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EDITOR'S NOTE

The Editor invites from contributors outside the
Fund brief comments (not more than 1,000 words)
on published articles in Staff Papers. These com-
ments should be addressed to the Editor, who will
forward them to the author of the original article
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considered for publication.

The term "country," as used in this publication, may not
refer to a territorial entity that is a state as understood by inter-
national law and practice; the term may also cover some ter-
ritorial entities that are not states but for which statistical data
are maintained and provided internationally on a separate and
independent basis.
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Openness, Human Development,
and Fiscal Policies

Effects on Economic Growth and Speed of Adjustment

DELANO VILLANUEVA*

The model developed here postulates that learning through experience
raises labor productivity with three major consequences. First, the steady -
state growth rate of output becomes endogenous and is influenced by
government policies. Second, the speed of adjustment to steady-state
growth increases, and enhanced learning further reduces adjustment time.
Third, both steady-state growth and the optimal net rate of return to capital
are higher than the sum of the exogenous rates of technical change and
population growth. Simulation results confirm the model's faster speed of
adjustment, and regression analysis finds that a large part of the divergent
growth patterns across countries is related to the extent of economic open-
ness, the depth of human development, and the quality of fiscal policies.
[JEL F43, H3, H5]

npHE BASIC NEOCLASSICAL growth model developed by Solow (1956)
JL and Swan (1956) has been the workhorse of growth theory for the

past three and a half decades. Its simple structure—consisting of a well-
behaved neoclassical production function, investment-saving relation,
and a labor growth function—is an elegant solution to the "knife-edge"
problem posed by Harrod (1939) and Domar (1946). By allowing smooth
factor substitution and wage-price flexibility, the capital-output ratio is

* Delano Villanueva is Assistant to the Director of the Middle Eastern Depart-
ment. He received his Ph.D. from the University of Wisconsin.

The author wishes to thank Donald Mathieson and Julio Santaella for useful
comments and Brooks Dana Calvo and Ravina Malkani for efficient research
assistance.
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2 DELANO VILLANUEVA

made a monotonic function of the capital-labor ratio. The growth rate
of the capital stock (the warranted rate) adjusts to the exogenously
given growth rate of the labor force (the natural rate) to maintain
full-employment real output.

The Solow-Swan model, however, has certain equilibrium properties
that bother many growth theorists: an increase in the saving rate, while
raising the level of per capita real income, has no effect on the growth
rate of output. This surprising result on growth neutrality has a simple
explanation: although a higher saving rate raises the growth rate of output
by increasing the investment rate, the increase in economic growth occurs
only during the transition toward the next equilibrium; sooner or later,
the labor input becomes a bottleneck, restricting further output expan-
sion. The growth rate of output would eventually fall back to the constant
natural rate of growth.

The time it takes the economy to reach this balanced growth path is
of considerable interest—particularly to policymakers. In the context of
the Solow-Swan model, if the objective of economic policy is to raise the
equilibrium level of per capita real income (for example, by raising the
government saving rate), a fast adjustment would be desirable.

Using a Cobb-Douglas production function with constant returns to
scale and Harrod-neutral technical progress, Sato (1963) has shown that
the time required for the Solow-Swan model to reach equilibrium is about
a hundred years!1 Moreover, the lower the rate of depreciation or the
higher the share of capital, the slower the adjustment. An intuitive
explanation for these results is that a slower rate of depreciation or a
larger share of capital would enable firms to substitute capital for labor
and thus postpone for a longer period the bottleneck posed by a fixed rate
of labor growth.

The Solow-Swan model's prediction that the rates of saving, depreci-
ation, and population growth as well as government policies cannot affect
the equilibrium growth rate of per capita real income, which is fixed by
an exogenously determined rate of labor-augmenting technological pro-
gress, appears counterfactual. It seems reasonable to conjecture that,
over the long haul, countries that promote saving and investment, reduce
the depreciation of the capital stock, and create more open trading
systems tend to grow faster and that those with rapid population growth,
sluggish expansion in expenditures on human development and basic
needs, and high ratios of government deficits to GDP tend to grow
slower.

1 Such a slow adjustment would render somewhat irrelevant the equilibrium
behavior of the model because of the likelihood that the other parameters of the
system would have changed in the interim.
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GROWTH AND ADJUSTMENT 3

The relatively slow adjustment of the Solow-Swan model toward its
steady state is partly due to the (assumed) inability of the natural rate to
adjust to changes in capital intensity as the economy moves from one
equilibrium to another in response to an exogenous shock. It seems
plausible to consider that a partly endogenous natural rate, via learning
through experience, would contribute to a faster speed of adjustment. If
so, the limiting behavior of the Solow-Swan model would assume much
more relevance to policymakers.

This study is both theoretical and empirical and belongs to the class of
new "endogenous growth" models.2 It is a variant of Conlisk's (1967)
endogenous-technical change model and Arrow's (1962) "learning by
doing" model, wherein experience (measured in terms of either cumula-
tive past investment or output) plays a critical role in raising labor
productivity over time. The presence of learning through experience has
three major theoretical consequences. First, equilibrium growth be-
comes endogenous and is influenced by government policies.3 Second,
the speed of adjustment to growth equilibrium is faster, and enhanced
learning further reduces adjustment time. Third, both equilibrium eco-
nomic growth and the optimal net rate of return to capital are higher than
the sum of the exogenous rates of technical change and population
growth.

The endogenous growth model's equilibrium behavior is found to be
consistent with the substantial diversity in per capita growth patterns
observed among countries. Such diverse growth experiences, which are
predicted by the model, can be explained by differences in saving rates,
ratios of government deficits to GDP, population growth rates, and
certain parameters that influence the learning coefficient, such as
changes in openness to world trade and growth in government outlays on
education and health.

I. Endogenous Growth

The model is summarized by the following relationships:

(1)

(2)

2See, among others, Romer (1986), Lucas (1988), Becker, Murphy, and
Tamura (1990), Grossman and Helpman (1990), and Rivera-Batiz and Romer
(1991).

3 Equilibrium growth in Arrow's learning-by-doing model, although a function
of the "learning coefficient," nevertheless remains independent of the saving rate
and the depreciation rate. See footnote 5 for details.
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4 DELANO VILLANUEVA

(3)

(4)

(5)

(6)

where the variables are defined as

Y = real GDP,
K = capital stock,
N = labor (manhours in efficiency units),
L = population (manhours),
T = labor productivity or technical change multiplier (index number),
k = ratio of K to N,
s = ratio of real saving to Y,
8 = depreciation of capital,
a = learning coefficient;

and the parameters are defined as

n = population growth rate,
X = change in ratio of foreign trade (sum of exports and imports)

to GDP,
€ = growth rate of real government expenditures on education

and health,
a) = growth rate of real government expenditures on social security

and housing,
jx = growth rate of real government expenditures on operations

and maintenance,
0 = ratio of government deficits to GDP,
\ = rate of exogenous labor-augmenting technical change,

d(. )/dt = time derivative.

Equation (1) is a standard neoclassical production function satisfying
the Inada (1963) conditions.4 Equation (2) is the expression for capital
accumulation: the increment in the capital stock is equal to gross domes-
tic saving less depreciation. The proportion s of GDP saved and invested
is assumed to be sensitive to government policies, in particular to 0, the
ratio of the fiscal deficit to GDP. High values of 0 directly lower 5, as the

4UmdF/dK = oo as £-»0; HmdF/dK = 0 as #->oo;/(0) > 0;/'(*) > 0; and
f"(k) < 0.
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GROWTH AND ADJUSTMENT 5

public sector dissaves. There are indirect effects as well. High levels of
6 indicate large government borrowings from financial markets. Either
through higher interest rates or lower credit availability, private sector
capital accumulation is adversely affected. Thus, it is assumed that
s'(Q) < 0.

There are other (unspecified) factors affecting s. For example, interest
rate liberalization may increase the private saving rate, which would tend
to pull up aggregate s, but may also entail increases in the rate of
government dissaving in the presence of a large stock of public debt,
which would drag down total s both directly and indirectly (via negative
effects on the private saving-investment rate). It is also assumed that
8'(|JL) < 0—the rate of depreciation, 8, is a negative function of the real
growth of expenditures on operations and maintenance, \L. In other
words, a higher JJL lowers the rate of depreciation of existing capital
stock K. The population grows at an exogenously constant rate n in
equation (3).

The key relationship in the model is equation (4). It postulates that
technical change dTldt improves with the capital stock per capita K/L.
Output per capita Y/L can be used instead. For example, manhours in
the production of an airframe (the structural frame of an airplane) during
the 1930s tended to decline with the number of airframes produced. A
more current example is the introduction of both high-speed and personal
computers, which has improved the productivity of engineers and scien-
tists (including economists). Since (dTldt) IT is a function of Y/TL =
YIN = /(A:), using K/L is equivalent to using Y/L as the forcing variable
behind improvements in labor productivity. The parameter a is the
learning coefficient. If a = 0, T grows exogenously at a constant rate X
and the endogenous growth model collapses into the Solow-Swan model.
(The restrictions a > 0 are assumed and empirically tested in a later
section. Since the assumption that a > 0 is crucial to the arguments in this
paper, the extended discussion of its rationale is useful.)

The Solow-Swan model's characterizing assumption a = 0 may be true
in a world devoid of technical change, since labor supply may be mea-
sured by the size of population. In this case, it may be plausible to assume
that labor has no endogenous growth component, since population in
many countries appears to grow independently of the economic system.
But the real world is one of continuous technical change. While a portion
of this change may be exogenous, some technical change is clearly en-
dogenous and partly labor augmenting. Workers learn through experi-
ence, and their productivity is likely to be enhanced by the arrival of new
and advanced capital goods. That is, the endogenous growth model's

©International Monetary Fund. Not for Redistribution 



6 DELANO VILLANUEVA

assumption that a > 0 seems more plausible than the Solow-Swan
model's assumption that a = O.5

In the restriction a > 0, the learning coefficient a is allowed to vary
positively with changes in the ratio of foreign trade to GDP, x; real
growth of outlays on education and health, £; social security, housing, and
recreation, CD; and other unspecified factors. The role of rapid growth of
foreign trade in stimulating a higher learning coefficient is twofold.6

First, the import-export sector serves as a vehicle for technology transfer
through the importation of advanced capital goods, as elucidated by
Bardhan and Lewis (1970), Chen (1979), and Khang (1987), and as a
channel for positive intersectoral externalities through the development
of efficient and internationally competitive management, the training of
skilled workers, and the spillover consequences of scale expansion
(Keesing (1967), and Feder (1983)). Second, rising exports relieve the
foreign exchange constraint. The importation of technologically superior
capital goods is enhanced by growing export receipts and higher flows
of foreign credits and direct investment, which take into account the
country's ability to repay out of export earnings.7

It is also reasonable to posit that accelerated growth of real outlays on
education and health would be associated with a higher learning potential
of labor, as would growth in real expenditures on social security, housing,
and recreation. Finally, equations (5) and (6) are standard definitional
relations involving N and k.

Reduced Model

The growth rate of the capital stock is derived by dividing equation (2)
by K, using equations (1) and (6):

5 Arrow's (1962) learning-by-doing model has a steady-state solution for the
growth rate of output equal to (X + n) 1(1 - a), where the technical change
function is (dTldt)lT = Qi(dKldi)IK + X,0 < a < 1. Although steady-state
growth is thus a multiple of X + n, growth remains independent of s and 8;
besides, this model has the property that d(g* - n)ldn = a/(l - a) > 0. That is,
an increase in population growth raises equilibrium rate of per capita growth. This
proposition is rejected by the empirical finding reported later that an increase in
the rate of population growth depresses the average growth rate of per capita
output during 1975-86 in a sample of 36 developing countries from five regions.

6 See the discussion on the production linkage summarized in Khan and Vil-
lanueva (1991). Edwards (1992) and Knight, Loayza, and Villanueva (1993)
present evidence on the relationship between trade openness and economic
growth.

7 The transfer of efficient technologies and the availability of foreign exchange
have featured prominently in recent experiences of rapid economic growth (Thirl-
wall (1979)).
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GROWTH AND ADJUSTMENT 7

(7)

The growth rate of efficient labor is derived by differentiating equation
(5) with respect to time, using equations (1) and (3)-(6):

(8)

Differentiating equation (6) with respect to time and substituting equa-
tions (7) and (8), the growth rate of the capital-labor ratio k is thus equal
to

(9)

The reduced model, equation (9), is a single differential equation involv-
ing the variables (dkldt)lk and k alone.

Per capita income, Y/L, grows according to

(10)

which is also a single-valued function oik. Here, IT is the share of income
going to capital; in general, it is a function of A:.8 The equilibrium capital
intensity &* is the root of equation (9) equated to zero:

en)
And the equilibrium growth rate of per capita income is given by

(12a)

(12b)

Stability

Given the Inada conditions on the production function, equations
(7)-(9) are depicted according to Figure 1. The upper panel graphs

8 For a degree-p homogeneous production function Y = F(K,N), ir(fc) =
kf'(k)l$f(k). The sign of ir'(fc) follows the sign of e(A:) - 1, where effc) =
fm(k)[pf(k) - kf'(k)]/k[(& - I)/'(A:)2 - P/(A:)/''(£)] is the elasticity of substitu-
tion. If Fis Cobb-Douglas, ir(k) = p, where a is the constant exponent of K, and
€(fc) = 1. If F has constant elasticity of substitution (CES), ir(A:) = !/[! +
(1 - p)(l/p)ATCT] and e(£) = 1/(1 - a). Notice that if a = 0, CES reduces to
Cobb-Douglas. Also see footnote 8.
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8 DELANO VILLANUEVA

Figure 1. Endogenous and Solow-Swan Growth Models

©International Monetary Fund. Not for Redistribution 



GROWTH AND ADJUSTMENT 9

equation (9), and the lower panel graphs equations (7) and (8). The
downward slopes of the curves representing equations (7) and (9) and the
upward slope of the curve representing equation (8) follow from the
assumption of a positive but diminishing marginal product of capital. The
reasons why the (dk Idf) Ik curve lies partly in the first quadrant and partly
in the fourth quadrant in Figure 1 are given by the other Inada condi-
tions—that is, for some initial values of the capital-labor ratio, it is
possible for capital to grow either faster or slower than labor. It is obvious
by inspection that, at any point on the (dk/dt)lke curve, the economy
would move in the direction indicated by the arrows. Thus, k tends to
settle at an equilibrium value fc*, which is globally stable. Other points
along the curve imply nonzero rates of change in k, and k will change
toward k*. In Figure 1, for example, points to the left of k* imply positive
values of (dkldi) Ik. This means that K is growing faster than N, and the
ratio K /N will rise. The increase in k lowers the income-capital ratio, and
hence the saving- and investment-capital ratios. The growth of K slows.
Meanwhile, a higher k induces an increase in labor-augmenting technical
change through enhanced learning and experience. The growth of N is
stimulated. This process would continue until the growth rates of K and
N converge at the stationary value k* .9 At this equilibrium point, K and
N would grow at the same rate g*, and by the constant returns assumption
output Y would also grow at this rate, given by equations (12a) and (12b).

Equilibrium Capital Intensity and Growth

The Solow-Swan and endogenous growth models are graphically por-
trayed in Figure 1. In the lower panel, the natural rate schedule, Ne, is
upward sloping in the endogenous growth model, owing to the presence
of learning-by-doing and the assumption of a positive marginal product
of capital. The natural rate schedule in the Solow-Swan model is shown
as the horizontal line Ns with vertical height equal to a constant growth
rate g*( = X + n). The warranted-rate schedule K is assumed to be
identical in the two models.

In the upper panel, reflecting the different natural rate schedules, the
capital accumulation schedules assume the shape and intersection with
the A>axis indicated by the two curves, with (dkldt)lks flatter than and
to the right of (dkldi) lke. The equilibrium positions of the two types of
models are indicated by the points A and B, respectively, in the lower

9The opposite sequence of events is true for points to the right of k}, implying
negative values of (dkldi)Ik).
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10 DELANO VILLANUEVA

Table 1. Comparative Effects of Structural Parameters on Equilibrium Values
of Capital Intensity (k*) and the Per Capita Growth Rate (g* - n)

Endogenous
growth Solow-Swan

An increase in k* g* - n k* g* - n
Saving rate (5) + + + 0
Ratio of foreign trade to GDP (x) + . + na na
Growth in real spending on

education and health (£) - + . na na
Growth in real spending on

social security (o>) — + na na
Growth in real spending on

operations and maintenance (|x) + + na na
Ratio of fiscal deficit to GDP (6) - - na na
Population growth (n) - — — 0
Exogenous technical change (X) - + - +

Notes: 4- = increase; — = decrease; 0 = no change; na = not applicable.
Source: For endogenous growth model, equations (11) and (12a)-(12b) in text.

For Solow-Swan model, same set of equations with a set equal to zero.

panel. The growth rate of output is higher in the endogenous growth
model by the magnitude a(. )/(£*): that is, g* > g*. The capital-labor
ratio, however, is lower in the endogenous growth model (k* < fc*); the
growth rate is higher because of induced learning-by-doing. The model's
capital intensity level is lower because of a higher level of the effective
labor input.

Comparative Dynamics

Table 1 summarizes the qualitative effects of changes in the structural
parameters on the equilibrium capital intensity, k*, and on the equi-
librium per capita growth rate of income, g* — n. Algebraically, the
partial derivatives of k* and g* - n with respect to any structural pa-
rameter may be obtained by the differentiation of equations (11) and
(12a)-(12b).

Effects of a Higher Saving Rate10

The effects of an increase in the saving rate s on the transitional and
equilibrium growth rates of output can be analyzed using Figure 2, in
which the initial equilibrium positions in the endogenous growth and

10 The effects of a reduction in the rate of depreciation—exogenously in the
Solow-Swan model and endogenously in the endogenous growth model via a
higher rate of real expenditures on operations and maintenance—are similar.
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Solow-Swan models are indicated by points A and B, respectively. An
increase in the saving rate shifts the warranted-rate curve to K' in either
model. The new equilibrium positions are indicated by points D in the
endogenous growth model and C in the Solow-Swan model. In both
models, the capital-labor ratio rises, although the new ratio remains
lower in the endogenous growth model than in the Solow-Swan model,
owing to positive learning-by-doing. However, the new equilibrium
growth rate increases in the endogenous growth model but remains
unchanged in the other. The discussion below traces the adjustment
dynamics to the new growth equilibrium in the two models in the wake
of an increase in the saving rate.

During the transition between equilibrium points B and C, the rate of
output growth in the Solow-Swan model is momentarily higher—by
EB—than the natural rate g* because the warranted rate rises owing to
a higher ratio of saving to income.11 The capital-labor ratio begins to rise,

11 The transitional growth rate of output, (dYldt)IY, is equal to X + n +
Tr(k)klk, where ir(fc) = kf'(k)lf(k). Now, both Tr(fc) and klk are positive any-
where between k* and k f ' . It follows that (dYJdi) IY > \ + n during the transi-
tion from B to C. At either B or C, TT > 0 and klk = 0, so that (dYldt) IY = X +

GROWTH AND ADJUSTMENT 11

Figure 2. Effects of an Increase in the Saving Rate
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12 DELANO VILLANUEVA

which slows the warranted rate. Since the natural rate is completely
independent of the capital-labor ratio, only the warranted rate adjusts
(downward) along the segment EC. Over time, labor becomes a bottle-
neck, and the growth rate slows (converges) to the constant natural rate
g*( = n + X) at C. At this point, the capital-labor ratio stops rising and
settles at a new and higher level k*r. Thus, the effect of an increase in
the saving rate is to raise the equilibrium capital-labor ratio (from k* to
k*')12 because of the permanent upward shift of the warranted-rate curve
associated with an increase in the saving rate.

In the endogenous growth model, an increase in the saving rate shifts
the equilibrium from A to D. At the starting position A, capital would
grow faster than labor (by FA), and the capital-labor ratio would rise
(from kg toward k* ')• As this happens, the marginal and average product
of capital would fall, thus lowering the level of saving per unit of capital
and slowing the warranted rate (downward along FD). On the other
hand, the natural rate, instead of remaining constant as in the Solow-
Swan model, would accelerate (from A to D along the Ne curve) because
of a higher rate of labor-augmenting technical change associated with a
rising capital-labor ratio. This process would continue until the warranted
and natural rates are equalized—through a continuous increase in the
capital-labor ratio—at the new equilibrium value k*' at D, at which point
the warranted rate would have fallen to the new and higher value of
the natural rate, equal to the new and higher growth rate of output
*"(>*:)•

Effects of Openness, Human Development
Spending, and Technical Change

The effects of these factors can be analyzed with the help of Figure 3.
Since many of these parameters are absent from the Solow-Swan model,13

the illustrations refer only to the endogenous growth model. Changes in
the ratio of foreign trade (sum of exports and imports) to GDP and
growth in real outlays on education, health, social security, housing, and
recreation are reflected in changes in the learning coefficient a, while

n at either equilibrium point. The convergence property of neoclassical growth
models can be demonstrated with the aid of Figure 2. As the initial capital
intensity (or initial income per worker) moves farther to the left of k*' (gets
smaller), the average growth rate of per capita income rises—that is, the vertical
line increases between Ns and any point on the K' curve corresponding to the
initial level of capital intensity.

12 And thus it raises the equilibrium level of real income per efficient worker.
13 One parameter that is present is the exogenous rate of technical change X,

whose effects on capital intensity and per capita growth are similar in the two
models.
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GROWTH AND ADJUSTMENT 13

Figure 3. Effects of Increased Openness and
Expenditures on Human Development in the Endogenous Growth Model
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14 DELANO VILLANUEVA

changes in the exogenous rate of technical change X enter the natural rate
schedule directly.

An increase in any of these parameters shifts the capital accumulation
schedule to the lower left (upper panel) and the natural rate schedule to
the upper left (lower panel). With reference to Figure 3, the adjustment
dynamics are the following. After the parametric increase, the rate of
change in k is negative at the old equilibrium value k$. This means that
the natural rate is above the warranted rate, as shown in the lower panel.
Thus, the level of capital intensity begins to fall toward fc*. As k falls,
income per unit of capital rises, stimulating saving and investment, and
the warranted rate goes up. At the same time, a lower stock of capital
reduces the rate at which technological progresses taking place, depress-
ing the natural rate. This process continues until the two rates meet at
fef, where the rate of change in k is again zero. The new equilibrium
position is characterized by a lower level of capital intensity and a higher
growth rate of per capita output and income.

Effects of Fiscal Deficits and Population Growth

Finally, Figure 4 illustrates the effects of increases in the ratio of the
fiscal deficit to GDP and in the rate of population growth on equilibrium
capital intensity and on the growth rate of per capita output in the
endogenous growth model. An increase in population growth or in the
rate of government dissaving14 (by lowering the saving rate) shifts the
capital accumulation schedule to the lower left in both panels. At the old
equilibrium capital intensity, the rate of change in k turns negative (upper
panel), implying that the warranted rate falls short of the natural rate
(lower panel). As k falls, income per unit of capital increases, raising
saving and investment, and hence the warranted rate. At the same time,
the natural rate decreases, because a lower k induces a lower rate of
learning. This process continues until the economy settles at a new
equilibrium position characterized by a convergence of the warranted and
natural rates, a lower level of capital intensity, and a slower growth rate
of per capita income.

II. Optimal Long-Run Growth

In the long run, output per unit of effective labor is y* = f(k*). Ify*
is considered a measure of the standard of living, and since f(k*) > 0,

14 As noted earlier, as the public sector dissayes, fewer resources will be
available to accumulate capital. Moreover, the ensuing large government borrow-
ings from financial markets tend to raise interest rates or lower available credit,
adversely affecting private capital accumulation.
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GROWTH AND ADJUSTMENT 15

Figure 4. Effects of Increases in Ratio of Fiscal Deficits
to GDP and in Population Growth
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16 DELANO VILLANUEVA

it is possible to raise living standards by increasing k*. This can be done
by adjusting the saving rate—for example, by lowering the ratio of the
fiscal deficit to GDP. If consumption per unit of effective labor (or any
monotonically increasing function of it) is taken as a measure of the social
welfare of the society, the saving rate that maximizes social welfare by
maximizing long-run consumption can be determined. Phelps (1966)
refers to this path as the "Golden Rule of Accumulation."

Consumption C per unit of effective labor is c = CIN = YIN - S/N,
where S is saving. YIN is f(k) and 5 = / = dKldt + 8(p,)#, where / is
investment. Thus,

On the balanced growth path,

where Thus,

(13)

Maximizing c* with respect to s,

dc* Ids = {/'(**) - 2a( . )k* - [\ + n + 8(|x)]}dA:* Ids = 0. (14)

Since dk* Ids > 0, the Golden Rule condition is

(15)

where g*(fc*) = a(. )k* + X + n is the equilibrium growth rate of out-
put. The second-order condition for a maximum is satisfied, since

(16)

Equation (15) says that for social welfare to be maximized the saving
rate should be raised to a point where the net rate of return to capital
(which is equal to capital's marginal product less depreciation) equals the
long-run growth rate of output plus the product of the learning coefficient
and the equilibrium capital intensity. The second term is nothing more
than the endogenous component of labor-augmenting technical change—
the component of (dTldi) IT induced by any learning that occurs at a
higher level of capital intensity, which, in turn, is caused by a higher
saving rate. If there is no learning (a = 0), equation (15) reduces to
f(k*) - 8 = X + n, which is the familiar Golden Rule result from stan-
dard neoclassical growth theory. It is evident that the optimal net rate of
return to capital should be higher than X + n when a > 0—when there
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GROWTH AND ADJUSTMENT 17

is learning-by-doing—because of two factors. First, when the saving rate
s is raised, the equilibrium growth g* will be higher than X + n, by the
amount a(.)dk* /ds. Second, capital should be compensated for the
effect on equilibrium output growth through the induced learning term
a(.)**.

An alternative interpretation of the above Golden Rule can be given.
A standard neoclassical result is that the optimal saving rate s should be
set equal to the income share of capital IT. With endogenous learning-by-
doing, the optimal saving rate should be set at a fraction of IT, the fraction
being equal to (g* + 8) /[g* + 8 + a(. )£*].15 Here, g* 4- 8 + a(. )k* =
f(k*)—given by equation (15)—is the (gross) social marginal product of
capital, inclusive of the positive externalities arising from the learning
associated with capital accumulation in the endogenous growth model.
Equivalently put, income going to capital as a share of total output should
be a multiple of the amount saved and invested in order to compensate
capital for the additional output generated by endogenous growth and
induced learning. A value of TT equal to s, implicit in the standard model,
would undercompensate capital and thus be suboptimal from a societal
point of view.

III. Speed of Adjustment Toward Equilibrium

The equilibrium results derived in the preceding section would not be
relevant to the real world if the time period for the model to reach its
equilibrium were unduly long. There are three approaches to the analysis
of adjustment dynamics in the speed-of-approach literature:

—analytical approach, which garners less explicit results but does not
resort to a full-scale numerical simulation;

15Equations (11) and (15) and the definition IT = k*f(k*)/f(k*) are used to
derive this result. When a = 0, the proportionality factor assumes a value of
unity, and the standard neoclassical result holds. In terms of the parametric values
assumed in the simulations reported in Table 2 below, when the learning coeffi-
cient a is greater than zero, the optimal saving rate should be set at about
three-quarters of the assumed income share of capital TT, or at 0.3 when IT = 0.4.
The simulations also show that the higher is the learning coefficient, the lower
is the optimal saving rate as a proportion of capital's income share. According
to the standard model, the optimal saving rate should always be set equal to IT,
which is at 0.4 in the numerical examples. The higher saving rate implied by the
standard model owes to its neglect of endogenous growth and positive external-
ities through the learning-by-doing associated with saving and capital accumula-
tion. By contrast, in the endogenous growth model the economy benefits from
such endogenous growth and positive externalities, so that a smaller saving-
investment rate is all that is required (relative to the rate required by the standard
model).
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18 DELANO VILLANUEVA

—simulation, such as the work of Sato (1963), which uses a specific
functional form for the production function and representative values of
the structural parameters and which calculates adjustment paths from
hypothetical disequilibria to obtain estimates of the time (in years)
needed to reach equilibrium; and

—empirical approach, which examines whether the model's equi-
librium predictions accord with observed growth patterns of real
economies over reasonably long periods.

Analytical Approach

The negative slope of the (dkldt)lke curve (see Figure 1) at the equi-
librium capital intensity kf is a measure of the local adjustment speed.
The steeper the slope, the faster the steady state kf is reached. The
absolute value of the slope at kf may be obtained by differentiating
equation (9) with respect to k and evaluating at k*:

V = \{(dldk)[(dkldt)lk]}*\

= (n + X + 8 + afc?)[(l - Tr(k*)]/k* + a. (17)

The key feature of the endogenous growth model that distinguishes it
from the Solow-Swan model is the assumed presence of learning-by-
doing, represented by a positive learning coefficient a. In the absence of
learning (a = 0), equation (17) reduces to the Solow-Swan expression.
It is obvious from equation (17) that with a > 0 the slope of the (dkldt) I
ke curve is steeper than the slope of the (dkldt)lks curve (when a = 0).
Thus, the endogenous growth model takes relatively less time to reach
equilibrium. Moreover, it can be shown that enhanced learning—repre-
sented by an increase in a—would further reduce the adjustment time,
provided that the elasticity of substitution is not less than one, such as
when the production function is CES. This can be seen by differentiating
equation (17) with respect to a, which yields

which is positive if the production function is CES (in which case,
ir'[fc*] > 0) and if k* ^ 1 (the equilibrium capital per effective worker
is not less than a unit of the currency). It has been shown earlier that
dk* Ida < 0. The simulations using a Cobb-Douglas production function
(a special case of CES) reported in Table 2 below show the same results.

The above results can be given an intuitive interpretation. It has been
shown that the equilibrium growth rate of output is [(dN/dt)/N]* =

©International Monetary Fund. Not for Redistribution 



GROWTH AND ADJUSTMENT 19

Table 2. Estimated Period of Adjustment in Years
as yt Approaches a Limit of Voo, Using Various aa

Adjustment
ratio Adjustment from above Adjustment from below
(pt) Oo - }>=o > 0) (y0 - }>oo < 0)

a = Ob y0 = 0.045 y0 = 0.035 >>o = 0.015 y0 = 0.025
0.25 33.8 9.3 3.9 5.4
0.50 55.7 21.1 10.1 13.6
0.75 80.3 39.6 22.6 28.5
0.90 105.9 62.6 41.7 49.3

a = 0.01b y0 = 0.08 y0 = 0.07 y0 = 0.01 y0 = 0.05
0.25 6.4 4.3 1.5 2.6
0.50 13.5 9.8 3.9 6.5
0.75 23.3 18.6 9.1 13.6
0.90 34.7 29.4 17.5 23.5

a = 0.02b

0.25 3.8 3.0 1.3 2.1
0.50 8.4 6.9 3.3 5.1
0.75 15.3 13.2 7.6 10.5
0.90 23.6 21.2 14.2 18.0
a Analysis uses a = 0.4, 8 = 0.04, X = 0.005, n = 0.025, and s = 0.2.
bWhen a = 0, A:* = 5.75 and y» = 0.03. When a = 0.01, k* = 3.00 and

y~ = 0.06. When a = 0.02, A:* = 2.40 and y* = 0.078.

[(dKldt) IK}*. Both the natural and warranted rates adjust endogenously
to changes in capital intensity. With the brunt of adjustment toward
equilibrium being shared by changes in the natural rate, the time needed
to reach equilibrium is much less in the endogenous growth model. In
sharp contrast, the time required to reach equilibrium is much longer in
the Solow-Swan model because the adjustment burden is borne entirely
by changes in the warranted rate.

Simulation

The reduced model, equation (9), is

Assuming a Cobb-Douglas form for f(k) = ka, where 0 < a < 1 is the
exponent of the capital stock (in this particular case, also equal to capi-
tal's share in income IT, which is constant and independent of A:), the
reduced model becomes

(18)
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20 DELANO VILLANUEVA

The solution to this differential equation is complicated because it is a
nonlinear function. However, a linear approximation is possible in the
neighborhood of the steady-state constant value A:*:16

<*/A = g(**) + g'(**)(*-**)

= [ask**-1 - 2oJt* - (n + \ + b)](k - A:*),

since g(fc*) = 0. Or,

dkldt = A(k-k*\ (19)

where A = ask*"'1 - 2aA:* - (n + X + 8) < O.17

Equation (19) is of a "variables separable" form, which can be sepa-
rated as

[!/(£- k*)]dx =Adt. (20)

Integrating both sides,

/[Il(k - k*)]dx = At + constant,

log(A: — £*) = At + constant,

k — k* = constant eAt,

k = £* 4- O", (21)

where C is a constant of integration.18

Substituting equation (21) into equation (19)—

(dkldf)lk = A{1 - [A;* /(fc* + C '̂)]}- (22)

Now, from equation (10), the growth rate of output is given by

(dY/dt) /Y = yt = a(dkldt} Ik + y., (23)

where

y,0 = ak* + \ + n. (24)

16The constant k* is the unique root of expression (18) equated to zero:
sk*a - ak*2 - (n + X + 8)fc* =0. Givens = 0.2, a = 0.4, a = 0.01, n = 0.025,
X = 0.005, and 8 = 0.04, k* assumes the value of 3.00, and the balanced growth
path is equal to an annual rate of 0.06. If a = 0, as in the Solow-Swan model,
and if the other parameters are unchanged, k* solves to a higher level at 5.75 and
balanced growth to a lower rate of 0.03 per annum.

17 In a follow-up on the preceding footnote, a particular value for A equal to
-0.0886 is obtained for a = 0.01.

18 Note that as t goes to infinity, the second term on the right-hand side of
equation (21) goes to zero (since A < 0), and thus k approaches k*.
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Substituting equations (22) and (24) into equation (23)—

(25)

Setting yt = y0 and t = 0 in equation (25),

(26)

which can be solved for the constant C,

(27)

Substituting equation (27) into equation (25),

(28)

Next, define the adjustment ratio pt as

(29)

Substituting equation (28) into equation (29) solves for the time t (in
years) required to get a fraction pt of the way from y0 to >>«,, from which
Table 2 is computed:

(30)

where In is the natural logarithm operator.
Table 2 reveals that the adjustment times in an endogenous growth

model are generally a quarter to a third of those in an exogenous growth
model, depending on the value of the learning coefficient a.19 For exam-
ple, whereas an exogenous growth model (a = 0) takes from 42 to 106
years to approach equilibrium growth, an endogenous growth model
(a > 0) takes anywhere from 14 to 35 years to achieve 90 percent adjust-
ment to the steady-state growth path, depending on the learning coeffi-
cient a. (Table 2 alternately uses values of 0, 0.01, and 0.02 for a.)

Table 2 also illustrates the effects of an increase in the learning coef-
ficient from 0.01 to 0.02: the equilibrium capital intensity falls from 3.0
to 2.4 and equilibrium growth rises from 6.0 to 7.8 percent annually;
moreover, adjustment times are reduced by 30-50 percent.20

19 Except for the learning coefficient a, the parameter values for the saving and
population growth rates used in the simulation represent historical averages of
the data in the sample of countries listed in the Appendix. The value of the income
share of capital is within the range of available empirical estimates. The value of
the rate of depreciation is a standard approximation used in the literature.

20 These simulation results are confirmed by the earlier qualitative analysis of
the endogenous growth model, summarized in Table 1.
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Empirical Approach

The model's predictions about the per capita output growth and capital
stock, which are summarized in Table 1, are reproduced below, with the
directional impact given by the sign above each argument inside the two
functions:

(31)

(32)

Equations (31) and (32) are nonlinear functions, in general. Without the
fiscal deficit variable 0, a linear approximation to these two equations can
produce coefficient estimates of arbitrary magnitude and significance.
For example, suppose that growth rates initially rise and then fall as
government expenditure continuously grows, with the attendant heavy
financing burdens reflected in rising values of 6. In this case, positive
coefficients on government expenditure will be obtained for linear regres-
sions using data with low 6, negative coefficients will be obtained for
those that rely on high 6, and coefficients biased toward zero will be
obtained for linear regressions using both low and high 6. The endoge-
nous growth model developed earlier and the linear regression results
reported below thus include 6, the ratio of government deficits to GDP.

No data for k* exist in developing countries, so that equation (32)
cannot be estimated. However, since there are data on g* - n, equation
(31) can be tested. In general, the average per capita growth rate, g* - n,
is inversely related to the starting value of per capita real income, ;y0—the
familiar convergence property of neoclassical growth models (including
the present one).21 Thus, for empirical testing, the following linear speci-
fication can be considered:

(33)

Of the nine explanatory variables in equation (33), data on only the last
two are unavailable. Recall that \i is the real growth of expenditures on
the operation and maintenance of capital assets, while X is the exogenous
rate of labor-augmenting technological progress. The parameter X can be
interpreted as capturing all the unobserved country-specific factors that
raise labor productivity—cultural, social, ethnic, political, and religious.

21 See footnote 11.
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Regional dummy variables are included below to reflect such factors. The
unobserved series jx is assumed to enter the error term in a well-behaved
manner. For present purposes, the following multiple regression can be
estimated:

(34)

The endogenous growth model's equilibrium predictions (where the
learning coefficient a > 0) are that a\, a2, a3, a4 > 0 and that a5, a6, a-j < 0.
The Solow-Swan model (where a = 0) predicts that a\ = a2 = a3 =
a4 = a5 = a6 = 0 and a7 < 0. The data set consists of annual averages of
observations for the period 1975-86 for 36 developing countries from
five regions (see the Appendix for details).

The regression results are reported below, where the insignificant
coefficients on the regional dummies are suppressed (f-values are in
parentheses):

(35)

R2 = 0.7952; standard error of estimate (s.e.e.) = 0.0144.

An R2 of almost 0.8 is relatively high for a cross-country regression,22

and all the regression coefficients have the expected signs. The coeffi-
cients on the saving rate, the ratio of foreign trade to GDP, the ratio of
fiscal deficits to GDP, and the initial level of per capita income are
statistically significant at the 5 percent level or better. The coefficients on
the growth of real expenditures on education and health and on the rate
of population growth are statistically significant at the 10 percent level or
better. The coefficient on the growth of real expenditures on social
security, housing, and recreation is marginally significant.

Since 6 (government dissaving) is a part of total s, further discussion
of the coefficients on s and 6 would be useful. The endogenous growth
model divides the total long-run impact of changes in s on g* - n into
two components: (i) the element arising from changes in the private
saving rate induced by changes in its determinants other than changes in

22 Ramanathan (1982) notes that typical values of R2 for equations estimating
the growth performance of developing countries, using cross-country data, fall in
the 0.3-0.4 range.
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6; and (ii) the composite factor stemming from changes in s directly as
a result of changes in 6 and indirectly via induced changes in the private
saving rate. Component (i) is measured by the coefficient on s, while
component (ii) is captured by the coefficient on 0. Since the estimates of
these two coefficients are nearly identical (with opposite signs), the
results suggest a symmetric response of g* - n, though in opposite
direction, either to a change in the private saving rate or to a change in
the rate of government dissaving.

The empirical results clearly show that the following factors promote
per capita economic growth: steady increases in the saving-investment
rate, the ratio of foreign trade to GDP, and the growth of real expendi-
tures on education and health. On the other hand, rapid population
growth and a high ratio of fiscal deficit to GDP are followed by slow
average growth of per capita output. There is also empirical support for
the convergence property of the endogenous growth and Solow-Swan
models—the significant negative relationship between the initial level of
per capita real income and subsequent average growth.

IV. Conclusions

This paper has presented a simple neoclassical growth model with
endogenous technical change and contrasted its equilibrium properties
with those of the more standard growth model. It has found that, contrary
to the predictions of the Solow-Swan model, the equilibrium growth rate
of per capita output is influenced in a systematic way by changes in the
private rates of saving, depreciation, and population growth, as well as
by changes in public policies regarding trade liberalization, fiscal deficits,
spending on human resource development, and net investment.

In the absence of learning-by-doing, the model's optimal net rate of
return to capital is equal to the sum of the population growth n and the
exogenous rate of labor-augmenting technical change X; alternatively,
the optimal saving rate should be set equal to the share of capital in
aggregate output—the familiar Golden Rule theorems from standard
optimal growth theory. With learning-by-doing, these standard Golden
Rule results are revised: the optimal net rate of return to capital is higher
than n + X, or the optimal saving rate should be set at only a fraction of
capital's income share because of endogenous growth and the induced
learning that is associated with increases in the capital stock.

The analytic and simulation results appear to favor the endogenous
growth over the Solow-Swan model. Simulations show that the speed of
adjustment toward equilibrium is substantially faster in a model of en-
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dogenous growth. Moreover, an increase in learning-by-doing further
shortens the adjustment period. The empirical results also validate the
endogenous growth model, particularly those relating to the positive
growth effects of public policies aimed at promoting greater openness of
the trading system, high saving rates, and rapid growth in expenditures
on human development, and those relating to the negative growth effects
of rapid population growth and high ratios of fiscal deficits to GDP.
Finally, the convergence property of the endogenous growth model has
been confirmed (as has the convergence of the Solow-Swan model).
However, the result on the saving rate-growth relationship is tenuous, in
view of the short time interval (12 years) of the sample. Since the realized
growth dynamics in the Solow-Swan model over this relatively short
period would also show a positive relationship, the empirical results
would hardly invalidate the Solow-Swan approach, pending additional
research. Efforts are currently under way to use the very long time series
(1950-85) from Summers and Heston (1988) in testing the equilibrium
relationships among the growth rates of per capita real income, saving
rates, population growth rates, and the growth and size of government.
The 36 years spanned in these data would meet the adjustment time
estimates of 14 to 35 years for equilibrium growth to be reached (but not
the estimates of 42 to 106 years in a model without endogenous learning).

The policy implications are straightforward. Public policies that raise
the capital-labor ratio magnify the effects on the growth rate of per capita
income, owing to induced learning-by-doing associated with a rising
capital stock. Policies that enhance the learning process also accelerate
the speed of adjustment toward the balanced growth path. Examples of
such policies include measures to raise saving and investment, to permit
the steady expansion of the tradable sector, and to accelerate the growth
of real expenditures on education and health. On the other hand, there
are clear limits to the size of government in relation to GDP, because of
the increasingly heavy costs of burgeoning deficits.

APPENDIX

Data Used in the Study

The data, except for foreign trade flows, are drawn from Orsmond (1990),
which are based on the IMF's Government Financial Statistics and International
Financial Statistics. Foreign trade flows are taken from the World Economic
Outlook data base. The sample consists of observations averaged over the period
1975-86 for 36 developing countries.
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PYG = Real per capita GDP growth rate (annual average);
KY = Gross investment divided by nominal GDP (annual average);
XC = Change in ratio of the sum of nominal exports and imports to nominal

GDP between 1975 and 1986;
EG = Growth rate of government expenditures on education and health

(annual average), deflated by GDP deflator for budget year;
SG = Growth rate of government expenditures on social security, housing,

and recreation (annual average), deflated by GDP deflator for
budget year;

DY = Nominal fiscal deficits divided by nominal GDP (annual average);
PG = Population growth rate (annual average);

GDP15 = Per capita income level in 1975 U.S. dollars;
DUM(i) = Dummy variable that assumes the value of 1 for region / and the

value of 0 for other regions; i = Africa, Asia, Middle East, West-
ern Hemisphere.

The countries in the sample are
Botswana Islamic Republic of Iran Singapore
Burkina Faso Kenya Sri Lanka
Cameroon Korea Tanzania
Chile Liberia Thailand
Costa Rica Mauritius Togo
Dominican Republic Mexico Tunisia
Egypt Morocco Turkey
El Salvador ivfyanmar Uruguay
Ethiopia Nepal Venezuela
Fiji Pakistan Yemen Arab Republic
Guatemala Panama Zambia
Indonesia Paraguay Zimbabwe

Country PYG KY XC EG SG DY PG GDP15
Botswana 7.4 29.8 3.5 17.5 38.7 -4.2 4.7 350.0
Korea 7.1 28.8 10.6 10.2 12.9 1.7 1.4 580.0
Singapore 5.7 40.3 35.6 12.8 12.8 -1.7 1.2 2,540.0
Yemen

Arab
Republic 3.7 27.9 -9.4 32.1 2.0 10.8 2.8 140.0

Pakistan 3.4 17.0 1.1 10.1 32.2 7.5 3.1 140.0
Cameroon 3.1 22.4 -7.6 0.0 13.3 0.5 3.0 310.0
Mali 3.9 24.1 11.1 9.0 6.1 4.1 2.1 360.0
Indonesia 4.0 24.4 -4.0 9.3 2.0 2.2 2.0 210.0
Paraguay 2.6 23.7 11.6 1.2 9.2 0.3 3.2 550.0
Myanmar 3.2 15.9 -0.3 7.0 10.0 -0.1 2.4 150.0
Sri Lanka 3.6 23.3 13.8 6.7 0.8 10.5 1.6 220.0
Tunisia 2.5 29.4 2.5 5.0 9.5 4.7 2.6 710.0

4

2

7

1

©International Monetary Fund. Not for Redistribution 



GROWTH AND ADJUSTMENT 27

Country PYG KY XC EG SG DY PG GDP75

Kenya 0.8 20.9 -15.8 5.8 5.1 5.7 4.2 230.0
Panama 1.9 23.4 -26.7 4.1 9.1 7.6 2.6 1,030.0
Mauritius 3.1 24.4 -3.1 7.7 -0.5 8.5 1.3 300.0
Burkina Faso 2.7 22.9 4.6 6.7 18.7 0.3 1.6 100.0
Egypt 1.8 25.8 25.2 9.4 0.3 13.1 2.5 310.0
Turkey 2.1 20.2 15.4 0.7 2.7 4.3 2.0 830.0
Chile 2.2 14.7 8.0 3.4 7.3 -0.3 1.7 860.0
Morocco 1.3 25.2 -4.3 5.3 6.5 10.8 2.5 500.0
Nepal 0.9 17.7 10.7 11.3 14.3 4.6 2.8 110.0
Mexico 0.9 21.1 5.2 4.0 0.0 6.6 2.6 1,360.0
Ethiopia -1.2 10.3 8.0 6.3 10.8 6.0 4.6 90.0
Dominican

Republic 0.4 21.2 -8.9 2.0 1.6 2.1 2.8 670.0
Costa Rica 0.0 21.8 -38.9 1.5 9.5 3.3 3.1 950.0
Zimbabwe -0.5 17.8 -29.8 10.9 5.0 7.9 2.9 570.0
Fiji 0.2 20.6 -14.3 4.8 13.0 3.8 2.0 1,030.0
Guatemala -0.4 15.3 -16.5 13.9 -1.2 2.7 2.5 570.0
Togo -0.9 29.1 0.4 5.9 6.6 11.3 2.9 260.0
Tanzania -1.8 18.5 -16.0 -5.6 3.8 8.8 3.6 160.0
Venezuela -1.4 26.4 -17.4 2.7 2.6 0.7 3.1 2,380.0
Uruguay 0.8 13.3 5.8 -1.8 3.8 2.6 0.6 1,370.0
Islamic

Republic
of Iran -2.6 22.7 -58.9 3.5 10.1 5.8 3.8 1,449.7

Zambia -3.2 18.6 9.0 -3.4 -0.5 13.7 3.5 550.0
Liberia -3.3 22.4 -29.2 6.1 13.7 7.8 3.3 410.0
El Salvador -2.1 15.9 -21.1 -3.4 0.3 2.8 1.9 440.0
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Collection Lags and the Optimal
Inflation Tax

A Reconsideration

ALEX MOURMOURAS and JOS£ A. TIJERINA*

The observation that inflation reduces real revenues when there are lags in
tax collection has long been a strong argument against seigniorage. How-
ever, with the exception of Dixit, who used a general equilibrium model
to reject this argument, the optimal taxation literature has not analyzed how
collection lags affect desired tax structures. This paper reexamines the issue
using an overlapping generations version of Dixit's model. It is shown that
depending on the size of the expenditure ratio and the specification of the
collection cost function, lags may increase, leave unchanged, or reduce the
desired rate of inflation. [JEL E51, E62, H21]

A BASIC ISSUE in both public finance and monetary economics is the
desirability of using inflationary finance to generate government

revenue. In the monetary literature, the orthodox position is associated
with Friedman's (1969) optimum quantity of money rule, which argues
that the nominal rate of interest should be zero.1 The public finance
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Avinash Dixit, Steve Russell, Vito Tanzi, and Carlos Vegh. All errors are our own
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1 Friedman argues that to allocate resources efficiently in a monetary economy,
the social marginal benefit of money must be brought in line with its social
marginal cost. Since fiat money is (almost) costless to produce, the nominal rate
of interest should be set at zero—for example, by contracting the money supply
at a rate equal to the real rate of interest. See Woodford (1990) for an extensive
discussion of the optimum quantity of money rule.
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literature has been dominated by Phelps (1973), who uses a model with
money specified in the utility function to show that seigniorage can be
part of a second-best tax system. Phelps' starting point is the observation
that to implement Friedman's rule, lump-sum transfers must be feasible.
If they are not, taxation of all commodities—including consumption and
liquidity—may be required to raise government revenue.2 Later contribu-
tions to the public finance literature criticize Phelps' treatment of liquid-
ity as a separate commodity, focusing on fiscal inefficiencies to rationalize
the use of seigniorage.3 With the exception of Kimbrough (1986), who
salvages Friedman's rule in a second-best setting, the inefficiencies as-
sumed in this literature (such as positive foreign nominal rates of interest,
collection costs, or a large underground economy) introduce distortions
of their own for ordinary taxes. Resorting to the monetary financing of
deficits helps reduce these inefficiencies and allows seigniorage to coexist
with consumption (or income) taxes in optimal tax menus.

With the exception of Dixit (1991), however, the optimal inflation
literature has not considered the implications of collection lags for the
argument concerning seigniorage in second-best settings. As has long
been emphasized by Tanzi (1978), inflationary finance may further
weaken the public finances if high rates of inflation combine with long
collection lags to erode the real value of ordinary fiscal revenues.4 Tanzi's
argument has been challenged recently by Dixit, who provides a welfare

2 Kimbrough (1986), on the other hand, argues that Friedman's rule may be
optimal even in second-best environments. His reasoning is based on the view
(formalized in the shopping-time model) that fiat money is not a final good but
rather an intermediate input in the transactions technology. A theorem on
second-best taxation from Diamond and Mirrlees (1971) then applies. This
theorem guarantees that if the production function exhibits constant returns to
scale and all final goods are taxable, then intermediate inputs ought not to be
taxed. For a discussion of the applicability of Friedman's rule in the shopping-time
monetary model, see Vegh and Guidotti (1993).

3 See Frenkel (1987), Mourmouras (1991), and Vegh (1989).
4 Admittedly, the applicability of current abstract theories of inflation (espe-

cially of the steady-state variety) to macroeconomic stabilization problems is
limited. For instance, the collection period (which is exogenous in our analysis
as well as in Dixit's) is in reality an endogenous variable that depends, among
other things, on the prevailing rate of inflation. In periods of high inflation, in
particular, rational governments attempt to protect the real value of revenues by
shortening the collection period. It is interesting to note that theorists allow
income tax rates to be changed costlessly while exogenously holding fixed the
collection interval, even though in practice the former is a "stickier" policy
instrument than the latter. In particular, the frequency of tax payments can be
changed simply by instructing the tax administration to issue new implementing
orders, while a change in the tax rate must (in democratic systems) go through
long legislative processes. See Tanzi (1992) on this point and on the other
limitations of current normative tax theories.
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analysis of inflation that incorporates collection costs and lags into a
version of Vegh's (1989) model. Dixit observes that rational governments
will, in a general equilibrium environment, react to the presence of lags
by adjusting all taxes, not just the rate of inflation. Since this changes
prices and the real cost of collections, there is a richer menu of possibil-
ities to consider than under a partial equilibrium framework. Dixit pro-
vides two examples that reverse the traditional argument. In the first, the
length of the collection lags is irrelevant for the optimal choice of infla-
tion, as if full interest were charged to compensate for the delay in tax
payments. More interesting is the second case in which the presence of
lags raises the excess burden of income taxes, thereby warranting greater
reliance on seigniorage than when no lags exist.

While relying on the public finance approach to inflation, this paper
reconsiders the optimal mix of inflation and costly income taxes for
alternative specifications of the monetary model and the collection cost
technology. In particular, an optimal-tax analysis is performed in the
context of Samuelson's (1958) consumption loans model, in which, unlike
the shopping-time model, the major distortion caused by money-
financed deficits is that on intertemporal consumption allocations. Sev-
eral interesting results emerge. First, regardless of the length of the
collection lag, optimal inflation is proportional to the marginal cost of
income tax collections, implying that price stability ought to be pursued
whenever these collections are costless at the margin. Second, and in
accordance with the Ramsey "inverse elasticity rule," the optimal rate of
inflation is inversely related to both the marginal propensity to consume
and the interest elasticity of real money balances. Third, the desired rate
of inflation in a lag-ridden economy is lower than the desired rate in a
lag-free economy if g, the share of government spending in GDP, is below
a certain threshold. Thus, Dixit's unconditional rejection of the tradi-
tional presumption—that collection lags ought to reduce the optimal rate
of inflation—is unwarranted on theoretical grounds. As a practical mat-
ter, the threshold value of g, which is crucial for the comparison, turns
out to be a function of the marginal cost of collection (Table 1 and
Figure 1).

These results owe to a combination of factors. First, in the present
model the efficiency trade-off is between money-financed deficits, which
lower real interest rates and distort intertemporal choice, and income
taxes, which require real resources for collection. This leads naturally to
Ramsey formulae that incorporate marginal collection costs as well as the
interest and income elasticities of currency demand.5 By contrast, in the

5 This distortion, which is not always made explicit in welfare analyses of the
costs of inflation, seems to be important in practice—particularly in developing

©International Monetary Fund. Not for Redistribution 



OPTIMAL INFLATION TAX 33

Table 1. Critical Values of Government Spending (g) and Optimal Income Tax
and Inflation (7, IT) as Functions of the Unit Cost of Collections (Q)

rnlWHnn Inflation Income tax OnvKrnm«nt

cost (6) IT" TTL TL TN spending (g*)

0.00 0.0000 0.0000 0.0000 0.0000 0.0000
0.01 0.0204 0.0204 0.0101 0.0101 0.0199
0.02 0.0417 0.0417 0.0204 0.0204 0.0396
0.03 0.0638 0.0638 0.0309 0.0310 0.0591
0.04 0.0870 0.0870 0.0417 0.0418 0.0785
0.05 0.1111 0.1111 0.0526 0.0529 0.0976
0.06 0.1364 0.1364 0.0638 0.0644 0.1166
0.07 0.1628 0.1628 0.0753 0.0761 0.1355
0.08 0.1905 0.1905 0.0870 0.0883 0.1542
0.09 0.2195 0.2195 0.0989 0.1009 0.1727
0.10 0.2500 0.2500 0.1111 0.1139 0.1911
0.11 0.2821 0.2821 0.1236 0.1274 0.2094
0.12 0.3158 0.3158 0.1364 0.1415 0.2276
0.13 0.3514 0.3514 0.1494 0.1563 0.2456
0.14 0.3889 0.3889 0.1628 0.1717 0.2636
0.15 0.4286 0.4286 0.1765 0.1878 0.2815
0.16 0.4706 0.4706 0.1905 0.2048 0.2993
0.17 0.5152 0.5152 0.2048 0.2228 0.3170
0.18 0.5625 0.5625 0.2195 0.2417 0.3347
0.19 0.6129 0.6129 0.2346 0.2619 0.3524
0.20 0.6667 0.6667 0.2500 0.2833 0.3700
0.21 0.7241 0.7241 0.2658 0.3062 0.3876
0.22 0.7857 0.7857 0.2821 0.3308 0.4053
0.23 0.8519 0.8519 0.2987 0.3572 0.4229
0.24 0.9231 0.9231 0.3158 0.3857 0.4406 •
0.25 1.0000 1.0000 0.3333 0.4167 0.4583
0.26 1.0833 1.0833 0.3514 0.4503 0.4762
0.27 1.1739 1.1739 0.3699 0.4871 0.4941
0.28 1.2727 1.2727 0.3889 0.5275 0.5121
0.29 1.3810 1.3810 0.4085 0.5720 0.5303
0.30 1.5000 1.5000 0.4286 0.6214 0.5486
0.31 1.6316 1.6316 0.4493 0.6765 0.5671
0.32 1.7778 1.7778 0.4706 0.7383 0.5858
0.33 1.9412 1.9412 0.4925 0.8081 0.6047
0.34 2.1250 2.1250 0.5152 0.8873 0.6240
0.35 2.3333 2.3333 0.5385 0.9782 0.6435
Notes: (T^, TJN) = desired income tax and inflation pair with no collection lag;

(TL,TTL) = desired income tax and inflation pair with collection lag; IT is an
absolute figure over a 20-year period; 0, T, and g* are absolute figures.

countries. In these countries, the ability of savers (especially small ones) to index
asset returns through financial markets is hindered by prohibitive transaction
costs and the primitive state of development of these markets. See Wallace (1980)
on this point.

Unit
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Notes: g* = critical value of the ratio of government spending to GDP as a function of the unit cost of
income tax collections; 1N = optimal income tax rate in absence of collection lags; and 1L = optimal income
tax rate in presence of collection lags.

shopping-time model used by Vegh (1989) and Dixit (1991), a version of
Irving Fisher's theory of interest is maintained, according to which the
inflationary process does not affect real interest rates, the whole profile
of which is taken to be exogenous (Dixit, p. 645). Second, although the
introduction of payment lags reduces tax collections in real terms at a
given positive rate of inflation, it also raises desired real currency bal-
ances, leading to complicated changes in tax bases and the optimal tax
menu. Finally, unlike Dixit who maintains (p. 648) that "the nominal
collection cost technology exactly keeps pace with inflation," this paper
allows real collection costs to vary with inflation. This feature proves to
be important in optimal tax calculations as well.

This paper, then, describes first a model of collection lags and inflation,
as well as presents the public finance analysis and derives the Ramsey
formula for an economy in which there are no (significant) lags in income
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Figure 1.
Critical Value of Government Spending and Optimal Income Tax Rates

Optimal income tax (t)
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tax collections. Then, it calculates the optimal rate of inflation for two
parametric examples corresponding, respectively, to Dixit's benchmark
specification of constant marginal collection cost and the more realistic
increasing marginal cost case. Next, the impact of a one-period collection
lag on the optimal tax structure is analyzed, and the optimal rates of
inflation are compared for the lag and lag-free environments. Finally, the
paper examines the sensitivity of these results to changes in the specifi-
cation of the collection cost function and proves a neutrality proposition
for a plausible alternative functional form.

I. The Model

Consider the following simple version of the consumption loans model.
The economy comprises an infinite sequence of generations who live two
periods and overlap with one another. Each generation is the same size,
which for simplicity is normalized to one. Perfect foresight is assumed.
At each date t = 1,2, . . . , the representative young agent is endowed
with ft units of labor and a technology /(ft), which allows him or her to
produce a single perishable consumption good. The production function
/(•) satisfies /(O) = O,/' > O,/" < 0. If real gross income is w = /(ft) and
T(/) is the proportional rate of taxation applied to such income, after-tax
real income is A(t) = [1 - T(t)]w(t). A fiat currency issued by the gov-
ernment is the only asset in the economy. Agents are retired in the second
period of life and must rely on accumulated currency balances to pur-
chase the consumption good. If p(t) denotes the price level at t, the rate
of inflation between t and t + lisir(f) = [p(t + 1) - p(t)]/p (t), while the
real gross rate of return on currency balances is R(t) = 1 /[I + ir(f)]- The
end-of-period economywide stock of currency is denoted M (t). The
entire pretransfer stock of currency at t = 1 is owned by the old agent
belonging to generation 0.

Let ct(k) denote consumption in period k by an agent born at t, and
let m(t) denote his or her nominal currency holdings at the end of t. Given
the current and expected future price levels, p(t) and p(t + 1) respec-
tively, and r(f), the competitive choice problem is to select a nonnegative
vector [ct(t\ct(t + l),ra(f)] that maximizes lifetime utility

(1)
subject to

and

(2)
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In an interior solution (to be assumed throughout), the marginal rate of
substitution between first- and second-period consumption, Ui/u2, must
be equal to the ratio of relative prices p(t)lp(t + 1) = R(t). The condi-
tion MI = Ru2 together with equation set (2) at equality may be used to
derive consumer demand schedules ct(t) = Ci[A (t)9R(t)] and ct(t + 1) =
c2[A(t\R(i)], and a demand schedule for real currency balances m(t)l
p(f) = s[A(t)9R(t)]. In what follows, t(s,R) = dln(s)/dln(R) and
e(s,A) = dln(s)/dln(A) denote, respectively, the interest and income
elasticities of real currency demand, and SA = ds IdA denotes the mar-
ginal propensity to save out of current income.

Government spending on public goods and services excluding collec-
tion costs is financed via a flat-rate income tax and seigniorage. Public
goods enter individual utility functions in a separable manner that does
not affect preference orderings of private goods. The sequence of govern-
ment expenditures on public goods, {G(t\ f = 1,2,...} may therefore be
treated as exogenous. Income taxes require real resources for collection.
Specifically, if TVV is gross tax revenue in real terms, then net revenue is
TH> — <|>(TW) where <(>(•) is a monotonic increasing function describing the
resource cost of income tax collections faced by the government. The
function <|> satisfies <|>(0) = 0, <(>' > 0, <|>" > 0. The government cash-flow
constraint for period ^ = 1,2,... may be written:

(3)

Given n and M(0), a perfect-foresight competitive equilibrium is a set
of sequences {ct(t\ ct_ ^Y),s(t), M(t\p(t\ ir(0, R(t\ G(t\ i(t)} that sat-
isfy the conditions of individual optimization and are consistent with
market clearing and the sequence of government budget constraints
for all f = l ,2, . . . . A stationary equilibrium is a set of scalars
(ci,c2, IT, #,G,T) together with a value c0(l) = M(0)/p(l) and geometri-
cally increasing levels of p(i),M(i) for all t — 1,2,... satisfying the
following:

(3a)

(3b)

(3c)

(3d)

(3e)

Note that the term 1 - R = IT/(I 4- IT) in equation (3b) is the effective
rate of taxation on real currency balances (the "inflation tax rate").
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II. Optimal Taxation

In this section, the model above is used to illustrate conditions under
which inflationary finance can be part of a second-best tax menu. In
particular, a Ramsey formula is derived that makes explicit the depen-
dence of the desired rate of inflation on the specification of the collection
cost function and such variables as the marginal propensity to consume
and the income and interest elasticities of money demand. Basically, the
assumption that income taxes require real resources for collection intro-
duces the distortion necessary to allow seigniorage to be a part of the
optimal government finance strategy. Thus, while higher rates of infla-
tion reduce the real rate of interest and distort intertemporal choice,
higher rates of income taxation entail higher collection costs. In an
optimal position, marginal excess burdens of the two taxes are equalized.
In some specifications, this involves trading off some distortion in the
intertemporal margin to economize on the resource costs of income
taxes.

Let the social welfare criterion be the steady-state utility of each
generation t = 1,2, . . . , denoted V(A,R) = u(A - s,Rs). The authori-
ties set the pair (/?,T) to maximize V subject to equation (3b) and the
functional form of the real money demand function s(A ,R) dictated by
private optimization. Letting (x denote the Lagrange multiplier associ-
ated with equation (3b) and assuming an interior solution, the first-order
necessary conditions of this problem are equation (3b) and

(4a)

(4b)

Dividing equation (4a) by equation (4b) and using the identity MI = Ru2

yields

(5)

Equation (5) may be solved for the optimal inflation tax 1 — R as a
function of the marginal cost of collection <)>' and the income and interest
elasticities of real money demand. Cross-multiplying and rearranging
terms lead to the following simple formula:

(6)
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The Ramsey formula (6) demonstrates, first, that the desired inflation
tax is proportional to the marginal cost of collection <)>'. Thus, regardless
of the values of the income and interest elasticities of money demand,
authorities should strive for price stability (R = 1 or TT = 0) if tax collec-
tions are costless at the margin. The reason for this result is that in the
present model agents can neither engage in untaxed home production nor
value leisure directly. Since labor endowments are inelastically supplied
in the taxed activity, costless flat-rate income taxes are equivalent to
lump-sum taxes.6 If costless income taxes are used to raise 100 percent
of revenue it is possible for the economy to achieve its first-best allocation
(Samuelson's golden rule). Given the assumption of zero population
growth, this objective amounts to a zero net real interest rate target or,
equivalently, the pursuit of a stable price level.

Equation (6) also suggests that the optimal inflation tax is inversely
related to the marginal propensity to consume 1 - SA and the interest
elasticity of real money demand €(s,/?). A one-unit increase in the
marginal propensity to consume lowers by one unit the real value of
desired currency balances carried forward to the following period. As
such, it reduces the base of the inflation tax and raises the excess burden
of a given rate of inflation. Finally, and for entirely analogous reasons,
the optimal inflation rate is negatively related to the interest elasticity of
real currency demand.

III. Examples of Optimal Tax Menus

To gain additional insight into the nature of optimal taxes, two special
cases are considered below that lead to closed-form solutions of the
optimal (T,TT) pair. The first case corresponds to Vegh's and Dixit's
benchmark specifications of logarithmic utility and constant unit collec-
tion costs; the second corresponds to the more realistic case of increasing
marginal collection costs.

Suppose first that consumer preferences are given by w(ci,c2) =
log(ci) + P Iog(c2), where p > 0 is the subjective time discount factor.
Consumer optimization leads to a constant saving rate [s = p /(I + p)]

6 The presence of untaxed activities would alter this result. If workers value
leisure or have employment opportunities in the underground economy, propor-
tional income taxes would distort the margin of choice by consumers—the labor-
leisure choice in the first case and the regular-underground employment in the
second. In either case, efficient taxation would entail positive income and infla-
tion taxes even in the absence of collection costs. Mourmouras (1991) provides
an explicit analysis.
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and interest-inelastic real currency demand [e(s,R) = 0]. The Ramsey
formula (6) then becomes ! — /? = (! + P)4>'. Assuming, in addition,
that the marginal cost of collection is constant, say <(>' = 61 > 0, then
optimal inflation is (a) constant and independent of the level of govern-
ment spending; and (b) inversely related to the subjective rate of time
preference 1/p — 1.

Given the constant desired value of 1 - R, the optimal income tax rate
can be computed from equation (3b). Letting g = G/w denote the share
of government spending in national income, the optimal value of T is

(7)

According to equation (7), income taxes are positive provided that the
unit cost of collection is not too large (in the sense of satisfying g > fJ0i
andl > [1 + p]6i). As expected, the optimal income tax rate in this range
is inversely related to the unit cost of collection. For example, if there is
no discounting of the future (p = 1) and the unit cost of collection is 10
percent (61 = 0.10), then desired inflation is 25 percent per period
(TT = 0.25), regardless of the size of the government budget.7 If, in addi-
tion, government spending net of collection costs is 40 percent of GDP
(g = 0.40), then the income tax rate is T = 0.375. In this environment,
where tax collections are 10 percent of gross budgetary revenue, or 3.75
percent of GDP, gross budget revenues are 37.5 percent of GDP, result-
ing in an optimal money-financed deficit of 6.25 percent of GDP. As a
second example, if the unit cost of collection is only 5 percent (0i = 0.05)
and g = 0.40, the optimal policy is calculated to be (TT,T) =
(0.111,0.389). These examples demonstrate that doubling the efficiency
of the tax administration (that is, reducing unit collection costs by half)
could reduce the desired rate of inflation by more than half. Figures 2 and
3 relate optimal policy to the fundamentals of the economy by drawing
optimal (T, TT) pairs against g and 61, respectively. Table 2 shows optimal
(T,TT) pairs for selected values of 61.

The conclusion that inflation is part of an interior optimal tax package
is in sharp contrast with the results obtained by Frenkel (1987). This
author studied a log-linear cash-in-advance model of labor-leisure choice
and showed that if the marginal cost of income tax collections is constant,
then the optimal policy involves financing government expenditures via
inflation taxes in their entirety. This result stems directly from Frenkel's
specification of money demand and his assumption that inflation is cost-

7 Assuming the length of the period to be approximately 20 years, this translates
to an annual rate of inflation of 1.1 percent.
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Figure 2.
Optimal Inflation and Optimal Income Tax with

Fixed Collection Cost (6 = 0.30)
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Figure 3.
Optimal Inflation and Optimal Income Tax with

Fixed Government Spending (g = 0.40)
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Table 2. Size of Government Spending and Optimal Taxation: Selected Values
of Desired (T, TT) Pairs as Functions of g

Government Unit collection Inflation Income tax

spending (g) cost (6) IT" TTL T" TL

30 30 4.69 2.93 0.00 13.16
31 30 4.69 2.99 2.50 14.34
32 30 4.69 3.04 5.00 15.52
33 30 4.69 3.10 7.50 16.70
34 30 4.69 3.16 10.00 17.88
35 30 4.69 3.21 12.50 19.07
36 30 4.69 3.27 15.00 20.25
37 30 4.69 3.34 17.50 21.43
38 30 4.69 3.40 20.00 22.62
39 30 4.69 3.46 22.50 23.81
40 30 4.69 3.53 25.00 25.00
41 30 4.69 3.59 27.50 26.19
42 30 4.69 3.66 30.00 27.38
43 30 4.69 3.73 32.50 28.58
44 30 4.69 3.80 35.00 29.77
45 30 4.69 3.87 37.50 30.97
46 30 4.69 3.95 40.00 32.17
47 30 4.69 4.02 42.50 33.37
48 30 4.69 4.10 45.00 34.57
49 30 4.69 4.18 47.50 35.78
50 30 4.69 4.26 50.00 36.98
51 30 4.69 4.35 52.50 38.19
52 30 4.69 4.43 55.00 39.40
53 30 4.69 4.52 57.50 40.61
54 30 4.69 4.61 60.00 41.82
55 30 4.69 4.70 62.50 43.03
56 30 4.69 4.80 65.00 44.25
57 30 4.69 4.89 67.50 45.46
58 30 4.69 4.99 70.00 46.68
59 30 4.69 5.10 72.50 47.90
60 30 4.69 5.20 75.00 49.13

Notes: g is expressed as a percent of GDP; TTN and TrL are expressed in annual
rates in percent; T^, TL, and 9 are expressed in percent.

less while income taxes require resource costs. In particular, Frenkel
assumes demand for real currency balances to be proportional to income.
Since the bases for the income and inflation taxes are then proportional,
the costless inflation tax will always be preferred over the costly income
tax. By contrast, in the overlapping generations model, the two tax bases
are separate but related. On the one hand, income taxes are levied on
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current income at the source; on the other hand, seigniorage subjects to
tax that part of current income which is not consumed in the present
period, creating a distortion of intertemporal choice. This distinction
creates a nontrivial trade-off between the two types of taxes that is
optimally exploited by the policymaker as reflected in equation (6).

In this section, the more realistic case of increasing marginal collection
costs is taken up. Following Vegh (1989) and Dixit (1991), suppose that
the function <{> is quadratic:

(8)

With the collection cost function as specified in equation (8) and logarith-
mic utility, it turns out that the optimal income and inflation tax rates are
linearly related. Substituting <)>' = 61 4- 62(Tw), e(s,/?) = 0, andl - SA =
1/(1 + p) into equation (6) yields the exact relation between T and IT:

(9)

To compute the reduced forms of T and IT, the right-hand side of equation
(9) may be substituted into the government budget constraint (3b). After
some algebra, the optimal value of T is seen to be a solution to the
following equation:

(10)

The roots of equation (10) are real if A = [1 - (1 + p)6j + p02H>]2 -
4(| + P)02 H>(# - P6i) is positive, a condition that will always hold if g is
not "too large." The reduced form of T is then given by the smaller of
the two roots, namely

(11)

There are two differences between (9)-(ll) and (6)-(7). First, in equation
(9) the greater fiscal inefficiency raises the optimal inflation tax (note that
1 - R as given in equation (9) is uniformly greater than (1 + (3)0i in the
range Te[0,1]). Second, equation (9) implies that higher values of T (or,
equivalently, g) will be associated with higher values of TT. (That is,
dr/dg > 0, as can be established by differentiating equation (10) with
respect to g. From equation (9), it then follows that d(l - R)/dg > 0,
implying that the two tax instruments are normal.) By comparison, in the
benchmark specification, TT is constant and independent of g.
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IV. Collection Lags and Optimal Inflation

In order to assess the impact of collection lags on the optimal tax menu,
the basic model is now extended to incorporate a one-period delay in
income tax payments. As before, a stream of government spending [G(t)]
is financed by income taxes [T(* )] and currency issues [M(t) — M(t — 1)]
for t = 1,2, Let the nominal income tax liability accrued at f,
T(0p(0w(0» become due at t + 1. The payment lag allows workers (who
also own the firms in the economy) to use these balances for an additional
period and, assuming positive inflation, to reduce their tax liability in real
terms. To the initial conditions n and M(0) must now be added the
nominal tax liability in the initial period, namely T(0)p(0)w(0). (The real
value of this nominal revenue is endogenous, as it depends onp(l), the
price level at time period 1.)

The delay in tax payments requires an elaboration of the time at which
collection costs are incurred. Given the payment lag, nominal collections
at t are p(t — l)r(r - l)w(t — 1). The real value of these collections in
period t is p(t - I)T(; - l)w(t - \}/p(t} = R(t - I)T(* - l)w(f - 1),
which is reduced by higher inflation. Two plausible formulations are
considered. In this section, it is first assumed that real collection costs at
t, <|>(f), are a function of the real value of revenues collected at t. In other
words, <|>(f) = $[R(t - l)r(r - l)w(t - 1)]. This implies that the real
cost of collecting a given nominal liability is lowered by inflation. While
this is a plausible formulation, it must be emphasized that it is entirely
ad hoc.8 An alternative is to write the collection cost function as
<|>(f) = <|>[T(f - l)w(t - 1)], implying that costs of collection are com-
pletely indexed for inflation.9 This exercise is undertaken in a later
section.

Formally, the private optimization problem is now to maximize
<u[ct(t\ct(t + 1)] subject to equations (12)-(13) below:

(12)

(13)

8 Note that this formulation is consistent with the view that nominal collection
costs at t, say <I>(0, are proportional to the nominal value of the liability to be
collected, t(t - l)p(t - l)w(t - 1). Dividing through &[r(t - l)p(t - l)w(t -
1)1 = 0ij(r - l)p(t - l)w(t - 1) by p(t) shows that real collection costs,
<|>(0 = &(t)/p(t), are equal to 6iT(f - l)p(t - l)w(t - l)/p(t), or that <t>(;) =
61 R(t - i)T(t - l)w(t - 1). This specification corresponds to V6gh's and Dixit's
benchmark cases of constant real marginal collection costs.

9The third alternative, namely when real collection costs are raised by higher
inflation, is left as an exercise for the interested reader.
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Using the notation developed earlier, equations (12)-(13) become

(12')

and

(13')

In equation (12'), s(t) is an agent's gross real currency balance at the end
of t\ in equation (13'), the term R(t)*r(t)w(t) is his or her effective real
tax liability. Combining (12') and (13'), the agent's consumption set is

c,(r) + c,(t + \)IR(i) s X(0 = [1 - T(OMO- (14)

As before, the solution to this problem is a pair of consumer demand
schedules c\(A9R) and c2(A,R) and a real currency demand schedule
s = w — c\. It will be observed that given R(t) and T(J), individual con-
sumption sets are not affected by payment lags. Anticipating the tax
liability to be incurred one period ahead, agents react to the change in
the timing of taxes by altering their financial decisions. The resulting
increase in real currency holdings broadens the base of the inflation tax,
thereby altering the government's choice set and the outcome of the
optimal tax calculation.

Turning to the government budget constraint, since payment of taxes
accrued at t — 1 is not made until t, we have that

(15)

Dividing equation (15) by p(t) yields

(16)

In equation (16), the Tanzi effect is reflected in the term Riw = TW I
(1 + TT) in the right-hand side: given the statutory rate T, the real value
of gross income tax collections is lowered by higher inflation. In addition,
and provided that c|>' is less than unity, the real value of net income tax
collections, RTW - <|>(/?TH>), is raised by lower rates of inflation. The
latter statement can be established by differentiating /?TW - <^(RTW)
with respect to /?, holding w and T constant. This yields

(d/dR)[Rw - 4>(Rtw)] = rw(l -<)> ' )> 0 if <|>' < 1. (17)
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Stationary equilibria are pairs (R, T) satisfying

(18)

Given a feasible choice of (R, T), equilibrium sequences for prices and
money are completely specified once the initial price level and currency
issue, p(l) and Af(l) respectively, are determined. Given values for G
and the initial conditions [p(0), r(0), w(0), M(0)], p(l) and Af(1) may be
calculated using the government budget constraint for the initial period
* = 1,

(19)

and the stationary value of the real stock of currency M(l)lp(l) =
s(A, R). In principle, equations (19) and (3c) can be used to compare the
initial price levels in the lag-free and lag-ridden economies. This compari-
son, which would establish the change in contemporaneous prices result-
ing from shorter payment lags, is beyond the steady-state comparisons
undertaken in this paper and is left as an exercise for the interested
reader.

The presence of payment lags introduces two mutually opposing forces
that in principle have an ambiguous net effect on total "revenue"
(seigniorage plus income taxes). On the one hand, owing to the Tanzi
effect, higher inflation lowers the real value of revenue from a given rate
of income tax. On the other hand, the increase in real money demand
associated with the presence of collection lags makes a given rate of
inflation more "productive." As suggested by Dixit, to ascertain how
payment lags affect the desired rate of inflation in the face of these forces,
the optimal tax problem must be recalculated in its entirety.

Formally, given the private decision rules Ci(A,R), c2(A,R), and
s = H> - Ci, the government selects (T,/?) to maximize u(w - s,
Rs - Rvw) subject to

(20)

In the Appendix, it is shown that the optimal rate of inflation is given by

(21)

The Ramsey formula (21) retains the basic characteristics of equation (6).
First, desired inflation continues to be proportional to the marginal cost
of collection, and price stability should still be pursued whenever <)>' = 0.
Second, the optimal inflation rate is inversely related to the marginal
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propensity to consume and the interest elasticity of money demand. To
ascertain the relative magnitude of desired inflation in the lag-free and
lag-ridden environments, equations (6) and (21) may be compared di-
rectly. However, since T is endogenous and the terms in the right-hand
sides of (6) and (21) are functions, a simple comparison cannot be estab-
lished without resorting to additional assumptions about preferences.

Sharper results are possible for the benchmark case considered by
Dixit and Vegh in which the functions in (6) and (21) are constants. When
this comparison is undertaken it turns out that a theoretical case can be
made for the orthodox presumption, at least for levels of government
spending below a certain threshold.10 Assuming w(ci,c2) = log(ci) +
Iog(c2) and <(>' = 6 > 0, optimal inflation TT is easily calculated to be

(22)

The reduced forms of T and TT can be computed analytically as follows.
The real money demand function s = w(l + T) 12 may be substituted into
the stationary form of the government budget constraint (equation (18)).
After some rearranging, the following relation between T and R is estab-
lished:

(23)

Equation (23) can also be written in a form that is more convenient for
subsequent substitutions:

(23')

Substituting the right-hand side of (23') into (22) yields the following
equation:

(24)

Equation (24) is seen to be equivalent to the quadratic equation

(1 - s)7r2 - (e + g - 1 + 20g)ir - 26(1 - 0 + g) = 0. (25)

10 Analysis of the more realistic case of quadratic collection costs yields similar
results. The proof of this assertion for the quadratic case involves some tedious
algebra—finding the roots of a fourth-order polynomial equation—and is avail-
able upon request.
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The roots of equation (25) are real if
8(1 - g)0(l - 0 + g) is positive, in which case the reduced form of TT,
denoted TTL, is given by

(26)

Given TTL from equation (26), the reduced form for TL may then be
computed from equation (22). The pairs (TL, TTL) satisfying equations (26)
and (22) are drawn against g in Figure 2 and against 0 in Figure 3. It may
be observed that even in the benchmark specification, the introduction
of a payment lag makes desired inflation rise with g. This outcome may
be contrasted with the results of Section II, where the optimal rate of
inflation in the benchmark case was shown to be independent of g.11

Given the definition R = 1/(1 + TT), equation (6) describing the desired
rate of inflation ir^ may be written

(27)

In the top panel of Figure 2, equation (26) is the upward-sloping curve,
while equation (27) is the horizontal line. For a given value of 0, the
relative size of inflation in the two environments depends on the size of
g. In particular, there is a threshold value of g, say g* > 0, which solves
™L(g*) = ir"(g*) given that irL(g) < ir"(g) whenever 0 < g < g* and that
irL(g) > ir*(g) whenever g > g*. In accordance with the orthodox posi-
tion, the desired rate of inflation is lower in the presence of collection lags
for all values of g not exceeding the threshold. The numerical value of
g* depends on the unit cost of collection and can be calculated analyti-
cally. Setting TTL = TTN = 20/(I - 20) in equation (26) yields the following
expression for g*(0):

(28)

Figure 1 draws g* (0) and the associated i(0) functions for the lag-free
and lag-ridden economies. Table 1 provides illustrative calculations of g*
and the associated (T, TT) pairs for selected values of 0. Notice that g* is
strictly increasing in 0, with g*(0) = 0 and g*(0.5) = 1. It can be shown
that for values of 0 greater than approximately 0.27, g*(0) is strictly
convex, implying that as the degree of fiscal inefficiency grows, the
critical value of g grows at an increasing rate. Moreover, g* approaches
unity as 0 approaches 0.5 from below.

11 If marginal collection costs are increasing, inflation continues to be an
increasing nmction of g.
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V. An Invariance Proposition

In this section, we explore the implications of altering the specification
of the collection cost technology. This is important because, as empha-
sized by Dixit (1991), no deep theory exists to explain the nature of these
costs. It will be recalled that in the preceding section real collection costs
were assumed to be a stable and increasing function of real realized tax
revenues, $ = <|>(#TH>), implying that, for given statutory tax rates and
nominal collections, real collection costs are lowered by higher inflation.
In this section, the function 4> is written as c|> = <)>(TH>), so that collection
costs are assumed to be a function of accrued real revenues—or, that
nominal costs of collection rise in proportion with prices. The main result
is a neutrality proposition establishing that the optimal (T,^) pair is
independent of the collection lag in the benchmark specification of con-
stant marginal collection costs and logarithmic utility.

Formally, R ^ 0, and T are selected to maximize social welfare

(29)

subject to the resource constraint (30) and private sector demand and
supply schedules (31)-(34):

(30)

(31)

(32)

(33)

This problem is equivalent to selecting R > 0 and T to maximize

(34)

subject to

(35)

In the constant marginal cost case, the problem above can be solved
directly by substitution. Assuming <|>(TH>) = 67w for some 0 > 0, equa-
tion (35) may be used to write T as a function of R and 6:

-,. (36)

Since equation (36) implies

1 - T = 2(1 - 0 - g)l(R + 1 - 29), (37)
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the objective function, equation (34), can be written as a function of a
single variable R:

(38)

Maximizing U with respect to R ^ 0 is equivalent to maximizing

(39)

The first and second derivatives of ft may be written

(40)

and

(41)

From equation (40), the optimal value of R is 1 - 26, implying that the
optimal inflation rate does not change if lags are removed.

Returning to the general specification of the collection cost function,
the problem of maximizing equation (29) subject to equations (30)-(33)
may be solved by forming the Lagrangian

(42)

The first-order necessary conditions for this problem are

(43)

(44)

Dividing equation (43) by (44) yields 1 — R = 2<|>', which is identical to
the formula for the inflation tax rate derived under the assumption that
there were no collection lags (p = 1, SA = 0.5, and e(s,R) = 0 in equa-
tion (6)). To prove that collection lags are neutral, it remains to show that
the reduced form for T is unchanged as well. This is first established for
the linear marginal collection cost case: substituting equation (33) and
1 — R = 2[6i + 02 TH>] into equation (30) and solving for T yield the same
formula as equation (10). Upon substitution, the optimal value of T must
solve

(45)

which, after a few steps of algebra, is equivalent to

(46)
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Inspection of equation (46) reveals that it is equivalent to equation (10)
for p = 1. Finally, to establish the equivalence for the constant marginal
cost case, simply note that equation (46) with 02 = 0 implies equation
(7). This establishes the claim that the presence of collection lags
leaves unaltered the optimal (R, T) pair in both the linear and quadratic
collection cost specifications.

A note of caution is in order when interpreting this invariance propo-
sition. While the proposition does suggest that the optimal inflation tax
rate 1 - R is invariant to the lag, it does not suggest invariance of inflation
tax revenue, where the latter is defined as the product of the inflation tax
rate and the real currency stock (1 - R)s(A,R). Analogously, this
proposition does not suggest invariance of income tax revenue. Clearly,
with inelastic labor supply, a positive rate of inflation, and an unchanged
rate of labor income taxation, the introduction of collection lags lowers
the effective yield of labor taxes. According to the proposition, all rev-
enue losses are made up by higher real seigniorage earnings. In the
presence of an unchanged rate of inflation, the additional seigniorage
earnings are possible by the higher stock of real balances accumulated to
meet future income tax liabilities.

VI. Conclusions

This paper has analyzed how the presence of collection lags affects the
optimal inflation rate in an overlapping generations version of the
Frenkel-Vegh model of costly income taxation. Ramsey pairs (T, TT) were
derived from first principles, and the traditional argument, that inflation
ought to reduce the optimal rate of inflation, was confirmed for cases
where the level of government spending in GDP was below a threshold
level. Dixit's conclusions were confirmed for tax rates above the
threshold. This demonstration casts some doubt on the claim that, as a
general principle, the Tanzi hypothesis is inconsistent with optimal tax
theory.

APPENDIX

The Appendix derives the optimal tax formula applicable in Section IV. The
following notation is used:

H> = real pretax income;
T = income tax rate;

A = (1 - T)H> = after-tax income;
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Ci = consumption in first period of life;
c2 = consumption in second period of life;
G = rate of real government purchases;

<)>(•) = collection cost function;
<(>'(•) = marginal cost of income tax collections;

IT = rate of inflation;
R = 1/(1 4- IT) = gross real yield of currency;

1 - R = rate of inflation tax.

Given the private decision rules Ci(A,R\ c2(A,R\ and s = w - Ci, the pair
(t,R) is selected to maximize indirect utility u(w — s,Rs — RTW) subject to

(Al)

The Lagrangian expression for this problem is

(A2)

The first-order necessary conditions for an interior solution are

(A3)

and

(A4)

Substituting A, = — w and MI = Ru2 into equations (A3)-(A4) yields

(A5)

and

(A6)

Equations (A5)-(A6), in turn, imply that

(A7)

Next, cross-multiplication in equation (A7) yields

(A8)

After some simplification, equation (A8) can be written

(A9)

(A10)

Note that the expression RsR/s on the left-hand side of equation (A10) is the
interest elasticity of real currency demand t(s,R), and the term SA TW/S equals
t(s, A)T/(! — T). Equation (A10) may be rewritten as follows:

(AH)

©International Monetary Fund. Not for Redistribution 



OPTIMAL INFLATION TAX 53

Collecting the (1 - R) terms in equation (All) and rearranging yield

(A12)

Since the factor (1 - R)/R equals the rate of inflation TT, equation (A12) yields
the Ramsey rule for inflation in the presence of collection lags:

(A13)

Equation (A13) corresponds to Ramsey formula (21).
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Misalignment in Developing Countries?

PETER J. MONTIEL and JONATHAN D. OSTRY*

It is often argued that the parallel market premium is a useful indicator of
real exchange rate misalignment in developing countries. The empirical
evidence, however, does not suggest a robust correlation between these two
endogenous variables that is independent of the nature of economic shocks
and various structural relationships in the economy. This paper analyzes
the reliability of the parallel market premium as an indicator of real
exchange rate misalignment. It suggests that one should exercise caution
in drawing inferences about the sign and magnitude of real exchange rate
misalignment from the premium. [JEL F31, F41, Oil]

TJ EAL EXCHANGE RATE misalignment—the sustained departure of the
XV^actual real exchange rate from its equilibrium value—has been a
recurring policy problem in many developing countries. Overvaluation of
the real exchange rate has had undesirable effects on net exports and
growth in some countries, while undervaluation has created problems for
monetary control and inflation in others. Getting the real exchange rate
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"right" in a world in which the fundamental structural determinants of
the equilibrium real exchange rate are constantly changing remains one
of the most important goals of economic policy in developing countries.

The problems associated with real exchange rate misalignment have
led policymakers in developing countries to try to reduce the degree of
overvaluation or undervaluation of their currencies by appropriate poli-
cies for the nominal exchange rate. The idea behind such policies is that
the transition from, for example, a situation of overvaluation to one of
real exchange rate equilibrium can be long and drawn out, particularly
if institutional factors—such as wage- and price-setting behavior—are
unfavorable. Under these circumstances, a change in the nominal ex-
change rate (a devaluation) can help to reestablish equilibrium
more quickly and thereby mitigate some of the costs associated with the
transition.

A well-known problem associated with the implementation of such
policies is that the extent of real exchange rate misalignment—and in
some cases even its sign—may be difficult to gauge. This is because
information about the extent of misalignment requires knowledge of the
level of the equilibrium real exchange rate, which depends both on
structural factors (including trade and industrial policies, the degree of
capital mobility, and the terms of trade) and on macroeconomic factors,
such as the level and composition of government spending and taxation
as well as the international macroeconomic environment. The problem
of real exchange rate misalignment thus lies at the heart of both macro-
economic and structural policy in developing countries.

In practice, the problem of estimating the extent of real exchange rate
misalignment has been addressed in a variety of ways. One approach has
been to determine some base period in which the actual and equilibrium
real exchange rates were equal and then attempt to determine the extent
by which the equilibrium real rate has changed as a result of changes in
its fundamental structural determinants, so that a comparison can be
made with the path of the actual real exchange rate.1 This approach,
however, has not been used as frequently as one might think, probably
because the effects of exogenous and policy-induced shocks on the equi-
librium real exchange rate depend on structural relationships in the
economy about which policymakers are likely to have insufficient
information.

An alternative approach, which is simpler and more direct, involves
using information from the parallel market to gauge the extent of real

1For an attempt at such an exercise, see Khan and Ostry (1992).
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exchange rate misalignment.2 The existence of a premium on foreign
exchange in the free market is taken to indicate an excess demand for
foreign exchange at the official exchange rate, which in turn is interpreted
as arising from an overvaluation of the domestic currency at the prevailing
official exchange rate.

This intuition is buttressed by models in the literature in which the
premium and the degree of misalignment both respond endogenously to
some shock, such as an increase in the stock of credit. For example,
models in the currency-substitution tradition (Calvo and Rodriguez
(1977)) have been used by Edwards (1989) and Kamin (1993) to analyze
the effects of unsustainable financial policies on the parallel market
premium and the divergence of the real exchange rate from its long-run
equilibrium value. The robust finding from these models is that, along
the adjustment path, overvalued real exchange rates are associated with
high premia. One interpretation of this relationship views the equilibrium
exchange rate as a weighted average of the free rate and the official rate.
Consequently, in many developing countries, exchange rate policy is
designed to reduce the gap between the two rates by depreciating the
official exchange rate (see, for example, Aghevli, Khan, and Montiel
(1991)). In effect, the misalignment of the official rate is contained by
targeting the premium at a reduced level.3

This view of the relationship between the premium and real exchange
rate misalignment has some empirical support. For example, studies of
a number of devaluation episodes (see Edwards (1989) and Kamin
(1993)) find that the parallel market premium often rises very rapidly in
the period immediately preceding a major devaluation, and then falls off
just after the devaluation. A positive correlation between the premium
and the extent of underlying real exchange rate overvaluation is sug-
gested by such cases.

Nonetheless, from an analytical standpoint, the case for treating the
size of the parallel market premium as an indicator of the magnitude of
real exchange rate misalignment seems far from obvious. Both the pre-
mium on foreign exchange in the free market and the real exchange rate
in the official market are endogenous variables with complex macroeco-
nomic roles. As such, the correlation between them should depend on
the sources of shocks impinging on the economy. Moreover, the parallel
market premium is an asset price, which can be expected to exhibit much
greater volatility than the official real exchange rate, in particular by

2 On the use of the premium as an indicator of real exchange rate misalignment
in developing countries, see Quirk and others (1987).

3 For an analysis of the Bolivian case, see Kharas and Pinto (1989).
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responding to transitory shocks that leave the equilibrium real exchange
rate unaffected. The very different time series properties of the two
variables raise some doubts about the reliability of the premium as an
indicator of real exchange rate misalignment.

Empirically, parallel market premia tend to be a good deal more
variable than real exchange rates in developing countries and can easily
reach levels of several hundred percent without discernible changes in the
underlying extent of real exchange rate misalignment. Furthermore, the
sign of the correlation between the parallel market premium and the
official real exchange rate seems to vary from country to country and time
period to time period.4 For example, in the study cited previously, Kamin
(1993) found that in about a third of the devaluation episodes he studied,
the premium actually fell before an exchange rate correction. This cer-
tainly calls into question the presumption that there is a robust correla-
tion between real exchange rate misalignment and the parallel market
premium that is independent of the nature of the underlying shocks and
the structure of the economy.

The purpose of this paper is to explore these issues in the context of
a fully optimizing model of a developing country that simultaneously
determines the degree of misalignment of the real exchange rate and the
premium in the parallel market. The paper's objective is to assess the
reliability of the premium as an indicator of exchange rate misalignment
by answering the following questions: Letting e and e denote respectively
the actual and equilibrium real exchange rates, and letting b denote (one
plus) the premium in the free exchange market, can we identify a struc-
tural relationship e — e = f(b — 1) that would provide quantitative in-
formation about the degree of real exchange rate overvaluation from
observations of the premium? If not, can we at least establish that the sign
of (b — 1) is the same as the sign of (e — e), so that the premium serves
as a qualitative indicator of misalignment? If neither of these can be
established in a standard model, then the former cannot be taken as a
reliable indicator of misalignment.

This paper is organized as follows. First, we set up the model by
describing the consumer's optimization problem and then discussing the
equilibrium and solution of the model. We then proceed to demonstrate
the central point of the paper, that adjustment in an economy (modeled
along fairly standard lines) to even a simple shock (consisting in this case
of a permanent productivity shock) can be rather complex. We show, in
particular, that while the adjustment of the real exchange rate to its new

4 See, for example, the discussion in Edwards (1989), chapter 4.
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long-run equilibrium is monotonic, that of the parallel market premium
is not, implying that neither the sign nor the magnitude of the premium
is informative about the extent of misalignment in this case. We end by
summarizing the main conclusions.

I. The Household's Problem

Consider a small open economy in which agents derive utility from the
consumption of traded and nontraded goods, denoted respectively by CT
and CN. The instantaneous utility function u is thus given by

a)
Consumption is subject to a cash-in-advance constraint of the form

(2)

where m — M/P is the stock of money deflated by the true consumption-
based price index P; c is the real value of aggregate consumption, which
is related to the consumption of traded and nontraded goods by
c — e^(cT + cN/e), where e is the price of tradables relative to nontrad-
ables (the real exchange rate) and 0 < (3 < 1 is a parameter whose
economic interpretation will be given below; and a > 0. Apart from
domestic money, household financial wealth includes foreign currency
denominated securities, which are denoted by F.

A "dual" exchange rate regime is assumed, involving a fixed "official"
exchange rate s and a floating "unofficial," or "parallel," market ex-
change rate v. All commercial transactions are assumed to take place at
the official rate s, while all other (financial) transactions take place at the
market-determined rate v. We let b denote the ratio of the financial to
the commercial exchange rate, so that b = vis denotes one plus the
premium in the parallel market. Thus, the real value (in terms of traded
goods) of household financial wealth, denoted by a, may be written as

(3)

It is assumed that agents can engage in cross-transactions between
official and unofficial markets. These leakages, denoted by L, carry a
cost T(L\ where T(0) = 0, T'(Q) = 0, and F(0) > 0.5Thus, the increase
in resources available to consumers by engaging in "fraudulent" activity

5 The first optimizing model of dual rates with leakages is Bhandari and Vegh
(1990). The main differences between their paper and ours relate to the goods
structure and the economy's access to worm capital markets.
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(leakages) must be traded off against the costs associated with such
activity, which are captured by the T(L) function. Taking into account
these leakages, the instantaneous budget constraint of the representative
household may be written as

(4)

where a dot above a variable denotes a time derivative and a circumflex
denotes a proportional rate of change—that is, x — xlx. Also, y denotes
the real value (in terms of traded goods) of output of both traded and
nontraded goods;6 r* is the world interest rate; and the last two terms in
equation (4) respectively denote the costs associated with fraudulent
transactions and the benefits associated with such activity. Thus, the
change in real household wealth (per unit of time) is simply equal to
income (which consists of income from production (y} plus interest
earnings on foreign securities (r*feF) plus capital gains (bbF)) less con-
sumption, plus the net benefits associated with fraudulent activity.

The problem of the representative household is to choose values for
its consumption of traded and nontraded goods (CT and CN), foreign
securities (F), and the amount of leakage into the free market (L), to
maximize the discounted sum of utility given by

rJo M[cr(0,c*(0]exp(-80*, (5)

subject to the budget constraint given by equation (4) and a transversality
condition that requires the present value of household net worth to
converge to a nonnegative number. In addition to the budget constraint
(4) and the transversality condition, the optimality conditions for this
problem are given by

(6)

(7)

(8)

(9)

The interpretation of these conditions is standard. The first two equa-
tions require that the marginal utility of consumption of each of the two
goods be equated with the product of the marginal utility of wealth, X,
and the price of the good. The price itself involves two components. First,
there is the market price (unity in the case of traded goods and the

6The production side of the economy is described in the following section.
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reciprocal of the real exchange rate e in the case of home goods). Second,
because of the cash-in-advance constraint, there is the opportunity cost
of holding money, which is a (the factor of proportionality between
consumption and money) times the real interest rate, r* + b. Clearly, the
domestic real interest rate is equal to the world rate plus a term (the rate
of change in the parallel market premium) that captures the capital gains
or losses from holding foreign currency denominated assets.

The third optimality condition (equation (8)) relates the amount of
leakage to the level of the parallel market premium. Given that T(L) is
a convex function, the condition states that the higher the premium
b - 1, the greater the amount of leakage between the official and parallel
markets. Finally, equation (9) is the standard condition relating the path
of the co-state variable to the difference between the subjective rate of
time preference and the domestic real interest rate.

We proceed under the simplifying assumption that the instantaneous
utility function in equation (1) is logarithmic:

(!')

Denoting aggregate consumption in terms of traded goods by Z =
CT + cN/e, we have from equation (!') and the first two optimality con-
ditions that the consumption of traded and nontraded goods is given by

(10)

Thus, consumption of the two goods depends on the level of total expen-
diture Z and the real exchange rate e.7 We can also solve for the marginal
utility of wealth in terms of aggregate expenditure and the domestic
interest rate:

X = 1/{Z[1 + a(r* +£)]}. (11)

II. Equilibrium and Solution of the Model

We begin by discussing some issues that affect the dynamics of the
aggregate economy but that are exogenous from the point of view of the
individual household and hence were ignored in the previous section.
First, it should be noted that for the economy as a whole, the legal stock
of foreign securities is fixed and the actual stock can therefore be altered
only through leakages. Recalling that interest earnings on foreign secu-

7 Clearly, p is the expenditure share of nontraded goods.
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rities are repatriated through the parallel market (since the official mar-
ket is, by assumption, only for commercial transactions), we thus have

(12)

where the second term represents interest earnings on the existing stock
of foreign securities.

Second, the country is assumed to face an upward-sloping supply of
foreign loans—that is, the cost of funds to domestic private residents
depends on the actual stock of foreign securities they hold. Specifically,
it is assumed that r* = r* (F), with r* (F) being a decreasing function that
satisfies r* (0) = 8, where 8 is the rate of time preference. Thus, when the
country is neither a net creditor nor a net debtor (F = 0), the rate of
interest its residents face is equal to the rate of time preference 8, but the
rate of interest faced by the domestic residents rises with — F—that is,
with the extent of the country's net debtor position. This makes r* a
decreasing function of F.8

Third, in the previous section, the household took the production side
of the economy as given. To close the model, however, the conditions of
production must be specified. We adopt a simple approach here, wherein
there is no investment or other dynamic problem that firms need to solve
and production decisions maximize period-by-period profits. It is also
assumed that all prices are flexible so that the economy operates contin-
ually at full employment.

A convenient way of modeling the supply side is to assume that the
economy possesses a concave transformation frontier between traded
and nontraded goods.9 It operates at the point of tangency between the
frontier and a straight line with slope equal to (minus) the reciprocal of
the real exchange rate. This implies supply functions of the form:

(13)

where 6 is a productivity parameter in the traded goods sector to be
discussed below.10 Using the definition of output in terms of traded goods
y, together with the envelope condition, also implies

8 Essentially, this assumption pins down the stock of foreign securities in the
steady state.

9For a similar modeling of the supply side, see Lizondo and Montiel (1991).
10To simplify the analysis, it is assumed that the output (productivity) shock

affects only the tradables sector. This implies that the productivity shock does not
enter into equation (16) below, which relates the equilibrium real exchange rate
to the level of total expenditure.
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(14)

Finally, we can use this simple specification of production together with
the demand functions given in equation (10) to solve for the equilibrium
real exchange rate in terms of the level of total expenditure Z. Specifi-
cally, since in equilibrium the nontraded goods market must clear, we
have

(15)

Differentiating equation (15) we can solve for the equilibrium real ex-
chance rate in terms of total expenditure:

(16)

Clearly, an increase in total expenditure creates excess demand for home
goods, thereby requiring an appreciation of the real exchange rate (a
decrease in e) to restore equilibrium in the home goods market.

With these three issues in hand, the specification of the model is
complete. Notice that the analytical set-up is a fairly standard one based
on familiar components, so that the co-movements between the premium
and the real exchange rate in response to shocks should be of particular
interest.

We shall derive four dynamic equations, two of which refer to the
"jumping" variables b and the domestic real interest rate r* + b, which
we denote as R, and two of which involve the predetermined variables
Z and F. We begin by deriving the dynamics of private consumption
expenditure Z. Equation (11) links Z to the marginal utility of wealth.
Proceeding in standard fashion, replace r* + b by R in equation (11),
differentiate with respect to time, and substitute from equation (9). The
result is

(17)

which is the familiar condition relating the slope of the time path of
consumption to the difference between the consumption real interest rate
and the discount rate.11

11 In any period, the effective price of consumption is equal to 1 + aR, which
is the sum of its market price (unity) and the opportunity cost (aR) of holding,
the a units of money needed to purchase a unit of the good. The consumption
rate of interest, which is the true mtertemporal price of consumption, is equal to
the interest rate^/? less the rate of change of the effective price of consumption,
[aR/(l + aRy\R.
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Substituting the cash-in-advance constraint into the expression for
household wealth (recalling that c = e^ Z) gives the following alternative
expression for wealth:

(18)

Differentiating equation (18) with respect to time, equating the resulting
expression for a to the one given in equation (4), and using equation (12)
to eliminate F give the following alternative expression for Z:

(19)

Inverting the optimality condition in equation (8), we can write

(20)

where More intuitively, equation (20) states
that the amount of leakage is an increasing function of the parallel market
premium b — 1. Substituting equation (20) into equation (19) then gives

(21)

Equating the right-hand sides of equations (17) and (21) provides a
dynamic equation for the domestic real interest rate:

(22)

The dynamic system that characterizes the economy comprises the
following four equations:

(23)

(24)

(25)

(26)

Equation (23) simply follows from the definition of the real interest
rate; equations (24) and (25) were given previously as equations (21) and
(22) and are rewritten here for convenience; equation (26) incorporates
the leakage function (20) and the dependence of the external interest rate
facing domestic residents on the stock of foreign assets into the equation
for F given previously as equation (12). The state variables are Z and F,
while the non-predetermined variables are b and R.
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Imposing the steady-state conditions i> = Z = R = F=0, we can solve
for the steady-state values (where an overbar denotes a steady state):

(27)

(28)

(29)

(30)

The logic of the steady state is seen by observing that if the net stock of
foreign securities reaches a constant value that differs from zero, this
implies that the constant value reached by the premium b - 1 must also
differ from zero (equation (26)) and that the value of the world interest
rate must differ from the rate of time preference (by definition of the
relationship between F and r* (F)). This would make the last term in
equation (25) nonzero, which in turn implies that the term in curly
brackets in that equation must also be nonzero. Since this term also
appears on the right-hand side of equation (24), it would not be possible
for expenditure Z to reach a constant value, which contradicts the defi-
nition of the steady state. Therefore, the steady-state values must be
those given by equations (27)-(30).

Our interest is in analyzing the co-movements of the premium and the
real exchange rate in this economy when the economy is hit by an
exogenous shock. For that purpose, we consider a simple shock, in the
form of a permanent improvement in productivity. In the remainder of
this section, we provide a formal solution for the response dynamics,
which we then analyze in more detail in the section that follows. To
analyze the dynamics in the vicinity of the new steady state, we linearize
the system of equations (23)-(26) around the steady state:

(31)

The partial derivatives in matrix system (31) are given by
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The trace of the matrix on the right-hand side of (31) is given by

Trace =

while the determinant is given by

Determinant =

The fact that the trace is positive implies that not all roots of the system
can be negative, and the fact that the determinant is positive implies that
the number of positive roots is either two or four. Since there are two
predetermined variables and two non-predetermined variables, the for-
mer case (two positive roots) implies saddle-point stability of the equi-
librium, whereas the case of four positive roots implies global instability.

To determine which of these two cases is relevant, we examine the
characteristic polynomial in more detail. Defining this polynomial by
P(X), we have by definition

(32)

Expanding the expression for the polynomial, one obtains

(33)

Upon substitution for the coefficients as defined below matrix system
(31), one obtains
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By definition, y0 is equal to the product of all the roots (the determinant),
'Yi is equal to the sum of all products of three of the roots, y2 is equal to
the sum of all products of two of the roots, and y3 is equal to the sum of
all products of one of the roots (or the trace). Because yi is negative, it
must be the case that at least one of the roots of the system is negative.
This rules out the case in which all roots are positive and implies that the
system is saddle-point stable, possessing exactly two positive roots and
two negative roots.

The general solution of the model may therefore be written as

where the elements of each eigenvector may be solved from

(34)

(35)

for each of the four eigenvalues X/, / = 1 - 4. If we let \3 and \4 be the
two positive eigenvalues, then convergence of the dynamic system re-
quires o>3 = o>4 = 0. To solve for the remaining two scalars, we use the
initial conditions, which imply

(36)

(37)

We can now write the solution of the system as

(38)

(39)

(40)

©International Monetary Fund. Not for Redistribution 



68 PETER J. MONTIEL and JONATHAN D. OSTRY

(41)

where

III. Adjustment to a Productivity Shock

In this section, we analyze the properties of this solution, focusing
specifically on the behavior of the premium and the real exchange rate.
To begin, it is worth noting that the discussion that follows would not be
altered in any important way if the source of the shock were an improve-
ment in the (exogenous) terms of trade faced by the country12 or simply
some productivity-enhancing policy reform. Alternatively, one may
prefer to substitute an endowment structure for the simple transforma-
tion function described in the previous section. In this case, the shock
would simply be an increase in the endowment of the tradable good.
Finally, as mentioned previously, we confine the shock to the tradables
sector mainly to simplify the analysis of its effect on the equilibrium real
exchange rate (equation (16)). It may also be noted that the model can
be used to analyze a variety of other disturbances, but this is not necessary
for the purpose at hand, which is simply to illustrate the potential prob-
lems that may arise in using the parallel market premium to draw infer-
ences about real exchange rate misalignment.

Consider then the effect of a permanent favorable_productivity shock.
As far as the steady state is concerned, all variables (b , R , and F) remain
constant at their original steady-state values (given by equations (27),
(29), and (30), respectively), except for expenditure, for which equation
(28) implies that a positive (negative) shock causes the steady-state level
of expenditure to rise (fall). From equation (16), therefore, the long-run
value of the equilibrium real exchange rate decreases for a positive shock:
there is an equilibrium real appreciation in the long run. Notice that the
steady-state premium does not change in this model. This feature permits
policymakers to feel confident about the equilibrium value of the pre-
mium after a shock—and thus about whether the observed premium is
above or below its long-run value—without having to solve the model.

12 In this case, we could think of the model as comprising an exportables and
a nontradables sector on the supply side and importables and nontradables on the
demand side. Also, it should be noted that the analysis of a negative shock would
be completely symmetric to that presented below for a positive shock.
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The issue, then, is whether this conveys information about the position
of the real exchange rate relative to its long-run value.

To determine the out-of-steady state dynamics, it is useful to turn to
Figure 1, which plots the level of expenditure Z on the horizontal axis and
the level of (one plus) the parallel market premium b on the vertical axis.
Imposing the steady-state condition Z = 0 in equation (31) yields a nega-
tively sloped locus in b-Zspace, with the slope given by —(1 — y\e')IH'.
Since the steady-state premium must be zero, the intersection of this
locus with the horizontal line at ft = 1 determines the steady-state value
of expenditure. Z0 denotes the initial steady-state level of expenditure
while Z denotes the higher post-productivity shock level. The initial
steady state is located at point A, while the new steady state is located
at point B. The parallel market premium is zero (b = 1), in both steady
states, while the position of the Z = 0 locus is shifted to the right as higher
spending is induced by the higher (post-shock) level of productivity. The
arrows of motion relative to the new Z = 0 locus in the figure follow from
the fact that Z3 < 0, as established below equation (31).

Consider now the dynamics of the adjustment of b and Z from A to
B. Since expenditure is linked to the stock of money by the cash-in-ad-
vance constraint, and since the money stock can only change over time

Figure 1. Dynamics of Consumption and the Premium
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through the process of hoarding, Z cannot jump on impact. This means
that the instantaneous equilibrium of the economy must be somewhere
along the perpendicular rising from point Z0. To determine the paths
followed by b and Z from an initial point on this perpendicular to the new
steady state at B, we proceed in several steps. First, we derive slopes of
the dominant and nondominant eigenvectors (that is, the eigenvectors
associated with the smallest and largest of the negative eigenvalues, Xi
and X2, respectively). These loci have the property that the paths of b and
Z cannot cross them, since if the economy is ever on one of these vectors,
it can be shown to remain on it as it converges to the new steady state.
From equations (38) and (40), the slope of the dominant eigenvector is
equal to hn /A31, while the slope of the nondominant eigenvector is equal
to /ti2//*32- To determine the signs of the slopes, we use equation (35),
which implies

slope of dominant eigenvector = (42)

slope of nondominant eigenvector = (43)

where the signs in equations (42) and (43) follow from evaluating the
polynomial P(X) in equation (32) at X = Z3.

13 Unless the initial values of
the state variables Z and F place the economy precisely on the dominant
eigenvector, the economy will converge to the steady state at B along the
nondominant eigenvector drawn in Figure 1, since the influence of the
largest negative root must gradually vanish over time.

It remains only to determine the sign of the jump in b resulting from
the productivity disturbance. The Appendix establishes that, in fact, the
premium and therefore b must make a discrete jump downward on
impact, to a point such as C in Figure 1. This means that the adjustment
path must follow the dark arrowed path in the figure: expenditure rises
throughout the adjustment, but the premium falls on impact and then
rises temporarily before falling back toward zero in the final stages of the
adjustment.14

Intuitively, the favorable productivity shock increases income, which

13 Specifically from equation (32), it can be shown that as X goes to — <»
then lim P(X) > 0 and P(Z3) < 0. From these two facts, it follows that
Xi < Z3 < X2 < 0. The signs of the slopes in equations (42) and (43) follow
directly.

14 It is interesting to note that the qualitative path followed by the economy in
response to a real shock (an improvement in productivity) is the same as that
followed in response to a nominal shock (for example, an exogenous change in
the stock of money). Figure 1 is again illustrative. Suppose the initial steady state
is B in Figure 1 and that there is an exogenous decrease in the stock of money.
Since the model exhibits neutrality in the steady state, the new long-run equi-
librium will be identical to the initial equilibrium: the new steady state is also point
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is consistent with a permanent increase in household expenditure. How-
ever, the adjustment in spending cannot be instantaneous, because an
increase in spending requires an increase in the money stock, and the
latter can only occur gradually through the process of hoarding. Initially,
then, spending remains below permanent income, and the associated
saving results in the gradual accumulation of money, permitting spending
to rise over time. This accounts for the monotonic adjustment of Z. At
the same time, the path of b cannot be monotonic because, if it were, the
stock of foreign exchange could not remain unchanged from one steady
state to the next, as required by equation (30). With monotonic adjust-
ment in fe, foreign exchange balances would either be drawn down or
accumulated continuously.

The contrast between the behavior of b and Z along the adjustment
path has important implications for the use of the premium as an indicator
of real exchange rate misalignment. Figure 2 plots the time paths of the
various variables resulting from the adjustment of the economy portrayed
in the first figure. As can be seen, the monotonic adjustment of expen-
diture implies that the adjustment of the real exchange rate is also
monotonic by equation (16), while the path of the parallel market pre-
mium necessarily overshoots. This means that, throughout the adjust-
ment, the currency is undervalued in real terms (obviously if the shock
had been negative, the problem would have been real exchange rate
overvaluation). However, the parallel market premium is initially nega-
tive (foreign currency sells at a discount in the unofficial market), then
rises to a positive value, before falling again toward zero. Thus, only the
first part of the adjustment process coincides with the conventional view
that undervaluation (overvaluation) should be associated with parallel
market discounts (premia). Clearly, the parallel market premium cannot
by itself provide reliable information about even the sign of real exchange
rate misalignment at a given point in time, let alone its magnitude.15

B in Figure 1. On impact, though, a decrease in the nominal money stock implies
a decrease in expenditure in terms of traded goods (that is, a decrease in Z), since
the official exchange rate is fixed and the cash-in-advance constraint must hold.
Thus, on impact, the economy must move to a point along the perpendicular
rising from Z0 in Figure 1. But then, as shown in the Appendix, the dynamic path
followed by the economy must be as drawn in Figure 1—in particular, the
premium must jump down on impact. Thus, the economy begins at point B,
jumps to point C, and then follows the arrowed curve back to point B. Clearly,
therefore, a nominal shock is capable of generating the same type of non-
monotonicity in the adjustment of the premium as the productivity shock does.

15 An alternative to looking at the premium at a point in time is to look at its
average behavior over some period of time. Whether this yields a more reliable
indicator depends on how long the economy spends in each phase of the adjust-
ment path and on how long after the shock an assessment is made.
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Figure 2. Adjustment to a Favorable Productivity Shock
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IV. Conclusion

Because most developing countries maintain a managed official ex-
change rate, policymakers in such countries commonly have to make
judgments about the extent of real exchange rate misalignment. The
degree of misalignment is very difficult to measure, since the equilibrium
real exchange rate is unobservable and depends on a range of structural
and macroeconomic factors. Thus, economists looking at this issue have
frequently used the parallel market premium—about whose equilibrium
value they have more confidence—to draw inferences regarding the
extent of real exchange rate misalignment.

The conventional wisdom is that there is a robust correlation between
the extent of overvaluation or undervaluation of a currency and the
parallel market premium, a view that appeals to intuition, as well as
having both some analytical and empirical support. Against this view,
however, one must set the observation that, since the degree of misalign-
ment and the parallel market premium are both endogenous real vari-
ables, both the nature of shocks and the economic structure are likely to
play a role in determining the sign and magnitude of co-movements
between these variables. Moreover, available empirical evidence sug-
gests that the premium is far more variable than any likely deviations of
actual exchange rates from their equilibrium values, reaching several
hundred percent with no ex post evidence of comparable magnitudes of
real exchange rate misalignment.

This paper investigated, using a fully optimizing model of a small open
developing country, how the parallel market premium and the real ex-
change rate jointly respond to an illustrative shock, taken here to be a
permanent productivity disturbance. The analysis suggested that the
informational content of the premium may be limited, since in response
to a shock the premium was both positive and negative at various times
along the adjustment path, while the degree of overvaluation of the
currency was always positive for a negative shock and always negative for
a positive shock.

The obvious policy implication of the analysis is that by itself the
premium is an unreliable indicator of the sign and magnitude of real
exchange rate misalignment. The premium may provide useful informa-
tion about the relationship of the real exchange rate to its equilibrium
level—for example, the magnitude of the initial jump in the premium will
be correlated with that of the initial extent of real exchange rate misalign-
ment—but it is dangerous to draw inferences about deviations of the
actual exchange rate from the equilibrium real exchange rate based on
observations of the premium at a given moment in time. In the model in
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Figure 3. Dynamics of Foreign Assets and the Premium

this paper, other variables, such as the behavior of the trade balance,
would provide more reliable information on the extent of real exchange
rate misalignment.

APPENDIX

The purpose of this appendix is to show that in response to a positive produc-
tivity shock, the premium must jump down on impact and that the adjustment
of the economy to such a shock must be as presented in Figure 1. Figure 3 plots
the stock of foreign securities F on the horizontal axis and the parallel market
premium (plus unity) b on the vertical axis. The slope of the F = 0 locus (which
is drawn relative to the new post-shock steady-state equilibrium at B) is equal to
—F4/Fi, which is negative (equation (31)).16 From equations (38) and (41), we can
derive the slopes of the dominant and nondominant eigenvectors:

slope of dominant eigenvector =
slope of nondominant eigenvectoi

(Al)
(A2)

where, by the fact that \i < \2 < 0, the dominant eigenvector is more steeply
sloped than the nondominant eigenvector, and both are more steeply sloped than

16Because the new and old steady-state values of b and F are identical, the new
and old steady states in Figure 3 coincide and are given by point B.
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the F = 0 locus, as drawn in Figure 3. As mentioned previously, unless the initial
steady-state values of the two state variables place the economy on the dominant
eigenvector, the path followed by the economy in Figure 3 eventually converges
to the slope of the nondominant eigenvector.

The question, as in Figure 1, is where the economy jumps on impact along the
line perpendicular to point F = 0, which is the new (and old) steady-state value
of F. There are two possibilities, labeled I and II in Figure 3. Under path I, the
premium jumps up on impact, and, given the arrows of motion drawn relative to
the F = 0 locus, the premium must approach its steady-state level from below.
Under path II, the premium jumps down on impact and, given the arrows of
motion, must approach the steady state at B from above.

It may be recalled from Figure 1 that whether b jumps up or down on impact
it must approach the steady state from above. But this rules out path I in Figure
3 since, in this case, b approaches the steady state from below. Therefore, b must
jump down on impact, and the economy must follow the path indicated in Figure
1 (with the dynamics of the individual variables as drawn in Figure 2) and likewise
path II in Figure 3.
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This paper investigates the relationship between fiscal performance and
movements in the exchange rates, the terms of trade, and other macroeco-
nomic aggregates in 28 sub-Saharan African countries over the 1980-91
period. It finds that the tax base in most of these countries is heavily
dependent on imports and import substitutes. Consequently, an overvalu-
ation of the exchange rate in countries that adopt a fixed exchange rate
strategy (CFA franc zone countries), when the purpose of the strategy is
to restore the real exchange rate to its equilibrium through fiscal contrac-
tion, can result in a widening of the fiscal deficit. Those countries with a
variable exchange rate strategy fail to attain price stability but are able to
enhance their fiscal balance, competitiveness, and growth. [JELE31,E42,
E6, F3, H2, H5, H6]

SUB-SAHARAN AFRICAN countries emerged from the 1970s with large
and unsustainable fiscal deficits, stemming from the increase in gov-

ernment spending following the two oil shocks. The commodity price
boom, associated with these shocks, increased government revenues and
fueled government spending in a broad range of activities, including
investment in public enterprises and marketing boards. Because such
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spending entailed a large expansion in government employment and
other recurrent expenditures that are difficult to reverse, it resulted in a
structural imbalance between revenue and expenditure, which has per-
sisted in most African countries throughout the 1980s. This internal
imbalance was exacerbated by a sharp deterioration in the external
environment, characterized by a protracted decline in terms of trade, an
increase in real interest rates, and a sharp decline in the availability of
external bank credit.

To alleviate both the internal and external imbalances, sub-Saharan
African countries pursued two different strategies. Countries in the west-
ern and central African monetary unions (the CFA franc zone, in which
CFA stands for Communaute Financiere Africaine), retained the "inter-
nal" adjustment path predicated on maintaining a fixed exchange rate
parity with the French franc to ensure fiscal discipline and low inflation.1

Most other sub-Saharan countries addressed the decline in the terms of
trade using a variable exchange rate strategy.2 This "external" adjust-
ment strategy allowed the current account to adjust directly, although at
the price of substantially higher inflation.

With a pegged exchange rate, a real devaluation can be achieved
through deflationary policies, provided price and wage flexibility prevail.
On the other hand, when the tax base is highly dependent on interna-
tional trade, an overvaluation of the real exchange rate would tend to
undermine tax revenue and the attainment of fiscal balance (Tanzi
(1989)). With a floating or a managed exchange rate, it could be argued
that the inflation generated by the lack of fiscal and monetary discipline
would also undermine government revenue—owing to lags in tax col-
lection and adjustments of public utility prices—causing growing fis-
cal deficits, an unfavorable investment environment, and slow growth
(Tanzi (1977)).

This paper argues that for economies in which the tax base is highly
dependent on imports and import substitutes, an exchange rate that is
adjusted toward its equilibrium level is a critical element in improving
fiscal performance. To the extent that an overvaluation of the exchange
rate undermines the tax base, internal adjustment may result in a widen-
ing of the fiscal deficit, when its very purpose is to restore the real
exchange rate to its equilibrium level through fiscal contraction. Hence,

aThe 11 fixed-rate countries in the sample are all members of the CFA franc
zone: Benin, Burkina Faso, Cameroon, Central African Republic, Congo, C6te
d'lvoire, Gabon, Mali, Niger, Senegal, and Togo.

2The 17 variable-rate countries are Botswana, Burundi, The Gambia, Ghana,
Kenya, Madagascar, Malawi, Mauritania, Mauritius, Nigeria, Rwanda, Sierra
Leone, Tanzania, Uganda, Zaire, Zambia, and Zimbabwe.
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presenting the internal and external adjustment strategies as policy alter-
natives is not meaningful. Rather, these two strategies should be comple-
mentary.

Having established a fiscal data base for 28 sub-Saharan countries for
the 1980-91 period, the paper assesses the implementation of the two
alternative strategies by comparing the fiscal performance of the two
groups of countries during the 1980-91 period.

I. Initial Macroeconomic Setting

Government participation and intervention in sub-Saharan African
economies have been substantial since independence, reflecting the pre-
vailing view that the investment necessary for development and long-term
growth would not be forthcoming through private investment alone.

The 1973 oil shock, associated with a boom in other commodity prices,
resulted in a structural shift in the public expenditure pattern in sub-
Saharan Africa, seemingly with little concern about the fiscal conse-
quences of a possible sharp decline in future commodity prices. Total
public expenditure in sub-Saharan Africa grew from 19 percent of GDP
in 1970 to 29 percent of GDP in 1980 (Schelizi, Ghandi, and Ehdaie
(1985)). This upward trend was common to virtually the entire region
with the exception of Tanzania and Burkina Faso. Moreover, the capital
formation component of government expenditures, which was around 5
percent of GDP, expanded very rapidly after 1974; by 1980, it reached
9.3 percent of GDP.3 Beyond a noteworthy improvement in infrastruc-
ture, public investment focused on capital-intensive manufacturing
aimed at import substitution and sheltered from outside competition by
protectionist policies. Much of this investment resulted in large losses for
public enterprises and banks and a fall in domestic savings. Other public
investment in such areas as health, education, and social infrastructure
were accompanied by an increase in public employment, which intro-
duced a secular upward shift in recurrent government spending that has
proved difficult to reverse.

On the revenue side, sub-Saharan African countries raised their tax
ratios mostly through an expansion in the volume of imports. By the late
1970s, tax revenues were averaging around 17 percent of GDP, and total
government revenue was comparable with that of other developing coun-
tries (Tanzi (1981)). Despite the improvement in resource mobilization,

3 In terms of GDP, the average investment rate in the 1970s was 20.6 percent
in sub-Saharan Africa and 21.6 percent in south Asia.
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tax revenue was reaching certain limits imposed by the tax structure, in
particular by the high dependence on taxes on international trade.4 Yet
attempting to expand the tax base to domestic transactions, without
considerable strengthening of tax administration, was difficult to achieve
in the short term.

The expansion of government spending, coupled with difficulties in
raising additional revenue, generated fiscal imbalances, which were fi-
nanced primarily by external borrowing at a time when banks were
seeking to recycle the oil money and when "sovereign risk" was perceived
as minimal. By 1980, the average government deficit, excluding grants,
in our sample of 28 countries was 9 percent of GDP, and external debt
was ten times higher than in 1970, reaching 35 percent of GDP. Thus,
despite the sharp increase in commodity prices in the 1970s, large fiscal
imbalances had already appeared as a result of excessive government
spending. These imbalances—coupled with the large accumulation of
external debt—were inconsistent with the stable macroeconomic envi-
ronment needed to encourage a strong private sector and sustained
growth.

Hence, prior to the deterioration in the terms of trade, sub-Saharan
African countries entered the 1980s with a need for lower fiscal deficits
in order to correct internal and external imbalances and reduce the
crowding out of the private sector. There was also a need to improve
public finance management so as to reduce nonproductive expenditures
and alleviate the distortions introduced through trade restrictions and
high customs tariffs aimed at protecting the manufacturing base.

Initial Imbalances

During the 1980s, different macroeconomic performances between the
two groups of countries may be explained by several factors: a different
starting point, a different intensity in the external shocks sustained, and
a different adjustment strategy. Although both groups had a tendency to
overspend during the 1970s, the fixed-rate countries started the decade
with lower budget deficit-to-GDP ratios (excluding grants) than did the
variable-rate countries (7.6 percent of GDP versus 10.4 percent of GDP).
The external current account deficit was also more favorable for the

4 This dependence is defined as taxes on imports and exports, nontax revenue
on imports and exports, plus excise taxes, sales taxes, and fees levied on imports
as a percentage of total tax receipts.
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fixed-rate countries (6 percent of GDP) than for the variable-rate coun-
tries (10 percent of GDP).

On the other hand, the impact of the increase in the real interest rate
and the structure of external debt in the two groups were roughly similar.
Between 1980 and 1983, the average ratio of total external debt to GDP
was 45 percent for the fixed-rate countries and about 47 percent for the
variable-rate countries. The proportion of nonconcessional debt in total
outstanding debt in 1980 was 22 percent and 24 percent, respectively, for
the fixed- and variable-rate countries.

These figures suggest that, on average, the sharp increase in real
interest rates at the beginning of the 1980s affected the two groups of
countries in a similar fashion. However, between 1985 and 1991, fixed-
rate countries experienced a much sharped deterioration (31 percent) in
the terms of trade than variable-rate countries (17 percent).5 This differ-
ence comes primarily from export price developments, because move-
ments in import unit values for the two groups of countries increased in
a similar fashion. Moreover, this deterioration was more broadly based
in the fixed-rate group, where only one country—Senegal—experienced
an improvement in its terms of trade since 1985; in the variable-rate group,
5 countries (out of 17) experienced such an improvement (Figure 1).

To summarize, although the fixed-rate countries started the 1980s with
much more favorable fiscal and current account positions, they have
experienced a sharper decline in terms of trade since the mid-1980s than
the variable-rate countries. These factors, coupled with fairly close levels
of concessional aid, relative to GDP, would suggest that the overall need
for adjustment in the two groups of countries was similar. Thus, an
explanation of the divergence in the fiscal (and other macroeconomic)
performances of the two groups lies more with policy strategy and its
implementation than with differences in initial imbalances or external
shocks.

Two Alternative Strategies

An adjustment strategy predicated on a nominal exchange rate anchor
has been followed by the 13 members of the West and Central African
Monetary unions. Until very recently, their common currency—the CFA
franc—has been pegged to the French franc at the rate of CFAF 50 =

5 If terms of trade are weighted by each country's share of trade, the figures
are 23 percent for the variable-rate countries and 37 percent for the fixed-rate
countries.
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Figure 1.
Sub-Saharan Africa: Terms of Trade, 1980-91

(1985=100)

110

FF I.6 For about three decades the monetary unions and the peg to the
French franc served these countries relatively well. Convertibility of their
currency, guaranteed by the French Treasury, and mobility of capital
throughout the zone, helped provide these countries with monetary
stability, low inflation, and an environment conducive to investment and
growth (Boughton (1991)).

One of the main benefits of a fixed exchange rate regime for a small,
open economy is that it provides a convenient nominal anchor around
which a consistent set of macroeconomic policies can be formulated.
However, such an anchor can only hold if both fiscal and monetary
discipline are achieved. Such discipline was intended by the institutional
arrangements of the two monetary unions, which provided for the inde-

6 On January 12, 1994, the CFA franc was devalued from FF 1 = 50 FCFA to
FF 1 = 100 FCFA.

Sources: World Economic Outlook data base and International Financial Statistics.
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pendence of the two central banks and which limited the extension of
credit to member country governments to the equivalent of 20 percent
of the previous year's fiscal revenue.

To adhere to a common external standard, members of the zone give
up the use of the exchange rate as a policy instrument, a cost that depends
on the nature of the external shocks. In the event of a temporary shock,
this exchange regime can provide sufficient flexibility through the use of
external reserves for efficient stabilization. However, a more protracted
external shock, such as the deterioration of the terms of trade since 1979,
may require a change in relative prices. If a nominal exchange rate
adjustment is ruled out, a real exchange rate depreciation has to be
brought about through a reduction in nominal prices and wages.7

But, if some degree of wage rigidity exists and no strong productivity
gains are made in favor of the traded goods sector, a substantial loss of
output and unemployment would be incurred. What is interesting in the
fixed-rate countries is that the nominal exchange rate anchor is not
determined using a basket of currencies reflecting major export destina-
tions or sources of imports but is pegged to the French franc, which is
governed by French macroeconomic objectives, including for the past
several years the maintenance of a parity with the German mark.8 There-
fore, since the mid-1980s, the fixed-rate countries have suffered two
external shocks: a major terms of trade deterioration and an appreciation
of the French franc relative to the currencies of the fixed-rate countries'
trading partners, which has been translated into a real appreciation of the
CFA franc.

To summarize, saddled with structural fiscal deficits from the outset of
the 1980s, the fixed-rate countries have had a single instrument—fiscal
policy—to achieve two objectives: (i) to bring down the fiscal deficit to
a level that is consistent with the targeted inflation rate set by the two
central banks, and (ii) to engineer a change in the relative prices of traded
and nontraded goods in response to the decline in terms of trade, so as
to restore external competitiveness. Theoretically, a reduction of the
fiscal deficit would also reduce the real value of the CFA franc.

7 Another adjustment instrument that has been used by some sub-Saharan
African countries is commercial policy. Theoretically, a real devaluation can be
approximated through a uniform surcharge on imports and a uniform subsidy on
exports (see Devarajan and De Melo (1987)). However, this approach is difficult
to implement, partly because of the need to impose subsidies on the value added
rather than on the gross value of exports and partly because of substantial
unrecorded border trade from non-CFA countries, particularly Nigeria.

8 Although trade with France amounts to a sizable share of CFA franc zone
imports and exports, prices of major exports (coffee, cocoa) and imports
(petroleum products) are denominated in U.S. dollars.

©International Monetary Fund. Not for Redistribution 



SUB-SAHARAN AFRICA 83

In contrast to the fixed-rate countries, the 17 variable-rate countries
included in this study are a more heterogeneous group. Nigeria and
Zaire, the largest countries in the group, have been pursuing expansion-
ary fiscal and monetary policies resulting in high inflation, albeit with
occasional attempts at stabilization. Ghana, Madagascar, Tanzania,
Uganda, and Zambia have undergone successive adjustment programs
and, with the assistance of the IMF and World Bank, have adopted
structural reforms to move away from heavy government interference in
the economy. Other countries, such as The Gambia, Malawi, and Zim-
babwe, have established a relatively liberal environment stemming from
a strong private sector. All the variable-rate countries have allowed the
exchange rate to seek an equilibrium, but a number of countries only
gradually liberalized their exchange and trade policies during the 1980s.9

While this group of countries used restrictive fiscal and monetary
policies to reduce internal imbalances, the fiscal and monetary disci-
pline instilled by an independent central bank was lacking, resulting in
relatively high inflation and frequent currency depreciation.

II. Fiscal Performance in the 1980s

Aggregate data on fiscal performance in sub-Saharan countries sug-
gest that little progress was made in reducing fiscal imbalance over the
decade. When external grants are excluded, the average deficit remains
virtually constant throughout the 1980s at about 8 percent of GDP.
Further scrutiny reveals, however, that the aggregate data average out the
contrasting performance of the two groups of countries.

Fiscal Deficits

The overall budget deficit (excluding grants) for the fixed-rate coun-
tries in 1980-81 averaged 7.6 percent of GDP, or substantially less than
the deficit levels for the variable-rate countries (10.4 percent).10 By the
end of the decade, the fiscal imbalance in the first group widened to 8.2
percent, while the second group reduced its fiscal imbalance to 6.2
percent of GDP (Table 1 and Figure 2). Most of the deterioration for the
fixed-rate countries occurred between 1985 and 1989; moreover, most of

9For instance, The Gambia did not drop the peg to the pound sterling until
1986.

10 Simple annual averages across each group have been derived for the fiscal
aggregates.
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Table 1. Sub-Saharan Africa: Summary of Fiscal Performance

(In percentage of GDP)

W

Change from
1980-81 1985-86 1990-91 1980-81 to 1990-91

Overall deficit, excluding grants
Entire region -9.4 -7.8 -8.3 1.1
Fixed-rate countries -7.6 -8.0 -8.2 -0.6
Fixed-rate countries,

except Cameroon, Congo, and Gabon . -10.6 -8.9 -8.9 1.7
Variable-rate countries -10.4 -6.5 -6.5 3.9
Variable-rate countries,

except Botswana and Nigeria —11.0 —8.3 -7.4 3.6
Total revenue

Entire region 18.9 18.9 18.9 0.0
Fixed-rate countries 20.3 21.4 17.1 -3.2
Fixed-rate countries,

except Cameroon, Congo, and Gabon 17.4 18.3 15.3 -2.1
Variable-rate countries 17.9 19.5 20.2 2.4
Variable-rate countries,

except Botswana and Nigeria 16.5 17.7 18.5 1.9
Total expenditure

Entire region 28.6 28.1 27.0 -1.6
Fixed-rate countries 27.9 29.4 25.3 -2.6
Fixed-rate countries,

except Cameroon, Congo, and Gabon 27.9 27.2 24.1 -3.8
Variable-rate countries 28.2 26.0 26.7 -1.5
Variable-rate countries,

except Botswana and Nigeria 27.6 26.1 25.8 -1.7
Source: National authorities and IMF staff estimates.
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the improvement in the variable-rate countries became more difficult to
sustain after 1985. Nevertheless, there was some fiscal retrenchment for
both groups during the 1989-91 period.

When interest costs are excluded and the focus is shifted to the deficit
measure, which can be directly affected by domestic policy, the differ-
ence in performance becomes even more pronounced. Interest costs have
been roughly the same for the two groups of countries, doubling from 2
percent of GDP to 4 percent of GDP over the decade. In the fixed-rate
countries, there was only a small reduction in the primary deficit—from
5.8 percent of GDP to 4.3 percent of GDP. Only two, Gabon and
Senegal, succeeded in generating a primary surplus by 1991, although in
the case of Gabon it was mostly the result of higher oil exports and prices.
In contrast, the variable-rate countries have experienced a more pro-
nounced and sustained improvement in their primary balance, with the
deficit falling from 9 percent of GDP in 1980-81 to 1.3 percent of GDP
in 1990-91 (Figure 3).

Looking at the current fiscal position (defined as the difference be-
tween total current revenue excluding grants and current expenditure)
sheds further light on the government's contribution to domestic sav-
ings.11 Evidence suggests that after some improvements during the first
half of the decade, owing to a depreciation in the real exchange rate and
an upturn in commodity prices, fixed-rate countries have not been able
to generate public sector savings during the second half of the decade or
contribute additional resources to the development of the private sector
by reducing the government's indebtedness to the banking system. The
current fiscal balance was in substantial surplus in 1980-81 (3.5 percent
of GDP) but declined sharply after 1985 and turned negative in 1987
(Figure 4). The turnaround in the current fiscal balance over the decade
(about 4.5 percentage points) is much sharper than the deterioration in
the overall fiscal balance, pointing to the major causes of fiscal imbalance
for the fixed-rate countries—recurrent revenue and expenditure rather
than expanding investment. Nevertheless, because of the improvement
in their fiscal performance in 1990 and 1991, Burkina Faso, Gabon, Mali,
and Senegal managed to generate a current account surplus.

In contrast to fixed-rate performance, the current balance was negative
in variable-rate countries at the beginning of the 1980s but improved
steadily after 1982, generating a surplus by the end of the decade for
about half of the countries in that group. On the whole, the improvement

11 The main limitation of this concept is the implicit assumption that all invest-
ment is good and all current expenditure (including health, education, opera-
tions, and maintenance) is consumption and does not contribute to growth.
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Figure 2.
Sub-Saharan Africa: Overall Fiscal Deficit, Excluding Grants, 1980-91

(As percent of GDP)

Sources: National authorities and IMF staff estimates.

Figure 3.
Sub-Saharan Africa: Primary Balance, Excluding Grants, 1980-91

(As percent of GDP)

Sources: National authorities and IMF staff estimates.
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in the current balance of the variable-rate countries was not as pro-
nounced as the improvement in the overall deficit. This suggests a broad-
based retrenchment in public expenditures touching both recurrent and
investment expenditure.

Sources of Fiscal Adjustment

The fiscal performance of the two country groups is shown in Figure 5.
Both groups of countries succeeded in reducing their government expen-
ditures during the 1980s, although the effort was greater in the fixed-rate
countries. The major difference in their fiscal performance lies on the
revenue front. While the variable-rate countries improved their revenue
performance by 2.4 percentage points of GDP, total revenue declined in
the fixed-rate countries by 3.2 percentage points of GDP, with the result
that, by the end of the 1980s, their revenue ratio stood well below that

SUB-SAHARAN AFRICA 87

Figure 4.
Sub-Saharan Africa: Current Balance, Excluding Grants, 1980-91

(As percent of GDP)

Sources: National authorities and IMF estimates.
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Figure 5.
Sub-Saharan Africa: Revenue and Expenditure, 1980-91

(As percent of GDP)

Sources: National authorities and IMF staff estimates.
a Excluding external grants.
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of the variable-rate countries. The differences in revenue performance
were mostly due to tax revenue,12 which declined in fixed-rate countries
by 21 percent (from 18.7 percent of GDP to 14.7 percent of GDP) and
increased in the variable-rate countries by 11 percent (from 15.4 percent
of GDP to 17.1 percent of GDP).

A breakdown of the various tax categories for both groups of countries
is revealing (Table 2). The largest and most broad-based decline in tax
revenue in the fixed-rate countries stems from a fall in the taxes on
international trade by 2 percentage points of GDP, or a 40 percent decline
from its level in 1980-81 (Figure 6). In the variable-rate countries, this
tax fluctuated between 5 percent and 6 percent of GDP during the
decade, with virtually no change by the end of the decade (5.3 percent
of GDP).13

Taxes on goods and services in fixed-rate countries have declined
throughout the decade (Figure 7). This decline occurred despite con-
certed efforts at expanding the taxation of domestic transactions by
introducing the value-added tax (VAT) and broadening the sales taxes to
include services and the distribution sector. Interestingly, C6te dTvoire
and Cameroon made gains in this tax category, despite the overall down-
ward trend, by broadening their tax bases. In Cote d'lvoire, taxes on
goods and services were maintained at 6.5 percent of GDP over the entire
1987-91 period, despite declines in GDP and per capita income. In the
variable-rate countries, this is the tax category in which the most progress
was achieved, with the tax ratio rising from 3.8 percent of GDP in 1980
to 5.4 percent of GDP in 1991. The main reason for this progress is the
shift of some taxation of international trade to taxation of domestic sales,
although the main base of indirect taxation remains imports. When the
two tax categories are taken together, the fixed-rate countries have lost
2.3 percentage points of GDP, while the variable-rate countries have
gained 0.8 percentage point.

Income taxes declined in fixed-rate countries by 2.2 percentage points
of GDP over the decade, mostly reflecting lower taxes from oil-exporting
enterprises following the reverse oil shock in 1986-87. If these oil ex-
porters are excluded, the decline is much lower (0.9 percent of GDP).
Nevertheless, at 3.4 percent of GDP in 1990-91, this ratio is particularly

12Nontax revenue, which accounts for about 2 percent of GDP in both country
groups, hardly changed in the variable-rate countries and increased by 0.5 percent
of GDP in fixed-rate countries.

13 These results, as well as those pertaining to taxes on goods and services,
should be interpreted cautiously since tax reforms have tended to lower tariffs and
shift taxation to domestic transactions. However, this pattern of tax reform has
affected both groups of countries in a similar fashion.
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Table 2. Sub-Saharan Africa: Tax Revenue Performance
(In percentage of GDP)

Change from
1980-81 1985-86 1990-91 1980-81 to 1990-91

Total revenue
Fixed-rate countries 20.3 21.4 17.1 -3.2
Fixed-rate countries,

except Cameroon, Congo, and Gabon 17.4 18.3 15.3 -2.1
Variable-rate countries 17.9 19.5 20.2 2.4
Variable-rate countries,

except Botswana and Nigeria 16.5 17.7 18.5 1.9
Tax revenue

Fixed-rate countries 18.7 18.1 14.7 -4.0
Fixed-rate countries,

except Cameroon, Congo, and Gabon 15.8 14.1 12.7 -3.1
Variable-rate countries 15.4 16.4 17.1 1.7
Variable-rate countries,

except Botswana and Nigeria 14.4 16.1 16.4 2.1
Taxes on international trade

Fixed-rate countries 7.0 6.1 5.1 -2.0
Fixed-rate countries,

except Cameroon, Congo, and Gabon 7.6 6.6 5.6 -2.0
Variable-rate countries 5.3 5.7 5.3 0.0
Variable-rate countries,

except Botswana and Nigeria 4.8 5.9 5.2 0.4
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Taxes on goods and services
Fixed-rate countries 3.1 2.8 2.8 -0.3
Fixed-rate countries,

except Cameroon, Congo, and Gabon 3.4 2.9 2.7 -0.7
Variable-rate countries 4.1 4.2 5.1 1.0
Variable-rate countries,

except Botswana and Nigeria 4.6 4.6 5.8 1.2
Income taxes

Fixed-rate countries 8.1 8.5 5.9 -2.2
Fixed-rate countries,

except Cameroon, Congo, and Gabon 4.3 4.0 3.4 -0.9
Variable-rate countries 5.9 5.7 6.1 0.2
Variable-rate countries,

except Botswana and Nigeria 4.8 4.6 4.8 0.0
Other taxes

Fixed-rate countries 0.4 1.2 1.1 0.7
Fixed-rate countries,

except Cameroon, Congo, and Gabon 0.4 1.2 1.2 0.8
Variable-rate countries 0.4 0.7 0.7 0.3
Variable-rate countries,

except Botswana and Nigeria 0.5 0.8 0.8 0.3
Nontax revenue

Fixed-rate countries 1.7 2.9 2.2 0.5
Fixed-rate countries,

except Cameroon, Congo, and Gabon 1.7 3.6 2.4 0.7
Variable-rate countries 1.9 1.6 1.9 -0.1
Variable-rate countries,

except Botswana and Nigeria 2.0 1.6 1.9 -0.2

V
3
R

IJ
V

 N
V

H
V

H
V

S
-a

nS

Source: National authorities and IMF staff estimates.
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Figure 6.
Sub-Saharan Africa: Taxes on International Trade, 1980-91

(As percent of GDP)

Sources: National authorities and IMF staff estimates.
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low relative to other countries with similar income levels. In the variable-
rate countries, excluding Botswana and Nigeria, direct taxes remained
remarkably steady during the 1980s (about 4.8 percent of GDP). How-
ever, when these two countries are included (Figure 8), there is a gain in
direct taxes, reflecting higher oil profits in Nigeria that stemmed partly
from the sharp real depreciation of the naira, which more than offset the
decline in world oil prices.

III. Determinants of Tax Revenue

The stark divergence in fiscal performance between the variable-rate
and fixed-rate countries in sub-Saharan Africa raises a number of ques-
tions. What are the major factors contributing to the deterioration in
revenue performance in the fixed-rate countries, and to the relative
success of the variable-rate countries? Why are the major gains and losses

Figure 8.
Sub-Saharan Africa: Income Taxes, 1980-91

(As percent of GDP)

Sources: National authorities and IMF staff estimates..
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Table 3. Tax Base in Sub-Saharan Countries *6

Cote d'lvoire Cameroon Mali Kenya Tanzania
1990 1989/90 1990 1989/90 1986/87

Millions Percent of Millions Percent of Millions Percent of Billions Percent of Billions Percent of
ofCFA total ofCFA total of CFA total of total of total
francs receipts francs receipts francs receipts shillings receipts shillings receipts

Taxes on imports and traded
goods sector 508.9 83.2 390.2 78.8 72.1 87.3 33.6 87.7 26.0 85.8

International trade 266.7 43.5 73.4 14.8 60.6 66.7 12.3 32.1 7.7 25.4
Exports 8.0 1.3 4.7 0.1 0.1 — 0.1 — — —
Imports 171.3 28.0 68.7 13.9 37.6 41.5 6.9 18.0 4.3 14.1
Sales tax on imports 65.8 10.8 — — 12.0 13.2 5.3 13.8 3.7 12.2
Stabilization funds 21.6 3 . 5 — — 10.9 12.0 _ _ _ _ _

Taxes on domestic
transactions 144.7 23.6 95.8 19.4 11.1 12.2 11.0 28.7 12.7 41.9

Sales taxes 48.2a 7.8 45.4 9.2 9.6 10.6 7.6 19.8 12.4 40.9
Excises 90.0 14.7 35.4 7.1 1.0 1.1 3.0 7.8 0.3 1.0
Vehicle registration

and fees 6.5 1.0 5.0 1.0 0.5 — 0.4 — — —
Other — — 10.0 2.0 — — — — — —

Direct taxes on factors 97.5 15.9 221.0 44.6 7.4 8.2 10.3 26.8 5.6 18.5
Corporate income 32.5 5.3 38.5 9.9 5.9 6.5 7.7 20.1 4.3 14.2
Individual income 65.0 10.6 37.5 9.6 1.5 0.2 2.6 6.8 1.3 4.2
Mineral receipts — — 145.0 37.2 _ _ _ _ _ _

Taxes on nontraded
goods sector 102.8 16.8 104.7 21.1 11.5 12.6 4.7 12.3 4.3 14.2

Domestic trade 46.9 7.7 69.0 13.9 7.3 8.0 2.5 6.5 1.2 4.0
Licenses and registration 17.3 2.8 16.6 3.3 2.0 2.2 1.0 2.6 0.2 0.1
Services 29.6b 4.8 18.7 3.8 5.3 5.8 1.5 3.9 1.0 3.3

Factors 55.9 9.1 35.7 7.2 4.2 4.6 2.2 5.7 3.1 10.2
Labor 44.2C 7.2 9.4 1.9 2.1 2.3 1.7 4.4 2.1 6.9
Property and capital 11.7 1.9 24.3 4.9 2.1 2.3 0.5 1.3 1.0 3.3

Total receipts 611.7 10.0 494.9 10.0 90.6 100.0 38.3 100.0 30.3 100.0
Source: Data from country authorities and IMF staff estimates.
a Of total sales tax proceeds of CFAF 58 million, CFAF 10 million were collected from the informal sector.
b Includes water charges of CFAF 18 million.
cOf which, CFAF 34.2 million is tax that is withheld from government employees.
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concentrated on indirect taxes? To what extent have changes in the real
exchange rate affected tax revenue and government expenditures in both
groups of countries? Why were the fixed-rate countries unable to reduce
their expenditures and conform to the prescriptions of the nominal an-
chor and the monetary policies of their two central banks? Before ad-
dressing these questions, it is important to establish the tax base profile
of a typical sub-Saharan country.

Tax Base

An analysis of the major components of the tax base in selected African
countries—Cameroon, Cote d'lvoire, Kenya, Mali, and Tanzania—
reveals that imports and the formal segment of the traded goods sector
constitute the overwhelming share of the tax base in sub-Saharan Africa
(Table 3). In this sample, imports, exports, and the formal import substi-
tution sector would account for 78 percent to 85 percent of tax revenue.
As was mentioned earlier, "nontax revenue" mostly reflects implicit
taxation of exports (particularly oil and other natural-resource exporters)
and to a lesser extent taxation of imports through price stabilization
funds.14

Imports constitute the largest segment of the tax base.15 They are either
taxed directly through customs or indirectly through sales taxes and
excises. Broad-based sales taxes often yield more revenue from imports
than from domestic transactions. In Mali, the VAT on imports produced
more revenue in 1991 (12 percent of total revenue) than the VAT on
domestic transactions (8 percent). In Cote d'lvoire, it yields 16 percent
of tax revenue as opposed to 14 percent on domestic transactions. In The
Gambia, the sales tax on imports generates 32 percent of total revenue,
while the sales tax on domestic transactions accounts for only 8 percent.
Those taxes on goods and services that are not imposed on imports are
mostly levied on import substitutes manufactured domestically. They are
concentrated on large manufacturing enterprises because they offer
proper bookkeeping and well-defined tax collection points, which tax
administrations can monitor easily, as opposed to the fragmented and

14 In some countries, central-bank profits constitute a sizable share of nontax
revenues.

15 Explicit export taxes, which were small in the early 1980s, have been further
reduced through tax reform, which has eliminated them in a number of coun-
tries. However, when implicit export taxes are added, export taxes can become
significant—between 1 percent and 2 percent of GDP.
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elusive retail sector.16 On the other hand, small-scale manufacturing
(furniture, leather products, and cottage industries) tends to escape the
tax net. Income taxes are also mostly levied on large enterprises in the
import substitution sector, either as corporate income tax or as an indi-
vidual income tax withheld by these enterprises from the salaries and
wages of their employees.

The nontraded goods sector (mostly government, services, domestic
trade, and subsistence agriculture) contributes only 10-15 percent of
total tax revenue. Government employees, utilities, and banking are the
major contributors of tax revenue in this sector, mostly through direct
taxes. Sales taxes on domestic services are limited to major utilities, the
banking sector, and the largest hotels. Most other services and domestic
trade are in the informal sector and escape taxation. Of course, the
informal sector contributes tax revenue (customs duties, sales taxes, and
excises) through its own spending on consumption goods but the tax
collection handles are again either imports or import substitutes.

The bulk of the nontraded goods sector—subsistence agriculture,
small-scale manufacturing, and all the services provided by the informal
sector—are outside the tax net. Also virtually excluded because of weak
compliance and tax administration are the relatively wealthy self-em-
ployed professionals (doctors, lawyers, and traders) and property own-
ers. Some registration and license fees are imposed on property owners
but, here again, an imported product—motor vehicles—accounts for the
bulk of license fees.

Having established that imports, exports, and import substitution in
the formal sector constitute the bulk of the tax base in sub-Saharan
African countries, we proceed to analyze the major factors that can affect
these activities: (i) the terms of trade, (ii) the exchange rate, (iii) infla-
tion, and (iv) efficiency factors—associated with the trade regime, price
policy, and tax structure and administration.

Terms of Trade

Declines in terms of trade have a direct price effect on the tax base by
affecting the value of imports and exports and an indirect effect by
reducing income and changing relative prices.17 While in fixed-rate coun-

16 Among the largest contributors of excise and sales taxes are the manufactur-
ers of mass-market goods, such as petroleum products, textiles, shoes, beverages,
plastics, cigarettes, fertilizers, cement, and processed foods.

17 When real GDP is adjusted for the decline in the terms of trade, growth of
national income can be substantially weaker than the growth of GDP. Thus, in

©International Monetary Fund. Not for Redistribution 



SUB-SAHARAN AFRICA 97

tries the decline in the terms of trade can be attributed equally to a decline
in export prices and an increase in import prices, in most variable-rate
countries the increase in import prices is the dominant factor. In contrast
to a decline in export prices, which has a negative effect on government
revenues by reducing nontax revenue and direct taxes, an increase in
import prices has a positive effect on tax revenue by raising the domestic
currency value of imports and import substitutes. While the income and
price effects may reduce the volume of imports by shifting some of the
demand for imports to cheaper import substitutes, the value of imports
in relation to GDP may still rise. Depending on the relative impacts of
the decline in export prices and the increase in import prices, a deterio-
ration in the terms of trade can have a positive effect on the tax base. If
explicit and implicit export taxation tend to be low relative to import
taxation, as in the sub-Saharan countries, the positive price effect may
clearly dominate.

In fixed-rate countries, export unit values in U.S. dollars fell an aver-
age 22 percent over the 1980s, while in variable-rate countries they fell
by only 5 percent, although countries reliant on coffee exports (Burundi,
Rwanda, and Uganda) experienced a much sharper decline. While these
reductions have mostly affected nontax revenues—and have indirectly
affected tax revenues through their negative income effect—both groups
of countries have had virtually the same rate of increase in import unit
values—about 20 percent—over the decade. Thus, while the price effect
of the terms of trade decline appears equally favorable for the tax base
in both country groups, the negative income effect is more severe in the
fixed-rate countries.

Exchange Rate

Changes in the nominal exchange rate will affect both the unit value
of imports and the GDP deflator. A depreciation of the exchange rate
would tend to raise import unit values relative to the GDP deflator, and
vice versa. It will also tend to increase the unit values of import substitutes

Cote d'lvoire, the cumulative growth of real GDP between 1980 and 1991 was
5.3 percent but, when adjusted for terms of trade changes, real national income
fell by 20.6 percent. This may be an extreme example since C6te d'lvoire, with
its exports concentrated on cocoa and coffee, has experienced a 56 percent
decline in terms of trade between 1980 and 1991. However, other countries,
particularly Cameroon, Gabon, Nigeria, Tanzania, and Uganda, have experi-
enced even larger declines, although the effect on national income depends on
the relative shares of imports and exports in GDP.
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and exports relative to nontraded goods. Therefore, a depreciation of the
domestic currency tends to increase tax revenue from the traded goods
sector in relation to GDP. This price effect may have a negative impact
on the volume of imports but a positive impact on domestic production
of import substitutes and on tax revenue—both direct and indirect. As
already noted, the tax base is heavily weighted toward both imports and
import substitutes. In addition, by raising producer prices of exportables,
real depreciation would moderate the negative impact of a decline in
international commodity prices on the income of the export sector and
its demand for tradables.

While changes in the terms of trade or in the nominal exchange rate
may have a positive effect on the tax base, what really matters is how these
changes are transmitted to the domestic economy through changes in the
real exchange rate and other macroeconomic policies. The interplay
between terms of trade developments and the nominal exchange rate will
determine critical components of the tax base: import unit value, import
unit value relative to the GDP deflator, import volume, import compo-
sition, the ratio of import duties to imports (the effective import duty
rate), and income generated by the traded goods sector.

Import Unit Value and the GDP Deflator

The evolution of the relationship between the terms of trade and the
real exchange rate in fixed-rate and variable-rate countries is shown in
Figure 9. In the fixed-rate countries, while the terms of trade remained
roughly stable in the first half of the 1980s, the CFA franc depreciated
substantially vis-a-vis the U.S. dollar, bringing down the real effective
exchange rate by about 13 percent, with the result that the import unit
value in CFA francs actually increased. However, there was a substantial
decline in import volume in the fixed-rate countries (20 percent), partic-
ularly when oil exporters are excluded (44 percent). Consequently, tax
revenues for the fixed-rate countries remained roughly stable during
that period but registered a decline when oil producers were excluded
(Table 4).

After 1985, the terms of trade took a turn for the worse, declining by
about 30 percent, mostly as a result of a fall in export prices. The 1987
reverse oil shock caused a marked deterioration in the fiscal revenues of
Cameroon, the Congo, and Gabon. Yet, the real exchange rate moved
in the opposite direction by appreciating sharply in 1986 and 1987 and
maintaining much of the appreciation for the remainder of the decade
(top panel of Figure 9). For the fixed-rate countries, this acted as a second
external shock since this appreciation was caused by the strengthening of
the French franc vis-a-vis the U.S. dollar, and indirectly by the strength-
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Figure 9.
Sub-Saharan Africa: Real Effective Exchange Rates and

Terms of Trade, 1980-91
(1985=100)

Sources: World Economic Outlook data base and IMF staff estimates.
a Foreign currency is in per unit of domestic currency; trade weights are adjusted for informal trade with
The Gambia, Ghana, Nigeria, and Zaire.
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Table 4. External Sector Determinants of Tax Revenue

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Index, 1985 = 100
Terms of trade

Fixed-rate countries 100 98 104 101 106 100 87 84 80 75 74 69
Variable-rate countries 94 90 83 90 101 100 97 86 92 90 85 83

Real exchange rate
Fixed-rate countries 113 106 101 98 97 100 111 117 113 108 111 107
Variable-rate countries 109 117 130 127 104 100 101 93 98 93 82 81

Import value in local currency
Fixed-rate countries 58 69 76 88 99 100 84 83 85 86 85 87
Variable-rate countries 52 54 60 64 81 100 154 285 420 727 850 920

Import volume
Fixed-rate countries 115 113 105 93 87 100 99 91 91 82 84 81
Variable-rate countries 125 120 110 199 98 100 104 102 113 116 124 123

Unit value/GDP deflator
Fixed-rate countries 100 102 99 104 102 100 94 94 96 99 93 95
Variable-rate countries 118 101 97 86 94 100 133 202 255 365 539 655

In percent
Import value/GDP

Fixed-rate countries 28 30 27 26 25 26 24 21 22 21 19 18
Variable-rate countries 28 28 26 22 25 24 27 28 28 29 31 33

Customs receipts/import value
Fixed-rate countries 23 22 23 22 21 21 24 24 23 22 21 21
Variable-rate countries 15 16 18 18 17 17 17 17 17 17 18 18
Source: Data provided by national authorities, IMF staff estimates, and World Economic Outlook data base.
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ening of the German mark. By 1990-91, the two largest economies in the
franc zone, Cote d'lvoire and Cameroon, incurred the highest real appre-
ciation (36 percent and 32 percent, respectively) followed by Benin (22
percent). This currency appreciation has been a major contributor to the
decline in import unit values in the fixed-rate countries, when measured
in CFA francs, and in the difficulties experienced by the import substitu-
tion sector, particularly the formal manufacturing sector. Interestingly
enough, while imports became relatively cheaper because of the appre-
ciation of the CFA franc, the volume of imports actually declined—as
discussed below—because of the income effects in the export and import
substitution sectors.

Another factor contributing to the decline in import unit values in both
domestic and foreign currencies was a change in the composition of
recorded imports, typically induced by recessionary conditions, toward
basic necessities and lower value items. For instance, food imports have
increased as a share of total recorded imports in fixed-rate countries, and
there has been a tendency to replace higher priced imports by cheaper
imported substitutes (for example, used cars instead of new ones). In
Cameroon, products bearing high customs duties fell from 35 percent of
imports in fiscal year 1985/86 to 28 percent of imports in 1990/91.18 This
may also reflect the tendency since 1985 for a larger proportion of
such imports—by Benin, Cameroon, and Niger, in particular—to have
originated unrecorded from Nigeria and other non-CFA neighboring
countries. This drives down the average effective duty rate on imports
since basic necessities, raw materials, and intermediate products bear
lower customs duties (and sales taxes) than consumer goods.

Thus, the appreciation of the CFA franc combined with changes in the
composition of recorded imports has reduced import unit value in CFA
francs by about 15 percent in the fixed-rate countries during the second
half of the 1980s. Despite a substantial increase in import prices in foreign
currency, the ratio of import unit values to the GDP deflator—which was
roughly stable during the 1980-85 period—has also declined by about 7
percent in the second half of the 1980s (Table 3). However, the GDP
deflator understates the price relationship between nontraded goods and
imports—as well as import substitutes—to the extent that it also includes
export prices. Indeed, a fall in export prices raises the ratio of import unit
value to the GDP deflator by depressing the denominator, as was the case
in Cote dTvoire and Gabon, where export prices fell more than import

18 These products include cigarettes and tobacco, beverages, furniture, textiles,
plastics, glass products, aluminum, vehicles, pesticides, lubricants, electrical
machinery, and electrical appliances.
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unit values. On the other hand, countries that did not experience a sharp
decline in relative export prices—Mali, Senegal, and Togo—have had a
large decline in the price of imports relative to the GDP deflator, ranging
from 20 percent for Togo to 45 percent for Senegal.

In the variable-rate countries, the real exchange rate followed terms
of trade developments more closely (bottom panel of Figure 9). During
the first half of the decade, it appreciated by 13 percent, parallel with a
similar improvement in the terms of trade, causing import unit values to
decline. Since 1985, while the terms of trade deteriorated by 17 percent,
the average real depreciation reached 20 percent, and there was no
evidence of a change in the composition of imports. Thus, while the ratio
of import unit values to the GDP deflator was stable during the first half
of the decade, it increased by an average 70 percent during the second
half of the 1980s. The largest increases occurred in countries where
currencies depreciated rapidly—Madagascar, Nigeria, Uganda, and
Tanzania.

Import Volume and the Import-to-GDP Ratio

The divergent trajectories of the real exchange rate and terms of trade
in the fixed-rate countries have severely undermined the competitiveness
of the traded goods sector and growth performance. Cocoa and coffee
producer prices were reduced by more than half in nominal terms in
Cameroon, Cote d'lvoire, and Togo, falling in some cases below produc-
tion costs. Export proceeds from mineral products (oil in Cameroon,
Gabon, and Congo, uranium in Niger, phosphates in Togo) declined
sharply with an immediate impact on government revenue from lower
royalties and income taxes.

The second half of the 1980s also coincided with import liberalization,
which lowered customs tariffs and relaxed quantitative restrictions in
fixed-rate countries. While more imports may have contributed to cus-
toms duties receipts, they nevertheless exposed the import substitution
sector to stiffer competition at a time when domestic demand was falling
because of exchange rate appreciation. Moreover, both Nigeria and
Zaire sharply depreciated their currencies in real terms, which height-
ened the competitiveness of their traded goods sectors, causing sub-
stantial market penetration in the fixed-rate countries. Overall, the
growth of real GDP in these countries declined from 3 percent during the
first half of the 1980s to 1.2 percent during the second half, with a
concomitant decline in per capita income (Table 5). In contrast, the
annual growth rate in variable-rate countries rose from 2.1 percent to 3.6
percent during 1986-91.
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Table 5. Macroeconomic Indicators
(Average annual rate in percent)

1980-85 1986-91 1980-91
Real GDP growth rate

Fixed-rate countries 3.0 1.2 2.1
Variable-rate countries 2.1 3.6 2.9

Inflation rate
Fixed-rate countries 9.4 1.6 5.5
Variable-rate countries 23.7 33.3 28.5

Monetary expansion
Fixed-rate countries 14.7 2.6 8.7
Variable-rate countries 21.4 30.8 26.1

Gross capital formation/GDP
Fixed-rate countries 22.6 17.6 20.1
Variable-rate countries 19.6 18.6 19.1

External current account/GDP
Fixed-rate countries -6.1 -5.9 -6.0
Variable-rate countries -6.9 —4.5 -5.7

Imports/GDP
Fixed-rate countries 27.2 20.1 23.6
Variable-rate countries 25.6 29.2 27.4

Debt/GDP
Fixed-rate countries 52.1 74.3 63.2
Variable-rate countries 54.2 107.2 80.8

Debt service/exports
Fixed-rate countries 23.7 25.1 24.4
Variable-rate countries 25.4 39.9 32.7
Source: World Economic Outlook data base and IMF staff estimates.

Finally, the decline in the competitiveness of the traded goods sector
in fixed-rate countries has resulted in an expansion of the informal sector,
further undermining the tax base. Under an overvalued exchange rate,
the incentives to operate in the informal sector become particularly
strong. On the supply side, moving into the informal sector improves a
producer's competitiveness by avoiding the costs associated with the
formal sector's regulatory framework, import duties and other taxes,
license fees, and labor regulations. On the demand side, the consumption
pattern shifts toward cheaper substitutes, mostly unrecorded imports
from Nigeria and Zaire, offered by the informal trading sector. One
indicator of the expansion of the informal sector is the export of CFA
francs to neighboring countries—Nigeria, Zaire, Ghana, and The Gam-
bia—in exchange for goods. These currency notes are then remitted to
Europe (mainly through London) and repurchased by the central bank
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in France.19 Such repurchases, which can be interpreted as the net trade
balance of the informal sector with more competitive neighboring coun-
tries, increased from less than FF 5 billion in 1985 to a peak of FF 12
billion in 1992.20

In the 1970s, the volume of imports rose steadily in sub-Saharan Africa
in the wake of the commodity price boom and external borrowing,
making up for any occasional decline in import unit values. But with the
collapse of export prices and the need to undertake fiscal retrenchment,
the demand for imports—both public and private—declined. Despite the
favorable price effect of the CFA franc appreciation, recorded imports
in the fixed-rate countries declined throughout the 1980s (particularly
during the second half of the decade), falling by 1991 to 70 percent of the
import volume of 1980. In the variable-rate countries, import volume also
declined during the first half of the decade by 23 percent but increased
during the second half by a similar magnitude, with the result that, by
1991, import volume was about the same as in 1980. As a percentage
of GDP, import volume declined for both groups of countries during
the first half of the decade. However, during the second half, variable-
rate countries maintained their import shares, while fixed-rate countries
incurred a 20 percent decline.

The combination of the changes in import prices in local currency,
import volume, and the composition of imports determines a critical
component of the tax base, namely the value of recorded imports in
relation to GDP. In the fixed-rate countries, recorded imports declined
from 29 percent of GDP in 1980-81 to 19 percent of GDP in 1990-91,
with the downward trend accelerating after 1985 (Table 4). This shrinkage
in the tax base by 10 percentage points of GDP on the import side and
a concomitant decline in the production level of the formal import sub-
stitution sector—instead of a resurgence in import substitution under
adequate exchange rate protection—go a long way in explaining the
weakening of tax revenue in the fixed-rate countries.

Variable-rate countries also experienced a reduction in their imports
in relation to GDP during the first half of the decade, very much in line
with the fixed-rate countries (from 28 percent to 25.5 percent of GDP).
However, with the real exchange rate depreciation that took place
after 1985, imports increased to 32 percent of GDP by 1990-91. Thus,

19 These flows should be distinguished from capital movements which are
effected mostly through the banking system.

20 See Secretariat du comite monetaire de la zone franc (several issues). On
August 1 and 2, 1993, in reaction to a sharp increase in the outflow of their
currency, the 13 CFA franc zone countries suspended the repurchase of their
currency notes, in effect partially suspending the convertibility of the CFA franc.
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variable-rate countries were able to broaden this critical tax base—the
imports to GDP ratio—over the 1980s.21

Efficiency Factors

In addition to the macroeconomic factors outlined above, tax revenue
has been affected by discretionary government policy and the institu-
tional changes carried out over the past decade under structural adjust-
ment programs supported by the IMF and the World Bank. In most
sub-Saharan African countries, there has been an attempt to improve
overall efficiency by allowing the market to determine prices and dictate
most investment decisions, rather than following the failed industrial
strategy of the 1970s. In the fiscal area, this approach has entailed
broadening the tax base, deregulating prices, lowering external tariffs,
liberalizing imports, shifting the taxation system toward domestic trans-
actions, and reforming the income tax. It is difficult to measure the over-
all impact of these reforms on tax revenue, but they tend to reduce
distortions and create an enabling environment for investment and higher
growth.

Governments have also resorted to ad hoc fiscal measures to relieve the
economic pressures experienced in the 1980s. Additional taxes (such as
an import surcharge or solidarity tax) or increases in tax rates have
frequently been introduced after a widening of the fiscal deficit. Such
pressure has been manifest in fixed-rate countries that needed to mobilize
additional resources to finance their budget deficits. A case in point in
Cote d'lvoire, which in 1987 and 1988 increased its import tariffs by 10
percent, increased excise taxes on tobacco, and increased stamp duties,
license fees, and vehicle registration fees. Indeed, some doubts may be
raised on the quality of adjustment in this case, since raising government
revenues by increasing tax rates, given the concomitant narrowing of the
tax base, cannot be sustained and may follow a Laffer curve scenario.

There were also pressures in the opposite direction, mostly in response
to financial difficulties experienced by enterprises in import substitution

21 The linkages among government revenue, the terms of trade, and the real
exchange rate have been tested using panel data over the 1980-91 period. The
econometric results, available from the authors, indicate that tax revenue in
sub-Saharan Africa is negatively correlated with movements in the real value of
the domestic currency: an appreciation of the real exchange rate would yield a
fall in the ratio of tax revenue to GDP. It is also negatively correlated with the
terms of trade. Here, the positive price effect of an increase in import prices
dominates the negative income effect of the terms of trade deterioration. Similar
results are obtained when total revenue is used as an independent variable.
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activities, which resulted in lower average effective rates and a further
narrowing of the tax base. Such tax relief included granting tax exemp-
tions, allowing the build-up of tax arrears, and granting generous tax
holidays. Fixed-rate countries have been particularly prone to these
tendencies, with acute competitive pressures arising from the apprecia-
tion of the CFA franc and from the real currency depreciation in some
neighboring countries. Thus, it has been estimated that roughly half of
the imports into fixed-rate countries have been exempted from customs
duties for various reasons, including generous provisions under invest-
ment codes. The proliferation of exemptions has reduced the average
effective customs tariff, as measured by the ratio of receipts from import
duties to total recorded imports, to less than half the statutory rate for
the seven members of the West African monetary union.22

Another factor that has contributed to the narrowing of the import tax
base is the growing importance of donor-financed imports, which are tax
exempt. This has affected both country groups in a similar fashion. After
the debt crisis, there has been a significant shift in project financing away
from commercial sources, which paid full customs duties, to official
bilateral and multilateral donors, which expect to be fully tax exempt for
foreign assistance. Some of the changes in the import tax base can be
traced to the average effective tariff. In the early 1980s, the average
effective tariff in fixed-rate countries was 22 percent, substantially higher
than in the variable-rate countries (15 percent). Despite efforts at broad-
ening the taxation of imports (through the imposition of a minimum
tariff), the effective tariff fell to 20 percent, mostly because of tariff
reform, changes in the composition of imports, and the broadening of
exemptions. In the variable-rate countries, many of which started off with
a very low tariff base in the early 1980s (Tanzania, Zambia, and Uganda),
the average effective import tariff rose from 15 percent in 1980 to 18
percent in 1990-91.

Impact of Inflation on Tax Revenue

In addition to the exchange rate, other components of the macroeco-
nomicmix can also have a significant impact on tax revenue. In particular,
when inflationary policies are pursued by the government—through
expansionary fiscal policies, monetization of the budget deficit, and
frequent devaluations—tax revenue can be affected negatively in various

22 See Nashashibi, Lorie, and Doize (1990).
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ways. Collection lags, the effects of maintaining specific excise taxes,
administered prices for basic commodities and utilities, and declines in
real interest rates toward negative levels are among the factors that erode
the real value of the tax base and contribute to widening the fiscal deficit
(Tanzi (1977)). An empirical overview of the relationship between infla-
tion and tax revenue in sub-Saharan Africa confirms that tax revenue has
declined in countries where there have been sharp accelerations of infla-
tion (such as Uganda, Zambia, and Zaire). However, for the remainder
of the variable-rate countries, the level of inflation—the persistence of
inflation in the 15-20 percent range, as opposed to 2 percent in the
fixed-rate countries—did not seem to affect tax revenue significantly.

Average inflation in the variable-rate countries has certainly been
higher than in the fixed-rate countries. During the first half of the decade,
the inflation rate averaged 24 percent and accelerated to 33 percent
during the 1986-91 period, as a result of higher monetary expansion and
a substantial real depreciation of the exchange rate in a number of
countries. Seigniorage revenue was almost double that of the fixed-rate
countries during the first half of the decade (2.1 percent of GDP) and
increased to 3.2 percent of GDP during the second half.23 However,
within these broad aggregates, one can distinguish two groups of coun-
tries. The first group of 11 countries made progress in reducing average
inflation from 17 percent during the first half of the 1980s to 13 percent
during the second half of the decade (Botswana, Burundi, The Gambia,
Ghana, Kenya, Madagascar, Malawi, Mauritania, Mauritius, Rwanda,
and Zimbabwe). Their tax revenue increased from 17.8 percent of GDP
in 1985-86 to 21.1 percent of GDP in 1990-91. In the remaining six high-
inflation countries of the variable-rate sample (Nigeria, Sierra Leone,
Tanzania, Uganda, Zaire, and Zambia), inflation accelerated from 40
percent in 1980-85 to 75 percent during the 1986-91 period, with most
of the deterioration owing to the sharp price increases in Uganda, Zaire,
and Zambia. During the same period, tax revenue in these countries
declined from 15.3 percent of GDP to 13.1 percent of GDP. The increase
in the tax revenue of the first group of countries, despite persistent
inflation at about 15 percent a year, may have to do with the structure
of taxation in sub-Saharan Africa and efforts at containing inflationary
pressures.

First, most of the consumption taxes levied on these imports and

23 See World Bank (1994). The literature on optimal taxation has made a case
for some degree of seigniorage revenue.
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import substitutes are expressed in ad valorem terms, and the remaining
specific excises have been gradually converted to an ad valorem basis
through tax reforms (as has happened in Burundi, The Gambia, Malawi,
Mali, and Mauritania). Moreover, the liberalization of exchange rate
policies has ensured that the market exchange rate is the rate at which
imports are valued at customs.24 Thus, increases in the prices of traded
goods tend to be translated into higher tax revenue with relatively low
collection lags, typically within one or two months. Second, interest
income, which is particularly sensitive to erosion under inflation and
which is a substantial source of taxation in Latin America, does not as
yet constitute a significant source of tax revenue in most sub-Saharan
African countries. Moreover, the restructuring of interest rates and yields
on government obligations in several variable-rate countries (The Gam-
bia, Ghana, Kenya, Malawi, Mauritius, Nigeria, Tanzania, and Uganda)
in the 1980s have tended to introduce positive real interest rates (Galbis
(1993)).

Third, income taxes, which can be seriously eroded by inflation be-
cause of collection lags, account for the lowest share of tax revenues and
have been reformed in a number of countries. Corporate income tax rates
have been lowered and collection lags have been reduced by levying tax
payments monthly or quarterly on expected income in the current year
rather than on the income of the previous year (Kenya and Malawi). The
individual income tax, which is mostly levied on wages in the formal
sector, is withheld at source and is not eroded by inflation. On the other
hand, lowering marginal tax rates toward the 35-40 percent level and
raising the standard deduction with inflation have minimized the fiscal
drag. These factors have enabled the variable-rate countries to maintain
the ratio of direct taxes to GDP over the entire 1980-91 period (at 4.8
percent of GDP) despite the high inflation environment.

IV. Public Expenditure

In our full sample of 28 countries, public expenditures have remained
remarkably steady at about 28 percent of GDP between 1980 and 1991.
But as in the case of the overall budget deficit, the expenditure pattern
of the two groups of countries is quite different.

24 Under the dual exchange rate regimes that have been pursued in the past
(Nigeria, Tanzania, and Zambia), the official overvalued exchange rate would
serve as a basis for customs valuation of imports, resulting in the erosion of this
tax base under inflation.
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Expenditure Policy in Fixed-Rate Countries

Under the internal adjustment strategy, major policy requirements for
maintaining a pegged exchange rate as a nominal anchor are that govern-
ments conduct fiscal policy in such a way that (i) the budget deficit is
reduced to a level that makes demand for foreign exchange consistent
with the pegged exchange rate and (ii) the relative prices between traded
and nontraded goods can change in response to protracted external
shocks so as to maintain competitiveness.

It is useful to recall that since 1985 the double impact of the deterio-
ration of the terms of trade and the appreciation of the CFA franc
resulted in a substantial decline in the competitiveness of the traded
goods sector. In the face of this external shock, fiscal and monetary
policies are called upon to lower real wages—and the prices of nontrad-
ables—so that the costs of producing traded goods decline sufficiently to
restore their profitability. In most CFA countries, this would have en-
tailed lowering nominal wages since inflation had already been reduced
to very low levels. Since most tax revenue originates from imports and
the traded goods sector, the drop in competitiveness has lowered tax
revenue and contributed to a widening of the fiscal deficit. Here lies the
essential contradiction of the internal adjustment strategy: the real ap-
preciation of the exchange rate, by undermining competitiveness, re-
duces tax revenue, which widens the fiscal deficit. Yet this expansionary
fiscal impulse goes against the contractionary fiscal policy needed for
lowering real wages. Hence, expenditure policy is called upon not only
to reduce the deficit and change relative prices but also to make up for
the decline in tax revenue.

Despite the need to reduce the large fiscal deficits that emerged at the
beginning of the 1980s, public expenditures in the fixed-rate countries
have actually increased during the first half of the decade from 27.9
percent of GDP in 1980-81 to about 29.4 percent of GDP in 1985-86
(Table 6 and Figure 10). Since tax revenue was declining during the
period, fiscal discipline would appear to have been relaxed in many
fixed-rate countries, with costly consequences for the second half of the
decade. During the 1986-91 period, with the further decline in tax
revenue, the emergence of payment arrears, and the tightening of mon-
etary policy, government expenditures were reduced to 25.3 percent of
GDP by 1990-91. This major expenditure effort, equivalent to almost 4
percentage points of GDP, is particularly noteworthy considering that
GDP was also declining and that there is usually little short-run policy
flexibility in reducing current expenditures. Indeed, this decline was
mostly attained by cutting capital expenditures. Subsequently, when
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Table 6. Expenditure Performance
(In percentage of GDP)

Change from
1980-81 1985-86 1990-91 1980-81 to 1990-91

Total expenditure
Fixed-rate countries 27.9 29.4 25.3 -2,6
Fixed-rate countries,

except Cameroon, Congo, and Gabon 27.9 27.2 24.1 -3.8
Variable-rate countries 28.2 26.0 26.7 -1.5
Variable-rate countries,

except Botswana and Nigeria 27.6 26.1 25.8 -1.7
Current expenditure

Fixed-rate countries 16.8 17.4 18.2 1.4
Fixed-rate countries,

except Cameroon, Congo, and Gabon 16.9 16.9 16.3 -0.6
Variable-rate countries 19.1 18.9 19.3 0.2
Variable-rate countries,

except Botswana and Nigeria 19.4 19.5 19.4 0.0
Wages

Fixed-rate countries 7.8 7.6 8.7 0.9
Fixed-rate countries,

except Cameroon, Congo, and Gabon 8.4 7.7 8.2 -0.2
Variable-rate countries 6.9 6.1 5.8 -1.1
Variable-rate countries,

except Botswana and Nigeria 7.0 6.2 5.9 -1.1
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Goods, services, and transfers
Fixed-rate countries
Fixed-rate countries,

except Cameroon, Congo, and Gabon
Variable-rate countries
Variable-rate countries,

except Botswana and Nigeria
Interest

Fixed-rate countries
Fixed-rate countries,

except Cameroon, Congo, and Gabon
Variable-rate countries
Variable-rate countries,

except Botswana and Nigeria
Capital expenditure

Fixed-rate countries
Fixed-rate countries,

except Cameroon, Congo, and Gabon
Variable-rate countries
Variable-rate countries,

except Botswana and Nigeria
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Source: National authorities and IMF staff estimates.
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Figure 10.
Sub-Saharan Africa: Total Expenditure, 1980-91

(As percent of GDP)

Sources: National authorities and IMF staff estimates.

Figure 11.
Sub-Saharan Africa: Current Expenditure, 1980-91

(As percent of GDP)

Sources: National authorities and IMF staff estimates.
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restoring competitiveness required a reduction in current expenditures
(by reducing wages), these expenditures actually increased from 17.4
percent of GDP in 1985 to 18.2 percent of GDP in 1990-91 (Figure 11).

As a rough order of magnitude, balancing the budgets of the fixed-rate
countries (including grants) by the end of the 1980s would have required
a fiscal retrenchment of 6 percent of GDP.25 At least half of this amount
would have had to come from reducing wages to the average level in
variable-rate countries, in an attempt to lower the prices of nontradables.
Actually, the budgetary wage bill in fixed-rate countries (in relation to
GDP) rose by 17 percent between 1980 and 1991 (Figure 12).26

The government wage bill in the fixed-rate oil-exporting countries
(Cameroon, Congo, and Gabon) continued to grow from 6.4 percent of
GDP in 1980-81 to 10.3 percent by 1990-91 (Table 6), partly through
increases in salaries and partly through an expansion in the size of the civil
service, in order to staff the large infrastructure created in the early 1980s.
Again, this reflects lax financial discipline within the two monetary
unions, since this increase coincided with an accumulation of domestic
and external arrears. In contrast, the non-oil countries made early efforts
to reduce the wage bill, from 8.4 percent of GDP in 1980-81 to 7.6
percent in 1985-86. These efforts were maintained in the second half of
the decade, but the fall in real GDP was larger than the nominal reduc-
tions in the wage bill, with the result that the share of wages in GDP rose
from 7.6 percent in 1985-86 to 8.3 percent of GDP in 1990-91. This
underscores the political difficulty faced by fixed-rate countries in
reducing nominal wages and public employment under recessionary
conditions.

The difficulties in exercising expenditure restraint in fixed-rate coun-
tries were exacerbated by a doubling of interest costs, from 2 percent of
GDP in the early 1980s to 4 percent of GDP by the end of the decade.
It should be noted, however, that this interest cost understates the full
interest cost that would have been incurred by fixed-rate governments in
the presence of functioning financial markets. Indeed, there are various
forms of debt incurred by these governments—domestic payment arrears

25 As the fiscal deficit is reduced, tax revenue would be expected to fall further
in relation to GDP, so that the actual fiscal effort required may be greater than
the initial deficit.

26 When the government wage bill in fixed-rate countries is contrasted with
some indicators of private sector income, such as producer prices for coffee and
cocoa, which were reduced by half during the second half of the 1980s, or with
trends in private consumption as estimated by national accounts during the same
period, it appears that government adjustment efforts to improve the fiscal
balance have lagged well behind those of the private sector (Secretariat du comite
monetaire de la zone franc (1992 and other issues)).

©International Monetary Fund. Not for Redistribution 



114 NASHASHIBI and BAZZONI

Figure 12.
Sub-Saharan Africa: Expenditure on Wages and Salaries, 1980-91

(As percent of GDP)

Sources: National authorities and IMF staff estimates.

Figure 13.
Sub-Saharan Africa: Capital Expenditure, 1980-91

(As percent of GDP)

Sources: National authorities and IMF staff estimates.
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and arrears on social security contributions—on which no interest has
been paid or budgeted.

The rise in both interest and wages in relation to GDP inevitably
squeezed expenditures on goods and services and transfers. These were
reduced from 7.1 percent of GDP at the beginning of the 1980s to 5.6
percent of GDP in 1990-91. This reduction has affected budgetary trans-
fers to enterprises and consumers, although they have been relatively
small in fixed-rate countries. But, more seriously, expenditures on
schools, health facilities, and government administrations (including ve-
hicles for tax administration) have been sharply cut in some countries and
may have led to a deterioration of the infrastructure and the services
provided by the government. This type of fiscal adjustment can be tem-
porary only and would eventually require the restoration of expenditures
on goods and services to a more sustainable level. It suggests that the
underlying budget deficit in the fixed-rate countries during the 1988-91
period may be larger than the measured deficit.

The increase in current expenditures in the fixed-rate countries, con-
current with the sharp decline in revenue and the financing difficulties
experienced in the 1985-91 period, forced substantial cuts in public
capital expenditures. After increasing during the first half of the decade,
they were reduced by almost half, from 11.5 percent of GDP in 1985-86
to 6.1 percent in 1990-91 (Figure 13). In some countries, this reduction
proved beneficial, as it eliminated unproductive or marginal investments;
in other countries (Congo, Cote dTvoire, and Senegal) gross capital
expenditures were reduced to 2-3 percent of GDP, which may have
resulted in a net reduction of the capital stock.

Expenditure Policy in the Variable-Rate Countries

In the variable-rate countries, total expenditures declined throughout
the 1980s from about 28.3 percent of GDP in 1980-81 to 26.7 percent of
GDP in 1990-91. As in the case of the fixed-rate countries, most of this
adjustment can be attributed to a reduction in capital spending. How-
ever, in contrast to the fixed-rate countries, current expenditures re-
mained virtually stable throughout the decade at 19.3 percent of GDP.
If interest costs are excluded, however, current expenditures fell by 2.5
percent of GDP between 1980-81 and 1990-91.

In contrast to the fixed-rate countries, the wage bill in the variable-rate
countries declined from 6.9 percent of GDP in 1980-81 to about 6
percent of GDP in the mid-1980s (and marginally thereafter), ending the
decade at 5.8 percent of GDP, or about one-third lower than the wages-

©International Monetary Fund. Not for Redistribution 



116 NASHASHIBI and BAZZONI

to-GDP ratio in the fixed-rate countries. Much of this decline resulted
from lags in nominal wage adjustments behind price increases. Policies
of active exchange rate depreciation in the variable-rate countries have
succeeded in reducing real wages.

A reduction in real wages was needed to accommodate the sharp
increase in interest costs from 1.8 percent of GDP in 1980-81 to 4.3
percent of GDP in 1990-91. It is interesting to note that, by the end of
the decade, despite very substantial real exchange rate depreciation, the
interest burden in the variable-rate countries in relation to GDP was only
marginally higher than interest expenditures in the fixed-rate countries
(4.3 percent of GDP versus 4.1 percent of GDP), even though the two
groups of countries started off the decade with similar interest charges.
In particular, during the second half of the decade, when the depreciation
of the real exchange rate was at its highest, the interest burden hardly
changed. Yet it is a common criticism of an active exchange rate policy
that servicing of the public external debt escalates, resulting in a deteri-
oration of the budget. Three factors have contributed to this outcome.
First, the widening of fiscal deficits in the fixed-rate countries over the
decade raised interest costs, while the opposite occurred in the variable-
rate countries. Second, the poor growth record of the fixed-rate countries
has reduced GDP, while the better growth record of the variable-rate
countries has increased it. Third, there was significant capitalization of
interest through debt rescheduling and, particularly since 1987, through
the lengthening of maturities, the partial cancellation of debt, and con-
cessions on interest rates. This may have benefited the variable-rate
countries to a greater degree than the fixed-rate countries. Because the
variable-rate countries are generally poorer than the fixed-rate countries,
they benefit more from favorable rescheduling terms, including debt
cancellation. Moreover, the interest burden becomes endogenous to the
adjustment process when reducing the fiscal deficit and undertaking
structural changes facilitate debt rescheduling; adjustment may also
provide greater concessionality in foreign financing.27 However, a greater
degree of debt rescheduling, coupled with an active exchange rate policy,
would also result in a larger stock of debt. Indeed, the ratio of external
debt to GDP in the variable-rate countries doubled over the decade to
107 percent of GDP in 1986-1991 (Table 5).

There was also a reduction in government expenditures on goods and
services, which declined in the variable-rate countries from 10.5 percent

27 The same factors may account for a doubling of grants to 3.6 percent of GDP
in variable-rate countries over the 1980s, while in fixed-rate countries they de-
clined from 3.2 percent of GDP in 1980-81 to 2.4 percent of GDP in 1990-91.
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of GDP in 1980-81 to 9.3 percent by 1985-86, remaining stable at that
level for the remainder of the decade. By 1990-91, expenditures on goods
and services as a percent of GDP were 3 percentage points above their
level in fixed-rate countries.

Capital expenditures were also reduced in the variable-rate countries,
mostly during the first half of the decade (from 8.7 percent of GDP to
6.4 percent of GDP), and were raised to a lesser extent during the
remainder of the decade. Hence, during the second half of the decade,
when the decline in the terms of trade was its worst, expenditure reduc-
tion in the variable-rate countries was broadly distributed, while in the
fixed-rate countries it was concentrated in lower spending on goods and
services and on capital investment.

V. Summary and Conclusions

Fiscal adjustment in sub-Saharan Africa during the 1980s has been
difficult. A protracted decline in the region's terms of trade and falling
per capita income have clouded the political climate in most countries and
surrounded any adjustment strategy with substantial risks. Seen from this
perspective, the improvement in the fiscal performance of most sub-
Saharan countries is particularly noteworthy. Nevertheless, opportuni-
ties for adjustments and consolidation of stabilization efforts have been
missed.

During the first half of the decade (1980-85), the real exchange rate
depreciated in the fixed-rate countries by about 15 percent in conjunction
with a small improvement in the terms of trade. This provided an oppor-
tunity for fiscal retrenchment, and the fixed-rate countries were able to
improve their revenue performance from 21 percent to 22 percent of
GDP. However, because they were reaching the upper limits of revenue
increases, the burden of adjustment fell squarely on expenditures. Yet,
the oil-producing fixed-rate countries continued to increase capital ex-
penditure in relation to GDP, offsetting revenue gains and widening their
deficits. And while the other fixed-rate countries managed to reduce their
fiscal deficit marginally (from 10.5 percent of GDP to 9.5 percent of
GDP), this was clearly inadequate to restore domestic balance and con-
sistency between monetary and fiscal policy. In the variable-rate coun-
tries, while government revenue in relation to GDP hardly changed (18.2
percent of GDP), there was a major effort on the expenditure side, which
reduced the deficit from 11 percent of GDP to 7 percent of GDP,
notwithstanding a doubling of interest costs.

During the second half of the decade, the terms of trade deteriorated
sharply in the fixed-rate countries (by 30 percent) while the real effective
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exchange rate appreciated by about 10 percent. The combined impact of
these two external shocks, coupled with import liberalization and lower
trade tariffs, weakened the traded goods sector by reducing the compet-
itiveness of both exports and import substitutes. This undermined the tax
base, as indicated by a fall in the import-GDP ratio from 27 percent to
21 percent. Falling incomes in the export and manufacturing sectors,
cheaper imports, lower volume of recorded imports, and an expansion
of the informal sector reduced budgetary revenue in fixed-rate countries
by 4.3 percentage points of GDP, a major deterioration considering that
it occurred over a span of only five years and that GDP was stagnant.

The policy response to the fall in tax revenue and the rising interest
burden has been to increase tax rates, reduce public spending on goods
and services, cut investment expenditures, and finance the fiscal gap
through foreign borrowing, grants, and accumulation of domestic and
external payment arrears. Increases in tax rates and resorting to domestic
payment arrears have weakened the formal traded goods sector and
strengthened the informal sector, further contributing to a narrowing of
the tax base and to a deterioration of tax compliance. While adjustment
should have occurred through lower civil service wages and employment,
the wage bill actually increased in relation to GDP. Moreover, some of
the expenditure cuts—particularly in operations, maintenance, and sup-
plies—may have been counterproductive and unsustainable.

The decline in the terms of trade in the variable-rate countries during
1986-91 was more moderate than in the fixed-rate countries (20 percent
versus 30 percent) and was fully matched by a reduction in the real
effective exchange rate. This helped to increase the import ratio in
variable-rate countries (from 26 percent of GDP to 29 percent of GDP),
thereby protecting the tax base and raising revenue. However, the mo-
mentum of reducing expenditure stalled during the second half of the
decade at about 26 percent of GDP. Even in the 11 countries undergoing
sustained adjustment efforts, inflation remained imbedded at the two-
digit level because of insufficient fiscal retrenchment and expansionary
monetary policy. Nevertheless, by the end of the decade, the government
wage bill in the variable-rate countries was one-third lower than the wage
bill in the fixed-rate countries, and the primary deficit was further re-
duced to 1.4 percent of GDP (from 9 percent in 1980-81), which is the
most telling indicator of fiscal adjustment in variable-rate countries.

Drawing on the fiscal experience of the two country groups analyzed
in this study, a number of policy-oriented findings can be highlighted.

—A major factor in the deterioration of fiscal performance in the
fixed-rate countries during the second half of the 1980s was that the real
exchange rate increasingly diverged from its equilibrium path. Con-
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versely, the variable-rate countries were able to improve their fiscal
performance, despite their expansionary monetary policies, because
their real exchange rate was converging toward its equilibrium path.
Thus, while using a fixed exchange rate as a nominal anchor can have
major advantages in limiting monetary expansion and ensuring price
stability, it can contribute to the attainment of other macroeconomic
objectives—particularly fiscal balance, competitiveness, and growth—
only if it is adjusted in response to protracted external shocks.

—Because the tax base in sub-Saharan Africa is so heavily concen-
trated on the imports and import substitutes of the modern traded goods
sector, protecting the competitiveness of that sector is essential for the
preservation of tax revenue. Attempts at restoring the fiscal balance and
competitiveness by wage deflation may be partly self-defeating and, given
the magnitude of the required adjustment, unrealistic. It is self-defeating
in the sense that an overvalued exchange rate, by undermining tax rev-
enue, leads to a widening of the deficit and an expansionary fiscal im-
pulse, when what is required under internal adjustment is a contraction-
ary policy. An internal adjustment based on a fixed exchange rate
strategy would require not only a major decline in nominal wages, a
politically difficult undertaking under any circumstance, but one of such
a magnitude as to offset the decline in government revenue triggered by
the erosion of the tax base. Even if such a strategy were feasible, the cost
in forgone output would be considerable. Under these circumstances, it
would be very difficult for fiscal policy to serve as a proxy for exchange
rate policy. Rather, exchange rate policy and fiscal policy should be
viewed as complementary. An inappropriate exchange rate policy under-
mines the ability of the fiscal authorities to attain fiscal balance, let alone
competitiveness. Thus, presenting the internal and external adjustment
strategies as two alternatives is not realistic for policy purposes.

—The transmission mechanism between the reduction in the bud-
getary wage bill and an increase in competitiveness—say, for export
crops—is not clear in the institutional set-up of sub-Saharan countries.
Non-market-clearing wages can persist despite substantial unemploy-
ment because of the dual structure of the labor market: the formal sector,
which is influenced by union and political power, and the informal one,
in which the implicit wage in the agricultural subsistence sector can act
as a floor. More work needs to be done on wage determination in African
countries before wage deflation is the recommended policy for changing
relative prices.

—The variable-rate countries as a group did not reduce their real
exchange rate during the second half of the decade beyond the deterio-
ration in their terms of trade. While individual countries may have
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pursued a more active exchange rate policy, these countries did not
resort—as a group—to "beggar thy neighbor" policies. Nevertheless,
there is a need for regional surveillance of macroeconomic policies in
Africa and the establishment of a behavioral framework within which
outlier countries can be monitored.

—Fiscal discipline in the fixed-rate countries, as implied by the statu-
tory arrangements of the western and central African monetary unions,
was insufficient for the smooth operation of this regime. When faced with
major fiscal gaps, the fixed-rate countries found it difficult to reduce
current expenditures, particularly nominal wages. Instead, a variety of
ways were found to finance these gaps, including the build-up of domestic
and external arrears, the use of social security funds, and the circumven-
tion of the statutory limits on government borrowing by drawing on credit
extended to parafiscal agencies (such as stabilization funds) or resources
available to public enterprises, particularly those processing mineral
deposits (such as oil in Cameroon, Gabon, and the Congo, and phos-
phates in Togo).

—The rules followed by the two regional banks in West Africa in
determining credit to the government (the use of the previous year's fiscal
revenue as a measure of creditworthiness) may have exacerbated fluctu-
ations in income. Considering that fiscal revenues are closely related to
terms of trade and exchange rate movements and depend on a narrow
range of exports, other credit rules may need to be considered. In
particular, if government expenditure were appropriate, a credit rule
based on a small real yearly increase in "core" expenditures may be more
justifiable.

—Inflation remains imbedded in most variable-rate countries at the
two-digit level, mostly because of frequent devaluations without ade-
quate monetary and fiscal restraint. Such inflationary pressures have
persisted, even in those countries that reduced their budget deficits and
eliminated bank financing of the deficits. Since external grants have
become a major source of deficit financing for most variable-rate coun-
tries, there is a need to look into the inflationary pressures that external
grants generate and the fiscal stance that would be consistent with their
elimination.
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This paper uses nonparametric procedures to test for a shift in the volatility
of nominal and real exchange rates for members and nonmembers of the
ERM. The results imply a reduction in volatility for ERM members,
especially during the latter half of its operation. We also demonstrate that
this enhanced stability was not bought at the expense of increased interest
rate volatility. The issue of interest rate volatility during the British pound's
participation in the ERM is also examined. [JEL F31, F42]

EVENTS SINCE THE so-called "Black Wednesday" of September 16,
1992, have caused some observers to doubt the future of the ex-

change rate mechanism (ERM) of the European Monetary System
(EMS). The speculative spasm that seized the markets in 1992 precipi-
tated the floating of both the lira and the pound sterling (the former
"inside" and the latter "outside" the ERM) and caused the first devalu-
ation of the Spanish peseta. Since that time several other currencies—the
Portuguese escudo, the Irish punt, the Danish kroner, and the French
franc—have come under intermittent, and at times intense, speculative
pressure.
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Whether and how the ERM might be reconstituted to insulate it from
such pressures is still a controversial issue. Although worries concerning
substitutability among member currencies and the long-term viability of
the ERM had been voiced earlier (Artis and Taylor (1989)), few argue
that the ERM has not succeeded at stabilizing volatility in member
exchange rates. This paper provides empirical support for that presump-
tion and examines some additional propositions where the presumption
is less clear. Thus, we examine whether what is true of intra-ERM
exchange rates is also true of exchange rates between ERM members and
nonmembers, and we look at whether the stabilizing effect of the ERM
holds for real exchange rates. In addition, because stable exchange rates
might be bought at the cost of unstable interest rates, we explicitly
examine whether this is true.

Further, the EMS, far from being a chronologically homogeneous
regime, has evolved over time. In particular, Giavazzi and Spaventa
(1990) observe that before the disturbances the system was exceptionally
stable. We examine this proposition and confirm that the stabilizing effect
of the ERM became more marked over this period of time. Given the
recent intense pressures within the ERM, however, we also investigate
the volatility in interest rates during the United Kingdom's participation
in the mechanism. The core of this paper is the application of a nonpara-
metric method for testing whether the ERM had a stabilizing effect; this
is in contrast to the large number of studies that employ parametric
methods. There are good reasons, as we explain later, for our nonpara-
metric approach.

I. Provisions of the EMS

The European Monetary System was instituted in March 1979, largely
as a reaction to the volatility of exchange rates among European coun-
tries during the years following the breakdown of the Bretton Woods
system. At the heart of the EMS is the exchange rate mechanism. Coun-
tries participating in the ERM agree to maintain their bilateral exchange
rates within ±2.25 percent of a central rate. In an exception, Italy
negotiated a temporarily wider band of ±6 percent at the outset of the
system and moved to the narrow band in January 1990, an example
subsequently followed by the United Kingdom, Spain, and Portugal
when these countries entered the ERM. (Spain and Portugal are still
working within this broader band while the United Kingdom now lets the
pound float.) Spain entered the ERM in June 1989; the United Kingdom
in October 1990; and Portugal in April 1992.
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Maintenance of the bilateral rates within the bands is a symmetrical
obligation: the strong-currency country is equally obliged to prevent its
currency from piercing the ceiling as the weak-currency country is to
prevent it from falling through the floor. Resources to support these
obligations through market intervention are made available through
credit lines, notably through the Very Short Term Financing Facility. The
Basle-Nyborg agreements of 1987 strengthened the ERM by expanding
these credit lines, lengthening the repayment period associated with them
and establishing the "presumption" that credit would be available for
intervention within the band (so-called "intramarginal intervention"),
whereas previous provisions allowed only for intervention at the limits of
the band ("marginal intervention").1 The Basle-Nyborg agreement also
called for a strengthening of cooperative monetary policy.

The central rates in each bilateral band can be changed in a realign-
ment. Table 1 shows the timing and extent of such realignments before
the speculative surge of September 1992.2 As can be seen, the use of
realignments declined rapidly after the early 1980s.

Although provisions concerning bilateral rates form the core of the
ERM, the system is formally organized around a composite currency, the
European currency unit (ECU); central rates for participating currencies
are expressed in terms of ECU. While it is purely a formal construction,
the ECU allowed for an interesting technical innovation in the EMS—the
divergence indicator and threshold positions. According to these pro-
visions, when the ECU value of a currency reaches 75 percent of its
band limit relative to other currencies, a presumption is created that the
country concerned should take corrective action involving monetary
and fiscal policy or a realignment. This technical provision—also called
the divergence threshold—provides an early warning of wide bilateral
movements and, more important, isolates the errant currency.

There seems to have been little doubt in the minds of those who
constructed these provisions that the errant currency would be the

1 Although this presumption was established, the financing central bank could
still, in principle, object. Other special conditions were also attached to intra-
marginal interventions under the Basle-Nyborg agreements, relating to credit
limits and currency of repayment.

2The lira was formally devalued (by 7 percent) on September 12, 1992, but
commenced a float soon afterwards on September 17, following the example of
sterling which was floated from September 16. The peseta was devalued on
September 17, by 5 percent and again, by a further 6 percent, on November 22,
at which time the escudo was devalued by a similar amount. The punt was
devalued by 10 percent on January 30,1993; on May 13 the peseta was devalued
by a further 8 percent with a parallel devaluation of the escudo of 6.5 percent.
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Table 1. Changes in EMS Central Rates Prior to September 1992

Dates of realignments
9/24
1979

Percentage change in parity
Belgian franc 0.0
Danish kroner —2.9
German mark +2.0
French franc 0.0
Irish punt 0.0
Italian lira 0.0
Dutch guilder 0.0

11/30
1979

0.0
-4.8

0.0
0.0
0.0
0.0
0.0

3/22
1981

0.0
0.0
0.0
0.0
0.0

-6.0
0.0

10/5
1981

0.0
0.0

+5.5
-3.0

0.0
-3.0
+5.5

2/22
1982

-8.5
-3.0

0.0
0.0
0.0
0.0
0.0

6/14
1982

0.0
0.0

+4.25
-5.75

0.0
-2.75
+4.25

3/21
1983

+ 1.5
+2.5
+5.5
-2.5
-3.5
-2.5
+3.5

7/21
1985

+2.0
+2.0
+2.0
+2.0
+2.0
-6.0
+2.0

4/7
1986

+1.0
+ 1.0
+3.0
-3.0

0.0
0.0

+3.0

8/4
1986

0.0
0.0
0.0
0.0

-8.0
0.0
0.0

1/12
1987

+2.0
0.0

+3.0
0.0
0.0
0.0

+3.0

1/8
1990

0.0
0.0
0.0
0.0
0.0

-3.7
0.0
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deutsche mark.3 It is one of the curiosities of the ERM that the mark has
not often been at the higher end of its permitted range and that, for most
of its operation, the ERM's anti-inflationary stance has been so strong
that the mark was not singled out (Padoa-Schioppa (1983)), and the mark
naturally evolved as the anchor of the system.

It is important to note that the introduction of the ERM did not require
the abolition of exchange controls nor were controls over capital move-
ments initially removed, notably in France and Italy (although these
countries did abolish remaining restrictions on capital movements in
January and May 1990 respectively, ahead of the deadline of July 1
imposed by a European Community directive). Artis and Taylor (1988)
provide evidence—the offshore-onshore interest rate differentials for the
mark and lira after March 1979—that these controls were used substan-
tially. The controls may have fostered stability by giving the authorities
the whip hand in negotiating realignments and by avoiding the immediate
convergence of monetary policy, which the freedom from capital con-
trols, coupled with the obligation to defend central bilateral parities,
would have implied.

The immediate objective, then, of the ERM has been the stabilization
of bilateral nominal exchange rates among its members. Although the
ERM in its early phase of operation was used to restrain exchange rate
"overshooting"—preserving the competitiveness of participant countries
through frequent realignment—the system also evolved into a counter-
inflationary framework. Without convergent inflation rates, real ex-
change rate stability does not necessarily follow from stable nominal
rates. Yet, it can be argued that, like a customs union, the EMS must have
an "inner rationale" of maintaining broadly stable conditions of compet-
itiveness. Otherwise, the purpose of reducing exchange rate protection
will be questioned. It is just as important, therefore, to explore real
exchange rate stabilization as it is to test for nominal rate stabilization.

A further issue involves the stability of EMS exchange rates vis-a-vis
outside currencies. To the extent that the ERM encourages greater
coherence among the partner currencies, the more inevitable it becomes
that the currencies vis-a-vis third currencies will become more homoge-
neous. To take an example that is not entirely fanciful, if the dollar-mark
rate is exceptionally volatile, some of the mark's volatility against the
dollar will be imparted to the franc. (To the extent to which this does not
happen, tensions within the ERM will be caused by shifts of sentiment

3 Ludlow (1982) gives a detailed and informative account of the negotiations
leading to the institution of the EMS. Van Ypersele (1985) provides a more
detailed account of the institutional features of the System.
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about the dollar, which would exert pressure on the mark-franc exchange
rate.) Thus, we also explore whether the reduced volatility among intra-
EMS parities has been offset by increased volatility in extra-EMS parities
for some European currencies.

II. Volatility in the EMS

Before the events of September 1992, there had been 12 realignments
in the EMS. This fact, together with the fact that wide variations are
allowed by the margins and that less than full convergence of inflation has
occurred among ERM members (Masson and Taylor (1992)), calls into
question whether the EMS actually does induce greater stability in either
the nominal or the real exchange rate.

The difference, stressed by John Williamson (1985), between the con-
cepts of exchange rate volatility and misalignment is important here.
Volatility is a "high frequency" concept referring to movements in the
exchange rate over comparatively short periods of time. Misalignment,
on the other hand, refers to the capacity of an exchange rate to depart
from its fundamental equilibrium value (however defined) over a pro-
tracted period of time. In a world of risk-neutral producers and con-
sumers, it can be shown that higher exchange volatility actually enhances
overall welfare (see De Grauwe (1992), pp. 64-67), but this conclusion
becomes more debatable when allowance is made for risk aversion and
incomplete forward markets. A related question concerns the effect of
ERM membership on interest rates. If the union is successful in generat-
ing a convergence of interest rates toward those of the low-inflation
anchor, there may be positive welfare gains since higher interest rates
may generate important principal-agent problems in domestic capital
markets (Stiglitz and Weiss (1981)). Also, some authors (Baldwin (1989),
European Commission (1990)) have argued—using an endogenous
growth model framework—that lower interest rates may generate perma-
nently higher growth for GDP.4

With respect to the effects of exchange rate volatility on trade flows,
the evidence is mixed. A study of Akhtar and Hilton (1984) found a
negative correlation between exchange rate volatility and U.S.-German
trade flows, but a comparable study by the International Monetary Fund
(1983) failed to confirm this finding for other trade flows, time periods,
and volatility measures. Cushman (1986), however, does find volatility

4 In fact, these authors apply these arguments to the prospect of a single
European currency, but similar arguments apply in the present case.
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effects on trade when "third country" effects are controlled (for example,
dollar-mark volatility may affect U.S.-U.K. trade).

Despite these caveats, a number of studies have concentrated on
evidence that the EMS has reduced exchange rate volatility, most notably
those by Ungerer, Evans, and Nyberg (1983), Ungerer and others (1986,
1990), the European Commission (1982), Padoa-Schioppa (1983), Rogoff
(1985), and Artis and Taylor (1988). There are many possible approaches
to this question—the choice of exchange rates (bilateral, effective, nom-
inal, or real), data frequency (daily, weekly, monthly, or quarterly), the
standard against which stability is to be judged (the level or change in
exchange rates, conditional or unconditional), and the precise statistical
measure chosen (standard deviation). Then, there is the question of the
counterfactual—supplied in these studies and others like them by the
behavior of a control group of non-EMS currencies. Without exception,
the EMS in these studies has been judged as having improved the stability
of intra-EMS bilateral exchange rates, although the improvement is less
marked for effective rates.

III. Some Nonparametric Volatility Tests

Many of the studies that have tested for a post-March 1979 downward
shift in exchange rate volatility have relied on purely descriptive statistics.
As such, they can only suggest results, and it is difficult to assess the
performance of the EMS from this evidence. The more straightforward
approach to the problem, namely estimating a specific parameterization
of the volatility and testing for a structural shift, is fraught with pitfalls.
This is because economists are uncertain about the statistical distribution
of exchange rate changes.

It is a stylized fact that percentage exchange rate changes tend to follow
leptokurtic (fat-tailed, highly peaked) distributions. Westerfield (1977),
for example, finds that the stable paretian distribution with characteristic
exponent less than two fits the change in the logarithm of spot exchange
rates better than the normal distribution. In a similar vein, Rogalski and
Vinso (1977) suggest Student's t-distribution as a good approxmiation. It
may well be that the distribution of exchange rate changes is normal but
that the variance shifts through time—perhaps according to the amount
of "news." This would give the appearance of a stable leptokurtic distri-
bution. Some evidence for such behavior is provided by Boothe and
Glassman (1987), who find that mixtures of normal distributions provide
some of the best fits.

We wish to stress the importance of the distributional properties of
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exchange rate changes in any volatility study. Studies that rely on simple
variance measures implicitly invoke a normality assumption, the legiti-
macy of which is being challenged by a growing number of studies (see
Boothe and Glassman (1987) for additional references). For example, it
is conceivable that exchange rate changes at a certain frequency have a
Cauchy distribution, for which no finite moments of any order exist.

To circumvent some of these problems, we employ nonparametric tests
for volatility shifts, which do not require estimation of the distributional
parameters. Instead, exchange rate changes are ranked by size, and
inferences are drawn with respect to the shape of the ranking. Intuitively,
if a significant number of lower-ranked percentage changes are recorded
in the latter half of the sample period, a reduction in volatility would be
indicated. Note, however, that although the test procedure is nonpara-
metric in the sense that no volatility measures are actually estimated, we
still must choose an appropriate distribution for exogenous disturbances.
This issue is discussed later in this section.

In the nonparametric technique we employ, let Ae, be the change in the
logarithm of the exchange rate at time t. Then, the hypothesis is

(1)

(2)

where |x, a, and p are unknown constant scalars, er is independently and
identically distributed with distribution function F and density function
/, and z, is a binary variable reflecting the hypothesized shift in volatility
at time N + 1. Thus,

Given equation (1), the null hypothesis of no shift in volatility is

#0:p = 0 (3)

Hajek and Sidak (1967) develop a number of nonparametric tests for
dealing with this kind of framework, which under appropriate regularity
conditions are locally most powerful (Hajek and Sidak (1967), pp. 70-71).
The test statistics take the form

(4)

where z is the arithmetic mean of the z, sequence of T observations and
ut is defined as follows. Let r() be the rank of Ae,—that is, r(Ae/) is the
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r(Ae/)th smallest absolute change in the total sequence considered—then
ut = r(Ae,)/(r + 1).

Clearly, ut must lie in the closed interval [1/(T + 1), T/(T + 1)], for no
ties in rank. The function a(-) in equation (4) is a score function defined
by Hajek and Sidak that depends upon the assumed density of €,. Hajek
and Sidak define a class of functions that can be used in place of the score
function in large samples, since a(-) may be difficult to evaluate in
practice. If Fis the assumed distribution function of e,,

(5)

and if F~l(u) is the inverse of F,

(6)

then the asymptotic score function, i|;(-), is defined (Hajek and Sidak
(1967), p. 19)

(7)

(8)

Under equation (1), the statistic

(9)

(a(-) in equation (4) is replaced by i|>(-)) will be asymptotically normally
distributed.

Under the null hypothesis (3), r\ will have a zero mean and variance
p2 given by (Hajek and Sidak (1967), pp. 159-160)

(10)

where

Thus, for a given choice of/, the statistic (Vp) wiU be asymptotically
standard normal under the null hypothesis of no shift in volatility. Signif-
icantly negative values of T] reflect a negative value for (3 in equation (2)—
an increase in volatility after the shift point—while significantly positive
values of TQ imply a reduction in volatility.
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As noted at the outset of this section, although the test procedure is
nonparametric in the sense that no volatility measures are actually esti-
mated, we cannot avoid choosing an appropriate distribution for e, in
implementing the procedure. To minimize the risk of choosing an inap-
propriate distribution, we selected four well-known ones in the belief that
the true distribution will be close to one of them. If qualitatively similar
nonparametric results are obtained for a range of assumed distributions,
then the results may be said to be robust to this uncertainty. The densities
correspond to the normal, logistic, double exponential, and Cauchy
distributions. The density and asymptotic score functions (as defined in
equation (8)) for these distributions are given in the appendix. All of the
chosen distributions are symmetric, and both the double exponential and
Cauchy distributions have fat tails.5

IV. Data

The data we use are monthly data on bilateral U.S. dollar exchange
rates and on nominal effective exchange rates, both taken from the
International Financial Statistics data tape for the period January 1973
through October 1990, and on Eurocurrency interest rates (three-month
maturity) for the period January 1975 through February 1993. The end
point of the exchange rate sample coincides with Britain's entry into the
ERM: this choice of sample allows us to use sterling as a representative
non-ERM currency. Bilateral rates against the German mark and the
pound sterling were also constructed by assuming a triangular arbitrage
condition. Real exchange rates were constructed by deflating by the
wholesale price relatives (data also from the IFS tape).6 The currencies
used included three ERM currencies—German mark, French franc, and
Italian lira—and three non-ERM currencies—U.S. dollar, pound ster-
ling, and Japanese yen. We also obtained monthly data on three-month
Eurodeposit interest rates to test the hypothesis that exchange rate fixity
may impart interest rate volatility. All results are for shifts in the volatility
of monthly changes.

5 Another relevant distribution would have been Student's t. However, the
score function (8) for this distribution would have been very difficult to compute.
A possibility not considered is that there was a change in distribution of ERM
exchange rate changes post-March 1979 (e.g., shifted from normal to Cauchy).
Tests for this kind of behavior could conceivably be based on likelihood ratios,
although one might suspect that the discriminatory power of such procedures
would be low.

6 Wholesale prices were used as a proxy for tradable goods prices.
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V. Overall ERM Effect

In the first set of tests, we look for a post-March 1979 shift in exchange
rate volatility. In some sense, we expect such tests to be affected by the
behavior of the dollar during the 1980s, which was highly volatile. Thus,
if intra-ERM exchange rates displayed reduced volatility during a period
when most exchange rates against the dollar were highly volatile, this
would be strong evidence of an overall ERM effect.

Nominal Exchange Rates

As expected, the nonparametric tests reveal a significant reduction in
the volatility of ERM currencies against the mark after March 1979
(Table 2), while the volatility of the mark against the pound, yen, and
dollar appears unchanged.7 Table 2 also shows that although the dollar-
lira exchange rate became more volatile after March 1979, this is not the
case for the dollar-franc and dollar-mark exchange rates. (The test statis-
tics, however, are uniformly negative, suggesting a tendency toward
increased volatility.) The volatilities of the dollar-pound and dollar-yen
exchange rates have risen significantly since March 1979.

Finally, Table 2 reveals an unequivocal reduction in the volatility of
nominal effective ERM exchange rates after March 1979. Exactly the
converse is true of the U.S. dollar nominal effective rate. The results for
the effective pound and yen rates, although significant in only one case,
are nevertheless uniformly negative and large in absolute size, indicating
a tendency toward increased volatility.

Real Exchange Rates

Table 3 shows a marked and significant reduction in the volatility of the
mark-lira rate after March 1979, and a similar—albeit statistically in-
significant—reduction in the mark-franc rate (as indicated by the
large, positive values of the test statistics). The real exchange rates of the
mark against the non-ERM countries do not exhibit a significant shift
(Table 3).

7 As derived above, the test statistic will be asymptotically standard normal
(that is, with a mean of zero and variance of unity) under the null hypothesis of
no shift in volatility. Significantly negative values of the test statistic (less than
about -2) reflect a negative value for p in (2)—i.e., an increase in volatility after
the shift point—while significantly positive values (bigger than about -1-2) imply
a reduction in volatility.
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Table 2. Test Statistics for a Shift in Nominal Exchange Rate Volatility

(1973:1-1979:3 vs. 1979:4-1990:10)

>C
T

Double
Exchange rate Normal Logistic exponential Cauchy
Mark nominal exchange rate
Mark-franc 6.405 (0.000) 5.396 (0.000) 5.272 (0.000) 5.399 (0.000)
Mark-lira 7.563 (0.000) 6.118 (0.000) 5.942 (0.000) 5.093 (0.000)
Mark-pound 0.222 (0.824) 0.135 (0.893) 0.103 (0.918) -0.159 (0.874)
Mark-yen -0.498 (0.619) -0.444 (0.657) -0.451 (0.652) -0.546 (0.585)
Mark-dollar -0.502 (0.616) -0.685 (0.493) -0.644 (0.520) -1.310 (0.190)

Dollar nominal exchange rate
Dollar-franc -0.935 (0.350) -1.098 (0.272) -1.323 (0.186) -2.869 (0.004)
Dollar-lira -1.835 (0.067) -1.929 (0.054) -2.058 (0.040) -3.770 (0.000)
Dollar-mark -0.604 (0.546) -0.755 (0.450) -0.720 (0.471) -1.361 (0.173)
Dollar-pound -2.625 (0.009) -2.171 (0.030) -2.189 (0.029) -2.830 (0.017)
Dollar-yen -1.956(0.050) -2.088(0.037) -2.179(0.029) -4.286(0.000)

Nominal effective exchange rate
Franc 2.720 (0.007) 2.099 (0.036) 1.941 (0.052) 1.148 (0.251)
Lira 3.143 (0.002) 2.225 (0.026) 2.144 (0.032) 0.637 (0.524)
Mark 3.077 (0.022) 2.356 (0.018) 2.294 (0.022) 1.419 (0.156)
Pound -1.694 (0.090) -1.635 (0.102) -1.717 (0.086) -2.634 (0.008)
Yen -1.531 (0.126) -1.120 (0.263) -1.101 (0.271) -0.458 (0.647)
Dollar -3.006 (0.003) -2.670 (0.008) -2.738 (0.006) -3.652 (0.000)

Note: Figures in parentheses denote marginal, two-sided significance levels. All test statistics are distributed as standard normal
under the null hypothesis of no shift in volatility. Significantly positive test statistics indicate a reduction in volatility after the
break point; significantly negative statistics indicate the converse.
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Table 3. Test Statistics for a Shift in Real Exchange Rate Volatility

(1973:1-1979:3 vs. 1979:4-1990:10)

Double
Exchange rate Normal Logistic exponential Cauchy
Mark real exchange rate
Mark-franc 1.652 (0.099) 1.469 (0.142) 1.492 (0.136) 1.993 (0.046)
Mark-lira 7.390 (0.000) 6.159 (0.000) 6.088 (0.000) 6.170 (0.000)
Mark-pound 0.502 (0.615) 0.313 (0.754) 0.287 (0.774) -0.154 (0.877)
Mark-yen 0.006 (0.996) -0.023 (0.981) -0.017 (0.986) 0.030 (0.976)
Mark-dollar 0.314 (0.754) -0.041 (0.967) -0.005 (0.996) -0.914 (0.361)

Real effective exchange rate
Franc 3.543 (0.000) 2.916 (0.004) 2.860 (0.004) 2.563 (0.010)
Lira 4.780 (0.000) 3.872 (0.000) 3.814 (0.000) 3.573 (0.000)
Mark 1.232 (0.218) 1.019 (0.308) 0.985 (0.325) 1.001 (0.317)
Pound -0.808(0.419) -0.773(0.440) -0.830(0.407) -1.200(0.230)
Yen -1.390 (0.164) -1.017 (0.309) -0.948 (0.343) -0.365 (0.715)
Dollar -4.273 (0.000) -3.703 (0.000) -3.735 (0.000) -4.641 (0.000)

Note: Figures in parentheses denote marginal, two-sided significance levels. All test statistics are distributed as standard normal
under the null hypothesis of no shift in volatility. Significantly positive test statistics indicate a reduction in volatility after the
break point; significantly negative statistics indicate the converse.
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136 MICHAEL J. ARTIS and MARK P. TAYLOR

Table 3 also shows the results of the tests applied to real effective
exchange rates. Strong and significant reductions in volatility are indi-
cated for the franc and the lira, and positive statistics were also recorded
for the mark. For the pound and the yen, the test statistics are negative
but insignificant, while the real effective rate of the dollar shows a
strongly signficant rise in volatility after March 1979.

An Overall ERM Effect?

Overall, the results reported in this section indicate that the ERM has
reduced exchange rate volatility—both real and monimal—since March
1979. This is particularly impressive in light of evidence that the volatility
of non-ERM exchange rates—particularly the dollar—has risen over the
same period.

VI. A New EMS?

A number of commentators (including Giavazzi and Spaventa (1990))
have noted a shift in the nature of the EMS toward less frequent realign-
ments and more concerted action toward internal adjustment. It is not
entirely clear when this shift began, and thus we tested for a shift using
two different subperiods of ERM operation. We first tested for a shift in
exchange rate volatility after the realignment of March 1983 (Tables 4
and 5). The results indicate a downward shift in the volatility of ERM
exchange rates—real and nominal, bilateral and effective. For the dollar
and the pound, however, there is little shift in volatility, although yen
exchange rates appear to have become more stable over this period. The
second subperiod begins after the realignment of April 1986. The results
of testing for a shift in volatility after this realignment (Tables 6 and 7)
are broadly comparable to those reported for the first subsample—
although yen volatility appears lower.

We therefore conclude that the hypothesis that a "new" and harder
EMS arose after 1982, in which greater emphasis was given to harmoniz-
ing the macroeconomic objectives of EMS members (Giavazzi and
Spaventa (1990)).

VII. Volatility Transfer

It is sometimes argued that advanced macroeconomic systems natu-
rally generate a "lump of uncertainty" that can be pushed out of the
economy at one point only to reappear somewhere else (see Bachelor
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Table 4. Test Statistics for a Shift in Nominal Exchange Rate Volatility

(1979:4^1983:3 vs. 1983:4-1990:10)

Double
Exchange rate Normal Logistic exponential Cauchy

Mark nominal exchange rate
Mark-franc 2.200 (0.028) 1.694 (0.090) 1.688 (0.091) 1.139 (0.255)
Mark-lira 2.326 (0.020) 1.934 (0.053) 1.969 (0.049) 2.087 (0.037)
Mark-pound 1.671 (0.095) 1.339 (0.818) 1.337 (0.818) 1.203 (0.229)
Mark-yen 3.224 (0.001) 2.636 (0.008) 2.648 (0.008) 2.626 (0.009)
Mark-dollar -0.564 (0.573) -0.500 (0.617) -0.481 (0.631) -0.528 (0.598)

Dollar nominal exchange rate
Dollar-franc 0.755 (0.450) 0.572 (0.567) 0.623 (0.533) 0.706 (0.480)
Dollar-lira 0.165 (0.869) 0.027 (0.978) 0.107 (0.915) -0.005 (0.996)
Dollar-mark -0.228 (0.819) -0.292 (0.771) -0.255 (0.799) -0.467 (0.640)
Dollar-pound 0.037 (0.970) -0.026 (0.979) -0.038 (0.970) -0.439 (0.661)
Dollar-yen 1.899 (0.058) 1.582 (0.114) 1.594 (0.111) 1.512 (0.131)

Nominal effective exchange rate
Franc 0.951 (0.341) 0.748 (0.455) 0.797 (0.425) 0.760 (0.448)
Lira 1.340 (0.180) 1.074 (0.283) 1.025 (0.306) 0.859 (0.390)
Mark 1.740 (0.082) 1.196 (0.232) 1.152 (0.249) 0.201 (0.841)
Pound 0.696 (0.486) 0.473 (0.636) 0.407 (0.684) 0.027 (0.978)
Yen 1.460 (0.144) 1.241 (0.215) 1.269 (0.204) 1.552 (0.121)
Dollar 0.294 (0.769) 0.158 (0.875) 0.152 (0.879) -0.258 (0.796)

Note: Figures in parentheses denote marginal, two-sided significance levels. All test statistics are distributed as standard normal
under the null hypothesis of no shift in volatility. Significantly positive test statistics indicate a reduction in volatility after the
break point; significantly negative statistics indicate the converse.
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Table 5. Test Statistics for a Shift in Real Exchange Rate Volatility

(1979:4-1983:3 vs. 1983:4-1990:10)

Exchange rate

Mark real exchange rate
Mark-franc
Mark-lira
Mark-escudo
Mark-pound
Mark-yen
Mark-dollar

Real effective exchange rate
Franc
Lira
Mark
Pound
Yen
Dollar

Normal

1.731 (0.083)
3.976 (0.000)
3.751 (0.000)
1.809 (0.070)
3.397 (0.001)

-0.417 (0.679)

2.636 (0.008)
3.985 (0.000)
3.185 (0.001)
1.143 (0.253)
2.350 (0.019)
0.362 (0.717)

Logistic

1.337 (0.181)
3.453 (0.001)
2.854 (0.004)
1.426 (0.154)
2.790 (0.005)

-0.404 (0.687)

2.177 (0.029)
3.433 (0.001)
2.611 (0.009)
0.849 (0.396)
1.947 (0.052)
0.261 (0.794)

Double
exponential

1.283 (0.200)
3.388 (0.001)
2.699 (0.007)
1.407 (0.160)
2.820 (0.005)

-0.394 (0.693)

2.169 (0.030)
3.313 (0.001)
2.569 (0.010)
0.823 (0.410)
1.977 (0.048)
0.273 (0.784)

Cauchy

0.658 (0.511)
3.923 (0.000)
1.414 (0.157)
1.209 (0.227)
2.703 (0.007)

-0.536 (0.592)

2.269 (0.023)
3.489 (0.001)
2.562 (0.010)
0.432 (0.666)
2.155 (0.031)
0.028 (0.978)

Note: Figures in parentheses denote marginal, two-sided significance levels. All test statistics are distributed as standard normal
under the null hypothesis of no shift in volatility. Significantly positive test statistics indicate a reduction in volatility after the
break point; significantly negative statistics indicate the converse.
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Table 6. Test Statistics for a Shift in Nominal Exchange Rate Volatility
(1979:4-1986:5 vs. 1986:6-1990:10)

Double
Exchange rate Normal Logistic exponential Cauchy
Mark nominal exchange rate
Mark-franc 0.248 (0.804) 0.105 (0.917) 0.083 (0.934) -0.362 (0.717)
Mark-lira 1.575 (0.115) 1.201 (0.230) 1.312 (0.190) 1.067 (0.286)
Mark-pound 1.474 (0.140) 1.179 (0.238) 1.064 (0.288) 0.691 (0.489)
Mark-yen 1.431 (0.153) 1.034 (0.301) 1.035 (0.301) 0.471 (0.638)
Mark-dollar -0.175 (0.861) -0.306 (0.759) -0.295 (0.768) -0.698 (0.485)

Dollar nominal exchange rate
Dollar-franc 0.912 (0.362) 0.647 (0.517) 0.695 (0.487) 0.466 (0.641)
Dollar-lira -0.156 (0.876) -0.266 (0.790) -0.252 (0.801) -0.559 (0.576)
Dollar-mark -0.177 (0.860) -0.277 (0.782) -0.276 (0.782) -0.587 (0.557)
Dollar-pound -0.119 (0.905) -0.119 (0.905) -0.096 (0.924) -0.209 (0.834)
Dollar-yen -0.456 (0.649) -0.467 (0.641) -0.428 (0.669) -0.927 (0.354)

Nominal effective exchange rate
Franc 2.200(0.028) 1.829(0.067) 1.868(0.062) 2.104(0.035)
Lira 0.974 (0.330) 0.798 (0.425) 0.767 (0.443) 0.721 (0.471)
Mark 2.388 (0.017) 2.025 (0.043) 2.021 (0.043) 2.349 (0.019)
Pound 0.818 (0.413) 0.569 (0.569) 0.463 (0.643) -0.076 (0.939)
Yen -0.811(0.417) -0.789(0.430) -0.782(0.434) -1.282(0.200)
Dollar 1.041 (0.298) 0.777 (0.437) 0.775 (0.438) 0.433 (0.665)

Note: Figures in parentheses denote marginal, two-sided significance levels. All test statistics are distributed as standard normal
under the null hypothesis of no shift in volatility. Significantly positive test statistics indicate a reduction in volatility after the
break point; significantly negative statistics indicate the converse.
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Table 7. Tesf Statistics for a Shift in Real Exchange Rate Volatility
(1979:4-1986:5 vs. 1986:6-1990:10)

Double
Exchange rate Normal Logistic exponential ^ Cauchy
Mark real exchange rate
Mark-franc 1.290 (0.197) 1.070 (0.285) 1.102 (0.270) 1.093 (0.274)
Mark-lira 2.096(0.036) 1.728(0.084) 1.679(0.093) 1.612(0.107)
Mark-pound 1.442 (0.149) 1.111 (0.267) 1.032 (0.302) 0.596 (0.551)
Mark-yen 1.751 (0.080) 1.359 (0.174) 1.437 (0.151) 1.144 (0.253)
Mark-dollar -0.400 (0.689) -0.532 (0.595) -0.521 (0.602) -1.177 (0.239)

Real effective exchange rate
Franc 2.706 (0.007) 2.231 (0.026) 2.193 (0.028) 2.176 (0.030)
Lira 4.720(0.000) 3.975(0.000) 3.892(0.000) 3.857(0.000)
Mark 2.415 (0.016) 1.996 (0.046) 1.900 (0.057) 1.767 (0.077)
Pound 1.472(0.141) 1.157(0.247) 1.121(0.262) 0.889(0.374)
Yen -0.016(0.987) -0.182(0.855) -0.236(0.814) -0.968(0.333)
Dollar 0.826(0.409) 0.563(0.574) 0.588(0.556) 0.104(0.918)

Note: Figures in parentheses denote marginal, two-sided significance levels. All test statistics are distributed as standard normal
under the null hypothesis of no shift in volatility. Significantly positive test statistics indicate a reduction in volatility after the
break point; significantly negative statistics indicate the converse.
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STABILIZING EFFECT OF THE ERM 141

(1983, 1985)).8 In particular, this suggests that reducing exchange rate
volatility inevitably causes interest rate volatility to rise. Such a conclu-
sion might follow from inverting a standard exchange rate equation and
noting that the interest rate is the only other major "jump variable" in
the system. Such a phenomenon might be termed a "volatility transfer."
Insofar as the burden of increased interest rate volatility falls on the
general public more squarely than that of exchange rate volatility, which
presumably falls mainly on the tradable goods sector, then the welfare
argument must hinge on which sector would find it easier to hedge the
induced risk. Given the already well-developed forward foreign exchange
markets, it is probable that such an argument would come down against
membership in the ERM.

However, it is not at all clear that ERM membership is equivalent to
"inverting the exchange rate equation." Insofar as membership enhances
the credibility of policy, there may be a significant reduction in specula-
tive attacks on the exchange rate and hence a reduction in the volatility
of short-term interest rates (if the authorities use interest rates as a
short-term measure for "leaning into the wind"). Such credibility argu-
ments rest crucially on the assumption that the costs to the authorities of
revaluation outweigh the costs of internal adjustment—and, in particular,
the costs of disinflation (see Giavazzi and Giovannini (1989)).

To shed some light on these arguments, we carried out the nonparamet-
ric tests for monthly changes in Eurocurrency short-term interest rates;
the results are reported in Table 8.

Table 8 reveals that the overall effect of the ERM has not been to
increase interest rate volatility—if anything, the test statistics show re-
duced interest rate volatility for ERM members, which is strongly signif-
icant for lira interest rates. By contrast, dollar interest rates have seen a
significant rise in volatility during the operation of the EMS.

During operation of the EMS, there seem to have been further reduc-
tions in interest rate volatility (less marked for the lira), although a
specific ERM effect cannot be separated from a global effect, since
significant reductions in volatility are also indicated for dollar, yen, and
sterling interest rates (Tables 8.B and 8.C).

Overall, the results of this section indicate that the stability of nominal
and real ERM exchange rates was not bought at the expense of increased
interest rate volatility.

8 Many of the arguments relating to systemic macroeconomic risk can be traced
to Poole (1970).
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Exchange rate

Period: 1975:1-1979:3 vs.
Franc
Lira
Mark
Pound
Yen
Dollar

Period: 1979:4-1983:3 vs.
Franc
Lira
Mark
Pound
Yen
Dollar

Table 8. Test Statists

Normal

1979:4-1990:10
1.53 (0.126)
2.04 (0.041)
1.18 (0.238)
1.14 (0.254)
1.13 (0.258)

-2.18 (0.029)

1983:4-1990:10
4.892 (0.000)
1.994 (0.046)
6.051 (0.000)
3.857 (0.000)
5.213 (0.000)
7.642 (0.000)

:s for a Shift in Eurocurency

Logistic

1.42 (0.155)
2.19 (0.028)
0.97 (0.332)
1.67 (0.095)
0.93 (0.352)

-2.13 (0.033)

4.231 (0.000)
1.585(0.113)
5.001 (0.000)
3.266 (0.001)
4.293 (0.000)
6.385 (0.000)

Interest Rate Volatility

Double
exponential

1.37 (0.171)
2.13 (0.033)
0.84 (0.401)
1.43 (0.153)
1.13 (0.258)

-2.26 (0.024)

4.191 (0.000)
1.592 (0.111)
4.945 (0.000)
3.326 (0.001)
4.232 (0.000)
6.204 (0.000)

Cauchy

1.15 (0.250)
2.41 (0.016)
0.72 (0.472)
1.37 (0.171)
1.18 (0.238)

-2.19 (0.028)

4.779 (0.000)
1.349 (0.177)
4.826 (0.000)
3.892 (0.000)
4.068 (0.000)
5.994 (0.000)
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Period: 1979:4-1986:5 vs. 1986:6-1990:10
Franc 4.542 (0.000) 3.924 (0.000) 3.915 (0.000) 4.575 (0.000)
Lira -0.062 (0.950) -0.153 (0.879) -0.220 (0.826) -0.768 (0.442)
Mark 3.639 (0.000) 3.084 (0.002) 3.150 (0.001) 3.651 (0.000)
Pound 3.009 (0.003) 2.545 (0.011) 2.585 (0.010) 3.054 (0.002)
Yen 3.553(0.000) 2.907(0.004) 2.829(0.005) 2.606(0.009)
Dollar 5.072 (0.999) 4.301 (0.000) 4.198 (0.000) 4.347 (0.000)

Period: 1987:2-1990:10 vs. 1990:11-1992:9
Franc 1.314 (0.189) 0.913 (0.361) 0.714 (0.475) 0.398 (0.691)
Lira -0.331 (0.741) -0.183 (0.855) -0.043 (0.966) 0.577 (0.564)
Mark 0.699 (0.485) 0.588 (0.556) 0.674 (0.500) 0.763 (0.445)
Pound 1.223 (0.221) 0.821 (0.411) 0.638 (0.523) -0.532 (0.595)
Yen -0.307 (0.759) -0.235 (0.814) -0.225 (0.822) -0.191 (0.848)
Hnllar -0 777 (ft im\ -0 9QQ fft 76<n -n?1Wnfttm -0 6S9 (ft 51^1

Note: Figures in parentheses denote marginal, two-sided significance levels. All test statistics are distributed as standard normal
under the null hypothesis of no shift in volatility. Significantly positive test statistics indicate a reduction in volatility after the
break point; significantly negative statistics indicate the converse.
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VIII. British Participation in the ERM

Given the comparatively brief duration of the U.K.'s membership in
the ERM (October 1990-September 1992) and the growing tensions
inside the system during this period, it is interesting to examine whether
our nonparametric test procedures can detect these tensions. While this
period—less than two years—is arguably too short to yield reliable con-
clusions, it does seem reasonable that the reduced credibility of the
system should be reflected in increased interest rate volatility among
member countries. Thus, in Table 8 we report results of the nonparamet-
ric procedures applied to interest rate data for the period from the
January 1987 realignment to the exit of the pound from the ERM in
September 1992, with a hypothesized shift point in volatility after the
pound's entry in October 1990. The results reveal no significant shift in
interest rate volatility after October 1990 either for the pound or for any
other currency examined.

These findings may be explained by returning to the distinction be-
tween misalignment and volatility. It seems that some of the tensions
within the system reflected cumulative currency misalignments, particu-
larly in the case of the high-inflation currencies; in the case of the United
Kingdom, some commentators have argued that the pound joined at too
high a rate vis-a-vis the mark (see Wren-Lewis and others (1991)). The
pound's rapid devaluation since leaving the ERM gives this hypothesis
some empirical support. Thus, if a primary cause of the tensions within
the system was currency misalignment—a low-frequency concept—we
should not necessarily expect to see this reflected in the volatility of
interest rates—a high-frequency concept.

More generally, we have argued elsewhere (Artis and Taylor (1989))
that the ERM did not render member currencies perfect substitutes in
international portfolios, as required of a fully credible exchange rate
union (Canzoneri (1982)) and did not exhibit a convincing capacity for
correcting cumulative misalignments over time. It seems plausible that
market interest in these longer-run issues was heightened by the Danish
rejection of the Maastricht Treaty in 1992 and the less than overwhelming
("petit oui") support for the agreement in the French referendum a few
months later.

IX. Conclusions

In this study we investigated the volatility of the exchange rates of the
ERM countries up to October 1990, before the entry of the United
Kingdom into the ERM, and the volatility of interest rates during sub-
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samples of the period extending through the pound's participation in the
ERM. Because there are doubts about the true distribution of exchange
rate and interest rate changes, a nonparametric statistical method was
used. The volatility of ERM exchange rates and interest rates was com-
pared with that of a control group of non-ERM currencies before and
after the inception of the ERM. Their behavior through time was also
examined.

The essential findings are very clear. During the operation of the
ERM, the volatility of intra-ERM exchange rates (specifically other
ERM rates against the mark) fell while the volatility of non-ERM curren-
cies remained the same or increased. This effect was big enough to
replicate itself for ERM countries' overall effective exchange rates also.
Similar conclusions, albeit not quite so striking, were obtained for real
bilateral and real effective exchange rates. The general impression that
the ERM evolved toward greater stability is also confirmed by this data
set. The same technique was applied to the evolution of volatility in
"offshore," or "Eurocurrency," interest rates: it also appears that volatil-
ity has been somewhat reduced for the ERM countries compared to the
control group. This is inconsistent with the "volatility transfer" hypoth-
esis, according to which reduced stability in exchange rates would imply
added volatility in interest rates. There is no significant shift in interest
rate volatility during the pound's participation in the ERM.

Given the recent instability in the ERM, the conclusion that the mech-
anism has exerted an unequivocally stabilizing influence on its member
currencies may seem surprising. We would again refer to the distinction
made throughout this paper between the short-run ("high frequency")
concept of volatility and the longer-run ("low frequency") concept of
misalignment. In earlier work (Artis and Taylor (1989)), we showed that
the ERM was not entirely successful either in correcting long-term mis-
alignments of real exchange rates among member currencies or in render-
ing member currencies perfect substitutes in international portfolios, as
would be expected in a fully credible exchange rate union (Canzoneri
(1982)): "Both these findings are worrying since it is easy to imagine the
stock of credibility which the EMS has earned being dissipated as sophis-
ticated and forward-looking international capital markets begin to focus
on the longer-run stability properties " (Artis and Taylor (1989),
p. 305). Given the added instabilities that arise naturally in the transition
to monetary union (Masson and Taylor (1992)), the recent abolition of
exchange controls, which had previously been extensively used by France
and Italy (Artis and Taylor (1988)), and the uncertainty occasioned by the
sequence of national referenda on the Maastricht Treaty during 1992, the
"events of '92" are neither surprising nor inconsistent with the short-run
stabilizing influence of the ERM documented in this paper.
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APPENDIX

Density and Asymptotic Score Function for the Nonparametric tests
Distribution Density function, f(x) Asymptotic score function, i|i(w)

Normal
Logistic
Double exponential
Cauchy
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IN A FOREIGN EXCHANGE SWAP, two parties exchange specific amounts
of two different currencies and repay the amount of the exchange at

a future date, according to a predetermined rule reflecting both interest
payments and amortization of the principal. Different types of foreign
exchange swaps became fashionable in the 1980s and received much
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The survey does not claim to be exhaustive, but rather illustrates all
broad categories of central bank swaps (more elaborate evidence is given
in Hooyman 1993). Information about central banks' use of foreign
exchange swaps is scarce since it usually does not appear on balance
sheets, and central banks often keep their swap operations confidential
in order to avoid adverse signaling effects. Furthermore, if data are
available, their quality is often uncertain.

I. Foreign Exchange Swaps: Some Background Information

This section provides some general information about foreign exchange
swaps and foreign exchange markets.

Definition and Pricing

In the 1980s, a common foreign exchange swap involved the exchange
of interest payments over time, a transaction usually called a "currency
swap." For a much longer time, however, a simpler swap transaction has
been used, in which only the principal amounts are exchanged on the
initial and maturity dates at predetermined exchange rates. This latter
kind of swap is the most relevant for this paper, since central banks use
it more often than currency swaps.

According to the covered interest parity condition, the forward pre-
mium, or discount, reflects the corresponding differential between in-
terest rates on the international markets, as risk-free arbitrage should
ensure that no unexploited profit opportunities exist. This forward pre-
mium, sometimes called a swap premium or swap rate, is considered the
price of the instrument. In countries with well-developed forward ex-
change markets, this price is market determined, and quotes can be
obtained from commercial banks.

Currency swaps (like interest rate swaps and cross-currency interest
rate swaps) are used by a wide variety of participants—banks, corpora-
tions, insurance companies, international agencies (the World Bank was
a driving force in the development of the market), and sovereign states.
There are four broad reasons to use swaps: (i) to exploit differences in
credit rating and differential access to markets, thereby obtaining low-
cost financing or high-yield assets; (ii) to hedge interest rate or currency
exposure; (iii) to manage short-term assets and liabilities; and (iv) to
speculate. Central banks have been known to use currency swaps for
hedging and asset-liability management, but very rarely; hence, those
operations will not be elaborated upon.
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Central Bank Swaps in the Balance Sheet

When a central bank carries out a foreign exchange swap, it has
significant economic effects. Suppose the Federal Reserve system buys
foreign exchange with domestic currency and simultaneously agrees to
sell the same amount of foreign currency at a certain date in the future
at the forward exchange rate. As the Fed's foreign assets increase, some
items on the liabilities side must increase, depending on the counterparty.
If the latter is another country's central bank, this institution's account
at the Fed is credited, meaning that the Fed issues dollars and the other
central bank issues its own currency. As long as both central banks do
not spend the foreign currency, however, there is no effect on either
currency in circulation or banks' reserves, so both money supplies re-
main constant. If the counterparty is the banking system, banks' reserves
are credited with the domestic currency equivalent of the foreign ex-
change purchase, and banks' foreign assets decline. Thus, reserve money
increases, which normally causes an expansion of the money supply.

Another possible approach is to treat such swap operations as collat-
eralized loans. In analytic terms, expansionary foreign exchange swaps
with deposit money banks are similar to direct loans by the central banks.
Depending on a complex of legal, historical, and institutional consider-
ations, negotiable financial instruments may continue to be registered as
assets in the balance sheet of the deposit money banks; their reserves item
would increase and be balanced on the liability side by "central bank
discounts received" (IMF (1984), p. 53). In this case, the central bank's
balance sheet shows an increase in domestic assets (claims on deposit
money banks), not foreign assets. When the swap is unwound, both
domestic assets and banks' reserves return to their old levels, with an
interest payment going into the central bank's profit and loss account.
This is the same amount as the interest earned on the foreign asset,
adjusted for the difference between the spot and forward exchange rates.

Another consequence of the expansionary swap is the creation of a
forward foreign liability for the central bank, matched by a forward
domestic asset. This matched pair of contingent accounts can be recorded
on or off the balance sheet, depending on the local practice. The four-
entry system inflates and complicates the balance sheet, but it has the
benefit of showing clearly which part of the foreign reserves is temporary,
and therefore which exchange risk the central bank would be running if
it lost its cover.

The swap in this example may not be intended as a money market tool;
nonetheless, it still has the (temporary) expansionary effect on reserve
money discussed above. Thus, if the swap was undertaken to gain foreign
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exchange or to provide banks with a forward cover, the consequent
monetary expansion would have to be sterilized. In short, the goals for
using foreign exchange are often conflicting.

A last topic to be discussed is the risk for the central bank in foreign
exchange swaps. When foreign exchange swaps are seen as collateralized
loans, normally there will be little risk: the central bank need not worry
about default risk, since it has the collateral. Also, it is not exposed to
exchange rate risk, as long as it has the foreign assets to cover the forward
foreign liability (there is, of course, the risk of opportunity cost). There
is exchange risk as soon as either the asset or the liability disappears—that
is, if the counterparty defaults before the swap matures or if the central
bank runs out of foreign exchange reserves. The latter situation has
occurred in many countries and will be discussed in a later section.
Finally, there is a settlement risk involved with swaps, as is always the case
in any foreign exchange operation; the so-called Herstatt risk. However,
the risk is very small.

Foreign Exchange Markets

In foreign exchange markets, spot transactions are settled on the
second business day following trade. This is because the funds are ulti-
mately transferred by having the central bank of the country issuing the
currency transfer liabilitiesjrom the sending party's account to that of the
receiving party, and the two central banks may be in different time zones.
The time difference also causes the (tiny) Herstatt risk, which occurs
when one party is not able to receive the other party's currency delivery
lag. The delivery lag is made up by the time difference plus the difference
between each country's local time for final settlement. A central bank
doing foreign exchange swaps is thus exposed to default risk by its
counterparty, since after fulfilling its own obligation it has to wait several
hours for payment.

In addition to dealing in the spot foreign exchange market, central
banks engaged in foreign exchange swaps also enter the forward market.
To be suitable for the use of swaps as a money market tool, this market
should be deep, and quotes of the forward exchange rate should be
readily available. The first criterion ensures that large transactions are
not disruptive. The second requirement means that central banks should
not be "making the market," the price should be truly market deter-
mined. If the market were thin, and the rate were determined by the

©International Monetary Fund. Not for Redistribution 



SWAPS BY CENTRAL BANKS 153

central bank, swap transactions could have disruptive effects on exchange
rate expectations.1

II. Open Market Policy

In the following section, theory and facts are presented about the use
of foreign exchange swaps as a money market tool in industrial and
developing countries; such use differs noticeably between the two groups
of countries.

Industrial Countries

In the past two decades, an increasing number of central banks in
industrialized countries have included foreign exchange swaps among the
instruments with which they fine-tune domestic liquidity, even though
actual use of such swaps has remained limited in most countries.

As a result of the enormous increase in the volume, integration, and
liberalization of international financial markets, and the emergence of
new markets and instruments, a trend has developed for central banks
to move from direct to indirect monetary policy. Instead of fixing of
interest rates by administrative means or imposing controls, they in-
creasingly use market-based instruments, such as open market opera-
tions. The bulk of these operations is in the form of central bank credit,
but numerous other instruments are used.

Central banks employ foreign exchange swaps because (i) they pre-
fer to have a wide range of intervention techniques at their discretion
(possibly because they may wish to vary the predictability of their policy
actions); (ii) in many countries the domestic short-term secondary
market is not deep enough to permit market intervention, whereas the
market in foreign exchange is generally active, making it possible to
trade large volumes in any one deal; (iii) unlike outright foreign exchange
operations, swaps have no direct effect on the spot (or forward) exchange
rate;2 and (iv) swaps are flexible in that the technical procedures are in-
formal and the swaps themselves are inconspicuous and easily reversible.

1 According to the wncovered interest parity, the forward rate is eaual to the
expected future spot rate. Thus, if the central bank, which is supposed to defend
the currency, would set the domestic currency at a forward discount, this would
have a strong announcement effect on the spot foreign exchange market.

2 Swaps can be seen as analytically similar to temporary operations in domestic
securities: the exchange rate will normally be influenced only to the extent of the
swaps' impact on interest rates. Of course, this may amount to the same thing,
as interest rate policy and exchange rate policy are often inextricably connected.
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Possible drawbacks are that (i) foreign exchange swaps might influence
the exchange rate because of a strong announcement effect; (ii) foreign
exchange transactions take two days to become effective, which makes
foreign exchange swaps less appropriate when swift action is required;
(iii) in foreign exchange transactions there is no simultaneous exchange
of one currency for the other, which gives rise to settlement risk;3

(iv) often, there are only a limited number of large banks to act as
counterparties—banks have to get the necessary dollars in the interna-
tional market, and if the sum is large relative to their capital, a risk
premium will be charged; (v) if active short-term securities markets exist,
central banks often prefer to conduct their operations there; and (vi) if
monetary policy targets interest rates instead of a monetary aggregate,
allocation of central bank credit might be a more suitable instrument,
since the immediate effect of swaps is on the high-powered money supply.

Since swap transactions are temporary by nature, they are suitable for
short-term technical adjustment: either to influence the general liquidity
of the market, so as to neutralize the effect of fortuitous or seasonal
factors, or to bring about temporary market imbalances that can push
interest rates in a desired direction. However, swaps can easily be rolled
over for a longer-term effect, and the maturity of swap operations can be
extended, the present range being from 24 hours to 24 months. Central
bank foreign exchange swap operations may be conducted anonymously
in the market at the usual maturities, but more flexible contracts may be
concluded bilaterally with banks. They generally involve U.S. dollars.

Switzerland is the only country where foreign exchange swaps are the
main instrument for the management of bank reserves, mainly because
of the lack of short-term government securities (the Swiss government
does not usually run a budget deficit). The total amount of swaps out-
standing averages around 40 percent of the monetary base.

Apart from Switzerland, the two countries that rely most on central
bank foreign exchange swaps are the Netherlands and Germany. In both,
short-term securities markets are extremely thin, but the central banks
use foreign exchange swaps infrequently because they rely on other
open-market instruments. In Germany, foreign exchange swaps have
been used by the Bundesbank since 1958. For the first decade, it used
contractive swaps both to influence the domestic money market and to
stimulate short-term foreign investment by offering attractive swap rates.
From the late 1960s, swaps were motivated mainly by attempts to calm

3 Here one must abstract from the possibility that the central bank ends up with
a net short position in foreign currency, since in such situations central banks
would not be using swaps as a money market tool.
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the international monetary situation and strengthen confidence in the
dollar parity. Foreign exchange swap transactions have served the pur-
pose of "fine-tuning" the money market only since 1979. Besides swaps,
the Bundesbank carries out so-called foreign exchange transactions un-
der repurchase agreements. These are essentially the same as swaps, but
the ownership of the foreign asset does not change. Quantitatively,
foreign exchange swaps and repurchase agreements have sometimes been
of considerable importance for fine-tuning but do not make up a substan-
tial part of the monetary base (Deutsche Bundesbank (1989), pp. 77-79).

The importance of the foreign exchange swap in the Netherlands was
never great, and operations have ceased during the past few years (but
are not officially abandoned). Other countries that have used currency
swaps (albeit rarely) are the United Kingdom, Norway, Finland, Bel-
gium, Ireland, and Austria (Bingham (1985), Kneeshaw and Van den
Bergh (1989), and annual reports of various central banks).

Developing Countries

Now consider the usefulness of foreign exchange swaps as a money
market tool for less developed countries. The preceding discussion sug-
gests that swaps could be recommended for countries that (i) wish to
conduct monetary policy in a market-oriented way; (ii) target a monetary
aggregate; (iii) lack a well-developed market for short-term securities
(especially countries where there is no securitized government debt); and
(iv) have deep spot and forward foreign exchange markets. The latter
criterion is probably the most binding. Developing countries that do use
foreign exchange swaps include Kuwait, Saudi Arabia, and Malaysia, all
of which meet the forward market criterion,4 as well as Oman, United
Arab Emirates, Bahrain, and Turkey, which do not.

The central bank of Saudi Arabia (SAMA) provides liquidity to banks
through foreign exchange swaps using spot sales of U.S. dollars to itself
with a repurchase agreement based on the market-determined forward
exchange rate. The swap facility is not a very important instrument in
terms of size, but it has been helpful occasionally—for instance, when
swaps were used during the recent regional crisis to provide emergency
liquidity to the market.

The Central Bank of Oman (CBO) started its swap facility in March
1980. All foreign exchange swaps (always expansionary) are initiated by

4 South Africa also qualifies, and it does use swaps, but not as a money market
tool.
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the commercial banks, each with an individual ceiling. Initially, U.S.
dollars were swapped at par (the Omani rial is pegged to the U.S. dollar,
and the exchange rate has been very stable). This is, of course, related
to the fact that there is no developed forward market in Omani rials, and
the financial system is fairly regulated. The drawbacks of this situation
became clear in 1986, when the domestic interest rate exceeded inter-
national rates. This gave the banks the possibility of risk-free windfall
profits, leading to a peak level of RO 27 million outstanding in August
1986. In July 1986, the facility was modified to cure this flaw, and the
oustanding swap amount subsequently declined sharply. In 1989, there
was a squeeze on banks' Omani rial liquidity, so the use of the swap
facility peaked again, at RO 35 million in April 1989 (averaging 7.19
percent of reserve money for 1989). Apart from these peaks, the share
of reserves acquired through foreign exchange swaps in the monetary
base has been less than 1 percent. Another disadvantage of^he lack of
market-orientedness in Oman's swap system is that the CBO cannot do
reverse swaps to withdraw liquidity because they would cause destabiliz-
ing expectations of exchange rate movements. The system is not very
flexible as a result.

In Turkey, monetary control has been exercised largely through the
reserve requirement ratio and occasionally through limits on central bank
credit. Beginning in 1987, open market operations have been expanded
but are still limited by the size of the central bank's portfolio and the
thinness of the securities market. The Turkish lira-U.S. dollar swap
facility has been in operation for more than a decade, and the swaps are
carried out as an exchange of mutual deposits, which gives rise to the
four-entry system mentioned earlier. The foreign exchange deposit
causes the central bank's foreign assets to rise and creates a (forward)
foreign liability. The Turkish lira deposit increases banks' reserves and
the central bank's domestic assets. During the term of the swap, the
central bank's foreign asset is valued at the historical exchange rate, but
its foreign exchange liability is revalued with the current exchange rate.
As the Turkish lira has been depreciating constantly since the 1970s, the
net of these four items is always negative. This net figure is called "foreign
exchange swaps" in the Turkish banking system accounts. The interest
on the Turkish lira deposit, which should in theory compensate for the
capital loss, goes into the profit and loss account.

This treatment implies that no forward exchange rate is agreed upon;
the central bank relies on the uncovered interest parity to hold. The
amount of swaps outstanding peaked in Turkey in 1988, probably because
the anticipated liberalization of interest rates in October 1988 was ex-
pected to widen interest differentials substantially, thereby reducing the
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profitability of swap operations to commercial banks. The outstanding
amount has decreased notably since then and has been virtually stable
since mid-1990, when the central bank stopped actively using swaps.

III. Management and Acquisition of Foreign Exchange Reserves

Swaps are also used as a tool for the management and acquisition of
foreign exchange reserves, with both the banking system and other
central banks acting as counterparty. Such use sometimes coincides with
the use of swaps to stimulate the domestic financial system.

Asset-Liability Management

Central banks nowadays are under more pressure to actively manage
their assets than in the past; besides defending the exchange rate, they
have to search for better returns as well. But, since intervention in the
foreign exchange market requires instant access to reserves, liquidity is
crucial. In determining the currency composition of their reserves, some
central banks take account of the currency composition of their country's
import basket, with higher weights for currencies with liquid bond mar-
kets and for currencies that a country uses for intervention. This provides
a rationale to use currency swaps to temporarily adjust the currency
distribution when it has been distorted as a result of intervention. The
central bank of Norway uses currency swaps and forwards to maintain the
liquidity of its assets while leaving the currency distribution unchanged.

Currency swaps also provide cross-currency hedging (and interest rate
hedging if cross-currency interest rate swaps are used). This is done when
the foreign assets are denominated in different currencies than the for-
eign liabilities. In less developed countries, foreign asset-liability man-
agement is not so much about maximizing returns while maintaining
liquidity as it is a matter of minimizing the inevitable financial risk. One
way to do that is to improve the matching and currency composition of
foreign asset and liability structures. A developing country that has
engaged in such activities is Trinidad and Tobago. The country has
considerable external debt, denominated in Japanese yen, which was
partially taken over by the central bank. The widely fluctuating foreign
reserves (mainly earnings from oil exports) are largely in U.S. dollars,
since the TT dollar is pegged to the U.S. dollar. The central bank has used
currency swaps to hedge against changes in the U.S. dollar-yen exchange
rate, as well as swaps from floating-rate into fixed-rate liabilities.

Another rationale for using currency swaps in asset-liability manage-
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ment is to influence published official foreign exchange asset positions—
that is, hide the real fluctuations in them. The Banque de France has
reportedly done this, and many others may also be doing so quietly, since
it is unlikely to be public knowledge.

Acquisition of Foreign Exchange Through Swaps
Among Central Banks

In addition to commercial banks, other central banks can also act as
a counterparty in foreign exchange swap transactions. If central banks
deem it necessary to intervene heavily in the foreign exchange market,
they may acquire the needed reserves by drawing on a swap line with
another central bank. It is for this purpose that the Federal Reserve's
swap network exists: a system of reciprocal short-term credit arrange-
ments between the Fed and 14 other central banks (those of most
western European countries, plus Canada, Mexico, and Japan) and the
Bank for International Settlements. The network enables the Fed to
acquire currencies needed to counter disorderly market conditions
through market operations, and it enables the swap partners to acquire
the dollars they need to conduct their own operations. The Fed's swap
lines amount to $30.1 billion.

Swap drawings to finance official exchange intervention do not affect
the money supply under these operating procedures. For example, if the
Fed draws on the swap line with the Bundesbank, the Bundesbank, which
does not immediately need the dollars, invests them in U.S. securities so
that these dollars find their way back into U.S. bank reserves (Kubarych
(1978), p. 19). These Federal Reserve swaps were prominent in the late
1970s but their importance has diminished since then (although the swap
lines have increased). Swaps between central banks do not arise for
foreign exchange intervention purposes exclusively; they can also be
connected with trade. For example, Guatemala and Costa Rica swapped
their currencies in the early 1980s to deal with regional trade deficits.

Acquisition of Foreign Exchange Reserves
in Situations of Scarcity

Many developing countries suffer from substantial external indebted-
ness and wide fluctuations in their export earnings, as well as steady
demand for imported basic goods. These countries must hold foreign
exchange reserves in order to prevent excessive short-term fluctuations
in the exchange rate, and liquidity is of prime importance. When faced
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with an acute shortage of liquid foreign exchange reserves, central banks
in a number of countries have resorted to swaps to increase their gross
foreign exchange holdings. Examples are Chile, Argentina, Uruguay,
Ecuador, the Philippines, Indonesia, and the Republic of Korea.

Argentina experienced a balance of payments crisis starting in 1982,
whereupon it announced a number of far-reaching measures to deal with
the situation. They included foreign exchange swaps with domestic banks
and residents in possession of foreign exchange deposits (such as im-
porters). Also, domestic banks and corporations with foreign debt were
encouraged to renegotiate the debts; the central bank of Argentina
(BCRA) rewarded the renegotiation with what amounted to an exchange
rate guarantee for the remaining life of the debt. Both measures exposed
the BCRA to exchange rate risk; without cover, it was dependent on the
uncovered interest parity to hold. The BCRA could not set its swap rate
in this way, because it had to set a preferential rate to attract the swaps
and because the announcement effect of a "realistic" swap rate would
cause undesirable capital movements. Consequently, the BCRA suffered
huge losses, with negative external operating results averaging about
0.5 percent of GDP since 1984. Other countries where central bank
foreign exchange swaps have led to large losses from the depreciation of
the domestic currency are the Philippines and South Africa.

Korea's financial sector has been quite regulated. Before 1986, Korea
had a persistent balance of payments deficit, so foreign exchange reserves
were scarce. The central bank of Korea engaged in swaps with foreign
commercial banks, which were not allowed to establish a network of local
branches. This caused the domestic currency funding to be very limited,
and to acquire working capital the banks borrowed from their head
offices and swapped the proceeds into Korean won. The swap rate was
chosen to provide an incentive for capital inflows, and individual bank
swap limits were regularly increased. The larger part of these swaps was
sterilized. As of 1986, the balance of payments went into surplus, which
eliminated the need for swaps. The local branches of foreign banks were
granted the option of having access to the discount window of the Bank
of Korea and were allowed to issue certificates of deposit. The swap limits
have not since been increased.

To sum up, the use of foreign exchange swaps in a situation of scarce
foreign reserves has the advantage of providing a short-term capital
inflow. However, they also have an expansionary monetary effect that has
to be sterilized; if there is no (active) forward market, the central bank
has to set a swap rate that may cause adverse signaling effects. Moreover,
if the country is in severe crisis, using swaps to temporarily boost gross
foreign exchange reserves will only delay the necessary adjustment.
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Above all, if the central bank cannot keep its position covered (as in times
of speculation against the currency), it is liable to suffer exchange losses.
In the case of Argentina, these negative effects clearly outweighed the
benefit. There are examples of other countries (such as Korea), however,
that did not experience particularly adverse effects.5

The use of foreign exchange swaps to gain reserves is difficult to
distinguish from swaps used to stimulate financial markets or to subsidize
certain activities when the central bank acts as a market-maker in forward
foreign exchange markets, provides forward cover and exchange rate
guarantees, or subsidizes domestic financial institutions. Such activities
have been common in developing countries. Regardless of the purpose,
these operations are very similar to those discussed above; they amount
to the central bank taking an open position, thereby assuming an ex-
change rate risk that often results in large losses. These kinds of activities
are therefore not recommended, since central banks can do more to
stimulate financial markets by conducting a credible exchange rate policy.
Subsidies should be on the government budget, and the financial sector
does not gain in the long run if its central bank incurs substantial losses.

Central bank losses negatively affect the economy in a number of ways.
Large losses erode the central bank's capital, which may jeopardize its
independence. Moreover, the losses represent an injection of liquidity,
which might make it necessary for the central bank to issue interest-bear-
ing liabilities. This policy embodies a risk that future losses may grow
exponentially. Persistent losses may also create pressure to implement an
expansionary policy as a way to reduce future losses (Vaez-Zadeh (1991)).

IV. Summary and Conclusions

Central banks of industrial countries use foreign exchange swaps to
"fine-tune" the money market, to acquire foreign reserves for inter-
vention purposes, and to manage their assets and liabilities. In some

5 Another way to obtain liquid foreign resources is through gold swaps; loans
in foreign currency backed by deposits of gold. The classic operation consists of
selling gold at the current price and repurchasing the same gold at a future date.
Such an operation makes it possible to obtain temporary financing while paying
an interest rate below the current market rate (the risk premium is reduced
because the gold serves as collateral). Uruguay and Ecuador have been active in
gold swaps, swapping gold for Swiss francs. As long as the central banks keep their
positions covered (hold on to the foreign exchange to make sure they have a
matching asset by the time the swap matures), there is no exchange risk involved.
Unfortunately, when reserves are scarce this is often neglected, so that the bank
will suffer a loss if the domestic currency depreciates during the swap interval.

©International Monetary Fund. Not for Redistribution 



SWAPS BY CENTRAL BANKS 161

developing countries, central banks also use foreign exchange swaps to
control bank liquidity. In other cases, they use swaps to defend scarce
official reserves and to stimulate or subsidize the domestic financial
system.

As a money market tool, foreign exchange swaps are flexible and can
be used in the absence of a well-developed short-term financial market.
The operations should be conducted in accordance with market mecha-
nisms; therefore, a deep forward foreign exchange market is necessary
for the instrument to function smoothly.

As a means of defending foreign reserves in times of balance of pay-
ments problems, the appropriateness of foreign exchange swaps is con-
siderably more questionable. In countries where these problems are
acute, swaps can have adverse effects, because they leave the central bank
with an open currency position that almost always creates losses. For the
same reason, using central bank swaps to stimulate the development of
financial markets is not recommended. Central bank losses could seri-
ously damage monetary policy, and thus monetary stability. In countries
with moderate and temporary balance of payments difficulties, swap
schemes can be useful.

On a global scale, it appears that central bank foreign exchange swaps
are losing favor; most swap facilities have been restricted or dormant in
recent years. This is probably connected with the ongoing development
of financial markets around the world. As short-term securities markets
develop, swaps become less attractive as a money market tool, and the
poor experiences of countries that have used swaps during difficult times
have further discouraged their use.
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A Comment on Agenor and Flood

CHING-CHONG LAI and WEN-YA CHANG*

Recently in an interesting paper in IMF Staff Papers, Pierre-Richard
Agenor and Robert Flood (1992) set up a theoretical model of dual
exchange rates and analyzed how the economy would work given the
shock of an announcement to unify dual exchange markets. Provided that
the unified exchange rate under the flexible regime is greater than the
official exchange rate under the dual regime, their major findings are
(i) at the announcement, the domestic price of foreign currency in
the parallel exchange market depreciates immediately, (ii) the paral-
lel exchange rate keeps rising and net foreign assets keep falling
during the pre-unification period, and (iii) the unified exchange rate
of the post-unification regime is independent of the timing of unified
implementation.

This paper is written for two purposes. First, we intend to show that
the unified exchange rate of the post-reform regime is inversely related
to the date of reform. Second, we attempt to extend the graphical
presentation of Agenor and Flood (1992) and to trace the possible dy-
namic behavior of relevant variables during the unified process.1

*Ching-chong Lai is a Research Fellow at Sun Yat-Sen Institute for Social
Sciences and Philosophy, Academia Sinica, in Taipei. Wen-ya Chang is an Asso-
ciate Professor in the Economics Department and Graduate Institute of Econom-
ics of Fu-Jen Catholic University.

1Ag6nor, Bhandari, and Flood (1992) provide an excellent survey of the
exchange regime reform.
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I. The Model

The Agenor and Flood (1992) model can be described by the following
log-linear equations:

(1)

(2)

(3)

(4)

(5)

(6)

With the exception of the domestic interest rate i and the foreign interest
rate i*, all variables are expressed in logarithms. The variables are
defined as follows: ra = nominal money supply; p = domestic price
level; s = parallel exchange rate \e — official exchange rate;/? = foreign
reserves; and D = domestic credit.

Equation (1) is the standard equilibrium condition for the money
market. A logarithmic approximation of the interest rate parity under
dual exchange rates is given in equation (2).2 Equations (3) and (4) are
the definition of money supply and of domestic price level, respectively.
Equation (5) describes how foreign reserves change over time, while the
divergence between the official and the parallel exchange rates captures
the arbitrage activity between two foreign exchange markets.3 Finally,
equation (6) depicts that domestic credit remains constant at all times.

The experiment of the Agenor and Flood (1992) study is that the
foreign authorities announce the regime will switch from a dual to a
unified flexible regime at a specific date T in the future. Because the
regime switch involves dual exchange rates and flexible exchange rates,
in what follows we examine the dynamic features of both regimes. For
expository convenience, throughout this paper 0~ and 0+ denote the
instants before and after announced unification, T~ and T+ denote the
instants before and after implemented unification.

Dual Exchange Regime

Under dual exchange rates, e is given at the level e. Letting D = D
and i* = 0, from equations (l)-(6), we have

2For a detailed derivation, see Flood and Marion (1983).
3 Gros (1988) provides a good microfoundation for linking arbitrage behavior

with exchange rate differentials.
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(7)
L ~ ~ J

Let pi and p2 be the two roots of the dynamic system, we then have

P l p 2 = -<D6/a. (8)

Following Agenor and Flood (1992), we assume that p: < 0 < p2. The
general solutions for s and R during the pre-unification period are

(9)

(10)

where s* and /?* are the steady-state values of s and R, and A and B are
undetermined coefficients.

The dynamic behavior of the system can be illustrated by means of a
phase diagram like Figure 1, which is similar to Figure 1 in Agenor and
Flood (1992). It is clear from equation (7) that the slopes of loci s = 0 and
R = 0 are

(11)
(12)

Equipped with the information of arrow directions and with equation (8),
we can see that the model has a saddlepoint solution. In the phase space
plane, the stable branch 55, which is the unique trajectory that leads to
the stationary equilibrium, is associated with B = 0 in equations (9) and
(10), while the unstable branch UU is associated with A = 0. All other
unstable trajectories indicated in the figure correspond to the values
A £ 0 and B + 0. It is clear from equations (9) and (10) that the slope
of 55 is

(13)

Flexible Exchange Regime

As in Agenor and Flood (1992), we proceed to consider the post-uni-
fication (flexible) regime. Under flexible exchange rates, given R = 0
and e = e = s, from equations (l)-(6), we derive

(14)

where m = W?r+ + (1 - Q)D.
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Figure 1. Dynamic Behavior of Exchange Rate System
Before Unification

(15)

As the unique root of flexible exchange rates is positive, the convergent
condition thus requires that the speculative bubble should be ruled out.
As a consequence, substituting C = 0 into equation (15) gives

e = e/?r+ + (1 - 6)D ; t ̂  T+. (16)

Two points should be noted from equation (16). First, from T+ onward,
the economy is operating under flexible exchange rates, and hence the
stock of foreign reserves is frozen at the level RT+. Second, the unified
exchange rate e is solely determined by the stock of foreign reserves,
which in turn is crucially related to the timing of regime switch T.4 It
should be noted that equations (9)-(16) are a restatement of the analysis
in Agenor and Flood (1992).

4 Since the flexible regime is adopted after the dual regime, the stock of foreign
reserves under the dual regime, denoted by RT

+, will serve as an initial condition
for the dynamics under the flexible regime beyond time T+.

The general solution for equation (14) is
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The AA schedule presented in the diagrams of the next section traces
the combinations of e and R that satisfy equation (16). It is clear from
equation (16) that the slope of AA is

de/dflU = 0 > 0 . (17)

II. The Unification Process

We are now in a position to deal with the evolution of the economy
during the unification process.5 As indicated in equations (13) and (17),
the A A schedule may be either flatter or steeper than the SS schedule.
We thus have to consider two possible situations.

Figure 2 illustrates the Agenor and Flood (1992) situation where the
slope of AA is greater than that of 55. Following Agenor and Flood
(1992), assume that initially the system is at the point Fon the saddlepath
55; the initial parallel exchange rate and foreign reserves are s0 and R0,
respectively.

Figure 2. Agenor and Flood's Unification Process

AA

5 The detailed mathematical derivations behind the graphical results are avail-
able upon request.
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Corresponding to the timing of the regime switch, the economy will
display a different unification process. First, if T = 0, at the instant 0+,
the parallel exchange rate will discretely jump from s0 to e0+, while the
foreign reserves remain intact at its initial level R0. In consequence, the
economy will immediately move upward from the point F to E" on the
AA schedule. From 0+ onward, the economy will remain intact at E".6

Second, if r-> o> (the announcement effect is negligible on the public),
the parallel exchange rate will not jump, and the economy will move
along the saddlepath trajectory SS to point E.

As claimed by Agenor and Flood (1992), corresponding to a specific
value of T (namely 7^), the economy will happen to jump to a point such
as D on the s = 0 schedule at the moment of announced unification.7

During the dates between 0+ and T~, the economy will move along the
unstable branch DEC. At the instant Tc

+, the exchange-rate unification
comes into force, the system has reached the point Ec on the AA line.
During the post-unification period, the economy will stay at Ec. As is
evident from Figure 2, the parallel exchange rate continues to rise and
foreign reserves continue to fall throughout the pre-unification period.
If T (namely 7^) is greater than TC9 the system will follow an unstable
branch GEg during the time interval 0+ and 7J. From T* onwards, the
economy will remain intact at the point Eg. The dynamic path indicates
that the parallel exchange rate will first fall then rise during the pre-switch
period. However, if T (namely 7J) is less than Tc, the system will follow
an unstable branch LE{ during the time interval 0+ and 77 • From TI
onwards, the economy will remain intact at the point Et. The dynamic
path indicates that the parallel exchange rate will keep rising during the
pre-switch period.

Figure 3 illustrates the situation where the AA schedule is flatter than
the 55 schedule. Three distinct patterns of adjustment should be recog-
nized. One possibility is associated with T = 0. If this is the case, the
economy will jump downward to E" on the AA schedule and stay at that
point at all times. The second possibility is associated with T—» ». If this
is the case, the economy will remain at its initial position F at the instant
of unified announcement, and then move along 55 toward the point E.
The last possibility is associated with 0 < T < °° (namely Tk). In this case,
the economy will jump downward to the point K on impact and then
move along an unstable trajectory like KEk between 0+ and 77. At time

6 It is clear from equation (16) that, if T = 0, eo+ is equal to initial money stock
m0( = QRo + [1 - 6fD). Thus, whether AA is steeper or flatter than 55 is cru-
cially related to the size of initial money stock.

7 See footnote 21 of Agenor and Flood (1992).
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Figure 3. An Alternative Unification Process

TZ, the exchange rate unification takes place, and thereafter the econ-
omy stays at point Ek. Under such a situation, the economy is character-
ized by both a falling parallel exchange rate and falling foreign reserves
during the period prior to the unification.8'9

III. Concluding Remarks

The Agenor and Flood (1992) paper is an important addition to the
literature on the dynamic adjustment of anticipated unification. In this
comment, we have pointed out that some points are not fully explored
in the Agenor and Flood (1992) work. Based on our analysis, given that
the unified exchange rate under the flexible regime is greater than the

8To save space, we omit the case where AA is steeper than 55 but flatter than
5 = 0.

9Ag6nor and Flood (1992, p. 933) also refer to another situation where the
unified exchange rate under the flexible regime is lower than the official exchange
rate under the dual regime. Under such a situation, "a reform announcement
would lead to an immediate appreciation of the parallel rate and a gradual
increase in the stock of net foreign reserves."
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official exchange rate under the dual regime, their conclusions should be
generalized as follows:10

(i) The parallel exchange rate may either rise or fall at the instant of
unified announcement;

(ii) The economy may display a variety of unified processes. In partic-
ular, both the parallel exchange rate and foreign reserves may fall
throughout the pre-unification period; and

(iii) The unified exchange rate of the flexible regime is negatively
related to the timing of unified implementation.
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A Rejoinder to Lai and Chang

PIERRE-RICHARD AGfiNOR and ROBERT P. FLOOD*

Professors Lai and Chang have provided valuable extensions to our
analysis of exchange market unification. The use of the "terminal curve"
AA in the graphical presentation of the unification process shows clearly
the inverse relationship between the reform date and the unified ex-
change rate. Their contribution shows that the dynamic predictions of our
model are potentially richer than we originally indicated.

However, having shown that almost anything can happen—depending
on the position of the terminal curve AA and the reform date T—makes
a comparison of the predictions of the model with the empirical evidence
on exchange market unification all the more difficult. An examination of
the most probable outcomes would therefore prove useful. The first issue
is to determine the likely position of the terminal curve AA. Using the
results established in our paper, it can be shown that the condition under
which the curve AA is steeper than the pre-reform saddlepath is given by

2(1 - a3>0) < ay + v.

If 0, the share of foreign reserves in the domestic money stock, is
small—a likely situation for most developing countries contemplating
exchange rate unification—this condition is likely to hold for reasonably
high values of a (the interest elasticity of money demand), 7, and v. Thus,
in practice, the parallel market exchange rate is likely to jump upward
upon announcement of the reform date, as emphasized in our paper.

The second issue that requires further investigation in the context of
the unification process relates to the length of the transition period. In

* Pierre-Richard Agenor is an Economist in the Research Department. Robert
P. Flood is a Senior Economist in the Research Department. He holds graduate
degrees from the University of Rochester.
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the context of the extended model presented in the second part of our
paper, there exists a logical way of determining endogenously the optimal
date of reform. Essentially, the idea is to minimize a loss function that
highlights the trade-off involved in continuing the "old" regime—which
entails a variety of costs, such as price distortions and diversion of export
remittances to the parallel market—and implementing an immediate
reform, because of the real costs that a short transition period or an
"overnight" float may entail. As shown in the second part of our paper,
the immediate increase in domestic wages and prices that takes place
when the unified rate is expected to be more depreciated than the initial
parallel exchange rate leads to an appreciation of the real exchange rate
during the transition period, and a fall in output. A formal solution to
this problem would further extend our understanding of exchange rate
reforms.

©International Monetary Fund. Not for Redistribution 



IMF Staff Papers
Vol. 41, No. 1 (March 1994)
© 1994 International Monetary Fund

IMF Working Papers

Staff Papers draws on IMF Working Papers, which are research studies
by members of the Fund's staff. A list of Working Papers issued in 1993:4
follows.

"The Role of Financial Institutions in the Transition to a Market Economy," by
Hans J. Blommestein and Michael G. Spencer [93/75]

"Testing the Credibility of Belgium's Exchange Rate Policy," by loannis Halikias
[93/76]

"Asset Price Inflation in the 1980s: A Flow of Funds Perspective," by Monica
Hargraves, Garry J. Schinasi, and Steven R. Weisbrod [93/77]

"A Framework for Assessing Fiscal Sustainability and External Viability, with an
Application to India," by Karen Parker and Steffen Kastner [93/78]

"Efficiency Wages and Labor Mobility in an Open Economy," by Pierre-Richard
Agenor and Julio A. Santaella [93/79]

"Government Finance in a Model of Currency Substitution," by Anne Sibert and
Lihong Liu [93/80]

"Supply-Side Economics in an Integrated World Economy," by Enrique G.
Mendoza and Linda L. Tesar [93/81]

"Devaluation and Competitiveness in a Small Open Economy: Ireland
1987-1993," by Leonardo Bartolini [93/82]

"Expected Devaluation and Economic Fundamentals," by Alun H. Thomas
[93/83]

"International R&D Spillovers," by David T. Coe and Elhanan Helpman [93/84]
"Japanese Banks and the Asset Price 'Bubble'," by Steven M. Fries [93/85]
"The Impact of Worldwide Military Spending Cuts on Developing Countries,"

by Tamim Bayoumi, Daniel Hewitt, and Steven Symansky [93/86]
"Nonmonetary Instruments and Their Use During the Transition from a Cen-

trally Planned to a Market Economy," by Paul Hilbers [93/87]
"Financial Liberalization and the Information Content of Money in Indonesia,

Korea, and the Philippines," by A. Javier Hamann [93/88]
"Price Controls and Electoral Cycles," by Pierre-Richard Agenor and Carlos M.

Asilis [93/89]
"On Credible Disinflation," by Jorge E. Roldos [93/90]
"Labor Market Aspects of Industrial Restructuring in Canada," by Eswar Prasad

[93/91]
"Recent U.S. Investment Incentives," by Christopher M. Towe [93/92]
"U.S. Health Care Reform," by Ellen M. Nedde [93/93]
"Endogeneity in Structural Unemployment Equations: The Case of Canada," by

Caroline Van Rijckeghem [93/94]
"The Integration of World Capital Markets," by Morris Goldstein and Michael

Mussa [93/95]

173

©International Monetary Fund. Not for Redistribution 



174 WORKING PAPERS and PPAAS

IMF Papers on
Policy Analysis and Assessment

Papers on Policy Analysis and Assessment, a new series of research
papers, are intended to make staff work in the area of policy design
available to a wide audience. A list of all PPAAs issued in 1993:4 follows.
Papers may also be considered for inclusion in the journal.

"The World Market for Natural Gas: Macroeconomic and Financial Implica-
tions," by Thomas P. Enger [93/15]

"Aspects of the Design of Financial Programs with the Adoption of Indirect
Monetary Controls," by R. Barry Johnston [93/16]

"Selective Government Interventions and Economic Growth: A Survey of the
Asian Experience and Its Applicability to New Zealand," by Jonathan D.
Ostry [93/17]

"The Structural Crisis in the Swedish Economy: Role of Labor Markets," by
Ramana Ramaswamy [93/18]

"The Taxation of High Income Earners," by Parthasarathi Shome [93/19]
"International Capital Transactions: Should They Be Restricted?" by Norman S.

Fieleke [93/20]

An annual subscription to IMF Working Papers is available for US$200.00. It
includes 12 monthly shipments and priority mail delivery. Requests should be
made to:

International Monetary Fund
Publication Services
Washington, D.C. 20431, U.S.A.

Telephone: (202) 623-7430
Telefax: (202) 623-7201

Inquiries about individual IMF Papers on Policy Analysis and Assessment should
also be directed to the address above.

©International Monetary Fund. Not for Redistribution 



In statistical matter throughout this issue,

dots (...) indicate that data are not available;

a dash (—) indicates that the figure is zero or less than half the
final digit shown, or that the item does not exist;

a single dot (.) indicates decimals;

a comma (,) separates thousands and millions;

"billion" means a thousand million, and "trillion" means a thou-
sand billion;

a short dash (-) is used between years or months (for example,
1992-94 or January-October) to indicate a total of the years or
months inclusive of the beginning and ending years or months;

a stroke (/) is used between years (for example, 1993/94) to
indicate a fiscal year or a crop year;

a colon (:) is used between a year and the number indicating a
quarter within that year (for example, 1994:1);

components of tables may not add to totals shown because of
rounding.
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