Can the Government
Roll Over Its Debt Forever?

In the past dozen years, the federal govern-
ment has regularly run large deficits, usually
well in excess of $100 billion per year. The
amount of federal government debt outstand-
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ing has quadrupled during this time, from a
value of $908 billion at the end of fiscal year
1980 to a value of $3,665 billion at the end of
fiscal year 1991. Even after correcting for infla-
tion, theamountofgovernmentdebthas grown
by afactorof2.5overthisperiod. Thisapparent
explosion in the amount of government debt
hasled tospirited and protracted public debate
about federal tax policy and federal expendi-
tures. Despite the widely professed desire to
reduce the federal deficitand tolimit the growth
of federal government debt, a consensus about
how to achieve these alleged goals has not yet
emerged. Faced with continuing deficits, the
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government has resorted to rolling over its
debt—that is, issuing new debt to pay the
interest on existing debt and to pay off holders
of maturing debt.

Is rolling over the debt the solution that we
have been looking for? Can the government
simplyroll overits debt forever withouthaving
to take the politically costly steps of raising
taxes or cutting expenditures in the future?
This article discusses the feasibility of rolling
over government debt forever. As we will see,
this question is related to another important
questionabout the future of theeconomy: Is the
economy as a whole saving an appropriate
amount for the future? In addition, both of
these questions are related to the question of
whether an entity can run a Ponzi game.

THE SIMPLE ARITHMETIC OF
GOVERNMENT DEBT ACCUMULATION

To address the question of whether the gov-
ernment can roll over its debt forever, we need
to quantify the factors that contribute to the
growth of government debt over time. We
begin by specifying the relationship between
government deficits and the growth rate of
government debt. Then we examine whether
the public would be willing to hold ever-in-
creasing amounts of government debt, thereby
permitting the government to roll over its debt
forever.

Primary and Total Deficits. Although itis
tempting to think of both “debt” and “deficits”
as representing the “D word,” there is an im-
portant distinction between debt and deficits.
Government debt is the liability of the govern-
ment owed to holders of government bonds at
any particular moment; it is measured in dol-
larsas ofa particular date, such as $3,665 billion
as of September 30,1991. A government deficit
is the excess of government expenditures over
government receipts during a particular pe-
riod. The government deficit equals the in-
crease in the amount of government debt dur-
ing a particularinterval; itis measured in terms
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of dollars per unitof time, such as $320.9 billion
per year during fiscal year 1991 (October 1,1990
- September 30, 1991). In terms of familiar
accounting concepts, government debt is a bal-
ance sheet concept, whereas the government
deficit is an income statement concept.

Although the definition of the government
deficit as the excess of government expendi-
tures over government receipts during a par-
ticular period seems fairly unambiguous, actu-
ally two different deficit concepts are widely
used. The difference between these two deficit
concepts lies in whether interest payments on
government debt are included as part of gov-
ernment expenditure. One deficit concept,
known as the primary deficit, does not include
interest payments on the government debt as
part of government expenditure. Thus, the
primary government deficit is calculated as all
noninterest expenditure by the government
minus government receipts. The primary gov-
ernmentdeficitwas “only” $34.9billionin fiscal
1991 (Table 1).

The other deficit concept, known as the total
deficit or simply the deficit, includes interest
paymentsby the governmentas partof govern-
ment expenditure. Thus the total deficitequals
total government expenditure, including inter-
est payments, minus government receipts. In
fiscal 1991, interest payments by the govern-
ment amounted to $286.0 billion, so that the
total government deficit of $320.9 billion ex-
ceeded the primary governmentdeficitby $286.0
billion.

Why are there two different deficit con-
cepts? Thereasoneconomists and policymakers
look atboth of these deficit concepts is thateach
concept provides the answer to a different
question. Specifically, the primary deficit an-
swers the question: Are current taxes sufficient
to pay for spending on current government
programs? More precisely, the primary deficit
measures the extent to which spending on cur-
rent programs exceeds the taxes currently col-
lected. The total deficit answers a different
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TABLE 1

Government Deficit

Fiscal Year 1991

(October 1, 1990 - September 30, 1991)

Government Expenditures

Noninterest expenditures®
Interest payments by government”

Andrew B, Abel

The historical behavior of
the debt-GNPratio over the
last century in the United
States 1s shown in Figure 1.
Notice that the debt-GNP
ratio rose sharply during
World Warland World War
II, and then fell gradually
after these wars (and also
fell gradually for about a

$795.3 billion
$286.0 billion

Total expenditures®

Government Receipts®

Primary Deficit = $795.3 billion - $760.4 billion = $34.9 billion
Total Deficit = $1,081.3 billion - $760.4 billion = $320.9 billion

*Source: calculated as total expenditures minus interest payments by

government.

®Source: Treasury Bulletin, March 1992.

“Source: Economic Report of the President, 1992, Table B-75.

question: How much will the governmenthave
toborrow to pay for its expenditures? The total
deficit during a year measures the increase in
government debt during that year.

The Debt-GNP Ratio. How do we gauge
whether a government’s debtis toolarge? One
way to gauge the size of a government’s debt is
by the government’s ability to repay the debt.
Governments that have access to larger tax
bases would be able to support larger amounts
of debt than governments with smaller tax
bases. For the federal government, we can
gauge the size of the tax base by some measure
of national income, such as Gross National
Product (GNP) or Gross Domestic Product
(GDP). In this article, we will use GNP as the
measure of national income, and thus we will
use the ratio of government debt to
GNP—knownasthe debt-GNP ratio—to gauge
the size of government debt.

$1,081.3 billion

half century after the Civil
War). In addition to the
increases in the debt-GNP
ratio during wars, the debt-
GNP ratio alsorose sharply
during the Great Depres-
sionofthe 1930sand during
the 1980s.
What causes the debt-GNP
ratio to increase from one
year to the next? Justas a
matter of simplearithmetic,
the debt-GNP ratio will rise
whenever the growth rate
of the numerator, i.e., the
growth rate of government
debt, is higher than the growth rate of the
denominator, i.e., the growth rate of GNP. As
we have discussed earlier, the increase in gov-
ernment debt during a year equals the total
deficit, whichin turnequals the primary deficit
plus interest payments by the government.
Thus, the debt-GNP ratio tends to increase
when (1) the primary government deficit is
large; (2) interest payments by the government
are large; and (3) the growth rate of GNP is
small. The following equation, which is an
approximation derived in Appendix A, cap-
tures the simple arithmetic of government debt
accumulation:
(1) growth rate of debt-GNP ratio =

primary deficit/debt

+ interest rate

- growth rate of GNP

Note that when the growth rate of the debt-

$760.4 billion
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FIGURE 1
Debt-GNP Ratio
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Sources: Ratio of government debt to GNP. Source of government debt {(end
of fiscal year): 1869-1939 from Historical Statistics of the United States, series
y338; 1940-1969 from Banking and Monetary Statistics, 1941-1970, Table 13.1, C;
1970-1979 from Federal Reserve Board Annual Statistical Digest, 1970-1979,
Table 27; 1980-1989 from Federal Reserve Board Annual Statistical Digest, 1980-
1989, Table 26; 1990-1991 from Treasury Bulletin, March 1992, Table FD-1.
Source of GNP: 1§69-1958, Balke, Nathan S. and Robert J. Gordon, Appendix B
Historical Data, in The American Business Cycle: Continuity and Change, Robert
J. Gordon (ed.), Chicago and London: The University of Chicago Press, 1986;
1959-1991 from Data Resources Incorporated (1960 GNP is 2 percent higher in

DRI than in Balke and Gordon).

GNP ratiois positive, this ratio is growing, and
when the growth rate of the debt-GNP ratio is
negative, the debt-GNP ratio is falling.

The three components of the growth rate of
the debt-GNP ratio on the right-hand side of
equation (1) explain, in an arithmetic sense at
least, the historical behavior of the debt-GNP
ratio shown in Figure 1. The sharp increase in
the debt-GNP ratio during both world wars
resulted from sharp increases in the primary
deticit (Figure 2). Of course, the increase in the
primary deficit reflects the large increase in
military expenditure during wartime. Therise
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in the debt-GNP ratio
during the Great De-
pression resulted from
large declines in GNP
during the early 1930s
and from large primary
deficits beginning in
1932. The decline in the
debt-GNP ratio during
the three-and-a-halfdec-
ades following World
War II resulted from a
combination of factors:
(1)asmall—indeed usu-
ally negative—primary
deficit; and (2) an inter-
estrate that was usually
smaller than the growth
rate of GNP. However,
during the 1980s the
debt-GNP ratio de-
parted from its typical
pattern of peacetime be-
haviorand begantorise.
Arithmetically, the posi-
tive growth rate of the
debt-GNP ratio was ac-
counted for by a rela-
tively large ratio of the
primary deficit to gov-
ernmentdebtintheearly
1980sand by thefact that
the interest rate exceeded the growth rate of
GNP for most of the 1980s.

Rolling Over Government Debt. Our dis-
cussion of the debt-GNP ratio was motivated
by the desire to gauge the size of government
debt relative to the government’s ability to
repay that debt. What problems might be
associated with a high value of the debt-GNP
ratio? Ifthe debt-GNP ratiowere tobecome too
large, the publicmightbegintosuspectthatone
day the government would default onits debt,
and this suspicion might make the public un-
willing to buy additional government debt.

1970
1990
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There are many ways the
government could default
on its debt. The govern-
ment could simply re-
nounce its liabilities and

Percent
refuse to pay holdersof gov- 80
ernment bonds. Alterna- 70[
tively, the government 60 L

could heavily tax the princi- 50
pal and/or interest on gov- 40
ernment bonds, effectively 30
defaulting on atleasta frac- 20
tion of its liabilities. More 10
subtly, the government o A

could print money and cre-
ateinflation, which reduces
the real purchasing power
of its dollar liabilities repre-
sented by government
bonds. Another problem
with a very high debt-GNP
ratiois that the interest pay-
ments on government debt
become a very large frac-
tion of GNP. If the debt-
GNP ratio becomes ex-
tremely large, the increase
in government debtneeded
to pay the interest on the
outstanding government
debt could become larger
than all of GNP, and the public would not be
able to buy this debt.

The willingness or unwillingness of the pub-
lictobuy additional governmentdebt when the
debt-GNP ratio gets large determines whether
the governmentcanroll overits debt forever. If
a policy of rolling over government debt for-
ever would cause the debt-GNP ratio to grow
forever without bound, the public would be-

LIf the debt-GNP ratio exceeds the reciprocal of the
interest rate on government bonds, interest payments on
government debt would exceed GNP.

1890
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FIGURE 2
Components of

Debt-GNP Growth Rate

m® Primary Deficit/Debt
=

Growth Rate of GNP
Interest Rate
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Sources: Primary deficit calculated as total deficit minus interest pay-
ments by the government. Source of total deficit: 1869-1939 from Historical
Statistics of the United States, series y337; 1940-1991 from Economic Report
of the President, February 1992, Table B-74, on-budget. Source of interest
payments: 1869-1969: from Historical Statistics of the United States, series
y461;1970-1991 from Treasury Bulletin, various issues, Table FFO-3. Interest
rate calculated as interest payments in current fiscal year divided by govern-
ment debtatend of previous fiscal year (see note to Figure 1 for source of data
on government debt).
described in note to Figure 1.

Growth rate of GNP calculated from GNP data

come unwilling to buy the government debt
offered for sale and the rollover policy would
have to terminate. However, if the debt-GNP
ratio falls forever when the government is pur-
suing a rollover policy, it would be possible to
roll over government debt forever.

But how could the debt-GNP ratio fall for-
ever while the government is rolling over its
debt? To answer this question, we will first
precisely definea policy of rolling over the debt
interms of the primary deficit,and then we will
use equation (1) to see how the debt-GNP ratio
changes over time under a policy of debt
rollover.

~1
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Quite simply, a government is rolling over
its debt if its primary deficit is zero, so that its
total deficit equals its interest payments on
government debt. In this case, the government
sells additional government bonds (debt) to
pay theintereston government debtand to pay
off holders of maturing government debt. If
the government can run a zero primary deficit
forever, selling bonds to cover the total deficit,
then it can roll over its debt forever. Whether
the government is able to run a zero primary
deficit forever depends on whether the debt-
GNP ratio eventually becomes too large when
the government runs a zero primary deficit
year after year.

To see if a government can run a zero pri-
mary deficit forever, we simply set the primary
deficitinequation (1) equal to zeroand observe
thatin this case the growthrate of the debt-GNP
ratio equals the interest rate minus the growth
rate of GNP. If the interest rate is higher than
the growth rate, the debt-GNP ratio grows
forever withoutbound, and eventually the gov-
ernment would lose its ability to roll over its
debt. However, if the interest rate is smaller
than the growth rate of GNP, the growth rate of
the debt-GNP ratio would be negative, and the
government could roll over its debt forever.
For instance, if the interest rate is 3 percent per
year and the growthrate of GNP is4 percent per
year, interest payments amount to 3 percent of
government debt. If the government sells new
bonds to pay these interest payments, the sup-
ply of government debt will increase by 3 per-
cent per year, which is less than the 4 percent
annual growth rate of GNP. Thus, the debt-
GNP ratio would decline.

For most of the last century in the United
States, the interest rate on government debthas
been]ower than the growthrate of GNP (Figure
2). In fact, the average interest rate on govern-
ment debt was 4.12 percent per year, and the
average growth rate of GNP was 5.86 percent
per year over the period 1869-1991. If this
pattern with the average interest rate below the
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average growth rate were to continue to hold
forever, it would appear that the U.S. govern-
ment could roll over its debt forever.

WHAT HAPPENS WHEN
THE INTEREST RATE IS LESS THAN
THE GROWTH RATE OF GNP?

We have seen that over the last century the
average interest rate on government debt was
lower than the average growth rate of GNP.
One important implication of having an inter-
est rate lower than the growth rate of GNP is
that the government can roll over its debt
forever. In this section, we discuss two other
important—and surprising—implications of
having aninterestratelower than theeconomy’s
growth rate.

The Economy Has Too Much Capital. The
most important factor determining the stan-
dard of living of future generations is the long-
run rate of economic growth. One of the pri-
mary ways that an economy can help promote
economic growth is to save for the future by
increasing the capital stock of productive equip-
ment and structures. This process of capital
accumulation combines a present sacrifice in
the form of reduced present consumption with
a future benefit in the form of increased future
output and consumption. At various times in
recent history, policymakers have made the
judgment that the future gain is worth the
present sacrifice, and national economic policy
focused directly on stimulating capital forma-
tion by providing tax incentives in the form of
accelerated depreciation allowances and the
investment tax credit.

Is it possible for an economy to overdo it?
More precisely, is it possible for an economy to
accumulate and maintain a level of capital that
is unambiguously too high? Surprisingly, the
answer is yes. An economy can accumulate so
much capital that the current sacrifice associ-
ated with current investment actually leads to
a future sacrifice in the form of reduced future
consumption. In this situation, the present
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sacrifice associated with capital formation is
clearly not worth undertaking. Aninterestrate
smaller than the growth rate of the economy
signals that such a situation exists.

To see how it would be possible to have too
much capital, suppose a piece of capital re-
quires $5 worth of resources every year to
maintain it in working order, but the capital
contributes additional output worth only $4
peryear. Theeconomy would besufferinganet
loss of $1 per year and would be better off
without the capital.* Atthelevel of the national
economy, we can say that an economy has too
much capital if in every year the amount of
resources devoted to creating new capital and
maintaining old capital is greater than the con-
tribution to total output of the total capital
stock. To put this condition in the language of
national income accounting, an economy has
too much capital if in every year gross invest-
ment (the amount of resources devoted to new
capital formation and replacement of depreci-
ated capital) exceeds gross capital income
(which measures the contribution of capital to
total output). We write this condition as:

(2) too much capital if:

gross investment >gross capital income

in every year.

Now we can relate the condition for too
much capital to the relationship between the
interestrate and the growthrate. Thisrelation-
ship is clearest for an economy growing at a

?In this numerical example, net investment is zero, but
the same principle applies when there is positive net invest-
ment. For example, consider a firm that operates a factory
with a work force that grows by 2 percent per year. If the
firm maintains a constant ratio of capital to labor, the firm'’s
capital stock would grow by 2 percent per year. However,
if the contribution to total output of each unit of capital is
only 1 percent of the value of the capital stock, then the firm
would be pouring more resources into the factory than it
gets out of the factory, and it would be better off closing that
factory.

Andrewe B. Abel

constant rate year after year, so let’s suppose
that the economy is growing at constant rate g
every year. Thus, forexample, GNP is growing
atthe rate g and the total capital stock, K, is also
growing at the rate g. With the capital stock
growingattherate gperyear, theamountofnet
capital formation during a year is gK. Inaddi-
tion, some resources are devoted to replacing
capital that depreciates during the year. Let-
ting d be the fraction of the capital stock that
depreciates during a year, the total amount of
depreciation during a year that must be offset
by capital formationis dK. Gross investmentis
the sum of net capital formation and deprecia-
tion:

(3) gross investment = gK +dK = (g+ d)K

The contribution of capital to total outputis
measured by gross capital income. Letting R
denote the gross rate of return on capital, we
have:

(4) gross capital income = RK

Comparing gross investment in equation (3)
with gross capital income in equation (4), we
see that the economy has too much capital if
(g + d)K > R K in every year, or equivalently:

(5) too much capital if:

g+d>R
in every year

To see the role of the interest rate in this
condition, we observe that in an economy in
which there is no uncertainty, the interest rate
r would equal the net rate of return on capital,
which is the gross rate of return R minus the
rate of depreciation. In symbols we have:

(6) r = R-d

(interestrate) (netrate of return on capital)

Finally, we obtain the condition for too much
capital in terms of the interest rate and the
growth rate by subtracting the depreciation
rate d from both sides of equation (5) and using
the fact that r = R - d to obtain:
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(7) too much capital if: g > r

in every year.

Thus, we can see that in the absence of
uncertainty, an economy growing ataconstant
rate has too much capital if the interest rate is
less than the growth rate. An economy in this
situation could realize both a present gain and
a future gain by permanently reducing the
amount of investment. Present consumption
would increase as the economy’s current re-
sources shifted from investment to consump-
tion. Future consumption would increase as
fewer resources were, on net, poured into the
formation and maintenance of capital. As a
result of the reduction in investment, the capi-
tal stock would fall, and as capital became less
abundant, the rate of return on capital would
increase. When the rate of investment has
fallen enough, the net rate of return on capital
and the interest rate will rise above the growth
rate of theeconomy, so that the symptom of too
much capital will disappear.

Recall that during the period 1869-1991 the
average interest rate in the United States was
smaller than the average growth rate. Thus,
equation (7) would seem to suggest that the
United States has too much capital. We will
take another look at this provocative implica-
tion later in this article.

Ponzi Games. In the early 20th century,
Charles Ponzipromised investors the opportu-
nity to double their money in 90 daysby invest-
ing in international postal coupons. Over the
course of eight months, Ponzi acquired about
$15,000,000 from 40,000 investors. Notsurpris-
ingly, Ponzi’s promises proved to be too good
to be true, and Ponzi was arrested in August
19202 Economists now use the term “Ponzi
game” to describe asituation in which anentity
(a person, business, or government) sells secu-
rities to investors and never uses any of its own

3See O'Connell and Zeldes {1992),

10
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money to pay dividends or interest or to repay
the principal. Any subsequent payments (such
as dividends, interest, or return of principal) to
holders of these securities are financed by sell-
ing additional securities. Our discussion will
focus onrational Ponzi games, which are Ponzi
games inwhich thereisno fraud ordeceiton the
part of the seller of securities and no lack of
understanding or foresight on the part of buy-
ers of these securities.

As a simple example of a rational Ponzi
game, consider an entity that sells $100 million
of long-term bonds, promising to pay an inter-
estrate of 4 percent per year. At the end of one
year, whenitis time to pay investors $4 million
in interest, the entity sells an additional $4
million of bonds to investors, bringing total
bonds outstanding to $104 million. Then at the
end of two years, when $4.16 million of interest
(4 percentof$104 million)is due, the entity sells
an additional $4.16 million of bonds, and so on.
The amount of bonds outstanding grows at the
rate of interest, which is 4 percent per year in
this example. For thisPonzi game tobe feasible,
the public must be willing to hold the ever-
increasing amount of bonds issued. If inves-
tors” wealth is growing at, say, 5 percent per
year, there would be sufficient demand by the
public for newly issued bonds, and thus the
entity would be able to sell additional bonds to
pay the interest on its debt without having to
use any of its own resources.

In the Ponzi game described above, suppose
that the entity selling the bonds is the govern-
ment. Then the Ponzi game amounts to rolling
over government debt forever. The Ponzi game
will be feasible, that is, the government will be
able to roll over its debt forever, provided that
the growthrateofaggregate wealth exceeds the
interest rate. The growth rate of aggregate
wealth is not readily measured, but in the
absence of a trend in the ratio of wealth to GNP,
the growth rate of aggregate wealth can be
proxied by the growth rate of GNP. Thus, the
government will be able to roll over its debt
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forever if the growth rate of GNP exceeds the
interest rate.*

To summarize, if the interest rate is lower
than the growth rate of GNP, (1) the economy
has too much capital; (2) entities can run ration-
al Ponzi games; and (3) in particular, the gov-
ernment can roll over its debt forever. As we
have seen, over the last century in the United
States, the average interest rate has been lower
than the average growth rate of GNP. Thus, it
mightseem that the United States has too much
capital, that entities can run rational Ponzi
games, and that the government can roll over
its debt forever. However, these three results
do not strike most observers as plausible de-
scriptions of the U.S. economy. The implausi-
bility of these results stimulated new research
into these questions in the past several years. A
point of departure for much of this research is
the fact that the results presented above were
derived under the assumption of a constant
interest rate and a constant growth rate, but, as
is evident in Figure 2, the interest rate, and
especially the growth rate, have displayed sub-
stantial variability in the United States. Recent
research has focused on uncertainty as the
source of variation in the interest rate and the
growth rate and has found that the results
summarized above need to be substantially
altered when uncertainty is incorporated into
the analysis.

#The discussion in this article ignores distortions arising
from taxes or from externalities. Ina recent paper, Ian King
(1992) has argued that with endogenous growth arising
fromexternalities in the stock of knowledge, itis possible for
Ponzi games to be feasible even though the economy does
not suffer from overaccumulation of capital. This result
arises because the private and social returns to capital differ
in the presence of externalities. Capital overaccumulation
occurs if the social rate of return to capital is lower than the
growthrate of the economy, and Ponzi games are feasible if
the private rate of return to capital is lower than the growth
rate of the economy. In King's model, the social rate of
return can be higher than the growth rate, which can be
higher than the private rate of return.

Andrew B. Abel

THE IMPORTANCE OF UNCERTAINTY

Recentresearchinto the questions of whether
an economy has too much capital and whether
a government canroll over its debt forever has
shown that simply comparing the average in-
terest rate and the average growth rate of the
economy can produce misleading answers to
these questions. Much of this research is ongo-
ing and many important questions remain un-
answered, but this research has yielded some
important insights.

Another Look at Whether an Economy Has
Too Much Capital. Ina world without uncer-
tainty, we cancompare theinterestrate and the
growth rate of the economy to determine
whether the economy has too much capital. In
deriving equation (7) we used the fact [equa-
tion (6)] that in the absence of uncertainty, the
net rate of return on capital, R - d, equals the
interest rate, r, on government debt. However,
in the presence of uncertainty, the rates of
return ondifferentassets, inparticular therates
of return on capital and on government bonds,
can in general differ. Thus, the comparison of
theinterestrateand thegrowth rateinequation
(7) is no longer appropriate for assessing
whether an economy has too much capital.

In the presence of uncertainty, the appropri-
ate criterion for determining whether an
economy has too much capital is equation (2):
If gross investment exceeds gross capital in-
come in every year, the economy has too much
capital. If gross investment is less than gross
capital income in every year, we conclude that
the economy is not plagued by too much capi-
tal. Arecentstudy’hasexamined grossinvest-
ment and gross capital income in the United
States for the period 1929-1985 and found that

> Andrew B. Abel, N. Gregory Mankiw, Lawrence H.
Summers, and Richard J. Zeckhauser, “Assessing Dynamic
Efficiency: Theory and Evidence,” Review of Economic Stud-
ies, 56 (January 1989), pp. 1-20.
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in every year, including the Great Depression
of the 1930s, gross investment was less than
gross capitalincome. Thus, despite the factthat
the average interest rate was less than the
average growth rate of the economy, we can
conclude that the United States was not af-
flicted with too much capital.® This study also
examined six other countries, including Japan,
whichis often cited asa country with high rates
of saving and investment. For all of these
countries, includinghigh-investing Japan, gross
investment was always less than gross capital
income, and hence, none of these countries had
too much capital.

Debt Rollover When the Average Interest
Rate Is Lower Than the Average Growth Rate.
We have just seen that the introduction of
uncertainty invalidates the comparison of the
average interest rate and the average growth
rate for the purpose of determining whether an
economy has too much capital. Now we will
see that the introduction of uncertainty also
invalidates the comparison of the average in-
terest rate and the average growth rate for the
purpose of determining whether a Ponzi game
is feasible. We focus this discussion on a par-
ticular Ponzi game, namely rolling over gov-
ernment debt forever. This section presents a
numerical example with the following surpris-
ing feature: despite the fact thattheinterestrate
on government debt is lower than the average
growth rate of GNP, the expected value of the
debt-GNPratio grows withoutbound. Eventu-
ally, the government would become unable to
roll over its debt.

Before presenting this example it is useful to
calculate an exact expression for the growth
rate of the debt-GNP ratio when the govern-
ment is following a rollover policy. (Equation

® This conclusion is based on the implicit assumption
that the fact that gross investment has always been smaller
than gross capital income will continue forever.

12
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(1) is an approximate expression.) Remember
that a rollover policy means that the primary
deficit is zero in every year. If the current
amount of government debt is B and if the
government has a zero primary deficit, its total
deficit is rB, where r is the interest rate. Thus,
the government must sell an additional rB
bonds, and the amount of bonds next year rises
to (1+r)B. If the current level of GNP is Y and
if the growth rate of GNP over the next year is
g, the level of GNP next year is (1+g)Y. Thus,
the value of the debt-GNP ratio next year is
[(1+r)/(1+g)][B/Y], whichis (1+r)/(1+g) times
as large as the current debt-GNP ratio, B/Y.
Thus, if r is larger than g, so that (1+r)/(1+g) is
larger than one, the debt-GNP ratio grows
between this yearand next year. Alternatively,
if r is smaller than g, so that (1+r)/(1+g) is
smaller than one, the debt-GNP ratio falls be-
tween this year and next year. Theseresults are
consistent with the approximation in equation
(1.7

Now we can discuss the numerical example
presented in Table 2, which has the following
features: the interest rate r is constant and is
smaller than the average value of g, the growth
rate of GNP. However, g varies in such a way
that the average value of (1+r)/(1+g) is greater
than 1, so that the expected value of the debt-
GNP ratio in the next period is always greater
than the current value of the debt-GNPratio. In
this example, the uncertainty comes from the
factthat GNP growthis unpredictable from one
period to the next. To make the example
simple, suppose that GNP growth is deter-
mined by the flip of a fair coin each period. If
the coin comes up heads, GNP grows by 60
percent during the next period, and if the coin

"The approximation involved in equation (1) is that the
growth rate of a ratio is approximately equal to the growth
rate of the numerator minus the growth rate of the denomi-
nator. {See Appendix A, Derivation of the Growth Rate of
the Debt-GNP Ratio.)
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TABLE 2

A Growing Debt-GNP Ratio

with the Interest Rate

Below the Average Growth Rate

period

debt

GNP

expected GNP

1 2 3
$100 $104.70 $109.62
$360
(25%)
$600
(50%) 3
- $960
(25%)
$1000 <
\ $960
A J//f,,/f”'/’(zsve)
~$1600
(5095)\\\“\\\\\\
~ $2560
(25%)
$1000 $1100 $1210
0.3045
(25%)
. 0.1745
7 (50%
” ~0.1142
% (25%)

debt/GNP

expected
debt/GNP

0.1142
N (25%)
™ 0.0654
(50%)
0.0428

(25%)

Andrewe B. Abel

comes up tails, GNP fallsby
40 percent.® Thus, if GNP is
currently $1000, thereisa 50
percent chance that next
period’s GNP will be $1600
and a50 percentchance that
next period’s GNP will be
$600. Thus, the average, or
expected, value of next
period’s GNP is $1100
( ($1600+$600)/2 ), which
represents a 10 percent ex-
pected growth rate.

Now suppose that the
interestrate ongovernment
debt is always 4.7 percent
perperiod, whichisless than
the average growth rate of
the economy, and let’s see
how the debt-GNP ratio
behaves in this economy.
Suppose thatin period 1 the
amountof governmentdebt
is$100. Thus, the debt-GNP
ratio is $100/$1000 = 0.10.

The first panel of num-
bers in Table 2 shows the
evolution of government
debt over time. With a 4.7
percent interest rate, the

8 These large changes in GNP in
this example were chosen to make
the effects very apparent. To make
the example seem more realistic,
think of a period as being a decade
rather than a year. Notice that be-
tween 1929 and 1933 in the United
States real GNP fell by 30 percent
and nominal GNP fell by 46 per-
cent, so a 40 percent drop in GNP
during a decade is not inconceiv-
able. However, the probability of
such a bad decade is almost surely
much less than the value of 50 per-
cent assumed in this example.

13
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amountofgovernmentdebt growsat the rate of
4.7 percent per period. Thus, government debt
equals $104.70 in period 2and $109.62 in period
3.

The second panel of numbers in Table 2,
which shows GNP, requires a little additional
explanation. As shown in the first column,
GNP is $1000 in period 1. The second column
shows that there is a 50 percent chance that
GNP in period 2 will be $600 and a 50 percent
chance that GNP in period 2 will be $1600, so
that the expected value of GNP in period 2 is
($600 + $1600)/2 = $1100. The third column of
numbers shows the possible values of GNP in
period 3. If GNP in period 2 is $600, there is a
50 percent chance it will fall by 40 percent, to
$360, in period 3, and a 50 percent chance it will
rise by 60 percent, to $960, in period 3. Alterna-
tively, if GNP in period 2 is $1600, there is a 50
percent chance it will fall by 40 percent, to $960,
in period 3, and a 50 percent chance it will rise
by 60 percent, to $2560, in period 3. Taking
account of all of these possibilities for the value
of GNP in period 3, there is a 25 percent chance
it will be $360, a 50 percent chance it will be
$960, and a 25 percent chance it will be $2560.
The average, or expected, value of GNP in
period 3 is $1210.

The third panel of numbers in Table 2 shows
the possible values of the debt-GNP in each of
the three periods. These numbers are calcu-
lated by dividing the value of debt in the first
panel by the value of GNP in the second panel.
Forexample, in period 2, debt willequal $104.70.
There is a 50 percent chance GNP will equal
$600, in which case the debt/GNP ratio will be
$104.70/%$600 = 0.1745, as reported in the third
panel; there is a 50 percent chance GNP will
equal $1600, in which case the debt/GNP ratio
willbe $104.70/$1600 =0.0654. The average, or
expected, value of the debt-GNP ratio in period
2is(0.1745+0.0654)/2=0.1200, whichis higher
than the debt-GNP ratio in period 1. Despite
the fact that the interest rate is smaller than the
average growth rate of GNP, the risk of a sharp

14
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drop in GNP makes the expected value of the
debt-GNP ratio in period 2 higher than the
value of the debt-GNP ratio in period 1. As
shown in the third column, the expected value
of the debt-GNP ratio in period 3 is 0.1439. In
fact, the expected value of the debt-GNDP ratio
will grow ata rate of approximately 20 percent
per period forever. Eventually, the expected
value of the debt-GNP ratio would become so
large that the government would be unable to
roll over its debt despite the fact that the inter-
est rate on government debt is lower than the
average growth rate of the economy.

WHAT CAN WE CONCLUDE ABOUT
UNITED STATES FISCAL POLICY?

We have shown that in the presence of un-
certainty it may be impossible for the govern-
ment to roll over its debt forever, even though
the average interest rate is lower than the aver-
age growth rate of GNP. So, how then do we
empirically assess whether the government can
rolloverits debt forever? This questionisat the
frontier of economic research and has not yet
been fully resolved. Nevertheless, recent re-
search has yielded some insights and some
speculation about future findings.

One important insight is that if an economy
has too much capital, Ponzi games are possible
and the government can roll over its debt for-
ever. However, a recent study cited earlier’
found that none of the countries studied, in-
cluding the United States, is afflicted by too
much capital.

Does the finding that an economy does not
have too much capital imply that Ponzi games
are not possible and, in particular, that the
government cannot roll over its debt forever?
In a world without uncertainty, the answer to
this question would be “yes,” as we illustrated
earlier. Unfortunately, the answer is ambigu-

? Abel, Mankiw, Summers, and Zeckhauser (1989).

FEDERAL RESERVE BANK OF PHILADELPHIA



Cas the Governument Roll Over 1ts Debt Farever?

ous in the presence of uncertainty: in some
economies that donot have too much capital, it
is possible for the government to roll over its
debt forever, while in other economies that do
not have too much capital, it is impossible for
the government to roll over its debt forever."
The current state of economic research sug-
gests that the crucial issue for determining
whether a government can roll over its debt
forever is whether there is a rich enough set of
existing securities in the economy. If the set of
existing securities is not rich enough in the
relevantsense, governmentdebt mightbe such
a sufficiently different and attractive security
that investors would welcome the opportunity
toholditintheir portfoliosand would allow the
government to roll over its debt forever. How-
ever, if the set of existing securities is suffi-
ciently rich, government debt may not be suffi-
ciently different or attractive for investors to
allow the government to roll its debt over
forever."" Unfortunately, the current state of
economic research does notallow a convincing
empirical test to distinguish between these two
cases, so we cannot yet test whether an actual
government can roll over its debt forever.'?

Y Technically, under certainty, capital overaccumulation
is a necessary and sufficient condition for Ponzi games and
for rolling over government debt forever. Under uncer-
tainty, capital overaccumulation is a sufficient, but not
necessary, condition for Ponzi games and for rolling over
government debt forever.

' Blanchard and Weil (1992) present examples of econo-
mies that do not have too much capital. In some of these
examples, the setof securities is not sufficiently rich, and the
government can roll over its debt forever. In other ex-
amples, the set of securities is sufficiently rich, and the
government cannot roll over its debt forever.

12 A related—and also unresolved—question is why the
average interest rate on government debt is so much lower
than the average rate of return on capital. One potential
explanation is that there is a very rich set of securities
available but investors are very risk averse and essentially

Andrew B, Abel

Although we cannot yet empirically test
whether an economy can roll over its debt
forever, we are not left entirely in the dark
about the future course of U.S. fiscal policy.
Recently, Henning Bohn (1991a) has developed
and implemented a test of whether a govern-
ment is following a sustainable policy. This is
not a test of whether a zero primary deficit
accompanied by rolling over the debtis perma-
nently sustainable. Ratheritis a testof whether
the historical tax and expenditure policies of
the government canbe permanently maintained
without a major shift in the conduct of policy.
Applying this test to data on U.S. fiscal policy,
Bohn finds that this policy is sustainable. An
important component of this conclusion is the
finding that, on average, U.S. fiscal policy pro-
duces a smaller primary deficit (or a larger
primary surplus) when the debt-GNP ratio
becomes larger. This tendency of the govern-
ment to run smaller (or even negative) primary
deficits as the debt-GNP ratio gets larger is a
means of keeping the debt-GNP ratio from
growing too large.

While Bohn's result that U.S. fiscal policy is
sustainable may appear comforting, this find-
ing focuses attention on potentially painful
choices. If the United States is to follow its
historical pattern of reducing primary deficits
when the debt-GNP ratio rises, the increase in
the debt-GNJP ratio over the past dozen years
would seem to require a reduction in the pri-
mary deficit. Such a reduction in the primary
deficit would require an increase in tax rev-
enuesand/oracutingovernmentexpenditure,
neither of which will be universally popular.

pay a large premium for the opportunity to hold safe gov-
ernment debt. In this case, the government would not be
abletoroll overits debt forever. Another potential explana-
tion is that the set of securities is not sufficiently rich and
that investors find government debt sufficiently different
and attractive that they willingly hold it at a [ow interest
rate. In this case, the government might be able to roll over
its debt forever. See Bohn (1991b).



BUSINESS REVIEW NOVEMBER/DECEMBER 1992

Derivation of the Growth Rate of the Debt-GNP Ratio

Let B be the amount of government bonds outstanding, and let Y be the measure of
national income, suchas GNP. Thus the debt-GNP ratiois B/ Y. The growthrate of any ratio
is approximately equal to the growth rate of the numerator minus the growth rate of the
denominator so that

A(B/Y) AB AY
(A1) e S
B/Y B Y

<
5
-
Z
(]
(=
—
<

where the symbol A denotes the change from one period to the next. The change in
government bonds, AB, equals the total deficit, which equals the primary deficit plus
interest payments:

(A2) AB = primary deficit + rB
where r is the interest rate on government bonds, so that rB is the amount of interest

payments by the government. Now divide both sides of (A2) by theamount of government
bonds B to obtain

(A3) AB/B = primary deficit/B + r
Now let g denote the growth rate of income so that
(Ad) AY/Y = g
Substituting (A3) and (A4) into (Al) yields
A(B/Y)
(A5) — = primary deficit/B + r - g

B/Y
which is equation (1) in the text of the article.
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An Economic Model of the Interest Rate
and the Growth Rate

This appendix presents a general equilibrium model underlying the example presented
in Table 2. Suppose that consumption equals output in every period as in the widely used
Lucas (1978) asset pricing model. The standard condition determining the riskless interest
rate r in a representative consumer economy is

ksl
<
)
Z
(]
>
=
<

(B1) (I +BEfu'(c, )/u(c)) =1

where Et{ } is the expectation conditional on information at time t, c is consumption per
capita at time t, u’(c,) is the marginal utility of consumption at time t, and B > 0 is the time
preference discount factor (so that B'-11is the rate of time preference). Assume that the utility
function is logarithmic so that u’(c,) = 1/c,. In this case, equation (B1) becomes

(B2)  1+r=[BE(c/c N

Now letg,  =(c,,/c)-1 bethe growth rate of consumption and output between time
tand time t+1, and assume thatg  isii.d. over time. Under this assumption we have

(B3)  1+r=[BE{1/(1+g )NI"

The ratio of the debt-GNP ratio in period t+1 to the debt-GNP ratio in period t is (1+1)/
(1+g,,,) and the expected value of this ratio is

(B4)  E((1+1)/(1+g,)) = Ef1/(1+g, )} BEI1/(1+g, ))* =1/B

Notice thatif <1, then1/B>1and the expected value of the debt-GNP ratio grows over
time. The example in Table 2 is based on the following assumptions: B = 0.8333; and
Pril+g,, =06} =Pr{l+g  =1.6} =0.5. Theseassumptionsimply that1+r= 1.0473,E{1+g,, }
= 1.1, and E{(1+1)/(1+g, )] = 1/B=1.2.
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