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From the Foreword to the first issue:
Among the responsibilities of the International Monetary Fund, as set
forth in the Articles of Agreement, is the obligation to "act as a center for the
collection and exchange of information on monetary and financial prob
lems," and thereby to facilitate "the preparation of studies designed to assist
members in developing policies which further the purposes of the Fund."
The publications of the Fund are one way in which this responsibility is
discharged.
Through the publication of

Staff Papers,

the Fund is making available

some of the work of members of its staff. The Fund believes that these
papers will be found helpful by government officials, by professional

economists, and by others concerned with monetary and financial problems.

Much of what is now presented is quite provisional. On some international

monetary problems, final and definitive views are scarcely to be expected in

the near future, and several alternative, or even conflicting, approaches
may profitably be explored. The views presented in these papers are not,

therefore, to be interpreted as necessarily indicating the position of the
Executive Board or of the officials of the Fund.

The authors of the papers in this issue have received considerable assistance
from their colleagues on the staff of the Fund. This general statement of
indebtedness may be accepted in place of a detailed list of acknowledgments.
Subscription: US$18.00 a volume or the approxim ate equivalent in the

currencies of most countries. Four numbers constitute a volume. Single copies
may be purchased at $5.00. Special rate to university libraries, faculty members,
and students: $9.00 a volume. Subscriptions and orders should be sent to:
Publication Services
International Monetary Fund
Washington, D.C.
Telephone number:
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(202) 623-7430

Cable address: Interfund
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EDITOR'S NOTE

The Editor invites from contributors outside the Fund
brief comments (not more than 1,000 words) on pub
lished articles in

Staff Papers.

These comments should

be addressed to the Editor, who will forward them to the

author of the original article for reply. Both the com
ments and the reply will be 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 international law and
practice; the term may also cover some territorial 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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Contents of Volume 34
Volume 34

comprises four issues, as follows:
March, pages 1-189
June, pages 191-408
September, pages 409-566
December, pages 567-71.
English, French, and Spanish summaries appear at the end
of the March issue (pages 176-89); in subsequent issues the
summaries have been replaced with abstracts, which can
be found on the opening pages of the articles.
(1987)
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The Mundell-Fleming Model

A Quarter Century Later
A Unified Exposition
JACOB A. FRENKEL

and

ASSAF RAZIN*

The Mundell-Fleming model of international macroeconomics originated
in the early 1960s and has been extended during the ensuing quarter
century. This paper develops an exposition that integrates the various
facets of the model and incorporates its extensions into a unified analytical
framework. Attention is given to (I) the distinction between short-run and
long-run effects of policies, (2) the implications of debt and tax financing
ofgovernment expenditures, and (3) the role of the exchange rate regime
in this regard. By identifying the key mechanisms operating in the model,
the exposition clarifies the model's limitations and facilitates comparison
with other, more current approaches.

HE FOUNDATIONS of the Mundeli-Fleming model of international
Tmacroeconomics were laid a quarter century ago in the classic writ

ings of Robert A. Mundell (1960, 1961a, 196lb, 1963, 1964; collected in
1968) and J. Marcus Fleming (1962). The great contribution of this
model has been its systematic analysis of the role played by international
capital mobility in determining the effectiveness of macroeconomic poli
cies under alternative exchange rate regimes. The analysis extended the
• Mr. Frenkel, Economic Counsellor of the Fund and Director of the Research
Department, is a graduate of the Hebrew University and the University of
Chtcago. Before joining the Fund in January 1987, he was David Rockefeller
Professor of International Economics at the University of Chicago.
Mr. Razin, Daniel and Grace Ross Professor of International Economics at
Tei-Aviv University, is a graduate of the Hebrew University and the University
of Chicago. He was a consultant in the Research Department when this paper
was completed.
The authors are indebted to Thomas Krueger for helpful comments.
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simple version of the Keynesian income-expenditure model developed
by Machlup (1943) and Metzler (1942), as well as the policy-oriented
model developed by Meade (1951), to include economies open to inter
national trade in both goods and financial assets. Over the years the
model has been extended in further directions and is still the "work
horse" of traditional open-economy macroeconomics. Noteworthy among
such applications are stock (portfolio) specifications of capital mobility
by McKinnon (1969), Branson (1970), Floyd (1969), and Frenkel and
Rodriguez (1975); analyses of the debt-revaluation effects induced by
exchange rate changes by Boyer (1977) and Rodriguez (1979); a long-run
analysis by Rodriguez (1979); and analyses of expectations and exchange
rate dynamics by Kouri (1976) and Dornbusch (1976). A recent critical
evaluation of the model has been provided by Purvis (1985).1
The present paper provides an exposition of the model that integrates
its various facets into a unified analytical framework. Our specification
of the model incorporates the principal extensions that have been made
since the 1960s. Special attention is given to the distinction between
short-run and long-run consequences of policies, the implications of debt
and tax financing of the government budget, and the role the exchange
rate regime plays in this regard. The resultant integration clarifies the
key economic mechanisms operating in the Mundell-Fleming model and
helps to identify its limitations. Because our formulation casts the model
in a way that facilitates model comparisons, the exposition provides a
bridge between the traditional and more current analytical approaches
in international macroeconomics. The specification of the model is suf
ficiently general to permit analysis of a wide variety of macroeconomic
policies.To conserve space, however, we illustrate the model's applica
tions by focusing on the instrument of fiscal policy.
The organization of the paper is as follows. Section I outlines the
analytical framework.Section II considers the operation of the economic
system under a fixed exchange rate regime-first for the small-country
case, and then for the two-country model of the interdependent world
economy. Section Ill contains a parallel analysis appropriate for the
flexible exchange rate regime. Section IV is an integrated summary and
1 Expositions of the model for alternative exchange rate regimes and for
different de�ees of international capital mobility were made by Swoboda and
Dombusch (1973) and Mussa (1979). The diagrammatic analysis used in this
paper builds in part on these two sources. Recent surveys of various open
economy macroeconomic issues, discussed in the context of this model, are
contained in Frenkel and Mussa (1985) and Kenen (1985). In addition, Marston
(1985) has surveyed applications of the model to the analysis of stabilization
policies; Obstfeld and Stockman (1985) have provided a survey of exchange rate
dynamics in this and other models. The most comprehensive treatment of the
Mundell-Fleming model to date has been given by Dornbusch (1980).
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overview of the Mundeli-Fleming model. To facilitate the exposition, the
main analysis is carried out diagrammatically. Appendices I and II to the
text provide algebraic derivations and a formal treatment of exchange
rate expectations (in the final section of Appendix ll).

I. The Analytical Framework
Consider a two-country model of the world economy. The two coun
tries are referred to as the home (domestic) country and the foreign
country. Each country produces a distinct commodity: the domestic
economy produces good x, and the foreign economy produces good m.
The domestic level of output is denoted by Y, and the foreign level of
output by Y*. In specifying the behavioral functions, it is convenient to
focus on the domestic economy. Accordingly, the budget constraint is

(1)
where Bf denotes the domestic currency value of the private sector's
one-period debt issued in period t, and R, denotes unity plus the rate of
interest. The right-hand side of equation (1) states that, in each period
t, the resources available to individuals are disposable income,
P, (Y,- 1,}-where the deflator for gross domestic product (GDP) is P,,
domestic output is Y,, and taxes are 7;-and the net value of assets
carried over from period t - 1, defined as money, M,_., net of debt
commitment, R,_ 1 Bf_ 1 (which includes principal plus interest payments).
For subsequent use, we denote these assets by A,_., where

(2)
The left-hand side of equation (1) indicates the uses of these re
sources, including nominal spending, Z,, money holding, M,, and bond
holding, -Bf.
In conformity with the original Mundell-Fleming formulation, the
GDP deflator P, is assumed to be fixed and is normalized to unity.
Nominal spending thus equals real spending, £,. Because changes in
prices are absent, we identify the real rate of interest, r, = R, - 1, with
the corresponding nominal rate of interest (we return to this issue in
Section Ill and in the final section of Appendix 11).
If the various demand functions are assumed to depend on available
resources and on the rate of interest, we may express the spending and
the money demand functions, respectively, as

E, = E(Y,- 7;+ Ar-�, r,)

(3)
(4)
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For simplicity we assume that the marginal propensities to spend and to
hoard from disposable income are the same as the corresponding pro
pensities to spend and to board from assets. These assumptions, which
simplify the exposition, do not affect the basic thrust of the analysis. A
similar specification underlies the demand for bonds, which is omitted
because of the budget constraint. We also assume that desired spending
and money holdings depend positively on available resources and nega
tively on the rate of interest.2
The domestic private sector is assumed to allocate its spending be
tween domestic goods,
domestic spending,
price of good

E,,

Cx,, and foreign goods, Cm,. The real value of
is Crr + Pmr Cmr, where Pmr denotes the relative

m in terms of good x.

This relative price is assumed to be

equalized across countries through international trade. The relative
share of domestic spending on good

m (the foreign good) is denoted by

13m = Pm�Cm,IE,.
The level of real government spending in period t, measured in terms

of own GDP, is denoted by

G,.

As does the private sector, the govern

ment allocates its spending between the two goods. Domestic govern
ment spending on importables (good

m ) is

13� G, !pm.
,

A similar set of demand functions and government spending patterns
characterizes the foreign economy, whose variables are denoted by an
asterisk and whose fixed GDP deflator,

P*, is

normalized to unity. As

for the domestic economy, the relative share of foreign private spending
on good

x

(the good produced by the home country) is denoted by

, *, ;
13: = Cx� lpmE

share on good

x

correspondingly, the foreign government spending
is

13�*.

The relative price of good m i n terms of good x,

to be equal across countries, can be written as Pmr

Pmr, which is assumed
= e, P*
, I P,, where e, is

the nominal exchange rate expressed as the price of the foreign currency
in terms of the domestic currency. The specification of equilibrium in the
world economy depends on the exchange rate regime. We start with the
analysis of equilibrium under a fixed exchange rate regime.

II. Capital Mobility Under Fixed Exchange Rates
For equilibrium in the world economy, the markets for goods, money,
and bonds must clear. Under a fixed exchange rate, domestic and for
eign money (as assets) are perfect substitutes. Therefore, money-market
2 The assumption that the demand for money depends on disposable income
rather than on gross income serves to sharpen th e contrast between tax-financed
and debt-financed changes in government spending, which are analyzed in subse
quent sections. A relaxation of this assumption would reduce somewhat the
clarity of the contrast between these two means of finance but would not alter
the qualitative nature of the analysis.
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equilibrium can be specified by a single equilibrium relation stating that
the

world

demand for money equals the

world

supply. Similarly, the

assumptions that bonds are internationally tradable assets and that do
mestic and foreign bonds are perfect substitutes imply that in equilib

r,, equals the corresponding
r1,, and that bond-market equilibrium can also be

rium the rate of return on domestic bonds,
rate on foreign bonds,

specified by a single equation pertaining to the unified world bond
market. These considerations further imply that the world economy can
be characterized by four markets: those for domestic output, foreign
output, world money, and world bonds. By Walras's law, the bond
market can be omitted from the equilibrium specification of the two
country model of the world economy. Accordingly, the equilibrium
conditions are

( 1 - �m)E(Y,- T, + Ar-1> r,) + ( 1 - ��.)G
+ �:eE*(Y,* + A��> r,) = Y,

(5)

�mE(Y,- T, + Ar-1> r,) + ��G

+ (1- �x*)eE*(Y,* + A,":. �> r,)

=

(6)

eY,*

M(Y, - T, + Ar-�o r,) + eM*(Y,* + A,":. �o 'f,) = M,

(7)

where e denotes the fixed exchange rate expressed as the price of foreign
currency in terms of domestic currency. To focus on the effects of domes
tic government policy, we assume in what follows that foreign govern
ment spending and taxes are zero. The (predetermined) value of foreign

A,":.1 = M,":. 1 +
R,_1 Bf.-1 le. Given the assumed fixity of the GDP deflators, e also mea
assets is measured in foreign currency units, so that

sures the relative price of importables in terms of exportables. The world
supply of money, measured in terms of domestic goods (whose domestic
currency price is unity) is denoted by

M.

In equation

(7)

we assume that

the government does not finance its spending through money creation.
This assumption permits a focus on the pure effects of fiscal policies.
The specification of the equilibrium system

arbitrage condition by which r,

=

(5)-(7)

embodies the

r1, , so that the yields on domestic and

foreign bonds are equal. This equality justifies the use of the same rate
of interest in the behavioral functions of the domestic and the foreign
economies. The system of equations

(5)-(7) determines the short-run
Y,, foreign output, Y,* , and the

equilibrium values of domestic output,

world rate of interest, r, , for given (predetermined) values of domestic

and foreign net assets, A,_1 and A��> and for given levels of government

spending,

G,,

and taxes, T,.

The international distribution of the given world money supply associ
ated with the short-run equilibrium is determined endogenously accord
ing to demand. Thus,
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M, = M ( Y, - T,+A,-IJ r,)

(8)

M,* = M*(Y,* + A,! .�. r,).

(9)

This equilibrium distribution of the world money supply obtains through
international assets swaps.
This formulation of the short-run equilibrium system reveals the sig
nificant role played by international capital mobility. In the absence of
such mobility, the short-run equilibrium would have determined the
levels of domestic and foreign output from the goods-market equilibrium
conditions. Associated with these levels of outputs, there would be equi
librium monetary flows. These flows cease in the long run, in which a
stationary equilibrium distribution of the world money supply obtains.
In contrast, the equlibrium system (S)-(7) shows that, with perfect cap
ital mobility, equilibrium in the world money market obtains through
instantaneous asset swaps involving exchanges of money for bonds.
These instantaneous stock adjustments are reflected in equation

(7).

Fiscal Policies in a Small Country

To illustrate the effects of fiscal policies under a regime of fixed
exchange rates with perfect capital mobility, it is convenient to begin
with an analysis of a small country that faces a given world rate of
interest, '" and a given world demand for its goods, l5* = �x* E*. Under
these circumstances, the equilibrium condition for the small economy
reduces to

(1 - �m )E(Y,- T, + A,_ t. r1) + (1 - ��)G + el5* = Y,.

(Sa)

This equilibrium condition determines the short-run value of output for
the given (predetermined) value of assets and for given levels of govern
ment spending and taxes. The money supply, M,, associated with this
equilibrium is obtained from the money-market equilibrium condition:
(Sa)
This quantity of money is endogenously determined through instanta
neous asset swaps at the prevailing world interest rate.
To analyze the effe.cts of fiscal policies, we differentiate equation (Sa).
Thus,

dY, - -1 - aB
dG

s+a '

dY,
= 1 -_E!_ '
dG
s +a

(10)

for d T, = O
for dT.' = dG

'
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respectively, the domestic marginal propensities

a8 = !3� is the government
1/(s + a) is the small-country foreign
trade multiplier. Equations (10) and (11) correspond, respectively, to a
bond-financed and to a tax-financed rise in government spending. If all
government spending falls on domestic goods (so that a8 = 0), then the
to save and to import from income (or assets),
marginal propensity to import, and

fiscal expansion that is financed by government borrowing raises output
by the full extent of the foreign trade multiplier, whereas a balanced
budget fiscal expansion yields the closed-economy balanced-budget
multiplier of unity. In contrast, if all government spending falls on
imported goods (so that

a'= 1),

then the bond-financed multiplier is

zero, whereas the balanced-budget multiplier is negative and equal to

(s + a - 1)/(s + a).
The changes in output induce changes in the demand for money. The
induced changes in money holding can be found by differentiating equa
tion (8a) and using equations

(10)

and

(11).

Accordingly, the debt

financed unit rise in government spending raises money holdings by

(1 - a')M1 !(s + a) units, where M1 denotes the effect of a rise in income
on money demand (the inverse of the marginal income velocity). Simi
larly, the balanced-budget rise in government spending lowers money
holdings by

a8M1/(s + a).

This analysis is summarized by Figure

1,

in which the

IS

schedule

portrays the goods-market equilibrium condition (Sa). The curve is nega
tively sloped because both a rise in the rate of interest and a rise in
output create an excess supply of goods. The initial equilibrium obtains
at point

A,

at which the rate of interest equals the exogenously given

world rate, r1, and the level of output is Yo. As indicated, the schedule

IS is drawn for given levels of government spending and taxes, G0 and T0•
The LM schedule passing through point A portrays the money-market

equilibrium condition (8a). The curve is positively sloped because a rise
in income raises the demand for money, whereas a rise in the rate of
interest lowers money demand. As indicated, the

LM schedule is drawn
M0•

for a given level of (the endogenously determined) money stock,

A unit rise in government spending creates an excess demand for
domestic product (at the prevailing level of output). If the rise is bond

1 - a8 units; if it is tax financed, then
+ a - a8 units (which, depending on the relative

financed, then the excess demand is
the excess demand is s

magnitudes of the parameters, may be negative). The excess demand is
reflected by a horizontal shift of the IS schedule from IS(G0) to IS(G1).
The IS shedule shifts to the right, reflecting the positive excess demand
at the prevailing level of output. The new equilibrium obtains at point B,
at which the level of output rises to Yj . This higher level of output raises
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Short-Run Effects of Fiscal Policy Under Fixed Exchange Rates:
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the demand for money, which is met instantaneously through an inter
national swap of bonds for money that is effected through the world
capital markets. The endogenous rise in the quantity of money from M0
to M1 is reflected in the corresponding rightward displacement of the LM
schedule from LM(M0) to LM(Mt)·
The foregoing analysis determines the short-run consequences of
an expansionary fiscal policy. The instantaneous asset swap induced by
the requirement of asset-market equilibrium alters the size of the econ
omy's external debt. Specifically, if the economy was initially in a long
run equilibrium (so that Bf Bf'-1 = BP , M, = M,_ ., A, = A,-t =A, and
Y, = Y,_1 = Y), then the fiscal expansion, which raises short-run money
holdings as well as the size of the external debt, raises the debt-service
requirement and (in view of the positive rate of interest) lowers the value
of net assets M, - (1 + r1)Bf carried over to the subsequent period. This
change sets in motion a dynamic process that is completed only when the
economy reaches its new long-run equilibrium.
=

©International Monetary Fund. Not for Redistribution

575

THE MUNDELL-FLEMING MODEL

The long-run equilibrium conditions can be summarized by the follow
ing system:

r1] = Y - r1BP - T
(1 - 13m)E[Y - T + M - (1 + r1)BP, ;1]

E[Y - T + M - (1 + r1)BP,

(12)

+ (1 - 13�)G + eD* = Y

(13)

M [Y - T + M - (1 + r1)BP, r1] = M,

(14}

where the omission of the time subscripts indicates that in the long run
the variables do not change over time. Equation (12) is obtained from
the budget constraint (1) by using the spending function from equation
(3) and by imposing the requirement that in the long run M, = M,_1 and
Bf = Bf'-1• This equation states that in the long run private sector spend
ing equals disposable income, so that private sector savings are zero.
Equation (13) is obtained from equations (5a) and (8a) and the long-run
stationarity requirement. This equation is the long-run market-clearing
condition for domestic output. Finally, equation (14), which is the long
run counterpart to equation (8a), is the condition for long-run money
market equilibrium.
Up to this point we have not explicitly incorporated the government
budget constraint. In the absence of money creation, the long-run gov
ernment budget constraint states that government outlays on purchases,
G, and debt service, r1B8 (where BB denotes government debt), must
equal taxes, T. Accordingly,
G+

r1Bs = T.

(15}

Substituting this constraint into equation (12) yields
E[Y - G

+ M - BP - r1 (BP + BB), ;1] + G

= Y - r1 (BP + B8).

(12a)

Equation (12a) states that in the long run the sum of private sector
and government spending equals gross national product (GNP). This
equality implies that in the long run the current account of the balance
of payments is balanced.
Using equations (12), (14), and (15), we obtain the combinations of
output and debt that satisfy the long-run requirement of current account
balance as well as money-market equilibrium. These combinations are
portrayed along the CA = schedule in Figure 2. Similarly, using equa
tions (13)-(15), we obtain the combinations of output and debt that
incorporate the requirements of goods-market and money-market equi
librium. These combinations are portrayed along the YY schedule in
Figure 2. The slopes of these schedules are

0
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2. Long-Run Effects of a Unit Debt-Financed Rise in Government
Spending Under Fixed Exchange Rates: The Small-Country Case

Figure
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schedule

(16)
(17)

In equations (16) and (17) the term My is the marginal propensity
to hoard (the inverse of the marginal income velocity), and s - M,
represents the marginal propensity to save in the form of bonds. The
numerators in equations (16) and (17) are positive; the denominator of
equation (17) is positive because 1 - s - a > 0, and the denominator of
equation (16) is positive on the assumption that (1 - s) > r1(s - My)·
This assumption in equation (16) is a stability condition ensuring that
the perpetual rise in consumption (1 - s) made possible by a unit rise in
debt wilJ exceed the perpetual return on the saving in bonds r1 (s - M,)
made possible by the initial unit rise in debt. If this inequality does not
hold, then consumption and debt wilJ rise over time and will not con-
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verge to a long-run stationary equilibrium. The foregoing discussion
implies that the slopes of both the CA = 0 and the YY schedules are
negative. Further, because the numerator of equation (17) exceeds that
in equation (16) and the denominator of equation (17) is smaller than
that in equation (16), the YY schedule in Figure 2 is steeper than the
CA = 0 schedule. The initial long-run equilibrium is indicated by point
A in Figure 2, at which the levels of output and private sector debt are
Yo and Bg.
Consider the long-run effects of a debt-financed rise in government
spending. As is evident from the system of equations (12)-(14), as long
as taxes remain unchanged, the CA = 0 schedule (which is derived from
equations (12) and (14)) remains intact. In contrast, the rise in govern
ment spending influences the YY schedule, which is derived from equa
tions (13) and (14). Specifically, to maintain goods-market equilibrium
for any given value of private sector debt, BP, a unit rise in government
spending must be offset by a rise of (1 - ag)l(s + a) units in output. Thus,
as long as some portion of government spending falls on domestic goods,
so that ag < 1, the YY schedule in Figure 2 shifts to the right, to the
position indicated by YY ' . The new equilibrium is indicated by point B,
at which the level of output rises from Yo to }") and private sector debt
falls to Bf. The new equilibrium is associated with a rise in money
holdings, which represents the cumulative surpluses in the balance of
payments during the transition period.
A comparison between the short-run multiplier shown in equation
(10) and the corresponding long-run multiplier (shown in equation (46)
of Appendix I) reveals that the latter exceeds the former. In terms of
Figure 2, in the short run the output effect of the debt-financed rise in
government spending is indicated by point C, whereas the corresponding
long-run equilibrium is indicated by point B.
Consider next the effects of a tax-financed rise in government spend
ing. Such a balanced-budget rise in spending alters the positions of both
the CA = 0 and the YY schedules. By using equations (12) and (14) with
the balanced-budget assumption that dG = dT, it can be shown that a
unit rise in government spending induces a unit rightward shift of the
CA = 0 schedule. By keeping the value of Y - T intact and holding BP
constant, such a shift maintains the equality between private sector
spending and disposable income and also satisfies the money-market
equilibrium condition. Similarly, by using equations (13) and (14) with
the balanced-budget assumption, it is shown (see Appendix I) that, as
long as the government import propensity, a1, is positive, the YY sched
ule shifts to the right by less than one unit. The resultant new long-run
equilibrium is indicated by point B in Figure 3. For the case drawn, the
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3. Long-Run Effects of a Unit Balanced-Budget Rise in Government
Spending Under Fixed Exchange Rates: The Small-Country Case

Figure
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long-run level of output falls from Yo to Y., and private sector debt rises
from B� to Bi. Because government debt rell}ains unchanged, the rise
in private sector debt corresponds to an equal rise in the economy's ex
ternal debt position. In general, however, and depending on the param
eters, domestic output may either rise or fall in the long run.
The size of the long-run multiplier of the balanced-budget rise in
government spending depends on the government's propensity to im
port. At the limit, if all government spending falls on domestic output,
so that a8 = 0, the long-run balanced-budget multiplier is unity. In this
case the YY schedule in Figure 3 shifts to the right by one unit, the
long-run level of output rises by one unit, and private sector debt (and
the economy's external debt) remains unchanged. At the other limit, if
all government spending falls on foreign goods, so that a8 1 , the long
run balanced-budget multiplier is negative. In that case the rise in the
economy's external debt is maximized.
The comparison between the short-run balanced-budget multiplier
=
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shown in equation (11) with the corresponding long-run multiplier
(shown in equation (49) of Appendix I) highlights the contrasts between
the two. If the government's propensity to spend on domestic goods
(1 - a8) equals the corresponding propensity of the private sector
(1 - s - a), then the short-run multiplier is zero, and the long-run multi
plier is negative. If the government's propensity (1 - a8) exceeds the
private sector's propensity (1 - s - a), however, both the short-run and
the long-run balanced budgets are negative, but the absolute value of
the long-run multiplier exceeds the corresponding short-run multiplier.
Finally, if government spending falls entirely on domestically produced
goods (so that a8 = 0), then the short-run and the long-run multipliers
are equal to each other, and both are unity.
Fiscal Policies in

a

Two-Country World

In this section we return to the two-country model outlined in equa
tions (5)-(7) and analyze the short-run effects of a debt- and a tax
financed rise in government spending on the equilibrium levels of
domestic and foreign output as well as on the equilibrium world rate of
interest. The endogeneity of foreign output and the equilibrium world
interest rate distinguishes this analysis from the one conducted for the
small country case. To conserve space, we do not analyze the long-run
effects here; the formal system applicable to long-run equilibrium in the
two-country world is presented in the third section of Appendix I.
The analysis is carried out diagrammatically with the aid of Figures 4
and 5. In these figures the YY schedule portrays combinations of domes
tic and foreign levels of output that yield equality between the levels of
production of domestic output and the world demand for it. Similarly,
the Y*Y* schedule portrays combinations of output that yield equality
between the level of production of foreign output and the world demand
for it. The two schedules incorporate the requirement of equilibrium in
the world money market. It is shown in Appendix I that the slopes of
these schedules are
dY,* _ 1 (s + a)(M,+eM,*) + M1H,
, along the YY schedule (18)
_
•H
dY.I =.
e a *(M,+eM*) M*
y
-

r

r

and
dY,*
d�

(19)

a (M,+eM,*) - M1F,
_!
*
F. , along the Y * Y schedule,
e (s * + a *)(M + _
eM*) + My*• '

- _

r

r
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4. A Unit Debt-Financed Rise in Government Spending Under Fixed
Exchange Rates: The Two-Country Case
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where H, and F, denote the partial (negative) effect of the rate of interest
on the world demand for domestic and foreign outputs, respectively, and
where E, M, E,*, and M,* denote the partial (negative) effects of the
rate of interest on domestic and foreign spending and money demand.
As may be seen from Figures 4 and 5, the slopes of the two schedules
may be positive or negative. To gain intuition, we note that, in the special
case for which spending does not depend on the rate of interest (so that
H, = F, = 0), both schedules must be positively sloped. But if the rate of
interest exerts a strong negative effe.ct on world spending, then the
excess supply induced by a rise in one country's output may have to be
eliminated by a fall in the other country's output. Even though this fall
in foreign output directly lowers the foreign demand for the first coun
try's exports, it also induces a decline in the world rate of interest that
indirectly stimulates spending and may more than offset the direct reduc
tion in demand. In that case market clearance for each country's output
implies that domestic and foreign outputs are negatively related.
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5. A Unit Debt-Financed Rise in Government Spending Under Fixed
Exchange Rates: The Two-Country Case
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a *(M,+ eM:) - M;. H, < 0; a (M, + eM:) - My F, > 0.

Although the two schedules may be positively or negatively sloped, it
may be verified (and is shown in Appendix I ) that the YY schedule must
be steeper than the y•y• schedule. This restriction leaves four possible
configurations of the schedules. The common characteristic of these
configurations is that, from an initial equilibrium, if there is a rightward
shift of the YY schedule that exceeds the rightward shift of the Y*Y*
schedule, theq �he new equilibrium must be associated with a higher
level of domestic output.
TwP cj:\ses capturing the general pattern of world output allocations
are shown in Figure� 4 and 5. The other possible configurations, which
are omitted, do not yield different qualitative results concerning the
effects of fiscal policjes. In both figures the initial equilibrium is indi
cated by point A, at which the domestic level of output is Yo and the
foreign level is ¥; .
A debt-financed rise in government spending raises the demand for
domestic output and induces a rightward shift of the YY schedule from
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YYto YY'. l n contrast, the direction of the change in the position of the
Y*Y* schedule depends on the relative magnitudes of the two con
flicting effects that influence world demand for foreign output. On the
one hand, the rise in domestic government spending raises the demand
for foreign goods; on the other hand, the induced rise in the world rate
of interest lowers that demand. If the Y*Y* schedule is positively
sloped, as in Figure 4, then the rise in domestic government spending
induces a leftward (upward) shift of the Y*Y* schedule. The opposite
holds if the Y*Y* schedule is negatively sloped, as in Figure 5. The
formal expressions indicating the magnitudes of the displacements of the
schedules are provided in Appendix I.
The new equilibrium obtains at point B, at which domestic output
rises from Yo to }!. In the case shown in Figure 4 (for which the interest
rate effect on the world demand for foreign output is relatively weak),
foreign output rises. But in the case shown in Figure 5 (for which the
interest rate effect on the world demand for foreign output is relatively
strong), foreign output may rise or fall depending on the magnitude of
the parameters-in particular, the composition of government spending.
For example, if government spending falls entirely on domestic output
(so that as= 0), the Y*Y* schedule does not shift, and the new equi
librium obtains at a point such as point C in Figure 5, at which foreign
output falls. At the other extreme, if government spending falls entirely
on foreign goods (so that a8 = 1) , then the YY schedule does not shift,
and the new equilibrium obtains at a point such as D, at which foreign
output rises.
It is shown in Appendix I that, independent of the direction of output
changes, the debt-financed rise in government spending must raise the
world rate of interest. The expressions reported in Appendix I also re
veal that, if the (negative) interest rate effect on the world demand for
domestic output is relatively strong, then domestic output might fall.
The balance of payments effects of the debt-financed rise in government
spending are not clear-cut, reflecting "transfer-problem criteria" (famil
iar from the theory of international transfers). But if the behavioral
parameters of the domestic and foreign private sectors are equal, then
the balance of payments must improve, and domestic money holdings
increase.
A tax-financed rise in government spending also alters the positions
of the various schedules, as shown in Appendix I (where we also provide
the formal expressions for the various multipliers). In general, in addi
tion to the considerations highlighted in the case of debt finance, the
effect of tax-financed fiscal spending also reflects the effects of the re
duction in domestic disposable income on aggregate demand. This effect
may more than offset the influence of government spending on domestic
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output. The effect on foreign output is also modified. If the interest rate
effect on world demand for foreign output is relatively weak (the case
underlying Figure 4), then the shift from debt finance to tax finance
mitigates the expansion in foreign output . If, however, the interest rate
effect on the demand for foreign output is relatively strong (the case
underlying Figure 5), then the shift from debt finance to tax finance
exerts expansionary effects on foreign output.
The direction of the change in the rate of interest induced by the
tax-financed rise in government spending depends on a transfer-problem
criterion indicating whether the redistribution of world disposable
income consequent on the fiscal policy raises or lowers the world
demand for money (see Appendix I ) . Accordingly, the interest rate rises
if the domestic country ratio, s/M1, exceeds the corresponding foreign
country ratio, s*IM;., and vice versa. Independent of the change in the
rate of interest, however, the tax-financed rise in government spending
must worsen the domestic country balance of payments and reduce
domestic money holdings.
Ill. Capital Mobility Under Flexible Exchange Rates

In this section we assume that the world economy operates under a
flexible exchange rate regime. Under this assumption, national curren
cies become nontradable assets whose relative price (the exchange rate,
e) is assumed to be determined freely in the world market for foreign
exchange. We continue to assume that in each country the GDP de
flators, P and P * , are fixed and equal to unity. In such circumstances the
nominal exchange rates represent the terms of trade, and the nominal
rates of interest in each country equal the corresponding (GDP-based)
real interest rates. Further, in keeping with traditional postulates in the
early literature on modeling macroeconomic policies in the world econ
omy, we start the analysis by assuming that exchange rate expectations
are static. In such circumstances the international mobility of capital
brings about equality among national (GDP-based) real interest rates.
The issue of exchange rate expectations is addressed in the final section
of Appendix 11.
Equilibrium in the world economy requires that world demand for
each country's output equals the corresponding supply and that in each
country the demand for cash balances equals the supply. Accordingly,
the system characterizing equilibrium in the two-country world economy
is
( 1 - �m)E(Y,- T,+ At-1> r,)
+ (1 - ��)G + e, �:E*(Y,* + A�" r,) = Y,
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f3mE (Y, - T, + A1-l> r,)
+ f3�G + e,(1 - f3:)E*(Y,* +A,!. ,, r,) = e,Y,*

(21)

M(Y,- T, + A,_ I > r,) = M

(22)

M*(Y,* + A,_" r,) = M*.

(23)

Equations (20) and (21) are the goods-market equilibrium conditions
(analogous to equations (5) and (6)), and equations (22) and (23) are the
domestic and foreign money-market equilibrium conditions, where M
and M • denote the supplies of domestic and foreign money. In contrast
with the fixed exchange rate system, in which each country's money
supply was determined endogenously, here a country's money supply is
determined exogenously by the monetary authorities. We also note that
by Walras's law the world market equilibrium condition for bonds has
been left out.
Finally, it is noteworthy that the value of securities may be expressed
in terms of domestic or foreign currency units. Accordingly, the domes
tic currency value of private sector debt, Bf, can be expressed in units
of foreign currency to yield Bf, = Bf le, . Arbitrage ensures that the ex
pected rates of return on securities of different currency denomination
are equalized. Thus, if r, and rft are, respectively, the rates of interest on
bonds denominated in domestic and foreign currency, then 1 + r, =
(e,+ 1 /e,)(1 + r1,), where e,+ 1 denotes the expected future exchange rate.
By equating r, to rft , the system of equations (20)-(23) embodies the
assumption of static exchange rate expectations and perfect capital
mobility (see Appendix I1 ) .

Fiscal Policies in

a

Sma ll Country

Analogous with the procedure in our analysis of fiscal policies under
fixed exchange rates, we start the analysis of flexible exchange rates with
an examination of the effects of fiscal policies in a small country facing
a given world rate of interest, r1, and a given foreign demand for its
goods, D*. The equilibrium conditions for the small country state that
world demand for its output equals domestic GDP and that the domestic
demand for money equals the supply. Whereas under a fixed exchange
rate regime the monetary authorities, committed to peg the exchange
rate, do not control the domestic money supply, under a flexible ex
change rate regime the supply of money is a policy instrument actively
controlled by the monetary authorities.
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The goods-market and money-market equilibrium conditions are

(1 - �m)E(Y,- T, + A,_.,

r,) + (1 - ��)G + eJ5* = Y,

M(Y,- T, + A,_., r1) = M,

(20a)
(22a)

where

At-� = M,-1 - (1 + r1)e,Bf.,+
As indicated, valuation of the debt commitment denominated in foreign
currency, (1 + r1)Bf.,_" uses the current exchange rate, e,. These equi
librium conditions determine the short-run values of output and the
exchange rate, and for comparison we recall that under the fixed ex
change rate regime the money supply rather than the exchange rate was
endogenously determined.
The equilibrium of the system is exhibited in Figure 6. The downward
sloping IS schedule shows the goods-market equilibrium condition (20a).
It is drawn for given values of government spending, taxes, and the
exchange rate (representing the terms of trade). The upward-sloping
LM schedule portrays the money-market equilibrium condition (22a). It
is drawn for given values of the money supply, the exchange rate, and
taxes. The initial equilibrium obtains at point A, at which the rate of
interest equals the world rate, r1, and the level of output is Yo. The
endogenously determined exchange rate associated with this equilibrium
is e0• Note that in this system, if the initial debt Bf,_1 is zero, the LM
schedule does not depend on the exchange rate, and the level of output
is determined exclusively by the money-market equilibrium condition;
given the equilibrium level of output, the equilibrium exchange rate,
however, is determined by the goods-market equilibrium condition. This
case underlies Figure 6. Again a comparison with the fixed exchange rate
system is relevant. There, the equilibrium money stock is determined by
the money-market equilibrium condition, whereas the equilibrium level
of output is determined by the goods-market equilibrium condition.
Consider the effects of a debt-financed unit rise in government spend
ing, from G0 to Gt. and suppose that the initial debt commitment is zero.
At the prevailing levels of output and the exchange rate, this rise in
spending creates an excess demand for domestic output and induces a
rightward shift of the IS schedule by (1 - a8)f(s + a) units. This shift is
shown in Figure 6 by the displacement of the IS schedule from the initial
position, indicated by IS(G0, To, e0), to the position indicated by IS(G�o
To. e0). Because with zero initial debt the LM schedule is unaffected by
the rise in government spending, it is clear that, given the world interest
rate, the level of output that clears the money market must remain at Yo,
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Figure 6. Short-Run Effects of a Unit Debt-Financed Rise in Government
Spending Under Flexible Exchange Rates: The Small-Country Case
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corresponding to the initial equilibrium indicated by point A. For the
initial equilibrium to be restored in the goods market, the exchange rate
must fall (that is, the domestic currency must appreciate). The induced
improvement in the terms of trade lowers the world demand for domestic
output and induces a leftward shift of the IS schedule. The goods market
clears when the exchange rate falls to e1, so that the IS schedule indicated
by IS(G�> To, e1 ) also goes through point A. We conclude that, under
flexible exchange rates with zero initial debt, a debt-financed fiscal pol
icy loses its potency to alter the level of economic activity; its full effects
are absorbed by changes in the exchange rate (the terms of trade).
Consider next the effects of a tax-financed unit rise in government
spending, from G0 to G�> as shown in Figure 7. In that case, at the
prevailing levels of output and the exchange rate, the excess demand for
domestic output induces a rightward displacement of the IS schedule by
1 a8/(s + a) units to the position indicated by IS (Gl > 7; , e0). In addi-
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7. Short-Run Effects of a Unit Tax-Financed Rise in Government
Spending Under Flexible Exchange Rates: The Small-Country Case
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tion, the unit rise in taxes lowers disposable income by one unit and
reduces the demand for money. For money-market equilibrium to be
maintained at the given world rate of interest, the level of output must
rise by one unit so as to restore the initial level of disposable income.
Thus, the LM schedule shifts to the right from its initial position, indi
cated by LM(M0, To), to the position indicated by LM(M0, 11). With a
zero level of initial debt (the case assumed in the figure), the LM sched
ule does not depend on the value of the exchange rate, and the new
equilibrium obtains at point B, where the level of output rises by one unit
from Yo to Y; . Because at the initial exchange rate the horizontal dis
placement of the IS schedule is less than unity (as long as government
spending falls in part on imported goods), it follows that at the level of
output that clears the money market there is an excess supply of goods.
This excess supply is eliminated through a rise in the exchange rate (that
is, a depreciation of the domestic currency) from e0 to e1• This deterio-
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ration in the terms of trade raises the world demand for domestic output
and induces a rightward shift of the IS schedule to the position indicated
by IS(Gt. 1j, e1). We conclude that, under flexible exchange rates with
zero initial debt, the tax-financed rise in government spending regains its
full potency in effecting the level of economic activity.
Up to this point we have assumed that the initial debt position was
zero. As a result, the only channel through which the exchange rate has
influenced the system has been through altering the domestic currency
value of the exogenously given foreign demand, D*. In general, how
ever, with a nonzero level of initial debt, B[t-t (denominated in units of
foreign currency), the change in the exchange rate also alters the domes
tic currency value of the initial debt and, thereby, of the initial assets,
A,+ The revaluation of the debt commitment constitutes an additional
channel through which the exchange rate influences the economic sys
tem. As a result, the demand for money and, thereby, the LM schedule
also depend on the exchange rate.
To appreciate the role played by debt-revaluation effects, we examine
in Figure the implications of a nonzero level of initial debt. The various
IS and LM schedules shown in the figure correspond to alternative
assumptions concerning the level of initial debt B[,-t. and the rest of the
arguments governing the position of the schedules are suppressed for
simplicity. The initial equilibrium is shown by point A and the solid
schedules along which B[,_ 1 = 0 corresponds to the cases analyzed in
Figures 6 and 7. With a positive value of initial debt, a rise in the
exchange rate lowers the value of assets and lowers the demand for
money. Restoration of money-market equilibrium requires a compensa
ting rise in output. As a result, the LM schedule in that case is positively
sloped. By similar reasoning, a negative value of initial debt corresponds
to a negatively sloped LM schedule. The level of initial debt also influ
ences the slope of the IS schedule. As shown in the figure, under similar
considerations, the IS schedule is steeper than the benchmark schedule
(around point A ) if Bf.,_ 1 > 0, and vice versa.
We can now use Figure to illustrate the possible implications of the
initial debt position. For example, a debt-financed fiscal expansion in
duces a rightward shift of the IS schedule and leaves the LM schedule
intact. The short-run equilibrium of the system is changed from point A
to point B if the level of initial debt is zero, to point Cif the level of initial
debt is positive, and to point D if this level is negative. Thus, the debt
revaluation effects critically determine whether a debt-financed rise in
government spending is contractionary or expansionary.
From the system of equations (20a) and (22a), the changes in the level
of output are

8

8
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Figure 8.

Short-Run Effects of a Unit Debt-Financed Rise n
i
Government
Spending Under Flexible Exchange Rates: The Debt-Revaluation Effect
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dY, (1 - a')(1 + r1)Bft-l
dG - (1 + r1)Bft-t - D* '
_

dY, =
1
dG

_

a8(1 + r1)Bf,_ 1
(1 + r1)Bf,-t - D* '

for dT,= 0
for dT, = dG.

(24)
(25)

Similarly, the induced changes in the exchange rates are
de,
1 - aB
dG = (1 + r1)Bft-� - D* '

for dT, = 0

(26)

for dT,= dG.

(27)

and

These results highlight the role played by the debt-revaluation effect
of exchange rate changes. Specifically, as is evident from equations (24)
and (25), a rise in government spending may be contractionary if the
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initial debt commitment is positive. If, however, the private sector is
initially a net creditor, then government spending, however it is fi
nanced, must be expansionary. In the benchmark case shown in Figures
6 and 7, the initial debt position is zero, a tax finance is expansionary
(yielding the conventional balanced-budget multiplier of unity), and
debt finance is not. The key mechanism responsible for this result is the
high degree of capital mobility underlying the fixity of the interest rate
faced by the small country. With a given interest rate and a given money
supply, there is in the short run a unique value of disposable income that
clears the money market as long as the initial debt commitment is zero.
Hence, in this case, a rise in taxes is expansionary and a rise in govern
ment spending is neutral.
A comparison between the exchange rate effects of government
spending also reveals the critical importance of the means of finance and
of the debt-revaluation effect. In general, for the given money supply,
the direction of the change in the exchange rate induced by a rise in
government spending depends on whether the government finances its
spending through taxes or through debt issue. If the initial debt commit
ment falls short of the (exogenously given) foreign demand for domestic
output, then a debt-financed rise in government spending appreciates
the currency, whereas a tax-financed rise in government spending depre
ciates the currency. The opposite holds if the initial debt commitment
exceeds exports.
The foregoing analysis has determined the short-run effects of govern
ment spending. We now proceed to analyze the long-run effects of these
policies. The long-run equilibrium conditions are shown in equations
(28)-(30) below. These equations are the counterpart to the long-run
fixed exchange rate system of equations (12)-(14). Accordingly,
E[Y - T + M - (1 + r1)eBf, r1] = Y - r1 eBf-T

(28)

(1 - r3m)E[Y - T + M - (1 + r1)eBf, r1]
+ (1 - r3�)G + ei5* = Y

(29)

M[Y - T + M - (1 + r1)eBf, r1] = M .

(30)

ln preparation for the analysis, consider first the benchmark case, in
which the initial equilibrium was associated with zero private sector
debt. For this case the long run is analyzed in Figure 9. The CA = 0
schedule portrays combinations of private sector debt and output that
yield equality between spending and income, thereby satisfying equation
(28). In view of the government budget constraint shown in equation
(15), this equality between private sector income and spending also
implies current account balance. The MM schedule portrays combina-
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9. Long-Run Effects of a Unit Rise in Government Spending Under
Flexible Exchange Rates: The Small-Country Case
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tions of debt and output that yield money-market equilibrium, thereby
satisfying equation (30). Around zero private sector debt, both of these
schedules are independent of the exchange rate. The slope of the CA = 0
schedule is -sle[1 - s(1 + r1)]. Analogous to the previous discussion of
the long-run equilibrium under fixed exchange rates, for stability this
slope is assumed to be negative. The slope of the MM schedule is
1/(1 + r1)e. It indicates that a unit rise in long-run private sector debt
raises debt commitment (principal plus debt service) by (1 + r1)e and
lowers the demand for money. For the reduction in disposable resources
to be offset and for the demand for money to be restored to its initial
level, output must be raised by (1 + r1)e units.
The initial long-run equilibrium is shown by point A, at which the level
of private sector debt is assumed to be zero, and the level of output is Yo.
As is evident from equations (28) and (30), changes in the levels of
government spending and government debt do not alter the CA = 0 and
MM schedules. It follows that, with zero private sector debt, a debt-
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financed rise in government spending does not alter the long-run equi
librium value of private sector debt indicated by point A in Figure 9. In
this long-run equilibrium, the level of output remains unchanged, and
the currency appreciates to the level shown in the short-run analysis of
Figure 6.
A rise in taxes alters both the CA = 0 and the MM schedules. As is
evident from equations (28) and (30), a rise in output that keeps dispos
able income unchanged (at the given zero level of private sector debt)
maintains the initial current account balance as well as money-market
equilibrium intact. Thus, a tax-financed unit rise in government spending
induces a rightward unit displacement of both the CA = 0 and the MM
schedules and yields a new long-run equilibrium at point B. At this point
private sector debt remains at its initial zero level. In addition, the level
of output rises to Yt, and the currency depreciates to e1 as shown in the
short-run analysis of Figure 7.
The above discussion shows that, under flexible exchange rates with
zero initial private sector debt, the long-run and the short-run effects of
fiscal policies coincide. This characteristic is in contrast to the one ob
tained for fixed exchange rates, in which the long-run effects of fiscal
policies differ from the corresponding short-run effects. In interpreting
these results we note that, because of the nontradability of national
monies under a flexible exchange rate regime, the mechanism of adjust
ment to fiscal policies does not permit instantaneous changes in the com
position of assets through swaps of interest-bearing assets for national
money in the world capital markets. As a result, the only mechanism
through which private sector debt can change is through savings. Be
cause with zero initial private sector debt both debt-financed and tax
financed government spending do not alter disposable income (as seen
from equations (24) and (25)), it follows that these policies do not affect
private sector saving. Hence, if the initial position was that of a long-run
equilibrium with zero savings and zero debt, the instantaneous short-run
equilibrium following the rise in government spending is also character
ized by zero savings. This implies that the economy converges immedi
ately to its new long-run equilibrium.
The foregoing analysis of the long-run consequences of government
spending has abstracted from the debt-revaluation effect that arises from
exchange rate changes. In general, if in the initial equilibrium the level
of private sector debt differs from zero, then the debt-revaluation effect
breaks the coincidence between the short- and the long-run fiscal policy
multipliers. Using the system of equations (28)-(30), the long-run
effects of a debt-financed rise in government spending are
dY
dG = O,

for dT = 0
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eD*

for dT = 0

(32)

(1 - a8)
D*

for dT = 0.

(33)

Similarly, the long-run effects of a balanced-budget rise in government
spending are
dY
dG = l ,

for dT = dG
for dT = dG

de
a8
=
dG ]5• '

for d T = dG.

(34)
(35)

(36)

These results show that, independent of the debt-revaluation effects,
a rise in government spending does not alter the long-run level of output
if it is debt financed, whereas the same rise in government spending
raises the long-run level of output by a unit multiplier if it is tax financed.
Thus, in both cases the long-run level of disposable income, Y - T, is
independent of government spending. The results also show that if gov
ernment spending is debt financed, then, in the long run, if initial private
sector debt was positive, the debt rises while the currency appreciates.
The opposite holds for the case in which government spending is tax
financed.
In comparing the extent of the long-run changes in private sector debt
with the corresponding changes in the exchange rate, we note that the
value of debt, eBf (measured in units of domestic output), remains
unchanged. This invariance facilitates the interpretation of the long-run
multipliers. Accordingly, consider the long-run equilibrium system of
equations (28)-(30) and suppose that government spending is debt fi
nanced. In that case, as is evident from the money-market equilibrium
condition (30), the equilibrium level of output does not change as long
as the money supply, taxes, and the value of the debt commitment are
given. Because, however, the rise in government spending creates an
excess demand for domestic output, it can be seen from equation (29)
that the currency must appreciate (that is, e must fall) so as to lower the
value of foreign demand, el5•, and thereby maintain equilibrium output
unchanged. Obviously, since e falls, (the absolute value of) private sec
tor debt, Bf, must rise by the same proportion so as to maintain the
product eBf unchanged. Finally, these changes ensure that the zero
saving condition (28) is also satisfied. A similar interpretation can be
given to the effects of a tax-financed rise in government spending, except
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that in this case the level of output rises in line with the rise in taxes so
as to keep disposable income unchanged.
A comparison between these long-run effects and the corresponding
short-run effects shown in equations (24) and (25) reveals that the rela
tive magnitudes of these multipliers depend on the initial debt position.
For example, if the initial debt commitment is positive but smaller than
export earnings, then the short-run multiplier of tax finance is positive
and larger than unity. In this case the long-run multipliers are more
moderate than the corresponding short-run multipliers. If, however, the
initial debt commitment exceeds export earnings, then the short-run
debt-finance multiplier is positive (in contrast with the long-run multi
plier) , and the short-run tax-finance multiplier is smaller than unity (and
could even be negative, in contrast to the unitary long-run balanced
budget multiplier) .
Fiscal Policies in a Two-Country World

In this section we extend the analysis of the small-country case to the
two-country model outlined in equations (20)-(23). To develop a dia
grammatic apparatus useful for the analysis of fiscal policies, we proceed
in three steps. First, we trace the combinations of domestic and foreign
output levels that clear each country's goods market, incorporating
market-clearing conditions in the two national money markets (which
under flexible exchange rates are the two nontradable assets). Second,
we trace the combinations of domestic and foreign output levels that
bring about money-market equilibrium in each country and, at the same
time, yield equality between the domestic and the foreign rates of inter
est, thereby conforming with the assumption of perfect capital mobility.
Finally, in the third step, we find the unique combination of domestic
and foreign levels of output that satisfy simultaneously the considera
tions underlying the first two steps.
Using the domestic money-market equilibrium condition (22), we can
express the domestic money-market-clearing rate of interest, r,, as a
positive function of disposable resources, Y,- T, + A,_" and as a negative
function of the domestic money stock, M; that is, r, = r(Y,- T, +
A,_" M). Applying a similar procedure to the foreign country, we can
express the foreign money-market-clearing rate of interest, r,• , as a
function of foreign disposable resources and money stock; that is,
•
r, = r*(Y,* + A�h M*), where A�1 = M�1 + R,_1 Bf-1/e,. By substitu
ting these money-market-clearing rates of interest into the goods-market
equilibrium conditions (20) and (21), we obtain the reduced-form
equilibrium conditions:
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(1 - Pm)E ( Y, - T, + A,_�> M ) + (1 - p�)G
+ e, 13: E *(Y,• + A,� I> M*) = Y,
PmE * ( Y, - T,+ A,_., M ) + p�G
+ e,(1 - p;)E *(Y,* + A:-�> M*) = e, Y,* ,

(37)
(38)

where a tilde (-) indicates a reduced-form function incorporating the
money-market equilibrium conditions. For each and every value of the
exchange rate, e,, equations (37) and (38) yield the equilibrium combina
tion of domestic and foreign output that clears the world markets for
both goods. The schedule ee in Figure 10 traces these equilibrium output
levels for alternative values of the exchange rate. The detailed derivation
of this schedule is provided in Appendix II, where it is shown that
around balanced-trade equilibria with a zero initial private sector debt
(so that exchange rate changes do not exert revaluation effects)-this
schedule is negatively sloped. In general, the ee schedule is negatively
sloped if a rise in the exchange rate (a deterioration in the terms of trade)
raises the world demand for domestic output and lowers the world de
mand for foreign output, allowing for the proper adjustments in each
country's rate of interest so as to clear the national money market.
So far we have not introduced the constraint imposed by the perfect
international mobility of capital. To incorporate this constraint, the two
national money-market-clearing rates of interest, r, and r,• , must equal
each other. This equally implies that
r(Y,- T, +A,_., M ) = r*(Y,*

+ A�., M*).

(39)

The combinations of domestic and foreign output levels conforming
with the perfect capital mobility requirement are portrayed by the rr *
schedule in Figure
With a zero level of initial debt (so that the debt
revaluation effects induced by exchange rate changes are absent), this
schedule is positively sloped because a rise in domestic output raises the
demand for domestic money and raises the domestic rate of interest.
International equalization of interest rates is restored through a rise in
foreign output that raises the foreign demand for money and the foreign
interest rate.
The short-run equilibrium is indicated by point A in Figure 10. At this
point both goods markets clear, both national money markets clear, and
the rates of interest are equalized internationally. The levels of output
corresponding to this equilibrium are Yo and Yri.
A debt-financed unit rise in government spending alters the position of
the goods-market equilibrium schedule ee but does not affect the capital
market equilibrium schedule rr * . It is shown in Appendix 11 that, for an
initial trade balance equilibrium with zero debt, the ee schedule shifts to

10.
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Figure

10. A Debt-Financed Unit Rise in Government Spending Under

Flexible Exchange Rates: The Two-Country Case
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the right by 1/s units. The new equilibrium is indicated by point B in
Figure 10. Thus (in the absence of revaluation effects), in the new short
run equilibrium both the domestic and the foreign levels of output rise,
respectively, from Yo and Y; to Yj and �.
For the given supply of money and for the higher level of output
(which raises the demand for money) , money-market equilibrium ob
tains at a higher rate of interest (which restores money demand to its
initial level). Finally, it is shown in Appendix II that the exchange rate
effects of the debt-financed rise in government spending are not clear-cut
but reflect transfer-problem criteria. These criteria embody the relative
pressures on the rates of interest in the domestic and foreign money
markets that are induced by the changes in world demand for domestic
and foreign output. If these pressures tend to raise the domestic rate of
interest above the foreign rate, then the domestic currency must appre
ciate so as to lower the demand for domestic output and reduce the
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upward pressure on the domestic interest rate. The opposite follows in
the converse circumstances. But, if the behavioral parameters of the two
private sectors are equal to each other, then the domestic currency must
appreciate.
A tax-financed unit rise in government spending alters the position
of both the ee and the rr* schedules. As is evident from equations
(37)-(39), both schedules shift to the right by one unit. This case is
illustrated in Figure 1 1 , in which the initial equilibrium is indicated by
point A and the new short-run equilibrium by point B. At the new
equilibrium the domestic level of output rises by one unit, so that dispos
able income remains unchanged. With unchanged levels of disposable
income, the demand for money is not altered, and the initial equilibrium
rate of interest remains intact. As a result the initial equilibrium in the
foreign economy is not disturbed, and the foreign level of output remains
unchanged. Finally, to eliminate the excess supply in the domestic goods
Figure 11. A

Tax-Financed Unit Rise in Government Spending Under Flexible
Exchange Rates: The Two-Country Case
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market that arises from the increase in domestic output and the un
changed level of disposable income, the currency must depreciate so as
to raise the domestic currency value of the given foreign demand. It
follows that, in the absence of revaluation effects, the flexible exchange
rate regime permits a full insulation of the foreign economy from the
consequences of the domestic tax-financed fiscal policies. The more
general results, which allow for revaluation effects, are provided in
Appendix ll. Analogous to the procedure adopted in the fixed exchange
rate case, we do not analyze explicitly here the long-run equilibrium of
the two-country world under the flexible exchange rate regime. The
formal equilibrium system applicable for such an analysis is presented in
the second section of Appendix 11.
IV. Summary and Overview

In this paper we have analyzed the effects of government spending
under fixed and flexible exchange rate regimes in a unified exposition of
the Mundell-Fleming model. We assumed throughout that the world
capital markets are highly integrated, so that capital is perfectly mobile
internationally. To conserve space, we focused on the pure effects of
fiscal policies and assumed that there is no active monetary policy. In
particular, we abstracted from money-financed government spending
and, accordingly, analyzed the predictions of the Mundell-Fleming
model with respect to the short-run and long-run consequences of debt
financed and tax-financed changes in government spending. In this
context we focused on the effects of fiscal policies on the levels of output,
debt, and the rate of interest under the two alternative exchange rate
regimes. In addition, for the fixed exchange rate regime we examined
the induced changes in the money supply; for the flexible exchange rate
regime we determined the induced change in the exchange rate.
The short-run and long-run effects of a unit debt-financed and tax
financed rise in government spending for a small country facing a fixed
world interest rate are summarized in Table 1. This table shows the
various multipliers applicable to the fixed as well as to the flexible
exchange rate regimes. The output multipliers under the fixed exchange
rate regime are the typical, textbook version of the foreign trade multi
pliers. These results were entirely expected, since the rate of interest is
exogenously given to the small country. The fixity of the rate of interest
implies that the typical crowding-out mechanism induced by changes in
the rate of interest is not present.
Under flexible exchange rates the short-run output multipliers of fiscal
policies depend crucially on the debt-revaluation effect induced by ex-
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change rate changes. Indeed, in the absence of such an effect (as would
be the case if the initial debt position were zero), fiscal policies lose their
capacity to alter disposable income. Accordingly, with debt finance the
output multiplier is zero, and with tax finance the corresponding multi
plier is unity. In general, however, the signs and magnitudes of the

short-run

output multipliers depend on the size of the initial debt. In

contrast, these considerations do not influence the

long-run output mul

tipliers. As can be seen in the table, with perfect capital mobility and
flexible exchange rates, the long-run value of disposable income cannot
be affected by fiscal policies.
One of the important points underscored by the results reported in
Table

1

is the critical dependence of the direction of change in the key

variables on the means of fiscal finance. Specifically, a shift from a
debt-financed unit rise in government spending to a tax-financed unit
rise reverses the signs of the multipliers of Bj,

M,

and

e.

For example, a tax-financed rise in government spending under a fixed
exchange rate regime induces a balance of payments deficit and reduces
both short- and long-run money holdings. In contrast, a similar rise in
government spending that is debt financed induces a surplus in the
balance of payments and raises money holdings in the short run as well
as in the long run. Similarly, under a flexible exchange rate regime the
tax-financed rise in government spending depreciates the long-run value
of the currency, whereas the debt-financed rise in government spending
appreciates the long-run value of the currency. As indicated earlier, a
similar reversal in the direction of the change in the exchange rate also
pertains in the short run, but whether the currency depreciates or appre
ciates in the short run depends on the size of the debt, which in turn
governs the debt-revaluation effect.
To study the characteristics of the international transmission mech
anism, we extended the exposition of the Mundell-Fleming model to a
two-country model of the world economy. The new channel of trans
mission is the world interest rate, which is determined in the unified
world capital market. Table

2 summarizes the short-run effects of fiscal

policies under the two alternative exchange rate regimes. To avoid a
tedious taxonomy, the summary results for the flexible exchange rates
reported in the table are confined to the case in which the twin re
valuation effects-debt revaluation and trade balance revaluation
induced by exchange rate changes are absent; it is accordingly assumed
that the initial debt is zero and that the initial equilibrium obtains with
balanced trade.
As shown, independent of the exchange rate regime, a debt-financed
rise in government spending raises the world interest rate. Under the
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Direction of Short-Run Effects of a Rise in Government Spending
Under Fixed and Flexible Exchange Rates: The Two-Country World

Table 2.

Expected Sign of Short-Run Effect
Affected Variable
y
Y*
r
M

y

Y*

r
e

Debt-financed rise
Fixed Exchange Rates
+ (for small H,)
+ (for small F,)
+

+ (for B + C < 0)
- (for 8 + C > 0)

Tax-financed rise
+ (for a8 :s a )

+

+ (for A > 0)
- (for A < 0)

Flexible Exchange Rates

+
+
+

+ (for i} > 0)
- (for 8 < 0)

+
0
0
+

Note: See the text for definitions of the affected variables. The signs indicated
for the case of flexible exchange rates are applicable to the case of an initial
equilibrium with balanced trade and zero initial debt. For the fixed exchange rate
regime, H, and F, denote, respectively, the negative effect of the rate of interest
on the world demand for domestic and foreign goods; A = s!M,-:s *!M;.;
B = e(My !M,)fa * + s*(l - a8)] - (M;. /M:)(a + sa'); and C =.My M;. M, M:
F,(l - a8) - l
fra']. For the flexible exchange rate regime, 8 = e,(My/M,)

f

a • + S*(l - a')] - (M;- !M:)(a + sa').

flexible exchange rate regime, the debt-financed rise in government
spending stimulates demand for both domestic and foreign goods and
causes an expansion in the output of both. Thus, in this case the inter
national transmission of the rise in government spending, measured by
the comovements of domestic and foreign output, is positive. In con
trast, under a fixed exchange rate regime the rise in the world interest
rate may offset the direct effect of government spending on aggregate
demand and may cause lowered output. But if the (negative) interest
rate effect on aggregate demand is relatively weak, then both domestic
and foreign output rise, thereby resulting in a positive international
transmission. Finally, we note that there is no presumption about the
direction of change in money holdings (under fixed exchange rates) and
in the exchange rate (under flexible exchange rates) in response to the
debt-financed fiscal expansion. As indicated, depending on the relative
magnitudes of the domestic and foreign propensities to save and to
import, and on the domestic and foreign sensitivities of money demand
with respect to changes in the rate of interest and income, the balance
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of payments may be in deficit or in surplus, and the currency may
depreciate or appreciate.
The results in Table 2 also highlight the significant implications of
alternative means of budgetary finance. Indeed, in contrast to debt
finance, a tax-financed rise in government spending under a flexible
exchange rate regime leaves the world interest rate unchanged, raises
domestic output, and depreciates the currency. The reduction in the
domestic private sector demand for foreign output, induced by the de
preciation of the currency, precisely offsets the increased demand in
duced by the rise in government spending. As a result, foreign output
remains intact, and the flexible exchange rate regime fully insulates the
foreign economy from the domestic tax-financed fiscal policy. In this
case the analysis of the two-country world economy reduces to the one
carried out for the small-country case. Therefore, the long-run multi
pliers for the two countries operating under flexible exchange rates
coincide with the short-run multipliers, the domestic short-run and long
run output multipliers are unity, and the corresponding foreign output
multipliers are zero.
In contrast to the flexible exchange rate regime, in which the currency
depreciates to the extent needed to maintain world demand for (and
thereby the equilibrium level of) foreign output unchanged, the fixed
exchange rate regime does not contain this insulating mechanism. As a
result, the tax-financed rise in domestic government spending raises the
world demand for (and thereby the equilibrium level of) foreign output.
Depending on the relative magnitude of the domestic government's
propensity to import, however, the domestic level of output may rise or
fall. But if the government's propensity to import does not exceed the
corresponding propensity of the private sector, then domestic output
rises, and the international transmission, measured by the comovements
of domestic and foreign output, is positive. Finally, because at the pre
vailing rate of interest domestic disposable income falls and foreign
disposable income rises, these changes in disposable incomes alter the
world demand for money and necessitate equilibrating changes in the
world interest rate. As shown in Table 2, the change in the world demand
for money (at the prevailing rate of interest) reflects a transfer-problem
criterion. If the ratio of the domestic propensities to save and to hoard,
siM,, exceeds the corresponding foreign ratio, s *tM;., then the inter
national redistribution of disposable income raises the world demand for
money and necessitates a rise in the world interest rate. The opposite
holds if s!M, falls short of s *tM;. Independent, however, of the direc
tion of the change in the world interest rate, the tax-financed rise in
government spending must worsen the domestic balance of payments
and lower the short-run equilibrium of domestic money holdings.
.
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Throughout the exposition of the model it was assumed that expec
tations were static. Because the actual exchange rates do change under
flexible exchange rates, the assumption that exchange rate expecta
tions are static results in expectational errors during the period of tran
sition toward the long-run equilibrium. The incorporation of a consistent
expectations scheme into the Mundell-Fieming model introduces an
additional mechanism governing short-run behavior. Aspects of this
mechanism are examined in the final section of Appendix II.
We conclude this summary with an overview of the Mundell-Fleming
model. A key characteristic of the formulation of the income
expenditure framework underlying the Mundeii-Flerning model is the
lack of solid microeconomic foundations for the behavior of the private
and public sectors, and the absence of an explicit rationale for the
holdings of zero interest-bearing money in the presence of safe interest
bearing bonds. The latter issue is of relevance in view of the central role
played by monetary flows in the international adjustment mechanism.
Furthermore, no attention was given to the intertemporal budget con
straints, and the behavior of both the private and the public sectors was
not forward-looking in a consistent manner. As a result, there is no
mechanism ensuring that the patterns of spending, debt accumulation,
and money hoarding-which are the key elements governing the equi
librium dynamics of the economic system-are consistent with the rele
vant economic constraints. The implication of this shortcoming is that,
in determining the level and composition of spending, saving, and asset
holdings, the private sector does not incorporate explicitly the inter
temporal consequences of government policies.
To illustrate the significance of this issue, consider a debt-financed rise
in current government spending. A proper formulation of the govern
ment's intertemporal budget constraint must recognize that, to service
the debt and maintain its solvency, the government must accompany a
current fiscal expansion either by cutting future spending or by raising
future (ordinary or inflationary) taxes. Furthermore, a proper specifica
tion of the private sector's behavior must allow for the fact that forward
looking individuals may recognize the future consequences of current
government policies and incorporate these expected consequences
into their current as well as planned future spending, saving, and asset
holdings.
The Mundell-Fleming model presented in this paper assumes that
producer prices are given and that outputs are demand determined. In
this framework nominal exchange rate changes amount to changes in the
terms of trade. As a result, the key characteristics of the economic
system are drastically different across alternative exchange rate regimes.
More recent theoretical research has relaxed the fixed-price assumption
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and has allowed for complete price flexibility. With this flexibility, prices
are always at their market-clearing equilibrium levels. Changes in the
terms of trade induced by equilibrium changes in prices therefore trigger
an adjustment mechanism that is analogous to the one triggered by
nominal exchange rate changes in the Mundeli-Fleming model.
The neglect of the intertemporal budget constraints and of the con
sequences of forward-looking behavior consistent with these constraints
are among the main limitations of the model. Recognition of these
limitations provides both the rationale for and the bridge to the growing
body of newer theoretical developments aiming to rectify these short
comings. This more current literature develops models that are derived
from optimizing behavior that is consistent with the relevant temporal
and intertemporal economic constraints. The resultant macroeconomic
model that is grounded on solid microeconornic foundations is capable
of dealing with new issues in a consistent manner. Among these s
i sues
are the effe.cts of various time patterns of government spending and
taxes. The newer literature thus distinguishes between temporary and
permanent, as well as between current and future, policies. Similarly,
such an approach is capable of analyzing the macroeconomic conse
quences of alternative specifications of the tax structure and, therefore,
can distinguish between the effects of different types of taxes (such as

income taxes, value-added- taxes, and international capital flow taxes)
used to finance the budget. An illustration of this literature is contained
in Frenkel and Razin

(1987). An important feature of the more current

approach is that, being grounded on microeconomic foundations, it is
capable of dealing explicitly with the welfare consequences of economic
policies. Tbis feature reflects the basic attribute of the macroeconomic
model: the economic behavior underlying this model is derived from,
and is consistent with, the principles of individual utility maximization .
Therefore, in contrast to the traditional approach, the intertemporal
optimizing approach provides a framework suitable for the normative
evaluation of international macroeconomic policies.

APPENDIX I

Fixed Exchange Rates
This appendix contains algebraic derivations pertinent to the fixed exchange
rate regime: for long-run equilibrium in the small-country case, and for short-run
and long-run equilibrium in the two-country world.
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Long-Run Equilibrium: The Small-Country Case

(12)-(15) of
into equations

The long-run equilibrium conditions are specified by equations
the text. Substituting the government budget constraint
(12)-(14) yields

(15)

(40)

E[Y - G + M - BP - r1(BP + B'), r1] + G = y - r1(BP + B')
( 1 - �m)E[Y - G + M - BP - r,(BP + 81), r,]
+ (1 - ��)G + eD* = Y
M[Y - a + M - BP - r1(BP + B'), ;:,) = M .

(41)
(42)

Equations (40) and (42) yield the combinations of output and private sector debt
underlying the CA = 0 schedule, and equations (41) and (42) yield the combina
tions of these variables underlying the YY schedule, in Figure 2 of the text. To
obtain the slope of the CA
and obtain

[

-s s(1 + r1) - 1
My -(1 + r1)My

= 0 schedule, we differentiate equations (40) and (42)

][ ] [
dY
dBP

=

]

-(1 -s) dM
'
1 - My

(43)

where s = 1 - Ey and a = �mEy. Solving equation (43) for dY/dM and dividing
the resultant solutions by each other yields the expression for dBPfdY along the
CA = 0 schedule. This expression is reported in equation (16) of the text.
Similarly, differentiating equations (41) and (43) yields

[

-(s + a ) -(1 + r1)(1 - s - a)
My
-(1 + r1)My

][ ] [

J

dY = -(1 - s - a) dM
dBP
1 - My

·

(44)

Following a similar procedure, we obtain the expression for dBPfdY along the
YY schedule. This expression is reported in equation (17) of the text.
To obtain the horizontal displacements of the CA = 0 schedule following a
balanced-budget rise in government spending (Figure 3), we differentiate equa
tions (40) and (42) while holding B8 and BP constant. Accordingly, equation (40)
implies that ( 1 - s)(dY - dG + dM) = dY - dG, and equation (42) implies that
dM = My(dY - dG)/(1 - My)· Substituting the latter expression into the former
reveals that dY/dG = 1. Thus, a unit balanced-budget rise in government spend
ing induces a unit rightward shift of the CA = 0 schedule.

Analogously, to obtain the horizontal shift of the YY schedule we differentiate
equations (41) and (42) while holding B8 and BP constant. Equation (41) implies
that (1 - s - a )(dY - dG + dM) + (1 - a')dG = dY, where a' = ��, and equa
i plies that dM = My(dY - dG)/(1 - My)· Substituting the latter into
tion (42) m
the former shows that the horizontal shift of the YY schedule is

1

_ (1 - My)a'
s + a - My ·

Thus, n
i contrast with the unit rightward displacement of the CA = 0 schedule,
the unit balanced-budget rise in government spending shifts the YY schedule to
the right by less than one unit.
The long-run effects of fiscal policies are obtained by differentiating the sys
tem of equations (12)-(14) of the text and solving for the endogenous variables.
Accordingly,
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(45)
Using this system, one finds that the long-run effects of a debt-financed rise in
are
government spending (that is,

d T = 0)
1-a8
6- [1 -s -fr (s -My)) � 0,
dGdY = for
for

dT,

for

(46)

dT, =O

dT, = 0

(47)

= 0,

(48)

where 6. =
fr (s
under the assumption that a rise in income wors
ens the current account of the balance of payments. Correspondingly, the long
run effects of a balanced-budget rise in government spending (that is,
=
are

a - -My)> 0

dG dT)

for

(49)

dG = dT,

dBP
dG = Aa11 (s -My) � 0, dG =dT,
dG = dT,.
dGdM = a11 My
for

-A

:s

0,

(50)
(51)

for

Short-Run Equilibrium: The Two-Country World
In this section we analyze the short-run equilibrium of the system of equations
in the text. This system determines the short-run equilibrium values of
Y,, Y:', and r,. The YY and y•y• schedules in Figure 4 show combinations of Y,
and Y: that clear the markets for domestic and foreign output, respectively.
Both of these schedules incorporate the world money-market equilibrium condi
tion (7) of the text. To derive the slope of the YY schedule, we differentiate
and (7) of the text to yield
equations

(5)-(7)

(5)
[-(sMy+a) eM;.
ea* ][dY,
dY:' ] - - [(M,+eM;)]dr,
= (1M, M:
H,

(52)
+eM

where H, denotes the partial (negative) effect of a change in the rate of interest
�m)E,
E:,
on the world demand for domestic output; that is, H,
denote the partial (negative) effects of the rate of
where £,
E:, and
interest on domestic and foreign spending and money demand. To eliminate r,
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(52) for dY,Idr,
d"Y:Idr, and divide the solutions by each other. This yields
d¥': 1 (s + a )(M,+eM: ) + MyH,
along the YY schedule.
(53)
dY,
a *(M,+eM:) - Mj-H,
Analogously, differentiating equations (13) and (14) of the text yields

from the goods-market equilibrium schedule, we solve equation
and for

- =

[�y

e

][ ] [

-e(��} a*) ��

=M,

:tM�

]

(54)

dr,,

where F,=f3mE,+e(l - !3:)£� denotes the partial (negative) effect of the rate of
interest on the world demand for foreign output. Applying a similar procedure
as before, we find that the slope of the Y* Y* schedule is

a(M,+eM:) - My F,
d Y,* 1
dY, - (s* + a• )(M,+eM� ) + Mj-F, '

e

along the

Y*Y*

schedule.

(55)

A comparison of the slopes in equations (53) and (55) shows that there are
various possible configurations of the relative slopes of the YY and Y* y• sched
ules. Two configurations, however, are ruled out. First, if both schedules are

positively sloped, then the slope of Y*Y* cannot exceed the slope of YY. This
can be verified by noting that in the numerator of equation (53) the negative
quantity a(M,+eM: ) is augmented by additional negative quantities, whereas
the same negative quantity in the numerator of equation (55) is augmented by
an additional positive quantity. A similar comparison of the denominators of
equations (53) and (55) shows that the negative quantity a• (M,+eM: ) is aug
mented by additional negative quantities in equation (55) and by a positive

quantity in equation (53). Second, if both schedules are negatively sloped, then
by subtracting one slope from the other it can be verified that the Y*Y* schedule
cannot be steeper than the YY schedule. These considerations imply that, for all
situations in which there is a rightward shift of the YY schedule exceeding the
rightward shift of the Y*Y* schedule, the new equilibrium must be associated

with a higher level of domestic output .
A rise in domestic government spending alters the position of both schedules.

To determine the horizontal shift of the YY schedule, we use equations (5) and
(7) of the text, holding Y* constant and solving for dYidG after eLiminating the
expression for drldG. A similar procedure is applied to determine the horizontal
shift of the Y* Y* schedule from text equations (6) and (7). Accordingly, the
horizontal shifts of the schedules induced by a debt-financed rise in government
spending are

dY =

dG

1

____; - a'
..;.;._
_
_
:;..._
MyH,

_

s+a+

�

for the YY schedule

O,

(56)

M,+e-M•
r

'
a'-:�� = ----:'My
-:::- � 0,
F,
a-

for the

Y*Y*

schedule.

(57)

,
M,+e-M•

The corresponding shifts for the tax-financed rise in government spending are

dY = 1 dG

a'
MyH,
s + a + M,+e"M*

�

0

'

for the YY schedule

r
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a'
for the Y* Y* schedule.
0
(59)
My F, ;::
�
a --'M,+eM:
Comparisons of equation (56) with equation (57) and of equation (58) with
dY =
1dG

'

equation (59) reveal the <lifference between the shifts of the YY and the Y*Y*
schedules.
To compute the short-run multipliers of fiscal policies, we differentiate the
system of equations (5)-(7) in the text. Thus,

[

- (s + a)
a
My
=

[ l [I T"J"r,
I

-

�:

- e (:�·+ a *)
M,+eM:
eM;.

][��� ]
dr,

(60)

�� dG +

With a debt-financed rise in government spending, dT, = 0; thus, the short-run
effects are

�� = � {[s *(1 - a') + a *)(M,+eMn
+ M;- [F,(1 - a') - a'H,)},

�lJ
where

(61)

= � {(sa' + a )(M,+eM: )
e

- My[F,(1 - a') - a'H,)},

��

for dT, = 0

=

-

for dT, = 0

(62)

� {[s*(1 - a') + a *]My+(sa' + a)M;.} > 0,

for dT, = 0, (63)

� = s[(s* + a*)(M,+eMn + M;.F,] + a[s*(M,+eMn + M;. (F,+H,)]
+ My[s*H,+a*(F,+H,)] < 0.

Differentiating the domestic money demand function (equation (8) of the text)
and using equations (61) and (63) yields the short-run change in the domestic
money holdings--that is, the balance of payments:

1
M;
dM,
{eMy [a * + s*(a
=
- a')] - . (a + sa')
dG M, M: � M,
M:
+ MyM;. M,M: [F,(l - a8) - H,a']},

for

dT, = O.

(64)

With a balanced-budget rise in government spending, dG = dT, = dT.
Accordingly, the solutions of the system of equations in (60) are

�� = � {s[(s * + a *)(M,+eMn + M;- F,]

+ (a - a')[s*(M,+eMn + M;. (F,+H,)]
+ My(s*H,+a*(F,+H,))},

for

dG = dT,
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dY� _ a'
(Mr(F,+H,) + s(M,+eM,* )] > 0,
dG - et:>.
_

s

dr, a
- ( *M M* )
dG £r s r-s r· '

for dG = dT,

for dG = dT,.

609
(66)
(67)

Differentiating the domestic money demand function and using equations (65)
and (67) yields

�� = - � ((sM,M;. + s *eM:My) + My M;. (F,+H,)] < 0,
for dG = dT,.

(68)

Long-Run Equilibrium: The Two-Country World
The long-run equilibrium of the system is specified by equations (69)-(75)
below, where the first five equations are the long-run counterparts to the short
run conditions (5}-(9) of the text, and the last two equations are the zero-savings
requirements for each country, implying (once the government budget constraint
is incorporated) the current account balances; by using a common rate of
interest, this long-run system embodies the assumption of perfect capital
mobility:
(1 - 13m)E(Y - T + M - (1 + r)BP, r] + (1 - j3�)G
+ 13:eP[Y* + M * + (1 + r)BPfe , r] = Y

(69)

13mE(Y - T + M - (1 + r)BP, r] + I3�G
+ (1 - j3:)eE*[Y* + M * + (1 + r)BPfe , r] = Y*

(70)

M[Y - T + M - (1 + r)BP, r]
+ eM*[Y* + M* + (1 + r)BPfe, r] = M
M (Y - T + M

-

(1 + r)BP, r] = M

(71)
(72)

M*[Y* + M * + (1 + r)BPfe , r] = M*

(73)

E[Y - T + M - (1 + r)BP, r] = Y - rBP - T

(74)

E*(Y* + M * + (1 + r)BPfe , r] = Y* + rBP/e.

(75)

By Walras's law, one of the seven equations can be omitted, and the remaining
six equations can be used to solve for the long-run equilibrium values of Y, Y*,
BP, M, M*, and r as functions of the policy variables.

APPENDIX II
Flexible Exchange Rates
This appendix provides algebraic derivations pertinent to the flexible
exchange rate regime: for short-run and long-run equilibrium in the two-country
world, and for exchange rate expectations.
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Short-Run Equilibrium: The Two-Country World
To analyze the short-run equilibrium of the two-country model under flexible
exchange rates, we begin by using the domestic money-market equilibrium con
dition (22) of the text to obtain the domestic market-clearing rate of interest:

r, = r(Y,- T, +A,_., M),
(76)
where a rise in disposable resources raises the equilibrium rate of interest, and
a rise in the money supply lowers the rate of interest. Similarly, using the foreign
money-market-clearing condition (23) of the text (but not imposing yet an equal
ity between the foreign rate of interest, r,* , and the domestic rate, r,) yields
(77)
r� = r *(l7 + A�- �t M*).
Substituting equation (76) into the domestic expenditure function (3) of the text
and substituting equation (77) into the corresponding foreign expenditure
function yields
E, = E(Y,- T, +A,_�, M )

(78)

(79)
E: = E*(l7 + A�-�t M*).
Equations (78) and (79) are the reduced-form expenditure functions that incor
porate the conditions of money-market equilibrium. A rise in disposable
resources exerts two conflicting influences on the reduced-form expenditure
functions. On the one hand, it stimulates spending directly; on the other hand,
by raising the equilibrium rate of interest it discourages spending. For
mally, E,= E,-(E,IM,)M,. In what follows, we assume that the direct effect dom
inates, so that Ey > 9· For subsequent use, we note that the reduced-form saving
propensity, s = 1 - E, , exceeds My[l + (E,/M,)]. This relationship follows from
the assumption that bonds are normal goods (so that 1 - E,-M, > 0) together
with the former expression linking Ey with Ey.
Substituting the reduced-form expenditure functions (78) and (79) into the
goods-market-clearing conditions yields
(1 - 13m )E(Y,- T, + Ar-a, M ) + (1 - 13�)G

13mE(Y,- T, + A,_�, M ) + 13!,G

+ e,( I - j3:)E*(l7 + A:-�> M*) = e, Y: ,

(80)
(81)

where we recall that A,-1
M,_1 - (1 + r,-1)Bf'_1 and A:-1 = M:-1 + (1 + r,-1)
B{'_ tfe,. Thus, whereas A,-• is predetermined, the value of A:- • depends on the
prevailing exchange rate. Equations (80) and (81) are the reduced-form goods
market-clearing conditions. These conditions link the equilibrium values of do
mestic output, foreign output, and the exchange rate. In the first step of the
analysis, we derive the ee schedule of Figure 10 of the text, which portrays
alternative combinations of Y and y• satisfying equations (80) and (81) for
alternative values of the exchange rate (which is treated as a parameter). The
slope of this schedule is obtained by differentiating equations (80) and (81) and
solving for d}7/dY,. Accordingly,
=

[

- s (s + a)
ii

e, a •
- e,(s* + ii*)

J J
[

dY,
d}7
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[ ���;. �� ] [ �t]
[ -�-a ]

= !M, �
+ 1

*)H de, -

1

611

do

dt,

(82)

where H = (1 + Tr-t)Bf_.fe, denotes the debt commitment of the home country;
the reduced-fo!m saving and import prope�sities are designated by a tilde ( ) ;
and /M,* = �: E* and !M, = Y* - ( 1 - �:)E* are, respectively, the foreign and
domestic values of imports expressed in units of foreign goods. For given fiscal
policies, we obtain
•

dY,
de,

-_
- s *!M,* + a*(!M,* - !M,) - a*H

�

ll

S/M, - a(IM,* - IM,) + [$(1 - s * - a * ) + a(l - .S*)]H
dY,*
e,ll
de, = -

(84)

where

ll =ss•

+ sa• + s *a >O.
To obtain tbe slope of the ee schedule, we divide equation (84) by equation (83)

to yield

dY,* - siM, - a(IM,* - IM,) + [s(l - s * - a*) + a(l - s*)]H
d Y, =
e,[s*IM,* + a *(!M,* - IM,) - a *H]
along tbe ee schedule.

(85)
Around a trade-balance equilibrium with zero initial debt (that is, !M, = !M,*
and H = 0), this slope is negative and is equal to -sle,s•. With the negatively
sloped ee schedule, a downward movement along the schedule (that is, a rise in
Y, and a fall in Y,*) is associated with higher values of e,.
To determine the effects of changes in government spending, we compute the
horizontal shift of the ee schedule by setting dY,* = dT, = 0 in the system of
equation (82) and solving for dY,IdG:

!M, + a'(IM,* - IM,) + [(1 - .S *)(1 - a8) - a*] H
dY,
=
tlG siM, - a(IM,* - IM,) + [s(l - .s • - a*) + a(1 - s*)]H
for the ee schedule.

•

(86)

Thus, around trade-balance equilibrium and zero initial debt, the schedule shifts
to the right by 1/s .
By setting dY,* = dG = 0 and following a similar procedure, we find that the
horizontal shift of the ee schedule induced by a unit rise in taxes is

dY, _ a(IM,* - IM,) + (1 - s) IM, + [(1 - s)(l - s • - a*)(1 - s*)]H
dT. - - -a(IM,* - IM,) + siM, + [s(l - .s• - a * ) + a(1 - s *)]H
for the ee schedule.
(87)
Thus, around trade-balance equilibrium and zero initial debt, schedule ee shifts
to the left by (1 - s)ls units.

By combining the results in equations (86) and (87), we obtain the effect of a
balanced-budget unit rise in government spending. Accordingly,

©International Monetary Fund. Not for Redistribution

612

FRENKEL and

JACOB A.

ASSAF RAZIN

dY, S/M, + (a ' - a)(IM,• - IM,) + [$(1 - s * - a•) + (1 - s *)(a - a')]H
dG =
SIM, - a(IM,• - IM,) + [s(t - s • - a•) + a(1 - s *)]H
for the ee schedule, with dG = dT,.
(88)
Thus, around trade-balance equilibrium with zero initial debt, a balanced
budget unit rise in government spending shifts the ee schedule to the right by one
unit.
In the second step of the diagrammatic analysis, we assume that H
0 and
derive the rr• schedule in Figure 10 of the text, which portrays the combinations
of Y and y• along which the money-market-clearing rates of interest (under the
assumption of static exchange rate expectations) are equal across countries, so
that
=

(89)
The slope of this schedule is ry tr;., which can also be expressed in terms of the
characteristics of the demands for money:
along the

rr•

(90)

schedule.

Obviously, around r = r •, M:. equals M:. As is evident, the level of government
spending does not influence the rr• schedule, whereas a unit rise in taxes shifts
the schedule to the right by one unit.
The effects of fiscal policies can be formally obtained by differentiating the
system of equations (80), (81), and (89). Thus,

[

-($ +a)
e,a•
a
-e,(s * + a *)
My /M,
-M;.tM:
=

-

[ ] [
1 - a'
a

'

0

dG

+

l[ l

IM,• - a •H
-IM, - (1 - s • - a •)H
HM;. le,M:.

1-s -a
a

My!M,

l

dY,
dY,•

de,

dT,.

(91)

By solving equation (91), we find that the short-run effects of a debt-financed
rise in government spending are

�� = :z� [IM, (1 - a') + IM,• a1 + (1 - a )H]
'

,

for

dT,= 0

(92)

dY,• My
1 M;. {a" + sa
- ')
[IM + a'(IM * - IM )] + A
dG - �M,
M:
r

+

de,
dG

I

d [(1 - a')(1 -

r

}

s *) - a •] H,

{

for

e,My . + - *
1 M;. ("a + sa
- '
s (1 - a
) - M, [a"
M:

=A

{

dT, = 0

')]},

(93)

for

dT,= 0
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where

6.

= MM� [($ + a)/M, - aiM,*] + e:,r [($* + a*)IM,* -a*IM,]
,

Thus, with n
i itial balanced trade and with zero initial debt, 6. < 0.
Differentiating the money-market equilibrium condition (equation (8) of the
text) and using eqQ!lti!}n (92), we obtain the equilibrium change in the rate of
interest:

dr, Mr M;. [Ju +a1(/M*-/M') + (1 - a')H)'
dG - - M,M,
'
*6. ,.,
dT,= O.
for

(95)

Similarly, the short-run effects of a tax-financed rise in government spending are

��

=

i {� [$/M, + (a -a')(/M, -/M,*)]

e:r [s •JMl + �*(IM,* - IM,)]
e,My •]H }'
Mj. s + a - a' ---a
dG =dT,
+ [M,
M,*
dY,* -- a' {My (IM* -IM)- [My (1 - s-•) - M;. s ]H}
dG 6. M, ' .. ' M,
M,* '
dG dT,
dG = dT,.
+

(

for

-

_

)

_

for

=

for

(96)

(97)
(98)

Using the money-market equilibrium condition together with equation (96)
yields

�� = -:,A {a'(IM,* -IM,)+ [� (s + a -a') +e:r a*] H } ,
for

dG = dT,.

(99)

Long-Run Equilibrium: The Two-Country World
The long-run equilibrium of the system is characterized by eAuations
(100)-(104) below, where the first three equations are the long-111'! coul!terparts
to equations (80), (81), and (89), and the last two equations are the r�qyirements
of zero savings in both countries, implying (once the government budget con-
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straint is incorporated) the current account balances; embodied in the system are
l
the requirements of money-market equilibrium and perfect capital mobiity:
( 1 - �m )E[Y - T + M - (1 + r)BP, M] + (1 - ��)G
(100)
T + M - (1 + r)BP,

M] + ��G
1
+ e (1 �:)£• ( Y* + M * + �r BP, M* ) = eY*

�mE(Y

-

(101}

-

(

r[ Y - T + M - (1 + r)BP, M]= r• y• + M* + l ;r BP, M*

E[Y - T + M - (1 + r)BP, M] = Y - rBP- T

(

)

)

�

P
£• Y* + M * + 1;r BP, M * = Y* + e .

(102)
(103)
(104)

This system, which determines the long-run equilibrium values of Y, Y* , e, BP,
and r, can be used to analyze the effects of government spending and taxes on
these endogenous variables.
Exchange Rate Expectations
Up to this point we have assumed that expectations about the evolution of the
exchange rate are static. This assumption implied that the rates of interest on
securities denominated in different currencies are equalized. But because the
actual exchange rate does change over time, it is useful to extend the analysis to
allow for exchange rate expectations that are not static. Specifically, in this
section of Appendix n we assume that expectations are rational in the sense of
being self-fulfilling. We continue to assume that the GDP deflators are fixed. To
illustrate the main implication of exchange rate expectations, we consider a
stripped-down version of the small-country flexible exchange rate model; for
expository convenience, we present the analysis using a continuous-time version
of the model.
The budget constraint can be written as
(105)
E, + M, - e,Bfl = Yt - T, - r1e,Bf,,
where a dot over a variable indicates a time derivative. The spending and money
demand functions (the counterparts to equations (3) and (4) of the text) are
(106)
E, = E(Y,- T,- r1e,Bf, , M, - e,Bf,, r1)
(107)
where the demand for money is expressed as a negative function of the expected
depreciation of the currency, e,Je,. In what follows, we simplify the exposition by
assuming that the world interest rate, ;, is very low (zero) and that the effect of
assets, M, - e, Bf,, on spending is negligible. With these simplifications, the
goods-market and money-market equilibrium conditions (the counterparts to
equations (20a) and (22a) of the text) are
(1 - �m)E(Yt- T,) + (1 - ��)G + e,D* = Y,
(108)
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�) = M.

(109)

Equation (108) implies that the level of output that clears the goods market
depends positively on the level of the exchange rate and on government spending
and negatively on taxes. This dependence can be expressed as

(110)
Y, = Y(e,, G, T,),
where iJY,Iae, = D*I(s + a), iJY,/iJG = ( l - a')l(s + a) and iJY,IiJT, = -(1 -s
- a )l(s + a) are the conventional foreign trade multipliers. Substituting the
functional relation (110) into the money-market equilibrium condition and solv
ing for the (actual and expected) percentage change in the exchange rate yields

�
e, = f(e, Bf,, G , T,, M),

(111)

where

a[lae = [ -MyD*I(s + a ) + MA Bf,]IM,
iJfliJBf, = e,MAIM,
a[I aG = -(1 - a')l(s + a)M,
iJfliJT, = (1 - s - a)/(s + a)M,

and where MA and M, denote, respectively, the derivatives of the demand for
money with respect to assets (M - e,Bf,) and the rate of interest. The former is
positive, the latter negative. The interpretation of the dependence of the per
centage change in the exchange rate, which represents the money-market
clearing interest rate, on the various variables follows. A rise in the exchange
rate raises the goods-market-clearing level of output and raises the demand for
money. To restore money-market equilibrium, the rate of interest must rise; that
is, �, le, must rise. The rise in e, however, raises the domestic currency value of
the debt, Bf;. If the private sector is a net creditor, the depreciation of the
currency raises the domestic currency value of assets and raises the demand for
money. This in turn also contributes to the rise in the rate of interest. If,
however, the private sector is a net debtor, then the value of assets falls and the
demand for money is reduced, thereby contributing to a downward pressure on
the rate of interest. The net effect on the rate of interest depends, therefore, on
the net debtor position of the private sector; if, however, Bf, is zero, then the
rate of interest must rise so that a[Iae, > 0. Analogous interpretations apply to
the other derivatives, for which it is evident that

iJfliJT,<O.

Equation

(111)

a[I iJBf, < 0, iJfl aG :2:0,

and

constitutes the first differential equation of the model to

govern the evolution of the exchange rate over time. The second variable whose
evolution over time characterizes the dynamics of the system is the stock of
private sector debt. Substituting the goods-market equilibrium condition (110)
into the budget constraint (105), and using the fact that in the absence of
monetary policy M, = 0, we can solve for the dynamics of private sector debt:

.
1
Bf, = e, h(e,, G , T,)

1
=e, {E, [Y(e,, G , T,) - T,] - Y(e,, G, T,) + T,}.
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Equation (112) expresses the rate of change of private sector debt as the
difference between private sector spend�g and disposable income. The pre
vious discussion implies that ahlae, = -D*sl(s + a ) < O, ah/aG = -(1 - ag)s/
(s +a) !:i 0, and ah/aT, = s/(s + a ) > 0.
In interpreting these expressions, we note that the function h represents the
negative savings of the private sector. Accordingly, a unit rise in e, or G raises
savings by the saving propensity times the corresponding multiplier. Anal
ogously, a unit rise in taxes that reduces disposable income lowers savings by the
saving propensity times the corresponding multiplier for disposable income.
The equilibrium of the system is exhibited in Figure 12. The positively sloped
e, = 0 schedule shows combinations of the exchange rate and private sector debt
that maintain an unchanged exchange rate. The schedule represents equation
(111) for e, = 0. Its slope is positive around a zero level of private sector debt,
and its position depends on the policy variables G, T,, and M. Similarly, the
Bf, = 0 locus represents equation (112) for Bf, = 0. It is horizontal because, as
specified, the rate of change of private sector debt does not depend on the value
of debt. The arrows around the schedules indicate the directions in which the
variables tend to move, and the solid curve with arrows shows the unique saddle
path converging toward a stationary state. As is customary in this type of anal
ysis, we associate this saddle path with the equilibrium path. The long-run
equilibrium of the system is shown by point A in Figure 12, by which, for
Figure 12. Equilibrium Exchange Rate Dynamics and Debt Accumulation

e,

_j
.

Bj,

L

0

r
0
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Figure 13. Effects of a Debt-Financed Rise in Government Spending

on the Paths of the Exchange Rate and Private Sector Debt
e,

0

B'f

Bj,

convenience, we show a case in which the long-run value of private sector debt
is zero .
The effects of a unit debt-financed rise in government spending from Go to
are shown in Figure. 13. From an initial long-run equilibrium at point A, _!!le
rise in G shifts the Bf, = 0 schedule from point A downward by (1 a11)fQ•,
and it also shifts the t = 0 schedule from point A downward by -(1 - a11)!My D•.
For My<l, the vertical displa�ement of the t = 0 schedule exceeds the corre
sponding displacement of the Bf, 0 schedule, and the new long-run equilibrium
obtains at point C, at which the domestic currency has appreciated and private
sector debt has risen. The short-run equilibrium obtains at point B along the new
saddle path, and transition toward the long-run equilibrium follows along the
path connecting points B and C. As is evident, the initial appreciation of the
currency overshoots the long-run appreciation.
The effects of a unit tax-fina.nced rise in government spending a.r.e shown in
Figure 14. With dG = dT, the Bf, 0 schedule shifts upward by a•fD•, whereas
the t 0 schedule shifts vertically by (s + a - all)/My D•. The benchmark case
shown in Figure 14 corresponds to the situation in which the private sector and
the government have the same marginal propensities to spend on domestic goods
(that is, s + a =all). In that case, the t = 0 remains intact, the short-run equi
librium is at point B, and the long-run equilibrium is at point C. As can be seen

G1

-

-

=

=

=
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Figure 14. Effects of a Tax-Financed Rise in Government Spending
on the Paths of the Exchange Rate and Private Sector Debt
e,

0

BP
ft

Note: s + a = a11•
in this case, the domestic currency depreciates, and the short-run depreciation
undershoots the long-run depreciation. These results are sensitive, however, to
alternative assumptions about the relative magnitudes of (s + a) and a'.
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The Effectiveness of Capital Controls
Implications for Monetary Autonomy in the Presence
of Incomplete Market Separation
DANIEL GROS*

The long-run ineffectiveness of quantitative capital controls is demon
strated with a model in which economic agents can evade controls by
incurring costs at the time that capital is transfe"ed. Differentials between
domestic and off-shore interest rates, as well as expectations about future
yield differentials, provide incentives for capital flows, which in turn feed
back to eliminate the differentials in the long run. Consequently, under
fixed exchange rates the proportion of a change in domestic credit that is
"offset" by capitalflows is afunction of time; quantitative capital controls
can provide only temporary autonomy for national monetary policy.

ANY OPPONENTS of quantitative controls on the flow of interna
Mtional capital have argued that such controls may work in the short

run, but that in the long run economic agents in an otherwise open
economy will find ways to evade them. This paper formalizes the notion
of the long-run ineffectiveness of quantitative capital controls by using a
framework in which economic agents can evade the controls if they are
willing to incur some costs.
This framework contrasts with most other economic models of capital
controls, which assume that the controls either introduce a constant
(relative or absolute) differential between the yields in domestic and
• Mr. Gros an economist in the Research Department when this paper was
written, is currently at the Universite Catholique de Louvain and the Centre for
European Policy Studies in Belgium. He wishes to thank his colleagues in the
Fund for discussions and comments that contributed substantially to the develop
ment of the paper.
,
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foreign capital markets or effectively stop all capital movements.• By
maintaining a yield differential or stopping all capital flows, capital
controls are effective in these models, even in the long run. The central
theme of this paper, however, is that capital controls are not perfect in
reality and are likely to be circumvented if the incentive is great enough.
Even if circumventing or evading capital controls is a costly activity,
some capital flows are likely to occur in response to a yield differential.
To the extent that the flows that do occur despite controls have some
feedback effect on the yield differential, moreover, these flows would
tend to reduce or even eliminate the yield differential in the long run,
other things being equal. One might then observe a yield differential that
declines over time, even when the regulations used to control the move
ments of capital are not changed. Modeling explicitly the way in which
capital controls can be circumvented is thus of central importance in
describing either the effects of imposing capital controls or the dynamic
adjustment of financial market conditions after various disturbances
while capital controls are in effect.
In developing an analysis of capital controls it is important to dis
tinguish between quantitative controls on capital flows and controls that
are based on differential tax treatment. Controls of the latter type usu
ally involve the use of required reserve ratios or withholding taxes and
in general apply not to flows of capital but rather to the entire stocks of
particular types of assets outstanding. Such controls might therefore be
able to sustain a constant yield differential between domestic and foreign
capital markets as long as stocks of both types of assets (those under
control and those fre.e from controls) remain outstanding.2
It should be emphasized at the outset that this paper will not consider
controls based on the differential tax treatment of different securities;
rather, the concern is mainly with the types of quantitative controls that
1 See, for example, Adams and Greenwood (1985), Aizenman (1986), Basevi
(1985), Dornbusch (1985), Flood and Marion (1982), and Stockman and
Alejandro (1985). Edwards (1985) and Edwards and Khan (1985) present a

model in which it is assumed that the effect of capital controfs is to lead to a
partial adjustment of interest rates. The explicitly optimizing model presented in
this paper can be interpreted as yielding a partial justification forthe assumption
emgloyed in these two earlier papers.
The yield differentials sustained by this type of controls, however, are usually
small relative to the yield differentials that are sometimes caused by quantitative
controls. For example, the yield differential between domestic interest and Euro
interest rates on assets denominated in deutsche mark is usually below half a
percentage point; in particular, Euro-deutsche-mark rates are always inside a
corridor around German domestic rates, with the width of the comdor deter
mined by the German reserve requirements (see Issing (1987}). By contrast, the
corresponding yield differential on assets denominated in lire has sometimes
exc
eeded 10 percentage points.
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have been employed in the European Monetary System (EMS). The two
EMS members that still have such capital controls in place are Italy and
France. The Italian capital controls have been designed to eliminate or
reduce the profitability of portfolio investments abroad for residents. 3
Because exporters and importers of goods and services could circumvent
regulations on portfolio investments by changing the terms of payment
on their respective contracts, however, strict regulations have also been
imposed on the terms that exporters can give their foreign clients and the
time intervals within which export receipts must be converted into lire.
Similar restrictions apply on the import side. Nevertheless, in an other
wise open economy, where imports of goods and services account for 30
percent of gross national product and where each year millions of tour
ists cross national frontiers, it is very difficult to control all of the various
channels through which capital can be exported. It has therefore been
argued that capital controls in a country such as Italy (or France) cannot
maintain a constant interest rate differential over the long run.
This argument is borne out by the behavior of the differentials be
tween the regulated domestic interest rates and the unregulated off
shore or Euro-interest rates on deposits denominated in lire. As indi
cated by Figure 1, the experience since 1980 shows in this respect that
during periods of "calm" in the EMS-that is, when no realignment was
expected-the Euro-lira rates have been very close to corresponding
domestic Italian interest rates, despite the presence of capital controls. 4
When realignments were expected, however, the Euro-interest rates
stayed for several months considerably above the domestic Italian rates.
(Immediately before realignments, the difference between the two inter
est rates often exceeded 10 percentage points.) Similarly, Figure 2 shows
that the Euro-interest rates on French franc deposits have deviated con
siderably from corresponding domestic French interest rates only during
the periods preceding EMS realignments. The actual interest rate differ
ential that often has been used as an indicator of the severity of capital
controls should therefore be regarded as a function not only of the
severity of the controls, but also of the nature of the "disturbances" that
are affecting the economy and of the time the economy has had to adjust
to those disturbances (see lto (1983) and Otani and Tiwari (1984)).
3ln the past it was required that, for each U.S. dollar invested abroad, SO cents
had to be held in a zero-interest lira deposit. Portfolio investment abroad would
thus have been profitable only if the foreign interest rate were more than double
the Italian interest rate. This regulation has recently been changed by lowering
the re�uired amount of the zero-interest deposit to only 15 percent of the
portfolio investment abroad.
4 See Appendix I for desc
riptions and sources of the data used in Figures 1 and
2. Similar data are presented in Giavazzi and Pagano {1985); see also Claasen
and Wyplosz {1982).
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The analysis in this paper also disputes the common argument that,
when controls apply only to capital outflows and not to capital inflows,
the potential for massive capital inflows could prevent domestic interest
rates from ever exceeding corresponding off-shore rates. The flaw in this
argument is that private operators who take the future into account
might not transfer funds to the domestic market if they perceived that
domestic interest rates were only temporarily above off-shore rates. In
particular, if they expected future domestic interest rates to be below
off-shore rates, and if controls imply that future capital outflows would
be costly, it might not be optimal for them to transfer funds to the
domestic market and later incur the costs of transferring them back to
the off-shore market. If future off-shore rates were expected to be very
high relative to domestic rates, it is even possible that capital outflows
could take place during periods in which off-shore rates were below
domestic rates. The results of this paper therefore suggest that, even
with a given enforcement mechanism in place that is designed to impede
capital outflows, the observed interest differential might be positive or
negative and might vary considerably over time. Actual interest rate
different ials are thus not an accurate measure of the effects of quantita
tive capital controls.This forward-looking characteristic of capital flows
has important consequences for the immediate effects of anticipated

future policies. An expansionary monetary policy that is anticipated

would thus lead to capital outflows and rising domestic interest rates

even before this policy materialized.
To begin to formalize these arguments, Section I of the paper presents
a model of how operators use resources in their efforts to obtain arbi
trage profits. It is shown how this activity might eliminate the interest
rate differential over time and how the interest rate differential and

capital flows are linked in the short run.Section li then presents a simple
macroeconomic model that incorporates the relationship between capi

tal flows and interest rate differentials and provides a feedback mech
anism from the capital flows to the interest rate differential, which leads
to a stable equilibrium. In the context of this model, the main effects of
capital flows are confined to the money market.The speed of adjustment
of the interest differential is shown to depend on a parameter that
characterizes the costs imposed on agents by the capital controls and a
parameter that characterizes the demand for money.

Section lli analyzes the implications of incomplete market separation

for the degree of autonomy of monetary policy. It shows that in this

framework the "offset coefficient" is a function of both time and the
speed of adjustment calculated in the previous section. The immediate
(impact) offset coefficient might be quite low, but the long-run offset
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coefficient always equals (minus) unity. This section also argues that the
magnitude of the arbitrage flows that are caused by a monetary policy
that aims to keep domestic interest rates low depends on the degree of
persistence of such a policy. A policy that sustains and is expected to
sustain a permanent interest differential might lead to arbitrage flows
that are ten to twenty times larger than the flows induced by a transitory
policy. Section IV discusses the effects of anticipated future monetary
policy and shows how capital outflows might occur even if current do
mestic interest rates are above current international interest rates. Sec
tion V contains some concluding remarks.
I. A Model of Capital Controls and Evasive Activity

Assume that the domestic interest rate on riskless, domestic currency
loans is equal to r, and that the rate on Eurodeposits (also in domestic
currency, riskless, and for the same maturity) is equal to i,. Any operator
who could obtain a loan in the domestic capital market and then invest
the proceeds in the Euromarket would make a riskless arbitrage profit
equal to y,(i, - r,) , where y, indicates the amount of the loan and thus the
scale of arbitrage activity.5
The scale of arbitrage activity is interpreted as a cumulative stock of
funds that has been allocated toward earning arbitrage profits. It is
assumed that a private operator may incur costs in transferring capital
abroad, and that once he has succeeded in transferring this capital he
does not incur any costs in simply rolling over his previous position to
continue to make the arbitrage profit y,_ 1 (i, - r, ) , but only incurs addi
tional costs if he tries to transfer more capital.
Capital controls are more often used to restrict capital outflows (for
example, in Italy and France) than to restrict capital inflows (for exam
ple, in Germany in the 1970s). It might, therefore, be more appropriate
to assume that private operators incur costs only in transferring capital
out of the country. Even if capital controls are designed only to restrict
outflows, however, it might not be costless for private agents to repatri
ate capital, since the domestic authorities are often suspicious that this
5 The distinction between deposit and loan rates is not emphasized in the
remainder of the paper, since the paper considers only situations in which r, is
smaller or equal to i,. The difference between asked and bid rates is taken into
account, however, in the data shown in Figures 1 and 2 on differentials between
the Eurodeposit rates and domestic Italian and French loan rates. These charts
show that since 1979 domestic French interest rates have almost always been
below the corresponding Euro-interest rates. The same is true for the period
1979-83 in Italy.
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capital might have been previously exported illegally.Indeed, a number
of countries have used special incentives to induce private agents to
repatriate capital. The formal analysis in this paper, therefore, proceeds
under the assumption that the costs of transferring capital are sym
metric; that is, they apply to transfers of capital in both directions. But
the formal analysis of this paper could also be interpreted as applying to
a situation in which the costs of transferring capital are asymmetric (that
is, in which they apply only to capital outflows) and international interest
rates are, on average, above domestic interest rates.6 This has been the
case in Italy and France and is likely to be true in other cases as well
because governments usually use capital controls to keep domestic inter
est rates low relative to international interest rates. The question
whether capital controls lead to symmetric costs is therefore irrelevant
for the results of this analysis.The discussion is related, however, to the
experience of France and Italy and will, therefore, proceed under the
assumption that international interest rates usually exceed domestic
rates, so that y,(i, - r,) represents an arbitrage profit rather than a loss.
The costs of transferring capital discussed informally so far are
captured formally by an adjustment cost function g(ay,), where ay, =
y, - y,_., and both g' > 0 and g" > 0. The latter condition assumes that
the marginal cost (g ') of transferring capital is increasing.Such a condi
tion seems reasonable if one considers the two principal channels
through which capital can be transferred abroad: physical movements of
cash, and leads and lags. Physical movements of cash might involve
increasing marginal costs if the potential fine is a proportion of the
attempted transfer that is increasing with the size of the transfer; this has
been the case in Italy. Leads and lags would also involve increasing
marginal costs because importers and exporters can operate only with a
limited flow (their regular trade transactions), and lengthening the delay
with which they pay their foreign bills is increasingly more difficult to
justify to the authorities enforcing the controls.7
Given these adjustment costs and arbitrage opportunities, a profit
maximizing operator in the capital market will maximize the expected
discounted sum of future profits, which are given by

(1)
max W = I[y,(i, - r,) - g (ay,)]A'.
[y,J
where A = 1/(1 + p) is the discount factor (p is the discount rate) for
6The reverse would hold for controls against capital inflows. For a precise
definition of the term "on average," see the discussion following equation (6) n
i
this section.
7The same assumption of increasing marginal costs is also made in Khan and
Ul Haque (1985).
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future profits.8 Because this paper is not concerned with the effects of
surprises or risk, it is assumed that agents have perfect foresight; there
fore, the expectations operator has been suppressed. The Euler equation
for this problem is
(i, - r,) = g'(Ay,) - g'(AYr+t)A.

(2)

Equation (2) implies that the capital flows (Ay,) are not only a function
of the present interest rate differential (i, - r, ), but also of expected
future interest differentials. An important consequence of this relation
ship is that equation (2) might hold even if the present interest rate
differential is negative; that is, if the domestic interest rate is above the
off-shore interest rate. If future interest rate differentials are expected to
be large relative to present interest rate differentials, AYr+t would be
large relative to Ay,, and the right-hand side of equation (2) might be
negative. In this case capital outflows might take place today, even if the
domestic interest rate exceeds the off-shore interest rate. It might be
optimal for private operators to transfer capital abroad because the
instantaneous loss they make today might be more than offset by future
gains attributable to the future positive interest rate differentials and the
savings in adjustment costs they can obtain by distributing their activity
more evenly over time.9
The view of the effects of quantitative capital controls proposed here,
therefore, implies that even if a country only has controls that restrict
capital outflows and no restrictions on capital inflows, one might some
times observe that domestic interest rates were above corresponding
off-shore interest rates. Even if capital controls function only against
outflows, private operators value capital they have already brought
abroad not only at the present interest rate; they also take into account
future interest rates because they know that it would be costly for them
to transfer capital abroad rapidly if interest rate differentials change in
favor of off-shore markets.
A private operator has to take i, and r, as given, but a stable general
equilibrium can exist only if there is some feedback from y, to (i, - r,)
because equation (2) implies that capital outflows will stop if

(i..-rss) l [p / (1 + p)] = g'(O),

(3)

8The maximization problem (1) does not contain any net asset constraint
because the variable for arbitrage activity, y,, does not represent any net posi
tion. Frenkel and Razin (1986) emp hasize the constraints implicit in the inter
temporal budget constraint for the viability of dual exchange rates and,
thus, capital controls.
91t is unplicitly assumed here that borrowing on the off-shore markets is not
allowed or, equivalently, that domestic deposit rates are always below Euroloan
rates.
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where the subscript ss refers to a steady-state value. Equation (3) implies
that if there is a permanent increase in the international interest rate
that is, if i.. rises-the domestic interest rate has to increase by the same
amount if the economy is to reach a new stationary equilibrium. In this
sense, capital controls would be ineffective against permanent shocks.
The complete macroeconomic model that describes how the stationary
equilibrium is attained is described in Section II. Whatever the details of
this model, equation (3) must hold at the stationary equilibrium. Equa
tion (3) says that, at the steady state, the marginal cost of transferring an
infinitesimal additional amount of capital abroad, g '(0), has to equal the
marginal benefit, which is equal to the interest differential (i,,-r,,) multi
plied by (1 + p) /p, since the flow of additional benefits accrues for the
entire future. This relationship implies that if the marginal cost of in
creasing the arbitrage activity by a small amount is zero around the
stationary equilibrium-that is, if g '(0) = 0-the steady-state interest
rate differential must also equal zero. The data on the differential be
tween Euro-interest rates and domestic interest rates for French franc
and lira deposits, as presented in Figures 1 and 2, suggest that this is
indeed the case for these two currencies; over the long run, the interest
rate differential seems to disappear. A particular functional form of the
adjustment-cost function that would yield this result is given by
g(Ay,) = (<j>/2)Ayt ,

<I> > 0,

(4)

where <I> indicates the severity of the capital controls. This specific func
tional form will be used in the remainder of the paper because it yields
a linear solution. 10 With quadratic adjustment costs, the solution for y,
becomes
<!>(Ay,) - <j>(Ay,+ 1)A

=

i, - r,.

(5)

Equation (5) again illustrates the point that capital outflows (positive
values of y,) might occur even if the domestic interest rate is higher than
the off-shore interest rate. With quadratic adjustment costs, i, < r, could
occur if Ay,+ 1 /Ay, (that is, the proportional rate of change in capital
flows) exceeds A .
Most macroeconomic models that incorporate the concept of limited
10

It is interesting that the quadratic adjustment cost formula could also be
derived from a model that treats capital flows as a liquid that flows from one
container (capital market) with a higher level (of interest rates) to another
container with a lower level. The law of communicating vessels states that, in
equilibrium, the fluid in two connected containers has to attain the same level;
that is, interest rates must equalize in the long run. See Appendix ll for a more
precise development of this analogy.

©International Monetary Fund. Not for Redistribution

EFFECTIVENESS OF CAPITAL CONTROLS

631

capital mobility have assumed that capital flows are a function of only the
current interest differential. In contrast, the present formulation empha
sizes that capital flows should be a function of present and future (ex
pected) interest differentials. This can be seen by solving the difference
equation (5) forward:
1 ..
�y, = :;:: 2: (z,.i - '•+i)A1•
'+' /=0
.

.

(6)

Equation (6) implies that capital flows today depend on the present
value of present and future discounted interest differentials. (The dis
cussion in Section IV will show that this implication has important con
sequences for the effects of anticipated future policies.)
The quadratic formulation of the adjustment costs also implies that, at
the steady state, the interest rate differential has to disappear. Because
equation (4) implies that g'(O) = 0, it follows from equation (3) that
rss

=i

(7)

if the Euro-interest rate is constant at I. This result implies that if capital
controls were reinforced in such a manner that <1> increases, this increase
would have no effect on the steady state, and interest rates would still be
equalized across markets. In this framework the domestic interest rate is
therefore determined in the long run exclusively by the foreign interest
rate. A similar result has been obtained by Edwards (1985) and Edwards
and Khan (1985), who assumed that, because of capital controls, domes
tic interest rates respond to changes in international interest rates with
i plies
some delay according to r, = 6[i, r,_I] . Their formulation also m
that in the long run the two interest rates converge. The cost-of-arbitrage
model developed in this paper, therefore, yields some microeconomic
foundation for the parameter 6. The main difference between the formu
lation in these two papers and that in the present model is that with
optimizing agents the solution is forward looking and not an adjustment
with respect to the past. This point will become relevant in the discussion
of the effects of anticipated future policies below.
-

ll. The General Equilibrium

This section describes the general equilibrium model that captures the
feedback from the capital flows to the interest rate differential. This
feedback is assumed to occur through the effect of capital flows on the
domestic money market, which determines the domestic interest rate, r,;
the Euro-interest rate, i,, is assumed to be exogenous.
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The assumption that the Euro-interest rate is exogenous may appear
unusual because Euro-interest rates are usually thought of as being
determined by the market. It is exactly this fact, however, that is being
used here. In the Euromarkets, covered interest parity seems to hold
precisely. This implies that, given the deutsche mark interest rate, the
interest rate on Eurodeposits in domestic currency has to be equal to the
sum of the deutsche mark interest rate and the forward discount on the
domestic currency. The forward discount in turn is related to the ex
pected rate of depreciation of the domestic currency. But if the home
country-for example, Italy-is in the EMS, the expected rate of deval
uation, and thus the forward discount, is determined by the probability
of a realignment if the domestic currency is at or near its lower inter
vention Iimit. For the purpose of this paper, the EMS is therefore treated
as a system of fixed exchange rates, which can be adjusted from time to
time by the participating governments. Hence the forward discount on
the domestic currency is exogenous in the sense that it is determined by
the expectations of the public about the likely actions of the authorities. 11
Formally, covered interest parity implies that
(1 + i,) = (1 + it,DM )(F,/S,),

where i,, DM is the Euro-interest rate on deutsche mark deposits, F, is the
forward exchange rate, and S, is the spot exchange rate, with both
exchange rates expressed in terms of domestic currency per deutsche
mark. The Euro-interest rate on deposits in domestic currency, i,, is thus
exogenous because the interest rate on deutsche mark deposits is
determined in the German market and the forward discount (F,/S,)
is determined by the authorities.
The domestic interest rate, r, , however, is assumed to respond to the
conditions in the domestic money market. The equilibrium in the domes
tic money market is determined by money demand and supply. Money
demand is given by a simple function:
}.. > 0,

(8)

where }.. represents unity divided by the semi-interest-rate elasticity of
money demand; m, is the natural logarithm of the nominal money sup
ply, m, = In (M,); and p, is the natural logarithm of the general price
level. Income does not appear as a separate determinant of money
demand in equation (8) because it is assumed to be exogenous. It will be
11

If the forward discount is eq ual to the expected rate of depreciation, the
forward discount should be equa
l to the probability of the product of a realign
ment times the size of the devaluation if a realignment occurs.
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shown later that the results would not be affected if this assumption were
dropped.
Capital flows influence the domestic interest rate because they influ
ence the monetary base. If it is assumed for simplicity that the multiplier
is equal to unity, then the money supply is equal to the monetary base,
which in turn is given by the sum of domestic credit and net foreign assets
of the central bank:

m, = ln (C + Fcb,,) = ln (C + F,- If,,,),

(9)

where C represents domestic credit, which is exogenously determined by
the central bank; and Fcb., represents the net foreign assets of the central
bank, which are equal to the difference between the economy's overall
net foreign assets, F,, and the net foreign assets of the private sector, If,,,.
The model of capital controls and evasive activity developed in the
previous section can now be used to determine the path of the net foreign
asset position of the private sector, If,,,. Because outflows of private
capital correspond to an increase in the net foreign asset position of the
private sector, by implication the variable y, used to describe the capital
flows or arbitrage activity in the previous section corresponds to If,,, in
this section. 12 The evolution of the net foreign assets of the private sector
is thus given (see equation (5)) by

i, - r, = <f>(l + A )Pp,, - <f>lf,, t-1 - A <f>If,. r+ 1

•

(10)

The evolution of the net foreign asset position of the economy, F,,
reflects the time path of the current account, which is assumed to be a
function of the terms of trade and of the difference between the actual
and the desired net foreign asset position of the economy, F,:
aF, = �t(S - p , ) - �z(F,- F)

(11)

where s represents the natural logarithm of the nominal exchange rate.
Normalizing the foreign price level to unity (s - p , ) thus represents the
terms of trade or real exchange rate. As mentioned above, the EMS is
treated here as a system of fixed exchange rates, and s is therefore
assumed to be constant. The results of the analysis would not be affect
ed, however, if the authorities fixed a predetermined, nonconstant path
for the nominal exchange rate. For the purpose of this analysis, it is
sufficient to assume that the exchange rate is determined outside the
12

In the context of this model there should be no two-way flows of private
capital. As long as r, is below i, , imports of capital would never be profitable for
p nvate agents. Note also that the variable y, m Section I referred to the capital
flows effected by an individual, competitive operator; the variable F,., represents
the market aggregate.
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model. In equation (11), F represents the target or desired level of
foreign wealth of the economy, and the !3s are positive constants. 13
The model can be closed by using a conventional sticky-price adjust
ment formula that assumes that inflation is related to excess demand,
which in turn is related to the terms of trade or real exchange rate:

l:lp, = a(s -p,),

a > 0.

(12)

The system of equations (8)-(12) describes the path of the slowly
adjusting variables p,, F,, F,,, and the domestic interest rate, r,, as a
function of the exogenous forcing variables i, F, s, and C. The �olution
to the system is recursive in that equation (12) determines the path of the
price level, p,. Given this path of the price level, equation (11) deter
mines the path of the net foreign asset position of the economy, F,. The
variables p, and F, are thus exogenous to the money-market equilibrium
as determined by equations (8)-(10), which can be written in one equa
tion as14
0 = i, + A[ln (C + F,- F,,,) -p,)
- 4>(1 + A)F,,r + <l>F,,r-1 + A<l>F,,r+l ·

(13)

Equation (13) can be treated as a single second-order, nonlinear dif
ference equation in F,,, with the roots

where M represents the steady-state nominal money supply. It is appar
ent from equation (14) that this equation has one unstable and one stable
root. Because operators in the financial markets would not expand their
arbitrage activity indefinitely if the forcing variables in eq1:1ation (14)
were constant, it can be assumed that the domestic interest rate main
tains the economy on the stable path and that the unstable root can be
eliminated from the solution.
Because the (stable) root, A2, determines the speed at which the
system would converge to the steady state, equation (14) shows that the
13 This formulation assumes that the public implicitly capitalizes the returns on
central bank foreign assets and treats such assets on theu own.
14This result would not be affected if money demand were a function of
income and if income in turn were determined by the real exchange rate and the
net foreign assets of the economy. The additional term that would appear in
equation (13) in this case would still act as an exo�enous forcing variable. Note
that the sticky-price adjustment formula in equation (12) has been used in this
paper primarilY, because it is a standard feature of many macroeconomic models.
Assuming fleXIble prices would lead to similar results, except for the case of a
devaluation, for which the assumption of a sticky-price adjustment mechanism
would be crucial.
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speed of adjustment is a function only of the parameters that describe
the financial markets, p and A/<f>. It can also be shown from equation (14)
that the stable root is a decreasing function of Al<f>. Because A is equal to
unity divided by the semi-interest-rate elasticity of money demand, by
implication the speed at which the equilibrium is reached is inversely
related to the semi-interest-rate elasticity of money demand. Intuitively,
this means that the equilibrium, which implies i, = r,, is reached faster if
even small capital inflows have a large effect on the domestic interest
rate. The same result also implies that an increase in the restrictiveness
of the capital controls-that is, an. increase in <!>-leads to a slower
adjustment.
m. Implications for the Degree of Autonomy
of Monetary Policy
The degree of autonomy of national monetary policy in a regime of
fixed exchange rates has often been discussed in terms of the so-called
offset coefficient. This coefficient measures by how much any given
(unanticipated) change in domestic credit is "offset" or neutralized by
capital flows. Without capital controls (and if domestic and foreign assets
are perfect substitutes), this offset coefficient should be equal to unity
because in thls case (fixed or predetermined exchange rates, no capital
controls, and perfect substitutability between assets) the domestic inter
est rate (and thus money demand) are fixed by the foreign interest rate,
so that the central bank cannot control the money supply. Capital con
trols have been used by several countries precisely because such mea
sures allow the central bank to influence the domestic interest rate even
if the exchange rate is fixed.
This section shows that, in the framework proposed here, the offset
coefficient is a function of time and goes to unity in the long run. The
result that the offset coefficient is larger in the long run than in the short
run has been rationalized in the literature by assuming a partial adjust
ment in money demand (and sometimes in money supply)-see, for
example, Claasen and Wyplosz (1982) and the references cited therein.
In this framework, a similar result is obtained because capital controls
slow down the capital inflows attracted by the interest rate differential. 15
The offset coefficient can be calculated by computing the change in
Fp,,-that is, the capital outflows-induced by an unanticipated increase

15

In the literature, a long-run offset coefficient different from unity is usually
allowed for by assuming that foreign and domestic assets are not perfect substi
tutes. This effect is not considered in this paper.
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in domestic credit by !lC from C to C'. The difference equation that
determines the time path of Pp,, can be written as16

(15)
where A is the stable root in equation (14) and F;,,ss is the steady-state
stock of private assets abroad, which is determined by the steady-state
equilibrium condition on the money market:

F;,,ss = C ' + F- exp ( -X.i.. +s).

(16)

!lFp,, = -(1 - A')!lC,

(17)

Equation (16) implies that, if there is an unanticipated increase in
domestic credit of !lC at time zero and if the system was initially at its
steady state, the capital outflows (denoted by Mp,,) caused by the in
crease in domestic credit are given by

which implies that the offset coefficient, given by 1 - A', is an increasing
function of time and goes to unity in the long run. The impact offset
coefficient is given by 1 - A. The size of the offset coefficients thus
depends on the parameters that determine the speed of adjustment of
the difference equation in Pp,,. As discussed in the previous section, this
speed of adjustment, or A, depends only on p and AI<J>. An increase in
the severity of capital controls-that is, an increase in �would lead to
a lower offset coefficient; capital controls would therefore increase the
degree of autonomy of domestic monetary policy in the short run. But
whatever the degree of short-run autonomy for monetary policy, this
framework also implies that in the long run the offset coefficient goes to
unity.
Another way to measure the degree of autonomy of monetary policy
would be to calculate the amount of capital outflows that the central
l if it wished to keep domestic interest rates
bank would have to steriize
below international interest rates. Such a policy has been suggested for
countries with a large public sector debt burden. The argument for
capital controls in this case is that they would lead to lower interest
payments on the (domestic) public sector debt and thus would help to
limit the fiscal deficit. The framework presented here suggests that such
a policy would lead to large capital outflows. The magnitude of the
16 Equation (15) assumes that prices are at the steady-state level p = s and that
the system was initially at a steady state. The general solution for F;,,, would be
F,,,- F. .. = KA', where K is an arbitrary constant. Evaluated at time zero, this
0 - F, .. = K. Because F;,,, is a slowly adjusting variable, however,
yields
0
has to oe equal to the revious steady-state value, which would be given oy
equation (16) evaluate with C instead of C'. This implies, therefore, that

F,..

-t£ = K.

.

J'
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outflows would depend not only on the size of the interest differential
that the authorities wish to maintain, but also on the time span for which
the authorities wish to maintain the interest differential.
The difference in the magnitude of the capital outflows in response to
temporary and permanent interest rate policies can be calculated directly
from equation (5). If the authorities maintain an interest rate differential
of i, - r, = D for only one (the current) period (a transitory policy),
capital outflows are given by (i, - r,)/<1> = Dl<f>. But if the authorities
maintain the same interest differential for the indefinite future (a per
manent policy), capital outflows are given by (D/<1>)((1 + p)/p]. The dif
ference in the effects of transitory and permanent policies is thus given
by the factor (1 + p)/p. If p, the rate used by arbitrageurs to discount
future profits, is equal to 10 percent, this factor is equal to 11. This
implies that a permanent policy of maintaining domestic interest rates
below international interest rates would lead to capital outflows that are
eleven times as large as the capital outflows induced by a transitory
policy. With p = 5 percent, the magnification factor for a permanent
interest rate policy would be equal to 21.
IV. Effects of Anticipated Future Monetary Policy

The analysis in the previous section has shown that an unanticipated
increase in domestic credit can at least reduce domestic interest rates for
some time before it is offset by capital outflows. An anticipated future
increase in domestic credit, however, would have quite different effects.
As shown by equation (6), capital outflows depend on the present value
of future interest differentials; this relationship implies that an antici
pated future increase in domestic credit that will lower domestic interest
rates at some point in the future has to lead to capital outflows the
moment that the increase is anticipated. In turn, until the increase in
domestic credit materializes the domestic money supply has to decline
and domestic interest rates have to rise.
The forward-looking nature of the arbitrage opportunities can, there
fore, lead to the seemingly paradoxical situation that capital outflows
exist despite <;apital controls. and despite domestic interest rates that are
above international interest rates. 17 By how much capital flows react to
the news about the future increase in domestic credit depends on how
much time is expected to pass before the increase in domestic credit
materializes. The precise amount of the initial capital flows can be calcu-

171t is assumed that, before the news of the future increase in domestic credit
arrives, domestic interest rates are eaual to international interest rates.
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lated from the requirement that the rate of capital outflow is at a max
imum during the period in which the increase in domestic credit actually
occurs. Between the time the news about the future increase in domestic
credit arrives and the time the increase materializes, capital outflows
have to accelerate because during this period the domestic interest rate
is above the international interest rate; in other words, capital flows have
to be increasing as shown by equation (5). When the increase in domestic
credit materializes, the domestic interest rate drops below the interna
tional interest rate, and capital flows start to decline.
It is apparent from equation (13) that changes in the international
interest rate, i,, are equivalent to changes in domestic creclit. 18 This
implies that unanticipated and anticipated future changes in interna
tional interest rates have the same effect on capital flows and domestic
interest rates as changes in domestic credit. Deviations from interest rate
parity and capital flows can, therefore, be caused not only by domestic
monetary policy but also by clisturbances in the international financial
markets.
V. Concluding Remarks

This paper has developed a simple model of capital controls in the
presence of incomplete market separation and has demonstrated that
quantitative controls are not effective in the long run. Although this
argument has often been made informally, it apparently has never been
formally incorporated into the macroeconomic models that are often
used to discuss short-run and medium-run policy problems.
The main conclusion from the framework presented here is that quan
titative capital controls could be effective in controlling short-run fluctu
ations in domestic interest rates, but that they should not be used in
attempts to offset permanent shocks and to keep domestic interest rates
below international interest rates in the long run. Thus, quantitative
controls should be used only to provide some insulation against tempo
rary short-run fluctuations in the economic environment.
The available data on domestic and off-shore interest rates for France
and Italy seem to confirm this conclusion to the extent that significant
differentials between domestic and off-shore interest rates have ap
peared only during periods of turbulence in the EMS. During periods of
calm in the EM$-that is, when no realignment of the intra-EMS pari
ties has been expected-the interest rate differentials have disappeared.

18More precisely, in equation (13) a change in i, is exactly equivalent to a
change in domestic credit if 6.i, = -11'A.C/M.
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The framework developed in this paper also implies that the evasion
of capital controls or arbitrage activity that is induced by the interest rate
differential between domestic and off-shore markets leads to capital
flows that are a function not only of the present interest rate differential,
but of future interest differentials as well. Thus, capital outflows might
occur even if the current interest rate differential is close to zero, since
investors take future interest rate differentials into account when they
decide where to invest.
The long-run ineffectiveness of capital controls in isolating domestic
financial markets from the international economic environment also
shows up in the so-called offset coefficient. In this framework the offset
coefficient is a function of time: in the short run it might be close to zero,
but in the long run it always equals (minus) unity . This finding implies
that, under a fixed exchange rate and with capital controls, a given
change in domestic credit would only partially be offset through the
balance of payments in the short run; in the long run, however, the offset
would be complete. Capital controls can, therefore, provide only some
temporary autonomy for national monetary policy.

APPENDIX I
Data Sources for Figures

1 and 2

The data used in Figures 1 and 2 of the text were assembled by the Fund's
Research Department; all nterest rates are in percentage units per year:
USD03A Three-month Euro-interest rate (LIBOR, London interbank
offered rate) on U.S. dollar (asked) daily, from DRI FACS
(Bank of America, San Francisco, June 1, 1973, 10:00 a.m.
PST, Pacific standard time)
IT.SERW Difference between covered (in Italian lire) Eurodeposits
and domestic interest rates in Milan; weekly, Wednesday ob
servation:
= R 1 when R 1 >0
= R2 when Rl < = 0 and R2<0
= 0 when R 1 < = 0 and R 2 > = 0
R l 400[(1 + USD03B/400)·(ITCOOAIITC03B)
- (1 + ITM03AI400)]
R2 400[(1 + USD03A/400)·(ITCOOBIITC03A )
- (1 + ITM03B/400)]
USD03B Three-month Euro-interest rate (LIBOR) on U.S. dollar (bid)
daily, from DRI FACS (Bank of America, San Francisco, June
1, 1973, 10:00 a.m. PST)
i
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ITCOOA
ITCOOB
ITC03B
ITC03A
ITM03A

ITM03B

TD 13660C
DIF. 132W
TD 13260EB
TD 13260C

Spot Italian lire (U.S. dollars per lira) (asked) daily, from DRI
FACS (Bank of America, San Francisco, June 1, 1973, 9:00
a.m. PST)

Spot Italian lire (U.S. dollars per lira) (bid) daily, from DRI
FACS (Bank of America, San Francisco, June 1, 1973, 9:00
a.m. PST)
Three-month forward Italian lire (U.S. dollars per lira) (bid)
daily, from DRI FACS (Bank of America, San Francisco, June
1, 1973, 9:00 a.m. PST)

Three-month forward Italian lire (U.S. dollars per lira) (asked)
daily, from DRI FACS (Bank of America, San Francisco, June
1, 1973, 9:00 a.m. PST)

Three-month Italian interbank rate (asked) daily, from DRI
FACS (Bank of America, San Francisco, November 12, 1980,
9:30 a.m. PST); TD13660C was used for the period before
November 12, 1980

Three-month Italian interbank rate (bid) daily, from DRI FACS
(Bank of America, San Francisco, November 12, 1980,
9:30 a.m. PST); TD13660C was used Jor the period before
November 12, 1980

Three-month Milan money-market rate (mid-point) daily, from
the Fund's Treasurer's Department (January 3, 1978)
Difference between French franc Euro-interest rates and do
mestic interest rates in Paris (TD13260EB - TD13260C);
weekly, Wednesday observation

Three-month French franc Euro-interest rate (bid) daily, from
the Fund's Treasurer's Department (January 3, 1978); Lon
don, mid-morning

Three-month French interbank rate daily, from the Fund's Trea
surer's Department (January 3, 1978).

APPENDIX li
An Analogy Between Capital Flows and Flows of a Liquid
Capital flows from one market to another can be compared to flows of a liquid
between two containers. If capital markets (the "containers") are open, the
"flow" of capital (the "liquid") between the two containers can be said to be
unrestricted; this open flow implies that the liquid must always attain the same
level in the two containers; that is, the same rate of return must always prevail
in both markets. Capital controls can then be viewed as restricting the flow
between the two containers--for example, by connecting the containers with a
small pipe. The friction inside the pipe slows down the flow between the two
containers, and the liquid may therefore stay at different levels in each for some
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time. Eventually, however, the flow through the pipe will equalize the level of
the liquid in both containers; that is, the rates of return will eventually be
equalized across markets.
The small-country case corresponds to a combination of one very large and
broad container with another very small and thin one; outflows from the large
container (the rest of the world) to a first approximation do not affect the level
of the liquid in the large container but do have a significant effect on the small

one (the small country).
In physics, the force opposing the flow of a viscous liquid through a pipe is a
function of the viscosity of the liquid, the length of the pipe, and the speed at
which the liquid flows (see Van Heuvelen

(1982,

p.

281)):

F = 4-rr'T]LV ,

where 'Tl represents the coefficient of viscosity, L the length of the pipe, and
the speed at which the liquid flows through the pipe. This relationship implies
that the power, P (energy per unit of time), needed to force a liquid through a
pipe of length L is given by

v

P = 4'TTTILv2•
The adjustment-cost equation proposed in the text of this paper specifies that
adjustment costs equal a constant times Ay 2• If that constant is equal to 4-rr'T]L
and the capital flows, Ay, also represent the velocity at which capital flows occur,
the model of adjustment costs presented herein is exactly analogous to the
mathematical description of the flow of liquids in physics.
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Options on Foreign Exchange
and Exchange Rate Expectations
EDUARDO R. BORENSZTEIN and MICHAEL P. DOOLEY*
This paper tests alternative assumptions concerning the time-series behav
ior offoreign exchange rates. Data for about 20,000 individual trades on
foreign exchange options for dollar exchange rates against six major cur
rencies carried out from February 1983 to June 1985 are analyzed. The
tests carried out suggest that, judging from the predictions of a model of
options prices based on the assumption that exchange rates follow a dif
fusion process, market participants paid too high a price for call options
that would have been profitable only ifthe dollar depreciated substantially
within a short time period. An alternative model which allows for discrete
jumps in exchange rates is found to be more consistent with the data.

MPIRICAL MODELS of exchange rate determination have not been
Esuccessful in explaining a large component of observed changes in
exchange rates in recent years. Many structural models have been pro
posed and tested, including those that emphasize monetary variables,
portfolio balance conditions, and, more recently, real exchange rate
behavior. Moreover, a variety of techniques for specifying expectations
have also been used. However, tests of such models share a common

• Mr. Dooley, Chief of the External Adjustment Division in the Research
Department, is a graduate of Duquesne University, the University of Delaware,
and the Pennsylvania State University .
Mr. Borensztein, an economist in the Research Department, is agraduate of
the Universidad de Buenos Aires and the Massachusetts Institute of Technology.
The authors are grateful for comments received from Robert Murphy and the
participants in the Research Department Seminar and the National Bureau of
Economic Research Summer Institute. After completion of this paper, the au
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assumption concerning the statistical characteristics of the error terms
that should be "left behind" after the structural model (including the
specification of expectations) has identified the systematic component of
exchange rate behavior. The error term is typically assumed to be a
random variable with a symmetric probability distribution around a zero
mean; furthermore, this random structure is assumed to be constant over
time and independent of the values assumed by the error term at other
points in time.
Theoretical work in economics, however, has increasingly suggested
that error terms may have a different structure. In particular, actual or
potential changes in policy regimes may lead to discontinuities in the
random distribution of errors of any structural model that does not
explicitly and correctly model policy behavior. Since policy reactions are
typically absent or modeled naively it is argued that it is inappropriate
to assume that the errors generated by such models will have the struc
ture ·that is assumed. 1
The difficulty in directly observing the effects of expected regime
changes that happen infrequently has led us to look for clues in the
foreign currency options market. While prices quoted in most inter
national financial markets tend to reflect a measure of the expected
future value of the exchange rate (probably obscured by unobservable
risk premiums), option contracts provide a different type of information.
Option prices reflect the markets' view about the type of time-series
process followed by the exchange rate, given prices (rather than expecta
tions of those prices) such as spot exchange rates and interest rates on
securities denominated in different currencies.
An additional advantage is that models of op�ion prices are indepen
dent of the structural characteristics of the economy, that is, factors such
as investors' degree of risk aversion and the process by which asset prices
are determined in the economy, because those factors are entirely sum
marized by the current exchange rate and security prices. Thus, option
prices provide a unique opportunity to identify the kind of stochastic
process followed by the exchange rate that is implicit in market par
ticipants' behavior.
1 Theoretical work that suggests that exchange rate dynamics may be influ
enced by expected regime changes includes Krugman (1979) and Flood and
Garber ( 1983) with reference to exchange rate system chan$es; Dornbusch
(1982) with reference to policy shifts. Most empirical work in thts area has been
related to the "peso problem," for example Lizondo (1983), which describes the
collapse of a fixed exchange rate regime, and speculative bubbles," for example
Evans (1986), which describes the emergence and crash of a self-fulfilling proph
ecy of market participants.
"
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Our empirical results for the sample period of February 1983 to June
1985 show that the option price formula based on the assumption that
exchange rates follow a process that admits no jumps or discontinuities
in its path (the Black-Scholes model) differs systematically from record
ed prices. In particular, market prices of options that will be valuable
only if exchange rates (in dollars per foreign currency unit) increase by
a large amount (options said to be "out of the money") are system
atically higher than model predictions. These are options that require a
substantial depreciation of the U.S. dollar to be of value at maturity.
Our preferred explanation of this bias (the "high" prices of options
that are out of the money) is that during this sample period market
participants considered that a large, abrupt depreciation of the dollar
was possible. In fact, there is a good deal of casual evidence that points
in this direction. The U.S. dollar had been appreciating since 1980 and
was reaching a level increasingly regarded as overvalued by early 1983.
For example, surveys of exchange rate expectations show that in
1983-84 forecasters consistently predicted a depreciation of the U.S.
dollar (which did not in fact take place until March 1985).2 Actually,
some three months after the end of the sample period the dollar did fall
very rapidly, following statements of concern about its level by author
ities in the Group of Five industrial countries. (We plot the exchange
rate of the U.S. dollar versus the six currencies for which foreign ex
change options are traded in Figure 1.)
There is an intuitive explanation of why the possibility of an abrupt
depreciation of the dollar would produce a bias such as the one observed
in the predictions of the Black-Scholes model. When the option contract
is out of the money, only a large rise in the domestic price of foreign
exchange (or a large depreciation of the dollar) will prevent that contract
from being valueless by expiration time. If the exchange rate follows a
continuous process through time the chances of such large depreciation
are virtually nil, and the predicted prices of these options would corre
spondingly be very low. Of course, an exchange rate that followed a
continuous process with sufficiently high volatility would also explain
high prices for out-of-the-money options, but in such a case all predicted
options prices would be higher. Therefore, a higher volatility parameter
would not avoid the exercise-price bias, but instead it would lead to
overprediction of contract prices which are "at the money" or "in the
money." If market participants expected that a significant probability of
a sudden large depreciation of the dollar existed, they would be willing
to pay higher prices for out-of-the-money options relative to in-the1

See Frankel and Froot (1987) and Dominguez (1986).
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Figure 1. U.S. Dollar Exchange Rates, January 1983-September 1986
(Local currency per U.S. dollar, in logarithmic scale;
sample period: February 1983-June 1985)
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money options than would be predicted by models based on the assump
tion that such jumps are not possible.
To provide a better perspective on this exercise-price bias, a second
model of option pricing was developed and estimated. ln this framework
the exchange rate is assumed to evolve in the following way: it displays
a constant rate of change most of the time but, at discrete intervals, its
value takes a jump of a given size.3 The times of arrival of jumps are
stochastic, and there is a constant probability that an arrival will take
place at any instant.4 Although the assumptions on which this model is
based are probably too restrictive, it may capture the effect of probable
discontinuities in exchange rates. In fact, it turns out that, for most
currencies, this "pure jump" model does not exhibit the exercise-price
bias displayed by the Bla ck Scholes model.
-

I. Black-Scholes Model

Option valuation theory is based on the proposition that options are
not an independent asset in the sense of representing an independent
risk. For example, consider the case of a stock option. The performance
of the firm's investments will determine the movements in its stock price
and, indirectly, the value of the option; only the random events that
change the stock price will affect the option price. This suggests that it
should be possible to obtain an option pricing formula that is solely a
function of the price of the underlying financial asset (the stock price),
and that is independent of the way in which that price is determined, that
is, of the kind of asset market pricing that rules financial markets.
The same proposition applies to the pricing of options on foreign
exchange in which the foreign currency constitutes the underlying asset.
In fact, this valuation theory can be applied only in certain cases, that is,
when the exchange rate (or the price of the underlying asset) follows a
stochastic process through time of some particular class. In even more
special cases, the differential equation that is obtained has a closed-form
solution and can, therefore, be readily used as an option price formula.5
The first and most widely used model of option price valuation is due
to Black and Scholes (1973), and has been applied to foreign exchange
3 This model is the application to foreign exchange options of the "pure jump"
model designed by Cox and Ross (1976) for stock options. For details see
A �pendix 2.
That is, the arrivals are realizations of a Poisson process.
s Black and Scholes solved it by putting it in a form analogous to the heat
equation. A good intuitive expositJOn of option valuation theory can be found in
Cox and Ross (1976).
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options by Garman and Kolhagen (1983) and Grabbe (1983). It assumes
that the exchange rate (the stock price in Black-Scholes) follows a diffu
sion process-loosely speaking, the continuous-time version of a random
walk with a drift. Under this assumption, in any interval of time, the rate
of increase of the exchange rate is equal to the sum of two components:
first, a given non-stochastic rate, and, second, a random term that is the
continuous-time analog to a random walk. The latter term must, there
fore, be independent both of the contemporaneous level of the exchange
rate and of the rate of increase of the exchange rate in any other non
overlapping interval. The diffusion process can be written in the follow
ing way:

dSIS = v.dt + CJ'dZ,

(1)

where S is the spot exchange rate (domestic currency units per foreign
currency unit), v- is the (instantaneous) mean rate of growth (the drift of
the process), CJ'2 is the variance of the process (more precisely, CJ'2/lt is the
variance over the interval /lt), and Z is a random variable that follows a
normal Weiner process with zero mean and unit variance. (The increase
in a Weiner process over any time interval is a normal variate and is
independent of its increase over any other nonoverlapping interval, no
matter how sma11.)6
If v- is equal to zero, the diffusion process in equation (1) is the
continuous-time analog of a random walk on the log of the exchange
rate. It is fortunate that the Black-Scholes model includes the random
walk as a particular case because that model has traditionally been
considered to be a good approximation to the exchange rate. 7 As we will
see, the value of v- is, in fact, irrelevant for the option price formulas, so
that the empirical analysis carried out here is consistent with a family of
models, one of which is the random walk.
The basic technique to obtain an option price formula is to consider
a portfolio that includes as assets the call option and domestic-currency
bonds, and as a liability the foreign-currency bonds, in appropriate
proportions. When the exchange rate follows a diffusion process, and
risk-free interest rates on the two currencies are constant until the option
expires, this portfolio has no variance in terms of the domestic currency.8

6Discussions of Ito processes are available in many stochastic process text
books. An intuitive treatment is given in Cox and Miller (1965).
7 However, more recent empirical work tends to reject the random walk model
in favor of specifications with time-varying variance (see Hsieh (1987)).
8The same formula obtains if interest rates are themselves diffusion processes.
However, in that case, the parameter CT does not represent the volatility of the
exchange rate but is a function of the variances and covariances of the exchange
rate and the two interest rates.
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Arbitrage by market participants will ensure that the call option price is
determined so that this portfolio yields a return equal to the rate of
interest on domestic, default-free bonds. The differential equation rep
resenting the rate of change in the value of this experimental portfolio
gives an option price formula that expresses the price of a call option as
a function of the current spot price, the two interest rates, the time to
expiration of the option, and its exercise price. The only unknown pa
rameter of this formula is cr, the volatility of the exchange rate process:

c = exp ( -r*T)SN(x + crjT)- exp ( -rT)EN(x),

(2)

where

X=

In (SIE ) + (r - r* - cr'-!2)T
crjT

Above, c is the price of the call option, r• and r are the (instantaneous)
rates of interest on foreign and domestic bonds, respectively, E is
the exercise price, T is the time to maturity of the contract, and N(z)
is the value of a standard normal culmulative distribution function
evaluated at z.
Two comments on equation (2) are important here. First, it is remark
able that only cr, the instantaneous standard deviation or volatility of the
exchange rate enters equation (2) while IJ., the deterministic part of the
exchange rate process does not. The reason is that the rate of appre
ciation or depreciation does not affect the functional relationship be
tween the option price and the exchange rate (although it will obviously
affect the value of the exchange rate itself and also interest rates).9 Put
differently, from the point of view offoreign exchange option pricing, all
the relevant information about financial variables is summarized by the
current level of the spot exchange rate and the prices of domestic- and
foreign-currency bonds (that is, interest rates). This means that the
option price formula is identical for different values of the trend rate of
change in the exchange rate. Therefore, if different investors had differ
ent assessments about the expected exchange rate, they would still agree
on the option price as long as they agreed on the volatility of the process.
The second comment on equation (2) is that it applies strictly only to

9However, 1.1. affects the rate of change of the option price over time. This is
obvious from the fact that the option price is a function of the exchan�e rate.
More precisely, the expected rate of ch ange in the option price will satisfy
f.l.c-r
fJ. + r• r
C1c

=

C1

-

where f.l.c and ere are the (instantaneous) expected rate of return and standard
deviation of the option price, c.
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European options. This is a problem because the options traded in the
Philadelphia Stock Exchange are of the American type. In the case of
dividend-protected stock options, it has been demonstrated (Merton
(1973)) that a call option will never be exercised before its expiration,
and therefore European and American options should be valued the
same.10 Unfortunately, this property does not apply to foreign exchange
options, and equation (2) should be strictly interpreted as a lower bound
of the equilibrium American call option price. However, calculations
made by Shastri and Tandon (1986) show that this potential early exer
cise bias tends to be insignificant in the case of call options, in particular
when the domestic interest rate is at least as high as the foreign one. By
contrast, American and European put option prices differ more signifi
cantly and much more frequently. For this reason, we restricted the
empirical work to call options.
11. Empirical Results: Black-Scholes Model

The most significant empirical result is that the Black-Scholes model
displays a substantial exercise-price bias.1 1 The value of the volatility
parameter implicit in the Black-Scholes model was estimated, for each
foreign currency option separately, as that value which minimized the
sum of squared deviations from the price formula. That is, er is the
coefficient obtained from a nonlinear regression of the option prices on
the Black-Scholes formula (2). The residuals of such a regression (the
difference between market prices and Black-Scholes prices), expressed
as percentage deviations from market prices, were then plotted against
the ratio of the exercise price to the current spot priceY Specifically,
options were sorted according to the ratio of their exercise price to the
spot exchange rate, and grouped in intervals of equal amplitude. The
average value of the prediction errors corresponding to the options
included in each interval was next plotted against the average value of
the exercise price to spot rate ratio (see Figure 2). This means that
progression along the horizontal axis of Figure 2 shows options that are
increasingly out of the money.
The exercise-price bias displayed by the Black-Scholes model is very
significant in the cases of deutsche mark, Canadian dollar, Swiss franc,
10 A dividend-protected stock option is one in which the exercise price
decreases
on the ex date by an amount equal to the dividend.
11 The
data used in the estimation, described in more detail in Appendix 1,
comprise call option trades in the Philadelphia Stock Exchange market between
February 1983 and June 1985.
12 Actually, against the more standard measure: E exp ( -rT)IS exp ( - r* T).
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and Japanese yen options. The model underpredicts prices of options
that are out of the money, and the underprediction increases as the ratio
of the exercise price to the current spot price rises. Consider, for exam
ple, the deutsche mark option prices obtained using the value of cr that
minimizes squared residuals. The divergence between market prices and
predicted prices is less than 10 percent of the market price for options
that are approximately at the money. But for options for which the
exercise price to spot price ratio is between 12.5 percent and 15 percent,
market prices are almost twice the predicted prices, and, for options for
which the exercise price to spot price ratio is over 23 percent, market
prices are almost fifty times the predicted prices.
In contrast, the Black-Scholes model appears to fit the data on French
franc options well, since the corresponding plot shows no systematic
relationship between prediction errors and the position of the option in
or out of the money. The U.K. pound exchange rate appears to be a
special case as well. Although the Black-Scholes option prices do not
display the same exercise-price bias (or at least not in the same mag
nitude), it is harder to argue that there is no bias altogether, because the
plot is far from a flat line. This special behavior of the French franc and
the pound sterling options is an interesting result; we will speculate later
on possible reasons.
The observed bias does not arise from an imprecise estimate of the
parameter cr. Because the option price depends positively on the vol
atility of the exchange rate, an increase in that parameter produces
higher predicted option prices. Thus, plots for different values of vol
atility, cr, can never cross. Furthermore, plots for different values of cr
are remarkably parallel. This means that increasing the assumed vol
atility of the process produces smaller errors at one end of the in-out of
the money spectrum, but only at the expense of producing higher errors
at the other end.
Moreover, there was no evidence that instability in the value of the
volatility parameter over the sample period could explain the bias in the
Black-Scholes model. Instability in cr could cause bias if, for example,
most observations of out-of-the-money options corresponded to a period
in which volatility was relatively high. 13 Indeed, prediction errors ap
peared to change signs at roughly the middle of the sample period. For
that reason, the sample was divided in two at August 1984, and the
volatility parameter was estimated separately. Although estimated vol
atilities are indeed higher in the second half of the sample period, the
13 Note that the plots in Figure 2 are of a mixed cross-section-time-series
nature. Each point corresponds to an average of contract prices that may be
dated at widely scattered points in time.
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Figure 2. Call Options: Black-Scholes Exercise-Price Bias,
February 1983-June 1985
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Figure
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Figure 2 (concluded).
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difference is not very large (the values obtained for the two samples fall
within the bounds used in Figure 2). More important, with the exception
of U.K. pound options, the same general pattern of exercise-price bias
remains present in both subsamples (see Figure 3).
If the explanation of the exercise-price bias advanced in this paper
the influence of potential jumps in exchange rates-is correct, we should
observe an increase in the Black-Scholes exercise-price bias as the time
to maturity shortens because the contrast between the predictions of a
diffusion and a jump model would be greater for options with a shorter
time to expiration.
In order to test that proposition, the prediction errors were plotted
against time to maturity for all options and also for those options which
were out of the money (that is, where the ratio of the exercise price to
the spot exchange rate exceeded 1.05 or 1.01 for Canadian dollar op
tions). While a time-to-maturity bias should be evident for both groups,
the bias for in-the-money contracts should be smaller relative to their
market value (which is largely accounted for by the difference between
exercise price and exchange rate). As can be seen in Figure 4, the
prediction errors on all options taken together do not appear to be
correlated in any way with the time to maturity of the option contracts.
In contrast, for out-of-the-money options, a time-to-maturity bias is
evident in the case of deutsche mark, yen, and Swiss franc options (see
Figure 4). For those three currencies, the underpricing of out-of-the
money options becomes larger as the time to maturity becomes shorter.
This is an additional sign that-for those three currencies-the Black
Scholes mispricings may be caused by expected jumps in the exchange
rate.
In summary, the empirical analysis indicates that, with the exception
of French franc options, the Black-Scholes model is not a good
representation of foreign exchange option prices. It also poses the ques
tion of why market participants traded out-of-the-money options at such
"high" prices. We suspect that the answer is that market participants do
not perceive the exchange rate as a diffusion process, and now turn to the
study of a model based on a different type of stochastic process.
Ill. Pure Jump Model

In the diffusion process in equation (1) the random component follows
a random walk over time displacing the exchange rate in a continuous
way; by contrast, the pure jump process represents the other polar case:
the random term is non-zero only at scattered points in time, and, at
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Figure 3. Call Options: Black-Scholes Exercise-Price Bias,
February 1983-August 1984 and September 1984-June 1985
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Figure 3 (continued).
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Figure 3 (continued).
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Figure 3 (continued).

�

Ratio of prediction errors to market prices

1.0
0.5
0

U.K. pound sterling
(February 1983-August 1984)

=

u

0.06

u•

O.IO

=

,/'

,/

------ ----��-�
---�
---�
--=�����
- · · ··

·

-----�"

·

-0.5
·

..

-1.0
-1.5

.

..

..

·

··
..

= 0.14

q

-2.0

..

-2.5 '-----�-----'--L---1
0.90
0.95
1.00
1.05
1.10
1.15
Ratio of exercise price to spot price
Ratio of prediction errors to market prices

1.0

U.K. pound sterling

(September 1984-June 1985)

0.5
0

1""'"""

·•- ........

.

.
··

..

·

-0.5

��

-

-

= 0.14

q

-

�--

-

-

....

_

_

_

-

-

-

- ----""'

u•

=

.,

""'

,/

0.18

-1.0
q

-1.5
-2.0
0.84

0.88

0.92

0.96

1.00

1.04

1.08

1.12

0.22

=

.

··

·····

1.16

1.20

Ratio of exercise price to spot price

©International Monetary Fund. Not for Redistribution

1.24

660

EDUARDO R. BORENSZTEIN and MICHAEL P. DOOLEY
Figure 3 (concluded).
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those points, it produces discrete jumps in the value of the exchange
rate. This implies that, in the pure jump process, the exchange rate
follows a deterministic path except for the discrete changes in its value
that arrive at random intervals.
Although the pure jump process is certainly too simple a representa
tion of the exchange rate process, it contains the feature of potential
jumps in the exchange rate value that may overcome the exercise-price
bias of the Black-Scholes model. However, since the actual exchange
rate process is certainly richer than the pure jump process, this model
should not be expected to provide a completely accurate representation
of market expectations and the derived option prices.
The assumption that an asset price follows a jump process captures the
possibility that the economic "news" that affects the asset price tends to
arrive in discrete lumps rather than in a smooth flow. In the case of the
exchange rate, the possibility of jumps appears to be an important fea
ture describing their time paths, particularly considering events such as
market intervention, realignments, shifts in monetary or fiscal policy, or
commodity price changes.
In this sample period, it is natural to assume that such abrupt changes
were expected to be linked to a depreciation of the U.S. dollar (an
increase in S, the price of foreign exchange). This is so because after an
almost continuous appreciation since 1980, the U.S. dollar was reaching
a point increasingly considered as "overvalued." In fact, some three
months after the end of the sample period, the Group of Five industrial
countries decided to coordinate efforts to obtain a lower value for the
U.S. dollar, a policy change that was followed by a sharp drop in dollar
exchange rates.
The pure jump model is derived from the assumption that the ex
change rate follows the following process:

dSIS = �dt + (4> - 1 )d 'TT ,

(3)

where 4> is the jump amplitude and 1T a random variable with a Poisson
distribution such that:

d 1T = 1 with probability A.dt
d1r = 0 with probability 1 - A.dt.
The difference between the diffusion process in equation (1) and the
jump process in equation (3) is that the nature of their stochastic parts
is opposite. While the random term of the diffusion process smoothly
pushes the exchange rate in one direction or the other, the random term
of the jump process almost surely has no influence on the exchange rate
over short intervals but over longer time intervals it generates discrete
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Figure 4. Call Options: Black-Scholes Time-to-Maturity Bias,

February 1983-June 1985
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Figure 4 (continued).
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Figure 4 (concluded).
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jumps of constant size <!> in the exchange rate. 14 An interesting com
parison between the two processes can be obtained from the fact that, in
the limit, if the size of the jump is reduced toward zero and its frequency
increased toward infinity, the jump process converges to a diffusion
process.
If the exchange rate follows a jump process the value of out-of-the
money options will be relatively higher than if the exchange rate follows
a diffusion process.15 Consider the value of a call option at maturity; if
the exercise price is higher than the actual spot exchange rate, the option
will obviously have zero value; if, on the contrary, the exercise price is
lower than the spot price, the value of the option will equal the differ
ence between the two. For an out-of-the-money option it is only the
probability of the exchange rate reaching values higher than the exercise
price that gives the option a positive price. Now consider the price of the
option at a moment close to maturity; if the exchange rate follows a
diffusion process, the chances of its rising above the exercise price may
be very small, but if it is a jump process, all that might be required is that
it takes one jump before maturity. It follows that investors would price
the option correspondingly higher. The pure jump model has, therefore,
the potential to do a better job in predicting market prices of out-of-the
money options.
As shown in Appendix II, when the exchange rate follows a jump
process with positive jumps, the call option price is given by
c

= Se -r•rXt - Ee -rTx2,

(4)

where

n = max
y=

[0; mm. mteger >
.

In (£/S) -

ln <!>

f.L]

(r - r* - f.L)T<j> .
<j> - 1

14The Poisson distribution implies that the probability that the number of
jumps j equals some value i in an interval of size T is given by

P. ( .

.)

r J=z

=

e

-�rp.,ry
i!

15That is, for example, if at-the-money options are priced the same by both
models, the pure jump model will price out-of-the-money options higher.
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Above, J.L and 4> are the two parameters that describe the stochastic
process followed by the exchange rate. J.L is the (instantaneous) rate of
depreciation of the exchange rate and 4> is equal to one plus the jump
size; in the empirical work we will search for specifications with J.L < 0
and 4> > 1, reflecting the trend appreciation of the U.S. dollar and the
potential fall in its value. The value of the call option decreases for
higher values of J.L, and increases for higher values of <f>. The latter
derivative is intuitively clear, the larger the size of the potential jump in
the price of foreign exchange, the larger the value of the option to
acquire foreign exchange. To obtain some intuition on the sign of the
effect of J.L, one should consider that J.L represents part of the (non
stochastic) interest differential favoring foreign currency-denominated
bonds, which is associated negatively with the value of the option.
The variable n represents the minimum number of jumps that the
exchange rate would need to experience for the option to be in the
money. 16 Note that when n = 0, x1 = x2 = 1 , and the option price does not
depend on the parameters J.L or <f>. That is, when no jumps are needed
for the option to be in the money at maturity, this price formula is no
longer affected by the existence of potential jumps in the exchange rate
process. Indeed, in that situation, the pure jump price formula becomes
very close to a Black-Scholes formula with very low volatility. This fact
reinforces our intuition that potential jumps in the process are a possible
explanation of the exercise-price bias of the Black-Scholes model. If
market participants expected the exchange rate to follow a pure jump
process, they would price options for which n = 0 (which, unless J.L is
large, includes almost all the options that are in the money) in a way
similar to the Black-Scholes formula but they would price options that
are out of the money significantly higher because of the potential large
changes in the exchange rate.
IV. Empirical Results: Pure Jump Model

Is the pure jump model able to overcome the exercise-price bias
suffered by the Black-Scholes model? If so, one would conclude that
expectations of potential jumps in the exchange rate process are the
cause of the bias in the Black-Scholes model predictions. The answer
turns out to be in the affirmative, at least for options on most currencies.
As displayed in Figure 5, the pure jump model does a better job in
16This can be immediately seen by noting that, after an interval of time T, the
value of the exchange rate will be Se"'r<l>n, where S is the initial value of the
exchange rate and n is the number of jumps it experiences in the period.
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predicting prices of options that are out of the money; the residuals are
not very large on average, and the plots tend to be quite flat in that
region, except for the extreme values of EIS, for which there is still some
underprediction of market prices. However, for options that are close to
the money, the pure jump model tends to underprice. As we noted
above, when no jumps are needed to put the option in the money, the
pure jump model converges to a Black-Scholes model with very low
volatility, and this turns out to generate underpredictions unless the
option is deep in the money. We can attribute this to the fact that the
pure jump model is not rich enough to describe the exchange rate pro
cess; in particular, the nonstochastic evolution of the exchange rate
during periods in which there are no jumps may be a problem. Un
fortunately, the pure jump model is, as far as we know, the only appli
cable model that includes jumps in the exchange rate value for which a
closed-form pricing formula exists.17 However, it is the successful perfor
mance of the model with respect to out-of-the-money options which is
more relevant here.
The pure jump model is most successful when applied to deutsche
mark and yen options. Also, the estimated values of the parameters are
within plausible ranges. The annual rate of appreciation of the dollar in
the absence of jumps, JJ., is between
percent and
percent against
the deutsche mark, and between 12 percent and 17 percent against the
yen. For reference, the annual appreciation of the U .S. dollar during
1983-84 (when we could argue there were no depreciation jumps) was
about
percent against the mark, and 8 percent against the yen. The
values of the parameter cl> imply that depreciations of between 7 percent
and 9 percent against the yen would take place in the event of a jump.
These parameter values are those which minimize not the sum of
squared residuals but a weighted average of residuals. This weighted
average assigns equal importance in the objective functions to each
group of options with the same exercise price-spot price value. This
increases the relative importance of out-of-the-money options that do
not constitute a large proportion of the total number of observations.
This estimation procedure was used because the purpose of this esti
mation was to check whether the pure jump model was capable of
avoiding the exercise-price bias rather than to fit the best possible pa
rameter values. In addition, at least in the case of these two currencies,

10

15

15

17 Merton (1976) has developed a mixed diffusion-jump model for stock op
tions. However, that model is based on the assumption that the jumps in the
stock price result from information sr.ecific to the firm and, therefore, un
correlated with any of the other avrulable investments. This assumption is,
obviously, not applicable to exchange rate jumps.
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Figure 5. Call Options: Black-Scholes and "Pure Jump" Exercise-Price Bias,
February 1983-August 1984 and September 1984-June 1985
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Figure 5 (continued).
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Figure 5 (continued).
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Figure 5 (continued).
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Figure 5 (continued).
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Figure 5 (concluded).
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the parameter values obtained following this procedure were very close
to the values that minimized total squared residuals.
With respect to the other currencies, the model appears to be less
successful, although it is almost always an improvement over the Black
Scholes model if judged by the criterion of exercise-price bias. In some
instances, the general pattern of the residuals does not appear to differ
very significantly from the Black-Scholes model (Swiss franc, first half);
in others, the model overpredicts deep out-of-the-money options (Swiss
franc, second half). In addition, some parameter values are not entirely
plausible, such as expected jumps of 18 percent in the U.S.-Canadian
dollar exchange rate for the second half of the sample.
Overall, these results support the conclusion that the possibility of
large, sudden changes in exchange rate parities account for the high
prices of out-of-the-money options. Judging from actual developments
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in foreign exchange markets, the success of the pure jump model appears
to be an expected result for deutsche mark and Japanese yen options.
For U.K. pound and Swiss franc options, the pure jump model repre
sents an improvement from Black-Scholes in terms of exercise-price
bias, but the results are somewhat murkier.
The results of the application of the model to Canadian dollar and
French franc options are somewhat puzzling. Because the U.S.
Canadian dollar exchange rate has been quite steady over several years,
there does not seem to be a strong case a priori for the jump model.
However, out-of-the-money options on the Canadian dollar are also
underpredicted by the Black-Scholes model and better explained by
assuming a pure jump model. Although there should not be serious
objections to these results for the first half of the sample, because the
implicit jump size is only 2 percent, the results for the second half are
certainly less appealing, since the jump size becomes 18 percent. In the
case of the French franc, there is no exercise-price bias in the Black
Scholes model. France being a member of the European Monetary Sys
tem (EMS), one would expect this exchange rate to be a good candidate
for the pure jump model because expectations on the dollar-franc ex
change rate should be consistent with expectations on the mark-dollar
exchange rate. A possible explanation may lie in an empirical regularity
that has been pointed out by students of the EMS such as Giavazzi and
Giovannini (1986). They have observed that on occasions in which the
mark appreciates with respect to the dollar it also strengthens with
respect to the French franc (and other EMS currencies). Although the
reasons for this empirical regularity do not appear to lie in standard
exchange rate models, market participants may consider that potential
jumps in the mark-dollar rate may not affect the franc-dollar parity. It
is also true that the French franc results should be taken more cautiously
because options on that currency started to be traded only in September
1984, and the sample size is much smaller than that of other currencies
for the same time period (350 transactions versus a typical 2,000 for the
other currencies).
V. Conclusions

The development of the foreign currency options market provides an
opportunity to undertake a broader investigation of exchange rate
expectations. While other financial transactions or even survey data
typically provide information only on an expected value parameter,
option prices provide information concerning the expected volatility
over time of exchange rates.
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The main empirical result of this paper is the underprediction of prices
of out-of-the-money options by the Black-Scholes model-which as
sumes that the exchange rate follows a sort of random walk with drift
process. This means that, by Black-Scholes standards, market par
ticipants paid prices that are too high for options to buy foreign exchange
at prices above the prevailing spot rate. A reason for those high prices
may have been that market participants did not believe that the exchange
rate followed a diffusion process, but instead some kind of process that
includes the possibility of sudden large changes or discontinuities.
An alternative model, originally developed for the valuation of stock
options, provides a good framework to test this idea. This is the pure
jump model, in which the time path of the underlying stock is subject to
jumps that arrive at random intervals. With the exception of French
franc options, the pure jump model clearly outperforms the Black
Scholes model in accounting for the large out-of-the-money option
prices. For the deutsche mark and yen options, the pure jump model
appears to be quite successful, suggesting that the possibility of a sudden
depreciation of the U.S. dollar against the deutsche mark and the Ja
panese yen was taken quite seriously in financial markets between 1983
and 1985.
APPENDIX I
Data and Methodology

The data base is composed of all the trades on foreign exchange options
carried out at the Philadelphia Stock Exchange (PHLX) since the opening of this
market on February 28, 1983 to June 27, 1985.18 For the analysis only the last
daily trade on each call contract was used, a subset of 19,817 trades out of the
just over 140,000 (call and put) options included in the data base. Only call
contracts were used in order to minimize potential early exercise biases. A
contract is defined by the currency, exercise price, and expiration date. There
fore, on the same date we may, for example, have several option contracts on
deutsche mark, each with a different exercise price or expiration date. The last
trade of the day on each of these contracts is included in the sample. 19
18The PHLX-OSU Currency Options Data Base was compiled by James
Bodurtha, Jr. We thank Professor Bodurtha for providing us with these data.
19 This sample was further filtered by taking away the contracts that presented
an anomalous value for some variable and the extreme outliers in the Black
Scholes estimation. The total of discarded observations amounted to less than
1 percent of the sample.
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The option prices correspond to actual trade prices and not to bid-ask quotes.
The time to maturity of the contract, its exercise price, and the closest previous
spot exchange rate quotation from the interbank market are also provided in the
data set. Interest rates were obtained from the DRI data base on Euroc\liTency
rates. To obtain the yield over the time to expiration of each contract, we used
weighted geometric averages of the smallest possible number of interest rates on
different maturities. In theory, a superior procedure to obtain the foreign inter
est rate is to use futures contracts on foreign exchange because they have the
same maturity dates as the foreign exchange options. (The ratio of future to spot
exchange rates must be equal to the yield differential between domestic and
foreign currency-denominated assets by closed interest parity.) However, given
the volatility of spot rates, any slight misalignment of spot and future rates may
produce very large mistakes in this measure, which makes it unreliable.
The plots represent the divergence between market prices and model prices
for different groups of options. In the plots included in Figures 2, 3, and 5,
options are grouped according to their position in or out of the money; in the
plots included in Figure 4, options are grouped according to their time to
maturity.
For Figures 2, 3, and 5, the procedure is the following. First, the option prices
predicted by the models are computed using the corresponding parameter
values. Second, options are grouped into 15 equal size intervals, according to the
value of Ee-'r/Se _,.r; that is, the ratio of the exercise price to the spot rate
adjusted for interest differentials (this is a standard measure of the extent to
which an option is in or out of the money). If an interval comprises less than ten
observations, it s
i merged with the next to the left. The average value of
Ee -'riSe -n within each interval forms the variable represented in the horizon
tal axis of the plots. This means that as we move to the right along the horizontal
axis, we find groups of options that are further out of the money. Finally, the
percentage prediction error is computed as (market price - model price)/market
price. The average value of this variable for each group of options forms tpe
variable represented in the vertical axis'of the plots. For the plots included in
Figure 4, the procedure is the same, with the exception that �he variable in the
horizontal axis is the number of days remaining to the �ate of maturity of the
contract.

APPENDIX II
Pure Jump Model Applied to Foreign Exchange Options
This application of the pure jump model to the case of foreign exchange
options mimics the steps followed by Cox and Ross (1976) in their development
of the stock option pricing formula for this process.
The price of foreign currency is assumed to evolve according to the following
process:

dS

s = tuft + (cp - l)d'll',
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where
d7T = 1 with probability >..dt
d7T = 0 with probability 1 - >..dt,

and we will consider the case in which f.L < 0 and <1> > 1.
Let e be the price of a European call option. We want to find a formula that
depends only on the current exchange rate and time, e = e(S, t). The evolution
of e over time will be different in the points in which there is a jump in the value
of the exchange rate from the points in which there is none. At the point in which
there is a jump, the change in the price of the option will be
de _ e(<j>S, t) - e(S, t)
ce(S, t)
and at the points with no jumps will be
de =
es " �dt + eI ldt
e
e
r- e

>

where e5 and e, indicate the partial derivatives of the option price function with
respect to the price of foreign exchange and time, respectively. We want to form
a portfolio, with shares a.: of the option and as of foreign bonds (pure discount),
that has no uncertainty. For this purpose, it is only necessary to hedge against
the jumps, because the evolution of the exchange rate is nonstochastic otherwise.
For the value of the portfolio not to be affected by jumps, the shares must satisfy
the following condition:
e(<j>S, t) - e (S,t)
(5)
+ as (.�-.
'+' _ 1) = 0
<Xc
e(S, t)
Let r* denote the instantaneous rate of return on foreign currency
denominated bonds; then, the dollar-denominated return is r• + dSIS, which
equals r• + f.L in points with no jumps. Since this portfolio has no risk, it must
yield the riskless dollar interest rate r. This implies the following additional
restriction:
•

ac(es f.L% + c,

� - r )dt + as(f.L + r* - r)dt

=

0.

(6)

Equations (5) and (6) can now be used to substitute for the corresponding
values of as and a< . Skipping some tedious algebra, we obtain
_
<l>r - f.L r*
f.L+ r• - r
(7)
1 _ <I> e(S, t).
-e, - es f..l,5 + 1 _ <I> e(<j>S, t) +
-

Equation (7) is a mixed difference-differential equation. It is subject to the
following terminal condition, which expresses the value of the option at ex
piration date:

c (S, T) = max [0, Sr- E].
(8)
Equation (7) is very difficult to solve by any mathematical method. The
ingenious approach of Cox and Ross uses economics to obtain a soluton, and it
only involves elementary algebra. The argument is as follows. Equation (7) holds
for any economy, independently of preferences, market structure, and so on,
since none of those factors is necessary to derive it; then, if it is possible to find
its solution for any particular economy, this solution will also apply to any other
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economy. It is easier to solve equation (7) for the case of an economy composed
of risk-neutral agents; in this case, all assets must render the same expected rate
of return, which simplifies the analysis considerably. Note that this is only a
strategy to integrate equation (7); the assumption of risk neutrality is not being
made, and the solution that will be obtained applies to any economy.
Let j denote the number of jumps of the exchange rate over (0, T]. By the
properties of the Poisson distribution, it is true that
e - �r("II.T)I
prob (j = i )
.1
=

l.

•

Since the rate of change of the price of foreign exchange in (0, T] is given by
Sr AJ e ,.r
'
'
So - '+
_

it follows that
S
.. ('A.cj>T)1
('A.T)1
.e,.re -�re •o�>r.
.,
E ...I. = L cl>le ""re -�r, = e,.re -�r L L.
So
I•O
I•O
I.
Since, by equality of the expected rates of return, E[SriS0 ] = e <r-r"> r,
'A. - r - r* -f.l.
- cj> - 1

[ ]

.,.

- =

(9)

The expected return on holding the call option between time 0 and the time
to expiration T is
('A.T)1e-•r
1
1 L e ""r
.1
E[max (0; Sr - E)] =
(
Scj>' - E)
1•
C (S1 O) i•n
C (s 0)
And, by equality of expected rates of return, this rate must also be equal to
e'r. Above, n is the minimum number of jumps necessary for S7·to become larger
than the exercise price E. That is,
In (EIS) - f.l.(T - t)
smallest integer>
(10)
n =
In (cl>)
By substituting out 'A., and after some algebraic transformations, we reach the
option price formula for the pure jump process:
..

·

1

�

c(S, t) = S(t)e -r"(T-t) f e-y l . - Ee -r<T-•J
l•n

where

_

y-

fe

l•n

-(y/4>!

(y��Y,
l.

(11)

cl>(r - r * - f.l.)(T - t)

cj> - 1
In order to check that equation (11) is actually the solution to equation (7),
the proper derivatives must be computed. There is, however, one complication.
At points in which small changes in S or in t do not change n (as defined in
equation (10)), cs and c, are straightforward to compute and it can be seen that
equation (11) satisfies equation (7). However, when S and t are such that
_ In (EIS) - f.l.(T - t)
n In (cl>)

'

an increase or a decrease in S or t will affect c (S, t) differently by changing (or
not) the number of terms in the summations in equation (11). In more technical
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words, the left and right derivatives are not the same. This problem is solved by
recalling that cs and c, come into equation (7) describing the evolution of S in
periods in which there are no jumps. Therefore, if 1J. is negative, the proper
derivative cs is the left derivative because S is decreasing over time. Also, the
proper derivative c, is the right derivative because we are moving forward in time.
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Real Exchange Rate Dynamics in a
Small , Primary-Exporting Country
MOHSIN S. KHAN and PETER J. MONTIEL*

Although the nominal exchange rate is often used as a policy instrument
in small, primary-commodity-exporting countries, the real exchange rate
is an endogenous variable that responds to both exogenous and policy
induced shocks. This paper examines the dynamic effects on the reaL
exchange rate of various shocks, such as devaluation, fiscal and trade
policies, and changes in the terms of trade and foreign real interest rates.
Because the path of the real exchange rate differs for different types of
shocks, nominal exchange rate policies to achieve a target real exchange
rate must take these differences into account.

HERE IS GENERAL AGREEMENT among economists that the real ex
Tchange rate is a key relative price in the economic system.1 Changes
in the real exchange rate have a wide-ranging influence on the economy,
affecting foreign trade flows, the balance of payments, the structure and
level of production and consumption, employment, and the allocation of
resources. Although the nominal exchange rate is typicaJiy a policy
instrument in small, primary-commodity-exporting countries-including
most developing countries-the real exchange rate is an endogenous
• Mr. Khan is Assistant Director in the Research Depar
tment. He is a gradu
ate of Columbia University and the London School of Economics and Political
Science.
Mr. Montiel is an economist in the Developing Country Studies Division of the
Research Department. He is a graduate of Yale University and the Massachu
setts Institute of Technolog
y.
The authors are g
rateful to Miguel Kuguel and Saul Lizondo for helpful
comments on an earlier version of this paper.
1 For an extensive discussion of the theoretical and empirical aspects of real
exchange rates in developing countries, see thepap
ers contained in Edwards and
tcular Harberger (1986) .
Ahamad (1986), in part
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variable that responds to both exogenous and policy-induced shocks. It
is obviously important, therefore, to understand how such shocks affect
the real exchange rate if one is to design adjustment programs that will
improve international competitiveness and shift resources toward the
production of tradable goods.2
In the past decade or so, developing countries have experienced a
series of external shocks that have had direct effects on their real ex
change rates.3 Worsening terms of trade, falling growth rates in indus
trial countries, and sharp changes in the availability of foreign financing
that were accompanied by dramatic increases in real interest rates on
external borrowing made economic management in general, and ex
change rate management in particular, very difficult for policymakers in
these countries. Furthermore, in many cases the adverse effects of these
external shocks were compounded by inappropriate domestic policies.
The adoption of expansionary demand-management policies combined
with rigid exchange rate policies resulted in inflationary pressures,
steady losses in international competitiveness, and inefficiencies in the
allocation of resources arising from distortions in relative prices.
The need for macroeconomic adjustment was not perceived to be
pressing as long as foreign financing was readily available. As is now
well known, however, in 1982 the private international credit markets
reached the conclusion that recent financing trends were no longer sus
tainable. The flow of new credits to many capital-importing developing
countries suddenly evaporated, making external adjustment the prime
objective of economic policy. Such adjustment typically involved fiscal
and monetary restraint to control both public and private spending,
trade policies to create the incentives for an increased supply of trad
ables, and the implementation of more flexible exchange rate policies to
achieve and maintain international competitiveness.
Taking the view that getting the real exchange rate "right" is a central
element in the adjustment effort, in this paper we address the following
question: What are the dynamic effects of external shocks and domestic
policy actions on the real exchange rate of a smaJI, primary-exporting
country? Previous analyses of the effects of external shocks on the real
exchange rate-for example, by Dornbusch (1985) and Khan (1986)
have used an essentially comparative static approach. For policymakers,
however, it is often equally important to understand the transition path
the real exchange rate follows after a shock as it is to know what the

2 Policies to alter the real exchange rate are often the centerpiece of adjust
ment programs; see International Monetary Fund (1985).
3 For a description of the role of external factors that affected developing
countries, see Khan and Knight (1983) and Balassa (1986).
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value of the real exchange rate would be in the long run. The dynamics
of real exchange rate behavior need to be examined, therefore, if useful
advice on exchange policies is to be given.
In Section I of the paper we outline a simple theoretical model for the
study of real exchange rate behavior in a small, primary-exporting econ
omy. The advantage of this model is that it allows us to examine the
dynamic effects of a variety of shocks on the real exchange rate within
a single consistent framework. In Section 11 we examine the effe.cts on
the real exchange rate of a nominal devaluation, changes in the terms of
trade, fiscal policies, trade policies, and increases in foreign real interest
rates. The concluding section summarizes the main issues covered in the
paper and highlights the policy implications of the study.
I. The Model

The model we specify to analyze the dynamic adjustment of the real
exchange rate is an expanded version of the model proposed by Montiel
(1986), which has been modified here to incorporate a three-good
structure-importables, exportables, and nontradables-and to allow
for instantaneous nominal wage and price flexibility. The model has its
roots in the familiar two-good dependent economy model popularized
by Dornbusch (1974), Rodriguez (1978), and Liviatan (1979), among
others.
The focus of our analysis is on the dynamic behavior of the real
exchange rate that is induced by asset accumulation; thus real private
financial wealth is the key predetermined variable, as in Calvo and
Rodriquez (1977) and Khan and Lizondo (1987).4 Given the current
value of real private financial wealth, the real exchange rate and the real
wage adjust continuously to ensure equilibrium in the Jabor market and
in the market for nontraded goods. The model assumes perfect foresight
on the part of all agents, and consequently the values of the real ex
change rate and the real wage that will clear these markets at any instant
depend on the future evolution of the economy.5
This section is divided into four subsections. The supply side of the
model is described in the first, followed by a description of the demand
4The model here generalizes the Khan-Lizondo model to incorporate a third
good, full capital mobility, intertemporal substitution in consumption, and per
fect foresight.
5 For an analysis of real exchange rate dynamics induced by changes in the
sectoral allocation of capital, see Edwards ( 1986) Alternative approaches to the
question of dynamics are taken by Mussa (1986) and Obstfeld (1986) .
.
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side. The third subsection analyzes the implications of equilibrium in
the market for nontraded goods, and the final subsection presents the
solution.
Supply

Consider an economy producing three goods--exportables (X), im
portables (Z), and nontraded goods (N)---using a single variable factor
of production (labor). Production functions for all goods take the form
y;= Y; (L;) ;

y;' >O,

yf' < 0,

(1)

where y; denotes output of good i, L; is the amount of labor employed
in the ith sector, and i = X, Z, N. A prime signifies a derivative,
y/ = dy;ldL;.
Labor is assumed to be homogeneous and instantaneously mobile
among sectors. Labor therefore earns the same nominal wage in each
sector. This wage is assumed to be perfectly flexible, so that labor market
equilibrium holds continuously:
Lx (w/p) + L. (w) + LN (we) = L.

(2)

Here w is the wage measured in terms of importables (that is, WIP., if
W is the nominal wage and P. is the domestic currency price of irn
portables), and p is the terms of trade, given by p = PiP., where Px is the
domestic currency price of exportables. The variable e is the real ex
change rate, defined as the ratio of the domestic currency price of
importables (P.) to that of nontraded goods (PN); that is, e = P.IPN.6 An
increase (decrease) in e represents a real depreciation (appreciation).
The demand for labor in each sector is derived from the profit
maximizing condition y;' (L;) = w;, where W; is the product wage in sector
i, so that the labor demand functions satisfy L;' = 1/y/' < 0. The aggregate
supply of labor is assumed to be inelastic and is given by L. Equation (2)
permits us to solve for the value of w that clears the labor market as a
function of the terms of trade and the real exchange rate:
w

=

w(p,e)

(3)

w1 = (L; w/p2)/(L;/p + L; + L/.Je) > 0
w2 = -L/.Jw/(L;Ip + L; + L/.Je) < 0,
6 Note that, as long asp is unchanged, this formulation is equivalent to defining
as the ratio of the price of tradables to that of nontradables. When p changes,
however, this definition becomes ambisuous. We examine effects of such
changes on both P.IPN and P.IPN in Section Il.
e
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where w1 and w2 are the partial derivatives of the function w (p, e). An
improvement in the terms of trade brought about by an increase in the
price of exportables, for example, increases the demand for labor in the
exportables sector, which causes the nominal wage to be bid up in aU
sectors, thereby releasing labor from the importables and nontradables
sectors to be absorbed in the expanding export sector. In contrast, given
p, a real exchange rate depreciation (increase in e) must be brought
about through a relative decrease in PN. This causes the demand for
labor to decrease in the nontraded-goods sector. The nominal wage is
thus bid down, causing the traded-goods sectors to absorb the labor
released by the nontraded-goods sector. It is easy to verify from the
expressions for w1 and w2 that the elasticities of w with respect to p and
e are both less than unity in absolute value-so that an increase in p
reduces the product wage (w/p) in the exportables sector, and an in
crease in e increases the product wage in the nontraded-goods sector:
d(w/p)/dp = (w1 - w/p)/p = [L;t(L; + L;p + LNpe) - l]w/p2 < 0
d(we)lde = w2e + w = [1 - LNei(L;Ip + L; + LNe)]w > 0.
Substituting the sectoral labor demand functions into the respective
production functions and using equation (3) permits us to write the
sectoral supply functions for exportables, importables, and nontradables
as
y: = Yx {Lx [w(p , e )/p]}
dy:ldp = y;L;(w1 - w/p)/p > 0
dy:tde = y;L;wz > O

(4a)

y; = Yz {L, [w(p, e)]}
dy;ldp = y;L;w1 < 0
dyilde = y;L;w2 > 0

(4b)

yf., = YN {LN [w(p,e)e]}
dyf.,ldp = YNLNw,e
dyf.,lde = YNLN(wze + w)

(4c)

<0

<0.

The supply of output in each sector is thus a function only of the terms
of trade and the real exchange rate. An improvement in the terms of
trade shifts labor from the importables and nontraded-goods sectors to
the exportables sector, causing output of exportables to expand and
output of the other two goods to contract. By contrast, a real exchange
rate depreciation moves labor from the nontraded-goods sector into the
production of both tradable goods. Output of exportables and import
abies expands, while that of nontradables contracts.
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Demand

For the case of a small country, the law of one price implies that the
foreign component of demand for tradable goods is perfectly elastic, so
that domestic currency prices of these goods are given by
Px = sP;

(Sa)

P: = sPi,

(5b)

where P; and Pi are the foreign currency prices of exportables and
importables, respectively, and s is the nominal exchange rate (the do
mestic currency price of a unit of foreign currency). By definition there
is, of course, no foreign demand for the nontraded good.
Turning to the domestic component of demand, we assume that the
exportable good is not consumed at home. We have in mind, therefore,
a small country that is specialized in the export of some primary com
modity.' Importables and nontraded goods are consumed by the private
sector and by the government.

The Private Sector
With regard to the private sector, we assume that the representative
household possesses a Cobb-Douglas utility function, with share e for
consumption of nontraded goods (eN) and 1 - e for consumption of
importables (c.) , where 0 � 6 � 1.8 This means that the private sector has
constant expenditure shares 6 and 1 - 6 on nontraded and importable
goods, respectively. The price of the consumption basket, denoted P,
can therefore be written as
p = p�p;-e
=

P.e -e.

(6)

From equation (6), we can write the relative prices f':IP and PNIP in the
form
f':IP = e8

(7a)

PNIP = e8- 1 .

(7b)

7This is strictly a simplifying assumption. It has no effects on the basic results
of the paper. What it implies in the analysis here is that exports and exportables
are one and the same.
8 We utilize this formulation for reasons of simplicity.
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Letting c denote total real consumption, measured in units of the con
sumption basket, constant expenditure shares imply that PNcN = aPe
and that P. c,=(1 - a)Pc. Therefore, private sector demand for import
abies and nontraded goods can be expressed, using equations (7a) and
(7b), as
C: = (1 - a)e -8c

(8a)

CN = ae1-8C.

(8b)

Real household consumption c is taken to depend on real factor in
come y (net of real taxes paid to the government tP), on the real interest
rate r, and on the private sector's real financial wealth, all measured in
terms of the consumption basket. For later convenience, we write the
last of these variables as e 9aP , where aP is real private financial wealth
measured in terms of importables. Therefore, real consumption is given
by
(9)
where eh c2, and c3 are the partial derivatives of the function c( ).
Increases in real factor income net of taxes and in real private financial
wealth increase real consumption, whereas an increase in the real inter
est rate will reduce consumption.
Real factor income is simply nominal output divided by the price of
the consumption basket; that is,
Y = (P.Yx + P.Yz + PNYN)/P,
which, by using equations (6) and (7), can be written as
y = e6(P.Yx + P.y, + PNYN)IP:
= e 8(PYx + Yz + YNie ).
Because sectoral output levels, according to supply equations (4a)-(4c),
depend only on the terms of trade and the real exchange rate, y likewise
depends only on p and e. Therefore we can write
y = y(p,e).

(10)

Choosing units so that initially p = e = 1, and using the expressions for
w1 and w2 derived in equation (3), we have
Y1 = dyldp = y;(L; + L; + LN)wl - y;L;w + Yx
= Yx
Y2 = dylde = ay - YN + YN(L; + L; + LN)w2 - YNLNw
= ay - YN·
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Thus, an improvement in the terms of trade increases real income by
an amount that depends on the initial level of exports. To interpret the
effect of a real exchange rate depreciation on real income, note that we
will assume below that the composition of government spending initially
mirrors that of the private sector and that the market for nontraded
goods is in continuous equilibrium. This means that 6y can differ from
YN only to the extent that real domestic absorption differs from real
output-that is, to the extent that the trade balance is initially in surplus
or deficit. If the trade balance is in equilibrium (6y = YN), a real ex
change rate depreciation will have no effect on real income. If the trade
balance is in surplus (6y > YN), the value of domestic production exceeds
that of absorption. Because production and absorption of nontraded
goods must be equal, output of traded goods must exceed absorption of
traded goods, implying that the share of traded goods in production must
exceed the share of tradables in absorption-that is, in the consumption
basket. Thus an increase in the relative price of traded goods (a real
depreciation) must increase the real value of domestic output measured
in terms of the consumption basket (dylde > 0). These arguments are
reversed if the trade balance is initially in deficit. Because long-run
equilibrium will be shown to require a zero current account balance,
assuming that the home country is a net international debtor requires a
trade surplus in the initial long-run equilibrium. In what follows, there
fore, we assume that Y2 > 0.
Real household financial wealth consists only of real financial assets
(which comprise real money balances, MIP, and the real value of foreign
securities, sFp/P) minus real liabilities (which consist of the stock of
credit extended to the private sector by the banking system Dp/P):

e8aP = (M + sFp - Dp)/P.

(11)

Money pays no interest, whereas foreign securities earn the nominal
interest rate i *. The nominal rate charged on bank loans is denoted i. We
assume that portfolios are in continuous equilibrium, that domestic and
foreign interest-bearing assets are perfect substitutes, and that expec
tations are characterized by perfect foresight. Under these conditions,
uncovered interest parity holds continuously:

i = i* + E(s)
= i*'

(12)

where E (s) is the expected rate of depreciation of the domestic currency
(a circumflex over a variable denotes a proportional rate of change),
which is zero under fixed exchange rates and perfect foresight. These
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conditions also imply that the money market is always in equilibrium.
Letting the real demand for money (L ) depend, in conventional fashion,
on real income and the nominal interest rate, we have, using equation
(12) to replace i by i *,

MIP L(i*,y);
L1 <0,
(13)
where L1 and L2 are the partial derivatives of real money balances with
respect to i* and y. Finally, because the real interest rate is the nomina]
interest rate minus the expected rate of inflation, r = i - E(P), we can
=

use the log-differentiated versions of equations (Sb) and (6) to write

r = [i * - E(P:)] + eE(e)
= r* + ee,
where r * = i "' - E (Pz"') is the external real interest rate.

(14)

To conclude our description of private sector behavior, we can derive
private accumulation of real financial wealth from the private sector's
budget constraint. With a dot over a variable denoting a time derivative,
this constraint takes the form

(P.ap) = Py + i*(sF - Dp) - Ptp - Pc.
Solving for tip by using equation (9) and writing out the expression for L,
we obtain

tiP = e -ec y - tP - c) + i*(aP - e -eL) - P,*aP
= e -6(y - tp - c ) + r"'ap - (r* + P:)e -6L
=

e -6{ y(p, e ) - tP - c[y(p, e) - tp, r * + ee, e6ap]}
+ r*aP - (r* + P:)e -eL[r* + ?:, y(p,e)].

We can summarize the properties of private saving behavior as follows:

tip = a (ap, e , p, tp, r*, e P,*)
a1 = r* - c3 < 0
az = (r* - c3)6ap + [1 - c. - (r* + Pz"')Lz]yz = ?
a3 = [1 - Ct - (r* + P:)Lz]y1 > 0
a4 = -(1 - c1) < 0
a5 = aP - L - (r* + P,*)L1 - c2 > 0
a6 = -ecz > 0
a1 = -[L + (r*Pz"')LJ ?,
=
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where all derivatives are evaluated at e = 1 and tip= 0. The signs of these
partial derivatives reflect the following assumptions.
First, an increase in real financial wealth reduces household saving
(c3 > r *). This assumption is not very restrictive, since the propensity to
consume out of nonhuman wealth will exceed the real interest rate in a
life-cycle context with finite household horizons (see Flavin (1985)).
Second, the marginal propensity to save remains positive even after
one allows for the loss of interest income caused by the instantaneous
portfolio shift into money that is induced by an increase in household
income, 1 - c1 - (r * + P.*)Lz > 0.
Third, real household financial wealth exceeds the real value of money
holdings (ap > L ) .

The Public Sector
The public sector in the model consists of the government and the
central bank. The government is assumed to hold no money, so that its
net worth is given by
(16)
where ac is the government's net worth measured in terms of im
portables, Fe is the government's stock of foreign securities, and De is
the stock of credit extended to the government by the central bank. The
government consumes current output, collects taxes, receives transfers
of profits from the central bank, and accumulates assets. Its actions are
subject to the budget constraint:

(P.ac) = P(tp + to) + i *P.ac- PNgN - P. g.,
where t0 is real transfers received from the central bank, and gN and g.

are government consumption of nontraded goods and importables, re
spectively. Defining g as total government spending, measured in units
of the consumption basket, we assume that initially gN = 6e Hg and g. =
(1 - 6)e -eg. Solving the budget constraint for tic, we have

. = e -ectp + t0) + r *ac - ee -•gN - g•.
ac
(17)
The government's policy variables are tp, gN, and g,. Transfers from the
central bank t0 are endogenous (see equation (20) below), and ac is
predetermined. The surplus tic is determined residually. The behavior of
the surplus, however, is subject to the intertemporal constraint:9
lim ac(t)e _,., � 0.

,... ..

9 This intertemporal constraint allows us to rule out Ponzi schemes.
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By solving the differential equation (17), it can be shown that this con
dition will be violated unless the long-run values of tp, gN, and g, are such
that tiG = 0.10 Because this condition pegs the long-run value of aG, one
of the policy variables tp, gN, or g, must move to the residual role. We will
suppose for now that g, does so (this will change in Section ll). In the
long run, then, equation (17) becomes
g.= e -a(tp + t8) + r *aG - e e-tgN,
(17a)
which implies that changes in tp or gN must be offset by changes in g, that
leave the (inflation-adjusted) budget in balance.
The balance sheet of the central bank is given by
M = sFs + Dp + DG.

(19)

With the stock of foreign-exchange reserves, F8, being held in the form
of foreign securities, bank profits are
ts = i*(sFs + DP + DG)IP.

(20)

The central bank controls the stocks of credit extended to the private
sector and to the government. Credit policy is assumed to take the form
of growth in these stocks at the constant rate b . Because the exchange
rate is fixed, the money stock and the stock of foreign exchange reserves
are endogenous variables. The stock of foreign exchange reserves will
evolve according to
sFs
D
,
(sF8 ) M = M - D
M
�

�

A

= M - D(l - sF81M).

(21)

A necessary condition for avoiding a balance of payments crisis is that
the ratio of foreign exchange reserves to the domestic money stock,
sF81M, be bounded from below. 11 It can be seen from equation (21) that
this condition requires that D � M. It can also be shown that, unless
b 6; M, the private sector will be unable to satisfy its demand for money
in the long run. Thus, the central bank has no long-run discretion over
b. Short-run deviations from the long-run value of b will be reflected in
changes in the long-run equilibrium value of sF8/M.
'0 The intertemporal constraint (18) will be violated for the domestic govern
ment if aa < 0, and for the government of the rest of the world if a0 > 0.
" This condition is not sufficient, since a crisis will ensue if sF8/M is foreseen
to fall below a threshold value. These conditions are obtained in models of
balance of payments crises; see Krugrnan (1979), Obstfeld (1984), and Blanco
and Garber (1986).
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Equilibrium in the Markets for Labor and Nontraded Goods
The price of nontraded goods is assumed to be flexible in this model,
so that the market for nontraded goods is always in equilibrium:

YN = cN + gN.
Substituting for YN from equation (4c) and for eN from equations (8b) and
(9), we have

YN{LN[W(p, e )e ]} = ee l -8c [y (p , e) - tp, r * + ee' e8ap] + gN . (22)
Notice that, since w (p, e) is the value of w that clears the labor market,
equation (22) imposes simultaneous equilibrium in the markets for labor
and nontraded goods. Equation (22) can be written in the form of an
equation for the evolution of the real exchange rate:
(23)
with
ct>1 = -c3/ecz > O

4>z = [ y,VL,V( Wz + w ) - ecJYz - e2c3ap -e(1 - e)c ]/e2cz > 0
4>3 = ( y,VL,Vw1 - ec1 Y1)/e2c2 > 0
4>4 = -1/e2cz > 0
4>s = c/ecz < 0

4>6 = -1/e < 0,
where the partial derivatives are evaluated at e = 1, and the sign of 4>z
assumes that the substitution effect of a change in the real exchange rate,
e(1 - e)c, dominates the income effect, ec1 y2 • Equation (23) describes
the rate of real exchange rate depreciation that will clear the market for
nontraded goods for given values of the variables on the right-hand side.
An increase in the rate of depreciation of the real exchange rate implies,
given P;, an increase in the domestic rate of deflation and, thus, an
increase in the domestic real interest rate. Such an increase induces a
reduction in the excess demand for nontraded goods and becomes neces
i
sary whenever excess demand for such goods is created by an increase n
household wealth, a real depreciation (that is, a decline in PN ), an
increase in real income caused by a favorable terms of trade shift, or an
increase in government spending on nontraded goods. This explains the
first four partial derivatives above. The rate of real depreciation must
decrease to lower the domestic real interest rate and stimulate increased
demand for nontraded goods, when such demand has been depressed by
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increased taxation or an increase in international real interest rates. This
justifies the signs of the two remaining partial derivatives.
Solution of the Model

Solving the model requires ascertaining values of e and e. But since the
equilibrium value of e depends on the contemporaneous value of aP-a
predetermined variable-it follows that future values of e will depend on
future values of aP. Thus the dynamics of the real exchange rate and the
accumulation of private financial wealth must be worked out jointly (see
Khan and Lizondo (1987)). This can be done by using the private sector
saving equation (15) and the equiHbrium condition for the nontraded
goods market (23). These equations are repeated here for convenience:
(15)
(23)
Since private asset accumulation depends on the rate of depreciation of
the real exchange rate, substituting for e in equation (15) from equation
(23) produces
(24)
with

\j11 = r* > 0
"'2 = r*6ap + (1 - e)c + [1 - (r* + Pi)L,.]y2 - y,VLN[w2 + w]/6 > 0
\j13 = [1 - (r* + P:)L,.]y1 - y,VL,Vw1/6 > 0
"'4 = 1/6 > 0
\jls = - 1 < 0
\j16 = aP - L - (r* + Pi)L1 > 0
\j17 = -[L + (r* + Pi)L1] = ?.
Equations (23) and (24) are a system of differential equations in e and
aP . Linearizing this system around the equilibrium e aP = 0, we have
=

dp
dgN
dtp
dr*
dPi
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The determinant of the 2 x 2 matrix on the right-hand side of equation
(25) is
lji1<!>2 - <!>11ji2 = -

('*e:2c3)

[(1 - 9)c + CtY2 - y;,L;,(w2 + w)/6]
(26)

Thus the equilibrium e = tip = 0 is a saddle point. The phase diagram for
the system (25) is depicted in Figure From equation (24), the condition
tiP = 0 traces out a locus in (e, ap) space. Its slope is

1.

Similarly, the locus traced out by e = 0 has the slope

de
= -<!>11<!>2 < 0 .
dap
e =0

From equation (25), however,

de
de
= (ljJ2<!>2)- J (IjJJ<!>2 - <!>t�) < O,
dap e.
dap
=0
tip = 0
so the locus e = 0 is steeper than tip = 0, as shown in Figure

The
direction of the arrows in Figure 1 follows from the fact that lji1 and <1>2
are both positive. The saddle path to the equilibrium point A, labeled
SS', therefore must lie in the second and fourth quadrants-that is, it
must have a negative slope.

1.

ll. Effects of Shocks on the Real Exchange Rate

To study the dynamics of adjustment to long-run equilibrium, we
consider the time path of the response of the real exchange rate to a
variety of exogenous and policy-induced shocks. The specific shocks
examined are

• a nominal devaluation
• a terms of trade improvement
•
•
•

•

a change in the composition of government spending
a tax-financed increase in government spending on importables
imposition of import and export taxes
increases in international real interest rates.
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Figure 1. Effects of a Devaluation
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The model described by equations (23) and (24) is sufficiently general
to handle these six shocks. Although the list is selective, we nevertheless
believe that the shocks examined are representative of the actual shocks
that developing countries have experienced in recent years.
Nominal Devaluation

Consider the effects of a nominal devaluation that is announced and
implemented simultaneously. 12 Because none of the exogenous and
policy variables in equations (23) and (24) is affected by this shock, the
loci
and aP =O do not move. The devaluation will increase the
domestic currency price of importables, however, and, because the
nominal domestic currency value of a portion of private wealth is pre-

e =0

12
There is now a broad literature on the effects of nominal exchange rates on
the real exchange rates; see Khan and Lizondo (1987) and the references cited
therein.
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determined, the real value of private wealth measured in terms of
importables decreases-that is, aP falls, say, to ap0 in Figure 1 . '3 The
reduction in wealth creates an excess supply of non traded goods, causing
the real exchange rate to depreciate. The real depreciation cannot,
however, be sufficient by itself to clear the nontraded-goods market
this would be the case at point C-because to the right of tiP=O the
private sector is saving, and this increase in private wealth is associated
with a continuous appreciation of the real exchange rate. Because this
future appreciation is foreseen, the real interest rate drops on impact,
and this decrease combines with the real depreciation to absorb the
initial excess supply in the nontraded-goods market. The economy
moves to B on the saddle path SS'.
After the initial impact, the economy moves to the southeast along the
segment BA in Figure 1 until the initial real equilibrium is restored. It
can readily be shown that along this path domestic inflation exceeds the
world inflation rate, and the current account is in surplus. The first part
of this statement follows simply from the fact that the real exchange rate
appreciates continously along BA. To show the second part, define the
(inflation-adjusted) current account, measured in terms of importables,
as

ea = e-8(y - c) - (e HgN + g,) + r *sFIP,;
that is, the current account is the excess of real income (including inter
est receipts from abroad) over real domestic absorption. Summing the
budget constraints for the private and public sectors and using equations
(17a) and (2), we have
(27)
Because lip> 0 along BA , devaluation induces a current account surplus
until the original level of real assets is restored.
Notice that, although a nominal devaluation has no long-run real
effects in the model in the sense that the long-run equilibrium at point
A is undisturbed by devaluation, this does not imply that the initial real
equilibrium will tend to re-establish itself after a nominal devaluation,
other things being equal. The initial real configuration of the economy
will never be restored after a nominal devaluation unless that config
uration happens to be one of long-run equilibrium. From an initial
position such as point D in Figure 1, for example, a nominal devaluation
that reduces wealth by an amount equal to (1 - a;tap1) would move the
economy directly and permanently to A. Real-world devaluations should
13 This will be true as long as M

-

Dp > 0, which we take to be the normal case.
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therefore be expected to move the economies concerned permanently
away from their initial real configurations. 14
As a corollary, note that, because a nominal devaluation can often by
itself move the economy permanently away from its initial real config
uration, it is not always true that the effectiveness of devaluation
depends on the implementation of restrictive aggregate demand policies.
Such policies may not be necessary even when-as in our model
nominal wages are completely flexible. We show below that such policies
will indeed affect the long-run equilibrium level of the real exchange
rate, but they do so independently of the level of the nominal exchange
rate. As argued by Khan and Lizondo (1987), adjustments in the latter
affect only the path of adjustment to the eventual equilibrium.
Improvement in the Terms of Trade

Consider now an improvement in the terms of trade; that is, an
increase in p. From equations (23) and (24), we have

de
dp
de
dp

e =O

= -<1>:/<1>2 < 0

llp = 0

= -ljly'ljl2 < 0 ;

in other words, both e = 0 and lip 0 shift down to e and Czp' respectively'
in Figure 2. It can be shown, however, that if the initial trade surplus is
small, the downward shift in lip = 0 must exceed that in e = 0. To see this,
note that
=

y/.,L/.,w1 - OCI)'t
<!>3
=
<!>2 y/.,L/.,(w2 + w ) - OctY2 - 02cJap-0(1 - O)c
y/., L/.,w1 - 0[1 - (r* + Fi)L2]Y1
ljl3 =
"'2 y/.,L/.,(w2 + w) - 0[1 - (r* + Pi)�]Y2 - 02r*ap-O(l - O)c
Because 1 - c1 - (r * + P: )L2 > 0, c3 > r * , and y2 is approximately zero
0

when the initial trade surplus is small, the result that ljl3 /ljl2 > <1>3/<l>z
follows. Thus the situation is as depicted in Figure 2.
When the improvement in the terms of trade is brought about by an
increase in export prices, the economy's short-run equilibrium will be at

14 Although this point is well known, it is frequently lost sight of and has
recently been re-emphasized by Edwards (1985).
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Figure 2. Effects of an Improvement in the Terms of Trade
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point B in Figure 2. The improvement in the terms of trade creates an
excess demand in the market for nontraded goods, so that the real
exchange rate appreciates. But the appreciation will not be such as to
leave e = 0, since the new higher real income from the terms of trade
improvement will induce the private sector to save, and this accumula
tion of wealth is associated with a further real appreciation. In the new
long-run equilibrium, private real wealth is higher, and the real exchange
has appreciated. Once again, dur.ng the period of adjustment from B to
C, domestic inflation will exceed the world level, and the current account
will be in surplus.
Because the real exchange rate has appreciated at point C, the price
of nontraded goods has to have risen in absolute terms (recall that the
price of importables is constant in this case). It remains to investigate the
magnitude of the increase in the price of nontradables relative to the in
crease in the price of exports. To do so, we use equation (25) to calculate
deldp across long-run equilibria:
de
lis• <1>3 - lis3 <I>•
=
dp - "'· <1>2 - lis2 <I>· .
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Substituting for the partial derivatives from equations (23) and (24), we
have

y,VL,V(w2 + w ) - 6( 1 - 6)c - 6c1J2

(28)

Because w2 + w > w, and 6( 1 - 6)c > -c1 y2, this expression must be
smaller than one in absolute value if the second term in the numerator
is sufficiently small. The magnitude of this term depends on the size of
the income effect of the change in the terms of trade on consumption
of nontradables (6c1y1). If the terms of trade improvement has a suffi
ciently large income effect, demand for nontradables could rise suf
ficiently to cause PN to increase more than in proportion to Px (therefore,
de/dp -1). Otherwise the increase in PN will be smaller than that of
f>x, and the real exchange rate will appreciate when defined as e = P,IPN
1
but depreciate when defined as Px!PN. 5
The analysis for the case in which the improvement is the result of a
reduction in the price of importables is quite similar. Notice first (from
equations (23) and (24)) that, since all exogenous variables take on the
same values whether a change in p is brought about by an increase in P:
or by a reduction in P:, the economy's long-run equilibrium is the same
in both cases, as one would expect. In particular, whether a reduction in
Pi is associated with a decrease or an increase in the equilibrium price
of nontraded goods will again depend on the magnitude of income
effects, as shown by Edwards and van Wijnbergen (1985). The dynam
ics, however, may be quite different. When the improvement in p is
brought about by a reduction in P,*, the domestic price level falls on
impact. As a result, the real value of private financial wealth measured
in terms of importables, aP , rises to a value such as ap0 in Figure 2
(assuming, as in Section I, that (M - Dp) > 0). It follows that, when the
improvement in the terms of trade results from a reduction in P,*, the
economy's short-run equilibrium will move on impact to a point such as
D, located to the southeast of B on the stable path SS'. The magnitude
of the real appreciation on impact must exceed that which results from
a rise in p caused by an increase in Px*.
The qualitative features of the short-run dynamics in this case will
depend crucially on whether ap0 >a;*. If this inequality holds, point D
will be located to the southeast of the long-run equilibrium at point C.
If so, aP will fall and e will rise during the period of adjustment-that is,

<

15 As Harberger (1986) has stressed, this ambiguity limits the usefulness of the
conventional definition of the real exchange rate as the price of tradables mea
sured in terms of nontradables. See also Khan and Zahler (1985).
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the current account will be in deficit, and the domestic rate of inflation
will fall short of the world level. Because ap0 rises in proportion to the
increase in p times the share of M - DP in private financial wealth on
impact, the relationship between ar• and ap() can be examined by calcu
lating the elasticity of aP** with respect to p. Using equation (25), we
obtain

da; ...!._
dp a; -

_

_

( - )

<l>21j13 - ljl2<l>J ...!._
ljl1<!>2 ljl2<1>1 a;

y,Z,LNwl

where

O=

1

_

1 + (r * + P:)L2
c1
(r* - c3)6ap
r* -

1 - (r * + P,)�
c3
c1

The first term in equation (29) is positive and less than unity. Because
the second term is also positive, the size of the elasticity will depend on
the income effect of the terms of trade change on consumption of non
tradables (6c1 y1). If the income effect is sufficiently large, this elasticity
will exceed unity, in which case ap0 will fall short of its long-run equi
librium value a; * (D lies above C on SS', as in Figure 2). The current
account goes into surplus in the short run, and domestic inflation ex
ceeds the world level. If the income effect is small, however, it is possible
that ap0 > a; * .
Change in Composition of Government Spending

Consider an increase in government spending on nontraded goods that
is offset by a reduction in spending on importables.16 For a given aP , the
increased spending on nontradables requires a real appreciation to
restore equilibrium in the nontraded-goods market. Thus the e = 0 locus
shifts down, as in Figure 2. Similarly, at the original ap, the increase in
16 Experiments relating the real exchange rate to changes in the structure of
�overnment spending are described in Montiel (1986) and Khan and Lizondo
(1987).
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gN induces an increase in the domestic interest rate to maintain equi
librium in the nontraded-goods market. Because the higher domestic
interest rate increases private saving, a real appreciation is required to
induce the private sector to desist from the accumulation of financial
assets. Thus aP = 0 shifts down as well to J. These shifts are given by
de
dgN
de
dgN

1
e=O
1
ap=O

Because c3 > r•, the downward shift in aP = 0 is dominant, and
qualitatively at least-the dynamics resemble those of Figure 2. The real
exchange rate appreciates to a point such as B on impact, by more than
enough to restore equilibrium in the market for nontraded goods. The
domestic real interest rate falls as domestic n
i flation accelerates, where
as the nominal interest rate remains at international levels. During the
adjustment period, domestic inflation exceeds the world rate; the cur
rent account is in surplus (recall that government spending on im
portables has fallen apace); and financial assets are accumulated by the
private sector.
Tax-Financed Increase in Government
Spending on Importables

An increase in taxes used to finance increased government spending
on importables would, at the original a;, reduce private saving and
depress private demand for nontraded goods. A real exchange rate
depreciation is required both to restore the original level of private
savings and to clear the market for nontraded goods. These conclusions
follow from
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Because c1 < 1 and

c3 > r*, it follows that

the real depreciation required

to clear the nontraded-goods market falls short of what is needed to
restore the original level of private savings-that is, the
shifts upward further than the

e=

0

curve

j umps to the new saddle path at point
long-run equilibrium at

C,

B

in

Figure

3.

aP = 0

curve

The economy

and moves gradually to a new

with a lower value of private wealth and a

depreciated real exchange rate. The transition period combines relative
ly low domestic inflation with current account deficits. The relatively low
level of domestic inflation is the means whereby the further required real
exchange rate depreciation is accomplished.

Commercial Policies
Consider now the effects on the real exchange rate of the imple
mentation of commercial policies-a subject that has received consid
erable attention recently in the literature (see, for example, Obstfeld

Figure

3. Effects of a Tax-Financed Increase n
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(1986), Mussa (1986), and Edwards and van Wijnbergen (1985)). We
define commercial policies here as the imposition of taxes on exports or
imports. 17 Note that, because such taxes will increase government reve
nues, an explicit assumption is necessary with respect to the disposition
of such additional revenues. Equation (17a) would imply that such rev
enues are used to finance additional government spending on im
portables. It is more illuminating, however, to abandon this assumption
for the present and to suppose instead that the additional funds collected
by the government are used to finance a lump-sum transfer to the private
sector, so that total net tax receipts are unaffected.
The imposition of a tax on exports is then equivalent to an adverse
movement in the terms of trade that has the same effect on domestic
producer prices, except that the loss of real income associated with the
reduction in producer prices (given by ,-y.., where ,. is the rate of the ad
valorem export tax) is exactly offset by the subsidy paid to the private
sector out of the proceeds of the tax. It follows that the effects of the
imposition of an export tax are similar to those of an adverse movement
in the terms of trade brought about by a fall in export prices. The analysis
of Figure 2 would in this case be conducted in reverse-that is, the loci
e = 0 and aP = 0 would both be displaced vertically upward, and the real
exchange rate would depreciate on impact as at point B in Figure 4. A
further depreciation would accompany a current account deficit during
the adjustment to long-run equilibrium.
Although qualitatively the situation is analogous to that of an adverse
terms of trade shock, the quantitative effects on the real exchange rate
of an adverse terms of trade shock and an export tax, which have the
same effect on domestic producer prices, are different because of the ab
sence of an income effect in the latter case. By setting y1 = 0 in the ex
pressions for <!>3 and ljs3 in equations (23) and (24), it can be shown that,
for a given effect on domestic producer prices, the shifts in the e = 0 and
ap = 0 loci will be smaller for the case of a reduction in domestic producer
prices of exportables that is brought about through the imposition of an
export tax. It follows that both the initial and the final real depreciations,
as well as the cumulative current account deficits during the period of
adjustment, will be smaller in this case.
The analysis of the imposition of a tax on imports proceeds along
similar lines. In qualitative terms the long-run analysis is similar to that
of an adverse movement in import prices of an equal amount brought
about by higher world prices of importables. The quantitative effects,

17The analysis holds equally for the case of tariff reductions and removal of
export taxes.
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Figure 4. Effects of Export and Import Taxes
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however, will again be muted in the long run, in this case because of the
absence of income effects. There will be a real depreciation and a reduc
tion in the real value of private financial wealth on impact, but the
former will fall short of what would have been observed had the change
in domestic prices of importables been brought about by higher world
prices. The effects of import liberalization are also fairly clear-a reduc
tion in tariffs will lead to a real appreciation.18
Moreover, in the case of tax-financed commercial policies, although
the real long-run equilibrium generated by an export tax is the same as
that produced by an import tariff at the same ad valorem rate, the
short-run dynamics are again different. By setting y1 = 0 in equations
(28) and (29), we can show that a reduction in the internal terms of trade
will cause the real exchange rate to depreciate less than in proportion to
the change in p, and that the elasticity of aP with respect to p is less than
18
A similar result is obtained by Khan and Zahler (1985) and by Edwards and
van Wijnbergen (1985).
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unity. The latter finding implies that, if net foreign assets are a suffi
ciently small fraction of private wealth, the new short-run equilibrium
whf!n an import tariff is imposed must be at a point such as D in Figure
4, since real private financial wealth falls in proportion to the change in
the internal terms of trade times the share of net domestic assets in
private financial wealth on impact. It follows that the imposition of an
export tax gives rise to a current account deficit and domestic inflation
below world levels in the short run, whereas an import tariff generates
a current account surplus and inflation rates above world levels during
the period of adjustment.
Increases in International Real Interest Rates

Because of the uncovered interest parity condition, an increase in the
external real (and nominal) interest rate is immediately transmitted to
domestic interest rates. Private saving increases, but the rise is due in
part to a reduction of private spending on nontraded goods. Thus an
incipient excess supply exists in the nontraded-goods market. On the one
hand, this excess supply must be eliminated by a real exchange rate
depreciation. On the other hand, a real appreciation is called for to
restore domestic saving to its original level. It follows that the e = 0 locus
shifts upward, whereas the ap = 0 locus shifts downward. Formally, we
can write
de
dr* e = 0
de
dr*

ap = 0

The dynamic adjustment process is depicted in Figure 5. The new
long-run equilibrium exhibits a lower value of e and higher private
wealth than the original one. During the period of adjustment the cur
rent account must be in surplus, and the inflation rate must exceed the
world level. Thus the domestic real interest rate only gradually rises to
the new level of the external rate.
The impact effe.ct of the interest rate change is ambiguous, however.
The new saddle path may lie either above (as in Figure 5) or below the
original long-run equlibrium at point A , depending on the relative mag
nitudes of the shifts in aP = 0 and e = 0 (as is apparent in Figure 5). The
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Figure 5. Effects of an Increase in the Foreign Real Interest Rate

s

�------�- ap
a;
a-p
larger is the effect of the increase in real interest rates on the excess
supply of nontradables relative to its effect on private saving, the larger
will be the vertical displacement of the e = 0 locus relative to that of the
tiP = 0 locus. In this case the need for a real depreciation on impact to
restore equilibrium to the nontraded-goods market is likely to outweigh
the need for a real appreciation to restore the original level of private
saving, and the saddle path is likely to pass above the original equilib
rium at A. Note that this situation is more likely when private spending
is highly sensitive to the real interest rate (c2 is large in absolute value)
and when real private financial wealth is initially low.
Before leaving the discussion of the effects of real interest rate shocks,
it may be worth observing that the results described here are not as
counterintuitive as they may seem. It may be thought that, in countries
that are net international debtors, an increase in real international inter
est rates would require a real depreciation to generate the trade surplus
required to service the debt. Nothing has been said here about the
country's net international position. Suppose now that the country is a
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net debtor, in that the government's net financial assets are sufficiently
negative so as to offset a positive level of private financial wealth. Be
cause the argument above did not need to refer to the government's real
financial wealth, nothing would change. The reason is that the govern
ment is assumed to adjust to its larger interest obligations by curtailing
government spending on importables (recall equation (17a)), so that
adjustment in its accounts can be achieved without moving resources.
Suppose, in contrast, that the government's larger interest payments are
financed by some combination of higher taxes on the private sector and
reduced government spending on nontraded goods. In this case the
analyses of the third and fourth subsections above ("Change in Com
position of Government Spending" and "Tax-Financed Increase
in Government Spending on Importables") would apply, and the real
exchange rate could quite easily depreciate both on impact and in the
long run. Thus the counterintuitive result is generated by the assumption
about the mode of financing the government's external interest
obligations.
m. Conclusions
The question of bow the real exchange rate responds to external and
domestic shocks in small countries with fixed nominal parities has re
ceived increasing attention in recent years. The studies that have exam
ined this question, however, have in general been restricted to consid
ering only equilibrium movements in the real exchange rate and have not
analyzed the underlying dynamics. If one is to understand properly the
behavior of the real exchange rate over time, it is obviously important to
have an idea of both the short-run and long-run effects of shocks, and
thus the dynamics become central to the analysis.
This paper has focused on the dynamic responses of the real exchange
rate to a variety of exogenous and policy-induced shocks in a small,
primary-commodity-exporting economy. Taking the case of external
shocks first, we showed that an unanticipated worsening of the terms of
trade would, other things being equal, lead to a short-run depreciation
of the real exchange rate. This result is, of course, quite familiar. We also
showed, however, that the short-run real depreciation will not be suf
ficient to restore current account equilibrium. The exchange rate will
continue to depreciate, .and the current account will continue to be in
deficit during the transition to long-run equilibrium. The response to an
unanticipated increase in the external real interest rate, in contrast,
depends on the fiscal reaction of the government. If the government
offsets the budgetary impact of the interest rate change by altering its
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spending on traded goods, then the long-run exchange rate will tend to
appreciate, contrary to what is conventionally assumed. Nevertheless, a
real depreciation is quite plausible on impact. Depreciation may also be
the result in the long run if increased interest payments are financed by
the imposition of higher taxes, reduced spending on nontraded goods, or
a combination of both.
The effects on the real exchange rate of alternative types of fiscal
measures are not well appreciated in the literature. Even with an un
changed fiscal deficit, variations in the level and composition of govern
ment spending were shown to have both short-run and long-run effects
on the real exchange rate. A tax-financed increase in government ex
penditures on importables, for example, would depreciate the real ex
change rate, whereas an increase in public spending on nontradables

financed similarly would cause a real appreciation in both the short run
and the long run. Furthermore, a change in the composition of govern
ment expenditures with unchanged taxes would also affect the real ex
change rate in both the short run and long run. If the government
increased spending on nontradables at the expense of importables, the
real exchange rate would tend to appreciate. By contrast, a change in the
composition of government spending toward importables would lead to
a real depreciation.
In the area of trade policy, a liberalization of imports and exports
through reductions in tariffs and export taxes would result in an appre
ciation of the real exchange rate. Reducing import tariffs, however,
would be associated with a current account deficit, whereas reducing
export taxes would mean a surplus during the transition to the new
long-run equilibrium. Finally, a devaluation would depreciate the real
exchange rate relative to its initial value in the long run if the initial
current account deficit exceeds its long-run level, even with flexible
wages and prices and perfect foresight.Although this result is certainly
well known, it is often ignored and can only be demonstrated clearly in
an explicitly dynamic framework.
In conclusion, the analysis here has shown that the real exchange rate
will respond differently to different types of shocks, and in certain in
stances the short-run response will not necessarily be the same as the
long-run response. These results have important implications for policies
aimed to alter the real exchange rate.Such policies must be designed to
take the dynamics of real exchange rate adjustment into account, al
though-as this paper has shown-that is by no means an easy task.
Nevertheless, simple theoretical models of the type developed here can
offer broad guidelines to policymakers in their efforts to achieve an
appropriate level for the real exchange rate over time.
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Inflation and the Measurement
of Fiscal Deficits
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The presence of high inflation raises questions about the usefulness of the
conventional measure of the fiscal deficit as a gauge of necessary fiscal
adjustment. Economists are divided on this issue: those who believe that
regardless of inflation the conventional measure is the relevant one; and
those who maintain that a measure that excludes from the deficit the part
of nterest
i
payments that compensates bondholders for inflation is the
correct one. Thispaperanalyzes these issues, concluding that neither mea
sure gives the right signal, and that consequently both measures should be
calculated when inflation is high.

NFLATION
government revenue and expenditure in different
I ways; as a consequence, in general it changes the size of the fiscal
AFFEcrs

deficit. Although a sizable literature addresses the relationship between
tax revenue and inflation, few writings consider the impact of inflation
on the level of public expenditure. 1 A priori, it would seem realistic to
assume that different parts of the budget would respond differently to
inflationary pressures. These reactions, however, often depend on politi
cal considerations, union power, indexation rules for wages and pen• Mr. Tanzi is Director of the Fiscal Affairs Department of the Fund. He holds
a Ph.D. in Economics from Harvard University.
Mr. Blejer is Division Chief o( the Special Fiscal Studies Division in the Fiscal
Affairs Department. He earned his degrees in economics from the Hebrew
University of Jerusalem and holds a Ph. D. from the University of Chicago.
Mr. Teijeiro is a consultant in the Fiscal Affairs Department. He holds de
ees in economics from the University of Buenos Aires and the University of
gr
Chicago.
The authors are grateful for the many comments received from colleagues
throughout the Fund. They retain responsibility, however, for any remaining
errors.
1 For a detailed discussion of wa
s in which inflation affects real tax revenues,
y
see Tanzi (1980). See also Tanzi (1985b).
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sions, and so forth. It is thus difficult to generalize on the automatic
relationship between the level of public expenditure and the rate of
inflation, with one major exception: the behavior of nominal interest
payments related to the servicing of the public debt. For this category of
expenditure, it is now generally recognized that an increase in expected
inflation almost always brings about a fairly automatic increase in nom
inal interest payments.
The growth of interest payments in an inflationary situation is often
explained by the Fisher effect, which indicates that in an inflationary
situation the nominal rate of interest tends to approximate the real rate
that would have prevailed in the absence of inflation plus the expected
rate of inflation. Although in actual situations nominal interest rates may
increase by more or less than the level hypothesized by Fisher, there
should be no question that, when the expected rate of inflation rises, the
nominal rate of interest also rises unless it is artificiaUy constrained by
governmental action.
An increase in the rate of expected inflation can lead to quick and
dramatic increases in nominal interest expenditure when the domestic
public debt is a substantial proportion of gross domestic product (GDP).
Let us consider an example. Assume for the sake of simplicity that all
government debt is in the hands of just one individual. This individual
derives all his income from the interest payments that be gets from the
government and bases his behavior as a consumer on that income. As
sume also that the debt is in instruments of very short maturity. Assume
that the size of the debt is US$1 million. With expected price stability
and a 5 percent nominal (and real) rate of interest, the income of the
individual, and the interest expenditure of the government, would be
$50,000 . With an expected inflation rate of 10 percent, and under the
assumption that the Fisher effect holds, the nominal rate of interest
would become 15 percent. Thus, the nominal interest income received
by the individual would rise from $50,000 to $150,000, and, of course,
the interest expenditure by the government would also increase by the
same amount.2 Thus, an increase in the rate of inflation from zero to
10 percent has increased interest expenditures by the government by
200 percent. This example allows us to focus on the main question to be
analyzed in this paper: How would an individual who sees his nominal
interest income increase by 200 percent react to this increase? Three
alternative reactions can be hypothesized. 3
2 To simplify the presentation, in all these examples the effect of compounding
and the coml?lications created by the existence ofprogressive income taxes levied
on nominal mterest incomes are i nored. For details see Tanzi (1976).
�
3 There is a large and growing literature on inflationary accounting of fiscal
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The first assumes a perfectly rational individual. He realizes that,
although his nominal interest income has increased by

real income has not changed at all, since

$100,000

200 percent, his
$150,000 of

of the

nominal interest income is just compensation for the erosion of the real

value of his financial capital. We shall call this compensation the mone
tary correction. This is a return of capital rather than a return on capital,

since a

10

percent inflation rate reduces the real value of his financial

capital by $100,000 after one year. The proponents of this school would
argue that the individual would treat this

$100,000 in exactly

the same

way as he would have treated an amortization payment equal to

$100,000, since in a real economic sense, though not in an accounting or
a legal sense, it is amortization. His behavior as a consumer will continue

to be determined by the real value of his permanent income, which

presumably has not changed. 4 In other words, he will save all the mone
tary correction. Thus, one should treat this monetary correction exactly
as one would a normal amortization payment. Because amortization
payments are not part of the fiscal deficit, the monetary correction

should also not be part of the deficit. This is the argument made by
Eisner in his recent book. (See Eisner

(1986).)

The second alternative assumes that the individual does not distin
guish at all between real interest payments and monetary corrections
regardless of how high the expected rate of inflation is. Therefore, as a
consumer, he would treat the full
when the rate of inflation was
the

$50,000

$150,000 interest payments received
10 percent in the same way he would treat

interest payments received when the rate of inflation was

expected to be zero. He would thus behave as if his real income had, in
fact, increased from

$50,000 to $150,000.

Under this assumption, which

is implicit in the conventional way in which the fiscal deficit is measured,
whereas amortization payments are not considered income for those
who receive them or ordinary expenditure by the government, and are
thus not assumed to increase the deficit and to affect aggregate demand,
monetary corrections are treated as income. The conventional measure
of the deficit is thus highly sensitive to the rate of inflation whenever the
size of the domestic debt is significant.

deficits and on the different deficit definitions that should apply in the presence
of inflation. See, among others, Buiter (1983), Cukierman and Mortensen (1983),
Eisner and Pieper (1984), Eisner (1986), and Miller (1982). Given its important
operational implications, this issue has been the subject of much research among
Fund staff members. Some of their recent contributions include Bierman (1985);
Catsambas (1986); Helier, Haas, and Mansur (1986); Mackenzie (1984); Molho
(1986); and Tanzi (1985a).
4 Whether his behavior as an investor will continue to be the same is a different
issue, which will be discussed later.
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Finally, one can assume that both of the two alternatives mentioned
above are unrealistic. As the rate of expected inflation rises, the con
ventional measure provides a progressively more distorted measure of
the size of the fiscal adjustment needed by the country to achieve eco
nomic stability.5 By the same token, the "perfect rationality" approach
is equally likely, for reasons to be elaborated later on, to underestimate
the size of the needed fiscal adjustment. Unfortunately, although it is
easy to criticize these two polar versions of the measure of the fiscal
deficit on the grounds that neither will provide the correct gauge of the
needed fiscal adjustment, it is very difficult or, perhaps, impossible to
propose an alternative measure that does not suffer from the short
comings ascribed to those versions.

I. Effects of Inflation on Fiscal Deficits
Fiscal deficits, as conventionally defined on a cash basis,6 measure the
difference between total government cash outlays, including interest
outlays but excluding amortization payments on the outstanding stock of
public debt, and total cash receipts, including tax and nontax revenue

and grants but excluding borrowing proceeds. 7 Therefore, not all outlays
related to public debt servicing are included in the measure of the deficit:
on the one hand, interest payments are added to non-debt-related ex
penditures but amortization payments are excluded. On the other hand,
current revenues are accounted as government income while proceeds
from borrowing are excluded. In this manner, fiscal deficits reflect the

gap to be covered by net government borrowing, including direct bor
rowing from the central bank. Fiscal deficits so defined do not provide,

therefore, a direct measure of monetary expansion8 nor a measure of
gross government pressure on credit markets, as borrowings required to
5By fiscal adjustment we mean here the increase in the ratio of government
revenue to GDP, or the reduction in the ratio of noninterest government ex
penditure to GDP. Thus, fiscal adjustment is related to the so-called primary
deficit-that is, the conventional fiscal deficit net of interest payments.

6 See International Monetary Fund, Manual on Government Finance Statistics
(1986).
'This definition differs from the System of National Accounts (SNA) defini
tion in two important respects: it is calculated on a cash basis, whereas the SNA
i
n
definition is based, in principle, on accrual concepts; it considers net lend
� to
the private sector as expenditure contributing to the determination of the defic
it.
8 A measure of monetary transfer needs from the central bank would be
given by the difference between total expenditures and total receipts (including
receipts from the sale of bonds).
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finance amortization payments are not included as part of the deficit.9
Under this definition, there are two kinds of financial government
operations, both involving domestically held debt, that do not affect the
current fiscal deficit: first, any operation

that

only involves changes in

the composition of government debt-for example, when long-term
bonds are replaced by short-term Treasury bills, and vice versa; and
second, any operation that involves the monetization of existing govern
ment debt. The first type of operation reflects debt management policy
designed to obtain a particular maturity structure of the government
debt. The second type of operation reflects open-market operations by
the central bank; that is, pure monetary policy. Thus, in the conven
tional definition, the fiscal deficit is independent of the maturity struc
ture of the outstanding domestic government debt and of the degree of
debt monetization that the central bank may pursue for purely monetary
policy purposes. This conclusion is not valid for the longer run, because
both debt-management policy and open-market operations will even
tually affect the size of the deficit.

Effects of Inflation on Interest Payments
When incorporated into expectations and, thus, reflected in nominal
interest rates, inflation has a direct impact on the nominal interest ser
vice of the public debt. In order to isolate this effect from the other
consequences of inflation on the government budget, it is assumed that
noninterest expenditures grow pari passu with inflation, and that policy
makers adjust the tax system through discretionary actions to a new
inflationary environment so as to maintain constant the ratio of tax
revenue to

GDP.1°

Clearly, however, a similar assumption cannot be

adopted for interest payments on government debt. The growth of nom
inal interest payments on existing domestic debt is generally beyond the
control of the fiscal authorities, since it is tied to the evolution of market
interest rates and to indexation clauses.11 Often, however, as discussed
9 A measure of gross financing needs would be given by the difference between
total outlays and total receipts excluding borrowing proceeds. As this is a cash
conce pt, changes in the size of arrears do not affect its size.
10The above assumption about the de facto behavior of tax revenue is some
what unrealistic, especially when the rate of inflation accelerates or decelerates
(see Tanzi (1977)). Reduction of collection lags, adjustment of tax bases, as well
as increases in the tax rates of some excises are measures that would prevent the
deterioration of revenues in real terms. Indexation of brackets and deductions
would prevent the fiscal drag.
11 Obviously, the government may try to control interest rates or suspend
indexation clauses. This alternative could, however, be ruled out for an extended
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earlier, the increase in nominal interest payments does not represent a
real transfer of purchasing power from the government to the debt
holders. Rather, as long as the real rate of interest does not change, that
increase tends to compensate the latter for the erosion in the value of
their principal caused by the higher inflation rate. Debt holders are,
therefore, no richer in real terms because of the higher level of nominal
interest rates, although, in relative terms, they might be if inflation has
reduced the real incomes of other groups.
In Appendix I, the effect that an increase in the rate of inflation
produces on conventional fiscal deficits in the presence of a floating
interest debt instrument is formally illustrated. The exercise assumes
that government revenues and non-debt-related expenditures follow the
evolution of the price level. In other words, it assumes that the primary
deficit is not affected by the rate of inflation. 12 The presence of a full
Fisher effect is assumed, such that nominal interest rates adjust com
pletely to the expected rate of inflation to yield a constant expected real
rate of return. Moreover, actual and expected inflation are assumed to
be equal and all the debt is domestically held.13 Under these assump
tions, it is shown that when inflation accelerates, the nominal interest bill
rises more than proportionally to the price level, leading to an increase
in the fiscal deficit in terms of GDP. A deceleration in the rate of
inflation would result in a contrary effect. 14 The explanation for this
result is that whereas inflation , by assumption, does not affect the real
value of revenues and noninterest expenditure and therefore does not
affect the primary deficit, it does increase the real value of interest
payments in order to compensate holders of government bonds for the
reduction in the real value of the stock of the outstanding debt. The
magnitude of this effect depends on both the rate of inflation and the-size
of the stock of floating interest domestic debt.
Effects of Inflation on Conventional Fiscal Deficits
A similar demonstration provided in Appendix I indicates that con
ventional deficits are not affected by inflation when the public debt is
either index-linked (and the monetary correction is then considered as
period of time due to its undesirable consequences in terms of sectoral transfers,
misallocation of resources, and capital flight.
14The primary deficit is the difference between government expenditure, ex
cluding all interest payments, and government revenue.
13 Of course, if the actual rate of inflation diverges from the expected rate,
the ex post real rate will change.
14 See Table 1 (in Appendix I) for a numerical example.
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amortization) or when it is denominated in foreign currency.15 To show
this result, the exchange rate is assumed to follow the evolution of
domestic prices. 16 When inflation accelerates, the depreciation of the
currency leads to an increase in the domestic value of the external debt
that is proportional to the change in the country's price level. Because
the real value of the stock of debt remains, therefore, unchanged, inter
est payments will increase at the same rate as domestic prices, thus
maintaining constant their share of GDP.
Therefore, in the presence of inflation, and provided that the domestic
debt is in short-term instruments, the share of the conventional fiscal
deficit relative to GDP becomes a function of (1) the rate of inflation,
(2) the size of the domestic public debt, and (3) the composition, domes
tic versus external, of total public debt. For countries with all their public
debt in foreign currencies, their fiscal deficit as a share of GDP will not
be affected by their inflation rate, irrespective of the magnitude of such
debt. On the contrary, for countries whose debt is held in the form of
floating-interest domestic debt, this fiscal deficit will depend on the rate
of inflation and on the magnitude of their public debt. This asymmetry
results only from the convention that, whereas all nominal interest pay
ments (including the inflation premium contained in the nominal interest
rate) are considered expenditures and thus contribute to the fiscal
deficit, amortization payments are not considered expenditure and thus
do not contribute to the increase in the deficit. During high inflation, the
rate at which a country is implicitly forced to amortize its debt increases,
but the de facto amortization is not recognized as such. The higher is the
rate of inflation, the faster is the implicit amortization.
The consequences of inflation on the deficit in the presence of some
other types of debt instruments also deserve some comment. When
long-term fixed interest bonds have been the main instrument of govern
ment financing, the nominal interest bill will not be affected by a burst
of inflation that had not been anticipated at the time the bonds were
sold. This means that, initially, the interest bill and, thus, the fiscal
deficit will tend to fall as a share of GDPY However, when those
15 This is applicable to index-linked domestic debt as lo ng as the increase in the
nominal value of the debt due to indexation is excluded from the conventional
definition of the deficit. If the indexed part is included, the results are the same
as with floating debt.
i the real exchange rate takes place. Furthermore, it is
16That is, no change n
assumed that foreign inflation is zero.
17 In this case, the government has an inflationary gain at the expense of
the holders of long-term bonds. There is, therefore, an implicit capital levy on
those who hold the public debt. This capital levy can be considered part of
the n
i flation tax levied by the government on its monetary and other nominal
liabilities.
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long-term instruments become due, their amortization will have to be
financed by the issuance of new bonds. These will bear a higher interest
rate that will reflect the increased expected inflation rate. 18
As mentioned above, the case of domestic index-linked debt is almost
identical to the case of foreign debt, provided that the adjustment of the
principal for inflation (the monetary correction) is treated as amortiza
tion and is thus not considered an interest expenditure. 19 Index clauses,
be they tied to domestic prices or to the value of foreign exchange, adjust
the value of the principal, which affects the nominal magnitude of
present or future amortization payments. Interest payments are also
affected, up to the extent that the (fixed) interest rate has to be applied
on a principal adjusted for inflation (or the exchange rate). This effect,
however, tends to increase interest payments only in proportion to the
domestic rate of inflation, leaving the interest bill and the deficit
unaltered in terms of GDP.20 The magnitude of the adjustments pro
duced by index-linked debt is, in principle, similar to that produced by
foreign debt. A potential source of difference may be related to changes
in the real exchange rate-a distinct possibility in many countries, partic
ularly when those changes take place for macroeconontic reasons or for
purposes of stabilization.21
11. Macroeconomic Implications

of Conventionally Defined Fiscal Deficits
An important conclusion arising from the preceding analysis is that
countries with (1) identical rates of inflation, (2) the same total public
debt in terms of GDP, and (3) identical ratios of tax revenue and non18

Long-term fixed-interest domestic debt may be found to be relevant only in
countries with mild levels of inflation or where n
i flation is a new phenomenon.
In the United States the high level of public debt accumulated during World
r rying low interest rates in anticipation of
War II consisted of long-term bonds ca
very low rates of inflation after the war. The inflation rate that accompanied the
postwar period, although low, was enough to substantially reduce the burden of
the debt until the late 1970s.
19 Neither the guidelines of the International Monetary Fund's ManUIJI on
Government Finance Statistics nor those of the National Accounting System
recommend including indexation payments or accruals as deficit-determining ex
penditure.
20This assumes that the index used for the monetary correction does not
diverge from the one reflecting the rate of inflation of GDP. It also assumes that
real GDP does not chan,ge.
21
Other types of debt mstruments are the so-called zero-coupon bonds. They
constitute a particular case that creates some conceptual difficulties even in the
absence of mflation arising from the distinction between accruals and real
izations; they are likely to be irrelevant in high-inflation countries, however,
because the risk associated with the expected real return on that type of asset will
grow significantly with inflation.
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interest expenditure to GDP may, nevertheless, show very different
conventional fiscal deficits, depending solely on the composition of their
debt. The question then arises about the economic implications of the
fiscal deficit as conventionally defined and about the merits and the
shortcomings of such a definition.
The measurement of the fiscal deficit in a noninflationary context is
supposed to provide policymakers with an indication of the net effects of
government budgetary activity on aggregate demand and on financial
markets. It is intended to indicate the magnitude of additional resources
over the ordinary government revenue that the government must attract

from the private sector, or from external sources, to finance its own

operations. The conventional definition is, thus, designed to be a mea
sure of government contribution to aggregate demand and, through this,
to the external current account disequilibrium; or, alternatively, it may
measure the crowding-out of the private sector in financial markets.22
Under this definition, amortization payments are not added to other
government outlays in the computation of the deficit because of the
implicit assumption that those amortization payments will not be
regarded as income by those who receive them. Thus, one basic assump
tion is that the behavior of the bondholders

as consumers

will not be

changed by the amortization payments. Furthermore, and this is another
important assumption, bondholders are expected to reinvest willingly
those receipts in new government bonds issued at current market condi
tions. In other words, their behavior as financial

investors will

also not

be affected. Amortization services are, therefore, not expected to create
additional pressures on financial or goods markets. However, in a non
inflationary context, government interest payments should be treated
differently from amortization payments. Those who receive interest pay
ments are assumed to regard them as they would any other type of
income to be consumed or saved, depending on their propensity to
consume. Such payments are a return on wealth rather than a return of
wealth. Thus, they can be consumed without reducing the bondholder's
accumulated net wealth. Therefore, interest payments would be similar
in their macroeconomic effects to any other type of expenditure.23
22 In a medium-term framework, monetization of the deficit would lead to
inflation, reserve losses, or both; foreign financing would lead to appreciation of
the real exchange rate and current account disequilibrium as well as inflation if
the nominal exchange rate is not allowed to appreciate; domestic financing
would push interest rates up, crowding out domestic investment or encouraging
capital inflows and a consequent current account deficit. In the short run,
changes in the deficit may also affect the level of economic activity.
23 It is well known that real expenditures may have different effects on de
mand from transfer payments. This distinction is ignored in this discussion. For
a discussion of the issue, see Borpujari and Ter-Minassian (1973) and Hansen
and Snyder (1969).
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The Bondholder as Consumer
In the presence of inflation, however, the situation becomes more
complicated. As already argued, in an inflationary environment, interest
payments reflect-at least partially-compensation for the erosion in the
real value of the invested capital. The part of interest payments that
simply reflects the erosion of the principal as a consequence of inflation
constitutes, therefore, an implicit repayment of the principal. 24 One can
argue that, in a true economic sense, this part is similar to the amortiza
tion payment and that a rational bondholder would treat it in the same
way. The relevant question, then, is whether this inflation-induced por
tion of interest payments should be treated as other deficit-determining
government expenditures, or whether it should be treated in the same
way as amortization payments.
The answer to the above question rests in large part in the use that
individuals are expected to make of the monetary correction. If individ
uals do not consider these interest payments as income (that is, if they
do not suffer from money illusion), they should treat these interest
payments in the same way as they would treat explicit amortization
payments. As a consequence, these payments might have monetary,
current account, or crowding-out implications similar to those of explicit
amortization payments.25 Bondholders might reinvest these proceeds in
additional government bonds, at existing market conditions, provided
that these bonds retain their relative attractiveness. In such a case, the
conventional measure of the deficit is likely to overstate the aggregate
demand effect of the deficit on the economy, and an argument could be
made for correcting that deficit for the effect of inflation. Notice that
these considerations apply equally to nominal interest payments and to
payments arising from the formal indexation of the principal.
To analyze the potential different effects on the economy of the inclu
sion or exclusion of the inflationary debt service, a useful starting point
is the national income identity, from which the influence of government
deficits on the current account is frequently derived:26

CA = Do + Dp,
where

(1)

CA is the current account deficit, DG is the government fiscal

24This issue is similar to that encountered in the taxation of interest income
during inflation; it has been argued that only real interest should be taxed (see
Tanzi (1976)).
25This, o( course, does not necessarily mean that there would not be any such
implications at all, but rather that they would be the same as for explicit amor
tization payments.
26 A further discussion of some of these aspects is contained in Appendix ll.
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Dp is the private sector net balance, all

in nominal terrns.27

The government deficit could be defined as

DG = G + I - T,

(2)

where G is nominal government expenditure, including the real com
ponent of interest payments, I stands for the monetary correction,28 and
T is current tax and nontax revenue.
It is observed from equation (1) that when the private sector is in
balance

(DP = 0),

the current account deficit equals the fiscal deficit.

Under noninflationary conditions, the private sector balance may be
expected to remain more or less stable, at least in the short run; the
relationship between changes in the government fiscal deficit and
changes in the current account then becomes obvious.
With inflation, however, correlation between the government deficit
and the private sector surplus could weaken the link between the fiscal
deficit and the current account. An increase in the public sector deficit

caused by an increase in interest payments that simply compensates for
inflation would raise by an equivalent magnitude the private sector sur

plus if those payments are fully reinvested in public bonds by the private
sector. In that case, the current account would remain unaltered, and,
since there is no need for other financing, the increase in the public
sector deficit is unlikely to result in further demand pressures.
This point can be better illustrated if the public and private sector
balances are defined in terms of their financing:

DG = FG + !l.Ms + !l.Bs

(3)
(4)

s
where FG is foreign financing to the public sector, !l.B is the net increase
in domestic government borrowing, and

!l.Ms is the

(nominal) increase

in the supply of base money. The left-hand side of equation (3) repre

sents the fiscal deficit as conventionally measured,29 whereas the right
hand side summarizes the financing alternatives for the fiscal deficit. FP
in equation (4) is foreign financing to the private sector,
increase in private sector money holdings, and
holdings of government bonds. Equation

!l.B 0

!l.M0 is

the

is the increase in

(4) indicates that the deficit or

27 Notice that DP < 0 indicates an increase in private sector net nominal
savings.
28 Alternatively, I stands for the accrued increase in the nominal value of
indexed debt, if such increase is treated as a deficit-determining expenditure.
29 The fiscal deficit i
n this case could also be identified with a definition in
which the accrued increase in the value of indexed principal is treated as interest
payments.

©International Monetary Fund. Not for Redistribution

722

TANZI •

BLEJER • TEIJEIRO

surplus of the private sector must show up in changes in its net financial
asset position.
Assuming, for simplicity, zero net foreign financing to both private
and public sector (that is, FG = Fp = 0) and substituting equation (4) into
equation (1), we obtain

CA = DG - tl.M0- tl.B0.

(5)

It is clear from equation (5) that changes in the conventionally defined
deficit will affect the current account only if those changes are not
matched by changes in the same direction in the nominal demand for
either money or government bonds. A more specific result could be
obtained by assuming tl.M 0 = 0 and substituting equation (2) into equa
tion (5), as follows:

CA

=

(G - T) + (I - tl.B0),

(6)

which implies that if the total increase in the deficit arises from higher
inflation-induced interest payments on the outstanding debt, I, and if
this increase is fully matched by an equivalent increase in the nominal
holdings of bonds (in order to maintain the real value of the stock
constant), then I = tl.B0; therefore, the higher deficit does not have
current account implications. Thus, it could be said that inflation, by
creating the possibility of a significant correlation between increases in
government deficits as conventionally defined and increases in private
sector nominal savings represented by an increase in the nominal de
mand for bonds, eliminates. or at least weakens, the link between
changes in conventionally defined budget deficits and changes in the
current account. 30 That this argument has some empirical validity is
demonstrated by the fact that in countries with very high rates of in
flation and very high (conventional) fiscal deficits, little correlation is
often observed between the size of the fiscal deficit (as a share of GDP)
and the size of the current account deficit. Such correlation is obvious,
however, for countries with low rates of inflation.
The Bondholder as Investor
The relevant question then becomes whether the interest payment that
represents the monetary correction, I, should be included in the deficit
concept in order to provide an accurate estimate of the latter's potential
30 What is implicitly assumed here is that the issuance of new bonds is limited
to the refinancing of the inflationary component of the debt service; issuance of
bonds over and above that level would clearly crowd out the private sector from
financial markets.
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impact on the economy. The answer is not as straightforward as the
above discussion may have led one to believe. It depends in large part,
though not completely, on whether the monetary correction can indeed

be refinanced under the same conditions as assumed above. 31 In this

regard, the factors affecting the determination of private sector demand
for government bonds become crucial.
One way of dealing with the question is to consider the behavior of a

typical bondholder as a consumer and as an investor. For his behavior as
a consumer not to be affected by the monetary correction, it is sufficient
to assume that he does not suffer from money illusion. In the absence of
money illusion, the inflationary component of interest payments will not
affect aggregate consumption and, thus, the current account of the bal
ance of payments. However, when the rate of inflation is not high, or
when it is changing, or when inflation is a new phenomenon, or when it
is being repressed by various government policies so that there are
doubts about the underlying rate of inflation, money illusions are likely
to occur for at least some bondholders. The complete absence of money
illusion, therefore, can be accepted only when the rate of inflation has
stabilized for some time and is relatively high.
However, although it might be reasonably argued that a high con
ventional deficit that results mainly from the effect of inflation on nom
inal interest payments may not have any direct effect on the bondholder
as a consumer, it is very likely to influence him as an investor. A high
conventional deficit will increase the nominal payments the government
makes to bondholders (that is, it will accelerate the pace at which the
debt is being implicitly amortized) exactly at the time when their percep
tions of expected rates of returns on different assets and of the risks
associated with those returns are changing rapidly. Thus, it is unlikely
that, under such circumstances, the government will be able to refinance
the inflation-induced component of interest expenditure under the same
real conditions (that is, equal real rate for identical maturity) as it would
have in the absence of inflation.
Full bond refinanceability of inflation-induced interest service would
require, first, that there is a stable demand for bonds

in real terms and,

second, that the rate of inflation is not an argument in that function.
These two conditions would imply that the private sector is willing to
hold in its portfolio the same real amount of government bonds, denom
inated in domestic currency, without changes in conditions with respect
to other domestic or foreign financial assets, regardless of the magnitude

31 The "same conditions

given liquidity

"

characteristi�s.

means at a given real rate

of interest and

©International Monetary Fund. Not for Redistribution

at

724

TANZI •

BLEJER • TEUEIRO

of the inflationary process. If such a behavioral assumption does hold,
the government would be able to issue and place, without changing rates
of returns and liquidity conditions, new nominal bonds to finance the
part of the debt service that compensates bondholders for inflation. This
issue of new bonds would not change the real stock of bonds outstanding
and, since it would be willingly held, would not cqange spending patterns
or create pressures on interest rates.
How plausible is the argument that the demand function for govern
ment bonds does not include inflation? Although this is essentially an
empirical question, most of the theoretical arguments based on portfolio
theory support the existence of such a function.32 These arguments were
developed for large industrial countries without high rates of inflation.

There are, however, some channels through which inflation may reduce
the real demand for bonds. These include money illusion effects, which
would induce bondholders to increase their consumption; or, much more
likely, the possible perception of increased default risk, which would
accompany a higher nominal stock of debt and a high rate of inflation.
Tax considerations are a third possibility.
If, indeed, inflation reduced the real demand for bonds, inflation
induced interest payments (as well as indexation payments) would not be
fully refinanceable under the existing conditions. The sale of these bonds
would require either higher real interest rates or bonds of higher
liquidity, which would result in higher demand pressures throughout the
economy. Therefore, in this case, inflation-induced interest payments
should not be excluded from deficit calculations. Whether they should
be

completely included in

these calculations is a different issue.

It is difficult to rationalize money illusion on a significant scale or
beyond a short period of time when the rate of inflation is high and
stable. But it is likely to emerge when inflation is a new phenomenon,
or when the rate of inflation is changing rapidly. In these cases, some
individuals will very likely be unable to distinguish between real and
nominal interest payments, and their consumption will be affected.
The notion of default risk associated with the level of the nominal debt
is, however, more plausible and needs some elaboration. An increase in

risk perception related to growth in the stock of real debt does not need
explanation. With respect to nominal debt, it could be rationalized
mainly on the basis of the

relative increase in the weight of public debt

compared with other sources of revenue and financing, in particular, the

32 There is very little empirical evidence about the independent role of inflation
in the determination of the real demand for bonds. Some preliminary results
based on portfolio analysis for the United Kingdom are presented in Perraudin
(1987).
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(1) government tax revenues, which
(2) the

in actual situations are likely to lag the inflationary process;

monetary base, which falls in real terms, given the reduction in money
demand, as inflation accelerates; and

(3) the capacity to borrow abroad,

which is affected by the tendency of inflation to reduce foreign
confidence.
If inflation brings about a fall in the capacity to raise taxes, to collect
the inflation tax on the monetary base, and to borrow abroad, it will also
increase the risk of default on the public debt or, at least, the public's
perception of such a risk. As such, it may reduce the willingness of
individuals to lend to the government. This attitude on the part of the
public will be reinforced by the fact that the deterioration of the in
flationary situation will increase the probability that adjustment pro
grams will be adopted that might include capital levies on bondholders,
higher income taxes on interest incomes, and restriction on capital
movements.
It could be argued that, under certain circumstances, the demand for
government bonds may actually rise in real terms as inflation increases.
This may happen, first, because individuals may attempt to get out of
non-interest-bearing money and may thus increase their demand for
interest-bearing assets. More important, demand may rise when govern
ment bonds are fully indexed or bear returns closely related to the rate
of inflation. There might then be little risk in holding government bonds
as long as bondholders continue to have confidence in the government's
ability and willingness to continue meeting its financial obligations. In
such a case, government bonds may come to be seen as more desirable
investments than other available alternatives, because the risk associated
with the return on specific real assets (like stocks or real estate) as well
as nonindexed financial assets is expected to increase due to the higher
variability of relative prices in inflationary situations.33
The strength of this argument is, however, weakened when the rate of
inflation becomes high and when the alternative of financial investments
abroad is feasible; it is further weakened by the possibility that the
government might change its treatment of indexed bonds or that it might
default. In that case, indexed government bonds may be seen, at least
by some investors, as less attractive investments than the foreign alterna33 On the relationship between hi�h inflation and the var
iability of relative
prices, see Blejer (1983) and Hercow1tz (1981). There is, however, evidence that
relative price variability ma
r_result in a reduction in economic activity and in a
contractiOn of real income �.Hiejer and Leiderman (1980)). In this case, the real
demand for bonds may be negatively affected, offsetting the positive effect from
indexation described above.
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tives, so that financial savings may be channeled abroad. The "dol
larization" of the economy may be one of the results of this shift. Capital
flight might be another.
The tax system introduces another important factor that leads to a
reduction of the real demand for government bonds in a period of high
inflation. Income taxes are in general, though not always, levied on
nominal incomes. Thus, when individuals receive nominal interest pay
ments, they are taxed on the total of these payments without an adjust
ment for the effect of inflation. This fact in itself would induce a shift
away from financial assets (including government bonds) toward real
assets or foreign investments, since unrealized capital gains on real assets
are tax free and foreign investments are often totally tax free. Further
more, since it is difficult, if not impossible, to evade taxes on incomes
derived from government bonds, whereas it is much easier to evade taxes
on incomes derived from private sources, the demand for government
bonds will fall unless they are made tax exempt. In fact, to induce
bondholders to continue holding these bonds, governments have at times
increased their real return by making them tax free.
Two additional factors should be considered in an analysis of the
stability of real demand for public debt. One is related to the overall
confidence inspired by the economic policies followed by the govern
ment. In general, the persistence of high rates of inflation is likely to lead
to an erosion in the confidence of economic agents in the authorities'
ability to conduct sound economic policies. Such an erosion leads to a
fall in the credibility of the government, which may in turn lead to a
desire to reduce the exposure of individual portfolios to assets linked
directly to government policies. A credibility crisis will tend, therefore,
to shift preferences away from government bonds and, most likely,
toward foreign or speculative domestic assets. As already mentioned, tax
considerations are likely to contribute to this shift.
The second consideration is related to financial innovation. Although
new financial instruments are constantly introduced into the system, it is
in periods of high and sustained inflation that many new alternatives to
the existing instruments enter the market in response to the demand for
inflation hedges. In those circumstances, the demand for government
bonds may not be stable enough to warrant the assumption of full refi
nanceability of the whole volume of inflation-induced interest payments.

Liquidity Effects
Another important consideration that bears on the question of wheth
er debt service should be included or excluded from the deficit measure
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is the potential impact of the volume of nominal government debt on the
general monetary conditions of the economy. Even if full refinance
ability of the debt service were assured, its relevance could still be
challenged from a conceptually different angle. When the rate of in
flation accelerates and becomes high, the government is likely to be
forced to increase the effective real return on its liabilities through an
improvement in the quality of debt instruments; that is, by increasing
their liquidity. 34 Such an increase in liquidity would increase the "money
ness" of the public debt, making it more suitable to replace part of the
monetary base in its role as a medium of exchange. This possibility of
substitution would accelerate the reduction in the demand for the mon
etary base with inflationary and, depending on the behavior of the
exchange rate, balance of payments consequences similar to those asso
ciated with an increase in its supply.35 If, as inflation accelerated, this
substitution process were carried to the extreme, the government debt

could become the relevant money supply in the system, and its in
flationary service could be equivalent to indexing the money supply.

Again, this effect on the demand for money associated with the in
creasing liquidity of public debt has been observed in countries with very
high rates of inflation.
It may thus be concluded that the inflationary component of the debt
service (whether arising from interest or indexation payments) is likely
to put less pressure on financial or goods markets than the real com
ponent of interest payments or other government expenditures. The
many qualifications to that conclusion-and the likely monetary con
sequences of this type of expenditure-make it doubtful, however, that
a complete exclusion of inflationary debt services from deficit calcu
lations is warranted.

m. An Alternative Defmition: The Operational Fiscal Deficit
Once the shortcomings of the conventional definition of the fiscal
deficit in an inflationary context are recognized, the question to be asked
is whether there are alternative measures that would solve some of its
34 In the absence of this increase in li quidity, the government may have to
increase the real interest rate by much larger amounts. A shortening of the
l debt has been observed in several countries experi
maturity structure of pubic
encing high rates of inflation.
35 In addition to reducing the real demand for money in a once-and-for-all
fashion, the introduction of close monetary substitutes also increases the elas
ticity of the money-demand function, which implies a larger sensitivity of money
balances to further changes in the rate of inflation. It also implies a fall in the
revenue from the inflation tax.
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analytical problems. An alternative that is sometimes used is the so
called operational fiscal deficit, which is defined as the conventional
deficit minus the part of the debt service that compensates debt holders
for actual inflation; alternatively, it is equal to the primary deficit plus
the real component of interest payments. Only real interest payments
that is, the part of interest payments that exceeds the product of the
outstanding debt and the actual inflation rate--are included among the
government expenditures that determine the operational deficit. The
economic rationale of this definition is the assumption that inflation
induced interest payments are similar in their effects to amortization
payments. Conventional deficits exclude amortization payments from
deficit calculation independently of the way in which those payments are
financed. The operational deficit concept excludes only the portion of
the debt service that compensates for inflation.
In addition to the objections discussed in the previous section to the
assertion that the part of debt service that compensates for inflation is
fully refinanceable, calculation of the operational deficit requires precise
estimation of the part of interest payments that compensates for in
flation. This estimation often involves great technical difficulties; for
instance, among the several inflation indices that could be chosen to
calculate real interest rates, a selection has to be made of the most
appropriate one. And, of course, none of these indices may refle.ct the

expected rate of inflation.

Another problem arises when interest rates

are negative in real terms. To apply a general index in these circum
stances would mean to adjust downwards the conventional deficit mea
sure by a magnitude that is larger than the actual interest payments.
What is the appropriate adjustment under such circumstances? Is bond
refinanceability better measured by actual interest payments or by the
inflationary erosion of the principal value of outstanding public debt? In
this particular case, a third possibility has been suggested, namely, to
reduce the computable interest payments to an amount equivalent to a
(trend) real interest rate calculated over the outstanding public debt; the
difficulties of choosing the appropriate methodology originate from the
evaluation of which alternative better reflects bondholders' behavior.36
Despite these difficulties, the operational deficit definition can pro
vide useful information to policymakers when the rate of inflation is very

36In some cases, the suggestion to adjust the deficit measure for inflation has
�one far enough to correct for the inflationary impact on all public debt, includ
mg the non-interest-bearin� monetary base; such a proposal would additionally
cal revenue the inflation tax on the monetary base.
amount to considering as fis
The problem with this extreme formulation is that it excludes inflation from the
variables to be explained by fiscal deficits.
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high. It would, in principle, reflect a lower-bound estimate for the public
sector deficit, which would be relevant only if the refinanceability of the
debt service is feasible to the assumed extent and does not itself have
inflationary implications.
IV. Conclusions

In the presence of floating-interest domestic debt, inflation gives rise
to three major shortcomings in the conventional definition of fiscal
deficits. (1) Inflation makes it difficult to evaluate the precise meaning
and implications of the fiscal deficit. (2) The evaluation of fiscal per
formance over time is complicated by changes either in the rate of
inflation or the composition of the debt, or both. (3) It is difficult to
compare conventionally defined deficits of countries with different rates
of inflation and different uses of debt instruments.
What the Fiscal Deficit Means

The fiscal deficit is, under any circumstances, a crude tool for assess
ing the impact of fiscal policy on the economy. When supported by
relevant economic analysis, however, it can be an indicator of the need
for and the extent of adjustment either on the expenditure or the reve
nue side of the budget. Despite its obvious limitations, it is generally
considered a useful tool for the interpretation of economic developments
and for meaningful discussions of policy choices. It has nevertheless been
observed that countries with identical but substantial rates of inflation,
identical ratios of receipts and noninterest expenditure to GDP, and
equal debt to GDP ratios may show very different fiscal deficits when the
composition of their total debt is different. This observation raises diffi
cult questions as to the interpretation of the fiscal deficit as con
ventionally defined under inflationary circumstances. For this reason, as
the rate of inflation accelerates, it becomes essential to supplement in
various ways the information provided by the conventional deficit.
Evaluation of Fiscal Performance Over Time

The complications introduced by an acceleration or deceleration of
inflation in the interpretation of conventional fiscal deficits create diffi
culties in the evaluation of fiscal performance over time. A pure debt
management action that changes the composition of the public debt
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without affecting its size can illustrate the nature of this problem. Under
inflationary circumstances, debt management policies that modify over
time the debt structure between floating interest domestic debt and
foreign debt, for example, would affect the apparent magnitude of the
conventional deficit, changing the image of the country's fiscal per

formance. 37 Changes in the availability of foreign financing or in the level

of reserves may allow for large changes in the stock of floating interest
domestic debt that, under inflationary circumstances, would bear im
portant consequences for the conventional deficit figure.38 Therefore,
such policy action would project an image of fiscal improvement when
actually there may not have been any basic change in the fiscal policy
of the country.

Comparison of Fiscal Policies Across Countries
The factors already described will also affect any exercise of compara
bility across countries. As an example, countries that have identical debt
ratios to

GDP,

similar but high inflation rates, and otherwise identical

fiscal positions may show quite different levels of conventional deficits if
the mix of government debt instruments is different. This problem may
be serious when the comparison concerns countries with high and
accelerating inflation. It may also be of some relevance for comparability
among countries with milder inflation, provided that their total
debt to

GDP ratios are high and that the structure of their debt differs

significantly.

General Concl usions
High rates of inflation can affect the usual or conventional definition
of the fiscal deficit in various ways. On the one hand, as the rate of
inflation rises, the picture emerging from the conventional measure may,
under certain circumstances, become somewhat blurred, since the con
ventional measure may magnify the size of the fiscal adjustment that a
country needs. For example, a country with a high rate of inflation and
a high domestic debt ratio that, say, shows a conventionally measured
deficit of20 percent of GDP, is unlikely to require an increase in revenue

37 Real interest rate differences explained by exchange risk premiums are,
however, legitimate elements in the computation of the deficit.
38That is, greater recourse to foreign financing would help to reduce the de
ficit as conventionally measured, provided that such financing is used to repay
floating interest on the domestic debt.

©International Monetary Fund. Not for Redistribution

INFLATION AND FISCAL DEFICITS

731

or a reduction in noninterest public spending of that magnitude in order
to restore fiscal balance. Normally, a smaller adjustment would suffice
because the fiscal adjustment undertaken would reduce the rate of in
flation and, thus, interest payments. Ex post, the conventional deficit
would decrease by more than the ex ante fiscal adjustment.
On the other hand, under inflationary conditions, a definition, such as
the operational fiscal deficit, that subtracts from the conventional deficit
all inflation-induced interest payments is not likely to be fully compara
ble to the deficit of countries with low inflation and would thus not be
the relevant one to guide fiscal policy. Such an alternative definition may
give the impression that no fiscal adjustment is required, a conclusion
that is often invalid in countries with high inflation. In other words,
whereas in high-inflation countries the conventional measure may over
state the size of the fiscal adjustment required, the operational measure
in all likelihood understates that adjustment, because a measure that
corrects the deficit ex post for the effect of inflation may miss its ex ante
impact on inflation.
The implicit conclusion that follows is that when the rate of inflation
of a country rises and becomes high, the usual interpretation given to
single and standard measures of fiscal deficits should be qualified. In
high-inflation countries both the conventional measure of the deficit, as
well as a measure that adjusts the deficit for the effect of inflation, should
be provided. Both measures have their own shortcomings and both are
based on specific behavioral assumptions. However, jointly they provide
more information than either one in isolation. 39
Whether the fiscal adjustment required comes closer to the conven
tional measure or to the inflation-corrected measure should be deter
mined on a case-by-case basis that takes into account the behavior of
prices, the current account of the balance of payments, the financial
resources available to finance the deficit, and the main identifiable cause
of inflation. As a practical matter, the size of the debt service that
compensates bondholders for the reduction in the real value of their
assets arising from inflation should be made explicit. It would then be
possible to indicate the part of the deficit whose impact depends mainly
on portfolio decisions regarding the public's demand for government
bonds, and on the potential effects of these bonds on the monetary and
liquidity conditions of the economy.
39 It would also be worthwhile to provide a measure of the primary deficit that
excludes the total interest payment in order to focus on the variables (current
revenue and noninterest expenditure) that are, to some extent, under direct
government control and must reflect the necessary fiscal adjustment.
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APPENDIX I

Effect of Inflation on the Deficit in the Presence
of Alternative Types of Debt Instruments

In this appendix, a formal demonstration is developed to show the differential
impact of inflation on conventionally defined deficits in the presence of alterna
tive types of debt instruments.
To keep the demonstrations as simple as possible, it is assumed that: (1) real
income is constant over time; (2) the budget is initially in equilibrium, with (real)
interest payments being financed by a surplus from all other operations; (3)
nominal interest rates on the public debt change immediately following changes
in the inflation rate, so as to keep the real rate of interest constant; (4) expected
and realized inflation rates are equal; (5) government policies keep revenues and
noninterest expenditures growing apace with inflation; and (6) the rate of in
flation is constant.
Initial equilibrium in the budget implies that
Do= Go - Ro + So r = 0,
(7)
where
Do fiscal deficit in the initial period
Ro = revenues in the initial period
Go= noninterest expenditures in the initial period
So= stock of public debt at the beginning of the initial period
r = real rate of interest.
=

The Case of Floating-Interest Debt
The assumption of full adjustment of the nominal interest rate (i) to inflation
implies that
i = (1 + 1r)(1 + r) - 1 = 1r + r(1 + 1r).
(8)
The fiscal deficit in period n (Dn ) would then become

(

Dn = (Go- Ro)(l + 1rt + so+

)

i Dn-; [1T + r(l + 1r)].

1•0

(9)

The first term of the right-hand side of equation (9) reflects the assumption
that government revenues and noninterest expenditures grow at a pace with
inflation. The second term represents the amount of interest payments in period
n; the stock of debt on which nominal interest is paid in period n is equal to the
stock of debt in period 0 (S0), plus the accumulated deficits until the beginning
of period n.
Equation (9) implies that, given equation (7), the deficit in period 1 is
D. = (Go - Ro)(l + 1r) + Sor(l + 1r) + So1T
= (1 + 1r)(Go - Ro + Sor) + So1r = So1r.
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For period

2, equation (9) becomes

D2 = (Go- Ro)(l + 1r)2 + (So + So'!T)['IT + r(l + '11')]
= (1 + '11')2(Go - Ro + Sor) + So'!T(l + '11') = So'!T(l + '11').
As a general result,

Dn = So'IT(l + 'll'r-1•

(10)

Given the assumption of a fixed real income level-that is, that nominal GDP

grows at the same rate as inflation, we have

GDPn = GDPo(1 + '11')".

(11)

It can therefore be concluded that the deficit in terms of GDP,

( )

Dn
So
'IT
=
GDPn GDPo 1 + 'IT '

(12)

becomes a positive function of the rate of inflation and of the initial stock of
floating interest debt in terms of GDP. Table 1 reproduces the numerical results
of equation (12) for alternative rates of inflation and of floating interest debts in
terms of GDP.40
The Case of Foreign Debt
In the case of foreign debt, as well as in the case of domestic indexed debt in
which indexation is not treated as deficit-determining expenditure, the rate of
interest is not affected by domestic inflation;41 total interest payments will, how
ever, grow with inflation, because the nominal value of the stock of debt in
domestic currency terms grows as the exchange rate depreciates. Equation (9)
has to be reformulated therefore in the following terms:

[

Dn=(Go - Ro)(1 + '!Tt + So(1 + d)"+

]

i D,(1 + d)"-' r.

1•0

(9a)

The second term of the right-hand side reflects the interest payments; the
interest rate (r) is applied over the initial debt indexed by the currency's depre
ciation rate (d) and over the debt accumulated out of subsequent deficits, in
dexed also up to the end of period n. Under the assumption that d = r, equation
(9a) for period

1 becomes
Dt = (Go- Ro)(1 + '11') + So(1 + '!T)r = (1 + '1T)(Go- Ro + Sor) = 0,
and for period 2 becomes
D2 = (Go- Ro)(1 + '11')2 + So(1 + '11')2r = (1 + '11')2(Go - Ro + Sor) = 0.

(13)
(14)

The budget therefore stays balanced, as the increase in nominal interest pay

ments is equal to the increase in the original excess of revenues over noninterest
expenditures.
40 It is possible to arrive at somewhat different results de ending on whether
p
inflation rates are defined on an annual, monthly, or even daily basis. What the
rate
is
depends
on
the
time
profile
of
government
revenues
and expen
relevant
ditures; for construction of Table 1 , mflation rates have been defined on a daily
i plicit assumption of a uniform daily flow of revenues and
basis, reflecting the m
outla
ys.
41 Foreign inflation is assumed to be zero.
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11

Inflation and National Accounts
The purpose of this appendix is to indicate the distortions and consequent
limitations of national account figures in the presence of inflation. It is the usual
practice to adjust the measures of GDP or gross national product (GNP) by
inflation so as to obtain a measure of changes in output in real terms. A similar
adjustment is not usually performed. however, for the sectoral income and
expenditure flows from which indicators such as the personal savings ratio, the
budget deficit, and the current account are built.
The usual identity between 9utput produced and sold is

GDP = C + I + G + X - M,

(15)

which states that GDP equals private consumption, plus investment, plus gov
ernment expenditure, plus exports minus imports; government expenditure is
defined as excluding all transfer payments, both interest payments and subsidies.
Therefore, it comprehends only government purchases of goods and services.
Real GDP is estimated by deflating the components on the right-hand side by
either an average GDP deflator or by the application of price indices relevant to
each component.42
Alternatively, the adjustment of nominal to real figures could be done on a
GNP figure, which is obtained by adding or subtracting net factor income from
abroad to GDP.43

GNP = GDP ± Fl,

(16)

GNP = C + I + G + CA,

(17)

or
where

Fl

CA

= factor income from abroad
= current account.

Another usual presentation of the national accounts involves sectoral flows;
assuming that GNP equals national disposable income, personal disposable in
come (Yd) would be:

Yd = GNP + R

-

T = C + S,

(18)

42 Differences between both methods may be significant in the presence of
changes in the terms of trade if foreign trade is important.
43 In this case, the problem of choosing the appropriate indices to deflate the
nominal figures is compounded if factor payments (that is, interest on foreign
debt, worker's remittances) are important. In general, changes in the terms of
trade or in foreign debt interest rates or in JDigrant remittances may produce
serious divergences between the volume and purchasing power measures of the
national product.
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where

R = transfers received by the private sector, including
nominal interest payments on the public debt

T = taxes paid
C = private consumption
S = private savings.

Therefore,

C = GNP + R - T - S
and, replacing C in equation (17),
CA = (G + R - T) + (I - S).

(19)

(20)

Equation (20) states that the current account of the balance of payments must
be equal to the deficit of the public sector plus the net balance of the private
sector. As usually presented, these sectoral flows are not adjusted for inflation.
In the public accounts, interest payments are included in nominal terms as
transfers (R), and they are implicitly considered as disposable income of the
private sector (see equation (18)), except for the case of interest payments
abroad. In the presence of inflation, the deficit of the public sector may no longer
be identified with increases in the public debt in real terms. Similarly, savings of
the private sector would reflect an increase in its assets in nominal rather than
in real terms.
Equation (20) s
i an identity that suggests important relations between the
accounts of the government, the private sector, and the current account. Some
attempts have been made to bring a behavioral content into these identities in
the context of the fiscal approach to the balance of payments. Even in the
absence of inflation, testing the hypothesis that changes in fiscal deficits would

be followed by similar changes in current account disequilibria involves the
assumption that the net balance of the private sector will remain constant. This
condition may change due to many factors, such as changes in fiscal policies (for
example, tax changes) or exogenous shocks. The test would then also implicitly
assume either that the net private balance does not change, or that it changes
ex ante, and the unavailability of foreign credit to the private sector and the lack
of accommodation of domestic credit policies would thus leave the ex post net
balance of the private sector unaltered.
The assumed independence between changes in the fiscal deficit and the
behavior of the net balance of the private sector may be further complicated
under inflationary conditions. Changes in the size of conventional fiscal deficits
caused by changes in the inflationary service of the public debt may be reflected
by changes of similar magnitude, but of opposite sign, in the net balance of the
private sector. This result would be obtained if bondholders willingly reinvested

the inflationary service of the public debt so as to keep their stock of real bonds
unaltered in real terms.
Inflation may also weaken the relation between conventional fiscal deficits and
current account disequilibrium, since it would increase the nominal demand for
monetary base. The inflation tax on the monetary base is an alternative source
of financing the deficit, which is likely to be intensively used when the availability
of foreign credit and reserves is exhausted. In general, there is a strong presump
tion that the fiscal deficit will influence current account developments when a
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country's foreign financing possibilities are opened and its foreign reserves are
plentiful. This presumption will also hold if there is a desire to avoid crowding

the private sector out of financial markets. However, when foreign financing
becomes tight and foreign reserves are exhausted, the size of the current account
deficit may be limited. Inflation may then become the main consequence of fiscal
deficits. In any of those conditions, the refinanceability of the inflationary ser
vice of the public debt reduces the need for either foreign financing or moneti
zation of deficits, without crowding the private sector out of financial markets.
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Inflation and Portfolio Choice
W.R.M. PERRAUDJN*

To examine the impact of inflation on portfolio choice, this paper esti
mates a complete system of asset and liability demands for the V. K.
nonbank private sector from 1976 through 1985. Among other results, it
is found that higher inflation induces investors to take on more debt and
to invest the proceeds in financi
al assets. In general, the pattern of substi
tution implied by the estimates seems intuitive and reasonable.

HJS PAPER AIMS to examine the impact of inflation on portfolio

Tdecisions. To do this, a complete system of asset and Liability de

mands is estimated for the U.K. non bank private sector from 1976
through 1985. Such a system-wide approach has all the advantages em
phasized by Brainard and Tobin in their classic (1968) paper. It also
provides a fully comprehensive view of how investors seek to rearrange
their portfolios when the level of inflation changes. Among the insights
that emerge from the study are a rich and intuitively reasonable pattern
of substitution among financial assets. Higher inflation induces investors
to switch away from sight deposits, cash, and, to a lesser extent, govern
ment bonds into time deposits and nationaL savings. Perhaps the most
striking result relates to the broader allocation among financial assets,
liabilities, and reaL capital. Increases in inflation lead to a marked expan
sion in overall balance sheets as investors take on more debt and spend
the proceeds to acquire financial assets. Meanwhile, the demand for real
capital appears unaffected.
• Mr. Perraudin is cur
rently doing research in economics at Harvard Univer
sity; he holds degrees from Oxford University and the London School of Eco
nomics and Polit1cal Science.
This paper is a shortened version of one prepared while the author was a
summer intern in the Fiscal Affairs Department of the Fund (Perraudin (1987)).
The author thanks Nicola Rossi for numerous helpful discussions, and Benjanun
Friedman, Dale Jorgenson, and Fund staff economists for comments on earlier
drafts.
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Theoretical arguments suggest that inflation may influence portfolio
decisions in several different ways. First, higher inflation may induce
direct rate-of-return substitution from sight deposits and cash into bonds
and real assets. Such effects may be demonstrated either in short-run
business-cycle models (Mundell (1963)) or in long-run monetary growth
models (Tobin (1965)). Second, inflation may systematically influence
the risk characteristics of different assets and liabilities. Such effects
could be attributed to changing probabilities of default by liquidity
constrained borrowers or to the absence of indexation in other parts of
the economy (for example, nominal wage contracts).
Third, the presence of an imperfectly indexed tax system may have
important implications for the interaction of inflation and portfolio de
mands. Feldstein (1980) attributed the poor performance of the United
States stock market in the late 1970s to the fact that higher inflation
raises the effective tax rate by reducing the real value of depreciation
allowances. Finally, inflation illusion, if present, could cause significant
portfolio shifts. Modigliani and Cohn (1979) have suggested that in
vestors systematically undervalue equities in the presence of inflation
because of a failure to take account of the depreciation in firms' nominal
liabilities.
The question of the importance of these various portfolio shifts is
necessarily empirical. Previous studies have, by and large, limited them
selves to examining the validity of reduced-form relations such as the
so-called Fisher equation. Thus, nominal rates of return are regressed on
measures of the real interest rate and of expected inflation to see if the
latter has a unitary coefficient. Notable papers in this literature are Fama
(1975) and Summers (1983). The intrinsic difficulty with this approach is
that both right- and left-hand-side variables are clearly endogenous to a
larger system. Finding suitable instruments to cope with this problem is
virtually impossible. Thus Fama was obliged to make strong assumptions
about constant real interest rates and to respecify the relation, whereas
Summers resorted to elaborate band-spectral regression techniques to
filter out short-term influences, his claim being that what remained was
basically a steady-state relation. Neither solution seems entirely satis
factory; in any case, reduced-form approaches of this kind are incapable
of yielding much economic insight.
The alternative approach taken in this study is to estimate directly a
complete system of asset and liability demands. This procedure should
permit differentiation of the several channels through which inflation
affects portfolio decisions, thereby providing a much richer under
standing of what actually occurs within asset markets when the level of
inflation changes.
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The recent literature on modeling asset demands suggests several
possible starting points. Friedman and Roley (1979), Conrad (1980),
Friedman (1985), Aivazian and others (1983), and Taylor and Clements
(1983) have all presented portfolio models that involve explicit utility
maximization. An important advantage of assuming such maximization
is that it implies restrictions on the coefficients in the derived demand
equations. The job of estimating asset demands, which typically have
highly colinear explanatory variables, is much facilitated by such re
strictions. The approach used in this paper comes closest to resembling
that of Conrad, although the present model differs from his in some
important respects.
Whereas Conrad (1980) derived his demand equations from an indi
rect utility function, this paper proceeds instead from an expenditure or
cost-of-utility function. Using expenditure functions permits the employ
ment of the so-called Almost Ideal Demand System (or AIDS), sug
gested by Deaton and Muellbauer (1980) in the context of consumer
demand theory. This approach possesses highly desirable aggregation
properties. Because restrictions based on utility maximization by indi
vidual investors will be applied to aggregate demand functions, it is
important to be clear about the aggregation assumptions involved. An
other major difference from Conrad's paper is that the present study
takes full account of expectations formation. Asset demands are func
tions of expected-not realized-rates of return. Because Conrad esti
mated his system with realized interest rates and yields, his parameter
estimates were inconsistent.

I. The Model
In deriving the model, it is supposed that there exists a utility function
defi�ed on the expected future values of current asset and liability
stocks:

V, = U(RAtr , . . . , RA u , RK1, , . . . , RKM, ,

RL1, , . . . , RLN1),

where

= 1, . . . , L
= 1, . . . , M

RA;, = (1 + r;:}A;, ,

i

RK1, = ( 1 + rnKi, ,

j

RLk, = (1 + rf, )L�c,,

k = 1, . . . , N.

Here r;A, rl, and rf are, respectively, the expected real holding returns
on the ith financial asset, jth form of real capital, and kth liability. As
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such, they include the expected appreciation in the value of the invest
ment. A1, Ki,, and Lk, represent the real stocks (deflated by the con
sumer price index) of the ith asset, jth real capital, and k th Liability. By
convention, liabilities are negative numbers.
The simplest way to justify such a utility function is to assume that
investors care about expected future wealth and about the expected
flows of services that they derive from their asset and liability holdings.
If the service flows (housing and Liquidity services, for example) are
monotonicaJly increasing functions of these holdings, then the utility
function can be transformed into a function of expected future stocks.
This approach follows Feige (1964). Since we are including expectations
inside a utility function, we must assume that these expectations are held
with subjective certainty.
In an earlier version of this paper (Perraudin (1987)), the author
showed how the above utility function could be derived from a general,
expected-utility, portfolio problem in which the covariance structure of
returns remained fixed. That paper concluded that if investors cared
about the second and higher moments of future wealth, then, although
the model's estimates would be consistent, Slutsky symmetry would
break down in the estimated demand equations. This finding explains
why, when the results are reported below, considerable stress is placed
on the generally favorable results of the symmetry tests.
In the analysis below, it is assumed that the utility function is strictly
quasi-concave, twice continuously differentiable, and strictly increasing
in all its arguments. The investor's problem is then
max

RA1RKJRL.k

U(RA1 ,

• • •

,RAL. , RKt , . . . , RKM , RLt , . . . , RLN) ,

subject to

L A1 + L Ki + Lk Lk = W,
i

i

where W is the stock of real wealth, and time subscripts are omitted.
Rewriting the budget constraint gives
" RA1
Li; 1 + r;A

RK

RLk

"
"
i
=W
+ LJ
K + Li
k 1 + rk
i 1 + ri
l.

'

Evidently the problem is identical to one of consumer demand in
which the RA1,, RKi, and RLk, represent goods, and in which prices are
of the form
1
1 + r(' '

1

1 + y.JK '

1
.
1 + rf
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Taking advantage of this isomorphism, one may define a cost or ex
penditure function as
C(U, PA , Px , PL) -

.

mm

"" RAj
£.J

RA1RKiRLk i

1

+

"" �

A + £.J 1
ri
j

+

"" .!5..!::.L

x + £.J 1 + L '
r;
rk
k

subject to
V(RAt , . . . , RAL ,

RKt, . . . , RKM , RLt , . . . , RLN) = U,

where
X = A, K, L,

S = L, M, N.

Inflation appears in this cost function through r�, the real return on
cash and sight deposits, which is, of course, the negative of the rate of
inflation. It may also be included, however, together with a time trend,
as a direct additional argument in the utility function. The idea here is
that the flows of services derived from the asset and liability stocks might
vary systematically with inflation or over time. It is also useful to include
inflation terms as a gauge of possible misspecification. For example, this
study uses pretax rates of return. If effective tax rates depend system
atically on inflation, then one might expect this dependence to show up
in nonzero coefficients on the direct inflation terms.
To keep the estimation problem tractable, the number of parameters
is reduced by assuming quasi-separability of the cost function among
financial assets, real capital, and liabilities. 1 Although in practice one
adopts such a separability assumption to simplify estimation, it may be
rationalized as reflecting the presence of information costs that induce
the investor to adopt a form of multistage budgeting. Thus, wealth is
allocated first among broad groups of investments and then subsequently
within those groups. The form of the cost function is then
C = C(V, CA (U, PA , D), Cx(U, Px , D), CL( V, PL , D), D),

where D is a vector containing a time trend and the expected rate of
inflation.
One may note, in this context, the virtue of quasi-separability of the
cost function compared with the more usual assumption of separability
in the indirect utility function. The latter type of separability requires the
additional assumption of homothetic subindirect utility functions in
order to ensure multistage budgeting (see Geary and Morishima (1973)).
In a sense, therefore, implicit separability is more general.
1 The

notion of quasi-separability was introduced by Gorman (1976).
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Separability of an indirect utility function or cost function involves a
portioning of the price space in the consumer's demand decision. This
may seem unintuitive to those who are used to thinking in terms of
traditional direct utility functions. Deaton (1979) demonstrates that
quasi-separability implies a corresponding separability of the distance
function (that is, the cost function's dual) and, hence, a portioning in the
space of goods. To ensure that separability in the indirect utility function
implies separability in direct utility and therefore in goods space, how
ever, requires the additional assumption of homothetic subutility func
tions (see Lau (1969)).
As a final comment on this separability assumption, note (following
Gorman (1976)) tha.t, in practice, quasi-separability amounts to as
suming a particular pattern of substitution within the Slutsky matrix.
Thus, if i and j are members of groups A and K, respectively, then the
Slutsky substitution term is of the form

SdK

=

<f>AKRA;RKI.

Utility maximization and the various assumptions that have been
made imply a cost function that, apart from quasi-separability and the
usual properties of cost functions, is arbitrary and unknown. To approx
imate this, one may adopt one of the several flexible forms suggested in
the consumer demand lit.erature. These are almost all second-order ap
proximations and, therefore, in principle possess the same degree of
generality. The so-called PIGLOG (or Price-Independent, Generalized
Logarithmic) family of flexible forms has the advantage, however, of
highly desirable aggregation properties (see Muellbauer (1975, 1976)).
Because the aim is to impose the restrictions of individual utility maximi
zation on aggregate demand, it is important to adopt reasonable aggre
gation assumptions. Within the PIGLOG class, the AIDS formulation
proposed by Deaton and Muellbauer (1980) is chosen . This is used to
represent both the upper and lower level cost functions.
The approximated upper- and lower-level cost functions may there
fore be written as
K
log C = Cl1J + L cxj log C1 + L L �ij log C1 log C; + fJ.o V D Ctk

�
1
log C1 = >--b + � >-.{ log (1�ri ) � � t -y; log (
log (
1�r/ )
1�,J
. n ( 1 )E�
-+ �� V
+ rk
i

j

j

kal

+

k

1

�

.
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Using Shephard's lemma (see Diewert (1974) and Shephard (1953)), one
may take the logarithmic derivative of the upper-level cost function, with
respect to the composite price indices, to find � , the compensated
desired portfolio shares for investment group j:

� X;1

� =W =

a logC
log Ci

a

•

= a, +

� �;i log

C; + IJ.i f.1il U

Q Ctk '

where
.
1 .
�ij = 2 ( �ij + �li )

'

Xif

and where
is the consumer-price-deflated holding of asset or liability
i within group j. To eliminate the unobservable variable U, one substi
tutes from the cost function itself to give
(1)
where
log p· = o.0 + L aj log C1 + L L �;1 log C1 log C; ,
; I
and C is total net wealth. Note that the subcost functions C; that appear
in this equation are unobservable, weighted indices of the rates of return
within the group. The desired share of a particular asset or liability i
within a group j may be found by taking the logarithmic derivative of the
relevant subcost function or price index C1 . Thus,
w;. =
I}

�

� X;1

�

= M. + "
for j

=

a_
"-gC
_
to
_,

( 1r{ )
log
1+
1 t
j log ( 1 )
. . U Il ( r£ )�
r£
+ �Hi>
1+
1

= _

a

_
_

-y ;�c

Jc

+

A K, J, and where
,

j 1 I• + j• )
'Y lci •
'Y ilc=2 ('Y k
i

' " ' log ( 1 rl) + � ; log � ,

Again, one may substitute for U to give

"'11 = X.f + � -y

;�c

1

+

j

�
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where
log � = A.b + 2: log
�(
I

1
(� ) + L; L 'Y�k log (1 +1 r;, )(tog1 + rt )
1 + r;

1 .

k

Although it is possible, in principle, to estimate the complete model
described by equations (1) and (2) by using methods suggested by Pud
ney (1980), this procedure would involve a complicated sequence of
iterations. Given the fairly large model and the fact that expected rather
than realized returns are used, Pudney's suggestion is impracticable. The
problem really stems from the presence of C1 in both the upper and lower
demand equations. Because the C1 are in themselves unobservable, they
have to be substituted out before the system is estimated. One way to get
around this problem is to assume that � = 0 for all i; in other words, that
U does not enter into the lower cost functions. This amounts to assuming
homothetic quasi-separability. The advantages of using quasi as opposed
to direct separability might then seem to be reduced. Nevertheless, at
least with quasi-separability it might be possible to test the exclusion of
U from the subcost functions using limited information methods. In
addition, the approach of using cost functions as the starting point has
the important practical advantage of yielding linear estimating equa
tions. These are both computationally easier to estimate and theoret
ically more satisfactory, since they allow a fairly general aggregation
assumption.
Adopting the restriction, one ends up with the following demand
system:
"1 = aj +

,

� �;1 log C; +

'
" J
w.
I) = A.J.
I + 4.- 'Y I'k

where

k

log p· = o.0 + L
1

= o.o +

7

log

ILi

log

1 .
(-1 + r! ) >

(;,)

a1 log C1 + L L �;; log C1 log C;

(

j j
log C1 a1 + �;; log C;

�

).

Following the suggestion of Deaton and Muellbauer (1980), the col
linearity of the asset returns can be exploited by approximating r with
the expression
log p. = o.o +

� "1 >-b + L � log (1�r! ) .
}

I

}

I

©International Monetary Fund. Not for Redistribution

INFLATION AND PORTFOLIO CHOICE

747

Absorbing the second term in the constant and taking account of the fact
that

a0

will not be separately identified from the equations' constant

terms allows one to write
logP

== 2: 2: � W;i log
; i

(�
)
+
1

r;

and

As a last step in specifying the model, dynamics are introduced by a
simple and classic stock-adjustment process. Actual demand is taken to
equal lagged demand plus a fraction of the discrepancy between desired
and lagged holdings. Thus,

- �1- 1 )
W;jr-1 + <Tj (W;j, - W;jr-1 ),

�� = �1-1 + cr(Wi;

W;jt

=

where the asterisk denotes the desired share, t indicates time period, and

j

=

A K, L.
,

Clearly this is a strong assumption. It allows demand for a particular
good to be affected only by the disequilibrium in that good. In other
words, the adjustment matrix is diagonal. As Friedman (1977) points
out, portfolio adding-up constraints imply (in the case of demand-share
equations) that the columns of the adjustment matrix sum to a constant.
If each column contains only a single nonzero element, then clearly these
elements must be equal. The assumption of separability improves
matters slightly, however, since the adding up requirements apply to
shares within each of the three subgroups and to the shares explained by
the upper-level equations. Thus, with three subgroups, there are effec
tively four adjustment parameters to be determined. Adding stochastic
error terms to the equations completes the specification of the basic
model.
In estimating the demand system, it is essential to take account of the
fact that asset and liability demands respond to anticipated rather than
realized returns. As is well known, using realized values to proxy the
rational expectation of a variable leads in most cases to errors-in
variables bias, since the realized variable effectively represents the ra
tional expectation plus a random error. In the present case, the draw
back in using realized values is even greater because rates of return are
also endogenous. To illustrate, consider the effect of a random shock
that increases the demand for an asset. With given supply, the own
return interest rate will tend to rise, pushing do�n the "price" and
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biasing the coefficient estimate upward. Although one cannot precisely
predict the sign of the bias on individual coefficients, it seems likely that
using realized data will yield higher estimates of own-return coefficients.
This was indeed the finding when the model was estimated with realized
rate-of-return series. For these reasons, Conrad's (1980) reliance on
realized return data is highly questionable.
To resolve these problems, the process of expectations formation is
modeled directly, with the demand system expanded to include equa
tions that explain rates of return as optimal distributed lags on past
returns and other lagged variables. Substituting these equations
wherever rates of return appear in the demand equations, one may
achieve efficient and consistent estimates by imposing cross-equation
restrictions between the demand and the rate-of-return equations. This
substitution amounts to assuming a form of backward-looking rational
expectations that is close to the original Muthian sense of the term (Muth
(1961)). Individuals use information optimally, but the only information
they have consists of lagged rates of return and a selection of other
variables. A representative example of such methods used in another
context can be found in Mishkin (1982).
11. The Data

U.K. data were used in this study. This choice seemed appropriate,
first, because U.K. inflation has varied quite considerably since the
mid-1970s. Compounded quarterly inflation rates have ranged from
3 percent to 45 percent in the past ten years. Second, U.K. data are
unusually complete. The Central Statistical Office has recently begun to
publish full, quarterly balance sheets for the main sectors of the U.K.
economy. The series have been extended back to the first quarter of
1975. For this study, a data set of 39 observations, from the second
quarter of 1976 through the last quarter of 1985, was used. The aggregate
examined is the nonbank private sector, whose balance sheets include
information on 15 fmancial assets and 12 liabilities, all calculated at
market value.
When several of these aggregates were combined, six financial assets
and two liabilities were found. Broadly speaking, these asset categories
were (1) sight deposits and cash; (2) time deposits; (3) national savings
(nonmarketable government savings bonds and deposits); (4) short-term
assets, including treasury bills and trade credit; (5) government bonds;
and (6) net foreign assets. Liabilities were divided into sterling bank
lending and non-sterling bank lending (by U.K. banks).

©International Monetary Fund. Not for Redistribution

INFLATION AND PORTFOLIO CHOICE

749

It seemed important as well to include some form of real capital in the
study, especially since the ultimate objective was to trace the impact of
inflation on real interest rates. The substitutability of real and financial
assets therefore had to be considered. The two real capital series in
cluded were the capital stock of industrial and commercial companies
(including the North Sea sector) and dwellings owned by the personal
sector. These aggregates should provide close proxies for the housing
and productive capital stocks of the nonbank private sector. Consumer
durables and land were omitted from the study because of the Jack of
comparable data.
In constructing the rate-of-return series for marketable instruments,
an attempt was made to calculate the full return including appreciation.
Thus, percentage changes in either investment price indices or represen
tative asset prices were added to coupon and dividend-based rates of
return. The list of asset returns included (1) the negative of the percent
age change in the retail price index, (2) the seven-day Clearing Bank
deposit rate, (3) an index of National Savings Bank and certificate inter
est rates, (4) the three-month treasury bill rate, (5) an index of govern
ment bond interest rates, and (6) an index of Bank of England rates of
return for foreign assets and liabilities.
The government bond index was constructed by weighting the coupon
and price appreciation for three categories of 5-year, 10-year, and
15-year "gilt-edged" securities. The weights chosen reflected the non
bank private sector's holdings of 0-to-5-, 5-to-15-, and over-15-year gilts
as reported by the Bank of England. Unfortunately, the figures on
holdings referred to nominal rather than market holdings, but these were
the best available. The index for net foreign assets was constructed by
weighting rates of return for foreign assets and liabilities, using Bank of
England estimates of the United Kingdom's external balance sheet.
Because the figures were annual, they were interpolated to obtain quar
terly series.
For the two liabilities, indices were again constructed. The return on
non-sterling bank lending was approximated by using an SDR interest
rate (constructed, in turn, as a basket of national money market rates)
plus the appreciation in the SDR against sterling. This was taken to be
a reasonable proxy for the true return, since the primary components in
the SDR basket are the major European Monetary System (EMS) cur
rencies and the dollar. The sterling bank lending category includes a
number of disparate assets and liabilities-for example, bank shares held
by the nonbank private sector. As far as possible, the rate-of-return
index takes account of these various components, many of which were,
in any case, quite small.
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Ill. Estimation

For purposes of estimation, 4 of the total of 12 demand equations were
dropped. This was necessary because both the upper-level demand equa
tions and the three sets of lower-level demand equations explain desired
shares summing to unity; hence, the error terms are dependent and lead
to a singular covariance matrix. In principle, with full information maxi
mum likelihood, it should not matter which equations are dropped. The
categories chosen for omission were national savings, housing, and non
sterling bank lending (at the lower level), and liabilities (at the upper
level).
These categories were also selected as the numeraire variables for the
purpose of imposing homogeneity. Symmetry of the underlying substi·
tution parameters was expected to hold, given the fairly reasonable
aggregation assumptions. The use of pretax rates of return, however,
and the potential importance of the variance and higher moments of
future wealth implied that the price coefficients in the estimated demand
equations might not be symmetric. Hence, although homogeneity was
imposed from the outset and not subsequently examined, symmetry was
left as a restriction to be tested.
In the notation used earlier, symmetry and homogeneity imply, re
spectively, that at the lower level

-y{k = -yt

for all i, k members of j and for all j, and

for all i, j; and that at the upper level
13ij = 13ji
for all i, j, and

2: 13;; = 0

j
for all i, j. Because equations had been dropped, the adding-up re
strictions were not imposed but were used instead to identify parameters
in the omitted equations. In this notation, the adding-up constraints
were
L A{ = 1,
j

2:i 13jk = 0,
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Estimation was carried out using nonlinear minimum distance
(MINDIS) techniques based on methods suggested by Amemiya (1974)
and developed by Berndt and others (1974). The resultant estimator is
essentially nonlinear three-stage least-squares, reducing (in the case of
the model) to nonlinear SURE (Seemingly Unrelated Regression Esti
mation). Asymptotically, SURE has all the desirable properties of max
imum likelihood.
Because of the size of the model, it was not possible to start with the
most general specification and work down. The approach taken was,
therefore, to begin by estimating the expectations-formation equations
and to eliminate variables progressively. Each rate of return was re
gressed on itself (lagged from one to four quarters) , on inflation (lagged
one and two quarters) , on a constant, and on a measure of the gap
between actual and trend gross national product. It also was necessary
to insert a dummy variable for the changes in the value-added tax in
1979. The expectations equations initially contained 90 parameters, re
duced to 27 at the end. The likelihood-ratio statistic for the 53 excluded
2
parameters was 110, which satisfied the 5 percent x value for rejection
of the null hypothesis given small-sample adjustment.
The next step would normally have been to run the reparameterized
rate-of-return equations jointly with the full demand system. Computa
tional limits prevented this manipulation, however, so that a compromise
was struck by running expectations and subdemand equations together.
With the fitted rates of return used as independent variables, the upper
and lower-level demand equations were estimated as a complete system.
The procedures used imply that, although the cross-equation restrictions
between upper and lower demand systems and between rate-of-return
and lower demand systems were correctly imposed, the restrictions be
tween the two upper demand equations and the rate-of-return forecast
ing equations were neglected. This method made no difference in the
consistency of the estimates, but some small degree of efficiency was
sacrificed.
After estimating the full demand system in the manner outlined
above, the analysis proceeded by testing for symmetry. The likelihood
ratio statistic for symmetry at the lower level proved to be 10, well below
2
the relevant 5 percent x value of 18.3. When the further restriction of
symmetry in the upper-level demand equations was imposed, however,
the likelihood ratio rose sharply to 22.0. This occurred despite the fact
that only a single additional parameter was being constrained. Although
one can still show that this much higher likelihood ratio falls short of a
strict 5 percent rejection level when full allowance is made for small-
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-0.55

0.0275

-0.0661
(-3.42)

(22.0)

0.0997

0.873

(2.86)

(-1.28)

-0.0705

-0.0364
( - 1.42)

(-3.12)

-0.226

0.0919

(3.73)

0.791

(-2.41)

0.066

( 1 1.67)

Constant

-0.0460
( - 1.15)

0.622
(2.45)

-0.477

-0.890
(-2.59)

0.791
(3.73)

Time
deposits

-0.0331
( - 1.60)
-0.0585
( - 1.20)

0.2118

(- 1 .22)

-0.306

0.0016

(2.45)

0.622

-0.226
(-3.12)

0.0246
(0.559)

(- 1 .60)

-0.0331

0.0909

-0.0460
( - 1 . 15)

( - 1 .42)

-0.0364

Short-term
marketable Government
securities
bonds

0.0909

-0.0016

0.0808

-0.417

0.0919

National
savings

-0.0828
(-0.742)

-0.0585
( - 1.20)

0.2ll8

( - 1 . 28)

-0.0705

et
foreign
assets

0.282

(1 .63)

0.00269

Inflation

(7.0)

0.00034
(1.99)

Time

a

©International Monetary Fund. Not for Redistribution

Note: Dashes indicate coefficients set to zero; where appropriate, t-ratios are given in parentheses.
Strictly speaking, to satisfy adding up, these coefficients should be oonzero. It seems sensible, however, to regard the positive
parameters on time deposits and net foreign assets as being offset by small effects on all the remaining categories rather than by
effects in the omitted equation.
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sample bias (see Meisner

(1979)), the data nevertheless appear to show

that upper-level symmetry does not hold.
With lower-level but not upper-level symmetry imposed, the next step
was to set equal to zero those parameters with t-ratios less than unity.
Some own-price coefficients were kept despite their low significance.
The likelihood-ratio test for the joint removal of the omitted parameters
was

8.0,

well inside the

5

percent significance level of

15.5.

As a final

check, the residuals were examined for autocorrelation. In plotted form,
the residuals showed a reasonable pattern, and the equation-by-equation
Durbin H statistics registered acceptable values.

IV. Empirical Results
In general, the other empirical results from the model were very
pleasing. The symmetry test reported in the preceding section lends one
reasonable confidence in the basic specification of the model. Further
more, all the own-price elasticities were of the right sign, a considerable
achievement in itself. Twenty-one of the 41 unconstrained parameters in
the final demand system had t-ratios greater than

2.0, and all but 3

had

t-ratios greater than unity.
The economic implications of the parameter values were also quite
interesting. Looking at the parameter estimates for the financial asset
demand system (Table

1), one is immediately struck by the insignificance

of the direct inflation terms. (The only exception appears in the net
foreign assets equation, suggesting that a rise in inflation induces some
transfer of funds abroad.) This finding may be regarded both as evidence
that services from assets do not vary systematically with inflation and as
an indication that the use of pretax rates of return (that is, ignoring the
possible inflation dependence of effective tax rates) was not too egre
gious an error.
Although it does not directly influence the allocation of financial
assets, inflation does lead to sizable substitution effects through the price
terms of sight deposits and cash. This substitution consists mainly of a
switch from sight deposits and cash into savings deposits, although high
er inflation also discourages the demand for marketable government
bonds while increasing the desired share of national savings. The one
nonintuitive result is the marked shift away from short-term securities.
Interpreting the demand for these short-term instruments, however, is
fraught with difficulty because the Bank of England was intervening on
a massive scale in this market during much of the sample period.
Tables

2

and

3

present the results for the real capital and liability
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Table

2. Lower-Level Demand Equations: Real Capital

Dependent
variable (desired
shares in total
real capital)
Housing
Productive
capital

Constant

Housing

Productive
Capital

Time

0.557

-0.422

0.422

0.00332

0.443
(17.6)

0.422

-0.422
(2.44)

-0.00332
(-5. 71)

Inflation

Note: Dashes indicate coefficients set to zero; where appropriate, t-ratios are
given in parentheses for unconstrained parameters.

demand systems. These parameter estimates require rather less com
ment than the financial asset equations. Once again, inflation has no
direct impact. Time trends, however, are very important. Price sensitivi
ty appears surprisingly high, although this is in part because the de
pendent variables are larger, owing to the high degree of aggregation
within these categories.
Some of the most interesting results are found in the upper-level
demand equations reported in Table 4. These show the allocation of total
net worth between financial assets, liabilities, and real capital. In con
trast to the lower-level equations, inflation has a highly significant direct
influence. In particular, a rise in inflation causes investors to increase
their holdings of both financial assets and liabilities, leaving their stock
of real capital unchanged.
Table
Dependent
variable (desired
share in total
liabilities)
Sterling bank
lending
Non-sterling
bank lending

3. Lower-Level Demand Equations: Liabilities

Constant

Sterling
Bank
Lending

-0.024
-0.153
(-1.456) (-1.49)
1.024

0.153

Non-Sterling
Bank
Lending

Time

0.153

-0.00203
( -5.67)

-0.153

0.00203

Inflation

Note: As mentioned at the outset, liabilities are treated as negative assets.
es a fall in notional price 1/(1 + r/· ) and,
Hence, a rise in a liability's yield produc
thus, an increase in compensated demand. Because liabilities are negative num
bers, an increase in demand represents a decline in the absolute value of the
desired liability. Hence, own-pnce elasticities should be negative (or small and
positive) just as for financial assets and real capital. Dashes mdicate coefficients
set to zero; where appropriate, t-ratios are given in parentheses.
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It may well be that this result reflects the influence of inflation
dependent effective tax rates. An alternative explanation might be that
risk is an important consideration in the broad allocation among these
upper-level categories of financial assets, liabilities, and real capitaL
Either taxes or risk could also explain the apparent failure of the sym
metry test for the upper-level demand system, and either explanation of
the results can be made reasonably convincing.
As regards effective tax rates, Feldstein (1980) showed for the United
States that plausible parameter values imply that inflation markedly
reduces the after-tax return on capital. Yet the chance to offset nominal
interest payments against tax might encourage investors to increase their
indebtedness and to acquire more financial assets and real capital. The
net impact of these two effects could well be that the demand for real
capital stays unchanged while liability and real asset demands rise.
As regards the importance of risk, it is possible that inflation could
alter both the absolute and relative riskiness of real capital, financial
assets, and liabilities. Greater overall risk might encourage a general
diversification of portfolios, whereas an increase in the relative riskiness
of real capital might mean that its desired share remained unchanged.
Why might the relative riskiness of real capital rise? A possible answer,
at least for productive capital, is that nominal wage contracts in the
presence of high and variable inflation might make returns to capital
quite unpredictable, especially because of the high gearing that such
returns are likely to have with respect to variations in the real wage rate.
The last results to report concern the speed at which desired shares
adjust (Table 5). As may be seen from the table, the estimated values are
quite reasonable for quarterly data, suggesting that the bulk of adjust
ment occurs within two years of a shock to the system. These figures for
speed agree fairly well with those reported in the literature on money
demand (see Judd and Scadding (1982)).
V. Conclusions

The general message of this study has been that inflation is highly
significant to portfolio choice and affects both the broad allocation be
tween liabilities, real capital, and financial assets and the more detailed
allocation within those categories. Substitution effects between financial
assets produce a major rearrangement of portfolios in the face of infla
tion. Many of the substitution terms estimated in the study were pleas
ingly in accord with theory and intuition (negative own-price elasticities
and a major switch from cash and sight deposits into time deposits when
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-0.174
(-1.66)
0.037

-0.157
(- 1.33 )

0.019

(1.23)

-0.160
( -0.240)

0.186

assets

-0.056

0.331

-0.275

Liabilities

-0.00154

-0.00195
(-2 .67)

0.00349
(4.15)

TIDle

-0.327

0.327
(2. 36)

Inflation
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Liabilities

Capital

0.137
( - 1 .05)

0. 138
( 1 .01)

Capital

Assets

0.974

Constant

Price Coefficients

Financial

Dependent
variable
(desired
share in
total net
worth)

Table 4. Upper-Level Demand Equations

-

.

0 016

0.331
(1 .49)

0.067
( - 1.02)

Real
Wealth

z

0

�c

"0
rn
::0

�
::0
3::
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Table 5. Speed of Stock Adjustment
Stock

Rate of Adjustment
(In percent per quarter)

Upper level desired shares
Financial asset shares
Liability shares
Real capital shares

16.1
16.4
13.2
11.7

inflation rises, for example). Other effects, like the reduced demand for
government bonds (as a share of financial assets) in the presence of
higher inflation, are interesting and somewhat less obvious. Perhaps the
most striking result occurs in the upper-level demand equations, where
increased inflation appears to induce a major expansion in liabilities that
is offset by acquisition of financial assets. Unfortunately, an unambig
uous interpretation of this phenomenon could not be given because
the competing explanations-inflation-dependent tax rates and risk
effects-can both be argued with reasonable conviction.
Of course, these conclusions are subject to caveats. One issue dealt
with cursorily in the paper is the initial decision to look at the balance
sheet of the nonbank private sector. It is quite possible that banks'
portfolio behavior partially offsets changes in the asset demands of the
nonbank private sector. Thus, for example, a switch by nonbank agents
from deposits to government bonds might be offset, with very little
pressure on interest rates, by a fall in the banks' holdings of government
bonds. The possibility of such offsetting effects suggests that a further
step in this research might be to examine banks' portfolio behavior.
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Cross- Regime Tests of the Lucas
Supply Function in Developing
Countries
PETER J. MONTIEL and IQBAL ZAIDI*

The aggregate supply function developed by Lucas (1973) predicts that the
short-run effects of monetary disturbances on real output are negatively
related to the variability of such disturbances. This paper assesses the
empirical relevance of the Lucas supply function for a large sample of
developing countries by using distribution-free statistical methods. The
negative relationship seems to be a robust feature of developing country
data and holds true for almost all of the analytical subgroups examined.

HE EMPIRICAL RELEVANCE of "new classical" macroeconometric

Tmodels for developing countries can be tested, following Barro

(1978), by using time-series data for individual countries to estimate
reduced-form output equations that distinguish the effects of anticipated
and unanticipated aggregate demand shocks. Such tests have been
conducted, with mixed results, by Barro (1979), Hanson (1980),
Edwards (1983a, 1983b), and others. An important problem with this
methodology is that, during any given sample period and policy regime,
the data may be unable to discriminate between classical and non
classical models in the absence of overidentifying restrictions that are not
intrinsic to the hypotheses being tested (see Barro and Rush (1980)). An
• Mr. Montiel is an economist in the Developing Country Studies Division of
the Fund's Research Department; he is a graduate of Yale University and the
Massachusetts Institute of Technology. A longer version of this paper was writ
ten in part while he was on leave with the Macroeconomics Division of the
Development Research Department of the World Bank.
Mr. Zaidi is an Assistant to an Executive Director of the Fund; he is a graduate
of Haverford Colle�e and Princeton University. He was an economist in the
Financial Studies Division of the Research Department when the longer version
of this paper was prepared.
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alternative procedure is to test directly the Lucas supply function that
underlies such models by using the properties of the solution to the
signal-extraction problem faced by economic agents. As Lucas (1973)
shows, the responsiveness of output to unanticipated price changes is
predicted by his model to be inversely related to the variability of the
unanticipated component of aggregate demand. This relationship can
therefore be tested with data drawn from different policy regimes. A
natural application is to a cross section of countries, as pioneered by
Lucas.
This paper attempts an assessment of the empirical relevance of the
Lucas supply function for developing countries by testing the relation
ship described above for a large cross section of such countries.
Although this issue has been examined previously for cross-country
samples that have included developing countries, this paper differs from
previous studies in three important ways.1 Distribution-free statistical
methods are used to test the statistical significance of the observed
relationship between the variance of unanticipated demand shocks and
the slope of the output-inflation trade-off; previous studies relied on less

systematic inspection of the data. Our sample consists only of developing
countries; previous authors have not conducted cross-regime tests for

World Economic
Outlook (WEO) data file (International Monetary Fund (1986)), which

this subset of their data. Finally, we make use of the

enables us to expand greatly, relative to previous studies, the number of
developing countries included in the sample. Our sample consists of 128
countries, with underlying relationships estimated over the period
1965-85. Because of the size of the sample, we are also able to test the
robustness of our results by examining whether the key relationship
continues to hold within various analytical subsamples.

I. Estimation of Money Growth and Output Regressions
None of the existing cross-country studies of the Lucas supply function
focuses specifically on developing countries. It is therefore unclear
whether the negative association observed by many authors between the
variance of unanticipated aggregate demand shocks and the re
sponsiveness of real output to such shocks would be corroborated for
subsamples consisting solely of developing countries. No industrial coun
tries appear in our sample of 128 members of the International Monetary

&

1 For revious cross-country em irical work on the Lucas su pply function, see
(1980); Alberro (1981); Pa
Lucas 1973); Froyen and Waud J?
rkm, Bentley, and
Fader 1981); Ram (1984); and Kormendi and Megujre (1984).
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Fund, and all developing countries for which data were available at the
time of the Fund's April 1986 WEO exercise have been included. The
country-specific time series used, compiled from country sources and
staff estimates by Fund country-desk economists associated with the
WEO exercise, cover the period 1963-85.2 Although their quality is
likely to be uneven, these data have the important virtue of permitting
a breadth of coverage of developing countries that is not available from
any other source.
To sharpen our test of the Lucas supply function with these data, we
followed the procedures of Korrnendi and Meguire (1984), who demon
strated that finding an inverse relationship between the variance of un
anticipated money growth and the responsiveness of output to un
anticipated price changes does not provide powerful support for the
Lucas supply function, since this relationship is also implied by a class of
models that incorporate policy-variant Phillips curves and do not assume
that expectations are formed rationally. The assumption that aggregate
demand is unit elastic was made explicitly by Lucas (1973) and permitted
him to treat nominal gross national product as an exogenous variable.
Korrnendi and Meguire dropped this assumption. Their formulation of
the output equation is
DY, = �(L)RM, + 'Y(L)DY,_1 + RY,,

(1)

where RM is the unanticipated rate of money growth; DY is the rate of
growth of real output; RY, is a random term; and �(L) and -y(L) are lag
polynomials, with
NI
N2
�(L) = L �;L ; and -y(L) = L -y; L ; ,
i=O
i•O
where L is the lag operator. The test of Lucas's supply function consists
in examining the relationship between the variance of RM, denoted
VRM, and the peak effect of an RM shock on real output, denoted x,
where x = max {x,}, with T = 0, . . . , N and
T

x, = 2: [3;.
For this purpose we require estimates of VRM and x for each of the
128 developing countries. The fust step in the estimation of VRM is to
fit a money-growth equation for each country. In view of the size of our
2The regressions were estimated over the period 1965-85 because of the
wo lags in equation (2).
presence of t
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sample, we used a parsimonious specification that was uniform across
countries. Because the fitted values of these equations are intended to
describe rational expectations of future money growth, the most im
portant diagnostic statistic is the absence of serial correlation in the
residuals.
Our specification of the money-growth equation is slightly more gen
eral than that of Kormendi and Meguire. Edwards (1983a) has recently
emphasized that the role of fiscal deficits in the growth of the money
supply is quite important in developing countries, since the absence of a
domestic bond market in most of these countries requires that deficits be
financed either through the domestic banking system or abroad. Because
our sample is restricted to developing countries, we followed Edwards
and specified the money growth equation as
(2)

where DEF,_1 is the ratio of the fiscal deficit during the previous period
to gross domestic product, which enters as a predictor of the current
period deficit, and the other variables are as defined earlier.3
Equation (2) was estimated, with annual data for the period 1965-85,
by ordinary least-squares for each of the 128 countries. The degree of
systematic behavior in money growth captured by this specification
varied widely across countries.4 The coefficient of determination (R2)
ranged from over 0.92 for Bolivia to about 0.02 for Benin and St. Lucia.
For the Latin American countries in the sample, the percentage of
variation in DM explained by equation (3) was comparable to that in
Edwards (1983b).5 For those countries also included in the sample of
Kormendi and Meguire (1984), estimated standard errors were quite
similar. The lagged fiscal deficit bad a negative sign for almost half ofthe
countries in the sample. Most important, the Box-Pierce Q-statistic
indicated that, for all but three of the countries (Chile, Libya, and St.
Vincent), there was no evidence of serial correlation in the residuals of
equation (2). The variance of these residuals was our estimate of VRM .
For the output equation, our empirical counterpart to equation (1)
included two lags of RM and a single autoregressive term for DY. We
therefore estimated, again using ordinary least-squares, the equation
3 This equation assumes that the authorities in the countries of the sample have
at least some short-run control over the domestic money stock-the "offset
coefficient" on changes in domestic credit is not -l-and that they choose
to target money rather than credit in the short run.
• Detailed results of the estimation of equation (2)-as well as of equation (3)
below-are available from the authors on request.
5This is not true for Chile, where our equation performed very poorly.
Edwards's results are also somewhat better by this standard for Colombia.
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DY, = 13o + I31RM, + I32RM,-1 + 13:J?Mr-2 + I34DYr-� + RY,

(3)

for each country.
The proportion of the variance in real output growth explained by this
specification once again varied greatly across the countries in the sam
ple. The overall fit of the output equations was quite similar to that
obtained for developing countries by other researchers. To judge the
overall conformity of these equations with the underlying model, note
the following:
•

•

The model suggests that the response of output growth to un
anticipated monetary shocks should be positive in the short run, but
no permanent effe.cts should be observed, so negative values of the
l3s are consistent with the model as long as they occur for the higher
lags of RM.
The adjustment of DY to unanticipated shocks may be protracted,
so the coefficient of DY,_�o which measures the speed of adjustment,
should lie between zero and unity.

On the basis of these observations, we judge that the results for the
output equations will be in conflict with the underlying model if:
•

•

the impact effect of unanticipated monetary shocks is significantly
negative, or
we can reject the hypothesis that the coefficient of DYr- 1 lies
between zero and unity.

The impact effect of unanticipated monetary shocks was positive for

82 countries and negative for the remaining 46. Thus the coefficient
131 has the expected positive sign in about two thirds of the countries
studied. In only one case (Yemen People's Democratic Republic), how

ever, is the parameter 131 negative and statistically significant (at the
10 percent level). Thus, for the remaining 127 countries, we cannot
reject the null hypothesis that the impact effect of an unanticipated
monetary shock on the rate of growth of real output is positive.
With regard to the second prediction of the model, the coefficient of
the lagged dependent variable ranged between zero and unity for 91
countries, was negative for 37 countries, and never exceeded unity. But
the negative coefficient was statistically significant in only four cases, and
this finding means that the hypothesis that 134 lies within the unit interval
cannot be rejected for 124 of the 128 countries.
We conclude, therefore, that the estimated output equations are in
broad conformity with our expectations. Accordingly, these equations
were used to construct our estimate of the peak effect of unanticipated
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monetary growth on the rate of growth of output, X· The point estimates
of x were positive in 98 cases.

II. Cross-Regime Tests

To examine the robustness of our results with respect to the relation
ship between the estimates of VRM and x. we considered various sub
groups of developing countries and applied several statistical techniques.
The various subgroups were drawn from the analytical classifications of
developing countries used in the WEO exercise (International Monetary
Fund (1986, pp. 172-75)). 1\vo alternative classification criteria were
used: countries were categorized by primary export into fuel and other
(nonfuel) exporters; capital-importing countries were divided into those
with recent debt-servicing problems and those without. From the group
of capital-importing countries, subgroups of market borrowers and
official borrowers were also identified.
Systematic statistical analysis of the relationship between VRM and x
within each of these groups presented the problem, as Kormendi and
Meguire (1984, p. 900) put it, that, "since the data on x1 and VRM1 were
themselves generated through estimation procedures, their distribu
tional properties are not fully known." Because the distributions of x
and VRM are unknown, the distribution of their sample correlation
coefficient under the null hypothesis of no linear association between
variables is not known. Thus the statistical significance of the measured
correlations cannot be inferred. Nevertheless, we followed most pre
vious studies and calculated both the simple correlation coefficient and
the rank correlation coefficient for each of eight country groups. These
correlation coefficients are reported, respectively, in columns 1 and 2 of
Table 1. For indicative purposes only, the ratios of these coefficients to
their standard errors are reported in parentheses under each entry. With
only a few exceptions, the signs of these correlations are negative, and
the measured coefficients are in many cases more than twice their
standard errors.
We can be more precise statistically by using distribution-free or non
parametric methods. Because the real output response to unanticipated
money and the variance of unanticipated money are estimated param
eters, their correlation coefficient is a function of estimated parameters
and not of actual measurements from a sample whose population distri
bution is known. Thus, if the actual observations are replaced by their
relative rankings within the sample, and if the probability distribution of

©International Monetary Fund. Not for Redistribution

{108)
-0.286
(3.243)
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(4.244)
-0.129
(1 .017)
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(2.081)
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{1 .034)

-0.336
(2.690)
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1,001
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0.336
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0.095

0.071

0.122
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1 ,222

3,655

(6)

Rank sum

Above-Median VRM
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" Numbers in parentheses indicate the number of countries in each group; categories are as defined in International Monetary
Fund {1986, pp. 172-75).
b Ratios of coefficients to standard errors appear in parentheses.
A single asterisk denotes statistical significance at the 5 percent level; a double asterisk indicates significance at the 1 percent
level.
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some function of these sample ranks can be determined on the basis of
general assumptions about the basic population sampled, then this func
tion will provide a distribution-free technique for hypothesis testing. It
might seem that, since information about actual, observed sample mag
nitudes is not used in making the nonparametric inference, this method
is not efficient because some of the available information is discarded.
But the information embodied in these actual magnitudes is not directly
used in the nonparametric inference procedure because it relates to the
underlying distribution, and this information is not relevant for the
distribution-free tests. If the underlying distribution is known, then a
parametric approach to testing may legitimately be used.
Columns 3-7 in Table 1 report the results of Mann-Whitney tests of
negative association between VRM and x for each of the eight groups.
This test does not require knowledge of the underlying distributions of
VRM and x, only that these random variables be continuous. The test
was conducted as follows: first, countries in each group were ranked
according to the size of x, and an order statistic (simply the value of the
country's ranking) was assigned to each country. Next, each country was
classified into one of two groups according to whether the value of VRM
for that country fell above or below the median VRM for the group as
a whole. Median values of x and rank sums (the sums of the order
statistics) were then calculated for each of the two subgroups. Finally,
the medians and rank sums were used to calculate a Z-statistic (column
7), the distribution of which is known under the null hypothesis that the
below-median and above-median subgroups are drawn from the same
distribution (that is, from distributions with the same median value of x).
The null hypothesis that above-median values of VRM are not associated
with below-median values of x can be rejected for sufficiently negative
values of the Z-statistic.
With respect to Table 1, note that, with the exception of the fuel
exporters, in each group the median x and the rank sum are lower for the
subgroup with above-median VRM (columns 5 and 6) than for the sub
group with below-median VRM (columns 3 and 4), suggesting a negative
relationship between VRM and x for seven of the eight developing
country groups listed. The Z-statistics (column 7) show that this negative
relationship is statistically significant in five of the seven cases. The
results of the Mann-Whitney tests therefore support those obtained from
both simple and rank correlations. The finding of a negative relationship
between the variance of unanticipated demand shocks and the peak
effects of such shocks on real output growth, as predicted by the Lucas
supply hypothesis, appears to be rather robust in our developing country
data.
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ID. Conclusions
At first glance, the assumptions of continuous market clearing and
rational expectations formation that are incorporated in Lucas's analysis
seem at variance with common perceptions of the economies of devel
oping countries. If these assumptions were far off the mark, however, it
would presumably be quite easy to reject the implications of Lucas's
analysis for developing countries. Nonetheless, we have been unable to
do so.
Our key finding is that the central empirical implication of Lucas's
supply hypothesis-that the variance of unanticipated demand shocks is
negatively related to the peak effect of such shocks on real output
growth-is strongly supported by our data. This negative correlation
shows up in simple and rank correlation coefficients, and-most
important-it proves to be statistically significant in nonparametric tests.
This significance holds for almost all of the subgroups of developing
countries we examined. The negative relationship, therefore, seems to
be a robust feature of developing country data.
Although this finding is consistent with Lucas's supply analysis, we
cannot, of course, rule out the possibility that alternative hypotheses
may also be consistent with this relationship-perhaps a tendency
toward shorter nominal wage contracts, or greater prevalence of
indexing-in the presence of greater variance of aggregate demand
shocks. Until such hypotheses emerge in well-specified form, however,
our results would seem, at the least, to apportion the burden of proof
equally between opponents and adherents of the view that the Lucas
supply function is a useful tool for macroeconomic analysis in developing
countries.
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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 thousand
billion;
A short dash (-) is used between years or months (for example,

1981-83 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, 1981/82) to indicate a

fiscal year or a crop year;
Components of tables may not add to totals shown because of rounding.
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