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1 Introduction

In this paper, I address the question whether larger budget deficits produce higher interest
rates. Theoretically, it is well known that the effects of changes in fiscal policy on the
term structure of interest rates are ambiguous. The Ricardian equivalence theorem states
that, for a given path of government consumption expenditures, individuals view budget
deficits as postponed tax-liabilities. Therefore budget deficits do not alter wealth, desired
consumption paths or interest rates. According to the more conventional view in macro-
economics, on the other hand, individuals do not fully internalize the future tax-liabilities,
which implies that changes in government debt add to private wealth, influencing desired
consumption paths and thus interest rates.! However, the empirical studies undertaken
up to date, mostly utilizing data for the United States, have not been able to supply
either view with convincing evidence. Since the resolution of this issue is important for
the design of macroeconomic policy, there is a need for more research in the field.

In this paper, I utilize data for Sweden to provide a good empirical answer to the
question posed above. The reason why Sweden is an interesting case, is that the country
has experienced very large fluctuations in the government budget deficits and short- and
long term nominal interest rates since the beginning of the 1980s. Consequently, this
paper provides a high powered empirical test compared to previous studies in the field.

The empirical approach in this investigation is close to that of Evans (1985, 1987a,
1987b, 1988). First, I make a survey of the results in the previous literature and try
to draw some important lessons for the investigation in this paper. Second, I set up
a conventional stochastic macro model, in which the term structure of nominal interest
rates is determined in terms of different policy variables, and use this model to study

the effects of fiscal policy. Since Sweden is best characterized as a small open economy,

! When the term “conventional” is used, reference is made to Keynesian or other non-Ricardian models
with rational expectations.



a conventional stochastic macro model for a small open economy is constructed. The
reason for spending time on this is that there has been little attention paid to the effects
of fiscal policy on the term structure in a small open economy.? In addition to providing
a framework for the empirical research in this paper, this approach may also offer several
important insights about this issue. For example, is it automatically the case that larger
budget deficits produce higher interest rates even in a conventional model designed for
a small open economy? Finally, I estimate the implied nominal interest rate regression
equations on Swedish data, taking the lessons from the survey and the conventional model
into account.

The empirical results suggest that larger budget deficits spell higher nominal interest
rates. According to the empirical evidence, an increase in the budget deficit as percent
of GDP with one percentage unit leads to increases in the domestic short- and long term
interest rates with approximately 0.20 percentage points after two years time.

The structure of the paper is as follows. The next section is a survey of different
approaches used and empirical results obtained in the earlier literature. In section 3, the
model is developed and solved for the nominal interest rates. The quarterly and monthly
data set are discussed in section 4. In section 5, some empirical issues are discussed and
the empirical results for Sweden presented. Some tentative conclusions are then finally

drawn in section 6.

2 In a closed economy setting, Turnovsky (1989), develops and uses a stochastic macro model to study
the effects of changes in macroeconomic policy on the term structure of real and nominal interest rates.
A closely related paper is McCafferty (1986). Grinols and Turnovsky (1994) use stochastic calculus to
study the interaction between exchange rates and interest rates in a small open economy, but without a
term structure of interest rates explicitly incorporated. Finally, the seminal paper by Cox, Ingersoll and
Ross (1985), contains the most general stochastic utility maximizing approach to the term structure of
interest rates, but they do not explicitly consider changes in macroeconomic policy.



2 Previous related studies

Previous results in the literature have been obtained within three types of approaches.
The first is named conventional, since it encompasses stochastic macro models, Keynesian
or non-Ricardian, where agents are assumed to form their expectations rationally. The
papers by Allen (1990, 1992) and Evans (1985, 1987a, 1987b, 1988) fall into this category.

Evans (1987a) develops a stochastic rational expectations model to study the effects
of macroeconomic policy on real and nominal interest rates in a closed economy setting.
In particular, he focuses on the validity of the proposition that larger budget deficits are
associated with higher interest rates.® For a long sample period from the United States, he
provides evidence inconsistent with this proposition. That is, larger present or expected
government budget deficits, do not significantly push up either nominal or real interest
rates. The same conclusion is reached from a data set containing six countries (Evans,
1987b).* Finally, Evans (1988) investigates whether forward rates in the United States
during the second world war were an increasing function of government debt. In the
empirical tests, no evidence for such a positive relationship can be found; rather, there is
a negative relationship.

Allen (1990) estimates a reduced form IS-LM-AS model using quarterly data on vari-
ous measures of the federal debt in the United States between 1961 and 1985, and finds
that there is a positive and statistically significant linkage between government debt and a
tax-adjusted short-term real interest rate. Allen (1992) models first differences in order to
control for autocorrelation and intercept instability, and provides more empirical evidence
of a positive and statistically significant relationship. There are several possible explana-

tions for the different results obtained by Allen and Evans. Allen chooses not to model

3 Evans (1985) investigates the empirical relationship between nominal and real interest rates and
current and past government budget deficits in the United States, and finds no positive association.

4 The six countries are; Canada, France, West Germany, Japan, United Kingdom and the United
States.



a reduced form for the inflation expectations. Instead he uses proxies in the estimated
equation. Moreover, Allen primarily considers alternative measures of debt, while Evans
focuses on different measures of deficits.

The second type of models attempt to test the Ricardian equivalence theorem more
directly. The papers by Plosser (1982, 1987) are perhaps the most well known examples
in a closed economy setting. In neither of his papers, does Plosser find any statistically
significant relation between deficits and interest rates in the United States. He interprets
these findings as indirect evidence for the Ricardian view. Boothe and Reid (1989) ex-
tend the work of Plosser to the Canadian case, which they consider to be a small open
economy. The empirical results of Boothe and Reid are also consistent with the previ-
ous studies undertaken by Evans and Plosser. In a political economy setting, Minford
(1988), provides theoretical arguments against the Ricardian view. In brief, the argu-
ment is that different political parties tend to pursue policies designed to favor their own
electorate. For instance, the “left” wing monetary policy will be more inflationary than
the “right” wing, since the “right” electorate’s nominal government bond holdings can
be expropriated through unanticipated inflation. This will lead to a risk premium on
nominal government bonds, which will be an increasing function of the size of the bond
financed deficit. Minford then provides empirical evidence consistent with the predictions
from the model, using annual data for the United Kingdom between 1920-1982.

The third type of model considered in the literature, is the so called “loanable funds”
model. This type of model, which models interest rates as equilibrium responses to the
demand and supply in the loan markets, are used, for example, by Cebula et al. (1988),
de Haan and Zelhorst (1990), Cebula et al. (1990), Cebula and Rhodd (1993), Correia-

Nunes and Stemitsiotis (1995) and Miller and Russek (1996). The estimated equations

5 Tt is notable that the parameterization in the model considered is not as parsimonious as in the other
studies. He also includes a measure of inflation expectations, dummies for the second world war and the
Korean war etc. in his regression model.



in this literature are very similar; some nominal long-term interest rate is linearly related
to a set of explanatory variables, including some measures of the expected inflation rate
and government deficits and debts. Another characteristic of these studies is that they
use annual data. The empirical evidence provided in this setting points in one direction;
the level of nominal interest rates is positively related to government budget deficits.

So, which theoretical view is supported by the empirical evidence? Although the
empirical results presented by Boothe and Reid, Evans, and Plosser are consistent with
Ricardian equivalence, their investigations do not constitute a direct test. This stems from
the fact that some of the assumptions underlying the theorem can be violated simultane-
ously, but work in different directions, so even if Ricardian equivalence is not rejected by
the data, one should only interpret the empirical results supporting Ricardian equivalence
as a crude approximation of reality.® On the other hand, the papers which test loanable
funds models, and the papers by Allen and Minford, seem to point in another direction;
namely that government deficits and debts have a significant impact on nominal and real
interest rates. Therefore, these papers provide some evidence for the conventional model,
and against the Ricardian view.

What are the tentative conclusions as to why these discrepancies in the empirical ev-
idence reported have occurred? The analyses summarized above suggest two important
factors, which may account for the different empirical results. First of all, the data fre-
quency seems to be important. In studies which have exploited lower frequency data,
the evidence is more in favor of the conventional wisdom and against the Ricardian view.
Some economists have also argued that misleading estimates can result from fitting econo-
metric models to data too finely disaggregated over time.” Secondly, the treatment of the
expected inflation rate seems to be of considerable importance. In the studies surveyed,

the results tend to be more supportive of the conventional model when a proxy has been

6 See Becker (1995) for a deeper discussion of this problem.
" For a discussion of the reasons, see Evans (1987a) and the references therein.



used to account for the expected inflation rate, rather than a reduced form.

3 The yield curve in a conventional small open econ-
omy model

In this section, I construct and use a conventional stochastic macro model to illustrate
the effects of fiscal policy on the term structure of nominal interest rates in a small open
economy. The model is a straightforward small open economy extension of the models
presented by Turnovsky (1989) and Rogoff (1985). For ease of exposition, no dynamics are
explicitly considered, but of course, in an empirical analysis of real world data, dynamics
are important. Therefore, one can view the parameters in the theoretical model below as

stationary polynomials in the lag operator.

3.1 The model

The aggregate supply function, where output, measured as a deviation around its natural

rate, depends upon the unanticipated change in the domestic price level is given by:

v =B (pe — Ecape) + 52487 (1)

where 1, denotes real output gap in natural logs in time period ¢, p; the price of y in
natural logs and E; 1p; the conditional expectation of the price level in ¢ conditional on

all available information in ¢ — 1. In (1), e4¥

is interpreted as an exogenous white noise
productivity shock.
Aggregate demand in the model is described by the IS-LM equations. The IS curve is

given by

Y = =T+ g+ MDDy + A (s8¢ +pf — ) +e/° (2)

= —/\1Ti -+ Xt + )\4 (St — pt) + 87{5
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where ! denotes the domestic long-term real interest rate in natural units, g real govern-
ment spending in natural logs, D real government budget deficit in natural units, s the
nominal spot exchange rate in natural logs, p* the foreign price level in natural logs and
X = Xog+A3D+ A\yp* is just a convenient notation. As in Turnovsky (1989), the relevant
interest rate in (2) is taken to be the domestic long-term real interest rate. The IS curve
also captures the conventional mechanism that government budget deficits add to private
wealth, influencing desired consumption paths and thus output and interest rates for a
given exchange rate and a given domestic price level.

Money market equilibrium is described by the LM curve
my — Pt = QY — ’}’Zf + €tL]V[, (3)

where m denotes the nominal money supply in natural logs and +° the domestic nominal
short-term interest rate. Thus, as in Turnovsky (1989), the demand for money is assumed
to depend on the domestic short-term nominal interest rate. In (2) and (3), &/ and &M
are interpreted as real demand and money demand shocks, respectively. It is assumed
that the parameters in (1), (2) and (3), denoted «, 3, v, A1, Ao, A3 and )4, are all positive,
which is standard in conventional macro models.

The financial part of the model involves the relationships between the domestic and

foreign short- and long-term real and nominal interest rates.®

The Fisher equations which relate domestic nominal and real interest rates are

i =1} + (Eepeyr — pr) (4)
and

g1 1

=Ty F 3 (Eepri2 — pr) (5)

8 In accordance with Turnovsky (1989), it is assumed that there exists two types of domestic and
foreign assets with one and two periods to maturity. It is then straightforward to derive (6), (7), (8) and
(9) up to a constant risk-premium as simple asset pricing relationships.



where r* = domestic short-term real interest rate in natural units and i' = domestic
long-term nominal interest rate in natural units.

The equations which describe the real and nominal term structures of interest rates
are given by

l

ry =5 (1 + Berfyy) (6)

N —

and

(5 + Euigyy) - (7)

N —

il =
The uncovered interest parity, UIP, condition, which relates the domestic short- and

long-term nominal interests rates to their foreign counterparts, denoted i*" and ", and

the expected one and two period changes in the nominal exchange rate are

Zi — Zi* == AEtSt+1 (8)
and
g a1
i — il = 3 (E¢sppo — s¢) - 9)

In order to close the model, we need to make some additional assumptions. First,
in conventional macro models, g and D are normally considered to be exogenous. We
will adopt this approach here throughout the theoretical analysis in this paper. Second,
p*, i* and i will also be treated as exogenous to the domestic economy, which is quite
natural in a small open economy framework. Finally, we need to specify a policy rule for
m. In theoretical analysis, it is standard to assume that m is independent of the other
exogenous variables. Since the main interest in this paper is the interaction between fiscal
policy and the term structure, we adopt the conventional view in the theoretical part of
the paper. However, in an analysis of real world data, this strategy may lead to problems,

since, for instance, the monetary policy rule is unlikely to be independent of g and D.

Therefore, the first and third assumptions are relaxed in the empirical analysis in this

paper.



3.2 Determination of nominal interest rates

To derive analytical solutions for the endogenous variables i* and i* in terms of current and
expected future values of the exogenous variables g, D, m, p*, i* and i, we proceed by
first determining price level expectations, and then substituting the resulting expressions
back into the system and solve for s;. Finally, the solution for s; can then be used in
the UIP conditions to get the solutions for the short- and long-term domestic nominal
interest rates differentials i — if" and 7} — i} .9

By this procedure, the short- and long-term interest rate differential depends both
on the as of period ¢ and ¢t — 1 expected discounted sum of nominal money supplies,
government expenditures and deficits, foreign price level and short-term nominal interest
rates and the as of ¢ expected discounted sum of foreign long-term nominal interest rates.
More formally, let z/J;S’D and qu-l’D measure the effects of (as of period ¢, unknown in period
t—1) expected budget deficits j = 0,1, 2, ... periods ahead, E;D,, ;, on the short- and long-
term interest rate differentials respectively (analogous notation for the other variables g,
p*, m, i* and " as well). Since the qbz-s— and qb;l—coefﬁcients are quite messy to evaluate
analytically for j > 1, I have made simulations conditional on some reasonable values
for a, B, v, Ay and A4 in order to get a feeling for the size and magnitude of the paths

is,D

; and

for them.!' For simplicity, it is assumed that Ay = A3 = 1, so that 1/13-5’9 =

¢§l’g = ¢§Z’D for all j. The resulting paths for j = 0,1, 2,...,40 are depicted in Figures 1

and 2 for 7¢ —4¢ and il — 4. respectively. In Figures 1 and 2, the dashed lines refer to the

1/13»5— and qb;l—coefﬁcients, while the solid lines refer to the accumulated effects in period

t + 7, measured as Zizo 1#?; and Zizo ¢Z-

As can be seen from Figure 1, all the qu-s—coefﬁcients range from positive to negative

9 All the derivations of the equations informally presented and analyzed in this section are provided
in appendix A, which is available on request from the author.

10 The values for o and v are taken from the empirical study by Goldfeld and Sichel (1990) and
set to 0.6179 and 0.2170 respectively. A and ( are taken from Soderlind (1997) and set to 5 and 500
respectively. \4 is taken from Hansson (1993) and set to 0.9644.
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values for j = 0,...,40; for j = 0, ¥y, ¥y~ and ¢, are positive while "™, g "*

and wés’l* are negative which can be demonstrated analytically. The coefficients for the
foreign price level are very similar to those of government expenditures and budget deficit
since numerical value for \; is close to 1. Turning to Figure 2, we find (which can also be
shown analytically) that the coefficients now range from positive to negative and negative
to positive values after the second period. It is interesting to note that the simulated
paths for the budget deficit in Figures 1 and 2 compare qualitatively well to the closed
economy results in Turnovsky (1989), in the sense that the wilf— and wi’r?—coefﬁcients
are both positive and negative, but poorly to Evans (1987a), where all the corresponding
wj-s’D— and wj-l’D—coefﬁcients are found to be greater than zero. It can be shown that this
result is due to the introduction of a term structure within the model; see Turnovsky
(1989) for a deeper discussion about the intuition.

From Figures 1 and 2, we also see that the accumulated effects of an as of ¢ permanent
change in g, D, p* and i'" go towards zero when j increases. This result is due to the small
open economy assumption; for example, after an as of ¢ permanent change (unknown in
period ¢t — 1) in the budget deficit, we have that the nominal exchange rate today, s;, and
the as of t expected exchange rates in period ¢ + 1 and t 4 2, E;s; 1 and E;s; o, changes
with the same amount. Via the UIP conditions (8) and (9), the effects on the short- and
long-term interest rate differentials are then zero. This result is important since it suggests
that the effects of budget deficits on interest rates in a small open economy framework
are negligible if budget deficits can be characterized as (or close to) random walks.

Finally, the long-run accumulated effects of an as of ¢ increase in money supply and
the foreign short-term nominal interest rate are positive and exactly half as large on
the long-term interest rate differential compared to the short-term interest differential
from the UIP conditions (8) and (9). This means that a permanent increase in m, and

17 also increases the short- and long-term interest rate differentials in period ¢. The
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intuition behind this result is that the as of ¢ — 1 expected price level in period ¢, E; 1p,
is unaffected by an increase in as of ¢ variables, so s; is unaffected in this respect by a
permanent increase in m; and i . But permanent increases in m; and i increase the
as of t expected future price level in period ¢ + 1 and ¢ + 2, E;p;y1 and E;pgyo, in this
respect and thereby also E;s;,1 and E;s;, 5. Via the UIP conditions, we then get increases

. -5 'S* .l .l* 11
in ¢; —¢ and 7, —1; .

3.3 Empirical implementation of the model

In order to generate empirical testable implications for the nominal short- and long-term
interest rate differentials, we need to make some assumptions regarding the stochastic
processes for the exogenous variables, and thus how the expectations for these variables
are formed.

Here, it is assumed that the exogenous vector of variables z{ = [p* i i g D m)|

evolves according to a VAR(p) process
z1 = p° (L) 2 + €7, (10)

where p*(L) = Y7 p?L" and the errors in &* are normally distributed and serially
uncorrelated with Eef, ; = 0 for all j > 0 with a positive definite covariance matrix.
This is a conventional assumption in empirical analysis, and for instance Evans (1987a)
uses an assumption similar to (10). The specification in (10) relaxes the earlier assumption
of independently distributed exogenous variables. For example, it allows for money supply
to be determined by some policy function of the other exogenous variables.!?

Using (10), it can be shown that the solutions for the interest rate differentials are of

11 However, this result is sensitive to the parameterization of the model. With the numerical assump-

tions about «, A1 and A4 here, 1t is the case that a (A1 +2X\4) —2 > 0. But 1f a()\l +2\) —2 <0,

permanent increases in m; and 7§ have negative accumulated effects on i —i¢ and il — z,lf .

12 Note also that from now on, dynamics are explicitly considered in the model. That is, we use the
implicit assumption that all the parameters are stationary lag polynomials, i.e. a =« (L), 8 = (L) and
so forth.

11



the following general form
i — iy, =06y + 8" (L)zy + v} (11)

where 8"(L) = |6™ (L), §"° (L), 6™ (L), ™™ (L), 6™ (L), & (L)| for r = s, 1.13
However, in this general case, nothing can be said about the sums of the individual
parameters in the lag polynomials in é"; the sign and size of these sums will ultimately
depend on the coefficients in p# (L), about which we know very little. In this sense, it is
fair to say that it is essentially an empirical question whether larger government budget
deficits lead to higher interest rates; that is, whether the sum of the coefficients in the
lag polynomials 6% (L) and ¢"” (L), equal to Zéj’DLi and Zéj’DLi respectively, are
positive or negative.

However, if we make the simplifying assumption that p* (L) = p*, where p* is a
diagonal matrix with the elements [p?" p*" p'" p? pP p™| in the diagonal, it possible to
draw further conclusions. In this case, the solution for the interest rate differentials are
iy —if = &+ 687 (L) g+ 85 (L) Dy + &5 (L) py — 8 (L) my — 85(L)i; — (12)

Se(L)ik 4 6% (L) Ags + 65 (L) AD; + 65 (L) Ap; + &5 (L) Amy +
STU(L)AE + 7.

for r = s, [. By introducing the notation

d"(L)

67 (L) + 67 (L) (1 = L), 65 (L) + &g (L) (1 = L), &5 (L) + b5 (L) (1 = L),
—63(L) 4+ 610(L) (1 = L), = 65(L) +61,(L) (1 = L), — b66(L)

= [§(1), "7 (D), 8% (L), 8°"(L), 6 (L), 6 (L)]

the solution can be written on the general form considered in (13). With these restric-
tive assumptions, the model has some nice implications. It is now the case that all

the parameters in the lag polynomials ¢; (L) for ¢ = 1,...,6 are positive provided that

13- All the derivations of the equations presented in this section are provided in appendix A, which is
available on request from the author.
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{pg PP, o, pm, pis*,pil*} € [0,1). This implies that the sum of all the parameters in
each of the polynomials 6™ (L), 67 (L), 6" (L), 6"™(L), & (L) and s (L) also are
positive. However, except for g (L), the same conclusion cannot be made for all the
individual parameters in these polynomials; the sign of them can alternate over time. The
reason is that changes in the exogenous variables have effects on the interest rate differen-
tials via the lag polynomials 6] (L) for ¢ = 7, ..., 11, and that the signs of the parameters
in these lag polynomials are ambiguous. Indeed, these theoretical predictions are differ-
ent from Allen (1990, 1992) and Evans (1985, 1987a, 1987b), since their models did not
imply these ambiguities for the individual parameters. The reason why these differences
occur is that I have an aggregate supply function in the model, which makes it possible
to explicitly solve for the price level expectations. The fact that the model considered
includes a term structure of interest rates, and is designed for a small open economy does
not matter for this result.

In addition, if p* = Ig, then the variables g, D, p* and i do not have any effects
either on the short- or long-term interest rate differentials, and in this case, only changes in
money supply and the foreign nominal short-term interest rate influence i —4{" and i¢ —i!
via changes in the expected price level. The intuition behind this result is straightforward.
Consider, for example, an increase in the budget deficit in period t. If p is equal to one,
then the nominal exchange rate today, s;, and the expected exchange rates in period ¢+ 1
and t 4+ 2, E;syq1 and Esyyo, will be fully adjusted downwards by the same amount (s;
appreciates), thus leaving i — ¢ and i — . unaffected via the UIP conditions. But if
p? is less than one, then the nominal exchange rate s; is still fully adjusted, while E;s;,;
and E;s,y» only are partially adjusted downwards, thus increasing i — if" and i! — 4" via
the UIP conditions since AE;s;,; and E;s;,» — s; become positive. Moreover, since it is

plausible to assume that all the parameters p?, p*", p™, pis* and pil* are equal or very

close to one, we do not expect any of these variables to have any large level effects on the

13



short- and long-term interest rate differentials. It also seems reasonable to assume that
p? is high, but slightly less than one, which implies that an increase in the budget deficit
will increase i{ — ¢ and i — i’ by a relatively small amount. Thus, if p” is sufficiently
close to one, the effect of changes in the budget deficit on ¥ —4§ and it —i!" will be almost
zero, independently of the monetary policy rule. However, it should be emphasized that
these last results are due to the small open economy feature of the model.

The most striking implication of the derivations above is a simple conventional macro-
economic model may offer a possible explanation for the lack of empirical relationship
between government budget deficits and interest rates. That is, when empirical analyses
based on (11) are conducted, one might readily obtain “wrong” results, because, as ar-
gued above, even in the most simplest case when the exogenous variables are assumed to
follow univariate autoregressive processes, it may very well be the case that the sum of
the elements in the lag polynomials for D, are very close to zero.

(11) and (12) provides the framework for the empirical investigation that follows below,
and it should therefore be noted that the exogenous shocks v/} are very likely to be serially

correlated over time.!*

4 Data

In this section, a description of the data set used in the empirical analysis is given.
Since the Swedish financial markets have been heavily regulated until the beginning
of the 1980s, is it hard to acquire good interest rate data for long samples for Sweden. In
this paper, a three-month government Treasury bill and a five- to ten-year government
Treasury bond are used as measures of i° and i (both expressed as effective yields),

and data of good quality on these two series are only available from January 1982 and

14 Since I consider the parameters to be stationary lag polynomials, i.e. a = (L), 3 = 3(L) and so
forth, the model imply that the error terms in (11), v§ and v/, are moving average (MA-) terms.

14



the middle of February 1984 respectively.! Accordingly, the data frequencies which can
be exploited in the analysis must be rather high, in order to get a sufficient number
of observations. Monthly frequency until June 1996 then gives 174 observations, while
quarterly frequency gives at the most only 58. This means that the monthly frequency
is desirable, and almost every data series that are needed is also available on monthly
frequency. Unfortunately the highest frequency for g and y are quarterly.'® Hence, in
order to be able to use monthly data in the regressions, some kind of interpolation for
these two variables are necessary. In this paper, it is assumed that: (i) the quarterly
values of g are uniformly distributed over the months within each quarter; (iz) the monthly
distribution of y within the quarters follows the private industrial production, denoted =,
for which data is available on monthly basis, according to the scheme y,,, s = K2y, Where
Kt = ay:(q,_jz; and j(t) = 1 for all t = 1,2,3, j(t) = 2 for all t = 4,5,6 etc.!” Therefore, in
order to get a feeling for the validity of the interpolation, both monthly and quarterly data
are used in this paper. Another justification for using both quarterly and monthly data is
that the survey of the previous empirical literature suggested that different choice of data
frequency has been important for different empirical evidence. By using both frequencies
here, we take this aspect into account. The reasons why the need to use y arise are
mainly two. First, we want to detrend the data series and only consider the business
cycle component of the real variables g, D and m. A very natural way to accomplish this
is to divide the relevant variables by y. Second, the presumption is made that the Swedish
economy has the property of homogeneity; that is, doubling government consumption and
deficits and nominal money supply and the size of the economy leaves the interest rate

differentials unaffected. Evans (1987a) uses the same approach.

15 To get an indication of the robustness with respect to the choice of maturity for the short-term
Treasury bill for the empirical investigation, other Treasury bills with one-, six- and twelve-months to
maturities have been examined, and since the results were unaffected they are not reported.

16 From now omn, y denotes the gross domestic product, GDP, and not the log of the output gap.

17 To test the sensitivity of these assumptions for the analysis, an alternative method suggested by
Litterman (1983) with better properties from a statistical viewpoint have been tested to generate g and
y on monthly frequencies, but since the qualitative conclusions were unaffected, they are not reported.
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Since Sweden had a fixed exchange rate regime between 1982 and November 1992,
thus the greater part of the sample period, “currency-basket” weighted foreign short- and
long-term interest rates (both expressed as effective yields) and price levels have been
constructed to obtain measures of i*", i* and p* during the whole sample period. When
there has been no possibility of acquiring interest rate data for certain countries during
limited periods in the sample, the “currency-basket” weights have been normalized to
one.'® Moreover, since the foreign long-term interest rates only were available as monthly
averages, averages have been utilized for the other interest rates as well.!?The calculated

. g*

* s g

series for %", 3", i and 7' — i are depicted in Figure 3.
Summary statistics for quarterly and monthly data are given in Tables 1 and 2 re-
spectively.?’ In general, Tables 1 and 2 display that the sample autocorrelations are very

high and taper off very slowly over time, with the possible exception of i*, %", 4!, i,

* — 4%, i' —i" and D. This pattern is normally an indication that the variables may
be non-stationary. They reveal that the premium has on average been higher on i* — "
compared to i* —i"". The variance is also higher for the bills, both Swedish and foreign,
than the bonds. Among the macroeconomic variables, the variance in D is much higher
than the variability in g and m. This is a remarkable fact, since Plosser (1987) reports
variabilities in ¢ and m which exceed the variability in D by large amounts for the United
States. For instance, Plosser (1987) reports that the ratio between the standard deviation

in g to D and in m to D are 7.3 and 2.1 on the monthly frequency. In this data set, the

corresponding figures are 0.35 and 0.81. Of course, the high volatility in D reflects the

18 This has not been a significant problem though, countries which together make up at least 67.10
percent in the beginning and up to 100 percent at the end of the sample period are included in the
calculation of the foreign long-term interest rate. The corresponding figures for the short-term interest
rate are 100 percent until November 1992, and thereafter between 79.9 to 97.54 percent.

19 Note that the macroeconomic variables g, D, m and p* have been subjected to seasonal adjustment.
Since there seemed to be tendencies of changing seasonal pattern in most of the data series, the X11-
method to deseasonalize the data. However, since the large and changing monthly seasonal variation in
the private industrial production (z,,), used to generate a measure of monthly GDP (y,,), could not be
sufficiently well deseasonalized with the X11-method, I used deseasonalized raw data on y, and z,, to
calculate y.,.

20 Exact definitions and sources of all the variables used are given in appendix B, which is available on
request from the author.
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dramatic swings in the Swedish budget deficits, which can be seen in Figure 4.
To summarize, the data set utilized in this paper implies that the regressions for the
short- and long-term interest rate differentials on the government budget deficit will have

high power compared to previous studies.

5 Estimation and empirical results

This section deals with the problem of how to estimate (11) in an appropriate way and

then reports the results of the regressions.

5.1 Non-stationarity and cointegration

As already noted in section 4, one striking feature of the sample autocorrelations is that
they start at very high values and then taper off very gradually, possible exceptions being
s — 4% 4" — 4" and D. This pattern is generally an indication that the time series are
non-stationary. Banerjee et al. (1993) discuss the properties of the regression estimates
obtained when some of the variables are integrated, and find that what is often called
balance in the regression is an important property. This means that when the dependent
variable is stationary, the explanatory variables should also be integrated of order zero or
cointegrated.?! Consequently, there is a need to test the integration order of the variables
involved in the regressions.

To test the integration order of the individual series, I have used the augmented
Dickey-Fuller (ADF) procedure and applied the practical guidelines proposed in Hamilton

(1994), which means that a constant and/or linear trend is included in the regression if

the variable displays a non-zero mean and/or sign of linear trend in the observed sample.

21 Note: If a variable needs to be differentiated exactly k times to achieve stationarity, then the variable
is I (k), integrated of order k. It follows that a stationary variable is I (0). If for a particular variable
k > 0, where k is a positive integer, then it is said to be non-stationary.
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In the ADF procedure, Hy is the hypothesis that the series under consideration is non-
stationary, which in practice implies an estimated qAﬁ in Tables 3 and 4 not significantly
lower than zero. The ADF test results for the variables in level form are reported in Table
3.

As seen from Table 3, the null hypothesis that the variables are non-stationary can only

! — 4" and D on reasonable significance levels. Although we can

be rejected for i* — i, i
reject the hypothesis that D is non-stationary, the estimated autoregressive coefficients
are close to one; implying that our empirical estimate of p” also is close to one. These
findings are consistent with what we expected a priori, and discussed in section 3.2. Thus,
according to the theoretical model (11), the effects of government budget deficits on the
nominal interest rate differentials are likely to be relatively small.

In order to determine the integration order for the other variables, we proceed to the
I (1) tests. With quarterly and monthly frequencies, both first differences on seasonally
adjusted data or annual changes on seasonal unadjusted data can be utilized in the tests.
One of the aims of using annual changes is to eliminate most of the seasonal variability
prior to estimation. In addition, the series obtained are often easier to interpret than first
difference series, where the seasonal variability often completely swamps the remaining
variability.?? Thus, for * and i, the tests are based on first differences, and for g, p*
and m on annual changes of seasonally unadjusted data.??

The overall impression from Table 4 is that the null hypothesis is firmly rejected, and
together with the test results in Table 3, it is concluded that i*", i, g, p* and m are
non-stationary and integrated of order one. It is a relief to note the resemblance of the

results for the different frequencies.

The ADF tests above have shown that the dependent variables involved in the regres-

22 Furthermore, note that 1 — L* = (1 — L) (1 + L+ L7+ L3), which shows that an analysis based on
annual changes can be regarded as an analysis based on first differences on seasonally adjusted data.

23 The I (1) tests are not executed for i* and 4!, since these variables are not individually involved in
the regressions.
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sion (11) are stationary, but that every explanatory variable except D is non-stationary.
Consequently, we have the undesirable unbalanced regression case, where some variables
involved are stationary and some non-stationary. But, if one trusts in (11), then it is also
a fact that changes in a set of I (1) variables cannot explain changes in a I (0) variables
in the long-run, unless the [ (1) variables cointegrate, meaning that certain linear com-
binations of the non-stationary explanatory variables indeed are stationary. In order to
remedy the unbalanced regression problems prior to estimation, we thus first seek to find
the stationary cointegrating relationships between p*, i*", i'", g and m, the error-correction
terms, which can be included in the regressions in (11) to represent the long-run dynam-
ics of the different variables. Secondly, in order to incorporate elements that describe the
short run development, the stationary differences of these variables are also included in
the regressions.

A methodology to test for the number of cointegrating relationships between the vari-
ables p*, i*", i'", g and m has been developed by Johansen (1988). If we define a VAR(p)
model with p*, i*", i, g and m included, the analysis of the number and the shape of
the cointegrating vectors in the Johansen procedure is based on the solution of a certain
eigenvalue problem in the model. However, the first part of the analysis consists of de-
termining the best value of p, the number of lags in the model. Based on the properties
of the estimated residuals (normality and lack of serial correlation) in the different VAR
equations, p = 4 and p = 7 were chosen for quarterly and monthly data frequencies re-
spectively. A sensitivity analysis showed that other values of p did not lead to greatly
different results either on quarterly or monthly data.

The overall impression from Table 5, using the two standard tests discussed in more
detail by Johansen and Juselius (1990), is that two cointegration vectors exist. That is,

r = 2 on both the quarterly and monthly frequency. The estimated normalized quarterly
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error correction terms are

4%, = 5.169 + pf + 0.524i" + 4.494g, — 6.556m;,

as, = 33.020 + i — 2.325i — 52.808¢; + 40.852m;,
and the corresponding monthly are

at, = 914.741 4 p} + 18.338i} + 60.263¢, — 334.933m,

@y, = —329.102+4; — 8.459i; — 45.373g, + 143.087m;.

In the estimation of the cointegrating vectors, the error-correction terms, I have followed
the practical guidelines proposed in Hamilton (1994) and included a constant term since
the variables considered follow linear trends and/or have means different from zero.>* The
estimated coefficients in the quarterly and monthly error-correction terms have the same
signs and structure, which is good. However, as noted in section 3.3, the theoretical model
in (11) does not provide any guidance of what the estimated coefficients should be, and

it is therefore pointless to discuss them here.

5.2 Econometric Issues

The estimated regression equations for the short- and long-term interest rate differentials
include the stationary error correction terms as defined above, a lag polynomial in the
stationary variable D, and lag polynomials in the stationary differences for the I (1) vari-
ables. Since the coefficient sums on the regressors in (11) have appropriate probability
limits only if enough lagged values are included in the regressions, one should not be
to parsimonious. On the other hand, the more extraneous regressors included, the less
power there is to test hypotheses. These two competing considerations have been bal-

anced by including lagged values up to 3 years. The insignificant lagged values of each

24 According to Hamilton, one could also consider a linear trend in the cointegrating vector. But when
I included a linear trend, it did not change r and the results reported in section 5.3 were unaffected.
Therefore, and in accordance with the model in (11), the specification without a trend was finally chosen.
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variable were then removed so that the most important dynamics were captured in the
final estimated equations.?? To give an indication of the estimated model’s goodness of
fit, the adjusted sample coefficients of determination, R2, are provided. In general, the
econometric methodology employed here is in line with the “general to specific” approach
in econometrics suggested by David F. Hendry.

Before turning to the estimation results presented in Tables 6 and 7, a comment on
the method used in the estimations is in order. First, estimation with OLS is based
on the assumptions that the error term is uncorrelated with the regressors and that the
regressors are weakly exogenous with respect to the dependent variables. However, it
is easy to argue that aggregate money, demand and supply shocks, contained in the
residual vy, have contemporaneous effects also on the regressors. For example, consider a
positive aggregate demand shock. Nominal interest rates and output rise simultaneously.
The increased output reduces some components of government spending, increases tax
revenue and thus lessens the budget deficit. Furthermore, the monetary authorities may
accommodate some of the increased money demand that the higher spending induces. As

" rise while g and D are falling and m is rising endogenously. As

aresult, * —i* and ¢! —4
a consequence of this, the OLS estimates of the coefficient sums in (11) are very likely to
be inconsistent. The inconsistencies can be serious and of either sign, depending on how
important each source of endogeneity is. In this paper, I have overcome this problem in
three ways. First, for the sample period considered, I think it is reasonably fair to say that
exogenous influences have been important for g and D. Second, relatively high frequency
data have been used so that the endogeneity effects from the shocks in the residual on the

regressors are likely to be relatively small. Moreover, the regressions have been estimated

with the Two-Stage Least Squares (2SLS) with correction for serial correlation method

25 In the estimations, I use Almon lags with no end point restrictions and allow for a third degree
polynomial. The lag in effect may, by this procedure, be distributed as a straight line, a parabola or as
an “s-curve”.
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suggested by Fair (1970). Fair shows that consistent estimates can be obtained when
the residuals are serially correlated, if lagged values of the regressors and the dependent
variable are used as instruments and the estimated residual is explicitly modelled as
an ARMA(p, q)-process. The reason not to use 2SLS without serial correction is, as
discussed in section 3.3, that we expect the residuals to be serially correlated. Therefore,
an augmented ARMA (p, q)-process v = p¥' vy_+...+pl vi_ +e +07 e/’ +..+07 e,
was included in the 2SLS estimations of (13), until the Ljung-Box (L B) statistic indicated
absence of serial correlation in the residuals.2’

Finally, since I have a limited number of observations in the regressions, I have simu-
lated the critical values reported in Tables 6 and 7 below to get the correct small sample
significance levels. In the simulations, I first estimated and then simulated (10) on quar-
terly and monthly data to get a sample of the same size as used in the regressions reported
in Tables 6 and 7 for the independent variables, which then were used to generate i* — i*"
and i' — 4" . I then used the simulated dependent and independent variables to estimate
the regressions in the Tables 6 and 7. To get small sample distributions for the coefficient
sums, I repeated this procedure until the simulated distributions converged in mean and
variance.’” To get a feeling for the importance of the small sample significance levels, the

asymptotic t-statistics are also provided in parenthesis.

5.3 Results

Table 6 reports that the coefficient sums for D are indeed positive and strongly statistically

significant on the quarterly frequency. The estimated coefficient sums are 0.19 and 0.24,

26 Another estimation method which produces consistent estimates of the coefficient sums in (11), is
the so called Two-Step Two-Stage Least Squares (252SLS) proposed by Cumby et al. (1983). However,
when I tested 2S2SLS and the 2SLS with correction for serial correction method, I found that the results
were very similar. But since the latter method was much more simpler to implement, due to the fact
that coefficient sums were estimated with Almon lags, it was used in the final regressions.

2T In practice, it took approximately 1000 repetitions on both the monthly and quarterly frequency for
the simulated distributions to converge according to the mean-variance criteria.
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suggesting that a one percentage unit increase in the government budget deficit as a ratio
of GDP leads to an increase in the short- and long-term nominal interest rate differentials
by 0.19 and 0.24 percentage points respectively after two years time. These figures are
close to point estimates reported by Corriea-Nunes and Stemitsiotis (1995) for Japan
(0.21), Germany (0.22) and Ireland (0.22), but are lower than their estimate for the United
States (0.79) using yearly data. Among the other regressors, the short run dynamics for
g and p* are most important, although their estimated parameters have opposite signs.
The error correction terms are highly significant in the regression for i° — i*", but not
in the regression for i’ — i*". A dummy variable has also been included in the regression
for the short-term interest rate differential to capture the effects of the interventions of
Sveriges Riksbank (Bank of Sweden) on the market for short-term bills in September to
November 1992. This “intervention effect” is easily seen in Figure 3.

On the monthly frequency, as seen from Table 7, the estimated coefficient sums for
D are still positive and highly significant in the regression equation for i® — i*". The

8

coefficient sum for D in the regressions for i* —i*" on quarterly and monthly data are also

" regression, the coefficient sum for D is not statistically

relatively similar. But, in the i!—i
different from zero, and thus significantly lower than on quarterly data. However, the null
hypothesis that the coefficient sum for D is less than zero can be statistically rejected at
the ten percent level. Comparison of the Tables 6 and 7 also reveals that the lag length
effect of D is the same in both the quarterly and monthly regressions. For the other
variables, the most pronounced difference is that the estimated coefficient for g is positive
in contrast to the quarterly regressions. This may be an indication that our interpolation
measure of GG is flawed on the monthly frequency. Unlike the quarterly regressions, the
estimated coefficient sums for m are now always negative and statistically significant. We

also see that i*" and 7" now becomes highly significant in the regression for i* —i*", while

the short run dynamics for p* are not statistically significant. The estimated parameters
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for the error correction terms have opposite signs, but are not significant. Finally, the
estimated parameter for the dummy variable is higher since the variable can be defined
in a more appropriate way with monthly data.

What is then the general impression of the estimation results of the conventional macro
model reported in Tables 6 and 77 First, we notice that the model in (11) did not suggest
sign uniqueness of the coefficient sums estimated above. Consequently, one cannot reject
the conventional macro model either on the basis that the estimated coefficient sums for
the variables which capture the short run dynamics were not statistically significant or
that they have the “wrong” sign. Second, if the parameters p?", pis*, pil*, p? and p™
were equal to one, the simplified version of the conventional model, summarized by (12),
suggested that the variables p*, i*", i*", g and m should not have any long-run influence
on i* —* and i — 4. In the ADF tests reported above, we could not reject the null
hypothesis that these parameters were integrated of order one.?* Thus, the fact that the
error correction terms in most cases turned out to be insignificant does not form a basis for
rejection of the conventional model either. Rather, I would like to argue that the goodness
of fit criterion for the model should be used to evaluate the model as a whole. The R2-
values reported in Tables 6 and 7 are high, but we need a comparison with an alternative
model, in order to get a measure of the models within-sample forecasting accuracy. Here,
I followed the approach in Meese and Rogoff (1983), and used the R?-values generated by
a random walk with a drift to form a basis for a comparison. The corresponding R?-values
for the short- and long-term interest differentials on quarterly and monthly frequency were
{0.17, 0.58} and {0.50, 0.86} respectively. In all cases they are lower than the ones in

Tables 6 and 7. Thus, it is tempting to argue that the empirical evidence presented here

also supports the conventional model in general; at least, the empirical results are not

28 Formally, the fact that these variables were found to be integrated of order one do not imply that

they are random walks. But if we consider s pis*, pil*, p? and p™ to be lag polynomials in the lag
operator with p?” (1) =1, ..., p" (1) = 1, the interpretations made in the random walk case are still valid.
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obviously inconsistent with the predictions of the conventional model.

In accordance with many other countries, Sweden went from a fixed to a managed
floating exchange rate regime in November 1992. In this paper, I have used data from
both the fixed and floating regimes to get sufficiently many observations in the regressions.
Therefore, it is desirable to test whether the structure of the regressions reported in Tables
6 and 7 are the same after the regime shift. The standard test available for this purpose
is the Chow test, the basic idea of which can be described as comparing the results of
separate estimation in the two subperiods, fixed and floating regime periods, and on the
basis of the complete period; in the latter case assuming that the structure of the model
is unchanged.?’

As can be seen from Table 8, we can only reject the null hypothesis of an unchanged
structure in one out of four regressions at reasonable significance levels. In no cases is
the test statistic very large, indicating rather moderate changes. On the whole therefore,
it seems like the results reported in Tables 6 and 7 are fairly robust with respect to the

exchange rate regime shift in Sweden.

6 Concluding remarks

In this paper, I have tried to shed light upon the empirical relation between nominal
interest rates and government budget deficits. The strategy employed is similar to that

of Evans (1985, 1987a, 1987b, 1988) in the sense that I have used a conventional macro

29 Since the original Chow-test is impossible to use in our case due to the short floating exchange rate
regime period, I have used a modification of the test, sometimes called the Chow forecast test. If the
. . (et L o
model structure is unchanged, the statistic F°*° = 52 L follows the F-distribution with
Ti
nyg and ng; — k degrees of freedom where; ny; = number of observations in the fixed exchange rate regime
period, ny; = number of observations in the managed floating exchange rate regime period, k = number

of estimated parameters, fr%« = estimated residual variance in the complete period and ffffz = estimated
residual variance in the fixed exchange rate regime period. If the residual variance is unchanged, the
value of F°*® is 1. A change in structure should lead to a large residual variance for the complete period,
with a consequent F°%* that is larger than 1.
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model as my point of departure for the empirical investigation. But based on a survey,
I have also taken into account what seems to be the most important lessons from the
previous empirical literature.

The survey suggests two factors that may account for the different empirical results in
the previous literature. First of all, the treatment of the expected inflation rate seems to
be of considerable importance; the results tend to be more supportive for the conventional
view when a proxy is used to account for the expected inflation rate, rather than a reduced
form. Second, the data frequency seems to be important. In studies which have exploited
lower frequency data, the evidence is more in favor of the conventional than the Ricardian
view. In order to control for the first factor, I have constructed and used a conventional
model in which it is possible to solve for the rational inflation expectations analytically.
To take the latter factor into proper account, I have used both quarterly and monthly
data in the estimations.

The theoretical analysis shows that the conventional macro model developed here, in
contrast to the findings in the previous literature, does not imply sign uniqueness for the
sum of the elements in the parameter polynomials for the budget deficit in the regression
equations for the short- and long-term nominal interest rates. However, in the special case
when the budget deficit is assumed to follow an AR(p) process, the model implies that the
coefficient sum of the elements in the parameter polynomials for the budget deficit should
be positive, although individual elements may be negative, given that the budget deficit
is a stationary process. Thus, the model offers three important insights for empirical
investigations of this issue. First, it stresses the importance of a careful determination of
the number of lags for the regressors; if an insufficient number of lags for the government
budget deficit are included in the regressions, the estimated coefficient sums may be close
to zero. Second, if the persistence in the budget deficit is sufficiently high, the estimated

coefficient sums for the budget deficit will be close to zero regardless of how many lags
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one includes in the estimations; however, it should be emphasized that this is a (small)
open economy result. Third, it is essentially an empirical question as to whether larger
budget deficits are associated with higher interest rates or not. Consequently, the lack
of a robust finding between budget deficits and interest rates should not then necessarily
be interpreted as evidence against the conventional view and indirect support for the
Ricardian equivalence theorem, which, for instance, Evans (1987a) and Plosser (1987)
claim.

The empirical study utilizes data for Sweden, a small open economy with extremely
high sample variability for the government budget deficit compared to previous studies.
Thus, the empirical results here ought to be more reliable than those of previous studies.
The results presented in the paper, which seem to be fairly robust over time, provide
evidence for the conventional view in macroeconomics: larger government budget deficits

produce higher nominal interest rates!
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Table 1: Summary statistics for quarterly data.

Sample autocorrelations

Variable Mean Std.dev. P1 P Ps3 P4 Ps P12

?° 10.92 2.68 0.82 0.64 0.50 0.33 0.12 -0.12
i 8.60 2.36 0.89 0.73 0.61 0.49 0.22 -0.06
i — i 2.65 1.29 0.56 0.23 0.03 -0.23 -0.15 0.03
it 10.80 1.71 0.84 0.62 0.39 0.21 0.20 0.14
it 9.13 1.69 0.94 0.85 0.76 0.65 0.40 0.28
it — " 2.13 0.91 0.75 0.43 0.18 -0.07 0.03 -0.09
g 3.26 0.05 0.94 0.89 0.85 0.80 0.58 0.37
D 5.53 4.55 0.95 0.88 0.81 0.71 0.35 -0.05
m 3.85 0.12 0.97 0.94 0.91 0.88 0.75 0.65
p* -0.15 0.20 0.95 0.90 0.85 0.80 0.61 0.45

Note: g, D, m and p* have been subjected to seasonal adjustment. g, m and p* are in natural logs.

Table 2: Summary statistics for monthly data.

Sample autocorrelations

Variable Mean Std.dev. p, Ps P12 P1s Poa P30 P36

i° 1092 276 091 0.59 0.30 0.18 0.12 0.04 -0.11
i 860 236 097 0.73 0.48 0.32 0.22 0.11  -0.06
i — i 2.65 146  0.76  0.16  -0.20 -0.24 -0.10 0.05  0.02
it 10.81 .71 096  0.59 0.18 0.08 0.20 030 0.11
i 9.35 167 098 084  0.64 0.48 040 031 0.8

i 2.15 0.93 0.92 041 -0.08 -0.15 -0.01 0.14 -0.10

g 3.27 0.06 0.80  0.77 0.71 0.59 0.47 042  0.32
D 5.63 4.74 0.98  0.89 0.72 0.56 0.37 0.17  -0.02
m 3.91 0.12 095 091 0.85 0.78 0.74 0.71 0.67
p* -0.15 0.20 098  0.90 0.80 0.70 0.61 0.53  0.45

Note: g, D, m and p* have been subjected to seasonal adjustment. g, m and p* are in natural logs.

32



Table 3: Augmented Dickey-Fuller tests of integration order on levels.

Quarterly frequency

Monthly frequency

Variable T p [0) t-value T p 10) t-value
i° 51 4 -0.105 -1.465 158 9 -0.060 -1.581
i 56 3 -0.056 -1.116 166 13 -0.012 -1.063
i* — 4% 48 7 -0.794 -3.218** 157 10 -0.306 -3.588***
it 49 1 -0.175 -2.508 147 6 -0.039 -1.965
it 60 5 -0.050 -1.574 185 13 -0.016 -1.554
it — 47 3 -0.375 -3.475* 143 10 -0.120 -3.173*
g 98 7 -0.067 -2.176 293 24 -0.065 -2.210
D 93 8 -0.097 -3.208** 297 20 -0.032 -3.142***
p* 62 4 -0.087 -1.149 196 5 -0.010 -2.342
m 92 13 -0.127 -1.827 294 23 -0.110 -2.539

Note: g, D, p* and m have been subjected to seasonal adjustment as described in appendix B. T are
the number of observations included in the test. # (sx) [x % %] indicates that Hy: Z ~ I (k) where k > 0
is rejected at the 10 (5) [1] percent significance level. McKinnon critical values are used.

Table 4: Augmented Dickey-Fuller tests of integration order on differences.

Quarterly frequency

Monthly frequency

Variable T p [0) t-value T p 1) t-value
A7 58 0 -0.598 -4.938*** 166 12 -0.545 -3.649***
AV 60 4 -1.185 -6.138*** 184 13 -0.805 -4.770*
Ag 100 1 -0.263 -3.099*** 283 22 -0.239 -1.952*
Ap* 59 4 -0.073 -2.964** 177 12 -0.028 -3.360"**
Am 90 11 -0.431 -3.445* 283 22 -0.414 -3.865***

Note: The tests are performed on first differences for i*" and i*", and on annual changes on seasonally
unadjusted data for g, p* and m. T are the number of observations included in the test. s () [* * %]
indicates that Hy: Z ~ I (k) where k > 1 is rejected at the 10 (5) [1] percent significance level. McKinnon

critical values are used.

33



Table 5: Test results for the number of cointegrating vectors.

Trace test Maximum eigenvalue test

Test statistic Critical values Test statistic Critical values
r  Quarterly Monthly 95%  99% Quarterly Monthly 95% 99%
0 125.54 105.81 69.98  77.91 58.28 50.90 33.26  38.86
1 67.26 54.90 48.42  55.55 36.96 32.93 2734  32.62
2 30.30 21.98 31.26 37.29 17.37 15.16 21.28 26.15
3 12.93 6.82 17.84 21.96 8.91 5.67 14.60 18.78
4 4.02 1.15 8.08 11.58 4.02 1.15 8.08 11.58

Note: The sample consists of 53 and 166 observations respectively. The critical values are taken from
Table A2 in Johansen and Juselius (1990).

Table 6: Quarterly 2SLS with correction for serial correlation regressions.

¥ —1° it — 4

Coeflicient sum Lag length Coeflicient sum Lag length

Ag — 0.292*** 0 — 0.129™ 0
(—3.95) (—2.68)

Ap* 1.246* 0 0.814** 10
(3.93) (3.93)

Am — 0.190 12 0.043* 0
(—3.25) (1.37)

AV — 0.770 12 2.400*** 9
(—0.62) (2.47)

AV 0.227* 0 — 10.669*** 10
(0.88) (—5.16)

D 0.188** 8 0.236"** 8
(4.35) (6.09)

as_, 2,517+ 0.381

’ (4.22) (0.46)
as_, 0.828** 0.132
’ (5.88) (1.01)

c — 3.244* — 1.851
(—2.58) (—2.30)

Dummy 1.623***
(4.07)

D, q 1,4 0,0

R? 0.92 | 0.88

Note: Simulated critical limits. ¢ denotes the constant term and Dummy is a dummy variable
equal to 1 1992:3 - 1992:4 and 0 otherwise. x (k) [* % x| indicates that the coefficient is statistically
significant at the 10 (5) [1] percent level according to the simulated distribution. Asymptotic ¢-statistics
within parenthesis. The sample consists of 44 and 47 observations respectively. Lagged dependent and
explanatory variables have been used as instruments. p and g denote the order of the ARMA(p, g)-process
for the residual in the estimations.
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Table 7: Monthly 2SLS with correction for serial correlation regressions.

i* — 4% it — 4"
Coefficient sum Lag length Coefficient sum Lag length
Ag 0.117** 0 0.010*** 0
(3.14) (1.26)
Ap* 0.259 11 — 0.116 24
(1.06) (—0.66)
Am — 0.182** 4 — 0.187* 22
(—0.89) (—2.67)
A 8.545*** 24 4.179** 24
(3.60) (1.87)
AV — 9.773%* 16 — 18.342%** 34
(—2.86) (—3.67)
D 0.134*** 24 0.070 24
(2.98) (1.76)
M |, — 0.056 0.038
’ (—0.60) (1.22)
’ (=0.56) (1.38)
c 1.084 1.945*
(1.22) (2.81)
Dummy 32763869***
p.q 0,1 0,3
R? 0.76 0.89

Note: Simulated critical limits. ¢ denotes the constant term and Dummy is a dummy variable equal
to 11992:09 and 1992:11, 0 otherwise. s (xx) [* * %] indicates that the coefficient is statistically significant
at the 10(5)[1] percent level according to the simulated distribution. Asymptotic t-statistics within
parenthesis. The sample consists of 148 in both regressions. Lagged dependent and explanatory variables
have been used as instruments. p and ¢ denote the order of the ARMA(p, q)-process for the residual in
the estimations.

Table 8: Chow test for structural stability.

Quarterly regressions Monthly regressions
Test statistic i* — i it — " i* — i it — "
Fobs 2.215 1.425 1.207 1.556
p-value 0.116 0.272 0.232 0.045

Note: ny; is equal to 14 (1993Q1 — 1996(Q2) on quarterly data and 43 (1992:12 — 1996:06) on monthly
data, while ny; is equal to 30 (1985(Q)3 — 1992Q)4) and 33 (1984Q4 — 1992()4) on quarterly data and 105
(1984:03 — 1992:11) on monthly data for * —i*" and i’ —i'" respectively.
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