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Abatract

Thie paper examines a model of exchange rate dynamice which incorporates
eluggish cutput adjustment into the Dornbusch variable output model. In this
model where both the price level and cutput camnmot jump, the interest rate
must decline in response to a monetary expansion so as to maintain money
market eguilibrivm. A8 the intereat rate declines, because of uncovered
interest rate parity, there must be an expectation of a subseguent
appreciation. However, the exchange rate need not necessarily overshoot
initially and vet an expectation of a subsequent appreciation is created
because expectations depend not only on the initial exchange rate deviation.
as in the Dornboech wodel, but also on the initial price deviation and these
two deviations are now different sources of information for rational
speculators. Furthermore, by explicitly deriving the time pathas of the
exchange rate and other variables, it is shown that indeed. consistent with
perfect foresight, whatever is the initial exchange rate response, such is
subsequently followed by actual appreciation.

¥ The author is grateful to the Philippine Center for Economic
[evelopment and the UFEcon Foundation for financial support.
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m (18768}, in his seminal paper on exchange rate dynamica. has
‘ﬁm that the combination of sticky prices, fized output, contimous asset
market egquilibrive, and rational expectations unambiguously causes the
interest rate to decline and the exchange rate to overshoot its new long-ran
egquilibrivm value in response to monetary expansion. This result is modified
when putput is variable and can adjust instantanecusly in the short-rum
M" appendix) because the interest rate may decline, remain the same,
or rise, and correspondingly the exchange rate may overshoot. neither
owvershoot nor undershoot, or undershoot ites new long-run equilibrivm value.
m-ﬂm output can adjuat instantaneously, the possibility of
~owershooting, though moderated, still remains.?

Thie paper analyzes a model of exchange rate dynamics which incorporates
sluggish output adjustment into the Dornbusch vwariable output model. While in
other papers a perfect foresight consistent expectaticns scheme ie assumed, in
this paper perfect foresight ia imposed directly and the model is solved using
Dixit s (1980) method: in addition, the time paths of the exchange rate and
the other variables are derived explicitly.Z2

This paper is organized as follows. Section 2 reviews the Donbuach
variable output model. Section 3 incorporates sluggish output adjustment into
the Dornbusch model; specifically. it is assumed that short-run aggregate
demand or output, like the price level, is also sticky amnd cammot jump. Given
a monetary expansion, this section vields the following results: (1) an
aﬂditiunal conatraint, sluggish output adjustment. tends to reinforce (dampen)
;;verahnnting [undershooting); (Z2) the interest rate decline and thas the

expectation of a subsequent appreciation is not necessarily associated with
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exchange rate overshooting; and, (3) an expectation of a subseguent
appreciation, given the assumption of perfect foresight. is indeed a
subsequent actual appreciation. Finally. Section 4 summarizes the results and
conclusions.
2. The Dornbusch Variable (utput Model

The Deornbusch variable outrut model can be summarized by the following

set of relationships:

ve = vy T w4 Tye + 0fe + B({ee — pe + pr), O <71 <1 (1.1)
dp/dt = mlye — %), {1.2)
me - pe = @Fe - Pie, (1.3}
ie = ir + K de/dt), (1.4}

B de/dt) = de/dt, [1.5)

whers & = log of exchange rate messured in wnits of domestic currency per unit
of foreign currency; @ - p+ pr = log of real eachange rate; i, ir = domestic
and foreign interest rates; p, pr = logs of domestic and foreign price levels:
¥ = log of short-run income or output, 34 = log of aggregate demand, w = an
expgencus fiscal variable. and all parameters are positive. %7 denotes a
long-run equilibrivum value while 5{) is an expectations operator.

Eguations (1.1) and (1.2) represent the goods market. Aggregate demand
{1.1), which depends on output, the interest rate. and the real exchange rate,
determines output in the short-rum. The Phillips curve (1.2) Eh;ws price
adjustment as a function of the gap between short-rum and fixed natural
output_. The asset market, on the other hand, ies described by (1.3) to (1.5},
Money market equilibrium {1.3) cbtaine and money demand is a fum:ti-:ln‘nf
output and the interest rate. The money market is linked to the foreigm

exchange market by the uncovered interest rate parity comdition (1.4) that




interest differentiale must equal expected exchange rate changes. FEguation
({1.5) imposes perfect foresight on exchange-rate expectations.
The steadv-state of the model, attained when dp/dt = defdf = E de/dt) ="

O P TR e e
':i

P — pr+ ((1-7)/8) % + (0/0)1%, (2-1)

s =
Dk = @ - gy + Pix, (2.2)
* = i, (2.3)

where & — p* apnd 3 is assumed to be exogenously fiwed at its natural level.
In the long-run, money is neutral, i.e., det/do = dpt/dn = 1 and et - F +
pe)fdn = dvt/de = 0.

. The dvnamics of the system can be represented by two short-run static

equations and a svatem of differential eguations:

¥e - 3 = (B5/ V(e — &%) - [(o + B5)}/Vi{pe - pPF), {3.1.1)
iz - i = (pb)/V)(ex - k) = [(pd - (1-7))/Fl{pe - D), (3.1.i%)
defdty L gB/F - (gh - (1-T) )W (e - )

vdp/dty = (n(B5)/V - n{o + BBY/ W i(pe - P¥)I, (3.2)

where V= (1-7)P + of > 0.2 The determinant of the coefficient matrix in
{3.2) is negative, implying that the two roots, m and re. are real and
oppoaite in sign and that the syatem vields a saddlepoint eguilibrium.+ Given
an initial steady-state where ¢ = &o and p = pko, any disturbance which
affects the equilibrivm price level will vield a new steady-state where e = %
and p= pk. To ensure that the system will converge toward this new steady-
atate, there must be boundary conditions on the values. eo and p», that the
state variables will take following some disturbance.

Gince the price level is sticky, ite initial value pm is predetermined



and ie equal to p¥o. It follows that the boundary condition for the price

lewvel i=s
oo = pk = kg — pl 4.1

vhere pko — p¢ = - dpk,

The boundary condition for the free variable. the exchange rate, is
standard in linear rational expectations modelsa: the coefficient associated
with the unatable root must egual zerc. If rz is the unatable root, this

transversatility condition impliea that
co - & = [(#6 - (I-7))/ (g6 + H=-r))](m - pF), {4.2)

where r < 0, re < 0, and e is the value of the exchange rate following some
disturbance &

Since the price level cannot jump, the exchange rate must jump to place
the syatem on the stable arm of the saddlepoint. Thie unigue, stabilizing

Jump ie given by (4.2). After the jump, the system moves along the stakle

path where

de/dt = M de/dt) = ri{en - =k}, (5.1)
e — ok = [(#5 - (1-7)) (gb + W-r2})1(pe - P¥). (5.2)

end -r1 is the system’s speed of adjustment.
How consider a monetary expension. The impact effecte are .ﬂ‘[p:v - B dm

= — dp¥E = -1, and

dlyo - y)/dw = (o/F) + (BS/V{L - [(#5 - (1-7))/ (g5 + W-ra))1}, - (6.1}
Nio - Ix)/dm = =((1-7)/V) + (865/V{ 1 - [{g5 - (1-7))/(d6 + W-)111,(6.2)
deo - ek)/de = — (g5 — (1-1))/ (e85 + W-)), (6.:3)




where 1 - [{gh - (1-T))/ (g5 + W-r1))] > 0, implying that the open economy
monetary policy maltiplier {6.1) exceeds the closed economy monetary policy
maltiplier (o/F) and that dec/dm > 0. From (6.3), the Dornbusch condition for

the neither overshooting nor undershooting of the exchange rate is
gs - (1-1) = 0. £7)

With instantaneous output adjustment, a monetary expansion causes a £
nominal depreciation and a real depreciation ae well since the price level is
gticky and the foreign price level is fixed. A real depreciation, in turn,
causes exports and therefore ocutput to increase (6.1). In the money market,
‘money demand increasses due to the increase in output; if at the initial
intsreat rate thers is an excess supply (egquilibrium; excess demand). i.e.,
{5 — {1-7)) <0 ( = 0; > 0), then the intereat rate must fall (remain the
same: rise) to re-equilibrate the money market (6.2).% BSince the foreign
intersest rate remaine the same and the interest rate declines, asset market
equilibrium requires that there must be an expectation of a subseguent
appreciation (constant exchange rate: depreciation), i.e., that Hde/dt) be
negative (zero; positive), which will hold only if initially the exchange rate
overshoote (neither overshoots nor undershoote; undershoots) its new long-run
equilibrivm value (6.3).

Thus, even when output can adjust instantansously, the possibility of
overshooting, though moderated, still remains. In conrast, when cutput is
fixed even in the short-run, effectively ¢ = 0 and V= (1-7)B, and (6.2) and
(6.3) imply reapsctively that do{jo - *)/de = -1/B < 0 and dieo - &k)/ap =
1/B(-r1"} > 0, where r1° is the corresponding negative root; that is, in
response to monetary expansion, unembiguously, the interest rate declinee and

the exchange rate overshoots its new long-run equilibrium value.



3. Sluggish Output Adjustment
The Model

This paper analyzes a model of exchange rate dynamice which incorporates
gluggish output adjustment into the Dornbusch wvarishle output model. It is
described by, as before, (1.2) te (1.5), and the following relationships

(Bhandari (1282, Ch. 5), 1983) and Gandolfo (1981, pp. 10-12)):

yily

¥ = u+ [* voexpsl = Dyrdr - [+ goexp~=t ™ T irdr

U+ TVe + 0de + H(ee - pe + prl, (B.1.1)

+Ifmﬁnaxp—“{*n{er—pr+ B, (B_1.34i)

T (B.2.1)
di/dt = al{ydle — ydfe) = a{ydle - 3¢}, (0 € a < @) (B.2.11)

shere the long-run ageregate demand elasticities are such that T = To/a. o =
oo/a, and & = Bo/a. Equation (B.1.i) defines long-run or fully-adjusted
aggregate demand. Equatione (8.1.ii) and (8.2.i) indicate that short-run
aggregate demand, which determines short-run output, depends on the past
values of output, interest rate and real exchange rate: this means that short-
run aggregate demand or cutput is fixed at time ¢ and carmmot jump. Given
{(8.1.1) and (B.1.ii), output adjustment is given by eguation (B.2.11), which
shows that output adjuste at the rate a based on the gap betwsen long-run
aggregate demand and short-run aggregate demand or output (8.3).%

The steady-atate, which now occurs when dy/dt = dp/dt = E de/dt) = de/dt
= 0, is also described by (2.1) to (2.3), where % = p<dDx
Dynamic Properties

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

ie - 3% = (1L/B)(pe = p*) + {8/B)7e - 3%); (2.1)




'de/dt! 10 a1z ms'!(es - ex)! ' ;
ldp/dt! = ' 0 0 =xw '!(pe=- r*)! (9.2
§ ap dt] tas1l aas aaa; |y - @),
where
aiz = 1/B, aiz = &8, az1 = alBsB.
" aas = - ala + B8)/B, aaa = - al/B. V= (1-T)B + o8.

Equations (9.1} and (9_.2) fully describe the system”s motion over time.® The

characteristic sgquation associated with (9.2) is

Bt PR v R+ A = 0, (10}

- (B + &+ B)

&
I

- axa =-a{ KB) > @,

A = R + (R4l = mi-azz) - smzazy = alnio + 35 — a8y /B,

Fos

- (MR} = - nlarzamz) = — andb/B < 0,

and K is a root. Since the discriminant, Az, is unambiguously negative. the
gvatem has either three positive roots implving total inastability or one
rogitive root implying saddlepoint instability. 4z can be either positive or
negative but in either case, there is only one variation in the aign of
coefficients aince the coefficient of A is positive. 41 > 0, and 4a < O; by
Descartes” rule of _Eligns, there existe only one positive root, associated with
the rationally expected exchange rate_®

The initial steady-state is now described by e = &sko, p = pko, and ¥ =
o and any disturbance that affects the equilibrium price level will vield a

. new atmmbyez gk, p= pk. and = . Since there are now

three state m:li:leu, there must also be three linearly independent boundary



a8
ceonditions on the values - eo, po, and m - that the state variables will take
following some disturbance.
As before, the price level cannot jump. Howmever, now output also camnct
Jump. Thus both are now predetermined variables and the boundary conditions
are such that their walues at £ = §, m and ju, are each egqual to their

respective initial steady-state values, pko and . Thus,

ro - pF = pko - %, (- J1 . 1)
- B ¥ - ¥, {-1-1--2':'

where 3o - 3 = — gy = 0, since ¥ is fixed.

The boundary condition for the exchange rate is the same as before: the
product of the row eigenvector associated with the unstable root and the
column vector of the initial values of the state variables measured as
deviations from the new long-run equilibrium must equal zere (Dixit (1880)).10
If R is the positive root, and since jn - » = 0, this transversatility

condition implies that (see Appendix):

&0 — & = = (cazfesa ) - pE),

{[- (#5 - (1-7)) + (La)d/(o + BBV )/ Culpo - p*),  (11.3)

whiera
G = (Bfa)[R=® + [(5/(0 + B5)) + (aWB))MA + anlio + B6I14A] > 0

and caz/ca: can be positive, zero, or negative but less than one in absolute

value, implying that perverse exchange rate responss is not possible.l1l
Since both the price level and output are sticks and cannot jump; the

exchange rate must jump to place the system onto the path converging toward

the new steady-state. Such a Jump (11.3) is unigue and ensures that the




a
system will be dynamically stable. After the jump, the syetem moves along the

stable path characterized by

de/dt = B de/dt) = - B1(ee — &%) + B2{pe - p¥), (12_13
(e — &) = = (caz/ca1)(pe — pPE) - (can/car)ipe — M), (12.2)
thmlﬂ
81 = (/P GSB) » 0,
Bz = (/B85 - (1-T)) + (L/a)(&/(o + B6))
+ (1/a)((o + B5)RZ + (8/B)VRB + (nw/B))]/Ca,
G = (Bfa)[(1/a)(o + B5) A2 + (¢/B)Rs + (w/B)) > 0,

H_;ﬂ:. >0 since 3 > 0 and (& > 0 while B2 ia ambiguous 12
Ihe [mpact Effects of Monetary Expansion

Again, consider a monetary expansion. The impact effects are

dl dp — ¥)/dm

- (1/B) < 0, [13.1)

dleo — ek)/de = (es2/c31) = ((1/B) - 82)/81,

[- (#5 - (1-7)) + (L/a)(6/(0 + B6)))/Ca, 113.2)

and, because both cutput and the price level cannot jump, dlzo - pE)/dw = -
dpt/dm = - 1 and diyo - pr)/de = - dwk/dm = 0. Given a monetary expansion,
the interest rate must decline initially to maintain money market souilibrium
(13.1}; since the foreign interest rate is unaffected, asset market
equilibrium requires that there must be an expectation of a subseguent

' appreciation, i.e., Fde/dt) < 0. However, the decline in the inter=st rate
and thus the expectation of a subseguent appreciation is no longer necessarily
associated with overshooting, as in the Dornbusch model. Instead, the

domestic currency will depreciate and may overshoot. neither overshoot nor
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undershoot. or undershoot ite new long-run equilibrivm value (13.7).
The condition for the neither overshooting nor undershooting of the

exchange rate is now given by caz/cza = 0 or, equivalently,

@8 - (1-1)
1/B

{1/a) (60 + B8 > 0, (14.1)

B2 > 0. (14.2)

Thus, when g6 - (1-7) = 0 or B2 £ 0, the exchange rate will overshoot. and
when @6 - (1-v) > 0 and (1/a)(5/(c + B5)) > (=; <) @6 — (1-T) or 82 > O and
1/B > (=; <) 82, the exchange rate will overshoot (neither overshoot nor
undershoot; undershoot) its new long-run equilibrium value.

If output can adjust instantaneocusly (@ = ®), then (14.1) reduces to the
Dornbusch’s condition, @8 — (1-7) = 0.14 Clearly, when cutput adjustment iz
sluggish {a < @), the condition is now more stringent, i.e., the likelihood of
overshooting is greater, than when output adjustment is instantaneous 15
Thue, if with instantaneous output adjustment and slusgish Price adjustment
the interest rate declines (remains the same: increages) and the emchange rate
overshoots (neither overshoots nor undershoots; undershoote), then constraints
on both output adjustment, as reflected by the term (1/ad(& o + BEI1Y, and
price adjustment will canse the interest rate to decline and the exchange rate
to overshoot by a greater extent (overshoot; overshoot, neither overshoob nor
undershoot, or undershoot); thus an additional censtraint tends to reinforce
overshooting (produce overshooting; dampen undershooting). Thiﬁ result is not
surprising because when the adjustment of & variable is constrained, the
variables which can freely adjust will have to change by a greater amount,
Thie is simply the Le Chatelier’s principle applied to a dynamic general

equilibrivm system.
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Interest Rate Decline and Expectation of A Subsequent Appreciation

In this model with aluggish output adjustment, as in (both versions of)
the Dornbusch model, a decline in the interest rate impliea, given uncovered
interest rate parity and a fixed foreign interest rate, that there must be an
expectation of a subsequent appreciation (B de/dEt) < 0).

In the Dornbusch model, since B ds/dt) depends onlvy on the exchange rate
deviation es — o, or the price deviation p. - pE but pe - pF and ee - 2 are
directly proportional and are the same sources of information ((5.1) and
{5.2)) and if 1 — 4% = Hde/dt) < 0, then initially the exchange rate mist
depreciate and overshoot ite new long-run eguilibrium value. This implies
an interest rate decline and thue an expectation of a subsequent
must be associated with initial overshooting and therefore es -
= be inferred from the sign of 7 - #* or Bl de/dt). Thus in this model
there can be an expectation of a subsequent appreciation only if the exchange
rate overshoots initially.

How when outrut adjustment is sluggish, & de/dt) depends not only on the
exchange rate deviation es - &% but also on the price deviaticn pe - % (or
the output deviation ye — 3*), and the two are no longer directly proportional
and therefore are different sources of information for ratiomal speculators
((12.1) and (12.2)).18 This implies that exchange rate overshooting is no
longer necessarily associated with an interest rate declins and an expectation
of subseguent appreciation. That is, # — & can no longer be inferred from 3
- ¥ or Bl de/dt) and hence there can be an expectation of a subsequent
appreciation even when the exchange rate does not overshoot initially. With
perfect foresight, an expectation of a subsequent appreciation meana that
following the initial response there will indeed be an actual subsequent

appreciation, and this ia examined next.
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£.1
The [hmamics of Monetary Expansion

After the jump. the convergence towards the new steady-state, because of
the underlying second-order dynamics, would no longer be necessarily momotonic
nor unidirectional, as in the Dornbusch model. The analvsis below assumes
that the negative roots fL and & are real and distinct.

The bounded solution to (3.2) ia of the following form (see Appendix):

e — & = Hilexp(Bt) - (bea bes)(f/fe)exp( )], (15.1)
pe - ok = bpafalexp(fot) - (B/Re)exp(R=t)], {15.2)
Ye— 3 = beia(R/milexp(Rat) - exp(fet)]; (15.3)

and the solution to (3.1) ise

ie — i* = Bifaflexp(Ffie) - (bzi/bez)lexplRee). (15.4)
wnEre
bify = - (/R )bk, {16.1)
K = (/b )[R/ (R - Re)]dpt, (16.3)
Faks = (mz + ma(fa/m) ) besks = (g/mBi(n/g + Ra)bogks. (16_3)

end (16.1) and (16.2) must hold because the price level cammot jump but doe >
0, output cammot jump and o = 0, and, from (1.2), dp/dt = m({yc - ).

If (R} > (R} (1Rl > 1)), then beaky < 0 (> 0) and beeke > O (< D)
gince lgify is associated with B and Eeslz ie associated uithﬁfﬁ, then in
aither casze, the negative constant is associsted with the root that is amaller
in absolute value and thue the implied paths are the same_ Since it is

immaterial which root ie greater in absolute valupe, it ie asesumed here that

VRl > (R or beafy < 0, (173
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implying that £ - & > 0 or Ru/ie < 1, bealz > 0, and 'keaky! > Boofe.

Given (17) and (1.2}, the price and output paths can be derived from
(15.2) and (15.3). Inspection of (15.2) and (15.3) shows, respectively. that
the t for which pe = pk and the ¢ for which dp/dt = 0 and thus ye = 5% do not
exist, implying that the price path is unidirectional, i_e., over the interwval
(0,2}, the price level is monotonically rising and ye > .17 On the other

hand. the output path resesmbles an inverted U. with the maximum cccuring at
t1 = In(R/R)/ (B - &) >0, {18.1)

where 0 < 1 < @ and 2; 4= derived by using (15.3) and setting dv/dt = 0.
This meana that over the interwval (0,%1), both the price level and output are
rising: at ti1, output reaches maximm;: and, over the interval (f1,), the
rrice level is rising but output is declining,

The exchange rate and interest rate raths can be described using the
uncovered interest rate parity condition {1.4), the perfect foresight

assumption (1.5), (15.1), (15.4), and the following:

t2 = Inl(bea/bez)(R/Re))/ (R - Re), {1B. 2y
ta = In{ ber/be=)/(RL - &), (18.3)
ta = Inl(ber/bos)(Re/Ra)1/( R - Re). (1B8.4)

where fz is derived from (15.1) by setting ee equal to &k: #a. from ((15.1) or
(15.4)) by setting de/dt or iz - i% equal to zero; and, t4, from (15.4) by
setting di/dt equal to zero. While (17} makes definite the price and output
paths, the emchange rate and interest rate paths are much more difficult to
characterize because they also depend on Bei/bez. Aa shown below. there are
tuo possible interest rate pathe and four possible exchange rate pathe (see

Appendix)_

—_— e =
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Case 1 Initial overshooting followed by appreciation: (lei/bee)(Re/fa) <
1 and thus bei/bez < 1 and (bea/bez)(Ri/Re) < 1, 86 - (1-7) < O but oigh -
(1-7)0 > By, bzy < 0, B4 >0, and 0 - &k = B3 + K= > 0. Since in this case
tz, ta, and f4 do not exist, the exchange rate and interest rate paths are
both wnidirectional and the transition is characterized by appreciation and
riging intereat rate 12

Case 2 Initial overshooting followed by delayed undershooting, i.e.. by
appreciation and then depreciation: (bri/bez){fi/Rz) > 1 and thus
(bei/bez)(fe/Ra) > (bea/be=) > 1, #6 - (1-7) < O but ‘a(ps - (1-T))! < 'Rs! or
p& - (1-1) = 0 or (L/aM&/(0 + B5)) > @6 - (1-7) > 0, bes > 0, K1 < 0, and e
— e = 5 + B >0, implying that 0 < #2 < &3 < t4 € . The exchange rate
overshoots initially and over the interval (0, tz} there is appreciation and
the exchange rate attains o at #=; over the interval (fz,ts) there is further
appreciation and the exchange rate reaches minimwm at f3; and, over the
interval (tfa,®), there is depreciation. In the case of the interest rate,
after the initial decline, it rises and attains i+ at tz, it rises further
until maximum is reached at #a, and then it declines towards jk. 18

Case 3 Initial response of neither overshooting nor undershooting
followed by delayed undersheoting: (bei/bez) = (Re/Ri) and thus
(bei/be2)(Re/fa) > Bea/bee > (bei/bee)(Ru/Re) = 1, 86 - (1-1) = (LAa} (& (o 4
B8)) >0, bea >0, £1 <0, and e - & = M1 + f= = 0. This case has the same
intereat rate path as in Case 2. The exchange rate path is alse gimilar in
the sense that there is subsequent undersheoting; however, since the initial
exchange response of neither overshooting nor undershooting is followed by
undershooting, the exchange rate will not equal % at a finite time ;nd
therefore tz is non-exietent. This case is a apecial case becanse 0 < #1 = fa

< tq4 1@, 1.e., maximum output and minimum exchange rate (and therefore je =
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) occours at the zame time. Eince output and the exchange rate has the zame
turning point, t1 = ta. it follows that the interval (0, ta=ts) is
characterized by apprecistion and rising ocutput while the interval {0, fi=éa)
in chara&terized by depreciation and declining output.29

Case 4 Tnitial undershooting Followed by further undershooting:
(Bo1/beo)(Re/R1) > boa/bo= > 1 but (bea/bez)(Ru/Re) < 1, @6 = (1-7) >
(L/a)(&/(o + B5)) >0, bey >0, 1 < 0, and @0 - ¢k = 1 + B2 < 0. Thia is
similar to Case 3 except that here the exchange rate undershoota initially 21

fs stated earlier, because of uncovered interest rate parity the initial
interest rate decline muat be associated with an expectation of a subsequent
expectation. With perfect foresight. the expectation of a subsequent
appreciation means that indeed there will be a subsequent actual appreciation.
In all the four cases discussed above, the initial exchange response is
immediately followed by appreciation. Clearly an expectation of a subseguent
expectation and therefore a subsequent actual appreciation is possible sven in
cases where the exchange rate does not overshoot initially becanse in such

cages the initial response i= followed by undershooting (Cases 3 and 4).22

4. Conclusions

This paper has examined a model of emchange rate dynamics which
incorporates sluggish output adjustment into the Dornbusch wariable output
model_ In this model with sluggish cutput adjustment. short-run ageregate
demand or output, like the price level, is also sticky and cannot jomp.

In (both versions of) the Dornbusch variable output model, a decline in
the interest rate resulting from monetary expansion is associated with initial
overshooting:; when output is variable and can adjust instantaneously. such
overshooting is dampened or mav even be reversed. (n the other hand. this

paper has shosm that when both the price level and output are sticky, the



=

18
interest rate must decline in response to monetary expansion but such a
decline in the interest rate can be associated with overshooting, neither
overshooting nor undershooting, or undershooting. However, because th&ré is
an additional conatraint, sluggish output adjustment. overshooting
(undershooting) is dampened (reinforced). Thia result is simply the Le
Chatelier’s principle applied to a dynamic general equilibriom avatem. that
is, when the adjustment of a (another) variable is {is further) constrained,
the variables which can freely adjust will have to change by a greater amount.

This paper has also demomstrated that exchange rate overshooting iz not
neceasarily associated with an interest rate decline and thus an expectation
of a subsequent appreciation whereas in the Dornbusch model evershooting can
occur only if the interest rate declines initially. In particular. because
both the price level and output are sticky, the interest rate declines on
impact in response to a monetary expansion so as to maintain monev market
sguilibrivm. As in the Dornbusch model, with the fereign interest rate
unaffected, the uncovered interest rate parity condition requires that the
decline in the interest rate be compensated by an expectation of a aubsequent
appreciation. However, unlike in the Dornbusch medel, in this model the
exchange rate need not overshoot initially, and yet an expectation of
subsequent appreciation is created because expectations depend not only on
exchange rate deviation but also on price deviation, and the two are no longer
the same sources of information for rational speculatorsa. .

Furthermore. given a decline in the interest rate and thus an expectation
of a eubsequent appreciation arising from a monetary expansion, thisz paper has
aleo showm that the poseible exchange rate pathe are overshooting fﬂliuwﬁd by
unidirectional sdjustment and overshooting (neither overshooting nor

undershooting; undershooting) followed by delayed undershooting (delayed
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undershooting; further undershooting). In all these four possibilities. the
initial exchange response is immediately followed by an appreciaticn. even in
cases u?&rﬂ the exchange rate does not overshoot inditially because in such
cases the initial response iz followed by undershooting., Thus. with perfect
foreslght, an expectation of a subsequent expectation is indesd a subsequent
actual apgreq;atian-

This paper has aseumed that the negative roots are real and distinet =%
If on the other hand the roots are imaginary, then the paths would be cyclical
but dampened because the model is convergent. However, for the cbjective of

this paper. the case of imaginary roots, while more interesting empiricolly,

would be trivial 24 Finally, this paper could have assomed pasitive shopt ran
aggregate demand elasticities; nevertheless, the main results of *his paper

would have remained the same 25

Hotes

! Other factors that can dampen/reverse overshooting are imperfect capital
mobility and substitutability (e_g., Frenkel and Rodrignes (1987): Shandari.
Driskill, and Frenkel (15841} and of courss a prlicy reaction that limits the
movement of the exchange rate.

= Bhandari {1982) derives the time paths for fiseal expansion but not Tor
monetary expansion while Levin {18994) does not derive the time paths nof the
variables, and both assume a perfect-foresight consistent expectabion scheme.

* Equations (3.1.i) and (3.1.i%) are derived from (1.1} and (1.3} desidt,
from {1.1) and (1.3) to (1.5); and, dp/dt, from (1.2).

4 The solution to the characteristic equation asscciated with (3.29, r& +
(R{o+BB)-g6)/Vir - w6V = 0, is ra,re = {tria) * [(-{tria))2 ~{dat{ a})]1-2} /2,
where tr{a) = 1 + ro = - (mio + B5) - @¢b)/ ¥V and det(a) = mre = - nb/ V< 0.

& This condition requires ke = 0 = [88/F+ (~-r)/(rz - FmJles — a%) + [-
(@0 - (1-7)/V1/(rz - m)]{m - &), where k= is the coefficient associated
with the wnatable root ro.

% At the initial exchange rate, the change in the interest rate that would
re-equilibrate the money market is (@56 - (1-7))/V.

7 Equation (8.1.ii) is derived from y9F: = u + J': Toexp—a! ™ Tiyrdr + Teve

- .[fqup—m =T frdr - Ogie + f*_ﬁa&IP*'xl =T er-pripr) + Beier- petrpe), which
implies that y¥f = u + (To/a + Ts)¥e — (Oofa + as)is + (fo/ja + Bsl{es — pe +
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Pr) where, given {B.1.i}, T = ro/a + 75, ¢ = go/a + gg, and § = Soja + Os.
Differentiating the y95: egquation with respect to time and using the (8.1.1)
vields dy/dE = ve(dy/dt) - os(di/dt) + Sg(de/dt - dp/dt) + a(ydly - pdb.)
Assuming that 75 = og = 6g = 0, i.e., short-run aggregate demand or output
cannot jump, then the p9% equation and the dy/dt equation are given by
(B.1.3i) amd (B8.2.ii). Eguation (8.1.ii) has the same form as when ecutput
adjusts sluggishly becanse of production lag {Levin (1894)).

2 Egquation (9.1) is derived from (1.3); da/dt, from (1.3} to (1.5): dp/dt.
frem (1.2); and, dy/dt, from (B.2.ii), (8.1.1), and (1.3).

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

10 An alternative and equivalent procedure can be cast in terms of right
eigenvectors, as in Buiter and Miller (18B0, Appendix); this procedure would
be simpler for a model with only cne predetermined variable and hence one
gtable root.

11 Since cmafem = [1 - (Ru/Re)(ber/ben) )/ Iberl(Ru/Re) - 1)1, if (Ru/Re) <
1and bex <0 (>0; >0; > 0) and thus bea((R/Re) - 1) > 0 (< 0; < 0; < O)
and if (M /Re)(ber/bee) < 1 (> 1; = 1; < 1), then esafess > 0 (> 0: = 0; < 0
but (eaz/esa) < 1). See (AB), (A7.1), and (AB.1) in the Appendix.

1Z There are two other expectation achemes eguivalent to (12.1)1: one
GePends on pr - D¥ and ¥e — 3 and the other depends on ec - ek and ye - 3%,

13 Since caz/emn = [(1/B) - 621/81 = - 1 + [(1/B) — 8= + 011/6: and if
cazfea1 < 0, then 62 > 1/B; but since |ecaa/es1! < 1, it follows that (1/8) -
B + 02 > 0.

1% The Bhandari (1982, 1983) model can be reduced to the Dornbusch
variable-output model if it is assumed that a = @, so that there is no longer
a distinction between short-run and long-run ageregate demand elasticities.

1% In Bhandari’s model, because short-run aggregate demand elasticities are
nonzero and thus 9% (= ) can jump, the interest rate will not necessarily
decline, overshooting (undershooting) will be reinforced (dampensd). and both
the exchange rate and output may respond perversely .

1% Bince dp¥ » 0, the initial price deviation, po - pk = - dpk < 0, signals
that the price level will subsequently rise: when 8 > 0 (< 0), this tends &=
create an expectation of a subsequent appreciation (depreciation) so that the
exchange rate need not overshoot (has to overshoot to create an expectation of
a subsequent appreciation}.

17 A ¢ is saild to exist if it is positive and finite.

18 When g - (1-7) < 0 but ja(ph - (I-7))} > Ry, w'g > Ry
Hote that coefficient 4o in (10) can be rewritten as alo + Bo)ia/BIl{n g)
(&/(c + B5))}], implying that if w/e > (<) &/(c + (&) then Ao >0 (< 0.

18 When @5 - (1-7) < 0 but |a(gh - (1-T))! < 'R+ or g6 - (1-1) 2 0, msg >
Fz. In thia case #1 < tz < ta so that the exchange rate reaches minimum at a
later (an earlier) time than ocutput (the interes:i rate) reaches masimoem.

20 In this case /¢ > Ky since gb - (1-1) > 0 and, since £1 = t= ¢ ta.
output reaches maximm and the exchangs rate resches minimum 2t an earlier
time than the interest rate reaches maximue. :

21 As in Case 3, n/@¢ > Ry aince #5 - (I-7) > 0. but in this case t3 © #1 «
ta and output reaches maximum at a later (am earlier time than the exchange
rate (the interest rate) reaches minimm (maximms).

22 This appreciation is temporary as it is follos=d by depreciation.

22 Since the paths of the interest rate and the exchange rate as wuell as
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the real sxchange rate is not necessarily wnidirectional, the implication is
that investment and net exports can be volatile.

Z4 When the paths are oscillatory., the trensition would be characterized by
alternating depreciations and appreciations and what this paper would iike to
ghow is that the initial exchange reaponse will be followed by appreciation.

2E In terms of Bhandari‘s (1982, 1983) model, the result that sluggish
aggregate demand or outpot adjustment reinforces (dampens) overshooting
(undershooting) will be left intact but the interest rate will no longer
neceasarily decline. See note 15 above.

Appendix

This appendix derives the paths of the price level, output, interest
rate. and the exchange rate following a monetary expansion. The analysis
agmmes that the two negative roots iy and & are real and distinct.

The szalution to the dmamic avstem (3.2) has the following form:

g — &k = haifexp(Fit) + hiokeexp(fot) + iafzexplRzt). (Al.1)

Pe - P = bealexp(fait) + beafoexp(Rat) + bealzerp(Ret), (A1_2)

¥ = 3 = baafherp(Rit) + hasfoexp( Rt} + boafsexplfizt]; (Al.3)

whers

Es = cyi({en — &) + crzlro - pk) + coalm - ), (AZ_4)

ey = [sazaor + &y - Ba2)/ (1283 - aisass) - aszfsl. [AZ.2)

bay = [- mzas: - asey) )/ T{aizass - aisass) - a12fy], (AZ.3)

= (Rz/m)bzy, (A2 _37)

and Bis = 1, cs1 is the element in the jth row and the i%h column of A2, and
f i3 the matrix containing bsy. HNote that (AZ.37) holds becamse of (1.Z).

The terminal copdition, which reguires
B=0= cazlen - 8K) + caa(po — pk) + ezalio - ), (A3_1)
impliea that the stabilizing exchenge rate jump is
& — gk = - {cagfesilpo — pPY) - (esafcma)isn = ). [A3.2)
Given that 2 = 0, (11.1) and (A1.2) imply that o - p* = beafla + begpfe = -
dpk while (11.2), (A1.3), and (A2 37) imply that 3o - 3% = Bealn/Ka)ky +
e gffeifiz = - g = 0. Thus. respectively,

- bheiks - dr¥, (fd.1]

- (M/Rz) b=k, 1442

oin
b Ko

(T

Solving (A3.2) and (A3.3) simaltanecusly for the constants fi and £z yields

B = (Vi )lR/iR - &) )drt. (AS.1)
2= = (1o Raf(B ~ R&)]ldpt. (AS.2)

—p—

= o ———

T T




Substitutions of (A4 2}, given (A3.1), (A2.1) ans (42.3"), into (Al.1) to
(A1.3) wield {!5.1) to (15.3) in the text).

The solution for ie can be derived using (3.1}, (Al.2), and (Al1.3):
alternatively. since i - 3% = H de/dt) = de/dt, it can also be derived from
(A1.1); given (AZ2.37) and (24.2), these vield (15.4) in the text.

The relationship between A: and Kz and coefficients bzy and bge, given
{A1.1), (11.3), (&4.2), (AZ.3), [A2.37), and (A5.2), can be inferred from

o - e = (ee/esr)dpk = Mi + B2 = {1 - [(Eza/bea R/ R 10K, (AG)

vhere
bz = [nalo + BE)/(-Ra)1[6/(0 + BS) - Ryl /laigb-(1-T)) — 11, (AT.1)
= [n(-Ea)/ (881170 - n/g - Rs), (AT.2)
bea/bee = (Re/R){((6/(c + B5)) - B/Aal@d - (1-7)) - R1))/
L{((&/(c + BE)}) - Re)/(aipd - (1-T)) - R=i)], (48_13
= (B/Re)lin/g + Red/in/g + Ri)). (A8.2)

1t follows from (A8.1) and (AB.2) that (Bea/bee)(Ri/Re) = [.] = CRZ/ B2 ) (n/p
+ Re)/in/g + Ri}) and that (ber/Bee)(fe/Ri) = (B2/F2).] = (n/p + Resinip +
Fi). 1% alse follows from (AT.1) and (A7.2) that a{#/Bio + 856540 5
R3]l = [a(gh - (1-7)) - RA/(-n/B - RBy) > 0.
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