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THE BEHAVIOR OF U. S. PUBLIC DEBT AND DEFICITS*

HeENNING BOHN

How do governments react to the accumulation of debt? Do they take
corrective measures, or do they let the debt grow? Whereas standard time series
tests cannot reject a unit root in the U. S. debt-GDP ratio, this paper provides
evidence of corrective action: the U. S. primary surplus is an increasing function of
the debt-GDP ratio. The debt-GDP ratio displays mean-reversion if one controls for
war-time spending and for cyclical fluctuations. The positive response of the
primary surplus to changes in debt also shows that U. S. fiscal policy is satisfying
an intertemporal budget constraint.

I. INTRODUCTION

How do governments react to the accumulation of debt? Do
they take corrective measures when the debt-GDP ratio starts
rising, or do they let the debt grow? Empirically, it is difficult to
reject a unit root in real debt and in the debt-GDP ratio.!
Theoretically, a nonstationary debt-income ratio is implied by
some models of optimal government finance. In the public policy
debate, on the other hand, a high and growing debt-GDP ratio is
widely viewed as worrisome. Such concerns find support in
macroeconomic models with limited taxation [Blanchard 1984;
Bohn 1991b]. Even if the debt-GDP ratio is declining—as cur-
rently in the United States—the difficulty of rejecting a unit root
makes one wonder whether the decline is due to luck (e.g., high
economic growth) or policy design.

This paper shows that one can find direct evidence for
corrective actions by examining the response of the primary
(noninterest) budget surplus to changes in the debt-income ratio.
A positive response shows that the government is taking actions—
reducing noninterest outlays or raising revenue—that counteract
the changes in debt. This approach is more promising than a
univariate time series analysis of the debt-income ratio because

* An earlier version of this paper was circulated under the title “On Testing
the Sustainability of Government Deficits in a Stochastic Environment.” I would
like to thank the seminar participants at the Econometric Society Meetings, the
University of California at Santa Barbara, the University of Pennsylvania, the
University of Southern California, the University of California at Santa Cruz,
Dartmouth College, the University of Virginia, Georgetown University, the
University of Illinois, the Bank of Italy, the Federal Reserve Board, and the
Federal Reserve Banks of San Francisco and Dallas for valuable comments and
suggestions.

1. For U. S. data, see, e.g., Trehan and Walsh [1988, 1991], Bohn [1991a], and
Kremers [1991]. See Corsetti and Roubini [1991] for international evidence.
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the debt-income ratio is in practice bounced around by various
shocks (e.g., fluctuations in income growth, in interest rates, and
in government spending) that make mean-reversion difficult to
detect.

For U. S. data I find significant evidence that the primary
surplus is an increasing function of the debt-GDP ratio for
1916-1995 and various subperiods. I also show that the link
between debt and primary surpluses can easily be obscured by
war-time spending and by cyclical fluctuations. A univariate
regression of primary surpluses on debt would fail to find a
significant correlation between the two. But a more fully articu-
lated equation for primary surpluses motivated by Barro’s [1979]
tax-smoothing model shows a significant conditional impact of
debt on primary surpluses.

Given the estimated positive response of primary surpluses to
the debt-GDP ratio, the government budget identity implies that
the debt-GDP ratio should be mean-reverting. This can be con-
firmed in an autoregression, provided that one controls for
war-time spending and for cyclical fluctuations. Under fairly weak
conditions, a positive (at least linear) response of primary sur-
pluses to the debt-income ratio also implies that government
policy is sustainable in the sense of satisfying an intertemporal
budget constraint. The paper shows that U. S. fiscal policy has
historically been sustainable despite extended periods of primary
deficits. (This has been controversial, see Hamilton and Flavin
[1986], Kremers [1989], Trehan and Walsh [1988, 1991], and
Wilcox [1989].)

The paper is organized as follows. Section II examines the
relationship of U. S. government debt and primary surpluses.
Section ITT examines the dynamics of government debt. Section IV
explores nonlinearities in the surplus-debt relationship. Section V
comments on the implications for the intertemporal budget
constraint. Section VI concludes.

II. EviIDENCE ON U. S. GOVERNMENT DEBT
AND PRIMARY SURPLUSES

The starting point for the analysis of government finance is
the period-by-period budget equation D,.; = (D, — S, - (1 + R,,1).
Next period’s debt is given by this period’s debt (D,) minus the
primary surplus (taxes minus noninterest spending, S;) times the
gross interest factor 1 + R;.;. In a growing economy with a
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growing tax base and growing government spending, it is instruc-
tive to write this budget equation in ratio form as

1 div1 = %410 [d;, — 5.,

where d, = D,/Y, is the ratio of (start-of-period) debt to aggregate
income (GDP), s, = S,/Y; is the ratio of the primary surplus to
income, and x;1; = (1 + R;4q) - Y,/ Y01 =1 + ryyq — 441 is the ratio
of the gross return on government debt to the gross growth rate of
income (both of which can be measured in either real or nominal
terms since inflation cancels out in the ratio). The variables r,.;
and y;.; denote the real interest rate and the real growth rate,
respectively.

As explained in the Introduction, the idea of the paper is to
search for a systematic relationship between the debt-income
ratio and the primary surplus, and specifically, to estimate a
regression of the form,

2) ss,=p'd,taZ,+e=p d, + pu,

where Z; is a set of other determinants of the primary surplus, e,
an error term, and y, = o * Z, + ¢, This agenda raises questions
about the time series properties of the debt and surplus series and
about what one should assume about p;,. These questions are
interdependent. If debt and the primary surplus are both nonsta-
tionary while u; is stationary, one could interpret a simple
regression of s, on d, as a cointegrating regression without having
to model the y, process explicitly. But if s, and d, do not have unit
roots, as I will argue below, a regression of s, on d, that omits other
determinants of the primary surplus will produce inconsistent
estimates due to omitted variables bias.

Because of the potential omitted variables problems, the
empirical analysis is based on an explicit theoretical model of
fiscal policy, Barro’s [1979] tax-smoothing model. Barro considers
an optimizing government that minimizes the cost of tax collec-
tion by smoothing marginal tax rates over time. Key features of
the optimal policy are that tax rates should depend only on
permanent government spending and on the level of debt.

The tax-smoothing model yields an equation for the primary
surplus, if one subtracts noninterest government spending from
tax revenues (all relative to GDP). The model implies that the
nondebt determinants of the primary surplus (the Z,) are the level
of temporary government spending, GVAR, and a business cycle
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TABLE 1
DETERMINANTS OF THE BUDGET SURPLUS

Dependent variable primary budget surplus divided by GDP (s;)

Sample Constant GVAR YVAR d; R2 o DW

(1) 1916-1995 —0.019 -0.776  —1.450 0.054 0.936 0.014 1.42
(—5.424) (—33.001) (—3.628) (6.048)
[—3.957] [—20.874] [—4.075] [3.787]
(2) 1920-1995 excl.
1940-1947 —0.009 —-0.5561 —1.906 0.028 0.618 0.011 1.40
(—2.030) (—4.034) (—4.666) (2.701)
[—2.155] [-38.721] [—4.296] [2.491]
(3) 1916-1983 —0.018 —-0.782 —1.414 0.054 0.942 0.014 1.54
(—4.903) (—31.667) (—3.360) (5.996)
[—3.958] [—20.943] [—4.004] [4.076]
(4) 1920-1982 excl.
1940-1947 —0.008 —-0.520 —1.912 0.030 0.630 0.011 1.56
(-1.710) (—3.612) (—4.441) (2.815)
[-1.932] [—3.272] [—3.959] [2.856]
(5) 1948-1995 —-0.015 —-0.593 —2.139 0.037 0.651 0.010 1.54
(—3.536) (—4.182) (—4.361) (3.589)
[-3.496] [-3.701] [-3.757] [2.821]
(6) 1960-1984 —0.013 —0.410 —2.051 0.044 0.724 0.007 1.43
(-2.110) (—2.173) (—4.174) (2.028)
[-2.174] [-2.281] [—3.391] [2.587]

The variable d, is the privately held debt/GDP at the start of the year. GVAR and YVAR are measures of
temporary government spending and of cyclical variations in output, respectively, from Barro [1986a]. All
estimates are OLS with annual data; () = ordinary ¢-statistics; [ ] = heteroskedasticity- and autocorrelation-

istent ¢-statistics (computed with Newey-West lag window of size 1); ¢ = standard error; DW =
Durbin-Watson statistic.

indicator, YVAR. The model for the surplus-GNP ratio is then
3) s,=p-d;,+ ay+ ag* GVAR, + ay - YVAR, + ¢,

The variables GVAR and YVAR are taken from Barro [1986a,
1986b] for 1916-1983 and updated to 1995.

Estimates of equation (3) are in Table I. All regressions use
Ordinary Least Squares (OLS) estimation. White’s [1980] robust
standard errors are provided to address potential concerns about
heteroskedasticity and (with a Newey-West [1987] lag window)
about autocorrelation. Regression 1 shows the results for the full
sample period 1916-1995. Regression 2 excludes the two world
wars. Regressions 3—4 show results for the period 1916-1983, for
which Barro’s original regressors are available. Regression 3 has
results for the entire period, while regression 4 focuses on the
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sample period 1920-1982 excluding 1941-1947, which is the
period used by Barro [1986a]. Regression 5 shows results for the
postwar period 1948-1995, and regression 6 shows results for
1960-1984, the sample period examined by Hamilton and Flavin
[1986] and by Wilcox [1989].

The coefficients on d; are significantly positive in all regres-
sions, and they are quantitatively reasonable. For example, the
p-value of 0.054 in regression 1 means that a marginal increase in
government debt by $100 increases the primary surplus in the
following year by $5.40. The estimates for p are all between 2.8
and 5.4 percent. These results show that the U. S. government is
systematically responding to changes in the debt-GDP ratio. Even
if one argued that Dickey-Fuller distributions should be used to
evaluate the significance of p (because of the near-unit root
behavior of d,), the p-values in lines 1, 3, and 5 would be significant
at the 1 percent level (3.51 critical value). As the Barro model
predicts, the variables GVAR and YVAR enter negatively in all
regressions.2

The conceptual importance of GVAR and YVAR is best
illustrated in comparison to regressions that omit these variables.
A univariate OLS regression of the primary surplus on initial debt
for 1916-1995 yields an insignificant and slightly negative slope
coefficient of —0.01 (¢ = —0.28). To see why a univariate regres-
sion yields such different results, consider Figure I. Figure Ia
shows a scatter plot of the primary surplus against initial debt.
The war years are clearly visible (and are labeled) as negative
outliers. Apart from the outliers, there appears to be a positive
relationship between s, and d,. But this relationship is sufficiently
obscured by the outliers that a univariate regression yields an
insignificant point estimate. In Figure Ib the primary surplus is
adjusted for the estimated other determinants of the primary
surplus, GVAR and YVAR. The graph plots the estimated noncy-
clical, nonwar-related component of the primary surplus, s, —
(o + ag - GVAR, + ay - YVAR,), against d,. In contrast to Figure
Ia, the World War II observations do not show up as outliers—

2. The YVAR coefficients are above one in absolute value (as in Barro [1986a]),
which suggests that tax revenues fall by more than GDP in a recession. This is not
quite consistent with the basic tax-smoothing model, but it might be consistent
with optimal policy if tax distortions vary over the business cycle. Note that there
is no logical inconsistency in using a tax-smoothing model to show that p > 0.
Although Barro’s deterministic model implies that p = 0, one can construct
stochastic versions of Barro’s model in which the welfare-maximizing policy
implies that p > 0. (An example is available from the author.)
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(a) The simple correlation
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(b) With adjustment for temporary spending and output fluctuations
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FIGURE I

Primary Surplus versus Initial Debt

The graph shows the privately held government debt/GDP at the start of a
period on the horizontal axis against the primary budget surplus/GDP on the
vertical axis, for 1916-1995; (a) shows raw data, and (b) shows the adjusted
surplus, as explained in the text.

except that the debt was high. After adjusting for cyclical factors
and fluctuations in government spending, there is a clear positive
conditional correlation between debt and primary surplus.

II1. IMPLICATIONS FOR THE DEBT-GDP RATIO

The above results have strong implications for the time series
properties of government debt. The budget identity (1) and the
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surplus equation (2) imply that the change in the debt-GDP ratio
depends on the lagged level and on the nondebt components of the
primary surplus,

4) Adyy=dpy—di=—[1 =241 A —p)ldy — X411 e

Assuming stationary x,.; and y;, the debt-GDP ratio should be a
stationary, mean-reverting process, if x - (1 — p) < 1. This condi-
tion is clearly satisfied for U. S. data, since p is significantly
positive and U. S. interest rates have been near or below the
growth rate of GDP. For the 1916-1995 sample, the average real
return on government debt was 7 = 0.1 percent, while the average
real GDP-growth rate was y = 3.3 percent; hence,x =~ 1 + 7 —
y=097<1.

In standard Dickey-Fuller and Phillips-Perron unit root
regressions, however, one cannot to reject a unit root in d,.? This
has led much of the fiscal policy literature to treat the debt-GDP
ratio—and similarly, real debt—as a nonstationary variable (see
Trehan and Walsh [1988, 1991], Hakkio and Rush [1986], and
Ahmed and Rogers [1995]). Complicating the puzzle, a unit root in
s; is strongly rejected.* This is difficult to reconcile with equation
(2) if d; is nonstationary and p > 0; and if X < 1, a stationary s, in
equation (1) should make d; stationary. This section will show that
debt-GDP ratio is in fact stationary and the unit root regressions
are misleading.

The key problem with the unit root regressions is that they
ignore the systematic components in y, If one uses the tax-
smoothing approach to model y;, equation (4) implies that the
change in the debt-GDP ratio should be a declining function of its
level and an increasing function of YVAR and GVAR. Table II
reports regressions of d,.; on these variables. The coefficient on
the lagged debt-GDP ratio d, is significantly negative in all cases,
as suggested by x - (1 — p) < 1, using critical values from either
the Normal or the Dickey-Fuller distributions. The YVAR and the
GVAR variables enter positively, as predicted, although not
always significantly.

3. An augmented Dickey-Fuller test on d; (with two lags, 1916-1995 data)
yields a ¢-value of 2.28, and a Phillips-Perron test (with lag window of size 3) yields
a t-value of 2.30—both well below the critical 1 and 5 percent values of 3.51 and
2.89, respectively. Tests with different assumptions about the lag structure yield
similar results.

4. In the 1916-1995 sample, augmented Dickey-Fuller and Phillips-Perron
tests on s; yield ¢-values of 3.74 and 4.53, respectively, which are significant at 1
percent. The test specifications and critical values are as in the previous footnote.
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TABLE I1
DETERMINANTS OF CHANGES IN THE DEBT-GDP RATIO

Dependent variable: the change in the debt-GDP ratio (Ad;+1)

Sample Constant GVAR YVAR d; R2 c DW

(1) 1916-1995 0.038 0.721 1.286 —0.126 0.755 0.029 1.73
(5.248) (14.641) (1.537) (—6.750)
[3.205] [13.822] [1.856] [—3.285]
(2) 1920-1995 excl.
1940-1947 0.019 0.143 2.180 —0.076 0.319 0.023 1.35
(2.132) (0.492) (2.510) (—3.432)
[2.249] [0.457] [2.650] [—3.211]
(3) 1916-1982 0.037 0.779 1.230 —0.133 0.794 0.031 2.12
(4.767) (14.863) (1.352) (—6.963)
[3.345] [14.776] [1.681] [—3.689]
(4) 1920-1982 excl.
1940-1947 0.017 0.085 2.349 —0.085 0.371 0.025 1.90
(1.759)  (0.272) (2.514) (-3.650)
[1.794] [0.227] [2.313] [—3.358]
(5) 1948-1995 0.020 0.540 2366 —0.064 0.456 0.018 1.17
(2.640) (2.026) (2.566) (—3.319)
[2.182] [2.518] [2.952] [—2.251]
(6) 1960-1984 0.017 0.580 2.849 -0.076 0.853 0.007 2.24
(2.945)  (3.164) (5.967) (—3.588)
[6.402]  [3.676] [14.540] [-5.784]

The variable d, is the privately held debt/GDP at the start of the year. GVAR and YVAR are measures of
temporary government spending and of cyclical variations in output, respectively, from Barro [1986a]. All
estimates are OLS with annual data; () = ordinary ¢-statistics; [ ] = heteroskedasticity- and autocorrelation-
consistent #-statistics (computed with Newey-West lag window of size 1); ¢ = standard error; DW =
Durbin-Watson statistic.

To understand why standard unit root regressions fail to
detect this mean-reversion, recall that such regressions are
consistent only under the null hypothesis of a unit root and that
they are have low power against autoregressive alternatives if the
AR-coefficient is close to one. For plausible values of X and p,
equation (4) implies an AR-coefficient strictly below one, but not
much below one, so that d, should be stationary and highly
autocorrelated. Hence, the unit root regressions are misspecified
and inconsistent because they omit GVAR and YVAR. Intuitively,
GVAR is important because war-time government spending will
tend to drive up the debt-GDP ratio and then, as long as the war
continues, trigger high deficits (Ad;.;) at a time when the debt-
GDP ratio is already high. This positive comovement of Ad,,, and
d, during wartimes obscures the underlying mean-reversion ef-
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fect. Table II shows that there is strong evidence for mean
reversion, provided that one accounts for fluctuations in GVAR
and YVAR.

The evidence for mean reversion is also important because it
differs from previous findings in the tax-smoothing literature,
notably Barro [1979] and Kremers [1989]. In his original tax-
smoothing paper, Barro [1979] finds no evidence for mean-
reversion in the debt-income ratio. Kremers [1989] argues that
the government indirectly stabilizes the debt-income ratio through
a response to changes in the cost of debt service, but he cannot
reject a unit root in the debt-income ratio itself. The main
difference between Table IT and Barro’s and Kremers’ specification
is that both Barro and Kremers use (scaled) changes in nominal
government debt as the dependent variable and add a proxy for
expected inflation as regressor. This suggests that their inability
to find mean reversion is due to problems associated with estimat-
ing inflation. All the data in regressions 3 and 4 are taken directly
from Barro [1986a] so that data differences cannot explain the
different results.

Overall, the estimated policy rules suggest that U. S. fiscal
policy is sufficient to keep the debt-GDP ratio stationary in the
future unless interest rates and growth rates move very unfavor-
ably. With p = 0.054 and a long-run real growth rate of, say,
2.5 percent, real interest rates would have to rise above 8 per-
cent to make d, nonstationary (using the criterion 1 +7 -y =
X < 1/(1 — p) from equation (4)). Evaluated at the sample means
of Z = —0.03 and x = 0.9668 (for 1916-95), equation (4) also
implies that the steady-state distribution of d; should have a mean
of 0.351. This is remarkably close to the actual sample mean of
d = 0.343, suggesting that equations (1)-(4) characterize the
process of debt accumulation quite well.?

IV. NONLINEARITIES IN THE SURPLUS-DEBT RELATIONSHIP

Going beyond the linear model, this section examines poten-
tial nonlinearities in the relation between the primary surplus

5. These estimates also allow predictions about the path of future debt
conditional, say, on real interest rates staying at the higher r = 3.7 percent level
observed for 1983-1995. For x = 1.007 (using 1983-1995 data), the debt-GDP ratio
should converge to a new steady-state distribution with a mean of 0.67. A natural
question in this context is if the surplus-debt relationship is invariant with respect
to real interest rates. I examined this issue by including real interest rate
measures in regression (3) and found that the surplus-debt relationship does not
seem to depend on the level of interest rates.
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TABLE III
NONLINEAR EFrFECTS OF THE DEBT-GDP RATIO

Dependent variable: primary budget surplus divided by GDP (s;)

ds/od at ds/od at

Model Constant GVAR YVAR d, d,—d? d,—dP® R d,=05d,=10
1. Linear ~ —0.019 —0.776 -1.450 0.054 0.936 0.054
(—5.424) (—33.001) (—3.628) (6.048) (6.048)
[-3.957] [—20.874] [-4.075] [3.787] [3.787]
2. Quadratic —0.014 —0.787 —1.313  0.028 0.106 0.948 0.062 0.167
‘ (—3.971) (—36.362) (—3.585) (2.756)  (4.021) (7.376) (5.697)
[—4.293] [-27.265] [-3.874] [2.804]  [5.083] [7.375] [7.240]
3. Cubic -0.014 —0.787 -1.303  0.029 0.111 —0.012 0.948 0.063 0.160
(—3.014) (—35.597) (—3.456) (2.345) (2.123) (—0.128) (3.835) (2.550)
[-2.475] [-25.050]1 [—3.683] [1.967]  [1.690]  [—0.107] [2.692] [2.932]
max(0, d,—a)
4. Linear,
breakatd —0.002 —0.787 -1.130 —0.015 0.105 0.947 0.090
(—0.426) (—36.010) (—2.993) (—0.747)  (3.817) (7.171)
[-0.479] [—26.993] [-3.249]1 [-0.771]  [3.373] [5.375]

All models are estimated for the full 1916-1995 sample. The linear model is the same as in Table I, line 1,
replicated for comparison. The variable d, is the privately held debt/GDP at the start of the year and d = 0.343
is its sample mean. GVAR and YVAR are measures of temporary government spending and of cyclical
variations in output, respectively, from Barro [1986a). All estimates are OLS with annual data; ( ) = ordinary
t-statistics; [ ] = heteroskedasticity- and autocorrelation-consistent ¢-statistics (computed with Newey-West
lag window of size 1); ¢ = standard error; DW = Durbin-Watson statistic.

and the debt-GDP ratio. Do governments respond more to primary
deficits when the debt is high? Or is the surplus-to-debt relation-
ship perhaps “flattening out” at high debt levels? To explore
nonlinearities, I generalize equation (3) by adding powers of d,
and functions of the form max(0, d, — d*) that pick out periods
with debt above d*. Because of the obvious problems of overfitting
(e.g., the war-time observations can be perfectly matched with a
few “max” functions that pick out sample points with high debt)
and multicollinearity, such regressions should be interpreted
cautiously. But the results with simple nonlinear functions are
intriguing because they suggest an increasing marginal response
of surpluses to changes in debt.

In Table III, line 1 reproduces the linear specification from
Table I for comparison. Line 2 adds a quadratic term and shows
that its coefficient is positive. It suggests that the marginal
response of primary surpluses to changes in debt is increasing in
the debt-GDP ratio, rising from insignificantly negative values for
d; = 0.21 to a significantly positive 0.062 at d;, = 0.5, and rising
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farther to 0.167 at d; = 1.0. Line 3 shows that a cubic term is
insignificant; the same is true for higher order polynomial terms
(not reported). Line 4 replaces the quadratic term by a piecewise
linear function with a breakpoint at d* = d = 0.343, the average
debt level. As in the quadratic regression, the estimated marginal
response is insignificant at low levels of the debt-GDP ratio but
significantly positive at higher levels. Overall, the limited range of
observed d, values makes it difficult to pin down the exact form of
the nonlinearity (e.g., note the virtually identical R? values in the
quadratic and the piecewise linear form), but all nonlinear
regressions indicate that the marginal impact of debt on the
primary surplus is increasing rather than decreasing with higher
debt. The finding that the marginal response of primary surpluses
to debt is insignificant at low debt-GDP levels may be of indepen-
dent interest, e.g., in the context of political economy models of
fiscal policy.

The above results are remarkably uniform across different
sample periods; the p coefficients are always positive. Given the
public policy debate about the post-1980 deficit problems, one may
wonder whether U. S. fiscal policy since 1980 has differed from the
previous pattern. An examination of regression residuals shows
that actual primary surpluses have indeed been below the pre-
dicted values for much of the 1984-1995 period, especially for
1985-1986 (by 0.8-1.3 percent of GDP) and again for 1992-1993
(by 1.0-1.6 percent). But these underpredictions are far from
statistically significant, given standard errors of 1.3-1.4 percent
of GDP.6

V. IMPLICATIONS FOR THE INTERTEMPORAL BUDGET CONSTRAINT

The question of whether U. S. fiscal policy has been sustain-
able in the sense of being consistent with an intertemporal budget
constraint has long been controversial (see Hamilton and Flavin
[1986], Hakkio and Rush [1986], Kremers [1989], Trehan and
Walsh [1988, 1991], and Wilcox [1989]). Bohn [1995] suggests that
the existing sustainability tests do not adequately deal with the
interest rate implications of uncertainty and risk aversion. This

6. Predictions from both the linear and the quadratic model were examined
(Table III, lines 1 and 2). While the time path of the prediction errors is fairly
robust, the numerical values depend somewhat on the specification. Using
Andrews’ [1993] testing algorithm, no significant structural breaks were found in
the 1980-1993 period, neither for the intercept nor for the slope coefficients.
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section explains why equation (2) provides a new sustainability
test that does not require interest rate assumptions and why
Tables I and III provide strong evidence in favor of sustainability.

Intuitively, the intertemporal budget constraint is difficult to
test in a stochastic environment, because even plausible indica-
tors such as average deficits and the realized path of the debt-
GDP ratio can be quite misleading—especially if interest rates on
government bonds are on average below the rate of economic
growth, as they have been in the United States. Then frequent
primary budget deficits do not provide convincing evidence against
sustainability, because at low interest rates, a variety of sustain-
able policies will display primary deficits on average and poten-
tially for long periods. For example, a policy that stabilizes the
debt-GDP ratio at some level d implies an average primary deficit
ofs = —(1 —X)-d < 0ifx < 1. For the United States, the actual
surplus-GDP ratio has averaged a negative s = —1.2 percent for
1916-1995, suggesting that the U. S. government has indeed
exploited low interest rates to run primary deficits. In the other
direction, a stable debt-GDP ratio does not provide convincing
evidence for sustainability, because nonsustainable policies do not
necessarily display an explosive debt-income ratio. For example, if
the government simply set the primary surplus to zero at all times
and rolled over the existing debt with interest, the debt-GDP ratio
would decline in expectation. But this policy clearly violates the
intertemporal budget constraint, and it is unsustainable if future
growth falls below the interest rate with positive probability.”

A positive response of primary surpluses to changes in the
debt-income ratio does, in contrast, provide reliable information
about sustainability, regardless of how interest rates and growth
rates compare. Intuitively, even if the government can run
primary budget deficits on average and in most states of nature
because of low interest rates, permanent primary deficits will lead
to excessive debt accumulation in at least some “bad” states of
nature. If debt keeps growing relative to aggregate income, a
sustainable policy must eventually respond by moving toward
primary surpluses. A strictly positive and at least linear response

7. The technical aspects of this example are explained in Bohn [1994, 1995].
Intuitively, debt grows at the rate of interest. If GDP growth is above the rate of
interest with probability one, the economy is dynamically inefficient, and the
intertemporal budget constraint is irrelevant. But if there is a positive probability
that futugle interest rates are above the growth rate, a zero primary surplus is not
sustainable.
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of the primary surplus to changes in the debt-income ratio turns
out to be sufficient for sustainability.

Specifically, suppose that one can write s, = f(d,) + u; as a
function of the debt-GDP ratio and other determinants ;, general-
izing equation (2). Also assume that y; is bounded and the present
value of future GDP is finite. Then fiscal policy satisfies the
intertemporal budget constraint if there is a debt-GDP ratio d*
such that f'(d;) = p > 0 for all d, = d*.8 The key requirement here
is that the primary surplus increases at least linearly with d, at
high debt-income ratios (= d*). This ensures that any upward
movement in the debt-GDP ratio due to negative shocks (e.g., low
growth, wars, and high interest rates) is eventually reversed
through primary surpluses.

Since the linear policy rule (2) is covered as the special case
f(d;) = p-d;, Table I can be interpreted as a test for the
sustainability of U. S. fiscal policy. The significantly positive p
coefficients show that U. S. fiscal policy has been on a path
consistent with the intertemporal budget constraint.® Table III
reinforces this conclusion, because all the nonlinear estimates
indicate an increasing derivative f'(d;), rebutting concerns that
the response of surpluses to the debt-GDP ratio might be less than
linear.

A strength of this sustainability test is that it does not require
any assumptions about interest rates. It is valid in economies with
uncertainty and risk aversion and for arbitrary debt management
policies, whether or not government bond rates are above or below
the growth rate. The main alternatives are sustainability tests
based on estimating a “transversality condition” that involves
government debt discounted at some interest rate (e.g., Wilcox
[1989]) and cointegration tests (e.g., Trehan and Walsh [1988] and
Ahmed and Rogers [1995]). The transversality condition tests
depend sensitively on the choice of discount rates; Bohn [1995]
has shown that the commonly used government bond rates are

8. A formal proof is available from the author. The technical assumptions of
boundedness and a finite present of GDP are not explicitly tested. But they are
fairly weak restrictions, because GVAR and YVAR are bounded by construction
and because a finite present value of GDP is implied, e.g., by dynamic efficiency.

9. Note that the OLS estimates in Table I are unbiased without requiring
assumptions about ergodicity, provided that the error € is independent of the
explanatory variables [Hamilton 1994, p. 208]. This robustness with respect to
ergodicity is reassuring in the context of testing for sustainability, because one can
construct examples in which some fiscal variables are not ergodic; see Bohn [1994].
However, ergodicity is required for all asymptotic inferences.
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inappropriate as discount rates.l® The cointegration literature
generally uses real levels of fiscal variables to test for cointegra-
tion and finds unit roots in real government spending, debt, and
taxes. Given the stationarity of the debt-GDP ratio found above, it
appears that the unit root in debt levels is either not really there
or due to a unit root in GDP.1!

VI. CONCLUSIONS

The paper shows that the U. S. government has historically
responded to increases in the debt-GDP ratio by raising the
primary surplus, or equivalently, by reducing the primary deficit.
In univariate regressions this positive response is obscured by
war-time spending and by cyclical fluctuations, but it is highly
significant if one corrects for fluctuations in government spending
and in aggregate income.

The positive response of primary surpluses to the debt-GDP
ratio also implies that debt-GDP ratio should be mean-reverting,
despite the fact that a unit root is virtually impossible to reject in
standard univariate time series tests. The paper shows that the
unit root tests are inconsistent and misleading because they do
not properly adjust for fluctuations in GDP and in government
spending.

Finally, I show that an estimated positive response of primary
surpluses to the debt-GDP ratio can be interpreted as a new test
for the sustainability of U. S. fiscal policy. It provides strong
evidence that U. S. fiscal policy has been sustainable in the sense
of satisfying an intertemporal budget constraint for the sample
period 1916-1995 and various subperiods, despite the rather
frequent primary budget deficits.

UNIVERSITY OF CALIFORNIA AT SANTA BARBARA

10. This problem is especially serious given the historically low interest rates.
If 7 <Y, a discounting of future debt at the rate 7 has the absurd implication that
all policies with stationary debt-income ratios fail the sustainability test. In a
dynamically efficient economy an asymptotic discount rate above the growth rate
must be applied to any variable growing at the same rate as income. Given a
stationary debt-GDP ratio, this applies to government debt, showing that the
correct discount rate must be above y.

11. The cointegration literature also requires assumptions about interest
rates; or alternatively, restrictive assumptions about the stochastic processes
driving fiscal policy and marginal utility are needed (see Ahmed and Rogers
[1995]).
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