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MULTICOINTEGRATION AND SUSTAINABILITY OF
FISCAL PRACTICES

LORI LEACHMAN. ALAN BESTER. GUILLERMO ROSAS. and PETER LANGE

Using mudticointegration methodology, we develop criteria for testing sustainahil-
ity of fiscal budgeting processes across all states of nature, Criteria are dervived from
the optimal control lirerature where levels and rates of change of a svstem of variables
are determinanis of policy response. The appropriate policy response imechanisms are
outlined and linked to the multicointegration methodology. We then test government
spending and revenue svstems of 15 industrialized countries for the presence of such
mechanisms, We find that onlv Norway and the United Kingdonr extibit policy
responses that are consistent with our criteria. (JEL H6, E62. C22)

I. INTRODUCTION

Governments are charged with the respon-
sibility ol crafting national budgets. Over time
budgets tend 1o move between balance. sur-
plus. and deficit. These fluctuations result
from the tact that all too often a government
makes financial decisions in one vear that have
implications for spending commitments and
revenue streams a number of vears down
the road. Thus. responsible government budg-
cting mvolves examining the budget position
over time. that is. engaging in intertemporal
budgeting. FEconomists gencrally utilize two
criteria to assess the intertemporal budget's
sustainablity: does the government run persis-

tent deficits? I so, what 1s the resulung level of

debt?

Are these two ontena sufficient to make
predictions regarding budget sustainability?
Recent work by Bohn (19930 1998) and Ball
et al. (1998) suggests that budgets are far
too complicated to be evaluated with respect
to deficits and debt alone. These authors have
shown that persistent deficits and accumula-
tion ol debt does not necessarily imply that
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the debt is unmanageable and, hence. fiscal
processes unsustainable. The implication of
their work 1s that the standard approach to
testing whether government adheres to its
intertemporal budget constraint. comtegra-
tion analysis, does not provide suflicient crite-
ra for determining whether the fiscal process
is (ruly sustainable.

Conscquently, in this article we develop
a4 more cncompassing set of eriteria under
more realistic assumptions for determining
whether a country exhibits a sustainable budg-
cting process. Our criteria for sustainability
arce based the multicointegration approach
first presented by Granger and Lee (1989,
1990) and further developed in Engsted, Gon-
zalo and Haldrup (1997) and Haldrup (1998).
The budgeting practices of 15 industrialized
countrics (Belgium, Canada, Denmark. Fin-
land, France, Great Britain, Greeee. Naly,
the Netherlands, Norway. Portugal. Spain,
Sweden, Switzerland and the United States)
are evaluated in terms ol the eriteria. Our sam-
plte spans the modern era. 1960 98.

We extend the intertemporal budgeting lit-
crature by employing the multicomntegration
framework to develop the appropriate policy
responses to deficits and debt accumulation
and to test for their presence. The methodology
assesses both the stock and flow relationships

ABBREVIATIONS
ADE: Angmented Dickey-Fualler
ECM: Error-Correction Model
GDP: Gross Domestic Product
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that should characterize sustamable fiscal pro-
cesses when the data are nonstationary. Coin-
tegration between the spending-revenue flow
relationship is the first component of our crite-
ria. Cointegration between the flow of revenue
(spending) and the stock of debt 1s the second.
Jointly these conditionscharacterize multicoin-
tegration between government spending and
revenue. Inthe multicointegration case, the sys-
tem 1s characterized by a complex stock-flow
cquilibrium relationship that is not uncommon
i intertemporal models of cconomic behavior.
Such a relationship is typically associated with
issues of optimal control where the levels and
rates ol change of the variables making up
the system are determinants of the policy re-
sponse. Multicointegration can cnsure that
a country’s budgeting strategy 1s sustainable
i “bhad” states of nature, that is. when the rate
ol'ecconomic growth lalls short of the real inter-
est rate on sovereign debt.!

Bohn (1995) and Ball ¢t al. (1998) point out
that existing theoretical models that underpin
traditional sustainability tests are too simple.
Specifically. Bohn (1995} shows that the sus-
tainability of imbalances in a stochastc setting
involves satislying an intertemporal budget
constraint and a transversality condition that
differs from that imphicit in simple (determin-
1stic) models. The transversality condition re-
quires that the imit of the debt discounted at
a rate that is a function of the probability dis-
tribution of future debt and the marginal rate
of substitution between present and future con-
sumption be zero. This correct discounting is
critical in cconomies where the rate of growth
has been higher than the real interest rate. Such
an cconomy can sustain persistent deficits as
high rates of cconomic growth lower the sto-
chastic discount factor. thereby diminishing
the debt burden. In such a sctting. Ponzi
schemes become Ponzi gamibles, which are “un-
desirable for some generations in some realiza-

I. Multicointegration implies that in a bivariate I(1)
system more than one cointegrating vector may exist
such that the number of cointegrating veetors and the
number of stochastic trends do not add up 1o the dimen-
sions of the system as iy the case with comtegrated 1(1)
models. This allows for a special case of polvnomial coin-
tegration that captures both How and stock relations (see.
c.g. Granger and Lee 1989 and Engsted and Haldrup
1999). The presence of such a relationship indicates that
the bivariate system is bound together by two equilibrat-
ing forees ruther than the more traditional single equidib-
rium relattonship  that  characterizes  conventionally
cointegrated systens.

tons of history (when growth falls below the
real interest rate). but desirable for all gencera-
tions m most realizations of history™ (Ball
ctal. 1998, p. 701). Theretore. weare developing
criteria that assess whether the behavior that
cach country exhibits over the sample period
Isconsistentwith sustainable budgeting policies
regardfess of econonie performance and ruling
out detault or inflation.

Results indicate that the budgeting practi-
ces of Norway, the United Kingdom. and
the United States are consistent with multi-
cointegration between government spending
and revenues. However. the systems of cocetli-
cient estimates are sigmhicantly different tor
cach of these three countries. leading to very
dilferent conclusions regarding the nature of
policy response mechanisms and consequently
fiscal sustamability. Results for Norway indi-
cate that the country has on average experi-
enced budget surpluses and has cut taxes In
response Lo the accumulation of government
savings, For the United Kingdom. the svstem
of coefficient estimates suggests that the Brit-
ish government has mamtained deficits on av-
crage but has moved (o raise revenues in
response to debt accumulation. In both of
these countries the evidence 1s consistent with
the presence of the appropriate policy re-
sponse mechanisms, Henee their budgeting
practices meet our sustainability criteria.

On the other hand. although the LS. results
indicate that the spending-revenue svstem is
multicomtegrated. the evidence indicates that
spending has consistently exceeded revenues,
yettheresulting debtaccumulation hasbheen ac-
companied by declines in government revenues
(rather than increases). This finding is not con-
sistentwith thesustainability eriteria developed
here. Nor is the evidence regarding t ol the
remaining 12 countries. Although Danish, Fin-
ish. French, Spanish. and Swedish spending
revenue systems are cointegrated. the evidence
indicates that they have persistently run deficits
and that they lack any systematic policy
response to them. In the remaining seven
countries there is no evidence of a long-run
relationship between  government  spending
and revenues. Inevery case except Switzerland
spending has persistently exceeded revenues.
suggesting that debt accumulation is the norm.

The remainder of the article is organized as
follows. Scction 11 reviews the literature on
intertemporal budgeting and  sustainability
ol delicits. Section 1T outlines the model
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and derives the theoretical constructs to be
tested. Sccetion 1V presents the multicointegra-
tion methodology. In section V the multicoin-
tegration results are presented and discussed.
Section VI concludes.

II. BACKGROUND

Many rescarchers have explored the issue
of solveney and Ponzi financing in a determin-
istic setting. Hamilton and Flavin (1986) were
among the first to adopt the intertemporal
budget constraint approach to empirically in-
vestigate the issue, They examine the 1962 84
period for the United States concluding that
the data support a binding constraint. Wilcox
(1987) and Kremers (1989) extend the work in
this arca, contradicting the Hamilton and
IFlavin conclusion.

Using the cointegration approach. studies
by Trehan and Walsh (1988, 1990). Smth
and Zin (1988). Hakkio and Rush (1991).
Haug (1991). Ahmed and Rogers (19935),
and Leachman (1996) produce contlicting ev-
idence surrounding the issue of government's
use of Ponzi finanemg. Trehan and Walsh and
Haug find evidence supporting intertemporal
fiscal balance for the United States Hakkio
and Rush and Leachman do not. Smith and
Zim explore the mtertemporal liscal balance
ol Canada. producing evidence that supports
a sustainable fiscal path over the Tong run. Fi-
nally. the work of Ahmed and Rogers inspects
the fiscal balunce ol both the United States
and the United Kingdom. The authors con-
clude that the evidence s consistent with both
countries obeving their intertemporal budget
constraints.

With the exception ol Ahmed and Rogers
(1995). all of the models that underpin the
work are derived in a deterministic setting.
generally under the assumption that ccono-
mies are dynamically efficient and the rate
ol growth is less than the safe interest rate.”
Moaore realistically the environment is stochas-
tic and uncertainty is present. Insuch a setting.
sustainability of fiscal deficits 1s more com-
plex. Bohn (1995) develops the theorcetical
considerations for this seenario. and Ahmed
and Rogers demonstrate that under certain

20 See Ball et als (1998) and Bohn ¢1999) tor condi-
tions inwhich persistent deficits can be weltare improving
i dynamiealiy efficient ccononues.

conditions cointegration remains a sutficient
condition. Ball ¢t al. (1998) further explore
the issue of sustaimnability. They produce cvi-
dence for the United Staes indicating that
the probability of a bad outcome, defined as
rates of growth below the real interest rate,
is between 10% and 20, Bohn (1998) outlines
and tests for a corrective mechanism in the
budgeting process that enables an cconomy
to sustain imbalances given bad outcomes.
He finds that the United States exhibits such
a budgeting strategy.

Von Hagen and Harden (1994), Milesi-Fer-
retti and Razin (1995, 1996), and Uctum and
Wickens (1996) also explore the sustainability
issue. These studies look at the fiscal processes
of an array of countries and factors that influ-
ence a country’s ability to sustain persistent
imbalances. Milesi-Ferretti and Razin focus
on  factors  that  influence  sustamability
{through the promotion of growth) and di-
rectly affect the willingness to pay for debt in
a number of developing countries. Von Hagen
and Harden and Uctum and Wickens inspect
the sustaimability of the actual fiscal practices
in the United States and various European
countries. Von Hagen and Harden conclude
that France, Germany. the United Kmgdom.
Luxembourg. and the Netherlands exhibit fis-
cal practices that are “close™ to sustainable lor
the entire sample period (1970 84). Denmark,
Belgium. and Treland start the sample period
with unsustainable processes but improve their
performance in the 1980s, Ttaly, Greece. Spain,
and Portugal exhibit unsustainable practices.
The empirical evidence produced by Uctum
and Wickens indicates that the fiscal stance
of Denmark. the Netherlands, and Ireland s
sustaimable,  whercas  the  fiscal  processes
exhibited by the United States, Spaim. Ttaly.
Belginm. and Portugal are not.

M. THE MODEL

[n this section we build on the work of
Bohn (1995, 1998). Ahmed and  Rogers
(1995), and Granger and Lee (1990) to develop
a set of eriteria by which government budget-
ing processes can be considered sustainable in
all states of nature. We first assume that for all
£ there exists a unique Nonnegalive process
far }HJ o This process. called the stochastic
discount factor, 15 defined so that A ]

almost surely and 0LV, (7 i asequenee
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of random payotts begimning in period 1. then
its value 1 units of period 1 consumption is
ESTT MDY ] el epn Duffie 1996
for discussion).

To derive the relationships relevant to this
article, we begin with the government’s budget
constraint It is expressed as

(1) G+ (l—i, 1)B, 1 — R +8B,.

where G - government spending. which in-
cludes purchases of goods and services as well
as transfers: 7 a stationary safe rate of inter-
est: B government bonds of one period ma-
turity: and R = total government revenue,
comprised primarily of taxces.

Substituting forward for B, in equation (1)
and rearranging. we obtain the following
present value relationship:

B

N
Ry Gy
ol EOMDB
N s

N

Equaaon (2) simply says that the current value
ol government debt is equal to the expected
present value of all future primary surpluses.
plusa hmitimg term representing the asymptotic
expected present value of the government's
debt. We can ensure that the hmiting term on
the right-hand side o' (2) is nonnegative by as-
suming that the government does not allow
individuals to engage in Ponzi schemes against
it Furthermore. i the government is satisfying
its budget constramt intertemporally. it can-
not asymptotically leave a debt with positive
expected present value. Hence the time ¢
cxpected paths of spending and revenues are
sustainable it the imiting term on the right-
hand side of (2) 1s equal to zero.

In a deterministic setting and/or one charac-
terized by risk neutrality. the stochastic dis-
count factor s constant and cqual to /1 +
7). and the condition for sustainability reduces
to limy L [B oy /(1 iy \ = 0. Assuming
this environment and nonstationary data. the
restriction has been empirically interpreted as
requiring a cointegrating or long-run cquilib-
rum relationship between spending and reve-
nues with a coelficient ol cointegration less
than orequaltoone. The reasoning behind such
testsis typically based on ruling out a determin-

istic bubble in governmentdebt. However ina
stochastic environment. Bohn (1993) has dem-
onstrated that even it government debt is risk-
less and pays a constant rate of return /.
limy .. [B /(] - 0 \} 0 docs not neces-
sarily imply that lmy o, 200 Y8, 4] 0
The problem here 1s that the correct discount
factor is a function of state contingent claim
prices that can become arbitrarily large in
bad (low GNP) states. Evenif government debt
growsat a ratesmaller (larger) than /. the risk of
a sharp decrcase (inercase) in GNP can stll
cause the limiting term to be mlinite (zero).

Fortunately. Ahmed and Rogers (1995)
show that under relatively general conditions.
testsofcomntegrationare stillappropriate. They
demonstrate that under certain conditions on
the stochastic discount factor and the risk pre-
mia on government revenue and spending,
fmy o, £ QMO B, 0 holds i and only
i the system (R, Good, B, ) is comtegrated
with the comntegrating vector (1, 1. 1) (see
Ahmed and Rogers 1995 for a full discussion).
Morcover. these authors point out that cointe-
gration. henee stationarity of the deficite does
not necessanly mmply that the national debt
must eventually be paid off to be sustainable.
Sustatnability as itis defined here is an asymp-
totic property: Even if revenue and spending
tend to drilt together in the Tong run. deficits
and surpluses may grow arbitrarily large over
short tme horizons. FFor example. Ball et al.
(1998) characterize budget deficits as Ponzi
gambles i which the government “bets™ that
aggregateimcome will grow fastenough tomake
the debt-income ratio fall svstematically over
ume. An important result s that the larger
the debt-income ratio grows. the less certain
a Ponzi gamble is to succeed and the more fikels
iisthatstatecontingent clams prices. henee the
correct discount factor. rise.

Thercfore, we develop further criteria for
sustainability. Let G G, 4, B, Inother
words. G is government expenditures includ-
inginterest payments.” Suppose that the vector
process (G, LR, s cointegrated. Specifically. let
G, and R be I and assume there exists areal
constant AL the coellicient of cointegration
or cointergrating scalar, such that -, G, A

3oNote thatift (R, G spyare CIe o with comtegrat-
g vector ¢ 1oy 7o then (R v, 6, v 0wl e
Cle 1y with comtegrating vector ¢ Lo For consis-
teney with the dat we make this simple chanpe of vana-
bles here.
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R, 1(0). The varable =, then is a measure
of short-run deviations from the equilibrium
(cointegrating) relationship. In this system
Z, represents  the  current period  budget
deficit (surplus). The accumulation of =,
N D, is an I(1) process that repre-
sents government  debt (savings). Granger
and Lee (1989, 1990y define (¢, . R, to bemulu-
comtegrated it hr, (1, 2R,)
G, and R, are multicointegrated, 1, and ¢ will
also be comtegrated.

The simplest eriteria for intertemporal bal-
ance require that G, and R, be cointegrated
with comtegrating veetor (1. 1), This implies
that G, and R, are (1) processes with the
following representations

Wi on

(3) /\(lv_\

, e 2 NG N
(4) \/\), \ Ap bR

where A is the first difference operator and

N

Vi AR~ v

{0) A\ /\”’/ LRYIE

In cquations (Syand (6) H s Iy and v oy, are
(- 1)processes. 7% - R.G* Thisisthestandard
common [actor representation forcointegrated
series. In this case. one can think of 1, as a state
variable that summarizes time 7 cconomic con-
ditions.and (3) and (6) can be interpreted as the
government’s policy response rules. Sustain-
ability occurs when the government's spending
and tax revenues depend on information that
can be summarized by the same 1) informa-
tion variable. Changesin government spending
and revenues will then both depend linearly on
changes in 17,

Similarly. R, and G, will be multicointe-
grated 1 v and v can be represented as

A s AT, v

(8) AV A”'/ 71/—\:”"' VR -

where A1, W= 1, - 21, cand v e,
are I 2) processes. and », %> sausfy ¥
7> 4 00 In this case. R, and D, will be cointe-
grated with cointegrating vector (). — [%; —
7] 1. Equations (7) and (8) can be thought
of us more sophisticated  policy  response

1{0). Note.if

mechanisms i which the government consid-
ers both the change and the rate of change in
cconomic conditions in formulating its fiscal
policy. This strengthens the equilibrium rela-
tionship in a subtle but powerful way
asymptotically. both the levels and the rates
of change of the two series are tied together.

With this more sophisticated policy re-
sponse in place. taxes are increased andfor
spending is decreased when the cumulative
deficit becomes too large and/or the rate ol in-
crease s accelerating. This can be considered
similar to the production example in Granger
and Lee™s (1990) paper. Here the government
[aces quadratic adjustment costs for spending
and revenues as well as a cost of Targe deficits.

To be conerete. consider the tollowing op-
tumal taxation problem. Suppose that the gov-
crnment has determined its optimal spending
decision (including interest payments) as a
sequence of poliey functions {6, (7, )}/,
where /, ;15 the time 7 information set. By ma-
nipulating tax rates. the government controls
its time 7 revenues R, to minimize

OF L B DRy G

j O
Fo D, kG, Y
S oa(R R

In this example the government balances three
costs 1 its budgeting decision: the cost of
Issuing debt in the current period. a cost that
oceurs when the cumulative deficit (or surplus)
becomes large relative to the current size of gov-
crnment. and finally the cost of manipulating
tax rates to change revenues from period to pe-
riod. Drawing on the results of Lee (1992). the
solution is a scquence ot: revenues (R, )f/. that
make the process (R,. () mulucointegrated.
This example is one of many ways in which
multicointegration can arise in our system ol
variables. In more general models. the criteria
can be interpreted as requiring that the govern-
ment's policy response functions for revenues
and spending follow  the error-correction
models (ECMs) in cquations (7) and (8). If
government is 1o satisfy its budget constraint
mtertemporally. its revenues and spending
decisions must depend on some common sto-
chastictrend. I the governmentistaking poten-
tial costs of a large cumulative deficit into
account. its revenue and spending decisions
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will also depend on the rate of change in the
common trend. Forexample, when the primary
deficit 1s accelerating. the government takes
preventative action (raising tuxes and/or lower-
g spending) to prevent the cumulative deficit
from becoming too large in future periods.

The relationships outlined reflect the policy
response that results [rom an optimal control
mechanism where adjustment costs are qua-
dratic. In conjunction with restrictions on pi-
rameter estimates outlined next they define
our sustainability criteria.

V. METHODOLOGY

To assess a country’s liscal performance in
terms ol our criteria. the multicomtegration
framework first presented i Granger and
Lee (1989, 1990) and further developed by
Engsted et al. (1997) and Haldrup (1998} is
cmployed. Where multicointegration s re-
jected. traditional Engle and Granger (1987)
cointegration tests are executed. The comte-
gration and multicointegration methodologics
arc based on the single-equation approach
ploncered by Engle and Granger. Work by
Zhou (2001) and Gonrzalo and Lee (1998)
has shown that single-cquation test statistics
are generally more robust.

Consider two series v, and v, Typically, it is
assumed that they are stationary. in which
case they are integrated of order zero. In many
macrocconomic  time series. however, 1t is
more commonly the case that series are I(1).
In the previous section we have outlined the
conditions under which (the generic variables)
v and oy~ 1) are found to be (multi)
cointegrated.

Multicointegration is a very spectal form of

[(2) cointegration. Engle and Yoo (1991) and
Johansen (1995) among others have explored
the more general properties of 1(2) systems.
but until quite recently the multicointegration
property and methodology has not been well
developed. Lee (1992), Engsted and Johansen
(1997). and Engsted ct al. (1997) point out that
the presence of multicointegration invalidates
traditional methods of testing for cointegra-
tion. Therefore, Engsted et al. have developed
a single-equation procedure for testing multi-
cointegration that exhibits quite lavorable

statistical properties. It is an extension of

the Engle and Granger (1987) two-step proce-
dure to the case of H2) variables. We employ

this approach. It exploits the fact that multi-
comtegration implies a particular formy of 1(2)
colntegration. In so doing it simultancously
tests both levels of cointegration and produces
test statisties with distributions that are well
known.

The intial step requires estimation of” the
following regression:

10y Y, A - AGAN - O - opnd ey
where Y N0 v 2N, Ny
(2). 1 trends and ALY, could be replaced

by AY, This is followed by tests of ¢, for
the order of comtegration. Tn that a number
of cointegration possibilities exist. a variety
of hypotheses may be relevant for testing.
However. in most practical situations 1(2) var-
iables will comntegrate to the Iehy fevel at least.
Therefore. we test the null hypothesis that the
[(2) variables comtegrate to Iel) level. but no
further coimtegration occurs such that ¢, 1s
1(1). The distributions of the test statistics de-
pend on the number of I(y and 1(2) regressors,
nnpand s respectively. Additionally. deter-
ministic components included in (10) will af-
feet the distributions. Critical values  for
various combination of iy and ms are pre-
sented in Haldrup (1994) for the case with
a constant and in Engsted et al. (1997) for
trend and quadratic trend cases.”

Incquation (10) the ¥,. X, variables are 1(2)
by construction. whereas AX, 1s I(1). In terms
of our system of vanables. Y represents accu-
mulated spending, V' is the accumulated reve-
nue series and AX is government revenues. In
the presence of multicointegration. Ay, 1s a
super-super-consistent estimate of the first
cocllicient of cointegration converging to the
true value at a rate of O (7 )R is asuper-
consistent estimate ol the sccond stock-flow

4. We have also estmated a moditied version of the
Engle-Granger two-step procedure to assess the tmulti)-
cointegration property. Those results. accompanied by
an explanation of the procedural moditications, are avail-
able on request.

5. Should we be unable to accept multicomtegration,
we sequentially test for conventional cointegration: that s,
we test the validity of the null hypothesis, Where we are
unable to accept the hyvpothesis of Il cointegration in
conventional tests. the null hvpothesis in the tests tor mul-
ticointegration is obviously misspecified. Test statistios as-
suming i null of no cointegration such the e, 12 may be
constructed in principle but wre not currently available.
See Haldrup ¢(199%) for further discussion.
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- . . . . .. e \
cointegrating relationship exhibiting O,(1

convergence.

Because the environment is stochastic. sus-
tainable budgeting does not impose  any
a priort restrictions on the magnitude of Ay,
It can be greater than, equal to. or less than
one. If 1t is less than one. on average revenues
outpace spending, leading to the accumulation
of surpluses. I it s equal to one. on average
the budget is in balance. If Ay is greater than
one. on average spending outpaces revenues
and the government may be engaged ina Ponz
gamble requiring tax increases and/or spend-
ing cuts in bad states of nature.

Given Ay 1 (K, o D.oour sustaimabihity
criteria requires that government revenues
and the present value of debt be positively
(negatively) related. that s, Ay - O (K - 0},
The positive (negative) nature of the relation-
ship ensures that revenues rise (fall) to accom-
modate rising levels of debt (savings). These
conditions ensure that neither the government
nor the private sector engage m a Ponzi
scheme or gamble.

Granger and Lee (1989) have shown that
for o bivarate  multicomtegrated  svstem
LCMs can be represented by

)

(rn Ay, PP N | A
i lagged (Av, Av) o ¢
(12) Avy, W

lageed (Av,. Av) v o).
The changes in v, and v, are related to the
lageed comtegration errors with the necessary
condition that at least one component of cach
pair ol and v s nonzero. Inclusion of the
second error correction term. . cnables
the system o be more robust to disturbances.
The evidence produced by the ECM provides
mformation concerning the nature of the
short-run dynamics necessary for achieving
the long-run equilibrium. For a more com-
plete discussion and technical derivation see
Johansen (1992, 1995y, Paruolo and Rahbek
(1996). and Engsted and Haldrup (1999).

V. MULTI/COINTEGRATION RESULTS

The data utilized in this study are drawn
exclusively from Organisation for Economic
Co-operation and  Development Economic
Outlook series. They are annual observations

in rcal domestic currency units from 1960
through 1998 roughly because 1960 “scemed
to be a watershed. and the growth in public
spending after that year was quite dramatic™
(Tanzi and Schuknecht 1997, p. 165). The
government spending series 1s composed of
expenditures across all levels of government.
Similarly. the tax revenue series Is an aggregate
of government receipts from income tax, soctal
seeurity tax or its equivalents. corporate tax,
and indirect taxes at the various government
levels. These series represent consolidated gov-
ernment revenues and expenditures, thereby
producing a general or consolidated deficit
and debt series.®

The series have been adjusted to produce
two measures of spending and revenues. In
general all reported test statisties reflect esti-
mations undertaken using real values/gross
domestic product (GDP). The issues raised
by Bohn (1995, 1998) uand Ball ¢t al. (1998)
are framed i terms ol this measure. However,
for Norway, the Netherlands, and the United
Kingdom real values per capita are employed
because the systems comprised of real spend-
ng/GDP and real revenue/GDP do not meet
the T(l) eriteria (see later discussion). Real val-
ues per capita are real values deflated by pop-
ulation. McCallum (1984 and Easterly (2000)
note that this measure may be pertinent be-
cause population growth may lead cconomic
srowth and help o service debt. Graphs of
the system(s) of the spending and revenue var-
tables from cach country are available from
the authors on request.

In Table I the augmented Dickey-Fuller
{ADF) statistics are presented. They are ac-
companied by the average growth rate for
cach country over the sample period.” The

6. For the Netherlunds the data sample spans 1970
98, The sumple period for Norway s 1962 98 for France
and the United Kingdom it s 1963 98 and for Spain it is
1964-1998. For the remaming 10 countres the sample pe-
riod 15 1960 98, Buse years vary across countries. France
and Switzerland have 1980 as the base vear: Canada. Den-
mark. and Spain use J986: Greeee uses 19880 the hase year
for Belgium. Finkand. Ttaly. the Netherlands, Norway,
Portugal and the United Kimgdom is 1990: Sweden and
the United States employ 1991 and (9920 respectively.
Due to the Iimitations of the datac interest paviments
are not separately deflated mthe expenditure series.

7o 1tis important to note that in our sample of coun-
tries growth rates were zero or negative for all countries
exeept Norway between 1974 and 19750 0 the carly
19805, and agam in the early 19905, This finding is consis-
tent with the Ball et all (1998) finding that the probability
of rates of growth falling below real interest rates is be-
tween 10" and 20,
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TABLE 1
ADF Statistics

Revenue

Real per Real per Spending Ave. Growth
Capita Spending Capita Revenues GDP GDP Rates (%

Belgium ADE(1)* 1.3028 1.0974 1.6140 22047 31
ADED 0.9251 0.6205 0.7971 1.8013

Canada ADI(H* 15453 1.5052 14128 1.7333 29
ADI() 0.6813 1.0613 1.7707 1.7719

Denmark ADI(* 0.9385 0.8688 16586 24610 R
ADE(D 1.2502 28375 04256 1.0937

I'inland ADLE()* 0.6135 0.0518 1.2018 0.7429 33
ADE(D 21060 0411 3.6038 3.6810

France ADI()* 14350 1.6633 1.0793 ().8583 32
ADI(1) 1.0460 ).3039 1 9600 1.7063

Gireece ADI(H* 0.6089 (1.9230 11940 ().5457 4.8
ADE( L4714 25200 1.7349 30250

Ttaly ADE(1)* 1.2095 0.8990 | 4434 03895 34
ADECD 09312 1733 15433 1.7023

Netherlands ADEF(* 29683 28008 f2.5520 19,7231 28
ADE(D (1.8452 19950 16153391 178589

Norway ADI(1)* 0.53894 1.7686 23304 I1.2812 4.2
ADIL(1) 232006 64706 1.3290 131079

Portugal ADI(1)y* 0.6857 1.7231 0).6486 ().]1554 1.7
ADIE(HY 2 R4S 162390 26004 38896

Spain ADE(* 0.7057 0.3474 1.2705 1 2893 4.2
ADE( 2.0775 . 7440 1.1962 0.2082

Sweden ADE(* 1. 9378 [.53746 18281 23408 28
ADI(h 0.4574 1.9608 0.795% 14844

Switzerland AD® 0.6491 0.8730 0.788Y 04479 2.3
ADE( 24208 1.5401 2.9670 21901

United Kingdom ADE(1)* 13368 b 1354 242060 37308 24
ADE 20224 30743 2.0990 34477

United States ADE()* ().8089 03487 23030 1.5600 32
ADF) 27028 35010 4.2600 29040

Nores: Nontrended

3590 % indicates no trend.

ADL statistics test for the presence of a unit
root with and without a trend and allowing
for a drift in cach series. The two measures
of government spending and revenues gener-
ally exhibit unit roots with a trend for all coun-
tries.” However, tor Finland the real/GDP
series are nontrended. Similarly. in Portugal
revenue/GDP is nontrended. while spending/
GDP s nontrended, for the United States In
Norway and the United Kingdom revenue/

S For Fmland the real/GDIP series are nontrended.
Simifarly. in Portugal  revenue/GDPis nontrended
whereas spending/GDP s nontrended for the United
States.

0,05 critical value s approxinuitely

298 trended v 0,05 eriical value s approsmately

GDP s 1), whereas both real/GDP series
are stationary in the Netherlands.

Next we accumulate the appropriate series
to produce new series that are [(2) by construce-
tion. This is followed by tests Tor multicomte-
gration between government spending and
receipts. Results of multicomtegration tests
and. where appropriate. the corresponding
ECMs are presented i Tables 2 and 3.

Inspection of Tables 2 and 3 indicates that
multicointegration is present in the fiscal sys-
tems of Norway. the United Kingdom and the
United States. However. the results indicate
that the nature of cach country’s fiscal budget-
ing process is quite different. First consider
Norway. The estimated values ol Ay, and A
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TABLE 2
Multicointegration Tests

K, K, Con Trd ADF DW
Belgiunme: real/GDP 1.5919 S379Y FNRT3 0.2532 30803 (15003
Canada real/GDP 1.OT4S 11284 044306 0.2147 22001 017060
Denmark real/GHP 11739 1.2633 04308 010306 39332 0.2080
Fmland real/GDP 1.3353 22193 0.7382 01740 37313 0.3003
I'rance real/GDP 1 4313 (0000 1622 200N 30471 0.233]
Gireeee real/GDP 23904 1.2673 04134 03807 2RTNY 0.2313
Tty real/GDP 21484 12,7868 34824 0.6004 31739 0.722%
Netherlands real per capita 844 0.6284 00311 0.0026 11101 0.2497
Norway real per capita 09572 1507 0.0649 0.0014 4.2879 0.3747
Portugal real/GDP 1.2024 {4380 0.2424 0.0703 1.6427 0.3156
Spain real/GDIP TN 03217 0.0704 (10655 3NRON 0.2772
Sweden real/Ghp L 41N Q713K 1.0603 0.2332 37832 0.3070
Switzerland real/GDP 10330 0.6399 01636 (10987 3.0984 0.1675
United Kimgdom real per capita 1.2764 03082 0.0027 0.0009 54799 0.2786
Unuted States real/GDP 1.3336 1.2474 0.3395 01330 45851 0.4480

Vores: Based on theequation: ¥ AV - AP ALY - 6, optrendowhere Vo ospending . 2y and v revenues - 12).
Critical values for the ADT statistic of the residuals are dravwn from Engsted et all (1997 Torn - 2507 0.05 value is
470 and v OO value s 4300 Forg o 300y 005 value s 442 and v 0010 vadue s 40K

are 0.96 and 1510 respectively. The fact that ture that the Norwegian government has not
Ky < 1 indicates that revenues have outpaced allowed the private sector to run a Ponz
spending over the sample period. The negative scheme against it

value on Ay indicates that revenues have fallen Next consider the United Kingdom. The
as surpluses have mounted. The results are estimated value of Ky 1s 1280 indicating that
consistent with sustaimability and the conjec- on average spending has exceeded revenues.

TABLE 3

Mulucomtegration Error Correction Models

« i Y2 B, B, .
Norwa
AS (.00] 3% (). 2326%% (1322 0.35606H* 0.0538 0.13
(2.5408) { 2.421%) (10401 (2.1327) ( 0.3222)
AR (.0024%% 0,528 0.0303 (.3503% (1.3032 0.04
(3.2825) (1.2670) (0.314%) ¢ L.6971h (1.4408)
United Kingdom
AS (.0030%% 04735 [IREE Dl 22347 212667 0.081
(32.8739) (1.3119) (10.6904) (2.2705) { 3.19206)
\R 0,000 #* (1.0333 0.0474%% 0.2350 0.2286%* 0.23
(39041 (0.4852) ( 2.0634) (1.2497)  1.74606)
United States
S 0.0010 0 03R** 0.0975 (. 489Y** 0.0000 0.40
(0.7780) ( 4.8370) ¢ 0.5702) (3.36Y8) ( L1421
AR 1230841 NORDIN 678288 Q231K 01270 0.08
(1.2362) ( 08722 ( 0.501) (01941 { 0.6932)
Nores: Estimated models are based on the equations: A Spending v - 7 ECL - v~EC2, 1 BiASpending,
BARevenues, ;oA Resenues vy FCT - v FC2, 0 BiASpending, |+ BsARevenues, L where ECT s the re-

sidual from the first comtegrating relationship (spending and revenues) and EC2 1S the residual trom the second cointe-
arating relationship (revenues and debuy. -statistios i parentheses. ® indicates 7 010 significance level, ** indicutes 7
(.05 significance level
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TABLE 4

Engle-Granger Cointegration Tests

A DW ADF Residual

«
Belgium spending 0.3103 16674 (1.2904 2.0232
Canada spending 0.133 1.3794 03860 25949
Denmark spending (1089 | 11275 03906 o
Finland spending 0.1751 1.3130 03672 263N
France spending 0.2157 1.4332 09870 34246
Greeee spending 0.2180 | 7R56 04201 1.7423
Haly spending 0.0272 11839 02314 11637
Netherlands spending (real per capita) 0.0032 1.2087 09263 21074
Portugal spending 0.0451 11409 0.7253 2.6961
Spain spending 0.0642 L1934 0.7031 REEAS)
Sweden spending 0.2356 13917 03060 36040
Switzerland spending 0.0968 1.0423 04302 2.3038
Notes: Based on the equations: Spendig w14 Revenues. Duce to the small sample sizes the eritical values Tor the

ADE statistic are drivwn from Foele and Yoo (1987). For
s 290,

Consistent with our sustainability criteria, A
has an estimated value of 0.31. The positive
K, value indicates that revenues have been
raised as debt has mounted. Thus the British fis-
cal system is also sustainable. However. in this
case the evidence indicates that the government
has not run a Ponzi scheme against the private
sector or engaged n a Ponzi gamble.

The fiscal system of the United States is the
last multicointegrated system. Estimated val-
ues of Ay and Ay [rom cquation (10) are
1.55 and - 1.250 respectively. The fact that
the estimated value of Ay s greater than one
indicutes that on average spending has been
grcater than revenues. causing deficits o be
the norm. The negative value on Ay implices
that revenues have fallen as debt has risen.
Therelore. although the fiscal system is multi-
cointegrated. it does not satisfy our sustain-
ability criteria. Instead the evidence suggests
that the U.S. policy response Is inappropriate
given the budget situation. The implication is
that the ULS. government has undertaken
a4 Ponzi scheme or engaged in a Ponzi gamble.

Evidence produced in the ECMs of the
three multicointegrated systems suggests that
spending 1s more responsive. In the ECMs
where estimates ol 7y are significant they are
all negative and i the cquations normalized
on spending. This suggests that changes 1n
spending decline in response to divergences
from the flow cquilibrium. The magnitude
ol v, estimates is generally small, indicating
rather slow speeds of adjustment. Estimates

5

0.05 the eritical valuc s 329 fory 010, the eritical vadue

of > are only significant i the UK. ECM,
They indicate that spending rises  rupidly
and revenues fall quite slowly when there
are deviations from the debt-revenue fong-
run relationship.

Having rejected multicomtegration for the
remaining 12 countries, we next test for con-
ventional cointegration between government
spending and revenues. Results of these tests
accompanicd by the corresponding ECMs ol
the comntegrated  systems are reported in
Tables 4 and 5. Results dicate that comte-
gration is present between the liscal variables
i Denmark. Finland. France. Spain. and
Sweden. In every system the estimated value
of A iy greater than one. These results indicate
that although spending and revenues share
along-run cquilibrium relationship, that rela-
tionship is characterized by persistently higher
spending relative to revenues.

Not unlike the multicointegrated syvstems.
evidenee produced by the ECMs of these coun-
tries suggests that spending tends to adjust to
divergences from the equilibrium relationship.
This conclusion is based on negative and signif-
icantvaluesof i the Danish. Finish. Spanish.
and Swedish equations normalized onspending
(and msignificance of 7 values in the corre-
sponding cquations normalized on revenues).
These findings are consistent with Barro's
(1979) tax-smoothing argument. On the other
hand. the French ECM resultsindicate that rev-
cnues rise mn response to deviations from the
spending-revenue  cquilibrium. The  French
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TABLE §
LError Correction Models
« Y1 B, B, »

Denmark

AN 0.0050% (1.7394) O0.1329%% (T OS] O.5133%*% (3.2008) 01311 ¢ 0.82060) 0.22

AR 0.0074%% (2 1803) 0.1093 (1.1932) 0.0394 ( 0.3121) 0.2291 (1.2152) 0.02
Finland

AS 0.0040 (1.3783) 0.2912%*% ( 3.0515) (0.3793%% (4.0767) 0.0829 ( 04154 0.41

AR 0.0068%F (2.3149) 0.0100 (0.1083) (L0146 (0.0997) 0.0239 (- 0.1263) 0.69
France

AS 0.0025 (1.1997) 0.2655 (1 14692) 0.4400%* (2.0720) 0.0536 (0.1943) 011

AR 0.0021 (1.5165) (0.2302% (1.9196) 01455 (1.0288) (0.2054 (11221 0.21
Spain

AS 0.0037% (1.7162) O3114*%* (- 2.0713) (0.4933%* (2.5290) 0.0716 ( 0.2984) 0.23

AR 0.0039%*% (2 6761) G.0196 (0.1274) 01220 (0.6122) 01388 (- 0.5664) 0.08
Sweden

AS 0.0062% (1.9639) O 1777* ( 2.8709) 0.4939%* (3 3939y 0.2973 ¢ 1.6022) 0.32

AR 0.0056% (1.8680) 00486 (0.8268) 01434 ¢ 1.0330) (L3915%% (2.219K) 0.06

Notes: Based on ASpending v+ v £CL, | By ASpending, |+ B:ARevenue, . ARevenue w1 vy £ECL 1 B

ASpending, | -

*indicates v 010 significance level *#* indicates

estimate of vy is insignificant m the spending
equation. while the vy value is positive and sig-
nificantin the cquation normalized on revenue.
FFor all countries the coefficient estimates of v,
are relatively small. indicating slow speeds of
adjustment.

In the remaining seven countries no evidence
of multicointegration or cointegration is pres-
ent. In Belgium. Canada, Greeee. Ialy. the
Netherlands, and Portugal deficits and debt ac-
cumulation have been the norm. However, rev-
enues haveexceeded spendinginevery periodin
Switzerland. suggesting that surpluses and the
accumulation of government savings charac-
terizes the Swiss fiscal system.

V1. CONCLUSION

In this article we develop a richer set of cri-
terta under the more realistic assumption that
the discount factor is variable through time for
assessing the sustainability of fiscal budgeting
practices. We draw on the work of Granger
and Lee (1989, 1990), Bohn (1995). Ahmed
and Rogers (1995). Engsted et al. (1997). Ball
et all (1998) and Haldrup (1998) to derive
a more general test for sustainability of the fis-
cal budgeting process across all states of na-
ture. We show that multicomtegration ol
government  spending and revenue s an

B ARevenue, owhere ECT s the restdual from the cointegrating relationship. i-statistics in parentheses.
0.05 significance level.

approprate test for the sustamability of the
fiscal process in a stochastic environment.
The multicointegration condition implies that
both the levels and rates of change of the series
arc tied together over the long run. In the con-
text of our model. they are linked through a so-
phisticated policy response mechanism that is
derived from the optimal control literature.
We then apply our sustainability criteria to
the fiscal systems of 15 industrialized countries.
Results confirm that intertemporal budgeting
strategies vary from country to country. Nor-
way. the United Kindgom, and the United
Statesare the three countries that exhibit multi-
coimtegration of their systems of fiscal varia-
bles. However. the implications for the nature
of the budgeting strategy in cach country are
quite different. Results of multicointegration
tests for Norway and the United Kingdom
suggest that these governments have adopted
differentapproachesto fiscal budgeting  Nor-
way experiencing surpluses and the United
Kingdom experiencing deficits. However, both
governments” budgeting processes indicate that
their fiscal system s characterized by policy
responses that are consistent with budgeting
sustainability across all states of nature. In
the United States on the other hund. the evi-
dence supports the notion that the government
has consistently run deficits and has not in-
creased revenues to accommodate rising debt
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levels. These findings are meonsistent with the
sustainability criteria presented here. suggest-
g that the United States has engaged in a de-
liberate attemplt to execute a Ponzi scheme or
a Ponzi gamble.

In the remaining countries the evidence
indicates that deficits and debt accumulation
have been the norm for all countries except
Switzerland. Although the fiscal systems of
Denmark. Finland. France, Spain, and Swe-
den are comtegrated, they exhibit budgeting
practices that are consistent with debt accu-
mulation yet inconsistent with criteria that
would enable them to sustain such debt re-
gardless of cconomic conditions. Therefore.
with the exception of Switzerland, the remain-
mg 11 countries cither completely lack policy
response mechanisms to systematic deficits
and debt accumulation or exhibit policy
responses that are inadequate for addressing
the tssue. The evidence 1s consistent with the
conjecture that they, like the United States.
have deliberately undertaken a Ponzi gamble
attempting to exploit low rates of interest rel-
ative to growth or have engaged in a Ponzi
scheme. The Swiss evidence suggests that the
private sector may be running a Ponzt scheme
against the government.
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