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In this paper, we set up and test a model of the Euro zone, with a special emphasis on the role of money. The model follows the New Keynesian DSGE framework, money being introduced in the utility function with a non-separability assumption. By using bayesian estimation techniques, we shed light on the determinants of output and in ‡ation, but also of the interest rate, real money balances, ‡exible-price output and ‡exible-price real money balances variances. The role of money is investigated further. We …nd that its impact on output depends on the degree of agents' risk aversion, increases with this degree, and becomes signi…cant when risk aversion is high enough. The direct impact of the money variable on in ‡ation variability is essentially minor whatever the risk aversion level, the interest rate (monetary policy) being the overwhelming explanatory factor.

Introduction

Standard New Keynesian literature analyses monetary policy practically without reference to monetary aggregates. In this now traditional framework, monetary aggregates do not explicitly appear as an explanatory factor neither in the output gap and in ‡ation dynamics nor in interest rate determination. In- ‡ation is explained by the expected in ‡ation rate and the output gap. In turn, the output gap depends mainly on its expectations and the real rate of interest (Clarida, Galí and Gertler, 1999; Woodford, 2003; Galí and Gertler, 2007; Galí, 2008). Finally, the interest rate is established via a traditional Taylor rule in function of the in ‡ation gap and the output gap.

and Jones and Stracca (2008) suggests that there is little evidence as to the role of money in the cases of the United States, the Euro zone, and the UK. Our paper di¤ers in its empirical conclusion, giving a stronger role to money, at least in the Euro zone. It di¤ers also somewhat in its theoretical set up. As in the standard way, we resort to money-in-the-utility function (MIU) with a non-separability assumption. Yet, in our framework, we specify all the microparameters. This speci…cation permits to extract characteristics and implications of this type of model that cannot be extracted if only aggregated parameters are used. We will see, for example, that the coe¢ cient of relative risk aversion plays a signi…cant role in explaining the role of money.

Our model di¤ers also in its in ‡ation and output dynamics. Standard New Keynesian DSGE models give an important role to endogenous inertia on both output (consumption habits) and in ‡ation (price indexation). In fact, both dynamics may have a stronger forward-looking component than an inertial component. And this appears to be the case at least in the Euro area, if not clearly in the U.S. (Galí, Gertler, and López-Salido, 2001). These inertial components may hide part of the role of money. Hence, our choice to remain as simple as possible on that respect in order to try to unveil a possible role for money balances.

We di¤er also from the empirical analyses of the Euro zone by using bayesian techniques in a New Keynesian DSGE framework like in Smets and Wouters (2007), while introducing money in the model. We also estimate all microparameters of the model, whereas current literature attempts to introduce money only by aggregating of some of these parameters, therefore leaving aside relevant information.

A simulation of the model is conducted in order to analyse the consequences of structural shocks. In the process we unveil transmission mechanisms generally neglected in traditional New Keynesian analyses. This framework highlights in particular the non-negligible role of money in explaining output variations, given a high enough risk aversion. It also highlights the overwhelming role of monetary policy in in ‡ation variability.

The dynamic analysis of the model furthermore sheds light on the change in the role of money in explaining short run ‡uctuations in output as risk aversion changes. It shows that the higher the risk aversion, the higher the role of money in the transmission process.

Section 2 of the paper describes the theoretical set up. In Section 3, the model is calibrated and estimated with bayesian techniques and by using Euro area data. Impulse response functions and variance decompositions are analyzed in Section 4, with an emphasis on the impact of the coe¢ cient of relative risk aversion. Section 5 concludes.

The model

The model consists of households that supply labor, purchase goods for consumption, hold money and bonds, and …rms that hire labor and produce and sell di¤erentiated products in monopolistically competitive goods markets. Each …rm sets the price of the good it produces, but not all …rms reset their price during each period. Households and …rms behave optimally: households maximize the expected present value of utility, and …rms maximize pro…ts. There is also a central bank that controls the nominal rate of interest. This model is inspired by Galí (2008), Walsh (2003) and Smets and Wouters (2003).

Households

We assume a representative in…nitely-lived household, seeking to maximize

E t " 1 X k=0 k U t+k # (1)
where U t is the period utility function and < 1 is the discount factor. We assume the existence of a continuum of goods represented by the interval [0; 1]. The household decides how to allocate its consumption expenditures among the di¤erent goods. This requires that the consumption index C t be maximized for any given level of expenditures [START_REF] Adolfson | Bayesian estimation of an open economy DSGE model with incomplete pass-through[END_REF] . Furthermore, and conditional on such optimal behavior, the period budget constraint takes the form

P t C t + M t + Q t B t B t 1 + W t N t + M t 1 (2) 
for t = 0; 1; 2:::, where W t is the nominal wage, P t is an aggregate price index, N t is hours of work (or the measure of household members employed), B t is the quantity of one-period nominally riskless discount bonds purchased in period t and maturing in period t + 1 (each bond pays one unit of money at maturity and its price is Q t where i t = log Q t is the short term nominal rate) and M t is the quantity of money holdings at time t. The above sequence of period budget constraints is supplemented with a solvency condition 2 .

In the literature, utility functions are usually time-separable. To introduce an explicit role for money balances, we drop the assumption that household preferences are time-separable across consumption and real money balances. Preferences are measured with a CES utility function including real money balances. Under the assumption of a period utility given by

U t = e " P t 0 @ 1 1 (1 b) C 1 t + be " M t M t P t 1 ! 1 1 e " N t N 1+ t 1 + 1 A (3) 
consumption, labor, money and bond holdings are chosen to maximize (1) subject to (2) and the solvency condition. This CES utility function depends positively on the consumption of goods, C t , positively on real money balances, M t =P t , and negatively on labour N t . is the coe¢ cient of relative risk aversion of households (or the inverse of the intertemporal elasticity of substitution), is the inverse of the elasticity of money holdings with respect to the interest rate, and is the inverse of the elasticity of work e¤ort with respect to the real wage. The utility function also contains three structural shocks: " p t is a general shock to preferences that a¤ects the intertemporal substitution of households (preference shock), " m t is a money demand shock and " n t is a shock to the number of hours worked. All structural shocks are assumed to follow a …rst-order autoregressive process with an i.i.d.-normal error term. b and are positive scale parameters.

This setting leads to the following conditions [START_REF] Andrés | Money and the natural rate of interest: Structural estimates for the United States and the euro area[END_REF] , which, in addition to the budget constraint, must hold in equilibrium. The resulting log-linear version of the …rst order condition corresponding to the demand for contingent bonds implies that

ĉt = E t [ĉ t+1 ] 1 a 1 ( ) ({ t E t [^ t+1 ]) (4) 
(1 a 1 ) ( ) a 1 ( ) (E t [ mt+1 E t [^ t+1 ]]) + t;c
where t;c = 1 a1(

) E t " P t+1 (1 a1)( ) a1( ) 1 1 
E t " M t+1 and by using the steady state of the …rst order conditions a

1 1 = 1 + b 1 b 1 (1 ) 1 
. The lowercase (^) denotes the log-linearized (around the steady state) form of the original aggregated variables.

The demand for cash that follows from the household's optimization problem is given by

( mt pt ) + ĉt + " M t = a 2 {t (5) 
with a 2 = 1 exp( 1 ) 1 and where real cash holdings depend positively on consumption with an elasticity equal to unity and negatively on the nominal interest rate. In what follows we will take the nominal interest rate as the central bank's policy instrument. In the literature, due to the assumption that consumption and real money balances are additively separable in the utility function, cash holdings do not enter any of the other structural equations: accordingly, the above equation becomes recursive to the rest of the system of equations.

The …rst order condition corresponding to the optimal consumption-leisure arbitrage implies that

nt + ( a 1 ( )) ĉt ( ) (1 a 1 ) ( mt pt ) + t;n = ŵt pt (6) 
where t;n = ( )(1 a1) 1

" M t + " N t . Finally, these equations represent the Euler condition for the optimal intratemporal allocation of consumption (equation ( 4)), the intertemporal optimality condition setting the marginal rate of substitution between money and consumption equal to the opportunity cost of holding money (equation ( 5)), and the intratemporal optimality condition setting the marginal rate of substitution between leisure and consumption equal to the real wage [START_REF] Andrés | Money in an Estimated Business Cycle Model of the Euro Area[END_REF] (equation ( 6)).

Firms

We assume a continuum of …rms indexed by i 2 [0; 1]. Each …rm produces a differentiated good but uses an identical technology with the following production function [START_REF] Bhattacharjee | Money and Monetary Policy in Dynamic Stochastic General Equilibrium Models[END_REF] ,

Y t (i) = A t N t (i) 1 ( 7 
)
where A t is the level of technology, assumed to be common to all …rms and to evolve exogenously over time, and is the measure of decreasing returns. All …rms face an identical isoelastic demand schedule, and take the aggregate price level P t and aggregate consumption index C t as given. As in the standard Calvo (1983) model, our generalization features monopolistic competition and staggered price setting. At any time t, only a fraction 1 of …rms, with 0 < < 1, can reset their prices optimally, while the remaining …rms index their prices to lagged in ‡ation [START_REF] Berger | Does money growth Grangercause in ‡ation in the Euro Area ? Evidence from out-of-sample forecasts using Bayesian VARs[END_REF] .

Price dynamics

Let's assume a set of …rms not reoptimizing their posted price in period t. Using the de…nition of the aggregate price level [START_REF] Brunner | Liquidity Traps for Money, Bank Credit and Interest Rates[END_REF] and the fact that all …rms resetting prices choose an identical price P t , leads to

P t = h P 1 " t 1 + (1 ) (P t ) 1 " i 1 1 " .
Dividing both sides by P t 1 and log-linearizing around P t = P t 1 yields

t = (1 ) (p t p t 1 ) (8) 
In this setup, we don't assume inertial dynamics of prices. In ‡ation results from the fact that …rms reoptimizing in any given period their price plans, choose a price that di¤ers from the economy's average price in the previous period.

Price setting

A …rm reoptimizing in period t chooses the price P t that maximizes the current market value of the pro…ts generated while that price remains e¤ective. This problem is solved and leads to a …rst-order Taylor expansion around the zero in ‡ation steady state:

p t p t 1 = (1 ) 1 X k=0 ( ) k E t c mc t+kjt + (p t+k p t 1 ) (9) 
where c mc t+kjt = mc t+kjt mc denotes the log deviation of marginal cost from its steady state value mc = , and = log ("= (" 1)) is the log of the desired gross markup.

Equilibrium

Market clearing in the goods market requires Y t (i) = C t (i) for all i 2 [0; 1] and all t. Aggregate output is de…ned as

Y t = R 1 0 Y t (i) 1 1 " di " " 1 ; it follows that Y t = C t must hold for all t.
One can combine the above goods market clearing condition with the consumer's Euler equation ( 4) to yield the equilibrium condition

ŷt = E t [ŷ t+1 ] 1 a 1 ( ) ({ t E t [^ t+1 ]) (10) 
+ ( ) (1 a 1 ) a 1 ( ) (E t [ mt+1 ] E t [^ t+1 ]) + t;c
Market clearing in the labor market requires

N t = R 1 0 N t (i) di.
By using the production function (7) and taking logs, one can write the following approximate relation between aggregate output, employment and technology as

y t = a t + (1 ) n t (11) 
An expression is derived for an individual …rm's marginal cost in terms of the economy's average real marginal cost:

mc t = ( ŵt pt ) d mpn t (12) = ( ŵt pt ) 1 1 (â t ŷt ) (13) 
for all t, where d mpn t de…nes the economy's average marginal product of labor. As mc t+kjt = ( ŵt+k pt+k ) mpn t+kjt we have

mc t+kjt = mc t+k " 1 (p t p t+k ) (14) 
where the second equality8 follows from the demand schedule combined with the market clearing condition c t = y t . Substituting ( 14) into (9) yields

p t p t 1 = (1 ) 1 X k=0 ( ) k E t [ c mc t+k ] + 1 X k=0 ( ) k E t [ t+k ] (15) 
where

= 1 1 + " 1.
Finally, ( 8) and ( 15) yield the in ‡ation equation

t = E t [ t+1 ] + mc c mc t (16) 
where , mc = (1 ) [START_REF] Adolfson | Bayesian estimation of an open economy DSGE model with incomplete pass-through[END_REF] . mc is strictly decreasing in the index of price stickiness , in the measure of decreasing returns , and in the demand elasticity ".

Next, a relation is derived between the economy's real marginal cost and a measure of aggregate economic activity. From ( 6) and ( 11), the average real marginal cost can be expressed as

mc t = ( ) a 1 + + 1 ŷt ât 1 + 1 (17) + ( ) (1 a 1 ) ( mt pt ) + t;n
Under ‡exible prices the real marginal cost is constant and equal to mc = . De…ning the natural level of output, denoted by y f t , as the equilibrium level of output under ‡exible prices leads to

mc = ( ) a 1 + + 1 ŷf t ât 1 + 1 (18) 
+ ( ) (1 a 1 ) c mp f t + t;n
where c mp

f t = mf t pf t , thus implying ŷf t = y a ât + y m c mp f t + y c + y sm " M t + y sn " N t ( 19 
)
where

y a = 1 + ( ( ) a 1 ) (1 ) + + y m = (1 ) ( ) (1 a 1 ) ( ( ) a 1 ) (1 ) + + y c = (1 ) ( ( ) a 1 ) (1 ) + + y sm = ( ) (1 a 1 ) (1 ) ( ( ) a 1 ) (1 ) + + 1 1 y sn = 1 ( ( ) a 1 ) (1 ) + +
We deduce from (10) 

that {f t = ( ( ) a 1 ) E t h ŷf t+1 i
and by using (5) we obtain the following equation of real money balances under ‡exible prices

c mp f t = m y+1 E t h ŷf t+1 i + m y ŷf t + 1 " M t ( 20 
)
where m y+1 = a2( ( )a1) and m y = 1 + a2( ( )a1)

Subtracting ( 18) from ( 17) yields

c mc t = x ŷt ŷf t + m c mp t c mp f t (21) 
where c mp t = mt pt is the log linearized real money balances around its steady state, c mp

f t is its ‡exible-price counterpart, x = ( ) a 1 + + 1 and m = ( ) (1 a 1 )
. By combining (21) with ( 16) we obtain

^ t = E t [^ t+1 ] + x ŷt ŷf t + m c mp t c mp f t (22) 
where ŷt ŷf t is the output gap, c mp t c mp f t is the real money balances gap,

x = 1 1 + " 1 (1 ) ( ) a 1 + + 1 and m = 1 1 + " 1 (1 ) ( ) (1 a 1 )
Then ( 22) is our …rst equation relating in ‡ation to its one period ahead forecast, the output gap and real money balances.

The second key equation describing the equilibrium of the model is obtained by rewriting (10) so as to determine output

ŷt = E t [ŷ t+1 ] r ({ t E t [^ t+1 ]) + mp E t c mp t+1 + z x t ( 23 
)
where

r = 1 ( )a1 , mp = ( )(1 a1) a1( ) and z x t = t;c = sp E t " P t+1 + sm E t " M t+1 where sp = 1 a1( ) and sm = (1 a1)( ) a1( ) 1 1
. ( 23) is thus a dynamic IS equation including the real money balances.

The third key equation describes the behavior of the money stock. From (5) we obtain

c mp t = ŷt i {t + z m t ( 24 
)
where i = a 2 = and z m t = 1 " M t . The last equation determines the interest rate through a standard smoothed Taylor-type rule:

{t = (1 i ) (^ t ) + x ŷt ŷf t + i {t 1 + z i t ( 25 
)
where and x are policy coe¢ cients re ‡ecting the weight on in ‡ation and on the output gap; the parameter 0 < i < 1 captures the degree of interest rate smoothing. z i t is an exogenous ad hoc shock accounting for ‡uctuations of the nominal interest rate such that z i t = i z i t 1 + " i;t with " i;t N (0; i ). To simplify, we assume that the target in ‡ation rate is equal to zero, i.e. = 0. 

DSGE model

Our model consists of six equations and six dependent variables: in ‡ation, nominal interest rate, output, ‡exible-price output, real money balances and its ‡exible-price counterpart. Flexible-price output and ‡exible-price real money balances are completely determined by shocks: ‡exible-price output is mainly driven by technology shocks (whereas ‡uctuations in the output gap can be attributed to supply and demand shocks) whereas the ‡exible-price real money balances is mainly driven by money shocks and ‡exible-price output.

ŷf t = y a ât + y m c mp f t y c + y sm " M t + y sn " N t (26) 
c mp f t = m y+1 E t h ŷf t+1 i + m y ŷf t + 1 " M t ( 27 
)
^ t = E t [^ t+1 ] + x ŷt ŷf t + m c mp t c mp f t (28) ŷt = E t [ŷ t+1 ] r ({ t E t [^ t+1 ]) + mp E t c mp t+1 (29) 
+ sp E t " P t+1 + sm E t " M t+1 (30) 
c mp t = ŷt i {t + 1 " M t ( 31 
) {t = (1 i ) (^ t ) + x ŷt ŷf t + i {t 1 + i z i t 1 + " i;t (32) 
where

y a = 1+ ( ( )a1)(1 )+ + x = (1 ) (1 )( ( )a1+ + 1 
)

1 + " 1 y m = (1 )( )(1 a1) ( ( )a1)(1 )+ + m = (1 )(1 )( )(1 a1) 1 + " 1 y c = log( " " 1 )(1 ) ( ( )a1)(1 )+ + r = 1 a1( ) y sm = ( )(1 a1)(1 ) ( ( )a1)(1 )+ + 1 1 mp = ( )(1 a1) a1( ) y sn = 1 ( ( )a1)(1 )+ + sp = 1 a1( ) m y+1 = a2( ( )a1) sm = (1 a1)( ) a1( ) 1 1 m y = 1 + a2( ( )a1) i = a2 with a 1 = 1 1+( b 1 b ) 1 (1 )
1 and a 2 = 1 exp( 1 ) 1 . A static analysis of these coe¢ cients is provided in Appendix 6.7. In this model of the Euro zone, ^ t is the log-linearized in ‡ation rate measured as the quarter to quarter change in the GDP De ‡ator, ŷt is the log-linearized output measured as the quarter to quarter change in the GDP, and i t is the short-term (3-month) nominal interest rate. These Data are extracted from the Euro Area Wide Model database (AWM) of Fagan, Henry and Mestre (2001). c mp t is the log-linearized quarter to quarter growth rate of real money balances. We use the M 3 monetary aggregate from the OECD database. ŷf t , the trend of the log-linearized output, and c mp f t , the trend of the log-linearized growth rate of real money balances, are completely determined by structural shocks.

Euro Area data

Structural shocks (" P t , " N t , and " M t ), the exogenous component of the interest rate (" i t ) and of the productivity (" a t ) are assumed to follow a …rst-order autoregressive process with an i.i.d.-normal error term such as " k t = k " k t 1 + ! k;t where " k;t N (0; k ) for k = fP; N; M; i; ag.

Calibration and results

In order to obtain bayesian estimates of all the structural parameters of the model, we need to calibrate the mean and the probability distribution of these parameters. Following Smets and Wouters (2005) and Galí (2007), we linearize the equations describing the model around the steady state and we choose prior distributions for the parameters which are added to the likelihood function [START_REF] Christiano | Two reasons why money and credit may be useful in monetary policy[END_REF] ; the estimation of the implied posterior distribution of the parameters is done using the Metropolis algorithm (see Smets Following standard conventions, we choose beta distributions for parameters that fall between zero and one, inverted gamma distributions for parameters that need to be constrained to be greater than zero, and normal distributions in other cases. As in Smets and Wouters (2003), the standard errors of the innovations are assumed to follow inverse gamma distributions and we choose a beta distribution for shock persistence parameters (as well as for the backward component of the Taylor rule) with 0:8 mean and 0:05 standard error. We estimate the model with 106 observations from 1980 (Q4) to 2007 (Q2) in order to avoid high volatility periods before 1980 and during the latest …nancial crisis.

The estimates of the macro-parameters (aggregated structural parameters) are The impulse response functions of all structural shocks are as follows. 1 presents the response of key variables to a preference shock. In response to the shock, the in ‡ation rate, the output, the output gap, real money balances, the nominal and the real rate of interest rise; real money growth displays a little overshooting process in the …rst periods, then returns quickly to its steady state value. A positive monetary policy shock induces a fall in interest rates due to a low enough degree of intertemporal substitution (i.e. the risk aversion parameter is high enough) which generates a large impact response of current consumption relative to future consumption. This result has been noted in, inter alia, Jeanne (1994) and Christiano et al. (1997). When there is a labor shock (Figure 5), in ‡ation, the real and the nominal rate of interest, and the output gap increase. Output and real money balances decrease.

All these results are in line with the DSGE literature, especially with Galí (2007) and other studies on impulse response functions.

Variance decompositions

Here we analyze in two di¤erent ways the forecast error variance of each variable following exogenous shocks. The analysis is conducted …rst via an unconditional variance decomposition (Table 3), and second via a conditional variance decomposition (Figures 6 to 17 The unconditional variance decomposition shows that with a standard calibration of our model ( = 2), about half of the variance of output results from the productivity shock, about a quarter from the interest rate shock, the remaining quarter from the other shocks. If money plays some role, this role is rather minor (an impact of less than 5%).

With = 2 With = 6 " N t " P t " i t " M t " a t " N t " P t " i t " M t " a t
Yet, as Table 3 shows, the money shock contribution to the business cycle depends on the value of agents' risk aversion. Indeed, an estimation of our model with a higher risk aversion 11 ( = 6) gives interesting information as to the role of money, and more generally as to the role of each shock.

Notably, it shows that a higher coe¢ cient of relative risk aversion increases signi…cantly the role of money in a business cycle. If about half of the variance of output is still explained by the productivity shock, the role of the interest rate shock and especially the role of preference and labor shocks decrease notably whereas the impact of the money shock increases from about 4% to 17%, i.e. is multiplicated by a factor of four.

The analysis through time (Figures 6 and7) also shows that the impact of the money shock, and especially of the interest rate shock, increases a bit with the time horizon whereas it is the reverse for the preference shock. A look at the conditional and unconditional in ‡ation variance decomposition shows the overwhelming role of the interest rate shock (the monetary policy shock) which explains more than 99% of the variance. It must be noted that the change in risk aversion (when goes from 2 to 6) does not a¤ect this result, and there is no signi…cant change of the respective impacts through time (Figures 8 and9). The interest rate variance is dominated by the direct shock on the interest rate. Yet, as risk aversion increases, the role of the productivity shock increases. The relative importance of each of these shocks changes through time (Figures 10 and11). Over short horizons, the preference shock explains almost 70% of the nominal interest rate variance whereas the interest rate shock explains less than 20%. For longer horizons, there is an inversion: the nominal interest rate shock explains close to 70% of the variance and the preference shock a bit more than 20%. Table 3 as well as Figures 12 and13 show that real money balances are mainly explained by the real money balances shock and the productivity shock, with a small increase in the role of the productivity shock as risk aversion increases. The respective role of these two shocks barely changes through time. It is also interesting to notice that the same type of analysis applies to the ‡exible-price output variance decomposition (Figures 14 and15). Productivity is the main explanatory factor with a weight greater than 82%, the role of money increasing also with the relative risk aversion coe¢ cient (from a weight of about 6% to almost 17%) whereas monetary policy plays no role and labor only a minor one. As Figures 16 and17 show, the ‡exible-price real balances variance is mainly explained by the money shock, with a signi…cant impact of the productivity shock. The impact of each of these shocks does not vary much through time, but when risk aversion increases the impact of the productivity shock also increases.

Conclusion

In this paper, we built and empirically tested a model of the Euro zone, with a special emphasis on the role of money. The model follows the New Keynesian DSGE framework, but with money in the utility function whereby real money balances a¤ect the marginal utility of consumption. By using bayesian estimation techniques, we shed light on the determinants of output and in ‡ation, but also of interest rate, real money balances, ‡exible-price output and ‡exible-price real money balances variances. On that respect we further investigate the role of money, especially when intertemporal risk aversion changes.

Half of the variance of output is explained by the productivity shock, the other half by a combination of labor, preference, interest rate and money shocks. Almost the totality of the in ‡ation variance is a consequence of the interest rate shock. The interest rate variance depends mainly on the interest rate shock, but the preference shock is also signi…cant, as well as, to a lesser extent, the productivity shock. Real balances react essentially to money shocks, with a signi…cant role left to the productivity shock. Interestingly, the ‡exible-price output variability depends strongly on the productivity shock, but the money shock remains signi…cant. The ‡exible-price real balances variance is mainly explained by the money shock, with a signi…cant impact of the productivity shock. These results are sensible and rather in line with prior expectations. We believe that this corroborates the credibility of our model.

To investigate further the role of each shock, especially the money shock, we calibrated the model with di¤erent risk aversion coe¢ cients.

The …rst calibration of the model with a standard risk aversion shows that money plays a minor role in explaining output variability, a result in line with current literature (Andrès et al., 2006; Ireland, 2004). Other calibrations with higher risk aversion imply that money plays a non-negligible role in explaining output ‡uctuations. And the more agents are risk averse, the higher the impact of money on output. This result di¤ers from existing literature using New Keynesian DSGE frameworks with money, neglecting the role of a high enough risk factor.

On the other hand, the explicit money variable does not appear to have a notable direct role in explaining in ‡ation variability, the overwhelming explanatory factor being the interest rate (monetary policy) whatever the level of risk aversion.

If these results are trustworthy, it can be inferred that the last …nancial crisis, by changing economic agents'perception of risks, may have increased the role of real money balances in the transmission mechanisms and in output changes. 

Appendix

Aggregate consumption and price index

Let C t = R 1 0 C t (i)
L = Z 1 0 C t (i) 1 1 " di " " 1 Z 1 0 P t (i) C t (i) di Z t (33) 
The associated …rst-order conditions are C t (i) 

which can be substituted into the expression for consumption expenditures to

yield C t (i) = Pt(i) Pt " Zt
Pt for all i 2 [0; 1] where

P t = R 1 0 P t (i) 1 " di 1 
1 " is an aggregate price index. The latter condition can then be substituted into the de…nition of C t to obtain

Z 1 0 P t (i) C t (i) di = P t C t (35) 
Combining the two previous equations yields the demand schedule equation

C t (i) = Pt(i) Pt "
C t for all i 2 [0; 1].

Optimization problem

Our Lagrangian is given by

L t = E t " 1 X k=0 k U t+k t+k V t+k # (36) 
where

V t = C t + M t P t + Q t B t P t B t 1 P t W t P t N t M t 1 P t (37) 
and

U t = e " P t 1 1 X 1 t e " N t N 1+ t 1 + ! (38) 
where

X t = (1 b) C 1 t + be " M t Mt Pt 1 1 1
is the non-separable part of the utility function.

The …rst order condition related to consumption expenditures is given by

t = e " P t (1 b) C t X t ( 39 
)
where t is the Lagrange multiplier associated with the budget constraint at time t.

The …rst order condition corresponding to the demand for contingent bonds implies that

Q t = E t t+1 t P t P t+1 (40) 
The demand for cash that follows from the household's optimization problem is given by be where

a 1 = (1 b)C 1 (1 b)C 1 +b( M P )
1 is a constant term where C and M P are respectively consumption and real money balances at the steady state [START_REF] Fagan | An area-wide model (AWM) for the euro area[END_REF] . We obtain from (39), ( 40) and (41) the following expression for a 1 The vertical line denotes the posterior mode, the grey line is the prior distribution, and the black line is the posterior distribution. 
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 12 Log linearizing (40) around its steady state yields (with Q t = e it ) In order to determine (43), (44) and (46), we need to log linearize Xt around its steady state: Xt = a 1 ĉt + (1 a 1 )

Table 1 :

 1 and Wouters, 2007, and Adolfson et al., 2007). Calibration and estimation of structural parameters[START_REF] Clarida | The science of monetary policy: a new Keynesian perspective[END_REF] 

		Law	Prior Posterior Posterior Standard	Con…dence
			mean deviation	mean	deviation	interval
		beta	0:99	0:005	0:9933	0:0026	[0:9879; 0:9988]
		normal	2:0	0:05	1:9746	0:0503	[1:8966; 2:0593]
		normal	1:2	0:05	1:3271	0:0378	[1:2647; 1:3915]
		normal	1:0	0:05	1:0079	0:0498	[0:9219; 1:0884]
		beta	0:66	0:05	0:7645	0:0281	[0:7181; 0:8138]
	"	normal	6:0	0:05	6:0029	0:0500	[5:9226; 6:0867]
		beta	0:33	0:05	0:3921	0:0539	[0:3050; 0:4792]
	b	beta	0:4	0:05	0:3981	0:0508	[0:3209; 0:4810]
	i	beta	0:6	0:05	0:5346	0:0356	[0:4748; 0:5923]
		normal	3:5	0:05	3:5154	0:0499	[3:4329; 3:5965]
	x	normal	1:5	0:05	1:5288	0:0493	[1:4458; 1:6086]
	a	beta	0:8	0:075	0:8600	0:0360	[0:7829; 0:9440]
	i	beta	0:8	0:075	0:9892	0:0039	[0:9824; 0:9962]
	p	beta	0:8	0:075	0:8841	0:0167	[0:8580; 0:9102]
	m	beta	0:8	0:075	0:9389	0:0177	[0:9117; 0:9680]
	n	beta	0:8	0:075	0:8105	0:0776	[0:6819; 0:9455]
	a	invgamma	1	1	0:8976	0:0914	[0:6269; 1:1568]
	i	invgamma	1	1	0:6118	0:0660	[0:4953; 0:7232]
	p	invgamma	5	1	7:2887	0:8491	[5:9397; 8:7002]
	m	invgamma	1	1	1:4097	0:1016	[1:2402; 1:5757]
	n	invgamma	1	1	1:2876	0:2204	[0:3410; 2:4605]
	Results are based on 10 chains, each with 100000 draws based on the Metropolis algorithm.

Table 3 :

 3 Unconditional variance decomposition (%)

  be a consumption index where C t (i) represents the quantity of good i consumed by the household in period t. This requires that C t be maximized for any given level of expenditures R 1 0 P t (i) C t (i) di where P t (i) is the price of good i at time t. The maximization of C t for any given expenditure level R 1 0 P t (i) C t (i) di = Z t can be formalized by means of the Lagrangian

	1 1 " di	" " 1

  which can be naturally interpreted as a demand for real balances. The latter is increasing in consumption and inversely related to the nominal interest rate, as in conventional speci…cations.

		" M t e " P t	M t P t	X t	= t	E t t+1	P t P t+1	(41)
				e " P t e " N t N t = t	W t P t		(42)
	6.3 Log linearization				
	Log linearizing the Lagrangian multiplier (39) around its steady state yields
	^ t = " P t	ĉt + (	) a 1 ĉt + (1 a 1 ) mt pt +	1	1	" M t	(43)

See Appendix 6.3

See Appendix 6.2

For simplicity reasons, we assume a production function without capital.

Thus, each period, 1 producers reset their prices, while a fraction keep their prices unchanged.

As shown in Appendix 6.1

Note that under the assumption of constant returns to scale ( = 0), mc t+kjt = mc t+k , i.e., the marginal cost is independent of the level of production and, hence, is common across …rms.

The solution takes the form of a state-space model that is used to compute the likelihood function.1 0 See Appendix 6.5 for the prior and posterior distributions.

1 See Appendix 6.4, Table4.

3 See Apendix 6.6 for the prior and posterior distributions.

Log linearizing (41) around its steady state and up to an uninteresting constant yields " M t ( mt pt ) + ĉt = a 2 {t (45

where a 2 is such as \ 1 Q t = a 2 {t i.e. a 2 = 1 exp( 1 ) 1 because 1 is the steady state interest rate.

Equation ( 45) is the intertemporal optimality condition setting the marginal rate of substitution between money and consumption equal to the opportunity cost of holding money.

Log linearizing (42) around its steady state yields 46) is the condition for the optimal consumption-leisure arbitrage, implying that the marginal rate of substitution between consumption and labor is equated to the real wage. Results are based on 10 chains, each with 100000 draws based on the Metropolis algorithm.

Calibration and results ( = 6)

Static analysis

The following table highlights the derivatives of the macro-coe¢ cients with respect to , knowing that a 1 and a 2 are independent of , = 1:2, and 2.

@ @ y a a1(1

+ "

< 0 i 0