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EFFECTS OF GOVERNMENT DEBT ON INTEREST RATES: 
EVIDENCE FROM CAUSALITY TESTS IN JOHANSEN-TYPE MODELS

 ABSTRACT

This paper examines the impact of government debt on interest rates in the United States,
Germany, the United Kingdom and Canada, using the sequential causality test procedures suggested
by Toda and Phillips (1994) in the Johansen  error-correction model (ECM). The general portfolio
balance model, which allows for both direct and indirect tests of the link between public debt and
interest rates, is used as the economic framework. Indirect tests in this model consist of investigating
the debt impact on interest rates through the effects of debt on the exchange rate and money demand.
The evidence generally indicates the absence of causality in the long-run, between government debt
and  interest-rate related variables for all four countries under study. This suggests the neutrality of
public debt on interest rates and is consistent with the Ricardian equivalence hypothesis.

 



     1Seater (1985, 1993) discussed this issue and suggested that the key fiscal variable in empirical analyses of the Ricardian
equivalence is the total outstanding debt. Fiscal variables such as budget deficits and government spending are misleading. For
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I.  INTRODUCTION

Since the early 1970s many industrialized countries have experienced large shifts in their government

debt and deficits while the international capital flows have grown tremendously in world financial markets.

These events raise a number of questions, particularly, whether such government debt and incumbent deficits

affect  interest rates and private demand in the presence of international capital flows. The macroeconomic

literature has addressed this issue in two interesting and separate frameworks. According to various versions

of  Keynesian and Neoclassical models, an increase in government debt which makes households wealthier,

stimulates both output and employment, and causes higher interest rates. The driving up of interest rates,

however, crowds out private investment with deleterious  impact on long-term growth.

In the last two decades, this traditional view  has been cast into doubt through the reawakening of

another theory of public debt’s effects, the Ricardian overlapping generation model, suggesting that

government debt implies future tax liabilities with a present value equal to the value of the debt. Rational

agents recognize this debt/tax equivalence and act as if the debt does not exist, resulting in the debt  having

no effect on interest rates nor any of the effects attributed to them by traditional models. Which of those two

views  is appropriate bears an important implication for macroeconomic policy-making.

Empirical work, intended to quantify the relationship between government debt or deficits and interest

rates, has reached disconcertingly different conclusions using US postwar data.  First, Barth, Iden and Russek

(1985), Zahid (1988), Cebula and Cock (1991, 1994), Bahmani-Oskooee (1994), and Miller and Russek

(1996), among others, concluded that public debt and incumbent deficits increase interest rates (long-run rates

were mostly used).  They tend to support the Keynesian hypothesis.  Second, Evans(1985, 1987), Barro

(1987), Deravi, Hegji and Morbely (1990), Seater (1993) and Gulley (1994), among others, found no evidence

linking government debt or deficits and interest rates (short-run rates were often used). They then tend to

support the Ricardian equivalence hypothesis.

At the heart of these two puzzles, noted in previous empirical results, are the fiscal variables and

statistical techniques  employed to assess the interest rate effects of government debt. As to the fiscal

variable specification, it is now well documented in the literature that the total outstanding debt is the most

appropriate variable for assessing the Ricardian equivalence.  Fiscal variables such as budget deficits and

government spending used in other empirical studies are misleading [see Seater (1985, 1993) for discussion]1.



instance, deficits can ensue from an increase in expenditure contradicting therefore the Ricardian  equivalence hypothesis that
assumes a constant path of government purchases. Also, deficits may be financed not only by interest-bearing government debt,
but also by monetary issue. The latter financing means may actually lower interest rates.
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On the other hand, statistical techniques used in previous studies can be divided into two categories.  The first

method,  which has been widely utilized, is the interest rate regression approach. It consists in regressing some

measure of the nominal interest rate on various independent variables, including measures of government debt.

As pointed out by Deravi et al. (1990) and Gulley (1994), interest rate regressions lead to weak tests of debt

effects on interest rates since any link between these two variables can be clouded either by an inflow of

capital which occurs before interest rates respond to public debt and deficits or by the monetary policy that

often targets the nominal interest rates, lowering its variability.  The second approach, proposed in empirical

literature, indirectly examines the effect of government debt or deficits on interest rates through the impact

of debt or deficits on any relevant variable which is closely related to the nominal interest rate. This helps to

avoid problems caused by interest rate regressions. Along this line of thought, Evans (1985), Deravi et al.

(1990) and Gulley (1994) propose an approach which attempts to estimate money demand functions which

include a measure of government debt to account for the wealth effect. This procedure indirectly analyzes

the impact of government debt on interest rates through the effect of debt on money demand. In the same

vein, Seater (1993) suggests a test of the relationship between public debt and exchange rates as a more

direct assessment of the debt-interest rate linkage under higher international capital flows that may offset

interest rate effects of public debt. Following Evans(1985) and Seater (1993), if the private sector is not

Ricardian, both money demand and the exchange rate will be positively related to government debt even in

the presence of early capital flows and/or that of a monetary policy that targets interest rates. 

Although the indirect methodology is adequate, previous studies which applied it analyzed the effect

of debt on interest rate-related variables, using mostly the Engle and Granger (1987) procedure or single-

equation models that produce inefficient estimation and test results [see Johansen and Juselius (1992) for

discussion]. Furthermore, tests of theories of government debt’s effects, developed  in earlier research, do

not correctly address the issue of the timing of tax perceptions as documented by Seater (1985, pp.123). They

mostly assume that at least a fraction of public debt is perceived to be net wealth and this perception lasts

forever. For instance, suppose the government issues a perpetuity whose interest payments all are paid by

taxes. Although no one recognizes these implied future taxes when the perpetuity is issued, as time passes

everybody will observe that taxes are persistently higher and will eventually adjust their tax anticipations

accordingly. As such, government debt will have no effects in the long run (or steady state), though it will
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have a short-run effects before full tax perception occurs, and the Ricardian equivalence hypothesis will hold.

Therefore, the way to clearly differentiate between the Ricardian hypothesis and the Keynesian and

Neoclassical models is to investigate the long-run effects of government debt on interest rates. A non

rejection of a short-run debt-interest rate linkage cannot necessarily be an indication of a rejection of the

Ricardian equivalence.

The objective of this paper is to examine the effects of government debt on interest rates in order to

contribute to the debate on the theory of government debt’s effects. The paper improves upon previous

studies in three important ways.  Firstly, it uses an economic model which embodies indirect tests of interest

rate effects of government debt à la Evans (1985) and Seater (1993), as well as a standard direct test from

interest rate equations. Secondly, tests of government debt’s effects are preformed by means of more robust

causality tests suggested  by Toda and Phillips (1994)  in the Johansen (1988) error-correction model (ECM).

These full-information test procedures, which are modified in this paper to include deterministic terms, allows

one to distinctively test for short-run noncausality and long-run noncausal effects (or neutrality) among series.

For instance, transitory debt effects relates to short-run causality, while long-run effects refers to long-run

causality. Thirdly, while previous studies focus on the United States (US), the current paper includes other

industrial countries comprising Canada, Germany and the United Kingdom (UK).

The paper is organized as follows.  It starts with a description of the economic framework and data,

then presents a brief discussion of the Toda and Phillips (1994) test procedures, followed by the outcome of

preliminary unit root and model specification tests.  Section V is devoted to the analysis of empirical results.

The paper ends with  concluding remarks.

II.  MODEL AND DATA DESCRIPTION 

Regarding the purpose of this paper, we consider the following generalized asset market

representation of the exchange rate for a small open economy:

  and , (2.1)et ' d1(mt&mft) % d2(yt&yft) % d3(it&ift) % d4(b t&bft), d1,d2,d4>0, d3<0

where e is the bilateral exchange rate, m is the nominal M1, y is the national income measured by the real

GDP, i is the nominal interest rate measured by long-term government bond yields, and b is the stock of

domestic asset (or government bonds) proxied by the total government outstanding debt (federal plus state

liabilities).  Subscripts  f denote foreign variables. Since (2.1) defines the long-run equilibrium exchange rate

which clears both real and financial markets, m is also interpreted in this framework as the demand for home



4

money..  The rational behind the choice of this theory is that, in the error-correction framework, model (2.1)

allows  for not only direct tests of debt-interest rate effects, but also for indirect tests suggested by Evans

(1985) and Seater (1993), in a context of high capital mobility. 

We use quarterly and seasonally unadjusted data from 1957:1 to 1993:4, for Canada, Germany, the

UK and the US. The series are expressed in natural logs except the domestic and foreign interest rates. All

the data are taken from the IMF International Financial Statistics (IFS) and the OECD Main Economic

Indicators.  In all cases the US series are used as foreign variables, whereas those for the US model are

obtained  from German data. Accordingly, the bilateral exchange rates are expressed in terms of national

currency per unit of US dollar, while for the United States it is given by $US per unit of Mark. Here, an

increase in the exchange rate level is defined as a currency appreciation. It is worth noting that the choice

of the 1957-1993 period was motivated by the will to provide more weight for the period during the Reagan-

Bush regime, characterized by large and persistent public deficits. In what follows, since the US is a large

open economy, we exclude from its model all foreign variables of no interest and keep only the interest rate

differential that captures the impact of international capital flows. The series are then stacked in a vector as

follows:  for the US, and   for the other countries.Yt'[mt ,yt,it ,ift,bt,e t] Yt'[mt ,mft,yt,yft,it,ift,bt,bft ,et]

III.  CAUSALITY TESTS IN THE JOHASEN-TYPE ECM

 

In this section we briefly describe the causality test procedures derived by Toda and Phillips (1994)

in the Johansen-type ECM. We modify these tests to include various choices of deterministic components in

the model as documented by Osterward-Lenum (1992). Consider the p-dimensional  VAR(k) model in error-

correction form 

(3.1)? Yt ' G(L)? Yt&1 % ? D t % a(ß)Yt&1%d0%d1t) % gt, t'1,...,T,

where  is a I(1) series vector, ,  are i.i.d  and  is the long-run impactYt G(L)''k&1
h'1Gh L h&1 gt N(0,S), ? 'aß)

matrix, where are  matrices of full rank r,  (there is no if  r=0). Thea and ß p×r 0#r#p&1 a or ß

deterministic part of the model is assumed to be  and the coefficients  and  are defined as? Dt'?0%?1t, ?i di

in  Osterward-Lenum (1992, p.464),  and where  is ?i'(az)az)&1az)µi di'(a )a)&1a )µi, i'0,1, az p×(p&r)

matrix orthogonal to , and   are referred to as the projections of the original deterministic part ofa ?i and di

the model  on the spaces spanned by A number of sub-models can be derived from theµ0%µ1t a and az.



5

general model (3.1). They include, among others, a model without an intercept ( ), a model with aµ0'µ1'0

constant term both in  and the long-run relationship (  or ), a  model where both  and the? Y µ1'0 ?1'd1'0 ? Y

long-run relationship evolves around a linear trend ( ), a model with a drift only in the error-correctionµ0Öµ1Ö0

term ( ), and a model with a linear trend  in the error-correction terms and a drift in  µ1'?0'0 ? Y (?1'0).

Assume now that we want to test whether there are causal effects from the last series ( ) of p3 y3t Yt

to the first  series ( ), and partition  into sub-vectors  with selector matrices p1 y1t Yt Yt'(y )
1t ,y )

2t, y )
3t)

) S )
1'(Ip1

0))

and , as in Toda and Phillips (1994). Then the null hypothesis of Granger noncausality in the ECMS )
3'(0) Ip3

)

(3.1) is formulated as

(3.2)H (:G1,13'...'Gk&1,13 and a1ß
)
3'0

where  is the  upper-right sub-matrix of  is the first  rows of theG13(L)''k&1
h'1Gh,13L

h&1 p1×p3 G(L), a1 p1

loading matrix , and the last  rows of the cointegrating vectors  The firts part of the hypothesisa ß3 p3 ß.

relates to short-run noncausality, and the second half is referred to as long-run causality. Long-run causality

also refers to neutrality in the macroeconomic literature. Furthermore, four sub-hypotheses are also suggested

in order to construct the sequential causality test procedures. They are formulated, respectively, as:

  and (3.3)H (
Ð :G1,13,...,Gk&1,13'0, H (

1 : a1'0, H (
3 : ß3'0, H (

13: a1ß
)
3'0

and allow one for testing separately for the two parts of the noncausality hypothesis (3.2). 

The Toda and Phillips (1994) Wald statistics for testing the hypotheses (3.2) and (3.3) are based on

the Johansen (1988) maximum likelihood (ML) approach. To illustrate these test procedures in the ECM (3.1)

that includes deterministic terms, we need to introduce some notation. Let  denote the MLß̂(
'(ß̂),d̂0,d̂1)

)

estimator of , the eigenvectors corresponding to the r largest eigenvalues, and letß('(ß),d0,d1)
)

 be the eigenvectors corresponding to the p-r smallest eigenvalues, where both  and ß̂(

z'(ß̂)

z,d̂0z,d̂1z)) ß̂( ß̂(

z

are normalized as in Johansen (1988, p.235). Then the ML estimator of   is computed as(G1,...,Gk&1,? ,a)

(Ĝ1,...,Ĝk&1,?̂ ,â ) ' ? Y )Ẑ1(Ẑ
)

1Ẑ1)
&1

where   with  Here, according to the? Y )'(? Y1,...,? YT), Ẑ )

1'(ẑ11,...,ẑ1T) ẑ )
1t'(? Y )

t&1,...,? Y )
t&k%1,Dt,(ß̂

()

Y(
t&1)).

general ECM in (3.1),  but their specific expressions depend on the definedY()

t&1'(Y )
t&1,1,t) and D )

t'(1,t),

deterministic-term specifications. Now, let us define  with  andẐ )

2'(ẑ21,...,ẑ2T) ẑ )
2t'ß̂()

zY(
t&1 Ôc'(â )Ŝâ )&1.

Moreover, denote by  the ML estimator of  in (3.1),  and let  be the following partitioned matrixŜ S P̂

P̂'
Ik&1¼S )

3¼S )
1 ?̂ ¼S )

1 0 0

0 0 ß̂3¼S )
1 ß̂3z¼â1
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where   and are the last  rows of and the last  rows of  respectively. Thus, the MLß̂3 ß̂3z p3 ß̂ p3 ß̂3z,

estimator of the joint variance-covariance matrix of all parameters in the ECM (3.1) is given by

Ô '
(Ẑ )

1Ẑ1)
&1¼Ŝ 0

0 (Ẑ )

2Ẑ2)
&1¼Ôc

and the Wald statistic for testing the joint hypothesis (3.2) of noncausality is computed as

(3.4)F ('vec(F̂ ))) (P̂Ô P̂ ))&1 vec(F̂ ))

where . The statistics for testing the sub-hypotheses defined in (3.3) areF̂'(G1,13,...,Gk&1,13,?̂ , â1ß̂
)

3)

calculated, respectively, as follows: 

, where (3.5)F (
1 ' vec(â1)

) (S )
1ŜS1¼ Ŝ?)

&1 vec(â1) Ŝ? ' T&1Ir

F (
3 ' vec(ß̂3)

) [ß̂3z(Ẑ )

2Ẑ2)
&1ß̂)

3z¼ Ôc]
&1 vec(ß̂3)

F (
13'vec(â1ß̂

)

3)
) [S )

1ŜS1¼ ß̂3Ŝ?ß̂
)

3% â1Ôcâ
)
1¼ ß̂3z(Ẑ )

2Ẑ2)
&1ß̂)

3z]&1 vec(â1ß̂
)

3)

F (
Ð'vec(F̂Ð)) [S )

1ŜS1¼ (Ik&1¼ S )
3) ŜÐ(Ik&1¼ S3)]

&1 vec(F̂Ð)

where  and  is the  upper-left block matrix of  Under theF̂Ð'(Ĝ1,13,...,Ĝk&1,13) ŜÐ p(k&1)×p(k&1) (Ẑ )

1Ẑ1)
&1.

null hypotheses (3.2) and (3.3), the Wald statistics in (3.4) and (3.5) admit the following chi-squared

asymptotic distributions provided by Theorem 2 and Proposition 1 in Toda and Phillips (1994, p.268): 

   if or ; ; ;  if  or F ( 6
d
?2

p1p3k rank(a1)'p1 rank(ß3)'p3 F (
1 6

d
?2

p1r F (
3 6

d
?2

p3r F (
13 6

d
?2

p1p3
rank(a1)'p1

; and .rank(ß3)'p3 F (
Ð 6

d
?2

p1p3(k&1)

The authors suggest three sequential testing procedures P1, P2 and P3 based on the above-defined

Wald statistics. Simulation results indicate that they outperform conventional causality tests based on VARs

in levels an in differences, and among the sequential procedures, P1 performs better than P2 and P3 for all

cases, when sample sizes are greater than 100 and . Since in this paper we deal with the case of k>1 p1'1,

and k>1, and because we are  interested in distinguishing between debt short-run and  long-run causalp3'1

effects, we will use both P1 and P3 sequential test procedures, as defined further in the paper ( in section V).

IV.  PRELIMINARY ANALYSIS 

4.1  Time-series Properties of the Data

The statistical model (2.1) requires that the order of integration of variables is at most one.

Nevertheless, some economic series also exhibit substantial seasonality.  We then use the test procedure

developed by Hylleberg, Engle, Granger and Yoo (1990) [HEGY] for quarterly data, which allows one to
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jointly test for both seasonal and nonseasonal unit roots. This approach contains the Dickey-Fuller test as a

special case.  To perform the HEGY tests for each series , one estimates by ordinary least squares thext

following equation:

(4.1)n((B)y4t' p1y1t&1% p2y2t&1% p3y3t&2% p4y3t&1% 'n
i'1

? iy4t& i % µt% et,

where

y1t' (1% B% B 2% B 3)xt, y2t' & (1& B% B 2& B 3)x t,y3t' & (1& B 2)xt, y4 t' (1& B 4)xt, and n((B)' 1.

Equation (3.1) includes the linear trend , and n additional lags of  to whiten the error terms µt y4 et.

Hypotheses about various unit roots are tested as follows.  For frequencies 0 and , one examines the t-p

statistics for  and  against  and  respectively.  For the frequency , one jointly tests p1' 0 p2' 0 p1<0 p2<0, p/2 p3' 0

and  with an F-statistic.  Critical values for the t- and F-statistics are provided in HEGY.  There will bep4' 0

nonseasonal unit roots if  and either  or  are different from zero. This therefore requires the rejectionp2 p3 p4

of both the test for  and the joint test for  and   To conclude that the seriesp2' 0 p3' 0 p4' 0 (p3_ p4).

exhibits no unit roots at all and is therefore stationary, we must find that each of the 's is different from zerop

(except possibly either  or ).  Table 1 reports the results of HEGY tests for the four countries.p3' 0 p4' 0

As indicated in column 4, there is no series for which the t-statistic for  rejects at the 5 percent level thep1

null hypothesis of a unit root at the nonseasonal frequency. Furthermore, the last five columns show that no

series exhibits seasonal unit roots for all countries since all test statistics are significant.

4.2  Model Specification and Estimation

The Johansen  VAR model is also based on two other important assumptions which are independence

over time and normality of disturbance terms. We therefore test for those assumptions to determine the

optimal autoregressive order (k) of the model applied to each country. We start by estimating VAR models

with lag lengths k  running from 2 to 12, and retain the shortest lag length for which all equations are left with

white noise residuals. To save space, we only report in Table 2 the diagnostic test results for the most

satisfactory lag length specification for each country. The computed statistics indicate that almost all the

estimated residuals are normally distributed, free from serial correlation problems, and do not exhibit

conditional heteroscedasticity when k=8 for the US, k=4 for the UK, k=4 for Germany and k=6 for Canada.
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Tests for the cointegration ranks and deterministic trends are performed simultaneously. Table 3

reports the LR statistics for the cointegration ranks. Since, for all cases, both  and trace tests did not?max

contradict each other, we only present the results for the trace tests to save space (those for  tests are?max

available upon request). The results support at the 5% significance level, r=2 for the US, r=3 for Germany,

r=3 for the UK, and r=3 for Canada. The Johansen (1995) LR tests for deterministic trends to be compared

with a , suggest an ECM including a constant term for all cases (see the first line of Table 3). The LR test?2
p&r

values are as follows, the number in parentheses being the p-values: 4.36 (0.359),7.70 (0.103), 4.39 (0.355),

8.94 (0.062), respectively, for Canada, the UK, Germany, and  the US.

V. EMPIRICAL RESULTS

Up to now we have been concerned with the specification and the estimation of an adequate ECM

for each country. In this section we now deal with the main purpose of this study, which is to examine by

means of sequential causality tests given in section III, the debt-interest rate relationship directly, and indirectly

through the effects of debt on the exchange rate and money demand.  In our empirical analysis, we first test

for the null hypothesis of noncausality (3.2) using the most performing sequential test procedure P1, defined

in Toda and Phillips (1994) as follows.

(P1) Test H (
1

If H (
1 is rejected, test H (.

Otherwise, test H (
Ð .

If the null hypothesis of noncausality is rejected by the sequential procedure P1, we will use a modified P3

test procedure  in order to identify the source of that causality among variables. As previously indicated,

causality may ensue from two potential sources: the first part of hypothesis (3.2) or short-run noncausality

which measures the impact of past changes in series values (sub-test ), and  the second half whichH (
Ð

assesses variable neutrality or long-run noncausality (sub-tests , , and   ).  Accordingly, the P3H (
1 H (

3 H (
13

sequential test procedure is defined in this application as follows:

(P3) Test H (
Ð and H (

3

If H (
Ð is rejected, reject the short&run noncausality and hence H ( in (3.2).

If both H (
3 and H (

1 in (P1) are rejected,

test H (
13 as r$1, and if H (

13 is rejected, reject neutrality and hence H (.
Otherwise, accept neutrality.



     2The long-run impact coefficient to the debt variable in the interest rate equation is computed as , which isp̂35'â51ß̂15%â52ß̂25
equal to Seater (1993, pp.183) argues that, the empirical literature generallyp̂35'0.091(&7.68)%0.0612((&8.976)'&1.248.
support the Ricardian prediction that debt and deficits will have no effects on any variable of interest; the tests that reject
Ricardian equivalence find an effect on interest rates that is the opposite of that predicted by traditional theory.

9

In particular, the latter test procedure will help in assessing whether the causality from government debt to

the three variables of interest (m, i, e) holds only in the short-run or long-run, or in both periods of time. This

will provide a clear test for the Ricardian equivalence hypothesis.

Table 4 reports the results of sequential causality tests P1 and P3 for all countries, while  the ML

estimates of the ECMs for money, domestic interest rates and the exchange rate are provided for information

in Panel A of Table 5. To save space, we only present the coefficients of lagged debt variables that are of

primary interest to the current study. Cointegrating vectors are also given for information in Panel B of Table

5. They embody most of the expected theoretical signs assumed by the economic model (2.1). As pointed out

by Johansen and Juselius (1990) however, it is quite difficult to find all the expected signs in each cointegrating

vector since their choice is mainly based on the stationarity assumption. 

For the US, the P1 test procedure in column 2 of Table 4 fails to reject the null hypothesis of

noncausality at the 5% level for the exchange rate and money equations, while it does for the interest rate

equation. Examining the source of causality, the results of the P3 test procedure indicates that   sub-testsF (
Ð

fail to reject the null hypothesis of short-run noncausality in all cases at 5% percent significance level. In turn,

the  rejects  the neutrality hypothesis  for the interest rate equation at 2.5%, while it fails in theF (
13&test H (

13

other cases (m and e). These findings  imply that the causality from government debt to interest rates (direct

test) holds in the long run. However, the sign of the long-run impact coefficient to debt is negative2,

, suggesting that debt lowers interest rates, which is in contradiction with the predictions of allp̂35'&1.248

public debt theories including the Keynesian and Neoclassical frameworks. As indicated earlier in this paper,

the latter finding may be attributed to the offsetting impact of premature capital inflows on interest rates or/and

a monetary financing of a part of deficits and debt. In sum, the test results for the US fail to reject the

Ricardian equivalence hypothesis. They are therefore consistent with previous studies that have found no

evidence of positive debt-interest rate linkage in the short and long-run, using postwar US data and both direct

and indirect tests.

For Germany, the P1 causality test procedure rejects the null hypothesis of noncausality for both

money and the exchange rate equations, while it fails for the interest rate ECM. This suggests causality from
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debt to only interest rates in this country. These relationships, however, does not last  in the long-run, as

indicated by the results of P3 tests in all equations. The sequential sub-tests ,  and  cannot rejectF (
1 F (

3 F (
13

the null hypotheses of debt neutrality at the 2.5%  significance level. This implies that short-run effects of debt

disappear over time possibly as full tax perception occurs, canceling the net wealth effect of debt in the long-

run. Thus, the results for Germany also indicate evidence of the debt/tax equivalence hypothesis since

government debt effects do not hold in the steady state. For the UK, the results for P1 causality tests clearly

indicate the absence of causal effects from debt to money demand, interest rates and the exchange rate,

respectively. The P3 test procedure confirms those findings by indicating that all three variables of interest

( m, i, and e) hardly adjust to the dynamics of public debt, both in short and long run, which is supportive of

the Ricardian equivalence hypothesis. For Canada, as the results of the P1 test procedure indicate, indirect

tests (m and e equations) reject the null hypothesis of debt-interest rate noncausality, while direct tests from

the i equation reject it. The analysis of the source of causality from P3 tests shows that debt affects m and

e only in the short-run since the tests fail to reject the sub-hypothesis of long-run noncausality in all cases. This

suggests that  government debt is neutral in all cases for Canada, i.e it does not affect any variable of interest

in the long run. These findings are not against the debt/tax equivalence hypothesis.

The above findings all indicate a strong evidence of debt-interest rate noncausality in the long-run from

both direct tests and indirect test approaches à la Evans (1985) and Seater (1993). In the rare cases where

we find evidence of Granger causality between debt and interest-rate related variables, the tests show that

the relationship holds only in the short-run and disappears in the long-run, probably as individuals fully perceive

that government debt implies future taxes whose present value equals the current value of debt. Public debt

seems to be non neutral in the sole  case of the US, but its impact on interest rates is negative.  Thus, for the

US, the UK, Germany and Canada, the results seem to support the Ricardian equivalence hypothesis. While

we did  not undertake a Monte Carlo simulation to study the power of sequential test procedures P1 and P3

for ECMs with deterministic terms, our application supports the rejection powers suggested by Toda and

Phillips (1994, p.276 ). We find no contradiction between P1 and  P3 test procedures when the rejection power

is set to 5% for P1,  and  in P3, and to  2.5% for   in P3.F (
1 F (

3 F (
13

 

VI. CONCLUSION

This paper explored the impact of government debt on interest rates in the United States, Germany,

the United Kingdom and Canada.  One feature of the study was to address the issue using the sequential
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causality test procedures suggested by Toda and Phillips (1994) in the Johansen-type models. The paper also

used the general portfolio balance framework which allows for both direct and indirect tests of the relationship

between debt and interest rates. Indirect tests of the debt effects on interest rates were investigated through

the impact of debt on the exchange rate and money demand. 

We found an overwhelm evidence of long-run noncausality or neutrality of government debt on

interest rates from both direct and indirect test techniques. The only exception was the finding of an opposite

sign of the debt effect on interest rates for the US in long run, which contradicts the predictions by all

traditional debt theories. This result is  not against the Ricardian equivalence and is well documented in the

empirical literature on the debt theory. As pointed out by Seater (1993, pp. 183), previous studies that rejected

the Ricardian equivalence mostly found a negative effect of debt on interest rates. The evidence also indicated

short-run causal effects from government debt to interest rates for Germany, as well as to money demand and

the exchange rate for Canada.

Overall, our results are generally consistent with previous studies supporting the Ricardian equivalence

hypothesis that government debt has no lasting positive effects on any variable of interest, such as interest

rates, money demand and the exchange rate [Seater (1993), Barro (1987), and Evans (1985)]. 

Table 1.  Tests For Seasonal Unit Roots

Variables Period Lags
`t' : p1

0

`t' : p2

 p
`t' : p3

p / 2
`t' : p4

p / 2
`F': p3 _ p4

United States

m 57:1-93:4 6 -1.11 -1.29  1.74 3.72* 8.74*
y 57:1-93:4 9 -1.56 -3.84* 4.76* 4.41* 21.44*
i 57:1-93:4 4 -1.39 -3.37* 3.80* 4.53* 19.66*
b 57:1-93:4 2 -1.85 -3.04* 3.40*  5.02* 20.71*
e 57:1-93:4 2 -2.86 -5.86* 5.85* 3.11* 21.95*

Germany

m 57:1-93:4 1 -2.37 -5.77* 5.49* 5.17* 28.54*
y 57:1-93:4 1 -2.10 -5.03*  5.91* 4.04* 24.90*
i 57:3-93:4 1 -1.83 -6.88**   4.59* 4.64* 21.33*
b 57:1-93:4 2 -1.16 -3.62*  4.27* 4.24* 22.38*
e 57:1-93:4 3 -1.64 -3.31*  4.27* 0.99 9.86*

United Kingdom
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m 57:1-93:4 1  -2.30 -5.35* 6.58* 3.83* 29.01*
y 57:1-93:2 1 -2.32 -4.59* 5.77* 4.41* 26.31*
i 57:3-93:4 1 -1.14 -6.71*  5.71* 6.05* 30.83*
b 57:1-93:4 1 -2.70 -2.66* 4.29* 2.58* 12.44*
e 57:1-91:4 10 -2.95 -2.82* 4.66*  1.22 11.99*

Canada 

m  57:1-93:4 1 -1.57 -5.46* 9.21* 2.99* 46.88*
y 57:1-93:4 1 -0.12 -7.19* 6.32* 6.93* 44.41*
i 57:1-93:4 17 -1.43 -2.25* 3.00* 3.89* 12.05*
b 57:1-93:4 1 -1.69 4.00* 4.07* 4.70* 19.36*
e 57:1-93:4 7 -2.94 -4.98* 3.14* 0.68 5.13*

Notes: 1. The superscripts * and ** indicate respectively the rejection at 5% and 10% level of the null hypothesis.
2. Lags is the number of lagged values of the dependant variable included in the regression.
3. We use critical values presented in Hylleberg et al. (1990) for the regressions including a constant and time trend.
4. The results from regressions including a constant and/or seasonal dummies yield just slight changes in figures, without
     affecting our conclusions about unit root tests. 
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Table 2. Error term diagnostics

Equations Normality Ljung-Box
Q(l)

GARCH Normality Ljund-Box
Q(l)

GARCH

United States (k=8)c Germany (k=4)
m 1.24 20.38 5.58 3.70 8.76 1.67
mf 4.13 7.54 5.02
y 1.00 18.95 3.79 3.13 6.60 2.11
yf 3.64 4.78 7.49
i 5.61 19.40 2.07 0.45 7.08 7.64
if 2.12 17.57 4.01 1.47 6.28 9.11
b 1.30 21.96 3.22 4.26 7.21 8.35
bf 2.87 3.46 7.65
e 5.17 12.05 3.91 0.57 6.54 4.68

United Kingdom (k=4) Canada (k=6)
m 1.42 3.12 1.00 7.1 18.03 6.83
mf 7.45 20.51 3.75 0.86 11.83 7.68
y 1.97 15.10 11.60 0.70 16.90 5.93
yf 5.96 18.72 8.67 0.67 4.67 11.52
i 2.47 21.35 5.59 1.43 18.42 14.51
if 10.72 16.18 3.23 1.11 21.64 8.48
b 3.72 12.91 5.31 1.35 15.71 5.41
bf 6.69 11.67 4.71 0.78 15.20 6.43
e 4.52 20.70 1.75 2.26 14.01 2.47

Notes: aThe GARCH and normality tests are distributed, respectively, as  and  variables. At the 5% level, their respective?2
(k) ?2

(2)

critical values are    and  All tests fail to reject the null of skewness.?(2)'5.99, ?(4)'9.49, ?(6)'12.59 ?(8)'15.51.
bLjung-Box Q(l)-statistics, are asymptotically distributed as a  whose critical value is 23.69 at the 5% level, for l=14.?2

(l)
cAll foreign variables are excluded in the US model, except the interest rate differential that captures the impact of capital
flows.
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Table 3: Tests for the Cointegration Rank

United States Germany United Kingdom Canada

D-tr µ0%aß)Xt&1 µ0%aß)Xt&1 µ0%aß)Xt&1 µ0%aß)Xt&1

Ho Trace Tcrit Trace Tcrit Trace Tcrit Tarce Tcrit

r#0  119.65*    94.15  276.52*    192.89 341.46*    192.89  316.62*    192.89

r#1  80.20*    68.52  191.13*  156.00   205.71*  156.00  228.62*  156.00

r#2 46.94    47.21  131.07*    124.24   133.36*    124.24 146.33*    124.24 

r#3 26.18   29.68  76.50   94.15   86.76   94.15 92.90   94.15

r#4 13.19 15.14 46.13 68.52 55.33 68.52 60.80 68.52

r#5 1.37 3.76 22.94 47.21 33.02 47.21 35.30 47.21

r#6 8.21 29.68 15.96 29.68 18.20 29.68

r#7 3.13 15.41 5.94 15.41 7.65 15.41
r#8         0.03     3.76    2.55     3.76 1.34       3.76 

Notes: aSuperscript * indicates a rejection at the 5% level of the null hypothesis of at most r=q stationary linear combinations of
the series against the alternative of r>q such combinations (q<p). D-tr are the deterministic trends in EC Models.
bCritical values are from Osterwald-Lenum (1992, p.468-70). The US model includes p=6 variables.
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Table 4: Results of Sequential Causality Tests in ECMs

EC equations m i e

Sequential tests P1 P3 P1 P3 P1 P3

US
(k=8, r=2)

F (
1 '2.13(0.345)

accept H (
1

F (
Ð'12.06(0.098)

accept  ofH (

NC

F (
Ð'12.06(0.098)

accept  &H (
Ð

SNC
F (

3 '314.3(0.000)
*F (

13'0.65(0.420)
accept LNC&
NC 

F (
1 '17.26(0.000)

reject H (
1

F ('20.50(0.009)
reject  of NCH (

F (
Ð'12.24(0.093)

accept  &H (
Ð

SNC
F (

3 '314.3(0.000)
F (

13'16.52(0.000)(
reject LNC&NC

F (
1 '2.36(0.308)

accept H (
1

F (
Ð'7.30(0.398)

accept  ofH (

NC

F (
Ð'7.30(0.398)

accept &SNCH (
Ð

F (
3 '314.3(0.000)

*F (
13'1.11(0.291)

accept LNC&NC

Germany
(k=4, r=3)

F (
1 '10.03(0.018)

reject H (
1

F ('4.41(0.353)
accept  ofH (

NC

F (
Ð'4.27(0.233)

accept SNC&NC
F (

3 '8.72(0.033)
F (

13'0.84(0.358)(
accept LNC&NC

F (
1 '3.88(0.274)

accept H (
1

F (
Ð'17.33(0.001)

reject  of NCH (

F (
Ð'17.33(0.001)

reject SNC&NC
F (

3 '8.73(0.033)
F (

13'2.46(0.117)(
accept LNC

F (
1 '11.22(0.011)

reject H (
1

F ('3.76(0.440)
accept  ofH (

NC

F (
Ð'1.89(0.595)

accept SNC
F (

3 '8.73(0.033)
F (

13'2.95(0.086)(
accept LNC

UK
(k=4, r=3)

F (
1 '17.39(0.001)

reject H (
1

F ('5.27(0.261)
accept  ofH (

NC

F (
Ð'5.056(0.168)

accept  &H (
Ð

SNC
F (

3 '33.74(0.000)
*F (

13'0.44(0.508)
accept LNC&NC

F (
1 '9.64(0.0219)

reject H (
1

F ('7.22(0.125)
accept  ofH (

NC

F (
Ð'4.60(0.203)

accept  &H (
Ð

SNC
F (

3 '33.74(0.000)
*F (

13'3.80(0.051)
accept LNC&NC

F (
1 '2.58(0.462)

accept H (
1

F (
Ð'4.62(0.202)

accept  ofH (

NC

F (
Ð'4.62(0.202)

accept  &H (
Ð

SNC
F (

3 '33.74(0.000)
*F (

13'1.44(0.231)
accept LNC&NC

Canada
(k=6, r=3)

F (
1 '3.25(0.354)

accept H (
1

F (
Ð'17.77(0.003)

reject  of NCH (

F (
Ð'17.77(0.003)

reject SNC&NC
F (

3 '159.5(0.000)
*F (

13'1.42(0.234)
accept LNC&NC

F (
1 '10.61(0.014)

reject H (
1

F ('7.21(0.125)
accept  ofH (

NC

F (
Ð'3.27(0.352)

accept  &H (
Ð

SNC
F (

3 '159.5(0.000)
* F (

13'1.61(0.204)
accept LNC
&NC

F (
1 '33.12(0.000)

reject H (
1

F ('20.19(0.003)
reject  of NCH (

F (
Ð'17.85(0.003)

reject  &H (
Ð

SNC
F (

3 '159.5(0.000)
* F (

13'0.74(0.389)
accept LNC
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Notes: The numbers in parentheses are the test p-values. NC refers to noncausality, SNC to short-run noncausality, and LNC refers
to long-run noncausality or neutrality. 

*As in Toda and Phillips (1994) probability of rejection for  is set to 2.5% to avoid distortions between P3 and P1 procedures. Here, F (
13 F (

13
 is a   random variable (rv),  and  are both  rvs,  is a , and  is a  r.v.?2

1 F (
1 F (

3 ?2
r F (

Ð ?2
k&1 F ( ?2

k
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Table 5: A. Selected Estimation Results of Error-Correction Models

Equations b(t-1) b(t-2) b(t-3) b(t-4) b(t-5) b(t-6) b(t-7)ß̂()

1 Y (
t&1 ß̂()

2 Y (
t&1 ß̂()

3 Y (
t&1

US                      m 8E-4
(1.67)

6E-4
(1.26)

-0.008
(-0.07)

-0.053
(-0.95)

0.012
(0.12)

-0.006
(-0.04)

0.002
(1.09)

-0.002
(-0.98)

0.201
(1.79)

i 0.091*
(2.66)

0.061
(1.78)

-6.736
(-0.82)

2.291
(0.52)

-5.378
(-0.81)

25.362*
(2.53)

-0.370*
(-2.77)

0.099
(0.76)

-2.538
(-0.32)

e -2E-4
(-0.33)

-1E-4
(-0.18)

-0.073
(-0.39)

-0.074
(-0.72)

-0.054
(-0.35)

0.276
(1.19)

-0.004
(-1.17)

-9E-4
(-0.31)

0.156
(0.86)

Germany             m 0.002*
(2.66)

0.001
(1.54)

6E4
(0.77)

-0.487*
(-5.39)

-0.231
(-1.93)

-0.088
(-0.44)

i -0.003
(-0.09)

-0.009
(-0.33)

0.053
(1.94)

4.213
(1.41)

-1.78
(-0.44)

-8.99*
(6.60)

e -0.003*
(-2.42)

0.001
(1.22)

-0.002*
(-1.96)

0.039
(0.33)

0.162
(1.05)

-0.017
(-0.07)

UK                      m -0.008*
(-3.87)

-0.003
(-1.54)

0.001
(-0.28)

-0.169
(-1.81)

0.367
(1.81)

-0.064
(-0.17)

i 0.072
(1.65)

-0.114*
(-2.61)

0.007
(0.15)

-0.448
(-0.22)

-0.625
(-0.14)

-0.603
(-0.075)

e -0.001
(-1.01)

7E4
(0.61)

-0.001
(-1.09)

-0.050
(-1.00)

-0.039
(-0.36)

0.120
(0.61)

Canada                m -2E4
(-0.14)

-0.001
(-0.82)

0.002
(1.60)

-0.335
(-0.82)

-0.008
(-1.43)

0.010*
(2.19)

0.474*
(2.34)

0.381
(1.27)

i 0.110*
(3.14)

-0.021
(-0.61)

-0.022
(-0.63)

-8.019
(-0.64)

-0.047
(-0.27)

0.010
(0.07)

6.912
(1.12)

-3.518
(-0.39)

e -0.004*
(-5.20)

-0.002*
(-2.32)

7E4
(0.82)

-0.115
(-0.38)

0.014*
(3.44)

-0.013*
(-3.83)

0.284
(1.88)

-0.541*
(-2.43)

Notes: The numbers in parentheses are the values of the t-tests. Superscript * indicates significance at the 5% level. 
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Table 5 (Continued)
B. Estimated Cointegrating Vectors

Variables

m mf y yf i if b bf e

United States (r=2)

ß̂) -25.258 27.664 0.529 -0.154 -7.679 16.812

-27.477 30.520 -1.027 0.127 -8.976 6.320

Germany (r=3)

ß̂) 6.702 4.334 0.010 -17.889 0.040 0.442 0.068 7.015 1.000

1.005 0.091 -0.005 -1.012 -0.036 0.016 -0.001 0.148 1.000

0.577 -1.675 -0.012 1.738 -0.012 -0.018 -0.045 -0.411 1.000

United Kingdom (r=3)

ß̂) 1.363 -1.228 -0.661 -0.050 -0.016 0.044 0.004 -0.763 1.000

-0.271 3.914 3.716 -3.853 -0.090 -0.039 0.056 -3.559 1.000

-1.385 -4.060 -16.331 8.906 -0.079 0.195 0.386 16.446 1.000

Canada (r=3)

ß̂) 0.025 0.275 -1.414 1.707 -0.061 0.044 -0.255 -0.499 1.000

0.465 0.817 -1.111 -0.463 -0.043 0.067 0.733 0.092 1.000

1.080 -2.999 -3.194 2.674 -0.119 0.132 -3.130 3.228 1.000

Note: aFor simplicity, cointegrating vectors are divided by the coefficient to the exchange rate in the case of Germany, the UK and Canada.
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