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Abstract
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War Il data demonstrates the empirical relevancehef proposed strategy. Our results
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indicators merely reflect cyclical factors.
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1. Introduction
The sustainability of fiscal policy arguably is on&the most debated issues in current
macroeconomics. Following the high debt levels expeed by several developed
economies since the early 1980s, concern overascrg government debt and deficits and
their negative consequences for macroeconomiclisyaiias attracted considerable interest
both in the academic literature and in the poliepate. Two possible strategies for an
empirical evaluation of fiscal sustainability, bdsmn the government intertemporal budget
constraint, appear to be worth pursuing. One gyais to construct indicators of the
sustainability of fiscal policy, along the linesggiested by Miller (1983), Buiter (1985,
1987), Blanchard (1990), and Buiter, Corsetti andbiRi (1993) The other is to
implement tests for fiscal solvency, following teeminal works by Hamilton and Flavin
(1987), Trehan and Walsh (1988), and Bohn (1998) indicators presented in the
literature are either simple measures mainly basedurrent information, or summary
values of model-based projections of future pafisscal policy. The testing techniques so
far employed involve unit root tests (Hamilton amidavin, 1986; Wilcox, 1989),
cointegration analysis of fiscal data (Trehan andlsl, 1988, 1991), or require the
adoption of a model-based sustainability appro8dng, 1998, 2005).

The purpose of this paper is to demonstrate thdicators and tests for fiscal
sustainability may usefully be integrated. We stibat the simultaneous use of indicators

and tests provides additional information on tleésof government solvency. Indicators

! Long-term sustainability is periodically evaluated througé wse of fiscal indicators, for instance, in the
European Union, where the Stability and Growth Pact prescrapecific constraints on the size of
government deficits and debts of Member States. See Europeami§sion (2006).
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and tests simply reinforce each other when the&diptions are not in conflict. However, in
the event of conflicting results, indicators magrsil the occurrence of a change in policy
which may reverse the predictions of tests. Thibasause indicators respond to a set of
current and expected future conditions. Testsherother hand, always rely on a sample of
past data. For this reason, indicators are falsger tests in responding to changes in fiscal
policy regimes. The key point is that a changeegime should cause a structural break in
the data generating process of the primary surptbih can be detected empirically.

We design a simple and intuitive strategy to coraltive potentially different results
of indicators and tests. To evaluate the empirekvance of the proposed procedure, we
provide an application to U.S. post-World War ltalaAnalyzing the case of U.S. fiscal
policy proves to be particularly appropriate, foe tdeterioration in U.S. budget deficits
since 2001 has given rise to renewed and widespceaderns over the question of
sustainability.

The paper is structured as follows. Section 2 dessrthe most commonly used
indicators of fiscal sustainability. Section 3 figereviews the main procedures to directly
test for solvency. Section 4 presents the strategypropose to combine the use of
indicators and tests. Section 5 develops the ecapiaipplication to the U.S. fiscal position.

Section 6 concludes.

2. Indicators of Fiscal Sustainability
The “law of motion” of interest bearing public daddrived from the intertemporal budget

constraint can be approximated as:

b =(1+p-n)ib-1 -5, (1)
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wheregp is the real rate of return on public delis the rate of growth of real outpug, is
the interest bearing public debt at the end ofquetj and § is the primary surplus
inclusive of seigniorage revenues. Bdthand s are ratios to GDP. The assumption of a
constant growth-adjusted real rate of interestimgrily made for expositional simplicity.
It does not affect the essence of the present sisaly

Solving forward equation (1) for public debt asuadtion of future surpluses and
the public debt at the terminal d&eone obtains:

n :[i(up—n)-i cmi}(up—n)-N . @
i=1

Equation (2) implies that when the rate of growththe economy is greater than the real
rate of interest, deficits can always be finandéeince, “honest” Ponzi games are possible
and no problem of solvency arises.

Both equation (1) and (2) have been used to castsindicators of sustainability.
Buiter (1985) proposes measures based on the “nghfivapproach. Blanchard (1990)
suggests the use of two indicators designed tdetdlk issue over different time horizdns.

The first indicator, called thgrimary gap(PG ), is given by:

PG =5 -(o-n)ih. 3)

The primary gap is equal to the primary surplus pgthe effect of the debt on the new debt
creation.

A more complex set of indicators can be derivedhfeqjuation (2), imposing a final

condition onh+n over a predetermined time horizdh and solving for the primary

2 See also Chouraqui, Hagemann and Sartor (1990).

3
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surplus, or, alternatively, for the policy varial@desumed to guarantee the required fiscal
adjustment (tax, government expenditure or transfess). In particular, Blanchard (1990)

proposes the so-callethx gap measuring the change in the tax rate that wowd b
necessary to bring the ratio of public debt to GibEhe current level after a given number

of years. The tax gap at timéor a period oN years, TG n, is given by:

TG N :Tt*,N -1, (4)
wherer; is the observed tax rate and
* N -i
in = (o-n)gL-@+p-n) N[ D+ p-n)" Wi +h ) (5)
i=1
where g; is the ratio of public expenditure inclusive ddrisfers to GDP. Close inspection

of equation (5) reveals that when—n and N are not large, the tax ratg y is

approximately equal to the average value of pudpiending inclusive of transfers over the
next N years, plus the interest rate net of economic travwltiplied by the outstanding
public debt Blanchard (1990) suggests to construct this indictor a small value oN,
like three or five years, and for a high valud\ofike twenty or fifty years.

In what follows, we are mainly concerned with iradmrs such as the primary
surplus, the primary gap, and the three or fiverydax gap. The reason is that these
indicators are mainly based on current and expefttede conditions according to the
available forecasts and thus give simple “modefteneasures of government solvency.

Longer term measures of fiscal sustainability, like twenty or fifty years tax gap, require

® As pointed out in Blanchard’s analysis, a similar ¢atr can also be constructed to evaluate the
expenditure gap.

* Gramlich (1990) stresses the importance of model-free nesa@fr sustainability in order to avoid
“additional disagreement” among policy makers.
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the full specification of the underlying model. Thealuation of this type of indicators is

beyond the scope of the present paper.

3. Testsfor Solvency

Tests for solvency based on the present value budgestraint have originally been
proposed by Hamilton and Flavin (1986). The autlpmisit out the similarity of equation
(2) with the model of self-fulfilling hyperinflatizs first proposed by Flood and Garber
(1983). Equation (2) is an identity and it is alwaatisfied ex-post. However, it is possible
to test whether creditors perceive the governmentsalvent. This can be done by

considering the ex-ante evaluation of (2), andrigghe hypothesis that agents evaluate

as tending to:

b= [+ p-n)" E{s+/Q1}, (2a)
i=1
where Q; denotes the information set available at timEquation (2a) implies that agents

expect the present value of public debt-GDP ratiagproach zero ds tends to infinity,

that is:

I\Ilim 1+ 0-n)"N Efo+n/Q} =0. (2b)

Equation (2b) is formally equivalent to the corafitifor ruling out bubbles in Flood and
Garber’'s model, and can be tested along the sares. lin particular, a direct test for debt
sustainability which does not require a-priori asptions on interest rates could usefully
be derived employing the methodology proposed bgtWES87) for testing the existence

of speculative bubbles. Consider the following aegoessive representation of the surplus:
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S =aotails +azlsa+..+aqls—q++ W, (6)
wherea’s are parameters ang.; is a white noise processSubstituting the forecasts
based on (6) in equation (2a) and applying the @banderived by Hansen and Sargent
(1981) to solve (2a) for the past and present gatfiehe surplus, one obtaifs:

1= +Alsat+d2(s +...+ g [s-q + W, (7)

W1 = [éfi Eﬂ+1+ij,

&= (E{St+1/Qt} - E{St+1/CDt})’
where d’s are parameters resulting from highly non-lineambinations of the ’'s and the
discount factoif, and®; is the subset of2; including only present and lagged values of
the surplus’ An unrestricted version of the model (6)-(7) candstimated using OLS to
yield, under the null hypothesis of sustainabilitpnsistent and efficient estimates of the
parameters. Using equation (2), rewritten in threnfo

b = f (b +541), (8)
it is also possible to obtain an instrumental Jaga estimate of. This estimate is
consistent under both the null hypothesis of soatality and the alternative, and can be
combined with the OLS estimates of the paramete(6)i(7) to perform a Wald test of the

non-linear restriction implied by (2a-b).

® Equation (6) should be specified either in levels or rist filifferences, according to what is necessary to
achieve stationarity.

® When the surplus equation is specified in differences dltsio convenient to specify the debt equation in the
same way.

" The exact form of the non-linear constraints can be fauhdest (1987).

6
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Tests for fiscal sustainability based on (2a-b)ehalso been derived analyzing the
cointegration properties of fiscal variables. Thensal work by Trehan and Walsh (1988)
demonstrates that if revenues, spending and defet Unait roots, a sufficient condition for
sustainability is the stationarity of with-interessficit. Equivalently, it is sufficient that the

primary surplus and public debt are cointegratetti wicointegrating vector [i,(p - n)].

Trehan and Walsh (1991) generalize the cointegrasinalysis of fiscal data
incorporating the possibility of a non-stationarythainterest deficit. Specifically, the
authors show that the intertemporal budget comgtianlds if a quasi-difference of debt
by —A k-1 is stationary when

AO[0,1+p-n) 9)
and primary surplus and debt are cointegrated.

As pointed out by Bohn (2005), Trehan and Wals®{)8 conditions imply that a
strictly positive relationship between surplus amebt is sufficient for sustainability.
Cointegration between surplus and debt implies that

s -allb-=u, (10)
with a # 0, is stationary. Substituting (10) into the flondget constraint (1) yields:

b = Al -1+, (11)
whered =1+ p—n-a. Hence, Trehan and Walsh’s condition (9) requine$ o > 0. This
ensures sustainability because it guarantees hleagriowth rate of debt is strictly lower
than the (growth-adjusted) real rate of interest@éllum, 1984).

As shown by Bohn (1995, 1998, 2005), governmentesuly can also be tested

using a model-based approach. According to thig/,vaustainability of fiscal policy is a
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general equilibrium issue, based on optimizingvitiial behavior: the government ability
to borrow is constrained by private agents’ willvegs to lend. Assuming complete
financial markets and infinitely-lived optimizingdividuals, sustainability must imply the

respect of private agents’ transversality condition

Jim E{Q n[hen/Qi} =0, (12)

whereQ n is the pricing kernel for contingency claims orripé t+N. Combining the

Euler equations, characterizing the agents’ intep@ral optimality conditions on the
consumption-saving decision, with the governmefitsv budget constraint (expressed
with variable interest and growth rates) and apgythe transversality condition yields the

following intertemporal budget constraint (Bohn95%
b = > E{Qn Ban/ Q4 (13)
N=0

where bf =(o —n)h-; denotes debt at théeginning of period t. Bohn (1998)

demonstrates that sustainability can be testedshynating the following class of policy

rules:
S = IB[E)[* + L4 (14)
wheref >0 and /4 is a bounded set of other determinants of the gmynsurplus to GDP

ratio® A positive reaction coefficier, in fact, implies:

E{Qn Dren Q) = [1-B)N Den - 0. (15)

® The main advantages of this sustainability test are tiiaies not require any assumptions on interest rates
and it maintains its validity under conditions of uncertaint

8
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Note that if public debt and primary surplus ratioSGDP both have unit roots ang is
stationary,5 >0 ensures cointegration between the two fiscal béa& thus satisfying the

sustainability conditions obtained by Trehan andisSWg1991). As a result, Trehan and
Walsh’s cointegration condition linking debt to rmpary surpluses implies an error-
correction mechanism that can be interpreted atal freaction function (Bohn 2007).

In synthesis, sustainability surely holds if in testimated fiscal policy rule one

can detect a positive feedback reaction of the gmyrsurplus to the debt-GDP ratio.

4. Combining Indicatorsand Tests

The simultaneous use of tests and indicators pesvadiditional information on the issue of
government solvencyIndicators ardorward looking responding to a set of current and
expected future fiscal conditions and hence nosg@esing long memory. Tests, on the
other hand, although implicitly generating foresastrebackward lookingalways relying

on historical data. For this reason, indicators mespond faster than tests to changes in the
fiscal position and therefore may signal the pdesidzcurrence of aystematiacchange in
the policy regime.

The two approaches could usefully be integrateghossible strategy is shown in
Figure 1. The basic idea is that tests and indisaonply reinforce each other when their
predictions are not in conflict. In other words,emhboth tests and indicators (do not) show
the existence of a solvency problem, (no) someectiom in the fiscal stance is required. In
the case of conflicting results, their interpregatis unclear. Indicators may signal the

occurrence of a change in policy which may revengepredictions of tests. A change in

° An initial attempt to combine the two approaches is ihudgenberger and Marini (1993).

9
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the policy regime should, however, cause a strattureak in the data generating process
of the surplus, which can be detected using, a.@&how-type test on the stability of the
parameters of the surplus equation. Whether thétsefsom indicators or from tests should
be given priority in the assessment of the susalihaof public debt depend thus on the
stability of the surplus equation.

In synthesis, in the case of conflicting resultss predictions of fiscal indicators
about the issue of government solvency should loeped if and only if one is able to
detect the occurrence of a structural change ifisieal policy regime. This is because the
validity of all tests of sustainability is seriously questionabléne presence of a structural
break. On the other hand, without a systematickonegolicy, the predictions of tests are

more reliable since the results of indicators &y to reflect cyclical factors.

5. An Application to U.S. Data
We apply the strategy suggested to the U.S. data ke post-World War Il period. The
annual data for the period 1948 to 2006 are obdairem Historical Tables, Budget of the
United States Governmeritiscal Year 2008§see the Data Appendix for details).

Figures 2-4 show budget deficits, primary surplused public debt in the U.S.
for 1948-2006, respectively. All variables are sdaby GDP. The U.S. post-World War Il
period has experienced systematic fiscal defidritsparticular, the deficit-GDP ratio has
shown a sharp increase in the post-1970 and ipdee2000 periods. The primary surplus-
GDP ratio presents a downward-trend in the 194&18&iod, an upward-trend in the
1983-2000 period, and a strong deterioration in gbet-2000 period. Increases in the

public debt-GDP ratio are visible in the 1974-19@38iod and in the post-2000 period.

10
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The worsening of the U.S. fiscal balance in thet{2000 period has given rise to
serious concerns over a potential sustainabiligbl@m. Such concerns are periodically
expressed by the Congressional Budget Office (CBOa.recent study by the CBO (2007)
it is contended that “for the years beyond 2017.licps reflected in both CBO’s baseline
and the President’s proposals are unsustainaltheilong run”.

Figures 5-6 show the behavior of fiscal indicatSSigure 4 displays the primary
gap. Figure 5 displays the two, three and five yeéax gaps. The computation of the tax
gaps for recent years utilizes the forecasts oafigariables contained Historical Tables,
Budget of the United States Governméiigscal Year 2008that are available until 2012.
Both the primary gap and the tax gaps show a haghtiity within the sample and the
possible existence of a sustainability problemtistgrfrom 2001. The recent behavior of
tax gaps, whose positive values indicate a needufare fiscal corrections, appears to be
consistent with the predictions presented by th©GB005), which points out that “even if
taxation reached levels that were unprecedentetth@nUnited States, current spending
policies could become financially unsustainable”.

We now test the sustainability of U.S. fiscal pgliasing historical data. In
particular, we test whether the U.S. fiscal histdigplays a robust positive reaction of the
primary surplus-GDP ratio to the public debt-GDBa:aAs shown in Section 3, such a
positive response is sufficient for sustainability.

A preliminary analysis of data using unit root sefir the debt-GDP ratity , the

primary surplus-GDP rati& and the deficit-GDP ratial; is illustrated in Tables 1-3,

2 The fiscal indicators (3) and (4)-(5) are constructedgusiverages over the last 10 years to express the
growth-adjusted interest rate, as suggested by Blanchar@)(199

11
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respectively. From the unit root analysis, bbthand s appear to be I(1) over the sample
considered. This suggests specifying the possabéionship between the primary surplus-
GDP ratio and the public debt-GDP ratio using aadyit Error Correction Model (ECM)
(Sargan, 1964; Engle and Granger, 1987). This eécapispecification enables us to
incorporate the presence of inertia, which reprissantypical feature of policy reaction
functions. As a result, we take into account thespulity of a gradual adjustment in the
response of the primary surplus to debt. A grafiseal stabilization policy can take place
due, for example, to the presence of distortiortaration or political costs. At the same
time, the ECM constitutes an adequate estimationquiure in the presence of cointegrated
variables according to Granger’s Representatioroidrm.

The estimated equation is a second-order ECM, diyen

As = fo+ LAY + B (D51 + B [Dorg + Ba (-2 + Bs -2 + L. (16)
A non-linear long-run estimator of the reactiontloé surplus-GDP ratio to tHeeginning-

of-perioddebt-GDP ratio is given by:

B= —& 711
Ba
Table 4 displays the results of the Ordinary Le&agtares estimation of the ECM
equation (16). The estimated long-run response hef primary surplus to debt is
(0.031649/0.47349) = 0.0667, which is positive atatistically significant. This means
that an increase in the debt-GDP ratio, say, by 1l@&teases the primary surplus-GDP

ratio by 0.667% eventually. In the estimated eaqumtithere is neither residual serial

12
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correlation nor heteroskedasticity. The residuaks I§0) and normally distributed. The
hypothesis that the model is correctly specifiestadistically supported.

Table 5 confirms the robustness of a positive i@lahip between the surplus-
GDP ratio and the debt-GDP ratio. It shows that vem detect a long-run positive
relationship analyzing sub-samples as well. Thienaséd surplus response to public debt is
0.097 for 1960-2006 (Regression (a)), 0.098 for0t2@06 (Regression (b)), and 0.099 for
1980-2006 (Regression (c)). This indicates the wecge of a systematic long-run
feedback reaction of the fiscal authorities to tthebt-GDP ratio, in favor of the
sustainability hypothesis.

To sum up, the “warnings” of fiscal indicators, edn forecasts, are reversed by
the predictions of the test, based on historictéd,deccording to which the hypothesis of an
unsustainable course of U.S. fiscal policy is ggipnrejected. Hence, we test for a
structural break to have occurred in 206TThe Chow test is computed for both the
primary surplus-GDP ratio when specified in firsffatences and the data generating
process of the primary surplus-GDP ratio givenh®yfiscal policy reaction function (16).

Tables 6-7 give the results. From Table 6, the evadtithe Chow test for the
change in the surplus-GDP ratio is 1.4524 usingl2®@06 as the forecast period, and
0.78057 using 2001-2012 as the forecast pefi@hth values of the test statistics are less
than the 95% critical values (2.2826 and 1.9478peetively). From Table 7, the value of

the Chow test on the equality of the parameterthefsurplus equation (16) is 0.65552

" The issue of structural shifts in the U.S. fiscal poliigtory has been extensively discussed in the
literature. See, e.g., Hakkio and Rush (1991), TannetLan(l994), Haug (1995), and Quintos (1995). For
the identification of “threshold effects” see Arestis, Cipolianid Fattouh (2004), and Cipollini, Fattouh and
Mouratidis (2007).

2|n the latter case, we use the forecasts containedistorical Tables, Budget of the United States
GovernmentFiscal Year 2008

13
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using 2001-2006 as the forecast period, and 0.49&H%g 2001-2012 as the forecast
period. Both values of the test statistics are thas the 95% critical values (2.3083 and
1.9745, respectively). In all cases consideredhjpothesis of a structural break is rejected
by the data.

In conclusion, the absence of a structural changegime is a critical signal in
favor of the sustainability hypothesis. It leadstagccept the sustainability predictions of
the test and to conclude that the potentially utasnable course of U.S. fiscal policy from
2001 onwards, suggested by the use of fiscal itatisais likely to reflect cyclical factors.
In other words, indicators are merely signalling thccurrence of a transitory period of
high deficits. Such a short term phenomenon dodsappear to have any substantial

implication for the soundness and consistency gterm fiscal policy.

5. Conclusions

The evolution of public debt in OECD countries riegsl some form of monitoring. In the
present paper, we have proposed a simple strategyehables one to integrate the use of
indicators and tests of fiscal sustainability. badors ardorward looking in the sense that
they are based on published forecasts, therebyimgaio a set of current and expected
future conditions in fiscal policy. Tests, on théher hand, ardackward lookingin the
sense that they are based on a sample of past@iatantegrated approach allows to test
the consistency of fiscal plans over the relevam@e period. Fiscal indicators derived
from the present value budget constraint should aks calculated. Their interpretation,
however, must be made contingent on results bg,tdst is, according to whether or not

there is a genuine sustainability problem.

14
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For instance, our results for the U.S. post-WorldrW data reinforce the earlier
finding of sustainability obtained by Bohn (199808). According to the test performed,
which is based on an Error Correction Model towalfor the possibility that the primary
surplus adjusts gradually to achieve sustainabiliig conduct of fiscal policy within
sample is consistent with government solvency. i dther hand, indicators show the
need for some fiscal adjustment starting from 26@dards.

When indicators and tests give conflicting resuhs, stability of the surplus data
generating process should be checked in ordertéblesh whether indicators are merely
responding to contingent factors or are detectirgexistence of long-term sustainability
problems. In the case considered here, the indedtil to signal the existence of a
structural break in the primary surplus to GDPaaleficit increases in the U.S. were thus
a transitory phenomenon to be eventually reversed.

In conclusion, an important insight of our papertigt empirical study of
government solvency requires the simultaneous aisabf indicators and tests. Research
aimed at further integrating the formulation of icators of sustainability with testing

techniques promises to be fruitful for policy ealan and design.

15
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Data Appendix

The data are taken froHhfistorical Tables, Budget of the United States Goneent Fiscal
Year 2008(URL.: http://www.whitehouse.gov/omb/budget/fy2008The debt serieb; is
the Gross Federal Debt Held by the Public at tleadrihe fiscal year divided by the GDP
of the same fiscal year. The primary surp&iss constructed by dividing the difference of
Federal Receipts and Federal Non-Interest OutlaysGBP. Consistently with Bohn
(2005), the interest rate on public debt is comge the ratio of interest payments over
the average of outstanding public debt at the stadt at the end of each fiscal year. The
main advantage of this procedure is that it takés account the fact that government debt

is composed of a portfolio of securities with diffat interest rates.

16
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Figure-1: A Procedureto Combine Indicatorsand Tests of Government Solvency
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Figure-2: The U.S. Deficit in Percent of GDP, 1948-2006
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Figure-3: TheU.S. Primary Surplusin Percent of GDP, 1948-2006
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Figure-4: The U.S. Public Debt in Percent of GDP, 1948-2006
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Figure-5: TheU.S. Primary Gap, 1957-2006
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Figure-6: TheU.S. Tax Gap, 1957-2006
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Table-1: Unit Root Tests: The U.S. Public Debt in Percent of GDP, 1948-2006

(a) Unit root testsfor the variable by

Test statistic LL AlC SBC HQC
DF —2.3140 136.9898 133.9898 131.00683 132.8392
ADF(1) -1.8758 146.2019 142.2019 138.223D 140.6677
ADF(2) —-2.0586 147.3098 142.3098 137.3374 140.3922
ADF(3) —2.0365 147.3103 141.3103 135.3438 139.0090
ADF(4) -1.9523 149.3421 142.3421 135.3806 139.6573
(b) Unit root testsfor the variable 4b;
Test statistic LL AlIC SBC HQC
DF -3.7755 140.7638 | 138.7638 136.7935 138.0061
ADF(1) -3.8565 141.2893 138.2893 135.3339 137.1528
ADF(2) -3.5650 141.5923 137.5923 133.6517 136.0770
ADF(3) —2.6190 143.8900 138.8900 133.9643 136.9958
ADF(4) —2.4512 144.0220 138.0220 132.1111 135.7489
Notes:

The Dickey-Fuller regressions in Table la include an inteargpt linear trend.

The Dickey-Fuller regressions in Table 1b include an inté¢fmafpnot a trend.

95% critical value for the augmented Dickey-Fuller statisttb an intercept and a linear trend = —3.4935.
959% critical value for the augmented Dickey-Fuller statistih an intercept but not a trend = —2.9167.

LL = Maximized log-likelihood

AIC = Akaike Information Criterion
SBC = Schwarz Bayesian Criterion
HQC = Hannan-Quinn Criterion

From Table 1a, we cannot reject the hypothesis that thteGIBP ratiob; is 1(1). The SBC and the HQC for
the Dickey-Fuller regressions with intercept and a linear tsemport an ADF(1) specification. The test
statistic for the ADF(1) is-1.8758, which is greater than the 95% critical value for thenantged-Dickey-
Fuller statistic £3.4935). The AIC would tend to support the choice rofA®F(4) specification, for which
again we cannot reject thét is I(1). The unit root tests reported in Table 1b aresistent with the
hypothesis thatAb, is 1(0). The SBC and the HQC for the Dickey-Fuller regi@mss with intercept and
without trend lead to the choice of a DF specification. Tdlaevof the test statistic for the DF specification is
—-3.7755, which is less than the 95% critical value forDiekey-Fuller statistic€2.9167). The AIC would
instead select an ADF(3) specification, for which the hypdthef a unit root cannot be rejected even
for Ab,. However, the AIC tends to overestimate the nunob@arameters whereas the SBC and the HQC are
consistent estimators.
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Table-2: Unit Root Tests: The U.S. Primary Surplusin Percent of GDP, 1948-2006

(a) Unit root testsfor thevariable s

Test statistic LL AlC SBC HQC
DF -3.0358 161.9850 158.9850 156.0015 157.8344
ADF(1) -3.3351 162.9315 158.9315 154.9535 157.3973
ADF(2) —2.7661 163.0613 158.0613 153.0889 156.1437
ADF(3) —2.7799 163.2719 157.2719 151.3050 154.9707
ADF(4) —2.5984 163.2803 156.2803 149.3189 153.5955

(b) Unit root testsfor the variable 4As

Test statistic LL AlC SBC HQC
DF —7.2688 154.5477 152.5477 150.5774 151.7900
ADF(1) —6.3864 1558301 152.8301 149.8747 151.6936
ADF(2) -5.0076 155.9676 151.9676 148.0271 150.4523
ADF(3) —4.7651 156.6700 151.6700 146.7442 149.7758
ADF(4) —4.1960 156.7360 150.7360 144.8252 148.4630

Notes:

The Dickey-Fuller regressions in Table 2a includérgercept and a linear trend.

The Dickey-Fuller regressions in Table 2b includerdercept but not a trend.

95% critical value for the augmented Dickey-Fu#ieatistic with an intercept and a linear trend 4935.
95% critical value for the augmented Dickey-Fulieatistic with an intercept but not a trend = —BB1

LL = Maximized log-likelihood

AIC = Akaike Information Criterion
SBC = Schwarz Bayesian Criterion
HQC = Hannan-Quinn Criterion

From Table 2a, we cannot reject the hypothesistti@primary surplus-GDP ratig is I(1). The AIC, the
SBC and the HQC all select a DF specification. st statistic for the DF regression—3.0358, which is
greater than the 95% critical value for the Diclkeyller statistic £3.4935). Table 2b provides empirical
support to the hypothesis thas is I(0). The SBC and the HQC conduct to a DF djpation. The value of
the test statistic for the DF specification-i5.2688, which is less than the 95% critical valoethe Dickey-
Fuller statistic £2.9167). The AIC would tend to support an ADF(1¢afication, which again allows us to
reject the hypothesis of a unit root % .
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Table-3: Unit Root Tests: The U.S. Deficit in Percent of GDP, 1948-2006

(a) Unit root testsfor the variable d;

Test statistic LL AlC SBC HQC
DF —2.6884 162.2635 159.2635 156.2801 158.1129
ADF(1) —2.9097 162.9188 158.9188 154.9408 157.3846
ADF(2) —2.3767 163.2697 158.2697 153.2972 156.3520
ADF(3) —2.3401 163.3320 157.3320 151.3651 155.0308
ADF(4) —2.1496 1633761 156.3761 149.4147 153.6913

(b) Unit root tests for the variable Ad;

Test statistic LL AlIC SBC HQC
DF —7.2656 155.7211 153.7211 151.7508 152.9634
ADF(1) —6.3709 156.9546 153.9546 150.9992 152.8181
ADF(2) —4.9955 157.0822 153.0822 149.1416 151.5668
ADF(3) -4.7317 157.7469 152.7469 147.8212 150.8527
ADF(4) —4.1413 157.7962 151.7962 145.8853 149.5232

Notes:

The Dickey-Fuller regressions in Table 3a includérgercept and a linear trend.

The Dickey-Fuller regressions in Table 3b includerdercept but not a trend.

95% critical value for the augmented Dickey-Fulieatistic with an intercept and a linear trend 4935.
95% critical value for the augmented Dickey-Fufieatistic with an intercept but not a trend = -B.R1

LL = Maximized log-likelihood
AIC = Akaike Information Criterion
SBC = Schwarz Bayesian Criterion
HQC = Hannan-Quinn Criterion

From Table 3a, we cannot reject the hypothesisttieteficit-GDP ratiod; is I(1). The AIC, the SBC and
the HQC all support a DF specification. The valfiehe test statistic for the DF specification-i2.6884,
which is greater than the 95% critical value fax Dickey-Fuller statistic{3.4935). The results illustrated in
Table 3b are consistent with the hypothesis thdt is 1(0). The SBC and the HQC lead to select a DF
specification. The value of the test statistic loe DF specification is7.2656, which is less than the 95%
critical value for the Dickey-Fuller statistieZ.9167). The AIC would support an ADF(1) specificat for
which again we reject the hypothesis of a unit inahd; .
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Table-4: The Relationship between the Primary Surplus-GDP Ratio and the Public
Debt-GDP Ratio, 1948-2006

Dependent variable; Regression coefficient
s

constant —0.012348**
(0.0057002)

Ay —0.23182**
(0.10156)

As —0.44642***
(0.14457)

Aby 0.24227*
(0.10213)

S-2 —0.47349**
(0.15512)

by 0.031649**
(0.014172)

F test F(5,51) = 6.0516***

Serial correlatioh ¥A(1) = 0.90644

Heteroskedasticify F(1,55) = 0.091382

Residuals unit root test | DF = -7.8465** [-5.0147]

Normality* ¥/(2) =1.5700

Functional form F(1,50) = 0.073850

Notes:

Standard errors in brackets.
Lagrange Multiplier (LM) test of residual serialroslation (Godfrey, 1978a, 1978b).
Test based on the regression of squared residoaguared fitted values (Koenker, 1981).
95% critical value of the Dickey-Fuller statistiddécKinnon, 1991).
Jarque-Bera test of skewness and kurtosis of ralsiqdiarque and Bera, 1987).
Ramsey's RESET test using the square of the fiabtes (Ramsey, 1969).
Statistically significant at 10%.
*x Statistically significant at 5%.
rxk Statistically significant at 1%.

AR S o

In the estimated equation (16), we cannot rejeentlll hypothesis of no residual serial correlatibhe value
of the LM statistic for the test of AR(1) disturlzas is 0.90644, which is less than the 95% criticdilie
(3.8415). Also, we cannot reject the null hypothedihomoskedasticity. The test for heteroskedastiased
on the regression of squared residuals on squatied fvalues (Koenker, 1981) yields a test statisti
(0.091382) which is less than the 95% critical eal4.0162). The value of the test statistic for & D
specification of residuals is7.8465, which is less than the 95% critical valoethe Dickey-Fuller statistic
(-5.0141), in favor of the hypothesis of 1(0) residua&loreover, we cannot reject the null hypothéisé the
residuals are normally distributed. The value &f dlarque-Bera test statistic is 1.5700, whichds tean the
95% critical value (5.9915). Finally, the hypotlsetiat the model is correctly specified is supgbhig the
Ramsey’s RESET test. The test statistic has a \@&l0e073850, which is less than the 95% criticalue of
4.0343, thereby allowing us to accept the null lilgpsis of a correct specification of the surplusatipn.
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Table-5: The Relationship between the Primary Surplus-GDP Ratio and the Public
Debt-GDP Ratio, 1960-2006, 1970-2006, 1980-2006

Dependent variable: Regression (a) Regression (b) Regression (c)
s 1960-2006 1970-2006 1980-2006

constant —0.032262*** —0.042799*** —0.036184***
(0.0086217) (0.010504) (0.011352)

Al -0.30951 -0.51451** -0.50100*
(0.20739) (0.24007) (0.27771)

As -0.63980*** -0.78154*** -0.59149*
(0.20522) (0.25992) (0.30600)

Ab_; -0.053280 -0.18874 -0.11619
(0.21558) (0.28135) (0.31165)

S-2 —0.88299*** —1.2039*** —1.0222***
(0.20700) (0.29283) (0.33321)

b 0.085220*** 0.11848*** 0.10079***
(0.022587) (0.029312) (0.030636)

F test F(5,41) = 5.9024** | F(5,31) = 7.1933**| F(5,21) = 6.1092***

Serial correlatioh Y1) = 1.8774 X(1) = 1.6255 X/(1) = 0.079803

Heteroskedasticify F(1,45) =0.21830 | F(1,35) =0.086148| F(1,25)=0.18042

Residuals unit root DF = -6.2060** DF = -5.4768** DF =-5.1777*

test [-5.0823] [-5.1890] [-5.3798]

Normality” ¥A(2) = 1.0257 ¥A(2) = 0.63101 ¥A(2) = 3.4543

Functional Form F(1,40) = 0.017533| F(1,30) = 3.8746* | F(1,20) = 6.6691**

Notes:

Standard errors in brackets.

*rohoNPE

*x Statistically significant at 5%.

*%%

Statistically significant at 1%.
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Lagrange Multiplier test of residual serial cortgla (Godfrey, 1978a, 1978b).

Test based on the regression of squared residoaguared fitted values (Koenker, 1981).

95% critical value for the Dickey-Fuller statisfidacKinnnon, 1991).

Jarque-Bera test of skewness and kurtosis of ralsiqdiarque and Bera, 1987).

Ramsey's RESET test using the square of the fiabdes (Ramsey, 1969).
Statistically significant at 10%.
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Table-6: Chow Testsfor the Variable 4s;, 2000 Split

Chow tests

F(6,51) = 1.4524
F(12,51) = 0.78057

Notes:

Chow’s (1960) second test.

1.
2. Sample period for structural stability: 2001-2006.
3

Discussion Paper 75

Sample period for structural stability: 2001-20EBr the 2007-2012 period, the forecasts obtaineah fr

Historical Tables, Budget of the United States Goweent Fiscal Year 200&re used.
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Table-7: Chow Testsfor the Primary Surplus Equation, 2000 Split

Dependent variable: Regression coefficient
As 1948-2000
constant 0.0092531
(0.0063331)
Ay —0.21958**
(0.10416)
As —0.46849**
(0.10416)
Ab 4 0.25559***
(0.10552)
S-2 -0.36667**
(0.19652)
by 0.025352*
(0.015342)
F test F(5,45) = 3.8079***

F(6,45) = 0.65552

Chow test$

F(12,45) = 0.49755
Serial correlatiof F(1,44) = 2.5140
Heteroskedasticity F(1,49) = 0.36184
Residuals unit root test | DF = -7.5523** [-5.0517]
Normality’ X/(2) = 0.34829
Functional Forrf F(1,44) = 0.0097583

Notes:

Standard errors in brackets.
1. Chow’s (1960) second test of equality between aleteefficients.
2. Sample period for structural stability: 2001-2006.
3. Sample period for structural stability: 2001-20E2r the 2007-2012 period, the forecasts obtaineah fr
Historical Tables, Budget of the United States Gowveent Fiscal Year 200&re used.
Lagrange Multiplier test of residual serial cortgla (Godfrey, 1978a, 1978b).
Test based on the regression of squared residoaguared fitted values (Koenker, 1981).
95% critical value for the Dickey-Fuller statisfidacKinnon, 1991).
Jarque-Bera test of skewness and kurtosis of ratsidqdiarque and Bera, 1987).
Ramsey's RESET test using the square of the fiabdes (Ramsey, 1969).
Statistically significant at 10%.
*x Statistically significant at 5%.
Fokk Statistically significant at 1%.

*oNO G A
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