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Exchange Rate Economies 

A Survey 

RONALD MACDONALD and MARK P. TAYLOR• 

Two main views of exchange rate determination have evolved since the 
early 1970s: the monetary approach to the exchange rate (inflexible-priee, 
sticky-price, and real interest differentiai formulations); and the portfolio 
balance approach. The Literature on these views is surveyed, followed by 
a discussion of the empirical evidence and likely future developments in the 
area of exchange rate determination. The lite rature on foreign exchange 
market efficiency, exchange rates and "news," and international parity 
conditions is also reviewed. [JEL F30, F41] 

THE PAST two decades have seen an enormous growth in the literature 
on exchange rate economies. Given the importance attached to the 

exchange rate in the success or failure of an open economy, it is not sur­
prising th at exchange rate economies is one of the most heavily researched 
a reas of the discipline. The period sin ce the ad vent of generalized floating 
exchange rates in 1973 bas generated a wealth of data on exchange rates 
and on the factors that supposedly determine them, giving econo­
metricians and applied economists an unprecedented opportunity to test 

*Mark P. Taylor, an Economist in the Externat Adjustment Division of the 
Research Department, holds master's degrees from the Universities of Oxford 
and London and a doctorate from London University. He was previously Morgan 
Grenfell Professor of Financial Markets at the City University Business School, 
London. 

Ronald MacDonald is Robert Fleming Professor of Finance and Investment at 
Dundee University and holds a bachelor's degree from Heriot Watt University 
and master's and doctoral degrees from Manchester University. This paper was 
largely written white he was a Visiting Scholar in the Research Department. 

The autbors are grateful to a number of IMF colleagues for comments on a 
previous draft. 
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a number of propositions relating to foreign exchange markets. Despite 
this extensive research, a large number of unresolved issues remain, and 
exchange rate economies continues to be an extremely challenging area. 

This paper surveys the vast Iiterature that this intense research activity 
has generated. In particular, we examine the two main views of exchange 
rate determination that have evolved since the earl y 1970s: the monetary 
approach (in flexible-priee, sticky-price, and real interest differentiai 
formulations) and the portfolio balance approach. We then examine the 
empirical evidence on these models and conclude by speculating how the 
future research strategy is likely to develop. We also discuss the literature 
on foreign exchange market efficiency, exchange rates and "news," and 
international parity conditions. 

This contribution may be viewed as an extension and update of earlier 
surveys of empirical work on exchange rates by, among others, Kohl­
hagen (1978), Levich (1979, 1985), and Isard (1988), and as a simplifica­
tion and synthesis of surveys of exchange rate theory by Mussa (1984), 
Frenkel and Mussa (1985), and Obstfeld and Stockman (1985). 

1. Theories of Exchange Rate Determination 

Earl y contributions to the postwar litera ture on ex change rate econom­
ies include Nurkse (1945) and Friedman (1953). Both of these contribu­
tions are to a large extent concerned with the role of speculation in 
foreign exchange markets. Nurkse warns against the dangers of "band­
wagon effects," which may generate market instability. 1 Friedman's 
classic apologia for floating exchange rates (Friedman (1953)) is remark­
able in its anticipation of much of the literature of the following two 
decades and is still cited as the seminal article on stabilizing speculation. 

Meade (1951a, Part III) laid the foundations for simultaneous analysis 
of internai and external balance in an open economy, which were built 
upon a decade la ter in the pathbreaking contributions of Mundell (1961, 
1962, 1963, 1968) and Fleming (1962). In the verbal exposition of his 
capital account theory, Meade worked through the stock equilibrium 
implications of a movement in international interest rate differentiais, but 
did not faithfully represent this feature in his mathematical exposition 
(Meade (1951b, p. 103)). Mundell (1961, 1962, 1963, 1968) and Fleming 
(1962) followed Meade's mathematical representation and thus ab­
stracted from the stock-flow implications of interest rate differentiai 

1 See Bilson (1981), Frankel and Froot (1987), and Allen and Taylor (1990) for 
recent discussions of bandwagon effects in foreign exchange markets. 
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changes. Therefore, although the integration of asset markets and capital 
mobility into open economy macroeconomies was an important contribu­
tion of the Mundell-Fleming model, the model was Jargely rejected on 
a priori grounds as a serious contender for the explanation of exchange 
rate movements at the beginning of the recent float. This was because it 
was judged to contain a fuodamental flaw-it is cast almost entirely in 
flow terms. In particular, the mode! allows current account imbalances 
to be offset by flows across the capital account, without any requirement 
of eventual stock equilibrium in the holding of net foreign assets. 

Other papers datiog from the 1950s-Polak (1957) and Johnson 
(1958)-had stressed the distinction between stock and flow equilibria in 
the open economy cootext, and this was to become a hallmark of the 
monetary approach to balance of payments analysis (see, for example, 
Frenkel and Johnson (1976)), and subsequently, the monetary approach 
to the exchange rate (see, for example, Frenkel and Johnson (1978)). 
More generally, work do ne in the la te 1960s by Oates (1966), McKinnon 
and Oates (1966), McKinnoo (1969), and Ott and Ott (1965) began to 
integrate analyses of open economy macroeconomies and financial port­
folio balance by irnposing stock equilibrium constraints. Later work by 
Branson (1968), Willet and Forte (1969), and Kouri and Porter (1974) 
built on this work by incorporating more general features of finaocial 
portfolio choice (Tobin (1965)).2 

Flexible-Priee Monetary Model 

Since an exchange rate is, by definition, the priee of one country's 
money in terms of that of another, it makes sense to analyze the deter­
minants of that priee in terms of the outstanding stocks of and demand 
for the two monies. This is the basic rationale of the monetary approach 
to the exchange rate (Frenkel (1976), Kouri (1976), and Mussa (1976, 
1979)). 

The early, flexible-priee monetary mode! relies on the twin assump­
tions of (continuous) purchasing power parity (PPP) and the existence of 
stable mo oey demand functions for the domestic and foreign economies. 
The (Jogarithm of the) demand for money may be assumed to depend on 
(the logarithm of) real income, y, the (logarithm of the) priee leve!, p, 
and the level of the interest rate, r (foreign variables are denoted by an 
asterisk). Monetary equilibria in the domestic and foreign country, re­
spectively, are given by 

2Taylor (1990) analyzes in detail the evolution of thinldng on open economy 
macroeconomies. 
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(1) 

and 

(2) 

Equilibrium in the traded goods market ensues when there are no fur­
ther profitable incentives for trade flows to occur-that is, when priees in 
a common currency are equalized and PPP holds. The PPP condition is 

s, = p, - pi' (3) 
where s, is the logarithm of the nominal ex change rate ( domestic priee 
of foreign currency). Thus, if PPP holds continuously, the logarithm of 
the real exchange rate, q,, say (q, = s, - p, + p,*), is a constant. The 
world priee, pi"" , is exogenous to the domestic economy, being deterrnined 
by the world money supply. The dornestic money supply determines the 
dornestic priee leve!, and hence, the exchange rate is determined by 
relative money supplie"s. Algebraically, substituting equations (1) and (2) 
into (3) yields, after rearranging 

(4) 

which is the basic flexible-priee monetary mode! equation. Equation (4) 
sa ys that an increase in the domestic mo ney supply, relative to the foreign 
money stock, will lead to a rise in s,-that is, a fall in the value of the 
domestic currency in terms of the foreign currency. This seems intuitive 
enough. An increase in domestic output, as opposed to the domestic 
money supply, appreciates the domestic currency (s, falls). Similarly, a 
rise in domestic interest rates depreciates the domestic currency (in the 
Mundell-Fleming mode!; this would lead to capital inflows and, hence, 
an appreciation). 

In arder to resolve these apparent paradoxes, one has to remember the 
fundamental role of relative money demand in the flexible-priee mode!. 
A relative rise in domestic real incarne creates an excess demand for the 
domestic money stock. As agents try to increase their (real) money 
balances, they reduce expenditure and priees fall until money market 
equilibrium is achieved. As priees fa li, PPP ens ures an appreciation of the 
domestic currency in terms of the foreign currency. An exactly converse 
analysis ex plains the response of the exchange rate to the interest rate­
an increase in interest rates reduces the demand for money and so leads 
to a depreciation. 

It is instructive to write the equation for the flexible-priee monetary 
mode! in two alternative but equivalent formulations. Assuming that the 
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domestic and foreign money demand coefficients are equal (<1> = <P*, 
À = À*), equation ( 4) reduces to 

s, = (m -m*),-<P(y -y*), + À(r -r*),. (5) 

A further assumption underlying the flexible-priee mode! is that uncov­
ered interest parity holds continuously-that is, the domestic-foreign 
interest differentiai is just equal to the expected rate of depreciation of 
the domestic currency. Thus, using a superscript e to denote agents' 
expectations formed at time t, we may substitute tisi+ 1 for (r - r )� in 
equation (5) to get 

s, =(m-m*),-<P(y -y*),+ Àtisi+ ,. (6) 

Thus, the expected change in the exchange rate and the expected 
change in the interest differentiai, both of which reflect inflationary 
expectations, are interchangeable in this model. Some researchers relax 
the constraint that the income and interest rate elasticities are equal: 

-( * ) A., A.,* * \ A _t s, - m -m , - '+'y, + '+' y, + 1\.u..:>, + J· 

Note also that equation (7) can be expressed as 

s, = (1 + Àt1(m - m*), -(1 + Àr' q,y, + (1 + Àr1 <l>*yi 

(7) 

+À(l+À)-1si+I· (8) 

If expectations are assumed to be rationaV then by iterating forward, it 
is easy to show that equation (7) can be expressed in the "forward 
solution" form: 

where it is understood that expectations are conditioned on information 
at time t. Equation (9) makes clear that the monetary mode!, with 
rational expectations, involves solving for the expected future pa th of the 
"forcing variables"-that is, relative money and income. As is common 
in rational expectations models, the presence of the discount factor, 
À /(1 + À) < 1,  in equation (9) implies that expectations of the forcing 
variables need not, in general, be formed into the infinite future-so long 
as the forcing variables are expected to grow at a rate Jess than (1 /À). 

3 The apJ?lication of rational expectations to exchange rates was first considered 
by Black (1973). 
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Sticky-Price and Real Interest Differentiai Monetary Models 

A problem with the early, flexible-priee variant of the rnonetary ap­
proach, however, is th at it assumes continuo us PPP-equation (3). Un der 
continuous PPP, the real exchange rate-that is, the exchange rate ad­
justed for differences in national priee levels-cannot vary, by definition. 
Y et, a major characteristic of the recent experience with floating has been 
the wide gyrations in the real rates of exchange between many of the 
major currencies, bringing with them the very real consequences of shifts 
in international competitiveness (see, for example, Dornbusch (1987)). 
Cl earl y, therefore, the simple, flexible-priee monetary approach does not 
fit the observable facts. An attempt to rehabilitate the monetary madel 
led to the development of a second generation of monetary models, 
beginning with Dornbusch (1976). The sticky-price monetary mode! al­
lows for substantial overshooting of bath the nominal and the real price­
adjusted exchange rates beyond their long-run equilibrium (PPP) levels, 
because the jump variables in the system-exchange rates and interest 
rates-compensate for sluggishness in other variables-notably goods 
prices.4 

The intuition behind the overshooting result in the sticky-price mone­
tary madel is relative! y straightforward. Imagine the effects of a eut in the 
nominal U. K. mo ney supply. Stieky priees in the short run imply an initial 
fall in the real money supply and a consequent rise in interest rates in 
order to clear the money market. The rise in domestie interest rates then 
leads to a capital inflow and an appreciation of the nominal ex eh ange rate 
(that is, a rise in the value of the domestic currency in terms of the foreign 
currency), which, given sticky priees, also implies an appreciation of the 
real exehange rate. 

Foreign investors are aware that they are artificially forcing up the 
exchange rate and that they may therefore suffer a foreign exchange loss 
when the proceeds of their investment are reconverted into their local 
curreney.5 However, so long as the expected foreign exchange loss (ex-

• In fact, the r:nain features of the sticky-price mode! would be captured in a 
framework in which the domestic currency priees of domestic goods are stick y but 
domestic currency priees of foreign goods can move with the exchange rate. 

5 Even if investors effect forward cover-that is, sel! the proceeds of their 
investment against their local currency in the forward market-the cost of this 
cover will be close to the expected rate of depreciation of the domestic currency 
(and exactly equal if the forward market is efficient and agents are risk neutra!; 
see below). 
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pected rate of depreciation) is less than the known capital market gain 
(that is, the interest differentiai), risk-neutral investors will continue to 
buy sterling assets. A short-run equilibrium is achieved when the ex­
pected rate of depreciation is just equal to the interest differentiai (uncov­
ered interest parity holds). Since the expected rate of depreciation must 
theo be nonzero for a nonzero interest differentiai, the exchange rate 
must have overshot its long-run equilibrium (PPP) Ievel. ln the medium 
run, however, domestic priees begin to fa li in response to the faU in mo ney 
supply. This aUeviates pressure in the money market (the real money 
supply rises), and domestic interest rates begin to decline. The exchange 
rate theo depreciates slowly in order to converge at the Iong-run PPP 
Ievel. This mode! th us explains the paradox that countries with relative! y 
high interest rates tend to have currencies whose exchange rate is ex- . 
pected to depreciate. The initial rise in interest rates Jeads to a step 
appreciation of the exchaoge rate, after which a slow depreciation is 
expected in order to satisfy uncovered in te rest parity. 

The Dornbusch overshooting mode! was further developed by Buiter 
and Miller (1981), who allowed for a nonzero rate of core inflation and 
considered the impact of natural resource discoveries on output and the 
exchange rate. 

Frankel (1979a) argued that a shortcoming of the Dornbusch (1976) 
formulation of the stick y-priee monetary mode! was that it did not allow 
a role for differences in secular rates of inflation. His mode! was an 
attempt to allow for this defect, and the upshot was an exchange rate 
equation that included the real interest rate differentiai as an explanatory 
variable. 

The sticky-price monetary model is clearly an advance over the simple 
( continuous PPP) monetary model, in th at it more accurately exp lains the 
observable facts. It is, however, fundamentally monetary, in that atten­
tion is focused on equilibrium conditions in the money market. Monetary 
models of the open economy are able to main tain this focus by assuming 
perfect substitutability of domestic and foreign nonmoney assets (but 
nonsubstitutability of monies-see Calvo and Rodriguez (1977) and 
Girton and Roper (1981), for a relaxation of this assumption). The 
markets for domestic and foreign nonmoney assets can theo be aggre­
gated into a single extra market ("bonds") and excluded from explicit 
analysis by application of Walras' law. This "perfect substitutability" 
assumption is relaxed in the portfolio balance mode! of exchange rate 
determination. In addition, the portfolio balance mode! is stock-flow 
consistent, in that it allows for current account imbalances to have a 
feedback effect on wealth and, bence, on long-run equilibrium. 
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Portfolio Balance Madel 

In common with the flexible-priee and sticky-price monetary models, 
the leve! of the exchange rate in the portfolio balance mode! is deter­
mined, at !east in the short run, by supply and demand in the markets for 
financial assets. The exchange rate, however, is a principal determinant 
of the current account of the balance of payments. Now, a surplus (deficit) 
on the current account represents a rise (fall) in net domestic holdings 
of foreign assets, which in turn affects the leve! of wealth, which in turn 
affects the leve! of asset demand, which again affects the exchange rate. 
Thus, the portfolio balance mode! is an inherently dynamic mode! of ex­
change rate adjustment, which includes in its terms of reference asset 
markets, the current account, the priee leve!, and the rate of asset ac­
cumulation. Although, as we noted above, a number of researchers had, 
in the late 1960s, discussed the implications of open economy portfolio 
balance in an open economy in the context of a fixed exchange rate, the 
seminal contributions to the literature on the portfolio balance approach 
to exchange rate determination were Kouri (1976), Allen and Kenen 
(1980), Branson (1977, 1983, 1984), Dornbusch and Fischer (1980), and 
Isard (1983). 

The portfolio balance mode!, like the sticky-price mode!, allows one 
to distinguish between short-run equilibrium (supply and demand 
equated in asset markets) and the dynamic adjustment to long-run equi­
librium (a static leve! of wealtb and no tendency of the system to move 
over time). Unlike the sticky-price mode!, it also allows for the full 
interaction between the exchange rate, the balance of payments, the leve! 
of wealth, and stock equilibrium. 

In the short run (on a day-to-day basis), with the portfolio balance 
mode! the exchange rate is determined solely by the interaction of supply 
and demand in asset markets. During this period, the leve! of financial 
wealth (and the individual components of that leve!) cau be treated as 
fixed. In its simplest form, the portfolio balance mode! divides net finan­
cial wealth of the priva te sector (W) into three components: money (M), 
domestically issued bonds (B), and foreign bonds denominated in foreign 
currency (F); B cau be thought of as government debt held by the 
domestic priva te sector, and Fis the leve! of net claims on foreign ers held 
by the private sector. Since, under a free float, a current account surplus 
on the balance of payments must be exact! y matched by a capital account 
deficit (that is, capital outflow and, bence, an increase in net foreign 
indebtedness to the domestic economy), the current account must give 
the rate of accumulation of F over time. 

With domestic and foreign interest rates given by r and r* as before, 
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we can write down our definition of wealth and the simple domestic 
demand functions for its components as follows:6 

W = M + B + SF (10) 

M = M(r,r*) W  M, < 0, M: <0 (11) 

B = B(r,r*)W B, > 0, s: < 0 (12) 

SF = F(r,r*) W  F, < 0, P,' >o. (13) 

Relation (10) is an identity defining wealth. Two noteworthy character­
istics of equations (11)-(13) are that, as is standard in most expositions 
of the portfolio balance mode!, the scale variable is the leve! of wealth, 
W ,  and the demand functions are homogeneous in wealth; they can thus 
be written in nominal terms (assuming homogeneity in priees and real 
wealth, priees cancel out) (see Tobin (1969)). 

The mode! thus provides a simple framework for analyzing the effect 
of, for example, monetary and fiscal policy on the exchange rate. Thus, 
a contractionary monetary policy (a fall in M) reduces nominal financial 
wealth (through equation (10)), and so reduces the demand for both 
domestic and foreign bonds (through equations (12) and (13)). As foreign 
bonds are sold, the exchange rate appreciates (the foreign priee of dornes­
tic currency ri ses). The effects of fiscal policy (opera ting through changes 
in B) on the exchange rate are more ambiguous, depending on the degree 
of substitution between domestic and foreign bonds. 

Masson (1981), Branson (1983, 1984), and Dooley and Isard (1982) 
have also extended this mode! to incorpora te rational expectations. Bran­
son (1984), for example, demonstrates that under rational expectations, 
real disturbances will generate monotonie adjustment of the exchange 
rate in the portfolio balance mode!, while monetary disturbances will gen­
erate exchange rate overshooting. Masson (1981) and Buiter (1984) also 
consider the stability of the portfolio balance mode! when net domestic 
holdings of foreign assets are negative. 

II. Empirical Evidence on Exchange Rate Models 

In this section the empirical evidence on exchange rate models is 
looked at from three perspectives: the monetary exchange rate models 
using interwar data and data from the recent float before 1978; monetary 
models including more recent data from the current float; and the port­
folio balance mode!. 

6We use the notation, Xi= aX /aj. 
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First-Period Tests of Monetary Models 

The empirical evidence on the three formulations of the monetary 
exchange rate model-the flexible-priee, sticky-price, and real interest 
differentiai specifications-can be divided into two periods. The first­
period evidence relates to studies of the interwar period and of the recent 
fla at up un til about 1978 and is large! y supportive of the monetary mode!. 
The second-period evidence, which covers the period of the recent float 
extending beyond the late 1970s, is not so supportive of the monetary 
mode!. 

One of the first tests of equation (7) was conducted by Frenkel (1976) 
for the deutscbe mark-U.  S. dollar ex change rate over the period 1920-23. 
Since this period corresponds to the German hyperinflation, Frenkel 
argued that domestic monetary impulses will overwhelmingly dominate 
equation (7), and, thus, the domestic incarne and foreign variables can 
be dropped, and attention focused simply on the effects of German 
mo ney and the expected inflation (opera ting through expected depreci­
ation). Frenkel reported results supportive of the flexible-priee mode! 
during this period. 

A number of researchers have estimated flexible-priee madel equations 
for the more recent experience with floating exchange rates. For exam­
ple, Bilson (1978) tested for the deutsche mark-pound sterling exchange 
rate (with the forward premium, fp,, substituted for t.s: +" and without 
any restrictions on the coefficients on domestic and foreign money) over 
the period January 1972 through April 1976. Bilson incorporated dynam­
ics into the equation and used a Bayesian estimation procedure; his 
results were in broad accordance with the monetary approach. Hodrick's 
(1978) tests of the flexible-priee mode! for the U.S. dollar-deutsche mark 
and pound sterling-U.S. dollar over the period July 1972 to June 1975 
were also higbly supportive. Putnam and Woodbury (1979) estimated 
equation (5) for the sterling-dollar exchange rate over the period 
1972-74, and reported that most of the estimated coefficients were signif­
icantly different from zero at the 5 percent significance level, and ali were 
correct! y signed according to the flexible-priee mode!. However, the 
money supply term was significantly different from unity. 

Dornbusch (1979) reported results broadly supportive of the flexible­
priee mode! for the mark-dollar exchange rate over the period March 
1973 to May 1978, in a specification incorporating the long-term interest 
rate differentiai. Although Dornbusch introduced this differentiai as an 
econometrie expedient, an interpretation may be placed on this term that 
is consistent with Frankel's real interest differentiai equation, which we 
discussed above. Th us, Frankel (1979a), in his implementation of the real 
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interest differentiai mode! for the mark-dollar exchange rate over the 
period July 1974-February 1978, used a long bond interest differentiai as 
an instrument for the expected inflation term, on the assumption that 
long-term real rates of interest are equalized. Frankel argued that since 
the coefficients on the interest rate and expected inflation terms were 
bath significant, bath the flexible- and sticky-price models were rejected 
in favor of the real interest differentiai madel. 

Second-Period Tests of the Monetary Models 

Although the monetary approach appears reasonably weil supported 
for the period up to 1978, the picture alters dramatically once the sample 
period is extended. For example, estimates ofthe real interest differentiai 
madel reported by Dornbusch (1980), Haynes and Stone (1981), Frankel 
(1984), and Backus (1984) cast serious doubt on its ability to track the ex­
change rate in-sample: few coefficients were correctly signed (many were 
wrongly signed); the equations bad poor explanatory power as measured 
by the coefficient of determination; and residual autocorrelation was a 
problem. In particular, estima tes of monetary exchange rate equations 
for the deutsche mar k-U .S. dollar for the post-1978 period often report 
coefficients that suggest that a relative increase in the domestic money 
supply leads to a rise in the foreign currency value of the domestic 
currency (exchange rate appreciation). Frankel (1982a) called this phe­
nomenon-the priee of the mark rising as its supply is increased-the 
"mystery of the multiplying marks." 

How can one explain this poor performance of the monetary approach 
equations for the second half of the floating sample? Rasulo and Wilford 
(1980) and Haynes and Stone (1981) have suggested that the root of the 
problem may be traced to the constraints imposed on relative manies, 
incarnes, and interest rates. The imposition of such constraints may be 
justified on the grounds that if multicollinearity is present, constraining 
the variables will increase the efficiency of the coefficient estimates. 
However, Haynes and Stone showed that the subtractive constraints used 
in monetary approach equations were particularly dangerous because 
they could lead to biased estimates and sign reversais. 

Frankel (1982a) provided an alternative explanation for the poor per­
formance. He attempted to explain the mystery of the multiplying marks 
by introducing wealth into the money demand equations. Germany, he 
argued, was running a current account surplus in the late 1970s, which 
was redistributing wealth from U.S. residents to German residents, thus 
increasing the demand for marks and reducing the demand for dollars 
independently of the other arguments in the money demand functions. 
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By including home and foreign wealth ( defined as the sum of government 
debt and cumulated current account surpluses) in his empirical equation, 
and by not insisting on the constraint that the domestic and foreign 
income, wealth, and inflation terms bad to have equal and opposite signs, 
Frankel came up with a monetary approach equation that fit the data weil 
and in whicb ali variables, apart from the income terms, were correctly 
signed and most were statistically significant. 

As noted by Boughton (1988a), a further explanation for the failure of 
the monetary approach equations may be traced to the relative instability 
of the underlying money demand functions and the simplistic functional 
forms that are normally implicitly assumed for money demand. Indeed, 
a number of single-country money demand studies strongly indicate that 
there have been shifts in velocity for the measure of money used by the 
above researchers (see Artis and Lewis (1981) for a discussion). 
In Frankel (1984), shifts in money demand functions were incorporated 
into the empirical equation by the introduction of a relative velocity 
shift term, (v - v*), wbich was modeled by a distributed !ag of 
[(p + y  -rn)-(p* +y* -rn*)]. lncluding the (v - v*) term in the 
estimating equation for five exchange rates led to most of the monetary 
variable coefficients becoming statistically significant and with the correct 
signs. However, significant first-order residual autocorrelation remained 
a problem in ali of the reported equations. 

Driskill and Sheffrin (1981) argued that the poor performance of the 
monetary mode! could be traced to a failure to account for the simultane­
ity bias introduced by having the expected change in the exchange rate 
(implicitly) on the right-hand si de of the monetary equations. One poten­
tial method of circumventing such simultaneity is offered by the rational 
expectations solution of the monetary mode!, which effectively yields an 
equation purged of the interest differential-forward exchange rate effect. 
A number of researchers have begun to test this version of the mo del, with 
sorne success. For example, Hoffman and Schlagenhauf (1983) imple­
mented a version of the "forward solution" flexible-priee mode! formu­
lation (equation (9)) by specifying a time-series mode! for the stochastic 
evolution of the fundamentals. The equation is estimated jointly witb 
time-series models for relative money and income for the franc, the 
deutsche mark, and the pound sterling against the U .S. dollar. Hoffman 
and Schlagenhauf computed likelihood ratio tests for the validity of the 
rational expectations hypothesis and the validity of this hypothesis plus 
the coefficient restrictions implied by the flexible-priee mode! (such as 
the unit coefficient on relative money supplies). Although the expecta­
tions restrictions are not rejected for any of the countries, the coefficient 
restrictions are rej�cted for Germany. Kearney and MacDonald (1990) 
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carried out a similar procedure for the Australian dollar-U.S. dollar and 
could not reject the restrictions implied by the rational expectations 
hypothesis. 

MacDonald and Taylor (1991a), using multivariate cointegration tech­
niques (see Engle and Oranger (1987) and Johansen (1988)), tested the 
validity of the monetary mode! as a long-run equilibrium relationship for 
the U.S. dollar-deutsche mark, U.S. dollar-pound sterling, and U.S. 
dollar-yen exchange rates over the period January 1976 through Decem­
ber 1990. They found that an unrestricted version of equation (4) could 
not be rejected as a long-run equilibrium for these exchange rates and 
that, for the U.S. dollar-deutsche mark rate, none of the coefficient 
restrictions implicit in equation (5) could be rejected. Note that, since ali 
of the monetary models collapse to an equilibrium condition of the form 
equation (4) or (5) in the long run, these tests have no power to discrim­
inate between them. They do suggest, however, that while short-mn 
exchange rate behavior may be difficult to mode!, economie fundamen­
tals should not be rejected out of band as a description of long-run 
exchange rate behavior. 

The rational expectations solution to the flexible-priee mode! has 
spawned further empirical work th at tests for the presence of speculative 
bubbles. It is weil known from the rational expectations literature that 
equation (9) is only one solution to equation (7) from a potentially infinite 
sequence (see, for example, Blanchard and Watson (1982)). Ifwe denote 
the exchange rate given by equation (9) as s, then it is straightforward 
to demonstrate (see MacDonald and Taylor (1989b)) that equation (7) 
bas multiple rational expectations solutions, each of which may be written 
in the form 

s, = s + b,, 

where b,-the "rational bubble" term-satisfies 

b7 + 1 = À -1( 1  + X.)b,. 

(14) 

Meese (1986) tested for bubbles by applying a version of the Hausman 
(1978) specification test suggested by West (1986) for present value 
models. The test involves estimating a version of equation (7) (which 
produces consistent coefficient estimates regardless of the presence or 
otherwise of rational bubbles) and a closed-form version of equation (9) 
(which produces consistent coefficient estimates only in the absence of 
bubbles ). Hausman 's specification test is used to determine if the two sets 
of coefficient estimates are significantly different. Such a difference 
would suggest the existence of a speculative bubble. For the dollar-yen, 
dollar-mark, and dollar-sterling exchange rates (monthly data over the 
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period October 1973 to November 1982), Meese in fact found that the two 
sets of coefficient estimates were sigoificantly different and therefore 
rejected the hypothesis of no bubbles. Kearney and MacDonald (1986) 
a pp lied a version of this methodology to the Australian dollar-U .S. dollar 
exchange rate and could not reject the hypothesis. 

An alternative way of testing for bubbles is to adopt the variance­
bounds test methodology originally proposed by Shiller (1979) in the 
context of interest rates. This may be illustrated in the following way. If 
we define the ex post rational or perfect foresight exchange rate as what 
results from replacing expected future values of money and income in 
equation (9) with their actual values: 

00 [ À. 

J

i 
si =  (1 + X.t1i�l 1 +À. [(m- m*)r+i- <I>Yr+J + <I>*Yr+i], 

theo si will differ from s, given by (9) by a rational forecast errer, u, (that 
is, s� = s, + u,). Given that u, is a rational expectations forecast errer, 
s, and u, must be orthogonal to one another; thus, we have 

var(s,* )  = var( S,) + var(u,), 

which implies 

var(s,*) ;:::: var(S,). 

(15) 

(16) 

In the absence of bubbles, the inequality given by equation (16) should 
hold. However, in the presence of bubbles, (16) is likely to be violated 
since, on usingequation (14), we have si = s,- b, + u,, and the relation­
ship corresponding to (15) is 

var(si) = var(s,) + var(b,) + var(u,) - 2 cov(s,, b,). (17) 

Since, in the presence of bubbles, s, and b, may be positively correlated, 
we cannot derive equation (16) from equation (17). Thus, violation of 
(16) (excess volatility) could be taken as evidence of the presence of 
rational bubbles. 

Huang (1981) tested versions of equation (16) for the dollar-mark, 
dollar-sterling, and sterling-mark exchange rates for the period March 
1973 to March 1979. His results were supportive of excess volatility and, 
by inference, he rejected the no-bubbles hypothesis. Kearney and Mac­
Donald (1986) implemented tests of equation (16) for the Australian 
dollar-U.S. dollar over the period January 1984-December 1986 and 
generally found in favor of the no-bubbles hypothesis. 

There are, however, a number of problems with this kind of approach. 
First, it is conditional on an assumed model of the exchange rate: violation 
could be due to an inappropriate choice or specification of model. Sec-
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ond, and perhaps more important, there may be other possible explana­
tions for the presence of bubbles, such as measurement error in comput­
ing the perfect foresight exchange rate, inappropriate stationary-inducing 
transformations, or small-sample bias. 

Evans (1986) tested for bubbles in the U.S. dollar-pound sterling 
excbange rate over the period 1981-84 by testing for a nonzero median 
in excess returns from forward market speculation (the forward rate 
forecasting error adjusted for risk). Evans designed and a pp lied non para­
me tric tests for a nonzero median in returns that are similar to runs tests. 
He decisively rejected the zero-median hypothesis and inferred that this 
result provided evidence of speculative bubbles. Note, however, that 
Evans may have been detecting peso problems;7 moreover, there is no 
guarantee that his method of risk adjusting the excess returns (based on 
real interest differentiais) is correct. 

We now turn to the empirical evidence on the reduced form of the 
sticky-price mode!. Driskill (1981) presented an estimate of an equation 
representative of the Dornbusch (1976) overshooting mode! for the Swiss 
franc-U.S. dollar rate for the period 1973-77 (quarterly data) and re­
ported results Iargely favorable to the sticky-price madel. Other tests 
have been conducted by Backus (1984), Hacche and Townend (1981), and 
Wallace (1979). Wallace reported results supportive of the mode! for the 
float of the Canadian dollar against the U.S. dollar during the 1950s. 
However, Backus, who tested the mode! for the float between the two 
currencies during the recent floating experience (from the first quarter 
of 1971 to the fourth quarter of 1980), reported different estimation 
results. Unlike Wallace, he fou nd few statistically significant coefficients. 

Estimates of a more dynamic version of the sticky-price mode!, pro­
vided by Hacche and Townend (1981) for the effective exchange rate of 
the pound sterling from May 1972 to February 1980, do suggest exchange 
rate overshooting. But in other respects the estimated equation is unsat­
isfactory: many coefficients are insignificant and wrongly signed, and the 
equation does not exhibit sensible long-run properties. 

Papell (1988) argued that the priee and exchange rate dynamics under­
lying the Dorobusch sticky-price mode) cannot be captured by single­
equation estimation methods. To capture such dynamics, he argued, it 
is necessary to use a systems method of estimation that incorporates the 

'The peso problem (Krasker (1980)) refers to the situation where agents attach 
a small probability to a large change in the economie fundamentals, which does 
not occur in-sample. This will tend to produce a skew in the distribution of 
forecast errors even when agents are rational, and thus may generate evidence 
of nonzero excess returns from forward speculation. See MacDonald and Taylor 
(1989b) for further analysis of the peso problem. 
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cross-equation constraints derived from the structural equations and the 
assumption of rational expectations. His procedure allows domestic in­
come and interest rates to be modeled endogenously, but not the money 
supply. Effectively, Papell reduced the structural mode! to a reduced­
form, vector-autoregressive, moving-average mode! with nonlinear 
parameter constraints. He estimated this jointly with equations for in­
come and the interest rate, for the effective exchange rates of Germany, 
Japan, the United Kingdom, and the United States for the period 1973 :1  
to 1984:4. Papell found that most of the estimated structural coefficients 
had the expected sign, were of reasonable magnitude, and were statisti­
cally sign ificant. He thus concluded that his results supported Dorn­
busch's mode!. 

Barr (1989) and Smith and Wickens (1988, 1990) empirically imple­
mented a version of the sticky-price mode! formulated by Buiter and 
Miller (1981) for the pound sterling exchange rate. Ali reported favorable 
in-sample estimates of the mode!. The results reported in these papers 
are likely to be fairly robust since both sets of authors took care in 
specifying the mode! dynamics; also, Smith and Wickens estimated the 
mode! structura!Jy. In simulating their mode!, Smith and Wickens (1988) 
found that the exchange rate overshoots by 21 percent in response to a 
5 percent change in the money supply. 

Wadhwani (1984) used the sticky-price madel to generate s* and to test 
for excess volatility; he found that the inequality (16) is violated for the 
U .S. dollar-pound sterling rate over the period 1973:1 to 1982:3. His 
results are therefore supportive of th ose generated by Huang (1981) using 
the flexible-priee mode!. 

Empirical Evidence on the Portfolio Balance Model 

Compared to the monetary approach to the exchange rate, Jess empir­
ical work has been conducted on the portfolio balance mode!, perhaps 
due to the limited availability of good disaggregated data on nonmone­
tary assets. The research that has been done may be broadly divided into 
two types of tests. The first concentrates on solving the short-run port­
folio mode! as a reduced form (assuming expectations are static), in order 
to determine its explanatory power. The second, indirect test exploits the 
fact th at the portfolio balance madel rests on the assumption of imperfect 
substitutability between domestic and foreign assets. An alternative way 
of expressing this assumption is to view the return on domestic and 
foreign assets as being separated by a risk premium. Th us, an indirect test 
of the portfolio balance model is to test for the significance of such risk 
premia. In addition, Branson (1984) examined the time-series behavior 
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of a number of fin an cial variables for severa! countries to see if they were 
consistent with the predictions of the model. 

The reduced-form exchange rate equation derived from a system such 
as equations (10)-(13) may be written as (see Branson, Halttunen, and 
Masson (1977); the assumed short-run nature of the relationsbip allows 
income and priees to be assumed exogenous and constant): 

S, = g(M,, Mt, B,, B,*, fB, fB,*), (18) 

where fB and fB* denote foreign holdings of domestic and foreign bonds, 
respectively. Branson, Halttunen, and Masson (1977) estimated a log­
linear version of an equation similar to this for the deutsche mark-U.S. 
dollar exchange rate over the period August 1971-December 1976. How­
ever, they dropped the terms relating to domestic and foreign bond hold­
ings because of their ambiguous effect on the exchange rate, depending 
on the degree of substitutability between traded and nontraded bonds. 
But as Bisignano and Hoover (1982) pointed out, this rather arbitrary 
exclusion will generally result in biased regression coefficients. 

Although the estimates reported by Branson, Halttunen, and Masson 
(1977) were supportive of the portfolio balance mode!, once account is 
taken of acute first-order residual autocorrelation, only one coefficient, 
th at on the U .S. mo ney supply, is statistically significant. After specifying 
a simple reaction function that is purported to capture the simultaneity 
between the exchange rate and the money supply, Branson, Halttunen, 
and Masson re-estimated their equation using two-stage !east squares and 
reported more satisfactory estimates of the portfolio balance empirical 
mode!; however, residual autocorrelation remained a problem (the esti­
mated first-order autocorrelation coefficient was 0.87, wbich suggests 
that unexplained shocks have persistent effects on the exchange rate and, 
hence, that this version of the portfolio balance mode! does not fully 
explain the mark-dollar exchange rate). 

In Branson, Halttunen, and Masson (1979), a log-linear excbange rate 
equation was estimated for the longer period August 1971-December 
1978, for the mark-dollar, but the results did not differ significantly from 
the earlier ones; again, persistent autocorrelation was a problem. In 
another paper, Branson and Halttunen (1979) estimated the equation for 
five currencies (the yen, the French franc, the lira, the Swiss franc, and 
the pound sterling) against the deutsche mark for a variety of different 
sample periods over the 1970s. Although their results seemed supportive 
of the portfolio balance mode!, in terms of statistically significant and 
correctly signed coefficients, a note of caution must again be sounded, 
sin ce the residuals in their ordinary-least-square equations were ali highly 
autocorrelated. 

One problem with the Branson, Halttunen, and Masson (1977, 1979) 
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implementation of the portfolio balance mode! lies in their use of cumu­
lated current accounts for the stock of foreign assets. Su ch an approxima­
tion will, of course, include third-country items that are not strictly 
relevant to the determination of the bilateral exchange rate in question. 
Bisignano and Hoover (1982) picked up on this point, arguing that the 
portfolio balance approach should be implemented using only bilateral 
data for foreign assets, and, to be consistent, domestic and foreign bond 
holdings should be included in the reduced form of the mode! (see above ). 
Incorporating such modifications in their estimates of the portfolio bal­
ance equation for the Canadian dollar-U.S. dollar over the period March 
1973 to December 1978, Bisignano and Hoover reported moderately 
successful econometrie results; in particular, they showed that it is wrong 
to neglect domestic and foreign nonmonetary asset stocks in exchange 
rate reduced forms. 

Dooley and Isard (1982) were the first to attempt to construct data on 
domestic and foreign bond holding without assuming that the current 
account deficit is financed entirely in one of the two currencies under 
consideration. For example, in an analysis of the U .S. dollar-deutsche 
mark exchange rate, the U.S. demand for U.S. bonds is viewed as one 
component of the total demand (the other demand components being 
attributed to private German wealth holders, private and official OPEC8 
residents, and private and official residents of the rest of the wor!d). The 
total demand is then assumed equal to the supply of outside dollar­
denominated bonds, viewed as equal to the cumulative U.S. budget 
deficit, Jess the stock of bonds removed from priva te circulation through 
Federal Reserve open market operations, and Jess cumulative U.S. and 
foreign official intervention purchases of dollar-denominated bonds. 
Dooley and Isard estimated their mode! for the dollar-mark exchange 
rate over the period May 1973 through June 1977, using an iterative 
estimation procedure to impose model-consistent (that is, broadly speak­
ing, rational) expectations, and compared the predictions of the mode! 
to naïve forecasts using the forward rate and the lagged spot rate. They 
summarized the performance of the mode! as follows: 

The mode! is better than the forward rate as a predictor of the change in the 
exchange rate . . . .  [H]owever . . .  the mode! fails to explain the major portion 
of observed changes in exchange rates: the coefficient of correlation between 
predicted and observed changes is 0.4, and the mode! incorrect! y predicts the 
direction of one out of every three changes (p. 273). 

Dooley and Isard pointed out that the ability of the mode! to out­
perform the forward rate as a spot rate predictor challenged the view that 
exchange risk premia were nonexistent. However, the empirical short-

8That is, oil producing and exporting countries. 
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comings of the mode! suggest either that their simplifications of the theo­
retical mode! were too severe or that observed exchange rate movements 
were predominantly unexpected. 

Boughton (1988b) introduced term-structure effects into an empirical 
portfolio balance mode! and estirnated jointly a "semireduced form" 
consisting of a real exchange rate portfolio balance equation that includes 
long- and short-term interest rates, an equation for the short-term rate 
( essentially an inverted LM curve ), and a forecasting equation for the 
long- and short-term interest rate spread. He used data on the real effec­
tive ex change rates for the U .S. dollar and on real bilateral dollar-yen and 
dollar-mark exchange rates for the period May 1973 through December 
1985. His estimation results were broadly satisfactory in terms of the sign 
and statistical significance of the estimated coefficients. Boughton then 
used these results in a number of counterfactual simulations to analyze 
the strong appreciation of the dollar over the 1980-85 period. He con­
cluded that a major contributory factor to the rise of the dollar over the 
period, according to his mode!, was a failure of the "rest of the world" 
(Germany, Japan, the United Kingdom, and France) to tighten monetary 
policy sufficiently, as measured by the significance of the short-term 
interest rate differentiai in explaining the swings in the dollar: in Decem­
ber 1980 the weighted average, short-term rate for the four countries 
outside the United States would have bad to have risen from 11.2 percent 
to 21.3 percent in arder to have prevented the subsequent appreciation 
of the dollar. 

In an attempt to improve on the estimates of monetary approach and 
portfolio balance equations and, in parti cul ar, to overcome the mode! 
misspecification suggested by the typically high value of the first-order 
residual autocorrelation coefficient in such equations, a number of re­
searchers have attempted to combine features of bath the monetary and 
portfolio balance approaches into a reduced-form exchange rate equa­
tion. Th us, if risk is important the reduced-form monetary approach will 
be misspecified to the extent that it ignores the imperfect substitutability 
of nonmoney assets. In the portfolio balance mode! with rational expec­
tations, agents would be expected to revise their estima tes of the expected 
real exchange rate as new information about the future path of the 
current account reached the market: the spot exchange rate in a reduced­
form portfolio balance should include news about the current account as 
an explanatory variable. 

We now tu rn to sorne empirical attempts to synthesize the portfolio and 
monetary approaches, with emphasis on the modeling of the risk pre­
mium and news about the current account. Versions of hybrid models 
with characteristics such as these have been estimated by a number of 
researchers (Hooper and Morton (1982), Frankel (1983, 1984), Isard 
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(1983), and Haccbe and Townend (1981)). ln Hooper and Morton's 
implementation, the risk premium was assumed to be a function of the 
cumulated current account surplus net of the cumulation of foreign 
exchange market intervention. Their equation was estimated for the U .S. 
dollar effective exchange rate 1973:2 to 1978:4, using an instrumental 
variables estimator. Hooper and Morton reported mixed results, with 
only sorne of the coefficients (mainly those relating to the monetary 
approach variables) significant and of the correct sign. 

Using Hooper and Morton's specification, H�cche and Townend 
(1981) tested the portfolio balance model with an additional term to allow 
for the impact of oil priees on the sterling effective exchange rate over 
the period June 1972 to December 1981. The results were largely disap­
pointing: few coefficients were significant and of those that were, the 
estimated risk premium coefficient was wrongly signed and the point 
estimate of the oil priee coefficient was correctly signed. 

In his implementation of the hybrid reduced-form model, Frankel 
(1984) did not consider the current account news term, and he derived 
the risk premium as the solution to the portfolio balance mode!. He 
estimated a hybrid equation for five currencies against the dollar for the 
period 1974-81 (monthly data, witb the exact beginning and end points 
currency specifie). In general, Frankel found that the estimated coeffi­
cients of the monetary approach variables were statistically insignificant, 
and sorne wrongly signed. 

As noted earlier, an alternative, indirect method of tes ting the portfolio 
balance mode! is to mode! the exchange risk premium-the deviation 
from uncovered interest rate parity-as a function of the relative stocks 
of domestic and foreign debt outstanding. The Dooley and Isard (1982) 
study discussed above can be interpreted as a test of this kind. Direct 
attempts to mode! deviations from uncovered interest parity as a function 
of relative international debt outstanding have been made by Frankel 
(1982b, 1983) for the deutsche mark-U.S. dollar rate, and by Rogoff 
(1984) for the Canadian dollar-U.S. dollar exchange rate. In each case, 
however, statistically insignificant relationships were reported. Fisher 
and others (1990) formulated an exchange rate equation, in which the 
deviation from uncovered interest rate parity (for the pound sterling 
effective rate, with bath the exchange rate and interest rate expressed in 
real terms) was modeled as a function of the ratio of the current account 
balance to gross domestic product; this formulation outperformed other 
exchange rate equations used in major econometrie models of the U .K. 
economy, beating a random walk in out-of-sample forecast tests.9 

9See the next section. Note that this study used quarterly data, as does 
Boughton (1984b). 
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Out-of-Sample Forecasting Performance 
of Exchange Rate Models 
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So far, we have considered only the in-sample properties of the asset 
approach reduced forms. A stronger test of the models' validity would 
be to determine how weil they perform out-of-sample, compared to an 
alternative. Meese and Rogoff (1983) conducted such a study for the 
dollar-pound sterling, dollar-mark, dollar-yen, and trade-weighted dollar 
exchange rates using data running from March 1973 through June 1981. 
The exchange rate models they tested correspond to the flexible-priee, 
the real interest differentiai, and the portfolio-monetary synthesis of 
Hooper and Morton (1982). Meese and Rogoff compared the out-of­
sample performance of these equations to the forecasting performance 
of the random walk mode!, the forward exchange rate, a univariate 
autoregression of the spot rate, and a vector autoregression. They com­
puted their forecasts as folJows. First, the equations were estimated using 
data from the beginning of the sample to November 1976, and four 
forecasts were made for 1, 3, 6, and 12 months ahead. The data for 
December 1976 were then added to the original data set, the equations 
were re-estimated, and a further set of forecasts were made for the four 
time horizons. This "rolling regression" process was then repeated con­
tinually. The statistics used to gauge the out-of-sample properties of the 
models are the mean error (ME), mean absolute error (MAE), and the 
root mean-square error (RMSE). A sample of Meese and Rogoff's 
RMSE results (for the six-month forecast and excluding the forward rate, 
univariate, and vector autoregression forecasts) are reported in Table 1, 
where the reduced forms derived from structural models have been 
estimated using the Fair (1970) procedure. 

The conclusion th at emerges from the Meese-Rogoff study is th at none 
of the exchange rate models using the asset approach outperfo�ms the 

Table 1 .  Root Mean-Square Forecast Errors for Selected 
Exchange Rate Equations 

Flexible- Real 
Random Priee lnterest 

Exchange Rate Walk Mode! Differentiai 

US$ /DM 8.71 9.64 12.03 
US$/yen 11.58 13.38 13.94 
US$/f.. stg. 6.45 8.90 8.88 
Trade-weighted 

U.S. dollar 6.09 7.07 6.49 
Source: Meese and Rogoff (1983). 
Note: The forecast horizon is six months. 

Monetary/ 
Portfolio 
Synthesis 

9.95 
11.94 
9.08 

7.11 
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simple random walk model-a result that was seen as devastating for 
research on these models. Moreover, this result is ali the more striking 
when it is remembered that the reduced-form forecasts were computed 
using actual values of the various independent variables. 

In an attempt to improve on the poor performance of the asset models, 
Meese and Rogoff attempted a number of alterna te approaches: estimat­
ing the models in first differences; allowing home and foreign magnitudes 
to enter unconstrained; including priee Jevels as additional explanatory 
variables; using different definitions of the money supply; and replacing 
long-term interest rates with other proxies for inflationary expectations. 
But ali to no avail: the modified reduced-form equations still failed to 
outperform the simple random walk. 

In a later paper, Meese and Rogoff (1984) considered possible expia­
nations for the failure of the reduced-form asset models to beat the 
random walk model out-of-sample. In particular, they showed-using the 
vector autoregressive methodology-that the instruments used in simul­
taneous estima tes of reduced-form asset models may not be truly exoge­
nous, and tbus the estimated parameter estimates may be extremely 
imprecise. To overcome this problem, Meese and Rogoff imposed coef­
ficient constraints, cu lied from the empirical literature on money demand 
equations, and re-estimated the RMSEs for the same period, as in their 
1983 paper. They found tbat although the coefficient-constrained re­
duced forms still failed to outperform the random walk madel for most 
horizons up to a year, in forecasting beyond a year (which had not been 
possible with the unconstrained estimates in Meese and Rogoff (1983) 
because of problems with degrees of freedom), the asset reduced forms 
did outperform the random walk madel in terms of RMSE. As Salemi 
(1984) pointed out, this finding suggests that the exchange rate acts like 
a pure asset priee in the short term (that is, approximately a random 
walk-see, for example, Samuelson (1965)), but that in the longer term 
its equilibrium is systematically related to other economie variables. 

A large segment of the literature has been devoted to determining 
whether Meese and Rogoff's specification of the asset reduced-form 
equations, their estimation strategy, or the models themselves are at 
fault. Woo (1985) and Finn (1986) estimated versions of the rational 
expectations form of the flexible-priee madel (equation (9)), with the 
addition of a partial adjustment term in money demand, and performed 
a Meese-Rogoffforecasting exercise. Finn reported that this model fore­
cast as weil as the random walk model (but failed to outperform it); while 
Woo's formulation outperformed the random walk madel, in terms of 
bath the MAE and RMSE, for the deutsche mark-U.S. dollar exchange 
rate. Somanatb (1986) also used a partial adjustment term in his formu-
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lation of various asset reduced-form equations for the mark-dollar ex­
change rate. Interestingly, for the period studied by Meese and Rogoff, 
he found that the structural exchange rate models outperformed the 
random walk model in terms of the standard criteria, and that for a 
sample period extending beyond that of Meese and Rogoff, the basic 
(that is, without any additional dynamics) flexible-priee, real interest 
differentiai, and hybrid equations outperformed the random walk.10 

Wolff (1987) and Schinasi and Swamy (1989) used a time-varying 
parameter mode! as the preferred estimation technique for econometrie 
implementation of the real interest differentiai and flexible-priee equa­
tions. Both Wolff and Schinasi and Swamy argued that the poor forecast­
ing performance noted by Meese and Rogoff may have been due to their 
failure to account for parameter instabilities. There are, in fact, a number 
of reasons why the parameters in empirical exchange rate equations are 
unlikely to be constant for the recent floating experience. For example, 
instabilities in the underlying structural equations (money demand 
and PPP equations), changes in policy regime (see Lucas (1976)), and 
heterogeneous beliefs by agents (Ieading to a diversity of responses to 
macroeconomie developments over time) could ali impart parameter 
instabilities. 

Using the Kalman filter methodology, Wolff (1987) reworked Meese 
and Rogoff's results (same currencies and time period), for the reduced 
forms of the flexible-priee and real in te rest differentiai models, assuming 
th at the parameters followed a random walk process. However, the two 
models won out over the random walk only in the case of the U.S. 
dollar-deutsche mark exchange rate (for both the dollar-yen and the 
dollar-pound sterling exchange rates the random walk performed better 
across ali forecast horizons; and, indeed, if one takes the average across 
ali currencies and forecast horizons, the random walk mode! dominates). 

Schinasi and Swamy (1989) used a Jess restrictive time-varying mode! 
than Wolff, and their mode! resulted in consistently better forecasts (than 
a random walk) for the flexible-priee, real interest differentiai, and hy­
brid equations (for the mark-, yen-, and pound-dollar bilateral exchange 
rates). However, it is not en ti rely clear if the improved performance of 
the structural models was due to the use of time-varying parameters or 
simply to the fact that Schinasi and Swamy used a multistep random walk 
forecast, rather than the one-step forecast used by Meese and Rogoff. In 
a further experiment, Schinasi and Swamy added a lagged dependent 
variable to the various reduced forms of the monetary equations and 

10The forecasting performance of these equations is even better for the 
extended sample period when money market dynamics are allowed for. 
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compared their forecasting performance to a one-step-ahead random 
walk. For ali cases the time-varying parameter version was always supe­
rior to the fixed coefficients version and, furthermore, it outperformed 
the random walk in almost ali cases. 

Fin ally, Boughton (1984b) tested the out-of-sample forecasting perfor­
mance of a preferred habitat version of the portfolio balance mode! 
(using fixed coefficient methods) for a variety of currencies against a 
random walk model. In every case, this model outperformed the random 
walk model. However, this result most likely reflects Boughton's use of 
quarterly data (aU the other studies use monthly data), since his estimates 
of the hybrid equation also generally outperformed the random walk 
mode!. 

Empirical Exchange Rate Models: New Directions 

The broad conclusion that emerges from our survey is that the asset­
approach models have performed weil for sorne time periods, such as the 
interwar period, and, to sorne extent, for the fust part of the recent 
floating experience (that is, 1973-78); but they have provided largely 
inadequate explanations for the behavior of the major exchange rates 
during the latter part of the float. 

The failure of simple asset-approaèb equations may be due to misspeci­
fication. This misspecification may be of an econometrie nature, insofar 
as the dynamic properties of the asset equations have (in relation to the 
Hendry, Pagan, and Sargan (1984) dynamic modeling methodology) 
been very poorly specified (the persistent indication of first-order auto­
correlation is supportive of this view). Simple asset-approacb equations 
may also be misspecified from an economie point of view. Thus, the 
"breakdown" in the performance of the monetary mode! could be a 
consequence of the omission of important variables such as the current 
account, wealth, and risk factors. However, even when these additions 
are made to the simple asset models, little improvement in equation 
performance is reported. 

Sorne authors (for example, Papell (1988) and Isard (1988)) have 
argued that a useful way of ensuring that exchange rate models are cor­
rectly specified is to estimate the mo dels structurally, and this seems to 
be a useful avenue for future research. 11 Examples of existing studies that 

11 Thus, Isard (1988, p. 197) writes: "Strong support exists for the view th at 
simultaneous-equation frameworks are preferable to single-equation semi­
reduced-form models for capturing the associations between exchange rates, 
interest differentiais, and actual or expected inflation differentiais in response to 
different types of exogenous shocks." 
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have applied this approach to modeling the exchange rate-with sorne 
degree of success-include Kearney and MacDonald (1985), Blundell­
Wignall and Masson (1985), Masson (1988), Papell (1988), and Smith and 
Wickens (1988, 1990). Note, however, that the systems approach raises 
a further set of issues concerning the assumed structure of the whole econ­
omy (see, for example, Fisher and others (1990) on the econometrie eval­
uation of the exchange rate in Jarge-scale models of the U .K. eco nom y). 

In attempting to explain the poor empirical performance of the asset 
approach, sorne au thors have suggested that foreign exchange rates may 
have consistently deviated from their underlying "fundamental" levels 
(that is, as predicted by economie theory), due to the presence of rational 
bubbles, as discussed above (see, for example, Flood and Hodrick 
(1989)). Other researchers have concentrated on the influence of foreign 
exchange analysts who base their predictions not on economie theory but 
on the identification of supposedly recurring patterns in graphs of ex­
change rate movements-that is, "technical" or "chart" analysts. Frankel 
and Froot (1986, 1990), for example, suggested a mode! of the foreign 
exchange market in which traders based their expectations partly on the 
advice of fundamentalists (that is, economists) and partly on the advice 
of nonfundamentalists (that is, chartists). They argued that such a mode! 
could explain the heavy overvaluation of the U .S. dollar during the 
mid-1980s. 

Sorne support for the view that nonfundamentalist advice may be an 
important influence in foreign exchange markets is provided by Taylor 
and Allen (1992) who conducted a survey of chief foreign exchange 
dealers in the London foreign exchange market; they found that a high 
proportion of these dealers used sorne form of chart analysis in forming 
their trading decisions, particularly at the shorter horizons. At the short­
est horizons (intraday to one week), Taylor and Allen found that over 90 
percent of their survey respondents reported using sorne form of chart 
analysis, and about 60 percent judged charts to be at !east as important 
as fundamentals at this horizon. As the time horizon was Jengthened, 
however, the weight given by dealers to fundamental analysis increased. 
At the longest forecast horizons considered (one year or longer), nearly 
30 percent of chief dealers reported relying on pure fundamental analysis 
and 85 percent judged fundamentals to be more important than chart 
analysis at this horizon. 

ln addition, Allen and Taylor (1990) analyzed the accuracy of a number 
of individual chart analysts' one-week and four-week ahead forecasts of 
the U .S . doUar-pound sterling, U. S. dollar-deutsche mark, and U .S. 
doUar-yen exchange rates and found that sorne of them consistently 
outperformed a whole range of alternative forecasting procedures, in-
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cluding the random walk mode!, vector autoregressions, and univariate 
autoregressive moving average time-series models. 

Given this evidence, it is hardly surprising that empirical models based 
on pure, fundamental economie theory fail to provide an adequate expia­
nation of short-term movements in ex change rates. However, the revela­
tion that foreign exchange participants focus more on fundamentals at 
longer horizons suggests that more attention might fruitfully be paid to 
modeling the fundamental determinants of long-term exchange rates. 
This is consistent with evidence in favor of the monetary mode! as a long­
run equilibrium condition reported by MacDonald and Taylor (1991a). 

Masson and Knight (1986, 1990) and Frenkel and Razin (1987) empha­
sized the role of shifts in fiscal policy stance among the major Organiza­
tion for Economie Cooperation and Development (OECD) countries as 
important determinants of exchange rate behavior (see also Dornbusch 
(1987)). These authors have argued that the large autonomous changes 
in national saving and investment balances-in particular, th ose in­
fluenced by shifts in public sector fiscal positions in the largest indus­
trial countries-must exert a very strong influence on current account 
positions, real interest rates, and, hence, exchange rates. 

Dooley and Isard (1991) focused their attention on factors affecting the 
choice of where to locate tangible assets and other "taxable" forms of 
wealth. In support of this view, Dooley and Isard pointed to the experi­
ence of a number of debt-burdened developing countries du ring the 1980s 
that experienced substantial depreciations of their real exchange rate 
around the time of the outbreak of the international debt crisis in 1982. 
Dooley and Isard (1991) argued that these depreciations could be attrib­
uted primarily to a set of events that considerably reduced the attractive­
ness of owning assets located in the debt-burdened countries, thus giving 
rise to a " 'transfer problem' in which real depreciation played an im­
portant raie in the adjustment to substantially smaller net capital inflows 
and current account deficits" (p. 163). Dooley, Isard, and Taylor (1991) 
suggested that changes in relative country preferences should be system­
aticaJly reflected in the priee o f  gold, which can be viewed as "an asset 
without a country." Hence, if the effects of monetary shocks on gold 
priees cao be isolated, evidence that residual changes in the priee of gold 
are capable of explaining or predicting residual changes in exchange rates 
rnight be regarded as indirect evidence that exchange rate behavior 
largely reflects changes in country preferences. Dooley, Isard, and Tay­
lor, in fact, provided econometrie evidence that is largely supportive of 
this view for a number of major exchange rates. They also demonstrated 
that the priee of gold is a crucial factor in beating a random walk in 
post-sample prediction tests. 
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Dornbusch (1987) stressed the importance of analyzing a country's 
indus trial structure in any attempt to ex plain the behavior of its exchange 
rate. For example, the effect of an exchange rate change on a firm's 
pricing decisions (and, hence, on further changes in the exchange rate) 
will depend on whether the industry faces competition from imports 
that are close substitutes for its goods and whether the market is charac­
terized by, for example, oligopoly or imperfect competition; another im­
portant determinant is the functional form of the specifie market demand 
curve. Although conceding the absence of clear-cut results, Dornbusch 
nevertheless found this approach promising as an avenue for further 
research. 

Which of these directions is likely to lead us toward a better under­
standing of exchange rate behavior? In our view, the rational bubbles 
explanation is perhaps the !east attractive, not !east because a growing 
amount of empirical research now suggests that asset market participants 
may not be endowed with fully rational expectations (Frankel and Froot 
(1987) and Taylor (1988a)). 

The Taylor and Allen (1992) evidence on the prevalence of nonfunda­
mentalist analysis in foreign exchange markets suggests that, as a guide 
to the short-run behavior of ex change rates, the fundamentals versus non­
fundamentals approach seems promjsing. Unfortunately, this road may 
be rocky because of the difficulties involved in developing reliable models 
of exchange rate behavior from this approach. For example, Allen and 
Taylor (1990), after analyzing survey data on chartists' exchange rate fore­
casts, reported a significant degree of heterogeneity among chartist 
forecasts-not all chartists see the sa me patterns (or draw the same con­
clusions from them) at the same points in time. They argued, moreover, 
that the degree of consensus is likely to shift significantly over time in a 
fasbion that may be hard to mode! empirically. Thus, while this approach 
may help us to rationalize the past behavior of exchange rates (for 
example, Frankel and Froot (1990)), it may prove rather more difficult 
to apply it to predicting future short-term exchange rate behavior. 

Given the Taylor-Allen evidence that foreign exchange market partic­
ipants rely more on fundamental economie analysis at longer horizons, 
it would seem that more attention ought to be focused on modeling the 
long-run equilibrium exchange rate. It is perhaps in this area that the new 
approaches that take into account fiscal policy stance, locational deci­
sions, and industrial organization might be most fruitfuUy applied. In 
addition, the development of econometrie techniques tbat aid in the 
identification of long-run relationships using short-run data (see, for 
example, Engle and Granger (1987)) is likely to provide a further impetus 
in this direction (see MacDonald and Taylor (1991a)). 
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III. The Efficient Markets Hypothesis 

In this section we present a brief review of the litera ture on the efficient 
markets hypothesis as applied to the spot and forward markets for foreign 
ex change. 

Under the hypothesis of market efficiency, it should be impossible for 
a trader to earn excess returns to speculation. ln order to test this 
hypothesis, it is necessary to have a mode! of the equilibrium expected 
return. Early tests of spot market efficiency (for example, Poole (1967)) 
tested for randomness of exchange rate changes. As pointed out by 
Levich (1985), however, efficiency only implies randomness of returns if 
the equilibrium expected return is constant. If the fundamental determi­
nants of the exchange rate (such as relative money and output according 
to the monetary approach) are serially correlated, then so will the equi­
librium exchange rate be. Thus, contrary to popular belief, efficiency 
does not necessarily imply that the exchange rate should follow a random 
walk. This is most easily seen by recalling the uncovered interest parity 
condition: under risk neutrality and rational expectations, the expected 
rate of depreciation of one currency against another will be just equal to 
the interest rate differentiai between the currencies of appropria te matu­
rity, so that the expected profit from arbitraging between them is zero. 
Thus, on! y if the interest differentiai is identically zero will the spot rate 
follow a random walk. 12 The analysis of Cumby and Obstfeld (1981) can 
be seen as a logical extension of the literature on the randomness of 
exchange rate changes, since they test for randomness of deviations from 
uncovered interest rate parity (see the section on international parity 
conditions below). 

Another method of testing spot market efficiency is to test for the 
profitability of filter rules (for example, Poole (1967) and Dooley and 
Shafer (1983)). A simple x percent fil ter rule implies the following trading 
strategy: buy a currency whenever it risesx percent above its most recent 
trough; sell the currency and take a short position whenever the currency 
falls x percent below its most recent peak. If the market is efficient and 
uncovered interest rate parity holds, the interest rate costs of such a 
strategy should on average eliminate any profit. Poole's study did not, in 
fact, allow for interest rate costs, but Dooley and Shafer's analysis not 
only included interest rate costs but also allowed for transactions costs 
using bid and asked exchange rate quotations. After examining a number 
of filter rules using daily data on nine exchange rates for the 1970s, they 

12 If the interest differentiai were identically equaJ to a constant, the logarithm 
of the spot rate would follow a random walk wtth drift. 
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reported that small filters-1, 2, and 3 percent-would have systemati­
cally generated profit for ali exchange rates over the sample period. As 
noted by Levich (1985), however, it is not clear that the optimal fil ter size 
could have been chosen ex ante, and there also appears to be an impor­
tant element of riskioess, in that substaotial subperiod !osses are often 
generated. 

The literature on forward foreign exchange market efficiency bas gen­
erally used sorne form of regression-based analysis of spot and forward 
exchange rates. As is clear from the preceding discussion, the efficient 
market hypothesis cao be seen as a joint hypothesis of a view of equi­
Librium returns and the contention that agents are endowed with rational 
expectations. For our purposes, the latter proposition can be stated as 

ÂS1 + k  = D.s:+k + l11 + b  D.s�+ k = E[D.sl + k  1 1,], (19) 

where ÂS, + k = S1 + k - s,, ÂS� + k = s� + k  - s,; s denotes the Jogarithm of 
the spot rate (home currency priee of foreign currency); s� + k denotes the 
expected value of s, + k at time t; E is the mathematical conditional 
expectation operator; 11 is the information set on which agents base their 
expectations; and 1)1 + k is a random forecast error, orthogonal to the 
information set. Relationship (19) is normally expressed in logarithms in 
order to circumvent the so-called Siegel paradox (Siegel (1972)). 13 This 
problem does not arise if agents are assumed to form expectations of the 
logarithm of exchange rates, since E( -s) = -E(s). McCulloch (1975), 
however, investigated the empirical importance of this phenomenon 
(using 1920s data) and showed the operational importance of the Siegel 
paradox to be slight. Nevertheless, the literature has continued to work 
with logarithmic transformations of the data. 

If agents are risk neutra!, then, since a profit can be expected to be 
made when the forward rate differs from the expected future spot rate 
(by taking open forward positions), one might expect the forward rate for 
maturity k periods ahead to be forced into equality with the market's 
expectations of the spot rate at time t + k:  

(20) 

If agents are risk averse, however, theo the forward rate will not be 
driven to fu!J equality with the expected future spot rate because of the 
risk involved in taking open forward positions. Thus, a risk premium, À1, 

13 Because of a mathematical relationship known as Jensen 's inequality, one 
cannot have, simultaneously, an unbiased expectation of, say, the deutsche 
mark-U.S. dollar exchange rate (marks per dollar) and of the U.S. dollar­
deutsche mark exchange rate (dollars per mark) because 1 /E(S) =F E(l/S). 
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say, might be expected to drive a wedge between fr and s� + k .  Und er this 
assumption, equation (20) can be rewritten, after subtractings, from both 
sides as 

(21) 

where fPr denotes the logarithm of the forward premium (fp, = fr - s1), 
and Àr represents a risk premium that is required to compensate agents 
from exposure to the risk involved in running open positions in the 
currency in question. 

From equations (19) and (21) we can obtain a statement of the efficient 
markets hypothesis under risk aversion as follows: 

(22) 

where E., + k = -'Y],+ k · As we shall see, in trying to interpret the often­
quoted finding that the forward premium is a biased predictor of the 
exchange rate depreciation, researchers tend either to assume that À, is 
zero and conclude th at re jection is attributable to "irrationality," or th at 
agents are rational and conclude that rejection is due to the presence of 
a statistically significant risk premium. 

A popular way of testing the joint efficient markets hypothesis is to 
regress the actual change in the exchange rate on the forward premium: 

(23) 

and if agents are risk neutra! and rational, we wou id expect o: = 0, 13 = 1 ,  
and if nonoverlapping data are being used (k = 1 ) ,  we would expect the 
disturbance term to be serially uncorrelated. If, however, agents are 
eitber risk averse or "irrational" (or both ), th en such conditions will be 
vlolated. 

An alternative test of the optimality of the forward rate as a predictor 
of the exchange rate change is to conduct orthogonality tests of forecast 
errors. More specifically, an equation is estimated of the form 

s, + k - fr = r Xr + Wr + k '  (24) 

where X1 is a vector of variables known at time t, which is the econome­
tricians' observed portion of the "true" information set, 1, available to 
agents; f is a vector of parameters; and wr + k is an error term. The null 
hypothesis of rational expectations and risk neutrality is equivalent to the 
hypothesis that r should equal the null vector, so that the error in 
forecasting the exchange rate using the current forward rate cannat be 
forecast using current information-that is, it should be orthogonal to 
elements of the information set available at time t. If this condition is 
significantly violated, then information available to agents at time t has 
remained unexploited, contradicting rationality. 
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Tests of Forward Premium as Optimal Predictor 
of Rate of Depreciation 

31 

Many researchers have implemented equation (23) using a variety of 
currencies and time periods for the recent floating experience, and report 
results unfavorable to the efficient markets hypothesis under risk neutraJ­
ity. For example, Bilson (1981), Longworth (1981), Fa ma (1984), Gregory 
and McCurdy (1984), Taylor (1988b), and Kearney and MacDonald 
(forthcoming) ail reported a result suggesting a resounding rejection of 
the unbiasedness hypothesis: a significantly negative point estima te of �· 
This result seems particularly robust given the variety of estimation 
techniques used by researchers and the mix of overlapping and nonover­
lapping data sets. Equation (25) below (from Fama (1984)) is a typical 
example of the result obtained by these researchers (standard errors are 
in parentheses): 

ÂSt + k  = 0.81 - 1 . 15({ - s)1 
(0.42) (0.50) 

(25) 

Currency: Swiss franc-U.S. dollar; August 1973-December 1982. 

Considerable research effort has been expended in trying to rationalize 
this finding. Perhaps the most popular explanation is that there is a 
nonzero, time-varying risk premium that drives a wedge between the 
forward rate and future spot rate (see Fama (1984) and Hodrick and 
Srivastava (1986)). 

Errer Orthogonality Tests of Efficient Markets Hypothesis 

Alternative tests of the efficiency hypothesis have relied on testing the 
ortbogonality of forward rate forecasting errors to information available 
at the time of the forecast. Orthogonality tests of efficiency may be split 
into those that include only lagged forecast errors in the conditioning 
information set (in terms of Fama's 1976 taxonomy, such tests are weak 
form tests, categorized as A-tests) and those that include information 
additional to lagged forecast errors in the information set (semistrong 
form tests, labeled B-tests). 

A-tests have been conducted by, among others, Cumby and Obstfeld 
(1984), Geweke and Feige (1979), Frankel (1979b), Gregory and Mc­
Curdy (1984), MacDonald (1983), and MacDonald and Taylor (1991b). 
These authors used a variety of sample periods (that is, recent float and 
interwar float), exchange rates (usually bilateral dollar rates), and estima­
tion techniques-ordinary !east squares (OLS), generalized !east squares 
(GLS), Zellner's "seemingly unrelated regressions" technique, and gen-
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eralized method of moments (GMM). Their basic finding was that the 
efficient markets hypothesis is re jected for a number of currencies for the 
recent and interwar floating experiences. For example, Hansen and 
Hodrick (1980) estimated equation (24) using a weekly data base for part 
of the recent float and fou nd that the orthogonality property was violated 
for three currencies (the Swiss franc, the lira, and the deutsche mark). 
Hansen and Hodrick estimated their version of equation (24) using OLS 
(since it is consistent), but corrected the covariance matrix of standard 
errors for the implied moving average error structure, which is impiied 
by overlapping data (k > 1)  using Hansen's (1982) GMM procedure.14 
MacDonald and Taylor (1991b) also used Hansen's GMM technique to 
conduct A-tests for the interwar period, but, in contrast to Hansen and 
Hodrick, they used the GMM procedure to correct for both the implied 
moving average error and conditional beteroscedasticity (Hansen and 
Hodrick assumed conditional homoscedasticity); the nul! hypothesis was 
strongly rejected for dollar-pound sterling, franc-pound sterling, and 
franc-dollar exchange rates (this result contrasts with other tests of the 
efficient markets hypothesis for this period). 

Given the rejections of the nuii hypothesis reported when researchers 
conduct A-tests, it is hardly surprising to find that B-tests result in even 
stronger rejections. Geweke and Feige (1979), Hakkio (1981), Hansen 
and Hodrick (1980), Hsieh (1984), and MacDonald and Taylor (1991b) 
ali tested the orthogonality of the forward rate forecast error with respect 
to own lagged forecast errors and lagged forecast errors from other 
foreign exchange markets; in each case, the null hypothesis r = 0 was 
resoundingly rejected. 

Rationalizing Inefficiency Findings 

The rejection of the efficient markets hypothesis is usually explained 
in one of two ways. As noted ab ove, it is a joint null hypothesis of rational 
expectations and an assumption concerning the attitude of agents toward 
risk. It has often been tested under the assumption of risk neutrality. 
Thus, the first, and by far the most popular, explanation of the ineffi­
ciency finding is that agents are risk averse and, therefore, À, is nonzero 
in equation (21). For examples of attempts to mode! or test for the foreign 
ex change risk premium econometrically, see, among others, Fa ma (1984), 
Hansen and Hodrick (1983), Domowitz and Hakkio (1985), Wolff (1987), 

14 See MacDonald and Taylor (1989a) for an explanation and discussion of the 
moving average structure of overlapping forecast errors. 
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and Taylor (1988b, 1991a). By and large, however, the risk premium has 
proved elusive. 15 

Alternatively, researchers have sought to explain rejection in terms of 
a fa il ure of the expectations component of the joint hypothesis. Examples 
include the peso problem suggested by Krasker (1980) (see footnote 7 
above); the rational bubbles phenomenon, originally suggested by Flood 
and Garber (1980); and inefficient information processing, as suggested 
by Bilson (1981) (see MacDonald and Taylor (forthcoming) for a more 
detailed survey). 

A problem with each of these rationalizations is that in arder to test 
for a failure in one leg of the efficient markets hypothesis, the researcher 
must normally assume that the other component of the joint hypothesis 
is valid. For example, ali of the investigations of foreign exchange risk 
premia cited above were conducted conditional on the assumption of 
rational expectations. Clearly, one would like to be able to conduct tests 
of each component of the joint hypothesis. The recent availability of 
survey data on exchange rate expectations from a variety of sources has 
allowed researchers to do just that. For example, Frankel and Froot 
(1987, 1990), MacDonald and Torrance (1988b, 1990), and Taylor (1989a) 
ali used the median of various exchange rate surveys. The broad conclu­
sion emerging from this research is that the joint hypothesis faits bath 
because agents are risk averse and because their expectations do not 
conform to the rational expectations hypothesis (Takagi (1991) and Mac­
Donald and Taylor (forthcoming)). Furthermore, lto (1990) demon­
strated, using a highly disaggregated survey data base, that exchange rate 
expectations appear to be highly heterogeneous. 16 

The Efficient Markets Hypothesis: Anything Left? 

There is now overwhelming evidence to suggest that the forward for­
eign exchange rate is a biased and inefficient predictor of the future spot 
rate. The simpler version of the efficient markets hypothesis (that is, 
assuming risk neutrality) thus seems to have been decisively rejected for 
the foreign exchange market. This result is commonly explained either 

15 For extensive surve�s of this issue see Hodrick (1987) and MacDonald 
and Taylor (forthcoming . 16 Froot and Ito (1988 tested the "consistency" of the median response of 
survey data by testing whether the long-term forecast implied by a short-term 
forecast is consistent with the survey-based long-term forecast. Such a test is 
effectively an appljcation of the cross-equation restrictions tested in the context 
of a vector autoregressive mode! of the forward and spot rates. Froot and Ito 
demonstrated that the survey forecasts are inconsistent. 
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in terms of a time-varying risk premium or sorne problem with the 
expectations leg of the joint hypothesis of market efficiency. The time­
varying risk premium story, although intuitively extremely plausible, 
receives rather mixed support from the data, and at best we must con­
elude th at the jury is still out on it. Furthermore, a number of researchers 
have argued that the use of a time-varying risk premium is a vacuous 
deviee whose only function is to provide a tautological safe bouse for the 
theory (Mankiw and Summers (1984)). 17 

Perhaps, the failure of the joint efficiency hypothesis should be traced 
to the expectations leg of the joint hypothesis. The reported profitability 
of sorne simple trading rules would certainly seem to point in this direc­
tion. Indeed, MacDonald and Young (1986), Frankel and Froot (1987), 
Goodhart (1988), and Allen and Taylor (1990) have argued that 
combining a chartist view of exchange rate determination with an equi­
librium, or fundamentalist, view, offers a much more realistic view of how 
exchange rates are actually determined and helps to explain why the 
forward rate is such a poor predictor of the future exchange rate. 18 
Combining this view with a fresh approach to the underlying fundamen­
tals (for example, Dooley, Isard, and Taylor (1991)) is an approach that 
we believe offers rouch potential for future research on exchange rate 
economies. 

IV. "News" and Exchange Rates 

One important implication of the rational expectations hypothesis is 
that unanticipated events or news drive asset priees like the exchange 
rate. For example, although the strict efficient markets hypothesis re­
quires the forward exchange rate to be an unbiased forecast of the future 
spot rate, it does not predict that the forward rate will be a particularly 
good forecast (although it may be the best available) of the future spot 
rate in periods that contain a great deal of new information. Th us, in the 
preceding discussion, the error made in forecasting the spot rate at time 
t + k using information at time t(that is, 'llr + k in equation (19)) can be 
thought of as due to new information arriving in periods t + 1 through 
t + k.  If such news elements are small and insignificant, theo clearly the 

17Frankel and Froot (1990) present the most complete and formai statement 
of this view. 

'8 Both Hakkio (1984) and MacDonald (1988) reported sorne success in estima t­
ing PPP relationships for the recent floating experience using systems estimators; 
however, certain features of the estimation strategy adopted by these au thors (in 
particular their use of a seriai correlation correction) indtcate that PPP deviations 
are important. 
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efficient markets hypothesis predicts that s, + k should be very close to f,, 
but if a researcher is examining an equation such as (23) during a period 
in which there has been a great deal of new information, the sample 
variance of the prediction error could be substantial. 

Let the vector z, include ali variables relevant for the process of ex­
change rate determination; our equation for the determination of the 
exchange rate is thus 

s, = -y'z, + 11, (26) 

where 'llr is a white-noise error. Under the rational expectations hypoth­
esis, agents use the true mode! in forming their exchange rate expecta­
tions agents, so 

s� = -y'z1, (27) 

where s1 = E(s, l i,_ 1), z1 = E(z, I I,_ 1). Th us, subtracting equation 
(27) from (26) and assuming risk neutrality (so that s1 = f, _ 1), we cao see 
that the forward rate forecast error is composed of a news term and a 
purely random term: 

s, - J, _ ,  = -y(z, - z:) + ,,, (28) 

where the term in parentheses represents the news. 
This highlights two factors that a researcher faces in attempting to test 

the news approach empirically. First, a specifie mode! of the process of 
exchange rate determination must be chosen. In terms of equation (28), 
a choice bas to be made as to which variables should enter the z, vector. 
Second, having decided on the appropriate mode! of exchange rate 
determination, the researcher must decide on an appropriate method of 
generating the expected values of the determining variables. As we 
demonstrate below, researchers have used three methods to genera te 
expected values: regression analysis, time-series analysis, and survey 
data. 

Frenkel (1981) used time-series methods (univariate autoregressions) 
to generate news on nominal interest rate differentiais, which he then 
used to explain the forward rate forecast error for the U.S. dollar-pound 
sterling, U.S. dollar-franc, and U .S. dollar-deutsche mark exchange 
rates over the period June 1973 through June 1979. Although he found 
that ali of the estimated news coefficients bad signs in accordance with 
the monetary mode! of the exchange rate, this coefficient was statistically 
significant only for the U.S. dollar-pound sterling. 

Edwards (1982) and MacDonald (1983) provided similar mixed sup­
port for the flexible-priee news approach, using a seemingly unrelated 
regressions estimation technique. MacDonald (1983) extended this anal-
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ysis to the interwar period. Copeland (1984) incorporated oit priee sur­
prises into his news analysis of the pound sterling-U.S. dollar exchange 
rate. Bomhoff and Korteweg (1983), using a multistate Kalman filter 
technique to generate news on relative money, output, and oit priees, 
tested the news approach for six exchange rates over the period 1973-79. 
Again, their results provided sorne support for the approach. Branson 
(1984) tested the implications of the rational expectations, portfolio 
balance mode! for the effect of news on current account balances and 
other variables on the exchange rate using a vector autoregressive tech­
nique to generate news terms. His results were broadly in accordance 
with the predictions of the portfolio balance mode!. In contrast to the 
above researchers, Dornbusch (1980) generated the news variables from 
OECD survey data (a survey-based news approach has also been adopted 
by Engel and Frankel (1984) and MacDonald and Torrance (1988b)). 

Otber researchers have also used survey data on money supplies and 
other variables to test for the effect of news on exchange rates (see 
MacDonald and Taylor (fortbcoming) for a discussion). 

V. International Parity Conditions 

In this survey we have repeatedly referred to various international 
parity conditions. In this section we bring toge th er these parity conditions 
and briefly survey the empirical evidence on their validity (a comprehen­
sive account is given in MacDonald and Taylor (1990, forthcoming); see 
also Isard (1988)). 

If foreign exchange markets are opera ting efficiently, th en arbitrage 
should ensure that the covered interest differentiai on sirnilar assets be 
continuously equal to zero-covered interest parity (CIP) should hold: 

(i - i*), - (f - s), = O. (29) 

In any computation of CIP, it is clearly important to consider home and 
foreign assets that are comparable in terms of maturity, as weil as other 
characteristics such as default and political risk (Aliber (1973), Dooley 
and Isard (1980), and Frankel and MacArthur (1988)). 

Essentially, two types of tests of CIP have been conducted. The first 
relies on computing the actual deviations from in te rest parity to see if they 
differ "significantly" from zero. The significance is usually defined with 
respect to the neutra! band, which is determined by transactions costs. 
For example, Frenkel and Levich (1975, 1977) demonstrated that for a 
selection of currencies, about 80 percent of apparent profit opportunities 
lay within the neutra! band when treasury bills were used, and almost 100 
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percent when Eurorates were considered. Furthermore, in Frenkel and 
Levich (1977) it is demonstrated that in periods of turbulence a much 
smaller percentage of deviations from CIP may be explained by transac­
tions costs; this is interpreted as reflecting higher financial uncertainty in 
sucb periods. Clinton (1988) demonstrated that deviations from CIP 
should be no grea ter than the minimum transactions costs in one of three 
markets: the two underlying deposit markets (for example, Euromarks 
and Eurodollars), and the foreign exchange swap market (that is, the 
market in which a currency can be simultaneously bought spot and sold 
forward against another currency). Based on an analysis of data for five 
major currencies against the U .S. dollar, which he took from midmorning 
quotes on the Reuter Money Rates Service for the six-month period from 
November 1985 to May 1986, Clinton found that the neutra! band should 
be within ±0.06 percent a year from parity and that although the hy­
pothesis of zero profitable deviations from parity could be rejected, 
"empirically, profitable trading opportunities are neither large enough 
nor long-lived enough to yield a flow of excess retums over time to any 
factor" (p. 369). 

In questioning the quality of the data used by Frenkel and Levich 
(1975, 1977), various researchers bave arrived at different conclusions. 
For example, using higher quality data, McCormick (1979) found that 
most of the deviations from CIP (70-80 percent) lay outside the neutra! 
band for U.K.-U.S. Treasury bills. Taylor (1987b, 1989b), however, went 
further than McCormick, arguing that in order to provide a true test of 
CIP it is important that data on the appropriate exchange and interest 
rates be recorded at the same instant at which a dealer could have dealt. 
Using high-quality, high-frequency, contemporaneously sampled data 
for spot and forward dollar-pound sterling and dollar-mark exchange 
rates and corresponding Eurodeposit interest rates for a number of ma­
turities, Taylor found, among other things, that there were few profitable 
violations of CIP, even in periods of market uncertainty and turbulence. 
One interesting finding of Taylor's work was a maturity effect-the 
frequency, size, and persistence of arbitrage opportunities appeared to 
be an increasing function of the length of maturity of underlying financial 
instruments. A rationale is offered for this in terms of banks' prudential 
credit limits. This finding received further support in Taylor and Fraser 
(1991), in which high-frequency, contemporaneous data sampled around 
a series of news releases (such as trade figures) were employed to test CIP. 

A second method for testing the validity of CIP is the use of regression 
analysis. Thus, if CIP holds, and in the absence of transactions costs, 
estimation of the following equation: 

f, - s, = a  + �(i - i*), + u,, (30) 
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should result in estimates of a and � differing insignificantly from zero 
and unity, respectively, and a nonautocorrelated error. Equation (30) bas 
been tested by researchers for a variety of currencies and time periods 
(see, for example, Branson (1969), Marston (1976), Cosander and Laing 
(1981), and Fratianni and Wakeman (1982)). Broadly speaking, CIP is 
supported; although there were significant deviations of a from zero 
(reflecting perhaps nonzero transactions costs), the estimates of � dif­
fered insignificantly from unity in the majority of cases. As noted by 
Taylor (1987b, 1989b), however, it is not clear what regression-based 
analyses of CIP are actually testing. For example, it may be that the 
hypothesis that a = 0 and � = 1 in equation (30) cannot be rejected, but 
th at the fitted residuals themselves represent substantial arbitrage oppor­
tunities. Put another way, such a test may strongly suggest that CIP held 
on average over a period, when in fact it did not hold at any instant during 
the period. Thus, although regression-based tests may be useful for 
testing the broad stylized fact of CIP (which may be of interest, for 
example, in ex change rate modeling), they can say virtually nothing about 
market efficiency. In spite of this caveat, we summarize the above evi­
dence as suggesting th at CIP does appear to be reasonably weil supported 
by the data, especially if Eurodeposit interest rates are considered. 

Uncovered interest parity (UIP) is the proposition that the interest 
differentiai sbould be exactly equal to the expected rate of depreciation 
of the exchange rate: 

( • '*) - A h< l - l 1 - Ult + k .  (31) 

Given CIP, this means that the forward premium should, in fact, be 
equal to the expected currency depreciation-a condition that will only 
hold if agents are risk neutral. In the absence of a direct measure of 
expectations, it is necessary to formula te an auxiliary hypothesis concern­
ing expectations formation before UIP becomes testable, and it is usual 
to assume that expectations are formed rationally. In this case, given CIP, 
UIP implies that the forward rate should act as an optimal predictor of 
the future spot rate. But this, of course, takes us back to the literature 
on forward market efficiency, which is discussed in the previous section. 
Tbus, tests of efficiency of the forward exchange market can be viewed 
as indirect tests of VIP-indirect because they rely on a maintained 
hypothesis of CIP. 

For reasons not immediately clear, direct tests of UIP occur relative! y 
infrequently in the literature. Under rational expectations and risk neu­
trality, such a test would amount to testing the interest differentiai as an 
optimal predictor of the rate of depreciation. Such a test might, for 
example, involve estimating an equation of the form 
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(32) 

where the joint hypothesis of risk neutrality and rational expectations 
implies that a0 and a1 should equal minus and plus unity, respectively, 
and that q>, should be orthogonal to past information. 

Equation (32), or variants thereof, has been tested by, among others, 
Hacche and Townend (1981), Cumby and Obstfeld (1981), Davidson 
(1985), Loopesko (1984), and Taylor (1987a); in ali instances, UIP was 
very strongly rejected. ln common with the literature on the optimaJity 
of the forward rate as a predictor of the future spot rate, such rejection 
is usually interpreted as indicating the presence of a (time-varying) risk 
premium. MacDonald and Torrance (1990), however, demonstrated, 
using survey expectations data, that rejection was most likely caused by 
both risk and expectations factors. Interestingly, severa! pa pers that 
attempted to mode! deviations from UIP in terms of a risk premium have 
been largely unsucc.essful (see, arnong others, Dooley and Isard (1982), 
Frankel (1982b, 1983, 1985b), and Rogoff (1984)). 

Another international parity condition that has received attention in 
the literature is real interest rate parity. This may be derived using UIP 
(equation (31)), ex ante PPP (equation (33)), and Fisher closed conditions 
for the home and foreign country (equations (34) and (35)): 

11si + k  = t:..pi + k  - t:..pi + k  

i, = r, - t:..p: + k 

ir* = r,* - t:..pi:k, 

(33) 

(34) 

(35) 

where i denotes the real interest rate; r, the nominal interest rate; and 
p, the logarithm of the priee level. Combining equations (31) and 
(33)-(35), yields 

. - "* L1 - 11 • (36) 

Thus, given the stated assumptions, real interest rates must be equal­
ized across countries, and the scope for the policymaker to alter real 
economie activity by changing the reaJ interest rate is limited. Is condition 
(36) supported empirically? The real interest rate parity condition bas 
been tested by a number of researchers for the United States against other 
OECD countries (see, for example, Mishkin (1984a, 1984b), Friedman 
and Schwartz (1982), Cumby and Obstfeld (1984), Cumby and Mishkin 
(1984), MacDonald and Taylor (1990), and Fraser and Taylor (1990)), and 
the results indicate a resounding rejection of real interest rate parity. For 
example, Cumby and Obstfeld (1984) empiricalJy implement (33) by 
running the following regression: 

t:..p,+ 1 - t:..p, + 1 = a +  l3(r - r*), + v,+ 1, (37) 
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which is obtained by using equations (33)-(35) in (31) and by assuming 
expected inflation rates are formed rationally. A test of a = 0, � = 1 (the 
null hypothesis) is a test of the equality of expected real interest rates. 
A sample of Cumby and Obstfeld's results is reported here: 

Âp, + 1 - Âp,*- L = 0.028 + 0.503(r - r*), 
(0.01) (0.23) 

United States-Germany; January 1976-September 1981, 

(38) 

where standard errors are in parentheses, the priee terms are consumer 
priee indices, and the interest rates are Eurodeposit interest rates. For 
this equation, and for others reported by Cumby and Obstfeld, the null 
hypothesis of ex ante real interest rate parity is easily rejected. 

Tests of PPP have often involved estima tes of the following equations: 

s, = a  + �p, - �*p,* + <p, 
ÂS, = �Âp, - �*6.p;" + <p,. 

(39) 

(40) 

Thus, a test of equation (39) would be interpreted as a test of absolute 
PPP-the hypothesis th at the leve! of the ex change rate is determined by 
relative priee levels-while a test of equation (40) would be interpreted 
as a test of relative PPP-the proposition that the rate of exchange rate 
depreciation is driven by relative inflation differentiais. Frenkel (1978, 
1981) provided estimates of equations (39) and (40) for the interwar float­
ing experience and for the recent floating experience, respectively. 
Frenkel's interwar estima tes were bighly supportive of PPP; his results for 
a variety of currencies for the recent floating experience were not (PPP 
in both its absolute and relative forms was resoundingly rejected by the 
data). In further tests of PPP for the interwar and recent floating expe­
rience, Krugman (1978) reported estimates of (39) and (40) that were 
large! y unfavorable to PPP (he used a longer sample period for the inter­
war period than Frenkel (1978)). Krugman's results pointed to large and 
persistent deviations of exchange rates from PPP, especially in countries 
with an unstable monetary policy. 

Further evidence against the traditional view of PPP has been pro­
vided by the efficient markets view of PPP, which posits that the real 
exchange rate should follow a random walk. This may be seen in the 
following way. From the Fisher equations, equations (34) and (35), and 
the UIP condition (equation (31)), we have 

(41) 
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and by assuming the expected values in equation (41) are formed 
rationally, we have 

i, - i( = !1p,\ 1 - !1p, + 1 + l:!.s, + 1 + a, +  1 ,  (42) 

where a1 + 1 is the rational forecast error. Th us, if the real interest rate 
differentiai is constant over ti me, the logarithm of the real exchange rate 
should follow a random walk. As is weil known, if a variable follows a 
random walk process, any change in the variable will be permanent, and 
mean-reverting behavior is ruled out. Such a view is disturbing to a 
proponent of PPP, because although few would deny that there are 
shocks that may lead to a change in the real exchange rate in the short 
run, such shocks are generally thought to be temporary phenomena: over 
time the real exchange rate eventually returns ta its equilibrium value. 
The majority of evidence reported so far does in fact favor the efficient 
markets view of PPP (see, for example, Roll (1979), Darby (1980), 
Frenkel (1981), Adler and Lehmann (1983), Mishkin (1984b), and Mac­
Donald (1985a, 1985b)). However, sorne research has led to rejection of 
the hypothesis (see, for example, Cumby and Obstfeld (1984), Frankel 
(1985b), and Frankel and Froot (1986)). 

Further evidence in favor of the efficient market PPP may be gleaned 
from studies that use cointegration analysis (Engle and Granger (1987)) 
to test for mean reversion in the real exchange rate or in the residual of 
an equation (equation (39)). Such studies (see, for example, Taylor 
(1988c)) report a failure of significant mean reversion of the exchange 
rate toward PPP for the recent floating experience (see also Huizinga 
(1987)). In a recent paper, however, Abuaf and Jorion (1990), using 
systems estimation methods in which the first-order autoregressive coef­
ficient of the real exchange rate is constrained to be equal across a range 
of real exchange rates, were able to reject the unit-root (random walk) 
hypothesis. A sirnilar fin ding for the recent float is reported by MacDon­
ald (forthcoming). For the interwar period, the unit-root hypothesis may 
be rejected for the major exchange rates using univariate unit-root tests, 
implying that this period is characterized by long-run PPP (Taylor and 
McMahon (1988) and Taylor (1991b)). 

Otber tests of PPP are more descriptive in the ir nature. Th us, a number 
of researcbers (for example, Dornbusch and Krugman (1976), Dom­
busch (1979), and MacDonald and Taylor (1990)) have sought to gauge 
the validity of PPP by plotting the real exchange rate alongside the 
nominal rate for a number of currencies: if PPP holds, the real exchange 
rate should be independent of the nominal rate. Such plots clearly indi­
cate that bath real and nominal rates are closely tied together. Ali the 
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above studies have utilized aggregate priee indices in their tests of PPP. 
Given that the absolu te PPP condition is sim ply the sum of parity condi­
tions for individual goods, it may be more appropriate to test PPP at a 
disaggregated level. This, in fact, bas been the strategy of Isard (1977), 
Kravis and Lipsey (1978), and Fraser, Taylor, and Webster (1990). Ali of 
these studies reported strong rejections of the PPP hypothesis. 

Of the international parity conditions covered in this section, covered 
interest parity receives fairly strong support from the data, especially 
when it is implemented with Eurodeposit interest rates and data that 
properly reflect the trading opportunities open to arbitrage. A Jess san­
guine conclusion, however, emerges from the discussion of uncovered 
interest parity: UIP is resoundingly rejected for the recent experience 
with floating exchange rates. This conclusion clearly has important impli­
cations for exchange rate models that rely on UIP in their derivation. A 
major challenge facing researchers is to determine whether this failure 
is due to a violation of risk neutrality or a failure of rational expectations. 
Studies that have attempted to capture a risk premium by regressing the 
deviation from UIP on determinants of risk have not been successful, and 
this perhaps suggests that it is the expectations leg of the joint hypothe­
sis that is at fault. lndeed, single hypothesis tests using survey data 
indicate that both components of the null are at fault (see, for example, 
MacDonald and Torrance (1988b)). 

In common with tests of UIP, empirical tests of real interest rate parity 
have most often tended to reject the nu11 hypothesis. Our summary of the 
battery of tests that have been used to test for the existence of PPP 
supports the view that continuous PPP bas not held for the recent floating 
period, while the evidence in favor of long-run convergence of real 
exchange rates toward PPP is at present mixed. Taylor and McMahon 
(1988) produced evidence strongly suggesting that a form of long-run PPP 
may have held during the interwar period. Perhaps the difference in 
performance of PPP between the two periods reflects the grea ter number 
of factors (such as productivity changes) requüing equilibrium real 
exchange rate changes for the recent experience with floating. 

The findings in this section are important sin ce they suggest th at at !east 
three types of international parity conditions used by a number of re­
searchers to build the exchange rate models discussed previously are not 
unequivocally validated by the data. Future modeling should therefore 
be aware of this inconsistency and, at the very !east, should take proper 
account of the time-series properties of UIP and PPP. Proper recognition 
of the limitations of certain parity conditions sbould help to improve our 
understanding of how foreign exchange rates are determined. 
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the domestic priee leve/ under real exchange rate targeting is examined. 
When capital contrais are perfect, so that there is complete separation 
between official and unofficial foreign exchange markets, the domestic 
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transactions between the two markets are permitted, the dornes tic inflation 
rate cannat be stabilized either in the short run or the long run. [JEL E52, 
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the nominal anchor for the priee leve!. Since priee leve! stability remains 
an important macroeconomie goal in such countries, the question natu­
rally arises as to whether the role of nominal anchor _ can instead be 
provided by a policy-controlled financial aggregate, such as the money 
supply. 

In an earlier paper (Montiel and Ostry (1991)), we investigated the 
effects of real shocks on priee leve! stability under real exchange rate 
targeting.1 We found that the stock of domestic credit could not replace 
the exchange rate in the role of nominal anchor under such a regime. 
While the money supply may represent a more obvious candidate for this 
role, our previous paper incorporated the assumption of perfect capital 
mobility, which prevented the authorities from treating the money supply 
as a policy variable. To examine the implications of money supply target­
ing under a real exchange rate rule, we now consider the case in which 
capital controls are imposed, thereby making sterilization feasible, and 
ask whether fixing the money supply can stabilize the priee leve! in 
response to shocks. The analysis Ieads naturally to a consideration of the 
case in which the effectiveness of capital controls is Jess than perfect, and 
we examine the implications of money supply targeting in this case as 
well. We find that using money as a nominal anchor is problematic in 
both cases. 

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

1. The Basic Model Under Capital Controls and No Leakages 

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

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

Real household financial wealth consists of real money balances 
(rn = M IP), plus the real value of foreign securities (vF,IP), Jess the 
real value of loans extended to households by the banking system 
(dp = Dp!P), where P is the domestic priee leve! . To permit it to control 
the domestic money supply, the central bank in this economy refrains 
from engaging in foreign exchange transactions for financial purposes. 
We assume that, as a result of this policy, a parallel foreign exchange 
market emerges in which priva te iodividuals trade foreign exchange at the 
market-determined exchange rate, v .  The central bank continues to 
opera te an official exchange market, however, for ali commercial trans­
actions. Since trade in the official market is limited to commercial 
transactions, interest earnings on foreign securities are converted into 
domestic currency at the parallel market exchange rate. 

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

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

i = i* + v' (1) 

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

rn = L[i* + v ;y(p)]; L1 < 0, L2 > 0, (2) 
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where subscripts denote partial derivatives with respect to the corre­
sponding arguments. For the purposes of this section, we shall assume 
that monetary po licy takes the form of holding the real stock of credit to 
the private sector (dp) constant. 

Under real exchange rate targeting, the authorities continuously ad just 
the commercial exchange rate, denoted by s,  in order to keep the real 
exchange rate (the relative priee of importables to home goods) constant 
at a base period leve!. Therefore, the rate of devaluation of the commer­
cial exchange rate is adjusted according to the difference between the rate 
of inflation of home goods and the foreign currency rate of inflation of 
importables, which we denote as TI* •2 Because the domestic priee index 
is a weighted average of the domestic priee of importables and home 
goods, un der this rule the domestic rate of inflation, denoted by 'lT ,  will 
be equal to the rate of inflation of home goods. Thus, the real exchange 
rate targeting rule can be expressed as 

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

r = i* - TI* + b = b ' (4) 
where b = v ls re presents (1 plus) the premium between the financial and 
commercial exchange rates, b is the proportion al change of b, and we 
have used the previous assumption that r* = O. 

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

y,(p) = ec[y(p) - t , b ,m + bfp - dp] + g,. , (5) 

2 In the absence of terms of trade shocks, 'TT• is the foreign currency rate of 
inflation of traded goods, which will be referred to in what follows simply as the 
foreign inflation rate. 
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where t represents the real value of taxes and where units are chosen 
so that the value of the real exchange rate is unity in the base period.3 
In equation (5), p and fP are exogenous variables, while gn, t, and dP 
are po licy determined. The real mo ney supply, m ,  however, is an endoge­
nous variable. Its behavior over time can be derived from the house­
hold budget constraint. 4 This yields the following expression for the 
accumulation of real money balances: 

rh =  y(p) - t - c[y(p) - t,r* + b, m + bfP - dp'] 
+ r*(bfP - dp) - bdP - Tim - bjP + dP. (6) 

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

rh =  y(p) - t - c[y(p) - t ,  b, m + bfP - dp] - bdP - Tim. (7) 

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

m = L[b + TI,y(p)). 
Solving this expression for the domestic inflation rate, 7r, yields 

TI =  7r(b , m ; p), 'ITt = -1 < 0; 1T2 = liL1 < 0; 

(8) 

'IT3 = -L2y' IL1 > O. (9) 

Finally, equation (9) can be substituted into equation (7), permitting us 
to express the madel as a system of two differentiai equations in b and 
m .  It can readily be shawn, however, that the equilibrium defined by 
rh = b = 0 is unstable (that is, both roots of the system are positive). 
Since m and b are both "jumping" variables, therefore, the system will 
move instantaneously to the steady-state position, rh = b = 0, which 
represents the unique perfect foresight solution.5 

3 We have suppressed the real exchange rate as an argument from the supply 
of nontradables function, since, under the real exchange rate rule, this relat1ve 
priee does not change. 

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

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

m = L['lT,y(p)]. (10) 

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

Yn(P) = 6c{y(p) - t,O ,L['lT, y(p)] + bfp - dp} + 8n 
0 = y(p) - t - c{y(p) - t, 0, L['lT,y(p)] + bfp - dp} 

- '1TL['1T,y(p)]. 

(11) 

(12) 

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

d'!T/dbiNN = -jp /LI > 0, (13) 

where a subscripted number denotes a partial derivative, so that L1 is the 
partial derivative of money demand with respect to its first argument 
(namely, the interest rate), which is negative. The intuition underlying 
equation (13) is that a rise in b raises the real value of the private sector's 
financial wealth and creates an incipient excess demand for home goods. 
To restore market clearing, a rise in the inflation rate, which reduces real 
wealth by lowering real money balances, is required. 

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

d'!T/dblss = -cl[p/[m(1 - e) + c3L.], (14) 

where e is the absolu te value of the interest elasticity of money demand, 
which is taken to be less than unity in the initial steady state. The 
numerator of equation (14) is negative, since a rise in b raises wealth, 
increasing consumption expenditures (c3 > 0) and reducing monetary 
accumulation. The denominator, however, may be positive or negative, 
since the first term, m(1 - e), is positive but the second term, c3 Lt. is 
negative. The sign of the denominator is ambiguous because an increase 



©International Monetary Fund. Not for Redistribution

64 

7t 

PETER J. MONTIEL and JONATHAN D. OSTRY 

Figure 1. Macroeconomie Equilibrium Under Capital Controls 
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Note: p0 is the initial terms of trade defined as the priee of exports relative to 
imports. 

in inflation bas an ambiguous effect on the accumulation of real money 
balances, m. On the one band, an increase in -rr raises the inflation tax 
on the assumption that E < 1 ,  thereby reducing rh; on the other band, 
higher inflation reduces real balances, and bence wealth, which causes 
consumption to decline and saving and rh to rise. For sufficiently inelastic 
money demand, however, the effect of inflation on consumption will be 
dominated by the effect on the inflation tax. This is the assumption 
underlying the negative slope of the SS schedule in Figure 1. 6 

Consider now the effect of an improvement in the terms of trade­
tbat is, a rise in p. An improvement in the terms of trade raises the value 

6 Our comparative statics results with respect to inflation do not, however, 
depend on the assumption that the SS schedule is negative! y sloped. If the slope 
of SS is positive, then the result requires on! y th at SS be steeper th an NN, which 
is assured by previous assumptions. 
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of the marginal product of labor in the exportables sector and causes 
employment to shift from home goods production to export production.7 
In addition, the rise in p raises real income and, bence, the demand for 
home goods. For both reasons, an incipient excess demand for non­
tradables develops, the elimination of which requires a reduction in real 
wealth and, bence, in private spending on ali goods, including non­
tradables. This is brought about by the adverse real balance effect of a 
rise in inflation. Thus, the NN schedule in Figure 1 shifts vertically 
upwards to N'N', with the magnitude of the dis placement given by 

(15) 

Thrning to the SS schedule, a rise in p raises real factor income, y, 
which by itself would tend to raise the rate of money accumulation. How­
ever, it also raises real consumption spending, both directly through the 
marginal propensity to consume, and indirectly by increasing real wealth 
(through a positive real balance effect). In addition, the positive effect 
of an improvement in the terms of trade on mo ney demand increases the 
inflation tax, 'ITL, thereby reducing m. Figure 1 is drawn on the as­
sumption that the marginal saving propensity, [1 - Ct - (c3 + '1T*)L2), is 
positive-that is, the increase in real in come associated with the improve­
ment in the terms of trade raises income net of the inflation tax by more 
than it raises consumption.8 In this case, the SS schedule shifts up to a 
position such as S'S' in Figure 1, by a magnitude that is given by 

d'IT /dplss = y  '[1 - Ct - (c3 + 1T*)L2] /[m(l - E) + c3 Lt] > O. (16) 

As can be seen, the shifts in both curves con tri bute to arise in the inflation 
rate, although they have opposite effects on the parallel market premium. 
Solving for the effects of the terms of trade shock on inflation gives 

d'ITidp = [-y� cJ[P + 6y'ct cJ[p(1 - 'IT*L2)) / [m(1 - E)fp 6c3]. (17) 

The denominator of this expression is positive under our maintained 
assumption that E < 1.  A sufficient condition for the numerator to be 
positive is that 'IT* L2 < 1-that is, that the increase in real income net of 
inflation tax associated with the improvement in the terms of trade is 
positive, a condition that is likely to be satisfied in practice.9 We conclude 

7Tbe fact that y:, < 0 can be rigorously shown by substituting into the output 
supply function the equilibrium real wage as a function of the terms of trade. See 
Khan and Montiel (1987). 

8 Again, our comparative statics results do not depend on this assumption. 
9 Notice th at this condition is equivalent to the requirement tbat the product 

of the share of seigniorage in real income and the income elasticity of mo ney de­
mand be less than unity, something that would be easily satisfied for any plausible 
values of the parameters. 
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that an improvement in the terms of trade rai ses the steady-state inflation 
rate under real exchange rate targeting and no capital mobility. 10 This is 
shown by the movement from point A to point B in Figure 1 .  The pre­
mium, b, will certainly decline for sufficiently inelastic money demand, 
but may increase otherwise. 

ll. Can a Money Supply Rule Stabilize Priees? 

Suppose now that the authorities, anticipating the inflationary effects 
of a shock under real exchange rate targeting, attempt to stabilize the 
inflation rate (that is, set 1r = 1r*) by pursuing a monetary target. Under 
this regime, the nominal money supply continues to grow at the world 
rate of inflation, 1r*. This rule therefore implies 

rh = (1r* - 1r)m.  (18) 

Of course, holding the nominal money supply on this path requires 
abandoning the assumption that the real stock of credit, dP, is constant, 
since credit policy must now be geared to sterilizing the effects of the 
balance of payments on the money supply. Returning to the system 
consisting of equations (5), (6), and (9), the new monetary policy regime 
implies replacing rh by ( 1r* - 1r )m in equation ( 6), with dP now an endoge­
nous variable. Thus, equation (7) is replaced by 

dp = 1r*m - {y(p) - t - c(y(p) - t, b, m  + bfp - dp]} + bdp . (19) 
The new system consists of equations (5), (19), (9), and (18). To 

solve this system, it is convenient to define a variable, w = bfp - dP, 
which represents households' nonmonetary financial wealth. Since w = 
bfp - dP, we cao now rewrite (19) as 

w = y(p) - t - c[y(p) - t ,b ,m + w) + bw - 1r *m .  (20) 

Next, the equilibrium condition for the nontraded goods market 
(equation (5)) can be solved for b, yielding 

b = b(m + w, p), bt = -c3/Cz > 0, 
bz = (y� - ecl y') l(ecz) > o. (21) 

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

10By contrast, under a fixed exchange rate re�me, this shock would lead to a 
real exchange rate appreciation in the mode!, w1th no change in the steady-state 
rate of inflation (see Khan and Montiel (1987)). 
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rh =  {'TT* - 'TT[b(m + w , p), m , p]}m 

w = y(p) - t - c[y(p) - t ,b (m + w,p),m + w] 

- "'T*m + b(m + w, p)w. 
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(22) 

(23) 

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

The immediate implication of this result is that the money supply 
targeting rule considered in this section stabilizes the domestic inflation 
rate at the world rate, 'TT*, even in the face of a terms of trade shock. This 
follows from equation (22), with rh = 0, since 'TT = 'TT*, regardless of the 
value of p. Thus, when capital controls are perfect, a money supply rule 
can indeed stabilize the dom es tic inflation rate un der a real ex change rate 
target. Notice, however, that equations (22) and (23) also imply th at in 
response to a change in p, m and w will, in general, undergo discrete 
changes. Since the rate of growth of the nominal money supply is fixed 
by the rule (19), a discrete change in m can come about either through 
a jump in the domestic priee leve! or through a once-for-ali change in the 
stock of credit, dp, to accommoda te the impact of the terms of trade shock 
on the real demand for money. Thus, a jump in the priee leve! can also 
be avoided under this rule if credit policy is accommodative. 

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

dm/dp = -mc3[y '(l - wL21L1) - y�/6]/(c2 �) > 0 (24a) 

d(m + w) !dp = -m[y'(l - L2"1T*) - y�/6 

+ (w - Lt "'T*)(y� - 6cty')/(6c2)]/(�Lt) < 0, (24b) 

where � = -mc3('TT* - w/L1)1c2 > 0 is the determinant of the system 
(equations (22) and (23) ). Th us, the favorable terms of trade shock results 
in an increase in the real demand for money, the accommodation of which 
requires a once-for-al! expansion of credit to prevent a discrete fall in the 
domestic priee leve!. At the same time, the free exchange rate must 
undergo a discrete appreciation. This follows from the result in equation 
(24b) that real wealth falls. Since m + w = m + bfp - dp, and since 
credit-financed changes in m leave m - dP unchanged, the exogeneity 
of fp under perfect capital controls implies that m + w cao fall only 
through a reduction in the premium, b. 

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

db/dp = [y'(l - L2'TT*) - y� /6]/(L1 'TT* - w) < O. (25) 

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

Under real exchange rate targeting, then, the only way that a perma­
nent wedge between the domestic and foreign real interest rates can 
emerge is with an ever-widening gap between the commercial and finan­
cial exchange rates (that is, b =F 0).11 While this may be sustainable in the 
short run, it is unlikely to be so in the long run, when an ever-widening 
gap between the two exchange rates would create unbounded incentives 
to engage in cross transactions between official and unofficial markets. 
We now examine whether monetary targeting can effectively stabilize the 
priee leve! when capital contrais are less than perfect. 

III. The Model with Leakages 

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

1 1  In this case, b must be negative, implying an appreciation of the financial 
exchange rate relative to the (fixed) commercial exchange rate., Notice also that, 
sin ce w = bfp - dp is constant and fp is exogenous, the fact th at b < 0 implies th at 
èi.P < O. This perpetuai credit contraction, resulting from the need to sterilize 
permanent! y the current account surplus induced by the favorable terms of trade 
shock, is in effect what causes the continuai pressure on the financial exchange 
rate to appreciate. 
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financial and commercial exchange rates. In this section, we incorporate 
such leakages between markets in the simplest way possible. We make 
the convention al assumption that when the financial exchange rate, v ,  is 
depreciated (appreciated) relative to the commercial rate, s-tbat is, 
b > 1 (b < 1)-arbitrage flows are created between tbese two markets. 12 
Thus, inflows into the parallel market will be an increasing function, 
k( . ), of the premium, b - 1: 

� = k(b - 1) + i* F,, k(O) = 0, k'(O) > 0, (26) 

where the second term in (26) represents interest earnings on holdings 
of foreign securities (which we bave aJready assumed to be exchanged 
tbrough the parallel market). Using the definition of the real value of 
foreign securities, [p, we can rewrite equation (26) as13 

ip = k(b - 1). (27) 
Thus, given the properties of the k ( . )  function, it is clear that when 
b = 1 ,  sa that there is no premium, inflows into the parallel market in 
the form of interest earnings are just sufficient to offset the erosion in the 
real value of foreign securities due to foreign inflation, as in the last 
section. When b > 1,  however, households are able to direct foreign 
exchange into the free market, implying that jP is positive. Increases i!l 
b further increase inflows into this market. Conversely, when b < 1 ,  [p 
is negative as individuals find it profitable to sell in the official market 
foreign exchange acquired in the unofficial market. Although inflows are 
negative in this case, they become Jess negative as b rises toward unity, 
so that k( . ) is still an increasing function as stated in equation (26). 

Consider now the regime of Section 1 in which the authorities keep the 
real stock of credit, dP, constant. The internai balance condition contin­
ues to be given by equation (5), which can be solved for b as a function 
of b,  fP, and m:  

b = ct>(b , fp.  m ), ct>. = -!P c3/c2 > 0; 
cf>2 = -c3/c2 > 0; cf>3 = -c3/c2 > O. (28) 

A rise in b, [p, or m raises real priva te holdings of financial wealth and 
creates an excess demand for home goods, the elimination of which 
requires a rise in the domestic real interest rate and, bence, in b .  

Substituting equation (28) and the definition of v into the money 
market equilibrium condition (equation (2)) and solving for 1T gives 

1T = w(b , [p, m), w1 = [pc3/c2 < 0; 

w2 = c3/c2 < 0; w3 = c3/c2 + liL. < O. 
12 See, for example, Guidotti (1988) and Bhandari and Yégh (1990). 13 Recall the assumption, i* = 1r•. 

(29) 
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A rise in b or fp raises the domestic interest rate, thereby lowering 
mo ney demand and crea ting ex cess supply in the mo ney market. Equally, 
a rise in m creates an excess supply of real balances. In ali three cases, 
therefore, a fall in the inflation rate, 1r, is required to resto re money 
market equilibrium. Substituting equations (26), (28), and (29) into the 
private sector's budget constraint and setting dp = 0 gives the following 
expression for rh: 

rh =  y(p) - t - c[y(p) - t, cf>(b , fp , m), m + bfp - dp] 

- w(b , fp, m)m - cf>(b , fp, m)dp - bk(b - 1) 
= 'l'(b , fp,m), \111 = -k' - Rjpc3/c2; 

'1'2 = -Rc3/c2; 

\113 = -Rc3/c2 - (1 - e.)m/L17 (30) 

where R = (m - dp) represents the central bank's holdings of foreign 
exchange reserves, which are assumed to be positive. 14 Under the as­
sumption that e. (the absolute value of the interest elasticity of money 
demand) is less than unity, '1'1 is ambiguous in sign (since k' > 0), but '1'2 
and '1'3 are both positive. 15 Equations (27), (28), and (30) form a three­
equation dynamic system in b ,  fp, and m.  The trace of the ma tri x asso­
ciated witb this dynamic system is equal to <1>1 + '1'3, which is positive, 
implying that not ali the roots of the system can be negative. The deter­
minant of the matrix associated with the dynamic system is equal to 
-m(l - e.)k'c3/(c2L1), which is negative, implying that the number of 
negative roots must be odd. From these two facts, it follows that the 
matrix associated with the dynamic system possesses exactly one negative 
and two positive roots. Recalling that the system possesses a single 
predetermined variable, (fp), it follows that the equilibrium defined by 
jP = b = rh = 0 is a saddlepoint. 

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

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

14 If the central bank ex tends credit to the government, m - dp is reserves plus 
credit to the government; in either case, m - dp is positive. 

15 As mentioned previously, ali results are evaluated around an initial steady 
state with b = 1 .  
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now determines the leve! of priva te wealth, m + bfp - dP. With b and JP 
reaching constant values (equation (27)), and with monetary policy hold­
ing dP constant, it is clear that internai balance requires m to be constant. 
Therefore, the private sector budget constraint (equation (6)) may be 
written as in Section 1 above with rh = b = jP = d.P = O. It follows that 
the steady state of the system is formally identical to the one analyzed 
in Section I (given specifically by equations (11) and (12) above). Because 
b and fP enter the steady-state mode) only multiplicatively, the solutions 
for bfP and TI will be identical in this section with those in Section I. The 
only difference between the models is that, rather than determining TI and 
b as in Section 1, the system now determines the steady-state values of 
TI and /p. In particular, under the domestic credit rule, d.P = 0, the 
steady-state response of the rate of inflation to a terms of trade shock is 
the same in the model witb leakages as in the model without. 

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

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

To analyze the consequences of monetary targeting in the presence of 
leakages, we again assume that the authorities adopt the money supply 
rule (18). To derive the required rate of credit expansion, substitute (18) 
in (6) as before, and solve for d.P without, however, setting jP = 0 in this 
case. The resulting credit policy is given by 
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d.P = 1r*m - {y(p) - t - c[y(p) - t, b, rn + bfp - dP]} 

+ bdp + bjp, (31) 

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

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

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

The economies underlying this result are straightforward. In brief, the 
presence of leakages implies that in the long run the economy effectively 
exhibits perfect capital mobility. Changes in the stock of credit will not, 
therefore, affect the real money supply. Instead, since the system deter­
mines an equilibrium value of the stock of real nonmonetary assets, w ,  
changes in dP will simply be offset by corresponding changes in fP, just 
as in our previous mode!, and monetary policy will be powerless to alter 
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the economy's steady-state inflation rate. The only steady-state solution 
of the system, therefore, is that of the previous section, with 1r > 1r* in 
response to a permanent improvement in the terms of trade. Money 
supply targeting cannot provide an alternative nominal anchor in this 
case, simply because monetary policy cannot control the money supply 
in the long run in the presence of leakages. 

Suppose, however, that, in full awareness of this result, the authorities 
nevertheless respond to a terms of trade shock by temporarily supple­
menting their real exchange rate target with capital controls and a money 
supply target, intending to abandon such controls at sorne future date. 
Could such a po licy, while it is in place, succeed in stabilizing the domestic 
inflation rate at the world rate 1r*? 

This question is addressed in Figure 2. Setting rh = 0 in equation (22) 
and w = 0 in (23) yields the dotted loci labeled with the corresponding 
conditions in Figure 2. Along the rh = 0 locus, the domestic rate of 
inflation, 1T, equals the world rate, 1r*, so th at with the target growth rate 
of the domestic money supply set equal to 1r*, the real money supply is 
unchanged. Along the w = 0 locus, real household nonmonetary finan­
cial wealth is unchanged.16 The relative slopes of these loci follow from 

dmldw l .v = o = (-wc3/c2)/(1T* + wc3/c2) 

< dmldwlm = O = (-c3/c2) /(c3/c2 + 1 /Lt) < O. (32) 

A favorable terms of trade shock in a context of real exchange rate and 
monetary targeting causes the w = 0 locus to shift to the left. 17 The rh = 0 
locus may shift in either direction, but in any case will intersect the new 
w = 0 locus (labeled w' = 0) to the northwest of point B, so that the 
intersection of the two loci corresponds to a lower value of w and higher 
value of m ,  say at point C. This follows from equations (24a) and (24b) 
in Section II, and corresponds to the perfect foresight equilibrium in the 
absence of leakages between markets. 

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

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

17The magnitude of the shift is given by 

dw/dpl . = [y'(l - wc,/c2) - y�/9(1 - w/c2)] /(wc3/c2) < O. w - 0  
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wealth,m + w, whichforconveniencewewillcall a (that is,a = m + w). 
Each member of this family has a slope of -1,  and one such member, 
denoted DE, is indicated in Figure 2. Another such locus, corresponding 
to a higher value of a ,  passes through the initial equilibrium at A,  while 
yet a third, with the lowest value of a ,  passes through C. The relationship 
between the value of a at C and its initial value at A is derived in equation 
(24b). lt is also possible to show that, once capital contrais are aban­
doned, the long-run equilibrium value of a,  which we refer to as a* , will 
settle somewhere between its value at C and at A-that is, the long-run 
free capital mobility equilibrium must be along a locus such as DE.18 

To see how the economy gets from A to its long-run position along DE 
in the presence of leakages, notice that, along a perfect foresight path, 
neither the premium, b, nor the aggregate priee leve! can be expected to 
rn ove discontinuously, since this would crea te arbitrage opportunities 
among assets or across time. The implication of th�s is that household 
wealth cannat jump at the instant that capital controls are abandoned­
that is, the perfect foresight path must move the economy on to the locus 
DE at that instant.19 On impact, then, the economy must move into a 
region in the m-w plane, from which it can reach DE at the appropriate 
instant. Notice that both m and w can jump to the perfect foresight pa th, 
as in Section II. Because the nominal values of the stocks of money, 
foreign assets, and credit are ali predetermined, these jumps must come 
about through changes in the premium, b, and in the aggregate priee 
level. From such an initial point, the dynamics of the system must obey 
the directional arrows indicated in Figure 2, which are derived with 
reference to the rh, = 0 and w' = 0 loci, sin ce these govern the system 's 
dynamics until capital controls are abandoned. 

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

18This can be shown as follows. Totally differentiating equation (5) uncjer the 
assumption of perfect capital mobility, so that b = 1 (and therefore b = 0), 
we have d(m + w) ldp = (y� - acly')lac3 < O. Comparing this ta the result in 
(24b) shows that the reduction in m + w is smaller under perfect capital mobility 
than under perfect capital contrais. 

19 Since m + w cannot jump at the moment th at contrais are abandaned, equa­
tion (5) implies that b also cannot ebange dîscantinuously. 
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Figure 2. Dynamics Under Temporary Capital Controls 
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faU, while to reach points to the right, b has to rise. Points that are 
simultaneously below the b = 1 and DE loci, such as J,  cannot be on a 
perfect foresight path, because such points are characterized by b < 1 
and m + w < a*. The latter implies, from equation (21), that b < 0, so 
b is unable to reach its final value of unity when controls are abandoned 
without undergoing a discrete upward jump, an event that we have 
previously ruled out. Similarly, points simultaneously above both loci, 
su ch as K, have b > 1 and m + w > a*, so b > 0, and the sa me problem 
arises (except that a discrete drop is required in this case). Finally, it can 
be shown that the locus DE cannot be reached from points above DE and 
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rh' = 0, but below b = 1,  such as L.20 It follows that on impact the 
economy must jump to a position below rh' = 0, and between the loci 
b = 1 and DE, to a point such as M in Figure 2. From M, the economy 
must follow a pa th such as the one indicated in the figure, reaching a point 
such as Non the locus DE at the instant capital contrais are abandoned. 

The relevant observation about this pa th for our purposes is that along 
MN, the real mo ney supply is continuously falling. Since, from equation 
(22), this implies that 1r > 1r"' along MN, it follows that targeting the 
growth rate of the money supply at its preshock level succeeds neither in 
stabilizing the priee level-which jumps on impact-nor the rate of 
inflation, which remains above the world rate even as the domestic money 
supply is targeted to grow at the world inflation rate, 1r*, by continuous 
sterilization with capital contrais. Moreover, it can also be shawn (see 
Montiel and Ostry (1991)), that the steady-state domestic inflation rate 
remains above the world rate when capital contrais are eventually aban­
doned. It follows, then, that in the presence of leakages, targeting the 
money supply fails to stabilize the rate of inflation over aH time horizons. 

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

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

20 Above the m' = 0 locus, the directional arrows in Figure 2 imply that m is 
increasing, which from equation (22) implies that 'TT < 7r*. As shown in Montiel 
and Ostry (1991), we know that when capital controls are ultimately abandoned, 
say at time T, the rate of inflation 7r(T) will be above the world rate, 7r*, which 
implies that above m' = 0, 'TT < 7r(T). Summing equations (22) and (23) gives an 
expression for a, which is decreasing in 1r (un der our maintained assumption th at 
money demand is interest inelastic). Since real wealth is constant in the absence 
of capital controls, it follows that â:(7r) = 0 for 1r = 7r(T), and, sioce â:(7r) is a 
decreasing function, it follows tbat for values of 'TT < 7r(T) (such as at point L in 
Figure 2), â > O. To sum up the argument th us far, â: must be positive for ali points 
in the indicated region-that is, above m' = 0 and DE, but below b = 1. How­
ever, in order to reach DE from a position in the indicated region, a has to be fall­
ing, so â < O. We conclude, therefore, that it is not possible to reach the locus 
DE, along which the equilibrium at time T must lie, from a position in the 
indicated region. 
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a contractionary credit policy in order to keep the growth of the money 
supply at its targeted leve! . Because domestic credit and foreign currency 
assets are taken to be close substitutes, continuous credit contraction will 
result in a continuous appreciation of the parallel exchange rate while 
capital controls remain in place. 

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

V. Conclusion 

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

The paper theo examined whether monetary targeting could effec­
tively stabilize the inflation rate when these incentives for cross transac­
tions create leakages between official and unofficial markets for foreign 
exchange. Our finding once again was that using money as a nominal 
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anchor for the priee level is problematic. Although the mode! with cross 
transactions did not have the problem of a continuously growing gap 
between official and unofficial exchange rates in the steady state, and 
bence avoided sorne of the difficulties that were inherent in the madel 
with perfect capital controls, our conclusion was nonetheless that a 
mo ney supply rule could not prevent the emergence of inflation when the 
economy was subjected to a permanent terms oftrade shock. The reason 
was simply that, in the presence of Ieakages, the long-run behavior of the 
economy must be identical to that of an economy without any capital 
controls-that is, with perfect capital mobility. Since, under perfect 
capital mobility, changes in the stock of credit cannat affect the real 
money supply, so too in the mode! with leakages, the. money supply 
becomes endogenous and, bence, cannat be used as a nominal anchor for 
the domestic priee level. In addition, however, the paper showed that if 
capital contrais are used temporarily to target the rate of growth of the 
money supply, a monetary rule would still fail to stabilize the rate of 
inflation, even in the short run. To conclude, then, this paper finds little 
support for the view that a money supply rule can stabilize the inflation 
rate when the authorities target the real exchange rate. 
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Collapse of a Crawling Peg Regime 

in the Presence of a Government 

Budget Constraint 

MIGUEL A. SAVASTANO* 

The dynamics of the collapse of a crawling exchange rate in the presence 
of an explicit link between the fiscal deficit and domestic credit is investi­
gated. Such an exchange rate regime is generally characterized by two 
potential steady-state equilibria, which introduce an ex ante indeterminacy 
in the timing and magnitude of a speculative attack on international re­
serves in the presence of a sustained inconsistency between the country's 
fiscal and exchange rate policies. The paper discusses the conditions that 
define the actual timing of the regime's breakdown. [JEL F31, F41] 

FOLLOWING THE pioneering studies of Salant and Henderson (1978) 
and Krugman (1979), the recent literature on balance of payments 

crises has analyzed extensively the conditions under which a fixed or 
otherwise managed exchange rate regime will collapse. 1  According to 

* Miguel A. Savastano, an Economist in the Exchange and Trade Relations 
Department, was previously an Economist in the Western Hemisphere Depart­
ment. He holds a Ph.D. from the University of California at Los Angeles. 

This paper is based on the second chapter of the autbor's doctoral dissertation. 
He is grateful to Charles Adams, Sebastian Edwards, Javier Hamann, Arnold 
Harberger, G. Russell Kincaid, Axel Leijonbufvud, Paulo Neuhaus, and Peter 
Quirk for helpful comments. 

1 See, for example, the studies by Flood and Garber (1984), Connolly and 
Taylor (1984), Garber (1 985), Obstfeld (1984, 1986b), Dornbusch (1987), Wyp­
losz (1986), Blackburn (1988), and Willman (1987). Additionally, almost ali of 
the recent literature on portfolio models applied to developin� countries analyzes 
the consequences of a collapse of the official exchange rate m the presence of a 
parallel currency market; see, for instance, K.iguel and Lizondo (1986) and 
Edwards (1988, 1989). 
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these models, expansive domestic credit policies that create a persistent 
deficit in the balance of payments will inevitably Iead to a speculative 
attack on the central bank's stock of international reserves. The precise 
timing of the attack is determined by the speculators' rational anticipa­
tion of the regime's collapse, the policies they expect the central bank to 
follow after the run, and the requirement that no unplanned discrete 
jump in the exchange rate occur at the transition. 2 A co mm on assumption 
of these studies is the exogeneity or invariance of the rate of growth of 
domestic credit. This feature allows them to nail dawn agents' expecta­
tions and to obtain a unique and well-defined stationary equilibrium in 
the post-attack exchange rate regime. Specifically, these models obtain 
the well-known sustainability condition for an open economy that follows 
an active domestic credit policy: in the steady state, the rate of depre­
ciation of the exchange rate will be equal to the (unchanged) rate of 
creation of domestic credit. 

However, by treating domestic credit expansion as the fundamental 
and invariant variable driving the speculative attacks, these models ob­
scure the fiscal forces that are usually behind the breakdown of managed 
exchange rate regimes. In fact, if it is assumed, instead, that domestic 
credit policies are ge a red to the financing of the fiscal deficit, sorne of the 
features and predictions of the standard models of balance of payments 
crises are altered substantially. For instance, it will no longer be correct 
to assume that the rate of growth of domestic credit remains invariant 
after the speculative attack takes place. If the unsustainable credit poli­
cies are directly related to an increase in the fiscal deficit, the decline in 
the demand for domestic mo ney balances that characterizes the transition 
to the post-attack equilibrium will prompt an upward adjustment in the 
growth rate of domestic credit (to the leve! determined by the higher 
expected rate of depreciation), in arder to finance the larger borrowing 
requirements of the public sector. 

Considering explicitly the linkage between credit and fiscal policies in 
these models also gives rise to the possibility of obtaining two potential 
stationary positions at which the fiscal deficit is financed by the inflation 
tax, and the balance of payments is in equilibrium. This steady-state 
feature, in turn dependent on the assumed existence of an inflation­
revenue Laffer curve, is common to aU the models that include a financing 
constraint for the governrnent, and bas been studied in detail for the case 
of a closed economy.3 However, its extension to an open economy with 

2By definition, market-determined exchange rate regimes are not subject to 
such "surprises" in official rate setting . 

3 Following the study by Cagan (1956), Sargent and Wallace (1981, 1987), Evans 
and Yarrow (1981), Liviatan (1983), Dornbusch and Fischer (1986), Bruno and 
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a managed exchange rate is not trivial, because the possibility of tempo­
rarily eliminating a given monetary disequilibrium through !osses of 
international reserves changes the dynamic adjustment of the system. 

In particular, in this case the re-attainment of a stationary equilibrium 
will coïncide with a speculative attack on the central bank's foreign 
exchange holdings, the timing of which will depend on the public's 
expectations regarding monetary and exchange rate policies. Whether 
the economy will end up at an equilibrium with high or low inflation will, 
thus, depend heavily on the government's ability to commit credibly to 
certain policies during the transition period. 

Potentially, this framework can be extended further to analyze the 
interaction of fiscal and monetary policies with tax and tariff reforms in 
stabilization programs under managed exchange rates. For instance, the 
framework can be used to illustrate how a sustained disinflation would 
reverse the erosion of conventional tax yields and, thus, reduce the dis­
tortions stemming from an intensive use of the inflation tax; or how an ti­
inflation policies cao be reinforced by opening up the economy to imports 
and to sustainable foreign financing. The mode! derived in this paper, 
however, does not incorpora te ali of these factors, si nee it assumes that 
the economy is already fully open, tax proceeds are exogenous, and 
externat financing is unavailable. 

The mode! and its steady-state properties are presented in Section 1. 
Section II illustrates the effects of an inconsistency between the stance 
of fiscal and ex change rate poli ci es and derives expressions for the exact 
timing and magnitude of the two potential speculative attacks. Jt also 
discusses sorne ways in which the ex ante indeterminacy of the stationary 
equilibrium reached after the attack can be resolved. Finally, Section III 
summarizes the po licy implications of the mode! and relates them to the 
recent literature on the sustainabilîty of alternative exchange rate 
regimes. 

1. A Portfolio Model of a Crawling Peg Regime 

This section will discuss the effects of iotroduciog a financing constraint 
for the government in a continuous-time portfolio mode! of a small open 
economy with a crawling exchange rate. Let the nominal exchange rate 
be denoted by E, and the rate of crawl, by 1r (that is, 1r = ËIE, where 

Fischer (1987), and others have discussed the stability properties of the two 
stationary equilibria for the inflation rate in a closed economy. Kharas and Pinto 
(1986) extended this tine of analysis to an open econqmy with a dual and implicitly 
floating exchange rate regime. 
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a dot over a variable represents its derivative with respect to time). In the 
tradition of portfolio models, it will be assumed that domestic residents 
allocate their wealth between two non-interest-bearing assets: domestic 
money, M-held only by the nationals of the country-and foreign 
mo ney, f. 4 The nominal stock of priva te wealth of the economy will th en 
be 

A =  M + Ef. (1) 

The fraction of wealth held as domestic money, X., is assumed to be a 
decreasing function of the expected rate of depreciation. Provided that 
the public has rational expectations-equivalent to perfect foresight in 
this deterministic framework-this equals the actual rate of depreciation, 
TI .  Thus, the demand for domestic money balances can be expressed as 

(2) 

where rn = M 1 E and a = A 1 E are the desired stock of domestic mo ney 
and the stock of private wealth expressed in terms of foreign currency. 
Dividing equation (1) by the exchange rate, E, and substituting in equa­
tion (2), the portfolio equilibrium condition may also be written as 

(3) 

On the supply side, ignoring the existence of a banking system, the 
nominal money stock at any point in time will be determined from the 
balance sheet of the central bank as the sum of the outstanding stock of 
domestic credit, D, and the domestic currency value of international 
reserves, ER: 

M = D + ER. (4) 

The evolution over time of this aggregate will, in turn, depend on the 
behavior of each of its components. ln particular, if it is assumed-as is 
customary in open economy models-that the central bank does not 
monetize the changes in the domestic currency value of international 
reserves that arise from the continuous depreciation of the exchange rate 
in a crawling peg regime, the flow money supply will be given by5 

• This is a simplifying assumption of ali the currency-substitution portfolio 
models that use the framework developed by Calvo and Rodriguez (1977). See, 
for example, Connolly and Taylor (1984 ), Kiguel and Lizondo (1986), Kharas and 
Pinto (1986), Khan and Lizondo (1987), and Edwards (1988, 1989). 

5The assumption that the central bank sterilizes the capital gains stemming 
from its exchange rate policy implies that the nominal money stock at any point 
in time will be given by 

M, = D, + E,R, - r R,É.d, 
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M = b + ER. (5) 

In this context, the inclusion of a financing constraint for the govern­
ment imposes sorne restrictions on the evolution of domestic credit. 
Specifically, in the absence of alternative financing sources, the particular 
leve! of the fiscal deficit, d, will determine the rate of domestic credit 
expansion; that is 

d = (g - t) = DIE, (6) 

where g and t are, respective! y, the levels of government expenditures and 
tax revenues expressed in terms of foreign currency.6 

The behavior of the second component of the money supply will be 
dictated by the overall result of the balance of payments, and can be 
expressed as 

R = CA - j, (7) 

where CA stands for the current account balance in foreign currency, and 
j represents the capital account. 7 Notice th at the second term of equation 
(7) will be positive only if there is an expected change in the rate of 
depreciation; in that case, the public's accumulation of foreign money 
balances will contribute to the drainage of international reserves and 
accelerate the timing of the speculative attack. 

From equations (1), (3), (5), and (7), one can obtain an expression for 
the evolution over time of the real stock of private domestic wealth: 

a = CA + DIE - m'TT, (8) 

where m'TT cao be interpreted as the authorities' proceeds from the 
inflation (depreciation) tax. However, according to these models, for a 
given set of domestic policies the public will carry out the necessary 
adjustments so that it always maintains its portfolio of assets in equi-

Equation (5) is then obtained by taking the time differentiai to this expression. 
For an alternative assumption, see Cumby and van Wijnbergen (1989). 

6Most of the studies on "passive" monetary policy have modeled the linkage 
between the fiscal deficit and the rate of money creation by means of the closed 
economy counterpart of equation (6); see Auernheimer (1983), Evans and 
Yarrow (1981), and Bruno and Fischer (1987). However, the use of this type of 
constraint for the case of an open economy requires two qualifications: first, 
monetary policy is restricted to domestic credit policy; and second, as noted in 
the text, it must be assumed th at foreign and domestic borrowing are not available 
for the country in question. For an analysis of speculative attacks when the 
government is able to borrow, see Obstfeld (1986a) and Buiter (1987). 

7 Adding more structure to the real sector of the mode! by specifying, for 
instance, the consumption and production functions for tractable and nontradable 
goods and the behaviOr of the real exchange rate cao be done easily. However, 
leaving the mode! at this leve! of aggregation will suffi ce to highlight the problem 
under analysis. 
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librium. Once this position is achieved, the stock of private wealth will 
remain constant (that is, a = 0), and equation (8) will become 

- CA = DIE - m1r = d - m1r. (9) 

Notice that assuming that agents hold their desired portfolios does not 
imply that the economy bas reached a stationary position. In fact, a situ­
ation of flow equilibrium in the assets market is, in principle, consistent 
with the presence of a current account deficit (if the government deficit 
is larger than the proceeds from the inflation tax) or a current account 
surplus (in the opposite case). Since neither of these situations is sustain­
able in the long run, an additional condition has to be fulfilled for this 
system to reach a steady state, namely (from equation (9)), that the 
current account be in equilibrium (CA = 0). This, in turn, requires that 
the fiscal deficit be fully financed by the revenues from the inflation tax. 

The precise implications of the condition derived above can be made 
more clear once one considers the particular way in which the inflation 
tax is collected in this mode!. The assumption that the central bank does 
not monetize capital gains arising from the continuous revaluation of its 
international reserves restricts the government to collecting inflationary 
revenue only from the fraction of the money supply that is backed 
by domestic credit. Calling this fraction -y ('Y = D 1 M), and rewriting 
equation (9) yields8 

-CA = (e - 1r)"Ym, (10) 

where e = b 1 D is the rate of growth of domestic credit. 
From equation (10) it is now evident that a stationary equilibrium will 

require that the growtb rate of domestic credit equal the rate of depre­
ciation of the currency (e = 1r). In principle, this condition is equivalent 
to the one obtained in those models where the central bank sets an 
invariant rule for the creation of domestic credit independently of the 
stance of fiscal policies (see, for instance, Connolly and Taylor (1984) and 
Dornbusch (1987)). However, the requirement in this case that the fiscal 
deficit be permanently financed (equation (6)) significantly alters the 
nature of the adjustment process toward the steady-state solution. 

8 Althougb this assumption has been adopted consistently by almost ali port­
folio models since the early developments of the monetary approach (Johnson 
(1972)), the empirical studies on seigniorage collection have not distinguished the 
different implications of alternative rules regardin� the sterilization of capital 
gains (see, for instance, the estimates presented m Fischer (1982)). Indeed, 
although the same equilibrium condition would be obtained if it were assumed 
tbat the central bank monetizes the changes in valuation of international reserves, 
the empirical computation of the inflation tax would be different under the two 
ru! es. 
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Because of this financing requirement, in general, there will be two 
different growth rates of domestic credit that will satisfy the condition for 
stationary equilibrium. In effect, the properties of the inflation-tax Laffer 
curve implicit in the most common specifications of the demand for 
money balances will allow for the possibility of collecting the same level 
of revenue from two different rates of inflation (depreciation).9 

Moreover, once the government financing constraint is included, sorne 
features of the temporary equilibrium of the mode) will be modified. In 
order to be in this position, the economy will now have to satisfy simul­
taneously equation (10)-flow equilibrium in the assets market-and 
equation (6). In particular, if it is assumed, as is common in the literature, 
that the demand for domestic money balances is of the semilogarithmic 
(Cagan) form-�('1T) = �e-"'"-equation (6) can be rewritten as10 

d = 6-yÀ exp( -cm)a ,  (11)  

and, from equation (9), the expression for the temporary equilibrium of 
the system will be given by 

-CA = d - 'lT-yÀ exp( -<m). (12) 

The situation just described is illustrated in Figure 1 .  The sustainability 
condition implicit in equation (10), 6* = 'IT*, is shown as the 45-degree 
line, and the budget financing constraint (equation (11)), where the 
economy should always be Iocated, is represented by the schedule dd. 
The size of the fiscal deficit, d, the leve! of private wealth, a , and the 
initial share of domestic credit in the money supply, -y0, will determine 
the intercept of the dd curve on the horizontal axis. If agents hold their 
desired portfolios, at every point on dd and below the 45-degree li ne (that 
is, at every point where 6 > '1T), the economy will be in a temporary 
equilibrium, experiencing a continuous Joss of reserves due to a deficit 
in the current account; at every point above that Iine, the economy will 
be running a persistent external surplus. In the long run, however, the 
stationary equilibrium condition requires that both the growth rate of 
domestic credit, 6, and the rate of depreciation, 'IT, adjust to one of the 

9This result was first obtained by Cagan (1956) and bas been analyzed in detail 
for the closed economy case in the litera ture (see footnote 3). Notice, however, 
that an inflation-tax Laffer curve cannot be obtained from sorne functional forms 
of the demand for money, such as the hyperbolic function, X.(1r) = a.l(a. + 1r). 

'0The necessary condition for the qualitative results that follow is that the unit 
inflation-tax Laffer curve \(1(1r) = 1rÀ(1r) is concave in 1r and bas a global maxi­
mum where the inflation elasticity of the demand for money equals unity. The 
Cagan specification is one possible functional form that sat1sfies this condition 
and bas been assumed because of its tractability. 
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Figure 1 .  Potential Equilibria with a Government Budget Constraint 

1t 

0 e 

two points of intersection of the budget constraint with the sustainability 
li ne. 

The figure also shows clearly that there is a lirnit to the size of the 
budget deficit that can be financed with inflationary revenue. This limit 
is given by d*, the financing of which requires maximizing the inflationary 
tax by setting the rate of depreciation equal to the inverse of the inflation 
semi-elasticity of the domestic mo ney demand (1 /a). 11 If the actual deficit 
is larger than d*, no steady-state equilibrium will exist. For any other 
leve! of the budget deficit, however, the re will be two possible steady­
state positions, one at a low rate of depreciation (point A) and the other 
at a high rate of depreciation (point B). 

11 This is the well-known condition for maximizing inflationary revenue in a 
nongrowing economy derived by Cagan (1956) and Friedman (1971). 
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It is important to emphasize that in a managed exchange rate regime 
like this, the economy may remain for sorne time at any point on the dd 
schedule that is different from the two stationary equilibria. In fact, if the 
temporary equilibrium condition (equation (10)) is satisfied, the diver­
gence between the government's financing reqüirements and its collec­
tion of inflationary revenue will be reflected in the current account, 
without any need for a continuous change in the rate of depreciation. This 
implies that the dynamic adjustment of this system differs significantly 
from that presented in the literature on dual inflationary equilibria in 
closed economies (see footnote 3). In particular, in this case the econ­
omy's transition toward one of its steady-state positions will not be 
graduai and will not depend on the local stability properties of the two 
potential equilibria. Instead, the movement toward steady-state equi­
librium will be abrupt and will coïncide with the collapse of the managed 
exchange rate regime. As will be seen in the following section, the factors 
determining whether this collapse will take the economy to the stationary 
equilibrium corresponding to the high or to the low rate of depreciation 
will depend crucially on the public's expectations about the future actions 
of the country's authorities. 12 

II. Inconsistent Fiscal Policies 

As mentioned before, the inclusion of a financing constraint for the 
government in a portfolio mode! of an open economy highlights the role 
that fiscal policies commonly play in the breakdown of a managed ex­
change rate regime. In contrast to the usual assumptions in the literature 
on balance of payments crises, the mode! derived in Section I permits one 
to relate the presence of an unsustainable domestic credit policy direct! y 
to an inconsistency between the size of the fiscal deficit and the chosen 
exchange rate po  licy; moreover, the need to restore the consistency 
between these policies is precisely what explains the collapse of the 
exchange rate regime. However, as this section will show, the existence 
of two different rates of depreciation at which such consistency cao be 
restored introduces a potential indeterminacy with respect to the timing 
and magnitude of the speculative attack. 

12 Notice that the dynamic adjustment of the economy to exogenous distur­
bances in the post-collapse floating exchange rate regime will be driven by the 
same stability conditions as those obtained in the aforementioned closed econ­
omy models; that is, under the assumption of rational expectations, the high­
depreciation equilibrium will be stable, and the low-depreciation equilibrium, 
unstable. 
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Figure 2. Fiscal Expansion in a Crawling Peg Regime 

e, e 

In arder to ilJustrate this feature of the mode!, let us assume an 
economy with a crawling exchange rate whose initial position is one of 
steady-state equilibrium with a relatively low rate of depreciation. Thus, 
the economy will be located at a point such as A in Figure 2, with a rate 
of growth of domestic credit, 60, and a rate of depreciation, 1r0. Now 
suppose that the government decides to increase its real expenditures, g, 
without implementing a corresponding increase in taxes, while the cen­
tral bank main tains unchanged the rate of depreciation of the currency .�3 
From equation (11), this increase in the fiscal deficit (from ël to, say, d) 
will require an immediate upward adjustment in the rate of expansion of 

13This behavior of the central bank implies eitber that it maintains its previ­
ously announced rate of crawl or that it follows sorne sort of backward-looking 
adjustment rule in setting this rate. 



©International Monetary Fund. Not for Redistribution

COLLAPSE OF A CRAWLING PEG REGIME 89 

domestic credit in order to satisfy the larger financing needs of the public 
sector. 

In terms of Figure 2, this particular fiscal shock will imply a rightward 
shift of the budget financing schedule from dd to d'd', an increase in the 
growth rate of domestic credit from e0 to e1, and the repositioning of the 
economy at a point such as A ' .  At this new position the flow equilibrium 
in the economy's asset (money) market will be sustained, according to 
equation (10), by a persistent deficit in the current account. This situa­
tion, bowever, can only be temporary. Even in the absence of a spec­
ulative attack, the maintenance of a divergence between e and 1T will 
ultimately lead to the depletion of the central bank's international re­
serves, a discrete jump of the exchange rate, and the adoption of a 
floating excbange rate regime. l4 

The inevitability of the discrete adjustment in the exchange rate when 
the system is left on its own (that is, when the collapse is not anticipated) 
can be shown by using equations (2) and ( 4) to rewrite the portfolio 
equilibrium condition (equation (10)) at point A '  as 

M, = [Eo exp(1r0t)]X. exp( -cm0)a = Do exp(e1 t) + E0 R,, (13) 

where the subscript "0" indicates the initial steady-state value of the 
corresponding variable. According to equation (13), the evolution of 
international reserves (given by the current account deficit) will be dic­
tated by 

EoR, = [Mo - Do exp(eJ - 1To)t] exp(1To t). (14) 

If no speculative attack occurs, the central bank will run out of foreign 
exchange at sorne point, t*, wbere 

log( Mo) 
t* 

= 
Do = -log'Yo (1S) 

(el - 1To) (01 - 1To) ' 

and at that instant two adjustments will have to take place: (1) both e and 
1r will have to ad just to a point on the sustainability line consistent with 
the financing constraint of the government; and (2) portfolio equilibriurn 
(equation (13)) will need to be maintained through a discrete devaluation 
of the currency. 

However, the above scenario is inconsistent with the assumption th at 
agents possess perfect foresight. As the litera ture on balance of payments 

14 Of course, the expansionary fiscal po licy would be sustained for a longer 
period if other sources of deficit financing were available; see Obstfeld (1986a) 
and Buiter (1987). 
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crises bas emphasized, in a situation like the one just described the priva te 
sector would anticipate the eventual breakdown of the managed ex­
change rate regime and would be able to make enormous capital gains 
by selling its domestic money holdings to the central bank just an instant 
before t* . The realization of these potential profits by ali specula tors will 
cause the collapse of the regime to occur earlier than t* (that is, before 
the international reserves bave been depleted), and the equilibrium in the 
agents' desired portfolios will be maintained by a decline in their nominal 
mo ney holdings rather th an by a discontinuous jump in the ex change rate. 

A necessary condition for this smooth transition to take place, how­
ever, is th at the public be able to anticipa te exact! y the stationary position 
at which the system will stay in the post-attack regime. In this sense, the 
assumption that the central bank follows an active domestic credit po licy 
has been crucial for obtaining a unique solution in the existing models of 
speculative attack. In fact, in those models the invariance of the growth 
rate of domestic credit actually nails down agents' expectations and 
permits them to cause the collapse of the managed ex change rate regime 
at a well-defined date. 

However, in the presence of an inflation-tax Laffer curve and a financ­
ing constraint for the government, the system's steady state is no longer 
unique. In tbat case there will exist two potential rates of depreciation 
(the ones corresponding to points C and D in Figure 2), at which the 
consistency between the fiscal and exchange rate policies can be restored 
in the post-attack regime. Moreover, since the required decline in the 
demand for domestic money will be different for each of these two 
sustainable depreciation rates, tbere will be an ex ante indeterminacy 
with regard to the timing and magnitude of the speculative attack needed 
to achieve the transition to a float without violating the continuity condi­
tion for the exchange rate. As will be discussed below, the particular way 
in which this indeterminacy will be solved will be extremely sensitive to 
the public's perception of the policies the autborities will follow during 
the period of transitory equilibrium. 

The different magnitude and timing of the speculative attack associ­
ated with eacb of the two stationary equilibria can be illustrated by Fig­
ure 3. 15 The curve dd, a hyperbola asymptotic to the axes, shows the 
combinations of steady-state rates of depreciation and domestic money 
holdings that are consistent with the initial fiscal deficit, ël. The curve 
mm, in tu rn, represents the Cagan-type demand for real domestic mo ney 
balances; in arder to satisfy the portfolio equilibrium condition (equation 

15This figure has been adapted from the studies of Liviatan (1983) and Dom­
busch (1987). 
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Figure 3. Magnitude of Speculative Attack for Two Potential Steady States 

d d' 

9,7t m 

0 

(10)), the economy will always have to be located at sorne point on this 
schedule. The potential steady states of the system are indicated by the 
points of intersection of these two curves. lt is assumed that the initial 
position of the economy is given by point A ;  as in Figure 2 this point 
corresponds to a rate of depreciation, 1r0, that is equal to the growth rate 
of domestic credit, 60. The real stock of domestic money balances that 
sustains this equilibrium is represented by the distance Om0, and it is 
further assumed that this stock of mo ney is backed by an amount propor­
tional to O'Yo of domestic credit and by 'Yo m0 of international reserves (see 
equation (4)). 

An increase_in the fiscal deficit, such as the one discussed before (that 
is, from d to d), wiJl shift the dd schedule to a position such as d'd' and 
will change the possible stationary equilibria to points C and D. Assum­
ing that the central bank maintains the rate of crawl at 'rro, the economy 
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will stay temporarily at A .  However, the jump in the growth rate of 
domestic credit (from l:lo to e.) implied by the larger fiscal requirements 
will originate a continuous increase in the stock of domestic credit that 
will be exactly offset by !osses of international reserves reflecting the 
current account deficit. In terms of Figure 3,  this process will imply a 
rightward expansion of the domestic credit share of the money stock 
along the horizontal axis. If the authorities commit ali their foreign 
exchange to the defense of the managed exchange rate regime, and the 
public, for sorne reason, anticipates that the consistency between the 
fiscal and exchange rate policies will be restored at the high rate of 
depreciation, 7TH, the collapse of the regime will have to occur as soon 
as the stock of domestic credit reaches the leve! OC'. At that instant a 
speculative attack of a magnitude C' m0 will have to take place. However, 
if the private agents believe that the more expansive fiscal policy will be 
sustained by the low rate of depreciation, 'rTL, they will wait un til domestic 
credit reaches the level OD' before acquiring t�e remaining stock of 
international reserves, D' m0. Notice th at, even though in both cases the 
central bank's initial stock of international reserves, -y0m0, will be de­
pleted, the collapse will have to take place earlier if the agents share the 
expectation that the exchange rate will deprecia te at 7TH in the post-attack 
regime. 

In fact, exact expressions can be derived for the magnitude and timing 
of the two potential speculative attacks represented in Figure 3.  Ruling 
out the possibility of capital gains, the regime's collapse should occur as 
soon as the stock of domestic credit (growing at the unsustainable rate, 
(:)1) equals the nominal value of the demand for domestic money corre­
sponding to the new steady state. Using equations (2) and (4), as was done 
in equation (13), this terminal condition will be 

D, = Do exp(l:l1t) = [Eo exp(7r0t)]X: exp(-cmH)a, (16) 

for the high-depreciation equilibrium (point C), and 

D, = Do exp(e.t) = [Eo exp(7r0t)]X: exp(-a7rL)a, (17) 

for the low-depreciation one (point D). Substituting each of these equa­
tions back in equation (4) yields the precise expression for a run of 
magnitude, C'm0, in Figure 3: 

(18) 

and the expression for the amount of reserves !ost in the transition to 
point D (the distance D 'm0): 

RL = m0{1 - exp[-a(7rL - 7r0))} exp(7ro t). (19) 
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Thus, as the figure shows, the difference in the size of the run associ­
ated with each of the stationary equilibria is proportional to the differ­
ence between the two sustainable rates of depreciation, '111 and 7TL. By 
manipulating equations (16) and (17) one can also determine the exact 
timing of the attacks indicated by (18) and (19). Given an inconsistency 
between the fiscal and exchange rate policies, the collapse of the man­
aged exchange rate regime will occur either at 

t' =  -log-yo - a(1rH - 1r0) 
(et - 7To) 

(20) 

or at 

tL = _-_lo_,g,'Y�o:-
--a_,(_7T

-:-
L _-_7T=o) 

(et - 7To) ' (21) 

from which it can be seen that fi < tL; that is, the collapse will take place 
earlier if agents anticipate the high rate of depreciation, 7TH. Moreover, 
since tL < t* (from equation (15)), the public will necessarily carry out the 
speculative attack before the accumulated deficit in the current account 
exhausts the initial stock of international reserves. lt should also be 
noticed that the difference between the two potential timings ofthe attack 
(and between the two sustainable rates of depreciation) will be smaller 
the larger the fiscal deficit, as long as the latter stays below the critical 
levet, d*. 

Although the above computations have been made for the case where 
the inconsistency between fiscal and exchange rate policies arises from 
an exogenous increase of the fiscal deficit, the framework can also illus­
trate the probable effects of other measures that create similar macro­
economie inconsistencies. In particular, this ana1ysis can be applied, with 
minor modifications, to the case where the authorities implement an 
exchange rate-based stabilization program.t6 

Suppose th at in this alternative scenario the economy's initial position 
is given by point D in Figure 3,  where a rate of devaluation, 7TL (equal 
to a growth rate of domestic credit, eL) sustains the fiscal deficit repre­
sented by curve d'd'. Suppose now that the authorities decide to pre­
announce a lower rate of devaluation, 1r0, presumably as part of a com­
prehensive stabilization program. Even if there is no immediate change 
in the underlying fundamentals of the fiscal deficit, the public can inter-

16This type of program has been covered extensively, at the theoretical and 
empirical levels, in the literature on the Southem Cone liberalization reforms of 
the 1970s. See, for instance, Calvo (1986a, 1986b), Edwards and Cox-Edwards 
(1987), Kiguel and Liviatan (1988), and Rodriguez (1982). 
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pret the reduction of the rate of crawl as a signal that the central bank 
is willing to use part of its international reserves (assumed proportional 
to the distance, 'Yo D') to support the stabilization attempt. Conse­
quently, in order to maintain portfolio equilibrium, agents' initial re­
sponse will be to convert the equivalent to the distance D'mo of their 
foreign currency assets into domestic currency and to move along the 
money demand schedule to a position such as A .  

The one-time increase of the central bank's international reserves and 
the reduction in the rate of inflation provoked by the lower rate of crawl 
are, however, misleading indicators of the program's success. If the fiscal 
deficit is not reduced rapidly to a leve! consistent with that of curve dd 
in Figure 3,  the ex change rate-based disinflation scheme will break down. 
Specifically, if the fiscal deficit stays at d'd' and is financed by domestic 
credit growing at the rate 91, the collapse of the preannouncement regime 
will have exactly the same features as the previous example of an expan­
sionary fiscal policy. The temporary reduction in inflation and increase 
in reserves will be a false sign of the agents' confidence in the program 
and, depending on their expectations regarding future government ac­
tions, the economy might end up with a rate of inflation higher than the 
one that prevailed at the outset of the stabilization attempt. 

A crucial issue, then, is to identify the factors that will determine which 
of the two possible steady states is going to characterize the post-attack 
regime of this economy in the presence of an inconsistency between the 
fiscal and exchange rate policies. Given the self-fulfilling nature of priva te 
agents' anticipations, this turns out to be equivalent to analyzing the 
variables, policies, and interactions that will be considered by the public 
in forming its expectations. ln particular, the public will have to evalua te, 
first, the preferences and incentives of the authorities regarding the two 
feasible stationary equilibria; and second, the potential (private) costs of 
each possible course of action. 

For the first group of factors it is clear that, since both steady-state 
positions will yield the same permanent flow of inflationary revenue, the 
governrnent should be indifferent on this account only as tq which rate 
of depreciation (1rH or 1rL) finally sustains its budget deficit, d. Neverthe­
less, even though the model's structure does not incorpora te explicitly the 
preferences of the authorities, it may be reasonable to assume that most 
governments would prefer the low-depreciation equilibrium. In the fust 
example of an expansive fiscal policy, they wou Id do so because it implies 
that the regime with a relatively low rate of depreciation, 1r0, will last 
longer; and in the second, because the apparent success of the disinflation 
program will be maintained for a longer period. In this sense, the govern­
ment might have sorne incentives to influence the post-attack outcome 
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by revealing its preference for the low-depreciation equilibrium and by 
trying to precommit itself not to take any action that would interfere with 
the continuous loss of reserves that will take place du ring the pre-collapse 
period. 

If the authorities lack the means to ensure that they will not deviate 
from their preferred outcome, however, an announcement of this type 
will not be credible. Private agents will realize that the government will 
very likely be tempted to try to catch them by surprise in order to 
postpone even further the collapse of the managed regime, either by the 
unanticipated imposition of capital controls or by undertaking an unan­
ticipated devaluation. In this case, the priva te sector will hedge its port­
folio against the risk of a capital Joss by provoking the collapse of the 
regime as soon as domestic credit reaches the threshold corresponding 
to the high-depreciation equilibrium (distance OC' in Figure 3). 17 

ln a way, the Jack of credibility of government announcements (or, 
more precisely, the lack of means to enhance such credibility) provides 
a possible solution to the ex ante indeterminacy of the post-attack steady 
state of this economy. Since in this mode! speculation is privately cost­
less, the existence of the slightest probability that the authorities will 
attempt to delay the transition to a float by a once-and-for-ali devaluation 
will give agents a "one-way-option"; that is, to attack the central bank's 
international reserves at the time rf� (see equation (20)). 

Of course, the outcome will be different if the government finds a 
credible method for "tying its own bands" during the precollapse period. 
If this is a feasible alternative, the inconsistency between the fiscal and 
exchange rate policies will last longer and the attack will take place at tL 
(equation (21)). Although nothing in the structure of the model prevents 
the authorities from making agents' expectations converge to the low­
depreciation equilibrium, it may be argued that in the first case consid­
ered the fiscal origin of the disequilibrium will erode the government's 
credibility. In the case of an exchange rate-based stabilization, by con­
trast, the authorities can biarne their delay in reducing the fiscal deficit 
on the existence of structural rigidities and lor political opposition to the 

17 Notice th at the authorities will also be tempted to carry out these surprises 
in the one-equilibrium models used in the literature on speculative attacks. In 
spi te of the assumption th at agents foresee perfectly the law of motion of dornes tic 
credit and international reserves consistent with a given rate of devaluation, the 
priva te sector in these models does not have enough information to anticipate the 
imposition of capital controls or a discrete devaluation different from the one re­
quired when the peg is abandoned. Tbus, wben these events take place before the 
collapse date, agents are unable to take advantage of the potentlal capital gains 
created by the authorities' measure. On this, see Obstfeld (1984), Wyplosz (1986), 
and Dornbuscb (1987). 
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needed measures. In both cases, however, the intervention of an outside 
party might be required to coordinate the self-fulfilling beliefs of the 
public and avoid attainment of the high-depreciation equilibrium. ln this 
regard, sorne recent studies indicate that an outside party (such as a 
foreign central bank) that promises to tend foreign exchange in the event 
of a confidence crisis can help to postpone the speculative attack. 18 In 
particular, th at party might increase the commitment capa city of the 
government and persuade private agents that the authorities are not 
going to surprise them by imposing capital controls or devaluing the 
currency in the period of transitory equilibrium. 

In summary, the solution to the ex ante indeterminacy of the timing 
and magnitude of the collapse of a crawling peg depends on the credibility 
of the authorities' resolve not to interfere with the persistent current 
account deficit caused by the inconsistency between their fiscal and 
exchange rate policies. This result highlights the severity of the problems 
that can be generated by an inconsistent fiscal policy in a managed 
exchange rate regime. If the authorities do not take into account the 
self-fulfilling nature of the private sector's expectations when imple­
menting unsustainable policies, the economy may very rapidly end up 
"trapped" in an undesirable high-depreciation equilibrium. 

Ill. Conclusions 

This paper has extended the research on collapsing exchange rate 
regimes by including a financing constraint for the government in a 
continuous-time, portfolio mode! of a small open economy with a crawl­
ing exchange rate. By considering explicitly the linkage between credit 
and fiscal policies this analysis has dispensed with the common assump­
tion in the literature on balance of payments crises about the invariance 
of the growth rate of domestic credit and the associated uniqueness of the 
post-attack equilibrium. At the same time, it has been argued that the 
extension of the analysis of dual inflationary equilibria to the case of an 
open economy with a managed exchange rate is not trivial. Specifically, 
it has been shawn th at the possibility of temporarily financing a monetary 
disequilibrium through !osses of international reserves alters the ad just­
ment dynamics that have been obtained for the closed economy case. 

It was found that the speculative attack on the central bank's interna­
tional reserves required to eliminate an inconsistency between fiscal and 

18 See the discussion on this issue in Delias and Stock man (1988) and Giavazzi 
and Pagano (1988). 



©International Monetary Fund. Not for Redistribution

COLLAPSE OF A CRAWLING PEG REGIME 97 

exchange rate policies can occur at two different points in time. Due to 
the self-fulfilling nature of priva te agents' expectations, an open economy 
with a managed exchange rate will restore its steady-state equilibrium 
after an imbalance created by a fiscal expansion or by a reduction in the 
rate of crawl by switching to a floating exchange rate regime that can be 
sustained by either a high or a low rate of depreciation. However, this 
switch will not be graduai and will not depend on the local stability 
properties of the two potential equilibria; instead, it will be abrupt and 
will coïncide with the collapse of the managed exchange rate. 

The paper also showed that the solution to the ex ante indeterminacy 
of the post-attack depreciation rate will depend on the government's ca­
pacity to make credible announcements regarding policies to be followed 
in the disequilibrium period preceding the collapse. In particular, if the 
authorities cannat make a credible precommitment to refrain from delay­
ing the attack through the unanticipated imposition of capital contrais 
or by undertaking an unplanned discrete devaluation, rational private 
speculators will trap the economy at the high-depreciation equilibrium. 

This result affects sorne of the policy recommendations implicit in tbe 
recent litera ture on portfolio models that has analyzed the main features 
of alternative exchange rate regimes in developing countries. 19 Specifi­
cally, although they discuss explicitly the effects of unsustainable fiscal 
policies, these studies have disregarded the possibility that the collapse 
of a fixed or managed exchange rate regime may place the economy on 
the "wrong" side of the inflation-tax Laffer curve. Indeed, most of this 
Literature has simply assumed that, given a fiscal shock, the stationary 
equilibrium will always lie on the upward-sloping portion of that sched­
ule. Thus, without the necessary qualifications, these studies inexactly 
conclude that the negative effects of successive increases in the fiscal 
deficit (or in the black market premium) can always be avoided by an 
upward adjustment in the rate of devaluation. 

The mode! presented in this paper also captures sorne of the stylized 
facts observed in recent exchange rate-based stabilization episodes. It 
shows that these programs can work even before the ex post consistency 
between fiscal and exchange rate policies is attained, but that the success 
of the disinflation attempt will be short lived if it is not rapidly backed 
by a reduction of the fiscal deficit to a level that can be sustained by the 
lower proceeds from the inflation tax. Furthermore, the mode! suggests 
that if the measures aimed at resto ring the consistency of macroeconomie 
policies are sufficiently rapid and decisive, an exchange rate-based stabi-

19 See, for instance, the studies by Do rn busch (1986), Ki gue! and Lizon do 
(1986), and Lizondo (1987a, 1987b). 
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lization program cao prompt a "virtuous cycle" of lower inflation, in­
creased tax yields, and larger international reserves. The mode!, however, 
also illustrates that these programs may provoke an inflationary outburst 
if the authorities delay the necessary adjustment and are unable to make 
credible commitments during the transitory disequilibrium period. 
Whether the crisis episodes that ultimately determined the failure of this 
type of program in the early 1980s were actually characterized by a 
movement toward an equilibrium inflation rate placed on the wrong side 
of the inflatioo-tax Laffer curve, as this mode! contemplates, can only be 
properly assessed with a thorough empirical investigation; subsequent 
research should take this direction. 
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Portfolio Preference Uncertainty 

and Gains from Policy Coordination 

PAUL R. MASSON* 

International policy coordination is generally considered to be made less 
likely-and less profitable-by uncertainty about how the economy works. 
This paper offers a counter example, in which investors' increased uncer­
tainty about portfolio preference makes coordination more beneficiai. 
Without such coordination, monetary authorities may res pond to financial 
market uncertainty by not Jully accommodating demands for increased 
liquidity, for fear of inducing exchange rate depreciation. Coordinated 
monetary expansion would minimize this danger. This result is formalized 
in a mode/ incorporating an equity market; then, the stock market crash 
of October 1987 and its implications for monetary policy coordination are 
discussed. [JEL C73, E44, E52, F31] 

ALARGE LITERATURE already exists that considers the conditions 
under which the international coordination of economie policies 

could be expected to be beneficiai. Severa! factors have been shown to 
influence the gains, including the "reputation" of governrnents-that is, 
their ability to precommit to full y optimal, but possibly time-inconsistent, 
policies (Currie, Levine, and Vidalis (1988)), the size and nature of 
international spillovers (Cooper (1985), Oudiz and Sachs (1984)), the 
nature of governments' objective functions (Martinez Oliva and Sinn 
(1988)), and so forth. The likelihood of policy coordination being 
achieved has also been debated, and many observers have expressed 

* Paul R. Masson is Chief of the Economie Modeling and External Adjustment 
Division of the Researcb Department. He received bis Ph.D. from the London 
School of Economies and Political Science. The au thor is grateful to Atish Ghosh 
and Peter Isard for discussion of the issues, to Claire Adams for expert research 
assistance, and to KeUett Hannah for supplying Salomon Brothers' measure of 
implied stock market volatility. 
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skepticism about the possibility of agreement being reached on coordi­
nated policies when there is disagreement on how the economy functions, 
and, in particular, on the effects of policies (Feldstein (1988), Frank el and 
Rockett (1988)). 

It is important to distinguish between two types of uncertainty: additive 
uncertainty, which does not affect optimal policies in a linear mode! with 
a quadratic objective function;1 and multiplicative uncertainty, which 
does affect them, because the incrementai effects of policy changes are 
uncertain (Brainard (1967)). It is therefore natural to treat disagreement 
among policymakers about the appropria te madel of the world economy 
in a framework of multiplicative, or madel, uncertainty. This was done 
in Ghosh and Masson (1988), where disagreement about models was 
linked to uncertainty about key parameters of a general mode! that nests 
the various alternative views. 2 The empirical results in that paper con­
firmed the theoretical analysis of Ghosh and Ghosh (1991), who showed 
th at uncertainty about parame ter values can increase expected gains from 
coordination, especially wh en such uncertainty concerns the transmission 
effects of policies from one country to another, rather than their domestic 
effects. 

This paper attempts to ex tend the intuition about the effects of uncer­
tainty on expected gains from coordination3 by considering a particular 
case of multiplicative uncertainty, one in which policymakers must take 
account of uncertainty conceroing the preferences of investors across 
portfolio shares. These portfolio shares play the same role as madel 
parameters, and they are assumed to be stochastic in the mode! used 
here. 

This view of investment decisions-that they con tain a random compo­
nent-is consistent with observed behavior in financial markets. Fluctu­
ations in asset priees are not explainable solely by news concerning 
fundamentals, but are plausibly also the result of shifts in asset prefer­
ences. This is one interpretation that can be given to the evidence of 
variance-bounds tests, which suggests that the volatility of asset priees 
exceeds that of fundamentals.4 A recent example of sudden portfolio 

1 "Certainty equivalence" is said to apply in this case; see Simon (1956). 2 However, disagreement over the correct mode! can exist even when each 
policymaker is certain th at he or she is right. Converse! y, uncertainty about 
parameter values does not imply that policymakers have different assessments of 
the distributions describing those parameters. 3 Ex post, welfare may, of course, be lower when policies are coordinated th an 
when they are not; however, policies are assumed to be chosen in order to 
maxirnize expected welfare, and, on average, ex post welfare is assumed to equal 
expected welfare. 

For such evidence, see Shiller (1981). Whether variance-bounds tests actually 
demonstrate the existence of excess volatility has been questioned, however; see, 
for instance, Flavin (1983) and Flood and Hodrick (1986). 
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shifts is associated with the generalized crash of ali major stock markets 
in October 1987, during which many investors dumped their shares on 
the market in an attempt to shift out of stocks into other assets at virtually 
any priee. 

Moreover, shifts in portfolio preferences th at le ad to sudden declines 
in stock priees are often associated with increased uncertainty, as evi­
denced by increased volatility of stock priees. This was the experience in 
the days following October 19, 1987, and also in the August 1990 sell-off. 
From a macroeconomie policy perspective, the central concern in such 
an environment is that the real economy will be affected, owing to 
declines in real wealth and increases in the cost of capital to firms. 
However, the effects of monetary and fiscal poli ci es on ultimate target 
variables are also increasingly uncertain, since these policies operate 
through financial markets. The effects of uncertainty in domestic finan­
cial markets are compounded by uncertainty in foreign exchange mar­
kets: a sharp depreciation will have unfavorable effects on inflation, for 
instance, and may exacerbate loss of confidence. 

Greater uncertainty in financial markets may increase the need for 
policy coordination because of a dilemma facing a central bank when 
responding to shocks. For instance, if the central bank responded to a 
stock market crash by loosening monetary policy, it might bring about a 
collapse in the value of the currency. Fear of such a possibility might well 
lead to an inappropriately timid monetary po licy, in which monetary 
expansion was kept too low. ln contrast, a coordinated reduction in 
interest rates by central banks would diminish the risk of sharp exchange 
rate movements, white neutralizing the unfavorable effects of a general­
ized shi ft out of equities. Consistent with this, the October 1987 crash led 
to coordination among central banks, or at !east sorne consultation 
among them about the need to increase liquidity, and interest rates were 
lowered simultaneously in ali major industrial countries. 

More genera li y, variation over time in the amount of financial market 
uncertainty may explain why coordination tends to be episodic, rather 
than institutionalized.5 In times of crisis, the outlook is uncertain,  as are 
the effects of policies; coordination of policies may decrease the danger 
of very bad outcomes. The incentives to pull together may be strength­
ened in such circumstances. It may be that in normal times gains from 
macroeconomie policy coordination are relatively small, consistent with 
estimates calculated using macroeconomie models (see, for instance, 
Oudiz and Sachs (1984)). However, great uncertainty about the effects 
of poli ci es may make the gains from coordination larger, for instance 
when financial markets are turbulent and there is a danger that portfolio 

5 The terminology was used by Artis and Ostry (1986). 
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shifts may lead to large movements in asset priees and spillovers onto the 
real economy. Macroeconomie policy coordination may thus take on the 
character of "regime-preserving coordination" (Kenen (1988)), rather 
than a continuous attempt to maximize joint welfare, however defined. 

This paper illustrates the effect of portfolio uncertainty on coordina­
tion with a simple model. Section 1 presents a two-country, two-good 
mode! in which the portfolio preferences of investors between domestic 
money and an international equity are random variables,6 goods priees 
are stick y, and the value of financial wealth affects real output. lt is shown 
in Section II that expected gains from policy coordination depend cru­
cially on the perceived variances and covariances of the portfolio shifts. 
Policy at the time of the October 1987 crash is analyzed in the light of 
these results in Section III. Section IV presents conclusions. 

1. The Model 

In order to highlight the interaction between portfolio preferences, 
asset priees, and real activity, a simple, short-run mode! of two countries 
is specified. Portfolio preferences are stochastic, and can differ in the two 
countries. Longer-run questions such as wage adjustment and capital 
accumulation are ignored. Moreover, in this stylized mode!, there are 
only three assets: domestic money, foreign money, and a single equity, 
which is a claim to a composite consumption good (that is, the equity pays 
a real return, which is assumed exogenous).7 A feature of this mode! is 
thus that there is a single world equity priee; this assumption reflects in 
extreme form the reality that comovements of equity priees across coun­
tries have been very high in recent years-and especially so at the time 
of the October 1987 crash. 

Each of the two countries is specialized in the production of a single 
good but consumes bath. Utility is assumed to be Cobb-Douglas, so that 
consumption shares are constant; in the home country, expenditure falls 
in proportion, a, on home goods and (1 - a) on foreign goods. Con­
sumption is assumed to be proportional to the real value of financial 
wealth (W, to be defined later), so that 

6 A number of articles have included equity markets in macroeconomie models; 
for instance, Diamond (1967) and Helpman and Razin (1978). This paper makes 
no attempt to mode! capital accumulation or to relate the riskiness of equities to 
technological uncertainty. What is at issue here is the risk related to shifts in 
portfolio preferences. 

7Th us, the "fundamentals" are not the cause of asset priee volatility. A more 
complicated mode! could make both production technology and portfolio prefer­
ences stochastic. 
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C = pWIP. (1) 

The consumption defia tor, P, is a geometrie average of the two goods 
priees, where p is the priee of the home good,p* is the priee of the foreign 
good, and s is the priee of foreign currency: 

p = p"(sp*)t - a. (2) 

Consistent with Cobb-Douglas utility, consumption is divided between 
the home good, Ct. and the foreign good, C2, on the basis of fixed 
spending shares: 

Ct = a(P lp )C 
C2 = (1 - a)(Pisp*)C. 

(3) 

(4) 

In wbat follows it is assumed that for both the home and foreign coun­
tries, spending falls equally on the two goods, so that o. = Yl. Therefore, 
equations (2) and (3) can be written as follows: 

P = (psp*)1n. (5) 

C1 = 0.5(P/p)C (6) 

C2 = O.S(Pisp*)C. (7) 

Wealth is held in the form of money, M, which is nontraded, and in 
international equities, E, which are a promise to pay a given amount of 
the composite consumption good (which is the same in the two countries 
since a = a* = Yz), and for which there is a single world market. Money 
and equities are held in proportions, m and 1 - m;  these proportions are 
random variables. The priee of a real equity claim is q: 

M = mW 

qPE = (1 - m)W. 

(8) 

(9) 

Uncertainty in portfolio preferences is reflected in the variance of m .  
Shifts in domestic portfolio preferences may or may not be correlated 
with shifts in the preferences of foreign investors; the degree of correla­
tion is shawn below to be crucial to gains from coordination. 

A symrnetric foreign country bas a similar structure, indicated by 
starred variables. Parameters are assumed identical, except the random 
portfolio share parameter, m*,  which may not be equal to m (in the next 
section the distributions describing m and m*  are, however, assumed to 
be the same). There is a single world equity priee (that is, q* = q), since 
both home and foreign equities pay returns in the same consumption 
basket. The counterparts of equations (1) and (5)-(9) are 
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C* = pW* JP* 

P* = [(pls)p*]112 

Ci = 0.5(sP* lp )C* 

Ci = 0.5(P* lp*)C* 

M* = m*W* 

qP* E* = (1 - m*)W*. 

(1') 

(5') 

(6') 

(7') 

(8') 

(9') 

It is assumed th at output priees are stick y, and that p and p* are fixed 
in the short run; output is determined by demand: 

(10) 

and 

(10') 

However, consumer priees can vary sin ce the ex change rate, s, is flexible. 
Similarly, the priee of equities, q, moves to equate the demand for 
equities and the outstanding stock of equity shares, K + K*, where K 
and K* are the initial endowments of equities at home and abroad: 

K + K* = E + E*. (11) 
The exchange rate is determined by an equilibrium condition that the 

eurre nt account surplus equal the capital account outflow, which is equiv­
alent to the condition that the distribution of equities between the two 
co un tries satisfy portfolio preferences. The net capital outflow, CAP, 
from the home country (that is, net purchases of equities) is equal to 

CAP = qP(E - K), (12) 
(which is, of course, equal, from equation (11), to -qP(E* - K*), the 
inflow to the foreign country, which corresponds to net sales of equities ). 
The current account surplus, CUR, is the excess of domestic output over 
domestic absorption (that is, saving), or exports minus imports: 

CUR = (y - C,)p - s(y* - Ct)p*, 
and the balance of payments condition is 

CAP = CUR. 

11. Optimal Government Policy 

(13) 

(14) 

In the context of this mode!, monetary policy has a role in cushioning 
portfolio preference shifts, which have real effects because priees are 
sticky and consumption depends on wealth. Under consideration will be 
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the optimal monetary policy of a government, or central bank, that 
desires to minimize deviations from target output y-presumably its full 
employment level-and from priee stability, which implies that the priee 
leve! equals its initial equilibrium value, P.  A quadratic objective func­
tion of deviations from bliss levels is postulated for tractability. Such a 
formulation implies a symmetric treatment of positive and negative devi­
ations, which is probably not realistic; however, this analysis will only 
consider a portfolio shift out of equities into money that tends to depress 
output. ln particular, the optimal response of the mo ney supply to a 
shock to the mean value of investors' portfolio preferences is considered 
in the face of uncertainty about these preferences. Thus, the situation is 
one in which an initial portfolio shift is observed (such as the shift leading 
to the fall in equity priees on October 19, 1987), but there is uncertainty 
about subsequent shifts. 

Suppose that the home government's objective function is 

(15) 

and similarly, for the foreign government 

L* = E{(y* !y* - 1 )2 + <t>(P* !P* - 1)2}. (15') 

lt is assumed that in initial equilibrium, money supplies and asset propor­
tions are equal, so that M = M* = M and 1 /m = l lm* = n, and so 
f = 1 ,  and p = p* = 1 .  Consider a shift out of equities at home and 
abroad, so that now 

E(llm) = E(n) = E(n*) = 6n, (16) 

with 6 < 1. How does the optimal setting for monetary policy in the two 
countries, if each takes the other's policy as given, compare to the case 
of joint maximization of an equally weighted global objective function, 
G, where G = 0.5(L + L *)? 

In the absence of uncertainty, it can be shown that the optimal response 
to such a shock will be-not surprisingly-to accommodate fully the 
increase in liquidity preference. ln this case, the Appendix shows that 
cooperative and noncooperative policy settings are the same; they both 
involve an increase in money supply by the increase in money demand, 
so M = M* = M 16. If there is no uncertainty, then in this mode! mon­
etary policy can completely neutralize the negative output effects of the 
portfolio preference shock, and the noncooperative and cooperative 
policies are the same. This is true because each government has as many 
targets as instruments; in this case, despite possible spillovers through the 
exchange rate, gains from policy coordination are zero. 

However, if there exists uncertainty about portfolio preferences, then 
only in the case where the portfolio shifts in the two countries are 
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expected to be perfectly correlated will the two policies be the same. It 
can be shown (see Appendix) that, in general-unless the weight on 
inflation in the objective function is zero-the optimal noncooperative 
policy will be too contractionary, relative to the optimal, cooperative 
solution. The reason for this bias is the externality associated with the 
exchange rate (Sachs (1985)): appreciation helps in moderating domestic 
priees but exports inflation to the foreign country, and the latter effects 
are ignored in the absence of cooperation. The difference between the 
noncooperative and cooperative policies and, hence, the gains from 
policy coordination depend both on the common variance, a\ of port­
folio preferences and on the correlation, K, between the two countries' 
portfolio preference shifts-directly in the first case, and inversely in the 
second. 

The difference between the two pol ici es increases monotonically as the 
correlation declines, and is maximized when their correlation is minus 
unity; that is, they are perfectly negatively correlated. In this case, 
governments set po licy with the risk th at a monetary expansion may lead 
to a large exchange rate depreciation because portfolio preferences of 
domestic and foreign residents for money and equities are expected to 
shift in ways that reinforce their effects on the exchange rate. The depre­
ciation is undesirable because of its priee leve! effects. 

This example provides an additional reason why policy coordination 
may be beneficiai, compared to the traditional literature in which the 
effects of policies are assumed to be known. In Sachs (1985), for instance, 
noncooperative monetary policies are too contractionary in response to 
an inflation shock because exchange rate appreciation improves the 
output /inflation trade-off, and there are two targets and on! y one instru­
ment. In the present example, the effects of policies are uncertain be­
cause of possible shifts in portfolio preference, so that even if each 
government has as many instruments as targets it still bas an incentive 
to coordinate. The fact that portfolio preferences are uncertain and 
that they con tri bute to the variance of the exchange rate makes uncoor­
dinated policies overcontractionary in the face of an increase in liquidity 
preference. 

lll. The Stock Market Crash of October 1987 

On October 19-20, 1987, the world's stock markets declined in a 
sudden seU-off of shares by investors. In local currency terms, stock 
market indices declined during the period from September 30 to October 
31  by 21.5 percent in the United States, 26.1 percent in the United 
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Kingdom, 22.9 percent in Germany, and 12.6 percent in Japan (see 
Figure 1 for a visual impression of the comovements of major market 
indices). Other declines were even more dramatic: 58.3 percent in Aus­
tralia, and 56.3 percent in Hong Kong (Federal Reserve Bank of New 
York (1988, p .  18)). To a large extent, therefore, at !east during this 
period world equity markets seemed globally integrated-as is assumed 
in the mode! described above, in which there is only one equity market­
although the reasons for the common movement of priees are subject to 
dispute. To sorne extent, this comovement may have been the result of 
the graduai increase in interlisting of shares on different exchanges; 
however, correlations between the main trading zones increased by a 
factor of three from the ir levels in the previous nine months (Bertero and 
Mayer (1989)). Common movements in October 1987 did not seem to 
resuJt from significant international investment flows, since cross-border 
selling was relatively small (Federal Reserve Bank of New York (1988, 
p. 34)). More fundamentally, then, increased economie integration and 
the globalization of information led to a common reassessment of equity 
priees in ali major stock markets at the time of the stock market crash. 

As is argued above, the question of whether equity priees move to­
gether (because they are good substitutes-for instance, because they are 
daims to similar incarne streams) is logically separate from whether 
portfolio preferences for equities shi ft in the same way in different coun­
tries. Confirming a generalized shift out of equities, as opposed to a shift 
in investor sentiment in sorne countries but not in others, the sharp 
decline in equity values was associated with relative! y small exchange rate 
movements (Figure 2). In the October 1987 crash, exchange rate move­
ments do not seem to have been a consideration in the setting of monetary 
policies.8 

What does seem to have been a major concern influencing policy was 
that the 1987 stock crash might be a replay of the 1929 one, which was 
followed by the Great Depression (Schwartz (1988)). In this regard, a 
high degree of uncertainty was attached to the linkage between the stock 
market and the real economy-that is, the spending propensities of 
consumers, whose weaJth had declined, and businesses, whose invest­
ment plans might be scaled back reflecting increased caution. Also sub­
ject to increased uncertainty was the stability of the financial system: 
whether the inability of individuals to cover margin calls, or of financial 
institutions to transact in financial markets, would lead to bankruptcies, 

8They are not mentioned, for instance, in Alan Greenspan's testimony at 
hearings on "Black Monday," held by the U.S. Senate Committee on Banking, 
Housing, and Urban Affairs, February 2-5, 1988. See U.S. Congress (1988). 
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Figure 1 .  Stock Market Priees, January 1985 to September 1990 

(Indices: 1985 = 100) 
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Figure 2. U.S. Dollar Exchange Rates, January 1985 to December 1990 

(Indices: 1985 = 100) 
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and whether anticipation of such problems would cause the clearing and 
settlements system to collapse (Bernanke (1990)). It is hard to quantify 
the increase in uncertainty; however, one measure, the expected volatil­
ity implied by a comparison of equity and options priees, showed a 
dramatic increase in the United States in October 1987 (Figure 3). 

Fear of financial collapse led governments and central banks to inter­
vene by providing liquidity; moreover, they did so through closely coor­
dinated actions. Of course, given the importance of the United States in 
world financial markets, the actions of the O.S. authorities were of 
paramount importance. The Federal Reserve reversed its tight monetary 
stance, flooding the system with liquidity; persuaded the banks to !end 
freely to securities firms; and closely monitored the situation, taking 
direct action where necessary (Bernanke (1990)). However, it did not act 
in isolation, according to Fed Chairman Alan Greenspan: " . . .  we closely 
monitored the international ramifications of the stock market crash . . . .  
We communicated with officiais of foreign central banks . . . .  " (O.S. 
Congress (1988, p. 92)). In describing the role of policy coordination 
among the major industrial countries in this period, Dobson (1991) says: 

The risk in 1987 was that, in the absence of close G-7 cooperation, the 
financial cri sis couJd have turned into an economie cri sis. Had the authorities 
turned their backs and refused to cooperate among themselves, it is very 
likely tbat the crisis would have deepened (p. 128). 

What occurred was a generalized decline in short-term interest rates 
as ali central banks expanded liquidity (Figure 4). To sorne extent, a 
decline in interest rates on government paper (though not on private 
daims) might be expected from a "flight to quality," but central banks 
clearly favored a fall in rates, as indicated by Fed Chairman Alan 
Greenspan (O.S. Congress (1988)): 

By helping to reduce irrational tiquidity demands, and accommodating the 
remainder, the Federal Reserve avoided a tightening in overall pressures on 
reserve positions and an increase in short-term interest rates. In fact, we went 
even further and eased po licy modera tel y following the stock market collapse 
in tight of the greater risk to continued economie expansion (p. 90). 

In sum, therefore, the October 1987 stock market crash is an example 
of what appears to be a direct link between increased uncertainty and 
increased policy coordination. In describing the risks to the clearing and 
settlement system posed by the October 1987 crash and other events, the 
Governor of the Bank of Canada stated (Crow (1990)): 

These disturbances, and others since, were effectively contained through 
co-operation among major market participants . . .  [T]he temporary injec­
tion of liquidity by central banks . . .  helped to prevent the October 1987 
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Figure 3. lmplied Volatility of Standard and Poor's 500, 
January 1 ,  1987 to October 12, 1990 

1987 1988 1989 

Source: Salomon Brothers. 
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Note: Calculated using the Black-Scholes option priee formula, adjusted for 
dividend payments and using the priee of a put option on the Standard and Poor's 
500 Stock Index and the interest rate on U.S. Treasury Bills. 
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Figure 4. Short-Term Interest Rates, January 1985 to December 1990 
(In percent per year) 
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fin an cial problems from degenera ting into solvency problems. In retrospect, 
it is clear that the global community has come altogether too close to 
situations where market difficulties could have been severe enough to inflict 
lasting damage on financial markets and even on national economies (p. 2). 

The model developed above bas suggested that the need for policy 
coordination might have been even grea ter if the portfolio shifts bad been 
less symmetric, for instance, if the fall in equity priees bad been associ­
ated with severe weakness of the U.S. dollar. In this case, the Federal 
Reserve might have been much less willing to expand liquidity, for fear 
of adding to a run on the dollar. In cases such as these, a coordinated 
decline in interest rates in ail countries would diminish the risk of disrup­
tive exchange rate movements while rninirnizing the dangers of financial 
collapse. 

IV. Conclusions 

The paper bas illustrated in a simple mode! the link between uncertain 
portfolio preferences of private investors and the difference between 
coordinated and uncoordioated policies. Greater uncertainty makes co­
ordination more desirable in this example where portfolio shifts generate 
variations in output and exchange rates. The analysis suggests that if the 
perceived degree of uncertainty varies over time-perhaps as described 
in recent articles, for instance, by Flood, Bhandari, and Horne (1989)­
then the incentives to coordinate policies will also vary. In particular, in 
situations of great uncertainty, where the prevailing international mone­
tary system is threatened, policies are more likely to be influenced by 
shared goals. 

In the particular source of uncertainty that is coosidered in the paper­
uncertainty on the part of policymakers about the portfolio preferences 
of private investors-the degree of correlation across countries of port­
folio shifts between equities and mo ney is crucial in determioiog the gains 
from policy coordination. That conclusion is likely to remain in more 
general models with a wider menu of traded assets, in which portfolio 
shifts may also occur between different countries' equities and bonds. 
Paradoxically, if portfolio shifts are expected to be correlated across 
countries-as was the case with the shift out of equities at the time of 
the October 1987 crash-they may not require policy coordination to 
the extent that less symmetric portfolio preference shifts would. Of 
course, what is important is policymakers' anticipations of the degree 
of correlation of portfolio shifts; these anticipations are unlikely to in­
volve perfect correlation. Thus, uncertainty about investors' preferences 
is at times likely to provide a powerful incentive to coordinate policies 
internationall y. 
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APPENDIX 

Solution of the Mode! 

The solution for the variables that are of interest-it is assumed that policymak­
ers have targets for domestic output and consumer priees-cao be obtained as 
follows. Domestic output priees (but not consumer priees) are fixed in the current 
period. From equations (5) and (5') in the text 

P* = Pis. 

As a result, from equations (1), (8), and (17) 
C = p(Mim)IP 

C* = sp(M* fm*)fP. 

(17) 

(18) 
(18') 

From the conditions for goods market equilibrium, equations (10) and (10') 

y = 0.5 [pM lm + spM* fm*] lp (19) 
y* = 0.5 [p(Mim)fs + pM*Im*]fp*. (19') 

Tuming to equilibrium in financial markets, substituting equations (9) and (9') . 
into (11) yields 

qP = [(1 - m)M/m + (1 - m*)sM*Im*]I(K + K*). (20) 
Now the balance of payments equilibrium can also be expressed in terms of s and 
q; from equations (12)-(14) 

qP(E - K) = 0.5p(sm* fm* - M lm). (21) 
Substitution of equations (9) and (20) into (21) yields an expression fors in terms 
of money supplies, portfolio preferences, and initial endowments of equities: 

s = {(1 - m)[K* I(K + K*)]M/m + 0.5pM/m}l{(l - rn*) 
• [K I(K + K*)]M* fm* + 0.5pM* lm*}. (22) 

In keeping with our assumption of symmetry, we further posit that initial endow­
ments of the international equity are equal, so that KI(K + K*) = 0.5. There­
fore, the exchange rate can be written as 

s = [(M lm)(l - rn  + p)]I[(M* lm*)(l - rn* + p)). (23) 
Thus, for given portfolio preferences, the exchange rate is determined by relative 
money supplies; a shift out of equities into money (an increase in rn) will tend 
to apprecia te the currency (lower s ). 

Using the expression fors, reduced-form expressions can be derived for dornes­
tic and foreign outputs. From equation (19) 

y =  p(Mim){[1 - 0.5(m + m") + p]/(1 - rn* + p)}/p (24) 

and from equation (19') 
y* = p(M* /m*){[l - 0.5(m + rn*) + p] /(1 - rn  + p)}lp*. (24') 

lt will be assumed that it is not possible to go short in equities, so that 1 - rn > 0 
and 1 - rn* > O. Therefore, the terms in braces in (24) and (24') are positive, 
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implying that an increase in the money supply in the home country increases 
output: 

ay laM > o and ay* laM* > o, 

white an increase in the desire to hold domestic money decreases it: 

ay lam < 0 and ay* lam* < O. 

In contrast, portfolio shifts abroad have the opposite effect (that is, they are 
negatively transmitted); it can be shown that 

ay lam* > 0 and ay* lam > o. 

The first-order condition for optimal policy setting in the home country can be 
derived in the following way. Let n = llm, n* = llm*, and F(n, n*) = 
[(p + 1)n - 1] /[(p + 1)n* - 1], and note that both the numerator and denomi­
nator of F are positive, from the assumption made above that portfolio shares 
must be positive. From equations (23) and (24) above 

a LiaM= E{0.5M [n + n* F(n, n*)J2 lM 2 n2 
- [n + n*F(n,n*)]IM'fi + <I>[F(n,n*)IM*] 
- <I>[F(n,n*)IM*Mj112} = O. (25) 

Given the assurnptions of symmetry, implying that F(n*,  n) = 1 /F(n, n*), the 
foreign country's first-order condition is similar, and is not presented here. 

Consider an equal change in the two countries in portfolio preferences, such 
that the desired wealth proportion held in the form of money rises equally-that 
is, n and n* fall by the same amount. It is clear that, starting from the same 
position, the optimal po licy response to the same portfolio shock will be the sa me 
in the two countries, so th at M = M*. Replacing M* and M by M", the comrnon 
noncooperative policy setting, the following is obtained from (25): 

Mn= 2[Mn]E[n + n*F(n,n*)J IE[n + n*F(n ,n*W 

-[2<1>/Mn]{EF(n,n*) - E[F(n,n*)j112} 
• M 2'fi2/E[n + n*F(n,n*)t (26) 

If, instead, the two governments coordinate and minimize a joint objective 
function, G, that gives equal weights to L and L * ,  theo the first-order condition 
for the use of the home country's money supply instrument is 

aG laM = E{0.5M[n + n* F(n, n*W!M 2n2 
- [n + n*F(n,n*)]IM'fi + <I>[F(n,n*)IM*] 
- <I>[F(n, n*)IM*M]112 - <!>F(n* , n)(M* 1M2) 
+ <I>(MM*)112[F(n* ,n)r12/M} = O. (27) 

Not surprisingly, the first-order condition for M* is symmetrical, and therefore 
it will not be presented. Solving (27) for the common coordinated money supply 
setting M' 

M'= [2M'fi]E[n + n*F(n,n*)]IE[n + n*F(n,n*W 

- [M2'fi2<1>/M']{E[F(n,n*)] - E[F(n,n*)r12 

- E[F(n*, n)] + E[F(n* , n)]112}. (28) 
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Equation (28) simplifies further in the case (assumed here) where the distribu­
tions describing portfolio preference parameters are the same in the two coun­
tries, although not necessarily their realizations. In this case, EF(n, n*) == 
EF(n* ,n) and EF(n,n*? = EF(n* , n)2• Therefore, the term in equation (28) 
between braces is zero, and the cooperative monetary policy is given by 

Mc = [2Mïï]E[n + n*F(n,n*)]IE[n + n*F(n,n*)j2. (29) 
In this case, although each country's objective includes inflation and, hence 
indirectly, the exchange rate (and both countries' inflation targets are included 
symmetrically in G), the exchange rate plays no role in the cooperative monetary 
po licy: the latter, given by equation (29), is in dependent of the value of <j>. 

Wh at is the effe.ct of increased Iiquidity preference in the two countries under 
each po licy regime? First, assume absence of uncertainty.  In this case, since 
n = n* = en < ïï 

EF(n,n*) = EF(n*,n) = E[F(n,n*W12 = E[F(n* ,n)r12 = 1 
and 

E[n + n*F(n,n*)] = 28n. 
It can be verified from equations (26) and (29) that 

M" = Mc =  M /8, (30) 

so that both policy regimes fully accommodate the shift in liquidity preference. 
In the absence of uncertainty, no negative ex change rate repercussions are to be 
feared from a symmetric portfolio shift. 

Next, con si der the effect of an increase in unce·rtainty in the two po licy regimes, 
starting frol!!_ the initial position with a common monetary policy stance, 
M = M* = M ,  and !etting E(n) = E(n*) = ïï. The only element of uncertainty 
will relate to the common variance of n;  that is 

E(n - ïï)2 = E(n" - ïï)2 = cl-. 
In order to evaluate expressions on the right-hand sides of equations (26) and 
(29), first, take a second-orderTaylor series expansion of F(n, n*) and F(n, n*)112 
around E(n} = ïï, and E(n* ) = ïï, and take expectations (!etting var(n) = 
var(n*) == cr , cov(n, n*) = Kcr2, and 13 = ((p + l)ïï - 1r2): 

EF(n, n*) = 1 + (p + 1)213(1 - K)cr2 (31) 
EF(n, n*)112 = 1 + (p + 1? 13(1 - K)cr2/4. (32) 

From approximations (31) and (32) it can be shawn that 

EF(n, n*) - EF(n, n*)112 = 3(p + 1)213cr2(1 - K) /4 � 0 (33) 
E[n + n*F(n,n*)] = 2ïï + (p + l)l3cr2(l - 1-L) (34) 
E[n + n*F(n, n*)Jl = 4n2 + 4cr2 + 2[4(p + l)ïï - l]l3cr2(1 - K). (35) 

From equations (26), (29), and (31)-(35), it can be shown that increased uncer­
tainty (a larger cr2) makes both noncooperative and cooperative policies more 
contractionary, but it increases the gap between them (unless K = 1); evaluated 
at cl- == 0 

dMc dM" (<j>/2)M dcr2 - dcr2 = 1 + <j>/2[(3/4)(p + 1) + 1 /2ïï](p + 1)13(1 - K) > O. 
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Th us, a modera te amount of uncertainty will imply gains from coordination. The 
general case is ambiguous, however; starting from a position where tJ2 > 0, the 
effect of additional uncertainty cannot be signed. 
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Fisherian Transmission 

and Efficient Arbitrage 

Under Partial Financial Indexation 

The Case of Chile 

ENRIQUE G. MENDOZA* 

Partial financial indexation in Chile has produced a system in which most 
bank deposits are 30-day nonindexed deposits or 90-day indexed deposits. 
This paper uses data on the interest rates of these financial assets to test the 
joint hypothesis of rational expectations, efficient arbitrage, and a lime­
invariant liquidity premium. The data are a/so used to test whether the 
indexed /nonindexed in te rest spread is an a cc urate predictor of future 
changes in inflation, as the Fisher effect dictates. The significant implica­
tions of this empirical analysis for monetary policy are discussed. [JEL 
E44, E43, E52] 

Ali variations in the value of the circulating medium are mischievous: they 
disturb existing con tracts and expectations, and the liability to such changes 
renders every pecuniary engagement of long date entirely precarious. 

-John Stuart Mill (1848, p. 544) 

THIS PAPER studies the mechanism of partial financial indexation cur­
rently operating in Chile. The analysis focuses on the behavior of 

interest rates on indexed and nonindexed bank deposits, to determine 
whether there is arbitrage in financial markets and whether interest rate 
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sphere Department. He holds M.A. and Ph.D. degrees from the University of 
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suggestions by Charles Adams, Peter Clark, Luis Duran-Downing, Jorge Guz­
man, Martin Hardy, Bennett McCallum, Eswar Prasad, and Robert Rennhack. 
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differentiais contain significant information for forecasting inflation. A 
variation of traditional market efficiency tests, as reviewed in Begg 
(1982), is used to explore the empirical relevance of the joint hypothesis 
that there is efficient arbitrage in financial markets, that expectations of 
inflation are formed rationally, and that indexed deposits bear a premium 
attributed to liquidity considerations or imperfect indexation. Simple 
econometrie methods are also used to explore whether expectations of 
inflation are fully transmitted to nominal interest rates, as the Fisher 
effect indicates. Specifically, empirical tests are performed to show 
whether the interest spread between indexed and nonindexed deposits is 
an accurate predictor of future increases in inflation, following the work 
of Fama (1990) and Mishkin (1990). 

The empirical analysis undertaken in this paper has significant implica­
tions for key operational issues related to the desirability of indexing the 
financial system and the conduct of monetary policy. In particular, the 
results of the econometrie work give sorne support to the view that 
financial indexation diminishes the risks associated with inflation and 
does not necessarily induce an unjustified increase in interest rates. 
Moreover, the results suggest th at the quoted real rate of return on 
indexed assets cannat be treated as a proxy for the relevant real interest 
rate of the economy, and that the in te rest rate spread between indexed 
and nonindexed assets is a better indicator of the public's perception of 
the stance of monetary policy. 

The analysis of the Chilean experience is also useful as an empirical 
complement to the protracted debate on the effects of financial in­
dexation, which is closely related to the recurrent controversy involving 
the costs of inflation.1 Advocates of financial indexation argue that in­
dexed financial assets, by neutralizing the effects of unanticipated infla­
tion, eliminate incarne-redistribution effects induced by inflation and the 
inflation-risk component of nominal interest rates. Thus, indéxation 
reduces the degree of uncertainty affecting credit transactions and facil­
itates the operation of financial markets under inflationary conditions. In 

1 The adverse effects of inflation on the distribution of income between cred­
itors and debtors and on the degree of uncertainty affecting credit markets have 
long been a cause of concern (see Mill (1848, chap. XIII)). Two classic pa pers on 
indexation and the costs of inflation are Friedman (1974) and Gray (1976). For 
a textbook discussion of financial indexation, see Gordon (1978), and for wage 
indexation, see Parkin and Bade (1988). The advantages of financial indexation 
are explored from the perspective of the more recent mtertemporal equilibrium 
approach by Calvo and Guidotti (1989). The risk of indeterminacy of the priee 
level due to excessive inertia and other issues regarcling the public's aversion to 
indexed con tracts and the determination of the relevant priee index are reviewed 
by Leijonhufvud (1981). 
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contrast, critics of financial indexation argue that indexing the financial 
system fuels the inflationary process by speeding up priee changes.2 
Moreover, wh en coexisting with nonindexed la bor and goods markets, 
financial indexation causes incarne-redistribution effects that affect those 
firms and households facing indexed debts with nonindexed revenue and 
in come streams. 3 

Many of the arguments for and against financial indexation can be 
sim ply stated in terms of the Fisher effect, according to which the nominal 
interest rate, i, is equivalent to the ex ante real interest rate, r, plus 
expected inflation, p': i = r + p'. For a given ex ante real rate of in te rest, 
the Fisher effect dictates that a higher nominal interest rate applies to 
financial transactions if priees are expected to ri se. The case in favor of 
financial indexation cao be presented by considering an environment in 
which errors in inflationary expectations are not made systematically and 
markets operate efficiently. Under these conditions, the Fisher effect 
implies that the evolution of interest rates in an indexed system cannot 
devia te systematically from the evolution of in te rest rates in a nonindexed 
system. The main advantage of indexation is that it flattens the term 
structure of interest rates, because risk premia associated with the vari­
ance of errors in forecasting inflation are eliminated, thereby easing the 
operation of financial markets under conditions of high and variable 
inflation. 

The case against financial indexation is often based on the hypothesis 
that full Fisherian transmission never takes place, because expectations 
underestimate inflation systematically, or that there is no efficient arbi­
trage in financial markets to eliminate the inflation-risk component of 
interest rates. Thus, indexation forces nominal interest rates to be higher 
th an un der normal market conditions and in duces persistent disturbances 
to the cost of credit and the demand for real money balances. The 
demand for mo ney fluctua tes because of the ri se in interest rates and also 
because indexation sends destabiliziog sigoals that fuel inflationary 
expectations even if fundamentals remain unaltered. 

2 A stronger version of this critique, as explained by Leijoohufvud (1981), 
argues that because indexation is equivalent to forcing priee expectations to 
exhibit unitary elasticity, any small priee change could cause an exploding infla­
tionary spiral. However, advocates of financial indexation have sbown tb at al­
though changes in inflation are likely to be larger in indexed economies, the priee 
leve! and inflation are weil defined and stable as long as the supply of money is 
not fully indexed (see Parkin and Bade (1986)). 

3 Cri tics of indexation would argue th at the social costs of the redistributive 
effects that occur wh en interest rates are not indexed are Jess important than th ose 
that occur under a partial indexation system. Issues related to income redistribu­
tion and its social cost are not addressed in this paper. 
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As these arguments show, the conflicting views about financial index­
ation are founded on different notions regarding the efficiency of credit 
markets and the manner in which individuals formulate expectations 
about future inflation. In economies where financial markets are weil 
organized and competitive, and where market participants formulate 
expectations rationally, indexation eliminates the inflation-risk compo­
nent of interest rates and cannot result in systematically higher interest 
rates than a system without indexation. The empirical tests undertaken 
in this paper attempt to establish to what extent Chilean financial markets 
fit this framework, by providing evidence on the degree to which there 
is efficient arbitrage, and by testing the forecasting power of interest rate 
differentiais regarding future increases in inflation implicit in the Fisher 
effect. 

The paper is organized as follows. The next section describes the 
operation of Chile's financial indexation mechanism, with a brief descrip­
tion of its role in the banking crash of 1983, and illustrates its impact on 
the structure of the deposit base of the ban king system. Section II studies 
arbitrage conditions in the financial system, taking advantage of the 
existing regulations that force short-term nonindexed assets to coexist 
with medium- and long-term indexed assets. Section III analyzes the 
information contained in the interest rate spread between indexed and 
nonindexed time deposits re garding future changes in the inflation rate, 
and also provides sorne evidence on the real interest rate that is relevant 
for financial decisions. The last section presents conclusions. 

1. Chile: Indexation and Financial Markets 

The first part of this section describes how financial indexation oper­
ates in Chile, focusing on sorne of the imperfections of the mechanism 
being used. The second part offers a brief review of the characteristics 
of the Chilean financial system that help iJJustrate the effects of the 
indexation regime. 

Financial Indexation in Chile 

Financial indexation in Chile is based on the use of a unit of account 
known as the "Unidad de Fomento" (UF), or development unit. The UF 
operates as an exchange rate between Chilean pesos and development 
units that is linked to the inflation rate with a delay of approximately one 
month and serves to denominate ail indexed financial transactions. A 
typical indexed time deposit operates as follows. The deposit is entered 
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by converting the amount in Chilean pesos into development units at the 
current UF exchange rate. Interest is paid on the balance denominated 
in UF on the basis of an annual rate compounded monthly. This interest 
rate will be referred to as the "premium over UF" throughout the rest 
of the paper. Upon maturity, principal and interest are converted back 
into Chilean pesos at the corresponding UF exchange rate. The deposit 
is indexed because the value of the UF grows each month at about the 
same rate as last month's inflation, and for this reason the premium over 
UF is viewed as a real interest rate. 

The timing and methodology by which the value of the UF are adjusted 
have important implications. The UF begins to be adjusted on the tenth 
day of mon th t, by a proportional amou nt each day, to en sure th at by the 
ninth day of month t + 1 it has increased by as much as the priee levet 
did in month t - 1 .  Figure 1 depicts the ex post nominal yield that was 
actually paid on 90-day indexed time deposits, as a 3-month percentage 
rate that considers both the interest rate and the observed change in the 
UF, and the ex post 90-day inflation rate. The figure illustra tes the degree 
of imperfection affecting the adjustment of the yield on indexed deposits 
to inflation because of the 1-month !ag imbedded in the indexation 
mechanism. 

Figure 1. Ex Post Indexed Interest and Inflation, August !986 to Apri/ 1989 

(90-day to 1-year deposits) 

Percent in 3 momhs 
8 

lndexed deposits 

lnf/atiol/ 

1986 1987 1988 1989 
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Figure 2. Effective Premium on lndexed Deposits, August 1986 to April 1989 

(90-day to 1-year deposits) 
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The imperfection of the indexation mechaoism is also reflected in the 
fact that, as shown in Figures 2 and 3, the premium over UF and the ex 
post real in te rest rate on indexed assets are not equivalent, as they should 
be un der a perfect indexation system. 4 Figure 2 presents the premium 
over UF quoted on 90-day indexed ti me deposits as a percentage rate over 
3 months. Figure 3 depicts the ex post real interest rates actually paid on 
30-day nonindexed and 90-day indexed deposits as a percentage rate over 
3 months (for 90-day indexed deposits, this ex post real interest rate 
corresponds to the difference between the two curves in Figure 1). As 
Figures 2 and 3 show, the re is a significant discrepancy between the 
premium over UF and the ex post real interest rate paid on 90-day 
indexed deposits. For instance, in March 1989 a 90-day indexed time 
deposit offered a premium over UF of about 1.4 percent (5.7 percent on 

4 The ex post real interest rate on a 90-day indexed ti me deposit entered at date 
t is computed as the difference between the effective yield, which is the surn of 
the premium over UF quoted at t, plus the change in the value of the UF in the 
90 da ys following t, and the inflation observed 90 da ys after t. The premium over 
UF is quoted in annual terms and compounds monthly. The rates m Figures 1-3 
are returns over a period of 3 months. 
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Figure 3. Ex Post Real lnterest Rates, August 1986 to April 1989 

(30-day to 89-day and 90-day to 1-year deposits) 
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an annual basis ), but the real return of this investment was in fa ct slightly 
negative. However, because the relevant real interest rates for economie 
decisions are the ex ante rates, which incorporate expectations of infla­
tion rather than actual inflation, it is necessary to explore whether the 
premium over UF differs from the ex ante real interest rate on indexed 
deposits. This issue will be taken up later. 

The Chilean indexation mecbanism was complemented with a set of 
regulations that govern the coexistence of indexed and nonindexed de­
posits. These regulations prevent full indexation of the money supply, as 
well as complete displacement of the Cbilean peso from the financial 
system by risk-averse agents seeking insurance against inflation. 5 Indexed 
ti me deposits are aUowed only for maturities of 90 da ys or longer, 
whereas nonindexed interest-bearing deposits are legal for maturities of 
30 days. The treatment is slightly different with respect to loans; indexed 

5Tbese regulations are consistent with sorne of the recent literature on mone­
tary legal restrictions-for exarnple, Smith (1988)-in which restrictions prevent 
the private sector from issuing close substitutes for money, so as to avoid large 
priee fluctuations and adjustments in financial markets. 
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loans are allowed for terms as short as 30 days, but nonindexed lending 
operations are legal for maturities of Jess than 30 days. 

Indexation and the Chilean Financial System 

In general, Chile's financial markets are viewed as weil organized and 
free from the distortions that result from excessive direct government 
intervention in many developing countries. Financial transactions are 
subject to strict supervision by the Superintendencia de Bancos e lnstitu­
ciones Financieras (Superintendency of Banks and Financial Institu­
tions), which strengthened its regulatory role after the major financial 
crisis that occurred in 1983. 

The 1983 crash resulted from the accumulation of a large stock of 
nonperforming assets in the ban king system, apparent! y as a result of high 
real interest rates, high debt-to-equity ratios of business firms, poor risk 
management of the bank's assets, and a significant decline in economie 
activity during 1981-82. The subsequent sharp depreciation of the peso 
in 1982-83 caused further damage by generating widespread defaults on 
loans contracted in foreign currency, and by causing significant opera­
tional losses to banks financing loans denominated in domestic currency 
with resources borrowed in foreign currencies. After 1983 the financial 
system started to recover slowly from the crisis, following the graduai 
improvement in economie conditions and the adoption of poticies aimed 
at increasing liquidity and restoring solvency.6 

The role that the indexation system may have played in genera ting the 
1983 crash must be evaluated with caution, and a thorough discussion of 
the issue is beyond the scope of this paper. Financial indexation had been 
in place without causing any major disturbance long before the crisis 
started; it was maintained throughout and continued after the crisis 
ended.7 For firms and banks involved in industries with declining relative 
priees, indexed loans and deposits were an important factor contributing 
to liquidity problems and inability to repay debts. In this way, the index­
ation system helped to speed up the rate at which the crisis spread. 
However, the priees of goods sold by the average firm increased at !east 

6These policies included the intervention and closing of banks, provision of 
massive liquidity support by the Central Bank, temporary public guarantee of 
bank deposits, establishment of credit !ines in support of private debtors, and a 
recapitalization pro gram based on voluntary sale of a fraction of bad loans to the 
Central Bank. 

7 Daily adjustrnents in the UF on the basis of the inflation from the previous 
month have been undertaken since 1977. The UF was first introduced in January 
of 1967 under a system of quarterly adjustrnents. 
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as fast as indexed debt commitments, and possibly faster because of the 
1-month !ag in the indexation system. Tbus, it is likely that the wide­
spread inability to service debts had more to do with the recession and 
poor banking practices than with indexation itself.8 Moreover, by par­
tially elimina ting the risk of unanticipated inflation, financial indexation 
gave credibility to sorne of the policies used to attack the crisis, particu­
larly the guarantee on bank deposits and the recapitalization programs. 

There is evidence suggesting that financial indexation has induced 
important permanent changes in the structure of the Chilean financial 
system. In principle, partial financial indexation differentiates a subset 
of financial assets on the basis of the increased degree of protection 
against inflation that they provide. Consequently, risk-averse individuals 
are likely to reveal a preference for indexed assets in the allocation of 
their portfolio. 

A review of the term structure of time deposits supports this hypoth­
esis. Figure 4 illustrates the term structure of deposits in the financial 

Figure 4. Term Structure of Time Deposits, January 1985 to May 1990 

(Monthly averages) 
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MUnless it could be shown that a nonindexed system would have underesti­
mated future inflation substantially in setting interest rates, resulting in lower 
interest rates than under indexation, it is likely tbat the chain of business failures 
would have followed in a similar manner even without indexation. 
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system using data on monthly average stocks of bank deposits for the 
period January 1986-May 1990. lt shows that approximately 80 percent 
of ali ti me deposits are concentrated in terms between 30 da ys and 1 year. 9 
On average, 30- to 90-day deposits account for 38 percent of total time 
deposits, white 90-day to 1-year deposits account for 41 percent. 1° Figure 
5 details the distribution of 90-day to 1-year deposits in terms of indexed 
and nonindexed deposits, and shows that the vast majority of them are 
indexed (about 98 percent on average).11 Thus, the existing regime of 
partial financial indexation, operating in an environment of moderately 
high and variable inflation rates, has resulted in a market in which 

Figure 5. Structure of 90-Day Deposils, January 1985 to May 1990 

(Monthly averages) 
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9The secular growth in deposits with more than 1-year maturity reflects the 
growth of deposits from the pension funds, which should not be viewed as 
pertaining to the private sector but to nonbank financial intermediaries. 

10 Oeposits in U.S. dollars are allowed for maturities of 30 da ys or longer, with 
adjustments in the exchange rate of the Chi lean peso vis à vis the U .S. dollar th at 
fluctuate a round the difference between the movement of the UF and an estimate 
of foreign inflation. During the period January 1986-May 1990, these deposits 
were equivalent to less than one third of the total of deposits denominated in 
Chilean currency. 

1 1  A similar result is obtained from the data on total daily banking operations 
of time deposits. 
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depositors seek the best possible protection against inflation, which is 
found either in short-term, nonindexed deposits that are highly liquid, or 
in the most liquid iodexed deposit available. 

The fact that individuals hold substantial amounts of 30-day nonin­
dexed deposits suggests that, in addition to liquidity considerations, they 
seem to regard them as relatively safe from the eroding effects of infla­
tion. This may partly reflect the policy of setting an indicative nominal 
interest rate for 30-day deposits according to past and expected inflation 
plus a premium, which apparently was followed until June of 1987. 
However, as documented in the next section, efficient arbitrage with 
90-day indexed deposits has also played a major role in ensuring that 
30-day nonindexed deposits provide a good safeguard against inflation. 

II. Efficient Arbitrage in Chilean Financial Markets 

This section presents the results of sorne econometrie tests that attempt 
to measure the degree of arbitrage present in Chilean financial markets. 
Tbese tests focus on the effective rates of return paid on 30-day nonin­
dexed and 90-day indexed time deposits. The rationale for dealing only 
with these two maturities is that, as noted above, the majority of time 
deposits in the Chilean financial system fall into these two categories. 

Consider a perfectly competitive financial market in which there is no 
uncertainty. The public is endowed with perfect foresight regarding fu­
ture values of short-term interest rates and the evolution of the UF, and 
arbitrage equalizes the ex post effective returns of 3-month investments 
on 30-day nonindexed deposits and a 90-day indexed deposit: 

(1 + i,)(1 + i, + 1)(1 + i, + 2) = (1 + ,UF, + 3)(1 + r,). (1) 

The notation here is as follows: i, is the monthly nominal interest rate on 
a 30-day nonindexed time deposit entered at date t, with i, + 1 and i, + 2 
denoting the same rate as quoted 30 and 60 days after t; ,UF, + 3 is the 
percentage change actually observed in the UF in the 90 days following 
t; and r, is the 90-day premium over UF quoted at date t on an indexed 
time deposit.12 Thus, the left-hand side of equation (1) measures the 
actual effective yield of a 3-month investment in deposits with a maturity 
of 30 days, referred to here as ex post nominal interest rate, whereas the 
right-hand side measures the actual effective yield in Chilean pesos of a 
3-month investment in a 90-day indexed deposit, referred to as ex post 
indexed interest rate. 

12These rates are published in annual terms, but in evaluating equation (1), one 
must be aware that they are compounded monthly. 
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Figure 6 depicts the monthly evolution of the ex post nominal and 
indexed interest rates, as measured by the left- and right-hand sides of 
equation (1), respectively. The figure shows that both rates follow similar 
trends, although indexed deposits seem to be offered at a premium-the 
effective yield on indexed deposits is systematically higher than that on 
nonindexed deposits. lndexed deposits may need to be offered at a 
premium because the two financial assets are not perfect substitutes in 
terms of liquidity. For simplicity, this liquidity premium is assumed here 
to be a ti me-invariant constant. Moreover, indexed deposits may also 
offer a premium because the 1-month lag of indexation introduces an 
element of risk by ma king the real return on these deposits vary with the 
difference in the inflation rates between the month before the deposit is 
acquired and the month before it matures. When inflation rates are very 
volatile, or during turning points from increasing to decreasing inflation, 
this difference can be substantial and difficult to estima te. Th us, indexed 
deposits may pay a premium that follows a stochastic process determined 
by the agents' perception of the risk involved in the variance of monthly 
inflation due to imperfect indexation. 

Figure 6. Ex Post Nominal and lndexed lnterest, August 1986 to Apri/1989 

(30-day to 89-day and 90-day to 1-year terms) 

Percent in 3 momhs 
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Even when the existence of a time-invariant liquidity premium is taken 
into account, the match of the two rates of return in equation (1) is not 
exact in actual data because the public and the banks do not know the 
future values of interest rates and the UF with certainty, and thus in 
practice expectations must replace the values of future variables in equa­
tion (1). Incorporating these arguments, taking logs of both sides of (1), 
and assuming that ali rates involved are relatively small, the arbitrage 
condition can be rewritten as 

(2) 

Here, future short-term interest rates and the 3-month growth of the UF 
are expectations formed with the information available at date t, 13 and 
LP is a time-invariant liquidity premium on 90-day deposits. 14 

In order to perform formai econometrie tests of arbitrage in Chilean 
financial markets using equation (2), it is necessary to introduce an 
assumption regarding the formation of expectations. The tests will ana­
lyze jointly efficient arbitrage, a time-invariant liquidity premium, and 
a particular hypothesis of how expectations are formed. The high degree 
of organization and development of Chilean financial markets suggests 
that both the banks and the public are potentially capable of forming an 
educated guess about future inflation by making extensive use of the 
information publicly available. Thus, the case of Chile provides a good 
basis for supporting the hypothesis that expectations of participants in 
financial markets are formed rationally. 

If expectations are rational, forecasting errors are random variables 
that follow a stochastic process determined by how far in the future 
individuals must form expectations on the basis of the information avail­
able today. In the case that at period t expectations need to be formed 
for variables at t + 1 ,  the errors follow a white-noise process, whereas in 
cases th at require expectations for variables dated t + 2 or la ter, as in this 
paper, the errors follow a moving average representation. 15 Ad ding and 

13This paper focuses on efficient arbitrage when expectations are formed on 
the basis of publicly available information, which in the finance literature is 
viewed as semistrong market efficiency since it ignores the role of "inside" 
information. 

14 Most of the econometrie work discussed la ter in the paper only tests for the 
existence of this ti me-invariant liquidity premium, jointly w1th market efficiency 
and rational expectations, and cannot distinguish any form of stochastic premium 
associated with liquidity or the variance of inflation. Econometrie results are 
viewed sim ply as evidence that the data can or cannet reject this joint hypothesis, 
desp.ite the fact that other hypotheses may be observationally equivalent. 1 The author thanks Charles Adams for clarifying this point. 
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subtracting the actual values of expected variables to equation (2) results 
in the following expression: 

i, + i,+ 1 + i,+ 2 = ,VF, + 3  + r, - LP + u, (3) 

where u, is a random variable that includes forecasting errors with regard 
to future 30-day nonindexed interest rates (e! + 1 and e:+ 2) and the error 
in predicting the 90-day growth of the UF ( e;·� 3), u, = e: + 1 + e: + 2 - e�� 3. 
Given the 1-month lag affecting the adjustments in the UF, it can 
be shown that u, should follow a first-order moving average process in 
order to be consistent with rational expectations. 16 The moving average 
error reflects the fact that innovations in monthly interest rates or the UF 
that occur between date t and date t + 3 constitute information not 
available at t that is relevant for explaining the relative returns of the two 
investments. 

The first test of the joint hypothesis of efficient arbitrage, rational 
expectations, and a time-invariant liquidity prernium is conducted as 
follows. Expression (3) is rewritten to define the dependent variable as 
the ex post differentiai of the effective yields of the two investments in 
time deposits being considered, which is referred to as DR9030F. If the 
data support the hypothesis, DR9030Fshould follow a stochastic process 
characterized as a first-order moving average with a constant term: 

DR9030F = (i, + i,+ 1 + i,+ 2) - (,UF, + 3  + r,) = -LP + u,, (4) 

with u, = v, + ev,_ t. and v, is i.i.d. The test consists of identifying the 
time-series process that characterizes DR9030Fin the Chilean data to see 
if it satisfies the properties consistent with efficient arbitrage, rational 
expectations, and a time-invariant liquidity prernium on indexed de­
posits. This test will only support or reject the three hypotheses jointly. 

The time-series process corresponding to DR9030F is identified fol­
lowing the Box-Jenkins method. The plots of the autocorrelation and 
partial autocorrelations show that the process is not white noise, with a 
Q-statistic = 47.7 for 25 lags, but do not provide a cie ar indication of the 
nature of the process. The results of estimating a first-order moving 
average (MA(l ) )  process with a constant using monthly Chilean data for 
the period August 1986 to April 1989 are the following: 17 

16 Since e;'J.. 3 = e;. 1 + e;+ 2, where e" is the forecasting error with regard to 
inflation, it follows th at, assuming that i and 'TT are white noise, cov( U, U, + 1) = CT� + CT�, where CT� and CT� are the variances of the forecasting errors related to 
interest rates and inflation; and cov( U, U, + k) = 0 for ali k > 1. 11 The nu rn bers in brackets in ali regression results are t-statistics; th ose marked 
with an asterisk (*) are significant at the 5 percent leve!. The hypothesis of zero 
autocorrelation of regression residuals for up to ten lags was tested using the 
method of Box and Jenkins. 
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DR9030F = -0.353 + 0.496v,- 1 + v, 
(-11 .05)* (2.762)* 

Adj. R2 = 0.234 DW = 1 .793 SE = 0.183 F = 10.77. 

(In this and succeeding regression results, adj. R2 is the adjusted coeffi­
cient of determination, DW is the Durbin-Watson statistic, and SE is the 
standard error.) 

These results show that the data give sorne support to the joint hypoth­
esis stated above, but formally the hypothesis is rejected because the 
residuals, v" are not white noise. Estimation of an MA(1) process with 
a constant produces a time-invariant liquidity premium that is very close 
to the average of DR9030Fin the data, -0.35. Both coefficient estimates 
in the regression are statistically significant, and the estimate of e is 
consistent with the sample autocorrelation for the first lag estimated at 
the identification stage (ê = 0.5 implies p1 = 0.41, which compares with 
p1 = 0.48 from the identification procedure). Despite tbese favorable 
results, the residuals, v,, seem to follow a complicated stochastic process 
in which v,_ 3 is significant for explaining v, (the partial autocorrelation 
coefficient for v,_ 3 is -0.51, with a standard error of 0.17). This pattern 
of autocorrelation cou id be indicative of the presence of quarter! y season­
ality in the data, or may suggest the existence of a stochastic premium 
associated with the riskiness of imperfectly indexed deposits, given wide 
changes in monthly inflation. Moreover, reflecting the ambiguity of the 
results of the identification procedure, estimaiing a second-order auto­
regressive process (AR(2)) produces a similar estimate of - LP and 
statistically significant autoregressive terms. 18 Tb us, in this case the data 
cannot distioguish clearly between an MA(1) and an AR(2) process. 

An alternative test of the hypothesis under discussion is performed by 
estimating equation (3) directly: 

(5) 

where u, = ev,_ 1 + v" and v, is white noise. To be consistent with the 
hypothesis mentioned, the coefficient estimates should be &0 < 0, since 
ao = - LP is the time-invariant liquidity premium, and &1 = 1 ,  if there 
is efficient arbitrage under rational expectations. The error term, v,, must 
be a serially uncorrelated random variable. Moreover, any variables 
added to equation (5) that are judged to be publicly available information 

18 However, by estimating an autoregressive moving average process 
(ARMA(2, 1)), it can be shown that the restriction tbat the two autoregressive 
terms are zero cannot be rejected bY. the data at the leve! of 5 percent significance 
(the corresponding F-statistic is F�2, 27) = 3.363). 
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dated tor earlier must exhibit coefficients that statistically are not signif­
icantly different from zero, since presumably these variables are part of 
the information set used to formulate the expectations. Variables such as 
current and past values of the inflation rate, the exchange rate, the UF, 
and the ex ante yields of indexed and nonindexed deposits were intro­
duced to the equation to confirm that they do not convey significant 
additional information. 

Estimation of equation (5) for the same sample period as the previous 
test produces the following results: 

i, + i,+ 1 + i, + 2  = -0.05 + 0.94{tUF, + 3 + r,) + 0.49v, _ 1  + v, 

Adj. R2 = 0.98 

( -0.45)(41.64)* (2.72)* 

DW = 1.66 SE = 0.169 F = 879.3. 

These results support the hypothesis that there is efficient arbitrage in 
Chilean financial markets in the sense that Ô.1 = 1 .  This implies that, 
everything else unchanged, changes in the effective return of indexed 
deposits are reflected in almost equally proportional changes in the effec­
tive return of nonindexed deposits. The regression as a who le bas a very 
high explanatory power and a law standard error, and it produces resid­
uals that follow a stochastic process according to which the autocorrela­
tion between v, and v,_ 3 is much weaker than in the previous case (the 
partial autocorrelation coefficient is -0.35, with a standard error of0.18, 
and is not significantly different from zero at the 7 percent leve!). How­
ever, the regression fails to detect a significant time-invariant liquidity 
premium, and th us the joint hypothesis being tested is once again rejected 
by the data. 

If equation (5) is re-estimated imposing the restriction that the liquidity 
premium is fixed at -0.35 (the average of DR9030F), the results show 
that the data cannat reject the restriction, and that changes in the ex post 
indexed interest rate are still reflected in close to one-to-one changes in 
the ex post nominal interest rate.19 However, the joint hypothesis of 
efficient arbitrage, rational expectations, and a time-invariant liquidity 

19The t-statistics for a1 in the unrestricted and restricted estimates of equa­
tion (5) are unusually high. Augmented Dickey-Fuller statistics were computed 
for the variables in the regression, and the presence of a unit root that could 
account for large t-statistics was not detected. The regressions do not involve an 
identity, as Figure 6 shows, but the fact that movements in the ex post nominal 
interest rate mimic so precisely movements in the ex post indexed interest rate 
casts sorne doubts on whether these interest rates are full y determined by market 
forces in the sample; as noted in the text, in June 1987 the Central Bank ended 
a policy of setting indicative interest rates for nonindexed deposits according to 
a rule based on the UF premium. 
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premium is rejected once again because the residuals are not white noise. 
ln this case the regression output is summarized as foUows: 

i, + i, + 1  + i,+ 2 = -0.35 + 0.99(tUF; + 3  + r,) + 0.50v,_ 1 + v, 
(162.63)* (2.80)* 

Adj. R2 = 0.98 DW = 1.80 SE = 0.182 F = 1513.9. 

The F-test for the restriction that cx0 = -0.35 is F( .. 30J = 5.889, and this 
implies that the restriction cannot be rejected by the data at the leve! of 
1 percent significance. The residuals, v" display a pattern of auto­
correlation between v, and v,_ 3 similar to that found in the first test (the 
partial autocorrelation coefficient for v,_ 3 is -0.49, with a standard error 
of 0.176). 

Given that the first test and the restricted version of the second test 
detect third-order seriai autocorrelation of the residuals, a third test of 
the joint hypothesis under study is performed by imposing a pattern of 
quarterly seasonality in the form of a multiplicative seasonal MA term 
at lag 3 ,  SMA(3),. An empirical justification for this, as Figure 6 illus­
trates, is that the differentiai between ex post indexed and nominal 
interest rates tends to be lower in the second and fourth quarters, and 
higher in the first and third quarters. One theoretical interpretation of 
this seasonality pattern is that it could reflect the existence of a stochastic 
premium on indexed assets. As noted before, the return on indexed 
deposits is affected by the difference in the inflation rate between the 
month before the deposit is entered and the month before it matures. 
Wh en monthly inflation rates fluctua te sharply, as has been the case in 
Chile according to Figure 1,  this embodies a significant risk. Another 
interpretation of seasonality in the interest differentiai is that it repre­
sents changes in monetary poticy th at are not part of the information used 
by individuals to formulate their expectatioos. This hypothesis is not 
tested here, but it is interesting to note that Chile relies heavily on open 
market operations in indexed assets to manage monetary policy. 

The estimated time-series process for DR9030F with the seasonality 
component is 

DR9030F; = -0.37 + 0.68v, _ 1 - 0.88SMA(3), + v, 
( -13.64)* ( 4.84)* ( -4.98)* 

Adj.R2 = 0.475 DW = 2.034 SE = 0.152 F = 15.46. 

In contrast to the previous results, the introduction of quarterly season­
ality elimînates completely the pattern of correlation in the error terms.20 

20The restriction that the seasonal adjustment parameter is zero is clearly 
rejected by the data at the 1 percent and 5 percent significance levels 
(F(t.JO) = 15.21). 
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Thus, if the additional assumption of quarterly seasonality is taken into 
account, the data cannot reject the joint bypothesis of efficient arbitrage, 
rational expectations, and a premium on 90-day indexed time deposits 
consistent with time-invariant and stochastic components. This is a very 
weak hypothesis, however, since the stochastic element embodied in the 
seasonal moving average bas many interpretations, and could be viewed 
simply as a rejection of rational expectations and market efficiency. 

To summarize, the results of the tests performed here provide sorne 
evidence suggesting that efficient arbitrage takes place in Chilean finan­
cial markets, in the sense that changes in the ex post indexed interest rate 
are associated with changes in the ex post nominal interest rate of almost 
identical magnitude. The re is also sorne evidence th at market participants 
tend not to make systematic errors in forecasting short-term interest rates 
or the UF. However, the joint hypothesis of efficient arbitrage, rational 
expectations, and a time-invariant liquidity premium is not supported by 
the data-the relevant residuals display negative autocorrelation at the 
third !ag, or, when the residu ais are white noise, the time-invariant 
premium is not statistically significant. Although this joint hypothesis 
fails, the results lend sorne support to the view that financial indexation 
minimizes the risks associated with inflation, since no inflation-risk pre­
mium is detected in the effective yield paid on nonindexed deposits. The 
only premia detected in the tests are paid on indexed deposits, and are 
viewed as stemming from liquidity preference and imperfect indexation. 
The negative constant in the stochastic process of DR9030F suggests th at 
indexed deposits pay a rime-invariant prernium of approximately 1.5 
percent a year. The coefficient of quarterly seasonality estimated in the 
last regression is also negative, suggesting-as one possible interpreta­
tion-the presence of a stochastic premium on indexed deposits. 

Th us, the evidence from Chilean data suggests th at indexation, at work 
in an environment where tbere is evidence of efficient arbitrage, facili­
tates financial operations by eliminating the inflation-risk component of 
nonindexed interest rates. Given rational expectations, efficient arbi­
trage, and a full Fisher effect, the elimination of financial indexation 
would only alter interest rates to the extent that inflation-risk premia are 
re-introduced. It is therefore important to search for further evidence on 
Fisherian transmission and rational expectations. 

III. The Interest Spread and Increases in Inflation 

It has been argued here that indexation does not induce systematic, 
unjustified increases in interest rates in response to inflation when expec­
tations are rational and there is efficient arbitrage, because the Fisher 
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effect in a nonindexed system would produce similar increases. The tests 
conducted in the previous section suggest that Chilean financial markets 
conform well to sorne elements of the hypothesis of efficient arbitrage 
and rational expectations, but do not produce evidence on the validity of 
the Fisher effect, nor do they give a clear description of the relationship 
between the returns paid on indexed and nonindexed deposits and expec­
tations of future inflation. In this section, a series of tests are undertaken 
to explore the empirical relevance of the Fisher effect and one of its key 
implications un der the assumption of rational expectations-namely, 
that the differentia! between the premium over UF of an indexed deposit 
and the nominal interest rate of a nonindexed deposit should be a precise 
indicator of future changes in inflation. These tests also have the opera­
tional value of helping to establish whether the UF premium cao be 
treated as equivalent to the relevant real interest rate, and thus whether 
it is proper to use it as an instrument or indicator in the design of 
monetary policy. 

The informational content of the spread between indexed and nonin­
dexed interest rates can be extracted by estima ting a functional relation­
ship that follows from the Fisher effect. This approach is a variation of 
the methodology applied recently to study inflation forecasts based on 
the term structure of nominal interest rates by Fama (1990) and Mishkin 
(1990). 

The Fisher equations for 30-day nonindexed and 90-day indexed time 
deposits can be expressed as follows: 

E, P,,30 = Ïr.30 - Rr.30 

E,P,,90 = (rr.90 + E, UF,.90) - R,.90, 
(6) 
(7) 

where E, denotes a rational expectation conditional on publicly available 
information available at date t; P..30 and P..90 are the inflation rates for the 
30 and 90 days that follow t; R,.30 and R,,90 are the ex ante real interest 
rates of each type of deposit; i,,30 is the monthly nominal interest rate 
quoted at date t on a 30-day nonindexed deposit; r,.90 is the quarterly 
premium over UF quoted at date ton a 90-day indexed deposit; and UF,.90 
is the growth of the UF during the 90 days following t. 

Following Mishkin (1990), equations (6) and (7) are combined in an 
expression that provides a framework useful for extracting the informa­
tion about expectations of future inflation contained in the interest 
spread. This is done by imposing the conditions that expectations are 
formed rationally and that ex ante real interest rates fluctuate around 
constant averages over time. Subtracting (6) from (7) and imposing these 
two conditions yields the following result: 

P..90 - UF,.90 - P..Jo = ao + a1(r,,90 - i,.30) + v,, (8) 
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where 

This expression must be treated with caution because the dependent 
variable on the left-hand side has a special interpretation. The dependent 
variable is the uncovered increase in inflation ( UNCINFCH) during the 
period from 30 to 90 da ys after t. lt is considered uncovered because it 
represents the residual change in inflation after taking into account the 
protection that indexation gives to 90-day deposits (that is, UNCINFCH 
is equal to the difference between the inflation rates minus the correction 
in the UF). 

Expression (8) indicates that, if expectations are rational, the ex ante 
real interest rates vary around constant means, and the Fisher equations 
(6) and (7) hold, then UNCJNFCH must be equal to the sum of the 
average differentiai in ex ante real interest rates, <X{) = R 90 - R 30; the 
spread in the quoted returns of indexed and nonindexed deposits, cx1 = 1 ;  
and a random error, v,. The error term is a combination of expectational 
errors pertaining to the 30- and 90-day inflation rates (e;30 and e;90), the 
change in the UF (e;�90), and the discrepancy between the period-by­
period and mean values of the ex ante real interest rates (e;,30 and e;.90). 
To be consistent witb rational expectations, this disturbance must have 
zero mean and constant variance, and may follow a second-order moving 
average process, because the data correspond to monthly observations 
and expectations need to be formed for variables up to three months 
ahead-in this case, an expectation for inflation in the third month after 
t is needed, whereas in the tests of efficient arbitrage only inflation 
expectations up to the second month ahead were required. 

The economie interpretation of the movements implicit in equation (8) 
is the following. For a given value of <X{), a widening of 1 percentage point 
in the differentiai between the 90-day premium over UF and the 30-day 
nominal interest rate indicates that individuals expect inflation in 90 days 
to increase by 1 percentage point in addition to the expected growth in 
the UF (about 4 percentage points on an annual basis). Therefore, if the 
estima te of equation (8) produces an error term with an MA(2) represen­
tation and shows that the hypothesis &1 ::/= 0 is rejected and the hypothesis 
&1 = 1 cannot be rejected, then the data would indicate (1) the spread 
of interest rates is a precise indicator of future increases in uncovered 
inflation as a joint test of the Fisher effect and rational expectations; and 
(2) the average of ex ante real interest rates is constant over time. This 
second result would suggest that the UF premium is not a good proxy for 
the relevant real interest rate because, as Figure 2 illustrates, the UF 
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premium exhibits an increasing trend and does not fluctuate around a 
time-invariant mean. 21 

Equation (8) was estimated by ordinary !east squares using data from 
August 1986 to January 1990, July 1987 to January 1990, and August 1986 
to December 1987. The last sample is dominated by observations from 
the period during which the Central Bank provided indicative interest 
rates for 30-day nonindexed time deposits, and consequently, the policy 
regime may have intervened with the Fisherian transmission of market­
determined, rational expectations of inflation to interest rates. To allow 
for quarte ri y seasonality, the equation for the period August 1986-
January 1990 was also estimated with a multiplicative seasonal moving 
average term at the third lag. To test the null hypothesis that &1 = 1 ,  two 
procedures were followed: a standard "t"-test, and an F-test tbat com­
bined the sum of squared residuals of unrestricted and restricted versions 
of the mode!. The results of ali estimates are summarized in Table 1 .  

With one exception, the results show that the hypothesis that the 
coefficient &1 is significantly different from zero but insignificantly differ­
ent from unity cannot be rejected by the data, and that the residuals 
follow an MA(2) process. Surprisingly, the exception is not the period of 
indicative interest rates but the period from July 1987 to January 1990. 
For the sample August 1986 to January 1990, the unrestricted estimate 
for &1 is 1.38, with a standard error of 0.26. This implies that the hypoth­
esis &1 = 0 is rejected with less than 1 percent significance, and the 
hypothesis &1 = 1 cannot be rejected with less than 1 percent significance. 
Moreover, estima ting the mode! for ail the sample periods with the 
restriction that a1 = 1 produces F-statistics according to which the data 
cannot reject the restriction at 1 percent significance. In general, these 
results suggest that the joint hypothesis of Fisherian transmission and 
rational expectations cannot be rejected by the data. 

Figure 7 depicts the actual and predicted values of UNCINFCH pro­
duced by the unrestricted model for the sample August 1986 to January 
1990. This figure illustra tes clearly the predictive power of the regressions 
based on the spread between indexed and nonindexed interest rates to 
forecast the evolution of the uncovered increase in inflation. One of the 
interesting operational implications of this result is that the market­
determined interest spread between iodexed and nooindexed deposits is 
an accurate indicator of the public's perception of future changes in 

21 Thjs conclusion would not follow if the UF moved exactly with inflation 
month by month. In this case, the dependent variable in equation (8) collapses 
to -P,, 30, and the UF premium becomes identical to the ex ante real interest rate. 
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Figure 7. Uncovered inflation Change 

(Actual and predicted values) 

Fi11ed 

Uncovered inflalion change 

1987 1988 1989 

inflation. Policymakers have ready access to this interest spread and can 
use it as an indicator to assess the stance of monetary policy.22 

Consider the interest spread betweeo the quarterly UF premium and 
the monthly nominal interest rate depicted in Figure 8. According to the 
model, a declining spread is an indicator that monetary policy is recog­
nized as tight, or that uncovered inflation is expected to fall, whereas an 
increasing spread indicates the opposite. 23 During the first and third 
quarters of 1989 the interest spread widened, and these two periods were 
also the two peaks of the uncovered acceleration of inflation during that 
year (see Figure 7). In the first quarter of 1990, the interest spread 
declined at first, as the Central Bank announced the introduction of an 

22 Note that the spread of interest rates is a useful indicator of the stance of 
monetary po licy, but is not an instrument nor a target. The size of the spread per 
se does not indicate the extent of the adjustments that are necessary in instru­
ments and targets, it only informs the authorities of the market's perception 
retarding monetary policy stance. 

The issue here is not how tight the Central Bank designs monetary policy, 
but how individuals in financial markets perceive it. Thus, it does not suffice that 
the authorities design a theoretically sound anti-inflationary policy; the reputa­
tion and credibility they command rn financial markets also play a crucial role. 
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Figure 8. lnterest Rate Spread on Time Deposits, August 1986 ro May 1990 

(90-day indexed minus 30-day nonindexed deposits) 
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adjustment program, but then it widened to reach 1.2 percent in March 
(4.9 percent annually). According to the mode!, the increase in the spread 
indicated that individuals viewed the adjustment policies either as tran­
sitory or insufficient to hait the increasing trend of inflation, possibly 
reflecting expectations of a fiscal expansion or large inflows of foreign 
capital attracted by a large favorable differentia! between domestic and 
foreign interest rates. 

The data also support the hypothesis that ex ante real interest rates 
fluctuate around tirne-invariant means. With the exception of the esti­
mate for the period August 1986 to December 1987, in which the estimate 
of the constant ter rn is not statistically different from zero, the regressions 
show that the average 90-day ex ante real rate is more than 3;4 of 1 
percentage point higher than the average of the similar 30-day rate. As 
discussed previously, this evidence casts serious doubts on the use of the 
UF premium as an indicator of the relevant real interest rate because it 
clearly does not fluctuate around a time-invariant mean. 

Equations (6)-(8) also provide an alternative test that can be used to 
substantiate further the claim that the UF premium is not equivalent 
to the ex ante real interest rate. These equations imply that, for both 
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rates to be statistically equivalent, the imperfection of the indexation 
mechanism should not be statistically significant. Thus, estimating equa­
tion (8) with a dependent variable that is just the negative of the 30-
day-ahead inflation rate should produce similar results as those listed in 
Table 1 .  Estimation of this modified equation shows that this hypothe­
sis is rejected. The coefficient &1 is significant, but at a value of -0.42, 
the constant term rises to -1.6, and the first-order autocorrelation co­
efficient is higher than unity, which questions the stationarity of the 
residuals. 

The UF premium is not the relevant ex ante real interest rate because, 
as explained earlier, in calculating the latter agents consider the dis­
crepancy between the inflation of the month before they enter into a 
credit contra ct and their expectations of inflation in the last mon th bef ore 
it expires. When the inflation rate is stable, this discrepancy is minimal 
and the UF premium reflects the relevant ex ante real rate, but when 
inflation fluctuates, this is no longer a correct approximation. The fluc­
tuations affecting monthly inflation are due in part to seasonal or random 
factors, but they also reflect the underlying trend of the inflation rate. 
What the tests show is that, for Chile, the 1-month lag in financial 
indexation and the volatility of the month-to-month inflation rate cause 
discrepancies between the UF premium and the ex ante real interest rate 
that cannot be accepted as accidentai. Thus, the results support the view 
that the spread between indexed and nonindexed in te rest rates is a better 
indicator of the stance of monetary policy than the UF premium itself. 

IV. Concluding Remarks 

This paper analyzes the Chilean mechanism of financial indexation and 
explores sorne aspects of its influence on the operation of the financial 
system. The results of a number of empirical tests support the view that 
indexation facilitates financial intermediation under inflationary condi­
tions and does not automatically produce bigher interest rates than a 
system free of indexation. In particular, the econometrie evidence sug­
gests that there is efficient arbitrage in Chilean financial markets and th at 
market participants tend not to make systematic mistakes in forecasting 
future interest rates or future inflation. The evidence also supports the 
existence of the Fisher effect .  The spread between indexed and nonin­
dexed interest rates is found to convey significant information regarding 
future changes in inflation, and the average levels of ex ante real interest 
rates are estimated to be approximately constant over time. 

The findings of this paper have four operational implications: 
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• Efficient arbitrage is present in Chilean financial markets. An in­
crease in the effective rate of return on a 90-day indexed deposit is re­
flected in almost a one-to-one increase in the effective return on 3-month 
investments in 30-day nonindexed deposits. 

• Inflation changes are consistent with Fisherian transmission and ra­
tional expectations. The difference between the 90-day UF premium and 
the 30-day nominal interest rate is a precise indicator of the expectations 
of economie agents regarding future changes in inflation (adjusted to 
account for the protection that imperfect indexation gives to 90-day 
deposits). 

• Indexation is imperfect. The 1-month lag un der which indexation is 
currently undertaken implies that the 90-day UF premium should not be 
regarded as the real interest rate relevant for economie decisions or for 
the purposes of designing monetary policy. The spread between indexed 
and nonindexed interest rates is a better indicator of monetary conditions. 

• Indexation eliminates the inflation risk from nonindexed financial 
contracts . Because the data suggest that Fisherian transmission takes 
place in an environment where expectations are not systematically er­
roneous and efficient arbitrage exists, financial indexation rninirnizes the 
inflation risk (which is not detected in 30-day nonindexed deposits) and 
does not systematically force a full adjustment of nominal interest rates 
to inflation that would not have occurred otherwise. 
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The Cost of Export Subsidies 

Evidence from Costa Rica 

ALEXANDER HOFFMAISTER • 

A madel is developed to estimate the effects of export subsidies on the 
supply of exports. With data for Costa Rica over the 1980s, it is shawn that 
although the export subsidy scheme in operation led to an increase in 
ex ports, the direct fiscal costs of the scheme were substantial. Furthermore, 
the subsidy scheme led to a significant increase in imports. These results 
suggest that elimination of export subsidies would not have a parricularly 
harmful effect on the trade balance, and would, in addition, increase the 
fiscal position and generate economie efficiency. [JEL C22, F13, Fl7) 

IN THE 1970s, the appeal of export promotion as a development strategy 
began to overshadow import substitution, particularly in Latin Amer­

ican countries hit by the debt crisis. The export-fueled growth of severa! 
Asian countries further sparked interest in export promotion schemes. 

Policymakers have been creative in designing export incentives. Most 
export promotion programs involve a combination of fiscal and direct 
incentives. A drawback scheme, or sorne variation of it, allowing ex­
porters to "draw back" taxes paid on imported inputs used in the pro­
duction of exported goods, is a standard incentive. Many programs 
offer additional tax incentives such as exemptions from domestic taxes. 
Other programs allow for preferential rates on public utilities, subsidized 
interest rates, generous wastage allowances for imported inputs, and 
accelerated depreciation of capital goods. 

* Alexander Hoffmaister, an Economist in the Research Depart ment, received 
his Ph.D. from Boston University. 

The author is grateful for comments received from Pierre-Richard Agénor, 
Dean DeRosa, Robert Feldman, Mohsin Khan, and Carmen Reinhart. He also 
thanks Glen Calvo, Leticia Shadid, Ignacio Tampe, and Ana belle Ulate for their 
help with the data. 
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As widespread as export promotion programs are, empirical evidence 
on their effectiveness in increasing exports and on their costs is scarce. 
These costs include fiscal expendüures on export subsidies, forgone tax 
revenues, indirect subsidies related to public utility rates, and the costs 
associated with subsidized interest rates. Full measurement of the costs 
would ideally also account for distortions introduced by export promotion 
and the costs of administering the programs. 

This paper measures the impact of export subsidies on export supply 
and evaluates their cost. A simple mode! is presented in Section I. The 
mode! is estimated with data from Costa Rica, where an export subsidy 
scheme was introduced in 1972 and enhanced by an export contract in 
1984. The direct subsidy functions as a tax credit (CATS) worth 15 
percent (f.o.b.) of nontraditional exports. 1 Other export incentives are 
available under the export contract, such as a drawback scheme; how­
ever, data on these incentives are not available. The time-series proper­
ties of the data are evaluated, and the estimation is accomplished using 
a Stock and Watson (1991) estimator that allows for valid hypothesis 
testing on the cointegrating vector. Section II presents the estimates. 

The mode! is used to gauge the impact of the export subsidy. It is shawn 
in Section III that, first, exports increased by roughly 10 percent; second, 
each dollar spent on the program increased exports by $1.35; and finally, 
imports of intermediates used in the production of exports increased 
significantly. 

In general, the export subsidy has been a very costly way to promote 
exports, averaging 1 .2 percent of gross domestic product (GDP) between 
1988 and 1989, and prompting policymakers to consider alternatives to 
the subsidization scheme. The mode! indicates that the 15 percent subsidy 
could be offset by an average quarterly depreciation of 7 percent. It 
should be noted that this rate of depreciation would replicate the behav­
ior of total exports, and thus implicitly assumes that the rate of growth 
of exports obtaioed under the subsidy is desirable. The socially optimum 
leve! of exports, however, is not addressed in the paper. The main 
findings are summarized in the concluding section. 

1. The Basic Model 

The key assumption underlying the standard empirical trade mode! is 
that exports are not perfect substitutes for the domestic good of the ex-

1 The subsidy rate varies with the destination of exports. Nontraditional prod­
ucts shipped to Europe receive 20 percent, but the majority of nontraditional 
exports receîve 15 percent. 
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porting country. Goldstein and Khan (1985) argued, that support for this 
assumption is based on the existence of two-way trade (precluded in a per­
fect substitute mode!) and evidence of significant and persistent deviation 
from the law of one priee. 

The basic mode! here begins with a firm that is able to allocate produc­
tion between the domestic and the export market. Thus, the firm will 
simultaneously determine its supply of exports together with the dornes­
tic supply. Recent theoretical work seeking to account for intraindustry 
trade has modeled this simultaneity.2 

Here, a simplified version of a mode! formulated by Behrman and Levy 
(1988) is used.3 The representative domestic firm maximizes the profit 
function: 

II =  P(Px , Pd)Q(L , K) - (WL + RK), (1) 

where II denotes profits; P is an exact priee index of the composite 
output, Q ;4 Px is the export priee inclusive of export subsidies, S, mul­
tiplied by the exchange rate, E;5 Pd is the priee for the firm's product in 
the domestic market;6 and L and K are the labor and capital quantities 
used in the production process. Throughout the text, uppercase sym­
bols will denote levels, while lowercase symbols are reserved for logs. 
Equation (1) is maximized subject to 

Q = [!3Qx' + ntn + (1 _ !3)Qd' + nmy!ll + n. (2) 

Equation (2) describes a constant elasticity of substitution (CES) rela­
tionship between domestic and export output. 

Profit maximization will require the firm to choose Qx, Qd, L ,  and K, 
subject to equation (2). The first two first-order conditions from the 
lagrangian (éH /iJQx and iJ1 laQd) imply 

Qx = (�)
n

. (Px )n 
Qd !3 Pd . (3) 

Figure 1 depicts the firm's maximization problem. At point A ,  the 

2 There are two major explanations for intraindustry trade: first, the reciprocal 
dumping of homogeneous products (Brander and Krugman (1983)); and second, 
a combination of product differentiation and increasing returns to scale (Help­
man and Krugman (1985)). These models were developed using general func­
tional forms and do not lend themselves to an estimable form. 

3These authors modeled the firm's labor and intermediate input decision. 
However, the l?resent analysis is not concerned with either of these issues. 

4This index IS such that P(Px, Pd) · Q = PxQx + PdQd. 5 Px :: (1 + S)EPx". 
6lt should be noted that Pd is potentially endogenous to the mode!; this issue 

will be discussed in Section Il. 



©International Monetary Fund. Not for Redistribution

COST OF EXPORT SUBSIDIES 151 

Figure 1. Supply Decision 

Qd 

-(1 + S)EPx * 1 Pd 

D 

D' 
- (1 + S')EP.r * 1 Pd 

x X' Qx 

firm is maximizing its profits. The firm first determines the leve! of 
composite output, Q ,  and allocates it according to the relative priee, 
(1 + S)EPx* /Pd. An increase in the export subsidy will have two effects. 
The priee of the composite output increases, triggering an increase in the 
composite leve! of output, denoted by the outward shift of the output 
allocation curve. 7 The new subsidy increases the attractiveness of ex ports 
relative to domestic output, so th at the ratio of exports to domestic output 
increases. 8 

To obtain the export supply curve requires combining equation (3) with 
the remaining three first-order conditions (requiring the value of the 

7 If initially the fum is at an equilibrium, the new composite output will require 
an increase in the capital stock. 

8 Figure 1 presents the case wbere there are increasing costs of shifting output 
from one market to the other. By reducing the elasticity of substitution, the 
transformation curve would become a right angle and the production technology 
would be that of joint production. The effect of a subsidy would theo be exclu­
sively an increase in the composite output. If the elasticity is very large the 
transformation curve turns into a straight tine, so that the firm allocates ali its 
output to one market. In that case, the supply of ex ports would be discontinuous. 
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marginal product of la bor and capital to equal their corresponding priees, 
and the constraint (2)). In log form the export supply curve will be9 

qx = bo + b1 (px - pd) + b2q(W, R). (4) 

Notice that this is very similar to the original Goldstein and Khan 
(1978) supply equation. The difference is the scale variable, which is the 
composite output of the firm, whereas Goldstein and Khan used capa city, 
or trend, incarne. Here, real GDP will be used as a proxy for Q .10 

II. Empirical Results 

This section presents estimates of the madel using data from Costa 
Rica. The series are all integrated of arder one. The madel is esti­
mated accordingly, following the two-step procedure suggested by Engle 
and Oranger (1987). 1 1  If regressors are endogenous or residuals are 
serially correlated, standard hypotheses tests on ordinary-least-squares 
(OLS) estimates of the cointegration vector are not valid. 12 

Four single-equation estimation methods for cointegrating vectors, 
which account for seriai correlation and endogeneity of regressors, are 
available. 13 Ail four methods are asymptotically optimal. Phillips and 
Hansen (1990) proposed a fully nonparametric estimator to correct for 
bath seriai correlation and endogeneity. Saikkonen (1991), Stock and 
Watson (1991), and Phillips and Loretan (1989) shared the same para­
metric correction for endogeneity. However, Stock and Watson used a 
nonparametric correction to deal with seriai correlation, and Phillips and 
Loretan suggested a parametric procedure to deal with this problem.14 

Although ali four methods are asymptotically equivalent, they do not 
have the same small sample properties. Both Stock and Watson and 
Phillips and Loretan presented Monte Carlo simulation results showing 
that the Phillips-Hansen estimator bas greater bias and mean squared 

9 Where. bo = -.a· ln(f3), bt = .a, bz = 1. 
10The demand for exports will not be modeled explicitly, but the endogeneity 

of regressors will be tested in Section II. 11 The series and their unit root tests are described in the Appendix. 
12 OLS estimates of the cointegrating vector depend upon nuisance parameters 

for two reasons: seriai correlation in the errors, and endogeneity of regressors. 
See Park and Phillips (1988, 1989). 

13 Phillips and Hansen (1990) showed that instrumental variable methods, 
although they reduce the simultaneity bias for cointegration vectors, do not 
eliminate the bias asymptotically. Saikkonen (1991) developed an asymptotically 
efficient instrumental variable estimator. He argued that the use of instruments 
was advisable only when the instruments and the regressors were cointegrated. 

14 The Appendix con tains a brief description of these single-equation methods. 
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error than simple OLS. There are no Monte Carlo simulations that com­
pare Stock and Watson with Phillips and Loretan or relate to Saikkonen's 
estimator. Thus, there is no a priori reason to favor either method. 
Nonetheless, preliminary estimation of the cointegration equation has 
favored the Stock-Watson approach. 15 

The Cointegration Equation 

The relative priee that exporters face can be expressed as 
(1  + S)EPx* 1 Pd. This relative priee is the combination of three ele­
ments: (1) the export subsidy, (1 + S); (2) the nominal exchange rate 
defined as the priee of foreign currency, E; and (3) the relative world 
priee of exports in terms of the domestic priee, Px* !Pd. 

If exporters are indifferent about the origin of tbeir export revenues, 
one would expect that each component of this relative priee would have 
the same effect on export supply. However, if subsidies are perceived as 
temporary, one would expect a relatively large short-run response to 
changes in the subsidy, relative to their long-run effect. This reasoning 
is analogous to Calvo's (1987) temporary trade liberalization argument. 
A temporary subsidy could induce exportees to increase supply today to 
take advantage of the subsidy th at will not be there tomorrow. A long-run 
effect could occur to the extent that investment plans were shifted for­
ward in an effort by exporters to further increase exports during the !ife 
of the subsidy. It seems plausible that a short-lived subsidy would not 
change investment plans and thus would not have Iong-run effects. 

The perception that the subsidy is temporary might come from a law 
that states the subsidy's lue span, such as Costa Rica's 1984 export 
contract, but this is not necessary. This perception can also be prompted 
by the expectation of medium-term changes in trade policies, such as 
joining the General Agreement on Tariffs and Trade (GA TT). If the fiscal 
deficit is an issue, theo the subsidy might come under attack because of 
its fiscal impact. Note that as the f.o.b. value of exports increases so will 
the expense of the program, increasing the likelihood that the program 
could be eut as exports grow. Regardless of the origin of the perception 
of temporariness, it will impinge on the effectiveness of the effort to 
promote exports. 16 

15 Specifically, estimates of the priee coefficients using Phillips and Loretan 
were less precise than either the Stock-Watson estimates or OLS estima tes; see 
Hoffmaister (1991). 

16It is also possible that the exporters might discount the nominal exchange 
rate, if they perceive that the authorities are not committed to keeping the 
excbange rate at maJket clearing levels. 
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The cointegration equation may be expressed as follows: 

qx = �o + �1 log(l + S) +· �ze + �J(px* - pd) + �4q + w,. (5) 

The analysis of Costa Rica's export supply response to export subsidies 
will require testing severa! hypotheses regarding the priee coefficients: 
�" �2, and �3. The mode!, presented in Section I, suggests that ali �� will 
be equal. It is also conceivable that �1 will differ when exporters discount 
the export su�sidy relative to EPx* /Pd.17 

If al! three 13's were found to be equal, this would imply that exports 
respond equally to ali three priee components. This response would 
suggest th at the export subsidy was not viewed as temporary, which would 
have implied a weak Jong-run response by ex ports. Since the Costa Rican 
subsidies are indeed temporary (their !ife span is ten years), a possible 
interpretation of that result would be that exporters expect the sub­
sidies to be extended indefinitely, thereby suggesting th at the temporary 
subsidy scbeme is time inconsistent. 

The cointegration equation (5) was estimated using Stock and Watson 
and 80 quarterly observations covering 1970 through 1989. The coeffi­
cients of (1  + S), E, and Px* 1 Pd have been allowed to differ. 18 The 
results of the estimation of the static model are presented in Table 1;  
column (1) contains the unconstrained estimation, and columns (2) and 
(3) present two different constrained estimations described below.19 

Two cointegration tests were performed-the augmented Dickey­
Fuller (ADF) and the augmented Phillips and Perron (APP).20•21 Notice 

17The hypothesis �2 = �) is also tested. This hypothesis suggests that exporters 
base their output decision on the relative priee, EPx* /Pd. Rejection of this 
hypothesis could be accounted for by data measurement problems. lt is not 
unlikely that exporters know Px* , since most exports are contractual. However, 
it is likely that exporters face larger uncertainty surrounding Pd and E when the 
output decision is made. Sioce the data consist of actual Pd and E, it is conceiv­
able that these series imperfectly reflect expectations regarding these variables. 

18 The coefficients of px* and pd were found to be equal and of opposite signs. 
The data did not reject this hypothesis. 

19These estimates are subject to two qualifications. First, the estimates suffer 
from aggregation bias, because the measure of nontraditional exports includes 
maquila exports th at do not qualify for the subsidy. However, this bias is probably 
small si nee these products have been growing at a steady rate, reaching about 9.5 
percent of nontraditional ex ports in 1989. For a discussion of the aggregation bias, 
see Goldstein and Khan (1985). Second, since the subsidy is redeemed after a 
period of time, the relevant measure of the subsidy is its discounted value. 
Unfortunately, it has not been possible to discount the subsidy, because the 
maturity has changed on severa) occasions, so th at each individual export con tract 
has a different maturity period. 

2° Campbell and Perron's (1991) suggested method determined th at four lags 
were needed in these tests. 21 The critical values are taken from Engle and Yoo (1987). 
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Table ! .  Export Supply Static Estimation 

qx 
Dependent Variable (1) 

Observations 80 
R2 0.940 ïP 0.937 
Sum of squared residuals 1.112 
Standard error of estimate 0.122 
Durbin-Watson statistic 1.164 
Q-statistic 72.393 
Augmented Dickey-Fuller -3.14 
Augmented Phillips-Perron -5.39*** 

Constant -21.92 
( - 14.81) 

log(1 + S) 0.18 
(1.38) 

e 0.13 
(1.85) 

px* - pd 0.23 
(2.09) 

q 2.31 
(12.53) 

Ho, x�-statistic 3.504 
H., xi-statistic 0.116 

qx 
(2) 

80 
0.932 
0.930 
1.262 
0.128 
0.970 

83.370 
-2.72 
-4.82** 

-20.39 
(20.19) 

0.08 
(1 .60) 
0.08 

(1 .60) 
0.08 

(1 .60) 
2.17 

(16.69) 

155 

qx 
(3) 

80 
0.940 
0.937 
1.117 
0.121 
Ll44 

73.602 
-3.09 
-5.33*** 

-22.14 
(15.93) 

0.15 
(2.50) 
0.15 

(2.50) 
0.24 

(2.40) 
2.33 

(15.53) 

Note: Two asterisks denote significance at the 5 percent leve!; three asterisks 
denote significance at the 1 percent leve!; t-statistics in parentheses. 

that the ADF tests failed to reject the presence of a unit root at the 10 
percent significance leve!; that is, according to this test, the equations do 
not cointegrate. However, the APP rejected a unit root at the 1 percent 
significance leve!, implying that the equations do cointegrate. The failure 
of ADF to reject noncointegration is likely due to the fact that this test 
was developed for the case where disturbances are independent and 
identically distributed (i.i.d.).22 

The unconstrained estimation, shown in column (1), suggests an 
upward-sloping supply curve of nontraditional exports, although it is 
relatively priee inelastic. Casual observation of the results suggests that 
exports respond less to nominal exchange rates or subsidies than they do 
to changes in relative priees. This observation provides the motivation for 
the null hypotheses: Ha-aU priee coefficients are equal; and H1-the 

22 Campbell and Perron (1991) discuss this issue. 
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subsidy and the exchange rate are equal. The results of these two tests 
are reported at the bot tom of Table 1 .  Both hypotheses are supported by 
the data. 

Columns (2) and (3) present the constrained regression results under 
Ho and H�> respectively.23 It is clear from column (2) that priee elasticity 
falls drarnatically and cointegration is obtained at 5 percent, not 1 percent 
significance. Furthermore, the results suggest that supply is perfectly 
priee inelastic. This result, although statistically valid, is not persuasive. 
Strictly speaking, it means th at regardless of the subsidy or exchange rate 
policy, the quantity supplied of exports remains unchanged. Further­
more, the relative profitability of exports over the domestic market, 
measured by the relative priee, does not play a role in the long-run export 
supply. Thus, an increase in domestic priees vis-à-vis export priees, such 
as when tariffbarriers are increased, does not change the firm's allocation 
of its output between markets, implying that tariffs do not create an 
anti-export bias. 

Column (3) shows the estimation results when the subsidy and the 
exchange rate are constrained to be equal. Notice that the priee elastic­
ities are comparable to those obtained in the unconstrained regressions. 
It is also interesting to note that, once again, cointegration is attained at 
1 percent significance. 

This leaves the analyst with a dilemma. While the hypothesis tests 
suggest that priee coefficients are equal, imposing this equality on the 
data renders exports perfectly priee inelastic. However, when equality is 
imposed between the subsidy and the exchange rate, the estimates make 
more sense-that is, one obtains a small significant priee elasticity and 
stronger evidence of cointegration. Also notice that the standard errors 
of the estimates (SEE) of the regressions in column (3) are smaller than 
those from both column (2) and those obtained from the unconstrained 
regression reported in column ( 1  ). This suggests the efficiency of imposing 
the second hypothesis over the unconstrained regressions. 

One possible explanation for these contradictory results is that these 
Wald tests are asymptotically x2, and therefore might not perform ade­
qua tel y in finite samples. Monte Carlo experiments reported by Phillips 
and Hansen (1990) suggest that the probability distribution function is 
adequately approximated for sample sizes as small as 50 observations. 
Nonetheless, as Campbell and Perron (1991) note, these results have 

23The Breusch (1978) and Godfrey (1978) test for seriai correlation rejected 
the nuit of no seriai correlation of up to fourth order; thus, OLS estimates are 
not efficient and standard hypothesis tests are not valid. Nonetheless, the stan­
dard F-tests were performed on OLS estimates of the cointegrating equation. 
These tests rejected H0, but maintained H1• 
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been obtained for small-scale models with only two or three variables in 
the cointegrating vector. It is not known whether these simulation results 
hold when the mode! is larger. In the rest of the paper, the estimates 
obtained in column (3) of Table 1 will be referred to, since they seem 
reasonable and are not rejected by the data. 

The above results suggest that, in the Costa Rican experience, ex­
porters have discounted the joint variations of subsidies and the nominal 
exchange rate relative to Px* /pd. This evidence is consistent with the 
temporariness of the export subsidy as established by the export con tract 
during 1984. Although it makes sense for a temporary change in policy 
to have a smaller long-run impact than permanent changes, it is hard to 
general ize this result, because estima tes of the impact of export subsidies 
are scarce. 

Balassa and others (1986) studied the export incentives implemented 
by Greece and the Republic of Korea. Their estima tes for Korea-which 
is an important case, since it is part of the so-called Asian miracle-are 
comparable to those reported here for Costa Rica. Estimating the stan­
dard Goldstein-Khan export supply curve, using annual data from 1965 
to 1979, they fou nd that the elasticity of ex ports to (1  + S)E differed from 
and exceeded that of Px* /Pd-which is precisely the opposite of the 
result obtained here.24•25 According to Balassa and others, exporters 
perceived the upward movement of (1 + S)E as permanent (non­
reversible), white the fluctuations of Px* /Pd were less so. Indeed, 
(1 + S)E increased continuously throughout their sample, whereas ex­
port incentives increased only up until 1971, reaching close to 32 percent 
(from about 13 percent in 1965), falling thereafter to about half this 
amount in 1979. Thus, it would seem that exporters perceived the depre­
ciation of the exchange rate as permanent, which could explain the large 
elasticity with respect to (1 + S)E. 

Exporters appear to perceive the origin of their export revenue differ­
ent! y. Tyler (1976) and Faini (1988) found, respectively, that Brazilian 
and Turkish exporters responded more to subsidies than to the relative 
priee, but Moroccan exporters did not (Faini (1988)). It would therefore 
seem important that policymakers keep the perceptions of exporters in 
mind when evaluating the effects of reducing export subsidies. Specifi­
cally, the elasticity with respect to (1 + S)E was fou nd here to be less than 

24lt should be noted that the subsidies in Balassa and ethers (1986) are not 
direct export subsidies, as in these estimates. Rather, Balassa and others con­
structed an implicit indirect subsidîzation consisting of tax exemptions and other 
indirect subsidies. 

25This result was confirmed independently by Jung and Lee (1986), although 
no hypothesis test was performed. 
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that of Px* 1 Pd. This is important for po licy decisions: using the elasticity 
of Px* /Pd to evaluate the effect on exports of a reduction of export 
subsidies would tend to overstate, in the case of Costa Rica (or understate 
for the Republic of Korea), the negative impact on export revenues. 

Another important empirical issue for the mode! is whether priees are 
endogenous. This will be important in Section III, si nee the madel will 
be used to simula te the effect of the subsidy on export revenues. If priees 
were endogenous, a demand curve would be needed to measure correct! y 
the impact of the subsidy on export revenues. 

The data, however suggest that the regressors in the cointegrating 
equation (5) are exogenous.26This result is not trivial, since it implies that 
both Px"' and Pd are exogenous. It is also partly expected, at !east for 
Px* , given the size of Costa Rica's ex ports relative to the size of the major 
export market, the United States. Although Pd was more likely to be 
endogenous, its exogeneity is explained by the fact that the market 
for domestic goods is formed by a large number of suppliers, including 
sorne exporters. The data support the idea that Pd is determined by the 
actions of the exclusive! y domestic producers, while exporters take Pd as 
given. These results are important, since they allow one to concentrate 
exclusively on export supply, disregarding demand.27 

Before examining the short-run dynamics, let us refer to the export 
elasticity of nontraditional exports with respect to the composite output, 
Q .  The estimation results suggest that it is grea ter than 2. This value 
means th at in the long run, for every percentage increase of the composite 
output, exports increase more than proportionally. This, of course, is not 
possible forever. Eventually, ali or most output will be exported, and an 
increase in composite output should translate approximately into a one­
ta-one increase in exports. However, the typical Costa Rican exporting 
firm exports Jess than 30 percent of its output, so that for the long-run 
horizon it is possible that exports will increase more than proportionaJly. 
However, this long-run elasticity is not expected to fa li cl oser to unit y, 
as predicted by equation (4), when firms export a larger portion of their 
output. 

26The evidence stems from the fact that the leds of the regressors are insignif­
icant, either for the Stock-Watson procedure presented in the text or for the 
Phillips-Loretan. Additional evidence supporting the exogeneity of regressors 
cornes from the standard Hausman specification test performed on the Phillips­
Hansen estimates, which is also unable to reject the exogeneity of the regressors. 

27 This do es not mean th at Pd will al ways remain exogenous; Pd will eventually 
become endogenous as more and more firms allocate part of their output to 
exports, thereby reducing Qd. The data suggest that this has not yet occurred. 
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Estimation of an Errer-Correction Model 

The Granger representation theo rem tells us that the short-run dynam­
ics of the cointegrated process can be expressed by an errer-correction 
mechanism of the following form: 

(6) 

where y, is the endogenous variable; x, corresponds to a vector containing 
exogenous regressors; [1,  -�] is the cointegrating vector; and h(L) is a 
lag polynomial. 

Table 2 presents the estimation results for both the unconstrained and 
constrained errer-correction models-using the cointegrating vector 
from column (3) in Table l-in columns (2) and (3), respectively.28 Note 
that the constrained mode! results suggest a relatively fast pace for the 
adjustment of nontraditional experts to disturbances. The estimate for 
p is approximately one half, implying that 95 percent of the adjust­
ment is made within the first year (four quarters).29 Notice that imposing 
the errer-correction restriction reduces, slightly, the standard error of the 
estimate. This suggests the efficiency gain obtained by imposing the 
restriction on the data. 30 

This final model was subjected to a series of djagnostic tests. Godfrey's 
(1978) and Breusch's (1978) generalization of Durbin's h-test was used 
to test for seriai correlation of up to order one and up to order four. 
Neither seriai correlation nor autoregressive conditional heteroscedastic­
ity effects were found, and the residuals from the regression did not 
exhibit significant skewness or kurtosis. 

III. Effect of the Export Subsidy 

The export contract is the cornerstone of Costa Rica's export promo­
tion policy. The contract, which was established during 1984:2, governs 
ali export incentives, including the direct export subsidy, CATS. The 

28The specification for the error-correctton model presented was arrived at 
after testing four lags of the difference of each variable in the cointegrating vector. 
Using standard F-tests, none of the lags were significant and have thus been 
excluded from the estimates. 29 lt should be noted that the constrained error-correction model imposes the 
same speed of adjustment for ali variables, whereas the unconstrained version 
allows for speed of adjustment to vary. 

30 AJso note that the estimates for the unconstrained error-correction model 
have appropriate signs and sizes, but are not significant. They imply that the 
long-run elasticity of log[(l + S)E] is about half th at of Px*/ Pd, about 0.07; the 
elasticity with respect to composite output is about 2.27. 
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Table 2. Error-Correction Mode! 

t::.qx 
Dependent Variable (1) 

Observations 79 
Rl 0.251 ïP 0.211 
Sum of squared residuals 0.792 
Standard error of estimate 0.104 
Durbin-Watson statistic 1 .972 
Q-statistic 39.569 

Constant -10.38 
( -4.38) 

p 

qx,- l -0.49 
( -4.90) 

log[(l + S)E], - 1 0.03 
(0.43) 

(px* - pd),- 1 0.06 
(0.60) 

q,_ l 1.11  
( 4.40) 

Note: t-statistics in parentheses. 

t::.qx 
(2) 
79 
0.244 
0.234 
0.800 
0.102 
1.920 

38.779 

-21.92 
( -14.81) 

-0.49 
( -4.90) 

contract has a !ife span of ten years during which firms are granted 
incentives to export. 

This section measures the impact of the export subsidy on export 
revenues. The results suggest that exports have increased about 10 per­
cent. The impact on export revenues is compared with the budgetary cost, 
which constitutes a lower bound for the cost of the subsidy. One impor­
tant po licy implication of the program emerges from the analysis: roughly 
half of the total expenditure on the subsidy has been used to increase 
imports of intermediate inputs. 

A frequently mentioned alternative to export subsidies is exchange 
rate policy. The mode! is used to determine the impact and trade-off of 
reducing the export subsidy and compensating with a higher rate of 
depreciation. 

Forecasting Performance 

Before the mode! is used to simula te the effect of the export subsidy, 
its forecasting performance is gauged. To establish the model's ability to 
track the data during this period, it has been used to generate static 



©International Monetary Fund. Not for Redistribution

COST OF EXPORT SUBSIDIES 161 

forecasts of dollar exports. Roughly two thirds of the one-period forecast 
errors, from 1984:2 through 1989:4 (23 quarters), were less than 10 per­
cent of the dollar value of exports. Of the remaining eight errors, five 
were less than 15 percent. The models' ability to forecast exports can be 
measured through dynamic forecasts. Accordingly, it is simulated dy­
namically starting from 1984:2 through 1989:4. This simulation uses the 
export revenue forecast for one period in the forecast for the next. Th us, 
the simulation forecasts just under six years into the future. Under these 
circumstances, roughly half of the forecast errors are under 10 percent; 
the other half are distributed equally between 10-15 percent, 15-20 per­
cent, and 20 percent and above. Figure 2 shows the static forecasts in 
panel A and the dynamic forecasts in panel B. 

· 

To further evaluate the model's ability to forecast exports, a series of 
statistics that summarize in-sample forecasts during the export contract 
have been compiled. The mode! is re-estimated each quarter and used to 
forecast up to 12 quarters. These in-sample forecasts were used to calcu­
la te the mean error (ME), the mean absolu te value error (MAE), the root 
mean square error (RMSE), and Theil's U-statistic. Table 3 presents the 
results. 

The results do not indicate a problem of consistent! y over-or underpre­
dicting the data, since the ME and the MAE have very different magni­
tudes. Notice that the model's one-step forecast erred by an average of 
$4.0 million, white the absolute forecast erred by $9.5 million. Consider­
ing that quarterly export revenue averaged $117 million during this 
period, these errors are qui te small. Notice, however, that the mode! 
tends to underpredict actual exports; the Theil U-statistics for forecasts 
for three quart ers and less are poor. However, as the forecasting horizon 
increases, the model consistently outperforms the naïve forecast. These 
simulations suggest that the mode! can track and forecast Costa Rica's 
dollar exports with reasonable accuracy during the period of interest. 

Simulations 

Once the model's ability to forecast has been evaluated, the rote of the 
subsidy in stimulating exports can be explored. First, the mode! will be 
used to simulate baseline exports, which are compared to a simulated 
counterfactual where the export subsidy is set to zero during the export 
con tract. 3' The additional export revenues will be compared with the bud-

31 At this point it is worthwhile to refer to the Lucas critique of policy evalua­
tion. There is growing recognition that policy evaluation IS not useless. Both 
Cooley, Leroy, and Raymond (1984) and Sims (1987) have argued that the usual 
interpretation of the critique is logically flawed. Si ms (1987) argues that the Lucas 
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getary cast of the subsidy. Second, the mode! is used to simulate a corn­
mon policy prescription to foster exports: exchange rate depreciation. 
The trade-off between export subsidy and exchange rate depreciation is 
assessed. 

The Cost of the Subsidy 

The mode! is used to evalua te the impact of export subsidies during the 
export contract period, 1984:2-1989:4. The baseline is obtained by dy­
namically simulating the madel starting from 1984:1 ;  in the following 
quarters, the subsidy was set to zero. The mode! was subsequently sim­
ulated to generate the counterfactual. Figure 3 shows the evolution of 
exports in both cases. 

The mode! estimates that the impact on dollar exports was approxi­
mately $275 million over these 23 quarters. Given that total nontradi­
tional exports totaled about $2.7 billion during this period, this represents 
roughly a 10 percent increase. This dollar amount should be compared 
with the cast of the subsidies. Table 4 presents the relevant data. The 
direct cost of the subsidization program is estimated at about $205 mil­
Lion,32 corresponding to an average of 0.8 percent of GDP over the six 
years. Nonetheless, the cost has been increasing, averaging 1.2 percent 
of GDP during 1988 and 1989. 

Campa ring this cost with the additional exports generated suggests that 
each dollar spent on export subsidies bas yielded a gain of about 34 per­
cent in export revenues over the 23 quarters. However, this yield is sub­
ject to two qualifications. First, note that the cost of the export subsidies 
consists exclusively of the direct cost and, as such, represents a lower 
bound for costs. Important administrative costs are associated with the 
program. Each firm's application is reviewed by a joint commission­
composed of representatives of the Ministry of Finance, the Ministry of 
Economies, and the Commission to Promote Exports (CEMPRO). The 
most important requirement is that the product con tain at !east 35 percent 
domestic value added. When the application is approved, the condi­
tions-markets and subsidy rate-are published in the Official Gazette . 
For every shipment, the central bank provides the exporter with the 

critique does not ra•se a problem when the mode! is .. . . .  one m which policy is 
already optimal and persists in being so. Th us the process of policy choice does 
not change the expectations formation behavior implicit in the model's structure" 
(p. 305). It is in this context that policy simulations are conducted later in this 
section. 32 The export subsidy, CATS, has been converted into dollars using the average 
exchange rate. 
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Table 4. Simulation of the Export Subsidy 

Export 
Ex change 

CATS 
Response 

Rate (In millions of 
Year (co16n!U.S. dollar) co lones U.S. dollars U.S. dollars) 
1984 44.98 480.30 10.68 9.25 
1985 51.31 973.50 18.97 30.98 
1986 56.71 1,553.80 27.40 44.60 
1987 64.15 2,030.50 31.65 54.34 
1988 76.84 3,880.20 50.50 62.64 
1989 82.09 5,394.90 65.72 74.73 
Total 14,473.30 204.92 276.55 

appropriate tax credit papers. Tbese costs are difficult to measure, and 
have not been accounted for in the 34 percent yield. 

The second qualification concerns the measurement of additional ex­
port revenues. Strictly speaking, the $275 million increase corresponds 
to gross exports, but tbese exports have a significant import component. 
On average, nontraditional exports contain about 40 percent of domestic 
value added. 33 This means tb at only $110 million bas been generated, net 
of imports, over the 23 quarters. If the lower-bound estimate for cost is 
used to determine the yield of the subsidy program, the result is a net of 
54 cents generated for each dollar spent. This implies that out of each 
dollar transferred from taxpayers to exporters via the export subsidy, 
46 cents ended up subsidizing the import of intermediate inputs.34 

Exchange Rate Depreciation 

Exchange rate depreciation is frequent! y suggested as a way to compen­
sate for a reduction in export subsidies. As already discussed, exports 
have the same elasticity witb respect to the nominal exchange rate as they 
do with respect to the subsidy. This suggests that a reduction of the sub­
sidy (1 + S) could be offset by an equal percent change of the exchange 
rate. 

The exact trade-off between the exchange rate and the subsidy is 
simple to calcula te. The estima tes were obtained using an index, S, for 
the export subsidy: s; /S0. Notice that the percentage change of (1 + S) 

33 Domestic value added is obtained by summing up the domestic value added 
of each input used to produce the final export good. Tbus, the domestic value 
added 

_
in the final stage of production is typically less than 40 percent. Data for 

1988 and 1989 provided by the Ministry of Finance were used to calculate an 
average for value added. 

34It should be noted that imported intermediates used to produce exports are 
duty free; thus, the subsidy is not offset by tariff revenues. 
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can be expressed in terms of the export subsidy, S' ,  as S,' !(S,' + S0) · S'. 
This implies that Ê < -S', as long as the base used to calculate the 
subsidy index is positive. Th us in the long run, the reduction of the export 
subsidy can be compensated by a smaller percentage depreciation. 

To determine the average depreciation required to compensate for the 
elimination of the export subsidy, a counterfactual was generated by 
setting the rate of depreciation constant throughout the simulated period. 
The rate of depreciation was set so that total dollar exports during these 
six years was the same as the baseline, about $2.7 billion. Full compen­
sation requires an increase in the quarterly depreciation by 7 percent. 35 
Figure 4 depicts the trajectory of exports compensated with an increase 
of 7 percent over the baseline.36 

The results imply th at a 25 percent reduction of the export subsidy, via 
the proposed tax on CATS, will reduce nontraditional exports by approx­
imately 2.5 percent in the long run, which could be compensated by an 
increase of about 1.75 percent in the quarterly rate of depreciation. 

A final comment should be made about the compensating deprecia­
tion. It is possible tbat the depreciation will affect the domestic priee of 
exportables, reducing its impact on ex ports. A higher rate of depreciation 
will tend to increase the domestic cost of imported goods, and can thus 
contribute to higher priees, which will tend to reduce the effectiveness 
of nominal depreciation. However, eliminating the export subsidy re­
duces public expenditure and thus contracts aggregate demand. This will 
tend to reduce inflationary pressures. In addition, the depreciation will 
improve the position of the Central Administration by increasing tax 
revenues, primarily import taxes, while expenditures in the rest of the 
public sector will tend to increase. The net impact on domestic priees is 
an empirical issue that can on! y be measured by a complete macro mode! 
of the Costa Rican economy. The present calculations of the compensat­
ing depreciation assume that the effects on inflation offset each other, 
thus replicating a concept analogous to real depreciation.37 

35 The rate of depreciation required was 10 percent. However, si nee the base­
li ne included a 3 percent depreciation, compensation is attained with the reported 
rate. 

34 Notice that during the first two years the leve! of ex ports of the counterfactual 
is Jess than the baseline, while during the last two years it is larger. This implies 
that the 7 percent compensation does not necessarily result in the same dis­
counted flow of export revenues as the baseline. However, the differences are 
relativeiy small. 

37The caveat on real depreciation is due to the asymmetry between the effect 
of pd and the subsidy. The estimates here suggest that export supply is more 
sensitive to domestic priees than to the nominal exchange rate. The calculated 
effect on exports would require measuring the impact of the depreciation on the 
general priee levet and, in turn, the response by the priee that exporters face in 
the domestic market. Given that the elasticities are different, this is not exactly 
the rate of depreciation accounting for inflation. 
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IV. Conclusions 

In recent years, many countries have switched their development 
strategies from import substitution to export promotion. Empirical evi­
dence regarding the effectiveness and costs of these export promotion 
policies, and particularly direct and indirect incentives to exports, is lim­
ited. In this paper, a direct export subsidy was introduced into a mode! 
that featured a firm facing two markets ( domestic and world). The subsidy 
was found to increase output and switch sales to the world market. 

The madel analyzed the long-run supply of exports, and the short-run 
dynamics were generated by the data. However, explicitly modeljng the 
short-run dynamics could prove worthwhile. A generalization of this 
madel, where firms maximize a discounted stream of future profits, 
would shed light on the dynamics of export subsidies. It is likely that 
subsidies could trigger bath intertemporal and intratemporal responses 
through their effect upon investment decisions. This mode! would be 
analogons to mo dels that have analyzed the effect of terms of trade shocks 
on the trade balance (see, for example, Ostry (1988)). lndeed, it is likely 
that export subsidies would have very different effects when they are 
viewed as being temporary as opposed to being permanent, and modeling 
the short-run dynamics could be a fruitful avenue for future research. 

The estimates of the long-run relationship between export supply and 
relative priees for Costa Rica showed strong evidence of cointegration, 
making it possible to estimate a constrained error-correction mode!, to 
capture the short-run dynamics of export supply. The estima tes suggested 
that exports are priee inelastic, and firms ad just within the year to shocks 
to the system. The forecasting performance of the estimated mode! was 
adequate. 

The estimated mode! was used to measure the impact of the export 
subsidy. Exports increased by about $275 million during the six-year 
period, roughly a 10 percent increase in res panse to the 15 percent export 
subsidy. However, the impact on net exports was much smaller, esti­
mated to be only about $110 million. The direct cost of the subsidy, not 
accounting for administrative costs, totaled about $205 million. This 
suggests that on average, a dollar spent on the program increased net 
exports by only 54 cents. 

The cast of the subsidy averaged 1.2 percent of GDP during 1988 and 
1989, prompting policymakers to consider modifying the scheme. The 
mode! indicates that about half of the amount spent on the program 
subsidized imports. Thus, it would seem that a more efficient way to 
spend tax dollars would be to subsidize the domestic value added of 
exports, which would reduce the cast of the incentive by avoiding the 
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subsidization of imports. Alternatively, a lump-sum transfer could also 
avoid the subsidization of imports. Su ch a transfer could be set up to cover 
initial investment costs or the initial costs of penetra ting foreign markets. 

Compensating depreciation is often prescribed as a substitute for ex­
port subsidies. The simulations suggest that compensating for the 15 per­
cent export subsidy would require an increase of 7 percent of the quar­
terly rate of depreciation, or about 31 percent on an annual basis. This 
calculation implicitly assumes that the growth of exports attained by the 
export subsidy is socially desired-an issue not addressed in this paper. 

A subsidy is not a first-best policy; it introduces distortions that offset 
its benefits. Many countries have introduced export incentives to reduce 
the an ti-export bias caused by import barriers. Given the cost of introduc­
ing export subsidies-direct on the fiscal budget and indirect through 
their effect on production and consumption decisions-the economically 
preferable po licy is to elimina te the source of the an ti-export bias. Th us, 
the first-best policy is tracte liberalization. 

APPENDIX 

Description of Data, Test Results, and Methodology 

This Appendix provides a description of the data, as weil as the results of the 
unit-root tests and the methods for solving single equations. 

Data 

The following quarterlyseries were ta ken from International Financia/ Statistics, 
(International Monetary Fu nd, various years): the exchange rate; domestic priee; 
and Px* . The latter series was used to distribute the export priee of nontraditional 
exports using Chow and Lin (1971). 

The following annual series came from Banco Central de Costa Rica (BCCR): 
(1) U .S. dollar ex ports of nontraditional ex ports, which was distributed using 
Litterman (1984); and (2) priees of nontraditional exports, which was distributed 
using Chow and Lin (1971). Dollar exports were deflated using the priee of 
nontraditional exports to obtain the quantity of experts. 

The Ministry of Finance of Costa Rica provided the CATS subsidy series. An 
annual series for "CATS Entregados" was distributed using Chow and Lin (1971) 
with the quarterly series "CATS Efectivos." The "Entregados" version is 
analogous to a commitment series of subsidy, while "Efectivos" corresponds to 
cash payments. The Ministry also provided information on the domestic value 
added of nontraditional exports. 

Quarterly GDP figures are from Hoffmaister (1992). Ali relevant series have 
been indexed to 1985. 
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Unit-Root Test Results 

1\vo standard unit-root tests were applied: (1) augmented Dickey-Fuller 
(ADF); and (2) augmented Phillips-Perron (APP). The number of lags included 
in each of these tests was determined following Campbell and Perron (1991 ). Hall 
(1990) shows that this procedure will come up with the correct number of lags 
with probability one asymptotically, provided that the procedure starts with a 
sufficiently high number of lags. The test results are included in Table 5. 

The test results suggest the existence of one, but not two, unit roots. This is 
a Iso true when a trend and /or drift is added to the nuU hypothesis. Notice th at 
the augmented Dickey-Fuller test could not reject the existence of two unit roots 
in most cases. The lack of power of the augmented Dickey-Fuller test is discussed 
by Campbell and Perron (1991). 

Single-Equation Methods 

To discuss the four methods mentioned above, let us introduce the following 
equations: 

y, = wx,, + j.l-�1) 
tu:,, = j.l-�2) 
tu:2, = j.l-�3). 

(7) 
(8) 

(9) 

Equation (7) is the cointegrating equation, (8) is a vector of k1 regressors included 
in (7), and (9) is a vector of k2 instruments that do not appear in equation (7) and 
are cointegrated with the regressors in equation (8). Let "" = [""(1), ""<2>]' be the 
(k, + 1) vector of residuals in the system (7)-(8) and let its covariance matrix be 

[
crn cr2, cr3,] 

L = E["" · ""'] = cr21 Ln crh , (10) 
cr31 cr32 L33 

partitioned to conform with equations (7)-(9). 
Phillips and Hansen (1990) note that for time series 

® 
cr21 = 2: E[�2> ""�'>]_ (11) 

s - o  

Table 5 .  Unit-Root Tests 

Test qx 

Augmented Dickey-Fuller 
Levet - 1.440 
(1 - L) -34.298** 

Augmented Phillips-Perron 
Levet -2.522 
(1 - L) -74.770** 

Series 
px - pd log(1 + S)e 

-1.827 -0.259 
-2.108 -2.050 

-1.609 -2.095 
-31.450** -23.788**  

Note: Two asterisks indicate significance at the 1 percent levet. 

q 

-1.487 
-1 .833 

-2.200 
-600.153** 
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Their nonparametric correction for seriai correlation adjusts OLS estimates 
obtained from equation (7) by adding to it: -[xl x1t' T&21 ,  where &2, is a consis­
tent estimator of <121• This adjustment purges the OLS estimates of the nuisance 
parameters due to seriai correlation. 

Their "fully modified" estimator requires two corrections that are accom­
plished as follows. First, the left-hand-side variable in equa�ion (7) is purged of 
endogeneity by the following transformation: y,+ = y, - &2. };ï21 .6.x11• OLS is per­
formed with this transformed variable, and in tu rn corrected for seri al correlation 
by adding to it -[x:x,r' TS+, where 8 = <Î> ·  fl, -Îï2' &z,}' and <Î> is a consistent 
estimate of <l> = L;_0E[�2> J.�.;}. 

Stock and Watson (1991) suggest the following parametric method to deal with 
endogeneity of regressors. The basic idea is to make f-1.�1> independent of f-1.�2>; to 
this effect they note that since J.�.?' is assumed Gaussian and stationary, then 

E[J.�-�1> /{.6.x,,}] = E[�J-�1> /{J.�.?>}] = d,(L).6.x,,, 

where d,(L) is a two-sided lag polynomial. lt should be noted that d1(L) = 
L�= _.,d1.I · L'in practice is truncated. By adding and subtracting this term to (7) 

y, = Wx" + d,(L).6.x" + C2z(L),:i.�2>, (12) 

where ji<2> = f-1.<2> - E[J.�-<2> /{f-1.�2>}1 is independent of innovations from the left­
hand-side variable by construction. Stock and Watson suggest using OLS on the 
dynamic equation (12). They cali this estimator dynamic OLS. 

This parametric correction for endogeneity is shared by Saikkonen (1991) and 
by Phillips and Loretan (1989), and is based on the work of Sims (1972) on 
causality tests. Recall that when a variable y, causes (in Granger terms) x1,, then 
y, can be expressed as a linear combination of past, future, and present values 
of x1,. Thus, future values of x" will provide information that helps in the 
prediction of y,. These future values of x,, are in essence Sims's causality test. 
Significant values for future x,, provide evidence that x,, is not weakly exogenous. 

Equation (11) still con tains seriai correlation. Stock and Watson dealt with the 
serial correlation by correcting the covariance matrix used in the estimation of 
(11). The covariance matrix should be estimated using nonparametric methods, 
such as using a Bartlett window. They have also suggested estimating the co­
variance matrix using an autoregressive spectral estimator. Alternatively, they 
also mode! the errors as autoregressive processes, suggesting dynamic gen­
eralized !east squares. Saikkonen (1991) suggested a different nonparametric 
correction that basically adds to equation (12), d2(L)x3,, where d2(L) is a two­
sided lag polynomial. Phillips and Hansen (1990) suggested a parametric correc­
tion to deal with serial correlation. They proposed adding to equation (12) the 
term d3(L)(y, - j3'x,), where d3(L) is a one-sided !ag polynomial defined as 
L �- 1 d3•1 · L'. Their estima tor implies that the cointegrating vector enters 
nonlinearly; thus, it is estimated using nonlinear !east squares. 
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Restoration of Access to Voluntary 

Capital Market Financing 

The Recent Latin American Experience 

MOHAMED A. EL-ERIAN* 

After a prolonged and almost total reliance on debt restructurings and 
concerted money facilities, severa! Latin American countries have mobi­
lized voluntary financing from international capital markets. Although the 
phenomenon is still limited in terms of volume and number of borrowers, 
it has attracted considerable attention. This paper reviews the nature, 
magnitude, and terms of the market re-entry process and analyzes the 
factors that have facilitated it. A discussion follows, based on this review, 
of the key elements affecting the short-term prospects for Latin American 
private and public sector voluntary debt and equity financing from inter­
national capital markets. [JEL F34, GIS, 054] 

OVER THE LAST two years, severa! Latin American borrowers have 
regained limited access to voluntary financing from international 

capital markets. This restoration followed a period of over six years 
during which these countries' private external borrowing was limited 
essentially to concerted bank financing, primarily in the form of principal 
reschedulings and new money packages. Although the process of market 
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re-entry is still at an early stage-in terms of both volume and number 
of borrowers-it has nevertheless attracted considerable attention and 
has affected a wide range of external financing instruments, including 
bonds, equity flows, derivative products, foreign direct investment, and 
capital repatriation. 

This paper draws on recent country experiences to provide an overview 
of the process of market re-entry, to assess the factors th at have facilitated 
it, and to discuss sorne of the elements affecting the prospects for the 
period ahead. Section I provides quantitative indicators of the magnitude 
and terms of recent voluntary financing for the main Latin American 
countries re-entering the capital markets. Section II analyzes the four 
basic elements that have allowed for the restoration of access: sustained 
implementation of comprehensive adjustment policies, appropriate re­
structuring of existing indebtedness, a reduction in transactions costs for 
accessing capital markets, and greater effectiveness in customizing fi­
nancing instruments to market conditions. Based on this analysis, Sec­
tion III assesses the prospects for both the main re-entrant countries and 
other developing countries that are still seeking to normalize their exter­
nal financial relations. 

1. Restoration of Access-Sorne Quantitative lndicators 

The restoration of access to voluntary private financing is directly 
evident in severa! segments of the international capital markets-most 
nobably bonds and equities. l t  is also reflected in the substantial 
turnaround in foreign direct investment and capital repatriation. By 
contrast, there has been only a limited response in the case of voluntary 
commercial bank loans. 

Loan and Bond Financing 

International capital markets were a major source of external financing 
for developing countries in the 1970s and early 1980s. Medium- and 
long-term publicized international bank credit commitments totaled 
sorne $225 billion in 1976-82. In 1982 alone, such commitments 
amounted to $42 billion, with Latin American countries accounting for 
$23 billion. For bond financing, publicized developing country issues 
amounted to $27 billion in 1976-82. Of this amou nt, $4 billion was issued 
in 1982, with Latin Arnerican borrowers accounting for $2 billion. 

These estimates are in stark contrast to those for the following six 
years. The outbreak of severe debt-servicing problems in severa! Latin 
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American countries in 1982 was associated with a virtual drying up of ali 
sources of voluntary financing, with the exception of short-term trade 
facilities. As a result, the total amount of voluntary loan and bond 
financing flows to Latin American countries during the 1983-88 period 
was considerably smaller than that for 1982 alone. Specifically, financial 
flows to Latin America in the form of voluntary medium- and long-term 
bank credits and bonds totaled only $7 billion in 1983-88. Concerted 
financing became the main source of private international financial sup­
port. Restructured medium- and long-term bank debt amounted to sorne 
$310 billion during this period, 1 with the associated cash flow relief being 
supplemented by new money facilities. 

Severa! developments indicate that the quantitative international 
credit rationing facing sorne Latin American countries in the 1980s has 
been gradually relaxed in the last two years. Although still limited, the 
process of market re-entry is gaining momentum and is affecting a grow­
ing number of countries. Two groups of Latin American countries may 
be distinguished. The countries in the first group-which includes Chile, 
Mexico, and Venezuela-have established relatively solid footholds in 
the markets. The countries in the second group-comprising Argentina 
and Brazil-are at an earlier stage, having just recent! y been able to place 
selected voluntary issues at terms (interest rates and maturities) that are 
considerably less favorable than those obtained by the first group of 
countries. Although it bas implications for the prospects of this latter 
group of countries, the present analysis is concerned primarily with the 
experience of the first group.2 

An important source of voluntary financing (in value terms) bas been 
international bond markets. Mexico and, to a lesser extent, Venezuela 
and Chile, are reported to have issued sorne $3.4 billion of bonds in the 
two-year period ended December 1990 (Figure 1).3 The majority of these 
were placed on markets in the United States and German y, and mobilized 
investor funding from specialized institutions and residents' capital held 
abroad. On the borrowers' side, they tended to involve corporations with 
established international reputations and sound export history and 
prospects. The process intensified in the course of 1991, and these coun­
tries are estimated to have issued a total of $2.8 billion in the first nine 
months of the year. The increased volume was accompanied by a widen-

1 This includes the rescheduling, under multiyear restructuring agreements, of 
obligations that would have fallen due beyond this period. 

2 See International Monetary Fund (1992) for information on bond issu ance by 
Argentina and Brazil. 

3 An overview of the process of market re-entry may be found in International 
Monetary Fund (199la, 1991b). A more detailed analysis of Mexico's restored 
access to voluntary capital market financing is contained in EI-Erian (1991). 
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Figure 1 .  Bond Issues by Chile, Mexico, and Venezuela 
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ing in the investment base to include a broader range of institutional and 
retail investors in a larger group of industrial countries. 

The renewed access to international bond markets has been accompa­
nied by some-albeit relatively limited-relaxation in the constraints on 
voluntary commercial bank borrowing. These borrowings have taken the 
form of trade and project financing, with Chile using such financing as 
its main source of voluntary externat funding. 4 Overall, however-and in 
sharp contrast to developments in other segments of international capital 
markets-banks have remained reluctant to extend new voluntary 
medium-term credits to developing countries with recent debt-servicing 
problems. 

The difference in risk attitudes between bank and bond lending reflects 
several factors, including banks' more difficult overall balance sheet 
situations, as weil as past debt-servicing policies of countries that gave 
seniority to the relatively small stock of outstanding bonds compared to 
bank loans. 5 The impact of these factors has, in sorne cases, been com­
pounded by regulatory considerations, including new capital-adequacy 
standards and required provisions for loan Joss. Thus, under the agree­
ment on risk-weighted, capital-asset ratios, banks, in adhering to regula­
tory jurisdictîons and seeking to main tain the sa me level of rîsk-weighted 
capital, will be required to increase their capital by a minimum of $8 for 
every $100 increase in exposure to developing countries.6 This require­
ment could act as a disincentive on bank lending to developing countries, 
especially if the lender is unable to raise the incrementai capital on terms 
that are more favorable than those on the prospective Joan. The cost of 
ma king Ioans to developing country borrowers is increased further to the 
extent that banks are also required to set up new loan-loss reserves 
against the increase in exposure. A distortionary impact may result if the 
regulatory requirements, which in sorne cases tend to lag developments 
in borrowers' creditworthiness, inadequately reflect the transfer and 
credit risks implicit in the lending activity.7 

4 Including the $20 million loan to Chile in September 1990, reported to be the 
first fully voluntary, unsecured general bank Joan to a Latin American country 
since 1982. 

5 See International Monetary Fu nd (1992) for additional discussion of these 
issues. 

6The capital-adequacy framework, formulated by the Basle Committee on 
Banking Supervision, is already reflected in the national practices of virtually ali 
countries with large international banks. Sorne of these countries require mini­
mum Jevels of risk-based capital above those specified under the framework (that 
is, 8 percent as of January 1, 1993, with a transitional requirement of? .25 percent 
until then). Additional information is contained in Basle Committee on Banking 
Supervision (1990). 

7 Information on regula tory provisioning requirements of industrial countries 
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The relaxation in credit rationing bas been accompanied by an im­
provement in market terms. This is most apparent in the sharp drop in 
yields on Mexican bonds-both on new issues and in the secondary 
market. The first unsecured voluntary bond issue by a Mexican public 
enterprise since 1982 (Bancomext in June 1989) carried an initial yield 
that implied a spread (or risk premium) of about 820 basis points over 
U .S. Government bonds. By the third quarter of 1990, the weighted 
average spread for new Mexican bond issues bad declined to an estimated 
320 basis points.8 The spread increased somewhat in the final quarter due 
to a tightening in general market conditions, particularly investors' 
"flight to quality" reflecting uncertainties associated with the Middle 
East crisis,9 but it was reversed in 1991. Thus, by the third quarter of the 
year, the yield spread at ti me of issue bad declined to sorne 225 basis 
points-half the average leve! for 1990 as a whole. 

These measures of irnproved creditworthiness are subject to bias, 
however, on account of the changing composition of borrowers and 
structures of bonds (particularly, the degree of credit enhancements). 
This bias may be overcome by tracking the secondary market yields on 
an individual bond issue-albeit at the cost of li mi ting the coverage of the 
analysis. As illustrated in Figure 2, the yield on the PEMEX long-dated 
issue reportedly feil from 14 percent in mid-1989 to about 9 percent by 
end-November 1991, implying a reduction in the risk premium indicator 
from over 500 basis points to about 200 basis points during this period. 
Over the same period, the yield on the Bancomext June 1989 issue fell 
to under 10 percent. As demonstrated in the figure, similar developments 
occurred with sovereign Venezuelan bond issues. 

The improvement in interest rate terms was accompanied by a Jength­
ening of maturities. This is most clearly illustrated in the case of Mexico 
where successive issues by PEMEX and NAFINSA in September­
October 1991 involved maturity terms of seven and ten years, re­
spectively. These were the longest dated voluntary debt instruments sin ce 
the early 1980s issued by a developing country that had experienced 
debt-servicing problems. 

can be found in Owen Stanley Financial (1991). It should also be noted that, in 
sorne countries, the regulatory requirements are lower than those induced by 
market pressures. 

8Yield spreads are measured relative to industrial country government paper 
of the same currency and maturit_x . 

9 International Monetary Fund (1991a) discusses developments in overall cap­
ital market conditions during this period. 
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Figure 2. Developments in Secondary Market Yie/ds 
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In contrast to bond finan�ing, the terms on bank lending to developing 
countries worsened. This deterioration occurred in the context of an 
overall tightening of bank lending terms, including for borrowers from 
industrial countries. For developing countries as a who le (no consolidated 
data are readily available for the Latin American re-entrants), the aver­
age spread on voluntary loans increased by sorne 14 basis points in the 
first eight months of 1991, compared to the same period in 1990, white 
average maturity terms lengthened by two years and two months (Orga­
nization for Economie Cooperation and Development (1991)). 

Equity Financing 

A number of Latin American corporations-including, but not limited 
to, Mexico's TELMEX (public telephone company), Cernex (private 
cement company), and Vitro (glass manufacturer), and Chile's Compania 
de Telefonos-have a Iso completed equity offerings in industrial country 
markets; these offerings have complemented the impact of a growing 
number of country funds channeling resources to emerging capital mar­
kets in the region. 10The equity placements were the first significant Latin 
American foreign stock offerings since the 1960s; in the 1970s borrowers 
found it easier to resort to debt financing in the form of bank loans, and 
in the 1980s equity markets were effectively closed to Latin American 
borrowers partly as a result of the heightened perceptions of country 
transfer risk. 

The TELMEX privatization, completed on May 20, 1991, involved the 
issuance of sorne $2.3 billion of equities on severa! capital markets includ­
ing in Canada, France, Germany, Japan, Switzerland, the United King­
dom, and the United States, including the over-allotment provision of 
15 percent (from the residual government share) to meet Jarger-than­
anticipateù iovestor ùemanù. This equity offering is reporteù to be the 
sixth largest placement of shares in the world (nominal values) and the 
largest for any Latin American country. Cernex mobilized $140 million 
in May 1991, white Vitro raised a total of $73 million in April 1991 
through the sale of 4 million shares. The latter issue was oversubscribed 
despite having been increased from an initial offering of $50 million. The 
earlier (July 1990) offering of the Chilean telephone company of 6.5 
million shares raised sorne $90 million. 

10 Recent developments in equity financing for developing countries are dis­
cussed in International Finance Corporation (199la, 1991b). 
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Other Capital Inflows 
The above developments have been reinforced by substantial capital 

inflows in the form of foreign direct investment and capital repatriation. 
In Mexico, for example, registered foreign direct investment inflows in 
1989-90 were twice the leve! recorded in 1987-88, with the pipeline of 
new investment registration growing to over $5 billion. Similar develop­
ments were recorded in Cbile. 

The magnitude of capital repatriation is more difficult to specify with 
confidence. Most available indicators point to a significant turnaround in 
the last two years in the capital flight that has plagued severa! countries 
in the region. These indicators include a recent study by Chartered 
WestLB, which estimates net total inflows of $14.1 billion for Chile, 
Mexico, and Venezuela in 1989-90; this compares to an estimated out­
flow of $4.5 billion in 1987-88, implying a turnaround of almost $20 
billion (Chartered WestLB (1991)). 

II. Factors Contributing to Market Re-Entry 

The restoration of access to voluntary capital market financing has 
clear benefits. A direct benefit is that it provides a wider and more 
flexible range of financing instruments to fund productive activities, 
compared to concerted sources of financing. This is particularly impor­
tant in the context of narrow, although expanding, domestic capital 
markets and increasingly protracted negotiations on debt restructurings 
and concerted new money loans. Capital market re-entry also has severa! 
indirect benefits, the most significant of which is the signal provided to 
agents in other international and domestic markets about reduced credit 
and transfer risks. 

The growing availability of, and improving terms on, voluntary exter­
nal financing for severa! Latin American countries-the manifestation 
of the pronounced improvement in private sector perceptions of credit­
worthiness-reflect four basic elements: successful implementation of 
economie adjustment policies, appropriate restructuring of existing in­
debtedness, a reduction in transactions costs for accessing capital mar­
kets, and greater effectiveness in customizing financing instruments to 
market conditions. 

Economie Policy Implementation 

Just as inappropriate economie policies, together with adverse exoge­
nous developments, were major contributors to the emergence of debt 



©International Monetary Fund. Not for Redistribution

184 MOHAMED A. EL-ERIAN 

problems, the sustained implementation of adjustment policies has been 
the critical factor in the restoration of voluntary access. In effect, appro­
priate macroeconomie and structural reform policies have reduced per­
ceptions of country transfer risk. 

Although the economie and financial programs have varied in 
the countries under consideration, including entailing different policy 
trade-offs, it is possible to identify severa! key elements. First, domestic 
financial imbalances have been reduced due to improved budgetary 
performance and prudent monetary policies. These policies have in­
volved reinforcing the fiscal revenue effort, rationalizing expenditures, 
and allowing domestic interest rates to reflect fully the cost of compen­
sating savers for the considerable iÏlitial risk premia. Second, the supply 
responsiveness of the economy has been enhanced through appropriate 
pricing policy, including promoting the competitiveness of the tractables 
sector. Third, economie efficiency has been improved through funda­
mental structural reforms. These reforms have included Jiberalization of 
the tracte regime, reform of the taxation system, divestiture of public 
sector enterprises, financial liberalization, rationalization of legal and 
other procedures governing foreign investment, and deregulation of do­
mestic activities. 

The implementation of these programs must be sustained if they are 
to be translated into a lasting reduction in country transfer risk. lndeed, 
the experience of severa! other developing countries suggests that po licy 
slippages can quickly negate the economie and financial benefits of these 
programs. This is particularly important, given that many Latin Ameri­
can economies re main vulnerable to sudden and large reversais of priva te 
capital flows in response to such slippages. Jndeed, for sorne of these 
countries whose economies have become much more integrated into the 
international financial system, the potential for more rapid transmission 
of shocks from the financial to the goods markets is greatly enhanced. 
The effectiveness of the economie policy package will also depend on the 
availability of appropriate financial support. This involves the provision 
of financial inflows that not only meet the immediate cash flow require­
ments of the adjustment program, but also contribute to a debt stock 
consistent with medium-term viability-an issue addressed in the next 
section. 

Restructuring of Existing Indebtedness 

Although sustained implementation of appropriate economie and fi­
nancial policies is a necessary condition for market re-entry, it may not 
be sufficient in ali cases. The experience of sorne Latin American coun-
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tries in the 1980s suggests that, in sorne cases, the implementation of 
sound policies may be undermined by continued high risk aversion on the 
part of the priva te sector because of the country's outstanding contractual 
debt obligations-the so-called debt overhang effects. 

Growth in indebtedness increases concerns among economie agents 
about the country's ability to service its debt full y in a sustained manner. 11 
Specifically, investor sentiment deteriorates as questions arise about the 
authorities' ability to meet contractual payments without further in­
creases in effective taxation. The latter lowers the expected return on 
domestic investment activities, thereby discouraging inflows of foreign 
direct investment and stimulating capital flight and the diversion of 
resources to consumption. Agents' concerns mount further if the process 
of securing sufficient concerted financing is subject to protracted negoti­
ations, with uncertainties about the timing and nature of the outcome. 
This increases the risk of confrontation between creditor and debtor, with 
adverse implications for other forms of capital inflows. 

Debt overhang effects require that the debt problems in sorne countries 
be addressed through contractual debt and debt-service reduction oper­
ations, rather than through the refinancing and rescheduling of obliga­
tions falling due. By lowering perceptions of country risk, the reduction 
in contractual obligations would trigger an investment response in excess 
of the one that would result solely from the larger domestic availability 
of resources associated with lower debt-servicing payments. Debt and 
debt-service reduction operations may also improve the willingness and 
ability of the authorities to implement adjustment policies; this willing­
ness is linked to perceptions that foreign creditors will not secure an 
"undue" share of the benefits of adjustment. 

After the outbreak of debt-servicing problems and until l987-88, most 
Latin American countries were involved in a process of repeated and 
often protracted debt renegotiations. Centered on the provision ofliquid­
ity support through principal rescheduling and concerted new money, 
the process resulted in an increase in contractual debt obligations. 
Specifically, despite sorne improvements in the performance of the non­
interest current account, the region's externat debt rose from $331 bil­
lion (271 percent of exports of goods and services) in 1982 to $421 billion 
( over 340 percent of exports of goods and services) in 1987 (International 
Monetary Fund (1991c)). 

It is in this context that Chile, Mexico, and Venezuela took steps to 
reduce the burden of bank contractual indebtedness through market-

1 1 A fuller exposition of the debt overhang concept may be fou nd in Dooley and 
others (1990). 
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based debt and debt-service reduction operations. The Chilean authori­
ties reduced the country's total debt to banks by more than half in four 
years, from $14.5 billion at end-1985 to $6.7 billion in 1990 (the stock of 
restructurable bank debt declined to about $4 billion) through a series of 
voluntary market-based debt conversions. Mechanisms for these conver­
sions were introduced in mid-1985 and supplemented by direct cash 
buybacks in 1988-89. These buybacks extinguished sorne $440 million of 
bank debt at a cast of $250 million, involving an average discount of 
43.5 percent. 

In contrast to Chi le, Mexico and Venezuela reduced their indebtedness 
through comprehensive bank restructuring packages. The 1990 Mexican 
package covered sorne $48 billion of bank daims, 12 resulting in an effec­
tive reduction of gross bank debt of about $15 billion through conversions 
into partially collateralized discount bonds (65 percent of face value) and 
reduced interest (6V4 percent, fixed) par bonds. An additional $3 billion 
of daims will be extinguished if the conversion rights awarded under the 
new debt-equity program are fully exercised. 

Venezuela's 1990 bank agreement involved an effective reduction of 
gross bank debt of $4.6 billion. This was achieved through a menu of five 
options, induding an "indirect buyback" (discount of 55 percent) and 
conversions of daims into partially collateralized discount bonds (70 
percent of face value), reduced interest (63/4 percent) par bonds, and 
front-loaded bonds with provisions for temporary interest reduction (5 
percent for the first two years, 6 percent for the third and fourth years, 
7 percent for the fifth year, and LIBOR plus 7/s percent thereafter). 

Preliminary indicators suggest that, together with appropriate eco­
nomie policies, the debt and debt-service reduction operations have 
reduced debt overhang concerns. This is most evident in the case of 
Mexico where the announcement of the bank financing package was 
followed by a sharp improvement in country risk indicators. Real ex post 
domestic interest rates feil by 20 percentage points to about 10 percent 
a year following the announcement-a decline that was sustained there­
after. The yield on Mexican externat traded bonds also feil sharply (by 
75 to 230 basis points). Fin ally, the secondary market priee for bank 
daims on Mexico generally improved, with its ratio to other Baker 15 
countries rising from 1.20 before the package to 1.34 by end-1990. 

The secondary market priees for bank daims on Chile and Venezuela 
also recovered strongly. 13 By end-November 1991, the priees for bank 

12 Additional information on the Mexican package is contained in Aspe 
Armella (1990), El-Erian (1990), and van Wijnbergen (1991). 

13The derivation of the Mexican and Venezuelan priees includes adjusting (or 
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daims on ali three countries were at their highest relative levels since 
comprehensive reporting of such data was initiated in the mid-1980s (see 
Figure 3). Moreover, in the case of Ch ile, the secondary market discount 
feil to only 10 percent, consistent with the discounts for severa! develop­
ing countries that had retained voluntary market access throughout the 
1980s. 

Reduced Transaction Costs 

The improvement in country fundamentals (that is, lower transfer 
risk) has been accompanied by a reduction in the transactions costs 
for accessing international capital markets. This has resulted, among 
other things, from regulatory changes in industrial country capital mar­
kets and increased market-credible information regarding borrowers' 
creditworthiness. 

The most important regulatory changes have occurred in the U.S. 
markets. Specifically, the 1990 approval of "Regulation S" and "Rule 
144A" reduced the transactions costs and liquidity problems facing devel­
oping countries in tapping U .S. capital markets. 

Before April 1990, the average costs of meeting bond registration and 
disclosure requirements for first-time developing country issuers were 
estimated at about $500,000-$700,000. Avoidance of sorne of these costs 
through priva te placements was possible but involved reducing the liquid­
ity of the instruments. Th us, the prevailing Securities Act required buyers 
of securities not offered publicly to hold them for at !east two years after 
the initial offering. At the same time, the Act imposed heavy penalties 
on issu ers th at adopted the public offering route but were not able to meet 
fully ali the registration requirements. lndeed, under the Act, a pur­
chaser of a security could choose at any time to rescind a transaction that 
has not been properly registered. 

By clarifying the definition of what constitutes a sale and offer of a 
security in the United States, Regulation S facilitated the sale of Euro­
issues to U.S. citizens. It exempts securities from registration require­
ments, provided the buyer is outside the United States; if the buyer is 
within the United States, the exemption conditions relate to the market­
ing of the securities. Concurrent with the reduction in transactions costs, 

"stripping") the reported priees for the debt and debt-service reduction boncfs for 
the value of the associated principal and interest collaterals, as weil as the notional 
value of the value recovery feature in the bank package. This provides for a doser 
approximation of the market valuation of country risks. 
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Figure 3. Secondary Market Priees for Developing Country Loans 
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the adoption of Rule 144A reduced the Joss of liquidity associated with 
private placements. The changes relaxed the requirement of a two-year 
holding period, provided the sale of the financial instrument was to 
"qualified institutional buyers." Such buyers are defined as entities man­
aging and owning at !east $100 million in securities and, in the case of 
banks, having a net worth of at least $25 million.14 On this basis, it is 
estimated that there are about 5,000 qualified institutional buyers in the 
United States-mainly insurance companies, commercial banks, and 
money managers. 

The changes cited above have reinforced the possibilities offered by the 
American Depository Receipts (ADR) program, under which develop­
ing countries may access equity markets without meeting the full costs of 
offerings and listings on these markets. Under this program, each Amer­
ican Depository Share (ADS) traded in the United States represents a 
batch of shares in the local market. This route was used by a number of 
Latin American corporate re-entrants, including Chile's telephone com­
pany in mid-1990 for an offering of 6.5 million shares. These ADSs 
correspond to more than 110 million shares of Series A Common Stock 
on the Santiago exchange, or 13.5 percent of the company's equity. In 
the case of the TELMEX privatization, the 65 million ADSs correspond 
to 1 .3  billion shares. 

There have been severa! other recent regulatory changes in industrial 
countries that have the potential of facilitating developing country access. 
In Japan, for example, in June 1991 the authorities lowered the minimum 
credit rating standards for public bond issues on the Samurai market 
(from single A to triple B). In Switzerland the regula tory authorities took 
steps in January 1991 to abolish the minimum credit rating requirements 
(previously set at triple B) for foreign bond issues. Consideration is also 
being given to removing other quantitative barriers to entry, such as the 
requirements re la ting to the minimum size of the issues and capitalization 
of debtor firms. 

Increased interest among international investors in bond issues by 
re-entering Latin American entities bas led to, and been reinforced by, 
the establishment of market-credible credit ratings, thereby reducing 
sorne of the costs investors face in compiling purchase information. In 
December 1990 Mexico received its first credit rating by Moody's In­
vestors Service. The ceiling rating for Mexican debt was set at Ba2 
(equivalent to double B plus}-just below investment grade-with Brady 
bonds receiving a Ba3 rating as a result of the perception of greater 

14 Registered dealer-brokers are exempt, provided they own and manage a total 
of $10 million in securities. 
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restructuring risk based on historical experience. In July 1991 Venezuela 
was upgraded to Bal from Ba3. 

The specification of credit ratings allows for developing country issues 
to be targeted explicitly to meet specifie portfolio allocation segments 
along the risk-return spectrum of the prospective investors. Moreover, 
the potential existence of investment grade paper would, other things 
being equal, open new segments of the international capital markets to 
Latin American re-entrants; these segments include areas where regula­
tory credit rating requirements apply and cases where certain investors 
(for example, pension funds and other institutional investors) are subject 
to internai quantitative risk leve! cut-offs. 

Customizing Financial Instruments 

In an environment of still significant-if declining-perceptions of 
credit and transfer risks, borrowers must be prepared to customize their 
borrowing instruments to the requirements of the market. This require­
ment becomes more important when there is a general tightening of 
market conditions, as was the case during 1990. 

In severa! of the initial bond issues by Latin American re-entrants, 
borrowers have attempted to differentiate the instruments by provid­
ing explicit credit enhancements. Most of these have been in the 
form of collateralization (on the basis of existing assets or an expected 
stream of receivables), but various put options have also been offered, 
including preferential treatment for privatization and early redemption 
possibilities. 

The credibility of collateralization, and therefore the extent to which 
it improves market terms, bas depended on the form of the collateral, its 
location, and the costs involved in taking possession and disposing of it, 
sbould the need arise. Severa! borrowers have provided collaterals in the 
form of assets /receivables generated outside the country, thereby allow­
ing them to address investors' concerns about both transfer and credit 
risks. TELMEX, for example, provided investors protection in the form 
of a claim on payments due from AT &T on account of international 
communications. Accordingly, investors' exposure to TELMEX credit 
and Mexican transfer risks was effectively transformed into an exposure 
to AT&T credit and U.S. transfer risks. The resulting reduction in 
perceptions of risk was reflected in the spreads paid by TELMEX. 
Specifically, the risk premia on the collateralized October 1989 and 
Marcb 1990 bond issues averaged sorne 200 basis points, compared to a 
premium of 450 basis points for the noncollateralized July 1990 issue. 
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Other forms of collateralization used by Latin American re-entrants have 
included bank deposits and electricity accounts, suppliers, and credit ca rd 
receivables. 

ID. Short-Ter rn Prospects 

The above overview has important implications for Latin American 
countries, as weil as for other developing countries, that are still seeking 
to normalize financial relations and regain access to voluntary capital 
market financing. It may also be used to shed light on the short-term 
prospects for countries that have succeeded in regaining market access. 

Given the small magnitudes involved relative to the size of the markets 
(gross international bond financing totaled an estimated $256 billion in 
1989, and international bank lending amounted to sorne $820 billion), 
these borrowers may be viewed as facing "small country conditions" on 
international capital markets. Consequently, the re-entry of Latin Amer­
ican borrowers is unlikely to result in any significant tightening of market 
conditions. Increased effective demand (as opposed to notional demand) 
from Eastern Europe and the Middle East may have sorne impact on mar­
ket terms but is not expected to crowd out Latin American re-entrants, 
provided they succeed in sustaining the improvement in credit and trans­
fer risks. Moreover, the potentially adverse impact on terms may be 
minimized by the actions of borrowers themselves. 

The key to continued and increased access will remain the sustained 
implementation of sound economie and financial policies and an avoid­
ance of another round of excessive borrowing. Supporting efforts at the 
country leve! will be needed to reduce exposure to adverse developments 
in exogenous priees. Such efforts could include grea ter use of interest rate 
hedges (as has been done in Chi le); commodity hedges (such as the recent 
sale in Mexico of future oil contracts consistent with the priee assumed 
in the specification and implementation of the government budget), 15 
which could reinforce the beneficiai impact of export diversification (in 
Mexico, for example, the share of petroleum receipts in total exports 
declined from over 70 percent in 1980--82 to an estimated 30 percent in 
1988-90); the establishment of commodity stabilization funds (for ex­
ample, Chile's oil and copper stabilization funds); and a reduction in 
bank debt subject to commercial variable interest rates (an important 
component of the Mexican and Venezuelan debt packages). Corporate 

15El-Erian (1991) provides further information on the Mexican approach to 
risk management and use of credit enhancements. 
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borrowers should also make greater use of financial risk management 
techniques, thereby avoiding the excessive open positions associated with 
pre-1982 borrowings. lndeed, the improvement in country transfer risk 
has rendered Jess costly the increased use of such techniques for both 
public and private sector entities. 

· 

Although collateralization and other credit enhancements are useful in 
allowing re-entrants to overcome extreme market risk aversion (com­
pounded by "adverse-selection" effects and other information-related 
market influences16), they should be used only by entities that have 
already strengthened their underlying financial position. Moreover, as 
recognized by severa! country authorities, their use should be subject to 
prudent aggregate limits based on considerations of intertemporal max­
imization that balance the immediate gains of lower borrowing costs 
against potential longer-term adverse effects on liquidity management 
and access to unsecured voluntary credits. In effect,  by pledging existing 
assets or future receipts, borrowers may tose future financial flexibility 
as weil as lower the seniority of creditors with unsecured debt. Other 
re-entrants may be subject to precedent or contagion effects, which could 
increase their borrowing costs and raise public policy issues. 

Although the greatest impact will come from the actions borrowers 
themselves take, industrial countries may also have a rote to play in 
reducing barriers to developing countries' return to voluntary financing. 
lndeed, as discussed above, steps have been ta ken in recent years to relax 
quantitative barriers to entry to certain segments of the international 
capital markets. Consideration could also be given to introducing grea ter 
flexibility in regula tory provisioning requirements in industrial countries. 
Such requirements affect the willingness of bank creditors to hold Joan 
and bond instruments issued by countries with recent debt-servicing 
problems. In severa! industrial countries, regulatory provisioning re­
quirements are determined by backward-Iooking factors (particularly 
reschedulings and lor arrears) and, as noted earlier, tend to respond with 
a !ag to a recovery in debtors' prospects (typically involving a five-year 
rule). There is thus a need, in sorne cases, to allow for flexibility in 
"graduating" a country from regulatory provisioning requirements in 
response to evidence of a fundamental improvement in its economie and 
financial outlook. 17 

16These factors are relevant to tenders when pricing the risk implicit in the 
loans, particularly sin ce the priee itself may affect the subsequent behavior of the 
borrower or con tri bute to the selection of more risky borrowers. These issues are 
discussed in Stigtitz and Weiss (1981). 

17 An example of increased flexibility is provided by the Canadian system where 
the Superintendent of Financial Institutions may, at his or her discretion, remove 
a country from the provisioning list two years (rather th an the standard five years) 
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IV. Conclusions 

The progress achieved so far by Latin American countries in restoring 
market access, wbile still limited in magnitude and country distribution, 
is to be welcomed and encouraged. The turnaround in market sentiment 
has been substantial in a number of countries, allowing for a return to 
voluntary bond and equity placements at sharply improving terms. lt has 
also encouraged foreign direct investment inflows and the repatriation of 
flight capital. 

However, the progress made in restoring market access has to be 
consolidated in order to reduce the further risk of a "re-exit." The sus­
tained implementation of sound macroeconomie and structural reform 
policies is tberefore essential in reducing country transfer risk. With such 
policies, and given prudent debt management practices, public and pri­
vate borrowers can complement tbeir access to domestic financing sources 
by taking ad v an tage of the broader opportunities offered on international 
capital markets. 

The beneficiai effects of resto red market access should nevertheless not 
obscure the fact that international capital markets are not for everyone, 
and access should not be re-established or retained at any cost. lt is impor­
tant tbat borrowers have solid balance sheets, sound financial prospects, 
and financing requirement for high-yielding investments. Consideration 
should be given to the use of financial risk management tools to reduce 
exposure to adverse external developments. At the same time, in decid­
ing wh en to issue and how to structure market instruments-particularly, 
the degree of credit enhancements-policymakers must take care to 
maintain an appropriate balance between the immediate gains and the 
potentially adverse longer-term implications for liquidity management 
and the ability to raise funds on an unsecured basis. 
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Comment on Kremers and Lane 

IYO J.M. ARNOLD* 

KREMERS AND LANE (1990) analyze the money demand in the Eu­
ropean Monetary System (EMS) over the period 1978-87. They 

conclude that aggregate demand for Ml  in countries participating in the 
Exchange Rate Mechanism (ERM) is a stable function of income, infla­
tion, interest rates, and the ECU-U .S. dollar exchange rate. Therefore, 
a European central bank might be able to implement monetary policy 
more effectively than the individual central banks. 

In this comment, I claim that Kremers and Lane made two errors in 
the derivation of their aggregate data. The first concerns the use of 
purchasing power parity (PPP) ex change rates. The second has to do with 
the procedure that has to be followed in aggregating and deflating data. 
I theo assess the sensitivity of Kremers and Lane's cointegration results 
to the questions 1 raise. 

1. Converting National Data Using PPP Exchange Rates 

When estimating an ERM-wide money demand function, one has to 
find ways to con vert national data in one currency. Kremers and La ne 
consider three methods. The first method uses current exchange rates. 

• lvo J .M. Arnold is an Assistant Professer in the Departrnent of Monetary 
Economies at Erasmus University, Rotterdam. 

The author wishes to thank Jeroen J.M. Kremers for providing the aggregate 
series used in this paper, and Eduard Bomhoff and Dave Smant for useful 
comments. 
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ln a system of fully floaring exchange rates with large swings in the 
exchange rate, this method would cause equally large and undesirable 
swings in constructed aggregates. ln a system like the EMS, this has not 
been much of a problem. In the second approach, which uses fixéd 
base-period exchange rates, the measurement of aggregates is not influ­
enced by nominal exchange rate fluctuations. This is a disadvantage when 
inflation differentiais are large. The third method uses PPP exchange 
rates, which implies that national data are converted in proportion to the 
purchasing power of the national currency. The weight of each country 
in the aggregate th us reflects the size of the real economy. Because of this 
attractive property, Kremers and Lane prefer the PPP approach. 

A comparison of PPP rates and current rates during the period inves­
tigated by Kremers and Lane shows both series to be very similar (see 
Organization for Economie Cooperation and Development (OECD) 
(1991)). Both the PPP rates and the current rates show a (nominal) 
depreciation of ali ERM currencies vis-à-vis the deutsche mark. Accord­
ing to these observations, aggregates obtained using PPP rates should 
resemble aggregates obtained using current rates and should be quite 
different from aggregates obtained using fixed base-period rates. Inspec­
tion of Figure 2 in Kremers and Lane (1990, p. 787) shows the opposite 
to be the case. 

In Figure 1 ,  1 present the results of my own calculations, which show 
that for nominal money the PPP aggregate lies far below the base-period 
aggregate and somewhat below the aggregate derived with current rates. 1 
This is in line with what one expects in an exchange rate system where 
realignments (partly) compensate inflation differentiais. The PPP aggre­
gates in the paper by Kremers and Lane must be incorrectly calculated. 

II. Aggregating Real Data 

My second comment concerns the procedure that has to be followed 
in aggregating and deflating national data. The discussion will be re­
stricted to aggregation using PPP rates. 

As long as the right exchange rates and deflators are used, it doesn't 
matter whether one first equalizes purchasing power across countries or 
through tirne. The conversion into deutsche mark of nominal national 

1 I use the nominal money series as an example. The money series are taken 
from the International Financia/ Statistics (IFS) datatape (line 34b). I obtained 
quarter! y PPP exchange rates by Jjnear interpolation of the yearly OECD (1991) 
data. Ali other data are as in Kremers and Lane. 
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series using contemporaneous PPP rates and subsequent deflation using 
a German deflator yields the same result as the conversion into deutsche 
mark of real national series using a fixed PPP exchange rate of the 
base-year of the priee indices (see the Appendix for a more formai 
discussion). 

The procedure of Kremers and Lane is to convert into deutsche mark 
using contemporaneous PPP rates, the national real income series, and 
the national nominal money series (see Kremers and Lane (1990, 
p. 785)). The aggregate nominal money series is subsequently deflated 
using a weighted average of the national deflators (see Figure 3 in Kre­
mers and Lane (1990, p. 788)). Finally, the liquidity ratio is derived as 
the ratio of real money and real income. The procedure of Kremers and 
Lane contains two deviations from the correct procedure. First, the 
aggregate nominal money series is deflated using an ERM-wide deflator 
instead of a German deflator. Second, the real income series are aggre­
gated using contemporaneous PPP rates instead of a fixed base-year 
PPP rate.2 

Figure 2 shows a comparison of the following three measures of the log 
ofthe ERM-wide üquidity ratio during the period 1978-87: (1) MPY: the 
original series used by Kremers and Lane; (2) MPY': my reconstruction 
of (1). First, national series for nominal money and real income are 
aggregated using PPP rates. The aggregate nominal money series is 
subsequently deflated, yielding an aggregate real money series. The 
deflator is computed as a weighted average of national consumer priee 
indices (CPis), the weights being GNP /GDP shares based on PPP rates 
(see OECD (1991)). Finally MPY' is calculated as the log of the quotient 
of the aggregated real income and real money series.3 

(3) MPYN, the third measure, was obtained by first aggregating na­
tional series for nominal income and nominal money using PPP rates and 
theo ta king the log of the quotient of these two series. This is the correct 
procedure. 

Differences between series (2) and (3) reflect the deviations discussed 
above. Differences between series (1) and (2) reflect the incorrect use by 
Kremers and Lane of PPP rates, as discussed in Section 1. 

2This error should be distinguished from the other error in the use of PPP rates, 
discussed in Section I. 

3 In footnote 18 in Kremers and La ne (1990, p. 794), the aggregate priee leve! 
is defined as a four-quarter moving geometrie averàge of ERM-wide CPI. 1 
assume, in conformity with their Figure 3 (�. 788), that this definition applies only 
to the inflation variable in their equation (1) and not to the priee leve! appearing 
in (1) as a deflator of nominal money. 



©International Monetary Fund. Not for Redistribution

200 

Endogenous 
Variable 

MPY 

MPY' 

MPYN 

JVO J.M. ARNOLD 

Table 1. Equation (1) Re-Estimated 

(1978:4-1987:4) 

Exogenous Variables 

c RS JNFL ECU 

-1.31 -0.67 -1.4 0.079 
(- 167.0) (-4. 12) ( -2.49) (10.47) 

-1.33 -0.10 -5.59 0.064 
( - 104.0) ( -0.38) ( -6.14) (5.30) 

-1.29 -0.68 -3.09 0.138 
( -72.0) ( -1.85) (-2.44) (8.14) 

Note: See Note to Table 2. 

SEE 
(ln percent) 

l.O 

l.6 

2.2 

III. The Error-Correction Model Re-Estimated 

New estima tes of equations (1)  and (2) from Kremers and Lane's paper 
are presented in Tables 1 and 2, respectively, along with the original 
estimates.4 Table 1 shows estimates for the leve! regression using the 
three different measures for the liquidity ratio discussed above. Table 2 
presents the corre�ponding error-correction regressions. 5 It cao be seen 
that coefficients and !-values vary considerably across equations, the 
coefficients for RS, DY, and DRS3 being insignificant at a 5 percent levet 
in the new equations. Furthermore, the standard errors of the new 
equations are much larger than for the original equations. 

IV. Conclusion 

The daim, made by Kremers and Lane, that European money demand 
is stable, is based on questionable treatment of the data. Re-estimating 
the original specifications using a better series for the liquidity ratio 
results in a large decrease in almost ail t-values and a significant increase 
in standard errors of the equation. This new evidence provides no support 
for Kremers and Lane's daim to have identified a stable European mo ney 
demand. 

•The regressions with MPY and DMP as endogenous variables are Kremers 
and Lane's original estimates. The preferred regressions are those with MPYN 
and DMPN as endogenous variables. 

5 I followed K.remers and La ne in ta king the growth rate of real mo ney as an 
endogenous vanable, altbougb the growth rate of the liquidity ratio would be a 
more logical choice. 
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APPENDIX 

Deriving an Aggregate Deflated Series 

Specializing to a two-country case, consider two ways to derive an aggregate 
deflated series of sorne nominal variable, X: 

X1, + (X2,/epper) 
P., 

X.,IP�r + X21 l(P21*epppss), 

where 

X = a nominal variable 

P = priee deflator 

ePPP = PPP exchange rate (currency country 2/currency country 1) 

epppss = the PPP rate in 1985, the base-year of the priee deflators 
t = time subscript 

1, 2 = country subscripts. 

(i) 

(ii) 

lt can easily be seen that both methods are equivalent if the definition of PPP rates 
is substituted in (ii): 

ePPP' = epppss*(P2ll P�r). 
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Reply to Arnold 

JEROEN J.M. KREMERS and TIMOTHY D. LANE* 

IN HIS COMMENT, lvo Arnold makes sorne forceful statements about 
alleged departures from the "correct" procedure in our use of purchas­

ing power parity (PPP) exchange rates to construct aggregate monetary 
data for the countries participating in the exchange rate mechanism 
(ERM) of the European Monetary System (EMS). The comment's darity 
unfortunately does not match its forcefulness: most of the comment is in 
the form of daims tbat the au thor does not state precise! y and makes little 
attempt to justify. 

The waters are further muddied by an important misstatement by 
Arnold (1992) about the procedures that we follow in our paper: he states 
that we "convert into deutsche mark using the contemporaneous PPP 
rates, the national real incarne series, and the national nominal money 
series" (p. 199). This is not factual. Actually, we used base-period 
(1985) PPP rates to aggregate both real incarne and nominal money. 
Given Arnold's misapprehension about the procedures we followed, his 
daim that deviations between this reconstruction and our series are the 
result of errors on our part is obviously unfounded, and his empirical 
results based on these incorrectly reconstructed data have no bearing on 
our work. 

In order to restore sorne clarity to the discussion, let us explain and 
justify the approach we used in aggregating using PPP exchange rates. 

* Jeroen J.M. Kremers is with the Ministry of Finance, the Netherlands, and 
is also a visiting professer at Erasmus University, Rotterdam (OCFEB). 

Timothy D. Lane is an Economist in the Research Department. 
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1. Aggregation Using PPP Rates 

A PPP exchange rate converts amounts expressed in different curren­
cies to a common unit of measurement by weighting by these currencies' 
relative purchasing powers-that is, the reciprocal of the countries' priee 
levels. The PPP rates that we use in our paper are derived from an 
Organization for Economie Cooperation and Development (OECD) 
survey for 1985, and are based on the priee deflators for gross domestic 
product (GDP); our common unit of measurement is the deutsche mark. 
Consider PPP rates for country i with respect to Germany (defined as, 
for example, Dutch guilders per deutsche mark). Once PPP rates PP Pk 
have been determined for one year (1985), contemporaneous rates for 
year t can be constructed as 

PPP; = PPPk*P;IPf, (1) 

where P; and Pf are, respectively, the GDP deflator for country i and for 
Germany, also with base period 1985 (where, by definition, PPPf = 1). 

In aggregating real GDP across the ERM countries, it is appropriate 
to use base-period PPP rates, not the constructed contemporaneous 
rates. 1 This can be seen by noting that converting real magnitudes at 
contemporaneous rates would involve "double deflation," as is clear 
from equation (1), si nee the GDP defia tor would then be used twice, once 
in defia ting the countries' nominal GDPs and once in calcula ting contem­
poraneous PPP rates. Accordingly, aggregate real GDP for the ERM is 

yERM = 'V yïjpppï 
1 L.J 1 &s, 

i 

where Y; is real GDP for country i, with base period 1985. 

(2) 

Another way of thinking about this aggregation can be seen by using 
equation (1) to write (2) in the equivalent form 

YfRM = [ � YN;IPPP; }Pf, (3) 

where YN; denotes country i's nominal GDP. Thus, the method we use 
to derive real GDP for the ERM is equivalent to aggregating nominal 
GDPs using contemporaneous PPP rates, and then deflating using the 
GDP deflator for Germany.2 

1 1985 PPP rates are also used by the OECD to aggregate real variables: see 
OECD (1991, Part Two, "Main Aggregates: Zones"). 

2This is the equivalence that Arnold correctly describes in Section II of his 
comment; where he is incorrect is in fajljng to recognize that we also use this 
method to aggregate real GDP. 
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Now we turn to the aggregation of nominal magnitudes. Here, we use 
the same PPP rates: 

YNfRM = L YN;IPPPk. 
; 

(4) 

This method, using the same rates for aggregating real and nominal 
variables, bas the following important property. Equations (3) and (4) 
yield the foUowing implicit GDP deflator for the ERM, as the ratio of 
aggregate nominal and real GDP: 

pfRM = YNfRM ;yfRM = L [(Y;JPPP�s)IY,ERM]P;. (5) 
; 

That is, the resulting aggregate GDP deflator has the desirable property 
that it is a weighted average of the national GDP deflators, where the 
weights (given by the expression in square brackets) are the shares of each 
country's real GDP in the ERM aggregate.3 

Finally, as we state in our paper (Kremers and Lane (1990, p. 784)), "in 
order to main tain the national relativities between money and income in 
the ERM aggregate, the money stocks are added up at the sa me exchange 
rates as are the income variables." Th us, our procedure in volves using 
base-period PPP rates to aggregate both nominal and real magnitudes, 
and using each country's share in aggregate GDP to construct ERM priee 
indices. 

An alternative would be to aggregate nominal GDP at current PPP 
rates, as suggested by Arnold in his Section II. This yields 

YNfRM = 2:: YN:IPPP;, 
; 

giving rise to an implicit deflator of 

PfRM = YNfRM IYfRM = 2:: [(Y;IPPP�5)1YfRM]Pf = P,C. (6) 
; 

Thus, using contemporaneous PPP rates to aggregate nominal GDPs 
would irnply that ERM inflation is the same as German inflation. This 
is an undesirable property in constructing an ERM-wide money demand 
function, especially when the object of the exercise is to illustrate the 
possibility of specifying a money demand equation that might be useful 
for monetary policy by a European central bank: a European central 
bank would clearly be concerned with the priee leve! throughout the 

3 Priee indices for country zones are calculated by the OECD on the sa me basis: 
see OECD (1991, Part Four, "Growth Triangles: Zones"). 
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currency area, not just in Germany. Arnold makes much of the fact that 
although PPP rates behave much the same as current rates, the behavior 
of PPP aggregates depicted in the figures in our paper is rather similar 
to that of aggregates using base-period nominal exchange rates-a fact 
that we also note in our paper (Kremers and Lane (1990, p. 785)). He 
regards this as proof that "the PPP aggregates in the paper by Kremers 
and Lane must be incorrectly calculated" (Arnold (1992, p. 197)). In 
the light of the foregoing discussion, the similarity of base-period and 
PPP aggregates can be readily understood as resulting from a procedure 
that we have shown to be defensible. 

II. Empirical Results 

In Section III of his comment, Arnold seeks to compare empirical 
results derived with our data with those derived using his reconstruction 
of our series, and theo with the series constructed using his own method. 
As mentioned in our opening paragraphs, his reconstruction-and there­
fore any empirical work based on this reconstruction-is of no direct 
interest, as it is based on a misapprehension as to the aggregation method 
we followed. 

Two further points could be made in comparing Arnold's first and third 
specifications. First, it is not surprising that estimating our empirical 
specification with Arnold's data produces different results; there is sim ply 
no reason for two different data sets to produce identical regression 
results. Second, the fact that our aggregation procedure-contrary to 
Arnold's-yields an apparently well-specified money demand relation­
ship would, if anything, provide support for our approach, in addition to 
the theoretical considerations advanced above. 

III. Conclusion 

In this reply, we have sought to clarify sorne issues involved in aggre­
gating across countries, and to show that the procedure we used was an 
appropriate one. On the basis of our discussion, we argue that Arnold's 
comment misinterprets what we do in our paper and faits to justify the 
alternative he suggests. Thus, our evidence for the possibility of a stable 
ERM-wide money demand function stands. The past year's remarkable 
progress toward monetary union in Europe makes further scrutiny and 
investigation of the relationships among ERM-wide aggregates ail the 
more worthwhile.4 

4 In a paper now in preparation, we consider the theoretical implications of 
aggregatmg across countnes and analyze an extended data set. 
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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 decimais; 

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, 1990-92 
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, 1991 /92) to indicate a 
fiscal year or a crop year; 

a colon (:) is used between a year and the number indicating a quarter 
within that year (for example, 1992:2); 

components of tables may not add to totals shown because of 

rounding. 
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