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POLICY RULES AND TIME-VARYING PARAMETERS FOR THE POUND, THE YEN AND THE MARK.



André Varella Mollick*



Abstract: This paper considers the explanation based on monetary policy to the abnormal coefficients found in regressions with spot and forward exchange rates for the pound, the yen, and the mark. Theoretically, an interest rate rule and uncovered interest parity (UIP) are capable of explaining these anomalies. We first test whether the degree of foreign exchange (FX) market intervention since the Plaza Agreement alters the anomalies and obtain negative results. We then estimate time-varying parameters by the Kalman filter method on the interest rate rule and find coefficients contrary to what is expected. However, allowing the authorities to react to exchange rate changes by varying FX reserves, we observe, for all currencies, statistically significant time-varying parameters. And as expected for the mark and the yen: the more a currency depreciates (appreciates), the more central banks sell (buy) U.S. dollar reserves. Exogeneity tests also support the FX reserves rule relative to the interest rate rule.
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I. Introduction The uncovered interest parity (UIP) relates interest rate spreads to expectations of exchange rate changes. If, for example, the annual interest rate in Mexico is 10% higher than in the U.S., the Mexican peso is expected to depreciate by 10% against the dollar in the period. A large body of empirical research, however, has found that UIP holds but with the wrong sign. Regression coefficients end up showing a negative relationship between interest rate spreads and exchange rate changes. Earlier studies include Barnhart and Szakmary [1], Edison and Dianne Pauls [2] on real interest rate differentials, and the comprehensive overview in McCallum [3]. Survivorship bias associated with specific samples is an issue. More recent work qualifies the existence of the forward premium puzzle across regimes and rates. Examples are Flood and Rose [4] who can not find the UIP puzzle for a set of exchange rates in the European Monetary System and Bansal and Dahlquist [5] who document the forward premium puzzle as, at best, confined to developed economies. A follow-up in Flood and Rose [6], under high-frequency data for a set of countries in the 1990s, finds that interest rate differentials seem often to be followed by subsequent exchange rate depreciation, although there are still departures from UIP. On the variety of interest rates, Meredith and Chinn [7] use interest rates on longer-maturity bonds for G-7 countries and find all coefficients with the correct sign. Using very high frequency data, Lyons and Rose [8] show that the higher the weak currency’s interest rate, the more that currency appreciates intraday. Their argument is through the expected cost of shorting a currency in crisis offseting the expected gains from devaluation. But the longer horizon findings that high interest rate currencies tend to appreciate remain unexplained. Models exist that quantify risk premiums as the extent to which UIP is not observed. Carlson and Osler [9], for example, model currency risk premiums as functions of the interest differential and the current deviation of the exchange rate from
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its long-run equilibrium. They find supportive evidence in the sense of having forward premiums negatively related to rationally expected future exchange rate changes. In this paper we keep the UIP standpoint, however. We investigate empirically the explanation put forward by McCallum [3] on the unusually high coefficients of regression equations involving spot and forward exchange rates. In that framework, the combination of a policy rule that links interest rate differentials to exchange rate changes with UIP is capable of justifying the econometric estimates that depart from unbiasedness. At least, so the theory argues. We specifically implement in this paper direct tests of the policy rule coefficient by interpreting it as a time-varying parameter. See McNelis and Neftci [10] for one of the first applications of the Kalman Filter (KF) in Economics and Wolff [11] for an early application of the idea in the context of exchange rate models. The empirical evidence in this paper covers the pound, mark and the yen against the U.S. dollar using the same data set in McCallum [3], which is plagued by the anomalies: September 1977 to July of 1990. The KF estimates provide a value for the policy rule parameter under smoothness in policy actions.1 The estimated coefficients of the interest rate rule turn out to bear the wrong sign for all currencies and are not statistically significant for the mark. In order to check how our KF methodology runs under an alternative rule, we let FX reserves vary when spot exchange rate changes, as in the open economy model by Weymark [13]. Such rule stems from central banks in major economies targeting the level of spot rate by buying or selling foreign exchange (FX) reserves. Contrary to the estimates of the interest rate rule, with the FX reserves alternative, different from zero time-varying parameters are obtained for all currencies. Block exogeneity tests are used in a complementary fashion and reinforce the basic results. Recent papers by Anker [14] and Kugler [15] reconsider theoretically interest rate rules based on McCallum [3]. Empirically, however, no new additional evidence
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has been added except for Christensen [16], who estimates an interest rate reaction function and finds a very small coefficient on exchange rate changes affecting interest rate differentials, although significantly different from zero for the mark and the pound. This is inconsistent with exchange rate changes making authorities change short-term interest rates, which is in tandem with our results under the KF method. Several important features are present in our approach. First, the Kalman filterbased approach here implemented specifies a linear regression model with stochastically evolving coefficients with no other requirement than interest rates being a function of only spot rate changes, which matches UIP and the policy rule insight. Our model takes into account the fact that the relationship is changing over time. Smoothness becomes essential and resembles the real world behavior of monetary authorities intervening gradually given some rule and the state of affairs. Second, estimating the monetary policy rule for the forward premium puzzle connects the field with modeling central bank behavior across time as in Clarida et al. [17] and the gradualism in Sack [12]. Third, among the various explanations (risk premiums, irrationality, peso problems), the monetary policy argument is perhaps the most compelling, extending into a number of directions (e.g., Bonser-Neal [18]), which leaves further evidence wanting. And, fourth, this research complements studies linking monetary policy to exchange rates, such as: Eichenbaum and Evans [19], who test the response of exchange rates to vector autoregressions (VAR) monetary policy shocks, and Lewis [20] who employs Markov state dependent models. Section II contains tests of unbiasedness and of central bank intervention as a first approximation to the monetary policy conjecture. Section III develops the major estimation of the two policy rules for the three currencies and section IV summarizes the results and points out extensions. A data appendix collects the data sources.
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II. Preliminary Evidence Let the domestic country be Japan, Germany or the U.K. and the U.S be the foreign country. Define st as the logarithm of the spot exchange rate: the price of foreign exchange for a unit of home country currency (US$ per currency unit). An increase in the spot rate means an appreciation of the home country currency against the U.S. dollar. Let ft be the logarithm of the one-period forward rate, the price of a unit of foreign exchange to be paid for and delivered in the next period (one-month in the data below). Empirical studies of unbiasedness in foreign exchange markets test the joint hypothesis of α=0, β=1, and white-noise residuals in: sjt+1 = α + β fjt + εjt+1



(1),



for a currency j, where: εjt+1 = (sjt+1 - Etsjt+1), is the projection error; Etsjt+1 ≡ Et(sjt+1|φt); and φt is the information set at time t. Market efficiency and rational expectations imply that expectations about future values of exchange rate determinants are fully contained in ft. Failure to reject the joint hypothesis implies that ft contains all relevant information for the prediction of st+1. Equation (1) can be estimated by ordinary least squares (OLS) if εt is white-noise or by other techniques if this feature is not satisfied. It has become customary in the literature, however, to estimate a slightly different version of equation (1), in which the change in the future spot rate relative to the current rate is regressed against the difference between forward and spot rates: sjt+1 - sjt = α + β (fjt - sjt) + εjt+1



(2).



As in (1), unbiasedness is rejected if β is significantly different from 1, α ≠ 0, and the residuals are not white-noise. Indeed, there are economic reasons to prefer estimation of (2) instead of (1). Note, for example, that (ft - st) equals (Rt - R*t), the



7



difference between home and foreign interest rates on similar loans, by covered interest parity (CIP). This condition must hold exactly except for transactions costs. However, the discrepancy in the results pertained to the estimations of (1) and (2) are documented and well known. Although (2) is equivalent to (1) under β=1, studies for the floatingrate period reject unbiasedness in (2), while do not reject it in (1). Table 1 reproduces estimations of (1) and (2) using the same data as in McCallum [3] for spot and one-month forward rates. We report also the results derived by the application of Zellner's seemingly unrelated regression (SUR), which is appropriate given that st is expressed relative to the U.S. dollar, making the three currencies subject to common external shocks. The β's point estimates are close to 1 under (1), in sharp contrast to the alternative specification in differences under (2). Under specification (2), the βcoefficients for the sterling and the yen, in particular, are highly negative (-4.74 and 3.18 for the pound and -3.33 and -2.08 for the yen), with the German mark β's looking substantially smaller2. As far as the absolute value of β in (2) is concerned, SUR yields lower values than OLS, although still characterizing rejection of unbiasedness. No problem emerges from diagnostic-checking the autocorrelation in the residuals since we have low Q(12) and Q(24) statistics. Table 2 displays the results of tests in the spirit of Barnhart and Szakmary [1] as a first approximation to the monetary policy explanation of anomalies in FX markets. FX reserves are represented by It (in U.S. dollars) and enter in first-differences below: sjt - sjt-1 = α + β (fjt-1 - sjt-1) + γ ∆It(fjt-1 - sjt-1) + εj



(3),



sensitivity of the β-coefficients to FX intervention can be checked3. The parameter γ measures the interaction that exists between the forward premium and central bank intervention.
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The evidence on (3) in table 2 point at all γ-coefficients being statistically significant, though mixed in sign. With a rise in ∆It in either Japan or Germany, for example, the central banks in those countries increase the amount of dollars in reserves and an appreciation of the dollar is expected: γ < 0 should prevail4. The coefficient γ is found, however, to be positive for the yen and the mark, with a possible interpretation being that, in response to a depreciation of the dollar (st rises), the BOJ and Bundesbank buy dollars. Nevertheless, the inclusion of our crude intervention proxy fails to resolve the negative sign of the β-coefficients. Table 2 also contains subperiod estimation of (3). A natural choice for the break in the subperiods is around the Plaza Aggreement of September 1985. The evidence suggests that there are no substantial changes in the magnitudes of β and γ across subperiods, except for the lower β for the mark during the second subperiod that did not prove to be statistically significant. Overall, the signs of γ are preserved across subperiods and the absolute value of β shows an increase over all currencies studied in the latter period. Formal tests of parameter stability also do not support structural change around September 1985. ADF tests for non-stationarity are unable to reject the hypothesis that spot and forward exchange rates are I(1) for the three countries. The series ∆st and (ft - st), however, are stationary. It is useful to investigate, in a complementary fashion, the exogeneity nature of a few basic variables. F-tests for block exogeneity in VARs are reported in the lower part of table 2. Lagged values of variations in exchange rates help predict variation in FX intervention for the yen and the mark. However, the null of “joint zero coefficients” can not be rejected for the pound with the reverse order showing the null can not be rejected for all currencies, contrary to (3), as ∆It does not appear to Granger-cause changes in exchange rates. Lags of the forward premium are not zero as a group for the pound but are equal to zero for the yen and mark, when explaining FX intervention.
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III. Results on Policy Rules III.1. The Basic Argument McCallum [3] argues that a combination of a policy function linking exchange rate changes to interest rate differentials with UIP is able to generate the abnormal βcoefficients reported in the lower part of table 1. Specifically, the short-term interest rate (Rt) is taken as the monetary policy instrument. Let any of the three countries be the home country and the U.S. be the foreign country. Let now the spot exchange rate be defined as currency units per U.S. dollar. We change with respect to previous section in order to compare our results with Christensen [16], the only other evidence we are aware of on the monetary policy conjecture. The interest rate rule states that as, st rises (domestic currency depreciates), Rt is shifted upwards relative to its foreign, U.S. dollar based, interest rate (Rt*):



Rt - Rt* = λ ∆st + σ (Rt-1 - Rt-1*) + ζt



(4),



where λ > 0 is the policy parameter, σ is the interest rate smoothing parameter, and ζt captures random terms in the policy rule. The UIP is given by:



st = set+1 - (Rt-1 - Rt-1*) + ωt



(5),
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where set+1 is the expected value of st+1 at period t and ωt is a disturbance term (e.g., risk-premium). Assume rational expectations and that ζt and ωt are white-noise. Substituting (4) into (5) yields:



Et ∆st+1 = λ ∆st + σ (Rt-1 - Rt-1*) + ζτ - ωt



(6),



where Et ∆st+1 ≡ Εtst+1 - st. Solving for ∆st, the state variables are (Rt-1- Rt-1*), ζτ and ωt, which yields under the application of the method of undetermined coefficients:



∆st = -



1 1 σ (Rt-1 - Rt-1*) - ζτ + ( ) ωt λ λ σ+λ



(7).



The idea of the argument in McCallum [3] is to have a coefficient on (-σ/λ) as large as -3 or -4 given the evidence in section II. Assume, instead of a white-noise process for the disturbances ωt, a first-order autoregressive process of the form: ωt = ρωt-1 + ut ( -1< ρ 


∆st = - [



ρ-σ 1 1 ] (Rt-1 - Rt-1*) – ( ) ζτ + ( ) ωt λ λ -ρ + σ + λ



(8).



A negative coefficient on ( Rt-1 - Rt-1*) is now probable if σ happens to be close to 1. It is also plausible that λ could be small enough to make the coefficient's
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value equal to –3 or -4. McCallum [3] conjectures a λ-coefficient close to 0.2 but did not provide formal econometric analysis.



III.2. The Interest Rate Rule and Time-Varying Estimates Empirically, we expect large variations of the parameters over time due to the willingness of policymakers to engage in FX intervention given the state of the economy. The notion that policymaker's willingness changes gradually according to economic events is present in various models. An early application of the Kalman filter is in McNelis and Neftci [10], who study a policy rule together with a supply side equation. Lombra [22] also estimates by the KF a policy rule that links the rate of interest to the difference between money supply and its target, in order to capture the fact that the FED's policy rule has changed on several occasions over the years. More recently, Clarida et al. [17] suggest that an estimated rule by the generalized method of moments (GMM) for the pre-Volcker period in the U.S. allows greater macroeconomic instability (not raising real and nominal rates enough in response to higher inflation) than the rule under Volcker-Greenspan. By focusing on the policy rule in the context of central bank intervention in the FX market, we investigate empirically equation (4) by a procedure that allows the parameter λ to be time-varying. A KF approach is employed on (4) with the transition equation following a conventional first-order Markov process. In state-space form, the measurement equation and the transition equation can be written, respectively, as:



(Rt - Rt*) = Xt’ λt + ut



(9),
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λt = α λt-1 + vt



(10),



where (Rt - Rt*) is the vector (nx1) of interest rate differentials at time t, Xt is a (2xn) vector of explanatory variables [eq. (4) includes ∆st and (Rt-1 – Rt-1*)], λt is an (2x1) vector of time-varying coefficients, α is an (2x2) vector, the (nx1) ut follows a normal distribution N(0, σ2H), H is (nxn), the (2x1) vt follows a normal distribution N(0, σ2Q), Q is (2x2). We also assume that the initial conditions vector λo follows a normal distribution N(µo, σ2P = Σo), and λo, ut, and vt are mutually and serially uncorrelated processes for all t’s. Higher order autoregressive processes than in (10) could also be formulated. If a lagged dependent variable (Rt-1 – Rt-1*) is present, a Gaussian assumption is necessary to preserve the linear structure of the filter.5 The KF algorithm recursively updates the estimate of λt and its variances using the new information in the dependent and independent variables for each observation. The random walk model for λt follows from the regularity that the spot exchange rate follows approximately a random walk as in Wolff [11]. A symmetric matrix for the variance factor in the transition equation is incorporated, thereby introducing the “noise-to-signal ratio”. The priors are calculated from initial observations in the sample. The method of estimation for each time period is maximum likelihood conditional on the data observed up to that point. The variance factor and a log-likelihood function (log L) are computed from the recursive residuals. The values of the parameters w = {α, H, Q, µo, Σo) are assumed to be know in the
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algorithm. As the vector w is not known in practice, a log L is maximized by EM-type procedures that calculate simultaneously the estimates of the time-varying parameters λt and those of w. Unrestricted and simultaneous estimation of the state vector λt and w may imply identification problems. A number of a priori specified vectors w can be used as alternatives to those obtained by log L maximization. This is the route we follow in this paper. Specifically, we compute the KF algorithm for several values of the parameter that multiplies the variance-covariance matrix of Q (call it the γ−parameter) in the transition equation. A value of 0.95 for γ would imply convergence towards zero for λ, an implication of the transition matrix with roots less than one, a sort of the “stochastically convergent parameter model”. The results hold for several values of γ; in tables 3 and 4 we report estimates with values 0.99 and 0.97 for the parameter γ. The time-varying approach enriches our understanding of the point estimates and can be compared to the constant parameters by OLS. A criterion for assessing the degree of coefficient variability can be envisaged by comparing the KF estimate at any time period relative to the (95%) confidence intervals associated with the OLS-based parameters. In our estimates, one can reject the hypothesis of constant parameters since the time-varying estimates stay persistently outside the upper and lower bounds given by the confidence intervals. The figures are omitted for space constraints. Table 3 collects the time-varying parameters associated with the policy function, under the assumption that the (short-term) interest rate is the basic policy instrument. As before, CIP is assumed such that ( Rt - Rt*) is replaced by the difference between forward and spot rates. For each currency, under OLS estimations, two versions are
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estimated: one with the interest rate smoothing parameter σ and another omitting it. Under OLS, one can have a feeling of the smoothness degree. OLS estimates reproduced in the upper part of table 3 show σ close to 1 for the pound and the yen and not different from 0 for the mark. The presence of the interest rate smoothing parameter does not change the negative λ's for all currencies. Under the KF estimation method, the time-varying parameter λ is found significant for the pound (-0.011) and the yen (-0.006), but not for the German mark (0.003). The statistic significance in the first two cases implies that when the pound or the yen depreciate, the monetary authority decreases interest rates, which is inconsistent with (4). Such negative result on the time-varying λ remains for different values of the γ−parameter and converges to zero as the latter goes down, matching results by Christensen [16] under maximum likelihood-GARCH.6



III.3. The FX Reserves Rule and Further Evidence In order to compare the interest rule in (4) with another rule and to make clear the performance of the time-varying technique, let the monetary authorities in the three countries intervene in the FX market selling or buying U.S. dollar reserves. Consider a rule that connects a measure of foreign exchange reserves (∆RESt) to ∆st according to:



∆RESt = - ψ ∆st + ηt



(11),



where ∆RESt stands for the variation in reserves divided by the money supply, ψ is the new policy parameter and ηt is the white-noise error. A version of such policy rule is in
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Weymark [13]. When ψ = 0, the currency is allowed to float freely, while under perfectly fixed rates the authority uses intervention in exchange markets to hold st constant (ψ → ∞). ψ ∈ [0, ∞) characterizes intermediate intervention and ψ < 0 may indicate aggressive monetary policies. OLS estimates of ψ and φ as well as Kalman filter estimates of ψ in (11) are collected in table 4. Figures (omitted in this paper) confirm significant variation for all currencies relative to the OLS value. All KF ψ-coefficients are significant at the 5% level with a negative but close to zero ψ observed for the pound and a positive ψ obtained for the yen and the mark. A natural interpretation of ψ > 0 is that, with a rise in the spot rate (an appreciation of the U.S. dollar), central banks in Germany and Japan intervene, reducing the amount of reserves by selling U.S. dollars against the home currency. For the pound, a depreciation of the dollar leads to a fall in FX reserves, which appears inconsistent with the FX rule. The improvement compared to the rule in (4) is that we have statistically significant ψ's for all currencies under the new policy rule in (11). Contrary to the interest rate rule, the smoothing parameter computed by the OLS now becomes less important. It is 0.16 for the pound, far away for the close to 1 values of smoothness. It is also not different from zero statistically for the yen and the mark. In fact, the latter finding is reasonable. Smoothness is associated with varying interest rate changes and not with lag response of changes in reserves, since the latter are, by definition, entirely random. The interest rate smoothing, while adhoc, is consistent with gradualism in policymakers’s actions, according to Sack [12].
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Further evidence that the interest rate rule in (4) is not observed for the pound is obtained by Granger causality tests. In order to verify the information content of the variables in (4) or in projections with FX intervention series by (11), we perform blockexogeneity tests. Evidence in table 5 is constructed such that the null means that lagged ∆st does not help predict interest rate differentials. The null hypothesis is rejected for the pound but not for the yen and mark, which casts doubt on the “leaning against the wind” hypothesis related to (4) for Japan and Germany, as far as ∆st-k do not Granger cause interest rate differentials. The reverse tests, with ∆st as the dependent variable in the VAR, reject the null for all currencies, suggesting that the direction of causality is reversed from that of (4). Testing the alternative rule in table 5 with ∆RESt responding to ∆st indicates that ∆st-k help predict the intervention variable for the yen and the mark but not for the pound. On the other hand, the reverse equation does not reject the null of zero coefficients as a block for all currencies. Therefore, for the three currencies against the U.S. dollar, these results support leaning against the wind for the FX reserves rule in Weymark [13] against the interest rate rule in McCallum [3]. The evidence in table 5 helps explaining why the interest rate rule may be flawed statistically since interest rate differentials help predict spot exchange rates and not the opposite.



IV. Concluding Remarks
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This paper examines whether monetary policy help explain anomalies in econometric results on three grounds. First, tests of central bank intervention combined with the forward premium show leaning against the wind for the yen and the mark over the period 1978:1-1990:7. Such combination, however, does not eliminate the abnormal coefficient on the forward premium. Second and more important, a model of exchange rate determination (policy rule plus UIP) is investigated empirically. An interpretation of stochastically evolving coefficients matches the policymaker's motives in varying instruments gradually for given changes in the spot rate, itself modeled as a random walk as in Wolff [11]. Timevarying estimates of the interest rate rule in McCallum [3] are found insignificant for the German mark and negative for the pound and yen, which would imply that authorities decrease interest rates when currency depreciates. A rule borrowed from the intervention literature in Weymark [13], however, yields statistically significant coefficients for all currencies. The response is as expected for the mark and yen. The new rule does not help explain the anomalies but show that our KF estimates make sense on at least two fronts: 1. The KF estimates under the interest rate rule are similar to the results obtained by Christensen [16] under maximum likelihood-GARCH estimates; and 2. The KF estimates under the FX reserves rule show that, for given spot changes, reserves adjust with respect to domestic monetary supply. Second, as complementary evidence, block exogeneity tests on the two policy rules also support leaning against the wind for the FX reserves rule and reject it for the interest rate rule. Lagged values of exchange rates matter in explaining interest rate differentials for the pound only. But there seems to exist a strong support for the reverse order since interest rate differentials help predict spot rates.
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The idea of reconciling UIP with the forward premium puzzle in McCallum [3] has now been expanded in many directions. Anker [14] emphasizes the tradeoff between interest rate and exchange rate stability and Bonser-Neal et al. [18] explores interest rate targeting. The alternative to the monetary policy line of research is to have explanations grounded on finance, such as Backus et al. [24] and Mark and Wu [25]. It would be interesting to incorporate both advances, as well as the monetary policy conjecture, on data for developing economies and explore the findings of Bansal and Dahlquist [5] and Flood and Rose [6]. These ideas are left for further work.
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Data Appendix Exchange rate data are exactly the same as in McCallum [3]. Spot and forward exchange rates (1 month forward): end-of period, of the sterling pound (GBP), the Japanese yen (JPY) and the German mark (DEM) are from the Bank for International Settlements (BIS). The original sample period is from September of 1977 to July of 1990 with most of the estimations cover the 78:01 - 90:07 period. The original values are marks and yenes per U.S. dollar and U.S. dollars per pound, which are then expressed in section II as U.S.$ price of foreign currency in order to compare with McCallum [3]. In section III, the reciprocal of these rates rate are then taken in the estimations rules of equations (4) and (11) in order to have the direct interpretation we propose. Variables other than those from McCallum [3] are: Foreign exchange reserves: the amount of FX reserves (It in section II) held by the central bank. These data are from the IMF's International Financial Statistics, line 1d.d, end of period, in millions of U.S. dollars. Money supply: M1, seasonally adjusted, end of period, from the OECD's Main Economic Indicators. It is available in the U.K. until July of 1989. It is in millions of pounds, billions of yen and millions of marks, respectively. Other measures of money were considered but none was more consistently compatible across the three countries than the M1 series. The intervention variable that follows from the open economy rule in Weymark [13], ∆RESt, measures the variation in FX reserves divided by M1, requiring the spot rate for conversion.
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Table 1: Regressions of level and % change specifications sjt+1 = α + β fjt + εjt+1 (currency j) sjt+1 - sjt = α + β (fjt - sjt) + εjt+1 (currency j) Estimated Coefficients



(1978:1 - 1990:7) or (1978:1 - 1990:7) Summary Statistics



In Levels Currency



α



β



R2



DW



Q(12) Q(24)



Method



Pound/US$ 0.0137 (0.92)



0.9770** 0.960 (0.0163)



1.824 10.91 19.30



OLS



Pound/US$ 0.0030 (0.72)



0.9970** 0.960 (0.0123)



1.841



SUR



Yen/US$



-0.0464 (0.679)



0.9913** 0.975 (0.0129)



1.839



Yen/US$



-0.1066** 0.9798** 0.975 (0.531) (0.010)



1.809



DM/US$



-0.0089 (0.128)



2.034



0.9907** 0.960 (0.0165)



11.37



26.21



OLS SUR



14.88 28.16



OLS
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DM/US$



-0.016* (0.96)



0.9813** 0.960 (0.012)



2.010



SUR



In % Changes Currency α β R2 DW Q(12) Q(24) Pound/US$ -0.0078** -4.740** 0.112 2.207 13.56 25.16 (0.0032) (1.095) Pound/US$ -0.0053 (0.0030)



Method OLS



-3.179** 0.112 2.162 (0.818)



SUR



Yen/US$



0.0153** -3.327** 0.051 2.025 (0.0052) (1.173)



6.47 24.79



OLS



Yen/US$



0.0108** -2.084** 0.051 2.004 (0.0044) (0.887)



SUR



DM/US$



0.0049 (0.0033)



-0.799* 0.024 2.140 16.70 29.05 (0.421)



OLS



DM/US$



0.0044 (0.0031)



-0.668** 0.024 2.135 (0.288)



SUR



Notes: Q(k) are Box-Pierce Q-statistics testing for autocorrelation in the residuals at k lags. The statistic is approximately distributed as chi-square with k degrees of freedom. The critical value at the α=10% level is 18.55 (33.20) for k=12 (k=24). A * means significance at α = 5% and ** at α = 1%. Standard errors are in parenthesis. Number of observations: 151.



Table 2: Estimates with Central Bank Intervention sjt - sjt-1 = α + β (fjt-1 - sjt-1) + γ ∆It(fjt-1 - sjt-1) + εj



Currency Pound/US$ overall



Estimated Coefficients α β γ -0.0072** -3.430** -32.940** (0.0032) (0.854) (12.499)



1978:1-1985:8 -0.0084** (0.0039) 1985:9-1990:7 -0.0130 (0.0086)



-4.886** (1.184) -5.081** (2.261)



-60.583** (24.682) -26.145* (13.430)



(1978:1 - 1990:7) Summary Statistics R2 DW 0.182



2.177



0.181



2.387



0.175



1.940
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Yen/US$ overall



0.0105** (0.0045)



1978:1-1985:8



0.0118* (0.0063) 1985:9-1990:7 0.0119 (0.0086) DM/US$ overall



0.0040* (0.0031)



-2.054** (0.909)



47.028** (10.798)



0.131



2.121



-2.468** 42.139** (1.116) (12.416) -2.759** 71.590** (2.746) (26.458)



0.121



2.158



0.209



1.970



58.039** (11.942)



0.237



2.245



56.798** (14.295) 63.256** (23.130)



0.206



2.299



0.303



2.364



-0.610** (0.283)



1978:1-1985:8 -0.0007 -0.457 (0.0040) (0.306) 1985:9-1990:7 0.0144** -2.695 (0.0072) (2.614) F-tests for Block Exogeneity Projections ∆It on ∆It-k and ∆st-k ∆st on ∆st-k and ∆It-k



Currencies Pound/US$ Yen/US$ Mark/US$ 0.225 (1) 0.000*(2) 0.001* (1) 0.584 (1) 0.576 (2) 0.842 (1)



∆It on ∆It-k and (ft-k - st-k) (ft - st) on (ft-k - st-k) and ∆It-k



0.009* (1) 0.291 (1)



0.909 (1) 0.350 (1)



0.167 (1) 0.958 (1)



Notes: All equations in the upper part of the table are estimated by the SUR method. For the exogeneity tests in the lower part, marginal significance levels of F tests for block exogeneity are reported. The null hypothesis is that the regressors, apart from the lagged endogenous terms, are zero as a group. In boldface letters are the rejections of the null. Lag-length (in parenthesis) is chosen by minimization of the Schwarz information criterion. ∆It is the difference between t and t-1 of the volume of FX reserves multiplied by the spot exchange rate.
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Table 3: Estimates for the Interest Rate Rule Rt - Rt* = λ ∆st + σ (Rt-1 - Rt-1*) + ζt Estimation method



Pound/ US$



(1978:1 - 1990:7)



Yen/ US$



Mark/ US$



OLS const. -0.0003** (0.0001) λ



-0.0056** (0.0028)



σ



0.8700** (0.0399)



-0.002** (0.0002)



0.0004** 0.0037** (0.0002) (0.0002)



0.0036** 0.0038** (0.0007) (0.0006)



-0.026** (0.0054)



-0.0031 -0.0169** (0.0025) (0.0054)



-0.0108 -0.0124 (0.0159) (0.0157)



0.8962 (0.0360)



0.0562 (0.083)



Kalman Filter (for γ=0.99) const. -0.0005** (0.00008)



0.0015** (0.00007)



0.0015** (0.0002)



λ



-0.0111** (0.0025)



-0.0059** (0.0018)



-0.0034 (0.0059)



Sum Sq. Resid. Log Likelihood



0.0010 671.54



0.0007 696.62



0.0007 527.23



-0.0001** (0.000008)



-0.00009** (0.00002)



-0.0004** (0.00017)



-0.0003 (0.0005)



0.00135 649.84



0.0079 519.13



Kalman Filter (for γ=0.97) const. 0.000021** (0.000007) λ



-0.0006** (0.00023)



Sum Sq. Resid. Log Likelihood



0.0012 659.08



T for estimation



148



149



148



149



148



149



Notes: The constant, λ, and σ parameters in the policy function - eq. (4) - are estimated by OLS and by the Kalman Filter. For the Kalman filter, we set γ=0.99, γ=0.97, and γ=0.95 for the coefficient matrix in the transition equation and let the identity matrix be the variance factor in that equation. See the text for more explanation. The Kalman filter estimates reported are those associated with the



28 final state vector. Prediction errors were found to be very small for all specifications estimated by the Kalman filter. The symbol ** indicates statistic significance at the α=5% level. The initial number of observations (T) is 151 (1978:01-1990:7); 2 or 3 initial observations were chosen for calculating the priors required by the Bayesian time-varying method.



Table 4: Estimates for the FX Reserves Rule ∆RESt = - ψ ∆st + ηt Estimation method\ Currencies



Pound/ US$



OLS parameters const. 0.0000 (0.000)



(1978:1 - 1990:7) Yen/ US$



0.0000 (0.0000)



Mark/ US$



0.0005 0.0005 0.0011 0.0010 (0.0003) (0.0003) (0.0010) (0.0010)



ψ



-0.0012** -0.0012** (0.0001) (0.0001)



0.0378** 0.0378** 0.1315** 0.1326** (0.0080) (0.0080) (0.0287) (0.0289)



φ



0.1593** (0.0625)



0.0364 (0.0771)



Kalman Filter (for γ=0.99) Const -0.000001 (0.000001) ψ Sum Sq. Resid. Log Likelihood



-0.0006** (0.00005) 0.0000002 1156.11



Kalman Filter (for γ=0.97) Const -0.0000006** (0.0000002) ψ Sum Sq. Resid. Log Likelihood T for estimation 133



-0.00007** (0.000005) 0.0000003 1152.17 134



146



-0.1231 (0.0771)



0.0001 (0.0001)



0.0005 (0.0004)



0.0118** (0.0030)



0.051** (0.0110)



0.0020 609.88



0.0232 430.81



0.0000035 (0.00001)



0.000052 (0.000035)



0.0006** (0.00022)



0.0030** (0.00087)



0.0022 606.16



0.0245 427.69



147



146



147



29 Notes: The same as in table 3, except that the policy rule is now given by equation (11). Prediction errors were found to be very small for all specifications estimated by the Kalman filter. The initial number of observations is 149, except for the U.K. when T= 136. See the data appendix.



Table 5: Exogeneity Tests on the Policy Rules Currencies



Projections Pound/US$



Yen/US$



Mark/US$



The interest rate rule (Rt – R*t) on (Rt-k – R*t-k) and ∆st-k



0.051* (1)



0.583 (1)



0.163 (1)



∆st on ∆st-k and (Rt-k – R*t-k)



0.000* (1)



0.007*(1)



0.056*(1)



The FX reserves rule ∆ RESt on ∆ RESt-k and ∆st-k



0.472 (3)



0.000* (2)



0.003* (1)



∆st on ∆st-k and ∆ RESt-k



0.801 (3)



0.506 (2)



0.970 (1)



Notes: Marginal significance levels of F tests for block exogeneity are reported. The null hypothesis is that the regressors, apart from the lagged endogenous terms, are zero as a group. In boldface letters are the rejections of the null. Lag-length (in parenthesis) is chosen by minimization of the Schwarz information criterion. ∆RESt is defined as the variation in foreign exchange reserves divided by the money supply (M1 stock).
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See Sack [12] for analysis in the context of changing the U.S. federal funds rate. McCallum [3] reports OLS results of β = -4.20 for the German mark under the



specification by (2). After cross checking the data, we were not able to solve such discrepancy. Results (under OLS) for the pound/US$ and the yen/US$ match exactly those presented by McCallum [3]. SUR results are our own only. 3



Augmented Dickey-Fuller (ADF) tests, with optimal lag-length chosen by the



Campbell-Perron data dependent procedure in Ng and Perron [21], show an I(1) process for the foreign exchange reserves hold by the Bank of England and I(0) processes for the BOJ's and the Bundesbank's. 4



The forward premium (ft - st) is essentially negative for high interest rate countries



like the U.K. and positive for Germany and Japan. 5



If the vector of independent variables includes lagged dependent variables, the log-



likelihood function is no longer valid since the individual terms violate the normality and serial uncorrelation assumptions. Equation (4) with σ ≠ 0 is thus not warranted from a statistical standpoint (see Chow [23]) and its computations are omitted. In case we estimate with lagged interest rate differentials, we end up finding higher prediction errors in the KF procedure. Without the smoothing parameters, the prediction errors are consistently estimated to be very small. 6



Recent estimates by Christensen [16] by maximum likelihood-GARCH processes yield



close to 1 σ-coefficients, as well as statistically significant λ-coefficients of –0.003 for the U.S. dollar/mark, and of –0.002 for the U.S. dollar/pound. The λ-coefficient for the U.S. dollar/yen (–0.001) is there found not significant, however.
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