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Preface

Assaf Razin is a distinguished economist who has made major contri-
butions to a number of fields. He is particularly known for his work on
human capital and growth, the economics of the family, public economics,
and international economics. In international economics he played a ma-
jor role in the application of modern analytical tools to the study of the
balance of payments and exchange rates. He is one of the founders of the
intertemporal approach to the balance of payments and his book with
Jacob Frenkel established a standard for all future work in this area.

But Assaf Razin is not only a great scholar. He is also one of the
founders of the Department of Economics at Tel Aviv University, where
he has spent most of his adult life. And he is a great friend. For all these
reasons it was indeed a pleasure and a privilege for us to organize a
conference in honor of his 60th birthday. The organization proved to be
an easy task, because Assaf’s many friends happily flocked from all over
the globe to celebrate his birthday. As a result we were able to bring
together the most distinguished members of our profession to discuss
international economic issues. This volume contains the papers from that
conference, which took place at the Eitan Berglas School of Economics
at Tel Aviv University, March 25-26, 2001.

The conference was organized and funded by the Sapir Center for
Development Studies. We thank the Center for its contribution to what
turned out to be a magnificent event.

X1






Introduction

This volume brings together fifteen essays from various fields of eco-
nomics to which Assaf Razin has made major contributions in the
last thirty years — international economics, economic growth, public eco-
nomics, and political economy. They all share a common feature: close
relevance to economic policy, something which is at the essence of all of
Assaf’s contributions.

In “Crises: The Next Generation?” Paul Krugman reviews the evolu-
tion of the literature on currency and financial crises and suggests a di-
rection to which this literature will turn in the future. The first-generation
models were tailored to address a simple scenario. A government main-
tains a fixed exchange rate while running a budget deficit. The budget
deficit is monetized, leading to a loss of foreign exchange reserves. As the
level of reserves reaches a lower bound there is a run on the central bank
that wipes out the remaining reserves. Unable to support the exchange
rate, the government floats the currency. Under these circumstances the
timing of the crisis is predictable, as are its consequences. [t is an inevitable
outcome of a set of inconsistent policies.

This description suited various episodes during the operation of the
Bretton Woods system. With the advent of floating exchange rates,
however, the nature of crises changed. This is particularly true of the
1992 episodes in Europe, which triggered the development of second-
generation models. In these models the government is endowed with a
reaction function; namely, its policy reacts to the economic environment.
In particular, it is expected to abandon the defense of an exchange rate
target in the face of a major speculative attack. As a result, a major specu-
lative attack leads to a crisis, and the crisis is consistent with self-fulfilling

1



2 Economic Policy in the International Economy

expectations. Importantly, now a crisis can occur for no evident economic
reason.

Third-generation models were developed after the Asian crisis of the
late 1990s. These models paid particular attention to balance sheet effects
and, in some cases, to the banking sector. Unlike the previous models, they
allowed for a decline in output as part of a crisis.

The balance sheet effect operates when capital markets are imper-
fect. In such economies poor balance sheet positions restrict the bor-
rowing opportunities of enterprises and limit their investment levels.
Companies that are exposed to foreign currency risks as a result of past
foreign-currency—denominated borrowing suffer a deterioration of their
net worth as a result of a currency depreciation. In response they cut
back investment projects, bringing about a decline in aggregate demand.
As a result there can be multiple self-fulfilling expectations equilibria,
some with a strong currency and a high level of economic activity, others
with a weak currency and a low level of economic activity. Under these
circumstances an economy that operates in a good equilibrium — with a
strong currency and a high level of economic activity — can suddenly shift
to a bad equilibrium — with a weak currency and a low level of economic
activity — because traders change their expectations about the value of
the currency.

While the balance sheet effect that works through the liability side has
been emphasized by third-generation models, Krugman suggests that one
can take a broader view of such effects. In particular, on the asset side of
the balance sheet the value of the assets depends on asset prices and those
are related to expectations. As a result, a decline in confidence can lead
to a decline in asset prices which leads in turn to a decline in investment
that validates the decline in asset prices. This channel produces a positive
feedback that allows pessimism to feed on itself.

Importantly, the policy implications depend on the mechanism that
has caused a crisis and whether the economy is in a liquidity trap. These
ideas are examined with the help of simple models that illustrate their
explanatory potential.

Chi-Wa Yuen examines alternative ways to defend a fixed exchange
rate. In “Solutions (?) to the ‘Devaluation Bias’: Some Preventive Mea-
sures to Defend Fixed Exchange Rates against Self-Fulfilling Attacks” he
draws an analogy between a “devaluation bias” and an “inflation bias.”
He then shows how the conclusions from the “inflation bias” literature
can be used to shed light on the design of policies for the defense of an
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exchange rate. This defense is designed to prevent an expectations-based
self-fulfilling currency crisis of the second-generation type.

Asin the literature on monetary policy and central banking, in this case
too an exit penalty helps. Namely, the likelihood of a crisis is reduced when
the policymaker pays a price for abandoning the fixed exchange rate.
And if this price is high enough no speculative attack takes place. The
appointment of a conservative central banker, who places high weight
on the exchange rate target, is also helpful. But such a central banker
cannot secure a first best outcome as long as his weight on the exchange
rate target is not infinite. On the other hand, there exists a contract that
induces the central banker to credibly defend the exchange rate.

After discussing how practical these solutions may be, Yuen compares
a fixed exchange rate that is defended by monetary policy with a fixed
exchange rate that is defended by a currency board. Drawing on the
experience of Hong Kong around the times of the Asian financial crisis,
he argues why these solutions may not work to exclude the speculative
attacks of the “double market play” type and discusses the usefulness of
“convertibility insurance” as an alternative defensive measure.

Aaron Tornell argues in “Growth-Enhancing Effects of Bailout Guar-
antees” that the fact that such guarantees can lead to a financial crisis
does not make them necessarily undesirable, and moreover, that a cri-
sis of this sort is not intimately linked to a fixed exchange rate regime.
In economies with severe credit constraints, financial liberalization often
leads to faster growth. This is because financial liberalization eases bor-
rowing constraints and thereby encourages investment. At the same time
financial liberalization may generate political pressure to extend bailout
guarantees, at least on the transition path. Clearly not every bailout guar-
antee works equally well. For example, unconditional bailouts introduce
well-known moral hazard problems that can cause severe damage of their
own. But systemic bailouts, argues Tornell, can in fact play a useful role.
In this context a systemic bailout is a bailout that takes place in case
of broad-based failures only. Namely, a company cannot count on being
saved from its own action or an idiosyncratic shock. It can expect to be
saved, however, when many other companies fail.

To make these points Tornell develops a model economy with traded
and nontraded goods in which firms face borrowing constraints in the
nontraded sector. The introduction of bailout guarantees into such an
economy provides an implicit subsidy that eases borrowing constraints
and might lead to higher growth. However, the guarantees induce firms
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to borrow in foreign currency. This makes the financial system vulnerable
to a self-fulfilling crisis in which balance sheet effects play an important
role. Such sunspot equilibria exist only if crisis is a rare event. Importantly,
a crisis is more likely to happen toward the end of an economic boom.
This feature is in line with the evidence that crises of the new kind are
preceded by lending booms, as well as by the evidence that many lending
booms have not ended in a crisis.

Maurice Obstfeld and Kenneth Rogoff founded the “new open eco-
nomy macroeconomics.” This school of thought uses monopolistic compe-
tition to describe product markets and some form of nominal staggering
in prices or wages. Importantly, consumer demand is derived from well-
specified utility functions, which are then used to evaluate alternative
policies and exchange rate regimes.

In “Risk and Exchange Rates” Obstfeld and Rogoff develop a detailed
model of international macroeconomic fluctuations in which wages are
flexible, while monopolistically competitive firms set prices while facing
uncertainty about the state of the economy. These prices are frequently
adjusted, but always before the resolution of uncertainty about the de-
mand level. As a result shifts in demand affect output.

Using assumptions about the distributions of the underlying shocks,
they solve explicitly for the equilibrium first and second moments of
key variables. This enables them to shed light on a host of important
issues. They show, for example, that home-currency denominated assets
can serve as a useful hedge against consumption risk whenever home
monetary volatility is an important source of uncertainty. They also show
circumstances in which, in a two-country world, the two countries rank
similarly alternative exchange rate regimes. And they show how their
model can be used to calculate the value of reduced volatility that re-
sults from the adoption of a fixed exchange rate. Evidently, the model is
suitable for addressing major macroeconomic questions.

Economic integration has many facets, and debates about the desir-
ability of integration have proceeded along several lines. An important
set of arguments concerns the comovement of output levels. Output can
fluctuate for various reasons, and the framework developed in “Economic
Integration, Industrial Specialization, and the Asymmetry of Macroeco-
nomic Fluctuations” is suitable for dealing with most of them.

Sebnem Kalemli-Ozcan, Bent Sgrensen, and Oved Yosha propose a
two-way decomposition of output fluctuations: One component — which
depends on the sectoral composition of the economy — is sensitive to
sector-specific shocks, while the other component is sensitive to
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economy-wide shocks. Unlike previous studies, which have focused on
the latter component, the authors examine the importance of the sectoral
composition. Countries or regions that differ in sectoral structure will ex-
perience different output fluctuations. In particular, countries or regions
that are more specialized at the sectoral level are expected to experience
larger output volatility.

Rather than using simple measures of volatility, as is common in much
of the literature, the authors develop a novel measure that is based on the
theory of risk bearing. This measure equals the percentage increase in base
consumption that provides the same gain in the expected present value
of utility as the substitution from consuming one’s own GDP to consum-
ing a fixed fraction of the aggregate GDP that will obtain under perfect
risk sharing (here aggregate output refers to the aggregation across all
countries or regions). With the help of standard assumptions about the
stochastic properties of the economies, they derive a closed-form solution
for this measure.

After developing indexes of sectoral specialization patterns, they show
with the aid of data from OECD countries and the United States that re-
gions with more specialized sectoral structures experience more asymmet-
ric output fluctuations. This central result is robust to estimation methods
(IV versus OLS) and alternative specifications. The instrumental vari-
ables estimation also lends support to the hypothesis that the effect runs
from sectoral specialization to asymmetry of output fluctuations. The au-
thors then discuss the implications of this finding for debates about the
desirability of economic integration.

Uncovered interest parity plays a prominent role in the theory of in-
ternational finance. As an example, the use of an interest rate policy in
defence of currency values is effective only in the absence of uncovered
interest parity. In various periods preceding the 1990s the uncovered in-
terest parity hypothesis was rejected, however. In “Uncovered Interest
Parity in Crisis: The Interest Rate Defense in the 1990s” Robert Flood and
Andrew Rose suggest that the 1990s may provide a better testing ground
for this relationship, because during that decade a number of countries
experienced financial crises as a result of which those data exhibit large
cross-country variations.

After explaining the basic theory, Flood and Rose test for uncovered
interest parity in a sample of twenty-three countries. The sample includes
developed and developing countries. In every group some countries ex-
perienced a financial crises in the 1990s and others did not. Unlike pre-
vious studies, they find some support for the uncovered interest parity
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hypothesis. But one of the most striking results is the large heterogeneity
of the estimated coefficients across countries.

In the last part of the chapter they examine the efficacy of an interest
rate policy in defending an exchange rate. The results are mixed. Although
the data do not reject the efficacy of such policies outright, they also do
not support it.

The gains-from-trade literature suggests that the “invisible hand” is
present also in the international arena. Trade openness and international
capital flows are conducive to growth and well-being. However, whereas
there are ample empirical studies to support the hypothesis of a positive
effect of trade in goods and especially inward foreign direct investment
on economic growth, the empirical evidence on the effect of financial cap-
ital flows (that is, capital account liberalization) is less convincing. Carlos
Arteta, Barry Eichengreen, and Charles Wyplosz provide a fresh look and
new interpretations on the latter evidence. They allude to the second-best
theory: When there are many imperfections and distortions in the domes-
tic financial markets and macroeconomic imbalances (such as persistent
large public deficits), capital account liberalization may actually depress
rather than enhance economic growth and well-being. Thus, high-income
countries which are usually characterized by more efficient financial mar-
kets and institutions and by the absence of macroeconomic imbalances
may benefit from capital market liberalization more than low-income
countries with less-developed financial systems and often with macro-
economic imbalances. Arteta, Eichengreen, and Wyplosz emphasize the
importance of the sequencing of economic reforms: First, an efficient
financial system should be developed, trade openness promoted, black-
market foreign exchange premia (reflecting macroeconomic imbalances)
eliminated and only then the capital account liberalized.

Not surprisingly, Prakash Loungani and Phillip Swagel find macroeco-
nomic imbalances to be significant in “Sources of Inflation in Developing
Countries.” In fact, the fiscal deficit is the key source of inflation in “large
deficit” (over five percent of GDP) countries. But “small deficits” were
found to have little impact on inflation. The sources of inflation are also
found to vary from fixed exchange rate regimes (as in most of the coun-
tries in Africa and Asia) to floating exchange rate regimes (as in most
of the countries in South America). In the first group of countries, past
realizations of inflation and inertial forces play a dominant role; oil and
non-oil commodity prices have also a statistically significant effect on in-
flation in these countries; money growth plays a lesser though statistically
significant role. In the second group of countries, the dominant role is
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played by macroeconomic variables such as money growth and exchange
rate shocks.

Like Kalemli-Ozcan et al., Gadi Barlevy also deals with the impor-
tance of fluctuations, but from a very different perspective. Robert Lucas
in his book on business cycles presented an important argument about the
welfare costs of consumption fluctuations. Fitting a model of consump-
tion growth to data from the United States economy, he estimated the
average rate of growth of aggregate consumption as well as its volatility
around this trend. He then estimated the fraction of initial consumption
that the consumer would be willing to sacrifice in order to eliminate the
volatility of consumption around its growth path. This fraction turned
out to be extremely small, less than one-tenth of one percent. It has been
interpreted as a measure of gains from the elimination of business cycles,
the implication being that business cycles are not very costly. At the same
time, Lucas argued, a one percentage point increase in the rate of growth
of consumption would be valued at 20% of its initial level, suggesting that
growth is much more important than fluctuations.

In “Growth Effects and the Cost of Business Cycles” Barlevy revisits
this issue, suggesting that the cost of business cycles can be much larger if
fluctuations affect the average rate of growth. In order to demonstrate a
link between fluctuations and growth, he develops a neoclassical model
of economic growth in which capital accumulation does not depress the
marginal productivity of capital. As a result, capital accumulation can
sustain long-run growth.

In Barlevy’s economy the rate of growth depends on the level of in-
vestment, which depends in turn on the level of economic activity. Under
the circumstances the stabilization of output shocks around their mean
affects the rate of growth through two distinct channels. First, it changes
the average rate of investment and higher investment stimulates faster
growth. Second, it changes the volatility of investment, which affects av-
erage growth.

Using estimates of the link between average growth and the volatility
of output or investment, Barlevy suggests that the effect of investment
volatility has a substantial influence on the rate of growth; its elimination
would increase the rate of growth by one-half of one percent. Based on
Lucas’ estimate of the value of growth rates, this is valued at 10% of initial
consumption. Evidently, this is much larger than the less than one-tenth
of one percent value of the reduction in consumption fluctuations.

Barlevy’s estimates assume a constant average investment level. There-
fore they provide a lower bound on welfare gains, because the optimal
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response to the elimination of shocks includes a change in average invest-
ment. He then goes on to examine a variety of other issues that need to be
addressed in order to obtain a reliable estimate of such welfare gains. The
bottom line is, however, that once growth rates are linked to volatility,
the elimination of fluctuations can produce large welfare gains.

Yair Mundlak examines economic growth from a different perspective
in his chapter “Explaining Economic Growth.” Recognizing the impor-
tance of technological change, he proposes to distinguish between avail-
able technology and implemented technology. Evidently, as knowledge ac-
cumulates in the world economy it improves the available technology, but
not every country benefits from these improvements to the same degree.
Some countries are able to implement larger fractions of the available
technology than others. As a result income per capita differs between
countries not only because of differences in, say, capital-labor ratios, but
also as a result of differences in implemented technology. The fraction
of the available technology that is implemented depends in turn on a
country’s economic environment, which consists of resource constraints,
restrictions on their mobility, and incentives. This approach can be used to
interpret the evidence in a somewhat different way and it has implications
for the empirical methodology.

After reviewing the evidence on the sources of economic growth,
Mundlak illustrates an empirical application of these ideas to agricul-
tural production functions, using a sample of 37 countries over the period
1970-91. The pooled data are used to fit regressions between countries,
based on country means; between time, based on annual means; and
within time—country, based on deviations of the observations from coun-
try means and annual means. Under the neoclassical framework of growth
analysis, the estimates obtained from these alternative regressions should
be the same, but they are not. Importantly, the elasticity of output with
respect to capital differs across these regressions, and in particular, the
elasticity of the between-time regression is about three times as large
as the other two. Mundlak discusses the interpretation of the findings in
the context of growth analysis that aims at explaining the diversity in the
growth experience across countries and over time.

David Altig, Alan Auerbach, Laurence Kotlikoff, Kent Smetters, and
Jan Walliser simulate tax reform in “Simulating Fundamental Tax Re-
form in the United States.” They employ a detailed general equilibrium
microeconomic model with perfect foresight and with intragenerational
heterogeneity with respect to earnings ability, bequest preferences, and
other features. Output is produced by capital and labor according to a



Introduction 9

Cobb-Douglas or some other constant-elasticity-of-substitution produc-
tion function. The stock of physical capital adjusts slowly, because there
are Tobin-type adjustment costs. Altig et al. study five tax reforms that are
all fundamental in the sense that they eliminate all specific tax preferences
and tax all sources of capital and labor income at the same flat rate, with
very few exceptions, such as personal exemptions, full capital expensing,
and a higher tax rate on high-wage earners. The reforms are a propor-
tional income tax, a proportional consumption tax, a flat tax, a flat tax
with transition relief, and the X tax. A flat tax differs from a proportional
consumption tax mainly by allowing a standard deduction. The X tax is
essentially a flat tax with a surcharge on high-wage income. All reforms
are revenue neutral. The simulations clearly illustrate the uneasy trade-
offs among the various tax reforms that policymakers face. The higher
the long-run output gain of a reform, the heavier usually is the burden
imposed on the initial middle-aged and the elderly or the poorest mem-
bers of society. As an example, the proportional consumption tax raises
long-run output by over nine percent, the highest gain among all five re-
forms. But it inflicts losses on the initial middle-aged and elderly, and the
poorest members of society. In contrast, a flat tax with transition relief
that alleviates these losses raises long-run output by less than two percent.

In contrast to the closed-economy model of Altig et al., Enrique
Mendoza simulates tax reform in an open economy in “The International
Macroeconomics of Taxation and the Case against European Tax Harmo-
nization.” Unlike Altig et al., Mendoza’s agents are infinitely-lived and
identical in all respects (age, preferences, initial endowments, earnings
ability). There are two countries (the United Kingdom and Continen-
tal Europe, which consists of France, Germany and Italy); one immobile
factor (labor) and one mobile factor (capital) that can accumulate only
gradually because of adjustment costs; international lending and borrow-
ing, but no cross-border ownership of firms (or physical capital); time-
invariant taxes on labor income, on consumption, and on income from
physical capital; and balanced fiscal budgets (in present value terms).
Mendoza emphasizes three channels through which a tax reform in any
one country affects welfare. A change in the capital income tax in one
country affects factor prices in both countries (wages and interest rates),
the total stock of capital and its distribution between the two countries,
and the tax base in every country. It therefore necessitates a revenue-
compensating change in some other taxes (specifically, the labor income
tax, but not the consumption tax, by assumption). Mendoza simulates the
effects of harmonizing the capital income tax in Continental Europe and
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the United Kingdom. Currently, the effective capital income tax is 47% in
the United Kingdom, but only 28% in continental Europe. If these rates
were harmonized at their average level of 37.5%, then capital would flow
from Continental Europe to the United Kingdom, enlarging the capital
income tax base in the latter and shrinking it in the former. This would
enable the United Kingdom to lower its labor income tax by 1.8 percent-
age points. Revenues from the capital income tax in Continental Europe
would not rise as a result of the tax hike (because capital would flow out),
and therefore the labor tax rate would remain unchanged. All in all, the
United Kingdom would record a welfare gain equivalent to a 2% perma-
nent increase in consumption, whereas Continental Europe would suffer
a2.7% welfare loss.

Taxation of capital income in the integrated world economy is the pri-
mary focus of Roger Gordon and Vitor Gaspar in “Home Bias in Portfolio
and Taxation of Asset Income.” Empirical evidence suggests that there
is a strong home bias in equity investment. This is often used to explain
the so-called Feldstein—-Horioka puzzle: The strong positive correlation
between national saving and domestic investment, despite the fact that
an open economy can channel its national saving into foreign investment.
Gordon and Gaspar begin by constructing a simple model of the world
economy with price and exchange rate fluctuations in which investors can
hedge against random domestic prices by purchasing domestic stocks.
Therefore, when the monetary policy focuses on stabilizing the exchange
rate and leaves domestic prices to fluctuate randomly, a home bias in
equity investment arises. On the other hand, when the monetary policy
stabilizes domestic prices the home bias disappears. Nevertheless, Gordon
and Gaspar find that under both monetary policy regimes domestic invest-
ment responds strongly and positively to an increase in national saving.

They then proceed to examine the implications of their model to the
taxation of risky capital income. The existing literature on international
taxation often argues that the case for capital income taxation in the
open economy is significantly weakened, because of either enforcement
or efficiency considerations. Yet Gordon and Gaspar conclude that it
is efficient to levy a tax on capital income when the monetary policy
stabilizes domestic prices and the home bias vanishes. And the case for
taxing capital income becomes particularly weak when monetary policy
stabilizes the exchange rate, allowing domestic prices to fluctuate.

Hans-Werner Sinn examines in “Social Dumping in the Transition Pro-
cess” the normative and positive aspects of labor market regulations along
the transformation path of an (initially) less developed economy that
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joins a well-developed economic union. These regulations may include
a weekly maximum working time, minimum safety standards, minimum
time for maternity leaves, and various other workers’ rights that raise
labor costs. At the normative level, Sinn examines the question whether
the national government fails to establish “adequate” regulations. He
constructs a simple analytical model in which physical capital can freely
flow from the developed economies in an economic union to the un-
derdeveloped newcomer, allowing for a Tobin-type adjustment cost of
investment. Workers can migrate in the opposite direction, but with an
increasing cost of living abroad. Sinn refutes the complaint often raised by
business representatives and union leaders in the developed economies
that governments in the less developed economies are engaged in social
dumping. He shows that there are no externalities between the under-
developed economies and the developed ones. Thus, when the national
government in an underdeveloped economy designs a system of labor
standards so as to maximize the welfare of its citizens, then the welfare of
the union is maximized too. Therefore, there is no need for a supranational
government to design a uniform set of labor standards.

Atthe positive level, Sinn describes the transition path of the less devel-
oped country that joins a developed economic union. At first, capital flows
from the capital-abundant developed countries to the labor-abundant un-
derdeveloped country, but not all at once, because there are adjustment
costs of investment. Labor flows in the opposite direction. The flow of
capital dissipates gradually over time and migrants return home until the
capital-labor ratio in the (initially) less developed economy rises to the
level that exists in the developed economies.

“Do Political Institutions Shape Economic Policy?” This question is
addressed by Torsten Persson. The answer is naturally in the affirma-
tive. However, the more difficult question is how. Together with Guido
Tabellini, Persson has made some of the more important contributions
to this subject. In this chapter he reviews the implications of various the-
oretical models for the impact of political institutions on the conduct of
fiscal policy. These predictions are then examined with data from a large
panel of countries.

Persson focuses on electoral rules and political regimes. Electoral rules
are classified according to the size of districts and the electoral formula.
The latter determines how votes translate into seats in a legislative body.
Some systems combine small voting districts with plurality rules. Others
combine large districts with proportional representation. Some countries
have presidential regimes, others have parliamentary regimes.
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Some theoretical models predict that the size of government and spend-
ing on broad programs should be smaller in presidential regimes. They
also predict smaller political rents in presidential regimes. And spend-
ing on broad programs should be smaller in systems with proportional
representation.

The empirical findings support the prediction that presidential regimes
have smaller governments and countries with majoritarian election rules
have smaller welfare-state—type programs. But the data also raise a num-
ber of interesting puzzles that are carefully discussed by the author, sug-
gesting directions for future research.



PART ONE

FINANCIAL ISSUES IN OPEN
ECONOMIES: THEORY
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Crises: The Next Generation?

Paul Krugman

When I first began working on the theory of currency crises in 1977, 1
imagined that it was a subject mainly of historical interest. The motivating
events were the speculative attacks that brought down the Bretton Woods
system in 1971 and the Smithsonian system in 1973. Given the end of fixed
rates for major economies, it seemed unlikely that such events would
recur.

Of course, that’s not how it turned out. The fixed rates of Latin
American nations offered a target for large speculative attacks in the
runup to the debt crisis of the 1980s; the fixed rates of the European Mon-
etary System offered targets for a wave of speculative attacks in 1992-93;
and the more or less fixed rates of Asian and other developing nations
offered targets for yet another round of attacks in 1997-98.

Yet while the continuing relevance of the general idea of speculative at-
tacks has justified the original theoretical interest in the subject, the actual
models have not fared as well. When Eichengreen, Rose, and Wyplosz
(1995) introduced the terminology of “first-generation” and “second-
generation” crisis models, they also highlighted the somewhat dishearten-
ing fact that each wave of crises seems to elicit a new style of model, one
that makes sense of the crisis after the fact. And sure enough, the Asian
crisis led to a proliferation of “third-generation” models, quite different
from either the first or the second generation. (Like third-generation mo-
bile phone service, the third generation of crisis models has not yet quite
lived up to its billing. Producers have not been able to agree on a common
set of standards, and with the fading of the Asian financial crisis there is
also question about whether we have a “killer ap.” But with recent finan-
cial news in Japan and the United States, things may be looking up.)

15
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This paper represents a very rough effort to get ahead of the curve,
by asking what a “fourth-generation” crisis model might look like. The
main insight, if there is one, is that third-generation currency crisis mod-
els are actually not very specific to currency crises: the mechanisms for
speculative attack and self-fulfilling pessimism that these models identify,
while they do make room for an Asian-style crisis in which capital flight
leads to plunging currencies that validate the initial loss of confidence,
also allow with small modification for other types of financial crisis. In
particular, some third-generation crisis models are very close in spirit to
the closed-economy “financial fragility” models of Bernanke and Gertler
(1989). What this suggests is that a fourth-generation crisis model may
not be a currency crisis model at all; it may be a more general financial
crisis model in which other asset prices play the starring role.

Moreover, I will argue that even the open-economy aspects of third-
generation models may not be all that crucial. It’s true that a simple
story of financial collapse is easier to tell if one assumes that capital has
someplace else to run to; otherwise, a loss of confidence leads to a fall in
the price of capital, which at first sight seems to rule out the kind of self-
fulfilling loop that plays so central a role in many models. However, this
need not always be the case. In particular, I will argue for a tie-in between
the possibility of financial crisis and another one of my obsessions, the
possibility of Japanese-style liquidity traps.

This paper is in four parts. The first part briefly summarizes the evo-
lution of currency crisis models, from first generation to third. The sec-
ond part focuses on third-generation models, and in particular on what
they say about policy during a crisis. The third part then offers a highly
stylized open-economy fourth-generation model. The fourth part offers a
loose translation of that model into closed-economy IS-LM-type macroe-
conomics, which allows a discussion of policy options during a fourth-
generation crisis.

1. A Brief History of Currency Crisis Modeling

The history of currency crisis modeling is presumably familiar to all
economists working in international macroeconomics. The only value that
can be added in this brief recapitulation is an effort to identify several
trends that seem to be present in the moves between successive genera-
tions.

First-generation crisis models, exemplified by Krugman (1979) and
Flood and Garber (1984) essentially viewed a central bank’s efforts to peg
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an exchange rate using reserves as being similar to a commodity agency’s
efforts to peg a resource price using its stockpile. In each case, if there
is a long-run upward trend in the “shadow price” — the resource price or
exchange rate that would prevail if the stock of resources or foreign ex-
change were all to be sold — the stabilization policy is ultimately doomed.
And in fact in each case it can be shown that rational, fully informed
speculators will abruptly clean out the stock the instant the shadow price
exceeds the peg. The reason is backward induction: Any delay would
offer an opportunity for capital gains, so individual speculators have an
incentive to purchase the stock ahead of the expected crisis date; and in so
doing they advance that crisis date, until it occurs at the earliest possible
moment.

From the perspective of what has happened since, there are three things
worth noting about this analysis.

First, the root cause of the crisis is poor government policy. In these
models, the source of the upward trend in the shadow exchange rate
is the government’s need for seignorage; solve the fiscal problem and
there would be no crisis. And the speculative target is provided by the
government’s pursuit of inconsistent policies: persistent deficits together
with an exchange rate peg. So the models basically imply that governments
get the crisis they deserve.

Second, the crisis, though sudden, is deterministic: A crisis is inevitable
given the policies, and the timing is in principle predictable (though a look
at the models suggests that it would be very hard to predict that timing in
practice.)

Finally, the credibility of the finance minister aside, first-generation
crises seem to do no harm. They only reveal an economic problem that
was there in any case. The simple models, by construction, cannot exhibit a
postcrisis recession; but even if one tries to introduce realistic features like
nontraded goods and even price stickiness, it is more or less impossible
to generate a real-economy slump in the aftermath of a first-generation
CUITENCy Crisis.

In self-defense, I might note that the currency crises of the early 1970s,
which were the inspiration for the original model, did in retrospect seem
inevitable; and also that they were not followed by real-side punishment.
So all of this did not seem as off-base then as it does now, several major
waves of crisis later. The Latin American crisis of 1982 was followed by a
real-side slump; but while currency runs were part of the story there, the
main event seemed to be a sovereign debt crisis, which plausibly could
explain the nasty output and employment consequences.



18 Paul Krugman

On to the second generation. The inspiration for second-generation
modeling was the series of speculative attacks on EMS currencies in 1992—
93; the seminal papers were by Obstfeld (1994a,b).

There were several obvious divergences in the EMS crisis from the
assumptions of first-generation models. Seignorage was not an issue: the
governments involved retained access to capital markets throughout, and
the activities of their printing presses were dictated by macroeconomic
policy considerations, not budget needs. Indeed, it’s hard to see much evi-
dence of irresponsible policies in any of the countries involved. Also, there
was not an obvious long-run trend in equilibrium exchange rates —a point
that has gained even more force as the years have passed, and the pound
sterling has actually appreciated to well above its precrisis level against
continental currencies. Finally, the connection between capital flight and
abandonment of the peg was not the mechanical linkage envisioned in
the early models — you run out of reserves, and that’s it. Instead, it was a
matter of policy choice: In 1992 British officials chose not to pay the price
for defending the pound with higher interest rates, while French officials
made the opposite decision.

So the second-generation models gave a quite different version of what
acrisis was all about. In truth Obstfeld (1994a) offers several variants, and
one of them is a budget-driven story that, while not about seignorage per
se, is still about fiscal imperatives. But the main story that has stuck focuses
on macroeconomic tradeoffs and decisions.

In the canonical version, more or less based on Britain in September
1992, a country’s government has imperfectly committed itself to a cur-
rency peg at an uncomfortable level. That is, the level of the currency is
one that constrains monetary policy, forcing the government to accept
a lower level of employment in the short run than it would otherwise
have wanted to have. Nonetheless, as long as the peg is credible, this is a
price that the government is willing to pay, presumably because there are
political and/or long-run economic goals served by maintaining the peg.

However, if the peg ceases to be credible, investors will demand higher
interest rates in order to hold assets denominated in the country’s cur-
rency. And if the government defends the peg by providing those higher
interest rates, it will worsen employment, increase financial distress (the
prevalence of floating-rate mortgages in Britain was a key political con-
sideration in 1992), or both. So even a government that would be willing
to pay the price of sustaining its peg in the absence of speculative at-
tack might be unwilling to stand up to such an attack. And so speculators
who believe that other speculators are about to attack are themselves



Crises: The Next Generation? 19

encouraged to do so. The result is the possibility of self-fulfilling crises of
confidence.

Two points of difference between this story and the previous one: First,
crises are no longer the result of obviously irresponsible policy. Perhaps
one can argue that a government should not try to peg unless it is unalter-
ably committed to the peg — the “bipolar” hypothesis, aka the law of the
excluded middle. But much of the stigma is removed from government
actions.

Second, the determinacy of the crisis is removed. There is a question
about whether second-generation models necessarily imply that crises
are self-fulfilling, or for that matter whether self-fulfilling crises can occur
for first-generation reasons. However, the general thrust of the second-
generation models is toward the idea that crises may occur suddenly in
situations where no crisis seemed inevitable.

One point from the earlier models remains, however: If a speculative
attack drives a currency off its peg, this does not imply a negative shock to
employment and output. Indeed, in this case the contrary should be true:
because the policy constraint of a peg is removed, the result is actually
positive for short-run macroeconomics. (Other costs may lie down the
road, assuming that the government had some good reason for adopting
the peg, but that is a different question.)

Again, this result seemed broadly plausible after the EMS crisis, since
Britain at least did quite well after its ejection from the Exchange Rate
Mechanism. (I used to joke that they should put up a statue of George
Soros in Trafalgar Square.) But obviously this implication raises eyebrows
when one comes to the Asian crisis. Admittedly one crisis country, Brazil,
discovered that it was more like Britain than like Thailand: Its devalua-
tion, when it came, turned out to be expansionary rather than contrac-
tionary (and this good news, arguably, marked the end of the crisis.) But
the general rule was that currency crises led to severe short-term real
output declines.

At this point there are three main variants of the third-generation crisis
story; I bear some of the blame for two of them. One version involves
moral-hazard-driven investment, which leads to an excessive buildup of
external debt and then to a collapse. This story has its origins in work by
McKinnon and Pill (1996), was picked up in Krugman (1998), and was
extensively developed in papers by Corsetti, Pesenti, and Roubini (1998).
A second version, largely associated with Chang and Velasco (1998a,b) is
built around open-economy versions of the Diamond-Dybvig bank-run
model.
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Finally, a third story stresses the balance-sheet implications of cur-
rency depreciation. A crude formal version of this type of third-generation
model was in Krugman (1999a), and an even cruder but easier to under-
stand informal version in Krugman (1999b). A number of more sophis-
ticated models have since been developed, including efforts like that of
Schneider and Tornell (2000) to combine a moral-hazard-driven bubble
with a balance-sheet driven crisis when the bubble bursts.

It is this third variant that I will focus on, and will review in the next
part of the paper. But let me now say something about the direction in
which the literature seems to have trended.

In the original crisis models a currency crisis was something that was
deserved, predictable, and harmless. That is, it was caused by the govern-
ment’s pursuit of contradictory and unsustainable policies; given this, it
had to happen, and indeed had to happen at a particular time; and since
it only made the economic fundamentals visible, the crisis did not actu-
ally damage the economy. With the second generation models it becomes
much less clear that the crisis is deserved, and it becomes unpredictable,
though it is still mostly harmless. With the third-generation models, crises
become a clearly bad thing — largely because they are no longer mainly
about monetary policy. Indeed, as we’ll see shortly, the depreciation of
the nominal exchange rate becomes more a symptom than a fundamental
aspect of these crises.

2. The Balance-Sheet View of Crises

The third-generation model that I introduced in Krugman (1999a) was
in a sense similar in spirit to the Chang—Velasco bank-run models: It
attempted to explain crises in terms of a flight of capital from an economy
that was not fundamentally unsound. However, I was concerned that
what seemed to me to be the most striking aspect of the Asian crisis,
the dramatic reversal in the current account balances as a share of GDP,
did not seem crucial — and also therefore that the dilemmas of economic
policy in a crisis were not fully captured. Quoting myself: “Despite the
evident centrality of the transfer problem to what actually happened to
Asia, this issue has been remarkably absent from formal models. Perhaps
because the modelers have been mainly concerned with the behavior of
investors rather than with the real economy per se, all of the major models
so far have been one-good models in which domestic goods can be freely
converted into foreign and vice versa without any movement in the terms
of trade or the real exchange rate.”
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How could the transfer problem be placed at the center of the story?
The balance-sheet problems that clearly afflicted Asian economies (and
still afflict them, years later) offered a natural link. Start with highly lever-
aged firms with lots of foreign-currency-denominated debt, and imagine a
large outflow of capital for whatever reason. This would lead to currency
depreciation, which would greatly reduce if not eliminate the net worth
of firms. And if one supposes, in the fashion of Bernanke and Gertler
(1989) that an imperfect capital market means that firms with poor bal-
ance sheets cannot invest, the result can be a real investment collapse that
validates the capital flight.

Let me not do a restatement of the original model, but instead fo-
cus on the “cartoon” version offered in Krugman (1999b). This version
“translates” the more formal version, which is actually a real model with
no monetary variables, into a modified version of the Mundell-Fleming
model. The simplest version of Mundell-Fleming involves three equa-
tions. First is an aggregate demand equation relating domestic spending
toreal income and the interest rate, together with net exports that depend
on the real exchange rate:

y=D(y,i)+NX(eP"/P,y), (1)

where D is domestic demand, y real output, i the numeral interest rate,
NX net exports, e the exchange rate, and P and P* the domestic and
foreign price levels.

Second is a money-demand equation:

M/P = L(y,i), 2

where M is the money supply.

Finally, in the simplest version, investors are supposed to be risk-
neutral and have static expectations about the exchange rate, implying
an interest-arbitrage equation

i =i 3)

In practice, this model is too simple for even the most basic uses; in particu-
lar, nobody believes in static expectations about e. Even if one is prepared
to dismiss rational intertemporal modeling, almost everyone would pre-
fer a version of (3) in which markets expect e to return to some “normal”
value, possibly one determined by purchasing power parity. But let us
stick with the simplest version.

This setup can be regarded as simultaneously determining output y and
the exchange rate e. Figure 1.1 shows how this works. The curve A A shows
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Price of foreign exchange, e

A

output, y

Figure 1.1. Macroeconomic equilibrium in an open economy: the normal case

all the points at which, given (2), the domestic and foreign interest rates are
equal. Meanwhile, the curve GG shows how output is determined given
the exchange rate; it is upward-sloping because depreciation increases net
exports and therefore stimulates the economy.

To turn this into a model that can yield crises, all we need to do is add
a strong balance sheet effect from currency depreciation. Suppose, then,
that many firms are highly leveraged, that a substantial part of their debt
is denominated in foreign currency, and that under some circumstances
their investment will be constrained by their balance sheets. Then the
aggregate demand equation will have to include a direct dependence of
domestic demand on the real exchange rate:

y=D(y,i,eP*/P)+ NX(eP*/P,y). 1)

Let’s also, for the sake of a slight improvement in realism, suppose
that “fear of floating” leads the central bank to lean against the exchange
rate, so that we replace the AA curve with one that includes a monetary
response:

M(e)/ P = L(y, i) with M decreasing in e.

This gives an AA curve that is backward-bending; as we’ll see in a
second, this helps us tell a story about output effects.
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The importance of the balance-sheet effect would depend on the level
of the exchange rate. At very favorable exchange rates, few firms would
be balance-sheet constrained; so at low eP*/P the direct effect of the ex-
change rate on aggregate demand would be minor. At very unfavorable
real exchange rates, firms with foreign-currency debt would be unable
to invest at all, and therefore the direct exchange-rate effect on demand
would be trivial at the margin. But in an intermediate range, the effect
might be large enough to outweigh the direct effect on export compet-
itiveness, so that over that range depreciation of the currency would be
contractionary rather than expansionary.

So, as suggested by Aghion, Bacchetta, and Banerjee (1999), we might
expect the GG curve to have a backward-bending segment, as in Fig. 1.2;
and hence there could be multiple stable equilibria, one with a “nor-
mal” exchange rate, one with a hyperdepreciated exchange rate and a
bankrupt corporate sector; given that monetary policy becomes more
contractionary, we also get a fall in output.

And so we have the possibility of a third-generation currency crisis.
Something — it could be anything — causes a sudden large currency de-
preciation; this depreciation creates havoc with balance sheets; and the
economy plunges into the crisis equilibrium.

Figure 1.2. Balance-sheet effects and multiple equilibria



24 Paul Krugman

It’s all very crude and ad hoc; but it does seem to get at some of the
issues that arise in real crises. In particular, this approach helps suggest
why policy during a crisis is so difficult. In Krugman (1999b) I ran through
the usual answers and found each one wanting:

1. IMF financial support: This provides a country with additional
funds to intervene in the exchange market— more dollars to support
the baht, won, whatever. Leaving aside monetary policy, however,
this is a sterilized intervention; so it is an attempt to use sterilized
intervention to move the exchange rate away from the crisis equilib-
rium. Calling the IMF the international lender of last resort sounds
impressive; calling it, more accurately, the “sterilized intervenor of
last resort” probably more accurately conveys the limits of what it
can accomplish.

2. Rollovers and standstills: Anything that induces investors who
would otherwise have tried to convert domestic currency into dol-
lars not to do so is in effect a sterilized intervention on behalf of
the currency. And if there is a very large pool of mobile capital, a
standstill that freezes only bank loans (or even one that also freezes
bondholders) will alter the composition of capital flight but not its
volume; the economy can still be plunged into the bad equilibrium
regardless.

3. Fiscal policy: For what it worth, this kind of model suggests that
instead of conventional fiscal austerity, countries experiencing a
third-generation currency crisis ought to consider fiscal expansion.
(More on this when we come to fourth-generation crises.) Fiscal
expansion shifts GG to the right, and if undertaken on a sufficient
scale can rule out the crisis equilibrium. The question is whether
countries are able to undertake such expansion on the needed
scale.

4. Monetary policy: The principal, and much-disputed, tool in IMF
stabilizations has been a temporary sharp tightening of monetary
policy to support the exchange rate, following by gradual loosening
once confidence seems to have been restored. Somewhat surpris-
ingly, this model allows a rough rationale for this strategy. Con-
sider Fig. 1.2, and imagine that for some reason markets appear
to have become convinced that the economy is heading for the
crisis equilibrium — a belief that, if unchecked, will become self-
fulfilling. One way to prevent this from happening is to drastically
tighten monetary policy, shifting the AA curve so far to the left
that it becomes like A’A’ — that is, far enough to rule out the crisis
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equilibrium. Once investors have become convinced that the ex-
change rate is not going to depreciate massively, this monetary
contraction can be relaxed. The problem, of course, is that along
the way the economy faces a sharp contraction in real output, with
all the social and perhaps political disruption that causes. And in any
case, the exchange rate is not the only potential source of balance-
sheet problems — which will become apparent when we come to the
fourth-generation model.

5. Structural reform: When crises occur, governments are invariably
urged to announce and implement major structural reforms such
as privatization, cleanup of bad banks, and so forth. In the context
of our model, it is hard to see why this is an effective crisis policy.
That is not to say that structural reform is a bad thing: many cri-
sis countries had (and still have) very unsound economic systems.
But if you believe that the crisis itself is mainly a matter of self-
fulfilling pessimism, it is hard to see why structural reform should be
helpful — unless, the all-purpose answer, it somehow leads to in-
creased confidence.

The kind of reasoning described above is what led me to endorse the
idea of ruling out the bad equilibrium by force majeure, imposing capital
controls as a temporary emergency measure during a crisis. Nothing that
has happened since suggests that this was a silly position: Malaysia clearly
got away with controls, and recent analysis by Kaplan and Rodrik (2001)
makes a plausible case that the controls did a lot of short-term good.
However, let me not dwell on this point, because my fourth-generation
approach will lead in a quite different direction.

Instead, let me emphasize a funny thing about this type of model. If
one grants that the effects of asset prices like the exchange rate are a key
linkage in financial crisis, why emphasize the exchange rate above other
alternatives? The main answer is experience: Exchange rate movements
seem to have played a key role in the most recent major bout of financial
crises. Butif we want to get ahead of the curve, to do models not of the last
wave of crises but of possible future crises, we should look for what is pos-
sible given our general approach rather than what has already happened.

So here’s my proposal for a fourth-generation crisis model: It looks
a lot like a third-generation model, except that it considers asset prices
other than the exchange rate.

Having said that, one quickly realizes that to a large extent the model
already exists, in the Bernanke et al. analysis of balance-sheet effects and
financial fragility in domestic macro. But in the remainder of this paper I
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will try to take that analysis to a few new places, and stress the continuity
with the currency crisis modeling.

3. Asset Prices and Crises

The starting point for the particular variant of third-generation crisis
model I have described is the observation, stressed by Bernanke and
Gertler (1989) in a domestic-macro context, that balance sheets matter —
that in an imperfect capital market the ability of firms to exploit even prof-
itable investment opportunities may depend on their ability to provide
sufficient collateral to let them borrow the needed funds. The potential
havoc wrought by currency depreciation then operates through the lia-
bility side of that balance sheet: If the price of foreign exchange rises, and
firms have foreign currency debt, their net worth falls.

But why not also talk about the asset side of the balance sheet? The
natural, and not at all original, story is one in which a decline in confidence
leads to declining asset prices, which leads to a fall in investment that
validates both the decline in asset prices and the fall in confidence.

The point I want to make in this section is how easily such considera-
tions can turn a negative-feedback story with a unique equilibrium into a
positive-feedback story where pessimism can feed on itself.

Consider, then, a setup similar to the illustrative model in Bernanke
and Gertler (1989), but even more artificial. We imagine a small open
economy, producing a single tradable good. The economy lasts for only
two periods. In period 0 investors may or may not borrow “seed money”
to get themselves into business; there are N such investors, and each must
borrow B in terms of the single good to get started. The real interest rate
on this borrowing is , and we may take it as given.

Each investor is also endowed with an equal share of a productive
resource, with the total quantity of that resource equal to K. In period 1 an
investor who has made the initial investment of B can choose to produce
according to a production function F(k), where k is the amount of the
resource he uses. He may use either more or less than he owns, selling
any surplus for a price g. The price of the resource will be determined in
a competitive market in which those potential investors who borrowed
the necessary seed money are the buyers, and the potential investors who
did not borrow are the sellers.

Suppose that n < N potential investors actually went ahead. Then it is
immediately apparent that the price of the resource will be

q = F'(K/n), 4)
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which is increasing in #. It is also immediately apparent that an investor
who does borrow will earn an economic profit of

EP = S(q)/(1+r) - B, 5)

where S(q) is the “surplus” earned in period 1 over and above the cost —
either market cost or opportunity cost — of the resources used in produc-
tion. S(g) will be decreasing in g; so from (4) and (5) we see that the
profitability of investing is decreasing in the number of actual investors.

If capital markets were perfect, then, there would be a unique equilib-
rium value of n — perhaps 0 or N, but also possibly an interior solution.

But now suppose that there are problems with monitoring. Again
following Bernanke and Gertler (1989), let me suppose that these are
extreme: that the lender in period 0 has no way of knowing what the
borrower has done with the loan. The lender’s only recourse in the case
of nonpayment is the ability to seize the borrower’s marketable resource
in period 1. So the lender will not lend more than the borrower’s
collateral:

B = (gK/N)/(1+r). (6)

Suppose that (6) is always binding — that is, that investing is always prof-
itable, if the seed money can be borrowed. But q is increasing in n. So we
now have the result that each investor will invest — will be able to invest —
only if enough other investors are also expected to invest, so that his col-
lateral is worth enough to persuade lenders to give him the necessary seed
money.

And we therefore have multiple equilibria. One equilibrium is with all
N potential investors investing; this leads to a high ¢, which allows each
investor to offer sufficient collateral to raise the necessary seed money.
The other equilibrium is with no investment, and hence in this hard-edged
model a zero ¢, so that nobody has collateral — and hence nobody can
invest.

“Stylized” doesn’t dojustice to the unrealism of this model, but it makes
the point: Balance-sheet considerations can turn what would otherwise
be a model with a unique equilibrium into one in which self-fulfilling
pessimism can cause investment to collapse, not because of the exchange
rate and transfer problems stressed in the third-generation crisis models,
but because of the effects of confidence on domestic asset prices. The
basic story line is pretty much the same, but the asset price is different.

With some tweaking it would clearly be possible to soften the result in
this model, making self-fulfilling financial crisis something that is possi-
ble under certain conditions, rather than always. It would also clearly be
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possible to put the usual suspects into the list of factors creating vulnera-
bility: excessive past investment, high leverage, and so on. However, let
me leave this model with the observation that we have now seen that the
basic story of the latest wave of currency crisis models is basically a story
about financial crises in general, and that the exchange rate need not play
the starring (or any) role in that story. And with that let me move to the
translation into IS-LM-type modeling.

4. Financial Crisis in a Closed Economy

Let’s now see how the story described above could lead to a crisis scenario
thatis a close cousin of the Asian-style crisis modeled earlier, but this time
in a closed economy. (We need not really mean that the economy is closed,
only that domestic asset markets rather than the currency market become
central.) To do this we make the jump already implicit in the symbols used
above, namely that the g we are talking about is indeed Tobin’s 4.

We start by assuming a demand-side driven economy, which implicitly
means assuming some kind of nominal stickiness, in which g determines
investment and hence through a multiplier the level of output:

y = y(q). (7)

What determines g? Having done a rigorous if silly model, we can now
allow ourselves some serious ad hockery; so let’s simply suppose that g
is increasing in y, which determines profits, and decreasing in i. (This is
pretty much how the models of market gurus like Abby Joseph Cohen
work! Is that a positive or negative indicator?)

q=q(y,i). (8)

Rather than have a money demand function, let me last follow the sug-
gestion of Romer (2000) and go directly to a monetary reaction function,
which in this stripped-down exposition is simply a matter of the central
bank raising interest rates if y is high, reducing them if y is low.

i =i(y). )

Equation (7) will define a goods-market equilibrium schedule; Equa-
tions (8) and (9) together an asset-market equilibrium schedule. So we
can think about this cartoon model in y, g space.

Drawing on the old tradition of nonlinear business cycle theory (e.g.,
Tobin 1955), we can suppose that the impact of ¢ on y is nonlinear. Below
some level reducing g has little effect, because gross investment is near
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y
Figure 1.3. Macroeconomic equilibrium in a closed economy

zero and cannot go any lower; above some level raising ¢ also has little
effect, because capacity constraints or something prevent further expan-
sion. (My vagueness is deliberate.) So we get a goods-market equilibrium
schedule that looks like the curve GG in Fig. 1.3. The family resemblance
to GG in the previous figures is not accidental.

What about asset-market equilibrium? This depends both on the
private-sector response (8) and on the monetary reaction function (9).
Clearly, the schedule can slope either way.

If the monetary authority is sufficiently responsive to output levels, the
schedule AA is downward-sloping, as in Fig. 1.4. In that case there is a
unique equilibrium, and nothing that looks like a financial crisis.

If the monetary authority is not sufficiently responsive, we can have
an upward-sloping A A schedule, and therefore the possibility of multiple
equilibria as in Fig. 1.4. So one could envision a version of financial crisis
in which the economy suddenly jumps to the bad equilibrium here, and
that monetary policy simply is not responsive enough to prevent it from
doing so. However, that is a pretty unconvincing story, or at any rate one
that calls simply for better policy at the central bank.

If one wants a really scary story, one has to imagine that for some
reason the central bank cannot cut the interest rate enough to make the
AA curve slope downward. And of course there is such a scenario: What
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y
Figure 1.4. Balance sheet effects and multiple equilibria, again

if the interest rate is already at zero? Then we have the zero-bound or
liquidity trap story, which becomes a very serious one if one is depending
on monetary policy to avert financial crisis. The picture would look like
Fig. 1.5: as y declines the monetary authority would cut i enough to make
AA downward-sloping, but once the interest rate is zero there is nothing
more it can do, and the AA curve becomes upward-sloping. In that case
monetary policy cannot rule out the bad equilibrium, if it exists.

Now we have our domestic financial-market counterpart to the cur-
rency crisis story. Something happens to confidence: a technology bubble
bursts, or a hapless Prime Minister refuses to resign, or a president talks
down the economy in an effort to build support for his tax cut, or some-
thing. The result is a drop in asset prices that, because of its effects on
investment, deflates the economy, validating that price decline; and the
central bank is unable to stop the collapse into the bad equilibrium even
by cutting rates all the way to zero.

At this point the policy options become limited. I have argued at
length, in the case of Japan, that zero is not necessarily a lower bound for
inflation — that promises to pursue an inflation target should in princi-
ple be able to reduce the real interest rate below zero and hence regain
traction for monetary policy. Work by Svensson (2000), in particular, has
refined that idea, suggesting that price level and/or exchange rate targets
might serve the purpose better than an inflation target. However, in all
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y
Figure 1.5. The zero bound and multiple equilibria

cases such policies would be hard to make credible — and credibility is
all-important.

This is also the kind of situation in which “pump-priming” fiscal expan-
sion could live up to its name: a sufficiently large temporary fiscal expan-
sion could rule out the bad equilibrium and put the economy back into a
favorable equilibrium. Again, the key words are “sufficiently large”: half-
hearted fiscal expansion, Japanese-style, would not be enough to achieve
self-sustaining recovery.

In the event of such a crisis one could also be sure to hear calls for
structural reform. As in the case of currency crisis, however, it is hard
to see why such reform would actually help in dealing with the crisis as
opposed to raising general efficiency.

The general point is that intellectually consistent solutions to a domes-
tic financial crisis of this type, like solutions to a third-generation currency
crisis, are likely to seem too radical to be implemented in practice. And
partial measures are likely to fail.

So thatis my proposal for a fourth-generation crisis approach —one that
could certainly be refined and made far more rigorous. Have I succeeded
in the goal of getting ahead of the curve, of sketching out a model of crisis
before the events actually occur? Only time will tell. Intellectually, I hope
so. But as someone who actually has to live in the world economy, I hope
this modeling approach is irrelevant.
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Solutions (?) to the “Devaluation Bias”: Some
Preventive Measures to Defend Fixed Exchange Rates
against Self-Fulfilling Attacks*

Chi-Wa Yuen

1. Introduction

Research on currency crises has largely been focused on their economic
causes —in particular, the role of fundamentals versus self-fulfilling expec-
tations. [See, e.g., Krugman (1979, 1998, 1999, 2001) and Obstfeld (1986,
1994, 1996).] Some attention has recently been directed to the defense
of fixed exchange rates against speculative attacks in particular and the
prevention of financial crises in general. [See, e.g., Ozkan and Sutherland
(1995), Drazen (1999), Flood and Jeanne (2000), and Lahiri and Végh
(2000).] Attacks arising from “wrong” fundamentals such as the policy
inconsistency in first-generation crisis models of Krugman (1979) and
Flood and Garber (1984) are simply unavoidable. The only way to pre-
vent them is to “correct” such fundamentals through, say, better and more
consistent coordination of policy actions among different branches of the
government. On the other hand, attacks arising from self-fulfilling expec-
tations as in second-generation models of Obstfeld (1996) and in third-
and fourth-generation models of Krugman (1999, 2001) are in principle

* Prepared for the conference on “Economic Policy in the International Economy” in honor
of Assaf Razin’s 60th birthday, organized by Elhanan Helpman and Efraim Sadka, at the
Pinhas Sapir Center for Development, Tel Aviv University, March 25-26,2001. I would like
to thank Alex Chan, Nai-fu Chen, Leonard Cheng, Alex Cukierman, Sebnem Kalemli-
Ozcan, and participants at the Razin conference for useful suggestions and comments.
Most of all, I would like to thank Assaf Razin for his fruitful collaboration and unfailing
support and encouragement over the years. Though not drawn on any of my joint work
with Assaf, this paper belongs to the area of currency crisis, to which he has also made
contributions [see, e.g., Milesi-Ferretti and Razin (2001)]. Financial support from the HK
Research Grant Council is gratefully acknowledged. The usual disclaimer applies.

33



34 Chi-Wa Yuen

avoidable — if, somehow, such expectations can be altered or eliminated
by appropriate preventive measures. As Krugman (2001) makes clear,
younger (third and fourth) generation models of financial crises based
on, say, financial fragility and balance sheet effects — where asset prices
other than exchange rates have a more prominent role to play — need not
have much to do with currency crisis per se. In this paper, we shall focus
on the analysis of the prevention of self-fulfilling currency attacks of the
kind examined in second-generation models, and ignore other types of
self-fulfilling crises.!

Most papers in this currency crisis literature treat standard pegs and
currency boards — alternative fixed exchange rate arrangements — as one
and the same thing. [Chang and Velasco (2000) is an obvious exception.]
Differences between their institutional features (see Appendix (Section 6)
for details), however, imply that their adjustment mechanisms in face of
currency attacks can be quite different. Specifically, central banks can
resort to either foreign exchange intervention or (active) interest rate
defense under standard pegs, whereas (passive) interest rate adjustment
through bank arbitrage has to be relied upon under currency boards. Be-
tween them, would the nature of attacks and thus the desired preventive
measures be very different? We shall provide some discussion about this
issue.

The objective of this paper is to provide an analysis of alternative pre-
ventive measures that can be introduced to defend these two alternative
forms of fixed exchange rates against possible attacks. The organization of
the paper is as follows. Section 2 reviews the self-fulfilling crisis model of
Obstfeld (1996), which we shall use as the theoretical framework through-
out. Some solutions familiar from the inflation bias literature — namely,
imposition of a reputational constraint, appointment of a conservative
central banker, design of an incentive contract for the central banker, and
inflation targeting — are examined as possible measures to prevent self-
fulfilling attacks in Section 3. These measures can be commonly applied to
both regular pegs and currency boards. Section 4 discusses possible differ-
ences in forces behind attacks on currency boards rather than standard
pegs, and considers convertibility insurance as an alternative defensive
measure. Concluding remarks are contained in Section 5.

! Given the observational equivalence between first- and second-generation models found
by Eichengreen, Rose, and Wyplosz (1995), one could mistake a 1G attack for a 2G attack
and wrongly apply 2G preventive measures to defend the fixed rate. It is of interest to
investigate whether collapse, though inevitable, can be delayed by such measures. By
focusing only on 2G attacks, we shall ignore this issue in the current paper.
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2. The Self-Fulfilling Crisis Model of Obstfeld (1996)
Suppose, as in Obstfeld (1996), that

¢ the country in question has adopted a fixed exchange rate regime;

¢ purchasing power parity holds, so that the rate of change of exchange
rate (¢) equals the domestic inflation rate (gp), given a constant foreign
price level (g5 = 0);

¢ the government cares about both output stability and exchange rate
(hence, inflation) stability, so that its loss function is given by £ =
E[(y — §)? + B&?], where y and 7 are respectively the actual and so-
cially optimal levels of output, and 8 € [0, co) the weight attached to
the exchange rate objective;

e the government faces a Lucas-type supply function (mirror image of
the expectations-augmented Phillips curve), viz., y = y + a(e — &%) —
u, where y is the natural level of output (which falls short of the social
optimum due to some distortions in the economy, i.e., y=9 —d <
¥), €¢ the expected rate of devaluation (or inflation), u an adverse
supply shock, and « > 0 the effectiveness of surprise devaluation (or
inflation) in stimulating output; and

¢ the government enjoys an informational advantage, observing the true
value of the supply shock before making its decision whether to adhere
to the fixed rate regime; while the public observes the realized value of
u only after (and thus has to form expectations about the equilibrium
exchange rate ¢° before) the government makes its policy choice.

If the government sticks to the fixed rate regime, then & = 0 so that
y=y—(ae®+u)=3y— (ae® +u+d) and, given ¢° and the realization
of u, its ex post policy loss is

L™= (y = 7)° = (a&® +u+dy. (1

If the government chooses to switch to a floating rate regime either
through a devaluation (¢ > 0) or a revaluation (¢ < 0), its discretionary
choice of the rate of change of exchange rate will be determined by solu-
tion to the following problem:

Ming) E[(y = §)* + Be® | &, u]
sty=y+4+a(e—¢)—u and j=y+d.

The optimal devaluation rate is given by

8=<a2(iﬂ>(aee+u+d), ©)
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which implies an actual output level of y = j — (Olfjr 7)(ae’ +u+d).
Hence, the government’s ex post loss is
o=y 3P+ = (o) @t turay. )
a?+ B

Comparing (1) and (3), we see that £1* > £ for all possible values of
&¢ and u (where the equality holds iff «e® +u + d = 0).? In other words, in
the absence of some preventive measures, the government always has the
temptation to voluntarily abandon the pegirrespective of its ability (say, in
terms of its reserve position) to maintain it. Understanding this, the public
will rationally expect such outcome and choose to attack the regime before
it is abandoned. In other words, the fixed rate regime is not sustainable.

This “devaluation bias” is in many ways akin to the “inflation bias” in
monetary policy analysis.> [See, e.g., Cukierman (1992, Chapter 5), and
Walsh (1998, Chapter 8).] For this reason, we examine in the next section
whether three “solutions” that have been proposed to reduce or eliminate
the latter bias will also work for the former.

3. Some Measures to Prevent Self-Fulfilling Attacks

3.1. Imposing an Exit Penalty or Reputational Constraint

(ala Barro-Gordon (1983))

Suppose, in breaking the peg, the government has to incur a fixed exit
cost, C, due to, say, loss of reputation and credibility. Given this reputa-
tional constraint, the cost C has to be incorporated into £ in (3). Direct
comparison of £ in (1) with this modified £1°* indicates that the gov-
ernment will choose to give up the peg if the supply shock is too large in
absolute values. Define the critical shock values as follows:

2
u’ = (a —2'6>C—(aee+d)§u and
o

"o = — (“2(;’3> C— (s +d) > —p. )

2 Ex ante, the government’s policy losses are respectively £i* =02 +d? and £0¥ =
L )0+ (5 28 )d2 (assuming that u has zero mean and constant variance 02). Hence,

llﬁx = Eﬂ“‘ aso? = (“ 21 )d?. In other words, o2 must have been estimated to be smaller
than (a 2+ Yd? for the ﬁxed rate regime to be chosen in the first place.

3 This analogy is not surprising, given the purchasing power parity assumption (which im-
plies & = gp).
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Then, the peg will be kept intact (i.e., ¢ = 0) if uy < u < u’. There will be
a devaluation (¢ > 0), however, when u > u°, and a revaluation (¢ < 0)
when u < uy.

Itis not difficult to see that, by setting the punishment at a high enough
level, the government can be induced not to switch to the floating rate
under all circumstances. Specifically, the society should set C at a level
such that £i% < £ex 4 C at all possible levels of &° and for all possible
realizations of u, i.e.,

2
C > (aza_l_ ,3) (e +u+d)>? for all &%, u. (5)
One can easily verify that setting C this way will ensure that the supply
shock will always fall within the no-attack zone [ug, u°].

Under rational expectations, we have
e = E(e) = Pr(u>u’)- E(e | u>u®) + Pr(u < up)- E(s | u < up),

(6)

where E(e | u > u’) = (5)[(@e +d) + E(u | u > u’)] and E(e | u <

up) = ( 2+ﬂ)[(oza +d)+ E(u | u < up)].* As an example, suppose tha“t
u is uniformly distributed on [, u], 1 € %4 Then, Pr(u > u°) = £7=
and Pr(u < ug) = 4% whereas E(u | u > u°) = ’”5” and E(u | u < up) =
“-£. Together w1th (4), these expressions suggest that (6) is a quadratic
equation in £°. As Obstfeld (1996) shows, in addition to the two roots cor-
responding to this quadratic equation, ¢° can assume an even higher value
of e .. = ad/p corresponding to the depreciation expectation under a
completely flexible exchange rate® — as when the devaluation threshold
u is stuck at its lower bound — .

Despite the possibility of multiple equilibria, the government can fully
eliminate self-fulfilling currency crises (i.e., the “bad” equilibria) if it is
constrained by a reputational cost of

— o? . 2 o? o>+ B g
C=<a2+ﬂ>(“8ma"+”“"‘+d> _<a2+ﬂ>[< 5 >d+“}‘
)

Note that C is defined for the worst case scenario, namely, maximum pos-
sible levels of ¢° (i.e., 5 .. = ad/B) and u (i.e., umax = p). Consequently,

4 We omit the term Pr(ug <u<u®)- E(s |up<u< uO) because & = 0 for u € [ug, u°].
5 In this case, the definitions of the threshold values of u given in (4) have to be modi-
2 . . 2
fied as u” = max{min[,/ (“(;ﬂ )C — (ae® +d), u], —p} and up = min{max[—,/ (“a—;ﬂ)c —
(ae® +d), —pu], u}.
6 Under a floating rate regime, the (rationally) expected rate or depreciation satisfies £ =

E(e) = El(5)(@e + u+d)] = (£)(@e + d), which implies ¢ = %!
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a sufficient condition for the government to strictly adhere to the fixed
rate is to set the exit penalty C at the level C.”

3.2. Appointing a Conservative Central Banker (ala Rogoff (1985))

An alternative way to prevent the government from shifting to a float is to
assign the duty of maintaining the peg to a “conservative” central banker,
that is, one with a higher weight (say, 8 + §) attached to the exchange rate
objective than the society at large. As a result, the central banker’s loss
function becomes:

L= Effa(e — &%) — (u+d)] + (B + 8)e” | £°, u}, (7)

whichimplies ¢ = [m](ocee +u+d),y=y— [M‘}T&](aee +u+d),
and

£ = |:—oz2 f(;i 5)} (ae® +u+d)*. (3)

How weight-conservative do we want this central banker to be? From
(3), we require 8§ — oo for L1 — (ae® +u+ d)> = L™ — unless u =
—(ae® 4+ d), in which case the conservative banker has no role to play
anyway. This means that, in the absence of the exit penalty, the difficult
task of eliminating self-fulfilling attacks should be assigned to a die-hard
conservative — one with g 4+ § ~ 00.8

It is straightforward to show, however, that the socially optimal level
of § — obtained from minimizing the (indirect) social loss function with
respect to § — is finite.” In other words, although this conservative central
banker solution is feasible, it is by no means socially efficient.

3.3. Designing an Incentive Contract for the Central Banker

(ala Walsh (1995))

Instead of punishing a noncredible central banker or appointing an ultra-
conservative one, we can design a compensation package for the banker
to give her/him the proper incentive to adhere strictly to the peg.

N

Morris and Shin (1998) have shown how introducing some noise in speculators’ observa-
tions of the fundamentals may help eliminate the multlple equilibria.

In the presence of the exit penalty, we requlre 8> (T < Yae® +u+d)? — (a? + ) for all
£® and u, which implies that setting § at § = (°‘ )(aamax + tmax + d)? — (¢ + B) will do.
This suggests that a combination of reputational constraint and conservativeness would
work bettcr than pure (ultra) conservativeness.

This is because, from the society’s perspective, an increase in § will induce a higher vari-
ability in output while containing the variability in exchange rates.

®©

©
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Suppose the incentive contract takes the simple linear form:
W(e) = Wy + we. (8)

In the presence of this contract, the wage compensation W has to be
deducted from the government’s objective function to obtain the relevant
(net) policy losses.

Under the fixed rate regime, ¢ = 0 so that W(g) = W, and the central
banker’s ex post policy loss is

L= (ae® +u+d)? - W. 1)

Under the alternative floating rate regime, the optimal choice of ¢ is
determined by minimization of the loss function:

L= E{[a(e — &%) — (u+d)]* + pe* — W(e) | &%, u}. (7)

The optimal devaluation rate becomes

e = (ﬁ) [a(aee +u+d)+ ;} 2)

which implies an actual output level of y = j — (oﬂi FBlac +u+d)—
%]. Hence, the banker’s ex post loss is

flex __ 1 € 2 g ’
L _<a2+,6){'3(a8 +u+d) +(2>

—a)[a(aee+u+d)+ %]} - Wa. (3")

In designing the incentive contract, we would like to choose W, and w in
such a way that £* < £ for all possible values of £ and u. Subtracting
(3”) from (1’), we have

2
L pllex — (aziﬁ>[a(aee +u+d)+ %):| > 0.

The best we can do in order to maintain the peg is thus to set the pro-
portional payment at a rate (contingent on devaluation expectations and
realizations of the supply shock!?):

w=="20(ac*+u+d), (8a)

10 1n this “state-contingency” or ex post sense, the incentive contract we consider here is
not the same as the non-state-contingent, ex ante contract examined by Walsh (1995).
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proportional to &, so as to keep £* = £X. The lump-sum component
Wo can be freely set, though, at any finite level. Under such contract, a
central banker that chooses to devalue (as expected under large, adverse
supply shocks), say, will have to suffer a salary cut proportional to the
devaluation rate she/he chooses.!!

Substituting (8a) into (2'), we get ¢ =0 — i.e., under this incentive
scheme, the central banker will willingly stick to the peg even though
she/he has the option to shift to the float.

3.4. An Assessment of the Practicality of the Three Solutions

(and Their Equivalents)

All three solutions considered above hinge upon an independent central
bank and the negative correlation between inflation (exchange rate de-
valuation) and central bank independence. Basically, they all yield the
same outcomes in terms of the actual and expected rates of change of
exchange rate and the equilibrium level of output.!? In particular, com-
plete exchange rate stability is achieved, but only at the expense of output
volatility.

It is difficult, however, to conceive how these solutions can actually
be implemented in practice. Independent central bankers are especially
hard to come by in developing countries where corrupt governments are
entrusted to oversee everything including monetary and exchange af-
fairs. The second (conservative central banker) solution is even harder
to implement due to (a) its social suboptimality as argued above and
(b) the difficulty in reality in identifying the true preferences of poten-
tial candidates for the central banker. If one is willing to ignore (a), then
the problem in (b) can somehow be dodged by assigning to the cen-
tral banker — whatever her/his degree of conservativeness — a flexible
exchange rate devaluation (or inflation) target of € = 0 and imposing on

' In the presence of an exit penalty, = +2./(a? + 8)C — 2a(as® + u + d), where C can
be interpreted as the reduction in base salary for the central banker under the flexible
rate regime due to, say, the lessened responsibility to manage the exchange rate through
intervention in the foreign exchange market.

This implied equivalence between incentive contracts and conservative central banker as
solutions to the devaluation bias stands in stark contrast to the superiority of the former to
the latter as solutions to the inflation bias. This is because in the case of inflation bias, the
monetary policy rule (which allows money supply to respond to the output shock) entails
an output-stabilizing effect that is stronger under the former than the latter; whereas in
the case of devaluation bias, the fixed exchange rate rule precludes its dependence on
the output shock altogether.

12
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her/him a penalty related to deviations from the target devaluation rate
of P = pE(s —8)%.

Adding this penalty term P to the central banker’s loss function, given
g =0, yields

L= Ela(e — ) — (+d)P + (B +p)e | &, u). 7

Observe that (7”) is equivalent to the conservative central banker’s loss
function (7) for p = §. Again, £ — a(e® +u+d)?> = L™ for p — oo.
This means that the penalty for failing to achieve the devaluation target
(g = 0) has to be prohibitively high in order to ensure that a central banker
with arbitrary weight-conservativeness will try to hit such target. Though
plausible, this alternative targeting solution is no more realistic than the
original conservative central banker solution.

Turning to the first (reputational constraint) and third (incentive con-
tract) solutions, they are very similar to one another in nature. Both are
alternative forms of punishment schemes to deter the central banker from
breaking the peg. Due to its simple lump-sum form, the former is nonethe-
less more easily implementable than the latter.

Once more, the problem is the rarity we actually see them used in
practice. Even when adopted, they probably would not assume the exact
same forms as these two solutions would dictate. We show below, however,
that the incentive contract solution is replicable by a more commonly
adopted targeting rule [cf. Svensson (1997)].

Suppose the central banker has been assigned an exchange rate deval-
uation target of € (possibly different from zero), but the penalty for failing
to hit the target is negligibly small (i.e., p ~ 0). Then her/his objective
function will be altered as follows:

L= Ef{fa(e — &) — (u+d)* + B(e —8)* | &%, u).
Upon rearranging terms, we can express it as
L=Ella(e =)=+ d) +p* = V(E e) | eul,  (77)
where
V(g, &) = — &> + (2B%)e. &)

Observe that (7”) assumes the same form as (7'), and (8") the same form
as (8). Consequently, we can equate the slope term in (8) to the w term in
(8a), implying that a devaluation (revaluation if «s® + u + d < 0) target
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of € = —a(ae® + u + d)/B will replicate the incentive contract solution.'®

In this sense, one can view the solution as being more popularly used in
this disguised (targeting) form in practice.

4. Are Currency Boards Different from Regular Pegs?

The solutions we have examined thus far do not permit even the slightest
adjustment in the exchange rate one way or the other from the fixed
parity rate. This is obviously too stringent a restriction to impose on the
monetary authority. In reality, most fixed exchange rate regimes around
the world are better characterized as “currency bands” and/or “adjustable
pegs,” where some room for exchange rate movement and/or realignment
is allowed. Incorporation of these possibilities will complicate the analysis
without affecting the essence of the solutions.'*

On the other hand, there do exist in the real world exchange rate
regimes that are literally “fixed” and have strict rules governing their op-
erations — viz., currency boards. [See Appendix (Section 6) for a brief
description of their salient features.] In fact, under this rule-based mon-
etary system, such operational (e.g., reserve backing and exchange rate
parity) rules are like laws written in stone.!®> Although there is no explicit
statement as to how the monetary authority will be penalized if it fails to
abide by the rules, the perceivable costs involved in altering these rules are
by no means minor. The deterring effects of these costs are comparable
to those of the reputational constraint considered in Section 3.1.

13 In addition, we should set the intercept term Wy = —Bz% = —[a(ae® + u+ d)]?/B < 0.
It may not make sense to pay the central banker a negative lump-sum while penalizing
her/him for deviations from the peg. But since the lump-sum component does not really
affect the central banker’s marginal choice between sticking to the peg and switching
to the float, we can add an arbitrary constant to convert it into a positive sum without
affecting the results.

Currency bands can be modeled by modifying the exit penalty term as follows:

C— 0 ifeele,e™]
“|C otherwise

where, given the fixed parity at e, the lower band is e~ = e(1 4+ ¢~) and the upper band
iset =e(l +¢et).

For instance, Article 111 of the Basic Law of the Hong Kong Special Administrative
Region of the People’s Republic of China states that . . . [T]he authority to issue the Hong
Kong currency shall be vested in the Government of the Hong Kong Special Administrative
Region. The issue of the Hong Kong currency must be backed by a 100% reserve fund.
The system regarding the issue of the Hong Kong currency and the reserve fund system
shall be prescribed by law....”

15
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Does it mean then that self-fulfilling attacks on currency boards can
never occur? Under the classical currency board, the monetary base (M)
is fully backed by foreign reserves so that its convertibility is guaranteed.
Coupled with a fractional reserve banking system with a money multi-
plier larger than unity, however, convertibility of the money supply (M;
and M,) is not similarly assured. This suggests that if a currency crisis
should ever occur due to internal drains (rather than or in addition to
external attacks), it will be accompanied by bank runs. Under our theo-
retical framework where the public knows for sure the determination and
ability of the central banker in maintaining the fixed parity, fortunately,
such attacks can be ruled out by the same three solutions examined in the
previous section.!®

Could we thus conclude that, with a credible and strong (in terms of
reserves and other economic fundamentals) government and with either
one of these preventive measures in place, currency boards will be free
from attacks? A glimpse at the recent history of Hong Kong at the height
of the Asian financial crisis suggests, unfortunately, that the answer is
negative. In October 1997 and again in August 1998, even with its high
reserves and sound banking system, the Hong Kong dollar (HKD) was
attacked by foreign speculators. In retrospect, these market players might
not have expected their actions to result in any sizable depreciation at all.
What then motivated them to attack the HKD in the first place? The an-
swer probably lies in their perfect understanding of the operation of the
currency board system. Under the system, any attack on the HKD would
reduce liquidity in the banking system and thus drive up the interest rate
through an automatic adjustment mechanism. Given the negative corre-
lation between the interest rate and stock prices, this would lead to a drop
in the prices of Hong Kong stocks. Seeing through such market interre-
lations, speculators could therefore engineer a “double market play” to
make profits by attacking the HKD in the foreign exchange market on
the one hand and short-selling Hong Kong stocks in the market for stock
futures on the other — without actually causing a collapse in the HKD.!”

16 1f the government views a bank run as inflicting extra costs on the society, then such costs
will appear as an extra term in its loss function, thus making it less likely to abandon the
fixed parity. In formulating its policy, it will have to be more cautious and to take into
account the possibility of triggering bank runs. See Kaminsky and Reinhart (1999) for
an analysis of the coexistence of financial and banking crises in general, and Ho (1999)
for such analysis in the context of a currency board.

17 These speculators were ultimately fended off by the Hong Kong Monetary Authority
through an intervention in the spot market for Hong Kong stocks.
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[See Chakravorti and Lall (2000) for a theoretical analysis of this double
play.] These episodes suggest that depreciation expectations is not a nec-
essary condition for a currency attack.'® What is necessary instead is the
existence of some sort of expected profits that the attack could generate.

Obviously, the preventive measures analyzed in Section 3 above do not
work here. Two questions immediately come to mind. First, could regular
pegs also encounter the “double play” type of attack? Second, what other
measure(s) could prevent such attacks?

Regarding the first question, the answer is “yes, but not absolutely
necessary.” The difference with regular pegs is that the government could
choose to use (sterilized) foreign exchange intervention rather than (ac-
tive) increase in interest rate as a defensive device — so that the expected
sharp rise (drop) in interest rates (stock prices) may not materialize to
generate profits for the speculators. If the government choose to rely on
active interest rate defense instead, however, speculators would still have
room to manipulate a double play.!” Our argument here thus strengthens
Flood and Jeanne’s (2000) conclusion that raising the interest rate could
hasten the speculative attack.?’

Regarding the second question, it has been noticed that the sharp rise
in interest rates in Hong Kong when its currency was attacked in 1997
and 1998 was not merely a natural consequence of auto-piloting, but also
areflection of a confidence problem — that is, depreciation expectations —
arising from the discretionary intervention of the Hong Kong Monetary
Authority (HKMA) in the currency market in 1997 and in the stock mar-
ket in 1998. Instead of demonstrating its determination and ability to
defend the HKD-USD link, the interventions raised suspicion among the
local people about the HKMA'’s confidence in the currency board system

18 The existence of large players such as Soroi are also not necessary. In principle, such
attacks could be initiated either internally or from outside and either by unconcerted
efforts among a large group of small players or by large players. It is debatable whether
to classify them as “fundamental” or “self-fulfilling” — as one could argue that they arise
from a fundamental problem built into the system through its over-reliance on interest
rate arbitrage as the sole adjustment mechanism.

The same would be true under foreign exchange interventions if such actions fail to lower
depreciation expectations so that the risk premium associated with domestic currency
holding will also jack up the domestic interest rate.

Their analysis is conducted in a Krugman-Flood-Garber type first-generation model,
where it is shown that while increasing domestic interest rate can make domestic assets
more attractive, it will at the same time weaken the domestic currency by increasing the
government’s fiscal liabilities and thus induce speculative attacks when the economy is
fiscally fragile.
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itself (which is supposed to be rule-bound and discretion-free). As a costly
signal to show its commitment to the public, the HKMA could issue an
HKD put option, originally proposed by Chan and Chen (1999) and later
endorsed and renamed as structured notes by Miller (1998), at an exercise
price equal to the official HKD/USD exchange rate of 7.8 with a 3-month
to 6-month maturity (to be reissued upon expiration). They (Chan and
Chen 2000) also show in a theoretical model how the government could
use such a signaling device to convince the public of its determination
to keep the link. In particular, the currency option will help induce a
separating equilibrium and rule out self-fulfilling attacks on currencies
with relatively good fundamentals. In a nutshell, issuing such options is
like providing “convertibility insurance” to lower the public’s devaluation
expectations.?! This proposal has been subject to heated debate among
academics and policy makers in Hong Kong. Lui, Cheng, and Kwan (2001)
argue forcefully that it turns out to be the ultimate winner.??

But so far as the convertibility insurance proposal is related to the
solution of the devaluation bias, the infamous time inconsistency problem
remains. In particular, how can the government, however benevolent and
well-intentioned, guarantee that it will never renege on such insurance
just as it always has the temptation to default on public debt in its optimal
fiscal policy design??® We therefore surmise that a combination of the
solutions we consider in Section 3 and this insurance proposal will enhance
the workability of the latter. The issues here involve the explicit role of
foreign reserves and asymmetric information between the government
and the public about the former’s preferences and constraints, which the

21 Adapting the idea of catastrophe insurance, Chu (2000) has also proposed an introduction
of the Soros bonds that pay an interest higher than the market alternatives in ease of an
unsuccessful attack, but will be defaulted in case the attack is successful. These bonds
play both an insurance role and a strategic role that transforms Soros-followers into
domestic-currency defenders. Their workability depends on the public’s confidence in
the government’s determination to defend the peg, which, nonetheless, is usually lacking
in times of crisis.

They view that, in addition to strengthening the interest rate arbitrage mechanism, the so-
called “technical” measures introduced by the HKMA in September 1998 are functionally
equivalent to such convertibility insurance. Using credibility measures extracted from
financial market data, they show how the implementation of this proposal has put the
HKMA back on a rule-bound track and made the auto-piloting mechanism effective
again.

To dodge this problem, Chan and Chen (1999) have also proposed a reserve currency
liquidity adjustment facility that allows banks to borrow reserve currency from the mon-
etary authority and to repay either in the same currency with interest or the domestic
currency equivalent at the fixed parity rate.
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simple theoretical framework of this paper has failed to capture. We shall
leave these complications for future research.

5. Conclusion

Drawing on the similarity between the “devaluation bias” and the “in-
flation bias,” we have examined a few solutions familiar from the latter
literature as possible preventive measures against self-fulfilling attacks. In
some sense, all of them can be thought of as different forms of punishment
schemes to penalize the central banker for abandoning the fixed rate. A
relevant question that comes to mind is whether, as the psychologists
would believe, rewards would be better than punishment? It is straight-
forward to see that if the reward/penalty is lump-sum (as in the case of a
fixed cost of reputation), then rewarding a central banker for doing the
right thing is equivalent to punishing a banker for doing the wrong thing.
If the reward/penalty is made some function of the exchange rate devi-
ation ¢ (as in the case of an incentive contract for the central banker),
however, then the reward scheme will not work because the reward base
is zero when the central banker is adhering to the peg.>

One obvious limitation of this analogy between the twin biases lies in its
reliance on the PPP assumption. But since PPP is a long-run implication,
whereas speculative attacks and currency crises are short-run problems,
it is important to examine the robustness of our results in the absence of
PPP — as when g, = ¢ + v, where v is a random disturbance. [See Yuen
(2001).]

Besides our proposed measures, are there alternative solutions that
others have proposed but we have somehow overlooked? Among others,
the most prominent one is capital controls. [See, e.g., Krugman (1999)
and Kaplan and Rodrik (2001).] Such controls are designed to fend off
external attacks (say, by giant players like Soros), but will be useless when
attacks are initiated by internal drains or a confidence crisis from within
such as in the framework we have been using.

In addition to capital controls, Ozkan and Sutherland (1995) have also
considered other solutions to increase the life expectancy of a fixed ex-
change rate. Their second solution — raising the costs of leaving the fixed
rate — is essentially the same as our exit penalty. However, their third
and fourth solutions — increasing the average maturity of private debt

24 When the reward/penalty is infinitely large (as in the case of a conservative central
banker), it is again immaterial which scheme is adopted in practice.
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and altering the policy-maker’s discount rate — can only be examined by
dynamizing our theoretical framework.

Obviously, our analysis conducted in such a simple static framework
has limited our ability to address many interesting questions. The supply
shock is assumed to have been observed by the central banker before
it makes its policy choice. How would the absence of knowledge about
the shock affect its policy decisions and the usefulness of the preven-
tive measures considered in this paper? Could asymmetric information
between the public and the monetary authority about the latter’s de-
termination and ability to commit as well as its degree of conservative-
ness give rise to self-fulfilling attacks on fixed exchange rates? [See, e.g.,
Cukierman (1992, Chapter 16) and Drazen (1999).] If so, what preventive
measures are needed? What other preventive measures are required to
rule out self-fulfilling attacks of the type induced by financial fragility,
balance sheet effects, and liquidity traps as emphasized by third- and
fourth-generation models of financial crises a /a Krugman (1999, 2001)?
[See also Kaminsky and Reinhart (1999).] These issues are left for future
research.

6. Appendix: Salient Features of Currency Boards

Fixed exchange rates are seldom “fixed” literally. Instead, they typically
have explicit finite bands (sometimes called “currency bands” or “target
zones”) within which exchange rates are allowed to fluctuate without any
central bank interventions. For instance, the bands were +1% around
dollar parities under the Bretton Woods System and £+2.25% around bi-
lateral central rates against member currencies under the European Mon-
etary System. On the other hand, there does exist in reality an extreme
form of “fixed” rate regime where the rate is rigidly fixed at some level
without any bands around it. One such example is the linked exchange
rate regime under the currency board system as currently adopted by
Hong Kong, Argentina, and some East European countries.

Under pure currency boards, there are rigid reserve backing rules that
govern the issuance of currency and legal restrictions on revisions of ex-
change rates and on the discretionary use of other policy tools. In this
sense, a currency board can be interpreted as a rule-based monetary sys-
tem that serves to establish credibility in exchange rate stability. In out-
look, however, the “standard pegs” and the “linked rate” are so similar
that many people fail to make the distinction and simply think of them as
one and the same system, thus leading to a lot of confusions in the debate
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about the merits of the latter vis d vis the floating rate regime. [See, e.g.,
Roubini (1998).]

One major difference between currency boards and currency bands
lies in the adjustment mechanism that will be triggered whenever the oth-
erwise market equilibrium exchange rate deviates from the target rate in
the former case and from the (upper and lower) bands in the latter. In the
former case, the disequilibrium (over- or undervaluation of the domestic
currency) will be eliminated through an automatic adjustment in the do-
mestic interest rate — that is, through market forces.?’ In the latter case,
the disequilibrium has to be corrected through central bank interventions
in the foreign exchange market and/or active use of interest rate policy
as a defensive device — that is, through artificial forces. One implication
of this difference is that a country adopting an orthodox currency board
need not have a central bank. As a consequence, there is no room for
monetary policies and there is no lender of last resort under a classical
currency board system.

In summary, the distinct features of a pure or classical currency board
include:

* reserve backing rule: 100% backing of the monetary base by foreign
exchange reserves, hence full convertibility of M;, which implies re-
strictions on currency issuance and credit creation;

* commitment to exchange rate parity: an explicit legislative commitment
to exchange domestic currency for a specified foreign (reserve) cur-
rency at a fixed exchange rate (the “linked” rate), which implies a
legal barrier to exchange rate realignments;¢

* legal restrictions on the use of other policy tools: restrictions on dis-
cretionary monetary policy (esp. monetary financing of fiscal deficits),
which also imply fiscal discipline and

* absence of traditional central bank functions such as monetary opera-
tions, banking supervision, and lender of last resort;

25 Under devaluation pressure as when there is a fall in private demand for domestic cur-
rency in the FX market, for instance, there exists arbitrage opportunities for those who
care to buy up the domestic currency “cheaply” at the prevailing ER from the FX market
and turn around and sell it “dearly” at the official ER to the monetary authority issuing
the currency. These arbitrage activities will set in motion a fall in the supply of domestic
currency, which will induce in turn a rise in the domestic interest rate, making it more
attractive to hold the domestic currency (i.e., releasing the pressure of devaluation). The
reverse argument holds when there is pressure for revaluation.

26 Excess reserves must be used in a way that subordinates concerns over monetary and
banking sector developments to the objective of preserving the exchange rate parity.
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* adjustment mechanism when the market rate deviates from the linked
rate: through automatic adjustments in domestic interest rates induced
by foreign exchange arbitrage rather than through central bank in-
tervention in the foreign exchange market and/or active interest rate
defense.

In practice, instead of being bound rigidly by the above features, mod-
ern currency boards that exist today may diverge in one way or another
from this pure or classical benchmark. In particular, they may differ with
respect to their detailed arrangements:

* exchange rate rule: choice of reserve currency, target level of the linked
rate, extent of access to convertibility at the monetary authorities, and
degree of foreign exchange control;

* backing rule: coverage of backing, set of assets eligible for backing, and
the power of the monetary authority to change the exchange rate rule
and the backing rule; and

* profit transfer rule for seigniorage revenue earned from the foreign
reserves.

In addition, modern day currency boards may vary by the details of their
central banking operations in terms of the set of monetary instruments
(such as reserve requirements, liquidity requirements, rediscounts and
advances, Treasury bills, etc.), the payments system, as well as Treasury
operations (including operations in relation to government deposits and
credit to government by the monetary authorities). Last but not least, they
may differ according to their prudential arrangements (i.e., the existence
of a supervising/regulatory agency for banks and of deposit insurance and
other prudential measures) and the availability of lender-of-last-resort fa-
cilities. In other words, while preserving the benefits of credibility offered
by the essentially rule-based system, some flexibility is built into the work-
ing of these “quasi currency boards” of today. [See Balifio et al. (1997)
and Schwartz (1993) for further details. |
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THREE

Growth-Enhancing Effects of Bailout Guarantees

Aaron Tornell

1. Introduction

During recent balance of payments crises dramatic currency deprecia-
tions have coincided with meltdowns of the banking system. Because
such crises have typically been preceded by lending booms, not by large
fiscal deficits, it has been suggested that financial liberalization programs
have been ill-conceived. These programs have often been implemented
in an environment characterized by bailout guarantees. As a result, finan-
cial liberalization programs have often been followed by excessive risk
taking and lending booms that have rendered economies prone to crisis.
Moreover, in some policy circles it has been suggested that the adoption
of fixed exchange rates has exacerbated the problem by inducing agents
to denominate their debt in foreign currency on an unhedged basis.

The central theme of this paper is that, given the distortions faced by
emerging markets, the financial liberalization policies of the late 1980s and
the early 1990s can be considered as growth-enhancing, even if we accept
that bailout guarantees were the inevitable consequence of such policies.
Furthermore, we will argue that, conceptually, the boom-bust cycles ex-
perienced by emerging economies are independent of the exchange rate
regime.

Several of the emerging economies that implemented financial lib-
eralization had gone through decades of statism. Thus, at the time of
reform the private sector was too small and financial markets were not
well developed. In fact, bank credit was practically the only source of
external finance for most firms in the nascent private sector. In this envi-
ronment many profitable investment projects could not be undertaken
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because agents were credit-constrained. We will argue that in such a
credit-constrained world bailout guarantees can be turned into a growth
enhancing vehicle, provided they are accompanied by the right set of
policies. Furthermore, we will argue that crises were not the inevitable
consequence of bad policy but simply bad draws that did not have to
happen. They were the price that had to be paid in order to attain faster
long-run growth.!

Bailout guarantees may promote long-run growth because under some
conditions they promote investment by easing borrowing constraints and
by providing an implicit subsidy to constrained firms. Clearly, it is not just
any bailout policy that induces higher growth. We identify three condi-
tions which are necessary for this to occur: bailout guarantees must be
systemic, there must be an efficient regulatory framework in place, and the
environment must be “risky” (but not too risky). We consider each in turn.

In order to have growth enhancing effects, bailout guarantees must be
systemic, as opposed to unconditional. The latter are granted whenever
there is an individual default, as in a deposit insurance scheme. In contrast,
the former are granted only if a critical mass of agents defaults. That is,
it is essential that authorities can commit not to grant bailout guarantees
on an idiosyncractic basis, but only in case of systemic crisis.

An efficient regulatory framework is needed because in the presence
of bailout guarantees it is essential to limit the extent of connected loans
and to prevent fraudulent activities on the part of banks. When these
conditions are satisfied systemic bailout guarantees have the advantage of
using the screening and monitoring role of banks. This ensures that the im-
plicit subsidy will be directed to those firms with profitable projects. More
generally, to the extent that there is an efficient regulatory framework,
systemic bailout guarantees will not generate the incentive problems that
plague direct transfer schemes.

A risky environment is necessary because the subsidy implicit in sys-
temic bailout guarantees can be cashed in only if there exist some states
of the world in which there is a systemic crisis. In the absence of ex-
ogenous shocks that bankrupt many agents, there must be endogenous
volatility. Lending booms and risky dollar debt can generate this endoge-
nous volatility by making the economy susceptible to self-fulfilling crises.
In fact, as a way of allowing risk into the system dollar debt has the

I We would like to emphasize that we will not defend some policy measures that simply
mask corruption.
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wonderful feature of being a good coordinating device, as it can be ob-
served by others. It follows that if prudential regulation is introduced with
the goal of minimizing risk in the banking system, for instance by forbid-
ding nontradable sector firms to borrow in dollars, then the investment
enhancing effect of systemic bailout guarantees might be blocked.

However, having a risky environment does not mean that a crisis is
inevitable along the transition path. In fact, the likelihood of crisis must
be small, or otherwise systemic bailout guarantees might have the unin-
tended effect of drastically reducing productive investment. If the envi-
ronment is too risky, firms would not find it profitable to invest in the first
place.

Now we turn to the second point of the paper. In some policy circles
it has been maintained that fixed exchange rate regimes make economies
more susceptible to crises, among other things because they provide fewer
incentives for agents to hedge their debts. In this paper we argue that sys-
temic bailout guarantees can induce the adoption of risky debt structures
in flexible as well fixed exchange rate regimes. Guarantees may appear un-
der different guises and need not be explicit. The precise form the bailout
takes will depend on the regime. For instance, under fixed rates the bailout
rate is mostly determined by the amount of reserves authorities are will-
ing to use in order to defend the currency. In contrast, in a pure floating
regime the bailout may take the form of direct transfers to agents.

In order to substantiate our claims we will use a simplified version of
the model in Schneider and Tornell (2000), which we present in Section 2.
Then, in Section 3 we address the policy issues raised above.

2. Conceptual Framework

The conceptual framework that one uses to evaluate the role of bailout
guarantees must take into account the imperfections of the economies
in which financial liberalization policies were designed, and must be able
to explain the basic features of the boom-bust cycles that characterize
emerging economies. In this paper we will use the model developed by
Schneider and Tornell (2000) to make such a policy evaluation.

The most salient facts of the boom-bust cycle experienced by countries
afflicted by crises are the following. During the boom phase there is a
real exchange rate appreciation and a lending boom in which debts are
often denominated in foreign currency. As a result, any incipient capital
account reversal leads to widespread bankruptcies due to the existence of
balance sheet effects. A crisis is typically followed by a short-lived drop
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in aggregate GDP, and a long-lived credit crunch that affects especially
the nontradable sector.

To explain some of the stylized facts third-generation crises models
have looked to financial market imperfections as key fundamentals. The
models are typically based on one of two distortions: either bad policy, in
the form of bailout guarantees, or bad markets, in the form of an imperfec-
tion that induces balance sheet effects, such as asymmetric information,
or the imperfect enforceability of contracts.?

Schneider and Tornell (2000) consider an economy that is simultane-
ously subject to these two distortions: systemic bailout guarantees and
the imperfect enforceability of contracts. They also stress the role of the
nontradables sector, which is often overlooked in the debate about the
causes of recent crises. They show that the interaction of the two dis-
tortions generates a coherent account of a complete boom-bust episode.
The setup is a small open economy which exists for T periods. There are
two goods: an internationally tradable (T) good, which is the numeraire,
and a nontradeable (N) good. We will denote the inverse of the real ex-
change rate by p; = % In this economy the only source of uncertainty
is a sunspot variable o;, which is i.i.d. and takes values in {good, bad}
with « probability of the “good” state. We will denote by p,,; and Py
the values that the price of nontradables is expected to take on in period
t + 1 in the good and bad state, respectively. Thus, the expected price of
nontradables is: p; | = ap,q + (1 — a)£z+1'3

To ensure the existence of complete markets it is assumed that two
bonds with no default risk are traded: an N-bond and a T-bond. The
T-bond pays one unit of tradables next period and trades today at a
price B = ﬁ, where r is the constant world interest rate. Meanwhile,
the N-bond pays p;+1 units of tradables next period, and trades today at

: 1
a price TF,"

2 See Aghion, Bachetta, and Banerjee (2000), Bernanke, Gertler, and Gilchrist (1999),
Burnside, Eichenbaum, and Rebelo (2000), Caballero and Krishnamurthy (1999), Calvo
(1998), Chang and Velasco (1998), Corsetti, Pesenti, and Roubini (1998), Krugman (1998),
and McKinnon and Pill (1998).

3 Considering a two-sector economy is essential because the transfer of resources from
the N- to the T-sector has played a leading role in recent crises, and because two sectors
are needed to analyze the real exchange rate appreciation observed prior to the onset of
crises and the asymmetric recovery in the aftermath of crises. Considering an economy
with no fundamental uncertainty rules out explanations of crises based on the premise
that emerging markets suffer from more and bigger exogenous shocks than developed
countries.
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There are three types of agents: managers of N-sector firms, consumers,
and foreign investors. We describe each in turn. Where ¢, is the amount
of N-goods produced, /; represents physical investment, and 6 is a techno-
logical parameter, managers produce N-goods with nontradables as the
only input using a linear production technology

Qi1 =01, 1)

We can think of a manager as a banker who lends to the N-sector. A
manager of the period ¢ cohort is a risk neutral agent who cares for con-
sumption of tradables in period ¢ 4+ 1 only. Each “generation” consists
of a continuum of firms of measure one. Since we will impose symmetry
throughout, we state everything in terms of a representative firm. The
manager in period ¢ begins with internal funds w;. He raises an amount b,
by issuing one-period bonds that pay off in T-goods, and an amount b by
issuing one-period bonds that pay off in N-goods. Since the promised in-
terest rates on these bonds are p; and p;', respectively, the total repayment
promised by the entrepreneur is p,1(1 + p")b? + (1 + p,)b,.*
Since b, and b} are measured in T-goods, the budget constraint is

pily + s+ s} =w + b+ b}, 2)

where s; and s/ are the amounts invested in riskless bonds that pay off
in tradables and nontradables, respectively. Here I, by, b}, s, and s must
be non-negative. In the following period, a manager sells the output of
N-goods. He then pays out a fixed fraction ¢ of the profits as dividends
to himself and passes on the remainder to the next manager. The goal of
every manager is to maximize expected profits in the following period.

We have allowed the manager to choose between T-debt and N-debt
in order to address the question of when is it that agents in an economy
will issue risky debt.

The representative consumer consumes tradable (c!') and nontrad-
ables goods (cM), and can issue riskless bonds. His utility is

ST B +dilog (c)]. 3)

Consumers are endowed with ¢ units of the T-good in every period. Since
there are complete markets, their budget constraint is

E[Y0 B+ pt — )| <0

4 The actual repayment may differ from the promised repayment. This is described below.
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As long as ¢ is large enough (which we assume is the case), consumers’
demand for N-goods will be

Dip) = . @
Pt
Reform (such as trade liberalization) or discovery of a natural resource
(oil) induces a future outward shift in the demand for N-goods by the
T-sector (offices, services, etc.). Typically, the expectation of future good
times is what drives lending booms. We capture this fact through a shift
in the preference parameter d;:

d it r<T
d’_{cizd if t=T. ©

2.1. Distortions

The financing decision is subject to two distortions: an enforceability prob-

lem and systemic bailout guarantees. We consider each in turn.
ENFORCEABILITY OF CONTRACTS. A firm is called insolvent if cash flow,

defined by

A(pig1) i = pia01 — (1 + Pln)Pr-s-lb? — (14 p)b
+(A+r)s + (L +r")pas) (6)

is negative. We will use the random variable ¢, to indicate solvency.
A solvent entrepreneur ({41 = 1) can default strategically even though
he would in principle be able to repay. We assume that he can divert
all returns from investment to himself at time ¢ 4 1, provided that he has
incurred a nonpecuniary diversion cost ip; I; at time ¢. In this case, lenders
are left with nothing. “Diversion” can be interpreted as an activity that
reflects “crony capitalism.”

In case of insolvency (¢;41 = 0), the manager’s payoff is zero. In addi-
tion, the gross returns from investment are dissipated in bargaining among
the large number of creditors (so creditors also get a zero payoff).

It follows that there is no diversion if and only if the expected repay-
ment is less than the diversion cost:

(14 08) Ei[&es1pin]bf + (1 + 1) E[Gqa1be < hpid,. (7)

We will refer to this condition as the firm’s borrowing constraint.

The parameter & can be interpreted as a measure of the severity of
the enforceability problem. If / increases beyond 1 +r := 71, it is al-
ways cheaper to repay debt rather than to divert, so that there is no
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enforceability problem. Since we are interested in firms that face financ-
ing constraints, we make the following assumption

Bh < 1. 8)

BAILOUT GUARANTEES. In a bailout lenders receive a fraction F of the
outstanding debts of all defaulting entrepreneurs, regardless of debt de-
nomination (N- or T-goods). The bailout policy is contingent on the num-
ber of defaults, in that the agency grants bailouts only if it faces a critical
mass of defaults. For concreteness we assume that a bailout occurs if and
only if more than 50% of firms default in a given period. The bailout is
granted by an international organization.’

The contingent rule for bailouts captures the fact that bailouts typically
occur when a large number of banks get in trouble. It is also crucial for
financing constraints to bite: If there was a basic deposit insurance scheme
(i.e., if a bailout was granted whenever a single entrepreneur defaulted),
then guarantees would neutralize the enforceability problem.

This completes the description of the economy. We have considered a
minimal setup in which we have assumed neither borrowing constraints
nor risky debt denomination. Furthermore, since the production function
is linear, the gradual character of the dynamics and the vulnerability to
meltdowns that will emerge in equilibrium will derive from the interaction
of the two distortions we emphasize in this paper.

2.2. Investment and Debt Denomination

In order to rationalize the facts mentioned in the Introduction it is essen-
tial that borrowing constraints arise in equilibrium, and that entrepreneurs
find it profitable to invest in the production technology, and to issue
T-debt. In order to determine the circumstance under which this occurs
it is useful to classify plans according to whether they might lead to insol-
vency and/or diversion of funds.

In this part we discuss the investment and financing decisions of an
individual firm at a given point in time. Taking as given current prices (p)
and expected future prices (p, p),the representative manager chooses a
plan (I, s", s, b", b, p", p, ) that maximizes expected profit subject to the

5 It thus represents a windfall gain for the country. Alternatively, one could assume that a
lump sum tax is levied on consumers. Since consumers are not subject to wealth effects,
this does not affect the rest of the equilibrium as long as their endowment is large enough.
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budget constraint (2) and the interest rates that foreign lenders are willing
to accept (p, p").

In order for borrowing constraints to be binding in equilibrium and all
debt to be denominated in T-goods there must be sufficient real exchange
rate risk. As we shall see, returns must satisfy the following condition:

—f 0
p—>1+r>h>£—. )

p p

In this subsection we will assume (9) holds. Then, in the next subsection
we will determine the circumstances under which it holds along the equi-
librium path. The first inequality ensures that if crises are rare events («
close or equal to one), investment in N-goods is a positive NPV activity.
This must clearly hold in any interesting equilibrium of the model. The
third inequality says the crisis return is lower than the opportunity cost
of diversion. It implies that firms will go bankrupt in a crisis state. Since
in the model price risk is present if and only if bankruptcy risk is present,
this must be true in any equilibrium in which o < 1. The second inequal-
ity follows from assumption (8). In the next subsection we will derive the
conditions under which (9) holds along the equilibrium path.

One can show that if (9) holds and « is large, then plans that lead to
diversion are not funded by lenders. Since lenders are risk neutral, the
interest rates that managers must pay depend on whether the investment
plan is risky (i.e., it leads to bankruptcy if the low price realizes next
period), or it is safe (i.e., it never leads to bankruptcy). In the good state
the debtis repaid in full and there is no bailout, while in the bad state there
is bankruptcy and each lender receives a proportion F of what he was

promised. Since the probability of a good state is «, interest rates satisfy
A+ p)e+(Q—-a)F]=1+r,

_ (10)
(1+ o)) [aPras + (L —a)p, F]=1+r.

If the managers chooses a safe plan, he will always be able to repay. Thus,

interest rates satisfy
Pt =,
_ (11)
1+ )P+ —a)p, J=1+r.

Since p, 4 > P,,,» We can see from (10) that if a risky plan is chosen, T-

debt is cheaper than N-debt. Under a risky plan the expected repayments
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. afl+r] afl+r] .
per unit debt are _ =0 F for T-debt and TPl for N-debt, where F is

the share of the promised debt repayment that the lender receives from
the bailout agency in the case of a systemic crisis and p and p are the values
that the relative price of nontradables takes in the bad and good states, re-
spectively. Since p > p, T-debt is strictly cheaper than N-debt for all F > 0.

One can show that if (9) holds and « is large, then when there are no
guarantees (F = 0) it is optimal to choose a safe plan, while if F is large,
it is optimal to choose a risky plan. Undertaking risky plans goes hand
in hand with a preference for T-debt. If there is enough exchange rate
risk there will be bankruptcy in the bad state. Furthermore, if F > 0, the
bailout agency will pay part of the promise in the bad state. It is thus
desirable for the firm to shift as much of the payment as possible into the
bad state. This is achieved precisely by denominating all debt in tradables.
Since lenders must break even, switching from nontradable to tradable
debt always shifts some of the debt burden from the good to the bad state,
making the firm better off.

In order to derive the equilibria, recall that bailouts are granted only
during a systemic crisis. Thus, as long as nobody expects a bailout, every-
body hedges, and a crisis — and hence a bailout — cannot occur. In other
words, a safe symmetric equilibrium of the credit market game always
exists. In this equilibrium firms’ borrowing constraints bind, it is optimal
to denominate all debt in nontradables, defaults do not occur, and the
value of investment is

1
1— Bh

If systemic bailout guarantees are sufficiently generous and crises are
rare events (« large but less than one), there are also risky symmetric
equilibria where each manager believes that all other managers will un-
dertake risky plans. He will conclude that a bailout will occur in the bad
state. Thus, he will refrain from hedging and take on real exchange rate
risk. As a result he will go bankrupt in the bad state, along with all the
other managers, triggering a bailout. In this equilibrium firms’ borrowing
constraints bind, and the value of investment is

1
Pl =m'w = w. (13)

.1—ﬂh[1+1_aF}
o

oI’ =miw =

w. (12)

The debt burden, in terms of tradables, during the following period is
L=a'hpl = a thm'w.
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We can see that systemic bailout guarantees need not neutralize the
effect of the enforceability problem. Under the condition on returns (9),
lenders do not finance diversion plans. This gives rise (via (7)) to a borrow-
ing constraint which, in turn, generates the familiar credit multiplier result:
The amount of credit is proportional to the borrower’s internal funds. Fur-
thermore, if the production technology has positive NPV (%ﬁ >14r),
firms prefer investment to speculation in bonds and the credit multiplier
m' translates into an investment multiplier.

2.3. Real Exchange Rate Risk

In this part we investigate under which circumstances there will be enough
real exchange rate variability so that condition (9) is satisfied. Recall that
this condition is necessary for managers to have incentives to denominate
their debt in T-goods.

We determine the real exchange rate by characterizing a temporary
equilibrium. Suppose incumbent managers enter the current period with
a supply of nontradables ¢, no bond holdings, and a debt burden L, +
pi L}, where L, = ' hmw, and L} = (p¢,,)~" piy1hmw,. The new cohort
chooses its plans taking as given future prices and the value of the internal
funds they get from incumbents’ sales.

In order to characterize equilibria we need to specify the market clear-
ing condition for nontradables:

é + 1, =014, (14)

Dt

where consumers’ demand for nontradables is equal to d/ p, and the sup-
ply of nontradables is given by g, = 61,_;. As we saw earlier a firm will
invest in the production technology if the expected return (6p;,,/p;) is
greater than the return on bonds. If this is the case, investment expen-
diture will simply be proportional to internal funds as stated in (12) and
(13): p,I; = myw,. The evolution of internal funds is given by: wy = ey,
and forz > 1,

[1—cla(p) ifA7(p) >0

e otherwise.
As long as incumbents are solvent, internal funds are w, = (1 — ¢)#;,
where ; = p,601; — L, — p, L. In contrast, if the bad state is realized,
firms become insolvent and the new cohort starts out with an endowment
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of T goods e.% Investment expenditure is thus
! {ﬂt[l’t% — L —pL]  iftpg =L+ plL}
DPiely =

me otherwise,

(16)

where the cash flow multiplier n, is defined by 5, := (1 — ¢)m,. The size
of the investment multiplier in period ¢, m,, depends on whether safe
(m, = m®) or risky (/m, = m") plans are undertaken.

The real exchange rate equalizes aggregate demand and the (prede-
termined) supply of nontradables: D(p,) = q,. Combining the preceding
equations we have that ¢, = 61,1 and

d L .
— [qz——[—L?] if pig > L + p L}
Dt Dt

D(p) = (17)

d + mye

)2
Since supply is given, the key to having multiple equilibria is a backward
bending aggregate demand curve. This is impossible if incumbent man-
agers have only nontradables debt (L, = 0). Inthiscaseg; > L}',aggregate
demand slopes downward and there is a unique equilibrium price.

However, multiple equilibria are possible if L, > 0 and L = 0. In this
case price movements affect revenues, but keep the debt burden un-
changed. It thus becomes important to distinguish between insolvent and
solvent firms. For prices below the cutoff price pf = L;/q;, all N-firms go
bankrupt because revenues do not cover the debt burden. As a result, in-
ternal funds are only e. Total demand in this range is downward sloping.
In contrast, for prices above pf, an increase in the price is accompanied
by a more than proportional increase in internal funds. The reason is that
revenues increase while the debt burden remains the same. Equivalently,
part of the debt burden measured in terms of nontradables is inflated
away. Consequently, investment demand is increasing in price.

It is apparent that if the balance sheet effect is strong enough to make
aggregate demand bend backward, as in Fig. 3.1, multiple market clearing
prices, and hence self-fulfilling “twin crises” can exist. From (17), multiple
market clearing prices arise if and only if

lq >d + mye and Ny > 1. (18)

otherwise.

® We assume that whenever there is default, new managers in cohort ¢ receive an “aid
payment” e to jump start their firms. In period 0, there is both a cohort of initial incumbent
managers who have an amount gy of nontradables to sell and a cohort of new managers
who have an endowment e in terms of tradables.
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Equilibrium in the Nontradables’ Market

Demand

A B Supply

TN

»
>

1/[Real Exchange Rate]

Figure 3.1.

With identical fundamentals, in terms of supply and debt, the market
may clear in one of two equilibria. In a “solvent” equilibrium (point B in
Fig. 3.1), the price is high, inflating away enough of firms’ debt (measured
in nontradables) to allow them to bid away a large share of output from
consumers. In contrast, in the “crisis” equilibrium of point A, the price
is low to allow consumers and bankrupt firms with little in the way of
internal funds to absorb the supply of nontradables.

Which of these two points is reached depends on expectations. Fun-
damentals determine only whether the environment is fragile enough to
allow two equilibria. In view of (18), the relevant factors are a strong
balance sheet effect and a high enough level of tradables debt. The for-
mer is facilitated by a low dividend payout rate and easy enforceability
of contracts. The latter has been taken as given in this part.

In the next subsection we will show that anticipated endogenous price
risk can induce managers to take on enough T-debt for such risk to actually
arise. For this to happen, bailout guarantees have to be generous. To carry
out this analysis, however, we must turn to an explicitly dynamic analysis.

2.4. Equilibrium Dynamics

We have seen that, in the absence of bailout guarantees, managers will not
be inclined to issue T-debt. In the model, the only source of uncertainty is
the sunspot. Furthermore, multiple market clearing prices, which are cru-
cial for a sunspot to matter, exist only if debt is denominated in tradables.
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It follows that, in the absence of bailout guarantees, there cannot be an
equilibrium in which prices depend on the sunspot. Instead, in economies
without bailout guarantees, equilibria must be “safe” and firms are always
solvent.

Consider now an economy in which systemic bailout guarantees are
present. Will the economy exhibit risky lending booms, which allow for
faster growth (financed by “cheap” T-debt), but which may end in self-
fulfilling twin crises? To address this question we need to establish the
existence of sunspot equilibria along which crises can actually occur with
positive probability.

Itis technically simpler to focus on unanticipated crises, but it is concep-
tually unsatisfactory for several reasons. First, only if crises are anticipated
can we rationalize this fragility as a result of risky debt denomination.
Second, only if crises are anticipated can we make the point that growth
is faster with bailout guarantees.

In order to construct a sunspot equilibrium recall that under exchange
rate risk and bailout guarantees, managers may create credit risk from
real exchange rate risk by financing investment with T-debt. They will do
soin particular if they expect (i) a sufficiently high return on investment in
the absence of a depreciation; (ii) a sufficiently low return after a depreci-
ation, so that it is possible to claim the bailout subsidy by defaulting; and
(iii) a sufficiently low probability of a crisis, which ensures that the ex-ante
expected return is high enough and borrowing constraints bind. Recall
also that if there is enough T-debt, there are two possible market clear-
ing prices, where the lower price bankrupts firms, and hence triggers a
bailout. The question is whether these two mechanisms can be elements
of one consistent story.

Formally, can we construct an equilibrium price process by making the
sunspot variable o, select among market clearing prices, such that the
resulting return distribution encourages firms to issue enough T debt to
validate the price process? In other words, we need to construct a set of
beliefs about future prices that is consistent with a rationally anticipated
self-fulfilling crisis. We thus need to find a range of probabilities « for the
sunspot process, so that the sunspot matters over a number of periods
before the next to last one.

One can prove that if (i) crises are rare events (i.e., « close to one);
(ii) parameters are such that the N-sector can grow over time:

¢ < Bh; (19)

(iii) the demand shift at terminal time 7 (i.e., d ) is large enough to en-
sure that the N-sector can repay its accumulated deficits; (iv) the initial
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endowment e is large enough; and (v) the N-sector has enough time to
grow (large enough 7)), then the sunspot can eventually matter and self-
fulfilling crises can be anticipated on a time interval [z, T — 1]. During
this time interval a crisis occurs with conditional probability 1 — «.
Along the lucky path on which no crisis occurs, the value of output
(prq,) follows an increasing path. The technology parameter 6 determines
how this rise in value translates into changes in prices and quantities. If 6 is
very high, supply would outpace demand. As a result the price would fall
over time, while investment would rise. At the other extreme, if 6 is small,
we could have an equilibrium along which nontradables become more
and more scarce while firms chase the returns offered by rising prices but
can afford to invest less and less. To match the observations that N-sector
growth coincides with a real appreciation, we fix 6 at an intermediate

value:
S
96(1, "h>. (20)
-1

If assumption (20) holds, then (i) the output of nontradables increases
over time from 7 on, and (i) the real exchange rate appreciates between
rand T — 1.

It should be emphasized that the likelihood of self-fulfilling crises is not
a free parameter. First, sunspot equilibria exist only if crises are relatively
rare events. If the probability of a crisis was too high, low ex-ante returns
would discourage managers from investing in the first place. We take this
feature of the model as a check of the plausibility of our particular sunspot
story. Second, crises are more likely to happen toward the end of a boom,
as the anticipated event that triggered the boom draws near. Note that
even though prosperity is near for the N-sector, fragility and the size of a
possible downturn become more severe.

To highlight the fact that systemic bailout guarantees might induce
faster economic growth by easing borrowing constraints, but increase the
likelihood of a crisis, consider two economies Aand B. The only difference
between these economies is that A has systemic bailout guarantees. Then,
there is a sunspot equilibrium where A and B behave identically up to
a certain time, after which the N-sector in economy A grows faster and
exhibits higher leverage along the lucky path, as long as a crisis does not
occur. However, A experiences a crisis and subsequent recession with
positive probability while B does not.

NECESSARY INGREDIENTS FOR BOOM-BUST CYCLES. A key point of
Schneider and Tornell (2000) is that the interaction of contract enforce-
ability problems and bailout guarantees creates the fragility required for
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self-fulfilling crises. If there were no guarantees, firms would not be
willing to take on price risk to claim a subsidy. Costly enforceability
of contracts alone would still imply that the N-sector can only grow
gradually and balance sheet effects would play a role during the lend-
ing boom. However, there would be no force to make the boom end
in a crisis. Alternatively, if there were only guarantees but no enforce-
ability problems, then there would not be any balance sheet effects that
make demand backward-bending, a necessary condition for a sunspot to
matter.

Lending booms that feature fragility cannot occur in just any economy
with bailout guarantees and enforceability problems. It is also necessary
to have a future increase in the demand of the T-sector for nontradables.
Otherwise, the N-sector would not be able to repay the accumulated
deficits it runs during the lending boom. Backward induction then indi-
cates that the sequence of returns that supports the lending boom would
collapse. This suggests that the boom-bust episodes are more likely to
occur during a transition period (for instance, following a far-reaching
reform or a natural resource discovery).

Even during a transitional period the likelihood of a self-fulling crisis
is not a free parameter. If crises were not rare events, either borrowing
constraints would not arise, or would not be binding in equilibrium if they
did arise. In either case, credit would not be constrained by internal funds
and balance sheet effects would not exist in equilibrium. Clearly, if this
was the case, crises could not occur. If the probability of crises is not small
enough, enforceability problems do not generate borrowing constraints.

3. Policy Evaluation

An emerging economy is one where the future is much brighter than the
present, but where profitable investment projects cannot be undertaken
because (i) the private sector is small (i.e., entrepreneurial wealth is low),
and (ii) the amount of external financing is severely limited, specially for
firms in the nontradable sector. The reforms of the late 1980s liberalized
trade and financial markets in many emerging markets. These reforms
also brought a significant reduction in the role of the state in the economy.
Suddenly, the future looked much brighter than before, and the private
sector much smaller than what was desirable. Unfortunately legal and
judicial reform could not be implemented as easily as the other reforms.
As aresult, many of the institutions that support the provision of external
finance in developed economies did not flourish in emerging markets.
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Firms in the tradable sector could finance themselves in international
markets. However, this option was not open to N-sector firms.

The policy problem then became how to better promote the fast devel-
opment of the private sector in an environment where external finance to
the nontradable sector is constrained by internal funds of firms, and where
N-sector investment is too low relative to investment opportunities (e.g.,
infrastructure, services, etc.). One is tempted to say that if a government
had the appropriate information and correct incentives, the optimal pol-
icy would have been to transfer resources to those in the population with
better entrepreneurial skills, and to let them make the investment deci-
sions. Of course, we now know that this is wishful thinking. After many
failed experiments of this sort carried out during the last century, we now
know that either governments do not posess the appropriate information,
or are too inclined to crony capitalism and rampant corruption.

Since direct made-to-measure government transfers are not feasible,
during the 1990s governments had to design second-best policies to foster
the development of the private economy, especially in the N-sector. In
many countries the decision was made to privatize the banks and allow
them to be the means through which resources would be channeled to the
nascent private sector. The issues described in the Introduction should be
analyzed from this perspective.

We will analyze these issues by using the framework described in Sec-
tion 2. Since this model explains many of the stylized facts that charac-
terize the boom-bust cycles experienced by emerging markets during the
1990s, itis an appropriate framework to evaluate the policies implemented
by emerging markets. We will argue that when taking into consideration
the distortions that exist in emerging markets, there is a sense in which
these policies are second-best-optimal instruments to foster the nontrad-
able sector’s growth. We would like to distinguish between these policies
and those which are designed to mask corruption. The latter are clearly
undefendable.

3.1. Policies During a Boom

Consider the two-sector economy described in Section 2 in which firms in
the T-sector can easily obtain financing in international capital markets,
while firms in the N-sector must rely more heavily on domestic bank credit.
Furthermore, since emerging markets face acute enforceability problems,
firms in the N-sector face severe borrowing constraints that limit their
ability to undertake profitable projects. As a result, the growth rate of the
N-sector is kept below its potential. It follows that a policymaker, whose
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objective is to maximize social welfare, must design second-best poli-
cies that will ease borrowing constraints and increase investment in the
N-sector. Because the N-sector and the T-sector compete for produc-
tive resources and any policies to support the N-sector have implicit fiscal
costs, the optimal support level for the N-sector cannot be arbitrarily large.

We have seen that in the presence of severe enforceability problems
in financial markets credit is constrained by internal funds. As a result,
profitable investment projects will not be undertaken, especially in the
N-sector. Thus, over the medium-run growth will be significantly lower
than its potential. This indicates that systemic bailout guarantees might
actually play a socially beneficial role. Systemic bailout guarantees pro-
vide an implicit subsidy that reduces the cost at which firms can fund
themselves, and increases the credit multiplier. This increases investment
and growth at each level of internal funds. In the absence of better instru-
ments to promote investment and growth of the N-sector, systemic bailout
guarantees are a second-best instrument to make transfers to this sector.
We would like to emphasize that this mechanism uses the information
and monitoring capacity of banks.

Although there are several ways systemic bailouts can be implemented,
for simplicity consider the generosity of bailout guarantees (F) as the
policy instrument. An increase in F induces an increase in the investment
multiplier in (13), which in turn leads to a higher growth rate of the
N-sector. Therefore, in an emerging economy it is optimal to set F higher
than zero in order to reduce the underinvestment problem. However,
there are trade-offs: first, the greater F the greater the contingent fiscal
cost; second, the greater F, the greater the share of resources allocated
to the N-sector at the expense of the T-sector. Therefore, the level of F
should not be set too high. There is an interior optimum.

We would like to emphasize three points. First, systemic bailout guar-
antees do not curtail the discipline faced by either individual banks or
firms because they are granted only if a critical mass of agents defaults.
At the same time, systemic bailout guarantees generate an investment
subsidy only if the banks’ portfolios are risky, that is, only if there exist
states of nature in which there are systemic crises. In the absence of large
exogenous shocks, guarantees will be effective in promoting investment
only if the banking system generates risk endogenously (we address this
issue below). Second, systemic bailout guarantees imply that the govern-
ment can credibly commit not to bailout individual agents in the case of
idiosyncratic default. Third, if in a given country banks play no monitor-
ing role and are prone to fraud, systemic bailout guarantees will not be
socially beneficial.
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The experience of Mexico during the 1990s illustrates, in a rather
sharp manner, the policy dilemma faced by reformers. Several critics have
pointed to the false rosy expectations generated by the government, and
the promises of bailout guarantees, as the culprits for the Tequila crisis.
Certainly, in hindsight this is true, a policymaker would say. However, at
that time it seemed a sensible policy. It was a way to avoid low growth and
bottlenecks in the N-sector that would otherwise limit the overall future
growth of the economy. Plus, from a political standpoint the development
of the private sector encouraged by the policy had the added virtue of
creating new power bases that would block attempts by statist groups
to go back to the old ways. It was a way to ensure the continuity of the
reforms.

An important issue that we have not discussed yet is unconditional
bailout guarantees, which are granted whenever an individual debtor de-
faults. Deposit insurance is a prime example. If all guarantees were un-
conditional, the discipline in the banking system would disappear and
guarantees would not play the investment promoting role we described
above.

However, if unconditional bailout guarantees are granted to small bank
depositors, they might play a socially beneficial role. This policy avoids
bank runs generated by cascading rumors, but does not impinge nega-
tively on the market discipline faced by an individual bank because small
depositors have typically very little information regarding the bank’s port-
folio. As it is the case in the United States, market discipline should be
imposed by noninsured bank debt, the interest rate of which should serve
as an indicator of a bank’s health.

THE ROLE OF RISKY DOLLAR DEBT. As mentioned above, systemic bail-
out guarantees have investment-enhancing effects only in the presence of
risk. In the absence of large exogenous shocks, some endogenous volatil-
ity must be present if the policy is to be effective. Therefore outlawing
risky dollar debt could undo the investment-enhancing effects of systemic
bailout guarantees. Thus, if the conditions of a country call for bailouts
as a second-best policy to promote the growth of the private sector, then
risky debt (or another way to generate endogenous volatility) must also
be allowed. Of course, this does not mean that banks should be allowed
to have outrageously risky portfolios. It just means that a naive policy of
outlawing risky dollar debt is not correct from a normative perspective.

Since systemic bailout guarantees can be cashed in states of the world
only where there is a systemic crisis, systemic bailout guarantees are ef-
fective in increasing investment only if a significant part of the economy
is vulnerable to systemic crises. It is only during a systemic meltdown
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that the bailout agency makes payments to lenders. Thus, the expected
value of the subsidy is determined by the likelihood of a crisis and by the
generosity of the bailout. The greater the expected value of the subsidy,
the lower interest rates that lenders are willing to accept. Clearly, banks’
portfolios cannot be outrageously risky, as the likelihood of crisis must
be quite small in order for the mechanism identified in this paper to be
operative. Otherwise, firms would not find it profitable to borrow and
invest in the first place. Note however, that small is not the same as zero.
In the absence of major exogenous shocks, the fragility must come from
within the system. This is precisely the role of risky debt denomination.
As we explained above, if a majority of borrowers have unhedged debt,
the economy as a whole can become vulnerable to self-fulfilling crises.

As a way of allowing risk into the economy, dollar debt has the won-
derful feature of being a coordinating device, as it can be observed by
others. It plays the same role as the real-estate buildup on an uninsured
basis in catastrophe-prone areas. The principle that “if everyone else does
it, then I am safe” reigns.

From a positive perspective it is impossible to outlaw short-term dollar
debt. Many firms need such debt in order to carry out their international
transactions. Since it is impossible to distinguish what part of dollar debt is
used by a given firm to finance international transactions, it is not feasible
to enforce a law that forbids dollar debt for uses other than international
trade. This lesson has been painfully learned by many countries that have
tried to implement dual exchange rates, and then were faced with rampant
misinvoicing of imports and exports.

In conclusion, the degree of banks’ and firms’ portfolio riskiness should
be strictly regulated. However, risky debt should not be outlawed alto-
gether. It is neither socially optimal nor practically implementable.

THE ROLE OF LENDING BOOMS AND ASSET PRICE INFLATION. During a
lending boom credit grows unusually fast and, as many observers have
pointed out, monitoring effectiveness declines. Thus, it is less likely that
unprofitable and white elephant projects will be detected and stopped. At
the same time, firms in emerging markets have a very low level of external
finance, especially in the N-sector. Thus, a lending boom is a mechanism
by which faster growth can be attained. In fact, the lending boom is a
transitional phase that is ignited by deep economic reforms that make the
future much brighter than the present.

Stopping a lending boom, for example by increasing reserve require-
ments, would interrupt the policy of promoting the growth of the pri-
vate sector. However, allowing the lending boom to continue unchecked
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increases the debt burden of the economy which makes it more vulnera-
ble to crises. Hence, it is not clear ex-ante at which point should a lending
boom be stopped.

It is interesting to note that although crises typically are preceded by
lending booms (Tornell (1999)), the converse is not true. Gourinchas et al.
(2001) find that for a large panel of countries the probability that a lending
boom ends in a crisis is quite small. That is, in the majority of cases, lending
booms end with soft landings. Furthermore, theoretically lending booms
can only develop if the probability of crisis is small, and they are expected
to end with a soft landing if they last long enough (see Schneider and
Tornell (1999)).

Clearly, India has not experienced lending booms of such magnitude as
the ones experienced by Korea. Moreover, India has not suffered currency
crises as deep as those endured by Korea. Certainly, this does not mean
that over the last half century the Indian economy has performed better
than Korea’s. Of course, with hindsight Korean performance could have
been improved on the margin. However, we should beware of fine-tuning
policies designed (ex-post) to look great ex-post.

Prior to several crises it has been observed that some assets, such as
real estate, experience a steep price inflation which is followed by a price
collapse at the time of crisis. Since real estate is used as collateral, there
is a close link between lending and asset price inflation during a boom.
Thus, implementing policies that would stop asset price inflation will also
reduce the growth of credit. Clearly, it might be dangerous to leave asset
price inflation unchecked. However, some degree of inflation might be
desirable as a tool to ease borrowing constraints.’

BAILOUT GUARANTEES AND THE EXCHANGE RATE REGIME. There are
several ways in which systemic bailout guarantees can be implemented.
The particulars will of course depend on the exchange rate regime. A nice
feature of Schneider and Tornell’s framework is that the effects of guar-
antees and the forces that generate boom-bust cycles are independent
of the exchange rate regime or monetary policy rule. This permits us to
study how guarantees affect the economy under different regimes.

With fully flexible exchange rates the mechanism is literally the same
as the one we consider in Section 2. If agents are highly leveraged and
have risky dollar debt, the economy is vulnerable to self-fulfilling crises in

7 Schneider and Tornell (1999) study the interplay between asset prices and lending along
a boom.
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which there is a severe real depreciation and several agents in the N-sector
suffer from balance sheet effects and are unable to repay their debts. As
a result, creditors get paid a proportion F of the contracted payment.
This bailout payment can be financed by an international organization
and/or by an increase in future taxes to the rest of the economy. The
real depreciation can arise by either a nominal depreciation, a change in
nominal prices or a combination of both.

Consider the other extreme of a fixed exchange rate regime. In the
case of an attack the central bank can defend the currency by either
running down reserves or increasing the interest rate. If the attack is suc-
cessful, the reduction in reserves constitutes a bailout payment to bank
creditors that withdraw their funds and convert them into foreign cur-
rency. Thus, any defense policy has associated with it a bailout rate F.
Clearly, the bailout rate need not be 100%, as reserves might not suf-
fice to cover all the liabilities of the banking system. We should add that
the bailout can be complemented by an explicit transfer, as in Mexico
during the Tequila crisis. Again, the real depreciation can come about
through a combination of a nominal depreciation and a change in nomi-
nal prices.

In the real world we observe a mixture of both regimes. However, it
should be clear that the underlying forces are essentially the same in both
cases.

4. Conclusions

Bailout guarantees seem to be an inevitable consequence of financial
liberalization. Does this mean that financial liberalization will inevitably
lead to crisis and lower long-run growth? In this paper we have argued
that, in a credit-constrained world, financial liberalization may induce
higher long-run growth provided authorities can commit not to grant
bailouts on an idiosyncractic basis, but only in case of systemic crisis.
Furthermore, an efficient regulatory framework must be in place in order
to limit the extent of connected loans and to ensure that banks perform
their monitoring and screening roles effectively.

Higher long-run growth comes at the cost of a higher vulnerability to
crises. This, however, does not mean that a crisis must happen along the
transition path. In fact, the likelihood of crisis must be small. Otherwise,
systemic bailout guarantees might have the unintended effect of drasti-
cally reducing productive investment.
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Finally, we have argued that in a credit-constrained economy with
bailout guarantees the forces that generate higher growth and vulnerability
to crises are independent of the exchange rate regime. Thus, fixed ex-
change rates are not necessary for the boom-bust cycles that emerging
economies have experienced during the recent past.
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Risk and Exchange Rates*

Maurice Obstfeld and Kenneth S. Rogoff

Nominal exchange risk is a ubiquitous factor in international economic
policy analysis. For example, sudden appreciations of the dollar follow-
ing financial crises outside the United States often are ascribed to “safe
haven” portfolio shifts. The elimination of national currencies in Europe
has been rationalized in part by the claim that uncertain exchange rates
discourage trade, and thereby hamper the full realization of the gains from
removing other obstacles to commodity and asset-market integration.
Unfortunately, the analytical underpinnings of such widely discussed
phenomena have received scant attention. In analyzing the properties
of stochastic general-equilibrium monetary models, researchers typically
rely on a certainty equivalence assumption to approximate exact equi-
librium relationships. This practice, as Kimball (1995, p. 1243) remarks,
“precludes a serious welfare analysis of changes that affect the variance
of output.” In the relatively rare cases in which higher moments are con-
sidered theoretically, tractability usually has required the assumption of

* Prepared for the conference in honor of Assaf Razin, Tel-Aviv University, March 2001.
Earlier drafts of this paper were presented in 1998 at Harvard, Wharton, MIT, Stanford,
LSE, and at the 1998 National Bureau of Economic Research Summer Institute. Fol-
lowing our initial presentations of this paper, its approach has furnished the workhorse
framework for an important subsequent literature that has made substantial advances.
See, for example, Bacchetta and van Wincoop (2000), Devereux and Engel (2000), Engel
(1999), and Obstfeld and Rogoff (2000, 2002). We do not attempt to survey that literature
here; see Obstfeld (2001, 2002) for more recent discussions. This version of our original
paper adds only slight revisions and corrections to National Bureau of Economic Research
Working Paper 6694 (August 1998). We have benefited from helpful comments from Paolo
Pesenti, Alan Stockman, and Cedric Tille. Remaining errors are ours alone.Support from
a National Science Foundation grant to the NBER is acknowledged with thanks.
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instantaneously flexible commodity prices and wages.! That modeling
choice not only assumes away much of the real effect of nominal exchange
rate uncertainty. It simultaneously precludes discussion of the feedback
from monetary nonneutralities to market risks, and instead imposes ex-
ogenously the covariances between monetary shocks and consumption
levels. And it is unrealistic. There is strong, indeed overwhelming, empir-
ical evidence that the nominal prices of domestically produced goods tend
to adjust far more sluggishly than exchange rates.”? But the implications
of product price setting in general-equilibrium models with uncertainty
remain largely unexplored, despite being at the core of the debate over
the impact of exchange-rate volatility.

The model we propose in this paper extends the “new open-economy
macroeconomics” framework of Obstfeld and Rogoff (1995, 1996),
Corsetti and Pesenti (2001), and others to an explicitly stochastic envi-
ronment.’ We analyze a sticky-price monetary model in which risk has an
impact not only on asset prices and short-term interest rates, but also on
the price-setting decisions of individual producers, and thus on expected
output and international trade flows.

Our approach allows one to quantify explicitly the welfare tradeoff
between alternative exchange-rate regimes, and to relate that tradeoff
to country size. In its emphasis on the exact welfare analysis of alterna-
tive exchange-rate regimes, this paper follows in the pioneering footsteps
of Assaf Razin and his coauthor Elhanan Helpman (see, for example,
Helpman and Razin 1979). Interestingly, we find in this paper’s model
that even in cases where uncertainty induces substantial heterogeneity
across countries both ex ante and ex post, there may be a strong, even
perfect, convergence of interests in choosing a global monetary system.

1 General-equilibrium models of exchange-rate risk typically follow Lucas (1982) in assum-
ing that all prices are fully flexible. See Svensson (1985), Hodrick (1989), Engel (1992),
and Obstfeld and Rogoff (1996, Chapter 8) for relevant extensions.

2 See, for example, Mussa (1986), Baxter and Stockman (1989), Flood and Rose (1995),
and Obstfeld (1998).

3 Rankin (1998) develops a very interesting analysis of a small open economy with complete
asset markets and competitive production, in which monopolistic labor suppliers preset
money wages. While (like us) he examines the positive effects of monetary uncertainty,
he does not systematically explore the welfare effects of policies. An earlier complete-
markets model with nominal rigidities is that of Svensson and van Wijnbergen (1989),
who, building on Svensson’s (1986) closed-economy model, provide an early discussion of
price-setting in advance by maximizing firms facing uncertainty. The appendix to Svensson
(1986) briefly discusses the welfare impact of an infinitesimal degree of money-supply
variability, but such higher moment effects are not the main focus of his paper.
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Although the main thrust of our approach is normative, the model
also yields some potentially important positive results. For example, we
show how exchange risk affects the level of the exchange rate, and not
just the predictable return to forward speculation that has been studied
extensively in earlier literature. While these two effects of exchange risk
turn out to be proportional, the multiplier linking them can be quite large.
Indeed, our analysis suggests that fluctuations in the level risk premium
may be a very significant source of exchange-rate volatility, one that is
missing or inadequately captured in standard empirical exchange rate
equations (e.g., Meese and Rogoff, 1983).4

Finally, under specified conditions, we can solve the model explicitly
for equilibrium second as well as first moments. The solution yields novel
insights about the exchange risk premium in a sticky-price setting within
which the covariance between monetary shocks and consumption is en-
dogenous, unlike models such as Lucas’s (1982). For example, we find
that when home monetary volatility is an important source of uncertainty,
home-currency assets actually may serve as a hedge against consumption
risk. The reason is that under price stickiness, positive home monetary
surprises lead home output and consumption to covary positively with
the home-currency price of foreign exchange. If so, domestic nominal in-
terest rates are lower than would be the case under risk neutrality. We
show, however, that greater domestic monetary variability, despite caus-
ing lower home nominal interest rates and an appreciation of the home
currency (all else equal), must reduce expected welfare both at home and
abroad.

Section 1 of the paper presents a basic model with monetary and pro-
ductivity shocks, while Section 2 employs a key simplifying feature which
turns out to imply that current accounts are always zero in equilibrium.
Section 3 shows how the presetting of nominal goods prices can be an-
alyzed without a certainty-equivalence assumption, and discusses some
implications. In Section 4 we complete the derivation of the model’s equi-
librium, and in Section 5 we show how to calculate the exchange risk

4 A large effect of risk factors on exchange rate levels was suggested by Frankel and
Meese (1987), based on partial-equilibrium intuition. Hodrick (1989), using a version
of Svensson’s (1985) cash-in-advance model with a variable velocity of money, showed
the effect of higher moment fundamentals on exchange rates in a flexible-price, general
equilibrium setting, but his restrictive money-demand specification implied a generally
moderate effect of monetary risk factors. In our setup, in which the interest semielas-
ticity of money demand may be any negative number, the exchange-rate level effect of
exchange risk can plausibly be an order of magnitude higher than in Hodrick’s.
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premium explicitly as a function of underlying money-supply shocks.
Except for the money demand function (which we generally must log—
linearize), the model is naturally log-linear provided the underlying mon-
etary and productivity shocks are lognormally distributed. Section 6 of-
fers a guide to quantifying the “amplification effect” linking the level
exchange rate risk premium to the standard forward risk premium that
characterizes excess returns to currency speculation.

Section 7 discusses the link between policy uncertainty and ex ante
welfare, taking up results on country size (which can be surprising) and
developing a quantitative example illustrating that the costs of exchange
volatility can be big. Importantly, we find that by explicitly treating price
setting under uncertainty, we obtain much more general and elegant wel-
fare results than would be possible under the usual assumption of cer-
tainty equivalence. It is important to note that many of the key welfare
results derived in this section do not depend on the ancillary linearization
of the money-demand function needed to get a closed-form solution in
Sections 4 and 5. Finally, Section 8 summarizes; a variety of extensions
and technical derivations are relegated to appendices.

1. A Stochastic Two-Country Model

The model is a stochastic version of the one in Obstfeld and Rogoff (1995,
1996), modified along lines proposed by Corsetti and Pesenti (2001), who
present a model in which current account imbalances are always zero in
equilibrium. The general issue of current accounts is quite important to
any complete model of international policy transmission, but allowing
for imbalances here would pose some very subtle and difficult technical
issues, issues that we prefer to abstract from in a first pass at a stochastic
sticky-price model.

1.1. Preferences and Technology
There are two countries, Home and Foreign. Home agents are indexed by
numbers in the interval [0, n], while Foreign agents reside on (n, 1]. Every
individual is a “yeoman farmer” and is presumed to have a monopoly in
producing a single good, also indexed by n. Preferences of the represen-
tative Home agent are given by
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where C is an index of per capita consumptions of Home and Foreign
commodity bundles,
cn len
C=_——1Lt_— )

n'(1—n)l-"’

o= [0 [ eos]”
Cr = [(ﬁ) /nlC(z)Hel dzrl

Thus, across goods produced within a country the elasticity of substitution
is 6, while the elasticity of substitution between the composite Home and
Foreign goods is 1. Utility depends negatively on individual output, Y,
because production requires irksome labor effort. Utility depends posi-
tively on individual domestic real money balances, M/ P, because of the
role of money in reducing transaction costs. Foreign agents have identical
preferences except that «* may differ from «, Y* may differ from Y, and
Foreign agents hold their own national currency M*, which is deflated in
their utility function by the Foreign general consumer price index P*.

The coefficient ¥ — which multiplies Y? in the utility function (1) and
can be viewed as inversely related to productivity — may be a random
variable. All random shocks in the model are assumed to be lognormally
distributed.

with

3)
0 > 1.

1.2. Prices, Demand, and Budget Constraints
The overall Home-currency consumption-based price index is given by

P= PP 4)

where the subindexes for Home and Foreign products are, respectively,

1 [ = 1! =
Py = |:—/ P(z)l_edz] , P = [—/ P(z)l_edz} .
n Jo 1-n)J,

The law of one price is assumed to hold across all individual goods, so
that P(z) = £ P*(z), Vz € [0, 1], where asterisks denote Foreign values of
the corresponding Home variables, and £ is the nominal exchange rate
(the Home price of Foreign currency). Because Home and Foreign agents
have identical preferences, the law of one price implies that purchasing
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power parity must hold for overall consumer price indexes:
P=E&P (5)

Under the subutility functions in (3), the allocation of a representative
individual’s demand across each of the goods produced within a country
is given by

cn=21"0T ¢ =1L D] a @

Py 1—n Pr

(where i denotes the representative Home good and f the representative
Foreign good). The Cobb-Douglas total consumption index, Equation (2),
implies that demands for the composite Home and Foreign goods, Cy; and
Cr, are given by

CH_n<};§I> C, Ce=(1-n) <%>1C. 7

Define world consumption as
CY¥=nC+(1-n)C", €))

where C is the total consumption of a representative Home resident and
C* that of a representative Foreign resident. (Since world population is
1, C¥ is per capita as well as total world consumption.) Then, combin-
ing Equations (6) and (7), and aggregating the result with the identical
Foreign demand functions, we see that the global demand for individual
goods is given by

co-[]'(3) e an-[5] (3) e
)

Home and Foreign agents can trade riskless real bonds that are indexed
to total consumption C. Let r; denote the consumption-based real interest
rate between dates t — 1 and ¢ (the own-rate of interest on the total con-
sumption basket). Written in terms of Home money, the intertemporal
budget constraint for the representative Home agent is

BBi1+ M =PFQ1+r)B + M_1+ B(h)Y,(h)— PC,— Pr, (10)

where 7 denotes lump-sum taxes and B, denotes end of period ¢t bond
holdings. [In contrast, our assumption on money holdings is that M,
denotes the end of period ¢ stock; recall also Equation (1).] It is important
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to note that although we do not explicitly allow for international trade in
equity in this model, such trade will turn out to be redundant. In equilib-
rium (as we will show), each country’s share of world income is constant
due to the assumption of a unit elasticity of intratemporal demand across
the Home and Foreign composite goods.

We simplify by setting government spending equal to zero throughout,
so that the Home government budget constraint, for example, is given by

M; — M;_4
_— 11
P (11)
Appendix A indicates how government spending shocks could be intro-
duced. The (gross) rate of growth of the money supply is assumed to be
a lognormally distributed random variable.
We also assume that initial net international asset holdings B = 0.

0=Tl‘+

2. Goods Market Clearing and the Redundancy
of Securities Markets

Whether flexible or preset prices prevail, the goods market clears. Even
before examining the first-order optimality conditions of consumer/pro-
ducers, we can infer the key relationships linking national to global con-
sumption levels, and global consumption to national outputs. We explore
these relationships first because they imply a key (though special) prop-
erty of the model: Securities markets are redundant and, as a result, cur-
rent accounts always balance exactly in equilibrium.

Taking account of the differing populations in the two countries, total
output supplies equal demands when

n[nPC + (1 —n)PC*] = nPyY,
(1-n)[nPC+(1—-—n)PC]l=(1—-n)FY".

These equations imply that
Py Y

== 12

A=Y (12)
As in Corsetti-Pesenti (2001), this relation, together with our assump-
tion that initial net international asset holdings B = 0, implies that cur-
rent accounts always are zero. The intuition for this result, of course,
is that Equation (12) gives countries constant (indeed equal) shares of

per capita world real income, regardless of the pattern of shocks. Given
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constant real income shares (and our assumption of isoelastic preferences
over total consumption C), countries always consume exactly their real
incomes:

c_ Y . _RY

P T px

(13)

As Cole and Obstfeld (1991) point out, price responses can make inter-
national trade in securities redundant with Cobb-Douglas preferences.’
An immediate corollary of Equations (12) and (13) is that

cY=C=C" (14)

Per capita consumption shares for Home and Foreign are not only con-
stant, but equal.®’

3. Producer Behavior under Preset Prices

We now look at how monopolistic producers plan output and prices when
commodity prices are set a period in advance in producers’ currency and
cannot be revised until the following period.® Thus, we assume that P, (k)

More formally, notice that for the allocation in Eq. (13), Home and Foreign intertemporal
marginal rates of consumption substitution are equal for every future state of nature. Since
leisure is a nontraded good, there are no unexploited gains from trade and international
trade in securities therefore is redundant. Without the assumption that initially B = 0,
this would not necessarily be the case. Shocks that led to temporary changes in the real
interest rate could then induce current account movements. [See Eq. (26) on p. 78 of
Obstfeld and Rogoff (1996).]

One reason for this equality, of course, is that we have chosen the utility function so that
expenditure shares are the same as population shares. That assumption is plausible and
convenient but easily relaxed.

Recall from (5) that P = £ P* always holds. Note then, by Egs. (4), (8), (12), and (13),
that

;N

PuY PEY*
w
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8 While this paper assumes the law of one price and pricing in producers’ currencies,
extensions such as Devereux and Engel (2000) model the failure of the law of one price
at the consumer level as well as the apparent rigidity of all consumer prices (even those of
imported retail goods) in local currency terms. A debate has arisen over the importance
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and PF(f) are set at the end of period t —1 and cannot be changed
during period ¢.° With preset prices, supply is no longer determined by
the leisure—consumption tradeoff that governs behavior under flexible
prices. (Appendix A describes the flexible-price solution.) Instead, be-
cause price initially exceeds marginal cost, supply moves to accommo-
date any unanticipated shock to demand (provided the shock is not so
large that full accommodation of demand would raise marginal cost above
price).!”

In a certainty-equivalence setup, equilibria with preset prices differ
from ones with flexible prices only because of the effects of unanticipated
shocks. But that is not the case in an explicitly stochastic version of the
model. When P,(4) and P( f) are set at the end of period ¢ — 1, they are
not generally set at their certainty-equivalent values. Prices are set with
a view toward hedging the risks the producer faces. This nuance is quite
important, both in understanding the effects of risk on the exchange rate
and other macro variables and in using the model to ascertain the welfare
effects of alternative macroeconomic policies.

3.1. The Price Setting Problem

Consider the pricing decision of the representative Home agent. On date
t — 1, P,(h) is set to maximize the objective function (1), but with the
expected value conditional on date ¢ — 1, instead of date ¢, information.
Using the individual’s intertemporal budget constraint (10) to substitute
out for C; in the utility function (1), then using the demand function (9)
to substitute out for Y;(#), and finally taking r — 1 expectations over both
sides, we obtain the maximand E,_; U, as the infinite sum (starting with

of distinguishing between actual import prices and the retail prices consumers pay for
goods that originate abroad. Obstfeld (2001) offers a more detailed discussion, and argues
that failure of the law of one price at the consumer level is consistent with expenditure-
switching effects of exchange rate changes such as those we analyze below.

More realistic dynamics would result from the assumption of Calvo-style multiperiod
staggered price setting; see Kimball (1995), for example. We forgo that realism here to
obtain simpler and more accessible results, and leave the inclusion of Calvo contracts for
future research.

One must be careful in interpreting a stochastic version of the model if one assumes
that supply always accommodates demand under sticky prices. For large enough shocks
the voluntary participation constraint will be violated, as Corsetti and Pesenti (2001)
stress. Thus, the results of our stochastic model under sticky prices should be viewed
as approximate. The approximation can be made arbitrarily precise by looking at ever-
smaller variances for the exogenous shocks.

1
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s = t) of terms of the form
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Optimal price setting in period ¢ — 1 reflects minimization of the expected
discrepancy between the marginal utility of marginal revenue and the

marginal disutility of effort.
Differentiating the above expression with respect to P, () yields

E{C™"(0 - 1)P(h)* P 'CY}

=E {KQ[P(h)—G—lpg—lPCW] [(%)0 <%)_l CW} } ,

where we suppress ¢t — 1 subscript on the expectations operator and ¢
subscripts on all variables when there is no risk of confusion. Noting that
P(h) = Py (in a symmetric equilibrium), that Py is known in advance,
and finally that C = C¥ — Equation (14) applies — we can rewrite this

expression as
oy 0 PC\’
eien e () (56} a9

The parallel Foreign relation is

E{C'~"} ZE[K* (9%) (P;;CY } 17)

where C = C* has been used.
Notice that the (flexible) nominal Home wage implicit in this model is
given by

w

P

Since PC/Py =Y in equilibrium (the national budget constraint),
Equation (16) would reduce to the constant-elasticity markup equation

Y
KE.
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Pu = (3%) W under certainty (with the corresponding equation for P;).!!
Equation (16) and its Foreign analog modify those familiar relationships
to account for uncertainty subsequent to the setting of nominal product
prices.

3.2. Implications for Ex Ante Terms of Trade

Assuming that C and £ are jointly lognormally distributed, we can express
the solution for the ex ante terms of trade and ex ante consumption in
natural logarithms. (We shall show later that C and £ indeed have lognor-
mal distributions in equilibrium if the exogenous shocks hitting the world
economy are lognormal as well.) The solution procedure is not especially
illuminating, so it is relegated to Appendix B.

To gain some preliminary intuition about the solution described by
Equations (16) and (17), we simplify and adopt the convenient assump-
tions that « and «* have identical lognormal distributions and are seri-
ally uncorrelated, so that E,_jlogk, = E,_; logk;". Notice that if these
shocks to “productivity” are purely temporary, then they have no effect
on consumption or on the exchange rate, ceteris paribus (since output is
demand-determined in the short run).'? If monetary policy reacts system-
atically to productivity shocks, however, productivity shocks may affect
consumption and exchange rates through the induced effects on money
supplies, so the ceteris paribus caveat in the last sentence is essential.

As Appendix B shows, the ex ante terms of trade are given by

pu—pr—Ee=(1- 2”)%2 + 20 + (1 — n)oye + NOre + Tic — Tieres
(18)

where we use lower-case letters to denote natural logarithms (except
for interest rates and the country-size parameter n). Here, o2 stands
for the date t — 1 conditional variance Uez, ,_1 = Var;_i{e;}, o, stands for
Ocet—1 = Cov,_1{c;, e}, and so on. If consumption is unexpectedly high
when the domestic currency is unexpectedly weak, meaning that o, > 0,
Home producers will find themselves with a highly variable marginal dis-

utility of effort because exchange-rate and world-consumption effects on

11 Obstfeld and Rogoff (2000) and Obstfeld (2001, 2002) explore related models with sticky
nominal wages.

12 While under sticky prices the output effect of a purely temporary positive productivity
shock (a fall in « or «*) is nil, the disutility from the previously planned level of labor
effort falls. If instead the shock were somewhat persistent, consumption would rise, raising
demand and with it, current output. See Obstfeld and Rogoff (1995) for similar results.
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demand will tend to reinforce each other. Foreign producers will be in the
opposite situation. Accordingly, Home producers will set relatively high
prices ex ante, and Foreign producers relatively low prices. If Home is rela-
tively small (n < %), greater currency variability o2 will raise its ex ante
terms of trade. In this case, exchange-rate fluctuations have a bigger effect
on the Home than on the Foreign demand curves, making world demand
for Home goods relatively more variable and making Home’s expected
disutility of effort higher at internationally equal ex ante production lev-
els. This asymmetry causes a relative preference of Home producers for
leisure, improving Home’s ex ante terms of trade. If n = %, o2 naturally
does not affect the ex ante terms of trade. Note, finally, that if, for ex-
ample, Home’s disutility-of-effort parameter « tends to be unexpectedly
high when the exchange rate e is unexpectedly high and Home’s products
therefore are cheap relative to Foreign’s, Home producers will on average
be in the position of supplying extra labor when it is most painful to do
so. Accordingly, they will set higher product prices ex ante, lowering their
planned labor supply, and Foreign producers will adjust their own prices
downward when o, rises.

3.3. Implications for Ex Ante Consumption
Appendix B also shows that the expected value of the log of (world)
consumption is

1 6—1 1
Ec = m{ log (T) —Elogk — 503 —2n(1 — n)o?

_ |:2 - %(1 - p)2:| 02 —2n(1 — n)(oge — Oire)

—2[no .+ (1 — n)cr,(*g]}. (19)

Certainty-equivalent expected log consumption is Ec = ﬁ[log(‘ge;l) —
Elog«] (see Appendix A). However, uncertainty plainly affects expected
log (world) consumption, and, hence, pricing and ex ante log output levels.
The relationship between consumption variability, as measured by o2, and
expected log consumption is ambiguous. According to Equation (19),
dEc/d0? is negative for p < 3, and nonnegative otherwise.

What do Equations (18) and (19) imply for producers’ date ¢t — 1 deci-
sions about date ¢ prices? Observe that the expectation of the logarithm

of the individual monopolist’s demand curve (9) is

Ey(h) = —6p(h) + (6 — 1)pu + Ep + Ec"
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when domestic-currency prices are preset [in which case Ep(h) = p(h)
and Epy = pu]. A change in o2 affects Home and Foreign producers
symmetrically, and hence has identical effects on Ey(4), Ey( f), and Ec%.
The last equation therefore shows (because the individual producer takes
pu, Ep, and Ec" as given) that if a rise in 0 depresses Ec¥ in equilibrium,
for example, it must induce every producer in the world to raise price and
thereby lower the expected log of his output. Accordingly, higher o is
associated with higher nominal product prices when p < 3 and with lower
prices when producers are so risk averse that p > 3.1

What explains the ambiguity? It results from the opposition of two ef-
fects. Greater consumption variability implies greater demand variability
in equilibrium, which in itself induces producers to raise prices so as to
limit the ex post variability in labor supply. Roughly speaking, the elas-
ticity of this effect is given by the coefficient on labor supply in the utility
function (1), namely, 2.

On the other hand, an increase in o alters the expectation of C~* x
C = C'=*, which is proportional to the equilibrium marginal utility value
of sales; see Equation (16). Because

1— 2
EC'™" =exp |:(1 —p)Ec+ %aﬂ ,

an increase in o2 raises the expected marginal utility value of sales at
given prices (i.e., given Ec) with elasticity %(1 — p)?. Plainly the sec-
ond effect will dominate the first, inducing lower producer prices ex
ante, only when p > 3. One can view this second case as reflecting a
sufficiently strong precautionary saving motive, under which higher fu-
ture consumption variability leads producers to choose a higher mean

13 Because logEC = Ec + 102, a rise in o2

- raises the expected level of consumption EC
mechanically, with Ec and producer prices held constant, simply because C = expcis a
convex function of c. We can compute the sign of the relation between (rcz and EC by

using Eq. (19) and calculating

dlogEC  —[2-3(1-p)] |1 p-2

ds2 1+p 2 2

According to the last expression, the expected consumption level rises with acz when
p > 2 (but, as noted, for 2 < p < 3, EC rises due to a convexity effect even though
producers raise their prices and lower the expected log of consumption). Notice also that

the variance of the level of consumption, aé is given by

o2 = exp (2Ee + 03) [exp (02) - 1]

(due tolognormality of C), so anincrease in o2, holding producer prices (i.e., Ec) constant,
implies an increase in 0.
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level of future (log) consumption despite higher expected disutility from
effort.

Equation (19) also shows that greater exchange volatility, other things
equal, unambiguously lowers expected consumption. Exchange rate vola-
tility operates through its effect on the volatility of demand for a country’s
good, which alters the expected marginal disutility of work. Productivity
volatility, o2, works the same way.'* The covariance terms in this equa-
tion are intuitive as well. If, for example, the covariance between the
real disutility shocks and world consumption is high, individuals expect
that world demand and hence labor supply will be unexpectedly high on
average precisely when effort is unexpectedly costly, so they will curtail
their planned labor supply. That reduces planned output and planned
consumption worldwide.

Of course, the relationships in Equation (19) between expected con-
sumption and the displayed variances and covariances are relationships
between endogenous variables. While suggestive, they do not reveal how
exogenous changes will affect the economy. To determine that, we must
fully solve for the model’s equilibrium.

4. Equilibrium

An equilibrium is a path for consumption, output, and prices that satisfies
the conditions for individual optimality, given the preset producer prices
of the last section. We compute the equilibrium in steps.

4.1. First-Order Conditions for Consumption and Money

The first step is to add consumers’ first-order conditions with respect to
the dynamic consumption path and money holdings. Since these rela-
tionships are standard (see, for example, Obstfeld and Rogoff, 1996), we
do not include detailed derivations. The following individual optimality
conditions hold regardless of whether nominal domestic goods prices are
flexible or sticky.

The intertemporal Euler equation for total real consumption is

—p _ 1+rn cr

=5 B G (20)

14 Interestingly, for equally sized countries, higher exchange rate variability will, ceteris
paribus, reduce expected output in both countries, and therefore will also reduce the
volume of trade (though not trade’s output share in GDP). Trade could fall as a share
of total GDP in a model with nontraded goods (other than leisure). Bacchetta and van
Wincoop (2000) model the impact of exchange rate variability on trade, but in their model
the sign of the effect is theoretically ambiguous.
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while the intertemporal Euler equation for money is

PE(C)Y 1 P (G
L AC) E,{ ’ < ’)} @1)
M; 1+34 Pri1 \ G

The nominal interest rate is (easily shown to be) given by the consumption-
based Fisher equation

t+1

. o
P(1+i41)E, P
1+ru=

(22)
E, {Ct+1}
Combining the three equations immediately above, we can write the
money demand equation as

M \° 1+
<_f> _ X( ?”f“) cr. 23)
B Lyt

4.2. Log-Linearization and the Exchange-Rate Risk Premium

As noted in the last section, we are going to assume that all the shocks to
the model are lognormally distributed. That assumption, as we shall see
later in this section, will turn out to imply that consumption is lognormally
distributed as well. In that case, one can write Equation (20) for Home as

1+r p?
+t;_ ) —pEcip1 + 702[ (24)

—pc; = log (

[where 02, = Var,(c;11)], with a parallel relation for Foreign. Of course
UCZ’ = ac%qt [recall Equation (14)]. We allow for a time-varying variance
to capture the possibility of changes in the distributions of the exogenous
shocks hitting the economy. We will illustrate later how to compute o7
and other second moments in terms of the variance—covariance structure
of the underlying exogenous economic disturbances.
Taking logs of Equation (22) yields
—p

. _ Cih
log(1 +i;41) = log(1 4+ r,41) — log E, —p+1ogE {C /).

Py
Lognormality of C and P allows us to write the preceding equation as
log(1 +ir1) =log(1 +ri11) + B pry1 — po +vis (25)

with v, given by

vy = ——az,t — POcpt (26)



Risk and Exchange Rates 89

[where O'g,t = Var;(p;+1), and o = Cov;(¢;41, pi+1)]- Note that the first
component of v;, involving the variance of prices, comes entirely from
Jensen’s inequality and therefore does not depend on any characteristics
of the individual’s utility function. It reflects that a mean-preserving rise
in expected future price-level variability mechanically raises the expected
future real value of money (which is a convex function of the price level).
The nominal interest rate falls as a result, other things equal.

Now consider the money market equilibrium condition. It is at this
point that we need to resort to an approximation, since the left-hand side
of the money Euler equation (21) is not log-linear.”> We approximate it
in the neighborhood of a nonstochastic steady state with a constant rate
of growth in consumption and in the money supply. In the steady state,
the left-hand side of (21) is

L) R N
M, 1+i 147

where overbars denote the nonstochastic steady state. Log linearizing the
left-hand side of (21) therefore gives

ie(my — ;) —ie(p — P,) — pi(c —¢) — log(1 +1i)
=ie(m, — p;) — pic; —ilog [X( + l)} —log(1 +1).
i

The log of the right-hand side of (21) follows with no approximation
from properties of the lognormal distribution:

1
—log(1+8) — Ei{piy1 — pi} — pEdcip1 — ) + Evart{pt-&-l + pCri1}

Thus, Equation (21) can be approximated as

- 14
1+i)7 1
e(m; — p;) = log M — zEdpit1 — pe + v}
i(1+9)7 1
°E
B z{CH—l— ) ”}"‘Pct, (27)

where the substitution Var,{p.s1 + pc,41} = p’02, —2v, follows from
Equation (26).

15 As we illustrate in Appendix C, no approximation is needed for the special case in which
¢ = 1 and money supplies (but not necessarily other exogenous shocks) follow a random
walk. The approximation we use below may not be a close one outside a neighborhood
of e =1.
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4.3. Equilibrium Exchange Rates and the “Level” Risk Premium
Assume that Home and Foreign have equal trend inflation rates, and
therefore (in this model) equal long-run nominal interest rates in the non-
stochastic steady state. Notice that, following the discussion of Equation
(24), the term E;{c;11 — ¢ — §0§t} is identical for Home and Foreign.
Taking Equation (27), subtracting its foreign counterpart, and making
use of the logarithmic PPP relation e = p — p* implied by (5), we there-
fore obtain

1
e(my —m} —e) = —l;(E,e,H —e + v — V) + ple —cf).

Except for the risk premium term,

. 1
Vi =V, = ) (U;%*,t - Ulza,t) + p(Ocpst = Oep.t)s (28)

this exchange rate equation is the same as in the certainty-equivalence
model of Obstfeld and Rogoff (1995).! Here, however, because ¢, — ¢ =
0, it simplifies to

1
S(mt — m;k — et) = _l;(Etet+1 —e + v, — V;k . (29)
Equations (27) and (29) can both be solved in the usual way (assuming
there are no speculative bubbles). The solution to (29) is

ie 1\ Vg — Vv
e = = = E {mg—mi + —=1. 30
' 1+iez<1+ie> t{ ie } G0)

s=t

16 Equation (28) is derived from Eq. (26) and its Foreign counterpart, recalling that ¢ = c*
in equilibrium.
As we were careful to point out immediately after Eq. (26), the term

1
) (‘7;2;*,t - ‘7;2),[)

arises entirely from Jensen’s inequality, whereas it is the term

p(acp*,t - (fcp,t)

alone that depends on risk aversion (given the covariances in parentheses). Thus, it
is the latter term that is more properly labeled “risk premium.” A section of Engel
(1999) is devoted to discussion of this point. As is often done in the literature, however,
we will sometimes abuse language and refer to the sum of the two preceding terms as
a risk premium, since that is the term examined in many empirical studies of foreign
exchange market excess returns. See Engel (1992) for a theoretical context within which
the distinction is important.
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The term involving {vy — v}}22, contributes a level risk premium to
the exchange rate. This term is not precisely equal to the conventional
forward exchange rate risk premium, which relates the forward rate to
the expected future spot rate, but only because it is multiplied by the
(possibly large) number 1/ie.!”

Hodrick (1989) showed the presence of related variability effects in the
closed-form solution to a flexible-price exchange rate model. However,
the cash-in-advance specification he employed to model money demand,
while allowing a variable velocity of money, still implies a fairly low elastic-
ity of the exchange rate level with respect to monetary risk factors such as
those in Equation (28). And it is the conditional variance of monetary fac-
tors thatis likely to be most volatile, and thus likely to have the best chance
of explaining exchange-rate fluctuations. In contrast, the monetary spec-
ification we have used allows for an unrestricted Cagan semielasticity of
money demand 1/ie, which —see Equation (29) — determines the response
of the spot exchange rate to expectations and risk premia. Equation (30)
thus raises the possibility that higher moments of economic variables, not
just first moments, could have significant exchange-rate impacts.'®

By Equation (25), a fall in v (the result, e.g., of a rise in the covariance
of ¢ and p) is associated with a lower Home nominal interest rate and,
by Equation (30), with an appreciation of Home’s currency (a fall in e,

17 The exchange rate risk premium is conventionally defined as the difference between the
log forward exchange rate and the expected future log spot exchange rate (although
we have already noted Engel’s 1992 correction to the conventional definition). Cov-
ered interest parity ensures that the forward exchange rate level Ft obeys the arbitrage
relation

. Fi .
1+i41 = g—t(l +if )
t

Taking logs of both sides of the covered interest parity relation, substituting Eq. (25) and
its Foreign counterpart, and making use of the PPP relationship (5) yields the logarithmic
risk premium as

fi —Ei(er41) = vi — vy, (31)

where v, — v/ is given by Eq. (28). Note that this is exactly the same term that enters
into the exchange rate level risk premium in Eq. (30), except that the term’s effect on the
exchange rate level is multiplied by a factor of 1/ie. We argue later that this multiplicative
factor is likely to be significantly greater than 1. While Egs. (28), (30), (31), and (32) all
hold whether output prices are sticky or flexible, the value of the risk premium may, of
course, depend on the degree of price flexibility.

Hodrick (1989) found little support in the data for a model in which exchange rate levels
depend on the conditional variances of money supply and industrial output, modeled
as generalised ARCH processes. However, his tests comprise only a small subset of the
possible risk factors that could be at work.

1

3
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resulting from higher Home money demand as i falls). Thus, the reduced
relative riskiness of investments in the Home currency leads simultane-
ously to a fallinits nominal interest rate and an appreciation in the foreign
exchange market. This experiment captures the idea of a portfolio shift
toward the Home currency or, equivalently, of a “safe haven” effect on
the Home currency.

One may similarly solve Equation (27) forward for the price level.
Ignoring the fixed constant term (which is irrelevant for calculating the
effects of unanticipated shocks), the result is'’

o0 1 s—t 2
E my + ———
pe= 1+l822:(1+18> ' y ie

e o 1\ 1 1+i
+— 2:( T) Q—~)pawﬂ—[“ )]p
T+ie Z7 \1+ie 3 1+ie

(32)

4.4. The Short-Run Effects of Monetary Shocks

We next proceed to solve for current consumption. The easiest way to
proceed is by multiplying Equation (27) by n and its Foreign equivalent
by 1 — n, and then adding the two equations. The result is

1+n7] 1

X L) -

e(m’ — p;') = log = L —:_E,{pt+l—ptvv+v[""}
i(1+498)i l

p o
— I?Et{ctJrl —C = 503,} + p¢,

where m¥ = nm+ (1 —n)m*, p¥ =npg + (1 —n)pf,andvY =nv + (1 —
n)v*. (Recall again that ¢ = ¢% is the same at home and abroad.) Solving

19 The ambiguously signed terms (1 — é) pE{c;} in this equation deserve comment. Higher
expected future (log) consumption has two countervailing effects on the equilibrium
price level, other things equal. By reducing desired saving and thereby increasing the
real (and nominal) interest rate, it reduces money demand and puts upward pressure on
the current price level. On the other hand, higher expected future consumption raises
expected future money demand and hence lowers expected inflation, incipiently reducing
the current nominal interest rate and putting downward pressure on the current price
level. If ¢ > 1 —implying a relatively inelastic response of money demand to the nominal
interest rate — the first effect is dominant.
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forward yields an equation isomorphic to Equation (32) for the domestic

price level (where again we ignore the uninstructive constant). Rearrang-
ing it in the form of an equation for world consumption, gives

— — 2
p(1+i):| T ( )‘ W W= 5ol
—_— |} = — E m, + ————
|:1+is ' P+ 1+st 1+ie 1 ic

ie & 1\ 1
+ = = 1— — ) pE/{c}. 33
1+ie _X: <1+ie> ( 8)'0 ries) (33)

s=t+1

One derives the full solution by substituting into the final right-hand side
term above the earlier formula for expected future consumption, Equa-
tion (19). Because p}' is a predetermined variable as of date ¢, Equa-
tion (33) shows that, other things equal, higher than expected (as of date
t — 1) current/expected future money raises current consumption.

While the consumption effects of innovations in current or expected
future money are the same internationally regardless of where in the
world the shock originates, other effects do depend on which country
generates the monetary impulse. By Equation (30), a positive innovation
in Home money depreciates its currency, worsening its terms of trade and
inducing a demand shift toward Home products.

Because of the Home currency depreciation, Home producers work
harder than they would absent the exchange-rate change, Foreign pro-
ducers enjoy more leisure. Because the short-run Home and Foreign
consumption responses necessarily are equal, we know that the surprise
Home monetary expansion benefits Foreign more than Home.”’ We ex-
amine these ex post welfare effects formally in Appendix D.

While the preceding discussion is suggestive, it is also possibly mis-
leading for thinking about general-equilibrium effects. Equation (33) is
not a reduced-form expression, of course, because the consumption and
exchange variances it includes are endogenous variables that depend on
the interaction among the model’s exogenous shocks. We now illustrate
how to solve explicitly for the model’s covariance structure, focusing on
implications for the foreign exchange risk premium.

20 The money shock has no real effects beyond the period it occurs, in contrast to the model
of Obstfeld and Rogoff (1995), because the current account is zero in equilibrium in this
model. For the same reason as in the model of Obstfeld and Rogoff (1995), there is no
exchange-rate overshooting in response to monetary shocks.
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5. Solving for Exchange Risk Premia

Suppose, for example, that the Foreign money supply is constant and the
Home money supply follows a random walk,

my =me_1 + WU,

where p, ~ N (0, 03) for every date t. Because the distribution from which
money shocks are drawn is time-invariant and lognormal, all of the vari-
ances and covariances in the model also will be constant over time.?!
Consider the Home nominal interest rate risk premium in Equation (26),
which can be written as v, = —%Vart( Prv1) — pCovi(cly, pry1). Because
pu and pf; are preset,

Var,;(p41) = (1 — n)*Var,(e41).

Also, we can compute the innovation in e, easily from (30) because v
and v* are constants.”? The innovation in e is

lTE 00 1 s—t—1
<1+28>S;1(1+78) MK+l = MK+,

Var,(pi11) = (1 — n)zoi.

implying that

By (33) the innovation in ¢}",, is

1+fe}< is ) el ( 1 )H—]
py p— E e a—— n
[p(l—i—i) 1+ie) ' s:Zw;l 1+ie He

_ [+ ic)
- [ p(1+1) ]“t“’ o

2l Under the assumptions made in Section 3, productivity shocks are correlated with ex-
change rates and consumption only to the extent that monetary policy reacts system-
atically to them. Given that the money-supply process assumed in this section allows no
feedback from productivity shocks to policy, we therefore need no further assumptions
regarding the shocks « and «*: they do not influence risk premia, expected consumption,
or the expected terms of trade.

The analysis becomes more complicated when the covariances, rather than being con-
stants, can evolve stochastically over time. In that case innovations in second mo-
ments influence the exchange rate and consumption. Closed-form solutions for dynamic
models with time-varying second moments are offered by Abel (1988) and Hodrick
(1989).

22
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and so

w n(l+ie
Covi(c}'y, prv1) = Covt{ [ﬁ}um, 1- n)um}
_ [(1 - n)n(lT—i- fe)} 3 (35)
p(1+1i)
Collecting terms, we see that the Home currency’s risk premium (includ-
ing the convexity term) is

V= —03{%(1 —n)* + |:—(1 — n)n(lT+ 18)] }
141

If the only uncertainty is Home money-supply uncertainty, then the
Home nominal interest rate will be below the level suggested by Fisher
nominal-real parity because world consumption rises when the Home
currency depreciates. Note also that the degree of risk aversion p drops
out of the expression because p enters the consumption response to a fall
in world interest rates as well as the calculation of the marginal utility of
consumption.”

We can similarly calculate v*. With sticky prices, the innovation to p;
is given by —nu,1, so that

2 2
Var,(p;,) =n o

At the same time,

w s n(l+ie
Cov, (C,H, P;H) = Cov, { I:,o((l—%—f))]lhﬂ, —nﬂt+1}

1 -
- _n205[+_li].
p(1+1)

23 With more general preferences, both the degree of risk aversion and the elasticity of in-
tertemporal substitution would appear separately in the solution for v. A cateris paribus
rise in risk aversion would raise the absolute value of v. A rise in intertemporal sub-
stitutability, by magnifying the current consumption response to a fall in the world real
interest rate, would also raise the absolute value of v.

Note that for a closed economy (n = 1), the price level is fully predictable with sticky
prices and therefore v = 0.
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Thus (again adding in the convexity term),
1 1+ie
* 2 2

b _02[1—2n N n(1l +££)].
2 1+

and

m

is the risk premium.?*

Thus, recalling Equation (30), we see that for empirically reasonable
nominal interest rates (and in all cases for n = %), a rise in the level of
Home monetary variability leads to both a fall in the “level” exchange-rate
risk premium for the Home currency and a fall in its forward exchange
rate risk premium. For plausible values of i and &, the former effect is
potentially much larger than the latter effect [because the coefficient 1/ie
multiplying the risk premium in Equation (30) can be large].

Interestingly, our analysis contradicts the common casual presumption
that financial markets will attach a positive risk premium to the currency
of a country with high monetary volatility. Controlling for expected trend
inflation differentials, that presumption is by no means necessarily borne
out in a sticky-price world. Ceteris paribus, a rise in Home monetary
volatility may lead to a fall in the forward premium, even holding ex-
pected exchange rate changes constant. Why? If positive domestic mone-
tary shocks lead to increases in global consumption, then domestic money
can be a hedge, in real terms, against shocks to consumption. (The real
value of Home money will tend to be unexpectedly high in states of na-
ture where the marginal utility of consumption is high.) Furthermore —
and this effect also operates in a flexible-price model — higher monetary
variability raises the expectation of the future real value of money, other
things equal (the convexity term).?’

24 Excluding convexity terms (as arguably is more appropriate for a theoretical examination
of the effects of risk), the risk premium would instead be

=

Cov (€ pir) = Coulely. pi)] = —oF| "

The distinction is irrelevant here for n = % as the convexity terms cancel out.

These effects offer a possible insight into the “forward premium puzzle.” The puzzle is the
empirical regularity that (across the major currencies with floating exchange rates), high
interest rates do not seem to be associated with expected depreciation. (If anything, the
opposite is true.) Suppose that countries with higher trend inflation tend to experience

25
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By the same logic that we have applied to a currency’s excess return,
we also see that higher domestic monetary policy volatility can lead to
an appreciation of the domestic currency’s level in the foreign exchange
market. This effect would result from a decline in the “level” risk premium.
Indeed, for plausible parameters, this effect can be big, as we have noted.

Although high Home monetary policy volatility may tend to strengthen
the nominal value of the Home currency (since a fall in e is an apprecia-
tion), it does not necessarily improve Home’s terms of trade. By the same
logic we used to derive Equation (35), we infer that

_ |:n(1 +ie)] ,
ce = ,0(1 +;) | we
Then, using Equation (18), we find that

[2n(1 4+ fs)} } ’
L o(1+0) 1)

so that the effect of alf is theoretically ambiguous. The intuition is straight-
forward. First, consider the case where n = 1/2,so that the first term on the
right-hand side above drops out. Then, a rise in Home monetary volatility
strengthens Home’s expected terms of trade, because Home producers
contract planned output in the hope of limiting the rise in their labor-
supply volatility (and Foreign producers do the reverse). On the other
hand, if n and p are relatively large, a rise in oﬁ may worsen Home’s ex
ante terms of trade. If the Home country is larger, exchange rate vari-
ability creates relatively greater demand variability for Foreign agents,
leading them to substitute into leisure by setting prices higher.

Finally, our discussion has suggested that some of the results on the
sign of risk premia carry over to the case of flexible prices. Plainly the
results involving the expected terms of trade do not, since these were de-
rived from price-setting behavior under risk. But the qualitative results
concerning monetary variability and the nominal exchange rate risk pre-
mium do carry over. In fact, in the case ¢ = 1 (log utility for real balances),

E{pH—p;—e}={<1—2n)+

greater volatility in monetary policy (a fairly well-documented fact; see, e.g., Alesina
and Summers 1993). Then, across countries with relatively similar inflation rates (e.g.,
the main industrialized countries), it is at least theoretically possible that the forward
premium is opposite in sign to the expected rate of depreciation of the exchange rate.
Empirically, measured money-supply variability probably is too small to explain forward-
rate bias based on a model like ours. In reality, however, monetary shocks also result from
hard-to-measure money-demand factors, such as unpredictable shifts in the transactions
technology.
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both the forward exchange rate risk premium and the level exchange rate
risk premium are identical for sticky- or flexible-price models (provided
all shocks are monetary); see Appendix C. There are two offsetting fac-
tors involved in the result. Under flexible prices, the covariance between
consumption and prices is zero (rather than a negative number) when
all shocks are monetary. However, the overall price level is more volatile
when it is flexible, and this makes the Jensen’s inequality component of
the risk premium larger. In the ¢ = 1 case, these two changes in moving
from sticky to flexible prices offset each other exactly. Of course, under
more general assumptions (¢ # 1, nonmonetary shocks, and so on), the
attributes of risk premia can depend on whether the model has flexible
or sticky goods prices.

6. The Magnitude of the “Level” Exchange Rate Risk Premium

Isthe level exchange rate risk premium potentially very large and volatile?
Its magnitude depends on that of the forward risk premium and of model
parameters. Little is known empirically about the magnitude of the for-
ward risk premium. Fama (1984) has argued that the small coefficients one
usually gets in forward premia regressions are a strong indication that the
forward risk premium must be highly volatile, and probably more volatile
than the expected rate of change of the exchange rate itself. Magnitudes
of 0.5 to 1 percent for the mean absolute value of the one-year forward ex-
change rate risk premium seem conservative, given the evidence surveyed
in Lewis (1995).%

The level exchange rate risk premium is larger than the forward ex-
change rate risk premium by a factor of 1/ie in our model [recall Equa-
tion (30)]. Assuming time is measured in years (on the same scale as the
risk premium number we have just discussed), then a value between 0.04
and 0.08 seems plausible for i. It is usually thought that ¢ is higher than
one, though not necessarily by a large margin. Thus, based on a priori
reasoning, it is not implausible to assume that 1/ie = 15, suggesting that
even a 0.5% risk premium in the forward rate could translate into an
effect of 7.5% on the level of the exchange rate. One can also try to quan-
tify 1/ie by noticing the interpretation of 1/¢ as the interest elasticity

26 Engel (1999) shows that when import prices are set in domestic-currency terms under
pricing to market, and a cash-in-advance constraint makes money demand completely
interest inelastic, a model of the type set out here can easily generate (realistically) large
forward risk premia. In the model Engel describes, however, risk factors do not contribute
to the conditional volatility of exchange rates.
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of money demand, and then drawing on the theoretical and empirical
literature on that topic. Both the Miller—Orr (1966) and Whalen (1966)
models of money demand predict an interest elasticity of —0.33, which,
with an average interest rate of 5% suggests a value for 1/ie of more than
5. Goldfeld’s (1973) estimates of the interest elasticity of money demand
are lower, on the order of —0.1 to —0.2, so an estimate of —0.33 may be
on the high side. Nevertheless, it remains plausible that exchange risk can
have a significantly larger effect on the level of the exchange rate than on
the forward risk premium. Correspondingly, if the forward risk premium
is quite volatile, as many studies indicate, the analysis here shows that
such volatility could significantly heighten exchange-rate volatility.

7. Volatility and Welfare

Can a fully anticipated rise in Home monetary volatility potentially be
welfare-improving? What is the effect on Foreign? We have seen that an
increase in Home monetary volatility not only leads to a surprising rise in
the Home currency’s nominal exchange value, but it can also lead to an
improvement in Home’s expected terms of trade. In addition, expected
consumption may rise if agents are sufficiently risk averse. Given that
expected global consumption is too low in the nonstochastic steady-state
equilibrium (due to the existence of monopoly power), this last effect,
taken by itself, would appear offer a potential improvement in global
welfare. In Section 4.4 we examined how monetary shocks are transmitted
between countries ex post. Now we ask about the ex ante welfare effects
of different policy rules.

7.1. Calculating Ex Ante Utility

Answering such questions turns out to be remarkably straightforward.
In comparing the systematic effects of alternative policies, the relevant
measure of welfare is ex ante welfare E,_; U,. We will temporarily ignore
the empirically small money-services component of utility, in which case
the Home representative agent’s period objective reduces to

cl’ o«
E,lutREEtl{ d ——tYf}.

1—p 2

Observe, however, that the first-order condition for optimal price setting,
Equation (16), implies that in a symmetric equilibrium,

B ) = (99;1) B {7}, (36)
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since by Equation (13), Y = PC/ Py (where, recall, C = C%). Therefore,
suppressing time subscripts,
1- 1—
E c p_fYZ —FE ¢ p_Ecl—p
1—p 2 1—p 20

26-(1-p)O-1) .,
:E{ 26(1 - p) ¢ }

an expression we can easily evaluate given that C is lognormally dis-
tributed and that we have already solved for Ec, o2 and o2.

To simplify matters slightly and without affecting our main qualitative
results, we will abstract from productivity shocks. Then, making use of
Equation (19), the final term of the last equation can be solved as*’

EuR — E{Z@ —(1-p)o _1)C1—p}

26(1—p)
)
x exp(l — p) [—%_pn)af — 03:| . 37)

From this equality we deduce that

d(EuR
(802 ) =—(1-p)EuR <0

(since the sign of uR is the same as that of 1 — p). One can similarly
calculate that
IER)  (1—p)

= EuR < 0.
do? 2(1+p) s

Thus, expected welfare is unambiguously decreasing in both the variability
of consumption and exchange rates.

Let us assume that the only shocks are Home monetary shocks drawn
from a time-invariant distribution. In that case we can draw on the last

27 The text expression makes use of the fact that the expression

[t} 52

simplifies to —(1 — p)a2.
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section’s results. Since

) [n(l +ZS)TUZ
‘ p(1+1)

[recall (34)] and 6/ = o7 are both increasing in o, it follows that Home
welfare unambiguously falls as monetary variability rises.

What is the intuition for this unambiguous result, despite the fact that
higher volatility can induce greater work effort, raising world consump-
tion closer to the first-best competitive level? In this monopolistically
distorted world, why wouldn’t introducing a small amount of uncertainty
have a first-order welfare benefit (if it raises consumption) and only a
second-order cost (starting from a position of zero volatility)? The answer,
loosely speaking, is that because the consumption shift itself is induced
only by the change in uncertainty, the countervailing welfare effects must
be of the same order of magnitude.?® Intuitively, the output, consump-
tion, and terms-of-trade effects of greater money-supply variability are
all side effects of individuals’ imperfectly successful attempts to shield
themselves from a higher level of outside risk.

7.2. Equality of Expected Home and Foreign Utilities

The ex post effects of shocks are not necessarily the same at home and
abroad in this model. As we discussed in Section 4.4, macroeconomic
shocks can lead to internationally asymmetric labor-supply responses
even though their consumption effects are symmetric.”’ In contrast to
knowing about the ex post international effects of specific shocks, how-
ever, we are often interested in seeing how alternative regimes affect the
ex ante distribution of global welfare. For example, how does a fully anti-
cipated increase in Home’s monetary variability affect Home and Foreign
welfare? This regime change entails internationally asymmetric changes
in several macro variables. Remarkably, however, the overall ex ante wel-
fare effects on Home and Foreign are identical because

EuR = Eu*R (38)

always.

Equality (38) follows directly from the Home and Foreign first-order
conditions for price setting, Equations (16) and (17). Indeed, Home and
Foreign expected utility will still be proportional even if output enters

28 'We thank Meg Mayer for this intuition.
2 See also Appendix D.
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with a different exponent into Home versus Foreign utility. Even though
the ex post effects of shocks need not be symmetric, expected utility is still
equal across the two countries because producers formulate production
plans to ensure that equality.>

We have not taken into account the terms in M/ P in the utility function,
but even these are identical if money shocks are permanent. (In the period
of the shock Home real balances rise by n percent since the price level
rises by 1 — n percent. Foreign real balances also rise by n percent as the
Foreign currency appreciates.) Provided the term y in (1) is realistically
small, any differences due to real balance effects are presumably third-
order in any event.

The model therefore provides an intriguing example in which there
is no conflict between Home and Foreign objectives in choosing the
exchange-rate regime, despite asymmetries in both ex ante price setting
behavior and ex post outcomes. Observe that if we relaxed the assump-
tion in Equation (2) that commodity-preference weights equal population
weights, Equation (38) would no longer hold, but it would still be true that
ex ante Home and Foreign utilities are proportional. In that case, too,
countries would always agree on the choice of the exchange-rate regime.

7.3. Country Size and the Cost of Currency Volatility

Equation (37) has implications for the relation between country size and
the cost of exchange volatility. When one of the countries, say Home, is
so big that it occupies nearly the entire world, n = 1, then exchange rate
volatility obviously has only a negligible effect on its welfare (because the
price level is nearly perfectly predictable in that case). Surprisingly, how-
ever, exchange rate volatility also has no effect on the welfare of Foreign,
which is of size 1 — n ~ 0. Equation (38) yields the same implication: If
country size shields Home from the effects of exchange-rate variability,

30 Under perfectly flexible prices, with the disutility of labor in both countries of the form
kYV/v(v > 1), we would have
0—1
kY’ = (7> cl-»
0

in every state of nature. From this relationship it follows that u® = u*R ex post. With
optimally preset prices, however, Eq. (36) holds instead of the preceding displayed equa-
tion, and so u® = u*R holds in expectation — Eq. (38). Obviously this is a special result
that depends on the power form of the utility components, but it is still an interesting
and important case. Deviations from purchasing power parity can cause the equality of
expected utilities to break down, as in Obstfeld and Rogoff (2000), but need not, see
Obstfeld (2001).
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minuscule Foreign must gain commensurately.3! This result seems to con-
tradict the conventional wisdom that small countries are hurt relatively
more by currency volatility, and therefore would do well to fix their ex-
change rates.

What explains the result? In this case, Foreign’s reduction in planned
output raises its terms of trade just enough to compensate it entirely
for exchange risk; see Equation (18). And since Foreign goods make up
an infinitesimal part of Home’s consumption basket, this terms of trade
change has essentially no effect on Home. Thus, a very small country may
have little or no incentive to peg its currency to that of a very large trading
partner.*?

7.4. Quantifying the Cost of Currency Volatility

One can use expression (37) to quantify the gain from moving to a fixed ex-
change rate regime. Assume for this purpose that all shocks are monetary.
The experiment we consider is a monetary regime change that reduces o2
to zero by pegging the exchange rate, while maintaining the variance of
world monetary growth (and hence o) at its prior level. The calculation
we offer is meant only as an illustration, but it suggests that welfare losses
due to monetary shocks’ exchange-rate effects could be large.

We compute the percentage increase A in output under flexible prices,
(%)ﬁ , that makes the consumer as well off with exchange variability as
with A = 0 but 62 = 0. (We hold o> constant across regimes as explained
above, and refer to the equivalent variation A as the “cost of exchange-rate
variability.”) The cost A is the solution to

(=)= p) ] _
_ T4s Ue]—l,

(1+1)'"exp [
or

2n(1 —
A =exp [nl(Tpn)%z} -1

Imagine that the time interval during which prices are set is a year,
that n = %, that p = 1, and that o, equals 0.20, or 20% per year. Then
the cost of exchange-rate variability would be a full 1% of GDP per year

31 Similarly, Eq. (19) implies that 0.62 does not affect the expected log of consumption in
either country when Home is nearly the whole world.

32 Onthe other hand, in a model with many equally-sized monetary unions, welfare would be
enhanced (given an absence of real shocks) by a reduction in the number of independently
fluctuating currencies.
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(A = 0.01), a substantial number given the low degree of risk aversion
that was assumed. Raising the degree of risk aversion — while holding
intertemporal substitutability constant — would raise this estimated cost.

8. Summary

This paper develops an explicitly stochastic treatment of a “new open
economy macroeconomics” model along the lines of the one suggested
by Obstfeld and Rogoff (1995). A main contribution of the paper is to
introduce powerful new tools for investigating the allocational effects
of macroeconomic uncertainties. Our log-linear model allows the ex-
plicit computation of risk premia and underscores the factors that de-
termine risk premia when monetary surprises systematically cause out-
put to change. The model admits possibly large effects of risk premia on
exchange-rate levels — even when the risk premia themselves are of mod-
erate size. By modeling nominal price setting by monopolistic producers
under uncertainty, this paper shows that there will be a risk premium in
the expected terms of trade that may differ in sign from the conventional
currency risk premium.

The most compelling application of the model is, however, to welfare
analysis. Explicit modeling of price setting behavior under uncertainty —
rather than the assumption of certainty-equivalence behavior that is com-
mon in the literature — leads to very simple and powerful welfare results.
Another contribution of this paper is to provide the first exact general-
equilibrium account of the welfare costs of exchange-rate volatility, an
issue absolutely central to the concept of optimum currency areas, but
one that has not been adequately modeled to date (Krugman 1995). Em-
pirically, these welfare costs can be substantial. Our model also provides
an intriguing case in which Home and Foreign have the same incentives
in designing an optimal world exchange rate system, despite potentially
large asymmetries in both ex ante price setting and ex post welfare ef-
fects. Though there are many differences in outcomes for the two coun-
tries, these wash away in ex ante welfare calculations if producers set their
money prices optimally.®?

Needless to say, while our model is highly suggestive of effects and
channels that had long proven elusive to international macro-modelers, it

33 Appendices explore some additional issues, including the ex post international transmis-
sion of monetary shocks and the bearing of national monopoly power in trade on the size
and sign of international transmission.
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is only a special case. The literature subsequent to this paper has pursued
a broad range of pertinent extensions and policy applications.

Appendix A. Flexible-Price Output Levels and Government
Spending Shocks

The first section of this appendix describes the flexible-price output level
implied by the model. The second shows how government spending shocks
could be introduced.

A.l. Equilibrium Output with Flexible Prices
Under flexible prices, the first-order condition governing aggregate supply
is given by>*

Ok
We derive from Equations (39) and (13) the log-linear relations:

(1+p)y =log (%) + (1 = p)(A —n)(pu — pr),

anz(iig(%gw«wﬁCR (39)

(40)

(1+p)y* = log (%;:) — (1 = p)n(pu — pr)-

In logs, Equation (12) is
pu—pr=y =y

We can use this equation, together with those in (40), to solve for py — pr,
v, and y*. The equilibrium terms of trade under flexible prices are

_1 log  —
PH — PF = 3 g o)
so that the Home and Foreign flex-price output levels are
1 6—1 1-n)1 -
y= log +( n)( p)log LAY
1+p Ok 21+ p) K*
1 0—1 n(1—p) K
= lo - log| — ).
Y 1+p g(@x*) 2(1+p) 8\
34 This is the same as Eq. (15) from Chapter 10 of Obstfeld-Rogoff (1996), except that
here p # 1 and supply responds positively when the general price of Home goods, Py,

rises relative to the overall CPI, P. Obstfeld and Rogoff (1995) and Corsetti and Pesenti
(2001) treat the case p # 1.
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Observe that because p = npyg + (1 — n) pr,

c=c"=c"=ny+ (1 —-n)y*
1 0—1 1 0—1
= 1 — 1-— 1 .
1+p[”°g<0x )” s Og(ex* )}

A.2. Government Spending Shocks

Introducing government spending shocks into the model is straightfor-
ward. Suppose Home government spending falls entirely on Home output
and that

Y- G=Y exp(—y)

and similarly that Y* — G* = Y* exp(—y*). In equilibrium PC}j exp(y) =

PHY, or
P -1
(2) cremin -

The implication is that the spending shock can be viewed as shifting the
demand curve facing a country.
Thus, with flexible prices, each home producer faces a demand curve

vi(h) = [%)] (%)1 ¥ exp(y).

Clearly the only change from the corresponding text equation is replace-
ment of C¥ by C¥ exp(y ), so we can write the producer’s first-order con-

dition as
v = (S0) (B) T erewiric:

from which we can derive

(1+p)y = 10g< K1> + (1 = p)(I —n)(pu — pr) + pv,

(1+p)y* = log <%> — (1= p)n(pu — pr) + py™.

Because py — pr = y* — y* — (y — v) [by the obvious generalization of
(12)], we can use the preceding two equations to derive

P — DF= %[(V —y*) +log <K£)}
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Combining the preceding three equations (and simplifying by assuming
that k = «*) yields

1 1 /1-p\ , 1 01
y=zy‘z<m)y *(m)l"g( i )’
L1, 1 /1—p\ 1 6—1
Y =37 ‘5(@)? +<m>“’g< i )'

One can also derive:

e w 1 o 0—1 w
c=c"=c"= T+, g P V.

The analysis of the sticky-price case is similarly straightforward.

Appendix B. Optimal Price Setting by Producers Facing Monetary
and Productivity Shocks

This appendix presents the detailed derivation of the ex ante logarithmic
terms of trade and consumption solutions reported as Equations (18) and
(19). In Section 3 we derived the first-order condition

E{(C'""}=E !" <90%1> <%§>2}

[Equation (16)]. Because Py is predetermined, the latter can be written

as
e 6 \ E{x P2C%)
= (9 - 1) E{Clr)

The parallel Foreign relation,

E{C'?(0 -1)}=E {w (P*C)z} .

Py

[Equation (17)], can be written as

y 0 E{x* P*2C?}
P = —
6—1) E[Cl-r)
Recall that the Home and Foreign price indices are P = PA(E P,
P* = (Py/E)"(P)!~". Using these definitions, we infer from the two
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preceding price-setting equations that
P\ 0 '\ E{x£20-nC?)
Py “V\e-1 E{C!-r} ~
BE\" 0 E{x*£-21C?)
Py)  \V\o-1 E{Cl-r}

We assume that C and £ are lognormally distributed (an assumption
consistent with general equilibrium, as the text shows). Note that

E{k&217C?} = E{exp[logx + 2(1 — n)e + 2c]}.
Thus, under lognormality,
E{k&217"C?) = exp [E logx +2(1 — n)Ee + 2Ec + %03 +2(1 — n)*c?
+ 203 +2(1 — n)oye + 20 +4(1 — n)acej|.
Similarly,
E{C'"*} = exp [(1 —p)Ec+ %(1 - p)zacz].

The equation for (Py/Py)!~" above therefore becomes

P\ " o \? 1 1
(FI];) = (ﬁ) exp {zElogK + (1 —n)Ee+ 5(1 + p)Ec

1 1
+ g0+ (= nfal 4 1= 30 o202

+ (1 —n)ore + oec +2(1 — n)ace}.

Likewise,

1
PE\" 0 2 1 1 1
() = (%) e {fmwme smes S o

1
—l-nzoe2 + |:1 - Z(l - ,0)2:| (ICZ — NOye + O — 2noce} .
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Taking logs of these two equations leads to

. 1 0 1 1
(1 —=n)(pu — pi: — Ee) — 3 log (m) = zElogK + 5(1 + p)Ec

1 1
# 302 + (U=l 1= 1= o] o2
+ (1 — n)oye + oce + 2(1 — n)og,

and

0 1 1
—n(pu — pr — Ee) — —log< 1) = ;Elogk” + S (1 + p)Ec

1
4 K*—i—na +[1_Z(1 ,o):|a — NOy+e + Oyt — 2N0ce.

As noted in the text, we make the simplifying assumptions that « and
«* have identical lognormal distributions and are serially uncorrelated, so
that E,_; logk, = E;_1 log ;. Subtracting the second from the first of the
last two equations gives the expected terms of trade under the simplifying
assumptions, Equation (18):

pu—pp—Ee=(1- Zn)Ue2 + 20ce + (1 — 1)0ye + NOre + Oie — Oire.

Finally, the preceding equations yield the expected log of (world) con-
sumption, Equation (19):

1 -1 1
Ec = m{ log (T) —Elogx — 56’3 —2n(1 — n)o?

- [2= 50 07|02 - 200 = )~ )

—2[noe + (1 — n)a,{*c]}.

Appendix C. An Important Special Case with an Exact Solution

Because the interest rate enters the money demand equation (23), it is
not possible, in general, to write that equation in logs without resorting
to a linearization. There is, however, one important special case where
a closed-form solution exists. This case is of some interest not only in
understanding the ramifications of the model for the exchange-rate risk
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premium but also because this simple case may be useful in various po-
tential applications of the model.*®

Suppose that ¢ = 1 so that money enters in the utility function (1) as
X log(%“). Then the intertemporal Euler equation for money (21) be-

comes
x BCl { B ( G )p}

1=X2% 4 gE , 41

M, PE: P \Cq “1)

where g =1/(1 + §).
Assume that money follows a random walk with drift,

=1+ we, (42)

where ¢, is a positive serially uncorrelated shock with mean 1. (Lognor-
mality is not needed for the special case.) Foreign is symmetric with trend
money-growth parameter p*. Consumption may also be stochastic, due
to sticky prices, productivity shocks, and so on. We require only weak
stationarity assumptions on the consumption process, which may be cor-
related with money.

The basic trick to solving the model is to rewrite Equation (41) as

PC! PC’ M, M,
1=Xlt+ﬁX[tE[ r t+1p (43)

M, M, M xPia Gy

Let us try a candidate solution in which
X 1;/[ ¢ _ "
t
is constant for all . In this case, Equation (43) simplifies to
xPCl { M, }
1= + BE ,
M, AE: M

or, taking advantage of (42),

M, 1+ u

Note that in deriving this expression, we only required that p and
E(1/€;41) be constant over time. (Obviously, we are implicitly imposing

35 The example here is developed for the flexible-price case in Obstfeld and Rogoff (1996,
Section 8.7.3).
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no speculative bubbles.) Assume that x = x*. If we take Equation (44)
and divide it by its foreign counterpart, using the fact P, = & P*, we arrive
at a reduced-form expression for the exchange rate:

ﬁE1(1/€1 )

g M| 17 (45)
T oM BE/(1/¢;,)
O R s v

An increase in the variance of Home money growth rate raises E,(1/¢,1)
since the inverse is a convex function; the change therefore lowers the
exchange rate. Note that Equation (45) holds under either flexible or fixed
prices. (One can easily check that in the log-linear model developed in
the previous part of the paper, the value of v — v* is the same under sticky
or flexible prices also when ¢ = 1.)

How is it possible that money-growth uncertainty can affect the ex-
change rate equally under either sticky or flexible prices? Recall from
Equation (26) that v is the sum of two components: a term involving the
covariance of prices and consumption, and a convexity term deriving from
the fact thatinflation enters inversely into the money Euler condition. Un-
der flexible prices, the overall price level is more volatile. Therefore, the
convexity component of v is correspondingly larger. When ¢ = 1, these
two effects cancel exactly. When ¢ < 1, the convexity effect is actually
larger. One can easily solve for the forward exchange rate risk premium
and show that for ¢ = 1, it has the same value under fixed and flexible
prices.

Appendix D. Ex Post Welfare Effects of Monetary Shocks

The first section of this appendix analyzes in detail the global ex post
welfare effects of monetary disturbances. The second shows in a general
setting how terms-of-trade shifts can bring about asymmetric domestic
and foreign effects of domestic monetary shocks.

D.1. Calculating Ex Post Welfare Effects

The effects of a monetary innovation on the Home representative agent
all occur in the initial period of the shock. For concreteness, but with no
loss of generality, consider a permanent (small) percentage increase dm
in Home’s money supply. Let us assume temporarily that « is nonrandom
and ignore the (empirically small) money-services component of utility.
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We thus focus on the period utility component

R _ cl-r

u

see Equation (1).

Assume the shock moves the world economy away from an initial path
where C'=” and Y? equal their expected values as of the period before.
Then the utility effect of the shock dm is

duR dc dy

=EC'""— —¢EY?>—=Z.
dm dm o dm

Recall, however, Equation (36):
0—1
ExY? = (T) EC'.

Observe further that by Equations (4), (5), and (9), in a symmetric sticky-
price equilibrium,

dy = (1 — n)de + dc.

Putting the last three equations together, we infer that the ex post
welfare effect on Home is the sum of two separate effects:

de® _ (1dc 1, (01 de
U _pero (1) e (1) aom
The first term here represents the increase in welfare resulting from a
rise in output when price exceeds marginal cost. This welfare gain ac-
crues equally to Home and Foreign, as in the analysis of Obstfeld and
Rogoff (1995). The second welfare term arises because the Home cur-
rency depreciation switches global demand from Foreign to Home. That
term, which reduces Home’s gain from its own monetary expansion and
augments Foreign’s, was absent from the model in Obstfeld and Rogoff
(1995). [The next section of this appendix explains why, and shows that in
models more general than this one, the expenditure switching exchange-
rate effect on Home welfare can be negative (as here), positive, or nil (as
in Obstfeld and Rogoff 1995).]

Using Equations (30) and (33) and our assumption of a permanent
Home money-supply increase, we compute that

du®  EC'? { (1+ie)n

dm 6 p(1+?)_(9_1)(1_n)}'
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This expression shows plainly that even a small money-supply increase,
despite expanding Home consumption and output, need not have a posi-
tive welfare effect on Home itself (Home residents work harder). Foreign
always gains, however. If the model contained an additional distortion
making Home work effort lower — such as a domestic income tax — a
positive welfare effect on Home would be more likely.

D.2. The Terms of Trade and Asymmetric Transmission

What explains the asymmetric ex post international transmission of mon-
etary shocks in the present model, as compared with the symmetric trans-
mission in that of Obstfeld and Rogoff (1995)? The answer is clearest if
we generalize the model to allow for a possibly nonunitary (but still con-
stant) elasticity of substitution, w, between Home and Foreign goods.?¢
In that case the index of total consumption becomes

w—1 1 o=l
w

1 01125
C:[nECH + (1 —n)yoCg® ] , w >0,

instead of Equation (2) (which is the @ = 1 case). However, (3) still holds,
and is repeated below for convenience:

[y e
Cr = [(%)é /nlC(z)Hﬁldz]ﬁ], 0>1.

Consider the special case in which w = 6, so that substitutability in
consumption does not depend on production locale. In that case we have

D

22

C= [/Olc(z)"?dz}“,

as in Obstfeld and Rogoff (1995). In the general (6 # w) case, we have
the price indexes

1

1M 1-6 = 1 ! 1-6 =
Py=|—- P —d , Pr=|—— P —“d ,
H [n/O (2) z} ¥ [1_’1/'1 (2) z}

36 Similar analyses have been developed independently by Lombardo (1999) and Tille
(2000).
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and the demand functions

chy = [P(”)} Ci, ()= [@}_QCF.

The demand for the aggregates Cy and Cp is given by

Py P\
CH_n(P) C, CF_(l—n)<?> C,

where

L
-

P=[nPy“+(1—n)Pi ]

Because of these relationships, we see that individual Home and For-
eign producers will face the world demand curves:

w-[R] (3) e [ () e
46

The intuition behind this specification is quite important. In the model
of this paper w = 1 < 6, so the Home and Foreign output baskets are less
substitutable than are different Home (or Foreign) commodities for each
other. This means (as we show in a moment) that if all Home produc-
ers lower price simultaneously, the global demand response for a single
producer is smaller than it would be if that producer unilaterally lowered
price. From a national standpoint, therefore, producers overestimate the
price elasticity of demand. (There is a pecuniary externality.) This is the
key reason for asymmetric effects of small exchange-rate changes in this
paper’s model. When instead @ = 6 (as in Obstfeld and Rogoff 1995),
each individual producer perceives a demand curve that accurately re-
flects the country’s monopoly power in trade. This feature lies behind the
symmetric effects of small exchange-rate changes in Obstfeld and Rogoff
(1995).
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More formally, observe that for a representative Home good (say),
Equation (46) can be solved for P(h) to show that real revenue is

-
PO vy (%) e

P
-3
= Yy~ fi e
[P+ (1 —n) P ]
L P\ )
v e (1) e @)
F

where ®'(Py/Pr) > 0.

The experiment we consider is a small increase in Home output, hold-
ing world consumption C¥ constant. (This corresponds to a pure expendi-
ture switching effect.) Notice that marginal national revenue, computed
using Equation (47), is

R = (150 ) B (552 amn L a)
where
_ dlog ®(Py/Fr)
= dlog(Pu/ Fr)
and
dlog(Py/ Pr)

T/ =" 4100 Y(h)

Marginal private revenue (as perceived by the individual producer) is just
the first summand of the right-hand side of Equation (48),

(054

that is, PR is the derivative of total real revenue holding the aggregate
terms of trade Py/ Pr constant.

In a symmetric equilibrium with P(h) = Py for all A, individual mo-
nopolistic producers produce too much (from the parochial perspective of
maximizing real national revenue) when 6 > w and PR > NR. Such is the
case in this paper, where w = 1 is assumed. In the standard competitive
model of the optimal tariff, # = oo and so the country overproduces ab-
sent a protective tariff. Interestingly, however, NR > PR when 6 < w, so
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in that case national real income is raised if producers jointly expand out-
put. In the case 6 < w a country expanding its money supply would reap
a secondary short-run gain from the depreciation of its currency, rather
than the more conventional secondary terms-of-trade loss. The case an-
alyzed in Obstfeld and Rogoff (1995) is the one in which 6 = w, so that
NR = PR and the expenditure switching effect of a currency depreciation
has no first-order welfare consequence.
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Economic Integration, Industrial Specialization, and the
Asymmetry of Macroeconomic Fluctuations*

Sebnem Kalemli-Ozcan, Bent E. Sgrensen,
and Oved Yosha

We show empirically that regions with a more specialized production
structure exhibit output fluctuations that are less correlated with those of
other regions (less “symmetric” fluctuations). Combined with the causal
relation running from capital market integration to regional specializa-
tion found in an earlier study, this finding supports the idea that higher
capital market integration leads to less symmetric output fluctuations.
This mechanism counterbalances the effect of lower trade barriers on the
symmetry of fluctuations quantified by Frankel and Rose (1998). It is fur-
ther argued that more asymmetric output shocks do not necessarily imply
more asymmetric income shocks, since more cross-country ownership of
productive assets may actually render income shocks more symmetric de-
spite the greater asymmetry of output shocks. Some evidence in support
of this claim is reported. Deriving a simple closed form expression for the
gains from risk sharing for CRRA utility is an independent contribution
of the present article.

1. Introduction

Much of the debate on the desirability of economic integration centers on
the degree of synchronization (symmetry) of macroeconomic fluctuations

* The paper appears in Journal of International Economics, 2001, vol. 55, 107-137, and
is reprinted here under permission of Elsevier Science B.V. The paper is essentially the
same, but Section 7, dealing with income asymmetry, is new. (We have also incorporated
changes addressing the comments of the discussant, Lars Svensson.) We thank three
referees, Andy Rose, and Lars Svensson for comments as well as participants in several
seminars and conferences. The paper previously circulated as “Industrial Specialization
and the Asymmetry of Shocks across Regions.”
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across countries.! It has been noted that the process of economic integra-
tion itself will affect the symmetry of macroeconomic fluctuations. Frankel
and Rose (1998) argue that removal of trade barriers will entail more cor-
related business cycles, because a higher level of trade will allow demand
shocks to more easily spread across national borders. They further men-
tion that economic integration will render policy shocks more correlated
and that knowledge and technology spillovers will increase (Coe and
Helpman 1995).? Krugman (1993), on the other hand, claims that lower
barriers to trade will induce countries to specialize more, rendering out-
put fluctuations less, not more, symmetric.® Figure 5.1 summarizes these
effects visually.

Frankel and Rose (1998) provide empirical evidence for the mech-
anism they propose by regressing the pairwise correlation of business
cycles on bilateral trade intensity instrumented by distance for a sample
of OECD countries.* They obtain a positive and significant coefficient,
which suggests that even if the effect proposed by Krugman is present in
the data, it is dominated by the mechanism they describe.’

Our goal here is twofold. First, we want to draw attention to yet another
mechanism: Economic integration will lead to better income insurance
through greater capital market integration which will, ceteris paribus, in-
duce higher specialization in production and more trade rendering fluc-
tuations less symmetric across countries. Second, we establish empirically

—-

Inrecent years, the discussion of European monetary integration has dominated the scene.
Itis argued that the cost of joining a monetary union and giving up independent monetary
policy will be low if countries have highly synchronized (symmetric) business cycles. See
De Grauwe and Vanhaverbeke (1993) for an exposition of the main issues. Naturally, this
debate builds on Mundell’s (1961) classic analysis of Optimum Currency Areas.

These additional mechanisms should also contribute to fluctuations becoming more sym-
metric following economic integration.

Krugman corroborates his argument with the observation that U.S. states are more spe-
cialized in production than European countries.

Itis well established empirically that trade volume increases with geographical proximity;
see Table 1 in Frankel and Rose (1998).

The effect suggested by Krugman operates via interindustry trade while that proposed
by Frankel and Rose applies mainly to intraindustry trade. In their analysis, Frankel and
Rose use the total volume of trade instrumented by distance. Since distance affects both
inter- and intraindustry trade, the positive relation between trade volume and business
cycle correlation indicates that the effect suggested by Krugman is not the dominant one.
Rose (2000) adds another empirical building block to the Frankel-Rose mechanism by
providing cross-sectional country- and regional-level evidence that a common currency
enhances the volume of trade. Canova and Dellas (1993) also study the relation of trade
interdependencies and business cycles, focusing on the transmission across countries of
business cycle fluctuations and obtain mixed results. They do not discuss the potential
endogenous response of country-level business cycles to economic integration.
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that higher specialization in production indeed translates into less sym-
metry of output fluctuations; see Fig. 5.1.

The claim that economic integration will induce higher specialization

in production through better cross-country income insurance has been
substantiated empirically by Kalemli-Ozcan, Sgrensen, and Yosha (1999).

More
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Figure 5.1. The effects of economic integration on fluctuations asymmetry.

“Coe and Helpman (1995).

bThis channel is mentioned by Frankel and Rose (1998).

“Frankel and Rose (1998) estimate the overall effect on fluctuations asymmetry of
lowering trade barriers. They instrument by distance (a trade barrier). Krugman
(1993) stresses the effect of lower trade barriers on specialization.

4Kalemli-Ozcan, Sorensen, and Yosha (1999) estimate the effect of greater inter-
regional income insurance on industrial specialization. In the current paper, we
estimate the effect of greater industrial specialization on fluctuations asymmetry.

“Typically, more intraindustry trade.
/Typically, more interindustry trade.
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fluctuations
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They established that capital market integration leads to higher speciali-
zation in production. Here we find that higher specialization in produc-
tion is associated with less symmetry of output fluctuations. Together,
these findings substantiate an effect of income insurance on industrial
specialization which, other things equal, results in less symmetric output
fluctuations.®

There is no contradiction between our empirical findings and those re-
ported by Frankel and Rose (1998) since the mechanism we suggest (bet-
ter opportunities for income diversification) is independent of barriers
to trade.” Our papers thus isolate distinct potential effects of economic
integration on fluctuations asymmetry that are part of a rich menu of
economic mechanisms that will jointly shape postintegration patterns of
GDP fluctuations.® Which effect will dominate in the European Monetary
Union remains an open empirical question.

To establish empirically that higher specialization in production is as-
sociated with less symmetry of output fluctuations, we calculate measures
of asymmetry in GDP fluctuations for OECD countries and U.S. states
and regress them on industrial specialization indices. The regressions con-
trol for relevant economic and demographic variables and yield positive
and significant coefficients for the specialization indices.

In the context of economicintegration, a natural measure of asymmetry
is one that quantifies the potential loss of welfare due to asymmetric
GDP fluctuations in the absence of risk sharing mechanisms. (Of course,
we want an asymmetry measure that is independent of the amount of
risk sharing actually obtained.) To construct such a measure we use a
simple model of risk sharing among countries inhabited by representative
agents. First, we evaluate the welfare that each country would obtain if it

6 Qur finding in this paper also serves as partial corroboration for the mechanism suggested
by Krugman (1993). But to our knowledge, the positive effect of lower trade barriers on
industrial specialization has not yet been established by systematic empirical analysis.

7 In particular, the main instrument used by Frankel and Rose — geographical distance —

seems to be orthogonal to the amount of income diversification across regions and coun-

tries. Sgrensen and Yosha (1998) find that the amount of insurance across OECD countries

(including Japan, Canada, and the United States) is very similar to the amount of insurance

across European Union countries, and Sgrensen and Yosha (2000) find that the amount

of insurance within different regions of the United States is very similar to the amount of
insurance within the U.S. as a whole. It seems that the amount of insurance among regions
and countries is determined by institutional factors (for instance, the legal and financial

environment); see Kalemli-Ozcan, Sgrensen, and Yosha (1999).

See Giannetti (1999) for yet another such mechanism. She argues that industrial composi-

tion determines who benefits from knowledge spillovers. In her model, high-productivity

rich regions will become richer and even more specialized in the high-productivity sector
relative to poor regions as a result of economic integration.



Asymmetry of Macroeconomic Fluctuations 125

were constrained to consume its own GDP. Next, we evaluate the welfare
that each country would obtain if output were pooled across the entire
OECD. The difference represents potential gains from risk sharing that
we here regard as a measure of fluctuations asymmetry. The logic is that
the more a country can gain from sharing risk with other countries in a
group, the more asymmetric are its GDP shocks relative to the group.’
The derivation of a simple closed form expression for the gains from risk
sharing is an independent contribution of the present article.'?

Asymmetry of output (GDP) may not be important for the stability
of a monetary union if there is substantial risk sharing between mem-
bers of the union. Rather, the potential welfare losses from income and
consumption asymmetry might be the relevant indicators of stability. We
demonstrate that asymmetry of personal income across U.S. states is sub-
stantially lower than asymmetry of output. (We do not consider asymme-
try of consumption since only retail sales are available at the U.S. state
level and welfare gain measures are very sensitive to measurement error.)

In the next section, we review relevant conceptual issues. In Section 3,
we sketch a stylized model of fluctuations in order to provide a frame-
work for interpreting our findings. In Section 4, we present our measure
of fluctuations asymmetry which is derived in detail in the Appendix. In
Section 5, we define the specialization indices that we use and in Sec-
tion 6, we describe our data and report the empirical results. Section 7
displays asymmetry measures for U.S. states based on personal income,
and Section 8 concludes the paper.

2. Conceptual Issues

In the presence of production risk and with no markets for insuring it,
countries that specialize in the production of a small number of goods
may suffer a loss in economic welfare due to the high variance of GDP.!
But if international financial markets and goods markets are integrated,

9 An analogous reasoning holds for U.S. states.

10" Cole and Obstfeld (1991) point out that changes in the terms of trade can provide insur-
ance. In their model, countries produce different goods and consume similar baskets of
goods. An (exogenous) increase in the physical amount of output of a good will lead to
a decline in the price of that good, which can be considered as “automatic insurance”
through the terms of trade. We utilize nominal GDP numbers (which already incorporate
price responses) deflated by consumer prices. That is, the potential gains from risk sharing
calculated in the present article are the potential gains from financial market integration
beyond any automatic insurance from term-of-trade responses.

11 See Brainard and Cooper (1968), Kemp and Liviatan (1973), and Ruffin (1974).
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countries are able to insure against asymmetric shocks through diversi-
fication of ownership and can therefore “afford” to have a specialized
production structure.'> The central empirical implication of this idea is
that better insurance among countries should be associated with higher
country-level specialization in production. (An analogous logic holds for
regions within countries.) This was confirmed empirically by Kalemli-
Ozcan, Sgrensen, and Yosha (1999) who established a causal link running
from risk sharing (income insurance), facilitated by a developed and re-
liable financial system, to specialization in production.!3

Financial integration will likely lead to more specialization since en-
trepreneurs will be less reluctant to “put more eggs in the same basket.”
This is because a greater fraction of their (or their investors’) income will
be derived from other sources, such as internationally diversified invest-
ment funds. Further, foreign investors will be buying shares in domestic
firms since they themselves will be seeking to diversify their portfolios
internationally. It is also likely that governments will insist less on subsi-
dizing diversity within national borders.

What are the implications for the European Monetary Union? Today,
there is little risk sharing between countries,'* but capital market in-
tegration is bound to increase with further economic integration. First,
there is some indication that a change is already taking place in Europe.
Liebermann (1999) has replicated the Sgrensen and Yosha (1998) study,
extending the sample period to include the 1990s. She finds significantly

12 See Helpman and Razin (1978a, 1978b) and Feeney (1994). Further work on this topic

includes Anderson (1981), Grossman and Razin (1984, 1985), and Helpman (1988). The

idea that insurance induces specialization has made an impact in the economic growth

and development literature; see Greenwood and Jovanovic (1990), Saint-Paul (1992),

Acemoglu and Zilibotti (1997), and Feeney (1999). Closely related to the topic of this

paper is Obstfeld (1994a). In his model, countries choose the investment mix in risky (high

return) projects and safe (low return) projects. International capital market integration
provides insurance, inducing countries to shift investment toward high return projects
promoting faster growth.

To address the possibility of endogeneity bias, they used instrumental variables which

are exogenous to the degree of specialization but are likely to be correlated with the

extent of observed interregional risk sharing. These include quantitative indicators of the

“legal environment” that are likely to have an impact on the amount of cross-regional

ownership of assets, for example, the degree of protection of investor rights (La Porta

et al. 1998).

14 See French and Poterba (1991) and Tesar and Werner (1995) who document “home bias”
in portfolio holdings, Backus, Kehoe, and Kydland (1992) who compare cross-country
GDP correlations and consumption correlations, and Sgrensen and Yosha (1998) and
Arreaza (1998) who carry out cross-country variance decompositions of shocks to GDP
for EC/OECD and Latin American countries respectively. All these studies point to
negligible risk sharing through cross-country ownership of assets.

13
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higher cross-country insurance via capital markets during the period
1992-97, which indicates that capital markets in Europe are integrating.
Second, the high degree of cross-regional ownership in the United States,
documented by Asdrubali, Sgrensen, and Yosha (1996), suggests that eco-
nomic and monetary unification will indeed induce a greater geographical
spread of ownership across Europe.!?

We expect the main impact on specialization to occur in manufactur-
ing where corporate ownership is most prevalent. At the one-digit level,
production patterns are determined to a large extent by exogenous cir-
cumstances, most notably the existence of natural resources such as oil,
minerals, or fertile land. However, cross-border insurance should have an
impact on specialization even at the one-digit level —at least at the margin.
To illustrate, with insurance against asymmetric fluctuations it would be
less risky for the Italian Riviera regions to further specialize in tourism
and for Norway to further specialize in oil production.

If countries indeed specialize more as a result of international capi-
tal market integration, the opportunities to insure within countries will
be reduced. Therefore, higher specialization in production should render
country-level GDP fluctuations less symmetric. The point can be illus-
trated with the following stylized example. Suppose that all shocks are
industry-specific and uncorrelated across industries. If there is full specia-
lization, in the sense that no two countries overlap in sectors with nonzero
production, then GDP across countries will have zero correlation. If there
is no specialization, in the sense that all countries have an identical sec-
toral composition of output, then GDP will be perfectly correlated across
countries. If there is partial specialization, the correlation of GDP across
countries will be positive but not perfect and, in general, the greater the
specialization, the closer to zero are GDP correlations. However, not all
shocks need be specific to industries — we present a stylized model which
allows for other sources of shocks in Section 3.

We use data for the 50 U.S. states and a sample of OECD countries
to test empirically whether countries and states that are more specialized
(at the one-digit level and in manufacturing) are subject to less sym-
metric fluctuations. We repeat the analysis for the sample of U.S. states
alone - this may be more informative about conditions in an economic
union — and obtain similar results.

15 Interestingly, Kenen (1969) points out that well-diversified countries suffer less from
asymmetric GDP fluctuations and should be more inclined to join a monetary union.
He does not, however, take the further step of arguing that joining a monetary union
will itself affect the degree of industrial specialization through the mechanism described
above.
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It is worth stressing that although the effect of capital market inte-
gration on the asymmetry of macroeconomic fluctuations is expected to
happen over time, there is no compelling need to formulate and test a
dynamic model using time-series data. Paraphrasing Rose (2000, p. 11),
one can perfectly well exploit cross-sectional variation to trace the effects
of capital market integration on the asymmetry of fluctuations.

3. A Stylized Model of Fluctuations

In order to focus the discussion, we make use of a simple stylized model.
We follow Frankel and Rose (1998) and express the per capita GDP
growth process of countries i and j as

Alog gdp) = 3, alug, + BV,
Alog gdptj =Y. asjum + Biv/.

The variables on the left hand side should be regarded as generic expres-
sions for per capita GDP fluctuations in each country (whether measured
as log-differences of GDP at the one year frequency or as HP-filtered
GDP, etc.).!® The variable u;, represents a time ¢ sector-specific shock to
the output in sector s which is common to both countries. It reflects tech-
nological changes, sudden changes in the prices of inputs that are more
heavily used in some sectors and changes in the composition of demand.
The variables &/ and af are the weights of sector s in the total output of
countries i and j — they are not indexed by ¢ to indicate that they do not
change from year to year.!’

The variables v and v/ represent the time ¢ country-specific GDP
shocks that are common to all the sectors in each economy and they are
best interpreted as country-wide policy shocks. The variables g and B/
represent the weights in each country of the country-wide (as opposed to
sector-specific) shocks.

The variables u,,, v}, and v/ are assumed to be identically distributed
random variables with mean zero and unit variance. They are further
assumed to be independently distributed over time. The sector-specific
shocks, u; ;, are assumed to be independently distributed of vf and v,j , but

ey

16 For brevity, we will often omit the adjective “per capita.”

7 Tt is well known that industrial composition is not constant over time. Kim (1995), for
example, documents how industrial specialization in the United States gradually changed
over the past century, while Imbs and Waczairg (2000) formalize the idea that countries
experience “stages of diversification” as they develop and grow. Our empirical analysis
(as well as the analysis in Frankel and Rose 1998) is cross-sectional, and uses data from
arelatively short time period. The formulation in Equation (1) is, therefore, appropriate
for our purposes even if the constants &/ and o slowly change over time.
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the latter variables have a time-invariant correlation coefficient deno-
ted pi.

The correlation of the country-specific GDP shocks, p/, has two in-
terpretations. It captures the common element in the shocks themselves,
such as the extent to which major strikes are likely to occur in the same
year in both countries. It also captures the common response of GDP in
both countries to shocks that occur in only one of the countries, such as the
response of aggregate demand in both countries to increased government
spending in one country (a “Keynesian” demand spillover effect).

Consider the first term on the right-hand side of Equations (1), 0 ug
and Esa‘{' us ;. Their correlation is Esaé af . We predict that the distribution
of the sector shares, ay, will become more dissimilar across countries as
a result of capital market integration with various countries specializing
in specific sectors. As a result, the correlation across countries of sector-
specific shocks, Esaéasj ,will decrease.'® Therefore, the correlation of GDP
fluctuations (i.e., of Alog gdpﬁ and A log gdp,j ) will also decrease.

The stylized model also illustrates that our analysis is complementary to
that of Frankel and Rose (1998). They concentrate on the second term on
the right-hand side of Equations (1), 8/v/ and 8/v/ , representing country-
specific shocks. The correlation of these terms (p'/) will increase as a result
of economic integration through lower trade barriers and increased intra-
industry trade, and so will the correlation of GDP fluctuations, A log gdp’t‘
and A log gdpi. Of course, lowering of trade barriers is also likely to make
the distribution of sector shares more dissimilar as predicted by Krugman
(1993); but according to the results of Frankel and Rose (1998) this effect is
dominated by increased correlation of country-specific shocks. In order to
predict the total effect of economic integration on fluctuations asymmetry
one needs to know the elasticities of the sector shares, «;, of the demand
shock correlations, p, and of the weights, 8, with respect to all the relevant
variables that will change as a result of economic and financial integration.
This should be high on the research agenda of scholars interested in the
economics of monetary unification.

4. Measuring the Asymmetry of Fluctuations

Academic research on the asymmetry of economic shocks, at the regional
and national levels, dates back at least to Cohen and Wyplosz (1989) and
Weber (1991) who studied output growth rate correlations for European

18 To illustrate, if country i produces only good s and country j produces only good s’, this
correlation is zero.
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countries, and to Stockman (1988) who distinguished between country-
specific and industry-specific shocks.!® This literature generated a de-
bate,?” and there is no consensus regarding the “correct” statistical model
for country-level (or regional-level) GDP. We, therefore, opt for a more
“structural” approach that builds on economic theory: We calculate the
increase in utility obtained from consuming a fraction of aggregate GDP
rather than actual GDP for the representative consumer of each country.
More precisely, in the framework of a simple model of optimization and
general equilibrium, we evaluate the increase in per capita discounted
expected utility that would be achieved by moving from financial autarky
(each country consumes the value of its GDP) to full insurance (each
country consumes a fixed fraction of aggregate GDP). The fraction of ag-
gregate GDP that a country consumes under full insurance is the fraction
that would accrue to it in a perfect risk-sharing general equilibrium.?!
We interpret this utility gain as a measure of fluctuations asymmetry. The
more a country can gain from sharing country-specific risk with other
countries in a group, the more asymmetric are its GDP fluctuations rela-
tive to the group.

4.1. A Utility-Based Measure of Fluctuations Asymmetry

Our proposed measure builds on the following counterfactual thought ex-
periment. Consider a group of countries inhabited by risk averse agents
(consumers) who derive utility from consumption of a homogeneous
nonstorable good. This group constitutes a “stochastic endowment eco-
nomy” in the sense that the GDP of these countries is regarded as ex-
ogenous and stochastic by consumers. Securities markets in this economy
are complete, permitting cross-country insurance. Consumers within each
country are identical ex-ante as well as ex-post: All have the same utility

19 The latter paper inspired numerous studies including Kollman (1995), Fatas (1997), Hess
and Shin (1998), and Del Negro (1999). Bayoumi and Eichengreen (1993) focused on
demand versus supply shocks identified via a vector autoregressive model, whereas De
Grauwe and Vanhaverbeke (1993) distinguished between region-specific and country-
specific shocks. See also Canova and Dellas (1993) and the survey by Clark and Shin
(2000).

Some studies suggest that economic integration will result in less symmetric shocks (De
Grauwe and Vanhaverbeke 1993) or that the degree of asymmetry will not change (Forni
and Reichlin 1997) while others conclude that economic integration will result in more
symmetric shocks (Clark and van Wincoop 1999, Frankel and Rose 1998). These studies
typically attempt to identify the full stochastic process for regional output (as in Forni and
Reichlin) or concentrate directly on output correlations (as in Clark and van Wincoop
and Frankel and Rose).

Most of the time, we will refer only to countries, but our analysis applies equally well to
states within the United States.

2
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function, the same rate of time preference, §, and are subject to the same
realization of uncertainty.?

It is well known that under commonly used assumptions — symmetric
information, no transaction costs, CRRA utility, identical rate of time
preference for all countries — perfect risk sharing among the countries in
the group implies that ¢! = k' gdp,. Here ¢! is the per capita consumption
in country, gdp, is the aggregate per capita GDP of the group of countries
under consideration, and k' is a country-specific constant that does not
vary across “states of the world” or over time.??

For each country, we compare the expected utility of consuming &’ gdp,
with that of consuming the endowment, gdpi. To quantify these gains we
must make distributional assumptions. Let the natural logarithm of the
per capita GDP of the group and the per capita GDP of each country be
random walks with linear trend drift. Further suppose that, conditional
on gdpf) and gdp,, the joint distribution of the log-differences of these
processes is stationary and normal: A log gdp, ~ N(u, 0?), Alog gdpﬁ ~
N(u', 67), and cov(A log gdp’, Alog gdp,) = cov’ for all £.2* With these
assumptions we obtain closed form solutions for the gains from risk shar-
ing and, in the process, for the equilibrium shares in aggregate consump-
tion (the ks). To the best of our knowledge, this has not been accom-
plished before in the literature on risk sharing.”

In the derivation (that is presented in full detail in the Appendix), we
distinguish between CRRA utility, ﬁcl"’(y # 1), and log-utility which
yields simple and intuitive expressions but is, of course, more restrictive.?°

22 We, thus, focus on fluctuations asymmetry between countries, ignoring potential asym-
metry within countries.

Under perfect risk sharing, each country consumes a fixed fraction of the aggregate
gross product every period regardless of the realization of GDP shocks. The constant &’
represents the strength of country i’s claim in the risk sharing arrangement. See Huang
and Litzenberger (1988) for a derivation for CRRA utility. In the literature, the perfect
risk sharing condition is often expressed in terms of aggregate consumption, but since
outputis assumed to be nonstorable in our model, gdp, is equal to aggregate consumption.
This assumption involves an approximation since the aggregate GDP cannot, in general,
be strictly log-normally distributed if each country’s GDP is log-normally distributed.
After the final version of this article was completed we became aware of Kim, Kim, and
Levin (2000). Using a quite different approach, they obtain analytical solutions for gains
from risk sharing in a two-country framework that allows for more general dynamics
than we do.

The approximation that aggregate GDP is log-normally distributed may introduce minor
bias of unknown direction. For example, the calculated shares of aggregate GDP that
each state or country would consume under perfect risk sharing do not sum precisely
to 1 in our calculations (see the Appendix). However, in this study the shares sum to a
number very close to one (between 1.00 and 1.01), so this bias is negligible.

23
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The utility gains from risk sharing will be substantial only if shocks have
a cumulative effect over longer horizons. If gross product were not highly
persistent, these gains would be small as pointed out by Obstfeld (1994b).
Indeed, the random walk assumption is important for our derivation.”’
If the actual GDP growth rate of countries is stationary, this will result
in overestimation of gains from risk sharing, and underestimation of the
gains if the actual GDP growth rate is more persistent than a random
walk.?® Our regression results depend only on the relative magnitude of
the gains from risk sharing, so it is not crucial for our purpose to pin down
the level of these gains.

It is economically more meaningful to express the gains from risk shar-
ing in terms of consumption certainty equivalence. We do so by calculat-
ing the permanent percentage increase in the level of consumption that
would generate an equivalent increase in expected utility.?’ More pre-
cisely, the gain in utility (of moving from autarky to perfect risk sharing)
equals the gain in utility that would be achieved by increasing consump-
tion permanently from GDP;y to GDP;o * (1 + G;). G; is our country-by-
country measure of fluctuations asymmetry and, for log-utility, is given
by:3°

. 1/1 1 :
Gl = E(EO'Z =+ EO'I-Z — COVI>, (2)

where § is the intertemporal discount rate.3' The intuition for this formula
is straightforward. First, the gain from sharing risk is higher for countries
with a lower covariance between A log gdpi and Alog gdp,. The inter-
pretation is that countries with “countercyclical” output are compensated

27 As it is for van Wincoop’s (1994) estimation of nonexploited welfare gains from risk
sharing.

For U.S. states, we performed state-by-state Augmented Dickey—Fuller tests for a unit
root in state gross product and were never able to reject a unit root. These tests, based on
relatively short samples, have low power against near unit root alternatives, and indeed
the question of whether typical macroeconomic series contain unit roots is still open.
Nevertheless, as shown in the appendix to Obstfeld (1992), welfare gains are substantial
when shocks to gross product are persistent whether or not the process contains an
exact random walk. Another issue is that our measure may underestimate gains from
insurance since we do not use preferences with separate parameters for risk aversion
and intertemporal elasticity of substitution. Obstfeld (1994b) shows that welfare gains
estimates are typically higher with such utility functions.

29 We follow van Wincoop (1994) in this respect.

30 See the Appendix for a derivation for both CRRA and log-utility.

31 And e~% is the intertemporal discount factor.

28
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for providing insurance to other countries by stabilizing aggregate output.
Second, the higher the variance of countryi’s GDP the more it contributes
to smoothing shocks in other countries, other things equal, and the more
it receives in exchange for this service. Third, the higher the variance of
the aggregate gross product of the group, keeping the variance of country
i’s GDP constant, the more other countries would be willing to “pay”
country i for joining the risk-sharing arrangement.>” (The interpretation
of the formula for CRRA utility is similar, although less transparent.)
We regard G; as a reasonable and intuitive country-by-country measure
of fluctuations asymmetry: The more a country can gain from sharing
idiosyncratic risk with other countries in a group, the more asymmetric
are its shocks relative to the group.

There is nothing novel in characterizing the equilibrium allocation of
an Arrow-Debreu exchange economy, but to the best of our knowledge,
a closed form solution for the equilibrium sharing rule and the gains
from risk sharing for CRRA utility has not been explicitly worked out
before.*?

In the empirical implementation, the parameters o2, o7, and cov’ are
estimated using country-level (or state-level) and aggregate GDP data.
A natural measure of output is GDP deflated by the Consumer Price
Index (CPI). We stress the logic of deflating by the CPI rather than by
a GDP-deflator: Since our measure is utility based, we want measured

32 Of course, o2, the variance of the growth rate of aggregate GDP, cannot change without
any of the O’iz’S changing. The distributional approximation regarding aggregate GDP
allows us to treat o2 as a parameter (that can be estimated from aggregate GDP data)
rather than as a complicated function of the country-by-country Ul.z’s.

Obstfeld (1994b) provides a closed form solution for the welfare gains due to a reduction
in consumption variability in a partial equilibrium setting, whereas van Wincoop (1994)
computes welfare gains from risk sharing in a general equilibrium model but relies on
approximation techniques. Of course, our work builds on these papers which were the
first to compute and estimate welfare gains from risk sharing taking into account the per-
sistence of shocks to GDP; see also Tesar (1995). van Wincoop (1994) calculates potential
gains from risk sharing using consumption data, measuring how much further gains from
risk sharing can be achieved by moving from the observed consumption allocation (in
the data) to the perfect risk sharing consumption allocation. (That is, he computes non-
exploited gains from risk sharing.) The potential gains from risk sharing that we calculate
have a different interpretation, as they are based on a counterfactual thought experiment:
moving from autarkic (rather than actual) consumption to perfect risk sharing. The calcu-
lation of this measure uses only GDP data rendering it more appropriate as a measure of
GDP fluctuations asymmetry. Of course, the techniques developed here can also be used
to calculate the nonexploited gains from risk sharing using consumption data as in van
Wincoop (1994).

3
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output to reflect consumption in autarky (with countries consuming the
value of their GDP). Thus, we want to translate GDP to the amount of
consumption that it can buy which is obtained by deflating using the CP1.3
Note also that our fluctuations asymmetry measure focuses entirely on
the value of GDP (in terms of consumption) and its volatility, not on the

composition of GDP.

5. Measuring Specialization in Production

Each specialization index is computed annually (for every country) for
the relevant sample years and averaged over time. The one-digit speciali-
zation index for country i is

GDP’,

; 5 GDP} 1 i 2
seect =y (2 L5~ Y
= \ GDP; J - ‘7 GDP;

where GDP{ is the gross product of (one-digit) sector s in country i, GDP;
is the total GDP of this country, S is the number of sectors, and J is
the number of countries in the group. The index represents the distance
between the vector of sector shares in country i’s GDP, Gpp; /GDP;, and
the vector of average sector shares across the countries other than i. It
measures the extent to which country i differs from the other countries in
terms of industrial composition. Similarly, the manufacturing (two-digit)
specialization index for country i is

; ) GDP;-Y GDP
SPECH = Z goP  J —1 Z GpPY ’
s=1 [

j#

where GDP] is the gross product of manufacturing sector s in country
i, and GpP} is the total manufacturing gross product of this country.

34 To illustrate, consider Alaska and suppose that it produces only oil. Suppose now that
physical production of oil remains fixed from period ¢ to period ¢ + 1 but that the price
of oil doubles, whereas the CPI is unchanged. Deflating by the GDP-deflator would yield
no change in the real value of Alaska’s output, whereas deflating by the CPI would
yield a doubling of the value of output. The latter makes more sense since Alaskans
consume approximately the same basket of goods as the rest of the nation and they
therefore become “richer” when oil prices increase. In sum, when using a utility based
measure of fluctuations asymmetry, output must be measured in consumption-equivalent
terms.
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Alternatively, we use the indices

i o |GoP! 1 GDP’
SPEC = ; eor;, J —1 ‘= GDP; ’

i x| GoP! 1 GDP’
SPECw = S; Gop!  J —1 ; GopY |’

for one-digit and manufacturing specialization, respectively.?

6. Empirical Analysis

6.1. Data Used

United States: Gross state product (GSP) data are from the Bureau of
Economic Analysis (BEA). Washington D.C. is very atypical and is omit-
ted. The sample period for GSP by sector (used for computing speciali-
zation indices) is 1977-94, while for total GSP (used for computing the
fluctuations asymmetry measure) it is 1963-94.3° We transform all gross
product magnitudes to per capita terms using population by state, also
obtained from the BEA. We use data for ISIC one-digit industries and
utilize BEA data for 21 manufacturing subsectors, which we aggregate to
9 ISIC two-digit levels. High school enrollment in percent of total popu-
lation (1990) and total land mass are from the 1997 Statistical Abstract of
the United States. The data are transformed to constant prices using the
U.S. aggregate CPI. All the data are annual.

OECD: We use data from the OECD National Accounts 1996, Volume 2.
The countries in our sample are Belgium, Denmark, France, Netherlands,
West Germany, Austria, Canada, Finland, New Zealand, Norway, and the
United States. We restrict attention to this sample due to missing sec-
toral GDP data for other OECD countries, both at the one-digit level
and for manufacturing subsectors. Data for Greece are available, but
were omitted a priori since during the sample period Greece was at
a substantially lower level of economic development than the rest of
the countries, with a very high dependence on agricultural production.
The sample period for sectoral GDP (used for computing specialization

35 These alternative indices put less weight on very specialized sectors.
36 The BEA official GSP series start in 1977 and we have combined these series with older
series. The BEA advises against using the older data at the sectoral level.
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indices) is 1977-90 for the 9 ISIC two-digit manufacturing sectors and
1980-90 for the ISIC one-digit industries. The sample period for total GDP
(used for computing the fluctuations asymmetry measure) is 1963-93.
GDP is transformed to per capita terms using population data from the
National Accounts, and is further converted into constant dollars using
the CPI for each country (from the National Accounts) and 1990 (end
of year) exchange rates (from the IMF International Financial Statistics
database). Land area is from the 1997 Statistical Abstract of the United
States. All the data are annual.

6.2. Asymmetry Measures and Specialization Indices

Tables 5.1 and 5.2 display the variance of real per capita GDP, its covari-
ance with aggregate GDP, the asymmetry measures for logarithmic and
CRRA utility, and the specialization indices for U.S. states and OECD
countries, respectively. The variance of state-level GSP (Table 5.1) is typi-
cally higher than that of country-level GDP (Table 5.2). The gross product
of oil-rich states and countries typically exhibits a low covariance with ag-
gregate gross product (Alaska, Wyoming, Norway) — even negative in the
case of Alaska.’’

The third columns of Tables 5.1 and 5.2 provide the estimated mea-
sures of fluctuations asymmetry for log-utility. These numbers represent
the permanent percentage increase in initial GDP (autarkic consumption
in the initial period) that would generate the same increase in discounted
expected utility as moving from autarky to perfect risk sharing. The num-
bers are calculated using the expression in Equation (2) multiplied by
100.%8

For log-utility, the average (population weighted) gain from sharing
risk across the 50 U.S. states is 1.27, while for OECD countriesitis 0.67. For
CRRA utility (y = 3), the average gains are 1.55 and 0.62, respectively,
so the sensitivity of these measures to the risk aversion parameter is not

37 A careful inspection of the notes to Table 5.1 reveals that the variance of U.S. real per
capita GDP is about 8% but is reported as about 6% in Table 5.2. This discrepancy is
due to minor differences in the underlying data. The BEA U.S. state-level data and the
OECD data are internally consistent but they are obviously not quite consistent between
them.

38 They are computed as follows: m times [one half the variance of 100 * A log Gpp +
one half the first column — the second column], and the discount rate is set at § = 0.02.
The variance of 100 * A logGpe is 8.39 for the United States and 4.08 for the aggregate
OECD sample.
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Table 5.1. Fluctuations Asymmetry and Industrial Specialization: U.S. States

o ® 3) @ ®) ©)

Variance  Covariance =~ Asymmetry  Asymmetry 1-digit 2-digit
States (GSP)  (GSP,GDP) Index(Log) Index(CRRA) Spec.index Spec.index
Alabama 11.57 9.05 0.46 0.54 0.63 3.69
Alaska 171.19 —9.42 49.60 79.36 13.10 22.60
Arizona 16.70 9.41 1.56 1.83 0.59 7.89
Arkansas 15.97 10.37 0.91 1.07 0.81 1.11
California 8.35 7.57 0.40 0.46 0.64 323
Colorado 5.06 5.05 0.84 0.98 0.53 242
Connecticut 10.81 7.99 0.80 0.93 1.40 7.37
Delaware 18.57 8.61 243 2.85 3.16 21.88
Florida 11.17 8.38 0.70 0.81 1.47 1.13
Georgia 14.65 10.46 0.53 0.63 0.36 5.40
Hawaii 10.18 4.16 2.56 2.99 4.14 20.61
Idaho 18.71 8.90 2.33 2.73 0.61 9.42
Illinois 11.09 9.19 0.27 0.32 0.49 1.24
Indiana 21.54 12.58 1.19 1.45 2.26 3.08
Towa 23.61 11.30 2.35 2.80 1.14 249
Kansas 10.06 7.47 0.88 1.02 0.25 1.30
Kentucky 11.43 8.80 0.55 0.64 1.12 1.54
Louisiana 23.58 3.27 6.36 7.53 338 19.57
Maine 13.25 8.68 1.07 125 0.40 9.07
Maryland 9.41 7.99 0.46 0.53 1.42 1.11
Massachusetts 12.21 8.38 0.96 1.11 1.20 7.16
Michigan 35.57 15.27 3.36 4.18 2.12 10.63
Minnesota 15.12 10.15 0.80 0.95 0.36 2.89
Mississippi 15.24 10.00 0.90 1.06 0.68 215
Missouri 15.75 10.54 0.76 0.90 0.44 1.46
Montana 15.66 6.69 2.67 3.11 1.91 22.61
Nebraska 18.44 9.73 1.84 2.17 1.11 3.78
Nevada 10.78 7.66 0.96 1.11 6.07 1.69
New Hampshire 17.00 9.81 1.44 1.69 1.12 5.46
New Jersey 9.77 777 0.65 0.75 0.76 4.61
New Mexico 9.27 1.46 3.68 4.34 3.63 4.25
New York 8.87 7.57 0.53 0.61 1.74 1.89
North Carolina 14.41 10.13 0.63 0.75 2.26 6.87
North Dakota 72.82 10.35 15.13 19.46 341 3.06
Ohio 15.02 10.81 0.45 0.54 1.79 291
Oklahoma 14.85 3.55 4.04 4.74 1.26 3.13
Oregon 17.72 10.74 1.16 1.37 0.31 12.15
Pennsylvania 9.47 8.39 0.27 0.31 0.59 1.14
Rhode Island 10.58 8.10 0.69 0.80 1.00 247
South Carolina 15.38 10.66 0.61 0.73 1.49 8.87
South Dakota 35.85 11.56 5.28 6.41 2.34 4.73
Tennessee 16.63 10.94 0.79 0.94 0.81 1.03
Texas 12.19 4.17 3.06 3.58 0.96 3.28
Utah 6.59 5.39 1.05 1.23 0.44 213
Vermont 15.10 9.55 1.10 1.28 0.40 6.29
Virginia 8.91 7.63 0.51 0.59 0.85 3.16

(continued)
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Variance  Covariance =~ Asymmetry Asymmetry 1-digit 2-digit
States (GSP)  (GSP,GDP) Index(Log) Index(CRRA) Spec.index Spec.index
Washington 11.76 8.15 0.96 1.11 0.36 2.79
West Virginia 8.60 5.43 1.53 1.79 1.60 15.37
Wisconsin 11.39 9.17 0.36 0.42 1.62 3.03
Wyoming 34.70 0.82 10.36 12.50 14.35 19.32
Average 13.75 8.53 1.27 1.55 1.23 417

Notes: GSP is gross state product per capita. GDP is aggregate U.S. gross domestic product per capita.
The first four columns are calculated for 1963-94 and the last two columns are for 1977-94. Average
numbers are population weighted.

Column 1 is 10* % 0, where 67 = var(A log Gsp') [in other words, it is var(100 x A log Gsp')].

Column 2 is 10* % cov’, where cov’ = cov(A logGse!, A log GDP).

Column 3 is 10? * 2 (102 + 102 — cov'), where § = 0.02 (discount rate) and 10* x 0 = 8.39 [var(100 *
Alogcpr)].

Column 4 is 10 % [log(s — (1 — y)u — 1(1 — y)?0?) —log(8 — (u — yu + 302 + Ly2e? — yeov)) +
ﬁ log(8 — (1 —y)u— 11— y)%e?) - ﬁ log(8 — (1 — y)u — 1(1 — y)?0?)], where the risk aversion
parameter is y = 3 and the U.S. GDP growth rate is ;« = 0.020. Specialization indices are defined in the
text. The displayed indices are multiplied by 100.

Table 5.2. Fluctuations Asymmetry and Industrial Specialization:
OECD Countries

®) “4) ©) (6)

@ ?2) Asymmetry Asymmetry 1-digit 2-digit

Variance Covariance index index Spec. Spec.

Countries (GDP) (GDP,GDPy) (Log) (CRRA) index  index
Belgium 7.65 3.11 1.37 1.28 3.28 1.07
Denmark 7.62 3.58 1.13 1.05 1.05 1.14
France 4.60 3.27 0.53 0.49 0.39 2.85
Netherlands 6.60 3.64 0.85 0.79 0.64 2.59
Germany 8.38 3.83 1.20 1.12 2.51 5.85
Austria 4.86 2.64 0.92 0.85 0.75 2.00
Canada 10.60 4.69 1.33 1.24 0.41 1.69
Finland 21.67 4.36 4.26 4.05 0.90 3.89
New Zealand 13.54 4.08 2.36 222 0.95 26.30
Norway 7.03 0.98 2.29 2.14 2.80 31.67
United States 5.88 4.46 0.26 0.23 0.97 5.40
Average 6.75 4.07 0.67 0.62 1.20 5.04

Notes: GDP is gross domestic product per capita of each country. GDPr is the total gross domestic
product per capita of the 11 OECD countries listed in Section 6.

The first four columns are calculated for 1963-93. The fifth column displays average values for 1980-90
and the sixth column displays average values for 1977-90. Average numbers are population weighted.
Column 1 is 10* % 0, where 67 = var(A log pp') [in other words, it is var(100 * A log Gpp!)].

Column 2 is 10* % cov’, where cov! = cov (A logGpp', Alog Gpper).

Column 3is 10? 1 (102 + Jo? — cov'), where § = 0.02 (discount rate) and 10* % 62 = 4.08 [var(100 *
AlogGprr)].

Column 4 is 10?  [log(s — (1 — y)u — (1 — y)?0?) —log(6 — (1 — yu + 20 + 1202 — ycovi)) +
5 log(8 — (1 = y)u — 5(1 = y)*0?) — 15 10g(8 — (1 — y)u — 3(1 — y)?0?)], where the risk aver-
sion parameter is y = 3 and the growth rate of the aggregate GDP of the OECD countries (GDPr) is
= 0.023. Specialization indices are defined in the text. The displayed indices are multiplied by 100.
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substantial.* The estimated gains from risk sharing are quite large, but we
reiterate that pinning down their level is difficult because the estimation
strongly depends on the persistence of GDP shocks and on the chosen
discount rate. Discount rates are usually estimated very imprecisely in
econometric work and empirical measures of persistence are well known
to be extremely sensitive to model specification. Nevertheless, our ana-
lysis of specialization and asymmetry depends only on the relative value
of the asymmetry measure across countries, which is unlikely to be very
sensitive to the persistence of GDP shocks and the discount rate.*

The third columns of Tables 5.1 and 5.2 reveal that the oil-rich states and
countries (e.g., Alaska, North Dakota, Wyoming, Norway) exhibit high
asymmetry measures, and it appears that small states and countries have
relatively high asymmetry measures. Finland has the highest asymmetry
measure among the OECD countries which is most likely due to the
sharp recession experienced after the collapse of the Soviet Union. The
asymmetry measures calculated with CRRA utility (y = 3) are displayed
in column 4 of Tables 5.1 and 5.2. In general, the ranking of states and
countries is the same as for log-utility (column 3). For the United States
the asymmetry measures are higher for CRRA utility while the opposite
is true for OECD countries.*!

The specialization indices are displayed in the last two columns of
Tables 5.1 and 5.2. The numerical value of the indices are not easily inter-
preted, although a value of zero means that the state or country has sector
shares identical to the average sector shares of the remaining states or
countries. In the United States, Alaska and Wyoming are very specialized

39 To compare our estimates for OECD countries to those reported in van Wincoop (1994),
consider for instance Belgium and the United States — the first and the last entries in
column 3, Table 5.2. Our estimates are 1.37 and 0.26 whereas van Wincoop’s are 1.1 and
0.6, respectively. The samples differ somewhat in the number of countries included and
in the time period selected, and if we had used a discount rate of 0.01 like van Wincoop,
our numbers would have been 2.74 for Belgium and 0.52 for the United States. A priori,
the gains from risk sharing as defined in this paper should be larger since we measure
potential gains (using GDP data) while vanWincoop measures nonexploited gains (using
consumption data). However, risk sharing among OECD countries is quite low (Sgrensen
and Yosha 1998) so all in all one should expect numbers of roughly the same order of
magnitude, which is what we find. It is reassuring that the estimates obtained from two
very different approaches and using different data are quite similar.

Moreover, the log-utility measure is proportional to 1/8, which renders the ¢-statistics in
the regressions fully independent of the size of §.

We verified empirically that this is due to different growth rates of OECD countries and
U.S. states during the sample period. The asymmetry measure for log-utility is indepen-
dent of growth rates, but for CRRA utility we cannot fully disentangle this effect from
pure risk sharing (see the Appendix).

40
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(in oil) and Nevada is quite specialized (in services) at the one-digit
level. Specialization at the two-digit manufacturing level is reported in
column 6. Some U.S. states have a small and highly specialized manufac-
turing sector; for example Alaska (food), Montana (wood), and Hawaii
(food). The manufacturing sector is, however, also very specialized in
Delaware, Louisiana, and West Virginia (all in chemical industry). The
set of states with high asymmetry indices is extremely similar to the set of
states that Del Negro (1999) identifies as asymmetric using an economet-
ric factor model to estimate asymmetry — it seems that the identification
of asymmetric states is very robust to the method used. Among OECD
countries, Belgium is the most specialized at the one-digit level (in ser-
vices) and Norway and New Zealand are extremely specialized at the
two-digit manufacturing level (both in food processing).* Norway and
New Zealand are both more specialized than any U.S. state.

The population-weighted one-digit and two-digit manufacturing spe-
cialization indices for U.S. states are 1.2 and 4.2 whereas for OECD coun-
tries they are 1.2 and 5.0, suggesting that U.S. states and OECD countries
are approximately equally specialized.*

6.3. Regression Analysis

Table 5.3 reports the central results of our paper. We present ordinary least
squares (OLS) and instrumental variables (IV) regressions of the asym-
metry measures on the specialization indices.* These regressions use the
pooled sample of OECD countries and U.S. states. We control for country
(and state) size using population since small countries may exhibit very
asymmetric GDP fluctuations due to few opportunities for within-country
diversification. We choose a square root specification which produces the
best fit. We control for (log-transformed) shares of mining and agriculture
in GDP since the previous tables showed that oil-rich countries might be
outliers. The log-transformation is chosen based on inspection of the data

42 Specialization is not necessarily driven by one sector. The sectors reported in the text,
in parentheses, are mentioned for illustration only and are obtained as follows. Consider
Belgium, for example. It is most specialized in services relative to other OECD countries
in the sense that %1; - ﬁ >k ETP; is largest (over all sectors s) for services in
Belgium (country 7).

If the two strong outliers, New Zealand and Norway, are removed, the population
weighted one-digit and two-digit manufacturing specialization indices for OECD coun-
tries are 1.2 and 4.6. Kalemli-Ozcan, Sgrensen, and Yosha (1999) found that, in general,
regions within countries are more specialized than countries. Their sample includes re-
gions of Italy and the UK., Japanese prefectures, Canadian provinces, communities of
Spain, U.S. states, OECD countries, and Latin American countries.

4 All the regressions include a constant (not reported).
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Table 5.3. Determinants of GDP Fluctuations Asymmetry: Ordinary Least
Squares and Instrumental Variables Regressions

1 2 ©) “)
OLS Asym. IV Asym. OLS Asym. IV Asym.
Dependent variable: index (Log) index (Log) index (CRRA) index (CRRA)
Regressors:
log (1-digit specialization) 0.43 0.68 0.44 0.73
(spEC; index) (4.13) (2.48) (4.16) (2.57)
log (Manuf. specialization) 0.30 0.57 0.30 0.58
(SPECyy index) (341) (2.20) (3.37) (2.15)
(Population)!/2 —0.14 —0.12 —0.14 —0.12
(4.36) (2.84) (4.31) (2.70)
log (Agriculture 0.28 0.40 0.29 0.42
GDP share) (2.36) (2.48) (2.35) (2.50)
log (Mining GDP share) 0.14 0.09 0.14 0.09
(2.92) (1.50) (2.91) (1.41)
Country dummy 0.33 0.22 0.10 —0.03
(1.46) (0.79) (0.42) (0.10)
R? 0.68 0.56 0.68 0.54
Partial R? 0.30 0.13 0.30 0.16

Notes: The sample consists of the 50 U.S. states and 11 OECD countries. The OECD countries are
Belgium, Denmark, France, Germany, Netherlands, Austria, Finland, Canada, New Zealand, Norway,
U.S. “Agriculture GDP Share” is the average over time (1977-94 for U.S. and 1980-90 for OECD) of
the GDP share of this sector in each country or state. Analogously for Mining. The instruments are, for
each country or state: FIRE GDP share (computed in the same manner and for the same time periods
as Agriculture and Mining GDP shares), land mass, log-population density averaged over time (1977-94
for U.S. and 1977-90 for OECD), percent high school enrollment (1990), GDP per capita averaged
over time (1977-94 for U.S. and 1977-90 for OECD), and an interaction variable of the Agriculture and
Mining GDP shares averaged over time. The country dummy takes a value of 1 for countries and 0 for
states. The specialization indices sPEc; and sPECy are defined in the text. All variables in all regressions
are weighted by log-population. The dependent variable is log-transformed in all regressions. ¢-values in
parentheses. The Partial R? is the R? reported for the full regression minus the R? obtained when both
specialization indices are left out.

(some countries have sector shares that are extremely small relative to
other countries, so the raw shares have a highly skewed distribution).*
We further included a dummy variable for countries. The regressions are
weighted by log-population, and the dependent variable is the logarithm
of the fluctuations asymmetry measure.*® Similarly, the specialization in-
dices are log-transformed.

45 If the mining and agriculture sector shares are dropped the results are extremely similar.
46 The logarithmic transformation of the asymmetry measure makes it less likely to be
dominated by outliers like Alaska and Wyoming.
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The mainresultis that higher specialization induces greater asymmetry.
Both one-digit and manufacturing specialization are significant (at the 5%
level) in all the specifications displayed in Table 5.3. For each regression
we calculate the partial R” as the R? of the full regression minus the R?
of a regression where both specialization indices are left out.*” It reflects
the fraction of the variance of the left-hand variable explained by the
two specialization indices. It appears that specialization explains a large
fraction of the variation in the asymmetry index.*

We cannot rule out that specialization is affected by fluctuations asym-
metry. As an example, imagine that the manufacturing output of a coun-
try has a particularly high variance relative to other countries for reasons
that are not related to industrial structure. Because its manufacturing
production is very variable, the country is likely to decrease manufactur-
ing production, thus affecting the specialization index (downwards if the
country was specialized in manufacturing to begin with, and upwards if
not). We therefore also estimate the regressions using IV methods with
the following instruments for the specialization indices: land mass, the
logarithm of average population density, percent high school enrollment
in 1990, average GDP level, share of the Finance, Insurance, Real Es-
tate (FIRE) sector in GDP*’ and the product of the log-agricultural and
log-mining shares in GDP>? There is some difference in the estimated
coefficients between the OLS and IV regressions, with the coefficient of
specialization being higher in the IV regressions, but the important fact is
that all the regressions in Table 5.3 have highly significant ¢-statistics for
both specialization indices.

Table 5.4 focuses on robustness. U.S. states are not separated by na-
tional borders and might exhibit different patterns of specialization and
fluctuations asymmetry. The first column of Table 5.4 shows that the results
for the United States alone are qualitatively similar to those in Table 5.3.

47 The R? is calculated as 1 — Zel-z/E(Y,- —Y,)?, where ¢; = Y, — X;h, X; and Y; are the
unweighted left- and right-hand side variables, and b s the vector of parameters estimated
in the weighted regression.

Since the left-hand variable is log-asymmetry, the coefficients of the log-specialization
indices represent elasticities, but it is difficult to interpret their magnitude.

49 Kalemli-Ozcan, Sgrensen, and Yosha (1999) show that regional-level FIRE is highly
correlated with interregional risk sharing and is, therefore, an effective instrument for
specialization.

We assume that when the log-levels of these sector shares are included as regressors,
their product does not directly affect the degree of asymmetry. Including this instrument
increases the significance of one-digit specialization but not of manufacturing specializa-
tion.

48
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Table 5.4. Sensitivity Analysis: Specialization Measure, Oil-Rich Countries
and States, U.S. States vs. Pooled Sample

(1) @) 3) @) (5)
Asym. Asym. Asym. Asym. Asym.
index index index index index

Dependent Variable: usS. pooled pooled U.S. (nooil) pooled (no oil)

Regressors:

log 1-digit specialization 0.39 - 0.37 0.31 0.31

(sPEC; index) (3.45) - (3.56) (2.87) (3.23)

log Manuf. specialization 0.40 - 0.28 0.30 0.27

(sPECyv index) (3.72) - (3.25) (3.06) (3.41)
log 1-digit specialization - 1.03 - - -

(sPEC; index) - (4.35) - - -
log Manuf. specialization - 0.58 - - -

(sPECyv index) - (3.05) - - -

Population!/? -0.17 —0.14 —0.15 —0.23 -0.13
(1.90) (4.26) (4.53) (2.77) (4.74)

log Agriculture GDP share 0.26 0.29 0.35 0.33 0.36
(2.04) (2.43) (2.89) (2.93) (3.45)

log Mining GDP share 0.17 0.16 0.13 0.04 0.01
(3.36) (3.36) (2.67) (0.63) (0.23)

Country dummy - 0.26 0.41 0.47

- (1.16) (1.87) (2.37)

GDP per capita - - 0.58 - -

- - (2.16) - -

Human capital - - 0.01 - -

- - (0.51) - -

R? 0.72 0.69 0.73 0.65 0.63

Notes: Asym. Index is the log-utility asymmetry index. “Pooled” refers to U.S. states and OECD coun-
tries (the sample used in Table 5.3). In the last two columns, states and countries with a Mining GDP
share exceeding 10 percent are excluded (Alaska, Louisiana, New Mexico, Oklahoma, Texas, Wyoming,
Norway). Human Capital is the percentage of high school enrollment in the population in 1990. GDP per
capitais the average over time (1977-94 for U.S. and 1977-90 for OECD). The Country Dummy and Agri-
culture and Mining GDP shares are defined in Table 5.3. The specialization indices SPEC{, SPEC{m, SPECy,
and SPECyy are defined in the text. The dependent variable is log-transformed in all regressions. All
variables in all regressions are weighted by log-population. ¢-values in parentheses.

In column 2, Table 5.4, we report the results of regressions using alterna-
tive specialization indices based on the absolute value of the differences
between sector shares (see Section 5). The signs of the estimated para-
meters are the same and the ¢-statistics are similar to those in Table 5.3.
Column 3 experiments further with regression specifications. Including
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(real per capita) GDP and human capital as regressors has little im-
pact on the results. Oil-rich countries and states seemed to be outliers in
Tables 5.1 and 5.2 and it may not be a sufficient remedy to include the min-
ing share as a regressor. We, therefore, show in columns 4 and 5 results of
regressions that leave out countries and states for which the GDP share
of mining exceeds 10%. This has little effect on the estimated coefficients
of the specialization indices. (We also tried the regression in column 5
further leaving out New Zealand which has a highly specialized manufac-
turing sector. That only increased the ¢-statistics.)

As a final robustness test, we estimated a regression similar to the one
reported in the first column of Table 5.3, but using specialization measures
calculated for 1980 and asymmetry measures calculated for the period
1980-94 (-93 for OECD). If changes in fluctuations asymmetry feed back
quickly (within a few years) into industrial specialization, this alternative
regression would potentially exhibit different results than those reported
in previous tables. Yet the results for this regression are very similar to
those reported in Table 5.3.°! The asymmetry measure changes little over
time so this is about as far as our data allow us to go in terms of “dynamics.”

Our regressions demonstrate that asymmetry as measured by the uti-
lity based measure significantly (and robustly) increases with industrial
specialization and that specialization in manufacturing has an impact on
fluctuations asymmetry beyond that of one-digit specialization. The in-
strumental variables regressions provide support for the notion that there
is an effect running from industrial specialization to the asymmetry of
GDP fluctuations.”

6.4. Regressions Using a Pairwise Correlation Measure

of Fluctuations Asymmetry

Most of the empirical papers in the literature on asymmetric shocks per-
form the analysis using country pairs as the unit of observation. For robust-
ness, we perform a similar analysis. Following Frankel and Rose (1998), we
compute pairwise correlations of country-level GDP (or state-level GSP)

51 In the order of the rows in Table 5.3, the parameters estimated from this regression
are 0.43, 0.25, —0.14, 0.15, 0.14, and 0.45, respectively. The ¢-statistics are also extremely
similar to those reported in the first column of Table 5.3, with the most notable difference
being that the log-agriculture share is not significant.

Areferee pointed out that although the estimated degree of specialization in manufactur-
ing for U.S. states and OECD countries is roughly the same, the fluctuations asymmetry
measure is higher for U.S. states on average. This is a potential indication that U.S. states
are more specialized within two-digit manufacturing categories.

52
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detrended by first differencing or Hodrick—Prescott (HP) filtering. We do
not calculate correlations for mixed state-country pairs. As our “pairwise
specialization measure” we use the index suggested by Krugman (1993).
For example, the one-digit specialization index for countries i and j is

S

i _
SPEC; = Z

s=1

GDP!  GDP]

’

GDP; GDPj

and the manufacturing specialization index for countries i and j, SPECZA,
is defined analogously.

We regress the pairwise asymmetry measures on the pairwise speciali-
zation measures, controlling for the same variables as in previous tables
(taking the average of each pairwise variable over the sample period),
and including a dummy variable for country pairs (as opposed to pairs of
U.S. states). The results are displayed in Table 5.5. The estimated coeffi-
cients of the specialization indices are negative, as expected (since GDP
correlations measure symmetry), and are highly statistically significant for
both detrending methods.>

Our results are, thus, robust to different measures of asymmetry in
GDP fluctuations, which indicates that the empirical relation between
specialization in production and fluctuations asymmetry holds in the data
both at the short (yearly) frequency and at the (longer) business cycle
frequency.

7. Income Asymmetry versus GDP Asymmetry

In monetary unions with extensive cross-country ownership of productive
assets, income shocks are not as asymmetric as GDP shocks. In fact, an
increase in the asymmetry of GDP over time may well be accompanied
with /ess income asymmetry due to better income insurance. It is hard
to predict whether, on net, income asymmetry will rise or fall in a future
EMU but it is useful, yet again, to study the experience of U.S. states.
The amount of income insurance among U.S. states is substantial —
approximately 40% of idiodyncratic fluctuations in state-level GDP are
insured using the metric suggested by Asdrubali, Sgrensen, and Yosha
(1996)>* and it is therefore likely (although not a direct implication) that
state-level income is less asymmetric than state-level GSP. We examine

33 Asin Frankel and Rose (1998), the standard errors and ¢-statistics are approximate since
correlations between the error terms are not controlled for.
54 See also Mélitz and Zumer (1999).
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Table 5.5. Sensitivity Analysis: Regressions Using Pairs of Countries
and Pairs of U.S. States

(1) 2
Pairwise Pairwise
Dependent variable: GDP correlation GDP correlation
Detrending method: Difference HP
Regressors:
log (1-digit specialization) —0.28 —0.36
(22.30) (17.61)
log (Manuf. specialization) —0.08 —0.04
(6.81) (2.31)
(Population)!/? 0.02 0.01
(3.10) (4.31)
log (Agriculture GDP share) 0.05 0.07
(5.64) (4.91)
log (Mining GDP share) —0.08 —0.14
(18.68) (19.47)
Pairs of countries dummy —-0.32 —-0.27
(9.35) (5.02)
R? 0.65 0.57

Notes: The sample consists of all pairs of OECD countries and pairs of U.S. states in the
sample used in Table 5.3.

“Pairwise GDP Correlation” is the correlation of the log of real GDP per capita between two
countries or two U.S. states. Real GDP per capita is detrended with two different methods:
first-differencing or Hodrick—Prescott filtering.

The pairwise specialization indices are defined in the text.

The other regressors are averaged over time for pairs of countries or states. For example,
log (Agriculture GDP Share) is the average over time (for the same period as in previous
tables) of the log of the average Agriculture GDP Share of countries i and j.

The Pairs of Countries Dummy is 1 for pairs of countries and 0 for pairs of U.S. states.
t-values in parentheses.

this by measuring asymmetry of U.S. state-level personal income using the
same formula as that used for GSP in Table 5.1 — substituting income for
GSP. The results are displayed in Table 5.6. Most oil states (notably Alaska
and Wyoming) exhibit substantially less asymmetry of income than of
GSP while several agricultural states (notably North Dakota and Iowa)
exhibit as much (or even slightly more) asymmetry of income. Comparing
the last rows of Tables 5.1 and 5.6, it is obvious that income asymmetry
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Table 5.6. Income Fluctuations Asymmetry: U.S. States
@ @ 3 ©)
Variance Covariance Asymmetry Asymmetry
States (PING;) (PING;, PINC) index(Log) index(CRRA)
Alabama 545 4.85 0.16 0.18
Alaska 29.91 —0.67 9.03 10.70
Arizona 8.96 5.28 0.82 0.94
Arkansas 10.87 6.56 0.66 0.77
California 4.88 4.45 0.22 0.25
Colorado 2.98 3.00 0.47 0.54
Connecticut 5.84 433 0.51 0.59
Delaware 7.98 4.83 0.80 0.92
Florida 7.39 5.03 0.55 0.63
Georgia 7.98 5.96 0.23 0.27
Hawaii 7.09 3.11 1.44 1.65
Idaho 11.62 4.56 1.84 212
Illinois 6.21 5.20 0.17 0.20
Indiana 10.88 6.62 0.63 0.73
Iowa 20.35 7.59 2.51 2.95
Kansas 6.46 4.69 0.49 0.56
Kentucky 7.05 5.09 0.44 0.50
Louisiana 5.34 2.87 1.12 1.28
Maine 7.39 4.99 0.57 0.66
Maryland 4.95 4.50 0.20 0.23
Massachusetts 6.06 4.45 0.51 0.58
Michigan 14.40 7.63 1.00 1.18
Minnesota 9.98 6.08 0.67 0.78
Mississippi 8.48 5.46 0.61 0.70
Missouri 6.71 5.24 0.28 0.32
Montana 12.71 4.55 2.12 2.45
Nebraska 14.85 5.96 1.95 2.26
Nevada 8.62 4.52 1.11 1.28
New Hampshire 9.88 5.65 0.86 0.99
New Jersey 6.04 451 0.47 0.54
New Mexico 3.40 3.29 0.42 0.49
New York 4.23 3.93 0.31 0.36
North Carolina 8.27 6.04 0.27 0.31
North Dakota 89.15 10.36 18.33 24.31
Ohio 6.95 5.49 0.21 0.25
Oklahoma 6.03 3.14 1.16 1.33
Oregon 7.34 5.14 0.48 0.55
Pennsylvania 4.00 4.20 0.12 0.14
Rhode Island 4.28 3.84 0.37 0.42
South Carolina 7.88 5.69 0.34 0.40
South Dakota 37.21 8.23 6.41 7.72
Tennessee 8.16 6.05 0.23 0.27
Texas 5.33 3.67 0.72 0.82
Utah 4.32 3.70 0.45 0.52
Vermont 8.32 5.72 0.44 0.50
Virginia 5.57 4.87 0.18 0.21

(continued)
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Table 5.6. (continued)

) @ ®) 4
Variance Covariance Asymmetry Asymmetry

States (PING;) (PING;, PINC) index(Log) index(CRRA)
Washington 6.51 4.32 0.69 0.79
West Virginia 4.94 3.23 0.84 0.96
Wisconsin 6.31 522 0.19 0.21
Wyoming 11.44 2.80 2.68 3.09
Average 10.34 4.92 0.57 0.67

Notes: The calculations are same as for GSP (Table 5.1) but, instead, state-level personal income is used.
We assume a U.S.-wide personal income growth rate of x = 0.020. Average numbers are population
weighted.

is substantially smaller than GSP asymmetry on average, suggesting that
income asymmetry in a future EMU will be substantially smaller than
GDP asymmetry.

This insight has implications for the stability of EMU. It is often argued
that GDP asymmetry may create pressure on individual member states
to leave the monetary union. However, if countries care more about their
income (rather than their GDP), then the concern for the stability of
EMU is overstated, because income asymmetry will probably be much
smaller than GDP asymmetry.

8. Summary

We demonstrated that OECD countries and U.S. states with higher in-
dustrial specialization exhibit output shocks that are less correlated on
average with aggregate OECD output and U.S. output, respectively. We
argued that this constitutes evidence in support of an economic mecha-
nism that (partly or fully) offsets the one studied by Frankel and Rose
(1998). The mechanism is one where countries and states choose to spe-
cialize in production after having spread the risk of specialization in the
international or nationwide capital markets so that increased variability
of output will not have as large an effect on the variability of income.
This should not be taken as an argument against economic integration.
On the contrary, it is an argument in support of integration which will
lead, true, to more asymmetric output shocks, but not necessarily to more
asymmetric income shocks.
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Appendix: A Utility-Based Measure of Fluctuations Asymmetry

We derive the fluctuations asymmetry measure for CRRA utility (and log-
utility as a special case). Let countries be indexed by i. Consumers within
country i are identical ex-ante and ex-post: All have the same utility func-
tion and produce the same nonstorable, homogeneous, stochastic gross
product. The representative consumer of country i chooses aconsumption
plan in period ¢t = 0, solvmg the problem maxi, fo S, nw,u(cfm) dt
subject to [~ £, po,cl, dt < [ T, Po, gdpw dt where ¢!, and gdp;, are
per capita consumption and gross product in country in state of nature wr,
which occurs with probability 7, .>> p,, is the price in period 0 of a period ¢
state w; contingent unit of consumption, and § is the common intertem-
poral discount rate. Because securities markets in period 0 are complete,
each country faces a single budget constraint. Let u(c) = —c1 Y(y #1).
(We address the log-utility case as we proceed) The ﬁrst order condi-
tion with respect to ci can be written as 24 = ¢~ . (c )7 where Al s
a Lagrange multlpher Market clearing 1mphes Tinicl = %in gdpw[ for
all w; where 7' is country i’s population. Prices are normalized so that
J5° Zu, Pu, dt = 1.Lettinggdp, = X;ngdpl, / Zin', wehavec!, = kigdp,.%
From the budget constraint: ¥;(n’' /n)k' = 1 where n = X;n’.

To compute k’, multiply and divide by r,, inside the summation opera-
tor on both sides of the budget constraint (which binds at an optimum) and
substitute for p,, /7, using the first order condition to obtain (A; terms
cancel) [° e %, 7, (¢l )77 dt = [;° e 8,7, (cl, )7 gdp), di; substi-
tuting k'gdp, for ¢, , and rearranging, we obtain the share of aggregate
consumption that would accrue to country i in a perfect risk sharing equi-
librium:

ki — |:/ e—BtEO(gdpt)l—Vd[i| / —5IE0 g pt d (3)
0 0 gdp/
These steps hold also for log-utility yielding:
) 00 d i
K= / e B8P gy (4)
0 gdp,

The interpretation is simple: the strength of country i in the risk-
sharing arrangement (the share of aggregate gross product that country i

55 Integrals are assumed to be convergent.
% See Huang and Litzenberger (1988) for a derivation for CRRA utility. The derivation
for log-utility is much simpler and is provided in Sgrensen and Yosha (1998).
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consumes) is proportional to its discounted expected share in aggregate
gross product.

The analysis so far has been independent of the nature of the joint
stochastic process governing the gross product of the countries sharing
risk. In order to quantify gains from risk sharing we make distributional
assumptions (see Section 4) that allow us to express the constant & in
an even simpler and economically intuitive manner. Recalling that for
z~ N(n, %), Ee"* = 299 we have’

o) -1 00 .
k' = [/ e~ Fye1-v)logedp, dt:| / e~ Fyelosedpi—vlogedp: gy
0 0
. [ -1
— ¢logedpy—y loggdp,—(1-y)loggdp, |:/ e—é‘te(l—y)uﬂré(1—y)202tdt]
0
[e.¢] . .
» / efﬁte(u’7yu+%vaL%yzazfycov’)idt
0
[ edpj, §—(1—y)u—3501-y)0? )
gdpg ) \ 8 — (i — ypu+ 3507 + 5202 — y covi)
Setting y = 1yields ki = (&3 )( s ) for log-utility. Here

gdpy /N 6—(ui —p+ 302+ o7 —covi)

the intuition is more transparent: the risk sharing arrangement allocates
a higher share of aggregate output to countries with a larger initial share
in aggregate output, and to countries with a lower covariance between
Alog gdpi and A log gdp,, reflecting a higher insurance value of country i
for the other regions. The higher the variance of country i’s GDP, other
things equal, the more it can contribute to smoothing shocks in other
countries; the higher the variance of the aggregate gross product of the
group, keeping the variance of country i’s GDP constant, the more other
countries would be willing to “pay” country i for joining the risk sharing
arrangement.’

As a technical note, the population weighted k' coefficients in Equa-
tion (5) do not sum to one due to the distributional approximation made

57 Let z = (1 — y)(log gdp, — loggdp,)- Then Ez =(1—y)ut and varz; = (1 — y)?var
(Aloggdp,)r = (1 —y)’0’t. Let y = (loggdp, —loggdpg) — y (log gdp, — log gdpy).
Then, Ey; = (W' — yu)t and var y, = var(Aloggdp, — y Aloggdp,)t = (07 + y?a? —
2ycov')t.

38 Of course, o2, the variance of the growth rate of aggregate GDP, cannot change without
any of the o’s changing. The distributional approximation regarding aggregate GDP
thus allows us to treat o2 as a parameter (that can be estimated from aggregate GDP
data) rather than as a complicated function of the country-by-country aiz’s.
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(that aggregate GDP is log-normally distributed). The size of the bias
depends on the estimated parameters o2, 02, covi and on the value of §
chosen. For our chosen value of § = 0.02 and our sample of U.S. states
and OECD countries, the bias is negligible with the population weighted
sum deviating by less than 0.01 from one.

The term y/ — p, the deviation of country i’s trend growth from average
trend growth (see the denominator in the last line of Equation (5)), re-
flects intertemporal consumption smoothing considerations. A high trend
growth of country i, relative to other countries, induces a high consump-
tion share due to the high future share in aggregate output relative to the
low initial share in aggregate output.>

We turn to the calculation of the gains from risk sharing. If there is per-
fect risk sharing, the discounted expected utility of country i as a function
of gdpj, is

. 1 o0 .
U (gdpy) = T fo e Ey(k'gdp,)' 7 dt

17
1 ey [ s 5—(1—y)u—1(1-y)o? ’
= 1— (gdpo) € i 1.2,1.22 i
14 0 8 — (' —ym+ 3507+ 37202 — ycovi)
x Eo(gdpz/gdpo)”]

_ 1 iNl—y §—(1—y)u—3i1—y)2e? 1-y
= 17— (&dno) [(a_( 2 ))

w—yu+io?+1y2o? — ycov

1
X . 6
5—(1—J/)M—%(1—V)202:| ©

The discounted expected utility of country i in autarky is

i 1 < i\1—
U* (2dp)) m[/o ™" Ey(gdp)) ydt}
1
§— L=yt = 5(1—y)of

We want to express the gain UF (gdp},) — U”(gdp},) as the permanent per-
centage increase in the level of autarkic consumption that would increase

1 il
= m(gdpo) !

™)

% For log-utility, we are able to fully disentangle the gains from intertemporal smoothing
and the gains from insurance.
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discounted expected utility by the same amount. We thus calculate G' that
satisfies: U (gdpy, * (1 + G')) = U"(gdpy). Taking logs, using (6), (7), and
the approximation log(1 + G') ~ G', and setting 1/ = 1 we obtain®

G' =tog (3= (1= )= 51~ y)a?) ~tog (5= (1= y)u - 3o

1 .
— =92 + ycov‘) +1

1 1
1 —(1- ——(1—y)*s?
3 -, 0g<5 A=y —50-y) 0,)

tog (3= (1= - 51 - %), (s)

For log-utility, the derivation is considerably more elegant. The discounted
expected utility gain to country i of moving from autarky to perfect risk
sharing is (using the approximation log(1 + x) ~ x)

G = / e~ Eylog[k' gdp,] dt — / e Eylog gdpj dt
0 0

1)
st
= e ' log , —dt
./0 8 — (W —p+ 302+ 307 — covi)

[ et
0
*° 1 1 1 1 ,
= —/ ' log 1—— wW—p+ =0+ ~of—cov' | |dt + —(u—u')
A 27 72 5

o 1/ . 1 1 1 .
%/o e“”5<u’ _M+§Oz+20’ —cov)dt—g(u’ — )

o0
= [T (3ot ot oo Jar+ 506 - 0 = . ©)
The third term in the last line of (9) is the discounted expected utility gain
or loss from initially being a lender or a borrower. A low trend growth
of country i relative to other countries entails a utility gain reflecting the
compensation for initially being a net lender to other countries. A high
trend growth relative to the average entails a utility loss reflecting the

%0 To focus on gains from risk sharing, we want to disregard as much as possible gains from
intertemporal substitution. We, therefore, set u; = u (van Wincoop 1994 makes the same
assumption).
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payment to other countries for initially being a net borrower. The second
term in the last line of (9) originates from the denominator of the expres-
sion for k. A high trend growth of country i relative to other countries
entails a high consumption share for this region due to the high future
share in aggregate output relative to the low initial share in aggregate
output, and therefore, a high utility gain from risk sharing. This term is an
order of magnitude larger than the previous (off-setting) term discussed
above. In the empirical analysis for log-utility, we ignore both terms since
we want to focus on the gains from pure risk sharing, i.e., on the first
term in the last line of (9). The logarithmic utility specification allows us
to study (and estimate) these gains without confounding them with gains
from intertemporal substitution. The first term in (9) is the discounted
expected utility gain of moving from no risk sharing to perfect risk shar-
ing. Integrating, we obtain 5%(%02 + %012 — covi). We prefer, however, to
express the gains from risk sharing using the term inside the integral in
the last line of (9), which corresponds precisely to G* above. Thus, for
log-utility, G' = %(%02 + %aiz — cov'). The intuition for this expression is
provided in the main text.
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Uncovered Interest Parity in Crisis: The Interest
Rate Defense in the 1990s*

Robert P. Flood and Andrew K. Rose

This paper tests for uncovered interest parity (UIP) using daily data
for twenty-three developing and developed countries through the crisis-
strewn 1990s. We find that UIP works better on average in the 1990s than
in previous eras in the sense that the slope coefficient from a regression
of exchange rate changes on interest differentials yields a positive co-
efficient (which is sometimes insignificantly different from unity). UIP
works systematically worse for fixed and flexible exchange rate countries
than for crisis countries, but we find no significant differences between
rich and poor countries. Finally, we find evidence that varies consider-
ably across countries and time, but is usually weakly consistent with an
effective interest rate defense of the exchange rate.

1. Introduction

Uncovered interest parity (UIP) is a classic topic of international finance;
a critical building block of most theoretical models and a dismal empiri-
cal failure. UIP states that the interest differential is on average equal
to the ex post exchange rate change. A strong consensus has devel-
oped in the literature that UIP works poorly; it predicts that countries
with high interest rates should, on average, have depreciating currencies.

* We thank Rafael Romeu for assistance with the data and Leonardo Leiderman, Rich
Lyons, Torsten Persson, and participants at the Festschrift for Assaf Razin held at Tel Aviv
University for comments. The data set and a current version of this paper are available at
http://haas.berkeley.edu/~arose.
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Instead, such currencies tend to have appreciated. Surveys are provided
by Hodrick (1987), Froot and Thaler (1990), and Lewis (1995). In this
short paper, we use recent data for a wide variety of countries to reexam-
ine the performance of UIP during the 1990s. We also provide evidence
on whether departures from UIP make viable an “interest rate defense”
of a fixed exchange rate regime.

It is easy to motivate another look at UIP. The vast majority of liter-
ature on UIP uses data drawn from low-inflation floating exchange rate
regimes (though our previous work also uses European fixed exchange
rate observations; Flood and Rose, 1996). UIP may work differently for
countries in crisis, where both exchange and interest rates display consid-
erably more volatility. This volatility raises the stakes for financial markets
and central banks; it also may provide a more statistically powerful test
for the UIP hypothesis. UIP may also work differently over time as fi-
nancial markets deepen; UIP deviations may also vary across countries
for the same reason, as recently argued by Bansal and Dahlquist (2000).
Finally, and as the proximate motivation for this paper, deviations from
UIP are the basis for interest rate defenses of fixed exchange rates. Con-
sider the actions of the monetary authority of a country under speculative
pressure that is considering responding with an increase in interest rates —
the classic interest rate defense. If UIP holds, the domestic interest rate
increase is offset exactly by a larger expected currency depreciation. In-
vestors see through the policy actions, so that no advantage is conferred to
domestic securities. Policy exploitable deviations from UIP are, therefore,
a necessary condition for an interest rate defense.

In this paper we test UIP using recent high-frequency data from a large
number of countries. We use data from the 1990s, and include all the major
currency crises. We find that the old consensual view needs updating.
While UIP still does not work well, it works better than it used to, in the
sense that high interest rate countries at least tend to have depreciating
currencies (though not equal to the interest rate differential). There is a
considerable amount of heterogeneity in our results, which differ wildly
by country. Some of this is systematic; we find that UIP works worse for
fixed-rate countries. However, there is less heterogeneity by forecasting
horizon, and almost none by country income.

In Section 2 we lay out our methodology; the following section pro-
vides a discussion of our data set. Our main UIP results are presented in
Section 4. Section 5 presents our evidence on the interest rate defense.
The paper ends with a brief summary.
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2. Methodology

We use standard methods (summarized in Flood and Rose, 1996). The
hypothesis of uncovered interest parity can be expressed as:

(A +i) = A +i")E(S+a)/S 1)

where: i, represents the return on a domestic asset at time ¢ of maturity A;
i* is the return on a comparable foreign asset; S is the domestic currency
price of a unit of foreign exchange; and E,(.) represents the expectations
operator conditional upon information available at ¢.

We follow the literature by taking natural logarithms and ignoring cross
terms (most of the countries we consider have only low interest rates).
Assuming rational expectations and rearranging, we derive

Ei(si4a —50) = (i —i%),

= (Sipa —8) =a+ B — i) +&

@)

where: s is the natural logarithm of S; ¢, is (minus) the forecasting er-
ror realized at t+A from a forecast of the exchange rate made at time
t; and o and B are regression coefficients. Equation (2) has been used
as the workhorse for the UIP literature. The null hypothesis of UIP can
be expressed as Hp: « = 0, B = 1. Since ¢, is a forecasting error, it is as-
sumed to be stationary and orthogonal to information available at time
t (including interest rates). Thus, OLS is a consistent estimator of g; it
is the standard choice in the literature, and we follow this practice. Re-
searchers have typically estimated B to be significantly negative, and « to
be nontrivial.!

In practice, we modify testing (2) in two slight ways. First, we pool data
from a number of countries, an admissible way of increasing the sample
under the null hypothesis. Second, we use data of daily frequency for
exchange rate forecasts of up to one-quarter (year) horizon. The fact that
A is greater than unity induces ¢ to have a moving average “overlapping
observation” structure. We account for this by estimating our covariance
matrices with the Newey and West (1987) estimator, with an appropriate
number of off-diagonal bands.

1 Many have tried to interpret deviations from UIP as risk premia; here we simply try to
measure UIP deviations carefully and encourage others to link these deviations to other
phenomena.
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3. The Data Set

We are interested in studying how UIP performs of late in a variety of
countries, especially those suffering from the currency crises that marked
the 1990s. These crises were usually surprising events requiring quick pol-
icy responses.” In this spirit, we study the crises using a high-frequency
cross-country data set. High-frequency data are of special importance
to us given our focus on the interest rate defense of fixed exchange
rates.

We gathered daily data for the interest and exchange rates of twenty-
three countries during the 1990s. Our sample includes thirteen devel-
oped countries (Australia, Canada, Denmark, Finland, France, Germany,
Italy, Japan, Norway, Sweden, Switzerland, the United Kingdom, and
the United States). We choose these countries to allow us to examine
a variety of exchange rate regimes ranging from the floating Australian
and Canadian dollars to countries like Denmark and France, European
Monetary System (EMS) participants who joined European Economic
and Monetary Union (EMU). A number of these countries also experi-
enced currency crises in the 1990s, including Finland, Italy, Sweden, and
the UK. We include also data for ten developing countries (Argentina,
Brazil, Czech Republic, Hong Kong, Indonesia, Korea, Malaysia, Mexico,
Russia, and Thailand). The crises experienced by these countries account
for most of the important action in the 1990s; we include all “the usual
suspects.” Indeed, it is difficult to think of an important emerging market
that did not experience a crisis at some point during the 1990s. Never-
theless, there are considerable periods of tranquility through the period.
These, together with the many successful and unsuccessful speculative at-
tacks, lead us to believe that our estimates will not suffer from the “peso
problem.”

Our data are drawn from two sources. Whenever possible, we use the
Bank for International Settlements (BIS) data set. Our default measure
of exchange rates is QBCA, a representative dollar spot rate quoted at
2:15 p.M. Brussels time. Our default measure of interest rates is JDBA, a
one-month euro market bid rate quoted at about 10:00 A.M. Swiss time.
However, a number of our countries do not have one or both of these
series available. Accordingly, we supplement our BIS data with series
drawn from Bloomberg. To check the sensitivity of our results with respect
to the monthly forecast horizon, we include also interest rate data for three

2 See, e.g., Rose and Svensson (1994) and Boorman et al. (2000).
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different maturities: one day; one week; and one quarter. Further details
(including mnemonics) and the data set itself are available online. The
data set has been checked and corrected for errors.

We use the United States as the “center country” for all exchange
rates (including Germany), except for nine European countries (Czech
Republic, Denmark, Finland, France, Italy, Norway, Sweden, Switzerland,
the UK), where we treat Germany as the anchor. We choose our center
countries in this way to shed the maximum amount of light on the efficacy
of the interest rate defense.

Figure 6.1 contains time-series plots of the exchange rates. The price
of an American dollar rates are portrayed for all countries except for
the nine European countries, which portray the price of a DM. (Scales
vary across different plots, as they do in all the figures.) The breaks in
series are usually associated with currency crises or other regime breaks.
For instance, the Brazilian exchange rate shows clearly both the adoption
of the real after the hyperinflation of the early 1990s, and the flotation
of the real in January 1999. Similar breaks are apparent for many other
countries, including: Indonesia, Italy, Korea, Malaysia, Mexico, Russia,
and Thailand. The convergence of the EMS rates and the creation of the
euro in 1999 are also apparent in the (non-German) EMU rates.

Figure 6.2 is an analog showing interest rates. Monthly interest rates are
shown for all countries except for Russia (where weekly rates are shown
since the monthly series is short), Finland and Korea (where quarterly
rates are shown for the same reason).’ Here the currency crises appear
as spikes in interest rates. These spikes are particularly obvious during
the EMS crisis of 1992-93 (for e.g., Denmark, France, Italy, Norway, and
Sweden), the Mexico crisis of 1994-95 (for Argentina and Mexico), the
Asian crisis of 1997 (for Hong Kong, Indonesia, Korea, Malaysia, and
Thailand), and the Russian crisis of 1998.

Figure 6.3 combines the exchange and interest rate data into a single
series, which we call “excess returns.” Excess returns (“er”) are defined
as [er;yn = (S2a — 8¢) — (i — i*),], annualized appropriately. Under the
UIP null hypothesis (Ho: « =0, 8 =1) Eer,; o = 0. Again, we use a
monthly horizon as our default (so that we use one-month interest rates
and set? to one month); the only exceptions are Russia (we use weekly
rates and horizon), Finland and Korea (quarterly rates and horizon are
used).

3 We define a month as 22 business days, a week as 5 business days, and a quarter as 65
business days.
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In essence, the plots in Fig. 6.3 show the results of taking a short position
in the currency. For example, since Argentina did not deviate from its
peg with the U.S. dollar, the payoff from attacking the Argentine peso
was consistently negative throughout the 1990s, dramatically so during
the interest rate defense against the “Tequila” attacks of early 1995. The
successful attacks against the Korean won, Mexican peso, and the Russian
ruble show up as large positive payoffs realized at the time of the flotations.

Where Fig. 6.3 provides a look at a combination of exchange rate
changes and interest differentials over time, Fig. 6.4 graphs the exchange
rate changes and interest rate differentials against each other. Instead of
examining the time-series patterns on a country-by-country basis as in
Fig. 6.3, we pool the data across countries. Exchange rate changes (on
the ordinate) are more volatile than interest rate differentials (on the
abscissa) for each horizon. There is clearly no tight relationship between
exchange rate changes and interest differentials. This is no surprise; inter-
est differentials are not very useful in predicting exchange rate changes.
Since the visual impression is unclear, we now proceed to more rigor-
ous statistical analysis, which is essentially an analog to the graphs of
Fig. 6.4.

4. UIP Regression Analysis

Table 6.1 provides estimates of 8§ when Equation (2) is estimated on a
country-by-country basis; that is, the regressions are estimated for an in-
dividual country over time. Newey—West standard errors that are robust
to both heteroskedasticity and autocorrelation (induced by the overlap-
ping observation problem) are recorded in parentheses below. Estimates
of the intercept (a) are not reported. We focus on the monthly horizon
results, but tabulate the results for the three other forecasting horizons as
a sensitivity check.

The most striking thing about the estimates of § is their heterogeneity.
Of the twenty-one estimates, twelve are negative and seven are positive
(two are essentially zero). This in itself is interesting, since virtually all
estimates in the literature are negative. Further, all but one of the negative
estimates are insignificantly so, while three of the positive coefficients are
significant. Finally, the point estimates vary across forecast horizon, often
switching signs across horizons.

Table 6.2 pools the data across countries, so that a single 8 is estimated
for all countries and periods of time. Here too, the results are striking.
In particular, the top panel shows that the pooled estimate is positive
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Table 6.1. Uncovered Interest Parity Tests by Country

Horizon: Daily Weekly Monthly Quarterly
Argentina .03 .00 —.003
(.11) (.01) (.002)
Australia —3.58
(2.55)
Brazil 15.3 .19
(15.9) (.01)
Canada —-.58
(.54)
Czech Rep. 73 —1.27 —1.41
(1.13) (.85) (1.14)
Denmark —.03
(.70)
Finland 2.50 7.06 2.56
(2.20) (3.80) (1.21)
France —1.42
(.62)
Germany —.60 13 -.11
(1.32) (1.11) (1.16)
Hong Kong -.35 -.20 .00 —.00
(.18) (.06) (.03) (.02)
Indonesia 22 -1.19
(2.05) (1.13)
Italy 1.66 .29 =75
(1.87) (2.55) (1.92)
Japan -.82 -3.14 -1.71 —1.84
(1.36) (1.83) (1.11) (1.19)
Korea 3.41 1.42 -.31
(4.12) (2.08) (1.57)
Malaysia 224 2.07
(2.08) (1.95)
Mexico -.37 —.60 =77
(1.00) (.66) (.70)
Norway .59
(\75)
Russia 1.48 1.29 22
(1.46) (.58) (.11)
Sweden .08 —.44 1.28
(.03) (.95) (2.03)
Switzerland —2.08
(1.40)
Thailand 52 -1.29 -.83
(1.86) (1.57) (1.80)
UK —-1.15 —1.26 —-1.42
(1.06) (.97) (.98)

OLS Estimates of 8 from (s;+a — 5;) = o + B(i — i*); + &, Newey—West standard errors in

parentheses.
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Table 6.2. Pooled UIP Tests

Panel A: No interactions
B (se) No. Obs.

Daily .86 26,972
(.65)
Weekly .87 8,033
(:34)
Monthly 19 37,992
(.01)
Quarterly 29 18,942
(:39)
Panel B: Exchange Rate Regime Interactions
B FIX*g FLOAT*p No. P-value:
(se) (se) (se) Obs. Interactions = 0
Daily .87 —94 -7 26,972 21
(.67) (.58) (1.23)
Weekly 92 -.87 -1.26 8,033 .00
(.37) (:29) (1.40)
Monthly 19 -.93 -.20 37,992 .01
(.01) (:32) (.48)
Quarterly 43 —.54 —47 18,942 44
(:49) (42) (.94)
Panel C: Country Income Interactions
B OECD*8
(se) (se)
Daily 97 —.80
(.75) (:48)
Weekly 92 —1.28
(.37) (1.40)
Monthly 19 -.31
(.01) (:36)
Quarterly 27 .06
(.54) (.68)

OLS Estimates of 8 from (Sj;+a — Sit) = « + B(i —i*)is + €ir Newey—West standard errors

in parentheses.

at all four horizons. At the monthly horizon, § is significantly positive,
though at 0.19 it is far below its theoretical value of unity. At the other
horizons, B is even higher and insignificantly different from unity (and
strikingly close to unity at the daily and weekly horizons).* Still, pooling

4 Chinn and Meredith (2000) find even more positive results using long-maturity data.
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is a dubious procedure given the heterogeneity manifest in Table 6.1, so
we do not take these results too seriously.’

The other panels of Table 6.2 add interactions between dummy vari-
ables and the interest differential. Panel B includes an interaction with
the exchange rate regime. We consider Argentina, Denmark, France,
and Hong Kong to have fixed their exchange rates throughout the sam-
ple, while we classify Australia, Canada, Germany, Japan, Norway, and
Switzerland as floaters. The other (“crisis”) countries experienced at least
one regime switch and are omitted as our control group.

We find that both fixers and floaters have significantly lower estimates
of B, in contrast to Flood and Rose (1996) who use data from late 1970s
through the early 1990s. When we interact the interest rate differential
with a dummy variable that is unity for countries that were members of
the OECD at the beginning of the decade, we find insignificantly different
results. This result stands in contrast to the estimates provided by Bansal
and Dahlquist (2000).

5. The Interest Rate Defense

In this section we develop evidence on the efficacy of the interest rate
defense.

5.1. The Framework
The model upon which we base our test is the one developed by Flood and
Jeanne (2000) (FJ), itself an adaptation of Krugman (1979), and Flood and
Garber (1984) that allows for a policy-exploitable wedge in UIPS In FJ,
defense efficacy ismeasured in terms of prolonging the fixed exchange rate
regime. In other words, the defense works if raising the domestic currency
interest rate makes the fixed rate regime survive longer than it otherwise
would without the rate increase. The UIP wedge in FJ is proportional
to the worldwide privately held stock of domestic government issued
domestic currency denominated nominal debt.”

The main FJ results are (a) increasing the domestic currency inter-
est rate prior to a speculative attack will always hasten the onset of the

5 This is especially true since the Hildreth-Houck random-coefficients method delivers
slope coefficients which are economically and statistically insignificant on our pooled
data.

6 Other interest rate defense models include Bensaid and Jeanne (1997), Drazen (1999),
and Lahiri and Végh (1999, 2000).

7 This functional form is derived in Jeanne and Rose (1999) and is discussed more in FJ.
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speculative attack for fiscal reasons; and (b) committing credibly to in-
crease the domestic currency interest rate after the speculative attack may
obstruct the speculative attack. The most striking result is that it is the
actions to be taken after the attack — like promising to hit back — that may
deter the attack.

The key equation in FJ is:

lt* = it + Els[.i,_A — S8t + GBI/St (3)

where: 6 is a positive constant; and B, is worldwide private holding of do-
mestic government issued domestic-currency bonds. The last term, 6B,/ S;,
is the UTP wedge needed to analyze the interest rate defense.

FJ assume that all nominal bonds issued by the domestic government,
N,, are either held privately, B;, or are held by the domestic monetary
authority as domestic credit, D,. FJ also assume that after the specula-
tive attack, the exchange rate floats and domestic-monetary authority’s
international reserves are constant at zero. The wedge thus becomes

O[(N: — D1)/Si] = OL(N, — My)/ ] = 0(n, —my)

where: n = N/S; m= M/S; M is high-powered money; and D =M be-
cause reserves are zero.

The state variable driving FJ to the attack precipice and beyond is N.
During the fixed exchange rate regime that precedes the attack, the ex-
change rate stabilizes goods prices, and the government fixes the interest
rate on its debt. Tracking N’s growth is therefore an accounting exercise.
In the post-attack floating rate epoch, FJ solve their model for n, the real
value of government-issued debt.’

5.2. The Role of Excess Returns
We study the efficacy of the interest rate defense by first using the model
to find the length of the fixed rate epoch, and then examining the data
to find the direction in which interest rate increases change observable
determinates of efficacy.

The connection to excess returns proceeds in three steps. First, we solve
for n noting that at the instant of the attack we must have n = N/S, where
§ is the pre-attack fixed exchange rate.” Second, since S is fixed and N

8 FJ is a perfect foresight model. The translation of their results to real-world data requires
us to refer to the permanent component of disturbances.

9 This terminal condition would be altered slightly in a stochastic setup. See, e.g., Flood and
Garber (1984).
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grows in lockstep with the mechanical pre-attack deficit, anything (and
only those things) that increases n must increase the length of the fixed
rate epoch also. Third, we have no daily data on N or, therefore, on n but
we do have daily excess returns. According to the above model,

Cripn = 9(m, — nl) + St+A — E[SH_A. (4)

Since neither money nor debt is available at a daily frequency, our in-
vestigation of the efficacy of the interest rate defense involves regressing
er;. A on I;. If we estimate the following OLS regression:

er[+A = )\ + ylt + Vi, (5)

the question then is, What can be learned?!”

The FJ model helps but still does not allow a straightforward inter-
pretation of the regression results. We measure y =0(Am/Ai — An/Ai);
thus, even if & > 0 we do not measure the sign of An/Ai directly. Instead,
we measure it combined with Am/Ai. We assume, therefore, that m is
negatively related to i through substitution in money demand.

Thusif > 0, we conclude An/Ai < 0,so that the interest rate defense
is ineffective. If however, y < 0, the test is inconclusive but consistent
with the efficacy of the interest rate defense. When y = 0, either 6 = 0 so
that the interest rate defense is ineffective because the UIP wedge is not
exploitable, or Am/Ai = An/A I, making the interest rate defense effective
when Am/Ai < 0. Our only possibility for strong results requires 7 > 0.

Model-specific considerations make our test sound narrow. But it is
also possible to put a more positive spin on our evidence. What policy-
makers are trying to accomplish with an active interest rate defense is
to decrease the expected excess return to (short) positions against the
domestic currency. That is, by increasing the domestic interest rate the
authorities are trying to increase the expected excess return to holding
domestic-currency debt. Our empirical work simply asks, Does this strat-
egy usually work?

In Tables 6.3 through 6.5 we provide a number of estimates of y. The
results tabulated in Table 6.3 are analogs to those in Table 6.1 for UIP;
these estimates of y use time-series data on a country-by-country basis.
Table 6.4 uses data that is pooled across countries on a year-by-year basis.

10 Viewing Equation (5) as the linearization of Equation (4) turns v, into an error com-
posed of an exchange rate prediction error plus a linearization error. Arbitrary exclusion
restrictions are required for the model-specific interpretation that follows.



Table 6.3.

Excess Return/Domestic Interest Rate Relationship by Country

Horizon: Daily Weekly Monthly Quarterly
Argentina —.96 —.96 —.96
(.11) (.01) (.01)
Australia —1.78
(2.16)
Brazil —65 -.81
(94) (.01)
Canada -1.56
(41)
Czech Rep. —.28 —2.41 —2.51
(1.14) (.92) (1.15)
Denmark .27
(:25)
Finland 1.10 2.98 1.01
(1.22) (1.68) (.60)
France -22
(.16)
Germany —2.39 —1.56 —1.76
(1.54) (1.34) (1.42)
Hong Kong —.54 —1.14 -71 —.69
(.17) (.06) (.09) (.10)
Indonesia -.76 —2.17
(2.06) (1.14)
Italy .86 1.36 1.16
(1.04) (1.42) (:96)
Japan —1.50 —8.56 —2.22 —2.49
(1.41) (3.54) (1.21) (1.29)
Korea 2.64 41 —-1.22
(4.30) (2.06) (1.72)
Malaysia 1.51 1.26
(2.25) (2.13)
Mexico —-1.26 —1.46 —-1.60
(.97) (.64) (.66)
Norway 25
(.38)
Russia 48 29 —-.78
(1.45) (.57) (.11)
Sweden -.83 24 .80
(.08) (.61) (.95)
Switzerland -.32
(.47)
Thailand —-.54 -2.51 -1.79
(1.93) (1.65) (1.81)
UK 31 .01 13
(.80) (.71) (.85)

OLS Estimates of y fromer; 4o = A + yi; + v, Newey—West standard errors in parentheses.
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Table 6.4. Excess Return/Domestic Interest Rate Relationship by Year

Horizon: Daily Weekly Monthly Quarterly
1990 —.43 —.40 52
(.93) (.37) (.27)
1991 1.20 —.65 .52
(2.72) (:34) (:33)
1992 -.78 -2.19 =75 3.00
(.14) (.45) (.004) (.16)
1993 -.57 -85 -.78 12
(.60) (.54) (.003) (.16)
1994 33 .80 -84 .61
(1.15) (.54) (.002) (.19)
1995 -.58 —.49 =73 —-2.04
(:21) (.09) (.02) (.18)
1996 =73 =73 -.70 —1.85
(.15) (.09) (.02) (.12)
1997 .19 37 1.10 1.03
(1.30) (1.05) (.34) (.37)
1998 1.35 3.01 -.52 —1.80
(2.51) (1.81) (.36) (.19)
1999 —-1.52 —.89 -1.29 -.25
(.88) (:32) (:31) (:36)

OLS Estimates of y fromer;; 4o = A + yii; + vis Newey—West standard errors in parentheses.

Finally, Table 6.5 is the analog to Table 6.2, and provides estimates of y
that use data which is pooled across both countries and time.

The estimates in Tables 6.3-6.5 show that y is typically negative, but
vary wildly. The country-specific time series evidence of Table 6.3 shows
that y varies substantially across countries and even across horizons within
countries. The negative estimates for Argentina are striking but intuitive,
since Argentina successfully used the interest rate defense to support the
peso through the 1990s; results for Hong Kong are similar. But a num-
ber of countries such as Italy and Malaysia provide positive estimates of
y. There is also an interesting lack of strong results for Korea, Mexico,
Thailand and the UK, all victims of highly visible and successful specula-
tive attacks.

The heterogeneity of results also characterizes the results in Table 6.4
that pool data across countries within specific years. Perhaps the most
striking results are the positive coefficients that characterize 1997 (the
year of the Asian crisis) for all maturities. Manifestly an effective interest
rate defense did not characterize that crucial year.
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Table 6.5. Pooled Excess Return/Domestic Interest
Rate Relationship

Panel A: No interactions
y (s¢)  Num. Obs.

Daily -.11 26,972
(.64)
Weekly -12 8,033
(:33)
Monthly -.81 37,992
(.01)
Quarterly -.21 18,942
(:35)
Panel B: Exchange Rate Regime Interactions
y FIX*y  FLOAT*y P-value:
(se) (se) (se) Interactions = 0
Daily -.12 -.38 —41 33
(.64) (:26) (.62)
Weekly —.16 —.24 —4.17 .39
(:35) (.53) (3.23)
Monthly -.81 —.50 -.57 .06
(.01) (:21) (:28)
Quarterly —.25 -.37 —.76 .09
(:35) (.18) (:52)
Panel C: Country Income Interactions
y OECD*y
(se) (se)
Daily —.48 —.05
(47) (.68)
Weekly —4.02 —.16
(3.04) (:35)
Monthly -.21 —.81
(:28) (.01)
Quarterly 20 -31
(:35) (:44)

OLS Estimates of y fromer;j;+ o = A + yii; + vi; Newey—West standard
errors in parentheses.

The results in Table 6.5 pool observations across countries and time.
The typical estimate of y is negative, significantly so at the key monthly
horizon. This is consistent with the efficacy of the interest rate defense.
However, the lower panels of the table show that we are unable to find
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a link between the efficacy of this strategy and either the exchange rate
regime or income.

6. Conclusion

Uncovered interest parity works better than it used to, in the sense that
interest rate differentials seem typically to be followed by subsequent ex-
change rate depreciation. The fact that this relationship has been positive
on average during the 1990s contrasts sharply with the typically negative
estimates of the past. At the daily and weekly horizons, this relationship
even seems to be proportionate. Nevertheless, there are still massive de-
partures from uncovered interest parity. There is enormous heterogeneity
in the UIP relationship across countries, though we have been unable to
find a close relationship between UIP departures and either the exchange
rate regime and country income.

We also presented evidence on the efficacy of the interest rate defense
of a fixed exchange rate. Our evidence on the interest rate defense is
both model-specific and loose in the sense that data limitations prevent a
direct test of the model. Nevertheless, we think it is suggestive. We cannot
establish the effectiveness of this strategy; but neither has our empirical
work been able to unequivocally rule it out; so far as we are concerned,
the door is open. However, the evidence is murky, and we provide only
slightly more evidence consistent with the interest rate defense than we do
for the complete absence of any effect from the domestic interest rate on
UIP deviations. We think of this as an intriguing place to pass on the baton.
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SEVEN

When Does Capital Account Liberalization Help More
than It Hurts?!

Carlos Arteta, Barry Eichengreen, and Charles Wyplosz

1. Introduction

The literature on the effects of capital mobility falls under two headings,
reflecting the traditional divide between the two branches of international
economics. While work on the effects of capital movements in models of
the real economy is well advanced, due in no small part to the important
contributions of Assaf Razin, the same cannot be said of research in
international finance on the effects of capital account liberalization and
international capital flows.

There are two explanations for the contrast, one having to do with
theory, the other reflecting the limitations of existing empirics. On the
theoretical side there are reasons to think that the imperfect nature of
the information environment does more to complicate the effects and
consequently the analysis of financial than nonfinancial transactions. In-
formation asymmetries are endemic in financial markets. In particular, it
is unrealistic to assume that agents on both sides of a financial transac-
tion have the same information.? This is especially true of international

1 This paper was prepared for the conference celebrating Assaf Razin’s 60th birthday, held
at Tel Aviv University, March 25-26, 2001. We thank Dennis Quinn and Andrew Warner
for help with data and Anne Krueger and Dani Rodrik for comments.

2 The classic illustration is that a borrower will know more than a lender about his own
desire and motivation to repay, although the point is more general. This is why banks and
other financial institutions play a prominent role in the modern economy: By virtue of their
investments in monitoring technologies characterized by economies of scale and scope,
they aspire to bridge gaps in the information environment that decentralized markets
cannot. These observations are widely cited in support of the notion that information
asymmetries are pervasive in financial markets.
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financial transactions, in whose case information flows must travel ad-
ditional physical and cultural distance. It is well understood that these
imperfections in the information environment are a distortion in whose
presence inward foreign financial investment can be welfare reducing.
But the difficulty of characterizing the information asymmetry and there-
fore the incidence of the distortion means that there is no consensus on
precisely when and where such immiserizing effects may take place.

In contrast, the limited conditions under which the transfer or accumu-
lation of capital in a real trade model is immiserizing are well understood.
Brecher and Diaz-Alejandro (1977) have pointed to import tariffs, while
Bhagwati and Brecher (1991) have modeled the effects of rigid real wages,
both of which can lead foreign capital to flow into the wrong sector with
immiserizing effects. The transparency of this analysis leaves less contro-
versy about the effects of capital mobility in models of the real economy.

The other explanation for the contrast, and the one we pursue in this
paper, is that empirical studies of the effects of foreign direct investment
(and, for that matter, trade in goods and services) have reached more
definitive conclusions than those on portfolio capital flows. There is now
a substantial body of evidence that openness to foreign direct investment
(FDI) is positively associated with growth. FDI is a conduit for the transfer
of technological and organizational knowledge, suggesting that countries
that welcome inward FDI should have higher levels of total factor pro-
ductivity and enjoy faster economic growth.? In contrast, studies of the
effects of financial capital flows are less conclusive. In part this reflects
the difficulty of measuring a multidimensional phenomenon like financial
openness in an economically meaningful way. In part it reflects the sensi-
tivity of findings to the countries and periods considered (as we document
below).

This controversy is summarized by a pair of recent studies by Rodrik
(1998) and Edwards (2001). Rodrik finds no correlation between capital
account liberalization and growth and comes down against the presump-
tion that opening an economy to financial capital flows has favorable ef-
fects. Substituting a more nuanced and presumably informative measure
of capital account liberalization, Edwards reports in contrast a strong posi-
tive effect of capital account liberalization, one however limited mainly
to high-income countries.

3 While this conclusion is not uncontroversial, we think that the bulk of the evidence points
in this direction. See in particular Borensztein, De Gregorio and Lee (1995), Aitken and
Harrison (1999), and Bradstetter (2000).
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In this paper we seek to push this literature forward another step, by
scrutinizing the robustness of these results and addressing their implicit
interpretation. We focus on the following questions: Is there really a posi-
tive association of capital account liberalization with growth when the
former is measured in an economically meaningful way? Is it robust? Is
it evident only in certain times and places? If it is limited to high-income
economies, does this reflect their more advanced stage of financial and
institutional development, which mitigates the domestic distortions that
cause capital account liberalization to have weak or even perverse effects
in the developing world? Or do the effects of capital account liberalization
hinge to a greater extent on the way it is sequenced with other policy
reforms?

To anticipate our conclusions, while we find some evidence of a posi-
tive association between capital account liberalization and growth, that
evidence is decidedly fragile. The effects vary with time, with how capi-
tal account liberalization is measured, and with how the relationship is
estimated. In our view, the evidence is insufficiently robust to support
unconditional policy recommendations.

The evidence that the effects of capital account liberalization are
stronger in high-income countries is similarly fragile. There is some evi-
dence that the positive growth effects of liberalization are stronger in
countries with strong institutions, as measured by standard indicators of
the rule of law, but only weak evidence that the benefits grow with a
country’s financial depth and development.

More important than a country’s stage of financial development, we
find, is the sequencing of reforms. Capital account liberalization appears
to have positive effects on growth only in countries that have already
opened more generally. But there are significant prerequisites for open-
ing, most obviously a consensus in favor of reducing tariff and nontariff
barriers and an ability to eliminate macroeconomic imbalances in whose
presence freeing up current account transactions is not possible. Which
of these prerequisites turns out to matter may come as a surprise.

2. Previous Literature

The most widely-cited study of the correlation of capital account liber-
alization with growth is Rodrik (1998).* For a sample of roughly 100

4 This section draws on Eichengreen (2000).
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industrial and developing countries, using data for the period 1975-89,
Rodrik regresses the growth of GDP per capita on the share of years
when the capital account was free of restriction (as measured by the binary
indicator constructed by the IMF), controlling for determinants suggested
by the empirical growth literature (initial income per capita, secondary
school enrolment, quality of government, and regional dummies for East
Asia, Latin America, and sub-Saharan Africa).> He finds no association
between capital account liberalization and growth and questions whether
capital flows enhance economic efficiency.’

Given the currency of this article among economists, it is striking that
the leading study of the question in political science reaches the opposite
conclusion. For 66 countries, using data for the period 1960-89, Quinn
(1997) reports a positive correlation between capital account liberaliza-
tion (the change in capital account openness) and economic growth.” That
correlation is statistically significant at standard confidence levels.

What accounts for the contrast is not clear. Quinn’s study starts earlier
(it may matter that growth in his sample period is not dominated to the
same extent by the “lost decade” of the 1980s), his list of control vari-
ables is longer, and he looks at the change in capital account openness
rather than the level. Edwards (2001) has emphasized that Quinn uses
a more nuanced and therefore more informative measure of capital ac-
count liberalization. For 58 countries over the period 1950 to 1994 and
an additional 8 countries starting in 1954, Quinn distinguishes seven cate-
gories of statutory measures. Four are current account restrictions, two
are capital account restrictions, and one measures international agree-
ments such as OECD membership constraining the ability of a country
to limit exchange and capital flows. For each of these categories, Quinn
codes the intensity of controls on a two-point scale (in half-point incre-
ments from 0 to 0.5, 1, 1.5, 2, with 0 denoting most intense and 2 denoting

5 The capital account openness variable is taken from line E2 (restrictions on payments for
capital transactions) of the table on exchange and capital controls in the IMF’s Exchange
Arrangements and Exchange Restrictions annual.

The results are depicted visually, using scatter plots of the partial correlation between
growth and the share of years when the capital account was liberalized over the period;
the author does not report the ¢-statistic on the capital account liberalization variable.
In fact precisely the same result, using the same data, was published some three years
earlier by Grilli and Milesi-Ferretti (1995), who report standard errors along with their
point estimates.

Quinn includes a long list of ancillary variables that have been shown to explain some of
the cross-country variation in growth rates, drawing on Levine and Renelt (1992).

=N
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no restriction), producing an overall index of current and capital account
restrictions that ranges from 0 to 14 and a capital account restrictions
measure that ranges from 0 to 4.

It also may be important that Quinn’s country sample is different; in
particular, he considers fewer low-income developing countries. The re-
cent literature gives reason to think that the effects of capital account
liberalization vary with financial and institutional development. Remov-
ing capital controls may be welfare and efficiency enhancing only when
major imperfections in the information and contracting environment are
absent; this is an implication of the theory of the second best. Portfo-
lio capital inflows stimulate growth, the argument goes, only when mar-
kets have developed to the point where they can allocate finance effi-
ciently and when the contracting environment is such that agents must
live with the consequences of their investment decisions. The Asian cri-
sis encouraged the belief that countries benefit from removing controls
only when they first strengthen domestic markets and institutions gener-
ally; thus, we should expect a positive association with growth only when
prudential supervision is first upgraded, the moral hazard created by an
excessively generous implicit and explicit financial safety net is limited,
corporate governance and creditor rights are strengthened, and trans-
parent auditing and accounting standards and efficient bankruptcy and
insolvency procedures are adopted. While these institutional prerequi-
sites are difficult to measure, there is a presumption that they are most
advanced in high-income countries. This is one way of understanding how
Alesina, Grilli, and Milesi-Ferretti (1994) find evidence of a positive asso-
ciation between capital account liberalization and growth — their sample
is limited to 20 high-income countries — when Grilli and Milesi-Ferretti
(1995) find a negative association in a sample dominated by developing
countries.®

Edwards (2001) addresses the hypothesis that capital account liber-
alization has different effects in high- and low-income countries. Using
Rodrik’s controls but Quinn’s measure of the intensity of capital account

8 The evidence is not overwhelming: Alesina, Grilli, and Milesi-Ferretti report a positive
coefficient that differs significantly from zero at standard confidence levels in one of four
regressions. Moreover, the specification in question does not control for initial per capita
income; once it is added, the correlation in question dissolves. Bordo and Eichengreen
(1998) explicitly compare industrial and developing countries, and report weak evidence
that controls have a positive impact on growth in the industrial countries, and a negative
impact on growth in developing countries, although the operative word is “weak.”
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restrictions in 1973 and 1988, he finds that liberalization boosts growth in
the 1980s in high-income countries but slows it in low-income countries.
(The dummy variable for capital-account openness enters negatively, in
other words, while the interaction between capital account openness and
per capita income enters positively.) Edwards shows further that the sig-
nificance of capital controls evaporates when the IMF index used by
Rodrik is substituted for Quinn’s more differentiated measure. Thus, it
is tempting to think that the absence of an effect in previous studies is a
statistical artifact. And there is some suggestion that capital account liber-
alization is more beneficial in more financial and institutionally developed
economies.’

But do these differences really reflect the level of financial and institu-
tional development? Kraay (1998) makes the one direct attempt to test
the hypothesis that the effects of capital account liberalization depend
on the strength of the financial system, the effectiveness of prudential
supervision and regulation, and the quality of other policies and institu-
tions, rather than seeking to infer this from differences between industrial
and developing economies.!” The results are not encouraging: The inter-
action of the quality of policy and institutions with financial openness
is almost never positive and significant, and it is sometimes significantly
negative. But while these findings are intriguing, their generality is an
open question; the other work reviewed in this section raises questions
about whether they are sensitive to country sample, specification, and in
particular how financial openness is measured. To the extent that capital
account liberalization has different effects on growth in high- and low-
income countries, the reasons for the contrast remain unclear.

9 Quinn (2000) uses a very different methodology to address this question but reaches a
similar conclusion. He estimates bivariate VARs using growth rates and his measures of
capital account liberalization individually for a large number of middle- and low-income
countries. He finds scant evidence that capital account liberalization has had a positive
impact on growth in the poorest countries, but some positive evidence for middle-income
countries, especially those that have other characteristics likely to render them attractive
to foreign investors.

Kraay uses the ratio of M2 to GDP and the ratio of domestic credit to the private sector
relative to GDP as ex ante proxies for the level of financial development, and one minus
the average number of banking crises per year as an ex post indicator of financial strength.
As an indicator of the strength of bank regulation, he uses authorization for banks to
engage in nontraditional banking activities such as securities dealing and insurance. And
to capture the broader policy and institutional environment, he uses a weighted average
of fiscal deficits and inflation, the black market premium, and indices of corruption and
the quality of bureaucracy.
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3. Basic Results

In this section we scrutinize the claim that the effects of capital account lib-
eralization differ between high- and low-income economies — and, specifi-
cally, that they are positive in the former but not the latter.

Our point of departure is Edwards’ model. Edwards regresses eco-
nomic growth in the 1980s (approximately the same period considered
by Rodrik) on the decennial average investment rate, years of schooling
completed by 1965 (as a measure of human capital), the log of real GDP
per capita in 1965 (as a measure of the scope for catch-up), and Quinn’s
index of capital account openness. He reports that this measure of capi-
tal account openness has a positive and generally significant effect on
growth. Moreover, when capital account openness is entered both on its
own and interacted with per capita incomes, the first coefficient is negative
and the second positive.!! The inflection point where the effect of capital
account openness becomes positive coincides with the per capita incomes
achieved by the 1980s by such relatively advanced emerging markets as
Hong Kong, Israel, Mexico, Singapore, and Venezuela.

Four aspects of Edwards’ data and specification are worthy of com-
ment. First, while he uses annual data spanning the 1980s for his other
variables, Edwards has Quinn’s measure of capital account openness for
only 1973 and 1988.'2 The 1973 value is arguably too early to have a
first-order effect on growth in the 1980s, while the 1988 value is arguably
too late.!® Similarly, the difference in the level of openness in 1973 and
1988 may tell us how policies toward the capital account changed in the
1970s and 1980s, but these two snapshots are equally compatible with the
possibility that the change took place before the beginning of the sample
period or at its end, two scenarios that presumably imply very different
effects.!*

Second, Edwards weights his observations by GDP per capita in 1985.
We worry that placing an especially heavy weight on rich countries with
well-developed institutions biases the case in favor of finding a link

11 Tn contrast, the IMF measure of capital account openness bears no association to growth,
as mentioned above.

12 Quinn has also made available his 1958 estimates to other investigators, but these are
irrelevant to the current exercise.

13 Including only the 1988 value but instrumenting it using the 1973 index, as Edwards does
in some of his analysis, does not obviously solve this problem.

14 Edwards’ two sets of estimates use, alternatively, the Quinn index for 1988 and the
difference between Quinn’s 1973 and 1988 values.
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between capital account liberalization and growth, since these are the
countries in which such an effect is most plausibly present.!

Third, Edwards instruments his measure of capital account liberali-
zation with a vector of concurrent and lagged economic, financial, and
geographical variables. While we are sympathetic to the idea that policies
toward the capital account may be affected by as well as affect growth,
useful instruments — variables that are exogenous but also correlated with
capital account liberalization — are hard to come by. In particular, we are
skeptical that geographic variables are usefully correlated with capital
account liberalization (although previous work has shown that they im-
portantly influence the level of income and/or the rate of growth), and
we would question whether the economic and financial variables invoked
in this context are properly regarded as exogenous with respect to the
policy.'6

Fourth, neither Edwards nor other contributors to this literature in-
clude competing measures of economic openness and the macroeconomic
policy regime. Typically, countries that open the capital account also open
their economies to other transactions (for example, they will have reduced
tariff and nontariff barriers to trade). In the absence of measures of these
other policies, it is not obvious that the index of capital account openness
is picking up the effects of financial openness as opposed to the open-
ness of, say, the trade account. Similarly, governments may wait to open
the capital account until they have first succeeded in eliminating macroe-
conomic imbalances that would precipitate capital flight through newly
opened channels; a positive effect of capital account liberalization on
growth may reflect the growth-friendly effects of macroeconomic stabi-
lization, in other words, rather than international financial policies per se.

We show some “Edwards regressions” in Table 7.1 (single equation
estimates for the 1980s, with and without weights, using the 1988 level of

15 Tn addition, heavy weights on high-income countries, which were also the relatively fast
growing countries in some of the subperiods we consider (see below), increases the danger
of finding a correlation between capital account liberalization and growth because of
reverse causality (insofar as the high-income countries were the ones most likely to open
the capital account).

In addition, Edwards derives his results from estimates of a two-equation system, where
the dependent variables are GDP growth and TFP growth and the list of independent
variables is the same across equations. Since the second dependent variable is derived (in
part) from the first, errors in GDP growth are likely to produce (positively correlated)
errors in TFP growth. When the correlation between the error terms in the two equations
is taken into account via system estimation, the econometrician may therefore obtain a
spuriously strong correlation with the independent variables.

16
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the Quinn index and, also following Edwards, the change in Quinn’s index
between 1973 and 1988)."” The controls — the investment ratio, human
capital, 1965 per capita GDP — are consistently significant and have their
anticipated signs. In the unweighted least squares regressions, both the
level of capital account openness in 1988 and its change between 1973 and
1988 enter with positive coefficients, but only the latter differs from zero
at the 95% level.!® In the weighted least squares regressions, the converse
is true: the level of capital account openness differs from zero at the 95%
confidence level, but the change does not. There is some evidence, then, of
a positive association between capital account liberalization and growth,
although it is decidedly fragile.

Following Edwards, we reestimated these equations substituting the bi-
nary measure of capital account restrictions based on information in the
IMF’s Exchange Arrangements and Exchange Restrictions annual, con-
structing this variable as the share of years in the sample period when the
capital account was open. As in his analysis, none of the coefficients on
this variable approached significance at conventional confidence levels."
This is support for Edwards’ first point, that the growth effects of capital
account liberalization are more evident when the latter is proxied by the
(presumably more informative) Quinn measure.

When we interact the Quinn measure with per capita GDP in 1980
(that being the start of Edwards’ sample period), we find little support
for the notion that capital account liberalization has different effects in
high- and low-income countries. In the unweighted least squares regres-
sions (columns 1-4 of Table 7.1), the coefficient on the interaction of the
Quinn index and 1980 per capita GDP is positive and significantly dif-
ferent from zero at the 95 per cent confidence level, as if the effects of
liberalization are larger in high-income countries.? But we find no such ef-
fect in the weighted least squares regressions or when we measure capital

17 Details on the data underlying this and subsequent tables can be found in the data

appendix.

We also augmented the list of controls to include distance from the equator, since this
variable is included among the instrumental variables we experiment with below, and
others (e.g., Rodrik, 2001) have argued that it has an independent impact on economic
growth. While this variable often enters with a significant coefficient, adding it only
reinforces our results (as we explain below).

These regressions are not reported but are available from the authors on request.

The coefficient on the level of the Quinn index by itself (column 3) is negative but
insignificantly different from zero, lending no support to the hypothesis that liberalization
damages growth in low-income countries. It is however the case that we can reject the
null that both coefficients (that on the level of the Quinn index and the interaction term)
are zero at the 95% confidence level.

18
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account liberalization as the change in the Quinn index between 1973 and
1988. When we adopt this last specification, the pattern of coefficients
instead suggests smaller growth effects of liberalization in high income
countries.”! A joint test of the significance of capital account openness
measured in changes and the corresponding interaction term (not re-
ported) allows us to reject the null that both coefficients are zero in both
column 8 (the weighted least squares estimates) and in column 4 (the
OLS estimates). But, to repeat, the pattern of signs is inconsistent with
the notion that liberalization has negative effects in low-income countries
and positive effects in high-income ones.??

Edwards obtains more precise coefficients on the relationship between
capital account liberalization and growth, both entered linearly and inter-
acted with per capita GDP, when using instrumental variables. Though his
estimates of the nonlinear effect differ from ours not only by the use of in-
struments but also by being estimated as a system of two equations (where
capital account liberalization affects both aggregate and TFP growth),
we were led to wonder whether differences between our results and his are
driven by the use of instrumental variables. We therefore reestimated the
equations in Table 7.1 using two alternative sets of instruments. We first
used the Hall-Jones (1999) instrument set (distance from the equator, a
dummy variable for whether the country is landlocked, a dummy vari-
able for whether it was an island, the share of the population speaking
English, and the share of the population speaking a major European lan-
guage). None of the measures of capital account liberalization — its level
or change, entered by itself or interacted with per capital GDP — entered
with a coefficient that approached significance at standard confidence
levels.”> While these instruments are plausibly exogenous, either they are
not usefully correlated with capital account liberalization or the latter in
fact has no independent impact on growth.

21 The results are essentially the same, although a little weaker, when we use membership
in the OECD in place of per capital GDP when constructing the interaction term. In the
weighted least squares regressions, all interaction terms are insignificantly different from
zero at conventional confidence levels.

Edwards’ key results — those obtaining nonlinear effects for capital account liberalization
(negative at low levels of per capital income, positive at high levels) — are derived using
three-stage least squares.

This was true both of the individual coefficients and, when Quinn openness was entered
in levels and interacted with per capital GDP, of the pair. That is, the relevant F-statistic
did not lead us to reject the null that the two coefficients were effectively zero. Note that
this is where the decision of whether or not to include distance from the equator as an
explanatory variable for growth could matter. It is reassuring, therefore, that adding it
to the list of independent variables altered none of the results reported here.
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23



188 Arteta, Eichengreen, and Wyplosz

The second set of instruments is our attempt to replicate those used by
Edwards: whether the capital account was open or closed in 1973, the ratio
of liquid liabilities to GDP in 1970 and 1975, distance to the equator, and
a dummy variable for OECD countries.?* The results, in Table 7.2, differ
sharply from before. The coefficient on the Quinn index in 1988 is still
positive when entered on its own, albeit somewhat less well defined than in
Table 7.1. However, when the interaction of capital account openness and
per capita GDP is added, the coefficient on the level of the Quinn index
turns negative (though insignificant), while the interaction term is positive
and significantly different from zero at the 95% confidence level. This is
very close to Edwards’ result. However, this pattern obtains only when
we enter capital account openness in levels (rather than changes between
1973 and 1988) and only when we estimate by unweighted least squares
(as opposed to applying per capita GDP weights). And it is sensitive to
the choice of instrumental variables. For example, the one coefficient on
the interaction term that was previously significantly positive goes to zero
when either financial depth or lagged openness (or, for that matter, both)
is dropped from the instrument list but the other instrumental variables
are retained.?

Thus, we confirm that an analysis of developing- and industrial-country
experience in the 1980s yields somewhat more favorable results for the
association of capital account openness and growth when capital account
policies are measured using Quinn’s index rather than the IMF measure.
The evidence that this effect is stronger in high-income countries turns
out to be extremely sensitive to specification and estimation.

4. Sensitivity Analysis

In this section we subject these results to two forms of sensitivity analysis.
First, we adjust the timing of the dependent and independent variables in
order to better identify the effects of capital account policies. Second, we
compare the effects of capital account liberalization in different periods.

Recall that Edwards uses Quinn’s measure of capital account openness
in 1973 and 1988. If capital account liberalization has a significant impact

24 Thisis our reading of the abbreviations in the instrument list at the bottom of his Table 10.

25 In addition, we worry about the validity of the instruments, specifically whether lagged
liberalization and financial depth, which move slowly and are correlated with current
liberalization and financial depth, are in fact capturing the exogenous component of
these international financial policies. See the discussion above.
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on growth, this should be most evident in the immediately succeeding
years. Having analyzed growth in the 1980s as a way of rendering our
results as directly comparable as possible to those of Edwards and other
investigators, we now focus on the effects of capital account liberalization
in the years immediately following those for which we have Quinn’s capi-
tal account restrictions data: 1973 and 1988. The obvious stopping point
for the period starting in 1973 is 1981, the eve of the Mexican debt crisis
and the “lost decade” of the 1980s, when capital flows were subdued and
their growth effects were plausibly different. Our second cross section
(starting in 1988) ends in 1992, since that is when our data, drawn from
the Penn World Tables Mark 5.6a, end.?® This leaves a gap in the mid-
1980s. Fortunately, we were also able to obtain Quinn’s measure of capital
account openness for 1982.>” Thus, we can analyze three cross sections
covering the periods 1973-81, 1982-87, and 1988-92. We also pool the
three cross sections. The pooled results will reassure readers worried that
conditions during one or more of our periods were special (“1982-87 is
unrepresentative because it is dominated by the debt crisis,” for example).
Aggregating across periods limits the danger that our results are being
driven by period-specific effects.

The results are in the Table 7.3. In the first four columns we enter
capital account openness in levels; in the second four we also interact it
with per capita GDP.?® Given the questions about instrumentation raised
in the last section, we estimate the equations by ordinary least squares.

The results remain generally plausible.”” When entered exclusively in
levels, the Quinn measure of financial openness is positively associated
with growth in all three periods, but only in the third of these, 1988-92,

26 In principle, it would be possible to extend this sample beyond 1992 using data from other

sources. But given the far-reaching changes in capital account restrictions that occurred
in the 1990s, our measure of the structure of capital controls, circa 1988, would then
capture little of the reality of capital account policies in the last subperiod. Since we do
not have Quinn-like data on the capital account regime in the 1990s, we concluded that
it makes sense to stick with a sample that ends in 1992.

We thank Dennis Quinn for sharing these data with us.

We report results using only the Quinn measure of openness, since when we substitute the
IMF measure we obtain uniformly insignificant effects. We concentrate on unweighted
regressions throughout. The use of weights and instrumental variables alters our results
only slightly: The coefficients tend to be slightly less well determined, although the pattern
of signs remains the same.

Investment retains its consistently positive effect on growth, although the effects of
human capital are somewhat weaker than before. The catch-up effect is weak in both the
second and third periods, reflecting the heavy impact of the debt crisis of low- and middle-
income developing countries starting in 1982 and their delayed post-1987 recovery.
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is the effect significant at anything approaching conventional confidence
levels. The coefficient is smallest in the period starting in 1982, when
capital flows were depressed by the debt crisis, and largest in the post-
1987 period, the year of the Brady Plan after which large scale portfolio
capital flows resumed. But when we pool the three cross sections (adding
fixed effects to differentiate the subperiods), the coefficient on capital
account liberalization differs from zero at the 95% confidence level. This
is the strongest evidence so far of a positive association of capital account
liberalization and growth, although it is clear that this result is heavily
driven by one of our cross sections.

But there is still scant evidence of a stronger growth effect in high-
income countries. We obtain a significant positive coefficient on the in-
teraction term only for the post-1982 years. Perhaps capital account lib-
eralization worked its magic more powerfully on high-income countries
in these years. Alternatively, it may simply be that high-income (OECD)
countries with open capital accounts were less affected by the debt crisis
of the 1980s than developing countries with open capital accounts that had
grown heavily dependent on foreign borrowing. Whether this in fact tells
us anything about the differential effects of capital account liberalization
in different developing countries is unclear.

In the pooled sample, the coefficient on the interaction term is in-
distinguishable from zero. However, the coefficient on capital account
liberalization in levels continues to enter positively and differs from zero
at the 90% confidence level. Again, however, this result appears to be
driven by the strong positive association in the post-1987 period.

Thus, more data and appropriate timing of the variables continue to
provide indications a positive association of capital account liberalization
with growth. However, that effectis robust only for the most recent period,
that is to say, for the post-Brady Plan years. There is less evidence to this
effect for earlier periods, whether these are the years of syndicated bank
lending to developing countries or of the developing country debt crisis.
Moreover, we find little support for the view that capital account liberali-
zation has more favorable effects in high- and middle-income emerging
markets than in poorer developing countries.

5. Do These Patterns Reflect Stages of Financial
and Institutional Development?

We now ask whether the different effects of capital account liberalization
in high- and low-income countries in fact reflect their different stages of
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financial and institutional development. To this end, we interact Quinn’s
index not with per capita GDP but with financial depth (proxied by the
ratio of liquid liabilities to GDP) and institutional strength (the Interna-
tional Country Risk Guide’s index of law and order).>°

The results are in Table 7.4, the first four columns for financial depth
(post 1973, post 1982, post 1988, and pooled, reading left to right), the last
four for law and order. Those for financial depth are unpromising: none
of the coefficients in question is significant individually or as a pair.’!
The results for the interaction between capital account openness and rule
of law are more promising. In the first subperiod (1973-81) we obtain a
negative coefficient on capital account openness in levels and a positive
coefficient on the interaction term; the latter differs from zero at the 95%
confidence level. The interpretation is that capital account liberalization
has no effect in countries with weak contract and law enforcement but a
positive effect in those with stronger ones. The results for the second sub-
period (1982-87) are more striking still: both terms again enter with the
expected signs, and both now differ from zero at conventional confidence
levels.?> According to this column at least, capital account liberalization
hinders growth when a country rates low on the law-and-order index but
helps when it rates high.3* In comparison, the results for the most recent
subperiod (1988-92) are disappointing: neither coefficient enters with its
expected sign, and neither differs significantly from zero at standard con-
fidence levels.?*

The results for the pooled sample reflect these contrasting subsample
results. The coefficient on the level of Quinn openness is zero, but the
coefficient on the interaction term is positive and significant at the 90
(but not the 95%) confidence level.

Thus, we find scant support for the hypothesis that the effects of capital
account liberalization reflect a country’s stage of financial development.
There is more support for the idea that the effects vary with the effective-
ness of law and order, but the evidence is not overwhelming.

30 Again, for details on this and the other variables used in the analysis, see the data
appendix.

31 Again, estimating these equations by instrumental variables changed nothing,

32 At the 90 and 95% levels, respectively.

33 One of the coauthors is reminded of all the money deposited in Swiss banks by depositors
from countries that rate low according to the law-and-order index and with porous capital
accounts.

34 We also fail to reject the null that the two coefficients are jointly zero at conventional
confidence levels.
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6. Sequencing

It could be that we are not capturing the full impact of capital account
liberalization on growth because we are not controlling for efforts to
coordinate external financial opening with other liberalization measures.
There is a large literature on sequencing that suggests that capital account
liberalization initiated before the current account is opened can have
strongly distortionary effects (see McKinnon 1991). If trade barriers con-
tinue to protect an uneconomical import-competing sector, foreign capital
will flow there, attracted by rents and artificially inflated profits. Since the
country has no comparative advantage in those activities, actually devot-
ing more resources to import-competing production can be growth and
welfare reducing. In particular, the cost of the resources that the country
utilizes to service the foreign finance may exceed the cost of capital, re-
ducing domestic incomes as well as starving other sectors of inputs to
growth (Brecher and Diaz-Alejandro 1977). Similarly, the literature on
the sequencing of financial liberalization measures cautions that it can
be counterproductive to open the international accounts before domestic
macroeconomic imbalances have been eliminated; the main effect will
then be to provide avenues for capital flight.> If domestic financial mar-
kets are repressed, capital account liberalization allows savers to flee the
local low-interest rate environment in favor of higher returns abroad.
For all these reasons, capital account liberalization when macroeconomic
policy is seriously out of balance is a recipe for disaster.

To capture these qualifications, we added the interaction between capi-
tal account openness, as measured by Quinn, and nonfinancial open-
ness, as measured by Sachs and Warner (1995).3° This is analogous to
our earlier tests of the idea that the effects of capital account openness
are contingent on financial depth and institutional development, but now
the hypothesis is that they are contingent on the absence of trade and
macroeconomic distortions. The Sachs—Warner index classifies a coun-
try as open if none of the five following criteria holds: the country had
average tariff rates higher than 40%, its nontariff barriers covered on av-
erage more than 40% of imports, it had a socialist economic system, the
state had a monopoly of major exports, and its black market premium
exceeded 20%. The first four criteria should allow us to test the notion
that capital mobility is counterproductive for an economy whose trade is

35 See for example Edwards (1994) and Johnston (1998).
36 We thank Andrew Warner for providing these data.
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highly restricted and distorted.?” The fifth is an indicative of macroeco-
nomic policies and conditions inconsistent with a country’s administered
exchange rate; it should allow us to test the hypothesis that capital account
liberalization is counterproductive if implemented before a country has
eliminated macroeconomic imbalances.

The results are in Table 7.5, columns 1-4. The specification is analogous
to that of Table 7.3 but for the addition of the interaction of the Sachs—
Warner dummy with Quinn openness. We find a strong positive effect of
this interaction term, almost irrespective of period.*® In the pooled sam-
ple, it differs from zero at the 99% confidence level. This suggests that
capital account openness stimulates growth when a country has elimi-
nated major trade distortions and macroeconomic imbalances, but not
otherwise.

We undertook some sensitivity analyses of this finding. We estimated
the equations by weighted as well as unweighted least squares. We used
Edwards’ instrumental variables. We searched for and dropped outliers.
We added the interaction between financial depth and financial openness
and the interaction between law and order and financial openness as in
Table 7.4 above. None of these changes weakened the result.

The one change that made a difference was adding Sachs—Warner
openness in levels. We show the result of doing so in columns 5-8 of
Table 7.5. The three openness measures (Sachs—Warner openness, Quinn
capital account openness, and their interaction) are highly correlated,
creating problems of multicolinearity. Only in the pooled sample is there
much hope of distinguishing their effects. There, Sachs—Warner openness
and Quinn openness both have (positive) coefficients that differ from zero
at the 90% confidence level, while their interaction is insignificant. This
points less to the importance of sequencing than to separate, noninter-
dependent effects on growth of both Sachs—Warner and capital account
openness. But multicolinearity makes it difficult to know which interpre-
tation is appropriate. While the relevant F-test allows us to reject the
null that the levels of both Sachs—Warner openness and Quinn openness

37 Rodriguez and Rodrik (1999) note that the state monopoly of major exports variable is
derived from a World Bank index of the degree of distortions caused by export marketing
boards and is positive only for sub-Saharan African countries, whose growth performance
was particularly disappointing in the sample period. Since there are only two sub-Saharan
African countries in our (much smaller) sample, it is not plausible in our case that this
is the proper interpretation of the results we obtain when we use the Sachs—Warner
openness measure.

Only in the first subperiod, for 1973-81, is its coefficient not significantly greater than
zero at the 95% confidence level.
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are zero, consistent with the separate, noninterdependent-effects inter-
pretation, it also allows us to reject the null that Quinn openness and
the interaction of Sachs—Warner openness with Quinn openness are both
zero, consistent with the sequencing interpretation.

It turns out that we can get a better handle on which interpretation is
more plausible by analyzing whether absence of a favorable impact on
growth in countries that are closed according to the Sachs—Warner mea-
sure reflects distortionary trade policies or distortionary macroeconomic
policies. We do so by breaking Sachs—Warner openness up into its two
principal components, one reflecting the prevalence of tariff and non-
tariff barriers (distortionary trade policies), and the other reflecting the
size of the black market premium (an indicator of macroeconomic imbal-
ances).” If it is the interaction term involving the black market premium
that matters, then we can say that it is the elimination of macroeconomic
imbalances that is the essential prerequisite for capital account liberaliza-
tion to have positive growth effects, a la McKinnon. If, on the other hand,
it is the interaction involving tariff and nontariff barriers that is signifi-
cant and important, we can say that it is the elimination of trade-related
distortions that is key, a la Brecher and Diaz—Alejandro.*’

We measured tariff and nontariff barriers using the data of Barro and
Lee (1994), which conveniently are also utilized by Sachs and Warner.*!
For the black market premium, we constructed three alternative mea-
sures. First, we created a dummy variable which equaled unity if the
black market premium was less than 20%.4> While this follows Sachs and
Warner as closely as possible, it does not use all the available information.
We therefore also defined an alternative measure, 100% minus the black
market premium.** While this contains more information, the results ob-
tained when using it are more likely to be dominated by a handful of

39 As noted above, Sachs—Warner openness involves two additional criteria — whether a
country had a socialist economic system and the state had a monopoly of major exports —
which are likely to matter importantly for certain countries. We return to this point
below.

This is similar to the approach taken by Rodriguez and Rodrik (1999), who find in growth
regressions covering a longer period that it is the black market premium in which most
of the explanatory power resides.

Note that the Barro-Lee tariff and nontariff data do not vary with time. The same is true
of the Sachs—Warner index (which makes use of the Barro-Lee measures), aside from a
few selected changes imposed by its architects.

We refer to this in Table 7.6 as “black market premium 1.”

This is “black market premium 2.” We divide the premium by 100 so that the coefficients
on this variable are scaled the same as for “black market premium 1.”

4

4

=

42
43
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extreme observations. This led us to create a third version of the variable,
which truncated 100% minus the black market premium at zero on the
downside.**

It turns out that it is the interaction term between capital account
openness and the black market premium that most consistently matters.
Columns 1-3 of Table 7.6 display pooled regressions using the three alter-
native measures of the premium. The interaction with the black market
premium is positive, and its coefficient is significantly greater than zero at
the 90% confidence level, regardless of how that premium is defined and
measured. The evidence that trade openness is a prerequisite for capital
account openness to stimulate growth is less robust; while the coefficient
on the interaction with Barro and Lee’s trade openness measure is con-
sistently positive, it approaches significance at conventional confidence
levels in only one of the three regressions.¥

Again, we attempted to confirm the robustness of this finding. We
added interaction terms involving financial depth and law and order, as
in Table 7.4. We ran regressions using weighted as well as unweighted ob-
servations. In each instance the results were essentially unchanged. The
one sensitivity analysis that mattered was adding Sachs—Warner openness
in levels. The results are in the last three columns of Table 7.6. Evidently,
the two measures of external policy with the most robust, consistent ef-
fects on growth are (i) Sachs—Warner openness and (ii) the interaction of
the black market premium with capital account openness. In other words,
there is strong evidence, as before, that countries that open externally
in the sense of Sachs and Warner grow faster, other things equal. In ad-
dition, however, countries that open the capital account also grow faster
but only if they first eliminate any large black market premium. Capital ac-
count openness has favorable effects, it would appear, only when macro-
economicimbalances leading to inconsistencies between the administered
exchange rate and other policies have first been eliminated.

Table 7.7 reports a selection of subperiod results.*® These reveal that
the positive effect of capital account openness on growth, contingent on

4 Denoted “black market premium 3.” Again, we divide this measure by 100 to make it as
comparable as possible with “black market premium 1.”

45 We see the same pattern when we consider the individual subperiods, although the co-
efficients, predictably, are less well defined than when we pool the data. We discuss the
subperiod results later in this section.

46 These are discussed in the next paragraph. To conserve space, we report only the results
for “black market premium 1.” Those using the other measures of the black market
premium are essentially identical.
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the absence of a large black market premium, is driven by the 1982-87
subperiod. In addition, previously (in Tables 7.3-7.5) the coefficient on
capital account openness in levels was either positive or zero. There was
no evidence, in other words, that capital account openness was bad for
growth in countries with underdeveloped financial markets, weak insti-
tutions, severe macroeconomic imbalances, or closed current accounts.
Now the coefficient on the level of Quinn’s index is strongly negative in
1982-87, as if countries with significant trade distortions and large black
market premia grew more slowly if they ill advisedly opened their capital
accounts. That this effect is most evident in the debt-crisis years 1982-87
may be telling us that countries that poorly sequenced capital account
liberalization suffered the most devastating effects of the curtailment of
capital flows; they suffered a severe debt overhang and an intractable
transfer problem when the debt crisis struck. It may be that improper se-
quencing does not actually damage growth so long as international capital
markets are flush with funds, but that it can result in serious damage if
lending suddenly dries up.

7. Conclusion

Economic theory creates a strong presumption that capital account lib-
eralization has favorable effects on growth. Yet the accidents and disap-
pointments suffered by countries liberalizing their international financial
transactions remind us that reality is more complex than theory. The quest
for guidance is not helped by the fact that the data do not speak loudly.
Some analysts have rejected the hypothesis that there is a positive asso-
ciation between capital account liberalization and growth, while others
have reported evidence of a favorable effect.

The idea that the effects of capital account liberalization are condi-
tioned by a country’s stage of financial and institutional development
similarly has intuitive appeal. Not only are there good theoretical reasons
to think that this might be the case, but it could be the failure of previ-
ous investigators to incorporate this idea that accounts for the weak and
inconsistent results of their econometric studies. Yet our tests of the hy-
pothesis are only weakly supportive. We find no evidence that the effects
of capital account liberalization vary with financial depth, but somewhat
more evidence that its effects vary with the rule of law.

In contrast, we find more evidence of a correlation between capital
account liberalization and growth when we allow the effect to vary with
other dimensions of openness. There are two interpretations of this
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finding, one in terms of the sequencing of trade and financial liberal-
ization, the other in terms of the need to eliminate major macroeconomic
imbalances before opening the capital account. By and large, our results
support the second interpretation. While trade openness has a positive
impact on growth, the effect of capital account openness is not contingent
on openness to trade. Rather, it is contingent on the absence of a large
black market premium — that is to say, on the absence of macroeconomic
imbalances. In the presence of such imbalances, capital account liberali-
zation is as likely to hurt as to help.

If we are right, ours is the first systematic, cross-country statistical evi-
dence that the sequencing of reforms shapes the effects of capital account
liberalization. But our analysis also suggests that this result may be period-
specific: The evidence that sequencing matters is more robust in the 1980s
than in the 1970s or 1990s. If this investigation has taught us one thing, it
is not to oversell such results. Considerable additional analysis is required
to establish the generality of such findings.

Data Appendix

Our sample includes the following 61 countries: Argentina, Australia,
Austria, Belgium, Bolivia, Brazil, Canada, Chile, Colombia, Costa Rica,
Denmark, Dominican Republic, Ecuador, Egypt, El Salvador, Finland,
France, Germany, Ghana, Greece, Guatemala, Haiti, Honduras, Hong
Kong, India, Indonesia, Iran, Iraq, Ireland, Israel, Italy, Jordan, Korea,
Liberia, Malaysia, Mexico, Myanmar, Netherlands, New Zealand,
Nicaragua, Norway, Pakistan, Panama, Paraguay, Peru, Philippines,
Portugal, Singapore, South Africa, Spain, Sri Lanka, Sweden, Switzerland,
Syrian Arab Republic, Thailand, Tunisia, Turkey, United Kingdom,
United States, Uruguay, and Venezuela.

Dependent Variable: Rate of growth of real GDP per capita, defined as
the first difference of the log of real GDP per capita in constant dollars
at 1985 international prices. Source: Penn World Tables, Mark 5.6a.

Controls:

¢ Real investment share of GDP (%) at 1985 international prices. The
variables used in the regressions are averages of this variable over
particular periods of time, as noted in the text and tables. Source: Penn
World Tables, Mark 5.6a.

* Average years of schooling of the population over 15 years of age. This
variable is available quinquennially for the years 1960-90. For Tables 7.1
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and 7.2, the 1965 value was used. For the other tables, the values for
1970 (for the 1973 cross section), 1980 (for the 1982 cross section), and
1985 (for the 1988 cross section) were used. (Given lack of 1970 data
for Egypt, the value for 1975 was used in the 1973 cross section for this
country.). Source: Barro-Lee data set (see Barro and Lee 1996).

Log of GDP per capita in constant dollars (chain index) at 1985 inter-
national prices. The value for 1965 is used in Tables 7.1 and 7.2. In the
other tables, the value for the beginning of the corresponding period
was used. Source: Penn World Tables, Mark 5.6a.

Financial and Institutional Development:

Financial depth, defined as the ratio of liquid liabilities to GDP (%).
Values at the beginning of the period were used. Source: Beck,
Demirguc—Kunt, and Levine (1999).

Law and order index, which ranges from zero to six, where a higher
value represents a better institutional framework. Source: International
Country Risk Guide. Since this index starts only in 1984, we use the
1984 value for 1973 and 1981.

Financial Openness:

Quinnindex, which ranges from zero to four in increments of 0.5, where
a higher value represents a more open capital account. Values for 1973,
1982, and 1988 are available. The value for 1988 and the difference
between the 1973 and 1988 values were used in Tables 7.1 and 7.2.
In the other tables, the value for the beginning of the corresponding
period was used. Source: Personal correspondence with Dennis Quinn.
IMF capital account openness dummy, constructed from line E2 (“re-
strictions on payments for capital transactions”) of the IMF Annual
Report of Exchange Arrangements and Exchange Restrictions, various
issues. The variable used was the share of years in the sample period
when the capital account was open. Source: IMF.

Nonfinancial Openness:

Sachs—Warner openness dummy, defined as a binary variable equal to
one if none of the five following criteria holds: the country had average
tariff rates higher than 40 per cent, its nontariff barriers covered on
average more than 40% of imports, it had a socialist economic system,
the state had a monopoly of major exports, and its black market pre-
mium exceeded 20%. Source: Sachs and Warner (1995), via personal
correspondence with Andrew Warner.
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* Barro-Lee trade openness dummy, defined as binary variable equal
to one if a country did not have average tariff rates higher than 40%
and its nontariff barriers did not cover on average more than 40% of
imports. Source: Barro and Lee (1994).

¢ Black market premium, defined as percent premium over the official
exchange rate. Source: Personal correspondence with Andrew Warner.

Instruments:

¢ Liquid liabities to GDP (as defined above), for 1970 and 1975. Source:
Beck, Demirguc-Kunt, and Levine (1999).

¢ Distance to the equator. Source: Hall and Jones (1999).

¢ OECD membership dummy. Source: World Development Indicators,
World Bank.

¢ Language variables, corresponding to: (a) the fraction of the popula-
tion speaking English, and (b) the fraction of the population speak-
ing one of the major languages of Western Europe: English, French,
German, Portuguese, or Spanish. Source: Hall and Jones (1999).

¢ Landlocked nation dummy. Source: Andrew Rose’s website.

¢ Island nation dummy. Source: Andrew Rose’s website.
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EIGHT

Sources of Inflation in Developing Countries*

Prakash Loungani and Phillip Swagel

1. Introduction

This paper develops stylized facts about the inflationary process in de-
veloping countries, focusing particularly on the relationship between the
exchange rate regime and the sources of inflation. To this end, we examine
the influences on inflation in annual data from 1964 to 1998 for 53 develop-
ing countries grouped both by region — Africa, Asia, the Mediterranean,
and South America —and by exchange rate regime — fixed or floating. This
broad-brush approach of pooling countries together is intended to com-
plement the many previous analyses of inflation in developing countries
that have typically focused on the experience of individual countries or
small groups of them.!

We group sources of inflation into four categories. First, as discussed
by Montiel (1989), inflation in developing countries is often linked to
underlying fiscal imbalances. Such imbalances can lead to an increase
in inflation either by triggering higher money growth, as in Sargent and
Wallace (1981), or by triggering a balance of payments crisis and forcing
an exchange rate depreciation, as in Liviatan and Piterman (1986). The
interaction between inflation and the government budget constraint is
also stressed in Razin and Sadka (1987) and Bruno and Fischer (1990).

* This paper was prepared for presentation at the conference on “Economic Policy in the
International Economy,” held at Tel Aviv University on March 25-26,2001, to honor Assaf
Razin’s sixtieth birthday. We thank our discussant, Eran Yashiv, an anonymous referee,
and other seminar participants for their helpful comments.

! For example, Moser (1995) provides evidence on the dominant factors influencing inflation
in Nigeria, while Montiel (1989) examines inflation in Argentina, Brazil, and Israel.
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Another possibility, examined by Coe and McDermott (1997) for
13 Asia economies, is that — as in the industrial countries — inflation in
developing countries indicates an overheating economy and is influenced
by an activity variable such as the output gap. A third source of infla-
tion, examined by Ball and Mankiw (1995), is supply-side “cost shocks” —
movements in the prices of particular goods, such as oil, that lead to persis-
tent changes in the aggregate price level. Finally, as discussed by Chopra
(1985), inflation may have a substantial inertial component arising from
the sluggish adjustment of inflationary expectations or the existence of
staggered wage contracts.

To provide evidence on the relative importance of these four sources
for inflation, we include in our analysis the following variables:

1. money growth and exchange rates, variables suggested by the fiscal
VIEW;

2. the output gap and a measure of the world business cycle;

3. changes in the prices of oil and non-oil commodities, to capture
cost shocks;

4. past realizations of inflation, to reflect the inertial component of
inflation.

In examining the sources of inflation, we do not explore the underlying
political and institutional features in each country which either lead to
high inflation rates or provide an atmosphere conducive to achieving
price stability.? Instead, we focus on the “proximate” sources of inflation
suggested by the four views discussed above.

We find that the sources of inflation are quite diverse in African and
Asian countries, which tend to have low to moderate rates of average
inflation. In these countries, the most important of the four sources is
the inertial component. The other three sources matter as well, but their
quantitative importance is much smaller. In contrast, in economies with
higher rates of average inflation, such as many in South America, the fiscal
variables of money growth and exchange rate changes are predominant,
with inertial inflation playing a much smaller role. We show that these
differences in the relative importance of sources of inflation across regions
correspond to differences in the exchange rate regime. The contribution
of the fiscal component of inflation — money growth and exchange rate

2 Examples of these institutional features, along with recent studies, include central bank
independence, Alesina and Summers (1993); openness to trade, Romer (1993); and
country size and development, Campillo and Miron (1996).
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changes — is far more important in countries with floating exchange rate
regimes than in those with fixed exchange rates, where inertial factors
dominate the inflationary process.

The remainder of the paper is organized as follows. The next section
presents our econometric method, after which Section 3 discusses data.
Section 4 provides results, first for developing countries taken as a whole,
and then for various groups of countries distinguished by their region and
their exchange rate regime. Section 5 concludes.

2. Econometric Method

We estimate vector autoregressions (VARs) with at least the following six
variables: oil price growth, non-oil commodity price growth, the output
gap, money growth, inflation, and exchange rate changes. The approach is
similar to that of Montiel (1989), with the exception that we pool together
data across the various countries instead of estimating separate VARs for
each country. We also discuss results in which we add measures of fiscal
deficits and the world business cycle to this base specification.

For our cross-country panel of data, let # denote time, and i index coun-
tries. We pool the data across countries and estimate VARs of the form

Zi; = A(L)Z't—l +0; + &

where A(L) is a one-sided polynomial in the lag operator (L), 6; denotes
a set of country-specific fixed effects, and ¢; is a vector of normally dis-
tributed errors.> By pooling across countries, we impose the restriction
that the estimated coefficients in each equation are the same across each
country in the VAR. The fixed effects are intended to capture country-
specific influences on inflation due to differences in institutional factors
such as unionization rates, wage bargaining structures, or concentration
ratios, all of which potentially explain the behavior of prices, but for which
country- or industry-specific data are not available. In Section 4 below, we
split the countries into several groups to examine the sources of inflation
across regions and other groups of countries.

3 Tt is well known that least squares estimates are biased in the presence of both fixed
effects and lagged endogenous variables. However, as discussed by Nickell (1981) and
Hsiao (1989, pp. 73-6), the bias is inversely proportional to the time dimension (7)) of
the panel; in our data set 7 is between 20 and 30, so that the size of the bias is likely to
be small. Note that the dynamic panel data model of Holtz-Eakin, Newey, and Rosen
(1988) is not appropriate for our case, since the asymptotics rely on the width of the panel
(number of countries) going to infinity.
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Use of a VAR allows us to look at the effect of different assumptions as
to the contemporaneous interactions of the variables, notably the inter-
actions of money growth, inflation, and exchange rates, without imposing
any constraints on the particular channels through which the factors inter-
act.* We present variance decompositions for inflation, as well as results
on the effect of innovations (“shocks”) in each of the variables on infla-
tion. As usual, an innovation is defined as the component of each variable
which is orthogonal to lags of all variables as well as contemporaneous
values of variables ordered before it in the VAR. While this provides an
economically meaningful definition of shocks, a pitfall of the nonstruc-
tural VAR methodology is that certain results may be sensitive to the
ordering of the variables in the system. This is discussed extensively in
Section 4.

3. Data

We use annual data on 53 developing countries for the years 1964 to 1998.
Table 8.1 presents summary statistics, along with a list of the individual
countries. Major oil-producing countries are excluded from the sample.’
Data on money growth, inflation, and nominal exchange rates come from
the IMF International Financial Statistics. Money growth is the difference
of the log of M,, though using base money instead does not affect our
results. Inflation is the difference of the log of the CPI, while the nominal
exchange rate is measured as the difference of the log of the bilateral nom-
inal exchange rate with the U.S. dollar. The exchange rate is specified as
units of domestic currency per dollar, so that an increase in the exchange
rate represents a depreciation of the currency. It would be preferable to
use an exchange rate which takes into account bilateral exchange rates
with each country’s major trading partners (such as the nominal effective
exchange rate, lines nec and neu in IFS), but such a measure is not avail-
able for many of the countries in our sample. We use nominal rather than
a measure of the real exchange rate; this is because real exchange rates
already take into account the inflation rates we seek to explain.

Data on fiscal deficits are from the IMF’s World Economic Outlook
database. These are measured as the central government balance as a
share of GDP, so that a negative sign indicates a deficit. A measure of the
general government deficit rather than the central government deficit is

4 See Clarida and Gali (1994) for a related structural model.
5> Removing the oil-producing nation of Gabon from the sample does not change our results.
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Table 8.1. Summary Statistics for 1964-98

Inflation | Money Growth (M) Fiscal Balance/GDP
Corr. with Corr. with  Corr. with
Country Obs | Average | Average inflation | Average inflation M, growth
All Countries 1695 16.4 222 0.928 —4.5 —0.019 —0.009
(53 countries)
Inflation below 10% 924 6.6 12.8 0.371 -5.0 —0.017 0.018
(24 countries)
Inflation above 10% 771 27.6 333 0.945 -39 —0.047 —0.039
(29 countries)
Africa (16 countries) 494 8.8 13.0 0.481 -5.9 —0.006 0.032
Burkina Faso 15 35 11.6 0.455 -16.9 0.087 —0.090
Niger 35 54 7.5 0.419 1.9 0.200 0.383
Morocco 35 5.7 12.0 0.587 —6.0 —0.265 0.145
Ethiopia 32 6.1 11.6 0.242 —4.7 —-0.220 —0.291
Gabon 34 6.2 11.6 0.574 -21.6 0.161 —0.068
Togo 31 6.4 11.2 0.419 —42 —0.190 0.184
Senegal 31 6.4 85 0.475 -1.8 —0.218 —0.009
Seychelles 27 6.8 14.7 0.280 -83 0.127 0.111
Cote D’ Ivoire 35 7.1 11.0 0.558 —6.6 0.129 0.516
Congo 33 7.1 8.7 0.272 -52 —0.138 0.276
Cameroon 29 7.9 10.1 0.463 =31 0.089 0.567
Mauritius 35 8.2 16.1 0.391 —6.0 —-0.213 0.262
Kenya 29 10.6 15.7 0.325 -52 —0.267 —0.099
Algeria 26 11.6 16.5 —0.003 5.1 —0.407 0.239
Madagascar 34 11.7 14.1 0.302 —4.9 —0.485 —0.185
Ghana 33 27.5 27.5 0.527 —6.2 —0.218 —0.009
Asia (11 countries) 351 9.3 17.2 0.812 -35 —0.018 0.086
Singapore 35 31 13.4 0.103 35 —-0.117 —0.149
Malaysia 34 3.6 14.0 0.336 -3.1 —0.139 0.154
Thailand 35 5.4 16.3 0.289 -1.3 0.067 0.168
Bangladesh 12 6.0 15.6 0.365 -7.9 —0.601 —0.627
Fiji 28 72 10.4 0.530 -3.0 0.120 0.179
India 34 83 14.8 —0.310 -5.8 —-0.018 —0.315
Pakistan 35 8.4 14.2 —0.132 -7.3 —0.091 —0.230
Sri Lanka 35 8.7 142 0.317 —10.4 0.020 —0.203
Korea 35 9.9 24.1 0.228 -1.6 —0.492 —0.564
Philippines 35 10.6 16.1 0.102 -1.9 0.186 0.188
Indonesia 33 28.2 371 0.969 —0.4 -0.179 —0.182
South America 638 27.0 327 0.957 -2.5 —0.081 —0.064
(19 countries)
Panama 35 3.0 11.9 0.259 -82 —0.558 —0.008
Barbados 32 7.4 10.9 0.276 49 0.443 0.235
Trinidad 34 8.4 12.4 0.420 23 —0.226 0.287
Honduras 35 9.0 15.7 0.437 —6.1 0.270 0.389
Guatemala 35 9.3 14.6 0.529 -2.9 0.369 0.276
El Salvador 35 10.3 13.9 0.391 -23 —0.403 0.111
Dominican Rep 35 11.4 175 0.424 -0.3 0.064 0.152
Paraguay 35 12.6 20.7 0.552 —-0.9 0.671 0.620
Costa Rica 34 13.5 21.3 0.369 —42 0.232 0.026
Jamaica 35 15.6 19.2 0.681 —6.5 0.298 0.439

(continued)
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Table 8.1. (continued)

Inflation | Money Growth (M) Fiscal Balance/GDP
Corr. with Corr. with ~ Corr. with
Country Obs | Average | Average inflation Average inflation M, growth
Colombia 31 182 234 0.514 -0.8 —0.336 —0.176
Ecuador 34 20.1 272 0.717 -1.7 0.462 0.514
Mexico 35 23.5 29.7 0.431 —4.6 —0.622 —0.268
Chile 35 36.6 46.8 0.920 4.3 0.010 0.041
Bolivia 35 419 49.4 0.982 -7.0 —0.682 —0.702
Uruguay 35 44.8 46.7 0.597 -2.0 0.103 0.064
Peru 35 60.4 62.3 0.990 —4.5 —0.090 —0.067
Argentina 35 78.4 81.1 0.980 —6.0 —0.082 —0.069
Brazil 18 142.2 95.1 0.944 -0.7 0.422 0.323
Mediterranean 212 14.7 21.6 0.846 -9.2 —0.163 —0.240
(7 countries)
Malta 35 35 9.9 0.072 -1.9 0.349 0.176
Cyprus 35 4.7 12.7 0.146 -1.6 —0.571 —0.224
Jordan 28 7.5 135 0.521 —14.6 —0.451 —0.795
Egypt 35 10.2 16.5 0.539 -153 0.119 —0.075
Syria 33 10.7 17.3 0.086 -10.5 0.329 —0.271
Israel 34 31.8 40.9 0.813 —12.6 —0.236 —0.350
Turkey 12 32.9 40.6 0.881 -52 —0.367 —0.383

available for a limited subset of countries and years; the correlation be-
tween the overlapping observations of the two measures is in excess of 0.9.

The output gap is constructed as the log of potential output minus
the log of actual output, so that an increase in the output gap reflects a
slowdown in economic activity relative to potential. Of course, this could
also indicate an increase in potential with no change in actual output.
Actual output is per capita real GDP (RGDPCH) from version 5.6 of the
Summers—Heston database, while potential GDP is constructed by using
the filter from Coe and McDermott (1997) to smooth the log of per capita
real GDP. The McDermott filter is similar to the Hodrick—Prescott filter,
but with the smoothing parameter chosen by the data.® A measure of
labor market slack such as the unemployment rate would be an obvious
alternative to the output gap as a measure of real activity; unfortunately,
this is not available on a consistent basis for the broad range of developing
countries. We also examine the impact on inflation of the “world business
cycle,” measured here as the GDP-weighted growth rates of the seven
largest industrial countries.

6 Note, however, that developing countries may experience particularly large positive sup-
ply shocks by importing new technologies from the industrial countries. These large in-
creases in potential output would tend to be averaged over by our use of a smoothing
filter to construct potential output.
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We construct a measure of non-oil commodity prices by matching dis-
aggregated data on the value of imports for each country from the UN
commodity trade database to commodity-specific prices of 23 commodi-
ties from IFS.” The prices for the 23 individual commodities are aggre-
gated together using each country’s import weights to create a country-
specific measure of non-oil commodity prices. As a result, movements in
the price of a particular commodity will have the largest effect on inflation
in countries that most heavily import that item. The measure of oil prices
is the average oil price from IFS in dollars; this is a global price and thus
the same for each country. Energy prices of course vary by country due to
country-specific tariffs, excise taxes, and differences in the productivity of
the electrical generating and heating industries. Unfortunately, country-
specific measures of energy prices are not available for our wide range of
developing countries.

Table 8.1 provides a summary of the data, in total, by region, and
for individual countries, with the countries sorted by average rates of
inflation within each region. Average rates of inflation vary widely across
regions, with moderate to low rates generally found in Africa and Asia,
but quite high average rates in most South American and Mediterranean
countries. Using median rather than mean rates of inflation gives similar
results.

The long-run relationship implied by the quantity equation is evi-
dent in the strong correlation between money growth and inflation in
the whole sample, though the strength of the relationship varies across
country groupings. Most notably, there is a strong correlation between
money and inflation in countries with high inflation (average inflation
above 10%), but a much weaker relationship in low inflation countries
(average inflation below 10%). This is true for the individual regions and
countries as well.

Surprisingly, there is only weak evidence of a negative correlation be-
tween the fiscal balance and either money growth or inflation in the sample
as awhole. However, the correlation is strongest (that is, most negative) in
countries with high average rates of inflation, particularly in the Mediter-
ranean region. In Africa, inflation and money growth appear to decrease
with a fiscal deficit, though of course these raw correlations do not control
for other factors and do not imply anything about causality. Further, 7 of
the 16 African countries in the sample are members of the CFA Franc

7 The commodities are cereals, vegetable oil, beef, lamb, sugar, bananas, coffee, cocoa, tea,
timber, cotton, wool, rubber, tobacco, hides, copper, aluminum, iron ore, tin, nickel, zinc,
lead, and fertilizer.
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Zone (Cameroon, Congo, Gabon, Ivory Coast, Niger, Senegal, and Togo),
and thus do not pursue independent monetary policies. Positive output
growth in these countries likely leads to both fiscal surplus and to capital
inflows. These inflows would be expected to expand the money supply,
which is endogenous with the fixed exchange rate regime, thus providing
for the positive correlations between fiscal balance, money growth, and
inflation.

We next turn to results from the VARs, which allow an examination of
conditional correlations between variables, issues of causality, and effects
of various shocks to inflation.

4. Specifications and Results

Our methodisto first find an empirical specification that best characterizes
the entire sample, and then examine separate results for groupings of
countries. Our base specification is a six-equation recursive VAR with
the following variables:

Oil price growth

Non-oil commodity price growth
Output gap (as share of potential GDP)
Money growth

Exchange rate growth

Inflation

SNk v =

As discussed below, we consider two base specifications, with the dif-
ference between the two being a switch in the positions of money and
exchange rate growth in the VAR. Measures of fiscal balance and the
world business cycle are considered in Section 4.5, though it turns out
that these variables do not affect our main results. Four lags are used in
the VARSs; the results do not change much if we use two, three, or five
lags instead of four.

The ordering of the variables is discussed in Section 4.1, followed by
variance decompositions showing the importance of each variable in ac-
counting for inflation movements in Section 4.2, and impulse response
functions showing the response of inflation to various shocks in Sec-
tion 4.3. Sensitivity analysis follows in Section 4.4.

4.1. Ordering of the Variables
Table 8.2 provides two sets of results that are helpful in discussing the
ordering of variables in the VAR. The top part of the table shows the
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Table 8.2. Ordering of the Variables: Regressions with Four Lags

Significance levels for F-Tests
All countries, 1695 observations

Dependent variable

Influence on Non-oil Exchange

Inflation Oil price  price  Outputgap Money rate Inflation
Oil 0.00 0.02 0.15 0.15 0.23 0.18
Non-oil 0.00 0.00 0.75 0.23 0.28 0.09
Output gap 0.84 0.02 0.00 0.84 0.00 0.00
Money 0.00 0.00 0.00 0.00 0.00 0.00
Inflation 0.12 0.05 0.01 0.00 0.00 0.00
Exchange rate 0.00 0.00 0.00 0.91 0.00 0.10
R? 0.64 0.29 0.42 0.64 0.60 0.72

A low significance level (corresponding to a large F-statistic, not shown) indicates that the
variable in the first columns provides predictive information on the corresponding variable
in the top row.

Correlations between residuals of the six equations

Exchange
Non-oil price  Outputgap  Money rate Inflation
Oil Price 0.415 —0.098 0.081 —0.038 0.056
Non-oil price 0.003 0.058 —0.047 0.061
Output gap 0.056 0.180 0.120
Money 0.728 0.822
Exchange rate 0.825

significance level for the F-test of the null hypothesis that the four lags of
the variable in a particular row can be excluded from the regression for the
variable at the top of each of the six columns without loss of explanatory
power. A small significance level (corresponding to a large F-statistic, not
shown) indicates a rejection of the null and means instead that the variable
in a given row does forecast the variable listed at the top of the column.
The bottom part of the table shows the correlations between the errors
of the six equations. A high correlation indicates that the ordering of the
two equations in question might (but does not necessarily) matter for the
results of the variance decompositions and impulse response functions.
We use these results as a guide to make several assumptions as to the
ordering of the base specification.

We first assume that price movements in oil and non-oil commodities
are driven by exogenous developments that are not affected in the same
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year by the other factors. For oil prices, of course, the biggest develop-
ments in prices have resulted from OPEC-related supply disturbances.
Oil and non-oil price movements are closely related, with a correlation
coefficient of the errors from the two equations just over 0.4. In all speci-
fications, however, we find that it makes little difference which of the
two is ordered first. We also experimented with a single variable which
combines oil and non-oil commodity prices, again with import values as
weights. While this does not affect results for the other four variables, the
fit of this one equation is substantially worse than the fit of either of the
two separate regressions.

The other large correlations are those between money growth, infla-
tion, and exchange rates. We assume that the contemporaneous corre-
lation between innovations in money growth and inflation innovations
reflects causation from money growth to inflation, though there is clearly
some feedback from inflation to monetary aggregates within the year.
A similar assumption is made with respect to the correlation between
exchange rate growth and inflation, with innovations in exchange rates
assumed to lead to inflation within the year.® While a structural model and
higher frequency data are needed to disentangle the underlying relation-
ship, the ordering of exchanges rates and inflation does not change the
result that the relative importance of fiscal vs. inertial factors corresponds
closely to the grouping of floating and fixed exchange rate regimes. This
leaves the issue of the direction of causation between exchange rate in-
novations and money growth innovations; in this case, we consider both
orderings.

Finally, we place the output gap before the three nominal variables
(money, exchange rates, and inflation). This is because even though
Table 8.2 shows that lags of money growth forecast the output gap but
not vice versa, the correlation between the errors of these two equations
is quite small. And it turns out that the ordering of money growth and the
output gap does not matter for our results. We thus place the output gap
after oil and non-oil prices and before M, growth in order to pair money
and inflation and most cleanly isolate their interaction.

8 The F-statistics in Table 8.2 indicate that lags of inflation provide information on ex-
change rate movements, while we cannot reject the null hypothesis that lags of ex-
change rates do not forecast inflation. However, block exogeneity tests indicate that
inflation and exchange rates Granger cause each other, though we much more de-
cisively reject the null that inflation has no affect on exchange rates (x? statistic of
208.4) than we do the null that exchange rates have no affect on inflation (x? statistic
of 34.7).
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Table 8.3. Variance Decompositions for Inflation Equation: All Countries

Money growth before exchange rate

Non-oil  Output Exchange

Horizon  Oil price price gap Money rate Inflation

0 0.2 0.2 1.9 66.5 11.6 19.6

1 0.2 0.5 12 77.8 7.9 12.5

2 0.1 0.7 1.1 80.2 6.8 11.1

3 0.1 0.7 1.6 80.2 6.7 10.7

4 0.2 0.7 2.1 79.7 6.7 10.6

5 0.2 0.7 2.2 79.7 6.6 10.6
10 0.2 0.7 23 79.8 6.6 10.5

Exchange rate before money growth

Non-oil  Output  Exchange

Horizon  Oil price price gap rate Money  Inflation

0 0.2 0.2 1.9 68.4 9.7 19.6

1 0.2 0.5 1.2 68.2 174 12.5

2 0.1 0.7 1.1 66.7 20.3 111

3 0.1 0.7 1.6 65.2 21.7 10.7

4 0.2 0.7 21 64.4 22.0 10.6

5 0.2 0.7 22 64.2 222 10.6
10 0.2 0.7 23 64.0 223 10.5

4.2. Importance of the Six Factors as Influences on Inflation

Table 8.3 shows the results from variance decompositions for the two
specifications discussed above (exchange rates before money growth and
vice versa), estimated over the entire sample (with country fixed effects).
Three key findings emerge:

¢ Inflation is mainly a fiscal phenomenon, represented in our framework
by money growth and exchange rate movements. With money (and in-
flation) ordered before inflation, money growth accounts for over two-
thirds of the variance of inflation at both short- and long-term horizons;
under the second ordering, this role is assumed by exchange rate move-
ments. And this finding of the combined importance of money growth
and inflation is not affected by putting inflation before exchange rates.
* Past realizations of inflation account for between ten and twenty per-
cent of inflation movements. This suggests an important role for in-
flationary expectations and institutional features such as indexation
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Table 8.4. Variance Decompositions for Inflation Equation Africa

Money growth before exchange rate

Non-oil  Output Exchange
Horizon  Oil price price gap Money rate Inflation
0 0.3 0.8 0.8 9.2 111 77.8
1 0.7 2.9 0.8 10.8 121 72.6
2 1.4 4.0 0.8 10.2 12.5 71.0
3 2.6 4.0 1.0 10.3 12.3 69.8
4 32 52 1.1 10.0 12.3 68.2
5 3.7 6.6 1.1 9.7 13.0 65.9
10 3.7 7.9 12 10.1 13.8 63.3
Exchange rate before money growth
Non-oil  Output  Exchange
Horizon  Oil price price gap rate Money  Inflation
0 0.3 0.8 0.8 17.1 32 77.8
1 0.7 29 0.8 19.0 3.9 72.6
2 1.4 4.0 0.8 18.8 3.9 71.0
3 2.6 4.0 1.0 18.4 42 69.8
4 32 52 1.1 18.1 42 68.2
5 3.7 6.6 1.1 18.4 4.4 65.9
10 3.7 7.9 1.2 182 5.7 63.3

schemes, both of which allow past inflation to influence current wages

and price setting.

¢ Costshocks and the output gap play a relatively minor role in account-
ing for inflation. It is possible, of course, that these influences matter
more for short-term inflation movements not evident in annual data.

The next four tables split the data into four regional groups. For
African countries (Table 8.4), past realizations of inflation play a predom-
inant role, accounting for two-thirds to three-fourths of the variance of
inflation — this is especially remarkable since inflation is ordered last in
the VAR. The role of fiscal influences — money growth and exchange rate
changes — is correspondingly lower than is the case for the entire sample.
One important additional result here is that the uncertainty about the rel-
ative importance of money shocks and exchange rate shocks is reduced
as well. For instance, at a ten-year horizon, money shocks account for
between 6 and 10% of the variance of inflation, whereas exchange rates
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Table 8.5. Variance Decompositions for Inflation Equation Asia

Money growth before exchange rate

Non-oil  Output Exchange

Horizon  Oil price price gap Money rate Inflation

0 4.8 4.7 1.1 0.1 53 84.1

1 9.7 21.6 0.8 3.0 7.7 57.2

2 9.8 221 1.2 7.4 6.8 52.6

3 9.5 215 14 8.5 6.7 524

4 9.4 21.1 1.6 8.6 6.9 52.5

5 9.4 20.8 1.6 9.0 6.8 52.5
10 9.4 20.7 2.9 9.1 6.7 512

Exchange rate before money growth

Non-oil  Output  Exchange

Horizon  Oil price price gap rate Money  Inflation

0 4.8 4.7 1.1 5.4 0.0 84.1

1 9.7 21.6 0.8 8.5 22 57.2

2 9.8 22.1 12 7.7 6.6 52.6

3 9.5 215 1.4 7.5 7.7 524

4 9.4 21.1 1.6 7.7 7.7 525

5 9.4 20.8 1.6 7.6 8.1 525
10 9.4 20.7 2.9 7.5 8.3 51.2

account for between 14 and 18%. In both cases, the choice of ordering
does not really alter the qualitative results. Commodity shocks are some-
what more important in African countries than for developing countries
as a whole, corresponding to the importance of primary commodities in
these countries’ economies. Even so, they are far less important influences
on inflation than inertial dynamics and fiscal factors.

Results for Asian economies (Table 8.5) are broadly similar to those
for Africa. The predominant factor in accounting for inflation is again
past realizations of inflation, though cost shocks eclipse fiscal factors for
Asia. Note that the uncertainty about the respective roles of money and
exchange rate shocks is again quite small; at a ten-year horizon, money
shocks account for between 8 and 9% of inflation movements, while ex-
change rate shocks account for between 7 and 8%.

The results for South America present a sharp contrast (Table 8.6). In-
flation displays little persistence. Instead, most of the explanatory power
comes from the fiscal variables, although of course our nonstructural
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Table 8.6. Variance Decompositions for Inflation Equation South America

Money growth before exchange rate

Non-oil  Output Exchange
Horizon  Oil price price gap Money rate Inflation
0 0.2 0.1 4.4 76.9 8.5 9.9
1 0.1 0.3 2.8 87.0 4.8 4.9
2 0.1 0.6 2.5 88.6 41 4.1
3 0.2 0.6 4.1 87.3 3.9 3.9
4 0.3 12 5.9 84.7 38 4.1
5 0.3 1.5 6.5 83.8 3.8 4.1
10 0.4 1.6 6.6 83.6 38 41

Exchange rate before money growth

Non-oil  Output  Exchange

Horizon  Oil price price gap rate Money  Inflation

0 0.2 0.1 4.4 78.5 6.9 9.9

1 0.1 0.3 2.8 77.5 14.3 49

2 0.1 0.6 2.5 76.2 16.5 4.1

3 0.2 0.6 4.1 74.2 17.0 3.9

4 0.3 1.2 59 71.9 16.7 41

5 0.3 1.5 6.5 71.1 16.4 4.1
10 0.4 1.6 6.6 71.0 16.3 4.1

approach does not delineate between the roles of money and exchange
rate shocks. The results for the fourth group, the Mediterranean countries
(Table 8.7), fall in between those for Asia and Africa, on the one hand,
and South America on the other.

What accounts for these differences across regions in the sources of
inflation? While a complete investigation of this issue is not conducted
in this paper, we suggest that the differences can be connected to differ-
ences in exchange rate regimes. To see this, we segment the sample into
countries with exchange rate regimes that, on average over the sample
period, are close to a fixed exchange rate regime and those with regimes
close to a floating exchange rate regime. This segmentation relies on the
work of Ghosh, Gulde, Ostry, and Wolf (1995), who classify the exchange
rate regimes of a large sample of countries over the period 1960-90 into
nine regimes, ranging from single currency pegs at the fixed end to float-
ing regimes with no intervention at the floating. Using the average value
for each country’s exchange rate regime from 1964 to 1990, we collapse
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Table 8.7. Variance Decompositions for Inflation Equation Mediterranean

Money growth before exchange rate

Non-oil  Output Exchange

Horizon  Oil price price gap Money rate Inflation

0 2.8 0.0 33 273 124 54.2

1 4.9 0.7 1.5 41.0 6.5 45.6

2 4.8 0.9 1.4 43.7 54 43.9

3 4.4 0.8 1.1 51.7 5.8 36.2

4 4.9 0.7 1.0 55.7 5.4 322

5 6.3 0.7 1.0 553 5.1 315
10 7.4 1.2 12 54.7 5.0 30.5

Exchange rate before money growth

Non-oil  Output  Exchange

Horizon  Oil price price gap rate Money  Inflation
0 2.8 0.0 33 273 12.3 542
1 4.9 0.7 1.5 212 26.2 45.6
2 4.8 0.9 1.4 19.4 29.7 439
3 4.4 0.8 1.1 16.1 413 36.2
4 4.9 0.7 1.0 14.6 46.5 322
5 6.3 0.7 1.0 14.0 46.5 315
10 7.4 12 12 13.8 45.9 30.5

the scheme of nine regimes into two categories, those that are relatively
fixed and those that are closer to a floating exchange rate regime.

The average exchange rate regime differs substantially across regions,
but there is a good deal of similarly within each region. In Africa, for
example, 16 of the 19 countries in our sample countries have pegged
systems and two others are close to fixed. The eleven Asian countries
have regimes that are between pegged and floating regimes, but most are
closer to a fixed regime than to floating. In South America, on the other
hand, few countries have fixed systems, with the vast majority — 14 of the
19 countries in our sample — characterized as floating over the sample
period.

Given this close relationship between regions and exchange rate
regimes, it is no surprise that the results for the variance decomposi-
tion of inflation by exchange rate regime are broadly similar to those by
region (Tables 8.8 and 8.9). The results for the fixed exchange rate group
are quite similar to those for the African and Asian regions: inflation



222 Loungani and Swagel

Table 8.8. Variance Decompositions for Inflation Equation: Fixed Exchange
Rate Regime Countries

Money growth before exchange rate

Non-oil  Output Exchange

Horizon  Oil price price gap Money rate Inflation

0 0.2 0.9 1.8 51 20.6 71.4

1 22 53 1.6 72 22.4 61.2

2 2.7 6.6 1.6 8.1 213 59.7

3 3.1 6.5 1.6 9.1 21.4 58.4

4 32 6.5 1.6 9.7 211 57.8

5 35 6.5 1.8 10.0 21.0 57.3
10 3.7 7.0 22 10.4 20.6 56.1

Exchange rate before money growth

Non-oil ~ Output  Exchange

Horizon  Oil price price gap rate Money  Inflation
0 0.2 0.9 1.8 243 1.4 71.4
1 22 53 1.6 27.2 2.4 61.2
2 2.7 6.6 1.6 26.0 34 59.7
3 31 6.5 1.6 26.4 41 584
4 32 6.5 1.6 26.1 4.7 57.8
5 35 6.5 1.8 259 5.1 573
10 3.7 7.0 22 254 5.6 56.1

has a substantial inertial component, the two fiscal variables are together
the next most important influences on inflation, the range of uncertainty
about the relative importance of money growth and exchange rate changes
is narrow, and cost shocks and the output gap play a modest role. For the
floating exchange rate group (Table 8.9), the results resemble those for
South America: Fiscal variables are the predominant influence on infla-
tion rather than inflationary inertia, while cost shocks and the output gap
are relatively minor influences on inflation.

4.3. Response of Inflation to Shocks

We next assess the response of inflation to shocks to a one standard de-
viation shock to each of the six influences considered above (including
inflation itself). The focus here is only on the response of inflation; the
complete set of impulse responses — the response of all six variables to
all six shocks — is available from the authors. The impulse responses for
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Table 8.9. Variance Decompositions for Inflation Equation: Flexible
Exchange Rate Regime Countries

Money growth before exchange rate

Non-oil  Output Exchange

Horizon  Oil price price gap Money rate Inflation

0 0.3 0.1 5.6 71.5 8.7 13.7

1 0.2 0.3 3.7 83.3 5.1 7.5

2 0.2 0.4 32 85.5 4.3 6.3

3 0.2 0.5 49 84.2 42 6.0

4 0.2 0.8 7.0 81.8 41 6.0

5 0.2 0.9 7.7 81.1 4.1 6.0
10 0.3 0.9 79 80.9 4.0 6.0

Exchange rate before money growth

Non-oil  Output  Exchange

Horizon  Oil price price gap rate Money  Inflation

0 0.3 0.1 5.6 73.2 7.1 13.7

1 0.2 0.3 3.7 73.2 152 7.5

2 0.2 0.4 3.2 72.3 17.6 6.3

3 0.2 0.5 4.9 69.8 18.6 6.0

4 0.2 0.8 7.0 67.5 18.5 6.0

5 0.2 0.9 7.7 66.8 18.4 6.0
10 0.3 0.9 79 66.6 18.3 6.0

inflation are shown in Fig. 8.1 for the sample of all countries for the two
orderings of the VAR. In addition to the point estimates (the solid lines),
the figures show error bands two standard deviations wide (the dashed
lines).?

Regardless of the ordering chosen, the following conclusions hold.
First, expansionary policies, whether reflected in faster money growth
or exchange rate depreciation, lead to higher inflation and the impact is
statistically significant. The response of inflation to money innovations is
hump-shaped, with the largest impact coming a year after the monetary
impulse. Second, positive oil and non-oil innovations raise inflation by

? The standard errors of the impulse responses are computed by the Monte Carlo method
described in the manual for RATS version 4, using 1,000 draws from the estimated asymp-
totic distribution of the VAR coefficients and the covariance matrix of the innovations.
The point estimate and standard errors are the mean and standard deviation across draws
of the simulated impulse responses.
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Figure 8.1. Response of inflation to shocks: all countries

only a modest amount and the impact is borderline statistically signifi-
cant. Third, an increase in the output gap — that is, a weakening of the
economy — leads to a statistically significant decline in inflation, though
with a lag of one to two years and after an initial movement in the other
direction. But the magnitude of the inflation response to real activity is
generally small, so that our results provide limited support for the “gap
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model” of inflation in developing countries. One explanation for the per-
verse initial response of inflation to a slowdown of output is that it may
reflect governments’ initial reliance on inflation-causing fiscal deficits in
the face of falling revenues. Fourth, an exogenous increase in inflation
has a persistent effect, with a statistically significant increase in inflation
for two to three years following the initial impulse.

The close relationship between the variance decomposition of inflation
for regions and the decomposition for exchange rate regimes holds for the
impulse responses as well. The responses for Asia and Africa resemble
those for pooling together economies with fixed exchange rate regimes,
while those for South America are similar to those for countries with
floating exchange rate regimes. In the interest of brevity, we report the
impulse responses for inflation only by exchange rate regime and not by
region; these are shown in Fig. 8.2 for fixed exchange rates and Fig. 8.3 for
floating exchange rates. For fixed exchange rate regimes (Fig. 8.2), both oil
and non-oil innovations have strong and statistically significant impacts
on inflation. Even though together these account for only about 10% of
the variance of inflation (as seen in Table 8.8), they matter when they
happen (the impulse response is statistically significant). The response of
inflation to money innovations is muted though statistically significant in
countries with fixed exchange rate regimes. For floating exchange rate
regimes (Fig. 8.3), oil and non-oil innovations have only small effects
on inflation, while money innovations and exchange rate shocks have
substantial impacts (for the latter, particularly when ordered ahead of
money growth in the VAR system). This again points to the importance
of fiscal factors in economies with flexible exchange rate regimes.

4.4. Sensitivity Analysis

We examined several alternative specifications beyond changes in the
orderings of the variables.!” Using base money rather than M, as our
measure of money growth hardly affects the results. Similarly, adding the
“world business cycle” (the GDP-weighted growth rates of the G7 coun-
tries) as an additional variable in the VAR has little effect on the results;
this turns out to explain less than one percent of the variance of infla-
tion in the whole sample, and no more than four percent in any of the
groupings of countries.

10 June Flanders suggested that another useful sensitivity test would be to see if the estimates
are stable over time, particularly comparing the pre- and post-1973 periods. We intend
to do this in future work.
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Figure 8.2. Response of inflation: fixed exchange rate regimes

We also examined the impact of shocks to the fiscal balance on inflation,
money growth, and exchange rates by adding the fiscal balance to the
system before money growth. This is to make fiscal effects explicit rather
than implicit in the variables of money and exchange rates. The effect of a
fiscal impulse on inflation depends on whether the ratio of fiscal balance
to GDP exceeds a threshold value. For countries in which the average



Sources of Inflation in Developing Countries 227

Money Growth before Exchange Rate Exchange Rate before Money Growth
0.04 = o 0.04 = o
-— - il Price - - - il Price
0.02 | - e~ 002 | S —
N ~_
0.00 — 0.00
\ p—— \ p——
002 F N\ T 002 F N\ T~
A p— —
-0.04 -0.04 ~
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
0.06 0.06 —
004 p _~7 7N Non-Oil Commodities Pricel 004 | _~~ "> Non-Oil Commodities Price
0.02 B s
0.00 =
20.02 _
N —
0.04 | \V//’
0.06
0 1 2 3 4 5 6 7 8 9 10
0.10 0.10
0.05 0.05
0.00 0.00
-0.05 -0.05
0.10 0.10
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
0.3 0.3
bk Z 02 b Money
01 01 L NS
0.0 0.0 _— —
0.1 0.1
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
0.30
025 | Exchange Rate| 025
0.20
0.15 | 0.15 |
0.10
005 FNSg— 0.05 |
S—— S 0.00
-0.05 -0.05
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
0.15 0.15
0.10 0.10
0.05 0.05
0.00 0.00
-0.05 -0.05
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

Figure 8.3. Response of inflation: flexible exchange rate regimes

deficit is smaller than 5% of GDP, the ratio of the fiscal balance to GDP
accounts for little of the variance of inflation, and a one standard deviation
innovation in the deficit to GDP ratio has essentially no effect on inflation.
In these “small deficit” countries, the fiscal balance explains less than 1%
of the variation in money growth and less than 2% of exchange rate
movements. Deficits matter much more, however, when they are large;
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for example, when the average fiscal deficit exceeds 5% of GDP. In these
“large deficit” countries, the fiscal balance accounts for 7% of inflation
movements, and an increase in the deficit leads to a statistically significant
increase in inflation. Similarly, the fiscal balance accounts for over 5% of
the variance of money growth and over 4% of exchange rate movements
in these countries.

We also checked whether the results were sensitive to the inclusion
of Argentina and Brazil, whose inflation series might be 1(1). Dropping
these two countries from the sample did not affect the empirical results.

5. Conclusions

This paper makes two principal contributions. First, the results provide
a quantitative benchmark for the relative importance of various sources
of inflation and traces out the dynamic response of inflation to different
shocks. We find that the sources of inflation are quite diverse in African
and Asian countries, the majority of which tend to have low to moderate
rates of average inflation. Fiscal variables — as reflected either in money
growth or in adjustments in exchange rate pegs — matter, but so too do
shocks to the prices of oil and non-oil commodities and the output gap.
What is most important in these countries, however, is the inertial compo-
nent of inflation. This implies that anti-inflationary policy in developing
countries with moderate to low inflation should focus on structural issues
such as labor market rigidities and indexation schemes that affect the ex-
pectational relationship between past and future inflation. In countries
with higher rates of average inflation, such as many in South America,
fiscal variables are predominant, with inertial inflation playing a much
smaller role.

Second, we present evidence suggesting that the differences in the rela-
tive importance of sources of inflation across regions correspond to dif-
ferences in the exchange rate regime. The contribution of money growth
to inflation is far less important in fixed exchange rate regimes than in
floating exchange rate regimes. In recent years, many developing coun-
tries have departed, or are contemplating departing from, fixed exchange
rate regimes. Our results suggest that this move can be inflationary unless
the new monetary arrangement is able to assume some of the role that an
exchange rate peg in moderating the impact of money shocks on inflation.

Several limitations of our analysis might usefully be addressed in fu-
ture work. First, we impose a “common coefficient” restriction on the
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response of inflation to the various shocks. While we present results for
various regional groups, there is still considerable heterogeneity within
each regional group in the inflation experience and — quite likely — in
the response of inflation to different shocks. As a result, there could be
some canceling out of the effects of explanatory variables when the data
for different countries are pooled. Hence, it would be useful to test the
common coefficient restriction against alternatives.

Second, while the use of country-fixed effects allows for differences
across countries in the average rate of inflation, there could be changes
in this average over time within a country, for example from changes in
institutions or other determinants of average inflation such as the degree
of openness. For instance, Loungani, Razin, and Yuen (2001) provide
evidence on the impact changes in restrictions on capital mobility have
on macroeconomic variables.

Third, our specification does not allow for nonlinearities in the rela-
tionships between, for example, fiscal deficits and inflation or output and
inflation, which have been found in some earlier work.

Fourth, since our data are annual, the effects of output gap and cost
shocks may be understated, as these effects may operate at a higher fre-
quency. One way to check this would be to use quarterly data.

Finally, future work might usefully be carried out in the context of a
more structural model, such as the one presented in Gali and Gertler
(1999).
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ECONOMIC GROWTH: THEORY AND EMPIRICS
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Growth Effects and the Cost of Business Cycles*

Gadi Barlevy

In his famous monograph, Lucas (1987) put forth an argument that the
welfare gains from reducing the volatility of aggregate consumption are
negligible. Subsequent work that has revisited Lucas’ calculation has con-
tinued to find only small benefits from reducing the volatility of consump-
tion, further reinforcing the perception that business cycles don’t matter.
This paper argues instead that fluctuations could affect the growth pro-
cess, which could have much larger effects than consumption volatility. I
present an argument for why stabilization could increase growth without
a reduction in current consumption, which could imply substantial wel-
fare effects as Lucas (1987) already observed in his calculation. Empirical
evidence and calibration exercises suggest that the welfare effects can be
quite substantial, possibly as much as two orders of magnitude greater
than Lucas’ original estimates.

1. Introduction

Lucas (1987) argued that business cycles in the postwar United States in-
volve only negligible welfare losses, thereby challenging the presumption
that macroeconomic stabilization is highly desirable. His argument can be
stated as follows. Consider a representative consumer with a conventional

* This paper is based on related work which was helped by the comments of Marco Bassetto,
Larry Christiano, Elhanan Helpman, Sam Kortum, Robert Lucas, Alex Monge, Assaf
Razin, Helene Rey, and various seminar participants. I wish to thank Zvi Hercowitz,
who discussed the paper at the conference in honor of Assaf, the participants at the
conference in which this work was presented, and the organizers of the conference who
did a marvelous job arranging it.
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time-separable constant-relative risk aversion (CRRA) utility function

iﬂt c -1

=0 I—-vy

where y > 0. Suppose this consumer is given a consumption stream C,
defined by

C, =11 +e)Co. 1)

That is, consumption is initially equal to Cp and then on average grows at
a constant rate A, so that after ¢ periods average consumption is equal to
A Cy. Actual consumption each period is allowed to deviate from this ave-
rage by a random factor 1 + ¢, where ¢, is an i.i.d. random variable with
mean 0. Using data on per-capita consumption growth from the postwar
period, we can estimate A and the volatility of ¢,. To determine the costs of
aggregate fluctuations, Lucas asked how much consumption per year the
consumer would be willing to sacrifice in order to avoid aggregate fluctu-
ations, that is, to replace ¢, in each period with its mean. For reasonable
estimates of risk aversion A, the answer turns out to be astonishingly small,
less than one-tenth of one percent. By contrast, Lucas calculates the con-
sumer would be willing to sacrifice a much larger fraction of consumption
per year, about 20% when y = 1, in order to increase the average growth
rate A by one percentage point. This leads him to conclude that growth is
very important for welfare, but aggregate fluctuations are not.

Despite the flurry of papers that sought to dispute Lucas’ insight, his
essential claim that consumption risk at business cycle frequencies is as-
sociated with minor welfare costs appears to have survived intact. Var-
ious authors have modified key assumptions that are implicit in Lucas’
calculation. These include calibrating consumption to individual income
streams rather than to per-capita consumption and allowing for only
self-insurance, as in Imrohoroglu (1989), Atkeson and Phalen (1994),
and Krusell and Smith (1999); allowing for more persistent shocks to
consumption, as in Obstfeld (1994); and allowing for nonexpected util-
ity classes of preferences that are arguably better at capturing attitude
towards risk than the CRRA utility, as in Obstfeld (1994), Pemberton
(1996), and Dolmas (1998). However, all of these exercises have con-
tinued to yield costs of aggregate fluctuations that rarely exceed 1%
for reasonable parameterizations. In order to convincingly argue that
individuals would be substantially better off if the highs and lows of post-
war business cycles were eliminated, then, it would appear that we must
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shift attention to costs of economic fluctuations that stem from something
other than consumption risk per se.!

While consumption risk is the most obvious cost of aggregate fluctua-
tions, Lucas’ result that changes in growth have a substantial impact on
welfare suggests that another potentially important cost of fluctuations
could operate through their effect on the rate of economic growth. Specif-
ically, suppose that the level of economic activity affects the incentives
for agents to undertake investment that facilitates future production, as is
typical in many models of endogenous growth. Fluctuations in the level of
economic activity could then conceivably affect the average rate at which
consumption and income grow over time. Since Lucas demonstrated that
even small changes in average growth rates have a dramatic impact on
welfare, this channel could lead to a large cost of business cycles even
for relatively modest growth effects. This paper seeks to formalize this
intuition. That is, it examines whether eliminating fluctuations is likely
to generate an increase in growth that would lead to a dramatic rise in
welfare along the lines implied by Lucas’ calculations. Although this ques-
tion has already been tackled in Barlevy (2000), that paper focuses on a
model in which R&D acts as the engine of growth. This paper shows how
a similar argument arises in a model where capital accumulation serves as
the engine for growth. As such, it is closer to models that have been used
by others in the literature to examine endogenous growth under uncer-
tainty, and demonstrates more clearly why they fail to generate substantial
costs of business cycles. In addition, since the model allows for long-run
growth without external effects, it helps clarify certain issues that are ob-
fuscated by the presence of externalities in the R&D model. Finally, while
my previous paper argued that empirical evidence on R&D is consistent
with growth effects that involve substantial gains from stabilization, this
paper illustrates that preliminary evidence yields similar conclusions from
evidence on capital accumulation and investment.?

! Detractors from this view include Campbell and Cochrane (1995) and Tallarini (1999).
They argue that the large premium we observe on equity illustrates individuals are willing
to pay substantial amounts to avoid fluctuations in consumption. However, one has to
be careful drawing this conclusion from the equity premium. First, the equity premium
could be due to market frictions rather than attitude towards risk. Second, as Alvarez and
Jermann (1999) point out, the equity premium and the cost of consumption fluctuations
are distinct concepts. They estimate a factor model for the marginal utility of consumption
using financial data and put an upper bound on the costs of fluctuations at business cycle
frequencies of 0.3%.

2 This theme has been subsequently reinforced in a revised version of Barlevy (2000) that
builds on the model developed here. The revised version generalizes the model described
here and carries out a more systematic quantitative analysis.
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To preview my analysis, the model implies a consumption stream that
is consistent with (1.1), but where the growth rate of consumption A is
no longer constant. Instead, the growth rate A, during each period can
be expressed as a composite function of the level of economic activ-
ity, that is, A, = ¢(i(e;)), where i(-) denotes the investment rate for a
given level of economic activity ¢, and ¢(-) denotes the growth rate of
consumption for given level of investment. Removing fluctuations in &,
will affect the average growth rate E[A] = E[¢(i(¢;))] in two different
ways. First, depending on whether i(+) is concave or convex, stabilization
can affect average growth by changing the average level of investment i.
Second, depending on whether ¢(-) is concave or convex, stabilization
can affect average growth by reducing the volatility of investment i.

Previous work on endogenous growth models has assumed ¢(-) is lin-
ear, which allows for growth effects that only operate through the average
level of investment. As is now well appreciated, this relationship is inher-
ently ambiguous, that is, i(-) can be either concave or convex, depending
on the nature of preferences and technology. Regardless of whether stabi-
lization leads to higher or lower investment, though, the implied welfare
effects are likely to be far smaller in magnitude than those suggested by
Lucas’ calculation. This is because growth effects that are due to changes
in average investment are inherently different from the growth effects
Lucas studies. His welfare numbers correspond to increasing the growth
rate of consumption starting from the same initial level of consumption,
as illustrated by the solid and dashed lines in the first panel of Fig. 9.1.
As long as the agent does not discount future consumption too heavily,
the agent will be vastly better off with a higher growth rate. However,
an increase in growth that is due to a higher average investment leaves
the agent with fewer resources to consume initially, since these must be
allocated to investment. Thus, the resulting consumption path begins at a
lower initial level, as illustrated in the bottom panel of Fig. 9.1. Whether
the agent prefers this new consumption stream depends on how the agent
trades off present and future consumption, which explains why agents
may voluntarily choose to lower the growth rate of consumption in re-
sponse to the elimination of aggregate shocks. But more generally, since
trading off present and future consumption is inherently different from
increasing the growth rate of consumption from a given initial value, there
is no reason to expect that the welfare gains from changing average in-
vestment in either direction will be anywhere near the magnitude of the
huge gains from faster growth holding initial consumption fixed. Since
previous authors focused exclusively on this type of growth effect, it is
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(a) Increased growth from reduced volatility of investment
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t

(b) Increased growth from reduced volatility of investment

Figure 9.1. Consumption paths under endogenous growth

not surprising that they find only small welfare gains from eliminating
fluctuations.

By contrast, concavity in ¢(-) could generate an increase in growth
without reducing average initial consumption. Concavity in ¢(-) implies
diminishing returns to investment, that is, an additional unit of investment
contributes less to the capital stock when investment is already high. With
diminishing returns, keeping average investment unchanged but shifting
resources from periods of high investment to those of low investment
would lead to a faster accumulation of capital without requiring average
investment to rise, and thus without requiring initial consumption to fall.
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The welfare numbers Lucas computes for the value of additional growth
therefore become relevant, which raises the possibility of substantial wel-
fare costs from aggregate volatility even if growth effects are relatively
modest. With sufficient concavity in the investment function ¢(-), a con-
dition that is at the very least not contradicted in the data, one can obtain
costs of aggregate fluctuations that are far larger than those that have been
reported in previous work. As a rough benchmark, various pieces of ev-
idence suggest that when we incorporate the growth effects of business
cycles that occur because of diminishing returns to investment, individu-
als might be willing to sacrifice as much as 10% of their consumption to
eliminate all fluctuations under reasonable specifications of utility.

The paper is organized as follows. Section 2 develops the model that can
be used to distinguish between the role of the level of investment and the
volatility of investment. Section 3 explores the quantitative implications
of the growth effects. Section 4 concludes.

2. A Model of Endogenous Growth

To study the effects of economic fluctuations on growth and consequently
on welfare, we need a model in which the growth rate is endogenous.
Towards this end, I use a stochastic AK growth model. This specification
has become a staple for modeling endogenous growth under uncertainty,
and using it helps to relate the insights of this paper with previous findings.
The first to analyze this model were Levhari and Srinivasan (1969), who
used it to study savings decisions under uncertainty. They in turn solved an
infinite horizon version of a problem that was originally studied by Phelps
(1962). Leland (1974) subsequently reinterpreted this model in terms
of long-run economic growth. Many authors have since used variations
of this basic model to study environments with endogenous growth and
aggregate uncertainty; recent examples include de Hek (1999) and Jones,
Manuelli, and Stacchetti (1999).

The economy consists of a single representative agent who derives
utility only from consumption. Time is discrete, and the agent discounts
the future at a rate . Following Lucas, I impose that the per-period
utility function of the agent exhibits constant relative risk aversion, with a
coefficient of risk aversion given by y. Thus, given a consumption stream
{Ci}22,, the utility of the agent is given by

o) o0 Cl—y -1
D BUC)=) B~
=0 =0 -7
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Following Lucas, I will calibrate y to equal 1. Since my analysis focuses on
growth effects, the relevant interpretation for y is as the inverse elasticity
of intertemporal substitution, An estimate of 1 falls within the range of
estimates for this measure in the empirical literature. For example, it falls
within the confidence intervals for the estimates in Epstein and Zin (1991)
using nondurable consumption data.

The agent has direct access to a production technology. Although there
is an equivalent decentralized representation of this economy in which
agents own inputs which they sell to producers rather than engage di-
rectly in production, it is easier expositionally to assume the agent carries
out production than to introduce factor markets. The only input in the
economy is capital. Moreover, production is linear in capital, where the
number of units that can be produced from a given unit of capital fluctu-
ates stochastically over time. In particular,

Y; = Ath,

where A, is an i.i.d. random variable, and for simplicity I suppose there
are only two possible realizations of A;,namely, A, € { Ao, A1}, A1 > Ap3
Although it is somewhat contrived to assume that capital is the sole fac-
tor of production, with additional notation one can modify the model to
allow for labor and human capital, as illustrated by Manuelli, Jones, and
Stacchetti (1999). They show that if the production function of output is
homogeneous of degree 1 in physical and human capital, there exists a
unique equilibrium in which both physical and human capital are accumu-
lated at the same rate, making the two-factor model essentially equivalent
to the one-factor model considered here.

Since capital is the sole factor of production, the trend path of output
(and consequently consumption) depends on the evolution of the capital
stock K;. At date 0, the agent is endowed with some initial amount of
capital Ky. Beyond this date, the level of capital depends on the endoge-
nous decisions of the agent. If an agent begins the period with K, units, a
fraction § of the capital depreciates during the period, so that by the end
of the period only (1 — ) K, units remain. The agent can add to the stock
of capital that is left by setting aside some of the output from the current

3 Thus, the only sources of fluctuations in this economy are productivity shocks. However,
following Eaton (1981), we can reinterpret technology shocks in this model as govern-
ment policy shocks. That is, suppose productivity were constant over time, i.e., ¥; = AK;.
Allowing for a government to collect an i.i.d random fraction 7; of the income of the
representative household to finance contemporaneous government purchases leaves the
representative agent with an income of ¥; = (1 — ¢) AK; = A/ K;.
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period and converting it into capital. The technology for producing new
capital from output is characterized by a function ®(/;, K;) which de-
pends on the existing stock of capital K; and the amount of output set
aside for producing capital I;, where ®(-, -) is assumed to be homogenous
of degree 1 and increasing in its first argument. Given the homogeneity
of degree 1, we can rewrite this production function as

I
(D(Iu Kt) =¢ <E) K;,

1

where ¢/(-) > 0. The stock of capital that is available for production at
the beginning of period ¢ + 1 is thus given by

K1 =9, K)+ (1 -98)K,

- [¢ (%)H—a} K. )

By repeated substitution of the above equation to express the capital
stock at date ¢ as a function of the initial capital stock Ky, we obtain

t Is
K, |:1:([)¢ (K) +1 a] Ko.

This specification corresponds to the framework originally studied by
Levhari and Srinivasan (1969), except that they, and most subsequent au-
thors who use this model, impose two additional restrictions. First, they
impose full depreciation, thatis,§ = 1. This assumption is not very appeal-
ing when we interpret K, as capital, but it yields a closed-form solution
for the agent’s maximization problem. Second, they assume ¢(-) is linear,
and more specifically is equal to the identity function. This assumption
is natural under Levhari and Srinivasan’s interpretation where /[, reflects
wealth that is invested at a given interest rate. However, if we interpret K,
as capital, this assumption implies output can be converted one-for-one
into capital. Following Uzawa (1969), it is also quite natural to consider
concave specifications for ¢(-), since these allow for increasing marginal
installation costs. In particular, concavity in ¢ (-) assumes that at larger lev-
els of investment, an increasing amount of capital is required just to install
the new capital (or alternatively is eaten up in the process of putting the
capital in place), a condition which appears to accord well with empirical
evidence on investment.

To summarize, output in period ¢ depends on the amount of capital
available for production at the beginning of the period, thatis, Y, = A, K,.
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Out of this output, the agent consumes an amount C,, and uses the
remainder I, = Y, — C; to invest in capital for the next period. It will
prove convenient to define ¢, = C,/Y; as the fraction of output the agent
consumes, and i, = I,/ Y; = 1 — ¢, as the fraction of output that the agent
sets aside for investment. Using this notation, we can rewrite the con-
sumption stream the agent chooses in a form that is reminiscent of Lucas’
original specification:

Ct - C[A[Kt

t
¢ A []‘[ Py A) +1— 5} Ky
s=0

|:ﬁ )\s:| (1 + &) Co, 3)
s=0

where A; = ¢(is As) + 1 — & is the growth rate of the capital stock, & =
% — 1 represents the level of consumption for a given level of capital,
and ( is the initial level of consumption. Note that if the growth rate
of capital A; were constant over time, the consumption stream the agent
chooses would simplify to A’(1 + ¢,)Cy, which is exactly the form Lucas
posited. The model instead yields a stochastic trend [[]._, A;]Co in which
the permanent component of consumption growth fluctuates over time.
Since the consumption stream above is endogenous, we can use this
model to study how eliminating aggregate fluctuations should affect con-
sumption choices and consequently the welfare of the representative
agent, and thus revisit the question as to whether business cycles can
involve substantial welfare losses. In the present context, the most natu-
ral notion for stabilization involves replacing the stochastic process for A,
with a constant process where productivity is equal to its average value
A= %(Ao + Aj). Before I proceed with the analysis, though, a few com-
ments are in order. If we interpret A, as exogenous productivity shocks,
then unless government policy can directly affect technology there is no
way for government intervention to avoid the cost of aggregate fluctua-
tions. Even though the government can replicate the effects of productiv-
ity shocks through taxes, the equilibrium is Pareto optimal, and any such
scheme that distorts the incentives of the agent to fool him or her into
different consumption and savings choices will only result in lower wel-
fare. Hence, the cost of business cycles represents a purely hypothetical
one which cannot be avoided through active stabilization. By contrast,
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if we view A, as spurious shocks to fiscal policy as per Footnote 2, we
can interpret the cost of fluctuations as one that can be avoided by acting
to eliminate arbitrary volatility in policy. However, it is important that
the fluctuations that are eliminated are arbitrary rather than an optimal
response to some other underlying shock, For example, one cannot use
the logic of the model to argue that governments should avoid seasonal
fluctuations in spending such as snow removal in the winter. In that case,
smoothing government spending over the year would eliminate volatility,
but it would also prevent resources from being allocated to address un-
derlying weather shocks that are seasonal in and of themselves. The harm
caused by the latter may offset any of the benefits from eliminating fluctu-
ations, negating any of the benefits from stabilization, Thus, to the extent
the model implies a large cost of aggregate fluctuations, it can be used
to justify stabilization policies only if underlying aggregate fluctuations
are arbitrary and can be eliminated through government action — such
as capricious policymaking or sunspots — rather than for any underlying
source of macroeconomic volatility.

The consumption stream above, is determined by the agent, who solves
the maximization problem

00 Cl—y
V(Ko. A)) =max Ey | Y p'—— 4)
G — 1-y
subject to
AK, —C
K1 = [qﬁ (#) +1- 5} K.
K;

It is easier to analyze this problem using a recursive formulation to solve
for the value function V(K;, A,), namely

1—y

C
V(K;, A) = mcax{l’ y + BE[V(K; 41, AZH)]}

= max { (ct A K'Y
¢ —

: T BEIV(8G A + 1 - 51K, A,H)]} .

®)
We guess that the value function V(K;, A,) assumes the form

a(A)K™"

V(K A) = =
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in which case we can rewrite the above Bellman equation as

a(4) = max (e A)' + BEla(Au)llg((1 = ) A) +1=8] 7. (©)

We can use this equation to solve for ¢; (and thus i, = 1 — ¢;), allowing
us to solve for the consumption stream the agent would choose when A,
fluctuates and when it is fixed. I begin analyzing this equation for the
special case where ¢(+) is linear, that is, ¢(x) = x and then turn to the case
where ¢(-) is concave.

2.1. Growth Effects through the Level of Investment

Asnoted earlier, previous authors have focused on the special case where
¢(x) = x. To allow for a closed form solution for ¢, and ; in this environ-
ment, I need to further assume § = 1, the Bellman equation (5) above
simplifies to

a(A) = Cng[%)i](c[A[)l_y + BE[a(A))((1 —c)A) 7.

From the first-order condition, we have
¢ = BE[a(A](1—c)7?,

which implies ¢, is independent of A, that is, the agent chooses to con-
sume a constant fraction c of his income regardless of the current level
of productivity. To solve for c, average the Bellman equation over the
realizations of A to solve for E[a(A)]:

cVE[A7Y]
1-B8(0—c)YE[A-Y]

Ela(A)] =

Substituting this back into the first order condition yields
c=1-(BE[A]) (7)
i = (BE[A'])". ®)

To ensure an interior solution, we need to impose that B E[A!"7] < 1.
The implied growth rate of the capital stock is given by

= lAt
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Since i is constant even when A, fluctuates, the average growth rate is
given by

E[n] = E[iA]
=iE[A]
=iA

However, when aggregate productivity is stabilized so that A, = A for all
t,the implied growth rate is given by i * A, where i * denotes the investment
rate when aggregate productivity is constant (and equal to A). Hence, the
average growth rate of the capital stock E[1] will change if and only if
i* # i, that is, if and only if the average investment rate changes. Thus,
when ¢(-) is linear, fluctuations will lead to changes in average growth
only if the elimination of aggregate shocks induces changes in the aver-
age level of investment. From the expression for i above, the fact that
E[A"7]Z2 A7 for y = 1 implies that stabilizing productivity to its av-
erage value A will increase i if y < 1 but decrease it if y > 1. Thus, the
growth rate of capital — and consequently consumption — can either in-
crease or decrease when aggregate shocks are stabilized, depending on
the underlying preferences of the agent. The observation that whether
agents save more in the absence of fluctuations depends on whether the
coefficient of relative risk aversion y is less than 1 was first established by
Phelps (1962), and is by now widely appreciated.

Given the above solutions for i and ¢, we can now formally study
how stabilization affects the path of consumption (2.2) the agent chooses.
Stabilization induces three distinct changes in the consumption stream.
First, setting A, equal to its average value serves to eliminate all variation
around trend consumption. Formally, since A, is the same for all ¢, the
deviation from trend &, = fé‘:; — 1 =0. Second, for a given investment
rate i, stabilizing aggregate productivity A, replaces the stochastic trend
in consumption [[];_, i A;]Cy with a deterministic trend (i A)'Cy that has
the same expectation. Thus, stabilization eliminates fluctuations in trend
consumption as well as fluctuations around trend consumption. Finally,
eliminating volatility affects the incentives of the agent to save, inducing
a change in the investment rate from i to i*. This will change the deter-
ministic trend in consumption (i A)' and thus the average growth rate of
consumption.

Each of the three effects above raises the welfare of the agent; the
first two effects eliminate temporary and persistent fluctuations in con-
sumption, while the last effect reflects the gain from allowing the agent
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to adjust the fraction of income consumed in response to changes in the
underlying environment. However, as previous authors have shown, for
reasonable specifications of utility, all three involve negligible changes in
welfare when calibrated to U.S. consumption data. Lucas’ original cal-
culation showed that eliminating fluctuations in consumption around a
trend will increase welfare by less than 0.1% of consumption per period
even if we attribute all of the volatility in per-capita consumption to devia-
tions from trend. Obstfeld (1994) evaluated the welfare gains of replacing
a stochastic trend with a deterministic trend with the same mean. Even
when he attributes all of the fluctuations in consumption to permanent
shocks to trend consumption, he computes a welfare cost of no more than
0.3% when y &~ 1 — 2. This just echoes the claim made in the Introduction
that consumption risk at business cycle frequencies is of negligible impor-
tance. But growth effects associated with changes in average investment
also yield only minimal welfare gains for reasonable parameter values.
Epaulard and Pommeret (2000) and Matheron and Maury (2000) both
compute these welfare gains, and find that for y ~ 1 — 2, the gain from
changes in the growth rate that are due to changes in average investment
amounts to less than 0.1% of consumption. For y = 1, this is not entirely
surprising, since we just argued above that eliminating fluctuations has
no effect on average investment and thus on growth when the coefficient
of relative risk aversion is equal to unity. But even for plausible values of
y that are different from 1, the welfare gains from changes in i continue
to be small.

The fact that changes in the growth rate involve only negligible welfare
gains might seem at first to contradict the intuition in Lucas’ original trea-
tise in which he argued that even modest growth effects have huge welfare
consequences. However, Lucas’ result — that an agent would sacrifice up
to 20% of his or her consumption per year to increase the growth rate
by just one percentage point — pertains to an increase in growth starting
from a given initial level of consumption Cy, as illustrated in the bottom
panel of Fig. 9.1. By contrast, growth effects that are due to changes in the
average level of investment are conceptually quite different. In particu-
lar, if the growth rate of consumption rises because average investment i
rises, it must be also true that the fraction of income the agent consumes,
¢ =1 —i,will fall. Hence, a higher average growth rate will be associated
with a lower expected initial consumption Cy = cAKy, asillustrated in the
bottom panel of Fig. 9.1. This fall in initial consumption wipes out most
of the gains from faster growth that are inherent in Lucas’ calculation. In
order to generate substantial welfare gains along the magnitudes Lucas
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reports, one must argue that stabilization results in higher growth for a
given initial consumption Cy, or alternatively, for a given level of average
investment i.*

2.2. Growth Effects through Investment Volatility

The last remark above hints at a role for concavity in the investment
function ¢(-) in generating large welfare costs from aggregate fluctuations.
In particular, suppose that we stabilize A and force the agent to leave the
average investment-to-capital ratio unchanged, that is, we force the agent
to choose a savings rate i* such that

i*A= EJ[iA].
It follows that ¢* = 1 — i* satisfies
cFA=(1—-i"A
= A—E[iA]
= E[(1-1i)A4]
= E[cA],

which insures average initial consumption E[Cy] = E[c A] Kp remains un-
changed by the elimination of fluctuations. However, as long as iy Ay #
i1 Ay, concavity would imply that E[¢(i A)] < ¢(E[i A]) = ¢(i* A), so av-
erage growth is higher once shocks are eliminated even though average
initial consumption remains unchanged. Intuitively, if the investment-to-
capital ratio //K fluctuates over time, diminishing returns to investment
imply that resources could be reallocated to achieve a higher average
growth rate of the capital stock for a given average level of I/ K, shifting
some investment from periods of high investment, when the return to ad-
ditional investment is fairly low, to periods of low investment, when the
return is fairly high, would increase the rate at which capital is accumu-
lated. Stabilization essentially achieves this by removing the incentives for
the agent to change his or her investment-to-capital ratio over time, thus

4 Tt should be noted that welfare effects that are due to changes in the level of investment
might be particularly small in the AK model, where the original growth rate (in the
presence of shocks) is efficient. In a model with external effects where the equilibrium
growth rate can be supoptimal, e.g., the R&D model examined in Barlevy (2000), a change
in average investment may make agents significantly better or worse off by moving toward
or away from the optimal growth rate. However, these welfare effects would still remain
far smaller than those computed by Lucas, since shifting consumption from the present
to the future or vice versa affects welfare less than changing the slope of the consumption
profile holding initial consumption fixed.
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allowing the agent to attain a steeper consumption path without being
forced to give up initial consumption.

To establish the argument formally, I first need to argue that if A, fluc-
tuates over time, so will the equilibrium investment rate I,/ K, = i, A,.
However, I first need to impose some regularity conditions on ¢ (-). Specifi-
cally, suppose ¢(-) is strictly concave, where lim,_,9¢’(x) = oo and lim,_, «
¢’'(x) = 0. Under these assumptions, we can establish the following:

Proposition 1: Suppose A; > Ay. Then I/K is increasing in A, that is,
the investment-to-capital ratio is strictly higher when aggregate produc-
tivity is higher.

Proof: From the first-order condition of the Bellman equation, we have
(ctA)7" = BE[a(A)][¢((1 — c)A) + 1 =8]77¢'(1 — c)) Ay).
We can rearrange this equation to obtain
1 (¢(ilAl)+1—8>”
BE[a(Ai1)] A1 —iy) .
Let x = i A. Then we can rewrite the first-order condition as

oo =K 25

d)/(itAt) =

where kis a positive constant. Since ¢’(x) is decreasing in x and (‘/’(X#)V
is increasing in x, there exists at most one x which solves this equation.
Existence then follows from the limit conditions lim,_,¢¢’(x) = co and
lim,_, ¢'(x) = 0. If we rewrite this equilibrium condition as f(x, A) =
¢'(x) — FET [I(AM)](‘M")Jrl %) = 0, the facts that f, <0and f4 > 0 imply
that as A rises, x must also rise to maintain f(x, A) = 0, which establishes
the claim. [J

The above Proposition establishes that if we stabilize A, at its average
value but force the agent to keep the average investment to capital ratio
unchanged, the agent can attain a higher average growth starting from
the same initial consumption on average. Hence, Lucas’ welfare calcu-
lations’ apply: If y = 1, then for each one point increase in growth that
is due to reduced volatility in investment, the agent would be willing to
sacrifice approximately 20% of his consumption per year. Thus, stabi-
lizing aggregate shocks in A, and forcing the agent to keep the average
investment-to-capital ratio constant makes the agent significantly better
off. Furthermore, allowing the agent to choose a different, investment rate
i # i* will only make him or her better off, since recall that the equilibrium
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of this economy is Pareto optimal. Thus, the growth effects that are due to
investment volatility offer a lower bound on the welfare gains from elim-
inating aggregate fluctuations. More generally, if externalities imply the
growth rate is inefficient, changes in average investment that are induced
by the elimination of aggregate fluctuations could either increase or de-
crease welfare. However, as already noted above, the welfare implications
of these changes are likely to be much smaller than those computed by
Lucas. Thus, growth effects that stem from reduced volatility in invest-
ment have the potential to generate fairly substantial welfare gains from
the elimination of aggregate volatility, much more than the estimates re-
ported above. How large these welfare effects are likely to be depends on
the extent of diminishing returns on investment, which requires looking
at empirical evidence on investment.

Before turning to the relevant empirical evidence, I close with a remark
about the intuition behind my results. Given the potentially large gains
from smoothing the investment to capital ratio, it seems natural to ask
why the agent would willingly induce volatility in investment given that
it has such a dramatic impact on welfare. To obtain some insights on this,
note that the first-order condition in (2.8) can be rewritten as

E[BVk(Ki41, At+1)]:|_1
U(C) '

¥ a0 = |

This expression inside the brackets is just marginal g, that is, it is the
ratio of the marginal value of a unit of capital relative to the price of
investment (which is just the price of output, here normalized to 1). Thus,
the first-order condition can be rewritten as

1
¢’(i,A,) =
q:

As long as g, fluctuates over time, the agent will find it optimal to change
the investment rate in response. From the proof of the proposition above,
it follows that holding investment fixed, a positive productivity shock
would tend to raise g;, and with it the incentive to increase investment.
Thus, the agent will find it optimal to increase investment in response to
a positive productivity shock rather than keeping investment constant. In
other words, the cost of aggregate fluctuations comes not from the fact
that investment is volatile per se, but because the underlying environment
makes it optimal for the agent to choose volatile investment. Eliminating
fluctuations removes the incentives of the agents to change his or her
investment rate over time, which makes the agent better off. But in the
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presence of aggregate fluctuations, forcing the agent to keep a constant
investment to capital ratio would make him strictly worse off. Just because
the agent chooses a volatile path for investment does not deny that he
could be made significantly better off if the shocks that caused him to
behave in this way were eliminated.

3. Quantitative Analysis

The preceding discussion demonstrates that in evaluating the effect of
eliminating aggregate fluctuations on welfare, we should take into ac-
count both the reduction in consumption volatility as well as changes in
the long-run average growth rate of consumption. As noted in the In-
troduction, previous authors have already established that consumption
volatility appears to involve only negligible welfare losses. The question,
then, is whether growth effects can lead to more significant welfare costs
of aggregate fluctuations. One way to address this question is to adopt a
reduced-form approach of estimating how the average growth rate de-
pends on the underlying volatility present in the economy. The discussion
suggests that in carrying out such an exercise, it is important to distin-
guish between changes in the growth rate E[A] holding average invest-
ment fixed and changes in E[A] that stem from changes in the average
level of investment, since the two are associated with very different wel-
fare implications. In particular, an increase in growth for a given level
of average investment is likely to generate much larger welfare effects,
since it allows for more rapid consumption growth without a drop in av-
erage initial consumption. We can gain a sense of the magnitude of this
growth effect by estimating average growth as a function of the volatility
of investment, holding average investment fixed:

E[)|averagei] = f(o0;). (10)

Using the estimated f(-), we can predict the level of growth that would
prevail if we eliminated volatility but maintained average investment at
the same level. For the model developed above, the welfare gain from
moving to this new consumption stream would establish a lower bound
on the welfare gains from the elimination of aggregate fluctuations, since
any additional changes in the investment rate that reallocate consumption
between the present and the future only make the agent better off.
Fortunately, estimates of (3.1) already exist in the literature. In partic-
ular, Ramey and Ramey (1995) estimate a similar equation using cross-
country data, both for a large set of countries as well as a sample that
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includes only OECD countries. However, they regress average growth
on the volatility of output growth o, rather than the volatility of the
investment o;, which the model above identifies as the key factor in de-
termining average growth. This is not much of a problem, though, since
stabilization would eliminate volatility in both series, and so we can use
either measure of volatility to infer the implied growth rate when the
volatility of the underlying shock is set to 0.> Ramey and Ramey find that
holding the average investment share of output fixed, a one percentage
point reduction in the standard deviation of output growth is associated
with an increased growth rate of 0.2%. Since the standard deviation of
output growth in the United States is 2.5%, eliminating aggregate shocks
altogether should increase the growth rate from 2.0% to 2.5%. Applying
Lucas’ estimate that an agent would sacrifice 20% of consumption for a
1 point increase in growth when y = 1, the implied welfare gain from
eliminating fluctuations in A, amounts to approximately 10% of con-
sumption per year, two orders of magnitude greater than Lucas’ original
estimate. Thus, even though consumption risk represents only a minor
burden of aggregate fluctuations, cross-country data seems to suggest a
far more substantial burden on agents coming from the effect of aggregate
fluctuations on long-run growth.

The above calculation reports the effects on growth if we forced av-
erage investment to remain unchanged. In general, though, stabilization
could also affect the average level of investment, which would gener-
ate additional growth effects. In the model described above, allowing the
agent to change the fraction of income allocated to investment would only
make the agent better off, and so any additional changes in growth would
only make the agent even better off than if we restrict average investment
to remain unchanged. But in models where the growth rate is inefficient,
such changes in average investment could make the agent strictly worse
off, in which case the above calculation will overstate the true cost of
business cycles. This issue is to some extent ameliorated by another find-
ing documented by Ramey and Ramey, namely that the average level of
i across countries appears to be uncorrelated with underlying economic
volatility o,. Ramey and Ramey find this puzzling, relying on the intuition

5 Inaddition, Ramey and Ramey control for average investment using the investment share
of output, i.e., the ratio of investment to output, rather than the investment to capital ratio
as implied by the model. Given the difficulty of assembling reliable data on capital, the
output share i is much easier to measure than the investment to capital ratio i A. However,
they do control for variables such as initial GDP per capita and measures of human capital,
which could potentially capture differences in A across countries.
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from previous work in which ¢(-) is assumed to be linear and where growth
effects can only occur through changes in average investment. However,
the model above delineates between growth effects that depend on the
level of investment and those that depend on the volatility of investment,
and the latter imply that average growth could be higher in the absence
of fluctuations even if average investment remains unchanged. The fact
that virtually all of the growth effects Ramey and Ramey find appear not
to operate through investment is crucial for generating substantial wel-
fare costs from aggregate fluctuations, since these alternative channels
are associated with more substantial welfare gains for the agent.
Although the cross-country data yield estimates of growth effects that
are associated with a large cost of business cycles, we should proceed with
some caution in reading this evidence. After all, differences in growth
rates across countries could be due to a variety of differences across coun-
tries, a possibility that is underscored by the fact that some of Ramey and
Ramey’s estimates change dramatically with the addition of certain ex-
planatory variables. While their point estimate for the coefficient on o;
tends to be clustered around 0.2%, their estimates range between 0.1%
and 0.9%. In addition, although the negative relationship between the
volatility of growth and the average rate of growth is statistically signifi-
cant, it is not estimated with great precision. This suggests looking more
deeply at the source of diminishing returns to investment and gauging
whether it could plausibly generate an increase in growth from 2.0% to
2.5% as suggested by the cross-country evidence. In particular, the model
suggests that the key factor in generating growth effects is curvature in
the production of capital. Thus, as a complement to the reduced-form ap-
proach, we can ask whether the production function for investment goods
¢(-) exhibits the requisite concavity to generate substantial growth effects.
To address this question, consider first the case where ¢(+) is isoelastic,

that is,
I\ _ (1Y
"’(%)—G)-

Diminishing and positive returns to investment require a value of ¢ €
(0, 1). To gauge what degree of diminishing returns is necessary to gener-
ate an increase in growth along the lines suggested by the cross-country
evidence, I follow Barlevy (2000) in fitting consumption data to a two-
regime stochastic process that satisfies (2.2). Using postwar data, that
paper estimates that the average growth rate A is roughly equal to 2.0%,
with a standard deviation of 1.8%. For the isoelastic function to generate
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growth fluctuations that range between 2.0% + 1.8%, the investment
rates iy Ag and i1 A; must satisfy

(i0A0)? +1 — 6 = 1.002,
(i1A))? +1—68 =1.038.

Assuming a standard depreciation rate § of 9% per year, we can rewrite
1
the investment rates i A as functions of ¢, that is, ip Ag = (0.092)¢ and

1A = (0.128)%. This allows us to compute the growth rate when invest-
ment is set equal to the average of iy Ay and i1 A; as a function of ¢:

" (% ((092)% + (.128)«%)) t1-5= <% ((092)% + (-128)é))¢ +91.

To generate an increase in average growth from 2.0% t02.5% asis implied
by the cross-country evidence, it is necessary that ¢ = 0.21. To check
whether this degree of concavity is reasonable, we can turn to empirical
evidence that relates investment rates to g. In particular, for the isoelastic
functional form, the first-order condition (2.8) becomes

1 1

Thus, for the isoelastic specification, an increase in growth of half a per-
centage requires an elasticity of investment with respect to g of ﬁ =
1.26. An even lower elasticity would imply even larger growth effects
than those implied by the cross-country data. Turning to the literature
on empirical investment equations, the estimated elasticity of investment
with respect to q is typically lower than this estimate. For example, Eberly
(1997) explicitly estimates an isoelastic specification using U.S. data, and
obtains an elasticity of 1.22. Abel and Eberly (1995) also estimate an
isoelastic specification using a different sample of firms, but obtain even
smaller point estimates. Turning to other work on empirical investment
equations, most researchers have tended to estimate the relationship be-
tween investment and ¢q in levels rather than logs as would be implied
by the isoelastic specification. However, we can still use these estimates
to compute an elasticity at the sample mean. The reported elasticities of
investment with respect to g are still lower than 1.26. For example, Abel’s
(1980) estimates for this the elasticity fall between 0.5 and 1.1 (p 74).
More recent work on investment regressions, such as Cummins, Hassett,
and Oliner (1999), who argue that their estimates find a much stronger
response of investment to g than conventional studies, produce point esti-
mates that cluster around unity. Thus, at a first pass, generating an increase
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in the growth rate of a half percentage point does not require implausi-
bly large degrees of curvature in the investment function, at least when
compared with available estimates of this curvature in the literature.

While the above discussion suggests modest growth effects that none-
theless yield large welfare costs of aggregate fluctuations are consistent
with the empirical evidence on investment decisions, there are reasons
to remain skeptical about estimates that are based on the elasticity of
investment with respect to g. First, these estimates tend to be quite noisy,
with some estimates well below unity. Such estimates are inconsistent with
¢ € (0, 1), which is necessary for concavity for the particular specification
above. However, very low estimates for this elasticity could simply be
due measurement error; typically, instrumenting for g in these regressions
yields higher elasticities that often exceed unity, while lower estimates are
more prominent when measurement. error is not properly accounted for.
But even if we treat the higher point estimates as reliable, the isoelastic
specification requires fairly volatile swings in g to induce agents to alter
their investment decisions in a way that would lead to fluctuations in
growth between 0.2% and 3.8%. From the first-order condition above, we
can compute the ratio of g; to gy thatis necessary toinduce the fluctuations
in growth rate that we observe:

q_ (ioA)*t  (.092 E _ 346
qo o (i1A1)¢_1 - 128 S

This would be associated with a standard deviation for g of roughly
55%. This is somewhat more volatile that typical series for g. For exam-
ple, Summers (1981) provides time series for both ¢ and tax-adjusted ¢
between 1931 and 1978. The standard deviations for the series he reports
are 28% and 40%, respectively. Likewise, both investment and consump-
tion turn out to be quite volatile under the isoelastic specification, with
investment in peak periods almost four times as large as investment in
low periods. A natural concern, then, is whether the mechanism of dimin-
ishing returns requires volatility in both investment and incentives for
investment that exceed what we observe in the data.

To address this last question, I now turn to the question of how much
of an increase in growth we can anticipate if we require that g exhibit rea-
sonable fluctuations. Formally, I ask if for a given level of q—é there exists
a concave function ¢(-) that is consistent with the first-order condition
and which implies an increase in growth of half a percentage point. This
approach essentially places an upper bound on the amount of growth that
is consistent with the observed volatility in g. While this does not allow
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Figure 9.2. Bounds on growth effect

me to determine whether growth effects of the magnitude documented
by Ramey and Ramey are /ikely, it does allow me to infer the more mod-
est question of whether such growth effects are possible. A more precise
assessment of the potential for cycles to affect average growth requires a
better understanding of diminishing returns to investment at the aggre-
gate level than can be gleaned from currently available literature.

The first-order condition ¢’(i A) = g~ ! establishes a natural bound on
the potential increase in growth as a function of the underlying volatility
in g. The reason is that for any function ¢(-), the first order conditions
imply that

¢'(i0A) _ ¢

(i1 A)  qo
It follows that a restriction on the standard deviation of ¢, which effec-
tively restricts the ratio g /qo, imposes limits on how much the first deriva-
tive ¢'(-) can change, and thus restricts ¢”(-).° This restriction is illustrated
graphically in Fig. 9.2. As the figure illustrates, we know that the growth

6 Note that this approach is not robust to the presence of constraints on investment, e.g,,
financing constraints. If we account for those, ¢'(i A) will not equal g~! but the sum of
this and the multiplier on the relevant constraint.
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rate L = ¢(-) +1 — & assumes a value of 1.002 when investment is low,
and a value of 1.038 when investment is high. Moreover, we know that
the slope of the growth rate with respect to investment at the two regimes
is givenbyk/(ioAQ) = ¢)/(i0AQ) = 1/q0 and )\./(ilAl) = (f)/(ilAl) = 1/6]1,1‘6—
spectively. Given particular values for the investment to capital ratio iy Ay
and i1 Ay, it follows that for any concave function ¢(-), the growth rate
A(x) = ¢(x) + 1 — 5 which satisfies these properties is bounded above by
the function

A 1 1
A(x) = min |:1.002 + —(x —ipAp), 1.038 — — (i1 A1 — x)] +1-3.
q0 q1

The function A(x) therefore yields the maximum increase in growth
that is possible given iy Ay and i1 A;. Since ¢ (i1 A1) — ¢(io Ap) = 0.036 and
the slope of ¢(-) for any concave function is confined to the interval
(%, %), the gap Ai A = iy A — io Ap must lie in the interval (.036¢q, .0364;)
for changes in investment to account for observed fluctuations in out-
put growth. For ¢ equal to 1 on average, this implies fairly reasonable
fluctuations in investment to match up with observed fluctuations in the
growth rate over time, particularly if gy is well below 1. As can be inferred
from Fig. 9.2, the potential increase in growth depends on the value of
Ai A. Maximizing over all possible values of Ai A € (.036qy, .036q;), we
obtain the following result:

Proposition 2: Stabilizing the average investment to capital ratio i A to
a constant i* A = E[i A] yields an average growth rate that is bounded
above by

q1/90
q1/q0 +1

Proof: The maximization problem can be expressed as

1 [AiA 1 [AiA
max |min (1.002+ — [ 222) 1038 — = ( 22)) |
AiA q \ 2 q \ 2

At the maximum, the two expressions must be equal, since if they are
not equal, it would always be possible to increase this expression either
by increasing Ai A or decreasing Ai A, depending on which expression is
larger. Solving for Ai A at the point of equality yields Ai A = 0.072%,
and substituting back in yields the desired result. [

[¢(i0Ao) + 1 — 8] + [¢(i1 A1) +1 4] (11)

qi/q0 +1

Note that the bound in Proposition 2 is sharp, in the sense that there
exists a function ¢(-) for which stabilization will yield the growth rate
given in (3.2). This function is piecewise linear, and can be viewed as a
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linear approximation of the true function ¢(-) for a given value of Ai A.
Using the estimates of the volatility of g based on the data from Summers
(1981), we obtain

1 1.78

E[iA])+1-6 < ——1.002 + =—1.038 = 1.02
G(E[i A +1 -5 = 521,002+ 721,038 = 1.025

using a standard deviation of 28 % for g and

1 2.33
—1.002 + —1. =1.02
i 002 + 333 038 027

for astandard deviation of 40%. Thus, the observed volatility of g does not
preclude a growth rate of the magnitude suggested by the cross-country
evidence. Of course, whether this growth rate is actually attained depends
on the size of actual fluctuations in investment, Ai A, and on the degree to
which ¢(-) is well approximated by a piecewise linear function. Without
a better understanding of diminishing returns to investment, the most we
can say based on the available evidence is that notwithstanding the small
costs of consumption risk computed by others, there remains a scope for
fairly large welfare costs of economic fluctuations due to growth effects,
with some evidence suggesting such large welfare effects as being quite
likely.

4. Conclusion

This paper considers the potential cost of aggregate fluctuations that stem
not from consumption volatility but from the effects of aggregate fluctu-
ations on economic growth. In a sense, it closes a circle that began with
Lucas (1987), who argued that growth matters for welfare while business
cycles do not. By demonstrating that business cycles can affect the rate
of economic growth, this paper argues that business cycles could matter
precisely because they affect growth. It demonstrates that a plausible case
can be made that, for the United States, stabilizing fluctuations can lead
to an increase in the growth rate of half of a percentage point without
affecting average initial consumption, This produces a cost of business
cycles that is over 100 times larger than what Lucas computed based on
the costs of consumption risk alone.

I close with a few caveats about the conclusions of the paper. First, given
theinherent weakness in the relevant data, it is probably safest to interpret
the argument in this paper as demonstrating that growth effects could
generate a substantial cost of business cycles, not that they do. Since Lucas
established a small lower bound on the costs of aggregate fluctuations, his
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argument appeared to close the book on the notion that stabilization
could somehow achieve substantial welfare gains. The most compelling
argument presented here is to establish a higher upper bound by allowing
for growth effects, opening the book that Lucas’ calculation (as well as
subsequent work) appeared to close. But without more concrete evidence
on the nature of diminishing returns in the production of investment
goods, it cannot offer a reliable estimate of how large these effects could
be. Thus, its contribution lies in reopening the debate on whether business
cycles are costly and whether stabilization is desirable, not in providing a
final word in the debate.

Second, even if growth effects are as substantial as these data suggest,
it is not obvious that one can recover these costs through implementation
of aggregate stabilization policies. The model presented here introduces
spurious volatility, and to the extent that policy is able to shut it down and
allow the economy to operate on a smooth track, it can achieve a higher
welfare level. However, if government policy cannot offset the source
of volatlilty, as is the case with technology shocks, the cost of business
cycles suggested here cannot be avoided. Thus, while the notion that sta-
bilization can affect average long-run growth extends to other settings as
well, intervention may have offsetting costs that negate the benefits de-
scribed here.
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TEN

Explaining Economic Growth*

Yair Mundlak

The discussion of economic growth has had a long history, going back to
the classical economists." The intensity of the discussion has varied over
the years, and it has been amplified over the last two decades. This growing
interest can be attributed to two main reasons: First, the concern with the
persistent gap in the standard of living across countries, and second, the
appearance of new insights into old problems. In this paper we take a
broad overview of the field, and outline an approach that is consistent
with the data. By explanation of growth we mean an explicit framework
that can be confronted with the data and hopefully be validated.

To set up the background for our discussion we begin with a summary
of the evidence followed by an incomplete review of the literature to
illustrate the efforts of confronting the theory with the data. With this
background, we review a more general framework with empirical orien-
tation for the evaluation of the growth process. The essence of this ap-
proach is the recognition that the implemented technology and the level
of inputs are jointly determined. Qualitative implications of this frame-
work are presented and compared with the evidence. This is followed by
an illustration of a cross-country analysis of the agricultural production
function evaluated in terms of the given framework. Concluding remarks
summarize the paper and some of the implications.

* The paper was read also as a Frederick Waugh Lecture at the American Agricultural
Economics Association meeting, Chicago, August 8, 2001, and a similar version appeared
in the American Journal of Agricultural Economics, December 2001.

1 For a review of the early literature, see Hahn and Mathews 1964. For a review of contem-
porary literature, see Durlauf and Quah 1999.
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1. Evidence

Following Chari et al. 1995, Rebelo 1995, de la Fuente 1997, and Easterly
and Levine 2000 among others, we summarize some of the important
empirical evidence:

1. Large disparity in per capita income or average labor productivity.
The spread between countries is by far bigger than the spread over
time.

2. The inequality among countries has increased due to faster growth
in the richer countries.

3. At the same time, the inequality among the richer countries has
declined.

4. Economic activity is highly concentrated, with factors of production
flowing to the richest areas.

5. Countries with high average labor productivity have high capital-
output ratio.

6. Growth rates declined in the 1980s and 1990s. The decline from
1973 was quite pervasive, suggesting a response to common shocks.
However, the OECD countries suffered less than the poorer coun-
tries.?

7. Factor accumulation is persistent while growth rates show little
persistence.

2. A Note on Technology

Growth is meant here as an increase in labor productivity, or in per capita
income. Basically, economic growth is attributed to three elements: phys-
ical capital, human capital, and technical change. It is commonly agreed
that there is no long-term growth without technical change. But if the tech-
nical change triggers growth in some countries, why does it fail in others?
This question suggests that there are two pertinent concepts of technol-
ogy: available technology (AT) and implemented technology (IT). The
first concept covers the total knowledge generated everywhere up until
the present, and in principle it is available to all countries. The second
concept covers that part of the AT that is actually implemented.

2 The European experience serves an example of changing growth rates. The average annual
growth rate in the period 1830-1990 was moderate, a little above 1% with a slight positive
trend from 1830-50 until World War II (a dip in the big Depression and in the war). It
jumped after the war in 1950-70, but declined thereafter to a little over 2% in 1970-90
(de la Fuente 1997).
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Knowledge is generated by research which involves human effort and
calender time. Past experience suggests a monotonic relationship between
research inputs and output. However, not much more can be said for fu-
ture reference beside this qualitative empirical observation. The reason is
that there is no production function that summarizes the research effort.
The results of today’s research are the inputs for tomorrow’s research.
Therefore, past experience does not offer replicas for estimating or quan-
tifying the production structure of research (Mundlak 1993, 2000). This is
unfortunate because without this information there is no purely quantita-
tive basis for society to evaluate the consequences of resource allocation
to research. For instance, in terms of the Lucas model, it is impossible
to determine the productivity of resources devoted to the enhancement
of human capital. For this reason, and for the fact that it is the imple-
mented technology that generates the data, the domain for empirical
discussion is the determination of the IT. This is the case whether or not
it is actually recognized in the analysis. The importance of this approach
cannot be overemphasized, and one of its attributes is that it introduces
a channel through which economic policy affects growth. More on this
below.

3. Explanations — An Overview

As the level of output-labor ratio is determined by capital-labor ratio
(physical and human) and technology, it is only natural to examine the
role of these factors in the explanation of growth. This is basically an
exercise in the estimation of production function. To extend it to growth
analysis, it is necessary to address the question of what determines the
pace of resource and technology accumulation. Models vary in their em-
phases and specifications of the process, and also in bringing in additional
considerations. This is demonstrated by the listing some of the work with
a reference to some of their suggested attributes:

¢ Physical capital and exogenous technical change (Solow 1956, 2000;
Mankiw, Romer, and Weil (MRW) 1992).

¢ Investment in human capital (Lucas 1998, Jones and Manuelli 1997,
Rebelo 1991, and Stokey 1991)

¢ Externalities (Romer 1986, Caballero and Lyons 1992, and Benhabib
and Jovanovic 1991).

e Externalities are not essential for growth (Jones and Manuelli 1997,
Rebelo 1991, Lucas 1988, and Solow 2000)
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Research and development (Romer 1990, Grossman and Helpman
1991, and Aghion and Howitt 1992).

Learning by doing (Arrow 1962, Romer 1986, Stokey 1988, Young
1991).

Investment (Levine and Renelt 1992, De Long and Summers 1991,
and Young 1992, 1995). It is important to note that those countries
that invest heavily in physical capital also invest in education.

Total factor productivity (TFP) is the main trigger of growth: (Prescott
1998 and Easterly and Levine 2000).

Implementation of the available technology (Mundlak 1988, 1993,
2000). This is the main theme of this paper.

The performance is affected by public policy, and more generally by

the economic environment:

Inflation — Negative effect of inflation due to uncertainty (Fischer
1993).

Trade policy — Openness contributes to growth (Mundlak, Cavallo
and Domenech 1989, Grossman and Helpman 1991, Rivera-Batiz and
Romer 1991, and Ben-David, Nordstrém, and Winters 2000)
Financial intermediation — Efficient financial intermediation system
helps to allocate capital in most efficient way, and to pool risk (King
and Levine 1993)

Infrastructure investment — Helps market integration (Aschauer 1989,
Barro 1991, and Easterly and Rebelo 1993)

Political process— The obsolescence of traditional techniques generates
political resistence. (Persson and Tabellini 1994, Alsina and Rodrick
1991).

Policies and growth — (Cavallo and Mundlak 1982, Mundlak, Cavallo,
and Domenech 1989, Easterly and Rebelo 1993, and Knack and Keefer
1985).

External shocks — (Easterly 2000)

Before continuing, we highlight some of the findings pertinent to our

subsequent discussion. The most robust finding is the importance of phys-
ical capital as an explanatory variable. Often, the estimated elasticity of
capital exceeds the factor share of capital. This finding, together with
the trend of capital deepening, suggests that capital has a lot to do with
growth. A question is raised on the nature of causality between capital
accumulation and growth (Blomstrom, Lipsey, and Zejan 1996, pp. 275-
6). This subject is related to the role of TFP. Easterly and Levine assert
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that the “residual” rather than factor accumulation accounts for most of
the income and growth differences across nations. Prescott argues that
differences in physical or human capital cannot account for the big in-
ternational differences in income today. The culprit is the spread in the
TFP. The suggested reason for the spread is the resistence to the adoption
of new technologies and to the efficient use of currently operating tech-
nologies. The evidence on schooling as a measure of human capital is less
conclusive (Pritchett 1996). Levine and Renelt conclude that many mea-
sures of economic policy are related to long-run growth. However, the
relationship between long-run growth and any specific policy indicator is
fragile. Thus, they propose that there is no reliable, independent statisti-
cal relationship between a wide variety of macroeconomic indicators and
growth. Our subsequent discussion will deal implicitly with these views.

4. Empirics of the Solow and Related Models

Even though the growth process evolves over time, the empirical analy-
sis commonly employed is largely cross-country analysis, which does not
focus on the process itself but only on its outcome. The motivation is
perhaps twofold: First, the desire to understand the reasons for the differ-
ences in growth rates across countries, a prerequisite to devising measures
to improve the performance. Second, country-panel data show that most
of the spread in the pertinent economic variables is between countries
rather that through time.? The underlying assumption is that all the ob-
servations (country and time) come from the same production function.
This is more than a statistical convenience. Mainstream growth theories
do not allow for a heterogeneous technology, for if they did, the choice
of technique would have to be part of the theory, otherwise the theory is
incomplete.

The main workhorse of the empirical analysis is a Cobb—Douglas pro-
duction function with constant coefficients, in line with the assumption
of homogeneous technology. In many cases an exogenous technological
change at a predetermined rate is imposed on the equation. A pivotal
element of many studies is the empirical validity of the Solow model. In
this connection, it is instructive to recognize two attributes of that model.

3 For instance, in the panel discussed in the last part of the paper, the between-country
spread in the inputs and outputs accounts for more than 95% of the total spread in the
data. On its face, this large spread leads to more precise estimates. This does not imply,
however, that the variability over time is less valuable.
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The first is related to the production function. It states that without tech-
nical change the economy converges to a steady state without growth,
or simply stagnation. For this it is sufficient that the capital elasticity will
eventually be smaller than one as the capital-labor ratio grows. This con-
dition is extended in a natural way if there is more than one reproducible
input. This attribute is generally confirmed empirically. The second also
involves the rules of resource accumulation. To make the discussion more
concrete, we outline in the Appendix the structure of the MRW empirical
analysis of the Solow model, with summary results, and concentrate here
on the main conclusions.

In the Solow model, the variability in the level of labor productiv-
ity is accounted for by the variability in the saving (investment for open
economies) rate and by the growth rate of the labor force. The augmented
Solow model includes also a measure of schooling (MRW). At the same
time, the growth rate should be the same for all countries, up to a stochastic
term, which should be uncorrelated with the investment rate, the school-
ing rate, and the growth rate in the labor force. Bernanke and Giirkaynak
(BG) (2001) show that, empirically, this is not the case. They assert that
“The principal reason for the rejection is the strong relationship of the
saving rate (I/GDP) to the long-run growth rate” (p. 13). They supplement
this result by computing the TFP from national accounts and regressing
it on the same regressors. The results of this analysis indicate that “[T]FP
growth is cross-sectionally strongly related. .. to the saving rate and, in
most cases, to the growth rate of the labor force” (p. 27). The effect of the
schooling rate on TFP tends to be statistically insignificant. They conclude
that “[fJuture empirical studies should focus on models that exhibit en-
dogenous growth” (BG, abstract). In passing, it is noted that they examine
the effect of endogenizing the saving rate and thus making it depend on
deeper parameters which enter the intertemporal utility function and the
growth rate. This extension did not help. Nor did it help to endogenize
the schooling rate following the Uzawa—Lucas model (Uzawa 1965, Lucas
1988).

Basically, the empirical analysis concentrates on the estimation of the
production function, with the imposition of the behavioral equations. The
criteria used by MRW in judging the results are the quality of the produc-
tion function fit to the data and the resemblance of the estimated capital
elasticity to the factor share. There is no parallel effort to examine em-
pirically the quality of the behavioral specification. More important, the
behavioral equations are taken to be largely independent of the technol-
ogy assumption. But the two may not be independent. In addition, the
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Figure 10.1. Resource constraint and the choice of technique.

analysis does not address the various issues addressed in the literature as
reviewed above.

5. The Implemented Technology

Following our opening comments on technology, we turn now to examine
the determination of the implemented technology and its consequences.
The discussion is conducted with reference to a simple graphical illustra-
tion (Fig. 10.1).

Initially the AT consists of { fi }, the capital-labor ratio (K/L) is given
by k, and the output-labor ratio (Y/L) is given by y. The economy is at A
with wage (w) = OE, and the return to “scarce” factor (K) is ry. Technical
change is introduced with the appearance of a new capital-intensive tech-
nique, and AT becomes { fi, f>}.% For simplicity, it is assumed that there
is no setup cost involved in the implementation of the new technique.
Holding L constant for simplification, the response of the economy to the
technical change depends on factor supply, and this is demonstrated by
two extreme possibilities: 1) The supply of K is perfectly elastic — the econ-
omy moves to M with ro unchanged, but w increases to OH. 2) The supply
of K is perfectly inelastic — the best strategy is a convex combination of
the two techniques as given by N. The resources are allocated between
the two techniques. It is required that the gain from the implementation
of the new technique covers the setup costs involved in the implementa-
tion. If this condition is not met, the economy remains at A and does not
employ f,. We have thus demonstrated the key proposition: The change

4 See Atkinson and Stiglitz (1969) for an early discussion of technical change and the choice
of techniques within the framework of activity analysis.
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in the economy induced by the change in AT is strongly affected by the
resource supply.

The composite production function is the locus 0, A, M, and thereafter
along f,. The output at point N is a convex combination of the outputs at
Aand M. The move from Ato N causes a rise in the return to capital from
ro to 7 and a decline of w from OFE to OD.

5.1. Some Implications

FACTOR PRICES. A change in the AT, when factor supply is not perfectly
elastic, causes a rise in the return to the scarce factor and a decline in that
of the abundant factor. Once the capital accumulation allows the economy
to abandon the less productive technique (pass the threshold point M),
production will be carried out along a strictly concave production func-
tion and the return to capital will tend to come down from its elevated
level and at the same time the wage rate will start climbing and eventually
surpass the initial value. In this description, it is assumed that capital is
homogeneous and can be reallocated between the two techniques. For
instance, in the case of the green revolution, think of k as fertilizers—(or
irrigation)-land ratio, and of the techniques as varieties. The appearance
of the more productive variety results in reallocation of the land and the
fertilizers between two varieties.’

RESOURCE FLOW. The capital-labor ratio will increase with time in res-
ponse to the rise in 7, and this will result in a gradual convergence to M.
The green revolution serves a good example. In spite of the superior
varieties of wheat and rice the process of their adoption took a long time
because these varieties have been water and fertilizer intensive and the
pace of the process was determined by the pace of resource mobility
into agriculture (McGuirk and Mundlak 1991). To conclude, the pace of
convergence to a new optimal point is largely determined by the pace
of resource flow. When the new and productive techniques are capital
intensive, a correlation is generated between the technology shocks and
capital, as observed in empirical analysis.

TFP. The measured impact of the technical change depends on the
location of the economy before and after the change, and this in turn
depends on resource mobility. When factor supply is perfectly elastic, the
economy moves from A to M, and the change in the TFP is given by BM.

> When capital is not homogeneous, and the two techniques require different forms of
capital, the pace of the implementation of the new technique will be determined by the
pace of the change in the composition of the capital goods.
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When factor supply is not perfectly elastic, the TFP is given by the move
from A to N. With time k rises and the economy will move along the
tangent AM, which is associated with the new factor prices. Along this
segment the technical change is fully absorbed by the change in the factor
prices and the TFP remains unchanged. The upshot is that the computed
TFP is path dependent. Again, this is consistent with the finding that TFP
is positively correlated with the investment rate. Moreover, TFP cannot
be the trigger of growth or the explanation for the income differences.
TFP is endogenous and is determined within the model. The trigger is the
change in the AT, and the outcome depends on the factor supply and other
variables that constitute the economic environment to be discussed below.

LEARNING BY DOING. The concept of learning by doing can be applied
at different levels. Following the original example presented by Arrow,
the learning applies to the use of a new technique. Thus the discussion
is made conditional on a change in the AT, and it is not a substitute for
that change. Countries cannot simply converge to the frontier technology
of the more advanced countries if they do not have the resources to im-
plement the new technique. The speed of convergence reflects, therefore,
the combined effect of the speed of learning and of resource flow.

The concept of learning by doing is also applicable to the evolution
in research. As the input to today’s research is the result of yesterday’s
research, the ones who learn are the ones who are engaged in research,
and again this acts against the progress of the poor countries.

WAGE RIGIDITY. The change in factor prices is part of the transition
of the economy in its response to a change in the AT. Thus, if the wage
rate is fixed at the original level (or a level above A D) the transformation
to the new technique may be hindered and unemployment might result.
Discussions in favor of wage rigidity (e.g., Easterly, Islam, and Stiglitz
2000) assume a homogeneous technology and do not apply to the case
under discussion.

INCOME DISTRIBUTION. When the new technology is intensive in a par-
ticular factor, the share of that factor in total income rises and this may
augment income inequality. An example is the differences in income be-
tween the “new” and “old” economies. This change in distribution reflects
two changes, the rise in the price of the scarce factor and the decline in
the price of the saved factor. Such changes affect the income distribution
of skilled and unskilled labor.

POLARIZATION OF GLOBAL WEALTH. A similar reasoning applies to the
explanation of the international income inequality. Global factor supply
is finite, and the allocation is determined by expected returns and their
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stability in the various areas. The richer countries are more affluent in the
resources needed for the implementation of the new technology, and they
benefit from the changes in the AT. Countries that do not have adequate
supply of the scarce factors will lag behind. This leads to polarization. This
response is particularly important for the flow of physical capital which
is attracted to the high return areas. The quantities and the speed of such
movements are likely to exceed those of skilled labor (brain drain).

CONVERGENCE. Total convergence of countries to the same average la-
bor productivity requires that countries employ the same technology and
have the same level of capital of all forms per unit of labor. Conditional
convergence (Barro and Sala-i-Martin 1995, Ch. 1) requires that coun-
tries move to the frontier of the implemented technology for the given
capital-labor ratios. The existence of conditional convergence but not to-
tal convergence places the emphasis on factor accumulation which in turn
highlights the importance of having an adequate economic environment.

PRICES. For the discussion to cover more than one product, output is
measured in value terms. A change in relative prices can be described
graphically as a shift of the production functions. This will effect the im-
plemented technology, and thus the implementation becomes dependent
on product demand. There is, however, a difference between a change in
demand and a change in AT. While the latter is not reversible, the change
in demand is often transitory and does not justify a major response. The
response, therefore, will depend on the perception of the nature of the
change. Similarly, when the output is value added, the price of raw ma-
terials also affect the pertinent production function. This, for instance,
was the case when energy prices spiked in the early 1970s. Thus the tech-
nology choice, as well the mobility of resources to durable activities with
high setup cost, becomes a function of expected prices and their stability.
This framework is broad in scope. For instance, in an open economy, the
implemented technology is expected to be affected by the country’s terms
of trade and policies that determine the real exchange rate.

DEMAND AND THE EXTENT OF THE MARKET. Empirical growth analysis
shows that export is an important regressor. Without rejecting other ex-
planations for this result, the present discussion draws attention to the
importance of the size of the market. National economies are open but
the global economy is closed and thus tradable products face declining
demand. This is well recognized in the discussion of agriculture, and it
should be also applicable to other tradables, specifically manufacturing.
Changes in technology that amplify the internal scale economies generate
a tendency for concentration leading to a few players with overcapacity.
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This generates pressure to increase export, and the more efficient pro-
ducers prevail, which leads to an association between productivity and
export.

6. Consequences

A formal presentation of the above approach calls for expressing the
optimization problem at the firm level as a choice of the techniques to
be implemented and their level of intensity, given the available technol-
ogy, product demand, factor supply, and constraints (Mundlak 1988, 1993,
2000). This approach hasimportant implications for the empirical analysis.
Specifically: Endogeneity — The implemented technology is endogenous.
Jointness — The implemented technology is determined jointly with the
level of intensity at which the inputs are used. Production path — The
output path is determined by the evolution of the state variables. Identifi-
cation — In general, the aggregate production function is not identifiable.
Concavity — When the sample is generated by more than one technique,
the empirical aggregate production function is not subject to a concav-
ity constraint, even though each of the techniques is represented by a
concave production function.

With a second-degree approximation, the aggregate production func-
tion looks like a Cobb—Douglas function, but the elasticities are functions
of the state variables and possibly of the inputs:

Iny=T(s)+ B(s, x)Inx + u,

where y is the value added per worker, x and s are vectors of inputs
per worker and state variables, respectively, I'(s) and B(s, x) are the
intercept and the slope of the function respectively and u is a stochastic
term. At each sample point, the data consist of aggregated techniques,
the composition of which changes over the sample points. To identify the
aggregate production function it is necessary to break the tie between
the decisions on the implemented technology from those on the level of
inputs. Thisis achieved when deviations from the first-order conditions are
more pronounced in the input decisions than in the choice of techniques.

Variations in the state variables affect the production function coeffi-
cients directly as well as indirectly, through their effect on inputs. For this
reason, estimates obtained under the assumption of constant coefficients
provide a distorted view. Often the estimates are not robust, and they are
sensitive to the choice of the sample. This subject is discussed in detail in
Mundlak (2001).
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The approach was used in country growth studies using time series
data. The estimation of the production function was done by imposing a
stochastic equality of the factor share and the production elasticity. Those
studies are too comprehensive to summarize here (see Mundlak 2001).
Instead, we examine an application to pooled country data in order to
highlight some of the results reviewed above.

7. Cross-Country Agricultural Production Function

The estimation of the system requires data on factor shares, which are
not readily available. This makes it impossible to apply the model in the
form presented above to pooled cross-country data until the needed data
become available. The task is then to see what can be learned from the
available data. In what follows we review the approach taken by Mundlak,
Larson, and Butzer (1999) to estimate the agricultural production func-
tions using a sample of 37 countries over the period 1970-91. The size
of the sample is determined by the data availability. The pooled data are
used to fit three regressions: Between countries (based on country means),
between time (based on year means) and within-time-country (based on
the deviations of the observations from country means and year means).
These three regressions constitute the canonical set of pooled data in the
sense that all linear estimators based on the sample can be expressed as
matrix-weighted averages of these regressions.® Under the hypothesis, the
coefficients of a Cobb-Douglas production function are affected by the
economic environment, and therefore the coefficients of these regressions
should differ. The within variables are deviations, free of the influence of
country and time effects, which in part are captured by the state variables,
and as such represent a more stable technology, to be referred to as the
core technology.

The state variables consist of incentives, constraints, technology, and
physical environment. The variables are:

6 Often, analysis of pooled data compares within estimators (allowing for country or time
effect or both) with pooled estimates. For instance, for an analysis of the MRW model
using panel data see Islam (1995). Because the pooled estimates are matrix-weighted
combinations of the three canonical regressions, it is insightful to estimate them. This is
what we do here. In addition, we introduce explicitly the state variables. This contributes
to the statistical quality of the estimates, and adds economic meaning. When computing
the country or time productivity levels (effects), the inclusion of the state variables will
modify the productivity measure in a meaningful way by separating the impact of the state
variables from that of productivity.
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OUTPUT. — agricultural GDP in 1990 U.S. dollars.

INPUTS LAND. — Hectares of arable, permanent cropland, and perma-
nent pastures. Labor — Economically active population in agriculture. It
is not actual employment, and as such it is a stock, rather than a flow,
concept. Fertilizers — Total fertilizer consumption in metric tons. Capital —
Fixed capital stock used in agriculture, plus capital in livestock and or-
chards. The capital variable serves the dual role of an input and a of a
constraint. We return to this below.

INCENTIVES. Two measures are used to capture the direct effect of in-
centives on productivity, over and above their indirect effect that comes
through resource allocation and accumulation: Price — The ratio of the
prices of agriculture to manufacturing. Price variability — A moving stan-
dard deviation of the price, calculated from the three previous periods.
The variable reflects the market risk faced by agricultural producers. In-
flation — In addition to the sector-specific risk, there is an economy-wide
market risk, that of price volatility for the economy as a whole measured
by the inflation rate, calculated as the rate of change in the total GDP
deflator.

Expected improvement of future profitability encourages investment
and thereby augments the capital stock which appears as a variable in the
analysis. The regression coefficients of the incentive variables represent
only the direct effect of prices, which is the part not embedded in input
changes. To obtain the full impact of the incentives on productivity, it is
necessary to add their indirect effect through investment, but this is not
done here.

TECHNOLOGY. The technology block consists of several variables: Scho-
oling — The mean school years of the total labor force serves as a proxy
for the embedded human capital. Peak yield — Country-specific Paasche
indices (1990 = 1) of the historical peak commodity yields, weighted by
land area, used to measure the level of technology in agriculture. Devel-
opment — The state of development of the economy is measured by the
per capita output in the country relative to that in the United States.

PHYSICAL ENVIRONMENT. Two variables are used to describe the phys-
ical environment for agriculture, potential dry matter production (PDM)
and a factor of water deficit (FWD).”

7 Some of the measures have to be modified for the between-country analysis: Peak yields
are replaced by their average growth rates for the period. The average rate of growth in
the relative price over the period replaces the level of such price. The standard deviation of
the relative price over the entire period is used in place of the moving standard deviation.



272 Yair Mundlak

The average annual growth rates (percent) of the variables in ques-
tion are output 3.82, capital 4.25, land 0.12, labor —0.04, fertilizers 3.04,
schooling 1.8, peak yield 1.9, development —0.29, and relative price —0.30.

8. Empirical Results

Table 10.1 presents estimates for the three canonical regressions. The
three regressions display constant returns to scale. The null hypothesis
that any of these regressions can be eliminated is rejected. The coeffi-
cients of the variables common to the various equations are quite differ-
ent. This confirms the basic hypothesis that the regressions summarize the
combined effect of changes in inputs and technology obtained under dif-
ferent economic environments. The interpretation of some of the results
provides further insight.

INPUTS. Perhaps the most interesting result is the magnitude of the
elasticity of capital, 0.37 in the within regression, 0.34 in the between-
country regression, and 1.03 in the between-time regression. The latter
represents the response common to all countries in the sample. It indicates
that, on average for the sample, an increase in capital was accompanied

Table 10.1. Cross-Country Estimates of the Production Function

W (country, time) B (time) B (country)
Inputs
Capital 0.37 (6.90) 1.03 (6.01) 0.34 (13.13)
Land 0.47 (3.78) —-0.03 (2.82)
Labor 0.08 —0.16 (0.16) 0.26 (13.67)
Fertilizer 0.08 (1.53) 0.14 (0.33) 0.43 (21.91)
Technology
Schooling 0.09 (0.55) —0.28 (0.06) 0.02 (0.52)
Peak yield 0.83 (3.80) —0.32 (0.07) 0.06 (4.19)
Development 0.52 (3.36) —0.21 (0.33) 031 (2.97)
Prices
Relative prices 0.04 (1.78) 0.02 (0.09) 0.01 (1.95)
Price variability —0.03 (0.97) —0.07 (0.26) —0.08 (2.82)
Inflation —0.00 (0.75) 0.04 (0.71) 0.07 (4.25)
Environmental
Potential dry matter 0.16 (2.68)
Water availability 0.44  (7.96)

Notes: Inthetitle, Wand B stand for within and between respectively. Values in parentheses
are absolute values of the ¢-ratios. The R? for 777 observations is 0.9696.
Source: Mundlak, Larson, and Butzer 1999, p. 488.
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with a proportional increase in output. This strong response is consistent
with the view that physical capital has been a constraint to agricultural
growth. Accordingly, the implementation of changes in the available tech-
nology were strongly affected by investment in agriculture.

The labor coefficient in the between-time regression is not significantly
different from zero. The value of this coefficient in the within-time-country
regression is also relatively low, whereas that of the between-country re-
gression is more in line with other cross-country studies. This is no surprise
because those studies are in general based on cross-country regressions.
Recall that the labor is a stock variable that measures the actual employ-
ment with error. Variations over time in this variable, which on average
are small, do not affect output. On the other hand, the cross-country vari-
ations of the labor variable are sizable, so that the signal-to-noise ratio is
relatively large, and seem to have a substantive impact on output.

These results highlight the importance of capital in agricultural pro-
duction, and indicate that agricultural technology is cost-capital intensive
compared to nonagriculture. This conclusion is further reinforced by the
magnitude of the land elasticity in the core technology. The sum of capital
and land elasticities is around 0.8 in various formulations, making it clear
that agriculture should be more sensitive than nonagriculture to changes
in the cost of capital and less to that of labor (Mundlak, Cavallo, and
Domenech 1989). This value of the sum might seem to be a bit high. In
part, it may reflect the result of a somewhat low labor elasticity. It is also
possible that a different choice of countries and time periods would lead
to somewhat different results. In any case, a sum of 0.8 for land and capital
elasticities leaves room for the conclusion on the importance of capital to
remain intact.

There is a big difference in the elasticity of fertilizers in the various
regressions. A value of 0.08 obtained in the within-country-time regres-
sion is considerably lower than typical values obtained in cross-country
studies of the agricultural production function, which are closer to our
between-country coefficient. This requires an explanation. Recall that
the dependent variable is the log of value added, which is net of expen-
ditures on fertilizers. Using the envelope theorem, under the competitive
conditions, the coefficient of fertilizers should be close to zero. The dif-
ference from zero should reflect only interest charges for working capital,
reflecting the time lapse between the purchase of the inputs and the time
of the sale of the output. A coefficient of 0.08 indicates that about 8%
of the changes in agricultural output is to be attributed to fertilizers over
and above their cost. Moreover, this result is obtained for the aggregate
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agricultural output, whereas fertilizers are used only on plant products. It
is likely that a production function for plant products alone would show
a larger elasticity for fertilizers. Thus, a value of 0.08 for aggregate output
may even be biased upward, which means that we have to explain why it
is high rather than low. A mechanical explanation is that fertilizers cap-
ture the impact of other chemicals and more generally the modern inputs,
as indicated above. Still, by the envelope theorem, the coefficient of this
“extended” input should be near zero. The more substantive explanation
for this deviation is that fertilizers were scarce and the elasticity reflects
a high shadow price of fertilizers. This is consistent with the large in-
crease in fertilizers supply over time. This is also consistent with the high
fertilizer elasticity obtained from between-country regression, which is
indicative that the new technology is fertilizer-using. Accordingly, the lo-
cus of country means represents a changing technology package where
the improvement in the implemented technology is fertilizer-using. At
the same time it is also capital-using but land-saving.

TECHNOLOGY. The technology variables play a dual role in the analysis.
First they serve as technology shifters and as such reduce the bias caused
by the correlation of inputs and technology. Second, they provide an
empirical examination of how well they describe the data and thereby
guide us in the search for appropriate technology indicators.

The peak yield serves well as a shifter of the agricultural productivity —
measured by the core technology — with an elasticity of 0.83. The peak
yield is a proxy for the frontier of the implemented technology. A low
value for this elasticity indicates that the economic environment was not
sufficiently favorable to allow the current productivity to repeat its his-
torical records. An elasticity of 1 indicates that the current productivity is
moving along with this frontier. The frontier itself progresses in response
to changes in the state variables but, in the longer run, such a progress
is triggered by changes in the available technology. We thus deal with a
ratchet process. A jump in available technology translates itself into a
change in productivity, which in turn raises the peak. The persistence of
this performance depends on the economic environment. Can the elas-
ticity take on values larger than one? The answer is yes. This can happen
when initially the available technology was not fully utilized, then im-
provements in the economic environment allow a catchup at a fast pace.

The contribution of the level of development of the country relative
to the United States is over and above that of the peak yield. It shows
that the yield level is not exhaustive as a technology indicator; first, the
yield variable does not represent the productivity in livestock production
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which accounts for about one-third of output, and second, there is a scope
for improving efficiency under a given technology by coming closer to the
frontier, as represented by the performance of the United States.

The between-time regression shows that, for the sample as a whole,
none of the technology variables was important in accounting for the
changes in agricultural productivity over time. The dominant variable is
physical capital. The implication is that even though schooling and peak
yields increased with time, we see no evidence that they contributed to the
benefits from improvements in the available technology. It is suggested
that it is the changes in the available technology that caused the increase
in these variables, at least in peak yield and perhaps in schooling, but it
was the availability of capital that was crucial for the countries to take full
advantage of the available technology. This highlights the importance of
physical capital in accounting for the changes in agricultural productivity
in the study period.

The results vary for individual countries, as seen from the between-
country regression, where the level of development is important in ac-
counting for the productivity variations. This is a statement of the im-
portance of the various attributes of the overall level of development of
a country in determining the level of agricultural productivity. This may
also be the reason that schooling appears to be irrelevant. To the extent
that schooling matters, it may have an indirect effect through the deve-
lopment variable. However, to what extent schooling matters and how it
can be measured using aggregate data is still an open question (Pritchett
1996).

PRICES. The test of the null hypothesis that the price block can be omit-
ted from the analysis is rejected. On the whole, the signs of the coefficients
are in line with expectations, but the precision is low. The small quantita-
tive price effect on agricultural productivity should not be misleading; it
is obtained conditional on given inputs and on technology. Thus, there is
little scope for additional price effects. The fact that this effect is detected
at all is of prime importance. The channels for the price effect are the
level of inputs and the choice of technology, and these are represented by
explanatory variables.

9. Concluding Remarks

The available technology is changing with time and a large component
of this change is not predictable. The basic premise is that the implemen-
tation of the technology is endogenous within the economic system and
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depends on the economic environment. This is the essence of the empirical
explanation of growth. Following this line of thinking, the implemented
technology is determined jointly with the level of inputs. The changes in
the available technology affect the demand for inputs, it increases the
demand for those inputs in which the new technology is intensive. The
implementation of the new technology is not necessarily immediate or
pervasive. It depends largely on the supply of inputs in which the new
technology is intensive. The data, and therefore their analysis, provide in-
formation on the use made of the changes in technology. Since the choice
of inputs and the implemented technology is determined jointly, it is not
always meaningful to assign causality in the relation between these two
elements.

In this paper we discuss one cross-country study, interpreted in light
of the presented approach. It illustrates very clearly that the coefficients
of the production function depend on the economic environment and
thereby support the hypothesis that the coefficients are not constant. This
is only one cross-country study which uses this approach, and other sam-
ples may yield different results. Of course, nonrobustness of results is one
of the attributes of the model, and therefore this will only reinforce the
conclusions. This raises a question with respect to the information we get
from cross-country studies which impose constant coefficients for the sam-
ple as a whole. Many of the results obtained in those studies can be inter-
preted in light of the present discussion.

To sum up, observations are generated in a process of convergence to
changing new frontiers. The pace of this process is determined by the eco-
nomic environment. This environment is largely affected by what coun-
tries do. This view suggests an important scope to the role of economic
policies.

Appendix: Estimates of Growth Models

This is a summary presentation of the MRW and some results from
Bernanke and Giirkaynak (BG) 2001, which can serve as a point of depar-
ture for discussions of empirical growth analyses. The empirical growth
model consists of two blocks, technology and behavior. The technology
is summarized by the production function, mostly a Cobb-Douglas func-
tion:

Y, = AK'HL™F, (1)
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where Y is output, K is the capital stock, H is a measure of schooling,
L is labor, and A is the productivity level.® The parameters « and 8 are
nonnegative and their sum is smaller than 1, so that the function displays
constant returns to scale in the three inputs. Label variable on a per labor
basis with lower case letters, and write the equation in logarithms:

Inyy, =InA; +alnk + Slnh,. 2)

Let g, be x/x, then as a matter of definition, the rate of growth of output
is

g =8a+agi+ Ben (3)

This summarizes the specification of the technology.

The behavioral block specifies the rules for resource accumulation.
The Solow model in its original form does not include schooling, and it
assumes a fixed saving ratio (sx). The rate of growth of kis

gk = sk (Y/K) —m, 4)

where m is the sum of the depreciation rate (§) and the rate of population
growth (n), m = § + n. When schooling is added, an analogous expression
can be written for the rate of growth of 4, assuming for simplification the
same depreciation rate for 4 and k:

gn=sn(Y/H) —m. )]

On the balanced growth path (BGP), output and inputs grow at the same
rate: g = gx = gp- Thus, a constant g, implies that Y/ K is constant. Con-
sequently

g=8a/(l—a—p). (6)

The balanced growth path is obtained by combining the technology
and behavioral blocks. Solving Equations (4) and (5) and the production

function, we obtain
g\ ll—a—p
Asﬂsl B
K= <_g’; 3 , )

8 The productivity variable, A, is sometimes attached to labor as a labor-augmenting tech-
nical change. In the case of Cobb-Douglas function, the two possibilities are equivalent.



278 Yair Mundlak

1/1-a—B
Asaslfa
() ®

Substitute (7) and (8) in the production function, noting that with constant
growth rate In A, = In Ay + g4t, to obtain for the BGP

Iny! =In Ay + gat + e[alnsg+ 8 Ins, — (¢ + B) In(m + g)].

9
e=1/1—a—B). ©)

The fitting of the equation to cross-country data requires several as-
sumptions and modifications. First, to allow for the fact that the ob-
servations need not be on the BGP, an error term is added. The error
term is assumed to be uncorrelated with the regressors. This is a ques-
tionable assumption, as explained in the foregoing discussion. Second,
under the assumption of homogeneous technology, the elasticities are
the same for all countries. Third, it is important to be explicit about the
variables used in the empirical analysis when they are not the same as
those used in the theoretical construction. The Solow model was ini-
tially developed for the closed economy, so that the saving and invest-
ment rates are the same. This is different for the open economy, where
foreign savings are involved, so that the investment rate replaces the
domestic saving rate. Similarly, the term human capital is widely used,
but its meaning is not unique. In practice, a measure of schooling is
used in empirical analysis and for this reason we refer to this variable as
schooling.

MRW estimated Equation (9) where the dependent variable is the ac-
tual (y), rather than the BGP, value (y*). A numerical value is assumed
for g. The regressors that change across countries are the investment and
schooling rates, s and s;, respectively, and the population growth rate
n (note that n is the only component of m + g that varies across coun-
tries). They fit it to three groups of countries, for the period 1960-85
using data from Summer—Heston Penn World Tables (PWT). The sam-
ples include 98 nonoil countries, a subsample of 75 countries for which
the data are more precise, and 22 OECD countries. Initially, they esti-
mated the textbook Solow model which does not include the schooling
variable. They judge the results by three criteria, the goodness of fit,
the estimated value of the capital elasticity, and the acceptance of the
over identifying restriction. Based on R? of about 0.6, MRW claim that
the equation explains a great deal of country variations in y in terms
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of s and n. This is not a strong argument in that it amounts to testing
the model against the null hypothesis that the investment rate and the
population growth rate are uncorrelated with the output-labor ratio. No
growth model claims this. Moreover, the R? for the OECD countries is
rather low, 0.06. A more problematic result is that for the large samples
for which the fit is reasonable the estimate of « is about 0.6, twice the
factor share of capital. On the other hand, the estimate for the OECD
countries, where the fitis rather poor, the value is reasonable, 0.36. Finally,
a can be estimated either from the regression coefficient of s, or from that
of n. This overidentifying restriction is not rejected, which is a favorable
result.

To improve the results, they augment the Solow model by adding the
schooling variable, s;,. This improves the fit, the R? for the large samples is
near 0.80, but that of the OECD countries is still low, 0.28. The estimated
capital elasticity declines to a reasonable value of about 0.3 for the large
samples, and to a low value of 0.14 for the OECD countries. These results
suggest that the estimates are sensitive to the choice of countries. Are they
also sensitive to the choice of the time period? This is one of the questions
dealt with by BG. They estimate the MRW model with more recent PWT
data and obtain different results, indicating that the estimates are also
sensitive to the choice of the time period. Beyond this, they also conduct
a strong test of the Solow model. Because the parameters are assumed
constant over time, the difference of BGP output in ¢ from that in a base
period 0 is

Iny" —Iny; =1In A — In Ap. (10)

Introducing an error term to represent the difference between the actual
and steady-state values, and rewriting Equation (10) for the actual values
to express the growth rate yield

(Iny, —Inyo)/t = ga+ e — eo. 11)

Under the Solow model, the growth rate should be uncorrelated with the
regressors in Equation (9). Ignoring the details of the testing procedure,
BG find that it is not, neither in the textbook Solow model nor in the
augmented Solow model, and thus reject the model.”

9 To be precise, rejection is strong for the two large samples, and somewhat weaker for the
OECD countries. It should however be recalled that the empirical results of the Solow
model for the OECD countries is not very convincing.
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This paper uses a new, large-scale, dynamic life-cycle simulation model
to compare the welfare and macroeconomic effects of transitions to five
fundamental alternatives to the U.S. federal income tax, including a pro-
portional consumption tax and a flat tax. The model incorporates intra-
generational heterogeneity and a detailed specification of alternative tax
systems. Simulation results project significant long-run increases in output
for some reforms. For other reforms, namely those that seek to insulate the
poor and initial older generations from adverse welfare changes, long-run
output gains are modest.

Fundamental tax reform has been a hot issue, and for good reason. The
U.S. tax system — a hybrid of income- and consumption-tax provisions —
is complex, distortionary, and replete with tax preferences. Recent “re-
forms” of the tax code, including the Taxpayer Relief Act of 1997, have
made the system even more complex and buttressed the argument for
fundamental reform.

“Fundamental tax reform” means different things to different people.
The definition adopted below is the simplification and integration of the
tax code by eliminating tax preferences and taxing all sources of capital

* The views expressed here are those of the authors and do not necessarily reflect those of the
Federal Reserve Bank of Cleveland, the IMF, or any other organization. We are grateful
to Cristina DeNardi, Barbara Fried, Bill Gale, Jane Gravelle, participants in workshops
at the University of Chicago, the NBER, the Federal Reserve Bank of Cleveland, Indiana
University, and the Federal Reserve System Committee on Macroeconomics, and two
anonymous referees for comments on earlier drafts. Auerbach thanks the Burch Center
for Tax Policy and Public Finance and Kotlikoff thanks the National Institute of Aging
and the Smith Richardson Foundation for research support.
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income at the same rate. Several current tax proposals certainly deserve to
be called “fundamental.” They include Hall and Rabushka’s (1983, 1995)
flat tax, the retail sales tax, and Bradford’s (1986) X tax. The flat tax and
the retail sales tax are two alternative ways of taxing consumption. The
X tax also taxes consumption, but places high-wage earners in higher tax
brackets than low-wage earners. Another fundamental reform is to adopt
a broad-based, low-rate income tax.

This paper uses a computable general equilibrium simulation model
to compare the welfare and macroeconomic effects of fundamental tax
reform. The model is a substantially enhanced version of the Auerbach-
Kotlikoff (1987) dynamic life-cycle simulation model.! The new model
follows the significant lead of Don Fullerton and Diane Lim Rogers (1993)
in incorporating intra- as well as intergenerational inequality. Specifically,
it includes 12 different groups within each cohort, each with its own earn-
ings ability (its own endowment of human capital).

Our new model approximates U.S. fiscal institutions much more closely
than does its predecessor. It includes an array of tax preferences, a pro-
gressive social security system, and a Medicare system. Including tax pref-
erences is not only crucial for studying fundament tax reform. It also
permits our use of actual tax schedules in calibrating the model.? Stated
differently, omitting tax preferences would mean unrealistically low tax
rates since the current federal income tax covers only 57% of national
income.? The improved modeling of Social Security and Medicare is also
vital, because both programs materially alter the intergenerational and
intragenerational distributions of welfare and the initial set of fiscal dis-
tortions from which tax reform proceeds.

Like Auerbach and Kotlikoff (1987), we compute the economy’s per-
fect foresight transition path. Given the magnitude of factor-price and
tax-rate changes along our simulated transition paths, permitting agents
to think rationally about the future is of great importance. This and
other advantages vis a vis the Fullerton—Rogers (1993) model, which
assumes myopic expectations, must be set against some disadvantages.
Our model has a simpler production and preference structure than does
the Fullerton—-Rogers model, which features multiple consumption and

' A similar model, used to consider only steady states, is presented in Altig and Carlstrom
(1999).

2 The Fullerton-Rogers model, in contrast, assumes that all agents face the same marginal
tax rate independent of income.

3 See Congressional Budget Office (CBO 1997).
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capital goods, intermediate inputs, and industry-specific capital income
taxation. As such, it cannot measure the efficiency gains from the re-
moval of inter-sectoral and inter-asset distortions. Nor does it incorporate
the externalities present in endogenous growth models, which might pro-
vide another source of efficiency gains from tax reform (e.g., Stokey and
Rebelo 1995).

Our model also omits the impact on labor supply of low-income pro-
grams such as the Earned Income Tax Credit, and several influences on
saving, including earnings and lifespan uncertainty, transfer program as-
set tests, and liquidity constraints. The impact of these factors has been
evaluated in simulation studies by Glenn Hubbard and Kenneth Judd
(1987), Hubbard et al. (1995), and Eric Engen and William Gale (1996).
The low intertemporal elasticity of substitution used in our simulations
is, in part, a reflection of the fact that not all saving is driven by standard
life-cycle concerns. However, the lack of a richer model should be borne
in mind in assessing our findings.

We use our model to examine five fundamental tax reforms that span
the major proposals currently under discussion. Each reform we consider
replaces the federal personal and corporate income taxes in a revenue-
neutral manner.* The reforms are a proportional income tax, a propor-
tional consumption tax, a flat tax, a flat tax with transition relief, and the
X tax.

The proportional income tax applies a single tax rate to all labor and
capital income, with no exemptions or deductions. The proportional con-
sumption tax differs from the proportional income tax by permitting 100 %
expensing of new investment. One may think of it as being implemented
via a wage tax at the household level plus a business cash-flow tax. The
flat tax differs from the proportional consumption tax by including a stan-
dard deduction against wage income and by exempting implicit rental
income accruing from the ownership of housing and consumer durables.
The remaining two proposals modify the flat tax to address distributional
concerns. The flat tax with transition relief aids existing asset holders by
permitting continued depreciation of old capital (capital in existence at
the commencement of the reform). The X tax aids lower income taxpay-
ers by substituting the flat tax’s single-rate wage tax with a progressive
wage tax. To recoup the lost revenue, its sets the business cash-flow tax

4 To be precise, in each tax reform simulation the levels of government purchases and
outstanding debt are held constant through time when measured in effective units of
labor.
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rate equal to the highest tax rate applied to wage income. Alternatively,
one can think of the X tax as a high rate flat tax with a progressive subsidy
to wages.

Each of the reforms broadens the tax base, permitting reductions in
statutory marginal tax rates on labor supply and saving. And each reform
imposes an implicit tax on existing wealth by introducing full expensing
and, thus, shifting the tax structure toward consumption taxation. The
expensing of new capital effectively eliminates the taxation of capital in-
come at the margin. However, unlike the simple elimination of capital
income taxes, this tax reduction is available to new capital only, and, con-
sequently, reduces the value of existing capital relative to that of new
capital in a manner equivalent to that of a one-time tax on their wealth.
As discussed in Auerbach and Kotlikoff (1987), this capital levy is cru-
cial to both the efficiency and long-run welfare gains from switching to
consumption taxation. It permits a permanent reduction in distortionary
marginal tax rates and shifts the burden of paying for government spend-
ing from young and future generations to middle-age and older initial
wealth owners.

As indicated, the five reforms differ in the treatment of marginal and
inframarginal capital income, the extent of base-broadening, and progres-
sivity. These differences translate into different income and substitution
effects on consumption and labor supply, which, in turn, generate the
different responses to the five policies. These responses depend on our
choices of parameter values. In our base case results we find the following:

The proportional income tax raises the long-run level of output by al-
most 5%. It also generates sizable increases in the capital stock and the
supply of labor. However, the reform hurts the poor, who face low effec-
tive rates of income taxation under the current federal income tax system
due to its deductions and exemptions. The proportional consumption tax
raises long-run output by over 9%. The implicit wealth tax generated by
this reform reduces the welfare of the initial middle aged and elderly. They
respond to this and the increase in after-tax interest rates by consuming
less and working more, which raises national saving and investment. The
expanded capital stock and reduced fiscal burden make most of those
alive in the long run significantly better off. However, eliminating tax
progressivity lowers the welfare of the poorest members of society.

The flat tax’s standard deduction alleviates some of the distributional
concerns raised by the proportional income and proportional consump-
tion taxes. But this deduction increases the tax rate needed to satisfy the
government’s intertemporal budget constraint. Consequently, long-run
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output rises by less than 5%. Although the flat tax’s standard deduction
insulates the poor from welfare losses, it hurts middle-income groups,
especially in the short run but even in the long run. Its capital levy also
hurts initial high-income elderly cohorts. Those welfare losses must be set
against the welfare gains enjoyed by all groups in the long run.

Adding transition relief to the flat tax limits the welfare losses of initial
capital owners. But this modification of the flat tax reduces aggregate
income gains again, with long-run output now rising by less than 2%.
Furthermore, because replacement tax rates must increase to compensate
for the lost revenue associated with transition relief, all but the richest
and poorest lifetime-income groups suffer welfare losses in the long run.
The X tax, which raises long-term output by 6.4 %, provides no transition
relief. It also confronts the rich with higher effective tax rates on their
labor supply. It is not surprising, then, that the X tax helps those who are
poor in the long run by more than it helps those who are rich. Still, all
long-run cohorts gain.

Thus, fundamental reform of the U.S. tax system offers significant long-
run gains in output and general welfare, but these gains come at the
expense of certain groups. Modifications that mitigate adverse transition
and distributional effects also substantially reduce the long-run gains. In
considering the plausibility of the results, one should bear in mind that
these changes are generally much more radical than any U.S. fiscal policy
change enacted in recent memory. Moreover, the structure of economic
incentives and the distribution of resources are being altered in two ways —
by the policies themselves and by their general equilibrium impacts on
the time paths of factor prices. Hence, simple intuition about the expected
magnitude of individual responses is difficult to apply to the reforms being
considered.

1. The Model

1.1. Demographic Structure

The model’s agents differ by their dates of birth and their lifetime labor-
productivity endowments. Every cohortincludes 12 lifetime-earnings gro-
ups, each with its own endowment of human capital and pattern of growth
in this endowment over its lifetime. The lifetime-earnings groups also dif-
fer with respect to their bequest preferences. All agents live for 55 peri-
ods with certainty (corresponding to adult ages 21 through 75), and each
j-type generation is 1 + n times larger than its predecessor. At age 21,
each j-type cohort gives birth to a cohort of the same type. Population
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growth is exogenous, and each cohort is (1 + n)? larger than its parent
cohort.

1.2. Preferences and Household Budget Constraints

Each j-type agent who begins her economic life at date ¢ chooses perfect-
foresight consumption paths (c), leisure paths (/), and intergenerational
transfers (b) to maximize a time-separable utility function of the form

-1

v
U]'_ L 75 - 21 C -1 +all -1l -1 +1354 /b/ -3
0= 1 sl 5,t4+5—21 s.is—21 M D75, 1454
1

1)

In (1), a is the utility weight on leisure, y is the intertemporal elasticity
of substitution in the leisure/consumption composite, and p is the intra-
temporal elasticity of substitution between consumption and leisure. The
parameter u/ is a j-type specific utility weight placed on bequests left
to each child when the agent dies, representing a “joy of giving” bequest
motive, a formulation of bequest preferences studied by Alan Blinder
(1973) and others. The term 8 = 1/(1 + §), where § is the rate of time
preference, is assumed to be the same for all agents.’

Letting asj’t be capital holdings for type j agents, of age s, at time ¢,
maximization of (1) is subject to a lifetime budget constraint defined by
the sequence:

s]+1 1 — =1+ r;)( as, + gs ) (Es/t lsj,z) - Cs/,z
k
- Z . T(B, 1) -
1, < E )
and )
azs, =0,

where r, is the pretax return to savings, gf,;, are gifts received from par-
ents, E/, is the time endowment, b}, are bequests made to each of the
N = (1 + n)® children, and the functions 7*(-) (with tax bases B/" as ar-
guments) determine net tax payments fromincome sources K =1, ..., K.
All taxes are collected at the household level, and the tax system includes

5> The relationship between y, p, and the elasticity of labor supply with respect to the current
wage is discussed in the Appendix.
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both a personal income tax and a business profits tax. There are no lig-
uidity constraints, so the assets in (2) can be negative, although terminal
wealth — the wealth left over after final period bequests are made — must
be nonnegative.

An individual’s earnings ability is an exogenous function of age, type,
and the level of labor-augmenting technical progress, which grows at a
constant rate A. We summarize all skill differences by age and type via an
efficiency parameter ¢! Thus, the wage rate for an agent of type j and age s
is wf., = 83 w,, where wy is the real wage at time ¢. The term s_{ increases
with age to reflect not only the accumulation of human capital, but also
the technical progress that occurs over the course of each individual’s life;
that is, the values of 8{ are set to establish a realistic longitudinal age—
wage profile. To permit balanced growth without a further restriction of
preferences (i.e., to keep the ratio of labor supply to labor endowment
constant in the steady state), we model the growth in lifetime wages from
one generation to the next as growth in time endowment rather than in
the wage rate per unit of time; that is, we assume that technical progress
causes the time endowment of each successive generation to grow at
rate A.% Thus, if Ef . is the endowment of type j at age s and time ¢, then
Eft =(1+Ar)E! 51> foralls, z,and j. Because E grows at rate A from one
cohort to the next, technical progress imparts no underlying trend to w,.

Children receive transfers, with interest, at the beginning of the period
after their parents make them. We restrict parental transfers to bequests,
so that b’, =0, for s # 75, and g/, = 0, for s # 56. In the steady state,
therefore, g/ = b/, forall j (with age subscripts dropped for convenience).

1.3. The Government

At each time ¢, the government collects tax revenues and issues debt
(Dy41) that it uses to finance government purchases of goods and services
(G;) and interest payments on the inherited stock of debt (D;). Letting
@/ stand for the fraction of j-type agents in each generation, the govern-
ment’s official debt evolves according to:

D1+ (L+n) Z Zs 21(1 +n)” o2 Zk B‘I ’k)
=G +{+r)D,. (3)

6 Both of these adjustments, to the slope of the wage profile and to the time endowment,
are needed to incorporate the impact of technical progress on wage growth, the former
because we assume that each cohort’s time endowment is fixed at birth. See Auerbach
et al. (1989) for a detailed discussion of this approach.
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Government purchases are assumed to be either a) unproductive and
generate no utility to households or b) be fixed and enter household
utility functions in a separable fashion. The values of G, and D; are held
fixed per effective worker throughout the transition path. Any reduction
in government outlays resulting from a change in the government’s real
interest payments is passed on to households in the form of a lower tax
rate.

The model also has a social security system that incorporates Old-Age
and Survivors Insurance (OASI), Disability Insurance (DI), and Medi-
care’s Hospital Insurance (HI). Old-age benefits are calculated according
to the progressive statutory bend-point formula. Disability and Medicare
benefits are provided as lump-sum transfers. The OASI payroll tax is set
at 9.9% and applied to wage income up to a limit of $62,700. HI and DI
tax rates are set at 2.9% and 1.9%, respectively. Like the OASI tax, DI
contributions apply only to wages below $62,700. The HI tax, by contrast,
is not subject to an earnings ceiling.

Benefits are scaled to reflect spousal and survivor benefits using distri-
butional information provided in the 1997 OASDI Trustees Report. We
set the perceived marginal link between the OASI contributions and the
OASI benefits at 25%. The perceived effective OASI tax rate is, thus,
7.4% —75% of 9.9%.” Lump-sum HI and DI benefits are provided on an
equal basis to agents above and below age 65, respectively.

1.4. Firms and Technology
Aggregate capital (K) and labor (L) equal the respective sums of indi-
vidual asset and labor supplies as indicated in Equations (4) and (5).

12 x5 —(s=21) ]

K, =(+n) Z/zl oY (+n) e, — D, (4)
12 75 (s L .

L =(1+n) Z,-=1 o'y A+ (B~ 1), (5)

Output (net of depreciation) is produced by identical competitive firms
using a neoclassical, constant-returns-to-scale production technology. In
the base case, the aggregate production technology is the standard Cobb—
Douglas form:

Y, = AK LY, (6)

7 See chapter 10 of Auerbach and Kotlikoff (1987) for a more detailed discussion.
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where Y] is aggregate output (national income) and 6 is capital’s share in
production. However, in later simulations, we do consider the impact of a
lower elasticity of substitution in production, o, using a constant elasticity
of substitution (CES) function.

Another important aspect of the production technology in our base
case is the assumption that it is costly to adjust the capital stock. Tax re-
forms, particularly those that eliminate the marginal tax on capital income,
can induce large increases in demand for capital. The extent to which in-
creased demand translates into more investment, rather than higher asset
values, affects both the efficiency of the tax reform and its distributional
consequences. We model adjustment costs as convex, indeed as a simple
quadratic function of investment:

C(Iz) = [1 + O~51/f(1t/Kr)]It (7)

with the quadratic term ¢ equal to 10, a value consistent with the recent
results of Cummins et al. (1994). With convex adjustment costs, investors
will be induced to smooth out increases in investment, and the shadow
price of new capital goods relative to their replacement cost — Tobin’s g —
will move in the same direction as investment.®

The competitive pretax, preexpensing rate of return to capital at time ¢
is given by the marginal product of capital (defined in terms of the capital-
labor ratio, «)

R, =6 A, (8)

In general, tax systems treat new and existing capital differently. Un-
der the consumption tax, new capital is permitted immediate expensing,
while existing capital receives no such deduction. Even under the exist-
ing income tax, the combined effect of accelerated depreciation and the
lack of inflation indexing makes the depreciation allowances per unit of
existing capital lower than those given new capital. We model provisions
that treat new and existing capital differently using the mechanism of
fractional expensing of new capital, at rate z. That is, we set z to account
for the extent to which new capital faces a lower effective tax rate than

8 The restriction of our model to a single composite capital good means that we are unable
to study the differential revaluation of housing, equipment, plant, inventories, and other
forms of capital arising from tax reforms. The fact that the market values of particular
capital goods may change to a greater degree than those of others means that we may
be under- or overstating saving and labor supply responses to tax reforms, particularly if
different capital goods are disproportionately held by particular age groups and particular
income classes within those age groups.
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does existing capital (with z = 1 under the consumption tax). If 7 X is the
time-¢ marginal tax rate on net capital income (i.e., the tax rate applied to
capital income net of expensing) then, given (7), arbitrage between new
and existing capital implies that the latter has a unit value of

a=1-zt5)+ 1 - S)v/K). )

assuming that adjustment costs are expensed. g; equals Tobin’s gq. Note
that g depends not only on the strength of demand for new capital (via the
second term), but also on the relative treatment of old and new capital.
Tax reforms typically affect both of these terms.

The arbitrage condition arising from profit maximization implies that
the posttax return is:

(Rt + 0-51/f(1t/Kz)2) (1 - T,K) +q+1—q
q:

In (10), the total return to capital includes its after-tax marginal product’
plus capital gains.

t =

(10)

2. Calibration

Much of our model’s parameterization is relatively standard. Exceptions
include earnings-ability profiles and the fiscal structure. We turn first to
these elements and then discuss more familiar preference and technology
parameters. Table 11.1 summarizes our selected parameters.

2.1. Earnings Ability Profiles
The growth-adjusted earnings ability profiles in Equation (5) are of the
form:

gsj — eSl{+(A+Elj)s+Ezjs2+E3js3 (11)

where, as discussed above, A is the constant rate of technical progress.
Values of the & coefficients for j-type groups 1 through 12 —in ascending
order of lifetime income — are based on regressions fitted to the Uni-
versity of Michigan’s Panel Study of Income Dynamics, using a strategy
similar to that in Fullerton and Rogers (1993). The procedure involves
(i) regressing the log of hourly wages on fixed-effect dummies, cubics in

9 This equals R,, as defined in (8), plus the reduction in proportional adjustment costs due
the increase in the capital stock. See Auerbach (1989) for a derivation of Equations (9)
and (10).
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Table 11.1. Benchmark Parameter Definitions and Values

295

Symbol Definition Value
Preferences
o Utility weight on leisure 1.00
8 Rate of time preference 0.004
y Intertemporal substitution elasticity 0.25
w Utility weight placed on bequests by income class j!
o Intratemporal substitution elasticity 0.80
Human capital
&l Productivity of agent in income class j at age s.
Demographics
n Population growth 0.01
N Number of children per adult, (1 + n)* 1.22
@/ Fraction of agents of income class ;>
Technology
A Rate of technological change 0.01
) Adjustment cost parameter 10
0 Net capital share 0.25
o Constant elasticity of substitution 1.00
Values of fiscal variables in initial steady state
— Debt service as fraction of National Income 0.0310
— Disability Insurance tax rate 0.0190
— Medicare (HI) tax rate 0.0290
— Social Security (OASI) tax rate 0.0990
— Social Security replacement rate?
— Social Security marginal tax-benefit linkage 0.25
— Payroll tax ceiling $62,700
7€ Proportional consumption tax 0.113
& Proportional capital income tax 0.20
()  Progressive wage tax with deductions & exemptions*
12 State proportional income tax less evasion adjustment 0.011
— Reduction of wage base from itemized deductions® 0.0755
— Reduction of wage base from fringe benefits’ 0.1129
z Expensing fraction® 0.20

L Calibrated in the initial state to match the level of bequests —as a fraction of mean national

income — in Fullerton and Rogers (1993, Table 3-8), in 1996 dollars.
2 ol =0.02, 9> =0.08, ¢! =0.10 (3 <i < 10), o' =0.08, p!> = 0.02.

3 The statutory progressive bendpoint formula for 1996, scaled up by a factor of 2 to account
for the fact that other non-DI benefits (mainly spousal and survivors benefits) account for

50% of all benefits paid (see 1996 OASDI Trustees Report, Table 11.C7).

4 The 1996 statutory tax function for a single individual with a deduction equal to $9,661
($4,000 standard deduction, $2,550 personal exemption and $2,550-N exemption for

dependents).

5 Total proportional base reduction above the standard deduction therefore equals 0.18845.
6 Deductions for new investment above economic depreciation and adjustment costs.
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age, and interactions between age, age-squared, and a set of demographic
variables; (ii) using the estimated coefficients from step (i) to generate
predicted lifetime wage profiles; (iii) sorting the data according to the
present value of implied lifetime income, and dividing the sorted data
into the 12 classes according to lifetime wage income; and (iv) estimating
the coefficients of (11) from the simulated data profiles of each of the
12 groups.

In sorting the data for steps (iii) and (iv), we divided the population
into deciles. Groups 1 and 12 comprise the bottom and top 2% of lifetime
wage income earners, and groups 2 and 11 the remaining 8% of the top
and bottom deciles. Each other group constitutes 10% of the population.
For example, group 3 is the second decile of lifetime wage income, group
four the third decile, and so on up to group 10.'°

Figure 11.1 presents the estimated earnings ability profiles, scaled to
include the effects of technical progress. Given our benchmark para-
meterization, peak hourly wages valued in 1996 dollars are $4.00, $14.70,
and $79.50 for individuals in classes 1, 6, and 12, respectively. More gen-
erally, steady-state annual labor incomes derived from the model’s as-
sumptions and from the endogenous labor supply choices range from
$9.,000 to $130,000. As discussed below, these calculations include labor
compensation in the form of fringe benefits.

2.2. Fiscal Structure

The model includes government purchases of goods and services, govern-
ment debt, and distortionary taxes. The level of government purchases,
G;, was chosen so that the benchmark steady-state ratio of government
purchases to national income equals 0.211. The level of government debt,
D,, was chosen such that the associated real interest payments equal about
3.1% of national income in the initial steady state. These values match
the corresponding 1996 values for combined local, state, and federal gov-
ernment in the United States.

The benchmark tax system in our initial steady state is designed to
approximate the salient aspects of the 1996 U.S. (federal, state, and local)
tax and transfer system. It features a hybrid tax system (incorporating
wage income, capital income, and consumption tax elements) and payroll
taxation for the social security and Medicare programs.!! To adjust for tax

10 This procedure is described more fully in the Appendix.

11" As the payroll tax in our model is used entirely to pay for current benefits, we set the rate
slightly below its 15.3% statutory rate to account for the portion of payroll taxes devoted
to trust-fund accumulation. See Table 11.2.
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evasion, we reduce income taxes by 2.6%. This adjustment is consistent
with the degree of tax evasion reported in Slemrod and Bakija (1996).
In the alternative tax structure experiments we assume that evasion re-
duces the postreform tax base (income net of deductions and exemptions)
by the same percentage as before the reform. This is a simplifying assump-
tion that merits exploration in future research.

We approximate the current U.S. tax system by specifying a progressive
wage income tax, a flat capital income tax, a flat state income tax, and a
flat consumption tax.

WAGE INCOME TAXATION. The wage income tax structure has four ele-
ments: 1) a progressive marginal rate structure derived from a quadratic
approximation to the 1996 federal statutory tax rates for individuals'?;2) a
standard deduction of $4,000 and exemptions of $5,660 (which assumes
1.2 children per agent, consistent with the model’s population growth as-
sumption); 3) itemized deductions, applied only when they exceed the
amount of the standard deduction, that are a positive linear function of
income estimated from data reported in the Statistics of Income'?; and
4) earnings ability profiles that are scaled up to incorporate pension and
fringe components of labor compensation.'*

CAPITAL INCOME TAXATION. Since our model has a single capital good,
we need to calibrate marginal and inframarginal capital income tax rates
based on the average values of these rates taken across different types of
U.S. capital. Here, we follow closely the calculations in Auerbach (1996),

12 We use a quadratic approximation rather than the exact, discrete brackets to simplify
the simulation problem. Using a differentiable tax function allows us to derive first-order
conditions that do not involve kink points and shadow wages at these kink points. This
simplification is particularly relevant because our household decision problem already
has a kink point at the minimum taxable income level, and a potential corner solution at
zero hours worked, both of which involve the calculation of shadow wage rates, as well as
a nonconvexity at the point where the social security earnings ceiling is reached. These
additional complications are discussed below in the section that discusses the solution of
the model.

The data used in this estimation were taken from all taxable returns in tax year 1993. The
function was obtained by regressing deductions exclusive of mortgage interest expense
on the midpoints of reported income ranges. (The deduction of interest expense on
home mortgages was included in our calculation of the capital income tax rate, as we will
subsequently describe.) The regression yielded a coefficient of 0.0755 with an R? equal
to 0.99.

Benefits as a function of adjusted gross income were kindly provided by Jane Gravelle of
the Congressional Research Service and Judy Xanthopoulos of the Joint Committee on
Taxation. Based on this information we regressed total benefits on AGI. The regression
yielded a coefficient of 0.11295 with an R? equal to 0.99. In defining the wage-tax base,
we therefore exempt roughly 11% of labor compensation from the base calculations.

14
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who reports that income from residential capital and nonresidential cap-
ital are taxed at flat rates of 6% and 26%, respectively. Given that the
U.S. capital stock is split evenly between these two forms of capital, the
weighted average federal marginal tax rate on total capital income is about
16%. Because of the difference in treatment of new and existing capital,
primarily in the nonresidential sector, U.S. capital faces a higher tax rate —
roughly 20% for the capital stock as a whole, according to Auerbach’s es-
timates. To incorporate these tax rates in our model, we assume that all
capital income faces a 20% tax, but that 20% of new capital is expensed,
thereby generating a 16% effective rate on new capital."> In addition to
the federal taxation, both capital and wage income are subject to a pro-
portional state income tax of 3.7%.

CONSUMPTION TAXATION. Consumption taxes in the initial steady state
reflect two elements of the existing tax structure. First we impose an
8.8% tax on consumption expenditures, consistent with National Income
and Product Account values for indirect business and excise revenues, a
substantial component of which are state sales taxes. However, because
contributions to both defined benefit and defined contribution pension
plans receive consumption tax treatment, we add an additional 2.5% tax
on household consumption expenditures to account for the indirect tax-
ation of labor compensation in the form of pension benefits (Auerbach
1996). This 2.5% tax replaces the wage tax that otherwise would apply if
pension contributions were taxed as income.

2.3. Preferences and Technology

Our initial choices for the remaining technology, preference, and demo-
graphic parameters are summarized in Table 11.1. The value for §, the
pure rate of time preference — about which there is little evidence — is set
equal to .004 to generate a realistic value for the capital-output ratio in
the initial steady state. The values of y, p, and n are those in Auerbach
and Kotlikoff (1987). The intertemporal elasticity, y, is set equal to .25,
representing a relatively low degree of substitution between consumption
at different dates. While some studies in the literature have found higher
elasticities, most have not. One possible reason is the presence of liquid-
ity constraints and other factors that may mitigate the responsiveness of

15 The absence in our model of heterogenous capital goods means that we not only fail to
capture the differential revaluation of different capital goods, but we also fail to cap-
ture the additional efficiency gains that may arise from equalizing effective tax rates on
different capital inputs, an issue studied by Fullerton and Rogers (1993) and others.
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saving to interest rate changes. Our use of a low intertemporal elasticity
of substitution serves as an imperfect proxy for such factors.

We choose «, the utility function’s leisure intensity parameter, such
that, on average, agents devote about 40% of their available time endow-
ment (of 16 hours per day) to labor during their prime working years
(roughly ages 21-55). As discussed in the Appendix, the combined values
of y, p (the intratemporal elasticity of substitution), and « generate labor
supply elasticities that are well within the range of empirical estimates.
Still, as this range is fairly large, we also report results for values of y and
p that induce smaller behavioral responses. The bequest weights in the
utility function, 1/, are chosen to match bequests as a fraction of income
in the initial steady state based on estimates by Menchik and David (1982)
reported in Fullerton and Rogers (1993).

2.4. Solving the Model

Following Auerbach and Kotlikoff (1987), we solve the model with a
Gauss—Seidel algorithm. The calculation starts with guesses for certain
key variables and then iterates on those variables until a convergence
criterion is met. The model’s identifying restrictions are used to compute
the remaining economic variables as well as the updates for the itera-
tions. The solution involves several steps and inner loops that solve for
household-level variables before moving to an outer loop that solves for
the aggregate variables including the time paths of capital stock and ag-
gregate labor supply.

The household optimization problem is subject to the constraint that
leisure not exceed the endowment of time (Equation 2). For those house-
holds who would violate the constraint, the model calculates shadow
wage rates at which they exactly consume their full-time endowment.
The household’s budget constraint is kinked due to the tax deductions
applied against wage income under the personal income tax. A house-
hold with wage income below the deduction level faces marginal and
average tax rates equal to zero. A household with wage income above
the deduction level faces positive marginal and average tax rates. Due to
the discontinuity of the marginal tax rates, it may be optimal for some
households to locate exactly at the kink. Our algorithm deals with this
problem as follows. We identify a household that chooses to locate at the
kink in particular periods by evaluating each period’s leisure choice and
corresponding wage income above and below the kink. We then calculate
a set of period-specific shadow marginal tax rates from the period-specific
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first-order conditions that put such households exactly at kinks in each
period in which being at a kink is optimal. This calculation of shadow tax
rates for particular periods is simultaneous; i.e., a shadow tax rate in any
particular period will influence labor supply decisions in all other peri-
ods. The payroll tax ceiling introduces additional complexity by creating
a nonconvexity in the budget constraint. For those above the payroll tax
ceiling, the marginal payroll tax rate on labor earnings is zero. For each
period, we evaluate the utility on both sides of the nonconvex section and
put households on the side that generates highest utility.

Aggregate variables of the model are solved with a forward-looking
algorithm thatiterates on the capital stock and labor supply over the entire
transition path. Initial guesses are made for a) the time path of aggregate
demands for capital and labor, b) each household’s shadow wage and tax
rates at each age, and c) the endogenous tax rate (for which the program
is solving), the payroll tax rate, and social security and Medicare benefit
levels. Given the initial guesses of the time paths of all these variables,
the model calculates a) the factor prices in each period that are consistent
with the use by firms of the aggregate inputs assumed to be demanded and
b) the remaining lifetime consumption and leisure choices for all income
classes in each current and future cohort. Shadow wages and shadow taxes
are calculated to ensure that the time endowment and the tax constraints
discussed above are satisfied. Households’ labor supply and assets are
then aggregated across cohorts and, within cohort, across lifetime income
classes for each period. This aggregation generates a new guess for the
time paths of the aggregate supplies of capital stock and labor supply.

In equilibrium, the factor supply time paths for capital and labor must
equal their corresponding factor demand time paths. Hence, to form a new
guess of the time paths of aggregate factor demands we form weighted
averages of the initial guess and the supply time paths derived using the
previous guess of the time path of factor demands. The time paths of
the tax rate for which we are solving and the payroll tax rate are also
updated to meet the revenue-neutrality requirement and to preserve the
pay-as-you-go financing of Social Security and Medicare benefits.!® The
algorithm then iterates in this manner until the capital stock and labor
supply time-paths converge; i.e., until the time paths of factors demanded
are consistent with the time paths of factors supplied.

16 Note that the social security replacement rate and absolute level of Medicare benefits
are exogenous.
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2.5. The Benchmark Equilibrium
Table 11.2 provides summary statistics for the initial steady state. Given
our parameter choices, the model generates a pretax, preexpensing inter-
estrate of 8.3%!7, anet national saving rate of 5.1 %, and a capital/national
income ratio of 2.6. Consumption accounts for 73.1% of national income,
net investment for 5.1%, and government purchases of goods and services
for 21.1%. These figures are close to their respective 1996 NIPA values.

The calibrated model’s initial economy-wide average marginal tax rate
on wage income is 21.6%, close to the figure obtained from the NBER’s
TAXSIM model reported in Auerbach (1996). The average wage in-
come tax rate equals 12.2%. For all individuals in the highest lifetime
income class (group 12), the average effective marginal tax rate on labor
income is 29.2%. The highest realized effective marginal tax rate is 34.9%.
For lifetime income class 6 — whose members have peak labor earnings
of about $35,000 — the average tax rate and average marginal tax rate
are 10.7% and 20.0%, respectively. For the poorest class (group 1), the
corresponding rates are zero and 11.1%.'8

In this initial steady state, bequest wealth (the accumulated value of
inheritances received summed over all households) depends on the age
structure of bequest receipt. Our assumption that individuals receive be-
quests at age 56 is made primarily for simplicity.'® With this assump-
tion, and our calibration of bequests themselves to the data cited earlier,
bequest wealth represents 30% of the capital stock. This percentage is
smaller than that reported for 1974 for overall transfer wealth by Kotlikoff
and Summers (1981). The percentage would, presumably, be larger had we
assumed an earlier age of bequest receipt, but still is in rough agreement

17 This number is somewhat lower than the estimated 1996 return to capital relative to
replacement cost of 9.3% listed in Table 11.2. In our model with nonzero adjustment
costs, the before-tax interest rate determined by expressions (9) and (10) differs from the
return to capital, because market value differs slightly from replacement cost (see (9))
and because the total return to capital accounted for by the interest rate also includes the
reduction in adjustment costs brought about by additions to capital (see the numerator
in (10)). Ignoring these two terms, the return to capital itself, equal to the term R in (8),
i89.7%.

The average marginal rate for people with the lowest income exceeds zero due to positive
shadow tax rates in peak earnings years.

See Gale and Scholz (1994) for a discussion of the relative magnitudes of bequests and
inter vivos transfers. While our choice of age 56 to receive inheritance seems reasonable,
different ages could certainly be considered. However, each age of inheritance would
alter the stock of inherited wealth and thus the economy-wide capital-output ratio. As
this, in turn, would necessitate a recalibration of bequest preference parameters, the
ultimate impact on our results would likely be small.

18
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Table 11.2. Key Variables in the Initial Steady-State and U.S. Data

Model Empirical Estimate and Calculation
Calculation (using NIPA
Concept Value Estimate unless indicated)

Composition of National Income (fraction)

Personal consumption 0.731 0.720 Personal consumption
expenditures — housing
services

Net saving rate 0.051 0.056 (National saving — capital
consumption allowance)/NI

Government purchases 0.211 0.212 Consumption expenditures +

gross investment for
federal (defense and
nondefense) and state and
local — consumption of
fixed capital

Tax Rates and Revenue

Avg. marginal wage tax!  0.216 0.217 Auerbach (1996) based on the
NBER TAXSIM model.

Government revenue 0.239 0.239 Total receipts — contributions
for social insurance —
property taxes (state and
local)

OASDHI tax 0.146 0.147 1996 tax rate is 15.3 which
includes trust fund
contributions equal to
about 0.6.

The Capital-Output Ratio and the Pretax Rate of Return

Capital-Output Ratio 2.562 2.660 (1993 current-cost net stock
of fixed reproducible
wealth — govt. owned fixed
capital) / 1993 National
Income

Pretax rate of return? 0.083 0.093 The 1960-94 average of the
sum of interest, dividends,
retained earnings and all
corporate taxes divided by
the replacement value of
capital stock (Rippe, 1995).

I Does not include the payroll tax.
2 The social marginal rate of return (i.e., before corporate taxes).



304 Altig et al.

with the Kotlikoff-Summers findings concerning the amount of wealth
generated solely by bequests as opposed to inter vivos transfers, which
we do not model explicitly. That said, the importance of bequests and
inter vivos transfers for U.S. capital formation appears to have dimin-
ished through time because of the remarkable increase in recent decades
in the degree of annuitization of the elderly (see Auerbach et al. 1995).

3. Initial Tax Reform Simulations

Table 11.3 summarizes the five tax reforms. Table 11.4 presents simula-
tions for all five reforms for the base case assumptions. In each of these
simulations, our initial steady state is the same, calibrated to the 1996 U.S.
economy as described above. Table 11.4 also presents variables of inter-
est for this initial steady state and for three transition years, 1997, 2010,
and 2145, meant to illustrate short-run, medium-run and long-run effects.
Subsequent tables, described in the next section, present the results of
sensitivity analysis involving preference and technology parameters.

3.1. A Proportional Income Tax

Our first experiment replaces the progressive tax on wage income and
the proportional tax on capital income with a proportional tax applied to
all income. In addition, the proportional income tax eliminates the major
preferences in the federal income tax, including the standard deduction,
personal and dependent exemptions, itemized deductions, and the pref-
erential tax treatment of fringe benefits. The last of these is implemented
by decreasing the consumption tax rate by 0.025 and subjecting all com-
pensation to the new proportional income tax. The investment expensing
rate remains at its initial 20% level.

The first panel in Table 11.4 summarizes the aggregate results from this
reform. The marginal tax rates required to satisfy the government’s budget
constraint stay close to 13% over the entire transition path. This value lies
far below both the 21.6% average marginal rate applied to labor income
and the 16% rate applied to capital income in the benchmark steady state.
National income rises by 3.8% immediately and by 4.9% ultimately. In
the early years of the transition, these output changes are dominated by
increased work effort associated with the lower marginal tax rates. In
the long run, higher wealth levels mitigate some of the increase in labor
supply. However, the accumulated effects on the stock of capital from the
reform more than compensate for the reduced labor supply: in the long
run the capital stock increases by 5.6%. The short-run decrease in the
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Table 11.3. Key Elements of Tax Reform Experiments

Experiment Description
Proportional Eliminate all tax base reductions
Income Tax Eliminate the standard deduction, personal exemption,

exemptions for dependents, itemized deductions, preferential
tax treatment of all fringe benefits (the consumption tax
treatment of pension and the deductibility of nonpension
benefits), and the deductibility of state income taxes at the
federal level.!
Flattening of tax rates
Replace progressive wage tax and proportional capital
income tax with a proportional equal tax rate on wage and
capital income. Eliminate double taxation of capital income.
Proportional Eliminate all tax base reductions
Consumption Tax Flattening of tax rates
Full expensing
Allow the deductibility of all new investment.
Standard Flat Tax Eliminate all tax base reductions
Flattening of tax rates
Full expensing
Protection of housing wealth
Housing (including consumer durables) remain untaxed.?
Standard deduction
Allow for a deduction for a single individual equal to $9,500.
Flat Tax with Eliminate all tax base reductions
Transition Relief Flattening of tax rates
Full expensing
Protection of housing wealth
Standard deduction
Transition relief
All existing assets continue to receive depreciation
allowances.?
X Tax Eliminate all tax base reductions
Preserve current-law progressive wage tax*
Capital income tax set at highest marginal wage tax rate
Full expensing
Protection of housing wealth’

Consumption tax treatment of pensions is eliminated by decreasing the consumption tax by 0.025 and
subjecting all compensation to the new proportional income tax.

About 50% of the capital stock is composed of housing and consumer durables whose imputed rent
is not taxed. Hence, the proportional tax rate on capital income is set to half of the tax rate on wage
income.

As noted in Auerbach (1996, footnote 46), under current law and with current inflation, the present
value of remaining depreciation allowances per dollar of net nonresidential capital is approximately
half the value of the assets. Allowing for these depreciation allowances has the same impact as forgiving
half of the cash flow tax on existing assets. Hence, the cash flow tax on capital income is set to one
quarter of the replacement proportional wage tax rate.

General equilibrium effects and the constant government revenue constraint requires proportional
shifts in the wage tax schedule (with an increase in the short run and a decrease in the long run). The
average marginal tax rate is reported in Table 11.4.

Since the highest marginal wage tax rate in the final steady state equals about 0.30, the capital income
tax is set equal to 0.15.
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capital-labor ratio produces a short-run increase in the before-tax inter-
est rate and a short-run decrease in before-tax wage rate. The long-run
increase in the capital-labor ratio produces the opposite effects on factor
prices. This reform’s initial impact on the market value of our composite
capital good (measured via Tobin’s g) is positive, reflecting the increase
in saving and demand for capital that results from two factors: the rise in
short-run disposable income (due to higher labor supply) and, to a lesser
extent (because it doesn’t change much), the lower marginal tax rate on
capital income. The second potential effect on g, associated with changes
in the relative treatment of old and new capital, is small because the level
of expensing has not changed and the effective tax rate on capital income
has decreased only slightly (housing capital is no longer exempt).

Figure 11.2 shows the effects of the tax reform on remaining lifetime
utility for different generations by lifetime income group.?’ For ease of
exposition, the figure reports the utility gains only for classes 1, 3, 6,9 and
12. The horizontal axis of the figure lists the period the generation enters
the model — reaches adulthood - relative to the period of the regime
shift (period 0). For example, —1 refers to the generation that reaches
adulthood just prior to the regime shift, 0 to the generation that reaches
adulthood in the period of the shift, 1 in the following period, and so on.?!
The change in remaining lifetime utility is measured as the equivalent
variation of remaining full lifetime income. In interpreting these numbers,
one should keep in mind that full lifetime income includes the value of
leisure. In our model, full lifetime income is more than twice the size of
remaining actual lifetime earnings. Hence, gains or losses will tend to be
larger if measured relative to either realized earnings or consumption.

In the long run, only members of lifetime income groups 8 through
12 experience increased utility from the proportional income tax reform,
the rise in aggregate output notwithstanding. The main reason is that
average tax rates increase for income classes 1 through 7 due to the loss
of deductions and exemptions. In the short run, however, the oldest agents
at the time of the reform are slightly better off since the reform increases
the after-tax return to capital.

20 We focus on the welfare effects of tax reforms on members of different income groups
and generations, rather than on the overall efficiency change that might be calculated
by aggregating such individual welfare effects. As our model’s disaggregation by income
class is largely secondary in the context of an efficiency analysis, it seems unnecessary to
repeat the extensive analysis of efficiency already provided in Auerbach (1996), based
on the original AK model.

For members of the 55 transition generations, an individual’s age at the time of reform
equals the 21 minus the number on the horizontal axis.

21
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3.2. A Proportional Consumption Tax

Our proportional consumption tax differs from the proportional income
tax by including full expensing of investment expenditures. The govern-
ment is now taxing income less domestic investment, which, in our closed
economy, equals income less saving, that is, consumption. Formally, we
specify the consumption tax as a combination of a labor-income tax and
a business cash-flow tax. The second panel of Table 11.4 summarizes ag-
gregate effects. The first thing to note is the 4% drop in g — the value of
the existing capital stock relative to new capital. This drop occurs even
though the rate of investment surges, because the impact of investment
demand on g is more than offset by the sharp increase in the tax advan-
tage of new versus old capital. This second effect constitutes the one-time
effective tax on existing capital assets mentioned above.

In the period just after the tax reform, labor supply increases by 6.3%,
a higher effect than was observed under the proportional income tax. This
is because there are now additional factors at work beyond the reduction
in marginal labor income tax rates. The rise in after-tax interest rates
(because capital income is now essentially untaxed) produces substitution
effects that encourage delays not only in consumption, but also in leisure,
impacts reinforced by the negative wealth effect among those holding old
capital.”? These two factors also generate a substantial short-run jump in
the saving rate from 5.1% to 7.3%. However, as the initial negative wealth
effects diminish over time and interest rates fall with the growth in capital,
the saving rate eventually recedes to 5.9%. Fourteen years into the reform
(in2010), the capital stock (per effective unit of labor) is 10.8 % larger than
its initial steady state value, and output is 6.3% larger. In the long run,
the capital stock exceeds its initial value by 25.4%, and output exceeds its
initial value by 9.4%, strong reactions that permit the consumption tax
rate to fall over time, from 14.2% initially to a long-run 12.7%.

Figure 11.3 shows that, despite the large aggregate income gains, lower
lifetime income groups are hurt by the reform. Although these losses
are not as large as those in the proportional income tax case — indeed,
several groups switch from being long-run utility losers to long-run utility
winners — the regressive nature of the outcomes persists. The figure also

22 There is also an income effect associated with the rise in interest rates, equal to the
reduction in the present value of future consumption less the present value of future
labor income. These income effects will generally be positive and discourage saving,
though the effect will be much smaller than in the simple two-period life-cycle model
with first-period labor supply, in which only the future-consumption term is present.
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reveals welfare losses for initial rich elderly, who own the lion’s share of
the existing capital stock.?® In contrast, the initial poorest elderly gain
from the tax reform. There are two reasons. First, this group consumes
almost entirely out of Social Security benefits, the real value of which are
unaffected by the change in asset values. Second, this group also borrows
against some of their Social Security benefits prior to retirement, and
their slightly negative net worth in old age shrinks in magnitude due to
the policy-induced fall in the value of existing capital.

3.3. The Flat Tax

Our flat tax experiment modifies the proportional consumption tax by
including a standard deduction of $9,500. In addition, it fully exempts
housing wealth — about half of the capital stock — from taxation. Because
policy makers are unlikely to extend the capital levy to housing, this ex-
emption is an important step toward realism.?*

As the third panel in Table 11.4 makes clear, the need to finance the
standard deduction and tax exemption of existing housing increases the
replacement tax rates well above those of the proportional consumption
tax. As a result, the output effects under the flat tax are substantially
reduced relative to its proportional counterpart. The long-run rise in the
capital stock and level of output are, respectively, only 59% and 48% as
large as those under the proportional consumption tax. The labor supply
response is lower as well, reflecting the higher short- and long-run levels of
marginal tax rates. The revenue-neutral flat-tax rate equals 21.4 % initially
and reaches 19.9% in the long run. The short-run impact on Tobin’s ¢q is
quite similar to that of the proportional consumption tax, but this masks
two offsetting effects. Investment demand rises less under the flat tax,
moderating the positive impact of this factor on g. On the other hand,
as the flat tax exempts much of existing wealth from the implicit tax old
capital, it also moderates this factor’s negative impact on g. In the longer
run, as the first difference declines in importance (with net investment
converging to zero in both instances), the second effect predominates,
resulting in a higher value of g under the flat tax.

Figure 11.4shows that the flat tax generates short-run utility effects that
are similar to those of the consumption tax. The long-run utility changes

23 Their welfare loss is less than the 4% capital loss they experience on their holdings of
capital, because much of their welfare comes in the form of leisure.

24 To impose the capital levy on existing housing would require taxing current owners’
imputed rent and eventual sale proceeds.
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are bunched much more closely than those of either of the proportional
tax reforms. This reflects the flat tax’s attention to preserving progressivity.
Interestingly, the highest relative gains are for the richest and poorest
lifetime income groups, with the poorest gaining from the higher standard
deduction and the richest from the flattened marginal rate schedule.

The utility changes for the richest and poorest lifetime income groups
also differ from those of the middle groups throughout the entire transi-
tion path. Group 12 benefits the most from reduced marginal and average
tax rates. Group 1, which pays very little tax under either regime, benefits
from the overall increase in wages. For those in income groups 3 through 9,
the marginal and average tax rates initially change little or even rise. This
stems from the revenue neutrality of the experiment, which requires a
flat-tax marginal rate that initially exceeds the prereform tax rates for
some agents in the middle-income classes in order to finance the lower
tax rates at the top end. Those who belong to the lifetime middle-income
range and enter the workforce close to the time of reform suffer utility
losses along the transition path. They face relatively high tax rates of 20%
to 22% on labor income for 20 to 25 years of their working life before the
growth of the capital stock becomes fully effective. Once the economy
grows, though, tax rates fall and wages rise, which leaves group 3 better
off and raises the lifetime utility levels of groups 6 through 9 nearly to the
point of indifference.

Neither the macroeconomic variables nor the welfare effects of the flat
tax experiment are substantially influenced by the existence of a bequest
motive. We repeated the simulation by “turning off” bequests (setting
the utility bequest weight u/ = 0 for all j), simultaneously reducing the
rate of time preference slightly (from .004 to .002) to maintain the same
initial steady-state capital-output ratio. The resulting transition path was
nearly identical to that just discussed, with the long-run increases in na-
tional income, the capital stock, and labor supply equal to 4.6% (versus
4.5%),15.3% (versus 15.0%), and 1.4% (versus 1.3%), respectively, and
no significant differences in the remaining initial steady-state computa-
tions nor in the postreform changes in output or welfare.”> While it might
seem surprising that eliminating bequests has so little impact, it should
be remembered that bequests are modeled here as basically another type
of future consumption. Thus, the motivations for bequest saving and life-
cycle saving are essentially the same.

25 Because of the extreme similarity to the simulation just presented, the results for this
experiment are not shown separately in the table.
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3.4. The Flat Tax with Transition Relief

One important characteristic of consumption tax reform s its treatment of
existing assets and their owners. In contrast to the positive welfare gains
they receive under the switch to proportional income taxation, older,
higher wealth asset holders lose with the adoption of the proportional
consumption tax or the flat tax. Though these losses are moderated by
the surge in asset demand that limits the decline in existing asset values,
the presence of such losses may make transition relief for existing assets a
political necessity. Our fourth experiment adds transition relief to the flat
tax by extending prereform depreciation rules for capital in place at the
time of the tax reform. Since the present value of depreciation allowances
equals roughly 50% of the nonresidential capital stock, transition relief
is modeled by cutting the effective cash-flow tax rate in half.

As the fourth panel of Table 11.4 confirms, all of the salutary long-run
aggregate effects of the standard flat tax are mitigated by the introduc-
tion of transition relief, which must be financed by permanently higher
tax rates. The transition relief is, in some sense, excessive, in that the value
of existing assets actually rises slightly in the short run. Still, the capital
stock increases by over 8% in the long run, affording a 1.9% rise in the
long-run level of output. Labor supply changes little following this tax
reform, actually declining slightly below its initial steady-state level, re-
flecting both higher marginal tax rates (on average) and positive wealth
effects.

Figure 11.5, which shows the welfare effects of the flat tax with tran-
sition relief, differs markedly from Figure 11.4, which shows the effects
with no transition relief. Transition relief replaces the small short-run wel-
fare losses of the wealthier initial elderly with sizable welfare gains, and
raises the welfare gains of all income classes who are in their middle ages
when the reform is begun. But these welfare gains come at the cost of
smaller welfare gains for certain future generations and welfare losses for
others. For example, with no transition relief, the long-run rich (members
of groups 12 alive in the long run) experience more than a 1.6% gain in
welfare. But with transition relief, these gains are cut nearly to zero. For
middle-class households alive in the long run, the concession to initial
wealth holders transforms the flat tax from having essentially no impact
to a roughly 1.5% loser when measured in terms of its welfare impact.
Indeed, with the exception of the very poorest and very richest members
of society, transition relief transforms the flat tax into a bad deal for those
alive in the medium and long runs. This is critically important to keep
in mind in assessing calls for a flat tax. Many advocates of the flat tax
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favor transition relief, apparently without sufficient understanding that
offsetting wealth effects are already present, and that short-run relief
undermines the results they claim the flat tax will achieve in the long run.

3.5. The X Tax

The X tax, using the present-law standard deduction, maintains the pro-
gressivity of the present-law wage tax schedule. It also sets the cash-flow
tax rate equal to the highest marginal tax rate on labor income, in this
case 30%.26 An important reason for choosing equal rates of tax on labor
and cash flow under the flat tax was that doing so eliminates the incen-
tive for businesses to shift income. Under the X tax, the cash flow tax
rate cannot equal all marginal tax rates on labor income simultaneously,
but setting it equal to the highest labor income tax rate is nearly as ef-
fective, as most potential shifting would involve high-income executives
and business owners in the top labor income bracket. However, an in-
teresting byproduct of this design feature is that it raises the levy on old
capital above that imposed by the basic flat tax. This higher capital levy
offsets the rise in marginal tax rates on labor income due to progressivity,
for it reduces the present value of revenue that labor income taxes must
raise.

As shown in the bottom panel of Table 11.4, this reform produces
large long-run output gains despite maintaining progressive wage tax-
ation. Only the proportional consumption tax generates larger long-run
output gains. The long-run welfare effects of the X tax are progressive. As
shown in Fig. 11.6, the long-run gains vary inversely with lifetime income.
However, the percentage gains across groups are closer for this proposal
than for any other, suggesting that, in the long run, it is — as intended —
the least disruptive in its distributional impact. All groups experience wel-
fare gains of between 1% and 2% of full lifetime resources. In the short
run, though, those in the highest income class who are old at the time
of the reform suffer the largest welfare loss — reaching 2% of remaining
lifetime resources — since they hold the largest share of physical assets.
The poorest elderly, on the other hand, actually benefit from the capital
levy since they live essentially on their Social Security benefits which are,
in fact, a source of a slight amount of borrowing.

26 Recall that marginal wage tax rates are a linear function of taxable labor income. The
adjustments required to maintain budget balance are implemented by changing the in-
tercept of this function, while holding the slope constant.
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4. Sensitivity Analysis

This section considers the impact of changes in assumptions regarding
three key elasticity parameters for two of the tax reforms just considered,
the standard flat tax and the flat tax with transition relief. In each in-
stance, we make offsetting parameter adjustments to maintain the corre-
spondence between our initial steady state and the benchmark economy.
Table 11.5 presents the results of reductions in the production elastic-
ity of substitution between labor and capital, s, and the utility function’s
intratemporal elasticity, p, and intertemporal elasticity, y .

The first panel of the table presents simulations for the CES production
function,

Y, = AKVT 4 (1 — o)L}V (12)

in which the production elasticity of substitution, o, is reduced from 1
(i.e., Cobb-Douglas) to 0.8, a reasonable alternative value to our base
case assumption.”” As one would expect, the lower elasticity of substi-
tution means that the before-tax interest rate falls by more as capital
accumulates, somewhat dampening the capital accumulation incentive.
Thus, while the long-run interest rate is 8.0% in the base case for the
standard flat tax displayed in Table 11.4, it is 7.8% in the corresponding
run in Table 11.5 for o = .8; the long-run gain in the capital stock is re-
duced from 15.0% to 13.6%. However, these differences, as well as those
in other variables, are small. The same conclusion holds for the case of
transition relief.

As discussed above, there is considerable uncertainty about the “cor-
rect” values of the parameters y and p. It is therefore important to de-
termine how sensitive the results presented thus far are to reasonable
variations in these parameters. In each case, because we pose the ques-
tion in terms of whether tax reform might fail to produce welfare and
income gains, we consider smaller values of these elasticity parameters,
which reduce the degree to which agents react to improved incentives.
However, one can use these simulations to infer the effects of raising y or
p. The second panel of Table 11.5 presents results for each of the two flat
tax variants, with the value of the intratemporal elasticity of substitution,

27" As we reduce the production elasticity, we also change the capital intensity parameter, 6,
from 0.25 to 0.312, and multiply the production efficiency parameter, A, by 0.962. Itis a
matter of simple algebra to show that these two changes ensure that the levels of capital
and labor and the wage and interest rates in the initial steady state are the same as for
the base case with Cobb-Douglas production.
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p,reduced from 0.8 to 0.4. The bottom panel covers the same two reforms,
this time with the intertemporal elasticity of substitution, y, reduced from
0.25t00.1.28

The experiment with a smaller intratemporal elasticity of substitution
looks quite similar to the flat-tax case under our benchmark parameteri-
zation (in Table 11.4) in the early stages of the transition path. However,
in the long run, the decreased willingness to substitute higher consump-
tion for leisure results in a decline in aggregate labor supply relative to
the higher elasticity case. The smaller increase in labor supply contributes
to a smaller increase in the level of saving (even though the saving rate is
similar) and capital accumulation. As a result, capital growth is smaller
as well and, although real wage growth is similar to before, the slower
growth in both labor and capital makes income growth smaller as well,
only 2.8% in the long run, instead of 4.5%. The relative impact is similar
when transition relief is added.

The effects of the smaller intertemporal elasticity of substitution are
greater, because this change reduces the responsiveness not only of labor
supply, but of consumption as well. Thus, in addition to the smaller labor
supply response just observed, we also see a smaller increase in the saving
rate. Asaresult, short-run and long-run output gains are even smaller than
in the upper panel of the table. Under the pure flat tax, output rises by just
1.3% in the long run; with transition relief added, long-run output actually
falls by 3.1%. Thus, there is no guarantee that a realistic consumption tax
reform — the flat tax with transition relief — will raise output in the long
run.

5. Summary and Conclusion

Proponents and opponents of fundamental tax reform wrestle with the
same question: Are the gains to the winners worth the costs to the losers?
The answer involves value judgments that go beyond economic science.
But forming one’s judgments requires knowing what fundamental tax
reform will do to the economy and to its current and future participants.
This paper tries to provide a better sense of those outcomes by simulating
fundamental tax reform in a much-improved version of the Auerbach-
Kotlikoff model — one that considers intra- as well as intergenerational

28 We adjust § to —.08 to preserve the initial capital-output ratio when changing y . However,
when changing p, we adjust the labor intensity parameter « to 0.2, in order also to maintain
the appropriate share of labor supply in total labor endowment.
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equity and one that is closely calibrated to U.S. fiscal institutions and tax
policy.

The model predicts significant long-run increases in output from replac-
ing the current U.S. federal tax system with a proportional consumption
tax. For our base case, output would rise eventually by more than 9%.
For middle- and upper-income classes alive in the long run, this policy is
a big winner. But older transition generations suffer from the imposition
of an implicit capital levy, and low-income individuals, even in the long
run, suffer a significant loss as growth fails to compensate for the decline
in tax progressivity.

The flat tax, which modifies the basic consumption tax by exempting
housing wealth from taxation and by providing a large wage-tax deduc-
tion, improves the welfare of lower income individuals in the long run, but
at a cost of more than halving the economy’s long-run output rise, to 4.5%
for the same economic assumptions. Even then, this reform leaves initial
older generations worse off. Insulating them through transition relief, in
the form of maintaining present-law depreciation allowances on existing
capital, further reduces the long-run output increase — to just 1.9%.

Other reforms produce similar tradeoffs. Switching to a proportional
income tax hurts current and future low lifetime earners but helps every-
one else. The X tax, which combines consumption tax and progressive
wage tax elements, makes everyone better off in the long run and raises
output by even more than the flat tax. But this reform harms initial older
generations who face an implicit tax on their wealth. Further, with smaller
but still plausible labor supply and saving responses to tax changes, the
potential gains and hence the scope for trading off efficiency for equity are
reduced. Indeed, the last reform considered, a flat tax that offers transi-
tion relief actually reduces output in the long run for a low intertemporal
elasticity of substitution. Presumably, this is not what proponents of tax
reform have in mind.

Thus, our model shows that fundamental reform of the current U.S.
tax structure offers the possibility of significant macroeconomic expan-
sion and welfare gains for many, but not without true sacrifice by certain
groups. Adjustments that attempt to prevent adverse distributional effects
yield much more modest aggregate effects. While we have not sought to
identify more complicated policies that shield all losers from sacrifice, our
findings do suggest that such policies, if they exist, are likely to yield much
smaller output increases than those of policies that provide no such relief.

While we have adapted our model to accommodate many of the key
issues that arise when considering tax reform, there are some that we
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have not addressed. In treating the economy as closed, we may have
overstated the depressing impact of additional capital accumulation on
therate of return and, hence, understated the potential welfare and output
gains from tax reform, a conclusion consistent with the open-economy
simulations presented by Auerbach (1996).

Additional gains may also accrue under any of the tax reforms con-
sidered here as a result of the more uniform treatment of different types
of capital and different sectors of production. There may also be welfare
gains from tax simplification arising through reduced costs of compliance
and enforcement. Gains from both of these sources, though, would de-
pend on the reformed tax system maintaining not only its reduced rates
and broader base, but also its lack of special interest provisions that exist
under the current tax system and could arise under at least some of the
alternatives we have considered. Finally, as discussed recently by Gentry
and Hubbard (1997), the distributional and efficiency effects of tax re-
form might change somewhat in a richer economic model incorporating
variation in risk and rates of return, for one would then need to consider
the risk-sharing aspects of different tax systems and the extent to which
the capital levy of the consumption tax hit not only the quasi-rents of ex-
isting capital, but also true economic rents. A challenging task for future
research is to determine the relative importance of these factors.

Appendix

Labor Supply Elasticities

This section of the Appendix discuss the relationship between parameters
of the utility function given in expression (1) in the text and those typically
estimated in the labor supply literature. Papers in this literature contain a
variety of different labor supply elasticity concepts. Perhaps most useful
from our perspective is that of the “A-constant” or Frisch elasticity of labor
supply (e.g., MaCurdy 1981), which measures the variation in labor supply
along an optimal path with the marginal utility of income constant.?’ In
some studies, elasticities estimated in this way are also referred to as
intertemporal elasticities of substitution, but this equivalence does not
hold for our specification of preferences, which are not separable between
goods and leisure.

29 QOur use of the variable 2 here follows the notation found in the relevant literature, and
should not be confused with its use in the body of the paper, to represent the rate of
technological progress.
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For our time-separable utility function, a A-constant change in the after-
tax wage, w,, affects only consumption and leisure at date ¢. Thus, given
the optimal path for these variables (Auerbach and Kotlikoff 1987, p. 31,
expressions 3.11 and 3.12), date-¢ leisure may be shown to satisfy

I = (%)_p(l +arwl ) T x(), (A1)

where x(A) does not depend on w,. Using (A1) we derive the following
expression for the A-constant elasticity of labor supply, L,, with respect
to wy:

l
0= )wre +ot-on, (A2)
where
oz"wllﬂJ
{=—""7
1+ arw,

Note that ¢ corresponds to leisure’s “share” in the within-period utility
function. Since we calibrate the model for different values of p and y so
that this share is roughly .6 (and the consumption/labor share is .4), the
value of n from (A2) is roughly 1.5(.6y + .4p). For our base case values of
p = .8and y = .25,thisgivesavalue of » = .7. This elasticity is reasonable,
given the range of values estimated in the literature, some of which are
surveyed in Browning, Hansen, and Heckman (1998). Estimates for men
are in some cases higher, but typically somewhat lower, while estimates
for women are generally at least as high, and in some cases much higher.
Our alternative simulations that use values of p = .4 and y = .10, yield
corresponding values for 5 of .46 and .57, respectively.

Calculation of Earnings Ability Profiles

Our earnings ability profiles are based on the individual files of the Univer-
sity of Michigan’s Panel Study of Income Dynamics (PSID) from 1976-88.
These calculations generally follow those of Fullerton and Rogers (1993,
Chapter 4), except where indicated.

The sample utilized contains 9335 observations on 891 individuals.
We excluded individuals with imputed real hourly earnings less than
one dollar and those with clear inconsistencies in levels of educational
attainment over the time period. This sample differs from that used
by Fullerton and Rogers, who aggregate individual observations into

30 Other recent papers in the literature include Blundell, Meghir, and Neves (1993),
Mulligan (1998), and Ziliak and Kniesner (1999).



household observations and consider only households with stable marital
histories. We used the following procedure to obtain wage profiles.

(i) First-stage regressions were run on the entire data set using a com-
mon set of explanatory variables. The specification is identical to that used
by Fullerton and Rogers except a birth-year variable, which is added to
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control for age-cohort effects. It is given by

Wi, = mo; + 1BY; + mAGE;, + 13:AGE? + m,AGE;, + nsAGE;, EDU;,
3
+ > . 7nysAGE; DUM],

3
+ ) . ThoAGE;DUM, + v,

where

Wi
TT0i
BY;

= the log of the real hourly wage for person i in time ¢,

= fixed effect for person i,
= the birth year of person i,

+ 19AGE;, EDUj,

AGE,; = the age of person i at time ¢,

EDU;, = the education level (in years) of person i in time ¢,

DUM!. = dummy variables for the marital status (4 = 1),

race (h = 2), and sex (h = 3) of person i in time ¢;

potentially variable over time only for & = 3.

Table 11.A1 reports the resulting coefficient estimates.

(ii) The coefficient estimates obtained from step (i) were used to constr-
uct simulated life-cycle wage profiles for each individual from age 21 thro-
ugh 80. Unlike Fullerton and Rogers, we do not splice wage observations

Table 11.A1. PSID Regression Results

Variable Coefficient  t statistic
Birth Year (BY) —0.0005 1.47
Age (AGE) 0.0883 3.46
Age-Squared —0.0016 3.20
Age-Cubed 6.66E — 6 2.07
Age x Education (EDU) —0.0009 2.02
Age x Marital Status (DUM!) 0.0081 3.37
Age x Race (DUM?) 0.0119 2.81
Age x Sex (DUM?) 0.0339 1.69
Age-Squared x Education 2.16E -5 3.30
Age-Squared x Marital Status —0.0001 2.84
Age-Squared x Race —0.0002 2.70
Age-Squared x Sex —0.0004 2.00
Adjusted R? 0.9779 —
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Table 11.A2. Estimated Wage Profile Coefficients by
Lifetime Income Group

LIgroup Intercept Age  Agesquared Age cubed

1 —0.6421  0.0949 —0.00158 7E — 06
2 —0.2294  0.0941 —0.00157 7E — 06
3 0.1831  0.0929 —0.00156 7E — 06
4 0.4693  0.0907 —0.00155 7E — 06
5 0.6772  0.0882 —0.00150 7E — 06
6 0.8865  0.0853 —0.00147 7E — 06
7 0.9794  0.0884 —0.00151 7E — 06
8 1.1606  0.0864 —0.00148 7E — 06
9 1.3180  0.0855 —0.00147 7E — 06
10 1.4814  0.0862 —0.00147 7E — 06
11 1.8151  0.0856 —0.00146 7E — 06
12 2.5745  0.0853 —0.00146 7E — 06

from the PSID with predicted values in generating the profiles. Instead we
simply use predicted values for all wage observations.’! In constructing
these profiles we set education to the highest reported level and assume
that marital status is constant and equal to married if the individual is
married at any time over the PSID sample period.

(iii) Lifetime wage income (LI) levels are imputed from the profiles
generated in step (ii) according to the formula

Ll =37 (14 7) "¢ (g - 4000),

where the discount rate r is set to 8%, W;, is the predicted wage of the
individual at age s, and 4000 is the potential full-time endowment of work
hours. This calculation follows Fullerton and Rogers, except for the choice
of r.

All observations were next sorted in ascending order of lifetime wage
income, and divided into the twelve groups described in the text. Follow-
ing the text and letting ¢/ be the fraction of the population in group j,
our division yields ¢/ = 0.02 for j = 1and 12, ¢/ = 0.08 for j =2 and 11,
and ¢/ = 0.1 for j = 3 through 10.

31 This difference is minor, as actual wages are observed for only a small portion of any given
individual’s working life. As the explanatory variables include individual fixed effects, m;,
and age interacted with other individual characteristics, the use of fitted rather than actual
values during the period of observed wages amounts to smoothing out high-frequency
wage fluctuations.
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(iv) Finally, regressions of the predicted wage observations on a com-
mon group intercept and a cubic in age were run for each group:

wl = &) + &/ AGEL + &(AGE] ) + £/ (AGE))* + V..

The estimated coefficients appear in Table 11.A2. The profiles in Figure 1
in the paper are based on these estimates adjusted for annual efficiency
growth of 1%. Taking account of the various differences in methodology,
they exhibit a pattern similar to those in Fullerton and Rogers.

References

Altig, David, and Charles T. Carlstrom (1999). “Marginal Tax Rates and Income
Inequality in a Life-Cycle Model.” American Economic Review, December,
89(5), 1197-215.

Auerbach, Alan J (1989). “Tax Reform and Adjustment Costs: The Impact on
Investment and Market Value.” International Economic Review, November,
30(4), 939-62.

Auerbach, Alan J (1996). “Tax Reform, Capital Accumulation, Efficiency, and
Growth,” in Henry J. Aaron and William G. Gale (eds.), Economic Effects of
Fundamental Tax Reform. Washington, D.C.: The Brookings Institution, 29-81.

Auerbach, Alan J., Jagadeesh Gokhale, Laurence J. Kotlikoff, John Sabelhaus, and
David N. Weil (1995). “The Annuitization of Americans’ Resources: A Cohort
Analysis.” NBER Working Paper No. 5089, April.

Auerbach, Alan J. and Laurence J. Kotlikoff (1987). Dynamic Fiscal Policy.
(Cambridge, England: Cambridge University Press).

Auerbach, Alan J., Laurence J. Kotlikoff, Robert P. Hagemann, and Giuseppe
Nicoletti (1989). “The Economic Dynamics of an Ageing Population: The Case
of Four OECD Countries.” OECD Economic Studies, Spring, 12, 51-96.

Blinder, Alan S (1973). “A Model of Inherited Wealth.” Quarterly Journal of
Economics, November, 87(4), 608-26.

Blundell, Richard, Costas Meghir, and Pedro Neves (1993). “Labour Supply
and Intertemporal Substitution.” Journal of Econometrics, September, 59(1-2),
137-60.

Bradford, David (1986). Untangling the Income Tax, (Cambridge, MA: Harvard
University Press).

Browning, Martin, Lars Peter Hansen, and James J. Heckman (1998). “Micro
Data and General Equilibrium Models.” unpublished manuscript, September.

Congressional Budget Office (1997). Comparing Income and Consumption Tax
Bases, CBO Paper, July.

Cummins, Jason G., Kevin A. Hassett, and R. Glenn Hubbard (1994). “A Re-
consideration of Investment Behavior Using Tax Reforms as Natural Experi-
ments.” Brookings Papers on Economic Activity, 25(1), 1-74.

Engen, Eric M. and William G. Gale (1996). “The Effects of Fundamental Tax
Reform on Saving.” in Henry J. Aaron and William G. Gale (eds.), Economic



328 Altig et al.

Effects of Fundamental Tax Reform, Washington, D.C.: The Brookings Institu-
tion, 83-121.

Fullerton, Don and Diane Lim Rogers (1993). Who Bears the Lifetime Tax
Burden? Washington, D.C.: The Brookings Institution.

Gale, William G. and John Karl Scholz (1994). “Intergenerational Transfers and
the Accumulation of Wealth.” Journal of Economic Perspectives, Fall, 8(4),
145-60.

Gentry, William M., and R. Glenn Hubbard (1997). “Distributional Implications
of Introducing a Broad-Based Consumption Tax.” in J. Poterba (ed.), Tax Policy
and the Economy, 11, (Cambridge: MIT Press), pp. 1-47.

Hall, Robert E. and Alvin Rabushka (1983). The Flat Tax. (Stanford: Hoover
Institution Press); (1995) 2nd ed., (Stanford: Hoover Institution Press).

Hubbard, R. Glenn and Kenneth Judd (1987). “Social Security and Individual
Welfare: Precautionary Saving, Borrowing Constraints, and the Payroll Tax.”
The American Economic Review, September, 77(4), 630-46.

Hubbard, R. Glenn, Jonathan Skinner, and Stephen P. Zeldes (1995). “Precaution-
ary Saving and Social Insurance.” Journal of Political Economy, April, 103(2),
360-99.

Kotlikoff, Laurence J., and Lawrence H. Summers (1981). “The Role of Intergen-
erational Transfers in Aggregate Capital Accumulation.” Journal of Political
Economy, August, 89(4), 706-32.

MacCurdy, Thomas E (1981). “An Empirical Model of Labor Supply in a Life-Cycle
Setting.” Journal of Political Economy, December, 89(6), 1059-85.

Menchik, Paul L. and Martin David (1982). “The Incidence of a Lifetime Con-
sumption Tax.” National Tax Journal, 35(2), 189-203.

Mulligan, Casey B (1998). “Substitution Over Time: Another Look at Life-Cycle
Labor Supply,” in Ben S. Bernanke and Julio J. Rotemberg (eds.), NBER
Macroeconomics Annual 1998. (Cambridge, MA: MIT Press), pp. 75-134.

Rippe, Richard (1995). “Further Gains in Corporate Profitability.” Economic Out-
look Monthly, Prudential Securities, August 1995.

Slemrod, Joel and Jon Bakija (1996). Taxing Ourselves: A Citizen’s Guide to the
Great Debate over Tax Reform. (Cambridge, MA: MIT Press).

Stokey, Nancy L. and Sergio Rebelo (1995). “Growth Effects of Flat-Rate Taxes.”
Journal of Political Economy, June, 103(3), 519-50.

Ziliak, James P. and Thomas J. Kniesner (1999). “Estimating Life Cycle Labor
Supply Effects.” Journal of Political Economy, April, 107(2), 326-59.



TWELVE

The International Macroeconomics of Taxation and
the Case against European Tax Harmonization!

Enrique G. Mendoza

International macroeconomic theory shows that domestic tax policy in a
global economy affects foreign economic conditions via complex, dynamic
interactions through relative prices, tax revenues, and wealth distribution.
This paper proposes a tractable quantitative framework for assessing tax
policies that is consistent with this theory. The significance of the inter-
national transmission channels of tax policy is evaluated in the context
of a “workhorse” two-country dynamic general equilibrium model. The
model is used to assess the potential effects of the European harmoniza-
tion of capital income taxes. The results show that this policy, if enacted
along the lines followed in harmonizing value-added taxes, yields large
capital outflows and a significant erosion of tax revenue for Continental
Europe while the opposite effects benefit the United Kingdom. Welfare in
the United Kingdom rises as result, while Continental Europe may incur
a substantial welfare cost.

1. Introduction

One of the main themes of Assaf Razin’s extensive research program
is the analysis of the policy implications of the dynamic macroeconomic

1 This paper was written for the Economic Policy Conference in Honor of Assaf Razin orga-
nized by Elhanan Helpman and Efraim Sadka and sponsored by the Pinhas Sapir Center
at Tel Aviv University. Comments and suggestions by the discussant, Michel Strawczynski,
and by Jonathan Heatcote, Assaf Razin, Linda Tesar, and Hans-Werner Sinn are grate-
fully acknowledged. I am also grateful to Assaf for his years of mentorship and friendship.
The analysis undertaken here is largely inspired by his work.

329



330 Enrique G. Mendoza

theory of international taxation. In joint work with Jacob Frenkel, with
Elhanan Helpman, and with Efraim Sadka, Razin produced seminal con-
tributions that were among the first to formalize the microfoundations
of the intertemporal analysis of tax policies in open economies.” These
studies were part of a growing literature that examined the international
implications of tax policies within the context of dynamic general equi-
librium models.?

Intertemporal models of international taxation identified weaknesses
in the use of traditional static models to conduct tax policy analysis, but
they also highlighted the complications involved in a theoretically con-
sistent assessment of the open-economy implications of tax policies. The
dynamic issues inherent to intertemporal closed-economy models, which
involve determining whether tax changes are permanent or transitory as
well as anticipated or unanticipated, are significantly compounded by the
effects of three international transmission channels of tax policies. First,
the price channel: A change in domestic tax policy alters the equilibrium
prices of goods and financial assets that countries trade and even the fore-
ign prices of nontraded goods. Second, the wealth channel: Depending on
tax incidence and the structure of financial markets, changes in tax pol-
icy affect the cross-country distribution of physical capital and financial
assets. Third, the tax-revenue-erosion channel: As a by-product of the
price and wealth channels, domestic tax changes may erode foreign tax
revenues and thus force distorting tax hikes or expenditure cuts. Sustain-
ability issues also arise because international external effects on welfare
resulting from these transmission channels lead to strategic behavior on
the part of fiscal authorities and to international tax competition.

Early attempts to develop policy-making models based on the dynamic
macroeconomic theory of international taxation were hampered by limi-
tations of the quantitative methods available in the mid-1980s. The articles
that Assaf Razin wrote with Jacob Frenkel and Steve Symansky were pio-
neering efforts in this regard (see Frenkel, Razin, and Symansky (1990)
and (1991)). However, to make their quantitative framework tractable,
the model they proposed adopted simplifying assumptions that limited
its ability to deal with the three international transmission channels of

2 This work includes Frenkel and Razin (1986a), (1986b), (1987), (1988) and (1989),
Helpman and Razin (1987), Razin and Sadka (1989), (1990), and (1991), and Frenkel,
Razin and Sadka (1991).

3 A short list of other early contributions to this literature includes Aschauer and Green-
wood (1985), Greenwood and Kimbrough (1985), Buiter (1987), and Bovenberg (1986).
Frenkel and Razin (1987) and Turnovsky (1997) review the literature in detail.
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tax policy.* In particular, their model incorporated assumptions of uni-
tary intertemporal elasticities of substitution in consumption and linear
production technologies that restricted the global interaction of tax poli-
cies through the equilibrium determination of goods and factors prices,
the distribution of wealth, and the dynamics of tax bases. Moreover, their
quantitative framework lacked the computation of the welfare costs as-
sociated with the transitional macroeconomic dynamics triggered by tax
changes, which is now viewed as a central element of the assessment of tax
policies (see Lucas (1990)). The methods required to compute these wel-
fare costs were just being developed in a parallel literature on quantitative
closed-economy studies of optimal taxation.

This paper has two main objectives. The first one is methodological: to
fill some of the remaining gaps in the process of building a framework that
integrates the tax policy principles derived from dynamic open-economy
macroeconomics with a quantitative policymaking tool.’> The second is
to use this tool to provide an answer to a current tax-policy question. In
particular, the aim is to determine the effects on macroeconomic dynamics
and social welfare that are likely to result from the harmonization of
capital income taxes within the European Union.

The quantitative framework proposed here is a two-country varia-
tion of the workhorse model of modern macroeconomics: the neoclassi-
cal, general-equilibrium model of exogenous balanced growth driven by
labor-augmenting technological change. This model is not sophisticated
in several aspects, in particular those related to distributional issues, the
long-run determinants of economic growth, or the interaction between
fiscal and monetary policies, but it does capture with a high degree of
complexity the three channels of international transmission of tax policies
identified earlier. The setup of the model is based on the model proposed
by Mendoza and Tesar (1998), but the analysis differs in two important
respects. First, the focus of this paper is on studying the three transmission

4 Similar simplifying assumptions are also present in more recent quantitative studies of the
effects of tax policy in open-economy general equilibrium models. For example, Eggert
(1998) and Sorensen (1999) quantify the price and revenue-erosion effects of international
tax competition in models in which dynamic effects are minimized for tractability. Eggert
studies a two-period model and Sorensen examines a static multisector model similar to
those used in computable general-equilibrium models of trade or public finance.
Goulder and Eichengreen (1989) developed a framework with a similar objective aimed
at quantifying the effects of trade liberalization in a setup with a detailed industry-level
breakdown of production. One important difference with the analysis conducted here is
that they abstracted from the revenue erosion effect by assuming that government budget
constraints are balanced each period via lump-sum taxation.

[
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channels of tax policy, quantifying their effects, and analyzing their key
determinants. Second, this paper adopts a sharply different treatment of
the revenue erosion effect by requiring countries to react to unintended
changes in their ability to raise tax revenue by adjusting taxes on immo-
bile factors of production (i.e., labor). This results in significantly more
costly distortions than those that result from the adjustments in indirect
taxes considered by Mendoza and Tesar. The emphasis is on proposing a
framework that can easily adapt to uses in policy circles, so the model is
calibrated to actual data for the four largest economies of Western Europe
(France, Germany, Italy, and the United Kingdom), including estimates
of their current tax structures.

The quantitative analysis shows that international transmission effects
via relative prices, the world distribution of wealth, and erosion of tax
revenues are very significant. A modest cut in the capital income tax in
the United Kingdom results in a noticeable gain in social welfare (i.e.,
lifetime utility) that is equivalent to a gain of 1.1% in the trend level
of consumption per capita. However, the combined effect of the three
transmission channels leads to a staggering welfare loss in Continental
Europe equivalent to a fall of 3.7% in the trend level of consumption per
capita.

The above results are produced with the intent of showing the large
magnitude of the global transmission effects of tax changes, rather than
as bottom-line estimates of the final outcome of the tax cut by the United
Kingdom. Given the large welfare loss for Continental Europe, one would
expect that retaliation by Continental Europe would lead to tax competi-
tion or to efforts to undertake coordinated adjustments in capital income
taxes. The precedent for this is the harmonization of indirect taxes al-
ready undertaken in the European Union. Hence, the analysis shifts in a
second stage to consider harmonization of taxes on the income of mobile
factors of production (i.e., capital) as a proxy for an ad-hoc coordinating
mechanism to avoid harmful tax competition.

Tax harmonization is modeled as an agreed common tax rate on capital
income that is a linear combination of the tax rates currently in place in
Continental Europe and in the United Kingdom. The already-harmonized
rates of indirect taxation are kept unchanged and, as a result, tax revenue
erosion effects need to be offset by adjustments in the distortionary tax
rate on labor income.® The experiment also assumes that the existing

¢ Tax harmonization as modeled here is not the outcome of tax competition or of “efficient”
cooperation setting tax rates that represent some explicit cooperative equilibrium amongst
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levels of government purchases and entitlement payments (which are
lower in the United Kingdom than in Continental Europe) are kept cons-
tant at all times. At current tax rates, tax harmonization implies a capital
tax cut for the United Kingdom and a tax hike for Continental Europe —
the current U.K. effective capital income tax rate is about 47% while the
average of effective capital income tax rates for France, Germany, and
Italy is nearly 28%.’

The model predicts that under the above conditions harmonization
of capital income taxes is not a good idea, at least not for Continental
Europe. The best-case scenario is one in which Continental Europe in-
creases its capital income tax to match the U.K.s. Welfare in the United
Kingdom increases by an amount equivalent to a 1.3% increase in trend
consumption per capita, while welfare in Continental Europe increases
only by 0.1%. The labor income tax is reduced by 1.1 percentage points in
the United Kingdom and by 5.7 percentage points in Continental Europe.
Any harmonized capital income tax set lower than the current UK. tax
rate increases the welfare gain for the United Kingdom but reduces it for
Continental Europe. At harmonized tax rates set 5 percentage points or
more below the UK. tax, Continental Europe suffers a welfare loss. In the
case in which the harmonized tax rate is set to the average of current U.K.
and Continental Europe tax rates, the welfare gain for the UK. is 2%
but the loss for Continental Europe is 2.7%. Adjusting to the tax rev-
enue erosion effect requires the United Kingdom to raise its labor tax by
1.8 percentage points while the labor tax in Continental Europe remains
nearly unchanged.

The above results reflect the fact that, since the U.K. starts with a higher
capital tax relative to Continental Europe, cutting the UK. tax and raising
the tax in Continental Europe induces important efficiency gains in favor
of the United Kingdom. Cutting the U.K.’s capital income tax attracts
capital into this economy, increasing its capital stock and its ability to
raise tax revenue over time (so that small adjustments in the labor tax are
enough to preserve intertemporal fiscal balance). The opposite occurs
in Continental Europe. The higher capital income tax is not an effective
means of increasing tax revenue in the face of the capital outflows that
follow, and if the outflows are sufficiently large (i.e., the lower is the

national tax authorities. For a quantitative analysis of cooperative and noncooperative
solutions to international tax competition, see Mendoza and Tesar (2001).

7 These are the 1996 estimates of effective tax rates computed using the method proposed
by Mendoza, Razin, and Tesar (1994).
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harmonized tax rate relative to the current UK. tax rate), Continental
Europe may end up increasing its labor income tax as well in order to
preserve intertemporal fiscal balance. If the tax rate is harmonized so
that Continental Europe raises its tax to match the existing U.K. tax,
the relative efficiency loss is minimized — which explains why this is the
best-case scenario for Continental Europe.

The rest of the paper proceeds as follows. Section 2 presents the struc-
ture of the model and discusses the solution method and the calibration
of parameter values. Section 3 uses the model to examine the implica-
tions of European capital tax harmonization. Section 4 reflects on some
important caveats of the analysis and presents general conclusions.

2. A ‘“Workhorse’ Dynamic Equilibrium Model of Taxation
in Open Economies

The model is a modest variation of the two-country dynamic general equi-
librium models of fiscal policy that originated in Assaf Razin’s work from
the 1980s, as reviewed in the Introduction. The model features two per-
fectly competitive, representative-agent economies with perfectly inte-
grated goods markets and perfect mobility of financial capital. Tax policy
analysis is conducted by taking as given predetermined time paths of gov-
ernment outlays and studying the effects of cuts in particular taxes subject
to the constraint that other taxes need to be raised in order to satisfy the
governments’ intertemporal budget constraints.

The model differs from those in the literature of the 1980s in that
the specification of preferences and technology is modified to conform
to those consistent with the neoclassical general-equilibrium model of
exogenous balanced growth driven by labor-augmenting technological
change (see King, Plosser, and Rebelo (1988)). This framework, and vari-
ants close to it, have been widely used in quantitative closed-economy
applications to study macroeconomic effects of fiscal and monetary poli-
cies (see King and Rebelo (1990); Cooley and Hansen (1992); and Chari,
Christiano, and Kehoe (1994)).

The assumption that long-run growth is exogenous implies that assess-
ments of changes in the tax structure are conducted abstracting from any
effects that tax policy may have on economic growth over the long run.
This is at odds with the qualitative predictions of a large class of endoge-
nous growth models, but it is in line with their quantitative predictions
and with the evidence indicating that long-run growth seems indepen-
dent of the variations of tax rates observed in the data, despite significant
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efficiency gains on investment rates (see Lucas (1990) and Mendoza,
Milesi-Ferretti, and Asea (1997)). Note, however, that despite negligible
growth effects, the welfare implications of tax policies that result from
efficiency gains or losses can still be very large (see Lucas (1990), Cooley
and Hansen (1992), and Mendoza and Tesar (1998)).

The model examined here also differs from the early models in Frenkel
and Razin (1986b) and (1987) and Helpman and Razin (1987) in that their
models focused on non-Ricardian real effects of changes in lump-sum
taxes by adopting the Blanchard—Yaari setup of overlapping generations.
In these models, households have a shorter life horizon than governments
so a cut in current taxes induces a wealth transfer from individuals born
in the future (i.e., those that are alive to pay future taxes but not to enjoy
current tax cuts) to those currently alive. In contrast, the model of this
paper considers conventional non-Ricardian distortionary taxes on fac-
tor incomes and consumption in an infinite-horizon environment. Wealth
effects are still present but in the form of cross-country wealth redistri-
butions in the size and location of capital stocks and financial assets.

2.1. Structure of the Model
The exogenous rate of labor-augmenting technological change is the same
in each country and is given by y. The long-run rate of output growth
is therefore the same in the two countries and is also equal to y, and
expenditure flows grow at that same rate in steady state in each country.
This long-run balanced-growth assumption restricts the permissible set
of functional forms that can be used to represent utility and production
functions to those that satisfy the properties identified in King, Plosser,
and Rebelo (1988). As usual, all variables in the model, except leisure and
labor, are rendered stationary by expressing them as a ratio of the state
of technology (the transformed variables are written in lower case), and
the familiar transformations of the subjective discount rate and the asset-
evolution equations apply. The paper focuses, without loss of generality,
on the competitive equilibrium of the detrended model. Since these are
standard procedures, the details are omitted. Also in line with standard
practice, foreign variables are identified by asterisks.

Each country isinhabited by identical, infinitely lived households. They
maximize a conventional isoelastic lifetime utility function over intertem-
poral sequences of consumption (c) and leisure (£):

00 a\1—o
Z[.B(l + )Y (u> , o>1, a>0, 0<B<1. (1)

— 1-0
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In this expression, 8 is the households’ subjective discount factor, 1/o
is the intertemporal elasticity of substitution in consumption, and a is a
coefficient that governs the intertemporal elasticity of labor supply for a
given value of o. Note that the stationary transformation of the model
implies an effective discount factor given by B(1 4 y)!~ instead of S.
Households maximize (1) subject to the following sequence of budget
constraints, taking as given all relative prices and fiscal policy variables:

2
X,
I+ ) + (1 + V)(kt+1 +qibiy1 + Q§dt+l) + (E <_l - Z) - 1) ki

2 \ Kk
=(1—TL)W[Lf+(1—TK)(r[ —8)k[+bl+dt—|—€, (2)
fort =0, ..., co. The left-hand side of (2) measures household expendi-

tures. These are made of purchases of consumption goods, which include
an ad valorem sales tax tc, new capital goods, k.1, private international
bonds, b1, and domestic government bonds d, 1. The price of capital and
the price of consumer goods differ because investment incurs quadratic
capital-adjustment costs as a function of the ratio of net investment (x;) to
existing capital (k; ). The coefficient n determines the speed of adjustment
of the capital stock, while zis set equal to the long-run investment—capital
ratio to ensure that at steady state the capital adjustment cost is zero. Net
investment is defined as x, = (1 + y) k41 — (1 — 8)k,, where § is the rate
of depreciation of the capital stock.® For simplicity, international and gov-
ernment bonds are represented as discounted bonds. The price of private
bonds is g,, the price of public bonds is g, and their gross real rates of
return are R, = (1/q,) and R} = (1/qf) respectively.

The right-hand side of (2) measures after-tax household income, which
is made of factor and nonfactor incomes. Factor income is derived from
supplying capital and labor (L) to firms at pre-tax factor prices w, and r,.
Labor and capital income are taxed at ad valorem tax rates ., and tx
respectively. The capital income tax is based on the residence principle,
and the tax code provides for a depreciation allowance. Nonfactor in-
terest income is derived from the liquidation of holdings of discounted
public and private bonds. This income is assumed to be tax-free, but
Mendoza and Tesar (1998) examined the implications of relaxing this as-
sumption and found that it can have important effects on the quantitative

8 Investment costs, or similar frictions like gestation lags, differentiate physical from fi-
nancial assets so as to prevent the instantaneous adjustment of the domestic marginal
product of capital to the world interest rate. Without these costs, the model would predict
unrealistically large swings in investment and current account balances.
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predictions of the model. Nonfactor income also includes lump-sum trans-
fers from government that represent entitlement payments, these are de-
noted by e;.

Equation (2) embodies an implicit assumption of “extreme home bias”
in that domestic capital and public debt are owned only by domestic
households. This assumption allows the model to support competitive
equilibriain which free international trade in private bonds and residence-
based taxation coexist, yet there can be different country-specific tax rates
on domestic capital income owned by the residents of each country. As
argued later, this is not possible if shares on physical capital and/or gov-
ernment bonds are freely traded across countries (see also Frenkel et al.
(1991)). Other forms of financial-market segmentation, such as trading
costs or short-selling constraints, could be introduced with the same pur-
pose, butso far they have proven inadequate to solve the “home bias” puz-
zle observed in the data and they would complicate the model significantly.

Households also face a standard no—Ponzi-game restriction, which to-
gether with (2) implies that the present value of household income must
equal that of expenditures plus any initial asset holdings. In addition,
households face a standard normalized time constraint in choosing labor
supply and leisure allocations:

6+ L =1. (3)

Firms play a simple role in this model because they face a static opti-
mization problem (since investment decisions are being made by house-
holds, who are assumed to own the firms). In particular, firms maximize
profits subject to constant-returns-to-scale production technologies tak-
ing as given pre-tax factor prices. The detrended production function is
Cobb-Douglas:

F(k, L) = kL2, O<a<l, (4)

where « is the labor income share. Without loss of generality, all corporate
taxes are viewed as included in the capital income tax levied on house-
holds. Thus, at equilibrium firms demand factors of production according
to standard marginal productivity rules and earn zero profits.

Fiscal policy is made of three elements. First, predetermined sequences
of unproductive government expenditures and lump-sum transfer or en-
titlement payments, (g, +¢;) for t =0, ..., 00. Second, a set of time-
invariant tax rates (zc, 7., 7x). Third, a sequence of public bond issues,
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di,fort =1, ..., co. The government budget constraint is given by
(& +e)+d =tec, +w L + w(re — 8) ki + (1 + y)gfdis1. ()

The left-hand side of this equation measures total government outlays
(i.e., goods purchases and entitlement payments) plus debt payments.
The right-hand side measures tax revenue and proceedings from sales of
newly issued bonds. Government purchases, entitlements, and tax rates
are viewed as the exogenous instruments of fiscal policy. Thus, any deficit
or surplus in the fiscal balance (i.e., in the gap between goods purchases,
entitlement payments, and tax revenue) is offset by an endogenous change
in public debt net of interest and principal on existing debt. Since the gov-
ernment also faces a no—Ponzi-game constraint, the present value of gov-
ernment expenditures plus entitlement payments must equal the present
value of tax revenue net of payments on initial public debt.” Hence, given
its tax and expenditure policies and its initial bond position, the gov-
ernment must choose a time path of public bond issues that satisfies its
intertemporal budget constraint.

Public debt is “Ricardian” in the sense that, given dy and the policy
choices on government purchases, entitlement payments, and tax rates,
the competitive equilibrium can be represented either with the path of
public bonds dictated by (5) or with a sequence of lump-sum taxes (subsi-
dies), T;, set to an amount equal to the fiscal deficit (surplus) each period
(see Mendoza and Tesar (1998) for details):

T, = tce, + w Ly + (e — 8) ki — (g + er). (6)

Since the object of interest for determining the competitive equilibrium
of the economy and the financing needs of the government is the time
path of the fiscal balance, not the path of the stock of public bonds (which
at any rate depends on the exogenous initial condition dj), the analysis is
conducted using this “Ricardian” representation of the government bud-
get constraint. This change implies also that the relevant budget constraint
for households becomes:

E —
= (1 — TL)W[L[ + (1 — TK)(rt — (S)kt + b[ + (& + T[. (7)

2
X,
(I +zc)er + (1 = y) (ki1 + qibiyr) + (g ( : Z) - 1) k;

9 Note that (2), (5), and the no—Ponzi-game constraints on households and government
imply that the present value of the trade balance equals by.
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The market-clearing conditions for the world markets of goods and
bonds are

2
KL+ (k) (L) = e+ 4 x+ g (ﬁ - z) ki + x;

k
n* x* 2

s (E-7) krsrg ®

b+ b = 0. )

The competitive equilibrium of this two-country world is given by se-
quences of pre-tax prices [r,r/, g, w;, w/] and allocations [k, k oy
b, By s e, X7 Lo, Ly &, 8f o, 5, T Tr], fort =0,..., 00, such that:
(a) households in each country maximize utility subject to their corres-
ponding budget constraints, time constraints and no—Ponzi-game constrai-
nts, taking as given pre-tax prices, the values of all fiscal policy variables,
and date-0 holdings of capital and foreign bonds, (b) firms maximize prof-
its subject to the Cobb-Douglas technologies taking as given pre-tax fac-
tor prices, (c) the government budget constraints hold for given tax rates
and exogenous sequences of government purchases and entitlements, and
(d) the global markets of goods and bonds clear.

2.2. Stationary Equilibrium, Calibration and Design

of Tax Policy Experiments

Changes in tax policy are represented by changes in some or all of the
elements of the domestic and/or foreign triples of time-invariant tax rates
(tc, T, v) and (z¢, tf', 7). The analysis is not aimed at solving a Ramsey
optimal taxation problem but at studying the effects of once-and-for-
all changes in time-invariant tax structures. This is more in line with
the Harberger—Feldstein “nth-best economics” approach of assessing the
magnitude of the distortions associated with existing policies and identi-
fying simple, welfare-improving policy changes (see Harberger (1964)).
This approach is also supported by the results of closed-economy studies
by Lucas (1990) and Cooley and Hansen (1992) showing that the large
welfare gains of cuts in time-invariant capital income tax rates dwarf the
small effects added by time-varying taxes.!

10 This does not alter the fact that both Ramsey optimal taxes and changes in time-invariant
taxes are both time-inconsistent in standard dynamic equilibrium models like the one
studied here. This problem, however, also plagues other conventional models used to
assess the effects of tax changes in policy institutions.
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There are two important steps to follow in the process of turning this
model into a quantitative framework suitable for evaluating tax policies.
First, the model must be initialized with parameter values for the func-
tional forms that represent preferences, technology, and government poli-
cies such that the model can mimic key features of the data of the actual
economies that are to be the subject of tax policy assessments. Second, the
quantitative solutions of the model must be obtained using an algorithm
that can solve accurately for competitive equilibria at the steady-state
balanced-growth paths of alternative tax policy regimes and along the
transitional dynamics between these long-run equilibria. Assessments of
the welfare implications of changes in tax policy depend crucially on the
latter, since tax policies that may seem welfare-improving on the basis
of comparisons across long-run equilibria can be welfare-reducing once
the effects of transitional dynamics are factored in (see Lucas (1990) and
Mendoza and Tesar (1998)).

The calibration and simulation steps referred to above are familiar
from the quantitative tax policy experiments conducted using closed-
economy models as in Cooley and Hansen (1992) and Chari, Christiano,
and Kehoe (1994). However, a particular complication arises in an open-
economy context because international spillovers of tax policies imply
changes in long-run net foreign asset positions and these positions are
dependent on initial conditions. This differs sharply from the standard
result in closed-economy models in which the steady-state capital stock
is independent of initial conditions.

The computation of the initial “status quo” steady-state equilibrium
under given current tax policies is straightforward because it is the out-
come of a calibration process in which the model is parameterized so as to
match basic long-run features of the data — this is the same process follo-
wed in the calibration exercises performed with closed-economy models.
In contrast, the computation of the steady-state balanced-growth equilib-
rium under a proposed new tax policy, and the corresponding transitional
dynamics, differ markedly from closed-economy studies because the de-
pendency on initial conditions of the net foreign asset positions implies
that the new long-run equilibrium and the dynamics by which it is reached
must be solved simultaneously. Further details on this issue are provided
in the analysis of the model’s stationary equilibrium that follows below.

The long-run equilibrium of the home country along a balanced-growth
path is summarized by the following system of simultaneous equations:

k_ B +y) (1 —a)1— 1)
y (A+y)—pd+y)<[1-601-w)]

(10)
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Equation (10) follows from the steady-state Euler equation for physi-
cal capital. It expresses the capital-output ratio at steady state, k/y, as a
function of preference and technology parameters, and the tax on capi-
tal income. Equation (11) is the law of motion for capital accumulation
evaluated at steady state, which determines the steady-state investment
rate, x/y. Equation (12) is the resource constraint of the economy, which
follows from consolidating the budget constraints of households and gov-
ernment. This equation determines the steady-state consumption—output
ratio, c/y, as a function of the investment rate, the GDP share of gov-
ernment purchases, g/y, and the net exports—output ratio, nx/y. Equa-
tion (13) is the foreign-asset evolution equation along a balanced-growth
path. Since the parameter restrictions set in (1) imply g(1 + y)'7 <1,
Equation (13) implies that a long-run positive (negative) foreign asset po-
sition finances a long-run trade deficit (surplus). Equation (14) represents
long-run equilibrium in the labor market as given by the equality between
the marginal rate of substitution between consumption and leisure and
the post-tax marginal product of labor.'!

The problem with determining the effect of tax policy changes on the
long-run equilibrium of this economy is that Equations (10)—(14) form an
underidentified simultaneous equation system with six unknowns (k/y,
x/y,c/y, L,nx/y,and b/y) but only five equations. Equations (10)-(11)
determine k/y and x/y and are identical to the equations that appear in

(14)

11 Note that (14) can be used to determine the equilibrium allocation of labor at any date ¢
along an equilibrium path, not just at steady state, if the corresponding ratio ¢;/y; is
known. Note also the differences in the long-run incidence of the different taxes. The
capital income tax affects k/y, x/y and, through the effect of changes in x/y on c¢/y, the
equilibrium allocation of labor, while consumption and labor taxes affect equilibrium
labor but not the investment rate and the capital output ratio.
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closed-economy models. However, even given these solutions for k/y and
x/y, (12)-(14) cannot determine solutions for ¢/y, L, nx/y, and b/y, and
hence for the level of all endogenous variables.

The status quo initial calibration of the model avoids this problem
by taking nx/y from the data. More precisely, the system (10)-(14) is
solved for 8, B, a, c¢/y and b/y, given the values of other preference and
technology parameters, tax rates, and long-run averages of k/y, x/y,nx/y,
g/y, and L obtained from macroeconomic time series.

The initial calibration proceeds as follows. The home country is cali-
brated to the United Kingdom and the foreign country is calibrated to
an arithmetic average of the three largest European economies (France,
Germany, and Italy). The calibration is set at a quarterly frequency and
uses national accounts data from the OECD’s National Accounts and
the updated estimates of effective tax rates for macroeconomic models
calculated in Mendoza and Tesar (2001) using the method proposed by
Mendoza, Razin, and Tesar (1994)."> A summary of the calibration pa-
rameters is reported in Table 12.1.

The initial tax rates in the calibration were set to the 1996 estimates
reported by Mendoza and Tesar (2001). Figures 12.1-12.3 plot the time
series of each tax rate in the four European economies considered here.
As can be observed, harmonization of indirect taxes has produced very
similar consumption tax rates across the four countries, while important
differences remain with regard to factor income taxes. In particular, the
tax on capital income is higher in the United Kingdom than in the other
countries, while the opposite is true with respect to labor income taxes.
There are also upward trends in the labor income tax rates of France,
Germany and Italy. The magnitude of the difference in each tax may be
subject of debate, depending on the method used to estimate tax rates, but
these estimates do capture the widely accepted view that the tax on capital
income is higher in the United Kingdom than in Continental Europe.

The fiscal sector of the model is also calibrated to match the observed
GDP shares of government purchases in the four countries considered.
In this regard there is also a noticeable asymmetry between the United

12 Mendoza et al. (1994) estimated tax rates for the seven largest industrialized coun-
tries (G7) over the 1968-90 period by combining tax revenue data with informa-
tion from the aggregate balance sheets of households, corporations, and government
from national accounts. Mendoza, Milesi-Ferretti and Asea (1997) updated these esti-
mates through 1992 and extended them to include several OECD countries. Mendoza
and Tesar (2001) updated the G7 estimates through 1996. The data are available at
http://www.econ.duke.edu/~mendozae/pdfs/newtaxdata.pdf.
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Table 12.1. Calibration Parameters and the Pre—Tax-Harmonization
Equilibrium

Preference and technology parameters:
§=161 =099 a=2675 y=156 o0=2 «a=064 n=10

Fiscal policy parameters (in percent)

United Continental
Kingdom Europe  France Germany  Italy
7l 15.6 15.6 16.0 16.4 14.7
178 24.4 474 50.1 424 49.8
X 472 28.0 26.1 23.9 33.9
gly 19.4 20.8 23.6 19.5 19.0
Pre—tax-harmonization balanced-growth allocations (in percent):
United Kingdom Continental Europe
Data Model Data Model
cly 64.1 64.4 57.1 57.6
x/y 17.2 17.2 20.7 20.6
nx/y -1.0 -1.0 1.5 1.1
Tax revenue 353 36.1 41.1 44.7
L 20.0 15.9
k/ k* 92.9 107.6
v/ y* 1111 90.0

Note: The data column shows averages for the period 1990-99. Continental Europe is an

arithmetic average of data for France, Germany, and Italy. The data source is the OECD’s

National Income Accounts and Revenue Statistics. Tax rates are the 1996 estimates of

effective tax rates computed using the method proposed by Mendoza, Razin, and Tesar

(1994).

1 The 1996 consumption tax in the United Kingdom is 15.2 percent but the calibration
assumes an initial consumption tax that is identical across countries.

Kingdom and the other three countries. The average GDP share of gov-
ernment expenditures over the 1990-99 period is 0.19 in the U.K. relative
to a mean of 0.21 for the other three countries (the individual country
averages are 0.24 for France, 0.2 for Germany and 0.19 for Italy).
Another important aspect of the calibration relates to the initial fore-
ign asset positions, because these together with the initial capital stocks
determine the initial wealth of each economy and also determine which
country experiences negative or positive income effects on account of
changes in the world real interest rate triggered by tax changes. The
model treats Europe as a closed economy unit, so that the sum of the
bond positions of the United Kingdom and Continental Europe adds to
zero. At steady state the foreign asset—-GDP ratio is linearly- related to
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Figure 12.1. European capital income tax rates
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the net exports—GDP ratio as shown in Equation (13). Hence, the initial
calibration pins down the initial foreign asset-GDP ratios by requiring
the model to match the U.K.’s observed net exports—GDP ratio. The U.K.
average net exports—GDP ratio for the period 1990-99 is —0.01.13

The rest of the calibration is similar to that proposed by Mendoza and
Tesar (1998) and is completed as follows. The per capita GDP growth
rate is set to y = 1.56% per year (0.39% per quarter), the intertemporal
elasticity of substitution is set at 1/2 (o = 2), and the annual investment
rate is set at the 1990-99 average for the United Kingdom (0.17). The
quarterly capital-output ratio is set to 2.16 (8.62 annually), the labor
income share is set at 0.64, and the fraction of time spent at work is set
to 20 percent. These three parameter values match estimates for the U.S.
economy reported by Cooley and Hansen (1992). These three ratios are
likely to differ slightly from those observed in Europe, but the aim of the
analysis is to emphasize asymmetries in fiscal policy under an otherwise
symmetric two-country model.

Given the above ratios, parameter values, and tax rate estimates, the
solution of the system of steady-state equations (10)—(14) implies § =
1.61,8=0.99,a =2.675,c/y =0.64 and b/y = 1.044. Preference and
technology parameters are set identical across the United Kingdom and
Continental Europe in order to highlight the effects of asymmetries in
fiscal policy (in tax rates as well as in government expenditures and en-
titlements). Given identical preference and technology parameters, the
foreign-country version of the system (10)—(14) is solved for k*/y*, x*/y*,
nx*/y*, and L* imposing the market clearing condition b 4 b* = 0.

The above results imply a value for the long-run real interest rate
of 6.1% per year. The long-run real interest rate is determined by the
standard condition from balanced-growth models: r = p — yo, where p
is the rate of time preference (i.e., p = B~! — 1). Itisimportant to note that
this long-run real interest rate is invariant to tax policy changes. Hence,
international transmission of tax policies via changes in the world’s real
interest rate can only occur during the transitional dynamics. This is an
implication of the assumptions of exogenous long-run balanced growth
and residence-based taxation.

Table 12.1 reports estimates of ¢/y, g/y, x/y, and nx/y, and the GDP
ratios of tax revenue for both economies in the data and in the model,
as well as the ratios of capital stock and output across the U.K. and Con-
tinental Europe. The calibration was set to mimic the U.K. ratios g/y,

13 The mean next-exports GDP ratio for Continental Europe over the same period is 0.015.
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x/y, and nx/y, but all the other GDP ratios in the table are endogenous
solutions of the long-run equilibrium of the model. The model’s ratios are
roughly the same as in the data, including the tax revenue—-GDP ratios,
suggesting that the “status quo” calibration is a reasonable benchmark to
conduct tax policy analysis.

The parameters of the capital-adjustment-cost function can be set once
the long-run investment rate and capital-output ratio are known. These
two determine the investment—capital ratio as x/ k= (x/y)/(k/y). As
mentioned earlier, z is set equal to x/ k so that adjustment costs are zero
in the long run. The value of 7 is set so that the rate of convergence to
the long-run, balanced-growth path matches empirical estimates of condi-
tional growth convergence coefficients (see Mendoza and Tesar (1998)).
This implies n = 10.

The solution of the transitional dynamics from the initial status quo
balanced-growth path to the new long-run equilibrium associated with
a proposed tax policy change is obtained using the method proposed by
Mendoza and Tesar (1998). Their approach ensures that the following two
critical properties of the competitive equilibrium are satisfied. First, the
long-run foreign asset positions to which countries converge for a pro-
posed tax policy scenario are consistent with foreign asset accumulation
dynamics starting from initial conditions that correspond to the foreign
asset positions in the status quo calibration. Second, the levels of govern-
ment purchases and entitlement payments that prevailed before the tax
policy change are kept constant at all times. Thus, changes in taxes under
a proposed tax policy must be revenue neutral in present value (if one
tax is cut and tax revenue falls as a result, the others need to increase to
ensure that the present value of tax revenue matches the present value
of the unchanged government outlays). The implicit assumption is that
government debt adjusts to fill any gap between tax revenue and total
government outlays in any given period.

The dynamic consistency of the bond positions is accomplished by
solving the model combining the King—Plosser—Rebelo (KPR) linear ap-
proximation algorithm with an iterative “shooting” routine on holdings of
foreign bonds. The algorithm starts with an initial guess for the long-run
bond positions in the long-run equilibrium under the proposed tax pol-
icy (typically the same as the “status quo” bond positions). The long-run
equilibrium conditions are then solved using the simultaneous Equations
(10)—(14) and the transitional dynamics are solved by linearizing around
these new balanced-growth allocations using KPR. The transitional dy-
namics are traced for 2,500 periods setting as initial conditions the values
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of k, k*, and b in the status quo calibration. These simulations yield fore-
ign bond positions that converge to some long-run bond positions. If the
latter differ from the initial guess, the new results are adopted as a new
guess and the process is repeated.

The intertemporal revenue neutrality of the proposed tax changes is
ensured with a second iterative routine. Once a consistent solution for
foreign asset dynamics is obtained, the algorithm checks whether the
present value of the unchanged government outlays (i.e., expenditures
plus entitlement payments) equals the present value of tax revenue. If
this equality fails, one of the taxes is adjusted according to a rule that
updates the tax rate as needed to balance the latest estimate of the gov-
ernment’s intertemporal budget constraint. The algorithm starts again
with the shooting routine on foreign bonds using the updated taxes, and
the process is repeated until it converges to consistent solutions for both
taxes and long-run bond positions.

Once a full solution of a tax policy experiment is obtained (i.e., long-run
equilibria before and after the tax change as well as transitional dynam-
ics), the welfare effect of the policy is computed by calculating the com-
pensated lifetime consumption variations proposed by Lucas (1987) and
(1990). Accordingly, the net welfare effect of a tax policy change is mea-
sured by the constant percentage change in consumption in all periods
thatleaves households indifferent between the lifetime utility obtained by
remaining in the status quo equilibrium and the lifetime utility obtained
by undertaking the tax policy change (inclusive of the stage of transitional
dynamics in consumption and leisure).

The solution method proposed here can accommodate alternative as-
sumptions with regard to the structure of the tax adjustments that are
considered. Tax policies can be examined as unilateral changes adopted
by one country, with the other country adjusting either distortionary or
lump-sum taxes to preserve its revenue neutrality in the face of interna-
tional spillovers of the tax changes made by the first country. Alterna-
tively, tax policy changes can be examined as world-wide changes in some
distortionary taxes met by world-wide revenue-neutral changes in other
distortionary taxes.

2.3. The International Transmission Channels of Tax Policy

The model features the three main channels by which changes in country-
specific tax rates have external effects on foreign countries mentioned in
the introduction. First, the price channel: Changes in tax policy alter the
world’s real interest rate (or the price of internationally traded bonds)
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and the prices of capital and labor within each country. Second, the wealth
channel: Changes in tax policy have efficiency effects that affect the to-
tal capital stock of the world economy and the distribution of capital
across countries. Third, the tax revenue erosion channel: The tax bases
of foreign countries are affected by the price and wealth channels, forc-
ing foreign tax authorities to implement undesired changes in their own
structure of distortionary taxes in order to maintain intertemporal fiscal
balance.'*

The basic economic intuition behind the operation of these three chan-
nels can be derived from studying the optimality conditions that charac-
terize the competitive equilibrium of the model. Consider in particular the
optimal saving and investment margins in the home and foreign countries.
Because of the assumptions of residence-based taxation, extreme home
bias, and tax-free foreign interest income, these optimal margins imply
that

(a) The intertemporal marginal rates of substitution in consumption
are the same across countries and both are equal to the inverse
of the price of international bonds (which is the world’s gross real
interest rate).

(b) The post-tax net marginal products of capital (including the marginal
capital adjustment costs) are equalized across countries, and both
are also equal to the world’s gross real interest rate.

The second of these conditions implies that the home-country net
marginal product of capital differs from that in the foreign country by
a factor equal to (1 — w«)/(1 — 7). If the home country cuts its capital
income tax, arbitrage of the returns on domestic capital and foreign bonds
by home agents leads them to borrow from abroad to take advantage of
the increased post-tax return on domestic capital, and thus finance the at-
tractive new investment without a costly consumption sacrifice. Foreign
agents are willing to lend but at the right price (since neither country is
a small open economy), and this price is reflected in the equality of in-
tertemporal marginal rates of substitution listed in condition (a). A capital
outflow from the foreign country into the home country takes place and
the world’s real interest rate rises. Moreover, as capital flows out of the
foreign country, the foreign wage rate and price of capital (which differs
in the short run from the price of consumption and the world interest

14 Alternatively, this revenue-erosion effect can be modeled as forcing changes in govern-
ment expenditures with production or utility benefits, which would also be distortionary.
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rate because of the adjustment costs) also change. These interest rate
and factor price changes represent the price channel of the international
spillovers of tax policies. Note that the interest rate change can only be
transitory because, as explained earlier, the long-run real interest rate is
independent of tax policy and is set by the exogenous growth condition:
r=p—yo.

The wealth channel works through the process by which the home
(foreign) country increases (reduces) its debt and capital stock during
the transition, as the efficiency gains of the domestic tax cut materialize.
The domestic debt build-up in the early stages of transition reflects not
only the borrowing incurred to expand the capital stock but also the
debt acquired to distribute evenly over time the consumption benefits
of the increased wealth of the economy. The home country runs a trade
deficit in the short run but at steady state it services its increased long-run
debt with a permanent trade surplus, while the opposite happens in the
foreign country. Following Mendoza and Tesar (1998), the short-run debt
build-up can be referred to as a smoothing effect and the servicing of the
increased long-run debt can be labeled an income redistribution effect.
The physical wealth of the world economy may increase or fall as a result
of the efficiency gains of the tax cut (i.e., the world’s capital stock may rise
or fall), but the home country always becomes relatively wealthier than
the foreign country. There is also a change in portfolio composition, the
home country holds more physical capital and fewer foreign bonds at the
new long-run equilibrium.

The revenue erosion channel operates via the effects of the price and
wealth channels on the labor income, capital income, and consumption
tax bases of the foreign country. This channel is the net result of the
endogenous changes in foreign allocations and prices that determine each
tax base in response to the change in home-country taxes. As the present
value of foreign tax revenue changes, the foreign tax authority is faced
with the choice to either adjust tax rates or cut government outlays. The
model forces the latter to remain constant (although the quantitative
framework can be easily altered to consider adjustments in these outlays).
As a consequence, the foreign government must choose a combination
of tax rate changes that yields a present value of tax revenue equal to the
present value of the unchanged government outlays."

13 Since government outlays are constant at their pre—tax harmonization level, the present
value of these outlays changes only due to changes in the time path of the world’s interest
rate.
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The intuition developed above to account for the international trans-
mission channels of tax policy is based on studying the effects of a cut
in the domestic capital income tax. However, changes in the domestic
labor income tax or the consumption tax induce effects on the foreign
economy that operate through similar channels. The price channel is less
direct because changes in domestic labor or consumption taxes do not
have a direct effect on the price relevant for the investment margin in
the foreign country (as is the case with the capital income tax). A cut in
domestic labor or consumption taxes raises the domestic post-tax effec-
tive real wage and induces the classic income and substitution effects on
the domestic supply of labor. The subsequent change in the equilibrium
labor allocation has an indirect effect on the domestic marginal product
of capital and this sets in motion the arbitrage effects at work in the case
of changes in the domestic capital income tax. The wealth channel and the
tax revenue erosion channel are also present since they reflect the effects
of the price channel on the allocations of the world general equilibrium.
However, it is reasonable to argue that the less-direct nature of the price
channel makes all three channels of international transmission of tax pol-
icy weaker when they operate through changes in the consumption or
labor taxes than through the capital income tax.'

One additional implication of the model’s saving and investment opti-
mality conditions is the intuition for the result that the model can support
competitive equilibria in which the foreign and domestic capital income
tax rates can differ despite residence-based taxation.!” As argued earlier,
this is due to the “extreme home-bias” assumption that there is no inter-
national trade in shares of ownership of the capital stock located in each
country. If equity trading were allowed, and the tax system is residence-
based, the home (foreign) households would pay tk (73 ) on their holdings
of both kand k*(k* and k). Arbitrage of returns across bonds, domestic

16 This can be the case even when the efficiency-driven welfare gains from cuts in the labor
income tax exceed those resulting from cuts in the capital income tax. Mendoza and
Tesar (1998) show an example of a U.S. labor tax cut with a larger welfare gain than a
U.S. capital income tax cut even though the three channels of international spillovers are
weaker.

The assumptions of extreme home bias and residence-based taxation could be replaced
with source-based taxation without altering the saving and investment optimality condi-
tions (a) and (b) described earlier. Actual tax systems are a mixture of residence- and
source-based systems. Frenkel, Razin, and Sadka (1991) show that personal income taxes
across OECD countries are mainly residence based, while corporate income taxes are
source-based in principle but supplemented by treaties that allow for credits or deduc-
tions so as to approximate residence-based taxation.

17
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capital, and foreign capital would then require that both post-tax and pre-
tax net returns on capital in each country be equalized, and this in turn
would require that tx = 7 at equilibrium.

3. The Case Against European Tax Harmonization

This section uses the quantitative framework proposed in Section 2 to
analyze the macroeconomic effects of harmonizing capital income taxes
in Europe. The experiment shares the basic features of the ones conducted
by Frenkel, Razin, and Symansky (1990) and (1991) and Frenkel, Razin,
and Sadka (1991) for the case of the harmonization of the value-added
tax (VAT). They followed the European VAT harmonization agreements
and modeled VAT harmonization as a policy by which a high-VAT, low—
income-tax country and a low-VAT, high-income-tax country agree to set
acommon VAT rate in between their existing high and low rates, adjusting
income tax rates as necessary to maintain tax-revenue neutrality period
by period.'® One important difference in the analysis conducted here,
however, is in that tax-revenue neutrality is not maintained period by
period but in terms of the present value of tax revenue matching the
present value of unchanged government outlays. Thus, the experiments
below relax the assumption implicitin the VAT harmonization studies that
governments cannot engage in optimal borrowing to smooth taxation.
In the capital-income-tax harmonization experiments conducted here,
the U.K. starts as a high-capital, low-labor tax country while Continental
Europe starts as a low-capital, high—-labor tax country. The two economies
agree to harmonize the capital income tax rate at a common level in be-
tween their initial tax rates. The high degree of consumption-tax harmo-
nization already attained in Europe is preserved by assuming that the
consumption tax rate is left unchanged in all countries. The initial levels
of government expenditures and entitlement payments are kept constant
in each period throughout the experiment, so that the assessment of the
effects of tax changes is not blurred by endogenous changes in govern-
ment outlays. This implies that each country must adjust its labor income
tax rate so as to ensure that the present value of its total tax revenue
matches the present value of its unchanged government outlays.

18 VAT harmonization in Europe was achieved gradually through various agreements since
1967. Convergence of VAT rates was achieved by implementing agreements on bands
for allowable general VAT rates (with a narrowing width that eventually converged to a
minimum rate) and lists of products eligible for reduced and zero rates.
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One important caveat is that the significance of each of the interna-
tional transmission channels of tax policy is difficult to isolate in the results
of the tax harmonization experiments because they reflect the combined
effect of the three transmission channels resulting from changes in capital
and labor tax rates in both countries in the model. To address this issue, the
tax harmonization analysis is preceded by an analysis of a unilateral cut
in the capital income tax by the United Kingdom that provides a clearer
picture of the operation of the international spillover effects driven by
relative prices, wealth distribution, and tax-revenue erosion.

3.1. Identifying the Tax Policy Transmission Channels:

Unilateral Tax Cuts

The unilateral tax cut in the United Kingdom is modeled as a cut of
5 percentage points in its capital income tax from 47.2% to 42.2%. Re-
sults are reported for two scenarios. First, an ideal scenario in which Con-
tinental Europe is assumed to have access to lump-sum taxation in order
to deal with the revenue-erosion effect and maintain intertemporal fiscal
balance. Second, a scenario fully consistent with the assumptions of the
model in which Continental Europe must use the labor tax to offset any
adverse tax-revenue effects.

The first experiment is useful for gauging the magnitude of the erosion
of foreign tax revenue directly induced by the UK. tax cut free from the
indirect effects of endogenous adjustments in distortionary tax rates in
Continental Europe. The experiment also yields the best outcome for
Continental Europe in terms of welfare because the use of lump-sum
taxes to offset the tax revenue erosion effect neutralizes the distortions
associated with endogenous changes in the labor or capital taxes needed
to maintain intertemporal fiscal balance.'”

Figures 12.4-12.6 plot the transitional dynamics of the variables that
reflect the three channels of transmission of tax policy in this experiment.
The dynamics are plotted as percent deviations from the initial “status
quo,” as calibrated in Section 2, for 300 quarters after the cut in the UK.
capital tax. Figure 12.4 plots the effects on prices. The world real interest

19 In as much as the Ricardian representation of public debt as transfers holds, one can
say that when time-invariant consumption, labor, or capital taxes are used the foreign
government still has some access to lump-sum taxation. There is a clear difference, though,
in that changing these tax rates is distortionary even if Ricardian transfers are used to
compensate for temporary fiscal deficits or surpluses, while there are no extra distortions
when the tax revenue erosion effect is offset with lump-sum taxes.
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rate increases by about 5 tenths of a percentage point (in the plot the in-
terest rate data are scaled by a factor of 100) and then declines gradually
to return to its initial state, which is invariant to any tax policy changes be-
cause of the exogenous balanced-growth considerations discussed earlier.
This interest rate change may seem small, but the changes in equilibrium
allocations and welfare that it leads to are very large (as shown below).

With regard to pre-tax factor prices, in the United Kingdom the wage
rate rises on impact by about 0.5% and then rises gradually to settle at
a level nearly 3% higher than in the pre-tax-cut equilibrium. The rental
rate on domestic capital falls on impact by about 1% and continues to
fall gradually until it reaches a level nearly 5.5% lower than at the initial
equilibrium. Pre-tax factor prices also change in Continental Europe but
the changes are transitory. On impact, the rental rate on foreign capital
increases by 1% while the wage rate falls by about 0.5%. Both return
gradually to their pre—tax-cut levels following a monotonic convergent
path.

Figure 12.5 illustrates the significance of the wealth redistribution ef-
fect with respect to holdings of physical capital. The capital stock of the
United Kingdom increases following a concave, monotonous convergent
sequence to a level 9% higher than before the tax cut. The capital stock
in Continental Europe declines down to a minimum of 1.4% below the
pre—tax-cut level and then recovers somewhat to converge to a long-run
equilibrium 0.9% below the initial level. Clearly, the world’s capital stock
increases as a result of the tax cut in the United Kingdom but the share
of it owned by Continental Europe is smaller.

Figure 12.6 illustrates the tax revenue erosion effect. European tax
revenue raises on impact by about 3/4 of a percentage point but it quickly
falls below the initial level and converges to a long-run level 3/4 of a per-
centage point lower than before the U.K. tax cut. In this case Continental
Europe uses lump-sum taxes or transfers to offset any resulting difference
in distortionary tax revenue relative to government outlays. Figure 12.6
shows how these lump sum taxes (i.e., the fiscal deficit as a share of GDP)
need to be allocated over time so as to maintain time-invariant levels
of government purchases and entitlements. The plot also shows the dy-
namics of tax revenue and transfers in the United Kingdom, where the
labor tax is increased to restore intertemporal fiscal balance (the labor
tax increases only by 1.2 percentage points). Given the dynamics of fac-
tor prices, consumption, capital and labor, there is an initial decline of
almost 2% in U.K. tax revenue followed by a recovery to a level that per-
manently exceeds the initial level of tax revenue by 3/4 of a percentage
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point. The plot of the U.K. fiscal deficit reflects only adjustments in pub-
lic debt (i.e., Ricardian lump-sum transfers) used to meet temporary tax
revenue shortfalls so that the present value of distortionary tax revenue
matches that of government outlays.

The UK. tax cut sets in motion the price channel and the smooth-
ing and income-redistribution effects of the wealth channel that lead to
changes in the dynamics of macroeconomic aggregates in Continental
Europe through standard income and substitution effects. In theory, some
of these effects have ambiguous signs even for the functional forms used
in the model. In the numerical simulation, however, Figure 12.7 shows
that output and the supply of labor increase in Continental Europe on
impact and then fall to permanently lower levels. Consumption does the
opposite. It falls on impact and then rises gradually to a slightly higher
permanent level. The trade balance—GDP ratio increases by 2 percentage
points on impact, reflecting the transfer of resources going into build-
ing up the UK.’s higher capital stock and consumption driven by the
smoothing effect. In the long run, the trade balance-GDP ratio actually
falls and is about 3/4 of a percentage point lower than in the initial equi-
librium, reflecting the servicing of the debt that the U.K. accumulated in
the process of convergence to its new steady-state equilibrium (i.e., the
income-redistribution effect).

The welfare effects (i.e., the changes in lifetime utility) of this uni-
lateral tax cut, including the transitional dynamics, are equivalent to an
increase in trend consumption of 0.8% for the United Kingdom and a
decline of 0.2% for Continental Europe. Given the modest unilateral tax
cut that was considered, the large effects on prices, wealth distribution,
and tax revenue, and the corresponding large changes in equilibrium allo-
cations and welfare, indicate that the international transmission channels
of tax policy are very strong. This is the case even in this best-case sce-
nario in which the fall in the present value of tax revenue relative to that
of government outlays in Continental Europe is made up by lump sum
taxation.

Consider next the same 5-percentage-point cut in the U.K. capital in-
come tax, but discard the assumption that Continental Europe uses lump-
sum taxation to maintain fiscal balance. Continental Europe has to raise
its labor tax by 3.8 percentage points, from 47.4% to 51.2% - an unin-
tended tax hike triggered by the unilateral tax cut in the United Kingdom.
The transmission channels also result in an increase in the U.K.’s labor
income tax, but one that is nearly 1/4 of a percentage point smaller than
in the lump-sum tax case.
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The price channel differs in that the short-lived interest rate hike is
smaller, and, more importantly, factor prices in Continental Europe ex-
perience larger changes and in opposite directions compared to the lump-
sum tax case. The rental rate of capital falls by 1.5% on impact and the
wage rate rises by 1%. They still converge gradually following a mono-
tonic path back to their initial levels. Pre-tax factor prices in the United
Kingdom display fairly similar dynamics as before. The wealth channel
is more powerful. The capital stock in the U.K. converges to a level 10%
higher than in the pre-tax-cut equilibrium, while that of Continental
Europe falls to a level 6% lower. The erosion of the present value of tax
revenue has been prevented in boh countries by the upward adjustments
in labor taxes. As aresult, the initial increase in tax revenue in Continental
Europe is nearly 4 times larger (3% instead of 0.75%). Interestingly, the
change in Continental Europe’s public deficit as a share of GDP implied
by the changes in public debt consistent with keeping time-invariant gov-
ernment outlays is still significant. On impact, the fiscal balance improves
by 1.2 percentage points of GDP.

Relative to the lump-sum tax case, the net effect of the above price,
wealth, and tax erosion channels is a larger welfare gain for the United
Kingdom (1.06% instead of 0.83%) and a much larger welfare loss for
Continental Europe (3.7% instead of 0.21%). The difference between
these welfare estimates across the lump-sum and labor-tax scenarios is a
measure of the welfare implications of the tax revenue erosion channel,
taking into account how the increase in the distortionary labor tax re-
quired in Continental Europe to offset the budgetary impact of the U.K.
tax cut feeds back into the price and wealth transmission channels. Note
that capturing these feedback effects accurately requires the model to
keep track of how pre-tax factor prices, factor allocations, and consump-
tion react in equilibrium to the tax changes. In this regard, simplifying
assumptions restricting the response of these variables, such as linear
production technologies, exogenous capital accumulation, or unitary in-
tertemporal elasticity of substitution in consumption, are not innocuous.

3.2. European Tax Harmonization

The analysis turns now to the harmonization of the capital income tax
across Continental Europe and the United Kingdom. The harmonized tax
rate is set as the weighted average of the initial rates, 147.2 4+ (1 — 1)27.9,
for any A € [0, 1]. Government outlays are kept constant in each period
in both countries and labor taxes are adjusted as necessary to keep the
present value of tax revenue in each country equal to the present value
of the unchanged government outlays.
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Table 12.2 summarizes the results of the tax harmonization experi-
ments for L = 1, 0.75, 0.5. For each case, the table reports the new factor
income tax rates, welfare changes, and the impact and long-run effects
relevant for each of the three transmission channels of tax policy. The
harmonized capital income tax rates are set at 47.2%, 42.4%, and 37.6%
for values of A equal to 1, 0.75, and 0.5 respectively. Given the initial labor
income tax rates of 7, = 24.4% and 1j" = 47.4%, the adjustments in labor
taxes shown in Table 12.2 indicate that for high values of A (i.e., when
the harmonized capital income tax rate is closer to the existing U.K. tax)
both countries cut labor income tax rates. For A = 1 the U.K. labor tax
falls to 23.3% and the labor tax in Continental Europe falls to 41.7%,
while lower values of X result in one or both countries increasing the
labor tax. At A = 0.5 the UK. labor tax rises by almost two percentage
points and the labor tax in Continental Europe increases by 0.5 percentage
points.

From the perspective of welfare effects, tax harmonization does not
make much sense. Welfare changes are positive for both countries the
higher the value of A, but even when the capital income tax rate is harmo-
nized at the current UK. rate the welfare gain for Continental Europe is
very small. Lowering A to 0.75 or 0.5 enlarges the U.K. welfare gain but it
turns the gain in Continental Europe into a significant welfare loss. If the
harmonized tax rate is set at the average of current tax rates welfare in
the U.K. increases by 2.1% but the loss in Continental Europe is nearly
2.7%.

These results are driven by the large effects of the international trans-
mission channels of tax policy. The transmission channels reflect in turn
the fact that the options presented by tax harmonization imply a signifi-
cant efficiency gain for the U.K. relative to Continental Europe because
the capital income tax always falls in the former relative to the latter, while
labor income taxes tend to move in the same direction in both countries.
The logic that harmonization of capital income taxes allows the coun-
try with the initial low capital tax and high labor tax (i.e., Continental
Europe) to switch to a higher capital tax and a lower labor tax, while the
country in the opposite situation (i.e., the United Kingdom) switches to a
lower capital tax but a lower labor tax, fails. In the best-case scenario for
Continental Europe (with A = 1), in which the harmonized tax rate is set
at the level of the initial U.K. tax, both countries preserve fiscal solvency
by lowering labor taxes. As A falls, the United Kingdom lowers its capital
tax and the increase in the capital tax in Continental Europe is therefore
smaller. The U.K. must increase its labor tax to preserve intertemporal
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Table 12.2. Macroeconomic Effects of Capital Income Tax Harmonization
in Europe

Weight of current U.K. capital income tax

r=1 A=0.75 A=0.5
Impact Long-run Impact Long-run Impact Long-run
effect effect effect effect effect effect
New tax rates
™® = 1§ 47.17 47.17 42.37 42.37 37.56 37.56
7L 23.29 23.29 24.74 24.74 26.16 26.16
7 41.72 41.72 44.12 44.12 47.85 47.85

Welfare effects (percent compensating variation in trend consumption):
United

Kingdom 1.26 1.68 2.05
Continental
Europe 0.13 —0.59 —2.68
Price channel (percent changes relative to preharmonization steady state):
R —0.14 0.00 —0.05 0.00 0.01 0.00
w 1.30 0.00 1.34 3.01 1.54 5.75
r —2.26 —0.01 —2.35 -5.13 —2.69 —9.46
w* —3.14 —9.58 —2.48 —6.87 —1.33 —4.39
r 5.83 19.61 4.57 13.48 2.41 8.30
Wealth channel (percent changes relative to preharmonization steady state):
k 0.00 3.27 0.00 11.30 0.00 19.10
k* 0.00 —22.50 0.00 —18.03 0.00 —15.79

Tax revenue erosion channel (percent changes relative to
preharmonization steady state)

tr —-2.98 0.50 —3.83 1.16 —4.86 1.80
def/y! —1.10 0.18 —1.42 0.40 —1.80 0.60
tr* 7.19 —3.06 6.55 —2.61 6.68 —2.56
def*/y*! 2.99 -1.41 2.80 —1.26 2.92 -1.26
Allocations (percent changes relative to preharmonization steady state):
y —2.26 3.26 —2.35 5.59 —2.69 7.83
c 3.58 0.68 1.93 1.92 0.64 2.81
x/y! 2.78 0.00 3.73 0.93 4.86 1.80
nx/yt —6.88 2.23 —6.92 2.34 —7.47 2.61
L —3.52 3.26 —3.64 251 1.01 —0.48
y* 5.83 —7.30 4.57 —6.98 2.41 —38.80
c* 6.52 —0.27 2.83 —1.02 —2.44 —4.36
x*/y*! -5.97 —3.37 —5.13 —2.44 —4.52 —1.58
nx* ) y*! 6.98 —2.63 7.11 —2.80 7.84 —3.23
L 9.25 2.52 7.23 —0.12 3.79 —4.62

Note: The initial tax rates are as reported in Table 12.1.
constant and equal across countries.

The consumption tax rate remains

! Difference relative to the corresponding initial GDP ratio in percentage points
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fiscal balance, but this is also the case in Continental Europe despite the
rise in its capital tax rate because of the adverse tax revenue implications
of the price and wealth channels.

The previous argument is similar to that of a dynamic Laffer curve.
Continental Europe’s tax rate on capital rises but the present value of
tax revenue falls relative to the present value of government outlays,
requiring a higher labor income tax to make up for the difference. The
effects at work to produce this Laffer-curve effect operate through the
general-equilibrium dynamics of pre-tax factor prices, the interest rate,
factor allocations, and consumption, which are the determinants of the
time path of the tax base and the discount rate of the tax revenue stream.

The price channel data listed in Table 12.2 show that the interest rate
falls on impact, but the decline is small and it becomes even smaller as
A falls. The interest rate then rises gradually to return to its invariant
steady state determined by the balanced-growth condition. The impact
effects on U.K. pre-tax factor prices are similar regardless of the value
of A, but the long-run effects differ sharply. If A = 1, the harmonized tax
rate equals the current U.K. tax rate and the steady-state conditions of the
model imply that the long-run U.K. investment rate, rental rate of capital,
and wage rate must be the same as before tax harmonization. As the
capital income tax rate drops (with A = 0.75 or 0.5), the long-run rental
rate (wage rate) falls (rises) below (above) the pre-tax-harmonization
level by as much as 9.5% (5.8%) for A = 0.5. The effects on pre-tax factor
prices in Continental Europe are generally larger than in the U.K.. The
capital rental rate increases on impact and in the long run, while the wage
rate falls, and these effects are larger the higher the value of A. These
changes in factor prices, coupled with the tax rate adjustments, could help
Continental Europe to raise tax revenue but the large, gradual fall in its
capital stock more than offsets the movements in factor prices and yields
long-run levels of tax revenue 2.5 to 3 percentage points lower than before
tax harmonization.

The large wealth redistribution reflected in the wealth channel is the
main result of the increase in relative efficiency in the United Kingdom.
Harmonization of the capital income tax always results in the United
Kingdom owning a larger share of the world’s capital. The world-wide
capital stock falls for high values of A but increases for low values of A.
Interestingly, the best welfare outcome for Continental Europe (i.e., the
one with the highest 1) is obtained when its capital stock suffers the
largest drop. The reason is that this is also the case in which the size of
the redistribution of wealth in favor of the U.K. (as proxied by the sum
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of the absolute values of the changes in capital stocks) is the smallest,
and this entails dynamics for pre-tax factor prices and consumption and
labor allocations that allow the largest cut in the labor tax of Continental
Europe. The resulting smaller distortion on the labor supply—consumption
margin and the smaller redistribution of capital yield consumption and
labor dynamics that support higher lifetime utility.

The model fails to produce solutions for cases in which A < 0.46. The
reason is that in this case there is no adjustment of the labor tax in Con-
tinental Europe that is consistent with maintaining a present value of tax
revenue equal to the present value of government outlays. Lower A’s imply
lower hikes in the capital tax in Continental Europe and larger cuts in the
capital tax of the United Kingdom, which imply in turn larger efficiency
losses in Continental Europe relative to the United Kingdom. Making
up for the resulting larger revenue-erosion effects requires Continental
Europe to increase its labor tax. However, since this tax obeys a sequence
of Laffer-curve relationships each period, and since the Cobb-Douglas
technology implies that these Laffer curves shift downward as Continen-
tal Europe’s capital stock declines, it is possible that the present value of
the sequence of tax revenue produced by the maxima of the Laffer curves
falls short of what is needed to keep the present value of total tax revenue
equal to that of government outlays.

4. Concluding Remarks: If Harmonization Is Undesirable,
What Then?

This paper examined the quantitative significance of three key interna-
tional transmission channels of tax policy: the price channel, the wealth
channel, and the tax revenue erosion channel. The theoretical founda-
tions of these transmission channels in dynamic optimizing models of the
open economy have been widely studied since the 1980s, but efforts to
develop quantitative applications of the theory that can be incorporated
into a policymaking framework have progressed slowly due to limitations
of numerical methods. This paper applied numerical solution techniques
developed by Mendoza and Tesar (1998) to study the features of the
transmission channels of tax policy in a two-country dynamic, general-
equilibrium model based on the workhorse model of exogenous growth
driven by labor-augmenting technological change. The model s calibrated
to key features of the fourth largest European economies and solved with
an algorithm that yields accurate solutions of short- and long-run changes
in net foreign asset positions and endogenous adjustments in tax rates
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necessary to ensure intertemporal fiscal solvency. These have been the
two main hurdles encountered in developing quantitative applications of
open-economy intertemporal equilibrium models of tax policy.

The findings of this paper suggest that the macroeconomic effects re-
flecting the dynamic, general-equilibrium implications of the three inter-
national transmission channels of tax policy are very large. When these
transmission channels are taken into account, the harmonization of capi-
tal income tax rates in Europe (as proxied by the convergence of capital
tax rates to an ad hoc weighted average of existing capital income taxes)
does not seem desirable — in the sense that it generally fails to yield a
Pareto efficient outcome. Pareto efficiency is crucial because if one of
the tax-harmonizing countries is made worse off the sustainability of the
policy is called into question, and prospects for successful negotiations to
implement it are poor to begin with.

What are the alternatives to capital income tax harmonization? One al-
ternative is to explore tax harmonization in a less stringent environment,
which can be viewed as an effort to undertake an Europe-wide tax reform.
For instance, government outlays and harmonized indirect tax rates can
be kept constant as before, but the tax authorities can jointly search for a
Pareto-improving mix of capital and labor income tax rates that yields the
same welfare gain to each country. Interestingly, this outcome is obtained
with an agreement in which the U.K. keeps its tax on capital income
unchanged and Continental Europe increases its capital income tax by
14.5 percentage points to 43.5%. This tax increase allows both countries
to cut labor taxes and still maintain time-invariant levels of government
expenditures and entitlements set at their pre-tax-harmonization levels.
The labor tax falls by 0.5 and 4.9 percentage points in the U.K. and Con-
tinental Europe respectively. The welfare gain in both the U.K. and Con-
tinental Europe is equivalent to a 0.8% increase in trend consumption.

A second, more ambitious alternative is to obtain a quantitative as-
sessment of the actual outcome that Nash or Stackelberg competition
among national tax authorities can be expected to yield, and compare it
with the outcome of a concerted effort for tax coordination (in the sense
of adopting a tax structure fully consistent with a cooperative solution of
the same tax-competition game). This is the line pursued in Mendoza and
Tesar (2001). There, we use the quantitative framework used in this paper
as the backbone of a more complex algorithm that solves for the reaction
curves of national tax authorities taking into account the full general-
equilibrium dynamics that capture the global transmission channels of
tax policy. These reaction curves are then used to construct numerical
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solutions of Nash and Stackelberg international tax competition, the out-
comes of which can be contrasted with those of cooperative equilibria.
This quantitative analysis can be a useful tool for exploring the analytical
results on international tax competition from studies like those by Razin
and Sadka (1989, 1990). Preliminary results suggest that, in line with re-
cent observations in the financial media and views of some Commissioners
in the European Union (see The Economist, Feb. 10, 2001, p. 52), a good
dose of tax competition might actually be welfare-improving relative to
the existing tax structure, and that relative to this improvement the gains
from coordinating to move to a cooperative equilibrium may be small.
It is also worth noting that the conclusion that European capital tax
harmonization is undesirable is subject to important caveats that reflect
some important shortcomings of the analytical model on which it is based:

1. The analysis is based solely on efficiency gains within a representa-
tive-agent framework. The model deals with large international
redistribution effects, but ignores within-country redistribution ef-
fects which are very important in the overall assessment of alterna-
tive tax policies at a national level.

2. The model assumes that tax changes do not affect the rate of eco-
nomic growth over the long run. Even though there is evidence
that this assumption is quantitatively justifiable for a large class of
models of endogenous growth (see Mendoza, Milesi-Ferretti, and
Asea (1997)), there are growth effects of taxation that have yet to
be explored empirically and could turn out to be important (see,
for example, Peretto (1999)).

3. Tax policy in the model examined here is inherently time-inconsis-
tent. Benevolent fiscal authorities have the incentive to reconsider
previously announced tax policies if given the chance to reoptimize
in the future. Economic agents take into account the entire future
path of tax rates in formulating their optimal plans and these plans
are time-consistent, but a government that chooses to reoptimize
at some future date is oblivious to this situation. However, the
European record with VAT tax harmonization suggests that the
same cross-border institutions and agreements that have served as
an effective commitment mechanism to make harmonized VATs
sustainable could work to support broader coordinated efforts at
reforming national tax systems.

4. Theobserved differencesin tax systems currently in place in Europe
(which play a crucial role in yielding the result that harmonization
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is undesirable) are taken as given, so the model abstracts from
explaining why tax systems differ across countries in the first place.
Since the economic and political forces that drive these differences
are likely to be the same as those driving harmonization efforts, it is
important to develop political economy models that can tackle this
issue within a quantitative framework similar to the one examined
here.

5. The model assumes that government expenditures are unproduc-
tive. While the extent to which government expenditures are bene-
ficial for private-sector production or utility is highly controversial,
it is worth acknowledging that revenue-erosion effects can lead to
undesirable cuts in government expenditures or entitlement pro-
grams. Still, the costly distortions due to increases in labor taxes
forced by tax-revenue erosion in the model examined here may
approximate similar effects as those that would result if instead
productive government expenditures had to be reduced. Hence, it
is unclear whether altering the model to incorporate adjustments
in productive government purchases would alter the welfare out-
comes reported in the paper.

6. The quantitative results can be very sensitive to the values set for
some of the model’s parameters. Mendoza and Tesar (1998) showed
that is particularly the case with the initial net foreign asset posi-
tions, the elasticities of labor supply, and capital-adjustment costs,
and the assumption of whether foreign interest income is taxed or
not.
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THIRTEEN

Home Bias in Portfolios and Taxation of Asset Income

Roger H. Gordon and Vitor Gaspar

There is now extensive evidence that individual investors have a strong
tendency to invest in domestic rather than foreign equity.! This “home
bias” in portfolios can potentially have important implications for eco-
nomic behavior and economic policy. For one, it suggests that extra savings
in a country will be invested primarily at home, consistent with the ev-
idence for a lack of international capital mobility reported in Feldstein
and Horioka (1980). In addition, the implied lack of capital mobility may
explain the observed taxation of the return to domestic capital. In partic-
ular, when capital is fully mobile internationally a tax on domestic capital
in a small country does not affect the net-of-tax rate of return available to
capital owners and instead would be borne by immobile factors, primarily
labor. In this setting, Diamond and Mirrlees (1971) show that such a tax
would be dominated by labor income taxes (or consumption taxes) even
from the perspective of workers. If capital were not so mobile, however,
then capital should bear part of the tax, so that the tax might well be
chosen for distributional reasons.

These presumed implications of home bias can be judged, however,
only in the context of some particular model that generates home bias.
The objective of this paper is to choose a plausible explanation for the
observed home bias, and then to use a formal model based on this ex-
planation to explore whether the above two implications of home bias
necessarily follow.

1 See, for example, Adler and Dumas (1983) and French and Poterba (1991).
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Since portfolio models conventionally forecast that investors will hold
a fully diversified portfolio of equity issued worldwide,” some other con-
siderations must be included in the model so that it can explain home
bias. Several of the approaches that have been explored, including the
one we use, presume that domestic equity helps domestic residents hedge
against other risks they inevitably face.’ For example, Hartley (1986) hy-
pothesizes that the return on publicly traded equity will be negatively
correlated with the return on nontraded domestic assets. In fact, how-
ever, Pesenti, and van Wincoop (1996) find little correlation between the
returns on equity and nontraded assets in the data. Similarly, Eldor, Pines,
and Schwartz (1988) hypothesize that the return to domestic equity will
be negatively correlated with domestic labor income. The empirical evi-
dence for this explanation is mixed. While Bottazzi, Pesenti, and van
Wincoop (1996) report a nontrivial negative correlation between profits
and the labor share of income. Baxter and Jermann (1997) document a
strong positive correlation between unexpected components of employee
compensation and the rest of GDP, measured at factory cost. Under these
stories, however, the forecasted deviation of portfolio choice from full in-
ternational diversification depends almost proportionately on the size of
labor income or ownership of nontraded assets relative to total asset hold-
ings.* Since the retired do not need to hedge against random future labor
income, for example, they should hold portfolios that are fully diversified
internationally. Yet, there is no evidence of such systematic variation in
diversification across individuals in the data.

These explanations assume, however, that investors can spend their
random income facing nonstochastic consumer prices. In this paper, we

2 See Solnik (1974) for an early formal demonstration.

3 Other explanations have also been explored. For example, Obstfeld and Rogoff (2000)
argue that costs of international trade might be sufficient to explain home bias. Brennan
and Cao (1997) and Kang and Stulz (1997) provide suggestive evidence that asymmetric
information is the explanation. Gordon and Bovenberg (1996) explore a related model
focusing on FDI rather than portfolio investment.

4 To see this in the case of a CAPM model, assume that investors in country i earn random
labor income Lw;, that the return on equity from any country j, denoted §;, is normally
distributed with mean g; and variance o2, and that the yield on risk-free bonds equals 7.
For simplicity, assume that the returns on equity are independent across countries, but that
the return on domestic equity is correlated with labor income, with a covariance between
Ww; and §; equal to p. The individual’s optimal investment, E;, in equity from country j then
satisfies E; = (g; —r)/(yo?) — tLp/(c?), where y measures the coefficient of absolute
risk aversion and where ¢ equals one when j is the home country and zero otherwise. If
investors have constant relative risk aversion, so that y is inversely proportional to wealth,
then the claim follows exactly.
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instead pursue a hypothesis proposed by Adler and Dumas (1983) that eq-
uity may help investors hedge against random domestic consumer prices.’
The argument relies on three key assumptions. First, domestic residents
are assumed to prefer to consume goods produced domestically.® The sec-
ond key assumption is that indexed bonds are not available — if indexed
bonds existed, then individuals can hedge against random consumer prices
simply by buying indexed bonds.” Third, the prices of domestic capital and
domestic consumption goods are assumed to be closely linked.® Given
these assumptions, domestic equity provides a hedge against consumer
price fluctuations.” The hedge is not perfect, given the inherent risk in the
return to real capital, but some specialization in domestic equity is still
forecast. In contrast to equity, bonds from different countries are perfect
substitutes in this setting.

The resulting home bias in equity holdings should disappear, however,
if monetary policy instead stabilizes domestic prices, allowing exchange
rates to absorb any random variation in the relative prices of consumption
goods produced in different countries.!® Under price stability, ordinary
bonds are equivalent to indexed bonds, assuring a nonstochastic level
of consumption by themselves, so that domestic equity can provide no
further hedging gain. Also, the exchange rate risk faced on holdings of
foreign equity can be fully hedged through offsetting holdings of foreign

5 For a survey of past papers exploring the implications of stochastic consumer prices for
portfolio diversification, see Branson and Henderson (1985).

6 The preference for home goods consumption is commonly referred to as the Armington
assumption (following Armington (1969)).

7 Only a few countries have some form of indexed bonds, among them Australia, Canada,
Denmark, France, Ireland, New Zealand, Sweden, the United States, and the U.K. See,
e.g., Bank of England (1996). However, trade in these bonds is very limited, perhaps
because asymmetric information about future inflation rates causes a breakdown in trade.

8 In equilibrium, the price of existing capital, as reflected in share values, should equal the
cost of new investment, e.g., Tobin’s g should equal one. Also, domestic firms will shift
between the production of consumption vs. investment goods in response to any change
in their relative prices. As a result, equilibrium share prices and consumer prices should
move together. Whether the correlation is sufficient to explain the observed degree of
home bias is unclear, however. Cooper and Kaplanis (1994) develop a closely related
model, and test it empirically. While their data suggest that equity does provide some
hedging benefits against domestic price fluctuations, they can explain the observed degree
of home bias only with implausibly low levels of risk aversion.

If labor contracts fully insure labor income against variation in consumer prices, as we

will assume, then the need to hedge against consumer prices is proportional to financial

wealth, implying comparable degrees of portfolio specialization across investors.

10 The portfolio implications of exchange rate risk for portfolios have been explored fre-

quently. See, e.g., Solnik( 1974) or Adler and Dumas (1983).
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bonds. While the forecast as a result is that equity portfolios will be fully
diversified, itis also true that bond portfolios now demonstrate home bias,
a point that will prove important below.

Section 1 provides a formal derivation of the effects of monetary policy
on equilibrium portfolio choices, focusing on two extreme cases: (1) mon-
etary policy stabilizes domestic prices, and (2) monetary policy stabilizes
the exchange rate.!! In our framework the explanation of the observed
specialization in equity assumes that monetary policies have focused on
exchange rate stability.

The bulk of the paper then uses this model to examine whether the
initial intuition regarding the implications of home bias for capital mo-
bility and tax policy in fact holds, given this particular explanation for
home bias. If home bias in equity portfolios causes capital immobility and
facilitates the taxation of asset income, then we should find that these
outcomes arise when monetary policy stabilizes exchange rates but not
when it stabilizes domestic prices.

As seen in Section 2, the model implies that any increase in domestic
savings will be invested primarily in domestic capital, consistent with the
empirical evidence in Feldstein and Horioka (1980).! But this conclusion
turns out to hold regardless of the choice for monetary policy, so regardless
of whether equity portfolios demonstrate home bias.

Section 3 then examines in detail the equilibrium tax rates on capital
income under the two alternative monetary policies. Given the presence
of uncertainty, the Diamond-Mirrlees (1971) results no longer hold, re-
gardless of the choice of monetary policy. When domestic prices are sta-
bilized, the model forecasts that governments would tax domestic capital,
and would normally treat domestic investors more favorably than foreign
investors.'> Most countries do in fact have supplementary taxes on foreign
investors in domestic shares.

11 Persson and Svensson (1989) also demonstrate how portfolio choice depends on mone-
tary policy in a similar setting. The details of their model differ in many ways, however.
For example, they have indexed bonds but do not allow trade in equity. They also explore
very different questions. In common with Persson and Svensson (1989), we assume that
the monetary regime does not affect the economic linkages across markets and across
countries. This is a restrictive assumption (see Frankel and Rose (1997) and Fratszcher
(2001)).

In fact, when exchange rates are stabilized the model forecasts that the fraction of portfo-
lios invested in domestic equity will equal the fraction of extra domestic savings invested
in domestic capital.

These results correspond to those in Gordon—Varian (1989), Werner (1994), and Nielsen
(1998), and reflect primarily an optimal tariff role for tax policy. The previous papers
ignored exchange rate and domestic price uncertainty, however.

12
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When domestic prices are stochastic, in contrast, the case for capi-
tal income taxes and for subsidies to domestic residents are both much
weaker. Whether foreign holdings are taxed and domestic holdings are
treated more favorably now depends on parameter values. In response to
the price risk, foreign investors hold fewer domestic shares, and their de-
mand for shares is more elastic than in the case when domestic prices are
stabilized, implying less gain from taxing foreign investors. In contrast,
the demand for domestic shares by domestic investors is now more in-
elastic, due to the hedging benefits these shares provide, making taxes on
domestic investors more attractive. An important complication, though,
is that capital income taxes result in an inefficient reallocation of risk from
foreign to domestic shareholders.'* Therefore, taxation of asset income
is more difficult under monetary policies that lead to more specialized
equity portfolios, contrary to the initial intuition.

Section 4 provides a brief summary of the key results.

1. Portfolio Specialization in an Open Economy

We examine an infinitely-lived world economy containing N countries.
The key assumption of the model is that consumers prefer to consume
domestically produced goods." For simplicity of notation, we explore the
extreme assumption that they consume only domestic goods.'® Denote
the rate of consumption at time ¢ by consumers in country i by C;,, and
the resulting flow of utility they get at time ¢ by U(C;, ). Specifically, assume
that

C,”
U(Cir) = ﬁ Q)

14 Risk premia are not equated across investors, since there are not separate financial secu-
rities allowing trade in both the random real return to equity and random relative con-
sumer prices.

At a minimum, services and other “nontradables” are purchased at home. Other goods,
which in principle are tradable, can still have different designs and attributes in different
countries, tailored to domestic tastes. As a result, they are not perfect substitutes for
goods from the same industry produced elsewhere.

Under this assumption, any trade occurs in intermediate goods used in production, rather
than in final consumer goods. As noted below, this assumption can easily be relaxed
without changing the qualitative results, at the cost of making the analysis a bit messier
and reducing the quantitative size of the effects we focus on. Under the opposite extreme
assumption, however, in which all individuals have the same tastes, by symmetry they
will also all have the same portfolio so that there can be no home bias, regardless of
monetary policy.

15
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where y > 0 to capture risk aversion. The present value of their expected
utility equals

W, = Eq / e U(Cy) dt. @)
0

Individuals in country i start with assets A;; at date ¢, and can invest
these assets in bonds and stocks from each of the other countries, where
B;j; and S;;; denote holdings by individuals from country i in bonds and
stocks respectively from country j at date ¢. The rate of return on each
bond, B;j;, is assumed to be nonstochastic in units of the local currency,
so that!”

dB;j;
B;j;

=l’jdt. (3)

The return on stocks in contrast is stochastic in units of the local output,
and follows the stochastic process:
dSij;
Sije
Here dz; is a Weiner process while dt reflects any nonstochastic time
trend, together implying that the value of S;; is subject to geometric
Brownian motion, with drift. For simplicity, we assume that the returns
from equity invested in different countries are uncorrelated.'® For now,
we will assume that the parameters in Equation (4) do not depend on the
aggregate demand for equity from any country j, implying a horizontal
supply curve for real capital in any country j.!°
To express the value of an investor’s portfolio in units of domestic
output so as to measure its rate of return in real terms, we need to correct

g}'d[+0’de}'. (4)

17 For simplicity of notation, we assume that interest rates do not change over time. How-
ever, allowing such changes would not alter the qualitative results derived below.

Adler and Dumas (1983) found that the correlations in the returns to equity portfolios
from different countries are in fact very low. However, evidence since then suggests
that correlations have been increasing over time (Longin and Solnik(1995)), and may
be higher during crises (Iwaisako (1996)). For a recent survey of this evidence, see
De Bandt and Hartmann (2000). Our results on the extent of portfolio diversification are
unaffected, however, by common risks and depend simply on the size of the idiosyncrasy
shocks to equity returns.

At this point, the model is partial equilibrium, with the rates of return on assets set
exogenously. In Section III, when we undertake the comparative static analysis of tax
changes, we need to flesh out the model further, to make these rates of return a function of
the underlying production process. While this general-equilibrium structure is essential
for tax policy analysis, it is not needed for the characterization of the equilibrium here,
so is postponed.

18
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for exchange rate movements and changes in the price of domestic output.
Let e}, equal the number of units of some hypothetical base currency that
can be purchased by a unit of country j’s currency at date ¢, and let pj,
equal the domestic price of a unit of country j’s output. In general, both
the exchange rate and the price, pj;, can evolve stochastically over time.
We assume that the price for any country j’s output in units of the base
currency?’ evolves according to an exogenous stochastic process,?! so that

d(ejipji)
€jtDjt
For simplicity, we assume that the output prices in the various countries,
measured in terms of the base currency, are statistically independent both
from each other?? and from the return to equity.?>
By focusing on the value of a unit of each country’s output in units of
the base currency, we are focusing on real rather than nominal values, and
on the values abroad rather than at home. Real prices differ across goods
from different countries, for example, because the design and attributes of
goods from each country differ. They can change independently over time
in the international market because of randomly changing attributes, or
randomly changing values abroad for given attributes.* Note that purely
nominal inflation risk is ignored in the study. Such price risk, given flexible
exchange rates, should lead to equal and offsetting changes in p;; and ¢,
so not show up in Equation (5), nor in any of the special cases examined
below. As aresult, the study abstracts from purely monetary phenomena,
focusing instead on real changes.
In studying the potential impact of monetary policy on the equilibrium,
we will focus on two special cases. In the first, each country stabilizes

=T)jdl‘+9de?. (5)

20 This base currency is therefore the numeraire in the model, when measuring the values
of all goods.

By making this process exogenous, we intentionally eliminate the possibility that mone-
tary or fiscal policies can be used to affect the terms of trade and therefore substitute for
explicit tariffs.

Under this assumption, if exchange rates but not prices are stochastic, then the implied
variance—covariance matrix of conventional measures of the exchange rate for any coun-
try j, relative say to the U.S. dollar (denoted by e;,), will satisfy var(eju) = 67 + 6 and
cov(eju, eju) = 02. Therefore, our assumptions simply imply equal off-diagonal elements
in this matrix.

An earlier draft allowed for a nonzero correlation with the return to equity, and few
insights of interest resulted.

For example, random domestic fads in each country can lead to random changes in the
attributes of domestically produced goods, and collectively can lead to random changes
in the value of each good in the international market.

21
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the domestic price of its own output, so that p;; is nonstochastic and all
relative price movements are captured by exchange rate movements. For
simplicity of notation in this case, we set p;, = 1 for all j. Under these
assumptions,
Mzﬂqjdwejdz; (52)
€jtDje €
In the second, all exchange rates are nonstochastic so that domestic output
prices instead become stochastic and evolve according to>
deppie) _ dPit _ -y 46, dz. (5b)
€jtPjt Pjt

In allocating their real wealth, individuals in country i face the budget
constraint®®
2;¢i(Bij + p;Sij)

éipi '
Since the numerator is measured in units of the base country currency,
we need to divide by the base currency price of domestic output in order
to measure real assets.

If we were to relax our assumption that individuals consume only do-
mestic goods, then Equation (6) needs to be modified. In particular, we
would need to divide through by an appropriate price index, rather than
simply by e; p;. For example, assume that C;, rather than being a scalar,
is a Cobb-Douglas function of a vector of goods: C; = I1 ,-Xja’ , where
the (base currency) price of good X; is P;. Then the appropriate price
index equals IT ,-Pjaj . This expression, rather than e; p;, would belong in
the denominator of Equation (6). Our special case is one in which the
«; for the domestic good equals one, while all the other «;’s equal zero.
If we assume instead that consumption is divided between the domestic
good and some second good with a nonstochastic price, all that changes
in the results below is that price risk will get less weight in the expres-
sions. If stochastic foreign prices enter into the price index as well, then
new terms are added to the expressions below. Intuitively, some foreign
equity/bonds will be held to hedge against the cost of purchasing these

A = (6)

25 Note that we implicitly assume that domestic prices are fully flexible, eliminating any of
the macro disturbances caused by sticky prices.

26 Since the return on equity was measured in units of domestic output, to determine its
value in units of the local currency we need to multiply by pj,. For simplicity of notation,
we will drop the subscript ¢ unless it seems important for the interpretation.
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foreign goods, but more domestic equity/bonds will be held if domestic
goods still have more weight in consumption.

For simplicity, we proceed under the extreme assumption that individ-
uals buy only domestic goods, so that Equation (6) is a sufficient mea-
sure of real assets. Let b;; = e; B;j/(e; p; A;) equal the fraction of these
assets that individuals from country i invest in bonds from country j, let
sij = ejp;Sij/(eipi A;i) be the fraction invested in that country’s equity,
and let f;; = b;; + s;; denote the fraction invested in any securities issued
in country j.

Individuals choose these portfolio fractions at each point in time as well
as their consumption rate to maximize their expected utility as defined
in Equation (2). By Ito’s Lemma, a second-order Taylor series approx-
imation to the value of the objective function (assuming bounded third
derivatives) can be expressed by?’

W, = max{c,b,s}Eo{Wi -+ U(Cl) - (SW(Al)
+W(A)dA + SW'(A)dAT}. (7)
Here d A; represents the change in the individual’s real wealth over time.
Decisions are made subject to the individual’s budget constraint that

X;(bij +sij) = 1. In addition, we assume that the aggregate supply of
bonds from each country is zero, so that %; B;; = 0.

1.1. Equilibrium When Domestic Prices Are Stabilized
Applying Ito’s Lemma again, we find that the stochastic differential of
Equation (6) under the above assumptions equals

de;
—Zfl ]']+Z”S +Zbll'?_ e

+5Gakm<%)>—%. (8)

Using Equations (3), (4), and (5a), the expected value of this differential
equals

Ci

dA;
E— =) (rj +n)bij + 3 (8 +n)sij — i + (1= i)} =
; j
(83)

27 For a description and derivation of Ito’s Lemma, see for example Merton (1990, p. 78).
For an application to an equivalent problem, see Merton (1969).
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The expected variance of the net change in real assets, by Ito’s Lemma,
satisfies

daA?
] ]

At the optimal portfolio, increasing s;; and decreasing b;; to compen-
sate has no effect on utility at the margin, implying that®®

gj—rj= )/Si]'(T]»z (103)

for all j, implying a conventional expression for the risk premium on
equity. Equation (10a) immediately implies that s;; is the same for all
i, implying full international diversification of equity portfolios. As seen
through the derivation of this first-order condition, borrowing abroad to
buy foreign equity implies no net exchange rate risk, but still allows for
diversification of production risk.

Similarly, at the optimal allocation, increasing b;; and decreasing b;; to
compensate also has no effect on utility at the margin, implying that

(ri +mi) = (rj + ;) — v fii0] —y(1 — £:)6] +6;. 11)

Exchange rate risk abroad enters in a standard fashion: the resulting
marginal risk-bearing cost for foreign bonds, y f; ]H%, is proportion to the
investor’s exposure to this risk. The effects of risk in the value of the do-
mestic currency are more complicated, however. Due to Jensen’s inequal-
ity, the expected value of foreign assets (in Equation (6)) is increasing in
the variability of e;, so that this variance raises the return on investing in
foreign bonds by 6?2, even ignoring risk aversion.?’ By purchasing more
foreign bonds, the investor is also more subject to the risk in the value of
the domestic currency. The cost of this risk is again proportional to the
amount the investor bears already, so equals y(1 — f;;)67. The effects of
risk in the domestic and the foreign currency enter Equation (11) in the
same way only if y = 1, in which case the higher expected return aris-
ing from domestic currency risk and the higher implied risk-bearing costs
exactly cancel.

What are the implications of Equation (11) for equilibrium bond hold-
ings? Consider the simple case where countries are symmetric, so that

28 Given that the utility function has constant relative risk aversion, we can make use of a
standard result here that AW’ (A)/ W' (A) = —y.
29 For an early recognition of this implication of Jensen’s inequality, see Siegel (1972).
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Aj=A"rj=r,g8=8,0;=0,0; =0,and n; = n. Here, after some al-
gebra the resulting first-order conditions for bond holdings can be shown
to imply that b;; = b;; + (y — 1)/y. If y = 1, so that U(C) = log(C), then
itis easy to see from Equation (11) that bond holdings will be the same for
all investors. If y < 1, then the higher expected return on foreign bonds
implies that b; < b;;. Empirical estimates®® of y suggest that y >> 1. In
this case, the higher risk-bearing costs from holding foreign bonds implies
that b;; > b;;. In the limit as y grows without bound, b;; ~ b;; + 1 imply-
ing that s;; + b;; = 0 for j # i — investors would be fully hedged against
exchange rate fluctuations, though at the cost of not taking advantage of
the higher expected return on foreign securities generated by Jensen’s
inequality.

Making use of the fact that ¥; B;; = 0, we obtain the following result:

Result 1: When countries are symmetric and domestic prices are stabi-
lized, equity portfolios are fully diversified internationally: s;; = s;;. How-
ever, bond portfolios are characterized by b;; = (N — 1)(y — 1)/(Ny) and
bij = —(y —1)/(Ny). Only if y = 1 are bond holdings fully diversified.

1.2. Equilibrium When Exchange Rates Are Stabilized

How does the equilibrium portfolio change when monetary policy instead
stabilizes exchange rates? Consider first what happens if indexed bonds
are made available, so that the return to bonds described by Equation (3)
is measured in units of domestic output rather than the domestic currency.
Now Equation (6) becomes

> eipi(Bj+ Sij)
€ pi .
Given Equation (6a), the choice of a monetary rule has no effect on the
equilibrium. The prior results therefore continue to hold.
Few countries have indexed bonds, however.>! Unindexed bonds fail
to provide any hedge against consumer price fluctuations — their return

A = (6a)

30 See, e.g., Engel (1994).

31 An interesting question is why, because the model implies that indexing the return on
bonds raises expected utility in a country. Certainly, existing price indices are imperfect,
e.g., due to their lack of correction for quality change, but that does not seem a sufficient
explanation. Perhaps a market cannot easily function due to substantial inside informa-
tion about innovations to these existing price indices, for example in a large firm that
has a nontrivial impact on the index through its own pricing decisions and advanced
knowledge of price increases in firms it purchases from.
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in fact is nonstochastic, as measured in units of the base currency. Equity,
though, provides some hedge against price fluctuations, given the assump-
tion that the value of equity changes proportionately with the value of
domestic output, everything else equal. But the return to equity is still
risky, so unlike indexed bonds it does not provide a perfect hedge.

Consider how the equilibrium changes if in fact no countries have
indexed bonds. When all bonds earn a nonstochastic rate of return in
their local currency, and all exchange rates are fixed, bonds from each
country become perfect substitutes, so that r; = r for all j. Investors will
therefore be indifferent about which country’s bonds they hold.

The stochastic differential of Equation (6) now becomes

dA; G

E, 7l Zrbif + Z(gj +n)si; — ni + (1 — 5:)07 — A (8b)

] j
The expected variance in the net change in real assets becomes
A

A7

E, = 507 +07) + (1 — 25::)67. (9b)
i

When investing in equity, random changes in relative price levels across
countries can no longer be hedged through the purchase of local bonds —
only domestic equity is affected by fluctuations in local prices. In equi-
librium, the investor should remain indifferent to borrowing locally to
finance an extra unit of equity of country j. Now, however, the resulting
first-order condition is

g,—i—nj—r:ysl-j(G%—i-ojz), (10b)

for j #i. The costs of bearing the risk in the local price level clearly
makes purchases of foreign equity less attractive. Offsetting this new cost
to equity investments, however, any expected appreciation in the value
of foreign goods raises the rate of return on equity but not bonds issued
in the country.

The analogous first-order condition for securities of country i is

gi+n—r+ )/(1 — sii)Ql-z = )/Sil'O'l-z + 91-2. (100)

The role of risk in the domestic price level here is directly parallel to the
role of exchange rate risk in Equation (11). This risk raises the expected
return on all assets except domestic equity. However, purchasing domestic
equity helps reduce the utility costs of bearing this risk — these costs are
proportional to current exposure, and so equal y (1 — s;;)07.
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As in Equation (11), if y = 1, then price risk enters symmetrically in
the first-order conditions for domestic and foreign equity. More generally,
under the same symmetry conditions as before, we find that

)

When y = 1, equity holdings are fully diversified. If y > 1, however, the
utility gain from extra domestic equity providing a further hedge against
the risk in the consumption price level more than outweighs the lower
expected return on domestic equity. For plausible parameter values, the
second term on the right-hand side of Equation (12) can imply substan-
tial specialization of portfolios in domestic equity. Therefore, the model
implies home bias as long as monetary policies focus heavily on stabiliz-
ing exchange rates. For reasonable parameter values, however, we must
recognize that the implied extent of home bias will not be as large as is
seen in the data. At best, this is a partial explanation for home bias.
Making use of the fact that X;s;; = 1, we find:

Result 2: When countries are symmetric and monetary policy stabilizes
the exchange rate, all bonds are perfect substitutes. However, equity hold-
ings are characterized by

1 N-1 62 y —1
Sip = o + ;

N N 0% + o2 y
oo L (L) (_2 r -1
YN N/ \ 62 +02 y )

2. Price vs. Exchange Rate Stability and International
Capital Mobility

and

What do these models imply about the degree of international capital
mobility? In particular, if savings were to rise in country k, implying an
increase in Ay, what will happen to real investment in each country?
Feldstein and Horioka (1980) find empirically that a dollar of extra savings
undertaken in a particular country raises the capital stock in that country
by around 0.6 to 0.8 dollars. What does the model forecast, and how does
this forecast vary with the assumed monetary policy?

Consider the implications of an increase in Ay in country k, for simpli-
city starting from a symmetric equilibrium in which A; = A*,r; =r,
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nj=mn,8 =8 0j=o0,0; =0 and e;p; = 1 for all j. In each model, in-
vestors in country kwould want to expand their existing portfolios propor-
tionately as long as market prices do not change. If prices do not change,
then the fraction of the additional assets invested in real capital in country
j simply equals s4;. But in general, prices will be forced to change.

Consider first the case when monetary policy stabilizes exchange rates.
Assuming symmetry, investors hold no debt. When their assets increase,
investors in country k would like to expand their equity holdings propor-
tionately. Given the assumed horizontal supply curve for equity, no price
adjustments are needed in equilibrium. Therefore, 9.5;/9 Ay = sxx. The
forecasted fraction of additional domestic savings invested in domestic
capital equals the fraction of the equity portfolios of domestic residents
invested in domestic equity. For example, if 80% of equity portfolios
are invested in domestic equity, then 80% of additional domestic savings
are invested in new domestic capital, easily rationalizing the Feldstein
and Horioka (1980) estimates.

What happens if monetary policy instead stabilizes the domestic price
level? Now, when Ay increases, investors will try to borrow more abroad
and to invest more in bonds at home. In equilibrium, this will drive up r;
for j # k, and drive down ry. As a result, investment will go up by less
than s4; in any foreign country, and by more than s at home. Since, given
symmetry, sx; = Sk, this implies some capital immobility.

To solve for the specific changes that result, we first differentiate Equa-
tions (10a) and (11) with respect to Ag:

Osij 1 orj (13)
3Ak )/02 aAk’
and
ofy _ 0 1 [or _on] »
AL 0A, 0% |0A, AL

Summing Equation (14) over j, substituting Equation (13), and making
use of the facts that f;; = b;; +s;; and &; f;; = 1, we find

ab;; o2\ 3s;; ds;i
i (142 ) EE o Zi 15
oA, T ( + 92> 0AL yo Z 9AL (15)

Equations (13) and (14) in fact imply that the left-side of Equation (15)
remains unchanged if b;; and s;; are replaced by b;,,, and s;,,, for any m.
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Note that

Z 0Bim _ = bin + Z A (16a)

aSim asim
Zhum A= d 16b
A, Stm + 2,: A, an (16b)

ZZBS” Zsk]—i-ZZA as‘f ~ 1. (16c)

Weighting Equation (15) by A;, summing over i, and making use of Equa-
tions (16a,b,c), we find that

35; . Zbkz +022 bkj/N
aA, o 62 402
The left-hand side of this equation represents the change in the real capital
stock in any country i that results from additional savings in country k.
The right-hand side equals the extra investment, sy, that would occur
ignoring price changes plus a correction term measuring the effects of
interest rate changes.

This correction term consists of two components. The first measures
the direct impact of changes in demand for bonds in country i. In the
symmetric case, demand would increase in country k and fall elsewhere.*
This change in the demand for local bonds feeds through less than dollar
for dollar into changes in the local capital stock; the effect is larger the
larger is 62 relative to o2, so the larger the resulting change in the local
interest rate and the larger the impact of this interest rate change on the
demand for capital. The final term measures the effects of any change in
the overall demand for bonds, due to the extra savings in country k, which
if positive can lower interest rates worldwide. In the symmetric case, this
term disappears.

Making use of Results 1 and 2, we find:

(17)

Result 3: When countries are symmetric,
05 _ 1 (N1 6> y—1
9Ar N N 62 + o2 y )’

32 If 92 = 0, then all bonds are perfect substitutes, and any changes in relative demands are
irrelevant.
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08, 1 (1N\[{ 0 \[(r-—1
dA, N N )\ 6%+ 02 vy )

Note that the degree of capital immobility is the same for both alterna-
tive monetary policies. Apparently, home bias in bonds (when domestic
prices are stabilized) is as important for capital immobility as home bias
in equity (when exchange rates are stabilized).

and

3. Implications of Stochastic Prices for Taxes on Asset Income

Past research papers ignoring the implications of risk argue that taxes
on portfolio income in an open economy are either infeasible or domi-
nated by other available tax instruments. A residence-based tax, for ex-
ample, is viewed to be infeasible because governments have no effective
mechanism available to monitor the foreign-source earnings of domestic
investors.> A source-based tax on interest payments made by domestic
firms and financial intermediaries has also proven to be infeasible, given
that accounts denominated in the same currency with a foreign finan-
cial intermediary would be effectively a perfect substitute yet avoid the
source-based tax.>

While a source-based tax on the earnings accruing to capital physically
located in the country should be feasible, this line of research suggests
that in a small open economy it would be dominated by other available
taxes.> In response to a source-based tax on capital, investors will shift
capital abroad until after-tax returns are again equated across countries. If
a country is small relative to world capital markets and all investments are

33 Governments can require domestic firms and financial intermediaries to report the iden-
tity of all recipients of interest and dividend income, but cannot impose equivalent re-
quirements on foreign firms and financial intermediaries. Bilateral information-sharing
agreements are not a substitute, since individuals can simply route their funds through
a third country that assures anonymity. That is, residents can avoid a residence-based
tax even on their investments in domestic assets simply by routing their funds through a
third country, so that the owner of the domestic equity appears to be foreign according
to the available information.

Germany and the Netherlands for example both attempted to impose a source-based tax
on interest income accruing in domestic bank accounts, and found that a large fraction
of these domestic accounts were quickly shifted abroad.

This conclusion follows quickly from the arguments in Diamond-Mirrlees (1971) that
there should be production efficiency under an optimal tax regime. Gordon (1986) later
showed that this conclusion continues to follow as long as there are flexible taxes on
labor income, regardless of the rest of the tax system, assuming the only primary inputs
to production and labor and capital.

34

35
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perfect substitutes, then the after-tax rate of return available to investors
on the world market would not be affected when one country imposes such
a source-based tax. Firms would continue to locate in that country only if
domestic wage rates drop enough to compensate for the increase in the
before-tax cost of capital. The incidence of the tax is therefore entirely
on workers. As a result, the tax is dominated by direct taxes on wages
— in both cases the tax is borne entirely by workers, discouraging their
labor supply, but the capital income tax creates an extra excess burden by
discouraging capital investment in the country.

3.1. Tax Policy in a Nonstochastic Setting

A simple two-period, one-good, small open economy model capturing
these arguments can be described as follows, to set the context for our
analysis of tax policy given uncertainty. There are two types of individuals
in this economy: investors and workers.*® Investors start out with assets
A which they can either consume in the first period or invest at a rate
of return r. Assume that income accruing to capital physically invested
in the country is subject to a tax at rate 7, in the second period. Since
domestic assets are a perfect substitute for foreign assets which earn a
rate of return r*, and since domestic taxes on foreign assets by assumption
are infeasible, the after-tax rate of return to domestic assets must equal
r* (e, r=r*/(1-1)).

Workers start out in the first period with assets A,,. In the second
period, these individuals can work as much as they wish at a gross-of-
tax wage rate w. Labor income is subject to a tax at rate 7,,. Assume for
simplicity that A,, is small enough that the workers would want to borrow
if they could against their future earnings, but that such uncollateralized
loans are unavailable. The indirect utility of investors and workers can be
expressed by V1(r*) and V2(w(1 — 1,,)) respectively.

The country is small relative to the world market, so takes both output
prices and r* as given. Let the output price be the numeraire. Firms pro-
duce with a constant-returns-to-scale technology, and must break even
to be willing to locate in the country. The firm’s unit cost must equal the
output price, so that c(w, r*/(1 — 7)) = 1. For firms to continue to break
even when 7, increases, we infer that dw /1, = —(K/L)r*/(1 — 7,)>.

36 This artificial distinction is introduced to simplify the discussion, by eliminating any
feedback from rates of return on different assets unto labor supply decisions. Otherwise,
changes in the available after-tax rate of return can induce changes in the present value
of future wage rates, causing changes in the timing as well as the level of labor supply.
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We assume a conventional measure of social welfare:
W= Vl(r*) + Vz(w(l — 1))+ Azwwl+ .r*K/(1 — 1)),

where A measures the social value of the expenditures financed by tax
revenue. Given the pretax incomes of investors versus workers, assume
that the government would like to redistribute toward workers.

Consider the impact on social welfare of a marginal increase in 7, and a
compensating drop in 7,, chosen to leave the net-of-tax wage unchanged,
starting from an initial equilibrium with ¢, = 0. If welfare rises, then the
optimal value of 7, is positive.

The required compensating drop in t,, must satisfy a7, /37, = [(1 —
7, )/w]dw /d1,. Since the net-of-tax wage does not change, the labor supply
and utility of workers are left unaffected by these combined tax changes.
Investors also face an unchanged factor price. The impact on social welfare
therefore depends only on what happens to government revenue. In fact,
aw r K r K or* 0K
— =XA[- + + — .

|: 1-5)2 (-2 1-71 8@]

Evaluated at T = 0, we find that government revenue and therefore wel-
fare is unaffected at the margin by this tax change. Note that the extra
revenue collected from capital income (before any behavioral changes)
must be paid out in full to workers if their after-tax wage is to be left
unaffected by the combined policies.

We conclude that the optimal value of 7, is zero.*” Only labor income
taxes will be used to finance government expenditures. This is true regard-
less of the strength of the distributional preference in favor of workers.

0T,

3.2. Tax Policy When Exchange Rates Are Stochastic
To what degree do these results change when uncertainty in relative prices
is present, assuming each country remains small relative to the world
capital market? Is the answer affected by the presence of home bias in
equity versus bond portfolios?

Past work has looked at the effects of country-specific risks,® and finds
with such risk that investments in different countries are no longer perfect

37 In fact, this two-period argument easily generalizes to a multiperiod setting. The above
model could simply be embedded into a multiperiod model. The tax change analyzed
could still apply in one period only. By the same arguments, a zero capital income tax
rate in any period implies no change in welfare.

38 See, e.g., Gordon and Varian (1989), Werner (1994), and Nielsen (1998).
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substitutes. As a result, taxes on capital income can be attractive both as
a form of an optimal tariff, and also potentially as a way to raise revenue
with at least part of the burden falling on domestic capital owners rather
than domestic workers. Because these papers ignored exchange rate or
price risks, however, they examined a setting without any home bias.
While it would be plausible to presume that home bias makes capital-
income taxation even easier, nobody to date has explored the implications
of home bias for tax policy. In our setting, there is home bias in bond
portfolios when monetary policy stabilizes domestic prices, or home bias
in equity portfolios when monetary policy stabilizes exchange rates. Is tax
policy affected by such home bias?

To examine what in fact happens to optimal tax policies, we need to
add some more structure to the initial model, since a general equilib-
rium model is needed for the analysis of tax policy. As in the two-period
model, we assume for simplicity that there are two types of individuals.
The situation of investors was described previously. Workers are assumed
to supply labor each period at a nonstochastic before-tax real wage rate
w, so that (following the labor contracting literature) capital owners bear
all the risk within the firm. Workers choose how much to work, L, given
that the resulting labor income is subject to tax at rate z,,. Their resulting
utility equals [~ U"(C}Y, Li;)e™®dt, where CY = w(1 — 7)) Liy.>

If firms in country i hire L; units of labor and have K; units of capital,
then their rate of profit equals

7w =p[f(K, L) —wL](1 —%)dt +¢ip; f(K;i, Li)(1 - 7,)dz

for some measure of the amount of uncertainty, ¢;, facing the firms.*0 If
the market value of the shares issued by firms in country i is §;, then
Equation (4) implies that

g =pilf(Ki, Li)—wL](1-1)/S (18)

and

o =¢ipi f(Ki, L))(1 —1,)/S;. (19)

39 We continue to assume that these workers do not own any financial assets, i.e., fixed costs
to setting up a financial account are large per capita per worker but trivial per capita for
investors.

40 Because wage payments have been assumed to be nonstochastic, they do not appear in
the measure of the uncertainty facing the firm.
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Firms can buy capital domestically each period and will choose to do
so until the market values the return from an extra dollar of capital at just
a dollar.

Government revenue, R;, is now stochastic. Its real value, measured
relative to the domestic price level, equals

Tr

R; = |:'CWWLi + Lgi&} dt + 1 0iS; dz;. (20)

1-1 7

The government receives the same risk as it would from owning z,S;/
(1 — 7,) privately purchased shares. If government expenditures are also
stochastic, then we face the complication of how much risk should be re-
allocated from private to government expenditures, and the implications
of this for optimal tax rates. To avoid having this issue affect the analy-
sis of the optimal tax structure, we assume that the government keeps a
nonstochastic revenue stream by transferring the risk in its tax revenue
to domestic investors while compensating them enough to make these
investors indifferent to the transfer.*! This compensated transfer is equiv-
alent to giving domestic investors t,.5; /(1 — 7, ) shares in exchange for the
same value of domestic bonds. The remaining government revenue, RY,
is nonstochastic and equals

T,
R? = |:7,'WWL,' + 4 F[S[:| .
1- r
The government chooses its policies to maximize the following objec-
tive function:

W =E, / [U"(CY, Lit) + U(Cit) + ARl e dt. (21)
0

Consider the same type of policy experiment described in the context of
the two-period model. In particular, consider as before the impact of a
marginal increase in 7, offset by a drop in t,, chosen so as to leave the
net-of-tax wage rate and therefore labor supply and the utility of workers
unchanged. The question is whether such a tax change raises welfare,
starting from t, = 0.

In the two-period model, this policy change had no impact on the
welfare of investors. The two-period model also implied that the extra

4l The transfer could take the form of random government expenditures on goods that are
a perfect substitute for the private consumption of investors. Alternatively, we can simply
assume directly that the government uses the risk premium of domestic investors when
calculating the certainty-equivalent value of government revenue.
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tax revenue from capital income ignoring behavioral changes would be
fully offset by the compensating drop in tax payments by workers. To
see how results are affected by the introduction of uncertainty, consider
first the determinants of a firm’s market value. To solve for this market
value, we need to aggregate the first-order conditions for s;; across all
purchasers of the shares issued in country i in order to derive the rate
of return required by the market. Multiplying Equation (10a) by A; and
summing over j gives

Tr Si Sz
Algi —ri) =yo} (Z Sji + —) =yo/ (22)
j

1—1 1—-1°

where A= X;A;and S;; =s;; A;, and where 7, §; /(1 — 7,) represents the
risk transferred to domestic investors by the government. The second
equality follows from the fact that §; = X;S;;. Equation (22) can then be
reexpressed in a somewhat more conventional form:

g=r+ %cov (0idz,d7;), (23)

where dZ; = ¢p; f(K;, L;) dz;.

Firms in country i will invest until 4.5; /9 K; = 1, since a unit of capital
costs p; = 1. In doing so, each firm would use Equation (23) to evaluate
the impact of investment on firm value, taking as given the aggregate risks,
dZ;, faced by the economy as a whole. Given Equations (18) and (19), we
then find after simplifying that investment continues until
fx L

= o op 24)

where
D=1- %cov(qﬁ dzi,d7;).

Equation (23) can also be used to solve for the impact of a marginal
change in 7, on the equilibrium wage rate, w. Firms will continue to break
even only if the wage rate drops by enough so that firm value, §;, still
equals the setup costs of the firm, K;. Given Equations (18), (19), and
(24), the assumption of constant returns to scale, the assumption that the
wage rate is nonstochastic, and the envelope condition for K; and L;, we
find that
ri S,' ari fKK

w _ _g%i Y R TAY L
(1—r,)La—Tr_ -1 S,atr Acov(mdz,,dZ)( f)

0K;
T,
(25)
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If the net-of-tax wage is to remain unchanged, the required change in
1, satisfies dt,, /91, = [(1 — 7,,)/w](dw /37, ). The impact on government
tax revenue of a marginal change in 7, combined with this compensating
adjustment in 7,,, evaluated at 7, = 0, then can be shown to equal
- [S,-g—z + %cov(oi dz, dZ) (fK—]f() %] dr.  (26)
Previously, the interest rate was fixed and there was no risk premium. Now
both terms are nonzero. These terms reflect terms-of-trade effects of the
tax change, arising from the impact on both the market-clearing interest
rate and the risk premium charged by investors. The impact of these price
changes on domestic investors will need to be taken into account as well,
however.*

To evaluate the first term in Equation (26), we need an expression for
dr;/d1,. To obtain this, we aggregate Equation (12) over investors from
each country j, comparing their return on bonds from countries i vs. j.
Weighting each first-order condition by A;, summing over j, and taking
account of the fact that £; A; f;; = s;,** we find that

ORY _
0T, -

2 2

ritni=rj+n;+ % (5,67 — S;07]+ (1 — y)w. (27)
Note that domestic interest rates can be affected by domestic policies
even in a small open economy.** In particular, 7, causes S; to change.
Since §; = K; and investment falls in response to the tax change, r; falls.
Therefore, the first term in Equation (26) represents an increase in tax
revenue.

Raising 7, naturally also causes K; to fall. Therefore, we conclude that
tax revenue increases in response to the combined tax changes. To judge
whether the desired value of 7, is positive, however, we need to examine
not only the effect on government tax revenue but also the implications for

42 In the related analyses by Gordon and Varian (1989), Werner (994), and Nielsen (1998)
in which prices were assumed to be nonstochastic, taxes did not affect interest rates but
did affect the risk premium as occurs here. While the added drop in the interest rate,
arising from home bias in bond portfolios, increases government revenue, it also benefits
foreign investors, who borrow locally, and hurts domestic investors. The net impact of
this home bias in bond portfolios on taxes therefore depends on the relative importance
of these offsetting effects.

Given that the net supply of bonds from country i to the world economy is zero, but
7,5:/(1 — 1) of these bonds are held by the government in country i, we infer that
554,15 = 5.

4 See Solnik (1974) for a similar result.

43



Home Bias in Portfolios 393

the utility of domestic investors. To judge the extent of fiscal spillovers,
we also need to look at the impact of the tax changes on the utility of
foreign investors. In the nonstochastic model, neither group of investors
was affected by the proposed tax change, but this is no longer true. Now,
the impact on the utility of domestic investors is proportional to

. OFi . 08 o 00
l[bl,a e rl 2131:] (28)

where s =s; + 0.5 /(A1 -1)), b =bi — .5 /(A(l—1)), and
where the derivative dg;/d7. implicitly includes the effects of the com-
pensating change in 7,,. Given Equations (10a) and (23), this expression

can be rewritten as

(29)

[f” sk S Acov(a, dz,d7;) <fKK) S_K] .

f a1,

The equivalent expression for the impact of these tax changes on the
utility of investors from country j equals

cov(o; dz., dZ) (f ’}K ) %If} . (30)

It is straightforward to show that the sum of these effects on the utility of
investors equals minus dR} /07, — investors as a group lose given that tax
revenue increases. Since b;; > bj; ands;; = s;;, we find that each domestic
investor loses more than each foreign investor per dollar of assets.

While foreign investors fare better than domestic investors, under any
reasonable parameter values they still lose from the tax change. In par-
ticular, our earlier results on optimal portfolio holdings under symmetry
imply that s;; = 1/N, while b;; = —(y —1)/((N —1)y), so that f;; >0
as long as N > y. As a result both terms in Equation (30) are negative.
That foreign investors lose implies that the gain in tax revenue to the
government exceeds the losses incurred by domestic investors. Since tax
revenue by assumption receives more weight in the objective function
than income to domestic investors, we conclude that the optimal value of
7, 1S positive.

So far we have ignored possible differences in the effective tax treat-
ment of foreign versus domestic investors in domestic equity. While the
government cannot feasibly tax domestic investors at a higher rate than
foreign investors since domestic investors can hide their nationality using

[f/z +S]1SA
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foreign financial intermediaries, it can feasibly treat them more leniently.*
Would it want to do so? To judge this, start with the optimal source-based
capital income tax, t,. Then consider introducing a marginal subsidy to
domestic investors at rate « in proportion to their ownership of domes-
tic capital, adjusting the rate 7, so as to leave the equilibrium amount of
domestic investment unchanged.

For any given 7, and «, the observed rate of return in the market on
domestic shares is still defined by Equations (18) and (19). When domestic
investors own these shares, however, they receive an income flow equal
to (g; + «) dt + o0; dz;, implying that they invest until

g ta—ri = )/Siidiz. (10(‘1)

Government revenue is now

R; = ( ) > (gi dt +o le‘) —aS; dt.
1—-1,

As before, the government bears risks equivalent to those received from

investments in 7, S; /(1 — 7, ) domestic shares. To dispose of these risks, it

transfers this risk to domestic investors, compensating them by enough

to leave them indifferent. As a result, net government revenue becomes

nonstochastic and equals

R' = [( w5 )(ri —a) —as,,] dt. (20a)

1—1

In order to judge what combined tax rates will leave investment incen-
tives unchanged, we proceed as before to solve for the aggregate pricing
relationship. In particular, we weight Equation (10a) for each j by A;,add
over j # i then combine this with Equation (10d) for country i (modi-
fied to reflect the extra risks acquired from the domestic governments)
weighted by A;, to find that

Aa vy L[ S
= — — 4+ L2 | —— ], 31
where we simplified using the assumption that A; = S;. Equation (31) can
be reexpressed as
_ ri Aioz
5 =1 ¢ T Al-q1)

+v[(o7)’S1]. (31a)

45 Foreign investors cannot easily take on the guise of a domestic investor to take advantage
of a more favorable treatment available to domestic investors.
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where a superscript * indicates a before-tax value. If the combined tax
changes are to leave investment incentives unchanged, then the sum of
the first two terms on the right-hand side of Equation (31a) should remain
unchanged.*® This is true if

81, _ Al(l — ‘L'r)

. 2
o Ari (3 )

What then happens to government revenue and the welfare of investors
due to a marginal increase in « and an associated change in 7,, starting
from o = 0? The impact on the utility of domestic investors can be calcu-
lated from Equation (28), modified to take into account the change in «.
Given Equation (32), it quickly follows that the dollar equivalent gain to
domestic investors equals

A;

Domestic investors clearly gain from these combined tax changes.
The impact of these tax changes on government revenue, evaluated at

a =0, equals
aR! Si A;
o A=) G s

We find that tax revenue fallsif 7, > A;/ A, as almost surely must be true in
a small open economy. However, the dollar equivalent gains to domestic
investors are clearly larger than the losses in tax revenue — the difference
equals A;(S; — S;;)/A > 0.4 Therefore a positive value of « is attractive
as long as the relative weight y on government revenue is not too large.
Many governments in fact do provide a subsidy to domestic investment
in domestic equity, e.g., through dividend imputation schemes.*®

46 Inspection of the equilibrium condition for ; shows that r; remains unchanged as long
as K; remains unchanged.

Foreign investors pay for this net gain to domestic residents through the drop in their
return on domestic equity due to the increase in z,.

Under these schemes, domestic investors owe personal income tax on the pretax corpo-
rate earnings used to fund dividend payments, but receive a credit for corporate taxes
already paid on this income. As long as the corporate rate exceeds the personal tax
rate, domestic investors receive a cash refund on net under the personal income tax.
Most countries, the U.K. being a noted exception, do not provide equivalent refunds of
corporate tax payments to foreign owners.

47

48
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To summarize:

Result4: When monetary policy stabilizes domestic prices, the optimal tax
rate on capital income is positive. Domestic investors will be treated more
favorably than foreign investors, unless the relative weight put on gov-
ernment revenue compared with the welfare of investors is high enough.

3.3. Tax Policy when Domestic Prices Are Stochastic

How are the results affected if monetary policy instead stabilizes the ex-
change rate? Consider as before the impact of introducing a source-based
capital income tax at rate t,, with a compensating reduction in a labor
income tax rate chosen to keep the net-of-tax wage unchanged. The re-
sulting government revenue is still described by Equation (20). As before,
the government transfers the risk in this revenue to domestic residents,
compensating them enough to leave them indifferent.*’ Following Equa-
tion (10b), the expected amount that domestic residents must receive to
be left indifferent to the transfer of this risk is

‘L',S,'
- (g +m —r —[1—y(1—s:)167). (33)

After paying this amount to compensate domestic residents for absorbing
the risk in tax revenue, net government revenue becomes

(r—m+0-y1- Sii)]@z)} - (34

The change in monetary policy also has implications for the determi-
nants of the market value of domestic firms. The first-order condition
characterizing foreign demand for equity from country i remains Equa-
tion (10a). Given the nature of the risks that the government transfers
to domestic residents, the first-order condition characterizing domestic
demand for this equity becomes

Tr Si

R} = |:‘L’WWLi +
1—-1,

rSi
gitn—r=6[1-y(1-si)l+y (Sii + m) o} (10e)

Assume that §; = A;, implying no net capital flows into country i.
Aggregating these first-order conditions across investors as before, we

4 Since no security is already traded with this particular risk characteristic, investors from
different countries would charge different amounts to accept this risk. In fact, it is straight-
forward to show that domestic residents would charge more to accept this risk than would
foreign investors. Rather than simply marketing the “security” on the market, however,
we assume that the domestic government disposes of the risk through stochastic cash
transfers to domestic investors with a compensating adjustment in the mean transfer.
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find that

gi+ni— 1319‘ =r+ Zcov(o, dz;, d7;), (23a)
where dZ; is defined the same as in Equation (23). As long as the capital
account is balanced, the extra value of equity to domestic investors as a
hedge against price fluctuations is just counterbalanced by the extra costs
of equity due to exchange rate risks for foreign investors, leaving no net
effect of hedging demand on equity prices.

Firms in country i will invest until 8S; /0K; = p;. In doing so, they would
use Equation (23a) to forecast the market’s valuation of their marginal
project, taking as given the aggregate risks faced by the market. Invest-
ment therefore continues until

r—ni + (Ai/A)B?

Jie= (1—-1)D, =Tk (24a)

where
D, =1- %cov(d)dzi, d7z;).

Equation (23a) can also be used to solve for the impact of a marginal
increase in 7, on the market clearing wage rate. Using Equations (18),
(19), and (24a), we find that

9 — i + (A A K\ 9K;

(1= gy - _r=mit (A )ls cov(cr,dz,,dZ) JxK oK;
T, 1-—r1, f T,

(25a)

Given the implied compensating change in 7,,, the impact of a marginal
increase in t,, starting from z, = 0, equals

oRY 2 JxK') 9K;
= =S[1—y(1 —sy)— A/AB? — —coV(aldz,,dZ)< 7 > ar,
(26a)

Since dK;/dt, < 0, the second term on the right-hand side of Equation
(26a) results in an increase in tax revenue. The sign of the first term is
unclear in general. Assuming symmetry among countries, however, we
can use Equation (12) and the condition that > jsji = 1 to show that

15 = /Al =~ - D (T2 o )

N 02 + o2
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This term is therefore negative as long as y > 1, implying an ambiguous
impact in general of the tax change on revenue. Revenue could fall, for
example, if investment were sufficiently inelastic.

Tojudge whether a taxincrease is attractive, we need to examine as well
the impact of the tax change on the welfare of domestic investors, which
is again described by Equation (28). Evaluating this expression, given
Equations (26a) and (10e), we find that the dollar-equivalent impact of
the combined tax changes on the welfare of domestic residents equals

Si

n
oS - s - g (BE 1) S5 ] )
a1, f a1,
At least under our symmetry assumption, the second term inside the
brackets is negative.

If the increase in 7, causes a fall in tax revenue, we conclude that
welfare falls as well — the gains (if any) to domestic residents cannot be
sufficient to offset the revenue loss. If tax revenue does increase due to
an increase in 7,, the desired 7, is positive unless A is small and the second
term in expression (35) is too negative. While previously, we concluded
unambiguously that the optimal z, was positive, results are no longer clear.

The key reason for this change in results is that the process of taxation
leads to a worsening of the allocation across investors of the risks from
domestic production. As seen comparing Equations (10b) and (10e), in
equilibrium domestic investors charge a higher risk premium than foreign
investors for the risk from domestic production — for domestic investors,
the higher cost for bearing the production risk is offset by the hedging
gains from domestic equity. Taxation leads to a further allocation of pro-
duction risk to domestic investors with no further hedging gains, wors-
ening a preexisting misallocation that results from the lack of indexed
bonds.

Consider also the effect of this alternative monetary policy on the
choice whether to treat domestic owners of domestic equity more favor-
ably than foreign owners under the tax law. In particular, we start from
the optimal 7,, and examine the effects of a marginal increase in 7, com-
pensated by introducing a marginal subsidy to domestic owners at rate «
sufficient to leave investment incentives unchanged.

The resulting first-order condition for domestic investors, assuming
S; = A;, is now

g tatn—r=01—y(l—-s)]+y <sl~,- + ﬁ) of.  (10f)
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Summing these first-order conditions across investors as before, we find
that the market equilibrium condition is

A
g +ni + 7’(04 — 6’,-2) =r+ %cov(a,- dz;,d7;).

Starting from « = 0, the adjustment in o needed to leave investment
incentives unchanged when 7, rises equals

Jo A A,‘ 2
— = |r— g + —67]. 32
i, A(l-r1) |:r ot A :| (322)

As before, the impact on domestic investors of these combined tax
changesis positive. In particular, the dollar-equivalent impact on domestic
investors, evaluated at « = 0, equals

S+ 7,5 B_a _r—ni+ [1—-y( _Sii)]ei2 _
8:, 1_'L'r

(13 3T
1-1,

Given Equation (32a), this expression is clearly positive in a small open
economy.

What happens to government revenue? Net government revenue is
now

R — ‘L'rSi

L 1—1 (r_a_ni+[1_y(1_sii)]9i2)_asii- (343)

The impact on government revenue of these combined tax changes equals

AR :S'r—n,-—l—[l—)/(l—sii)]@iz (=S | O
i, (1-7)? I-= o1,

(1

Given Equation (32a), we find that government revenue clearly drops
due to these tax changes in a small open economy.

Unlike in the previous case, the benefits to domestic investors are not
necessarily larger than the loss in government revenue. In particular, the
difference equals

r—ni+[1—y(—s;)]0?
1—r1 ’

(Si—Sii)[

and the expression in brackets is not necessarily positive. If this expression
is in fact negative, then so is the optimal value of «. Even if the expression
is positive, so that domestic investors gain more than the government
loses in tax revenue, the optimal value of « is positive only if the value of
A is not too large.
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These results suggest that the change in monetary policy can have
important effects on the optimal tax structure. The main role of taxes
previously was to act as a tariff on foreign investors. Now foreign investors
own a much smaller fraction of the shares in domestic equity, so that over-
all taxes on capital income fall more heavily on domestic shareholders.
In addition, foreign demand is more elastic than before, since the relative
price risk is unaffected by tax changes, reducing the optimal tariff rate.
Domestic demand, however, has become less elastic due to the hedging
gains from equity, making it more attractive to tax domestic owners.

Given the additional hedging demand by domestic investors for domes-
tic equity, they continue investing until their marginal risk premium for
the production risk from equity is much higher than that of the foreign
investors. As a result, a marginal reallocation of production risk from
foreign to domestic investors is an efficiency loss. Yet this is just what
happens when taxes are imposed on foreign owners, and the resulting
randomness in tax payments is transferred to domestic shareholders. As
a result, taxes on foreign owners exacerbate a preexisting misallocation
of risk, resulting from an incomplete set of financial securities,’® reducing
the attractiveness of the tax.

To summarize:

Result 5: When monetary policy stabilizes the exchange rate, the optimal
capital income tax rate is positive only if it collects revenue and if this
revenue is valued strongly enough. Domestic investors will face a lower
tax rate than foreign investors only if the hedging benefits from stocks
are sufficiently small and if the welfare of domestic investors is of enough
importance relative to government revenue.

4. Conclusions

Equity portfolios clearly demonstrate home bias. Why remains an unan-
swered question. Even without a convincing explanation, however, it is
all too easy to speculate about the implications of this home bias for other
economic questions. In particular, it would be natural to infer that home
bias in portfolios implies that extra domestic savings lead primarily to
extra domestic investment. Similarly home bias would seem to facilitate
taxes on the return to domestic capital, given the suggested inelastic de-
mand for domestic capital even in a small open economy. While papers

50 If indexed bonds are added to the model, the difference in risk premia disappears.
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such as Gordon and Varian (1989) find in a setting without home bias that
the optimal tax policy involves positive tax rates on at least foreign own-
ers of domestic equity, as a form of optimal tariff, the hypothesis could
easily be that these optimal tax rates would be yet higher in a setting with
home bias.

In this paper, we have explored a particular explanation for home bias,
in which residents in different countries consume mainly locally produced
goods and in which the international prices of these goods change ran-
domly over time. When monetary authority in a country stabilizes the
exchange rate, so that all of this risk shows up in domestic prices, then the
only hedge local residents have against these movements in consumer
prices is domestic equity.>' In contrast, when the monetary authorities
stabilize the local price level, leading instead to random exchange rates,
then equity portfolios will be fully diversified internationally.> The past
discussion of home bias has focused on equity portfolios. However, with
exchange rate risk there will instead be home bias in bond portfolios.

We then explore the implications of this potential explanation for home
bias for capital immobility and for domestic taxes on capital income. In
particular, does home bias lead to capital immobility and 