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Unification of
Foreign Exchange Markets

PIERRE-RICHARD AGENOR and ROBERT P. FLOOD*

Exchange rate reforms in developing countries have often aimed at floating
the exchange rate in an attempt to unify the official and parallel markets
for foreign exchange. This paper examines the short-term dynamics asso-
ciated with such reforms. The analysis shows that the behavior of the
parallel market premium in the periods leading to reform depends crucially
on expectations about the postreform policy stance. The paper also draws
the implications of the analysis for the behavior of foreign reserves, oultput,
and the real exchange rate. [JEL F31, F41]

WIDESPREAD EXCHANGE and trade restrictions in developing coun-
tries have typically led to the emergence of illegal markets for
goods and foreign currencies, with parallel exchange rates deviating in
some cases considerably from official rates. The existence of such mar-
kets, despite some potential gains, has entailed a variety of costs (includ-
ing high volatility of exchange rates and prices, and incentives to engage
in rent-seeking activities and to divert export remittances or unrequited
transfers from the official to the parallel market).! The unification of for-
eign exchange markets has thus been an important objective of macro-
.economic policy in countries with sizable parallel currency transactions.
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The process of unification has as its ultimate objective to absorb and
legalize the parallel market for foreign exchange, eliminating the ineffi-
ciencies and market fragmentation associated with a quasi-illegal activity.
In practice, unification attempts have often taken the form of the adop-
tion of a uniform floating exchange rate.? The analytical work in this area
has shown that the impact of such a policy shift on the short- and long-run
behavior of the exchange rate and inflation can be ambiguous. In the long
run, the macroeconomic effects depend on the fiscal impact of the ex-
change rate reform. As argued by Pinto (1991a), the parallel market
premium represents an implicit tax on exports repatriated through offi-
cial channels, since governments in developing countries are typically net
buyers of foreign exchange from the private sector. For a given fiscal
deficit, there exists a trade-off between the premium and inflation, which
represents a tax on domestic currency balances. The unification process,
which results in the loss of the implicit tax on exports, may therefore
entail a substantial (and permanent) rise in the rate of inflation and the
rate of depreciation of the exchange rate, if the authorities attempt to
compensate for a fall in revenue by an increase in monetary financing of
the fiscal deficit and a higher tax on domestic money holdings.’

The short-run effects of a preannounced future adoption of a unified,
flexible exchange rate arrangement have been examined by Kiguel and
Lizondo (1990) in the context of a currency substitution model developed
earlier by Lizondo (1987). If the unification attempt is fully anticipated,
agents will—in order to avoid capital losses—adjust their portfolios to-
ward foreign currency-denominated assets if the uniform floating ex-
change rate is expected to be more depreciated than the existing parallel
rate, and toward domestic currency-denominated assets if it is expected
to be more appreciated. As a result of this portfolio adjustment, the
parallel market rate will depreciate immediately—at the moment the
unification attempt is announced or when expectations are formed—
toward the level asset holders expect the postunification floating rate to

% Although, in theory unification could also take the form of the adoption of
a uniform fixed rate or crawling peg regime—with changes in net foreign assets
clearing the official foreign exchange market—few developing countries have
adopted this approach in recent years. o o

3Pinto’s analysis assumes that agents are subject to rationing in the official
market for foreign exchange. Lizondo (1991) has shown, however, that Pinto’s
emphasis on the trade-off between the premium and inflation in the unification
process remains largely valid if the official market clears through changes in
foreign reserves. The existence of a trade-off, nevertheless, hinges crucially on
the assumption of a positive premium in the steady state. However, most models
of dual exchange rate markets with leakages—such as Bhandari and Vegh (1990),
Gros (1988), as well as the one presented here—predict a zero premium in the
steady state.
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be. Under perfect foresight, the parallel market rate will experience an
initial jump and will keep depreciating steadily toward that level at the
time of unification.

Existing analytical studies of exchange market unification are subject,
however, to a number of limitations. Lizondo (1987) and Pinto (1991a)
assumed that the unification process occurs overnight—a particularly
restrictive informational assumption, even in the context of developing
countries. Kiguel and Lizondo (1990) did examine the dynamic effects of
apreannounced reform, but provided only a graphical analysis of the uni-
fication process. In addition, the real effects of a unification attempt have
received only scant attention in the literature.* This paper examines the
dynamic implications for output, the real exchange rate, parallel mar-
ket premia, inflation, and official reserves of an exchange rate reform that
consists in the adoption of a flexible exchange rate aimed at unify-
ing exchange rates in an informal, dual exchange rate regime. The anal-
ysis assumes forward-looking agents and explicitly considers leakages
between foreign exchange markets.

The rest of the paper is organized as follows. Section I provides a brief
review of recent experiences with exchange market unification in devel-
oping countries. Section I presents a basic model of a dual exchange rate
regime with leakages. The dynamics of the premium and foreign reserves
implied by this setup in the pre- and postreform periods are examined in
Section II1. Section IV extends the analysis to consider real effects of
anticipated reforms. Section V provides some concluding comments.’

I. Experiences with Exchange Market Unification

The experience of developing countries with exchange market unifi-
cation has attracted a great deal of attention recently. Of particular
interest among available studies are those discussing the experience of
several sub-Saharan African countries that attempted to unify official and
parallel markets for foreign exchange in the 1980s.® Although some of

4 Pinto (1991a) focused on the inflationary impact of exchange rate unification,
and Lizondo (1987) and Kiguel and Lizondo (1990) examined only exchange rate
and balance of payments effects. In both analyses, output is taken as fixed at its
full-employment level.

5The analysis in Section II dwells, in part, on Flood and Marion (1983), who
developed a model of exchange rate regimes in transition, based on the Italian
two-tier foreign exchange market in 1973-74. Issues similar to those considered
here were also examined by Calvo (1989), Djajic (1989), and Obstfeld and
Stockman (1985).

®These countries include The Gambia, Ghana, Nigeria, Sierra Leone, Soma-
lia, Zaire, and Zambia. These experiments were examined by Agénor (1992),
Roberts (1989), and Pinto (1989, 1991b). '
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these countries chose to follow a gradual path to unification, most of them
opted for an “overnight” approach, consisting in floating the official
exchange rate.’

The experience of this last group of countries provides important
lessons regarding the behavior of official and parallel exchange rates,
inflation, and budget deficits in the periods leading to, and the periods
following, the implementation of exchange rate reform. First, in some
countries—particularly in Sierra Leone and Zambia, where a floating
arrangement was implemented in July 1986 and September 1985, respec-
tively—exchange rate unification led to a surge in inflation. Second, the
evidence also suggests that the parallel market premium rose substan-
tially in the months preceding the unification attempt, and fell sharply
upon implementation. The unified floating exchange rate that emerged
immediately after the reform took place was in some cases very close to
the prereform parallel rate—implying that the drop in the premium
resulted essentially from a sharp depreciation of the official exchange
rate.® However, despite a sharp drop on impact, a significant premium
re-emerged subsequently in some countries—most notably Ghana,
Sierra Leone, Somalia, and Zambia.

The inflationary burst observed in some cases corroborates to some
extent the “public finance view” of unification described earlier, and may
be viewed partly as a result of the elimination of the implicit tax on ex-
ports. In addition, however, the increase in inflation resulted from the
inability of the authorities to maintain control over money growth. The
increase in the premium in the periods prior to reform can be interpreted
as being, in part, the result of expectations about the timing of the re-
form process, as well as the size and direction of movements in the official
and parallel exchange rates upon implementation. Faced with a pos-
sibility of a future depreciation of the parallel exchange rate, for
instance, asset holders would tend to reallocate their portfolio away from
domestic-currency denominated assets—thereby causing the parallel rate
to depreciate immediately and the premium to rise.

The fact that the parallel market exchange rate did not experience any
“jump’” at the moment the reform was implemented is consistent with the
intuition that the reform was widely expected by private agents. At the
time of implementation little happens, because most of the effects of

7In Ghana, for instance, unification took the form of large, but widely spaced,
devaluations over almost four years (April 1983-March 1987)—with an overnight
float occurring at the last stage—and was accompanied by reductions in the
fiscal deficit. By contrast, in Nigeria the currency was fioated overnight in
Segtember 1986.
This was the case, most notably, in Nigeria.
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the change in exchange rate regime have already been discounted by
forward-looking agents.’ Finally, the re-emergence of a significant pre-
mium subsequent to reform occurred in countries where money growth
was not kept under control and where inflation rose substantially.

The analytical model presented in the next section attempts to provide
a formal basis for this intuitive interpretation of the empirical evidence
on the short-run behavior of exchange rates and the premium during the
unification process.

1. A Basic Framework

Consider a small open economy operating an informal dual exchange
rate regime in which an official, pegged exchange rate coexists with a
freely determined parallel rate. The official rate applies to current ac-
count transactions that are authorized by the authorities, while the par-
allel rate is used for capital account transactions and the remainder of
current account items. Private agents are endowed with perfect foresight
and hold domestic and foreign currency-denominated bonds in their
portfolios. The interest parity condition, properly modified to reflect
repatriation of the principal on foreign bonds at the parallel exchange
rate and repatriation of interest receipts at the official rate, is assumed
to hold continuously. Domestic output consists of a single exportable
good sold abroad and is taken as exogenous. In each period, exporters
determine the proportion of their foreign exchange earnings to surrender
at the official exchange rate and the proportion to repatriate via the
parallel market for foreign exchange.

Formally, the model is described by the following log-linear equations,
where all parameters are defined as positive:

m, — p. = —oi, (1)
=i+ 5, -y, —e) >0 2)
m,=OR +(1-0)D, 0<6<1 3)
p.=vs, + (1 —ve, 0<rv<l (4)

9 Peru’s attempt in August 1990 to unify its foreign exchange markets by
floating its exchange rate is also consistent with this pattern. The parallel market

remium, which stood at close to 200 percent at the end of 1989, rose to more
than 400 percent a month before the reform—which was widely anticipated—was
implemented. The premium fell immediately afterwards as a result of a large
depreciation of the official exchange rate, and dropped below 20 percent by
December 1990.
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R, = —®(s, — e,) (5)
D, =0, (6)

where m, denotes the nominal money stock; D,, domestic credit; R,, the
stock of net foreign assets held by the central bank; p,, the domestic price
level; e, the official exchange rate; s,, the parallel exchange rate; i, the
domestic nominal interest rate, and i*, the (constant) foreign interest
rate. All variables, except interest rates, are measured in logarithms.

Equation (1) describes money market equilibrium. Equation (2) de-
picts a modified interest parity condition, which is based on the assump-
tion that the principal on foreign bonds is acquired and repatriated at the
parallel exchange rate, but interest income—a current account item-——is
repatriated at the official exchange rate.”’ Equation (3) is a log-linear
approximation, which defines the domestic money stock as a weighted
average of domestic credit and foreign reserves. Equation (4) indicates
that the price level depends on the official and parallel exchange rates.
This results from the assumption that some commercial transactions are
settled in the parallel market, with the price of these imports reflecting
the marginal cost of foreign exchange—that is, the parallel rate. The
purchasing power parity assumption holds, therefore, at a composite
exchange rate, and the foreign price level has been set to unity (so that
its logarithm is zero) for simplicity." Equation (5) describes the behavior
of net foreign assets.”? The negative effect of the premium—defined as
the difference between the official and the parallel exchange rates—on
the behavior of reserves results from its impact on the underinvoicing of
exports. The higher the parallel exchange rate is relative to the official
rate, the greater the incentive to falsify export invoices and to divert
export proceeds to the unofficial market. Finally, equation (6) indicates
that the stock of credit is assumed constant.

II. Solution and Dynamics in Anticipation of Reform

In the prereform dual exchange rate system, the forward-looking par-
allel rate, s,, and the predetermined level of official reserves, R,, are

YA formal derivation of equation (2) was provided by Flood and Marion
(1983). Assuming that interest income is also repatriated through the parallel
market would imply setting vy = 0.

1 The coefficient v can be viewed alternatively as an approximation to the share
of transactions settled illegally in the paralle]l market relative to total trade
transactions.

2Note that, although interest receipts are assumed to be repatriated at the
official exchange rate, they are not accounted for in equation (58 for simplicity.
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endogenous variables, while the official exchange rate, e,, is assumed set
at € by the authorities. In the postreform unified flexible rate regime, by
contrast, s, = e, = €,, and reserves remain constant. We now examine the
behavior of endogenous variables in the two regimes.

Prereform Dual-Rate Regime

Settinge, = &, D, = D, and i* = (0 and solving equations (1)—(6) yields

5 ~ (ay + V) —O/a|l s,
R| | - 0o ||R,

—(1-O0)D/a+ (1 -v—ay)la
* ~ ™
de
The two eigenvalues of this system are given by
p2, o1 = {(ay + v) = [(ay + v)? + 4a®O]'?} 20

System (7) is saddlepoint stable with one negative root (denoted by
p1) and one positive root, p,. Solving for the particular solutions yields,
fort<T

s; =5% + A exp(p:t) + B exp(p:t) (8a)
R = R* + 11 A exp(p;t) + k2 B exp(pt) (8b)
s*=¢, R*=[e-(1-0)D]/0o (8¢c)
Ky = —[ap; — (ay + 1)]/0 >0

Ko = —[ap, — (ay + v)]/6 <0, (8d)

where A and B are as yet undetermined coefficients, and s* and R*
denote the steady-state values of the parallel rate and foreign exchange
reserves. The model is, therefore, characterized by a zero premium in the
steady state.

Let us first suppose that the existing dual-rate system is expected to last
forever. Stability would then require setting B = 0 in the solutions (8a)
and (8b). Using an initial condition on reserves would thus allow the
determination of A. The economy’s equilibrium path is the unique non-
explosive path, SS (which passes through the stationary point E) depicted
in Figure 1. For a positive (negative) premium, reserves are falling
(increasing), as indicated by the arrows pointing west (east) in the figure.
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Figure 1. Steady-State Equilibrium in the Dual-Rate Regime

A
St
5t=0
S l
E .
s*=e R:=0
R* Ry

Along the saddlepath, the parallel exchange rate and foreign reserves
evolve according to

5, — §* = —(p /D)R, — R*),

which indicates that SS has a positive slope.”

However, if the authorities announce their intention to switch to a
floating rate arrangement in the future, agents will anticipate the aban-
donment of the dual-rate system. In this context, the coefficient B will
not be zero. Instead, as shown below, agents will set coefficients A and

The saddlepath SS is also flatter than § = 0. An increase in the interest
elasticity, a, rotates the curves 5 = 0 and SS clockwise. An increase in D shifts
the curve § = 0 to the left and moves point E horizontally to the left. A rise in
the propensity to underinvoice, ®, translates into a clockwise rotation of the
saddlepath SS. Finally, a devaluation of the official exchange rate leads to an up-
ward shift of the R, = 0 curve and a rightward (leftward) shift of the §, = 0 curve,
if 1 — v is greater (lower) than ay. Nevertheless, a devaluation always leads to
an equiproportional depreciation of the parallel exchange rate and an increase
in reserves in the steady state (equation (8c)).
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B at values that satisfy constraints imposed by a perfectly anticipated
transition to the postreform regime.

Postreform Flexible Rate Regime

Let T > 0 represent the future transition date announced at period
t = O—that is, the initial instant at which the authorities intend to switch
to the flexible rate regime. In the postreform flexible rate system,
¢ = e, = s, a condition that yields (from equation (7)) R, = 0. There-
fore, reserves remain constant beyond ¢t = T, say, at Rr. Under these
assumptions, the unified flexible exchange rate is determined by

aét“‘e[:_ﬁl—yv tZTs (9)
where
m=ORr + (1 - 0)D, t=T. (10)

Equation (9) is a linear differential equation in €,, whose solution is
e, = C exp(t/o) + m, t=T. (11)

Ruling out speculative bubbles requires setting C = 0. The exchange
rate in effect at the initial instant the economy switches to a unified
floating rate regime is, therefore, €5 = 1.

Dynamics in Anticipation of Reform

We now examine how reserves and the premium will evolve when
agents perfectly anticipate the transition from a dual-rate regime to a
flexible system. Essentially, this requires establishing conditions that
“connect” the two regimes. In the present model, there are two such
requirements: an initial condition on reserves, and a price continuity
condition, which prevents a jump in the parallel exchange rate at the
moment the reform is implemented:**

) R():Eo, Srzéit =m. (12)

“The price continuity principle, which can be justified as a condition to
eliminate speculative profits at the time of transition, has been used extensively
in the literature on speculative attacks (see Agénor, Bhandari, and Flood (1992)).
However, note that in the present framework agents do not have a direct—and
costless—access to official reserves. Here, capital account transactions through
the official foreign exchange market are prohibited, and agents can only deplete
official reserves by illegally diverting export remittances to the parallel market—
presumably at a fixed (albeit nonprohibitive) cost. Consequently, speculative
attacks on official reserves cannot occur. -
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The conditions in equation (12) allow us to determine the constants A
and B in the solutions for reserves and the parallel exchange rate obtained
for the dual-rate regime (equations (8a) and (8b)). These solutions are
given by®

A = [(ef — &), — (Ro — R*) exp(p, T)}/A (13a)
B =[(Ro — R*) exp(pi T) — ruer — &)]/A, (13b)

where A = x; exp(p, T) — k; exp(p, T) < 0.

Substituting equations (13a) and (13b) in equations (8a)—(8d) yields
the complete solutions for the parallel exchange rate and foreign reserves
in the dual-rate regime. These solutions are given by

s =s* + @—A_——E—)[Kz exp(p1£) — k1 exp(p21)]
+ £—I—f&—;R;*)[exp(pl T + pot) — exp(p T + pit)] (14a)
Ro= R+ S D e, — explr)]
+ Q‘lg—RD[KZ exp(p: T + p2t) — k1 exp(p T + pit)], (14b)
forO0=t<T.

Equations (14a) and (14b) characterize the paths of reserves and the
parallel rate prior to the reform. To examine the effect of a future regime
switch on these variables, let §, and R, denote the solution paths that
would have prevailed in the absence of any reform announcement. As
discussed above, these solutions are obtained by setting B = 0 in equa-
tions (8a)~(8d) and using the initial condition on reserves to solve for 4,
so that

5, = s* + (G /xy) exp(p1 1), R, = R* + G exp(p: 1), (15)
with G = R, — R*. Using equations (8a)—(8d) and (15)

s;—§ = (A — G/xy) exp(pit) + B exp(p2?) (16a)

R, — R, = (A — G) exp(pit) + B exp(p:1), (16b)

with A and B given by equations (13a) and (13b).

5 Setting ¢ = 0 in equation (8b), ¢ = T in equation (8a) and using (12) yields
Aexp(pT) + B exp(p.T) = €; —&, A + kB =Ry~ R*.
Solving this system yields equations (13a) and (13b).
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Equations (16a) and (16b) show how the path of the parallel exchange
rate and foreign reserves—relative to a “no-change” environment—
depends on the relation between the initial value of reserves, R, and its
steady-state value in the (permanent) dual-rate regime, R*, as well as the
difference between the value of the official exchange rate that would have
been observed at time 7 in the absence of reform, €, and the level of the
exchange rate that prevails at the moment the floating regime is imple-
mented, €7 . A realistic case for developing countries is an initial situation
in which a positive premium exists up to an instant before the future
reform is announced—that is, where §, > € = s*. From equation (15),
such a condition obtains for R, > R*.

In such a situation, it can be shown that an announcement at ¢ = { of
a future reform at 7 would lead, if 5 > €, to an immediate depreciation
of the parallel exchange rate—relative to its previously anticipated
path—and a gradual fall in reserves.' On the contrary, if ez < &,areform
announcement would lead to an immediate appreciation of the parallel
rate and a gradual increase in the stock of net foreign assets.”

The reason for the initial jump in' the parallel exchange rate at £ = 0
is as follows. If there is initially a positive premium, agents realize that
the future reform will imply a depreciation of the official exchange rate,
arise in prices, and, therefore, a reduction in real money balances. Under
perfect foresight, these future effects will be reflected in the expected—
and actual—rate of depreciation of the parallel exchange rate, leading
agents to reduce immediately their demand for domestic currency. But
since the nominal money stock is constant (reserves cannot jump at
t = 0), equilibrium in the money market can be maintained only if an
immediate rise in prices occurs—or only if the parallel exchange rate
depreciates. This result is qualitatively similar to what Kiguel and
Lizondo (1990) obtained in a currency substitution framework.

The behavior of the parallel exchange rate and foreign reserves in
the pre- and postreform regime under the assumptions R, > R* and
¢ < § < €7 is illustrated in Figure 2.' The first panel of the figure shows

"¢ For a depreciation to occur, in addition to the condition er > &, the parallel
exchange rate an instant before the announcement must be less than the unified
exchange rate—that is, 5, < ;. From equation (15), this condition can be written
as €7 — & > (Ro — R*)/x,. Since exp(p; T) = 1, this condition is also sufficient
to ensure that B > 0. Note that the condition e, > € is sufficient for the above
inequality to hold if Ry — R* is ““small”’—that is, if the initial value of the premium
is not “too high.”

7 In this case, the parallel exchange rate always appreciates after the announce-
ment, since, by assumption, er < & implies €7 < §. :

8For ¢ < 0, the equation driving the paraliel rate is equation (15), and for
0 =t =T, equation (14a).
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Figure 2. Behavior of Reserves and the Parallel Exchange Rate
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that at ¢ = 0, the parallel exchange rate jumps upward and depreciates
thereafter at an accelerating pace until it reaches ej at T. The official
exchange rate remains constant at & until T, at which time it jumps to
e7—bringing the premium down to zero. The path of reserves relative to
the no-change scenario is illustrated in the second panel of Figure 2.
No jump in the level of reserves occurs at t = 0, but the rate of reserves
depletion accelerates over time toward its postreform steady-state value,
R7, obtained by setting ¢ = T in equation (14b)."

The dynamic behavior in anticipation of reform is also illustrated in
Figure 3, which extends Figure 1. As assumed above, the position of the
economy before the reform announcement is such that R, > R* (corre-
sponding to a positive premium) and is located on a point such as F on
the saddlepath SS. The steady-state equilibrium in the postunification
regime is E’, corresponding to a stock of net foreign assets equal to
R7 and a unified, constant exchange rate equal to e7.” At the moment
the future reform is announced, the parallel exchange rate jumps to a
point such as D on the curve 5, = 0 and moves thereafter toward point
E’, which is reached—without further jumps—at the moment the reform
is implemented, T.%'

Having studied the economy’s path in the pre- and postreform phases,
we can now briefly consider how this path is related to the length of the
transition period, T First, if the exchange rate reform is announced to
occur in the very distant future—that is, for T— —the announcement
effect on the path of the parallel exchange rate and reserves in the transi-
tion interval is negligible. By contrast, if the reform occurs overnight—
that is, for T— 0—the economy will move immediately to its postreform
steady state, without temporarily following an unstable path.” In terms
of Figure 3, the parallel exchange rate would immediately jump from
point F to point E”, with no change in the initial stock of reserves.

¥ Unification before the dual-rate regime reaches its steady state reduces
geferve]:e iosses due to leakages; equation (14b) shows that since e; — z > 0,

r > R*.

“Regardless of the path followed in the dual-rate regime, the economy must
reach point E' at time T. Note that point E' is necessarily located northeast of
point E, since R; > R*.

*!'The condition under which the parallel exchange rate will jump to a point
such as D is given by using equation (14a) and the equation of the saddlepath
given above:

(Ro — R*)
e

which can be solved for the appropriate value of 7. ’

2 Setting T— o in equations (13a) and (13b) indicates that A— G /k; and
B—0, so that the solutions for s, and R, coincide with those for §, and R..
Similarly, setting 7 0 in equations (14a) and (14b) yields s,—> €, and Ry—> R,

So = —(p1/®)Ro — R*) =& + exp(p, T) — exp(p. T)],
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Figure 3. Dynamics upon Unification of Foreign Exchange Markets
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The foregoing analysis highlights the fact that the short-run behavior
of the parallel exchange rate, the parallel market premium, foreign
reserves, and inflation during the periods preceding an exchange rate
reform depends critically on expectations about the postreform policy
stance—which determines the expected, unified exchange rate. The
more permissive monetary policy is expected to be in the postreform
regime, the more depreciated the unified floating exchange rate will be
expected to be, and the more depreciated the parallel market rate will
be today. If a reform is perfectly anticipated, no abrupt changes will occur
upon implementation; on the contrary, a jump will take place as soon as
the reform is announced—or as soon as agents become convinced that
the regime change will occur at a well-defined date. These predictions of
the model are largely consistent with available evidence for developing
countries discussed in Section 1.

IV. Real Effects of Exchange Rate Reforms

The existing literature on exchange market unification has had, as
indicated earlier, very little to say regarding the behavior of real variables
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in the reform process. However, sharp changes in exchange rates and
prices are bound to affect output and the real exchange rate, even in the
short run. This section extends the analysis of the previous sections so as
to consider the real sector implications of exchange rate reforms.

An Extended Framework

To endogenize output and the real exchange rate, let us start by
assuming that aggregate demand is inversely related to the real interest
rate and the real exchange rate—measured as the difference between a
weighted average of the official and parallel exchange rates and the price
level:”

y. =y talos, + (1 - a)e, — p] — i, — pu)s 17

wherey >0, and 0 =0 = 1.

In addition, prices are now assumed to be set as a markup on wages,
w,, and prices of imported inputs, measured in domestic currency and
valued at the marginal cost of foreign exchange—that is, the parallel
market exchange rate:

p: = mw; + (1 — n)s,, 0<n<l. (18)

In addition to the parallel market premium, the behavior of reserves
is now assumed to depend also on the real exchange rate and aggregate
output:

R, = —~®(s, — &) — byy, + bjos, + (1 — ¢)e, — p.]. (19)
The demand for money function is now given by
m; = p; =y, — oy, (20)

while equations (2), (3), and (6) remain unchanged. The last step in the
description of the extended model relates to wage formation. Here we
adopt the forward-looking wage scheme used by Willman (1988), which

follows the overlapping contract model developed by Calvo (1983).

Formally, wage formation is given by

W = p.f exp{p(t — k)|pr dk, ' (21
t
where p > 0 represents a discount factor. In equation (21), », represents

the wage rate stipulated in new contracts as well as those renewed at
time ¢. Assuming that wage contracts are made directly between employ-

% As before, all coefficients are defined as positive in what follows.
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ers and individual employees, o, defined by (22) measures the marginal
labor cost of production and, hence, is the relevant price to incorporate
in the markup pricing equation (18).

Differentiating (19) with respect to time yields

W = ,‘L(wt - pr) (22)
Substituting equation (18) in (22) yields
o = Y(w, ~ 5,), ¥ = pu(l - 7). (23)

The complete model, therefore, now consists of equations (2), (3), (6),
(17)-(20), and (23).

Solution Under Alternative Regimes

Since the solution of the model follows essentially the same procedure
as above, we only briefly highlight its features. In the prereform dual-rate
regime, the model solves for the parallel rate, the wage rate, and official
reserves. As shown in the appendix, there are no unambiguous results in
the general case. However, if the real interest elasticity of aggregate
demand is zero, and if the income elasticity of money demand is small
enough,” then the complete solution can be shown to be

3
ss=e+ > A, exp(pxt) (242)
k=1
3
o=+ D AL (24b)
ST
3
R R L e
k=1

where p; denotes the roots of the system (with p; being the only negative
root), and ;, , are coefficients defined in the appendix. R* is given by
equation (8c), and the A,’s are as yet undetermined coefficients.
When agents expect the dual-rate regime to last forever, the stable path
solution is obtained as before by setting A, = A; = 0 and imposing the
initial condition on reserves, since there are now two jump variables. In
the postreform unified flexible exchange rate regime, official reserves
must remain constant. From equation (23), the steady state requires also
that the wage rate be equal to the unified exchange rate in the new
regime—a condition that, in turn, implies from equation (18) that the real

*Formally, these conditions are ¢,— 0, and v =< 1/c;.
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exchange rate is zero in the postreform steady state if o = 1. Assuming,
as before, that the real interest elasticity of aggregate demand is zero and
that the income elasticity of money demand is small enough implies that
the condition R, = 0for ¢ = T always holds. Consequently, in the flexible
rate regime, equation (19) becomes irrelevant for the determination of
wages and the parallel exchange rate. As shown in the appendix, the
solution for these variables is given by

& = wf =, 25)

Model Dynamics

As shown in Section II1, a preannounced exchange market unification
affects the behavior of the parallel exchange rate as soon as it becomes
known to the public. In addition to effects on real money balances, infla-
tion, and foreign reserves, such changes have, in the general setting con-
sidered now, an impact on output and wages, as well as the real exchange
rate. —

The determination of the coefficients A, in equations (24a)—(24c)
proceeds as before. There are now three conditions: the initial condition
on reserves, and the conditions on the flexible exchange rate and nominal
wages beyond period T (equation (25)). These solutions are given in the
appendix. In the general case, these values are fairly complicated and do
not allow a clear characterization of the solution path. Suppose, however,
that the initial situation is such that a positive premium prevails, the
parallel exchange rate is below (that is, more appreciated than) the
unified floating rate, and the reform is announced sufficiently in advance.
The behavior of output, prices, wages, the real exchange rate, and the
trade balance can then be characterized as in Figure 4.” Nominal wages
and the parallel exchange rate jump upwards at the moment the reform
announcement is made, since agents discount back to the present the
future official depreciation and increase in prices that the regime switch
will entail. The domestic price level increases by more than the parallel

-exchange rate, leading to a real exchange rate appreciation and a fall in

output—relative to its “undisturbed” path.” Equilibrium in the money

* The path of reserves and the parallel exchange rate is qualitatively similar to
what is shown in Figure 2 and is therefore omitted for simplicity. The real
exchange rate in what follows is assumed to be measured as the difference
between the parallel rate and the price level—that is, by setting o = 1.

*Note that this result does not depend on whether the real exchange rate is
measured in the standard way by using the official exchange rate (¢ = 0) or by
using the parallel exchange rate (¢ = 1). In fact, in the former case the real
exchange rate appreciation is more pronounced than in the general case.
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Figure 4. Behavior of Output, Prices, Wages, and the Trade Balance
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market is therefore maintained not only by a depreciation of the parallel
exchange rate and a rise in prices (as before) but also by an adjustment
in real activity. Prices also rise by more than nominal wages, implying a
fall in real wages on impact. Finally, the trade balance may deteriorate
or improve, depending on whether the positive effect of the reduction in
output is less or greater than the negative effects resulting from a real
exchange rate appreciation on trade flows and from the rise of the
premium on the propensity to underinvoice. In Figure 4 it is assumed that
the net effect on the trade balance is negative. At period T, all variables
reach their new, constant steady-state values, without further jumps in
wages or the parallel exchange rate.”

The upshot of the foregoing analysis is that exchange market unifica-

*1f, in equation (18), the price level was assumed to depend also on the official
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tion, in addition to effects on inflation, foreign exchange reserves, and
the parallel market premium, can have quite dramatic short-run effects
on the behavior of the real exchange rate, and consequently, real output.
Although it is not possible to determine unambiguously the direction of
these effects, the analysis shows that there exist cases in which a real
exchange rate appreciation and a fall in output may materialize in the
transition period between the reform announcement and the implemen-
tation date. Such effects indicate that, in addition to the inflationary cost
emphasized by the “fiscal view” of unification (Pinto (1991a)), exchange
market unification can also be associated with an output loss. A study of
a large sample of reform episodes in developing countries would provide
useful information on the magnitude of these effects.

V. Summary and Conclusions

Exchange rate reforms in developing countries have often consisted in
floating the exchange rate in an attempt to unify the official and parallel
markets for foreign exchange. This paper has examined the behavior of
output, prices, foreign reserves, and the trade balance in anticipation of
such reforms. After a brief review of recent experiences with exchange
market unification in developing countries, a formal analysis was con-
ducted in the context of a simplified model that explicitly considers
leakages between foreign exchange markets. The model indicates that a
future reform typically leads, at the moment the announcement is made,
to an instantaneous depreciation of the parallel exchange rate and no
change in the stock of foreign reserves. In the transition period, the
parallel exchange rate keeps depreciating (and the premium keeps rising)
while net foreign assets keep falling—both at an accelerating rate. No
jumps occur when the reform is actually implemented, and the parallel
market premium drops to zero.

The reason for the jump in the parallel exchange rate upon announce-
ment of the reform is as follows. If there is initially a positive premium,
agents realize that the future reform will imply a depreciation of the
official exchange rate, a rise in prices, and, therefore, a reduction in real
money balances. Under perfect foresight, these future effects are re-
flected immediately in the expected—and actual—rate of depreciation of
the parallel rate, leading agents to reduce demand for the domestic
currency. But since the initial money stock is constant, equilibrium in
the money market can be maintained only if an immediate ri’se in prices

exchange rate, prices would experience a jump at ¢ = T as a result of the depre-
ciation occurring in the official market.
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occurs—or if the parallel exchange rate depreciates. The predictions of
the model were shown to be consistent with available evidence on
exchange market unification in developing countries.

Extensions of the model to incorporate sticky prices and forward-
looking wage contracts and to endogenize output and the real exchange
rate indicated that, in the transition period, a preannounced reform may
be associated with an appreciation of the real exchange rate and a fall in
output. Although the direction of the real effects in the model are not
in general unambiguous, the possibility of a negative impact on output
suggests that the cost of exchange rate reforms may be underestimated
if sufficient attention is not paid to their real sector implications.

The analysis developed in this paper can be extended in various ways.
First, the date at which the reform will take place in the future may not
be perfectly known by agents. Second, it may be assumed that agents are
uncertain about the type of exchange rate regime the authorities would
adopt following a reform attempt. For instance, instead of assuming that
the authorities will adopt a unified floating exchange rate system, they
could envisage a transition to a uniform fixed exchange rate regime. A
likely outcome of the introduction of uncertainty about the reform date
and/or the nature of the post-transition regime is that expectations of a
reform would cause a jump in the parallel exchange rate at the moment
the reform is implemented as well as volatile exchange rate movements
prior to transition if this type of uncertainty varies over time.? Third, it
may be assumed that the domestic credit rule is stochastic. Such an ex-
tension would be particularly fruitful, since it would allow use of analyti-
cal techniques developed recently in the continuous-time literature on
target zones.”

Finally, the analysis could be extended to a choice-theoretic frame-
work, so as to capture intertemporal substitution effects associated with
anticipated policy changes. Although these extensions may prove useful,
the basic methodological implication of this paper is likely to remain
unaltered: to understand the dynamics associated with exchange market
unification in developing countries, it is critically important to understand
the anticipatory behavior that parallel currency markets tend to reflect
regarding the postreform regime.

28 A formal proof of this proposition can be derived by extending the procedure
deyeloped in Flood and Marion (1983).

#See Krugman (1991). Following Flood and Marion (1983), Froot and
Obstfeld (1991) examined the unification issue in the context of a stochastic
dual-rate model in which both exchange rates are floating. However, analytical
solutions for systems with two state variables of the type considered here are not
so far available.



FOREIGN EXCHANGE MARKETS 943

APPENDIX

Solution of the Model with Real Effects

In this appendix, we present the solution of the extended model, setting for
simplicity ¢ = 1 in equations (17) and (19). First, note that, from equations (18)
and (2)

i — pz = n(St - (.l)z) - 'Y(st - er),
while from (18), s; — p. = m(s: — w,). Substituting these relations in (17) yields,
with 7 =0
ye=am(s — w) — eln( o) — v~ e)]. (26)
Substituting equations (2), (3), (26), and (18) in (20) yields

le - VMo = —GR, - (1 - 9)5 + 'T](l - VC])(J),
+[(1 ~m) +veym + 'y(u + ve)ls, — y(a + vere,, 27

where = a + veam > 0.
Similarly, substituting (26) in (19) yields

Ro= —(® + bicay)(s: — &) + m(bs = bycim)(s: — o)
+ bl CZ'T](S‘t - w:) (28)

In the prereform dual exchange rate regime, equations (27), (28), and (23) form
a system of differential equations in s,, R,, and o, in nonnormal form. To solve
this system, we postulate the solution to be of the form

S = K€", R, = kye”, o, = Kze™, (29)

where the k;’s are not all zero. Substituting these expressions in the homogenous
part of the system defined by equations (27), (28), and (23) yields

e"ki(Qp — ™) + Oks — ks(veymp + m)] =0 (30a)

e”[—wi(ms + pws) + prz + ka(mws + pws)] = 0 (30b)

eIk ¥ + ks(p ~ ¥)] =0, (30c)
where

m =n(l—ve)20
m=(1—-m)tveim+ vy(a +ve) >0
w3 = y(a + vep) >0

= —(® + bicyy) + m(b: — a1 b)) 20
s = (P + bicy) >0

e = (b — ¢15)20

7 = bicym > 0.
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Assuming the conventional Marshall-Lerner condition to hold implies that
is positive, so that a rise in nominal wages appreciates the real exchange rate and
reduces reserves. However, this condition is not sufficient to ensure that a
nominal depreciation of the parallel exchange rate raises reserves (that is, that
w4 > 0): this is because such a rise increases the flow of export receipts diverted
to the parallel market, despite its positive effect on the real exchange rate and
export volumes. We will in what follows assume that «; > 0, an assumption that
requires the income elasticity of money demand not to be too large (v < 1/c;).

Equations (30a)~(30c) must be identically satisfied for (29) to be a solution.
This requires, therefore, that all expressions in brackets be zero. To obtain
nontrivial solutions for the «;’s requires that

P~ 1) O —(veamp + m)

~(ms + pms) p e + pm, =0,
v 0 (p—¥
which gives
T30+ pt F Tp+ Te=0, 31
where

To = OW(mws — my) >0

71 = Omy + Y(m + m)30

= 0m -+ Ulme, — Q) =0m, —m,—a¥0
T3 = Q> 0.

A sufficient condition for 7, to be positive is w4 > 0. The sign of 7, is, in general,
indeterminate. Consider the case where the effect of the real interest rate on
output is negligible; that is, c,— 0. Then 1, < 0. By Descartes’s rule of signs, the
polynominal (31) has two roots with positive real parts and only one root with
negative real part (denoted p,), whatever the value of 7,.* The general solutions
can be written as

3 3
so=5*+ 2 Awwa(k) exp(pet), o = 0* + 2 Arka(k) exp(pit),
k=1

k=1
3
R, = R* + 2, Axxa(k) exp(pet),
k=1

where the k;(k) denote a triplet of values associated with each root, p;. The
particular solutions are given by

*To show that the real parts of the other two roots are positive, write the
polynomial (31) as

P> = (p1+ P2+ pa)p” + (prpa + pips + p2pa)p — pipaps = 0. (319
Equations (31) and (31') imply that
p2ps = —Toltsp; > 0, p2+ p3 = —(72 + p1) >0,

which in turn proves that p; and p; have positive real parts.
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§* = 0* = ws€/(ms — ),
R =0 {mmtm _ D
g — T4 3 E]

so that @s/(ms — ) = (m; + m, — m3) = 1, for c;— 0. Adopting the normaliza-
tion rule, ki(k) = 1, and solving equations (30a)-(30c) for successive values of
pr yields

=g+ Ak exp(pxt)

=g + W = pw) exp(pxt)

R =R* + 07 E Ay (\1/ Pe) (veampe + m) — (Qpe — m2) | exp(pxt).
v

k=1

Setting ¢,~ 0 yields equations (24a)—(24c) in the text. If the dual-rate regime
is expected to last forever, so that A, = 45 =

= O(R, - )li(‘l’ = ),rr — (ap: - 7,2)}_1 >0, for Ry > R*,

which implies that, an instant before the announcement, So- < u)o_

In the postreform flexible exchange rate regime, s, = e = €, R, =0, and
R, = Rj fort = T. The simultaneous system is then formed of equatlons (27) and
(23); that is

€& ann G|} & —m €}
= + , (32)
W - ¥l w 0

where

an = [1 - m + ’Y]V(C] - \I’C2)] /Q%O

Ay = (T] /Q)[]. - v(01 - q’Cz)] 2
and M = OR7 + (1 — ©)D, assuming, as before, that c;— 0 yields a1; > 0 and
a1z > 0. Under these assumptions, the system (32) will be globally unstable.
Solving for the particular solution yields

E; = (.0; = W[/(au + au)ﬂ = ff. (33)

To determlne the coefficients A, in equation (21), set Ro = Ro, and

+

‘GT"U)sz:

+ -
€r — €=
k

Ro — R* = 9~1 i A [(qf \Ppk) (VCz'T]pk + 171) - (ka - ’Tl’z):I (34b)

k=1

e

Acemp(pT), wj 7= 2 A A e,y (342)

Solving this system yields
ATV AL = (e — )[8s(qn — 1) exp(pT) + 821 — g3) exp(ps T)]
+(Ro — R*)(¢s — q2) expl(p2 + p3)T],
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AT A; = (e7 — @)[3:(1 — q1) exp(p: T) + 8:1(gs — 1) exp(ps T)]
+(Ro — R*)(q1 — g3) expl(p: + p3)T],
AT A = (e7 — &)[B2(q: — 1) exp(pi T) + 8:(1 — g2) exp(p2T)]

+(Ro — R*)(q2 — q1) expl(p1 + p2)T],
where, fork =1,2,3

g = (¥ = po) /¥
8 = 6_1[(—%—2’(—2 (veampe + ) — (Qpr — 'n'z)]

A = exp(ps T)[8:(g2 — 1) exp(p=T) + Ba(qr — g5) exp(ps T)]
+31(g3 — q2) expl(pz + p3)T].

From the definitions given above, g; > 0, while g2, g3 2 0. As a result, we also
have g, — q: <0, q: — g > 0, and—if ps; denotes the highest positive root—
g» — g2 < 0. Thus, AZ 0. Setting c;— 0 yields 8, > 0, while 8,, 3,2 0. In general,
therefore, the sign of the coefficients A, cannot be determined a priori.

Assume, however, that T'is large enough. Then, for R; — R* > 0 and €r>¢

A— (g5 — ¢) expl(pz + p3)T]

Al—»(R—o — R*)/8; >0

Ac— (&8 — 8)(ga — 1) exp(—p2T) (gs — 42) > 0
As—>(er — &) (1 — q2) exp(—ps T) /(g5 — ¢2) <0,

with [As;| > |Aa|. Setting ¢ = 0 in equations (24a)-(24c), it can be established that
oy > sq , which, in turn, implies that py > s .
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