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a b s t r a c t We investigate the synchronization and nonlinear adjustment dynamics of short-term interest rates for France, the UK and the US using the bi-directional feedback measures proposed by Geweke (1982) and appropriate smooth transition error-correction models (STECM). We ﬁnd evidence to support the increasing synchronization of these rates over the period 2005–2009 as well as of their lead–lag causal interactions. Moreover, short-term interest rates converge towards a common long-run equilibrium in a nonlinear manner and their time dynamics exhibit regime-switching behavior. As far as the underlying types of monetary policies conducted by the world’s leading central banks are concerned, our empirical evidence thus reveals strong interdependence, but only some degree of synchronization. Ó 2012 Elsevier Inc. All rights reserved.
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1. Introduction
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It is now common that ﬁnancial stability constitutes a key factor for a healthy and successful economy since in such context depositors and investors have conﬁdence that the ﬁnancial system is safe and stable with a high degree of resilience to internal and external shocks. Further, failures in particular areas cannot spread to other sectors or to the whole economy. Today, preserving ﬁnancial stability is widely viewed as a primary role of central banks as monetary policy and the stability of ﬁnancial systems are closely interlinked.1 A large number of previous studies documented that changes in target interest rates have had a signiﬁcant impact on ﬁnancial market conditions and stability, through affecting equity prices and macroeconomic fundamentals such as inﬂation and exchange rate equilibriums (e.g., Rigobon and Sack, 2003; Bernanke and Kuttner, 2005; Chen, 2007; Ioannidis and Kontonikas, 2007; Di Giorgio and Rotondi, 2011). To the extent that the ﬁnancial system performs the function of efﬁciently allocating available funds to the most productive investments for individuals and corporations, the rise of ﬁnancial instability may lead stock markets to collapse and imply harmful repercussions on the performance of both ﬁnancial and real sectors. Therefore, if central banks fail to control the growing ﬁnancial instability, their policies may not be properly applied due to ineffective responses from ﬁnancial markets and a pervasive lack of conﬁdence by investors.
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Table 1 Timeliness of target interest rate changes by the US Fed, the Bank of England and the European Central Bank: September 2007 – March 2010. US Federal Reserve System



Bank of England



Announcement dates



Size of change



September 18, 2007 October 31, 2007 December 11, 2007 January 22, 2008 January 30, 2008 March 18, 2008 April 30, 2008



50 25 25 75 50 75 25



October 8, 2008 October 29, 2008



50 50



December 16, 2008



75



Announcement dates



European Central Bank Size of change



December 6, 2007 January, 2008



25 25



April 10, 2008



25



October 8, 2008



50



November 6, 2008 December 4, 2008 January 8, 2009 February 5, 2009 March 5, 2009



150 100 50 50 50



Announcement dates



Size of change



July 9, 2008 October 8, 2008 October 9, 2008 November 12, 2008 December 10, 2008 January 21, 2009



+25 50 +50 50 75 100



March 11, 2009 April 8, 2009



50 50



Notes: The target rate changes are expressed in basis points compared to the previous levels. For the US, the changes in federal funds rate (i.e., the interest rate at which depository institutions lend balances at the Federal Reserve to other depository institutions overnight) are speciﬁed and announced by the Federal Open Market Committee (FOMC) in its policy stance. For the UK, the ofﬁcial bank rate (i.e., interest rate paid on commercial bank reserves) is voted by the Bank of England’s Monetary Policy Committee. The ECB key interest rate is set by its Governing Council and refers to its deposit rate published in the monthly bulletin. 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89



The role of central banks in the regulation of global ﬁnancial stability has been however under close scrutiny in the aftermath of the recent ﬁnancial crisis that originated with the massive failures of the subprime mortgage markets in the US and quickly spilled over to other countries. Besides the efforts of other authorities such as governments and international regulatory institutions, it is generally believed that policy interventions by central banks are essential to regulate ﬁnancial stability and to reduce the negative impact of the ﬁnancial crisis. The majority of researchers and policymakers share a common view that more central bank coordination would help the global economy to recover from the ﬁnancial crisis. Moreover, there are at least three factors underpinning their coordinated actions. First, monetary policy coordination helps remedying an operational asymmetry. That is, the current ﬁnancial crisis is a global matter as a result of ﬁnancial liberalization and globalization of capital markets, while policy coordination of central banks at international level appears to be visibly weak. During the recent ﬁfth central banking conference of the European Central Bank (ECB), the Chairman of the US Federal Reserve System (US Fed), Ben Bernanke, pointed out that although the merits of coordinated monetary policies among central banks have been discussed and approved for decades, such coordination has been quite rare in practice. The unique example over the last years concerns the joint announcement of interest rate cuts by the US Fed with ﬁve other leading central banks on October 8, 2008, in an effort to calm down the ﬁnancial market turmoil and to combat the signiﬁcant deterioration of the main economic performance indicators (Table 1). Second, the recent episode of ﬁnancial instability and crisis indicate that the hypothesis of efﬁcient capital markets, the purpose of selfregulated markets and the resilience of free markets appear implausible. More market discipline, developed in a coordinated framework by central banks, thus seems necessary to deal with global economic challenges. Finally, as noted by many economists and banking experts, the current architecture of the global ﬁnancial system is subject to much criticism due to the signiﬁcant deﬁciencies and illegal actions carried out by major international ﬁnancial institutions. That is, during the global ﬁnancial crisis of 2007–2009, the International Monetary Fund demonstrated major failures in fostering global monetary cooperation and securing global ﬁnancial stability, while the Bank of International Settlement failed to provide a prudential framework for macroeconomic policies. With the principal aim of restoring investor conﬁdence and reducing the crisis impact on the real economy, and on ﬁnancial and banking sectors, the central banks have been emerging as key actors in global regulation tasks by actively assuming their role as liquidity providers of last resort for the ﬁnancial markets. They are however aware of the difﬁculties in global crisis monitoring without effective coordination with other central banks elsewhere. The context of the global ﬁnancial crisis and economic meltdown has created a natural framework for investigating the issue of central bank policy coordination. We propose to draw inferences about the synchronization and interdependence of monetary policies conducted by leading central banks by analyzing the information content of short-term interest rates for France, the UK and the US over the recent periods.2 Our choice is particularly motivated by the fact that short-term interest



2 While monetary aggregates may affect the dynamics of interest rates especially via monetary models of exchange rates (e.g., Beckman et al., 2011 and references therein) assuming either the validity or the invalidity of the purchasing power parity, they are not included in our empirical analysis. The reason is that central banks may have different views about the role of monetary aggregates in the conduct of monetary policy. For instance, Kahn and Benolkin (2007) show that while the growth of money has no practical role in policy discussions at the US Fed, it is closely watched by the ECB for the inﬂation outlook and thus for the target interest rate over the medium term to long term. Moreover, interest rates may be set independently of the stock of money due to different economic conditions. For example, over the recent US subprime crisis the policy rate is held at a very low level even through the stock of money has been increased signiﬁcantly in order to improve the liquidity in ﬁnancial markets.
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rates on economy-wide markets represent an important aggregate source of information to economic agents and reasonably reﬂect market expectations about the underlying types of monetary policies that inﬂuence economic activity. The study is thus of paramount important for understanding the way each central bank conducts its monetary policy with its peers. For instance, the timeliness of successive policy-rate changes presented in Table 1 witness some degree of policy synchronization and interdependence among the three central banks under consideration.3 Note however that we are not concerned by the timing of successive policy-rate changes and the probability that a central bank changes its target rate given a modiﬁcation of another bank’s policy rate, even though these issues are also of great interest to investors and policymakers (Scotti, 2006; Douglas and Kolar, 2009). At the empirical level, we ﬁrst examine whether the time variation of short-term interest rates of France, the UK and the US is synchronous over the study period. We directly infer the synchronization dynamics of these rates from estimating the Geweke (1982)’s feedback measures which can be seen ultimately as a cardinal indicator of the degree of monetary market comovement. We then use nonlinear univariate and trivariate cointegration techniques, based on vector error-correction model (VECM) and smooth transition error-correction model (STECM), to investigate the linkages and adjustment dynamics of the short-term interest rates led by innovations in target rates announced by central banks. Our proposed framework enables to capture the lead–lag effects and dynamic interdependence among interest rate series. The regime-switching behavior in the adjustment process of interest rates to their long-run equilibrium is also allowed by explicitly specifying a transition function with respect to a certain threshold. In theory, modeling nonlinearities in the interest rate dynamics is mainly motivated by heterogeneous transaction costs and information asymmetries in international markets, nonlinear shock transmissions, and structural break behavior of interest rates (Anderson, 1997; Liu, 2001; Favero and Giavazzi, 2002).4 Our study is thus broadly related to the sunk cost hysteresis approach to investment in different currencies.5 Indeed, the existence of sunk costs implies that a country’s current interest rate depends on its past trajectories and, more interestingly, that transitory important shocks to monetary policy may lead to sudden regime change in the dynamic behavior of interest rates. Sunk costs associated with investment in different currencies thus produce hysteresis in interest rate responses. Overall, our test of monetary policy synchronization reveals a high percentage of contemporaneous association (feedback) among the 3-month interbank offered interest rates of respective countries over the period from December 31, 2004 through March 30, 2010. We also ﬁnd signiﬁcant evidence of causal interactions among these rates. Finally, short-term interest rates converge towards a common long-run equilibrium and their adjustment process is typically nonlinear and subject to regime shifts. These ﬁndings, consistent with those reported in Scotti (2006) for the US Fed and ECB pair, may be suggestive of the fact that the European, UK and US central banks have recently adopted similar policies. However, our results are more insightful as they provide some evidence of nonlinear, time-varying and threshold adjustment behavior of various interest rates. The rest of the article is structured as follows. We present, in Section 2, our econometric approach and show how it is applied to reproduce the interest rate dynamics. Section 3 describes the data used and discusses the main empirical results. Section 4 concludes the paper.
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2. Econometric methodology



125 126



We begin with a test of synchronization and then show the ways we investigate the interdependencies among the shortterm interest rates.



127



2.1. A test of interest rate synchronization



128



We investigate the degree of synchronization among three short-term interest rate series by employing the statistical feedback measures, developed by Geweke (1982). This approach is of particular interest to our research question as it enables to disentangle both the direction and magnitude of linear relationships between two time series, while controlling for their contemporaneous association. The application of Geweke’s feedback measures thus allows us to compare our results with those of Scotti (2006) who addresses the issue of monetary policy synchronization between the US Fed and the ECB by means of two econometric models, namely the Autoregressive Conditional Hazard (ACH), and the Conditional Ordered Probit.6 To implement the Geweke method, we ﬁrst assume that the changes in the short-term interest rate in a given country can be modeled as a function of its own past values and of those of the lagged values in other countries, such as



90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122



129 130 131 132 133 134 135 136



137



3 It should be noted that in this article the European Central Bank, being the central bank for Europe’s single currency system, is the representative central bank for France. 4 See Euspei (2010) for a nonlinear model of monetary policy and central bank behavior. 5 We are grateful to the anonymous referee for this helpful suggestion. The interested reader can refers to the work of Dixit (1989) for detailed explanations of hysteresis and its causes. 6 These models enable to evaluate not only the timing and magnitude of policy changes, but also the probability that a central bank changes its policy rate at a given point in time conditionally on another one’s policy decision. We refer to Scotti (2006) for a detailed discussion of their theoretical aspects and empirical applications. It is worth noting that the ACH model, proposed by Hamilton and Jordà (2002), is an extension of the Autoregressive Conditional Duration model of Engle and Russell (1998).
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DY US t ¼ a0 þ



M1 X



Ak DY US tk þ



k¼1



M2 M3 X X Bk DY UK C k DY Ftk þ eUS t tk þ k¼1



ð1Þ



k¼1



140



142



DY UK ¼ b0 þ t



M1 M2 M3 X X X Dk DY UK Ek DY US F k DY Ftk þ eUK tk þ tk þ t k¼1



k¼1



ð2Þ



k¼1



143



145 146 147 148 149 150 151 152 153 154 155 156 157



DY Ft ¼ c0 þ



M1 M2 M3 X X X F Gk DY Ftk þ Hk DY US Ik DY UK tk þ tk þ et k¼1



k¼1



ð3Þ



k¼1



UK F where DY US t , DY t , and DY t denote the daily changes in the short-term interest rates of the US, the UK and France respecUK F tively. The system residuals, eUS t , et , and et , are assumed to be identical and independently distributed with zero means and variances of r2US;t , r2UK;t , and r2F;t respectively. They are further assumed to be not correlated serially, but may be contemporaneously correlated with each other. Building on the fact that the transmission of shocks to interest rates would be rapid when synchronous feedbacks exist, we intentionally set M1 to be equal to ten business days, and M2 and M3 equal to ﬁve business days.7 Accordingly, the estimates of the system’s coefﬁcient measure the degree to which interest rate in a particular country is allowed to be contemporaneously associated with, or lead/lag that in other markets of the system. For example, the coefﬁcients, Hk and Ik, reﬂect how the US and UK interest rates lead the French one across days. The contemporaneous correlations of the system residuals capture the relationship on the same business day. As we would like to have an idea about the degree to which the changes in monetary policy decisions of the studied central banks are synchronous, we test the null hypothesis that there exists no contemporaneous relationship between the three interest rate series. Under the null hypothesis, the system of equations from (1)–(3) is reduced to



158



160



0 DY US t ¼ a0 þ



M1 X



US A0k DY US tk þ lt



ð4Þ



k¼1



161 0



163



DY UK ¼ b0 þ t



M1 X UK D0k DY UK tk þ lt



ð5Þ



k¼1



164



166 167 168 169 170 171



DY Ft ¼ c00 þ



M1 X G0k DY Ftk þ lFt



The system of restricted equations from (1)–(3) is estimated using seemingly unrelated regression (SUR) method while the system of unrestricted equations from (4)–(6) is estimated using OLS method. Once the estimation is done, we perform the likelihood ratio test based on the estimated residual variances and covariances of the restricted and unrestricted equations. Note that these likelihood ratio test statistics correspond to the Geweke (1982)’s contemporaneous feedback measures (GCFM). For a given pair of countries i and j (i – j), they are computed as



172



174



ð6Þ



k¼1



GCFMi;j ¼ ðNÞ ln



r2li  r2lj



!



jWj



ð7Þ



178



In this formula, r2li and r2lj are the estimated variances of the residuals for countries i and j from Eqs. (4)–(6). |W| refers to the determinant of the covariance matrix of the estimated residuals from Eqs. (1)–(3). N is the sample size. Under the null hypothesis, GCFMi,j follows a v2 (1). An increase (decrease) in a Geweke measure, from a year-to-year basis, indicates an increase (decrease) of the interest rate synchronization for a pair of countries.



179



2.2. Threshold cointegration modeling approach



180



Given two ﬁrst-order integrated time-series variables, the linear cointegration framework developed by, among others, Granger (1981) and Engle and Granger (1987) can be used to investigate their long-run relationship. If two interest rates Xt and Yt are cointegrated with respect to this theory, a linear combination between them should be stationary, and there exists a long-run equilibrium to which the system converges. Accordingly, a standard linear error-correction model (LECM) appears to be appropriate for modeling the short-run interest rate adjustment dynamics. This speciﬁcation becomes, however, not sufﬁcient whenever the adjustment process under consideration exhibits asymmetry, nonlinearity and timevariation.



175 176 177



181 182 183 184 185 186



7 It is noted that adding values of M1 and M2, and of M1 and M3 beyond a ratio of 10/5 does not systematically change the signiﬁcance of the observed Geweke feedback measures.



Please cite this article in press as: Arouri, M., et al. What can we tell about monetary policy synchronization and interdependence over the 2007–2009 global ﬁnancial crisis? Journal of Macroeconomics (2013), http://dx.doi.org/10.1016/j.jmacro.2012.11.006



JMACRO 2555



No. of Pages 14, Model 3G



10 January 2013 M. Arouri et al. / Journal of Macroeconomics xxx (2013) xxx–xxx 187 188 189 190 191 192 193 194 195 196 197 198 199 200



Considering nonlinearity and regime-switching hypotheses, Granger and Teräsvirta (1993) extend the LECM framework and develop the class of STECMs.8 This speciﬁcation enables, on the one hand, the adjustment of interest rate dynamics to be smooth, nonlinear, and asymmetric with a time-varying adjustment speed. On the other hand, it allows the adjustment dynamic of interest rate to vary according to regimes (increase, decrease) as the nonlinear modeling under consideration models the adjustment process conditional on both the magnitude and/or the sign of disequilibrium associated with exogenous shocks affecting the system. Interestingly, recent studies which apply STECMs to macroeconomic and ﬁnancial time series suggest their appropriateness in capturing nonlinearity, switching regimes, smoothness, and asymmetry in the adjustment dynamics induced by market frictions (Anderson, 1997; Escribano, 1997; Franses and Van Dijk, 2000; Liu, 2001; Jawadi et al., 2009). Since these stylized facts are likely to exist during ﬁnancial crisis periods, we also make use of the STECM to apprehend the dynamic adjustment of the short-term interest rates in France, the UK and the US. Formally, a widely used two-regime STECM can be speciﬁed as a combination of two LECMs so that it incorporates two adjustment terms reproducing respectively the adjustment speed in the ﬁrst regime and the intensity of error-correction in the second regime as follows:



DY t ¼ u0 þ k1 zt1 þ



202 203 204 205 206 207 208



p X



p X



i¼1



i¼1



u1;i DY ti þ



u2;i DX ti þ k2 zt1  Fðztd ; c; cÞ þ et



Fðztd ; c; cÞ ¼ ½1 þ expðcðztd  cÞÞ1
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and a ﬁrst-order exponential function is written as



216 217 218 219 220



224



225



DY t ¼ u0 þ k1 zt1 þ



229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245



p X



p X



i¼1



i¼1



u1;i DY ti þ



u2;i DX ti þ et



ð11Þ



The second regime is characterized by large interest rate deviations which imply a nonlinear mean-reversion towards equilibrium particularly when these deviations exceed some threshold. The dynamics of this regime is given by



DY t ¼ u0 þ ðk1 þ k2 Þzt1 þ



227 228



ð10Þ



Then, the system of Eqs. (8) and (9) deﬁnes a logistic STECM (LSTECM), while the system of Eqs. (8) and (10) speciﬁes an exponential STECM (ESTECM). The ESTECM captures the asymmetry in the size of interest rate deviations whereas the LSTECM reproduces the asymmetry in the sign of interest rate deviations. Overall, these models identify two different regimes for interest rate adjustment. In the ﬁrst regime, interest rate deviations are small, and may be away from the equilibrium, uncorrected, and near unit root. The adjustment dynamics in this regime corresponds to



222 223



ð9Þ



Fðztd ; c; cÞ ¼ 1  exp½cðztd  cÞ2 



214 215



ð8Þ



where zt1 is the error-correction term indicating the deviation of the binary system of interest rates (Xt and Yt) from their equilibrium at any point in time; k1 and k2 are the adjustment terms in the ﬁrst and second regimes respectively; F(.) is the transition function; c and c are the transition speed (c > 0) and the threshold parameters respectively; d denotes the delay parameter and zt-d the transition variable. Following Teräsvirta and Anderson (1992), F(.) is a nonlinear function bounded between 0 and 1, and it can be reproduced by either a logistic function or an exponential function. A ﬁrst-order logistic function corresponds to
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Whatsoever the models, k1 and k2 are the most important parameters as their values and signs specify the nature of adjustment dynamics and the convergence speed of interest rates towards equilibrium (Michael et al., 1997). For example, even though k1 is positive, interest rates are nonlinearly mean-reverting and the STECM is stable only if k2 and (k1 + k2) are negative and statistically signiﬁcant. That is, for small deviations, interest rate movements may depart from the long-run equilibrium and would be characterized by explosive behavior or a unit root, while for large deviations, the adjustment process for interest rates would be mean-reverting. Before the STECM can be estimated by the nonlinear least squares (NLS) method, we have to determine the optimal lag number, perform nonlinearity tests and choose the appropriate transition function (Van Dijk et al., 2002). More speciﬁcally, the optimal lag number p is determined within the LECM based on usual information criteria (AIC and BIC), the Ljung-Box test for serial autocorrelation, and the partial autocorrelation function. A grid search is then conducted to deﬁne the possible value for the delay parameter, d. The plausible values that we consider for d include the following set [1, 2, 3, 4, 5] when using daily data. We ﬁnally apply nonlinear adjustment tests for the possible values of d, and the optimal value being used in the transition function is the one for which linearity is strongly rejected. As for the nonlinear adjustment tests, we are concerned by testing the null hypothesis of linearity H0 against its alternative of nonlinearity H1. Under H0, the interest rate adjustment dynamic is better reproduced by a LECM, while a STECM is more appropriate under (H1). We employ the Lagrange Multiplier (LM) statistics of the LM3 test, as suggested by Luukkonen et al. (1988), to check for nonlinearity.9 It is important to note that the LM tests permit to avoid the nuisance parameter problem, and that their distribution is known under H0 and that it follows a standard v2 distribution. 8



See Van Dijk et al. (2002) for more details about the statistical properties and modeling approach of these models. For concision purpose, the readers are invited to refer to Luukkonen et al. (1988) for the testing procedure for nonlinearity, and to Van Dijk et al. (2002) for more details about the implementation of LM tests. 9
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2005
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2008
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YUSA



Fig. 1. Time-variations in 3-month interest rates. Notes: This ﬁgure depicts the dynamics of the three interest rates over the period from December 31, 2004 to March 30, 2010. They refer to the daily 3-month interest rates of France (YF), the Unites States (YUS), and the United Kingdom (YUK).
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3. Data and empirical results
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3.1. Data and preliminary results
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We use the daily three-month interbank offered interest rates from France, the UK and the US to investigate the international money market linkages and tentatively draw inferences about the synchronization and interdependence of monetary policies conducted by the three leading central banks (Bank of England, ECB, and US Fed).10 We rely on these rates, instead of the policy rates, because they capture not only the time dynamics and the magnitude of changes in central banks’ policy rates, but also the market expectations for policy rates. Past studies including, among others, Rigobon and Sack (2003), Bernanke and Kuttner (2005), and Chen (2007) have documented that the three-month interbank offered interest rates have a considerable impact on ﬁnancial market conditions and investment decisions. Moreover, only the French rate is used to represent the ECB policy actions because there is only little empirical evidence to support the dominant inﬂuence of one particular rate on the others (Uctum, 1999; Wang et al., 2007). In the meantime, the French rate has been found to play a dominant role in international monetary markets (Awad and Goodwin, 1998). The interest rate data are obtained from Datastream International database and cover the period from December 31, 2004 through March 30, 2010. Working with daily data is supported by the fact that market reactions to monetary policies tend to be immediate over the short time horizons. We plot the time-variations of the considered interest rates in Fig. 1 and note several important facts. At ﬁrst, the French and UK rates do not follow the US rate before the mid-2008 marked by the severe impact of the global ﬁnancial crisis, but they have somewhat the same behavior afterwards. Next, the time-paths of these rates are exposed to structural breaks and cyclical dynamics with several signiﬁcant peaks. Finally, the comovement across interest rates tends to be higher when we approach the end of the study period, which may indicate some evidence of interest-rate policy synchronization. We then examine the stationary properties of the interest rate series considered using widely used unit root tests proposed by Dickey and Fuller (1981), Phillips and Perron (1988), and Zivot and Andrew (1992), with the latter being robust to structural breaks. The obtained results, not reported here to conserve space, indicate that the hypothesis of unit root cannot be rejected for all the series in level and that the series in the ﬁrst difference are stationary. The three interest rate series are thus integrated of order one. We also compute the bilateral correlations among the short-term interest rate changes over two subperiods in order to get insights about their recent joint behavior and report the results in Table 2. As expected, the ﬁndings show a signiﬁcant increase in bilateral correlations after the subprime crisis. This is potentially indicative of greater synchronization of market expectations for monetary policy decisions by the US Fed, ECB and Bank of England as they have been willing to coordinate more for global ﬁnancial stability issues. As a robustness check for this assertion, we estimate, for each of the three countries under consideration, the Taylor (1993) linear interest rate rule, augmented by the interest rates of foreign countries.11 Using monthly data, we ﬁnd that monetary policy in France and the UK is only partially characterized by the Taylor principle as the coefﬁcients on output gap are positively signiﬁcant and those on inﬂation are not signiﬁcant.12 That is, whenever the output is
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The sample central banks are selected because of their strategic role in regulating international monetary markets over the recent crisis. The estimated reaction function has the following form: i



j



k



it ¼ a þ b  Inflationt1 þ c  OutpGapt1 þ d  it1 þ h  it1 þ et



12 The results of the Taylor rule estimations are not reported here to conserve space, but can be made fully available under request addressed to the corresponding author.
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DYF DYUK DYUS



August 01, 2007 – March 30, 2010



DYF



DYUK



DYUS



1.000



0.050 1.000



0.030 0.009 1.000



DYF DYUK DYUS



DYF



DYUK



DYUS



1.000



0.500 1.000



0.380 0.300 1.000



Notes: DYF, DYUS and DYUK denote interest rate changes for France, the US and the UK respectively.



Table 3 Descriptive statistics for interest rate changes.



Mean (105) Standard deviation (102) Skewness Kurtosis Jarque–Bera statistics (p-Value)



DYUS



DYUK



DYF



1.66 0.03 2.88 46.37 109073.80 (0.00)



3.10 0.03 17.80 503.60 143485.78 (0.00)



1.11 0.01 1.09 14.78 8180.707 (0.00)
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below its potential, a decrease in interest rate should have a stabilizing effect on the economy. However, the basic Taylor rule does not apply to the US monetary policy. Our results also point to the existence of signiﬁcant interactions among the three interest rates, and more interestingly the patterns of the lead–lag relationships between interest rates are exactly similar to those we obtained from our nonlinear models with smooth transition effects (Table 8). Descriptive statistics of short-term interest rate changes reported in Table 3 shows that they all have negative average in recent periods due to their large decrease, notably after the advent of the subprime crisis. Moreover, changes in interest rates are negatively skewed and exhibit signiﬁcant excess kurtosis, thus indicating the departure from normality. The similar patterns found for all interest rates under consideration are somewhat an indication of their common trends resulting potentially from higher policy synchronization among the central banks.
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3.2. Short-term interest rate synchronization
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To test for the synchronization hypothesis, we compute the Geweke contemporaneous feedback measures (GCFM) for three pairs of interest rates for each year from 2005 to 2009. The results of the test are reported in Table 4. Overall, we ﬁnd a high percentage of contemporaneous interdependence among the interest rates considered. Of the ﬁfteen GCFM ratios, twelve are signiﬁcant at the 1% level. The average levels of bilateral interdependences range from 50.84 (US–France) to 101.12 (US–UK). We further observe that there is no contemporaneous feedback between the US and UK rates in 2005 and 2006, and between the UK and French rates in 2005. More importantly, the amplitude of the linkages increases over time towards the end of the estimation period. It goes from 0.00 to 210.20 for US–UK pair, from 17.50 to 75.70 for US–France pair, and from 0.00 to 100.50 for UK–France pair. This can be explained, with reference to Table 1, by the greater intensity of overlapping policy decisions, especially between the US and UK central banks. The ECB has, under the crisis pressure, derogated from its conventional objective aiming at keeping inﬂation rate lower than 2% and started to decrease its target rate in response to the similar interventions by other central banks. It seems from the above ﬁndings that shocks to short-term interest rates were contemporaneously transmitted internationally among the countries under consideration. This implies that each central bank may revise its target rate with a positive feedback to the others’ policy decisions. Note however that the tendency of intensiﬁed comovement across short-term interest rates is on average higher for the US–UK pair than for the US–France and UK–France pairs. This is consistent with the results of Awad and Goodwin (1998) on the basis of a VAR impulse-response analysis that shocks to the US real interest rate spark off more signiﬁcant reactions from real interest rates in the UK and Canada. To further apprehend the feedback-policy rules among the three central banks, we study, in what follows, the dynamic interdependence of short-term interest rates within both linear and nonlinear cointegration frameworks.
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3.3. Linear cointegration analysis
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Prior to the analysis of nonlinear adjustment process of interest rates considered, we must examine whether they are cointegrated. For this purpose, we use the trace test of Johansen (1988) which is more appropriate than the Engle and Granger (1987)’s cointegration test in that it allows us to simultaneously test for linear cointegration and check the number of cointegration relationships. Our results, reported in Table 5, show that the null hypothesis of no cointegration relationship is rejected at the 5% level suggesting the presence of at most one cointegration relationship.
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Table 4 Geweke contemporaneous feedback measures among short-term interest rates. Year



USUK



USFR



UKFR



2005 2006 2007 2008 2009 Average



0.00 0.00 120.10* 175.30* 210.20* 101.12*



17.50* 35.60* 70.20* 55.20* 75.70* 50.84*



0.00 25.10* 72.50* 95.20* 100.50* 58.66*



*



Denotes the rejection at the 1% level of the null hypothesis that there is no contemporaneous relationship between the interest rates of the US Fed, ECB and Bank of England.



Table 5 Johansen tests. Hypothesized number of CE(s)



Eigen value



Trace statistics



5% Critical value



Probability



None At most 1 At most 2



0.033 0.007 0.002



60.15 13.69 3.40



42.91 25.87 12.51



0.00 0.68 0.82



Table 6 VECM estimation results. Variables



D(YF)



D(YUK)



D(YUS)



Coint Eq. (1) (10)



0.010*** [0.002] 0.535*** [0.028] 0.172*** [0.028] 0.022** [0.010] 0.003 [0.007] 0.001 [0.008] 0.004 [0.009] 0.237 [0.296] 0.54 0.54



0.004 [0.006] 0.600*** [0.089] 0.093 [0.089] 0.146*** [50.028] 0.023 [0.028] 0.072** [0.03] 0.092*** [0.03] 1.730* [0.920] 0.18 0.17



0.003 [0.005] 0.201*** [0.076] 0.238*** [0.076] 0.055*** [0.024] 0.017 [0.024] 0.499*** [0.028] 0.008 [0.027] 0.451 [0.790] 0.34 0.33



D(YF(1)) D(YF(2)) D(YUK(1)) D(YUK(2)) D(YUS(1)) D(YUS(2)) Constant (105) R-squared Adj. R-squared



Notes: this table reports the estimation results from the VECM for linear adjustments of short-term interest rates. Values between brackets denote estimated standard deviations of the estimates. Signiﬁcativity of estimators for the statistical level of 10%. ** Signiﬁcativity of estimators for the statistical level of 5%. *** Signiﬁcativity of estimators for the statistical level of 1%. *



313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328



We then estimate a 3-equation VECM to investigate the short-term dynamic adjustments of interest rates and show the obtained results in Table 6. We typically ﬁnd that the linear adjustment term is signiﬁcant at the 1% only for France, which might reﬂect the reaction of the ECB to the interest-rate cuts by the Fed and the Bank of England. Moreover, our results highlight substantial evidence of dynamic interactions among the sample interest rates as changes in each country’s short-term interest rate depend not only on their past values, but also on those of interest rates in other countries. In particular, the impact of the US interest rate on the UK one remains signiﬁcant until the second business day. This ﬁnding thus shows the existence of learning effects about temporal shock transmission between different countries. However, the different signs observed for autoregressive coefﬁcients may reﬂect the different ways in which the central banks manage the ﬁnancial crisis and correct market misalignments via short-term interest rate instrument. For example, the Fed has undertaken successive cuts in its policy rate since September 18, 2007 just after the release of the subprime crisis, while the ECB kept its target rate constant, even increased it, and only decreased it in the late 2008 (Table 1). Overall, the linear cointegration analysis reveals some evidence of signiﬁcant linkages between short-term interest rates, which typically suggests that a particular country’s central bank does adjust its policy rate with respect to the changes in policy rates of the others. However, as discussed previously in Section 2, this linear modeling is ill-suited to apprehend the dynamics of interest rates particularly when the process exhibits structural breaks, asymmetries and nonlinearity (Liu, 2001). The recent market period, marked by the 2007–2009 global ﬁnancial crisis, can be viewed as a typical example
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US



France



UK



p ^ p-Value d Teräsvirta (1994)’s test conclusion



4 4 (0.00)



4 1 (0.00)



4 4 (0.00)



ESTECM



ESTECM



ESTECM



^ refers to the optimal value for the delay parameter of the transition variable z . Notes: p is the optimal number of lags, and d t–d
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of such phenomena. Also, one may note that the intensity of policy rate changes is exceptionally higher during the subprime crisis than before. All in all a model which allows to capturing the potential structural change and nonlinearity in the dynamic linkages of international interest rates is clearly needed. We discuss in the next subsection the contributions of the threshold cointegration approach.
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3.4. Estimation results of the STECM for interest rate dynamics



334



The STECM that we employ to explore the adjustment dynamics of interest rates is represented by Eq. (13). We augment this nonlinear speciﬁcation by the lagged interest rate changes of both domestic and foreign countries to capture the lead– lag relationships among the interest rates.



329 330 331



335 336
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DY jt ¼ u0 þ k1 zt1 þ



p X



p1 X



p2 X



i¼1



i¼1



i¼1



u1; i DY jti þ



u2;i DY kti þ



u3;i DY lti þ k2 zt1  Fðztd ; c; cÞ þ et



ð13Þ



where Y jt represents the interest rate of the country j, and zt measures the deviation from the cointegration relationship. Three different cases are considered: for j = France, k = US, and l = UK; for j = UK, k = US, and l = France; and ﬁnally for j = US, k = France and l = UK. Using information criteria and speciﬁcation tests as discussed in Section 2, we select four lags (p = 4) as the optimal lag length for all interest rates considered, which a priori indicates some signs of persistence characterizing the interest rate adjustment dynamics. Nonlinear adjustment tests based on the testing procedures proposed by Luukkonen et al. (1988) and Tersävirta (1994) are then employed to check for nonlinearity and to specify the type of transition functions for the STECM respectively. These tests are carried out for several values of ztd and different speciﬁcations of the transition functions so that they capture the most relevant types of nonlinearity inherent to the data. We summarize the main ﬁndings in Table 7. They indicate that the linearity hypothesis is strongly rejected for all interest rates and for different transition variables and that an exponential function is preferred to a logistic function to govern the transition between interest rate regimes. Notice that the rejection of linearity and the choice of an exponential transition function for all countries suggest some similarities in the behavior of the three interest rates. Moreover, the validation of the exponential regime-switching hypothesis implies the existence of at least two types of regime in the interest rate adjustment dynamics. A ﬁrst regime corresponds to the ‘‘central regime of segmentation’’, which reproduces the interactions of interest rates inside an inaction band when it is expected that central bank does not intervene. The second regime can be associated with an ‘‘upper regime of integration (or synchronization)’’ for which one or more central banks are expected to revise their target interest rates in responses to the changes in the foreign interest rates. The activation of these regimes and the transition from one regime to another will depend on the intensity and the size of changes in short-term interest rate, conditionally on expected shifts in monetary policy rates. According to speciﬁcation tests, the following speciﬁcations ESTECM (4,4), ESTECM (4,4), and ESTECM (4,1) are estimated for the US, the UK, and France respectively. Table 8 reports the estimation results and several important facts can be noted. At ﬁrst, we look at the statistical properties of residual series issued from our nonlinear models and ﬁnd that they are symmetric, stationary, and not serially correlated. This suggests that our nonlinear model is correctly speciﬁed and that taking the smooth transition feature into account enables to capture the nonlinearity inherent to the adjustment process of interest rates. Second, most of autoregressive coefﬁcients are positive and statistically signiﬁcant, which conﬁrms the persistence effects suggested by linear modeling, and reﬂecting successive interest rate cuts by central banks since the emergence of the US subprime crisis. Third, each interest rate series we consider is found to be signiﬁcantly affected by previous changes in foreign interest rates. We indeed ﬁnd some evidence of lead–lag cross-effects among the considered short-term interest rates from one to two business days. This ﬁnding can generally be explained by the induced effects of market expectations about the future changes in the policy rate of a central bank following the announcements of the others. The reason is that the timing and frequency of monetary policy stances differ sharply across the studied central banks.13 Our ﬁnding also seems to conﬁrm 13 While the Bank of England’s Monetary Policy Committee and the ECB’s Governing Council meet every month to set their respective interest rates, the Federal Open Market Committee of the US Fed holds eight regularly scheduled meetings during the year to decide the target interest rate.
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Table 8 ESTECM estimation results. US



France



UK



p ^ d



4 4



4 1



4 4



c^



^ 0 (104) /



8.05** (3.350) 0.07* (0.040) 0.13



6.07** (3.050) 0.20* (0.110) 0.14***



2.78* (1.590) 0.02*** (0.006) 0.10**



^ k1



(0.086) 0.05***



(0.051) 0.009**



(0.05) 0.006



^ k2



(0.011) 0.06***



(0.003) 0.011***



(0.004) 0.06***



^ 1;1 /



(0.014) 0.50***



(0.004) 0.49***



(0.020) 0.15***



^ 1;2 /



(0.027) 0.02



(0.028) 0.08***



(0.028) 0.02



^ 1;3 /



(0.028) 0.07**



(0.029) 0.09***



(0.035) 0.14



^ 1;4 /



(0.029) 0.09***



(0.029) 0.11***



(0.097) 0.14***



^ 2;1 /



(0.026) 0.19***



(0.026) 



(0.028) 0.06**



^ 2;2 /



(0.073) 0.28***







(0.030) 0.06*



^ 3;1 /



(0.073) 0.08***



0.02**



(0.032) 0.51***



(0.023)



(0.008)



(0.072)



2.02 27.1 19



2.01 26.42 26



2.0 26.56 12



c (102)



DW ADF Number of iterations



Notes: The values in parenthesis are the estimated standard deviations for estimates. DW and ADF are the empirical statistics of the Durbin Watson and ADF tests. * Indicate that estimated coefﬁcients are signiﬁcant at the 10%. ** Indicate that estimated coefﬁcients are signiﬁcant at the 5%. *** Indicate that estimated coefﬁcients are signiﬁcant at the 1%.



374 375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397



the hysteresis hypothesis in the policy interest rates as a central bank tends to lag behind the announcements of the others due to sunk cost problems. This interdependence between the US and French rates is however less pronounced than that between the UK and French rates, which virtually reﬂects the weak synchronization between the US Fed and the ECB during the ﬁrst half of the crisis period as shown in Table 1. More interestingly, the coefﬁcients associated with lagged interest-rate variables become more signiﬁcant than they are in the linear model, leading us to conclude that interest rate interactions occurs rather in an asymmetric and nonlinear manner. As short-term interest rates reasonably capture monetary policy decisions, these ﬁndings should imply different feedback rules and signiﬁcant lead–lag effects between the central banks under consideration. In other words, a change in policy rate by a central bank has signiﬁcant effect on monetary policy of the others, which may persist until the whole information regarding this decision is fully extracted. Fourth, the estimated parameters of the exponential function are statistically signiﬁcant, which conﬁrms the Teräsvirta (1994) test regarding the presence of nonlinearity and suggests the existence of two different regimes characterizing the dynamics of interest rate deviations. That is, a ‘‘central regime of segmentation’’ or central regime in which the interest rate may deviate from its long-run equilibrium established with other interest rates and be uncorrected until its deviations exceed a certain threshold, and an ‘‘upper regime of synchronization’’ or upper regime describing the dynamics of the interest rate when it moves back to equilibrium owing to the activation of the nonlinear adjustment terms ^ k1 and ^ k2 . The latter, being the most important parameters of the nonlinear adjustment model, are all signiﬁcant at conventional levels, except for ^ k1 in the UK. The negativity of the second adjustment term ^ k2 in all three cases as well as of the sum (^ k1 þ ^ k2 ) means that even though short-term interest rates may deviate from the equilibrium (i.e., ^ k1 P 0) in the ﬁrst regime, they are nonlinearly mean-reverting towards a long-run equilibrium. Interestingly, the fact that the values of the adjustment terms are in general very low and do not exceed 6% in all cases clearly reﬂects the persistence associated with the interest rate adjustment that may escape linear modeling. It is equally important to note that the transition between interest rate regimes is quite smooth in view of the low value of the transition speed variable. Finally, to better apprehend the different regimes characterizing the interest rate adjustment dynamics, we plot the estimated transition functions for the UK, the US and France together with either transition variable or the time factor in Fig. 2.
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Fig. 2. Estimated transition functions of the ESTECMs for the UK, US and French interest rates.
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We observe, on the one hand, that the most observations are symmetrically distributed particularly for the USA, conﬁrming the choice of the exponential representation. On the other hand, the estimated transition functions show the presence of time-varying adjustment speed that increases with the size of the interest rate deviations. In other words, the more important the interest rate deviations, the quicker the mean-reversion process. The estimated transition functions exhibit similar adjustment dynamics of interest rates, especially at the end of the estimation period as the interest rate movements tend to persist in the central regime. Their values are however very low and did not achieve the upper regimes. Our empirical evidence on interest rate interactions thus does not support the synchronization hypothesis of the world’s leading central bank policies even though monetary specialists call for more coordination between them. Indeed, to cope with the ﬁnancial crisis, these central banks were rather forced to abruptly cut to their policy interest rates in order to avoid the liquidity risk. To sum up, our results provide signiﬁcant evidence of nonlinear interdependence of short-term interest rates for France, the UK and the US, as well as several similarities in their adjustment dynamics. Since short-term interest rates often serve as monetary policy instrument, central bankers may determine, based on our empirical framework, the interest rate threshold above which appropriate feedback actions should be undertaken.
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4. Concluding remarks
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This article examines the synchronization and interdependence of short-term interest rates for France, the UK and the US within the context of the recent global ﬁnancial crisis and economic meltdown. To the extent that central bankers have had to coordinate more to deal with the crisis issues and ultimately to make policy decisions on interest rates that would reduce ﬁnancial instability and restore investors’ conﬁdence, our study may provide some guidelines for monetary policy feedback rules. Empirically, we employ Geweke (1982)’s feedback measures to test for the synchronization hypothesis, and develop a threshold cointegration framework to investigate both short and long-run relationships between the variables of interest. The main advantage of the proposed approach is its suitability for capturing any form of asymmetry, nonlinearity and structural changes in interest rate interdependence and adjustment dynamics, that may be caused by currency-investment sunk costs and increasing crisis-related uncertainty. We ﬁnd evidence to support the increasing monetary policy synchronization and strong nonlinear interactions between the three short-term interest rates considered. Indeed, these interest rates converge towards a common long-run equilibrium. Moreover, their dynamic adjustment process is typically nonlinear and obeys two separate regimes. In the central regime which is referred to as the band of inaction, interest rate deviations are small, and may be away from the equilibrium, uncorrected, and near unit root. Thus, a country’s central bank may not react immediately to changes in foreign interest rate if the deviation of the domestic short-term interest rate only deviates slightly from its long-run equilibrium with the foreign one. This hysteresis in interest rates, ampliﬁed the crisis-related uncertainty, can be potentially explained by the sunk cost mechanism which prevents the said central bank from following its foreign counterpart and thus widens the band of inaction. The resulting policy relationship between two central banks is weak. However, when the deviations are large and exceed a certain underlying threshold, the upper regime or synchronization regime is activated and central banks have tendency to adjust their policy rates so that the short-term interest rates are mean-reverting to their long-run relationship. Similar to the regime of segmentation, the return to equilibrium of short-term interest rates within the upper regime of synchronization may also take time because of irreversible costs and the uncertainty associated with policy actions of central banks. We also show that estimating linear cointegration models to test for the interdependence of interest rates is not adequate for international data as model’s parameters change according to economic and ﬁnancial regimes. Taking into account the smooth transition of interest rates from one regime to another may therefore lead to superior interest rate forecasts. Furthermore, as far as short-term interest rates reﬂect not only the current changes but also the expectations about the future changes in policy rates, an individual central bank may have interest to consider the policy actions of the others when setting its own target interest rate. Although we propose a suitable approach to analyze the interdependence of international interest rates, our study requires more reﬁned extensions as it does not show the implications of interdependence on the behavior of main economic aggregates such as supply, demand, prices and foreign exchange rates. A general equilibrium model for international interest rates with threshold effects is indeed needed.
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