson (1991).

We proceed in two slages: (a) Whal are the implicalions of the model
presented heve for the importance of non linearity? and (b} Dovs this have
retevance For Krugman models (and lience for the enmpivical work to date)?

(a) This paper sugpests that it is decause non-lincarity is theoretically
important, thal it may be empirically insignificant, The theoretical target
zone wodel presented here is aon-linear!?, The non-linearity of the relevant
gegment of the S-curve is greatest near the edges of the band, and smallest
near the centre, assuming & is nol larpe. This non linearily in expoclations
is of eritical importance beeause it forces the exchange rale away from the
edges, and lowards the centre, as discussed above, Thus, under fairly
general condillons, we expect to find the exchange rale mostly near its
eenire where non-linearilies are relatively vnimportant. We thus have a
paradox of sorts: most of the time, noun-linearity will be empirically
wnimiportart. becavse the exchange rale will be near the centre of the band;
why then is the exchange rate near the centre? Because non-lincarity is
theoreticatly important (at least nexr Lhe edges of the band).

(h) The above arpument should alsa apply more generally 1o Krugman
madels, In Krugman models, the S-curve represents a non-linear
relationship between the actual exchange rate and [undamentals. 1F, as
empirically observed, the exchange rate is most of the time at Lhe contre of
its band, then once again, most of the Lime, non-tinearities will be relatively
unimpartant, The above is a possible explanntion of why non-linearity hns
heen empirically insignificant; we da nol mean o imply that non-linearity
should be empirieally insignificant. in a larget zone model, Certainly, there
would appear Lo be a need for condilional emipivical tests of pun-lincarily —

conditional on Lhe exchange rates position in the band.

imperfeetly eredible, il realignments in such bunds are Yarge, and if the prebabilily of
realignment is high, then it is possible te show thal the asymplotic distrilition of the
exchange rale will have more weipght in the cenlre than near the baundarivs, However, this
approach conpot explain why a perfectly credible hand will exhibit a hump shaped
distribution. As is apparent from Svensson (1092h), over the period March 1979 - April
1992, expected rates of devaluatinn have penerally fallen. Tndecd, some currencics no
longer exhibit symptoms of imperfiet credibilily (the Belgian frane nnd the Netherlands
guilder relalive to the Deutsche wark). Yet, these rurrencies still exhibit hump-shaped
distributions. The relavance of this second attempt in explaining the hump shaped
distribution should Lhus be trented with some enre.

108ote: thet the non tinearity is limited insofor ps Lhe end tails of the S.curve are not
relevant, so to speak, since they Be anlside the feasible zone: sie Secifon 1.

Page 15
V. The Convergent Interest Differential

Svenason (1992a) arguea that a relalively narrow largel zonc is
likely Lo exhibit small risk premnia, In the case of a perfectly credible
band, as per this paper, the risk premium will be insignificant and
muy be disregarded (see Svensson 189%a). In the absence of risk
premia, uncovered interest parity (UIP} implies that the interest
differential is egual to the expected rate of depreciation. 'roposition 4
then follows:

Proposition 4 Agsuming UIP, the interest differential under a
perfeetly credible farget zone is expected to fend (o zere with Gime.

Proot If i, i* denote the nominal yield aver (¢, £ 4 1) on domestic
and foreign bonds respectively, then:
do ¥ oo uir

1 T el 1

Using @#, the free-float solution is simiply:
i—i* = Free-Flnat Solution

By UIP, the target-zone solulion is:
v

@y 0 E s Target-Zone Solution
Re-writing &, of time 14 yields:
= . 7

@y gl = o=

By taking the expectations operaior through @, conditional an the
target zone information sct al time 1, and applying the lawt of iterated
expeclalions, this may be expresscd as:

R ¥ ] 7
& i
®C dea=dua” T S Fas

7 1z
Fretnt T s

IT, as argued above, 575 converges as A 3 oo, then -» 0, as
A =3 . Thus, the righl-hand-side of ®, approaches zero as 4 — . It ollows
that under a target zone regiine, il is expected that the interost difTerentinl
will tend to zera wilh time. Thus, the targel zone repime converges (over
tima) Lo the same inlerest differential as a purely fixed exchange rate
regiutie. By comparisen, the free-floal interest differential converges
instantancously to the drifl term (which for example, may reflect inflation

differentials).

Ukar poy varinble 3, and an information set, Q, 1, the law of iterated expectalions
states thul B {Eixge,, 110, ) =clx |0, 1 iz (0,2.3.. 3
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VI, Explicit Models of Intervention

Under a free-float, we assumed that the natural logarithin of the
exchange rate follows a random walk, with or without drift. Then next
period’s exchange rale has distribution s, ~Nis, +£, of); more generally
S.a N+ kA, ofd), as per equalion @. Suppose we now move to a perfectly
credible target zone by announcing lower and upper bounds (5, 3) on this
distribution. If the announcement of these bounds is the only difference
between the free-fleat information set .Q‘FF and the targel zone information
set !2IJZ, then in our caleulations, we must replace the unconditional pdf ¢(s),
with the conditional pdf (rp{.\")l 1<y, < 3), and this yiclds precisely the
doubly truncated distribulion which hag been used thus far in this paper. If,
howuever, there are other differcoces between .(2,” and QJM, then this specific

informalion must be modelled, as now discussed.

I we (perhiaps naively) assume that the underlying stochastic nalure
of the exchange rate does not change when bounds are added, then at each
point in time, the original distribution can be divided into Lwo parts; namely,
that part lying inside the bounds, and that part lying outside the bounds. A
defining characteristic of the basic target zone model is that the exchange
rate fluctuales freely provided it les within ils band, with intervention enly
vecurring when the exchange rale reaches its bounds. That is, it is assuined
that intervention only takes place al the boundaries. In terms of this
discussion, this means Lhat the inside pdfl remains exactly the same, whilst
intervenlicon converts the sutside pdf into some internal formn, the nature of
which will depend on Lhe intervention poliey of the aulhority. In this
section, we briefly mention several possible inlervention policies, and altach
o each of these the relevant posi-intervention distribution.

Intervention Policy I 'The Doubly Censared Approach

Should the exchange rate reach one of ils bounds, the authority
intervenes by an anmwount just sufficient to keep the exchiange vate at that
Lound. This ig cquivalent to the Cox and Miller (1965, p.61) definition of a
reflecting barricr, and is consistent with Kruginan-style infinitesimal
mntervention. Thus, the inside pdl does not change, whilst each outside pdf
gets compressed inlo a point at each bound. This is just the specification of
a doubly censored normal distribution. If ¥ denoles this post-intervention
cxchange rate, whilst s denotes Wthe pre-intervention exchange rate, then:

J Foifszi

Y= 0y i g<sey

\ 5§ fs5sy
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Infervention Policy 2 The Recto-Normal Approach

In stark contrast Lo the doubly censored approach which enllapsed each
putside pdfinto a point at each band, the authority could intervene in s|fr,|1
a way ns to distribute the outside pdl with uniform density over the inside
section. The resulting distribution has been termed the Recto-Normal
Distribution by the author.
The censored approach and the recto-nermal approach represent extreme
policy positions. However, a convex combination of them yields an entire

continuum af possible policy responses.

Inicrcention Policy 3 The Noubly Folded Approach

Under this scenario, the anthorily takes the outside pdl and by means
ol intervention, folds it abaut the bound, as per PHagaam 7, This i& reminiscent
of a light wave reflecting off a mirror; indeed, this approach is equivalent to
specifying thal the bands are reflecting barriers in the standard sensze. The
resulting past-infervention distribulion is ablained by simply adding the
folded ouiside parts Lo the inside pdf. The resulling distribution has been
termed The Generafised Doubly Folded'? Normal Distribution by the author.

Eronbly Folded
Nur mal Den<ily Foncflon

Tingram 7

Original Normal
Density Funaiion

] s
Tolided I"nrl/ 7

-

et i

This distribution captures rather elegantly’® the idea that a) in reality,
intervention forces the exchange rale into the inside of the zone, rather
than just keeping the exchange rate al its bounds; b} given that
intervention will typicatly foree the exchange rate hack into the band, the
size of this intervention is not a diserete constant, but is distribuled nver a
continuaus stale-space; ) that the probabilily density of intervention (the
folded part) decreases with the size of intervention: and d) the closer the
current exchange rate is o a bound, the greater the probability that

.l.zAl‘tcr Leone, Nelson and Nattingham (1961) whe introduce the folded nnrnml.diﬂril-wutinn
as a normal distribution which hns a sinple fold about zero (on the lower tml?. Thix ‘has
boen used in industrial practice in situations where measurements are recordnd i ahsolute
value (henee the fald at zero). )

13Unfartunately, this distribution is anly intuitively appealing when the mean of the
distrihution liea belween the hounds; rs & consequence, it should only be used when k=0,
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intervention will force the exchange rate towards the cenire of Lhe zone (Lo
see this, draw Lhe distribution of the exchange rate when the mean of the
distribution {(5) is near a bound).

Intervention Policy 4 The Doubly Truncated Approach

Here, the inside pdf ¢(s) (defined on (5, 5)) is considered 1o be ideal by
the authority — see Diggram 8 'Thus, in converling the oulside pdf into an
internul form, the authority aims to replicate the internal pdf. This
replicating (intervention) pdf will have density a¢(s) defined on (5, 5) where
o i8 a sculing factor that™ ensures that Lthe urea under the ceplicating pdf
equules Lo the area of the outside pdf. The resulting post-intervention
distribulion is oblained by simply adding the replicating pdf to the inside
pdf. The result is just the doubly truncated normal distribution used in
Seciion I, but now derived by means of an explicil intervenlion policy.

Doubly Truncased
Norma Leosity Functhn

Bhiggram 3

(higinal Nomad
Demsity Junction

Like the doubly folded appraach, this distribuiion captures the idea
that intervention forces the exchange rale back into the band, and that the
size of such inlervention is not a constunt, bul is itself stochastic with its
awn density funclion. This approach has already been discussed in some
detail (Appendix A). Statistical properties and algebraic selutions for the
other interveniion!d, 18 scenarios ure provided in Kose (1993).

¥
The area of the inside pdfis y = J P>ty . Hunce, the aren of {he outside pdiis | - y.
s

Then, the area under Lhe replicating pdf (defined on (5 5)) muasl ulso be 1 - g Lel its
ks
density be ap(s). Then amust sulisfy 1~ y = uPp(syds = ey Hence, a = LIS

L
155 fundamentul sssel-pricing moduls, 5 is a known funclion of fundamentals. Thus, a
desired gxchange rale is wnchieved by intervening with fundimentuls {Lhere is no
intervention in the forex market). By contrast, implicit in Secion VI, a desired exchanpe
vale is achieved by means of direct inteevention in the forex murkel (selling reserves ele).
15, Krugman models, the S curve smoolli-pasies 1o the boundary, Why daesn’t this
happen in Digram 9below? The answer is easy: Krugman-medels yield a S-eurve between s,
and fundumentals. Here, the 5 curve relation is between the expected future rate and s,

It is pussible w plot this relationship whilst using the Krugman framework. Doing so yields
similar resulls to those shown here (non-Vinear, 8-shaped, no smoolh pasting) — see Rose
and Svensson (1991, p 6 & Pig.2).
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Diagram 9 plots and contrasts the various intervenlion scenarios
discussed above.

Expocted Futuse Rale

Diggram 9 Free Float
s Clensoned
Truncaled
Falded
= .

=~ _Recto-Normal

oot SI

"
o

‘The hand is §-o01
4 slandard I =-07

iations wide.
deviatiens wide. a=01

Zero Drift

It is interesting to note that standard Krugman medels implicitly
assume an inlerveniion policy equivalent to the doubly censored approach.
In such models, the S-curve smooth-pastes to the bounds of the target zone,
and this effect can be seen in Diagram 8. Also note that the centre of the band
acts as an asymptote under recto-normal intervention. This is intuitive, for
as the mean of the distribution moves away from the centre of the band, the
ratio of Lthe outside pdf to the inside pdl steadily increases, until in the limit
the entire pdflies outside the band. By recto-normal intervention, in this
limit, the entire pdf then gets distributed uniformly over the inside of the
band, yielding an expected value equal ta the centre of the band.

Explicit models of intervention require that a) the pdf of the
underlying variable does not change following the introduction of a target
zone, b} that intervention is triggered at some predictable point, and here
we adopted the standard assumption of a trigger at the boundary, and ¢}
that the actual intervention policy is known, i.c. that il is an element of Q,Tz.
Whereas the bounds of a target zone are always known, the particular
intervention strategy of the authority is Lypically an unknown, and is
almost certainly not constant. As this section has shown, if the intervention
strategy is not publicly available information, there is ne unique or obvious
way to model intervention. Rather, there exists a whole package of
inlervention strategies: the censored and recto-normal approaches are hard
to juslify, but a convex combination of these seems intuitively attractive, as
does the doubly folded approach and the doubly truneated approach.
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VII. Extensions

Empirical evidence for some EMS currencies has caused the target
zone literature Lo expand in tweo directions: the analysis has extended from
purcly marginul interventions!? to intra-marginal interventions (a managed
float}, and from perfectly credible bands to imperfectly credible bands.

Leaning-asgainst-lhe-wind is an example of intra-marginal intervention
that has altracted some attention (Delgado and Dumas implicitly (1992),
Lindberg and Séderlind (1992), and Svensson (1993). Under this scenario,
the total sum of interveniion is leaning-against-the-wind inside the band
(the managed-float), plus a further inlervention policy at the edge of the
band (the target-zone). There are, of course, an infinite number of
possibilities for the latier, but we shall confine our attention to those
discussed thus far (Section VI). We now have three regimes to contrast: a
free-float, a managed-{loat, and a managed-fMloat with a target-zone. It is
remarkably siinple 1o add leaning-arrainst-the-wind....

Ignoring drift, the frec-float process is given hy:

@ 3, =35+E, whereg~N(0, o':) and thus 5, ~N(s, 0':)

il

With leaning-against-Lthe-wind, the managed-float process is:
® 5, =5-Ay-s*)+ g, and thus 5 | -—N({lml)s,+ As*, crf)

where A e [0 1] measures the degree of leaning, and s* denotes the
desired exchange rate. For simplicity, we set s* =5,=0,

Once again, we wish Lo derive Lthe expected future exchange rate as a
functien of the current rate, under each regime.

The free-float solution is given immediately by @ as:
KF

S =5

The managed-float solulion is given immediately by ® as:
S = (=2, + As

The managed-float with target-zone solution will, of course, depend
on the type of target-zone that is implemented, That is, it will depend on
what type of intervention takes place at the edge of the band: whether it is
doubly-folded, doubly-truncated, et hoc genus omne. In fact, the functional

YTThat, is, intervention that is tripgered at the margin - ns per Seciion VI
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form of the solution hag alveady been derived! To sec this, note that the
free-float @ and the managed-float @ both share the identical distributional
form!® (normal), and differ only in the parameter e in this single-perivd
selling. Hence, the managed-float with target-zone must have exactly the
same (unclional form us the free-loal with target-zone which has already
been described in (his paper. For example, i intervention is doubly-
truncated with a managed-float, then the post-inlervention Lransition pdf
must once ngain be doubly-truncated normal, Recall that Appendix A
(equution ®) caleulutes the expected value of a randoin variable with this
distribution. Substiluting (1-24)s, 4 15* [or gin @ yields the expecled fulure
exchange rale under & managed-float with Largel-zone as:

A g Ayss Ase - A
¥
where: 8 = §(5)— ¢(p) where ¢0) now denotes the nnuged dlont pdtof s

W= A 5) - d5)  where d{s b uow denotes e mannged-foat edfof s

More generally, the expected fiture rate can be plotted as a function of 5,
under the theee regimes: free-Noat, managed-lloat, and managed-float with
target-zone (various). Diggrom (illustiates for A =035 and s* =5, =0,

BEapcted Futwse Hale

ayram 10 Free Flaat Managesd Floal (A =.5)
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- ~ Censorad
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4 stamnld S oa-02
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. s wikde .1

L1y continuous lime anulysis, the free-Noat process and the manogod-Nout process will
still share the sume distributionn) furm...

Fur 4 free-float, let s folluw the sbsolule Brownian motivn dv = od: where 2 s a Wiener
process. Then, given s, the transilion pdfiy srea) - N(s(1), o 4).

For o manaped floal with Jeuning-sgninst-the-wind, fet s follow the Ornstein-Ublenbeck
process dy= -4 ydt s odi (for s* = 5= 0). Fhien, given s(0), e transition pdfis:

a’{ 1~ cap (-Zilﬂ

sle4A) ~ N expl-Aa),
24

‘P'his is based en Karhin il Taylor (18815 p 172 und p 217 14),
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Imperfectly credible bands are beyond the scope eof this paper.
Nevertheless, we briefly note thatl the solution for an imperfectly credible
band will have form:

r?un = e r‘.ﬁ + (I-p)- rv.r.::‘mh

where 5., denotes the expected future exchange rate under an
imperfectdy credible band, p e (0, 1] denotes the probability the band still

exista ab lime #4, 7 denotes the expected future rate condilional on the

band surviving, and 357" denates the expected future rale conditional on
the band collapsing, The latler must of course be madelled in its own right,
We morely wish to stress that the perfectly credible result is needed to

ohtain the imperfectly credible solution.
VIil. Coda

This paper has demonstrated the distributional approach Lo exchange
rate target zanes, by assuming that the exchange raie ilselll is stochastic in
a discrele-time contimiious state space model. A different perspective on

" exchange rale torpet zones was obtained by viewing the exchange rate in

interlempoval space. The notion of a feasible zone was introduced, and this
zone was used as a window through which S-curves were viewed. This
window atso defined the relevant segment of the S-curve, The distributional
approach proved 1o be tractable. In particular, the exchange rate was shown
tn be mare ‘stable’ nnder a target zone than under a (ree-fioat (the so-called
marringe effect). Morcover, the expecled exchange rate was shown to
converge, whilst the slochastic convergence of the actual exchange rate was
demonstrated under the assumption of rational expeclations, These resuits
extended to the inlerest differentinl, and it was shown that a target zone
regime converges to the same interest differential as a perfectly fixed
exchange rate regime,
The model was also able {0 explain empirical phenomena which Krugman
madels have had dificulty with, Specifieally, we were nble to explain why
exchange rates are more [requently found at the centre of their bande than
at the limits of their bands, and we were able to do ap without introducing
intra-marginal interventions, We nlso provided a possible explanalion as to
why non-linear madels of eslimation have failed to yield batler results than
linear madels, Finnally, the distributional approach was shown to extend
naturally as a means of medelling intervention explicitly, for both a free-
{loat with targel-zone and a managed-float with target-zone,

The micrested reader may consull Appendix B which discusses the qnaliative

shnilarity hetweeen the distributional approach and the stadand Krugman model.
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~ Appendix A
The expectation of a random variabile with doubly truncated normal distriburion.

Let Z < MO, 1) wilh pdf Aiz) and distribution functien H{ z)
Let § ~ N(u,oz) with pdf ¢{s} and distribution function dx 5)

wz="S ;,u one can show that:
O, ot = hiz) 0, o) = H)

o hy direct inlepration [ th{z)idz = h(z)}, and similarly I thz)dz = A(E)
i i

7
(1] It follows immediaLely that J thiz}d: = h(2)— h(F).

z

If we now doubly trincate Z, such that gz « Z < 7, then the pdf of this doubly truncated
variable is g(2):

0 g{2) = A for z<Z< 7, and zero otherwise.
fhiz) - ifz)
Ta see why, recall that the area under a pdf must equal 1. Flaving doubly truncated
the parent distribution h(z), the part that remains constitutes only [/{) — f/(z)] of the unit
area of the original distribution.

The expectation of any daubly truncaled standard normal varinble Zis then given hy:
7 T
(5] E[Z'; < i< E’} = 20(z)d: = L} ihiwe = - AE) - M) (hy @, 0),
: ) -H(z) 7 HZDY - (1)

‘T'he expectation of any doubly truncated normal variable §, where § = p+ of, is
then given by:

E[5|ec§ <f] = p+0E[Z|z<2c3]  where lz_: "_;P__ T Bl

_ hz) - hiz) ;
= pti= g DAL 10 gel this, apply @
ST RS
® = ,u—c!zﬂj—)f—&sl to get this, apply @, and @,
4(5) - 9 5) ‘ R
From @, 5/ = Els..l8< 8,,<8] where 5., -No+ k4, 6,4). Now apply ® by

replacing it with 5, + £ 4, and by replacing a,’ wiLh (T:A s0 thai:

LR 3 %o’d where:
&= ¢(D)-¢(0)
W= BE -5 = Probs<s,, <5 (< yra 1)
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[T Appendx®

This appendix converts the targes solution @* into a form comparable to the
solution of Krugman models.

The essence of a Krugman-siyle model is the starting equation:
7] s=v+ ¥EW9fi  where dv = 1dt + odz

where v denoles econemic fundamentals and follows a continuous-time random walk
with 7 and o constant, and where z deneles a standard Wiener process. Under a free-float,
Ewdgnds = ¢ in » bubbles-free world, so that the exchunge rate in & Krugman-style model
follows Lhe same continuaus-time random walk as v (thet is, ds = dv = jdr + odz). In this
paper, the free-tloat pall of the exchange rate is given by equation @ and we see thal the
exchange rate canl? follow precisely the same random walk, but now in diserele time. In
ather words, the free-float exchange rate cun follow the smne stochastic process in both
madels. Both models then impose the same target zone bounds (5, 5). It should then be
intuitively appealing that both derive qualitatively similar solutions. The essence of the
similarity is Lhut @* can be expressed as, 5. = lrce Fluat £ where @0’ = expected
deprecintion due to target zone regime, whilst uny solulion s.‘;ltisl'ying equgtiuu @ can be
written 5 = free Aoat rate — expecled depreciation due lo target zone regime, This

appendix shows Lhis qualilalive similarity formally..

The solulion of the present model was given by cyuution @*, Setting 4 = i fur
simplicity snd using &* allows the solution Lo be expressed as:
N
5., = breciloat — s a where § and y may he expressed as:

sl

-2 2
S = ]_ e’ Wy et " whores o= Lot
of2n a

i

3 1
¥ = J hzjdz = \{A;— where A * = J PRE TR
z

™

ft follows that:

1 1

1z 5 i "2

% = FreeFom — L e ot
] A‘

o

(A=)

By comparison, with symmmetric hounds, the Krugman model has solution (see
cqualion B uf Krugman 1991):

152
s = FreeFloal - A {e‘" = e""] a= é(%] and A >0

Note however that whereas A is a constant in the Krugman madel, A7 is a variable.

H0nee ngain, we use the word can to emphasise a distinction between the present puper
and Krugman-style models, As King, Wallace and Weber {1992) have shown, exchange
rates cun disploy randemness unrelated to fundamentals, Sinee Kiugman models only
capture fundawental sources of randomness, they muy not caplure the full stochaslic
nature of exchange rates. By contrast, this paper treals the stochastic nature of ihe
exchunpe Tate as an empirical phenomenon, and thus avoids such problems,
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AppendixC

Ta Prove: an incrense in o causes the S-curve to pet polled lownrds the Axed-
exchanpe tate solulion (the herizontal axis), as discussed on pages 11 and 12,

Using @* and Lhe quolient rule, it follows that:

L
@ Jfa . _.5{5‘@.); where £ = |2 4 g _ ¥ g
do v do & do¥

The gist of the proof is then guite simple. Suppese J is always posilive. 'Then, the

”
Feat

sign of a.-} is piven by — §, since 4, 7 and y are all strictly positive. Now, the sign of dhas
[}

alreally heen derived in ®, of Proposition 2. Using this information, it follows immediately
that:

7
Afa

g

YA

{r ifandonlyif g,

Ally

5,-kA4

Thus, if s, » 5 kA (ihe coneave part of the S-curve), an increase in o causes ,\'I‘: to
fall, so that the S-curve approaches the horizontal axis. Allernatively, ifs, = 5,- kA (the
Tz . .
rca L0 Tise, 50 that the S-curve once agnin approaches

the horizontul axis. It is easy to see this from Dhingram 7 where k = 0.

convex part), an increase in g causes 3

The ahove proof is complete if J ia always positive. /13 posilive, but the derivalion of
this resull is less than elegant, and requives numerical analysis at the finnl stage ...

Reeall that ¢(x} denotes the pdfof 5, , - N(s, + £ A, CI;A)A

T
CETDN
1

Yol

e e

Then, ¢$ix —
RR S a¥2nd

1
and 996) _ l,[(?‘,j “)rﬁ[x) - l;b(,r]]. Thus...
Aa’

dea o

o 35 NO WO _ Il s] where § = G40 B0 = (-0 8ip)
a

A do do A’

5 ¥ 5
LA L {3 1 PR TH O A o O S 1 idx
L] = L 3 dr |5 ] (x — 1) p{rdex | plx)d

Bl -m iy

il

_3’1[1 = Cgmﬂuqn;\_ljilmns&]
& Acteeil Varinnce

= ¥1 (@<icy
& 3
Moreaver, it is possible to show that 4 = Ao‘il- + LG em - (-0 ots)
¥

Substituting ® and @ into @ yields J = {l + % + 1] where £ and 4 are defined

above. Numerical analysis can now be easily conducted and indicates that inf (=0
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[ AppendixD B

Simulmiing the Equitibrium Diswribution of the Exchange Rate when the
Tran+ion Density is Doubly Triuncated Normal

In Sections 1t and Y, we argued that if the drift parameter is not Jarge relative to the
band, then the exchanpe rate will converge to a value near the centre of the band. That is,
the exchange rate will exhibit & hump-shaped equilibrium density function. T'o verify this,
we simulate the equilibrium density by letling the exchange rate iterate for 75000 time
periois, given thul its ¢transiticn density each period is doubly truncated norinal.

Zero Drift

F=0125
I =-025
o =05

‘The smowoth lice is a fited 3rd order
polynomial regression.

HNu_of leraticaw:  Saks
Dl par licrstivn: 0

With Small Drill With Medium Drifi

L H 1 ¥
BNa. o lerstons: 100 Na of lersions: 75000
Bl por heemtion 001 (Snaily AR pres heamion: 0FLS (Medium)
With Large Drift With Very Large Drift

Ne.af lersiona: 3580 No. of leratuna, 75000
Dift per Berstioa: Q.05 {1aige) Drift per fummion: G125 {¥ery Large)
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