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Abstract

This paper constructs a dynamic macroeconomic model to analyse the convergence hypothesis and the interdependence of economic policy between the UK and Europe, were the UK to join the Euro zone. There are two key dynamics: those of share prices and those of output. The theoretical structure developed in the paper is then used to form the basis of an econometric model with vector error correction form, and estimated for the years 1980-2000, subject to the weak exogeneity of the explanatory variables. Where exogeneity is rejected, instrumental variables are constructed and tested for suitability and validity. A fully simultaneous system is then estimated, and the restrictions implied by the economic model for its empirical implementation are investigated. The estimated model is then tested for stability and forecast accuracy, and the possibility of structural breaks is investigated. The analysis reveals that the imposition of monetary union on its own would not guarantee convergence between the UK and the Euro zone, and highlights the problems of fiscal cannibalism that are likely in the absence of a coordinated fiscal policy.
1. Introduction

This paper analyses the effects of the interdependence of economic policy between the UK and Europe, under the tentative assumption that the UK joins the Euro zone. A dynamic macroeconomic model is constructed to represent the two key dynamics of share prices and output. One approach would be to construct and estimate two econometric models, one for the UK and another similarly specified for the Euro zone. An alternative, adopted here, is to combine the two models to create one in terms of relative values of certain key variables. As indicated above, these key variables are relative share prices and relative income. Relative net government expenditure is also included as the instrument of fiscal policy. Monetary policy operates through the aggregate money supply for the UK and the Euro zone monetary aggregate. Thus, the UK and the Euro zone are allowed to have separate and different actual fiscal policies but the same monetary policy. 
An econometric model is then derived from this theoretical structure using a VECM form and estimated for the years 1980-2000, the years during which the ECU and the Euro have been in existence. Where weak exogeneity of the explanatory variables is rejected, instrumental variables are constructed and tested for suitability and validity. A fully simultaneous system in terms of the above relative values is then estimated, and the restrictions implied by the economic model for its empirical implementation, such as a possible classical dichotomy, are investigated. The estimated model is then tested for stability and forecast accuracy. Possible structural breaks are investigated and the rapid growth in share prices of late 1990s is related to the macroeconomic environment in which it took place. 
The model is experimental in nature as it combines actual dynamic interaction between the UK and the Euro zone, combined with a superimposed monetary union, which has not yet actually occurred. The experiment takes the form of applying the same monetary policy and then estimating the model with this restriction. 
The theoretical framework used is a dynamic extension of the model of monetary integration of Levin (1983), which itself draws heavily on the insights provided by the classic works in this field, such as Mundell (1961) and McKinnon (1963). However, in recognition of the importance played by the stock markets, the aggregate expenditure function used in those models has been replaced with a formulation first proposed by Blanchard (1981), which highlights the importance of share price dynamics. The model provides an interesting counterpoint to more recent contributions in the field, namely Frankel and Rose (1998) and Artis and Zhang (1997).
We find that there would be substantial implications for the UK economy was it to be a member of the Euro zone. The analysis reveals the effect of monetary union on policy interdependence, and the fiscal cannibalisation effects that are likely in the absence of a coordinated fiscal policy. It also points out that relative income differences and relative share price differences would continue, in a partially stable way.
The paper is set out as follows. In section two the theoretical model is presented, followed in section three by the empirical analysis. In section four the policy analysis is conducted, and in section five conclusions are offered.

2. Theoretical Considerations

In this model, there are two countries, joined together by monetary union. For the purpose at hand, these two countries are taken to be the UK and the Euro zone. Additionally, there is a “large” third country, which is taken to be the US, which affects the union via the exchange rate and interest rate (that is, its monetary policy stance). The model highlights the interdependence of economic policy, both within the currency union and between the union and the large outside country. Capital is taken to be perfectly mobile between all countries. For both the Euro zone and the UK countries there is an aggregate expenditure equation and a stock market dynamics equation, which have standard forms, as detailed below, and are combined together to give a measure of relative income and relative share prices between the Euro zone and the UK. In contrast, the money demand functions for the two union countries are added together, as under a monetary union. The same notation is used for variables and coefficients for each country, denoting those for the Euro zone with the superscript 
[image: image1.wmf]EU

, those for the UK by the superscript 
[image: image2.wmf]UK

, and those for the third country by the superscript 
[image: image3.wmf]US

.

For each of the UK and the Euro zone, there are two key dynamics, those of share prices, and of output. Taking first the Euro zone as an example, the stock market is represented by the familiar (Blanchard, 1981) share values equation 
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where 
[image: image5.wmf]q

 is the share price, 
[image: image6.wmf]p

 the real profit and 
[image: image7.wmf]r

 the real interest rate, which is determined exogenously by the central bank’s inflation target and nominal interest rate decision. Differentiating with respect to time and writing in discrete time gives
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Profit is taken to be a function of output, 
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, which, substituting into equation ( 2) and linearising around steady state values 
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A similar expression exists for the UK, namely

	
[image: image13.wmf]UK

t

UK

UK

t

UK

UK

t

UK

UK

r

q

q

r

y

q

+

+

-

=

D

-

-

1

1

f


	( 4)


We can now combine these two expressions to give 
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which is an equation written in terms of the relative values 
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, and measures convergence in share prices. This will form the basis of the first dynamic equation of our system.

Turning now to the aggregate expenditure equations
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Taking equation ( 6) as an example, aggregate expenditure in the Euro zone, 
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, comprises several components. Firstly, investment, which varies positively with the share price, 
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, secondly, domestic consumption, which varies positively with lagged domestic income, represented by the term 
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, and thirdly, government borrowing, 
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, taken to be exogenous. Finally, a number of additional terms are included to capture open economy effects feeding through net exports, which depend positively on lagged foreign income via the term 
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. The exchange rate is defined as the price of the Dollar in terms of the Euro currency, and a fall in 
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 is therefore an appreciation of the Euro and a depreciation of the Dollar. A trade shock term, 
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, is added to capture exogenous external shocks and influences to the trade account. Equation ( 7) follows suit for the second union country. 

The interest determination functions for each of the UK and the Euro zone are considered next. The nominal rate of interest in each country is determined by own income and the real money supply.
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The model given by equations ( 5) through to ( 9) is now solved explicitly. First, the interest determination equations for the two union countries are amalgamated to form equation ( 10), since in the union there is a common interest rate, 
[image: image33.wmf]r

, a common inflation rate, 
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Recalling that long run purchasing power parity implies that 
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 equation ( 10) can be written in final form as
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Substituting equation ( 11) into equation ( 5) yields the first dynamic equation for relative share prices, which measures convergence of share prices between the Euro zone and the UK:
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The second dynamic equation is formed by substituting equations ( 6) and ( 7) into the standard output equals expenditure equation, 
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 is the speed of output adjustment, which, using the definition of the relative income, 
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where the relative fiscal stance, 
[image: image47.wmf]g

, is defined as 
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. Equation ( 13) can then be written as 
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which models the dynamic convergence behaviour of income between the Euro zone and the UK. By combining equations ( 12) and ( 14) we obtain the following representation of the dynamics of the combined economic systems
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which is a system of two difference equations for changes in the relative share price and changes in relative nominal GDP (
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 and 
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). There are three concepts of equilibrium that could potentially characterise the model: (i) complete convergence, where 
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 with characteristics given by the empirical model; (iii) an unstable divergent system. In all three cases 
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 may differ from zero, as the system moves around a long-run steady-state. Which of these three types of equilibria best describes the Euro zone under the imposed restriction of a single currency is an empirical matter considered in the next section.
3. Empirical Analysis

The implicit solution to ( 15), if the system is stable, is that both 
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 are zero (that is, the relative share value and relative GDP are stationary). For 
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 to be zero, a combination of the share value, the relative income, and the combined money stock should relate in such a way to produce a zero effect. Likewise, for 
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 to be zero, this implies that the share value, and relative income, relative government expenditure, the trade shock and the total union income are combined in a way to produce a zero effect. This may imply that these two groups of variables are individually cointegrated, a possibility which is investigated using standard Johansen (1988, 1992) techniques. This approach would in turn suggest that the model is of the error correction type, with the two groups of co-integrating variables acting as attractors, which will correct deviations of both 
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 from zero or the equilibrium path. 
The dependent variables are relative GDP [definition – which measure?], and relative share prices [definition – which index]; and the independent variables are the monetary aggregate 
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, which is the sum of M2 in the Euro zone and UK, the exchange rate 
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, which is the Euro-Dollar spot rate, relative government borrowing 
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, which is government borrowing [definition – precise measure?], total union income 
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, which is the sum of GDP in the Euro zone and UK, and a trade shock variable 
[image: image66.wmf]T

, which is the change in the oil price [definition –which oil price?]. All variables are nominal, and the annual data spans the twenty-year period 1980-2000 during which the ECU and Euro have been in existence.

3.1 General Specification

The underlying theory in this paper results in the two equation model ( 15), which relates changes in the two variables (
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 includes other variables, such as the oil price, which are included in the specification and will be discussed later.  
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Such a model is error correcting in functional form and the statistical legitimacy of such a specification is the first question to be considered.

The model specification includes seven time series variables and their order of integration should be assessed.  However before such tests can be applied the possibility of structural breaks will be considered. 

The possible presence of structural breaks and the implications for non stationary can be dealt with by several methods such as those suggested by Banerjee et al (1993) and Zivot and Andrews (1992)  suggesting a joint hypothesis of the null of a unit root and no structural break.. Perron (1994) however uses the additive and innovative outlier approach, to test for the presence of a unit root where a structural break is allowed for, under the null and alternative hypotheses. In this framework attention is focused on the unit root hypothesis. The Perron (1994) approach is used as it tends to have higher power in unit root testing.

The possibility of structural breaks can be done by using recursive diagnostics such as CUSUM and CUSUMSQ. From this perspective, the hypothesis of structural breaks could not be rejected for any of the seven variables. The point at which a structural break occurs was identified by recursive estimation and found to be 1995. Conditional on this result, each series was tested for the order of integration by a modified Augmented Dickey Fuller test where the lag length was selected by the AIC statistics Three specifications of the structural break variables, DU, DT and DB were included, where 
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with 
[image: image80.wmf]1995

=

Tb

. Not all of the three structural break variables were required in each test but at least one was required for each test and in many cases all three were required in the ADF auxiliary equation.

The possibility of I(2) processes were also considered in each of the seven variables  but this was rejected for all seven variables, once structural breaks were allowed for.

3.2 Modelling Strategy

From the unit root (non-stationarity) tests, all seven of the variables in the model are individually non-stationary with a high probability of a unit root in each. Consequently, the first differences of 
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The model specification given in equations ( 15) and ( 16) includes the seven variables discussed above, and suggests that statistically these should be considered as a VAR system, 
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A vector error correction model (VECM) would be a restricted version of this VAR, depending on the existence of cointegrating vectors, which would be the basis of the error correcting formulation. In addition the form of the model suggested by the economic theory implied by equations ( 15) and (16), is one in two equations. This is only allowable if the variables other than the endogenous variables in equations ( 15) and ( 16) are exogenous to the VECM system.
Two sets of tests must therefore be implemented: (i) the existence of cointegrating vectors must be investigated; and (ii) the exogeneity of the variables in 
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 other than 
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 must be tested.

Cointegration Rank
The presence or otherwise of a deterministic trend can influence the tests for cointegration rank so to allow for this a trend was specified and tested in the VAR process. The likelihood ratio value for a linear trend was found to be
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	Table 1 Likelihood Ratio Test for a linear trend in the seven variable VAR


This suggests strongly that a trend should be included in cointegration rank test. The cointegration rank was tested using the approach of Johansen (1988, 1992) and was based on the maximal Eigenvalue and trace statistics. A deterministic trend was also included following the test (Table 1) above. The rank cointegration tests given in Table 2, where all seven variables are included in the vector system plus a linear trend, indicate rank two (or possibly, from the trace test alone and with much lower probability, rank three).
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Key: (a) States the 
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; (b) are the computed Eigenvalues; (c) are the maximal Eigenvalue statistics; (e) are the computed Trace statistics; (d) and (f) are critical values.
Table 2 Cointegration and the seven-equation VAR

How these cointegrating vectors relate to the equation specification ( 15) requires  investigation. The specification ( 15) has two equations
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 and stationary and it is then necessary to seek evidence for and against cointegration in these sub vectors. The test results are given in Table 3 for the share equation and in Table 4 for the income equation.
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Table 3 Cointegration and the five variables in the share equation (key as for Table 2)
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Table 4 Cointegration and the five variables in the income equation (key as for Table 2)
In both equations the hypothesis of no cointegrating vectors can be rejected, with the implication that there is likely to be at least one cointegrating vector in each equation specification. The rejection is strongest amongst the variables in the share equation by both Maximal Eigenvalue and Trace tests.
Exogeneity
The two equation system however contains all seven variables in the original vector 
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 (relative income). To further justify the two equation model the remaining five variables: 
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 and 
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 should be at least weakly exogenous (Engle et al 1983). Testing for this is equivalent to testing the significance of the corresponding elements in the 
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 is a (7x2) matrix of adjustment parameters and 
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 is (2x7) matrix of the cointegrating coefficients. Attention is focused on the significance of the elements of 
[image: image151.wmf]a

 associated with the five variables.

Two sets of test statistics were computed, the Likelihood Ratio values (Table 5) and the asymptotic t-values (Table 6). From these results the null of exogeneity cannot be rejected for 
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, and 
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 but it is rejected for 
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 in both cointegrating vectors and for 
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 in the second cointegrating vector. Both of these variables must therefore be considered as endogenous.

Inder (1993) suggests that the problem of endogeneity may not be very important as any inconsistency arising in the estimation of ( 15), where endogenous variables are treated as if they were exogenous would be cancelled out by the super consistency property associated with estimates of a cointegrating vector. The use of instrumental variables aims to reduce the inconsistency in the first instance.
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Table 5 Likelihood Ratio Values for the 
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Table 6 Asymptotic t-values for the 
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Instrumental Variables

To retain the two equation model and avoid inconsistency in estimation, both 
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 and 
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 were instrumented to satisfy the requirements of exogeneity. For 
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 (total money supply of Euro zone and UK), two instruments were considered public sector borrowing in the UK and public sector borrowing in the Euro zone.

Both were significant in the first stage equation with an F statistic of F (2, 16) = 19.68 [0.0000] indicating that the two public sector debt issues were not weak instruments. Not surprisingly, Euro zone public debt issue was much more significant than UK debt issue in the auxiliary first stage regression.

Instrumenting total income (UK and Euro zone) 
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 was more problematic. It was decided to use lagged 
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 as the instrument to avoid inconsistency.

Cointegration and the two equation model

Given that there was evidence that the VAR was of cointegration rank 2, these vectors should be more closely examined. In particular the relationship between the cointegrating vectors and the long run components of the two equation of interest should be considered. Two vector systems one specified from the variables in the relative share (
[image: image172.wmf]q

) equation and the other from the relative income (
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) equation were tested for cointegration. The test statistics reported in Table 3 and Table 4 both reject a rank of zero but not a rank of one.

Since the rank of the full system is at least two where all seven variables and trend are included, the statistics of Table 3 and Table 4 would indicate that the two equations of the economic model ( 15) do include the two cointegrating vectors.
Identification within the Cointegration Space

Normalising the cointegrating vectors on 
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 and 
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 rotates the cointegration space, but does not affect the value of the likelihood. It does however affect the coefficient sizes by scaling them relative to unity on the selected dependent variables. Now estimating the system with normalisation and economic restrictions imposed both long run equations are identified within the cointegration space. This implies that the income equation and the share price equation statistically do model the behaviour of the two aspects of the model and increase confidence in the results obtained. Since each of the equations in the model ( 15) includes cointegrating vectors this implies a long run property embedded in each of the two equations. This strengthens considerably the usefulness and reliability of the model.
Parameter estimates

Final parameter estimates are given in Table 7 with the associated system and equation diagnostics. All the explanatory variables are significant in both equations (except for the constant terms) and the signs are as suggested by the theory underlying equation ( 15). Both the share price and the relative income equations are strongly and significantly error correcting, and reverting to the long run model embedded in both equations.
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Table 7: Maximum Likelihood Instrumental Variable estimates with restrictions and structural change specified; t-statistics in round parentheses; (*) significance at 5% level; probability values in square parentheses.

Parameter constancy is linked to concept of predictive failure (Hendry, 1979) and evaluates one step ahead forecasts from the empirical model against the post estimation sample realisation of the data. Forecast constancy tests (Hendry and Doornik, 1994) were based on the statistics 
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Table 8: One Step Out of Sample Forecast Analysis (subscripts 1 and2 refers to the share and income equations respectively)
The parameter constancy tests (predictive failure) indicate that the forecasts are not significantly far from actual realised values by both the 
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 and the F-tests.

Under the equilibrium concept of complete convergence, 
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 would all attract zero coefficients, with any short run changes in 
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. From the results of  Table 7 this convergence must be rejected as all of the variables are very significantly different from zero.
Thus, the possibilities remain of a non-convergent steady state or an unstable divergent system. From the cointegration characteristics in Table 3 and Table 4 and the parameter constancy prediction tests, it can be seen that the model contains long run stability within the cointegration space and is identified. This leads to a rejection of the non unstable divergent system. The model is thus characterised as having a non-convergent steady state, where 
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 with a stable dynamic path, but one which is not convergent in share prices or income. In other words, even with the restriction of a single currency, the economies of the UK and the Euro zone do not converge, but to remain in a steady-state stable relationship with one another. This does not mean that convergence will not happen, but rather that with the fiscal stance over the data span 1980-2000 even with a common currency imposed, convergence is unlikely. However, it can be shown using the phase diagram below, that a coordinated fiscal and monetary stance could potentially achieve convergence.
Phase Diagram
It is clear by setting 
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 in equation ( 15), and using the parameter estimates given in Table 7, that the slopes of the phase lines for system may be given by 
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 respectively. Moreover, given the system possesses real characteristic roots and 
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 is the negative Eigen value. It may be further noted that this is of smaller magnitude than the slope of the 
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 phase line, and thus the phase diagram for this system may be represented as shown in Figure 1. 
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Figure 1 Phase Diagram
4 Policy Analysis

In view of the results of Table 7 that all of the variables are very significantly different from zero, the equilibrium point 
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 (which represents the non-convergent steady-state solution) is not synonymous with the origin 
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 (which would represent the complete convergence equilibrium). This then begs the question as to whether some appropriate combination of fiscal and monetary policies could achieve complete convergence, were that considered to be desirable. In other words, is it possible to vary 
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 and 
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 in such a way to effect a move from point 
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 to point 
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. In the next two subsections fiscal and monetary policy are analysed independently, and then in combination.
4.1 Fiscal Policy

In the section the effect of fiscal policy is analysed. In this paper, the effect of fiscal policy is captured by the variable 
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, which measures the relative fiscal stance between the Euro zone and the UK. A rise in 
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 therefore represents a divergence in the fiscal policy stance between the two groups, for example, a fiscal expansion in the Euro zone relative to the UK. It is clear from inspection of equation ( 15) that the effect of a rise in 
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 shifts the 
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 phase line vertically upwards by a factor 
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. This is depicted on Figure 2.
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Figure 2 Fiscal Policy
In the long run, the effect of a rise in 
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 is a rise in relative income, 
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, and a rise in the share price, 
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. The first result is a manifestation of the classical “beggar thy neighbour” result outlined by Levin (1983), or as termed in this paper “fiscal cannibalisation”. A fiscal expansion by one partner within a monetary union relative to other partner(s) increases their income relative to the other partners, and widens the income gap between the partners (that is, increases 
[image: image237.wmf]y

). The consequent policy prescription that follows from this result is that if policy makers in a monetary union care at all about relative incomes, or to put it another way, inequality of incomes between partner countries, then fiscal policy must be the instrument to achieve greater equality, and must therefore be coordinated between partners. This is therefore a conditional example of the idea that monetary union necessitates fiscal policy coordination. The second result flows from a modified multiplier process arising from the relative fiscal expansion, but one which acts through the effect of increased profits feeding through into the stock market, and hence the general index of share prices, 
[image: image238.wmf]q

. Since this share index comprises some mix of elements from all partners within the monetary union, and there is free capital movement within the union, all partners have some exposure to this index and hence are not immune from experiencing its increase. 

The short run dynamics of the system are also interesting. Following the change in fiscal stance, the system jumps instantaneously from the initial equilibrium, point A on Figure 2, to point B on the saddle path, SS, and then adjusts gradually to the new long run equilibrium, point C. The system is therefore characterised by “undershooting” behaviour of the share price. From the no-arbitrage condition ( 2), it is clear that there is an expectation that share prices will rise during the period of adjustment to the new long run equilibrium, and this is reflected by the movement B to C along the saddle path
. As output is unable to adjust instantaneously to the rise in demand generated by the fiscal expansion, the share price adjusts upwards instantaneously to offset the increased demand.
4.2 Monetary Policy

The effect of monetary policy is now analysed. An expansionary Union monetary stance is represented by a rise in the variable 
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. By inspection of equation ( 15) it may be seen that the effect of a rise in 
[image: image240.wmf]M

 is that the 
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 phase line is shifted vertically upwards by a factor 
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, as shown in Figure 3.
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Figure 3 Monetary policy
The effect of a monetary expansion by the union central bank, a rise in 
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, has the long run effect of a fall in relative income, 
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, and a rise in the share price, 
[image: image246.wmf]q

. The first result means that the income gap between partners in the union narrows, and this is clearly a positive result if income inequality is an important concern for policy makers in the union. The monetary expansion reduces the common interest rate in the union, stimulating borrowing and investment, and hence income, but in a way that narrows the gap between relative incomes, that is reduces 
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. The second result arises through the consequential effect of the monetary expansion of increased consumption and investment in boosting profits and hence share prices, 
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.
Once again, the short run dynamics of the system are also worthy of interest. At the instant that the monetary expansion takes effect, the system jumps instantaneously from the initial equilibrium, point A on Figure 3, to point B on the saddle path, SS, and then adjusts gradually to the new long run equilibrium, point C. In contrast to changes in fiscal policy, in response to monetary policy changes the system is characterised by “overshooting” behaviour of the share price. It is evident from the no-arbitrage condition, ( 2), that there will be an expectation that share prices will fall during the period of adjustment to the new long run equilibrium, and this is reflected by the movement down the saddle path from B to C
. To reconcile this apparent contradiction between a long run rise and a short run fall in the share price, the share price adjusts upwards instantaneously by more than the required long run level, from point A to point B, and then adjusts down to the new long run level over time.
4.3 Convergence

From the analysis in the previous two subsections it is clear that the only way of achieving the complete convergence solution is to pursue some combination of fiscal and monetary policy, since neither in isolation would be capable of moving the equilibrium from point 
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 to point 
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 in Figure 1. In particular, as Figure 3 demonstrates, monetary policy only moves the system along the 
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 locus (for example from 
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 to 
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), and thus is incapable alone of achieving convergence. Moreover, as Figure 2 shows, fiscal policy only moves the system along 
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 locus, and this in itself is not capable of achieving point 
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 where complete convergence is realised. However, the combination of a monetary stance that positions the  
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 locus through the origin, and a coordinated fiscal policy that moves the 
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 locus down so that it too passes through the origin, would together achieve complete convergence. The coordinated fiscal stance, however, does imply that 
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 must fall, in other words that there must be considerable tightening of fiscal policy in the Euro zone relative to the UK, which has serious political and institutional ramifications. Of further concern, however, is that structural differences between the UK and the Euro zone may mean that external shocks have the capacity to affect the UK and the Euro zone in an asymmetric way such as to move the system away from the complete convergence point 
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. The affect of asymmetric shocks are detailed in the final subsection.
4.4 Asymmetric Shocks

A key concern for policy makers within a monetary union is the effect of external shocks that affect some members disproportionately to others. A good example of this within the European Union is the effect of oil prices, which tend to affect oil producers like the UK differently to the Euro-zone countries, who only consume oil. In the model, the variable 
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 is included to capture the effect of this type of shock. The variable 
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 is constructed to be the first difference of the oil price, since this more appropriately reflects the effect of a shock to oil prices. It is clear from inspection of equation ( 15) that the effect of an increase in 
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 shifts the 
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 phase line vertically upwards by a factor  
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. Thus, figuratively there is a qualitative equivalence to the representation of fiscal policy depicted in Figure 2. In other words, oil price shocks such as detailed above actually move the system away from the complete convergence point 
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. This further raises concerns whether monetary union with the Euro zone would be a comfortable environment for the UK. 
5. Concluding Comments

This paper constructed a macroeconomic model of the dynamics of share prices and output. This theoretical structure was then used to form the basis of an econometric model to analyse the interdependence of economic policy between the UK and Europe, were the UK to join the Euro zone. This VECM model was estimated for the years 1980-2000, subject to the weak exogeneity of the explanatory variables, and, where exogeneity is rejected, instrumental variables were constructed and tested for suitability and validity. A fully simultaneous system was then estimated, and tested for stability and forecast accuracy. The analysis revealed that the imposition of monetary union on its own would not guarantee convergence between the UK and the Euro zone, and highlights the problems of fiscal cannibalism that are likely in the absence of a coordinated fiscal policy. Moreover, the institutional differences between the UK and the Euro zone, particularly the UK’s status as an oil producer, cast further doubt on the ability to maintain complete convergence in the presence of asymmetric shocks. [more required here]
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	Exogenous trade shock parameter (change in oil price)
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� The statistic � EMBED Equation.3  ��� is a numerical index of parameter constancy which does not take into account parameter uncertainty and correlation between forecasts errors at different time periods and uses � EMBED Equation.3  ���, the within estimation sample estimate of the variance covariance matrix, while � corrects for degrees of freedom and can be interpreted as a model specification test. Alternatively � EMBED Equation.3  ��� is an index of numerical parameter constancy which does take parameter uncertainty but not the intercorrelation between forecasts errors into account while � EMBED Equation.3  ���corrects for degrees of freedom. The � EMBED Equation.3  ��� and � EMBED Equation.3  ��� are distributed as � EMBED Equation.3  ��� and � EMBED Equation.3  ��� respectively where the � EMBED Equation.3  ��� versions are expected to have better small sample properties (Hendry and Doornik, 1994).


� In the paper, the perfect foresight approximation to rational expectations has been assumed throughout. However, � REF _Ref97801199 \h ��( 2�) may be written as � EMBED Equation.3  ���, and thus, if � EMBED Equation.3  ���, due to the rise in interest rates following the fiscal expansion, then � EMBED Equation.3  ���.


� Again it may be noted that � REF _Ref97801199 \h ��( 2�) can be written as � EMBED Equation.3  ���, and thus, if � EMBED Equation.3  ���, due to the fall in interest rates associated with monetary expansion, then � EMBED Equation.3  ���.
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