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We investigate the behavior of asset prices in a typical New Keynesian macro model. Using a second-order approximation, we examine bond and equity returns, the equity risk premium, and the behavior of the real and nominal term structure. As documented in the literature, our results suggest that introducing real rigidities to the model increases risk premia. Nevertheless we that find that, in a world dominated by productivity shocks, increasing nominal rigidities reduces risk premia. Such rigidities only enhance risk premia when economic dynamics are mainly driven by monetary policy shocks. The results imply that, unlike in endowment frameworks, matching asset pricing facts in macro models will require attention to the composition of shocks, not just the specification of investor preferences.

A c c e p t e d m a n u s c r i p t 1 Introduction

Macroeconomic models are widely used for policy advice. But in many cases these models are linearized and solved under the assumption of certainty equivalence. Such models are, thus, silent about risk premia and often incapable of analysing how (changes in) uncertainty affects economic conditions. Given the prominence of these frameworks in policy advice, it is important that we develop a better understanding of their implications for asset prices. This paper investigates how asset prices are linked to the sources of economic uncertainty and the structure of the macroeconomy in a fairly general New Keynesian framework. Some recent work has contributed towards improving our understanding of the importance of the structure of the macroeconomy for the behavior of asset prices and risk premia. Examples include den Haan (1995), [START_REF] Lettau | Inspecting the mechanism: closed-form solutions for asset prices in real business cycle models[END_REF], [START_REF] Jermann | Asset pricing in production economies[END_REF], [START_REF] Boldrin | Habit persistence, asset returns, and the business cycle[END_REF], and [START_REF] Uhlig | Macroeconomics and asset markets: some mutual implications[END_REF]. These papers explore the implications of production economies with capital for asset prices, focusing in particular on equity prices. The last three of these papers point to the importance of real frictions for asset prices. Nevertheless, little attention has been given to the role of nominal rigidities and nominal shocks. 1 Therefore our contribution is to understand the asset pricing implication of such features.

We take a DSGE model, featuring habit formation, capital adjustment costs and a staggered price setting mechanism, and solve for risk-free real interest rates, the return on equity, the equity risk premium, and real and nominal term structures. We revisit the role of real rigidities, by varying the weight on consumption and labour habits and the strength of capital when economic dynamics are driven by productivity shocks. We then explain the marginal effects of key New Keynesian features, by varying the degree of price stickiness and the monetary policy formulation. Our findings confirm the previously documented results that increasing the degree of real rigidities always raises risk premia. We show that, as agents become more averse to consumption fluctuations or less able to do something about them, they require a larger compensation for holding risky assets. However, we find that, when the business cycles are driven by productivity shocks, increasing the degree of nominal rigidities reduces risk premia. As prices become less flexible, productivity shocks have a smaller impact on the real side of the economy, decreasing the volatility of agents' marginal utility and, thus, risk premia. On the other hand, when monetary policy shocks are driving economic dynamics, both real and nominal rigidities raise risk premia. Nominal rigidities here amplify the effect of demand shocks (such as
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the proposed monetary policy shock). Thus, if we believe nominal rigidities are significant, because they help match stylized facts in goods and labor markets, in order to generate large risk premia, a key stylized fact of asset prices, our results suggest that demand shocks are needed. The results imply that, unlike in endowment frameworks, matching asset pricing facts in macro models will require attention to the composition of shocks, not just the specification of investor preferences.

The paper is set out as follows. Section 2 explains the experiments, including a discussion of the solution method, the model, its parameterization, and the equilibrium conditions for asset prices that we use. The properties of asset returns implied by this set up are discussed in detail in Section 3. Concluding comments are contained in Section 4.

The model and method

To generate and understand the asset pricing implications of our New Keynesian model, we: (i) specify the model; (ii) choose parameter values; (iii) solve the model numerically to a second-order approximation; (iv) look at the stochastic averages of key endogenous variables, such as asset returns; and (v) test the sensitivity of these moments to variations in key parameters that control the dynamic behavior of the model, referring to asset pricing expressions and impulse responses along the way.

We use numerical second-order perturbation methods to obtain unconditional moments. This is similar to results one would get under a lognormality assumption, as first and second moments are the sole determinants of the equilibrium conditions. Jermann (1998), [START_REF] Lettau | Inspecting the mechanism: closed-form solutions for asset prices in real business cycle models[END_REF], [START_REF] Wu | Macro factors and the affine term structure of interest rates[END_REF] and [START_REF] Emiris | The term structure of interest rates in a DSGE model[END_REF] exploit the recursive nature of asset pricing equations in a complete markets framework by first linearizing the equilibrium conditions of the macro model as usual, and then assuming that the arguments in the relevant asset pricing equations are distributed jointly lognormally and evaluating them separately. The solution under this approach differs from our method in two ways. Firstly, because we apply a second order approximation to the entire model, our solution takes into account the effect of second moments (and, thus, uncertainty) on macro variables, which will, in turn, affect asset prices. That is, our approach entails solving the whole model simultaneously, which incorporates consistent treatment of precautionary behavior across goods, labor and asset markets. On the other hand, our second-order approximation leads to time-invariant risk premia (given that any state dependence in higher moments is only captures in third order approximations). But because we are only looking at implications for stochastic averages in this paper, this property does not affect the analysis here.
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2.1 The model 2We model households, firms and a government in a closed economy. Households and firms optimize while the government follows simple rules. Monopolistic competition leads to mark-ups over marginal costs and implies that goods providers can fix prices, which facilitates the introduction of nominal price stickiness. Changes in nominal monetary instruments (in this model, the short nominal interest rate) can then have real effects. Asset markets are competitive, efficient and frictionless. Households participate in goods, labor and asset markets. They are assumed to be infinitely lived and to make rational decisions based on all current information. Each household, indexed by a, maximizes utility defined over the consumption of a composite non-durable good, C, and real money balances, M/P , while minimizing disutility of labor effort, N :

E t ∞ i=0 β i U ⎛ ⎜ ⎜ ⎜ ⎜ ⎜ ⎜ ⎝ (Ct+i(a)-H C t+i (a)) 1-γ C -1 1-γ C - θ N (Nt+i(a)-H N t+i (a)) 1+γ N -1 1+γ N + θ M M t+i (a) P t+i 1-γ M -1 1-γ M ⎞ ⎟ ⎟ ⎟ ⎟ ⎟ ⎟ ⎠ (1)
where β ∈ (0, 1) is the subjective discount factor measuring households' impatience, and θ N and θ M are parameters. γ C , γ N and γ M are curvature parameters. 3 The habit levels for consumption and labor are assumed to be external, and follow lagged aggregate levels:

H C = χ C C t-1 and H N = χ N N t-1 .
As in the case of consumption, the assumption of labor habits implies that habit-forming agents dislike large and rapid changes in their leisure levels (or, equivalently, in their labor supply). A household's period-
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by-period budget constraint is given by

C t (a) + T t (a) P t + M t (a) P t + V eq t P t S t (a) + J j=1 V bn j,t P t B n j,t (a) + J j=1 V br j,t B r j,t (a) = W t P t N t (a) + M t-1 (a) P t + V eq t + D t P t S t-1 (a) + J j=1 V bn j-1,t P t B n j,t-1 (a) + J j=1 V br j-1,t B r j,t-1 (a) ( 2 ) 
Household revenue includes labor income and the current values of financial assets held over from the previous period. During the discrete period, households supply N units of labor, for which they each receive the market nominal wage, W . Financial assets include money, M ; a share in an equity index, S, which is a claim on a portion of all firms' profits; and nominal and real zero-coupon bonds of maturities ranging from j = 1 to J, denoted by B n j for a j-period nominal bond and B r j for a j-period real bond. Nominal bonds pay out one unit of money at the end of their maturity, and real bonds pay one unit of consumption. The values of the equity share index, nominal bonds and real bonds are denoted by V eq , V bn j and V br j , respectively.4 Households also receive dividends from firms, D (which are paid in money). Stocks and bonds from the previous period are revalued at the start of the new discrete period; we can think of them being sold off at the beginning of the new period. Households expenditures include consumption, C, lumpsum taxes, T , and a new portfolio of financial assets in each period: money, stocks and bonds.

Monopolistically-competitive intermediate goods firms maximize profits. Following [START_REF] Rotemberg | Monopolistic price adjustment and aggregate output[END_REF], we assume that firms want to avoid changing their price P (z) at a rate different than the steady-state gross inflation rate, Π. Doing so incurs an intangible cost that does not affect cash flow (hence, profits) but enters the maximization problem as a form of 'disutility':

max E t ∞ i=0 β i Ψ t+i (z) Ψ t (z) D t+i (z) - χ P 2 P t+i (z) ΠP t+i-1 (z) -1 2 P t+i Y t+i , (3) 
where β i Ψ t+i (z) Ψt(z) is the zth firm's stochastic discount factor, P is the general price level, π is the steady-state inflation rate, Y is output, and χ P measures the cost of adjusting prices. 5 Profits are the difference between revenue and
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expenses of paying for workers and investment and are immediately paid out as dividends, D (z), to shareholders:

D t+i (z) = P t+i (z) Y t+i (z) -W t+i N t+i (z) -P t+i I t+i (z) ( 4 ) 
As usual in a typical New Keynesian model, firms do not therefore retain earnings, nor do firms accumulate inventories, both of which could potentially affect dividend flows and the value of the firm.

Each firm produces output Y (z) by combining predetermined capital stock and currently rented labor in a Cobb-Douglas technology. They face downward-sloping demand curves

Y t+i (z) = P t+i (z) P t+i -η t Y t+i ( 5 
)
and incur costs ω (I t+i (z) , K t+i-1 (z)) when changing the capital stock, with the capital accumulation identity given by

K t+i (z) = (1 -δ) K t+i-1 (z) + ω (I t+i (z) , K t+i-1 (z)) K t+i-1 (z) . ( 6 
)
As is standard in the literature, we assume that ω (•) is concave, with the functional form following Jermann (1998) and [START_REF] Uhlig | Macroeconomics and asset markets: some mutual implications[END_REF]. Then competitive final goods firms ('retailers') combine differentiated outputs into a composite good for use as consumption or investment. In this model, government is minimal. The nominal government budget constraint is given by

T t = M t -M t-1 ; ( 7 ) 
i.e., the government makes net transfer payments to the public that are financed by printing money. A central bank follows a simple instrument rule, which, if log linearized, would look like

r cb 1,t = θ R r cb 1,t-1 + 1 -θ R θ π π t + ε R t , (8) 
where lower-case letters denote log deviations from steady state, θ R ∈ [0, 1) governs the degree of interest rate smoothing and θ Π > 1 governs the degree to which the central bank reacts to deviations of inflation from steady state. There are many potential variations to this structure. We cannot cover all possible variations, and aim here for a specification that is broadly representative. Similarly, it is common now to include a large number of shocks when fitting these models to the data. We focus on two that have received the most attention: technology and monetary policy shocks. The level of productivity is assumed to follow an AR(1) process with shock term ε Z ; monetary policy shocks, ε R , are introduced directly into the monetary policy rule [START_REF] Edge | The responses of wages and prices to technology shocks[END_REF].

ification for price rigidities. Examples of Rotemberg costs include [START_REF] Ireland | Sticky-price models of the business cycle: specification and stability[END_REF], [START_REF] Edge | The responses of wages and prices to technology shocks[END_REF] and [START_REF] Harrison | The Bank of England Quarterly Model[END_REF]. In the latter, the adjustment costs are intangible; see [START_REF] Pesenti | The global economy model (GEM): theoretical framework[END_REF] for an example of where they are tangible. The difference is important, exactly because of the effects on cash flows and dividends. We choose to make the effects intangible to focus on other effects from price rigidities.
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A summary of the baseline calibration is provided in Table 1. Of the key parameters that affect dynamic adjustment, we make the technology shock highly persistent ( ρ A = 0.95) and the standard deviation of the shock innovation σ ε A implying volatility of output growth of about 1%. The consumption and labor habit parameters are both set to 0.82. The capital adjustment costs parameter χ K measures the elasticity of the investment capital ratio with respect to Tobin's q (see [START_REF] Lettau | Inspecting the mechanism: closed-form solutions for asset prices in real business cycle models[END_REF]). We set χ K = 0.30, with χ K → ∞ implying zero adjustment costs and χ K → 0 implying infinite adjustment costs. There is little empirical evidence that directly points to the calibration for the price adjustment cost parameter χ P . We follow [START_REF] Ireland | Sticky-price models of the business cycle: specification and stability[END_REF] and chose χ P = 77.6 

Uncertainty and risk sharing

In this model, intermediate firms set prices and employ factors identically in a symmetric equilibrium, so that dividends and wages are identical across firms. Hence, consumers do not face any idiosyncratic risks. This allows us to talk about a representative consumer. On the further assumption that the law of one price holds in asset markets, this implies a unique stochastic discount factor. Households own all firms via shareholdings and the economy is closed; the stochastic discount factor of firms is therefore the stochastic discount factor of households. But the aggregate economy faces shocks to productivity and monetary policy. Our analysis in what follows focuses on how asset returns reflect this aggregate uncertainty.

Asset prices and returns

In our model, there are three versions of the basic consumption-based asset pricing equation: first, the value of an indexed bond of maturity j,

V br j,t = E t SDF t+1 V br j-1,t+1 , j = 1, .., J (9) 
second, the real value of a nominal bond of maturity j, V bn j,t

P t = E t SDF t+1 V bn j-1,t+1 P t+1 , j = 1, .., J (10) 
and finally the real value of equity shares,

V eq t P t = E t SDF t+1 V eq t+1 + D t+1 P t+1 (11) 
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where the stochastic discount factor is SDF t+1 = β Λt+1 Λt and marginal utility is

Λ t = C t -χ C C t-1 -γ C
. These can be used to draw out implications for real and nominal yield curves and risk premia. For example, the risk-free real interest rate is R br

1,t+1 = 1 V br 1,t
, and the one-period real holding period return on equity, R eq , is7 

R eq t+1 =

V eq t+1 + D t+1 V eq t 1 Π t+1 . ( 12 
)
Some analytical expressions are useful for understanding the results from the simulations.8 Using ( 11) and ( 12), we obtain the following expression for expected equity returns:

E t r eq t+1 -E t [sdf t+1 ] - 1 2 var t (sdf t+1 ) -cov t sdf t+1, r eq t+1 - 1 2 var t r eq t+1 , ( 13 
)
where sdf t+1 ≡ ln Λt+1 Λt . In the case of a one-period real bond, which pays out the consumption bundle in the next period, we have

r br 1,t+1 -E t [sdf t+1 ] - 1 2 var t (sdf t+1 ) . ( 14 
)
The variance term on the right-hand side represents the precautionary savings motive. Subtracting ( 14) from ( 13) defines the excess return of equities over risk-free bonds -the equity risk premium, or ERP -as

E t r eq t+1 -r br 1,t+1
-cov t sdf t+1 , r eq t+1 -

1 2 var t r eq t+1 , ( 15 
)
the negative of the covariance of the stochastic discount factor with the return on equities. 9The yield on any bond can be approximated by

E t r br j,t+1 - 1 j E t [sdf t,t+j ] + 1 2 var t (sdf t,t+j ) , ( 16 
)
where sdf t,t+j ≡ ln

Λ t+j Λt
, which implies that the stochastic average will always be below the deterministic steady-state level. The yield spread between real bond of maturity j and one-period real bond is, therefore,

E t r br j,t+1 -r br 1,t+1 +E t [sdf t,t+j -sdf t+j ] 1 2 var t (sdf t+1 ) - var t (sdf t,t+j ) j . (17) 
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Whether the real yield curve is upward or downward sloping depends crucially on whether the term on the right-hand side of ( 17) is positive or negative. If the growth rate of marginal utility is positively autocorrelated, such that the numerator var t (sdf t,t+j ) rises faster than j, this would tend to generate a downward sloping yield curve. That is, if a 'bad' shock is expected to be followed by other bad events, risk-averse investors appreciate locking-in today a given return in the future, and therefore longer-term bonds serve as a form of insurance. This points us to examine the autocorrelation of the stochastic discount factor by looking at impulse responses.

The same logic yields an expression for the difference between the oneperiod nominal rate and the real risk-free rate:

E t r bn 1,t+1 -r br 1,t+1 E t [π t,t+1 ] - 1 2 var t (π t+1 ) + cov t (sdf t+1 , π t+1 ), ( 18 
)
where E t [π t,t+1 ] is the expected inflation rate. Both the expected real and nominal interest rates embed a precautionary savings motive. But the nominal interest rate is also affected by three other factors: the expected inflation rate; a Jensen's inequality term that will increase as the variability of inflation increases, lowering the nominal yield; and a covariance term that measures the inflation risk premium. High inflation reduces the real return of the nominal bond at a time when a high real return would be valued highly by the consumer. This implies that the impulse responses of marginal utility and inflation will show the effects of inflation risk premia across maturities. More generally, the relative position of the nominal and real yield curves will depend on the following factors: the magnitude of the Jensen's inequality term (determined by the size of inflation variability); expected inflation; and the sign and size of the inflation risk premium.

The yield spread between a j-period and a one-period nominal bond can be written as

E t r bn j,t+1 -r bn 1,t+1 = E t r br j,t+1 -r br 1,t+1 + 1 2 var t (π t+1 ) - 1 j var t (π t,t+j ) -cov t (sdf t+1 , π t+1 ) - 1 j cov t (sdf t,t+j , π t,t+j ) . ( 19 
)
The slope of the nominal structure will depend on the slope of the real term structure, the relative size of the Jensen's inequality effect at different maturities and the relative size of inflation risk premia at different maturities. The variance term in equation ( 19) will be negative if var t (π t,t+j ) increases faster than j, the maturity of the bond. This will be the case if inflation is positively correlated. Equation [START_REF] Mehra | The equity premium puzzle[END_REF] shows that the nominal term structure can be downward sloping, even with an upward-sloping real structure. The variances and covariances in these expressions can be thought of as product of (a) size of the shocks, and (b) transmission of the shocks. This
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hints at the importance of rigidities. Previous studies using simpler models (e.g., Jermann (1998) and Boldrin, Christiano and Fisher ( 2001)) have noted that real rigidities that make it more difficult for agents to smooth consumption in the face of shocks will show up in a higher equity risk premium. We examine whether this applies to both real and nominal rigidities in the next section.

Asset prices and rigidities in the New Keynesian model

In this section, we show how the average risk-free real interest rate, the return on equity, the equity premium, the term spread and real and nominal yield curves change with variations in parameters that affect the dynamic properties of the model. We start by analyzing the case in which prices are perfectly flexible and then move to nominal rigidities, investigating the role of productivity and monetary policy shocks in both cases.

The flexible price case

When prices are perfectly flexible, monetary policy shocks have a one-off effect in the inflation rate, and are completely irrelevant for the rest of the economy. For this reason, in this section we concentrate on the case of productivity shocks. 10Precautionary savings imply that the capital stock and investment flows are higher in the stochastic than in the deterministic steady state. Consumption is smaller both in absolute terms and as a proportion of output. Real wages are higher as higher capital levels raise the marginal product of labor, and this induces agents to work more hours (Table 2). With higher savings in the stochastic case, the riskless real interest rate is lower than if there were no uncertainty. The real return on equity is higher than both the deterministic real return and the stochastic average riskless real interest rate:11 the return on holding equities increases after a positive productivity shock, associated with an immediate fall in the stochastic discount factor (Figure 1). Hence the stochastic discount factor and the return on equity are negatively correlated, implying a positive equity risk premium. The inflation risk premium is also positive: a positive productivity shock causes a fall in inflation, so that the inflation rate and the stochastic discount factor are positively correlated. This implies a negative correlation between the
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stochastic discount factor and the real return on the nominal bond and thus a positive inflation risk premium (Table 3).

In the absence of uncertainty, the average term structure would be flat. From equation [START_REF] Lettau | Inspecting the mechanism: closed-form solutions for asset prices in real business cycle models[END_REF], the profile of the term structure depends on whether uncertainty about future marginal utility (and hence the precautionary savings motive) is proportionally larger or smaller as maturity increases. With no habits, consumption growth would be positively correlated. Uncertainty about future levels of consumption would grow disproportionately rapidly with the maturity of the bond. This would result in a downward-sloping real term structure, in which real long bonds were regarded as insurance, and carried a negative term premium. 12 With a high degree of consumption habits, marginal utility is defined over near-changes in consumption and the stochastic discount factor is negatively correlated, which implies mean reversion in marginal utility. In our specification, the real term structure is therefore upward sloping -i.e., there is less of a precautionary motive to invest in longer maturity bonds, which means a smaller subtractive term from the deterministic rate, which implies a positive real term premium (Figure 2).13 

The role of real rigidities

When there are no frictions, the model exhibits the classic equity and term premia puzzles of [START_REF] Mehra | The equity premium puzzle[END_REF] and [START_REF] Backus | Risk premiums in the term structure: evidence from artificial economies[END_REF], respectively. As demonstrated by [START_REF] Campbell | By force of habit: a consumption-based explanation of aggregate stock market behavior[END_REF] in the context of endowment economies, consumption habits can be used to fix this. By switching capital adjustment costs off, we confirm previous results by Jermann (1998) and Boldrin, Christiano and Fisher (2001) that, in a production economy, consumption habits by themselves are not sufficientconsumer-investors can eat into capital and change production plans (Table 4). In other words, we need to ensure that households not merely dislike consumption volatility, they have to be prevented from doing something about it; capital adjustment costs are one modelling device to achieve this. Similar to [START_REF] Lettau | Can habit formation be reconciled with business cycle facts?[END_REF], labor habits can also be used. 14With these rigidities in place, a higher degree of consumption habit persistence (the darker lines in Figure 3) implies more volatility in the stochastic discount factor and returns. This is reflected in a higher real term premium, inflation risk premium and equity risk premium (Figure 4). In contrast, the risk-free rate is lower, reflecting higher precautionary savings. Increasing the size of the labor habits parameter and the level of capital adjustment 

The sticky-price case

We now move to the case in which prices are sticky and analyze the role of nominal rigidities for asset returns, first with productivity shocks only, then with monetary policy shocks only. We have also carried out these exercises using [START_REF] Calvo | Staggered prices in a utility-maximising framework[END_REF] nominal rigidities. The conclusions are (qualitatively and quantitatively) unchanged.

Productivity shocks only 17

Sticky prices imply a smaller equity risk premium, a smaller inflation risk premium, a higher real risk-free rate, and smaller term premia (i.e., the real and nominal yield curve are flatter) (Table 5). As in the flex-price model, the negative autocorrelation in the growth rate of marginal utility (equivalently, the stochastic discount factor) generates a real term structure that is on average upward sloping. Similarly, the nominal term structure is initially upward sloping and then downward sloping (Figure 8).

The role of nominal rigidities in a world of only productivity shocks

The previous analysis showed that real rigidities make it more difficult for an economy to deal with aggregate shocks; this is reflected by asset returns in higher risk premia. We ask whether the same intuition holds for nominal rigidities.

In the case of a world driven solely by technology shocks, the answer is no: raising the degree of price stickiness reduces equity and term premia. 18This can be seen in Figures 9 and10, where the darker responses indicate higher degrees of nominal rigidity. In the flex-price case (χ P = 0), with a vertical aggregate supply curve, a given productivity shock leads to larger fluctuations in output than if the supply curve was flatter. This can be seen in the impulse responses for the stochastic discount factor and the return on equity, which have less amplitude as the degree of price stickiness rises.
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Figure 10 shows that the size of the equity premium falls as price stickiness is increased from χ P = 0 to χ P = 80. Lower volatility of marginal utility also reduces precautionary savings, so that the average real risk-free rate rises with the degree of price rigidity. Because an increase in price rigidity also implies that the stochastic discount factor is less negatively autocorrelated, the slope of the yield curve flattens. Equivalently, since marginal utility growth is known to be mean-reverting, so that yields of higher maturity asymptote to the deterministic real interest rate, the term spread must fall with the rise in the risk-free real rate.

In a world of productivity shocks, inflation and the stochastic discount factor are positively correlated, implying a positive inflation risk premium. However, by dampening both the variance of inflation and the stochastic discount factor, the inflation risk premium falls with higher price stickiness (Figure 10). 19When the economy is subject to monetary policy shocks only, the inflation risk premium is negative (Table 6). This is because consumption and inflation are positively correlated in a world of demand shocks. 20 When marginal utility is high, inflation is low, with the implication that the real return on the nominal asset is high when high real returns are highly valued. As a result, the nominal asset provides insurance and the inflation risk premium is negative (Figure 13).

Monetary policy shocks only

The role of nominal rigidities in a world of only monetary policy shocks

In the case of a world driven solely by monetary policy shocks, raising the degree of price stickiness increases equity and term premia. This can be seen in Figures 14 and15. A monetary policy shock has no effect on output in the flex-price case, with its vertical aggregate supply curve, and therefore zero effect on consumption and asset returns. As the degree of price stickiness rises, the supply curve flattens and more of the demand shock is accommodated by fluctuations in real variables. This can be seen in the impulse responses for consumption, the stochastic discount factor and the return on equity, which have a greater amplitude as the degree of price stickiness rises. The equity risk premium is therefore higher. With this increase in volatility comes an increase in precautionary saving and a reduction in the real risk-free rate.
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As price rigidities rise, the variance of inflation falls but the variance of the stochastic discount factor rises. The change in the inflation risk premium as the degree of price rigidity varies is therefore hard to predict. In this model, under our benchmark calibration, the reduction in the variance of inflation dominates the increase in the variance of the stochastic discount factor and the inflation risk premium falls (i.e. becomes less negative).

The role of the monetary reaction function

These results are conditional upon the assumptions we make about the structure of the economy, as understood by consumer-investors. An integral part of that structure is the monetary reaction function. The clear implication is that changes in the systematic behavior of the monetary authority will affect asset returns, in addition to the direct effects from monetary policy shocks. In the current setup this could be explored by investigating the implications of having more (or less) aggressive policy rules (that is, varying the parameter θ π ). We could also assess the potential role of inflation target shocks. Nevertheless these exercise are somewhat nested in our analysis. This is because increasing θ π is qualitatively similar to decreasing the degree of nominal rigidities -in the limit, a policy of strict inflation target (one that sets π t = 0 in every period) mimics the flexible price allocation in our setting. 21 Moreover, given our specification of the monetary policy rule, inflation target shocks would not have different implications to the proposed monetary policy shock ε R . Nevertheless, it could be potentially interesting to explore different variations of the policy rule (e.g. incorporate policy reactions to output gap fluctuations) or investigate the role of interest rate smoothing -but we leave this exercise for future research.

Robustness of the results

This section provides some further robustness analysis with respect to the choice of numerical method and model specification.

Our solution technique consists of obtaining a second order perturbation approximation to the policy function. That is, the full system of economic dynamics is approximated to second order. We now compare our results for asset returns with results obtained by using a linear-lognormal approach, which is often used in the finance literature (see, for example, Jermann (1998) and others cited on p3). This takes two steps. First, a first order approximation of the model is used to compute second moments of economic variables. These moments are then used in the asset return equations derived under the assumption of lognormality. The expressions are identical
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to equations [START_REF] Jermann | Asset pricing in production economies[END_REF][START_REF] Judd | Projection methods for solving aggregate growth models[END_REF][START_REF] Khan | Price-setting behaviour, competition, and markup shocks in the new Keynesian model[END_REF][START_REF] Labadie | The term structure of interest rates over the business cycle[END_REF][START_REF] Lettau | Inspecting the mechanism: closed-form solutions for asset prices in real business cycle models[END_REF][START_REF] Lettau | Can habit formation be reconciled with business cycle facts?[END_REF][START_REF] Mehra | The equity premium puzzle[END_REF]. 22 One clear difference between the two approaches is that, while the full second-order perturbation method takes into account the effect of second moments on all economic variables, this is not the case under the linear-lognormal solution in which macro variables are approximated to first order. The comparison between the results under the two methodologies is shown in Table 7. For all real returns, the results are identical. This is because, as shown in equations 13, 14 and 16, the returns on real assets only depend on second moments and the mean of the stochastic discount factor (all of which are identical under both methodologies). In contrast, in the case of nominal bonds, the two methodologies deliver different results. This is because the unconditional means of these returns also depend on the unconditional mean of inflation. In the case of a linear-lognormal approximation, the unconditional mean of inflation is simply the deterministic steady state of inflation. However, in the case of a second order approximation, the unconditional mean of inflation differs from the deterministic steady state of inflation.

To further evaluate the accuracy of our solution method, we calculate Euler Equation errors for the first and second order approximations of our model. Following [START_REF] Aruoba | Comparing solution methods for dynamic equilibrium economies[END_REF], we calculate errors in the firm's intertemporal investment condition as a fraction of consumption. These residuals can then be interpreted as the relative optimization errors incurred by the use of the approximated policy function.

We computed the Euler Equation residuals using a routine in Dynare ++ that checks numerical approximation errors. A stochastic simulation is run for 60000 periods, and at each point the residuals are calculated (we delete the first 1000 observations from the simulated data). As in [START_REF] Aruoba | Comparing solution methods for dynamic equilibrium economies[END_REF], we report the errors in base 10 logarithms, such that an error of -4 implies that the agent is making a $1 mistake for each $10000 spent, and that an error of -5 implies a $1 mistake for every $100000 spent.

We find an average level for the Euler Equation error of -5.80 when the model is approximated to first order and -6.39 when the model is approximated to second order. The maximum errors are -5.65 and -6.16 for first and second order approximations, respectively. These computations illustrate that the Euler equation errors obtained using perturbation methods are very small: at most, the consumer makes a $1 mistake for each $100000 spent. Moreover, the errors are reduced once we increase the order of approximation from first to second.

Note also that the results presented in the text rely on marginal changes to individual parameters, one at a time, for a given calibration. In order
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to conduct further sensitivity analysis and check the robustness of our conclusions, we apply the "High Dimensional Model Representation" (HDMR) technique proposed by [START_REF] Ratto | Analyzing DSGE models with global sensitivity analysis[END_REF]. 23 This representation enables us to analyse the (first-order) reduced-form relationship of the model to determine which interactions of parameters are important, which could reveal if there are regions in the parameter space in which the results are validated and regions in which they are not. Moreover, since this global sensitivity analysis relies on approximating the mapping from the stable subset of the parameter space into reduced-form coefficients, it does not add or remove one rigidity at a time. As a result, it is especially suitable as an alternative robustness check of our results.

The HDMR decomposition shows that the magnitude of the response of the stochastic discount factor to productivity shocks decreases with nominal rigidities (hence, increasing these rigidities reduces risk premia). It also confirms that this result is reversed in the case of nominal shocks. Real rigidities are shown to increase the response of the stochastic discount factor to both shocks. The methodology also suggests that nominal rigidities play an important role in explaining the reduced-form relationship between the stochastic discount factor and shocks. 24 The HDMR analysis therefore supports the findings in this paper, especially the principle message how risk premia depend on the interaction of real and nominal rigidities with real and nominal shocks. 25

Conclusions

In the endowment models typically used in the consumption-based finance literature, payoffs are imposed and most attention is mostly paid to the specification of agents' preferences. This paper shows that the behavior of asset prices in a macro model will depend on the specification of both the types of shocks and their transmission. We show that while increasing rigidities increased risk premia -as previously documented in the literature -increases in nominal rigidities are associated with lower risk premia in a world dominated by productivity shocks. If we want to retain nominal rigidities and produce large risk premia, then nominal shocks need to be introduced. More generally, if we want to extend these sorts of models to matching asset price facts, we will need to carefully specify the types of shocks and their variance-covariance properties. This finding is potentially important because, as New Keynesian models are used more often in policy-

A c c e p t e d m a n u s c r i p t

making institutions such as central banks, increasing demands will be placed on their ability to tell stories about the behavior of asset markets as well as goods and labor markets.

The results obtained in this paper suggest that including different type of shocks may be an interesting avenue to follow. There are also many areas where we could usefully extend the structure of the model economy. For example, we have only considered the case of power utility, which has some stark assumptions for asset returns. 26 A logical alternative is the Epstein-Zin utility function, which allows for non-separability across states of nature. This specification is used by Tallarini (2000) in an RBC model and by [START_REF] Piazzesi | Equilibrium yield curves', forthcoming[END_REF] for examining bond yields. Perhaps more important is the question of risk premia in New Keynesian open economy models. An established literature has worked with asset returns in real endowment models, following Lucas' (1982) islands. This would confront an empirical question of the degree and nature of international risk sharing. Inflation (pp) 
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  costs has similar implications.15,16 
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Table 1 :

 1 Baseline calibration α

	Capital share

*

Source: * Jermann (1998), * *

[START_REF] Ireland | Sticky-price models of the business cycle: specification and stability[END_REF] 

Table 2 :

 2 Stochastic averages for macro variables from the flex-price model subject to productivity shocks

		Deterministic Stochastic
	Output	1.116	1.118
	Capital:output	8.571	8.592
	Investment	0.239	0.240
	Consumption:output	0.786	0.785
	Real wages	1.786	1.790
	Employment	0.333	0.333

Table 3 :

 3 Asset returns from the flex-price model subject to productivity shocks Deterministic

Table 4 :

 4 = yield of a one-period bond; R 40 = yield of a 40-period bond; R eq = return on equity; R eq -R 1 = equity risk premium (ERP);R 40 -R 1 = term spread (TS); R n 1 -R r 1π 1 =inflation risk premium. All returns/yields are annualised and in percentage terms, spreads are in percentage points. Results are rounded to two decimal places. Stylised facts are from Campbell (1999) for quarterly US data from 1947 to 1996. Variations in asset returns from the flex-price model subject to productivity shocks with changes in real rigidities

	π 1

Table 5 :

 5 Asset returns from the sticky-price model subject to productivity shocks Deterministic

Table 6 :

 6 Asset returns from the sticky-price model subject to monetary policy shocks Deterministic

Table 7 :

 7 Asset returns under alternative solution methods

	π 1

Few examples, including[START_REF] Sangiorgi | Nominal rigidities and asset pricing in New Keynesian monetary models[END_REF],[START_REF] Hördahl | The yield curve and macroeconomic dynamics[END_REF] and[START_REF] Emiris | The term structure of interest rates in a DSGE model[END_REF], do present a nominal model, but they give no role to capital and abstract from the interaction or nominal and real rigidities. Moreover, most of their analysis focus on the inflation risk premium.

A full derivation of the model is presented in the working paper version of this paper.

For the sake of working with a 'reasonable' curvature parameter γ C , we do not restrict ourselves to log utility. Utility is additive. Together, however, these assumptions would imply that the model did not have a balanced growth equilibrium. We therefore abstract from growth, which raises an inconsistency vis à vis the level of interest rates. Using a form of multiplicative utility would allow us to assume non-zero growth, but we prefer to use a utility specification that is more common in the New Keynesian literature (see, for example,[START_REF] Smets | An estimated dynamic stochastic general equilibrium model of the euro area[END_REF]).

Note that V eq and V bn are denominated in nominal goods (units of money), whereas V br is denominated in real goods (units of consumption).

We use the price adjustment costs, rather than the more common[START_REF] Calvo | Staggered prices in a utility-maximising framework[END_REF] spec-

In terms of a Calvo specification, this implies that about 0.2% of firms can reoptimise each period, which in turn translates into an average frequency of price reoptimisation of between 13 and 15 months.

Note that this is a return from period t to t + 1, which in this case -unlike the one-period real bond return -is unknown at time t.

In what follows, we express variables in log deviations from steady state, and denote them in lower case (more specifically, x = ln(X/X)).

Note that the results we report include the Jensen's term as part of risk premia.

With monetary policy shocks alone the real term structure is flat and nominal yield curve lies below the real yield curve (Figure5). The difference between the two curves is explained by inflation variability.

Note that the equity risk premium is defined as the difference between the real return on equity and the real risk-free rate. As a result it includes a Jensen's inequality effect.

See den Haan (1995) and[START_REF] Lettau | Inspecting the mechanism: closed-form solutions for asset prices in real business cycle models[END_REF].

This point has also been made by[START_REF] Wachter | A consumption-based model of the term structure[END_REF].

But we find that capital adjustment costs have a greater effect on risk premia.

If preferences were non-separable between consumption and leisure, it is likely that we would see larger effects from variations in labour habits. For more on the connection between risk premia and labour markets see[START_REF] Uhlig | Macroeconomics and asset markets: some mutual implications[END_REF].

Note that these conclusions, especially as regards the slope of the yield curve, depend on the assumption of trend stationarity (see[START_REF] Labadie | The term structure of interest rates over the business cycle[END_REF]). It is standard in macro models to impose trend stationarity, but other detrending assumptions are possible.

Impulse responses are shown in Figures6 and 7.

We have conducted a similar analysis with markup shocks defined as a time varying elasticity of substitution between goods, η t (as in[START_REF] Steinsson | Optimal monetary policy in an economy with inflation persistence[END_REF] and[START_REF] Khan | Price-setting behaviour, competition, and markup shocks in the new Keynesian model[END_REF]). The findings suggest that our results also hold for this type of supply shock.

Impulse responses are shown in Figures 11 and 12.

This is conditional on the reaction of the monetary authority, which in this model accommodates inflation a little.

This remark is consistent with the findings of[START_REF] Emiris | The term structure of interest rates in a DSGE model[END_REF], who discusses how a less aggressive monetary policy towards inflation will reduce real term premia.

While in general a second order and a log-normal approximation are not necessarily identical, this is the case when we expand our asset pricing equations in term of log-returns and the stochastic discount factor.

In particular, we use Ratto's global sensitivity analysis toolbox for Dynare (http://eemc.jrc.ec.europa.eu/EEMCArchive/Software/DynareCourse/GSA manual.pdf)

In fact, price stickiness is the second most important parameter in explaining this relationship, with the most important feature being the parameters determining the persistence of the shocks.

[START_REF] Smets | An estimated dynamic stochastic general equilibrium model of the euro area[END_REF] Further documentation of the HDMR results is available from the authors.

For example, it implies that average stochastic yields are always below the deterministic level set by preferences and the trend growth rate.

[START_REF] Uhlig | Macroeconomics and asset markets: some mutual implications[END_REF] See, for example, Baxter and Jermann (1997) vs Brandt et al(2006).
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