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Real Exchange Rate Targeting
Under Capital Controls

Can Money Provide a Nominal Anchor?

PETER J. MONTIEL and JONATHAN D. OSTRY*

The issue of whether the money supply can serve as a nominal anchor for
the domestic price level under real exchange rate targeting is examined.
When capital controls are perfect, so that there is complete separation
berween official and unofficial foreign exchange markets, the domestic
inflation rate can be stabilized, but only at the expense of a widening
gap between official and parallel market exchange rates. When cross-
transactions between the two markets are permitted, the domestic inflation
rate cannot be stabilized either in the short run or the long run. [JEL ES2,
E6l, F31, F41)

CTIVE EXCHANGE rate management has become increasingly preva-

lent amongdeveloping countries in recent years. With a view toward
preserving competitiveness, these countries have frequently adopted
rules under which the nominal exchange rate is depreciated continuously
to offset differences between domestic and foreign inflation rates.
Because such rules, which effectively target the real exchange rate,
establish a feedback from domestic inflation to the nominal exchange
rate, countries adopting them sacrifice the role of the exchange rate as
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EXCHANGE RATE TARGETING 59

the nominal anchor for the price level. Since price level stability remains
an important macroeconomic goal in such countries, the question natu-
rally anises as to whether the role of nominal anchor can instead be
provided by a policy-controlled financial aggregate, such as the money
supply.

In an earlier paper (Montiel and Ostry (1991)), we investigated the
effects of real shocks on price level stability under real exchange rate
targeting.! We found that the stock of domestic credit could not replace
the exchange rate in the role of nominal anchor under such a regime.
While the money supply may representa more obvious candidate for this
role, our previous paper incorporated the assumption of perfect capital
mobility, which prevented the authorities from treating the money supply
as a policy variable. To examine the implications of money supply target-
ing under a real exchange rate rule, we now consider the case in which
capital controls are imposed, thereby making sterilization feasible, and
ask whether fixing the money supply can stabilize the price level in
response to shocks. The analysis leads naturally to a consideration of the
case in which the effectiveness of capital controls is less than perfect, and
we examine the implications of money supply targeting in this case as
well. We find that using money as a nominal anchor is problematic in
both cases.

The paper is organized as follows: the next section presents an abbre-
viated description of our previous model, modified for the presence of
effective capital controls, and demonstrates the inflationary conse-
quences of a real—specifically, a terms of trade-—shock in the absence
of money supply targeting. The money supply is then fixed through a
policy of activesterilizationin Section 11, and the macroeconomic impli-
cations of the terms of trade shock are reexamined under these circum-
stances. Section III considers how the analysis is affected when capital
controls are imperfect. Our findings regarding the role of money as a
nominal anchor are summarized in a brief concluding section.

I. The Basic Model Under Capital Controls and No Leakages

We consider a small open economy in which competitive firms com-
bine labor (available in fixed supply) and a sector-specific factor to
produce home goods and exportables, using a standard concave technol-
ogy. All prices are flexible, ensuring that full employment is continuously
maintained.

'Other papers dealing with the issue of real exchange rate targeting include
Dornbusch (1982), Adams and Gros (1986), and Lizondo (1991).
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The income generated from production of the two goods is received by
consumers who use it to buy home goods and importables. Consumers
have Cobb-Douglas utility, which implies that they allocate a constant
fraction of their total expenditures to each of the two goods in every time
period. The real value of aggregate consumption expenditures is assumed
to depend upon the real value of factor income net of taxes, the real
interest rate, and real financial wealth. Real factor income, which we
denote by y, is the value of output of exportables and home goods,
deflated by the consumer price index. As shown in Khan and Montiel
(1987), under the assumption that the external trade surplus is zero in the
initial steady-state equilibrium, real factor income depends only on the
terms of trade (the price of exports relative to imports), denoted by p,
with y‘(p) > 0.

Real household financial wealth consists of real money balances
{m = M/P), plus the real value of foreign securities (vF,/P), less the
real value of loans extended to households by the banking system
(dp = D,/P), where P is the domestic price level. To permit it to control
the domestic money supply, the central bank in this economy refrains
from engaging in foreign exchange transactions for financial purposes.
We assume that, as a result of this policy, a parallel foreign exchange
market emerges in which private individuals trade foreign exchange at the
market-determined exchange rate, v. The central bank continues to
operate an official exchange market, however, for all commercial trans-
actions. Since trade in the official market is limited to commercial
transactions, interest earnings on foreign securities are converted into
domestic currency at the parallel market exchange rate.

To simplify the analysis, it is assumed that the foreign inflationrate is
equal to the nominal interest rate on foreign securities and, therefore,
that the foreign real interest rate is zero. This implies that inflows into
the parallel market (in the form of interest earnings on the stock of
foreign securities) are just sufficient to offset the rate at which the real
value of the stock of foreign securities is eroded by foreign inflation, and
therefore, that the real stock of foreign securities (in terms of traded
goods), denoted f,, is constant when capital controls are perfect.

For the composition of the household portfolio, we assume that
uncovered interest rate parity holds continuously:

where i is the domestic cost of borrowing, and ( * is the return on foreign
securities. The demand for money depends on the nominal interest rate
and on real income:

m=L[* +v;y(p)); Li<0, L:>0, (2)
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where subscripts denote partial derivatives with respect to the corre-
sponding arguments. For the purposes of this section, we shall assume
that monetary policy takes the form of holding the real stock of credit to
the private sector (d,) constant.

Under real exchange rate targeting, the authorities continuously adjust
the commercial exchange rate, denoted by s, in order to keep the real
exchange rate (the relative price of importables to home goods) constant
at a base period level. Therefore, the rate of devaluation of the commer-
cial exchange rateis adjusted according to the difference between the rate
of inflation of home goods and the foreign currency rate of inflation of
importables, which we denote as w*.” Because the domestic price index
is a weighted average of the domestic price of importables and home
goods, under this rule the domestic rate of inflation, denoted by =, will
be equal to the rate of inflation of home goods. Thus, the real exchange
rate targeting rule can be expressed as

§=mw—m* (3)

We assume that the real exchange rate rule is implemented from an
initial steady state characterized by a fixed nominal exchange rate (that
is, § = 0) with no capital restrictions. The resulting equilibrium real
exchange rate (see Khan and Montiel (1987)) represents the base period
value for the application of the real exchange rate rule. From equa-
tion (3), therefore, domestic inflation will be equal to w* in the initial
equilibrium. The description of the financialsectoriscompleted by using
the Fisher equations, r = { — = and r* = {* — =", together with equa-
tions (1) and (3), to write the following expression for the domestic real
interest rate:

r=i*—w*+b=>b, (4)

where b = v/s represents (1 plus) the premium between the financial and
commercial exchange rates, b is the proportional change of 4, and we
have used the previous assumption that r* = (.

An equilibrium for this economy requires, first, that the supply of
nontraded goods, denoted y,, equal the sum of the demand for such
goods from the private and public sectors, ¢, + g, (internal balance).
Denoting by 6 the share of total private expenditure devoted to home
goods, the internal balance condition may be written as

o) = 8c[y(p) — t,b6,m + bf, — d,] + g.., (5)

2In the absence of terms of trade shocks, 7™ is the foreign currency rate of
inflation of traded goods, which will be referred to in what follows simply as the
foreign inflation rate.
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where ¢ represents the real value of taxes and where units are chosen
so that the value of the real exchange rate is unity in the base period.?
In equation (5), p and f, are exogenous variables, while g,, ¢, and 4,
arepolicydetermined. The real money supply,”, however, is an endoge-
nous variable. Its behavior over time can be derived from the house-
hold budget constraint. This yields the following expression for the
accumulation of real money balances:

m = y(p) — ¢ — c[y(p) — t.r* + b, m + bf, — d,]
+ r*(bfy — d,) — bd, — wm — bf, + d,. (6)

Since ﬁ, = 0 when r* = 0, and since monetary policy holds d, = 0 in this
section, we can rewrite equation (6) more simply as

m=y(p) ~t—cly(p) = t,b,m + bf, — d,] — bd, — =m.  (7)

Using equation (3) and the definition of b, the money market equilibrium
condition (2) can be expressed as

m = L[b + m,y(p)}. (8)
Solving this expression for the domestic inflation rate, 1, yields

m=m(b,m;p), m=-1<0, m=1/L <0

my = —L,y' /L, > 0. (9)

Finally, equation (9) can be substituted into equation (7), permitting us
to express the model as a system of two differential equations in & and
m_ It can readily be shown, however, that the equilibrium defined by
m = b = 0 is unstable (that is, both roots of the system are positive).
Since m and b are both *jumping” variables, therefore, the system will
move instantaneously to the steady-state position, m = b = 0, which
represents the unique perfect foresight solution.’

*We have suppressed the real exchange rate as an argument from the supply
of nontradables function, since, under the real exchange rate rule, this relative
price does not change.

* The private sector budget constraint assumes that inflation tax revenues that
accrue in the firstinstance to the central bank are not handed back to the private
sector. This assumption was necessary to ensure the existence of a unique steady
state in our previous paper (Montiel and Ostry (1991)), and is also necessary
under the assumption of imperfect capital mobility, A related point is made by
Woodford (1988) in his discussion of the macroeconomic effects of pegging the
interest rate. R

* The instability of the system defined by /n = b = 0 requires that the interest
elasticity of money demand be tess than unity in absolute value. This assumption
was also required in signing results in our previous paper (Montiel and Ostry
(1991)) and is maintained throughout the present paper.
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Imposing the conditions# = b = Oin equations (5), (7), and (9) yields
a system of three equations in m, b, and r, which can be used to deter-
mine the effects of real shocks on the equilibrium values of these vari-
ables. Since our primary interest in this section is in the inflation rate, it
is convenient to rewrite the system as a two-equation system in 7 and b,
which can be analyzed graphically. To doso, note from equation (3) that
v =m — w* when b = 0 (since b = v — §). We can therefore rewnte the
money market clearing condition (2) as

m = Llw,y(p)]. (10)

Substituting this equation into equations (5) and (7) (with b=m= 0)
yields the following two-equation system in & and b:

ya(p) = 8c{y(p) — ¢,0,L[m,y(p)] + bf, — dp} + 8 (11)
0=y(p) =t —c{y(p) — 1,0, L[m,y(p)] + bf, — d,}
—wL[m,y(p)] (12)

The combinations of & and 7 that satisfy equations (11) and (12) are
portrayed in Figure 1. The schedule labeled NN is the locus of combina-
tions of b and m that clear the market for home goods (equation (11)).
The slope of the NN schedule is

dnldblwy = ~fo/L1 >0, (13)

where a subscripted number denotes a partial derivative,sothat L, is the
partial derivative of money demand with respect to its first argument
(namely, the interest rate), which is negative. The intuition underlying
equation (13) is that a rise in b raises the real value of the private sector’s
financial wealth and creates an incipient excess demand for home goods.
To restore market clearing, a rise in the inflation rate, which reduces real
wealth by lowering real money balances, is required.

The schedule labeled SS is the locus of combinations of & and =
that maintain the rate of growth of real money balances equal to zero
(equation (12)). Its slope is given by

dﬂ/db’ss = _ijp/[m(l o 6) + C3L1], (14)

where € is the absolute value of the interest elasticity of money demand,
which is taken to be less than unity in the initial steady state. The
numerator of equation (14) is negative, since a rise in b raises wealth,
increasing consumption expenditures (¢; > 0) and reducing monetary
accumulation. The denominator, however, may be positive or negative,
since the first term, m(1 — €), is positive but the second term, c¢;L,, is
negative. The sign of the denominator is ambiguous because an increase
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Figure 1. Macroeconomic Equilibrium Under Capital Controls

N’N’(p>pg) NN (pg)
/

0 -

Note: po is the initial terms of trade defined as the price of exports relative to
imports.

in inflation has an ambiguous effect on the accumulation of real money
balances, m. On the one hand, an increase in = raises the inflation tax
on the assumption that € < 1, thereby reducing #; on the other hand,
higher inflation reduces real balances, and hence wealth, which causes
consumption to decline and saving and 7z to rise. For sufficiently inelastic
money demand, however, the effect of inflation on consumption will be
dominated by the effect on the inflation tax. This is the assumption
underlying the negative slope of the SS schedule in Figure 1.°
Consider now the effect of an improvement in the terms of trade—
that is, a rise in p. An improvement in the terms of trade raises the value

¢ Qur comparative statics results with respect to inflation do not, however,
depend on the assumption that the S§ schedule is negatively sioped. If the slope
of §§is positive, then the result requires only that S§ be steeper than NN, which
1s assured by previous assumptions.
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of the marginal product of labor in the exportables sector and causes
employment to shift from home goods production to export production.”
In addition, the rise in p raises real income and, hence, the demand for
home goods. For both reasons, an incipient excess demand for non-
tradables develops, the elimination of which requires a reduction in real
wealth and, hence, in private spending on all goods, including non-
tradables. This is brought about by the adverse real balance effect of a
rise in inflation. Thus, the NN schedule in Figure 1 shifts vertically
upwards to N'N’, with the magnitude of the displacement given by

dw/dplyw = [ya — 8y"(c1 + €3 L2)]/(6c3 Ly) > 0. (15)

Turning to the SS schedule, a rise in p raises real factor income, y,
which by itself would tend toraise the rate of money accumuiation. How-
ever, it also raises real consumption spending, both directly through the
marginal propensity to consume, and indirectly by increasing real wealth
(through a positive real balance effect). In addition, the positive effect
of an improvement in the terms of trade on money demand increases the
inflation tax, wL, thereby reducing m. Figure 1 is drawn on the as-
sumption that the marginal saving propensity, [1 — ¢; = (¢3 + 7*)L,], is
positive—that s, the increase in real income associated with the improve-
ment in the terms of trade raises income net of the inflation tax by more
than it raises consumption.® In this case, the SS schedule shifts up to a
position such as §’S’ in Figure 1, by a magnitude that is given by

dwidplss = y'[1 — ¢, — (c3 + 7*)Lo]/[m(1 — €) + ¢; )] > 0. (16)

Ascanbeseen, theshiftsinboth curves contribute to arise intheinflation
rate, although they have opposite effects on the parallel market premium.
Solving for the effects of the terms of trade shock on inflation gives

dnidp = [—yscsfp, + 8y'cicsf,(1 = 7w Ly)]/[m(1 — €f ,8¢c5].  (17)

The denominator of this expression is positive under our maintained
assumption that € < 1. A sufficient condition for the numerator to be
positive is that w* L, < 1—that s, that the increase in real income net of
inflation tax associated with the improvement in the terms of trade is
positive, acondition that s likely to be satisfied in practice.” We conclude

"The fact that y, <0 can be rigorously shown by substituting into the output
supply function the equilibrium real wage as a function of the terms of trade. See
Khan and Montiel (1987).

® Again, our comparative statics results do not depend on this assumption.

°Notice that this condition is equivalent to the requirement that the product
of the share of seigniorage in real income and the income elasticity of money de-
mand be less than unity, something that would be easily satisfied for any plausible
values of the parameters.
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that an improvement in the terms of trade raises the steady-state inflation
rate under real exchange rate targeting and no capital mobility.' This is
shown by the movement from point A to point B in Figure 1. The pre-
mium, b, will certainly decline for sufficiently inelastic money demand,
but may increase otherwise.

II. Can a Money Supply Rule Stabilize Prices?

Suppose now that the authorities, anticipating the inflationary effects
of a shock under real exchange rate targeting, attempt to stabilize the
inflation rate (thatis, set w = w*) by pursuing a monetary target. Under
this regime, the nominal money supply continues to grow at the world
rate of inflation, m*. This rule therefore implies

m = (7% — w)m. (18)

Of course, holding the nominal money supply on this path requires
abandoning the assumption that the real stock of credit, d,, is constant,
since credit policy must now be geared to sterilizing the effects of the
balance of payments on the money supply. Returning to the system
consisting of equations (5), (6), and (9), the new monetary policy regime
implies replacing m by (w* — m)minequation (6), with d, now anendoge-
nous variable. Thus, equation (7) is replaced by

d, = w*m = {y(p) = t = c[y(p) = t,6,m + bf, = d,]} + bd,. (19)
The new system consists of equations (S), (19), (9), and (18). To

solve this system, it s convenient to define a variable, w = bf, — d,,
which represents households’ nonmonetary financial wealth. Since w =
bf, — dp, we can now rewrite (19) as

w=y(p) —t—cly(p) — t,b,m + w] + bw — w*m. (20)
Next, the equilibrium condition for the nontraded goods market
(equation (5)) can be solved for b, yielding

b= b(m + w,p), b= —c3lc; > 0,

b= (y.— 08¢, y")/(8cy) > 0. (21)

Substituting this expression into equations (9) and (20), and the resulting
version of (9) into (18), produces a two-equation system in m and w
given by

'By contrast, under a fixed exchange rate regime, this shock would lead to a
real exchangerate appreciation in the modej, with no change in the steady-state
rate of inflation (see Khan and Montiel (1987)).
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m = {n* — w(b(m + w,p),m,plim (22)
w=y(p) =t —c[y(p) —t,b(m + w,p),m + w]
—w*m + b(m + w, p)w. (23)

It can be readily shown that the roots of this system are positive. Since
m and w are both jumping variables, this implies that the unique perfect
foresight path is given by the solution of (22) and (23), withmr = v = 0,

The immediate implication of this result is that the money supply
targeting rule considered in this section stabilizes the domestic inflation
rate at the worldrate, w*, even in the face of a terms of trade shock. This
follows from equation (22), with m = 0, since = *, regardless of the
value of p. Thus, when capital controls are perfect, a money supply rule
canindeed stabilize the domesticinflationrate under a real exchange rate
target. Notice, however, that equations (22) and (23) also imply that in
response to a change in p, m and w will, in general, undergo discrete
changes. Since the rate of growth of the nominal money supply is fixed
by the rule (19), a discrete change in m can come about either through
a jump in the domestic price level or through a once-for-all change in the
stock of credit, 4, to accommodate the impact of the terms of trade shock
on the real demand for money. Thus, a jump in the price level can also
be avoided under this rule if credit policy is accommodative.

To determine which way the stock of credit will have to move in order
to stabilize the domestic price level on impact, equations (22) and (23),
with m1 = w = 0, can be solved for the effects of the terms of trade
improvement on the equilibrium values of m and w. In our case, it proves
convenient to solve for m and m + w instead. The result is

dmldp = —mcy[y'(1 — wLa/Ly) — y./8]/{c,A) >0 (24a)
d(m + w)ldp = —m[y'(1 — Lym*) — y./6
+ (w = Lym*)(ya — 0c3y")/(8c2)]/(AL)) < O, (24b)

where A = —mcy(w* — w/L,)/c; > 0 is the determinant of the system
(equations (22) and (23)). Thus, the favorable terms of trade shock results
in an increase in the real demand for money, the accommodation of which
requires a once-for-all expansion of credit to prevent a discrete fall in the
domestic price level. At the same time, the free exchange rate must
undergo a discrete appreciation. This follows from the result in equation
(24b) that real wealth falls. Since m + w = m + bf, — d,, and since
credit-financed changes in m leave m — d, unchanged, the exogeneity
of f, under perfect capital controls implies that m + w can fall only
through a reduction in the premium, &.

In addition to the finding that monetary targeting can indeed stabilize
the domestic inflation rate, the second key result of this section is that
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this initial change in the premium is not the end of the story. In fact, the
premium will continue to change over time, even while m and w remain
at their stationary values. To see this, notice from equation (20) that the
increase in p and decline in m + w will tend to move the rate of increase
in the premium—whicheffectively represents movements in the domestic
real interest rate—-in opposite directions. The favorable terms of trade
shock tends to induce an excess demand for nontraded goods, requiring
an increase in the domestic reai interest rate (that is, in b) to restore
equilibrium in that market, while the reduction in household wealth,
m + w, induces an excess supply of nontraded goods, requiring a fall in
b to restore equilibrium. The net effect can be derived by using equation
(24b) in equation (21), which yields

dbldp = (y'(1 — Lyw*) — y, 18]/(Liw* — w) < 0. (25)

Thus, the exchange rate (or equivalently, the premium) in the parallel
market undergoes a discrete initial drop and then appreciates continu-
ously at a constant rate. The permanent rate of appreciation represents
a reduction in the domestic real interest rate required to maintain equi-
librium in the market for nontraded goods in the face of the reduction
in the demand for such goods caused by the decline in real household
wealth.

Under real exchange rate targeting, then, the only way that a perma-
nent wedge between the domestic and foreign real interest rates can
emerge is with an ever-widening gap between the commercial and finan-
cial exchange rates (thatis, b # 0)."" While this may be sustainable in the
short run, it is unlikely to be so in the long run, when an ever-widening
gap between the two exchange rates would create unbounded incentives
to engage in cross transactions between official and unofficial markets.
We now examine whether monetary targeting can effectively stabilize the
price level when capital controls are less than perfect.

III. The Model with Leakages

The results of the previous section suggest that our model should
explicitly incorporate the effects of incentives to engage in cross transac-
tions that arise when a substantial gap begins to emerge between the

"In this case, b must be negative. implying an appreciation of the financial
exchange rate relative to the (fixed) commercial exchange rate.. Notice also that,
since w = bf, — d,isconstant and f, is exogenous, thefact that b < Oimplies that
d, < 0. This perpetual credit contraction, resulting from the need to sterilize
permanently the current account surplus induced by the favorable terms of trade
shock, is in effect what causes the continual pressure on the financial exchange
rate to appreciate.
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financial and commercial exchange rates. In this section, we incorporate
such leakages between markets in the simplest way possible. We make
the conventional assumption that when the financial exchange rate, v, is
depreciated (appreciated) relative to the commercial rate, s—that is,
b > 1 (b < 1)—arbitrage flows arecreated between these two markets. "
Thus, inflows into the parallel market will be an increasing function,
k(.), of the premium, b — 1:

E =k(b—1)+i*F,, k(0)=0, k'(0)>0, (26)

where the second term in (26) represents interest earnings on holdings
of foreign securities (which we have already assumed to be exchanged
through the parallel market). Using the definition of the real value of
foreign securities, f,, we can rewrite equation (26) as"

fo=k(b - 1). @27)

Thus, given the properties of the k& (.) function, it is clear that when
b =1, so that there is no premium, inflows into the parallel market in
the form of interest earnings are just sufficient tooffset the erosion in the
real value of foreign securities due to foreign inflation, as in the last
section. When b > 1, however, households are able to direct foreign
exchange into the free market, implying that f, is positive. Increases i in
b further increase inflows into this market. Conversely, when b <1, f,,
is negative as individuals find it profitable to sell in the official market
foreign exchange acquired in the unofficial market. Althoughinflows are
negative in this case, they become less negative as b rises toward unity,
so that k(.) is still an increasing function as stated in equation (26).

Consider now the regime of Section I in which the authorities keep the
real stock of credit, d,, constant. The internal balance condition contin-
ues to be given by equation (5), which can be solved for b as a function
of b, f,, and m:

b= (b, f,,m), ®) = —frcilc2 > 8
(Dz == _C3/C2 > 0; @3 = *C}/Cz > O. (28)

A risein b, f,, or m raises real private holdings of financial wealth and
creates an excess demand for home goods, the elimination of which
requires a rise in the domestic real interest rate and, hence, in b.
Substituting equation (28) and the definition of v into the money
market equilibrium condition (equation (2)) and solving for = gives

T =wlb,f,m), w =fclcs<0;
0 =¢3/6; <0; w3=cylc; + 1/L, <0, (29)

2 See, for example, Guidotti (1988) and Bhandarj and Végh (1990).
s Recall the assumption, i* = 7*
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A rise in b or f, raises the domestic interest rate, thereby lowering
money demand and creating excess supply in the money market. Equally,
a rise in m creates an excess supply of real balances. In all three cases,
therefore, a fall in the inflation rate, 1, is required to restore money
market equilibrium. Substituting equations (26), (28), and (29) into the
private sector’s budget constraint and setting d,, = 0 gives the following
expression for r:

m =y(p) —t — cly(p) — 1,%(b, f,,m),m + bf, — d,|

—w(b, f,,m)m — R(b, f,,m)d, — bk(b — 1)

(b, f,,m), ¥, = —k' — Rf,cslcy;

¥, = —Rcsl/cy

¥y = —Rcilca — (1 — e)m/L,, (30)

where R = (m — d,) represents the central bank’s holdings of foreign
exchange reserves, which are assumed to be positive." Under the as-
sumption that e (the absolute value of the interest elasticity of money
demand) is less than unity, ¥, is ambiguous in sign (since £ > 0), but ¥,
and ¥ are both positive.® Equations (27), (28), and (30) form a three-
equation dynamic system in b, f,, and m. The trace of the matrix asso-
ciated with this dynamic system is equal to @, + ¥, which is positive,
implying that not all the roots of the system can be negative. The deter-
minant of the matrix associated with the dynamic system is equal to
—m(l — €)k’c3/(c,L,), which is negative, implying that the number of
negative roots must be odd. From these two facts, it follows that the
matrix associated with the dynamicsystem possesses exactly one negative
and two positive roots. Recalling that the system possesses a single
predetermined variable, (f,), it follows that the equilibrium defined by
fe = b =m =0 is a saddlepoint.

Rather than solve for the dynamics of the system, which are not of
immediate interest, we proceed directly to analyze the effects of a terms
of trade shock on the long-run equilibrium, focusing particularly as
before on the effects on the steady-state rate of inflation.

Since in the steady state, the real stock of foreign securities must be
constant (that is, fp = 0), it is clear from equation (27) that the premium
must also reach a constant value—that is, b = 1. Having established that
bisconstant (thatis, b = 0), the internal balance condition (equation (5))

I the central bank extends credit to the government, m — d,, is reserves plus
credit to the government; in either case, m — d, is positive.
As mentioned previously, all results are evaluated around an initial steady
state with 6 = 1,
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now determines the level of private wealth, m + bf, — d,. With b and f,
reaching constant values (equation (27)), and with monetary policy hold-
ing d, constant, it is clear that internal balance requires / to be constant.
Therefore, the private sector budget constraint (equation (6)) may be
written as in Section I above with 77 = b = f, = d, = 0. It follows that
the steady state of the system is formally identical to the one analyzed
in Section I (given specifically by equations (11) and (12) above). Because
b and f, enter the steady-state model only multiplicatively, the solutions
for bf, and  will be identical in this section with those in Section I. The
only difference between the models is that, rather than determining v and
b as in Section I, the system now determines the steady-state values of
w and f,. In particular, under the domestic credit rule, d, = 0, the
steady-state response of the rate of inflation to a terms of trade shock is
the same in the model with leakages as in the model without.

The analysis of this section thus indicates, first, that the incorporation
of leakages into the basic model of capital controls implies that, rather
than adjusting instantaneously to terms of trade or other shocks, the
economy moves gradually toward a steady-state equilibrium, with its
position at any instant being driven by the value of the system’s only
predetermined variable, f,. In the steady state, the only differences
between the models with and without leakages concern the values of b
andf,. In the model of Section I, f, is exogenous while b is endogenous,
and vice versa in the model with leakages. Since b and f, only enter the
system as a product, it is clear that the value of bf, must be the same in
both cases. Equally, it is clear that the values of all other endogenous
variables, and specifically the inflation rate, to which the economy ulti-
mately converges in the steady state, are the same in both models.
Therefore, as in Section I, an improvement in the terms of trade is
inflationary under real exchange rate targeting in the model with leak-
ages, with the long-run effect on = being given by the expression in
equation (17). With this result in hand, we now proceed to address the
issue of whether a monetary policy rule can contain this inflationary
impact once the possibility of leakages is taken into account.

IV. Effect of a Monetary Rule in the Model with Leakages

To analyze the consequences of monetary targeting in the presence of
leakages, we again assume that the authorities adopt the money supply
rule (18). To derive the required rate of credit expansion, substitute (18)
in (6) as before, and solve for d, without, however, setting f, = 0 in this
case. The resulting credit policy is given by
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3, = 7*m — {y(p) — t — cly(p) — t.6,m + bf, — Ay}
+bd, + bf,, (31)

which differs from equation (19) only by the inclusion of the term,
bf», representing the credit expansion required to offset the monetary
consequences of leakages into the unofficial foreign exchange market.

The resulting model consists of the nontraded goods market clearing
condition (5), the money market equilibrium equation (9), equation (18)
describing the evolution of the real money supply, the leakage function
(27), and the credit rule (31). Proceeding as in Section II by making use
of the variable, w = bf, — d,, and noting that now w = bbf, + bf, —
we can again substitute into the credit rule—in this case, equation (31)
It is immediately clear, however, that the resulting version of (31) is
identical to equation (23). Thus, the system that emerges in this sec-
tion is identical to that of Section II, with the addition of the leakage
function (27).

The introduction of leakages, however, turns out to have radical impli-
cations for the model of Section II. The interpretation of the system is
exactly as before, except that corresponding to the new leakage function
(27), the variable f, now becomes predetermined, rather than exogenous.
Since the system is forward looking, the solution implies working back-
ward from a steady-state configuration. Consider, then, the steady-state
version of the model. For the system to reach a steady state, the prede-
termined variable, f,, must satisfy f, = 0. From (27), this requires that
b = 1—that is, the premium must disappear in the steady state—and f,
becomes an endogenous variable. Recall, however, from Section 11 that
in the steady state the model determines values for both w and &6, By
examining equations (22) and (23), moreover, it is easy to verify that f,
does not appear in the model’s steady-state equations. The condition,
f» = 0, with f, made endogenous, therefore in effect introduces an addi-
tional restriction on the model (b = 1, so b = 0), without introducing an
additional endogenous variable (since f, does not appear in the model).
It is not surprising, therefore, that this model does not possess a steady-
state solution. There is no perfect foresight path consistent with monetary
targeting in the mode! with leakages.

Theeconomics underlying this result are straightforward. In brief, the
presence of leakages implies that in the long run the economy effectively
exhibits perfect capital mobility. Changes in the stock of credit will not,
therefore, affect the real money supply. Instead, since the system deter-
mines an equilibrium value of the stock of real nonmonetary assets, w,
changes in d, will simply be offset by corresponding changes in f,, just
as in our previous model, and monetary policy will be powerless to alter
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the economy’s steady-state inflation rate. The only steady-state solution
of the system, therefore, is that of the previous section, with = > #* in
response to a permanent improvement in the terms of trade. Money
supply targeting cannot provide an alternative nominal anchor in this
case, simply because monetary policy cannot control the money supply
in the long run in the presence of leakages.

Suppose, however, that, in full awareness of this result, the authorities
nevertheless respond to a terms of trade shock by remporarily supple-
menting their real exchange rate target with capital controls and a money
supply target, intending to abandon such controls at some future date.
Could such a policy, while it is in place, succeed in stabilizing the domestic
inflation rate at the world rate =*?

This question is addressed in Figure 2. Setting 71 = 0 in equation (22)
and w = 0 in (23) yields the dotted loci labeled with the corresponding
conditions in Figure 2. Along the m = 0 locus, the domestic rate of
inflation, =, equals the world rate, -r*, so that with the target growth rate
of the domestic money supply set equal to 7*, the real money supply is
unchanged. Along the v = 0 locus, real household nonmonetary finan-
cial wealth is unchanged.'® The relative slopes of these loci follow from

dm/dw‘ .= (—weslcy)/(w* + wealcy)

Ve

< dﬂ‘I/dW|"_1_0 . (_CS/CQ) /(C}/Cz + l/Ll) < . (32)
A favorable terms of trade shock in a context of real exchange rate and
monetary targeting causes the w = 0 locus toshiftto the left." The s = 0
locus may shift in either direction, but in any case will intersect the new
w = 0 locus (labeled v’ = 0) to the northwest of point B, so that the
intersection of the two loci corresponds to a lower value of w and higher
value of m, say at point C. This follows from equations (24a) and (24b)
in Section II, and corresponds to the perfect foresight equilibrn'um in the
absence of leakages between markets.

In the presence of leakages, however, point C no longer represents an
equilibrium. To study the economy’s dynamics in this case, consider the
family of loci in Figure 2 corresponding to constant values of rea! private

'We assume that the w = 0 locus is negatively sloped, which will be the case
if the world rate of inflation is small. Our results do not depend on this assump-
tion, however.

7The magnitude of the shift is given by

dwidp|. = [y'(1 = wcl/ea) = yalb(1 — wicy)] [(weslez) <0.
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wealth,m + w,whichforconvenience wewillcalla (thatis,z = m + w).
Each member of this family has a slope of —1, and one such member,
denoted DE, is indicated in Figure 2. Another such locus, corresponding
to a higher value of @, passes through the initial equilibrium at A, while
yet a third, with the lowest value of @, passes through C. The relationship
between the value of @ at C and itsinitial value at A is derived in equation
(24b). It is also possible to show that, once capital controls are aban-
doned, the long-run equilibrium value of @, which we refer to as a*, will
settle somewhere between its value at C and at A—that is, the long-run
free capital mobility equilibrium must be along a locus such as DE.*®

Tosee how the economy gets from A to its long-run position along DE
in the presence of leakages, notice that, along a perfect foresight path,
neither the premium, &, nor the aggregate price level can be expected to
move discontinuously, since this would create arbitrage opportunities
among assets or across time. The implication of this is that household
wealth cannot jump at the instant that capital controls are abandoned—
that is, the perfect foresight path must move the economy on to the locus
DE at that instant.!* On impact, then, the economy must move into a
region in the m-w plane, from whichit can reach DE at the appropriate
instant. Notice that both /m and w can jump to the perfect foresight path,
as in Section II. Because the nominal values of the stocks of money,
foreign assets, and credit are all predetermined, these jumps must come
about through changes in the premium, b, and in the aggregate price
level. From such an initial point, the dynamics of the system must obey
the directional arrows indicated in Figure 2, which are derived with
reference to the 71’ = 0 and w' = 0 loci, since these govern the system’s
dynamics until capital controls are abandoned.

To see where the economy moves on impact, consider, first, the locus
of all points that can be reached from A by a jump in the price level, with
b unchanged at its initial value of unity. This locus is labeled b = 1 in
Figure 2. It has a negative slope (because an increase in the price level
reduces both m and d,, and the latter increases w), which is greater than
unity in absolute value. To reach points to the left of this locus, & has to

¥This can be shown as follows. Totally differentiating equation (5) under the
assumption of perfect capital mobility, so that b6 =1 (and therefore 6 =0),
we have d(m + w)/dp = (y; — 0c1y’)/6cs < 0. Comparing this to the result in
(24b) shows that the reduction in m + wis smaller under perfect capital mobility
than under perfect capital controls.

Sincem + w cannot jump at the moment that controls are abandoned, equa-
tion (5) implies that b also cannot change discontinuously.
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Figure 2. Dynamics Under Temporary Capital Controls

N
E

W

fall, while to reach points to the right, & has to rise. Points that are
simultaneously below the & = 1 and DE loci, such as J, cannot be on a
perfect foresight path, because such points are characterized by b <1
andm + w < a*. Thelatterimplies, from equation (21), thatb < 0, so
b is unable to reach its final value of unity when controls are abandoned
without undergoing a discrete upward jump, an event that we have
previously ruled out. Similarly, points simultaneously above both loci,
suchas K,haveb > landm + w > a*,so b > 0, and the same problem
arises (except that a discrete drop is required in this case). Finally, it can
be shown that the locus D E cannot be reached from points above DE and
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m' =0, but below & = 1, such as L. It follows that on impact the
economy must jump to a position below r1’ = 0, and between the loci
b =1 and DE, to a point such as M in Figure 2. From M, the economy
must follow a path such as the one indicated in the figure, reaching a point
such as N on the locus DE at the instant capital controls are abandoned.

The relevant observation about this path for our purposes is that along
MN, the real money supply is continuously falling. Since, from equation
(22), this implies that = > «* along MN, it follows that targeting the
growth rate of the money supply at its preshock level succeeds neither in
stabilizing the price level—which jumps on impact—nor the rate of
inflation, which remains above the world rate even as the domestic money
supply is targeted to grow at the world inflation rate, =*, by continuous
sterilization with capital controls. Moreover, it can also be shown (see
Montiel and Ostry (1991)), that the steady-state domestic inflation rate
remains above the world rate when capital controls are eventually aban-
doned. It follows, then, that in the presence of leakages, targeting the
money supply fails to stabilize the rate of inflation over all time horizons.

The intuition behind these results is as follows: the favorable terms of
trade shock creates an incipient excess demand in the market for non-
traded goods, both because production shifts to the exportables sector
(away from nontraded goods) and because the positive income effect of
the favorable terms of trade shock increases the demand for nontraded
goods. Since the real exchange rate rule prevents the relative price of
domestic goods from rising (that is, through a real exchange rate appre-
ciation), the burden of adjustment on impact is borne by an increase in
the domestic price level that reduces the real value of private wealth,
m + w.

The combination of increased real income due to the terms of trade
improvement and reduced real spending on the part of households gives
rise to a trade surplus on impact. This makes necessary the adoption of

0 Above the m' = 0 locus, the directional arrows in Figure 2 imply that m is
increasing, which from equation (22) implies that w < w*. As shown in Montiel
and Ostry (1991), we know that when capital controis are ultimately abandoned,
say at time T, the rate of inflation w(7") will be above the world rate, '7*, which
implies that above m' = 0, w < w(T). Summing equations (22) and (23) gives an
expression for a, which is decreasing in 7 (under our maintained assumption that
money demand is interest inelastic). Since real wealth is constant in the absence
of capital controls, it follows that @(w) = 0 for w = w(T), and, since da() is a
decreasing function, it follows that for values of + < #(T) (such as at point L in
Figure2),a > 0. Tosumup the argument thusfar, @ must be positive for all points
in the indicated region—that is, above ' = 0 and DE, but below 6 = 1. How-
ever, in order to reach DE from a position in the indicated region, a has to be fall-
ing, so @ < 0. We conclude, therefore, that it is not possible to reach the locus
DE, along which the equilibrium at time 7 must lie, from a position in the
indicated region.
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a contractionary credit policy in order to keep the growth of the money
supply at its targeted level. Because domestic credit and foreign currency
assets are taken to be close substitutes, continuous credit contraction will
result in a continuous appreciation of the parailel exchange rate while
capital controls remain in place.

However, since at the moment that capital controls are abandoned
foreign currency assets must sell at par, holders of such assets would
expect to reap a windfall. This causes arbitrageurs to bid up the price of
foreign currency assets (that is, to increase b) at the instant that the shock
hits, to the point where potential windfall gains are eliminated. Notice
that the reduction in the real value of private wealth must be such that
m + w falls in spite of the fact that, due to the increase in b and the
reduction in the real stock of credit, real private nonmonetary wealth, w,
actually rises. The decrease in real wealth thus comes about through a
reduction in the real money stock, m. The combination of lower real
money stock, higher real income, and lower domestic real interest rate
results in an incipient excess demand for money. Money market equi-
librium thus requires that the domestic nominal interest rate increase.
This can happen along the perfect foresight path only if the domestic rate
of inflation rises on impact and remains higher than the world rate during
the transition from M to N.

V. Conclusion

This paper has examined whether the money supply can serve asa nom-
inal anchor for the price level under real exchange rate targeting when
the nominal exchange rate cannot serve this purpose. It was argued that,
when capital controls are perfect, so that the government can perma-
nently segment official and unofficial markets for foreign exchange, the
inflation rate can indeed be stabilized in the face of exogenous shocks
when the authorities follow an appropriately chosen money supply rule.
However, we also showed that the stabilization of the inflation rate
carried with it the implication that in the long-run equilibrium, an ever-
widening gap between the official and unofficial exchange rates would
emerge. Since this growing gap between the two exchange rates would
ultimately create unbounded incentives to engage in cross transactions
between official and unofficial markets, we argued that the effectiveness
of capital controls could not ultimately be sustained.

The paper then examined whether monetary targeting could effec-
tively stabilize the inflation rate when these incentives for cross transac-
tions create leakages between official and unofficial markets for foreign
exchange. Our finding once again was that using money as a nominal

©International Monetary Fund. Not for Redistribution



78 PETER J. MONTIEL and JONATHAN D. OSTRY

anchor for the price level is problematic. Although the model with cross
transactions did not have the problem of a continuously growing gap
between official and unofficial exchange rates in the steady state, and
hence avoided some of the difficulties that were inherent in the model
with perfect capital controls, our conclusion was nonetheless that a
money supply rule could not prevent the emergence of inflation when the
economy was subjected to a permanent terms oftrade shock. The reason
was simply that, in the presence of feakages, the long-run behavior of the
economy must be identical to that of an economy without any capital
controls—that is, with perfect capital mobility. Since, under perfect
capital mobility, changes in the stock of credit cannot affect the real
money supply, so too in the model with leakages, the money supply
becomes endogenous and, hence, cannot be used as a nominal anchor for
the domestic price level. In addition, however, the paper showed that if
capital controls are used temporarily to target the rate of growth of the
money supply, a monetary rule would still fail to stabilize the rate of
inflation, even in the short run. To conclude, then, this paper finds little
support for the view that a money supply rule can stabilize the inflation
rate when the authorities target the real exchange rate.
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