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Indexation policies and practices are common in many markets
and economies. In most cases, price adjustment mechanisms arise
in private contracts as a consequence of high and pervasive infla-
tion. Sometimes governments also play an important role in pro-
moting the use of indexation in their issues of public debt, taxation
systems, public tariff settings, and other institutional arrangements.

Although practices that can generally be classified as index-
ation are widespread in most modern economies, this topic re-
mains highly controversial. On the one hand, from a microeconomic
point of view, it is clear that indexation facilitates economic ar-
rangements and contracts between private agents under high and
even under moderate inflation. In particular, indexation allows
the system of relative prices to survive large inflation shocks. Wage
and financial indexation are clear examples of arrangements that
accomplish this purpose. Wage indexation substitutes for the need
for frequent renegotiation of wages and may reduce labor market
transactions costs in economies where inflation is at least moder-
ate. And the experience of several emerging economies shows that
indexing financial instruments may be key to success in develop-
ing liquid long-term fixed-income markets.

On the other hand, indexation also has macroeconomic implica-
tions. In particular, indexation has played a critical role in many
stabilization programs. The academic literature regarding this point
is not without controversy. Supporters of indexation claim that au-
tomatic price adjustments facilitate the reduction of inflation and
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the stabilization of output in the presence of monetary shocks.
But indexation has its detractors as well. The standard case against
indexation is built on the premise that indexation to past inflation
increases inflationary inertia, tending to perpetuate inflation and
making rapid, low-cost stabilization less likely. It has also been
argued that exchange rate—based stabilization programs in coun-
tries suffering from stubbornly persistent inflation—to which in-
dexation may contribute—are doomed to fail by causing a real
overvaluation of the domestic currency (Goldfajn and Valdés, 1999;
Fischer, 2001).

The recent history of the Chilean economy provides fertile
ground for assessing the extent and impact of indexation, from
both the macroeconomic and the microeconomic viewpoint. Chile
has had it all: indexation of private contracts including wages, house
rentals, tuition, and health insurance; indexation of financial in-
struments such as consumer loans, mortgages, corporate bonds,
and indeed almost all fixed-income securities with a maturity be-
yond one quarter; and indexation of policy instruments such as
exchange rates, interest rates on public debt, income tax brack-
ets, and public sector wages.

The development of these indexation mechanisms beginning in
the 1960s was undoubtedly a rational response to high inflation.
However, in the wake of this generalized indexation, inflation was
reduced massively during the 1990s. The policy implemented by the
newly independent central bank attained a reduction in annual con-
sumer price inflation from 27 percent in 1990 to 3 percent in 2001.

At the beginning of the 1990s, policymakers saw it as impor-
tant to reduce the widespread prevalence of indexation based on
past inflation, and especially its role in determining the prices of
nontradable goods, wages, the nominal exchange rate, and inter-
est rates. Consequently, in September 1990 the Central Bank of
Chile adopted a monetary framework based on public announce-
ment of an explicit, forward-looking annual inflation target. Today
there is wide agreement that this significant change in monetary
regime has contributed to a gradual decline in inflation to levels
consistent with a permanent target range of 2 to 4 percent per
year (Loayza and Soto, 2002). This was attained only recently, how-
ever, when inflation targeting was perfected by the adoption of a
flexible exchange rate system and significant improvements in the
transparency and accountability of monetary policy.

The Central Bank of Chile recently introduced two further
changes that contribute to deindexation in financial markets:



Indexation, Inflation, and Monetary Policy: An Overview 3

nominalization of interest rates on short-term central bank debt,
and nominalization of the monetary policy interest rate. The cen-
tral bank started issuing nonindexed short-term domestic debt of
forty-two days’ and of ninety days’ maturity in July 1997. Place-
ment of these issues at fixed nominal interest rates has been very
successful on four counts. First, financial markets have received
them well, as reflected in low inflation risk premiums. Second,
these issues help in completing Chile’s financial markets, adding
nominal debt instruments to the existing ninety-day indexed debt.
Third, this placement provides the public and the monetary au-
thority with direct information about inflation expectations (in-
cluding the inflation risk premium). Last but not least, the
placement of nominal debt represents an important step toward
the nominalization of short-term financial instruments issued by
the private sector.

By 2001, inflation expectations in Chile had stabilized at levels
consistent with the official target range of 2 to 4 percent. In August
of that year the central bank took an additional step toward
nominalization, setting its main monetary policy instrument, the over-
night interbank loan rate, in nominal terms. The bank also started to
issue 30, 60, and 90-day nominal debt and stopped issuing 90-day
indexed debt, replacing it with 360-day indexed debt. Hence the mar-
ket for short-term indexed financial instruments has been partially
replaced by the market for nonindexed debt, and this development
is supported by much less volatile nominal interest rates.

Despite these policy changes, however, the Chilean economy
remains highly indexed, especially in the medium-term fixed-in-
come financial market and in the markets for nontraded goods
and services and for labor. In the absence of strong reasons or
incentives to abandon indexation, even under conditions of low
and stable inflation, agents in these markets tend to stick to their
decades-long habits of indexation based on past inflation. Hyster-
esis in indexation thus mimics hysteresis in currency and asset
dollarization, the alternative response to high inflation observed
in many countries.

This volume contributes to the literature on indexation and in-
flation by publishing nine new papers that are at the research fron-
tier on these issues. Their scope ranges from analyses of specific
topics, such as the optimal management of indexed public debt and
the consequences of wage indexation, to presentations of recent
empirical evidence regarding indexation and inflation persistence.
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The papers are revised versions of papers presented at the First
Annual Conference of the Central Bank of Chile, on “Indexation,
Inflation, and Monetary Policy,” held in Santiago in August 1997.

This introduction reviews the issues addressed by the various
papers, in the context of the related academic and policy litera-
ture. First, we look at specific indexation practices adopted in dif-
ferent markets in response to inflation and their consequences for
those markets. Here we discuss the creation of artificial indexed
units of account as well as the indexation of wages, financial in-
struments, and public debt. Second, we discuss the relationship
between indexation practices, inflation persistence, and the out-
come of stabilization programs. In this context we also reconsider
the question of the appropriate choice of monetary policy regime
in a deindexed, low-inflation economy.

The first paper, written by Oscar Landerretche, Fernando Lefort,
and Rodrigo Valdés, can be seen as a direct extension of this intro-
duction. The authors provide a comprehensive review of the theo-
retical literature on indexation that, unlike other surveys on this
subject, analyzes the effects of indexation in specific markets on
aggregate inflation. It thus updates and complements previous sur-
veys, including those of Van Gompel (1994), who emphasizes labor
market indexation; Campbell and Shiller (1996), who focus on finan-
cial indexation; and Dornbusch and Simonsen (1983), who look at
the relationship between indexation and inflation in general. The
paper examines the theoretical literature and policy dimensions of
the three main categories of indexation: wage indexation, financial
indexation, and exchange rate indexation. The authors identify the
causes of each type of indexation and its consequences both for the
corresponding market and for the broader economy. They then ana-
lyze the effects of each type of indexation on the inflation process as
well as on the costs of stabilization and the authorities’ willingness
to adopt a stabilization program.

1. INDEXATION PRACTICES AND THEIR EFFECTS

Price indexation of policy instruments, labor, and financial con-
tracts can be considered a rational response, observed in many coun-
tries, to persistent inflation. Market participants and policymakers
have devised various indexation mechanisms as means of protec-
tion, to reduce the costs of high and variable inflation. We begin by



Indexation, Inflation, and Monetary Policy: An Overview 5

reviewing the main indexation practices and their implications for
policy instruments and market behavior.

1.1 Choosing an Indexed Unit of Account

Many economies have faced high inflation at one point or another
in their history. When inflation rises to two- or three-digit levels,
market transactions and contracts become disrupted. As inflation
erodes real values and misaligns relative prices, agents are re-
quired to reset prices and renegotiate contracts with increasing
frequency. At some point, to reduce the need for constant read-
justments, prices and contracts begin to be quoted in a unit of
account that is not affected by domestic inflation. Selecting an
indexed unit of account involves separation of the first two func-
tions of money—as a medium of exchange and as a store of value—
from its third function, that of a unit of account. Of course, this
can be done in many different ways. Several countries experienc-
ing high inflation have chosen a foreign currency as their unit of
account (and often as a store of value as well) while retaining local
money as the medium of exchange. Substitution of the U.S. dollar
for local currencies and in the denomination of asset prices is ob-
served in several Latin American countries, including many that
have achieved low inflation. Hysteresis of de facto dollarization is
widespread, making it very difficult to reintroduce the domestic
currency after currency and asset substitution have taken place
(Calvo and Végh, 1992).

The paper by Robert J. Shiller in this volume analyzes the expe-
rience of the Chilean Unidad de Fomento (UF), an artificial unit of
account that provides an alternative to adopting a foreign currency.
Adopted in 1967, the UF was the world’s first successful inflation-
indexed unit of account. It was later adopted by Colombia, Ecuador,
and Mexico. Shiller, following the pioneering work of Irving Fisher
(1911, 1928, 1934), analyses the factors that led to the creation of
the Chilean UF.

There are several lessons to be learned from the Chilean experi-
ence. For example, the UF is linked to a price index, the official
consumer price index (CPI), that attempts to measure the true cost
of living in Chile. Therefore, when debts and other obligations are
denominated in UF, they are held constant in terms of purchasing
power. Using the dollar as an alternative unit of account would not
provide the same protection, for the same reasons that preclude
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international purchasing power parity from holding. At the same
time, the government’s adoption of an indexed unit of account solves
a coordination problem that otherwise could inhibit indexation or
trigger the use of the dollar. The UF has additional features that
may appear secondary but in fact have contributed to its success.
For instance, the daily proportion of the lagged monthly CPI change
is reflected in the daily value of the UF, contributing to its wide-
spread use in daily transactions.

In sum, Shiller is enthusiastic about the Chilean UF. He ar-
gues that using this indexed accounting unit solves important prac-
tical problems that arise when financial indexation is not introduced
despite conditions of moderate to high inflation. However, one im-
portant caveat in adopting an indexed unit of account is that it
may contribute to more sticky inflation expectations and greater
inflation inertia. Despite the latter danger, Shiller recommends
its use in other countries, including the United States. However,
in countries that have achieved relatively low inflation, one might
also consider using units of account indexed to nominal income, to
attain a superior sharing of risks across different generations.
Shiller argues that an alternative unit, indexed to wages, as was
considered in Chile and is currently being used in Uruguay, may
also provide a suitable instrument of indexation. This leads us to
consider the more general issue of wage indexation next.

1.2 Wage Indexation

Under moderate to high inflation, wage contracts tend to include
arrangements between workers and employers that remove the need
for continuous renegotiation and recalculation of wages in response
to inflation shocks. High costs of wage renegotiation favor lengthen-
ing the duration of labor contracts. As shown by Gray (1978) and
Aizenman (1984), wage indexation allows a reduction in the frequency
of wage renegotiation by keeping real wages relatively constant. Wage
indexation is also justified as a risk-sharing mechanism. Here the
idea, as formalized by Baily (1974) and Azariadis (1975), is that more
risk-averse workers are willing to accept real wages paid by their
less risk-averse employers that are lower than those observed in the
spot job market, as long as the workers are offered a mechanism that
keeps real wages unchanged when unexpected inflation shocks oc-
cur. Of course, wage indexation mechanisms also generate the poten-
tial for redistribution between employers and employees. The paper
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by Landerretche, Lefort, and Valdés in this volume provides a more
detailed discussion of this topic.

Views on wage indexation largely depend on the form of wage
indexation being considered. The literature (for example, Aizenman,
1987) has emphasized that wage indexation must entail mechanisms
that allow wages to adjust automatically to new information without
having to renegotiate the terms of the contract. Therefore it is not
sufficient simply to take inflation into account when setting wages.
The paper by Esteban Jadresic in this volume focuses on the impli-
cations of wage indexation for macroeconomic stabilization pro-
grams, a topic discussed further below. Jadresic also discusses in
detail the different categories of wage indexation mechanisms. He
makes a crucial distinction between wages that are indexed to
current inflation, as in Gray’'s (1976) original analysis, and wages
indexed to lagged inflation, as frequently observed in actual wage
contracts.

1.3 Financial Indexation

The Unidad de Fomento was introduced in January 1967 by
the Chilean Superintendency of Banks and Financial Institutions,
the government agency in charge of the regulation and supervi-
sion of banks and other financial institutions. The intent was to
provide an indexed unit of account in which long-term financial
instruments could be denominated. It is clear that indexing finan-
cial instruments provides protection against inflation risk and
therefore helps to complete financial markets. As pointed out by
Campbell and Shiller (1996), there are other ways to protect fi-
nancial investments from inflation risk. A standard procedure con-
sists in rolling over short-term securities, since their nominal rates
quickly adjust to inflation shocks. However, a series of rolled-over
short-term securities is not equivalent to a single long-term in-
dexed instrument, because the latter also provides insurance
against changes in the real interest rate. Such insurance is of par-
ticular value for investments of long duration, including pension
savings and mortgages.

Financial indexation has other benefits as well. One is that the
coexistence of nominal and indexed bonds that are otherwise iden-
tical (including identical maturities) provides a measure of market
expectations of inflation (strictly speaking, the sum of inflation ex-
pectations and the inflation risk premium). Another benefit
is that the existence of indexed long-term securities provides an
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incentive to increase financial savings. The recent experience of
Chile, the United Kingdom, and the United States, starting from
very different initial conditions, reflects these benefits. In Chile,
where all medium- to long-term debt was indexed, the central bank
has started issuing one-year nominal bonds that complement ex-
isting indexed bonds. In the United Kingdom and the United States,
where long-term indexed government paper was nonexistent, both
governments started issuing long-term indexed bonds in the 1990s
(Breedon, 1995).

The paper by Eduardo Walker in this volume reviews the Chil-
ean experience with financial indexation. He shows that index-
ation of financial markets has contributed to the development of
Chile’s capital markets. Of course, indexation alone is not enough.
Walker argues that three specific reforms are required to comple-
ment the adoption of an indexed unit of account: lifting financial
repression and liberalizing interest rates, reforming the tax code
to achieve inflation neutrality, and creating effective supervisory
institutions. Walker and Lefort (1999) add to this list the adoption
of a sound macroeconomic environment, privatization of public
enterprises, and privatization of the pension system.

Walker’s paper provides empirical evidence that creation of
an indexed fixed-income market has also contributed to the devel-
opment of Chile’s stock market. Moreover, he shows that short-
and long-term indexed bonds provide unique and relevant yield
patterns that cannot be replicated by international markets. There-
fore they constitute an effective way of completing financial mar-
kets. Walker argues that in the absence of a government-backed
UF, Chilean capital markets would have relied on foreign currency
to protect against inflation, and the maturities of peso-denomi-
nated securities would have been much shorter. The paper also
provides empirical evidence regarding the optimal portfolio com-
position needed to hedge specific sector risks in the Chilean
economy. Walker concludes by suggesting that, given the exist-
ence of indexed financial instruments in Chile, central bank asset
holdings should include long-term U.S. public debt and equities
from other emerging economies, and investment in fixed-income
foreign securities by local investors is not advisable.

1.4 Indexed Public Debt

An indexed unit of account opens the door to the issuance of
indexed public debt. Since Calvo (1988), it is well understood that
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the inflation bias of a central bank, reflected by its incentive to erode
the real value of public debt, declines with the level of indexed public
debt. Hence issuing such debt is a signal of the central bank's com-
mitment to achieve low inflation.

On the other hand, the possibility of issuing indexed debt in
addition to nominal and foreign-currency debt raises issues for the
optimal management of public debt. In addition to deciding the ma-
turity structure or contingent payments of such debt, policymakers
must now make decisions about its denomination. Two papers in
this volume contribute to the literature on this topic. The paper by
Robert J. Barro analyzes public debt management from the point of
view of public finance theory. The author focuses on the structure
of public debt under the assumption that the government aims at
tax smoothing when facing a stochastic sequence of exogenous gov-
ernment expenditure. This work is related to earlier work by Barro
(1979), Lucas and Stokey (1983), and Persson and Svensson (1984),
but unlike the last two contributions, it assumes that the govern-
ment can effectively commit itself to future fiscal actions, and
thus the resulting composition of the debt is not necessarily time
consistent.

Barro analyzes optimal public debt management at three levels.
First, the optimal level of public debt cannot be determined for the
extreme case where taxes are not distortionary and other condi-
tions of Ricardian equivalence hold. Second, if taxes are distortionary,
then tax rates should be smoothened over time; hence the optimal
level of public debt is determinate, but its composition by maturity
or by category (indexed versus nonindexed) is not. Third, the opti-
mal composition of debt can only be determined under conditions of
uncertainty regarding fiscal or macroeconomic variables. Under the
latter condition, Barro’s paper derives some interesting conclusions.
On the one hand, if the government can issue debt contingent on
the level of outlays, all noncontingent debt should be issued as an
indexed consol. The idea is to achieve a maturity structure of the
noncontingent debt without any gaps. Then the author looks at the
optimal debt structure when contingent debt is not available. Un-
der such conditions the optimal structure can be attained by issuing
indexed bonds with longer maturities than a standard consol. Con-
sistent with the idea that the optimal debt structure will take the
form of long-term indexed bonds, some developed countries such as
the United States and the United Kingdom started issuing indexed
long-term public debt instruments in the 1990s, as noted above.
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Related literature on this topic, such as Bohn (1990) and Calvo
and Guidotti (1990), argues that since inflation and current govern-
ment outlays are positively correlated, nominal public debt may be
desirable in order to exploit the negative covariance between infla-
tion and the real value of debt. In his paper, however, Barro disputes
this argument. If there are no moral hazard problems regarding pub-
lic sector behavior, and therefore nominal debt can be issued at no
extra cost, it seems much more convenient to issue only explicit contin-
gent debt and indexed debt.

The paper by llan Goldfajn in this volume complements the pre-
ceding discussion with an analysis of the Brazilian case. His paper
examines a model for optimum management of debt by the public
sector, considering three types of debt: nominal, CPI-indexed, and
foreign currency—denominated debt. Like Bohn (1990) and Calvo and
Guidotti (1990), who consider the nonfeasibility of issuing explicit con-
tingent debt, Goldfajn’s model predicts that the main factors deter-
mining debt composition are the inflation variance, total outstanding
debt, the nominal exchange rate variance, and the correlations be-
tween inflation and public revenue and expenditure. The empirical
findings reported by Goldfajn for the case of Brazil tend to confirm
these hypotheses. The intuition for these results is that the main
benefit of indexed debt is in stabilizing the real value of debt and
eliminating the temptation to inflate it away. On the other hand, and
for the same underlying reason, nominal debt serves as implicit con-
tingent debt, and its importance should increase with the correlation
between inflation and public net expenditure. Finally, foreign currency—
denominated debt should be issued when real exchange rates are not
excessively volatile and the correlation between real exchange shocks
and government outlays is negative. The application of this model to
Brazil's experience is relatively successful in explaining the relative
composition of that country’s public debt during the past decade.

2. INDEXATION AND MACROECONOMIC STABILIZATION

Indexation of wages, prices, and policy instruments also in-
volves costs. In particular, it contributes to inflation inertia, mak-
ing it slower and harder to reduce inflation and amplifying the
inflationary impact of adverse price shocks. The cost-benefit ratio
of indexation becomes unfavorable when a formerly high-inflation
country achieves moderate to low inflation, as the benefits of in-
dexation are diluted while its costs rise.
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In recent years several developing countries (including Brazil,
Chile, Mexico, and Israel) have implemented successful macroeco-
nomic stabilization programs, including as part of their reform
package the deindexation of wages, the use of the exchange rate
as the economy’s nominal anchor, or both.

2.1 Indexation and the Persistence of Inflation

We noted at the outset the claim by critics of indexation that
indexation, especially to past inflation, increases the persistence
of inflation and makes it much harder to achieve macroeconomic
stabilization. Bruno (1993) and Edwards (1993) argue that the persis-
tence of inflation, partly caused by indexation practices, may have
jeopardized the success of exchange rate—based stabilization programs,
because such practices are bound to generate a real overvaluation of
the currency and may contribute to balance of payments crises.

The paper by Sebastian Edwards and Fernando Lefort in this
volume seeks to increase our understanding of the empirical rela-
tionship between indexation practices and inflation and its persis-
tence. The authors analyze and estimate inflation persistence over
time in sixteen developing and industrial countries. Their empirical
evidence suggests that persistence varies greatly across countries
and, for a given country, over time. This finding is in contrast with a
standard assumption in the literature, notably by Fuhrer and Moore
(1995), that measurement of the effect of wage indexation on infla-
tion persistence requires that such persistence be time invariant.

Edwards and Lefort also provide conclusive evidence on the
relationship between the degree of inflationary persistence and
the level of inflation. They show that the higher a country’s infla-
tion, the more inflationary inertia is present. More important for
the question of the effect of indexation on the success of stabiliza-
tion, they also present evidence indicating that inflationary per-
sistence rises with the degree of indexation. Finally, the paper
provides a detailed study of inflationary inertia in repeated ex-
change rate—based stabilizations in Chile, Israel, and Mexico. The
authors show that inflationary persistence tends to decline with
the adoption of a stabilization program, but to rise again as time
passes. They ascribe this result to indexation practices based on
past inflation, which persist after stabilization has been imple-
mented, and to the lack of credibility of the exchange rate—based
stabilization program.
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2.2 Macroeconomic Consequences of Wage and
Price Indexation

The empirical evidence just discussed indicates that the adop-
tion of indexation practices tends to increase the persistence of
inflation, making stabilization more difficult. This is in contrast to
the claims of economists during the 1970s, when it was asserted
that indexation actually favored output stabilization and inflation
reduction. Friedman (1974), Gray (1976), and Fischer (1977) reached
the conclusion that indexation helps in stabilizing output when mon-
etary shocks dominate real shocks. Consistent with this line of ar-
gument, Ball (1994) showed that greater wage flexibility—measured
by an indicator that averages contract duration, degree of index-
ation, and degree of synchronization—reduced the sacrifice ratio
during stabilization programs. To make this empirical result consis-
tent with the findings of Edwards and Lefort in this volume, one
must consider that Ball focused exclusively on periods of time and
economies where stabilization programs were being implemented,
whereas Edwards and Lefort look at the general relationship be-
tween indexation practices and inflation persistence, independent
of whether a stabilization program was under way. In addition, Ball’s
measure of wage flexibility is affected not only by the degree of
indexation, but also by other features of wage contracts.

In any case, Simonsen (1983) and others after him have criti-
cized the argument by Friedman and others on the grounds that
actual indexation practices have amounted to lagged and uncoordi-
nated indexation rather than the instantaneous and synchronized
type that the latter authors assumed. This distinction is important,
since it implies that wages indexed to lagged inflation imply nomi-
nal rather than real wage rigidity. Accordingly, Fischer developed a
line of research (Fischer, 1977, 1985, 1988) that analyzes the precise
consequences of wage indexation for output stabilization.

Two of the papers in this volume contribute to this literature.
The study by Esteban Jadresic reexamines the macroeconomic con-
sequences of wage indexation, taking into explicit account specific
lag structures used in actual wage contracts indexed to past infla-
tion. He analyzes the effects of these lags on aggregate wage for-
mation, the cost of deflation, output variability, and inflation, under
different shocks and policy regimes. He addresses specifically the
interaction between wage indexation practices and exchange rate
regimes at different levels of inflation. The paper shows that,
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unlike the (unrealistic) case in which wage increases are based on
contemporary inflation, wage indexation based on past inflation can
increase the cost of disinflation, destabilize output, and, when the
central bank is not firmly committed to keeping inflation low, in-
crease inflation. This paper also compares the effects of wage in-
dexation based on past inflation with those of other rules for adjusting
wages. Jadresic’s main conclusion is that when actual wage index-
ation rules are modeled, their consequences for output and price
stabilization tend to be as most policymakers believe: wage index-
ation increases the costs of disinflation. A contribution of Jadresic’s
paper, compared with similar work by Bonomo and Garcia (1994), is
that the latter consider only the case of gradual and credible poli-
cies that contribute to output expansion. Jadresic’s work extends
the analysis to different classes of stabilization programs under vari-
ous conditions.

The paper by Luis Oscar Herrera in this volume offers a comple-
mentary perspective, analyzing the relationship between automatic
indexation of prices and wages and the cost of inflation reduction.
Herrera derives an extended aggregate supply model by including
automatic cost-of-living adjustment clauses in prices (or wages)
based on past inflation, which he uses to examine stabilization costs.
He assesses a number of stabilization plans that vary according to
how gradual or credible they were, and he derives the impact of
the frequency of indexation on these costs. The paper’'s main re-
sults suggest that the inertia introduced by indexation raises the
cost of stabilizing inflation. That cost is much attenuated, how-
ever, when price stabilization is implemented gradually and cred-
ibly. In the various stabilization cases analyzed in the paper, the
relationship between the frequency of indexation and the cost of
stabilization follows an inverted U curve. Hence costs are lower
when wage indexation is absent or infrequent and when it is very
frequent, and highest at intermediate frequencies ranging from
three to six months. The implication is that less frequent index-
ation does not necessarily lower sacrifice ratios, because whether
or not it does so depends on the starting point. Another interest-
ing application of these results is their contribution to explaining
the persistence of moderate inflation processes. As inflation be-
comes chronic, the price and wage indexation that normally ac-
companies inflation tends to raise the cost of price stabilization.
This increase reduces the political willingness to deal with infla-
tion, thus contributing to its persistence.
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2.3 Indexation and Monetary Policy

As already mentioned, Chilean policymakers have deindexed sev-
eral of their monetary policy instruments in the recent past. When
inflation fell to 3 percent a year, it became clear that the rationale
for deindexation was not only to lock in low inflation but also to
conduct monetary policy more effectively in a setting where real
shocks become increasingly important.

Central bankers in developing economies, following the lead of
many of their counterparts in industrial economies, have started us-
ing short-term interest rates as their main instrument for conduct-
ing monetary policy. This practice raises the question of whether a
particular monetary regime is better suited than others for conduct-
ing monetary policy in a low-inflation environment. The shift of mon-
etary regimes, in many industrial and developing countries alike, from
targets based on the exchange rate or monetary growth to targets
based on inflation, justifies an analytical approach to this question.
Most inflation-targeting countries use short-term interest rates as
their policy instruments. (See Loayza and Soto, 2002, for recent stud-
ies on the worldwide experience with inflation targeting.)

The paper by Carlos Végh in this volume analyzes the costs
and benefits of different monetary regimes and policy rules in a
setting like the one just described. Végh derives some basic equiva-
lences for alternative monetary policy rules. He shows that under
conditions of inflation inertia, the following three rules are exactly
equivalent: a fixed growth rate of a monetary aggregate; a nomi-
nal interest rate combined with an inflation target; and a real in-
terest rate combined with an inflation target. However, he also
shows that implementation of these rules becomes increasingly
complex. The first rule does not require a feedback or policy rule
on the part of the central bank. The second rule is based on the
central bank’s response to the inflation gap. The third rule re-
quires the central bank to respond to both the inflation gap and
the output gap, as in a conventional Taylor-type policy. (See Tay-
lor, 2002, and Loayza and Schmidt-Hebbel, 2002, for recent ana-
lytical and empirical studies of policy rules.) If the country aims to
reduce stabilization costs, all three rules must respond to the out-
put gap. From the policy perspective, the worldwide trend toward
substituting nominal interest rules for monetary aggregate growth
targets may reflect both the equivalence between the rules de-
scribed in this paper and the well-known practical difficulties in
controlling monetary aggregates under standard conditions of in-
stability of money demand.
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Automatic price adjustment mechanisms, or indexation, have
arisen in a variety of economies with distinct macroeconomic envi-
ronments and in different moments in time.! Examples include the
labor market indexation implemented in various European countries
in the postwar era, the indexation of financial instruments that served
to develop a series of depressed Latin American financial markets in
the 1960s and 1970s, and the exchange rate parity indexation recom-
mended in the 1990s as a way of stimulating export-based growth. In
the presence of inflation, most economies feature some type of in-
dexation of contracts. These practices sometimes arise spontaneously
in the market and sometimes are promoted by the authority itself,
either via norms or, more directly, via the choice of exchange rate
regime or an issue of indexed public debt.

The indexation of wages and the exchange rate has a considerable
macroeconomic impact. It can alter the trend in the inflation rate—
including its level, volatility, and persistence—and thereby affect the
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1. A price is considered indexed when there are clauses that specify the existence
of a periodic adjustment rule that links the exchange rate of this nominal price to the
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able states (triggers) or both.
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costs and benefits of stabilization programs. Indexation can also modify
the economy’s response to nominal and real shocks, which changes
the objectives and requirements of the political economy. Financial
indexation, in turn, can alter the level of saving in an economy and
modify the way in which monetary policy is carried out. Finally, the
effects of indexation may be reinforced when combined with indexing
mechanisms in different markets.

This paper examines the specific factors that lead different mar-
kets in an economy to use contracts featuring indexation clauses.
At the same time, we examine the macroeconomic implications of and
motives behind indexation in labor, foreign exchange, and financial
markets, and we review the literature on indexation to determine the
potential macroeconomic effects of each type of indexing mechanism
and the advisability of establishing or maintaining some degree of in-
dexation. Finally, the paper also focuses on the impact of indexation
mechanisms on inflation.

Studying the causes and consequences of indexation is important
for several reasons. First, the need to control inflation, its costs, and
the ability of the authority to achieve stabilization vary with the differ-
ent forms of indexation. Monetary policy, therefore, could be adjusted
to reflect the degree of indexation in the economy. Second, it is possible
to modify the degree of indexation, but this first requires an evaluation
of the costs and benefits that indexation generates. Third, governments
need to know whether the authority should guide the market in deci-
sions on indexation or whether the market can achieve optimal solu-
tions on its own. For example, should the authority issue indexed bonds?
Should it provide direct incentives for nominalizing the labor market?
Finally, the design of an exchange rate regime should be grounded in
an investigation of the problem of indexation.

Other papers review and analyze the literature on indexation, but
they usually concentrate on one particular market, effect, or country.?
This paper, in contrast, encompasses several markets, focussing the
discussion on theoretical issues and analyzing the effect of indexation
on the inflationary process.

2. For example, Van Gompel (1994) and Riveros (1996) review the problem of
stabilization and labor market indexation. Campbell and Shiller (1996) focus on
aspects of financial indexation, and Jiménez (1993) studies experiences of financial
indexation in Latin America. Williamson (1985) and Dornbusch and Simonsen (1983)
examine the relation between indexation and inflation in different countries.
Simonsen (1995) presents empirical and theoretical aspects of the Brazilian case.
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The paper is organized as follows. Section 1 presents the causes
of indexation in different markets, as well as the main effects on the
functioning of both the market in particular and the economy as a
whole. Thus section 1.1 studies labor market indexation; section 1.2
analyzes financial indexation; and section 1.3 examines exchange rate
indexation. Section 2 focuses on the relation between indexation and
inflation. Section 2.1 studies the effect of labor market and exchange
rate indexation on the persistence and volatility of the inflationary
process, and section 2.2 reviews the effect of indexation on both the
level of inflation and the ability of the authority to undertake an anti-
inflationary policy. Finally, section 3 presents the summary and
conclusions.

1. THE ORIGIN AND EFFECTS OF INDEXATION

This section discusses the origin, effects, and characteristics of the
different forms of indexation. For convenience, we divide indexation
practices into three groups, depending on whether they affect the
labor, financial, or foreign exchange markets. Although indexation al-
ways seeks to defend some relative price in the face of inflation, index-
ation practices respond to different specific needs in each market. This
section aims to explain why they exist and what contracts with index-
ation clauses imply in each of the three markets.

1.1 Indexation in the Labor Market

In an economy in which there are negotiation costs, some degree of
rigidity in nominal wages is inevitable as a result of contracts that fix
the nominal wage for a set period of time. These labor contracts estab-
lish that throughout the period in which the contract is in force, the
average real wage corresponds to the equilibrium at the moment of
negotiation. In the presence of inflation, the real wage will be eroded
quickly over the life of the contract, such that the effective real wage
will be above the equilibrium value at the beginning of the contract
and below the equilibrium toward the end. One way of minimizing
this cost-splitting effect is to include indexation clauses in the labor
contracts.

Wage indexation is the existence of a wage adjustment rule that
ties the growth rate of nominal wages to the movement of an index
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representing the price trend. The chosen index is usually one that
is publicly available at a low cost, such as the consumer price index
(CPI).? Such rules serve as a substitute for the frequent renegotia-
tion of wage contracts and as a defense against the erosion of real
wages due to inflation. Although a given indexation practice can origi-
nate in the law, indexation generally appears spontaneously in envi-
ronments characterized by moderate and persistent inflation.

When wages are perfectly indexed, it is the real wage that is fixed.
The literature on the optimal degree of wage indexation tries to de-
termine the advantages—in terms of output stability—of fixed nomi-
nal wages versus fixed real wages. Because real wages should not be
affected by nominal shocks, the greater the relative importance of
nominal shocks in an economy, the greater is the optimal degree of
indexation. This section examines this intuition, qualifying it on the
basis of the characteristics of the economy under analysis and the
specified labor contract.

Wage Indexation from a Microeconomic Perspective

Wage indexation is a characteristic of wage contracts established
at the microeconomic level. This section analyzes the origin of wage
indexation from the point of view of implied contracts theory. Two
factors induce the generalization of indexation practices in the cre-
ation of wage contracts: the simultaneous existence of inflation and
wage negotiation costs and a greater risk aversion among the work-
ers than among the employers. Indexation also generates potential
distributive effects.

Wage Negotiation Costs versus Maladjustment Costs. Wage
indexation arises as a contractual arrangement between the worker
and the firm as a way of avoiding having to renegotiate and recalculate
wages in the face of periodic variations in the inflation rate. In this
sense, indexation is a substitute for renegotiation, and the relative price
between the two is given by the level and variance of inflation, the costs
of renegotiation, and the costs of having a maladjusted real wage.

3. Riveros (1996) discusses the advisability of using this and other indicators. The
paper concludes that all indexes are imperfect because they either don’t reflect the
producer’s price or they don’t reflect cost-of-living increases (for example, the whole-
sale price index, or WPI). Behind this lies the fact that no price index exactly reflects
the inflation that heterogeneous actors face in the presence of changes in relative prices.
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The existence of wage renegotiation costs makes lengthening
the duration of contracts desirable. Indexation keeps the agreed
real wage relatively constant, which makes it possible to extend
the period between negotiations, for a certain intensity and vari-
ability of real shocks. Of course, the greater the relative impor-
tance of real shocks on the sector and the greater the cost of having
a maladjusted real wage, the shorter will be the desired length of
the contract. On the other hand, high, volatile inflation will induce
generalized wage indexation due to the rapid erosion of real wages
between negotiations.*

Distribution of Risk. The second microeconomic justification
for wage indexation is related to the problem of the distribution of
risk. If firms are better able than workers to reduce diversifiable
risk, then optimal contracts will set stable real wages in exchange
for a reduction in their level taken as a risk premium. In the case
of nondiversifiable risk, such as inflation, achieving the same effect
requires a greater degree of risk aversion on the part of workers
relative to their employers.?

Indexation clauses reflect the existence of an implicit insur-
ance against unexpected variation in the inflation rate, which is
justified because the financial market is incomplete with regard to
this type of risk. Workers will pay a premium in terms of a lower
wage than what might be offered on a spot job market, in exchange
for which they receive a fixed real wage by virtue of their risk
aversion. The employer, in turn, gains by paying a lower wage as a
result of the firm’s relative neutrality in the face of risk. Wage
indexation as stipulated in such contracts would be perfect if all
actors had the same expectations regarding inflation and if pre-
cise, day-to-day information on the movement of the general price
level were available.® In the absence of these conditions, index-
ation must be based on lagged inflation, with the distance between
adjustments inversely related to the variability of inflation.

4. Gray (1978) and Aizenman (1984) show how shortening the duration of a con-
tract reduces welfare losses caused by the deviation of the contract wage from the
spot market wage. This phenomenon will be produced to the extent that the fre-
quency of shocks is high. An optimal degree of indexation is thus associated with an
optimal contract length.

5. Rationality of wage contracts as a means of securing workers is discussed and
formalized in Baily (1974); Azariadis (1975); Shavell (1976).

6. Shavell (1976) analyzes the problem of implied insurance assuming the exist-
ence of perfect indexation. Simonsen (1983) considers implied insurance in the case of
imperfect indexation.
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Finally, the existence of these microeconomic justifications for
wage indexation has important political implications. If the authority
is not able to affect the inflationary process, or if changes are pro-
duced in the fundamental variables that determine the components
of an optimal labor contract, then it will be very difficult to induce
private actors to alter their indexation practices.”

Distributive Effects. Indexation probably modifies the redistributive
effects of inflation significantly, although its effects are little explored
in the literature. One possibility is that indexation worsens the
distribution of income because only some actors—usually the richest—
manage to secure protection against inflation, while the rest suffer a
fall in real wages in the event of inflation. Riveros (1996) reviews
precisely this case, using segmented labor market models. In that
scenario, indexation only operates in the formal market, where the
most skilled workers are located. Consequently, with indexation
protecting real wages against inflation shocks, the distribution of
income worsens. If the adjustment process requires a fall in real wages
in the formal sector, indexation will impede the adjustment and cause
unemployed workers in this sector to be displaced to the informal
sector, further worsening the situation for workers in that sector.

The variability of real wages can also be considered an income
distribution problem. In those terms, perfect indexation would be a
good distributive mechanism, because it maintains a constant real
wage. There is evidence, however, that the real wage is highly vari-
able when indexation is used.® The reason for this is that indexation
is imperfect because it is calculated with a lag, because of the dual
markets mentioned above, and, most important, because it does not
eliminate periodic renegotiations of real wages between workers and
firms. The Chilean case is demonstrative in this sense: the typical
contract lasts two years and is adjustable every six months. The real
wage can be quite flexible during negotiations (Jadresic, 1995).

Finally, the existence of indexation changes the negotiating posi-
tion of workers vis-a-vis firms. Whenever labor market participants
must negotiate forms of quasi-income (for example, stemming from
investments or specific training and from employee search costs),
the distribution of these rents depends on the negotiating power of

7. Landerretche and Valdés (1997) analyze nine episodes of wage nominalization. In
all nine cases, nominalization stemmed from the need to control inflationary inertia
or from the degree of unemployment in the labor market.

8. Riveros (1996) cites works that present this evidence.
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the different parties and on their external options.? Indexation most
probably changes these parameters, thereby affecting the distribu-
tion of this type of income.

Optimal Degree of Wage Indexation in a
Macroeconomic Context

From a macroeconomic perspective, wage indexation presents
three main questions. What effect does wage indexation have on in-
flation? What effect does it have on output variability, and what rules
can be recommended for determining the optimal degree of index-
ation? Section 2, below, analyzes the first question in detail, while
this subsection reviews the literature on the remaining two issues.

An extreme position on the optimal degree of wage indexation
holds that the adoption of generalized indexation in wage and finan-
cial contracts is desirable in order to reduce the collateral effects of a
program for lowering the inflation rate (Friedman, 1974).1° The ap-
plication of indexation mechanisms is justified because it reduces
both the political and economic costs associated with stabilization
programs and the authority’s incentives for maintaining a positive
inflation rate. This analysis, in effect, implicitly equates a stabili-
zation program with a nominal shock to the economy. It does not
consider real shocks, which are a key component of the analysis
presented in the previous subsection.

Nominal versus Real Shocks. The point of departure for a formal
macroeconomic analysis of wage indexation is Gray (1976).1! That
paper’s most important contribution is to show that the optimal degree
of wage indexation in an economy depends on the relative importance
of nominal shocks versus real shocks. In particular, the greater the
variance of nominal shocks relative to real shocks, the higher is the
optimal level of wage indexation.

Gray (1976) uses a traditional neoclassical model that incorpo-
rates wage rigidity in the short term and uncertainty. He assumes

9. Pissarides (1988) analyzes this issue from the perspective of a labor market
search model.

10. Van Gompel (1994) reviews the literature on wage indexation and the prob-
lem of stability.

11. Gray’s paper, like the literature it generated, studies the optimal degree of
contingent wage indexation, that is, when wages are adjusted instantly from one
period to the next.
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that when the labor market is out of equilibrium, effective employ-
ment is determined all across the demand for work. The economy is
subject to nominal and real shocks, and the objective function is to
minimize output variance. Nominal shocks do not affect the labor
demand and supply functions, such that perfect indexation (at 100
percent of past inflation) insulates the real economic activity level
from nominal shocks by maintaining a constant real wage. In con-
trast, real shocks shift the demand for work and thus require ad-
justments in the real wage to stabilize the level of employment and
economic activity. Indexation thus exacerbates the effect of a real
shock on economic activity by maintaining a constant real wage.

This analysis shows that maintaining 100 percent indexation to
the price level is not optimal in the presence of real shocks. Assum-
ing that minimizing output variability is a prerequisite for social wel-
fare, the optimal indexation level is less than 100 percent, with the
exact level depending on the relative variances of the stochastic nomi-
nal and real components.!? An interesting implication of this result is
that given these conditions, optimal indexation does not insulate the
real sector of the economy from monetary variability. Fischer (1977b)
arrives at this same conclusion using a similar model.

This simple idea can be analyzed further by altering the base
model. For example, if wages are allowed to be indexed to some indi-
cator of real economic activity, it can be demonstrated that optimal
indexation consists of 100 percent indexation based on past inflation
and partial indexation based on the real activity level. These con-
tracts reproduce the equilibrium that would be obtained if wages were
determined ex post after the realization of shocks, and they thus ef-
fectively insulate the real sector from monetary shocks (Karni, 1983).

A supposed key to this general result of Gray’s and Fischer’s is
that the demand for labor as a whole determines the employment
level. When employment is determined by the demand for labor, in-
dexation serves to insulate output and employment from monetary
fluctuation and real demand shocks, but it increases output variabil-
ity in the case of real supply shocks. In contrast, if employment is
determined by trends in the labor supply, indexation can contribute
to reducing fluctuations in employment in the case of real shocks

12. Gray (1978) shows that when the length of the contract is allowed to
vary, optimal contract length will be longer for a lower degree of uncertainty in
the economy.
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(Cukierman, 1980).!12 The intuition for this result is as follows:
perfect, contingent indexation maintains a constant real wage; when
the economy is subjected to a real supply shock, employment and the
economic activity level are not affected because the real wage re-
mains constant.

The literature provides two additional extensions of optimal in-
dexation. When the economy has more than one sector and when
these feature different levels of productivity, the optimal indexation
rule will take into account not only aggregate variables such as the
price level, but also variables that are specific to the sector. In this
way, each sector can partially insulate itself from aggregate nominal
and real shocks, as well as from sectoral shocks. Duca and VanHoose
(1991) apply the optimal indexation rule set out by Karni (1983) to
an economy with two sectors, only one of which is indexed. They
show that in this case, the optimal indexation rule corresponds to
partial indexation based on the price level, together with an indica-
tor of sectoral benefits. Finally, the optimal degree of indexation will
be the same for workers at different levels of productivity if all can
include indexation clauses in their contracts.

Kovanen (1992) analyzes the optimal degree of indexation when the
work force features heterogeneity in the form of productivity differen-
tials. Without contributing further intuition, the paper concludes that
if indexation does not occur at the same time for all workers, both
positive and negative externalities can be produced from the group that
isindexed to the group that is not. In particular, the optimal degree of
indexation will vary for the different groups of workers. Less skilled
workers will prefer that more skilled workers not be indexed if they
themselves do not have this option, whereas more skilled workers will
always prefer an indexed economy.

Open Economy. An extension in the optimal indexation literature
that deserves special attention is that of the open economy. A new
element is introduced into the analysis, namely, the dependence of
the optimal wage indexation level on the prevailing exchange rate
regime. This dependence can be easily appreciated using a simple
model for a small, open economy composed of just one sector. Under
a fixed exchange rate, the economy’s price level depends entirely on

13. Cukierman (1980) also shows that the results found by Gray (1976) and Fischer
(1977b) are not affected by relaxing the assumption that the demand for money is in-
elastic with regard to the interest rate.
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external shocks, such that its variations will typically be orthogonal
to productivity shocks. Consequently, a 100 percent wage indexation
will be desirable in order to insulate the real wage from all fluctua-
tions in the price level. Under a flexible exchange rate, productivity
shocks will affect the exchange rate and, therefore, the price level.
Given the existence of a degree of covariance between price and out-
put, establishing a system of partial wage indexation is advantageous
for minimizing the variance of output. Output will not be completely
insulated from external shocks under a flexible exchange rate com-
bined with an optimal indexation level, but this arrangement is more
effective than the alternative of a fixed exchange rate and perfect
indexation in terms of minimizing output fluctuations (Flood and
Marion, 1982). Better results can be obtained in an open economy
through the combined use of partial wage indexation and exchange
rate practices.

Aizenman and Frenkel (1985) present a stochastic model in
which they seek to minimize the variance of employment. They ob-
tain optimal levels of wage and exchange rate indexation through
joint optimization. In this model, the optimal indexation rules com-
pletely eliminate any losses of welfare, and in some cases one of the
two types of indexation is redundant (namely, when they are based
on the same information and have the same objectives). Devereux
(1988) studies a similar problem, but in this case the flexibility of the
political instruments for reacting to shocks is restricted. The instru-
ments are therefore incapable of eliminating welfare losses due to
shocks. The paper obtains an optimal solution for exchange rate in-
dexation thatis independent of productivity shocks and a wage index-
ation that responds to the intuition of Gray and Fischer (and that is
independent of external shocks). Turnovsky (1983) also examines the
problem of joint optimization.

Another interesting aspect of this discussion is the relation be-
tween the optimal wage indexation level and the economy’s degree of
openness. Consider an economy with two sectors, tradables and
nontradables, in which the relative price between tradables and
nontradables is exogenously determined. In this context, a relatively
larger tradables sector implies a greater optimal wage indexation level
and thus a greater magnification of productivity shocks. Aizenman (1985)
shows how a greater proportion of tradable goods implies a greater ex-
posure to international prices, which reduces the economic rel-
evance of the endogenous determination of the relative price of
tradable and nontradable goods.
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Lags in Indexation. Most of the literature on the optimal wage
indexation level assumes that the automatic adjustments are real-
ized simultaneously with variations in the price level. The conse-
quence of this is obvious: this type of indexation implies fixed real
wages. The literature reviewed up to this point is based on an analy-
sis of the effect on output stability of the choice between fixed nominal
wages (without indexation clauses) and fixed real wages. However, wages
are usually indexed to lagged inflation.

Fischer (1977b) presents a taxonomy of wage contracts in an at-
tempt to analyze this problem. Nonindexed contracts specify the nomi-
nal wage for the periods ¢ + 1 and ¢t + 2, and they aim to keep the
expected real wage constant through the use of projections over the
existing price level at the start of the contract. Indexed contracts can
be of two types. First, contemporaneously indexed contracts can be
adjusted to reflect events that occur after the signing of the contract.
This type of contract minimizes the variance of the real wages in
comparison with predetermined nominal wages. The second type of
indexed contract is based on actual inflation between periods. These
contracts can stabilize output in the face of nominal shocks if the
shocks tend to persist through time. In the presence of transitory
nominal shocks or real shocks, however, the second type of contract
will tend to destabilize output.

Jadresic (1996b) analyzes the problem of optimal indexation with
lagged adjustment and concludes that the Gray-Fischer results are
not upheld. In this case, the wage indexation tends to destabilize out-
put independently of the nature of the shocks.

In sum, wage indexation essentially corresponds to an alterna-
tive and partial form of nominal rigidity. Furthermore, introducing
lagged inflation into the wage equation generates costs in the imple-
mentation of an anti-inflationary policy. Various authors analyze such
consequences of wage indexation, and their results are discussed in
section 2.2.

1.2 Financial Indexation

Financial indexation is a form of contract in which the value of
the nominal payments in question is made contingent on some price
or price index. As in the case of wage indexation, financial indexation
can originate in contracts between private parties or in the denomi-
nation of the public debt. Either way, financial indexation allows
the creation of a financial instrument that is practically riskless in
terms of inflation.



30 Oscar Landerretche, Fernando Lefort, and Rodrigo Valdés

Market Completion and Risk

Indexing financial instruments fills a role in terms of market
completion. This is especially important in the case of long-term in-
struments: if these are nominal, they have no capacity for insulating
their proceeds form inflationary surprises.

To evaluate the role of indexed financial instruments in protect-
ing against inflationary risk, one should compare long-term indexed
securities with a strategy of rolling over short-term nominal securi-
ties. While long-term nominal securities are clearly associated with a
high inflationary risk, short-term securities are not, since the nomi-
nal rates are “instantly” adjusted. The problem, however, is that a
strategy of rolling over short-term securities creates a real rate risk.
On the one hand, the nominal value is locked, thereby eliminating
inflationary risk, but on the other hand, shifts in the future real in-
terest rate affect the yield on a contract that was initiated in the past
(Campbell and Shiller, 1996). Thus the great merit of long-term in-
dexed securities (when short-term nominal securities are also an op-
tion) is that they constitute an insurance against changes in the real
interest rate. In the case of pensions and other long-term markets
such as housing loans, this risk is probably not negligible and is highly
valued.

The optimal management of public debt and risk presents incen-
tives not only for indexing the public debt but also for keeping it
nominalized. An argument for the latter is that nominal debt pro-
vides the government with implicit insurance. Because periods of high
government spending (or low receipts) are correlated with periods of
high inflation, the government experiences a positive correlation be-
tween expenditures and capital gains in the bond market (Bohn, 1988
and 1990; Calvo and Guidotti, 1990). Contrary to this intuition, Barro
(1996) recommends fully indexing the public debt to avoid variations
in the tax structure (which is assumed to be distorting). Indexed debt
prevents nominal shocks from changing the real value of the debt
and thus changes the tax sequence consistent with intertemporal re-
striction and the minimization of costs stemming from tax distor-
tions. The key to this reasoning is the existence of a convex loss
function associated with distorting taxes and the possibility of issuing
explicitly contingent debt (which implies exhausting the possibilities
for implicit insurance).

Additional arguments hold that the government should issue
indexed bonds when these are not available in the private market.
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Fischer (1983b) shows that this issue can help distribute risk across
generations, although the use of direct taxes is equally necessary.
The basic function in this case is to allow actors to transfer a supply
of resources that does not change in the different states of nature. In
simple terms, the bonds would offer a rate that is free from inflation
risk, which would not exist under other conditions. Private actors
would not choose to issue this type of bond because—in the case of
the United States and other developed markets before 1975—the low
variability of inflation would not be sufficient to offset the initiation
costs (Fischer, 1977a).14 Obviously, once indexed bonds existed in the
private capital market, the government would not need to continue
issuing them to generate a riskless rate.

Inflation Expectations and the Real Interest Rate:
Coexistence of Nominal and Indexed Bonds

An important benefit of issuing short- and medium-term nomi-
nal and adjustable bonds is that the coexistence of both types of
instruments allows the authority to infer important information for
monetary policy. Essentially, the coexistence of both types of bonds
facilitates the estimation of the market’s inflation expectations for
the different terms and periods, which, in turn, allows an evalua-
tion of the state of the policy.

The existence of private indexed bonds (in addition to nominal
public bonds) is not sufficient for the calculation of expected inflation,
because they involve risk premiums that are difficult to quantify. The
calculation does not require that the bonds have the same maturity,
however, as long as the longer-term bonds are actively traded on a
secondary market. Of course, the greater the number of maturities
available, the richer will be the information that can be extracted.

The formula for calculating inflation expectations is relatively simple
once the nominal and adjustable yields on both types of bonds are
known. The estimation uses Fischer’s equation and expectations theory
for yield curves.!® The first step is to calculate the prices (yields) of

14. Fischer (1977a) examines different theories that explain the lack of in-
dexed bonds in the private sector in developed countries. He rejects explanations
based on a tax treatment that supposedly benefits nominal bonds, on a correlation
between utilities and the price level that would transform nominal bonds into a
form of implicit insurance for firms, and on the problem of a call clause option.

15. See Breedon (1995) for a review of indexed bonds in the United Kingdom
(gilt-edged securities).
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adjustable and nominal zero-coupon bonds starting with observed mar-
ket prices; this generates nominal and indexed yield curves.!® Using
the adjustable rate (of zero-coupon bonds) as a proxy for the real rate
and following Fischer’s equation, we calculate inflation expectations
(plus a premium for inflation risk) over different periods:

T'f,t+1 tp= lf,t+1 - Uzn )

where 17, is expected inflation for the period ¢ to ¢ + 1, p is the
inflation risk premium, and r and ¢ are the implied rates on ad-
justable and nominal zero-coupon bonds, respectively, that ma-
ture in ¢ + 1. The expectations hypothesis holds that the long-term
rate is an average of the expected short-term rates. Thus if one
supposes a constant inflation risk premium, then the expected
inflation rate for the period ¢ + 1 is calculated as follows:

T[etn = Tl:,t+1‘ _Tlf.t+1‘—l .

The biggest problems with calculating expectations on the ba-
sis of indexed bonds are as follows: first, expectations theory is
never precisely realized, given the existence of maturity premi-
ums that vary over time; second, if the inflation risk premium
varies systematically over time, the expectations estimation can
be improved by modeling this change on the premium; and finally,
expected changes in future taxes—especially differential changes
between real and nominal yields—can ruin the results (Campbell
and Shiller, 1996). However, the high periodicity and speed with
which one can calculate inflation expectations using this method
make it far superior to market surveys.!”

Debt Drawdown and Inflation

Many countries have implemented actions such as establishing
the independence of the central bank in order to address the fiscal

16. On using coupon bonds to calculate the yield curve on zero-coupon bonds,
see Campbell, Lo, and MacKinlay (1996, chap. 10). See Herrera and Magendzo
(1997) for an application of the expectations calculation for adjustable rates in the
case of Chile.

17. Evidence from indexed markets and surveys in developed countries shows
that long-term inflation expectations adjusts very slowly to changes in short-term
inflation. Inflation expectations thus have a “long-term” memory (Gagnon, 1996).
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authority’s inability to generate perfect compromise mechanisms. These
are not perfect substitutes, however, and credibility may be questioned.
It is therefore advantageous to consider other actions that increase
the credibility of the authority’s anti-inflationary efforts. Such actions
include holding the public debt in short-term, indexed, or foreign-de-
nominated bonds, which aims to prevent the authority from “massag-
ing” and drawing down the value of the debt via inflation (Lucas and
Stokey, 1983; Calvo, 1988). Indexation, therefore, is a type of compro-
mise mechanism that controls the government’s time inconsistency.
Holding the debt in short-term and indexed bonds demonstrates
to the public that the authority has nothing to gain from inflating the
economy (except for possible Phillips-curve-type earnings), since the
interests are immediately adjusted and the real value of the debt
does not change. In a game scheme such as that developed in Barro
and Gordon (1983), therefore, equilibrium inflation expectations are
lower under short-term and indexed debt, as is effective inflation.!®
Indexed debt is more effective than short-term debt in protecting
the credibility of the public authority because even with short-term
(not instantaneous) debt, the government stands to gain from inflating
the economy.!® Moreover, managing internal liquidity can be compli-
cated with nominal short-term debt, since large volumes of expirations
must be absorbed by the market each time the debt comes due. Index-
ation is preferable to foreign-denominated debt, as well: the value of
the latter covaries with the richness of the country through changes in
the real exchange rate, resulting in negative insurance.

Financial Indexation and Saving

One of the main arguments in favor of indexing financial instru-
ments is that it is essential in economies with moderate to high
inflation for increasing private saving in terms of both flow (per-
sonal and business saving) and stock through the development of
the capital market (market size and term length). The idea is that
protecting yields against inflationary shocks will generate impor-
tant incentives for increasing saving and establishing long-term con-
tracts. This argument must be qualified along several dimensions.

18. Section 2.2 discusses indexation and the inflation level in more detail.

19. A fitting question is whether the authority would have a greater motiva-
tion for liquidating the debt (which is equivalent to defaulting on some percent-
age) than for simply partially defaulting. One potential explanation lies in the
authority’s political ability to convince the public that some type of exogenous
inflationary shock occurred and that they did not want to default.
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First, increases in financial saving are not necessarily accompanied
by increases in effective national saving.?? Private family saving ap-
pears to depend more on the economic cycle than on the rate of return
(which could be modified with indexation). Empirical evidence on the
relation between saving and interest rates (for example, Deaton, 1992,
59-75) indicates that saving is not very sensitive to the real level of
“normal” interest rates. There is some evidence, however, that nega-
tive rates do strongly influence saving levels (Dornbusch and Reynoso,
1989), indicating that indexation might be advantageous in economies
that are susceptible to spikes in the inflation rate.

This does not necessarily invalidate the argument that index-
ation is desirable, since increased financial saving can provide a
more efficient way of channeling resources toward productive in-
vestment. The development of the financial system gradually im-
proves the quality of the projects that are carried out, for at least
two reasons: first, intermediation allows the harmonization of project
maturities with what the public is willing to accept (Diamond and
Dybvig, 1983), and second, intermediaries act as monitors in the
investment process (Diamond, 1984). International evidence indi-
cates that financial development is associated with higher invest-
ment and growth rates (King and Levine, 1993).

In many developing economies, high inflation rates have coexisted
with the regulatory restriction of capital markets. Financial liberaliza-
tion might be better than indexation for increasing financial saving
under such circumstances. Once the capital markets have been liberal-
ized, indexation will probably have only a marginal effect on finan-
cial saving. Financial indexation modifies the variance (and other
superior moments) of the distribution of the yields on the different
instruments. It is not correct to associate it with a change in the level
(net of risk premiums) of the expected rates of return when it occurs
in a liberalized system in which the nominal rates are adjusted to
inflation (through the Fischer effect). Of course, this change of vari-
ance can affect the yield through changes in the risk premiums.

A valid argument in terms of the effect of financial indexation on
yield levels is based on risk premiums (especially inflation) and liquid-
ity (which is generated by changes in the level of the financial system’s
development). Nominal securities should demonstrate a positive yield

20. Evidence from Chile shows that what really increases together with the
proliferation of indexed saving is financial saving, not total private saving or national
saving (Morandé, 1993). Other Latin American countries have had similar experi-
ences (Jiménez, 1993).
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differential as a result of the greater inflationary risk that they
carry and the insufficient development of the market. One argu-
ment against indexing long-term securities in the United States was
the eventual balkanization of the market (Campbell and Shiller, 1996).
Issuing instruments of similar terms and different denominations could
thus imply a loss of liquidity: when actors can operate in two different
markets, it requires more work in information gathering. Even when
these arguments are valid in terms of yields (and are thus important in
terms of welfare and resource allocation), their effect on saving is prob-
ably low, especially considering that real interest rates today are usu-
ally positive.

Finally, there is a potential relation between financial indexation
and (quasi-) fiscal saving. Within the debate on the launching of long-
term indexed bonds in the United States, for example, it was argued
that indexation would be beneficial in creating saving for the treasury,
since it would eliminate inflationary risk premiums on government
debt.?! Assuming that such premiums exists, one could argue that the
saved resources are only transfers between the government and the
private sector, such that they do not represent real saving. If the gov-
ernment generates saving, it only reduces future taxes. Indexation or
nominalization, therefore, should not be evaluated on the basis of the
fiscal saving it generates (Campbell and Shiller, 1996). In terms of
public finances, both the operation and the composition of the open
market are irrelevant (Stiglitz, 1983; Wallace, 1981).

Three factors undermine this argument. First, given that the taxes
that are avoided are distorting, the policy does, in fact, constitute
effective saving (though probably to a lower magnitude than initially
estimated). Second, if foreigners hold a portion of debt, the saving
on interest involves more than simple transfers. Third, the lack of
Ricardian equivalence means that the transfers are not fully compen-
sated by the actions of the public and thus does increase total saving.

1.3 Exchange Rate Indexation

The prevailing exchange rate regime in an economy can have im-
portant consequences for inflation. A fixed exchange rate has fre-
quently been used as a way of introducing a nominal anchor into the
economy in the context of an inflation stabilization program. In contrast,

21. This same argument could be used in Chile in that the nominalization of
instruments could mean overspending for the treasury.
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exchange rate rules that incorporate indexation clauses based on
lagged inflation tend to perpetuate the effect of transitory price
shocks on inflation. This section briefly discusses the different ar-
guments for and against the different exchange rate regimes and
their possible impact on inflation. The latter issue is discussed in
more detail in the following section.

Purchasing Power Parity (PPP)

The law of one price in international trade implies that a dollar
(or any other currency) should be able to buy the same quantity of
a good in different countries. This is known as absolute purchas-
ing power parity (PPP). Formally, it implies that if different goods
are consumed in two countries in the same proportion, then the
price index of both countries will be related through the equation,

where P is the domestic price index, P’ is the price index of the
second country, and e is the nominal exchange rate between the
two currencies. Because of international arbitrage, absolute PPP
implies that the price of a common basket of goods measured in a
common currency will be the same in both countries regardless of
the type of shock that affects one of the economies.??

Of course, there are many reasons that this relation cannot be
realized. Many goods are not traded internationally, while others
that are traded are not perfect substitutes. Transport costs, tar-
iffs, quotas, and other barriers to international trade also cause
prices to deviate. This points to the lack of price equalization at
the international level and, therefore, to a more moderate version
of PPP theory. In particular, relative purchasing power parity es-
tablishes that under the above circumstances, the relative domes-
tic-foreign price can change, but variations in the exchange rate
should compensate for such variations in price. That is,

N A

e=P-P

*

)

where ~ denotes percent change. In other words, PPP theory
implies that a freely floating exchange rate will tend to compen-
sate for differences in inflationary trends in the two countries.

22. See Dornbusch (1988) for a detailed study on the implications of PPP.
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The available evidence shows that relative PPP holds fairly well for
the largest economies in the long term.??

The main deviation affecting the exchange rate in the long term
has been identified as the Balassa-Samuelson effect. Suppose that each
of the two economies produces and consumes tradable and nontradable
goods. Now suppose that the productivity of the tradables sector in-
creases in the domestic economy relative to the foreign one. Given the
law of one price, increased productivity will imply wage increases both
in the sector and in the economy as a whole. Productivity has not in-
creased in the nontradables sector, however, such that the increased
wage costs should raise prices in that sector. Prices in the domestic
economy thus increase relative to the foreign economy, which tends to
generate a real appreciation of the domestic currency.

Although relative purchasing power parity holds fairly well
in the long term (correcting for the Balassa-Samuelson effect), evidence
indicates that in the short term this relation is much weaker, with
deviations from the relative PPP lasting four years, on average.?* As
shown below, this phenomenon is due not only to the institutional ar-
rangements of the nominal exchange rate, but also to short-term price
inflexibility.

Choice of Exchange Rate Regime

The above considerations are critical for the choice of an exchange
rate regime. Additional factors must also be kept in mind, however.
First, it has been suggested that a flexible exchange rate is advanta-
geous because it grants increased autonomy in the determination
of monetary and fiscal policy. This is true only to the extent that
the authority does not implicitly fix the exchange rate level.

A second factor to be considered is the effect of the exchange rate
regime on product stability in the face of different types of shocks.
Turnovsky (1976) uses a Mundell-Fleming model to show that a fixed
exchange rate is preferable in the presence of monetary shocks as it
insulates output from variations in monetary policy, whereas a flex-
ible exchange rate is an advantage in the face of external price shocks.
This is due to the fact that under purchasing power parity, move-
ments in the nominal exchange rate tend to compensate for external
price shocks. As discussed below, when an economy faces different

23. See Obstfeld (1995) for evidence in this regard.
24. Obstfeld (1995) shows that relative PPP fails dramatically in the short and
medium terms.
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types of shocks, neither of the two extreme alternatives is optimal,
but rather some intermediate alternative of exchange rate interven-
tion will produce the best results.

Third, despite the favorable evidence for relative PPP over the
long term, a number of developing countries have opted for a fixed
exchange rate during specific periods. The main reason for this
practice is that the authority is using the exchange rate as a nomi-
nal anchor for the economy in order to bring domestic inflation
down to international levels, especially in the context of stabiliza-
tion programs. Of course, fixing the exchange rate triggers a real
appreciation of the currency, given the existence of inflation of
nontradables. Part of this appreciation represents equilibrium, due
to private earnings associated with economic reforms and the sta-
bilization program itself. A large part of the appreciation, however,
stems from indexation to past inflation and credibility problems
with the implemented policies. The degree of danger associated with
this appreciation process will depend, to a large extent, on the level
of the real exchange rate at the moment the nominal exchange rate
is fixed.?d

Fourth, suppose that two countries have similar levels of infla-
tion and output growth and that relative purchasing power parity
holds fairly well between them. The choice between a fixed and flex-
ible exchange rate will be irrelevant in this case if prices are flexible
in the short term. Evidence shows, however, that the distribution of
the real exchange rate in the short term is affected by the prevailing
exchange rate regime, which indicates price inflexibility. Consequently,
a flexible nominal exchange rate allows one to accommodate relative
price shocks without serious consequences in terms’ of increased un-
employment (in case a real depreciation is required).

Another obvious argument for a flexible exchange rate arises when
the countries feature different inflation or output growth rates or
both. Experience shows that flexible exchange rate regimes have ac-
commodated differences between countries in these variables for long
periods. The problem with flexible exchange rate regimes stems from
the great volatility that is generally seen in nominal exchange rates
under this regime. Bear in mind that the exchange rate is nothing
more than the relative price of two financial claims, and as such, it is
subject to fluctuations stemming from changes in expectations and
other variables that determine this type of price. It is not a problem

25. For a detailed discussion of this issue, see Dornbusch (1993); Dornbusch,
Goldfajn, and Valdés (1995); Edwards (1993, 1996).
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if the variability of the exchange rate causes profits or losses for
financial investors who deliberately expose themselves to exchange
rate risk. In some cases, however, excessive exchange rate volatility
can negatively affect the level of international trade or of foreign
direct investment received by a country.

There is no reason to assume that the volatility demonstrated
by the exchange rate might be due to irrational behavior on the
part of the actors involved. Dornbusch’s theory of overshooting
(Dornbusch, 1976), for example, predicts the rapid and strong ad-
justment of the nominal exchange rate in the face of changes in
monetary conditions. This known effect is simply due to the exist-
ence of short-term price rigidity and arbitrage on international
assets, which gives rise to uncovered interest rate parity.

There are several alternatives to the extreme cases of fixed
and flexible exchange rate regimes. One intermediate exchange
rate regime that aims to reduce exchange rate volatility is the
dirty float. Under this arrangement, the authority allows the nomi-
nal exchange rate to adjust freely in response to relative price
shocks, but is disposed to intervene actively whenever it estimates
that the nominal exchange rate is deviating from what is consid-
ered to be the equilibrium level.

Another much-used alternative in developing countries—and
one that is directly related to the topic of indexation—is the crawl-
ing peg. This exchange rate regime corresponds to a preannounced
exchange rate (similar to a fixed rate) that varies according to the
difference between domestic and external inflation. This regime
seeks to achieve the stability generated by a fixed exchange rate
while avoiding significant appreciation of the real exchange rate.
The idea behind this type of exchange rate regime is that relative
purchasing power parity holds in the medium term. Deviations
stemming from the Balassa-Samuelson effect can be accommodated
in the indexation rule. In general, the exchange rate adjustment
rule is constructed using domestic inflation in the preceding month,
which is why this regime is considered an indexation practice. There
are convincing arguments that this administered exchange rate
introduces a significant degree of inflationary inertia into the
economy. Edwards (1993) discusses this trade-off between exchange
rate appreciation and disinflation on the basis of a simple model
that is analyzed in the next section.

To allow short-term deviations in purchasing power parity and
gain flexibility in managing the exchange rate, the authority can
allow the nominal rate to fluctuate freely within a band around the
announced exchange rate. If the band is credible, this exchange rate
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regime tends to soften fluctuations of the exchange rate within the
band. The reason for this is that given the authority’s performance,
when the exchange rate approaches the floor (or ceiling) of the band,
expectations for devaluation (or appreciation) increase, which tends
to keep the exchange rate within the band (Krugman, 1991). If, on
the other hand, the authority’s credibility is low and the probability
of realignment is estimated to be high, then the extremes of the
band will act as magnets, thereby increasing the volatility of the
exchange rate (Bertola and Caballero, 1992).

Wage Indexation and the Choice of Exchange
Rate Regime

Two aspects of the relation between the degree of wage indexation
and the exchange rate regime are particularly interesting. First, the
degree of wage indexation affects the optimal choice of the exchange
rate regime. Under full, perfect wage indexation, monetary shocks can-
not affect the real wage, which makes the choice of exchange rate re-
gime irrelevant with regard to the stability of output. Marston (1992)
shows that, in general, the greater the degree of wage indexation, the
lower is the difference among exchange rate regimes in the performance
of the economic activity level in the face of different shocks.

Second, while this may be valid with regard to output stability, it is
not with regard to prices. When wage indexation is not perfect, but
rather depends in part on past inflation, a greater degree of exchange
rate indexation, in combination with wage indexation, will increase
inflationary inertia and variance. These issues are discussed in detail
in the next section.

The choice of exchange rate regime and the optimal degree of
wage indexation should thus be resolved in a joint optimization pro-
gram in which the functional objective takes into account the stabili-
zation of the economic activity level as well as the price level. Aizenman
and Frenkel (1985) show that when purchasing power parity holds, a
greater degree of exchange rate flexibility will generally be required
given a greater optimal degree of wage indexation.

2. INDEXATION AND INFLATION

This section reviews the interaction between indexation and in-
flation. The different forms of indexation affect inflation in a vari-
ety of ways. Inflationary persistence and variability can increase if
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several or all of the sectors of the economy are indexed. If monetary
policy is linked to endogenous factors in order to ameliorate inflation
shocks, then specific real or nominal shocks—however small—that
start in a particular market can be propagated and magnified by the
indexation clauses. The existing degree of indexation can also affect
the long-term inflation level. On the one hand, indexation reduces
the costs of inflation, while on the other, it limits the real effects of
an inflationary shock, since it is less tempting for the government to
generate unexpected inflation. At the same time, the optimal degree
of indexation hinges on the level and predictability of inflation. This
could generate multiple equilibriums depending on the level and vari-
ability of inflation and the degree of indexation. There are also poten-
tial interactions between optimal private inflation (such as in wage
indexation) and the degree of indexation chosen by the government
(such as its debt denomination).

2.1 Indexation, the Exchange Rate Regime, and the
Dynamics of Inflation

The main motivation for studying the macroeconomic effects of
indexation is the presumption that a greater degree of indexation
in the different markets generates a greater degree of inflationary
inertia.?® This section analyzes this proposition, which is generally
sustained by economic authorities, as well as the effect of index-
ation on the variability of inflation. The next section discusses the
characteristics of indexation that increase the costs of implement-
ing stabilization programs.

The first step in determining how a random price shock is trans-
mitted to the inflationary process is identifying the degree of ho-
mogeneity in the equation governing the price level as a function
of lagged prices. If the equation has a unit root, then shocks will
have a permanent effect on inflation.

A simple analytical framework from which to start is the de-
composition of the inflation in period ¢ into the variations of the
price of tradable and nontradable goods:

A

j)t :qPT,t+(1_U)IA)N,t >

26. With the exception of financial indexation, which probably does not influ-
ence inflationary persistence.
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where T denotes tradables, N nontradables, and o the participa-
tion of tradables in the consumer price index. If we assume that
monetary policy is elastic, that the law of one price applies for
tradables at all times, and that the prices of nontradables are par-
tially indexed to a lagged indicator (for example, because wages
are perfectly indexed to past inflation), we obtain

by, =0k, +y, and

PT,z :ét +E* tv,,
where 0 is the degree of indexation of the prices of nontradable goods,
é is the percentage effective devaluation, * indicates the external na-
ture of a variable, and p, and v, are price shocks to nontradables and
tradables, respectively, with mean zero and variance o. Additionally,
if the exchange rate is administered by the authority and indexed to
the differential between domestic and external inflation, we obtain

A

ez:Pz—l - P

Replacing the tradables and nontradables price equations in
the economy’s general price equation produces the equation that
governs inflation:

£ =(a+0-00)B,, +a (B -5, )+av, +(1-a ),

To the extent that there is perfect indexation in nontradables
prices (that is, 6 = 1) and in the exchange rate relative to the
differential of domestic and external inflation rates, the economy’s
price equation will have a unit root. An inflation shock in the
economy will therefore have a permanent effect. The variance of
the inflation rate, in turn, will be given by the expression
o = 2020” +o?a? +(1-a)’0?

i 1-(a+6-af)?

where 62 is the variance of external prices. It follows that if the
indexation of nontradables is perfect, the volatility of inflation is
infinite. Moreover, a greater degree of indexation generates greater
inflationary variability:

2
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In sum, indexation increases both the variance and persistence
of inflation. This is due to the fact that in the presence of well-
behaved, random shocks, lags in the formation of the inflation rate
will cause increases in the rate to be added into the total several
times.2”

The preceding model can be expanded on the basis of Edwards
(1993). The law of one price is here assumed to apply ex ante in the
tradables market, which means that these prices are adjusted ac-
cording to expectations for external inflation and devaluation:

ﬁT,t =( [(p(ﬁt—l _ﬁz*—l )+ﬁz*] ,

where ¢ is the degree to which the exchange rate is indexed to the
differential between domestic and external inflation and E, | indi-
cates expectations in the period ¢ — 1. Full indexation to this differen-
tial is precisely the PPP rule discussed above.

Edwards also derives a nontradables price equation based on the
market equilibrium for these goods. It is assumed that the demand for
nontradables depends on the real exchange rate and that supply is a
function of the real wage (measured in nontradables units). The
market equilibrium for nontradables is represented as follows:

n(ﬁN~f_ﬁTat)+6(ét):8(‘/f/t_j)N.t) ,

where W, denotes wage, 1 is the elasticity of demand for nontradables
relative to the real exchange rate, ¢ is the elasticity of supply for
nontradables relative to the real wage in nontradables units, and
z,1s an indicator of monetary policy. It is further assumed that the
nominal wage is determined jointly by the degree of indexation
and changes in inflation expectations. From this we obtain

WA/t :yj)t—1+(1_y)( t—lj)t >

where y is the degree of wage indexation relative to lagged infla-
tion and 1 —y is the degree of wage indexation relative to inflation

27. Fischer (1983a) shows that the degree of wage indexation increases the
variance of the price level. The paper discusses the price level, however, and not
the variability of inflation (although that is not significant in a logarithmic context
without implicit functions) and creates a static model, which is a consequence of
indexing wages to contingent, nonlagged prices.
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expectations one period ahead. Combining the equations generates
the equation that governs the inflation level:

P =D B, +D P, +DZ +y,

where v, is a composition of the different shocks to the system and
where

_ (n+ae)(p+ s(l—a)y
1_ b

(n+ae)+e(1-a)y

(n+ae)(1-9)
(n+ae)+e(1-a)y
-3(1-9)
(n+ae)+e(1-a)y

a, = , and

ag =

This equation provides the basis for studying the effect of the
different forms of indexation on inflationary volatility and persis-
tence, which is summarized in table 1. The table clearly highlights the
fact that full, lagged indexation of the exchange rate causes the price
equation to have a unit root and, therefore, an explosive variance,
independently of the prevailing type of wage adjustment mechanism
(cases A and B). In the absence of wage indexation and given a fixed
exchange rate (case C), the inflation trend will be determined by the
evolution of external inflation and the performance of the economic
policy. In this case, the variance of inflation will be finite. Finally,
when a fixed exchange rate is combined with full wage indexation to
lagged inflation (case D), both domestic and external prices will influ-
ence the price trend and thus the variance of inflation.

The price equations analyzed up to this point have considered
only a one-period lag. However, while wage negotiations occur con-
tinuously in the economy, indexation clauses generally have a dura-
tion of six months or a year. This means that the inflation equations
can have more than one lag from a monthly perspective. One way to
analyze this is to use Bruno’s average lag principle (Bruno, 1993 and
1994). Starting with an equation of the type

A A

B, =0P_, +(1-0)P_, +

T »
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where o, is a random shock, the change in inflation can be written
as follows:

AP =-(1-8)AP_ +w, .

After a particular realization of the shock denoted by o, this
constitutes a convergent series whose steady state is

AIA)SS :i s
2-6

where Aﬁss is steady-state inflation.

Consequently, the greater the concentration of the unit root in re-
cent lags, the greater will be the inflationary response to shocks. This
phenomenon can have a considerable impact if it is considered a func-
tion of the reaction of actors, who define the average lag as a function of
either their inflation expectations or the inflationary trend of the past
few months. In that case, the average lag could increase in the face of
an acceleration of inflation, which would raise the level of steady-state
inflation that would otherwise obtain as a consequence of the shock.

Table 1. Indexation: Inflationary Persistence and Volatility

Exchange rate regime Inflationary ~ Impactof external ~ Inflationary

Case and wage indexation persistence inflation variability
identification ®, 72 a, a, 0213

A PPP without a, =1 a,=0 Infinite
indexation
©=1,y=0)

B PPP with indexation a,=1 a,=0 Infinite
©=1y=1)

C Fixed exchange rate a,=0 a,=1 Finite

without indexation

©=0,y=0)

D Fixed exchange rate 0<a,<1 0<a,<1 Finite

with indexation

©=0,y=1)

Source: Authors’ calculations.
a. PPP is purchasing power parity.
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There is relatively little evidence on the relation between index-
ation and inflationary volatility or persistence. The reason for this is
that it is difficult to find good instruments for addressing the prob-
lem of dual causality between indexation and inflation. Fischer (1983a)
tries to solve the problem of dual causality by introducing the 1974 oil
shock as a natural experiment. However, the analysis centers on the
inflation level, finding that countries with indexation are not sub-
stantively better off than others after the oil shock. Landerretche
and Valdés (1997), who study nine countries without controlling for
causality, find that the indexation periods do not match the periods
of inflationary acceleration. They find, rather, that periods of wage
indexation feature a higher level of inflation and greater inflationary
volatility and persistence. Similarly, they find that the level, variabil-
ity, and persistence of inflation is greater under PPP regimes than
under fixed exchange rate regimes and that the PPP regimes have a
higher inflationary level and persistence, although a lower variabil-
ity, than flexible exchange rate regimes.

Edwards (1993) analyzes the experiments with fixing the ex-
change rate regime that were carried out in Chile (1979-82), Mexico
(1988-89), and Yugoslavia (1990-91). The paper finds that in the Chil-
ean case—unlike the Mexican or Yugoslavian cases—fixing the ex-
change rate did not modify inflationary persistence. (This is
attributed to Chile’s inability to nominalize the labor market.) Fi-
nally, McNelis (1987) decomposes the persistence coefficient into
the effects of exchange rate and wage indexation for Latin America
in the 1970s and 1980s. McNelis’s findings are consistent with
Edwards (1993): in Brazil and Chile, inflationary persistence is domi-
nated by wages; in Argentina, Ecuador, and Peru, inflationary per-
sistence is dominated by the exchange rate; and in Uruguay, the fall
in persistence is associated with the general liberalization of the
economy.

2.2 Indexation, the Inflation Level, and
Monetary Policy

Disinflation Costs and Inflationary Persistence

An area of particular interest in the study of indexation and its
effects on the economy has to do with the effect of indexation on
the costs incurred during the process of inflationary stabilization
and its consequences for inflationary persistence. A stabilization



Causes and Consequences of Indexation 47

program that aims to rapidly reduce the inflation rate can be con-
sidered a nominal shock. Therefore, the best way to minimize
disinflation costs in terms of output is to have 100 percent perfect
indexation. This idea is what motivates Friedman (1974) to advo-
cate the proliferation of indexed contracts throughout the economy
when the authority seeks to disinflate: the nominal magnitudes would
be modified at the same time without any impact on real magni-
tudes. Riveros (1996) qualifies that conclusion, taking into account
the fact that real wages may lie outside the full-employment equi-
librium at the time the disinflation effort is initiated (for example,
due to a trade shock). If that is the case, the adjustment policy, in
combination with indexation, may have extremely high costs in terms
of unemployment, because real wages could not be adjusted. The
intuition behind this qualification is the same as in the Gray-Fischer
models, in that it considers the relative importance of nominal and
real shocks. Friedman’s rule does not consider real shocks, whereas
Riveros’s qualification shows the exact consequence of a real shock.

In addition, as discussed above in subsection 1.1, wage contracts,
in practice, do not stipulate perfect indexation. Most contracts con-
template adjustments that are a function of lagged inflation, which
causes the real wage to be affected by nominal shocks. Disinflation
costs in this case are greater in the presence of rigid nominal wages.
Indexation based on lagged inflation provides retrospective feedback
for nominal wages, which pushes real wages upward (or causes them
to be more persistent) and deepens the recessive effect of disinflation.
Disinflation costs are then determined by the degree of indexation in
the contracts and the sensitivity of wages to the unemployment level
(Simonsen, 1983; Bonomo and Garcia, 1994).

Disinflation can also have costs in the presence of rigid nominal
wages, since these also introduce a degree of inertia. This results
from the fact that all contracts established before the initiation of the
stabilization program stipulate nominal salaries that implicitly con-
sider expected inflation over the life of the contract.?®

An interesting case for comparison is that of contracts that fix
wages through adjustments based on expected inflation at the

28. Jadresic (1995) analyzes the effects of the duration of nominal and indexed
contracts on disinflation costs. Calvo (1983) and Ball (1994a) examine the costs of stabi-
lization in the presence of rigid nominal salaries. They conclude that it is possible to
have zero disinflation costs even in the presence of nominal rigidities. The costs reflect,
rather, a lack of credibility. Ball (1994b) provides empirical evidence on the determi-
nants of the sacrifice ratio (the cost in terms of growth for every one percent reduction
in inflation), using a panel of developed countries.
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moment of signing the contract. Such contracts can have a significant
effect on stabilization programs. When the amount of the inflation
adjustments is specified at the beginning of the contract, the effec-
tive duration of the indexation clause is greater than in the case of
traditional contracts using lagged inflation. The inflationary inertia
introduced into the system is therefore greater, and the costs of
disinflation rise (Jadresic, 1996a). Indexed contracts based on ex-
pected inflation at the moment of each adjustment are more flexible,
since they allow the wage determination to incorporate the lower
inflation expectations generated by the stabilization program.

Wage indexation is not the only factor influencing disinflation
costs. Another important element is inflationary inertia originating
from the prevailing exchange rate regime. As seen in the previous
subsection, administered exchange rate systems in which the ex-
change rate is frequently devalued as a function of the difference
between the domestic and external inflation rates introduce infla-
tionary inertia. A number of stabilization programs have tried to
get around this effect by using the exchange rate as a nominal an-
chor. Most of the economies that have subscribed to this type of
stabilization program are characterized by widespread indexation
practices and an elastic monetary policy. Under such circumstances,
it is normal for an important degree of inflationary inertia to per-
sist even after the nominal exchange rate is fixed. The resulting
exchange rate appreciation can lead to a loss of the plan’s credibility
as the relevant actors lose faith in the success of the program. There
is no obvious recipe or simple solution in these cases. The lack of
credibility may imply that inflationary inertia persists unaltered for
a long time after the stabilization program is launched.? In con-
trast, if the stabilization plan is based on monetary control while
the exchange rate regime follows a PPP rule, then a stabilization
program will encounter rigidities to the extent that past inflation is
transmitted to the exchange rate and, in turn, to the prices of im-
ported inputs.30

29. Rebelo and Végh (1995) analyze different theories to explain the real
appreciation following a stabilization plan based on the exchange rate. The apprecia-
tion can reflect a lack of credibility in the program and not a problem of inflationary
inertia. Dornbusch (1982b) and Edwards (1993, 1996) discuss the problems
of inertia for stabilization programs in the context of adjustment programs in Latin
America.

30. For a detailed discussion of this mechanism, see Dornbusch (1982a).
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Disinflation Costs, Time Consistency, and
Monetary Policy

It is well known that an economy’s inflation level cannot depend
directly on its degree of indexation. Monetary policy, especially the
growth rate of aggregates, must be consistent with the inflation rate.
Consequently, an analysis of the interaction between indexation and
the inflation level must incorporate decisions on monetary policy as
an endogenous variable.

A simple way to construct this endogenous variable is to assume
that the authority does not lower inflation more than necessary
because such a measure would have negative real effects, namely,
unemployment and recession. As discussed above, Friedman (1974)
argues that full indexation would avoid these costs. However, lags
in indexation generate disinflation costs that are not negligible (at
least in the short term) and could explain the existence of a certain
level of inflation (Simonsen, 1983).

A more modern conceptual framework for analyzing the role of
indexation in generating a response can be derived from Barro and
Gordon’s model (Barro and Gordon, 1983). In this model, the gov-
ernment faces a problem of time inconsistency due to the existence
of a Phillips-curve-type relation, and the government chooses the
inflation level given market expectations. The public anticipates the
government’s action and expects equilibrium inflation, which gener-
ates a suboptimal solution of high inflation and unemployment
rates.3!

Following Fischer and Summers (1989), we derive a Phillips
curve relation of the following type:

U=U -a(n-r),
where
L=(U-xU")+bre,

with k < 1. Because « is less than one, the authority has incentives
for choosing positive inflation whenever expected inflation is zero.

31. The classic article on time inconsistency is Kydland and Prescott (1977).
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This produces a problem of time inconsistency: however much the
authority promises low inflation, the promise is not credible because
if that were the case, it would no longer be optimal for the govern-
ment to pursue the low inflation plan. Furthermore, in equilibrium,
private actors pass over this problem and expect an equilibrium in-
flation level that is effectively realized.

Once private expectations are determined, the government se-
lects the inflation level, trying to minimize L subject to the Phillips
curve condition. This produces the following first-order condition for
the optimal inflation level (from the government’s perspective):

o= a(l—K)U*+a2T[e _
a’+b

The assumption of rational expectations on the part of private
actors implies that

. D

=t=—U (1-«).
=t =0 (1-k)

Paradoxically, in equilibrium, the government does not achieve
a reduction in unemployment and creates inflation. The govern-
ment would be in a better situation if it had access to mechanisms
for making a zero-inflation objective credible.

The generation of dynamic inconsistency does not hinge on a
Phillips-curve-trade-off in the short term (in which unemployment
changes in response to errors in inflationary projections). Any
mechanism that allows the government to benefit from surprising
the private sector with unexpected inflation will produce a similar
effect. The practice of managing inflation in order to draw down
the stock of public debt is a highly relevant example.3?

Indexing different prices in the economy has two complementary
effects in the context of this model. First, indexation helps limit the
real effects of transitory shocks, since nominal wages (and other prices)
are automatically adjusted to inflation. In terms of the Phillips curve,

32. Lucas and Stokey (1983) discuss this problem. Calvo (1988) studies how
drawing down the debt can imply a multiple-equilibrium solution. In that case, the
interest rate not only reflects inflation expectations, but also is a direct determi-
nant of inflation through the government reaction (drawdown) function. Guidotti
(1993) incorporates the problem of dynamic inconsistency in an optimal index-
ation model.
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the parameter a is reduced, creating a more vertical relation. Wage
indexation would be responsible for this effect in the model as pre-
sented. Second, the costs of inflation fall with indexation because pri-
vate actors and the government both protect themselves against price
changes. In terms of the government’s loss function, the parameter b
is reduced. Nonwage indexation contracts also generate this effect.3?

Fischer and Summers (1989) analyze the implications of these
two changes for the inflation level, associating wage indexation
with changes in the Phillips curve. Their most important conclu-
sions are that indexation can increase the inflation level (dimin-
ishing a and b simultaneously) and that measures for reducing the
costs of inflation wind up creating a higher inflation level (by re-
ducing b). In political terms, this may be reflected in less pressure
to lower inflation if inflation is not costly, which could eventually
have a negative effect on welfare (under the assumption that the
government’s loss function L extends directly to the general public).
Moreover, indexation will be more or less desirable, in terms of
welfare, depending on the degree to which the authority can con-
trol inflation. If the authority has a limited control on inflation,
then a higher level of indexation will be preferable, since in this
case the higher inflation generated by dynamic inconsistency rep-
resents less of a problem than the real effects of an inflation shock.

Beyond providing a valuable intuition that indexation can
increase inflation, the model does not offer a definitive answer
with regard to the exact conditions under which inflation rises.
Nor does it give a definitive result with regard to what happens to
the welfare level—assuming that inflation increases with indexation.
Fischer and Summers address this latter problem by analyzing
the restrictions that must be imposed on more general loss func-
tions in order to produce a social loss if the costs of inflation are
lowered. In those cases, the time inconsistency effect is stronger
than the direct effect of lower inflationary costs.

Ball and Cecchetti (1991) and Mourmouras (1993) reach similar
conclusions regarding the idea that indexation alters the inflation
level. The first of these papers sets up a Barro-Gordon model, ex-
panded to encompass staggered wage adjustments (as in the Fischer-
Gray model). The resulting model has the virtue of unambiguously
determining weather wage indexation increases inflation. By explic-
itly including in the labor market a parameter that measures the

33. In a model based on nominal debt, this role would be fulfilled by financial
indexation.
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level of contract indexation, the authors are able to conclude that
an increase in wage indexation unequivocally increases inflation.?*
In terms of the effects described above, lower inflation costs trig-
ger a stronger effect than a lower slope on the Phillips curve. They
further conclude that wage indexation unambiguously increases
welfare. Mourmouras (1993) uses the Barro-Gordon model with
indexation, taking into account the existence of real shocks in the
economy. The paper concludes that the inclusion of this shock does
not change the intuitions set out by Fischer and Summers.

Indexation can also affect the inflation level by modifying the
reputational dynamics between the authority and the general pub-
lic. For example, expanding the Barro-Gordon model to cover sev-
eral periods creates the possibility of sustaining a low level of inflation
if the public and the authority develop a supergame. In the game, if
the authority deviates from its established objective, thereby gen-
erating higher inflation than promised, then the public punishes the
authority by expecting high inflation for several periods. If the dis-
count rate faced by the authority is sufficiently low, then the gov-
ernment will find it advantageous to keep inflation low and not to
deviate. In the context of the game, indexation has several effects
on the possibility of maintaining an equilibrium of low inflation.
Fischer and Summers (1989) argue that cooperation could improve
with regard to maintaining a lower inflation level, because index-
ation would raise the level of “punishment inflation” (corresponding
to the inflation level that would exist in a one-shot game such as that
analyzed above). In addition, indexation serves to coordinate public
action in the event that the authority needs to be punished, such
that indexation again helps to keep the inflation level down. Index-
ation generates the opposite effect, however, in games in which
there is more than one type of government and in which the
authority’s actions serve to signal the type. If the government car-
ries out measures that reduce the costs of inflation, then the public
may think that the government is of the type that is disposed to
move the economy to a state of high inflation.

There is little empirical evidence on the relation between in-
dexation and inflation. As mentioned above, Fischer (1983a) ana-
lyzes the inflationary response of different countries in the face of

34. The loss from inflation is caused by undesired variability in real wages.
Indexation is modeled as if wages were modified instantaneously with price varia-
tion in a proportion p of the firms in an economy. Inflation increases when p
increases. This conclusion is robust when other inflation costs are included.
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the 1974 oil shock, controlling for the degree of indexation and the
different forms this takes. He does not find a significant differ-
ence in the post-shock inflation performance of countries with high
and low levels of indexation. Landerretche and Valdés (1997) ana-
lyze the history of nine countries and conclude that indexation cor-
relates positively with the inflation level (without controlling for
dual causality).

Inflation and Optimal Indexation

Beyond the stability and output considerations addressed in
the classic articles on indexation (Gray, 1976; Fischer, 1977a), ad-
ditional elements can be incorporated into the analysis of the opti-
mal indexation level. This section reviews arguments on optimal
indexation that take into account what happens with inflation, the
dynamic inconsistency problems described above, and the political
games that different parties sustain.

Waller and VanHoose (1992) consider only the effects of index-
ation on the inflation-unemployment trade-off, using a Barro-Gor-
don-type model in which the degree of indexation is chosen through
a decentralized mechanism. In this case, they find that the public’s
choice of indexation level is suboptimal. The authors assume that
the direct effect of indexation is to lower inflation, because it
makes it less tempting for the government to surprise the pri-
vate sector with unexpected inflation (that is, the Phillips curve
is more vertical). Private actors act atomistically, however, and do
not take into account the effect of their actions on the final inflation
level. The chosen indexation level is thus lower than is socially
desirable.

Another scenario that has been considered in the literature
is what happens if the authority determines the level of wage
indexation in a centralized fashion, thereby obviating the problem
of suboptimality. To determine the optimal level of indexation un-
der these conditions, Milesi-Ferretti (1994) incorporates the ex-
istence of nominal and real shocks into a Barro-Gordon-type model.
The model considers just the Phillips curve effect of indexation,
which this reduces the inflation level by improving the problem of
time inconsistency. Milesi-Ferretti’s main conclusions are that the
indexation level should be higher if nominal shocks are more im-
portant (which confirms Gray and Fischer’s result) or if the time
inconsistency problem is more serious (a reflection of either a more
horizontal Phillips curve or less aversion to inflation on the part of
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the government). These findings are consistent with Devereux
(1989), who presents a similar model but in which monetary policy
is chosen before the shocks are felt.

Another dimension of optimal indexation that has been analyzed
is the interaction between workers’ decisions to index wages and
the authority’s decision to index financial instruments, specifically
the government debt. Guidotti (1993) describes the government’s
and atomistic agent’s decisions on indexation as endogenously given,
setting up a model covering two periods and three shocks (namely,
output, nominal, and government spending shocks). The govern-
ment is faced with the alternative of loading more indexation into
its debt structure to avoid the inflation-producing problem of dy-
namic inconsistency versus incorporating less indexation in order
to use the debt as insurance against raising distorting taxes in bad
states of nature (caused by government spending and output
shocks).?? Private agents, in turn, choose their indexation level as
in the Gray-Fischer-type models: if nominal shocks are more im-
portant, then more indexation is desirable. The key to the model,
however, is that a portion of the nominal shocks are endogenous
to indexation because of the government’s dynamic inconsistency
problem.

The main results of this analysis indicate that the government
will choose to have less nominal debt (that is, more indexation)
whenever spending shocks are less variable, wage indexation is
higher, and the variance of the nominal and output shocks is
greater. This means that a higher level of wage indexation lowers
inflation, because debt indexation increases and reduces the prob-
lem of time inconsistency.?® The workers, for their part, choose a
wage indexation level that is not monotonic with regard to debt
indexation. At low levels of debt indexation, wage indexation in-
creases with debt indexation, and vice versa. Finally, if the gov-
ernment prefers a more stable output, one can expect less wage
indexation and both more and less financial indexation.

A different dimension is exposed through the ways in which dif-
ferent political parties manipulate indexation levels in order to gain
(and stay in) power. Milesi-Ferretti (1994) shows that if the decisions
on indexation are irrevocable or have a long horizon, then a party

35. Bohn (1988) analyzes the problem of nominal debt as insurance. See section
1.2 in this paper.

36. Even if the government can commit to a certain monetary policy, some degree
of indexation is desirable to avoid unwanted changes in the value of the debt.
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that is in power and that is more averse to inflation than the aver-
age voter will choose to reduce indexation in an election year. This
strategy ensures that the average voter will not vote for the other
party (which is assumed to be less averse to inflation than the aver-
age voter) because if the economy is unindexed the other party would
generate a higher-than-desired inflation. Crosby (1995) reaches a
similar conclusion in a model in which indexation is used as a
method of commitment in the context of a time consistency prob-
lem. In this scheme, the parties that are less averse to inflation
will try to index wages as a strategy for gaining power, because by
doing so they cease to be an “inflationary danger” from the per-
spective of the voters. The paper analyzes the case of Australia in
1983, in which the liberal government indexed the economy and
maintained an excellent inflation record.

Indexation of Monetary Policy Instruments

Indexation and the control of inflation can be examined at a
more concrete level, in relation to the implementation of monetary
policy. The question is whether it is more advantageous in a widely
indexed economy to use a nominal or adjustable interest rate as the
main instrument of monetary policy. The answer has to do with the
variability exhibited by the chosen instrument.?7

Real and nominal interest rates are related through Fischer’s
equation:

i, =R+,

where R is the ex ante real interest rate and i, is the nominal
interest rate. If indexation is lagged and if the authority wants to
prevent arbitrage between adjustable and nominal securities, the
equation should be rewritten as

L=Um,.

In other words, the adjustable interest rate (r) is equal to the ex
ante real rate plus the differential between expected and lagged
inflation.

37. See Fontaine (1991) for a discussion of this issue in the context of the Chilean
economy.
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This implies two considerations with regard to interest rate vari-
ability. First, because indexation has lags, the adjustable interest
rate on short-term securities does not correspond exactly to the
real interest rate in the economy. Second, there is no reason, in
theory, that nominal rates should be more volatile than adjustable
rates. Of course, once one of the two is chosen as a political instru-
ment and thus controlled by the authority, the other should un-
dergo all pertinent adjustments in order to deter arbitrage.

The answer to the initial question should therefore be phrased
in terms of which interest rate is easier to interpret for the purpose
of measuring the state of monetary policy, thereby facilitating
policymaking. There are two reasons for this. First, the ex post real
rate that an individual faces depends on both the adjustable rate
and the relative price change between that individual’s idiosyncratic
price (wage, exchange rate, raw material prices, and so forth) and
lagged inflation. For example, if the real exchange rate appreciates,
the ex post real rate for an exporter will effectively be lowered. In
the case of Chile, this effect is manifested in the fact that it is diffi-
cult to find a stable, systematic relation between adjustable rates,
output, and inflation (Mendoza and Fernandez, 1994).38 The process
of monetary policymaking is based, in the end, on raising interests
rates if the spending-output gap is greater than deemed advanta-
geous and then maintaining this increase as long as the gap does
not respond. There is not, a priori, a level of rates that is known ex
ante to be correct for achieving an inflationary deceleration of a
predetermined amount. It is not necessarily correct, therefore, to
associate a specific level of adjustable rates with the state of mon-
etary policy.

The second consideration has to do with the monetary policy’s
transmission mechanism. If the most important variable is either
the short-term nominal rate (for example, if the mechanism is
based on capital inflows and exchange rate appreciation) or the
volume of monetary aggregates (for example, if the mechanism
centers on consumer credit in a context of imperfect information),
then the optimal choice is a nominal policy. In both examples, the
stability of the adjustable (as opposed to the nominal) rate simply

38. In fact, the profitability of three-month adjustable operations are practically
as volatile as nominal operations (Mendoza, 1991; Mendoza and Fernandez, 1994). In
Chile, Valdés (1997) finds a systematic relation between the adjustable interest rate
and output growth and between the interest rate and the gap between target and
actual inflation.
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creates variability in the nominal rate and noise in terms of dis-
covering the true monetary policy. Worse still, it is not even very
relevant in terms of affecting aggregate demand, assuming that
the transmission mechanisms are those mentioned. The adjust-
able rate provides a clear policy signal only when the traditional
transmission mechanism is in operation, namely, when the me-
dium-term real rate is influenced by the adjustable rate and also
determines the changes in aggregate spending and inflation.3? Tobin
(1971), for example, uses this type of reasoning. Because invest-
ment critically depends on q and because the closest substitute for
q 1s the indexed bonds rate, adjustable bonds should be used for
monetary policymaking.

3. SuMMARY AND CONCLUSIONS

This paper has analyzed indexing practices in the labor, finan-
cial, and foreign exchange markets. Wage indexation derives from
the need to halt the erosion of nominal wages by inflation in the
presence of negotiation costs. It also represents a form of implicit
insurance between the employer and employee. The fixation of the
real wage is achieved, theoretically, through the use of perfect
indexation. If the stabilization of output or employment is an ob-
jective, the optimal degree of perfect wage indexation will depend
on the relative importance of nominal versus real shocks to the
economy. In practice, however, it is impossible to achieve perfect
wage indexation. Wage indexation therefore takes a variety of
forms, all of which seek to approximate fixed real wages. In most
cases, indexation is not perfect: wage contracts commonly specify
indexation clauses as a function of lagged inflation, which compli-
cates the analysis of the optimal degree of indexation. At the same
time, other factors, such as the degree of openness in the economy,
also influence the optimal indexation level.

Financial indexation, in turn, aims to complete markets by
offering an instrument that is effectively free of inflation risk. Such
instruments could affect both public and private saving. Analogously,
the indexation of financial instruments issued by the economic

39. Mendoza and Fernandez (1994) present evidence against the existence of
a monetary policy transmission mechanism from adjustable rates to the spending-
output gap and inflation, using vector autoregressions. Valdés (1997) does find
evidence for this mechanism.
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authority provides an incentive for stabilizing inflation, by eliminat-
ing the possibility of drawing down the public debt. In the case of
exchange rate indexation, the authority has the faculty of including
indexation clauses in the exchange rate rule, with the objective of
stabilizing the real exchange rate. Exchange rate indexation con-
tributes to inflationary persistence, however. The choice of exchange
rate regime and the optimal indexation level must therefore be re-
solved through a joint optimization that attains some degree of op-
timal stabilization of economic activity and the price level.

Another interesting aspect of indexation that is explored in
the paper involves the consequences of indexation practices on
inflation. In particular, wage and exchange rate indexation can
have a strong effect on inflationary inertia and variability. An ex-
treme case is that of an economy that combines a high degree of
wage indexation with a purchasing power parity rule for the ex-
change rate. In this case, the nominal anchor tends to be lost, and
the magnitude of inflationary inertia is exacerbated. This implies,
therefore, that the type and degree of indexation existing in an
economy will affect the costs that are incurred during the imple-
mentation of a program for stabilizing the price level.

The degree of indexation in an economy affects not only infla-
tionary dynamics, but also the optimal inflation level. On the one
hand, indexation (mainly wage indexation) reduces the effect of
nominal shocks on real variables, making the Phillips curve more
vertical and reducing the incentives for the authority to inflate
the economy. On the other, it lowers the costs of inflation and can
therefore induce the government to postpone the application of
inflation-fighting measures indefinitely.

While the particular effect of each type of indexation on infla-
tion, output, or the real exchange rate is not ambiguous, the gen-
eral, combined effect of different forms of indexation is. The effect
often depends on the particular form of implementation (such as
the type of financial instrument or the wage adjustment rule),
which can vary considerably. Otherwise, the optimal degree of some
type of indexation will depend on the form of the economic
authority’s loss function or on the stochastic characteristics of the
actual situation (that is, on the relative variance of different types
of exogenous prices). It is very difficult to isolate all the elements,
yet combining them in any single model is also complicated. There-
fore the interest of compiling and analyzing them together, in an
effort to understand the combined effect.
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The role of inflationary persistence has become a recurrent
theme in discussions on stabilization programs (Fischer, 1986). This
has particularly been the case in recent debates on the merits of
exchange-rate-based stabilization plans. Some authors claim that
anti-inflationary programs based on predetermined nominal ex-
change rates are effective in reducing inflation. Others argue, how-
ever, that in the context of stubborn inflationary inertia these type
of programs are bound to generate real exchange rate overvalua-
tion and, in some cases, can even result in major crises.!

Discussions on the selection of exchange rate regimes in develop-
ing countries and transitional economies have also dealt with persis-
tence issues. For example, critics of exchange rate systems based on
a crawling peg—including backward-looking exchange rate bands, such
as the one operating in Chile since 1984—argue that this type of sys-
tem tends to generate a very high degree of inflationary inertia, which
can become highly destabilizing in the presence of shocks to funda-
mentals. Those that favor a fixed exchange rate system, on the other
hand, argue that one of the most important merits of this regime is
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that it tends to generate a rapid (almost instantaneous) elimination
of inflationary inertia; this helps stabilize prices at a relatively low
cost in terms of output.

In his work on chronic inflationary experiences in four Latin Ameri-
can countries, Pazos (1990) points out that backward-looking wage
indexation is bound to generate a high degree of inertia, serious desta-
bilizing forces, and a costly and protracted inflationary process.?

More recently, there has been increasing interest in analyzing
inflationary persistence in the context of staggered-contracts models
of the U.S. economy. Fuhrer and Moore (1995), for example, argue
that standard Taylor-type models (Taylor, 1980) fail to generate the
degree of inflationary persistence observed in the U.S. data. They
propose an alternative model in which wage setters care about rela-
tive real wages over the length of the contract. They show that in this
case inflation demonstrates considerable persistence over time. Their
empirical analysis—based on autocorrelations and impulse response
functions—supports their model: in the period 1965-91 inflation in
the United States did indeed experience a considerable degree of
inertia. Like most studies on the subject, however, Fuhrer and Moore’s
paper assumes that the degree of inflationary inertia in the United
States has been invariant throughout the period under study. There
is no reason, of course, for this to be the case. Indeed, one would
expect that as the average length of contracts and the expectations
formation process change, so will the degree of inertia. A changing
degree of inflationary persistence through time would indeed have
important policy implications, especially regarding the output costs
of disinflationary programs.3

The purpose of this paper is to analyze empirically the impor-
tance of inflationary persistence in a group of sixteen advanced and
developing countries. We do this by examining the time series prop-
erties of inflation, using both univariate and multivariate techniques,
on the basis of monthly data from 1970 through the end of 1996. We
ask several key questions. What has been the degree of persistence, if
any, in the inflationary processes? Has inflation exhibited a unit root in
any of the countries in the sample? Has inertia been stable through
time, or has it experienced significant changes? In those countries where
inertia has varied, are the changes associated with specific policy ac-
tions, such as the implementation of exchange rate-based stabilization
programs? Is the degree of inertia associated with the level of inflation?

2. For inertial models based on staggered contracts, see Calvo 1983; Fischer
1986; Taylor 1980.
3. On the costs of disinflation see, for example, Ball (1991).
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Is there preliminary evidence suggesting that the degree of infla-
tionary inertia is associated with institutional arrangements gov-
erning the existence of indexation in the labor or financial markets?
The paper is organized as follows: the next section provides a
brief discussion of alternative ways of measuring inertia. Section 2
presents a preliminary data analysis. We begin the analysis by pro-
viding a brief description of the data set and explain the criteria
used for selecting the sample. We then present results from our
analysis of inflationary persistence using the full sample (1970-94).
In section 3 we provide a detailed comparative analysis of inflation-
ary inertia in sixteen countries. We perform a battery of tests, in-
cluding rolling augmented Dickey-Fuller tests, sequential Perron
tests to test the unit root hypothesis in the presence of structural
breaks, and sequential Quandt likelihood ratio tests to analyze the
instability of the autoregressive coefficients. We then turn to the
estimation of rolling measures of persistence. For all countries we
estimate rolling autoregression (AR[1]) coefficients and report roll-
ing estimates of the dominant root from rolling AR(2) estimates.
We then provide an analysis of the connection between our esti-
mates of inertia and the levels of inflation in the countries in the
sample. Section 4 provides a discussion of the evolution of inflation-
ary inertia in three countries that at one point or another have
relied on a nominal exchange rate anchor to achieve price stability:
Chile, Israel, and Mexico. Our interest here is to investigate the
extent to which these programs have reduced the degree of infla-
tionary inertia. We close in section 5 with concluding remarks.

1. MEASURING INFLATIONARY PERSISTENCE:
ANALYTICAL ISSUES

A central purpose of this paper is to provide simple, reliable mea-
sures of inflationary persistence for a set of countries.* A large liter-
ature, both theoretical and applied, addresses the persistence displayed
by economic time series. Applications include the analysis of real gross
domestic product (GDP), commodity prices, and inflation in the Unit-
ed States. The measurement of inflationary persistence can be ap-
proached either from the perspective of a particular theoretical model
or through a model-free strategy. While the model-based approach

4. In this paper, we use the terms inflationary inertia and inflationary persis-
tence interchangeably. See the discussion later in this section for formal definitions.
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has some clear advantages, including its elegance and the existence
of sharp hypotheses, it also has some limitations. Obstfeld (1995),
for example, has persuasively argued that model-based measures
of inertia are overly restricted and are subject to misspecification
problems that can result in serious biases. This paper follows Obst-
feld’s recommendations by analyzing the degree of inflationary in-
ertia from a model-free perspective.?

In general, identifying the degree of persistence displayed by a
particular time series takes place on two levels. First, we might be
interested in determining whether a series is covariance station-
ary, given that in a stationary series the effect of a shock eventually
dies out. In other words, the impulse response is zero if T is large
enough. Nonstationary time series exhibit very high persistence,
with all shocks qualifying as permanent ones. Second, within the
class of stationary time series, some may exhibit higher persistence
in the sense that the effect of the shock takes longer to wear off.
Measures like the largest autoregressive root, the half-life, and the
impulse-response function have been used elsewhere for this pur-
pose. In this paper we consider two approaches to measure inertia.

There are several ways of finding out whether a series is
nonstationary. Consider the following univariate process:

yt:H"'G(L)Sz and 1)
a(L)e, =€, +0,6,, +0,8,, +..., @)
where

00
Z|°‘j|<°°’
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the roots of a(z) = 0 lie outside the unit circle, and {e,} is a white-noise
sequence with mean zero and variance 2. The process described by
equations 1 and 2 is a covariance-stationary process. In terms of the
persistence displayed by the process, the most interesting property
is that the dynamic multiplier (or impulse response function) goes to
zero as time goes on:

Tim 3 = ¢ (3)

5. See Edwards (1996, 1998) for inflationary analyses based on credibility models.
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That is, the effect of a shock eventually dies off. Consider, instead,
the following unit root process:

(1-L)y, =3+B(L)e, . @)

where it is required that B(1) # 0.6 In this case, an innovation in & , has
a permanent effect on y,. To see this, notice that

s _ 1+ B+ B, +-+P
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0¢g,
and therefore
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Three main approaches have been used to detect extreme persis-
tence (nonstationarity) in economic time series. Campbell and Mankiw
(1987a, b) use a parametric approach to analyze the time series prop-
erties of real gross national product (GNP). Their test makes use of
the fact that a nonstationary process requires (1) # 0, by calculating
impulse-response functions obtained from the estimation of
autoregression moving average (ARMA) representations of the first-
differenced series. A second approach outlined in Cochrane (1988) pro-
vides a nonparametric assessment of the same question. Intuitively,
Cochrane’s test, known as the variance-ratio test, exploits the fact
that if y, is a random walk [B (L) # 1] then the variance of its s-differ-
ences grows linearly with s, while if it is stationary, this variance ap-
proaches a constant.” Consequently, the variance ratio is simply

V5 (s)= L9 (o =2 mbs) | (6)
s+1 9(yt+1_yt_u)

6. To understand why it is that this condition is required for nonstationarity of
y,» notice that the stationary process in equation 1 can be first differenced and rewrit-
ten as
(1-L)y, =(1-L)a (L)e, =(L)e, .
Because y, is stationary, then A y, is also stationary. Although this process has the
same form as equation 4, it is clear that necessarily (1) = 0.

7. More generally, let y, be a nonstationary process of the form indicated in
equation 4. If we define V (s) = E (y,, , — y, — us), then

V(s)

tim==>=o*[p(1)]*.
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This ratio approaches one for a random walk and zero for a
stationary time series. It is easy to show that in the general case
of a nonstationary time series, the square root of VR(s) would be a
lower bound of B(1).

A third approach to measuring persistence is known as the unob-
served components approach. In this method, the series is modeled as
the sum of two components. The best-known decomposition separates
the series into a random walk and a stationary component:

Y=z,
2, =H+z,_, +n, ,and (7
E=y(L)3,

where E(n,8) is arbitrary. This approach measures persistence as the
variance of the random walk component relative to the total variance,
03. /04, -

These three measures of persistence are simply different ways
of scaling the spectral density of A y, at zero frequency (Pesaran,
Pierse, and Lee, 1993). This last function can be efficiently esti-
mated using the Bartlett kernel,

50, (0) = Ly 23 fi-—L B0
50, (0) = 5 Do+ ZE qﬂ%@g. ®

These three approaches are subject to an important limitation,
however.? For any nonstationary general process there exists some
stationary process, which is impossible to distinguish from the former
for any finite sample of size T. A way of circumventing this problem
and increasing the power in testing for unit root processes is to as-
sume that the series is well represented by a low-order autoregressive
process. Although it is generally not possible to refute the hypothesis
that a general process is a unit root process, it is usually possible to
test the less general hypothesis that a process is an AR( p) process
containing a unit root. The most popular unit root tests among ap-
plied economists, including the Dickey-Fuller and Phillips-Perron

8. See Hamilton (1994) for a discussion of the observational equivalence problem.
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tests, belong to this family, in that they assume that the series is rep-
resented by a first-order autoregressive process.

A different way of thinking about inertia is within the class of
stationary processes. The stationarity of an ARMA( p, q) model de-
pends on the roots of the autoregressive component lying outside the
unit circle, regardless of the roots of the moving average component.
This result provides a simple way of measuring the degree of persis-
tence of a stationary series. In the long run, the dynamics of a series
will be dominated by the largest root of its autoregressive compo-
nent. Of course, if the series is stationary, with the modulus of all
inverted roots being less than one, the effect of a random disturbance
will eventually die off. In the meantime, however, the effect of the
shock will last longer for a larger value of the inverted dominant root
or eigenvalue. In this paper we use the inverted dominant root of the
autoregressive component of the inflationary process of each country
as a measure of the degree of inertia displayed by the series.

2. PRELIMINARY DATA ANALYSIS

This section presents a preliminary analysis of the time series
properties of monthly inflation rates for sixteen countries. Our main
interest is to analyze several measures of persistence using a full
sample. In the subsequent section, we analyze the stability through
time of our inertia measures and try to detect structural breaks in
the dynamics of the different inflationary processes.

2.1 The Data

We use data from the International Financial Statistics (IFS) pro-
vided by the International Monetary Fund (IMF), on monthly con-
sumer price index (CPI) inflation for the period 1970-94. The sample
includes sixteen advanced and developing countries: Argentina, Bra-
zil, Chile, Colombia, France, Germany, India, Israel, Italy, Japan,
Mexico, Spain, Sweden, Switzerland, the United Kingdom, and the
United States. In selecting these countries we made an effort to cover
a wide variety of macroeconomic experiences and inflationary histo-
ries. Table 1 presents the average, coefficients of variation, and mini-
mum and maximum of the monthly inflation rates. The diversity of
the sample is considerable: while Argentina and Brazil had monthly
average inflation rates of around 10 percent, Germany and Switzer-
land had monthly rates on the order of 0.3 percent.
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Table 1. Inflation in Selected Countries, 1970.1-1996.8

Percent and coefficient of variation

Average Coefficient of Mimimum Maximum

inflation variation monthly monthly
Country rate rate inflation rate inflation rate
Argentina 9.3 1.8 -6.0 196.6
Brazil 10.2 1.2 -0.3 80.7
Chile 3.7 1.8 -8.1 87.5
Colombia 1.7 0.6 2.0 6.9
France 0.5 0.7 -0.3 1.9
Germany 0.3 1.1 -0.5 1.8
India 0.7 1.5 -2.9 4.3
Israel 3.5 1.3 -14 27.5
Ttaly 0.8 0.7 0.4 3.1
Japan 0.4 2.0 -1.1 4.1
Mexico 2.5 1.0 0.0 15.5
Spain 0.8 1.1 —4.4 9.0
Sweden 0.6 1.1 -0.5 3.3
Switzerland 0.3 1.3 0.7 2.1
United Kingdom 0.7 1.1 -0.9 4.3
United States 0.4 0.7 -0.5 1.8

Source: Authors’ calculations.

2.2 Inflationary Persistence: Full Sample Measures

Table 2 presents nonparametric variance ratio tests, as well as
Dickey-Fuller unit root tests for the sixteen countries in the sample.?
For all countries the variance ratios clearly decrease as k increases.

9. In the frequency domain, a nonstationary series will present a large spectrum
at low frequency. The variance ratio is an asymptotically equivalent estimate
of the spectral density at frequency zero, and we therefore provide estimates of this
statistic. In the time-space representation a series will be nonstationary if it has a
unit root in its autoregressive component. Unit root tests like the Dickey-Fuller,
Phillips-Perron, and Sargan-Barghawa tests target that feature in a first-order,
autoregressive, nonstationary time series. The analysis of the statistical properties of
unit root tests is far from being the goal of this paper. However, it is important to
keep in mind that most of the unit root tests are linear combinations of the same two
statistics and that consequently there is no single, most powerful test of the unit root
hypothesis. In this paper we use the Dickey-Fuller test to identify extreme persis-
tence, as this is by far the most popular among applied economists.

We removed existing monthly additive, seasonal components by a standard re-
gression method in all those countries for which the seasonal components are statis-
tically significant. Jaeger and Kunst (1990) show that the method used to seasonally
adjust series affects the measured persistence of a series. In particular, filtering the
data through X-11 methods spuriously introduces persistence into the series. We
therefore used the simpler method of regression on dummies.
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The pace at which the ratio decreases is quite different across coun-
tries, however, suggesting that the degree of inflationary persistence
may be higher in some of these nations than in others. Moreover, the
ratio decreases very rapidly in some countries (Switzerland, Japan,
and Spain, for example), indicating that inertia was not an issue in
the period under study. This is confirmed by the variance ratio plots
(which include confidence intervals) presented in figure 1.

It is particularly interesting to contrast Brazil and Mexico, on the
one hand, with more developed, low inflation countries like Japan,
Switzerland, and Sweden. In the former group, although the vari-
ance ratios decrease as k rises, they are still significantly different
from zero even for k as large as thirty-six months. In contrast, in the
second group of countries, the variance ratios are not significantly
different from zero for k between eighteen and twenty-four months.

Table 2 also shows augmented Dickey-Fuller tests for the full
sample. The table presents the ¢ statistic for the autocorrelation
coefficient obtained in an ordinary least squares (OLS) regression,
including intercept, deterministic trend, and four lags of inflation
first differences. Using the full sample, we are not able to reject the
unit root hypothesis in six of the sixteen countries: France, Israel,
and Mexico, at 95 percent confidence and Brazil, Chile, and Italy at
99 percent confidence.

Table 2. Full Sample Nonstationarity Tests

Seasonal Variance ratio test
Country adjustment k=3 k=6 k=12 k=24 k=36 ADF?
Argentina No 0.61 0.31 0.21 0.14 0.10 —4.80
Brazil No 0.76 0.67 0.46 0.32 0.20 -3.89
Chile No 0.25 0.16 0.08 0.06 0.05 -3.78
Colombia Yes 0.25 0.15 0.08 0.04 0.03 -6.76
France Yes 0.34 0.21 0.14 0.10 0.08 -3.40
Germany Yes 0.28 0.17 0.09 0.06 0.05 -5.54
India Yes 0.25 0.15 0.08 0.04 0.03 —4.16
Israel No 0.25 0.15 0.08 0.04 0.03 -2.57
Italy Yes 0.32 0.19 0.13 0.07 0.06 -3.87
Japan Yes 0.25 0.15 0.09 0.05 0.04 -5.34
Mexico No 0.56 0.44 0.28 0.19 0.14 -3.28
Spain Yes 0.23 0.13 0.07 0.04 0.03 -6.13
Sweden Yes 0.28 0.15 0.08 0.04 0.03 —6.85
Switzerland Yes 0.34 0.16 0.08 0.05 0.04 648
United Kingdom No 0.33 0.16 0.06 0.04 0.03 -5.89
United States Yes 0.36 0.23 0.14 0.11 0.08 —4.02

Source: Authors’ calculations.
a. Critical values are —3.42 (5 percent) and —3.98 (1 percent).



Figure 1. Variance Ratio Test
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Figure 1. (continued)
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A key question from a policy perspective is whether the domestic
inflation rate converges with world inflation, and, if so, how fast this
convergence takes place. We can statistically distinguish three dis-
tinct cases of convergence: (1) inflation has a unit root and thus does
not converge to a steady-state value; (2) inflation is white noise, and
thus there is no inflationary inertia; and (3) there is some degree of
inertia, with inflation converging slowly to its steady-state value. With
regard to this latter case, we investigated whether different coun-
tries exhibit different speeds of inflationary convergence, proceeding
as follows: we fitted MA(1), MA(2), AR(1), AR(2), ARMA(1,1), and
ARMA(2,2) for all sixteen countries in the period January 1970 to
August 1996. We also fitted higher-order autoregressive models in
all those cases in which the correlograms and partial correlograms
suggested that these were plausible processes. Table 3 summarizes
the results. For each country we indicate whether the series was
previously seasonally adjusted, the various models that were fitted
to the series, and the @ statistic white-noise residuals.

The results suggest, first, that pure moving average representations
generally perform poorly in terms of @ statistics. Second, low-order
autoregressive processes seem to provide a good fit for the inflationary
process in some countries, namely, Brazil, Colombia, India, Mexico, Swe-
den, Switzerland, the United Kingdom, and the United States. An AR(1)
performs particularly well in Brazil, Colombia, India, and Mexico. The
other four cases are well represented by an AR(2) process. Third, some of
the more developed, relatively low inflation countries such as France,
Germany, Italy, Japan, and Spain show low @ statistics in low-order ARMA
representations.'® However, these models present the standard near root-
cancellation problem. In all five cases, a very high inverted AR root has as
its counterpart a very high MA inverted root; these results must there-
fore be interpreted carefully.!! Consider the case of Germany. The AR(1)
and AR(2) representations feature dominant inverted roots of 0.36 and
0.61, respectively. The MA(1), in turn, has a low negative root of —0.29.
The ARMA(1,1) and ARMA(2,2) representations, however, both present
autoregressive and moving average dominant roots close to unity. Finally,
the inflation processes of Argentina, Chile, and Israel do not seem to be
well represented by any of the models presented in the table. This situa-
tion may be due to the fact that we need to specify a higher-order model

10. Inflation in Germany and Italy could also be fairly well represented by an
AR(2) process.

11. To understand this problem, note that the white-noise process y, = ¢, can be
rewritten by multiplying both sides of the last equation by (1-pL)e,, such that
(1-pL)y, = (1-pL)e, is also a valid representation of y, for any value of p.
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for inflation, or, as we discuss in the next section, it may result from the
existence of a structural break in the inflation autoregressive process.

In summary, with few exceptions, a low-order autoregressive
process seems to fit the inflationary process observed for most coun-
tries in the sample. The estimated dominant inverted roots differ
dramatically across countries, ranging from 0.09 for Spain, 0.16 for
Sweden, and 0.38 for Japan, to a high of 0.91 for Brazil.12

3. Is THE DEGREE OF PERSISTENCE STABLE
THROUGH TIME?

The preliminary analysis presented in the preceding section as-
sumes that inflationary persistence is stable through time. This need
not be the case, however. Since inflationary inertia is clearly depen-
dent on institutional price arrangements, including indexation rules,
mechanisms determining staggered contracts, the degree of cred-
ibility of the exchange rate policies, and other economic variables,
there are good reasons to believe that inflationary persistence will
change through time. In particular, one would expect that a change
in the exchange rate regime (from a crawling peg to a fixed rate, for
instance) will result in a reduction in the degree of persistence.

In this section we investigate whether the data exhibit struc-
tural breaks in the degree of persistence. We do this by calculating
unit rolling augmented Dickey-Fuller (ADF) tests and sequential
Perron tests. The rolling ADF tests were constructed by rolling a
thirty-six-month sample along the full period under analysis. For
each of these subsamples, we performed an ADF test including a
time trend. A full-sample interpretation of this test is that if the
minimum ¢-ratio obtained is larger (in absolute value) than the criti-
cal value, then the unit root hypothesis can be rejected for the whole
sample.!® The sequential Perron test provides an alternative to this
procedure. We started by performing a sequence of full-sample ADF
tests, allowing for a structural break in the intercept as well as in
the time trend in each test. The break is sequentially moved one
period ahead, until we reached the end of the sample. We then com-
pared the minimum ¢-ratio obtained in the lagged inflation term

12. For this comparison, we consider the highest inverted root of those models with
a relatively good @ statistic and with no indication of the root-cancellation problem.

13. Critical values for this test are provided in Banerjee, Lumsdaine, and Stock
(1992). The critical value is tipically larger in absolute value than the standard Dickey-
Fuller critical value.



Table 3. Full Sample Measures of Persistence

Seasonal Model Q statistic?
Country adjustment specification Inverted AR roots Inverted MAroots p=5% p=10**
Argentina No AR(1) 0.68 15.6 62.4
AR@©) 0.65 0.05 12.8 61.0
MA@) -0.35 18.7 31.4
MAQ) -0.18+0.261 —0.18 —0.261 13.3 23.1
ARMA(1,1) 0.66 -0.04 13.4 61.3
ARMA(,2) 0.366 —0.271 0.36+0.271 0.02+0.541 0.02-0.541 2.2 48.9
Brazil No AR(1) 0.91 9.4 13.3
AR@) 0.90 0.06 8.1 115
MA() ~0.72 4911 7395
MA@ .. —0.45+0.63i -0.45-0.631 259.6 397.8
ARMA(,1) 0.90 -0.05 8.3 11.8
ARMA(2,2) 0.88 -0.48 .. —0.29+0.29i -0.29 - 0.29i 2.3 6.2
Chile No AR(Q) 0.46 49.1 92.1
AR@©) 0.71 -0.37 39.3 69.4
ARQ) 0.85 -0.29+0.491 -0.29-0.491 ... 28.6 46.0
AR®4) 0.92 -0.05+0.701 -0.05-0.70i -0.64 4.2 13.3
MA() ~0.33 1377 2566
MAQ) -0.17-0.41 -0.17+0.41 82.4 159.1
ARMA(,1) 0.98 0.83 9.2 26.0
ARMA@Z,2) 0.98 -0.97 0.83 -0.99 9.3 25.2
Colombia Yes AR() 0.49 2.9 7.2
AR@©) 0.54 -0.09 2.2 6.4
MA(1) —0.42 214 34.1
MA@ .. —0.23-0.431 —0.23 +0.43i 8.7 18.0
ARMA(1,1) 0.57 . 0.11 . 2.5 6.7

ARMA@Z,2) 0.52 —0.27 —0.01 -0.20 2.1 6.4




Table 3. (continued)

Seasonal Model @ statistic?®
Country adjustment  specification Inverted AR roots Inverted MA roots p=5&* p=10%*
France Yes AR() 0.81 27.8 44.0
AR@) 0.89 -0.24 24.6 35.4
AR®) 0.95 -0.19+0.52i -0.19-0.52i ... 11.7 15.1
MA() ~0.69 327.8 657.0
MAQ) -0.4-0.371 -0.4+0.371 182.5 373.3
ARMA(,1) 0.99 0.69 19.4 20.8
ARMA@Z,2) 0.99 -0.22 0.79 -0.53 4.0 5.8
Germany Yes AR(1) 0.36 20.0 43.1
ARQ) 0.61 20.30 8.0 18.9
MA(1) -0.29 47.8 93.7
MA@) . —0.14+0.38i -0.14-0.38i 27.9 59.2
ARMA(,1) 0.97 0.85 3.9 6.1
ARMAQ,2) 0.97 -0.41 0.86 -0.50 1.2 3.1
India Yes AR(1) 0.50 19.3 28.3
AR@©) 0.63 -0.19 16.7 23.5
MA() —0.42 70.2 96.1
MAQ) -0.22-0.321 —0.22-0.321 43.1 61.1
ARMA(1,1) 0.88 0.57 10.7 14.0
ARMA@Z,2) 0.90 -0.42 0.65 -0.57 3.5 6.1
Israel No AR(1) 0.75 45.6 71.6
AR@Q) 0.83 -0.21 36.5 57.5
AR®) 0.92 -0.18+0.57i -0.18-0.571 ... 23.1 31.1
MA(1) -0.71 221.5 451.6
MA@) 0.39-0.061 0.39+0.061 158.1 302.6
ARMA(1,1) 0.97 0.64 . 24.8 36.6

ARMA(2,2) 0.98 —0.43 0.75 -0.75 99.3 188.2




Table 3. (continued)

Seasonal Model @ statistic?
Country adjustment  specification Inverted AR roots Inverted MA roots p=5&% p=10**
Ttaly Yes AR(1) 0.67 30.7 54.4
AR@©) 0.85 -0.40 6.7 17.2
MAQ) -0.45 230.9 437.8
MA@Q) 0.25-0.541  0.25+0.541 102.6 220.1
ARMA(1,1) 0.97 0.69 48 8.1
ARMA@Z,2) 0.97 —-0.85 0.70 -0.88 494 8.1
Japan Yes AR(1) 0.38 38.5 86.5
AR@2) 0.67 -0.38 12.5 35.3
ARB) 0.81 -0.29+0.431 -0.29-0.43i 4.3 19.9
MA() ~0.29 790 1727
MA@Q) -0.13+0.451 -0.13-0.451 46.4 112.7
ARMAQ,1) 0.98 0.84 1.9 12.3
ARMAQ,2) 0.97 0.16 0.82 0.18 2.0 12.2
Mexico No AR(1) 0.86 6.5 9.5
ARQ) 0.87 ~0.04 7.0 10.0
MA() ~0.71 386.0  624.6
MA@Q) -0.45+0.521 -0.45-0.521 170.5 280.6
ARMA(1,1) 0.88 0.08 7.6 10.5
ARMA@Z,2) 0.86 -0.96 0.04 -0.99 6.5 9.2
Spain Yes AR(1) 0.09 44.8 111.1
AR@©) 0.50 —-0.44 18.0 49.5
MAQ) -0.06 50.5 124.5
MAQ) —0.02+0.391 —0.02-0.391 29.7 79.2
ARMA(1,1) 0.99 0.94 13.3 20.0

ARMA(2,2) 0.99 -0.07 091 0.13 4.8 13.8




Table 3. (continued)

Seasonal Model @ statistic?
Country adjustment  specification Inverted AR roots Inverted MA roots p=5% p=10**
Sweden Yes AR(1) 0.16 10.4 39.1
AR@) 0.4 ~0.30 2.3 24.7
MAQ) -0.13 13.7 47.8
MAQ) -0.07+0.361 -0.07-0.361 4.5 29.5
ARMA(1,1) 0.99 0.93 4.0 14.6
ARMA(,2) 0.99 -0.99 0.93 -0.98 3.5 15.8
Switzerland Yes AR(1) 0.36 15.8 44.4
ARQ) 0.62 0.33 1.2 20.0
MAQ) -0.25 38.6 92.9
MAQ) -0.14+0.481 -0.14-0.481 5.9 38.4
ARMA(1,1) 0.95 0.82 23.3 37.3
ARMA(,2) 0.67 -0.97 0.30 -0.93 0.9 15.2
United Kingdom No AR(1) 0.45 8.7 42,9
AR@) 0.62 —0.24 3.1 34.7
MAQ) -0.36 45.6 103.2
MAQ) -0.18+0.371 -0.18-0.371 23.4 73.4
ARMA(1,1) 0.96 0.79 14.3 36.8
ARMA(,2) 0.98 0.15 0.89 -0.07 24 21.5
United States Yes AR(1) 0.67 23.7 45.7
AR@) 0.82 0.33 5.4 18.1
MAQ) -0.48 183.3 350.6
MAQ) -0.23+0.551 -0.23 -0.551 86.6 162.4
ARMA(1,1) 0.94 0.58 14.6 24.6
ARMA(,2) 0.97 0.41 0.81 0.15 5.4 13.5

Source: Authors’ calculations.

a. * Critical values at 95 percent confidence are 9.49 for the AR(1) and MA(1) models; 7.82 for the AR(2), MA(2), and ARMA(1,1) models; 5.99 for the AR(3) model; and 3.84
for the AR(4) and ARMA(2,2) models. ** Critical values at 90 percent confidence are 16.92 for the AR(1) and MA(1) models; 15.51 for the AR(2), MA(2), and ARMA(1,1) models;
14.07 for the AR(3) model; and 12.59 for the AR(4) and ARMA(2,2) models.
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with the critical value. Table 4 reports the results obtained with
these two tests. We reject the full-sample unit root hypothesis with
95 percent confidence in all cases. The implications are very clear:
independently of the autoregressive roots presented in table 3, after
allowing for structural breaks and parameter instability, the inflation
rate seems to have been stationary for all countries in our sample.

To investigate whether the degree of inertia has been stable, we
estimated sequential Quandt likelihood ratio (QLR) tests for each
country. We constructed these tests by performing a sequence of
full-sample QLR tests using an AR(1) model specification, in which
we allowed for a change in the autoregressive coefficient. The break
point was moved sequentially along the sample. Again, a full-sample
interpretation of this long series of tests is that if the maximum QLR
statistic obtained is larger than the 95 percent critical value, then we
cannot reject the null hypothesis of an absence of a structural break
in the sample.!* This procedure is not subject to the standard prob-
lem of choosing the break point date through data inspection.

Table 4. Unit Root and Trend Break Hypothesis Tests?

Rolling Sequential Sequential
Country ADF Perron test Quandt LR
Critical value (95%) —4.85 —-4.39 27.87
Argentina -16.89* -6.91% 88.63%*
Brazil —5.62*% —4.45% 12.19
Chile -8.45% -5.52% 32.10%*
Colombia —17.56* -9.82% 4.81
France —6.44* -6.16* 35.06%*
Germany —6.63*% -8.27*% 6.79
India —6.20% -9.50* 4.62
Israel -19.07* —17.85% 47.20%*
Ttaly —6.38* -5.95% 49.49%*
Japan -7.80* -8.33% 10.55
Mexico -9.26* -7.12% 18.81
Spain -8.39*% -7.58* 38.62%*
Sweden —6.65% -8.37% 12.37
Switzerland —6.27* -8.68* 9.37
United Kingdom -5.53* —7.40% 17.81
United States -5.08* —6.95% 20.11

Source: Authors’ calculations.
a. * Reject unit root hypothesis at 95 percent confidence. ** Reject nonstructural break hypothesis.

14. For a more detailed analysis of this testing procedure and of its asymptotic
and empirical distributions, see Banerjee, Lumsdaine, and Stock (1992).
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Column 3 of table 4 summarizes the sequential QLR test results.
We strongly reject the hypothesis of an absence of a structural break
in the cases of Argentina, Chile, France, Israel, Italy, and Mexico.
These results may explain why we were unable to fit a unique ARMA
representation for the inflationary processes of Argentina, Chile, and
Israel, as reported in section 2. Unfortunately, we were unable to
examine the possibility of a structural break following the implemen-
tation of the Real Plan in Brazil because the test requires at least
fifty observations after an event.

Figure 2 presents the statistics obtained for each of these three
procedures. In those cases in which the null hypothesis of an absence
of a structural break is rejected, it is possible to determine the ap-
proximate date of the break. For Argentina, a structural break in the
inflationary process seems to have happened in 1989 at the time of
the Alfonsin hyperinflation. Structural breaks are detected in mid-
1975 in Chile and in mid-1985 in Israel. Section 4 provides a detailed
analysis of the latter two cases, together with Mexico.

Figure 2. Unit Root and Trend Break: Rolling ADF,
Sequential Perron, and Sequential QLR
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Figure 2. (continued)
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Figure 2. (continued)
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Figure 2. (continued)
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Figure 2. (continued)
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3.1 Univariate Rolling Estimates of Inflationary Inertia

For each country we estimated AR(1) and AR(2) rolling regressions
to further analyze the changing degree of inertia.!® Each regression
was estimated for a rolling thirty-six-month sample. Figure 3 plots the
rolling autoregressive coefficients obtained in the AR(1) regressions,
with two standard deviation bands.!® The figure is quite revealing.
First, the rolling AR(1) estimates show an important diversity of coun-
try experiences. While the degree of inertia is low and stable in some

15. Two alternative methods for addressing the parameter instability problem
are recursive regressions and a Kalman filter. In both methodologies, the esti-
mate at each date considers all the information contained in the sample up to that
point. The rolling regression approach is more sensitive to changes in the inertia
regime than is the Kalman filter because all the information used for the estima-
tion is renewed at short intervals.

16. In the figure, our convention is to date the autoregressive coefficient
obtained in each rolling regression in the last month included in the sample.
Monte Carlo exercises showed that when using rolling regressions with thirty-six
observations, a structural break is statistically detected when at least twenty
months of the new regime are included in the sample. Hence, changes in the
rolling coefficients should be associated with events happening one and a half
years before the date in the figure.
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nations, such as Sweden and Switzerland, in others it is highly vola-
tile during the period under analysis (Israel, for example). Second,
AR(1) estimates clearly suggest that in many countries, the degree
of inflationary inertia varies significantly through time. This is the
case of Argentina, for example, which exhibits no significant infla-
tionary persistence in the early 1970s, a significant increase in iner-
tia in the 1980s, and a marked decline in the 1990s. This latter
development is related to the adoption of the convertibility stabili-
zation plan in 1991. The estimates for Italy also suggest a rapid
significant change in the degree of inertia. This is consistent with
the results on the Quandt rolling structural break test reported
above. Third, a number of countries seem to have lost their nominal
macroeconomic anchor, at least temporarily. In this case, the AR
coefficient is not significantly different from unity at conventional
levels. This appears to be the case in Argentina in 1989 and in Brazil
in the late 1980s and early 1990s. Fourth, some countries appear to
have been able to defeat inflationary persistence, with the estimated
coefficients of inertia collapsing from a positive—and in some cases
very high—value to a value that is not significantly different from
zero. An important question is whether those countries that have
succeeded in eliminating inertia have followed similar policy courses.
Section 4 addresses this issue with regard to nominal exchange rate
policy and analyzes in greater detail the evolution of inertia in three
countries that have implemented stabilization programs based on a
nominal exchange rate anchor in the last ten years or so.

For most countries the results obtained from the estimation of
rolling AR(2) (not reported here) tell a very similar story to those
presented for AR(1). Some differences are appreciated in Colombia,
France, Israel, Japan, Spain, and Sweden. As reported in table 3,
however, the AR(2) representation appears significantly preferable
to the AR(1) only for Japan, Spain, and Sweden.

The case of the United States deserves particular attention.
Our results strongly suggest that the degree of inflationary persis-
tence has not been stable through time. Between 1970 and 1975, the
estimated AR coefficient was not significantly different from zero,
suggesting that inflation was characterized by white noise and that
there was an absence of inflationary inertia. Starting in 1976, how-
ever, the degree of persistence increased markedly. This peaked in
the early 1980s, when the point estimate of the AR coefficient was
0.8—a figure not very different from that of the highly inflationary
nations of South America. From then onward, inflationary inertia
experienced a somewhat gradual decline, until virtually disappear-
ing again in the mid-1990s. These results suggest that analyses that
assume a stable degree of persistence, such as that of Fuhrer and
Moore (1995), may result in highly misleading policy implications.



Figure 3. Rolling AR(1)
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Figure 3. (continued)
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Figure 3. (continued)
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3.2 Multivariate-Based Measures of

Inflationary Inertia
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A possible limitation of the results reported above is that they
are based on univariate time series techniques, without controlling
for other variables. The omission of possibly important determinants
of inflation may introduce some biases in the estimation. To address
this potential source of bias, we estimated the same set of AR(1) roll-
ing regressions for some of the countries in our sample including as an
additional explanatory variable the growth rate of nominal money
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(IFS line 34).17 The results for Argentina, Chile, Israel, and Mexico
(which are not reported here) show that in all four cases, the differ-
ences with respect to the results of figure 3 are clearly unimportant.
We went a step further in the cases of Chile and Mexico: we reesti-
mated the AR(1) regressions controlling for estimated excess money
supply. This latter variable was obtained, in turn, as residuals from
error correction-based estimates of the demand for money. The broad
results obtained show that our previous results are not affected by
the inclusion of additional variables in the analysis.!®

3.3 Inflation Levels and Persistence

The results summarized in the preceding two subsections present a
simple measure of inflationary persistence for a heterogeneous set of
countries. A key contribution of this paper is that we have allowed this
measure of inertia to vary over time. This exercise provides a rich panel
of data on inflationary persistence, which contains both cross-country
and time series variation. An interesting question—and one that has
important policy implications—is whether countries and periods of time
featuring high inflation also tend to present high inertia. Figure 4 dis-
plays scatter diagrams of average inflationary inertia (measured as the
average autoregressive coefficient obtained in the twelve rolling regres-
sions for each year) and average annual inflation for different subsets of
the countries in the sample. Interestingly, these diagrams show that
there is a positive relationship between the average level of inflation and
the measured degree of inertia. This relationship is present at different
levels of average inflation. To demonstrate that this graphic evidence is
also statistically significant, we performed panel regressions of inflation
on persistence. We used the same information plotted in figure 4 to run
panel regressions using pooled least squares, fixed effects, and random
effects estimators. We also divided the sample into four different
subsamples according to the average level of inflation. The results con-
firm those presented in figure 4 and discussed above (see table 5). All the
regressions show a positive and statistically significant relationship be-
tween inflationary persistence and inflation levels. The results are ro-
bust to the estimation procedure and the subsample selected.

17. There is no monthly measure of money for several of the countries. For others,
the series are too short or too incomplete.

18. We also estimated impulse response functions for alternative subsamples.
Although we were unable to make fine timing distinctions, the estimates provided
support for the results reported above.
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Figure 4. (continued)
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A possible explanation for this finding is that as the inflation level
increases, societies develop institutional arrangements to protect them-
selves from the effects of inflation. Many of these protective mea-
sures—and, more specifically, indexation mechanisms—tend to increase
the degree of inflationary inertia by adjusting prices according to some
measure of past inflation. To find out whether countries with exten-
sive indexation practices indeed exhibit higher inertia, we performed
some preliminary nonparametric analyses. These results indicate that it
is possible to reject the hypothesis that countries with high indexation and
countries with no indexation come from the same sample. Moreover, av-
erage inflation rates in high-indexation countries are significantly higher
than in countries where there are no generalized indexation practices.!®

19. These preliminary results are available from the authors on request.
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Table 5. Panel Regressions of Inflation on Persistence?

Regression method Full sample p<0.1 p<04 p<lI p>1
Pooled least squares 3.371 0.029 0.112 0.223 15.766
0.552) (0.009) (0.017) (0.030) (4.897)
Fixed effects 2.520 0.034
0.695) 0.015)
Random effects 2.825 0.037
0.639) 0.014)
No. observations 416 281 355 375 41

Source: Authors’ calculations.
a. Standard errors in parentheses.

4. INERTIA AND INFLATION CONVERGENCE:
THREE CASES

An important goal of most stabilization programs in developing (or
emerging) economies is to reduce the domestic inflation rate to levels
comparable to world inflation. In other words, stabilization programs
are usually aimed at producing inflationary convergence. The speed
at which inflation is reduced is important, however. Under fixed nominal
exchange rates, a slow inflationary convergence will result in real ex-
change rate overvaluation and speculation; in the end, it can even gen-
erate a crisis. If inertia is eliminated or greatly reduced, inflationary
convergence will be achieved rapidly, whereas if inertia is very high,
convergence will tend to take a long time.?° Historically many coun-
tries—including a number in our sample—have attempted to achieve
inflation convergence by implementing stabilization programs based
on the adoption of a rigid (and in some cases totally fixed) nominal
exchange rate. In this section we briefly analyze the experiences of
three countries in the sample that have adopted stabilization programs
based on nominal exchange rate anchors within the last twenty years
or so: Chile, Israel, and Mexico. Our main interest is to analyze, in the
light of the battery of tests presented in the preceding sections, whether
the adoption of this type of program indeed resulted in a reduction or
elimination of the degree of inertia. We begin the discussion with a
direct comparison of the Chilean and Mexican experiences of the 1970s
and 1980s. We then move to the Israeli case.

20. Naturally, in making these statements we are assuming that the fundamen-
tal macroeconomic stance is conducive to inflationary reduction.
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4.1 Chile (1978-82) and Mexico (1987-94)

The Chilean reform program was initiated in 1975, ten years
prior to the launching of the Mexican reforms. Both programs, how-
ever, shared a number of features: drastic opening of the economy;
ambitious privatization and deregulation; and a stabilization pro-
gram based on a predetermined, nominal exchange rate anchor,
supported by largely restrictive fiscal and monetary policies. Both
programs were rooted in the notion that a predetermined rate of
nominal devaluation, including a fully fixed nominal exchange rate,
would constrain price increases, reduce inflationary expectations,
and ensure that monetary and fiscal authorities would behave con-
servatively. In Chile, the exchange-rate-based stabilization program
had two phases: from February 1978 through June 1979 the rate of
devaluation was preannounced and deliberately set below the ongo-
ing rate of inflation. In June of 1979 the nominal exchange rate was
pegged at 39 pesos per dollar. The authorities announced that this
new exchange rate would be in effect for the indefinite future.?!

The Mexican program followed a somewhat different pattern.
Between February and December 1988, the nominal exchange rate
was fixed, thereby becoming the fundamental anchor of the anti-infla-
tionary effort.2? Between January 1989 and November 1991, a system
based on a preannounced rate of devaluation was in effect. As in Chile
a decade earlier, during this period the actual rate of devaluation was
deliberately set below the ongoing rate of inflation as a way of reducing
expectations and price increases. The amount by which the peso was
devalued was successively reduced from one peso per day in 1989 to 80
cents in 1990, 40 cents in 1991, and 20 cents in 1991. In November
1991, the authorities added some flexibility to the system when they
adopted an exchange rate band with a sliding ceiling and a flat floor.
This measure was justified on two grounds: it was supposed to discourage
short-term capital inflows, and it was supposed to allow some real ex-
change rate corrections. Until October 1993—when the NAFTA contro-
versy heated up in the United States—the actual peso-to-dollar rate was
extremely stable, remaining in the lower half of the band. During 1994,
however, and as a result of political and other developments, the

21. Parts of this comparison draw on Edwards (1995). See also Morely’s review of
Edwards in Morley (1997).

22. From October to December 1987 (the first months of the Pacto), nominal
wages provided the anchor for the system. According to Vela (1993) the move to
an exchange rate anchor in February 1988 was, in part, the result of labor union
pressure.
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exchange rate came under considerable pressure, moving towards
the top of the band. As is well known, the attempt to widen the band
in late December failed badly. It was too little, too late.

Early on, Chilean and Mexican authorities understood that
consistent fiscal and monetary policies were a precondition for the
success of the exchange-rate-based stabilization programs. In both
countries, the primary balance of the public sector was under control
even before the adoption of the exchange rate anchor, and monetary
policy was largely restrained during most of the period.?3

The architects of both the Chilean and Mexican programs expected
that a predetermined exchange rate would affect inflation through at
least two channels. First, a fixed exchange rate in an open economy
would impose a ceiling on tradable inflation; second, the new exchange
rate policy would generate a major break in inflationary expectations
and in inflationary inertia. Mexico’s finance secretary, Pedro Aspe, put
it the following way: “[Pegging the exchange rate] and... lowering...
trade barriers in the tradables sector were indispensable for breaking
down inertia. Consensus and a tendency toward purchasing power parity
could reinforce each other to bring down inflation” (Aspe, 1993, p. 44).

Despite these similarities, the Chilean and Mexican programs
had some important differences. Perhaps the most important re-
ferred to wage rate policy. Beginning in 1976, Chile adopted a for-
mal backward-looking wage indexation scheme, through which all
wages in the formal sector were periodically raised to compensate
for the cumulative inflation rate of the previous period (Edwards
and Edwards, 1991, chap. 6). In contrast, the Mexican Pacto encom-
passed a social and economic agreement among the government,
the private sector, and labor unions, aimed at establishing guide-
lines for price, wage, and exchange rate changes.

In both countries inflation was reduced, but at a significantly slower
pace than what the authorities had anticipated. As their reforms pro-
ceeded and became consolidated, both countries were subject to very
large capital inflows which helped finance increasingly large current
account deficits and generated a very large real exchange rate over-
valuation (Edwards, 1996). In Chile the current account deficit exceeded
12 percent of GDP in 1981, while in Mexico it surpassed 7 percent of

23. In the early years of the Mexican program, monetary policy was guided by a
dual objective: on the one hand, the authorities were interested in reducing interest
rates, which had reached extremely high real levels in 1987 and 1988, and on the
other, they wanted to make sure that domestic credit policy would be consistent with
the predetermined nominal exchange rate (Aspe, 1993, p. 37).
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GDP in both 1992 and 1993. These very large deficits proved to be
unsustainable, and both countries ended up facing major crises: the Chil-
ean crisis erupted in June of 1982; the Mexican crisis in December 1994.

How successful were these two nominal exchange-rate-based
stabilization programs in reducing (or eliminating) inflationary iner-
tia? We can address this issue with the aid of the statistical analysis
presented in this paper. In particular, we can use the different esti-
mates of inertia developed in the preceding section to analyze whether
the degree of inflationary persistence declined after the exchange
rate anchor program was enacted, as the architects of the programs
had intended. Figure 5 presents once again our estimates of inertia
for these two countries using the AR(1) and AR(2) procedures.

Figure 5. Inflationary Inertia: Chile and Mexico

Chile

0.5 47 Ik

0.0

-0.5 4

AR1—-2STD

-1.0 H

LS AT
70 72 74

rrrrrrrrrrrrrrrrrrorrr T

TT T T T T T T T T T T T T TTT
76 78 80 82 84 86 88 90 92 94 96

Mexico

2.0

1.5 4

1.0 H

0.5 455

N
0.0 1 | N ARI=2STD
apz !

e

ST e e e e e e e e e
70 72 74 76 78 80 82 84 86 88 90 92 94 96



Stabilization, Persistence, and Inflationary Convergence 99

The results are quite interesting. Chile demonstrates a temporary
decline in inertia by the end of 1979: both the AR(1) coefficient and the
dominant root in the AR(2)-based measure decline temporarily to 0.33.
From then on, however, measured inertia started to increase again,
reaching more than 0.8 in the months immediately preceding the aban-
donment of the fixed exchange rate in June 1982. There are two pos-
sible explanations for this behavior. First, due to the mandated back-
ward-looking wage indexation mechanism, structural inertia remained
in the system despite the adoption of the anchor. Second, as Edwards
(1998) argues, the program’s credibility was eroded as real exchange
rate overvaluation became more and more acute, which led firms to
incorporate into their pricing decisions an expected change in the ex-
change rate regime and a resumption of the crawling peg policy.

Like Chile, Mexico experienced an initial decline in persistence.
After a few months, however, measured inertia had once again in-
creased. In mid-1994, seven years into the program, it was still in the
range of 0.6 to 0.7. This high degree of inertia contributed to the
creation of an acute real exchange overvaluation, which in turn con-
tributed to the unleashing of the Mexican currency crisis of Decem-
ber 1994 (Dornbusch and Warner, 1994).

4.2 Israel

In 1983-84, Israeli inflation averaged almost 300 percent per year.
This was the result of serious macroeconomic imbalances, including
double digit fiscal deficits and an entrenched and perverse inflationary
expectations process. In mid-1985 Israel launched an ambitious stabi-
lization program based on three important elements: a control of the
fiscal deficit; a social pact agreed among representatives of labor, gov-
ernment, and the private sector; and a fixed (but adjustable) nominal
exchange rate. As in Chile and Mexico, the exchange rate anchor policy
was aimed at breaking expectations, placing a ceiling on tradables
inflation, and reducing inertia. The program was a success in many
ways: in 1986 inflation was 20 percent, down from 185 percent the
previous year, and by 1987 it was 16 percent.

As in Chile and Mexico, this program generated a process of real
exchange rate appreciation, which hurt the degree of international
competitiveness of Israeli exports. Between 1985 and 1988 this prob-
lem was handled through periodic nominal devaluations, which were
followed by a new peg. In January 1989, however, a new exchange
rate policy based on a crawling exchange rate band was implemented
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to combine the dual objectives of defeating inflation and avoiding an
exchange rate crisis.

Figure 6 presents the evolution of Israel’s nominal exchange rate
from mid-1985 through December 1993. Initially this band allowed
the exchange rate to fluctuate by +3 percent around a fixed central
parity. The width of the band was subsequently increased to +5
percent, and in December 1991 the sliding band was replaced by a
crawling band characterized by a moving central parity based on
expected inflation rate differentials.

The move from the sliding to the forward-looking crawling band
in late 1991 responded to two factors. First, the sliding band system
was generating significant uncertainty. Every time the public expected
that a realignment of the central parity was about to take place,
speculation increased and domestic interest rates jumped. Second,
by basing the rate of the crawl of the band on expected, rather than
lagged, inflation, the authorities thought they would affect inflation-
ary expectations and reduce—if not eliminate—inflationary inertia.
With the exception of the first band that operated from January
through June of 1989, the band width was maintained at + 5 percent.

The adoption of the forward-looking band was successful in many
respects. First, speculation on the realignment of the central parity
was greatly reduced, and interest rates declined and became less vola-
tile. Second, exchange rate overvaluation was avoided, and export
performance improved significantly. Third, inflationary inertia was

Figure 6. Israel’s Exchange Rate Band
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greatly reduced in the early 1990s. Fourth, as predicted by the pro-
gram, inflation declined gradually through 1995. Finally, this band
allowed the Israeli economy to accommodate in a nontraumatic fash-
ion changes in fundamentals, including episodes of large capital out-
flows. In the last quarter of 1992, for example, capital outflows
amounted to over 20 percent of international reserves.

From the perspective of this paper, an important question is how
the Israeli exchange-rate-based program affected inflationary inertia.
This can be addressed by reexamining the inertia measures computed
above, which are reproduced in figure 7 for convenience. The figure is
highly revealing and provides an interesting contrast against those for
Chile and Mexico displayed above. The preferred AR(1) measure of
inertia very clearly indicates that by late 1986 inflationary persistence
in Israel was already experiencing a rapid collapse. In fact, it is not
possible to reject, at conventional significance levels, the hypothesis of
a complete absence of inertia between late 1988 and mid-1990. These
estimates quite strongly suggest, however, that by 1991 the degree of
inertia was once again on the rise, and by 1992-93 it was almost as high
as it had been in 1983-86. The most likely explanation for this result is
that with inflation in the 20 percent level for the sixth year in a row, it
had become clear that the war against inflation had run to a standstill.
The program suffered credibility problems, as old indexation practices
slowly crept back into the system.

Figure 7. Inflationary Inertia: Israel
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5. CoNCLUDING REMARKS

This paper has empirically analyzed the extent of inflationary
inertia in a set of countries. An important contribution of the pa-
per has been to assume that the degree of inflationary inertia can
change through time and to associate changes in the time-varying
measures of inflationary inertia to specific economic events for a
subset of countries. The paper has also discussed preliminary evi-
dence regarding the effect of indexation practices and credibility
on inflationary persistence.

We analyzed the time series properties of monthly inflation data
from 1970 through the end of 1996. We performed a battery of tests:
rolling augmented Dickey-Fuller tests; sequential Perron tests to test
the unit root hypothesis in the presence of structural breaks; and
sequential Quandt likelihood ratio tests to analyze the instability of
the autoregressive coefficients. Results indicate that allowing for struc-
tural breaks, it is possible to reject the unit root hypothesis for all
countries in the sample, and that it is also possible to reject the hy-
pothesis of an absence of a structural break in the first-order
autoregressive coefficient in Argentina, Chile, France, Israel, Italy,
and Spain. In addition, the reported estimates of the rolling AR(1)
coefficients and the dominant inverted roots of the rolling AR(2) esti-
mates clearly show that inflationary inertia greatly varies both across
countries and across time periods within a country. We demonstrated
a clear connection between our estimates of inertia and the levels of
inflation in the countries in the sample. Episodes (time and place)
characterized by a high degree of inflationary persistence also fea-
ture a high level of inflation.

We ended the paper by discussing in more detail the evolution
of inflationary inertia in three countries that, at one point or an-
other, have relied on a nominal exchange rate anchor to achieve
price stability: Chile, Israel, and Mexico. We have shown that the
measure of inertia falls at the beginning of these stabilization pro-
grams, but then rises back as time goes by and the programs fail
to cut inflation down to world levels. Unfortunately, we were not
able to analyze the last Argentine stabilization program because of
data constraints.
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INDEXED UNITS OF ACCOUNT:
THEORY AND ASSESSMENT
oF HisTorIcAL EXPERIENCE

Robert J. Shiller
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An indexed unit of account, such as the Unidad de Fomento (UF)
in Chile, is a money analogue that can be used to price items for sale
or to specify amounts to be repaid in the future. While it is in a sense
a sort of money, it is not true money since it is not a medium of
exchange and it has no physical embodiment like coins, notes, or
reserve balances. An exchange rate between the unit and the true
money or legal tender (in Chile, the peso) is defined using an index
number (such as the consumer price index), and payments are ex-
ecuted in money. Indexed units of account thus facilitate payments
that are tied to the index number, without being a means of payment.

How can the indexed unit of account be called an analogue of
money when it does not have any physical embodiment? Money,
the textbooks have long said, has three attributes: it is a medium of
exchange, a store of value, and a unit of account. As a medium of
exchange, it is a physical object or account balance that passes from
person to person when items are bought and sold. This role is very
important because it eliminates the need for ordinary barter, which
1s an inefficient means of effecting trade as it requires discovering a
double coincidence of wants. The store of value function of money
allows people to store purchasing power between transactions, which
allows them to transact more efficiently, even though money is not
the primary medium for long-term storage of value. This function is
central to the cash-in-advance theoretical literature in monetary
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economics. The third function, the unit of account, is that prices are
quoted in money units.

The use of an indexed unit of account, such as the UF in Chile,
separates the first two functions from the third. A distinction can
then be made between the unit of account and the currency or legal
tender or between the money of account and the money (see Keynes,
1930, p. 3). In Chile, the peso serves as the medium of exchange and
the store of value (and also partly fills the unit of account function),
while another unit of account, the UF, is fixed in real terms. Prices
are often quoted in UFs.

This paper reviews the history of and reasons for the use of an
indexed unit of account and then asks why there might be an advan-
tage to separating the three functions of money, allowing a unit of
account that is not the same as the currency. I argue not only that the
Chilean UF is an excellent idea that should be imitated around the
world, but also that another indexed unit of account, defined in
terms of nominal incomes rather than the consumer price index,
should also be created. Moreover, I consider whether the indexed
units of account should be “monetized” by creating institutions to
allow transactions to be carried out in reference to the units of
account. With automated debit card, credit card, and electronic
funds transfer systems, it may be possible to specify all prices in
terms of indexed units of account, thus effectively indexing all prices.

CHILE’'s UNIDAD DE FOMENTO

The Unidad de Fomento (UF) was introduced in Chile in January
1967 by the Superintendencia de Bancos e Instituciones Financieras,
a government regulatory agency. As far as I have been able to deter-
mine, the UF is the world’s first successful indexed unit of account.
That 1is, it is the first case of indexation being achieved by quoting
prices in a money-like unit, rather than relying on an indexation
formula.

Chile had issued an earlier unit of account in 1960, namely, the
Unidad Reajustable or UR, which was based both on price and
wage indexes, but it was not very successful. The UF is an amount
of currency related to the Indice de Precios al Consumidor (IPC),
the Chilean consumer price index. The UF was originally calcu-
lated three times a year, and it was calculated monthly between
1975 and 1977, but daily adjustments in the UF have been made
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since 1977. The UF is now a lagged daily interpolation of the monthly
consumer price index. The formula for computing the UF on day t is

UF, =UF,_, x(1+7 )/,

where n is either the inflation rate for the calendar month preceding
the calendar month in which t falls if t is between day ten and the last
day of the month (and d is the number of days in the calendar month
in which t falls) or the inflation rate for the second calendar month
before the calendar month in which t falls if t is between day one and
day nine of the month (and d is the number of days in the calendar
month before the calendar month in which t falls). Since the inflation
rate for a calendar month is computed using the consumer price index
for that month and for the preceding month, the UFs within a given
calendar month will depend on the consumer price index for each of
the three preceding months. In April, for example, the UF's for April 1
through 9 depend on the consumer price index for January and Febru-
ary and for April 10 through 30 on the consumer price index for Feb-
ruary and March.

UFs were not generally used by the public until the early 1980s,
about fifteen years after their introduction, though only a few years
after the values were produced on a daily basis (Levin, 1995). The UF
is now widely used in Chile.

Most bank deposits in Chile are thirty-day nonindexed deposits or
ninety-day indexed deposits whose rates are expressed in terms of
the UF. Interest rates on the indexed deposits are expressed as a
premium over the UF. On maturity, the deposits are converted back
to pesos at the current UF rate. Because indexed and unindexed bank
deposits coexist, one might say that the Chilean banking system is
partially indexed using the UF. Deposits denominated in U.S. dollars
are also permitted for maturities over thirty days. The UF is used in
Chile for nearly all mortgages, car loans, and long-term government
securities. All taxes are expressed in UFs. Pension payments are au-
tomatically tied to the UF. Executive stock options sometimes have
strike prices denominated in UFs. The UF is widely used for rent
payments. Alimony and child support payments are often denomi-
nated in UFs. Office properties for sale are usually quoted in UFs.
Houses for sale are often quoted in UFs, though pesos are also used. The
UF is not so commonly used for listing the selling prices of automobiles,
however, nor is it used directly for setting salaries. Wages and salaries
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are denominated in pesos and only indirectly influenced by the UF,
in that the change in the peso value of the UF is taken into account
in wage and salary deliberations.

HisTtoricaL ANTECEDENTS OF INDEXED UNITS
OF ACCOUNT

While the UF is apparently the first successful unit of account
indexed to a true price index, units of account separate from money
have been used for millennia. Historically, units of account precede
money altogether. Trade in terms of precious metals, rather than any
money, preceded the invention of coinage in the seventh century B.c.
Units of weight, such as the talent or the shekel, evolved into units of
money when coins were minted with specified relations to the weight.
Because governments could not be trusted to maintain the weight of
the coinage, however, a tradition developed of writing contracts in
units that did not correspond to any current coins. Einaudi (1953, pp.
234-35) describes the situation as follows:

Today each country has only one monetary unit: the lira, the franc,
mark, pound sterling, or dollar. This is the system established by the
French assemblies at the end of the eighteenth century.... Prior to the
French Revolution, the monetary system of most European countries
was based on altogether different principles. Contemporary authors
could take these principles for granted and did not have to explain
them to others. Their strange terminology causes us, who live in
another world, to wander for a while in a dark forest. By and by, we
finally understand the tacit assumptions of their discourses. The
key, needed to interpret the apparent confusion of the monetary
treatises written prior to the eighteenth century, is the disjunction
between a monetary unit and a standard of value and of deferred
payment and another monetary unit used as a medium of exchange.

In medieval and Renaissance times, even contracts that were ex-
plicitly written in terms of units of currency that were circulating as
coins sometimes were understood to be executed in terms of some
other measure. For example, in Milan in 1445, a debt of one florin
would not be paid with one of the gold florin coins, but rather in an
amount computed under the assumption that the florin was still worth
384 silver deniers—and not the 768 deniers that the florin coin was
then worth (see Cipolla, 1956).
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Since there were often no coins in circulation that corresponded
to these units, the actual units of account were sometimes called
imaginary money or, alternatively, moneta numeraria, money of ac-
count, ideal money, political money, or ghost money. From the time
of Charlemagne, trade and contracts in Europe were substantially
based on the moneta numeraria called the pound, (or, equivalently,
the livre or lira), which was always worth 20 sous (shillings) and each
sou worth 12 deniers (pence) (see Einaudi, 1953). Ultimately, the stan-
dard of value represented by this system was the silver denarius is-
sued by Charlemagne in the late eighth and early ninth centuries—
coins that were no longer circulating, or even seen, later in the middle
ages and in the Renaissance. Charlemagne’s denarius weighed one-
240th of a troy pound; the earlier Roman denarius had gone through
repeated debasements and was not a unit of account in medieval or
Renaissance times. Because they are even fractions, the sou (at twelve
deniers) and pound were natural units of account, but Charlemagne
never issued coins representing these values. Actual exchange was
executed in terms of current coinage, which had many names from
the realms that issued them, including angels, blanks, crowns, crazies,
doblons, dollars, douzains, ducats, ducatoons, écus, farthings, flor-
ins, guilders, louis, moutons, nobles, obols, phillipi, reals, sovereigns,
stivers, and testoons. Many of these would circulate simultaneously
in each country, a situation that would have created tremendous con-
fusion if there had not been a standard unit of account.

Aspects of this ancient system did, of course, continue into the
nineteenth century as a result of governments’ efforts to maintain
bimetallic standards with fixed exchange rates between the coins of
different metals. This practice sometimes caused the coin of lower
value to disappear from circulation, a tendency that is predicted in
Gresham’s Law. In other cases, people began to adopt the convention
that only one of the coins would be the money of account, while the
other’s price was allowed to float against it despite government proc-
lamations to the contrary (see Rolnick and Weber, 1986).

The only aspect of the UF that was really new when it was intro-
duced in 1967, therefore, is that it was based not on a single commod-
ity but on a representative consumer basket. This innovation was
indeed significant, since the management of risks is much better
handled in terms of such an index rather than in terms of a single
good. It 1s not surprising that the innovation represented by the UF
was not adopted in ancient or medieval times, despite the apparent
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simplicity of the idea of index numbers. There was no published theory
of index numbers, and there was no governmental authority that
could plausibly have attempted to start a new social convention of
denominating contracts in terms of such indexed units. The advan-
tage of defining contracts in terms of the single commodity, the pre-
cious metal, rather than the currency, was obvious enough to ensure
that the practice would continue over the centuries, but the next
step, the indexed unit of account, was not at all obvious or easy.

UF ANALOGUES IN OTHER COUNTRIES

The European Currency Unit (called the ecu) might be regarded
as a UF analogue, in that it is based on an index of currencies. The
ecu, which was created in 1979, was defined as a basket of Euro-
pean currencies. It was regarded as less vulnerable to runaway in-
flation than were the individual currencies, since it was essentially
a diversified portfolio of currencies. Partly for this reason, a sub-
stantial amount of European private long-term debt was ultimately
denominated in ecus (see Bordo and Schwartz, 1989). (A more im-
portant reason for the private use of the ecu may have been circum-
venting exchange and capital controls.) Since the ecu is not based
on a broad index of prices, wages, or incomes, however, I would not
call it a true indexed unit of account.

A number of examples of true indexed units of account can be
found outside of Chile. While these are not yet as ingrained in
their countries’ economies as the UF is in Chile, they do represent
important beginnings. In 1993 Ecuador created a unit of account
modeled after the UF. It is called the Unidad de Valor Constante
(UVC) (see Polit, 1994). Mexico similarly copied the Chilean UF in
1995 by creating a unit of value called the Unidad de Inversién
(UDI). The UDIs began at a par of one to one with the peso on
April 4, 1995, and the peso value of the UDI increases one to one
with consumer inflation. The Bank of Mexico publishes the value
of the UDI on the 10th and 26th of every month based on the
national consumer price index. Mexican banks offer UDI-denomi-
nated instruments and use the interpolated published values of
the UDI to make daily advances.

Colombia has also copied the UF, with its Unidad de Poder
Adquisitivo Constante (UPAC), or unit of constant purchasing power.



Indexed Units of Account: Theory and Assessment 111

The UPAC is used for mortgage loans and for financing construction
by savings and housing corporations (see Bernardez, 1996).

Uruguay has a unit of account called the Unidad Reajustable
(UR), which is used to index government pension payments and,
since 1996, to index government bonds. The UR is based on a wage
index, rather than a consumer price index; I discuss the possible
advantages of such a variation on the UF below.

In the Ukraine, a unit of account called the uslovnaya edinitsa
(conventional unit) or y.e. has been used since 1995. Prices in stores, as
well as houses, cars, and other items advertised for sale in newspapers,
are often denominated in these units. The units came into use after the
government prohibited pricing in foreign currencies during a period of
high inflation in 1995. Despite their superficial similarity to the indexed
units of Latin America, however, these units are not true indexed units
of account. In fact, the government does not even decree the definition of
the units. When the unit is used in ordinary advertisements, such as
in an advertisement for a home for sale, it is understood to be a
disguised price in the U.S. dollar. Other definitions of the unit are
also used. Stores post their conversion rate from y.e. to the currency,
which often deviates substantially from the dollar exchange rate.

DEINDEXATION

While the Unidad de Fomento is being copied by several coun-
tries, other Latin American countries are currently moving to deindex
the economy, to reduce or even eliminate the reliance on indexation
schemes. Now that the inflation rate is down throughout most of Latin
America, many feel that it is time to return to economic institutions
that are more akin to those in the rest of the world.

Deindexation proposals are not new in Chile. In 1986, the Pinochet
government reacted to complaints from debtors such as farmers with
a proposal to freeze the UF and at the same time to extend the repay-
ment of debts. Fortunately, the UF was not frozen, as such a move
would have damaged confidence in any future effort to revive the UF.

In the fall of 1996 Nicolas Eyzaguirre, the research director of the
Central Bank of Chile, gave a speech in which he questioned whether
the widespread use of the UF indexation system should be recon-
sidered, as it represented a possible obstacle to low inflation in the
future. According to Eyzaguirre, “It is a unique paradox, unlike any
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other in the world: an extremely low inflation rate with all business
and financial contracts protected against inflation.”! An editorial in
the Chilean newspaper La Nacion concurred:

Indexation emerged in Chile at a time when high inflation rates
compelled the government to adopt precautions in order to strengthen
the financial market. The situation has changed, as all the indicators
prove, but the indexation mechanism persists and has now become
an obstacle to current anti-inflationary aims rather than a pallia-
tive. At any rate, putting an end to indexation is not easy because it
has become indispensable to the way our economy functions. The
economy’s different actors have already made contracts based on the
system of indexation, contracts which cannot be modified from one day
to the next. We need to discover ways of gradually removing the system
from our economy.... If we really want to reach inflation rates of two or
three percent—an aim set by the Central Bank as ideal—we are going
to have to do away with indexation.?

Bankers Trust issued a report in 1993 asserting a similar position:

BT concludes that tight monetary policies won’t be enough to cut
inflation significantly. The government could instead abolish the
Unidad de Fomento (UF), the unit of measure that sets worker salary
expectations and also is applied as a variable index to virtually all
mortgages, car loans, and government debt securities.

On 14 August 1997, Carlos Massad, president of the Central
Bank of Chile, gave a speech at the Latin American meeting of the
Econometric Society in Santiago, in which he expressed the opin-
ion that the UF should be phased out in a matter of some years.

In Mexico, spokesmen for the Mexican Businessmen’s Council
(Coparmex) and the newsletter El Inversionista Mexicano (EIM) have
already criticized the UDI as being inflationary (see Levin, 1995).

Fortunately, deindexation does not seem likely to involve scrap-
ping the indexed units of account any time soon. In Chile, for ex-
ample, deindexation in the short run may mean little more than
lengthening the maturities of nonindexed debt from the very short
maturities that currently predominate to something intermediate.

1. “The Counterweight of an Indexed Economy,” La Nacién, 1 November 1996.
2. “The Counterweight of an Indexed Economy,” La Nacién, 1 November 1996.
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DEALING WITH THE INFLATIONARY Bias CAUSED
BY INDEXATION

Figure 1 plots the inflation rate in Chile since 1960. Point A marks
the date 1967, when the Unidad de Fomento was first introduced.
Point B on the figure marks 1982, when the Unidad de Fomento first
became commonplace (roughly speaking). The figure gives no evidence
that the introduction of the UF was inflationary.

Still, the concern is legitimate that any indexation scheme for
wages and salaries may contain an inflationary bias. When one indexes
wages and salaries, one immediately sets expectations. In contrast,
when wages or salaries are set in currency units, inflation naturally
erodes real buying power. The natural base of comparison for wage
and salary changes is thus one of declining real value. If indexation
causes wages and salaries to be defined in such terms that the base of
comparison is constant or growing in real terms, then worker
expectations will tend to rise. This may trigger a vicious cycle, in which
inflation expectations yield higher prices and then even higher
expectations. This vicious cycle is part of the neostructuralist model
of inflation in Latin America.

Figure 1. Annual Inflation Rate in Chile, Based on Consumer
Price Index, Annual Data, 1960-96, in Percent
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a. Date when UF was created
b. Approximate date when UF became widely used. Log scale is used on vertical axis.
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Morandé and Schmidt-Hebbel (1997) find “significant evidence
for explicit indexation mechanisms in the behavior of exchange rate
depreciation and wage growth, contributing to large observed infla-
tion inertia.” Jadresic (in this volume) holds that “unless policymakers
are firmly committed to maintaining low inflation, wage indexation
to lagged inflation is relatively more likely to increase average infla-
tion.” The inflationary impact of wage indexation cannot be summa-
rized so simply, however, since one must consider the alternative to
indexation of wages. Jadresic concludes that “wage indexation to
lagged inflation can reduce the cost of disinflation if the alternative
to indexed wage contracts are contracts that specify preset time-
varying wages.”

A basic fact of human behavior that is relevant for understand-
ing the impact of indexation is that people are very reluctant to
accept a nominal wage cut (see Akerlof, Dickens, and Perry, 1996;
Card and Hyslop, 1996). People don’t want to have to admit to their
families that their wage or salary has been cut. However, economic
conditions may sometimes necessitate wage or salary cuts. People
seem much more willing to accept real wage cuts caused by con-
sumer price inflation that is greater than their wage increase. In-
dexed units of account for wage and salary contracts need some
kind of humane face-saving mechanism to allow people to deal bet-
ter with the truth about their incomes.

The face-saving mechanism that I propose is an indexed unit of
account that has a slight downward bias, so that over long intervals,
wages or salaries that are constant in terms of this unit will decline
gradually in real terms; this will be made more concrete below. In
countries like Chile, where deindexation is being discussed, a pro-
posal that is more constructive than the proposal to abolish the UF
might be to introduce the option of a second UF with a downward
bias relative to inflation.

MonNEY lLrusioN AND THE NEED FOR INDEXED UNITS
OF ACCOUNT

The difference between a government’s promoting indexation (such
as by setting an example with indexed government debt) and a
government’s establishing an indexed unit of account might appear to
be a very subtle one, little more than a difference in presentation.
Indeed, most of the world has not paid much attention to the indexed
units of account in Chile and elsewhere, to the extent that some
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major surveys on indexation published in Chile hardly address the
UF (see Saez, 1982; Morandé, 1996; Landerretche and Valdés, 1997).

However, the difference between an indexed unit of account
and a simple indexation scheme is fundamental. It relates to the
way people use money or, one might say, to the “moneyness” of the
indexed units of account.

Simon Newcomb, an astronomer renowned for establishing a
worldwide unified system of astronomical constants, long ago criti-
cized economists who argued that rational people ought to be able
to make proper allowances for inflation in their contracts without
any special institutions. He argued that money occupies a special
niche in people’s thinking:

So far as the investigations of Walker and other economists ex-
tend, their reasoning appears to be perfectly sound. We consider, how-
ever, that their results are to a certain extent ill founded from the
circumstance of their leaving out of sight one of the most important
factors of the problem, namely the effect of changes of the standard of
living producing a universal deception among the community in re-
spect to the increase or diminution of wealth. This factor is so impor-
tant as to need very close consideration (Newcomb, 1879, p. 230).

Because of this universal deception, Newcomb argued, people will
always be deceived if their contracts are made in terms of currencies:

All men in this and other countries are accustomed from youth
to measure the increase or diminution of wealth by dollars or other
denominations supposed to be units of value.... Even when the facts
are understood, the idea that the change is in the value of the com-
modities measured, and not in that of the dollar itself, is so natural
that a long and severe course of mental discipline is necessary to get
rid of it. Indeed, we question whether the most profound economist
can be entirely successful in this respect (Newcomb, 1879, p. 230).

Newcomb proposed what he called the dollar of uniform value, as
measured by the average of commodities. He called his proposal a
multiple standard of value since it is based on a weighted average
price of multiple commodities. He argued, therefore, that the conven-
tional unit of account must be replaced by a unit that is tied to an
average of prices of commodities.

Irving Fisher, the most prominent advocate of indexation in the
United States, wrote a book entitled The Money Illusion about just
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this inability of people to appreciate the subtleties of price level
movements (Fisher, 1928). The term money illusion has been part of
economists’ vocabulary ever since. Like Newcomb, Fisher advocated
a compensated dollar, whose purchasing power would be absolutely
constant, so that people would not be hampered by money illusion
(Fisher, [1911] 1997, 1913a).

The experimental research of Shafir, Diamond, and Tversky (1997)
carefully documents the idea that people do indeed have powerful ten-
dencies to make errors in dealing with inflation and that they tend to
want to anchor their decisions in terms of currency units. These au-
thors find not only that people make simple mistakes by failing to
take inflation into account in their decisionmaking, but also that people
behave as if they really have their preferences in terms of currency
units rather than money. They find, for example, that people report
feeling better off when their wages are increased (in terms of currency)
even if they fully understand that prices have increased just as much.

People have serious problems in learning to adopt indexation
schemes. Efforts to start indexed government debt in countries with
moderate inflation (including Australia, Canada, Sweden, the United
Kingdom, and the United States) have met with a very lukewarm
public response (see Campbell and Shiller, 1996). Even in some high
inflation countries there is little public use of indexation. In Turkey,
where inflation rates have been running in the vicinity of 100 percent
a year for years and where inflation has not been below 20 percent a
year since the late 1970s, there is still very little indexation. The
Turkish government did not successfully introduce indexed debt until
1996, and even then the amounts were very small. Private debt is
unindexed, except for some indexed savings accounts created by banks
at the urging of the government. Remarkably, alimony and child
support payments are usually denominated in the Turkish lira, even
though the payments are part of schedules that may last a lifetime.
The real value of these payments will clearly be reduced to nearly
zero in only a few years. (Recipients of these payments regularly apply
to the courts for a modification of the payments, which is a costly and
difficult procedure that raises many painful issues.) Why don’t they
just index the payment scheme?

I recently conducted a study (1999), involving interviews and ques-
tionnaires to learn why people in both the United States and Turkey
are so little interested in indexation. The results are complex and
hard to describe in a short space, in part because it is not easy to
characterize people’s misunderstanding of economic principles. Money
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illusion appears to be an important factor in reducing interest in
indexation. On rejecting indexation, many people say, “I just want to
know how much money I will be getting,” as if they regarded money as
an end in itself. This appears to be pure money illusion a la Newcomb
and Fisher. As mentioned above, many people will openly admit, if
asked, that they feel better about a pay increase in money terms even
if they fully understand that prices have risen just as much.

More is at work in inhibiting public interest in indexation, how-
ever, than just pure money illusion. One factor identified in my study
of the United States and Turkey is that people have incorrect theories
about the correlation of inflation with real incomes. There is a wide-
spread belief that inflation coincides with stunning reversals in real
incomes of ordinary people. The wage-lag hypothesis, long discredited
by economists (see Alchian and Kessel, 1960), is alive and well in the
public imagination. This is one reason why alimony and child support
payments are usually not indexed in the United States and Turkey:
people think that if inflation is high, then an indexed alimony and
child support payer would not be able to keep up with the increased
payments. People also largely believe that inflation hurts firms’
profits as well. The idea that the effects of unforecastable inflation
are primarily a redistribution between debtors and creditors is not
well understood. Inflation is viewed as hurting everybody (see also
Shiller, 1997).

Another important reason why people resist indexation is that
people do not appreciate the uncertainty that inflation generates in
price levels at distant dates (Shiller, 1999). Even in Turkey, where the
price level has drifted over orders of magnitude, people seem not to
appreciate the uncertainty about future price levels. When I asked
Turkish respondents, on the questionnaire, to give a range in which
the Turkish price level would probably fall in ten years, the median
ratio between the high and low limits of the range was 1.5 to 1. This
must be a grotesque understatement of the uncertainty about future
price levels. In part, the judgment error probably arises because the
media do not give much attention to the true uncertainty that price
levels have over long periods. Another factor is the difficulty that the
public apparently has in understanding the power of compounding.
Even in countries with low inflation, people just haven’t thought about
how much difference it makes over long time spans if, for example, the
inflation rate is 2 percent every year versus 6 percent every year. These
differences do not sound like very much, but in fact the difference in
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real values of fixed cash payments between these two inflation rates
1s in the ratio of 1.47 to 1 in ten years and 2.16 to 1 in twenty years.
Indexed units of account, such as the UF in Chile, solve deep and
ingrained problems that people have in taking account of the effects of
inflation. These units help promote indexation where it would not oth-
erwise occur, or where it would occur only haphazardly or incompletely.

CooRDINATION PrRoBLEMS AND INDEXED UNITS
OF ACCOUNTS

The creation by some authority like the government of an in-
dexed unit of account may also solve a sort of coordination problem
that otherwise would inhibit indexation. A coordination problem
appears when there is an advantage to everyone taking some ac-
tion together (like adopting some form of indexation) but the
actions are not as beneficial when taken individually. If no steps
are taken to help people coordinate, then the actions may never be
taken. Coordination problems are central to monetary theory. In-
deed, the medium of exchange function of money itself may be re-
garded as helping deal with the coordination problems that would
arise when, in a barter economy, people have difficulty locating a
double coincidence of wants.

Coordination problems can be solved by social conventions. We
all drive on the right-hand side of the road, for example. It wouldn’t
matter if we all drove on the left-hand side of the road, but it would
be a disaster if half of us chose one side and half the other. Once a
social convention is established, the coordination problem is solved
and people have little or no incentive to change it.

Why don’t people in the United States quote prices in CPIs in the
absence of any government initiative to create indexed units of ac-
count? People could name the price of a product as, say, ten CPIs,
meaning that they will charge in dollars ten times the latest CPIL. The
reason people do not may have to do, in part, with a coordination
problem of deciding together that we will do this. Until such a deci-
sion is made, individuals will not find it in their individual interest to
try to convince people to take the other side of indexed contracts.

Until there is a social convention on how and when to index, people
will find it costly to try to come to an agreement on indexation. There
are many questions. On what date does the price change? Which CPI
should be used? (There are many definitions available.) What do the
economists who compute the CPI think about which unit should be
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used? At present, in countries where no indexed unit of account exists,
each person must answer these questions alone. It is thus not
surprising that there is no tendency to quote prices in CPlIs.

Another coordination problem involves smoothing the CPI.
Prices should not be defined only in terms of the latest CPI be-
cause the CPI is vulnerable to sudden jumps from month to month.
This is particularly true in the case of indexing financial contracts
to the CPI. A unit of account like the UF would smooth out the CPI
movements. Otherwise, there would be important jumps in deposit
balances on the dates of new announcements of the CPI. Smooth-
ing the CPI has thus been another fundamental aspect of the func-
tioning of the UF as an analogue of money.

WHY SEPARATE THE UNIT OF ACCOUNT
FROM CURRENCY?

What is the point of separating the medium of exchange and
store of value functions, which are carried out by currency, from
the unit of account function, which is effected through the Unidad
de Fomento and other examples? Many argue that the reliance on
indexed units of account like the UF is nothing more than a sign of
failure to maintain the currency unit in constant buying power, and
that what the authority really should do is just stop inflation dead.

Irving Fisher (1913a) thought that keeping an indexed unit of
account separate from the medium of exchange would not be sen-
sible partly because of “laborious calculations in translations from
the medium of exchange into the standard of deferred payments
and back again.” This argument is reminiscent of the arguments
made today for the common currency in Europe, by people who are
tired of the currency exchanges that they must make whenever
they cross a border. Making these exchanges, and also making cal-
culations between the indexed unit of account and the currency,
may seem unnecessarily complicated. It is perhaps for this reason
that the UF is not used to quote everyday prices in Chile.

The inconveniences generated by keeping a separate unit of account
are not really large. In this age of computers, the complications
created by the need to calculate how many pesos corresponds to a
UF, or the calculations necessary for currency exchanges, can hardly
matter. Indeed, the distinction between the currency and the separate
unit of account will inevitably become blurred once credit card
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companies allow charges to be made directly in the units of account
and banks allow checks to be written in terms of the units of account.
(This has not happened yet, as far as I have been able to determine.)

Still, keeping the indexed unit of account separate from the currency
does involve some slight inconveniences, and so one naturally asks, why
not merge the two? Why not just keep the price level steady? The prob-
lem with this solution is that the history of inflation around the world
does not create any optimism that it is possible to stop inflation dead, at
least without some kind of fundamental structural institutional change.
In the course of history inflation has often been temporarily stopped, but
producing lasting price stability, over many decades, has proved illu-
sive. While economists have proposed other schemes for achieving auto-
matic price stability (notably Hall, 1983, 1997), there is no guarantee
that such schemes will fully succeed in their objective. If these alterna-
tive schemes are not sure to succeed, it may be better for all longer-term
contracts to be defined in terms of a unit of account, which is itself a
proxy for a price index, so that the indexation cannot fail.

Simon Newcomb (1879) and Irving Fisher ([1911] 1997) thought
they had a mechanism whereby an indexed unit of account could also
be a medium of exchange and store of value. They believed they could
achieve just this by defining the currency itself as an indexed unit of
account. In effect, they wanted to print pieces of paper called UF and
use these as money. Newcomb and Fisher were writing at the time of
the international gold standard. Any government could merely prom-
ise, they argued, to regularly adjust the quantity of gold in its cur-
rency so that the real buying power of the gold represented by the
currency was kept constant. This proposal became known as the com-
pensated dollar plan after it was published by Irving Fisher (1913a).

There i1s a potential difficulty, however, in the government’s ef-
forts to maintain a compensated dollar. In order to guarantee that the
real buying power of the compensated dollar is constant, the govern-
ment must promise to make the currency freely convertible into gold
and back at all times. The problem then, as recognized by Irving Fisher,
1s that speculators might be able to make large trading profits at the
government’s expense. As Fisher (1913a) pointed out, if the mint price
were $18 per ounce and if it were known that the mint price would
shortly be $18.50 per ounce, then speculators could redeem their dol-
lars into gold and buy back their dollars at $18.50. If the buying power
of the currency is indeed to be kept steady, then the price index on
which it is based must include the prices of many things that are not
traded on speculative markets. Notably, it must include the price
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of services. Any price index that includes these will almost surely
be serially correlated, forecastable into the future. If the buying
power of gold falls far enough, the government could find itself
obligated to pay out more gold than it has. Given this possibility,
public fears that the compensated dollar plan may have to be aban-
doned could force abandonment of the plan.

Fisher’s proposed solution to this problem is that the govern-
ment would impose a 1 percent bid-asked spread when exchanging
gold for compensated dollars, and that the maximum movement of
the gold content of the dollar would be 4 percent per annum. This
would help prevent speculation, he said. It would also make the
buying power of the dollar unresponsive to large changes in the
price of gold. Fisher wrote an article (1913b) in which he presented
simulations with actual historical data for the period 1896-1911,
indicating that speculation and the limit on the change in the gold
content would not have been an important problem. He points out
that as long as the bid-asked spread, or brassage charge, exceeds
the maximum allowed monthly change in the gold content of the
dollar, there is no riskless arbitrage profit to be obtained by buying
and redeeming dollars over a zero time interval (actually overnight)
at month end. Any attempt to profit from the predictable changes
in the gold content would then involve some risk, and so presum-
ably such attempts would be limited in importance. Despite the
success of his simulations for that period, however, the potential
fluctuations in the buying power of gold could be large enough to
cause the formula value of the dollar to fluctuate beyond 4 percent
in a year, and this possibility suggests serious problems with the
compensated dollar plan. Note, for example, that the buying power
of gold doubled between 1979 and 1980 and then fell back nearly to
its 1979 level by 1982. Fisher’s simulations do not address the full
complexity of the problem of speculation with the compensated
dollar, a problem that involves such issues as the simultaneous
determination of the real price of gold and the money supply with
public expectations both of future changes in the gold content of
the dollar and of the probability of the event that the compensated
dollar plan will be suspended.

Fisher’s proposals generated much discussion, among both academ-
ics and the general public. Fisher reports a list of 344 articles about his
idea, many of them critical (Fisher, [1914] 1997). The story of the cam-
paign for the compensated dollar, or the Fisher plan, is recounted in
Fisher (1934, appendix I, pp. 374-89). He found much opposition to his
proposal, apparently mostly misinformed, but nonetheless effective in
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preventing its serious consideration. He later abandoned the proposal
without disavowing it: “I had never believed that the compensated dollar
plan was the only possible plan, nor even ideally the best.... I am therefore
still in favor of it for America, as part of a general plan, although, for
simplicity, the method recently adopted in Sweden (a managed currency
independent of gold) seems better.” (Fisher, 1934, p. 382). He seems to
have grown tired of his campaign for a compensated dollar, given the
difficulty of convincing the public of its merits, and his attention was dis-
tracted by other plans. The significant risks of inflation with the new
managed currency independent of gold were not so apparent at the time
as they are now, and so the relative attractiveness of the compensated
dollar plan was not so prominent.

Fisher’s original plan for a compensated dollar defined in terms of
gold might possibly be workable today, but it seems to involve more
uncertainties as to its ultimate success than are associated with the
use of indexed units of account. At this stage in history, of course,
there is no reason to return to a monetary system that creates any
special function for gold. The potential problems of speculation in the
currency-gold ratio, to which Fisher alluded, are shortcomings of the
compensated dollar plan. In the age of computers, keeping the unit of
account separate from the medium of exchange is not such a problem
as it was in Fisher’s day. Given the apparent difficulty of guaranteeing
the real value of currency, contracts can instead be written in terms
of price indexes themselves, that is, in terms of units of account, leav-
ing the medium of exchange function for conventional money.

SHouLD INDEXED UNITS oF AccouNT BE SETTLED ON
NomiINAL INcoME INDEXES AsS WELL As oN CONSUMER
Price INDEXES?

While the Chilean example illustrates the use of a single indexed
unit of account in a country, there may be reasons to adopt multiple
units of account. I have in mind here creating an additional unit of
account, beyond the CPI-based unit of account, that is related to a
measure of national economic prosperity, such as personal income.

Indexed units of account were first developed in Chile to solve a
pressing problem of high inflation. At that time, it would not have
mattered very much, compared to the magnitude of the problem of
existing nominal contracts, whether the units were denominated in
terms of a consumer price index or in terms of nominal income. It was
probably natural to create them in the simplest, most direct way
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possible, so as to facilitate public acceptance. Public acceptance of
the UFs was not assured, and it did not come immediately. The
concept of the UFs could be explained more easily in terms of a price
index than in terms of nominal income indexes.

The problems caused by tying the UF to the consumer price in-
dex in Chile have not gone unnoticed, however. Critics of the UF in
Chile have said, for example, that the UF causes problems for mort-
gage lenders in periods of high inflation, since the UF-denominated
mortgages are adjusted daily, whereas salaries are denominated in
pesos and are adjusted annually (see Bernardez, 1996).

While some appear to think that this problem should be solved
by deindexing, this is not at all a reason to eliminate the indexed
units of account. It is, rather, a reason to define additional units
that are related to income measures. A number of policymakers
have recognized this point. In fact, in 1960 the Chilean government
created an indexed unit of account, called the Unidad Reajustable
(UR), that depended on both wage and price indexes. Although the
effort apparently was not very successful, when the UF was created
in 1967 there were two indexed units of account simultaneously in
use in Chile, namely, the CPI-based UF and the wage-CPI-based
UR. Moreover, the Chilean government drafted a bill in 1991 “that
would establish a new, optional mechanism for adjusting mortgages
by linking them to wages rather than the inflation rate.”® While a
wage-indexed unit of account never got far in Chile, Uruguay did
establish a wage-based indexed unit of account, also called the Unidad
Reajustable (UR), which is in use there today.

When indexed units of account are established in times and places
characterized by moderate inflation, then the relative importance of
getting the index right becomes central. By moderate inflation I mean
the 1 to 5 percent inflation that is common in many countries of the
world today, which is small on a year-to-year basis, but large and
variable enough to create substantial uncertainty over longer periods.

In an extreme case in which the problem of inflation is utterly
solved, such that no inflation ever occurred at all, there would be
no need of indexed units of account tied to inflation itself. In this
extreme case, however, there may still be a role for indexed units
of account tied to income measures.

The importance of creating an optional mechanism for indexing
to some income measure such as wages goes far beyond the issue of

3. “Bill Seeks Mortgage Link to Wages, Not Inflation,” Lagniappe Letter, May 3,
1991 (via Latin American Information Services).
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mortgage loans. In fact, creating units of account tied to some such
measure is central to the fundamental problem of individuals’ opti-
mal risk management.

LiFe CycLE SAVINGS

The overlapping generations model is a useful construct for con-
sidering what kind of intertemporal contracts ought to be made and
how these should be indexed. This analysis is inspired by Fischer (1983),
Merton (1983), and others.

First, consider some rudimentary examples. To simplify exposition,
suppose that there is no population growth, such that all generations
have the same number of individuals. The population is represented
as belonging to either of only two generations, and only the young
earn income. Suppose also that the utility is additively separable and
that future income is uncertain. Then, utility is

U =ulc, )+su(c,) .

where ¢, is real consumption while young and ¢, is real consumption
while old, u(.) is an instantaneous utility (or felicity) function, and d is a
discount factor representing the subjective time preference that people
have. Suppose also that there is no storage or investment, and that
there is a social planner who wishes to reallocate the income in each
time period between the two generations that are alive at the time.

Since the two generations have the same number of individuals,
and since the utility function is additively separable, the social plan-
ner at time t, who has just learned the level of per capita incomey, at
time t, must merely allocate the total income to maximize the utility
function where, however, the consumption is the consumption of dif-
ferent people alive at the same time. The social planner needs only
solve the problem,

Max u(Y, T, )+8u(T,) .

where T, is the transfer from young to old at time t. The issue is how this
transfer depends on Y,. Consider the constant relative risk aversion
utility function u(c)= —c" ™" that has been widely used in empirical
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literature as a sensible representation of people’s utility. Then the
optimal transfer is

Yt

The transfer is thus directly proportional to income. This means
that the optimal redistribution would be indexed to income (namely,
nominal income measured in currency) and not to the consumer price
index. The same redistribution could be achieved in terms of a social
contract based on an indexed unit of account that is tied not to the
consumer price index but to total income. This transfer could be ef-
fected if young people buy government bonds that pay out in units of
account indexed to income (for example, to save for their retirement),
and at the same time they are taxed (credited) by the government for
any shortfall (surplus) in making the transfer to the then-old people.

For the above model, table 1 shows the welfare loss, as a fraction
of income, that is effected by indexing the units of account to the
consumer price index rather than to income, where feasible. Note the
words, where feasible. In considering any scheme of indexing pay-
ments to the elderly, it must be recognized that in some states of the
world it will not be easy—and perhaps not even possible—to make the
fixed real payment to the elderly, if national income is not large enough
to make the payments. Indexed social security plans do not actually
provide fixed real payments in all states of the world, even if that is
what 1s promised. Analyzing such social security plans is a bit like
analyzing so-called fixed exchange rates: everyone knows that the

Table 1. Simulated Optimal Fixed Real Transfers from Young
to Old?

Standard deviation Optimal transfer Welfare loss
0.100 0.477 0.008
0.200 0.436 0.025
0.300 0.400 0.039
0.400 0.373 0.042

Source: Author’s calcuations.

a. Based on a Monte Carlo simulation as described in text, assuming a coefficient of relative risk aversion of 3.00,
with zero subjective discount rate, and an iid lognormal distribution for generational incomes, with zero mean and
standard deviation shown. Transfers are capped at 70 percent of income and represent the fraction of expected
income and welfare loss from maintaining capped fixed real transfers instead of income-related transfers in an
overlapping generations model.
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exchange rates will in fact be changed if extreme conditions pre-
vail. For the purpose of constructing table 1, I assumed that if the
fixed real transfer to the old generation were more than 70 per-
cent of total income available, then the transfer would be capped
at 70 percent of total income.

It is assumed for this table that the income of each generation
has the same lognormal distribution with zero mean of log income;
values are shown for various assumptions about the standard de-
viation of log income. The table assumes that the transfer made in
the consumer price indexed case (so that the real transfer is con-
stant unless it is greater than 70 percent of total income) is the
optimal one that maximizes expected utility. A Monte Carlo ex-
periment with 100,000 iterations was used to derive the table, since
analytical expressions for the values are not obtainable.

The table shows, for example, that the welfare loss from fixing the
amount transferred subject to feasibility is about 4 percent of total
income in the case in which the standard deviation is 0.3 or 30 per-
cent. (A standard deviation of 30 percent for real national income in
30 years 1s not an unreasonable estimate of the uncertainty, given
evidence on the variability of national incomes. See Shiller, 1993.) A
welfare loss of around 4 percent indicates a very substantial advan-
tage to tying payments to income, given the virtually zero cost of
creating indexed units of account.

The above analysis assumes a constant relative risk aversion util-
ity function. One might, as an alternative, suppose that the utility
function is not of the constant relative risk aversion variety, but rather
1s constant absolute risk aversion, that is, exponential utility
u(c)=— exp (-Ac) . In the context of the above model, the optimal trans-
fer from young to old is then

Now, the optimal transfer has both a component indexed to nomi-
nal income (whose real value Y, appears in the first term) and a com-
ponent indexed to the consumer price index (whose real value is
represented by the second term). For reasonable values of the param-
eters 8 and A, the first term is likely to dominate. In fact, it is not clear
that there are any reasonable’ parameters for the exponential utility;
this utility function has the odd property that negative consumption
while young is not only possible, but also no disaster.



Indexed Units of Account: Theory and Assessment 127

A utility function that implies that the transfer between gen-
erations should be defined in fixed real terms would have the
younger generation infinitely less concerned with income fluctua-
tions than is the older generation:

U =u(c,)+c, ,

where u(c) is concave, while U depends linearly on ¢,. With this util-
ity function, young people again are not particularly concerned with
the possibility of negative consumption. It is hard to imagine why
there should be such a sharp distinction between the attitudes of the
young and old toward poverty.

This simple overlapping generations model deals only with trans-
fers between generations, but the basic principles that it illustrates
can obviously be extended to other models. Just as there is an advan-
tage to defining a social security system to tie payments to incomes,
there will be an advantage to defining all sorts of payments specified
in long-term contracts to income-indexed units of account.

MonNETIZED INDEXED UNITS OF ACCOUNT

As indexed units of account become increasingly accepted, there
may come a day when institutions are developed that allow all prices
or incomes to be denominated in terms of indexed units of account and
all exchanges made in terms of the units. I will call the units in such
an arrangement monetized indexed units of account, because although
they are not really money, they have the appearance of money in that
all transactions are made in terms of the units.*

In contrast to Newcomb’s or Fisher’s day, the use of indexed units
of account could now be made so easy, through the use of debit card,
credit card, or electronic transfer systems, that the presence of the
medium of exchange itself might become virtually invisible to most
people. Money might be seen only in the account balances representing
the individual’s cash budget constraint, although even these balances
could be translated daily into indexed units of account. Money may

4. My use of the term monetized is different from the usual sense in economics,
since the units will still have to be translated into money by the clearing house for
transactions.
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then have importance only for account balances and at the clearing
house for transactions.

The question arises: how can the price or income index that de-
fines the indexed unit of account then be computed? One may be con-
cerned whether it would be possible to define a price or income index
to serve as the basis of an indexed unit of account if all prices are
quoted in terms of the same unit. This concern appears to be mis-
placed. There is no problem in defining a consumer price index or an
income index in terms of money, the ultimate medium of exchange,
even if all prices or incomes are specified in terms of an indexed unit
of account. Because the money equivalent of the indexed unit of ac-
count at time t is known at time t, based as it is on lagged information,
the prices or incomes quoted in terms of the indexed units of account
can always be converted into money terms. Therefore, the consumer
price index or income index can always be computed.

One may then wonder how changes in the supply of or demand for
money, the medium of exchange, will find their way into the price
level, if all prices are specified in terms of indexed units of account.
Here again, there appears to be no cause for concern. Whenever there
1s an excess supply of the medium of exchange, for example, the im-
mediate effect should be an increase in some prices expressed in terms
of the indexed units of account. Those prices that are relatively less
sticky should be affected first. Their price rise should then cause an
increase in the price or income index, which would then effectively
communicate the price increases to the currency value of the indexed
unit of account itself. Ultimately, as the consumer price index or in-
come index moves toward its new equilibrium value, these less sticky
indexed unit of account prices can return to their original values, all
the adjustment being incorporated by the exchange rate between the
indexed unit of account and the currency. An example of such an
adjustment process is given in Shiller (1999).

DEeFINING INDEXED UNITS OF ACCOUNT FOR THE
UNITED STATES

A table that defines two indexed units of account for the United
States, units which I call units of price (UP) and units of income (UI),
and gives their conversion into U.S. dollars is now available on a daily
basis on my web site, www.econ.yale.edu/~shiller/uf-usa4.html. Both
are based on government statistics, so the underlying data are likely



Indexed Units of Account: Theory and Assessment 129

to be available for the foreseeable future. Since the formulas defin-
ing the units (formulas used to construct the tables) are also pro-
vided on my web site, these would appear to be usable indexed units
of account at the present time. It is, of course, unlikely that many
people will use my units. I present them here by way of illustration
and example, with the hope that the U.S. government will someday
define such units.

The unit of price is based on the U.S. consumer price index, and it
is closely analogous to the Chilean UF. This unit might be used to
price houses, rents, catalog items, and other items that sell slowly.
Pricing in terms of the unit of price means that the price would stay
roughly constant relative to a broad market basket of consumer items.

The unit of income is based on growth-corrected per capita per-
sonal income. The growth correction divides the per capita personal
income by a growth trend line. The growth correction is included here
to deal both with possible upward biases in the index as a measure of
individual income growth and with the psychological resistance to
nominal wage cuts (see Shiller, 1999). This unit might be used, for
example, to specify annuity or mortgage payments or for labor con-
tracts. Specifying payments in terms of the unit of income ensures
that the payments will be roughly a constant fraction of per capita
personal income.

Of these two indexed units of account, the unit of price, rather
than the unit of income, might be most readily accepted by the public,
since it is tied to a consumer price index as in the Chile case. There is
widespread public appreciation of the importance of inflation, and so
the public needs much less convincing when the index is tied to the
usual measure of inflation, namely, the consumer price index. That
an income index may also be used for much the same purpose may
not be so obvious to many people. There appears to be less public
appreciation of real national income variations than of inflation varia-
tions through time. Still, it seems likely that if the two units of ac-
count are introduced together, and if people see these two as parallel
alternatives, then substantial numbers of people will find ample rea-
son to use the unit of income in appropriate circumstances.

CoNcLUSION

Governments of all nations of the world should create indexed units
of account for their citizens. It is virtually costless for them to do so.
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All the governments need to do is decide on a price and income index,
decide on a smoothing method, begin publishing daily values for the
unit of account in terms of currency, and make some commitment
that the index will continue to be calculated on a consistent basis and
without future freezes or other interference. It is also possible that
the indexed unit of account could be created by some other agency
that can commit to continuing to produce the index in the indefinite
future (as in Brazil, where production of the consumer price index
was privatized after concerns were expressed about government mis-
handling of the statistics). Still, some government involvement in
establishing the index is probably important for its success. The in-
troduction of the units of account might also be accompanied by poli-
cles encouraging the creation of institutions, such as debit cards, credit
cards, and checking accounts, that are designed to facilitate quoting
everyday prices in terms of the units of account.

To summarize briefly the arguments given above for indexed units
of account, the creation of indexed units of account might be consid-
ered similar, in a sense, to the creation of daylight savings time (al-
though the units of account are likely to be much more important in
economic significance). Technically speaking, if everyone were per-
fectly rational, there would be no need to set our clocks forward one
hour in the summer; we could all just decide to get up an hour ear-
lier. But everyone knows that will never happen. One reason is that
there 1s a coordination problem in getting people to start their busi-
ness an hour earlier. Coordination problems appear if people in some
workplaces arrive at work earlier while their clients and suppliers do
not. By analogy, people could just decide to raise all deferred pay-
ments in keeping with inflation, just as they could all decide to get
out of bed an hour earlier, but if some do this and some do not, or if
some use one price index formula and some use another, then a coor-
dination problem will arise here, too. Another advantage of daylight
savings time goes beyond the coordination problem. There is the prob-
lem of human habit, of looking at the clock and unthinkingly deciding
that it is time to do this or that. The advantage to daylight savings
time, as opposed to making a collective decision to do everything an
hour earlier in the summer, very plainly has something to do with
the persistence of such habits. The same advantage is created by
indexed units of account. Just as there was apparently no collective
decision to change the times of most daily activities seasonally in the
years before daylight savings time, the alternative to the indexed
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units of account is really a lack of consistent indexation or, more
probably, no indexation at all. And with no indexation, the ability
to make long-term contracts itself will suffer.

The alternative to the indexed units of account is essentially the
same system of fiat money and nominal pricing and contracts that
most of the world has experienced since the 1930s. While it has not
been a disaster, this system has an absurd quality to it. People make
contracts in terms of pieces of paper whose value is ultimately decided
by political bodies with vague instructions to promote the general wel-
fare, who have succumbed to political pressures in the past by aban-
doning their concern for the real value of those pieces of paper. People
who are owed money normally have no legal recourse if the real value
of the amounts owed is wiped out. Such a system would appear to have
been invented by a prankster, who wanted to keep surprising people
and stirring up discontent. In viewing the deindexation proposals, one
wonders, why would anyone want to return to such a system?

The current move toward deindexation in many countries that
had formerly experienced hyperinflation is perhaps motivated in
part by the feeling that the indexation was a palliative introduced
to deal with an extreme crisis. Now that the crisis is past, it may
be reassuring to many to see the indexation ended. I think that
the history of the development of indexation, and of the indexed
units of account in particular, should have another interpretation.
The indexation and the indexed units of account were indeed be-
gun in times of great stress, but the same is true of many other
great innovations. Daylight savings time, for example, was intro-
duced during World War I, as an effort to deal with a wartime
energy shortage. Such innovations should be viewed as a blessing
stemming from an otherwise stressful time, and the system of
indexation should not be dismantled in times of lower inflation.
The United States does not have much indexation, and has never
experienced the indexed units of account, for example, because it
has never, in modern times, had the experience with high inflation
that might have shaken it from its complacency about nominal
contracting.®

5. That is, the Unites States has not had really high inflation since the Revolu-
tionary War in the late eighteenth century. It is interesting to note that the very first
indexed bond issue in world history occurred in the United States in 1780; see W.
Fisher (1913).
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OpTIMAL MANAGEMENT OF INDEXED
AND NoMINAL DEBT

Robert J. Barro
Harvard University

In standard macroeconomics, fiscal policy involves choices about
expenditures, taxes, and debt issue. The different kinds of public
spending may be distinguished with respect to their interactions
with private decisions. For example, some public activities influ-
ence private production and some interact with households’ choices
of consumption and leisure. Taxes may also be differentiated by
types; levies may fall on labor income, capital income, consumption,
bodies, and so on.

The fiscal authority also chooses its type of debt obligations. These
decisions include the maturity structure of the debt, whether to issue
nominal bonds or bonds indexed to either the price level or a foreign
currency, whether debt payments should be contingent on other vari-
ables such as government expenditures and the state of the business
cycle, and so on. These kinds of decisions are less familiar to macro-
economics, although some aspects have been studied by Lucas and
Stokey (1983); Persson and Svensson (1984); Bohn (1988, 1990); Calvo
and Guidotti (1990); Alesina, Prati, and Tabellini (1990); Giavazzi and
Pagano (1990); Chari, Christiano, and Kehoe (1994); Missale and
Blanchard (1994); and Marcet, Sargent, and Seppala (1996).

Optimal debt management can be conceptualized in three stages.
First, if taxes are lump sum and the other conditions for Ricardian
equivalence hold, as in Barro (1974), then the division of government
financing between debt and taxes is irrelevant. Thus the whole level
of public debt will be indeterminate from an optimal-tax standpoint.
Second, if taxes are distorting—for example, because the amount
paid depends on an individual’'s labor income or consumption—then
the timing of taxes will generally matter, as in Barro (1979). This
consideration tends to motivate smoothing of tax rates over time and
thereby can make determinate the levels of debt at various dates.
However, this element does not pin down the composition of debt,
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say, by maturity. Finally, if there is uncertainty about levels of public
outlay, the tax base (for example, aggregate consumption or GDP),
and asset prices, then the kinds of debt that the government issues
will matter. In particular, the government may want to smooth tax
rates over states of nature, and this consideration may dictate an
optimal structure of the public debt. For example, it may be desirable
for debt payouts to be conditioned on the level of government spend-
ing, or it may be possible to design the maturity structure of the
indexed debt so as to insulate the government's financing costs from
shifts in riskless real interest rates.

The strategy in this paper is to assume that the government
desires to smooth the path of taxes when confronted by a path of
exogenous, but stochastic, outlays. Other analyses, such as Zhu (1992)
and Barro (1995), show that this objective can be derived, under
some conditions, from the more fundamental objective of expected
utility maximization for the representative household. The analysis
assumes that policymakers can make effective commitments about
the form of future fiscal actions. Hence, unlike Lucas and Stokey
(1983) and Persson and Svensson (1984), the debt composition is
not set to ensure that policies are time consistent.

1. PusLic FINANCE WITH TAX SMOOTHING

The real public outlay for period t is G,. This outlay is exogenous
and stochastic. The government sets its real tax revenue for period t
at the value T,. The precise nature of the taxes is left unspecified.
However, these levies are assumed to be distorting in such a way that
the policymaker wishes to minimize the overall expected deadweight
loss, as given from the perspective of an initial date, time 0, by

- 2
Ep ), W, (Tj+1 -T; ) : 1)
j=1
where w; > 0 represents weighting factors. The idea here is that
variations in taxes over time cause distortions that the govern-
ment would like to avoid. This objective will motivate smoothness
in T, across time and states.?

1. The form of equation 1 is natural for consumption taxes in the absence of a
labor-leisure choice, such that distortions reflect only variations in tax rates over
time, not the levels of tax rates. With a labor-leisure choice, terms involving the
levels of consumption or labor-income tax rates would also appear. The tax-smooth-
ing behavior considered below is sometimes optimal in this extended setting.
See Zhu (1992) for a general discussion of the optimality of tax smoothing.
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If one incorporates levies on a tax base, such as income, con-
sumption, or property, then distortions are likely to increase more
than in proportion with the amount of taxes when expressed in rela-
tion to the tax base. Therefore, T, and G, should be construed as
ratios to the tax base. Uncertainty with regard to the tax base is
analogous to uncertainty with respect to the level of public outlays,
and arise in G, can be viewed alternatively as an increase in govern-
ment expenditure or a decrease in the tax base.

Indexed public debt issued at time t pays the certain real amounts
By Byps-.- inperiods t+ 1, t + 2,.... These payouts can represent cou-
pons or principal. The real market prices of this debt at time tare P,,,
P,,..... These asset prices are taken to be exogenous and stochastic,
although the model could be extended to allow the choices of debt
policy to affect the asset prices.

The government will also wish, in this model, to issue debt with
payouts that are contingent on the realizations of G,. The amount of
this debt issued at date 0 and due at date t can be structured so that it
pays off one unit less for each unit by which G, exceeds its date-zero
expectation, EOGt.2 This debt can also be set up so that it pays a (posi-
tive or negative) noncontingent amount at date t, expressed as B EG,.
This amount is assumed to be set so that the market value of contin-

G, = E,G, (19ep},detet at &%5@;(1’&@]2 ‘Ih,a_t is, B, is the premium (set at time zero)
per unit of G-contingency. The amount payable in each period t on the
contingent debt is therefore BE,G, + (E,G, — G, ). Since a high G,
represents bad times—because high public outlay and a low tax base
will typically be associated with low consumption—and the contingent
debt pays off badly at these times, the premium (3, tends to be positive.

The government can achieve perfect tax smoothing in this
model, that is, it can minimize the sum in equation 1 by attaining
T, =T, = .... First, the government issues the kind of G-contingent
debt that has just been described. This issue effectively converts
the path of uncertain outlays, G, G,,..., into a path of known outlays,

This contingent debt issue
ensures that the government’s tax smoothing will not be disturbed by
surprises in the future levels of public outlays (and tax bases).

Second, the government has to manage its noncontingent debt
to get the timing of taxes right, in other words, to ensure equal values
of T, even when the certainty-equivalent outlays, G,, vary over time.

2. The debt therefore pays off badly when public outlays are surprisingly high or
when the tax base is surprisingly low. The latter contingency is analogous to the
GDP-linked bonds described by Shiller (1993).
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This problem would be simple if the future prices of noncontingent
debt, P , were known with certainty at date O, that is, if riskless real
mterest rates were not subject to fluctuation. In that case, any matu-
rity structure of the noncontingent debt—for example, one-period debt—
could be used. The only concern, as in Barro (1979), would be to get the
total quantity of debt issue correct in each period. However, this proce-
dure does not work if the P, are subject to uncertainty. In this case,
unanticipated shifts in tI!1ese asset prices and, hence, in the
government’s refinancing costs can affect the government’s bud-
get constraint and thereby disturb the smoothing of taxes.

The quantities of noncontingent public debt of the various maturi-
ties at date 0 must satisfy the constraint

©

D By Poj =V, )
j=1

where V is the total market value of government debt (plus or minus)
outstanding at date 0. This equation says that the government can
rearrange its noncontingent debt as it wishes at the going market prices
to achieve a desired distribution by maturity.

The government’s full outlay for the first period—including
the noncontingent payout B, established at date 0—is G, +B,,. This
guantity is nonstochastic because the uncertainty in G, has been
hedged by the issue of G-contingent debt. If taxes are successfully
smoothed, then the revenue in each period is the same value, T. If
there is a gap between the full outlay and revenue in period one,
then the difference must be financed by noncontingent debt issue
(plus or minus) at the prevailing prices of noncontingent debt, P
However, if each of these asset prices contains an independent ran—
dom element, then any debt issues of this type will cause tax smooth-
ing to fail, because the realizations of the asset prices will have an
impact on required levels of future taxes.® Full tax smoothing thus
requires a balance between full outlay and revenue in period one:

T=G,+B,,. (3)

Since no new debt is issued and no old debt is retired in the first
period, the full outlay for the second period is G,+B,,. The same

3. The assumption here is that Ponzi games are precluded and, hence, an
effect on the government’s budget in any period must, for given public outlays, show
up eventually in taxes.
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reasoning as that applied to period one implies that this outlay for pe-
riod two must equal the tax revenue, T. Proceeding forward in time, the
conclusion is that the form of equation 3 must hold for every period t:

4

Multiplication of both sides of equation 4 by P, and summation
from t =1 to « leads, after substitution from equation 2, to a formula
for T:

V, + Z PoJ
T-= . ®)

> Py
J=

This result says that the constant flow of real taxes in each period
equals the permanent flow of spending, which includes the required
financing on the initial debt, V,, plus the permanent flow of out-
lay. The last quantity weighs each amount G; by the present-value
factor, P For example, if the one-period, noncontlngent real inter-
est rate Were the constant r, such that P, = 1/(1 + r)i, then

_{v +z(1+r) ] ©)

Substituting the result from equation 5 into equation 3 yields the
amount of noncontingent debt of each maturity:

VoY PGy
By =——+—— -G, . )

2P,
J=

Hence, the amount of debt with maturity t is the difference be-
tween permanent outlay (including the financing of any initial debt)
and the certainty-equivalent outlay for period t.

Suppose, as an example, that each period has the same level of
certainty-equivalent outlay, ét. In this case, the terms involving the
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outlays cancel in equation 7, and the quantity of debt for each
period is a constant, given by*

\Y%
By = - ©

2. Po,

j=1

One way to look at this answer, in terms of pure discount bonds, is
that the maturity structure of the noncontingent debt has no holes.®
The government arranges the debt at the outset so that the real amounts
to be paid in each future period (up to t = «) are the same.® How-
ever, because of the discounting on future real payouts (that is, a
declining time path of the POJ.), the current market value of the
outstanding debt declines steadily with maturity.

From the standpoint of coupon bonds, the government should struc-
ture its debt as indexed perpetuities (consols).” These issues pay a
uniform and perpetual stream of real coupons but have no principal
payments.

The prescription for consols may seem to entail a maturity struc-
ture of the public debt that is much longer than that observed in
practice. When governments issue real bonds, however, the stated
maturity and, more pertinently, the average duration of the real
payouts tend to be long. For example, when Great Britain was on the
gold standard in the eighteenth and nineteenth centuries, nominal ob-
ligations were effectively real. At that time, the public debt was mainly
long term (“funded”) and often took the form of consols.? The U.S.

4. If the one-period, noncontingent real interest rate is the constant r, then
By =1V,

5. This result on the desirable maturity structure of the public debt therefore
differs from the suggestion of Friedman (1959, p. 63): “I can find no valid argu-
ment for the present policy of issuing a wide variety of securities.... The alterna-
tive suggestion follows.... Issue... debt in two standard forms, one short-term...
the other moderately long-term. The short security might be a 90-day bill.... The
longer security might best be a consol—that is, a perpetuity.... A less extreme break
would be to make it, let us say, an eight- or ten-year maturity. | do not myself believe
that the precise maturity of the debt outstanding is of great significance”.

6. Alesina, Prati, and Tabellini (1990) and Giavazzi and Pagano (1990) argue on
different grounds—to avoid confidence crises—that similar amounts of public debt
should come due in each period.

7. Lucas and Stokey (1983) argue that consol debt may also be desirable on
time-consistency grounds. In some situations, this maturity structure deters the
government from making tax changes that would affect the term structure of real
interest rates.

8. See Mitchell and Deane (1962, pp. 401-09).
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debt issued under the gold standard before World War | was also
primarily long term; for example, most of the U.S. government bonds
outstanding in 1916 had remaining maturities in excess of twenty years.®

Many developed countries have recently issued indexed bonds,
and these securities tend to be long term. For example, the United
Kingdom has issued indexed coupon bonds with maturities as long as
thirty-eight years, which is nearly infinity. Other countries that have
issued coupon bonds include Canada with a thirty-year maturity,
Australia with twenty years, and Israel with fifteen years (see Bank
of England, 1995). Sweden has issued discount bonds with maturities
of nineteen years (the duration of a consol would be nineteen years if
the real discount rate were around 5.5 percent). The United States,
which began to issue indexed bonds only in 1997, began with a ten-
year maturity. More generally, the observed short maturity for
public debt in modern times applies mainly to nominal bonds in the
context of a paper monetary standard.® Nominal debt is considered
in a later section.

Returning to equation 7, if the expected outlays differ across peri-
ods, then the debt structure no longer consists precisely of consols.
A period with a high level of certainty-equivalent outlay would have a
correspondingly reduced level of debt coming due. For example, if a
war or a major building project were anticipated for period t, then
the debt would be structured at date 0 so that little debt would ma-
ture during period t. Otherwise, the government would have to bor-
row a lot in period t at a financing cost that is uncertain at time 0.
The practical relevance of this result is unclear, however, because it
depends on the government having advance information about the
future time pattern of public outlays.

If there were a positive drift in G—which has to be interpreted in
the model as a drift in public spending as a ratio to GDP or some
other measure of the tax base—then equation 7 calls for a negative
trend in By,. The maturity structure of the debt would, in this case,
be shorter term than a consol.

If the ratio of public outlay to the tax base had no drift but the levels
of government spending and the tax base were each drifting upward (as
would be expected with secular growth of the economy), then the opti-
mal B, would have a corresponding upward drift. Therefore, the
maturity structure of the debt would be longer term than a consol.

9. See Board of Governors of the Federal Reserve System (1943, p. 411).

10. The usually stated maturity for nominal bonds overstates the duration not
only because of the coupon payments but also because no account is taken of the
diminished real value of future payouts due to inflation.
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2. A LimitaTioN To NoONCONTINGENT PuBLic DEBT

A striking property of the previous solution is that the govern-
ment arranges its debt obligations fully at date 0 and then never
issues or buys back debt in subsequent periods. All the government
does with respect to debt in future periods is, first, make contingent
payments based on the realizations of G, and, second, make the pre-
viously agreed noncontingent payouts (of roughly consol form). These
findings rely on the assumption that the government can use G-con-
tingent debt effectively to convert its path of uncertain outlays into a
deterministic path. The results would be different if the government
were precluded from issuing G-contingent debt. However, the rea-
son for this preclusion would likely not be on technical grounds in-
volving the construction of the appropriate type of instrument. In
countries with sophisticated financial markets and in which accurate
national-accounts data are available without substantial delays, cre-
ating this kind of debt contract would not be a problem.

The likely source of difficulty involves moral hazard: if debt payouts
are contingent on the level of public outlay, then the government is
likely to overspend, perhaps even to fight too many wars.'* The gov-
ernment might further be tempted to manipulate the statistics on
spending to create the appearance of a contingency that warranted
poor payouts on the debt. This problem might be acute because the
relevant contingency involves not only the computation of the level of
public outlays, but also the scaling of these outlays in relation to
some concept of a tax base.

11. Such illustrious economists as Adam Smith and David Ricardo argued that
governments have an excessive tendency to fight wars when the available method of
war finance is too convenient. In their contexts, the overly convenient method of
finance was viewed as debt issue rather than current taxation, but the point about
moral hazard is the same. Smith (1791, p. 427) said, “Were the expense of war to be
defrayed always by a revenue raised within the year... wars would in general be more
speedily concluded and less wantonly undertaken. The people feeling, during the con-
tinuance of the war, the complete burden of it, would soon grow weary of it, and
government, in order to humour them, would not be under the necessity of carrying
iton longer than it was necessary to do so.” Ricardo (1951, pp. 186-87) pointed out that
wartime spending could be financed by taxes, borrowing, and borrowing with the
establishment of a sinking fund and then commented, “Of these three modes, we are
decidedly of the opinion that the preference should be given to the first.... When the
pressure of war is felt at once, without mitigation, we shall be less disposed wantonly
to engage in an expensive contest, and if engaged in it, we shall be sooner disposed to
get out of it, unless it be a contest for some great national interest.” Ricardo clearly
copied this idea from Smith, and it is therefore odd that Ricardo went on to point out
the economic equivalence of the three methods of paying for government spending (a
point that Smith did not seem to recognize).



Optimal Management of Indexed and Nominal Debt 143

Suppose then that the government is limited to noncontingent
debt, taken here to be indexed bonds of various maturities. It would
be technically straightforward to carry out the exercise of smoothing
taxes as much as possible in the sense of the objective in equation 1
while limiting the government to the use of noncontingent debt. (For
a sketch of this exercise, see, for example, Giavazzi, 1997.) Instead of
using indexed debt that was an approximation to a consol, the gov-
ernment would want to exploit any covariance between the future G,
and the future prices of noncontingent debt, P,. For example, it is
likely that a surprisingly high level of public outlay, G,, would be asso-
ciated with high riskless real interest rates and, hence, lower-than-ex-
pected values of Ptj. Moreover, this effect tends to be greater at longer
maturities, where asset prices are more sensitive to changes in real
discount rates. (This effect also depends on the extent to which a
current surprise in G, signals a long-term change in the level of pub-
lic outlays.) The likely conclusion is that the government could use-
fully hedge some of the uncertainty in the G, by tilting the maturity
structure toward more long-term debt and less short-term debt (or
even toward the holding of short-term assets). The optimal maturity
structure would thus tend to be even more long term than the consol
structure derived before.

This kind of analysis would be valid if the rationale for the omis-
sion of G-contingent debt were technical problems in setting up the
right kinds of financial contracts. In this case, it might be desirable to
create the G-contingency indirectly by exploiting the covariance
between G, and some other variable, such as the P, for which con-
tingencies were feasible (in the case above by selecting the maturity
structure of the noncontingent debt).

The argument is invalid, however, if—as seems plausible—the
main reason for the omission of the G-contingent debt involves moral-
hazard problems of the sort described above. In that case, the same
moral-hazard problem arises when the contingency on G, is attained
indirectly. For example, if the maturity structure of the noncontingent
public debt were skewed toward the long end, and if an increase in G,
tended to depress the prices of long-term debt relative to short-term
debt, then the government would still have an excessive incentive to
spend, including to fight too many wars. (The government would not
have an incentive to overstate the statistics on G, however, unless
the asset prices reacted to the stated values of the G, rather than to
the actual values.)

If the moral-hazard problem is so serious that it motivates the
government to explicitly use G-contingent debt to a zero extent, then



144 Robert J. Barro

it seems that it would also motivate the government to indirectly use
G-contingent debt to a zero extent. That is because the indirect con-
tingency has the same moral-hazard problem but is otherwise less
efficient than the direct method. For example, the indirect contin-
gency achieved by skewing the maturity structure of noncontingent
debt toward the long end has the problem of making the government’s
future financing costs sensitive to shifts in P, that are independent
of the movements in G,. The avoidance of this sensitivity was the
rationale for the consol financing in the first place.

Thus my conjecture is that the full solution to the model with
moral hazard—when this hazard is sufficient to preclude G-con-
tingent debt issue—is that the government will also optimally avoid
the exploitation of the covariance between G, and Ptj. To avoid this
exploitation, the government will have to maintain the maturity
structure of the indexed debt that was optimal when G-contingent
debt was available, that is, the consol-type structure.

Even if the last conjecture is correct, the preclusion of G-contin-
gent debt is important because it implies that the government will
have to react to the realizations of G, by altering the amount of debt
outstanding. For example, a surprisingly high level of public outlay, as
in awar, will be accompanied by the issue of new consol debt, whereas
surprisingly low levels of outlay will cause retirement of outstanding
debt. This form of action describes pretty well the observed behavior of
the British government over more than two centuries (see Barro, 1987).

3. NominaL BonDs

Suppose now that the government can issue nominal debt with
varying maturities. Let by, be the nominal amount committed in pe-
riod O to be paid in period j and Poj the associated time 0 real market
price of these bonds. The real value of the future payouts depends on
the realizations of future price levels. Future real prices of the nominal
bonds, p;, depend on the price level for period tand on the prospects at
time t for future inflation and real interest rates, which together deter-
mine nominal discount rates.

The probability distribution for inflation is treated here as ex-
ogenous to the government’s fiscal choices, and the distortions
caused by inflation are assumed not to interact with those of other
taxes. Bohn (1990) also takes this approach.
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The stochastic properties of inflation are assumed to reflect
some empirical regularities. One of these regularities, applicable
to the paper monetary standards of modern times, is that innova-
tions to inflation are highly persistent. In fact, the inflation rate is
close to being nonstationary in post-World War 11 data, say for the
United States and the United Kingdom.

Another apparent regularity is that innovations to inflation tend
to signal bad times ahead in the long run. U.S. quarterly data from
1957 to 1994 reflect this pattern: the contemporaneous correlation of
a measure of unexpected inflation with the real return on the stock
market is negative and surprisingly large in magnitude (-0.4).12 In
contrast, the short-term relation between the inflation rate and real
GDP tends to be positive; that is, inflation is mildly procyclical 13

An additional feature of inflation is its positive correlation with
wartime spending, especially for such large conflicts as World War
I, World War Il, and the Napoleonic Wars (see Barro, 1987). How-
ever, for the moderate fluctuations of government spending that
show up in the U.S. data since World War 11, there is no significant
relation between innovations to inflation and movements in govern-
ment expenditure.

The issue of nominal public debt would be a mistake in the model
described at the outset, in which G-contingent and indexed debt
instruments are available. Unanticipated inflation and unanticipated
changes in the future prices of nominal debt cause fluctuations in
financing costs, which would create unnecessary variations in taxes
and thereby generate some departure from perfect tax smoothing
in the sense of the objective in equation 1.

If indexed bonds are unavailable and the government is therefore
forced to issue nominal bonds, then the maturity of the nominal debt
could be designed to hold down fluctuations in taxes. Since innovations
to inflation tend to persist, the prices of long-term nominal bonds
would be more volatile than those of short-term bonds. Therefore,

12. The series on expected inflation comes from an autoregression moving aver-
age (ARMA) process with deterministic seasonals for consumer price index (CPI) in-
flation, with the estimated coefficients updated each quarter to use only lagged data.
The inflation rate is computed from monthly, seasonally unadjusted values of the CPI
for January, April, July, and October. Real stock returns are the growth rate of the
Standard and Poor’s 500 index less CPI inflation plus the Standard and Poor’s 500
dividend yield.

13. The departure of the price level from its trend, however, tends to be
countercyclical. See Kydland and Prescott (1990) and Barro and Grilli (1994, pp.
14-15).
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the greater the volatility and persistence of inflation, the more the
government would shift toward short-term issues to minimize the
effect of unanticipated inflation on financing costs.

In the United States, for example, the average maturity of the
public debt (weighted by nominal amounts of principal outstanding)
fell from around nine years in 1946 to less than three years in 1976,
then returned to five to six years in recent times.* It seems reason-
able that these changes were caused by shifts in the variance of infla-
tion, which was low from the mid-1950s to the early 1970s, high until
the mid-1980s, and low again in recent years. Although a shortened
maturity of the public debt is a sensible response to more volatile
inflation (given that the debt takes a nominal form), this shift also
makes the government's refunding costs more sensitive to move-
ments in real interest rates. The whole point of the use of indexed
consols in the original model was to leave the government's fi-
nancing expenses—and, hence, its path of real taxes—invariant
with changes in riskless real interest rates. This insulation is elimi-
nated by a reliance on short-term nominal (or real) debt.'®

Bohn (1988, 1990) and Calvo and Guidotti (1990) argue that nomi-
nal debt may be a desirable form of funding because of the covariance
of inflation with other variables, such as G, in the present model. The
usual idea is that a high G, tends to go along with high inflation. This
pattern partly reflects the positive correlation between inflation and
government spending (especially apparent for large wars) and partly
the negative correlation between inflation and long-run economic ac-
tivity (and, hence, the tax base). Since nominal bonds pay off badly in
real terms when inflation is surprisingly high, this kind of debt has
some of the characteristics of the G-contingent debt that was consid-
ered before. For example, the presence of nominal bonds allows the
government to effect partial default via inflation during wartime.

The covariance between inflation and G, would be of no advantage
and would provide no case for nominal public debt issue if G-contingent
debt were already available and exploited. However, if this type of debt
were precluded, then it might seem worthwhile to issue nominal bonds.

14. See Council of Economic Advisers, Economic Report of the President
(1966, 1997).

15. The significance of this lost insulation depends on the volatility of riskless
real interest rates. From an empirical standpoint, the extent of this volatility can
be gauged from the U.K. experience with indexed government bonds. From 1982
to 1995, the two-year-ahead real forward rate (for the subsequent six months)
ranged from around 2 to 5.5 percent, whereas the rate twenty years ahead varied
from about 2.5 to 4.5 percent.
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The gain from the negative covariance of the real returns on these
bonds with G, might outweigh the costs from independent variation
in inflation, which would generate volatility in the real returns on
nominal debt and thereby adversely affect the stability of real taxes.

The problem with this line of argument is the same as the one
that arose in the previous discussion of the maturity structure of
indexed bonds. If the reason for the exclusion of G-contingent debt is
moral hazard, then this same problem arises for indirectly G-contin-
gent debt. In the previous section, therefore, it did not seem desir-
able to skew the maturity structure of indexed bonds to create a
negative covariance between G, and the government’s financing costs.
Similarly, it seems inadvisable to use nominal debt as another way to
generate a negative covariance between G, and financing costs. Nominal
debt seems always to be inferior to explicitly G-contingent debt be-
cause it entails the same moral hazard but also introduces unneces-
sary randomness in real financing costs and, hence, in real taxes.

One way to generate a role for nominal government bonds is to
assume that the government is already involved with nominal obliga-
tions in some other way. For example, the government has nominal
monetary obligations outstanding. Surprise increases in inflation (likely
engineered by the monetary authority) benefit the government’s bud-
get by depreciating the outstanding real cash balances and perhaps
by signaling a higher prospective flow of seigniorage income. But then
the government would have to hold nominal assets—not debts—to
offset this effect and thereby insulate the overall budget situation
from surprise inflation.'® Similarly, if the indexing of government
bonds involves a lag in the formula—that is, if the adjustments of
nominal coupons and principal are based on lagged inflation—then
the government effectively already has some nominal debt outstand-
ing. The way to offset this exposure of real obligations to inflation
would be for the government to hold some other nominal assets.

A rationale for a positive quantity of nominal government bonds
along these lines would require the government to have other out-
standing claims that suffer in real value when inflation is surprisingly
high. The tax system can have this feature under some circumstances,
especially if liabilities are specified in nominal terms and taxpayers have
opportunities for delaying payment to the government. Then the

16. Persson, Persson, and Svensson (1987) argue that insulating the govern-
ment’s budget constraint from surprise inflation can also be desirable on time-consis-
tency grounds, that is, to deter the government from engineering surprise changes in
inflation.
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nominal public debt could be an instrument that keeps the gov-
ernment’s budget constraint invariant overall with shocks to
inflation. In this case, however, the previous analysis of indexed and
G-contingent debt would be fully separable from the behavior of in-
flation and nominal debt. In particular, the consol form of indexed
financing would still be desirable.

4. CoNcLUDING OBSERVATIONS

This paper has analyzed public debt management from an optimal-
tax perspective. The approach seems inevitably to favor indexed bonds
that have long, consol-like durations. One might be able to explain the
observed tendency for indexed debt to be shorter term than consols by
allowing for the potential of government default.

The analysis suggests little role for nominal government bonds,
except perhaps as devices to offset other kinds of nominal exposure
that the government possesses. One might possibly go further here by
introducing commitment problems into the optimal-tax problem, but it
is hard to see how these considerations will favor the use of nominal
public debt.

One possible reaction to these results is that the case for nominal
government bonds must rely not on orthodox public-finance consider-
ations, but rather on short-run macroeconomics, which is often thought
to have something to do with sticky prices. This is reassuring: to un-
derstand the desirable role for nominal government bonds one has only
to understand macroeconomics and business fluctuations.
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MoNETARY PoLicy, INTEREST
RATE RULES, AND INFLATION TARGETING:
SomME Basic EQUIVALENCES

Carlos Végh

University of California at Los Angeles

Monetary policy in small open economies is typically cast as a choice
between an exchange rate anchor (fixed or predetermined exchange
rates) and a money anchor (floating exchange rates). Under such re-
gimes, the growth rate of the nominal anchor is set according to the
desired long-run inflation rate. After undergoing a not necessarily
painless adjustment process, the economy would eventually reach
the long-run inflation rate.

In practice, however, policymakers have certainly not restricted
themselves to such a limited menu of policy instruments. Pure floating
rates are, at best, rare, as policymakers typically intervene in foreign
exchange markets to smooth exchange rate fluctuations or achieve some
international reserves target. While predetermined exchange rates are
more common, it is still the case that, more often than not, policymak-
ers adjust the devaluation rate in response to changes in the domestic
and external environment or engage in real exchange rate targeting.*

At an even more fundamental level, policymakers increasingly
view short-term nominal interest rates as the main nominal anchor.
In developed countries, short-term interest rates are, by and large,
the most common policy instrument (see Batten and others, 1990). The
most prominent example is, of course, the United States: the Federal
Reserve conducts monetary policy by setting the federal funds rate (the
interest rate at which commercial banks borrow overnight). When

| am grateful to Eduardo Borenzstein, David Gould, Esteban Jadresic,
Fernando Lefort, Paul Masson, and Klaus Schmidt-Hebbel for helpful comments
and discussions.

1. See, for instance, Bruno (1993); Calvo, Reinhart, and Végh (1995); Lahiri
(1997).
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inflation raises its ugly head, the Federal Reserve engages in a grad-
ual tightening of monetary policy by raising the federal funds rate.

In developing countries, short-term interest rates have also
played a key role in the conduct of monetary policy. In the mid-
1980s, for instance, countries such as Argentina and Brazil sup-
ported repeated stabilization attempts by hiking interest rates on
short-term government debt to increase demand for domestic as-
sets and thus prevent speculative attacks against the domestic
currency (see Calvo and Végh, 1995). In the case of Mexico, ana-
lysts point to the monetary authorities’ reluctance to raise inter-
est rates as a key factor in triggering the December 1994 crisis. In
the wake of Thailand’s decision to abandon its fixed exchange rate
system in July 1997, Brazil and Hong Kong repeatedly raised in-
terest rates to thwart currency speculators.

With the advent of indexed government debt, some countries—Chile
being the most notable example—have actually used the interest rate
on such instruments (that is, a real interest rate) as the main policy
instrument (see, for example, Corbo and Fischer, 1994). Even when
policymakers do not set a real interest rate, a real interest rate target
seems to be very much on their minds. Reinhart (1993), for instance,
argues that the Federal Reserve may be viewed as aiming at setting a
real interest rate that is consistent with full-employment output. In
fact, the level of the federal funds rate in real terms is often an impor-
tant consideration in whether to raise further interest rates.

In practice, the use of interest rates as the main policy instru-
ment has often taken place in conjunction with some inflation target.
In other words, policymakers set an inflation target—explicitly or
implicitly—and change interest rates with the aim of achieving such a
target. When inflation targets are explicitly announced, such policies
have been referred to as inflation targeting (see Leiderman and Svens-
son, 1995; Masson, Savastano, and Sharma, 1997). Inflation targeting
has been implemented in industrial countries such as Australia, Can-
ada, Finland, New Zealand, Spain, Sweden, and the United Kingdom.
Although, in principle, a myriad of policy instruments could be used to
achieve a given inflation target, in practice short-term interest rates
have served as the main policy instrument. Hence, the most common
manifestation of inflation targeting appears to be an inflation target
accompanied by some explicit or implicit interest rate rule that is de-
signed so as to achieve the target. Among developing countries, Chile
seems to come the closest to using an inflation targeting scheme (see
Masson, Savastano, and Sharma, 1997).
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At an analytical level, the use of nominal interest rates as a
policy instrument has raised some important questions regarding
its impact on prices and inflation. Nominal interest rate targeting
may lead to an indeterminate price level under flexible prices (Sar-
gent and Wallace, 1975) or indeterminate inflation rate under sticky
prices (Calvo, 1983). Indeterminacy problems can be avoided by
explicitly introducing a government budget constraint (Auernhe-
imer and Contreras, 1993); by designing appropriate interest rate
rules (see, for instance, Reinhart, 1992); or by letting policymak-
ers set the interest rate on liquid bonds issued by the government
(Calvo and Végh, 1995, 1996). Policy rules that rely on real inter-
est rates may also easily lead to various indeterminacies (Rein-
hart, 1993). The use of the real interest rate as a policy instrument
has received particular attention in the case of Chile (see, for ex-
ample, Rojas, 1993; Corbo and Fischer, 1994; Mendoza and Fernan-
dez, 1994). Although some important insights have followed from
this large literature, the profession is still far from reaching any
sort of consensus on the comparative advantages of different in-
struments and policy rules.

This paper starts from the premise that in order to assess
different policy rules, it is useful to establish some basic equiva-
lences among policy rules. Equivalent policy rules are defined as
rules that yield exactly the same dynamics in response to, say, a
long-term reduction in the inflation rate. In a formal sense, find-
ing equivalent policy rules is a trivial exercise. Consider the exer-
cise of a permanent reduction in the rate of monetary growth in a
closed-economy model. This exercise will generate as an outcome
some equilibrium path for the nominal interest rate. Clearly, if
policymakers could announce a credible inflation target (which
would anchor the long-run inflation rate) and set that same path
for the nominal interest rate, the monetary growth rate would
endogenously fall on impact and remain at that lower level forev-
er. These two policy rules—the fixed money growth rule and the
interest rate rule—would therefore be equivalent.

In the real policy world, however, this formal equivalence will be
relevant only if the endogenous path of the nominal interest rate in
the fixed money growth rule is a linear function of observable vari-
ables, such as the deviation of the actual inflation rate from its long-
run steady state. In that case, an interest rate rule that sets the
interest rate according to the deviation of the actual inflation rate
from an inflation target would achieve the same results. Otherwise,
policymakers would not be able to implement the interest rate rule
that replicates the fixed money growth rule.
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This paper illustrates, in the context of a closed-economy model,
the existence of some basic equivalences among policy rules (that is,
policy rules that can be implemented in practice). Inflation is assumed
to be a predetermined variable, reflecting the highly inertial nature of
inflation in many countries with moderate inflation. The paper starts
by comparing the use of a money anchor, a nominal interest rate an-
chor, and a real interest rate anchor, whereby policymakers set a fixed
level of the corresponding policy instrument (that is, there is no feed-
back mechanism). It is shown that only a money anchor (that is, a k-
percent money growth rule) yields a well-behaved system. A fixed lev-
el of either the nominal interest rate or the real interest rate leads to
unstable dynamics. This first result, which is here derived for the case
of sticky inflation, is thus in the spirit of the indeterminacies found in
the literature. In theory, then, there is no substitute for a k-percent
rule. In practice, however, there are well-known problems associated
with k-percent rules, such as the instability of monetary aggregates
and the choice of the appropriate monetary aggregate.

The paper then investigates the existence of simple interest rate
rules that could replicate the k-percent money growth rule. The follow-
ing rule is analyzed: let policymakers announce an inflation target and
then change the nominal interest rate according to the difference be-
tween the current inflation rate and the inflation target. Provided that
the inflation target is fully credible, such a policy generates the same
gualitative dynamic adjustment as the one delivered by the k-percent
money rule. In fact, a simple case is found (when real money demand is
of the Cagan type and thus has a constant interest rate semielasticity)
in which the inflation target-cum-interest rate rule exactly replicates
the k-percent money growth rule. In other words, the adjustment of
the economy to the announcement of a lower inflation target exactly
replicates the response of the economy to a lower rate of monetary
expansion. The paper then analyzes the following real interest rate
rule: let policymakers announce an inflation target and change the real
interest rate according to the difference between (a) the current infla-
tion rate and the inflation target and (b) deviations of output from its
full-employment level. Under a constant semielastic money demand,
this rules also replicates the k-percent money growth rule.

These three rules—the k-percent money rule, an inflation target-
cum-nominal interest rate rule, and an inflation target-cum-real in-
terest rate rule—are identical for a Cagan money demand. However,
as the analysis moves away from the more traditional instrument (a
monetary aggregate) toward less traditional ones (a nominal interest
rate and then a real interest rate), the feedback mechanisms multi-
ply and the policy regime becomes more complicated. This should
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prove a useful conceptual benchmark. In practice, this increased lev-
el of complexity would need to be weighted against whatever practi-
cal advantages may exist. For instance, setting a short-term nominal
interest rate may be operationally easier than setting a constant
growth of the money supply.

The three equivalent policy rules just mentioned imply an ad-
justment toward a lower long-run inflation rate that involves a
prolonged period of deflation (defined as inflation falling below its
long-run level during the adjustment process). This is needed for
real money balances to achieve a higher steady-state level. In prac-
tice, policymakers may want to avoid this deflationary period since
it essentially implies that the monetary policy stance is too tight.
As the analysis shows, policy rules that respond to the output gap
may prevent this deflationary period and ensure a monotonic fall
of the inflation rate toward its lower steady-state value. Under
certain conditions, these three policy rules deliver exactly the same
outcome: an inflation target combined with a money growth rule
that responds to the output gap; an inflation target combined with
a nominal interest rate rule that responds to both the inflation
gap and the output gap; and an inflation target combined with a
real interest rate rule that responds to both the inflation gap and
the output gap. It is still the case that the money growth rule is
the simplest of the three rules. But, again, a nominal interest rate
rule can achieve the same results without adding too much com-
plexity (since policymakers can easily monitor the inflation gap).

A final word of caution before proceeding to the formal analy-
sis. The equivalence results derived in this paper provide a useful
conceptual benchmark. No generality is claimed, however. Quite
to the contrary, the whole point of the exercise is to find condi-
tions (however strong) under which different policy rules are equiv-
alent. As is typical of applied economic theory (think, for example,
of the Ricardian equivalence or the Modigliani-Miller theorem),
the idea behind this analysis is that understanding admittedly ex-
treme cases in which such equivalences hold should then make it
easier to identify the main factors explaining deviations from the
benchmark in the real world. In this context, a model in which
some basic policy equivalence results hold should provide a useful
starting point for thinking about different monetary policy rules
and instruments. Put differently, the idea is to provide a useful
conceptual benchmark for thinking about these issues, rather than
to construct a model that replicates the real world.

The paper proceeds as follows. Section 1 develops the basic model.
Sections 2, 3, and 4 analyze the use of the money supply, the nominal
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interest rate, and the real interest rate as policy instruments, respec-
tively. Section 5 derives the first equivalence proposition. Section 6
analyzes policy rules aimed at avoiding excessively tight monetary pol-
icy and derives the second equivalence proposition. Section 7 concludes.

1. THE MoDEL

Consider a closed economy inhabited by a very large number of
identical consumers. Agents have perfect foresight. The Fischer equa-
tion holds, so that i, = r, + n,, where i, is the nominal interest rate, r is
the real interest rate, and r is the inflation rate.

1.1 Consumers

The lifetime utility of the representative consumer is given by

©

Ju(ct)exp(—Bt) dt, (1)

0

where ¢, denotes consumption, (> 0) is the subjective discount
rate, and the function u(.) satisfies v'(-) >0 and v''(-) < 0.

Consumers hold two assets: a bond (indexed to the price level
and in zero net supply in the aggregate) and money. Let a, denote
the household’s financial wealth in real terms. Hence,

at:bt+mt' (2)

where b, and m, denote the real stocks of bonds and money, respectively.
The bond earns a nominal return of i..

In this economy, trading is a costly activity in terms of resources.
Consumers hold money in order to reduce transactions costs. Trans-
actions costs are thus given by v(m,), where v'(m) <0 and v''(m) > 0.2

The consumer’s flow constraint is given by

é't:rta't+yt+Tt_Ct_itmt_V(mt)’ 3)

where y, denotes the output of the good and t, are lump-sum trans-
fers from the government.

2. See Dornbusch and Frenkel (1973). Since transactions costs do not depend
on consumption, the derived real money demand will not depend on consumption,
either.



Monetary Policy, Interest Rate Rules, and Inflation Targeting 157

The consumer chooses (¢, m,) for all t € [0, «) to maximize life-
time utility (equation 1), subject to equation 3, for given paths of r,,
Yp T @nd i, and a given value of a,. The first-order conditions for this
standard optimal control program are the following:

u'e)=2,, 4)
—v'(mt): i,, and (5)
j“t:xt(f’_rt)v (6)

where 1, is the current value multiplier associated with constraint 3.
Equation 4 indicates that, at an optimum, the household equates the
marginal utility of consumption to the marginal utility of wealth. Equa-
tion 6 is the law of motion of the multiplier. Condition 5 states that,
at an optimum, the benefits derived from holding an additional unit
of real money balances will be equal to the corresponding opportuni-
ty cost. This equation implicitly defines a money demand function:

m, =L(i,) . )

Where L'(it): —W< 0.
t

Differentiating equation 4 with respect to time and combining it
with equation 6 leads to the familiar Euler equation:

-2 (i _p). ®

Hence, if the real interest rate is above the rate of time preference,
today’s consumption is expensive relative to tomorrow’s, and so con-
sumption will increase over time.

1.2 Government
The government plays no active role. It gives back to consumers

the proceeds from money creation and transactions costs, which are
paid out as lump-sum transfers. The government’s constraint is thus

Tt :“tmt"'v(mt) . ()
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The fact that v(m,) appears in the government's flow constraint reflects
the assumption that v(m,) is a private cost for consumers but not a social
cost. Formally, one can think of some federal agency providing (at zero
cost) the transactions costs needed by consumers. The profits of this
federal agency are returned to households as lump-sum transfers. This
assumption is made to eliminate wealth effects associated with chang-
es in inflation, which would unnecessarily complicate the analysis.

1.3 Supply Side

Output is endogenous and assumed to be demand determined;
that is, y, = c.. The inflation rate is assumed to be predetermined at
each point in time. This formulation is meant to capture a situation in
which widespread backward-looking indexation of prices and wages
imparts a high degree of inertia to the inflation rate.® The change in
the inflation rate is given by

ﬁt:’Y(Ht_ﬁt)—’_a(Ct_y)’ (10)

where y denotes the full-employment level of output. Equation 10 says
that the inflation rate will increase whenever it is below the rate of
money growth, u,, or whenever aggregate demand exceeds full-employ-
ment output.

1.4 Equilibrium Conditions

Since bonds are so-called inside money in this economy, aggregate
bond holdings must be zero:

b =0. (11)

Of course, substituting this equation and goods market equilibrium,
Y; = C,, into the consumer’s flow constraint (equation 3) yields the
government’s budget constraint (equation 9), which is simply a man-
ifestation of Walras Law.

Finally, and for further reference, since m = M/P by defini-
tion, it follows that

m, :mt(ut_nt)' (12)

3. Widespread indexation has long characterized countries with chronic infla-
tion. See, for instance, Dornbusch and Simonsen (1987); Edwards (1991); Bruno
(1993).
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2. A Fixep MoNey GRowTH RULE

As a benchmark, consider the case in which policymakers set the
initial level and the growth rate of the nominal money supply (de-
noted by p ). Hence, equations 10 and 12 become

ﬁt:’Y(E_nt)'}_a(Ct_y) and (13)
m, :mt(ﬁ_nt)' (14)

Substituting the Fisher equation and equation 5 into equation 8
produces

é, :M[[ﬂv'(mt)ﬂrt]. (15)

u”(c,)

Equations 13, 14, and 15 constitute a differential equation system
inm,, m,, and c,, for a given value of the policy variable . Both n, and
m, are predetermined variables.

-y The system’s steady state is giv Vo, — 1
SS

t

—-mg, 0 Oflm,—m 16
¢ ] [u(y)/u(y) [u(y)vi(mg)]/u(y) off e~y (16)
¢, =Y, and a7)
~v'(m.)=p+1. (18)

Linearizing this system around the steady state yields

The trace and determinant of the matrix associated with the
linear approximation are, respectively,

Tr=-y<0 and (19)
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u'(y v*(m,)
Tou(y)
which implies that there is one positive root and two roots with
negative real part.* Since there are two predetermined variables,
the system exhibits saddle-path stability: for given initial values of
n and m, ¢ will adjust so as to position the system along its unique,
perfect-foresight equilibrium path.

Let 5, i=1, 2, denote the two negative roots, with 5, >3,. Let hij, j=
1, 2, 3, denote the elements of the eigenvector associated with root g,.
Fori=1, 2, it follows that

A=—om >0, (20)

—y =3, 0 o || h; 0

-m, -5, 0 ||h,|=|0] (21)
u(y)/u(y) [u()vi(mg)]/u(¥) -8 || hs| |O
Therefore,
:—: - —5— >0 (22)

As becomes clear below, this provides a crucial piece of information
when it comes to deriving the dynamic behavior of the system.

Setting to zero the constant corresponding to the unstable root,
the solution to this dynamic system takes the form

- =w, h,, exp(8,t)+w,h,, exp(8,t) . (23)
m, -mg =w, h,, exp(8,t)+w,h,,exp(8,t), and (24)
¢ -y=w.hg eXp(Slt)+W2h23 eXp(Szt) ' (25)

4. In what follows, and to simplify the exposition, it is assumed that the roots
with negative real part are real numbers. It can be checked that roots will be real
(complex) numbers when vy is large (small) relative to o. This makes intuitive
sense, because as can be seen from equation 13, a relatively large y ensures that
the rate of change of the inflation rate is relatively more responsive to the
inflation rate differential.
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where w;, i = 1, 2, denote the constants associated with root ;.
Since §, — 8, < 0, it follows that

T, — 1 h
lim % g

o mg — Mg h12

This implies that as t becomes large, inflation and real money balances
will converge to their steady-state values from the same direction. Put
differently, the dominant eigenvector ray, which is illustrated in figure
1, is positively sloped (see Calvo, 1987). Graphically, the system must
converge asymptotically to the dominant eigenvector ray. Equation 14
also indicates that when x, > (or when n,<u ), real money balances
are falling (or rising). The corresponding directional arrows are drawn
in figure 1.

We now have all the elements needed to study how this economy
adjusts to an unanticipated and permanent fall in the monetary growth
rate. Suppose that in the initial steady state (that is, for t < 0), the
monetary growth rate is ™. At t = 0, policymakers announce an un-
anticipated and permanent reduction of the money growth rate from
nto ot where o™ >ut. In terms of figure 1, the initial high-inflation
steady state is at point A. The new steady state—with lower inflation
and higher real money balances—is at point B. Given the conditions
that must be satisfied by a convergent path, the economy must follow
the arrowed path illustrated in figure 1.5

Figure 1. Dynamics in the (m, ©) Plane

Y

dominant
eigenvector ray

m=0
\\—>

m
5. It can be ruled out that starting from point A, the system will first head in a
northwestern direction. In other words, 1,<0. To show this, one first must show that
consumption jumps downwards on impact (see the appendix).
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Figure 2 illustrates the time path of the main variables. The paths
of inflation and real money balances follow directly from figure 1.
Since the inflation rate is a predetermined variable, the reduction in
the rate of monetary growth implies that real money balances fall in
the early stages. Given the path of m,, the path of i, follows from
equation 5. The nominal interest rate must rise early on to accommo-
date the lower level of real money balances. Since r, = i, — m,, the path
of r, follows from the paths of i, and nt.ﬁ The fact that r, is above f3
during the entire adjustment process implies that after jumping down-
ward on impact, consumption rises throughout.

Figure 2. Reduction in Money Growth Rate

A. Money growth rate B. Inflation rate
A A
il b
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nL FLL
0 time 0 t, time
C. Real money balances D. Consumption
A A
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| /
0 t, time 0 time
E. Nominal interest rate F. Real interest rate
A
i r A
r+pH
r+pb p
0 t time 0 time

6. In principle, the possibility that the slope of the path of r, changes sign more
than once cannot be ruled out. What is important, however, is that during the adjust-
ment process, r. will always be above its unique steady-state value.
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The intuition behind these results is as follows. The permanent
reduction in the monetary growth rate implies that, in the new
steady state, inflation—and thus the nominal interest rate—will be
lower. Hence, real money demand in the new steady state will be
higher. How will this increase in real money balances come about?
Since the nominal money stock does not jump at t = 0 (it is a policy
variable), the only way for the economy to generate higher real
money balances is for the inflation rate to fall below the lower rate
of monetary growth, o Inflation thus needs to undershoot its long-
run value in order for real money balances to eventually begin to
rise toward their higher steady-state value. In other words, tight
monetary policy (in the form of a sharp reduction in the monetary
growth rate) forces the economy to undergo a deflationary period.
This tight monetary policy manifests itself in high nominal and real
interest rates in the early stages of the stabilization program.

It will prove useful to derive analytically the time paths of the
nominal and real interest rates. Differentiating first-order condi-
tion 5 and recalling that m,/ m, = p —=,, it follows that

i, =m, v"(mt)(nt—ﬁL). (26)

Along the adjustment path, the nominal interest rate thus depends
on the difference between the current inflation rate and the long-run
inflation rate (which equals ") . This already suggests that an infla-
tion target combined with an interest rate rule whereby the nomi-
nal interest rate is raised if the actual inflation rate is above the
inflation target may yield a similar dynamic path to the k-percent
money growth rule.

With regard to the real interest rate, the Fischer equation and
equations 13 and 26 can be used to obtain

i, = [y +mov(m)](m, - 54)- (e, - 7). 27)

Hence, the real interest rate increases whenever inflation is above its
long-run value and falls if consumption is above the full-employment
level of output. The intuition for the latter channel is as follows: other
things being equal, when consumption is above its full-employment
level, the inflation rate is rising (recall equation 13), which implies that
the real interest rate is falling. Again, this suggests that an inflation
target combined with a real interest rate rule that responds to both
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the output gap and the gap between the current inflation rate and
an inflation target should yield similar dynamics to the k-percent
money growth rule.

3. THE NoMINAL INTEREST RATE AS AN INSTRUMENT

3.1 A Pure Interest Rate Peg

Suppose that policymakers set the nominal interest rate at a con-
stant level, i. This is achieved by letting the money supply adjust to
whatever level is needed for the targeted interest rate to prevail.
It will be shown that an interest rate peg leads to a multiplicity of
equilibrium paths.

If i,=i, it follows from first-order condition 5 that m=0 and,
therefore, that n,=p,. Equation 10 then becomes

wo=alc,-y). (28)

Taking into account the Fisher equation, the Euler equation 8 can be
rewritten as

¢ = 3(((;)) (B +T, - i_) . (29)

Equations 28 and 29 constitute a differential equation system
in n, and c,, for a given value of i. At the steady state,c, =y and
n,, =1—p . Linearizing the system around the steady state,

cFeeree o455
ét u'()_/)/u”()_/) 0 Ct_)_/
The trace and determinant of the matrix associated with the linear

approximation are given by, respectively,

Tr=0 and
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This implies that there are two complex roots with real part
equal to zero.” The dynamic system exhibits a vortex and is thus
unstable. For a given initial value of the inflation rate (except if it
happens to be the steady-state value), there is no value of consump-
tion that places the economy on a convergent path. All possible
values imply that the system will oscillate forever without ever
reaching the steady state. In this model, therefore, a pure nominal
interest rate peg does not provide a sensible way of conducting
monetary policy.

Intuitively, the problem lies in the fact that under a pure inter-
est rate peg, the economy loses its nominal anchor as the rate of
monetary growth passively accommodates inflation. Indeed, as made
clear by equation 28, there is no long-run value of the inflation rate
(that is, no nominal anchor) to guide the inflation rate to a specific
value. In contrast, under a k-percent money rule (recall equation
13), the rate of change of the inflation rate is affected by the differ-
ence between the current inflation rate and its long-run value.

3.2 A Nominal Interest Rate Rule with
)an Inflation Target

Consider the following policy regime: policymakers announce an
inflation target, 7, and follow the interest rate rule

, (30)

whereby the nominal interest rate is gradually raised (reduced)
whenever the inflation rate is above its target. (In this setup, the
nominal interest rate is, by construction, a predetermined vari-
able.) Differentiating first-order condition 5 and using equation
30 produces

= (m,~7). (31)
v'(m,)

7. The roots are given by 8, =+ 2z —a[u(V)/u"(¥)], where 22 = —1.

8. All policy parameters are positive unless otherwise indicated.
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Combining equation 31 with equations 10 and 12 yields

fo— 10 (Fom)ralc ). (32)
m,v"(m, )

This last equation, together with equations 15 and 31, forms a
dynamic system in r,, m,, and ¢, whose dynamic properties are qual-
itatively the same as those of the system described by equations 13,
14, and 15 for the fixed money growth rule. Thus, if at time 0, poli-
cymakers announce a reduction in the inflation target and follow
policy rule 30, the economy will follow (in qualitative terms) the
adjustment process depicted in figure 2, except for p,.

Note that u, is now an endogenous variable whose path is given by

M e (m) E{l‘—mtv-xmt) } ¢

To fix ideas, note that m,v''(m,) is the inverse of the absolute value
of the semielasticity of real money demand (denoted by n°%);
that is,

If real money demand is of the Cagan type (that is, it exhibits a con-
stant semielasticity), then it follows from equation 33 that on impact
m, will fall by more than the inflation target if n° >1/6 and by less
if n° <1/6 . In the case in which n*=1/6, p, =7 for all t, and the
system behaves exactly as it does under a fixed money growth
rule. In other words, an outside observer would not be able to tell
whether a given reduction in the long-run inflation rate was brought
about by a permanent reduction in p or by the announcement of a
lower inflation target together with interest rate rule 30.

4. THE ReaAL INTEREST RATE As PoLicy INSTRUMENT
4.1 A Pure Real Interest Rate Peg

Suppose that policymakers set the real interest rate at the con-
stant value . A necessary condition for such a real interest rate peg
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to be consistent with a convergent equilibrium path is that
r=p. Otherwise, consumption would either increase or decrease
forever, as follows from equation 8. The peg r =p therefore implies
that ¢ =0. Hence, c,=y for a convergent path to exist. From
equation 10,

7:ct:}’(}/lt_ﬁt)' (34)

Recalling the Fisher equation, it then follows from equations 7 and
34 that

. {1 L'(i,) }
| ———— =0,

Y L(It)
which implies that along a perfect-foresight equilibrium path, 7,=0.
Intuitively, if the monetary growth rate were above the inflation rate,
real money balances would be increasing over time. The nominal inter-
est rate would need to fall over time for money market equilibrium to
hold. Since the real interest rate is constant, this implies that the in-
flation rate would be falling over time. In contrast, if the monetary
growth rate were above the inflation rate, equation 34 indicates that
inflation must be increasing over time. The only consistent path is for
inflation to remain flat over time.

Let n,=7. Along a perfect-foresight equilibrium path, p,=7 ,
ii=r+m, and m, = L(r+m). The economy is thus always in
a stationary equilibrium. This equilibrium is not uniquely determined,
however. To see this, suppose that for whatever reason, the public
came to expect that the inflation rate will be 27 . By the above
reasoning, i, =27 and i, =T +27. Since the nominal interest rate is
higher, real money demand would be lower; that is, m, =L (r +27).
The nominal money stock would fall to accommodate the lower
real money demand. In sum, policymakers will validate any infla-
tion rate expected by the public. There is nothing to tie down the
level of the constant rate of inflation.

4.2 A Real Interest Rate Rule with an Inflation Target

Consider the following policy regime: policymakers announce
an inflation target, 7, and follow the real interest rate rule

f,=0(n,-7). (35)
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Combining equations 7, 10, and 35 generates

i, = By[L'l(i-t)/L(i-t)] (nt_ﬁ)

1_Y[L (It)/ L(It)]

e OO TN R

Equations 8, 35, and 36 constitute a dynamic system in m,, C,
and r,. Proceeding as in the case of the fixed money growth rule,
this dynamic system may be solved by computing the dominant eigen-
vector ray. In response to an unanticipated reduction in the infla-
tion target, the system adjusts to the new steady state following
similar dynamics as in figure 2, except for the behavior of p,, which
may vary over time.

5. AN EquivaLENCE ProPoOSITION

The above analysis has shown that both a nominal interest rate
rule and a real interest rate rule, in conjunction with an inflation tar-
get, will qualitatively yield the same results as a k-percent money growth
rule. I now discuss a particular case in which these three rules are
exactly the same.

Suppose that the transactions cost technology takes the form

, (37)
where X is a positive parameter.
Using equation 5, the real money demand then becomes
m, = ettt (38)

This is a Cagan-type real money demand since it exhibits a constant
semielasticity:

oy —oL(i) 1 ~ 1 ~
" (mt)z ait m, B mtv"(mt) - (39)
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Under such a specification, the paths for the nominal interest
rate and the real interest rate for the k-percent money growth
rule studied above are given, respectively, by

and (40)

r;=[y+§j(nt—ﬁ)—a(ct—v), @D

as follows from equations 26, 27, and 39. Equation 40 indicates that
under a Cagan money demand, the rate of change of the nominal
interest rate is a linear function of the gap between the current
inflation rate and the long-run inflation rate (given by p ). From
equation 41, it follows that the rate of change of the real interest
rate is also a linear function of the inflation gap and, in addition, of
the gap between consumption (aggregate demand) and full-employ-
ment output. Recall also from figure 2 that neither the nominal
interest rate nor the real interest rate jump on impact (that is, at
t=0).

Suppose now that policymakers set an inflation target, m, that
pins down the long-run inflation rate and therefore plays the role
of u. In conjunction with this inflation target, they follow interest
rate rules of the form in equations 40 and 41, whereby the nominal
interest rate and the real interest rate are changed gradually over
time in response to changes in either the inflation gap or the out-
put gap. Furthermore, suppose that policymakers set the policy
reaction coefficients equal to 1/c for the inflation gap in the case of
the nominal interest rate rule and equal toy+1/c for the inflation
gap and —a for the output gap in the case of the real interest rate
rule. Under these conditions, it follows that these two policy rules
will be exactly equivalent to the fixed money growth rule studied
above.

This equivalence result can be summarized in the following
proposition:

Proposition 1: If the transactions technology is given by equation
37, which gives rise to a Cagan money demand function (equation 38)
with semielasticity equal to o, then the following three monetary
policy rules are exactly equivalent:
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(a) policymakers set a fixed money growth rule,
u=u ; (42)

(b) policymakers announce an inflation target, © (equal to 1 ),
and follow a nominal interest rate rule,

=0 ), “3)
where 6 =1/c; and

(c) policymakers announce an inflation target, 7 (equal to ), and
follow a real interest rate rule,

f,=0'(n, 1)+ 0%(c, -Y), (44)
where 0' =y+1/c and 0° =-a .

This policy equivalence implies that if policymakers wish to re-
duce inflation, any of the three policy regimes are formally equiva-
lent. Assuming that the model is a reasonably good description of
reality, the choice between different rules will come down to practi-
cal advantages. Several remarks are in order.

First, as one moves from the more orthodox instrument (the money
supply) to the less orthodox instrument (the real interest rate), the
rules become more complicated in the sense that more feedback mech-
anisms are required. Hence, in practice, these policy rules will be in-
creasingly complex to implement.

Second, not only is the real interest rate rule the more complicated
(as it depends on the output gap, which is clearly difficult to estimate
in practice), but it also does not have, in principle, any advantage over
the nominal interest rate. In addition, the real interest rate rule re-
quires that the real interest rate be reduced when there is excess
aggregate demand, which is the opposite of what the public may
think should be done.® This might lead to credibility problems.

Finally, in practice, monetary authorities have mostly aban-
doned money growth rules based principally on the instability of
money demand and the problems associated with choosing between

9. Of course, a real interest rate rule of the form in equation 35—which does not
respond to the output gap—can still deliver a qualitatively similar adjustment to the
fixed money growth rule, although it cannot replicate it exactly. Even in this case,
however, the real interest rate does not have any advantages over the nominal inter-
est rate as a policy instrument.
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different monetary aggregates. A nominal interest rate rule avoids
this problem and therefore might be preferable. This might explain
the increasing popularity of inflation targeting regimes, of which rule
30 may be considered a particular case.

6. AvoIDING DEFLATION: ALTERNATIVE RULES

A legitimate question that may arise is why the fixed money growth
rule should be the benchmark against which other rules are com-
pared. Two factors make it the natural benchmark. First, it is the
traditional policy instrument par excellence. Second, as shown above,
it is the only instrument that can be set with no feedback rules. In
the absence of feedback rules, neither the nominal nor the real inter-
est rate can provide a nominal anchor for monetary policy.

A case might still be made for considering other possible bench-
marks. The main rationale for doing so is the fact that, as discussed
above, a fixed money growth rule represents an excessively tight mon-
etary policy stance, as it requires a prolonged period of deflation (in the
sense of the inflation rate falling below its long-run value) in order to
build real money balances (see figure 2, panel B). One may therefore
wonder whether other rules could avoid this deflationary period and
thus provide a better benchmark. Since the excessively tight mone-
tary policy is reflected in an initial fall in consumption, it seems natu-
ral to ask whether an interest rate rule that also responds to the
output gap would be capable of avoiding the deflationary period.1°

6.1 A Nominal Interest Rate Rule
with Output Feedback

Suppose that instead of equation 30, the interest rate rule takes
the form:

i=0(n,-7)+&(c—y)- (45)

This rule captures policymakers’ concerns about consumption
(and thus output) falling below its full-employment level. If consumption
is below its full-employment level, the nominal interest rate is reduced.

10. For simplicity, | consider the case in which real money demand is given by
equation 38.
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Using equations 5 and 10, together with the fact thatm, / m,=p,- =,
yields,

i, =70m°(F-n)+ (a—ven*)(c, -¥). (46)

Since the main purpose of the exercise is to provide an example in
which a nominal interest rate with output feedback avoids the defla-
tionary period, the analysis considers the case in which o —y £n® =0.
Equation 46 then simplifies to:

A, =y0n*(7-m,). (47)

This is a stable differential equation in .. It follows immediately
that an unanticipated and permanent reduction in the inflation target
combined with rule 45 will cause inflation to fall monotonically over
time toward its lower steady-state value.

To solve for the whole dynamic system, combine the Fisher equa-
tion and equations 45 and 47. This generates the law of motion for
the real interest rate:

i =0(1+yn° )(m -7 )+&(c, -7). (48)

Unlike in the k-percent money growth rule case in which r, depended
negatively on excess demand (recall equation 41), here it depends posi-
tively. The intuition in this case is as follows. Excess demand does not
directly affect the change in the inflation rate, as follows from equation
47. Other things being equal, excess aggregate demand therefore leads
to an increase in the nominal interest rate—according to rule 45—and
thus in the real interest rate.

Equations 8, 47, and 48 form a differential equation system in x,,
r,, and c,. Both 1, and r, are predetermined variables.!! Linearizing
this system around the steady state,

T, —yOn® 0 O|| n, -
i |=| 0(1+yn°) 0 gl r-p
Ct 0 —U'(y)/u"()_/) 0 Ct_y

11. By construction i, is predetermined. Since =, is also a predetermined vari-
able, sois r,.
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The trace and determinant of the matrix associated with the
linear approximation are, respectively,

Tr=-y06n°<0 and

A:-Jiﬁgl—gyen5>o.
~u"(y)

The system thus has two negative roots.!? Let §,, i = 1, 2, denote
the two negative roots.13 Let h;, j=1, 2, 3, denote the elements of the
eigenvector associated with root ;. For i = 1, 2, it follows that

—yOn°® -, 0 0 || h; 0
9(1+Yn5) =9 € || hi2|=| 0
0 —U'(y)/u"(y) _SI h|3 0
Therefore,
E: — 6 <O .

i
hy  —u(y)/u(y)
Setting to zero the constant corresponding to the unstable root,
the solution to this dynamic system takes the form

m, -7 =w, h,, exp(8,t),
r,—B=w,h,exp(8t)+w,h,,exp(s,t), and

¢, —-y=w.hy exp(51t)+W2h23 eXp(52t) '

where w;, i = 1, 2, denote the constants associated with root §;.
(Note that h,, = 0.) Since 5, — 8, <0, it follows that

r,— h
fim P e o

t>wo Vi
- G-y h13

12. Since one of the negative roots is —y0n?®, it follows that the two negative roots
are real numbers. u'(y)

13. The roots are §,=-y6n®* and §, =—, | E——2~ . (It is assumed, with no loss of
generality, that 3, <3,.) -u'(y
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This implies that as t becomes large, the real interest rate and
consumption will converge to their steady-state values from oppo-
site directions. In other words, the dominant eigenvector ray is
negatively sloped (figure 3). From equation 8, it follows that con-
sumption increases (falls) to the right (left) of r, = . The corre-
sponding directional arrows are drawn in figure 3.

Turning now to the economy’s response to a reduction in the
inflation target, & , suppose that in the initial steady state (that is, for
t<0), the inflation target is 7" (Theinitial steady state is denoted by point
A in figure 3.) At t = 0, policymakers announce an unanticipated and
permanent reduction of the inflation target from ©"to 7" where 7" > -
In terms of figure 3, the steady state remains at point A. To be on a
convergent path, ¢, must jump down on impact to a point such as B.14
The system then follows the arrowed path back to point A.

Figure 4 illustrates the time path of the main variables. If
0=1/n°, the path of the monetary growth rate is given by

we =7 - 2(e,-7). (49)

A
c
c=0
y A
B dominant
T eigenvector ray
B r

14. If consumption did not jump downwards on impact, the system
would diverge in a northeastern direction. To see this notice that, if c,>Yy, then
£,=0(1+ yn°)(mo—7)+E(co— ¥) 0. The rising real interest rate would in turn lead to
a rising path of consumption.
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Thus the money growth rate will fall on impact by less than the
inflation target. During the transition, the money growth rate must
be higher than the inflation rate (at least for some period of time) to
allow real money balances to grow over time without the need for
inflation to fall below its steady-state value. Real money balances
fall in the initial stages and increase later on (panel C), while the
nominal interest rate increases early on and falls later on (panel D).

Depending on the parameter configuration, the money growth
rate could rise on impact (as captured by the dashed path in panel
A). In that case, real money balances will grow from the very be-
ginning and the nominal interest rate will fall throughout the ad-
justment path (dashed paths in panels C and E, respectively).

Figure 4. Reduction in Inflation Target

A. Money growth rate N B. Inflation rate

0 time 0 time

C. Real money balances D. Consumption

/\

0 t time 0 time

<I

E. Nominal interest rate F. Real interest rate

r+mH

r+mt

0 t, time 0 time
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6.2 A Second Equivalence Proposition

It follows immediately from equation 49 that in conjunction
with an inflation target, a money growth rule that responds to the
output gap would enable policymakers to reduce inflation while
avoiding a protracted deflationary period. Furthermore, a real in-
terest rate rule that takes the form given by equation 48 would
also avoid the deflationary period. A key feature of this rule is
that now the real interest rate would be raised when the economy
is overheated, whereas rule 44 implies the opposite.

This establishes another equivalence between the different pol-
icy rules and instruments, which is summarized in the following
proposition:

Proposition 2: If the transactions cost technology is given by
equation 37, which gives rise to a Cagan money demand function
(equation 38) with semielasticity equal to o, then the following three
monetary policy rules are exactly equivalent (under the maintained
assumption that 6=1/n°):

(a) policymakers announce an inflation target, ©, and follow
the money growth rule,

pe=m-&o(c,-y);

(b) policymakers announce an inflation target, , and follow
the nominal interest rate rule,

i=0(n,—-7)+&(c,—y), and

(c) policymakers announce an inflation target, ©, and follow the
real interest rule,

=0(n~7 )+6%(c~¥) ,
where 6' =0 (1+yc) and 0%=¢ .

It is still the case that the money rule is the simplest one. On the
other hand, all rules depend on the output gap, which is naturally
difficult to gauge in practice. Given the difficulties associated with money
rules, therefore, the nominal interest rate-cum-inflation target policy
regime continues to look like a very reasonable alternative to money
rules.
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7. FINAL REMARKS

This paper has established some basic equivalences among al-
ternative instruments and policy rules in the context of a closed-
economy model with sticky inflation. It has shown that a long-run
reduction in the inflation rate can be achieved with three different
rules—a k-percent money growth rule, an interest rate rule, and a
real interest rate rule—which deliver exactly the same outcome.
The money rule is the simplest, however, as it involves no feed-
back mechanisms. If policymakers wish to avoid a protracted de-
flationary period, there are also three different policy regimes that
deliver exactly the same outcome.

The goal of the analysis has been to put enough structure into the
model so as to establish some basic policy equivalences, which should
be helpful in thinking about alternative policy regimes. The main pol-
icy conclusion of the analysis is perhaps that a nominal interest rate
rule combined with an inflation target can, in principle, replicate ex-
actly the workings of a money growth rule. Taken as a normative
result, this provides strong support for using nominal interest rate
rules, given the well-known practical difficulties of controlling mone-
tary aggregates. It may explain the dramatic shift in actual policy-
making away from monetary targets and toward regimes that
essentially involve—implicitly or explicitly—an inflation target and a
nominal interest rate rule aimed at achieving that target.

How would the main conclusions of the analysis be affected by
relaxing some of the central assumptions? This is an area for future
research, but some conjectures may be made. Consider the case of
an open economy. In line with the spirit of the model, it could be
assumed that the prices of tradables goods are flexible and deter-
mined by purchasing power parity, while inflation of home goods is
sticky and determined in the same way as in the closed-economy
model. Under flexible exchange rates, such a model should gener-
ate the same results. The reason is simply that under flexible ex-
change rates, the money supply remains the main nominal anchor;
the same equivalences with interest rate rules would therefore hold.
I would thus conjecture that, to a first approximation, the results
should hold for flexible exchange rate regimes.

Under fixed or predetermined exchange rates, the nature of the
policy rules studied in the paper would need to be modified to account
for the fact that the nominal money supply is endogenous. This implies
that the nominal interest rate (and real interest rate) could jump
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on impact, in contrast to this paper’s model. One would thus need
to study interest rate rules that could include an initial discrete
change in interest rates.'® This may complicate the formal analysis,
but I see no reason to believe that it would alter the main message
of this paper.

What if the economy were subject to stochastic shocks? While
this is an extension worth addressing, conceptually it is not obvious
why it should fundamentally alter any of the main conclusions. Sup-
pose there were stochastic shocks to money demand. A k-percent
money rule would absorb such shocks by variations in nominal (and
thus real) interest rates. A nominal (or real) interest rate rule that
responded to such shocks should deliver a similar outcome. If, on the
other hand, certain types of shock were more prevalent than others,
this might affect the choice of instruments along the lines of Poole
(1970). It is unclear, however, how such considerations would affect
the present analysis, since the type of indeterminacies emphasized
by the more modern, rational-expectations literature do not depend
on the specific shocks that hit the economy.

15. Of course, the same logic would apply to a closed-economy model in
which the real money demand also depended on consumption (which is not the
case in this model).
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APPENDIX A
Fixed Money Growth Rule
A.l Initial Jump in Consumption

Following an unanticipated reduction in the monetary growth rate,
consumption must jump downward on impact. The proof proceeds
in three stages.

First, different elements of the eigenvectors must be signed. With no
loss of generality, leth,, =h,, = 1. From equation 22, it then follows that

mSS
h,=- >0, (A1)
5,
mSS
h,, =- >0, and (A2)
8,
1 1
hzz_hlzzmss(___J<o : (A3)
5, &,

(To sign the last expression, recall that, by construction, &, — 3, > 0).
From system 21, it follows that
Y+,

hig , (A4)
[0

wherei=1, 2.

Second, | solve for the system’s constants. The solution to the
dynamic system (given by equations 23, 24, and 25) leads to

To— 0" = 0, +o, , (A5)
m, -my, =0, h,, +o,h,, , and (AB)
Co-Y=0,h;+o,h,;. (A7)

Equations A5 and A6 can be used to solve for o, and o,:

B hzz(“o -ut )_(mo _mss)

- <0 and (A8)
' h22 - h12
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my — Mg, _hlz(no _HL)
h,, -h,,

0, = >0, (Ag)

where the signs follow from equations Al, A2, and A3 and the fact
that n,—pn" >0 and my-m, <0 .

Finally, the expression for the initial jump in consumption can be
signed. Substituting equations A4, A8, and A9 into equation A7 yields

1 my-my _
G-y = Om—6162+(y+61+62)(n0—uL) <0. (A10)

Ss

To sign the last expression, note thaty + 5, + 5, <0, which follows
from the fact that 5, + 5, + 6; + y = 0 (recall, from equation 19, that
the system’s trace is —y) and &, > 0. Equation A10 implies thatc, <Y.
Consumption thus jumps downward on impact (that is, at t = 0).

A.2 Sign of 1,
To check that the system will not initially head in a northwestern

direction starting from point A (in terms of figure 1), it is enough to
show that ©, <0. To that effect, equation 13 can be used to show that

7:‘70:Y(EL_7"70)"'0‘((30_y)<ov (Al1)

since ©" -, < 0 and, as just shown,c,~ y <0.
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INDEXATION, INFLATIONARY INERTIA,
AND THE SACRIFICE COEFFICIENT

Luis Oscar Herrera
Central Bank of Chile

When inflation is chronic, firms develop indexation practices that
automatically tie the growth of prices, wages, and other contracts to
the performance of some comprehensive price index. The microeconomic
advantages of indexation are evident and derive from the immuniza-
tion of the relative price system against the extravagances of inflation.
From a macroeconomic perspective, however, this practice has been
criticized for perpetuating the inflationary thrust, accentuating its vola-
tility, and influencing the process of relative price adjustments in the
face of real shocks. Those in charge of monetary policy generally op-
pose indexation under the argument that it raises the costs of reducing
or controlling inflation, and its elimination has been considered a pre-
requisite for ensuring the success of the drastic stabilization plans that
have been implemented in countries with a long history of inflation.

This position, however, is not fully shared in the academic litera-
ture. Essentially, one segment of the literature indicates that index-
ation favors the stabilization of output and facilitates the reduction of
inflation. The best-known proponent of this position is Friedman (1974),
who argues that automatic adjustments reduce the costs of anti-infla-
tionary policies, because they accelerate the speed with which the mon-
etary effects are transmitted to prices and wages and thus reduce the
impact on output. Gray (1976) and Fischer (1977) reach the same con-
clusion, arguing that indexation stabilizes output when monetary shocks
predominate, as in an inflationary stabilization plan. This favorable
interpretation of indexation is also reflected in empirical literature that
uses the coverage of automatic adjustment practices as a measure of
wage flexibility that reduces the costs of price stabilization (Ball, 1994b).

An important criticism of this line of argument is that it implicitly
assumes that indexation is synchronized and immediate (Simonsen, 1983).
The conclusions are substantially modified when these assumptions
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are removed and replaced by lagged, uncoordinated indexation, as
shown in the works of Bonomo and Garcia (1994) and Jadresic (1995).%
The objective of the current paper is to study the relation between
price and wage indexation and the costs of reducing inflation in terms
of output; this relation is known as the sacrifice coefficient. The analysis
complements earlier works by Ball (1994a), Bonomo and Garcia (1994),
and Jadresic (1995, 1996a, 1996b).

The emphasis, however, is on the consequences of the frequency
of indexation and other characteristics of labor contracts for both the
sacrifice coefficient and the output and price trends in an economy
that is undergoing an anti-inflationary stabilization program.

A priori arguments indicate that the relation between the sac-
rifice coefficient and the frequency of indexation is not monotonic:
as the frequency of indexation increases, the economy approaches
immediate, synchronized adjustment. In this case, the performance
of an economy that is responding to changes in monetary policy
converges with that of an economy characterized by fully flexible
prices, which brings the sacrifice coefficient to zero.

This work examines in depth the relation between the sacrifice
coefficient and the frequency of indexation, as well as the conse-
guences for recommendations on monetary policy. The methodol-
ogy used is to simulate the response of an economy characterized
by Calvo-type staggered contracts, which are extended to include
automatic adjustment clauses based on past inflation. The renego-
tiation of these price and wage contracts is unsynchronized, such
that there is a constant probability of reopening contracts in any
given moment. Intermediate contract openings in which only the
nominal level is corrected are also possible, in order to return the
contract to its real level prior to renegotiation. The microeconomic
explanations for this real rigidity are outside the scope of this pa-
per, but they are assumed to be in line with the literature on menu
costs (Mankiw and Romer, 1991). Following Calvo, the supply struc-
ture serves as the basis for deriving a very simple model using pa-
rameterized, linear, differential equations for the frequency of real
renegotiation and nominal adjustments.

The main consequence of automatic contract adjustments is to intro-
duce inertia into the inflationary process, that is, in the first derivative of

1. The literature drawing on Barro and Gordon (1983), which emphasizes the
strategic aspects of implementing monetary policy, is inconclusive with regard to
the impact of indexation on inflation and the authority’s incentives to exploit the
inflation-unemployment trade-off.
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the price level. This stands in contrast to the original formulation by
Calvo (1983) or Taylor (1979), which exhibits inertia only in the price level.
The next section derives the theoretical model of aggregate sup-
ply, while subsequent sections analyzes the response of prices and out-
put in the face of three types of inflationary reduction programs.
Specifically, section 2 describes a gradual inflationary reduction plan
with full credibility and simulates the model for different combinations
of parameters, concentrating on the frequency of indexation. Section 3
carries out the same study in the context of a shock plan, and section 4
examines the impact of a gradual plan with partial credibility. Finally,
the main conclusions of the paper are presented, together with the
implications for the persistence of moderate inflationary processes.

1. THE MoDEL

The model, which is derived in continuous time, describes an
economy consisting of a continuum of firms in monopolistic competi-
tion.2 The relative price that maximizes each firm’s immediate utili-
tiesis increasing in the level of aggregate output:

p'-P=vY, 1)

where 0 < v <1, Y is the output level, p” is the firm’s optimal price,
and P is the aggregate price level. Money and monetary policy enter
the model through the quantitative equation for money:

M-P=Y , @

where M is the money supply.® The optimal price in terms of M and P
is deduced from equations 1 and 2;

p-=vM +(1—V)P. ®

This structural modeling of demand is analogous to that used by
Ball (1994a), Bonomo and Garcia (1994), and Jadresic (1991, 1995).

2. With the exception of the supply equation, the model is analogous to that
used by Ball (1994a), Bonomo and Garcia (1994), and Jadresic (1995).

3. Alternatively, the model can be extended for the case of an open economy
and the real exchange rate can replace the role of real money in the determina-
tion of output.
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It differs from these works in the specification of aggregate supply,
which is an extension of the model outlined in Calvo (1983) and which
introduces automatic adjustments. Calvo’'s model incorporates a formu-
lation in which the duration of the contracts is exponentially distributed,
in contrast to the fixed horizon used in the other studies cited. This
artifice simplifies the calculation and facilitates the study of the conse-
guences of alternative types of wage contracts on stabilization costs.
Each firm sporadically corrects its price. These adjustments are
random events that occur with a constant probability, independently
both of previous corrections undertaken by the firm and of current
and past corrections undertaken by other firms in the economy. The
price adjustments can be either nominal or real. Nominal adjustments
correct the price to reflect the degree of inflation that has accumu-
lated since the last price revision. Real adjustments integrally revise
the contract, that is, in both its nominal and real components. Nominal
adjustments occur with a probability 6 per unit of time, and real adjust-
ments occur with probability y per unit of time. Therefore, in each mo-
ment dt, a portion of contracts, (y + 6)dt, is revised, of which the fraction

A=—
Y+0

is fixed on the basis of both actual and future conditions, while the
remaining contracts only correct for past inflation.
The firm’s effective nominal price is divided into two components:

p(r.7)=2(x)+q(z,7) @

where z (1) is the real premium negotiated in T and q (t) is the nominal
component of the contract signed in T and revised in t', equal to the
prices P (t') prevailing at that moment. The firms are indexed in (t,1")
as corresponds to the moment in which they signed the real and nomi-
nal components, respectively.

The firm sets the real premium knowing that the real and nominal
revisions are sporadic. The objective is to equalize the expected average
price during the life of the contract with the average optimal price
that is expected in this same period,*

©

z(t)+ jq(t,s)y estgs = jp*(s)ye’Y(S")ds . (5)
t

t

4. Equation 5 can be interpreted as the optimal result of a quadratic approxima-
tion of the firm’s true objective function. The discount factor is ignored for simplicity
and to maintain coherence with Ball's and Jadresic’s derivations.
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In addition, the nominal component g (t,s) of the contracts signed
in t are defined by the following equation:®

q(t,s)=e®C jee “UP (1)dt. (6)

Differentiating z relatlve to t produces

Uosfe()sp -9 (1))

where I1(t) is the immediate inflation rate.

The price level is obtained by aggregating current prices for the
different cohorts of firms. It is assumed that the distribution of the
cohorts is stationary, such that the distribution in t (the moment of the
last real adjustment) is exponential in (—«,t) with parameter y, and
the distribution in t' (the moment of the last nominal adjustment)
is exponential between (-«,t) with parameter y + 6. The general
price level is then derived as

7

y+6

Iz Jye " Vd 1+ IP )y +6)e (rOFtg (8)

-0

This equation generalizes Calvo’'s model (1983) to include adjust-
ments for past inflation (0 #0). As in Calvo (1983) and Taylor (1979),
the price level is predetermined, and it is not fully adjusted in response
to either expected or unexpected changes in the money supply. This
gives rise to the nonneutrality of the money supply and monetary policy.
The innovation of this supply equation relative to the earlier models
is that inflation, the first derivative of the price level, also exhibits
inertia.

The immediate inflation rate is obtained by differentiating the price
level equation:

m(t)=yz(t)+6[P(t)-Q(t)], 9)
where Q (t) is the average price level implicit in the nominal compo-

nent of the contracts in force, that is, the second integral on the right

5. Equation 6 is obtained from the solution to the differential and border
equations: dq(s't): o[p(s)-q(s,t)] @nd a(t,t)=p(t).
ds
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hand side of equation 8. This equation decomposes inflation into
two parts. The first component reflects the premium on the price
level in new contracts, z(t). This factor can change instantaneously
in response to both observed and anticipated changes in the
economy’s monetary and nonmonetary conditions. The second com-
ponent comprises the model’s innovation relative to Calvo. The
variable P(t) — Q(t) is a predetermined variable that reflects the
average size of the nominal corrections stemming from indexation.
Algebraic work generates an alternative form to equation 9, which
more clearly reveals the determinants of inflation in the model:

= T -t Y x -yt
H(t)—yjye vY(t+r)dr+y+ejye H(t+r)dr

0 0
~— B
———

expectations

©

ok (t- : 10
+9+Y6|-(6+y)e (t r)dr (10)
— -

inertia

Current inflation is determined by expectations with regard to the
output gap and future inflation, together with the evolution of lagged
inflation. Equation 10 demonstrates that the frequency of indexation, 6,
has effects on both expectations and inertia. Greater frequency reduces
the weight of future inflation, because automatic indexation keeps this
component up to date and increases the weight of lagged inflation, with
greater weight on recent observations of the inflation rate. This struc-
tural supply equation reveals that empirical inflationary inertia can be
generated by both indexation and inertia in the expectations components.

In Calvo’s model, as well as in Taylor (1979), this is equivalent to
assuming that 6 = 0, which implies that the inflation rate is totally
flexible and anticipatory, even when the price level exhibits inertia.
This flexibility in the inflation rate is not supported empirically, how-
ever. This variable generally exhibits a high degree of positive serial
autocorrelation, although few empirical studies explicitly express
the identifying assumptions that are necessary for distinguishing
between structural inertia stemming from indexation and inertia
in the inflation fundamentals.

Finally, the variable Q follows the differential equation

OO (ro)p ()t =




Indexation, Inflationary Inertia, and the Sacrifice Coefficient 189

The system’s path is summarized by the three differential, con-
stant coefficient equations 8, 10, and 11, which are written in matrix
terms as

dX(t)
dt

where the vector X(t) = [z(t),P(t),Q(t)]' and the matrices A and B
are 3x3 and 3x1, respectively. The dynamic system defined by A has
two negative characteristic values, which are convergent, and one
positive, which is divergent, such that the dynamic equilibrium has a
saddle-path configuration. The variables P(t) and Q(t) are predeter-
mined, and the variable z(t) is adjusted to situate the system on the
convergent path.

The dynamic-system solution requires stipulating the performance
of the exogenous variable in the system (that is, monetary policy or the
money supply). This topic is addressed in the following sections.

-AX(t)+BE[M(t)], (12)

2. GRADUAL STABILIZATION WITH FuLL CREDIBILITY
2.1 Gradual Stabilization

This section studies an inflationary stabilization experiment that
is analogous to that proposed by Ball (1994a), but extended to include
indexation of contracts. Given the assumption that t <0, money grows
at a constant rate equal to =, and the firms expect that this situation
will be maintained forever.

M(t) ==t and (13a)
dM(t)
=7, 13b
it T (13b)
where t < 0.

It is assumed that this situation has been maintained for a long time,
such that the economy is in a stationary state defined by the conditions

dzlt) (14a)

dQ(t) . and (14b)
dt

dp(t)_ (14c)

dt
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These three conditions give rise to the conclusions that in the
long run, the price level should equalize the money supply, the
inflation rate is n, and the real premium, z, is constant:

_ o 15
Z(t)_6+y' (15a)
p(t)=nt, and (15b)
- — T

Q(t)=p(t)—e+y' (15¢)
where t < 0.

If t = 0, however, the central bank announces an unexpected
plan for gradual inflationary reduction, exponentially bringing the
issue rate to zero with velocity p:

AM'(t) _ o, (16)
dt

where t >0 and M' is the announcement of the money growth rate.®
The dynamic-system solution is described in the appendix.

2.2 Choice of Parameters

The model is derived in terms of final prices, but the empirical
counterpart to the parameters y and 6 is calibrated according to the
typical characteristics of wage contracts in Chile. In this case, equa-
tion 8 is reinterpreted to represent the average level of nominal wages
in the economy, and firms are assumed to set their prices with a con-
stant margin over the unitary labor costs.

Jadresic (1991) uses data on collectively negotiated contracts and
econometric estimates of the aggregate performance of the wage in-
dex. He concludes that the typical wage contract in the Chilean
economy stipulates semiannual automatic adjustments and biannual
renegotiation. If these values are taken as a measure of the respec-
tive distributions, then y = 0.5 and y + 6 = 2.0, and thus the fraction

6. Ball (1994a) and Bonomo and Garcia (1994) examine the case in which the
issue rate is linearly brought to zero. This modification does not change the qualita-
tive conclusions obtained in the present paper.
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that takes future economic conditions into account when renegoti-
ating their contracts is A = 0.25.7

However, other moments in the empirical distribution of adjust-
ments are not satisfactorily adjusted through the exponential function
imposed by the theoretical model. Jadresic (1995) indicates that the
frequency of adjustment is very concentrated in the semiannual time
frame, at least within the collectively negotiated contracts. In 1990,
nearly 10 percent featured adjustment clauses between one and three
months, 80 percent between four and six months, and 10 percent over
six months. This distribution contrasts with that generated by the ex-
ponential function with y = 0.5 and y + 6 = 2.0, in which 38 percent of
workers have adjustments less than or equal to three months and 62
percent have adjustments less than or equal to six months. The tails of
the exponential distribution are wider at both extremes. This suggests
that the impact of announcements on monetary policy are transmitted
more rapidly to prices, because a greater fraction of workers adjust
their prices in the short term. At the same time, however, the real
effects are delayed longer, because the tail of the distribution is longer.

The parameter v reflects the complementarity of the price deci-
sions. Ball (1994a, 1994b) and Bonomo and Garcia (1994) use v = 1.0
and v = 0.25, whereas Jadresic (1991, 1995) only considers v = 1.0. For
the purpose of comparison with the results in these articles, v is set at
0.25 in the tables and figures presented in this paper; the discussion
signals quantitative and qualitative differences between this case and
v=10.

2.3 Output, Money, and Inflation

In the base exercise, the parameters are set at y = 0.5 and
vy + 6 = 2.0. Inflation starts at 6 percent, and the money growth rate
falls at the velocity of u = 0.46. The average life of the stabilization
program—that is, the time it takes the money growth rate to reach 3
percent—is eight quarters. The model defined by equation 12 deter-
mines the price and output trends, which are used to generate some
indicators that summarize the results of the stabilization plan.

Figure 1 plots the trends in money, output, and inflation. For
t = 0, which represents the moment in which the policy is announced
and the beginning of the monetary adjustment process, the figure shows

7. Alternatively, if this fraction is interpreted as the median, then y = 0.35 and
y+6=1.39.
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an immediate, moderate drop in the inflation rate, from 6.0 to 5.3
percent. The firms and workers that renegotiate prices anticipate the
gradual expansion of the disinflation process and incorporate it into
their price decisions. This contributes to immediately reducing the
real premium, z, relative to its historical level, which slows the pace of
inflation despite the fact that the money issue rate initially stays at its
historic level of n = 6.0 percent. Consequently, the economy enters a
slightly expansionary phase, with real money balances and production
growing above the long-term rate. The inflation rate continues to fall,
but more slowly than the growth rate of money, because there is a
holdover of inflation in those prices that need to recover their real
historic level and also because the economy is expanding.

The expansionary process comes to an end after two quarters,
when the accumulated output gap reaches just 0.2 percent. From
this moment on, the inflation rate exceeds the money growth rate,
and real balances and, therefore, output begin to fall. In the seventh
quarter, the economy enters a persistent, though not very deep, re-
cession. The economy hits bottom in the fifth year, with a negative
output gap of —1.0 percent, and then gradually and variably begins to
recover its long-term level.

The accumulated losses in the contractionary period exceed the gains
observed in the expansionary period, such that the process of inflation-
ary stabilization gives rise to a net sacrifice. The sacrifice coefficient, S,

Figure 1. Trends in Output, Money, and Inflation under
Gradual Stabilization and Full Credibility?
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No. of years from start of stabilization program (t=0)
Source: Author’s calculations.

a. Model simulation of the base exercise (6 = 1.5 and y = 0.5), with gradual stabilization velocity (u = 0.46) and
v =0.25.
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is defined as the accumulation through time of output losses caused

by each point of permanent inflation reduction:
s__[Ya.
t T
In the base exercise, this equation yields S = 0.92.2
Inflation falls slowly, but the trend is relatively in line with the money
issue rate. It takes nearly seventeen quarters for inflation to reach 1 per-
cent; in the case of the money issue rate, it takes almost fifteen quarters.
Considering that the model is highly stylized, it is surprising that
the sacrifice coefficient predicted for this experiment by the model is
realistic and falls in the center of the range typically observed in em-
pirical studies on stabilization experiences. Ball (1994b) examines a
large sample of disinflation processes in industrialized countries for
the period 1960-91. The observed values for S vary between 0 and 3.6,
with a sample average of 0.8 (annual data) and 1.4 (quarterly data).

2.4 Frequency of Wage Adjustments

The effect of indexation on the inflationary dynamics of the economy
and on the costs of stabilization are evaluated in table 1 and figure 2, which
show, respectively, the sacrifice coefficient and the trends in inflation and
output for different combinations of the frequency of indexation (6) and
real adjustment (y). As the table indicates, for an economy without index-
ation (y = 0.5 and 6 = 0.01), the model predicts a negative sacrifice coeffi-
cient (S = —5.30), that is, a net output gain associated with stabilization.
The corresponding panel in figure 2 shows the output and inflation trends
for a subset of the result in table 1. For t = 0, inflation falls immediately
and more drastically than in the former example, from 6.0 to 2.2 percent.
Its later convergence is slower, however, taking almost twenty-one quar-
ters to reach 1 percent. The initial drop in inflation is larger because the
nominal component of the renovated contracts has a much longer effec-
tive duration (as does the real component), which causes the premium, z,
to encompass a larger fraction of the expected reduction in the money
issue rate. The difference between the inflation rate and the money issue
rate strongly expands the economy, peaking at the end of eleven quarters
with a positive gap of 3.9 percent. The convergence with long-term equilib-
rium is monotonic, such that the economy never enters a recessive phase.

8. The qualitative results of the model under study are independent of the
initial inflation rate, while the quantitative results are directly proportional to it.
Thus the coefficient S is independent of the initial inflation level.



Table 1. The Sacrifice Coefficient under Gradual
Stabilization and Full Credibility as a Function of the
Frequency of Nominal Indexation and Real Adjustments?

Frequency of
nominal Frequency of real adjustments ()

indexation (6) 0.25 0.50 1.00 2.00 10.00
0.0 -11.30 -5.30 -2.04 -0.68 -0.04
05 6.64 0.01 -0.75 -0.43 -0.03
15 5.04 0.92 -0.11 -0.20 -0.03
35 3.13 0.76 0.08 -0.06 -0.02
10.0 1.46 0.40 0.09 0.00 -0.01

Source: Author’s calculations.
a. The sacrifice coefficient, S, was derived for the indicated combinations of y and 6 based on an adjustment
velocity in the money growth rate of p = 0.46, with v = 0.25.

Figure 2. Output and Inflation Trends and the Frequency
of Nominal and Real Adjustments?
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Source: Author’s calculations.
a. Model simulation with gradual stabilization velocity (u = 0.46) and v = 0.25 for different values of the
frequency of nominal (0) and real (y) adjustments.
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This counterintuitive result is characteristic of models featur-
ing staggered prices and gradual stabilization. Given gradual stabi-
lization and full credibility, firms and wage earners anticipate the
success of the stabilization program and incorporate in advance the
impact of the reduction of the money issue rate on prices. This in-
duces an initial expansion of output, because prices fall more rapidly
than the money stock. Ball uses a Taylor-type model to demon-
strate that neither absolute nor net output losses are generated by
a linear reduction of the issue rate with a duration greater than or
equal to 0.68 times the length of the contracts.

This theoretical result directly contradicts both a long macro-
economic tradition and most of the available empirical evidence.
However, introducing indexation into the aggregate supply reverses
this result. The automatic adjustments create inertia in the infla-
tionary process, which severely restricts the conditions of credibil-
ity and gradual implementation that are necessary for triggering a
net expansion in the economy, rather than a net sacrifice coeffi-
cient, in response to the reduction of inflation. Bonomo and Garcia
(1994) conclude that by introducing nominal adjustments over half
the life of the contract, the minimum duration of the linear stabili-
zation process that avoids the recessive cycle is just under three
times the length of the contract. Indexation also affects the timing
of the announcement of the stabilization program. In the model
without indexation, the initiation of a moderate stabilization pro-
cess should be announced in advance by at least one and a half
times the average contract length in order to avoid a recession. In
the model with indexation, the minimum period increases to four
and a half times. The authors conclude that even when automatic
adjustments increase the frequency of the nominal price adjust-
ments, indexation increases the costs of the disinflation process.

The pernicious effect of indexation on stabilization costs is cor-
roborated in this paper, but this does not mean that greater index-
ation, in the sense of more frequent adjustments for accumulated
inflation, will necessarily be damaging for economic performance.
The effect of the frequency of indexation on stabilization costs is not
monotonic. The costs of stabilization rise when the frequency of
indexation increases from zero to positive, but for some value of 6,
the marginal impact becomes negative again to the extent that the
economy recovers nominal neutrality. Essentially, when the adjust-
ment is almost instantaneous, the economy recovers its neutrality
in the face of nominal policies, and the costs of stabilization (and the
sacrifice coefficient) approach zero. This result is consistent with
the findings of Friedman (1974), Gray (1976), and Fischer (1977).
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For y = 0.5, increasing indexation from a semiannual to a quar-
terly frequency reduces the accumulated net output losses from 5.5
to 4.6 percent, and the sacrifice coefficient falls from 0.92 to 0.76 (see
table 1). The trend is plotted in figure 2. The initial impact on infla-
tion is slightly lower, but inflation then falls more rapidly in conjunc-
tion with the money issue rate. The pattern is similar to that found in
the base exercise, but the size and duration of the cycle’s expansion-
ary and contractionary phases are smaller. When the frequency in-
creases to a monthly rate, the costs of stabilization are reduced by
half (S = 0.40). The stabilization costs also fall if the frequency is
reduced from semiannual to annual, and the sacrifice coefficient
reaches just 0.01. Thus within the structures examined, and given
the typical biannual structure of price contracts, semiannual adjust-
ment has the highest associated stabilization costs, since both in-
creases and decreases in the frequency of indexation reduce the costs.

Changes in the frequency of real adjustments, y, also have a
nonmonotonic impact on stabilization costs. Infrequent adjustments
tend to generate a positive expansionary effect, but as the frequency
increases, the economy tends to recover its nominal neutrality.

The relation between the frequency of nominal and real adjust-
ments, however, should be one of substitution. As described above,
the typical contract in the Chilean economy has a two-year horizon
with semiannual adjustments. In the U.S. economy, the typical con-
tract is shorter, usually lasting one year, and it does not contemplate
intermediate indexation; staggered contracts have an average dura-
tion of three years (Taylor, 1998). There is thus a substitution
between the frequency of indexation and the frequency of full renego-
tiation. In this light, it is relevant to reexamine the analysis pre-
sented in table 1, compensating for the changes in the frequency of
indexation with changes in the frequency of real adjustment. Table
2 shows the sacrifice coefficient associated with combinations of
the total frequency of adjustments, y + 6, and the proportion,

A=—1_,
Y+6

which represents the fraction of prices that are renegotiated in each
moment with attention to the future evolution of the economy. The
results point to an inverse (and monotonic) relation between these
two parameters and the sacrifice coefficient. As the frequency of real
or nominal adjustments increases, for any given value of A, the sacri-
fice coefficient approaches zero, and as the proportion of prices that
are fixed with attention to future prices and the future output gap
rises, the sacrifice coefficient again approaches zero.
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Table 2. The Sacrifice Coefficient under Gradual
Stabilization and Full Credibility as a Function
of the Frequency of Adjustments?

Real adjustments

as fraction of Frequency of total adjustments (y + 6)
total (1) 0.5 1.0 2.0 4.0 10.0
010 11380 40.00 7.09 122 0.09
025 3530 646 092 007 -002
050 478 001 -031 -014 -0.03
0.75 —2.66 -149 -058 -0.19 -0.03
090 -4.70 -190 -065 -020 -004

Source: Author’s calculations.
a. The sacrifice coefficient, S, was derived for the indicated combinations of y + 6 and A based on an adjustment
velocity in the money growth rate of u = 0.46, with v = 0.25.

3. IMMEDIATE STABILIZATION WITH FuLL CREDIBILITY

The speed at which the stabilization program is implemented af-
fects the output and inflation trends, as well as the net costs of the
program. The faster the reduction in the money growth rate, the shorter
the duration and narrower the scope of the initial boom and the greater
the depth of the later recession—and thus the greater the total costs
of the stabilization process. This section analyzes the case of a sudden,
drastic stabilization program (see figure 3). The issue rate moves im-
mediately from n to zero, and equation 16 is replaced by

am(t) 17)
dt

where t > 0. This equation corresponds to the extreme case in
which p tends toward infinity.

Table 3 shows the inflation and output trends for the case of imme-
diate stabilization with the parameters of the base exercise (y = 0.5 and
6 = 1.5). For t =0, inflation initially falls to 4.5 percent and then continues
falling until it reaches 1 percent after a year and a half. Because the
inflation rate exceeds the issue rate, the economy immediately enters a
recession, which bottoms out after nine quarters with a gap of nearly 4.5
percent. The economy then slowly recovers its long-term level, and mi-
nor cyclical fluctuations are produced. The total cost of the stabilization
process is equivalent to 18 percent of output (that is, S = 2.0), as com-
pared to the lower cost of 6 percent described in the previous section.
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Figure 3. Trends in Output, Money, and Inflation under
Immediate Stabilization and Full Credibility?
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Source: Author’s calculations.
a. Model simulation of the base exercise (6 = 1.5 and y = 0.5), with immediate stabilization velocity and v = 0.25.

A comparison of table 3 and table 1 generates two observations.
First, relative to gradual stabilization, the cost of immediate stabili-
zation in terms of output increases for all combinations of the pa-
rameters. The sacrifice coefficient is positive in all cases. Second,
the qualitative standard of the relation between the frequency of
indexation and the sacrifice coefficient remains nonmonotonic. In
comparison with the base example (y = 0.5 and 6 = 1.5), increasing
the frequency of indexation from semiannual to quarterly adjust-
ments reduces the sacrifice coefficient from 3.0 to 2.2, while reduc-
ing the frequency from semiannual to annual adjustments increases
the sacrifice coefficient to 3.25. The total elimination of indexation,
however, reduces the sacrifice coefficient to just 0.21. Thus a par-
tial reduction of the indexation frequency does not necessarily re-
duce the costs of stabilization, although its total elimination does.

Table 3. The Sacrifice Coefficient under Immediate
Stabilization and Full Credibility?

Frequency of .
nominal Frequency of real adjustments (7)
indexation (6) 0.25 0.50 1.00 2.00 10.00
0.0 1.51 0.21 0.03 0.00 0.00
0.5 13.20 3.25 0.66 0.11 0.00
1.5 9.25 3.00 0.83 0.19 0.00
3.5 6.10 2.18 0.72 0.21 0.01
10.0 3.25 1.24 0.46 0.16 0.01

Source: Author’s calculations.
a. The sacrifice coefficient, S, was derived for the indicated combinations of y and 6 based on an adjustment
velocity in the money growth rate of u = 10,000, with v = 0.25.
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4. STABILIZATION WITH PARTIAL CREDIBILITY

Thus far, the analysis has assumed full credibility. The announce-
ment of a stabilization program is unexpected, but it is fully incorpo-
rated into the expectations and decisions of the price formation. This
section investigates the consequences of relaxing this assumption,
introducing the possibility of abandoning the announced plan before
its completion. It is assumed that the monetary authorities begin to
implement the money path defined below (equation 18), but in each
moment there is a probability h that the stabilization effort will be
stopped at that point. If the central bank abandons the plan, then
expectations are that the issue rate will remain forever at the level
prevailing at that time. Consequently, if the plan is abandoned in 1,
the issue rate follows the path,

dM'(t):{ne“‘, where 0<t<t (18)
dt

ne ", where t>r.

The probability h measures the program’s credibility; a higher
value for h indicates a lower credibility.

4.1 Expected Trend with Partial Credibility

The effective trend for the system depends on the stochastic
realization of abandoning the program. Given the system’s linear-
ity, however, the expected system trend can be calculated on the
basis of the expected money trend defined in equation 18. This can
be written as

E[m(t)]: hnt N pn(l—e*(mu) ) . (19)
hp  (hep)

The dynamic system should verify the following limit conditions:

p(0)=0, (20a)

Q(O)z— T ., and (20b)
0+y

lim Elz(1)]= (20c)

h+p 6+y
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Table 4 shows the expected sacrifice coefficient associated with the
different frequency parameters for the case of gradual stabilization
with partial credibility.® The parameter h is set arbitrarily at 0.69, which
is equivalent to a 0.5 probability of the program’s being abandoned
within a year. In all cases, the expected cost of the stabilization effort
is higher than for the corresponding case with full credibility presented
in table 1. The expectation that the program will be abandoned early
delays the incorporation of the expected money trend into the evolu-
tion of recontracted prices. This reduces the length and breadth of the
initial expansion, as well as the length and depth of the contractionary
phase in those cases featuring recession. This observation confirms
the results achieved by Ball (1994a, b) and Bonomo and Garcia (1994) in
the context of models based on staggered wages with a fixed horizon.

As in the previous cases, the expected stabilization costs remain
nonmonotonic relative to the frequency of indexation. Essentially,
table 4 qualitatively replicates the results in table 1, but at a higher
cost level. Increasing the frequency of indexation from semiannual to
quarterly and from quarterly to monthly reduces the expected sacri-
fice coefficient. However, lowering the frequency of indexation to an-
nual adjustments or to zero also reduces the sacrifice coefficient.

A reduction in the credibility of the stabilization program (expressed
in an increase in the credibility parameter, h) increases the costs asso-
ciated with every case in table 4, but it does not alter the nature of the
qualitative results. When the program’s credibility is reduced by half
(h = 1.38), the sacrifice coefficient rises from 1.8 to 2.2 in the base
example. Increasing the frequency from semiannual to quarterly in-
dexation reduces the coefficient to 1.6, while the move to annual index-
ation reduces it to 2.0.

Table 4. The Sacrifice Coefficient under Gradual Stabilization
and Partial Credibility?

Frﬁg:ﬁﬂg of Frequency of real adjustments (»)
indexation (6) 0.25 050 1.00 2.00 10.00
00 44 -26 -12 -05 0.0
05 99 15 -0.2 -03 0.0
15 70 18 0.2 00 00
35 44 13 03 0.0 0.0
100 22 0.7 02 0.0 0.0

Source: Author’s calculations.
a. The sacrifice coefficient, S, was derived for the indicated combinations of y and 6 based on an adjustment
velocity in the money issue rate of u = 0.46, with v = 0.25 and a credibility parameter of h = 0.69.

9. In this case, the sacrifice coefficient is defined as E(S) = - h +MJ'Eydt.
t

pm
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4.2 Effective Realizations with Partial Credibility

In addition to calculating the expected inflation and output trends,
the model can be used to obtain their evolution for effective realiza-
tions of 1, which is the date at which the stabilization program is aban-
doned. The expected money and price trends are calculated in each
moment for t < 1, conditional on the implementation of the program up
to that point, and the implications for the price and output trends are
derived for that moment. The expected money and price trends are
then recalculated for 1, conditional on the program’s abandonment at
that point, and the implications for the output trend are derived from
1 forward. Figures 4 and 5 show the inflation and output trends for
three different abandonment dates and different frequencies of index-
ation. The abandonment dates are calculated to represent the tenth,
fiftieth, and ninetieth percentiles of the probability distribution of r;
they therefore provide a reference for the distribution of the results
for each configuration of the parameters. Figure 4 illustrates the case
of quarterly indexation, and figure 5 the case of monthly indexation.

Figure 4. Trends in Output, Money, and Inflation under
Gradual Stabilization, Partial Credibility, and
Semiannual Indexation?

Inflation Output
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No. of years from start of stabilization program (t =0)
Source: Author’s calculations.
a. Model simulation of the base exercise (6 = 1.5 and y = 0.5), with gradual stabilization velocity (i = 0.46),
partial credibility (h=0.69), and v =0.25. The program is abandoned in t =10 percent, =50 percent, and t =90
percent.
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Figure 5. Trends in Output, Money, and Inflation under
Gradual Stabilization, Partial Credibility, and
Monthly Indexation?
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Source: Author’s calculations.

a. Model simulation of the base exercise (6 = 11.5 and y = 0.5), with gradual stabilization velocity (u = 0.46),
partial credibility (h =0.69), and v = 0.25. The program is abandoned in t = 10 percent, t = 50 percent, and
1 =90 percent.

A comparison of the depth and breadth of the economic cycle for
the different degrees of indexation reveals that more frequent index-
ation reduces the volatility of output. When indexation is monthly and
the stabilization program is extended beyond expectations (t = 90 per-
cent), this produces a recession that reaches its low point in the course
of the third year, with a maximum gap slightly greater than 1 percent,
and the economy accumulates a cost of 3.2 percentage points of output
(S = 0.7). When the indexation is semiannual (the base exercise), the
total cost increases to 9.9 percentage points of output (S = 1.9). In the
absence of automatic indexation, the initial expansionary effect pre-
dominates and the economy receives a net benefit.

These results fully support the intuition outlined in Gray (1976)
and Fischer (1977). In the face of monetary shocks such as the imple-
mentation of a stabilization program, greater indexation reduces
the volatility of output and increases the volatility of inflation.
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5. CoNcLUSIONS

The analysis presented above gives rise to two basic conclusions.
First, price and wage indexation increases the costs of reducing
inflation. In the model of price (or wage) formation characterized by
rational expectations and a degree of adjustment inflexibility, in-
dexation introduces inertia into the inflationary process and in-
creases the sacrifice coefficient. For the base model, given semiannual
average adjustment and biannual contracts, the sacrifice coefficient
fluctuates between 0.9 and 3.0, depending on the type stabilization
program (gradual versus drastic) and its credibility.

Second, the relation between the frequency of adjustment and
the sacrifice coefficient is nonmonotonic. The costs of stabilization
increase when the frequency of indexation moves from zero to posi-
tive, but for some value of 6 the marginal impact returns to nega-
tive as the economy recovers its nominal neutrality. Therefore,
decreasing the frequency of indexation in the economy, which usu-
ally happens when inflation is low, does not necessarily reduce the
sacrifice coefficient, and increasing the frequency of adjustment is
not necessarily damaging. In the base model, the semiannual ad-
justment structure constitutes a minimum, such that any move-
ment—whether toward more or less frequent adjustments—reduces
the cost of stabilizing inflation.

This last observation helps explain the persistence of moder-
ate inflationary processes of 20 to 40 percent. The sacrifice
coefficient tends to increase for intermediate levels of indexation
such as annual, semiannual, or quarterly, but it drops to practi-
cally zero when adjustments are made monthly. If this adjustment
frequency responds positively to the inflation level, then the
economy may find itself caught in a trap of moderate inflation. For
low levels of average inflation, individuals and firms do not index
their contracts. This keeps the costs of the stabilization plan at
relatively low levels, and the benefits are felt almost immediately.
This holds when the plan enjoys full credibility and is designed
under a strategy of gradual implementation. As the average infla-
tion level increases and individuals and firms begin to use automatic
adjustment practices to protect themselves from inflation, the costs
of the stabilization program rise significantly and the program’s
impact on inflation is delayed. The effects are multiplied when the
plan’s credibility is questionable. These conditions reduce the net
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benefits associated with the plan, or at least the short-term ben-
efits observed by the authorities, such that inflation tends to take
root in the economy while there are no political incentives to reduce
it. When both the level of inflation and the frequency of indexation
rise, the benefits of reducing inflation increase. At some point the
stabilization costs begin to fall, until the authorities once again have
incentives for reducing or eliminating inflation.
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APPENDIX

The Model Solution with Gradual Stabilization
and Full Credibility

The dynamic system formed by equation 12 is written as

dX(t)
dt

-AX(t)+BE[M(1)].

The homogeneous part of the system has the following general
solution for X (t):

X(t)=C,v,e"" +C,v,e"" +C v e™t,

where A, and v; are the characteristic values and vectors associ-
ated with the rectangular matrix A and where C,, C,, and C; are
constants determined on the basis of the limit conditions that should
satisfy the system, namely,

p(0)=0,

-__"™ ,and
Q(O) 0+A
limz(t)=0.

T—>0

One of the equation's characteristic values is negative; it can there-
fore be eliminated to ensure that the system converges with its station-
ary state.

The general solution for the dynamic system formed by equation 12
takes the form

X(t)=X(t)+K, +K,e™,

where t > 0 and the constants K, and K, are determined by the
indeterminate coefficient method. The solution for the model fea-
turing immediate stabilization corresponds to the limit of the above
solution when p — .
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THE MAcroeEcoNoMIC CONSEQUENCES OF
WAGE INDEXATION REVISITED

Esteban Jadresic
Central Bank of Chile

Since the mid-1970s, the macroeconomic consequences of wage
indexation has been the subject of considerable research. Starting
with an enthusiastic proposal for indexation by Friedman (1974)
and two influential papers by Gray (1976) and Fischer (1977), the
academic literature has examined the effects of wage indexation
on the costs of disinflation and the level of inflation, the effects of
wage indexation on the behavior of an economy hit by alternative
types of shocks, the relation between wage indexation and exchange
rate and monetary policy, the type of indexation indicators that
are best suited for macroeconomic stability, and so on. The sizable
literature that has emerged on the subject is reviewed by Car-
michael, Fahrer, and Hawkins (1986), Aizenman (1987), Devereux
(1994), Van Gompel (1994), Riveros (1996), and Landerretche, Le-
fort, and Valdés (in this volume).

Following Gray's (1976) analysis, most of the academic litera-
ture on this subject studies the effects of wage indexation under the
key assumption that indexing is with respect to current inflation.
This assumption implies that wage indexation helps to stabilize the
real wage, which in standard models has strong implications on the
behavior of the economy. For instance, it directly implies the well-
known proposition that wage indexation would help to maintain full
employment when shocks are nominal and would exacerbate em-
ployment and output fluctuations when shocks are real. As empha-
sized by Fischer (1977, 1985, 1988) and Simonsen (1983), however,
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standard wage indexation is not based on current inflation. Indexed
wage contracts typically adjust wages to the evolution of prices infre-
quently and with a lag, such that cost-of-living adjustments are de-
termined according to lagged inflation rather than current inflation.

The fact that typical cost-of-living adjustments are based on
lagged inflation is central because it implies that standard wage
indexation defines a nominal rather than a real type of rigidity. As
shown below, the basic implication of wage indexation to lagged
inflation is a distinct and nontrivial dynamic behavior of nominal
wages, stemming from both the direct effect of the indexation claus-
es and the indirect effect of those clauses on the outcome of wage
negotiations. Because these mechanisms for wage adjustments can
only respond to inflation with a lag, wage indexation need not sta-
bilize or even affect the real wage, as the real wage can vary with
changes in current inflation.! Similarly, the aggregate consequences
of wage indexation generally depend on the nature of monetary
policy, among other factors. An obvious corollary is that there is
no a priori reason why the effects of actual wage indexation should
necessarily resemble those implied by the assumption that wages
are indexed to current inflation.

Until recently, the formal academic literature has not explicitly
explored the consequences of contracts that index wages to lagged
inflation. As mentioned above, most of this literature assumes that
wage indexation is based on current inflation. Moreover, while Fis-
cher (1977, 1985, 1988) examines in detail the effects of wage con-
tracts with certain lagged indexation rules, the formulas he considers
do not correspond to the typical indexation rule by which current
wages are adjusted according to past inflation. Similarly, while Si-
monsen (1983) is persuasive in arguing that disinflation under lagged
wage indexation is costly—unlike disinflation under perfect wage
indexation—his formal model is not based on an explicit consider-
ation of wage contracts indexed to lagged inflation. In consequence,
his model cannot be used to compare the effects of indexed wage
contracts with those of nonindexed wage contracts, which is the
most relevant comparison in practice.

I attempt to fill part of the gap in the literature on wage index-
ation in three recent papers (Jadresic, 1996, 1998, 2002). These pa-
pers have in common the explicit modeling of wage indexation as a

1. For instance, in an economy in which labor productivity is constant and firms’
individual demand curves are isoelastic, optimal price setting can imply a constant
price-wage ratio regardless of whether wages are indexed or nonindexed.
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clause in long-term contracts that grants periodical cost-of-living ad-
justments according to the inflation rate cumulated since the last
wage revision. In addition, they evaluate the consequences of wage
indexation by comparing the behavior of the economy in the presence
of contracts with indexation clauses against two main alternative stan-
dards of reference. The first is defined by the behavior of the econo-
my under long-term contracts that specify preset time-varying wages
during the life of each contract. The second yardstick is defined by
the behavior of the economy under short-term contracts that specify
fixed wages during the life of each contract.

This paper reviews the main lessons emerging from the above
papers and explores a further implication of indexing wage contracts
to lagged inflation, namely, the consequences of wage indexation dur-
ing exchange-rate-based stabilization. While the paper provides some
background to the issues being examined, it is not the intent here to
provide a general review of the literature on wage indexation, which
has been surveyed elsewhere. Rather, the focus of the paper is on
the macroeconomic consequences of indexing wages to lagged infla-
tion. The paper reviews the consequences of wage indexation to lagged
inflation on the aggregate wage, the cost of disinflation under mon-
ey- and exchange-rate-based stabilization, the variability of output
under alternative types of shocks and policy regimes, the choice of
exchange-rate regime, and the level and variability of inflation.

Two main lessons emerge from this review. First, the standard
analysis of wage indexation in the academic literature provides a
very misleading picture of the consequences of the typical type of
wage indexation observed in real life. In particular, the assumption
that wages are indexed to current inflation is of little usefulness
even as a gross approximation of the issue. Second, taking into ac-
count the lags in actual wage indexation validates the views that
most policymakers and applied observers seem to have on the con-
sequences of wage indexation, although with some qualifications.

The paper is organized as follows. Following this introduction,
section 1 briefly reviews previous approaches to model wage in-
dexation. Section 2 presents the model of wage contracts indexed
to lagged inflation in the papers mentioned above and two models
of nonindexed wage contracts that can be used as benchmarks for
comparison purposes. Sections 3 through 5 examine the implica-
tions of using these models on the macroeconomic issues listed
above. Section 6 summarizes these implications and extracts the
main lessons that emerge from the analysis.
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1. MobELs oF WAGE INDEXATION IN THE
Previous LITERATURE

To avoid confusion, it is useful to pinpoint the meaning of wage
indexation. The definition adopted here is provided by Aizenman
(2987) in his survey article for the New Palgrave Dictionary of Eco-
nomics: “Wage indexation is a mechanism designed to adjust wages
to information that cannot be foreseen when the wage contract is
negotiated. A wage contract with indexation clauses will specify the
wage base (i.e., the money wage applicable in the absence of new
information), the indexation formula that will be used to update
wages, and how often updating will occur. Most traditional discus-
sion has focused on wage indexation to the price level....”

According to this definition, the mere adjustment of wages to
reflect inflation does not qualify as wage indexation. What is spe-
cial about indexation is that it is a mechanism that enables wages
to adjust to new information without the need to renegotiate the
contract. If the adjustment of wages in line with inflation is due to
the outcome of wage renegotiations or to a preset path of wage
adjustments agreed at the time the contracts were signed, such
adjustment in general cannot be attributed to wage indexation. To
discern the effects of wage indexation, one should compare the
effects of wage contracts that include indexation clauses against
the effects of wage contracts without those clauses.

1.1 Wage Indexation to Current Inflation

Following Gray’s (1976) original analysis, the standard model
in the academic literature assumes that wage indexation adjusts
wages according to the changes in the current price level. The
model considers only one period, say period t. Right before the
beginning of this period, wage contracts are negotiated. During
the period, macroeconomic shocks are realized. Given a degree of
indexation A, the change in wages (w,) is assumed to be

W, = AT, , (1)
where 7, is the inflation rate in period t. (Unless otherwise indicated,

variables are hereafter measured in log terms, with lowercase letters
representing their first differences and capital letters their levels.)
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Given this specification, the effects of wage indexation are stud-
ied by varying the degree of indexation. Under full wage index-
ation A is taken to be unit and the real wage is thus assumed to be
fixed. The absence of indexation corresponds to A = 0, which
assumes that without indexation the contract’'s nominal wage is
fixed. Intermediate degrees of indexation correspond to partial
wage indexation.

The direct implication of this approach is that wage indexation
helps to stabilize the real wage. This effect might be irrelevant if
the contracts negotiated between firms and workers are fully effi-
cient. In standard macroeconomic models, however, in which these
contracts establish wage conditions while employment is deter-
mined by labor demand, this increased real wage rigidity due to
wage indexation has strong implications for the behavior of the
economy. The best known is that wage indexation would stabilize
output when shocks are nominal but destabilize output when shocks
are real. Other implications are mentioned below.

1.2 Lagged Wage Indexation

The above approach is simple and has strong implications, but
it has long been recognized that standard wage indexation is based
on lagged rather than current inflation. Because of the lags in the
availability of information about aggregate price indexes, actual
cost-of-living adjustments due to indexation tend to be based on
past inflation. Possibly more important, wage revisions due to in-
dexation in practice are not done in every possible period. With
infrequent indexation, even if current consumer price indexes
(CPIs) were available in every period, wage adjustments are not
proportional to current inflation, but rather to inflation cumulat-
ed since the last wage revision.

Despite the information lags and the infrequency of the cost-
of-living adjustments, indexed contracts could approximately fix
the real wage by establishing trigger-point indexation, a type of
indexation in which wages are revised whenever accumulated in-
flation is larger than a given threshold. Similarly, indexed con-
tracts could effectively fix the real wage by specifying ex post
lump-sum payments between the parties so as to compensate them
for the differences between past and actual inflation. In practice,
however, trigger-point wage indexation seems to have been the
exception, and indexed contracts with ex post compensations for
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changes in inflation rates have not been reported. The fact that
actual indexed contracts do not attempt to really fix the real wage
might well be a consequence of the problems highlighted by the
literature on wage indexation to current prices.

Fischer (1977) was the first to attempt to formally model the
consequences of lagged wage indexation. However, the indexing
formula he examined in the main model of his paper is not the
usual indexation rule by which current wages are adjusted to past
inflation. Fischer assumed, rather, that indexed wages are set equal
to the one-period-ahead expectation of the price level. In conse-
guence, current wages in his model are adjusted according to the
difference between the one-period-ahead expectations on the cur-
rent and past price level. In the case of a two-period model, this
wage adjustment rule can be written as

w,=E P -E_,P,, (2

where P,_; is the price level in period t —i (i = 0, 1) and Et_j is the
expected value operator on the basis of information available at
the end of period t —j (j = 1, 2).

Fischer (1977) admits that the indexing formula he considers
in that paper (and in Fischer, 1985) might be a far cry from the
indexing formula used in practice. Thus it is not surprising that in
a later paper, Fischer (1988) introduces an alternative indexation
formula. His alternative formula, however, also differs from the
usual rule by which wages are adjusted according to lagged infla-
tion. Specifically, he considers contracts that last for two periods
and assumes that indexed wages during the second period of the
contract are set on the basis of the actual price level in the first
period of the contract. He further assumes that wages during the
first period of the contracts are set on the basis of the one-period-
ahead expectations of the price level during that period. This spec-
ification implies that the wage adjustment due to indexation in
period t is equal to the one-period-ahead prediction error of the
first period of the contract:

W, =P, -E_,P. 3)
Thus the cost-of-living adjustment formula implied by this specifi-

cation also differs from the usual rule by which wages are adjusted
according to lagged inflation.
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Despite Fischer’'s formal attempts to model lagged wage index-
ation, the best-known reference on wage indexation to lagged
inflation is probably Simonsen (1983). Simonsen’s approach is to
postulate a nominal wage adjustment rule of the form

w, =Am, , +(1-%)E, ;7 +uGap, , 4

where Gap, is the gap between actual and full-employment output
and p is a positive parameter. (For simplicity, | have dropped a
term measuring the change in labor productivity included in Simo-
nsen’s original specification.) Simonsen interprets the first term
of the right-hand side of equation 4 as the contribution of index-
ation to lagged inflation to the adjustment of wages, with A mea-
suring the degree of wage indexation.

Simonsen’s approach to wage indexation is used extensively in
the applied literature on wage indexation, frequently under the
assumption that p = 0. It is not clear how to interpret his model,
however, since equation 4 is not derived from an explicit analysis
of the implications of alternative wage contracts. For instance,
sizable empirical and analytical research is based on the assump-
tion that aggregate inflation is determined by an expression simi-
lar to the right-hand side of equation 4, in which the first and
second terms are denominated by the backward-looking and for-
ward-looking component of inflation, respectively. These models
often interpret the backward-looking component of inflation as
stemming from adaptive expectations rather than from indexation.
Alternatively, this component could stem from other characteris-
tics of the contracts and of the working of the economy. In Simon-
sen’s model, there is no specific reason why the comparison of
cases in which A = 1 or A > 0 with cases in which A = 0 would
necessarily indicate anything about the consequences of having
full or partial wage indexation versus no wage indexation.?

2. Below it becomes clear that the wage adjustment rule implied by the explicit
consideration of contracts with indexation clauses differs from equation 4. Indeed,
while the first term on the right-hand side could be interpreted under certain as-
sumptions as coming mainly from indexation clauses based on lagged inflation, the
remainder of equation 4 does not appropriately capture the effects on wages of peri-
odic contract renegotiation. One unappealing consequence of this specification prob-
lem is that according to equation 4, policymakers could maintain output permanently
above full employment by engineering a continuously rising inflation rate.
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Other models of lagged wage indexation have been developed
to analyze the consequences of centralized wage policies, but they
typically refer to case-specific rules. Morandé (1985), for example,
formally examines the consequences of a mandatory rule that im-
poses a floor on the base wage negotiated in collective agreements.
Such a wage rule was applied in Chile at the beginning of the 1980s,
but it was abolished in 1983.

1.3 Standards of Reference

Evaluating the consequences of wage indexation requires not
only specifying the nature of the adjustment of wages under index-
ation, but also defining the standard of reference against which those
consequences are measured. In Gray's (1976) popular model, nonin-
dexed wages are wages that remain fixed in nominal terms during
the (only) period of reference. In Fischer's (1977, 1985 and 1988)
analyses, in contrast, nonindexed wages correspond to wages that
were preset in nominal terms when the contracts were signed, but
that might be time varying. An example of this type of wage setting
can be found in the unionized sector of the U.S. labor market, where
three- or four-year contracts often specify a fixed wage increase
every year. The differences in the standards of reference that can
be used to evaluate the effects of wage indexation should be kept in
mind in considering the analysis in the following sections.

2. A MobpEL oF WAGE INDEXATION TO
LAGGED INFLATION

While the models of wage indexation presented in the previous
section might be useful for some purposes, they do not model the
consequences of wage contracts indexed to lagged inflation. This
section presents a model that explicitly considers the consequenc-
es of this type of contract, as well as two models of nonindexed
wage contracts that define alternative standards of reference for
evaluating the effects of the indexed contracts. The analysis is
based on the models developed in Jadresic (1991). Bonomo and
Garcia (1994) develop a model of wage indexation that is similar in
spirit, but that incorporates continuous time and contracts granting
only one cost-of-living adjustment during the life of each contract.
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They use their model to examine the effects of wage indexation dur-
ing disinflation; I refer to their results below.

2.1 A Model of Wage Contracts Indexed to
Lagged Inflation

This section focuses on the behavior of the aggregate wage. The
analysis takes the structure of the contracts as given and assumes
uniform staggering. Wage indexation is modeled explicitly as a con-
tract clause that grants periodic adjustments in the contract wage
according to a lagged value of the inflation cumulated since the last
wage revision.

As mentioned above, indexed wage contracts generally do not
provide full protection against fluctuations in the price level. Al-
though they stipulate periodic wage revisions that depend on actual
inflation, these revisions normally are not granted in every period
and are based on a lagged value of the inflation cumulated since the
previous wage adjustment. In Chile, for instance, where most wage
contracts are indexed, cost-of-living adjustments are typically grant-
ed every six months based on 100 percent of the inflation cumulated
since the last wage revision (Jadresic, 1992, 1995; Maturana, 1992;
Garcia, 1995). In the United States, indexed wage contracts ob-
served in the unionized sector typically specify a quarterly or annu-
al cost-of-living adjustment, based on a fraction of the inflation
measured during the previous period (Hendricks and Kahn, 1985;
Kaufman and Woglom, 1986). Because of delays in the availability of
consumer price indexes, the cost-of-living adjustments in these coun-
tries are typically based on an n-month lagged value of cumulated
inflation, with n equal to one in the case of Chile and two or three in
the case of the United States.

To model the consequences of indexing wages to lagged infla-
tion, consider a group of wage contracts that last for N periods
and that contemplate cost-of-living adjustments based on 100
percent of past inflation every n periods. Suppose that these con-
tracts are renegotiated in a uniformly staggered fashion, and that
N/n is an integer larger than one, in accordance with what is
seen in actual indexed contracts. Brief reasoning implies that in
every period 1/N of the wages are renegotiated, 1/n — 1/N are
adjusted according to the indexation clause, and 1 — 1/n are kept
unchanged. If the cost-of-living adjustments are defined in terms
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of inflation cumulated between the last wage increase and the last
period before the adjustments, then the average wage increase in
period t is

1 1)\ 1 13 1 2
w':[———j T o +—X =—§n75+— x—En,s , 5
t N . t N t ns:l t N t = t ()

where x, is the initial nominal increase of the wages renegotiated
at time t. The superscript | over w, denotes that this variable
measures the change in the aggregate wage when contracts are
indexed.

To complete the model of aggregate wage adjustment, one needs
to specify what determines x,. Extrapolating from simple studies
of lagged wage indexation, one might be tempted to simply as-
sume that the second term of the right-hand side of equation 5 is
either a positive function of the output gap or merely a constant.
If contracts are revised, however, x, must be agreed on in the
wage negotiations between firms and workers.

To model x,, | postulate that the outcome of the wage negotia-
tions maximizes the expected value of a quadratic function of the
average real wage implied by each contract.?® This specification
implies that the initial nominal wage of each contract is set so as
to make the expected value of the average real wage of the con-
tract equal to a target real wage, with the latter depending on the
wage setter’s expectations for the exogenous variables that enter
their objective function. If contracts that begin at time t are nego-
tiated with information on events that occurred up to time t — 1,
this can be written as x, is such that

N
E,, (contract’s average real wage) = [%Z HSJ , (6)

3. The goal of maximizing a nonlinear function of the real wage is implied by
different microeconomic models of wage determination, including the union wage
model and the efficiency wage model. The specification of the maximand as a qua-
dratic function of the real wage is used to introduce expected variables in a log-linear
manner and can be interpreted as a second-order approximation of the actual objec-
tive function. The assumption that the average real wage, rather than its present
value, matters simplifies the algebra.
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where the right-hand expression represents the target real wage for
the contracts signed for period t to t + N — 1 based on information
available at the end of t — 1. To simplify comparisons made below,
this target real wage is specified as an average of period-specific
target real wages E,_,Q,  between s = 0 and s = N — 1. Defining
precisely what determines the target real wage is not important
here; this issue will be addressed below.

Given the structure of the contracts, this specification for the
behavior of wage setters can be used to obtain expressions for x,,
as functions of past and current expectations about the target real
wage and inflation in different dates and as functions of past infla-
tion. The resulting expression can then be replaced in equation 5
to obtain an equation for aggregate wage adjustment. For space
reasons, the derivation is not presented here (see Jadresic, 1996,
for the derivation in the case n = 1). The general solution is

th :izn:nt—s +i(1_LN )Etl{iNZl [Qt+5 +(Dn(s)nt+s ]} ! (7)
N = N N 5o

where [® (s)]”,={nn-1..1nn-1..1..} and L is the standard
lag operator.

The first term on the right-hand side of this equation captures
the familiar link between current wage adjustments and past infla-
tion that is associated with wage indexation to lagged inflation. In
proportion 1/n — 1/N this term stems from the indexation clauses
contained in the contracts not revised during the reference period.
In proportion 1/N it also corresponds to a benchmark adjustment in
the revised wage contracts, with respect to which a “plus” or “minus”
initial adjustment is granted. In the aggregate, this term implies that
the elasticity of current wage adjustment with respect to an unex-
pected shock in the last period’s inflation rate is equal to 1/n.

The second term captures the effect of the initial wage revi-
sions. These revisions can break the mechanical link between ag-
gregate wage changes and past inflation. Whether this happens
depends on the wage setters’ target real wage and expected infla-
tion during the life of the new contracts, as compared to the tar-
get real wage and inflation expectations they held when they signed
the contracts that just ended. For example, if the inflation rate
expected (at t — 1) for the n periods to come rises relative to the
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inflation rate that was expected (at t — n — 1) for the last n periods,
then the aggregate wage will grow faster than past prices.

The second term on the right-hand side of equation 7 implies
that the elasticity of the current aggregate wage with respect to a
change in expected inflation is equal to (n + 1)/2N. (This assumes
that current and future inflation rates are all expected to change
by the same amount.) This elasticity would be zero if wage index-
ation were relative to the current price level: in that case all the
wage adjustments would be postponed until the changes in infla-
tion actually occurred. This is not the case here, however, because
with indexation to lagged inflation the anticipation of a permanent
increase in inflation reduces the expected real wage and leads wage
setters to grant larger initial wage increases; the size of this effect
is proportional to (n + 1)/2. The impact of this effect at the aggre-
gate level is multiplied by 1/N, as this effect is filtered by the
fraction of contracts negotiated in each period.

2.2 Alternative Standards of Reference

Because wage indexing helps to prevent the cost of too fre-
guent negotiations, in practice indexed wage contracts are long-
term contracts; for instance, the typical duration of indexed
contracts in the unionized sector of the U.S. labor market is three
years or more, and in Chile it is two years. Different standards of
reference can be used to evaluate the effects of these contracts.
One possibility is to compare the indexed wage contracts against
similarly long-term contracts that specify preset time-varying wag-
es during the life of each contract, like the nonindexed contracts
observed in the unionized sector of the U.S. labor market. Anoth-
er possibility is to compare these indexed wage contracts against
shorter-term contracts that specify a fixed wage during the life of
each contract, like the one-year contracts that seem more com-
mon in the rest of the world.

Contracts with Preset Time-Varying Wages

Consider first the case in which the nonindexed contracts specify
preset time-varying wages, such as Fischer's (1977) nonindexed con-
tracts. In this case, wage setters can go beyond the attempt to achieve
an average expected real wage and instead target a specific real wage
for each period. With uniform staggering, this leads to
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N 1 N
ZEts TCt+(J) +N tNl Znts+mts ! (8)
S=!

1
N s=1

where E, .o, is the expected change in the target real wage be-
tween t — 1 and t according to information at t — s, and so forth.
The superscript P over w, is used to denote that the change in the
aggregate wage refers to contracts with preset time-varying
wages. Here the length of these contracts is assumed to be the
same as the length of the indexed contracts.

The first term on the right-hand side of equation 8 contains
the adjustment of wages stemming from the changes in expected
prices and the target real wage, according to the information that
was available at the time the contracts were signed. The second
term captures the effect of updating wages in the recently negoti-
ated contracts, which depends on the discrepancy between the
inflation rates and target real wages forecast in the previous ne-
gotiation with respect to their actual values.

In equation 8, the elasticity of the current aggregate wage with
respect to a shock in the previous period’s inflation rate is smaller
than before: 1/N rather than 1/n. Also, if n is larger than one, the
elasticity of the current aggregate wage with respect to a shock in
expected inflation is smaller: 1/N rather than (n + 1)/2N.

Contracts with Fixed Wages

Consider now the case of contracts in which wages remain fixed
during the term of the agreement, as in Taylor's (1980) contracts.
The length of these contracts is denoted by M. If staggering is
uniform and if wage setters target an average real wage during
the life of each contract, it can be shown that

=—Zﬂts (1 LM )E,. { Z[Qt+s )nm]}, C)

where the superscript F over w, denotes that the change in the
aggregate wage refers to contracts with fixed wages.

Equation 9 can be seen as a special case of equation 7 for in-
dexed contracts, one in which the indexation period and the length
of the contracts are identical and set equal to M. Accordingly, the
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first term on the right-hand side of this equation comes from a
catch-up wage increase granted in the revised contracts, which
compensates for the effect of inflation on the real value of the
wages agreed in the negotiations held M periods earlier. The
second term corresponds to the wage increase above or below the
catch-up term granted in the revised contracts.

There is the issue of defining the duration of the fixed wage
contracts used for comparison purposes. In practice, since the du-
ration of fixed wage contracts is usually shorter than the duration
of indexed wage contracts, it is most relevant to consider cases
where M < N. At the same time, since actual indexed contracts
typically specify indexation periods equal to or shorter than one
year, while the most common fixed wage contracts seem to have a
duration of one year, it seems more relevant to consider cases
where M > n. The research reviewed below focuses primarily on
such cases, often assuming M = N/2 and then exploring the conse-
guences of alternative assumptions when relevant for the purpos-
es at hand.

With this range for M, the elasticities of the current aggregate
wage with respect to expected and past inflation under fixed wage
contracts can be compared unambiguously with those under in-
dexed contracts. First, equation 9 implies that the response of the
current aggregate wage to the expectation of a permanent increase
in inflation is proportional to (M + 1)/2M, which for M < N is al-
ways larger than the corresponding response in the case of in-
dexed wage contracts. The intuition is that because fixed wage
contracts are front loaded and do not offer any cost-of-living ad-
justments during their term, these contracts tend to be much more
sensitive to changes in inflation expectations when they are rene-
gotiated. Second, equation 9 implies that the response of the cur-
rent aggregate wage to a shock in last period’s inflation rate is
proportional to 1/M, which for M > n is always smaller or equal to
the corresponding response in the case of indexed contracts.

Table 1 summarizes the elasticities of the current aggregate
wage in response of a shock in the previous period’s inflation rate
and to a shock in expected inflation implied by the alternative
wage contracts being considered.

The Target Real Wage

To model the determination of the target real wage, | have generally
assumed that wage setters target a real wage that is equiproportional
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Table 1. Elasticity of the Current Aggregate Wage?

In response to ashock in In response to ashock in
Type of contract previous period's inflation expected inflation
Indexed wages Un (n+1)/2N
Preset time-varying wages UN UN
(-) (-or=)
Fixed wages UN (M+1)2M

(-or=) )

a. The signs in parenthesis indicate whether the elasticity is smaller than (=), larger than (+) or equal to (=) the
corresponding elasticity for contracts with indexed wages. It is assumed that n, N, and M are positive integers,
and thatn <M < N.

to the expected level of aggregate output (which, under the implicit
assumption that the labor force is constant, is the same as the ex-
pected level of aggregate output per person in the labor force). For-
mally, this can be written as

E..Q E.Y

t+s ?

trs (10)
where Y., is the level of aggregate output in period t +s.

This specification for the target real wage captures the intu-
ition that the real wage tends to increase when the labor market
becomes tighter and when the economy becomes richer. In addi-
tion, the specification is consistent with the theory and the empir-
ical evidence. From a theoretical perspective, for a given size of
the labor force, the assumption that the target real wage is pro-
portional to the level of output is consistent with a supply-wage
relation linking the real wage negatively with the rate of unem-
ployment. As emphasized by Blanchard and Katz (1997), such a
relation is implied by all the main modern approaches to wage de-
termination based on explicit maximization models, including the
matching approach, the efficiency wage approach, and the competi-
tive approach. From an empirical perspective, in turn, the assump-
tion that the target real wage is equiproportional to the expected
level of output ensures that the rate of unemployment and the
functional distribution of income in the models considered below
are constant in the steady state; these features conform with the
long-term evidence on these variables. Furthermore, the assump-
tion of equiproportionality between output and the target real wage
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is consistent with the extensive empirical evidence on the wage curve
compiled by Blanchflower and Oswald (1995).4

While this is a plausible specification for the target real wage,
the driving force for the results presented below lies in the differ-
ences in the elasticities of the aggregate wage with respect to past
and expected inflation implied by the different types of contract.
It seems unlikely, therefore, that the essence of those results would
be significantly altered by considering other plausible specifica-
tions for the target real wage. For instance, as noted below, as-
suming that the elasticity of the target real wage with respect to
output is different from one tends to make no difference in the
basic results.

3. WAGE INDEXATION AND THE CoST OF DISINFLATION

It is apparent that the wage equations derived in the previous
section can have very different consequences from those implied
by the assumption that indexation is based on current inflation.
But what precisely are those consequences? This section examines
the effects of wage indexation on the cost of disinflation.

3.1 Money-Based Stabilization

There is a remarkable contrast between the views of academic
researchers and those of policymakers on the effects of wage index-
ation on the cost of disinflation. On the one hand, the standard aca-
demic presumption since Friedman (1974) has been that price
escalator clauses facilitate the end of inflation. This presumption is
based on the notion that indexation speeds up the adjustment of
wages to changes in inflation, and it is implied by the standard mod-
el of indexation to current inflation, as well as by the lagged wage
indexation models generated by Fischer (1985, 1988). On the other

4. Their central finding from data for a number of regions and periods is thata 1
percent increase in the unemployment rate typically reduces the real wage by about
0.1 percent (Blanchflower and Oswald, 1995). With standard estimates for the Okun’s
Law coefficient of between 2 and 3 (for instance, see Adams and Coe, 1990) and an
unemployment rate on the order of 5 percent, their finding implies that a 1 percent
increase in aggregate output would raise the real wage on the order of 1 percent.
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hand, as highlighted by Simonsen (1983) and Williamson (1985),
policymakers have generally contended that wage indexation causes
inflationary inertia and thus makes disinflation more difficult. For
instance, the economic authorities in Chile recently pointed to wage
indexation to explain why faster disinflation was not possible in
the country, and wage indexing was prohibited in Argentina and
Brazil during recent stabilization programs.®

Until recently, the only published paper to explicitly evaluate
the consequences of indexation to lagged inflation during disinfla-
tion was Bonomo and Garcia (1994).6 These authors replicate Ball's
(1990) analysis of credible disinflation policies in a closed economy
with staggered fixed prices, but they expand the model by adding
an indexation rule according to which, at the midpoint of the peri-
od between successive price revisions, individual prices are ad-
justed by the inflation cumulated since the last price revision. As
in Ball's earlier work, Bonomo and Garcia (1994) find that certain
gradual disinflation policies could cause a boom in the economy if
they were credible; under indexation, however, the boom caused
by those policies would be followed by a recession, such that the
net output gain during the disinflation would be smaller in the
indexed economy than in the economy modeled by Ball. They also
estimate that the time necessary to reduce inflation without af-
fecting output would be longer in the indexed economy.

Bonomo and Garcia’s findings suggest that wage indexation
could make disinflation harder. However, since their analysis fo-
cuses on gradual and credible policies that cause net booms rather
than net recessions, it really does not evaluate whether index-
ation makes disinflation more costly. Perhaps most important, the
paper provides no obvious explanation for the contrasting academic
and policymakers’ views on the effects of indexation on the cost of
disinflation.

To shed light on these issues, Jadresic (1996) examines the
costs of disinflation implied by wage equations similar to those
presented in the previous section. As in most of the prior litera-
ture, the paper focuses on the output loss caused by money-based
stabilization. Its results fully dispel the notion that wage index-
ation necessarily raises or lowers the cost of disinflation, and it

5. For a brief review of the literature on the effects of wage indexation on the
cost of disinflation, see the introduction in Jadresic (1996).

6. Formally, they referred to price indexation rather than wage indexation, but
this difference is insubstantial.



224 Esteban Jadresic

provides a suitable explanation for the difference between the views
of academics and policymakers on the effects of wage indexation on
disinflation. The analysis shows that the cost of disinflation in an
economy with indexed wage contracts tends to be smaller than in
an economy with preset time-varying wage contracts, but larger
than in an economy with short-term fixed wage contracts. Thus it
turns out that the academic and policymakers’ views can both be
appropriate depending on the standard of reference used to eval-
uate the effects of wage indexation.”

To illustrate this result, figure 1 shows the behavior of output
and inflation implied by the wage equations 7, 8, and 9 after a
sudden reduction of money growth, under the simple assumptions
that price inflation is equal to wage inflation (r, = w,), and that
aggregate output growth is determined by

Ye =M -7, (11)

where m, is the growth rate of money. The figure assumes that
the cut in money growth is unanticipated but permanent (equal to
0.01 in log terms) and that N = 4, n = 1. The short-term fixed wage
contracts assume M = N/2 = 2. (The less relevant case of M = N is
discussed in Jadresic, 2002; it is omitted here for space reasons.)

Figure 1 shows that the net output loss during disinflation is
largest when contracts specify preset time-varying wages, small-
est when contracts are short-term and specify fixed wages, and
intermediate when contracts contain indexation clauses. Note that
the cost of disinflation with indexed wage contracts appears to be
smaller than with preset time-varying wages.

Disinflation policies with more complex paths for the growth
rate of money can eliminate the boom shown above by the indexed
economy. For instance, with a monetary policy designed to obtain
a linear disinflation in the indexed economy, this economy dis-
plays no boom following the recovery but enjoys a faster disinfla-
tion and thus a faster recovery to full employment. The path of

7. This explanation accords with the fact that much of the academic literature
refers to the United States—where contracts with preset time-varying wages abound
in the unionized sector of the labor market and thus seem a relevant yardstick for
evaluating the effects of wage indexation—while the policymakers’ view alludes es-
sentially to other countries, where fixed wage contracts often provide a more appro-
priate standard of reference.
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Figure 1. Output during Money-Based Stabilization:
Closed Economy
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output and inflation during disinflation can also differ from the
one depicted in figure 2 for several other reasons, including if there
is only partial credibility, if the disinflation is anticipated, if there
is a procyclical ratio between prices and wages, if the real wage
targeted by wage setters depends on output with an elasticity dif-
ferent from unity, if money demand is interest elastic, and if the
economy is open. (The latter case is shown in figure 2, using the
model and base case parameters presented below.) The analysis in
Jadresic (1996) indicates, however, that the ranking of disinflation
costs mentioned above is quite robust under these alternative cir-
cumstances: the net output loss during the disinflation tends to be
smaller in the indexed economy than in the economy with preset
time-varying wage contracts and larger than in the economy with
short-term fixed wage contracts.

What is the source of the discrepancies in the behavior of the
economies with and without indexation? The answer to this ques-
tion lies in the different elasticities for the current aggregate wage
implied by the contracts under consideration.
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Figure 2. Output during Money-Based Stabilization:
Open Economy
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Compare first the elasticities of the aggregate wage under in-
dexed wage contracts with the elasticities of the aggregate wage
under contracts that specify preset time-varying wages. As noted
above and shown in table 1, the elasticity of the aggregate wage in
response to changes in the past period’s inflation rate is always
larger when wages are indexed. During disinflation, this feature
implies that once initial reductions in the inflation rate have been
achieved, the existence of indexation feeds a larger part of those
reductions back into wages and inflation in following periods. In
comparison with an economy featuring contracts that specify pre-
set time-varying wages, this enhanced feedback from recent infla-
tion to current inflation can permit a faster recovery, create a
boom following the recession, or prevent a larger drop of output
during the recession caused by the cut in money growth. As a
result, the output cost of disinflation in the indexed economy tends
to be smaller.

The favorable consequence of indexation for the cost of disin-
flation due to the effect just described can be reinforced if the
indexation period is longer than the basic period in which the
preset time-varying wages are kept fixed (in the model, if n > 1).
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If this is the case, the aggregate wage under indexation is not only
more responsive to past inflation, but also more responsive to chang-
es in expected inflation. In comparison with an economy charac-
terized by preset time-varying wages, this effect directly helps to
break the inflationary inertia in the indexed economy at the begin-
ning of the disinflation and, as a result, also helps to reduce the
output cost of disinflation.®

Compare now the elasticities of the aggregate wage under in-
dexed wage contracts with the elasticities of the aggregate wage
under fixed wage contracts. As noted above and shown in table 1,
the elasticity of the aggregate wage in response to a shock in ex-
pected inflation is always smaller when wages are indexed. This
implies that wage indexation makes it harder to break the initial
inflationary inertia of the economy and thus it tends to deepen the
recession associated with a sudden reduction in money growth.
Unless some other force dominates, it follows that wage index-
ation raises the cost of disinflation when indexed wage contracts
are compared with fixed wage contracts.

Note, however, that the elasticity of the aggregate wage in
response to the past period’'s inflation rate is larger when wages
are indexed if the length of the fixed wage contracts used as the
standard of reference is longer than the length of the indexation
period, for instance, if the fixed wage contracts have the same
duration as the indexed contracts. This observation raises the ques-
tion of whether, in this case, the enhanced feedback from past to
current inflation caused by wage indexation can more than com-
pensate for the adverse effect of indexation on the cost of disinfla-
tion caused by the smaller responsiveness of wages to the expected
disinflation. In Jadresic (1996), | find that this can be the case if
the fixed wage contracts used as the standard of comparison have
the same duration as the indexed wage contracts and if the econo-
my is such that early in the disinflation there is a sizable fall in
prices independent of wages—stemming, for instance, from a large
appreciation of the domestic currency or a sharp drop in marginal
costs. However, when the standard of reference is a fixed wage
contract half as long as the indexed contract and twice as long of
the indexation period, the result that wage indexation raises the
cost of disinflation emerges unchanged in the simulations, even in
the case of disinflation with sizable initial falls in prices independent

8. This effect is not considered in Jadresic (1996), which assumes n = 1.
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of wages. More generally, of course, the basic result can always be
preserved by using a standard of reference based on short-term
fixed wage contracts whose length is equal to or shorter than the
indexation period of the indexed contracts.®

To summarize, wage indexation can raise or lower the net out-
put loss caused by money-based stabilization depending on the stan-
dard of reference. In comparison with contracts specifying preset
time-varying wages, indexed wage contracts reduce the cost of
disinflation; this is mainly because indexation establishes an auto-
matic feedback from past to current inflation that facilitates dis-
inflation once initial reductions in inflation have been achieved. In
comparison with short-term contracts specifying fixed wages, in
turn, indexed wage contracts tend to raise the cost of disinflation
because indexation reduces the responsiveness of wages during
the early stages of disinflation.

3.2 Exchange-Rate-Based Stabilization

The theoretical literature on wage indexation dedicates little
specific attention to the effects of wage indexation during exchange-
rate-based inflation stabilization.1® In this case, however, the Gray
(1976) model clearly implies that wage indexation would make dis-
inflation easier. For example, with full wage indexation to current
inflation, pegging the exchange rate should stop inflation abruptly
and without costs. As in the case of money-based disinflation, this

9. To provide an example of the relative elasticities of indexed and fixed wage
contracts, consider the case of Chile. Typical indexed wage contracts last for twenty-
four months and have an indexation period of six months (with 100 indexation to
lagged inflation); the implied elasticities of the current aggregate wage with respect
to the inflation rate in the past period and expected inflation are 0.167 and 0.146,
respectively. Suppose that the alternative to these contracts are fixed wage contracts
that last for twelve months. In this case, the elasticities of the current aggregate
wage with respect to inflation in the past period and to expected inflation are 0.083
and 0.542, respectively. Thus the elasticity of the aggregate wage with respect to past
inflation for the indexed contracts is twice as large as the same elasticity for the fixed
wage contracts, and the elasticity of the aggregate wage with respect to expected
inflation for the indexed contracts is close to one-fourth of the same elasticity for the
fixed wage contracts.

10. A sizable theoretical literature addresses the relation between wage index-
ation and monetary and exchange rate policies in open economies, but this literature
focuses on other issues (see next section and the surveys listed in the opening para-
graph). This gap contrasts with the significant attention that exchange-rate-based
stabilization has received elsewhere in the academic literature since the early 1980s.
For a review and assessment of the different approaches used in the latter literature,
see Rebelo and Végh (1995).



The Macroeconomic Consequences of Wage Indexation 229

prediction again stands in sharp contrast with the view of policy-
makers and applied observers, who tend to believe that wage index-
ation makes disinflation harder during exchange-rate-based
stabilization. For instance, the ban on wage indexation in Brazil and
Argentina mentioned above was implemented in a context of ex-
change-rate-based stabilization plans.t!

This section explores whether the consequences of wage index-
ation during a money-based stabilization described above also apply
in the context of an exchange-rate-based stabilization. The analysis is
based on a Mundell-Fleming economy characterized by a domestic
and a foreign good that are imperfect substitutes and by a domestic
and a foreign bond that are perfect substitutes. The notation for the
variables in this economy is as follows: y, measures the growth rate
of aggregate domestic output; p, is the rate of change in the price of
the domestic good in terms of domestic currency; =, denotes the in-
flation rate; i, represents the nominal interest rate of the domestic
bond; m, is the growth rate of the domestic money supply; and s,
indicates the devaluation rate of the domestic currency. It is assumed
that foreign variables are constant in level. The following relations
hold in this economy:

Yo ==B(1-L)(i,~E.my )+ v(si—p) (12)
m -mn, =y -5(1-L)i, , (13)
po=W, +ay, , (14)
n =ep +(1-¢)s, , and (15)
i, =E,S.; (16)

where «, B, v, 8, and € are nonnegative parameters.
Equations 12 through 16 represent, respectively, the principle
of effective demand in the market for the domestic good, the money

11. The policymaker’s view is often illustrated with the aid of Simonsen’s (1983)
wage equation described above, under the assumption that p = 0, and an additional
inflation equation of the type n, = nw, + (1 — n)s,, where s, is the devaluation rate of
the domestic currency and n is a parameter between zero and one (see Edwards, 1996,
for a recent example). This framework directly implies that pegging the exchange
rate when wages are indexed reduces inflation slowly and at the cost of a real apprecia-
tion (because it implies n, = Ann,, and s, — n, = —=Anm, ). As noted above, however, this
approach does not permit an explicit comparison of the effects of indexed and
nonindexed wage contracts, and thus it should only be considered as illustrative of
the policymaker’s concern.
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market equilibrium condition, the pricing equation for the domes-
tic good, the definition of inflation as a weighted average of the
rate of change in the price of domestic and foreign goods in do-
mestic currency, and the uncovered interest parity condition for
the domestic and the foreign bonds. Equations 12 and 15 implicitly
assume the law of one price for the foreign good.

Figure 3 combines equations 12 through 16 with the wage equa-
tions presented above to show the effects of an unanticipated, cred-
ible reduction in the devaluation rate. The economy is assumed to
have been in a steady state with persistent inflation before the
new policy is implemented, at time t = 1. The output path depicted
for each type of contract corresponds to a base case in which o = 0,
which captures the stylized fact that output does not have strong
effects on prices, given wages (Blanchard and Fischer, 1989, pp.
464-67). This base case also assumes 3 = 0.5, y = 0.3, 8 = 0.5, and
¢ = 0.7, which are comparable in order of magnitude with those
considered by Fischer (1988) and Henderson and McKibbin (1993).
Also, the base simulations assume N =4 and n = 1, with the short-
term fixed wage contracts half as long as the indexed contracts.
The experiment considers a reduction in the rate of devaluation
equal to 0.01 in log terms.

Figure 3. Output during Exchange-Rate-Based Stabilization:
Base Case

0.005

-0.005 \ |

Log deviation from steady-state output

-0.010

Period



The Macroeconomic Consequences of Wage Indexation 231

Figure 3 shows that with the base-case parameters, the basic
outcome of a sudden reduction of the rate of devaluation is a reces-
sion. This result is similar to that found for a money-based stabiliza-
tion, although now the overall output loss is smaller (compare figure
3 with figure 2; see also table 2) and in the case of contracts with
preset time-varying wages, the economy experiences a short-lived
initial boom. Most importantly for the purposes of this paper, the
figure suggests that the ranking of the disinflation costs is the same
as in the case of a money-based stabilization; that is, the largest net
output loss occurs when contracts specify preset time-varying wag-
es, the smallest occurs when contracts are short-term and specify
fixed wages, and an intermediate level occurs when contracts are
indexed. This perception is confirmed by the numerical net output
loss reported in the first row of table 2.

To clarify this result, figures 4 and 5 consider two special cases
that permit the separation of the two channels through which the

Table 2. Net Output Loss during Exchange-Rate-
Based Stabilization?

Preset time-varying

Parameter Indexed wages wages Fixed wages
Base model® 1.32 1.69 0.76
p=0 1.26 1.58 0.54
y=0 0.35 0.35 0.35
p=1 1.50 1.89 1.61
y=0,=1 0.70 0.70 0.70
y=1 3.75 5.03 1.99
a=05 1.08 1.47 0.64
=05 1.16 1.64 0.69
N=2 0.77 0.81 0.55
N=2,y=0 0.35 0.35 0.35
N=8 2.63 491 1.45
N=8,y=0 0.35 0.35 0.35
Net output loss during money-based stabilization®

Base model® 1.80 2.72 1.01

a. Sum of log deviation of output from steady-state level in response to a reduction in the devaluation rate of
0.01 in log term (x 100).

b. Assumes =0,  =0.5,y=0.3,8=05,e=0.7, N=4, and n=1.

c. Sum of log deviation of output from steady-state level in response to a reduction in money growth of 0.01 in
log term (x 100).
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exchange-rate-based stabilization affects aggregate demand. First,
figure 4 shows that when demand responds only to the real ex-
change rate (B = 0), the exchange-rate-based stabilization causes a
recession. This is because the gradual adjustment of wages and
inflation causes the reduction of the devaluation rate to trigger a
temporary real appreciation of the domestic currency, which re-
duces the demand for domestic output during the adjustment pro-
cess. Second, figure 5 shows that when demand responds only to
the real interest rate (y = 0), the exchange-rate-based stabilization
can cause a boom-recession cycle, as noted by Rodriguez (1982)
and Dornbusch (1982). This is because the fixing of the exchange
rate can reduce the real interest rate during the early stages of
the disinflation—as it fixes the nominal interest rate in an infla-
tionary context—which must fall below its steady-state level to
reestablish the equilibrium real exchange rate.

The evaluation of the net output losses with and without wage
indexation in these two special cases is revealing. When aggregate
demand depends only on the real exchange rate, the ranking of

Figure 4. Output during Exchange-Rate-Based Stabilization:
Demand Elastic to Real Exchange Rate Only
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Figure 5. Output during Exchange-Rate-Based Stabilization:
Demand Elastic to Real Interest Rate Only
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these losses is as above; that is, indexed wage contracts reduce the
cost of disinflation relative to preset time-varying wage contracts
and increase it relative to short-term fixed wage contracts (second
row of table 2). When aggregate demand depends only on the real
interest rate, in turn, the net output losses are identical regardless
of the type of wage contracts prevailing in the economy (third row
of table 2). This implies that wage indexation influences the cost of
disinflation only through its effect on the size of the real apprecia-
tion of the domestic currency. Inasmuch as the elasticity of the
aggregate wage to the expected disinflation is larger when contracts
are indexed than when contracts specify preset time-varying wag-
es, it is not surprising that indexed wage contracts reduce the cost
of disinflation relative to those contracts. By a similar reasoning, it
is not surprising that indexed contracts increase the cost of disin-
flation relative to short-term fixed wage contracts.

This paper offers no general proof that the above finding should
always obtain, but the simulation results reported in table 2 suggest
that this finding is robust to alternative parameter specifications.
More generally, it seems clear that to the extent that output is
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adversely affected by a real appreciation of the domestic curren-
cy, the basic effect of wage indexation described in the previous
paragraph will be preserved. | thus conclude that the qualitative
effects of wage indexation on the cost of disinflation under an ex-
change-rate-based stabilization are likely to be similar to those un-
der a money-based stabilization: indexed wage contracts tend to
lower the cost of disinflation relative to preset time-varying wage
contracts and raise it relative to short-term fixed wage contracts.

4. WaGE INDEXATION AND OUTPUT STABILITY

The previous section examined the consequences of wage in-
dexation in the context of a change in policy regime, characterized
by a change in the growth rate of money or in the devaluation
rate. Most of the academic literature on wage indexation, howev-
er, focuses on the consequences of wage indexation when the econ-
omy is hit by exogenous shocks, for a given policy regime. This
section reviews the effects of wage indexation to lagged inflation
in such a context, focusing on its impact on output stability.

4.1 The Gray-Fischer Proposition Revisited

Despite the sizable literature that has accumulated on the top-
ic, the major academic proposition on wage indexation continues
to be that originally stated by Gray (1976) and Fischer (1977): in-
dexing wages stabilizes output when shocks are nominal and de-
stabilizes output when shocks are real. Following Gray, the
standard argument in support of this proposition hinges on the
assumption that wage indexation is based on current inflation. Fis-
cher’s analysis of the lagged indexation rule described by equation
2 also supports this proposition. While Fischer admits that such
an indexing formula may be a far cry from the indexing formula
used in practice and mentions that indexing to lagged inflation
could modify his conclusion that wage indexation stabilizes output
in the face of nominal shocks if shocks are transitory, he conjec-
tures that if the nominal shocks are permanent, his basic conclu-
sion should be preserved. He does not address this issue formally.

In Jadresic (2002), I reexamine the effects of wage indexation
on output stability in an economy similar to that considered by Gray
and Fischer, but using wage equations similar to the ones derived
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above. Following their analysis, | consider a closed economy in
which the exchange rate plays no important role and focus mainly
on the case in which the policy regime features a fixed money
supply. To solve the problem analytically, I also assume that in-
dexed and preset time-varying wage contracts have a duration of
two periods, while fixed-wage contracts have a duration of one
period, equal to the indexation period. For comparison, Gray’s con-
tracts are one-period contracts, while Fischer’s contracts are two-
period contracts in the case of nonindexed contracts and an
undetermined number of periods in the case of indexed contracts.

The main result stemming from Jadresic (2002) is that in Gray
and Fischer’'s economy, wage indexation to lagged inflation tends
to destabilize output regardless of whether shocks are nominal or
real. This appears to be true both when indexed wage contracts
are compared with short-term fixed wage contracts and, under
plausible parameter values, when they are compared with preset
time-varying wage contracts.

To illustrate this result, consider an economy in which the rate of
change of aggregate output is determined by the rate of change of
the real money supply and a nominal shock v, that is independent
and serially uncorrelated, with mean zero and variance o, 2. This shock
can be interpreted as a permanent, unanticipated shock reduction in
money demand. Given the assumption that the monetary authority
follows a fixed money supply rule, this specification implies that

Y, =-T, +V, . a7
Also assume that inflation is determined by the simple relationship
T, =W, — U, , (18)

where u, is a real shock at period t, assumed to be independent
and serially uncorrelated, with mean zero and variance Guz_ This
shock can be interpreted as an unexpected and permanent increase
in the level of productivity.?

Equations 17 and 18 can be solved for each type of contract by
combining them with the corresponding wage equation, with N = 2

12. This is a simplified version of the inflation equation considered in Jadresic (2002),
which in addition includes the term a(y, — u,) in its right-hand side, where o is the elastic-
ity of prices, given wages. This term is omitted here for simplicity, as the stylized fact
seems to be o~ 0 (Blanchard and Fischer, 1989, pp. 464—67). See the discussion below.
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and n = M = 1, and making the rational expectations assumption
that the policy regime of a fixed money supply is well known and
that actors know the structure of the economy. The paper’'s main
interest here is the behavior of the output gap (Gap,), which is
defined as the difference between the actual and the frictionless
level of output, with the latter being the level of output that would
be observed if wages were fully flexible and the current shocks were
fully observable.’® Solving for this variable leads to the following
stochastic difference equations:

2 1 1 2
Gap, ==Gap!, - =Gap/ , +V, + =V, + —U,_ (19)
o 5 Pe-1 5 P:-> ¢ T g Vi 5
1
Gap! =v, +EVt71 , and (20)
Gap! =v, , (21)

where the meaning of the superscripts is obvious.

The behavior of the output gap in response to real and a nominal
shocks implied by these equations is depicted in figures 6 and 7. Con-
sider first the case of a nominal shock. The initial impact of such a
shock is identical regardless of the type of wage contract. This result
arises because, independently of the type of contract considered,
wages in any given period are predetermined. Consequently, a posi-
tive shock v, tends to increase real money balances and output iden-
tically. Because of the assumption that prices do not respond directly
to output, inflation is not modified at the time of the impact and
output increases precisely by the amount of the shock.

In subsequent periods, the effects of a nominal shock do
depend on the nature of the contracts in the economy. The quick-
est adjustment of output to equilibrium occurs when short-term
fixed wage contracts prevail; in this case the initial expansion of
output lasts only for the period of the impact. When preset time-
varying wage contracts prevail, one-half of the initial expansion of
output persists one period after the impact; thereafter the econo-
my rests in equilibrium. Finally, in the case of indexed contracts,
three-fifths of the initial expansion of output persists one period

13. In the model presented here, the frictionless level of output is proportional to
the level of productivity. Indeed, with fully adjusting wages and perfect information,
wage setters would set w, = , + y,; this equation and equation 18 together imply that
the rate of change of the frictionless level of output is u,.



Figure 6. Output Effects of a Nominal Shock in a Closed
Economy with a Fixed Money Supply
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Figure 7. Output Effects of a Real Shock in a Closed
Economy with a Fixed Money Supply
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after the shock; thereafter output converges to its equilibrium
through an oscillatory process that rapidly fades away.'*

Any reasonable measure of instability demonstrates that these
results imply an unambiguous overall effect of wage indexation on
the response of output to the nominal shock: wage indexation de-
stabilizes output. What is the intuition? In comparison with short-
term fixed wage contracts, indexed wage contracts imply a slower
return of output to its equilibrium level; that is, the indexation
clauses do not provide a mechanism to compensate for the fact
that with longer contracts, a smaller fraction of wages are revised
in every period. In comparison with preset time-varying wage con-
tracts, the reason is more subtle: since the indexation clauses au-
tomatically transmit part of the increase in wages and inflation
from one period to the other, wage setters respond to a positive
nominal shock to the economy by anticipating that in subsequent
periods inflation will stay temporarily above the trend and that
real money balances and output will continue to fall; the anticipation
of falling output moderates the adjustment of wages and inflation
during the first period after the impact, which slows down the econo-
my'’s adjustment and causes the initial expansion of output to persist.

Consider now the case of a real shock. As shown in figure 7,
such a shock has no impact on the output gap in the period in which
it affects the economy. Given that in any single period wages are
predetermined, a positive real shock, u,, reduces prices proportion-
ally and increases real money balances and output exactly by the
same magnitude as the size of the shock. Because output and the
frictionless level of output increase by the same amount, the output
gap remains unaltered. While this result differs from the expansive
effect implied by the positive nominal shock considered above, this
outcome again does not depend on the type of contract considered.

In subsequent periods, output remains in equilibrium under
short-term fixed and preset time-varying wage contracts, but with
indexed wage contracts, output is destabilized: there is a boom
in the first period after the shock, and thereafter output converg-
es gradually to its equilibrium level. The boom occurs because
the reduction in the inflation rate in the period of the shock is
transmitted automatically into an inflation rate that is lower than

14. The oscillatory and convergent nature of the evolution of output can be veri-
fied by computing the roots of the characteristic equation implied by equation 19,
which are imaginary and have the property that the multiplication of their inverses is
less than one.
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the trend in the next period; this effect raises real money balances
and expands output despite the fact that no additional shocks have
occurred (in the simple model considered here, the size of the
output gap in the period following the shock is two-fifths of the
magnitude of the shock). In the next period, upward pressure on
wages increases inflation and moves real money balances and output
toward their equilibrium levels. Thereafter, output converges to its
equilibrium after a sequence of oscillations that gradually fade away.®

In the context of Gray and Fischer’s specific closed-economy model,
Jadresic (2002) shows that the findings that wage indexation to lagged
inflation generally destabilizes output tend to be robust to consider-
ing a more general inflation equation, which allows for a direct effect
of output on prices, given wages. For nominal shocks, the caveat is
that if this effect is positive and strong enough, wage contracts in-
dexed to lagged inflation can stabilize output relative to preset time-
varying wage contracts—although they would continue to destabilize
output relative to short-term fixed wage contracts. In the case of real
shocks, wage indexation would always be destabilizing.

These findings are not robust, however, to alternative assump-
tions about the nature of the economy. As discussed in the following
section, considering an open economy can fully reverse these find-
ings. Allowing for alternative monetary policies can also have signif-
icant effects. For instance, the analysis in Jadresic (2002) shows
that if money supply is indexed to lagged inflation rather than being
fixed, the variability of output with indexed wage contracts is re-
duced to the same level as the variability of output with contracts
that specify preset time-varying wages under a fixed money supply.
One implication of this result is that even if the economy is hit only
by real shocks, wage indexation does not necessarily destabilize out-
put. Of course, the drawback of indexing the money supply is that
such a policy dramatically destabilizes inflation.

4.2 Output Stability in the Open Economy
Analyzing the effects of wage indexation on output stability in

a closed economy can be useful for academic purposes, and it can
be appropriate for understanding the behavior of economies with

15. As in the case of a nominal shock, this process of adjustment can be verified
by computing the roots of the characteristic equation associated with equation 19.
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a small external sector or with a financial sector that is poorly inte-
grated into the international financial markets and that applies a
crawling peg. For most countries today, however, it would be more
relevant to discuss the effects of wage indexation in the context of
an open economy. | do so in Jadresic (1998), with the help of the
simple model presented above for analyzing exchange-rate-based
stabilization. This section reviews some of the implications of that
analysis. Since the focus now is not only on evaluating the overall
effects of wage indexation on output stability, but also on exploring
more generally the effects of wage indexation on output behavior, |
start by providing some background.

The literature on international macroeconomics demonstrates
substantial agreement on the behavior of an open economy hit by
aggregate shocks under perfect capital mobility and simple nomi-
nal price or wage rigidities. The basic common principles are con-
tained in the Mundell-Fleming results, according to which a
monetary shock destabilizes output when the exchange rate floats
but does not affect it when the exchange rate is fixed, while a
shock on the demand for goods destabilizes output more when the
exchange rate is fixed than when it floats. More generally, there is
a consensus that in a conventional open economy, the response of
output and other macroeconomic variables to aggregate shocks
depends crucially on the exchange rate regime in place.1®

According to the literature on wage indexation, however, index-
ing wages can cause the behavior of an open economy to be very
different from that just described.!” The sharpest contrast arises
under the assumption of full wage indexation, in which case nomi-
nal wages are assumed to move proportionally with the current
price level and the real wage is thus deemed fixed. In conventional
models a fixed real wage makes the level of output independent
from nominal variables, and it follows that in this case the Mundell-
Fleming results cease to hold: monetary shocks do not affect output
even if the exchange rate is flexible, while shocks on the demand for
goods affect output identically with a fixed and a floating exchange

16. The seminal references on the behavior of an open economy with nominal
rigidities are Fleming (1962), Mundell (1963), and Dornbusch (1976). A useful survey
of the related literature can be found in Marston (1985). For an analysis using a
representative agent framework, see Obstfeld and Rogoff (1996).

17. On the effects of wage indexation in open economies, in addition to the general
surveys on wage indexation mentioned in the introduction, see Genberg (1989), Argy
(1990), and Turnovsky (1995).
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rate. More generally, full wage indexation would make the exchange
rate regime totally irrelevant for output behavior.18

Once the lags in actual indexation rules are taken into account,
however, it becomes apparent that wage indexation does not have
the effects mentioned in the previous paragraph. The analysis in
Jadresic (1998) confirms this presumption. By running simulations
based on the open economy model and on the wage equations pre-
sented in the previous sections, the paper finds that when the lags
in actual indexation are considered, wage indexation to lagged in-
flation affects output behavior substantially less than posited by
the previous academic literature. In particular, wage indexation
does not appear to invalidate or modify the Mundell-Fleming re-
sults or to blur the behavior of output across exchange rate re-
gimes. Rather, the response of output to a variety of shocks appears
to be qualitatively similar and of the same order of magnitude
regardless of the type of contract prevailing in the economy.

These results are illustrated in figures 8 and 9. These figures
show the response of output to a monetary and a demand shock
implied by the open economy model of the previous section and
the wage equations presented above. The shocks correspond to a
permanent, unexpected reduction in the demand for money and a
permanent, unexpected increase in aggregate demand for the do-
mestic output, respectively. As before, the simulations assume that
the respective policy regime and the structure of the economy are
well known by the actors. The floating exchange rate regime cor-
responds to the assumption m, = 0, and the fixed exchange rate
regime to s, = 0. The shocks are equivalent to 0.01 in log terms and
the parameter values are those of the base case already defined.

Consider first the case of a monetary shock. The top panel of
figure 8 shows the response of output when the exchange rate floats.
Output tends to expand temporarily regardless of the type of con-
tract prevailing in the economy. The basic reasons are familiar.

18. When the academic literature refers to partial wage indexation, the
contrast with the conventional predictions are less acute, but qualitatively the differences
remain. In this case, nominal wages are taken to move less than proportionally with the
current price level, but the real wage is still assumed to be more rigid than without wage
indexation. In standard models, this increased real wage rigidity lessens the effects of mon-
etary shocks on output when the exchange rate is flexible, and it dampens the effect of
shocks in the demand for goods on output when the exchange rate is fixed. The general
proposition is that the larger the degree of wage indexation, the smaller are the differences
on output behavior across exchange rate regimes (Marston, 1982; Turnovsky, 1983).
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First, the monetary shock reduces nominal interest rates and raises
expected inflation, cutting down expected real interest rates. Sec-
ond, the shock depreciates the domestic currency, which increas-
es the competitiveness of the economy given predetermined wages
and prices. Both effects tend to boost demand and output.

The top panel of figure 8 clearly shows that wage indexation to
lagged inflation does not insulate output from the monetary shock.
This result is partly explained by the fact that with wages indexed
to lagged inflation, the depreciation of the domestic currency
caused by the monetary shock affects future wages but does not
affect current wages. Because of this initial predetermination of
wages, the temporary rise in the competitiveness of the economy
and the temporary reduction in expected real interest rates occur
despite the existence of wage indexation. In principle, however,
the evolution of indexed and nonindexed wages following the peri-
od of the shock could be sufficiently different as to substantially
alter the behavior of output, both during and after the shock. In
this regard, the top panel of figure 8 shows that, perhaps not sur-
prisingly, the adjustment of output to its steady-state level takes
longer with indexed contracts than with short-term fixed wage
contracts. Also, output with indexed contracts does not stabilize
completely once all contracts have been revised; it converges cy-
clically to the steady-state level. In all cases, however, the overall
response of output to the monetary shock is qualitatively similar,
and the effects are comparable in order of magnitude.

Nonetheless, does indexing wages to lagged inflation at least
help to reduce its variability? The simulations for alternative
parameter values in Jadresic (1998) indicate that the answer is
ambiguous and depends crucially on the specific characteristics of
the economy. The ambiguity is closely related to the size of the
depreciation of the domestic currency due to the monetary shock
and its initial impact on prices and inflation. If these effects are
large enough, the indexation clauses imply a relatively large adjust-
ment of wages in the period after the shock occurs, and indexed
wage contracts can contribute to accelerating the process of adjust-
ing wages, prices, and output. If these effects are small—for in-
stance, because the weight of foreign goods in the CPI is low or
because aggregate demand is very sensitive to the real interest rate
or the real exchange rate—then indexed contracts can destabilize
output. Because indexed wage contracts automatically feed back
part of the initial increase in wages and inflation to subsequent
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periods, they tend to reduce expected real interest rates and thus
make the initial expansion of output more persistent. In addition,
indexed contracts tend to generate excessive cumulated inflation in
later periods, which elevates nominal and real interest rates, re-
duces competitiveness, and can drive output below its steady-state
level. Both effects work to increase the variability of output.
Figure 9 shows the case of a shock in the demand for the do-
mestic good. Given the nominal rigidity introduced by the wage

Figure 8. Output Effects of a Monetary Shock in
an Open Economy
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Figure 9. Output Effects of a Demand Shock in
an Open Economy
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contracts, the increase in demand causes a temporary boom in
output. Moreover, in line with the Mundell-Fleming results, the
magnitude of this boom is significantly smaller when the exchange
rate floats than when the exchange rate is fixed. The reason is
that the long-term real appreciation required by the economy in
order to accommodate the demand shock is attained differently
depending on the exchange rate regime. With a fixed exchange
rate, the real appreciation is achieved through an increase in wages
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and inflation in the periods following the shock. This process tem-
porarily reduces expected real interest rates and achieves the real
appreciation only gradually; these effects work to destabilize out-
put during the period of adjustment. With a floating exchange rate,
in turn, most of the required real appreciation is attained through
a nominal appreciation at the time of the shock. This nominal ap-
preciation helps to stabilize output, both by shifting demand out of
the domestic good more quickly and by putting less pressure on
wages and inflation as a vehicle for adjustment, which helps to
stabilize expected real interest rates.

For this paper, the most important result is that the order of
magnitude of the output boom caused by the demand shock does
not depend on whether the wages are indexed or not. While the
alternative types of wage contract under consideration do imply
some differences in the behavior of output during the adjustment
process, those differences are relatively minor, and they do not
change the fact that a floating exchange rate substantially moder-
ates the response of output to the shock. The relatively small ef-
fect of wage indexation on output behavior is again partly due to
the fact that, regardless of the type of wage contract prevailing in
the economy, wages are predetermined at the time the shock oc-
curs. In addition, the top panel of figure 9 shows that the differ-
ences in the behavior of output are minor even when the different
dynamics associated with the alternative types of contract are ful-
ly considered.

Does wage indexation have any tendency to destabilize the be-
havior of output in response to a demand shock when the exchange
rate floats and to stabilize it when the exchange rate is fixed? In
the case of a floating exchange rate, the top panel of figure 8 and
the simulations for alternative parameter values in Jadresic (1998)
indicate that wage indexation does tend to destabilize output. In
this case, and for almost all parameter values considered, the vari-
ance of output with indexed wage contracts is larger than with
preset time-varying wage contracts and with short-term fixed wage
contracts. The reason is that in the periods immediately after the
shock occurs, the indexation clauses quickly feed back into wages
the lower inflation due to the initial appreciation, which tends to
curb or even reduce them. This effect works first to moderate the
magnitude of the real appreciation and then to reduce the expect-
ed real interest rate, as demanders anticipate that wages and in-
flation will have to accelerate in the future in order to compensate
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the unnecessary cutback of current wages. Consequently, with a
floating exchange rate, the output boom caused by the demand shock
tends to persist longer when contracts are indexed, which destabiliz-
es output.

In the case of a fixed exchange rate, the analysis in Jadresic
(1998) indicates that wage indexation has no clear-cut effect on
the output response to a demand shock. Two parameters that are
especially important in determining whether wage indexation raises
or reduces this response are the elasticities of the demand for the
domestic good with respect to the expected real interest rate and
with respect to the real exchange rate. This is because wage in-
dexation slows down the adjustment of wages and inflation, which
tends to moderate the initial fall in expected real interest rates
but to reduce the speed of the real appreciation required to
reestablish equilibrium. While the former effect is stabilizing, the
latter is destabilizing. Depending on the specific elasticities of the
demand for the domestic good, wage indexation can either stabi-
lize or destabilize output.

Jadresic (1998) also considers the effects of price shocks and
productivity shocks. The analysis confirms that the effects of wage
indexation to lagged inflation on output behavior are relatively
small. Also, the results indicate that wage indexation is likely to
destabilize output when shocks are in prices and that it has an
ambiguous effect when shocks are in productivity.

To summarize, once the lags in actual indexation are taken
into account, wage indexation in the open economy affects the be-
havior of output substantially less than posited in the previous
literature. Also, the net effects of wage indexation on output sta-
bility in this context are ambiguous. For instance, if the economy
is hit mainly by price shocks, wage indexation is likely to destabi-
lize output. The same is bound to happen if the economy is hit
mostly by shocks in the demand for goods and there is a floating
exchange rate. However, if the economy is hit mainly by monetary
or productivity shocks, or if it is hit mainly by demand shocks and
there is a fixed exchange rate, the net effects of wage indexation
are ambiguous and depend on the economy’s parameter values.
The overall implication is that a definite evaluation of the net ef-
fects of wage indexation on output stability in the open economy
requires a precise specification of the economy under consider-
ation, an issue which requires further research.
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5. FURTHER MAcroeEcoNoMIc CONSEQUENCES OF
WAGE INDEXATION

The previous sections focused on the consequences of wage
indexation for the behavior of output. The above analysis, howev-
er, also has implications on other variables and issues. This sec-
tion explores some of those implications, comparing them with the
implications of the standard approach in the academic literature.

5.1 The Choice of Exchange Rate Regime

Building on models in which wage indexation is based on cur-
rent inflation, the indexation literature infers that wage indexation
would be a powerful reason to prefer a flexible exchange rate re-
gime over a fixed exchange rate regime. This result has come out
under the traditional approach in which the policymakers are as-
sumed to be concerned only with output stabilization, as well as
under the more modern approach in which the policymakers are
assumed to be concerned with maintaining low inflation along with
output stability, but in which their preferences are time inconsis-
tent and exhibit an inflation bias. The crux of the argument is that
wage indexation helps to protect output from monetary shocks
regardless of the exchange rate regime in place. If this effect is
true, wage indexation makes a fixed exchange rate unnecessary
for dealing with monetary shocks and reduces the incentives to
create inflationary surprises.

Consider first the traditional approach that evaluates exchange
rate regimes according to the extent to which they help to stabilize
output. While it is obviously recognized that anything can happen in
the more general case of an arbitrary degree of indexation, the lit-
erature shows that with optimal wage indexation, in which the de-
gree of indexation is optimally chosen to minimize the deviations
between the actual and the frictionless level of output, a floating
exchange rate regime is always better or at least as good as a fixed
exchange rate regime.l® This result hinges on the prediction that

19. This proposition is put forth by Flood and Marion (1982), and Aizenman and
Frenkel (1985a, b, 1986). The latter also show that around the optimal degree of wage
indexation, a higher degree of indexation raises the optimal degree of exchange rate
flexibility. In addition, they show that the concept of optimal wage indexation based
on the minimization of the expected squared discrepancy of actual output from its
frictionless level is equivalent to a concept of optimal wage indexation based on the
minimization of the welfare cost of the distortions existing in the labor market.
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wage indexation helps to protect output from monetary shocks re-
gardless of the exchange rate regime in place. If this effect is true,
wage indexation clearly weakens the key merit of a fixed exchange
rate regime under the criterion of output stabilization.

Wage indexation would also be a strong reason for preferring a
flexible exchange rate regime if policymakers are concerned with
maintaining low inflation along with output stability. This issue
has been examined using a Barro and Gordon (1983) framework in
which the policymakers’ preferences are time inconsistent and ex-
hibit an inflationary bias. In such a context and in the absence of
wage indexation, it is generally accepted that a fixed exchange
rate can perform better than a flexible exchange rate; this result
requires that the fixed exchange rate increase the credibility of
low inflation and that the benefits of this improved credibility out-
weigh the costs of losing flexibility to adjust to aggregate shocks.?0
In contrast, the indexation literature shows that if the degree of
wage indexation is optimal in the sense explained above, a flexible
exchange rate regime generally gives better results than a fixed
exchange rate regime.2! As in the previous paragraph, this result
also hinges on the prediction that wage indexation helps to pro-
tect output from monetary shocks. To the extent that this effect is
true, wage indexation obviously reduces the incentives to create
inflationary surprises and thus weakens the usefulness of the cred-
ibility effect associated with a fixed exchange rate regime.

Despite the faultless logic of the above arguments, the conclu-
sion that wage indexation makes a flexible exchange rate generally
preferable over a fixed exchange rate is unwarranted once the lags
in actual indexation rules are taken into account. As is clear from
the argument, that proposition depends crucially on the premise
that wage indexation protects output from monetary shocks even
when the exchange rate is flexible. As is also clear from the analy-
sis in the previous sections, such a premise does not conform
with the results obtained above, at least as a general or significant
proposition.

20. This result can be formally derived by applying Barro and Gordon'’s (1983)
analysis of inflationary bias with discretionary policy in an open economy context.
See, for instance, Alogouskofis (1994); Obstfeld and Rogoff (1996).

21. This result is due to Rasmussen (1993). It requires the condition that wage
setters care about inflation at least as much as the policymakers do.
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What, then, are the general implications of the analysis on the
choice of exchange rate regime? The broad similarity of the behavior
of output with and without wage indexation suggests that the choice
of exchange rate regime in economies with wage indexation depends
on the same type of factors that affect the choice of exchange rate
regime in economies without wage indexation. For instance, wage
indexation seems unlikely to significantly alter the possible tradeoff
between credibility of low inflation and flexibility in dealing with
aggregate shocks, which part of the literature attributes to the choice
between a fixed and flexible exchange rate. Therefore, while consid-
ering the existence of wage indexation does not help solve the long-
standing problem of which exchange rate regime is optimal, it also
does not appear to be a crucial factor in deciding the optimal regime.
This suggested implication contrasts sharply with the suggestion of
the academic literature that wage indexation generally makes a flex-
ible exchange rate preferable.

A corollary of the above is that the existence of wage index-
ation is unlikely to be a good reason for implementing an indexed
exchange rate regime. This is confirmed in Jadresic (1998), which
finds that regardless of the type of contract in the economy, the
effects of such a regime on output and real exchange rate stability
are broadly similar to those of presetting the path for the exchange
rate. In the end, with or without wage indexation, the main dis-
tinctive effect of an indexed exchange rate regime seems to be its
well-known adverse effect on inflationary stability.

5.2 The Level and Variability of Inflation

The fact that actual indexation is with respect to lagged rather
than current inflation also has implications for the determination
of the level and variability of inflation. This section explores these
implications.

Whether and how wage indexation affects the level of inflation
depends on the factors that determine monetary policymaking.
The literature typically analyzes this issue in the context of Barro
and Gordon’s (1983) model, under the assumption that the mone-
tary authority has time-inconsistent preferences and cannot cred-
ibly commit to maintaining low inflation. Within this framework,
the academic research has been ambiguous regarding the effects of
wage indexation on the level of inflation. On the one hand, authors
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who accept the standard assumption that wage indexation is based
on current inflation and that it thus stabilizes output when shocks
are nominal generally assume that introducing wage indexation
reduces the incentives to create nominal surprises and therefore
reduces the level of inflation (for instance, see Fischer and Sum-
mers, 1989; Milesi-Ferretti, 1994; Crosby, 1995). On the other hand,
while not questioning that wage indexation has this anti-inflation-
ary effect, Ball and Cecchetti (1991) argue that this effect is more
than offset by the fact that wage indexation mitigates the cost of
inflation, which is inflationary.

Once the lags in actual wage indexation are considered, wage
indexation seems relatively more likely to increase the level of
inflation. Indeed, the findings discussed above indicate that when
cost-of-living adjustments are based on lagged inflation, the stan-
dard assumption that wage indexation protects output from nom-
inal shocks is unwarranted: wage indexation to lagged inflation
can increase the response of output to a nominal shock, and, more
generally, it modifies the shock’s effect on output substantially
less than is assumed in the literature. Consequently, wage index-
ation to lagged inflation is not necessarily a deterrent to the cre-
ation of nominal surprises, and when it is, it certainly is not as
strong as wage indexation to current inflation. Given that wage
indexation also diminishes the cost of inflation and reduces the
will to fight inflation, then wage indexation seems relatively more
likely to raise the inflation level. Of course, this presumption is
conditional on the postulate that the monetary authority cannot
credibly commit to maintaining low inflation, which is controver-
sial (for instance, see McCallum, 1999).

Regarding the variability of inflation, Gray (1976) and Fischer
(1977) argue that wage indexation increases price variability; this
result implies larger inflation variability, at least in their basic mod-
els. In contrast, Jadresic (1998, 2002) finds that the effects of wage
indexation is ambiguous. For instance, in a closed economy with a
fixed money supply, wage indexation raises inflation variability
when indexed wage contracts are compared to preset time-vary-
ing wage contracts, but it can either raise or lower inflation vari-
ability when indexed wage contracts are compared to short-term
fixed wage contracts. In simulations with an open economy, in turn,
it appears that wage indexation can similarly reduce inflation
variability, but there is no guarantee that this is always the case.
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6. SUMMARY AND CONCLUDING REMARKS

This paper has reviewed the macroeconomic consequences of
wage indexation, drawing on recent research by the author. In
line with standard indexation rules, and in contrast to the previ-
ous academic literature, this research treats wage indexation ex-
plicitly as a clause in long-term contracts that grants periodic wage
adjustments according to lagged inflation. To evaluate the conse-
guences of contracts with this type of clauses, the paper models
the behavior of the economy in the absence of indexation using two
alternative standards of reference, namely, contracts that specify
preset time-varying wages and short-term contracts that specify
fixed wages.

Table 3 summarizes some of the main consequences of wage in-
dexation to lagged inflation, contrasting the results of this analysis

Table 3. Summary of the Macroeconomic Consequences
of Wage Indexation

Type of wage indexation

Macroeconomic indicator Tocurrent inflation To lagged inflation
Cost of disinflation
Money-based Reduces cost Reduces cost if nonindexed contracts
stabilization specify preset time-varying wages;
increases cost if nonindexed contracts
specify fixed wages
Exchange-rate- Reduces cost Reduces cost if nonindexed contracts
based stabilization specify preset time-varying wages;
increases cost if nonindexed contracts
specify fixed wages

Output stability ) B
Closed economy? Depends on the variance of Reduces stability
real and nominal shocks

Open economy Ambiguous Ambiguous
Choice of exchange Prefer flexible exchangerate  Choice similar with or without
rate regime indexation
Level of inflation® Ambiguous Ambiguous, but relatively more likely

to increase inflation

Variability of inflation Increases Ambiguous

a. With fixed money supply.
b. If the monetary authority cannot credibly commit to maintaining low inflation.
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with the predictions of the standard approach that assumes that
wage indexation is based on current inflation. The details that un-
derlie the construction of this table have already been discussed
throughout the paper and in the references there provided. For the
record, the result that the effects of wage indexation on the cost of
disinflation under exchange-rate-based stabilization are likely to be
gualitatively similar to those under money-based stabilization is new.

An important lesson that emerges from this summary and com-
parison is that the standard analysis of wage indexation in the aca-
demic literature can provide a very misleading picture of the
consequences of the typical type of wage indexation observed in real
life. This finding should not be very surprising. As soon as one recog-
nizes that standard wage indexation rules define a nominal rather
than a real rigidity, it becomes apparent that the effects of wage
indexation can differ considerably from those predicted by the as-
sumption that wage indexation is based on current inflation. The re-
search reviewed in this paper goes beyond this general statement,
however, by showing that the assumption that wages are indexed to
current inflation is of little usefulness even as a gross approximation
of the issue. Table 3 indicates that in most of the issues examined,
the macroeconomic consequences of wage indexation to lagged infla-
tion are substantially different from the consequences of wage index-
ation to current inflation, even at a qualitative level.

The broad picture that emerges from taking into account the
lags in actual wage indexation validates the views that most poli-
cymakers and applied observers seem to have on the consequenc-
es of wage indexation. The analysis indicates that wage indexation
to lagged inflation can increase the cost of disinflation, destabilize
output regardless of the types of shock in the economy, and mat-
ter relatively little for the choice of exchange rate regime. The
analysis further suggests that unless policymakers are firmly com-
mitted to maintaining low inflation, wage indexation to lagged in-
flation is relatively more likely to increase average inflation.
However, the analysis also indicates that there are important qual-
ifications to be made with respect to these propositions.

In particular, wage indexation to lagged inflation can reduce the
cost of disinflation if the alternative to indexed wage contracts are
contracts that specify preset time-varying wages. Also, in an open econ-
omy and for a given policy regime, wage indexation to lagged inflation
can increase or reduce output stability depending on the specific char-
acteristics of the economy under consideration. A definite evaluation
of what is the more relevant case in practice requires further research.
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THE CHILEAN EXPERIENCE IN
COMPLETING MARKETS WITH
FIiNANCIAL INDEXATION
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For a Chilean capital market participant, it may be hard to imag-
ine a world without the indexation unit, the Unidad de Fomento (UF).
Most market participants would probably agree that the UF played a
central role in the creation of a local capital market and also that it
has had a positive impact on growth and welfare. The trouble, of
course, is proving it, which is precisely what this paper aims to do.

From an investor’s perspective, financial indexation may have quite
a different role than the one presumably assigned to it by economic
authorities. For the latter, indexation may represent an efficient mecha-
nism for signaling to the market a commitment to keeping inflation
under control. This, in turn, has to be weighed against the possibility of
smoothing taxes by letting inflation dilute the value of the outstanding
nominal government debt, although this creates certain time inconsis-
tencies.! From this perspective, then, completing the financial market
is not directly relevant, even though it may be important for determin-
ing the financial costs of government debt. The optimal government
debt structure could take into account its implications on welfare, effi-
ciency, and the completeness of the financial markets.

The idea of market completeness comes from Arrow and Debreu,
who analyze a case in which there is a finite number of possible future
states of the world (namely, peace, war, recession, and prosperity).2
Completing the market consists in generating patterns of payments
in the different states that did not previously exist, such that inves-
tors can either hedge against or bet on the occurrence of certain states
in a way that could not be done before. In practice, a given financial

1. See, for example, Landerretche, Lefort, and Valdés (in this volume).
2. Arrow (1964); Debreu (1959).
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instrument can be said to complete the market if it generates relevant
patterns of return that cannot be replicated by the existing securities in
the national or international financial markets.® In addition, if given
markets or instruments are developed as a byproduct of a certain finan-
cial innovation, then the innovation has helped to complete the markets.

At the same time, indexation may have the perverse effect of allow-
ing market participants to feel comfortable with certain, seemingly rea-
sonable levels of inflation, which may eventually make it harder for
economic policymakers to reduce inflation. Perhaps private discomfort
with inflation facilitates the implementation of policies to reduce infla-
tion, but in any case, aside from sending letters to the newspapers, the
role of the private sector in reducing endemic inflation rates is not clear.

I argue that indexation in Chile (together with several other struc-
tural reforms that have taken place) has helped to complete and
develop the financial markets at least in the following senses: it has
allowed the existence of medium- and long-term bond (and loan) mar-
kets that otherwise would not exist; long-term UF indexed bonds
create relevant patterns of returns that are not available either in-
ternationally or locally via short-term nominal or indexed bonds or
dollar-denominated bonds; and long-term UF indexed bonds gener-
ate relevant patterns in that they are useful for hedging against ad-
verse changes in capital good prices. | further argue that had it not
been for the rules that made the Chilean indexed unit mandatory for
many financial transactions, as well as for the UF-denominated gov-
ernment (Central Bank) debt, the fixed-income market would have
developed toward shorter-term, dollar-denominated securities, as the
international evidence from the other developing countries suggests.
This, in turn, would have had a significant impact on the potential
bankruptcy costs of the Chilean economy.

1. CarPITAL MARKETS AND INFLATION

The problem of how to develop a capital market under high
and volatile inflation rates has been a subject of analysis for quite
some time.* In this context, Chile is an interesting case study.

3. It has to be relevant in the sense that, in equilibrium, the pattern would not be
diversified away. For instance, in a capital asset pricing model (CAPM), only one risky
mutual fund is needed, and no particular premium would be paid for new patterns.

4. See, for example, Aspe Arnella, Dornbusch, and Obstfeld (1983).
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1.1 A Brief History

Before 1972, upper limits on interest rates and credit rationing
coexisted. Starting in 1974, nominal and real (UF-based) interest rates
became progressively liberalized and quantitative restrictions on credit
began to disappear. In 1974 a new tax law introduced monetary cor-
rection mechanisms, with the idea of neutralizing the impact of infla-
tion on the balance sheets and also on the tax obligations by firms and
individuals. Nevertheless, as documented in Valdés (1988), the moni-
toring of asset and liability structures of financial intermediaries prob-
ably failed, first with the SINAP (national system of savings and loans),
then with the so-called financieras, and later with other episodes.®

This early experience with the liberalization of financial mar-
kets ended with the devaluation of the local currency and the well-
studied debt crisis of 1982, with most of the financial sector back in
the hands of the Sate (see, for example, Mizala, 1991, and the refer-
ences therein). This crisis may be at least partly attributed to poor
practices in the risk management of the bank’s assets, correspond-
ing to a mismatching problem.® Dollar-denominated debt predomi-
nated over other kinds of debt because of its apparently lower cost
at the time, but it usually did not have dollar-denominated assets as
a counterpart. It is reasonable to expect that this lack of matching
increases expected bankruptcy costs after a devaluation.’

In any case, indexation clearly is not a sufficient condition for
creating a successful, stable capital market. Nevertheless, it does
seem useful and probably even necessary in a context of moderately
high and volatile inflation rates, especially considering that these vari-
ables usually are linked to other unstable macroeconomic indicators.

The Chilean experience suggests that the following steps are
necessary for a capital market to develop in an inflationary context:
end financial repression by deregulating institutions and liberalizing
interest rates; create an indexed unit and allow for indexed financial
instruments;® reform the tax code to achieve inflation neutrality; and

5. See Valdés (1988) for a good description of the liberalization process and sev-
eral bankruptcy cases.

6. See Mendoza (1991).

7. The debt crisis might have had a smaller impact on the real economy if banks
had issued indexed debt instead of dollar-denominated debt. There are two simple rea-
sons for this. First, UF-based loans seemed more expensive, such that total debt levels
presumably would have been smaller. Second, the inflation-adjusted value of the ex-
change rate increased 60 percent between June and December of 1982 and 53 percent
toward the end of 1983. Thus indexed levels would have been much lower.

8. The Unidad de Fomento (UF) was introduced in Chile in 1967, although daily
adjustments only began in 1977. For example, see Mendoza (1991).
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create regulatory institutions to monitor, among other things, the
matching of the asset and liability structure of financial intermediar-
ies. The first three conclusions are present, for example, in De Pablo,
Mancera, and Henrique (1983).° The last conclusion arises from the
Chilean experience and also from the application of well-known prin-
ciples in asset and liability management.

1.2 A Market for Indexed Securities

An important question that needs to be answered is the follow-
ing. What are the necessary conditions for ensuring the success of a
market of indexed financial instruments? This section opens the dis-
cussion on this issue, while section 2.4 (below) uses empirical evi-
dence for Chile to illustrate what is meant by success.

The widespread acceptance for the UF as the de facto local cur-
rency unit in most financial transactions is probably attributable to
four factors. First, the unit has credibility, in that it will not be ma-
nipulated by the authorities and is based on the Chilean consumer
price index (CPI), which is computed by an independent entity, the
National Institute of Statistics (INE).1° Second, the laws themselves
accept the UF as a valid alternative currency unit. For example, most
loans and time deposits are legally required to be indexed; in the case
of life insurance companies, assets and liabilities are measured in
UFs. Third, there is a deep, liquid market for Central Bank indexed
bonds. This provides a riskless real interest rate for many different
maturities, which serves as a reference for private transactions. Fi-
nally, Chile’s tax regulations are consistent with a generalized index-
ation of the economy. An additional benefit is that the UF significantly
reduces the cost of recontracting and allows price adjustments to
occur almost instantaneously in an inflationary environment.

It is likely that these conditions are necessary and sufficient for
ensuring the success of an indexed bond market. Points two, three, and
four deserve special attention. First, if the laws do not explicitly consider
the index as a valid currency unit, itis less likely that private contracts
will generally use it. For example, if life insurance companies do not
issue indexed contracts, then buying indexed assets may not be suit-
able for linking loans to the CPI, if companies cannot raise funds in

9. See also CEP (1992, pp. 112-13).

10. By contrast, the délar acuerdo has no credibility. The Central Bank has out-
standing debt denominated in that unit, whose value is supposedly determined by a
crawling peg rule. In at least three opportunities, however, the Central Bank has reval-
ued the délar acuerdo or changed the rule, automatically reducing the market value of
the outstanding debt.
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the same unit. Second, trading indexed government bonds is also
important, since it reduces the uncertainty surrounding the expected
costs and benefits of buying or selling indexed securities. The costs
of creating a new market and informing investors may be large
enough to inhibit the spontaneous creation of indexed securities by
private investors.!! Finally, tax considerations are also important.
If unexpected inflation is neutral in terms of tax consequences, it is
likely that more issuers and investors will be interested in such
instruments. Since the issue at hand is the market for bonds with a
fixed real income, the tax advantages of debt are important, too. In
Chile between 1974 and 1984, the use of debt carried a considerable
tax advantage that was eliminated with the 1984 tax reform.12 In
combination with other factors, this would probably lead to lower
debt levels (indexed or otherwise) in Chile than in other countries.

In January 1997 the United States Treasury issued Treasury infla-
tion-protected securities (TIPS), which provide an interesting case study.
Soon after the issue of these ten-years bonds, the Federal Home Loan
Bank and the Tennessee Valley Authority announced that they would
do the same.’® Given the current 3.3 percent rate of inflation and com-
pared with the 6.4 percent interest rate on the equivalent nominal
bonds, the resulting 3.45 percent real interest rate was debatably large.
This may be due to the illiquidity of the new instrument, as well as to
uncertainty over the status of the current CPI index, which is said to
overstate inflation.2* Shortly after the introduction of this new secu-
rity, the pension fund manager TIAA-CREF created a new inflation-
protected account that is considered to be a long-term, low- to
medium-volatility alternative. Nevertheless, the tax treatment of this
security may also partly explain the relatively large yield. Cohen,
Hassett, and Hubbard (1997) argue that inflation continues to be rel-
evant for the determination of the user cost of capital. The use of debts
still has a tax advantage, but in the particular case of indexed bonds,
both the real component and the nominal adjustment to the value of
the bond (the nominal capital gain) are taxed. This means that if the
inflation rate becomes high enough, the cash flows paid by the bonds
could be insufficient to pay the tax liability they create.®

11. Campbell and Shiller (1996) also present the money illusion and balkanization
arguments.

12. This may be an additional explanation for the debt crisis. See Hernandez and
Walker (1993) (or see Walker and Hernandez [1992] for an English version of the
same paper).

13. See, for example, www.morevalue.com/themes/i-bond2.html.

14. For asimple discussion see the Financial Pipeline website (www.finpipe.com/tips.html).

15. This and other potential problem are noticed by Campbell and Shiller (1996).
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In this discussion, the four elements considered necessary for
a successful indexed market are present, including the credibility
of the unit; its validity as an alternative currency unit for certain
financial products; tax considerations; and a central authority tak-
ing the first step to create a new, liquid instrument. The private
sector must now continue to develop the market.

Other important reforms that have directly or indirectly con-
tributed to deepening the Chilean financial markets include the
pension fund reform and privatizations. Pension funds originally
invested only in indexed, fixed-income securities, and they still
invest a large fraction of their portfolios in that way. Privatized
firms have also frequently used the capital markets to finance their
operations. In the end, it is not possible to isolate the effects of
the UF on the development of the local capital markets.

2. INDEXATION AND THE LONG-TERM
Fixep-INcoME MARKETS

This section presents arguments justifying the idea that general-
ized indexation contributes to the existence of a long-term market in
countries with a history of high, volatile inflation rates.

2.1 Inflation and the Shortening of Effective Maturity

Higher interest rates imply a shortening of the effective maturity
(or duration) of a fixed-income security. Naturally, for a given real
interest rate, higher expected inflation rates imply that a larger frac-
tion of the value of a given fixed-income (nominal) security has to be
paid at the beginning of its life.

Figure 1 shows the percentage of the total present value of a
twenty-year annuity bond that is paid during the first and following
semesters. For example, with a 30 percent annual inflation rate, 80
percent of the real value of the loan is paid after the tenth semester.
With a 0 percent inflation rate, the same 80 percent is paid after
twenty-seven semesters. Another way to look at this is through the
Macaulay duration corresponding to the bond’s price elasticity to
changes in its discount rate. The response of a pure discount bond to
the inflation rate, for a fixed real interest level, can be used as a point
of reference. Increasing the inflation rate from O percent to 15 per-
cent reduces the duration of the bond from about eight and a half
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years to about five years. With 30 percent inflation, the number
drops to slightly above three years. Therefore, high levels of ex-
pected inflation concentrate the inflation-adjusted (real) payments
in the first few years of the life of the bond, and thus little incen-
tives remain for extending the maturity of the bonds from the
perspective of either borrowers or lenders. For example, under
the same assumptions, extending the life of a loan from ten to
fifteen years increases its present value by 32 percent under zero
inflation, but by only 10 percent under a 15 percent inflation rate.

Figure 1. Inflation and the Total Present Value of a
Twenty-Year Annuity Bond?
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Figure 2. Inflation and the Effective Duration of a
Twenty-Year Annuity Bond?
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The problem, of course, is that under high inflation, nominal
payments that are far off have little real value. Keeping the real
value of payments relatively constant would require increasing
nominal payments. This is exactly what indexation does (in addi-
tion to its more important feature of providing protection for un-
expected changes in the inflation rate), and the above arguments
clearly make a case for the practice. Without some kind of index-
ation, high inflation rates make long-term markets disappear.

2.2 The Nature of the Inflation Risk Premium in
Nominal Rates

Campbell and Shiller (1996) estimate the inflation risk premium
for a five-year U.S. pure discount bond to fall in the neighborhood of
50 to 100 basis points. Their estimation methodologies include sample
averages and the covariance between consumption growth and stock
index returns (based on the capital asset pricing model, or CAPM,
and the C-CAPM). They also cite evidence for the United Kingdom
indicating an average premium of only 0.5 percent.

The actual risk premium could be even lower if the nature of the
inflation risk premium resembled that of a sleeping monster.18 In
this case, the normal covariance and other sample statistics would
not reflect the true risk premium, unless the number and magnitude
of the high inflation episodes in the sample coincide with what was
expected, on average, by the markets participants.t’

Figure 3 shows long-term U.S. government yields and trailing
twelve-month inflation rates. Judging from valley to valley, four
high inflation episodes seem to have occurred. A comparison of the
left and right extremes of the graph indicates that real yields are
higher toward the end, giving nearly a 4 percent real rate of return
as opposed to about 2 percent at the beginning of the periods. Com-
paring that with the 3.5 percent of the TIPS rate gives a 0.5 percent
premium, assuming that the term structure for real rates is flat.18

16. Haugen (1995) explains that if the higher expected return on value stocks
is due to risk, then the risk must correspond to a sleeping monster.

17. This so-called peso problem argument has also been used to explain the
equity premium puzzle (Goetzmann and Jorion, 1997). It is the kind of risk re-
flected in the increase in the value of out-of-the-money put options after the stock
market crash of 1987 (Bates, 1997).

18. See Barro (1995).
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Figure 3. Inflation and Long-Term U.S. Government Yields
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In the case of a country like Chile, where the inflation episodes
have been significantly more acute, it is only possible to speculate on
how large the premiums on long-term nominal bonds would have to be
in order to induce investors to buy them. Mendoza (1991) finds evi-
dence of a liquidity premium (a higher return) for ninety-day UF-de-
nominated deposits over nominal thirty-day deposits. This is like a
negative inflation premium. These are very short-term instruments,
however, and the conclusions cannot be extended to longer-term secu-
rities. The large historical levels and the high volatility of the inflation
rate together should imply that the inflation premium would be larger
than in the United States. Nevertheless, the exercise presented in the
appendix shows that large inflation volatility might have counter-intui-
tive implications. Given a credible inflation target, a higher historical
volatility would imply (ceteris paribus) lower nominal rates on long-
term bonds by a convexity effect: the present value is a convex func-
tion of its discount rate. For a given long-term expected value, therefore,
higher volatility in the inflation rates implies lower nominal rates. This
effect may be more than offset by a higher required risk premium
stemming precisely from the high volatility. Nevertheless, the point is
that using the Fisher equation to estimate the inflation risk premium may
lead to underestimating it. It may thus be difficult to estimate the infla-
tion premium because of its sleeping monster nature and the impact of its
volatility on the implementation of the Fisher equation.

To estimate what the long-term nominal rates would look like
in Chile, I start by assuming twice the U.S. inflation risk premium.
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The rate for the Central Bank’s twenty-year adjustable bond (the
PRC 20, or Pagaré Reajustable del Banco Central) is set at the level
prevailing at the end of July 1997 (6.5 percent), and the long-term
expected inflation rate is assumed to be 4 percent. Using the Vasicek
model, this gives a nominal yield for the equivalent (annuity) nomi-
nal bond of between 11 and 12 percent (using inflation risk premi-
ums of 1 and 2 percent, respectively) and a duration of seven years
(about one year less than that of the corresponding UF bond).

2.3 Implications of not Having an Indexed Unit
of Account

In the particular case of Chile, a forced elimination of the UF
would likely have large negative social costs—apart from welfare re-
distribution effects—given that most financial transactions use the
UF as a reference and that most financial instruments are expressed
in this unit. Any manipulation of the UF is likely to have a consider-
able negative impact, because when a widely accepted unit loses its
credibility, it casts doubt on the true value of a very large fraction of
the financial assets held by investors. Affiliates of the pension fund
system would be especially affected.

In the case of other countries with a history of high, volatile inflation
rates, |1 hypothesize that the lack of a widely accepted indexed monetary
unit would have two implications. First, the capital markets would begin
to rely on a different inflation protection unit such as a foreign cur-
rency—probably the U.S. dollar, given its widespread acceptance.l® Sec-
ond, the maturities of most financial instruments (in local nominal
currency or denominated in dollars) would be relatively short.

The reasons to expect a relatively short-term market in local nomi-
nal currency, which were discussed above, have to do with the short-
ening of the effective maturities of the fixed-income nominal securities.
On the other hand, the purchase or sale of dollar-denominated instru-
ments usually entails important risks. From an investor’s perspective,
the principal risk of investing in a foreign currency-denominated asset
is an unexpected appreciation of the local currency. This happened, for
example, in 1994, when the UF appreciated 12.5 percent against the
dollar, which affected the few Chilean pension funds with investments
abroad. Given the arbitrage that exists between short-term UF- and

19. In addition, the inflation tax would become smaller because the demand
for local money balances would decrease.
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peso-denominated deposits (Mendoza, 1991), this means that the lat-
ter also had an additional real return of approximately 12.5 percent
above their counterpart in dollars. It is perhaps because of these
risks and the relatively high local interest rates that a very small
percentage of institutional investments are denominated in dollars.
Investors should consider the trade-off between this currency risk
and interest rate risks. If only foreign currency-denominated bonds
were available for longer term investing, it could be convenient to
invest a certain fraction of the portfolio in such instruments.

From the perspective of a productive firm, issuing dollar-denominated
debt has different degrees of risk, depending on the nature of the firm's
activities. A firm in the productive tradables sector should probably issue
long-term dollar-denominated debt to match the currency denomination
of assets and liabilities and reduce bankruptcy risks. Bankruptcy risk is
here understood as a second moment risk that has to do with the residual
variance of net income, which depends on the covariance between income
and expense flows. It needs to be measured ex ante, before the trend of
the exchange rate is known, for example. In this sense, firms in the
nontradables sector would increase their bankruptcy risk by issuing
dollar-denominated debt. If this is the only way to obtain relatively long-
term financing, firms will face a trade-off between the possibilities of
matching the currency and maturity structures of assets and liabilities.
Compared to the alternative of issuing long-term indexed debt, firms
will probably end up with a larger-than-optimal fraction of dollar-de-
nominated debt and a shorter-than-optimal maturity for it. Thus while
there is room for some foreign currency-denominated debt, the maturi-
ties will be generally shorter than with matching debt given the inevi-
table degree of mismatching in the asset and liability structure.

Taken together, these two effects imply that a long-term fixed-
income market would probably be less developed than in an indexed
market. By the same token, under high inflation rates, if a foreign
currency replaces the local currency as the preferred denomina-
tion for local securities, the economy is likely to face higher poten-
tial bankruptcy costs than in the case of a generalized use of indexed
debt. Firms in the tradables sector should be similar with or with-
out indexing their debt structure, whereas firms in the nontradables
sector will increase their potential for bankruptcy by issuing dol-
lar-denominated debt instead of indexed debt.

Table 1 presents evidence for Colombia, Mexico, and Venezuela
with regard to which securities are more frequently traded. As ex-
pected, most of the fixed-income securities that are traded are short-
term, but little evidence was available for dollar-denominated bonds.
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Table 1. Volumes Traded in Mexico, Venezuela, and Colombia

Billions of U.S. dollars

Mexico? Venezuela?  ColombiaC

Type of instrument 1993 1994 1995 1996 1996 1996
Equity 83.37 81.35 28.33 41.31 1.42 1.50
Fixed-income securities 30.95 10.63 5.68 2.66

Money market 4,184.42 5,262.55 598.86 869.90

Brady bonds 1.95 1.95
Long-term bonds 0.214 13.45
Short-term securities 20.73
Total 4,298.73 5,354.52 632.87 913.88 3.58 37.63

Source: For Mexico, Larrain Vial; for Venezuela and Colombia, Santander Investment.
a. Bolsa Mexicana de Valores.

b. Bolsa de Valores de Caracas; most transactions are over the counter.

c. Number of U.S. dollar transactions in local markets.

d. Bolivar-denominated.

The relative composition of short- and long-term bond trading volumes
is heavily biased toward the short term in all cases, notably more than
in the case of Chile (see table 2). Nonetheless, a large fraction of what
appears as long-term fixed-income securities in local currency actually
corresponds to floating-rate notes. This is the case for almost all long-
term fixed-income securities in Mexico, for example. Thus these would
also be short term. The relative sizes with respect to the Chilean mar-
ket are also interesting. The Mexican economy is roughly six times the
Chilean one, but the so-called fixed-income category is even smaller
than the Chilean mortgage bond subsector.

2.4 The Chilean Fixed-Income Market

Table 2 shows the trading volume of the Santiago stock exchange,
which corresponds to the principal trading center in the country. In
1996, the total amount traded was roughly three times the Chilean
gross domestic product (GDP), and in this sense it is relatively large.
The largest fraction of the total amount traded in 1996 corresponds
to financial intermediation (53 percent of the total); this category
actually corresponds to a market that provides short-term liquidity,
in which very short-term securities such as time deposits are traded.
The longer-term fixed-income market is smaller, but it still repre-
sents a large volume relative to GDP. Such instruments totaled US$79
billion, of which nearly US$59 billion correspond to securities issued
by the Central Bank and the government. The bonds issued by the
private sector represent US$20 billion, more than half of which cor-
responds to mortgage bonds. Mortgage bonds are thus by far the
most important privately issued fixed-income security.
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Table 2. Volumes Traded on the Santiago Stock Exchange

Billions of U.S. dollars?

Instrument 1994 1995 1996
A. Dollars (bills and checks) 5.87 11.33 12.48
B. Government, state-owned firm, and Central Bank bonds

Bono Reconacimiento (BR) 0.90 1.06 111
Pagarés Compra Cartera (PCC) 1.96 1.30 0.24
Pagarés Capitulo XVI11-XIX (PCD) 2.24 291 3.24
Pagarés Doélar Preferencial (PDP) 342 2.09 0.08
Pagarés Reajustables del Banco Central con Cupones (PRC) 35.36 59.71 54.23
Pagarés Reajustables Tesoreria (PRT) 0.03 0.00 0.00
Pagarés Tasa Flotante (PTF) 0.17 0.02 0.00
Pagaré Portador Banco Central (PPBC) 0.28 0.30 0.01
Bonds issued by state-owned firms 0.00 0.00 0.00
Bonos Cora (COR) 0.00 0.00 0.00
Subtotal 44.36 67.39 58.90
C. Private fixed-income bonds

Mortgage bonds 5.61 11.29 12.94
Leasing bonds 0.76 0.98 2.59
Bank bonds 2.93 2.42 2.63
Bonds issued by nonfinancial firms 0.95 1.39 2.32
Subtotal 10.25 16.07 20.48
Subtotal fixed-income bonds (B + C) 54.61 83.45 79.38
D. Short-term financial intermediation

Nonindexed IOUs 16.22 21.20 28.00
Indexed 10Us 22.64 40.52 83.32
Subtotal 38.86 61.72  111.33
E. Stocks 6.18 11.37 8.47
F. Investment fund shares 0.09 0.33 0.08
Total 105.61 168.20 211.74

Source: Bolsa de Comercio de Santiago, Memoria Anual, 1994-96.
a. Numbers adjusted to December 1996 using the Chilean CPI and then transformed into dollars at the
exchange rate 424.75 pesos to the U.S. dollar.

Table 3 decomposes the volumes traded in 1996. The UF (and
other very similar units) is the most important denomination for
both short- and long-term securities. The dollar-denominated short-
term securities that are traded are not really financial instruments;
these corresponds more properly to a foreign exchange market.
The vast majority of the securities issued by the private and public
sectors are denominated in indexed units.
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Table 3. Estimated Decomposition of Transactions on the
Santiago Stock Exchange, 1996

Billions of U.S. dollars

Typeofinstrument Short Term LongTerm Total
Peso-denominated debt 28.00 0.00 28.00
Private sector 28.002 0.00 28.00
Public sector 0.00 0.00 0.00
Dollar-denominated debt 12.48 3.54 16.02
Private sector 12.48 0.30°¢ 12.78
Public sector 3.24d 3.24
Indexed debt 83.32 75.84 159.16
Private sector 83.32¢ 20.18f 103.50
Public sector 0.00 55.669 55.66
Total 123.81 79.38 203.19

Source: Superintendencia de Valores y Seguros.

a. Corresponds to nonindexed 10Us in table 7 (section D).

b. Corresponds to dollars (bills and checks) in table 7 (section A).

c. Assumes that 13 percent of the amount of traded bonds issued by nonfinancial firms (estimated at US$2.3
billion) corresponds to U.S. dollars (the same proportion of their outstanding debt).

d. Corresponds to Pagarés Capitulo XVIII-XIX (PCD) in table 7.

e. Corresponds to indexed 10Us in table 7 (section D).

f. Subtotal of private fixed-income bonds (table 7) minus private sector dollar-denominated debt.

g. Subtotal of government, state-owned firm, and Central Bank bonds (table 7) minus public sector dollar
denominated debt.

Dollar-denominated bonds are rather scarce. As of December
1996, the firms that had outstanding debt in dollars actually did
belong to the tradables sector.2° The one exception was CTC, the
largest local telephone company, but in this case a large fraction
of its costs are dollar denominated. Of its total outstanding debt
(estimated at US$564 million), 36 percent was dollar denomi-
nated.?! Other recent dollar-denominated bond issues, not regis-
tered with the securities commission, have been sold abroad, but
they correspond to firms that do business overseas.

Table 4 shows the asset holdings of the principal institutional
investors in Chile. After the bank loans, the major holdings again
correspond to Central Bank and government debt (US$20.5
billion) and mortgage bonds (US$8 billion). Looking at the totals,
the first three columns are almost entirely indexed and long term.

20. These are Soquimich (mining); Celarauco (pulp); Cocar (coal); CTC (tele-
phone); Vifia Santa Rita (wine); and Industrias Tricolor (paints).

21. Debt estimates sourced from the Boletin Mensual (December 1996) pub-
lished by the Superintendencia de Valores y Seguros (SVS).



Table 4. Asset Classes Held by Major Institutional Investors, 1996

Millions of U.S. dollars

CentralBankand ~ Mortgage Nonfinancial Depositsand Investment Foreign
Investor governmentbonds bonds bonds bank bonds Stocks fundshares  investments  Other Total
Pension funds 11,591 4,919 1,285 1,591 7,159 834 149 0 27,527
Life insurance companies 2,605 2,9572 na. n.a. 577 na. na. 1,053° 7,192
Mutual funds 604 212 65 1,721 198 0 0 11 2,810
Short-term fixed-income 484 31 1 1,347 0 0 0 3¢ 1,866
Long-term fixed-income 97 169 63 329 0 0 0 1° 658
Equity 24 13 1 45 198 0 n.a. 7° 287
Banks 5,785 0 0 0 0 0 1,2 38,5859 44,371
Total 20,584 8,088 1,350 3,312 7,934 834 149 30649 81,900

Source: Authors calculations based on data from Superintendencia de Valores y Seguros de Chile (SVS), Boletin Mensual, several issues; Superintendencia de Bancos e

Instituciones Financieras de Chile (SBIF); Superintendencia de Administradoras de Fondos de Pensiones de Chile (SAFP); Central Bank of Chile.
a. Assumes that all privately issued bonds held are mortgage bonds; also includes bonds issued by banks.

b. Corresponds to other real estate investments. Includes mutuos hipotecarios, another type of mortgage bond.

c. Cash plus others.

d. Excludes mortgage loans; includes all other loans and cash, principally colocaciones efectivas.
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It is difficult to decompose deposits and bank bonds, but an analysis of
the composition of the pension funds’ assets indicates that 93 percent of it
is indexed, 27 percent is truly long term (bank bonds), and 8 percent is
indexed deposits with a maturity of over one year. Finally, the bank loans
can be decomposed as 15 percent U.S. dollar denominated, 37 percent
peso denominated, and 48 percent indexed. Thus out of the US$82 billion
represented in the table, US$51.6 billion (63 percent) is indexed.

This analysis indicates that the overall evidence shows a successful
indexed market. Most productive and financial firms have chosen UF-
denominated debt. For the purposes of matching assets and liabilities,
therefore, the UF dominates other feasible alternatives such as dollar-
denominated debt, which gives credibility to the hypothesis that with-
out the UF, the overall bankruptcy risks of the economy would increase.
The relatively large mortgage bond market can also be interpreted as
evidence of success. In this case, it implies lower expected distress
costs for individuals and firms that have purchased real estate prop-
erty with indexed loans, compared with the alternatives of either short-
term nominal or long-term dollar-denominated debt.

2.5 Possible Links between Markets

Tables 2, 3, and 4 show that the most important long-term bond
issues are mortgages. Most of the outstanding stock issued is in the
hands of the pension funds and the life insurance companies. The
longer maturity of these instruments gives these investors the possi-
bility of matching their assets and (defined or undefined) liabilities.
Such instruments have thus been useful for the development of these
two industries. The funds raised in this manner are essentially used
in the construction sector, fostering development in the medium- to
high-income residential sector, in particular.

The lack of indexed bonds issued by nonfinancial firms could be
used as an argument against their attractiveness or even their
usefulness from a social welfare perspective. | argue, however,
that other factors explain the relatively low volumes issued.

Figure 4 shows the bond issues registered with the Chilean securi-
ties commission (the Superintendencia de Valores y Seguros, or SVS).
Registration represents the purpose of issuing and selling a bond, but
it is possible for a bond issue to fail. The amounts listed represent the
aggregate face value of debt, such that the ex post proceeds from bond
sales may be different. The figure shows a downward trend (with the
exception of 1994, when the failed Pangue issue made up 25 percent
of the total). The figure also indicates an inverse relation between the
interest rate level in a particular year and the amount registered.
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In addition, the year with the highest dollar issues was 1993, when
UF-based interest rates were high. This leads to the hypothesis that
one of the reasons for the small amount of bonds issued by nonfinan-
cial firms is that, on average, UF-based interest rates have been high.
The Central Bank has kept local interest rates high by means of a
special reserve requirement on foreign capital flows into Chile, which
has segmented the fixed-income market from the rest of the world.

A simple exercise illustrates the extent to which local UF rates
are higher than their equilibrium levels:

U.S. real interest rate (TIPS): 3.5 percent
Country dollar risk premium:22 1.1 percent

Purchasing power parity (PPP) rule followed
by the Central Bank for the doélar acuerdo

(expected depreciation of the UF): —4 percent
UF/U.S. dollar currency risk premium: X
Theoretical rate: X + 0.6 percent
PRC 10 rate (22 July 1997): 6.7 percent

Figure 4. Nonfinancial-Firm Bond Issues Registered with
the Chilean Securities Commission?

% 1000 85
s 90 80
=} 800 — by
© 700 758
- =
5;’- 600 — 70 ©
2 500 &)
EE 400 —65 <%
@ 8
5 300 — —60 S
= 200 — =
Z 0 H 0 55
= o0 ‘ ‘ : =150
~ =l o ® T}

[ 1UF-denominated bonds HEE Dollar-denominated bonds

—&—UF average coupon rate

Average U12 rate

Source: Superintendencia de Valores y Seguros (SVS), Boletin Mensual, various issues.
a. Numbers in UF changed into dollars at the December 1996 rate of UF/US$ = 31.27. Avgerage U12 rate corre-
sponds to a market-determined interest rate offered by the Banco del Estado mortgage bonds.

22. Estimated by CB Capitales as the difference between the dollar rates
obtained by local companies abroad and the corresponding U.S. Treasury Rate.
Informe Econdémico 6, May 1997. For Mexico, Domowitz, Glen, and Madhavan
(1996) find an equivalent premium of 2.0 to 2.7 percent.
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This exercise shows a very large spread that helps explain why
issuing UF-denominated bonds may not be attractive. The cur-
rency risk premium would have to be extremely large to make the
current rate an equilibrium one.

A second reason why bond issues are scarce in Chile relative to
other countries is the Chilean tax structure, which is virtually neu-
tral with respect to the incentives for the use of debt or equity.?3

Third, although the fixed-income market is segmented, the stock
market is likely to be integrated with the rest of the world because
of the foreign investors that operate in Chile and the massive use of
American depository receipts (ADRs) by the largest firms. Figure 5
shows the intentions of issuing stock, valued at subscription prices
(which are likely to differ from the final prices obtained), as well as
the market-to-book ratio for the aggregate stock market. Excluding
1987 and 1988 (years in which privatizations were significant), the
figure shows an upward trend. The market-to-book ratios increased
considerably (tripling since 1990) as a result of the alignment pro-
cess of the local stock market with the rest of the world.?* Relative
to presumable equilibrium levels, then, debt financing may be ex-
pensive in comparison with equity financing. This may have tilted
the financial structure toward the use of equity.

Figure 5. Subscription Price and Market (Book) Value of
Stock Issues?
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Source: Bolsa de Comercio de Santiago, Resefia 1996.
a. Exchange rate used: 424.75 pesos to the dollar.

23. See Hernandez and Walker (1993) or Walker and Hernandez [1992] (English
version).

24. Walker (1998) estimates a 6 percent drop in the real discount rate for stocks
after 1991.
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Finally, the early bond issues may have contributed to the develop-
ment of the stock market as well. The pecking-order theory outlined in
Myers (1984) suggests that information asymmetry and its associated
costs leads to the establishment of a sequence of preferred financing
sources: first, retained earnings, followed by debt (presumably supplier’s
credit, then banks, and finally the public) and then new equity. The
sequence can be interpreted either as a list of preferred financing
sources (given a certain level of information asymmetry between a
firm and its stakeholders) or as a chronological sequence (as a function
of the accumulation of information by investors about firms’ activities).
Figures 4 and 5 show evidence that is roughly consistent with the
latter vision. Figure 4 shows relatively large public issues of debt until
1991. Hernandez and Walker (1993) conclude that during the same
period the use of bank debt was significantly reduced. This is also
consistent with a new step in the pecking-order theory, in the sense
that as potential investors become informed about the nature of traded
firms and their businesses, issuing traded securities becomes less costly
since the information asymmetry is smaller. The new bond issues re-
quired firms to provide orderly information to the securities commis-
sion and to the official risk rating committee. Issuing firms later used
the same institutional arrangements to get approval for selling new
stock issues to the pension funds.

The long-term indexed bond market has thus been important for
the development of the entire capital market.

3. THE UNIQUE RETURN PATTERNS OF INDEXED BONDS

The idea of completing a market with financial indexation from
the perspective of a local investor is rather intuitive: in the ab-
sence of indexation, unexpected inflation risks are essentially
nondiversifiable, but this risk is totally eliminated with the aid of
indexation. For example, long-term investors who hold indexed
annuity bonds for the purposes of their pension are essentially
holding a riskless security. At the same time, a firm whose income
and expense streams are tied to the price index would view mod-
erate levels of indexed debt as riskless. Indexation can therefore
serve as a welfare-improving device that completes the market.

To go a step further, if all security returns are measured in terms
of indexed units (as is usually done in Chile), then a riskless asset can be
defined as one with zero variance measured in this unit. In this context,
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an indexed bond issued by the government would be riskless by
definition (for a matched investment horizon). Therefore, analyz-
ing whether there are other assets besides indexed bonds whose
combinations provide a riskless portfolio amounts to finding two
perfectly negatively correlated assets. It is hard to imagine two of
such assets. Any attempt to identify the degree to which indexed
bonds differ from other local assets (for example, how successfully
they can be replicated) makes little sense from this perspective.
No combination of stocks, cash, and real estate, for example, can
be expected to provide a riskless indexed return. The return pat-
terns of indexed bonds are thus analyzed by themselves.

Figure 6 and table 5 both present results for Chilean indexed
bonds. The indexes are the following:

< INPRC10. The PRC 10 is a Central Bank UF-denominated
bond with semiannual constant coupons over ten years. The index
assumes a simple trading strategy that consists in buying a newly
issued PRC 10 at the end of each month, using the proceeds from
the sale of the previous one. The interest rate used for the calcu-
lations corresponds to the yield of the bond on the last day of each
month. In the early years, before the existence of the PRC, the
equivalent PDP series was used. The calculation is based on data
provided by AFP Habitat and the Bolsa de Comercio de Santiago.

< INU12. This index corresponds to a twelve-year mortgage bond
issued by the Banco del Estado de Chile. The bond is based on a
different indexation mechanism, which may make it behave slightly
differently from UF-indexed instruments.?® It is calculated using
the same methodology and the same data sources as the INPRC10.

< INUF90. This index corresponds to the ninety-day UF-denomi-
nated deposit rate offered by prime banks to large pension funds.
The methodology and sources are the same as for the INPRC10.

e CB YIELD. The CB Yield corresponds to a fixed-income, UF-
based, long-term government bond index calculated by CB Capitales.
Data are provided by CB Capitales.

The U12 and the CB Yield are used only for control purposes, given
that the longest series correspond to the other two indexes. The corre-
lations between INPRC10 returns and the returns on the INU12 and
CB Yield are quite high, and in this sense the PRC 10 may be represen-
tative. It is also interesting to note that in the common period, the

25. The mechanism used is the average value index (the indice de Valor Promedio,
or IVP), which is similar to a lagged UF.
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observed returns are very similar among the longer-term indexes as
well as with the short term deposit, although there would seem to be
a premium of between 6 and 10 basis points per month in the PRC 10
returns. Not surprisingly, the short-term security has the lowest vola-
tility, followed by the CB Yield (a portfolio), PRC 10, and U12. Since
the U12 has a longer duration, these results are to be expected. The
small differences among the different volatilities and correlations
suggest that there is little room for diversification in the fixed-in-
come markets. This, in addition to the similarity of the observed
returns, gives credibility to the idea of a well-arbitraged market.

Figure 6 supports the results in the table, showing a very simi-
lar behavior for the long-term indexes, while the behavior of the
short-term index is obviously different and, in particular, signifi-
cantly smoother, given its short maturity. It is precisely the volatil-
ity of the longer-term indexes that gives protection to the long-term
investors, jointly with their long-term negative serial correlation,
which is apparent in the graph.26 This is due to the effects of a
mean-reverting changing yield through time. Short- and long-term
UF investing thus provides very different patterns of returns that
are not equivalent from the perspective of a local investor.

Table 5. Representative Fixed-Income Indexes
Percent

Index?
UF-based statistic INPRC10 INU12 INUF90 CBYIELD
Period covered Jan1990to Jan1990to Jan1990to Jan1993to
Mar 1997 Mar 1996 Mar 1997 Feb 1997

Average monthly return 0.63 0.63 0.57 0.63
Monthly standard deviation 1.47 1.59 0.18 0.78
Common period (Jan 1993 to Mar 1996)

Average monthly return 0.64 0.59 0.54 0.62

Monthly standard deviation 0.90 1.28 0.07 0.86
Correlations

INPRC10 1.00 0.64 0.52 0.78

INU12 1.00 0.15 0.43

INUF90 1.00 0.47

Source: Author’s calculations, based on data provided by AFP Habitat, the Bolsa de Comercio de Santiago, and
CB Capitales.
a. Indexes defined in text.

26. For overlapping annual PRC 10 returns, the one-year serial correlation is
—0.42. For nonoverlapping yearly returns, it is —0.82 (with only 6 data points).
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Figure 6. Cumulative Wealth of UF-Based Indexes?
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a. See text for definition of indexes.

4. THE UNIQUE RETURN PATTERNS OF INDEXED BONDS:
AN INTERNATIONAL PERSPECTIVE

The idea of completing the market with indexed bonds is ana-
lyzed here from the perspective of an investor who looks to world
markets for alternatives that are similar to indexed Chilean fixed-
income securities. The results show that replicating portfolios of for-
eign securities generally will not do a very good job. These findings
can be useful in several ways:

= For the Chilean Central Bank, which has to invest in foreign
assets and which maintains UF-denominated short- and long-term
liabilities. It is interesting to consider the kind of portfolio that
minimizes the tracking variance with respect to the Central Bank’s
liabilities, that is, the kind of portfolio that minimizes the variabil-
ity of the difference between asset and liability returns.

= For Chilean investors who wish to invest abroad. In the case
of long-term local investors, a riskless investment opportunity is
represented by a long-term UF denominated bond; in the case of
short-term local investors, the riskless asset would be a UF short-
term instrument. In both cases, the results indicate the foreign
portfolio that most closely resembles the local riskless asset. These
results also indicate why pension funds and insurance companies
have invested so little in foreign securities;

* For government authorities, who need to better understand
why foreign investors are interested in investing in local fixed-
income securities despite the reserve requirements.
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The analysis is developed based on software and data from Ibbotson
Associates.?’ It treats two fixed-income, UF-based wealth indexes as
if they were two separate fund managers. | conduct a performance
attribution analysis of the indexes (see Sharpe, 1992) and also ana-
lyze the out-of-sample rolling portfolios that would have most closely
resembled the indexes. The algorithm implements a Markowitz-style
optimization model, searching for the nonnegative portfolio weights
that minimize both the tracking variance, var (r, — rg ), where I and R
represent the replicated index and the replicating portfolio, respec-
tively, for the entire period and also the series of weights that would
minimize it on a thirty-six-month moving-average basis. The latter is
used to calculate out-of-sample replicating portfolio returns.

To find foreign replicating portfolios, INPRC10 and INUF90
were transformed into dollars, at the observed exchange rate and
the corresponding value in pesos for the UF.28

All the international data used were provided by Ibbotson As-
sociates. The data indexes chosen are the Salomon Brothers (SB)
three-month U.S. Treasury bill index; the intermediate-term U.S.
government bond index; the long-term U.S. government bond in-
dex; the long-term U.S. corporate bond index; the Salomon Broth-
ers (SB) broad investment-grade (BIG) bond index; the Standard
and Poor’s 500 index; the Morgan Stanley (MS) capital interna-
tional EAFE index; the Morgan Stanley (MS) capital international
Latin America free index; and the International Finance Corpora-
tion (IFC) emerging composite index. The criterion employed was
to seek world coverage with bond and stock portfolios, giving ad-
ditional emphasis to the U.S. indexes.

Figure 7 shows the cumulative dollar return for the indexes
and their overall replicating portfolios. Only the in-sample results
are shown (for example, when a single set of portfolio weights is
used for the entire period) because the out-of-sample results were
similar. The replicating portfolio barely obtains half of the wealth
accumulated by the local indexes, as a result of the high local in-
terest rates and the UF-dollar appreciation.

Table 6 lists the asset class weights that turned out to be differ-
ent from zero, and it also presents the parameters of a simple one-
variable linear regression that correlates the index returns with their
corresponding replicating portfolios. The portfolio weights are heavily

27. Used by permission. The software is called ENCORR ATTRIBUTION.
28. Data provided by the Central Bank of Chile.
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concentrated in short-term U.S. Treasury bills (or T-bills), because if
no single asset class has a significant correlation with the indexes,
then the tracking variance is minimized with the smallest variance
asset. Nonetheless, the replicating portfolios of the two indexes dis-
play certain differences. The longer-term index includes long-term
U.S. government bonds (whereas the short-term index does not) and
also has larger percentages in emerging markets. The regression sta-
tistics indicate that the out-of-sample methodology provides insig-
nificant results, except for the constant (alpha). This contrasts with
the overall period results, which appear statistically significant de-
spite their low explanatory power. This implies that the optimal port-
folio weights may not be stable through time. The serial correlation
of the rolling portfolio implies that it may be possible to use this
information to better calculate portfolio weights.

Both UF-based indexes thus provide patterns of return that are
not available in the international markets. This is true in the follow-
ing two senses. First, the large alphas indicate that with respect to
their replicating portfolios, the UF-based indexes provided addi-
tional dollar returns of between 0.7 and 1.0 percent per month.
Second, the low correlations indicate that the alternatives behave
very differently through time and do not entail the hedging proper-
ties that may be required by a local investor.

Figure 7. Dollar-Based Indexes and their
Replicating Portfolios?

35

US$1.00)

— INPRC10

= = m |NPRC10Benchmark
INUF90

...... INUF90 Benchmark

Indexes (Dec 1990

05

Jan 1990

Jul 1990 —
Jan 1991 —
Jul 1991 —
Jan 1992 —
Jul 1992 —
Jan 1993 —
Jul 1993 —
Jan 1994 —
Jul 1994 —
Jan 1995 —
Jul 1995 —
Jan 1996 —
Jul 1996 —
Jan 1997 —

Source: Author’s calculations.
a. See text for definition of indexes.
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Table 6. Average Composition of Replicating Portfolios,
January 1990 to March 19972

Overall Rolling
Data index INPRC10 INUF90 INPRC10 INUF90
SB three-month T-bill 78.4300 90.7500
Long-term U.S. government 8.0900 0.0000
IFC emerging composite 12.2300 7.3200
MS Latin America free 1.2500 1.9200
Summary statistic
Alpha 0.0072 0.0069 0.0104 0.0103
Alphat statistic 2.4035 2.3864 3.3677 3.7981
Beta 1.0737 1.1254 0.1628 0.0269
Beta t statistic 3.5094 2.9070 0.6166 0.0886
R? 0.1266 0.0904 0.0077 0.0002
F statistic 12.3159 8.4507 0.3802 0.0078
No. observations 87 87 51 51
Serial correlation 0.0991 0.1069 0.2682 0.3140

Source: Author’s calculations, based on Ibboston Associates data and software.
a. Data indexes and replicating portfolios defined in text.

Other lessons that can be drawn from this exercise are that
the Central Bank should consider, for hedging purposes, including
long-term U.S. government bonds and a small proportion of emerg-
ing market equity in its portfolio. Finally, investing in foreign fixed-
income seems to make little sense for a Chilean investor whose
investment horizons are represented by either index, given that
local indexed bonds outperform them.

5. RELEVANCE OF THE RETURN PATTERNS PROVIDED BY
UF BonNDs

The results of the previous section indicate that UF-denomi-
nated short- and long-term bonds provide patterns of returns that
are not available in the international markets. This section assesses
whether these patterns are relevant and if so, in what sense.

The analysis includes three different perspectives. The state-vari-
able perspective addresses the idea that the short- and long-term
UF-based indexes may represent relevant states of nature. From the
perspective of an optimal leverage composition (or hedging against
changes in capital asset prices), the issue is whether firms that be-
long to the nontradables sector would find it convenient to use more
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UF-denominated debt. Finally, the third perspective encompasses
whether UF-denominated bonds provide useful protection against
adverse changes in nontradable goods prices.

5.1 States of Nature

If short- and long-term UF-denominated bonds are indeed useful
indicators of the state of the economy, news about them should have
a significant impact on the prices of financial instruments. In particu-
lar, investors might want to either hedge against or bet on the move-
ments of these variables, and this risk should be priced. Therefore, if
the returns of these bonds are correlated with those of the stock
market, for example, significant relationships should emerge.2®

To test this simple idea, | performed a regression analysis with
the four industry stock market indexes of the Bolsa Electrénica
de Santiago. These are value-weighted indexes that represent buy-
and-hold strategies. The four sectors represented are electricity,
services, manufacturing, and natural resources. The returns on
these indexes are first expressed in dollars and calculated in ex-
cess of the ninety-day U.S. T-bill returns. This procedure is also
carried out for the explanatory variables, namely, the excess dol-
lar return of the short- and long-term UF-based indexes and of
the long-term U.S. government bond index.3° The next section ex-
plains the reason for working with excess returns; here, it is in-
teresting to note that the resulting numbers are almost unit-free,
since the variation of the dollar exchange rate is implicitly sub-
tracted on both sides.

Tables 7 and 8 show the results of this exercise. A seemingly
unrelated regression (SUR) analysis was performed, including equa-
tions for the short- and long-term index excess returns. Table 7
shows the results of estimating an autoregressive equation for the
short-term index return, while table 8 shows the results for the
long-term bond and stock indexes.

In table 7 the lags were set ex post at three to minimize the
number of degrees of freedom lost in the SUR analysis for the rest
of the equations, given that higher lags were not significant. Re-
sults show a relatively weak positive AR(1) behavior.

29. Strictly speaking, the first step in testing this is to estimate the sensitivity of
different asset prices to these state variables and then to verify whether this risk is
priced in a cross-section.

30. Same sources as before.



Table 7. Influence of UF-Based Indexes on Stock Returns:
The State Variable?

Explanatory variable EINUF90
Constant 0.0061 (2.7731)
EINUF90 (t-1) 0.2650 (2.0925)
EINUF90 (t-2) -0.0500 (-0.3823)
EINUF90 (t-3) -0.1350 (-1.1896)
Summary statistic

No. observations 60

d.f. 56

Adjusted R? 0.0339

SSR 0.0126

DW 1.9677

Source: Author’s calculations.

a. Dependent variable is the ninety-day UF-based index excess returns (measured in dollar excess returns
above the ninety-day T-bill monthly return). Estimation model is a seemingly unrelated regression (SUR); t
statistics in parentheses.

Table 8. Influence of UF-Based Indexes on Stock Returns:
Stock, UF, and U.S. Dollar Portfolio Returns?

Explanatoryvariable EINPRCI0 ERELECT ERSERVI ERINDUS ERNATUR
EINUF90 11571 -0.3356 -1.0352 -04501 -1.6159
(17.6062) (-0.2564) (-0.7610) (-0.3409) (-1.1868)

EINPRC10 22766 24900 15870  2.7715
(2.2227) (2.3385) (1.5356)  (2.6006)

EUSLTGVT 00490 -00838 07331 07990  0.0379

o (1.1169) (-0.2384) (2.0065) (2.2534)  (0.1038)
Summary statistic

No. observations 60 60 60 60 60
d.f. 58 57 57 57 57
Adjusted R? 0.8222 0.2447 0.2400 0.1909 0.1916
SSR 0.0042 0.2636  0.2845 0.2692 0.2854
DWb 1.9681 1.8903 1.7390 1.7716 1.7715
Hypothesis
UF coefficients > U.S. dollar (p values) ... 0.0089 0.0952 0.2516 0.2524
Equal UF coefficients (p values)
0.097 . X . X .
0.1376 X X
0.4076 X X
0.5880 X X

Source: Author’s calculations.

a. All dependent and explanatory variables are measured in dollar excess returns above the ninety-day T-bill
monthly return. EINUF90 corresponds to the ninety-day UF-based index excess returns; EINPRC10 corre-
sponds to the ten-year UF-denominated bond excess returns; EUSLTGVT corresponds to the long-term govern-
ment bond excess returns; ERELECT, ERSERVI, ERINDUS, ERNATUR correspond to the four industry indexes
calculated by Bolsa Electronica and respectively represent the electrical, services, manufacturing, and natural
resources sectors. Estimation model is a seemingly unrelated regression (SUR); t statistics in parentheses.

b. The DW statistics do not change if we include a constant in the equations.
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Table 8 starts with an analysis of the long-term UF-based index in
the first column of numbers. This is a very well behaved equation in
which the only significant explanatory variable is the excess return
on the short-term UF-denominated bond. In the other equations, the
coefficient on the short-term bond is negative and insignificant, and
in three out of the four equations the coefficient on the long-term
bond is very significant. The joint hypothesis that the coefficients on
the UF-denominated bonds are zero at any significance level can thus
be rejected.

The analysis indicates that UF-denominated bonds are useful in-
dicators of the state of the economy. This is especially true in the
case of the long-term bond, even though it is greatly influenced by
the short-term rate.

5.2 Optimal Debt Composition or Hedging against
Capital Asset Price Changes

All the regressions in table 8 exclude a constant and are expressed
as returns in excess of the T-bill returns, because one minus the sum
of the regression coefficients represents what should be invested in
the T-bill. To see this, assume three assets (A, B, and C) and suppose
that the aim is to find the unrestricted portfolio composed of B and C
that best replicates A. If we run the regression

ra—ry=b(rc—rg )+v,

then estimated b will represent the fraction of the portfolio invested
in C and 1 — b the fraction invested in B. The regression analysis
finds the portfolio weights that minimize the tracking variance.

Consequently, the coefficients of the regressions without con-
stants can be interpreted as the portfolio weights of the short-
term UF-denominated bond, the long-term UF-denominated bond,
the long-term U.S. government bond and the T-bill (computed as
one minus the sum of the other coefficients).

The results obtained have two alternative (but complementary) in-
terpretations. First, they could represent hedging portfolios made up of
the low-risk, fixed-income portfolios that most closely resemble the re-
turns of the industry portfolio. The idea is to identify the portfolio
that investors would choose if they could not invest directly in a given
industry. Which portfolio, for example, allows us to hedge best against
adverse price changes in housing (the nontradables sector)? The
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second interpretation is that of the optimal leverage composition,
in which the evolution of the industry portfolios represents those of
the firms that compose them. The portfolios would reflect the
market's assessment of changes in the value of assets. In this case
it makes sense to look for the composition of the total liability (rep-
resented by government bonds)—in terms of maturity and currency
denomination—that most closely follows the market value of as-
sets, because this minimizes bankruptcy risks.3!

The hypothesis that can be tested (and that is consistent with
both of the above perspectives) is that the nontradables sectors
(electricity and services) should have a higher optimal percentage
of the total composition (either as a hedging portfolio or as a liabil-
ity) in UF-denominated bonds. The opposite should be true for the
tradables sector (manufacturing and natural resources). The test
should also verify whether the former is greater than the latter, as
expected. In this case, since the variables involve the market value
of equity rather than of assets, results are likely to be biased against
the hypothesis. For example, if a firm already has an optimal debt
composition, the value of equity would be less affected by adverse
changes in the exchange or interest rates.

The results in table 8 can now be reinterpreted. First, the replicat-
ing portfolio of the long-term indexed bond consists of a long position
in the short-term UF-denominated bond (1.16), a long but insignificant
position in the long-term U.S. government bond (0.05), and a short
position in the T-bill (-0.21). This means that historically the UF-de-
nominated bond has provided a pattern of returns that is similar to
buying a short-term indexed bond with dollar-denominated debt.

The last four columns in table 8 show the results for the stock
portfolios. In general, these are well-behaved regressions, and the
results are in line with what can be expected considering the usual
explanatory power for stock portfolio returns based on a few ex-
planatory variables. Moreover, results are generally significant, al-
though the coefficients could be biased if the omitted variables are
correlated with the regressors. Nonetheless, the portfolio perspec-
tive given above is still valid.

To interpret the results for the stock portfolios, the central pro-
cedure is to test whether the total amount in UF-denominated bonds
(the sum of the first two coefficients) is greater than the amount

31. Government bonds are considered representative because from the per-
spective of an issuing firm, the bond issued is free of default risk.
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in dollar-denominated bonds. In other words, it is sufficient to test
whether the sum of the first two coefficients is greater than 0.5.
The role of separate coefficients for the short- and long-term bonds
(both UF-denominated and dollar-denominated) is to allow for the
adjustment of the portfolio duration. Results indicate that for the
electrical and services portfolios (in the nontradables sector), the
UF coefficients are indeed larger than the dollar coefficients at sig-
nificance levels of 1 percent and 10 percent, respectively. For manu-
facturing and natural resources (in the tradables sector), they are not.
This is consistent with what is to be expected. At the same time,
only the electrical sector gives some indication of having coefficients
that are larger than those of the industries in the tradables sector.

The evidence is thus mixed, and it only partially supports the hy-
pothesis that the optimal composition is biased toward the indexed unit.

5.3 Indexed Bonds and Goods Prices

Table 9 presents the results of performing simple bivariate
Granger causality tests between tradable and nontradable goods price
returns and the short- and long-term indexed bond returns. The idea
is to verify to what extent investing in these assets would provide
protection to an investor who wishes to hedge against adverse changes
in goods prices. This requires a measurement unit for returns and
price changes, and since the U.S. dollar has had a significant down-
ward trend, | decided to measure everything in units of the tradable
good. Therefore, the price returns actually correspond to the change
in the relative prices of the tradable and nontradable goods. The
index returns are also measured in terms of the tradable good.

Table 9. Bivariate Granger Causality Tests?

Observed
significance Lagged Sumof
Causality test AdjustedR?  for AR(1) test®  variable®  coefficients t statistic
NT causes UF90 0.1652 0.4787 CPI-NT 1.0951 1.3917
UF90 causes NT 0.0694 0.7515 INUF90 -1.0385 -0.7721
NT causes PRC104 0.2612 0.1644 CPI-NT 0.5501 0.7264
PRC10 causes NT¢ 0.2552 0.0881 INPRC10 0.0034 0.0186

Source: Author’s calculations, based on data from the Chilean Instituto Nacional de Estadistica (INE).

a. Variables measured in terms of tradable goods units. Sample period is 1992:1 to 1997:3. NT means
nontradable; CPI-NT corresponds to the consumer price index of the nontradables sector; INUF90 corresponds
to the ninety-day indexed bond returns; INPRC10 corresponds to the ten-year indexed bond returns.

b. Test suggested by Godfrey (1978) and Breusch (1978).

c. Tested twelve lags in each case.

d. Modeled with an AR(1) error
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Results show that the correlation between lagged price returns
and bond returns are positive, but not significant. There is thus no
direct evidence that UF-based investing alone provides a good hedge
against increases in the relative prices of nontradable goods. More
importantly, indexed bond returns do not feed back into prices,
which helps to mitigate the eventual concern of the economic au-
thorities that financial indexation perpetuates inflation.

6. ConcLrusioNs AND FINAL COMMENTS

This paper has provided sufficient evidence to prove that financial
indexation has been an important factor in the development of the
Chilean capital market. This is likely to have had a positive impact on
welfare and growth through better resource allocation. The paper ana-
lyzed the issue from several perspectives to justify the conclusion.

The Chilean experience with the liberalization of financial mar-
kets leads to the conclusion that in addition to liberalizing interest
rates and credit restrictions and establishing an inflation-neutral tax
system, the UF constitutes a central piece of the technology developed
for protecting capital market participants from inflation. This technol-
ogy includes the credibility of the unit, compatible laws, and the prece-
dent established by the central authorities in issuing indexed bonds.

Without an inflation-protection unit, high expected inflation rates
and nominal financial instruments imply that the effective maturity of
a long-term nominal bond is short. The implications of not having an
index unit are that longer-term debt is likely to be issued in a foreign
currency (such as the U.S. dollar) and that the overall size and average
maturity of the fixed-income markets are likely to be reduced. This, in
turn, implies a larger degree of mismatching in firms' asset-liability
structures, which increases the expected bankruptcy costs.

The paper describes the Chilean fixed-income market and its
generalized indexation as successful. An estimated 63 percent
(US$82 billion) of the assets held by institutional investors, in-
cluding banks, pension funds, life insurance companies, and mu-
tual funds, are indexed. Excluding banks from the sample increases
the number to 80 percent. Excluding equity investment as well
further increases the percentage to 99 percent.

The paper also identifies links with other markets, especially the
equity market, concluding that the development of a fixed-income



290 Eduardo Walker

indexed market was a necessary step toward the development of the
equity market. Similar arguments apply in the financial sector with
regard to the development of mortgages, pension funds, and life in-
surance companies. In the real sector, the development of the con-
struction sector through the market for mortgages was probably one
of the greatest benefits of indexation. On the other hand, nonfinan-
cial firms have issued small amounts of debt, partly as a result of the
distortion between the required returns on debt and equity.

It is not possible to successfully replicate the short- and long-
term indexed bond return patterns in international markets, and in
this sense they are unique. This uniqueness is relevant for local in-
vestors, considering the following evidence. First, short- and long-
term indexed bonds represent states of nature that significantly impact
asset prices. Second, different debt structures (hedge portfolios) would
be optimal for firms in the tradables and nontradables sectors, with
the latter being tilted toward UF-denominated securities. These re-
sults also indicate that the Central Bank’s optimal asset composition
should include long-term U.S. government bonds and a small fraction
of emerging market equity. Finally, from the perspective of local in-
vestors, investing in foreign fixed-income securities seems to make
little sense, which may explain why this process has been so slow.

The economic authorities have probably played an important
role in the development of the local capital market. In addition to
establishing the set of regulations, the issuance of indexed bonds
with diverse maturities has provided an important stimulus. The
liquidity and benchmarking that these bonds provide are neces-
sary signals for the private sector. In this sense, other govern-
ment initiatives, such as issuing nominal and dollar-denominated
long-term bonds in addition to indexed bonds, would probably help
to continue completing the financial markets. For example, long-
term nominal bonds could have a social role not only in terms of
clarifying private sector expectations about future inflation rates,
but also in terms of modifying or creating certain forms of indus-
trial organization. With these instruments providing clear refer-
ence rates and with minor legal changes, the market for nominal
funds is likely to experience increased competition, which could
lower nominal interest rates on consumption loans, for example.
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APPENDIX
The Convexity Effect

Consider the Vasicek (1977) model for the term structure of
interest rates. It assumes that the changes in the nominal inter-
est rates follow a mean-reverting diffusion process with constant
parameters of the following type:

dr = a(b-r)dt + odz ,

where a is the “pull”, b the level toward which the rates revert, ¢ the
volatility parameter, and dz the Wiener process. This equation
has a closed form solution that depends on the above parameters
and also on the current level of the short rates.

To study the impact of the volatility of the inflation rate, the
real U.S. rates are assumed to be constant, and the current and
equilibrium rates are assumed to correspond to the TIPS rate plus
a 3 percent long term inflation rate (which gives a log nominal rate
of 6.396 percent). We estimate the parameters a and o from a simple
regression of changes in the annual inflation rate against its lagged
value from 1960 on. This yields the corresponding estimates of 0.26
and 2.15 percent, respectively. Calculating the Vasicek formula with
these parameters generates a downward-sloping nominal yield curve.
Using the Fisher equation to estimate the expected inflation rate
(that is assumed constant) would therefore underestimate it by 17
basis points in the ten-year bond and 25 basis points in the twenty-
year bond. For Chile, using a current and long-term real rate of 6
percent, a constant expected inflation rate of 4 percent, a param-
eter a equal to 0.201,%2 and twice the volatility of the United States
(4 percent), the ten- and twenty-year nominal discount bonds ap-
pear to have interest rates that are 78 basis points and 130 basis
points below the value given by the Fisher equation. In this case,
the inflation risk works in a way that is opposite to what can be
expected. Increasing the inflation volatilities reduces the resulting
nominal rates. The present value is a convex function of its discount
rate. Therefore, for a given long-term expected value, higher vola-
tility in the inflation rates implies lower nominal rates.

32. Corresponds to the coefficient of the error correction model in Rojas,
Rosende, and Vergara (1995, table V.10).
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Since the implementation of the Real Plan of 1994, the Brazil-
ian economy has been in the process of reducing its degree of in-
dexation. For more than three decades, Brazilian wages, rents,
financial securities, and other contracts were indexed to the price
level. The frequency of adjustment sometimes reached monthly or
even daily intervals, as in the case of some financial securities.

Brazilian indexation was inseparably associated with high rates
of inflation, which averaged 20 percent per month over the last three
decades. Inflation peaked at 82 percent per month during the hyper-
inflation (or megainflation) episode that occurred just before the Collor
Plan went into effect. The association between inflation and index-
ation has always provoked the debate about whether high and vari-
able inflation induces the indexation of the economy through the
breakdown of nominal contracts or whether indexation perpetuates
the inflationary process as argued by the inertial theory of inflation.!

Brazilian indexation has relied mainly on price-level indexation
as opposed to exchange rate indexation, which is common in several
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other inflationary experiences. This peculiar feature has often been
justified by the institutionality of Brazilian indexation mechanisms.

These mechanisms, which date back to 1964, concentrated on price-
level indexation well before the country began to experience the high
inflation of the late 1980s and early 1990s.

This paper investigates Brazilian indexation in the financial sec-
tor over the last few decades, focusing, in particular, on indexation of
the public debt. Not only were government indexed securities a siz-
able portion of total securities, but they also took a central role (as
reference values and even as a unit of account) in spreading index-
ation mechanisms to other contracts in the economy, such as wages,
rents, taxes, and other private financial contracts. Important gov-
ernment indexed securities include the Obrigacbes Reajustaveis do
Tesouro Nacional (ORTN, later OTN) in 1964-89 and the Bonus do
Tesouro Nacional (BTN) in 1989-91.

This paper examines the composition of public debt among price-
level-indexed, nominal, and foreign-denominated securities. It argues
that the volatility of inflation, the level of total debt, the volatility of
the real exchange rate, and the correlation between expenditures
and inflation are important determinants of the composition of pub-
lic debt. To illustrate the main government incentives for issuing dif-
ferent public debt securities, the paper derives a simplified model of
debt indexation and denomination. It models a government that wants
to minimize both the fluctuation of the government budget and infla-
tion. The smoothing of the budget allows for smaller changes in the
tax rate, which implies higher utility for a representative consumer,
given convex distortion costs. The main trade-off can be summarized
as follows. On the one hand, issuing indexed securities allows the
government to minimize fluctuations of the real value of its debt as a
result of inflation variability, and it eliminates the temptation of in-
flating away the debt, which, in equilibrium, would lead to costly higher
inflation. On the other hand, if expenditure shocks are positively cor-
related to inflation shocks, nominal securities serve as implicit con-
tingent debt, thus reducing the value of debt when it is most needed.

The paper also investigates when it is preferable to issue foreign-
denominated securities. These are a better option when the real ex-
change rate does not fluctuate substantially and the correlation
between the real exchange rate shocks and government expenditures
is negative.

The paper is organized as follows. The next section summarizes
Brazilian experience with indexation. Section 2 presents the model
and section 3 looks at the composition of public debt in Brazil. Fi-
nally, section 4 concludes.
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1. INDEXATION IN BRAZIL

Most of Brazil's institutionalization of indexation dates back to
1964 during the first military government of President Castelo Branco.?
Before that date, two laws inhibited the emergence of automatic ad-
justments of contracts. The 1933 law passed by President Vargas
simply prohibited contracts from being stipulated in currencies other
than the milreis, the Brazilian currency at that time. Besides being a
nationalistic reaction in favour of the Brazilian sovereign monetary
unit, the law attempted to curb the established practice of foreign
companies indexing their prices to the exchange rate in order to neu-
tralize the effect of the devaluation of milreis on their receipts mea-
sured in foreign currency. From an economic point of view, the law
was based on the fact that exchange rate indexation significantly im-
paired the correction of balance-of-payments imbalances.

The second law, the Lei da Usura, established a nominal inter-
est rate ceiling of 12 percent. Since inflation generally exceeded
this ceiling, implying negative real rates, several mechanisms were
established to bypass the law. Long-term contracts were nonexist-
ent, however, since they required explicit indexation mechanisms
to deal with uncertainty regarding future inflation rates.

In 1964, the military government decided to reduce the distor-
tions in the economy resulting from these two laws. It therefore
introduced the correcdo monetaria, a sophisticated indexation
mechanism that adjusted taxes, tariffs, and some financial contracts,
but not the exchange rate, wages, or bank deposits. The govern-
ment wanted to avoid the negative effects that the absence of in-
dexation had on public receipts and some financial contracts. The
absence of indexation on the exchange rate and wages was justified
to allow corrections of external imbalances and to avoid the infla-
tionary consequences of wage indexation.

The government also issued the Obrigacdes Reajustaveis do
Tesouro Nacional (ORTN). These were public debt securities that
had maturities ranging from one to twenty years and that were ad-
justed automatically for past inflation plus interest rates of 6 percent
per year. The objective was to avoid financing the deficit through
inflationary monetary expansion. The government believed that in-
dexing the debt would increase the demand for long-term securities
with fixed real rates and also allow for lower debt service, since it

2. This section draws on Simonsen (1995).
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expected inflation to decline below market expectations embed-
ded in nominal interest rates paid on nominal securities.

The ORTN rapidly became an important reference value for other
contracts. Starting in 1964, mortgage contracts were adjusted by
the quarterly variation of the ORTN. This adjustment became known
as the UPC (the unit of reference of capital). Indexation spread to
almost all areas of the economy beginning in 1967, during the Costa
e Silva administration. Wages could no longer be denied automatic
indexation. The exchange rate policy was based on purchasing power
parity, and rents were adjusted every six months. In short, the
Brazilian economy became highly indexed.

Both indexation and inflation continued to increase under the
next two governments, from 1974 to 1985. The Mexican default and
the resulting crisis led to higher inflation and renewed efforts to imple-
ment restrictive monetary and fiscal policies. With the economy highly
indexed to past inflation, all attempts to reduce inflation through tra-
ditional policy instruments proved inappropriate.

The inflation process was thought to be inertial and its reduction
to require measures that eliminate widespread indexation in the
economy. In March 1986, the Cruzado Plan was implemented; this
was the first in a long series of stabilization plans. This first attempt
was unsuccessful, as were the following four plans (namely, the
Bresser, Summer, Collor I, and Collor Il plans) (see figure 1). The
widespread indexation of contracts persisted, and inflation continued
to increase.

Figure 1. Inflation and Stabilization Plans
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Given the high levels of uncertainty with respect to inflation, nominal
contracts could not survive. The proportion of nominal public debt reached
zero during the megainflation process that preceded the Collor plan. Fig-
ure 2 shows the proportion of nominal debt in the hands of the public.

The Real Plan of July 1994 succeeded in reducing inflation. It was
an ingenious scheme of changing numeraires. In March 1994 nomi-
nal prices, wages, and other contracts were allowed to be quoted in a
unified reference value (URV) that would be replaced by a new cur-
rency, the real, in July 1994. Given that prices were already indexed
to several different references, the innovation of the URV was to
coordinate a unified unit of account that would substitute for all other
indexation mechanism. In the interim period after the introduction
of the URV and before its replacement by the real, it was expected
that relative prices would converge to their equilibrium value. This
was important for the second phase of the conversion, when the URV
would be transformed into real on a one-to-one basis and then pegged
to the dollar. This pegging, in fact, caused inflation to plunge from 46
percent in June 1994 to 1.5 percent in September 1994.

Lower inflation and deliberate government legislation to elimi-
nate the indexing of the economy together reduced the indexation of
short-term contracts substantially. In particular, the proportion of
indexed public debt diminished considerably. Figure 3 shows the com-
position of public debt after the Real Plan. The most striking fact is
that the proportion of nominal debt has increased significantly, as
one should expect from the increasingly stable inflation environment.

Figure 2. Nominal Debt in Brazil
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Figure 3. Composition of Public Debt
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2. THE MobDEL

The government decision to manage its public debt hinges on the
trade-off between time-consistency problems and tax-smoothing motives.
The former generate higher inflation than is optimal; credibly commit-
ting to low inflation therefore requires a structure based on securities
indexed to either foreign or domestic inflation. Tax smoothing calls for
issuing securities whose returns are negatively correlated with the tax
needs of the government. This may be the case of both nominal debt and
debt linked to a foreign currency.

The model uses a two-period example to derive the optimal com-
position of debt, including nominal, indexed, and foreign-denomi-
nated liabilities. The objective is to highlight the effects of both tax
smoothing and time-consistency considerations on the optimal com-
position in the simplest possible framework.3

The government’s objective is to minimize distortions from taxes
(7) and inflation (w), both of which are assumed to be quadratic. There
are three sources of uncertainty: government spending, the real ex-
change rate, and the money demand are assumed to be stochastic.

3. A multiperiod model is developed in Goldfajn (1996). For a related model of
public debt indexation, see Calvo and Guidotti (1990).
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The latter introduces uncertainty with respect to the inflation rate:

2 2
Min E[AT—+”—]. Q)
2 2
In the first period, the government chooses the composition of the
debt that it sells to the public, which will mature at the end of period
two. Three financial instruments are available: nominal bonds that are
sold at a nominal interest rate (i) and have a realized rate of return of

(1+i)

(1+7I) ,

indexed bonds that pay a real rate of r plus the realized rate of infla-
tion (n); and foreign-denominated bonds that pay the foreign in-
terest rate (i) plus the rate of depreciation (e) and have a realized
real rate of return in domestic currency equal to

(1+i*)(1+e) _

(1+7r)

No shocks or other financing decisions take place in the first period.
In the second period, the government decides about the optimal
money growth, given the level of debt and its composition. Subsequently,
the shocks are realized and taxes are levied to balance the budget.*
Consumers are in the background; they enter the model as risk-neu-
tral debt holders who demand a nominal interest rate that includes a
fixed real interest rate (r) plus the expected rate of inflation (=®):°

1+i:(1+ne)(1+r). @)

The assumption of risk neutrality on the part of the investors is not
restrictive and is made for simplicity. Had | assumed risk-averse in-
vestors, they would have demanded an extra premium to hold nomi-
nal debt, but the main results would still hold.®

4. The budget has to balance since this is the last period. In the multiperiod
model, taxes and money growth are decided simultaneously, and the amount of debt
financing is adjusted for the shocks.

5. It is assumed that the real interest rate r is equivalent to that demanded on
indexed bonds. Even with risk neutrality, equation 2 is an approximation.

6. The results depend on the fact that the government wants to minimize the
fluctuations on the real value of its debt, since they generate costly changes in the tax
rates. The investors’ degree of risk aversion does not change this fact.
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The paper assumes uncovered interest rate parity:

14i=(1+e" )(1+i"). ©)

The money market equation determines the equilibrium inflation
rate:

T=M+V, @)

where m is money supply growth created by the government and v
represents velocity shocks that are assumed to be white noise. Here
the paper assumes that the government sets the money supply and
allows the nominal exchange rate to be determined endogenously.’
In equilibrium, rational investors will anticipate the government’s
decision on money supply growth. In the model, this implies that in-
vestors anticipate the average inflation generated by the government:

®)

The government’s budget constraint in the second period is that
taxes have to be equal to spending plus the real value of debt.2 Using
equations 2 and 3 and linearizing the budget constraint, | obtain

T=G+(1+r)B[1-0(7-n)-07(G-q")] , ©)

where 6 and 6" are the proportions of nominal and foreign-denomi-
nated debt, respectively, B is the level of total debt, and

g=7-¢. ™)

Unexpected increases in inflation reduce nominal debt, and
unexpected real appreciations reduce foreign-denominated debt.
(Assume for simplicity that foreign inflation is zero.)

2.1 The Commitment Solution

The commitment solution is derived first. It is assumed that the
government can credibly commit in the first period to the decisions

7. An alternative and equivalent assumption is to allow the government to set
the rate of depreciation and let money be determined endogenously.
8. For simplicity, revenues from cash balance holdings are ignored.
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taken in the second period. In the first period, therefore, the
government will choose both the composition, 6 and 8%, and the
way it will finance itself between taxes and money growth in the
second period. Minimizing equation 1 subject to equations 5 and
6, | obtain the solution

Ak

m =0, ®

2
g=_297% "%4q%a  gpq )
JCLC
o~ Saa _Oxe0 (10)
Bci 0(21

where ¢ denotes variance or covariance. It is assumed, for simplicity,
that r = 0.

The optimal money supply growth is zero because there are no
benefits from announcing a higher money path: nominal interest rates
will increase proportionally to higher inflation rates. Moreover, higher
inflation rates imply higher distortion costs, such that governments
will optimally commit to a zero inflation path.

The optimal proportion of the debt in nominal terms increases
with the covariance of inflation with spending but diminishes with
the variance of inflation. The intuition is that shocks to the other
components of the budget should be optimally hedged. On the one
hand, nominal debt is a good hedging device for the government when-
ever shocks to spending (or any other component of the primary defi-
cit) are positively correlated to inflation shocks and, therefore,
negatively correlated to the debt value. This avoids having to raise
taxes in bad states of the world. On the other hand, pure inflation
variance only introduces noise to the budget and induces the use of
more indexed debt. This will be the case in countries that face large
nominal shocks relative to real movements. The real value of the
their debt would fluctuate without a corresponding change in other
budgetary components. This induces the use of a high proportion of
indexed debt. The empirical section of the paper demonstrates that
this is precisely the case of Brazil.
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Having liabilities in foreign currency introduces another in-
strument for hedging, provided the correlation between the real
exchange rate and other domestic budget components (in this case
spending) are not zero. The trade-off with foreign-denominated
liabilities is that they may introduce more noise to the budget. If
the value of foreign currency used to peg part of the debt is not
very stable, that is, if there is a high variance of the real exchange
rate, taxes will fluctuate more to compensate the movements in
the real value of foreign-denominated debt.

The optimal proportions of nominal and foreign-denominated debt
derived above imply a specific relationship between them. A larger
share of nominal debt is associated with a larger share of foreign-
denominated debt depending on whether the covariance between in-
flation and the real exchange rate is positive or negative. If the
returns covary negatively, the two bonds are complements in the
government’s portfolio and they should increase proportionally.

2.2 Absence of Commitment

In this section, the assumption of commitment is relaxed. If the
government cannot commit its future behavior, it will face time-con-
sistency problems arising from the fact that it controls the average
inflation rate. Optimal behavior in the second period will be to inflate
some of the existing nominal debt. Ex ante, rational investors will
anticipate the future temptation to inflate, adjust expected inflation,
and demand a higher nominal interest rate. The inflation rate will be
higher in this equilibrium than in the previous one, in which the
government could commit itself.®

Itis interesting to calculate the effect of future incentives to inflate
on the debt composition chosen in the first period. Solving backwards,
the government minimizes taxes and inflation costs in period two, but
takes as given the level of debt (B), its composition (6 and 6%), and the
nominal interest rate (i). Minimizing equation 1 subject to equations 5
and 6 in the second period, I obtain the following solution:

m =AB6AQ and (11)
o=(G+B), (12)

9. The government here cannot systematically affect the real exchange rate, g.
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where G is expected spending. The first-order condition of equation
11 uses equation 5. It says that in the second period the government
equates the expected marginal costs of raising taxes and inflation. The
equilibrium values of taxes and inflation, after shocks are realized, are

T=G+B(1-072-07q) and (13)
T=m" +V 14

where © and g are the unexpected shocks to inflation and the real
exchange rate.

In comparison with the previous case, the absence of commit-
ment increases the average rate of inflation, creating expected dis-
tortion costs. The incentive to inflate and the resulting equilibrium
inflation depend on the proportion of nominal debt outstanding, 6.
The government in period one would therefore need to adjust its
optimal 0 to reduce the incentive to inflate. Thus it will deviate from
the optimal proportion of nominal debt for hedging purposes. In other
words, the absence of other commitment technologies forces the gov-
ernment to use indexation to satisfy two objectives, hedging and com-
mitment, leaving it worse off.

The government in period one minimizes the loss function in pe-
riod two by choosing the appropriate indexation of debt. For this pur-
pose, it is possible to explicitly derive the loss function that the
government faces in the first period (dropping irrelevant terms and
using the values from equations 11 through 14):

Loss= A’B?6°Q*-26Bo,, —26 Bo,, 1)
. Bz(ezoi 167" 6% +206 o, ) .

The first term on the right-hand side of the equation is the price
of not being able to commit to not inflating the nominal debt. It is the
traditional inflationary bias of time-consistent solutions. Indexing the
debt is one of the commitment technologies. The government will
now take into account this term when choosing its optimal propor-
tion of nominal debt. It is clear that setting 6 = 0 will completely
avoid this type of cost. The second and third terms are the hedging
role of nominal debt and foreign-denominated debt, respectively. If
inflation (or the real exchange rate) and government spending are
positively correlated, tax rates will fluctuate less and governments
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can reduce distortions in the economy. It is thus optimal to have
contingent debt that reduces the real value of debt when financing
needs are higher. Nominal and foreign-denominated debt are implic-
itly contingent debt. The last term on the right-hand side of the equa-
tion works against issuing both nominal and foreign-denominated
debt. If the variance of inflation or the real exchange rate is high,
it will imply large changes in the real value of debt, which will
increase the variance of tax rates. Setting 6 = 0 and 6" = 0, com-
pletely indexing the debt, eliminates this last effect.

The government minimizes the loss function in the first period
and obtains the optimal proportion of debt in nominal and foreign
currency:

2 —
0= %92 % = %ga Irq and (16)

) B[(A2 Q%+ )Gé +62,

o'~ Saa _Ox0 @

= 2 2
B o O

This optimal value has an additional term, Q?A, when compared
to the commitment case. The government now has to take into ac-
count the marginal cost, in terms of higher average inflation, of not
indexing one extra unit of debt. This additional cost will reduce the
optimal proportion of nominal debt. The higher the term Q2A, the
more tempted the government appears to be to inflate the debt. To
credibly commit itself to not inflate, the government will thus use a
higher proportion of indexed debt. This will reduce the amount of
nominal debt available for hedging purposes, deviating further from
the commitment solution. The Q2A term depends on both the level of
total debt and average spending. If the total debt, B, is larger, the
government is more tempted to inflate the debt. The higher the debt,
therefore, the lower the optimal proportion of nominal debt. This
effect is similar to the one derived in Blanchard and Missale (1994).

The effect of the debt level on foreign-denominated debt is more
ambiguous. First, there is the direct effect of the level of debt on the
composition through the hedging mechanisms. For given variances and
covariances and a given level of shocks to spending, the higher the
total debt, the lower is the proportion of foreign-denominated debt
needed to obtain the same amount of hedging. Second, the impact of
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the term QZ2A (through 6 in equation 17) depends on whether the
covariance between inflation and the real exchange rate is positive or
negative. The latter also defines whether foreign-denominated debt
and nominal debt are complements or substitutes in the government’s
portfolio.

I could restrict the values of 6 and 6" to between 0 and 1, which
means that there is no negative debt in any component of the debt,
that is, governments do not hold net positive claims with the private
sector. In this case corner solutions may arise.

Two relevant issues on debt management are not stressed in the
model. First, governments frequently claim that they manage debt
to minimize borrowing costs. However, if markets work efficiently
and there is no free lunch, any gains from shifting to cheaper securi-
ties should imply higher risks to the government.1® Since higher risks
to the government ultimately imply higher risks to society (for ex-
ample, through a higher probability of raising taxes to close the bud-
get), itis not clear that anyone gains from this strategy. In the model,
I have omitted this aspect by assuming risk-neutral investors and
equivalent real returns for all the securities. Second, governments
can, in principle, smooth shocks intertemporally by raising debt in
bad moments and repaying debt in good times. The nature of the
shock then becomes irrelevant, and debt composition is indetermi-
nate. In a previous paper, | show that even if governments smooth
taxes through time, there is a role for smoothing taxes through states
of nature; this is the hedging argument described above (see Goldfajn,
1996). The relative importance of the hedging argument is an empiri-
cal matter. The following section evaluates the importance of hedg-
ing and credibility arguments in the case of Brazil.

3. EmPIRICAL ANALYSIS

The implications of the model can be summarized as follows:

e The proportion of nominal debt should decrease with the
level of total debt.

< Nominal debt should be negatively related to the variance of
inflation.

10. This occurred, for example, when the Mexican central bank shifted from
domestically denominated CETES to dollar-denominated Tesobonos and implicitly
assumed the exchange rate risk.
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= Nominal debt should increase when the covariance of inflation
and spending is larger, whereas foreign-denominated debt should
increase when the covariance between the real exchange rate and
spending is larger.

= Foreign-denominated debt should be negatively related to the
variance of the real exchange rate.

This section tests the main determinants of public debt index-
ation and denomination. The analysis focuses on the joint behavior
of the macroeconomic series that determines the budget constraint
of the government (that is, government spending and inflation),
the level of the debt, and its composition for Brazil.

3.1 Data

The paper uses monthly public debt data for the period 1980-97,
obtained directly from the Central Bank of Brazil and from the his-
torical series published in Andima (1992). The data set incorporates
disaggregated data on the composition of public debt between in-
dexed and nominal debt held by the public (net of the holdings of
the Central Bank).

The paper also uses monthly data on the real exchange rate,
inflation, and spending. Inflation is measured by changes in the
wholesale price index, and spending is the total disbursment of the
government net of interest rate payments. The original source of
the series is the Central Bank of Brazil. The series of real exchange
rate values is multilateral, based on the wholesale price index; it is
calculated in Goldfajn and Valdés (1996).

3.2 First Stage: Obtaining the Variance and
Covariance Series

The paper first obtains the four variance and covariance series
for Brazil: the variance of inflation, the covariance of inflation with
government spending, the variance of the real exchange rate, and
the covariance of the real exchange rate with spending. The vari-
ance-covariance structure of innovations in government spending,
real exchange rate, and inflation was obtained for Brazil by per-
forming a vector autoregression (VAR) of these variables. The vari-
ances were obtained from the residuals of the VAR. In the same
manner, the covariances were obtained from the off-diagonal-terms
covariance matrix of the residuals.
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The variance and covariance series were estimated with a se-
ries of rolling VAR estimations. A new VAR was estimated for each
year, with a different data set available to estimate the covariance
matrix. For each estimation, the last forty observations and two
lags were used. In this way a time series of estimates of the four
relevant variances and covariances were obtained. The series start
in January 1980 and end in December 1997.

Three series of correlations are relevant to the discussion. First,
the correlation between spending and real exchange rate innova-
tions in Brazil tends to be positive in most of the sample, giving a
hedging role to the foreign-denominated debt. This is an expected
result, since higher spending increases the demand for nontradables,
which appreciates the currency. Second, the correlation between
spending and inflation is positive at the beginning of the sample and
at the very end (1980-85 and 1994-96), but it becomes negative in
the late 1980s when inflation reached hiperinflationary levels. The
reason is that for low and medium levels of inflation, either govern-
ment spending created pressures on prices or, in the reverse cau-
sality, increases in prices generated more government spending.
In this case, nominal debt played a role as a hedging device. When
inflation rates became very high, however, shocks to inflation tended
to reduce government spending, since wages and payments in the
public sector were not perfectly indexed to the price level. Finally,
the correlation between inflation and the real exchange rate is posi-
tive in the whole sample. Because prices and exchange rates were
not perfectly flexible, positive shocks to inflation did not always trans-
late into proportional shocks to the nominal devaluation rates, which
led to real appreciations of the currency. Nominal and foreign-
denominated debt were therefore substitutes in the government
portfolio.

3.3 Second Stage: OLS Regressions

The second stage uses the estimated variances and covariances
obtained in the first stage to estimate their influence on the choice of
6 and 6%, in an ordinary least squares (OLS) regression. The period of
estimation is 1980-95, and the frequency is monthly.

The proportion of nominal debt is regressed against the variance
of inflation, the covariance of spending and inflation, the level of pub-
lic debt as a proportion of gross domestic product (GDP), a constant,
a time trend, and dummy variables to control for both the Collor and
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Real plans.! The dummies are included because both plans caused
important structural breaks with a potentially important influ-
ence on the composition of public debt. The Collor Plan of March
1990 froze a good part of the financial securities available, includ-
ing public debt securities. The Real Plan represented a structural
break from the previous inflationary environment; it therefore had
potentially important effects on the composition of public debt.
Indexed debt in Brazil was not a guaranteed positive real return to
its holders. Figure 4 shows the real value of an indexed bond from
1976 to 1991. It is clear from the figure that indexation in Brazilian
indexed securities was far from perfect. The indexation mechanism
lagged behind actual inflation and did not protect the real value of this
type of debt. An interesting way to test the effect of imperfect index-
ation is to observe the behavior of the average maturity of all public
debt, including indexed debt. If indexation is imperfect, agents will
require shorter maturities, even in indexed debt, to avoid large fluc-
tuations in the real value of debt. | can therefore repeat the OLS
regressions above using the average maturity as the dependent vari-
able, since the predictions of the model can be equally applied to the
average maturity of debt. The effects of the variance of inflation, the
level of public debt, and the covariance of inflation and spending on the
real value of debt should be correlated to the average maturity of debt.

Figure 4. Real Value of Government Indexed Bond
(January 1976 =100)
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Source: E. Tanner, “Intertemporal Solvency and Indexed Debt: Evidence from Brazil”, Journal of International
Money and Finance 14(4): 549-73, 1995

11. Neto (1996) runs similar regressions to test the model outlined in Goldfajn (1996).
His specification and results differ somewhat from those obtained below, however.
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Finally, the proportion of foreign-denominated debt is regressed
against the variance of the real exchange rate, the covariance of
spending and the real exchange rate, the level of public debt as a
proportion of GDP, a constant, a time trend, and dummy variables
to control for both the Collor and Real plans.

3.4 Results

The results of the regression are presented in tables 1 through 3.
The expected signs are listed in the bottom row.

In table 1, the level of debt seems to have a significant effect
and in the direction predicted by the model. A higher level of debt
reduces the long nominal proportion of debt. This supports the
model, since having a higher total debt affects the incentives to
inflate and influences the decision on whether to issue nominal
debt.

The variance of inflation has a negative effect on the propor-
tion of nominal debt, as uncertainty with regard to inflation tends
to reduce maturities. As predicted by the model, a high variance of
inflation should reduce the amount of nominal debt. This phenom-
enon was an important feature of the Brazilian economy, in which
the deepening of financial indexation was positively correlated
to the uncertainties that accompanied high inflation rates.

Table 1. Determinants of Debt Indexation in Brazil, 1980-952

Collor | Real

Explanatory Plan Plan
variable D/Y  Trend o, dummy dummy o, R?
Inflation -0.05 0.26 -0.14 0.30
(-3.8) (4.93) (-2.38)
Inflation and -0.06 027 021 203 0.34
spending (-3.86) (5.01) (-3.39) (1.7)
Real exchange -0.07 024 020 201 19.1 0.40
rate (-4.93) (3.48) (-3.09) (1.7) (2.85)
Real exchange -0.06 023 011 185 20.85 1.04 044
rate and spending (-4.78) (3.41) (-154) (1.56) (2.9) (2.64)
Expected sign - - + + +

Source: Author’s calculations.
a. The dependent variable is the proportion of nominal debt. A constant was included in each regression;
t statistics were corrected by the Newey-West consistent matrix and are shown in parentheses.
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The covariance with spending also fit the predictions of the
model. The coefficient on the covariance of inflation and spending
have the correct sign: it is positive and significant at the 5 percent
level. This confirms the prediction of the model that the higher
this covariance, the higher the proportion of nominal debt.

The results further show that both the Collor and Real plans
increased the proportion of nominal public debt, the former through
a compulsory freezing of financial assets and the latter through a
structural change in the inflationary regime.

Table 2 presents the regressions with the average maturity of
public debt. The coefficients on debt-to-GDP ratio, variance of infla-
tion, the covariance of inflation with spending, and the Collor plan
have the same signs as predicted by the model and are equivalent to
the ones obtained in the regressions presented in table 1.

Table 3 contains the results of the regressions with foreign-de-
nominated debt. The coefficients on the variance of the real exchange
rate and the covariance of the real exchange rate with spending have
the right signs but are insignificant. The level of debt has a negative
effect on the proportion of foreign denominated debt. Credibility ar-
guments should imply a positive sign.*?

To take into account the covariance between the residuals of the
regressions that underlie the results in tables 1 and 3, a seemingly
unrelated regression (SUR) system was estimated. The results are
similar to those obtained in the previous tables (see table 4).

Table 2. Determinants of Debt Maturity in Brazil, 1986-952

Collorl  Real

Explanatory Plan Plan
variable D/Y  Trend 6, dummy dummy o R?
Inflation -0.03 0.12 -0.07 062

(-6.6) (6.99) (-5.02)
Inflation and -003 0.12 -009 543 0.65
spending (-6.9) (714) (5.73) (379
Real exchange -003 013 -009 546 -194 065
rate (-5.83) (441) (-634) (388 (-059)
Real exchange -003 011 -006 498 018 027 065
rate and spending (-6.17) (394) (443 (359) (0.06) (2.57)
Expected sign - - + + +

Source: Author’s calculations.
a. The dependent variable is the average maturity of debt. A constant was included in each regression;
t statistics were corrected by the Newey-West consistent matrix and are shown in parentheses.

12. The regressions in tables 1 and 3 were repeated using the amount of
nominal or foreign-denominated debt as the independent variable. This isolates
the direct negative effect of total debt from the credibility effect that | want to
stress. The results are qualitatively identical.



Table 3. Determinants of Foreign Denominated Debt in

Brazil, 1980-952

Collor | Real
Explanatory Plan Plan
variable D/Y Trend  opep  dummy  dummy  opeg, R?
Inflation -001 005 038

(-287) (481

Inflation and -002 010 027 052
spending (-242) (513) (112
Real exchange -002 010 -023 234 172 052
rate (-296) (412) (-0.88) (-087) (0.84)
Real exchange -002 010 021 236 166 011 044
rate and spending (-295) (416) (-0.84) (-0.87) (0.80) (0.88)
Expected sign + - +

Source: Author’s calculations.

a. The dependent variable is the proportion of foreign-denominated debt. A constant was included in each
regression; t statistics were corrected by the Newey-West consistent matrix and are shown in parentheses.

Table 4. Determinants of Debt Composition, Seemingly
Unrelated Regression (SUR) System Estimation?

Foreign-denominated

Variable Nominal debt debt
DY -0.05 -001

(-6.7) (-6.2)

Trend 025 011

(8.9) (7.8)
c, -0.09 0.001
(-2.04) (0.07)

O 14 0.36
(2.87) (3.68)

o 0.13 -0.10
RER (0.42) (-0.97)
c -1.57 -0.02
RERe (-3.63) (-0.11)
Collor I Plan dummy 16.9 -0.64
(322 (-0.38)

Real Plandummy 216 181
(5.27) (1.36)

R? 047 057

Source: Author’s calculations.

a. A constant was included in the regressions;

t statistics in parentheses.
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4. CONCLUSIONS

Since the implementation of the Real Plan, the share of public
indexed debt has dropped from 70 to 30 percent of total debt, while
the shares of both nominal and foreign-denominated debt have in-
creased. This paper offers a simple model and preliminary evidence
to explain these facts.

The paper develops a model of public debt management that con-
centrates on hedging and credibility motives. The model demonstrates
that indexed debt should be issued to enhance the credibility of the
government or to avoid unnecessary fluctuations in the real value of
debt as a result of variable inflation rates. In contrast, nominal debt
serves the purpose of hedging shocks to the budget when inflation is
positively correlated to spending. Foreign-denominated debt may also
serve as a hedging device if the real exchange rate is positively corre-
lated with spending and does not fluctuate substantially.

The evidence from OLS regressions confirms that the variance of
inflation, the size of the public debt, and the correlations of inflation
with spending are important determinants of public debt indexation
in Brazil.
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“This volume presents the current state of knowledge about the classic
issues of indexation and inflation. It brings together work by top economists
in both academia and central banks. The papers strike just the right balance
between intellectual rigor and policy relevance. Any scholar or practitioner
of monetary policy can learn a lot from this book.”

Laurence Ball, Johns Hopkins University. '

“Indexation is a central issue for economies with incomplete markets
and credibility problems. Indexation may facilitate and sometimes impede
good macroeconomic management. This book provides a fresh look at this
and related issues from the perspectives of theory and empirical analysis,
taking advantage of the extensive indexation experience in Brazil and Chile.
Since market incompleteness and low credibility are common features of
emerging-market economies, this book meets the additional criterion of
being highly relevant and topical. Moreover, the array of authors is impressive,
running from the field’s big-hitters to seasoned central bankers with close-
range experience on the topic. | am prepared to bet that this book will
become indispensable reading for anybody interested in the role of indexation
or the macroeconomics of emerging-market economies.”

Guillermo A. Calvo, University of Maryland and lﬂter%merican Development Bank.

“Indexation of wages, exchange rates, tax brackets, bonds, mortgages,
rents—Chile has had it all. Building on this rich experience, the volume
edited by Lefort and Schmidt-Hebbel prov:des a state-of-the-art analysis of
the macroeconomic causes and consequences of indexation. Inflation-
targeting central bankers will want to read the chapters on how to carry
out policy in an indexed enwronment.A very useful book ;

Andrés Velasco, Harvard Umvers:ty
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