International Evidence on the Historical Properties
of Business Cycles

By Davip K. Backus AND PaTrick J. KEHOE™

We contrast properties of real quantities with those of price levels and stocks of
money for ten countries over the last century. Although the magnitude of output
fluctuations has varied across countries and periods, relations among real
quantities have been remarkably uniform. Properties of price levels, however,
exhibit striking differences between periods. Inflation rates are more persistent
after World War Il than before, and price-level fluctuations are typically
procyclical before World War Il and countercyclical afterward. Fluctuations in
money are less highly correlated with output in the postwar period but are no
more persistent than in earlier periods. (JEL E32, E31)

We study fluctuations in output, prices,
and money in ten countries for which at
least a century of annual data are available.
We also examine the cyclical behavior of
components of national output: private con-
sumption expenditures, fixed investment,
government purchases of goods and ser-
vices, and net exports. Our objective is to
document some of the salient features of
business cycles. We know that in many re-
spects these countries and time periods have
been markedly different. The ten countries
differ in their institutions, their monetary
and fiscal policies, their industrial composi-
tions and structures, and their average ag-
gregate growth rates. The question is
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whether they share, despite these differ-
ences, similar features of business cycles.

We find a great deal of regularity in the
cyclical behavior of real quantities. Al-
though the magnitude of output fluctuations
varies across countries and over time, rela-
tions among variables are remarkably sta-
ble. Investment is consistently 2—4 times as
variable as output; consumption is about as
variable as output; and both investment and
consumption are strongly procyclical. The
trade balance is generally countercyclical,
exhibiting larger deficits during booms than
during recessions. The exception to this reg-
ularity in quantities is government pur-
chases, which exhibit no systematic cyclical
tendency. Patterns of price-level fluctua-
tions, however, have changed markedly. Be-
fore World War 1I, prices were predomi-
nantly procyclical; since then, they have been
consistently countercyclical. They have also
been, in most countries, substantially more
persistent since World War II than in ear-
lier periods. We also find for the post-World
War II period that fluctuations in the stock
of money have been less highly correlated
with output. There is no general tendency
across countries, however, toward greater
persistence of money growth rates.

Our study is an outgrowth of business-
cycle research by Robert Lucas (1977), Finn
Kydland and Edward Prescott (1990), and
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others that, in turn, retains some of the
flavor of the tradition of Arthur Burns and
Wesley Mitchell (1946) at the National Bu-
reau of Economic Research (NBER). The
goal of this work is, for the most part, to
summarize the properties of macroeco-
nomic data without imposing much theoret-
ical structure. The resulting empirical regu-
larities can then serve as a guide to a variety
of future theoretical developments. A com-
mon theme in this line of research is that
the business-cycle phenomenon consists not
simply of fluctuations in aggregate output,
but also of common patterns of correlation
between different aggregate time series. We
report properties of international fluctua-
tions in a manner that conforms with some
recent work on American business cycles
and thus extends this work to a much wider
range of countries and time periods. Our
motivation is international in another re-
spect: our own research (Backus and
Kehoe, 1987; Backus et al., 1992) concerns
the dynamics of international trade and the
relationships among business cycles in dif-
ferent countries. A useful by-product is
additional evidence on the question of
whether output fluctuations since World
War II have been smaller than those prior
to World War 1. This question has been the
subject of active debate in the United States,
including papers by Christina Romer (1986,
1989), Steven Sheffrin (1988), and Nathan
Balke and Robert J. Gordon (1989). Like
Sheffrin’s study, ours puts this debate in an
international context. We include several
countries not studied by Sheffrin, notably
Australia, Canada, and Japan, and intro-
duce new data for Sweden.

Our data set covers ten countries with at
least a century of annual data on national
output: Australia, Canada, Denmark, Ger-
many, Italy, Japan, Norway, Sweden, the
United Kingdom, and the United States.
For the most part, countries with national
income accounts for such a long period are
also those with the highest per capita out-
put today. Several others, including India,
report partial time series, but we doubt that
these series are sufficiently accurate for the
study of short-term fluctuations. Estimates
of national output in the ten countries vary
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in quality, but in some cases we think they
are superior to the U.S. data.

We begin, in Section I, by describing the
data. While data for earlier periods are
unquestionably less reliable than modern
data, in some countries they appear to be
good enough to provide an accurate picture
of business cycles prior to World War II.
The data for several countries seem to be
significantly more accurate than the
Kuznets-based estimates for the United
States, primarily because raw-data sources
are better in these countries. In Section 11,
we compare output volatility before World
War I (the prewar period), after World War
II (the postwar period), and between the
wars (the interwar period). Until recently,
the presumption has been that prewar U.S.
output fluctuations were two or three times
larger than those of the postwar period.
Romer (1989), however, suggests that at
least part of this difference is the result of
systematic measurement error in prewar
GNP that overstates its cyclical variability.
Our international data set provides addi-
tional evidence on this question.

For the ten countries, we find that inter-
war fluctuations in real output are uni-
formly larger than those of the postwar pe-
riod. With the single exception of Japan,
the standard deviations of output fluctua-
tions are from two to four times larger in
each of the ten countries. We find, however,
no consistent pattern for the prewar—post-
war comparison. In six of the ten countries,
including most of the European countries
studied by Sheffrin (1988), prewar fluctua-
tions are no more than 60-percent larger
than those of the postwar period. However,
in the other four (Australia, Canada,
Sweden, and the United States) the fluctu-
ations are considerably larger in the prewar
period. The U.S. casc has been discussed
extensively, and it appears that part of the
excess volatility of the prewar period can be
attributed to measurement error (Romer,
1989). Romer’s preferred estimate of pre-
war volatility is only 30-percent higher than
for the postwar period, but Balke and Gor-
don (1989) argue for a number closer to 100
percent. Sheffrin (1988) considers a similar
case for Sweden and concludes that the
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excess volatility in the prewar era is not
primarily the result of measurement error.
We find, as do Michael Bergman and Lars
Jonung (1989) with different methods, that
about half of the excess volatility Sheffrin
finds in the prewar period disappears when
revised estimates of prewar output are used.
Australia and Canada have the most ex-
treme differences between periods, with
output three and two times more volatile,
respectively, in the prewar period. The data
for both countries are reasonably good, so
the greater volatility of measured output
probably indicates a change in the variabil-
ity of real economic activity.

In Section III, we examine the behavior
of components of the national product: con-
sumption, gross investment, government
spending, and net exports. We find that
many of the properties of postwar business
cycles in the United States are evident in
other countries and periods. Consumption
expenditures have been procyclical and have
approximately the same standard deviation
as output. Investment has also been uni-
formly procyclical and generally varies, in
percentage terms, from two to four times
more than output. Government spending
has generally been more variable than out-
put, but it has been countercyclical almost
as often as procyclical. Net exports have
been, for the most part, countercyclical. We
also find that correlations between mea-
sured output movements in different coun-
tries are typically positive and more pro-
nounced in the postwar period than in the
prewar period.

In Section 1V, we examine movements in
price levels and money stocks. Here we find,
in contrast to the regularity of real quanti-
ties, two significant changes in the cyclical
behavior of prices. We find, first, that price
changes in most countries have been more
persistent in the postwar period than in the
prewar period. This finding extends related
work by Jeffrey Sachs (1980), Charles
Schultze (1986), and John Taylor (1986) on
the United States and work by Gordon
(1983) on the United States, the United
Kingdom, and Japan, to a larger set of
countries. We also find, in the prewar and
interwar periods, that output and price-level
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fluctuations are positively correlated in most
of the ten countries. However, in the post-
war period, price fluctuations have been
consistently countercyclical. We find a slight
decline in the correlation of money and
output in the postwar period, but no gen-
eral tendency for greater persistence of
money growth rates. We conclude this sec-
tion with some speculative remarks on po-
tential explanations for the observed
changes in price behavior.

1. The Data

We start with a description and evalua-
tion of the data, emphasizing in particular
the methods used to construct prewar na-
tional income accounts; sources and defini-
tions are described in Appendix A. Al-
though national accounts are based to a
large extent on a common framework,
sources of raw data differ across countries,
especially in the prewar period. Countries
with the best source material tend to have
the most reliable estimates of national in-
come. The United Kingdom, for example,
has had an annual income tax in effect
continuously since 1842, while in the United
States the federal personal income tax was
only made possible in 1913 by the Sixteenth
Amendment to the Constitution. As a re-
sult, the United Kingdom has much better
data on the income side of the national
accounts for the prewar period than the
United States. In other countries, the estab-
lishment of statistical bureaus to measure
production and employment, frequently on
an industry basis, makes production-based
accounts feasible. In the United States such
sources of annual data are extremely lim-
ited. For this reason, and because account-
ing methods have improved in the decades
since Simon Kuznets’s (1961) work on pre-
war U.S. GNP, estimates for several of the
countries we study are likely to be better
than the American data examined by Romer
(1989) and Balke and Gordon (1989).

Problems with prewar U.S. data have been
well-documented by Kuznets (1961) and
Romer (1986, 1989). Kuznets and his
coworkers constructed national income ac-
counts for the United States from 1869. The
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cornerstone of this work, and most later
work as well, is William Shaw’s (1947) com-
modity output series: estimates of value
added in manufacturing, mining, and farm-
ing. Shaw’s estimates, and therefore those
of national income, were severely con-
strained in the prewar period by the ab-
sence of comprehensive annual data sources.
The most informative sources (see Shaw,
1947 part II) were periodic federal cen-
suses, including especially the Census of
Manufactures, available every ten years from
1869 to 1899 and every five years from 1899
to 1919. One source of annual data is re-
ports on industry published by eight states.
These states accounted for between 10 and
39 percent of total manufacturing in census
years, and the reports typically covered only
part of each state’s manufacturing output
(see Shaw, 1947 table 11:4). The state re-
ports were supplemented with occasional
government reports and industry publica-
tions. Kuznets (1961) interpolated further
between the census benchmarks of 1869,
1879, and 1889 by using a variety of indus-
try-output indicators (see the notes to tables
I1:1-5 in Kuznets [1961]), since neither he
nor Shaw was able to mecasure commodity
output directly for the 1869-1889 period.
Finally, both Shaw and Kuznets estimated
nominal value added, which was converted
to real terms at a disaggregated level using
producer price indexes.

Romer (1989), however, bases her criti-
cism of prewar U.S. data not on the frag-
mentary source material used to produce
estimates of commodity output, but on the
method Kuznets (1961) used to extrapolate
from commodity output to GNP. Kuznets’s
problem was to estimate GNP from infor-
mation on commodity output alone, since
direct measures of other components were
not consistently available even for census
years. Commodity output accounted for be-
tween one-third and one-half of total out-
put in the prewar period; transportation,
distribution, and services were missing com-
pletely. Roughly speaking, Kuznets at-
tributed to total output about the same per-
centage variability as that for commodity
output. Since commodity output is more
volatile than the other components, this
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procedure probably exaggerates the cyclical
variability of GNP. Kuznets points this out
himself in a widely cited passage (Kuznets,
1961 p. 546) and reports only five-year aver-
ages in his book. However, the annual series
were available in an unpublished manu-
script, and they form the basis of most exist-
ing series for the prewar period. Our series
is taken from Balke and Gordon (1986) and
incorporates adjustments to the Kuznets se-
ries by Robert Gallman (1966) and them-
selves that bring it closer to the Commerce
Department’s current definition of GNP.
We return to these measurement issues in
Section III, where we compare the proper-
tiecs of our GNP series with those of series
recently estimated by Romer (1989) and
Balke and Gordon (1989).

Data for the United Kingdom appear to
be considerably better. Charles Feinstein’s
(1972) compilation and synthesis of British
data include three estimates of real output,
based respectively on expenditure, income,
and production data. Although the sources
overlap, the series were constructed inde-
pendently (see the discussion in Chapter 1
of Feinstein [1972], especially page 12). The
expenditure series, constructed by James
Jefferys and Dorothy Walters (1955), uses
information on expenditures by detailed
commodity group, including agricultural re-
ports, excise tax revenues, indexes of manu-
facturing output by commodity, and govern-
ment accounts. Despite the apparently rich
source material, expenditures on consumer
services are based on linear interpolation
between censuses, and distribution costs are
simply a constant markup over production
costs (Feinstein, 1972 p. 17). In this respect,
the series resembles Kuznets’s estimates for
the United States. The income-based series,
adapted from earlier work by A. R. Prest
(1948), estimates aggregate output from fac-
tor incomes. Wages were estimated from
partial information about employment and
wage rates in various industries (the so-
called Bowley series); profits and rents were
estimated from income tax records. The
production, or output, series is based on
indexes of real output by industry. All three
output series are deflated at a disaggregated
level using price indexes from earlier stud-
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ies. We utilize Feinstein’s “compromise es-
timate,” an index number that combines the
income, expenditure, and output measures
using a common deflator. Since the three
estimates draw on different sources, their
measurement errors should be imperfectly
correlated, and the compromise estimate
should be more accurate than any of the
individual series.

N. G. Butlin’s (1962) Australian estimates
were constructed from production data.
They are based on a wealth of raw material
arising largely from the central role of gov-
ernment in Australian economic develop-
ment. Butlin (1962 p. 3) states: “Few, if any,
countries can match the range and accuracy
of Australian official and private statistics
over such a long period. ...[These statistics]
provide the basic data with which to esti-
mate industrial subdivisions of total product
and, moreover, to do so on an annual basis,
without reliance on benchmark procedures.”
He estimates output for 13 industrial cate-
gories, including the distribution and service
sectors. By way of example, good estimates
of wool production, one of the larger com-
ponents of output, are available from re-
ports of production and exports. The sources
are generally better after 1900 than before,
but even before 1900 there seems to be
enough information to construct reasonable
measures of aggregate output, expenditure
components, and prices.

Early Canadian data, described by M. C.
Urquhart (1986), are also derived from pro-
duction sources. Although the Census of
Manufactures, which began in 1870, is only
available every ten years in the prewar pe-
riod, Urquhart and his colleagues mar-
shalled a large body of annual sources to
produce annual output series for 19 indus-
trial classifications. In some cases (e.g., min-
ing, railroads), the estimates are based di-
rectly on annual measures of industry
output; in others, some of the components
are interpolated between censuses with in-
dicator series (e.g., textile output from cot-
ton imports). On the whole, the resulting
nominal aggregate output series are repre-
sented as being quite good by the standards
of historical work. The weakest component
is the price deflator, which is an aggregate
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estimate of the consumer price index. Be-
fore 1900 this index is based on newspaper
reports and records of a small number of
individual retailers for a single town,
Kingston, Ontario (see Urquhart, 1986 ap-
pendix 5), so both the price index and the
implied real output series are of question-
able reliability in the earlier period.

The Japanese national accounts compiled
by Kazushi Ohkawa et al. (1974) appear to
be based on somewhat less comprehensive
sources than those of Australia, Canada,
and the United Kingdom. Most of the ac-
counts are derived from production data,
with extensive interpolation based on an-
nual reports of government ministries (see
Ohkawa et al., 1957 part 1I). The Ministry
of Industry and Commerce, for example,
collected statistics on factory output for all
factories employing five or more workers,
and the Ministry of Agriculture and Com-
merce collected production quantities for
major agricultural categories (e.g., rice, bar-
ley, wheat, soy beans). Service and distribu-
tion output, particularly in the prewar pe-
riod, are inferred from indirect estimates of
factor payments to labor: the number of
people gainfully employed in “tertiary” pro-
duction is multiplied by a wage rate propor-
tional to the wage in goods-producing sec-
tors; see Ohkawa (1957 pp. 100-15). Real
output is estimated by deflating components
by their respective price indexes.

Swedish data, reported by Osten Johans-
son (1967) and Olle Krantz and Carl-Axel
Nilsson (1975), stem from the pioneering
work of Eric Lindahl et al. (1937) and ap-
pear generally to be of high quality. As with
most other countries, prewar estimates of
national income are constructed from pro-
duction statistics and built up by industry.
The primary sources are annual industrial
statistics collected by the Board of Trade as
well as agricultural statistics from the Cen-
tral Bureau of Statistics. These are available
in some cases from 1858 or earlier, but they
are considerably more reliable and compre-
hensive after 1895. For example, mining
output prior to 1896 is estimated, as in
Canada, from physical quantity indicators.
From 1896 on, direct estimates of factor
payments and the value of output are avail-
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able. On the whole, these estimates for the
prewar period appear to be reasonably good,
probably comparable in quality to those of
Australia and Canada, but not as good as
those of the United Kingdom. Johansson
(1967 p. 13) remarks, however, that for the
study of business cycles the series are not
sufficiently accurate in their year-to-year
changes. Discussions by Lindahl et al. (1937)
and Krantz (1988) suggest that this caveat
is overly strong. The weakest part of the
Johansson series is the deflation procedure,
which uses a single cost-of-living index to
deflate aggregate output. Krantz and Nils-
son (1975) deflate components separately
and make a number of other changes as
well.

Data for Norway and Denmark are prob-
ably not of the same quality. Norwegian
sources (see Norwegian Central Bureau of
Statistics, 1978 section 1V), largely produc-
tion and trade statistics, are reported to be
satisfactory for constructing annual data
from 1930 onward. Between 1900 and 1927
only biennial production data are available,
and before 1900 not even that, so the early
data must be viewed with some skepticism.
The Danish data, too, are suspect. Kjeld
Bjerke (1955 p. 123) remarks that “the
scarcity of basic data involves numerous ap-
proximations, particularly for the early pe-
riod; and the resulting records are useful
mainly for delineating the broad trends.” It
appears, for instance, that the output of
both agricultural and nonagricultural indus-
tries is computed in the prewar period at
least partly from smooth trends between
dates for which better data are available, a
procedure that is likely to understate short-
term variability.

We have even less faith in the German
and Italian series, which we obtained from
B. R. Mitchell (1976), rather than country
sources. For both countries, the series were
pieced together from several different indi-
vidual series, and their short-term reliability
is questionable. For Germany we have, in
addition to the usual shortage of primary
data, major changes in the country’s physi-
cal boundaries over the last century and
changes in governmental structure that
combined to prevent consistent source ma-
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terial from being collected. In the prewar
period the estimated national accounts are
based on income tax records, but these too
are incomplete. At that time, the tax was
collected by 26 individual states (Linder),
each with a different tax system. To main-
tain consistency, the cstimates for the pre-
war period are based on tax statistics for
Prussia and Saxony, which accounted for
about 70 percent of national income (see
Paul Jostock, 1955 pp. 81-3). As a result of
this reliance on income tax sources, esti-
mates of national income and investment
are on a net basis, so they are not directly
comparable to the gross estimates of other
countries. Investment, in particular, exhibits
much wilder fluctuations than it does in the
other countries and is frequently negative in
the interwar period. Early in the interwar
period Germany suffered such extreme in-
flation that it is impossible to make sense of
nominal tax records, and no accounts have
been estimated.

Viewed as a whole, this international data
set contains a great deal of information
about business cycles over the last hundred
years. Some of this information is presented
in Table 1, where we report the means,
standard deviations, and autocorrelation co-
efficients of output growth rates (first dif-
ferences of logarithms of real output) for
each of the ten countries in the prewar,
interwar, and postwar periods. The mean
rate of growth ranges from a low of 1.22
percent in the interwar United Kingdom to
a high of 7.03 percent in postwar Japan. By
and large, countries have experienced faster
growth since World War II than in either of
the two earlier periods, but there is a great
deal of variation across countries in all peri-
ods. The standard deviation of growth rates
has generally been lower in the postwar
period than in the other two periods and is
highest, for every country except Australia,
in the interwar period. The autocorrelation
of growth rates has also changed, being
positive (sometimes only slightly so) for ev-
ery country in the postwar period, but gen-
erally negative in earlier periods. This re-
versal might reflect a change in the nature
of economic fluctuations, but measurement
error is also a possibility, since white-noise
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Means (percentage) Standard deviations {percentage) Autocorrelations
Country Prewar Interwar  Postwar  Prewar Interwar  Postwar  Prewar  Interwar  Postwar
Australia 2.98 1.96 4.06 6.65 5.06 2.44 -0.10 -0.12 0.11
0.91) (1.10) 0.41) 0.70) (0.88) 0.21) 0.19) (0.20) ©.17)
Canada 3.64 2.51 4.19 512 8.03 2.82 -0.02 0.35 0.10
.77 (1.75) (0.48) (0.45) (1.00) (0.44) (0.13) 0.24) .15
Denmark 3.05 2.67 3.18 3.83 3.94 2.49 0.13 -0.10 0.13
0.47) (0.93) 041D (0.32) (0.88) {0.23) (0.10) (0.18) (0.18)
Germany 2.55 4.64 4.56 3.99 8.94 3.60 —-0.29 0.58 0.44
(0.50) (2.47) 0.59) (0.35) (1.14) (0.60) 0.13) (0.18) 0.11)
Italy 1.24 2.21 4.34 3.74 4.62 2.82 -0.41 -0.37 0.37
(0.51) (1.04) 047 0.37) (0.55) 0.41) 0.12) (0.18) 0.15)
Japan 2.55 3.24 7.03 3.71 4.33 3.73 —-0.36 -0.11 0.64
(0.68) (0.94) (0.63) (0.39) (0.56) (0.44) ©.17) (0.30) 0.14)
Norway 2.10 3.31 4.17 1.84 4.96 1.64 0.28 -~0.40 0.19
(0.26) (1.08) 0.27) 0.21) (1.12) (0.19) 0.11) 0.19) (0.15)
Sweden 2.69 3.63 3.02 2.77 3.67 1.82 0.01 0.20 0.44
0.37) (0.80) (0.30) (0.35) (0.83) 0.22) 0.12) (0.33) 0.13)
United 1.86 1.22 2.39 2.17 4.32 1.96 0.15 0.15 0.05
Kingdom (0.32) (1.03) (0.32) 0.24) (0.81) (0.26) (0.13) 0.27) 0.22)
United 3.83 1.67 3.20 5.44 8.07 2.60 -0.21 0.35 0.03
States (0.80) (1.76) (0.45) (0.63) (0.96) (0.26) 0.14) 0.21) 0.14)

Notes: Sample moments were computed from log-differences of real output. Numbers in parentheses are standard
errors. “Prewar” refers to the period prior to World War 1, “postwar” refers to the period after World War 11, and
“interwar” refers to the period between the wars; the exact dates are as follows: Australia, 1861-1914, 1920-1939,
1950-1985; Canada, 1870-1914, 1920-1939, 1950-1983; Denmark, 1870-1914, 1922-1939, 1950-1985; Germany,
1850-1913, 1926-1938, 1950-1986; Italy, 1861-1914, 1920-1939, 1950-1985; Japan, 1885-1914, 1920~1939,
1952-1986; Norway, 1865-1914, 1920-1939, 1950-1986; Sweden, 1861-1914, 1920-1939, 1950-1986; United
Kingdom, 1870-1914, 1920-1939, 1950-1983; United States, 1869-1914, 1920-1939, 1950-1983. The calculations
were performed by posing the estimation problem as a generalized-method-of-moments (GMM) problem using the
Hansen-Heaton-Ogaki GAUSS programs. Standard errors are robust to both heteroscedasticity and autocorrelation

of the residuals.

errors in the output series would have pre-
cisely this effect on the autocorrelation of
growth rates.

I1. Fluctuations in Real Output

We turn to a comparison of output
volatility over the last hundred years.
Throughout the paper, our working defini-
tion of business-cycle fluctuations concerns
properties of time series that have been
filtered by the Hodrick-Prescott method,
which removes low-frequency movements

from the data; see Appendix B for details.
The filtering operation can be thought of as
removing a smooth trend line (like one might
draw freehand) from the data.

We see in Table 2 that the magnitude of
output fluctuations (i.e., the standard devia-
tion of the Hodrick-Prescott filtered loga-
rithm of real output) has varied substan-
tially over time and across countries. One
such change is the reduction of output vari-
ability in the United States from 4.28 per-
cent in the prewar period to 2.26 percent in
the postwar period. By this measure, the
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TABLE 2-—PROPERTIES OF QUTPUT FLUCTUATIONS

Standard deviations (percentage) Relative to postwar

Country Prewar Interwar Postwar Prewar Interwar

Australia 6.30 4.85 1.93 33 2.5
0.72) (0.75) (0.19)

Canada 4.47 9.80 2.22 2.0 4.4
(0.43) (1.40) (0.23)

Denmark 3.02 341 1.88 1.6 1.8
(0.22) (0.64) (0.20)

Germany 3.35 10.19 2.30 1.5 4.4
(0.32) (1.61) (0.28)

Italy 2.52 3.59 2.05 1.2 1.8
0.24) (0.46) 0.17)

Japan 242 3.13 3.11 0.8 1.0
0.24) (0.44) (0.32)

Norway 1.85 3.49 1.76 1.1 2.0
(0.16) (0.63) 0.17)

Sweden 243 3.74 1.45 1.7 2.6
0.37) (0.59) (0.12)

United Kingdom 2.12 3.47 1.62 1.3 2.1
0.24) 0.37) 0.21)

United States 4.28 9.33 2.26 1.9 4.1
(0.38) 1.27) (0.18)

Notes: Sample moments were computed from Hodrick-Prescott filtered logarithms of
real output. Numbers in parentheses are standard errors, computed by GMM as
described in the notes to Table 1. Sample periods are also reported in the notes to

Table 1.

standard deviation of output fluctuations
was 1.9 times larger in the prewar period
than it has been since World War II. Simi-
larly, the standard deviation was 4.1 times
larger in the interwar period than in the
postwar period. The 1.9 interwar-to-postwar
ratio of standard deviations is similar to
previous volatility comparisons between
Kuznets-derived prewar GNP estimates with
the Commerce Department’s modern se-
ries. See Romer’s (1989 table 3 [comparison
between prewar Gallman-Kuznets GNP and
postwar Commerce Department GNP]) esti-
mate of 1.93 and Balke and Gordon’s (1989
table 3 [line 1, column 9]) estimate of 1.85.
Their calculations differ in two respects from
ours: they compute fluctuations as differ-
ences from a piecewise log-linear trend, and

they extend the “prewar” period to 1928.
Neither difference matters much. When we
compute the prewar /postwar volatility ratio
using the Balke-Gordon sample periods,
1869-1928 and 1947-1986, our volatility ra-
tio changes from 1.90 to 1.82. Thus, the
Hodrick-Prescott method of computing
fluctuations yields similar measures of rela-
tive variability in this case. The absolute
measures of variability are also quite close,
generally within 10 percent of each other.
Our method has two small advantages over
theirs: it enforces smoothness on the esti-
mated trend series (piecewise log-linear
trends can have sharp links), and it con-
forms more closely with recent studies
of postwar business cycles (see e.g,
Peter Brandner and Klaus Neusser, 1990;
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Kydland and Prescott, 1990; Keith
Blackburn and Morten Ravn, 1991; Isabel
Correia et al., 1991; Jean-Pierre Danthine
and John Donaldson, 1991; Backus et al.,
1992; Lawrence Christiano and Martin
Eichenbaum, 1992).

Until recently, the professional consensus
was that output volatility declined dramati-
cally after World War II (see e.g., Burns,
1960; Lucas, 1977; Martin Baily, 1978; James
Tobin, 1980; Taylor, 1986). Romer (1986,
1989), however, argues forcefully that dif-
ferences in the way real output was mea-
sured account for a large part of the differ-
ence between periods. As we mentioned,
the Kuznets real GNP series was estimated
from data on commodity output alone, and
commodity output in the postwar period has
been more than 70-percent more variable
than output as a whole (Romer, 1989 table
3). Romer proposes an alternative GNP
series that reduces this alleged bias. If we
apply our methods to her series, the fluctu-
ations have a standard deviation in the pre-
war period of 2.64 percent, which is only
1.29 times more volatile than the Commerce
Department’s postwar series. Balke and
Gordon (1989) propose their own series,
incorporating information on transporta-
tion, construction, and consumer prices not
used in earlier estimates. With our methods
and their series, prewar volatility is 1.77
times greater than postwar volatility. These
disparate results leave us with a fairly large
range of uncertainty about the volatility of
prewar real output.

Rather than attempt to resolve their de-
bate, we examine data for nine other coun-
tries. Although measurement error is a
generic problem in the prewar period, the
data for several of the countries we study
appear to be sufficiently good to provide an
accurate account of prewar business cycles.
Consider the United Kingdom. As noted
earlier, an abundance of raw data led to
three largely independent estimates of real
output. The one used in our tables is Fein-
stein’s (1972) compromise estimate, an in-
dex that combines the three. Its standard
deviation (after filtering) is 31-percent larger
in the prewar period than the comparable
series in the postwar period, suggesting that
prewar cycles were not much different in
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magnitude than postwar cycles. We can get
an idea of the range of uncertainty in this
measure by examining the income, expendi-
ture, and output series separately. Since the
output series ends in 1913, we use only the
1870-1913 period for this comparison. Fluc-
tuations in the expenditure series have a
standard deviation of 2.08 over the period,
yielding a prewar /postwar volatility ratio of
1.28, which is very close to that of the
compromise estimate. The output and in-
come series have volatility ratios of 1.35 and
1.66, respectively. The major discrepancy is
with the income series. David Greasley
(1989) argues that this series, particularly its
component Bowley labor-income series, is
flawed, and he reports new income-based
series. With his revisions the volatility ratio
falls from 1.66 to 1.43. Our estimated
volatility ratios thus range from 1.28 to 1.66,
but our best measurements indicate that the
ratio lies near the lower end of this interval.

Of the remaining eight countries, five have
prewar /postwar volatility ratios of 1.6 or
less, but three were substantially more
volatile in the prewar period: Australia,
Canada, and Sweden. Each of these three
countries has reasonably good prewar na-
tional accounts, so the measured differences
between periods probably indicate differ-
ences in aggregate market activity. These
three countries and the United States are
also four of the five most volatile of the
interwar period (the fifth being Germany,
for which the interwar period was excep-
tional). Since interwar accounts were gener-
ally better than prewar accounts, we are
again led to conclude that the variability of
output in these countries has changed
markedly.

In Australia, prewar fluctuations were
dominated by the decline and subsequent
recovery of the early 1890’s. Between 1889
and 1895, real output fell by more than 4
percent in an economy that averaged 3-per-
cent growth per year in the prewar period.
Part of this decline can be attributed to the
effect of a severe drought on the agricul-
tural sector (from 1894 to 1900 the stock of
sheep fell by half), but the timing of the
downturn and the behavior of other sectors
of the economy suggest that the drought
cannot account for most of the fall in ag-
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gregate output (see E. A. Boehm, 1971;
Rodney Maddock and Ian McLean, 1987).
Even without this episode, however, mea-
sured prewar fluctuations were twice as
large as postwar fluctuations: if we omit
the years 1888-1897 surrounding this re-
cession, the standard deviation of filtered
output falls from 6.30 to 4.12, yielding a
prewar /postwar volatility ratio of 2.1.

Fluctuations in Canada were larger in the
prewar than the postwar period, and larger
still between the wars. This difference be-
tween the prewar and postwar periods
(a factor of 2) is probably too large to
attribute to measurement error alone,
notwithstanding the difficulties noted ear-
lier with price measurement prior to 1900.

In Sweden, fluctuations are 1.7 times as
volatile in the prewar period relative to the
postwar period. This number is based on
Krantz and Nilsson’s (1975) revisions of the
Johansson (1967) data used by Sheffrin
(1988). As Bergman and Jonung (1989) point
out, the revisions make a considerable dif-
ference: the standard deviation of prewar
fluctuations in Johansson’s series is 3.67,
rather than 2.43, and the prewar/postwar
volatility ratio is 2.5, rather than 1.7. Simi-
larly, the standard deviation of interwar
fluctuations falls from 6.47 with the Johans-
son data to 3.74 with the Krantz-Nilsson
series. There is also an apparent difference
within the prewar period. As mentioned,
the Swedish national accounts are fairly
good by prewar standards, but considerably
more reliable after 1895. We find that when
the pre-1895 data are omitted, the standard
deviation of prewar output fluctuations falls
from 2.43 to 2.03. This estimate is still 30-
percent larger than the standard deviation
of postwar fluctuations, but considerably less
than the 150-percent difference estimated
by Sheffrin (1988) with Johansson’s data.
This suggests that measurement error ac-
counts for a large part of previously esti-
mated differences between periods.

In short, our estimates indicate that, while
prewar fluctuations were generally larger
than those of the postwar period, the extent
of the difference varies across countries,
with prewar /postwar ratios of standard de-
viations ranging from 0.8 to 3.3. Although
some of the differences are likely to be the
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result of measurement error in the earlier
periods, a careful look at the data suggests
that, in at least some cases, they also re-
flect changes in the variability of real
output. The one unavoidable conclusion
about changes in variability over time is that
the interwar era experienced much larger
fluctuations than the other two periods, al-
though the extent of this extra volatility
varies from country to country.

III. Fluctuations in Expenditure
Components

The term “business cycle” is commonly
used to describe related fluctuations in a
wide range of economic activities. This def-
inition applies to the NBER’s work on ref-
erence cycles, described by Burns and
Mitchell (1946) and Geoffrey Moore and
Victor Zarnowitz (1986), as well as to more
recent work by Kydland and Prescott (1990)
and Lucas (1977). Accordingly, we turn to
patterns of correlation between different
measures of economic activity. For the pre-
war and interwar periods such efforts are
severely constrained by lack of data. Before
World War I, estimates of employment,
for example, are generally available only
once each decade. The availability of unem-
ployment rates mirrors unemployment-
insurance programs, and in the prewar pe-
riod these generally covered, if anything,
only a small part of the labor force. Finan-
cial data, like interest rates and stock-market
indexes, are available for only a few coun-
tries. Canada, for example, had no Trea-
sury-bill market until the 1930’s. We are left
with various components of national in-
come: personal consumption expenditures
(C), gross investment in fixed capital (1),
government spending (G), and net exports
(NX).

In most cases, these expenditure compo-
nents are available from the same sources
as national income and thus have similar
reliability. Gross investment, for instance, is
available for most countries that have na-
tional income estimates. The exception in
our sample is Germany, for which only a net
investment series exists. Since a large frac-
tion of fixed investment in the prewar years
was performed by governments, and since
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the boundary between private and govern-
ment activity varies, we include, where pos-
sible, government capital formation in our
investment series. Doing so enables us to
include, for instance, government-sponsored
railroad construction in Australia and Japan.
Consumption data are generally computed
by adding together production numbers of
particular goods; they depend for their ac-
curacy on reliable component series. Net
exports are probably the most accurately
measured series, because nations collect
trade statistics in the process of collecting
tariffs. As in modern national accounts,
there is some variation in the treatment of
earnings to foreign capital, which are treated
as imports in some cases and omitted in
others. Government-spending series are also
fairly accurate, being based on government
records.

Table 3 summarizes the behavior of fluc-
tuations in expenditure components. We see
that investment (/) is between two and five
times more variable than output for every
country and period. Investment is also
strongly procyclical. The single exception is
prewar Japan, for which measured invest-
ment is slightly countercyclical. Among the
possible sources of this exceptional behavior
is the active participation of government in
capital formation. Henry Rosovsky (1961
table 7) estimates that government ac-
counted for about half of Japanese gross
investment prior to World War II. This
compares with 10-20 percent in Australia
(Butlin, 1962 tables 5 and 10), 8-10 percent
in Canada (Urquhart, 1986 table 2.2), and
about 5 percent in the United States
(Kuznets, 1961 table 22). Rosovsky (1961
pp. 29-30) notes that the cyclical properties
of government capital formation were gov-
erned not by the business cycle, but by
natural disasters, military buildups, and a
surge in railroad construction in the early
part of the 20th century. This countercycli-
cal pattern is, in any case, reversed after
World War 1.

Consumption (C) is also uniformly pro-
cyclical. The cross-correlation between
fluctuations in consumption and output
ranges from 0.41 in the prewar United
Kingdom to 091 in the prewar United
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States. Its variability is about the same as
that of output: the ratio of its standard
deviation to the standard deviation of out-
put is close to 1 in most cases. The excep-
tion is postwar Norway, where consumption
has been less volatile than investment, but
more volatile than output. In postwar data
for the United States, consumption is con-
siderably less variable than output if we
exclude purchases of consumer durables, but
in earlier periods durables are a smaller
fraction of personal consumption expendi-
tures and this adjustment is less relevant.

Government spending (G) exhibits little
regularity. Its variability, relative to output,
ranges from 0.81 in interwar Sweden to 8.72
in interwar Britain to 9.49 in prewar Japan.
The last figure is due partly to military
spending during the Russo-Japanese War.
This broad range of experience is not
amenable to simple summary, suggesting
that at least one aspect of government pol-
icy has varied widely over time and across
countries. Correlations between government
spending and output are equally diverse. Of
the 18 estimated cross-correlations, 10 are
positive and eight are negative.

Net exports (NX) are measured, for the
purpose of defining fluctuations, as the ratio
of current-value net exports to nominal out-
put. Since the ratio is close to zero, its
variance and cross-correlation with output
can safely be attributed to movements in
the numerator; that is, its variability is due
primarily to variability in net exports, and
its cross-correlation with output reflects the
cross-correlation of net exports with output.
The standard deviation of fluctuations in
this ratio ranges from 0.43 percent in post-
war America to 3.47 percent in postwar
Norway. Most of the standard deviations
fall between 1.0 percent and 1.6 percent.
The United States is, by a wide margin, the
country with the least variability in net ex-
ports in all three periods. Net exports have
generally been countercyclical: in two-thirds
of the cases, the cross-correlation is nega-
tive, often strongly so. In the other cases,
the correlation is generally small.

Most of these properties are familiar to
students of American business cycles. The
volatility and procyclical nature of durable-
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TaBLE 3—PROPERTIES OF NATIONAL EXPENDITURE COMPONENTS
Prewar Interwar Postwar
Country C I G NX C 1 G NX C 1 G NX
A. Standard Deviations Relative to Output:
Australia 2.15 2.58 4.10 3.32 2.32 3.05
0.22) 0.24) (0.68) (0.46) (0.45) (0.82)
Canada 3.12 2.26 1.64 2.75 1.09 2.61 3.14 2.09 0.98
0.28) (0.27) (020 .19  (0.19) (0.38) 0.34) (0500 (0.12)
Denmark 3.68 2.78 3.81
0.28) 0.64) (0.54)
Italy 8.64 5.26 3.06
.77 0.59) 0.31)
Japan 1.26 3.67 9.49 2.45 1.30 3.21 3.11 1.19 1.25 2.01 1.17 1.03
(026) (055 (1.46) (048) (017 (047 (067 (0.16) (0.19) (022) (019 (©0.09
Norway 1.19 3.66 2.64 1.51 0.72 3.35 2.29 1.56 2.90 5.50 3.24 3.47
(0.12) (028) (0.34) (017) (07 (044) (053) (0.18) (031) (0.76) (0.62) (0.50)
Sweden 0.87 4.47 1.19 1.52 0.99 1.90 0.81 1.50 1.17 2.10 1.88 1.00
0.07) (0.73) (.19 (0.17) ©.07) (©0.22) (0.21) (0.28) (0.24) (0.25) (0.25) (0.13)
United 0.56 4.29 4.25 1.13 0.62 2.27 8.72 1.13 1.26 2.64 2.01 1.30
Kingdom (0.06) (0.59) (0.87) (0.12) (0.07 (0.28) (0.87) (0.18) (0.11) (0.24) (039 (0.22)
United 0.76 2.73 1.18 0.56 0.68 3.10 0.52 0.50 0.65 2.60 3.48 0.43
States (0.05) (038 (021) (0.100 ©0.09 (0.13) (0.11) (007 (.06 (0.22) (©086) (0.05)
B. Cross-Correlations with Output:
Australia 0.53 -0.33 0.82 —-0.48 0.42 -0.09
©.11) ©.1D (0.04) 0.17) (0.10) 0.14)
Canada 0.77 -0.68 -0.60 091 -001 -0.21 0.78 035 -035
.07 (.09 (0.08) 0.04) (022 (017 0.05) (0.09 (017
Denmark 0.75 0.69 0.81
(0.06) (0.05) (0.05)
Italy 0.80 0.90 0.81
(0.05) (0.03) (0.04)
Japan 0.56 —0.05 0.33 0.08 0.71 0.48 0.11 0.18 0.65 0.61 0.32 0.11
0100 (022 (0.200 (0.15) (0100 (0.18) (02D (021) (©.07) (0.12) (0.13) (0.15)
Norway 0.78 0.80 0.13 —044 0.90 076 —-0.16 —-0.22 0.76 0.42 065 -024
0.05) (0.0 (0.13) (0.12) (004 (V.09 (022) (023) (0.07) (0.13) (.07 (0.10)
Sweden 0.82 057 -0.09 -0.14 0.97 090 -027 -0.30 0.52 055 -0.07 0.04
0.059) (.09 (©.14 (©.13) (©0) (030 (@©2D (025 (0100 (©.100 (©.16) (0.14)
United 0.41 0.38 0.05 0.24 0.88 0.62 0.00 0.19 0.81 0.86 004 —-043
Kingdom (0.14) (0.10) (0.11) (0.10) (0.04) (0.16) (0.12) (0.17) (0.06) (0.05) (0.19) (0.10)
United 091 0.76 —0.09 —-0.15 0.83 098 —-0.25 -0.11 0.82 0.78 040 -0.20
States 0.04) (007 (020 (0.12) (007) (001 (0200 (0.13) (005 (007 (©.11) (017

Notes: Consumption (C), investment (/), and government purchases (G) are Hodrick-Prescott filtered logarithms, net
exports (NX) is the Hodrick-Prescott filtered ratio to nominal output. For the first three, the reported statistic in part A is
the ratio of the standard deviation of the relevant component to that of output; for net exports it is the standard deviation
of the filtered ratio of net exports to output, multiplied by 100. Numbers in parentheses are standard errors, computed by
GMM as described in the notes to Table 1. Sample periods are also described in the notes to Table 1, with one exception:
the sample period for the prewar United States is 1889-1914 in this table.
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TaBLE 4—INTERNATIONAL OuTPUT CORRELATIONS: PREWAR, INTERWAR, AND POSTWAR

United United

Canada Denmark Germany Ttaly Japan Norway Sweden Kingdom States
Australia 0.31 (0.09) 0.32 (0.09) 0.18 (0.12) 0.22(0.13) —0.02(0.21) 0.28(0.11) 0.00 (0.13) 0.50 (0.10) 0.03 (0.13)
0.44(0.12) 0.04 (0.19) 0.85 (0.07) 0.39(0.14) 0.27 (0.20) —0.03 (0.23) 0.50 (0.27) 0.44 (0.26) 0.58 (0.09)
0.28 (0.17) 0.15 (0.16) 0.31(0.17) 0.17(0.17) 0.31(0.16) —0.23(0.18) 0.56 (0.08) 0.30 (0.15) 0.10 (0.18)
Canada 0.52 (0.10) —0.24 (0.16) 0.12 (0.12) —0.15(0.14) -0.01(0.13) 0.13 (0.18) 0.29 (0.10) 0.49 (0.11)
0.34 (0.15) 0.78 (0.06) 0.74 (0.09) —0.03(0.20) 0.56 (0.11) 0.85 (0.08) 0.76 (0.07) 0.91 (0.04)

—0.05 (0.18) 0.07 (0.17) —0.07 (0.16) 0.18 (0.13) 0.35(0.15) 0.09 (0.17) 0.36 (0.15) 0.64 (0.09

Denmark 0.15 (0.13) —0.01 (0.15) —0.08 (0.14) 0.14 (0.15) 0.55 (0.11) 0.57 (0.07) 0.26 (0.10)
0.09 (0.30) 0.16 (0.18) —0.39(0.27) 0.42 (0.19) 0.22(0.22) 0.26 (0.22) 0.43 (0.13)
0.27 (0.16) 0.35 (0.15) 0.51(0.13) 0.34(0.12) 0.31 (0.15) 0.53 (0.13) 0.25 (0.19)
Germany —0.03(0.12) —0.14(0.17) 0.14 (0.12) 0.35 (0.14) 0.03(0.12) —0.40(0.13)
0.63 (0.11) 0.58 (0.20) 0.34(0.15) 0.69 (0.09) 0.89 (0.05) 0.78 (0.08)
0.57 (0.10) 0.21(0.18) 0.11(0.22) 0.12 (0.18) 0.40 (0.12) 0.18 (0.20)
Ttaly —0.13(0.18) —0.04(0.12) -0.01(0.09) -0.12(0.14) 0.14 (0.13)
0.09 (0.23) 0.41 (0.19) 0.47 (0.11) 0.64 (0.10) 0.71 (0.09)
0.32(0.17) 0.23(0.16) 0.14 (0.17) 0.23(0.15) 0.15(0.17)
Japan —0.08(0.18) —0.10(0.16) 0.08 (0.17) —0.22(0.15)
—0.21(0.20) —0.06(0.19) 0.25(0.24) —0.05(0.24)
0.14(0.18)  0.29(0.17)  0.24(0.16)  0.51(0.13)
Norway 0.19 (0.11) 0.36 (0.11) —0.06 (0.14)
0.59(0.13) 0.62 (0.11) 0.46 (0.14)
0.17 (0.17) 0.42(0.15) 0.48 (0.12)
Sweden 0.19 (0.10) 0.14 (0.14)
0.66 (0.06) 0.84 (0.12)
0.40 (0.15) —0.10(0.18)
United 0.01 (0.14)
Kingdom 0.74 (0.11)
0.48 (0.13)

Notes: Entries are contemporaneous correlations of Hodrick-Prescott filtered logarithms of real output. Sample
periods are pairwise intersections of those used in Table 1. Numbers in parentheses are standard errors, computed

by GMM as described in the notes to Table 1.

goods production is cited by Zarnowitz (1985
p. 527), for example, as a long-standing fea-
ture of business cycles. Although it is not
emphasized, it is also apparent in, among
many other places, studies of the interwar
period by Burns and Mitchell (1946 chart 8
[series 16-19]D) and R. A. Gordon (1951
table 3) using the NBER methodology. In a
similar vein, Robert J. Gordon and John
Veitch (1986) note that U.S. investment is
both more variable and more highly corre-
lated with output in the interwar period
than it has been since World War 11, as may
be seen in Table 3. Table 3 suggests that

this change does not generally apply to other
countries. More recent work with quarterly
postwar data includes Robert King and
Charles Plosser (1989) and Kydland and
Prescott (1990); both of these studies docu-
ment the procyclical movements in con-
sumption and investment expenditures as
well as their relative volatilities. Brandner
and Neusser (1990), Blackburn and Ravn
(1991), Correia et al. (1991), and Danthine
and Donaldson (1991) verify these proper-
ties in postwar data for a variety of other
developed countries. Table 3 expands this
set of empirical regularities in two ways, to
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a broader set of countries and a longer
period of time.

Countercyclical movements of the trade
balance have also been documented in other
studies. Ilse Mintz (1959), for example, finds
countercyclical movements in the U.S. trade
balance in the prewar, interwar, and early
postwar periods, just as we report in Table
3. She bases her finding on a comparison of
trade balances with the NBER’s business-
cycle chronologies, a methodology quite
different from ours. She also finds, by the
same method, that trade in the United
Kingdom was procyclical in the prewar
period and countercyclical between the
wars. We find, however, procyclical move-
ment in both periods. Although there are
important differences in data and methodol-
ogy between our studies, the discrepancy in
the interwar period appears to be the result,
in large part, of our treatment of the con-
traction that starts our interwar sample
period, 1920-1939. During this contraction
the trade balance improved sharply, but in
the rest of the interwar period the trade
balance is weakly procyclical. By moving the
start of our sample period back one year to
1919 we place more emphasis on this event
and find, like Mintz, that net exports are
countercyclical (the correlation between net
exports and output changes from 0.19 to
—0.31). Finally, we note that the counter-
cyclical tendency of the trade balance is also
apparent in quarterly postwar data for all
12 countries studied in Backus et al. (1992
table 2).

In Table 4 we present evidence on an-
other international aspect of business
cycles: the contemporaneous correlation
between output fluctuations in different
countries. Generally speaking, correlations
were highest in the interwar period, reflect-
ing the common experience of the 1930’s.
The exceptions are Germany and Japan,
which were largely untouched by the De-
pression. In the pre- and postwar periods
the correlation is typically larger after World
War II than before World War 1. This is
exactly what we would expect if country-
specific measurement error were larger in
the prewar period, so it is not clear how
much of this change is real. A comparison
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by Moore and Zarnowitz (1986 fig. A.1) of
business-cycle chronologies in Germany, the
United Kingdom, and the United States in-
dicates that the prewar conformity of cycles
across countries is substantial, but even here
there are several cycles in the United States
that are not matched in the other countries.
The absence of reliable data makes it dif-
ficult to say anything definitive on this point.

IV. Fluctuations in Price Levels and
Monetary Aggregates

We now turn to the behavior of price
levels and money stocks. Table 5 summa-
rizes the behavior of inflation rates (first
differences in the logarithms of price levels).
With the notable exception once more of
Japan, we sce that price levels changed very
little, on average, during the prewar period,
declined between the wars, and rose after
World War II. The small mean inflation
rates before World War I are not, however,
indications of price-level stability: the stan-
dard deviations of inflation rates are com-
parable to those of the postwar period. The
interwar period was even more volatile in
this sense, with standard deviations larger
than either of the other two periods for
each of the ten countries.

Perhaps the most striking change in Table
5 is the sharp increase in the autocorrela-
tion of inflation rates between the prewar
and postwar periods. This change has been
noted by Gordon (1980 table 1, 1983 table
1), Sachs (1980 table 3), and Schultze (1986
table 1-1) in estimates of Phillips curves
with U.S. data, and by Sheffrin and Liang-
Yn Liu (1990) and Taylor (1986) in bivariate
autoregressions of prices and output. Gor-
don (1983) also examined data for two other
countries, concluding that there was a sig-
nificant postwar increase in persistence in
the United Kingdom, but not in Japan.
Table 5 indicates that the tendency toward
greater persistence in prices after World
War 11 is fairly widespread. In every country
but Norway, the autocorrelation of inflation
is higher in the postwar period than it was
prior to the First World War, and in all but
Japan and Sweden the increase is greater
than (.25,



878 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 1992
TABLE 5—PROPERTIES OF INFLATION RATES
Standard deviations Cross-correlations with
Means (percentage) (percentage) Autocorrelations output growth
Country Prewar Interwar Postwar Prewar Interwar Postwar Prewar Interwar Postwar Prewar Interwar Postwar
Australia —-0.04 0.35 6.72 4.32 5.81 5.18 0.05 0.29 0.38 0.15 —0.01 —0.34
0.59) 127 (0.86) (0.42) (1.04) (0.73) (0.10) 0.20) (0.15) (0.14) (0.29) (0.17)
Canada 0.56 —1.05 5.05 3.82 5.64 3.78 0.12 —-0.02 0.75 0.01 0.35 —0.28
(0.57) (0.12) (0.65) (0.59) (1.24) (0.38) (0.09) (0.34) 0.11) 0.11) (0.23) 0.14)
Denmark —-0.05 —0,38 6.34 233 6.02 291 0.37 0.39 0.77 0.14 —-0.14 —0.45
(0.35) (1.42) (0.48) 0.25) (1.12) 0.31) (0.14) (0.22) (0.12) (0.16) 0.11) 0.12)
Germany 0.87 —1.28 3.74 373 493 2.16 0.23 0.44 0.49 0.07 0.66 —-022
0.47) (1.36) (0.35) (0.34) (0.85) (0.32) (0.12) (0.18) 0.17) 0.13) (0.14) 0.21)
Italy 0.69 1.80 7.96 4.49 11.44 5.80 0.10 0.26 091 0.06 0.34 —0.58
(0.61) (2.49) 0.97) 0.58) (2.66) (0.45) 0.12) (0.15) (0.08) (0.12) 0.14) (0.09)
Japan 3.56 0.27 4.57 5.80 7.18 3.98 0.20 0.25 0.41 —048 -0.12 —-0.26
(1.06) (1.57) (0.67) (0.69) (0.88) 0.87) (0.15) (0.22) (0.13) 0.11) (0.18) 0.24)
Norway 0.74 —-3.27 5.65 3.79 9.81 5.24 0.42 0.26 0.28 0.46 0.21 —0.50
(0.54) (2.14) (0.86) (0.43) (1.37D (0.80) (0.14) ©0.27) 0.11) 0.12) (0.26) 0.15)
Sweden 0.40 —-2.74 6.35 3.68 9.54 3.83 0.43 0.34 0.53 0.05 0.07 -0.55
(0.5 (2.08) (0.63) (0.38) (2.37) (0.58) 0.13) (0.41) 0.16) (0.15) (0.11D) (0.09)
United 0.09 —-1.07 6.92 2.37 6.860 5.05 0.29 0.16 0.74 0.11 —0.28 —0.56
Kingdom  (0.35) (1.49) (0.83) (0.28) (1.69) 0.87) (0.16) (0.30) (0.16) 0.14) (0.32) 0.12)
United —-0.34 —-1.29 422 3.60 7.39 2.57 0.17 —0.08 0.79 0.13 0.37 -0.25
States (0.53) (1.61) (0.44) (0.39) (1.50) (0.24) (0.14) (0.32) (0.09) ©0.17 0.23) 0.17

Notes: Sample moments were computed from log-differences of price levels and real output. Numbers in
parentheses are standard errors, computed by GMM as described in the notes to Table 1. For sample periods, see

the notes to Table 1.

Properties of price-level fluctuations, that
is, movements in the logarithms of the price
level filtered by the Hodrick-Prescott
method, are reported in Table 6. As with
the autocorrelations of inflation rates, there
is a striking difference between the postwar
and the earlier periods. In both the prewar
and interwar periods, the correlation be-
tween price-level and output fluctuations is
predominantly positive, and for two of the
three exceptions the correlation is essen-
tially zero. The only significant outlier is
prewar Japan, with a correlation of —0.45.
We know that the price level in pre-
war Japan varied wildly (the standard devia-
tions of both price fluctuations and inflation
rates are the highest of any country in our
sample). One explanation, suggested by
Rosovsky (1966), is that the prewar exper-

ience reflects temporary instability as a
national banking system and convertible
currency were established. The extreme
price-level movements between 1885 and
1914 were mild compared with the 60-per-
cent cumulative inflation of 1878—1881 and
subsequent 25-percent deflation of 1881-—
1884 (see Rosovsky, 1966 tables 9 and 12).
The implication is that this experience is
unique to prewar Japan and possibly related
to the absence of a metallic standard during
the 19th century. In most of the other coun-
tries in our sample, prices are procyclical in
both the prewar and interwar periods,
sometimes strongly so.

In the postwar period we see the oppo-
site. Price fluctuations are inversely corre-
lated with output in eight countries, and in
the other two countries the correlation is



VOL. 82 NO. 4

BACKUS AND KEHOE: HISTORICAL PROPERTIES OF BUSINESS CYCLES

879

TABLE 6—PROPERTIES OF PRICE-LEVEL FLUCTUATIONS

Standard deviations (percentage)

Cross-correlations with output

Country Prewar Interwar Postwar Prewar Interwar  Postwar
Australia 3.89 6.28 4.80 0.60 0.59 -047
(0.33) 0.79) 0.73) 0.10) 0.12) 0.11)
Canada 3.46 4,63 2.53 0.41 0.77 0.12
(0.30) (0.56) (0.38) (0.13) (0.08) (0.16)
Denmark 2.38 5.99 1.95 0.18 -0.26 —-0.48
(0.20) (0.81) 0.18) (0.12) (0.25) 0.11)
Germany 391 533 2.08 -0.01 0.71 0.01
(0.39) (0.65) 0.28) (0.15) (0.09) (0.16)
Italy 3.82 10.89 4.15 -0.02 0.58 -0.24
(0.45) (1.28) (0.46) ©0.11) (0.09) 0.14)
Japan 5.39 7.62 4.26 —-0.45 0.03 —0.60
(0.58) (0.85) (0.34) 0.11) 0.22) (0.10)
Norway 3.99 7.78 4.54 0.65 0.16 -0.63
(0.40) 0.92) (0.45) (0.08) 0.19) (0.08)
Sweden 4.02 8.60 3.09 0.15 0.30 —-0.53
(0.28) (1.32) (0.50) (0.13) (0.10) (0.07)
United Kingdom 243 4.94 4,96 0.26 0.20 -0.50
0.32) (0.95) (0.59) 0.12) ‘ (0.21) 0.149)
United States 3.04 6.25 1.47 0.22 0.72 -0.30
0.39) (0.95) 0.14) 0.11) (0.13) (0.16)

Notes: Sample moments were computed from Hodrick-Prescott filtered logarithms of
price levels and real output. Numbers in parentheses are standard errors, computed
by GMM as described in the notes to Table 1. Sample periods are also given in the

notes to Table 1.

close to zero. The average correlation
is —0.36. If we divide the postwar period at
1968—-1969, we find that the negative corre-
lation is stronger in the more recent time
period. The average correlation falls from
—0.27 in the early postwar period to —0.45
later in the period. The correlation is, nev-
ertheless, negative in both subperiods in
eight of the ten countries, the exceptions
being the same as for the period as a whole:
Canada and Germany.

One possibility is that the difference be-
tween periods is the result of measurement
error in the prewar and interwar periods.
Consider, for example, the effect of white-
noise error in estimates of nominal output.
After deflating by the price level, we would
expect the same measurement error to ap-
pear in estimates of real output. However,

there is no reason to believe that these
errors would be positively correlated with
prices and thus lead to a positive correla-
tion between prices and output. Alterna-
tively, suppose that white-noise errors are
present in estimated price indexes. Since
real output is generally estimated as the
ratio of nominal output to a price index, we
would expect to see measurement error of
the opposite sign in real output. If anything,
this should lead prices and output to appear
more countercyclical than they are. Thus,
we think it is unlikely that measurement
error would lead us to conclude incorrectly
that prices are procyclical.

A direct indication of the effect of mea-
surement error on the price—output correla-
tion is available for the United States. Balke
and Gordon (1989) argue that one weakness
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of the traditional Kuznets-based estimates
of real GNP is the price deflator. They
report a revised series based on several
decades of careful research into historical
price data and make a persuasive case that
their series is substantially more accurate
than the traditional one. Using their price
series, we find that the standard deviation
of price-level fluctuations in the prewar pe-
riod falls from 3.04 percent to 1.62 percent,
so the two series clearly differ in their cycli-
cal properties. When we examine the rela-
tion of Balke and Gordon’s (1989) series to
output, we find that the correlation rises, as
expected, from 0.22 to 0.42. Measurement
error in price levels should also lower mea-
sured autocorrelations. We find that the
autocorrelation of inflation for Balke and
Gordon’s (1989) series is 0.31, which is in-
deed greater than the autocorrelation of
0.17 reported in Table 5. The difference,
however, is too small to account for the
difference in persistence between the pre-
war and postwar periods.

Similar countercyclical movements in the
price level have been detected using similar
methods in other studies of postwar data
(e.g., Thomas Cooley and Gary Hansen
[1989], Kydland and Prescott [1990], and
Holger Wolf [1991] for the United States;
Brandner and Neusser [1990] for Austria
and Germany; Correia et al. [1991] for Por-
tugal). Allan Meltzer (1986 table 4) reports
negative correlations between price and
output innovations in quarterly postwar data
for Canada, Germany, the United Kingdom,
and the United States. Our findings also
agree, for the most part, with those of Mil-
ton Friedman and Anna Schwartz’s (1982
Ch. 9) study of the United States and the
United Kingdom. They report (in table 9.1)
correlations between ‘‘phase rates of
change” of prices and output, computed as
follows. NBER reference dates for busi-
ness-cycle peaks and troughs are used to
divide the sample into expansion and con-
traction phases. For each phase they com-
pute the average logarithm of the price level
and output. The phase rate of change is
then the weighted average rate of change
for three successive phases (see their discus-
sion in Chapter 3). This method is clearly
different from ours but seems closer to the
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growth rates of Table 5 than the fluctua-
tions of Table 6. With the exception of the
correlations for prewar Britain, their corre-
lations are similar to ours, both in sign and
magnitude. In the prewar United Kingdom,
they find that prices are countercyclical,
while we find them to be slightly procyclical.
This difference appears to result as much
from differences in the underlying price and
output data as from differences in method-
ology. If we use their data (columns 3 and 4
of their table 4.9), we find that the correla-
tion between growth rates of prices and
output changes from 0.11 to —0.23, which is
reasonably close to their correlation of
—0.33 for phase rates of change. Friedman
and Schwartz use, essentially, Feinstein’s
(1972) income-based estimate of GNP, mi-
nus capital consumption. When we use other
income-based estimates of real output, even
Greasley’s (1989) revised estimate, we too
find that inflation and output growth are
inversely correlated. The issue, then, is
which estimate of British output is the most
reliable. We suggested earlier that Fein-
stein’s compromise estimate, which we use
throughout, is probably the most accurate,
which implies that the correlation between
growth rates of prices and output in prewar
Britain is probably positive, and almost cer-
tainly small.

Changes in the persistence of inflation
and in the sign of the correlation between
price and output fluctuations are the most
striking differences between periods in the
variables we have studied, and these changes
contrast sharply with the regularity in the
comovements of real quantities. In Tables 7
and 8, we report analogous properties of
broad monetary aggregates, typically M2 or
M3, compiled by Michael Bordo and Jo-
nung (1987). We find, in Table 7, that there
has been no obvious temporal pattern in the
autocorrelation of money growth rates. The
autocorrelation fell between the prewar and
postwar periods by at least 0.25 in three
countries, rose by at least 0.25 in three
others, and changed by less than 0.25 in the
rest. The interwar autocorrelations exhibit
little resemblance to either of the other two
periods. In Table 8, we find a modest ten-
dency toward lower correlation between
money and output fluctuations in the post-
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TaBLE 7—PROPERTIES OF MONEY GROWTH RATES

Standard deviations Cross-correlations with

Means (percentage) (percentage) Autocorrelations output growth
Country Prewar Interwar Postwar Prewar Interwar Postwar Prewar Interwar Postwar Prewar Interwar Postwar
Australia 4.19 2.36 5.48 6.45 3.7 5.56 0.25 —0.38 —-0.29 0.25 -0.15 0.31
(0.96) (0.81) 1.21) (1.0 0.48) (2.59) (0.13) (0.14) (0.30) (0.16) (0.15) 0.17)
Canada 6.30 1.88 7.23 6.19 5.03 5.59 0.21 0.51 -0.09 0.43 0.65 —0.16
(0.92) (1.10) (1.10) (0.95) (0.64) 0.71) 0.14) (0.22) (0.24) 0.11) (0.16) (0.15)
Denmark 5.43 —-0.02 8.03 5.26 3.77 3.72 0.41 0.52 0.39 0.15 0.16 0.32
(0.78) (0.89) (0.74) (0.66) (0.49) (0.40) (0.14) (0.19) (0.16) (0.12) (0.29) (0.16)
Germany 5.24 3.07 11.09 5.32 10.04 4.05 —-0.07 0.59 0.57 0.18 0.85 0.23
(0.80) Q.77 (0.81) (1.00) (1.96) (0.50) (0.25) (0.18) (0.18) ©.17) (0.08) (0.18)
Italy 3.81 4.54 13.63 4.00 6.92 3.16 0.42 0.03 0.36 0.06 0.09 —0.35
(0.60) (15D 0.62) (0.60) 0.91) (0.43) 0.17) 0.21) 0.14) (0.13) 0.21) 0.24)
Japan 7.44 5.48 12.95 16.32 10.38 5.24 —-0.16 0.58 —0.01 —0.17 0.20 0.63
(2.98) (2.26) (1.57) (6.50) (1.34) 0.72) (0.05) (0.15) (0.29) (0.14) 0.19) 0.21)
Norway 4.87 —1.83 7.38 3.60 5.44 4.19 0.35 0.35 0.18 0.45 0.03 —-0.05
(0.54) (1.19) (0.84) (0.32) (0.94) (0.86) (0.15) (0.23) (0.26) (0.12) (0.14) (0.16)
Sweden 6.09 0.09 8.90 6.66 5.26 5.13 0.12 0.66 0.48 0.14 —-0.03 —-0.19

(1.00) (1.15) (1.0D (1.30) (0.82) 0.92) 0.13) (0.15) 0.19) 0.15) (0.12) (0.13)

United 2.15 1.25 5.88 2.51 3.49 5.86 0.49 0.23 0.82 0.17 -0.19 0.14
Kingdom (0.38) (0.76) (1.15) (0.35) (0.64) (1.20) (0.14) 0.21) (0.15) (0.12) (0.32) (0.35)
United 5.67 2.32 5.79 5.25 7.75 2.56 0.44 0.49 0.63 0.42 0.70 0.18
States 0.77) (1.69) (0.50) (0.63) (1.30) 0.30) 0.16) (0.19) (0.20) (0.13) €0.15) 0.17)

Notes: Sample moments were computed from log-differences of the money stock and real output. Numbers in
parentheses are standard errors, computed by GMM as described in the notes to Table 1. Prewar, interwar, and
postwar sample periods are as follows: Australia, 1870-1914, 1920-1939, 1950-1970; Canada, 1870-1914, 1920-1939,
1950-1975; Denmark, 1870-1914, 1922-1939, 1950-1974; Germany, 1870-1913, 1926-1938, 1950-1974; Italy,
1870-1914, 1920-1939, 1950-1975; Japan, 1885-1914, 1920-1939, 1952-1962; Norway 1870-1914, 1920-1939,
1950-1974; Sweden, 1871-1914, 1920-1939, 1950-1975; United Kingdom, 1871-1914, 1920-1939, 1950-1975;
United States, 1869-1914, 1920-1939, 1950-1975.

war period. The mean correlation declines
from 0.33 in the prewar period and 0.31 in
the interwar period to 0.20 in the postwar
period. However, for the most part, we do
not see the same changes in the behavior of
money that we saw in prices. This finding
augments earlier work for the United States
and the United Kingdom. Phillip Cagan
(1965 pp. 4-7) reports, for example, that
money growth in the United States was con-
sistently countercyclical from 1871 to 1960,
with the only exceptions occurring during
the 1940’s. Friedman and Schwartz (1982
table 9.1) find, as we do, that phase rates of
change in money and output were positively
correlated in the United States in all three

periods, though only slightly so in the post-
war period. For the United Kingdom, they
verify that money and output are positively
correlated in the prewar period and nega-
tively correlated between the wars. How-
ever, while we find that the money stock is
procyclical in the postwar period, they re-
port countercyclical movements. In this case
the discrepancy is due almost entirely to
differences in method: when we apply our
methods to their data, we find that the
correlations with output are very close to
what we report in Tables 7 and 8.

Thus, we have found, for most of the
countries in our sample, that since the Sec-
ond World War inflation rates have become
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TaBLE 8 —PROPERTIES OF MONEY-STOCK FLUCTUATIONS

Standard deviations

Cross-correlations

Cross-correlations

(percentage) with output with prices

Country Prewar  Interwar  Postwar  Prewar  Interwar Postwar  Prewar® Interwar  Postwar

Australia 5.34 2.36 4.12 0.48 0.13 0.20 0.28 0.31 0.75
(0.57) ©0.27) 0.67) .11 0.29) 0.21) (0.15) (0.23) (0.10)

Canada 5.86 5.95 3.87 0.71 0.86 -0.10 0.62 0.76 0.34
(0.62) 0.67) (0.66) (0.08) 0.05) (0.13) 0.09) 0.07) 0.21)

Denmark 5.64 345 2.75 0.33 0.26 0.45 0.44 0.09 —-0.01
0.71) (0.55) (0.29) (0.13) (0.33) 0.15) (0.149) (0.19) (0.18)

Germany 4,58 11.82 4.22 0.44 0.89 0.24 0.53 0.84 0.56
0.71) (1.65) (0.59) (0.15) (0.03) 0.17) 0.19) 0.07) (0.15)

Italy 3.88 6.04 3.18 0.22 0.44 -0.14 0.42 0.70 0.64
(0.54) (0.58) 0.37) 0.13) 0.15) (0.25) 0.14) (0.10) (0.11)

Japan 13.77 11.47 4.39 —-0.22 0.13 0.83 -0.09 0.75 0.70
(2.81) (1.64) (0.68) 0.14) (0.20) (0.09) (0.13) 0.11) 0.14)

Norway 3.75 5.18 2.85 0.55 —-0.11 0.07 0.76 0.16 0.22
(0.42) 0.92) (0.33) (0.09) 0.17 (0.16) 0.07) 0.23) (0.16)

Sweden 6.53 4.47 475 0.07 -0.18 -0.29 0.62 0.36 0.47
(0.95) 0.62) ©.77 (0.20) (0.16) (0.16) (0.10) 0.21) (0.15)

United 2.82 2.85 5.07 0.27 -0.24 0.15 0.55 0.67 0.49
Kingdom (0.37) 0.43) (0.86) (0.09) (0.24) (0.22) 0.12) 0.15) (0.16)

United 6.28 9.48 1.62 0.42 0.88 0.54 0.79 0.78 —-0.02
States 0.8D) (1.52) 0.19) 0.12) 0.05) 0.13) 0.07) (0.09) 0.14)

Notes: Sample moments were computed from Hodrick-Prescott filtered logarithms of the money stock, real output,
and the price level. Numbers in parentheses are standard errors, computed by GMM as described in the notes to

Table 1. For sample periods see the notes to Table 7.

more persistent, and price fluctuations have
changed from procyclical to countercyclical.
Although our objective is to document
properties of aggregate data, and not to
explain them, we find it difficult to resist
speculating on the source of these shifts in
the behavior of prices. Roughly speaking,
one might attribute such shifts either to
changes in the economic environment (the
impulses) or to changes in the economic
structure (the propagation mechanism). Ex-
amples of each have appeared in the litera-
ture. One hypothesis, implicit in Gordon
(1980, 1983), is that one can account for the
changing cyclical behavior of prices in an
aggregate supply-and-demand framework
with a combination of increased persistence
in inflation and greater variability of “supply

shocks” in the postwar period. In Gordon’s
view, the dramatic increase in the autocor-
relation of inflation is a change in economic
structure that helps to account for the shift
in the cyclical behavior of prices.

An alternative hypothesis is provided by
Cagan (1986 p. 664), who suggests that in-
creased inflation persistence may be the re-
sult of postwar changes in policy: that there
has been, in his words, “a general expecta-
tion that government policies will oppose
severe price movements ... [which] shows
up in the time series as autocorrelation and
greater persistence.” With respect to the
relation between prices and output, he sug-
gests that “the monetary authority did not
accommodate price movements in the later
period but did so in the earlier period.”
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This explanation is echoed by Bordo (pers.
comm.), who notes that monetary policy was
much different under the gold standard than
it has been in the postwar period. The ex-
ceptional behavior of prewar Japan is, in his
view, further evidence for this interpreta-
tion, since Japan was one of the few coun-
tries in our sample not on the gold standard
during most of the prewar period. Schultze
(1986 lecture III) and Taylor (1986) appar-
ently concur, arguing that the gold standard
was characterized in the United States by
substantial short-term monetary accommo-
dation. ,

We leave the resolution of this issue to
others. What we have shown is that the
changing behavior of prices has been, in
large part, an international phenomenon
and will therefore require an explanation
that cuts across national boundaries.

V. Concluding Remarks

We have studied national income, expen-
diture components, price levels, and money
stocks and found that business cycles before
World War II share many features with
those of the postwar period. The most strik-
ing changes over the last hundred years
concern the behavior of price levels. We
find in most of the countries we study that
inflation rates are significantly more persis-
tent in the postwar period and that prices
are generally procyclical prior to World War
II and countercyclical afterwards. Both the
similarities across countries and the changes
over time should provide impetus and direc-
tion to theories of aggregate fluctuations.

AprPENDIX A: DATA SOURCES
AND DEFINITIONS

Here, we describe our data sources in
enough detail that one could, at least in
principle, replicate the entire study. In addi-
tion, the data (in RATS, TROLL, and Lo-
tus formats) and computer programs (writ-
ten in RATS and GAUSS) are available at
marginal cost from the authors. Some of the
series are available in Mitchell (1976) and
Angus Maddison (1982). For the most part,
however, we went to original sources or
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compilations of data for specific countries.
The major exception involves the postwar
period, for which we relied on the Interna-
tional Monetary Fund’s International Finan-
cial Statistics, hereafter IFS, the July 1987
computer tape in particular. Monetary ag-
gregates are taken from worksheets pro-
vided by Bordo, from his book with Jonung
(1987), and from Friedman and Schwartz
(1982).

The variables were constructed according
to a few simple principles. Output numbers
are real GDP or GNP, depending on which
was more commonly used in each country.
Splices between two series were accom-
plished by multiplying the earlier series by a
constant, chosen so that both series take the
same value at the splice point. With this
method, growth rates are never computed
across different series. Expenditure series
are deflated by their own deflators where
possible and by the output deflator other-
wise, and they are spliced in the same way
as the output series. The ratio of net ex-
ports to output is a ratio of nominal magni-
tudes. If there is more than one output
series, we use the series from the same
source as net exports to form the ratio. No
splicing was done for the ratio.

Specific sources are as follows:

Australia.—The basic sources are N. G.
Butlin (1962) [ADP], M. W. Butlin (1977)
[MWB], and IFS. Some of MWB has been
reprinted in Maddock and McLean’s (1987)
statistical appendix.

GDP.—1861-1900: ADP, table 13;
1901-1948: MWB, table IV.1 divided by
the deflator from table 1V.2; 1949-1986:
IFS, series 99b.r.

Investment.—1861-1900: ADP, table 13;
1901-1948: MWB, tables IV.1 and IV.2;
1949-1986: IFS, series 93¢ divided by the
GDP deflator.

Net exports.—1861-1900: ADP, table 247
(series 11) minus table 248 (series 1 and
10); 1901-1948: MWB, table IV.1;
1949-1986: IFS, series 90c minus 98c.

Price level.—1861-1900: ADP, table 13;
1901-1948: MWB, table 1V.2; 1949-1986:
IFS, implicit GDP deflator (series 99b
divided by 99b.r).
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Money stock.—1870-1970: Bordo-Jonung
worksheets (M2).

Canada.—The sources are Urquhart
(1986), which begins with Canadian confed-
eration in 1871, and Statistics Canada’s
CANSIM University Base (1986).

GNP.—1871-1925: Urquhart, table 2.9
1926-1983: CANSIM, series D40646.

Investment —1871-1925: Urquhart, table
2.2 divided by the GNP deflator from
table 2.9; 1926-1983: CANSIM, series
D30016 divided by GNP deflator implicit
in series D30013 and D40646.

Government purchases.— 1871-1925:
Urquhart, table 2.3; 1926-1983: CAN-
SIM, series D30015 and D30017.

Net exports.—1871-1925: Urquhart, table
2.4; 1926-1983: CANSIM, series D30029
minus D30030.

Price level —1871-1925: Urquhart, table 2.9;
1926-1983: CANSIM, series 30013 di-
vided by D40646.

Money stock.—1871-1975: Bordo-Jonung
worksheets (M2).

Denmark.—The sources are Mitchell
(1976) [EHS] and IFS, and the data range
from 1870 to 1985, with a gap from 1915 to
1920.

GNP and GDP.—1870-1947. EHS, table
K1 (GNP); 1948-1985: IFS, series 99b.p
(GDP).

Investment . —1870-1947: EHS, table KI;
1948-1985: IFS, series 93¢ divided by the
GDP deflator.

Price level.—1870-1947: EHS, table K1 (im-
plicit price deflator); 1948-1985: IFS, se-
ries 99b divided by 99b.p (implicit GNP
deflator).

Money stock.—1871-1975: Bordo-Jonung
worksheets (M2).

Germany.—The sources are Mitchell
(1976) [EHS] and IFS, and the data cover
the periods 1850-1913, 1925-1938, and
1950-1986.

NNP and GNP.—1850-1913, 1925-1938:
EHS, table K1 (NNP); 1950-1986: IFS,
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series 99a.r (GNP).

Price level —1850-1913, 1925-1938: EHS,
table K1 (implicit price deflators);
1950-1986: IFS, series 99a.c divided by
series 99a.r (implicit GNP deflator).

Money stock.—1870-1970: Bordo-Jonung
worksheets (M2).

Italy.—The sources are Mitchell (1976)
[EHS] and IFS.

GNP and GDP.—1861-1949: EHS, table
K1 (GNP); 1950-1986: IFS, series 99b.r
(GDP).

Investment.—1861-1949: EHS, table Kl;
1950-1986: IFS, series 93¢ divided by the
GDP deflator.

Price level.—1861-1949: EHS, table K1 (im-
plicit price deflator); 1950-1986: IFS, se-
ries 99b divided by 99b.r (implicit GDP
deflator).

Money stock.—1870-1975: Bordo-Jonung
worksheets.

Japan.—The sources are Ohkawa et al.
(1974) [LTES] and IFS. The sample periods
are 1885-1940 and 1952-1985.

GNP.—1885-1940: LTES,
1952—-1985: IFS, series 99a.r.

Consumption.—1885-1940: LTES, table 18;
1952-1985: IFS, series 96f divided by the
GNP deflator.

Investment.—1885-1940: LTES, table 18;
1952-1985: IFS, series 93¢ divided by the
GNP deflator; additional data from LTES,
table 4.

Government purchases.—1885-1940: LTES,
table 18; 1952-1985: IFS, series 91f di-
vided by the GNP deflator.

Net exports.—1885-1940: LTES, table 1;
1952-1985: IFS, series 93¢ minus series
98c.

Price level. —1885-1940: LTES, tables 1 and
18 (implicit output deflator); 1952-1985:
IFS, series 99a divided by series 99a.r.

Money stock.—1885-1962: Bordo-Jonung
worksheets.

table 18;

Norway.—The sources are the Norwegian
Central Bureau of Statistics (1965) [NA] and
IFS. The sample period is 1865-1986, with
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a gap from 1940 to 1945.

GDP.—1865-1949: NA,
1950-1986: IFS, series 99b.p.

Consumption.—1865-1949: NA, table 51;
1950-1986: IFS, series 96f divided by the
GDP deflator.

Investment.—1865-1949: NA, table 51;
1950-1986: IFS, series 93e divided by the
GDP deflator.

Government purchases.—1865-1949: NA,
table 51; 1950-1986: IFS, series 91f di-
vided by the GDP deflator.

Net exports.—1865-1949: NA, table 51;
1950-1986: IFS, series 90c minus series
98c.

Price level.—1865-1949: NA, table 52;
1950-1986:; IFS, series 99b divided by se-
ries 99b.p.

Money stock.—1870-1974: Bordo-Jonung
worksheets.

table 51;

Sweden.—The sources are Johansson
(1967), Krantz and Nilsson (1975) [KN], and
IFS.

GDP.—1861-1949: KN, table 1.1;
1950-1986: IFS, series 99b.p. The Jo-
hansson series referred to in the text is
from table 56.

Consumption.—1861-1949: Johansson,
table 57 divided by the GDP deflator;
1950-1986: IFS, series 96f divided by the
GDP deflator.

Investment.—1861-1949: Johansson, table
57 divided by the GDP deflator;
1950-1986: IFS, series 93e divided by the
GDP deflator.

Government purchases.—1861-1949: Jo-
hansson, table 57 divided by the GDP
deflator; 1950-1986: IFS, series 91f di-
vided by the GDP deflator.

Net exports.—1861-1949: Johansson, table
57 divided by the GDP deflator.
1950-1986: IFS, series 93¢ divided by the
GDP deflator.

Price level —1861-1949: Johansson, tables
56 and 57 (implicit GDP deflator);
1950-1986: IFS, series 99b divided by se-
ries 99b.p. '

Money stock.—1871-1975: Bordo-Jonung
worksheets.
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United Kingdom.—The sources are Fein-
stein (1972) and IFS. An additional output
series is taken from Greasley (1989).

GDP.—1855-1947: Feinstein, table 6 (com-
promise estimate); 1948—-1986: IFS, series
99b.p. Feinstein’s income, expenditure,
and output estimates are also from table
6 (the unadjusted versions). The Greasley
series is reported in his appendix table 2.

Consumption.—1870-1947: Feinstein, table
7; 1948-1986: IFS, series 96f divided by
the GDP deflator.

Investment.—1870-1947: Feinstein, table 7;
1948-1986: IFS, series 93¢ divided by the
GDP deflator.

Government purchases.—1870-1947. Fein-
stein, table 7; 1948-1986: IFS, series 91f
divided by the GDP deflator.

Net exports.—1870-1947: Feinstein, table 2;
1948-1986: IFS, series 90c minus series
98c.

Price level.—1870-1947: Feinstein, table 61,
series 7; IFS, series 99b divided by series
99b.p.

Money stock.—1871-1975: Friedman and
Schwartz, table 4.9.

United States.—The basic sources are
Balke and Gordon (1986) [BG], John
Kendrick (1961), and the Board of Gover-
nors of the Federal Reserve System database
[Board]. Additional sources of output and
price-level data are Romer (1989) and Balke
and Gordon (1989) [BG89].

GNP.—1869-1983: BG, table 1; additional
series from Romer, table 2, and BGS9,
table 10.

Consumption.—1889-1929: Kendrick, table
A-Ila; 1930-1986: Board.

Investment.—1889-1929: Kendrick,
A-ITa; 1930-1986: Board.

Government purchases.—1889-1929: Ken-
drick, table A-Ila; 1930-1986: Board.

Net exports.—1889-1929. Kendrick, table
A-Ilb; 1930-1986: Board. '

Price level.—1869-1983: BG, table 1; addi-
tional series from BG89, table 10.

Money stock.—1869-1975: Friedman and
Schwartz, table 4.8.

table



886 THE AMERICAN ECONOMIC REVIEW

AppeENDIX B: THE HODRICK-PRESCOTT
FiLTER

The Hodrick-Prescott filter, described by
Robert Hodrick and Prescott (1980) and
Kydland and Prescott (1990), defines a trend
{r,} for a series {y,} as the solution to the
problem

T
min Z (yt - Tt)z
T

T-1 )
+u g:z [(Tt+1— 7)— (7 — Tt—l)] :

Fluctuations are defined as deviations from
trend, y, — 7,. We use =100 in all tables
concerning fluctuations of variables. A pro-
cedure for computing the trend is available
in RATS as file HPFILTER.SRC; an equiv-
alent FORTRAN subroutine is available
from the authors.
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