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Abstract
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INTRODUCTION

Notwithstanding a brief episode of surpluses during the late 1990s in most industrial
countries, subsequent economic slowdown, aging of population and the burden that these
impose on government budgets has kept alive the discussion of the sustainability of fiscal
policy. Once investors begin to expect deterioration in the fiscal stance of the governments,
currency crises may not be far behind. In assessing the soundness of fiscal policies, investors
often project the long-horizon consequences of fiscal patterns that have occurred to date.

This paper evaluates the long-horizon implications of fiscal policies of countries,
employing various statistical techniques. In particular, we examine two aspects of the same
question: (i) have countries’ public policies been sustainable in the presence of structural
changes in the economy? (ii) do countries pursue active policies to avoid excessive debt
accumulation?

The traditional approach in investigating the sustainability of countries’ fiscal policy
is based on the intertemporal budget constraint (IBC) of the government. Fiscal policy is
considered sustainable if the IBC is expected to hold in present value terms. In other words,
the no-Ponzi condition must be satisfied whereby debt-holders expect the current debt to be
offset by the sum of expected future discounted primary budget surpluses.

The most widely adopted methodology consists of testing the null hypothesis of unit
root in the statistical process governing an appropriately discounted government debt or
deficit series or testing for no cointegration between government spending and revenue.'
These tests frequently do not reject the null of a unit root in the series. The tests however
are of notoriously low power in small sample and singularly suspect if there is reason to
believe the country has experienced a shift or break in its fiscal management over the

estimating sample. An alternative and complementary approach that bypasses some of the



technical difficulties associated with unit root tests is to test a hypothesis that governments
systematically reduce deficits (increase surpluses) as the level of their debt rises. If such a
mechanism is present, it provides a sufficient condition for stationarity of the debt of deficit
variable and therefore sustainability of the budget process. "

In the first part of this paper, we provide evidence as to how the traditional unit-root
tests may be poorly designed to reject nonstationarity in the presence of breaks. Allowing for
breaks changes the outcome dramatically for a majority of the countries in our sample.

When countries with positive trends are excluded, mean-reversion appears in more than half
of the countries. This compares with a single case of mean-reversion with the traditional tests
and reverses the tendency not to reject unit roots when breaks are not allowed for.

In the second part of the paper, we address the second issue, whether accumulating
debt tends to lead to more restrictive policies. For this, we develop a reaction function based
on Barro’s (1979) tax-smoothing model where a positive feedback from government debt to
the primary surplus indicates stationarity in the debt variable. We estimate the reaction
function for governments in a sample of eighteen countries to analyze the policy response of
governments to debt accumulation, and check for potential breaks. We find substantial anti-
debt policies in several countries. This result reinforces the conclusion of the unit root tests
with endogenous breaks.

Taken together, the two approaches provide evidence that policies in several countries
in our sample have been sustainable. This result is consistent with the widely discussed debt
and deficit policies adopted by South American countries after the 1980 debt crisis, the fiscal
restraint in many Asian countries prevailing before the Asian crisis and the fiscal rules
adopted by the European countries to satisfy the conditions required for membership in the

monetary union.



The paper is organized as follows. In the first section we overview the stylized facts.
In sections 1l to 1V, we explain the model, the methodology employed to test for
sustainability and the data. We present the empirical results in the fifth section and conclude

in the last section.

I.STYLIZED FACTS AND MOTIVATION

Analysts frequently note that since the 1970s, governments’ debt gradually increased
without rebate in most countries. On average, the debt/GDP ratios of the G7 countries have
been increasing between the first oil-price shock and the 1990s, except that of the United
Kingdom (Figure 1a). An initially declining trend in the United States, Canada, France and
Germany reversed between the first and the second oil-price shocks and government debt has
been on an increasing trend, at least into the mid-1990s. The Italian and the Japanese
debt/GDP ratios show a positive trend since 1970.  In the second half of the 1990s,
however, debt ratios started to decline in Italy, Canada and the US, and earlier in the UK.

The picture is more complex for developing economies. Government debt ratios in
Latin America (LA) were increasing even before the oil-price shocks (Figure 1b). Although
these shocks adversely affected the debt/GDP ratio in several countries, government debt
swelled further due to the spillover from the rapidly growing external debt. However, after
the debt crisis of the 1980s, several countries managed to reverse debt accumulation and
some have been since on a negative trend (e.g., Mexico, Uruguay, and Honduras).

The debt patterns for Asian countries are more heterogeneous (Figure 1c). Despite an
early reversal, the trend in Malaysia and Thailand turned upward since the mid-1990s. In
India, Indonesia and Turkey, the upward trend does not show a clear reversal, while in Korea

the debt/GDP ratio has been declining after peaking in mid-1980s.



How in the face of such diverse patterns in debt can we test whether the fiscal policies
are sustainable? As indicated, the standard test of sustainability is to examine whether the
process generating the fiscal variables is stationary --i.e. does not contain a unit root within
the existing time series. A unit root would imply that the current fiscal stance is
unsustainable because, if the policy is extended into the indefinite future, it would violate the
IBC.

However, the unit root tests are not insolvency tests of the government (Cuddington,
1997). If the tests find that the current fiscal situation is unsustainable, the government is
expected to correct its policy to avoid insolvency and thus satisfy its IBC. Corrections to the
existing policy process may include increased emphasis on primary surplus generation,
inflation surprises that wipe out debt or even reneging on debt. The required corrections can
be smooth, traumatic if delayed, or may have already occurred in the historical time series
data. In the latter two cases fiscal time series may reflect a structural change. Not accounting
for these structural breaks would lead to nonrejection of the unit root hypothesis under the
standard tests. We therefore use a methodology that allows testing the null of a unit root
against the alternative of a structural break at unknown date. We show that this methodology
dramatically increases the frequency of unit root rejection, thereby implying that the
underlying fiscal processes in many countries have been stationary.

Another source of nonrejection of unit roots may simply be due to the low power that
these tests have in short sample. To bypass this problem, we estimate a reaction function of
government surplus in response to debt. A positive coefficient suggests mean reversion in
debt and achieving efficiency in its estimate does not involve the long sample typically
required in the unit root tests. As the dotted line in Figures 1a-1b shows, debt patterns are
often correlated with primary balances generated by governments. Declining debt/GDP

ratios are associated with prolonged surpluses (Costa Rica and Uruguay throughout the



1980s, Mexico, Malaysia and Thailand in late 1980s, and Canada, France, Germany, Italy
and the US in the late 1990s). The second test checks whether the observed correlation
between these two fiscal variables is due to a response by the government to debt
accumulation.

In general, each test brings a different perspective to the question of sustainability of
the fiscal stance of the government. The unit root tests describe the data generating process
characterizing the debt series, while the estimates of the reaction function reflect the role of

the government in shaping the fiscal policy.

Il. MODEL
1. Government intertemporal budget constraint

The budget constraint of the government can be written as
1) AB, =-S, + pB,_;,
where B is a measure of government debt, S is the seignorage inclusive primary surplus, and
o is the ex-post interest rate on the outstanding stock of government debt. Earlier studies
use various measures of government debt. Following the literature, we consider real debt, and
debt normalized by GDP."

Each debt measure has a corresponding discount rate, o . If B is real debt, then p is
real interest rate, and if B is defined as debt/GDP ratio then p is the real interest rate
adjusted for growth rate of real GDP.

Assuming perfect foresight, solving (1) forward and successively substituting out the

future discounted debt measure, gives the n-period intertemporal budget equation:

n
(2) Bt = é‘t,nBtJrn + th,isni
i=1



n

where &, , = H(1+ p...) " is the time-varying discount factor n-periods ahead. A necessary
s=1

and sufficient condition for sustainability is that as n goes to infinity, lim &, ,B,,, =0. Thisis

N=t+n

also known as the transversality condition and implies the debt market will not tolerate Ponzi

games under which new debt is issued systematically to cover debt servicing. If this

condition holds then B; = Z&JSM , and the IBC is satisfied.

i=

The IBC thus imposes restrictions on the long-run relationship between expenditures
and revenues of the government by requiring these two not to drift too far away from each
other and the government to generate enough future net primary surpluses to pay back the
outstanding stock of debt. If the IBC is satisfied, any short-run debt accumulation would,
therefore, be mean reverting in the long run and the budget would be balanced in present
value terms.

The usual procedure to investigate this condition is to test the hypothesis, using
historical data, that the data generating process (DGP) for discounted debt is nonstationary.
Rejection of the null of nonstationarity indicates that the sustainability condition holds and
the no-Ponzi game condition is satisfied asymptotically. The IBC then suggests that
government revenue and expenditure can continue to follow into future their past stochastic
process without losing lenders’ confidence. If the null hypothesis is not rejected, the present
value of budget constraint is continually violated, the current policy is not sustainable and
thus has to be changed (see Hamilton and Flavin, 1986, Wilcox, Trehan and Walsh , 1988,
Wickens and Uctum, 1993 among others for an application of the transversality condition to

government debt).



2. Government’s reaction function

If there exists a positive relation between the primary surplus and the level of
government debt — that is, governments react systematically to rising debts by increasing the
current surplus-, this provides a sufficient condition that debt is mean reverting (see endnote
2). In Barro (1979) the government chooses a stream of future tax collections to minimize
the present value of collection costs. Using the first-order conditions Barro derives an
equation for the growth rate of nominal debt that varies positively with the deviation of
government spending and negatively with income from their respective long-term (normal)
trends. Based on this model, Bohn (1999) considers a reaction function of the form

S, = u+aB, +¢Z, + ¢, Where Z is a set of cyclical determinants of the primary surplus
representing the Barro variables, such as temporary government spending and deviation of
output from its trend.

Using a similar but simplified framework, we get a reaction function:
(3) S, =u+aB_+ 9, +W +V,
where all variables except Y are expressed as ratios to output, g, and Yy, are deviations of
government spending and income from their respective normal levels. The surplus is
expected to decrease with an increase in the transitory government spending (£ <0) and
increase with deviations of output above its trend ( > 0). The condition of sustainability is
a >0, a positive feedback from government debt to the primary surplus. Finding such a
coefficient with acceptable statistical confidence would be strong evidence that the fiscal

policy has been on a sustainable path.



I1l. METHODOLOGY
1. The unit root test approach to testing for sustainability

The test based on equation (2) consists of conducting a stationarity test on the
discounted value of the government debt. The traditional approach is to use the Augmented
Dickey-Fuller (1979) stationarity tests of the type:

(4)  Abp = pq + pqTrend +goy_g + X1, BiAby_j + &

To test for stationarity in each country’s debt series, we estimate individually the equation
(4), where we use as the dependent variable a compound discounted debt measure. The null
hypothesis of a unit-rootis ¢=0 and x, =0.

It is generally agreed that a structural break in a series biases results toward not
rejecting the null hypothesis of a unit root. Many of the countries we consider have been
subject to various economic shocks likely to affect their debt policies and, as discussed
earlier, the behavior of their debt ratios hints of changes in debt policies. We therefore
implement unit root tests with endogenous breaks to check if the series appear trend-
stationary when the break is accounted for. For this, we conduct the analysis with procedures
by Zivot and Andrews (1992), which test the null of a unit root with drift against the
alternative of trend-stationarity with an unknown break in the trend function.

Zivot and Andrews (ZA) consider three models along the lines of Perron (1989).
Model A admits an exogenous shift in the mean of the series, Model B in the trend and
Model C allows for both changes (see appendix). Unlike Perron, the ZA methodology
assumes that no prior information concerning the nature or the date of the break is available
to the investigator. Treating the break endogenously is important because it prevents a data-
dependent arbitrary choice of the break point. Following ZA, we estimate each model by

shifting the break date successively in an interval excluding the extreme points of the data



sample, and compute each time the t-statistics associated to ¢ under the null of a unit root.

For each model we retain the breakpoint leading to the most favorable results towards the
rejection of the null hypothesis. We reject the null of a unit root if the minimum t statistic is
less than the critical value from the asymptotic distribution derived by ZA for each model."

The ZA test methodology determines whether the series are trend-stationary in the
presence of a one-time structural break in the series. However, sustainability in a world with
no structural break requires trendless stationarity. Once we introduce the breaks, the
interpretation of sustainability and that of trends becomes more challenging. Although a
positive trend is inconsistent with the idea of stationarity, in this paper we argue that a
negative trend in a finite sample does not have the same interpretation as a positive trend for
sustainability in an infinite horizon.

According to the theory with infinite horizon, a debt series with a negative trend
means that the government would eventually become a creditor and continue accumulating
assets, creating dynamic inefficiency. In a finite-horizon model, however, the transversality
condition forces the government to generate sufficient surpluses to pay back its debt by the
last period. In a finite, small sample as ours, a negative (broken) trend can be interpreted as
government paying back its debt at least partially. For example, when the government reverts
its policy and starts a fiscal austerity program, this would show up as a break in debt
accumulation followed by a decline in debt. The breakpoint in this case would correspond to
the specific date at which the government implements the change in policy. An alternative
scenario is when the government starts with high debt but with a negative trend throughout
the sample with or without a break. In both cases, the theory suggests that the out-of-sample
debt can become asymptotically negative.

However, it would be an unwarranted inference that a negative trend would imply

that the country would indefinitely decumulate debt. An in-sample negative trend simply



means that the government is following a policy that is reducing its debt for a finite period so
that the fiscal stance is sustainable. A positive trend, on the other hand, is evidence of
unsustainability and the government would not have a choice but to change its policy in the
future, as discussed above.

In analyzing the results from our finite sample period, we will interpret fiscal policy
as sustainable if the null of a unit root is rejected against the alternative of zero-trend
stationarity as well as negative-trend stationarity. Thus our criteria for sustainability will be
as follows: (i) if the DGP describing the discounted debt is not affected by a break, it should
be mean-stationary or negative-trend stationary; (ii) in the presence of a break, it should be
mean-stationary or negative trend-stationary after controlling for the break (see appendix A
for details on coefficient restrictions).

There is considerable evidence supporting lag selection with data-dependent methods,
which whiten the residuals, rather than fixing it exogenously. For each choice of the
breakpoint, we follow the general-to-specific criterion advocated by Ng and Perron (1995).
The procedure consists in starting with the most general lag specification and testing, by

diminishing the order of lags one by one, the null that the coefficients of the last n lags are

jointly significant. In each sequence a Wald test is performed, which is a ;(2 with n degrees

of freedom under the null. The procedure is repeated sequentially until the null is rejected or
until obtaining a model with zero lag. We set the upper bound on the lag length to equal 6

and choose n=1 (Perron, 1989).

2. Reaction function approach to testing for sustainability
Preliminary estimates based on Chow tests suggest instability in the feedback coefficient in
the reaction function (equation 3). The instability is likely due to economic policy shocks that

may alter the debt-surplus relation over the sample. To account for such major policy
10



adjustments, the feedback coefficient should be allowed to change at one or several date(s)
corresponding to structural change(s). Since these dates are unknown, we will have to
estimate them as together with the model parameters. Two common approaches to estimating
breakpoints endogenously are (i) instability test-based approach (Andrews, 1992) and (ii)
regression-based approach (Bai, 19973, b and Bai and Perron, 1998). The first approach
selects one breakpoint endogenously and is applicable to nonlinear models. However, a
major drawback with this test procedure is that the asymptotic distributions of the F-type test
statistics are constructed for non-trending regressors. It cannot be used to test parameter
instability in equation (3), which contains debt series with deterministic trends.” We,
therefore, adopt the regression-based approach developed by Bai, Bai and Perron (BBP).
This approach allows us to find multiple breaks, which can be estimated either with the
global minimizers algorithm described in Perron (1997), or sequential methodology of BBP.
We adopt the latter methodology because it is more robust to the wrong choice of the number
of breaks and computationally less costly.

If the number of breaks is known, the sequential methodology estimates the first

breakpoint t; such that t; = arg ming Sy (t1), where Sy (t;) is the sum of squared residuals

(SSR) resulting from estimating the model over the entire period. Then the sample is
partitioned into two sub-periods around t; and a one-break model is estimated over each
subsample, which identifies two additional potential breakpoints. Among these points, the
second breakpoint t, is obtained by choosing the breakpoint that allows the largest reduction

in the SSR computed over the whole sample. The same procedure is repeated sequentially
until the predetermined number of breaks is reached.
If the number of breakpoints is unknown, the null hypothesis of m versus m+1 breaks

(m=0,1,2,...) is tested sequentially and the breakpoint is estimated if the null is rejected. The
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number of breakpoints is obtained at the first value of m for which the null is not rejected. An
alternative to this test procedure is to combine the first sequential search method with the
Bayesian Information Criteria BIC(m) of Yao (1988) and LWZ(m) of Liu, Wu and Zidek
(1997). The optimal number of breakpoints m is then given when the minimum of these
information criteria is reached. These criteria are appropriate with multiple break models
because they introduce a penalty factor for additional breakpoints, which necessarily
decrease the SSR.”

Bai (1997) shows that when all breakpoints are estimated, a reestimation (or

refinement) of the first break dates over the last refined sample periods improves the

estimation results. In the case of two breakpoints, if f, is located to the right of f;, (f,>1;),

then t;should be reestimated over the period [1, f,].

In our framework we cannot perform the sequential estimation with a known number
of breaks since inspection of data does not indicate an obvious number of breaks (Figure 1).
The test procedure for unknown number of breaks is not appropriate either because the
underlying parameter constancy test requires stationarity of the regressors, a condition that
our trended debt series do not satisfy. We thus adopt the strategy of the sequential estimation
with unknown number of breaks and information criteria (see Perron, 1997).

We also use the stationarity of the error term as an additional criterion for the number
of breaks, which suggests that the model is well specified. To conduct the stationarity test,
we perform a residual-based unit root test and use MacKinnon’s (1991) all-sample estimated
critical values. The stationarity of the residuals suggests that the number and location of the

estimated breakpoints correspond to those of the « true » model.

12



Finally, to evaluate the degree of estimation accuracy of each estimated breakpoint
we construct a confidence interval at the 5% level following the methodology in Bai, 1997

(see Appendix B for technical details).

3. Comparison of two approaches

Both the reaction function approach and the unit root tests assess the health of public
finances, but each from a different perspective. The unit root test examines the sustainability
of government finances by considering a single variable, the compound discounted real debt
or debt/GDP ratio. The second test analyses whether the government tends to take offsetting
adjustments when faced with rising debt by considering the relation between debt and the
primary balances.

When the two tests are conducted simultaneously, there are four possible
combinations for results: (i) unit root rejected and the feedback coefficient « >0 (or overall
positive in the case of a structural break). Test results are consistent, fiscal policy is
sustainable; (ii) unit root not rejected and « <0 (or overall negative in the case of a structural
break). Test results are again consistent, fiscal policy is not sustainable; (iii) unit root not
rejected and « >0. The primary surplus generated by the government has not been sufficient
to revert the unsustainable path of fiscal policy and further efforts are required; (iv) unit root
rejected and « <0. Although fiscal policy has been sustainable, the profligacy of
government may put it at risk. The magnitude of the feedback before and after a break can
give insight into the effects of reforms. For example, when there is a positive feedback, an
increase (decrease) in the magnitude of the feedback coefficient over time suggests that the

government increases (decreases) its efforts after the break(s) to reduce public debt.
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IV. DATA
The data are annual and are from 1970 to 2002. Our choice of countries was dictated by the
availability of data. The countries in the sample are the United States, Canada, Japan,
Germany, France, the United Kingdom, Italy, Costa Rica, Honduras, Mexico, Panama,
Uruguay, India, Indonesia, Korea, Malaysia, Thailand and Turkey.

In the first part of this analysis, we analyze the two most commonly used debt
measures in the literature: real debt (br), and debt/GDP ratio (by). Each debt measure is
compound-discounted with its corresponding discount rate detailed earlier." We construct
our debt measures based on the following series: nominal end-of-period government debt, the
GDP deflator, nominal GDP (GNP when the GDP is not available), and interest rate. The G7
countries’ data for nominal end-of-period gross debt, primary surplus, and the GDP deflator
come from the Organization for Economic Cultural and Development (OECD). The interest
rate series are government bond yields for maturities greater than 10 years and are from the
International Financial Statistics (IFS) of the IMF. For LA and Asian countries, all data
except the primary surplus data are from the IFS. For LA real debt is deflated by the
country’s CPI since the series for the GDP deflator are not available consistently across all
countries.

Interest rate series for long-term government bonds either were unavailable or of
widely-agreed notoriously poor quality, in particular in LA. To approximate an interest rate
series that roughly reflects borrowing conditions in the economy and matches the sample
length of government debt series, we used the commercial lending rate in most countries
(Costa Rica, Honduras, Panama, Uruguay, India, Malaysia and Thailand), and the three-
month time deposit rate (Turkey). The interest rate is computed as a geometric average of
viii

the two longest series of market rates in the other countries.”™ All interest rate series are from

the IFS except when it is noted otherwise.
14



All variables in the government reaction function (equation 3) are proportional to

GDP except y,. We calculate g, as the detrended series of nominal government spending

with the Hodrick-Prescott filter with a smoothing parameter of 100 in all countries except
Honduras, Panama and Turkey where the smoothing parameter is 25. All data for
government spending are from the IFS except Turkey where the series are from World

Development Indicators (WDI). The series Y, are also constructed as detrended series of the

logarithm of the real GDP using the Hodrick Prescott filter, with a smoothing parameter of
100 for all countries except Malaysia, Mexico and Thailand where the parameter’s value is
50. As expected, ADF test results (not reported) indicate that both variables are integrated of
order 0.

The primary surplus for the G7 countries is provided on a fairly reliable basis from
the OECD. For other countries, primary surplus figures are either not available or unreliable

when they are. For those countries we generated S; by adjusting total government deficit for

total government interest payments, where the data on interest payments are from WDI. All

primary balance series are inclusive of seignorage.

V. RESULTS

As Chart 1 shows, trends in the debt/GDP measure may exhibit several breaks, a condition
which is likely to bias standard test results toward not rejecting the null of a unit root. We
expect breaks to fall mainly in one of the four periods: the early 1970s (the first oil-price
shock), late 1970s and early 1980s (the second oil-price shock, followed by a slowdown in
the industrialized countries), mid-1980s (Latin American debt crisis), and the early 1990s (an
episode that includes the German reunification, the European financial crisis, and the start of

the protracted recession in Japan that culminated in the Asian crisis later in the decade).

15



1. Unit-root tests

We first test the simple unit root hypothesis in the ADF equation (Table 1). The first
entry in each cell of the column tapg is the ADF statistic when trend is included in the test
equation and the second one is the ADF statistic without the trend in the equation. We denote
the compound discounted real debt and debt/GDP as br and by, respectively. If the null of a
unit root is rejected when the trend is included and is significant, then the debt is trend-
stationary. If the null is rejected when the trend is not present, then the debt is zero-trend

stationary. Figures in the column t, are the t-statistics for the trend term from regressions

pertaining to the first entry. The results are presented for 1 lag and they are robust to lag
specification. Evidence based on standard ADF tests overwhelmingly fails to reject
nonstationarity in the processes for both debt measures at the conventional significance levels

in all but three countries.

< Table 1 here >

For both debt measures in France and Indonesia, and for by in Uruguay, the null of
unit root without trend is significantly rejected (first entry, tapr column), suggesting that
evidence supports trend stationarity. However, in the first two countries, the coefficient of the
trend is positive. Discounted debt that grows at the trend rate will not exponentially decay
towards zero and is considered to be unsustainable. Uruguay with a trend-stationary
discounted debt/GDP and a negative trend is the only country whose policy is consistent with
sustainability. We will return below to this concept of sustainability. In Korea results suggest
zero-mean stationarity in discounted debt/GDP ratio at the 10 percent significance level.

The main conclusion to be drawn from this section is that the traditional unit-root

tests suggest that countries in general do not satisfy their intertemporal budget constraint
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during the time period considered, and to be solvent, governments have to change the course
of their fiscal policy.

However, we know that structural breaks may bias ADF tests towards nonrejection of
the null of a unit root when there is none. We now explore this possibility. Table 2 displays
unit root test results with endogenous structural breaks for each discounted debt measure and
for each model A, B and C of ZA (equations Al, A2, A3, appendix). The columns represent,
in the order of appearance, the model, the estimated break date, the minimized Dickey-Fuller
t-statistics, the trend coefficient, the slope-dummy coefficient, the shift-dummy coefficient
and their respective t-statistics, and the optimal lag structure.

< Table 2 here >

In stark contrast to the simple ADF tests, the new results show that most countries in
the sample have at least one stationary debt measure using one of the models. The ZA tests
reject nonstationarity in at least one of the debt measures due to at least one type of break in
11 out of 18 countries at the 5 percent confidence level and in 13 countries at the 10 percent
confidence level.* This compares with 2 and 3 cases, respectively, for the same confidence
levels with the simple ADF tests.

More specifically, the evidence based on the ZA test rejects the null of a unit root in
both debt measures in four G7 countries (France, Italy, Japan and the UK) at the 5 percent
significance level with a breakpoint around 1979-81 and 1987-1990. The unit root
hypothesis for at least one debt measure is also rejected in three LA countries (Costa Rica,
Mexico and Uruguay) out of five at the 5 percent significance level, and in Honduras at the
10 percent level, albeit at different dates throughout the 1980s and the 1990s. In the Asian
group, tests reject nonstationarity in four countries (Indonesia, Malaysia, Thailand and

Turkey) out of six, at the 5 percent significance level, and in India at the 10 percent level,
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with breakpoints mostly falling in the 1980s. The unit root null hypothesis cannot be rejected
for US, Canada, Germany, Panama and Korea for either debt measure.

Closer inspection of Table 2 reveals that various models give different answers
regarding the timing of the structural breaks. We can choose among the models as follows.
For five countries the trend-stationary debt processes can be modelled with a single model
(model A in Japan and Thailand, model C in Costa Rica and Mexico, and model C and A for
br and by, respectively in India). In France, UK, and Indonesia model C includes an
insignificant time-dummy with both debt measures, and thus fails to represent both a change
in level and slope. In the latter two countries, model B is also inappropriate and the trend-
stationarity is represented by model A. For the remaining six countries for which unit root is
rejected, stationarity in debt processes is associated with different break dates. In these cases
we focus on the model with the lowest Akaike and Schwarz Criteria (AIC and SC) or
standard error of regression. This elimination process leaves us with the following
specification: for br, the optimal model is B in France, and C in Italy, Honduras and
Malaysia; for by, the optimal model is model A in France, B in Uruguay and Turkey, and C
in Italy, and Malaysia.

What do these results imply for sustainability of fiscal policies? A close inspection of
the data and the trend reveals that among the G7 countries for which ZA tests reject
nonstationarity, in UK both debt measures, described by model A, have a downwards shift in
level and a negative sloped trend, which is consistent with sustainability as defined above. In
Italy, because the negative coefficient of the trend dummy is higher in absolute value than the
positive coefficient of the trend, the sign of the overall trend becomes negative after 1989 in
both debt measures (model C). In France, the policy is not sustainable. The negative trend
dummy is not large enough to reverse the overall trend in br after the breakpoint (model B),

and by is stationary around a positive trend (model A). Japan’s policy appears to be
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unsustainable because both debt measures exhibit a shift break in 1988 but with a significant
and positive trend. Thus, we can argue that among the G7, only the UK and Italy follow
sustainable policies.

The effect of breaks on debt stationarity in the LA group is even more striking.

Debt in three out of five countries appears to be negative trend-stationary at the 5%
significance level in at least one debt measure. In Costa Rica and Mexico, the positive trend
of br in the first period is reversed in the second period by a negative trend-dummy that
dominates the debt pattern (model C). In Mexico a similar pattern exists for by. In both
countries the break affects the mean and the trend of the series. The positively sloped trend
in Uruguay is not strong enough to reverse the negative trend-stationarity in by (model B).
Although weaker (10% significance level), evidence also suggests a negative trend-
stationarity in Honduras in both debt measures after the breaks for br and for by.

Evidence supports zero-trend stationarity or negative trend-stationarity in fewer Asian
countries, namely, in Malaysia and Thailand, and weaklier in India. Malaysia satisfies the
sustainability condition with both debt measures. The null of unit root is rejected at the 5 (10)
percent significance level in br (by) with model C where the positive trend is reversed after
the break date. Since the trend is not significantly different from zero, the Thai by is
constant-mean stationary before and after a shift-in-mean in 1989. In India test results
suggest negative trend-stationarity in br (model C) and constant-mean trend-stationarity in by
(model A) at the 10 percent level. Indonesia and Turkey have unsustainable policies because

both exhibit positive trend-stationarity for at least one debt measure.

2. Governments’ reaction functions and parameter instability
In this section we examine whether governments respond to accumulating debt by generating

a primary surplus in the manner suggested by equation (3) and where the feedback
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coefficient o captures this effect. To take into account possible breaks we perform a

sequential least squares method as explained above.* The estimates, «,, @, (and a3) in

Table 3 are the feedback response over the first, the second (and the third) sub-period or
regime following the BBP procedure. For one break we verified that the residual stationarity
citerion and the information criteria lead to the same estimated breakpoint. Because of our
limited sample size, we restricted the maximum number of breaks to two and therefore could
not verify that information criteria were minimized. However, estimating two breaks was
sufficient to make the error terms stationary, and reduced the BIC and LWZ values. In rare
cases where the error term is not stationary despite incorporating two breaks, we follow the
specification of Wickens and Uctum (1993) and add the lagged dependent variable to the
right-hand-side of the equation.

We should note that, for a given country the break dates estimated in the previous
section for all debt measures are not expected to be necessarily the same as the break dates
estimated in the present section for two reasons: (i) the variables involved in this section are
in levels and as a ratio to GDP, not discounted; (ii) here the breaks characterize an economic
relationship between two variables (debt and surplus), whereas in the previous section the
break was characterizing the deterministic trend of a variable (debt).

< Table 3 here >

Several interesting results emerge. First, all countries except UK, has experienced at
least one structural change. The confidence intervals are often the closest possible to the
estimated breakpoints (one year on either side), reflecting the reliability of the estimates.
Second, the significant coefficients keep their sign throughout the sub-periods in all of the
G7, LA and in half of the Asian countries. Third, frequent occurrence of positive coefficients

suggests more frequent mean reversion than in the ZA unit-root tests. In countries with a
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positive and significant feedback coefficient, the coefficient estimates vary from 0.03 to 0.65
suggesting that given the level of GDP, for every $100 increase in the public debt,
governments generate a surplus of $3 to $65 the following year.

More specifically, except in Japan where the fiscal stance deteriorated since the
collapse of the bubble, in all other G7 countries the feedback coefficient is positive. The
magnitude of the positive coefficient declines in two G7 countries (France, Germany),
reflecting loosening of fiscal discipline. It increases in two G7 countries (US, Italy) and is
strong and positive in the UK. In the two other areas, the coefficient becomes positive from
being negative or insignificant in several countries (Costa Rica, Mexico, Indonesia,
Malaysia, Thailand), suggesting an overturn of the previous policies. The magnitude of the
negative sign decreases in three countries (Honduras, Panama, India), showing some
improvement in the degree of unsustainability. In four other countries (Canada, Costa Rica,
Uruguay, Korea) it fluctuates with a positive sign over three subperiods, reflecting

continuous fiscal effort with positive but erratic results on surplus.

Comparison with the unit root results

It is possible to reconcile the two approaches to sustainability. In four countries (UK,
Italy, Uruguay and Thailand) both tests are consistent. Unit root is rejected for at least one
debt measure (with or without breaks) and the feedback coefficient is positive in general,
suggesting that these countries fall in the first category discussed in section I11.
Nonstationarity of debt measures in Canada, France, Germany, Japan, the US, together with
positive and declining feedback coefficients indicate that the surplus generated by the
governments are not sufficient and further efforts are required (third category). In Costa

Rica, Mexico, and Malaysia unit root in debt is rejected while the surplus/debt relation
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becomes positive after the break. This suggests that the change in the government stance
towards debt accumulation put the public finances to a sustainable path (first category).

In India and Honduras with a weak rejection in unit root in one of the debt measures,
the negative feedback coefficient, although declining in absolute value, indicates that
governments need to generate a stream of surpluses for fiscal policy to become clearly
sustainable. In the remaining two countries (Indonesia and Turkey), policy is unsustainable
and the brief period of primary surplus has visibly not been sufficient to improve the long-

term outlook.

VI. CONCLUSION

The traditional ADF tests of sustainability overwhelmingly fail to reject
nonstationarity of public debt in the troubled areas of the world. However, these tests suffer
a major weakness: they are sensitive to structural breaks, which bias results toward not
rejecting unit roots. In this paper, we provide evidence that once possible breaks are taken
into account, the strong nonsustainability results weaken and may disappear altogether. We
examine the zero-trend sustainability as well as the negative-trend stationarity characteristic
of the data, and we discuss how this is consistent with sustainability of fiscal policy. We find
that controlling for structural breaks changes the outcome drastically for a majority of
countries. Results show that in half of the eighteen countries, fiscal policy is sustainable,
invalidating the nonstationarity results obtained from the standard econometric approaches.

We also explore an alternative indicator of sustainability, which consists in examining
whether a government reacts to debt accumulation by generating primary surpluses. This
alternative measure of mean reversion in debt reveals substantial active anti-debt policies in

several countries, reinforcing the conclusion of the unit root test with endogenous
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breakpoints. Frequent occurrence of a positive coefficient suggests that mean reversion is
likely to be more common than any standard unit-root test would suggest.

Despite some evidence indicating a structural change in the debt/surplus relation, the
sign of the government reaction parameter remains mostly stable through our sample.
Among the three groups, G7 countries fare best in feedback to debt accumulation. In the two
other regions, in a majority of the cases the surplus/debt relation either becomes positive after
the break or, if negative, declines in magnitude after the break.

Our results are consistent with the ongoing debate about debt and deficit policies
adopted by Latin American countries after the 1980 debt crisis, the fiscal restraint in many
Asian countries prevailing before the Asian crisis and the fiscal rules abided by the European

countries to satisfy the conditions required for membership in the monetary union.
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Table 1: ADF unit root tests#

br by
Countries
tADF tr”'l tADF t:”1
G7
-0.27 -1.3 0.37 1.3
US -1.23 -1.28
Canada 0.79 -2.0 0.91 -2.2
-1.33 -1.45
France -3.82 3.2 -3.49 29
-1.74 -1.66
Germany -1.96 1.6 -1.98 1.7
-1.31 -1.27
Italy 0.61 -2.4 0.61 2.2
-2.36 -2.39
Japan -2.22 2.2 -2.22 2.2
-0.53 -0.53
-2.64 -2.5 -2.61 -2.4
UK -1.01 -1.04
Latin America
. -1.91 0.9 -2.29 1.4
Costa Rica 194 210
Honduras -0.35 -0.6 -0.33 0.6
-1.62 -1.63
Mexico -2.15 1.2 -1.92 1.0
-1.88 -1.78
Panama -2.01 -2.0 -2.13 2.1
-0.49 -0.49
Uruguay -3.05 -29 -3.61 -35
-0.92 -0.79
Asia
India -2.17 0.0 -2.53 2.1
-2.33 -1.71
Indonesia -3.81 34 -4.08 3.7
-1.45 -1.44
Korea -239 -07 -2.23 -0.0
-2.65 -2.60
Malaysia -1.47 0.1 -1.43 -0.1
-1.92 -1.97
. -2.65 -1.2 -2.54 -0.9
Thailand 294 208
-1.75 1.1 -0.79 1.9
Turkey -0.80 1.60

$The ADF test regression is Aby = uq + sqTrend + @by _q + Zinzl,b’i Aby_j + &¢ for n=1and where b, is measured as br

and by, which stand for real debt, and debt/GDP, all compound discounted. taor is the ADF t-statistics for testing the null
hypothesis ¢ =0, and t#1 is the t-statistics for ,[tl. The first entry in each cell in the tpor column is the ADF-t statistics

for 44, # Oand the second entry is for 44 =0 ; MacKinnon’s 5% and 10% critical values are —3.56 and —3.21 for the first
entry and -2.93 and —2.60 for the second entry.
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Table 2. Unit Root Tests With Endogenous Structural Break+

G7 Model br by
date toa T DT DU lag | date toa T DT DU Lag
A 1996 -151 32.60 -11.74 1 1996 -1.39 0.00 -0.03 1
(1.0) (-2.4) (0.9) (-2.3)
US B 1994 -3.86 141.00 | -590.54 1 1994 377 0.00 | -0.02 1
(3.5) (-4.6) (3.4) | (-4.49)
C 1994 -3.75 148.73 | -65751 | 2639 1 1994 -3.63 000 | -0.02 | o0.01 1
(3.5) (-3.9) (0.6) (34) | (-38) | (05)
A 1995 -0.60 -0.06 -172.9 0 1995 -0.53 -0.00 -0.04 0
(-0.0) (-2.6) (-0.2) (-2.5)
B 1993 -2.18 12.2 -61.6 0 1993 -1.94 0.00 | -0.01
Canada 18) | (-33) (15 | (-3.0) 0
C 1992 -1.94 12.1 -62.1 66.7 0 1992 -1.01 000 | -0.01 | o0.01 0
(1.7) (-3.2) (1.1) (14) | (-29) | (0.9
A 1988 -4.76" 239.44 -1556.8 1 1981 | -5.89" | 0.00 0.05 5
(3.9) (-2.3) (4.3) 4.7)
B 1979 | -4.637 383.9 -288.72 1 1979 | -457" 0.01 -0.01
France 35 | (25) 37 | (28 1
C 1987 -4.92" 275.97 -88.63 | -1444.7 1 1981 | -5.68" | 0.00 0.00 | 0.051 g
(4.1) (-1.3) (-2.4) (0.6) | (0.4) | (4.0
A 1980 -4.22 126.35 495.6 5 1980 -4.25 0.01 0.02 5
(4.0) (2.3) (4.0) (2.1)
B 1977 215 110.66 | -80.34 0 1977 -2.07 001 | -0.00
Germany 20 | (18 19 | (L5) 0
C 1980 -4.30 43.83 87.73 684.6 5 1980 -4.33 0.00 0.00 0.03 5
(0.5) (0.9) (2.3) (05 | (1.0) | (2.2)
A 1981 -1.70 -37 10° 723 10° 2 1981 -1.77 -0.00 0.08 5
(-1.4) (2.5) (-1.2) (2.4
Italy B 1990 | -6.63" | 40310° | -670 10° 2 1990 | -6.877 | 005 | -0.08 2
(6.1) (-6.7) (6.3) | (-6.9)
C 1989 | -6.96" | 45010° | -75610° | 11010° 2 1989 | -7.15° | 0.05 | -0.09 | 0.12 2
(6.6) (-7.1) (4.2) 6.8) | (-7.2) | (4.3)
A 1988 | -4.95" | 3310° -15010° | 3 1988 | -4.94" 0.02 -0.08 3
(4.5) (-2.7) (4.5) (-2.7)
B 1977 -3.41 3310° | -2010° 2 1977 -3.85 0.02 -0.01
Japan 20) | (14 (19) | (-13) 8
C 1999 -3.22 12 10° 8710° | -10510° | 2 1988 -3.24 0.02 0.00 | -0.08 3
(3.1) (1.0) (-0.7) (25) | (0.1) | (-2.6)
A 1987 | -5.66 | -18.92 -462.4 4 1987 | -5517 | -0.00 -0.10 4
(-2.9) (-4.0) (-2.5) (-3.8)
UK B 1977 -3.13 24.71 -44.76 1 1977 -3.15 001 | -0.01 1
(1.0) (-1.6) (1.1) | (-1.6)
C 1987 | -5.217 -15.06 -9.091 -485 4 1987 | -5.15" | -0.00 | -0.00 | -0.10 4
(-1.8) (-0.7) (-4.0) (-1.2) | (-1.0) | (-3.9)

$ Variables br and by refer to real debt, and debt/GDP, both compound discounted with the appropriate discount rates. Figures in the
tza -column are the values of the t-statistics from models with shift-level dummy (model A), slope dummy (model B) and the
combination dummies (model C) following Zivot and Andrews (1992), where serial correlation is corrected using Perron and Ng (1995)
optimal lag selection procedure. Significance levels of 1%, 5% and 10% are represented by ***, ** and * and the corresponding
asymptotic critical values are -5.34, -4.8 and -4.58 for model A, -4.93, -4.42 and -4.11 for model B and -5.57, -5.08 and -4.82 for model
C. Figures in the tpy-colums are the t-statistics of the shift-dummy. T and DT columns are, respectively, the coefficient and the
associated value of the t-statistics of the trend variable and the slope dummy.
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Table 2. Continued#

LA Model br by
date toa T DT DU lag Date toa T DT DU lag
A 1981 -3.47 6.22 22352 | O 1977 201 0.01 0.70 0
(0.2) (2.7) (0.8) (1.9)
. B 1985 -3.18 13441 | -168.71 0 1982 -3.31 0.14 -0.13 0
Costa Rica 2.9) (-2.5) @.7) (-2.4)
C 1981 6.40" | 155.33 -237.60 | 3781.8 1 1981 -3.58 0.10 -0.11 | 0.60 0
(4.0) (-4.6) (5.3) (1.8) (-1.9) | (16)
A 1996 -3.32 2.49 -53.02 0 1996 2331 0.07 03 | 0
(2.9) (-3.9) (2.9) (-4.0)
B 1995 435 4.03 -20.29 0 1995 -4.407 0.03 -0.13 0
Honduras 39 | (47 40) | (-48)
C 1989 -5.05 2.28 -9.84 53.3 0 1989 -4.75 0.01 -0.06 | 0.34 0
(3.3) (-6.3) (5.2) (3.1) (-5.9) | (4.9)
A 1995 -4.00 | 1651.00 2010° | 3 1995 -3.62 0.35 406 | 3
(3.5) (-3.3) (3.1) (-3.0)
Mexico B 1988 -360 | 1473.60 | -2081.46 1 1990 -3.45 0.32 -0.53 1
(3.1) (-2.8) (2.9) (-2.7)
C 1986 735 | 1977.29 | -3857.17 | 3710° 3 1986 -10.747 0.42 086 | 3.37 3
(5.0) (-6.3) (5.8) (6.8) (-9.1) | (9.0)
A 1982 -3.48 -0.05 112 0 1983 -4.09 -0.00 005 | 0
(-1.9) (-3.0) (-2.1) (-3.4)
Panama B 1989 -3.24 -0.15 0.14 0 1990 -3.17 -0.00 0.00 0
(-3.7) (3.0) (-3.5) (2.6)
C 1992 -3.41 -0.25 0.14 1.11 3 1983 -3.18 -0.00 000 | -004 | O
(-3.4) (1.7) (3.2) (-1.7) 0.8) | (-2.3)
A 1984 -0.77 2.41 -25 5 1996 -4.60" -0.02 0.09 3
(1.0) (-1.5) (-4.1) (2.8)
B 1991 -3.16 -18.28 16.80 5 1993 -6.35 -0.03 0.03 3
Uruguay (-2.8) (3.6) (-5.8) (4.5)
C 1990 -3.05 -18.89 17.44 214 5 1992 -6.217 -0.03 0.03 | -0.02 3
(-2.7) (3.4) (-1.8) (-5.7) 4.0) | (-0.6)

$See footnote above.
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Table 2. Continued#

. br by
Asla | Model e T o T DT DU | lag | date | toa T | DT | DU
A 1985 457 -75.06 877.3 5 [ 1987 [ -459" | -0.00 0.03
(-3.1) (2.6) (-0.6) (3.0
India B 1981 -3.15 -387.10 37359 5 [ 1989 [ -3.18 0.00 | -0.00
(-0.8) (0.8) 24) | (-15)
C 1984 | -4.897 -342.63 302.02 1028.5 5 | 1987 | -4.47 000 | -000 | 0.3
(-2.8) (2.8) (EXD) (04 | (06) | (29
A 1990 | -4.767 155 10° 745610° | 0 | 1990 | -5.047 | 0.36 -1.47
* B9 . . (-1.9) B I CY) (-1.7)
. B 1988 | -4.35 13310° | -6810 0 | 1988 | -471 032 | -0.15
Indonesia (3.4) (-1.2) (3.8) (-1.2)
C 1990 -4.65 15410° | 12510° | -79210° 0 | 1985 | -4.997 | 0.25 -0.11 1.53
B4 0.2) (-1.6) (26) | (-09) | (1.6)
A 1986 -3.09 479.34 -10 10° 0 | 1986 | -2.88 0.00 -0.06
(1.6) (-2.2) (1.8) (-2.1)
Korea B 1981 -2.92 1528.85 | -2268.92 0 [ 1981 | -3.08 001 | -0.02
(1.9) (-2.1) (2.3) | (-2.4)
C 1979 -2.95 1095.82 | -1814.11 | 6085.5 0 [ 1979 | -3.05 001 | -001 | 0.04
(1.2) (-1.7) (1.5) (1.8) | (21 | 19
A 1980 -3.30 -1.68 40.18 1 | 1980 | -3.14 -0.01 0.16
(-2.4) (3.0) (-2.1) (2.9)
. B 1986 | -4.417 6.80 -11.96 1 1986 | -4.28" 0.03 -0.05
Malaysia (3.8) (-4.0) 3.8) | (:3.9)
C 1980 | -5.09" 2.76 -5.85 439 1 1980 | -4.84" 0.01 -0.02 0.18
(1.9) (-3.4) (3.9) (2.1) | (-33) | (3.8)
A 1983 | -4.58" -38.53 349.18 5 [ 1989 [ -4.947 | 0.00 -0.06
(-3.3) (2.5) (0.8) (-2.6)
. B 1985 -3.33 31.11 -81.88 5 | 1986 | -3.46 001 | -0.01
Thailand (1.2) (-17) 14 | (18
C 1983 421 -22.57 -20.61 343.45 5 [ 1983 | -431 -0.00 | -0.00 | 0.06
(-0.6) (-0.5) (2.6) (-0.6) | (-04) | (2.5)
A 1993 -1.47 56 10° 940 10° 0 [ 1993 | -2.99 3.14 72.66
(1-7)6 . (1.8) 1 29 (8.2
B 1991 -3.06 9110 299 10 0 [ 1990 | -4.99 734 | 3319
Turkey 29 | (5 1) | @8)
C 1991 -2.97 92 10° 304 10° -77 10° 0 1989 | -4.88" 749 | 33.36 | -36.56
(2.8) (3.3) (-0.2) (46) | 47 | (20

}See footnote above
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Table 3. Government Reaction Function and Feedback Coefficients %

G7_ t t, p o 2, o, y p | BIC [ LWz [ R? | ADF
countries
us 1996 -0.02 0.03 0.08 0.18 -1.73 -9.01 -8.69 0.82 -3.97%
1972-2001 | [95,97] (-2.38) | (1.58) | (6.82) (1.60) | (-2.73)
Canada | 1974 1995 -0.03 0.10 0.03 0.09 0.54 -0.09 -8.55 -8.11 0.91 -4.21%
1971-2001 | [73,75] | [94,96] | (-3.25) | (5.03) | (2.24) | (9.01) | (3.96) | (-0.25)
France 1988 -0.05 0.13 0.08 0.19 -0.01 -9.62 -9.29 0.70 -457*
1972-2001 | [86,90] (-5.81) | (5.06) | (6.00) (2.42) | (-3.25)
Germany | 1974 1989 -0.07 0.32 0.20 0.14 0.15 111 -9.65 9.21 0.89 | -4.55%*
1971-2001 | [73,75] | [88,90] | (-13.62) | (10.04) | (12.15) | (14.11) | (2.95) | (-5.98)
Italy 1091 1996 -0.10 0.08 0.11 0.13 0.21 0.37 -8.36 7.92 0.94 | -6.13%**
1971-2001 | [89,93] | [94,98] | (-10.22) | (6.39) | (12.07) | (14.88) | (1.33) | (1.36)
t P 0 a a, y F; BIC Lwz R? ADF
Japan 1991 -0.01 0.74 0.03 -0.00 -0.04 259 -9.39 -9.06 0.93 | -6.12%**
1971-2001 | [89,93] (-4.07) | (1261) | (5.40) | (-0.04) | (-0.76) | (-5.85)
UK -0.09 0.86 0.18 0.08 -0.43 -6.46 091 | -4.75%**
1979-2001 (-5.06) | (16.00) | (4.98) (0.49) | (-0.58)

} Regression equation is Sy =  + Zai Bt—llteli + ,Bgt + ﬁt +V; (see Appendix B), plus the lagged dependent variable in the case of Japan
i
and UK with the parameter &. Columns t; and t, are the estimated breakpoints and the brackets are 95% confidence intervals computed following

the procedure in Bai (1997). Figures in parentheses in the estimates columns are the t-statistics. Columns BIC and LWZ are the minimum values of
Yao’s (1988) and Liu, Wu and Zidek’s (1997) information criteria depending on the number of breaks. The last column is the residual-based ADF test
statistic. The 1%, 5% and 10% significance levels from MacKinnon (1991) are represented by ***, ** and *. See Appendix B for details. The end-of-
period debt is dated at t-2 for US, France, Costa-Rica, Indonesia, Malaysia, Thailand and at t-1 for the others.




Table 3. Continued #

LA t, t, P o a, o y B BIC LWz R’ ADF
countries
Costa-Rica 1976 1992 -0.01 0.00 0.29 0.11 -0.34 -1.77 -6.21 -5.76 0.64 -6.10***
1972-1999 [74,78] [84,00] | (-0.38) (0.02) (2.26) (0.97) (-5.20) (-4.05)
Honduras 1987 0.02 -0.17 -0.06 0.08 0.03 -7.86 -7.54 0.65 -4 42%*
1971-2001 | [86,88] (1.56) | (-5.43) | (-4.53) (1.22) (0.08)
Mexico 1987 0.03 -0.20 0.06 0.15 1.47 -5.44 -5.12 0.43 -3.97*
1971-1998 [86,88] (1.73) (-3.79) (1.39) (0.46) (0.74)
Panama 1976 1989 0.16 -0.56 -0.21 -0.12 -0.24 -1.07 -5.46 -5.13 0.40 -5 71***
1972-1998 [74,78] [83,95] | (2.28) (-2.55) (-1.70) (-1.06) (-1.66) (-2.07)
Uruguay 1988 1990 -0.02 0.30 0.54 0.22 -0.00 -0.48 -6.20 -5.74 0.59 -5, 73***
1973-1999 [86,90] [89,91] | (-1.26) (5.94) (8.79) (2.85) (-0.05) (-0.83)
$See footnote above
Table 3. Continued #
Asian t, t, 7 o a, a, ¥ Yij BIC Lwz R2 ADF
countries
India 1986 1990 0.06 -0.27 -0.24 -0.18 0.11 -0.59 -9.88 -9.42 0.90 -6.24***
1975-2000 | [85,87] [89,91] (6.22) (-10.95) | (-12.17) | (-9.71) (2.80) (-3.29)
Indonesia 1983 0.03 -0.11 0.06 0.09 -0.36 -8.32 -7.99 0.84 -5.04***
1973-1999 | [81,85] (4.15) (-4.65) (3.29) (1.39) (-1.02)
Korea 1985 1989 -0.03 0.35 0.64 0.38 -0.06 -0.91 -8.14 -7.68 0.72 -7.32%%*
1971-1997 | [84,86] [87,91] (-1.43) (3.01) (4.63) (2.20) (-1.03) (-3.45)
Malaysia 1984 -0.00 -0.11 0.08 0.16 -2.51 -6.73 -6.40 0.85 -5.05***
1972-1997 | [83,85] (-0.08) | (-2.28) | (2.55) (1.12) | (-3.79)
Thailand 1982 1989 -0.03 0.01 0.21 0.30 0.40 -1.50 -7.80 -7.35 0.81 -4.49*
1972-2000 | [80,84] [88,90] (-2.65) (0.09) (5.21) (4.39) (4.29) (-4.25)
Turkey 1995 -0.03 0.09 -0.06 0.02 -1.25 -7.68 -7.36 0.64 -4.60**
1971-2000 | [94,96] (-3.45) (3.08) (-3.06) (1.02) (-3.73)

$See footnote above




Appendix A: Zivot and Andrews (1992) unit root test with an unknown breakpoint in
the deterministic trend function

The deterministic trend of the debt series is characterized by a change in mean (Al), a change in slope
(A2) or by both changes (A3) :

k
(Al) Model A: bt = :LlA,n' + QA,ﬂDUt (7[) + ﬂA,;rt + ¢A,7Z'bt—l + Zj:15A,”,jAbt—j + et

k
(A2)  Model B: by = g ; +75 DTy (7) + B 1t + g 01 + D Tz, jAD_j +&

(A3) Model C:
k
by = uc ; +60c ;DU (7) +yc DT (7) + Be t+ dc P +Zj=15c,7z,jAbt—j + &

where 7 =d /T is the unknown sample ratio to be estimated (7 e [T =[2/T,(T =1)/T]), T is the
number of observations and d is the unknown breakpoint. The level dummy DU, () equals 1 if
t >d and 0 otherwise. The slope dummy DT, () equals t—d if t>d and O otherwise. The
null hypothesis of a unit root is that ¢i|,[ =1,i= A B,C. For each value of 7 one computes the

ADF t-statistics, t(&i‘”), and the inf [t(g/;iﬂ)] statistics are used for testing the null against the

trend-stationary alternative. One rejects the null if these statistics are less than their asymptotic critical
values provided by the authors.

In a finite sample, we consider three cases as compatible with concept of sustainability:

Biz<0and y;,=0,i=AB,C (decreasing linear trend)
Bir<0and yi .+ 6 ,<0 (20), i=AB,C  (decreasing breaking trend)
Biz>0and yi .+ 5, <0, i=ABC (increasing followed by decreasing trend)

Appendix B: Government reaction function with unknown multiple breaks (Bai (1997),
Bai and Perron (1998))

Equation (3) with m (m =0,1,2,...) unknown breakpoints can be written as:

m+1

(B Sg=mu+ Zai Bi1liey, +B0¢ + At +Vy

i=1
where [ is the sub-period between break dates t;_; and t;, and 1;., an indicator function such that
I¢er, =1 for tji_y <t <t; and O elsewhere (we set ty =1 and t;,,; =T ). The parameters ¢; (i=1,...,

m+1) are estimated over the sub-period I;, while # and y are defined over the full sample. When
m=0, (B1) reduces to model (3).



The method of sequential least squares estimation consists in first, estimating (B1) for m=1, over the

entire period and identifying the first breakpoint fl =argminS;(t,), where S;(t;) is the sum of
‘]

squared residuals from the one-break model with the candidate break date t;. The sample is then split

into two and a one-break model is estimated over each sub-sample [1, fl] and [fl,T], yielding two

potential break dates, 7; and 7,, respectively. The second estimate fg = 7y |if
S+ (1,,7,)<S; (1,7, ) and t, = 7, otherwise, where for example St(f,71) is the SSR from model
(B1) for m=2 breakpoints fl and7;. Bai and Perron (1998) show that if tfand t; are the true

breakpoints, then (fl,fz) is consistent for (tf,t;). The sample is then partitioned into three and a

one-break model is estimated over each sub-sample [1, t;], [f;,f,]and [f,,T], and so forth.
We estimate the additional break dates until the BIC and LWZ information criteria are
minimized and the residuals V, from (B1) are 1(0). For m breakpoints, these criteria are

BIC(m)=log S, (t;,....t,,)—logT +(p*/T)logT and
LWZ(m)=log S; (;,-t, ) —10g(T = p*)+co( p* /T )(log T )%,
where ¢y =0.299, ¢; = 2.1, and p*, the penalty factor compensating the decrease in the SSR with

each additional new break is (m+1)g+m+ p, with g, p, defined as the number of changing, and
unchanging coefficients, respectively (see Perron 1998).
Following Bai (1997b), a 95% confidence interval for the estimated break date fi in the case

of trending regressors can be computed as [fi —[c/ ﬂi ] —1,fi +[c/ ﬂi 1+1 ], where [c/L;] is the
integer part of c/ I:i , € the 97.5th quintile (computed from the symmetric case cdf formula as c=11),

and L =(&_, -&)?B? /67, ascale factor with @, ,& and 62 defined as the feedback estimates

before and after the breakpoint fi, and the estimated variance of V; in (Bl), respectively.



Figure 1a. Debt/GDP and primary balance/GDP: G7
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Figure 1b. Debt/GDP and Primary Surplus/GDP:
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Figure 1c. Debt/GDP and Primary Surplus/GDP: Asia*
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ENDNOTES

' Most of the sustainability analysis is conducted for industrialized nations (Buiter et al., 1993, Uctum and
Wickens, 2000) and in particular the United States (Hamilton and Flavin, 1986, Wilcox, 1989, Trehan and
Walsh, 1988, Kremers, 1989, Hakkio and Rush, 1991, Wickens and Uctum, 1993) and the United Kingdom
(Ahmed and Rogers, 1996). Results vary depending on (i) the specification of the budget constraint, (ii) the
length of the data set (the longer the data the more likely to reject nonstationarity), and (iii) whether data after
the 1980s are included (financial crises or slowdown in activity have an adverse effect on government finances).

" The mean reversion approach for testing sustainability has been used by Wickens and Uctum (1993) in the
context of the US current account balance and by Bohn (1999) for the US public debt. Wickens and Uctum
show that a sufficient condition for satisfying a national intertemporal budget constraint is that there is a
negative feedback from debt to the trade account.

Il See Hakkio and Rush (1991) and Cuddington (1997) for a discussion of various debt measures. We also
conducted the analysis with per capita real debt. Since the results do not alter the conclusion reached in this
study we are not reporting them, but they are available from the authors upon request.

V' \We also conducted the tests with the methodology by Banerjee et al. (1992). However, these tests require
truncating a large fraction of data at both ends of the sample (1/4 to 1/3 of the data) and therefore cannot capture
breaks occurring at the beginning or at the end of the sample. This compares with only two extreme
observations excluded by ZA, which is more appropriate for small samples like ours. By applying Banerjee et
al., we often observed that breakpoints were located before or after the trimming parameters. For this reason,
we focus our discussion on ZA test results.

¥ Other methodologies also test parameter instability but these tests do not estimate a breakpoint and are not
appropriate to examine the structural change in the debt-surplus relation (examples of such methodologies are
Cusum or Cusum Square tests by Brown, Durbin and Evans (1975), the fluctuation test by Sen (1980) or
Ploberger et al. (1989).

¥ See Perron (1997) for a comparison of the two information criteria.
vl See Uctum and Wickens (2000) for the derivation and a discussion for using a compound discount rate.

Vil These are: the average cost of funds and the three-month deposit rate from Global Finance (Mexico),
commercial discount rate and the lending rate (Costa Rica), call money rate and term deposits in Indonesia, and
the yield on housing bonds and the discount rate (Korea).

Itis possible that most countries experienced multiple breaks in the processes governing their fiscal variables.
Studies involving multiple breaks show that allowing for more than one endogenous break points, in general,
reinforces the evidence against the unit-root hypothesis (Lumsdaine and Papell, 1997, Ben-David, Lumsdaine
and Papell, 1998).

X Since the primary deficit is inversely related to government spending, S, and g, share the same information
set, which introduces the problem of simultaneity bias. A potential bias might also be caused by the relation
between S, and Yy, . Then OLS would be inappropriate and TSLS or IV method should be used. To see if

there is a significant bias, we checked the correlation between @, and v, Y, and v, from equation (3) for
each country. We found that it is systematically insignificant, suggesting that OLS is appropriate.



