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6.1 The analysis of Sections 3-5 has deliberately adopted a benchmark version of the ‘Three
Bears’ model where all possible behavioural asymmetries in the structure of the model were
assumed to be absent. This approach was motivated by three main considerations, all of
which are analysed in more detail in the EMU study EMU and the monetary transmission
mechanism:

• first, there is a good deal of empirical evidence to suggest that the
transmission of monetary policy is actually rather similar across EU countries
(see for example Ehrmann, 2000 and Ramaswamy and Sloek, 1998);

• second, to the extent that empirically estimated macromodels do show
evidence of variations in behaviour, these differences are often found to result
from arbitrary differences in equation specification across countries, or from
variations in theoretical specification across models (see BIS, 1995, for a
comprehensive comparative study of this issue); and

• third, it has been argued that even if there are differences in the behavioural
characteristics of EMU, then the very process of EMU may quickly bring
about ‘endogenous convergence’ of these structural characteristics (see
Frankel and Rose, 1998).1 Perhaps the best example relates to the behaviour of
UK consumers who have been found empirically to be more sensitive to
variations in short-term interest rates compared to average behaviour in the
euro area. This can be attributed to the history of relatively high inflation in
the UK that has led to a greater reliance on floating rate mortgage finance.2

It is important to understand the robustness of the conclusions regarding adjustment
mechanisms to different assumptions about predicted economic behaviour, especially with
respect to possible asymmetries between the UK and the euro area.

When the interest elasticity of UK demand is assumed to be higher than in the euro area,
as suggested by some empirical evidence, the ability of the economy to respond to
asymmetric shocks deteriorates since the perverse real interest rate effect is
strengthened. For symmetric shocks, the higher interest elasticity implies that the ECB
would deliver a more vigorous response than the UK, outside EMU, would have
experienced.

If UK prices were assumed to be more flexible than the euro areas, as some evidence
suggests, then output volatility would be reduced inside EMU but inflation variation would
increase as relative prices take on the primary adjustment role. So, depending on
policymakers’ preferences, more flexibility in the UK may be preferred to a case where
price-setting responses in the UK and euro area are both less flexible. However, the
preferred outcome would be characterised by a high degree of flexibility in both the UK
and euro area.

1 This is a particular manifestation of the Lucas critique (see Lucas, 1976) that any model estimated under one policy
regime, in this case an independent monetary policy, is likely to break down when confronted with an alternative regime,
in this case EMU.
2 For an extended discussion, see the EMU study by HM Treasury Housing, consumption and EMU.
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But to the extent that this characterisation is true, it can be argued that any
differences in the preferred means of housing finance, and hence in the
sensitivity of consumers to short-term interest rates, would be less, and in the
limit would disappear once UK consumers were subject to the same monetary
regime as the rest of the euro area.

6.2 Nevertheless, one of the striking conclusions that has emerged from the analysis so far
is that even when behavioural asymmetries are assumed to be absent, interesting and
important differences are apparent in the adjustment mechanisms of the economy inside
EMU compared to outside. 

6.3 But what if there are current and prospective behavioural differences in the structure of
the UK economy compared to the euro area? This question has been examined more
comprehensively elsewhere (see, for example, BIS, 1995). Here it is useful to focus on some of
the more plausible asymmetries to see how understanding of the adjustment processes inside
EMU might be extended. Two particularly important potential asymmetries are examined;
first relating to the sensitivity of demand to interest rates, and second, to the degree of
flexibility of prices. 

What i f  UK demand is  more sens i t ive  to  interest  rates?

6.4 While it has been argued above that there may be reasons why the sensitivity of UK
consumers to short-term interest rates might eventually converge inside EMU, there is
nevertheless a range of arguments as to why UK consumers may be more sensitive to interest
rates. The EMU study by HM Treasury Housing, consumption and EMU examines the
important role played by the UK housing market in the transmission mechanism of monetary
policy, noting in particular the high relative degree of owner occupation. More recently, UK
consumers have increasingly been able to take advantage of their housing equity as a means
of consumer credit via mortgage equity withdrawal (for a theoretical justification of this
transmission channel, see Aoki et al., 2002). The case for a higher elasticity of UK
consumption with respect to short-term interest rates is borne out by empirical estimates of
this elasticity (see NIESR, 2003; OEF, 2002; and the contribution by Geoffrey Meen to the EMU
study Submissions on EMU from leading academics).

6.5 Charts 6.1(a)-(e) and 6.2(a)-(e) below illustrate the simulation responses when:

• the interest rate elasticity in the IS curve is equal to its benchmark value of 0.2
in both the UK and the euro area; and these are compared to

• an alternative where the UK elasticity is assumed for illustrative purposes to
be five times higher (i.e. equal to unity).

6.6 Charts 6.1(a)-(e) compare the sets of responses to the asymmetric demand shock to the
UK considered in earlier sections.
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Chart 6.1: Temporary asymmetric demand shock to UK:
illustration of effect of changing interest-rate elasticity in UK's IS curve
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6.7 With independent monetary policy, macroeconomic responses are very similar for both
versions of the IS curve. This can be explained by the fact that, outside EMU, the increase in
real interest rates in response to the shock is rather moderate, only 0.1 percentage points by
the end of the first year. More of the burden of adjustment is taken by the nominal exchange
rate.

6.8 Inside EMU, the effect of the stronger interest elasticity is more marked. It was noted in
Sections 3 and 4 that the real interest rate channel could become potentially destabilising
under EMU in the face of asymmetric shocks (due to the Wicksellian effect on real interest
rates); Chart 6.1(a) shows how real interest rates fall by 0.2 percentage points. So the effects of
this potential instability become more severe the higher is the degree of interest rate
sensitivity. Inflation, output, the real exchange rate and real interest rates all display increased
cyclicality in their responses in the high-elasticity case. The implications of this in the face of
a random sequence of demand shocks (rather than in the face of a single demand shock) are
examined empirically in Section 7.

6.9 Charts 6.2(a)-(e) compare the sets of responses to a symmetric positive demand shock,
that is a shock not only assumed to hit the UK but also, simultaneously, the euro area. 

6.10 As with the responses to the symmetric demand shock3 described in Section 3, the
differences between the results when the UK is assumed to be inside or outside EMU are
rather small. But comparing the overall UK responses between the two cases with the
different interest rate elasticities, some interesting insights emerge:

• the initial movement in interest rates is largely driven by the effect of the
demand shock on output and so is similar across regimes and for different
versions of the model. Outside EMU, interest rates are brought back towards
base values more quickly in the high-elasticity case since interest rates are
more effective in curbing demand. But inside EMU, interest rates are held
higher for longer since policy is tailored to the lower responsiveness of the
euro area as a whole (see Chart 6.2(e)). So inside EMU, UK output returns to
base more quickly – Chart 6.2(b). This in turn impedes the process of bringing
inflation back to target levels – Chart 6.2(a);

• the depreciation of the real UK-euro area real exchange rate needs to be larger
in the high elasticity case to boost demand by enough to offset the effect of the
stronger interest rate response on demand; and

• as with the asymmetric case, the responsiveness of the economy inside EMU
is more cyclical in the high elasticity case.

6.11 Consideration of these different types of demand shock under different behavioural
assumptions has reinforced arguments developed in Sections 3 and 4:

• the response of output and inflation in the face of a particular shock would not
necessarily get more volatile inside EMU compared to outside. Here, in the case
of the symmetric shock, interest rates would be moved too strongly for the UK
inside EMU when the UK is more interest-sensitive, so the output correction
would be more vigorous than would have occurred outside EMU4; and
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6
More cyclical
responses to
asymmetric
shock when
elasticity is

higher

3 The only difference between that shock and the symmetric demand shock considered here is that the symmetric
demand shock is assumed to feed identically into the respective UK and euro area IS curves. The effect of the rest-of-
the-world shock depends on the degree of openness and the degree of trade exposure to the rest-of-the-world in the
UK and euro area respectively.
4 This effect would be even greater if the assumed policy rule for the UK outside EMU was tailored to the higher interest
rate sensitivity of UK output. This would occur because the UK’s independent monetary policy response to the output
gap would be smaller than the ECB’s response to the euro area output gap because of the greater effect on output of
interest rate charges in the UK.
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• the earlier finding that monetary policy in the UK would tend to ‘under-react’
to UK-specific shocks inside EMU, tending to destabilise the response of real
interest rates, would be made worse when the UK interest rate elasticity is
assumed to be higher.

What i f  UK pr ices  are  more f lex ib le  than in  euro area?

6.12 There is considerable anecdotal and empirical evidence that UK product and labour
markets are more flexible than those in the euro area (see, for example, Barrell and Dury,
2003). The EMU study EMU and labour market flexibility provides corroborative quantitative
and qualitative evidence to the argument that UK labour markets are more flexible.5 But as
already noted, it is important to distinguish clearly between those types of flexibility which
improve the level of potential (e.g. by causing the NAIRU to fall) and those which make the
economy more flexible in response to shocks around that level of potential.6

6.13 Here, as in the previous section, the implications of greater price flexibility will be
examined in a simple way. This is done by analysing the response of the economy if prices
were to be perfectly flexible.7 Two variants are examined. First, the UK alone is assumed to
have more flexible prices while prices in the euro area are assumed to remain sticky. This
allows an examination of the limiting case where the UK is more flexible than the euro area.
Second, euro area prices are also assumed to be perfectly flexible (as was previously assumed
for the responses shown in Section 5, Charts 5.3(a)-(d)). This is interesting because, by
comparing this outcome with the first variant where euro area prices are sticky, it casts light
on whether it is better to be more flexible or more symmetric.

6.14 Charts 6.3(a)-(d) illustrate the first variant, again for a temporary UK-specific shock to
demand, where UK prices alone are assumed to be fully flexible. The results echo the
conclusions arrived at in the previous section where the same shock was examined but the
euro area as well as the UK was assumed to be perfectly flexible. Outside EMU, perfectly
flexible prices allow the UK to achieve its inflation target perfectly with no variability in the
output gap. Any required equilibrating movements in the exchange rate are taken up by shifts
in the nominal exchange rate. But once EMU is entered, the situation changes. Output gap
variability can still be eliminated, but now relative inflation movements are required to take
the burden of greater adjustment. So as Chart 6.3(a) shows, in the face of asymmetric shocks,
inflation volatility is actually higher, not only than in the non-EMU case, but also higher than
in the sticky price EMU situation.8
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5 Higher flexibility of ‘out’ countries raises questions of the incentives for those countries to join a less flexible monetary
union, and for the member countries to accept new members (see Hughes Hallett and Hougaard Jensen, 2002, for
example). These political economy issues are not addressed here.
6 Nevertheless, in practice the contribution of ‘real inertia’ which causes the NAIRU to increase may interact with the
dynamics caused by price stickiness (nominal inertia) to make the adjustment to shocks more protracted (see Layard et
al., 1991).
7 This approach is also adopted in the EMU study Modelling the transition to EMU in the context of explaining movements
in the short-term equilibrium exchange rate.
8 Note also that Chart 6.3(d) shows that the perverse Wicksellian effect on real interest rates disappears inside EMU
when prices are sufficiently flexible because UK inflation does not increase.
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6.15 Comparing the responses in Chart 6.3(a) with those shown in the previous section in
Charts 5.3(a), it can be seen that the required inflation adjustment is slightly larger in the case
when euro area prices are sticky (i.e. in chart 6.3(a)). This would seem to suggest that the
relative degree of price flexibility between the UK and the euro area is relatively unimportant.

6.16 But this would be a misleading conclusion because a large relative price adjustment is
needed in this case whether euro area prices are sticky or flexible. A more important influence
of euro area flexibility on UK responses can be seen, however, when considering the response
to a symmetric shock. When the degree of price flexibility is the same in the UK and the euro
area, the required relative price adjustment is small because the shock is symmetric. But if
price flexibility is high in the UK while prices are sticky in the euro area, the response is more
complicated.
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6.17 Charts 6.4 (a)-(d) illustrate the responses for the same temporary demand shock as
before but now assumed to impinge simultaneously on the UK and the euro area.

6.18 Outcomes are presented for the cases when inside and outside EMU the UK and the
euro area are assumed to have sticky prices, when the UK is assumed to have flexible prices
but the euro area prices remain sticky, and when both the UK and euro area have flexible
prices. The following features of the comparison are noteworthy:

• when both the UK and euro area are assumed to have sticky prices, the
inflation and output responses are very similar whether the UK is inside or
outside EMU, as would be expected given the symmetric ‘behavioural’
structures of the ‘Three Bears’ model;

• if the UK is assumed to have fully flexible prices, then outside EMU, despite
the asymmetry in price setting behaviour, inflation can be controlled perfectly
at target with no output costs. With euro area prices still assumed to be sticky,
the asymmetry gives rise to a required appreciation in the real exchange rate
relative to the euro area (see grey solid line in Chart 6.4(c)). But this is brought
about via the nominal exchange rate (with a contribution from changes in
euro area prices);

• but inside EMU, fully flexible prices imply that the burden of the same
required real exchange rate adjustment must fall on relative prices. And since
UK prices respond more readily, UK inflation rises by almost one percentage
point in the first year; and

• if euro area prices are assumed to be flexible too, the required movement in
the real exchange rate is again small since the shock and the structures of the
UK and euro area economies are broadly symmetric. As a consequence, the
effect of the shock on UK inflation is minimal.9

Genera l  lessons f rom study o f  asymmetr ic  structures

6.19 There is a tendency in the optimal currency area literature, and indeed in discussion
about EMU, to discuss asymmetries in ‘symmetric’ terms. In other words, it is implied that an
asymmetry in one direction is just as bad for the appropriateness of EMU membership as an
asymmetry in another. But the two examples given in this section show that this is not
necessarily the case and suggest that the nature of the asymmetry is relevant to assessing its
implication.

6.20 With interest rate sensitivity, it was shown that higher elasticities for the UK could have
important implications for macroeconomic prospects inside EMU:

• either because the ECB might react too vigorously to symmetric shocks if the
UK were inside EMU; or

• because of the potentially destabilising role that real interest rates can play
inside a monetary union in the face of asymmetric shocks. So the lower the
interest rate sensitivity of the economy is, or the more forward-looking private
sector agents might be, the less harmful this effect might be inside EMU.

IM P L I C AT I O N S O F DI F F E R E N T ST R U C T U R E S6

9 It is not zero because a small fall in UK inflation offsets a slightly larger increase in euro area inflation to leave the ECB’s
inflation rate exactly at target.
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6.21 The price flexibility example brought to light a more nuanced message. Again, in
considering entry to EMU, it illustrated that policymakers would not be indifferent between
situations where prices were more flexible than euro area averages, and one where they were
less flexible. If UK prices were more flexible than in the euro area, EMU membership would
be likely to imply that the effects of symmetric and asymmetric shocks would show up in
inflation volatility. But if prices were less flexible, greater output volatility would be expected
because markets are less able to cope with the implications of an inappropriate interest rate.
But of the various outcomes, the preferred situation is likely to be one in which both the UK
and the euro area are highly flexible. In that case, the UK economy would suffer less output
volatility in the face of all shocks, and little inflation volatility in the face of of symmetric
shocks; but for asymmetric shocks, inflation differentials would still need to bear the burden
of adjustment inside EMU, even in the flexible case.

6.22 Having touched on this issue already, this brings to prominence the importance of the
relationship between policymakers’ output-inflation preferences and the likely degree of
convergence of the economy entering monetary union. The next section tackles this issue
directly.
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7.1 This study has examined a number of empirical measures designed to shed light on
differences in the business cycle behaviour of the UK and euro area economies. And the
previous sections have analysed a stylised model of the interaction between the UK and euro
area economies in an attempt to disentangle the different influences that may be relevant in
evaluating the net costs of EMU membership for the UK. But no attempt has yet been made
to evaluate whether, on the basis of the modelling exercise, there would be net
macroeconomic costs arising from the single monetary policy if the UK were to join EMU.

7.2 It is worth re-emphasising that these monetary policy consequences are not the only
ones to be considered in modelling an overall cost-benefit analysis of the UK’s decision to join
EMU. This study has deliberately not considered, for example, the possible welfare gains to be
had from a reduction in transaction costs and possible increases in market integration
occurring as a consequence. Nor has it considered possible supply-side improvements that
may result from EMU. But in economic terms, the ramifications of the single monetary policy
for the costs of adjustment to shocks are likely to constitute the most significant potential
ongoing costs. So if, for example, these ongoing costs were estimated to be small, this would
represent an important argument in favour of EMU membership for the UK. Or if they were
large, it would be necessary to consider even more carefully the possible benefits from EMU
arising from other channels.

7.3 This section deals with two hitherto unanswered questions: 

• How should the expected degree of macroeconomic volatility in the face of a
range of plausible shocks under the two different regimes be estimated?

• For a given set of predictions regarding the degree of UK macroeconomic
volatility inside EMU compared to outside, how should these adjustment
costs be compared?

Net macroeconomic costs of a policy regime can be evaluated by weighting together
expected inflation and output gap volatilities, though more sophisticated criteria might be
preferable in theory.

On a priori grounds, it is not possible to conclude whether net macroeconomic costs will
be higher or lower inside EMU.

Stochastic simulation analysis represents a method for estimating such costs conditional on
particular models and assumptions about the shocks expected to hit the economy.

Previous model-based stochastic simulation studies examining whether the UK should join
EMU give conflicting messages regarding the predicted effects on output and inflation
volatility.

Several factors explain why results differ across models. The treatment of exchange rate
shocks and how they might change if the UK were to enter EMU is especially important.
The scale of estimated exchange rate shocks applied in the stochastic analysis depends on
how ‘fundamental’ shocks and ‘extraneous’ shocks to the exchange rate are disentangled
in estimation. And the estimates may be importantly affected by the time period chosen
to sample the shocks.
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How should the costs  o f  ad justment  to  shocks  be
compared?

7.4 So far in this study, the question of how to evaluate and compare the amount of
macroeconomic volatility under different policy regimes has been treated in a rather ad hoc
manner. In describing the simulation responses of the stylised model in earlier sections, for
example, the results were largely described in qualitative terms. This was appropriate and
informative when attempting to gain insight into the key adjustment mechanisms of the
economy for particular shocks. But in evaluating the macroeconomic implications of a whole
range of possible shocks, a more systematic quantitative approach needs to be adopted.
Obviously, if all macroeconomic series became more volatile in moving between policy
regimes, then it would be straightforward to conclude that the initial regime was more stable.
But in practice, as will be seen, there may be more complicated trade-offs to consider with
some variables becoming more volatile and others less volatile.

7.5 Conventionally, macroeconomic performance is often evaluated in terms of a simple
quadratic cost function of the form

CT = ∑
T

i=o
∂i {a(dpt+i – dptarg

t+1)2 + b(yt+i – yst+i)2} [1]

i.e. a time-discounted, weighted combination of the squared deviations of inflation (dp) from
target (dptarg) and output (y) from potential (ys) are summed over some finite time horizon T.1

This approach is widely adopted and is consistent with the argument, discussed earlier, that
macroeconomic volatility has costs that may have implications for the level of real activity.2

In this study too, the focus of attention will primarily be on inflation and output variability.
And in the results that are reported in this and the following section, the implications of EMU
membership for the UK will be drawn out in terms of the effects on both inflation and output
variability. But no attempt is made here to specify a preferred relative weighting between
inflation and output volatility. This is beyond the scope of this study.
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1 In empirical evaluations, a finite time horizon, T, is necessarily adopted though theoretically, the appropriate time horizon
would usually be infinite with a suitable discount factor. In practice, T is typically chosen to be large enough such that the
expected volatility in macroeconomic variables has reached its long-run or asymptotic variance. Alternatively, the
asymptotic variance itself can be used as the objective function; this measure will be close in value to the original objective
function if T is large and the discount function is not too different from unity.
2 No attempt is made to model the effects of volatility on productive potential in this study. 
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7.6 But before describing this, it is important to emphasise some of the key features of this
specification and to point out some alternative approaches:

• the conventional specification embodies the assumption that the aim of
policymakers, in the context of responding to shocks, is to stabilise output
around its natural rate rather than attempt to achieve a higher level. If instead,
policymakers are assumed to try to achieve an infeasibly high level of output,
or to drive unemployment below its natural rate, then an ‘inflationary bias’
will result.3 Here, the analysis follows Blinder (1998) in assuming that
policymakers do not adopt this strategy;

• it is possible to add in to the cost function other macroeconomic variables
which may affect economic welfare, for example deviations in unemployment
from its natural rate, exchange rate volatility, or interest rate volatility, either in
nominal or real terms (see for example Minford, 2001) and sectoral or
distributional considerations.4 The simple two-variable objective function is
usually justified on the grounds that the main costs associated with volatility
in these additional macroeconomic variables will be reflected in output and
inflation volatility; and

• problems arise when examining the costs associated with moving between
regimes with different explicit or implicit inflation targets (as may happen in
moving from the UK’s inflation targeting regime to EMU, for example). For the
purposes of simplicity, this complication is ignored here.

7.7 In fact, most of these complications can be avoided if a more explicit welfare-
maximising approach to the policy optimisation problem is taken. This is done in the recently
developed dynamic stochastic general equilibrium (DSGE) modelling approach as
introduced briefly in Section 2.5 These models are designed to have rigorous micro-
foundations in the sense that all behaviour is derived from utility maximising behaviour
subject to budget constraints and technological constraints. Accordingly, the objective
function for policymakers is naturally defined in terms of the welfare of the representative
consumer who maximises utility defined in terms of consumption but where labour effort has
disutility.6

7.8 Some authors have attempted to show that the ‘first generation’ ad hoc objective
functions described above provide a good approximation to the more rigorous definition of
utility. The intuition here is that a policy that minimises inflation and output uncertainty will
look very similar (see Woodford, 1999, for the closed economy case and Clarida et al., 2001,
for the open economy extension). 

7.9 These arguments are relied on here to underpin the focus on inflation and output
variability in this study rather than one based on a more rigorous utility-based approach.
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3 This type of objective function which leads to an ‘inflationary bias’ has been extensively studied in a literature initiated by
Barro and Gordon (1983); and Kydland and Prescott (1977).
4 For example, the objective function might be defined to include variability in regional or sectoral performance, for
example between the traded and non-traded sectors. 
5 See, for example, the seminal textbook, Obstfeld and Rogoff (1996).
6 Some models in this category also include an effect from money holdings on individuals’ utility.
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7.10 As an aside, it is worth noting that there is one important set of circumstances where the
more ad hoc approach may yield misleading conclusions. This occurs when considering the
implications of asymmetric (i.e. country-specific) shocks in a world where consumers are
able to diversify their wealth holdings, thus lowering their exposure to shocks occurring in
their own countries. In the extreme case where consumers are able to take advantage of fully
integrated financial markets and where consumers express no bias towards domestically
produced goods, consumers will hold claims (in the form of shares) on the output of all
countries. Thus consumers in different countries are able to ‘share the risks’ associated with
country-specific shocks and so maintain smooth consumption paths in the face of these
shocks. This has important implications in the context of the OCA criteria since it implies that
asymmetric shocks should not be seen as an obstacle to EMU. In practice, the real world
economy is some distance away from this picture of ‘complete markets’ described in theory.
This is confirmed by empirical work carried out in a growing risk-sharing literature; see for
example Sørensen and Yosha (1998). For this reason, the analysis here does not consider this
issue further.7

The ro le  o f  s tochast ic  s imulat ions  in  eva luat ing vo lat i l i ty

7.11 Some of the empirical tools described in this study have given a broad indication of
what the expected net macroeconomic costs associated with the adjustment to shocks inside
EMU compared to outside might be. For example, measures of ex ante business cycle
convergence give some indication of how well aligned the UK and euro area economies might
be in the future. And macroeconomic models, both econometric and calibrated, have
illustrated how the UK economy might respond to particular shocks either in or out of EMU.
Such exercises are sometimes known as ‘deterministic simulations’ since they involve the
simulated response to a shock that is assumed to be known.

7.12 But none of these exercises reveal how the UK might perform in the face of the full range
of possible shocks that might hit it. This involves consideration of the stochastic
environment; that is where the probability distribution of the possible shocks might be
known, but the precise shocks likely to occur at any particular time are not. Fortunately, using
the modelling tools that have been described in this study, an attempt can be made to answer
this question. Inevitably, these estimates are only as precise as the models and assumptions
used to generate them. Nevertheless, by making these assumptions explicit, it provides a
powerful tool for exploring the likely scale of these net costs and the possible sensitivities
according to different assumptions.

7.13 This technique, whereby macroeconometric models can be used to explore the likely
outcomes arising from different policy scenarios, is known as stochastic simulation analysis.
The approach is intuitively straightforward and involves two key ingredients:

• first, a model of the behaviour of the economies in question needs to be
adopted (eg NiGEM, IMF Multimod, etc.); and
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7 The EMU study The United States as a monetary union reviews this literature for the US. Other implications of risk-
sharing are considered in the EMU studies by HM Treasury EMU and business sectors and EMU and the cost of capital.
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• second, a statistical distribution of all relevant shocks expected to hit those
economies needs to be postulated. For empirically estimated
macroeconometric models, these shocks can be obtained from the residuals
of the estimated equations. Ideally, if the estimated equations are well-
specified, the residuals will be white noise (i.e. mean zero with no serial
correlation).8,9

7.14 Obviously, it is important to evaluate the macroeconomic implications of a particular
policy regime associated with the full range of possible shocks. For example, simulation
response analysis may have revealed that the UK economy can cope relatively easily inside
EMU in response to symmetric shocks (vis-à-vis the euro area) but may fare less well in the
face of asymmetric shocks. So to understand the full picture, it is necessary to calculate how
these different types of shocks interact and how prevalent each type of shock is. 

7.15 Stochastic simulations are able to do this, as follows:

• by choosing a random combination of shocks from the estimated or assumed
distribution;

• by subjecting the model to these shocks, one period at a time over the period
of interest.10 This will give one possible outcome (or one ‘realisation’ as it is
technically known);11

• by taking repeated drawings from the shock distribution so as to simulate
alternative ‘realisations’; and

• by generating a large number of drawings, so allowing the calculation of the
average or expected amount of volatility in any macroeconomic variable such
as inflation or output.12

Prev ious  empir ica l ly  –  based stochast ic  s imulat ion
exerc ises

7.16 Considering the importance of the question and the relevance of the technique, there
have been relatively few attempts to conduct stochastic simulation exercises quantifying the
net costs of joining EMU, either in the specific UK case or for European countries more
generally. Those studies that examined the problem before EMU was set up tended to predict
that there would be an increase in macroeconomic volatility. Examples include the work on
the Liverpool models (both the UK and multi-country versions) described in Minford et al.
(1993) and an application to the IMF’s Multimod model (another multicountry model) by
Masson and Symansky (1993). But an influential study by the European Commission (1990)
arrived at the opposite conclusion, suggesting that EMU would lead to more stability.
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8 In practice, unless the whole model has been estimated as a simultaneous system, these shocks do not have a ready
economic interpretation as demand or supply shocks. As such, they may have a tendency to be correlated with each
other. In practice, too, adjustments often need to be made to estimated residuals to adjust the mean to zero and to
remove the autocorrelation. 
9 Cross equation correlations are often captured by the use of ‘bootstrapping’ techniques where, period-by-period,
randomly chosen time-slices of residuals are applied to the model. The motivation for this approach is that the set of
residuals which actually occurred should accurately reflect the appropriate degree of cross-correlation.
10 In models where agents are assumed to be forward-looking, it is necessary to shock the model one-period-at-a-time so
as to build in the assumption that the shocks in each period are unanticipated. For more details of the need for this
stacked-solution technique, see Ireland and Westaway (1990).
11 The ‘deterministic’ simulations described earlier in the study e.g. the response to an asymmetric demand shock, can be
thought of as particular realisations of the shock process. 
12 Note that the expected level of any macroeconomic variable will be the same as that on the forecast base since the
shocks are assumed to be normally distributed with mean zero.
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7.17 More recent studies have been carried out specifically to evaluate the macroeconomic
costs or benefits of UK membership. Table 7.1 summarises the main results from these
studies.13

Table 7.1: Recent stochastic simulation results addressing the UK
decision to join the EMU

UK in / UK out

(ratio of variability)1

Output Inflation

Barrell and Dury (2000)
UK inflation targeting out, ECB combined rule

(shocks drawn from 1991-97) 1.23 0.75
UK inflation targeting out, ECB combined rule

(shocks drawn from 1993-97) 1.61 0.78
UK combined rule out, ECB combined rule 

(shocks drawn from 1993-97) 1.73 0.78

Minford (2001)
UK out: interest rates respond to inflation, output and M0, 
UK in: interest rates hit by shocks to ECB rate

(shocks drawn from 1986-2000)
Basic case 1.12 3.12
More exchange rate instability out 1.10 2.92
Enhanced fiscal stabilisers 1.09 3.12

1 Note, estimated volatility in macroeconomic variables can be reported in different ways. In this section, volatility will usually be defined in terms of

standard deviations and all ratios analysing the costs of EMU membership compared with staying out are presented on that basis. In fact, the NIESR

results here are defined in terms of root mean squared deviations. Some studies, as in Minford (2001) for example, present volatility in terms of expected

variance.

7.18 These findings have turned out to be just as ambiguous as the earlier results:

• Barrell and Dury (2000), apply the technique to NiGEM, the global multi-
country macroeconometric model utilised in Section 2. They adopt a range of
assumptions on UK monetary policy outside EMU14 and on the period from
which the stochastic shocks are estimated. They find that inflation variability
is predicted to be lower by some 22-25 per cent inside EMU15 while output
volatility is estimated to be between 23 and 73 per cent higher;16 and

• by contrast, the most recent application of this technique by Minford on the
Liverpool model (see Minford, 2001) predicts that both inflation variability
and output volatility will increase inside EMU under a range of modelling
assumptions. In the main case, inflation is expected to be as much as three
times more volatile in EMU while output volatility also rises by around 10 per
cent.
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13 This is not intended to be exhaustive. Other studies have also examined this issue. For example, using the National
Institute’s model of the UK economy (NiDEM), Blake and Young (1998) predict that EMU membership would imply, with
an unchanged fiscal policy regime, a doubling of inflation volatility and a ten per cent increase in the volatility of output
growth.
14 In all variants, the ECB are assumed to adopt a ‘combined rule’ whereby nominal interest rates respond to a weighted
average of inflation and money GDP relative to some target levels. Outside EMU, the UK are assumed to adopt either
‘inflation targeting’ (i.e. a feedback rule which responds to inflation only) or a ‘combined rule’.
15 The authors also report falls in price-level volatility within EMU which they argue have important beneficial implications
for the supply-side of the UK economy.
16 This study has recently been updated in Barrell et al. (2003). These preliminary results suggest that, while the predicted
changes in volatility caused by EMU entry are more moderate, the conclusions are broadly similar.
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7.19 More detailed descriptions are contained in the original studies and are drawn on in the
contributions by Barrell and Minford to the EMU study Submissions on EMU from leading
academics.

7.20 Although there are many differences between these studies, two particularly striking
results seem apparent:

• first, under all assumptions adopted, Barrell and Dury (2000) predict lower
inflation volatility in EMU, with higher output variability; and

• second, for all assumptions adopted, Minford finds higher inflation and
output variability inside EMU, considerably more in the case of inflation.

7.21 To try to understand the differences between these empirically-based results, it is
helpful to return to the simple set of inferences described in the introduction of this study.
This explained how, without getting into the specific details of any particular model-related
exercise, the following simple principles should guide thinking about the macroeconomic
costs of entering EMU:

i for any country entering a monetary union, the loss of the domestic interest
rate as an instrument of monetary policy and the loss of the nominal exchange
rate as a ‘shock absorber’ would compromise the ability of the economy to
respond to shocks;

ii but other adjustment mechanisms may compensate for the absence of an
independent monetary policy;

iii and the nature of the transmission mechanism for the country entering
monetary union might alter so as to lessen this problem; or

iv some of the shocks impinging on the economy might change their nature,
offering a further potential mechanism acting to lessen or even outweigh the
costs of inefficient adjustment to other shocks.

7.22 A focus on these simple principles allows some insights to be gained into the model-
based results. Three differences between the studies seem most significant:

• the treatment of monetary policy regimes in and out (relating to (ii) above17);

• the properties of the macroeconometric models on which the stochastic
simulation are run (relating to (i) above); and

• the techniques used to calculate the shocks, in particular regarding the
exchange rate shocks (this relates to (iv) above18).

7.23 In evaluating the effects of EMU membership, the comparison is more straightforward
if the policy reaction of the UK outside EMU, and of the ECB in EMU is assumed to take the
same form (e.g. a Taylor rule).
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17 Minford (2001) and Blake and Young (1998) also conduct sensitivity analysis on the implications of assuming a more
activist fiscal policy regime in EMU. This does not alter the main thrust of Minford’s conclusions. Blake and Young,
however, predict that output growth volatility would be lower than in the ex ante case outside EMU (without an active
fiscal policy regime).
18 Note that because neither set of studies assume that there are any ‘endogenous convergence’ effects upon entering
EMU, at least in the main results presented here, (iii) is not considered in attempting to understand the results.

Characterisation
of monetary

policy regimes in
versus out
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7.24 In fact, for both studies considered here, the evaluation of the effects of EMU
membership is complicated by the assumptions adopted.

• In Minford (2001), no explicit policy rule is assumed for the ECB because the
exercise is conducted on a single country model of the UK, with ECB policy
responses proxied by shocks to the otherwise exogenous ECB interest rate.
This may therefore underestimate the extent to which the ECB’s monetary
policy response might be able to respond to shocks inside EMU. So the
increase in inflation and output volatility predicted in EMU by Minford (2001)
may be overestimated.19

• Barrell and Dury (2000), on the other hand, do assume an explicit policy rule
for the ECB, but this takes the form of a monetary policy rule which includes
some element of price-level targeting20 whereas the UK outside EMU is
assumed to target inflation. One consequence is that, for this reason alone,
price-level stability may be predicted to be more stable inside EMU21

compared to a regime where the ECB also targets inflation.22 In fact, row 3 of
Table 7.1 suggests that this is unlikely to explain much of the fall in inflation
variability inside EMU because there is a similarly large fall when the UK is
assumed to adopt the same ‘quasi-price-level targeting’ rule outside EMU.23

7.25 Another difference between the NIESR and Liverpool studies is the macroeconometric
model on which the stochastic simulations were conducted:

• the NiGEM model adopted in Barrell and Dury (2000) is a large multi-country
model where the linkages between countries are contained within the model,
and the effect of shocks to different countries can be treated explicitly (for
more details, see NIESR, 2003). In terms of theoretical structure, the individual
countries are not vastly different from that of the UK in the Liverpool model,
each country being based on New Keynesian principles, with nominal inertia
in wage and price setting causing slow adjustment back to a well-defined
neoclassical long run; and

• the Liverpool model used in Minford (2001) is a single country model of the
UK economy where the rest of the world (including the euro area) is treated
exogenously, though subject to stochastic shocks. The model has strong
neoclassical underpinnings.24 As such, while the model embodies nominal
inertia as in NIGEM, it tends to have quicker inflation dynamics than
competing empirical models of the UK economy (see Wallis et al., 1987). 
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19 This potential shortcoming is shared by Blake and Young (1998) which similarly uses a single country model of the UK
economy to evaluate the costs of EMU membership.
20 The ECB is assumed to adopt a ‘combined rule’ which responds to a mixed target of inflation targeting and money GDP
targeting. It is the latter element that embodies an element of price-level targeting. Barrell and Dury justify this approach
by arguing that the remit of ECB monetary policy is better characterised by a rule with an element of price-level
targeting. Accordingly, they do not examine the policy scenario with the ECB adopting an inflation-targeting rule, which
would allow the contribution of this assumption on the results to be disentangled.
21 Price level targeting is also likely to imply higher output volatility than under inflation targeting, as in the NiGEM case,
though in theory, Svensson (1999) has shown that output volatility can be lower if price flexibility is sufficiently high.
22 Whether this will necessarily imply that inflation is more stable too will depend on the degree of forward-looking pricing
behaviour in the model (see Svensson, 1999).
23 The preliminary results reported in Barrell et al. (2003), however, find a larger influence on the results from the
specificaton of the UK’s policy rule outside EMU.
24 The Liverpool model was the first empirical UK model to incorporate forward-looking rational expectations in response
to the influential Lucas critique.

Differences in
model properties
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7.26 It is possible that the greater degree of price flexibility in the Liverpool model may be
accounting for the greater degree of inflation volatility inside EMU in that study. The
discussion in Sections 5 and 6 has already noted how, in the face of asymmetric shocks in an
economy with full price flexibility, the mechanism by which the real exchange rate necessarily
adjusts is transferred from the nominal exchange rate outside EMU to the relative inflation
rate inside EMU. So since prices are more flexible in the Liverpool model, it seems possible
that there will be increase in price and inflation volatility in moving to monetary union (see
also the discussion in Minford and Peel, 2002). 

7.27 But even if this explains why inflation volatility in EMU may be greater according to the
Liverpool model, this does not explain why the overall level of inflation volatility actually falls
inside EMU in many of the scenarios examined in the NIESR studies.

7.28 One alternative explanation is suggested by the conclusions of the earlier deterministic
simulation results on the stylised model. There it was shown how, for some shocks, usually
those with symmetric or near-symmetric effects on the UK and euro area economies, it was
possible that either inflation volatility or output volatility could on average be lower in EMU
compared to outside.25 In fact, experimentation with a range of deterministic shocks on
NiGEM itself suggests that this outcome is relatively uncommon, the more typical outcome
being that both inflation and output responses would tend to be larger. So this explanation is
unlikely to be the whole story.26

7.29 To get a handle on this key difference, it is necessary to consider additionally the
characterisation of the shocks hitting the UK economy in and out of EMU and how they might
alter in moving between the two regimes.

7.30 In fact, the answer is quite straightforward and intuitively obvious. If it is assumed that
the transmission mechanism of the UK economy does not alter upon entering EMU, then the
only way that the environment can become less volatile is if the shocks hitting the UK
economy become more benign. This may not necessarily be sufficient to overcome the less
efficient outcome implied by the single monetary policy in response to those shocks that
remain the same, but it should certainly make the EMU outcome less volatile than it
otherwise would be.

7.31 There are two broad reasons why the shocks hitting the economy are likely to differ
inside EMU compared to out:

• first, shocks to UK interest rates will no longer be present. In this specific
context, shocks should be interpreted as meaning unexpected deviations of
interest rates from their policy rule. Or, to use the terminology of structural
VARs described in Section 2, shocks refer to the ‘unsystematic’ component of
policy. As such, they may impart unnecessary volatility to the economy27,28. Of
course, once inside EMU, the UK economy will instead be directly influenced
by ‘shocks’ to the ECB interest rate that may be more or less detrimental to
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Differences in
shocks applied to

the model

25 This result may be partly dependent on the maintained assumption that a simple Taylor rule is specified for UK
monetary policy outside EMU, and for the ECB inside EMU. The results of the volatility comparison may be different if
monetary policy were to be set ‘optimally’ in some sense.
26 To resolve this question systematically, it would be necessary to subject NiGEM successively to different subsets of the
stochastic shocks to determine whether particular shocks were causing inflation volatility to fall inside EMU. This would
be a resource-intensive exercise.
27 See Artis (2000) and Kontolemis and Samiei (2000) who argue that ‘bad’ monetary policy was partly responsible for
macroeconomic volatility in the UK over the 1970s and 1980s.
28 In practice, empirically estimated measures of this unsystematic component may additionally capture more beneficial
aspects of interest rate movements that are not adequately captured by simply specified policy rules.
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stability. So it is not possible to draw any a priori conclusions about the
implications of EMU entry; and

• second, inside EMU, shocks to the bilateral sterling-euro rate will be absent,
by definition. So this source of macroeconomic volatility will be removed. But
the volatility of the shocks to the UK’s bilateral nominal exchange rate with all
other currencies (e.g. sterling-US dollar) will in EMU take on the volatility
characteristics of the shocks to the euro’s bilateral exchange rate with that
currency (i.e. euro-US dollar).29 This may be either greater or smaller within
EMU. So the overall effect on the volatility of shocks to the exchange rate in
effective terms could be positive or negative.30 And the key point remains that
the question of whether EMU can result in higher macroeconomic volatility
will hinge importantly on the magnitude and influence of exchange rate
shocks. This issue is examined in more detail in the EMU study by HM
Treasury The exchange rate and macroeconomic adjustment.

7.32 Does consideration of these two classes of shock help to interpret the differing results of
the various empirical studies? 

• As far as interest rate shocks are concerned, neither set of authors place any
emphasis on this feature, so this will not be considered further here.

• Importantly, however, the authors of both sets of studies acknowledge that
there is an important role for exchange rate shocks in influencing their
respective results.31

The ro le  o f  exchange rate  shocks

7.33 To understand how different assumptions regarding exchange rate shocks may be
important, it is necessary to examine how empirical measures of exchange rate shocks might
be derived. Box 7.1 considers this technical issue in more detail.
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exchange rate

shocks

29 Or, as will be assumed later in this section, it may take on an appropriately weighted average of sterling’s previous
bilateral volatility with these currencies and that of the euro, where obviously the weight of sterling is now smaller, here
assumed to be 0.2. This is discussed in more detail in Taylor (2002) and in the EMU study The exchange rate and
macroeconomic adjustment.
30 Of course, any such calculations also require an assumption to be made on whether EMU will additionally change the
nature of these underlying shocks if the UK were to join.
31 The stochastic simulation exercise carried out by the European Commission in the One Market, One Money study (see
European Commission, 1990) also includes an extensive discussion of alternative treatments of exchange rate shocks.
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7.34 The key point from Box 7.1 is that observed volatility in the exchange rate can be
attributed to two sources. Conceptually, these are clearly distinct, but empirically, the two are
very difficult to disentangle, comprising:

• ‘fundamental’ volatility caused by the endogenous response of the exchange
rate to real shocks (such as demand and supply); and 

• ‘financial market’ volatility that can not be justified by observed economic
fundamentals.
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Box 7.1: Estimating shocks to the exchange rate

Consider the models of the exchange rate adopted in both the Liverpool and NIESR
models. These are based on the UIP (uncovered interest parity) condition, as used in the
‘Three Bears’ model already studied:

i.e. et = ee
t+1 + rdift – sigt + ut

e

where et is the exchange rate for some bilateral pair of currencies at time t, ee
t+1the one-

period ahead expectation of the exchange rate at time t+1, rdift the differential between
interest rates in the pair of countries and sig t the risk premium which captures constant
or slow moving elements of the bilateral risk between two countries (so when country-
specific risk is high, interest rates in that country need to be higher). u t

erepresents the
‘shock’ to the exchange rate, which can be thought of as a time-varying element of the risk
premium that captures ‘fad’-based movements in the exchange rate, or changing
perceptions about the risk characteristics of different currencies.

To complete the model of the exchange rate, it is necessary to specify how exchange rate
expectations are formed. In the stochastic simulation exercises, it is assumed that
economic agents are able, at the beginning of period t, to predict correctly the value of the
exchange rate next period on the basis of information available to them at that time. So if
there were no shocks to any part of the economy during period t, then they would predict
the next period’s exchange rate perfectly. But in fact, period by period, they will make
errors due to unexpected shocks which cause the exchange rate to move.

i.e. ee
t+1 = et+1 + ut

= et+1 + ue
t + uy

t

where ut represents a combination of forecast errors due to the presence of the exchange
rate noise, ue, as well as forecast errors due to unexpected shocks to any other part of the
economy, uy

t, which will have caused an endogenous response from the exchange rate.

When conducting stochastic simulations on a macroeconometric model, this distinction
between the two types of shocks impinging on exchange rate movements becomes crucial:

• the response of the exchange rate to ‘fundamental shocks’, i.e. uy
t, will be predicted

by the model itself. So no explicit assumption needs to be made by the modeller;
but

• the time series properties of the exchange rate shocks, ue
t, need to be assumed

explicitly, ideally on the basis of their historical behaviour. This is a tricky task
empirically. Not only is it necessary to measure ex ante exchange rate expectations
but also to estimate how much the ex post forecast error is caused by the exchange
rate shock itself (which is the object of interest) and how much is caused by other
shocks.a

a Different approaches to this problem were discussed in Annex E of the European Commission study (European
Commission, 1990).
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7.35 In the context of model-based stochastic simulations, the distinction is crucial. An
explicit assumption about the stochastic properties of the ‘financial market’ shocks needs to
be made by the modeller. But the endogenous response of the exchange rate to ‘fundamental’
shocks should be automatically generated by the model.32

7.36 The NIESR and Liverpool studies approach the estimation of these exchange rate shocks
in different ways:

• the NIESR study circumvents this problem by effectively assuming that all the
ex post failure of the UIP condition is caused by exchange rate noise (i.e. by ut

e

as defined in Box 7.1); 

• Minford (2001), on the other hand, assumes that the distribution of exchange
rate shocks is based on the stochastic distribution of the exchange rate itself.33

7.37 Perhaps as important as the method used to estimate the shocks is the historical time
period from which the shocks are estimated:

• Minford argues that on average, over the last 20 years, sterling-US dollar
shocks have been negatively correlated with sterling-euro shocks, so tending
to offset each other in their effect on the sterling effective exchange rate. At the
same time, Minford estimates that euro-dollar shocks have been more volatile
still. So once in EMU, when sterling would take on the historical volatility of
the euro vis à vis the dollar, this would imply an overall increase in the
volatility of shocks to sterling in effective terms;

• the NIESR study estimates the shocks over a more recent time period, the
early to late 1990s only,34 when shocks to sterling in general may have tended
to be more volatile than those affecting other bilaterals such as euro-dollar. If
these assumptions are assumed to condition the behaviour of future exchange
rate shocks if the UK were to join EMU, then the UK effective exchange rate
would benefit from much more benign shocks than when it had been outside. 

7.38 Both these sets of judgements on estimation method and sample period are likely to be
important in affecting the conclusions:

• if the estimated exchange rate residuals have not satisfactorily disentangled
the noise component (which is required) from the fundamentals component
(which is not) then the resulting stochastic simulation results will wrongly
impart volatility directly to the exchange rate, when in fact, the relevant
fundamental shocks are already being taken into account in the exercise. So
the effects will be double-counted; and

• even if it is possible to estimate the shocks appropriately over the past, heroic
assumptions are required on the likely stochastic behaviour of these risk
premium effects if the UK were to join EMU.
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32 In general, too, the definition of what constitutes a ‘fundamental’ shock will likely differ across models.
33 As European Commission (1990) discuss, the change in the exchange rate will only approximate the shocks when
expectations are based on a random walk model. 
34 Using a sample period based on the 1990s, Table 7.1 shows that the NIESR results are affected by starting the sample in
1991 or 1993, presumably reflecting the importance of including or excluding the episode of sterling’s exit from the ERM
in 1992.
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7.39 Other approaches are available to distinguish between the different influences on
exchange rate movements. One potentially powerful approach is provided by structural VAR
techniques (already described briefly in Section 2). Inevitably, these methods too rely on a
host of underlying assumptions but they at least attempt to account systematically for the
different types of shocks to which exchange rates might respond. This approach is discussed
briefly in Box 7.2 but is examined more thoroughly in the EMU study The exchange rate and
macroeconomic adjustment. There it is suggested that, although the empirical evidence is not
overwhelming, the balance of evidence tends to suggest that a non-negligible proportion
(and in some studies, the majority) of exchange rate volatility has been caused by
‘fundamental’ shocks rather than by ‘extraneous’ noise.
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Box 7.2: The role of SVARs in identifying the shocks which cause
exchange rate movements

In an influential study, Clarida and Gali (1994) used an SVAR-based approach to suggest
that movements in the dollar were largely driven by shocks to real demand (e.g. to fiscal
policy, foreign trade or consumer preferences). Astley and Garrett (1998) subsequently
replicated these findings in the case of sterling. The implicit conclusion was that exchange
rates tended to be moving in response to shocksa rather than as an exogenous source of
noise.

Confusingly, however, an alternative strand of research findings using very similar
techniques has tended to arrive at the opposite conclusion. Research by Artis and
Ehrmann (2000) takes the contrary view (see also Canzoneri et al., 1996, Funke, 2000, and
Thomas, 1997 for similar approaches ). They argue that most exchange rate fluctuations
can be explained by nominal shocks associated with exchange rate risk premia that ought
to disappear inside EMUb strengthening the case, other things equal, for EMU.

In an attempt to resolve this puzzle, Labhard and Westaway (2002) apply the techniques
of Clarida-Gali and Artis-Ehrmann to a common dataset and over a common sample
period. Importantly, they find that the conflicting message remains, implying that the
different conclusions obtained depend on the technique adopted, not on differences in the
dataset adopted.c

To investigate which technique is more reliable, Labhard and Westaway (2002) adopt a
stylised model similar to that adopted in this paper. For a given calibration of the model,
and for given assumptions about the properties of the shocks, a stochastic simulation is
performed in order to generate a quasi-history of data. The advantage of these data series
compared to the real data is that the true contribution of exchange rate shocks to the
movements in macroeconomic variables is exactly known. They then apply the techniques
of Clarida-Gali and Artis-Ehrmann to uncover which approach most accurately reproduces
the true model. Interestingly, they find that Artis-Ehrmann has a tendency to
overexaggerate the contribution of exchange rate shocks, while Clarida-Gali has a
tendency to be inaccurate when the countries under consideration are highly asymmetric.

On balance, the SVAR-based evidence tends to support that there is a significant shock-
absorbing role for the exchange rate. So any empirical approach which implicitly assumes
that exchange rate volatility is largely caused by ‘extraneous shocks’ may over-exaggerate
the degree of volatility arising directly from speculation in financial markets.
a Primarily to real demand shocks.
b In practice, ‘nominal shocks’ comprise a mixture of exchange rate risk-premium shocks and unsystematic interest
rate shocks. Artis and Ehrmann (2000) use a technique devised by Smets (1997) to disentangle the two based on an
assumed contemporaneous response of the monetary authorities to exchange rate changes.
c The EMU study The exchange rate and macroeconomic adjustment replicates this result.
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8.1 The analysis of the previous section goes some way to reconciling the apparently
conflicting conclusions to be drawn from stochastic simulations carried out on empirically
estimated macroeconometric models. 

8.2 But as an additional aid to understanding the problem, it is also useful to examine the
predictions of stochastic simulation exercises carried out on the stylised ‘Three Bears’ model
developed and analysed in Sections 3-6. There, the stylised responses to particular shocks
gave some generic insights into the adjustment mechanisms inside and outside EMU. Here
too, this approach can be used to disentangle the effects of different modelling assumptions
on the overall conclusions of the stochastic simulations.

8.3 There are a number of advantages to using the stylised model:

• the shocks to the stylised model have well-defined economic interpretations
in terms of demand shocks, supply shocks, monetary policy shocks and
exchange rate shocks; and

• it is straightforward to implement the assumption that particular shocks are
symmetric or asymmetric. By contrast, estimated equation residuals in
empirical macroeconometric models may be difficult to interpret.

8.4 Of course, the major disadvantage with using a calibrated stylised model is that the
stochastic properties of the different shocks are not readily available. In the illustrations that
follow, this problem is confronted in two stages:

• first, the contribution of each type of shock to inflation and output volatility is
presented for a unit variance shock. Even without empirical estimates of their
relative size and frequency, this can provide relevant information on the
potential impact of different types of symmetric and asymmetric shocks and
on how their relative contribution varies according to the calibration of the
model; and

• second, the building blocks developed in the first stage will be weighted
together according to a range of empirical estimates of the actual shocks
estimated according to structural VAR analysis. With this additional
information, broad conclusions will be drawn on the likely net
macroeconomic costs of entering EMU not only for our benchmark
calibration but also for plausible alternative scenarios.

Stochastic simulations on the ‘Three Bears’ model suggest that asymmetric shocks will
cause inflation and output volatility to increase, while symmetric shocks are predicted to
have more modest effects.

Results from a calibrated version of the model suggest that, overall, inflation and output
volatility would increase inside EMU compared to outside.

But this deterioration might be mitigated by more active use of discretionary fiscal policy. 

And the result might be reversed, so macroeconomic volatility might be lower inside EMU,
if the contribution of exchange rate ‘noise’ to macroeconomic volatility outside EMU is
estimated to have been sufficiently great.
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8.5 It should be emphasised that the objective of this approach is not to derive a superior
set of stochastic simulations to those from the studies discussed in Section 7. Rather it is
intended as an aid to the interpretation of the results from this type of exercise. Nevertheless,
this approach does allow tentative conclusions to be drawn from the ‘Three Bears’ model as
to how macroeconomic volatility is likely to be affected if the UK were to enter EMU. But
these conclusions will be conditional on particular assumptions about the properties of the
stylised model and conditional on the particular pattern of shocks assumed to be impinging
on the model. Since the underlying model and shock processes are only relatively crudely
calibrated, it is therefore important to examine the effects of varying key assumptions, either
about the model or the shocks. This will help to illustrate the robustness of the conclusions to
different features of the exercise.

Results  for  the benchmark ca l ibrat ion on a  
shock-by-shock bas is

8.6 Table 8.1 below provides estimates of the predicted degree of volatility in inflation and
output first outside EMU, then inside, in the face of unit variance shocks to each of the four
different kinds of disturbance allowed for in the ‘Three Bears’ model:1

• demand shocks (comprising shocks specific to the UK, the euro area and the
rest of the world, as well as a shock symmetric to the UK and the euro area);

• supply shocks (comprising shocks which are UK-specific, euro area-specific
and symmetric to both);

• exchange rate shocks (outside EMU comprising shocks to the risk-premium
associated with sterling, the euro and the rest-of-the-world (ROW) currency
respectively, the latter being symmetric shocks to sterling and the euro); and
inside EMU comprising shocks to the euro-ROW bilateral exchange rate,
where the euro-specific shocks are a weighted average of the previous sterling
and euro area shocks); and 

• monetary policy shocks (comprising shocks specific to the UK policy rule,
shocks specific to the ECB policy rule and shocks symmetric to both when the
UK is outside EMU, and shocks to the ECB rule only when inside EMU).

8.7 At this stage, these results are derived using the benchmark version of the model where
the only asymmetries in the structure between the UK and euro area arise because of
differences in trade patterns and the degree of openness.
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1 The results are generated for each shock by calculating the estimated long-run, or asymptotic, standard deviations
derived from running 100 antithetic simulations, i.e. 200 in total, where for each stochastic simulation, the opposite (i.e.
negative) shocks are applied in a second run. The shocks are assumed to be unexpected each quarter, so the stochastic
simulation must be solved using a stacked solution technique (see for example, Ireland and Westaway, 1990). Each
simulation was run for 80 quarters, with the shocks applied for the first 60. The long-run standard deviation was
calculated by averaging the estimated standard deviation at all time periods to which shocks were applied, excluding the
first 20 periods when the model responses had not reached their steady state. Larger numbers of replications were found
to give minimal improvements in the estimates of the asymptotic standard deviation.
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Table 8.1: Long-run volatility comparison of EMU versus non-EMU regimes for UK:
‘Three Bears’ model
• all identified shocks
• symmetric version of ‘Three Bears’ model

UK outside EMU UK in EMU Ratio in/out

Inflation Output gap Inflation Output gap Inflation Output gap

Demand shocks Symmetric 0.38 0.38 0.38 0.37 1.01 0.98
RoW shock 0.06 0.06 0.05 0.06 0.94 1.03
UK shock 0.23 0.32 0.30 0.44 1.30 1.38
Euro area shock 0.13 0.05 0.40 0.17 3.12 3.60

Supply shocks Symmetric 0.58 0.87 0.59 0.86 1.02 0.98
UK shock 0.43 0.86 0.53 1.03 1.23 1.20
Euro area shock 0.16 0.05 0.63 0.31 3.92 6.37

Exchange rate shocks £ 0.26 0.13 0.03 0.02 0.13 0.14
€ 0.10 0.04 0.14 0.07 1.41 1.61
$ 0.17 0.09 0.17 0.09 0.98 1.04

Policy shocks UK 0.28 0.19 0.00 0.00 0.00 0.00
Euro area  0.08 0.04 0.22 0.16 2.58 4.22
Symmetric 0.22 0.16 0.22 0.16 0.99 1.03

8.8 How should these results be interpreted? Of course, without having information on the
relative frequency of different types of shocks, it is not possible with this information to come
up with a firm model-based estimate of the overall costs associated with shocks inside and
outside EMU with this structure of the model. Even so, the results are very informative,
building on the insights already gained from the deterministic simulations. 

8.9 The following points seem particularly important:

• for all asymmetric shocks, with the obvious exception of those which will
actually disappear inside EMU, the long-run level of output and inflation
variability always increases inside EMU. This is particularly marked in the
case of shocks specific to the euro area which, outside EMU, would be
predicted to have rather small effects on the UK, but inside EMU would
induce interest rate charges unnecessary from the UK perspective. These
results are entirely consistent with the results of the deterministic simulations
which similarly showed a deterioration in performance in the face of
asymmetric shocks;

• in particular, it was noted with the deterministic simulations of UK-specific
shocks that price level stability and potentially inflation stability could be
enhanced for UK-specific shocks inside EMU. This result emerged because of
the quasi-price-level targeting properties under EMU; that is, for shocks
where the long-run real exchange rate is unchanged, the UK price level needs
to be brought back to euro area levels, whereas with independent monetary
policy, the price level could ‘slip’ due to the nominal exchange rate shock
absorber role. But in the stochastic simulations, the potentially beneficial
impact on inflation is overwhelmed by the deterioration in the ability of ECB
interest rates to control UK inflation;

• in the case of symmetric shocks, the results are somewhat more nuanced,
usually implying a small change in the trade-off between output and inflation
variability, rather than an outright deterioration, in EMU. Again, these results
are consistent with those shown in the earlier deterministic simulations (see
for example Charts 3.2(a)-(d)); and
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• as expected, shocks to the sterling-euro risk premium and to the UK interest
rate policy rule both incur costs for the UK economy in the regime where
interest rates are set autonomously, but are much smaller in EMU
(disappearing completely in the case of policy shocks and having a much
smaller contribution to exchange rate volatility in the case of the sterling
shocks).2

Sens i t iv i ty  analys is  o f  the  sty l i sed stochast ic  s imulat ion
resul ts

8.10 To stress test these results, is useful to compare them with a number of alternative
calibrations of the model, along the lines of the earlier robustness checks in Sections 5 and 6,
to highlight the potentially important role of different structural assumptions and different
asymmetries which may be more relevant for the UK-euro area comparison than has been
assumed so far. Here the sensitivity analysis will be carried out on the following aspects:

• the role of trade-related asymmetries (Table 8.2);

• the role of the interest-sensitivity of demand (Table 8.3);

• the role of price flexibility (Table 8.4);

• the possibility of an enhanced role for fiscal policy as an additional
adjustment mechanism inside EMU (Table 8.5); and 

• the sensitivity of results to different assumptions about exchange rate shocks
(Table 8.6). 

8.11 First consider the role of those structural asymmetries that remain in the benchmark
version of the ‘Three Bears’ model used so far. These are related to differences in the degree
of openness between the UK and the euro area, and to differences in their respective trade
patterns with each other and the rest of the world. As the results in Table 8.1 have already
shown, the influence of these asymmetries is rather minor since the inflation and output
consequences of symmetric shocks are rather similar whether the UK is assumed to be in or
out of EMU. This is confirmed by Table 8.2 below which shows the consequences of removing
the trade-related asymmetries altogether:3

• as expected, the predicted macroeconomic costs would be identical in and
out of EMU in the face of symmetric demand shocks; and

• for asymmetric demand shocks, the relative increase in inflation volatility
improves slightly in EMU (the ratio is 0.97). The increase in output volatility is
now less severe inside EMU but still increases by 28 per cent in EMU despite
the symmetry of the structures of the model.
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2 The effects of the sterling risk premium do not disappear altogether in EMU because of the maintained assumption that
once the UK joins EMU, shocks to the euro are a weighted average of those to the old euro currency and the previously
improving on sterling where sterling has a weight of 20 per cent.
3 This is done by making the degree of UK and euro area openness equal at 0.25 (the average of their respective values in
the benchmark), the relative trade intensities equal at 0.5, and the share of import prices in the domestic consumer price
equation to be equal at 0.85. So the comparison with the asymmetric case is affected both by the removal of the
asymmetries and the change in the degree of openness in the UK.
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Table 8.2: Long-run volatility comparison of EMU versus non-EMU for UK: ‘Three Bears’
model
• Demand shocks
• Symmetric versus benchmark version of ‘Three Bears’ model

UK outside EMU UK in EMU Ratio in/out

Model version Shock type Inflation Output gap Inflation Output gap Inflation Output gap

Symmetric Symmetric 0.42 0.38 0.42 0.38 1.00 1.00
Benchmark Symmetric 0.38 0.38 0.38 0.37 1.01 0.98

Symmetric UK shock 0.30 0.33 0.29 0.42 0.97 1.28
Benchmark UK shock 0.23 0.32 0.30 0.44 1.30 1.38

8.12 In fact, the benchmark calibration of the stylised model was partly chosen to highlight
the richness of the contrast in dynamic responses inside EMU compared to out, even without
large behavioural asymmetries. But, as in Section 6, it is interesting to examine how
additional asymmetries, possibly reflecting more plausible assumptions than embodied in
the benchmark case, might affect the stylised results. Table 8.3, for example, illustrates the
implications of modifying the benchmark calibration by assuming that the interest-rate
elasticity of demand in the UK is twice as high as in the euro area. 

Table 8.3: Long-run volatility comparison of EMU versus non-EMU for UK: ‘Three Bears’
model
• Demand shocks
• Variations in degree of interest-rate sensitivity of IS curve

UK outside EMU UK in EMU Ratio in/out

Model version Shock type Inflation Output gap Inflation Output gap Inflation Output gap

Interest elasticity 
doubled in UK IS curve Symmetric 0.35 0.36 0.35 0.34 1.00 0.96
Benchmark Symmetric 0.38 0.38 0.38 0.37 1.01 0.98

Interest elasticity 
doubled in UK IS curve UK shock 0.23 0.32 0.32 0.46 1.38 1.45
Benchmark UK shock 0.23 0.32 0.30 0.44 1.30 1.38

8.13 The stochastic results are consistent with the simulation responses in the face of
symmetric and UK-specific demand shocks described in Section 6:

• for symmetric shocks, the implication of a higher interest-rate elasticity in the
UK is that, if the UK were in EMU, the ECB would over-compensate for
symmetric shocks from the UK’s perspective. So inflation and output volatility
would improve slightly inside EMU; but

• for UK-specific asymmetric shocks, the UK’s higher interest rate sensitivity
worsens the ‘Wicksellian’ instability described in Section 4, so inflation and
output volatility deteriorate inside EMU. 

8.14 Earlier sections have already highlighted the crucial role that price flexibility plays in
determining the potential costs of EMU. Broadly, it has been shown that the more flexible are
prices, then the less volatile will output become relative to potential. Outside EMU, increased
price flexibility allows the monetary authorities to target inflation more accurately, but inside
EMU, inflation deviations will tend to increase as relative prices are forced to take the short-
term burden of relative price adjustments.
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8.15 Table 8.4 below compares the predictions for inflation and output variance results on
the benchmark model with results for two alternative versions of the model, first when the UK
is assumed to be more flexible than the euro area by having a greater degree of forward-
lookingness in price-setting, then in a more extreme case where UK prices are assumed to be
fully flexible.

Table 8.4: Long-run volatility comparison of EMU versus non-EMU for UK: ‘Three Bears’
model
• Demand shocks
• Variations in degree of price flexibility

UK outside EMU UK in EMU Ratio in/out

Model version Shock type Inflation Output gap Inflation Output gap Inflation Output gap

UK fully flexible Symmetric 0.00 0.00 1.17 0.00 – –
UK and euro area Symmetric 0.00 0.00 0.15 0.00 – –
fully flexible
UK Phillips curve Symmetric 0.26 0.31 0.31 0.31 1.20 0.98
more forward-looking
Benchmark Symmetric 0.38 0.38 0.38 0.37 1.01 0.98

UK fully flexible UK shock 0.00 0.00 1.29 0.00 – –
UK and euro area UK shock 0.00 0.00 1.09 0.00 – –
fully flexible
UK Phillips curve UK shock 0.19 0.28 0.20 0.33 1.05 1.18
more forward-looking
Benchmark UK shock 0.23 0.32 0.30 0.44 1.30 1.38

8.16 In both cases, the results are consistent with the principles described in earlier sections:

• if price-setting in the UK is more flexible (here captured by a greater weight on
forward-looking expectations in the Phillips curve, i.e. 0.75 compared to 0.25
in the benchmark case and in the euro area), then the less volatile is inflation
and output, in or out of EMU. This is an important result in the context of the
flexibility test, the second of the Government’s five economic tests, because it
implies that more flexibility may be preferred even if it implies greater
structural asymmetry with the euro area; but

• the greater degree of price flexibility does imply that inflation volatility in the
face of symmetric shocks would increase by more upon UK entry to EMU
compared to the benchmark case (though the increase in inflation volatility
would be smaller for asymmetric shocks);

• in the limiting case where price flexibility in the UK is complete, EMU
membership would imply a huge increase in inflation volatility since inflation
differentials would take on all of the burden of relative price adjustment; but

• this increase would be greatly reduced if it were additionally assumed that
prices in the euro area were also fully flexible. Under that assumption, the
increase in inflation variability is much less than when the UK alone was
flexible.

8.17 One important issue discussed in Section 5 is the extent to which UK fiscal policy action
might be enhanced inside EMU to compensate for the loss of an independent monetary
policy. Table 8.5 compares the benchmark results with a case where a stylised discretionary
fiscal policy is adopted, i.e. where the automatic stabilisers are augmented by a response to
inflation and output deviations. Three clear messages emerge, again consistent with the
conclusions drawn from the deterministic simulations in Section 5:
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• inflation and output volatility could be lowered, inside or outside EMU, by the
more active use of discretionary fiscal policy action4 (where, as in the earlier
section, it is important to emphasise the caveat that the discretionary fiscal
rule and its effectiveness is characterised in a stylised way5);

• on assuming that fiscal policy would be available inside EMU as well as out,
inflation and output volatility would increase upon EMU entry (by 5 and 18
per cent respectively) but this would be less than the predicted deterioration
(of 30 and 38 per cent respectively) when no compensating fiscal policy action
was assumed; and

• since fiscal policy in the UK’s is not currently characterised by an active role
for discretionary fiscal policy, it may be more relevant to compare the results
outside EMU without fiscal policy with the performance inside EMU with
discretionary fiscal policy. On this basis, inflation and output volatility would
be very similar inside and outside EMU. So, under these stylised assumptions
at least, fiscal policy inside EMU can effectively mimic the effects of monetary
policy outside EMU.

Table 8.5: Long-run volatility comparison of EMU versus non-EMU for UK: ‘Three Bears’
model
• UK-specific demand shocks
• Variations in degree of assumed fiscal stabilisation

UK outside EMU UK in EMU Ratio in/out

Model version Shock type Inflation Output gap Inflation Output gap Inflation Output gap

Augmented fiscal UK shock 0.19 0.28 0.20 0.33 1.05 1.18
policy for UK
Benchmark UK shock 0.23 0.32 0.30 0.44 1.30 1.38

8.18 Given the importance attributed to the role of exchange rate shocks in the discussion of
the previous stochastic simulation studies discussed in Section 7, it important to examine the
implications of making different assumptions regarding exchange rate shocks when running
stochastic simulations in the ‘Three Bears’ model. 

8.19 The results for exchange rate shocks shown in Table 8.1 were conditioned by the
simplifying assumption that three independent shocks could impinge directly on exchange
rates when the UK was assumed to be outside EMU. These shocks were assumed to be
associated with UK-specific risk, euro area-specific risk and rest-of-the-world-specific risk
respectively.6 And once the UK was assumed to be inside EMU, shocks to the augmented euro
area (i.e. the previous euro area plus the UK) were assumed to comprise a weighted average
of the previous UK and euro area shocks (where the UK was assumed to have a weight of 0.2).

8.20 But even given the constraints imposed by the ‘Three Bears’ model of a world of three
country blocks, this may be a serious over-simplification. One possibility, already discussed
in the context of describing the results of Minford (2001), is that exchange rate shocks rather
than being independent may be positively or negatively correlated. For example, it has been
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4 As noted earlier, this finding was also reported in Blake and Young (1998).
5 See the EMU study Fiscal stabilisation and EMU for a fuller discussion of this issue.
6 Of course, because the three exchange rates must respect the ‘triangulation’ identity, an increase in risk to one country
will necessarily imply a fall in relative risk for the other two.



observed that over certain periods, movements in the sterling-euro and the sterling-dollar
exchange rate have tended to be negatively correlated, so offsetting each other in their effect
on sterling’s effective exchange rate.7 Table 8.6 compares the implications for inflation and
output volatility of making this alternative set of assumptions.8 Since these results are closely
related to the discussion on exchange rate volatility in the EMU study The exchange rate and
macroeconomic adjustment, supplementary information on the variation in the real sterling-
euro and sterling effective exchange rate is included in columns of Table 8.6. 

8.21 The contrast with the previous results in the benchmark case is striking: 

• with the previous results where shocks to sterling were assumed to be UK-
specific, outside EMU these caused volatility in UK inflation and output. But
these were predicted to be greatly reduced inside EMU, by over 80 per cent.9

And their contribution to real exchange movements was also predicted to be
largely eliminated (with movements in the nominal sterling-euro exchange
rate, of course, completely eliminated); and

• but when sterling-euro and sterling-US dollar shocks are assumed to be
negatively correlated, the picture is reversed. Outside EMU, the shocks to
sterling would tend to offset each other in their effects on the sterling effective
exchange rate, so inflation and output volatility would be more than halved
compared to the benchmark case. But once the UK enters EMU, sterling
would ‘inherit’ the previous greater euro-US dollar volatility.10 The result is that
inflation and output volatility would now double inside EMU and the real
effective exchange rate would increase in volatility despite the elimination of
nominal sterling-euro fluctuations. 

Table 8.6: Long-run volatility comparison of EMU versus non-EMU for UK: ‘Three Bears’
model
• Variations in correlation of exchange rate shocks

UK outside EMU UK in EMU Ratio in/out

Output Real Real Output Real Real Output
Model version Shock type Inflation Gap £-€ £ eff. Inflation gap £-€ £ eff. Inflation gap

Benchmark £-€ and £-$ 0.10 0.04 0.59 0.82 0.24 0.13 0.06 0.98 2.48 2.91
negatively
correlated

Benchmark £ shocks
independent 0.26 0.13 0.51 0.52 0.03 0.02 0.01 0.07 0.13 0.14
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7 It is worth repeating the point from the earlier discussion that the observed stochastic behaviour of a particular
exchange rate will be generated by both fundamental shocks and by direct shocks to the exchange rate (See Box 7.1). It is
only the effect of the latter that is captured by the ‘exchange rate shocks’ row in Table 8.1 and Table 8.6. 
8 These two sets of assumptions are also intended to characterise, albeit rather crudely, the respective assumptions
regarding exchange rate shocks made in the two emperically-based stochastic simulation exercises examined in 
Section 7.
9 It is not eliminated completely because the original sterling shocks are still assumed to impinge on the euro, but with a
lower weight of 20 per cent.
10 If the variance of shocks to £-€ and £-$ are both unity, and if they have a covariance of -1, then in a three-country
world, the variance of €-$ will be double that of either of the sterling bilaterals.
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An attempted ca l ibrat ion for  a l l  shocks

8.22 The preceding discussion of the stylised stochastic simulation results has so far
deliberately stopped short of attempting to ‘add together’ the results for the effects of
different shocks.11 Ultimately, however, policy conclusions can only be drawn on the basis of
considering the likely response of the UK economy in the face of all the shocks that are likely
to hit, in or out of EMU. So in the final part of this section, an attempt is made to estimate how
important different types of shocks might be, in aggregate, for the UK economy, as depicted
in the stylised ‘Three Bears’ model. 

8.23 This calibration of the shocks is based on an empirical calibration of the shocks derived
from the SVAR analysis already described in Section 2. Box 8.1 describes in detail how this is
done. The two key stages to the calibration are:

• estimation of the respective contributions of demand, supply and nominal
(policy and exchange rate) shocks to the average of output and inflation
volatility in the UK. The analysis suggests that the average split is roughly 50
per cent from demand shocks, 40 per cent from supply shocks and 10 per cent
from nominal shocks; and
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Box 8.1: Empirical calibration of shocks in the ‘Three Bears’ model

Since the ‘Three Bears’ model adopted in this study is calibrated rather than empirically
estimated, estimation residuals are not available as they would be with the
econometrically estimated models employed in the empirical stochastic simulation
exercises described in Section 7.

Instead, an SVAR model of the UK economy based on Gerlach and Smets (1995), as
described in Section 2, is estimated. This is used to calculate the relative contribution that
different structural shocks have made over the past to UK inflation and output volatility.
Two stages are required:

(i) Compute the historical variance decomposition (see Enders, 1995) to derive the
relative contribution of real demand shocks, supply shocks and nominal shocks.
The results suggest that the split is roughly 50-40-10 for average inflation and
output volatility in the UK.

The SVAR analysis considered here does not allow an explicit decomposition of the shocks
into symmetric and asymmetric components, or for any shocks implying more complicated
covariance with the euro area shocks. Indeed, one shortcoming of the SVAR analysis is that
it is designed to reveal the ‘average’ response to a generic-demand or supply shock and
does not usually allow the different types of symmetric and asymmetric shocks to be
distinguished. Nevertheless:

(ii) The problem is addressed in the second stage of the calibration by assuming that
the average correlation coefficient of the estimated UK and euro area shocks (as
shown earlier in Chart 2.5) gives a rough proxy for the degree of symmetry of the
shocks. This is estimated to be roughly a half.

It should be emphasised that this is a highly crude measure, since the revealed correlation
coefficient for all types of shocks has varied greatly over the most recent 20 years, having
had periods when the correlation was higher, but a period during the 1990s (arguably in
the wake of German reunification) when the correlation was negative.

For this reason, an alternative assumption where the proportion of symmetric shocks is
much higher, at 0.8, is also assumed in the stochastic simulation exercise.

11 Since the model is linear and since the shocks have been assumed to be independent so far, then it is possible to infer
the total variance in macroeconomic outcomes by adding the variances associated with individual shocks, weighted by
their relative size and frequency. 
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• estimation of the contribution to average output and inflation volatility in the
UK from symmetric and asymmetric shocks respectively. The analysis
suggests that roughly 50 per cent of average output and inflation volatility can
be attributed to symmetric shocks, and 50 per cent to asymmetric shocks,
though this estimate is especially uncertain, so alternative assumptions are
analysed too. 

8.24 Table 8.7 gives estimates of total predicted inflation and output volatility comparing
outcomes under the assumptions that the UK either stays outside or joins EMU. The
following cases are presented:

Model version adopted Shock distribution assumed

Case 1 Benchmark assumptions Benchmark assumptions

Case 2 Benchmark assumptions Benchmark + symmetric shocks contribute 
80 per cent

Case 3 Benchmark assumptions Benchmark + nominal shocks contribute 
75 per cent (of which exchange rate shocks
comprise 90 per cent).

Case 4 Benchmark assumptions Benchmark + negatively correlated shocks 
to £-€ and £-$

Case 5 Benchmark assumptions Benchmark assumptions
+ UK IS curve twice as 
interest-sensitive
+ UK Phillips curve twice 
as forward- looking

Case 6 Benchmark assumptions Benchmark assumptions 

+ active fiscal policy 
inside EMU

Table 8.7: Long-run volatility comparison of EMU versus non-EMU for UK: ‘Three Bears’
model
• Calibrated distribution of all shocks
• Variations around benchmark model

UK outside EMU UK in EMU Ratio in/out

Model Shocks Inflation Output Inflation Output Inflation Output
version: assumed: gap gap gap

Case 1 Benchmark Benchmark 0.64 0.76 0.87 0.92 1.36 1.20

Case 2 Benchmark Benchmark + shocks
80 per cent symmetric 0.66 0.74 0.70 0.76 1.05 1.02

Case 3 Benchmark Benchmark + shocks
75 per cent nominal
(of which 90 per cent
exchange rate) 0.83 0.57 0.70 0.56 0.84 0.99

Case 4 Benchmark Benchmark + £-€ and
£-$ negatively
correlated 0.64 1.01 0.76 0.96 1.59 1.27

Case 5 Benchmark+modified Benchmark
UK IS curve and Phillips
curve 0.59 0.70 0.78 0.80 1.32 1.15

Case 6 Benchmark + Benchmark
augmented fiscal 
policy for UK 
(in EMU only) 0.64 0.76 0.71 0.70 1.11 0.92
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8.25 The conclusions to be derived from these results when the model is subjected to the full
range of shocks follow naturally from the earlier analysis and from the assumptions made
regarding the relative importance of particular types of shocks. Again, it needs to be
emphasised that this exercise is based on the predicted response of a stylised model of the UK
economy to an assumed set of shocks which are intended to be comparable to those shocks
which have hit the economic environment in the past. But these calibrated shocks are
necessarily stylised too. Nevertheless, the main points to emerge from this exercise are as
follows:

• in the benchmark case, Case 1, both inflation and output volatility are
predicted to rise inside EMU, by 36 and 20 per cent respectively;

• but the scale of this increase in volatility could be modified or even reversed
under alternative assumptions. In Case 2, when asymmetric shocks are
assumed to be much less important in generating macroeconomic volatility,
the implications of EMU entry for UK and output inflation volatility are more
balanced, showing only a small deterioration in macroeconomic volatility
inside EMU;

• alternatively, if nominal shocks are assumed to make a much greater
contribution to macroeconomic volatility, and within that, if exchange rate
shocks are assumed to be the predominant influence12 (here 90 per cent) then
Case 3 shows it is possible for both output and inflation volatility to fall once
the UK enters EMU (by 16 and 1 per cent respectively). These results are
consistent with a scenario where outside EMU, the exchange rate has been
acting more as a source of shocks than a shock absorber;

• but as discussed earlier, a different assumption regarding exchange rate
shocks can worsen the predicted effects for the UK inside EMU. Case 4 shows
the effects of assuming instead that sterling-euro and sterling-US dollar
shocks are negatively correlated outside EMU, so joining EMU would impart
more not less stability from exchange rate shocks, with inflation and output
volatility rising by 59 and 27 per cent respectively more than in the benchmark
case;

• Case 5 examines the case, previously analysed in Section 6 and earlier in this
section, where the UK is assumed to have more behavioural asymmetries than
assumed in the benchmark case, first through having a more interest-sensitive
demand, and second through having more flexibility in price-setting. If both
these asymmetries are assumed to hold together (where here the relevant
parameters are both assumed to be doubled), EMU membership still implies
a deterioration in output and inflation volatility, though by slightly less than in
the benchmark case. This finding is consistent with the earlier deterministic
simulations where increased price flexibility was found to improve
macroeconomic outcomes;

ST O C H A S T I C S I M U L AT I O N S O N T H E ‘ TH R E E BE A R S ’  MO D E L8

12 These assumptions are more in line with the SVAR results of Artis and Ehrmann (2000), rather than the approach to SVAR
analysis used in this study which is based on the approach of Gerlach and Smets (1995).
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• finally, Case 6 examines the performance under the benchmark assumptions
of Case 1, but where, upon entering EMU, UK fiscal policy is assumed to be
used more actively as a discretionary instrument of demand management. As
would be expected, this has a beneficial stabilising influence compared to
Case 1. Now inside EMU, inflation variability is only 11 per cent higher rather
than 36 per cent higher when only the automatic stabilisers were operating.
And output variability now falls by 8 per cent inside EMU rather than
increasing by 20 per cent. This suggests that if fiscal policy were used inside
EMU in a discretionary manner, and if it were assumed to operate as
effectively as is assumed here, it may be possible for the UK to join EMU
without suffering too great an increase in inflation volatility, at the same time
achieving slightly more stable output.
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9.1 The convergence and flexibility tests are ultimately concerned with a comparison of
how well the UK economy would be able to adjust to shocks inside EMU compared to a
regime where UK interest rates are set independently and the sterling-euro exchange rate is
free to move.

9.2 Many of the standard tools devised to judge the fitness of the UK economy to join EMU
(e.g. historical correlations and VAR-based estimates of comparative responses) are highly
informative but ultimately, can only be indicative.

9.3 Structural macroeconomic models, though inevitably an approximation and subject to
their own flaws, represent a potentially more powerful tool for analysing how the economy
might respond to different shocks under the two alternative regimes.

9.4 But most macroeconometric models are difficult to understand. Instead, there is a case
for adopting simpler, stylised models that capture the essential features of the transmission
mechanism of monetary policy. Such a model is employed in this study to unravel and
provide a diagnostic analysis of the key characteristics of the adjustment mechanisms inside
EMU. This analysis is new both in terms of the model adopted and in the scope of the
questions addressed. But it is conducted in the spirit of earlier work by, for example, the
European Commission (1990) in their original ‘One Market, One Money’ study and is related
to more recent work that examine the workings of the adjustment mechanisms inside EMU
since 1999 (see for example Blanchard, 2001).

9.5 Outside EMU, under inflation targeting, an independent monetary policy works
through two main channels:

• by affecting demand via counter-cyclical movements in real interest rates,
where real interest rates impinge directly on domestic demand and indirectly
on net trade via the effect on the real exchange rate; and

• by facilitating required relative price changes via movements in the nominal
exchange rate which plays a ‘shock absorbing’ role. In the face of inflationary
shocks specific to the UK economy, for example, the UK price level is allowed
to ‘slip’, and the nominal exchange rate will eventually move to accommodate
this slippage and help to facilitate re-adjustment of the real exchange rate.

9.6 Inside EMU, the adjustment mechanism would work in much the same way if a
symmetric shock prompted a response from the ECB similar to that which would have
occurred to the UK outside EMU. But for an asymmetric shock which is specific to the UK, the
adjustment mechanism would work rather differently:

• the primary burden would be placed on the bilateral real exchange rate
between the UK and the euro area and this would necessarily take place via
relative price adjustment;

• for asymmetric shocks, the euro area price level effectively acts as a nominal
anchor for the UK price level; and

• real interest rates no longer play the primary adjustment role. Indeed, since
the ECB would respond weakly to inflationary shocks that were specific to the
UK, real interest rates might actually fall, tending to destabilise the
adjustment mechanism.

Key points

Key features of
adjustment
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9.7 Other mechanisms are available inside EMU to facilitate adjustment. Fiscal policy
mechanisms can be augmented, but there may be practical problems in doing so. Ultimately
wage-price flexibility offers the most effective means of avoiding output costs inside EMU.
Greater flexibility among all euro area members would be the first best outcome in terms of
minimising UK volatility in EMU. If the UK is relatively more flexible than the euro area, then
UK inflation variability may be higher as a result.

9.8 The ease with which the UK economy might be able to respond to different shocks
inside EMU is importantly affected by the degree of behavioural asymmetry between the UK
and the euro area, for example in the degree of price flexibility and in the degree of sensitivity
to interest rates. The conventional view arising from optimal currency area (OCA) theory is
that the more diverse are the values of these parameters between the UK and euro area, the
more costly EMU becomes in macroeconomic terms. But the analysis here has shown that the
implication will differ according to both the source and direction of the asymmetry. So, for
example, higher price flexibility in the UK would show up in higher inflation volatility, while
lower price flexibility would result in greater output volatility.

9.9 Stochastic simulation methods have been used by empirical modellers in an attempt to
measure the net macroeconomic costs of EMU. Overall, the conclusions to be drawn from
these studies vary. While a range of technical aspects underlying these conclusions are
important, the treatment of shocks to the exchange rate (and the associated question of
whether the exchange rate is deemed to be a source of noise or a shock absorber) turns out to
be critical. An extensive investigation of the stochastic properties of the ‘Three Bears’ model,
culminating in a series of simulation exercises, tends to predict that EMU is likely to lead to
more macroeconomic volatility. But it is shown how reasonable assumptions regarding the
assumed specification of the model, or the shocks assumed to impinge, can either magnify or
shrink this predicted increase. And under particular assumptions about the nature of the
exchange rate shocks assumed outside EMU, it is possible that macroeconomic volatility
could fall inside EMU.

9.10 Overall the analysis confirms the prediction that, on a priori grounds, it is not possible
to say whether macroeconomic volatility in the UK will increase or decrease inside EMU
compared to outside. But the analysis has provided a conceptual framework which helps to
explain how different assumptions about the workings of the macroeconomic environment
can lead to different conclusions regarding the degree of macroeconomic volatility inside
EMU compared to outside. 

9.11 In concluding, it is important to emphasise that, in making the assessment of the
economic case for UK entry to EMU, these costs need to be compared against the potential
benefits which EMU entry offers.

9.12 This study informs the assessment of the convergence test, the first of the Government’s
five economic tests for EMU entry; the flexibility test, the second test; and the growth, stability
and jobs test, the fifth test.

100

9



RE F E R E N C E S

101

Aksoy, Y. and de Grauwe, P. (2002) ‘Do Asymmetries Matter for European Monetary Policy?’,
European Economic Review 46(3), pp. 443-69.

Aoki, K., Proudman, J. and Vlieghe, G. (2002) ‘House Prices, Consumption and Monetary
Policy: A Financial Accelerator Approach’, Bank of England Working Paper No 169.

Artis M.J. and Ehrmann M. (2000) The Exchange Rate – A Shock Absorber or Source of
Shocks? A Study of Four Open Economies’, CEPR Discussion Paper No. 2550.

Artis, M.J. (2000) ‘Should the UK join EMU?’, National Institute Economic Review 171(1),
pp. 70-81.

Astley, M.S. and Garratt, A. (1998) ‘Exchange Rates and Prices: Sources of Sterling Real
Exchange Rate Fluctuations 1973-94’, Bank of England Working Paper No. 85.

Bailey, A., Millard, S. and Wells, S. (2001) ‘Capital Flows and Exchange Rates’, Bank of England
Quarterly Bulletin 41(3), pp. 310-318.

Ball, L. (1999) ‘Policy Rules for Open Economies’, in Taylor, J.B. (ed.) Monetary Policy Rules,
NBER Conference Report Series, Chicago, IL: University of Chicago Press.

Bank of England (1999) ‘Economic Models at the Bank of England’.

Bank for International Settlements (1995) Financial Structures and the Monetary
Transmission Mechanism, Basel: BIS.

Barrell, R. and Dury, K. (2000) ‘Choosing the Regime: Macroeconomic Effects of UK Entry into
EMU’, Journal of Common Market Studies 38(4), pp. 624-644.

Barrell, R. and Dury, K. (2003) ‘Asymmetric Labour Markets in a Converging Europe: Do
Differences Matter?’ National Institute Economic Review 183(1), pp. 56-65.

Barrell, R., Hurst, I. and Kirsanova, T. (2003) ‘Choosing the Regime in an Uncertain World: 
The UK and Monetary Union’, paper presented to the NIESR User Group meeting, NIESR, 
12 January 2003.

Barrell, R. and Pina, A. (2003) ‘How Important are Automatic Stabilisers in Europe?,
forthcoming in Economic Modelling.

Barro, R. and Gordon D.B., (1983) ‘Rules, Discretion and Reputation in a Model of Monetary
Policy’, Journal of Monetary Economics 12(1), pp. 101-121.

Batini, N. and Haldane, A.G. (1999) ‘Forward-Looking Rules for Monetary Policy’, in Taylor,
J.B. (ed.) Monetary Policy Rules, NBER Conference Report Series, Chicago, IL: University of
Chicago Press.

Bayoumi, T. and Eichengreen, B. (1993) ‘Shocking Aspects of European Monetary Union’, in
Giavazzi, F. and Torres, F. (eds.) Adjustment and Growth in the European Monetary Union,
Cambridge: Cambridge University Press.



RE F E R E N C E S

Bean, C., (1992) ‘Economic and Monetary Union in Europe’, Centre for Economic
Performance Discussion Paper No. 86.

Bean, C., Larsen, J. and Nikolov K. (2002) ‘Financial Frictions and the Monetary Transmission
Mechanism: Theory, Evidence and Policy Implications’, ECB Working Paper No 113.

Begg, D. (1982) The Rational Expectations Revolution in Macroeconomics, Oxford: Philip Allan.

Benigno, G. and Thoenissen, C. (2002) ‘Equilibrium Exchange Rates and Supply-side
Performance’, Bank of England Working Paper No. 156.

Blake, A.P. and Westaway, P.F. (1996) ‘Credibility and the effectiveness of inflation targeting
regimes’, Manchester School 64 (Supp), pp. 28-50.

Blake, A.P. and Young, G. (1998) ‘Macroeconomic stability within a Monetary Union’, National
Institute Economic Revieew, 163(1), pp. 34-36.

Blanchard, O.J. (2001) ‘Country Adjustments with Euroland: Lessons after Two Years’, in
Alesina, A.F., Blanchard, O.J., Gali, J., Giavazzi, F. and Uhlig, H. (eds.) Defining a
Macroeconomic Framework for the Euro Area: Monitoring the European Central Bank 3,
London: CEPR.

Blanchard, O.J. and Giavazzi, F. (2002) ‘Current Accounts in the Euro Area: The end of the
Feldstein-Horioka Puzzle?’, <http://econ-www.mit.edu/faculty/blanchar/papers.htm>.

Blinder, A. (1998) Central Banking in Theory and Practice, Cambridge, MA: MIT Press.

Brittan, S. (2002) The Key to Britain’s Euro Entry’, Financial Times, 23 May 2002, p. 19. 

Britton, E. and Whitley, J. (1997) ‘Comparing the Monetary Transmission Mechanism in
France, Germany and the United Kingdom: Some Issues and Results’, Bank of England
Quarterly Bulletin 37(2), pp. 152-162.

Buiter, W.H. and Jewitt, I. (1981) ‘Staggered wage-setting with real wage relativities: Variations
on a theme of Taylor’ 49(3), pp. 211-28.

Buiter, W.H. (2000) ‘Optimal Currency Areas: Why Does the Exchange Rate Regime Matter?
With an Application to UK Membership in EMU’, Scottish Journal of Political Economy 47 (3),
pp. 213-250.

Burns, A.F. and Mitchell, W.C. (1946) Measuring Business Cycles, New York: NBER.

Carlton, D.W. (1986) ‘The Rigidity of Prices’, Amercian Economic Review 76(4), pp. 637-658.

Canzoneri, M.B., Valles, J. and Vinals, J. (1996) ‘Do Exchange Rates Move to Address
International Economic Imbalances’, CEPR Discussion Paper No. 1498.

Ciccarelli, M. and Rebucci, A. (2002) ‘The Transmission Mechanism of European Monetary
Policy: Is there Heterogeneity? Is it Changing Over Time?’, IMF Working Paper No. 02/54.

Clarida, R.H. and Gali, J. (1994) ‘Sources of Real Exchange Rate Fluctuations. How Important
are Nominal Shocks’, Carnegie Rochester Series of Public Policy 41, pp. 1-56.

Clarida, R.H., Gali, J. and Gertler, M. (1999) ‘The Science of Monetary Policy: A New Keynesian
Perspective’, Journal of Economic Literature 37(2), pp. 1661-1707.

Clarida, R.H., Gali, J. and Gertler, M. (2001), ‘Optional Monetary Policy in Open versus Closed
Economics, An integrated approach’, American Economic Review 91(2), pp. 248-252.

102



103

Coenen, G. and Wieland, V. (2000) ‘A Small Estimated Euro Area Model with Rational
Expectations and Nominal Rigidities’, ECB Working Paper No. 30.

Cohen, D. and Follette, G. (2000) ‘The Automatic Fiscal Stabilisers: Quietly doing their Thing’,
Federal Reserve Bank of New York Economic Policy Review 6(1), pp. 35-67.

Devereux, M. and Engel, C. (2002) ‘Exchange Rate Pass-Through, Exchange Rate Volatility and
Exchange Rate Disconnect’, NBER Working Paper No. 8858.

Dornbusch, R. (1976) ‘Expectations and Exchange Rate Dynamics,’ Journal of Political
Economy 84(6), pp. 1161-1176.

Dornbusch, R., Favero, C. and Giavazzi, F. (1998) ‘Immediate Challenges for the ECB – Issues
in Formulating a Single Monetary Policy’, in Begg et al. (eds.) EMU: Prospects and Challenges
for the Euro, special issue of Economic Policy: A European Forum.

Driffill, J. and Miller, M. (1993) ‘Learning and Inflation Covergence in the ERM’, Economic
Journal 103(417), pp. 369-378.

Driver, R.L., Greenslade, J.V. and Pierse, R.G. (2003) ‘The role of expectations in estimates of
the NAIRU in the United States and the United Kingdom’, Bank of England Working Paper No.
180, forthcoming.

Driver, R.L. and Wren-Lewis, S. (1999) ‘European Monetary Union and Asymmetric Shocks in
a New Keynesian Model’, Oxford Economic Papers 51(4), pp. 665-688.

Dury, K. and Pina, A.M. (2003), ‘ How Important are Automatic Stabilisers in Europe?,
forthcoming in Journal of Policy Modelling.

Ehrmann, M. (2000) ‘Comparing Monetary Policy Transmission Across European Countries’
Weltwirtschaftliches Archiv Review of World Economics 136(1), pp. 58-83.

Enders, W. (1995) Applied Econometric Time Series, New York: John Wiley. 

European Central Bank (1999) ‘Inflation Differentials in the Euro Area’, ECB Monthly Bulletin,
October.

European Commission, DG Economic and Financial Affairs (1990) ‘One Market One Money –
An Evaluation of the Potential Benefits and Costs of Forming an Economic and Monetary
Union’, European Economy 44.

European Commission, DG Economic and Financial Affairs  (2001a) The European Economy
2001 Review, European Economy 73.

European Commission, DG Economic and Financial Affairs  (2001b) ‘Public Finances in EMU
– 2001’, European Economy Reports and Studies 2001(3).

European Commission, DG Economic and Financial Affairs  (2002) ‘Public Finances in EMU
– 2002’, European Economy Reports and Studies 2002(3).

Frankel, J. and Rose, A. (1998) ‘The Endogeneity of the Optimum Currency Area Criteria,’
Economic Journal 108(449), pp. 1009-1025.

Frankel, J. and Rose, A (2002) ‘An Estimate of the Effect of Common Currencies on Trade and
Income,’ Quarterly Journal of Economics 117(2), pp. 437-466.

Fuhrer, J.C. (1997) ‘The (un)importance of forward-looking behaviour in price specifications’,
Journal of Money, Credit and Banking 29(3), pp. 338-50.

RE F E R E N C E S



RE F E R E N C E S

Fuhrer, J.C. (2000) ‘Habit Formation in Consumption and its Implications for Monetary Policy
Models’, American Economic Review 90(3), pp. 367-390.

Fuhrer, J.C. and Moore, G. (1995) ‘Inflation Persistence’, Quarterly Journal of Economics 110(1)
pp. 127-159. 

Funke, M. (2000) ‘Macroeconomic Shocks in Euroland vs the UK: Supply, Demand, or
Nominal?’, University of Hamburg mimeo.

Gerlach, S. and Smets, F. (1995), ‘The Monetary Transmission Mechanism: Evidence from the
G7 Countries’, CEPR Discussion Paper No. 1219.

Harding, D. and Pagan, A. (2002) ‘Dissecting the Cycle: A Methodological Investigation’,
Journal of Monetary Economics 49(2), pp. 365-381.

HM Treasury (2002) Economic and Fiscal Strategy Report and Financial Statement and Budget
Report, HC592, April.

Hughes Hallett, A. J. and Hougaard Jensen, S.E. (2001) ‘Currency Unions and the Incentive to
Reform: Are Market Mechanisms Enough?’, North American Journal of Economics and
Finance 12(2), pp. 139-155.

Hughes Hallett, A.J. and Vines, D. (1993) ‘On Possible Costs of European Monetary Union’,
Manchester School 61(1), pp. 35-64.

Hunt, B., Isard P. and Laxton, D. (2001) ‘The Macroeconomic Effects of Higher Oil prices’, IMF
Working Paper No. 01/14.

Ireland, J. and Westaway, P.F. (1990) ‘Stochastic Simulation and Forecast Uncertainty in a
Forward-Looking Model’, National Institute of Economic and Social Research Discussion
Paper No. 183.

Kenen, P. (1969) ‘The Theory of Optimum Currency Areas: An Eclectic View,’ in Mundell, R.
and Swoboda, A. (eds.), Monetary Problems of the International Economy, Chicago, IL:
University of Chicago Press.

Kieler, M. and Saarenheimo, T. (1998) ‘Differences in Monetary Policy Transmission? A Case
Not Closed’ European Commission, DG Economic and Financial Affairs Economic Paper No.
132.

Kontolemis, Z. and Samiei, H. (2000) ‘The UK Business Cycle, Monetary Policy and EMU
Entry’, IMF Working Paper No. 00/210.

Krugman, P. (1993) ‘Lessons of Massachusetts for EMU,’ in Giavazzi, F. and Torres, F. (eds.) The
Transition to Economic and Monetary Union in Europe, New York: Cambridge University
Press.

Kydland, F.E. and Prescott, E.C. (1977) ‘Rules Rather Than Discretion: The Inconsistency of
Optimal Plans’, Journal of Political Economy 85(3) pp. 473-41.

Labhard, V. and Westaway, P.F. (2002) ‘What is Shocking Exchange Rates?’, paper presented at
the 2002 European Economics Association meeting in Venice, August.

Lane, P. (2001) ‘The New Open Economy Macroeconomics: A Survey’, Journal of International
Economics 54(2), pp. 235-266.

Laxton, D., Isard, P., Faruqee, H., Prasad, E., and Turtelboom, B. (1998) ‘MULTIMOD Mark III:
the Core Dynamic and Steady-State Models’, IMF Occasional Paper No. 164.

104



105

Layard, R., Nickell, S. and Jackman, R. (1991) Unemployment: Macroeconomic Performance
and the Labour Market, Oxford: Oxford University Press.

Lucas, R.E. (1976) ‘Econometric Policy Evaluation: A Critique’ in Brunner, K. and Meltzer, A.H.
(eds.) The Phillips Curve and Labour Markets, New York: North Holland.

Maclennan, D. Muellbauer, J. and Stephens, M. (1998), ‘Asymmetries in Housing and
Financial Market Institutions and EMU’, Oxford Review of Economic Policy 14(3), pp. 54-80

McCallum, B. and Nelson, E. (1999) ‘An Optimising IS-LM Specification for Monetary Policy
and Business Cycle Analysis’, Journal of Money, Credit and Banking 31(3), pp. 296-316.

McKinnon, R. (1963) ‘Optimum Currency Areas’, American Economic Review 53(4) pp. 717-725.

Masson, P. and Symansky, S. (1993) ‘Evaluating the EMS and EMU using Stochastic
Simulations: Some Issues’, IMF Working Paper No. 93/28.

Minford, P. (2001) ‘Tests 1 and 2: Flexibility and the Costs in Economic Variability’, in J. Bush
(ed.) The Economic Case Against the Euro, London: New Europe.

Minford, P. and Peel, D. (2002) Advanced Macroeconomics: A Primer, Cheltenham: Edward
Elgar.

Minford, P., Rastogi, A. and Hughes Hallett, A. (1993) ‘The price of EMU revisited’, Greek
Economic Review 15(1), pp. 191-226.

Monticelli, C. and Tristani, O. (1999) ‘What does the Single Monetary Policy do? A SVAR
Benchmark for the European Central Bank’, ECB Working Paper No. 31.

Mundell, R. (1961) ‘A Theory of Optimum Currency Areas’, American Economic Review 51(4)
pp. 657-665.

National Institute of Economic and Social Research (2003) ‘World Model Manuals’, NIESR
mimeo.

Obstfeld, M. and Rogoff, K. (1996) Foundations of International Macroeconomics, Cambridge,
MA: MIT Press.

Organisation for Economic Co-operation and Development (2002), Economic Outlook, June,
Paris: OECD.

Oxford Economic Forecasting (2002) ‘Scenarios on behalf of the ‘No’ Campaign’, Oxford: OEF.

O’Mahoney, M. (2002), ‘Productivity in the EU 1979-1999’, report for HM Treasury.

Pierse, R. (2000) ‘Winsolve Version 3: An Introductory Guide’, University of Surrey,
Department of Economics mimeo, <http://www.econ.surrey.ac.uk/winsolve/guide.pdf>.

Phillips, A.W. (1954) ‘Stabilisation Policy in a Closed Economy’, Economic Journal 64(254),
pp. 290-323.

Ramaswamy, R. and Sloek, T. (1998) ‘The Real Effects of Monetary Policy in the European
Union: What are the Differences?’, IMF Staff Papers 45(2).

Roeger, W. and in ‘t Veld, J. (1997) ‘QUEST II: A Multi-Country Business Cycle and Growth
Model’, European Commission, DG Economic and Financial Affairs Economic Paper No. 123. 

Rose, A. (2000) ‘One Money, One Market: The Effect of Common Currencies on Trade,’
Economic Policy 20, pp. 7-45.

RE F E R E N C E S



RE F E R E N C E S

Rudebusch, G. and Svensson, L.E.O. (1999) ‘Policy Rules for Inflation Targeting’ in Taylor, J. B.
(ed.) Monetary Policy Rules, Chicago, IL: University of Chicago Press.

Smets, F. (1997) ‘Measuring Monetary Policy Shocks in France, Germany and Italy: The Role of
the Exchange Rate’, Swiss Journal of Economics and Statistics 133(3), pp. 597-616.

Sørensen, B. and Yosha, O. (1998) ‘International Risk Sharing and European Monetary
Unification’, Journal of International Economics 45(2), pp. 211-238.

Svensson, L.E.O. (1999) ‘Price Level Targeting vs. Inflation Targeting: A Free Lunch?’, Journal of
Money, Credit and Banking 31(3), pp. 277-295.

Tavlas, G.S. (1993) ‘The ‘New’ Theory of Optimum Currency Areas’, World Economy 16(6),
pp. 663-685.

Taylor, C. (2002) ‘Sterling Volatility and European Monetary Union’, National Institute of
Economic and Social Research Discussion Paper No. 197.

Taylor, J.B. (1980) ‘Aggregate Dynamics and Staggered Contracts’, Journal of Political Economy
88(1), pp. 1-24.

Taylor, J.B. (1993) ‘Discretion Versus Policy Rules in Practice,’ Carnegie-Rochester Conference
Series on Public Policy 39, pp. 195-214.

Thomas, A.H. (1997) ‘Is the Exchange Rate a Shock Absorber? The Case of Sweden’, IMF
Working Paper No. 97/176.

Van den Noord, P. (2000) ‘The Size and Role of Automatic Stabilisers in the 1990s and Beyond’,
OECD Economics Department Working Paper No. 320, revised version in Buti, M., Von Hagen,
J. and Martinez-Mongay, C. (eds.) The Behaviour of Fiscal Authorities, Basingstoke: Palgrave.

Wallis, K .F. (ed.), Fisher, P.G., Longbottom, J.A., Turner, D.S. and Whitley, J.D. (1987) Models of
the UK Economy: A Fourth Review by the ESRC Macroeconomic Modelling Bureau, Oxford:
Oxford University Press.

Walters, A.A. (1998) ‘Walters Critique’, in The Economics and Politics of Money: The Selected
Essays of Alan Walters, Cheltenham: Edward Elgar.

Wicksell, K. (1907) ‘The Influence of the Rate of Interest on Prices’, Economic Journal 17(66)
pp. 213-220.

Woodford, M. (1999) ‘Optimal Monetary Policy Inertia’, NBER Working Paper No. 7261.

Wynne, M.A. and Koo, J. (2000), ‘Business Cycles under Monetary Union: A Comparison of the
EU and US’, Economica 67(267), pp. 347-374.

106



A AN N E X A :  A  DE TA I L E D DE S C R I P T I O N

O F T H E ‘ TH R E E BE A R S ’  MO D E L

107

A1 This annex describes in more detail the ‘Three Bears’ model. The model adopted has
very conventional properties in the spirit of recent simple models adopted for use in the
analysis of the design of monetary policy in a single-country context (see Clarida et al., 1999,
for a survey of this approach). But it is specifically tailored to reveal the key aspects of the
interaction between the UK and euro area economies.

A2 There are three country blocks in the model representing the UK, the euro area and the
rest of the world (and since these three country blocks in the model can broadly be
characterised as small, medium-sized and large, this gives the model its name). In its full
form, the model can be run with all three countries endogenous, but here, since the focus of
interest is on the interaction between the UK and euro area, the rest of the world is held
constant for simplicity. 

A3 The behavioural core of each country block in the model is based on what has become
known as the ‘workhorse’ model of monetary policy analysis. Early examples of this type of
model were specified in a simple backward-looking form (see for example Rudebusch and
Svensson, 1999). But in later versions, as here, forward-looking behaviour has been
incorporated consistent with optimising behaviour on the part of firms and consumers (see
for example McCallum and Nelson, 1999; and Clarida et al. 1999). And open-economy
considerations have been taken into account (see for example Blake and Westaway, 1996;
Batini and Haldane, 1999; and Ball, 1999).

A4 The ‘Three Bears’ model represents an innovation relative to most other studies of this
type in its explicit modelling of the interaction between the UK, the euro area and the rest of
the world. In previous open-economy studies, the second-round effects of one country on
another have usually been ignored, but in the context of understanding the implications of
EMU membership for the adjustment mechanism in the UK, this additional degree of
complexity is vital.

A5 The key equations for each country block in the model are as follows:

• a fixed level of potential output;

• an IS curve where aggregate demand depends negatively on the real interest
rate; negatively on the respective bilateral real exchange rates and positively
with respect to foreign demand pressures;

• a Phillips curve where changes in inflation are driven by the output gap (i.e.
the gap between aggregate demand and supply) with important additional
dynamics from the real exchange rate; 

• bilateral exchange rates between pairs of countries driven by the relevant UIP
condition, itself driven by the relevant interest rate differential; and 

• a policy rule for nominal interest rates of the ‘Taylor’ form, specifying a
positive response to deviations in inflation from target and to the output gap. 

A6 A detailed listing of the model equations for the UK and the euro area now follows: 

• equations are numbered where version (a) refers to the UK version and (b) to
that for the euro area;

Relationship of
‘Three Bears’

model to
previous work

Model overview

Equation listing
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• in most cases, except where specified, the accompanying description of the
model equations will refer to those for the UK but the description will in all
cases apply to the euro area too (with a suitable change of subscripts and
superscripts in the model description);

• all model variables are defined in natural logarithms, except for the real and
nominal interest rate variables which are linear; and

• the description will explain how the ‘reduced form’ coefficients in the
equations of the model can be broken down into influences from structural
and behavioural parameters. 

Output potential (supply):

ysUK
t = ysshock UK

t + ysshockt
SYMM [1a]

yst
EA = ysshockt

EA + ysshockt
SYMM [1b]

A7 Output potential in the UK (yst
UK) :

• is assumed to be exogenous to the model; and

• is affected by two types of shock, those specific to the UK (ysshock UK
t ) and

shocks which symmetrically hit the euro area too (ysshockt
SYMM).

Output determination (IS curve):

[2a]

[2b]

A8 UK output (yt
UK) is determined by an IS curve with the following properties:

• in its general form, it is assumed to include backward and forward-looking
elements (with a lag and lead of cylag

uk and cylead
uk respectively) where yUK

t+1,e refers
to the expectation of UK output in period t+1 formed at period t. This is
consistent with optimising models augmented to include elements of inertia,
caused for example by habit persistence (see for example McCallum and
Nelson, 1999, and Fuhrer, 2000). Since the theory of the optimising IS curve is
less well-founded in the open economy case, the constraint that the
‘structural’ coefficients on the leads and lags of output should add to unity is
not imposed in the ‘Three Bears’ implementation of the model;

• real interest rates impinge negatively on demand with a coefficient cy1
uk, which

is a behavioural parameter;

• each bilateral real exchange rate (i.e. between the UK and the euro area and
rest of the world, respectively) impinges negatively on UK demand, where the
reduced form coefficients (cy2

uk and cy3
uk) appropriately reflect the openness of

the UK economy (openuk), the share of euro area and rest-of-the-world trade in
total UK trade (tuk.ea and tuk.row = 1 – tuk.ea), the sensitivity of UK trade to real
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exchange rate movements (γuk) and the degree of pricing-to-market in UK
trade prices (ptmuk),

i.e. cy2
uk = 2.openuktuk.eaγukptmuk and cy3

uk = 2.openuktuk.rowγukptmuk;

• openness and trade shares can be viewed as ‘structural’ parameters in the
sense that they can be easily measured and are unlikely to evolve rapidly,
while exchange rate sensitivity and the degree of pricing to market are
considered ‘behavioural’, since they must be estimated;

• foreign demand impinges positively on demand implicitly via the demand for
exports, where the reduced form coefficients on euro area and rest-of-the-
world demand (i.e. c4

uk and c5
uk) are scaled by openness and trade shares,

i.e. cy4
uk = openuktuk.ea and cy5

uk = openuktuk.row; and

• demand in the UK is assumed to be directly affected by two types of shock,
those specific to the UK (ydshockt

UK) and shocks that symmetrically hit the
euro area too (ydshockt

SYMM).

Fiscal policy:

fisct
UK = cfAS

uk  yt
UK + cf1

UK.dpt
UK =cf2

UK.(yt
UK – yst

UK) [3a]

fisct
EA = cfAS

ea   yt
EA + cf1

ea.dpt
EA =cf2

ea.(yt
EA – yst

EA) [3b]

A9 Fiscal policy (fisct
UK) is assumed to impinge directly on demand:

• in the benchmark case, fiscal policy is assumed to respond only to the
automatic stabilisers (with a sensitivity to output fluctuations of cfAS

uk ); but 

• inside EMU, additional discretionary fiscal stabilisation is assumed to operate
(as described in Section 5), responding to inflation deviations from target and
the output gap (with coefficients cf1

uk and cf2
uk respectively). 

Inflation determination (Phillips curve):

[4a]

[4b]

A10 Inflation in the UK (dpt
UK) is determined by a dynamic open-economy Phillips curve. Box

A1 provides a more detailed justification of the specification:

• inflation dynamics are based on the Fuhrer and Moore (1995) overlapping
contracts model where inflation is determined as an equally weighted sum of
lagged and future inflation (where dpUK

t+1,e is the expectation of UK inflation in
period t+1 formed at period t) This imparts inertia into the inflation process.
Following Blake and Westaway (1996), the implementation of this approach
here is generalised to allow the weight on backward-looking inflation to be
higher to capture additional nominal inertia though the weights are
constrained to add to unity to ensure dynamic homogeneity;
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• the output gap appears in the Phillips curve via a two-period moving average
effect, consistent with the dynamic contracting model; 

• the price level (pt
uk) is defined as the cumulated inflation rate;

• the price modelled is a consumer price index1 defined as an appropriately
weighted sum of domestic prices and import prices (where µUK is the weight of
UK-produced goods in the domestic CPI) captured by a weighted average of
competitors’ prices deflated by the relevant bilateral exchange rates. Pricing to
market effects modify the pass-through of exchange rates into import prices;

• the dynamics of the real exchange rate terms are also determined by the
dynamic contract model, involving a change term in each of the expected and
current bilateral real exchange rates, with respective coefficients of cp2

uk and
cp3

uk for the UK-euro area real exchange rate, and cp4
uk and cp5

uk for the UK-rest-
of-the-world real exchange rate. The related coefficients depend on the degree
of inflation inertia (cp1

uk) , the share of domestic goods in the consumer price
basket (µuk) and the degree of pricing to market (ptmuk),

i.e. cp2
uk = cp1

uk.φuktuk.ea, cp3
uk = –(1 – cp1

uk).φuktuk.ea

and cp4
uk = cp1

uk.φuktuk.row, cp5
uk = –(1 – cp1

uk).φuktuk.row

where φuk = 2.(1 – µptmuk)/µptmuk

and where µptmuk = µuk/(1 –(1 – µuk).ptmuk); and

• supply shocks to the UK (ysshockt
uk and ysshockt

SYMM) impinge on the model via
their effect on supply potential (yst

UK) which enters via the output gap terms in
the Phillips curve.2

Real exchange rate determination:

When the UK sets monetary policy independently:

[5a]

When UK in EMU:

ert
UKv.EA = pt

UK – pt
EA [5a’]

When the UK is outside or inside EMU:

ert
UKv.ROW = ert+1,e

UKv.ROW + rt
UK – rt

ROW – sigt
UKv.ROW [5b]

A11 The equations for the bilateral real exchange rate will depend on the UK’s monetary
regime:

• outside EMU, real bilateral exchange rates of the UK against the euro area
(ert

UKv.EA) and the rest-of-the-world (ert
UKv.EA) are determined by the uncovered

interest parity condition containing the relevant expected exchange rate
terms (ert+1,e

UKv.EA and ert+1,e
UKv.ROW, where for example ert+1,e

UKv.EA is the expected bilateral
UK v euro area real exchange rate in period t+1 formed in period t) and the
relevant real interest rate differentials (i.e. rt

UK relative to rt
EA and rt

ROW

respectively) plus a risk premium (sigt
UKv.EA and sigt

UKv.ROW);

EAUKv
t

EA
t

UK
t

EAUKv
et

EAUKv
t sigrrerer ..

,1
. --+= +
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1 To simplify the model, the real exchange rate is defined using consumer prices rather than trade prices which a richer
model would additionally incorporate.
2 In principle, an alternative type of supply shock which does not directly impinge on productive potential could
additionally impinge on inflation, for example due to an effect from unwarranted wage pressures. For simplicity, this type
of effect is not separately modelled here.
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Box A1: Derivation of the augmented Fuhrer-Moore model of inflation
dynamics

The characterisation of inflation dynamics employed in the ‘Three Bears’ model is based
on the model of inflation inertia originally developed in Fuhrer and Moore (1995).

Its key characteristic is a model of overlapping wage contracts (wt ) specified in terms of
real relativitiesa. This assumes that real wages contracts negotiated in the current period
are a weighted average of real wages struck in the previous and following contract period
(with weights of α and 1-α respectively, summing to unity to ensure dynamic
homogeneity). The original specification of Fuhrer and Moore assumed that the backward
and forward-looking weights should be equal with a value of a half, but Blake and
Westaway (1996) generalised this scheme to encompass differing degrees of backward-
looking behaviour. The value of the wage contract is modified by an effect from the output
gap, wage contracts being higher when the economy is operating above potential, i.e.

wt – pt = α(wt–1 – pt–1) + (1–α)(we
t+1 – pe

t+1) + υ yt (A1)

where we
t+1 and pe

t+1 represent the expected value of wages and consumer prices at the
time the contract is struck at time t.

In the simplest form of the model where wage contracts last for two periods, with half of
all wages being struck each period, then the domestic price is simply a weighted average
of domestic costs, i.e.

pdt = 0.5(wt + wt–1) (A2)

The consumer price is then defined as a weighted average of domestically produced and
imported goods, where domestic goods have a weight of β in the consumer price index, i.e.

pt = β0.5(wt + wt–1) + (1–β) pmt (A3)

Importing firms are assumed to price to market such that the consumer price of goods in
the domestic market have a weight of λ in import prices (pmt), but no lags are assumed in
the adjustment of import prices to changes in prices in domestic markets, or in overseas
prices (p*

t ) or to the nominal exchange rate (et), i.e.

pmt = λpt + (1–λ)(p*
t –et ) (A4)

The real exchange rate is defined as

ert = et + pt – p*
t (A5)

By manipulation of these equationsb, it is possible to derive a Phillips curve relationship for
the determination of inflation (πt = pt – pt–1) given by

πt = (1– α)πe
t+1 + απt–1 + 2(1–β’)((1– α)∆ere

t+1 – α∆ert ) + υ (yt + yt–1) (A6)
β’

where β’= β / (1–(1–β )λ).

Unlike the earlier model of Taylor (1980) specified in terms of nominal wage relativities,
equation (A6) for inflation dynamics contains inflation inertia (i.e. inflation depends on its
own lagged values). This is an important property which, compared to a model where
inflation is purely forward-looking, is more consistent with the empirical evidence for the
dynamic behaviour of inflation in developed economies.

a An earlier version of a similar wage-contracting model was also derived in Buiter and Jewitt (1981).
b Specifically, it is necessary to add equation (A1) to a lagged version of (A1), then to take a first difference of equation
(A3) and a lag of that, then to combine these expressions to eliminate the terms in wages. Then the import price
terms should be substituted out using equations (A4) and (A5) to leave only terms in dynamics of inflation, the real
exchange rate and output. Equation (A6) follows. This derivation abstracts from the effect of expectational errors in
the face of shocks by assuming that πe

t,t–1 = πt and ere
t,t–1 = ert for all periods including the first.



• inside EMU, when the nominal exchange rate between the UK and the euro
area is irerevocable fixed (here at unity for presentational simplicity), the real
exchange rate becomes equivalent to the relative price between the UK (pt

UK)
and euro area (pt

EA); and

• shocks to the real exchange rate occur via the risk premium terms (see below).

Exchange rate risk premium:

sigt
UKvEA = riskt

UK – riskt
EA [6a]

When UK is outside EMU:

sigt
UKvROW = riskt

UK – riskt
ROW [6b]

When UK in EMU:

sigt
UKvROW = w.riskt

UK + (1 – w)riskt
EA – riskt

ROW [6b’]

where w is the share of UK GDP in euro area GDP post UK-entry.

A12 Exchange rate risk premia can be defined in a variety of ways:

• in the simplest case where independent risks can be associated with
particular countries, the risk premium on a particular bilateral is defined as
the difference between the risks associated with the respective countries.
Inside EMU, it is assumed that the risk associated with an extended euro area
including the UK is a weighted sum of the previous risks in the UK and euro
area; and

• in more complicated cases, as considered for example in the stochastic
simulations in Section 8, risk premia may be cross correlated and the simple
expression above is implicitly augmented by more terms. 

Nominal exchange rate:

et
UKvEA = ert

UKvEA + pt
EA – pt

UK

et
UKvROW = ert

UKvROW + pt
ROW – pt

UK

The bilateral nominal exchange rates (et
UKvEA and et

UKvROW) are defined by identity:

• in the case when the UK is inside EMU, the nominal exchange rate is held
constant at unity (zero in logarithms).

Real interest rates:

rt
UK = it

UK – dpt+1,e
UK [7a]

rt
EA = it

EA – dpt+1,e
EA [7b]

A13 Real interest rates (rt
UK) are defined in forward-looking terms, i.e. as the difference

between the nominal interest rate (it
UK) and a forward-looking measure of expected inflation

(dpt+1,e
UK       ).

Nominal interest rate reaction functions:

When the UK sets monetary policy independently:

it
UK = dpt+1,e

UK      + cr1
uk.(dpt

UK – dptarg
UK     ) + cr2

uk(yt
UK – yst

UK) + ishockt
UK + ishockt

SYMM [8a]

it
EA = dpt+1,e

EA      + cr1
ea.(dpt

EA – dptarg
EA     ) + cr2

ea(yt
EA – yst

EA) + ishockt
EA + ishockt

SYMM [8b]
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When the UK is in EMU:

it
UK = it

EA [8a’]

it
EA = w.dpt+1,e

UK      + (1 – w).dpt+1,e
EA

+ w.[cr1
ea (dpt

UK – dptarg
EA      ) + cr2

ea.(yt
UK – yst

UK)] [8b’]
+(1 – w).[cr1

ea(dpt
EA – dptarg

EA     ) + cr2
ea(yt

EA –yst
EA)]

where w is the share of UK GDP in euro area GDP post entry.

A14 The policy rule for nominal interest rates will depend on whether the UK is in EMU or
not:

• outside EMU, nominal interest rates (it
UK) are set according to a Taylor-type

rule responding to deviations in UK inflation from target and in the UK output
gap (with coefficients cr1

uk and cr2
uk respectively); and

• inside EMU, UK nominal interest rates are set equal to interest rates in the
euro area, which are now assumed to be set by the ECB in response to an
appropriately weighted average of inflation deviations and output gaps in the
euro area including the UK (and where the Taylor rule parameters and
inflation target for the euro area are assumed to be unaffected by UK entry to
EMU).

A15 The model is programmed up in the Winsolve modelling package (see Pierse, 2000). It is
solved using a Gauss-Newton solution method. All forward-looking expectations in the
model are solved using a stacked Newton method under the assumption of model consistent
expectations with conventional terminal conditions.

A16 The model is calibrated in order to reproduce in a realistic but inevitably rather stylised
manner, the dynamic properties of the UK and euro area economies and their interaction
with the rest of the world. As such, parameter values have largely been chosen to provide
response patterns that are consistent with SVAR responses and with those observed in larger
empirically based macromodels.

A17 In describing the calibration of the model for the UK and euro area equations, it is useful
to separate the model’s parameters into three categories, ‘long-run structural’, behavioural
and policy-related.

A18 Long-run structural parameters relate to features of the economy that tend to be
measured, here based on national accounts statistics for GDP and expenditure shares, rather
than estimated. As such, they are unlikely to be altered in the short-to-medium term by the
monetary regime in place. These are detailed in the table below:

Structural parameters UK Euro area

Openness defined as average of openuk = 0.33 openea = 0.165
import and export to GDP ratio

Trade shares tuk.ea = 0.5 tea.uk = 0.18

(ta.b = share of A in B’s trade) tuk.row =1-0.5=0.5 tea.row = 1-0.18=0.82

Domestic content of CPI µuk = 0.8 µea = 0.9

Share of GDP in world output wuk = 0.04 wea = 0.16

Share of GDP in output of euro w = wuk /(wuk + wea) 1-w = 0.8
area plus UK = 0.2
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Model solution

Calibration of
the model



A19 Behavioural parameters relate to features of the economy that tend to be estimated or
calibrated. These parameters may be more likely to alter endogenously once monetary union
begins. Details are given in the table below:

Behavioural parameters UK Euro area

Sensitivity of trade to real exchange rate γuk = -1.5 γea = -1.5

Degree of pricing to market ptmuk = 0.25 ptmea = 0.25

Degree of inertia in output cylag
uk  = 0.5, cylead

uk      = 0 cylag
ea = 0.5, cylead

ea      = 0

Interest sensitivity of output cy1
uk = –0.2 cy1

ea = –0.2

Degree of forward-lookingness
in price setting cp1

uk = 0.25 cp1
ea = 0.25

Output sensitivity of price setting cp6
uk = 0.25 cp6

ea = 0.25

A20 As in previous studies that have adopted small stylised models to conduct policy
analysis (e.g. Blake and Westaway, 1996, and Batini and Haldane, 1999), these behavioural
parameters are calibrated partly on the basis of single equation estimates, partly by
attempting to match the simulation responses of existing empirically based models (for
example, those of NiGEM, IMF Multimod or the Bank of England’s medium term
macroeconomic model; see NIESR, 2003; Laxton et al., 1998; and Bank of England, 1999). The
following assumptions are worthy of note:

• the sensitivity of trade to the real exchange rate (γuk and γea ) is calibrated so
that the aggregate reduced form elasticity of UK demand to the real exchange
rate (i.e. cy2

uk + cy3
uk = –0.7425) is comparable to that adopted in Batini and

Haldane (1999) where the long run elasticity is –1 (though the short-run
elasticity adopted there is lower at –0.2 compared to –0.37 in the ‘Three Bears’
model);

• the degree of pricing to market (ptmuk and ptmea ) is broadly consistent with
empirical estimates  contained in macroeconomic models. The estimate of
0.25 adopted here is slightly lower than that in the HM Treasury public model
but higher than the assumption of zero long-run pricing to market in the Bank
of England’s medium-term macroeconomic model (see Bank Of England,
1999);

• the backward-looking inertia (cylag
uk and cy6

ea ) is slightly less that assumed in
Batini and Haldane (1999) and Blake and Westaway (1996) although sensitivity
analysis of this assumption is carried out in Section 4;

• the sensitivity of demand to the real interest rate (cy1
uk and cy1

ea ) is comparable
to previous studies in terms of its impact elasticity (–0.1 here compared to –0.2
in Blake and Westaway, 1996, and Batini and Haldane, 1999) but lower in terms
of its long run impact (–0.2 compared to –1, for example in Batini and
Haldane, 1999). This assumption, which is varied in the sensitivity analysis of
Section 6, is adopted in order to preserve the stability properties of the model
inside EMU. A higher assumed value for this parameter, in conjunction with
the assumption that demand responds to short-term interest rates, gives rise
to implausibly oscillatory dynamics for the UK inside EMU;

• the degree of forward-lookingness in price-setting (cp1
uk and cp1

ea ) is the same
as that previously assumed in Blake and Westaway (1996) and is broadly
consistent with estimates for the US in Fuhrer (1997); and
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• the responsiveness of real wages to output (cp6
uk and cplag

ea ), here assumed
equal to 0.25, is comparable to that adopted in previous studies (for example
0.2 adopted in Batini and Haldane, 1999) but somewhat larger that empirical
estimates for the US and the euro area reported in Fuhrer (1997) and Coenen
and Wieland (2000) respectively.

A21 Policy-related parameters relate

• to the feedback responses of monetary policy in the ‘Taylor’ specification; and

• to the responsiveness of fiscal policy comprising two components; first, the
automatic stabiliser component involving a response coefficient of 0.5 to
output changes (see Van den Noord, 2000); and second, an additional
discretionary feedback element to inflation deviations and the output gap.
This may be required inside EMU to compensate for the loss of independent
monetary policy as an adjustment mechanism.

A22 No attempt is made in the paper to choose policy-response coefficients that are
‘optimal’ in any sense.

Policy rules UK Euro area

Monetary policy cr1
uk = 0.5 cr1

ea = 0.5

cr2
uk = 0.5 cr2

ea = 0.5

Fiscal policy cfAS
uk = –0.5 cfAS

ea = –0.5

cf1
uk = cf2

uk = 0.0 cf1
ea = cf2

ea = 0.0

A23 These 13 sets of parameters (five structural, six behavioural and two policy-related)
completely define the coefficients of the model. All that remains is to express the reduced-
form coefficients in the output and inflation equations in terms of these parameters. Details
are given below:

Output determination (IS curve) UK Euro area

Degree of inertia cylag
uk  = 0.5, cylead

uk      = 0 cylag
ea = 0.5, cylead

ea      = 0

Interest sensitivity cy1
uk = –0.2 cy1

ea = –0.2

Coefficients on real exchange rate terms cy2
uk = –0.37125 cy2

ea = –0.06683

(derivation given in 2) cy3
uk = –0.37125 cy3

ea =–0.30443

Foreign demand elasticity cy4
uk =0.165 cy4

ea =0.0297

(derivation given in 2) cy5
uk =0.165 cy5

ea =0.1353

Inflation determination (Phillips curve) UK Euro area

Degree of forward-lookingness cp1
uk = 0.25 cp1

ea = 0.25

Coefficients on real exchange rate terms cp2
uk = 0.0469 cp2

ea = 0.0075

(derivation given below equation 3) cp3
uk = –0.141 cp3

ea = –0.0225

cp4
uk = 0.0469 cp4

ea = 0.0342

cp5
uk = –0.141 cp5

ea = –0.1025

Output sensitivity cp6
uk = 0.25 cp6

ea = 0.25
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A24 Arguably, the distinction between structural and behavioural parameters adopted here
is slightly arbitrary. In particular, the parameters designated as ‘behavioural’ here would, in a
model more rigorously based on optimising principles, be themselves determined by
underlying structural characteristics such as the preferences of economic agents and the
technological constraints that they face. But for the purposes of this study, these definitions
are used to set up the benchmark calibration of the model where, for simplicity, all
‘behavioural’ parameters are assumed to be identical between the UK and euro area. This
facilitates understanding of the simulation responses of the benchmark version of the model
where the only asymmetries between the model structures are in terms of policy setting and
long run structural differences reflecting country size and trade patterns. Having understood
this benchmark version, the implications of variations in the specification of the model, the
assumed policy setting and the shocks assumed to hit the model can easily be introduced.
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