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1 Introduction

The expectations hypothesis (EH) of the term structure of interest rates is

one of the oldest and simplest analytical framework that simplifies the rational

behaviour in the financial markets. The EH of the term structure of interest

rates, which states that the observed term structure can be used to infer market

participants expectations about future interest rates, has been at the origin of

an extraordinary amount of econometric analysis; see, e. g., Campbell (1995),

Campbell and Shiller (1987, 1991), Engsted and Tanggaard (1994a,b), Hall et

al. (1992), Hardouvelis (1994), Jondeau and Ricart (1999), Lanne (2000), Sarno

et al. (2007), Thornton (2006), and Tzavalis (2003).

Understanding the term structure of interest rates has always been viewed as

crucial to assess the impact of monetary policy and its transmission mechanism,

to predict interest rates, exchange rates and economic activity, and to provide

information about expectations of participants in financial markets. However,

the term structure of interest rates is likely to be subject to variation as a result

of changes in the structure of the economy, like changes in monetary policy

or in the exchange rate regime and reforms in the financial market regulation.

Thus, the information content of the term structure is subject to change over

time and all the empirical modeling work that does not take into account the

possible variations and instability will fail to explain the variations in the term

structure of interest rates.

According to the EH, the long-term interest rates should reflect future short-

term changes. Specifically, long-term interest rates would be the average of

future expected short rates. Hence, the EH in the context of the cointegration

theory suggests that the long and short interest rates are linked through a long-

run relationship with parameters (1, -1), i.e. that the interest rate spread is

mean-reverting. Following the work by Campbell and Shiller (1987), a number

of further contributions have arisen. These works have strived to test the EH

of the term structure of interest rates applying cointegration techniques on a

linear model, leading sometimes to contradictory results. A non-exhaustive list

of them would include, Stock and Watson (1988), Hall et al. (1992), Engsted

and Tanggaard (1994a, b), Cuthbertson (1996).

In a empirical study, Camarero and Tamarit (2002) extended the previous

analysis on the expectations model of the term structure of interest rates ad-

dressing the question of whether the relationship is stable over time, or exhibit a

structural break allowing the instability to occur at an unknown point. For the

Spanish economy they found evidence of linear cointegration between long and

short interest rates for the period 1980:1-1996:4, with a vector (1, -1) as pre-

dicted by the theory. Moreover, the tests for instability and structural change

detected the presence of a break in 1994 when two factors that may have affected

the term structure of interest rates were acting: first, the successive devalua-

tions of the peseta, that happened at the end of 1982 and between 1992 and

1995; second, the financial changes that occurred at the beginning of 1994, as

a result of the commitments of Spain in the context of the process towards the

European Monetary Union.
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Camarero and Tamarit (2002) applied several methods to detect the struc-

tural changes or instability in the cointegration regressions. The first group

of tests are those of the null hypothesis of no change in cointegrated models

proposed by Hansen (1992). These LM test procedures are based on the fully

modified estimation method (Phillips and Hansen, 1990) which has been shown

to lead to tests with very poor finite sample properties (Carrion-i-Silvestre and

Sansó-i-Roselló, 2006). The results in Quintos and Phillips (1993) also suggest

that the LM tests are likely to suffer from the problem of low power in finite

samples. Moreover, simulation experiments in Hansen (2000) show that the LM

test is quite poorly behaved in the presence of structural changes in the mar-

ginal distributions of the regressors. The second group of tests, proposed by

Gregory and Hansen (1992a, b), consider the residual-based test for the null of

no cointegration against the alternative of cointegration with a structural break

of unknown timing. A rejection by these tests would then confirm the presence

of a cointegrating relationship with a structural break. However, the value of

the break associated with the minimal value of a given statistic is not, in gen-

eral, a consistent estimate of the break date if a change is present. Moreover,

these tests are designed to have power against the alternative of a single break in

parameters and hence may have low power when the alternative involves more

than one break. The third group of tests are the multiple structural changes

tests proposed by Bai and Perron (1998a, b) in the context of OLS recursive es-

timation applied to stationary variables. However, these tests are only valid for

stationary variables and the interest rates series are both I(1) or non-stationary

variables.

In this paper we extend the existing empirical analysis of the term structure

model of interest rates in two ways. First, in order to avoid the econometric

problems mentioned above, we make use of recent developments in cointegrated

regression models with multiple structural changes. Specifically, we use a new

approach proposed by Kejriwal and Perron (2008, 2010) to test for multiple

structural changes in cointegrated regression models. They develop a sequential

procedure that not only enables detection of parameter instability in cointegra-

tion regression models but also allows consistent of the number of breaks present.

Furthermore, we test the cointegrating relationship when multiple regime shifts

are identified endogenously. In particular, the nature of the long run relation-

ship between long and short interest rates is analyzed using the residual based

test of the null hypothesis of cointegration with multiple breaks proposed in Arai

and Kurozumi (2007) and Kejriwal (2008). Second, a common criticism to most

test of the term structure of interest rates is that the econometric procedures

used require a large number of observations. Accordingly, in this paper we use

a long span of the data (1974:1-2010:2). It will allow us to obtain more robust

results on the fulfilling of the term structure of interest rates than in previous

analysis.1

1A recent empirical study of Esteve (2006) extends the previous analysis on the EH of the

term structure of interest rates addressing the possibility that a nonlinear model might pro-

vide a better empirical description. This paper applies the methodology to test for threshold

cointegration recently proposed by Hansen and Seo (2002) to the Spanish term structure of
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The rest of the paper is organized as follows. A brief description of the

underlying theoretical framework is provided in section 2, the methodology and

empirical results are presented in sections 3 and 4, respectively, and the main

conclusions are summarized in section 5.

2 A simple model of the EH of the term struc-

ture of interest rates

In order to test the term structure of interest rates in the context of the coin-

tegration theory, the empirical studies on the EH have commonly used a linear

model such as:

bondst = c+ γcmrt + εt (1)

where bondst is the interest rate of long-term bonds and cmrt the short-term

interest rate. According to Campbell and Shiller (1987), bondst and cmrt should

be non-stationary and linked through a cointegration relationship with parame-

ters (1, -1). Campbell and Shiller (1991) noted that this hypothesis implies that

a maturity-specific multiple of the term spread predicts future changes in the

long bond yield. Thus, the expectations theory of the term structure suggests

that the current interest rate spread is an optimal forecast of future changes in

long-run interest rates. Thus, according to this hypothesis, market’s expecta-

tions about the short-rate developments of the bond yield are reflected in the

slope of the term structure with a one-to-one relation.

Alternatively, we may write the linear regression model (1) as a bivariate

linear cointegrating VAR model with one lag, l = 1, such as:

∆bondst
∆cmrt

= μ+ αwt−1 + Γ
∆bondst−1
∆cmrt−1

+ εt (2)

where the long-run relationship is defined as wt−1 = bondst−1 − γcmrt−1.
Setting γ = 1, the long-run relationship would be the same as the interest rate
spread, st.

3 Methodology

3.1 A linear cointegrated regression model with multiples

structural changes

Issues related to structural change have received a considerable amount of at-

tention in the statistics and econometrics literature. Bai and Perron (1998) and

interest rates during the period 1980:1-2002:12. The evidence suggests that nonlinear cointe-

gration between long and short interest rates is clearly rejected, so that a linear cointegration

model would provide an adequated empirical description for the Spanish term structure of

interest rate.

4



Perron (2006, 2008) provide a comprehensive treatment of the problem of test-

ing for multiple structural changes in linear regression models. Accounting for

parameter shifts is crucial in cointegration analysis since it normally involves

long spans of data which are more likely to be affected by structural breaks.

In particular, Kejriwal and Perron (2008, 2010) provide a comprehensive treat-

ment of the problem of testing for multiple structural changes in cointegrated

systems.

More specifically, Kejriwal and Perron (2008, 2010) consider a linear model

with m multiple structural changes (i.e., m+ 1 regimes) such as:

yt = cj + z
3
ftδf + z

3
btδbj + x

3
ftβf + x

3
btβbj + ut (t = Tj−1 + 1, ..., Tj) (3)

for j = 1, ...,m + 1, where T0 = 0, Tm+1 = T and T is the sample size. In
this model, yt is a scalar dependent I(1) variable, xft(pf × 1) and xbt(pb × 1)
are vectors of I(0) variables while zft(qf × 1) and zbt(qb × 1) are vectors of I(1)
variables.2 The break points (T1, ..., Tm) are treated as unknown.
The general model (3) is a partial structural change model in which the

coefficients of only a subset of the regressors are subject to change. In our case,

we suppose that pf = pb = qf = 0, and estimated model is a pure structural
change model with all coefficients of the I(1) regressors and constant (slope and

the intercept in (1)) allowed to change across regimes:

yt = cj + z
3
btδbj + ut (t = Tj−1 + 1, ..., Tj) (4)

Generally, the assumption of strict exogeneity is too restrictive and the test

statistics for testing multiple breaks are not robust to the problem of endogenous

regressors. To deal with the possibility of endogenous I(1) regressors, Kejriwal

and Perron (2008, 2010) propose to use the so-called dynamic OLS regression

(DOLS) where leads and lags of the first-differences of the I(1) variables are

added as regressors, as suggested by Saikkonen (1991) and Stock and Watson

(1993):

yt = ci + z
3
btδbj +

lT

j=−lT
∆z3bt−jΠbj + u

∗
t , if Ti−1 < t ≤ Ti (5)

for i = 1, ..., k + 1, where k is the number of breaks, T0 = 0 and Tk+1 = T .

3.2 Structural Break Tests

In this paper we test the parameter instability in cointegration regression using

the tests proposed in Kejriwal and Perron (2008, 2010). They present issues

related to structural changes in cointegrated models which allows both I(1)

and I(0) regressors as well as multiple breaks. They also propose a sequential

procedure which permits consistent estimation of the number of breaks, as in

Bai and Perron (1998).

2The subscript b stands for ”break” and the subscript f stands for ”fixed” (across regimes).
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Kejiriwal and Perron (2010) consider three types of test statistics for testing

multiple breaks. First, they propose a supWald test of the null hypothesis of
no structural break (m = 0) versus the alternative hypothesis the there are a
fixed (arbitrary) number of breaks (m = k):

supF ∗T (k) = sup
λ∈Λε

SSR0 − SSRk
σ̂2

(6)

where SSR0 denote the sum of squared residuals under the null hypothesis

of no breaks, SSRk denote the sum of squared residuals under the alternative

hypothesis of k breaks, λ = {λ1, ...,λm} is the vector of breaks fractions defined
by λi = Ti/T for i = 1, ...,m, Ti, and Ti are the break dates.
Second, they consider a test of the null hypothesis of no structural break

(m = 0) versus the alternative hypothesis that there is an unknown number of
breaks, given some upper bound M(1 ≤ m ≤M):

UDmaxF ∗T (M) = max
1≤k≤m

F ∗T (k) (7)

In addition to the tests above, Kejiriwal and Perron (2010) consider a se-

quential test of the null hypothesis of k breaks versus the alternative hypothesis

of k + 1 breaks:

SEQT (k + 1|k) = max
1≤j≤k+1

sup
τ∈Λj,ε

T SSRT (T̂1, ..., T̂k (8)

− SSRT (T̂1, ...T̂j−1, τ , T̂j , ..., T̂k /SSRk+1 (9)

where Λj,ε = τ : T̂j−1 + (T̂j − T̂j−1)ε ≤ τ ≤ T̂j − (T̂j − T̂j−1)ε . The model

with k breaks is obtained by a global minimization of the sum of squared resid-

uals, as in Bai and Perron (1998).

3.3 Cointegration tests with structural changes

Kejriwal and Perron (2008, 2010) show that the structural change tests can suffer

from important lack of power against spurious regression (i.e, no cointegration).

This means that these tests can reject the null of stability when the regression is

really a spurious one. In this sense, tests for breaks in the long run relationship

are used in conjuction with tests for the presence or absence of cointegration

allowing for structural changes in the coefficients.

In this paper, we use the residual based test of the null of cointegration with

an unknown single break proposed in Arai and Kurozumi (2007), in which they

developed a LM test based on partial sums of residuals where the break point

is obtained by minimizing the sum of squared residuals. They considered three

models: i) Model 1, level shift; ii) Model 2, level shift with trend; iii) and Model

3, regime shift.

The LM test statistic (for one break), Ṽ1(λ̂), is given by:
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Ṽ1(λ̂) = (T
−2

T

t=1

St(λ̂)
2)/Ω̂11 (10)

where Ω̂11 is a consistent estimate of the long run variance of u
∗
t in (5),

the date of break λ̂ = (T̂1/T, ..., T̂k/T ) and (T̂1, ...T̂k) are obtained using the
dynamic algorithm proposed in Bai and Perron (2003).

The Arai and Kurozumi (2007) test is restrictive in the sense that only

a single structural break is considered under the null hypothesis. Hence, the

test may tend to reject the null of cointegration when the true data generating

process exhibits cointegration with multiple breaks. To avoid this problem,

Kejiriwal (2008) has recently extended the Arai and Kurozumi (2007) test by

incorporating multiple breaks under the null hypothesis of cointegration. The

Kejiriwal (2008) test of the null of cointegration with multiple structural changes

is denoted with k breaks as Ṽk(λ̂).

4 An application to the Spanish term structure

of interest rates

The data used in this paper are monthly for Spain and cover the period 1974:1

to 2010:2. The variables utilized in the empirical application are the nominal

long-term interest rate, bondst (private bonds of electric utilities before February

1978; from March 1978 to December 1992, central government bonds at more

than two years; and, from January 1993, central government benchmark bond

of 10 years), and the nominal short-term interest rate, cmrt (1-month interbank

market rates before December 1976; and, from January 1977, 3-month interbank

market rates). Both series have been obtained from Bank of Spain (2010). The

evolution of the two series is shown in Figure 1 and there seems to be a close

comovement between the two series. However, the plots also suggest that the

long—short interest rates association may have altered over time.

As a preliminary step in our analysis, we examine the time series properties

of the series by testing for a unit root over the full sample. We have used

a modified version of the Dickey-Fuller and Phillips-Perron tests proposed by

Ng and Perron (2001), which try to solve the main problems present in these

conventional tests for unit roots.

In general, the majority of the conventional unit root tests suffer from three

problems. First, many tests have low power when the root of the autoregressive

polynomial is close to, but less than, unit (Dejong et al., 1992). Second, the

majority of the tests suffer from severe size distortions when the moving-average

polynomial of the first-differenced series has a large negative autoregressive root

(Schwert, 1989; Perron and Ng, 1996). Third, the implementation of unit root

tests often needs the selection of an autoregressive truncation lag, k; however,

as discussed in Ng and Perron (1995) there is a strong association between k

and the severity of size distortions and/or the extend of power loss.
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Recently, Ng and Perron (2001) have proposed a methodology that solves

these three problems. This method consists of a class of modified tests, called

M̄GLS
MAIC , originally developed in Stock (1999) as M tests, with GLS detrending

of the data as proposed in Elliot et al. (1996), and using the Modified Akaike

Information Criteria (MAIC).3 Also, Ng and Perron (2001) have proposed

a similar procedure to correct for the problems of the standard Augmented

Dickey-Fuller (ADF) test, ADFGLSMAIC .
4

Table 1 reports the results of Ng and Perron tests. This table shows that the

nominal long-term interest rate is found to be I(1), while the null hypothesis of

nonstationarity for the nominal short-term interest rate can be rejected at the

1% significance level with the M̄ZGLSα , M̄ZGLSt and ADFGLS tests. Therefore,

according to the results of these tests, the nominal short-term interest rate series

could be I(1) or I(0).

A potential difficulty in assessing the time series properties of monetary and

financial variables, is that they can be subject to potential structural breaks in

the form of infrequent changes in the mean or the drift of the series, due to

exogenous shocks or changes in the policy regime. Hence, in order to provide

further evidence on the degree of integration of variables, we have also applied

the Perron-Rodriguez test (Perron and Rodriguez, 2003) for a unit root in the

presence of a one time change in the trend function.

Perron and Rodriguez (2003) extend the tests for a unit root analyzed by

Perron and Ng (2001) to the case where a change in the trend function is allowed

to occur at an unknown time, TB. In this paper we use the method where the

break date is selected minimizing the tests, as suggested by Zivot and Andrews

(1992). The results are presented in Table 2. We consider the Model II where

a structural change in intercept and slope is allowed to occur at an unknown

time. Using the MAIC to select k, there is no evidence against the unit root

for the nominal short-term interest rate series at the 5% significance level. The

break date is selected at 1980:2.

An alternative method to select the break date, as used in Perron (1997), is

to choose it such that the absolute value of the t-statistic on the coefficient of

the change in slope is maximized. Table 3 presents the results of the tests. For

nominal short-term interest rate series, there is not evidence against the unit

root. The break date selected is 1979:9. Therefore, according to the results of

these tests, cmrt would be I(1).

Once the order of integration of the series has been analyzed, we estimate

the long-run or cointegration relationship between bondst, and cmrt. Given the

relatively small sample size, we will estimate and test the coefficients of the coin-

tegration equation by means of the Dynamic Ordinary Least Squares (DOLS)

method from Saikkonen (1991) and Stock and Watson (1993) and following

the methodology proposed by Shin (1994). This estimation method provides

a robust correction to the possible presence of endogeneity in the explanatory

3These tests are the M̄ZGLSα , M̄SBGLS and M̄ZGLSt .
4 See Ng and Perron (2001) and Perron and Ng (1996) for a detailed description of these

tests.
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variables, as well as serial correlation in the error terms of the OLS estima-

tion. Also, in order to overcome the problem of the low power of the classical

cointegration tests in the presence of persistent roots in the residuals of the

cointegration regression, Shin (1994) suggests a test where the null hypothesis

is that of cointegration. In the first place, we estimate a long-run dynamic equa-

tion including the leads and lags of all the explanatory variables, the so-called

DOLS regression; in our case:

bondst = c+ γcmrt +

q

j=−q
γj∆cmrt−j + υt (11)

Secondly, the Shin’s test is based on the calculation of two LM statistics from

the DOLS residuals, Cμ, to test for deterministic cointegration. The parameter

γ is the long-run cointegrating coefficient estimated between the long and short

interest rates (or long-run elasticity).

The results of Table 4 show that the null of deterministic cointegration be-

tween bondst and cmrt is not rejected at the 1% level of significance, and the

estimated value for γ is 0.77, significantly different from zero at the 1% level.

But this estimate would be significantly different from one at the 1% level, ac-

cording to a Wald test on the null hypothesis γ̂ = 1 against the alternative
γ̂ < 1, distributed as a χ21 and denoted by WDOLS in Table 4. Since the es-

timate of long-run elasticity is significantly lower than one, so that changes in

the long-term interest rate would have not been fully adjusted to compensate

the behaviour of the short-term interest rates.

Accounting for parameter shifts is crucial in cointegration analysis, which

normally involves long spans of data, which are more likely to be affected by

structural breaks. Our data covers thirty five years of the history of the interest

rates, during which time the term structure of interest rates have probably

changed due to variations in macroeconomic and market forces, such as changes

in the structure of the economy, changes in the monetary policy or exchange

rate regime, supply shocks, and reforms in the financial and tax regulation.

Therefore, as we argued before, it is important to account for structural breaks

in our cointegration relationship.

We now consider the tests for structural change that have been proposed in

Kejiriwal and Perron (2008, 2010). We use 15% trimming so that the maximum

numbers of breaks allowed under the alternative hypothesis is 5. Both the

intercept and the slope of equation (11) are allowed to change. Table 5 presents

the results of stability tests as well as the number of breaks selected by the

sequential procedure (SP) proposed by Bai and Perron (2003). The UDmax
test is significant at the 5% level, which implies that at least one break is present.

The supFT (1) test is significant at the 5% level, unlike supFT (2), suggesting
that the data do not support a two-break model. The sequential procedure

selects a single break and provide evidence against the stability of the long run

relationship. Overall, the results of the Kejriwal-Perron tests suggest a model

with one break estimated at 1979:6 and two regimes,1974:1-1979:6 and 1979:7-

9



2010:2.5 The break date 1979:6 is precisely estimated with since their 95%

confidence interval cover only a few months before and after (1979:4-1980:11).

There are some factors that may explain the placement of such structural change

of the Spanish term structure of interest rates.

First, the domestic financial sector had experienced a serious liberalisation

process. Until the early 1980s, most financial transactions were going through

the banking system, which itself was strongly regulated. In addition to reserve

and investment requirements, most interest rates were administered. The nu-

merous regulatory changes produced the development of several financial mar-

kets, including the interbank market (linked to the short interest rates), the

market for public debt and the stock market (both linked to the long interest

rates). Such liberalisation was in line with the various regulations and new

financial directives of the EU.

Second, until the early 1980s the deficits of the public sector were financed

mostly via credits from the Bank of Spain (seigniorage). Only after 1982, budget

deficits were increasingly financed in a more orthodox way using market mech-

anisms, through the issuing of public debt, which allowed the development of

the secondary market for public debt and the use of central government bonds

as reference of the long-term interest rates.

Since the above stability tests also reject the null coefficient stability when

the regression is a spurious one, we still need to confirm the presence of cointe-

gration among the variables. For this reason we use the residual based test of the

null of cointegration against the alternative of cointegration with an unknown

single break proposed in Arai and Kurozumi (2007), Ṽ1(λ̂). Arai and Kurozumi
(2007) show, in the single break case, that the limit distribution of the test

statistic, Ṽ1(λ̂), depend only on the timing of the estimated break fraction λ̂

and the number of I(1) regressors m. In our case, critical values are obtained

for λ̂ = 0.15 and m = 1 by simulation using 500 steps and 2000 replications.
The Wiener processes are approximated by partial sums of i.i.d. N(0, 1) random
variables. Since we are interested in the stability of the short-term-long-term

interest rate coefficient, γ, we consider only model 3 that permits the slope shift

as well a level shift. Table 6 shows the results of the Arai-Kurozumi cointegra-

tion test with a single break. Again, the level of trimming used is 15%. The

results show that the test Ṽ1(λ̂) cannot reject the null of cointegration with a
structural break at 1979:6.

In order to compare the coefficients obtained from a break model with those

reported from a model without any structural break, we proceed to estimate the

cointegration equation (11) for the two sub-samples, and the results are shown

in the last two columns of Table 4. First, the estimates show that the slope es-

timated is insignificant in the first regime and the estimated parameter is very

small (0.09). Second, the coefficient estimated for the second regime is signifi-

cant and higher (0.83) than the full sample estimate of 0.77. This suggests that

5Note that this result is very similar to the change selected for the nominal short-term rate

series when we apply the Perron-Rodriguez test for a unit root in the presence of a one time

change in the trend function (Table 3).
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ignoring shifts may understate the long-run cointegration relationship between

the long and short interest rates.

5 Conclusions

Accounting for parameter shifts is crucial in cointegration analysis, which nor-

mally involves long spans of data, which are more likely to be affected by struc-

tural breaks. In this paper we consider the possibility that a linear cointegrated

regression model with multiples structural changes would provide a better em-

pirical description of the term structure model of interest rates. Our methodol-

ogy is based on instability tests recently proposed in Kejriwal and Perron (2008,

2010) as well as the cointegration test in Arai and Kurozumi (2007) and Ke-

jriwal (2008) developed to allow for multiple breaks under the null hypothesis

of cointegration. This method is applied to test the Spanish term structure of

interest rates during the period 1974:1-2010:2.

The results are consistent with the existence of linear cointegration between

the long and the short run Spanish interest rates, with a vector (1, -0.77). Thus,

the cointegration vector is not (1, -1), as predicted by the theory. However, our

empirical results show also that the cointegrating relationship has changed over

time. In particular, the Kejriwal-Perron tests for testing multiple structural

breaks in cointegrated regression models would suggest a model of two regimes,

with the dates of the break estimated at 1979:6. The break date 1979:6 is

precisely estimated with since their 95% confidence interval cover a only a few

months before and after (1979:4-1980:11). In addition, the Arai-Kurozumi-

Kejriwal cointegration test with a single structural break cannot reject the null

of cointegration with a structural break at 1979:6.

There are factors that may explain the placement of such structural change of

the Spanish term structure of interest rates. First, the domestic financial sector

had experienced a serious liberalisation process. Until the early 1980s, most

financial transactions were going through the banking system, which itself was

strongly regulated. In addition to reserve and investment requirements, most

interest rates (both short-term and long-term interest rates) were administered.

The numerous regulatory changes allowed the development of several financial

markets, including the interbank market (linked to short-term interest rates),

the market for public debt and the stock market (both linked to long-term

interest rates). Such liberalisation implemented from 1980 was in line with the

various regulations and new financial directives of the EU.

Second, until early 1980s the public deficits were financed mostly via credits

from the Bank of Spain (seigniorage). Only after 1982, budget deficits were

increasingly financed in a more orthodox way using market mechanisms, through

the issuing of public debt, which allowed the development of the secondary

market for public debt and the use of central government bonds as reference of

the long-term interest rates.

Summing up, the results supports only a ”weak” version of the expectations

hypothesis of the term structure of interest rates for the Spanish economy. Our
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empirical results support a long-run relationship between the long and short

interest rates, but this cointegration relationship is not stable. Moreover, the

estimate of long-run elasticity is significantly lower than one (in the full sample

and second regime), so that changes in the long-term interest rate would have

not been fully adjusted to compensate the behaviour of the short-term interest

rates.
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Table 1

Ng-Perron tests for a unit roots

I(2) vs. I(1) Case: p = 0, c̄ = −7.0

Variable M̄ZGLSα M̄ZGLSt M̄SBGLS ADFGLS

∆bondst -124.1∗∗∗ -7.87∗∗∗ 0.063 -8.96∗∗∗

∆cmrt -181.3∗∗∗∗ -9.51∗∗∗ 0.052 -11.65∗∗∗

I(1) vs. I(0) Case: p = 1, c̄ = −13.5

Variable M̄ZGLSα M̄ZGLSt M̄SBGLS ADFGLS

bondst -3.32 -1.26 0.380∗∗∗ -1.26

cmrt -28.15∗∗∗ -3.73∗∗∗ 0.132 -3.77∗∗∗

Notes:
a A *, ** and *** denote significance at the 10%, 5% and 1% levels, respec-

tively.
b TheMAIC information criteria is used to select the autoregressive trunca-

tion lag, k, as proposed in Perron and Ng (1996). The critical values are taken

from Ng and Perron (2001), table 1:

Critical values: Case: p = 0, c̄ = −7.0 Case: p = 1, c̄ = −13.5
10% 5% 1% 10% 5% 1%

M̄ZGLSα -5.7 -8.1 -13.8 -14.2 -17.3 -23.8

M̄SBGLS 0.275 0.233 0.174 0.185 0.168 0.143

M̄ZGLSt , ADFGLS -1.62 -1.98 -2.58 -2.62 -2.91 -3.42
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Table 2

Perron and Rodrígueza,b tests for a unit root

with one time change in the trend function choosing

the break point minimizing the tests

I(1) vs. I(0) Case: p = 1, c̄ = −22.5
M̄GLS
MAIC tests

Variable M̄ZGLSα k TB M̄ZGLSt k TB ADFGLS k TB α̂

cmrt -26.6∗ 16 1980:2 -3.64∗ 16 1980:2 -3.42 16 1980:2 0.91

Notes:
a A *, ** and *** denote significance at the 10%, 5% and 1% levels, respec-

tively.
b The MAIC information criteria is used to select the autoregressive trun-

cation lag, k, as proposed Perron and Rodriguez (2003). We impose a minimal

value k = 1. The critical values are taken from Perron and Rodriguez (2003),

table 1 (a), Model II, T = 200:

Critical values: Case: p = 1, c̄ = −22.5
10% 5% 1%

M̄ZGLSα -23.7 -27.1 -33.5

M̄ZGLSt -3.42 -3.63 -4.07

ADFGLS -3.62 -3.90 -4.48

17



Table 3

Perron and Rodrígueza,b tests for a unit root

with one time change in the trend function choosing

the break point maximizing | t
β̂2
|

I(1) vs. I(0) Case: p = 1, c̄ = −22.5
M̄GLS
MAIC tests

Variable M̄ZGLSα M̄ZGLSt ADFGLS k TB α̂

cmrt -15.9 -2.82 -3.06 16 1979:9 0.93

Notes:
a A *, ** and *** denote significance at the 10%, 5% and 1% levels, respec-

tively.
b The MAIC information criteria is used to select the autoregressive trun-

cation lag, k, as proposed Perron and Rodriguez (2003). We impose a minimal

value k = 1. The critical values are taken from Perron and Rodriguez (2003),

table 1 (b), Model II, T = 200:

Critical values: Case: p = 1, c̄ = −22.5
10% 5% 1%

M̄ZGLSα -21.4 -24.5 -31.2

M̄ZGLSt -3.24 -3.47 -3.91

ADFGLS -3.42 -3.67 -4.25

18



Table 4

Estimation of long-run relationships: Stock-Watson-Shin cointegration tests

Parameter Full sample First regime Second regime

estimates 1974:1-2010:2 1974:1-1979:6 1979:7-2010:2

c 2.20 10.15 1.86

(2.88) (7.51) (4.15)

γ 0.77 0.09 0.83

(11.4) (1.04) (20.1)

R̄2 0.98 0.99 0.99

Cμ 0.114 0.131 0.087

WDOLS 12.53∗ – 18.12∗

Notes:
a t-statistics are in brackets. Standard Errors are adjusted for long-run

variance. The long-run variance of the cointegrating regression residual is esti-

mated using the Barlett window which is approximately equal to INT T 1/2

as proposed in Newey and West (1987).
b We choose q = INT T 1/3 as proposed in Stock and Watson (1993).
c Cμ and Cτ are LM statistics for cointegration using the DOLS residuals

from deterministic and stochastic cointegration, respectively, as proposed in

Shin (1994). A *, ** and *** denote significance at the 10%, 5% and 1% levels,

respectively.
d The critical value for a χ21 at 5%: 3.84.
e The critical values are taken from Shin (1994), table 1, from m = 1:

Critical values:

10% 5% 1%

Cμ 0.231 0.314 0.533
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Table 5

Kejriwal-Perron tests for testing multiple structural breaks

in cointegrated regression models: equation (5) and (11)a,b

Specifications

yt = {bondst} zt = {1, cmrt}
q = 2 p = 0 h = 64 M = 5

Test

supFT (1) supFT (2) supFT (3) supFT (4)
12.58∗∗ 8.41 6.39 5.02

supFT (5) WDmax
4.17 12.58∗∗

Number of Breaks Break dates

Selected estimatesc

1 T̂1: 1979:6 [1979:4-1980:11]

Notes:
a yt, zt, q, p, h, and M denote the dependent variable, the regressors, the

number of I(1) variables (and the intercept) allowed to change across regimes,

the number of I(0) variables, the minimum number of observations in each

segment, and the maximum number of breaks, respectively.
b *, **, and *** denote significance at the 10%, 5%, and 1% levels, respec-

tively. The critical values are taken from Kejriwal and Perron (2010), Table 1,

nontrending case, qb = 1.
c In parentheses, reported are the 95% confidence intervals for the break

dates.
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Table 6

Arai-Kurozumi-Kejriwal cointegration tests with a single structural

break: equation (5) and (11)

Test Ṽk(λ̂)
a λ̂1 T̂1

0.147 0.15 1979:6

Notes:
a *, **, and *** denote significance at the 10%, 5%, and 1% levels, respec-

tively.
b Critical values are obtained by simulation using 500 steps and 2000 replica-

tions. The Wiener processes are approximated by partial sums of i.i.d. N(0, 1)
random variables:

Critical values: 10% 5% 1%

Ṽk(λ̂) 0.168 0.223 0.425
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