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ON SLUGGISH OUTPUT AND EXCHANGE
RATE DYNAMICS ONCE AGAIN

Fidelina B. Natividad-Carlos*

This paper examines a model of exchange rate dynamics which incorpo
sluggish output adjustment into the Dornbusch variable output model. In this n
where both the price level and output cannot jump, the interest rate must decli
response to a monetary expansion so as to maintain money market equilibrium. A
interest rate declines, because of uncovered interest rate parity, there must b
expectation of a subsequent appreciation. However, the exchange rate need not n
sarily overshoot initially and yet an expectation of a subsequent appreciation is cre
because expectations depend not only on the initial exchange rate deviation, as i1
Dornbusch model, but also on the initial price deviation and these two deviation
now different sources of information for rational speculators. Furthermore, by expl
deriving the time paths of the exchange rate and other variables, it is shown that in
consistent with perfect foresight, whatever is the initial exchange rate response, su
subsequently followed by actual appreciation.

1. Introduction

Dornbusch (1976), in his seminal paper on exchange rate dyn
ics, has shown that the combination of sticky prices, fixed out
continuous asset market equilibrium, and rational expectations un
biguously causes the interest rate to decline and the exchange rat
overshoot its new long-run equilibrium value in response to mone
expansion. This result is modified when output is variable and
adjust instantaneously in the short-run (Dornbusch, appendix) becz
the interest rate may decline, remain the same, or rise, and correspc
ingly the exchange rate may overshoot, neither overshoot nor un
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EXCHANGE RATE DYNAMICS ONCE AGAIN

it or undershoot its new long-run equilibrium value. Thus, even
Al output can adjust instantaneously, the possibility of overshoot-
i, though moderated, still remains.!

I'his paper analyzes a model of exchange rate dynamics which
iporates sluggish output adjustment into the Dornbusch variable
it model. While in other papers a perfect foresight consistent
pwetntions scheme is assumed, in this paper perfect foresight is
Wponod directly and the model is solved using Dixit’s (1980) method; in
ll.hm. the time paths of the exchange rate and the other variables
W dorived explicitly.?

This paper is organized as follows. Section 2 reviews the
nbusch variable output model. Section 3 incorporates sluggish out-
il ndjustment into the Dornbusch model; specifically, it is assumed
Wl short-run aggregate demand or output, like the price level, is also
iy and cannot jump. Given a monetary expansion, this section
Wlils the following results: (1) an additional constraint, sluggish out-
| udjustment, tends to reinforce (dampen) overshooting (undershoot-
1)) (2) the interest rate decline, and thus the expectation of a subse-
dint appreciation, is not necessarily associated with exchange rate
shooting; and (3) an expectation of a subsequent appreciation,
Von the assumption of perfect foresight, is indeed a subsequent actual
lirocintion. Finally, Section 4 summarizes the results and conclu-
N,

2. The Dornbusch Variable Output Model

The Dornbusch variable output model can be summarized by
lollowing set of relationships:

_ ! Other factors that can dampen/reverse overshooting are imperfect capital
ulillity nnd substitutability (e.g., Frenkel and Rodriguez (1982); Bhandari, Driskill,

A Ivonkel (1984)) and of course a policy reaction that limits the movement of the
l nge rate.

! Hhandari (1982) derives the time paths for fiscal expansion but not for monetary

tnlon while Levin (1994) does not derive the time paths of the variables, and both
e n perfect-foresight consistent expectation scheme.
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€.1) y£=yf5u+y‘—oit+8(et—pt+pf),0<y<1
(1.2)  dpldt= n(, - "),

(1.3)  m,—p,=dy,—Bi,

(1.4) i, =i+ E(deldy),

(1.5)  E(deldt) = deldt,

where e = log of exchange rate measured in units of domestic curre
per unit of foreign currency; e — p +p; =log of real exchange rate; i, 1
domestic and foreign interest rates; p, py =logs of domestic and fore
price levels; y = log of short-run income or output, y¢ = log of aggreg
demand, u = an exogenous fiscal variable. Foreign variables, p, anc
are exogenously fixed and all parameters are positive. “*” denote
long-run equilibrium value while E() is an expectations operator.

Equations (1.1) and (1.2) represent the goods market. Aggreg
demand (1.1), which depends on output, the interest rate, and the r
exchange rate, determines output in the short-run. The Phillips cu
(1.2) shows price adjustment as a function of the gap between short-
and fixed natural output. The asset market, on the other hand
described by (1.3) to (1.5). Money market equilibrium (1.3) obtains ¢
money demand is a function of output and the interest rate. The mos
market is linked to the foreign exchange market by the uncove
interest rate parity condition (1.4) that interest differentials m
equal expected exchange rate changes. Equation (1.5) imposes perf
foresight on exchange-rate expectations.

The steady-state of the model, attained when dp/dt = de/dt = E{
dt) = 0, is described by:

(21) e'=p" —-p+ (1=9)/8)y" + (a/8)i" — (1/8)u,
(2.2) p'=m-—¢y" +Bi,

@8) i'=i
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Wlhore y** and y* is assumed to be exogenously fixed at its natural level.
i tho long-run, money is neutral, i.e., de*/dm = dp*/dm =1 and d(e* —
b ppldm = dy*ldm = 0.

I'he dynamics of the system can be represented by two short-run
litic cquations and a system of differential equations:

l'll” y;_y* =(B8"V)(e¢_e*) _{(G+B6)’,W(pg_p*)r
W10 i - =(08V)(e,—e¢") —[(c8—(1-y)VI(p,-p"),
de!dt] =[ o8V — (8- -V] [ (e,~¢)

dpldt nBS/V ni(c + Pa)V ,-p)],

Whore V=(1-y)B +o¢ >0.> The determinant of the coefficient matrix
Il (1.2) is negative, implying that the two roots, r; and r, are real and
piposite in sign and that the system yields a saddlepoint equilibrium.?
Aven an initial steady-state where e = e; and p = p(',, any disturbance
Which affects the equilibrium price level will yield a new steady-state
phiore e =e"and p=p*. To ensure that the system will converge toward
s new steady-state, there must be boundary conditions on the val-
I, ¢, and p,, that the state variables will take following some distur-

nee,

, Since the price level is sticky, its initial value p, is predetermined
il is equal to p;. It follows that the boundary condition for the price
ol is

W) p,—p'=p,-p,

Whore p, —p* =—dp".

! Iquations (3.1.1) and (3.1.i1) are derived from (1.1) and (1.3); de/dt, from (1.1)
Wil (1.3) to (1.5); and dp/dt from (1.2).

""The solution to the characteristic equation associated with (3.2), r2 + (n(c + p8) —

MIN)r - 18IV =0,is ry, ry = {tr(a) £ [(~tr(a))® - det(@)]?}/2, where tr(a) = r, +ry =— (n(c +
i 6)/V and det (@) = riry = —2d/V < 0.

53



FIDELINA B. NATIVIDAD-CARLOS

The boundary condition for the free variable, the exchange rat
standard in linear rational expectations models: the coefficient ass
ated with the unstable root must equal zero. If r,is the unstable r:
this transversatility condition implies that

(42)  ey—e =[8 — (1 =98 + V(-r )], ~ "),

where r; <0, r, <0, and ¢ is the value of the exchange rate follow
some disturbance.’

Since the price level cannot jump, the exchange rate must jum
place the system on the stable arm of the saddlepoint. This unig
stabilizing jump is given by (4.2). After the jump, the system mo
along the stable path where

(5.1)  de/dt= E(de/dt) =r e,—e"),
(5:2)  e,—e" =[(08 - (1 -3 + V(=r NI(p,~ P"),
and -r, is the system’s speed of adjustment.

Now consider a monetary expansion. The impact effects are d(;
pHldm = dp*ldm =-1, and

(6.1)  d(yy—y)dm =olV+ B8/V){L - [(¢d — (1 —)(§5 + V(-r )]},
(6.2)  d(iy—i)dm=—(1-y)/V+ @8/ V{1 — [($3(1 — )5 + V(-r,)]
(6.3)  dl(ey—e"dm =— ($5 — (1 —y))/(pd + V=r)),

where 1 — [($3 — (1 — y))/($8 + V(- r,))] > 0, implying that the oy
economy monetary policy multiplier (6.1) exceeds the closed econo
monetary policy multiplier (o/V) and that dey/dm > 0. From (6.3), -

Dornbusch condition for the neither overshooting nor undershooting
the exchange rate is

3 This condition requires k,= 0 = [¢5/V + rlry—r)] (eg —e") + [<(@8 — (1 -7
(ry —rlpy - p"), where ky is the coefficient associated with the unstable root Ty
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(n $—-(1-y)=0.

With instantaneous output adjustment, a monetary expansion
Putines a nominal depreciation and a real depreciation as well, since the
e level is sticky and the foreign price level is fixed. A real deprecia-
|un, in turn, causes exports, and therefore output, to increase (6.1). In
iliv money market, money demand increases due to the increase in
Witput; if at the initial interest rate there is an excess supply (equilib-
Hum; excess demand), i.e., (8 — (1 —v)) <0 (= 0; > 0), then the interest
ile must fall (remain the same; rise) to re-equilibrate the money
irket (6.2).° Since the foreign interest rate remains the same and if
liv interest rate declines (remains the same; rises), asset market
yuilibrium requires that there must be an expectation of a subsequent
Mipreciation (constant exchange rate; depreciation), i.e., that E(de/dt)
negative (zero; positive), which will hold only if initially the ex-
lunge rate overshoots (neither overshoots nor undershoots; under-
100ls) 1ts new long-run equilibrium value (6.3).

Thus, even when output can adjust instantaneously, the possibil-
Iy of overshooting, though moderated, still remains. In contrast, when
Miput is fixed even in the short-run, effectively ¢ =0 and V= (1 —7)B,
Wil (6.2) and (6.3) imply respectively that d(i, — i*)/dm = -1/ <0 and
0, - ¢*)/dm =1/ —r} >0, where r} is the corresponding negative root;
lint is, in response to monetary expansion, unambiguously, the inter-
| rnte declines and the exchange rate overshoots its new long-run
wilibrium value.

3. Sluggish Output Adjustment

e Model

~ This paper analyzes a model of exchange rate dynamics which
worporates sluggish output adjustment into the Dornbusch variable

I U At the initial exchange rate, the change in the interest rate that would re-
Uilibrate the money market is ($8 — (1 —y))/V.
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output model. It is described by, as before, (1.2) to (1.5), and th
following relationships (Bhandari , 1982, Ch. 5; 1983; and Gandolfc
1981, pp. 10-12):

(8.1.1) ny= u+yy,—oi, + 8(e, — pt +p),

(8.1.11) yfs = I_i;{o exp -y dr — 1;00 exp (-9 dr + j_iﬁ(, exp (-

(e, —p, +ppdr,
(8.24) y,=yd,

(8.21i)  dyldt=a(y¥— y&5) = at-y), (0<a<w),

where the long-run aggregate demand elasticities are such that y=y,
a, 0 = oyf/a, and § = 8y/a. Equation (8.1.i) defines long-run or fully
adjusted aggregate demand. Equations (8.1.1i) and (8.2.1) indicate tha:
short-run aggregate demand, which determines short-run output, de
pends on the past values of output, interest rate and real exchange
rate; this means that short-run aggregate demand or output is fixed af
time ¢ and cannot jump. Given (8.1.i) and (8.1.i1), output adjustment is
given by (8.2.ii), which shows that output adjusts at the rate based or
the gap between long-run aggregate demand and short-run aggregate
demand or output (8.3).7

The steady-state, which now occurs when dyldt = dpldt = E(deldt)
= deldt = 0, is also described by (2.1) to (2.3), where y¥* = ydlx

" Equation (8.1.ii) is derived from y8 = u+[! y, exptydr + ySy, - [' o
expt { dr—oSi + J_;Boexp‘“(‘“" (e, ~p + ppdr + 85(e, - p,+ pp implies that yo&, =y +
(yylo + }'S)y‘ —(oglo + :rs)i., + (8o + c}"sﬁ(.-zr—-pl + pg) where, given (8.1.i), y = Yoloa+yS, o= oyl
a+05, and & = § /o + 85, Differentiating the ¥{® equation with respect to time and using
(8.1.1) yield (dy/dt = yS(dyldt) - oS(dildt) + 85(deldt — dpldt) + a(yfl - y45). Assuming that
y$=05=8%=0, i.e., short-run aggregate demand or output cannot jump, then the y#S
equation and the dy/dt equation are given by (8.1.i1) and (8.2.ii). Equation (8.1.ii) has the
same form as when output adjusts sluggishly because of production lag (Levin, 1984).
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[ynamic Properties

The model’s state-space representation is now given by:

1l

h.1) i =i A/BY*(p, —p") + @By, — ¥¥),

deldt 0 s By fej )
(0.2) dpldt |= |10 0 = (p,—p*
dyldt Gy Gy s | [ =) b
where
a,, = 1/B, a,,= 0/, ay, = a(Bs)/p,
ayy = —(o + BO)/B, gy = —LVIB, V=(01-7B +cd.

Equations (9.1) and (9.2) fully describe the system’s motion over
fime.® The characteristic equation associated with (9.2) is

(10) R, +AR,+AR +A4,=0,
where
A, =~(R,+ Ry + Ry) =—agy = a(VIB) >0,
A,=RR, + (R, + R)R, = n(~ay,) ~a,4a4,= c(n(c + B3) — $3)/P,

A,=—R,R,R,) = -n(a,,a4,) = —and/f <0,

8 Equation (9.1) is derived from (1.3); de/dt, from (1.3) to (1.5); dp/dt, from (1.2);
and, dy/dt, from (8.2.ii), (8.1.1), and (1.3).
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and Ris a root. Since the discriminant, 4,, is unambiguously negativ
the system has either three positive roots implying total instability
one positive root implying saddlepoint instability. 4, can be eith
positive or negative but in either case, there is only one variation in t]
sign of coefficients since the coefficient of R® is positive, A,>0,and A4,
0; by Descartes’ rule of signs, there exists only one positive roc
associated with the rationally expected exchange rate.? Since there a
now three state variables, there must also be three linearly indepe
dent boundary conditions on the values ey Py and y, that the sta
variables will take following some disturbance.

As before, the price level cannot jump. However, now, output al
cannot jump. Thus, both are now predetermined variables and tl
boundary conditions are such that their values at ¢ = 0, p, and y,, a

each equal to their respective initial steady-state values, p, and ;
Thus,

(11.1) py—p" =py-p,
(11.2) yy—y"=y,-9"
where y;—y" =—dy" = 0, since y" is fixed.

The boundary condition for the exchange rate is the same
before: the product of the row eigenvector associated with the unstab
root, and the column vector of the initial values of the state variabl
measured as deviations from the new long-run equilibrium must equ
zero (Dixit, 1980).1% If R, is the positive root, and since y,— y" =0, tk
transversatility condition implies that (see Appendix):

(11.3) €y — e = —((.'32!(,'31)(190 T pt)

¥ The other two roots are either real and negative or a pair of complex conjuga
with negative real parts.

10 An alternative and equivalent procedure can be cast in terms of right eigenv

tors, as in Buiter and Miller (1980, appendix); this procedure would be simpler fo:
model with only one predetermined variable and hence one stable root.
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Cpfeg, = (=88 — (1 —7)) + (Ua)Bl(o + BENV/[/R)(Q + )],
Q= (Bloo + PI)RS + oR, > 0,

il ¢,/c,, can be positive, zero, or negative but less than one in
polute value, implying that perverse exchange rate response is not
Hible. !

Since both the price level and output are sticky and cannot jump,
» oxchange rate must jump to place the system onto the path con-
'iting toward the new steady-state. Such a jump (11.3) is unique and
ures that the system will be dynamically stable. After the jump, the
slom moves along the stable path characterized by!2

U.1) deldt = E(deldt) =-0,(e,— ") +0,(,— p"),
2) (e, —e€") =—(cafcy)(p, — P) — (C35/c5 )y, — ¥¥),
hore
0, = O/B)/(csglesy) = WB)@B/R;) > 0,
0, = (1/B) — (0/B)(Cap/ca ) (Cag/cs,)
= [a(@/BNQ +m][(98 — (1 =) — (/e)(3/(c + B8)) + (L/a)(Q + m)/B],
Byfey, = (Ua)(Ryf8) > 0,

nd 0, is ambiguous.'?

1 Since czfcyy = [1— (Ry/Ry)(byy by [by((Ry/Ry)~D, if (R,/Ry) < 1 and by, <0 (> 0;

1), » 0) and thus by, (R,/R,) ~ 1) > 0 ﬁ-: 0; < 0; < 0) and if (B,/R,)(byy/byy) < 1 (>1; =1; <1),

1) /ey, > 0 (>0; =0; <0 but | ¢gylcyy| < 1). See (A6), and (A8.1) in the Appendix.

i
12 There are two other expectation schemes equivalent to (12.1): one depends on p,

Ji' and y, - y* and the other depends on e, —e* and y, — y*.

13 Since egyleg, = [(1/B) — 0,)/0, = — 1+ [(1/B) — 0, + 0,1/0, and if cyylcy, <O, then 6, >
\, hut since | c321c311 < 1, it follows that (1/f) — 0, + 6, > 0.
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The Impact Effects of Monetary Expansion

Again, consider a monetary expansion. The impact effects are
(18.1)  d@,—iYdm= -1/p<0,

(13.2)  dle,—e*)ldm = (cgyley,) = [-($5 — (1 —y)) + (L/o)(3/(c + BS)))/
[((B/R)(Q +m)],

= (1/p-6,)/6,,

and because both output and the price level cannot jump, d(p,—p*)ld
=—dp'ldm = -1 and d(y,—y)ldm = —dy*/dm = 0. Given a moneta
expansion, the interest rate must decline initially to maintain mon
market equilibrium (13.1); since the foreign interest rate is unaffecte
asset market equilibrium requires that there must be an expectation
a subsequent appreciation, i.e., E(de/dt) < 0. However, the decline
the interest rate, and thus the expectation of a subsequent appreci
tion, is no longer necessarily associated with overshooting, as in tl
Dornbusch model. Instead, the domestic currency will depreciate ar
may overshoot, neither overshoot nor undershoot, or undershoot i
new long-run equilibrium value (13.2).

The condition for the neither overshooting nor undershooting
the exchange rate is now given by Cg5lcg, = 0 or, equivalently,

(14.1) ¢35 —-(1 —7y) = (1/a)(8/(c + BS)) > 0,
(14.2) 1/B=6,>0.

Thus, when ¢3(1 —y) <0 or 6, < 0, the exchange rate will overshoc
and when ¢8 — (1 —y) > 0 and (1!&) (8/(c +¢8)) > (= <) 48 — (1 —y) or 0,

0 and 1/B > (=; <) 0,, the exchange rate will overshoot (neither oversho
nor undershoot; undershoot) its new long-run equilibrium value.

If output can adjust instantaneously (o = «), then (14.1) reduces
the Dornbusch’s condition, 8 — (1 —y) = 0.2 Clearly, when outp

4 The Bhandari (1982, 1983) model can be reduced to the Dornbusch variab
output model if it is assumed that o = w, so that there is no longer a distinction betwe:
short-run and long-run aggregate demand elasticities.
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Wliustment is sluggish (o < «), the condition is now more stringent, i.e.,
A likelihood of overshooting is greater, than when output adjustment
i lnntantaneous.® Thus, if with instantaneous output adjustment and
Wl Hjlrish price adjustment the interest rate declines (remains the same;
Mironses) and the exchange rate overshoots (neither overshoots nor
Wnilorshoots; undershoots), then constraints on both output adjust-
unt, as reflected by the term (1/0)(8/(c + B5)), and price adjustment
Will cause the interest rate to decline and the exchange rate to over-
shoot by a greater extent (overshoot; overshoot, neither overshoot nor
Whdorshoot, or undershoot); thus an additional constraint tends to
Yuinforce overshooting (produce overshooting; dampen undershooting).
Piin result is not surprising because when the adjustment of a variable
tonstrained, the variables which can freely adjust will have to change
I’a ¥ i preater amount. This is simply the Le Chatelier’s principle applied
1 i dynamic general equilibrium system.

. In this model with sluggish output adjustment, as in (both ver-
une of) the Dornbusch model, a decline in the interest rate implies,

[n the Dornbusch model, since E(de/dt) depends only on the ex-
| linnge rate deviation 2~ e*, or the price deviation p, = but p, -p‘and
- ¢" are directly proportional and are the same sources of information
{(h.1) and (5.2)) and if i, — i* = E(deldt) < 0, then initially the exchange
{ulo must depreciate and overshoot its new long-run equilibrium value.
\ln implies that an interest rate decline, and thus an expectation of a
ihsequent appreciation, must be associated with initial overshooting
i therefore e,— €' can be inferred from the sign of i,—i" or E(deldt).
Thus, in this model, there can be an expectation of a subsequent
Appreciation only if the exchange rate overshoots initially.

S e—

!5 In Bhandari's model because short-run aggregate demand elasticities are
ineoro and thus y98 (=y) can jump, the interest rate will not necessarily decline,
Jwurihooting (undershooting) will be reinforced (dampened), and both the exchange rate

jlul output may respond perversely.
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Now, when output adjustment is sluggish, E(de/dt) depends
only on the exchange rate deviation e, — e but also on the p
deviation p, — p” (or the output deviation ¥, = ¥"), and the two are
longer directly proportional and therefore are different sources of in
mation for rational speculators ((12.1) and (12.2)).1¢ This implies 1
exchange rate overshooting is no longer necessarily associated witt
interest rate decline and an expectation of subsequent appreciat
That is, e, — €" can no longer be inferred from i, — i* or E(deldt)
hence, there can be an expectation of a subsequent appreciation e
when the exchange rate does not overshoot initially. With per
foresight, an expectation of a subsequent appreciation means ti
following the initial response, there will indeed be an actual sul
quent appreciation, and this is examined next.

The Dynamics of Monetary Expansion

After the jump, the convergence towards the new steady-st
because of the underlying second-order dynamics, would no longes
necessarily monotonic nor unidirectional, as in the Dornbusch mo
The analysis below assumes that the negative roots R, and R, are)

and distinct.

The bounded solution to (3.2) is of the following form (see Apg
dix):

(15.1) et—eit =K, [exp(R,t) - (by,/b,40)(R,/Ry)exp(R,1)],
(15.2) p, —ip = by K, [exp(R,t) — (R\/R,)exp(R,1)],

(15.3) y,-y" = by, K, (R, /m)[exp(R,t) — exp(Ryt)];

and the solution to (3.1) is

16 Since dp” > 0, the initial price deviation, p;— p”" = —dp” <0, signals that the |
level will subsequently rise; when 0, > 0 (< 0), this tends to create an expectation
subsequent appreciation (depreciation) so that the exchange rate need not overs
(has to overshoot to ereate an expectation of a subsequent appreciation).
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W) i, i" = R K, [exp(R,t) — (by,/b,)]exp(Ry),

o

L) b,K, =~ (RJR,)b,,K,,

) K, = (Uby)[R(R, - Ryldp",

W) RK; = (a,,+ 4R, /)by, K.= (9/nP)(nlé + R)b,; K,

.' (16.1) and (16.2) must hold because the price level cannot jump
il ilp" > 0, output cannot jump and dy” = 0, and, from (1.2), dp/dt = n(,

If| k| >|R| (R >|R,), then b, K, <0 (>0) and b,,K, > 0 (< 0);
Mo b, K, is associated with R, and b,,K, is associated with R,, then in
hir case, the negative constant is associated with the root that is
iullor in absolute value and thus the implied paths are the same.
o it is immaterial which root is greater in absolute value, it is

Wimed here that
0 |Rz| >|R1| or by K, <0,
iplying that R, — R, > 0 or R,/R, <1, b,,K, > 0, and | b,,K| > b,,K,.

- (iven (17) and (1.2), the price and output paths can be derived
Ui (15.2) and (15.3). Inspection of (15.2) and (15.3) shows, respec-
Vuly, that the ¢ for which p, = p* and the ¢ for which dp/dt = 0 and thus
-+ v" do not exist, implying that the price path is unidirectional, i.e.,
vor the interval (0, «), the price level is monotonically rising and y, >
,"" On the other hand, the output path resembles an inverted U, with
e m aximum occuring at

¥

1) ¢ =In(R/R)(R,~R,) >0,

hore 0 < ¢, <o and ¢, is derived by using (15.3) and setting dy/dt = 0.
l\in means that over the interval (0, ¢,), both the price level and output

IT A t is said to exist if it is positive and finite.
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are rising; at t,, output reaches maximum; and, over the interval (¢35
the price level is rising but output is declining.

The exchange rate and interest rate paths can be described us
the uncovered interest rate parity condition (1.4), the perfect foresi
assumption (1.5), (15.1), (15.4), and the following:

(18.2) ¢, = In[(b,,/by,) (R, /R, — R,),
(18.3) ¢, =1In(by/b,)/(R, — Ry,
(18.4) ¢, = In[(by/by,)(R/R)IR, — R,),

where ¢, is derived from (15.1) by setting e, equal to e’ tg, from (15.1
(15.4) by setting de/dt or i, — i" equal to zero; and t,, from (15.4)
setting di/dt equal to zero. While (17) makes definite the price
output paths, the exchange rate and interest rate paths are much m
difficult to characterize because they also depend on by, /by,. As she
below, there are two possible interest rate paths and four possi
exchange rate paths (see Appendix). .

Case 1. Initial overshooting followed by appreciation: (by,7bg0)(
R)) <1 and thus by,/by, < 1 and (b1 /by )(RY/R) <1, 48— (1 —7) <0
|8~ (1-y)| >Rj, b,,<0,K,>0,and ey~ e =K, + K, > 0. Since in ¢
case t,, 5, and ¢, do not exist, the exchange rate and interest rate pa
are both unidirectional and the transition is characterized by apprec
tion and rising interest rate.'8

Case 2. Initial overshooting followed by delayed undershooti
i.e., by appreciation and then depreciation: (bg1/b99)(R/R,) > 1 and t}
(b91/bgg)(Ry/R,) > (byy/b,yy) > 1,8 — (1 —) < 0 but | (s — (1 —y))| <] R|
¢S — (1 —y) =0 or (1/0)(8/(c + B8)) > ¢p5 — (1 —y) > 0, by; >0, K, <0, an
—-e' =K, +K,> 0, implying that 0 < ty<ty<t,<w. The exchanger
overshoots initially and over the interval (0, t,), there is appreciat
and the exchange rate attains e* at ty; over the interval (¢y, t3) ther

'8 When ¢8 - (1 —y) < 0 but | a(¢s — (1 =)l > R, nlp > [ Rj| . Note that coefficien
in (10) can be rewritten as a(c + B8)(/B)[(n/d) — (6/(c + 36))], implying that if n/¢ > (<)
+ B8) then A, > 0 (< 0).
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101 appreciation and the exchange rate reaches minimum at i
I, over the interval (Z,, ), there is depreciation. In the case of the
luront rate, after the initial decline, it rises and attains i* at ty, Tises
lior until maximum is reached at ¢,, and then declines towards i".19

~ (nse 3. Initial response of neither overshooting nor undershooting
Howed by delayed undershooting: (byy/byy) = (R,/R)) and thus (b,,/
. {H /R,) > b21!b22>(621;‘b22)(R IR)=1,$5—(1— y) (lfa) (8/(c + Bd)) >
! llK<0 a.nde0 e—K + K, = 0. This case has the same
huront r ate path as in Case 2. The exchange rate path is also similar
{lio wense that there is subsequent undershooting; however, since the
il exchange response of neither overshooting nor undershooting is
uwed by undershooting, the exchange rate will not equal e* at a
| Ito time and therefore t, is non-existent. This case is a special case
Winuse 0 <t = t; <1, < o, i.e,, maximum output and minimum
whinge rate (and therefore i = i) occurs at the same time. Since
liput and the exchange rate has the same turning point, ¢, = ¢, it
ilows that the interval (0, t,=t,) is characterized by apprecxatlon and
Wiy output while the 1nterval (0, t,=t,) is characterized by deprecia-
il and declining output.?

Case 4. Initial undershooting followed by further undershooting:
/0, (Ry/R)) > b, /b,, > 1 but (b, /b, )(R Ry <1, 48— (1 —y) > (a)@®/
{ 'i' (5)) > 0, b,;>0,K, <0, andeu—e =K, + K, <0. This is similar to
o 3 except tﬂat here the exchange rate undershoots initially.?!

As stated earlier, because of uncovered interest rate parity, the
\linl interest rate decline must be associated with an expectation of a
bioquent expectation. With perfect foresight, the expectation of a

' When ¢8 — (1) <0 but | (@ — (1 ~y)) <| R} or ¢5 - (1-1)=0 or ( )6/ (e
) > 6 — (1 —7) >0, nly > RJ In this case, t <t3<t,so that the exchange rabe reaches
iiimum at a later (an earlier time than output (the interest rate) reaches maximum.

‘0 In this case, 7/ > R, since ¢3 — (1 —¥) > 0 and, since ¢, = {,< ¢,, output reaches
uximum and the exchange rate reaches minimum at an ear]ler time than the interest
o reaches maximum,.

I As in Case 3, n/¢ > R, since 3 — (1 —y) > 0, but in this case, £, < ¢, <t, and output

uvhes maximum at a later ('an earlier ) time than the exchange rate (the mterest rate)
fenches minimum (maximum).
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subsequent appreciation means that, indeed, there will be a sut
quent actual appreciation. In all the four cases discussed above,
initial exchange response is immediately followed by appreciat
Clearly, an expectation of a subsequent expectation, and therefor
subsequent actual appreciation, is possible even in cases where
exchange rate does not overshoot initially because in such cases
initial response is followed by undershooting (Cases 3 and 4).22

4. Conclusions

This paper has examined a model of exchange rate dynan
which incorporates sluggish output adjustment into the Dornbu
variable output model. In this model with sluggish output adjustme
short-run aggregate demand or output, like the price level, is ¢
sticky and cannot jump.

In (both versions of) the Dornbusch variable output model
decline in the interest rate resulting from monetary expansion is as
ciated with initial overshooting; when output is variable and can adj
instantaneously, such overshooting is dampened or may even be
versed. On the other hand, this paper has shown that when both
price level and output are sticky, the interest rate must decline
response to monetary expansion but such a decline in the interest r
can be associated with overshooting, neither overshooting nor unc
shooting, or undershooting. However, because there is an additio
constraint, sluggish output adjustment, overshooting (undershooti
is dampened (reinforced). This result is simply the Le Chatelier’s p1
ciple applied to a dynamic general equilibrium system, that is, wl
the adjustment of a (another) variable is (is further) constrained,
variables which can freely adjust will have to change by a grea
amount.

This paper has also demonstrated that exchange rate overshc
ing is not necessarily associated with an interest rate decline and tl
an expectation of a subsequent appreciation; whereas in the Dornbu
model, overshooting can occur only if the interest rate declines initia

22 This appreciation is temporary as it is followed by depreciation.
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purticular, because both the price level and output are sticky, the
ilorest rate declines on impact in response to a monetary expansion so
i 1o maintain money market equilibrium. As in the Dornbusch model,
¥ith the foreign interest rate unaffected, the uncovered interest rate

iily condition requires that the decline in the interest rate be com-
Wwhinted by an expectation of a subsequent appreciation. However,
ilike in the Dornbusch model, the exchange rate in this model need
il overshoot initially, and yet an expectation of subsequent apprecia-
Ml is created because expectations depend not only on exchange rate
Wvintion but also on price deviation, and the two are no longer the
aine sources of information for rational speculators.

['urthermore, given a decline in the interest rate and thus an
wctation of a subsequent appreciation arising from a monetary
Apunsion, this paper has also shown that the possible exchange rate
ths are overshooting followed by unidirectional adjustment and over-
noting (neither overshooting nor undershooting; undershooting) fol-
wod by delayed undershooting (delayed undershooting; further un-
tuhooting). In all these four possibilities, the initial exchange rate
wiponse is immediately followed by an appreciation, even in cases
lore the exchange rate does not overshoot initially because in such
Jios, the initial response is followed by undershooting. Thus, with
1lect foresight, an expectation of a subsequent appreciation is indeed
mibsequent actual appreciation.

This paper has assumed that the negative roots are real and
latinct.?® If on the other hand the roots are imaginary, then the paths
bould be cyclical but dampened because the model is convergent.
nwever, for the objective of this paper, the case of imaginary roots,
hile more interesting empirically, would be trivial.2* Finally, this

i 3 Since the paths of the interest rate and the exchange rate, as well as the real
Laihinnge rate, is not necessarily unidirectional, the implication is that investment and
Wil oxports can be volatile.

“ When the paths are oscillatory, the transition would be characterized by

Allirnating depreciations and appreciations, and what this paper would like to show is
Mt the initial exchange response will be followed by appreciation.
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paper could have assumed positive short-run aggregate demand e
ticities; nevertheless, the main results of this paper would have
mained the same.?®

Appendix
This appendix derives the paths of the price level, output, inter

rate, and the exchange rate following a monetary expansion. "
analysis assumes that the two negative roots R, and R, are real ¢

distinct.

The solution to the dynamic system (3.2) has the following for:
(All) e,— e = b, K exp(R,t) + b, ,K,exp(R,t) + b, K exp(R,t),
(A12) p,-p'= by, K exp(R, 1) + by, K exp(R,t) + by3Kexp(R,t),
(A13) y,—y'= by, K exp(R,t) + by, K exp(R,t) + by3Kexp(R,t),
where
(A2.1)  Kj=cjley—e’) +cy0g—P°) + ¢50p =),

(A2.2) by = [ay3a4 + agyR; — RV[a,,059) — a,R],
(A2.3) b3j = [-a,,0,, — (132}?})],"[({1120;33 —@;305,) — alsz],
(A2.3) = (R/m)b,,

and b;;=1, ¢; is the element in the j* row and the i’ column of B, ¢
B is the matrix containing bij. Note that (A2.3") holds because of (1.

The terminal condition, which requires

(A3.1) K;=0=cy(ey—e") +cgp(y— D7) + C33(3— 3,

% In terms of Bhandari’s (1982, 1983) model, the result that sluggish aggrey
demand or output adjustment reinforces (dampens) overshooting (undershooting)
be left intact but the interest rate will no longer necessarily decline. See note 15 ab:
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Jilios that the stabilizing exchange rate jump is

o) e, ¢ = = (Capleg) Py — D7) ~ (355 o — -

pon that K, =0, (11.1) and (A1.2) imply that p, —p* = by, K, + byoK, =
' while (11 2), (A1.3), and (A2.3') imply that y, — y* = b,,(n/R)K, +
J/R)K, = =—dy* = 0. Thus, respectively,

1) by,K,=—by K, —dp,

A0) 0K, =~ (R,/R)b, K,

.. ving (A3.2) and (A8.3) simultaneously for the constants K, and K,

1) K} = (1"b21)[R2[(R1 =t Rg)]dp*’
B2 K,=—(1/by,)[R/(R, - Ry)dp".

(hutitutions of (A4.2), given (A3.1), (A2.1) and (A2.3"), into (A1.1) to
1.1)) yield (15.1) to (15.3) in the text.

'[‘hc solutlon for i, can be derwed usmg (3.1), (A1.2), and (A1.3);
- The relationship between K, and K, and coefficients by, and b,,,
von (A1.1), (11.3), (A4.2), (A2.3), (A2.3"), and (A5.2), can be inferred

e,—€ = (cazlcal)dp' =K, + K, = {1 — [(by,/by,)(R,/R)]}K],

A1) by = [ra(o + BEY(-R)][8/(c + Bd) — R}/[a($3 — (1 —7) — R},

= [nCRYBV(n/d - Ry,
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(By/R,)[((3/(c + BS)) — R)/(cu(98 — (1 — 7)) — R,)]

(A8.1) b, /by, = :
[((B/(c + B8)) — R)N(cu(98 — (1 7)) — Ry)]

(A8.2)

(By/Ry)((nl$p + R)/(nlh + R,)).

It follows from (A8.1) and (A8.2) that (bg,/byo)(R,R) =[] = (REIR)((
+ R,)/(n/g + R,)) and that (bgy/by)(RYR)) = (RER2)[.] = (nld + Ry)/(nl
R)/(n/$ + R))). It also follows from (A7.1) and (A7.2) that a(¢/B)(c
BO)[8/(c + BS) — R)] = [a(9d —~ (1 — 1)) = RJ/(—mlp — R)>0.
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