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In modern developed economies, goods and assets are
traded across national borders, so that events in one country generally have economic repercussions in others. International business cycle research focuses on the economic
connections among countries and on how much of an impact these connections have on the transmission of aggregate fluctuations across various countries. In academic
studies, this focus is expressed in terms of the volatility
and comovements of international time series data. Examples include the volatility of fluctuations in a country's
balance of trade, the correlation of the trade balance with
the country's output, the correlation of output and consumption across countries, and the volatility of prices of
goods produced in a country and elsewhere.
A large and growing number of studies consider international business cycles from the perspective of dynamic
general equilibrium theory. In closed-economy studies,
models based on this theory have been able to account for
a large fraction of the variability of a country's aggregate
output and for the relative variability of its investment and
consumption; see, for example, Prescott's (1986) review.
In public finance studies, similar models have assessed the
impact of fiscal policy on a country's aggregate output,
employment, and saving; the work of Auerbach and Kotlikoff (1987) is a prominent example. In international
macroeconomic studies, this approach has been able to account for some of the notable features of international da14

Finn E. Kydland
Professor of Economics
Carnegie Mellon University

ta: for example, the time series correlation of saving and
investment rates (Finn 1990; Cardia 1991; and Baxter and
Crucini, forthcoming), the countercyclical movements of
the trade balance (Mendoza 1991; Glick and Rogoff 1992;
and Backus, Kehoe, and Kydland, forthcoming), and the
relation between the trade balance and the terms of trade,
or the relative prices of goods across countries (Smith
1993; Backus, Kehoe, and Kydland, forthcoming; and
Macklem, forthcoming).
These efforts illustrate the insights that dynamic general
equilibrium theory has contributed so far and is likely to
continue to contribute. However, the most important aspects of this line of work for future research are those for
which the theory remains significantly different from the
data. Here we describe in detail two such discrepancies.
One concerns the relations between aggregate quantities in various countries. We examine cross-country comovements of output, consumption, and other aggregates
in the natural extension of Kydland and Prescott's (1982)
•This article is a revision of a chapter prepared for a book, Frontiers of Business
Cycle Research, edited by Thomas F. Cooley, to be published by Princeton University
Press (Princeton, N J.). The article appears here with the permission of Princeton University Press. The authors thank Tom Cooley, John Donaldson, Tiff Macklem, Klaus
Neusser, Patricia Reynolds, Julio Rotemberg, Gregor Smith, and Kei-Mu Yi for helpful
comments on earlier drafts and the National Science Foundation and the Center for
Japan-U.S. Business and Economic Studies NEC faculty fellowship program for financial support. The authors hope to make their data available shortly in machine-readable
format.
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closed-economy model to an international setting. In this
extension, agents in the two countries produce and trade
a single good. Fluctuations are driven by exogenous
movements (or shocks) in productivity. Although the theory mimics some features of the data, it does poorly with
the international comovements. Using parameters for the
stochastic process for productivity shocks that we estimate
from data for the United States and a European aggregate,
we find that cross-country correlations of output are larger
than such correlations of consumption and productivity
shocks. In the model, however, the shocks produce output
fluctuations that are less highly correlated than fluctuations
in consumption and productivity shocks. The ranking of
output, consumption, and productivity shock correlations
in the model is extremely robust: it survives several large
changes in several of the model's parameters. Since these
differences between theory and data are relatively insensitive to the choice of parameter values and even the
model's structure, we term them collectively the consumption/output/productivity shock anomaly, or simply the
quantity anomaly.
The other discrepancy we describe here concerns the
terms of trade. To examine fluctuations in this relative
price of imports to exports, we extend the theoretical model to allow the outputs of the two countries to be imperfect substitutes. This extension, of course, allows the relative price of the two goods to differ from 1. In the data,
fluctuations in the terms of trade in the industrialized
.world have been very persistent and highly variable. These
properties, and similar properties of the real exchange rate,
are perhaps the most widely studied issues in international
macroeconomics. We find that the model generates fluctuations in the terms of trade as persistent as such fluctuations are in the data, but much less variable. If we lower
the model's substitutability of foreign and domestic goods,
we can increase the variability of the terms of trade, but
this comes at the expense of reducing the variability of
imported and exported goods far below that in the data.
We call this second discrepancy the price variability anomaly, or more simply, the price anomaly.
The quantity and price anomalies pose a challenge for
international business cycle research. With them in mind,
we follow their description with a review of a rapidly expanding body of work aimed at these and other issues,
and we speculate on directions future work might take.
Notable extensions of the theory include adding nontraded
goods, making markets incomplete, including money, and
makingfirmsimperfectly competitive. Unfortunately, none

of these extensions has yet to provide a persuasive resolution of the quantity and price anomalies.

Quantities
Evidence. . .
We begin by reviewing some of the salient properties of
business cycles in and across countries. These features of
the data serve as a basis of comparison with theoretical
economies. As described here, these properties refer to
moments of Hodrick-Prescott filtered variables.1 Our data
are from three publications: Quarterly National Accounts
and Main Economic Indicators, published by the Organisation for Economic Co-operation and Development
(OECD), and International Financial Statistics, published
by the International Monetary Fund (IMF).

• Within Countries
Table 1 displays some properties of business cycle experience between 1970 and mid-1990 in 10 developed countries and a European aggregate constructed by the OECD.
We focus on three features of a set of common macroeconomic time series: volatility, measured by standard deviations; persistence, measured by autocorrelations; and comovement, measured by correlations.
With respect to volatility, we can see both similarities
and differences. Internationally, consumption has generally
had about the same standard deviation, in percentage
terms, as output; investment in fixed capital has been from
two to three times more volatile than output; and employment has been somewhat less volatile than output. The
magnitudes of these fluctuations, however, have differed
across countries. The standard deviation of output fluctuations ranges from a low of 0.90 percent in France to a
high of 1.92 percent in Switzerland and the United States.
We also find some differences in consumption volatility.
Similarly, the standard deviation of consumption, relative
to that of output, ranges from 0.66 in Australia to 0.75 in
the United States to 1.15 in the United Kingdom. The
consumption numbers are larger than those generally reported in studies of the United States, partly because consumption in this data set includes expenditures on consumer durables. If we exclude durables, which the data let
us do for only five countries, the volatility ratios fall from
0.75 to 0.52 for the United States, from 0.85 to 0.59 for
Canada, from 0.99 to 0.77 for France, from 0.78 to 0.61

'For descriptions of the Hodrick-Prescott filter and its relation to others, see Prescott 1986 and King and Rebelo 1989.
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