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Abstract

~ This paper presents a goneral equilibrium model that incorporates. thres
tﬁh most prominent features of the recent floating exchange rate period:
1) rational asset markets; (2) "managed” exchange rates with partial (and
jable) sterilization; and (3) the uze by policymakers of both purely
cretionagry and systematic policies. The model is characterized by

f_ onal expectations, sticky prices, imperfect capital substitution,

ate policy functions for domestic credit and reserves, and variable
erilization. The most important implications of the model are that )
monetary, exchange rate, and variable sterilization policies may be used to
pursue tradeotffs between internal and external shijectives; and (2) these
tradectfs are noniinear functions of the policies chosen (e.g., partial
eterilization iz noft a simple linear interpolation of complete and zero

sterilization).



Introduction.
This paper presents a dvnamic general-equilibrium model of a small open
economy. in which the monetary autherity has both internal and external
targets. The model synthesizes a number of separate extensions of the
Dornbusch (1976) model of exchange-rate overshooting and is characterized by
rational exPectations, sticky prices, and imperfect capital substitution.
The most novel aspect of the model, however, iz the explicit specification of
Both menstary and exchange—rate policies. This is dope with separate policy
functions lor domestic credit and reserves, which are linked by a money
supply production function. Each policy function permits both endogenous
(systematic) and exogenous (purely discretionary) interventions. The model
also permits variable sterilization, whereas previous models are
characterized by either zero or complete sterilization. Thus, state
variables {exchange rates/interest rates and prices) are explicit functions
]

Why should this model be of interest? It is cur contention that
previons models have not fully responded to three of the most salient

of sterilization policy.

features of the floating rate pericd that hegan in the early 1970s: (1)
volatile (real and nominal) exchange Tates, a phenomencn consistent with
rational asset markets; (2) "managed” exchange rates with partial
sterilization, a phenomenon that suggests that policymakers not only have
both internal and external targets, but also pursue tradeoffs between them;
and (3) the use of endogenous as well as exogenous policy interventions, a

phenomenon that is consistent with the assumption that policymakers rarely



know in advance what exogencus disturbances will cecur and, therefore, will
Lypically exhibit systematic rather than purely discretionary policies.

The first of thege féeatures, volatile exchange rales, bas received the
greatest attention. The picneering work in this Titerature is the Dornbusch
{1576) model of exchange-rate cvershooting in respense to an unanticipated
ipcrease in the woney supply. Dornbusch assoumes perfect capital mebility and
substitutability, which together imply uncoversd interest rate parity; ‘a
regresgive expectations scheme consistent 'with perfect foresight; stock
equilibrium in the money market: and sluggish price adjustment that depends
on transitory excess demand. (thers have extemded the Dornbusch ‘eodel ©o
account for fmperfect substitution betwesn domestie and foreign asseta
{Branson 1984), Tor imperfect capital mobility (Frenkel and Rodriguez 19823,
and for activist monetary policy (Pappell 1985). "Eaton and Turnovsky (1983
consider both imperfect asset substitution and discretionary monetary policy.

Much less attentfion has been focused on the latfer two izsues —
exchange—rate intervention with partial fterilization asnd the use of toth
endogenous and exogenous policy actions. Hranson (1084} examines
discretionary intervention, but makes mo distinction between sterilized and
nonsterilized intervention. and does not model systematic Imtervention
{("leaning against the wind® for example)y. Blundell-Wighall and Massom ¥ 1985)
consider only fully-sterilized exchange—market Intervention. Our model
addresses these twd issues by incorporating both internal and edfernal policy
targets and svstématic and dizeretionary policies. The tradeoff hetween

targets is highly nonlinear functiom aof the policieg chosen.




¢ and Dynamics

el is composed of three explicit markets (the goods, money, and
fe markets) and ome implicit market (the bond market). The

is LE-lt,'l,_;l.j" described by egquations 1.1 through .12 below. All parameters

= '_‘irﬁ. and all variables, except for domestic and foreign Interest

=y are in logarithmic form. Loog-run equilibrium wvaloes are identified
- = -4

W tilde; foreign variables with an asterisk. Table 1 provides specific

dofinitions.
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Bquations 1.1 and 1.2 defime the goods market equilibriuwm with incoms
being demand-determined in the short run. Real aggregate demand {equation
1.1% ig a function of real ipcome,. the interssd -rate, an:g} the real sxchange
rate. Egquatien 1.3 expresses price-adjustwent af a bumetion of the gap
between contenporaneous and long-run eguiliberioe Inceme, with an adiustment
parameter equal fo w.

Equations 1.4 through 1.8 comprisze the monetary sector of the modael.
Real money demamd {equation 1.4} is a fumction of income and the interest
rate.  The reaction functico for reserves (emuation 1.5) expresses reservis
as a function of the gap between contemporanecus and long-run equilibrium
real exchange rate (see, for exampie, Pappeil (1985} and Turmowvsky (1985)),
and the reaction function for domestic credit (equation 1.4) ‘specifies
domestic credit as a function of the level of reserves and the gap betwean
the contemporanscus and long-run equilibrium interest rate (see, for example,
Black (.1?35}:]. Thesa fnlin:'_v fupctions permit syvstemabtic reacticons az an
endogenous response to real exchange rates, interesi rates, and the level of
reserves, as well as discreticnary policies as an exogenous change in tp or
Co. Aggregate motey supply f(eguation 1.7) iz linked %o reserves amd domestic
credit thruggh a mongy supply production function {see, for exampie, Makin
(1981)), and continuous monev market equilibriuve is imposed by equation 1.8.

The domestic wmoney market is linked to international financia! markets
Yv equations 1.9 through 1.12. The (inverted) net private foreign assst
demand function (eguation F‘QJ embodies tﬁu assumption nﬁﬂp&rfact capital
mobility with imperfect capital substitutahility. This equation can be
derived using either a mean-variance approach {(Black (1983}) or an

optimization model [(Turnovsky (19853, FEguation 1.10 iz the pel private
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giLcasset supply 1dentity, and equetion .11 dmpozes coptimuous: assel
':ﬁﬁihrfq-+ Equation 1.12 imposes perfect foresight on exchange rate

g case, therefore, can one assert thal the exchange rate Is an
monetary phencmencn. The model does contaln the monetary amd

: Ho-balance modelz as zpecial cases, The monetary approach to flexible
ﬁteg is characterized Wy tully flexible prices (n equal to

: iﬂ-, purchasing power parity (kK; equal te infinity), perfect capital
Iy with perfect capital substitutability (b equal to infinity),

gous money supply (w: egual to u, both equal to zero}, and an exogencus
”iit,'ﬁnffijs case the goods and foreign exchange markets are irrelevant
%he determination of the exchange rate; instead, the exchange rate is

'ffnnd in the money market alone. The portfolic-Balance mode! fas in

':fmperIEtt capital substitutahility (b less than infinity). 1In this

" The steady-ctate is deseribed hy e equal to ;, p aqual to 5. dpfdT egqual
8 zero, and Efde/dt)} equal to deydt, which are both equal to zero. These
enditions imply that:

¢ = p - p* — Kofks + (Ko/Kadi + [(1-Ky)/kaly

e “1; + azz

L= 3
1]
=]



(2.3) Badm L (1/b) (£ + fynfa - £.r,)

(2.4} m=lhycy £ (hy = hyw Ir,
Wote that v is assumed to be exogencusly determined.

The system is neutral with respect to exogenous changes in domestic
credit in the sense that the exchange rate response {,d;fdﬂn:l. the price
CESpOnse {d;;dcn}. and the money supply response Ld;fden} all equal hy, which
i% the paramebter ch domestic eredit in the money supply production funciion.
Thisz oeotrality implics that the lobg—run equilibrium reai exchange rate {E~
E+p*j iz invariant to exogenous changes in domestic credit {cﬂ} and that, in
this case, changes in the exchange rate are equal to changes in the
(logarithmic) difference bhetween the domestic and foreign price lewvels (that
is, relative puréhasiug power parity (PFPP} holds in response to an exogfenous
change in domestic credit).

The svstem iz ponneutcal, however, with respect to shocks that affect
the domestic lomg-run equilibrium interest rate. With income ; fixed, an
increase in the domestic interest rate i requires the exchange rate e to
change by a greater proportion than the price lewvel ;:- to obtain lomg-run
goods warket equilibrium. This means that the real exchange rate (e-pip*) is
oot invariant with respect to danterest rate shocks and that, in this case,
changes in the exchange rate e are not equal to changes in the relative
price level {; = pF) == e lative FPP dess nob bold in response to
shocks to the domestic interest rate i. dnly in the limiting case where the
net private foreign asset demand is perfectiy elastic EE equals intinity in
equation 1.9} is the system neutral in the long-run with respect to interest
rate (i) shocks.




Ivnamic Properties

The dynamics of our model are poveroed by the differential equations for
the twr:! state variables: +the exchange rate and the price leéevel. The
expected change in the exchange rate (E(deysdt)} is equal to the actual change
{(de/dt) by the perfect foresipght assumption, and the differential equatiom
for the exchange rate is derived from the entire model. The differential
equation for price (dpf/dt), however, is an assumed Teatures of the model and
specified as equation {1.3).

Because Efde/dt) is derived from the entire model, it is useful rirst to
dnrivﬁ the semireduced forms of the static equations. Using equations 1.1,
1.2, and 1.4 through 1.8, we obtain the following semireduced-form equations
for the interest rate, income, and money that are consistent with goods and

money market equilibrivm:

(3.1 1= 14 (LA {akef(1 - ky) o+ Hul(e - e)
+ (L)1 - alkjf{l =Ky 3= Hul(p - E}
(3.2) y=y+ (A A/ - k) — Hulky/(1 - k;)ie - @)
+ (A [/ = ky) — Aka/( = k) + Hulky/(1 - ky)1{p = P}

Huf(e - &)= (p = p)]
(hywy/V){la kef(1 — Ky + Huf{e - e} i
+ I1 = akqy/(1 - k) — Bul{p - p)}

{3.3) m o= m

L g

where [ = hz— hlwl bR
Aj= hywe piag

Similarly, equations 1,9 threugh 1.11 determine the interest rate
T



consistent with foreign exchange morket equilibrium:

(3.4) i s i +E(deat) = Ful(e =€) = (p'= P}
wherse F o= {1/b)5,

This equation, together with the interest rate comsiztent with goods and
money market equilibriunm (eg. 3.1) and iwposing the perfect foresight
assumption (eq. 1.12), yields the equation for the dynamic path of the
exchange rate:

() desat = z. (e = e} + zy,(p = p)
whera z,, = (1/V}{agka/ (1 -ky) + Hu + VFu]
E]_: = (1/¥}{1 = Elka.i'lil = kl} = Hu = VWFu]

Given the assumption that H is nomnegative but not greater tham h,, then z,4
is positive. The coefficient Tyq however, can be of either sign, implving
that the slope aof the defdt = 0 locus (and therefore the slope of the stable
trajectory leading toward the new steadv-state) can be either positive or
ngg&tiva. Thus, the sign of Zig determines the nature of the sysiem’s
transitional dyvoamiec path.

Using equation 3.2, we can also salve the price adjustment equation
(dp/at in equation 1.3) in terms of (e'—e) and {p = p):

5) dp/dt = z5(e = 2) + 759(p — P)
whera Lo, = {ﬂfﬁ}[ﬁkﬂffl - kl) - Husz{l -:kI)}
Zogm (R Eka/ (1 = ky) = aka/(3 =lg) + Huky/(1 - ky))

If Zg1 is greater than zero, then Top i85 less than zero, and the slope of the
dpfdt = 0 locus'is positive. This assumption ruies oubl pesmferse income and
B



exchange rate responses. Note also that it is the slope of the de/dt = 0
locus, aot the slape of the dpfdt = O loecus, which determines the slope of
the gtahla trajectory and, ‘therefore, the nature of the path of the svstem.
Dvpamic equations 4 and 5, alopg with the semireduced-form static
equations 3.1 through 3.3, describe the motion of the system over time,
contingent en a set of initia! conditicns., These dynamic equations can be

simplifiet using the following matriz form:

=y
=
e

=

s
i r.EI -.1.2
: a3 g

de,fdt
dpfat

(e — e}

(p= 1)

o e
EEmrs s
o

e LT

The characteristic equation for the dynamic system expressed by matrix

equation 6 is:
6.1) Be - (237 + ZppdR + (24205 = Z94%300 = 0
amct the characteristic rookts are:

(6:2)  Rys Ry = {lzgq+ ) © Utayy + 299007 = (2429 = 2y 1V 2102
where detiZf} = RLRE = {311322 - 231213}
—(nATFakL /(1 = Ky) + Ko/ (1 - k31 <0

i ¥ >
tr(l) = Ry + Ry =2,y 425, 2 0

and Z is the coefficient matrix in equation 6. Because the determinant of I
is negative, the twoe roots are rea! and opposite in sign, regardiess of the
sign of the trace. Hence, the medel vields a saddiepoint equilibrium.

Given the roots R, and R,, the general solution to equation 6 is of the

following form:



P | it} =8 + b, %, exp(AE. t) + h,ﬁanxn{EEi]
| 3 i L& &

{723 plt) = P+ byyx exp(B Ly + Doy BRPR L)
where b, = 1 (3 =1, &
d
bj"' = {R.,I = :"tl:lf?.la
. - % . (0 —
= LJlgF[n, Bl B;z{[f" Tl
B.. (i =1, 2) is the element in the jth row’and the 9 column of the

inverse of the matrix containing the hi *g; e(0) and p(0) are the values

Fdy

of the exchange rate and the price level after the initial juwp in the
exchange rate; and e and 5 are the new long-run equilibriue values.

Starting from an initial steady state (e = e{0} and B = B{ﬂ)); any shock
that affects the long—run equlibrium price level will vield a new saddlepoint
equilibrium where ¢ = ¢ and p = p. ¥ith B, negative and R, positive, the
mode! is explosive when %, is zero and %, is nonzero, but convergent when
inztead x. is zero and %, is nonzerc. Thus, equations 7.1 and 7.2
demonstrate the saddiepoint behavior of the system.

We are now in a positicn to derive the bounded solution to the dynamic
system expressed by mairix equation 6. The assumptiecn that the price fevel
is sticky implies that its initial value (at ¢t = 0} iz predetermined. With
the price level sticky, the system cannot jump to the new lang=run
equilibrium. Instead, the exchange rate jumps, placing the system onto the
safddlearm of the saddiepoint, which is the stable trajectory Lo the new long-
ruln equilitrium.  Thissstabilizing jump is determined from the conditicn hat
the coefficients associated with the unstable root be zero. This is ensured

by the comdition:




(8.1) %y = 0= Byy(e(0) — &) + Byy(p(0) - B

Byp = 21p/(Ry = By)
which implies that:

(8:2)  (ef0) - &) = = [2,9/(2y; = R)I(R(O) - B)

-

At the instant a shock occurs and with the price level sticky, the exchange
rate jumps to place the system on the stable arm of the saddiepoint and
transmits the impact of the shock to other variables.!

Bquation $.2 is the key squaticn of the model. It determines not only
the extent of the jump in the exchange rate, but also the nature of the
adjustment toward the new long-run equilibrium. Specifically, when 2y4 is
positive (negative) the exchange rate will overshoot (undershoot) its new
long-run equilibrium value, and during adjustment the exchange rate and price
level move in opposite (the same) direction.

After the jump, the system moves continwously along the stable arm of
the saddlepaint. Thus, given equations 7.1, 7.2, and 8.2, the solutions for

the exchange rate and price level that yield a convergent path are given by:

(5.1} a{t)

& o+ nllrlexpinit}

(9.2} plt)

; + by E expllyt)

where x, = = [735/(21; = B)1(R(0) = P) = (0) - e
Given these solutions, the solutions for other variables are easily
obtained. 2

From equations 9.1 and 9.2 it is clear that as & approaches infinity,
11



moth the exchange rate and the price bevel approach their new steadv-state
valuez ¢ and p.. The dvnamics of the exchange rate along the zaddlepath,

bazed obn equation 9.1; is given by

(10) Efde/dt) = dedt = B.Je = &)

[
.
=]

With {7 positive (megative}, the exchange rate overshools (undershoots])
new long-tTun equilibrium value, and if the exchange rate initially

{depreciate ) during the franzition towsrd the

depreciates it will appraciate
new equilibrium.3

Shed lar to other sticky-price models, the svsien adjusiz in iws stages
to adisterbsnce That affects i. Eirst, the exchange rate jomps to place the
syatem onto the path converging toward the new long-runm equiliibriom, This
Jump inthe ‘exchangs rate transmits the shock o other variables. Thus, the
dynamics 0f the syvzien at Impact are determined by the instantaneous response
of the exchange rate. Second, after the svstem jumps, the price level begins
o move and propelscall. other endogencus variables (includiog the exchange
rate). Thus, the transitionnl dynamies of the system after impact are
governed by the slowly evelving price level.

[II. HMonebtary, Foreign Exchange, and Sterilization Policies.

We are pnow in o4 poszition %o explore the sffects of dizeretionary
monetary and Forelign exchange policies, as:well as the interactive role of
variable sterilization.. Endogenous policies are already explicitly specified
in the model (equabions 1.5 apnd 1.6%. ¥We begin ‘here with discreliopary
monetary and foreign exchange policies and conclude wilth an.gxamination of
the sysien's response U0 an exogenous chahge in the Toreign interest rats,
which: highlights the role of variable gterilization policy in conditioning

-




the behavior of the system. The degres of sterilization iz measured
(inversely) by H, which equals hi minies h1w1. H equal to hj corresponds to
complete nonsterilization, and H equal to zero to full sterilization. In the
case of full sterilization, wz is also equal to zero, since the monetary
authority cannot fix the level of the money supply amd pursue interest rate
stabilizdtion policies ot the same time.

Discrotionary Monetary Policy

Consider an unanticipated change in domestic monetary policy in the form
of a sermanent iperease in the autonomous component of demestic credit, Cy-
The associated steady—state effecks of the wonetary shock, derived from
equations 2.1 through 2.4, are:

(11.1)  defdeg

= Ty
(11.2)  dpfdeg = By
(11.3}  Qifdes =0
(11.4) © dmfdeg = by

and d;fﬁﬂﬂ iz zero. Thus, in the long run, the system iIs neutral with
respect to an increase in &q in the sense that e, ;. and m all increase by
the same proportion, hl’ and ; and ; remain unchanged.

The impact cffemtﬂ, using equations 8.2 and 3.1 to 3.3, are:
(12.5) | de(0)/deg = byll + (2y5/(z,y ~ R

(11.6)  dy(0)/dc,

By {L1/VI (ky/ (1 = ky))
+ OV (kg (L - Kp)) ~ Mulky/(1 = k)]
[1+ 2;4/(z;; - By13



a

{(Y1.7) dif0) /e, = hy (1/¥){-1 + (a ki (17°="k, }'% Bul [2°F 2 0 (2y5 - Ryd1}

by iRy f2y4/(zy, =Ry —"Fall +ozo/izyy o= Byled

ol

(11.B)  dm(0)/dcy = hy - Bu{de(0)/de,) + how,(di{0)/dey)

whers [10+ zlzf{zil - RI}} i; positive regardless: of the signwol Tyns
impiving that the short-run exchange tate always jumps in the same direction
as ; and 5-

rollowing an increase in o, and with the price lavel sticky, the
exchange rate depreciates ipstantliv to place the system on the convergent
path [(see equation 11.5). With foreign prices (p*) exogencusiy fixed, the
real exchange rate depreciates as well, causing net exports and real income
to increaze.

We are now able Lo characterize the transiticnal dynamics of the system
in response to an increase in £q umder the assumption that the exchange rate
overshoots, which oceurs when Zq9 iz positive. In the momey warket,.  the
resulting increase in income tends to increase money demand.  The money
supply  increéases directly with ) tut decreases in responsSe to endogenous
intervention and ipterast rate stabilization (see eguation 11.4).
Nevertheless, the imitial increase in domestic credit (c,) more than offsets
the combined endogenous decrease in money supply and endogenous increase 1n
money demand to create excess money supply at the initial domestic interest
rate and price level: With cemtinuous monsy market equilibriums, the domestic
interest rate must initially fall (di{0)}/dce is negative), Dut will then -
along the convergeni path {fﬂi{ﬁ}—d%]fd:n ig negative). The initial decline
in the interest rate is greater in absolute value than the decline In the net

return on foreign assets (see equations 3.1 and 3.4}.% To compensate the
-

14




holders of domestic asseis, E{de/dt) must be negative (eg. 10)}. That is,

the short-run exchange rate must overshoot its new long-run egquilibrium valuse
so that after the initial depreciation thers will be continuous exchange

rate appreciation along the convergent path. Otherwise, foreign exchange
market equilibrium cannot hold (see equation 3.4) con the path toward the new
Long-run EQuiiibrium. The extent of overshooting, however, is dampened by
intervention, as shown by the subtractive term Full + Z;4/(Z44~ Fillhy in
egquation 11.7.

In the g;rdarliun case wherse Zi2 is zero, the increase in og again leads
to excess money suppiy and & deciine in the domestic interest rate, bul the
decline in the interest rate aquals the decline in the net return on foreign
assets. Consequently, E(desdt) wust be zero: the exchange rate neither
overshoots nor undershoocls its new long-run equilibrium vajue.

What happens if the sterilization and interest-stabilization parameters
(H and w,} are large enough te make z,, negative? The instantaneous
exchange rate depreciation (remember that e(0) and E move in the same
direction} mist be less than the leng-run depreciation: the exchange rate
undershoots its lopg-run equilibrium value. In this case, emdogenous
intervention reinforces undershooting, whereas in the previous case (213
positive) it tends to dampen overshooting. There are three possibilities
for the interest rate, however, depending upon whether an increase in Cn
again ereates excess money supply at the initial domestic interest rate and
price lewei:. If so, then the domestic interest rate falls te maintain money
market equilibrium, but by less than the decline in the net return on forelign
assets. E(de/dL) is pesitive to compensate the holderz of foreign assets,

and the domestic interest rate will rise along the convergent path after its

15



initial decline.

If the increase in-cg does not iead to any disequilibrium in the money
market at the initial! domestic interest rate and price level, then there will
be mo change in the domestic interest rate. Beceuse the net return on
foreign assets decreases, however, E(de/dt) must stiil be positive to
maintain foreign exchange market equitibrium, and the exchange rate
undershoots its new long-run equilibrium value.

if, on the other hamd, an increase In e, CAUSES money demand to increase
enough to create excess momey demand at the initial domestic imterest rate
market equilibripm. Pecause the domestic interest rate increases and the net
return on foreipn assets decreases, E(de/dt) must be positive o compensate
the holders of foreign assels and maintain foreign exchange market
equilibrium. The exchange rate again undershoots its new long-run
equilibrium value, and the domestic interest rate falls om the path toward
the new long-rmm eguilibrium after its initial rise.

Figure la ¢ih) illustrates the case where the exchange rate exhibits
overshooting {undershooting). The adjustment toward the few steady state iz
characterized by an exchange rate appreciaticn (depreciation), an increase in
the price level, an increase (an increase, no change, or a‘decrease) in the
domestic interest rate, a decrease in income, ami a decrease (either a
decrease or an increase) in money supply. These adiustments continue until e
suals & and p equals p.  Significantly, the response of the system to.an
exogenous change in domestic credit (cj) 1s conditioned by intervention

and sterilization policies, as well as by endogencus monetary policies.

I




Discretionary Foreign Exchange Folicy

Discretionary intervention takes the form of wvariations in the autonomous
component of reserves (rp). The money supply elffectis ol intervention may be
fally=sterilized, nonsterilized, or partially sterzi ized. As demonstrabed
helow, the effects of intervention depend not anly on the subsitutability of
domestic and ‘;_"npp__is_:m azsels (b, Bt also on sterilization policy (H}.

The steadv-state effects, using equations 2.1 to Z.4, are:

(12.1)  defdrg= H + (4, + ky/k)F

(12.2)  dpfdr, = B + ayF

|
Tl

(12.3) ?{'mrﬂ .

(12.4]) amfdry

L]

H

The svetem iz not homegenecus in the long-run with respect to changes in r,
in the sense that dfg - 5 # ;*}fdrn arnrd d{a - E}fﬁrﬁ are not Zero.. An
increase in ressrves leads to an ircresse in i, and with long-rum equilibrium
income exofencus, also causes E Lo change by a greater proportion than ; 1o
gblain long-run geods market eguilibrium.

The impact effects of an increase in vy, using equations 8.2 and 3.1 to

4.2 ars:

(12.5)  de(@)jdry = [H + (3, + ky/ky)E] + (H + ayF)[z)5/(2yy = By)]

{12.6) dy(0)/dry = (H + aF)(1/V){lk, /(1 - k.l

§ [ARG/0L — Ry ) = Bl /(1 — Ry IIIE + 235/(5yy = Rydld

g 5 (I.'}},.-"u.'.ru

F+ (B + aB}1/¥)-1 + [agka/ (1 = kb + Wl
[1 + 2z /{2 = Ry 01%

= F + (1 + ugF}[Rlﬂzlzlel- Byb = Full + zlzfﬂzll - FI}JE
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(12.8)  dm(0)/dry = 8 - Hu{d{(e(0) - e} - (p(0} - 'Elllﬂ‘lrg?

+ hyw {dii(0) - 1] pdrg}
Again, the limiting case of H squal 4o By implies that monetary avthorities

abstain completely from sterilization policies, whereas H equal o zero and
v, equal to zero correspond to full sterilizatien.

Miscretionary intervention, like an increase in ¢y tan lead to exchange
rate overshooting, but endogenous policies can dampen or reverse the
overshooting. Undershooting occurs if beth B and W~ are large enough to make
Z1 Degative. The adjustment of the system in the case of overshooting
(undershooting) is illustrated im Figure J2a {2b}. Adjustments of the
exchange rate and price level are similar to those depicted in Figures la and
Ib for discretionary monetary policy, except that n changes by a greater
praportion than E. Uniike a change in domestic credit {cg), a partially or
completely sterilized intervention can affect the long—run equilibrium
interest rate (i). The exchange rate will:

(a) overshoot (zi2 » 0) if the domestic interest rate (i) decreases,
but the net return on foreign assets increases; or (ii) does not change or
increases by less than the increase in the net return on foreign assets.s

{b} mneither overshoot nor undershoot (217 = 0) if the increase in the
domestic interest rate equals the increase in the net return on foreign
assets,

(¢} undershoot (z3s < 0) if the domestic interest 1'at-‘i_n¢rea3|:5 by
more than the net return on foreign assets, which may increase, decrease, or

remain the samo.
With imperfect capital substitution and nonzero sterilization,

1& -




intervention can affect not enly the meney supply. but also the long-run

equilibriun interest rate. With perfect capital substitutability (b equal %o
infinity in eguation 1.9): (a) a fully sterilized intervention has no effect
in either Ythe short or long run; and {b) a completely nonsterilized
intervention has exactlv the same affect az a change in domestic credit —
changes in P and c, are perfect substitultes (adjusted Tor scale).

How does sterilization policy (H) condition the effects of intervention?
Pirst, consider the etfect of B on the jump in the exchange rate under Elas
assumptions That zyz 1s pesitive (exchange rate overshooting) and that kg is

zero (the demand for cutput is completely inmterest-inelastic):

4

(13.1)  @fde(0)/dryi/dll = [1/Vizgq = Ry
{'alkaf{L - kI} + hlw_Fu - lei
1+ oz ey - Ry + (1/2)3{Hu + a,Ful
(1 — (er(2) /(2@ ® - det@H 51
hsre 0 € BE(ENETSEREY) - det @) R

which is positive. Because the increase in e increasas with H and de depends
ofy de, da will be larger as H increases {as sterilizatlion decreases). The
affert of 0 on the extent of exchange rate overshooting/mdershooting is

given By

(13.2)  d[d{e0) - ey/dry]/d8 = (H + agF){diz o/lzy ~ By)1dH}

b frgg/lagg — RIEATH + 2 F) /din

o [z yf(zyy = Bp)] =+ aB) [0V zyy — Ry
1 w23 a2y - Ry
(1 = teiZ) -t @))* - det(z) )1}



which iz ambiguous in zign regardliesz of the =zign of Zya because less
sterilization Ieads both to an inereaze in the spot exchange rabte and the
long-run equilibrivm rate. Mifferent degrees of sterilization can lead
to different adjusimeni paths for the ecomoms’, both by affecting the steady
state and by altering the initial jump in the exchange rate. Hence. the
tranzifional dymamics in particular ftend To vary with sterilization policy.
With complete sterilization (H egual fo zero), the monetary authority
targets both money and the exchange rate and can no longer nse domestic
credif to influsnce the domestic interest rate. In thiz caze W mist also
equal zero. For both the long=run equilibrium exchanse rate and price level,
the effectz of intervention wary inversely with the degree of sterilization.
Unsterilized intervention iz the most effective in influencing E. ut it also
baz the greatest effect on E. In eontrast, fully sterilized intsrvention has
the least effect on both. Significantly, however, the relative magnitudes of
the changes in E ard ; vary with the degree of sterilization. The greater
the degree of sterilization, the greater the change in E relative to ; in
response. Lo exchange market imterwvention. Parbtial sterilization (00« H < hl}
reflects a compromise between domestic monelary policy and foreign exchange
policy: the money supply is only partially controlled. Changes in = through
intervention are obtained at the cost of greater changes in E Az
sterilization declines.

Changes in the Foreign Interest Rate ‘

The role of sterilization poiicy is demonstrated even more starkly in
the case of an wnanticipated increase in the foreipgn interest rate (i*).  The

steady=ctate effects, using equatioms 2.1 to 2.4, are:

(15.1)  de/di* = ag +/kpks
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(14.2)  dpfdix »

i
o
bt

€14.3) difdi* e 1

(14.4)  dm/di*

I
=

The Impact effects, using equations 8.2 afd 5.1 to 3.3, are:

T

(16.5)  de(0)/di® = {ajsko/k,] + aylz,5/(zy, — By}

(14.6)  dy(0)/di* = a,(1AN{k /(1 - k)
# (AR A1 - k) — HAlG/CE — BT + 245/(2; - Ryl

{iﬁ} Aif0} /A1 = 1 + A, (1/VI{-1 + [a,k. /{1 - k) + Hu]
[1 + Zy4/(2y, = R3]}

(14.8)  dw{0)/di* = -Befd[(e{0) - &) - (p(0) - P)] AL}
+ how {d[E00) = 1) /di%)

A5 one can see from comparing equations .1 through 1.8 to equations
12.1 through 12.8, an increase in the foreign interest rate has effacts
qialitatively similar to those of an exogenous Inereéase in reserves ErUL
except that the former (i) has nonneutral effects even if asset substitution
is perfect (b equals infinity) and (ii) always leads to excess money demand
and a jusp-increase in the domestic interest rate.d Specifically:

{a) The exchange rate overshootsz (z3; > 0) when the demestic interest
rate increases by less than the increaze in the net refurn on foreign assets;

{b} The exchange rate neither overshoots nor wmdershoots (ziz = 0)

when the domestic interest rate and the net retwn on foreign assets increase
we
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by the same smount; and i
(c)} The exchange rate undershoots {zy; ¢ 0) when the domeslic interest
rate increases by more than the net return on foreign assets, which may

increase, decrease, or remain the same.” i
To see how endogenous intervention and the degree of sterilization

(variations in H) affect the transitiomal dynamics of the system in respense
to a change in the foreign interest rate, we again assume that =z  1is
positive (exchange rate overshooting) and that &, i zero (demand for opwbput
is perfectly interest-inelastic)y. The effect of sterilization on the size

of the jump in the exchange rate Is:

(15.1)  dld(e0) - e)y/di*l/dB = dlde(0)/di*] /aH
= "ﬂ.EELII.I‘"'l'(?'..LL = Ri}]':.-l s i;r._l.l,-'[::,_l i !:[:".F

(12102 + (e A-ar(2))? - det(ZM D)

which is negative. Thiis, decreased sterdiiization (higher H) tends to dampen
the jump in the exchange rate, decreasing the extenl of overshocting.

L a
Because the deviation of e(0) from e is smaller, it follows that the speed of

adjustment is slower. This can be seen Trom:
; - o PR T L i SO
15.2) d(=R,)/dll = —(u/AV) 11 — (Er(Z)/((-tr(Z)) det {23177 )12

which is negative — the speed of adjusiment (-R,} is slower. THence, the
the size of the instantaneous exchange rate adjustment (e(T) - ;} A the
subsequent speed of &djustment are directly related. rs

" Decreases in sterilization (increaszes in I} also cause the iricrease in

the domestic interest rate to Decome larger:
[

.




(15.3  alai(0)/ai*Mdl = a,[u/V(z;; - R)HIFu R B + 2,,/z,; - R,)]

+ [(172) [ + alkjffl - RI}}
[1 — CErfZi0(—tr{2))* - detiINI~ 313

which is positive.

To summarize. then, as the degree of sterilization decreases (H
increases), the jump in the domestic interest rate increases, but the
gystem's =speed of adjustment, the initial jump in the exchange rate, and the
short-run dgbiafiah of the exchange rate ffom long-run equilibrium ali
decrease. In the limiting case of full sterilization (H equals zerd and L
equals zero), the money supply is exogencus, andl the degree of exchange rate
ﬁ#ﬂillﬂﬂting is more severe Lhan when sterilization is partial (0-< H < hgl.
The money supply is endogenous with less than complete sterilization and,
in this case, absorbs part of the pressure of adjustment, reducing the degree
of exchange rate overshooting. In contrast, a policy of fully sterilized
intervention tends to increase the degree of disequilibrium in the money
market {at the initial interest rate and price level) and, consequently,
necessitates a larger exchange rate adjustment.

It can also be shown that W (the endogenous response of credit policy
to deviations in the spot interest rate from long-run equilibrium) has
qualitative effects simpilar to those of H (sterilization policy). Henoe, L
reinforces the ®ffects of H. As the foreign interest rate increases, the
the domestic interest rate idereases, but in the overshooting case di de less
than di. With A(i(0) - i) negative, domestic credit will fall by the amount
wirl{itﬂjl - 1), and money supply will fall by hywode. Thes, with the price
tevel initially fixed and a jump-increase in income, di is smaller when w, is
small.. A decrease in H or L reduced the increase in 1 and increases the
degree of exchange rate adjustment.
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Therefone, particular short-run tradeoffs betwﬁ&ﬂ;ﬂ:ﬂ:h&ng&- rate and
interest rate movements are established by the values of H and Lo Thizz,
the monetary au‘b.h::u;‘_it_:,r may be able to pursue different domestic interest rale
and exchange rate targets in the short run. In particular, the monetary
authority may choose to follow a partial sterilization policy {0 < H < hs).
which iz & compromise between domeztic credit apd foreign exchange policy or,
equivalently, between exchange rate and interest wate changes.

B, ‘Concluding Bemaoes .

Unliie: previcus studies, thigpaper fully incorporates three of the most
prominent features of the recent floating exchange rate period: (1)
rational aszet markets§ (23} Pmanaged" exchange rates with partial (and
vaplabla) ‘sterilization; and (3) the mse by policymakers of both purely e
digcretionary and systematic policies. The model is characterized by
rational expectations, stisky prices, impertacl capital substitution,
sepifate policy functions for domestic credit and veserves, and variable
sterilizatiof, The most important implications drawp from the model are that
monetary, exzchange rate, and variable sterilization policies may be used to
pursue tradecfis between internal and extermal aebjectives and that thece
tradeoffs are nonlinear functions of the policies;chosen. The tradeoff
between internal and external: objectives implied by various degrees of

&

traflenffs implied Ty comnplete and zero sterilization. Our ,'qu:lnl is sileat,
&

partial ‘sterilization, for example, is not a linear interpolation of the

howser, on the desirability of particular intermal and extarnal objectives,
an issue that might be clarified by extending the model to include variable

peal income. -




Foptnotes

1 The impact effects for the cther variables (i, y, and m) can be
derived by substituting eguation 8.2 into equations 3.1 to 3.3

2 The time paths of i, y, and m-can be derived by substituting equations
9.1 and 9.2 ié%u equationg 3.1 ta 3.3.

3 When 244 iz positive {tt} iz negative) and the exchange rate initially
appreciates and ??Ershunts (undershoots) its new equilibrium value, then
during transition the exchange rate is {Eeﬁaciuung {appreciating), that 1s
deydt > O (defdt < 0).

5 The net return on foreign assets tends te decrease regardless of the
:% of ;3 the real exchange rate initially increases and the long-run
equilibrium domestic interest rate remains the same {see equations 11.2,
11.3, 11.5, and the right-hand side of eguation 3.8).

5 The change in the net return on foreign assets (which equals {F =
Full + 2y3/(23; — Ry)1(H + a;Flidre in this case) is positive when z;: is
either positive or zero and ambiguous when 23 iz negative (see equations
12.2, 12.3 and 12.5, and the right-hand side of equation 3.4).

6 The term £1 = a3/V) in equatlon 14.7 equals hywy /¥ and is, therefore,
positive.

7 The change in the net return on foreign assets {which eguals {1 -
azgFull + zazfii;a - Ry)1}di* in this case) is positive when zi2 1s positive
or zero and ambigucus whem ziz is negative (see equations 14.2, 14.3 amd

14 .5, and the right-hand side of equation 3.4).
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nfa

Table 1 List of Variables

__Description

logarithm of demestic credit (cfficial netl domestic
assets}

logarithm of autonomous component of dqmﬂatie credit
logarithm of exchange rate (domestic price of foréign

currency’) :
logarithm of private net Icoreign assel supply, in foreign
CUrrency
logarithm of private net Foreign asset demand, in foreign
CUrrency

domestic intersst rate

foreign ipterest rate

autonomous compoment of aggregate demami o

logarithm of money supply

logarithm of money demand

logarithm of net foreign assets, in foreign currency

logarithm of domestic price level

logarithm of foreign price level

iogarithm of international reserves (official net foreign
assets), In foreign currency

autenomous component of reserves, in foreign currency

logarithm of real income (output)

logarithm of real aggregate demand

denotes steady—state (long-run equilibrium)} vaiue

parameter for speed of price adjustment
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