INTERNATIONAL MONETARY FUND

S TAVFF
PAPERS

Skill Levels and the Cyclical Variability of Employment,
Hours, and Wages
MICHAEL KEANE and ESWAR PRASAD & 71
Economic Restructuri Unemployment,
vd Growth in a F.conomy
BANKIM CHADHA, FABRIZIO CORICELLI
aind KORNELIA KRAINYAK ® 744
The Yield Curve and Real Activity

ZULIU HU » 78]
A Primer on Tax Evasion
VITO TANZI and PARTHASARATHI SHOME * 807
Real Excl ge Rate Targeting Under
Imperfect Asset Substitutability
J. SAUL LIZONDO o 829

Foreign Exchange Markets in Russia

LINDA § GOLDBERG ® B52

Comments: P. Nicholas Snowden; Guillermo A, Calvo, Leonardo
Leiderman, and Carmen M. Reinhart; Maria E. Garcia; Carmen M
Reinhart and Vincent R. Reinhart o 865

Volume 40 Index » 881

DECEMBER 1993




STAFF PAPERS

MARGARET R. KELLY
Chair, Editorial Committee

IaN S. McDonNALD
Editor and Deputy Chair

RozLyYN COLEMAN
Assistant Editor

Editorial Committee

F. Charles Adams G. Russell Kincaid
Mario 1. Blejer Malcolm D. Knight
Guillermo A. Calvo Paul R. Masson

Ved P. Gandhi Donald J. Mathieson
David J. Goldsbrough Susan M. Schadler
Peter Isard Subhash M. Thakur

Among the responsibilities of the International Monetary Fund, as set forth in its
Articles of Agreement, is the obligation to “‘act as a centre for the collection and
exchange of information on monetary and financial problems.” Staff Papers makes
available to a wider audience papers prepared by the members of the Fund staff. The
views presented in the papers are those of the authors and are not to be interpreted
as necessarily indicating the position of the Executive Board or of the Fund.

To facilitate electronic storage and retrieval of bibliographic data, Staff Papers
has adopted the subject classification scheme developed by the Journal of Economic
Literature.

Subscription: US$50.00 a volume or the approximate equivalent in the curren-
cies of most countries. Four numbers constitute a volume. Single copies may be
purchased at $16.00. Individual academic rate to full-time professors and students of
universities and colleges: $25.00 a volume. Subscriptions and orders should be sent to:

International Monetary Fund
Publication Services

700 19th Street, N.W.
Washington, D.C. 20431, U.S.A.

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

©International Monetary Fund. Not for Redistribution



INTERNATIONAL MONETARY FUND

STATFTF
PAPERS

Vol. 40 No. 4 DECEMBER 1993

©International Monetary Fund. Not for Redistribution



EDITOR’S NOTE

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

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

© 1993 by the International Monetary Fund
International Standard Serial Number: ISSN 0020-8027

The U.S. Library of Congress has cataloged this serial publication as follows:

International Monetary Fund
Staff papers — International Monetary Fund. v. 1- Feb. 1950-
[Washington] Internationa! Monetary Fund.

v. tables, diagrs. 23 em.

Three no. a year, 1950-1977; four no. a year, 1978-
Indexes:
Vols. 1-27, 1950-80, 1 v.
ISSN 0820-8027 = Staff papers — International Monetary Fund.

1. Foreign exchange—Periodicals. 2. Commerce—Periodicals.
3. Currency question—Periodicals.

HG3810.15 332.082 53-35483

©International Monetary Fund. Not for Redistribution



CONTENTS

Vol. 40 No. 4 DECEMBER 1993

Skill Levels and the Cyclical Variability of Employment,
Hours, and Wages

MICHAEL KEANE and ESWAR PRASAD e 711

Economic Restructuring, Unemployment,
and Growth in a Transition Economy
BANKIM CHADHA, FABRIZIO CORICELLI,
and KORNELIA KRAIJNYAK e 744

The Yield Curve and Real Activity
ZULIU HU e 781

A Primer on Tax Evasion
VITO TANZ] and PARTHASARATHI SHOME e 807

Real Exchange Rate Targeting Under
Imperfect Asset Substitutability

J. SAUL LIZONDO o 829

Foreign Exchange Markets in Russia:
Understanding the Reforms

LINDA S. GOLDBERG e 852

Comments

Formulating a Policy Response:
Comment on Calvo, Leiderman, and Reinhart

P. NICHOLAS SNOWDEN e 865

iii

©International Monetary Fund. Not for Redistribution



iv CONTENTS

Formulating a Policy Response:
Reply to Snowden

GUILLERMO A. CALVO, LEONARDO LEIDERMAN,
and CARMEN M. REINHART e 868

Output Fluctuations and Monetary Shocks in Colombia:
Comment on Reinhart and Reinhart

MARIA E. GARC{A ¢ 871

Output Fluctuations and Monetary Shocks in Colombia:
Reply to Garcia

CARMEN M. REINHART and VINCENT R. REINHART ¢ 876

IMF Working Papers o 878

IMF Papers. on Policy Analysis and Assessment o 879

Volume 40 Index o 881

©lnternational Monetary Fund. Not for Redistribution



[MF Staff Papers
Vol. 40, No. ¢ (December 1993)
© 1993 International Monctary Fund

Skill Levels and the Cyclical
Variability of Employment, Hours,
and Wages

MICHAEL KEANE and ESWAR PRASAD*

This paper uses microeconomic panel data to examine differences in the
cyclical variability of employment, hours, and real wages for skilled and
unskilled workers. Contrary to conventional wisdom, it finds that, at the
aggregatelevel, skilled and unskilled workers are subject to the same degree
ofcyclical variation in wages. However, the quality of labor input is found
to rise in recessions, inducing a countercyclical bias in aggregate measures
of the real wage. The paper also finds substantial differences across in-
dustries in the cyclical variation o femployment, hours, and wage differen-
tials, indicating important interindustry differences in labor contracting.
[JEL E32, J31, J41)

HILE IT HAS long been recognized that skilled workers face sub-

stantially lower cyclical variation in employment than unskilled
workers, little evidence is available on the relative variation of their real
wages over the cycle. Based largely on the work of Reder (1955, 1962),
ithascome to be widely accepted that wage differentials across skill levels
are countercyclical. More precisely, the relative wage differentials be-
tween skilled and unskilled workers are believed to widen in recessions
and narrow in booms. For instance, Azariadis (1976) brings this stylized

* Michael Keane is an Associate Professor at the University of Minnesota. He
received his Ph.D. from Brown University. Eswar Prasad is an Economist in the
IMF’s Western Hemisphere Department. He received his Ph.D. from the Uni-
versity of Chicago. The authors would like to acknowledge research support from
the Federal Reserve Bank of Minneapolis. The views expressed in thts paper do
not necessarily reflect the views of the University of Minnesota, the Federal
Reserve Bank of Minneapolis, or the International Monetary Fund.
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712 MICHAEL KEANE and ESWAR PRASAD

fact to bear on his discussion of implicit contracts in the labor market,
and Kydland (1984) discusses it in the context of his heterogeneous-agent
business cycle model.

Most previous studies of wage differentials have used data that are
aggregated based on some specific criterion of skill. For example, Reder
(1955) divides the work force into skilled, semiskilled, and unskilled
categories using job classifications and proceeds to look at average wage
measures for each category. The use of such aggregate data may obscure
the effect of substantial compositional changes in the work force over the
cycle. In particular, systematic cyclical changes in the quality of the
employed work force within specific job classifications may bias Reder’s
aggregate measurement of the cyclicality of wage differentials between
skilled and unskilled workers.

Raisian (1983) was among the first to study the cyclicality of wage
differentials using micro panel data to control for compositional changes
in observed characteristics of workers and some unobserved measures of
ability. He finds that workers with more work experience and longer
tenure on their current job exhibit significantly greater procyclical vari-
ability in wages and weekly hours worked but less variability in annual
weeks worked. Contrary to Reder’s findings, Raisian concludes that
relative wage differentials between skilled and unskilled workers are
procyclical.

In this paper, we present new evidence on the cyclicality of wage
differentials using micro panel data from the National Longitudinal
Survey of Young Men, a panel containing 12 surveys over a period of 16
years. The long panel enables us to obtain efficient estimates of the
interaction between skill levels and the cyclical behavior of real wages.
QOur estimates control for aggregation bias on the basis of observed
worker characteristics and also for unobserved individual fixed effects.
Another potentially important source of bias, referred to as selection
bias, arises from the fact that in any period wages are observed only for
workers who are employed in that period. By choosing only those person-
year observations for which a wage is observed, estimated coefficients
may pick up the effect of some unobserved component of ability that has
a systematic effect on employment probabilities as well as on wages. We
implement a maximume-likelihood version of Heckman'’s (1974) selection
model to correct for such selection bias. This source of bias has not been
dealt with in earlier studies of wage differentials.'

By controlling for observed worker characteristics and unobserved

! The magnitude of this bias in measuring the cyclicality of the average real wage
may be substantial as shown in Keane, Moffitt, and Runkle (1988).
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SKILL LEVELS AND CYCLICAL VARIABILITY 713

fixed effects and by correcting for selection bias, we are able to provide
consistent estimates of the cyclical properties of offer-wage differentials.
The offer wage for workers of a particular skill levelis defined as the wage
offered to a “‘representative” worker of that skill level, after controlling
for heterogeneity within that skill category. Our results demonstrate that
the two quantities discussed above, mean offer wages and average ob-
served wages, have considerably different cyclical properties. This im-
plies that changes in the average wage of employed workers are biased
measures of changes in the mean of the offer-wage distribution, both at
the aggregate level and within specific skill categories.

In our empirical work, we do not attempt to develop a single measure
of skill level but, instead, examine a variety of plausible proxies for
human capital. In particular, we focus on education levels, total labor
market experience, and tenure on the current job. These variables ar-
guably act as a proxy for different facets of human capital. Since Becker’s
(1962) seminal paper, it has been recognized that a careful distinction
needs to be made between general human capital and firm-specific or
industry-specific human capital. This distinction has implications for the
effects of skills on employment, hours, and wage variability. Indeed, we
fmd that our proxies for skills differ considerably in their effects on
cyclical fluctuations in employment, hours, and wages.

We also provide results broken down by industry, in order to closely
examine interindustry differences in the cyclical behavior of the wage
premium for skills. In addition, we separately measure the cyclicality of
employment and weekly hours worked. This enables us to estimate the
relative magnitude of the variation in employment and weekly hours in
accounting for cyclical labor input variation in different industries.’

A key finding of the paper is that, at the aggregate level, skilled and
unskilled workers face almost the same degree of relative cyclical varia-
tion in wages. In other words, offer-wage differentials between skilled
and unskilled workers are essentially acyclical. However, after con-
trolling for other characteristics, older workers are estimated to have
more procyclical wages.

Although their patterns of wage variation are similar, workers with a
college degree have little cyclical variation in employment probabilities
or weekly hours, while workers without a degree have employment
probabilities and hours that are procyclical. The greater procyclical vari-
ation in employment and hours for nondegreed workers implies that the

% The standard measure of labor input is aggregate hours worked, which is the
product of the number of persons empioyed and the average weekly hours worked
(or the appropriate frequency).
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714 MICHAEL KEANE and ESWAR PRASAD

average quality of labor input per manhour rises in arecession. It follows
that a substantial countercyclical bias may exist in those measures of the
real wage that simply divide aggregate compensation by total manhours.
Our finding that the quality of the labor force risesin arecession is similar
to that reported by Kydland and Prescott (1988), who use data from the
Michigan Panel Study of Income Dynamics.

At the industry level, we find that the wage premium for skills is
strongly procyclical in durable and nondurable manufacturing and is
countercyclical in retail trade and services. In durable manufacturing,
workers with a college degree have much more procyclical variation in
wages than other workers. Educated workers in durable manufacturing
haverelatively less procyclical variation in employment probabilities and
are actually found to have countercyclical variation in weekly hours.

Variation in average weekly hours accounts for only about 30 percent
of the variation in total hours worked in the economy. However, in cer-
tain industries, such as nondurable manufacturing, variation in average
weekly hours accounts for a substantial portion of the variation in total
hours. These and other industry results indicate substantial intersectoral
differences in labor contracting.

It is useful to discuss the relation between skill levels and employment,
hours, and wage variability in the context of labor market contracting
models. The next section of the paper surveys some theoretical models
of labor market contracting and compares their implications. This pro-
vides a framework for analyzing and interpreting our empirical results.
We follow with a section describing the econometric techniques used in
the paper and another section describing the data set used in the estima-
tion. Next, we detail our main results, concluding with a summary of the
paper’s findings and implications.

I. Conceptual Framework

The concept of a *‘skilled worker™ is rather nebulous since the term
“skill level” is often used as a portmanteau to refer to various aspects of
human capital. The literature on human capital theory makes an impor-
tant analytical distinction between general and firm-specific (or industry-
specific) human capital (see Becker (1962)).* General human capital

Notice that firm-specific and industry-specific capital are not necessarily
identical. However, when issues of labor reallocation and wage dispersion are
examined in the context of business cycles, the typical unit of analysis is the
industry (for example, see Lilien (1982)). This is partly driven by the fact that
industry-level data contain less measurement error. Also, the conceptofa *“firm”
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SKILL LEVELS AND CYCLICAL VARIABILITY 715

increases the productivity of a worker in any firm. Such capitalis assumed
not to depreciate when a worker switches from one firm (or industry) to
another. Firm-specific capital is, by definition, not transferable across
firms. There is an element of risk to investment in such capital since a
separation of the worker from the firm leads to the loss (or significant
depreciation) of such capital. The real resource costs of investment in
specific capital include training costs and forgone output from time spent
training rather than directly producing output.* Workers may bear a
portion of these costs by accepting a wage below their marginal product
when they join the firm. This joint investment provides an incentive for
both the firm and the worker to avoid a separation.

Specific human capital is key to many of the models of labor market
contracting that have direct implications for the cyclical behavior of
employment, hours, and wages for workers of different skill levels. These
models may be classified into two broad categories. The implicit contract
models of Azariadis (1975, 1976), Baily (1974), and Gordon (1974) imply
the existence of wage-smoothing arrangements provided by firms for
their workers. The implicit contract models of Hashimoto (1981) and
Raisian (1983), on the other hand, imply the existence of labor contracts
with more procyclical compensation for workers with higher skill levels.
The main differences between these two sets of models arise from their
assumptions regarding the rules that determine how the costs of invest-
ment in specific capital and the returns from it are shared by firms and
workers.

The Azariadis-Baily-Gordon class of models postulates that risk-neu-
tral firms may implicitly offer insurance to risk-averse workers by guar-
anteeing them relatively stable employment and wages when faced with
uncertain demand for the firm’s product. In its basic form, this theory
suggests that all workers receive some form of employment or wage
insurance, reflected in the weak response of employment and wage
measures to demand shocks or other real shocks.

By incorporating firm-specific human capital, this theory can be ex-
tended to the case of risk-averse firms and heterogeneous workers.
Risk-averse firms would, in general, not be willing to take on the risks
posed by fluctuations in demand or productivity. However, if firms bear
the cost of investment in specific human capital, they might be reluctant

is much less well defined than that of an industry. Given these facts and the
constraints on our data set, we refer to industry-specific and firm-specific capital
interchangeably. Alternatively, we could use the notion of a representative firm
in each industry as the unit of analysis.

* Oi (1962) uses a similar notion of fixed hiing costs to model skilled labor as
a quasi-fixed factor input.
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716 MiCHAEL KEANE and ESWAR PRASAD

to lose the specific capital embodied in their workers. When faced with
adverse demand or productivity shocks that they perceive to be transi-
tory, firms then have an incentive to retain workers with high specific skill
levels. Thus, skilled workers may be offered contracts that, at business
cycle frequencies, provide them with smoother wages and more stable
employment patterns than unskilled workers.® Unskilled workers would
simply be paid their marginal product in every period, and their employ-
ment would depend solely on current-period demand conditions. Hence,
their employment and wages would tend to be strongly procyclical.

The Hashimoto-Raisian class of models has markedly different impli-
cations. The key underlying notion in these models is that specific capital
involves a joint investment by the firm and the worker. Further, the
returns from this form of human capital are assumed to be shared by the
two parties. This gives both parties, the worker and the firm, an incentive
to avoid a separation that would cause specific capital to be lost. Thus,
workers with more firm-specific human capital would face a trade-off
between employment and wage variability. Since such workers typically
have higher incomes than unskilled workers, they are likely to have better
access to asset markets where they could insure against income fluctua-
tions. Consequently, skilled workers would be willing to accept more
procyclical variation in wages than unskilled workers, in return for a
greater degree of employment stability.

It follows from the above argument that the larger their share in the
returns from specific capital, the more employment stability the skilled
workers would value (or the more variability in wages they would accept
in return for not being laid off).®* However, it is likely that skilled workers
face a greater degree of adjustment at the intensive margin (that is,
weekly hours worked). In other words, firms may respond to downturns
by laying off unskilled workers and reducing the hours worked by skilled
workers. This implication follows from the assumption that specific hu-
man capital is unaffected by hours variation but depreciates if a firm and
a worker are separated for one or more periods.

*Further, if a firm received the entire return from a worker’s specific capital,
it would be even more willing to assure him or her a relatively smooth wage in
order to prevent a separation and the consequent loss of such specific capital. The
precise extent of wage and employment smoothing would depend on tﬁe degree
of the firm’s risk aversion, the cost of specific capital investment, and the persis-
tence of the shock, among other things.

®This argumentimplicitly assumes that temporary and permanent separations
between a firm and a worker are equivalent in that they cause specific capital to
de{)reciate fully. This is the limiting case of a more general argument that would
hold if there was a sufficiently large depreciation in specific capital resulting from
a temporary separation.
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SKILL LEVELS AND CYCLICAL VARIABILITY 717

However, the Hashimoto-Raisian model could also be consistent with
countercyclical hours variation for skilled workers. Since highly skilled
workers in many industries typically earn salaries rather than hourly
wages, working longer hours in a downturn may be a means of taking a
temporary cut in hourly wages.

Thus, the Azariadis-Baily-Gordon and Hashimoto-Raisian models
have similar predictions about employment variability: skilled workers
should face less cyclical variation in employment. Neither set of models
has a definitive implication regarding relative cyclical variability of hours
for workers of different skill levels, although, in its simplest form, the
Hashimoto-Raisian model implies that skilled workers face more
procyclical variation at the intensive margin (hours worked).

The predictions regarding differences in wage variability across skilled
and unskilled workers are diametrically opposed in these two sets of
models. The Azariadis-Baily-Gordon class of models posits the existence
of contracts that assure skilled workers of smoother wages and employ-
ment, thereby implying a countercyclical wage premium for skilled labor.
This is consistent with the findings of Reder (1955, 1962), who uses aggre-
gate data to show that skilled-unskilled wage differentials narrow in
booms and widen in recessions. The Hashimoto-Raisian model, on the
other hand, implies that workers with more specific capital face more
variable wages. That is, skilled workers may have more stable employ-
ment but are subject to greater wage variability than unskilled workers.
This implies procyclical wage differentials between skilled and unskilled
workers. Raisian (1983) provides evidence in support of this view.

We attempt to provide an empirical resolution of this issue using a
detailed set of micro survey data to correct for various potential sources
of bias. In our empirical work, we use different proxies for skills in order
to disentangle the various effects of human capital on wage and employ-
ment variability. The primary determinant of general human capital is
education. The costs of such human capital investment are usually con-
sidered to be borne entirely by the worker, as are the returns accruing
from it. It is also likely that measures of general human capital, such as
education, are highly positively correlated with levels of specific human
capital. For instance, workers with a college degree presumably have
attributes that make them more efficient at acquiring specific capital.
Thus, education levels are a good measure of general as well as specific
human capital.

A more direct proxy for specific human capital is tenure on the current
job (see Altonji and Shakotko (1987)). On-the-job training and learning-
by-doing are likely to enhance skills that are of particular value to a
specific firm or industry. Further, longer tenure arguably indicates the
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718 MICHAEL KEANE and ESWAR PRASAD

existence of specific capital that the firm and the worker are reluctant to
lose.” Another useful proxy for human capital is total labor market
experience, although it is not obvious what aspect of human capital this
best measures. We use all three variables as proxies for skills and estimate
a series of models that independently analyze their effects on wage and
employment variability.

II. Econometric Framework

The basic regression model is as follows:
lnu’,-,:x,',B+U,(x+p,,~+€'., Vi=1,2,...,N;
t=12,...,T. (1)

The real hourly wage rate of individual i at time ¢ is represented by W.
X. is a vector of observed individual-specific variables that affect this
wage rate, with associated coefficient vector B. In our application, we use
the aggregate unemployment rate in the economy, U,, as an indicator of
the cycle.® a indicates the relation between the real wage and the business
cycle. Forinstance, a negative estimate of o would imply that the average
real wage declines when the aggregate unemployment rate rises (or that
the average real wage is procyclical). p, stands for a vector of unobserved
individual-specific characteristics that are fixed over time. The elements
of ; may be correlated with X,. The regression error €; is assumed to
be independently and identically distributed (i.i.d.).

We are interested in estimating the effects of observed measures of
skills on the cyclicality of a worker’s real wage. This is accomplished by
including an appropriate interaction term as follows:

lnpvir = x:’lB + Ula + UiEiv'y + wm t+ o€
Vi=12,...,N; t=1,2,...,T. @)

The variable E; is a measure of skill level (it should also be included in
X.). The coefficient v on the interaction term U, E, captures differences
in the cyclicality of wages for workers with different skill levels. A positive
estimate of ¥ would indicate a countercyclical wage premium for skills—

" Length of tenure is also a good measure of the quality of the match between
a worker and a firm. Given the uncertainty inherent m job matching, workers and
firms would both be reluctant to terminate a good match when faced with a
terngorary decline in demand or productivity. For our purposes, the quality of
a job match may be considered part of a worker’s specific capital.

® Our results were not significantly affected by the choice of the business cycle
indicator. See the discussion in the next section.
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SKILL LEVELS AND CYCLICAL VARIABILITY 719

that is, the skill premium increases when the unemployment rate rises.
Conversely, a negative y would indicate a procyclical skill premium.

Estimating equation (2) by ordinary least squares (OLS), with p; + €;
being the composite error term, would yield biased estimates of B and
v unless the variables in p; were uncorrelated with the regressors. In
general, this is not likely to be true. Workers with a high (unobserved)
value of m; are high-ability workers. If high-ability workers were less
likely to be laid offin a recession than were low-ability workers, the mean
level of w; among employed workers would covary positively with the
aggregate unemployment rate. The correlation between such unobserved
individual fixed effects and the unemployment rate would induce an
upward (countercyclical) bias in the estimated coefficient on the unem-
ployment rate. Similarly, if an unobserved component of ability were
positively correlated with, say, the observed level of education, the
estimated coefficient on the education variable would be biased upward.

The interaction coefficient vy is subject to similar bias. For instance, if
an increase in the aggregate unemployment rate caused the average
unobserved ability of workers in lower skill categories (those with lower
values of E;) to rise relative to the average unobserved ability of workers
in higher skill categories, y would be biased downward. This procyclical
bias in the estimated cyclical variation of the skill premium would
spuriously indicate a narrowing (or understate the increase) of the skill
premium in a recession.

To deal with such unobserved individual fixed effects, we employ a
fixed effects estimator by using OLS to estimate the following trans-
formed equation:

ln‘i,ﬂ = X.‘KB T 0Ia + UIE:‘IY i éin

1

’
where InW, = In W, — > n Wi,

1
€ = (€ + p) — 7‘2 (ex + m)

=1

1 T
€ — 7‘r=21 €. (3)
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720 MICHAEL KEANE and ESWAR PRASAD

This transformation subtracts out individual means over time for each
variable, causing the individual fixed effects to drop out. The error term
€ is i.i.d. and is uncorrelated with the regressors. Note that to imple-
ment the fixed effects model we need to leave out control variables that
are constant over time or collinear with the time trend.

To estimate the cyclical behavior of wages and skill premia at the
industry level, we could include interactions of U, and U, E;; with industry
dummies. Specifically, the following counterpart to the OLS model in
equation (2) may be employed:

J J
InW, =X.B + EL‘,‘: Ua; + Z]Ii,‘r U Eiy; + Wi + €. €))]
j=1 i=

I, is abinaryindicator variable that takes the value one if worker ¢ locates
inindustry j at time ¢. Otherwise, I;; equals zero. The coefficients a and
v are now indexed by industry. For instance, v; is an estimate of the
cyclical variation in the skill premium in industry j. With appropriate
transformations of the variables as described in equation (3), a similar
pooled regression could be used to estimate the fixed effects model at the
industry level:

7 J
In pi’ir = Xit B+ 2 Ly U. a; + 2 L UlEu vt €. (5)
=1 =3

A potential problem with specification (5) is that it restricts individual
fixed effects to be the same across all industries. This would bias the
coefficients of industry-level estimates if there were industry-specific
unobserved fixed effects that were correlated with any of the regressors.’
Further, both equations (4) and (5) restrict the coefficient vector B to be
the same across industries. This implies the strong assumption that the
returns to observed worker characteristics are the same in all industries.

Apart from unobserved individual fixed effects and industry-specific
effects, there remains another potential source of bias. All of the above
discussion assumes that the mean of ¢, conditional on individual { being
employed in period ¢ is zero. But notice that wages are observed only for
those individuals who are employed in a given period. If an unobserved
component of ability that affected the wage rate for an individual was
correlated with the unobserved component that affected that individual’s
probability of employment, we would be faced with a typical selection

? Industry-specific fixed effects are a potential problem only in the case of
workers switcﬂing industries over the sample period. Workers who stay in one
industry over the entire sample period would have their industry-specific fixed
effects eliminated by the transformation described in equation set (3).
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SKILL LEVELS AND CYCLICAL VARIABILITY 721

bias problem." For instance, changes in U, may cause workers with
systematically high or low values of the time-varying unobserved produc-
tivity component (reflected in high or low values of ¢;) to enter or leave
employment in an industry. The effect of changes in average labor force
quality resulting from the inflow or outflow of high or low productivity
workers would then bias the unemployment rate coefficient. If, in addi-
tion, the magnitude of this effect differed by skill level, a fixed effects
estimate of vy; would be a biased estimate of the change in the mean
offer-wage differential in industry j.

To eliminate the effect of cyclical changes in the composition of the
work forceinduced by such systematic selection, we estimate the variabil-
ity of mean industry offer wages for different classes of workers using a
maximum-likelihood version of Heckman’s (1974) self-selection model.
This model estimates a wage equation for each industry jointly with a
probit choice equation that determines whether a worker locates in that
industry. The model is written as follows:

In mﬂ = Xf! B} ¥ U[ [0 8] + UrEa Yi i+ (271 + Ei/‘l:
obseri)ed lﬁrl.'j, =Sy,
where I}, =Z,0; + U3 + U E;m; + ¥; + wji,

C[1ifI =0
1‘!‘“{0 if I <0 (©6)

Here I} is the latent index of a probit employment equation that deter-
mines whether worker i is employed in industry j at time r. Z, is a vector
of individual-specific regressors that affect the probability of employment
in industry j at time r. The corresponding coefficient vector is denoted
by 8,. Typically, Z, contains elements that enter into X, as well as some
additional variables that may affect labor supply propensity but not
worker productivity. Since our data set does not contain any variables
that fall clearly into this category, we include the same set of controls in
the wage and employment choice equations. Further, our results were
not sensitive to the overidentifying restrictions of omitting variables
from X;,. Individual fixed effects in the employment choice equation are
represented by ¥;.

'°Tt might appear, from the specification in equation (2), that individual fixed
effects could %e eliminated by first differencing the data. However, such a
procedure may exacerbate this selectivity bias if there are any missing data,
except under a set of restrictive conditions. This is because differencing would
require selecting only those pairwise adjacent periods for which an individual has
an observed wage in both. See Keane, Moffitt, and Runkle (1988, pp. 1238-44)
for a detailed discussion.
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We estimate binomial selection models separately for each industry.
This allows fixed effects to vary across industries and, thus, obviates the
potential bias from restricting the fixed effects for any given individual
to be the same across all industries. Further, it allows the coefficient
vector B to vary across industries.''

The error terms €; and w; are assumed to have a bivariate normal
distribution with correlation p; and respective standard deviations o,;and
1. The latter variance is normalized to one for identification of the probit
choice equation. The parameter p;, estimated from the cross-equation
correlation between wage equation residuals and employment equation
residuals, is crucial for correcting the selection bias. The sign of this
correlation coefficient is informative. A negative estimate of p;, for in-
stance, would indicate that workers with a high transitory wage compo-
nent are more likely to be laid offin a downturn. This would, if a selection
correction is not employed, bias the estimated effect of the cycle on the
real wage and the skill premium.*

The source of selection bias can now be demonstrated fairly easily. For
instance, consider the coefficient o; in the above wage equation. Under
the distributional assumptions made above (and ignoring fixed effects for
the moment), we have

SE(In W | I = 1)
U,

where my, = N, (\;; + Z,0; + U, §)) and \;; is the Mill’s ratio. It can be
shown that my > 0. Hence, the estimate of a; is biased downward if p;
and d; have the same sign and is biased upward if they have opposite signs.
The other coefficients in the wage equation are also affected by selection
bias.

= a; = pj T, miied),

"' Estimating a single, multinomial model with selection corrections would
require sector-specific regressors in order to identify cross-correlations among
the error terms m the choice equations. We do not have such regressors in our

2In the fixed effects selection model, estimates of the choice equation fixed
effects are inconsistent for small 7. Monte-Carlo experiments by Heckman
(1981) show that this inconsistency is small for T > 8. In our data set, T is on
average 6 (with a maximum value of 12), indicating that inconsistency is a
gotential problem. However, the estimated p in the model with fixed effects in

oth the wage and employment equations always went to 1 or —1. Hence, the
results we report are from a model with fixed effects in the wage equation alone.
This obviates the problem of inconsistency of the estimated fixed effects in the
choice equation. Besides, consistent estimation of the choice equation parame-
ters is not important for our main results. Further, in our estimates reported
below, we obtain values of p close to zero. Hence, any transfer of inconsistency
from the choice equation to the wage equation would be negligible.
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The selection-corrected fixed effects estimator in this paper is imple-
mented by full-information maximum likelihood."

II1I. Data

The data set used in this paper is the National Longitudinal Survey of
Young Men (NLS), comprising a nationally representative sample of
5,225 young males. The participants were between 14 and 24 years of age
in 1966 and were interviewed in 12 of the 16 years from 1966 to 1981. Data
were collected on their employment status, wage rates, and sociodemo-
graphic characteristics. We screened the sample to include only those
persons who, as of the interview date, were at least 21 years of age, had
completed their schooling and military service, and had available data for
all variables used in our analysis. The final sample contained 4,439 males
and a total of 23,927 person-year observations. This included years when
the person being interviewed was unemployed. The employment status
dummy is nonzero in 21,203 of these person-year observations. Table Al
in the Appendix reports sample means for the individual specific vari-
ables used in the estimation. Workers are classified into 11 broadly
defined industries on the basis of the three-digit census industrial classi-
fication (CIC) codes. The list of industries, their CIC codes, and the
sample size for each industry are reported in the Appendix in Table A2.

The wage measure we use is the hourly straight-time earnings reported
by workers for the survey week. This measure is deflated by the consumer
price index (CPI) to provide a real wage measure normalized in terms of
1967 dollars. It is important to note that this is a point-in-time wage
measure taken at the date of the interview. This obviates the recall bias
that may contaminate annual measures that are obtained by dividing
annual eamnings by annual hours worked. The NLS does not include data
on overtime earnings in all of the interview years. Hence, we restrict
ourselves to a straight-time wage measure rather than attempt to impute
overtime earnings for years in which they were not available. To adjust
for nonwage compensation, such as variation in fringe benefits across
industries, the hourly wage rate for each worker is multiplied by the ratio
of total labor costs to wages in the corresponding industry. Data on total
labor costs are obtained from the National Income and Product Ac-
counts. The log of this adjusted real wage measure, denoted by Weg, is

’_3An alternative two-stage procedure developed by Heckman (1979) yields
estimates that are consistent but not efficient. This motivates our use of full-
information maximum likelihood.
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724 MICHAEL KEANE and ESWAR PRASAD

used in all of our analysis. This variable has a sample mean of 1.065 in
1967 dollars.

The HOURS variable we use in this study is a measure of the weekly
hours worked reported by the worker for the survey week. In four of the
survey years, this variable was unavailable, and we use the “‘usual weekly
hours worked” instead."* The three variables used as proxies for human
capital are DEGREE, EXPERIENCE, and TENURE. DEGREE is a
dummy variable that takes the value one if the worker has a college
degree and zero if he or she does not. EXPERIENCE is defined as the
total number of years of labor market experience; it is calculated as the
interview date minus the completion date of a worker’s schooling or
military service, whichever is later. It is important to note that the
EXPERIENCE variable is a measure of labor force participation rather
than of actual work experience. TENURE is defined as the length of
uninterrupted tenure (in years) on the current job.

We use the aggregate civilian unemployment rate in the economy as
an indicator of the business cycle. The variable URATE is defined as the
seasonally adjusted monthly unemployment rate for all civilian workers
aged 16 years and older. We also experimented with other indicators of
the business cycle, such as real GNP. Our main conclusions do not appear
very sensitive to the particular choice of the business cycle indicator. We
report below only the results using the aggregate unemployment rate.

IV. Empirical Results

This section presents empirical results on employment, hours, and
wage variability across skill levels and concludes with an interpretation
of the findings.

Employment Variability

Table 1 contains estimates from a set of linear employment probability
models. The first two columns report results from regressions with the
URATE * DEGREE interaction term." The second set of columns con-

" For the survey years in which both of these hours variables are available, the
correlation between them is about 0.6. About 45 percent of the observations for
the HOURS variable used in this study lie in the range of 37 to 40 hours a week.

** In this and all the tables that follow, we run separate regressions for each of
the interaction terms. We do this to compare the effects of different proxies for
human capital. Further, it is instructive (and much less tedious) to examine and
interpret the magnitude of fixed effects and selection corrections for each of the
human capital variables separately.
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tains results from a similar regression using the URATE * EXPERI-
ENCE term. In this table, the estimated coefficients on the interaction
terms measure the differential impact of the cycle on employment prob-
abilities for skilled and unskilled workers.'® In the top row, the significant
positive coefficient on URATE * DEGREE for all workers (0.0161, with
a standard error of 0.0035) implies that workers with higher levels of
education have lower procyclical employment probabilities. In fact, the
sum of the coefficients on URATE and URATE * DEGREE (—0.0164 +
0.0161) is close to zero indicating that workers with a college degree
have essentially acyclical employment patterns. EXPERIENCE, on the
other hand, does not seem to affect employment probabilities over the
cycle, as the interaction term URATE * EXPERIENCE for all workers
has a coefficient (—0.0005, s.e. 0.0003) that is not significantly different
from zero.

The remaining rows of the table break down the sample by industry.
In our sample, durable manufacturing accounts for the bulk of the aggre-
gate cyclical variation in employment. In this industry, workers with
college degrees face little cyclical variation in employment probabilities.
The employment probabilities of workers with a degree are procyclical
in services and F.I.R.E. (finance, insurance, and real estate) and coun-
tercyclical in construction and retail trade. For workers without degrees,
employment probabilities are highly procyclical in durable manufactur-
ing and acyclical in all other industries.

Increased experience, by contrast, seems to lead to less procyclical
employment in durable manufacturing. However, in retail trade and
government, the URATE * EXPERIENCE coefficient is significantly
negative, indicating that workers with more experience are more likely
to be laid off in a recession. Experience does not have a significant effect
in the remaining industries, where the weak employment effect may be
due to the substitution of younger workers for older workers in a reces-
sion. Given the young age of our sample, this may offset the overall
negative employment effect in those industries during a recession.

To sum up, Table 1 indicates that having a college degree significantly
reduces the cyclical variation in a worker’s employment probability. On
the other hand, the total labor force experience possessed by a worker
does not have a similar effect on the cyclicality of his or her employment
probability except in durable manufacturing, where increased experience
significantly reduces procyclical variation in employment.

' TENURE was not used as a regressor in the employment choice equations
in Table 1. The estimated equations in that table are essentially reduced-form
equations for employment choice, and obviously TENURE would be endogenous
in the choice equation.
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SKILL LEVELS AND CYCLICAL VARIABILITY 727

Variation in Weekly Hours

Table 2 provides estimates of the cyclical variability of weekly hours
worked. The estimation framework is identical to that used for real
wages, as discussed earlier. As in the case of wages, unobserved individ-
ual fixed effects could potentially bias measures of cyclical variation in
weekly hours worked. For instance, it is likely that low-ability workers,
on average, work fewer hours and are more likely to get laid off in a
recession. This compositional change over the cycle might induce an
upward bias in the URATE coefficient and indicate countercyclicality in
weekly hours worked. However, OLS estimates for virtually all of the
relevant coefficients were of the same sign and generally close in magni-
tude to the fixed effects (FE) estimates. Hence, we report only FE
estimates in Table 2.

The first two columns of Table 2 contain results from regressions
with the URATE * DEGREE interaction term. In the top row, the coeffi-
cient on URATE for all workers is —0.0061 (s.e. 0.0014) and the co-
efficient on URATE * DEGREE is 0.0082 (s.e. 0.0022)."” Since the sum
of these coefficients is near zero, weekly hours are essentially acyclical
for workers with a college degree. On average, however, weekly hours
worked are estimated to decline by 0.42 percent for every 1 percentage
point increase in the unemployment rate.'® At the industry level, these
results corroborate the aggregate finding that educated workers face little
cyclical variation in weekly hours. In fact, weekly hours for educated
workers appear to be weakly countercyclical in durable manufacturing,
F.I.R.E., and services. On average, hours are procyclical in durable and
nondurable manufacturing, transportation and utilities, retail trade, and
agriculture.

The fact that, for workers with a degree, weekly hours are much less
cyclical at the aggregate level, and are even countercyclical in industries
such as durable manufacturing, is an important result. Since educated
workers typically earn higher wages than other workers, our findings
imply a countercyclical bias in those measures of hourly wages that simply

"The URATE coefficient is an estimate of the percentage change in weekly
hours for workers without a college degree, associated with a 1 percentage point
rise in the unemployment rate. For workers with a degree, this is given by the sum
of the coefficients on URATE and URATE » DEGREE.

'*The mean value of the DEGREE variable in our sample is 0.23. Multiplying
this by the coefficient on URATE » DEGREE and addmg the product to the
URATE coefficient yields an estimate of the percentage change in average weekly
hours associated with a 1 percentage point increase in the unemployment rate
[(0.23 +0.0082) — 0.0061 = —0.0042)].
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SKILL LEVELS AND CYCLICAL VARIABILITY 729

divide the aggregate wage bill by aggregate hours in an industry.!” How-
ever, the bias induced by differentials in hours variability across skill
levels turns out to be rather small, once differentials in employment
variability are accounted for.? Turning to the second set of columns in
Table 2, it is clear that tenure has virtually no effect on weekly hours
either at the aggregate level or in any of the industries. In the third set
of columns, the coefficient on URATE * EXPERIENCE is significantly
negative for all workers and in virtually every industry. Thisindicates that
older workers are more likely to work fewer hours in a recession.

While Table 2 shows that average weekly hours worked are clearly
procyclical, the magnitude of the variation in weekly hours appearsto be
much less important than variation in employment in accounting for
cyclical fluctuations in aggregate hours.”! The aggregate results from all
three panels indicate that weekly hours decline by about 0.4 percent when
the unemployment rate goes up by 1 percent. In other words, variation
in average weekly hours accounts for about 30 percent of the total
variation in aggregate hours. This echoes the findings of Hansen (1985)
and others that a substantial fraction of the variation in aggregate hours
in the postwar U.S. economy is explained by employment variation
rather than variation in weekly hours.

However, in a few industries that exhibit weak employment responses
to the cycle, it appears that procyclical hours variation may account for
a relatively larger share of the variation in total labor input. Nondurable
manufacturing, transportation and utilities, retail trade, and agriculture
fall into this category.

Wage Variability

Table 3 presents results from a series of estimated wage equations that
incorporate the URATE * DEGREE interaction term. The first two

" For the average wage measure from aggr{e{gate data to be countercyclically
biased, it is sufficient that the interaction coefficient in the hours regression be
significantly positive.

2 Note that 23 percent of the observations in our sample have a college degree.
Weekly hours are acyclical for workers without a degree and their hours decline
by 0.6 percent when the unemployment rate goes up by 1 percentage point. Thus,
when the unemployment rate goes up, for mstance, by S percent, uneducated
workers face a 3 percent decline in hours. Assume that a college degree yields
a wage premium of 50 percent (workers with a degree are 50 percent more
productive). Then, after controlling for emrloyment variation, an unweighted
total hours measure would overstate the decline in quality-corrected hours (and,
thereby, lead us to understate the decline in mean offer wages) by less than a
quarter of a percent.

2' When unemployment goes up by 1 percentage point and weekly hours fall
by 0.4 percent, the reduction in total hours is roughly 1.4 percent. Hence, it can
be inferred that the decline in weekly hours accounts for about 30 percent
(0.4/1.4) of the fall in total houss.
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SKILLLEVELS AND CYCLICAL VARIABILITY 731

columns contain results from OLS regressions (specification (4)). The
next two columns contain results from a fixed effects estimator (specifi-
cation (5)). The last two columns report results from a selection-corrected
fixed effects model (specification (6)).2

In the first set of columnsin Table 3, the estimated OLS coefficient on
URATE + DEGREE for all workers is —0.0294 (s.e. 0.0041) indicating
that, at the aggregate level, workers with a college degree face relatively
more procyclical real wages.” A similar pattern holds at the industry
level. The coefficients on the interaction terms URATE * DEGREE are
significantly negative in a majority of the industries. Thus, the OLS
estimates imply that, in a downturn, skilled workers find their wages
falling relative to the wages of unskilled workers. Recall that Tables 1 and
2 showed that workers with college degrees are protected from cyclical
variation in employment and hours. In conjunction, these results suggest
that skilled workers accept steeper wage cuts in adownturn but have more
stable employment and hours than unskilled workers. This accords with
the predictions of the Hashimoto-Raisian model.

We turn néxt to the fixed effects estimates in Table 3. The change in
the estimated coefficients relative to the OLS estimates is substantial,
with some of the coefficients even reversing signs. Controlling for unob-
served individual fixed effects changes the URATE coefficient for all
workers from 0.0031 (s.e. 0.0024) to —0.0062 (s.e. 0.0017). This indicates
that, among workers without a college degree, low-ability workers are
more likely to be laid off in a downturn, thereby increasing labor force
quality. This induces a positive (countercyclical) bias in the OLS URATE
coefficient.

2 Panels containing selection-corrected fixed effects estymates do not report
estimates from the probit employment choice equations that were estimated
jointly with the wage equations. The full effect of chanﬁes in the aggregate
unemployment rate on unemployment probabilities must be read off the OLS
employment probability models in Table 1.

The coefticient on URATE measures the percentage change in the average
rea) wage, for workers without a degree, associated with a 1 percentage point rise
in the aggregate unemployment rate. For example, a coefficient of —0.0050
implies that a 1 percentage point increase in the aggregate unemployment rate
causes a 0.5 percent decline in the real wage for unskilled workers (in the
aggregate or in a particular industry, as the case may be). A positive coefficient
on URATE, on the other hand, implies a countercyclical unskilled wage—an
increase in the unskilled wage when the unemployment rate tises.

The interaction term URATE » DEGREE indicates how the cyclicality of the
real wage faced by workers with a college degree differs from that of workers
without one. A coefficient of 0.0100, for instance, indicates that, when the
aggregate unemployment rate goes up by 1 percentage point, workers with a
degree face a 1 percent increase in their real wage relative to that of unskiiled
workers (though the absolute real wage may decline for both types of workers).
The sum of the coefficients on URATE and URATE * DEGREE measures the
full effect of the cycle on the wage of workers with a degree.
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On the other hand, the coefficient on URATE * DEGREE changes
from —0.0294 (s.e. 0.0041) to 0.0013 (s.e. 0.0026), indicating that the
OLS estimate of the interaction coefficient is procyclically biased.?* The
FE estimate implies that the skilled wage falls at about the same percent-
age rate as the unskilled wage. In other words, after the fixed effects
correction, the skilled-unskilled relative wage differential appears to be
essentially acyclical.”®

At the industry level, the URATE * DEGREE coefficient is insignifi-
cant for most industries except wholesale trade, F.I.R.E., and services.
In these three industries, the interaction coefficient becomes positive and
significant, indicating a countercyclical skill differential (that is, the rel-
ative wage of skilled workers rises in a downturn). In most industries,
however, the fixed effects estimates show that, after controlling for un-
observed time-invariant measures of ability, the relative wages of skilled
and unskilled workers remain essentially unchanged over the cycle.

The last set of columns in Table 3 contains selection-corrected fixed
effects (SCFE) estimates. The estimated parameter p (not reported here)
was small and insignificantly different from zero in the aggregate and for
all industries. This indicates that the correlation between the transitory
components of workers’ wages and their employment probabilities is
small, once fixed effects are accounted for. It appears that most of the
compositional changes over the cycle can be measured by the combina-
tion of observed characteristics of workers and unobserved individual
fixed effects. Thus, the selection correction has little impact on the
estimates. For all workers, the coefficient on URATE goes from —0.0062
(s.e. 0.0017) in the FE estimates to —0.0057 (s.e. 0.0019) in the SCFE
estimates while the URATE * DEGREE coefficient remains insignifi-
cantly different from zero. This confirms the result that, at the aggregate
level, the relative offer-wage differential between skilled and unskilled
workers is essentially acyclical.”

At the industry level, the coefficients for most industries change from

**The biases in the OLS URATE and URATE » DEGREE coefficients offset
each other to some extent. At the mean of the data, the OLS estimate of overall
wage cyclicality is weakly countercyclically biased.

The variable URATEy trends upward over our sample period. Hence, workers
who take longer to get a degree and who enter near the end of the sample have
larger mean ;}RAT * DEGREE values. Such workers also tend to have lower
wages. This leads to a downward bias in the OLS interaction coefficient. The fixed
effects estimates obviate this problem by consideringonly the effects of deviations
of variables from their individual means.

**This implies that the absolute offer-wage differential is, in fact, procyclical.
We focus on relative wage differentials since the emphasis of this paper is on the
relative variability of wages across skill levels.
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the FE estimates. Since the estimated p is insignificant for all industries,
this change is attributable to the potential bias in the FE estimates
resulting from restricting the fixed effects and the returns to observed
characteristics (that is, the coefficient vector () to be the same across all
industries.’” The selection models are estimated separately for each in-
dustry, thereby controlling for general as well as industry-specificindivid-
ual fixed effects. The industry estimates in the selection models also allow
the returns to observed worker characteristics to vary across industries.?®

In durable and nondurable manufacturing and in mining, the coeffi-
cient on URATE +* DEGREE turns significantly negative. This means
that in a recession degreed workers in those industries face a larger
decline in offer wages than nondegreed workers. The difference between
the FE and SCFE results may arise because skilled workers who leave
manufacturing and mining in a recession have a lower level of industry-
specific individual fixed effects than those who remain (in other words,
unobserved quality rises). Alternatively, this difference may arise be-
cause the returns to observable quality are higher than average in man-
ufacturing and mining, and high—(observed) quality workers move into
these industries during a recession. In any case, these three industries
provide strong support for the Hashimoto-Raisian hypothesis that skilled
workers take larger wage cuts in a downturn than unskilled workers. On
the other hand, in retail trade and services, the interaction termis positive
and significant. In those industries, workers with a college degree do
better, in relative terms, when the aggregate unemployment rate in the
economy goes up.

Next, we look at the effect of another human capital variable,
TENURE. Table 4 contains OLS and fixed effects estimates of wage
equations that include the URATE * TENURE interaction term.” The
coefficient on URATE * TENURE for all workers is close to zero in both

27 Industry-specific individual fixed effects are a potential source of bias only
if (1) they are correlated with the regressors in the model and (ii) individuals in
the sample switch industries. Employing the same data set as in this paper,
Jovanovic and Moffitt (1990} find that gross flows across sectors average as much
as 17.2 percent of the sample between two-year survey waves. Moreover, their
three-sector classification probably understates the gross flows relative to the
finer industry classification used in this paper. Such high mobility is partly
attributable to the young age of the sample.

BFixed effects models estimated separately for each industry yield point esti-
mates close to the SCFE industry estimates. Rather than present yet another set
of estimates, we chose to report only the SCFE industry estimates since they
correct for all the sources of bias that we discussed earlier.

?® As noted earlier, TEN URE would be endogenous in the employment choice
equation. Hence, we are unable to estimate the selection-corrected fixed effects
model using this variable.
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SKILL LEVELS AND CYCLICAL VARIABILITY 735

the OLS and FE estimates. This seems to indicate that specific human
capital levels, as measured by tenure on the current job, have virtually
no effect on relative wage variability.

At the industry level, TENURE has little effect on the cyclicality of
wages in a majority of the industries. In construction, agriculture, and
mining, workers with longer tenure have marginally more procyclical
wages, since the URATE * TENURE coefficients are negative but not
very large in magnitude in both the OLS and FE estimates. We conclude
from Table 4 that workers with different amounts of tenure face essen-
tially the same degree of cyclical variation in real wages. Interpreting
specific capital levels as a measure of skill, this bolsters the conclusion
drawn from the previous table that, at the aggregate level, the relative
wage differential between skilled workers and unskilled workers is
acyclical.

Finally, we examine the effect of total labor market experience on the
cyclicality of wages. The first set of columns in Table 5 contains OLS
estimates of the wage equation with the URATE * EXPERIENCE inter-
action term. For all workers, the coefficient on URATE * EXPERI-
ENCEis —0.0010 (s.e. 0.0004), implying a tenth of a percent increase in
the cyclical sensitivity of wages for every added year of experience.

A similar pattern holds at the industry level. The coefficients on the
interaction term URATE * EXPERIENCE are significantly negative in
a majority of the industries. Inindustries where the average real wage is
highly procydlical, experience does not have much effect. This includes
construction, retail trade, and F.I.LR.E. On the other hand, the coeffi-
cient on URATE is significantly positive in nondurable manufacturing,
transportation and utilities, government, and agriculture, indicating a
countercyclical average real wage for new entrants in those industries.
The URATE * EXPERIENCE coefficient is negative and significant in
each ofthose four industries, implying that added experience reduces the
countercyclicality of a worker’s real wage.*

The fixed effects estimates in the second set of columns reinforce
this picture. The coefficient on URATE becomes significantly positive
in the aggregate and for most industries. The coefficient on URATE =
EXPERIENCE for all workers goes from —0.0010 (s.e. 0.0004) in the
OLS estimates to —0.0026 (s.e. 0.0003) in the fixed effects estimates. The
URATE « EXPERIENCE coefficient is negative and significant in all

**The cyclicality of the average real wage is given by the sum of (i) the
coefficient on URATE and (ii) the URATE » EXPERIENCE coefficient multi-
plied by the mean level of EXPERIENCE in the sample (7.9 for all workers). In
the four industries mentioned here, the URATE coefticient is positive and more
than 12 times the magnitude of the respective URATE * EXPERIENCE coeffi-
cient (which is negative in all four cases).
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SKILL LEVELS AND CYCLICAL VARIABILITY 737

industries. The estimated interaction coefficients at the industry level
cluster around —0.0026. That is, the procyclicality of wages increases by
about a quarter of a percent for every added year of labor market
experience. Thus, both the OLS and FE estimates show that in a down-
turn workers with more labor market experience find their wages falling
relative to the wages of workers with little or no experience.

The selection-corrected fixed effects estimates in the third set of
columns show that the selection correction has virtually no effect on the
results for all workers. The coefficients on URATE (0.0122, s.e. 0.0018)
and URATE+« EXPERIENCE (—0.0026, s.e. 0.0002) are almost identi-
cal to the FE estimates.” This is as expected since the parameter p was
estimated to be close to zero in the aggregate and for all industries. At
the industry level, many of the point estimates change from the FE
estimates, again indicating the bias in the industry-level FE estimates that
results from restricting individual fixed effects and returns to observed
ability to be the same across all industries.

Despite the change in the point estimates, most of the interaction
coefficients at the industry level remain significantly negative. Thus,
workers with higher levels of labor market experience face relatively
greater procyclical variation in wages than recent entrants into the labor
force. Since the EXPERIENCE variable is defined as current age minus
age at entry into the labor force, it is possible that the above results are
dominated by age effects rather than by any aspect of human capital.

An important point to note about the aggregate and industry-level
estimates in Table 5 is that they clearly show that older workers (those
with more labor market experience) have more procyclical wages. Since
our sample contains only young men, this implies that our estimates of
the procyclicality of wages may significantly understate the true degree
of procyclical variation in average wages in the U.S. economy.*

Interpretation of Findings

The results from the selection models at the aggregate level do not
support the notion that skilled workers enter (implicitly or explicitly) into
contracts with procyclical wages in order to secure more stable employ-

I These estimates indicate that the average offer wage in our sample is weakly
procyelical [0.0122 — (0.0026 +7.9) = —0‘(%083(1.

32For instance, using data from the Panel Study of Income Dynamu’cs, Kydland
and Prescott (1988) estimate averaﬁe real wages to be strongly procyclical after
adjusting for obser ed measures of worker quality.
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ment and thereby protect their investment in specific human capital.
Workers with a college degree have much less employment variation at
business cycle frequencies. But this is not explained in terms of a trade-off
between wage and employment stability since college-educated workers
are not subject to a greater degree of procyclical variation in offer wages
than is the general work force. Neither is it the case that skilled workers
face more procyclical variation in weekly hours worked. In fact, workers
with college degrees appear to have very little cyclical variation in hours.

The industry-level estimates reveal that the aggregate results obscure
considerable differences among industriesin the nature of labor contract-
ing. In durable and nondurable manufacturing, workers with degrees
have more procyclical wages than other workers. In durable manufactur-
ing, average employment probabilities are highly procyclical, but workers
with degrees are relatively protected from substantial employment vari-
ation. In nondurable manufacturing, most of the cyclical variation in
labor input comes from variation in weekly hours, but hours are almost
acyclical for degreed workers. The employment and hours results to-
gether indicate that annual hours worked are essentially acyclical for
college-educated workers in both industries. Thus, in the manufacturing
sector, as suggested by the Hashimoto-Raisian model, the relative wage
premium for skills is procyclical and skilled workers do indeed seem to
accept greater wage variation over the cycle in return for employment
stability.

Two industries, retail trade and services, are estimated to have coun-
tercyclical variation in the wage premium for skills. In retail trade, wages
and employment probabilities are marginally countercyclical and weekly
hours are acyclical for workers with college degrees. In this industry,
skilled workers appear to have labor contracts of the type suggested
by Azariadis-Baily-Gordon. In services, average wages are highly pro-
cyclical but, for workers with a degree, wages are almost acyclical. How-
ever, educated workers in services have strongly procyclical employment
probabilities and countercyclical hours.

Workers with longer tenure on the current job face the same degree
of wage cyclicality as workers with little or no tenure, both at the aggre-
gate and industry levels. In addition, length of tenure has little effect on
employment or hours variability. The fact that we get such strong results
with the degree variable but not with the tenure variable is, at first, rather
puzzling. We surmise that the degree variable might proxy for the distinc-
tion between white-collar and blue-collar workers. These two classes of
workers appear to have substantially different labor contracts, and the
level of specific capital, as measured by tenure, seems to be less important
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in determining the precise nature of these labor contracts. Workers with
more labor market experience seem to have more procyclical variation
in wages and hours worked than recent entrants into the labor force, but
experience has no effect on employment variation.>® However, this vari-
able is probably the least reliable of the three proxies for human capital
as it is simply a measure of labor force participation (or age) rather than
of actual employment patterns. In fact, the age effect appears to
dominate the regression results with the URATE * EXPERIENCE
interaction terms.

While older workers may have more specific capital than younger
workers in a given firm, a firm has less incentive to retain older workers
since the returns from their specific capital, if they accrue to the firm at
all, are available for a much shorter time horizon than for younger
workers. Since older workers do not experience more employment vari-
ation but have more procyclical wage and hours variation than younger
workers, they appear to be protecting their specific capital by taking cuts
in wages and hours to avoid job separation.

V. Summary and Conclusion

The results of this paper indicate that, at the aggregate level, offer-
wage differentials between skilled and unskilled workers are essentially
acyclical. Using education and tenure as proxies for skill levels, we find
no evidence to support the view that relative wage differentials between
skilled and unskilled workers are countercyclical, a view that has long
been accepted as a stylized fact. Our OLS estimates suggest, in fact, that
relative wage differentials may actually be procyclical: the difference
between skilled and unskilled workers’ wages widens in booms and
Narrows in recessions.

However, the OLS estimates are subject to bias resulting from system-
atic compositional changes that are not captured by observed worker
characteristics. To provide correct measures of the cyclicality of wage
differentials, we estimate a series of models that control for unobserved
individual fixed effects as well as selectivity bias. The magnitude of
selectivity bias turns out to be not very significant in our sample, but

1n this context, it would also be of interest to examine the role of noncom-

petitive factors such as union membership. Unfortunately, except in a couple of

ears, our dataset does not have a variable that would enable us to distinguish
e¢tween union and nonunion workers.
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unobserved fixed effects are found to bias the OLS coefficients severely.
Correcting for observed and unobserved worker heterogeneity, we con-
clude that, at the aggregate level, correctly measured relative offer-wage
differentials do not have any consistent procyclical or countercyclical
tendencies. However, after controlling for other characteristics, older
workers do appear to have more procyclical wages than younger workers.

Variation in employment appears to be more important quantitatively
than variation in weekly hours worked in explaining cyclical fluctuations
in total labor input. On average, weekly hours worked are procyclical,
with an average decline of about 0.4 percent for every percentage point
increase in the aggregate unemployment rate. Variation in weekly hours
per worker accounts for about 30 percent of the variation in total hours.

We find that workers with a college degree have acyclical employment
probabilities and weekly hours, while uneducated workers have highly
procyclical variation in employment and hours. These results imply that
the average quality (in terms of skill level) of labor input per manhour
rises in recessions and falls in booms. It follows that measures of the real
wage that simply divide the total wage bill by total manhours are likely
to be substantially countercyclically biased.

Our industry-level estimates reveal striking differences across indus-
tries in the cyclical variation of employment, hours, and wages. For
example, in our sample, durable manufacturing displays the strongest
procyclical employment variation, although workers with a college de-
gree face much less relative variation in employment in that sector. In
both durable and nondurable manufacturing, workers with a degree have
weakly countercyclical hours, but face much more procyclical variation
in wages than other workers. Thus, the results for manufacturing support
the Hashimoto-Raisian hypothesis that skilled workers accept more wage
variation in return for employment stability, thereby also implying pro-
cyclical wage differentials between skilled and unskilled workers.

On the other hand, retail trade and servicesreveal a different pattern.
In retail trade, college-educated workers have countercyclical wages
while nondegreed workers have procyclical wages. In services, unedu-
cated workers have strongly procyclical wages while workers with a de-
gree have acyclical wages. Thus, for this measure of skill level, the relative
skilled-unskilled wage differential is estimated to be countercyclical in
these two industries.

In some industries such as nondurable manufacturing and retail trade,
a large fraction of the variation in total hours worked appears to be
accounted for by variation in average weekly hours rather than in the
number of persons employed. In most other industries, as in the aggre-
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gate, employment variation seems more important than hours variation

in accounting for cyclical fluctuations in total hours.

Our disaggregated results indicate that worker heterogeneity and sec-
toral differences interact in crucial ways over the business cycle. Analyz-
ing this issue is beyond the scope of this paper, but our results suggest
that both kinds of heterogeneity and the interactions between them are
likely to play an important role in modeling and understanding business

cycle fluctuations.

APPENDIX TABLES

Table Al. Means of Variables in NLS Analysis Sample

Variable

Log real wage—W_cg,

Real price of refined petroleum—O/L
Unemployment rate—URATE

Education (years)—EDUC

Experience on current job (years)—TENURE
Labor market experience (years)—EXPER
Experience squared—EXPER’

White race dummy—WHITE

Wife present dummy—WIFE

SMSA resident dummy—SMSA

South resident dummy—SOUT H

Children in household—KIDS§

College degree dummy—DEGREE
Employment dummy

Occupational dummies
Professional and technical workers (0-370)
Craftsmen and foremen (401-545)
Salesmen (380-395)
Services (801-890)
Operatives, laborers, farmers
(200-222, 681-775, 901-985)

Note: Census three-digit occupation codes are used.

Mean

1.06
1.53
6.38
12.57
4.00
7.90
87.05
0.74
0.69
0.70
0.41
1.30

0.89
0.31
0.19
0.05
0.05

0.29
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Table A2. Sample Size by Industry

Person-year

Industry CIC codes observations
Durable manufacturing 206-296 4,693
Nondurable manufacturing 306-459 2,580
Construction 196 2,217
Transportation and utilities 506-579 1,852
Wholesale trade 606-629 1,039
Retail trade 636—-696 2,343
Finance, insurance, and real estate 706-736 833
Services 806-898 3,252
Government 906-998 1,389
Agriculture 1618 535
Mining 126-156 327
Unemployed — 2,724
Employed with nonspecified industry — 143

Notes: Person-year observations for employed workers total 21,203. For 143
of these, the industry or occupation code was not available. This leaves 21,004
observations for employed workers that were used in the analysis.
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This paper develops a model of the process of reallocation of labor from
the state sector to the private sector. When growth is exogenously deter-
mined, we show that in the initial stages of transition unemployment
will rise. After a critical stage in the transition process, restructuring is
accompanied by a decline in unemployment. When growth is endog-
enously determined, and human capital is acquired by learning-by-
doing, we show that whether or not restructuring eventually occurs is
determined by the level of human capital in the private sector and the rate
of unemployment. The effects of various shocks and government policies
on the costs, speed, and eventual outcome of restructuring are analyzed.
(JEL J41, J6, O11, P2]

HE PROCESS OF TRANSITION following the introduction of reforms and
liberalization in the previously centrally planned economies (PCPEs)
of Central and Eastern Europe has proved costly in terms of unemploy-
ment and output.' In all of these economies, open unemployment was
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! We follow Calvo and Frenkel (1991) in referting to these economies as PCPEs.
They discuss how a centrally planned economy is likely to spend a significant
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absent prior to the reforms. Figure 1 indicates that the unemployment
rate has steadily increased, and so far-—except in Czechoslovakia—there
are no signs of a reversal in this trend, or even of a leveling off of the
unemployment rate. In most PCPEs, increases in the unemployment rate
have occurred despite rapid growth of the private sector.’ Thus, increas-
ing unemployment reflects a gap between the speed at which the state
sector is shedding labor and the speed at which the private sector is
absorbing it.

This paper develops a simple model of the process of reallocation of
labor from the state sector to the private sector and examines several
questions relating to the dynamics of the transition process. The model
emphasizes important institutional features of economies in transition
that affect incentives and behavior in both the state and the private sector.
Specifically, the transition economy is characterized by the asymmetric
behavior and market power oflabor in the two sectors. In the state sector,
labor dominates the decision process of enterprises, while in the private
sector employment and wage decisions are determined by profit-maxi-
mizing firms. It is assumed that firms in the private sector are concerned
with worker effort and productivity, but that these considerations play a
minor role in the state sector. Worker effort in the private sector is
endogenously determined by the differential of wages over the alterna-
tive income of workers. In order to boost the productivity of the work
force, firms find it optimal to pay a premium over the market-clearing
wage, resulting in unemployment. Unemployment acts as a disciplining
device so that, at any wage rate, worker effort increases with unemploy-
ment. Unemployment thus exerts downward pressure on the equilibrium
wage paid in the private sector.’

The level and behavior of the unemployment rate over time is deter-
mined by the relative speeds of growth in the private sector and of decline
in the state sector. The scope for productivity growth is assumed to be
greater in the private sector and two alternative processes driving growth
and restructuring are considered: a neoclassical exogenous productivity
growth model, where transition is inevitable; and an endogenous growth
model, where the work force acquires human capital through learning-
by-doing, and restructuring is endogenously determined. The exogenous
growth version of the model is related to recent work by Blanchard (1991)

period of time as a PCPE before becoming a full-fledged market economy. For
a re iew of the experience with reform and stabilization during 1990-91 in
Eastern Europe, see Bruno (1992).

2See Bruno (1992).

>This is exactly as posited by aggregative rules of disequilibrium price or wage
adjustment, such as the well-known %’hi]lips cur e relation,
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Figure 1. Unemployment Rate in the PCPEs, [990-92
(In percent)

20°

Bulgaria »°

//
1150 == P
rd
P

’

10 -

Czechoslovakia

Jan. Apr. Jul. Oct. Jan. Apr. Jut. Oct. Jam. Apr. Jul. QOct.
1990 199 1992

and Atkeson and Kehoe (1992) on the costs and speed of transition
following major reform in a two-sector economy.* A key difference of
our approach is that the relative speeds at which the private sector
expands and the state sector contracts are determined endogenously and
vary over time.

When growth and restructuring are exogenously determined, we show
that the dynamic behavior of unemployment is determined by the initial
distribution of the labor force. If the initial level of employment in the
state sector is “high” and the level of unemploymentis “low”—a stylized

* Atkeson and Kehoe (1992) examine the effects of social insurance for risk in
search on the speed of the transition process. They show that the presence of
social insurance can slow the transition. Blanchard (1991) develops a model in
which an initial shock owing to a reform of the state sector creates a pool of
unemployed workers. Unemployment then declines over time as the unemployed
are absorbed into an expanding private sector, while state sector employment is
constant. Once unemployment declines sufficiently, it becomes constant with the
private sector expanding and the state sector shrinking at the same rate.
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feature of the initial conditions in most PCPEs—then, in the early stages
of the transition process, the unemployment rate will rise. Once private
sector activity has expanded beyond a critical level, the private sector
begins to absorb labor at a faster pace than it is shed by the state sector,
and the unemployment rate falls over time. The framework presents a
manifestation of popular notions about the cost of transition from an
economy dominated by the state sector to one dominated by the private
sector. In the initial stages of transition, as a natural consequence of the
reallocation of labor accompanying the restructuring of production, the
economy will not only suffer a cost in terms of unemployment but this
cost will rise. Only after a critical stage in the transition process is
restructuring accompanied by declining unemployment.

When growth is endogenously determined, and the work force acquires
human capital through learning-by-doing, we show that there are two
potential long-runequilibria. Whether or not the restructuring of produc-
tion toward the private sector eventually occurs is determined by the level
of human capital in the private sector and the prevailing rate of unem-
ployment. With low levels of human capital or of skills specialized in the
production of the private sector good, a relatively high rate of unemploy-
ment is necessary to place the economy on a self-sustaining path of
restructuring toward the private sector. In this framework, the speed of
transition, as measured by the share of the labor force employed in the
private sector at any point intime, takes on a critical importance. Policies
that succeed in allocating labor toward the private sector either by in-
creasing unemployment, thus depressing private sector wages and ex-
panding employment in the sector, or by directly subsidizing employment
in that sector will result in the acquisition of comparative advantage in
production of the private sector good and could place the economy on
a path of restructuring toward the private sector good.

The effects of various shocks-—such as changes in relative prices—and
government policies on the dynamic path of unemployment are analyzed.
The role of government policies differs significantly depending on
whether growth is viewed as an exogenous or an endogenous process.
When growth is exogenously determined, the speed of transition has no
long-run impact, and restructuring is inevitable. Therefore, policies that
reduce unemployment in the early stages of transition—for instance,
subsidies to the state sector—may reduce short-term costs without affect-
ing the long-run equilibrium. In this framework, the budgetary costs of
policies that attempt to lower unemployment need to be compared only
against the welfare and budgetary costs of unemployment. In contrast,
when growth isendogenous, policies that reduce unemployment will slow
down the transition process and can jeopardize the restructuring and
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eventual convergence to long-run specialization in the private sector
good.

I. A Model of Growth and Restructuring

We consider an open economy comprising a ‘‘state’ sector and a
“private” sector. Each sector produces a (basket of) traded good(s), the
prices of which are determined in the rest of the world. Each sector’s good
is produced with labor as an input. For simplicity, and so as to focus on
forces emanating directly from the employment decisions in each sector
and the movement of labor across sectors, we abstract from the presence
of physical capital and other factors in the production process. The
population, or labor supply, is assumed to be constant and normalized
to equal unity.

State Sector

The model used here to characterize the state sector closely follows the
model developed in Commander, Coricelli, and Stahr (1992) and is
similar in spirit to that presented by Dinopoulos and Lane (1991).° The
stylized feature of the state sector that these models emphasize is that of
a labor-dominated firm: a firm controlled by a worker council, for exam-
ple, whose interference in management is nontrivial. The implications of
active participation of workers in management have been extensively
explored in the literature (Ward (1958), Vanek (1970), and Brewer and
Browning (1982)). For our purposes, worker control is treated as equiv-
alent to a powerful trade union presence where wages and employment
are subject to joint maximization.® In contrast to the classical labor-man-
aged firm, the union modeled here also cares about employment and
accordingly maximizes the expected utility of a representative worker in
the firm or union. We assume further that the selection of workers who
remain employed and who are laid off from the state sector is random.
A worker who is laid off either remains unemployed and receives an
exogenously set level of unemployment benefits from the government or
gains employment in the private sector and earns the wage prevailing in
that sector. These assumptions allow us to view the labor-dominated firm

5See also Lane (1991).
°This contrasts with monopoly union models where the wage is either bar-
Eained or picked by the union and employment is subsequently set unilaterally
vy the emplosyer; the outcome will therefore lie on the labor demand curve. See

Oswald (1985) for a summary of this literature.
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as a limiting case of an efficient-bargaining model of the type commonly
used to describe capitalist firms. The wage bill of the worker-controlled
firm will be constrained by the level of output, which is adjusted for any
subsidies to (or taxes on) the sector. Since all profits are appropriated by
workers, the wage and employment combination picked by the union will
not generally correspond to the point on the contract curve picked in
bargaining between union and employer in a conventional capitalist firm.

The union maximizes the expected utility of a representative worker
over prospects of employment at the contract wage against the expected
utility of being laid off from the state sector. The expected utility of a
worker who is laid off is a weighted average of unemployment benefits
and the private sector wage, where the weights are defined by the prob-
ability that a laid-off worker remains unemployed and the probability that
he or she obtains employment in the private sector, respectively. All
current workers or members of the union (M,) receive equal treatment.
The union’s utility function is given by

v = (%)v(w}) + (M'—A;ll‘i)V[a,B +{ - 8w,

for M, = L, 1)

where L; denotes the share of the labor force employed in the state
sector, denoted as sector 1; W/ represents the real wage in the state sector
expressed in units of the private sector’s good, which is assumed to be
the numeraire; 8, represents the probability that a worker laid off from
the state sector remains unemployed, and (1 — §,) represents the proba-
bility that the worker obtains employment in the private sector; and B
denotes the exogenous level of unemployment benefits paid by the gov-
ernment. The production function in the state sector is assumed to be of
the Cobb-Douglas type, with diminishing returns to labor, so that state
sector output Q' can be described as a function of labor input

Q! = F(L) =H!(L)), where 0 < B <1, )

where H, represents the skill level or human capital specialized in the
production of the state sector good. The union maximizes its utility
function with respect to wages and employment subject to a zero-profit
condition.” Expressed in units of the numeraire (the private sector good),
this condition is

wPQ! - W!L! =0, (3)

“In other words, the hard budget constraint is assumed to be binding. While
subsidies to the state sector are allowed for, they are assumed to be prespecified
and set exogenously by the government.
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where 7 is a parameter determined by the subsidy (or tax) the enterprise
receives (pays) from the government. P denotes the ratio of the interna-
tionally given price of the state sector good to that of the private sector
good. We assume that the union does not care about its size over time
per se and that membership evolves according to

M =-¥(M, - L)), whereM,>L, and 0<V¥ <1, (4)

so that some proportion, ¥, of union members who get laid off leave the
union.

Again, to keep the analysis simple, and to highlight the effects of
certain forces in the labor market on the transition process, we assume
that the union is risk neutral and that V(W,) simply equals W;.® Then,
maximizing the union’s expected utility subject to the zero-profit con-
straint, first-order conditions can be combined to yield the union’s em-
ployment rule as

F'(L}))=H!B(L}y '= # 3B + (1-38)W7], )

while the real wage in the sector equals the (subsidy-adjusted) average
product of labor. Note that the left-hand side of equation (5), the mar-
ginal product of labor, is a decreasing function of employment in the state
sector. Equation (5) therefore implies that, for any given value of8, (the
probability that a worker laid off from the state sector remains unem-
ployed), an increase in the level of unemployment benefits or an increase
in the wage rate in the private sector will, by increasing the expected
income of a worker laid off from the state sector, lower employment in
the state sector. Asemploymentin the state sector falls, the marginal and
average product of labor will rise and the wage paid to those remaining
employed will rise.’ Similarly, at a given level of unemployment benefits
and private sector wages, a rise in §, reduces the expected income of a
worker laid of f by the union and will tend to maintain employment in the
state sector.!®

8Theobjective function we positis analogous to that employed by Calvo (1978).
He develops a two-sector model in which a trade union m the urban sector
maximizes the difference between its members’ income and their alternative
income in the rural sector. Note that when V{ ) in equation (1) is linear, it can
be rewritten as an increasing function of the differential of state sector wages over
the expected alternative income of a worker laid off from the state sector.

® Under the assumption of a Cobb-Douglas technology, the average product of
labor is simply a finear function of the marginal product of labor.

"It is shown below that wages in the private sector are always higher than the
level of unemployment benefits.
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Private Sector

The private sector is populated by firms whose employment and wage
decisions are determined purely by profit-maximization considerations.
In particular, firms in the private sector, unlike the union in the state
sector, derive no returns from maintaining employment per se and are
free to fire workers. " Worker effort in the private sector is endogenously
determined by an efficiency-wage mechanism, which is elaborated be-
low.'? Output in the private sector, Q7, is produced by a technology of
the Cobb-Douglas type, with diminishing returns to labor measured in
efficiency units:

Q! = HI[E(W? - B, U,)L?]*, where 0 <a <1
and E(0,U)) < 0forall U, (6)

where H? represents the skill level or human capital specialized in
the production of the private sector good and U, represents the aggre-
gate level of unemployment. Labor measured in efficiency units
[E(W? — B, U,)L), or the effective labor input, is defined as the product
of the effort of an individual worker, E(W? — B, U,), and the number of
workers employed in the private sector, L?. In the spirit of standard
efficiency-wage theory," we posit that an individual worker’s effort in the
private sector is (i) an increasing concave function of the differential of
the real wage W’ over the level of unemployment benefits, B, which the
worker would earn if he or she were fired from the private sector (it is
assumed that a worker fired from the private sector cannot be immedi-
ately hired into the state sector since the worker is not a member of the
state sector union, and so the worker’s reservation wage is given by the
level of unemployment benefits)'* and (ii) an increasing function of
unemployment, U,." As shown below, this specification implies that

"' There are no incentives to “hoard” labor.

?’Dinopoulos and Lane (1991) also employ an efficiency-wage mechanism in
the private, or what they term the “nonsocialized,” sector. Our specifications
differ. While they posit effort to be a function of the wage rate in the private
sector, we posit effort to be a function of both the wage rate and the aggregate
unemployment rate. The implications differ considerably.

Fora recent survey and overview of efficiency-wage models, see Weiss (1990).
Among the references cited there and for the motivations of our specification,
see Shapiro and Stiglitz (1984) and Calvo (1979).

“Since effort is an increasing function of the differential of the wage paid over
unemployment benefits, it follows that the wage offered will always be greater
than the level of unemployment benefits.

“This specification is intended to capture the mechanism put forward, for
instance, by Shapiro and Stiglitz (1984), who show that unemployment induces
effort because the higher is unemployment, the greater is the punishment to a
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aggregate unemployment acts as a disciplinary device, constraining wages
in the private sector. For simplicity, we assume that the effort function
is separable in the two arguments.

The representative firm in the private sector maximizes profits with
respect to wages and employment, given the skill level in the sector, the
level of unemployment benefits, and the aggregate level of unemploy-
ment. The firm’s first-order conditions for profit maximization can be
solved for wages and employment in the sector as functions of the level
of unemployment in the economy and the level of human capital in the
private sector.'® Wages are determined by the well-known condition in
efficiency-wage models that the elasticity of effort with respect to the real
wage is unity:

IEW! - B,U) w? B
aW? EW!-B,U)
Equation (7) can then be used to solve for a unique real wage in the

private sector as a function of the unemployment rate for any given level
of unemployment benefits:

Wi = WXU,;B), (8)
-+

1. 7

where signs underneath the arguments in the W? function indicate signs
of the partial derivatives, which can be derived by differentiating equa-
tion (7). Equation (8) implies that for any given level of unemployment
benefits, an increase in the aggregate unemployment rate leads the firm
to offer a lower wage to workers. This effect corresponds to standard
models of the Phillips curve. In our model, however, the effect results
from the assumption that an increase in the aggregate unemployment rate
raises each worker’s effort at the existing wage. This allows the firm to
lower the wage offered and still obtain the same level of effort from
workers.

The optimal level of employment in the private sector can be expressed
as a function of the wage:

e (OLH,Z)““—")[E(WIZ - B, U’)]u/(l -a)
Ly = (W'Z)ll(l—u) -

)

worker who is fired for shirking. The specification we adopt is chosen for analyt-
ical tractability. The main results on the dynamic path of unemployment are not
affected by the presence of unemployment in the effort function.

'*The firm treats both of these as exogenous to its actions at any point in time.
The specific assumptions onthe form and evotution of human capital are discussed
below.
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Itis straightforward to show that the optimal level of employment in the
private sector is a decreasing function of the wage offered by the firm.
Employment in the private sector can, therefore, be described by the
function

LY = L}W,y(U,; B),U,,H;B], (10)

where the signs underneath the last three arguments can be obtained
directly by examination of equation (9). For later purposes, it is useful
to distinguish two separate channels through which an increase in unem-
ployment affects employment in the private sector: through the lowering
of wages and more directly through an increase in worker effort at the
existing wage, as equation (9) brings out. Equation (10) implies that
employment in the private sector can be written simply as

L! = LU, H}; B), (11)

that is, as an increasing function of the unemployment rate and the level
of human capital in the private sector and as a decreasing function of the
level of unemployment benefits.

Labor Market Equilibrium

Equilibrium in the economy at any pointin time can be defined by the
identity

L'+ LI+U =1 (12)

In other words, the labor force is either employed in one of the two
sectors or is unemployed. Further, we impose that in general equilibrium
the probabilities perceived by union members of a worker laid off from
the state sector becoming unemployed or gaining employment in the
private sector are equal to their actual values. Assuming that the private
sector randomly selects the desired number of workers from the pool of
workers who are not employed in the state sector, we define this proba-
bility by"’

U

= U+ L (13)

' An alternative approach is to allow for job tenure and define the probability
of an unemployed worker obtaining a job in the private sector using the “flows”
approach tolabor markets as, for example, presented in Blanchard and Diamond
(1992). The flows approach defines the probability of an unemployed worker
obtaining employment as the ratio of job creation to the pool of unemployed—
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Substituting this definition into the employment rule of the state sector
union, equilibrium employment in the state sector can be expressed as
a function of the unemployment rate, the level of employment in the
private sector, the wage rate in the private sector, and the exogenous
variables of the system:

= L[U,W!, L}P, B], (14)

where the signs of the partial derivatives are straightforward from equa-
tion (S). Substituting in equations (8) and (11), which define employment
and the wage rate in the private sector, equilibrium employment in the
state sector can be written as

L: = L,[U,W¥U,),L(U,,H. ; B);*P,B]. (15)
+ - - -t + - + -

thatis, as a function of the unemploymentrate, the level of human capital
in the private sector, and the exogenous variables in the system. Substi-
tuting both this expression for L; and the solution for L} in equation (11)
into equation (12) yields an equation that can be solved for equilibrium
unemployment as a function of the level of private sector human capital.

To establish the nature of the relation between unemployment and
private sector human capital, it is necessary first to determine the re-
sponse of state sector employment to changes in unemployment and the
level of human capital in the private sector. Note from equation (15) that
employment in the state sector is a decreasing function of the level of
human capital in the private sector. An increase in the level of human
capital in the private sector expands employment in the private sector,
lowering the probability that a worker laid off from the state sector
becomes unemployed. This raises the expected wage of a worker laid off
from the state sector, causing the union to lay off workers.

The response of employment in the state sector to an increase in
unemployment is more complicated. Three separate effects can be iden-

that is, in our notation as L2/U. The key difference is the flow change in
employment in the numerator rather than the level of employment. Private sector
employment and job creation are

0 aZl
l—a WwZ

Itis shown below that as H increases, private sector job creation is always positive
and the level of employment in the sector increases monotonically. The variabie
g:in the above expression is, therefore, always positive. Since job creation is thus
an increasing function of the level of employment, it follows that our use of the
level of employment is consistent with the flows approach and that this assump-
tion does not qualitatively affect any of the results.

L2 — M- a),z(U')’ L,Z = [ U,]L = glLf,
+
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tified. First, an increase in unemployment raises the probability that a
worker laid off from the state sector will remain unemployed, thus
discouraging the union from laying off workers. Second, an increase in
unemployment reduces wages in the private sector, also discouraging the
union from laying off workers. Third, an increase in unemployment raises
employment in the private sector, lowering the probability that a worker
laid off from the state sector will become unemployed, thus encouraging
the union to lay off workers. The latter effect works through two chan-
nels: through a decline in the real wage and through a direct effect on
worker effort in the private sector. The Appendix establishes that, under
a condition that places an upper bound on the elasticity of effort in the
private sector with respect to unemployment, employment in the state
sector is an increasing function of the unemployment rate. This condition
is assumed to hold.

While the employment effects of changes in relative prices and in the
rate of subsidy to the state sector are straightforward to establish, the
effect of a change in unemployment benefits is ambiguous as suggested
by equation (15). We postpone a detailed discussion of the effects of
unemployment ben efits on employment in the state sector to the discus-
sion of policies below, and for now simply leave the partial derivative
unsigned. To summarize, we have shown that

L= LI(U,,I-_I,Z ',1'+P,B). (16)

General equilibrium in the economy at each point in time is defined
by

L{(U.H?;7P.B) + LXU,,H};B) + U, = 1. (17)

The Appendix establishes that the slope of this curve in the unemploy-
ment and private sector human capital plane, referredto as the UH curve,
eventually becomes negative as the level of private sector human capital
increases. However, at small values, the slope can be negative or positive.
The latter case implies that the slope of UH switches sign at some level
of human capital: unemployment will first rise, even as human capital in
the private sector grows and employment opportunities in that sector
expand. It is shown that whether or not this curve first slopes upward is
determined by the initial distribution of the labor force between employ-
ment in the state sector and unemployment. The larger the initial size of
the state sector, and hence the smaller the initial unemployment rate, the
more likely it is that this curve will slope upward at small levels of H?.
Since high levels of state sector employment and low unemployment are
characteristic of initial conditions in most PCPEs—with, in many cases,
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Figure 2. Dynamic Path of Economy with Exogenous
Accumulation of Human Capital
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almost the entire labor force having beenemployed in the state sector and
unemployment nonexistent—this is the case we focus on in the remainder
of the paper. Figure 2 plots such a hump-shaped UH curve with the
unemployment rate rising as H” increases and then eventually declining
as H’ continues to increase.’

Growth and Restructuring: Dynamic Path of the Economy

H; in each sector’s production function represents the skill level or
human capital specialized in the production of each sector’s good, or the

“®*The initial distribution of the labor force is determined, as the Appendix
shows, by the level of unemployment benefits, the magnitude of the subsidy to
the state sector, and the relative prices of the two goods. While a detailed
discussion of the effects of policies on the path of unemployment is postponed
for later, note that this implies, for example, that unemployment benefits can be
increased sufficiently to ensure that the UH curve is downward sloping. This,
however, would be accomplished only by increasing the initial level of unemploy-
ment so that the potential increase in unemployment that occurs at a later stage
in the transition 1s simply brought forward in time.
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level of total factor productivity. The effect of the skill level or human
capital is assumed to be entirely external to any single firm and cannot
be captured by it. We analyze two cases: one in which, in the spirit of
neoclassical growth models, the growth of human capital or total factor
productivity occurs exogenously; and one in which the growth of human
capital is endogenous, deriving from a process of learning-by-doing. The
potential relevance of exogenous versus endogenous factors in affecting
growth cannot be determined on the basis of empirical evidence, as the
process of growth in the transition economies is only beginning. In fact,
even for market economies, there is no conclusive empirical evidence on
the relative applicability of exogenous versus endogenous growth mod-
els.” It therefore seems worthwhile to consider both cases.

In both cases, we assume that the speed of productivity growth, and
thus the potential for technological advance, is faster in the private sector.
The assumption of a higher speed of productivity growth in the private
sector is the driving force behind restructuring in the model. There are
several reasons to expect this to be the case. First, to the extent that
private sector activity represents a “new’’ activity while state sector
activity represents-an ‘‘old” activity, the scope for learning and hence
productivity increases should be greater in the new activity. Second, if the
private sector good is interpreted as representing goods produced in
Western markets, while the state sector good is interpreted as represent-
ing goods produced in an insulated market, in the former Eastern trading
bloc CMEA, for example, then the higher speed of productivity growth
can be interpreted to be a result of the greater potential for productivity
increases as the economy ‘‘catches up” to Western total factor produc-
tivity levels. Third, rather than as a catch-up effect owing to level differ-
ences, it could be argued that the underlying speed of innovation was
greater in Western markets, so that one would expect a greater potential
for technology transfer from the rest of the world to the PCPEs. Finally,
it could be argued that the inherent distortions in the state sector—the
low quality of inherited physical capital (plants and machinery) and the
obsolete technologies embodied in them—present an environment in
which productivity increases are likely to be slow.

Exogenous Growth

Skills are acquired according to

B
" Y1 "= Yz (18)

”See Lucas (1988) for a discussion of the ability of alternative models to
explain the growth experience of various countries.
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We posit further that -y, > -y, so that the skill level, or productivity,
grows at a faster rate in the private sector than in the state sector.
Equation (18) then implies that the production possibility frontier of the
economy will shift out over time in favor of production of the private
sector good. Comparative advantage in producing the private sector good
will thus grow over time and, at unchanged relative prices, employment
and production will be restructured in favor of the private sector good.

The skill accumulation equations can be combined to yield a relative
skill accumulation equation:

g:= Y2— N = 8y, (19)
where H, represents the ratio of the skill level or human capital in the
private sector to that in the state sector. To keep the analysis tractable,
while still allowing for a higher speed of productivity growthin the private
sector, we model the limiting case where skills accumulate in the private
sector but the skill level in the state sector is constant and normalized to
equal unity. H, is then used to denote the level of human capital in the
private sector, and the sectoral subscript on it is dropped.

Dynamic Path of the Economy

With unchanged policies, the UH curve in Figure 2 describes the
dynamic path of the economy as the (relative) level of productivity, skills,
or human capital in the private sector grows over time. It is possible to
show that along this path, employment in the state sector shrinks contin-
uously, while employment in the private sector expands continuously.
Eventually, the unemployment rate goes to zero,”® and subsequently the
economy specializes in the production of the private sector good.” On
the left-hand side of the peak unemployment rate, as the economy
traverses up the UH curve, both unemployment and the level of human
capital are increasing. Since employment in the private sector is an
increasing function of both, it must be expanding. Since private sector
employment and unemployment are both expanding, the remainder of

2 Alternatively, the rate could converge to some positive number representing
the natural rate of unemployment. Here, the natural rate has been “normalized”
to zero.

#In microeconomic models of efficiency wages, for example, Shapiro and
Stiglitz (1984), the unemployment rate can never fall to the natural rate in that
there is always involuntary unemployment. With our specification of a continuous
effort function, however, as H; contmues to rise, unemployment will tend toward
the natural rate. Once unemployment declines to the natural rate (zero), strictl
speaking there is a discontinuity in behavior in our model, as efficiency consid)-'
erations cease to play any role and wages arrive at their competitive level.
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the labor force, which is employed in the state sector, must be shrinking.
On the right-hand side of the peak unemployment rate, unemployment
is falling, while the level of human capital is rising. Employment in the
state sector is an increasing function of the level of unemployment and
a decreasing function of the level of human capital in the private sector.
It follows that employment in the state sector will continue to decline as
the economy traverses down the UH curve from the peak unemployment
rate. Since both state sector employment and unemployment are falling,
the remainder of the labor force, which is employedin the private sector,
must be rising. The entire restructuring process is characterized by a
monotonic decline of employment in the state sectorand a monotonic rise
of employment in the private sector. However, in the early stages of the
transition process, when the level of employment in the state sector is
high and the level of employment in the private sector is low, the analysis
shows that the speed at which the state sector sheds labor is greater than
the speed at which the private sector absorbs labor, leading to a rise in
unemployment. In the later stages of transition, the opposite is true.
Once the private sector has expanded to a critical stage, it absorbs labor
at a faster pace than the state sector sheds it, leading to a decline in
unemployment.?

Consider the path of wages in each sector during the restructuring
process. As employment in the state sector declines, the marginal and
average products of labor in the state sector will rise and so the wage paid
in that sector will rise. In the private sector, however, in the early stages
of the transition process, as the unemployment rate rises, the wage rate
will fall until the unemployment rate peaks. Subsequently, the wage in
the private sector will begin to rise.

The analysis presents a manifestation of popular notions of the costs
of transition from an economy dominated by a state sector to one largely
comprising a private sector. The forces in such a system imply that in the
initial stages of transition, as a natural consequence of the process of
reallocation of labor accompanying the restructuring, the economy will

Z1tis possible to show that 8, declines monotonically from unity when H equals
zero, as the economy moves rightward along the UH curve. On the left-hand side
of the peak unempioyment rate, note that

(dL!) = (aa’; )da ( aWz)(dwz)

Therefore, dd must be negative. On the right-hand side of the peak unem-
ployment rate, U, is falling, while (1 — L, ") is rising; therefore 3,, which equals
U,(1 — L)), must continue to fall.
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not only suffer unemployment but it will rise over time even as the private
sector expands. It is worth emphasizing that this is dictated by the
intrinsic dynamics of the economy and happens in the absence of any new
shocks to the system. It is only after a critical level of development has
been attained by the private sector that continued restructuring will be
accompanied by a decline in the unemployment rate. There are thus two
distinct stages in the transition process: an early difficult stage and a
relatively easier later stage. There is clearly a potential role for govern-
ment policies in affecting the dynamic path of the economy during the
restructuring process and thus in reducing the costs of the transition.
However, policies that attempt to reduce the costs of the transition by
lowering the unemployment rate are also going to affect the speed of the
transition. We show in the next section that the speed of transition can
play an important role in determining the outcome of the restructuring
process when the accumulation of skills in the private sector is endoge-
nously determined.

Endogenous Growth

Following Lucas (1988) and Chadha (1991), suppose now that skills or
human capital specialized in the production of each sector are acquired
according to

H'=H'e/L!, H!=H®&LI, (20)
where, as before, skills are assumed to be entirely external to any single
firm. The growth of the skill level should now be interpreted as occurring
through the learning-by-doing of the work force. The rate of growth of
the skill level in equation (20) is a positive function of both a pure
speed-of-learning parameter 6; and the effort or resources devoted to
producing good ¢, which is assumed to be related to the proportion of the
labor force employed in the production of good :. Itis posited further that
the speed of learning or potential for productivity increases is greater in
the private sector, so that 8; > 6,. In terms of the previous discussion of
the role for different rates of technology transfer from the rest of the
world to the two sectors, imagine that ““‘available” technological progress
globally is greater in the production of the private sector good than in the
production of the state sector good. The present formulation then implies
that the speed at which technologies are adopted, or the actual technol-
ogy transfer, will also be a function of the resources devoted to producing
the private sector good.

The skill accumulation equations can be combined to obtain a relative
learning equation and, on substituting in the labor market identity,

H,

7= 0,L> —0,L; = (08, + 0,)L} — 0, + 6, U,, (21)
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where H, denotes the ratio of human capital in the private sector to that
in the state sector. Equation (21) brings out that there will exist distribu-
tions of the labor force between the two sectors such that the ratio of skill
levels remains exactly constant over time: where, for example, the effect
of a smaller share of labor in the private sector on the growth of the
relative skill level is exactly offset by the higher speed of learning in that
activity.

To keep the analysis tractable, we assume, as in the previous subsec-
tion, that whereas skills are accumulated in the private sector through
learning-by-doing, the skill level in the state sector is constant and nor-
malized to equal unity. Again we use H, to denote the level of human
capital in the private sector and suppress sectoral subscripts. To retain the
essence of the effects of differential speeds of learning-by-doing in the
two sectors on relative skill accumulation, as in equation (21) above, we
assume that

% = (6, + 6)L7 — 6, (22)

4
where the 6; now represents arbitrary constants and the term in the
unemployment rate has been dropped for simplicity.” Then, substituting
in the employment rule in the private sector from equation (11) yields

% = (8 + 8,)LU,. H.; B) = 6,. (23)
¢ + 4+ -

The locus of points where the (relative) skill level in the private sector
remains constant can then be plotted as a function of unemployment and
human capital, or the downward-sloping A = 0 curve in Figure 3. The
arrows indicate the direction of movement of the (relative) skill level in
the private sector when the economy is off the H = 0 locus. To the right
of the locus, human capital increases, while to the left it falls.

The UHcurve represents the equilibrium of the economy at each point
in time. The direction of movement along the UH curve, however, will
be determined by the intersection of the UH curve with the 2 = 0locus.
The Appendix establishes that the slope of the UH curve is always greater
than the slope of the & = 0 locus so that there is a unique intersection
of the two curves. The intersection can in general occur below, at, or
above the peak unemployment rate on the UH curve and will be deter-
mined by all the parameters and exogenous variables of the system. Since
the economy is always on the UH curve, the double arrows in Figure 3

* Since L? is an increasing function of U, and U, enters equation (21)
positively, its presence would have no qualitative impact on theslope of the H =0
locus.
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Figure 3. Dynamic Path of Economy with Endogenous
Accumulation of Skills

Unemployment

HE¢ H
Private sector human capital. H,

are used to denote the actual path of the economy starting from any initial
level of human capital given by history. The intersection of the H = 0
locus with the U H curve defines a critical level of human capital, H;. Un-
less the economy has an initial human capital ratio of exactly Hy, either
the economy will, over time, traverse rightward along the UH curve, and
eventually specialize in the production of the private sector good, or it
will traverse leftward, and eventually specialize in the production of the
state sector good.

The production possibility frontier of the economy shifts out, over
time, with experience gained by the labor force proportionately in favor
of one of the two goods, depending on the speed of learning-by-doing in
each sector and the resources devoted to learning in each activity. The
implications of the analysis differ markedly from those of the exogenous
growth framework in the previous subsection. There are now no forces
in the system that would necessarily place the economy on a path converg-
ing to eventual specialization in the private sector good. Thus, a clear role
for government intervention emerges. In particular, policies that allocate
labor toward the private sector would lead to the acquisition of compar-
ative advantage in the production of the private sector good and could
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place the economy on a path to self-sustained restructuring in production,
leading eventually tospecialization in the private sector good. Under our
assumptions, specialization in the private sector good implies a higher
long-run growth rate of output.

We turn now to an examination of the effects of policies and exogenous
variables on the time path of unemployment during the transition process
and on the speed of transition.

II. Effects of Policies and External Shocks

We examine first the effects of changes in exogenous parameters and
policy variables in the exogenous growth model.

Case of Exogenous Growth

We focus first on the effects of once-and-for-all changes in these
variables and then examine the effects of a policy that attempts to
continuously reduce unemployment.

Changes in the Terms of Trade or a Liberalization of Prices

Consider the effect of an exogenous increase in the internationally
given relative price of the private sector good. If the private sector good
is interpreted as a (basket of) good(s) predominantly produced in West-
ern markets, and the state sector good is thought of as one produced for
an insulated market (for trade within the former CMEA, for example),
then the process of price liberalization and the opening of markets to
competition from the West, which has taken place in the PCPEs of
Central and Eastern Europe, can be likened to an exogenous decline in
the relative price of the state sector good. Note that P denotes the ratio
of the price of the state sector good to that of the prr'vate sector good.
An increase in the relative price of the private sector good thus corre-
sponds to a decline in P. Then, differentiating equation (17) and noting
the sign of the partial derivative of employment in the state sector with
respect to an increase in P, we find that at each level of H,

_3L:

du, apP
= <0. 24
dP oLl oLi 2

oU, U,

Since we have established that the denominator is positive, the curve UH
unambiguously shifts upward in response to a decline in P as shown in
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Figure 2. Since the private sector good is treated as the numeraire, a
change in relative prices has no direct effect on the employment decision
of the private sector. For the state sector, however, an increase in the
relative price of the private sector good raises the expected income of a
laid-off worker, measured in units of the state sector good, leading the
union to lay off workers. While there is no direct effect of a change in
the relative price on the private sector’s employment decision, there is
an indirect effect. Since unemployment is now higher at each level of H,,
the wage paid by the private sector will be lower, and employment in the
private sector will expand. Since at each level of H,, and therefore at each
point in time during the transition process, unemployment and private
sector employment are higher, employment in the state sector is lower.
The speed of transition of the economy is thus higher as a result of an
increase in the relative price of the private sector good.

Changes in State Sector Subsidies

The effects of once-and-for-all changes in the parameter 7, which is
used to represent (one plus) the rate of subsidy (or tax) on output of the
state sector in equation (3), are completely analogous to the effects of a
change in relative prices. This can be seen by noting that v and P appear
jointly in equation (5), the state sector’s employment rule, and do not
directly affect the private sector's employment decision. A decline in the
rate of subsidy to the state sector, which corresponds to a decline in the
value of the parameter 7, would therefore shift the UH curve up, exactly
as in Figure 2, increasing unemployment at each point in time, reducing
the share of the labor force in the state sector, and increasing the share
of the labor force employed in the private sector.

At the level of aggregation employed in the model here, the effects of
changes in the parameter + can also be interpreted as the effects of
changes in other policy variables on the state sector: a tariff on the state
sector; an employment or wage tax (or subsidy) in the state sector; and
the effects of wage-bill ceilings. While these interpretations are not
pursued here, it is useful to bear them in mind as alternative instruments
for achieving the policy objectives discussed.

Employment or Wage Subsidy in the Private Sector

Since unemployment rises in the early stages of the transition because
the state sector sheds labor at a faster rate than the private sector absorbs
labor, a natural question is the effect of an employment or wage subsidy
in the private sector. If firms in the private sector are granted an exoge-
nous subsidy at the rate p for each unit of labor they hire, the firm'’s
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first-order conditions imply

JEW! —B,U) _(Wi-p) _
ow? EW! - B,U)

1, p<W (25)

so that the elasticity of effort with respect to the real wage, adjusted for
the rate of subsidy, equals unity. The real wage can then be expressed
as a function of the rate of subsidy. It is straightforward to establish that

Wi = W¥U.;B,p), (26)

so that the wage paid in the private sector declines with an increase in the
rate of the employment subsidy. By lowering the cost of raw labor, the
employment subsidy lowers the firm’s cost perunit of effective labor. The
firm will therefore offer a lower wage rate to achieve the same cost per
unit of effective labor and expand employment. Employment in the
private sector is now given by

s (H)" - EWE — B, U

/L5 (le IR (27)
Therefore,
sz = LZ(UI‘! H-‘;Ba P«) (28)

Noting that an employment subsidy to the private sector will also directly
affect the state sector’s employment decision by changing the expected
wage of a worker laid off by the union, the impact on unemployment at
any given level of ., or the vertical shift of the UH curve, is given by

_[a_Lf p &]
a. a
i‘ﬁ: : = E . s (29)
A [a_Lf L L, 1]
an BU,

The denominator of equation (29) is positive. It can be shown that the
sign of the numerator is determined by the sign of

{(w? - rPF'(L})]

—(1- L,I)TP[—F’(L,‘)]}(aaLj) + Lz("’—z—z) (30)

Whereas the second term in the expression is negative, the sign of the first
term is determined by the sign of the term in the curly brackets. This
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expression in the curly brackets is exactly the expression that determines
the slope of the UH curve (see equation (A7) in the Appendix). It follows
that when the slope of the UH curve is zero or negative, as it is for large
values of A, expression (30) must be negative, so that the curve U shifts
down. For small values of /,, however, when the UH curve is positively
sloped, the first term in (30) is positive. Note further that, in the limiting
case when H, equals zero, L2 equals zero, so that the expression will be
positive. By continuity, it follows that there exists a range of values of H,
starting with zero such that the UH curve shifts up. Such a shift of the
UH curve is plotted in Figure 4, where for small values of A, the UH curve
shifts up and for larger values of H, it shifts down. The downward shift
of the UH curve, or the reduction in unemployment at large values of A,
is intuitive. The reason for the upward shift atlow levels of H,shouldalso
be clear. Essentially, subsidizing employment in the private sector causes
employment to expand. However, the size of the sector also affects the
extent to which it will expand. At the same time, the expansion of
employment opportunities in the private sector causes an outflow of
workers from the state sector. What we have established is that at low

Figure 4. /ncrease in Private Sector Employment Subsidy
with Exogenous Growth

Unemployment

i
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\
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Private sector human capital. H;
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levels of H, the outflow from the state sector will exceed the flow into the
private sector.

We now establish that private sector employment is higher at each
point during the transition as a result of the increase in the employment
subsidy to the sector. In Figure 4, for values of H,up to H,, an increase
in the employment subsidy in the private sector creates higher private
sector employment, since at each level of H,, in addition to the effects
of the subsidy, unemployment is higher. To establish that private sector
employment is higher for all levels of H,, first note that at H,, where the
values of unemployment and human capital in the private sector are the
same on both curves, private sector employment is higher on the shifted
UH curve since the rate of subsidy to the sector is higher. Then, note that
the response of private sectoremployment to changesin H can be written
as

oL 1 1
oH, 1-—a(aH)

Lf(l:-), (31)

so that the response increases with an increase in the rate of subsidy. It
follows that since the level of private sector employment at H, is higher
after the increase in subsidy and its slope with respect to H, increases,
private sector employment is higher at all subsequent levels of H..

Unemployment Bene fits

An increase in unemployment benefits, by raising the alternative in-
come of a worker employed in the private sector, that is, his or her
reservation wage, causes firms in the private sector to raise offered wages
and cut back employment. For workers in the state sector, the expected
wage of a laid-off worker increases because of both the increase in
unemployment benefits and the increase in private sector wages, creating
an incentive for the union to lay off workers. However, the outflow of
workers from each sector increases the probability that a worker leaving
the state sector will remain unemployed, thus creating an incentive for
the union to retain workers. The total impact on unemployment at any
level of H, is given by

_9L; aL?
dau, oB aB
d8 alF WL ’ ©2)
-+ k1
alU, aU,

where the denominator is always positive. The sign of the numerator can
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be shown to be determined by the sign of

U + Lf(a—w'z) +{wi-1PF'(L)]

OB
aLZ)

- (1 - L)tP[-F "(L})l}(a—B : (33)

It follows that when the slope of the UH curve is negative or zero (as
determined by the term in curly brackets), the expression is positive so
that the UH curve shifts up. For values of H, between zero and that
corresponding to the peak unemployment rate, however, the effect is
ambiguous. Note that the intercept of the UH curve unambiguously shifts
up (see equation (A5) in the Appendix). Figure 5 plots two possible shifts
of the UH curve in response to an increase in unemployment benefits.

Policies to Reduce the Unemployment Rate Continuously

There is, of course, no reason why policy variables should be adjusted
only in a once-and-for-all manner in the present framework. Since the
analysis suggests that with unchanged policies the unemployment rate

Figure 5. Alternative Effects of an Increase in Unemployment Benefits

Unemployment

Private sector human capital, H,
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will rise over time in the early stages of the transition, it is natural to
consider policies that prevent the unemployment rate fromrising or even,
since the analysis predicts the unemployment rate will eventually fall to
zero, to consider policies that attempt to reduce unemployment
monotonically to such a level, and thereby reduce the costs of transition.
In the absence of specifying a particular objective function for the govern-
ment, there are an infinite number of paths for the unemployment rate
that would satisfy this objective. To focus ideas, we examine one that
seems intuitive. In Figure 6, with unchanged policies, unemployment
rises from U, then subsequently falls, eventually reaching zero at / . We
consider a policy that seeks to take the economy in a linear fashion from
U to H, so that the dynamic path is given by the straight line joining U
and H . Starting at the initial unemployment rate, therefore, such a policy
would succeed not only in lowering the unemployment rate at each point
in time, compared with what it would be in the absence of such a policy,
but also in lowering the rate of unemployment monotonically over time.

Consider how policies can achieve such a path. An employment sub-
sidy to the private sector was shown to raise unemployment for small
values of H without affecting the initialunemployment rate. This suggests

Figure 6. Time-Varying State Sector Subsidy to Continuously Lower
Unemployment with E xogenous Growth
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that a policy to reduce the unemployment rate at small levels of H would
actually need to tax employment in the private sector, and would succeed
in lowering unemployment by preventing an outflow of workers from the
state sector. A more direct way of doing this would be to subsidize
employment or output in the state sector. Moreover, since changes in
therate of subsidy to the private sector are powerless to affect the vertical
intercept of the U H curve, and the curve is positively sloped at this point
for any rate, it follows that there will exist some range of H; over which
such a policy cannot succeed in lowering the unemployment rate
monotonically over time.

Considerinstead an output subsidy to the statesector.” This wasshown
to shift the UH curve down for all levels of H. Figure 6 plots several UH
curves as the rate of subsidy to the state sector increases. Figure 6 makes
clear that for the economy to traverse on a straight line from U to A the
rate of subsidy to the state sector will have to increase over time as H,
increases to H'. That the rate of subsidy needs to increase over time is
intuitive since the subsidy will be preventing potentially increasing
amounts of unemployment. As H exceeds H’ in Figure 6, however, if the
rate of subsidy is maintained, then the economy will simply traverse down
the right-hand side of the UH curve tangent to the straight line UH at
H = H'.Therefore, amore gradual reduction in the unemployment rate,
as implied by a movement along the UH line would imply that the rate
of subsidy can be relaxed or reduced over time.

Now compare the implications of a transition path along the straight
line UH to a transition path along the original UH curve on the speed
of transition. Since unemployment is lower for each level of H, and the
state sector subsidy does not directly affect the private sector’s employ-
ment decision, it follows that employment in the private sector will be
lower at each point in time. Since private sector employment and unem-
ployment are both lower at each point in time, it follows that state sector
employment is higher at each point in time.

By maintaining employment in the state sector at a higher level, the
policy succeeds in reducing the costs of the transition but it slows the
speed of the transition process. In this framework, where the transition
is inevitable because of an exogenously assumed faster rate of skills
accumulation in the private sector, the budgetary costs of the subsidies
to the state sector need to be compared only against the budgetary and
welfare costs of unemployment. The speed of transition has no long-run

**There is no reason to use the same policy instrument for the entire transition
process. o . ) o

» Recall the earlier discussion that the use of several alternative policy instru-
ments in the state sector would be equivalent in this model to the use of an output
subsidy.
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impact. If the process of skill accumulation driving the transition process
is endogenously determined, however, as discussed in the next section,
the extent of transformation at any point in time, as measured by the
relative size of employment in the private sector, takes on a critical
importance in whether or not restructuring actually takes place.

Case of Endogenous Restructuring

The H = 0locus of combinations of unemployment and human capital
separates initial conditions that imply eventual convergence to specializa-
tion in either the state sector or the private sector good. If the equilibrium
level of unemployment for any given level of human capital is higher than
that implied by the H = 0 locus, the economy will converge to specializa-
tion in the private sector good. Note that the curve is negatively sloped
in the unemployment—human capital plane. This implies that at low levels
of human capital a high rate of unemployment is necessary to place the
economy on a path leading to specialization in the private sector good.
This characteristic of the present framework creates the fundamental
dilemma for policies, in that unemployment, although it represents a
cost to the economy, may be necessary for creating downward pressure
on wages, such that private sector employment can expand sufficiently.
The negative slope also implies, on the other hand, that at high levels of
human capital, a (relatively) low level of unemployment may be sufficient
for eventual specialization in the private sector good.

Consider now the effects of various policies and exogenous variables
on restructuring toward the private sector good. Essentially, policies that
succeed in reducing the critical level of human capital necessary for
attaining a self-sustained path toward restructuring will increase the set
of initial conditions converging to such a path, and can thus potentially
alter the long-run equilibrium of the economy. Alternative policies will,
however, have alternative implications for the unemployment rate.

An increase in the relative price of the private sector good, or a
reduction in the rate of subsidy to the state sector, will shift the UH curve
up as in Figure 7. Skill levels between H; and H;’, which are levels of
human capital that previously implied convergence to the state sector
good, now imply, given the higher rates of unemployment on the new UH
curve, UH’, convergence to production of the private sector good. Figure
8 shows the effects of an increase in the rate of employment subsidy to
the private sector. This will shift the UH curve leftward,” implying at low
levels of H higher unemployment and at high levels of H lower unemploy-

*$The vertical intercept would be maintained, however.
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Figure 7. Decrease in State Sector Subsidy with Endogenous
Skill Accumulation

Unemployment

Uy
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Private sector human capital. 4,

ment. In addition, the H = Olocusshifts to the left, implying a lower level
of unemployment necessary, at any given level of human capital, to place
the economy on a path to self-sustained restructuring toward the private
sector good. Figure 8 depicts two alternative situations: when the 5 = 0
locus intersects the U H curve on the upward-sloping portion of the UH
curve, and when it intersects it on the downward-sloping portion of the
curve. In the former case, the # = 0locus is downward sloping while the
UH curve is upward sloping. Since both curves shift leftward it follows
that the critical level of human capital unambiguously falls. In the latter
case, when both curves are downward sloping, it is possible to show—as
is done in the Appendix—that the H = 0 locus shifts down by more than
the UH curve so that the critical level of human capital again falls.

In summary, then, policies that affect the state sector alone affect
restructuring by shifting the UH curve, with an increase in unemployment
increasing the set of initial conditions converging to specialization in the
private sector good. Policies that affect the private sector, on the other
hand, while affecting the UH curve, have the advantage that by also
shifting the H = 0 locus they reduce the unemployment necessary at any
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Figure 8. Increase in Employment Subsidy to Private Sector
with Endogenous Skill Accumulation

Unemployment

Ve
YN UH
U \ S
UH' M

H{" H{' H(" H(‘
Private sector human capital. /4,

level of human capital to bring about restructuring toward the private
sector good.

III. Concluding Remarks

This paper has developed a simple model of the process of reallocation
of labor from the state to the private sector in PCPEs. When growth and
restructuring are viewed as exogenously driven, we showed that unem-
ployment may increase in the transition because of the intrinsic dynamics
of the reallocation process and in the absence of any new shocks to the
economy. In explaining the actual experience of unemployment in the
PCPEs, several factors are likely to have contributed to the rise in
unemployment. First, the rise in unemployment can be viewed as result-
ing from a sequence of unanticipated exogenous shocks that generated
and have sustained increases in unemployment.” While the initial re-

ZIf there are adjustment costs, each shock changing relative prices would
generate transitory unemployment. See Mussa (1978) and Neary (1982) for
two-sector models in the trade context that incorporate costs of adjustment.
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forms probably represented the largest shock, they were followed by a
series of subsequent reforms, so that there were actually several shocks.
Similarly, the collapse of the CMEA, and the subsequent loss of markets,
could be viewed as having generated a sequence of shocks. Second, the
rise in unemployment could be interpreted as a one-time movement
toward an equilibrium rate of unemployment, in an economy character-
ized initially by “‘excessive’” employment. Our analysis is not intended to
diminish the role of these or other such factors in explaining the rise in
unemployment in the PCPEs. Rather, it complements their role by
highlighting a set of intrinsic dynamics that will tend to exacerbate in-
creases in unemployment triggered by exogenous shocks.

The effects of alternative policies in reducing the unemployment costs
of the transition process, and their impact on the speed of transition, were
examined when growth was viewed as exogenous and restructuring as
inevitable. In that context, several policies could be adopted to reduce
or prevent a rise of unemployment during the initial stages of the transi-
tion without jeopardizing the final outcome of restructuring. Neverthe-
less, we showed that these unemployment-reducing policies would slow
down the restructuring process. In a framework where growth was en-
dogenous and the eventual outcome of restructuring determined by initial
conditions, we showed that unemployment may be necessary to ensure
that restructuring occurs. Policies that reduce unemployment, thus alle-
viating the costs of the transition, may jeopardize the final outcome of
the restructuring.

It should be noted that in order to focus on the intrinsic dynamics
generated by the transition it was implicitly assumed that any budgetary
balance could be financed. The fiscal implications of the transition and
the effects of alternative policies on the fiscal balance were ignored. In
this sense, the analysis of the paper represents the unconstrained path of
the economy. The fiscal dimension of the transition process is, of course,
an important one.* The interaction of fiscal constraints with the endoge-
nous process of restructuring and the reallocation of resources from the
state to the private sector are examined in Chadha and Coricelli (1993).
Itis shownthere that with constant tax rates on the state sector and a fixed
real level of unemployment benefits per worker, the path of the budget
deficit will mirror the behavior of unemployment. The budgetary balance
will deteriorate continuously during the early stages of the transition,
recovering only when the savings in unemployment expenditures are
sufficient to compensate for the continuing decline in tax revenues from
the state sector. Attempts to improve or maintain the budgetary balance

# Kommai (1992) and Tanzi (1993), among others, discuss the budgetary impli-
cations of restructuring in Eastern Europe.
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during the transition are shown to create pressures to maintain the state
sector, slow the transition process, and could jeopardize the eventual
outcome of the process of restructuring.

APPENDIX
This Appendix establishes several propositions employed in the text.

State Sector Employment and Unemployment

Differentiating the union’s employment rule, the response of employment in
the state sector to an increase in unemployment can be written as the sum of the
four effects mentioned in the text, with the first two positive and the second two
negative:

oL (L) (-a)Wi-8) (LY 5).(- _agv_)
aU.  p(1 - BrP a-1Lh B(1 - g)rP ’ oU,
(Li)*-* 8 wi-B) L} ( a_wz)
BU-ByP (1-LY) w2\ ou,
Ly W -B)  «
B(1-ByP (1-L;) (1—a)
By combining terms,
oL} __(L)*® [_ awf] (1-3
oU, B(L-pyPL .| Wi

9E 1
’za_U,Z" (A1)

) 3B + (1 - 8)W?]

LT e 08, a1 (ﬁ)(g)]
. Bl -ByP(1-o)(1- L.")(W' B)[ o dUJ\E.J Y

(A2)

where the first term is positive, since the direct effect of a decline in private sector
wages on state sector employment dominates the indirect effect by which the
decline in private sector wages raises private sector employment and thus tends
to reduce state sector employment. The second two terms represent the differ-
ence between the direct effect of unemployment on state sector employment and
the indirect effect of unemployment, which raises worker effort in the private
sector, and the consequent expansion in private sector employment. As equation
(A2) shows, as long as the elasticity of effort with respect to unemployment is
less than a positive constant, this term will be positive:

GE: U, 1-«
— <=,
BU, E: [0

We assume that this is the case. It is worth noting that this condition is not
necessary for any of our results. It is, however, sufficient.?’

(A3)

** The necessary condition for the analysis to be entirely unchanged is that the
sum of the (i) partial derivative of empioyment in the state sector with respect
to unemployment, (ii) the partial derivative of employment in the private sector
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Shape of the UH Curve

Note from equation (9) in the main text that when the level of human capital
in the private sector is zero, employment in the private sector will be zero. The
probability that a worker {aid off from the state sector will remain unemployed
is then unity. Therefore, the initial share of employment in the state sector is
determined by solving

. 8
B(L)P ' = P (A4)
for L, . The initial unemployment rate is then
P 1/(1-B)
u=1- [TB] , (A39)

so that the higher are unemployment benefits, the lower is the initial level of
employment in the state sector and the higher the initial unemployment rate.

For positive levels of human capital in the private sector, the evolution of the
unemployment rate with the accumulation of private sector human capital is
determined by differentiating equation (AS5):

[, o
du, éH., oH,

dH. [aL,‘ aL?

(A6)
LA

U, aU.

The denominator is always positive. In the numerator, whereas employment in
the state sector is a decreasing function of the level of human capital, empioy-
ment in the private sector is an increasing function of the leve! of human cap-
ital. Differentiating equation (5) from the main text, and combining terms, the
numerator in (A6) can be expressed as

1 (aLf

{&(W? - B) —1P(1 - L,’)[—F”(L,')]}T%l = L,’)[_F ﬁ) (A7)

"(L,)]
Since the teims outside the curly brackets are all positive, the sign of this
expression will be determined by the sign of the expression in the curly brackets:

Sign of (jg) = Sign of {8,(W? — B)— 1P(1 — L)[-F" (L)}, (A8)

the difference of two positive terms.

with respect to unemployment—which is unambiguously positive, and (iii) unity
be positive. Alternatively stated, the partial derivative of aggregate employment
in the economy with respect to unemployment must be greater than negative
unity. From a stability point of view, one would expect the partial derivative of
aggregate employment with respect to unempioyment to be positive. While we
could assume a much weaker condition, our assumption has the advantage of
keeping the presentation of the analysis transparent. We note also that in simu-
lations of the model we were unable to find a case where the partial derivative
of employment in the state sector with respect to unemployment was negative.
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It is useful to note several features of the expression in equation (A8), which
can be rewritten as

3 P P(1 — L)B(t - B)
I

First, note that as L. becomes small the absolute value of the second term
mcreases and the expression must, at some value of L;, become negative. In fact,
as L, approaches zero the expression will approach negative infinity. Since L/ is
a decreasing function of H,, it follows that as H increases, the slope of the UH
curve eventually becomes negative. Second, note that when L,' is large the second
term is small. In fact, as L; approaches unity the second term approaches zero.
The magnitude of the first term depends also on thelevel of unemployment. Since
the wage in the private sector is a decreasing function of the level of unemploy-
ment, the first term, the one in square brackets, will be largest when employment
in the state sector is high (so that the marginal product of labor in the state sector
is low) and when unemployment is low (so that the level of unemployment does
not exert much downward pressure on the private sector wage). In such circum-
stances, the private sector wage will be determined predominantly by consider-
ations of worker efficiency and hence tend to be relatively high. The expression
is likely to be positave, therefore, when the initial level of employment in the state
sector is high and the level of unemployment low.

(A9)

UH and H = 0 Curves

This section establishes that (i) the slope of the UH curve is always greater than
the slope of the A = Qlocus so that there is a unique intersection of the two curves
and that (ji) in response to an increase in the private sector employment subsidy,
when both the UH curve and the & = 0 locus are downward sloping, the # = 0
locus shifts down by more than the U H curve, and the critical level of human
capital falls.

To establish that the two curves have a unique intersection, two obser\zlations
are necessary. First, note that the A = 0 locus can be written as L, = 83/
(8: + 62) = &, so that along an A = 0 locus the progortion of the labor force
empioyed in the private sector is constant. Since L; is a positive function of
unemployment and private sector human capital, note that the H = 0locus shifts
to the right for an increase in &. Along the new H = 0 locus, L’ is constant at
a higher level. Second, recall that L? increases monotonically as the economy
moves rightward along the UH curve. Now, suppose that the UH curve and the
H = 0 locus intersect twice, as in Flgure Al. Then, in moving from point X to
Yin Flgure Al along the UH curve, L; increases. However, this contradicts the
fact that L? is higher along the H# (b, > ¢} = 0 curve than along the H(¢;) = 0
curve. Therefore, this can never be.

We have established thatan mcrease in the private sector employment subsidy
shifts the UH curve to the left and L? is higher at each level of H on the new UH
curve. Comparing points 4 and B on the two UH curves drawn in Figure A2, L}
is greater at B than at A. The ongmal H = 0locus mtersectmg the original UH
curve at point A lmphes that L} equals ¢ at point A. So L must be greater than
datB. Recallmg that L? increases monotonically along the UH curve, it follows
that L7 is greater than ¢ all along the right-hand side of B on the new UH curve,
UH'’. Now note that the new, or shifted, & = 0 locus still represents L = &.
Therefore, it must intersect UH’ to the left of B.
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Figure Al. Proof by Contradiction of Unique Intersection
of UH and H=0 Curves
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Figure A2. Increase in Employment Subsidy to Private Sector
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The Yield Curve and Real Activity

ZULIU HU*

This paper attempts to formalize the link between the yield curve and real
economic activity. A closed-form formula for the term structure of interest
rates is derived. The paper then documents the use of bond market data
for predicting GDP growth in the G-7 industrial countries. The results
suggest that a simple measure of the slope of the yield curve, namely the
yield spread, serves as a good predictor of future economic growth. The
out-of-sample forecasting performance of the yield s pread compares favor-
ably with that of the alternative stock price-based model and a univariate
time series {ARMA) model. [JEL E32, G12]

THE DAILY FINANCIAL PRESS frequently runs stories suggesting a close
association between the term structure of interest rates and future
real activity. Banks, bond dealers, and Wall Street pundits often claim
that the shape of the yield curve says something about economic
prospects. An upwardly sloping yield curve, for example, is interpreted
as a sign of a strong economy ahead; a flattening or inverting yield curve
is seen as a foreshadowing of recession. The goal of this paper is to
formalize the link between the yield curve and real activity and examine
the alleged predictive power of yield curve variables.

A number of studies have examined the relationship between short-
term and long-term interest rates (see Shiller, Campbell, and Schoen-
holtz (1983) and Mankiw and Summers (1984)). In particular, Fama
(1984, 1990a), Mishkin (1990a, 1990b), and Campbell and Shiller (1991)
have found that the term structure predicts future spot rates and inflation.
Clearly, economists and policymakers are also concerned with the link
between movements in long-term and short-term interest rates and

*Zuliu Hu is an Economist in the Fiscal Affairs Department. He holds a
doctorate from Harvard University. The author is indebted to Robert Flood for
helpful suggestions and to Kellett Hannah and Subramanian Sriram for providing
the data.
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macroeconomic fluctuations in real output. Recent work by Stock
and Watson (1989), Harvey (1989), Chen (1991), and Estrella and
Hardouvelis (1991) has provided evidence that the U.S. term structure
can also be used to predict growth in real GNP.

Thisstudy documents the forecasting power of the yield curve variables
for predicting gross domestic product in the Group of Seven (G-7) indus-
trial countries. The paper sets out a simple model that gives rise to a
closed-form solution of the term structure of interest rates. It is shown
that the slope of the yield curve has a linear relation with the expected
growth in real output. After briefly discussing measurement issues and
data sources, the paper then examines empirically whether the main
implications of the model are borne out by data from a set of industrial
countries. The focus is on investigating the predictive power of a simple
measure of the term structure-—the yield spread between long-term and
short-term government bonds—for subsequent economic growth.

I. The Model

The term structure of interest rates measures the relationship among
the yields on default-free bonds of varying maturities. Equilibrium asset
pricing theories shed light on how underlying economic variables deter-
mine this relationship. The current paper asks the opposite question:
whether one can extract from the yield curve information about future
real activities.

This paper presents an intertemporal equilibrium model. In the em-
pirical part of the paper, observed interest rate variables are used to
predict future output growth. The model is built on the work of Merton
(1973), Lucas (1978), Brock (1982), Cox, Ingersoll, and Ross (1985), and
especially Breeden (1979, 1986).

Consider an infinite-horizon economy made up of a single agent, a
single production technology, and a single physical commodity that can
be allocated to either consumption or investment. Let ({2, F, P) be a
filtered probability space for the continuous time set T = [0, ®), where
F ={F,t = 0} is the filtration of a standard Brownian motion B. The
consumption set C comprises those positive predictable processes
¢ = {c, t = 0} that satisfy

E[J:e"”u[c(r)] dr} < oo, 1)

almost surely for all T = 0. The agent has preferences over positive
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stochastic consumption processes ¢ given by the lifetime utility func-
tional:

U(c) = E{J:e“"u[c(t)] dt}, @)

where ¢(¢) is the time ¢ rate of consumption, E(-) is an expectations
operator, p is the rate of time preference, and u( - ) is the instantaneous
utility function. To derive an analytic characterization of the term struc-
ture, u( - ) is restricted to be the logarithmic function: ufc(t)] = log[c(¢)].

Assume that the shocks to the productivity of capital can be described
by a single sufficient statistic or state variable, x(¢), defined by

dX, = p(X,t)dt + o (X,t)dB,, (3)

where p,(x,t) and o,(x,t) are predictable processes, and the standard
Brownian motion, B,, is a martingale under the filtered probability
measure.

The gross output in this economy is given by the following stochastic
integral equation:

t t
Y,=Y, +f by (Y, X,s)ds + f o,(Y,X,s)dB.. (4)
0 0

Further impose the restrictions that both the dn’ft and diffusion terms in
equation (4) are homogeneous of degree one in Y:

(Y, X,5) = Y, (X,s),
and
0,(Y,X,s) = Yo (X,s).

These restrictions imply that the production technology has stochastic
constant returns to scale.

The consumer can borrow or lend the consumption good at the instan-
taneously riskless interest rate r. The consumer can also hold a default-
free zero-coupon bond that delivers one unit of the consumption good
at maturity date 7. Without loss of generality, assume that this default-
free bond is the only financial security available. The value of the default-
free zero-coupon bond, P(t, T), will in general depend on the state
variable X () as well as the time to maturity. Its dynamics can be written
as

dP = w,dt + o,dB. (5)

The consumer’s total wealth at time z, W(r), in units of the physical
good, is the sum of his or her human and nonhuman wealth. Since labor
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is not used in the production processes, the consumer’s entire wealth
consists of the nonhuman part only, which is to be allocated among
investments in the production processes, default-free bonds, and riskless
borrowing and lending. Suppose that the consumer invests an amount of
wealth, aW, in the production process and an amount of wealth, bW, in
the default-free bond. Then, his or her intertemporal budget constraint
takes the form

dW = [aW(uy — r) + bW(, — r) + rW — c]dt
+ aWo,dB + bWa,dB. (6)

An equilibrium is defined as a set of stochastic processes (P, r,a, C)
such that (i) the agent maximizes his or her expected lifetime utility,
equation (2), subject to budget constraint (6) and (ii) the net supply of
the default-free bond and riskless lending is zero: b = 0.

The market-clearing condition (ii) is intuitive since there is only one
agent in this economy. This condition implies that 4 = 1—that is, all the
agent’s wealth is invested in the physical production processes.

Denote the consumer’s value function as V(W, X, t). Applying Bell-
man’s principle to this continuous-time stochastic control problem leads
to the following first-order conditions:

1

; . VW7 (7)

WV, Gty = 1) + WoVona0} + S W2V, ba,a, =0, (8)
1

WV, (u, —r) + EWZ Viwag, o, + W2V, bal = 0, 9)

where V,, and V., denote the first-order and second-order partial deriva-
tives of V with respect to W. Substituting the market-clearing conditions
into equation (8) gives

rEapy + W:ww(ri. (10)

It can be shown that given the specific assumption about the utility

function, the consumer’s value function also takes a simple form:

V(W,t) = (1/p) log(W). Therefore, from equation (7) one can write
optimal consumption as

c=pW =pY.

This consumption function implies that the agent consumes a fixed pro-
portion of output, with the proportionality factor being his or her rate of
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time preference. Furthermore, since the agent’s coefficient of relative
risk aversion equals one, equation (10) can be simplified as

r=p, — 0. (11)

Equation (11) gives a simple, closed-form formula for the equilibrium
interest rate. It explicitly links the interest rate to the economy’s produc-
tion processes. Since real output is postulated to follow the Ito process,
and the agent has logarithmic preference, the path of the riskless interest
rate is completely determined by the first two moments of the production
technology. The equilibrium interest rate is higher if the expected growth
rate of real output is higher, and is also higher if the risk associated with
aggregate production is smaller, all other things equal. This important
relationship provides the basis for forecasting economic growth through
interest rate variables.

Note that because of the logarithmic utility assumption, the covariance
of the production process with the state variable X, does not enter
equation (11). Such a covariance term would appear for more general
preference specifications, as, for example, in Breeden (1986).

For empirical implementation, the following discrete-time approxima-
tion to equation (11) is used:

r(t, T) = wy (6, T) = o}(t, T). (12)

The term structure implied by this production-oriented equation has
some interesting shapes. It will be upwardslopingif, holding the variance
of production constant, the growth rate of real output in the economy is
expected to be higher. it will be downward sloping if the economy is
expected to enter a phase of recession. Therefore, the term structure,
or the yield differential between long-term and short-term interest rates,
embodies the market’s expectations about the prospects of the economy,
and hence contains useful information about aggregate economic
fluctuations.

Since
AY,
i’vy(!; T) = El(_YE): (13)
equation (12) can be rearranged to obtain
AY.,
E'(TY,') =r(t, T) +oXt, 7). (14)

Equation (14) makes it clear that investment in the risky production
process receives a premium over the riskless interest rate, determined
by the conditional variance of production. In the rest of this paper, it
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is assumed that the stochastic process of production has constant vari-
ance so that one can concentrate on the relationship between expected
economic growth and the term structure of interest rates.

Consider two default-free bonds with maturity dates at T'and T, respec-
tively. Subtracting from equation (14) the corresponding equation for the
bond with maturity T yields

AY,,
EI(TT) = {,T—ﬂ (15)
where
Stg—-="8(5T) —He, ) (16)

is the interest rate differential, or yield spread, between the two default-
free bonds.
Toremove the conditional expectations operator, rewrite equation (15)
as
AY,
Tﬂr = S{.T—‘: = € (17)
]
where €, is the forecast error. Equation (17) is the basic model for
empirical estimation in this paper.

II. Measurement Issues and Data Sources

Toexamine the relationship between the term structure and real activ-
ity, this paper focuses on the yield spread between default-free bonds
with different maturities. This spread measures the slope of the yield
curve. Economists’ interest in this particular variable dates back to
Kessel (1965), who first documented the co-movements of the term
structure and the business cycle and found that the size of the yield spread
is associated with general economic conditions, such as recession and
recovery. For simplicity, only a single measure of the slope of the yield
curve is constructed: the difference between annualized yields on long-
term versus short-term government bonds. This variable is denoted as $”.
A wider spectrum of bond maturi'ties would presumably provide finer
information on the forecasting power of the term structure for economic
growth. Thus, the regression results below should be carefully inter-
preted, because poor empirical performance using $* does not necessarily
constitute a strong case against the principle implication of the term
structure model in the preceding section—namely, that expected growth
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in real output is positively and linearly related to the slope of the yield
curve,

The gross national product and the gross domestic product are the
natural candidates for measuring aggregate output. Strictly speaking, the
horizon over which one measures real output growth should correspond
to the exact maturity structure of the government bonds chosen. What
the regressions use, however, are year-to-year growth rates taken from
quarterly data. In other words, the dependent variable in the regression
equations is

dy, = 10g(h). (18)
Y,

Itis acceptable to focus on the four-quarter growth rates when testing the
term structure model, because data over shorter horizons, such as one-
quarter changes, likely contain more measurement error. The related
evidence on stock returns (see Fama (1990b), for example) suggests that
term structure may also have better predictive power forreal activity over
horizons spanning from one to several years.

The basic model of interest rate term structure is applied to the G-7
countries—Canada, France, Germany, Italy, Japan, the United King-
dom, and the United States. The paper works with quarterly data. Most
of the series used in this study are taken from the International Monetary
Fund’s International Financial Statistics.

For aggregate real output series, the study uses real GNP or real
GDP, whichever is contained in the International Financial Statistics. The
quarterly series are seasonally adjusted at annual rates. In those cases in
which both nominal GNP and nominal GDP are available for a country,
the two real series have been compared under the assumption of a
common deflator. Because only a minor difference between the two
series exists, the longest series is picked as the measure of real output.

The quarterly long-term government bond yield and quarterly treasury
bill (T-bill) rate are taken from Internati onal Financial Statistics’s interest
rate data. They are period-average annualized rates. The long-term
government bonds usually have at least five years to maturity, while the
short-term rate used here is the three-month T-bill rate. If the treasury
bill series is not available for a country, a typical short-term interest rate
is then used as a proxy for the T-bill rate. This series is published in
Organisation for Economic Cooperation and Development’s (OECD)
Financial Statistics. The stock price index and consumer price index are
taken from International Financial Statistics. Quarterly data are period
averages.

Table 1 reports summary statistics for three time series: real GDP
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YIELD CURVE AND REAL ACTIVITY 789

growth, yield spreads, and stock market price changes. The standard
deviations of the yield spreads are typically within one-half of the mean
GDP growth rates. The stock market price changes are much more
volatile than either GDP growth or the yield spreads. They exhibit fairly
similar patterns of autocorrelation.

The time series data are plotted in Figure 1. The series are aligned so
that if the GDP growth and financial time series coincide, then the
financial variables are a perfect forecast of GDP growth. The individual
figures suggest that the yield spread leads real output. This pattern is
especially evident for Canada, France, and Germany. It seems that the
yield spread tracks real GDP growth more closely than do stock prices.
Since stock prices exhibit far more variability than real GDP, stock price
changes are likely to be very noisy predictors of GDP growth.

Ill. Empirical Evidence

Table 2 documents the within-sample forecasting power of the term
structure over the whole period for each country. Because of the over-
lapping data in the regressions for annual growth, the ordinary least
squares (OLS) standard errors are inconsistent, although the OLS
estimates of the slope coefficients are not. The Hansen (1982) and Newey
and West (1987) method is used to correct for autocorrelation and
conditional heteroskedasticity.

The estimated slope coefficients are significantly positive for all coun-
tries, suggesting that the slope of the yield curve is positively related to
the expected growth rate in real output. A simple measure of the term
structure—the yield spread between long-term and short-term govern-
ment bonds-—can explain a large fraction of the variation in real output.
It is especially striking to note, for example, that the yield spread alone
explains more than half of the GDP variation in Canada. The explanatory
power of the yield spread is not limited to the full sample period. The
subsample results in Table 3 offer further evidence that the yield curve
contains a great deal of information about real output growth. It ap-
pears, for example, that the relatively small R’ for the United Kingdom
stems from the latter half of the sample. Table 4 presents evidence that
the yield spread also helps predict the GDP growth residual, obtained by
regressing GDP growth on all its possible lags.

To evaluate the forecasting performance of the term structure, con-
sider an alternative model based on the changes in stock prices. Studies
of the business cycle have paid a great deal of attention to the stock
market. In the 1920s, the Harvard “ABC” system pioneered the use of
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Figure 1. GDP Growth, Lagged Yield Spread, and Lagged Stock Price

Changes: G-7 Countries

|_
. =
o0
z =
™ ceswamesee o]
[ - T O AR
m lllllllllllllllllllllllllllll B
— = ]
o -1 = .
e
= 2 1= )
< N
Y & 3
s} = ] g :
N 3 3
oc 3 ] 8 -
s T s T ot B T
Q = — &= TTTetsiesize.
Q Ay = ~ S | IR % Lt il
o A ) 3 :
,ao 4" © ] >
e v g
l.‘.-l g
- - -m ]
=
...... 4 =12 = ]
-} S
0 M
. S
5
] d &
VU
— 3 N
s
— = ]
_ . -
a ] - - —
-]
] T .
=
& . =
—_ e~ i
_ | TS o, o, WA 2 _ 7
o o o 2 ] o ~ = 2 s 3 3 3
1=} = = = S Q@ -t . . , _

1988

1983

1978

1973

1968

1963

1957

©International Monetary Fund. Not for Redistribution



791

YIELD CURVE AND REAL ACTIVITY

Figure 1 (continued)
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Figure 1 (continued)
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Figure 1 (continued)
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Figure 1 (continued)

1989

1984

1979

1974

YIELD CURVE AND REAL ACTIVITY

1969

| _ u-ﬁ.. = _ I
- O —
3 8 1
N
S - ]
) — -
3
B
- ] - 1
_ —
M oC Wm
oc i = I -
=3 - 5]
N — 3 —
= v g
2
— lp —
Sy i 3 .
=1 S =
is 5
E: - 3 -
g 1 % -
S - S -
a. -, -mmE 3
[ T b ~H=< | e ecaicennaaaan i
© T — |.nM ............... il
___Cg— P _ _
A
L — —
-y _ -
- O
iy ve)
nll.....v =2
-~ —
Pl ]
E LI E
g ] Z v
80 e 13 80 =
£ ..1..-. — < £ —
X o 4
o = o =
L L
= ea: = —
£ =
— —
= ... =
h o -
[ _ | 2 _
o 0 O <> o™ o™ o 0 o0 =
= &8 38 3 =2 & d = S g =
o o o (== o 0. 0. U_ T '

1964

1959

©International Monetary Fund. Not for Redistribution



ZULIU HU

796

Figure 1 (conciuded)
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Table 3. Forecasting Real Output Growth
from the Yield Curve: Subsample Results

Coeffiicient
Number of on yield _
Country Sample penod  observations spread () R?
Canada 1957:1-1974:4 72 1.0498 0.250
(4.2984)
1975:1-1991:4 68 1.2769 0.613
(7.4700)
France 1971:1-1981:4 44 0.7767 0.297
(4.1944)
1982:1-1991:3 39 0.6316 0.185
(2.9468)
Germany 1961:1-1974:4 56 0.6869 0.184
(2.7733)
1975:1-1991:4 68 0.7561 0.265
(3.5066)
Italy 1972:1-1981:4 40 0.9832 0.429
(7.1228)
1982:1-1991:4 40 0.5959 0.429
(2.911)
Japan 1967:4-1981:4 57 0.5662 0.210
(2.218)
1982:1-1991:4 40 0.4342 0.114
(3.125)
United Kingdom  1959:1-1974:4 64 0.9561 0.148
(3.1619)
1975:1-1991:4 68 0.2460 0.059
(1.4185)
United States 1958:1-1981:4 96 12004 0.377
(4.9555)
1982:1-1991:4 40 1.0757 0.582
(6.4756)

Note: The regression equation is dY, =o +BS;_,+e€, where
dY, = log(Y. +4/Y)) is the annual growth rate in real GNP or GDP, and §” is the
yield spread between long-term and short-term government bonds.

The table presents (i) the slope coefficient 8; (%i) the #-ratios (in parenthesis),
computed from standard errors robust to conditional heteroskedasticity; and (ii1)
regression R?, adjusted for degrees of freedom.

the stock market price as a main component of its “A” curve for tracking
the business cycle. Today the Standard & Poor’s 500 stock price index is
included in the U.S. Department of Commerce’s index of leading eco-
nomic indicators. The OECD regularly publishes a national share price
index along with a list of other economic variables in its main economic
indicators. The view that stock prices contain information about future
economic fluctuations is highly popular among academics and practi-
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Table 4. Predicting the Residual of GDP Growth from the Yield Curve

Coefficient on
Number of yield spread

Count y Sample period  observations (B) R’

Canada 1957:1-1991:4 140 0.2699* 0.095
(3.8715)

France 1972:3-1991:3 77 0.1776* 0.061
(2.0966)

Germany 1962:3-1991:4 118 0.2222* 0.022
(3.3349)

Italy 1972:1-1991:4 80 0.1276 0.022
(1.5436)

Japan 1967:4-1991:4 97 0.1472 0.005
(1.1063)

United Kingdom  1959:1-1991:4 97 0.1472 0.005
(1.1063)

United States 1959:3-1991:4 130 0.3221* 0.085
(3.3936)

Note: The regression equation is Res: = a + BS7_, + ¢,, where Res, is the
residual obtained by regressing GDP growth on all its possible lags, and §” is the
yield spread between long-term and short-term government bonds.

The table presents (i) the slope coefficient B; gi) the t-ratios (in parenthesis),
computed from standard errors robust to conditional heteroskedasticity; and (ii1)
regression R?, adjusted for degrees of freedom.

Also, the sign * indicates that the coefficient is significantly different from zero
at the 5 percent level in a two-tailed test.

tioners. Fama (1981, 1990b), Barro (1989), Harvey (1989), and Chen
(1991) have found evidence from the U.S. data that stock returns lead
changes in real activity.

Since stock prices are the discounted present values of future dividend
streams, and corporate dividends and earnings are correlated with GDP,
stock prices should contain information about GDP growth. However,
because the stock market price is far more volatile than output, as can
be seen by Figure 1, itis likely to be a very poor predictor of GDP growth.
Table S gives regression results for the stock price model using interna-
tional data. For France, Germany, and Italy, stock prices have little
power for predicting real output but do have forecasting power for the
other G-7 countries. Comparing Table S with Tables 2 and 3, however,
shows that the forecasting model based on stock prices underperforms
the term structure model for all but two countries within the sample. Most
of the yield curve regressions in Table 2 have larger R*’s than the stock
price equations in Table 5. The yield spread, for example, is able to
explain 27 percent of the variance in real GDP in Germany, while stock
price changes explain only about 5 percent of Germany’s output varia-
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tion. The lagged stock price changes, however, have more explanatory
power for GDP growth in Japan and the United Kingdom than the term
structure model does. On balance, it seems that the yield spread variable
has more within-sample forecasting power for real GDP growth than
stock prices. Therefore, while Fischer and Merton (1984) claim that the
stock market price is the single best predictor of the business cycle, the
evidence documented here suggests that the bond market more likely
outperforms the stock market in predicting future real activity.

Table 6 reports results from multiple regressions. In addition to the
yield spread, other information variables, such as stock prices, lagged
output growth, and inflation, are added to the regression equation. For
most countries, the yield spread has marginal forecasting power over
stock prices, lagged output growth, and inflation. Indeed, stock price
changes have almost no forecasting power for France, Germany, and
Italy, while the yield spread has a strong ability to predict real output
growth for all the countries except Japan. It appears that the yield curve
and current output growth are the most powerful predictors of future
output growth.

Toevaluate the forecasting performance of the yield spread, a univari-
ate time series forecasting model is also considered as a third benchmark
model. Autoregressive moving-average (ARMA) models for real GDP
growth, with up to two autoregressive and two moving-average parame-
ters, are estimated for each country. A “best”” ARMA representation is
chosen as the univariate time series forecasting model, using Akaike’s
information criterion.

Table 7 provides out-of-sample forecasting evaluation. The out-of-
sample forecasting performance of the yield spread is compared with that
of a stock price-based model and a univariate time series forecasting
model. The stock price modelis that described in Table S. The forecasting
period is from 1982:1 to 1991:4, with a total of 40 forecasts. All three
models are initially estimated up to 1981:4 for each country and used to
forecast real GDP growth for 1982:1. The models are then reestimated
with data up to 1982:1, and new forecasts are generated. This procedure
is repeated up to 1991:4.

Table 7 reports two evaluation statistics: the mean absolute error
(MAE) and the root mean squared error (RMSE). The results suggest
that the yield spread model compares favorably with the alternative
forecasting models. The yield spread model outperforms both the stock
price model and the ARMA model for Canada, Italy, and Japan. It
outperforms the stock price model for France and Germany. For the
United States, it appears that the two financial variables have about equal
forecasting performance, but none of them can do better than the AR(1)
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Table 5. Forecasting Real Output Growth from Stock Prices

Country _
Full sample results
Canada
France
Germany
Itaty
Japan
United Kingdom

United States

Subsample resuits
Canada

France

Germany

[taly

Japan

United Kingdom

United States

Sample period
1957:2~1991:4
1971:2-1991:3
1961:2-1991:4
1972:1-1991:4
1967:4-1991:4
1959:2-1991:4
1958:2-1992:1

1957:1-1974:4
1975:1-1991:4
1971:1-1981:4
1982:1-1991:3
1961:1-1974:4
1975:1-1991:4
1972:1-1981:4
1982:1-1991:4
1967:4-1981:4
1982:1-1991:4
1959:1-1974:4
1975:1-1991:4
1958:1-1981:4
1982:1-1991:4

Number of
observations

139
82
123
80
97
131
135

71
68
44
39
56
68
40
40
57
40
64
68
96

40

Coefficient
on stock

 prices (8)

0.071
(2.987)
~0.001
(0.040)
0.029
(1.697)
0.015
(1.259)
0.084
(2.443)
0.045
(5.603)
0.111
(4.887)

0.072
(3.992)
0.071
(2.573)
0.030
(2.002)

-0.010
(0.634)
0.062
(3.125)
0.022
(1.263)
0.038
(0.746)
0.011
(1.139)
0.151
(5.225)
0.016
(2.697)
0.045
(5.305)
0.050
(2.721)
0.141
(6.678)
0.080
(1.980)

801

R?
0.206
-0.012
0.047
0.019
0.204
0.156

0.286

0.214
0.250
0.062
0.003
0.215
0.022
0.057
0.084
0.388
0.048
0.187
0.178
0.383

0.195

Note: The regression equation is dY, = o + dS7_, + ¢, where d¥: = log(}7..+/
Y)) is the annual growth rate in real GNP or GDP, 7 is the national stock price
index deflated by the consumer price index, and dS? = log(S?. 4/S?) is the annual
change in real stock prices.

The table presents (i) the slope coefficient B; (ii) the ¢-ratios (in parenthesis),
computed from standard errors after a Hansen (1982) and Newey and West (1987)
correction for autocorrelation and conditiona} heteroskedasticity; and (iii) re-
gression R?, adjusted for degrees of freedom.
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YIELD CURVE AND REAL ACTIVITY 803

Table 7. Out-of-Sample Forecasting Performance of the Yield Curve Versus
Alternative Forecasting Models: 1982:1-1991:4

Mean absolute Root mean
Country Model error squared error
Canada Yield spread 0.0156 0.0217
Stock price changes 0.0258 0.0324
AR(1) 0.0326 0.0365
France Yield spread 0.0154 0.0201
Stock price changes 0.0191 0.0234
ARMA(1,2) 0.0120 0.0150
Germany Yield spread 0.0117 0.0155
Stock price changes 0.0235 0.0268
ARMA(2,2) 0.0128 0.0152
Italy Yield spread 0.0143 0.0209
Stock price changes 0.0222 0.0250
AR(1) 0.0229 0.0246
Japan Yield spread 0.0156 0.0187
Stock price changes 0.0311 0.0369
ARMA(1,2) 0.0356 0.0384
United Kingdom  Yield spread 0.0173 0.0204
Stock price changes 0.0144 0.0186
ARMA(1,2) 0.0287 0.0317
United States Yield spread 0.0291 0.0309
Stock price changes 0.0286 0.0317
AR(1) 0.0206 0.0272

Note: Parameters of each model are reestimated at each point in the time series
during 1981:4-1991:3. These parameters are used to forecast real GDP growth
for the 1982:1-1991:4 period. AR(-) and ARMA(.) denote autoregressive (AR)
moving-average (MA) time series models.

model. The United Kingdom is the only case where the forecasts from
the yield spread model are inferior to those from the stock price model.
Nevertheless, the yield spread model still outperforms the univariate time
series forecasting model for the United Kingdom.

In summary, the empirical evidence seems to support the main impli-
cations of the simple model developed in the initial sections of this paper.
It appears that the slope of the yield curve is positively related to the
expected growth rates of real GDP in the G-7 countries. The term
structure contains information about the real sector of the economy and
can therefore be used to forecast future economic activity. The yield
spread tends to have more within-sample forecasting power than stock
prices, and its out-of-sample forecasting performance compares favor-
ably with that of alternative forecasting models. The forecasting ability
of the yield curve is quite impressive considering the cost and perfor-
mance of many large-scale macroeconometric forecasting models that are
also used to predict real output. In the case of the United States, for
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example, Harvey (1989) found that forecasts based on the yield curve
compare favorably with forecasts from seven leading econometric mod-
els, including the Data Resources Incorporated (DRI) model and the
Wharton Econometric Forecasting Associates (Wharton) model.

IV. Conclusions

There is a popular belief that the term structure of interest rates
contains information about fluctuations in real output. Many equilibrium
asset pricing models attempt to explain how underlying variables in the
economy determine the term structure. The question asked in this paper
is, if the term structure bears any relation at all to changes in economy-
wide variables, such as real GDP growth, can this relationship be used
to forecast aggregate fluctuations via some easily measured term struc-
ture variables? This paper made an attempt to formalize the link between
the yield curve and real activity. A simple, closed-form formula of the
term structure is derived, expressed in terms of the parameters of the
stochastic production processes. It is shown that the term structure of
interest rates embodies the market’s expectations about changes in the
macroeconomic fundamental—the growth in real aggregate output. Ap-
plying the model to the G-7 industrial countries, the paper found evi-
dence supporting the model’s main implication—that the slope of the
yield curve is positively related to the expected growthin real output. The
empirical results suggest that the yield spread between long-term and
short-term government bonds serves as a good predictor of future eco-
nomic growth. This easily measured variable has more forecasting power
than changes in stock prices, and it retains marginal forecasting power
when other commonly used variables, such as lagged GDP growth, stock
price changes, and inflation, are added to the regressions. The out-of-
sample forecasting performance of the yield spread also compares favor-
ably with those of the stock price model and the univariate time series
forecasting model. It seems that even a crude measure of the slope of
the yield curve, such as the yield spread used in this study, can provide
useful information about the business cycle to both private investors
and policymakers. Policy authorities might well consider adding some
measure of the term structure to their list of leading economic indicators.
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A Primer on Tax Evasion

VITO TANZI and PARTHASARATHI SHOME*

Tax evasion is universal. It depends on the economic and tax structures,
types of income, and social attitudes. The theory of tax evasion has limi-
tations since it rests solely on attitudes toward risk, with full information
regarding the tax administration’s behavior. Methodologies for estimating
tax evasion include estimating the underground economy and comparing
declared taxes with potential tax revenue calculated from national ac-
counts. Measures to address tax evasion include use of withholding, pre-
sumpttve and minimum taxes, selective auditing, penalties, and cross
checks between taxes. [JEL H26]

AXEVASION is a universal phenomenon. It takes place in all societies,
all social classes, all professions, all industries, and all economic sys-
tems. Two thousand five hundred years ago, Plato was writing about it,
and the aging Ducal Palace of Venice has a stone with a hole in it, through
which people once informed the republic about tax evaders. The only
surprise is how little attention this phenomenon has received, especially
in the United States, until recent years. For example, there is no refer-
ence to it in the index to Richard Goode’s (1964) classic Individual
Income Tax, nor in Richard Musgrave’s (1959) The Theory of Public
Finance, nor in Joseph Pechman’s (1966) Federal Tax Policy. These
authors either did not think that tax evasion was important or opted to
ignore it.
In recent years, growing attention has been paid to tax evasion. In the
United States, awareness may have started with the political problem of
the rising fiscal deficit, which some began to argue could be solved by

*Vito Tanzi is Director of the Fiscal Affairs Department. He holds a doctorate
from Harvard University. Parthasarathi Shome is Chief, Tax Policy Division. He
holds a doctorate from Southern Methodist University.

The opinions expressed in the paper are those of the authors and are not
necessanly those o? the International Monetary Fund.
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808 VITO TANZI and PARTHASARATHI SHOME

reducing the so-called tax gap, rather than by raising tax rates or cutting
public spending.! Because of its policy of reducing tax rates and its
inability toreduce public spending, the Reagan administration, in partic-
ular, promoted the idea that the fiscal deficit could be lowered by reduc-
ing or eliminating the tax gap. In other countries, concern over tax
evasion was in part prompted by a growing preoccupation with horizontal
equity. The realization that people with similar incomes often end up
paying very different taxes because of different opportunities for tax
evasion has led many governments to worry about the implications of tax
evasion. Also, a growing concern about underground economic activi-
ties, which are often the other face of tax evasion, and how these activities
affect economic policies led in the 1980s to increasing interest in the
extent of tax evasion.? This is certainly true in Latin America, where the
authorities, after introducing major tax policy reforms, have devoted
more resources to measuring and reducing the evasion of both income
and consumption taxes.’

In the paper that follows, we survey some of the sources of tax evasion
and recount how economists have attempted to provide a theoretical
underpinning to them. The discussion also addresses the limitations of
this theoretical literature. Next we review the role of tax administration
and sanctions in limiting tax evasion and briefly mention the relation
between society at large and tax evasion. An Appendix lists some of the
methodologies developed for estimating tax evasion.

L. Theoretical Underpinnings

The theoretical literature on tax evasion has progressed in many direc-
tions. An August 1993 conference of the International Institute of Public
Finance, held in Berlin, revealed that many of the advances in the related
fields of tax evasion, corruption, and the underground economy have
been made using the theory of constrained maximization under uncer-
tainty, game theory, probit analysis, catastrophe theory, and the like.

) ‘The, tax gap emerges from comparing taxable income declared to tax author-
ities with taxable income calculated from other, presumably more accurate,
sources.

2Scholars often make a distinction between tax evasion and tax avoidance. In
theory, tax evasion implies violation of the law whereas tax avoidance implies
taking advantage of ambiguities in the law to reduce the tax burden. This distinc-
tion, however, is not always easy and in some countries, such as India, the courts
have considered tax avoidance with the intention of evading taxation as tax
evasion.

3Several Latin American countries have requested IMF technical assistance for
measuring tax evasion.
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However, the assumptions and results remain relatively restrictive. This
section, after describing some of the sources and implications of tax
evasion, attempts to assess the main thrust of the literature.

Sources and Implications of Tax Evasion

Tax evasion is practiced in different forms. Tax evadersmay not declare
income; may underreport income, sales, or wealth; may overreport de-
ductible expenses; may smuggle goods or assets; or may undertake some
other deception. The variety of tax evasion is truly remarkable, and
taxpayers are always finding new ways to purposely reduce their tax
burden.® Many authors have reviewed these matters, including Sisson
(1981) and Richupan (1987), and more recently Cowell (1990) and We-
bley and others (1991). Notably, empirical findings are often confidential
in nature, as they result from IMF technical assistance to a country or the
work of a ministry of finance.

The opportunity for tax evasion varies across sectors, which may lead
to social turmoil. In Italy, for example, salaried workers have publicly
demonstrated in large numbers for a reduction in tax evasion by indepen-
dent professionals and other groups. In general, tax evasion is easier for
independent contractors, professionals (such as doctors, lawyers, and
architects), and those engaged in agricultural activities. There is increas-
ing evidence that multinational enterprises can also reduce their tax
burden through judicious transfer pricing.’

Tax evasion has much to do with the structure of an economy. The
more atomized is production, the more likely it is that tax evasion will
flourish. A country where much of the production takes place in large
enterprises is unlikely to have much tax evasion. However, a country
where much of the economic activity takes place in small shops and small
farms, or is conducted by single individuals, is likely to experience a lot
of evasion.

Tax evasion is also strictly connected with the structure of the tax
system and is likely to vary with the use of different tax bases. For
example, in the case of income taxes, evasion is likely to vary between
dependent and nondependent income sources, as well as between large,

“In recent years, new developments in industrial organization and in technol-
ogy have introduced new ways of evading taxes.

*During the electoral campaign, now-President Bill Clinton argued that the
reduction of tax evasion by multinationals could generate a good deal of revenue.
Recent work by the U.S. Internal Revenue Service has given some support to this
view (see U.S. Treasury (1992)).
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small, and multinational enterprises. In the case of sales taxes, it is likely
to be connected with the underreporting of sales or the overreporting of
purchases. In theory, at least, tax evasion is connected with the account-
ing concepts of tax liabilities. When a country relies on presumptive
concepts of taxation, tax evasion is likely to be more limited, unless the
assets on which the presumptive estimate of the tax payment is based can
be hidden. The number of taxes will also influence tax evasion. At times,
governments introduce additional taxes in order to neutralize the losses
connected with tax evasion. However, an increase in the number of taxes
produces inefficiencies in the tax system and facilitates the search for new
ways to avoid paying taxes.

The policy implications of tax evasion are quite different depending on
whether evasion is an individual or a social phenomenon. A single tax
evader in a country of honest taxpayers typifies the behavior of that
individual only. However, a tax evader in a country where tax evasion is
a national sport is a different phenomenon, in that tax evasion begins to
have implications for both the horizontal and vertical equity of the tax
system. It also has implications for the efficiency of the tax system and
even for the market framework. For example, it is impossible to have pure
competition when some of the sellers can evade taxes and others cannot.
In this case, the former will be able to undersell the latter.

Tax evasion also affects the productivity of the tax system by reducing
the amount of revenue that can be raised under the statutory system. It
affects the attitude of citizens toward their government, often building
cynicism about the role of the public sector. Often it affects even the
statutory system in the sense that the tax laws begin to anticipate the tax
evasion by particular groups and try to penalize it by increasing the tax
rates for those groups. This often results in increased horizontal inequity
since not all the taxpayers in those groups behave alike.

Theory of Tax Evasion

Since Allingham and Sandmo (1972) wrote their classic theoretical
paper on tax evasion, the problem of tax evasion, as seen from the
taxpayer’s point of view, has been discussed as a kind of game theory.®
In this framework, the taxpayer is faced with the decision of whether or
not to evade taxes. In other words, the decision about whether to pay the
tax becomes similar to playing a lottery, in that one is free either to buy
or not to buy a lottery ticket. For a rational individual, the choice will be

SThereis actually a close relationship between Aliingham and Sandmo’s theory
of tax evasion and Becker’s (1968) theory of crime.

©lnternational Monetary Fund. Not for Redistribution



PRIMER ON TAX EVASION 811

based on the expected gains or losses associated with the decision. The
objective is to maximize the utility of the taxpayer.’

The benefit derived from tax evasion is related to the expected value
of the money (and thus to the utility of the money) that the individual
does not pay. The cost of tax evasion is connected to the probability of
being caught and the consequences of this outcome. These consequences,
in the Allingham and Sandmo model, are associated with fines that can
considerably exceed the original tax due. Nonetheless, the probability
that the individual will pay these fines depends on the probability of being
caught, and that probability can be very low.

The Allingham and Sandmo theory has some important implications
for tax administration. In fact, the theory implies that tax evasion can be
reduced either by increasing the penalties associated with it or by increas-
ing administrative expenses, assuming that this increase raises the prob-
ability that the tax evader will get caught.® In an extreme interpretation
of the Allingham and Sandmo theory, it has been argued that the
penalties should become so high that, at the limit, the tax evader who gets
caught would be hanged and the cost of administration would approach
zero, as would the probability of being caught.

The theoretical and practical limitations to the literature on tax evasion
have not received the attention they deserve. But some have been dis-
cussed by various writers. A first limitation has to do with risk aversion,
which may vary among individuals and may depend on the level of the
taxpayer’s income or wealth. In more recent theoretical advances, the
taxpayer’s behavior toward tax compliance turns entirely on his or her
attitude toward risk.” For example, treating tax evasion in the context of
intertemporal choice models, Banerji (1991, p. 98), concludes,

Is there a more subtle way of enforcing compliance without such elaborate
calibration—by simply increasing the risk of detection for the evader, and
thereby making him or her switch from the riskier asset to the safer one of
declared income? Unfortunately, this plan would work with certainty only
if we were willing to assume that all possible evaders in the economy had
constant absolute risk aversion, i.e., that their willingness to take risks did
not depend upon their level of income or consumption.

A second limitation has to do with the use of penalties applied to those
evaders who get caught. In other words, many tax evaders who should

"Becker’s (1968) theory assumes that individuals evaluate the expected bene-
fits and costs of various activities, including criminal activities, and choose those
that provide the highest income, taking account of the associated net costs.

8The theory assumes a close positive relationship between the costs of admin-
istration and the erobability of catching tax evaders. The importance of this
assumption should be kept m mind.

®See especially Cowell (1990) for a review of this literature.
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be penalized do not get caught and so are not affected by the penalties.
This raises the question of whether the judiciary system and the commu-
nity at large are willing to penalize fully the few unlucky individuals who
get caught when many more individuals are committing the same offense
but are not being punished. Anecdotal evidence from many countm'es
indicates that the judiciary system is unwilling to apply the penalties fully
under these conditions. This means that one basic conclusion of the
theoretical literature is unlikely to hold if the penalties actually imposed
differ from those on the books.

Third, the theory assumes that the taxpayers know precisely the prob-
ability of being caught and the penalties they will endure, so that they
make the cost-benefit calculations. However, tax administrations often
keep this information highly confidential so that for most, if not all,
taxpayers the probability of being caught is an unknown. And the
penalties may be highly uncertain.'’

Fourth, the theory ignores the costs in terms of embarrassment, loss
of self-esteem, and social status experienced by those who get caught.
These costs vary fromsociety to society and from individual to individual.
In a society where tax evasion is condoned because of the unpopularity
of the government, tax evaders may be admired and the social costs
associated with tax evasion may be low or even negative. In a society
where tax evasion is taboo, these costs can be very high.

Finally, many countries rely on means testing, based on declared
income, for determining access to many government benefits, such as
food stamps, free health care, free education or scholarships, and so
forth. Therefore, the advantages from tax evasion may far exceed those
measured by the nonpayment of the tax.

Role of Penalties and Amnesties

A few comments on the penalties themselves would be appropriate.
Some of these comments have relevance for the theoretical literature on
tax evasion. The higher are the penalties, the more probable it is that they
will not be applied. If the high penalties lead to a reduction in the cost
of administration, this reduces the probability of detection and thus the
number of cases requiring the imposition of penalties. Many societies feel
uncomfortable about singling out and punishing particular individuals,
almost by lottery, when many others have committed the same offenses.
Second, for the penalties to be effective, they must be applied quickly.

°In some cases, penalties may be so delayed that they lose their deterrence
effect.
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A penalty that is delayed for years, because of appeals on the part of the
taxpayer, is unlikely to become as effective a deterrent as one that is
applied immediately. In some legal systems, for example, the Italian and
Tunisian ones, it has been possible to postpone for many years, through
appeals, the application of the penalties." Moreover, the impact of
penalties on tax compliance may not always be great. For example, using
a model of varying attitudes toward risk and applying econometric esti-
mation techniques to Mexican data for 1982-89, Dunn (1992, p. 14)
concludes

... large changes in the odds of being detected and the penalty for illegal
evasion are required to even modestly alter compliance . . . a doubling of the
fines for tax evasion would increase declared taxable income by about 10
percent. Similarly, a large increase in the number of audits would achieve
only a modest rise in compliance.

Of course, in the prepenalty period, the appeal may be successful or
a tax amnesty may come along.'? Appeals mechanisms and tax amnesties
considerably confuse the theory, which assumes that the probability of
the penalty being applied and the penalty itself are known and precisely
defined. The theory is also affected by the existence of administrative
corruption. If the individual who gets caught can bribe some tax officials,
and if the bribe is less than the penalty, then the theory becomes am-
biguous. The tax amnesties used in some countries also have important
implications for tax evasion because in many ways they encourage tax
evasion, at least over the longer run, and by so doing they have an impact
on the equity of the tax system, tax revenue, and the tax administration.
For example, using a game-theoretic approach to the analysis of tax
amnesties, Stella (1989, p. i) concludes

...while in general it may be correct to impose a reduced penalty on
individuals who voluntarily disclose tax evasion, short-lived amnesties of the
type most frequently observed in practice are unlikely to generate significant
revenue when judged against the potential danger of reducing future tax
compliance.

Also, analyzing the sustainability of the revenue intake from tax amnesty
programs in different countries, including Argentina, Colombia, and
India during the 1980s, Uchitelle (1989, p. 53) concludes

... most of the programs have not led to a widening of the overall tax base,
and many have failed to produce even very large one-time revenue gains.

"’ Sometimes the taxpayer benefits from the delay owing to the low interest
rates charged on the taxes that were due. Some countries require an advance
pa;/ment of the assessed tax even when the taxpayer contests the assessment.
¢ > However, appeals are not costless in terms of time, worry, and legal or other

ees.
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H. Tax Administration and Tax Evasion

The tax administration of a country plays an important role in the
extent to which tax evasion prevails. To the best of our knowledge, the
theory of the firm has not yet been applied to the activities of a tax
administration.”® But, a tax administration is not very different from a
firm, though it should be compared to a monopolistic firm. The tax
administration has a given budget assigned to it by the state and with this
budget its task is to maximize an output—tax revenue—taking into ac-
count certain important constraints. The allocation of resources within
the tax administration is obviously important for determining this output.
Under optimal conditions the tax administration would not be able to
increase output by shifting resources across various activities, such as
assessment, collection, and auditing.*

Size and Targeting of Administrative Resources

Some of the constraints on the tax administration are imposed by tax
policy; others are objectives that the tax administration needs to take into
account (such as the equitable treatment of taxpayers). How much rev-
enue a country should allocate to the administration of taxes remains a
largely unexplored subject. There is a remarkable variance among coun-
tries in both the amount of resources allocated to tax administration as
a share of national income and the amount as a share of total tax
collection by the tax administration.”” It should not be concluded that in
either case a low share is necessarily good. In fact, a country that wants
to minimize collection costs can simply go after the taxes that are easiest
to collect and collect them from the largest taxpayers. Alternatively, it
could focus its activity on the largest city or cities. This behavior would
condone a lot of tax evasion and generate tax revenue in a way that would
be far from optimal. It would also conflict with other objectives of
taxation, such as neutrality and equity.

A tax administrationshould be careful tominimize not only the explicit
costs it bears (its collection costs) but also the costs borne by taxpayers
and the economy. These latter costs do not show up in the administra-
tion’s balance sheet and often tend to be ignored. They are essentially
welfare costs, compliance costs, and perhaps “good relations™ costs.

" But, see Goode (1981).

*For a recent important contiibution to the literature on tax administration,
see_Bird and Casanegra (1992).

*See Sandford, Godwin, and Hardwick (1989).
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Welfare and Compliance Costs

The welfare cost per dollar collected can be defined as the excess cost
to society of collecting $1 of tax revenue. These are the costs that have
attracted the attention of economists. These costs have been estimated
by various authors for the United States, such as Ballard, Shoven, and
Whalley (1985a, 1985b), Hansson and Stuart (1987), and others. They
have shown that the marginal dollar raised by the U.S. tax administration
may have cost the country more than $1.50. Usher (1986) has discussed
the marginal cost of taxation in the presence of tax evasion. Clearly, the
above estimates indicate that the tax system is far from optimal. How-
ever, attempting to make the system optimal may raise other costs,
such as administrative and compliance costs. These latter costs have
received much less attention by economists. There is still no literature to
deal with the administrative and compliance costs of trying to pursue
“optimal” tax policies.’ However, some recent literature has beentrying
to assess the implications of tax evasion for optimal taxation (see Cremer
and Gahvari (1993)).7

The compliance costs are more closely associated with the behavior of
the tax administration and more likely to be connected with tax evasion.
Compliance costsrefer to the cost to the taxpayers-—in terms of lost time,
added stress, payments to tax accountants and lawyers, trips to the tax
office, and so forth—associated with a given tax payment.'® In some
countries, and for some taxes, these compliance costs can be enormous,
especially if the taxpayers have to stand in line for hours, sometimes days,
perhaps several times a year in order to meet their tax obligations.'® They
are also likely to be extremely high when the tax laws are so complicated
that the taxpayer has to rely on an expert’s advice or, in the case of
enterprises, has to hire experts whose only function is to comply with the
tax obligations. There have been reports from Latin America that even
relatively small enterprises have sometimes had to establish sizable tax
departments simply to find their way through the jungle of fiscal laws and
regulations. When this situation prevails, the tendency to evade taxes

'*However, see Slemrod (1990).

"This literature concludes that in the presence of tax evasion some of the
standard conclusions regarding optimal taxation do not hold.

8 Thus, the compliance cost per dollar paid can be defined as the excess cost
to the taxpayer in terms of lost time, payments to lawyers and accountants, and
so forth of $1 of tax payment.

i ®In some cases, they have to spend considerable time just getting the right
orms.
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rises. There is a direct and positive relationship between the size of tax
evasion and the cost of compliance. It should also be noted that when
firms create tax departments to comply with existing tax obligations,
those same departments will be used to scrutinize the laws for any
possible loopholes or for any ambiguity that might justify tax avoidance.

Public Relations

Let us now turn briefly to what could be called “good relations™ costs,
which are essentially the public relations activity of a tax administration.
This public relations role is connected with the way in which tax admin-
istrations are organized: the number of employees and their use, the level
of their salaries, the quality of their working conditions, and the controls
that the tax administration has on the behavior of tax inspectors. These
controls are necessary to minimize or eliminate the possibility that these
inspectors, or other tax administrators, will use their positions for their
own benefit.?

A tax administration that wants to improve taxpayer compliance and
minimize tax evasion must be available to the taxpayer who needs infor-
mation, forms, specific instructions, and so forth. It must show courtesy
toward the taxpayers since resentment is likely to create a lower propen-
sity to pay taxes. It must also show punctuality in sending refunds to those
who have overpaid since a taxpayer is likely to underpay if he or she might
have to wait years for a refund.

Withholding, Presumptive
and Minimum Taxes, and Cross Controls

Collection systems are also important for minimizing tax evasion.
There is now overwhelming evidence that evasion is minimized whenever
there is withholding at source. In the United States, for example, the
difference in tax evasion between independent contractors, for whom
there is no withholding at the source, and dependent workers, whose
taxes are withheld by their employers, is enormous. The same evidence
is available for taxes on interest income and dividends.

Various countries have tried to minimize evasion by resorting to min-

* Anecdotal reports have referred to countries where some key posts in the tax
administration have been in high demand or even “sold’ to the highest bidders.
Obviously these posts provide possibilities of high “‘incomes.”
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imum taxes or to presumptive methods of taxation. In these presumptive
methods now used in many countries, the government tries to assign a
particular income to taxpayers based on theirstandard of living, the value
of the houses in which they live, the value of the cars they drive, and so
forth.?! It also tries to estimate, for example, the value added of a
company based on its sales statistics and other criteria (employees and
floor space, for example). The minimum income tax of a company or
individual can be based on their gross assets, a system that has been
introduced in Argentina and Mexico.

Tax administrations may also utilize various instruments to limit tax
evasion. For example, cross controls between the information available
to the tax administration, the social security institution, and the customs
administration can play an important role. The assignment of a taxpayer
identification number, to be used in this cross control, is extremely
important since it facilitates the use of computers. Other such instru-
ments include (1) the government’s ability to access the bank accounts
of individuals or companies, (2) detailed audits of taxpayers, and (3)
reporting requirements by employers or by those who make payments.

Social Ethics

Before leaving the section dealing with the role of the tax administra-
tion, it may be worthwhile to refer to another relationship, that between
society at large and tax evasion. Tax evasion prospers when society
condones it. In a society that does not condone tax evasion, the phe-
nomenon remains isolated and concerns relatively few individuals. When
society condones it, however, the phenomenon becomes much more
widespread. Citizens at large should have a responsibility to prevent tax
evasion. Since tax evasion is often facilitated by the acquiescence of some
citizens in the tax-evading behavior of others, laws should penalize not
just the tax evaders but also those who collaborate either passively or
actively in tax-evading activities. For example, in many countries, the tax
evasion of professionals, such as doctors or independent contractors, is
facilitated by their requests that customers pay them in cash or accept
invoices that underestimate the payment. In addition, those who govern
must obey the tax laws. When a country’s leadership engages in tax
evasion or similar activities, it sends an unmistakable signal that noncom-
pliance is acceptable.

* Italy has perhaps been the most imaginative in the use of presumptive taxes
in recent years.

©International Monetary Fund. Not for Redistribution



818 VITO TANZI and PARTHASARATHI SHOME

Penalties

As can be anticipated from the preceding discussion, the severity of the
penalties has some impact on the extent of tax evasion. Taxes may be paid
in arrears without any intention to evade them, especially if the interest
charges are low. Usually, interest charges and pecuniary penalties are
applied to any tax in arrears that does not reflect tax-evading motivation.
Tax evasion or fraud, however, is a more serious matter and, at least in
the tax laws, carries much heavier sanctions.

Penalties for Tax Arrears

Usually, the amount of interest charged on taxes paid in arrears is
calculated using either a fixed percentage point above some key central
bank rate, or above the average of bank rates, or a specified percentage
of the amount due in taxes for each month in arrears, up to a maximum
amount. In some countries, additional surcharges are also applied.

Penalties on taxes paid in arrears vary depending on whether the cause
is late filing of returns, failure to file returns, or filing incorrect returas.
In the case of taxes withheld at source, penalties depend on the type of
infraction. For example, penalties differ depending on whether the cor-
rect amount has been withheld or whether the amount withheld has been
surrendered to the tax authorities. In all cases, repeated offenses or
offenses not corrected or admitted within a specified time period are
subject to higher penalties. Sanctions often take the form of a percentage
of the tax due and range from 25 percent to 100 percent; several countries
also charge penalties fixed in nominal terms.

Sanctions for Tax Evasion and Tax Fraud

Sanctions for tax evasion and tax fraud are much more severe (many
times the amount of the defrauded amount) and include possible closure
of an enterprise for a specified time and jail sentences, ranging from a
few months to several years. Giving the tax administration the power to
closeestablishments for a few days, without the possibility of appeal, has
been an effective deterrent to tax evasion in Argentina and other Latin
American countries.

III. Concluding Remarks
This paper has examined the factors that give rise to tax evasion. Tax

evasion varies by sector (agriculture, industry, and commerce), organiza-
tion of production (small trader or large company), and type of economic
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agent (salaried, self-employed, or capital owner). It is also affected by
social ethics and the standards set by those that govern. Given these
standards, itis further affected by the potential taxpayer’s attitude toward
risk.

Tax evasion affects the horizontal and vertical equity of a tax system,
as well as the efficiency of the market and the tax system. It certainly
affects the revenue productivity of the tax system. Unchecked or poorly
controlled tax evasion builds cynicism about the public sector. It tends
to complicate the tax structure as legislators try to anticipate tax evasion
through tax legislation. The use of effective and quickly applied penalties
to counter tax evasion has an impact on its extent and spread. However,
their application does not necessarily imply even a second-best solution
for the correction of inequities or for the efficiency of the competitive
mechanism if many tax evaders do not get caught or remain unaffected
by penalties.?

The theoretical foundation for modeling tax evasion remains wanting.
It is too simple to be of much practical use. The theory relates the
taxpayer’s behavior toward tax compliance to his or her attitude toward
risk, but ignores other factors that influence tax evasion. The theory
assumes that taxpayers know precisely the probability of being caught
and the consequences of such an event; however, tax administrators often
keep this information confidential and the consequences of being caught
may not be fully predictable.

Estimates of the evasion of income and consumption taxes have been
selectively reported in the published literature for many countries. More
information of a confidential nature exists as a result of exercises carried
out by tax authorities or by technical assistance experts from interna-
tional organizations. The methodologies utilized leave much to be de-
sired because of the lack of data and, more important, because of what
the data are not able to capture. The data may only partially capture the
effects of tax evasion while including the effects of other leakages (such
as legitimately used tax incentives or deductions whose total effect may
be difficult to remove). Thus, it would not be prudent to base economic
policy solely on the results that emerge from these estimations.

Given their limitations, methods of estimation include the matching of
information from tax declarations with either national accounts data or
survey (or sample) data blown up to population levels. Because of the
unreliability of surveys (respondents may not reveal the truth regarding

Z1In fact, the theoretically advocated and practically followed procedure of
detecting tax evasion through selected audits raises serious questions of equity
when many other tax evaders remain undetected and unpumshed.
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tax evasion) and because of their cost, the national accounts approach is
more commonly used. If the objective is to estimate evasion of the
value-added tax (VAT), however, a national input-output framework has
to be used because of the VAT’s method of collection at different stages
of production, some of which may be exempted from the VAT base (or
taxed at different rates). An indirect way of measuring tax evasion has
been to estimate the extent of the underground economy and, once that
has been done, to estimate the taxes that should have been paid. It
appears from the published literature that perhaps a third of potential tax
revenue may be lost to evasion in selected Latin American and Mediter-
ranean countries. Some estimates indicate even higher percentages.
These estimates, however, must be taken with a grain of salt since they
would, at times, imply very high tax burdens in the absence of tax evasion.
The Appendix reviews a number of the estimation techniques discussed
here.

If tax evasion is high, the role of tax administration becomes doubly
important. The size of tax administration resources, the main target
groups (large enterprises or all taxpayers), the efficiency with which the
resources are utilized (collection costs), the ease with which taxpayers can
pay taxes (compliance costs), the relation between the tax administration
and the taxpayer (good publicrelations rather than the spreading of fear),
and the methods of tax collection (withholding, presumptive taxes, min-
imum taxes, and cross controls) all play a role in determining the level
of tax evasion.

Finally, one interesting aspect of evasion is its counterpart on the
expenditure side of the budget, which has not received the attention that
tax evasion has.” While tax evasion is the nonpayment of taxes duly owed
to the government, the equivalent phenomenon on the expenditure side
is the abusive receipt of government payments. In a way, one finds a
parallel in the comparison between indirect taxes and consumer subsi-
dies, one being the reciprocal of the other. Activities connected with the
illegal receipt of government expenditures may involve corruption. For
example, the receipt of a percentage of government contracts, the receipt
of pensions not deserved (for example, by claiming disability when one
is not disabled), the payment of wages to so-called ghost workers (a
phenomenon common in several developing countries), the taking of
leave on the basis of fictitious illnesses, and so forth. This is the flip side
of tax evasion: the government loses when taxes are not paid, but it also
loses when it makes payments it should not.

Z For some discussion of this issue, see chapter 8 of Smith (1986).
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APPENDIX

Estimating Tax Evasion

In recent years, many scholars and governments have attempted to measure
the size of tax evasion in particular countries, either for specific taxes or for the
whole tax system. The measurement of tax evasion is obviously fraught with
difficulties. Many of these difficulties have to do with the factthat the information
available is limited and often unreliable. However, a more philosophical difficulty
isoften not acknowledged—namely, the problem that the szatutory tax system has
been “‘contaminated’ by the existence of tax evasion. In other words, it is not the
system that would exist in the absence of tax evasion: statutory rates have often
beenincreased to compensate for the revenue losses associated with tax evasion.?*
But if this is true, then when one uses the current statutory rates to measure tax
evasion, one exaggerates the size of the evasion, since the rates would have been
lower if the evasion had not been there.

Various methods have been used to measure tax evasion. Some of these try to
measure it directly, some indirect!ly. Among the direct methods one can identify
are (1) the use of the national accounts, (2) the use of direct controls, (3) the use
of household budget surveys, and (4) the use of direct surveys of taxpayer
behavior. The indirect methods are largely related to estimates of the under-
ground economy. Once the size of the underground economy has been measured,
the extent to which the existence of the underground economy has implied tax
revenue losses to the government must be assessed. In other words, undeclared
income or some other unreported tax base must first be measured. Subsequently,
an est'rmation of the unpaid tax must be made.

National Accounts Method

Perhaps the commonest and most often used method for assessing the size of
tax evasion is comparing the estimate of a particular tax’s base made by the
national accounts authorities with the base reported to the tax authorities after
making appropriate adjustments. An early study that attempted this technique
for several industrial countries was Tanzi (1969). A similar one for Argentine data
was Herschel (1978). The Intermal Revenue Service of the United States has been
following this approach routinely for the income tax; various other authorities
have used it for measuring the base of the VAT and other taxes. Given that the
VAT is collected at various stages of production, careful use of information based
ona sectoral input-output table would be necessary. This was initiated by Aguirre
and Shome (1988) for Mexico. They developed a methodology for constructing
the VAT base on a sectoral basis while allowing for the differential tax rates of
the VAT. It was applied by Serra (1991) for Chile and clan'fied by Mackenzie
(1992) methodologically. It has since been attempted in various unpublished

*This point was clearly recognized by Luigi Einaudi, the prominent public
finance scholar who became president of Italy. He once remarked that if all the
Italian tax laws on the books were fully enforced the Italian level of taxation
would be 120 percent of national income.
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technical assistance studies by IMF staff and is being used by technical units in
the ministries of finance in many Latin American countries.

The difference between the base as reported to the tax authorities and the base
as estimated by the national accounts authorities gives an indicason of unre-
ported income. If the tax is a fully proportional one, this unreported income
automatically and directly provides an estimation of the unpaid tax. If the tax is
progressive, as would be the case with income taxes, then the estimaw’on of the
unpaid tax becomes more complex since one would have to make assumptions
about the effective tax rate at which the unreported tax base would have been
taxed. In other words, the unreported income must be allocated among the tax
brackets. It would also be necessary to reinstate, into the information based on
income tax declarations, the various exemptions and deductions at the different
tax brackets in order to make it comparable to the national accounts data.

Individual Income Tax

In the context of the individual income tax, an actual framework for nonwage
earners may be described as follows. To declared personal income, adjustments
should be made for those components of income that are included in the concept
of income in the national accounts but are deductible for tax purposes.’* These
include personal exemptions, deductions, investment allowances, and other de-
ductible direct taxes that have been paid. The adjustments need to be made for
individual tax brackets if the tax structure is progressive. The result of the exercise
would be aseries for gross taxable declared income (by income class). A compari-
son with gross taxable income from the national accounts would yield an eswmate
of undeclared nonwage income. )

Tax evasion among wage earners is often limited because of withholding at the
source and because wages are an important cost to enterprises. To claim this cost,
they need to report the wages paid. However, it may also be difficult to estimate
tax evasion by wage earners. Information on tax withheld by employers may not
be readily available, since it is not the form in which wage income is usually
declared for tax purposes. It may be even more difficult to obtain this kind of
information by bracket or sector. Small and medium-sized firms that do not pay
profit taxes would also tend to underreport tax withheld on wage income or may
actually withhold less income than required by law. However, the overall revenue
loss from this source should not be significant owing to the small firm size. In
general, estimates of tax evasion from wage earnings would be attempted through
sampling techniques.

Corporate Income Tax

Techniques similar to those used for the individual income tax may also be
applied to the corporate income tax, adjusted for the kinds of deductions and
incentives that apply specifically to the corporate sector. The task is not easy,
however, since corporate sector tax incentives would have to be accounted forin
addition to those surrounding the individual income tax. These incentives can be
used legitimately or otherwise, making the task of adjustment difficult. One

®The reverse is also true for capital gains, which may be in the concept of
taxable income but not in the national accounts.
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redeeming feature in the case of corporate income tax evasion is that the
corporate form in developing countries is primanly confined to large and easily
identifiable firms. It is common in developing countries for tax administrations
to establish special units to control large taxpayers, mainly big—often foreign—
corporations.

VAT

The VAT has emerged as the most important revenue earner in many countries,
and attempts to estimate evasion of the VAT have become relatively common-
place over the past few years. The widest VAT base is all purchasable goods in
the economy: GDP plus imports minus exports. Thus, the starting point is again
the national accounts. However, the estimate can be made either from the
expenditure side or from the production side.

The expenditure method can be summarized as follows. To total domestic
expenditure (including imports) add net private expenditure from abroad and
subtract nontaxed expenditure (typically, government expenditure on wages and
salaries, fixed capital formation—except private expenditure on new houses—-
and changes in inventon'es) to obtain taxable expenditure. Adjust for taxes on
expenditure to obtain adjusted taxable expenditure. Further, subtract exempted
expenditures (typically, the financial sector, nonprofit and social organizations,
small businesses below a legaily defined threshold, and gross rents paid) but
add back taxable inputs and the capital purchases of exempt sectors to obtain the
potential VAT base.

The VAT base calculation from the production side is similar, except that
zero-rated exports have to be subtracted and imports added.? It is more conve-
nient to use the production side method when the VAT contains more exemptions
by economic sector than by product for final consumption. Sectorai data are more
amenable to production side estimates, while exemptions for particular products
are more amenable to expenditure side estimates. Further, given the nature of
the VAT—that is, collection based on stages of production—sectoral data are
again more amenable to base calculations.

Using the above-mentioned methodologies, IMF staff have made some inter-
esting inferences regarding the relationship between the VAT rate and the ratio
of VAT revenue to GDP. For example, Table A1 introduces the concept of a
“revenue productivity ratio—the amount of revenue raised per point of the VAT
rate.” The last column of Table Al indicates that the average amount of revenue
per point of the VAT rate is 0.37 percent of GDP for the 22 countries in the
sample. A country whose ratio approaches 0.5 percent could be said to be
performing at a high VAT effort.

Some economists have sharply cniticized the national accounts approach on the
grounds that if tax evasion is significant, the national accounts are likely to be
underestimated. Therefore, the calculation described above may be meaningless
in those cases. However, these economists fail to realize that the information that
the national accounting offices receive from the tax authorities often contributes
very little to the estimation of the national accounts since the national accounts
authorities often rely on other methods for measuring production. For example,

**In the expenditure side method, exports are already excluded from the
domestic expenditure base.
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Table Al. Value-Added Tax, 1988
(Countries with single-rate VATS)

Actual VAT
revenue: Revenue
Country GDP ratio VAT rate productivity ratio
Bolivia 2.6 10.0 0.26
Chile 8.8 16.0 0.55
Costa Rica 3.8 10.0 0.38
Denmark 9.5 220 0.43
Dominican Republic 1.6 6.0 0.27
Ecuador 2:5 10.0 0.25
Finland 8.4 19.1 0.44
Grenada 45 6.0 0.75
Guatemala 2.4 7.0 0.34
Guinea 0.6 13.6 0.05
Haiti 1.8 10.0 0.18
Indonesia 4.5 10.0 0.45
Israel 9.8 15.0 0.65
Korea 38 10.0 0.33
Madagascar LS 15.0 0.10
Maun tius 2.1 5.0 0.41
New Zealand 6.7 12.5 0.54
Norway 9.4 20.0 0.47
Panama 1.1 5.0 0.22
Peru 2.0 13.0 0.15
Taiwan 2.6 5.0 0.52
United Kingdom 6.0 15.0 0.40
Average 43 11.6 0.37

Source: Silvani (1992).

the agricultural sector’s income is often underreported to the tax authorities
because of tax evasion, but the estimations for the national accounts are made
on the basis of sampling or surveys of directly observed average producwvity per
acre and the average prices at which the crops are sold.”’

Sampling Method

The second method of estimation, the tex compliance measurement method,
has been used largely by the United States. In this method, a random sample of
about 55,000 taxpayers is selected from data available to the Internal Revenue
Service and to the social security administration. This sample is closely examined
for possible tax evasion by the taxpayers chosen.”® The average tax evasion for

¥ For a discussion of this point, see the paper by Reuter in Tanzi (1982).

#See Internal Revenue Seivice (1979). Tﬁis method is different from that
outlined in the previous section. The sampling method that is being described
here is based on a sample selected for special scrutiny on a continuing basis and
is used in lieu of the national accounts method.
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the sample is then used to obtain results for the whole population. The results,
called the gross gap, or the tax gap, represent the unpaid income taxes on legally
earned individual and corporate income. For 1987, the last year for which this
information was published, the tax gap amounted to $85 billion, of which $63.5
billion was tax evasion by individuals, $21.4 billion was tax evasion by corpora-
tions, and $1.1 billion was tax evasion by nonfilers. Those who generate the data
have expressed skepticism that this money could actually be coliected.

Budget Survey Method

The third direct method relies on household budget surveys. These surveys
show the relationship between the spending of families and their declared in-
come. A family that eamns its declared income and spends much more than that
income can be suspected of tax evasion unless other factors, such as accumulated
wealth or borrowing against future income, account for these differences. The
results from this method are not very reliable and they can only provide a gross
order of magnitude. The Italian authorities have used the rationale behind this
method in the development of the redditometro, an index that establishes a
minimum taxable income for taxpayers on the basis of external indices of wealth,
such as expensive cars and second houses.

Direct Taxpayer Survey

A few countries, especially Nordic countries such as Sweden and Norway, have
used direct surveys of taxpayers. A random sample of taxpayersis chosen and they
are asked, among other questions, to descrtbe their tax-reporting behavior.* This
approach has received several criticisms, which range from whether individuals
remember their past tax behavior to whether an individual would be willing to
convey accurate information about an activity that may be considered antisocial,
even when he or she is assured anonymity. The common belief is that tax evasion
is often underestimated by these surveys even when they guarantee anonymity
for the taxpayers.

Indirect Methods

Indirect methods essentially relate to the quantification of the so-called under-
ground economy, which has been attempted for various countries. The connec-
tions between this quantification and the size of the tax evasion are often ambigu-
ous and diffv'cult to establish, especially when taxes are progressive. For example,
if those who participate in the underground economy are mostly people with very
low incomes, who would have paid very few taxes, then the existence of an
underground economy may not imply the existence of significant tax evasion.

There is often a lot of confusion in how people define the underground
economy. In some cases, people refer to taxes not paid; in other cases, they refer
to the alleged underestimation of the national accounts. Often they do not specify
which of these two definitions they have in mind. The problem is that, in many
cases, one could have tax evasion with no underestimation of the national ac-

*See the paper on Norway by Isachsen, Klovland, and Strom, and the paper
on Sweden by Hansson in Tanzi (1982).
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counts or, alternatively, little or no tax evasion with underestimation of the
national accounts. A further confusion comes from the fact that the attempt to
evade taxesis not the only impetus to an underground economy,since corruption,
regulations, and various forms of prohibitions are also important factors. Despite
these questions, the underground economy is often taken as a proxy for tax
evasion.

Discussion of the various methods used to measure the underground economy
requires extensive elaboration. Perhaps it would suffice just to mention the
methods used.* The first method is the so-called expenditure and income dis-
crepancy method, which assumes that the hidden incomes will show up as expen-
ditures, so that the difference between the national accounts measured from
income flows and the national accounts measured from consumption flows can
indicate the size of the underground economy. This method was first applied to
the United Kingdom. A second method is the employment census method, which
tries to compare measured unemployment with the probable participation rate
for the population in certain age classes. This method has been applied to Italy,
Spain, and some other countries. Third is the physical input method, which is
based on the idea that there is a predictable relationship between the use of some
inputs, such as electricity, and the value of the output. Finally, there are various
versions of the so-called nionetary approach , an approach that associates evasion
with currency or money holding. This monetary approach, developed in various
forms by Guttman (1977), Feige (1979), and Tanzi (1980), has been widely used
in a large number of countries to estimate the size of the underground economy.>
All of the above approaches have problems. It would be prudent, therefore, not
to base economic policy, or even estimates of tax evasion, solely on the results

- that emerge from these estimations.

To conclude, there are many methods that have been used to estimate tax
evasion. In recent years, IMF technical assistance missions have routinely calcu-
lated the potential yield of selected taxes using some variant of the national
accounts method. Theseresults cannot be provided because of the confidentiality
of the reports, but they appear to be quite useful in calculating the extent of tax
evasion and in policymaking undertaken by the authorities.
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This paper presents a model o f an economy that uses nominal exchange
rate policy to keep the real exchange rate constant at a certain target level,
under an assumption of imperfect asset substitutability. The paper dis-
cusses the determinants of inflation under such a policy and examines the
effects of exogenous and policy-induced shocks on inflation, the external
accounts, and the fiscal accounts. The shocks considered include changes
in the real exchange rate target, changes in fiscal policy, changes in foreign
interest rates, and open market sales of public sector domestic bonds. [JEL
E52, E61, F31, F41]

ANUMBER OF COUNTRIES have adopted active exchange rate policies
in order to prevent high domestic inflation from eroding their inter-
national competitiveness. In many cases, the domestic currency is con-
tinuously depreciated by the difference between domestic and foreign
inflations so as to keep the real exchange rate constant at some target
level. This policy raises a number of macroeconomic issues that are
receiving increased attention in the literature. For example, there is the
question of whether any arbitrary real exchange rate target can be at-
tained by this policy. Also, since both the exchange rate and the money
supply become endogenous under such regimes, it is unclear how infla-
tion is determined and how it responds to exogenous and policy-induced
shocks.

Some of these issues were discussed recently in Lizondo (1991) in the
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context of a model with domestic and foreign non—interest bearing finan-
cial assets, in which domestic inflation and the real exchange rate are
associated through the inflation tax.! That paper argues that the real
exchange rate is a relative price that adjusts to ensure equilibrium in the
nontraded goods market and that inflation tax payments affect private
sector demand in that market. The higher the inflation tax payments, the
lower is the private sector demand for nontraded goods, and thus the
higher is the real exchange rate that equilibrates the nontraded goods
market.? In that model, therefore, the long-run rate of inflation is deter-
mined by the condition that inflation tax payments generate a level of
private sector demand that is consistent with equilibrium in the non-
traded goods market at the targeted real exchange rate. Two significant
corollaries follow from this basic result. First, attaining a more depreci-
ated real exchange rate target requires higher inflation tax payments,
which implies a higher rate of inflation as long as the elasticity of the
demand for money is below unity.?> Second, the range of sustainable real
exchange rate targets is determined by the range of feasible inflation tax
payments. The maximum sustainable real exchange rate is the one asso-
ciated with the maximum inflation tax payment obtainable from the given
demand for money.

Discussion of these issues was extended by Montiel and Ostry (1991)
in the context of a more complex model that included perfectly substi-
tutable interest-bearing domestic and foreign financial assets under per-
fect capital mobility. The authors show that the basic results mentioned
above hold in their model, and they examine the consequences of various
macroeconomic shocks, distinguishing between the initial effect on the
price level and the effect on the rate of inflation. Since the price level and
the rate of inflation must be consistent with equilibrium in the nontraded
goods market, any given shock to the economy affects these variables
only to the extent that it disturbs the initial equilibrium in this market.
In essence, the price level and the rate of inflation respond so as to offset

'Previous papers have discussed related issues using different theoretical
frameworks. Dornbusch (1982) examines the effect of nominal exchange rate
rules on the trade-off between output stability and price level stability in a model
defined by deviations from trends. Adams and Gros (1986) assume an exoge-
nously given iong-run real exchange rate and discuss the inflationary conse-
quences of purchasing power parity rules for the nominai exchange rate.

2The real exchange rate is defined as the relative price of traded to nontraded
goods, so that an increase in the real exchange rate indicates a real depreciation.

3Lizondo (1991) allows for a certain range of money demand with elasticity
above unity and examines the implications of this assumption. Keeping with the
usual practice, however, the discussion here focuses on the inelastic portion of
the demand for money.
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the original impact of the shock on the nontraded goods market, thereby
maintaining continuous equilibrium in this market at the targeted real
exchange rate.

For example, an increase in public sector expenditure on nontraded
goods creates an excess demand for these goods and results in an imme-
diate increase in the price level and an increase in the rate of inflation.
The immediate increase in the price level reduces private sector wealth,
which reduces private sector demand for nontraded goods, thus restoring
equilibrium in this market at the targeted real exchange rate instanta-
neously. Theincrease in the rate of inflation raises inflation tax payments,
which keeps private sector wealth and thus private demand for nontraded
goods at their new lower equilibrium levels. The paper also shows that
anincrease in world real interest rates leads to a fall in the price level and
a subsequent increase in the rate of inflation. The effects of changes in
the terms of trade and import tariffs depend on whether the authorities
target the importables or the exportables real exchange rate.

Montiel and Ostry (1991) also examines the effectiveness oftight credit
policy in reducing inflation. They conclude that under real exchange rate
targeting and perfect capital mobility any attempt to control the money
supply by tightening domestic credit is immediately offset by additional
capital inflows, so that the money supply cannot be used as an anchor for
the price level. The authors continue the discussion of this subject in
Montiel and Ostry (1992), where they explore whether the use of capital
controls can make tight credit policy more effective in reducing inflation.
Capital controls are modeled as a dual exchange rate system with an
official exchange rate subject to targeting (which applies to noninterest
current transactions) and a parallel exchange rate that floats freely (which
applies to all other transactions). As long as capital controls are effective
in preventing leakages between the markets, the authorities regain con-
trol of the money supply, and tight credit policy can be used to contain
inflation. However, the spread between the official and the parallel
exchange rates would increase continuously. Under these conditions, the
effectiveness of capital controls in preventing leakages is likely to erode,
thus making itimpossible for the authorities simultaneously to target the
real exchange rate and control the money supply over a long period of
time.

The assumption of perfect asset substitutability coupled with perfect
capital mobility, or a dual exchange rate that floats freely, is not well
suited for examining some cases of real exchange rate targeting. Some
countries have implemented this exchange rate policy under basically
unified foreign exchange markets and have been able to influence domes-
tic interest rates by altering domestic credit conditions. In these cases, it
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seems more appropriate to treat domestic and foreign financial assets as
imperfect substitutes. This raises the issue of whether the conclusions
derived for the case of perfect asset substitutability continue tohold when
assets are imperfect substitutes. Furthermore, since imperfect substitu-
tability gives the authorities some control over domestic interest rates,
there is the question of whether a policy of high domestic real interest
rates could be effective in containing inflation.

This paper presents a model of real exchange rate targeting under the
assumptions of a unified foreign exchange market and imperfect asset
substitutability. The paper shows that introducing imperfect asset substi-
tutability does not alter the conclusions regarding the basic determinants
of inflation and the response of the price level and inflation to various
shocks, including changes in the real exchange rate target, changes in
public sector expenditure on nontraded goods, and changes in world real
interest rates. The paper also examines the effect of an increase in taxes,
which results in an immediate fall in the price level and a decline in the
rate of inflation, and that of an increase in public sector expenditure on
traded goods, which affects neither the price level nor the rate of infla-
tion.* In addition, the paper shows that an increase in the domestic real
interest rate results in an immediate fall in the price level and an increase
in the rate of inflation. The paper also discusses in some detail the
determinants of the external accounts under real exchange rate targeting.
In particular, it shows that a given fiscal tightening may have different
consequences for the external accounts depending on the specific instru-
ments used to implement such tightening.

I. The Model

The model presented below includes a private sector that produces and
consumes traded and nontraded goods, pays taxes, and allocates its
wealth among domestic money, foreign bonds, and domestic government
bonds. There is no investment. The model also includes a government
sector that consumes traded and nontraded goods, collects taxes, issues
domestic bonds, borrows from a central bank, and borrows abroad. The
central bank lends to the government and manages the nominal exchange
rate in order to keep the real exchange rate constant at a given target
level.

*Since the public sector is subject to an intertemporal budget constraint, these
policies may need to be accompanied by a future fiscal adjustment that ensures
solvency.
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Production

Prices and wages are perfectly flexible so that full employment always
prevails.’ Production takes place along a concave transformation curve
with

y. = yde) y. >0,
Yo =Yule) ya <0, (1)

where y, is output of traded goods, y, is output of nontraded goods, and
e is the real exchange rate defined as (£/F,), with F, and P, denoting the
domestic currency price of traded and nontraded goods, respectively.®

Consumption

Private sector total consumption is given by
c=cly —t;r;w), 0<¢ <1, ¢ <0, c; >0, ¥3)

where ¢ denotes total consumption in real terms, y denotes real factor
income, t denotes taxes in real terms, r denotes the domestic real interest
rate, and w denotes private sector financial wealth in real terms.” Private
sector preferences are such that a constant share of total private expen-
diture is devoted to each type of good.® Denoting the share devoted to
nontraded goods by 6 and defining the price level as P = P; ~° P§, one
has

¢=(1-0)"c, 3)
c.=0e "¢, (4)

where ¢, denotes consumption of traded goods, c, consumption of non-
traded goods, and e™® = (P/F,) and e' ~°* = (P/P,).

* This formulation of the production structure abstracts from any influence that
real exchange rate targeting may have on employment and thus on aggregate
supply. Therefore, the model focuses primarily on the effects that operate
through the demand side of the economy.

¢ Importables and exportables are aggregated into traded goods by assuming
free trade and constant terms of trade.

" For simplicity, real factor income y is treated as a constant throughout the
paper. If the real exchange rate is kept fixed, y is effectively constant so that no
additional assumption is needed. However, if the real exchange rate changes, one
needs to assume (y,/c,) = (ya/c,) at the iniwal equilibrium.

81n the context of an optimizing model, this would be consistent with a Cobb-
Douglas utility function.
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Private Sector Portfolio

The private sector allocates its financial wealth among three assets:
non-interest bearing domestic money M, foreign bonds F, and domestic
government bonds b that are indexed to the price level.® Denoting the
nominal exchange rate by S, real holdings of domestic money by m, and
real holdings of foreign bonds by f,

w=(M/P)+ F(S/IP)+b=m+f+b. (%)
Private sector portfolio preferences are given by
m=L(r + ;y) L, <0, L,>0, 6)

b=0b(rir*;w) b >(-L)>0, b<0, O0<b<l, (7)

where 7 is the domestic rate of inflation and r* is the real interest rate
on foreign bonds.* Thus, the demand for money is assumed to depend
negatively on the domestic nominal interest rate and positively on real
factor income, while the demand for domestic bonds is assumed to
depend positively on their real interest rate and on financial wealth and
negatively on the real interest rate on foreign assets. The demand for
foreign bonds can be derived from the wealth constraint (5) and the
demand for the other two assets given in equations (6) and (7)."

The accumulation of private sector financial wealth is equal to the
difference between that sector’s income (including factor income and
interest earnings on holdings of domestic and foreign bonds) and its
expenditure on consumption, tax payments, and inflation tax ‘pay-
ments.” This can be expressed as

w=ly—t—cly —6r;w)+r'w
+(r=rb—(r* +w)L(r + m y), (8)
which can be rewritten as
w=h(y;t,r;r*;w;b;m), h =0, h, <0, h; >0,
hy >0, hs <0, he >0, h; <0, (9)

? Assuming nonindexed bonds would not affect the conclusions.

" For a constant real exchange rate, the real interest rate on foreign bonds is
equal to the foreign currency mterest rate on foreign bonds minus the rate of
change of the foreign currency price of traded goods. Assuming that the price of
traded goods is constant in terms of foreign currency, 7* can be interpreted as both
the real interest rate on foreign bonds and the foreign currency interest rate on
foreign bonds.

! The assumptions about the partial derivatives in equations (6) and (7) imply
that the demand for f depends positivety on w, r* and « and negatively on r
andy.
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where the sign of some of the partial derivatives requires additional
assumptions."

Public Sector

In presenting the public sector, the accounts of the central bank are
consolidated with those of the government. For simplicity, the model
abstracts from the rest of the financial system (so that the entire stock of
money is a liability of the central bank) and assumes that the central bank
extends credit only to the government.”® Thus, once the accounts are
consolidated, the public sector has the stock of international reserves as
an asset and the stock of money as a liability.

Therefore, the public sector collects taxes ¢, buys g, units of traded
goods and g, units of nontraded goods, and issues domestic bonds b (pay-
ing real interest rate r), foreign currency bonds B* (net of international
reserves and paying real interest rate r*), and money m. Defining b* =
B*(S/P) and choosing units so that the foreign currency price of traded
goods is unity (thus F, = §), the public sector budget constraint is

m+b+b*=(e* g, +e%g —t) + rb + rb* — wm. (10)

Thus, the public sector operational deficitis financed by issuing domes-
tic debt b and foreign debt b*, by an increase in the real stock of domestic
money 1, and by the inflation tax mwm."

Fiscal policy is subject to an intertemporal budget constraint that
ensures solvency. Expression (10), which describes the evolution of pub-
lic sector net liabilities over time, must converge to zero in order to rule

2 Thus, hs < 0 means that the higher the level of wealth, the lower is the speed
at which consumers would accumulate additional wealth; for this to hold, an
increase in wealth must increase consumption by more than the income obtained
by investing the extra wealth in foreign assets, that is, ¢z > r*, Second, hs > 0
means that anincrease in the stock of domestic bonds increases the speed atwhich
the private sector accumulates wealth; for this to hold, domestic bonds must pay
a higher interest rate than the alternative interest-bearing asset (foreign bonds),
that is, r > r*. Third, h7 < 0 necessarily holds under the assumption that the
elasticity of the demand for money is below unity.

PIf the central bank lends to the private sector (and charges a real interest rate
r) the analysis below is unaltered, with b denoting public sector domestic bonds
net of central bank credit to the private sector.

' The “‘operational” deficitincludes noninterest payments and receipts and the
real interest component of interest payments and receipts. Thus, it is equal to
(€~ 1g. +e%g —t) +rb +r*b*.
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out the possibility that either the public sector’s or the rest of the world’s
net worth is negative in the long run.

Although the discussion below notes the fiscal consequences of various
policies and exogenous shocks, it does not focus on the implications for
public sector solvency. Implicitly, the discussion assumes that solvency
is ensured by an appropriate future adjustment in public sector expendi-
ture ontraded goods. Clearly, the adjustment that ensuressolvency could
also take place in the present. However, itis preferable to set the problem
in terms of a future adjustment so as to separate clearly the effect of a
given policy (or exogenous shock) from the effect of the corrective
measures that will be needed to ensure solvency. Also, solvency could be
achieved by a future adjustment based on policies other than changes in
public sector expenditure on traded goods, but this would prevent the
derivation of the long-run behavior of inflation while focusing only on
current variables. A future adjustment based on policies other than
changes in public sector expenditure on traded goods would affect the
long-run rate of inflation, as can be appreciated from the discussion
below.”® Notice also that in the absence of an appropriate future fiscal
adjustment that ensures solvency real exchange rate targeting becomes
unsustainable, since public sector net liabilities would increase (or de-
cline) without bound under existing policies. These caveats should be
kept in mind when interpreting the “long run” effect on inflation of the
various policies and exogenous shocks examined below.

Nontraded Goods Market

Itis assumed that the nontraded goods market is always in equilibrium,
which requires that the supply be equal to the sum of private sector plus
public sector demand:

ya(e) = 0e' Py — £iriw) + g, (11)

Other things constant, a real depreciation, an increase in wealth, or an
increase in public sector expenditure on nontraded goods generates an
excess demand for nontraded goods, while an increase in taxes or an in-
crease in the real interest rate generates an excess supply of nontraded
goods.

YIn an optimizing intertemporal model, the policy composition and the timing
of the fiscal adjustment would have implications not only for the long-run rate
of inflation but also for current private sector behavior.
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External Sector

The trade balance, measured in foreign currency terms and denoted
by T, is equal to the supply of traded goods minus the demand for traded
goods by both the private sector and the public sector:

T=yle)—(1-08)e’cly —t;r;w) — g, (12)

Thus, other things constant, the trade balance improves with a real
depreciation, an increase in taxes, or an increase in the real interest rate
and worsens with an increase in wealth or an increase in public sector
expenditure on traded goods.

The current account of the balance of payments, denoted by CA, is
given by the trade balance, plus interest receipts on private sector net
foreign assets and minus interest payments on public sector net foreign
debt:

CA =yle) — (1 - 0)ec(y —t;r;w) —g, + r*(F— B*). (13)

Equilibrium

In this mode], the steady state is reached immediately. At any point
intime, given the exogenous variables (y and r*) and the policy variables
(e, t, 8. 8&» and b), w and r are determined simultaneously by the
condition for equilibrium in the market for domestic bonds in equation
(7) and by that for nontraded goods in equation (11).'® Since equations
(7) and (11) contain no additional endogenous variable, the solution thus
obtained is the steady-state solution. Since = is the only remaining
endogenous variable in equation (9), and w is constant, the rate of
inflation is determined by setting w = 0 in equation (9). Once w, r, and
w are known, equation (6) can be used to determine m and then equation
(5) can be used to determine f.

When examining the consequences of various shocks in the next sec-
tion, it is important to distinguish between the initial impact on the price
level and the effect on inflation. The effect on inflation is obtained from
equations (7), (11), and (9), as described in the previous paragraph.
However, any shock that modifies the equilibrium value of w also pro-
duces an immediate jump in the price level, which brings about the

The assumption that b is a policy variable implies that the public sector
decides how much domestic debt to place in the market. Since at each point in
time totalnet liabilities of the publicsectorare given, and since thestock of money
isdetermined by private sector demand, the stock of public sector net foreign debt
is an endogenous variable.
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required change in w. From equation (5), since M, F, and b are pre-
determined, w can change only as a result of changes in P or in (§/P).
For any shock other than a change inthe real exchange rate target, (S/P)
is fixed and P changes to bring about the necessary change in w. In
contrast, when the real exchange rate target is modified, both (S/P) and
P change; (§/P) changes according to the modification in the target, and
P changes to bring about the necessary adjustment in w.

I1. Exogenous and Policy-Induced Shocks

This section discusses the effects of various shocks on the price level,
inflation, and other endogenous variables. The evolution of some of the
variables is depicted in Figures 1-3. The top panel of each figure shows
equations (7) and (11) represented by curves bb and nn respectively, and
the bottom panel shows the evolution of the price level over time. A
formal derivation of the results is presented in the Appendix.

A More Depreciated Real Exchange Rate Target

Choosing a more depreciated real exchange rate target implies that the
authorities implement an initial devaluation large enough to move the
real exchange rate to its new target level and then keep continuously
depreciating the domestic currency so as to offset the effect of domestic
inflation.

A more depreciated real exchange rate, other things constant, gener-
ates an excess demand in the market for nontraded goods as supply
declines and private sector demand increases. Equilibrium is restored by
a drop in wealth and an increase in the domestic interest rate, both of
which reduce private sector demand, thus bringing total demand for
nontraded goods to a level consistent with supply at the new real ex-
change rate. In Figure 1, a more depreciated real exchange rate shifts the
nn curve to the left, thus resulting in a lower w and a higher r. From
equation (9), both the increase in rand the decline in w create an incipient
accumulation of wealth, which is offset in equilibrium by an increase in
the inflation rate (so as to restore w = 0). On impact, the price level
jumps upward and the nominal exchange rate undergoes an even larger
devaluation so as to produce the real depreciation sought by the new
policy."”

' Choosing a more depreciated real exchange rate target requires a higher
($/P) and a lower w on impact, which according to equation 35) can only be
obtained by an upward jump in the price level and a proportionally higher jump
in the exchange rate.
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Figure 1. A More Depreciated Real Exchange Rate Target
and an Increase in Public Sector Expenditure on Nontraded Goods

LogP

Time

Although the initial impact takes place simultaneously for all the
variables, it is useful to interpret this effect in terms of a “sequential
story’” so as to gain some intuition about the results. First, to obtain a
more depreciated real exchange rate, the central bank devalues the
domestic currency. This creates an excess demand in the nontraded goods
market, so the price of nontraded goods increases. This increase, to-
gether with the devaluation, implies an upward jump in the price level,
which reduces real wealth. With lower real wealth, however, the demand
for domestic bonds declines, causing an increase in the domestic interest
rate, which restores equilibrium in the bond market. Both the reduction
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in wealth and the increase in the domesticinterest rate contain the excess
demand for nontraded goods. This ensures that the increase in the price
of nontraded goods required to restore equilibrium in the nontraded
goods market is proportionally lower than the nominal devaluation.
Thus, the new equilibrium is consistent with a real depreciation of the
domestic currency.

After the initial effects, private wealth tends to increase from its new
level.'® This incipient increase in private sector wealth generates an
incipient increase in consumption (including that of nontraded goods),
which tends to appreciate the real exchange rate. As the central bank
accelerates the rate of nominal devaluation to avoid the real appreciation,
inflationincreases. In equilibrium, the new rate of inflation has to be high
enough to produce the inflation tax necessary to prevent the accurnula-
tion of wealth, and thus prevent the real demand for nontraded goods
from increasing.

Regarding the external sector, the real depreciation improves the trade
balance and the current account because of the increase in supply and the
fall in private sector demand for traded goods.? The initial impact on
private capital flows is ambiguous:*® private sector demand for foreign
assets declines owing to the lower level of wealth and the higher domestic
real interest rate but increases owing to the higher inflation rate.”

®The tendency for wealth to increase from its new (lower) level, before any
change in the rate of inflation, can be interpreted in terms of equation (8). It is
necessary tolook at the effects ofchanses in rand won w, for a constant 7. Notice
first that private sector consumption declines owing to the increase in 7 and the
fall of won impact, and that the demand for money declinesowing to the increase
in r. Thus (for a given rate of inflation), wealth tends to increase because of
(i) a decline m consumption (the term in square brackets increases), (i1} the higher
interest receipts on domestic debt owing to the higher interest rate (the term
[r — 7*] b increases), and (iii) the gain in income that the private sector obtains
by reducing its money holdings and allocating those resources to foreign assets
(the term (r* + )L (r + w;y) declines). Wealth tends to decline because of the
loss of foreign interest receipts that results from the decline in wealth on impact
(the term r*w declines). The net effect on w of all these changes is positive, so
inflation has to increase to compensate for this (to keep w = U?, as shown in the
Appendix. This type of reasoning can also be applied when discussing the other
shocks in order to see whether wealth tends to increase or decrease after impact.
However, the expianation for the other shocks is not included in this paper as it
would be rather cumbersome and tedious.

* Unless there is a change in the foreign interest rate, any given shock has the
same effect on the trade balance and the current account.

“In the steady state, private capital flows are zero (f is constant). Therefore,
policies can have only an instantaneous once-and-for-all impact on those flows.

21'This can be looked at in terms of the weaith constraint (5). The levet of wealth
falls, but the demand for money also falls and the stock of domestic bonds is
constant. So the effect on foreign asset holdings is undetermined.

©lnternational Monetary Fund. Not for Redistribution



EXCHANGE RATE TARGETING 841

The effect of amore depreciated real exchange rate on the public sector
operational deficit is ambiguous. The real value of public sector expen-
diture can go either way depending on its composition of traded and
nontraded goods. Real interest payments on domestic debt increase
because of the higher domestic interest rate, while real interest payments
on net foreign liabilities may increase or decrease. Interest payments on
foreign liabilities are denominated in foreign currency, and thus they
increase in real terms, for a given level of net foreign liabilities. However,
the level of net foreign liabilities itself may increase or decrease depend-
ing on whether there is a pn'vate sector capital outflow or inflow on
impact.

Increase in Taxes

An increase in taxes, other things constant, reduces private sector
demand and thus generates an incipient excess supply of nontraded
goods. This is offset by an increase in wealth and a reduction in the
domestic real interest rate, which brings private sector demand back to
its initial level, thereby restoring equilibrium in the nontraded goods
market at the given real exchange rate. In Figure 2, the increase in taxes
shifts curve nn to the right, resulting in a higher w and a lower r. The price
level drops on impact, followed by a decline in the rate of inflation.

The “sequential story” in this case is as follows. On impact, the
increase in taxes creates an excess supply of nontraded goods, so the price
of nontraded goods declines. To prevent this from resulting in a real
depreciation, the central bank revalues the domestic currency by the
same percentage, so the price level falls on impact at a constant relative
price. The drop in the price level implies a higher level of wealth, which
increases the demand for domestic bonds and thus causes a decline in the
domestic real interest rate. Both the increase in real wealth and the
declinein thedomesticreal interest rate offset theinitialimpact of higher
taxes on private demand, and thus eliminates the initial excess supply of
nontraded goods.

After the initial impact, wealth tends to decline from its new level,
producing an incipient reduction in private expenditure, which would
depreciate the real exchange rate. The central bank prevents this by
slowing down the rate of nominal devaluation, thus generating a lower
rate of inflation and lower inflation tax payments.

The trade balance and the current account are not affected by the
increase in taxes because, as mentioned above, the increase in wealth and
the decline in the domestic real interest rate keep private sector demand
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Figure 2. An Increase in Taxes

LogP
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unchanged. The initial impact on private capital flows is ambiguous:
private sector demand for foreign assets increases owing to the lower
domestic real interest rate and the higher level of wealth but decreases
owing to the lower rate of inflation.?

The publicsector operational deficit declines withthe increase in taxes.

2]In terms of the wealth constraint, the level of weaith increases, but the
demand for money also increases and the stock of domestic bonds is constant.
So the effect on foreign asset holdings is undetermined.
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The effect of higher taxes and the effect of lower real interest payments
on domestic debt more than offset any higher interest payments on public
net foreign debt that might originate from a private capital outflow on
impact.

Increase in Public Sector Expenditure

The consequences of a given change in public sector expenditure
depend on whether it involves traded or nontraded goods. An increase
in public sector expenditure on traded goods has no effect on either the
market for domestic bonds or the market for nontraded goods, and thus
has no effect on prices. The only effect of this policy is to worsen the trade
balance, the current account, and the public sector operational deficit by
the same amount as the increase in expenditure.

In contrast, an increase in public sector expenditure on nontraded
goods, other things constant, generates an incipient excess demand for
nontraded goods. This is offset by a reduction in private sector demand,
which is brought about by a fall in wealth and an increase in the domestic
realinterest rate. The situation is depicted in Figure 1: the nn curve shifts
to the left, resulting in a lower w and a higher r. The price level increases
on impact, followed by an increase in the rate of inflation.

The *‘sequence” on impact is as follows. The increase in public sector
expenditure on nontraded goods creates an excess demand in this mar-
ket, so the price of nontraded goods rises. To prevent a real appreciation,
the central bank devalues the domestic currency, which results in an
upward jump in the price level at a constant relative price. The upward
jump in the price level reduces real wealth, thereby diminishing the
demand for domestic bonds and thus causing an increase in the domestic
real interest rate. The decline in real wealth together with the increase
in the domestic real interest rate reduces private sector demand for
nontraded goods by an amount equal to the increase in public sector
demand, and thus restores equilibrium in the nontraded goods market at
the original real exchange rate.

After impact, wealth tends to increase, thus inducing an incipient
increase in private expenditure, which tends to appreciate the real ex-
change rate. The central bank prevents this real appreciation by increas-
ing the speed of nominal devaluation, thus generating a higher rate of
inflation and higher inflation tax payments.

Anincrease in public sector expenditure on nontraded goods improves
the trade balance and the current account because of the reduction in
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private sector demand for traded goods.®® The initial impact on private
capital flows is ambiguous: private sector demand for foreign assets
declines owing to the lower level of wealth and the higher domestic real
interest rate but increases owing to the higher inflation rate.**

The public sector operational deficit increases with the increase in
public sector expenditure on nontraded goods. The direct effect of in-
creased expenditure and the effect of higher interest payments on domes-
tic debt more than offset any reduction in interest payments on public net
foreign debt that might be caused by a private capital inflow on impact.?*

Increase in Foreign Interest Rates

Anincrease in foreign interest rates, other things constant, reduces the
demand for domestic bonds, thus generating an incipient excess supply
in this market. This is offset by an increase in wealth and an increase in
the domestic- real interest rate. In Figure 3, the increase in the foreign
interest rate shifts the b curve to the right, resulting in a higher w and
a higher r. The price level falls on impact, followed by an increase in the
rate of inflation.

The “‘sequential story” is as follows. On impact, the increase in the
foreign interest rate generates an excess supply in the market for domes-
tic bonds, causing an increase in the real domestic interest rate. This
induces a reduction in private sector expenditure, which leads to an
incipient real depreciation. To prevent the real depreciation from taking
place, the central bank revalues the domestic currency, causing a drop

ZThis counterintuitive result can also be explained in terms of a decline in
aggregate spending (private sector expenditure declines by more than public
sector expenditure increases). Private sector expenditure on nontraded goods
must decline by the same amount that public sector expenditure on nontraded
goods increases so as to keep equilibrium in this market at an unchanged reaj
exchange rate. However, since the private sector is facing unchanged relative
prices, private demand for both types of goods move together. Thus, lower
private expenditure on nontraded goods is necessarily accompanied by lower
private expenditure on traded goods, thereby resulting in lower aggregate spend-
ing for the economy as a whole.

+In terms of the weaith constraint, the level of wealth falls but thedemand for
money also falls and the stock of domestic bonds is constant. So the effect on
foreign asset holdings is undetermined.

25 A sufficient condition for this to hold is r* < (b3 b/b;). If the foreign interest
rate is “‘too high,” a private capital inflow (which would reduce publicsector net
foreign debt by the same amount) could conceivably reduce public sector foreign
idnt;erest payments by an amount sufficiently large to reduce the operational

eficit.
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Figure 3. An Increase in Foreign Interest Rates and an Open Market Sale
of Domestic Bonds
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in the price level at a constant relative price, and thus increasing real
wealth. The effects of higher real wealth and a higher domestic real
interest rate on private sector demand offset each other so that the market
for nontraded goods clears at the original real exchange rate. Atthe same
time, the higher real wealth and higher domestic real interest rate restore
equilibrium in the market for domestic bonds.

After impact, wealth tends to increase, thus causing an incipient real
appreciation. To prevent this, the central bank accelerates the devalua-
tion of the domestic currency, generating a higher rate of inflation and
higher inflation tax payments.
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The trade balance is not affected by an increase in the foreign interest
rate, as both the demand and the supply of traded goods remain constant.
The current account may worsen or improve depending on whether the
country is a net foreign debtor or creditor. On impact, there is a private
sector capital outflow as the private sector demand for foreign assets
increases. The effects of a higher foreign interest rate, higher wealth, and
higher inflation more than offset the effect of a higher domestic real
interest rate.”

The public sector operational deficit increases because of both higher
interest payments on domestic debt (brought about by the higher domes-
tic real interest rate) and higher interest payments on foreign debt
(brought about by the higher foreign interest rate and the higher level of

public net foreign debt, induced by the private sector capital outflow on
impact). :

Open Market Sale of Domestic Bonds

Imperfect asset substitutability allows the authorities to have some
control over domestic interest rates. Since an increase in interest rates
leads to a decline in private sector expenditure, this policy could be
helpful in containing inflation. This section examines the extent to which
this is the case when a country is following a policy of targeting the real
exchange rate.

An open market sale of bonds, other things constant, generates an
excess supply in the market for domestic bonds. The incipient excess
supply is offset by a higher domestic real interest rate and higher level
of private sector wealth. As depicted in Figure 3, the sale of domestic
bonds shifts the bb curve to the right, producing an increase in both w
and r. The price level falls on impact, followed by an increase in the rate
of inflation.

These results can be interpreted sequentially as follows. The open
market sale of bonds creates an excess supply of bonds, leading to an
increase in the domestic real interest rate, which tends to reduce private
sector expenditure. The incipient decline in private sector demand for
nontraded goods produces an incipient real depreciation, which the
central bank prevents by a nominal revaluation of the domestic currency.
As a result, the prices of all goods fall on impact, causing an increase in

*In terms of the wealth constraint, wealth increases while the demand for
money fails and the stock of domestic bonds is constant. Thus, holdings of foreign
assets necessarily increase.
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real wealth. The effects of a higher domestic real interest rate and higher
wealth on the demand for nontraded goods offset each other, thereby
keeping equilibrium in the nontraded goods market at the original real
exchange rate. The higher real interest rate and the higher wealth also
restore equilibrium in the bond market.

After impact, wealth tends to increase, thus inducing an incipient
increase in private expenditure, which tends to appreciate the real ex-
change rate. The central bank prevents this by accelerating the rate of
nominal devaluation, thus generating a higher rate of inflation and higher
inflation tax payments.

The trade balance and the current account are not affected by an open
market sale of domestic bonds, as both the supply and the demand for
traded goods remain constant. The initial impact on private capital flows
is ambiguous: private demand for foreign assets declines owing to the
higher domestic interest rate but increases owing to the increase in wealth
and the increase in inflation.?”’

The public sector operational deficit increases. Higher real interest
payments on domestic debt (owing to both a higher domestic real interest
rate and a higher stock of domestic debt) more than offset any decline
inforeigninterest payments that might result from a private capital inflow
on impact.

1II. Concluding Remarks

The discussion above has important implications for countries that
follow a nominal exchange rate policy aimed at targeting the real ex-
change rate. Since the implications are denived from a model based on
a number of restrictive assumptions, they must be interpreted in broad
terms when applied to specific circumstances. In particular, the assump-
tion of instantaneous price adjustment may be too restrictive for coun-
tries with widespread price and wage indexation or other features that
introduce significant inertial elements into the determination of prices.
In those cases, the instantaneous impact on the price level should be
interpreted as a short-run effect on the rate of inflation. This suggestion
is followed in the remarks below.

In interpreting the various results, it is also important to remember
that it has been assumed that public sector solvency is ensured by an
appropriate future fiscal adjustment in public sector expenditure on
traded goods. Thus, the conclusions regarding the “long run” effect on

?’In terms of the wealth constraint, the level of wealth increases and the
demand for money falls, but the stock of domestic bonds also increases. So the
effect on foreign asset holdings is undetermined.
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inflation of the various policies and exogenous shocks are conditional
on this type of fiscal adjustment taking place. Otherwise, the references
to “long-run” inflation should be interpreted as valid until a different
type of fiscal adjustment takes place to ensure solvency or the policy of
real exchange rate targeting is abandoned. Subject to these caveats, the
main implications of the paper are as follows.

Targeting the real exchange rate may be an effective way of preserving
international competitiveness and thus ensuring a satisfactory external
trade performance in the presence of high domestic inflation. The rate
of domestic inflation, however, is not independent of the external trade
objectives of the authorities. Specifically, the more ambitious the exter-
nal trade objectives, and thus the more depreciated the real exchange
rate target, the higher is the resulting rate of inflation in both the short
and long run. Thus, other things constant, there seems to be a trade-off
between a better external trade performance and alower rate of inflation.

The effect of fiscal tightening on inflation seems to depend primanly
on the instrument that is used to implement this policy. An increase in
taxes or a reduction in public sector expenditure on nontraded goods
would reduce inflation in both the short run and the long run. In contrast,
a reduction in public sector expenditure on traded goods would have no
effect on inflation.

The consequences of fiscal tightening for the trade balance are also
instrument specific. Although reducing public sector expenditure on
traded goods would improve the trade balance by the same amount,
increasing taxes would have no effect on the trade balance as private
sector expenditure would remain constant owing to reduced inflation tax
payments. Furthermore, if the fiscal tightening is implemented through
a reduction in public sector expenditure on nontraded goods, the trade
balance would actually worsen. Inflation tax payments would decline
enough to cause private sector expenditure on nontraded goods to ex-
pand sufficiently to offset the reduction in public sector expenditure, thus
restoring equilibrium in the nontraded goods market at the initial real
exchange rate. Since private sector expenditure on traded goods would
also expand as a result of the lower inflation tax payments, the trade
balance would worsen.

In the context of this model, the use of high domestic interest rates
brought about by open market sales of domestic bonds seems to be
effective in containing inflation, but only temporarily.* Higher real inter-

*While the various results mentioned above would also hold under per-
fect asset substitutability, the conclusions regarding this policy are specific to
the model in this paper, in which domestic and foreign assets are imperfect
substitutes.
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est rates would initially contain private expenditure and thus lead to a
decline in inflation. After a certain period, however, private sector de-
mand would expand as a result of increased real interest receipts on
private sector holdings of domestic bonds. In order to prevent this expan-
sion in private demand from resulting in a real appreciation, the central
bank would be forced to accelerate the devaluation of the nominal
exchange rate, thus generating higher inflation. Therefore, in the ab-
sence of other policy changes, high domestic interest rates do not seem
to provide lower inflation on a sustained basis but rather lower inflation
in the present in exchange for higher inflation in the future.

This also has implications for designing a response to exogenous
changes in world financial markets. For example, a fall in foreign interest
rates in the absence of a policy response would induce private capital
inflows, a decline in domestic interest rates, and higher inflation in the
short run. After a certain period, however, lower real interest receipts by
the private sector would lead to lower private expenditure, and thus a
lower rate of inflation. If the initial monetary expansion resulting from
private capital inflows is sterilized by open market sales of domestic
bonds, the authorities would be able to prevent domestic interest rates
from falling and thus contain the initial increase in inflation. However,
this step would mean forgoing (at least partially) the subsequent fall in
inflation that would take place in the absence of sterilization.

The analysis of real exchange rate targeting could advance in various
directions. In particular, it would be valuable to examine this exchange
rate policy in the context of an optimizing intertemporal model. This
would provide an appropriate framework for the explicit consideration
of the public sector’s intertemporal budget constraint and would permit
study of how the private sector’s current behavior depends on expecta-
tions regarding the type of future fiscal adjustment that would ensure
solvency. Also, the analysis could be enriched by the explicit incorpora-
tion of uncertainty and by allowing for transitory deviations of the real
exchange rate from its target level.

APPENDIX

This appendix derives the effects of various shocks on w, r, m, inflation tax
payments m, the trade account 7, and the current account CA . The effects on
w and r are obtained from equations (7) and (11).

(dwide) = A0b,07 e’ 1 <O,
(dride) = —A0b20~"e®~ >0,
(dwldt) = Abi >0,
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(dridr)y = —Absc: <0,

(dwidg,) = —Ab.07'e* 1<,

(dridg,) =Abs07'e* ' >0, (Al)
(dwldr*) = Ab2c2>0,

(dridr*) = —Ab2c3>0,

(dwldb) = —Ac2>0,

(dridb) = Ac;> 0,

where 4 and © are defined by

A=(bica—bic:) ' >0,
Q=[ys—6(1—-8)e " c(y —t;,r;w)]<0.

The effects on w are obtained by using equation (9) with w = 0 and the set of
equations (Al):

(dwlide) = ®{(r* — c;)dwlde) + [b — c2— (r* + w)L\](drIde)} >0,
(dwidt) = D{(c, — 1) + (r* — c;)(dwldr)
+[b—ca— (r* + m)Li|(dridr)} <0,
(dmidgn) = @{(r* — ca)(dw/dgn)
+[b — 2 — (r* + w)Li](dr/dg,)} >0, (A2)
(dwidr*) = ®{f + (r* — c;)(dw/dr*) + [b — c2— (r* + w)L)](dridr*)}
=®{f — Aby[bes — (r* + w)Lics— rrca]} > 0,
(dwldb) = ®{(r* — ca)(dwldb) + [b — c2~ (r* + w)Li](dridb) + (r—r*)}
=®{A[bes — (r* + w)Lics—rrc] + (r—r*)}>0,
where @ is defined by
@=[m+ (r*+m)L,]'>0.

The effects on inflation tax payments wm are obtained from the set of equations
(A2):

(dmmlde) = DANS " e®~ {T[(r* —c3)by — (b — c2)bs] + mr* L b3} > 0,
(dwmidt) = ®{[[(c: = 1) + (©* —ca)bici A — (b — c2)bsci B]
+mr*Libic, A} <0,

(dmwmidg,) = @867" e° {T[(cs— r*)by + (b — c2)ba] — mr* L, b3} > 0,

(dmmidr*) = Q{T[f — b2 A(bes — r*cz)] + mr* Libac; A} > 0,
(dmmidb) = ®{T[A(bcs — r*ca) + (r—r*)] —mr*L,c;A4}>0,

where I is defined by
T=(m+wl)>0.

The effects on the trade balance T and the current account balance CA are
obtained from equations (12), (13), and those in (Al):

(dTide) = (dCAlde)=y/ —07'(1 —8)e 'y,+ (1 —8)e* 'c>0,
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(dT/dt) = (dCA/dt) = 0,
(dT/dg:) = (dCAldg:) = -1,
(dT/dgs) = (dCAldga) = 871 — 8)e™"' > 0,
(dT/dr*) =0,
(dCA/dr*) = (F - B*) =0,
(dT/db) = (dCA/db) = 0,
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Foreign Exchange Markets in Russia
Understanding the Reforms
LINDA S. GOLDBERG*

This paper analyzes and inter prets the changes that took place in Russia’s
exchange rate system during 1992. The multiple exchange rate regime that
existed in Russia prior to July 3, 1992, created strong incentives for ex-
porters to refrain from repatriating foreign exchange earnings, induced
both importers and exporters to participate in unofficial markets for for-
eign exchange, and encouraged international barter transactions. Efforts
to manage the exchange rate through heavy foreign exchange intervention
were unsuccessful. The July 3, 1992, unification of the multiple exchange
rate system provides important and general lessons for rectifying un-
desirable conditions caused by poorly implemented exchange rate policy.
{JEL F3, F4, N2, P5]

IN 1991, RUSSIAN AUTHORITIES announced their intention to make the
ruble convertible. The announcement was made at a time of acute for-
eign exchange shortages in official markets, which persisted despite a
prolonged decline in the value of the ruble. The Russian authorities,
along with the international community, hoped that the move toward
convertibility would spur economic growth and improve consumption op-
portunities for Russian residents. Moreover, the currency reforms were
to provide greater transparency in the foreign exchange regime, as well

*Linda S. Goldberg is an Assistant Professor of Economics at New York Uni-
versity. She holds a doctorate from Princeton University. This work was under-
taken while the author was a Visiting Scholar in the Research Department of the
International Monetary Fund.

The views expressed herein are those of the author and not necessarity those
of the International Monetary Fund. The author acknowledges numerous helpful
comments, especially those of Ernesto Hernandez-Cata, Benedicte Vibe Chris-
tensen, Mohsin Khan, Malcolm Knight, and Robert Rennhack.
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as simplified access for Russians to the international currency markets at
undistorted prices.

In Russia, the multiple exchange rate system created strong incentives
for exporters to avoid repatriation of foreign exchange earnings. The
system also resulted in strong incentives for both importers and exporters
to avoid participation in legal interbank foreign exchange markets. The
structure of foreign exchange surrender requirements in Russia taxed
export earnings at a rate of approximately 30 percent. For importers, the
cost of obtaining foreign exchange in official (interbank) markets was
approximately 25 percent higher than the ruble price of foreign exchange
on the black markets.

The exchange rate unification plan—begun on July 3, 1992, to unify
the exchange rates applied to foreign exchange surrender by exporting
enterprises—was seen as an important first step toward achieving cur-
rency convertibility. This new unified exchange rate implied a value for
the ruble that was approximately equal to its more depreciated, floating
value on the interbank market. A second step toward convertibility took
place in mid-August and involved the elimination of several highly appre-
ciated exchange rates that had been applied to centralized imports
through mid-1992, although the practice of subsidizing selected imports
remained an issue through 1993.

The exchange rate reform implemented by Russia contains many
broad and valuable lessons. The unification sharply reduced the effective
taxation of export activities, which the preceding system had imposed via
unfavorable rates for surrendered foreign exchange. Adjusting for the
taxes associated with the exchange rate regime, the resulting “effective”
ruble price of foreign currency earned from exports was sharply depreci-
ated and moved to a level close to the black market exchange rate.
Incentives for exporters’ participation in legal foreign exchange markets
increased sharply. For importers, the effective ruble cost of foreign
exchange for import transactions rose sharply and also moved close to the
black market exchange rate. By sharply reducing the gap between the
price of foreign exchange on the black markets and legal markets, the
reforms encouraged importers to participate in legal foreign exchange
markets. For foreign investors, the unification allowed interbank ex-
change rates to be applied to capital flows into Russia. Before the first
half of 1992, the Central Bank of Russia (CBR) did not clan’fy which
exchange rate was to be applied to foreign direct investment.

Another broad lesson from the reform is that multiple exchange rate
regimes should be discussed in terms of their impact on the total effective
compensation to an exporter for his or her foreign exchange earnings and
on the total effective price that importers pay for foreign exchange.
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Appropriate construction of the relevant official exchange rate (that is,
the “effective” exchange rate) must include both the exchange rate
relevant to the specific transaction and any additional taxes levied on
flows channeled through the legal markets (such as profit taxes and
foreign exchange surrender taxes). In Russia, the effective exchange rate
for an exporter includes a weighted average of the exchange rate applied
to foreign exchange surrender and the exchange rate available to ex-
porters in the interbank foreign exchange market.

The usefulness of this adjustment can be shown in the context of the
odd relationship that existed between Russia’s official and black market
exchange rates before the July 1992 reforms. Usually, countries with
balance of payments difficulties and problems of capital flight exhibit
positive black market premia on foreign exchange. For Russia, the stan-
dard computations would suggest that black market premia on foreign
exchange were negative, since the “free market” value of the ruble at
auction and on the interbank markets was more depreciated than the
black market exchange rate. When these adjustments are made properly,
the apparent discount on the black market price of foreign exchange in
Russia disappears.

This paper analyzes the implications of Russia’s pre-unification ex-
change rate regime, the unification itself, and the lessons from Russia’s
experience. Before preceding with this discussion it is worth noting that
the exchange rate unification implemented in Russia differs in several
respects from the programs commonly implemented in other countries.
In Russia, the unification refers to a merging of the multiple exchange
rates that prevailed in official markets, while the parallel market for
foreign exchange remained distinct. The closest analogies to the Russian
system are dual exchange markets where there are leakages between the
legal and black markets.!

This paper highlightsonly those policy developments directly under the
rubric of exchange rate policy. Needless to say, monetary policy and
other financial policies also strongly influence both the value of the ruble
and the level of intemational transactions. Indeed, the extremely loose
monetary and fiscal policies in Russia are important reasons for the
capital flight and the sustained depreciation of the ruble in the second half
of 1992 and in 1993. While these policies have a bearing on the value of
the ruble in the foreign exchange markets, this paper focuses almost
exclusively on the exchange rate mechanisms that bear on the functioning
of foreign exchange markets and on related reforms concerning the use
of official versus parallel currency markets.

' A model of dual exchange rate unification of the type pursued by Russia is
provided in Goldberg (1993a).
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I. Foreign Exchange Markets in the Pre-Unification Period

Through the end of 1990, Russia maintained a complicated system of
multiple exchange rates. The system involved “‘differentiated exchange
coefficients,”” which were analogous to multiple exchange rates and con-
sisted of several thousand coefficients that were applied to international
transactions. These transactions were broken down by region, currency,
and commodity. In January 1991, the structure of “differentiated ex-
change coefficients’ was replaced by a more unified—but still complex—
controlled exchange rate regime. This system was inherited by Russia
after the break-up of the Soviet Union, and during the first half of 1992
several highly appreciated exchange rates for the ruble still applied to
centralized imports (about 60 percent of imports during that period). For
an exporting enterprise, the new system entailed a set of fixed exchange
rates on foreign exchange surrender requirements and a single ‘“‘market-
determined” exchange rate that was established through the currency
auctions or interbank exchanges.?

There were three distinct phases in the operation of Russia’s currency
markets during 1992. The period between January and the end of April
1992 is referred to as the pre-unification period. Despite an early sharp
swing between 230 and 139 rubles per dollar, the nominal exchange rate
during this period remained fairly stable on the interbank market at a rate
of approximately 150 rubles per dollar. Between early May and the end
of June 1992, referred to as the interim period, the ruble posted strong
gains in interbank markets after heavy central bank intervention using the
sale of foreign currency. Since inflation was high during this period, the
1uble was appreciating in real terms. The value of the ruble in the parallel
market, while variable during this period, also appreciated in real terms.
The period following July 3, 1992, is referred to as the post-unification
period. Although this paper focuses mainly on the pre- and post-unifica-
tion periods, a bn'ef description here of the interim period may be useful.

During the interim period, foreign exchange market intervention by
the Central Bank of Russia contributed to a temporary 25 percent nom-
inal appreciation of the ruble in official interbank markets. Thisinterven-
tion was quite costly and fulfilled no clear purpose. During May and June
1992, the CBR supplied up to 80 percent of the resources that were sold

*This was the dominant system in place, although it must be noted that it was
further complicated by all sorts of exemptions from surrender requirements and
methods of avoiding use of the official auction and interbank system. IMF (1992a
and 1992b) provide information on the exchange rate regime in Russia in 1991
and early 1992.
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in the interbank market, replacing supplies previously sold by exporters.
The government’s announcements about sustainable exchange rates were
not perceived as credible by market participants. The government’s loose
monetary and fiscal policies continued to undermine the value of the
ruble and were not consistent with the objective of ruble appreciation.
As the CBR worked to achieve a gradual but steep real appreciation
within a two-month period, speculative activity by exporters and im-
porters proved profitable and resulted in direct transfers from the CBR.

The exchange rate objectives and intervention strategy used by the
Central Bank of Russia motivated (i) a withdrawal of new exporter ac-
tivity in official (interbank) foreign exchange markets, (ii) an increase in
round-tripping activity, beginning with sales of retained foreignexchange
earnings and followed by repurchases of foreign exchange via import
demands, and (iii) an increase in import activity channeled through
official markets.’

Simple numerical examples illustrate the implications of the foreign
exchange system in Russia prior to July 3, 1992. These numbers demon-
strate how the foreign exchange system created (i) strong incentives for
exporters to underreport earnings, (ii) incentives for exporters toengage
in barter transactions, and (iii) incentives to retain export earnings in
illicit accounts outside of Russia and to avoid the interbank foreign
exchange system. This system also fostered underinvoicing of imports in
official markets and import smuggling via the black markets. In general,
the official internal currency markets simuitaneously taxed the transac-
tions of both exporters and importers. To calculate the taxation of exports
imposed by the system of foreign exchange surrender, the approximate
levels of exchange rates, surrender requirements, and profit tax rates that
were in place in Russia in April 1992 are used. These data, along with
some explanations, are presented in Table 1.

Table 2 uses the pre-unification exchange rate and tax data to demon-
strate the effective taxes onthe earnings of a Russianexporting enterprise
under alternative scenarios.* All computations are based on the returns
to the marginal dollar earned by exporters.> As presented, the numerical

*The reader is referred to Goldberg {1993b) for a more extensive discussion
of this interval.

“Export taxes, which were often not paid because of exemptions or illegal
circumventions, are omitted from the examples.

% Since this paper considers the returns to the marginal dollar of earnings, it
does not adjust the results for the production costs facing an enterprise. This type
of adjustment, which is relevant since profit tax effects are being discussed, would
reduce the amount of taxation on earnings.
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Table 1. Pre-Unification Exchange Rate Regime

Type of exchange rate Description Rate
Commercial exchange Applied to 40 percent foreign 55 rubles/dollar
rate exchange surrender require-

ment (relevant for 80 per-
cent of exports by volume)

CBR market Applied to 10 percent foreign 90 rubles/dollar
exchange rate exchange surrender require-
ment (relevant for 100 per-
cent of exports by volume)

Interbank market Applied to sales and pur- 150 rubles/dollar
exchange rate chases of foreign exchange
transacted on the interbank
foreign exchange market

Profit tax rate Marginal (and generally pro- 32 percent
gressive) tax rate on profits
of enterprises. Taxes are
paid in rubles.

comparisons apply most directly to exporters of raw materials and other
products subject to the full 50 percent foreign exchange surrender re-
quirement. Analogous comparisons could be provided for those enter-
prises that were subject only to the 10 percent surrender requirement.

Scenarios A and B in Table 2 were illegal under the pre-unification
regime: Scenario A reflects the value of complete nonrepatriation of
export earnings, and Scenario B reflects the value of not reporting but
repatriating earnings via black markets. The next two scenarios were
legal ones. In Scenario C, an exporter repatriated his or her earnings,
paid foreign exchange surrender and profit taxes, and kept any residual
funds in “retained’ foreign exchange earnings accounts. In Scenario D,
instead of keeping these residual earnings in foreign currency accounts,
the exporter converted his or her foreign currency into rubles using
domestic interbank markets. Scenario E presents a fifth possibility for an
exporter, one consistent with the letter, but probably not with the spirit,
of the law: an enterprise could convert export earnings into ‘‘necessary
imports for production’” before the export earnings actually entered
Russia; these imports were then resold in domestic markets.

The estimate of the marginal compensation received by exporters for
a transaction channeled through official markets requires some explana-
tion. First, for every dollar of foreign currency earned (and repatriated)
by an enterprise, the surrender rules required 50 cents to be converted
immediately into rubles. The effective exchange rate on this half of the
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Table 2. Tax and Revenue Flows Under Alternative Methods of Reporting
and Valuing Export Earnings

Ruble receipts
under a 50 percent Rubles paid

foreign exchange as profit taxes
surrender (FXS)  on one dollar of  Dollars Ruble
Scenario requirement export earnings® remaining  earnings
A. One dollar earned. but not Rub0 Rub 0 §$1 (cash) Rub 0
repatriated
B. One dollar eamed, not Rub 0 Rub 0 $0 Rub 125
reported but repatriated
via black markets at
125 rubles/dollar
C. One dollar earned, then Rub 31° Rub 24.32 S0¢ Rub 31
repatriated and retained (noncash)  (pre-tax)
in foreign exchange accounts Rub 6.68
(after tax)
D. One dollar earned, then Rub 31° Rub 33.92 80 Rub 106
repatriated and converted (pre-tax)
in interbank market at Rub 72.08
150 rubles/dollar (after tax)
E. One dollar earned, then Rub 0 Rub 40 $0 Rub 125
converted into imported (pre-tax)
goods for barter trade Rub 8
(after tax)

“For Scenarios C., D. and E. rubles paid are calculated as the profit tax rate (32 percent) multiptied
by the government-calculated ruble equivalent of foreign exchange earnings. The government calcula-
tions of ruble equivaients are as follows: 0.5(62) + 0.5(%0) for Scenario C: 0.5(62) + 0.5(150) for
Scenario D; and 125 for Scenario E.

b Average foreign exchange surrender at 62 rubles per dollar.

earnings was 62 rubles per dollar,® which compared with the 150 rubles
per dollar on the interbank market and the 125 rubles per dollar on the
black markets.’

Assume, as in Scenario D, that the enteiprise sold the remainder of
its export earnings in the interbank market. Then, for every original
dollar of export proceeds, the enterprise ultimately received a total of
106 rubles (prior to profit taxation).® This implies that the surrender

¢Of the foreign exchange surrendered, 80 percent was compensated at 55
rubles per dollar and 20 percent at 90 rubles per dollar [0.8(55) + 0.2(90) = 62
rubtes per dollar].

"The ruble appreciated by approximately 27 percent in nominal terms in the
interbank market, from approximately 144 rubles per dollar in May 1992 to
approximately 113 rubles per dollar in June 1992. In the first half of June 1992,
the ruble remained near the latter level, reaching a high of 112.3 rubles per dollar.
This appreciation of the ruble, caused by heavy intervention in foreign exchange
sales by central banking authorities, served to increase the effective tax on using
official markets since it reduced the effective compensation of exporters.

8Fifty percent of these proceeds was surrendered at the rate of 62 rubles per
doilar and the other 50 }S)ercent was converted at the rate of 150 rubles per dollar.
Therefore 0.5(62) + 0.5(150) = 106 rubles per dollar.
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system imposed an average export tax rate on foreign exchange earn-
ings of 29.3 percent calculated relative to the interbank market rate’
and an average export tax rate of 15.2 percent calculated relative to the
black market exchange rate. For many producers, the goal of avoid-
ing these taxes may have been sufficient to induce underinvoicing or
nonrepatriation of foreign exchange earnings.

The calculations for Scenario D assume that the enterprise sold its
postsurrender export earnings in the interbank market in exchange for
rubles. However, enterprises had another option for utilizing their for-
eign exchange earnings. The second option, illustrated in Scenario C, was
for enterprises to retain their residual foreign exchange earnings in ac-
counts in Russiancommercial banks. This feature of the foreign exchange
system in Russia further discouraged the conversion of foreign exchange
earnings into ‘“‘cash” or physical ruble notes via the interbank market.
This system led to differential profit tax burdens on firms across the
alternative options. The tax burden on firms was much higher when they
converted their foreign exchange in the interbank market, as compared
with the tax burden when earnings were retained in foreign currency
accounts. This feature, termed in Goldberg and Karimov (forthcoming)
the “tax haven effect on retained earnings,”” could also contribute signif-
icantly to the avoidance of the interbank foreign exchange markets by
exporters.

The numerical relevance of this “tax haven effect” is shown in a
comparison of Scenarios C and D in Table 2. Suppose a firm kept its
residual foreign exchange earnings in accounts at the central bank with-
out converting them to dollars. Accounting practices in Russia ensured
that these earnings would be valued in rubles for profit tax puiposes and
that taxes would be paid in rubles. To measure the profit tax base, the
value of dollar balances in the accounts at the central bank were com-
puted using the CBR market exchange rate. Note that this valuation
method assigned a conversion rate of 90 rubles per dollar on retained
earnings. Alternatively, if the export revenues were converted into dol-
lars via the interbank market, profit tax liabilities of exporters were
computed using a conversion rate of 150 rubles per dollar.

The consequence of this system was that for every dollar of foreign
exchange earnings a profit tax of24.38 rubles was owed if the dollars were
not converted into cash rubles, and a profit tax of 33.92 rubles was owed

*This rate is calculated as (150 ~ 106)/150. This computation assumes that the
foreign exchange earnings net of surrender were sold at the interbank rate of 150
rubles per dollar.
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if the dollar earnings were converted into cash via the interbank market. "
Thisimplied that the profit tax burden on exporters could be reduced by
almost 30 percent if foreign exchange earnings were not converted into
rubles through internal currency markets and instead were maintained in
foreign currency accounts at the commercial banks.

Scenario E reflects yet another alternative for exporters, one that was
only quasi-legal and provided exporters with the means to evade foreign
exchange surrender requirements. In this case, the incentive to avoid the
taxes on foreign exchange surrender also provided the exporter with an
incentive to become an importer of goods. Instead of repatriating foreign
currency earnings, an exporter could purchase foreign currency goods
that were nominally necessary as productive inputs for the firm. These
imports could later be resold in domestic markets. For the computations
in Scenario E, the value of these imports was the black market exchange
rate. Assuming that the revenues from these resales were reported, the
returns to this activity were between the purely legal and illegal scenarios
presented in the first four scenarios.

Thus, avoidance of high taxes on foreign exchange surrender provides
one explanation for the cross-border barter transactions with parties
outside the ruble zone. By engaging in barter, the exporter was able to
avoid foreign exchange surrender taxes, thereby receiving more fa-
vorable returns on export transactions channeled through legal markets.
By contrast to returns on black market activity, the exporter was still
required to pay profit taxes."

Two other international flows also bear mention before leaving this
discussion of the pre-unification period: foreign direct investment and
import activity. With regard to the former, during the first half of 1992
the CBR did not clarify which exchange rate was to be applied to foreign
direct investment in Russia. If foreign capital inflows were converted
into rubles using the commercial exchange rate (55 rubles per dollar), the
rubles purchased by foreign investors were three times more expensive
than rubles purchased at interbank exchange rates.

As for importers, they had considerable freedom to purchase foreign
currency in the interbank markets, and two general categories of import
activity should be distinguished. Before unification, centralized imports
were priced at numerous budgetary exchange rates introduced in Febru-

'“These calculations are on marginal dollars earned. In practice, profit taxation
is levied on revenues net of expenditures on production inputs.

'*The author appreciates the useful suggestion by Roger Gordon that Scenario
E be included in tﬁis table.
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ary 1992, which rangedfrom 1.7 rubles per dollar to 70 rubles per dollar.
Altogether, some 25 separate exchange rates were in place.” For the
remainder of Russia’s imports, as previously noted, the interbank rate
was approximately 150 rubles per dollar compared with approximately
125 rubles per dollar in black markets. Clearly, this system also created
incentives for importers to avoid official markets through underinvoicing
imports and smuggling goods across borders.

In summary, the foreign exchange system that was in place in Russia
prior to the July 3, 1992, unification created strong disincentives for
exporters to repatriate foreign exchange eamings. It also strongly en-
couraged both exporters and importers to underreport the value of
international trade. If foreign exchange earnings were repatriated, the
tax haven effect on retained earnings reduced the likelihood that these
funds would be sold in the interbank foreign exchange markets. If foreign
exchange were earned but not repatriated, the exporting enterprise
evaded both foreign exchange surrender requirements and profit taxa-
tion. International barter transactions provided one quasi-legal method
of avoiding high surrender taxes. Finally, the conversion rates applied to
foreign capital inflows implied prohibitive taxation of foreigninvestments
in Russia.

II. Exchange Rate Unification in Russia

The July 3, 1992, move toward convertibility in Russia entailed a
unification of the “official”” multiple exchange rate system. While there
is no single conventional definition of exchange rate unification, Russia’s
unification differs from those undertaken by some IMF member coun-
tries. Often, unification refers to a merging of the official exchange rate
market with unofficial parallel markets. Alternatively, unification is used
torefer to the integration of a fixed exchange rate regime applied to trade
transactions and a flexible exchange rate applied to financial trans-
actions. Russia’s unification involved a merging of the many official
exchange rates, while the parallel market and the market for capital
account transactions remained distinct.

The unification occurred at a floating exchange rate that stood at
approximately 135 rubles per dollar in early July. This was the new
effective (pre—profit tax) exchange rate on export, import, and capital
inflow transactions. Table 3 compares the unified exchange rate with the

2 IMF staff estimates.
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Table 3. Comparison of Effective Exchange Rates on Transactions
Before and After the July 1992 Reforms (rubles per dollar)

Pre-unification Post-unification
Black Legal Biack Legal
market market market market
Exporters 125 106 140 135

Importers

(excludes centralized

imports priced at special

budgetary exchange rates) 130 150 145 135
Foreign investors

(assumes ‘“‘commercial”

exchange rate applied in

pre-unification period) 125 55 140 135

rates that previously applied to international transactions.” The differ-
ences in black market exchangerates relevant forimporters and exporters
reflect the bid-ask spreads observed in black markets.

Under the assumption that other policy instruments would not be used
to offset the impact of the reforms, the exchange rate unification would
be expected to yield numerous positive real effects on Russia’s currency
markets. These real effects include the following;

e The large and distorting tax haven effect of retained earnings was
eliminated. It arose because the exchange rates used for computing taxes
differed across the uses of foreign exchange earnings. The removal of the
tax-based advantage of retained earnings accounts increased the relative
attractiveness of interbank market operations.

e By equating the exchange rate on foreign exchange surrender with
other “market determined” rates, the foreign exchange surrender tax was
sharply reduced. This should stimulate repatriation of foreign exchange
earned by exporters.

¢ Byreducingforeignexchange surrender taxes and the effective black
market premia on foreign exchange, the reforms reduced the incentives to
use international barter transactions to avoid taxes.

e For exporters, unification implied both a real and nominal effective
depreciation of the ruble in interbank markets. This point, combined with
the preceding points, increased the incentives to report export earnings,
and consequently could increase the foreign currency sold by exporters
in official foreign exchange markets.

'3 “Previously” in this context refers to the period preceding both the heavy
CBR intervention in foreign exchange markets and the unification.
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e For importers , the unification sharply reduced the premium paid on
transactionschanneled through official foreign exchange markets . Indeed,
importersrealized a higher ruble value in interbank markets than in the
black markets. This could stimulate total import demand and deepen the
demand for foreign exchange in interbank markets.

e For foreign investors, unification implied an immediate depreciation
of the effective cost of rubles.

In fact, these improvements in the foreign exchange markets did occur
in the second half of 1992. One additional implication of the reforms,
however, was that the CBR no longer explicitly received the level of
revenues that previously arose from its implicit taxation of surrendered
foreign exchange. From late 1992 into the first half of 1993, another form
of export taxation was implicitly introduced through the foreign exchange
surrender regime. Specifically, although exporters were compensated at
the current unified market exchange rate for their surrendered foreign
exchange earnings, exporters’ accounts were not immediately credited
with the rubles from this compensation. These delays proved quite costly
to exporters in a high-inflation environment. The implicit taxation of
exporter earnings through long and variable delays in compensation
once again led to some of the onerous implications associated with the
pre-unification exchange rate regime.

III. Concluding Remarks

This paper has documented and interpreted some of the developments
in Russia’s foreign exchange markets during 1992. From these develop-
ments we gain important insights into the incentives and disincentives
created by the multiple exchange rate regime that existed before July
1992. That system encouraged nonrepatriation of export earnings, inter-
national barter activity, and avoidance of legal foreign exchange markets
by both exporters and importers.

The exchange rate unification implemented in July 1992 served to
reduce the effective taxation of exporters, importers, and foreign in-
vestors in Russia. All else equal, the unification was expected to serve
a number of very positive functions, including reducing price distortions
originating in the official foreign exchange markets and increasing the
overall attractiveness of official markets. The gap between effective
exchange rates in legal markets and in black markets was nearly elimi-
nated. Foreign exchange surrender taxes were also reduced sharply.
These initiatives lessened the attractiveness of international barter activ-
ity as a means of avoiding foreign exchange surrender taxes. Other things

©International Monetary Fund. Not for Redistribution



864 LINDA S. GOLDBERG

equal, the reforms should tend to increase the reporting of both exports
and imports and improve the functioning of interbank foreign exchange
markets. These are general lessons that would apply to other countries
that have the Russian type of multiple exchange rate regime.

Itis clear that a continuance of these positive effects means eschewing
repressive taxation of market-based export and import activity. Some
export taxation, in addition to explicit taxes, could occur if exporters’
accounts are not expeditiously credited for surrendered foreign ex-
change. Moreover, if the CBR is to target any real or nominal exchange
rate levels, it must be recognized that these will be credible targets only
to the extent that they are consistent with the economic policies of the
government. Without such credibility, the beginnings of a strong foreign
exchange system can be undermined by the types of balance of payments
crises often observed in developing countries.
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Formulating a Policy Response
Comment on Calvo, Leiderman, and Reinhart

P. NICHOLAS SNOWDEN*

FOLLOWING THEIR examination of the role of external factors in the
revival of international capital inflows to Latin America, Calvo,
Leiderman, and Reinhart (CLR) review the policy responses available to
governments.' While acknowledging the contribution of improved eco-
nomic performance, their focus on exogenous influences leads them to
concentrate on the dangers of “excessive’ influxes of short-term funds.
With market failures quite able to generate the excess, the dangers of real
exchange rate appreciation, poor intermediation of large-scale flows, and
the threat of rapid reversal are clear. From this perspective, CLR exam-
ine different policy options for their effectiveness either in limiting the
inflows or in neutralizing their effects.

This note argues that the policies discussed are misleadingly treated as
alternatives when, owing to substantial differences in principle, their
appropriate application would be to very different policy objectives. It
is suggested here that if recipient economies are to benefit from the
inflows, while managing the risks that preoccupy CLR, a sequence or
combination of policies may need to be applied.

Beginning with the problem of “excessive’ inflows induced by market
failure, those failures associated with variable government credibility in
the context of counterinflationary policy may be usefully singled out.
Lack of confidence in the durability of contractionary monetary policies
may prevent rapid downward adjustment in domestic wages and prices.
The resulting high short-term interest rates, however, may attract spec-
ulative inflows based on the judgment that, at least temporarily, the
exchange rate will be maintained. Whatever their detailed merits, two of
the policies discussed by CLR would be relevant in helping to sustain

*P. Nicholas Snowden is a Senior Lecturer in economics at the Management
School, Lancaster University.
! Staff Papers, International Monetary Fund, Vol. 40 (March 1993), pp. 108-51.
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domestic monetary targets under these circumstances: a tax on short-
term capital inflows and sterilized intervention. While also helping to
defend monetary targets, a rise in marginal bank reserve requirements
against short-term foreign deposits would probably better address pru-
dential concerns in view of the likely disintermediation noted by CLR.

With counterinflationary credibility at issue, the employment of
“trade” policies and nonsterilized intervention would clearly be inappro-
priate. Time-limited simultaneous export subsidies and import duties
amount to a “temporary” devaluation relying on confidence that prices
will fall (when the policy is reversed) to attenuate the more usual infla-
tionary impulse. Nonsterilized intervention would, as CLR also note,
directly undermine domestic monetary policy targets. The possible rele-
vance of these options must therefore arise when domestic counterinfla-
tionary policy (high short-term interest rates) is not thought to be the
primary stimulus to the inflows.

In contrast with the taxation of short-term inflows and sterilization, a
characteristic of trade measures and nonsterilized intervention is that
they do not seek to limit the flows or to prevent them from influencing
the domestic money supply. They reflect instead a prior concern with
exchange rates—real in the context of trade taxes and nominal in the case
of nonsterilization. While these approaches would not be the natural
choice to support domestic counterinflationary policy, when might an
exchange rate objective be appropriate in the context of resurgent capital
inflows?

If a significant part of the inflows reflect a rational response to improv-
ing regional prospects, the interpretation of, and response to, real ex-
change rate developments becomes a central issue. With large-scale
investment opportunities in the production of tradables being unleashed
by policy reform, it is still likely that nontradables will be involved in the
investment expenditures. The rising relative price of the latter will reflect
limited absorptive capacity (acting to slow the appropriate pace of trad-
ables investment, despite the underlying opportunities) and provide the
incentive for some further investment in nontradable capacity. By this
interpretation, an attempt to prevent real appreciation would be damag-
ing to long-term development. In the context of fixed exchange rates,
nonsterilized intervention would be consistent with this pattern whereas
trade measures would not.

The real appreciation that may be justified on these grounds will be
difficult in practice to distinguish from that induced by excessive inflows.
Nevertheless, the discussion provides some pointers. Although “justi-
fied” real appreciation would give rise to an increased share of investment
in nontradables, the level of investment spending in tradables (such as
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manufacturing) would be expected to remain strong on the basis of
long-term prospects. Collapsing profitability in the sector together with
declining investment intentions would not be anticipated.

These observations suggest that a degree of explicit exchange rate
policy conditionality may be usefully developed by capital-importing
countries. The development and publication of indicators related to
manufacturing profitability and investment trends could be applied to
this end. An announcement that the indicators would be used to guide
exchange rate policy, while encouraging fundamentals-based inflows,
would tend to discourage speculation arising from a fixed nominal rate.
In the context of afloating regime, the proposal would amount to making
monetary policy sensitive to overappreciation of the real exchange rate.
Since some real appreciation would still be anticipated in connection with
the capital inflow, a key advantage of floating rates over (fixed-rate)
nonsterilized intervention, as noted by CLR, would be the reduced risk
of rekindling domestic inflation. It would also permit a more flexible
response to unwelcome appreciation than the occasional application of
trade taxes in a fixed-rate context.
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Formulating a Policy Response
Reply to Snowden

GUILLERMO A. CALVO, LEONARDO LEIDERMAN,
and CARMEN M. REINHART*

THE CENTRALPOINT of Professor Snowden’s note is that, in general, the
capital inflows problem should be tackled by acombination of differ-
ent policies. We fully agree with his assessment and, in fact, made it
explicit in our IMF Staff Papers article: *“ . . . there are grounds to support
amix of policy intervention based on the imposition of a tax on short-term
capital imports, on enhancing the flexibility of exchange rates, and on
raising marginal reserve requirements on short-term bank deposits”
(Calvo, Leiderman, and Reinhart, p. 149).! However, Professor Snow-
den’s objection to our paper is perhaps that we discuss the pros and cons
of each separate policy without taking into account their mutual interac-
tion. We think this is a valid criticism although, to keep the record
straight, it should be said that the paper did not intend to provide a
complete discussion of the optimal policy response to capital inflows. In
this reply we will offer some thoughts on this latter issue with the caveat
that they represent just a first step into largely unexplored territory.
As emphasized in our paper, no policy option is free of potential costs.
Therefore, it is to be expected that an optimal policy package will in-
volve more than one measure. The nature of such a policy package is,
however, much more difficult to determine. Laissez faire is not optimal
because, as a general rule, countries exhibit static or dynamic distortions.
Therefore, optimal policy should take explicit account of the relevant
distortions characterizing a given economy. The statement above from

* Guillermo A. Calvois Senior Advisorin the Research Department. Leonardo
Leiderman is a Professor in the Department of Economics at Tel Aviv University.
Carmen M. Reinhart is an Economist in the Research Department.

'In effect, the advisability of relring on a mix of complementary policy
measures is also stressed in the concluding remarks to Calvo, Leiderman, and
Reinhart (1993).
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our paper is, for instance, strongly conditioned by our feeling that
government intervention should aim at preventing financial crises and
overvaluation of the real exchange rate.

The desirability of a policy mix does not imply that the policymaker
should feel totally free to vary the mix. Ideally, policies should be de-
signed to be responsive to exogenous factors—like terms of trade
changes, earthquakes, and even wars—but the type and size of response
should be well understood in advance. Otherwise, policy, by becoming
“discretionary,” constitutes an independent source of uncertainty, which
only in rare circumstances could be expected to raise social welfare.
Actually, if policymakers attempt to utilize their freedom to choose the
policy mix to their (or even social) advantage on a regular basis, the public
will learn to anticipate such behavior, and the resulting solution will be
decidedly inferior to a (flexible but well understood and credible) rule set
in advance.

In practice, policy transparency is much harder to achieve. This is so
for several reasons. Policy feasibility depends on political considerations
that are hard to predict—if not, hard to verbalize. Flexible policies could
be complex—and, hence, expensive to articulate and difficult to under-
stand by the general public—and such policies may induce a loss of
credibility. This last point is important and deserves further elaboration.

There exists a subtle line between flexible rules (set in advance) and
“discretion.” In both cases, the policymaker changes the policy mix in
view of circumstances. Thus, the public may find it hard to distinguish
between the two. In particular, when rules are mistaken for “‘discretion,”
it would be incorrect to apply the policy rule that would be optimal if the
public believed that the policymaker will never resort to discretion. This
is the reason why the choice of optimal rules should take into account the
credibility of the rules themselves.

For example, we suggest that it may be desirable, among other things,
to increase exchange rate flexibility. However, this policy may not be
optimal if the public interprets greater flexibility as a signal that policy-
makers have loosened their monetary discipline and are likely to resort
to surprise exchange rate devaluations or appreciations. Actually, the
more important are credibility-type considerations, the less flexible the
policy mix is likely to be. Similarly, the levying of a tax on short-term
capital inflows (a form of capital control) may not be advisable if a
relatively young stabilization plan, which stresses liberalization and open-
ness, is in effect. Such a measure could endanger the plan’s credibility.

Consequently, while fully agreeing with Professor Snowden that opti-
mal policy will likely entail a combination of complementary measures,
we believe that the characteristics of optimal policy will be heavily deter-
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mined by country-specific considerations. Approximating such an opti-
mum—especially when a country has experienced an episode of high
inflation or high indebtedness—requires the cool mind of an analyst,
combined with the refined nose, keen eye, and sharp ears of a champion
policymaker.
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Output Fluctuations and Monetary
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Comment on Reinhart and Reinhart

MARIA E. GARCIA*

IN A RECENTPAPER, Reinhart and Reinhart (RR) provide an interesting
perspective on the macroeconomic fluctuations in Colombia: a test of
two opposing theories—the neoclassical synthesis versus a ‘“‘real’”” tech-
nological or preference shock as the source of output changes. The
empirical analysis was done using annual data over 1960-87. Following
a battery of unit-root tests, variables (except the interest rate) were
differenced to achieve stationarity. After experimentation with a wide
combination of variables, a six-variable vector autoregressive (VAR)
system was finally chosen involving money, real GDP, prices, wages,
interest rates, and exchange rates. By imposing restrictions on the sys-
tem, a neoclassical and a real business cycle structure were obtained. The
results show that in the case of Colombia the neoclassical-Keynesian
framework better describes output dynamics.

Inview of the important monetary policy implicationsthat could follow
from these results, the purpose of this note is to reexamine the main
findings in RR by using the Bayesian vector autoregression (BVAR)
estimation technique (Litterman (1986)) to explain the dynamic between
money, output, and prices using quarterly data for Colombia over
1976:1-1993:1. Mamingi (1992) has shown that causality results based on
VAR can be misleading under temporal aggregation. Also, the use of
BVAR allows the use of level data. It is well known that in the process
of first differencing, one may lose important long- and medium-run
information (Lutkepohl (1991), Maddala (1992)). Unfortunately, the

* Martia E. Garcia is a %raduate student and Fulbright Scholar at the State
Ut ‘versity of New York—Albany and holds degrees from the Universidad Javen*-
ana-Bégota and Universidad de los Andes—Bdgota. The author is grateful to
Professor Kajal Lahi i for helpful comments and suggestions.
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causality relations found using the current methodology are quite differ-
ent from the “three” dynamic properties of the Colombian economy
reported by RR. However, responses of the variables to monetary shocks
are similar.

I. BVAR Model Estimation

Quarterly data from Colombia were used for real GDP, money, con-
sumer price index (CPI), exchange rate, nominal interest rate on three-
month time deposits, and rural wages as measured by cost per hour
(1975 = 100).! GDP, money, CPI, and wages were seasonally adjusted.
Except for the interest rate, logarithms of variables were used. Data prior
to 1976:1 were used as initial observations that contain lags.

Results of univariate analysis of these seven series are shown in
Table 1. All variables are characterized as I(1) processes with positive
drift. The interest rate is the only exception, characterized as I(1) process
without drift.

Six variables consisting of the logarithms of real GDP, money, CPI,
exchange rate, rural wages, and the real interest rate were included in the
final analysis. Using RATS and following the suggestion of Doan (1990),
fourlags wereincluded and the relative values of the Theil U statistic for
one to four steps ahead were used to choose among the alternative
specifications of the model. The prior variances were adjusted until no
more improvement in Theil U could be found (Doan (1990), Litterman
(1986)). Figure 1 shows the causality relations between variables based
on the F statistics (10 percent significance). Using the impulse command
in RATS, the responses of the system of equations to a first-period
standard error shock in money were obtained for eight quarters ahead of
the final BVAR model. The results are depicted in Figure 2.

II. Main Findings

Present results contradict the dynamic properties of the Colombian
economy found in RR:

'Real GDP was obtained from the “Departamento Nacional de Planeacion.”
Money (M1), the consumer price index, the wholesale price index (WPI), the
coffee price, and exchange rate were obtained from the /nternational Financial
Statistics; oil prices from the Energy Information Administration; rural wages
from the “Departamento Administrativo Nacional de Estadistica DANE”’; nom-
ina} interest rate for time deposits (90 days) from the “Banco de la Repubiica™;
and the real interest rate was computed as the nominal rate minus the inflation
rate.
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Table 1. Time Series Properties of the Macroeconomic Variables

Test for one-unit root Test for two-unit root

ADF 10 percent  ADF 10 percent
with drift crit. val.  with drift  crit. val

Seasonally adjusted variables
Log money (LSMONEY) 1.8585 —2.5892 —44277 —2.5896
Log reat GDP (LSGDP) -09175  -25903 -2.6812 -2.5907
Log price index (LSICPI) 0.6037  -—25892 —4.1137 —25896
Log rural wages (LSGANF) -0.0931  —2.5892 -3.2414 —-2.5896

Exchange rate (LDEV) —1.5568 -2.5896 -43125 ~-2.5899
Nominal interest rate (DTF)  —0.1426 —1.6183 —4.4969 —1.6183
Real interest rate (RINT) -1.1913 —-1.6183 —5.6551 —1.6183

Note: ADF denotes the augmented Dickey-Fuller test. Critical values corre-
spond to Mackinnon tables. A large negative ¢-statistic ailows rejection of the
hypothesis of a unit root.

—Money exogeneity in the Granger sense is not observed. Exchange
rates influence changes in money. Variations in the exchange rate reflect
the international reserve level and show a strong correlation between it
and monetary expansions (see Carrasquilla (1992)).

—As in RR, feedback among nominal magnitudes produces compli-
cated dynamics in the entire price sector. In addition, complex move-
ments are observed in the real sector since prices appear to influence real
GDP.

—Incontrast with RR findings, real GDP induces changes in exchange
rates affecting the real interest rate. Again the external sector appears
to be a very important factor not only in affecting monetary variables but

Figure 1. Causal Relationships Among the Variables

Money e
CPI Wages =€ —+
Real GDP —PI Exchange rate \—D—[ Real interest rate
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Figure 2. Responses to Change in One Standard Deviation in Money
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also in touching the real sector. In this model co-movements between
income and money could arise from past changes in income and money.

The impulse response analysis for money confirms the approximate
long-run monetary neutrality and the tendency of the domestic price level
to increase. However, as compared with RR, a smaller increase in real
GDP is seen during the first three quarters followed by a slight decrease
in GDP and a simultaneous increase in CPI. During the first four quar-
ters, the nominal exchange rate depreciates by twice the increase in the
CPJ; in the second year, the CPI surpasses the nominal exchange rate two
times over, suggesting a real exchange rate appreciation.

IIl. Conclusions

Although the causality relations among the macroeconomic variables
are found to differ from the three dynamic properties of the Colombian
economy reported by RR, responses of the variables to monetary shocks
are similar in both cases.

The difference in the results could indicate structural changes in the
Colombian economy owing to the liberalization of the economy and the
elimination of exchange rate controls in Colombia during recent years.
Loss of valuable information because of temporal aggregation and first
differencing may also explain the anomaly.
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CARMEN M. REINHART AND VINCENT R. REINHART*

N HER NOTE, Maria Garcia revisited our work on macroeconomic

linkages in Colombia. Employing recently available quarterly data and
amore recent sample, she estimated a vector autoregression (VAR) using
levels rather than first differences of the data and a Bayesian statistical
technique (BVAR) rather than our structural VARs. Her investigation
found that the time series properties of the major macroeconomic vari-
ables were similar to what we reported and, while the pattern of causation
apparently shifted, the macroeconomic multipliers were mostly un-
changed. While we are encouraged by the similarities in results, our sense
is that the reported differences in causal patterns do not owe to the choice
of technique, which Garcia emphasized, but rather to her application of
those techniques to a later time period.

As to the econometrics, most Colombian macroeconomic variables
that are stated in nominal terms exhibit a high degree of persistence. This
shows up in findings that show they have unit roots, which were reported
in both papers. Since statistical inference becomes more complicated
when variables that have unit roots appear on both sides of the equation
to be estimated, we dealt with that problem by differencing the data.
Garcia correctly noted that those macroeconomic relationships could be
estimated in levels if some combination of the data forms cointegrating
vectors. She did not, however, explicitly impose such structure on the
levels relationships, by estimating, for example, the equations in an
error-correction form or using Johansen’s maximum-likelihood tech-

* Carmen M. Reinhartis an Economist in the Research Department. She holds
a Ph.D. from Columbia University. Vincent R. Reinhart is Chief of the Banking
and Money Market Analysis Section of the Board of Directors of the Federal
Reserve Board. He holds a Degree from Columbia University.

876

©lnternational Monetary Fund. Not for Redistribution



REPLY TO GARCIA 877

nique (both of which are explained in Campbell and Perron (1991)). As
a result, the statistical tests on individual or blocks of coefficients (these
are the basis of the reported causality tests) from her levels equations do
not have standard properties.

As to the choice of time period, Garcia worked with data from 1976
to 1993, whereas we estimated our equations with an earlier sample, from
1960 to 1987. Our results indicated that money was “‘exogenous’ in the
Granger sense, as causality ran from money to the other variables and
not the other way around. This result is not entirely surprising. During
the early part of our sample, a variety of controls impeded the free flow
of international capital, giving the Colombian monetary authorities a
greater measure of independence in determining the nominal money
stock. This greater control was then properly reflected in our finding that
money appeared at the top of a causal ordering. However, the substantial
pace of financial innovation and explicit measures toliberalize the capital
account over the past few years have moved Colombia closer to the
paradigm of a small, open economy. In that circumstance, a central bank
attempting to manage the float of its currency surrenders its control of
the domestic money stock. That is, we would expect to find that money
can be explained by earlier movements of other macroeconomic vari-
ables—it is not exogenous in the Granger sense. Garcia found just that
result.

Since other macroeconomic properties, such as the neutrality of
money, are less sensitive to the degree of capital mobility, it is not
surprising that Garcia arrived at similar conclusions to our own on the
nature of dynamic multipliers. Monetary shocks have real consequences
in the short run but these real effects diminish as prices and other nominal
magnitudes adjust.
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In statistical matter throughout this issue,
dots (...) indicate that data are not available;

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

a single dot (.) indicates decimals;
a comma (,) separates thousands and millions;

“billion’’ means a thousand million, and ““trillion”” means a thou-
sand billion;

a short dash (-) is used between years or months (for example,
1991-93 or January—October) to indicate a total of the years or
months inclusive of the beginning and ending years or months;

a stroke (/) is used between years (for example, 1992/93) to
indicate a fiscal year or a crop year;

a colon (:) is used between a year and the number indicating a
quarter within that year (for example, 1993:4);

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