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In the early 1970s, according to the stan-
dard OECD national accounts data, U.S.
capital formation  was about 19 percent

of GDP while in the other main developed
countries it was, on average,  a quarter of
their GDPs—an investment ratio nearly
one-third higher.  In 1990-1994, the ratios
were closer,  but the other developed
countries were still investing at a rate
about 23 percent greater than that of the
United States.  That apparently low rate of
U.S. capital formation and its presumed
effect on U.S. economic growth were noted
with alarm in some of the Economic
Reports of the President and in many other
projections of U.S. economic prospects.
During the first half of the period after
1970, U.S. real income per capita did grow
more slowly than that of other developed
countries, but in the second half, despite
the higher investment rates in other coun-
tries, it remained more than a third higher
than the OECD average and more than a
half above the average for OECD-Europe.
The apparent absence of large relative
growth consequences of these low relative
U.S. investment rates suggests that a
careful look at the measures of investment
rates may be in order.

In this paper we point out the impor-
tance of price trends and differences in

price levels for real investment rates and
also the consequences of accepting conven-
tional measures of capital formation, the
boundaries of which have more to do with
the wide availability of data than with what
economists define as “investment” or “cap-
ital formation.”

“Conventional” measures of invest-
ment—those imbedded in national income
and product accounts—treat only physical
capital investment as investment, or
capital formation; these are business and
nonmilitary government construction and
purchases of plant and equipment, and
purchases of owner-occupied housing.
That has been the case despite a long tradi-
tion of theoretical arguments for broader
concepts, going back at least over 100 years
to Alfred Marshall’s Principles of Economics
(1890), and including the development of
human capital theory in the work of
Friedman and Kuznets (1945),  Becker
(1964),  Mincer (1974),  Schultz (1970),
and many others.  The use of conventional
measures also ignores the alternative mea-
sures, developed by Kendrick (1976),  Eisner
(1989), and others.  The most radical of
these measures, by Jorgenson and Fraumeni
(1989), suggests that the conventionally
defined capital formation, to which we give
such attention, is almost trivial, accounting
for only about 5 percent of a broadly con-
ceived measure.

We have concentrated on the ratios of
capital formation to GDP, rather than saving
to GDP.  If a country is receiving large
inflows of capital from abroad or investing
heavily in foreign countries, the two ratios
could be quite different.  Since the United
States, for example, has been running a
substantial current account deficit in the
balance of payments for many years, the
saving ratio must be lower than the
capital-formation ratio, although it may
not be lower relative to the average of
other countries.  The conceptual changes
in the scope of capital formation used in
this paper imply corresponding changes in
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measures of saving, because items conven-
tionally classified as consumption are
removed from that category.  These include
household and government current expen-
ditures on education, government and
business expenditures on research and
development, household expenditures on
durable equipment, and government expen-
ditures on military capital formation.  Their
removal from the consumption category
would raise levels of saving. 

The conventional comparisons of cap-
ital formation across countries are not only
narrow in scope; they also ignore the impli-
cations of large differences in the prices of
capital goods, and in prices of capital goods
relative to prices of goods in general, from
one country to another.  The effect of these
differences is that a given nominal amount
of capital formation in one country can
yield considerably more real physical or
human capital and more relative to real
GDP than the same nominal amount in
another country.  In a similar way, compar-
isons over time of nominal investment
ratios in individual countries ignore trends
in relative prices of capital goods and
output in general.  A stable ratio of nominal
capital formation to nominal output could
represent a rising or falling trend in the
contribution of capital formation to growth.  

Over the last decade, there has been a
revival of interest in research that focuses
on understanding and explaining the
sources of long-term economic growth.
Some of the new approaches that seek to
overcome the limitations of the traditional
neoclassical growth model emphasize
redefining capital as a broader measure
that includes not only physical capital but
also other types of reproducible intangible
capital, such as human capital and the
state of knowledge.  Barro (1991), Mankiw,
Romer, and Weil (1992), and Nonneman
and Vannhoudt (1996) have carried out
empirical studies employing the broader
concepts of capital accumulation to
explain economic growth.  They indicate
that adding nonconventional elements to
the measures of capital formation substan-
tially improves the ability to explain rates
of growth. These studies necessarily rely

on crude proxies for most of the additions
to conventional capital formation because
they cover large numbers of countries.  We
hope we can do better on the measurement
side for the developed countries studied
here, but we leave the possible connection
with economic growth for later research.1

THE CONVENTIONAL 
COMPARISON OF CAPITAL
FORMATION  

The conventional story of U.S. invest-
ment in comparison with that of other
developed countries is shown in Table 1.
The United States has persistently invested
less of its GDP, in nominal terms, than the
average of the other 12 OECD countries
we examine here.  From the early 1970s to
the early 1980s, the relative proportion of
U.S. investment drew closer to that of the
other countries, but the ratio then declined
through the early 1990s.

The changes in the relative investment
ratios during the 1970s and early 1980s
were not primarily the result of any major
shift toward higher investment in the United
States.  Rather, average nominal investment
ratios in the other 12 countries fell from 25
percent in 1970-74 to 20 percent in 1990-
94—a decline of 20 percent—while the U.S.
ratio stayed around 19 percent until it
dropped in the latest period to about 16 per-
cent.  At the end of the period, the United
States ranked eighth among the 13 countries
covered here, below Belgium, Canada,
France, Germany, Japan, Netherlands, and
Norway.  Thus, in terms of the conventional
measure of “investment effort” or the sacri-
fice of current consumption for future
growth, the United States appears to have
remained somewhat of a spendthrift relative
to other developed countries, more of a
grasshopper than an ant.

THE PRICE OF CAPITAL
GOODS AND REAL CAPITAL
FORMATION

The ratio of capital formation to total
output, however capital formation is
defined, reflects both the country’s willing-



FEDERAL  RESERVE  BANK OF  ST.  LOU IS

5

2 The program and its methods are
described, for the earlier years, in
Kravis, Kenessey, Heston, and
Summers (1975) and Kravis,
Heston, and Summers (1978
and 1982).  For a description
of later developments see
Kravis and Lipsey (1991).

JANUARY/FEBRUARY  1998

ness to sacrifice present consumption for
growth and future consumption, and the
willingness of other countries to invest
their capital there.  That ratio does not
indicate how much capital is being acquired
or how much is being acquired relative to
output, because it does not take account of
the price of capital goods, relative to the
price of other goods and services.  That
relative price varies over time in any one
country, and it varies considerably across
countries. In a single country over time, if
the price of capital goods is falling relative
to other prices, a constant nominal ratio of
capital formation to total output would mean
a rising real capital-formation ratio, possibly
producing accelerating growth or offsetting
decreasing returns to capital. Similarly, if
country A and country B have the same
total output and the same ratio of capital
formation to total output, but country A has
a price of capital goods relative to total
output half as high as that of country B,
country A should enjoy twice as great an
impact from its capital formation.  Whatever
influence capital formation has on future
growth should be correspondingly greater.

We estimate real capital formation and
real capital-formation ratios across countries
here by making use of estimates of purchasing
power parities for capital goods and for
output in general from the United Nations’
International Comparison Program (ICP)
and derivatives from that program calculated
for intervening years by the OECD and by
Summers and Heston (1991).2 The
purchasing power parities, in combination
with market exchange rates, give us prices
for capital goods and GDP as a whole.

Trends in real capital-formation ratios
from 1970 to 1994 were affected by changes
over time in the relation of capital-forma-
tion prices to prices in general.  In the
United States, for example, the price of
capital formation rose about 7 percent rela-
tive to that of GDP from 1970 through
1981.  Then it began to fall in relative
terms, until by 1994 it had reached 20 per-
cent below the 1970 level ( Figure 1). This
trend in relative prices implies that after
1981 the U.S. capital-formation ratio in
constant 1970 prices rose relative to that

in current prices.  In Table 2, the real cap-
ital-formation ratios for the United States,
in 1970 prices, are compared with the ones
in current prices.  The most striking differ-
ence between trends of capital-formation
ratios in nominal terms and trends in real
terms is that the large decline in the nom-
inal ratios between 1980-84 and 1985-89
and the even larger one between 1985-89
and 1990-94 disappear completely when
capital formation is measured in constant
prices.  The U.S. capital-formation ratio in
real terms shows increases in both periods,

Table 1

U.S. Nominal Gross Fixed
Capital Formation As a Percent  
of Nominal GDP Relative to  
12 Other OECD Countries†

Percent

1970-74 75.3
1975-79 81.6
1980-84 90.6
1985-90 87.6
1991-94 83.2

SOURCE: Kirova and Lipsey (1997), Appendix B, Table B-1.

†Belgium, Canada, Denmark, Finland, France, Germany, Italy, 
Japan, Netherlands, Norway, Sweden, and the U.K..  The list 
was determined by the availability of data.
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adding up to about a 5 percent increase in
the last decade.

We can compare capital-formation
ratios in the United States with capital-
formation ratios in other countries by
using price-level measures based on world
prices.  For example, if two countries had
the same level of real GDP, measured at
world prices, and the same real ratios of
capital formation to GDP, they would have
the same real capital formation—that is,
they would have the same amounts of
additions to their capital stocks in physical
terms.  Investment goods, conventionally
defined, were generally cheaper in the
United States than in other countries over
the period 1970-94, as might be expected

from the fact that the United States has
had a comparative trade advantage in cap-
ital equipment.  Therefore, the United
States gets more real capital formation per
unit of consumption foregone than other
developed countries do.  

Conventional capital goods were
cheaper in the United States than in the
other 12 OECD countries in every period,
but the differential has varied over time.
The price of capital goods in the other 12
countries was falling relative to that of
GDP throughout the entire period 1970-
94, but not as much as in the United States
(Figure 1).  The differential between relative
prices in the United States and in the other
12 countries has been rising steadily since
the beginning of the 1980s.   The price of
capital goods relative to that for all goods
and services has fallen in the United States
by more than 10 percent as compared with
relative prices in the other countries, mainly
because of the rapid fall in relative prices in
the United States after 1981. 

We calculate real capital-formation
ratios that are comparable over time and
across countries for the other 12 OECD
countries by using constant world prices
for capital formation and GDP.  The real
capital-formation ratios for the 12 OECD
countries implied by the use of PPPs and
constant world prices are compared with
the ones in current own-country prices in
Table 3.  The real capital-formation ratios
in the other 12 countries have been lower
than the nominal capital-formation ratios
in every period except for 1990-94.  The
decline in real ratios during the 1970s and
from the late 1980s to the early 1990s was
much less than the nominal ratios suggest.
Since the beginning of the 1980s, the average
real capital-formation ratios for these
countries have stayed around 20 percent.

As Table 4 indicates, the relation of the
United States to the other 12 countries
looks very different when measured in
terms of real shares of conventional capital
formation in GDP, with constant world
prices, as opposed to being viewed in
terms of nominal shares, measured
according to current own-country prices.
These figures tell a very different ▲▼❏❒❙

Table 2

Ratios of Conventional Capital
Formation to GDP for the
United States  

Current Prices 1970 Prices

1970-74 18.8 18.6
1975-79 19.3 18.5
1980-84 19.3 18.4
1985-89 18.6 19.1
1990-94 16.3 19.4

SOURCE: Kirova and Lipsey (1997), Appendix B, Table B-1.

Table 3

Average Ratios of Conventional
Capital Formation to GDP for
12 OECD Countries Other than
the United States

Current PPPs 
National          and 1970
Prices World Prices

1970-74 25.0 22.7
1975-79 23.8 22.0
1980-84 21.3 20.1
1985-89 21.3 20.6
1990-94 19.7 20.1

SOURCE: Kirova and Lipsey (1997), Appendix B, Table B-1.
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from that of Table 1.  United States 
investment ratios in real terms have been
closer to those of the other countries; they
were moving toward the average, and, by
1990-94, were only 3 percent below the
average of the 12 other countries.  The
U.S. ratios were even above average in
1993 and 1994.  In real terms, the United
States ranked third in 1994 among the 
13 countries—below only Canada and
Japan—in the ratio of conventional capital
formation to output.

THE MEASURE OF CAPITAL
FORMATION
Gross vs. Net Capital Formation

The capital stock that enters
production functions is the net capital
stock, and additions to the stock are mea-
sured by net rather than gross capital
formation.  Despite the theoretical advan-
tages of the use of net capital formation,
much empirical research, especially that
involving comparisons among many coun-
tries, has concentrated on gross capital
formation, a tradition that goes back to
Kuznets (1937).  We follow that tradition,
confining our attention to gross capital for-
mation.  There are several reasons for that
choice.  One is skepticism regarding avail-
able measures of capital consumption, and
particularly their comparability among
countries (Blades and Sturm, 1982).  
For example, Hayashi (1986) pointed out
that Japanese depreciation had been calcu-
lated on the basis of historical cost, and
that the adjustment to a replacement-cost
basis amounted to as much as 30 percent
of reported private saving in some years.
Another reason for the use of gross measures
is the belief that the introduction of new
capital equipment brings new technology
into the production process, whether or
not the new equipment is nominally a
replacement for old equipment embodying
past technology.  If technology, rather than
the “volume” of capital equipment, is what
drives economic growth, then gross capital
formation, rather than net, is relevant for

explaining growth.  A country in which gross
capital formation is equal to calculated depre-
ciation and therefore results in no net capital
formation would nevertheless reap economic
growth from the substitution of new tech-
nology for old.

Since we are not studying the relation
of capital formation to growth here, we
cannot draw a conclusion as to which con-
cept of capital formation is more relevant
empirically.  We can only mention the cau-
tion that a shift in the composition of
capital formation that changes the average
length of life of capital goods (e.g., from
buildings to computers) would change the
relation of net to gross capital formation.  

Broadening the Definition 
of Capital Formation

The conventional measures of capital
formation have remained essentially
unchanged since most countries began
publishing national accounts.3 Many
expenditures that fit the economic definition
of capital expenditures, in that they yield
income over a period beyond the current
one, are excluded from our study, despite
the theoretical reasons for including them.
One reason for limiting the measurement
is the lack of data on some types of 
investment, especially for international
comparisons.  Most of the empirical
research on broadening the definition of

3 In a recent exception, the U.S.
National Income and Product
Accounts adopted the standard
definition of investment accord-
ing to the UN System of
National Accounts (which
includes government capital for-
mation) long after that defini-
tion had been applied to U.S.
and other accounts by the
OECD.  The change also repre-
sented a return to the scope of
investment in, for example,
Kuznets (1937).
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Table 4

Real Ratios of Conventional
Capital Formation to GDP:
United States Relative to  
12 Other Developed Countries

1970-74 82.0

1975-79 84.3

1980-84 91.9

1985-89 92.9

1990-94 97.5

NOTE: Ratios have been adjusted for purchasing power parities.
SOURCE: Kirova and Lipsey (1997), Appendix B, Table B-1.
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capital formation has been done only for
the United States or, sometimes, for a few
other countries.  That fact limits our
country coverage and, in some cases,
forces us to depend on rough approxima-
tions to the measures we would like to use,
even for the 13 countries we have covered.

Most of the empirical studies of economic
growth that have included nonconventional
elements of capital formation have concen-
trated on education as an aspect of human
capital investment, and on research and
development as an aspect of intangible,
nonhuman capital investment.  We have
included both of these here, as best we
could, and have added two others: capital
formation in the form of consumer durables,
of which motor vehicles are the largest
part, and military capital formation, which
meets the criterion of usefulness beyond
the current period.  Ideally, if these data
are to be viewed as determinants of economic
growth, the choice among investment con-
cepts should be made empirically.

Consumer Durables. In the conventional
national accounts, consumer durables
expenditures are classified not by the
nature of the goods or by their use, but by
the institutional characteristics of the
buyers—business or household.  The arbi-
trary nature of this division is avoided for
housing by the treatment of house
purchases as capital formation and the
inclusion of imputed income and output
from home ownership.  We extend the
same treatment to consumer durables, a
procedure strongly endorsed by Alfred
Marshall more than 100 years ago.4 These
goods produce services over a long period
of time, and the services are, in many
cases, very similar to those yielded by the
durables bought by business.  Cars, the
largest item in consumer durables, give
transportation service whether they are
owned by businesses or by households.
Some cars owned by businesses are leased
for household use.  Refrigerators, freezers,
and washers often provide services to
households even if they are owned by
businesses.  In fact, the distinction
between consumer and producer durables

in the national accounts rests on ownership
rather than on their function.  The effort
to allocate sales of some durables, especially
motor vehicles, between households and
businesses has been a difficult and frustrating
chore for the BEA for many years.

To treat purchases of consumer
durables as capital formation in the same
way as purchases of owner-occupied
housing, we must make two adjustments.
One is to add to conventional gross fixed
capital formation household expenditures
on consumer durables, which are treated
as consumption in both the United Nations
System of National Accounts (SNA) and
the United States National Income and
Product Accounts (NIPA).  The second is
to add to consumption and output a mea-
sure of the current services yielded by
consumer durables.  

The comparison between the shares in
GDP of nominal capital formation in con-
sumer durables in the United States and in
the other 12 countries is described in Table 5.
The GDP share of investment in consumer
durables has been higher in the United States
than in the other 12 countries in every period.
The United States has invested, on average,
6.1 percent of its total income in consumer
durables, while the other 12 OECD countries
have invested an average of 5.6 percent.  The
country with a particularly low investment
in consumer durables was Japan, with an
average of 3.6 percent of total income
invested in durables, while Belgium was the
leader (7.9 percent), followed by Canada
(7.6 percent) and the United States (6.1 per-
cent). During the 1970s, the real stock of
consumer durables per capita in the United
States was about four times that of Japan.
The main difference between consumer
durables spending in the United States and
other countries was spending for motor
vehicles.  Over the period 1970-94, half of
all durable goods expenditures in the United
States were for personal transport equipment.
Similar allocation patterns were observed
in the United Kingdom (48 percent of all
durables spending on motor vehicles),
Finland (46 percent), and Denmark (45
percent).  The share of motor vehicles
spending was much lower in Belgium (29
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percent), Japan (32 percent in 1975),
Canada (35 percent), and Italy (35 percent). 

Education. Many forms of human capital
formation would, ideally, be included in a
broad measure.  However, for practical rea-
sons of data availability, empirical measures
have been confined to studies dealing with
comparisons of educational enrollment or
expenditures among countries.  Some
studies of economic growth have used
enrollment at various schooling levels or
measures of educational attainment,
derived from census data or estimated from
past enrollment data.  Others use current
education expenditures, as we do (capital
expenditures for buildings and equipment
are already included).

Education expenditures, whether by
governments, employers, or households,
are expected to yield returns over long
periods of time.  Some, perhaps most, of
the returns take the form of higher
earnings in the labor market.  We do not
confine the definition of investment to
those entering the labor force any more
than conventional capital expenditures are
so confined; there is plenty of evidence
that returns to education are not only
long-lasting but important in the non-
market economy as well.  Many of these
returns, including the effects on children’s
educational attainment and performance,
have been studied empirically.  Education
also affects individual decisions about
smoking and other health-related factors.
However, some have argued that these
health and education decisions reflect dif-
ferences among individuals in their time
horizons and preferences.

Our data do not include two large ele-
ments of human capital accumulation.
One is on-the-job training, particularly if it
is the “general” training that workers pay
for by working for temporarily low wages
(Becker, 1964).  The other is the earnings
foregone by students while they are pursuing
an education.  In both cases, estimates
have been made for individual countries
but not, by the same methods, for any sub-
stantial group of countries.  It is clear from
individual country estimates that the

missing portions are large compared with
those we include.5 The omission of fore-
gone earnings is probably more important
in the United States than in the other
countries because the support given to col-
lege and graduate students in the United
States is smaller than in the other countries
and because youth unemployment is lower
in the United States.

Education is what is described in the
International Comparison Program (ICP)
as a “comparison-resistant service.”  Defla-
tors (purchasing power parities) are provided
for calculating real consumption, but it is
difficult to compare either the quantity of
educational output—that is, learning—or
even the quantities of inputs, since the
qualifications of teachers at given levels of
school may differ greatly among countries.
International test comparisons may provide
some clue to quality of schooling, but so
far these cover a very narrow slice of what
schools are supposed to be teaching.

The comparison between the GDP
shares of nominal expenditures on educa-
tion in the United States and in the 12
other countries is described in Table 6.
Over the period that we cover, the United
States has spent, on average, 6.5 percent of
its total income on education, while the
other 12 countries have averaged 5.5 per-
cent.  As was the case for consumer
durables, the gap between the United

5 Mincer (1989) presents esti-
mates of the annual costs of
training in the United States for
1976 and 1982 which suggest
that job-training costs in the
United States amount to about
80 percent to 90 percent of
public and private expenditures
on education.  Kendrick
(1976) estimates that, for the
United States in 1969, total
gross investment on education
and training was $192.3 bil-
lion, of which $92.3 billion was
earnings foregone by students.

Table 5

Percent Share in Nominal GDP
of Nominal Capital Formation  
in Consumer Durables

United States 12 Other Countries

1970-74 6.3 5.6

1975-79 6.4 6.0

1980-84 5.5 5.4

1985-89 6.5 5.9

1990-94 6.0 5.4

NOTE: GDP has been adjusted to include the estimated value
of services yielded by consumer durables.
SOURCE: Kirova and Lipsey (1997), Appendix B, Table B-2.
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States and the other countries was largest
in 1970-74 and smallest during the 1980s.
Canada was the leader in educational
spending, with an average of 6.8 percent 
of GDP invested in education, followed 
by the United States (6.5 percent) and
Denmark (6.3 percent).  Japan and
Germany were the outliers in this respect,
spending much less on education than
other countries did (4.1 percent and 4.4
percent, respectively).   

Research and Development. Research and
development expenditures are probably more
forward-looking than most investments in
equipment. While the private depreciation
rate may be high, as imitators rush to catch

up with innovators, the social rate of depre-
ciation may be low, because the usefulness
of new knowledge endures.  Whatever the
speed of imitation, high rates of R&D seem
to promote rapid economic growth.

Incorporating R&D expenditures into
the measures of capital formation involves,
in some cases, an addition to the measure
of total output as well.  The shift of govern-
ment and private nonprofit R&D does not
require any adjustment to GNP or GDP,
since they are treated in the SNA and the
U.S. NIPA as government and household-
sector consumption, and therefore as final
products.  However, business enterprise
expenditures on R&D are treated in these
accounts as costs of current production.
Treating these as capital formation and
removing them from current expenditures
on inputs raises the level of business enter-
prise income and gross output.

The comparison between the shares in
GDP of nominal expenditures on research
and development in the United States and
in the other 12 countries is described in
Table 7.  United States investment in
research and development has been consis-
tently higher relative to total income than
the average of the other 12 countries
studied.  Over the period 1970-94, R&D
expenditures in the United States
accounted for 2.5 percent of GDP, on
average, compared to 1.8 percent in the
other 12 countries.  The trend seems to be
for the R&D expenditures in other countries
to move closer to those of the United States.
Germany’s and Japan’s R&D expenditures
have been relatively high among the other
countries and very close to those of the
United States, with an average of 2.4 percent
of GDP invested in R&D.  The figures for
Sweden and the United Kingdom are 2.3
percent and 2.2 percent, respectively, while
Canada, close to the United States in many
respects, has been a relatively small investor,
with an average of 1.3 percent of GDP
invested in R&D.

Military Capital Formation. It is conventional,
and part of both the SNA and the NIPA, to
treat expenditures on construction, as well
as equipment for defense, as current

JANUARY/FE B R U A R Y 1998

Table 6

Percent Share in Nominal GDP  
of Nominal Expenditures  
on Education

United States 12 Other Countries

1970-74 7.1 5.1

1975-79 6.7 5.6

1980-84 6.2 5.6

1985-89 6.0 5.4

1990-94 6.6 5.6

SOURCE: Kirova and Lipsey (1997), Appendix B, Tab   l  B-3.

Table 7

Percent Share in Nominal GDP  
of Nominal Expenditures  
on R&D

United States 12 Other Countries

1970-74 2.4 1.5

1975-79 2.2 1.5

1980-84 2.5 1.7

1985-89 2.8 2.0

1990-94 2.7 2.1

NOTE: GDP has been adjusted to include business enterprise 
expenditures on R&D.
SOURCE: Kirova and Lipsey (1997), Appendix B, Table B-4.
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government consumption, rather than cap-
ital formation.  Yet, whatever their other
faults and virtues, and whatever their
effects or lack of contribution to the
growth of nonmilitary output, these
expenditures are intended to yield output
over a long period of time.  If we are inter-
ested in the extent to which a country
sacrifices present consumption for future
gains, these expenditures are as relevant as
those for civilian capital formation. A more
radical view would argue that almost all mil-
itary expenditures are a form of
investment, since they provide not only
current protection but protection extending
into the future.  If high levels of U.S. spending
on military personnel, ammunition, fuel,
and other non-equipment items forced an
end to the Cold War, they could be thought
of as having very long-lasting impacts on
U.S. (and perhaps worldwide) welfare.

The comparison between military cap-
ital-formation ratios of the United States
and the other 12 countries is described in
Table 8.  It is no surprise that in this rela-
tively small item, U.S. spending has been
much larger relative to GDP than the
average for the other 12 countries, ranging
between two and three times as great.
Again, Japan’s spending has been at a par-
ticularly low level (0.2 percent of GDP, on
average), partly because of the restrictions
imposed in the peace treaty after World
War II.  The United Kingdom, on the other
hand, has spent a relatively large part of its
low aggregate investment on this item (1.2
percent of GDP, on average).

Comparisons of the Broader
Measure of Capital Formation 

The types of investment to be included
in the definition of capital formation are
important to international comparisons
because the composition of investment
differs among countries.  One of the reasons
for the large gap between capital-formation
ratios in the United States and in the other
12 countries in conventional comparisons is
that conventionally defined capital formation
is a much smaller part of broadly defined
capital formation in the United States.

Table 9 shows the changes in capital-
formation ratios in the United States and
in the other 12 OECD countries that result
when we adjust the ratios to include non-
conventional forms of investment and to
account for price differences across countries
and over time.  With very few exceptions,
every one of the unconventional forms of
investment was more important in the
United States in every period of our study.
Furthermore, the unconventional forms of
capital formation, as a group, were more
important in the United States than in
other countries in every period.  Including
the nonconventional types of capital forma-
tion in the comparison clearly brings the
United States closer to the other countries.

Table 10 gives the comparison of
investment shares, including nonconven-
tional forms of investment and taking account
of price differences across countries.  By
the broadly defined real capital-formation
measure, the ratio of capital formation to
GDP in the United States was equal to that
in the other 12 countries over the period
since 1970 as a whole.  In the last period,
the U.S. ratio was 7 percent above average,
as compared with the 17 percent below
average in the nominal, conventionally
defined, figures of Table 1.

The indications here are that broadly
defined capital formation in the United
States has not at any time since the early
1970s been much below that of other

Table 8

Percent Share in Nominal GDP
of Nominal Military Capital
Formation

United States 12 Other Countries

1970-74 1.5 0.5

1975-79 1.0 0.5

1980-84 1.4 0.6

1985-89 1.7 0.6

1990-94 1.3 0.5

SOURCE: Kirova and Lipsey (1997), Appendix B, Table B-5.
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Table 9

Percent Change in the Ratio of Capital Formation to GDP  
Generated by Each Adjustment

United States

Military
Consumer Education Capital Constant All
Durables Expenditures R&D Formation World Prices Adjustments†

1970-74 + 4.4 + 7.1 + 2.1 + 1.5 – 0.2 + 13.4
1975-79 + 4.4 + 6.7 + 2.0 + 1.0 – 0.8 + 11.6
1980-84 + 3.6 + 6.2 + 2.2 + 1.4 – 0.9 + 10.7
1985-89 + 4.6 + 6.0 + 2.4 + 1.7 + 0.5 + 14.4
1990-94 + 4.2 + 6.6 + 2.4 + 1.3 + 3.1 + 18.8

12 Other Countries

Military
Consumer Education Capital Constant All
Durables Expenditures R&D Formation World Prices Adjustments†

1970-74 + 4.0 + 5.1 + 1.3 + 0.5 – 2.3 + 7.6
1975-79 + 4.5 + 5.6 + 1.3 + 0.5 – 1.8 + 9.1
1980-84 + 4.1 + 5.5 + 1.5 + 0.6 – 1.2 + 9.3
1985-89 + 4.4 + 5.4 + 1.7 + 0.6 – 0.7 + 10.9
1990-94 + 3.8 + 5.5 + 1.8 + 0.5 + 0.4 + 13.0

SOURCE: Kirova and Lipsey (1997), Appendix A, Tables.

† The changes generated by the individual adjustments do not add up to the change generated by all adjustments because some of the
adjustments to the measure of capital formation require a corresponding adjustment to the measure of GDP, while others do not.  The 
“All Adjustments” column gives the change in the ratio of capital formation to GDP when the measure of capital formation is adjusted to
incorporate price changes and all nonconventional forms of investment, and the measure of GDP is adjusted to incorporate price changes,
the estimated value of the services of consumer durables, and business enterprise R&D expenditures. 

Table 10

Percent Share of Real Capital Formation in Real GDP:  
United States Relative to 12 Other Countries

Including Including Including Including Only Including
Only Consumer Only Education Only R&D Military Capital All Nonconventional

Durables Expenditures Expenditures Formation Forms

1970-74 86.8 92.6 86.4 86.8 98.9

1975-79 86.8 91.3 87.8 86.8 94.2

1980-84 91.4 95.8 95.4 95.8 100.0

1985-89 95.7 96.8 96.6 98.7 102.4

1990-94 101.6 102.2 100.5 102.6 107.4

SOURCE: Kirova and Lipsey (1997), Appendix A, Tables.
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developed countries relative to total
output.  Over the last 10 years, U.S.
capital-formation ratios have been above
the average for the group.  Even for
believers in the role of capital-formation
rates as determinants of future growth,
there is nothing in these data that suggests
any tendency for the other countries to
soon catch up to the United States in per
capita output.

Comparisons of Capital Formation,
per Capita and per Worker

In most calculations of resource abun-
dance, the United States is found to be a
relatively capital-abundant country, with a
high ratio of capital per worker and per
individual in the population. The compar-
isons for both capital formation per
worker and capital formation per capita,
even in terms of conventionally defined
capital, as given in Table 11, suggest that
this high capital abundance will continue.
The United States has been investing more
per person in the population and more per
worker than the other countries for the
whole quarter century in our data.  In the
early years, the margin was higher in
investment per worker because the ratio of
employment to population was lower in
the United States, but with rising
unemployment in Europe and rising labor
force participation in the United States, the
differential in the per capita ratio was
higher at the end of the period.

The ratios for broadly defined capital for-
mation (Table 12) show a considerably larger
margin in favor of the United States.  The use
of the broader definition of capital formation
enlarges the gap in favor of the United States,
especially in the early 1970s, when the other
countries’ nonconventional capital formation
was particularly low.  Since then, for two
decades, the United States  has been adding,
in gross capital formation, about 30 percent
more than the average developed country to
the capital provided for each worker  and for
each resident of the country.  It would appear
that U.S. industry will continue to be
relatively capital intensive in the future.

CONCLUSIONS
Conventional measures of nominal

capital formation give a misleading picture
of the level of capital formation in the United
States and other developed countries, changes
over time, and the way U.S. capital formation
compares with shares of capital formation
in GDP in other developed countries.
Measures of capital formation in real terms,
taking account of price changes and price
differences across countries for capital goods
and other goods and services, paint a very
different picture of the last quarter-century.
When a broader concept of capital forma-

Table 11

Real Capital Formation
Conventionally De ned, per
Capita and per Worker: United
States as Percent of Average  
of 12 Other Countries  

Per Capita Per Worker

1970-74 118.7 125.4
1975-79 117.6 118.1
1980-84 121.3 119.7
1985-89 121.0 116.6
1990-94 124.3 117.7

SOURCE: Kirova and Lipsey (1997), Appendix B, Table B-1.

Table 12

Real Capital Formation  
Broadly De ned, per Capita
and per Worker: United States
as Percent of Average of  
12 Other Countries  

Per Capita Per Worker

1970-74 149.7 157.6
1975-79 137.3 137.5
1980-84 135.4 132.9
1985-89 139.6 133.8
1990-94 144.6 136.6

SOURCE: Kirova and Lipsey (1997), Appendix B, Table B-6.



tion is used, the picture changes even
more; we argue that this new perspective,
which is at least as appropriate as the con-
ventional one in national accounts, is more
consonant with the economic definition of
capital formation.  

Conventional measures show the U.S.
ratio of capital formation to GDP ranging
from 10 percent to 25 percent below the
average of the other countries, with the
United States falling further behind the
other countries since the beginning of the
1980s.  In contrast, when we take account
of the changes in prices of capital goods
relative to other prices over time and
differences in the prices of capital goods
across countries, U.S. investment ratios in
real terms are shown to have been
increasing over time and moving toward
the average of other developed countries,
with the differential falling to less than 5
percent in 1990-94.

When the concept of capital formation
is broadened, as we argue it should be, to
include household purchases of consumer
durables, current expenditures on education,
R&D, and military capital formation, and
when account is also taken of international
price differences, the United States is shown
to have never been, since 1970, far below
the other countries in the share of GDP
devoted to capital formation.  By 1990-94,
the share of real broadly defined capital for-
mation in real GDP in the United States was
more than 5 percent higher than the average
in other developed countries.

Real U.S. capital formation—per capita
and per worker—even conventionally
defined, was between 15 percent and 25
percent higher than in the other developed
countries over the period 1970-94.  This
margin in favor of the United States is con-
siderably higher when we compare the
adjusted broadly defined capital formation
per capita and per worker.  In terms of
broadly defined capital, the United States
has been investing between 30 percent and
60 percent more per worker and per
resident than other developed countries.
This suggests that the United States will
continue to be a relatively capital-
abundant country in the future.

As we have pointed out, these are not
the only definitions of capital formation
that have some theoretical basis.  The
adjustments to the conventional measures
suggested here were selected on the basis
of reasonable feasibility without major
research.  The others that we consider of
equal theoretical merit—on-the-job training
costs and foregone earnings of students—
were omitted solely for lack of data, but
claims have been made also for including
some part of health care expenditures and
child-rearing costs in capital formation.

A next step would be to compare the
usefulness of several versions of capital
formation, varying in scope, for various
purposes such as the explanation of
economic growth.  We hope to turn to this
question next.
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ADJUSTMENTS AND DATA1
Consumer Durables Adjustment

Treating purchases of consumer goods
as capital expenditures rather than as con-
sumption requires estimates of the amount
of these expenditures and of the value of
the services of consumer durables, presum-
ably equivalent to what would be charged
for them if they were provided by the business
sector.  The consumer goods expenditures
are added to the conventional capital
formation, and the value of services they
provide is added to the conventional GDP.  

Data on total durable goods expendi-
tures for the period 1970-94 are available
from the OECD National Accounts, Vol. II,
Table 2, for 10 of the countries we cover:
Canada, Denmark, Finland, France, Japan,
Netherlands, Norway, Sweden, the United
Kingdom, and the United States.  For 
Belgium and Italy, durable goods expendi-
tures were approximated by the sum 
of expenditures on furniture, furnishings,
household equipment, and personal 
transportation equipment, from the 
same source.  

For Italy, although measures of total
durables expenditures were reported, we
approximated durables expenditures with 
the spending on furniture, furnishings,
household equipment, and personal
transportation, because the reported total
durables expenditures seemed unreasonably
high.  Both the implied share of durables
expenditures in final household consumption
expenditures and the level relative to the two
subgroups were far out of line with those of
other countries.  

We used actual expenditures on
personal transportation equipment and
our estimates of expenditures on furniture,
furnishings, and household equipment to
calculate the amount of durable goods
expenditures for Germany.  Data for total
expenditures on the broader group—furni-
ture, furnishings, household equipment
and operation—and an average share of
the expenditures on the durable items—
furniture, furnishings, and household

equipment—were used to estimate expen-
ditures on durables.  ICP data for 1970,
1975, 1985, 1990, and 1993 were used to
calculate the average share.

The value of services provided by
durable goods is estimated on the basis of
stocks of capital goods, as in an earlier
BEA study.   Data on the net current stock
of consumer durables are available only for
Canada and for the United States from the
national balance sheets.  Data are available
on Japan’s stock of the major consumer
durables from the National Accounts of
Japan.  Following Horioka (1995), we
used the average ratio of expenditures on
all consumer durables to those on the
major consumer durables to estimate the
stock of all consumer durables in Japan.
For all other countries, we made a rough
estimate of the stock of consumer durables
in 1970, assuming that it equals four times
the expenditures on durables during the
year, an approximation that has been used
before by Goldsmith (1985).  Then we used
the perpetual inventory method, assuming
a 20 percent rate of depreciation, to estimate
the net stock of consumer durables for the
period 1971-94.  The value of services 
provided by consumer durables was estimated
to equal 34 percent of the previous year’s net
stock of consumer durables (20 percent
depreciation cost, 11 percent net return, 
3 percent  operating costs), following a
methodology suggested by Katz (1982) in 
the BEA study.

Educational Expenditures Adjustment
The main source of data on education

expenditures is the OECD National Accounts.
In countries that provide complete data on
both government and household consump-
tion expenditures, the total of government
and household expenditures on education
was used.  For countries in which government
expenditures are not reported by the OECD,
data on current expenditures for public edu-
cation, collected by UNESCO and published
in the UN Statistical Yearbook were used
instead.  In some cases, depending on the
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availability of data, public or public and
private expenditures reported in the
OECD Education Statistics 1985-92
were used.

For Germany, which does not report
household expenditures on education,
data on education fees paid by households
from the ICP for 1980, 1985, 1990, and
1993 were used to obtain ratios of private
to public expenditures.  We then used the
average of these ratios to interpolate and
extrapolate household education expendi-
tures in Germany.  

The OECD figures for household
expenditures seem to match the figures
given by “fees” in the ICP reports.  It thus
appears that the OECD data understate
nongovernment education expenses by
omitting that part paid for from sources
other than fees. 

R&D Expenditures Adjustment
The adjustment for R&D  requires not

only the addition of total R&D expenditures
to capital formation, but the addition of
business R&D expenditures to GDP, since
the standard accounts treat them as an
expense of production rather than as a
product.  R&D performed by government
and the nonprofit sector are already in
GDP, but as consumption rather than as
capital formation.  

Most of the R&D data were taken from
various issues of OECD Science and
Technology Indicators, Basic Statistical
Series and from the OECD Basic Science
and Technology Statistics 1981-1994. Data
for missing years were interpolated on a
straight line. 

Military Spending Adjustment
Data on total military expenditures

were obtained from the U.S. Arms Control
and Disarmament Agency, Report on World
Military Expenditures and Arms Transfers.
For NATO member countries, we used the
share of equipment and infrastructure expen-
ditures, reported in the NATO Review, to
calculate military capital expenditures.  For
the other OECD countries, we used the

average NATO member countries’ share of
equipment and infrastructure expenditures in
total military expenditures to obtain an esti-
mate of their military capital expenditures.

Cross-Country Comparison in
International Prices

To account for the difference in the
prices of investment goods relative to the
prices of other goods and services across
countries, we converted the nominal mea-
sures of capital formation and GDP at
national prices in national currency to real
measures at international prices. The
calculations are all in each year’s current
prices, with the United States purchasing
power parities (PPPs) always set at 1.00.

To make the conversion, we use data on
PPPs for gross fixed capital formation and
for GDP from the Penn World Table (Mark
5.6), which provides data through 1992.
We extrapolated 1993 and 1994 PPPs for
gross fixed capital formation and for GDP
by data on price indices of GDP and of
gross fixed capital formation reported in
the OECD National Accounts, Vol. I.

The Penn World Table does not
provide purchasing power parity estimates
for a detailed breakdown of GDP.  To
calculate the nonconventional elements in
our broad measure of capital formation, we
use price and quantity data from the
OECD.  These data are a component of the
ICP, but there are some differences in the
method.  Some data have been published
by Eurostat (1988) and OECD (1985a,
1987, and 1992), but we made use of more
detailed data on diskettes provided by the
OECD covering the years 1985, 1990, and
1993.  The weighting systems and the
index number formulas used by the Penn
World Table and the OECD are different,
but it was not possible for us to obtain
exactly comparable measures.

For consumer durables, PPPs were
available from the OECD data mentioned
above and, for earlier years, from Kravis,
Kenessey, Heston, and Summers (1975)
and Kravis, Heston, and Summers (1978
and 1982).  Since it was clear from these
earlier studies that PPPs for consumer
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durables were more strongly correlated
with those for gross fixed capital formation
than with those for consumption, we used
the annual PPPs for gross fixed capital for-
mation to convert the nominal measures of
capital formation in consumer durables to
real measures.  For converting the nominal
measures of educational expenditures and
expenditures on R&D, we used the PPPs
for GDP as deflators.  We used PPPs for
gross fixed capital formation to deflate 
military capital formation expenditures.
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1 Kennickell, et al. (1997) found
that credit card debt accounted
for a very small fraction of a
household’s total indebted-
ness—2.3 percent in 1989,
2.8 percent in 1992, and 3.7
percent in 1995.

2 Avery and Elliehausen (1986),
Avery, et al. (1984a, 1984b),
Kennickell and Shack-Marquez
(1992), Kennickell and Starr-
McCluer (1994), and Kennickell,
et al. (1997) provide more
details of the surveys.

3 Antoniewicz (1996) and Avery,
et al. (1988) find that the
information in the survey corre-
sponds closely to the findings
of other surveys and aggregate
estimates.
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Still Charging:
The Growth of
Credit Card Debt
between 1992
and 1995

Peter S. Yoo

Between the end of the last recession in
the first quarter of 1991 and the
second quarter of 1997, consumer

revolving credit outstanding, which
includes consumer credit card debt, more
than doubled—from $247 billion to $514
billion.  The rapid rise of consumer debt,
especially credit card debt, generated
much discussion about its cause, sustain-
ability, and implication despite the fact
that credit card debt is a small part of a
household’s total indebtedness.1 The dis-
cussion often referred to aggregate data,
such as consumer revolving credit
outstanding, but such data fail to provide
details that are necessary for a clear under-
standing of the factors that contributed to
the growth of consumer credit card debt.

I therefore undertook a simple study
using household data to examine the com-
ponents that contributed to the growth of
total credit card debt.  The analysis, Yoo
(1997), showed that increases in average
balances accounted for most of the growth
of credit card debt.  It also indicated that
lower-income households—those in the
bottom half of the income distribution—
increased their credit card ownership rate
and average credit card balances faster
than the population, but upper-income
households were responsible for most of
the rise in total credit card debt.  Unfortu-
nately, the data used in the study—the
Survey of Consumer Finances conducted

in 1983, 1989, and 1992—did not cover
most of the period since the end of the last
recession.

The recent release of the 1995 survey
provides an opportunity to update the
analysis by using the new data to separate
the growth of credit card debt between
1992 and 1995 into its two main
components: an increase in the number of
households with credit cards and an
increase in the average balances on credit
cards.  As before, the analysis also
separates the effects of lower- and upper-
income households on the growth of credit
card debt over that period.  Finally, I com-
pare the growth of credit card debt
between 1992 and 1995 to its growth
during the other intersurvey years.  Such
comparisons may identify characteristics
that have affected the recent growth of
credit card debt that were not previously
significant.

SURVEY OF CONSUMER
FINANCE

Every three years, the Federal Reserve,
with the assistance of other agencies and
organizations, conducts the Surveys of
Consumer Finances (SCF) to obtain
detailed information about households’
assets, liabilities, incomes, and use of
financial institutions and instruments such
as credit cards.2 Each survey uses a
random sample of U.S. households with an
oversample of high-income and high-
wealth households to obtain a detailed,
comprehensive, and representative picture
of U.S. households.3 The oversampling is
necessary because income and wealth are
concentrated among a small number of
households, so a random sample of the
population will miss too many dollars.
The 1995 survey sampled 4,299 households.

For this study, I split the households
into income deciles to examine the relation-
ship between household income and credit
cards.  Parsing households in such a manner

Peter S. Yoo is an economist at the Federal Reserve Bank of St. Louis.  Joshua D. Feldman provided research assistance.
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veys, the 1995 SCF uses five
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creates ranges that are invariant to trends
that affect the overall economy, so changes
in household income that arise from infla-
tion or real economic growth do not affect
the position of households within the
deciles.  Separating households by deciles
also creates partitions that represent 10
percent of all households, thereby
eliminating excessive concentration of the
population within any particular range.
Table 1 shows the ranges for the income
deciles and the number of households
within each decile for the 1995 SCF. 4 The
table also shows the ranges from the three
previous surveys as reference.  The larger
sample sizes for the higher income

categories reflects the oversampling of the
high-income and high-wealth households.

CHANGES IN THE NUMBER
OF HOUSEHOLDS WITH
CREDIT CARDS

Two factors account for the growth of
aggregate credit card debt: more credit cards
and higher balances per credit card.  This 
section examines how the number and distri-
bution of credit card ownership changed
between 1992 and 1995.  A credit card as
defined in this study falls into one of five cat-
egories identified in the survey: bank-type

Table 1

Income Deciles and Number of Households within Each Decile

Percentile 1983 1989 1992 1995

0-10 (–24, 5) (0, 6) (–1,000, 7) (–1,000, 7)
388 1,131 1,419 1,568

10-20 (5, 9) (6, 10) (7, 11) (7, 12)
376 1,167 1,317 1,439

20-30 (9, 12) (10, 14) (11, 15) (12, 17)
375 1,088 1,359 1,493

30-40 (12, 15) (14, 20) (15, 20) (17, 22)
363 1,156 1,432 1,554

40-50 (15, 20) (20, 24) (20, 26) (22, 30)
371 1,142 1,456 1,597

50-60 (20, 24) (24, 30) (26, 33) (30, 36)
367 1,193 1,456 1,687

60-70 (24, 30) (30, 38) (33, 41) (36, 45)
367 1,219 1,468 1,734

70-80 (30, 37) (38, 49) (41, 53) (45, 59)
373 1,328 1,561 1,856

80-90 (37, 50) (49, 66) (53, 76) (59, 80)
358 1,504 1,904 2,134

90-100 (50, 3,426) (66, 99,491) (76, 65,300) (80, 99,730)
774 4,796 6,136 6,441

Total Survey (–24, 3,426) (0, 99,491) (–1,000, 65,300) (–1,000, 99,730)
4,103 15,715 19,500 21,495

NOTES: Ranges are shown in thousands of dollars.  Number of observations in each cell may not equal the total observations because
some fall within more than one cell.
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5 Narrowing the focus of the
analysis to bank-type credit
cards does not alter the conclu-
sions of this section nor of
those that follow.  Sixty-seven
percent of all households had
bank-type credit cards in 1995,
and 62 percent of all house-
holds had them in 1992.

6 I constructed the confidence
interval using a bootstrap
method.  I drew 1,000 random
samples with replacement from
the original survey.  I then esti-
mated the fraction of the popu-
lation that had credit cards for
each new sample and calculat-
ed the 95 percent confidence
interval from the bootstrapped
estimates.  The table does not
strictly allow for hypothesis
tests because the confidence
intervals do not reflect any joint
variation that may exist
between estimates.
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(Visa, Mastercard, etc.), gasoline company,
general purpose (American Express, Diner’s
Club, etc.), store and other (rental car,
airlines, etc.).  I also do not distinguish
among households with multiple credit cards
because an additional card is analogous to an
increase in the credit limit of an existing card.

As Table 2 shows, three-quarters of all
American households had at least one
credit card in 1995. This level is three per-
centage points higher than in 1992, and it
represents a continuation of a trend that is
evident in the data from the earlier
surveys.5 Nearly all income groups shared
in this increase from the 1992 ownership
rates, and the confidence intervals of the
estimates from 1992 and 1995 suggest that

half of the differences for each income cat-
egory may be statistically significant.6 The
data also suggest that these changes within
each income decile are consistent with the
pattern of increasing credit card ownership
suggested by the earlier surveys.  Lower-
income households were more likely to
have a credit card in 1995 than in 1992, but
the increase is not noticeably greater than it
was between surveys for other years.

Table 2 also confirms that the
likelihood of credit card ownership
increased with income.  In 1995,
households in the highest income group
were more than three times as likely to
have a credit card as those in the lowest
income group, and the fraction of

Table 2

Percent of Households with Credit Cards, by Income Percentiles

Percentile 1983 1989 1992 1995

0-10 19 21 26 32
(15, 23) (17, 23) (24, 29) (30, 34)

10-20 33 39 42 44
(28, 39) (37, 43) (39, 45) (42, 48)

20-30 47 54 66 63
(42, 54) (50, 58) (64, 69) (60, 66)

30-40 57 64 68 70
(51, 62) (59, 67) (65, 70) (67, 72)

40-50 66 72 67 74
(61, 72) (69, 76) (64, 70) (71, 76)

50-60 74 84 82 84
(69, 79) (81, 86) (80, 84) (82, 86)

60-70 82 87 88 90
(77, 85) (86, 90) (86, 90) (87, 91)

70-80 88 91 90 93
(84, 91) (90, 93) (88, 91) (92, 95)

80-90 91 94 94 97
(88, 94) (92, 95) (92, 95) (96, 98)

90-100 97 98 96 99
(95, 98) (97, 99) (95, 97) (98, 99)

Total Survey 64 70 72 75
(64, 67) (69, 71) (71, 73) (74, 75)

NOTE: Ninety-five percent confidence intervals from bootstrapping are shown in parentheses.
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sponding figures for 1983 and
1989 are 34.1 percent and
35.4 percent, respectively.

JANUARY/FEBRUARY  1998

households with credit cards rose with
income.  All but two comparisons of own-
ership rates between adjacent deciles
appear to be statistically significant.

Surprisingly, lower-income households
did not increase their ownership rates faster
than upper-income households between 1992
and 1995.  The fraction of upper-income
households with credit cards rose from 90
percent in 1992 to 93 percent in 1995, whereas
the figures for lower-income households
increased from 54 percent to 57 percent.
Although the two largest increases in owner-
ship rates were among the lower-income
households, the next three biggest increases
occurred within upper-income household
deciles.  Despite the higher fraction of lower-
income households having credit cards and
the general increase in the number of house-
holds between 1992 and 1995, the average
annual growth rate of lower-income households
with credit cards, shown in Table 3, was lower
between 1992 and 1995 than during the other
intersurvey years.

Although the fraction of households with
credit cards grew for every income category,
the increases were similar in magnitude, so
the income distribution of credit cardholders
barely changed between 1992 and 1995.
Figure 1 shows the income distribution of
households with credit cards from all four
surveys.  The positive slope of the lines
illustrates the positive relationship between

income and the likelihood of having a
credit card; if credit card ownership and
income were independent, the income dis-
tribution of households with credit cards
would be uniform at 10 percent per decile.
More importantly, the lines for 1992 and
1995 are nearly identical for the top half of
the distribution, indicating that the relative
importance of upper-income households
among all households with credit cards did
not change noticeably between the two
years.  In fact, the fraction of households
with credit cards that were in the bottom
half of the income distribution increased
slightly from 37.5 percent in 1992 to 37.9
percent in 1995.7

CHANGES IN CREDIT CARD
BALANCES

Aggregate credit card debt also increases
if households carry larger balances.  The
SCF provides information about the size of
each household’s credit card debt after the
most recent payment.  This definition of
credit card debt eliminates the balances of
households who use their credit cards for
convenience and pay their balances in full.

Data from the 1995 SCF suggest that
the trends observed in my previous study
continued through 1995.  First, average
credit card debt generally increased with
income.  As shown in Table 4, the average

22

Table 3

Average Annual Growth Rates of Factors Affecting  
Total Credit Card Debt (percent)

Factor 1983-89 1989-92 1992-95 

Total credit card debt 17.2 9.8 12.2

Number of households 1.8 0.9 1.1

Number of households with CC 3.0 1.7 2.4
of lower-income households 3.6 3.6 2.8
of upper-income households 2.7 0.5 2.1

Inflation (CPI) 3.7 4.2 2.8

Median household income 3.5 2.7 4.9

Average CC debt  13.8 8.0 9.6
of lower-income households 14.4 9.9 13.9
of upper-income households 13.7 7.9 8.1    



credit card indebtedness of the households
in the highest income decile was nearly
twice the average balances of those in the
lowest decile.  Second, average credit card
debt continued to increase over time.  The
average balance for all households with
credit cards increased at a 10 percent annual
rate between 1992 and 1995; the average
balances for most income groups grew at
similar rates.  Finally, lower-income house-
holds’ average credit card debt increased
more than that of upper-income households,
14 percent annual rate versus 8 percent
annual rate between 1992 and 1995.

Recent concerns about the indebtedness
of lower-income households notwithstanding,
the increases in average balances for lower-
income households between 1992 and 1995

JANUARY/FEBRUARY  1998
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Table 4

Average Credit Card Balances, by Income Percentiles
Average Annual Growth Rates between Surveys

(percent)
Percentile 1995 1983-89 1989-92 1992-95

0-10 1,358 –5 53 20
(1,000, 1,753)

10-20 1,267 6 35 18
(898, 1,461)

20-30 1,253 17 13 9
(1,114, 1,523)

30-40 1,312 9 20 10
(1,198, 1,482)

40-50 1,704 20 –5 17
(1,537, 1,885)

50-60 1,723 7 20 9
(1,517, 1,897)

60-70 1,525 15 15 –4
(1,353, 1,750)

70-80 1,945 12 9 8
(1,795, 2,119)

80-90 2,136 15 2 11
(1,915, 2,341)

90-100 2,551 18 1 14
(2,282, 2,823)

Total Survey 1,768 14 8 10
(1,703, 1,834)

NOTES: Figures for 1995 are shown in dollars.  Ninety-five percent confidence intervals from bootstrapping are shown in parentheses.
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were smaller than the increases between 1989
and 1992.  The average credit card balances
for nearly all lower-income categories rose by
a smaller percentage during the most recent
intersurvey period than during the previous
one; the one exception was the fifth decile—
households with incomes between $22,000
and $30,000.

Median estimates of credit card
balances, shown in Table 5, also show sim-
ilar patterns, although they show that
many households carried little, if any,
credit card debt in 1995.  Estimates from
the recent survey indicate that nearly half
of all households with credit cards did not
carry a balance, shown in Table 6.

Moreover, nearly two-thirds of all
households carrying credit card debt were
upper-income households.

The increase in average credit card
debt of lower-income households, coupled
with the slight increase in the relative
number of lower-income households 
with credit cards, shifted the income distri-
bution of all credit card debt toward the
bottom half in 1995, as shown in Figure 2.
The share of credit card debt held by
households in all but one lower-income
group rose between 1992 and 1995, so the
lower-income households’ share of all
credit card debt rose from 27 percent in
1992 to 30 percent in 1995.

Table 5

Median Credit Card Balances, by Income Percentiles
Average Annual Growth Rates between 

Surveys (percent)
Percentile 1995 1983-89 1989-92 1992-95

0-10 50 0 0 –37
(0, 150)

10-20 140 0 –100 0
(100, 200)

20-30 200 0 0 0
(100, 220)

30-40 380 –100 0 18
(200, 500)

40-50 400 7 –10 26
(250, 560)

50-60 460 –2 42 5
(270, 600)

60-70 400 12 10 0
(310, 500)

70-80 500 7 –6 26
(400, 590)

80-90 500 22 –24 36
(370, 590)

90-100 0 0 0 0
(0, 0)

Total Survey 270 7 8 12
(220, 300)

NOTES: Figures for 1995 are shown in dollars.  Ninety-five percent confidence intervals from bootstrapping are shown in parentheses.
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ACCOUNTING FOR THE
GROWTH OF CREDIT 
CARD DEBT

In 1992 total card balances owed by
households was nearly $92 billion.  By 1995,
that figure grew to nearly $130 billion, a
growth of 41 percent.  So what accounted for
this growth?  Did the increase in the number
of households with credit cards affect the
growth more than the increase in average
balances?  Did households in the bottom half
of the income distribution affect the growth
more or less than those in the top half?

Using the data from the surveys, I can
assess the relative importance of those two

factors on the increase in debt between
1992 and 1995 by holding one factor
constant while changing the other.  So the
effect of more cardholders equals the
change in cardholders times the average
credit card debt from the base year.
Similarly, the effect of higher indebtedness
equals the number of cardholders in the
base year times the change in average debt.
There is a third term, an interaction term,
which accounts for the interaction of new
cardholders and higher average balances.
Figure 3 shows the relative contributions of
the three factors to the growth of credit card
balances, and Table 3 shows the growth rate
of the various factors between surveys.

Table 6

Percent of Households Carrying Credit Card Balances, 
by Income Percentiles

Percentile 1983 1989 1992 1995

0-10 46 46 66 53
(34, 57) (42, 56) (60, 71) (48, 58)

10-20 46 54 43 60
(37, 56) (47, 58) (39, 48) (56, 64)

20-30 48 48 60 58
(41, 57) (43, 52) (56, 63) (53, 60)

30-40 52 46 57 61
(44, 59) (41, 50) (54, 61) (58, 64)

40-50 63 66 63 63
(57, 69) (61, 70) (59, 66) (60, 66)

50-60 64 60 67 64
(57, 70) (56, 64) (64, 70) (61, 66)

60-70 63 61 63 61
(58, 69) (58, 66) (60, 67) (58, 64)

70-80 64 63 59 65
(58, 69) (59, 67) (55, 61) (63, 68)

80-90 60 66 55 61
(53, 64) (63, 70) (53, 58) (59, 64)

90-100 44 47 38 47
(40, 51) (44, 50) (36, 41) (44, 49)

Total Survey 57 57 57 59
(55, 59) (56, 58) (56, 58) (59, 60)

NOTE: Ninety-five percent confidence intervals from bootstrapping are shown in parentheses.
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Changes in the number of households
with credit cards accounted for little of the
increase in total debt.  The total number of
households with credit cards increased at a
2.4 percent annual rate between 1992 and
1995, nearly twice the growth rate of the
number of all households during the time
period.  This increase in the number of
households with credit cards accounted for
17 percent of the growth in credit card
debt between 1992 and 1995.

Changes in average balances accounted
for the vast majority of the increase in total
credit card debt between 1992 and 1995.
Average credit debt of all households grew
at a 9.6 percent annual rate during those
three years, considerably faster than the
increase in prices, 2.8 percent annual rate,
and household income, 4.9 percent annual
rate.8 In sum, the increase in average credit
card balances accounted for 77 percent of
the increase in household credit card debt
between 1992 and 1995.

So did lower-income households, those in
the bottom half of the income distribution,
have much effect on the change in total debt?
The data suggest that they did not account for
most of the increase in credit card debt,
although their importance clearly increased.
Lower-income households accounted for 39
percent of the growth between 1992 and 1995;
they accounted for 35 percent of the growth
between 1989 and 1992 and 25 percent of the
growth between 1983 and 1989.

JANUARY/FEBRUARY  1998

8 Kennickell, et al. (1997) esti-
mates that the debt-to-asset
ratio for all households was
15.9 percent in 1989, 16.3
percent in 1992, and 16.0 per-
cent in 1995.
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CONCLUSION

Household data from the Survey of
Consumer Finances from 1995 suggest
that increases in credit card debt between
1992 and 1995 are largely attributable to
higher average credit card debt per
household, not from more households with
access to credit cards.  Moreover,
households in the top half of the income
distribution accounted for most of the
growth of credit card debt, although lower-
income households increased their access to
credit cards and their average debt at faster
rates than the total population.  Therefore,
most of the increase in credit card debt
between 1992 and 1995 is attributable to
households with previous credit card expe-
rience and with above-average incomes.

The survey data also suggest that the
changes between 1992 and 1995 reflect a
continuing trend rather than a new situa-
tion.  Lower-income households were
more likely to have a credit card in 1995
than in previous survey years, yet the
changes are consistent with the pattern
established between the other survey
years.  These households also increased
their average balances, but again the
growth in their average credit card debt is
not notable when compared to previous
growth rates.
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In ation, Real
Interest Tax
Wedges, and
Capital
Formation
William G. Dewald

This paper focuses on how inflation inter-
acts with taxes and interest rates to affect
capital formation.1 It uses a simple

credit-market framework to explain how
inflation magnifies the distorting effects of
taxation when the tax treatment of interest
income and expense is not fully indexed to
inflation.2 The distortion involves a real tax
wedge consisting of the difference between
the real interest rate fully taxed investors
must pay when they borrow to invest and
the real after-tax interest rate that savers
earn.  This asymmetry in the way that fully
taxed investors and savers are affected by
income taxes leads to an increase in
inflation increasing the real tax wedge in
credit markets.

Either eliminating inflation or
indexing the tax treatment of interest
income and deductible interest expense to
inflation would reduce this real tax wedge
and consequently increase private saving
and business capital formation.  Eliminating
inflation or its induced tax effects on interest
rates would decrease nominal rates for two
reasons:  Absent inflation, interest rates
would not contain an inflation premium;
hence, nominal interest rates would be
lower.  Furthermore, if there were no infla-
tion, or if the tax treatment of interest
income and deductible interest expense
were indexed, nominal interest rates
would fall because saving as a function of
the interest rate would tend to increase.

With the higher after-tax returns that
would result from removing the tax on the
inflation premium in nominal interest
rates, savers would save more.  An
increased supply of saving would in turn
lower before-tax real interest rates and
thereby stimulate the business investment.  

Not everyone would benefit from elim-
inating the inflation-induced tax distortion
in credit markets, however.  Although
eliminating inflation or indexing the taxes
on interest income and expense would raise
private saving and nonresidential investment,
governments and homeowners would face
higher real borrowing costs and real interest
outlays.  This would happen because after-
tax real interest rates are not only the
effective real rates that savers earn; they
are also the effective real rates at which the
government and homeowners borrow.  Fully
taxed borrowers borrow at a before-tax real
interest rate, but the government borrows
at an after-tax real rate because its interest
payments to the public add to the income
on which it collects taxes.  Homeowners
also borrow at an after-tax real rate.  They
are not taxed on the real benefits from living
in their homes, which are effectively income,
and in the United States, unlike some other
countries, their related interest costs can
generally be deducted from taxable income.

In summary, either eliminating inflation
or indexing the tax treatment of interest
income and expense to inflation would
stimulate private saving and, in turn, busi-
ness investment, but it would decrease tax
receipts on interest income and the tax
deductions that subsidize home ownership.

INFLATION AND  
THE TAX WEDGE

Stiglitz (1973) and Auerbach (1983),
among others, have shown that the invest-
ment decisions of fully taxed investors are
motivated by before-tax, not after-tax, real
interest rates.  It is intuitively reasonable
to specify that investment decisions depend

William G. Dewald is director of research for the Federal Reserve Bank of St. Louis.  Gilberto Espinoza provided research assistance.
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on real returns and real interest rates, and
thus are not influenced by inflation.  Investors
presumably cut through the veil of inflation
to make decisions based on real fundamen-
tals. However, it is counterintuitive to specify
that investment decisions depend on
before-tax, not after-tax, real interest rates.
After all, taxes are certainly an important
cost factor for businesses.  Nevertheless,
there is a good argument for why borrower-
financed investment would not be directly
affected by a uniform tax rate that applied
to both investment income and the deduc-
tions for interest expense.  Suppose the cost
of an investment is c, the expected return
in one period is 1 + g, and the interest cost
in one period is 1 + i.  The investor would
continue to invest as long as net profit a
was not negative:  a = (1 + g) – c(1 + i).  The
investment decision would not be affected
by changes in the income tax rate, τ, since
the appropriate choice to maximize (1 – τ)a
would also maximize a.  Hence, for fully
taxed investors facing the same tax rate on
their earnings and their deductible costs,
the before-tax interest rate, i, influences
investment decisions, not the after-tax
interest rate, i(1 – τ).

The argument is that investors would
rank alternative investments on the basis of
the expected profitability of each investment,
net of interest and other costs.  A change 
in the tax rate would change the expected
profitability associated with alternative
investments, but it would not change the
ranking of their expected profitability.  The
investment that was ranked as the most
profitable when the tax rate was 50 percent
would still be the most profitable when the
tax rate was reduced to 40 percent.  On the
basis of this argument, investment decisions
are specified to depend on before-tax interest
rates, which would affect the ranking of
investment alternatives with respect to
expected profitability.

To restate this critical argument:
Prospective investors who finance their
investments by borrowing would make the
same rankings of the expected profitability
of particular investment alternatives regard-
less of the level of tax rates.  Profits, of course,
would differ with different tax rates, but as

long as the same tax rate were applicable to
both investment returns and deductible
interest expenses, the level of tax rates
would not influence the rank order of the
profitability of investment alternatives.3 An
implication is that prospective before-tax
real rates of return on investments and
prospective before-tax real rates of interest
at which such returns are discounted would
affect investment decisions, not after-tax
rates of return or after-tax rates of interest.
Thus, tax rates would not influence invest-
ment choices directly.  

Tax rates, however, would influence
investment choices indirectly because tax
rates would affect saving and, indirectly,
the market-clearing real interest rates at
which investment is financed.  Increasing
inflation and/or tax rates would lower savers’
after-tax interest-rate earnings and thus
decrease saving, thereby raising before-tax
real interest rates and reducing investment.
These points are clarified by reference to
the following figures.  A numerical
example appears on p. 34.

In Figure 1, real investment by fully
taxed borrowers varies inversely with a
before-tax real interest rate: rB= i – π,
where i is the nominal interest rate and π
is the inflation rate.  Real saving, S, in con-
trast to real investment, is specified to vary
directly with an after-tax real interest rate:
r L = i(1 – τ) – π.  When both the tax rate, τ,
and the inflation rate, π, are zero, the real
rate for borrowers, rB

0
, equals the real rate

for lenders, r L
0

.  The upward-sloping saving
function intersects with the downward-
sloping investment function at point A to
determine the equilibrium market interest
rate, rB

0
and saving (= investment), S0.  

As noted, enactment of a tax on interest
income leaves the investment function
unaffected.  But, as depicted in Figure 2,
the upward-sloping saving function
depends on the after-tax real interest rate.
The saving function rotates up and to the
left with an increase in the tax rate from
zero to τ1 .  As a result, the credit-market
equilibrium would shift from A to B, the
equilibrium real rate for borrowers would
increase from rB

0
to rB

1
, the equilibrium real

rate for savers would decrease from 
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rL
0

to r L
1

, and the equilibrium level of
saving would decrease from S0 to S1.  The
difference between rB

1
and r L

1
represents a

real tax wedge, essentially reflecting that
the difference between the borrowing rate

and lending rate on such credit-market
transactions is transferred to the government
in taxes. 

Figure 3 illustrates what happens
when there are both inflation and income
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taxation.  As noted above, rankings of
alternative investments are independent of
both the tax rate and inflation.  Consequently,
real investment, as a function of the nominal
interest rate, shifts up by exactly the increase
in the inflation rate, π1.  In contrast, when
savers are taxed on their interest income,
the saving function must rise by more than
the increase in the inflation rate.  As shown
in Figure 3, to get the same saving when
inflation increases to π1 with tax rate, τ1,
the nominal interest rate would have to
increase by π1 /(1 – τ1).  That is an amount
such that (1 – τ1) of it is equal to the
increase in inflation.  Thus, an increase in
inflation shifts the saving function up by
π1 /(1 – τ1), which, given that the tax rate is
positive but less than one, is greater than
the upward shift in the investment function,
which shifts up by π1.  Consequently, an
inflation increase from zero to π1 would
move the credit-market equilibrium from
B to C in real terms. The nominal interest
rate is determined by the equilibrium point,
D, which is at the intersection of real saving
and real investment specified as functions
of the nominal interest rate.  The result is a
higher market-clearing nominal interest
rate, i2, and a higher before-tax real interest
rate, rB

2
, but a lower after-tax real interest

rate, rL
2

, and lower level of saving, S2.
Expressed  another way, an increase in
inflation from zero to π1 would increase
the real tax wedge.  

The effect of inflation on real interest
rates is really the crux of the credit-market
distortion associated with the interaction
of inflation, taxes, and interest rates.  The
distortion causes a change in the allocation
of resources from what it would be in an
inflation-free environment.  

It can be shown that if interest income
and expense are not indexed to inflation in
the tax structure, the real tax wedge equals
the tax rate times the nominal interest rate. 

Note that

• with zero inflation, the real tax 
wedge is rB

1
– r L

1
= τ1r

B
1

, but

• with inflation π1, the real tax 
wedge is  

r B
2

– r L
2

= (i2 – π1) – [i2 (1–τ1) – π1] = τ1i2.

Thus, when inflation increases from
zero to π1, the real tax wedge increases by

τ1(i2 – r B
1

)=τ1[(r B
2

+ π1) – r B
1

].

The inflation-induced increase in the 
real tax wedge incorporates three
elements: the tax rate, τ1, the increase 
in the inflation rate, π1, and the inflation-
induced increase in the before-tax real
interest rate, .

The incidence of inflation-induced tax
increases would depend on the investment
and saving function elasticities.  If saving
were perfectly inelastic with respect to
interest rates, the full incidence would fall
on saving.  If investment were perfectly
inelastic with respect to interest rates, the
full incidence would fall on investment.
Since empirical studies tend to confirm
that saving is comparatively inelastic, it is
reasonable to conclude that much of the
impact of an increase in inflation on taxes
would fall on savers, although any induced
reduction in saving would be reflected in
reduced capital formation.   

To reiterate the argument in Figure 3,
increased inflation would effectively raise
the tax on savers’ interest income and
lower their real after-tax interest earnings.
In response, they would plan to save and
lend less, which would raise the real
interest rate on borrowing to finance
investment.  Either an increase in inflation
or an increase in tax rates would increase
the real tax wedge; that is, it would
increase the before-tax real rate that influ-
ences investors but decrease the after-tax
real rate that influences savers.  Since an
inflation increase would shift the saving
function back and thereby induce a
decrease in investment, it has the same
qualitative effect in reducing capital forma-
tion as an increase in tax rates. 

INDEXING THE TAX TREAT-
MENT OF INTEREST INCOME

Figure 4 shows that the benefits of
eliminating inflation on capital formation

r rB B
2 1−
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can be obtained by indexing the tax treat-
ment of interest income and expense to
inflation.  Saving is now specified to depend
on an after-tax real interest rate where the
tax is based on a before-tax real interest
rate—not, as previously, on a before-tax
nominal interest rate.  Consequently, both
the investment function and the saving
function are now specified to be indepen-
dent of the inflation rate.  Both functions
shift up by exactly the increase in inflation.
Under indexing, for any inflation rate,
there would be a lower-equilibrium nom-
inal interest rate and a lower before-tax
real rate but a higher after-tax real rate for
savers.  The real tax wedge would not be
eliminated, but it would be made indepen-
dent of inflation.  The equilibrium nominal
before-tax interest rate would be i3, the
before-tax real rate would be rB

1 
, the real

after-tax rate would be rL
1  

= rB
1  

(1 – τ
1
), and

the real tax wedge would be τ
1
rB
1 
. Other

than the nominal interest rate, which
would fully reflect inflation, the real
before-tax and after-tax interest rates and
real saving and investment would be
precisely the same under indexing as if
inflation were eliminated.

POLICY IMPLICATIONS
The roughly 3 percent inflation rate

over recent years is low compared with
inflation in the late 1970s and early 1980s.
But 3 percent is not zero.  As the

numerical example in the shaded 
insert shows, even 3 percent inflation
could be linked to a substantial real 
tax wedge.  

Eliminating inflation remains a 
putative goal of monetary policy.  If infla-
tion is not eradicated completely, it is
reasonable to consider designing tax 
policies to avoid real distortions in the
allocation of resources that result from 
the interaction of inflation, interest rates,
and taxes.  Indexing income tax rates to
inflation, but not the tax treatment of
nominal interest income and expense,
leaves the interest-sensitive capital-forma-
tion process subject to potentially significant
distortions.  Although inflation-indexed
Treasury bonds were introduced in 1997 to
index nominal interest returns to inflation,
these nominal returns continue to be taxed
as ordinary income.  Therefore, simply
indexing interest rates to inflation does 
not index the tax treatment of interest
income and expense to inflation and thus
does not fully protect the credit market
from distortions that accompany increases
in inflation.  

Effectively indexing the tax treatment
of interest income and expense would pre-
vent inflation from arbitrarily raising tax
rates on saving and reducing corporate
investment as it did in the 1970s and early
1980s.4 For whatever technical or political
reasons, indexing the tax treatment of
interest income and expense is difficult to

4 Fazzari and Herzon (1996)
show how indexing capital
gains taxation for inflation
would increase incentives to
invest, but they may not recog-
nize that even if capital gains
are indexed for inflation, the
taxation of nominal interest
income would lower real rates
to savers but raise real rates to
borrowers thus raising the cost
of capital, thereby decreasing
incentives to invest.
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implement.  Consequently, price-level sta-
bility becomes all the more important a
monetary policy objective, the achievement
of which would reduce distortions in credit
markets that retard saving, investment, and
capital formation. 

A FEDERAL BUDGET DEFICIT
COROLLARY

The corollary is that real taxes would
tend to fall and real federal budget deficits
would tend to rise when inflation declines
or interest income and expense are

A numerical example further illus-
trates the argument in this article.  The
example is based on a simple linear credit
market-model with taxes and inflation.
Units of saving and investment are in
billions of dollars.

In the no-indexing case, saving is a
function of an after-tax interest rate, r L

= i(1–τ) – π.  Taxes paid by savers depend
on the nominal interest rate, i.  If, by
assumption, the tax rate is 40 percent and
the inflation rate is 3 percent, the nominal
interest rate is 10 percent.  Savers earn a 
6 percent after-tax nominal interest rate,
i.e., [10 percent x (1 – 0.4)].  Their after-tax
real rate of return is 3 percent, i.e., [10 percent
x (1 – 0.4) – 3 percent]. The before-tax real
interest rate influencing investors is 7 per-
cent, i.e., (10 percent – 3 percent).  The
difference between before-tax and after-tax
real interest rates is 4 percent, which is the
40 percent tax on the 10 percent nominal
interest rate. This 4 percentage point dif-
ference is the real tax wedge.  It would be
associated with real saving and investment
of $20 billion.

If inflation were eliminated altogether,
there would still be a real tax wedge, but it
would be reduced by the magnitude of the
tax on the decrease in the interest rate on
which savers are taxed.  Compared with
the 3 percent inflation case, eliminating
inflation would reduce the real before-tax
interest rates from 7 percent to 6.25 percent
but raise the real after-tax interest rate from
3 percent to 3.75 percent, thus decreasing
the real tax wedge from 4 percent to 2.5
percent, thereby inducing an increase in
saving from $20 billion to $27.5 billion. 

Fully indexing the tax treatment of
interest income for savers would make
saving a function of an after-tax rate that
is independent of inflation:  rL = (i – π)(1 – τ).
Taxes paid by savers depend on the real
interest rate, (i – π), and not the nominal
interest rate, i.  Even with 3 percent infla-
tion, but with the introduction of indexing,
the nominal interest rate would fall from
10 percent to 9.25 percent, the real before-
tax interest rate would fall from 7 percent
to 6.25 percent, the real after-tax interest
rate would rise from 3 percent to 3.75
percent, the real tax wedge would fall
from 4 percent to 2.5 percent, and saving
(= investment) would rise from $20 billion
to $27.5 billion.  These are precisely the
same real magnitudes that would result
from eliminating inflation.

If taxes were also eliminated, the
real interest rate that clears the credit
market in this example would be 5 per-
cent, the real tax wedge would be zero,
and saving (= investment) would be an
undistorted $40 billion.  

SOME EFFECTS OF INFLATION ON TAX WEDGES AND
CAPITAL FORMATION: AN EXAMPLE

Numerical Example

Saving (no indexing):  

Saving (indexing):  

Investment: 

Equilibrium:
S I= .

I i= − −[ ]90 1000 π .

S i= − + −( ) −( )[ ]10 1000 1π τ .

S i= − + −( ) −[ ]10 1000 1 τ π .
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5 See Makin (1985) and the
record of comments by
Feldstein in Aaron (1976),
page 80.

6 Tanzi (1984).

indexed to inflation.  By contrast, a
conventional view is that indexing the
taxes on interest income and expense to
inflation would lower nominal interest
rates and thus decrease the government
deficit.5 The argument is that, “. . . even if
the fall in the nominal rate [because of
indexing] was only 1 percentage point (a
figure that can be considered conservative),
it would still have important effects.  It
would, for example, by reducing interest
costs in the public debt, reduce the U.S.
fiscal deficit by $8 billion . . . .”6 Such an
argument is questionable.  It does not take
into account that the government borrows
at an effective after-tax real interest rate
because it collects taxes on the interest it
pays to taxpayers.  

The present argument has shown that
indexing the taxes on interest income and
expense or reducing inflation would
increase, not decrease, after-tax real
interest rates and thus increase the
effective real interest rates at which the
government borrows.  In its simplest
terms, the argument is that indexing
interest taxation to inflation would elimi-
nate one source of federal revenue—the
tax on the inflation premium in nominal
interest rates.  Consequently, indexing
interest taxation or eliminating inflation
would increase, not decrease, the real fed-
eral budget deficit.  The fallacy in the
argument that indexing interest taxation to
inflation would decrease the deficit is in
not taking into account that indexing
would tend to raise the effective real
interest rate on government borrowing and
hence raise the real budget deficit.

CONCLUSION  
Either lowering inflation or indexing

the taxation of interest income and expense
would reduce real taxes and stimulate
saving and nonresidential investment by
eliminating a major distortion that influences
capital formation and potential growth.
Absent an effective program to index
interest income and expense to inflation,
keeping inflation low and, in principle,
eliminating it represents an effective way to

minimize the real tax wedge between the
real rates that influence investors and savers,
thereby stimulating capital formation. The
bottom line is that price stabilization
policies are pro-growth policies. 
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What Has
Become of the
“Stability-
Through-
Inflation”
Argument?
James B. Bullard
Alvin L. Marty

The purpose of this article is to examine
the status of a well known argument
for a positive rate of steady state infla-

tion.  The original argument, by Vickrey
(1954) and Phelps (1972), suggests that
the economy is more able to dampen
shocks, such as fluctuations in the real rate
of return on risky capital investment,
when inflation rates are positive.  The
notion is that the conditions required for
stability are sturdier at higher rates of
inflation, and thus at higher nominal rates
of interest, making the economy as a
whole less vulnerable to stochastic shocks.
This has sometimes been forwarded as an
argument for stability through inflation.
Many economists have no doubt come
away from this literature thinking, albeit
probably vaguely, that a little inflation is a
good thing.  Echoes of this hypothesis can
be heard today as many economists won-
der aloud whether monetary policymakers
should proceed to lower inflation rates.  

Our view is that the “stability-through-
inflation” argument has not stood the test
of time very well.  On the one hand, the
rational expectations revolution destroyed
much of the argument’s foundation by
insisting on agents that adjust their expec-
tations very rapidly and hence immediately
violate the stability condition derived in

the previous literature.  The down side of
the rational expectations innovation was
that it left theorists arguing that a likely
outcome was a stationary equilibrium on
the high-inflation side of the Laffer curve.
On the other hand, more sophisticated
treatments of the adaptive expectations
hypothesis, mostly appearing in the recent
literature on learning in macroeconomic
models, have found less tendency toward
instability at low inflation rates.  They sug-
gest, instead, that relatively low inflation
rates were associated with stability in 
the learning dynamics, and relatively 
high inflation rates were associated with
instability in the learning dynamics.  In
these systems, higher inflation is often
more variable inflation.  In either case—
the rational expectations case or the
learning case—the notion that low rates of
inflation can generate instability is, if not
altogether absent, at least much less likely.
Thus we conclude that the stability-through-
inflation argument is effectively defunct.

We proceed by summarizing the orig-
inal stability-through-inflation arguments
and the grounds on which they were criti-
cized in the literature.  We then summarize
the rational expectations solution.  The
subsequent portion of the paper then 
turns to a discussion of the behavior of 
the model under what we regard as more
sophisticated treatments of the adaptive
expectations hypothesis.  In the second
half of the paper, we turn to recasting the
argument in a version of the model with
fixed real government deficits financed 
by seignorage revenue. The final section
provides a summary.

CAGAN’S FRAMEWORK
We frame our discussion in the guise

of a Cagan model:

( ) ( ) ,1
H

P
St

t
t= β
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ment of Baruch College, City University of New York.  The authors thank Rob Dittmar and Nick Meggos for research assistance, and Steve
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and

where Ht is high-powered money at time t,
Pt is the price level at time t, F is an operator
representing the forecast made at time t for
the price at time t 1 1, bt is the expected
gross rate of inflation at time t, and S(.) is
a continuous money demand function in
expected gross inflation.  We assume that
S'(.) , 0 and S"(.) ≥ 0 ;b throughout.
Equation 2 is a version of the government
budget constraint in which we allow two
parameter configurations.  The first is {u .
1, j 5 0}, so that the stock of high-powered
money grows at a constant rate and the
revenue to the government from the infla-
tion tax is endogenous.  We will call this
the constant-money-growth model.  The
second parameter configuration is {u 5 1, j
. 0}, so that we can envision the government
choosing Ht to fix the real revenue from
money creation at j each period.  In this
case, j is the fixed real government deficit,
and we refer to this as the fixed-deficit
model.  The model is not closed until an
assumption is made about how expectations
are formed, and how this assumption is
made has wide-ranging implications for
the conclusions we will draw from this
model.  An equilibrium is a strictly
positive sequence for money and prices
such that the assumption concerning
expectations formation always holds.

We note for future use that in the case
of a constant-money-growth model, the
actual law of motion for prices is given by  

In the case of a fixed-deficit model, the
actual law of motion for prices is given by 

Equations 1-3 can be given a general
equilibrium interpretation.  In particular,
these equations arise in a simple
overlapping-generations model with fiat
money, where the technology is such that

one unit of labor produces one unit of the
good.  In that case, the function S(.) is an
aggregate excess demand function and is
thus continuous.  The assumption that 
S'(.) , 0 is a gross substitutes assumption
in such an economy.  If preferences are
time-separable logarithmic, the function
S(.) is linear in b.  Any choice of a contin-
uous function for S(.) can be mapped into
a set of well-defined preferences for the
agents in the overlapping generations
economy.  Finally, in the overlapping 
generations economy, Equation 2 can 
be viewed as a government budget con-
straint.  In the constant-money-growth
specification, government revenue is
endogenous, while in the fixed-deficit
specification, the money supply is chosen
to produce a fixed stream of revenue.1

THE CONSTANT MONEY
GROWTH MODEL
Adaptive Expectations

We first illustrate the argument for sta-
bility through inflation posed by Vickrey
(1954) and Phelps (1972).  We accordingly
close the model with an adaptive expecta-
tions assumption.  We derive the stability
condition for a general demand function,
although the early arguments were often
posed in terms of a specific function, a
Cagan demand schedule given by 

where a . 0 is the semi-log slope of the
demand function.

The adaptive expectations hypothesis
is given by  

where g . 0.  The agents in the economy
update their expectations by multiplying the
previous expectational error by a constant.
Here we have made use of the fact that 

θ β
β

S

S
t

t

( )

( )
−

−

2

1

( )
( )

( )
,7 1

2

1
1β β γ θ β

β
βt t

t

t
t

S

S
= + −









−

−

−
−

( ) ( ) ,( )6 1S et
tβ α β= −

( )
( )

( )
.5 1

1P
S

S
Pt

t

t
t=

−
−

−
β

β ξ

( )
( )

( )
.4 1

1P
S

S
Pt

t

t
t= −
−

θ β
β

( ) ,3 1FP Pt t t+ = β

( ) ,2 1H H Pt t t= +−θ ξ



FEDERAL  RESERVE  BANK OF  ST.  LOU IS

39

2 In some sense there will be no
second equilibrium in the model
in this case.  Bruno and Fischer
(1990) interpret a related
model with bonds and a Cagan
money-demand schedule.  In
their interpretation, a constant-
money-growth policy is superior
to a constant-deficit policy
because, in the former case,
the nonmonetary steady state
would not exist.

3 We analyze the characteristic
equation according to the condi-
tions laid out in Baumol (1959).

4 Cagan (1956) studied the sta-
bility of a related continuous
time system under adaptive
expectations using what has
become known as the Cagan
demand schedule.  The stability
condition in that case is 
ag < 1.

5 For a more detailed analysis of
dynamics of this sort, see
Bullard (1994).
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is the actual gross rate of inflation in this
economy.  We will call the constant g the
gain. Equation 7 defines a dynamic system
in one variable.  One can verify by inspec-
tion that b 5 u is a steady state of this
system.  A second steady state could exist
at a stationary value of b such that S(b) 5
0, and we will denote this steady state 
by b 5 b

_
.  We assume throughout that 

b , b
_

— that is, that the rate of currency
creation is not so high as to cause agents to
cease holding currency altogether.  We will
call the steady state at b 5 u the monetary
steady state and the steady state at b 5 b

_

the nonmonetary steady state to reflect the
fact that no currency is held in the latter
situation.  Since we assume that S'(.) , 0,
the nonmonetary steady state is unique.  It
may be the case that money demand
merely approaches zero asymptotically, as
with the Cagan schedule, and here we
simply think in terms of b

_
—> `.2

Equation 7 implies a first-order system
which can be written as  

so that, defining zt 5 [bt, bt -1]' and G(.)
by the right-hand side of these equations,
we can write zt 5 G(zt-1).  We can study
stability by linearizing this system at either
one of the steady states, which we denote
generically by z* 5 [b, b].  Linearization
results in the Jacobian matrix 

where 

A study of the characteristic equation of this
matrix leads to the conclusion that stability
of the system in the vicinity of a steady state
is governed by two conditions.3 The first
condition is that J , 1, and the second con-
dition is that the gain g is not greater than 1.

This situation is depicted in Figure 1, which
plots the value of J against the value of g.

The condition on the gain parameter g
simply says that if there is too much
emphasis on the expectational error in the
expectations adjustment process, the
dynamics of the system will be locally
unstable, regardless of any other parameter
values.  According to the figure, this situa-
tion occurs only with relatively large
values of g, in particular values that are
greater than unity.  While this result is
informative, we normally want to think of
expectations as being adjusted by some
fraction of the most recent expectational
error.  If we restrict the gain to be less than
one, then the condition for local stability
reduces to J , 1.  With this restriction and
a Cagan schedule, the local stability condi-
tion at the monetary steady state would
become agu , 1.4 When the condition 
J , 1 is satisfied, the steady state will be
stable so long as one starts the system
close to the steady state.  When the condi-
tion is violated, one of two dynamics may
be observed.  The system may simply
diverge, or it may settle into a cycle.  Which
of these possibilities occurs depends, in a
complicated way, on the second and third
derivatives of the money-demand schedule.5

We now comment on the condition 
J , 1.  We begin with the monetary steady
state, b 5 u.  We first note that high rates
of money creation, u..1 imply instability.
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Since the steady-state rate of inflation is the
constant rate of money creation in the mon-
etary steady state of this model, arguments
concerning low values of inflation must
involve relatively low values of u.  We note
that higher values of the gain parameter g
also imply instability.  But the argument for
stability through inflation involved the
semi-log slope of the demand function.
The argument by Vickrey (1954) and
Phelps (1972) suggested that a should be
viewed as itself depending on inflation, and
that it would rise dramatically as inflation
fell.  In particular, limb—>1 a 5 1 `.  Thus
the condition would be violated at rates of
inflation sufficient to drive the nominal
interest rate to zero.

This can happen.  An example of
stability through inflation under adaptive
expectations can be constructed for the
Lucas (1994) money demand schedule, 

where he(0, 1).  In this case, the condition
J , 1 amounts to 

The limit of this expression as u—>1 is 1 `,
so the stability condition is always violated
at sufficiently low rates of inflation.

The argument that ag is more likely to
be greater than one at low rates of inflation
may be countered with the argument that
g is likely to be higher at high rates of
inflation and lower at low rates of inflation.
It seems plausible that people revise expec-
tations more rapidly the higher the inflation
rate, so that the increase in a at low rates
of inflation may be offset by a corresponding
reduction in g.  Later in this section, we
will see that this type of phenomenon is 
in fact possible under alternative expecta-
tional assumptions.

The nonmonetary steady state will
never be locally stable based on the condi-
tion J , 1, because while S'(b

_
) is finite,

S(b
_
) 5 0 and thus we expect the condition

to be violated.  The model with the Cagan
demand schedule does not possess a finite
value for b

_
and thus we cannot evaluate

that model at b
_
.

Rational Expectations
The argument for stability through

inflation is largely moot if one assumes
rational expectations, but at the same time
the results under rational expectations are
unsettling.  Here we close the model 1-3
with a perfect foresight assumption:

 

so that Equations 1-2  imply the first-order
difference equation, 

The equation has steady states at b 5 u
and b 5 b

_
.  We plot this function qualita-

tively in Figure 2 for the case of a linear
demand schedule, 1 -lbt, with le(0, 1).

There is an infinity of equilibrium
sequences indexed by b0.  The monetary
steady state is the asymptotic outcome only
if b0 5 u.  All other equilibrium sequences
have the property that limt—>`bt 5 b

–
.
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The model is silent about which of these
equilibrium sequences will actually be
achieved, but many have interpreted this
result as meaning that the monetary steady
state is unstable under the rational expec-
tations dynamics. That is, the nonmonetary
steady state is locally stable, unless b

–
—>`,

in which case the inflation rate accelerates
forever and real balances fall to zero
asymptotically.

Thus, there is little to argue about the
slope of the demand schedule in the perfect
foresight case.  Here the monetary steady
state of the system is unstable regardless of
parameter values.  We note that the high-
inflation stationary equilibrium at b

–
is a

Pareto inferior outcome in the general
equilibrium interpretation of the model.

Least Squares Learning
Since the rational expectations

dynamics do not seem entirely sensible,
some authors have tried to improve on the
adaptive expectations hypothesis by
employing a learning assumption.  Bullard
(1994) has analyzed the constant-money-
growth model under least squares learning
by using methods introduced by Marcet
and Sargent (1989). The model is closed
by assuming that 

so that agents form expectations by calcu-
lating a first-order autoregression on past
prices.  The least squares formula can be
written recursively as  

where  

If the recursive rewrite is combined with
the actual law of motion for prices in this
system, we obtain  

where

Thus, this system differs from the adaptive
expectations scheme in that the gain para-
meter varies between zero and one.  This
situation creates a dynamic system in three
variables, bt, bt-1, and gt and if the linearized
system is evaluated at the steady state,
there are three associated eigenvalues.

One of the eigenvalues is u -2, and given
our assumption that u .1, this root is
stable.  Whether the remaining eigenvalues
are inside the unit circle depends on
whether J , 1,  where J is now given by 

If we employ the Cagan schedule and
evaluate the condition at the monetary
steady state, J , 1 implies that 

From this, we come to still a different con-
clusion regarding the prospects for the
stability of the monetary steady state. First,
the right-hand side of this inequality goes
to zero as u —> `.  Thus we again conclude
that high rates of money growth will be
destabilizing.  But for low rates of inflation,
that is, for u —>1 from the positive side,
the right-hand side of the inequality tends
to 1 `.  The inequality is very likely to be
satisfied for low rates of money creation and
hence low rates of inflation. The argument
for stability through inflation was that a
might become very large for low rates of
inflation, and we conclude that in the least
squares learning case the semilog slope
would have to tend to infinity very rapidly
at low rates of inflation if the condition for
stability were to be violated. Thus, the
condition in this case is far sturdier.

The increase in sturdiness can be illus-
trated if we return to Lucas’s (1994) money
demand schedule, S(bt) 5 (bt -1)-h, and
compute the value of J at the monetary
steady state:
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Here, limu–>1 J52h, so that stability is
retained so long as h , 0.5.  Lucas’s (1994)
preferred value for h was in fact 0.5.  More
broadly, a situation that was always unstable
in the adaptive expectations case, regardless
of parameters, is here stable for some fairly
reasonable parameter configurations.

Figures 3 and 4 plot qualitatively the
modulus of the eigenvalues for this system,
computed at the monetary steady state, for
the Cagan money-demand schedule.  In
Figure 3, u is on the horizontal axis, while
in Figure 4, a is on the horizontal axis.
These diagrams are unchanged in qualita-
tive terms for different fixed levels of a (in
Figure 3) and u (in Figure 4).  When the
quantity au -1(u2–1) is small, as it will be
for low a and low rates of money creation,
the system is stable, and all three roots are
real and inside the unit circle.  As we move
to the right in the diagrams, two roots
combine into a complex conjugate and
cross the unit circle.  When the condition 
J , 1 is satisfied and the system is started
in the vicinity of the monetary steady state,
the dynamics converge.  If the condition 
is violated, either the system is locally
nonconvergent or the dynamics settle into
a cycle.  Bullard (1994) analyzes this bifur-
cation in some detail and provides
examples of the possible outcomes.

The nonmonetary steady state will not
be locally stable under least squares learning.
If we think in terms of a linear demand
schedule, for instance, the condition in
Equation 19 will never be met, because
S'(b

_
) is a constant and S(b

_
) 5 0, causing 

J —> ̀  at this stationary equilibrium.  The
Cagan schedule cannot be evaluated at this
steady state because b

_
—> ̀  in that case.6

We now turn to stability-through-infla-
tion arguments in the fixed deficit model.

THE FIXED DEFICIT MODEL
Adaptive Expectations

The fixed deficit model with adaptive
expectations is given by 

We look for steady states of this equation,
which occur at
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6 We comment briefly on the
case where u # 1.  Here the
monetary steady state involves
either constant prices or a
declining price sequence.  The
roots of the system are no
longer given according to the
previous paragraph.  Instead
the gain, gt , tends to zero at a
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or

If j 5 0, the steady states occur at b 51
and b 5 b

_
, which are the monetary and

nonmonetary steady states of the constant-
money-growth model in the special case
where the currency stock is fixed (u 5 1).
This is a way of saying that the constant-
money-growth model with no growth in 
the money supply is the same as the fixed
deficit model with a zero deficit, because a
zero deficit implies that the money stock 
is constant.

To find the steady states in the case
where j . 0, we derive a Laffer curve as
follows.  First, find the derivative of j with
respect to a steady state rate of expected
gross inflation b as

This derivative is positive as b —> 1 from
the positive side, and negative as b—>b

_

from the left.  The maximum value of the
deficit can be obtained when this derivative
is zero, which is when  

Because the right-hand side is negative, jmax

must occur at a value of b . 1.  Since b .
b
_

implies that the right-hand side is posi-
tive, jmax must occur at a value b , b

_
.

From Figure 5 we deduce that there are
always two steady states so long as 0 , j
, jmax.  We call these the low-inflation steady
state, bl, and the high-inflation steady state,
bh. We note that 1 , bl , bh , b

_
and that

money is held at both steady states.
We can again define zt 5 [bt, bt-1]' and

G(.) based on the right hand side of  Equa-
tion 22, so that zt 5 G(zt-1), and we let the
two steady states be represented generically
by z*5 [b, b]'.  The relevant Jacobian
matrix is then given by 

where

Stability in the vicinity of a steady state is
governed by two conditions.  The first is
that J , 1, and the second is that the gain
g is not too large.  In fact, as b—>1, a
depiction of the local stability conditions is
exactly as shown in Figure 1.  For systems
with more inflation, the upward-sloping
line in that figure becomes flatter while
still going through the point (2, 0).  Again,
instability arising solely from too large a
gain only occurs for high values of g, well
in excess of unity.  This makes intuitive
sense in that it means that a small expecta-
tional error in the previous period gets
translated into a large change in expectations
in the current period, to such an extent
that the system is destabilized.  If we make
the restriction g , 1, then there is a single
condition for local stability, namely J , 1.7

In considering this condition, we note
that b enters as a separate term in the
numerator and thus that stability will
depend in part on the level of steady-state
inflation.  In the case of a Cagan schedule,
we conclude that the condition for the 
stability of the low-inflation steady state
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rapid rate.  This can inhibit
learning since learning ceases
with this algorithm when gt =
0; that is, the system can get
stuck at some point because
the gain is zero and no further
adjustment can be made.  The
stability of the system is not in
question, however, and the
problem of the gain tending to
zero can be remedied by
adding a stochastic element to
the money-creation process.
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would be agbl , 1, and for the high-infla-
tion steady state would agbh , 1.  This
means that, if there is any steady-state
inflation rate on the low-inflation side of
the Laffer curve for which the condition 
J , 1 fails, then the condition fails at all
points on the high-inflation side of the
Laffer curve, since the steady-state inflation
rates there are higher still.  Thus stability
on the high-inflation side of the Laffer
curve is unlikely.

The arguments for stability through
inflation in the deficit model mirror those
for the constant-money-growth model,
since stability conditions are analogous.

Rational Expectations
Sargent and Wallace (1981, 1987)

have studied this model under rational
expectations. We summarize their findings
here. We assume perfect foresight, which
implies that equilibrium is described by
the difference equation  

The qualitative graph is given in Figure 6.
The low-inflation steady state is unstable

under the rational expectations dynamics,

and the high-inflation steady state is locally
stable.  Again, there is little to discuss in
the case of rational expectations.  Marcet
and Sargent (1989) note that the equilibrium
at bh involves perverse comparative statics,
an increase in the deficit leading to a
decrease in the steady state rate of inflation.
These comparative statics are the result of
the fact that the equilibrium is on the high
inflation side of the Laffer curve.

Least Squares Learning
The least squares learning version has

been analyzed by Marcet and Sargent (1989)
in the special case that the demand function
is linear. We summarize their findings
here. The dynamic system is given by  

where

This is a three-dimensional system, and
here the gain gt is always between zero and
one. One characteristic root of the linearized
system is always in the stable region. The
remaining roots are the eigenvalues of the
characteristic equation associated with 

where

Marcet and Sargent (1989) report that, for
the linear demand schedule, the low-infla-
tion steady state is locally stable if and only
if J , 1, and that the high-inflation steady
state is unstable in the least squares learning
dynamics.  The condition that J , 1 is
exactly the same as in the fixed money
growth case except that u is replaced by 
bl.  The arguments concerning stability
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7 Bruno and Fischer (1990)
studied a related model under
adaptive expectations and a
Cagan demand schedule, but in
continuous time.  There the sta-
bility condition is ag < 1.

Figure 6

.50

.25

0

.75

.75

0

.25

.50

0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

Note: Steady states under perfect foresight.  The graph of the function describing the 
system intersects the 45 degree line, the straight line in the figure, at two points.  The 
intersection involving lower inflation is unstable in the perfect foresight dynamics.

Linear demand with,    = 0.5,    = 1.1

Steady States Under Perfect Foresight
bt

bt-1
jl



FEDERAL  RESERVE  BANK OF  ST.  LOU IS

45

JANUARY/FEBRUARY  1998

through inflation are therefore essentially
the same here as in the constant-money-
growth model.

CONCLUSIONS
We have analyzed the status of the sta-

bility-through-inflation argument due to
Vickrey (1954) and Phelps (1972), and we
have done so largely within the framework
of original argument. This framework is
simple and abstract.  Certainly much more
could be done in the context of less
abstract models; we leave that task as a
challenge for future research.

Other attempts have been made to get
to the bottom of the stability question in
versions of the Cagan model.  Marimon and
Sunder (1993) conducted experiments with
human subjects in the fixed-deficit model
with a linear demand schedule and found
that the resulting dynamics nearly always
converge near the low-inflation steady state.
Marimon and Sunder (1993) concluded
that least squares learning provides a
better approximation to the behavior of
their subjects than rational expectations.

Arifovic (1995) studied some of the
systems outlined here in the case of genetic
algorithm learning. The genetic algorithm
envisions large numbers of agents trying
out alternative decision rules simultaneously.
Successful rules are copied more often than
unsuccessful ones, and Arifovic studies the
convergence properties of these systems.
Her main finding is that the systems with
genetic algorithm learning tend to converge
to the low-inflation steady state, and that
these systems sometimes converge even
when the same system under least squares
learning does not.

It appears that not much remains of the
original argument that stability can be main-
tained through inflation. Under adaptive
expectations, it is possible that the local
stability condition is violated because of an
increase in the elasticity of money demand
at low or negative inflation rates.  This hap-
pens, for instance, in the case of the Lucas
(1994) money demand schedule.  But under
least squares learning, any effect of low
inflation on the slope of the demand

schedule can be offset by a countervailing
movement in the gain.  Under rational
expectations, the argument for stability
through inflation is turned on its head.
Stability in this case is achieved only at
high rates of inflation, at a socially
undesirable point on the high-inflation
side of the Laffer curve.
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