[image: image1.jpg]


2007 Oxford Business & Economics Conference

ISBN : 978-0-9742114-7-3


Foreign Exchange Rate Modeling:  The Case of the Pound Sterling Vis-à-vis the Dollar
Abe T. Aburachis
Gannon University

The literature of modeling foreign exchange forecasting, and in particular the monetary model of exchange rate determination is voluminous.  Examples are:  Moosa, 1994, Frommel et al, 2005, Rapach and Wohar, 2004, Neely and Sarno, 2002, Wang, 2003, Abbott and DeVita, 2002, Civcir, 2004, Frenkel and Koske, 2004, Makin, 2005, Jackson et al, 2005, Cheng et al, 2005, Keremera et al, 2006, Smith and Wicken 1986, Francis et al, 2001, Tawadros, 2001, Moersch and Nautz, 2001, among many others.

Empirical testing of the monetary model of exchange rate determination has produced disappointing results.  The failure of the monetary models of exchange rate determination is attributed to several factors.  First, various studies have produced unstable coefficients in terms of sign, magnitude and significance.  Second, the in-sample and out-of-sample predictive power of the model has been shown to be poor; the model could hardly out perform a random walk, a property that can be easily shared with other, presumably more sophisticated models of exchange rates.  Third, the restrictions implied by the models are usually rejected, a result that can be looked at with favor in the sense that the restrictions do actually contribute to the poor performance of the model.  Finally and more importantly, the model has not been found to provide even a long-run representation of the behavior of the exchange rates.

The monetary approach to exchange rate determination emerged as the dominant exchange rate model at the outset of float of the early 1970s and remains an important exchange rate paradigm (Frenkel, 1976;  Mussa, 1976, 1979;  Bilson, 1978).  However, Meese and Rooff’s (1983a) finding that monetary models’ forecasts could not outperform a simple no-change forecast was a devastating critique of standard models and marked a watershed in exchange rate economics.  Moreover, even with the benefit of more than 20 years of hindsight, evidence that monetary models can consistently and significantly outperform a naïve random walk is still elusive (e.g., see Mark and Sul, 2001;  Rapach and Wohar, 2001a, 2001 b;  Faust, Rogers, and Wright, 2001).  

This article provides some explanations for the consistent failure of monetary models to forecast much variation in nominal exchange rates.  The next section is a brief review of exchange rate economics, followed by a brief discussion of the disconnect between the exchange rate and macroeconomic fundamentals.  We then estimate a simple monetary model with constant coefficients, and the same model estimated with varying parameters, making use of the Kalman filter using the maximum likelihood method of estimation.  The final section concludes.
II


The traditional empirical literature on exchange rates is based on a two-country framework  where the bilateral exchange rate is viewed as the relative price of the two monies of the two countries in question.  There are many such models, all of which describe the evolution of the exchange rate as a function of different sets of macroeconomic fundamentals, such as prices, money, interest rates, productivity differentials, government debt, terms of trade, and net foreign assets -- typically characterized as intercountry differences.

As mentioned above the monetary approach to exchange rate determination emerged as the dominant exchange rate model in the 1970s.  This approach starts from the definition of the exchange rate as the relative price of the two monies and attempts to model that relative price in terms of the relative supply and demand for those monies.  The model makes several key assumptions, including (1) that prices are perfectly flexible, (2) that domestic and foreign assets are perfect substitutes, (3) that absolute purchasing power parity (PPP) holds at all times, and (4) that the uncovered interest rate parity (UIP) condition holds at all times.  The assumption that PPP holds continuously is relaxed in the sticky-price version of the monetary model that originated with Dornbusch (1976).  In this approach PPP holds only in the long-run.

The portfolio-balance model is a second approach to modeling exchange rates (Branson and Henderson, 1985).  Relative to the monetary models of exchange rate determination, the key modification of this model is that domestic and foreign assets are no longer assumed to be perfect substitutes.  The result is that a currency-risk premium intrudes on the UIP condition, and the exchange rate is now determined by the supply and demand for all foreign and domestic assets, and not just by the supply and the demand for money.

Another theoretical approach to modeling exchange rates that was initiated in the 1980s, and continued more recently in the context of the development of the new open-economy macroeconomic literature, is to formalize exchange rate determination in the context of dynamic general-equilibrium models with explicit microfoundations, nominal rigidities, and imperfect competition.  Early models of this type were referred to as equilibrium models and were essentially a generalization of the flexible-price monetary model that allowed for multiple traded goods and real shocks across countries, for example, Stockman (1980), and Lucas (1982).

The more recent new open-economy macroeconomic models based on the work of Obstfeld and Rogoff (1995), offer a more rigorous analytical foundation based on fully specified microfoundations.  The main disadvantage of using these later models as a basis for empirical work is that the models are often quite sensitive to the particular specification of the microfoundations.  For example, a key hypothesis like pricing to market is assumed in some models, but not others, and is an important factor in exchange rate behavior (by determining whether PPP holds in the short-run).  As pointed out by Sarno (2001), this is problematic, given that there is not, as of yet a consensus in the profession as to the “correct” or preferable specification of the microfoundations.

Another approach to modeling exchange rates that is worth mentioning is one that accords a central role to productivity differentials in explaining movements in the real exchange rates.  The real exchange rate is defined as the nominal bilateral exchange rate for two countries adjusted by the relative prices of goods in those countries.  Such models based on the work by Blassa (1964) and Samuelson (1964), relax the assumption of PPP, and allow the real exchange rate to depend on the relative price of non-tradables, itself a function of productivity differentials.  Empirical evidence supports the view that productivity differentials are an important determinant of real exchange rates, where the link between the variables is typically modeled as a long-run relationship, see Chinn (1999).  It should be noted that notwithstanding all of the above models of exchange rate determination, a recent study by Obstfeld and Rogoff (2000) have noted there is generally a very weak relationship between the exchange rate and virtually any macroeconomic variable -- a situation they term the “exchange rate disconnect puzzle.”
III


There are many explanations for the exchange rate disconnect puzzle that have been explored in the literature.  Some authors have examined whether parameter instability could explain why macroeconomic fundamentals have so little predictive power.  According to this line of reasoning, the poor forecasting performance of exchange rate models may be because the parameters in the estimated equations are unstable over time.  There is some evidence to support this view.  See Canova, (1993) and Rossi, (2005).  As discussed by Sarno and Taylor (2002), the inability could be the result of policy regime changes, implicit instability in key equations that underlie the econometric specification (such as the money-demand or PPP equations), or agents’ heterogeneity that could lead to different responses to macroeconomic development over time.  One of the major objects of this article is testing the stability of the parameters using the Kalman filter, making use of the maximum likelihood method of estimation.

Another avenue explored in the literature is the extent to which forecasting performance based on macroeconomic fundamentals can be improved if the relationship between the exchange rate and its fundamentals is modeled as non-linear.  Although there is evidence that the relationship between the exchange rate and macroeconomic fundamentals is characterized by non-linearities (e.g., Taylor and Peel (2000)), the jury is still out as to whether exchange rate models that incorporate non-linearities will improve the forecasting accuracy of exchange rate models.


It is possible that the key assumptions underlying standard exchange rate models are invalid.  Two key assumptions that come to mind are PPP and UIP.  With respect to PPP, evidence abounds that PPP does not hold in the short and medium run, although there is some evidence that it may hold in the very long-run (i.e., using over 100 years of data), (Taylor and Taylor, 2004).  Similar evidence characterizes the literature that has tested UIP.  Over shorter periods, the hypothesis that interest rate differentials are unbiased predictors of future exchange rate movements is clearly rejected in empirical studies, but the results of long-run regressions are much more positive, see Chinn and Meredith, (2005).

Another line of enquiry notes that nominal exchange rates are much more volatile than the macroeconomic fundamentals to which they are linked in theoretical models, (Flood and Rose, 1995).  The excess volatility suggests that exchange rate models based on macroeconomic fundamentals are unlikely to be successful either at explaining or forecasting nominal exchange rates, and that there are important variables that may be omitted from standard exchange rate models.  Several potential explanations of this have been explored in the literature, including the presence of unobservable macroeconomic shocks that influence exchange rates, speculative bubbles, and herding behavior.
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The basic monetary model can be expressed as follows (where lower-case letters imply natural logarithms)

s = (m-m*) - a(y-y*) + b(r-r*)

(1)


An asterisk denotes the foreign variable.  Equation (1) indicates that another restriction implied by the monetary model is that the coefficient on (m-m*) is unity, which means that there is a proportional relationship between the exchange rate and relative money supply.  Equation (1) can be written in unrestricted stochastic form as follows:
S = a1m + a2m* + a3y + a4y* + a5r + a6r* + e

(2)

Where a1, a2, a3, > 0, a4, a5, a6 <0


Equations (1) and (2) were estimated as constant coefficient models and time varying parameter models.  Before estimation, we tested the variables for stationarity and whether the variables were cointegrated.  For variables to be cointegrated they must be integrated of the same order, that is, they become stationary after differencing each time series the same number of times.  Both the Augmented Dickey Fuller and Phillips-Perron tests established that each variable was I(1).  We then tested for cointegration between the variables using the Johansen method.
The following is a brief description of the Johansen method.  Starting with a multivariate vector autoregression representation of N variables:
Xt = Π1Xt-1 + Π2Xt-2 + … + ΠkXt-k + (

(3)
Where Xt is an N x 1 vector of I(1) variables, Π1, Π2, …, Πk are N x N matrices of unknown parameters, and ( is a vector of Gaussian error terms.  Equation (3) can be re-parameterized as:
ΔX = β1ΔXt-1 + β2ΔXt-2 + … + βk-1ΔXt-k - ΠXt-k + (

(4)
Where βi = -I + Π1 + Π2 + … + Πt

(5)
Πi = I – Π1 – Π2 - … - Πt

(6)
Π is known as the cointegrating matrix with a rank r, such that ΠXt = 0 represents a long-run equilibrium.  Now define two N x r matrices and α and β such that Π = αβ′.
The Johansen procedure estimates VAR equations subject to the condition that Π is less than full rank matrix, that is r < N.  It can be shown that β′tXt ≈ I(0), where β′t (the Ith row of β′) is one of the r distinct linearly independent cointegrating vectors.  The procedure then boils down to testing for the value of r, the number of significant cointegrating vectors, on the basis of the number of significant Eigenvalues of Π.

The results of applying the Johansen technique are presented below.
	Results from Johansen Cointegration Test

	Data Trend:
	None
	None
	Linear
	Linear
	Quadratic

	Rank or No. of CE’s:
	No Intercept
No Trend
	Intercept
No Trend
	Intercept
No Trend
	Intercept
Trend
	Intercept
Trend

	Selected (5% level) Number of Cointegrating Relations by Model (columns)

	Trace:
	1
	1
	0
	0
	2

	Max-Eig:
	1
	1
	0
	0
	0



Since the monetary model estimated below allows for constant and varying parameters, a variety of options were used including linear and quadratic forms, so that some interpretation can be given to the monetary models as represented by Equation (1), and Equation (2).
	Equation One

	Stochastic Level and Slope

	E =
	0.2894(M - M*)
	-0.1565(IP - IP*)
	-0.0054(r - r*)

	t =
	0.646
	-0.396
	-0.6997

	R2 = 0.025
	SEE = 0.048
	DW = 1.76
	

	Sample = 1982Q3 to 2006Q1
	


	Equation One

	Fixed Level and Slope

	E =
	0.131(M - M*)
	-0.15(IP - IP*)
	-0.0054(r - r*)

	t =
	0.4184
	-0.374
	-0.708

	R2 = 0.064
	SEE = 0.047
	DW = 1.82
	

	Sample = 1982Q3 to 2006Q1
	


	Equation Two

	Stochastic Level and Slope

	E =
	-0.685M
	-0.059IP
	-0.017TB
	-0.696M*
	0.277IP*
	0.0032TB*

	t =
	-1.093
	-0.115
	-1.46
	-1.42
	0.547
	0.409

	R2 = 0.067
	SEE = 0.047
	DW = 1.71
	

	Sample = 1982Q3 to 2006Q1
	


	Equation Two

	Fixed Level and Slope

	E =
	0.82M
	0.156IP
	-0.0157TB
	-0.859M*
	0.48IP*
	-0.002TB*

	t =
	-1.161
	0.206
	-1.299
	-1.767
	0.939
	-0.242

	R2 = 0.075
	SEE = 0.0469
	DW = 1.74
	

	Sample = 1982Q3 to 2006Q1
	



In interpreting the results from cointegration, one must keep in mind two facts.  First, a cointegrating vector implies a long-run stable relationship among jointly endogenous variables arising from constraints implied by the economic structure on the long-run relationship.  Secondly, the smaller the number of cointegrating vectors, the less stable will be the system of non-stationary cointegrated variables.  For our purpose, the results of cointegration imply an unstable relationship between the pound sterling and the dollar.  The broad conclusion that emerges from cointegration is that the exchange rate and the pound sterling are not cointegrated with forcing variables.

The next step was to estimate the monetary model in restricted and unrestricted forms as represented by equations (1) and (2).  Equations (1) and (2) were estimated both as fixed coefficient models and varying coefficient models.  The results are presented below, and the detailed results are presented in the appendix.  United Kingdom data were obtained from the Bank of England web site, while United States data were obtained from the Federal Reserve Bank of St. Louis web site.  Both sets of data are quarterly data covering the period 1982 quarter 3 to 2006 quarter 1.


The results based on the fixed coefficient models as well as the varying models do not have the coefficient estimates that are numerically close to satisfying the monetary restrictions.  Furthermore, many of the coefficient estimates do not have the same signs as those predicted by the monetary model.                                                            
V

In this paper the monetary model of exchange rate determination is examined for the Pound Sterling against the U.S. dollar exchange rate using quarterly data over the period 1982 to 2006.  Only one single long-run relationship was found between the exchange rate, money supply, industrial production, and the short-term interest rate.  Theory suggests there should be at least three cointegrating relationships.  Two versions of the monetary model were estimated using the Kalman filter, and making use of the maximum likelihood method of estimation.  The models were estimated both as fixed coefficient and varying coefficient models.  Neither the fixed coefficient models nor the varying coefficient models proved to have the coefficient estimates that are numerically close to satisfying the monetary model restrictions.  Moreover, many of the coefficient estimates do not have the same signs as those predicted by the monetary model.
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*****************************************************************************

***   This is equation 1.

***        Stochastic level and slope.

*****************************************************************************

EM Step     0  with likelihood kernel    2.7231735

EM Step     5  with likelihood kernel    2.7452035

EM Step: no increase in loglikelihood

ML Init     0  with likelihood kernel    2.7452035

ML Init     5  with likelihood kernel    2.8401532 (perc.increase    3.46)

 MaxLik iterating...

it    5 lik =      2.85400034 crit1 =   0.00191 crit2 =   0.00694 crit3 =   0.05592 dstep =   0.3500

it   10 lik =      2.85809178 crit1 =   0.00018 crit2 =   0.00203 crit3 =   0.02528 dstep =   0.3964

parameter is automatically restricted

it   15 lik =      2.85869302 crit1 =   0.00000 crit2 =   0.00023 crit3 =   0.00249 dstep =   1.0000

it   20 lik =      2.85876338 crit1 =   0.00000 crit2 =   0.00007 crit3 =   0.01563 dstep =   1.0000

parameter is automatically restricted

it   25 lik =      2.85876913 crit1 =   0.00000 crit2 =   0.00001 crit3 =   0.00000 dstep =   0.0000

 Strong convergence relative to 1e-006

 - likelihood cvg 1.46333e-013

 - gradient cvg 8.00944e-006

 - parameter cvg 2.06079e-010

 - number of bad iterations 1

Estimation process completed.

UC( 1) Modelling ER by Maximum Likelihood (using Paper33_v2.in7)


The selection sample is: 1982(3) - 2006(1)


The model is:  Y = Trend + Irregular + Cycle 1 + Explanatory vars

Log-Likelihood is 271.583 (-2 LogL = -543.166).

Prediction error variance is 0.00232022

Summary statistics

 std.error       0.048169

 Normality         6.0820

 H(30)            0.33549

 r(1)            0.086421

 r(8)           -0.089262

 DW                1.7945

 Q(8,5)            15.107

 Rd^2            0.024837
 Variances of disturbances.

Component                     Value    (q-ratio)

Level                        0.0022491 ( 1.0000)

Slope                          0.00000 ( 0.0000)

Cycle                      1.3255e-005 ( 0.0059)

Irregular                      0.00000 ( 0.0000)

 Parameters in Cycle

Variance                    0.00041484

Period                          8.5574

Period in years                 2.1393

Frequency                      0.73424

Damping factor                 0.98389

State vector analysis at period 2006(1)

 - level is 2.01543 with stand.err 2.22212.

 - slope is 0.00346325 with stand.err 0.00657251.

 - amplitude of Cycle 1 is 0.00518343

 Regression effects in final state at time 2006(1)

       Coefficient   stand.err     t-value      prob

M2         0.28941     0.44822     0.64569 [0.52012]

IP        -0.15654     0.39488    -0.39642 [0.69273]

TB        -0.00536     0.00766    -0.69968 [0.48593]

*****************************************************************************

***   This is equation 2.

***        Fixed level and slope.

*****************************************************************************

EM Step     0  with likelihood kernel    2.1696721

EM Step     1  with likelihood kernel    2.1696780 (perc.increase    0.00)

ML Init     0  with likelihood kernel    2.1696780

ML Init     5  with likelihood kernel    2.8257968 (perc.increase   30.24)

 MaxLik iterating...

it    5 lik =      2.85838339 crit1 =   0.00021 crit2 =   0.00444 crit3 =   0.03431 dstep =   0.3500

it   10 lik =      2.85928663 crit1 =   0.00001 crit2 =   0.00031 crit3 =   0.00776 dstep =   1.0000

it   15 lik =      2.85937309 crit1 =   0.00000 crit2 =   0.00017 crit3 =   0.00000 dstep =   0.0001

parameter is automatically restricted

it   19 lik =      2.85939229 crit1 =   0.00000 crit2 =   0.00000 crit3 =   0.00000 dstep =   1.0000

 Very strong convergence relative to 1e-006

 - likelihood cvg 1.38039e-012

 - gradient cvg 3.32795e-009

 - parameter cvg 8.45288e-007

 - number of bad iterations 0

Estimation process completed.

UC( 2) Modelling ER by Maximum Likelihood (using Paper33_v2.in7)


The selection sample is: 1982(3) - 2006(1)


The model is:  Y = Trend + Irregular + Cycle 1 + Explanatory vars

Log-Likelihood is 271.642 (-2 LogL = -543.285).

Prediction error variance is 0.00222617

Summary statistics

 std.error       0.047182

 Normality         6.8441

 H(30)            0.28725

 r(1)            0.086105

 r(8)           0.0047187

 DW                1.8156

 Q(8,5)            18.097

 Rd^2            0.064368
 Variances of disturbances.

Component                     Value    (q-ratio)

Level                          0.00000 ( 0.0000)

Slope                          0.00000 ( 0.0000)

Cycle                        0.0020406 ( 1.0000)

Irregular                      0.00000 ( 0.0000)

 Parameters in Cycle

Variance                      0.010941

Period                          37.169

Period in years                 9.2923

Frequency                      0.16904

Damping factor                 0.90194

State vector analysis at period 2006(1)

 - level is 1.16652 with stand.err 1.58512.

 - slope is 0.00256278 with stand.err 0.00369639.

 - amplitude of Cycle 1 is 0.0713784

 Regression effects in final state at time 2006(1)

       Coefficient   stand.err     t-value      prob

M2         0.13108     0.31330     0.41836 [0.67668]

IP        -0.15009     0.40102    -0.37427 [0.70908]

TB        -0.00544     0.00768    -0.70836 [0.48055]

*****************************************************************************

***   This is equation 3.

***        Stochastic level and slope.

*****************************************************************************

EM Step     0  with likelihood kernel    2.7255865

EM Step     1  with likelihood kernel    2.7266759 (perc.increase    0.08)

ML Init     0  with likelihood kernel    2.7266759

ML Init     5  with likelihood kernel    2.8021170 (perc.increase    2.77)

 MaxLik iterating...

parameter is automatically restricted

it    5 lik =      2.80246776 crit1 =   0.00000 crit2 =   0.00019 crit3 =   0.00000 dstep =   0.0000

it   10 lik =      2.81352174 crit1 =   0.00009 crit2 =   0.00648 crit3 =   0.10302 dstep =   0.7000

it   15 lik =      2.81513283 crit1 =   0.00000 crit2 =   0.00001 crit3 =   0.00085 dstep =   1.0000

it   20 lik =      2.81513890 crit1 =   0.00000 crit2 =   0.00016 crit3 =   0.00474 dstep =   0.4596

parameter is automatically restricted

it   24 lik =      2.81514587 crit1 =   0.00000 crit2 =   0.00001 crit3 =   0.00000 dstep =   0.0010

 Strong convergence relative to 1e-006

 - likelihood cvg 8.60526e-013

 - gradient cvg 8.83682e-006

 - parameter cvg 5.56868e-009

 - number of bad iterations 2

Estimation process completed.

UC( 3) Modelling ER by Maximum Likelihood (using Paper33_v2.in7)


The selection sample is: 1982(3) - 2006(1)


The model is:  Y = Trend + Irregular + Cycle 1 + Explanatory vars

Log-Likelihood is 267.439 (-2 LogL = -534.878).

Prediction error variance is 0.00221964

Summary statistics

 std.error       0.047113

 Normality         4.6813

 H(29)            0.35629

 r(1)             0.12897

 r(8)           -0.034305

 DW                1.7122

 Q(8,5)            17.224

 Rd^2            0.067111
 Variances of disturbances.

Component                     Value    (q-ratio)

Level                        0.0021745 ( 1.0000)

Slope                          0.00000 ( 0.0000)

Cycle                      1.5343e-005 ( 0.0071)

Irregular                      0.00000 ( 0.0000)

 Parameters in Cycle

Variance                    0.00042077

Period                          8.7629

Period in years                 2.1907

Frequency                      0.71702

Damping factor                 0.98160

State vector analysis at period 2006(1)

 - level is 15.2603 with stand.err 7.71786.

 - slope is 0.0240425 with stand.err 0.013313.

 - amplitude of Cycle 1 is 0.00261696

 Regression effects in final state at time 2006(1)

              Coefficient   stand.err     t-value      prob

USM2NL           -0.68493     0.62653    -1.09322 [0.27732]

USIPINL          -0.05933     0.51477    -0.11525 [0.90851]

USTB             -0.01732     0.01182    -1.46461 [0.14663]

UKM2NL           -0.69634     0.49042    -1.41989 [0.15921]

UKIPINL           0.27699     0.50553     0.54792 [0.58515]

UKTB              0.00316     0.00772     0.40881 [0.68368]

*****************************************************************************

***   This is equation 4.

***        Fixed level and slope.

*****************************************************************************

EM Step     0  with likelihood kernel    2.1152027

EM Step     1  with likelihood kernel    2.1152919 (perc.increase    0.01)

ML Init     0  with likelihood kernel    2.1152919

ML Init     5  with likelihood kernel    2.7160742 (perc.increase   28.40)

 MaxLik iterating...

it    5 lik =      2.81290599 crit1 =   0.00012 crit2 =   0.00191 crit3 =   0.01709 dstep =   1.0000

it   10 lik =      2.81382452 crit1 =   0.00000 crit2 =   0.00019 crit3 =   0.00489 dstep =   0.3090

parameter is automatically restricted

it   15 lik =      2.81389065 crit1 =   0.00000 crit2 =   0.00000 crit3 =   0.00001 dstep =   1.0000

it   17 lik =      2.81389065 crit1 =   0.00000 crit2 =   0.00000 crit3 =   0.00000 dstep =   0.0000

 Strong convergence relative to 1e-006

 - likelihood cvg 0

 - gradient cvg 1.06542e-006

 - parameter cvg 0

 - number of bad iterations 1

Estimation process completed.

UC( 4) Modelling ER by Maximum Likelihood (using Paper33_v2.in7)


The selection sample is: 1982(3) - 2006(1)


The model is:  Y = Trend + Irregular + Cycle 1 + Explanatory vars

Log-Likelihood is 267.32 (-2 LogL = -534.639).

Prediction error variance is 0.00220116

Summary statistics

 std.error       0.046917

 Normality         2.9427

 H(29)            0.29761

 r(1)             0.11609

 r(8)            0.015324

 DW                1.7458

 Q(8,5)            19.569

 Rd^2            0.074877
 Variances of disturbances.

Component                     Value    (q-ratio)

Level                          0.00000 ( 0.0000)

Slope                          0.00000 ( 0.0000)

Cycle                        0.0021015 ( 1.0000)

Irregular                      0.00000 ( 0.0000)

 Parameters in Cycle

Variance                      0.030091

Period                          68.944

Period in years                 17.236

Frequency                     0.091135

Damping factor                 0.96445

State vector analysis at period 2006(1)

 - level is 16.649 with stand.err 8.21597.

 - slope is 0.0247319 with stand.err 0.0126884.

 - amplitude of Cycle 1 is 0.128349

 Regression effects in final state at time 2006(1)

              Coefficient   stand.err     t-value      prob

USM2NL           -0.82029     0.70605    -1.16181 [0.24849]

USIPINL           0.15604     0.52697     0.29610 [0.76786]

USTB             -0.01572     0.01210    -1.29895 [0.19739]

UKM2NL           -0.85944     0.48619    -1.76771 [0.08062]

UKIPINL           0.48046     0.51183     0.93871 [0.35048]

UKTB             -0.00192     0.00792    -0.24192 [0.80941]
24
June 24-26, 2007
Oxford University, UK


