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Abstract

Epstein-Zin preferences have attracted significant attention within the macro-
finance literature based on DSGE models as they allow to substantially increase risk
aversion, and consequently generate non-trivial risk premia, without compromising
the ability of standard models to achieve satisfactory macroeconomic data coherence.
Such appealing features certainly hold for structural modelling frameworks where
monetary policy is set according to Taylor-type rules or seeks to minimize an ad hoc
loss function under commitment. However, Epstein-Zin preferences may have signif-
icant quantitative implications for both asset pricing and macroeconomic allocation
under a welfare-based monetary policy conduct. Against this background, the pa-
per focuses on the impact of such preferences on the Ramsey approach to monetary
policy within a medium-scale model based on Smets and Wouters (2007) including a
wide range of nominal and real frictions that have proven to be relevant for quanti-
tative business cycle analysis. After setting an empirical benchmark that generates
a mean value of 100 bp for the ten-year term premium, we show that Epstein-Zin
preferences significantly affect the macroeconomic outcome when optimal policy is
considered. The level and the dynamic pattern of risk premia are also markedly
altered. We show that the effect of Epstein-Zin preferences is extremely sensitive to
the presence of real rigidities in the form of quasi-kinked demands. We also analyse
how this effect can be linked to a combined effect of capital accumulation and wage
rigidities.

Keywords: Optimal monetary policy, macroeconometric equivalence, non time-
separable preferences, term premium.

JEL classification: E44, E52, E61, G12
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Non-Technical Summary

The paper examines the implications of Epstein-Zin preferences for both asset pricing
— with a special focus on term premium— and macroeconomic dynamics when monetary
policy maximizes the social welfare under commitment. The quantitative effects of
Epstein-Zin preferences are explored within a medium-scale model which embeds a wide
range of nominal and real frictions and has proven to be relevant for quantitative business

cycle analysis.

The original contributions of our paper cover several dimensions. First, we set an
empirical benchmark where we show how a fully specified model like Smets and Wouters
(2007) can be augmented with Epstein-Zin preferences so as to generate a ten-year term
premium of 100 bp on average. Compared with Rudebusch and Swanson (2009), we
consider a much richer baseline macro-model since we include several structural shocks,
endogenous capital accumulation with adjustment costs on investment and variable cap-
ital utilisation, wage rigidities and real frictions in the form of quasi-kinked demands.
In doing so, we follow up the approach of De Graeve et al. (2009a) who claim that
medium-scale DSGE models can describe bond yield dynamics in a satisfactory manner.
We also analyse how our calibration of the Epstein-Zin parameter crucially depends on
the intertemporal elasticity of substitution and the deterministic discount factor associ-
ated with the use of detrended variables. This helps us explain the wide dispersion of

values found in the empirical literature.

Second, our paper is linked to the literature analysing the optimal monetary policy
within DSGE models. Specifically we focus on the link between Epstein-Zin preferences
and optimal policy. To our knowledge only Levin et al. (2008) attempt to assess the
influence of Epstein-Zin preferences on optimal macroeconomic allocations. They con-
sider a small stylised New Keynesian model with one shock and they explicitly show that
Epstein-Zin preferences enter the first-order approximation of the Ramsey policymaker’s
first order conditions. In our medium-scale model, we rather rely on numerical simula-
tions that allow us to generalize their approach to a much larger and commonly used
model. Again, compared with Levin et al. (2008), we add many specifications that have
proven to be empirically relevant. In line with the conclusions of Levin et al. (2008),
we provide numerical evidence that in general Epstein-Zin preferences strongly affect
the tradeoffs faced by the optimizing policymaker. Our analysis allows to highlight two
features. First, the effect of Epstein-Zin preferences is strongly affected by the presence

of quasi-kinked demands. Our paper is therefore related to the analysis of strategic com-
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plementarities — quasi-kinked demands or firm-specific factors — and their implications
for monetary policy and welfare as conducted by Levin et al. (2007, 2008). Second, we
investigate the role of capital accumulation and nominal rigidities. We show that, in a
world with Dixit Stiglitz aggregators, with price rigidities only, the deviation from price
stability is amplified by Epstein-Zin preferences, be it with capital or not. Adding wage

rigidities tend to reduce this amplification.

Finally, unlike both the traditional macro-finance approach and the literature on
optimal policy, we analyse the behaviour of the term premium under optimal monetary
policy. We find that the effect of Epstein-Zin preferences on the level and the dynamics
of the term premium is much stronger under optimal policy and is qualitatively different
from the Taylor rule case: the term premium is a non-linear function of the Epstein-Zin
parameter and we show how it is substantially shifted up in presence of quasi-kinked

demands.
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1 Introduction

The paper examines the implications of Epstein-Zin preferences for both asset pricing
and macroeconomic dynamics when monetary policy maximizes the social welfare under
commitment. The quantitative effects of Epstein-Zin preferences are explored within a
medium-scale model which embeds a wide range of nominal and real frictions and has
proven to be relevant for quantitative business cycle analysis.

Macro-finance literature aims at studying the interactions between the macroecon-
omy and the pricing of financial claims (yield curve, equity). A structural approach
consists in using Dynamic Stochastic General Equilibrium (DSGE) models as a repre-
sentation of the macroeconomy and then deriving model-consistent non arbitrage con-
straints so as to price financial assets (see Rudebusch and Swanson, 2008, 2009, De
Graeve, Emiris and Wouters, 2009, Ravenna and Seppala, 2006, Doh, 2009, Amisano
and Tristani, 2010, to name but a few'). Over the last decade considerable progress has
been made regarding the specification and the empirical validation of structural macro-
economic models. For example models like Christiano, Eichenbaum and Evans (2005)
or Smets and Wouters (2007) have become workhorses for the macroeconomic analysis
due to their successful empirical properties. However, if the ability of such models to
match a satisfactory level of macroeconomic data coherence is now commonly admitted,
their weak performance on the financial side clearly calls for further improvement (see
Rudebusch and Swanson, 2008 for example and Tovar, 2008 for a survey). In a nutshell,
current generation of structural macroeconomic models generate risk premia that are too
small and too little volatile compared with non-structural measures®. As emphasized by
Cochrane (2007) and Rudebusch and Swanson (2008), asset pricing and macroeconomic
behaviours are inextricably linked so that unsatisfactory implications of standard DSGE

frameworks for the financial side may reveal crucial misspecifications.

In order to cope with the need to obtain both macroeconomic and financial coherence,
recent papers by Andreasen (2009), Rudebusch and Swanson (2009), Guvenen (2009),
Amisano and Tristani (2010) — among others — have made use of non time-separable

preferences, namely Epstein Zin preferences, in the structural specification of agents’

'We can divide the macro-finance literature into three categories. First, numerous papers deal with
a purely statistical approach which involves a non-structural representation of the macroeconomy asso-
ciated with an ad-hoc pricing-kernel (see Ang et al., 2006 for example). Second, some models are built
on a structural modelling of the economy but keep the specification of the pricing-kernel ad-hoc (see
Hordhal et al. 2007). Third, as reported in the main text, several papers analyse the implications of
fully structural models consisting of a structural macro part and its consistent pricing-kernel. In this
paper we are interested in the latter approach.

?See Rudebusch, Sack and Swanson (2007) for a survey.
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utility, within New Keynesian frameworks. As explicitly shown by Swanson (2010),
Epstein-Zin preferences provide an additional degree of freedom that allows to increase
risk aversion and hence generate substantial time-varying risk premia. In this respect,
Rudebusch and Swanson (2009) augment a baseline New Keynesian model with such
preferences and are then able to match both macroeconomic and financial moments,
including a 106 basis points term premium average for the U.S. ten-year nominal bond.
Likewise, Andreasen (2009) provides a joint quadratic estimation of a DSGE macro-
model including Epstein-Zin preferences along with a consistent derivation of the yield
curve. Epstein-Zin preferences help him generate a mean value of 69 basis points for
the term premium. In both papers, the same conclusion holds: Epstein-Zin preferences
are a key component to make the link between the macroeconomy and the financial
side, as they improve the fit with financial data without significantly deteriorating the
already well fitted macroeconomic dynamic. Such appealing features certainly hold for
structural modelling frameworks where monetary policy is set according to Taylor-type
rule or seeks to minimize an ad hoc loss function under commitment. However, Epstein-
Zin preferences may have significant quantitative implications for both asset pricing and
macroeconomic allocation under a welfare-based monetary policy conduct. As explored
by Levin et al (2008), models relying on Epstein-Zin preferences may yield some mi-
croeconomic dissonance: to a first order approximation, the underlying microeconomic
difference in the agents’ preferences may affect the macroeconomic allocations under
Ramsey policy. Therefore, if Epstein-Zin preferences are to become broadly used within
DSGE models — for example, recent papers like Binsbergen et al. (2008), Caldara et al.
(2009) provide a methodology to solve and estimate DSGE with non-standard prefer-
ences — an analysis of the non-linear properties through their impact on the welfare and

the optimal policy is a relevant research avenue.

Against this background, the our paper aims to shed light on the influence of Epstein-
Zin preferences on asset pricing and optimal monetary policy within a calibrated medium-
scale DSGE model based on Smets and Wouters (2007) and De Graeve et al. (2009).
Our study is therefore related to diverse areas of economic research to which we make
several contributions. First, our paper contributes to the empirical literature dedicated
to the analysis of the implications of macroeconomic models on asset pricing, and espe-
cially on the evaluation of the term premium. Our methodology regarding the analysis
of the term premium is close to that of Rudebusch, Sack and Swanson (2007), Rude-
busch and Swanson (2008, 2009), De Graeve et al. (2009b) and to the second approach

presented in Rudebusch (2010). In order to get non-zero term premia, we use sufficiently
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high order approximation to a model which juxtaposes the macroeconomic dynamic and

3. We contribute to this literature by using

a consistent derivation of the yield curve
a much richer baseline model than that of Rudebusch and Swanson (2009). We show
how a fully specified model like Smets and Wouters (2007) can also be augmented with
Epstein-Zin preferences so as to generate a ten-year term premium of 100 bp on average.
In doing so, we follow up the approach of De Graeve et al. (2009a) who claim that
medium-scale DSGE models can describe bond yield dynamics in a satisfactory man-
ner. We also analyse how our calibration of the Epstein-Zin parameter (930) crucially
depends on the intertemporal elasticity of substitution and the deterministic discount
factor associated with detrended variables. This helps us explain the wide dispersion of
values found in the empirical literature. Second, our paper is linked to the literature
analysing the optimal monetary policy within DSGE models. Specifically we focus on
the link between Epstein-Zin preferences and optimal policy. To our knowledge only
Levin et al. (2008) attempt to assess the influence of Epstein-Zin preferences on optimal
macroeconomic allocations. They consider a small stylised New Keynesian model with
one shock and they explicitly show that Epstein-Zin preferences enter the first-order
approximation of the Ramsey policymaker’s first order conditions. However, even in
a small model, this derivation by hand of the first order approximation of the Ram-
sey conditions is somewhat cumbersome and provides no further insights into the way
Epstein-Zin preferences operate. Consequently, we do not aim to obtain such explicit
linearization. We rather rely on numerical simulations that allow us to generalize their
approach to a much larger and commonly used model*. To our knowledge, our study is
the first attempt to derive the optimal policy in such a medium-scale model including
Epstein-Zin preferences. Compared with Levin et al. (2008), we add many specifi-
cations that have proven to be empirically relevant: endogenous capital accumulation
with adjustment costs and investment, several structural shocks, wage rigidities and real
frictions. This improvement of the model constitutes an important contribution of our
paper since no analytical characterisation of the optimal policy with Epstein-Zin prefer-

ences has been so far established. In line with the conclusions of Levin et al. (2008), we

3Unlike Jerman (1998), Wu (2006), De Graeve et al. (2009a), Doh (2009), Andreasen (2009) or
Amisano and Tristani (2010), this approach does not rely on additional assumptions such as stochastic
volatility or the joint-lognormality of pricing kernels and bond prices.

*Like Schmitt-Grohe and Uribe (2005), Levin et al. (2005), Adjemian et al (2007, 2008) and Faia
(2008, 2009), among others, we follow the Ramsey approach to optimal monetary policy within a medium-
scale model. We derive the exact non-linear solution that maximizes the aggregate welfare subject to
the Epstein-Zin constraints as well as the equations characterizing the competitive equilibrium. We
then derive a Taylor expansion of the optimal policy around the deterministic steady state. Given the
degree of sophistication of our model, the policymaker’s objective cannot be treated analytically and we
consequently rely on numerical simulations.
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provide numerical evidence that in general Epstein-Zin preferences have a substantial
impact on the first order dynamic of the macroeconomic outcome under optimal mon-
etary policy. In other words, Epstein-Zin preferences strongly affect the tradeoffs faced
by the optimizing policymaker. Our analysis allows to highlight two features. First,
the effect of Epstein-Zin preferences is strongly affected by the presence of quasi-kinked
demands. Our paper is therefore related to the analysis of strategic complementarities —
quasi-kinked demands or firm-specific factors — and their implications for monetary pol-
icy and welfare as conducted by Levin et al. (2007, 2008). Considering relatively small
New Keynesian models, they prove that the specific form of strategic complementari-
ties has crucial consequences on the optimal policy. Here we focus on the quasi-kinked
demands assumed by Smets and Wouters (2007). As a first attempt to study strategic
complementarities in an Epstein-Zin world, we show that, in our empirical benchmark,
the effect of Epstein-Zin preferences on the transmission of the optimal monetary policy
is extremely sensitive to this form of real rigidities. This underscores that the impli-
cations of strategic complementarities for the design of monetary policy are even more
crucial in an Epstein-Zin world. Second, we investigate the role of capital accumulation
and nominal rigiditie. We show that, in a world with Dixit Stiglitz aggregators, with
price rigidities only, the optimal reaction is amplified by Epstein-Zin preferences, be it
with capital or not. Adding wage rigidities tend to reduce this amplification. Finally,
unlike both the traditional macro-finance approach and the literature on optimal policy,
another novelty of our paper consists in analysing of the behaviour of the term premium
under optimal monetary policy. We find that the effect of Epstein-Zin preferences on
the level and the dynamics of the term premium is much stronger under optimal policy
and is qualitatively different from the Taylor rule case: the term premium is a non-linear
function of the Epstein-Zin parameter and we show how it is substantially increased in

presence of quasi-kinked demands.

The remainder of the paper is organised as follows. In section 2, we describe the
assumptions our model with Epstein-Zin preferences is built upon. In section 4 we
analyse their implications for the macroeconomic outcome as well as the implied term
premium. In section 5, we discuss how the impact is affected by assumptions pertaining

to real rigidities, capital and nominal rigidities. Section 6 concludes.
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2 The DSGE model

Here we summarize the baseline model considered all along the paper and we pose the
Ramsey optimization problem with Epstein-Zin preferences. We point out the impact
of such preferences on the equilibrium conditions as well as the optimal policy. Our
model is a slightly modified version of Smets and Wouters (2007) and De Graeve et
al. (2009a) in which we consider Epstein-Zin preferences. The Smets and Wouters
(2007) model is here considered as a benchmark and its microfoundations are therefore
not discussed. We assume staggered nominal wage and price contracts a la Calvo (1983)
with partial indexation, adjustment costs on investment and capacity utilization, internal
habit persistence. We also include real rigidities by using a Kimball (1995) agregator
for both goods and labour markets, which results in quasi-kinked demand functions (see
Levin et al. 2007).

2.1 Summary ot the theoretical model
2.1.1 Households behaviour
The economy is populated by a continuum of heterogenous infinitely-lived households.

Each household is characterized by the quality of its labour services, h € [0, 1]. At time

t, the instantaneous utility function of a generic household A is:

. _ . 1-0o. -1 ~(g,. —
(1) = O =IO () "L ) ()

Household h obtains utility from consumption of an aggregate index Cy(h), relative to
an internal habit depending on its past consumption, while receiving disutility from
the supply of their homogenous labor L. L is a positive scale parameter. Utility also
incorporates a consumption preference shock 5? as well as a labour supply shock z—:é.
Following Epstein and Zin (1989) and adopting the formulation of Rudebusch and
Swanson (2009) and Andreasen (2009), we introduce Epstein-Zin preferences by assum-

ing that the welfare follows the dynamic:

Wt(h) = ut(h) + BE; [Wt+1(h)1—OéEz] @ (2)

The parameter 3 is the deterministic discount factor and agz denotes the Epstein-
Zin parameter. As shown by Swanson (2010), when W, (h) is positive, the higher agz,

the more risk-adverse the agent, and conversely when W;(h) is negative.
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Each household h maximizes its welfare YWy (h) under the Epstein-Zin constraint (2)
and the following budget constraint:
By(h) _ Bia(h) N (1 — Twe) WELE 4+ Ay(R) + Ty(h)
Pth Pt Pt (3)
+ rfug(h)Ko—1(h) = W (ug(h) Ky—1(h) + Ty (h)

+ Ci(h) + I(h)

where P; is an aggregate price index, R = 1 + 4; is the one period ahead nominal
interest factor, By(h) is a nominal bond, I;(h) is the investment level W} is the nominal

wage, T;(h) and 7,,; are government transfers and time-varying labor tax, and
riuy(h) Ki-1(h) = W (uy(h)) Ki-1(h) (4)

represents the return on the real capital stock minus the cost associated with variations
in the degree of capital utilization. The income from renting out capital services depends
on the level of capital augmented for its utilization rate. The cost (or benefit) ¥ is an
increasing function of capacity utilization and is zero at steady state, U(u*) = 0. II;(h)
are the dividend emanating from monopolistically competitive intermediate firms. Fi-
nally A;(h) is a stream of income coming from state contingent securities and equating

marginal utility of consumption across households h € [0, 1].

In choosing the capital stock, investment and the capacity utilization rate the house-
holds take into account the following capital accumulation equation:
Ki=1—-0)K; 1 +el [1 ~-S <It>] I, (5)
I
where 6 € (0,1) is the depreciation rate, S is a non negative adjustment cost function
such that S (v) = 0 and ¢! is an efficiency shock on the technology of capital accumula-

tion.

In equilibrium, households choices in terms of consumption, hours, bond holdings, in-
vestment and capacity utilization are identical (see Smets and Wouters, 2007, Adjemian
et al., 2008). Therefore, the welfare is also identical accross households, and the first
order conditions are reported in Appendix A.1, dropping the h index.

The functional forms used for the adjustment costs on capacity utilization and in-
vestment are given by U(X) = % (explp (X —1)] —1) and S (z) = ¢/2 (x — 7).

2.1.2 Labour supply and wage setting

Intermediate goods producers make use of a labour input L produced by a segment

of labour packers. Those labour packers operate in a competitive environment and
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aggregate a continuum of differentiated labour services L¢(), ¢ € [0, 1] using a Kimball
(1995) technology. The Kimball aggregator is defined by

/01H<Lt(i)-9w,¢w> di=1 (6)

D
Lt

where as in Dotsey and King (2005), we consider the following functional form:

Ow(1+qy)—1

! <L’é;)) ~ (6.0 +9;Zw) —1) [(”%) ng) —ww] B

| Y

This function, where the parameter v, determines the curvature of the demand curve,

(7)

reduces to the standard Dixit-Stiglitz aggregator under the restriction ¢, = 0.

The differentiated labour services are produced by a continuum of unions which
transform the homogeneous household labor supply. Each union is a monopoly supplier
of a differentiated labour service and sets its wage on a staggered basis, paying house-
holds the nominal wage rate Wth. Every period, any union faces a constant probability
1 — oy of optimally adjusting its nominal wage, say W/ (i), which will be the same for
all suppliers of differentiated labor services. We denote thereafter w; the aggregate real
wage that intermediate producers pay for the labor input provided by the labor packers

and wy the real wage claimed by re-optimizing unions.

When they cannot re-optimize, wages are indexed on past inflation and steady state

inflation according to the following indexation rule:

Wi (i) = [me—1]% [7*]" 5 Wi_1(4) (8)

Py
Py_q

be able to choose their nominal wage optimally in a near future, W/ (i) is chosen to

with m = the gross rate of inflation. Taking into account that they might not

maximize their intertemporal profit under the labor demand from labor packers. Unions
are subject to a time-varying tax rate 7,; which is affected by a shock defined by
1—7yt = (1 — 7)€, The corresponding first order conditions are reported in Appendix
A.2.

2.1.3 Producers behaviour

Final producers are perfectly competitive firms producing an aggregate final good Y;

that may be used for consumption and investment. This production is obtained using a
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continuum of differentiated intermediate goods Y:(z), z € [0, 1] with the Kimball (1995)
technology. Here again, the Kimball aggregator is defined by

/01 G (n}%z);epw) dz =1 9)

Op(1+)—1

(%) = marpn e T (10)

with

oY

The representative final good producer maximizes profits P,Y;— fol P,(2)Y;(2)dz sub-

ject to the production function, taking as given the final good price P; and the prices of

all intermediate goods.

In the intermediate goods sector, firms z € [0, 1] are monopolistic competitors and

produce differentiated products by using a common Cobb-Douglas technology:
1—
Vi) = 8 (K1 (2)* [ LP(2)] " =41 (11)

where ¢f is an exogenous productivity shock, €2 > 0 is a fixed cost and v is the trend
technological growth rate. A firm z hires its capital, K;(z) = u;K;_1(z), and labor,
LP(z), on a competitive market by minimizing its production cost. Due to our assump-
tions on the labor market and the rental rate of capital, the real marginal cost is identical

across producers. We introduce a time varying tax on firm’s revenue is affected by a
shock defined by 1 — 7, = (1 —175) €.

In each period, a firm z faces a constant (across time and firms) probability 1 — «,
of being able to re-optimize its nominal price, say P;*(z). If a firm cannot re-optimize its
price, the nominal price evolves according to the rule P(z) = Trfﬁl [W*](l_ép) Pi_1(2), ie
the nominal price is indexed on past inflation and steady state inflation. In our model,
all firms that can re-optimize their price at time ¢ choose the same level, denoted pf in

real terms. The corresponding first order conditions are reported in Appendix A.3.

2.1.4 Government

Public expenditures G* are subject to random shocks €f. The government finances

public spending with labour tax, product tax and lump-sum transfers:

P,G*y'e] — 1w WiLy — Tp Y, — BT, = 0 (12)
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2.1.5 Market clearing conditions
Market clearing condition on goods market is given by:
Y;f = Ct + [t + G*Sg + U (Ut) Kt—l (13)

1—
AptYy = € (wKy-1)® (7'LP) ~" = ~'Q (14)

with Ay ¢ is a price dispersion index whose dynamics is presented in the appendix A.3.

Equilibrium in the labour market implies that
AuraLi = Ly (15)

with LP = fol LP(2)dz and Ly = fol Lldh. The dynamics of the wage dispersion index
Ayt is also described in the appendix A.2.

2.1.6 Competitive equilibrium conditions

Rudebusch and Swanson (2009) provide details of the derivation of the equilibrium
conditions with Epstein-Zin preferences. The same methodology is employed here and
the first order conditions are reported in Appendix. Epstein-Zin preferences introduce
a convexity term in the recursive equation of the household ’s welfare. This in turn

modifies the pricing-kernel My, which can be written in the form:

—QEZz
( Wi )
By [Wyp1l-ez]i-epz

where \; is the marginal utility of consumption®. The standard case — hereafter

At+1 P
A B

My = (16)

referred to as expected utility case — corresponds to agy = 0.

Regarding the macroeconomic block the pricing-kernel is used to determine the op-
timal price and wage as well as the capital and investment dynamic. Up to a first order
approximation the equilibrium conditions are strictly equivalent to the expected utility
case. Therefore, as a theoretical matter, a log-linearized macroeconomic model with a
monetary authority acting according to a standard Taylor rule yields the same results,
whether Epstein-Zin preferences are used or not. This is what Levin et al. (2008) call

macroeconometric equivalence.

5The marginal utility of consumption is also affected by the Epstein-Zin preferences due to the
presence of internal habits (see equation 20 in Appendix).
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2.1.7 Taylor rule

In what follows, the case of a central bank following a Taylor rule shall constitute
a benchmark for our analysis. In that case, the nominal interest rate is adjusted in

response to deviations of inflation and output from their respective target levels:

Bu_ (BT (YY)
r\r) [\w) ¥ Y IY
where R* is the steady state nominal (gross) rate and Y;* the natural output, ie, the

flexible price output. The parameter p reflects the degree of interest rate smoothing.

2.1.8 Ramsey policy

As detailed by Levin and al. (2008) we define the Ramsey policy as the monetary pol-
icy under commitment which maximizes the household’s aggregate welfare Wy, subject
to the competitive equilibrium conditions and the Epstein-Zin constraint (2), given the
exogenous stochastic processes €f, 5?, 5%, el ef, e, el values of the state variables dated

t < 0, and values of the Lagrange multipliers associated with the constraints dated ¢ < 0.

The Ramsey programme involves a Lagrangian multiplier p, associated with the

Epstein-Zin constraint on the welfare (2) whose dynamic follows:

W —QEZz
Ht = ( i I ) (11 + apzTi)
By Wyl-osz]i-epz

where 7; is a term whose conditional expectation at time t is zero. As explicitly
shown by Levin et al. (2008) in a smaller model, the first-order approximation of this
equation still involves the Epstein-Zin parameter agyz. Therefore, ex ante, Epstein-Zin
preferences enter the first-order approximation of the optimal policy and may alter the

optimal macroeconomic allocation, reflecting the so-called microeconomic dissonance.

2.2 Calibration

Structural parameters of the macro-model

The parameter values that we use for our economic structure — apart from the
Epstein-Zin parameter — are reported in table 1 and are relatively standard in the liter-
ature.

As in Smets and Wouters (2007), we set rg = 100(1/5 — 1) to 0.16. The model
is detrended with a derministic trend () set to 0.43. The inverse of the households ’
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rg 016] ¢ 10 |pm, 15 | p 081]p, 0.98
v 043 | p, 1.24|&, 059 | rr 203 | pp 0.98
oo 1377 08l a 019 | r, 008]|p; 097
o 198 € 022] 8 0025 |ra, 022]p, 071
h 071 | aw 070| ¢ 548 | py 0.95
a, 083|¢, 10 | ¢ 117 | pg 018

Table 1: Baseline calibration

intertemporal elasticity of substitution (o.) is set to 1.37 and the inverse of the Frish
elasticity (o7) to 1.92. The habit formation is captured by the parameter h set to 0.71.

In line with Gali, Gertler and Lopez-Salido (2005) and Levin et al. (2008), the
slope of the linearized Phillips curve for prices is set to 0.01. In this respect, the Calvo
frequency of price adjustment (a,) is set to 0.83, the associated Kimball parameter
(¥) to 10, the price mark-up (s,) to 1.24 and the indexation coefficient (¢,) to 0.22.
The steady state inflation (7*) is assumed to be 0.81°. The Calvo frequency of wage
adjustment (a,) is set to 0.70 and the associated Kimball parameter (¢,,) to 10. With
a wage mark-up (f,,) set to 1.5 and a indexation coefficient (£,,) to 0.59., this implies a
slope of the corresponding linearized Phillips curve for wages close to 0.01 as well.

We set the Cobb-Douglas parameter () to 0.19 as estimated by Smets and Wouters
(2007) and the depreciation rate of capital (¢) to 0.025. The adjustment cost parameter
for investment (¢) is set to 5.48 and the capacity utilization elasticity (¢) is set to 1.17.
In the steady state government spending are assume to compose 18% of the output.

Regarding the Taylor rule, the persistence parameter (p) is set to 0.81, the long run
coefficient on inflation and output, () and (ry), are respectively set to 2.03 and 0.08.

The coefficient for the short run reaction to output gap (ray) is set to 0.22.

Ezxogenous shocks
We restrict the analysis to several structural shocks, assuming that the stochastic

processes for the exogenous disturbances follow AR(1) dynamics:
loge! = p;logel_| + €

where ¢ are i.i.d. shocks following a N(0,0;) and i refers to a, b, I, p, g and 1.
We respectively set pa, pg, P, Pps Pc and p; to 0.95, 0.18, 0.98 0.98, 0.97 and 0.71.

The standard deviations of the structural shocks are adjusted to reproduce the relative

SHere we wish to draw attention to the fact that the dynamic of the optimal policy is not affected by
the steady-state value of inflation, due to the complete indexation which holds in the steady state.
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variance decomposition of Smets and Wouters (2007)7.

2.3 The term premium

The term premium on a nominal bond yield with a certain maturity is defined
as the difference between the actual yield and the corresponding yield which would
prevail in a risk-neutral world (see Rudebusch, Sack and Swanson, 2007, Rudebusch
and Swanson, 2008-2009). To compute the term premium in our model we follow the
approach of Rudebusch and Swanson (2008, 2009) and De Graeve et al. (2009) by
assuming the existence of an infinite-lived consol paying off geometric coupons. We
calibrate the coupon so that the duration is 10 years and we use the corresponding yield
as an approximation for the 10 year zero coupon yield. At time ¢, in our DSGE model,
the term premium measures the compensation required by the agents who consider as
risky the fact that future shocks may lead the short rate to deviate from the expected

path. The term premium is therefore intrinsically linked with agents’ risk aversion.

Swanson (2010) provides clarifications regarding the link between the term premium
implied by DSGE models and risk aversion. He proves that any premium can be written,

to second order approximation around the non-stochastic steady state, as:

tps = A(agz) x covy (dAgy1,dpii1) + B x covy (AW i1, dpsi1) (17)

where A(agz) is the Arrow-Pratt coefficient reflecting the risk aversion®, dp; 1 is the
first order dynamic of the asset price — here the 10 year bond price —, dA;11 denotes the
change in households ’ wealth and dW¥,,; the change in current and future wages and
interest rates”. The coefficient A(apyz) is a linear function of apz whose coefficients
depend on the steady state. In particular, equation (17) shows that the stochastic
steady state of the term premium depends only on the first order approximation of the

macroeconomic dynamics.

"The impulse response functions for macroeconomic variables we shall present use the first order
approximation of the model and are therefore proportional to the size of the shocks. Likewise, there
exists a similar proportional relationship with the unconditional mean of the term premium as well as
its third order dynamic.

8Here the term risk aversion refers to the concept properly defined by Swanson (2010) taking account
of both consumption and labour margins.

9This is the formula (39) using the equation (A15) in Swanson (2010).
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3 What calibration for the Epstein-Zin parameter?

A few studies have so far attempted to estimate or calibrate the Epstein-Zin parame-
ter in DSGE models and there seems to be no consensus on a "reasonable" interval the
values of agz would have to lie in. On the one hand, using grid search, Rudebusch and
Swanson (2009) estimate values of agz lying between 75 and 88 in a small DSGE model
with three shocks. These values are of similar magnitude to those found by Binsbergen
et al. (2008)! and Campanale et al. (2009). Amisano and Tristani (2010) find a much
smaller value — about 8 with our specification— but their empirical approach is slightly
different as they rely on stochastic volatility. On the other hand, using Quasi-Maximum
Likelihood techniques in a larger model'!, Andreasen (2009) obtains a value of 1981.
Therefore, the value of agz needed to match a certain level of term premium seems to
crucially depend on the sophistication and the size of the underlying macro-model. We

shall argue that this is actually not the case.

In the spirit of Rudebusch and Swanson (2009), given the calibration of the macro-
model presented in subsection 2.2, we first choose a value of apz that generates a
ten-year term premium equal to 100 bp on average. The average of the term premium
— or stochastic steady state — is calculated using a second order approximation to our
macro-model'?. We obtain:

apz =930

Figure 5 displays the impulse response functions of the term premium to four selected
structural shocks: technology, preferences, labour supply and price markup'®. With
Epstein-Zin preferences the reactions are amplified and more persistent. The term pre-
mium reacts negatively to positive technology, labour supply and price markup shocks,
and positively to a preference shock, which represents a shock on the pricing kernel.
However, if the effect is very marked, the responses of the premium, expressed in basis
points, remain small. Accordingly, the volatility of the term premium amounts to 1.6

bp in our baseline calibration, which is well under the volatility targeted by Rudebusch

10Gee their comparison with the literature.

"'The model estimated by Andreasen (2009) is closer to ours than that of Rudebusch and Swanson
(2009), although it does not include wage rigidities and quasi-kinked demands.

12 Computing DSGE models using perturbation methods has been shown to deliver a very high degree
of accuracy (see Caldara et al., 2009). We therefore rely on this method to solve our model to the second
— and third order — approximation.

13The impulse response functions of the term premium are obtained using a third order approximation
to the model.

Working Paper Series No 1209



ECB

and Swanson (2009)'*. These results regarding the small volatility of the term premium
implied by DSGE models, even augmented with Epstein-Zin preferences, are in line with

the empirical findings of Andreasen (2009).

As our value of agyz is about ten times as high as the one found by Rudebusch
and Swanson (2009)'%, we now examine which frictions and parameters may explain
this difference of value between a small model and a medium-scale model like ours or
Andreasen (2009). For different submodels and calibrations, we determine which value of
apyz is needed in order to match a 100 bp ten-year term premium. The assumptions we
focus on pertain to endogenous capital accumulation, habit formation and wage rigidities
which are the main differences with Rudebusch and Swanson (2009)!¢. Here it is worth
noting that, in a Taylor rule benchmark, the level of the term premium does not depend
on real rigidities in a form of quasi-kinked demands once the overall degree of rigidity, i.e.,
the slope of the Phillips curves, is fixed. Indeed, in that case, the first order dynamics
is independent of the degree of real rigidities and so too is the level of the premium
(see equation 17)!7. We also focus on three parameters that have a significant impact
on the term premium, and more generally on risk aversion: the deterministic discount
factor (/3), the trend () and the inverse of intertemporal elasticity of subsitution (o).
These parameters directly enter the pricing kernel (16) and are therefore important
determinants of the risk premia. We consider two calibrations: the first one — 8 = 0.99,
v = 0 and o, = 2 —corresponds to that of Rudebusch and Swanson (2009), and the
second one — 8 = Bgy = (1 + 938)71e, v = 0.43 and o, = 1.37 ~ to that of Smets and

Wouters (2007). The other parameters are left unchanged (see Table 1).

Table 2 reports the results of our simulations. This table calls for several comments.
First, the important difference of the value needed for agz in a model close to Rudebusch
and Swanson (2009) and in a model like ours does not come from the addition of speci-
fications like endogenous capital accumulation or wage rigidities. Indeed, given a value
of (o¢, B, h,7), it is possible to generate a substantial term premium for any submodel
with roughly the same value of agz. Although we observe that capital accumulation
tends to increase term premia, it does not fully explain the difference of calibration. In

fact, the main change results from modifications of 3, v or o.. An increase in one of

""Rudebusch and Swanson (2009) aim at generating a volatility of 54 bp for the term premium. Their
calibration generates a volatility of 16.2 bp.

5Our value is however well lower than that estimated by Andreasen (2009).

16 Compared with Rudebusch and Swanson (2009), we also add three shocks (preferences, labour supply
and price markup).

1"Therefore, quasi-kinked demands do not explain the difference of calibration.
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o. =137 o, = 2.
(ﬁa ’Y) = ('9970) (/BSW7'43) ('99?0) (IBSWV43)

no capital | no hab. 407 1130 114 180
no wage rig. hab. 398 1110 111 177
capital no hab. 360 970 112 170
no wage rig. hab. 343 930 106 163
capital no hab. 360 960 112 168
wage Tig. hab. 348 930 108 165

Table 2: Value of the Epstein-Zin parameter needed to match a level of 100 bp for the
ten-year term premium

these parameters amplifies the dependence of risk aversion on agz. As a consequence,
the value agz = 88 used by Rudebusch and Swanson (2009) results from their specific
calibration of o., 7 and . In other words, with smaller calibrations of o, and the use
of detrended variables, like in Smets and Wouters (2007) risk premia are much lower
(up to 10 times). Second, the introduction of internal habits tends to slightly decrease
the value of agz needed in our exercise. This confirms that the introduction of habit
formations is not enough to generate substantial risk premia although they do have a

small and positive impact (see Rudebusch and Swanson, 2008).

4 Optimal policy with Epstein-Zin preferences

In this section we show how Epstein-Zin preferences alter the optimal macroeco-
nomic allocations and the implied term premium by comparing our empirical benchmark
(apz = 930) to the expected utility case (apz = 0) . In this respect, we focus on four

structural shocks: technology, preference, labour supply and price markup.

4.1 Optimal macroeconomic allocations

In section 2.1.8 we have shown, like Levin et al. (2008), that the Epstein-Zin para-
meter directly enters the first-order approximation of the optimal policy, regardless of
the set of frictions or the presence of subsidies. However, this does not guarantee that
Epstein-Zin preferences will effectively affect the macroeconomic allocation. For exam-
ple, it is worth noting that the presence of subsidies aimed at offsetting the distortion
in the steady state due to monopolistic competition in the goods and labour markets

cancels the first-order Epstein-Zin effects. This result should not be too surprising. In
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the case of an efficient steady state, Woodford (2003) obtains a second order approxi-
mation to the welfare using only first-order approximations to the structural equations.
This in turn implies that the first order approximation to the optimal policy depends
only on the first order approximation to the equilibrium conditions. The latter is inde-
pendent of Epstein-Zin preferences. And so too is the optimal policy. We find that the
result obtained by Woodford (2003) is still verified in our model including Epstein-Zin
preferences. Overall, up to a first order approximation, Epstein-Zin preferences yield
exactly the same allocation when monetary policy follows a standard Taylor rule, irre-
spectively from the efficiency of the steady state, or under optimal monetary policy and
when the steady state is efficient. In what follows, those two cases shall constitute useful

benchmarks.

We begin our analysis of optimal policy by considering the impulse response functions
(IRFs) of macroeconomic aggregates (see charts 1 to 4). To assess the impact specific
to Epstein-Zin preferences, we focus on the optimal allocation with a distorted steady
state'®. We use a first order approximation to the model. As a benchmark, the responses
obtained with a standard Taylor rule are also represented. The value of agy is set to
930 as in our empiral benchmark. For every shock, the main feature is that the optimal
policy is substantially affected by Epstein-Zin preferences. Specifically, regarding the
productivity shock, responses of inflation, interest rate, labour and output gap tend to be
amplified by Epstein-Zin preferences while responses of output, consumption, investment
and real wage are lessened. Apart from inflation, we observe that the initial impact of the
shock on variables is not significantly affected by the preferences. On the contrary, the
response of inflation is completely shifted downwards and inflation reacts even stronger
than in the Taylor rule benchmark. To understand why such shift occurs, it is useful
to recall that Epstein-Zin preferences modify the expected-utility household’s pricing
kernel by introducing a term taking into account the utility surprise — the term between
square brackets in (16). Since the same pricing-kernel is used by firms that are able to
readjust their prices, it follows that Epstein-Zin preferences involve a discounting of the
non-expected losses of utility which affects price determination and aggregate inflation.
Firms do not know exactly when they can readjust their price, which implies losses of
utility that are taken into account with Epstein-Zin preferences. Although this effect is
absent when the model is linearized, it does appear when optimal policy is considered
with a distorted steady-state. Indeed, the equations characterizing the optimal price

and inflation are exactly those whose second order approximation is needed by Benigno

18For an in-depth analysis of the optimal monetary policy in the case of an efficient steady state, see
Adjemian et al. (2008) for example.
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tech. | 0.0342 1.9402 0.6448  2.6620  2.4357  0.5308 0.1607 7.3805
tech. | 0.2438 1.4175  0.7373  2.2772  2.1157  0.6258 0.2956 6.3834
pref. | 0.0009 0.0448 1.5132 0.1728 0.4713 0.1557  0.0105 1.1021
pref. | 0.0343 0.1232 1.5124  0.1830  0.4677 0.1472 0.0633 1.1869
lab. | 0.00564 0.0714 0.0838  0.5437  0.5849  0.4078 0.0229 1.1274
lab. | 0.0493 0.0724 0.1045  0.4559 0.5112 0.3540 0.0692 0.8994
price | 0.2268 0.8256 0.8837  0.4305  0.3771  0.2151 0.4305 1.0646
price | 0.2440  1.5826  0.8885 0.9434  0.8069  0.5155  0.9434 2.3894

Table 3: Volatility under optimal policy with a distorted steady state. The Epstein-Zin
parameter is set to 930 (in italic).

and Woodford (2005) to obtain a quadratic welfare measure. As Epstein-Zin preferences
affect the second order approximation to those equations, this results in a modification of
the weights in the loss function and hence, of the optimal policy'®. Among the responses
to a positive preference shock, the main effect appears on inflation which, unlike the
expected utility case and the Taylor rule benchmark, reacts negatively. The responses
of real variables and interest rate remain broadly unchanged. As for the labour supply
shock, compared with the expected utility case, the responses of output, consumption,
labour and investment are lessened. Regarding inflation, output gap and real wage, the
reactions are opposite. Finally, regarding the inefficient price markup shock, the effect of
Epstein-Zin preferences on optimal policy exhibits a different feature. The reactions of
inflation, output, consumption, labour, output gap and investment are markedly shifted
upwards and are much more persistent. Interestingly, apart from inflation and interest

rate, the reactions resemble those of the Taylor rule benchmark.

Table 3 reports the contribution of each selected shock to the volatility of the macro-
economic aggregates under optimal policy with a distorted steady state. As previously
mentioned, when the steady-state is efficient, the volatility is not affected by Epstein-Zin
preferences. On the contrary, in the case of a distorted steady state, depending on the
shock, the volatility is strongly affected by Epstein-Zin preferences. In some cases, es-
pecially for inflation, the volatility is multiplied by a factor 10: in order to take account
of the unexpected losses of utility in an Epstein-Zin world, the monetary policy should

optimally generate stronger fluctuations of inflation.

We now examine how Epstein-Zin preferences affect the correlations between the

19 A similar mechanism is involved for the wages Phillips curve.
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Figure 1: Impulse Responses to a Technology Shock. Taylor (green doted lines), Ram-
sey expected utility (thin blue lines), Ramsey Epstein-Zin preferences (large red lines).
Baseline calibration in the case of a distorted steady state.
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Figure 2: Impulse Responses to a Preference Shock. Taylor (green doted lines), Ram-
sey expected utility (thin blue lines), Ramsey Epstein-Zin preferences (large red lines).
Baseline calibration in the case of a distorted steady state.
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macroeconomic aggregates. Those correlations play an important role for risk premia,
as will be shown in the next section. Once again, when the steady-state is distorted,
Epstein-Zin preferences strongly modify the structure of the correlation matrix. Tables
7 to 10 show how the correlation matrices are twisted when apz increases. Considering
the technology shock (table 7), we distinguish between three types of reactions. First,
some correlations are markedly amplified. This is the case of all the correlations involving
labour and the correlations between inflation and output gap, and between interest rate
and real wage, output, consumption and investment. Second, some others are completly
reversed. This is the case of the correlations between inflation and real wage, output,
consumption and investment, as well as those between output gap and real wage, interest
rate, output, consumption and investment. Finally, the remaining correlations are left
broadly unchanged. Roughly similar features — some correlations are amplified, others
are reversed or left unchanged— hold for the three other shocks. These features highlight

the non-linear effect of Epstein-Zin preferences on optimal allocations.

4.2 Application to the term premium

Since Epstein-Zin preferences have been introduced to improve on the general equi-
librium pricing of financial assets, we provide here some insights into the term premium
implied by our model as a function of the Epstein-Zin parameter. Equation (17) allows
to analyse the behaviour of the term premium by distinguishing between two effects.
First, Epstein-Zin preferences induce a linear increase in the risk aversion through the
Arrow-Pratt coefficient. Thus, given a first order macroeconomic dynamic, the term pre-
mium linearily increases with the Epstein-Zin sensitivity with a slope depending on the
steady state of the economy. In a Taylor-rule-based benchmark or under optimal policy
with an efficient steady state, the macroeconomic outcome and hence the covariances in
(17) are not impacted by Epstein-Zin preferences (up to a first order approximation).
Therefore, in that case, as underlined by Swanson (2010), the level of the term premium
is a linear function of agyz. This quantitative effect on the risk premium is mechanical.
Second, as noted in section 4.1, the optimal policy in general depends on Epstein-Zin
preferences. Thus, taking into account such preferences leads to modifications of the
macroeconomic allocation. In particular, as the first order dynamic of a bond price is
completely determined by the first order expected path of the short rate, the covariances
in equation (17) are affected by agz, which in turn induces a qualitative effect on the

term premium. The overall effect on risk premia may therefore be non-linear.
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policy | steady state | agz =0 apz =88 apz =930 agpz = 1981

Taylor efficient 2.78 10.42 83.51 174.74

Tech. distorted 2.71 9.41 73.53 153.56
Ramsey efficient 12.26 26.52 164.27 331.71
distorted 11.48 13.46 217.54 428.91

Taylor efficient 0.15 0.77 6.75 14.21

Pref. distorted 0.12 0.61 5.36 11.29
Ramsey efficient 15.35 20.90 74.21 140.28
distorted 15.19 21.30 69.18 131.49

Taylor efficient 5.107% 0.0013 0.0096 0.0199

Lab. distorted 3.1074 0.0006 0.0036 0.0074
Ramsey efficient 0.22 0.79 6.47 13.04
distorted 0.19 0.06 10.40 20.50

Taylor efficient —0.0345 —0.0345 —0.0345 —0.0345

Price distorted —0.01 0.32 3.44 7.35
Ramsey efficient —3.1073 —3.1073 —3.1073 —3.1073
distorted 0.47 —4.10 —26.96 —51.23

Table 4: Contribution of selected structural shocks to the term premium (mean, in bp)

We focus on four different calibrations for agz: 0, 88, 920 and 1981, which respec-
tively correspond to the expected utility case, the value used by Rudebusch and Swanson
(2009), our empirical benchmark and the value estimated by Andreasen (2010). Table
4 reports how the average level of term premium implied by our model is affected by
Epstein-Zin preferences. As previously, we isolate the contribution of each shock to the
unconditional mean of the term premium?’. We present the results obtained under opti-
mal policy and using a Taylor rule, when the steady state is efficient and distorted. We
observe the two effects described above. In the Taylor-rule benchmark and under optimal
policy with an efficient steady state, the level of the term premium is a linear function
of apy. For the three efficient shocks — technology, preference and labour supply — an
efficient steady state leads to higher risk premia for all values of apy. Interestingly, re-
garding the inefficient shock — price markup shock — when the steady state is efficient, the
level of the term premium is not affected by Epstein-Zin preferences. We would obtain
the same feature with a wage mark up shock. Hence, when the monopolistic distortions
are offset by subsidies in the steady state, the contribution of inefficient shocks to the

average term premium does not depend on the Epstein-Zin sensitivity. This means that

20The mean of the term premium is the sum of unconditional terms of the form E(£iQ; jel) where i
and j refer to structural shocks. When i # j, those terms are zero.
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the first covariance in (17) is zero when the economy is hit by inefficient markup shock:
on average, fluctuations of the markup around an efficient steady state do not yield any
significant correlations between the asset price and the wealth and hence no dependance

21 Turning to the optimal policy case in the

of the risk premium on the risk aversion
case of a distorted steady state, we observe that the relationship is in general no longer
linear, which results from the modification of the correlations of macro-aggregates. In-
terestingly, the shock on labour supply, whose contribution is almost zero with a Taylor
rule, can reach non-negligible levels under optimal policy. In addition, we observe that
the contribution of the price markup shock is markedly negative under optimal policy
with a distorted steady state. This stems from the fact that, in such context, the cen-
tral bank has to strongly increase the interest rate while consumption, for high values
of agz, remains relatively close to its path with a Taylor rule (see figure 4 and table
10). Finally, for every shock, we note that the absolute value of the level of the term
premium is markedly higher under optimal policy than with a Taylor rule. This result
is not surprising. Indeed, it is well known that, within such a medium-scale framework,
the short rate is more volatile under optimal policy?? (see Adjemian et al., 2007, 2008).
This higher volatility results in higher risk premia (see table 6).

Finally, we examine the influence of Epstein-Zin preferences on the dynamic of the
term premium under optimal policy. To do so, we use a third order approximation to
the model — again, relying on the perturbation method —as the second order approxi-
mation yields only a constant term premium (see Rudebusch and Swanson, 2008, 2009,
De Graeve et al., 2009). Charts 6 displays the impulse response functions obtained un-
der optimal policy without subsidies. Compared with the Taylor rule case, Epstein-Zin
preferences considerably affect the responses of the term premium: the initial impact is
much stronger for every shocks and the persistence is markedly higher for the technology
and labour supply shocks. Again, regarding the price markup shock, we note a qualita-
tively opposite effect of Epstein-Zin preferences which imply a positive response of the
premium. This result regarding inefficient shocks naturally comes from a mechanism

similar to the one explained above (strong increase in the interest rate).

2 However, as underlined by Swanson (2010), this does not necessarily mean that the implied term
premium is zero. In our model, the contribution of the price markup shock is slightly negative in this
case.

22Tn our empirical benchmark with Taylor rule, the volatility of the short rate is 0.28% whereas it
amounts to 2.15% under optimal policy with a distorted steady state and agz = 930.
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5 What drives the Epstein-Zin effects in the optimal allo-
cation?

As mentioned in the introduction, one of the main purpose of this paper is to analyse
Epstein-Zin preferences within an operational and commonly used, medium-scale DSGE
model. In this section we wish to know the extent to which the results presented in
the previous section rely on the numerous underlying assumptions. Given the high
number of parameters and assumptions, we highlight two effects which appear to be
the most relevant for the understanding of the way Epstein-Zin preferences operate: the
dependence of optimal policy on the presence of real rigidities via quasi-kinked demands

and the combined effect of capital accumulation and wage rigidities.

5.1 The role of quasi-kinked demands

Here we examine the influence of real rigidities and Kimball aggregators on optimal
monetary policy with or without Epstein-Zin preferences. As emphasized by Levin et
al. (2008), once the overall degree of rigidity — i.e. the slope of the Phillips curves for
prices and wages inflation — is fixed, the combination of nominal and real rigidities (the
choice of v;, a;) does not matter for the first order approximation to the equilibrium
conditions, i.e., yields the same first order dynamic for price and wage inflation. In
addition, as shown in section 3, in a Taylor rule benchmark, the implied term premium
does not depend on the presence of such real rigidities. However, we know that the
introduction of Kimball aggregators (1, > 0) have markedly different implications when
optimal policy is considered (see Levin et al., 2008). We contribute to this literature by
investigating how the welfare is affected by real rigidities when the agents have Epstein-
Zin preferences. In the previous section, we have considered the case of a complete
model including Kimball aggregators. We now examine the optimal policy in the case
of standard Dixit-Stiglitz aggregators (1, = 0), setting the degrees of nominal rigidity

so that the overall degree of real rigidity remains unchanged.

First, our numerical simulations suggest that the strong sensitivity of the volatility
of optimal policy with respect to Epstein-Zin preferences is mainly due to Kimball ag-
gregators. In a model with standard Dixit-Stiglitz aggregators, Epstein-Zin preferences
still have an impact on the macroeconomic outcome, but, for a given combination of
parameters, its magnitude is less important as can be seen in table 5: the volatility of
the macroeconomic aggregates are not substantially affected by Epstein-Zin preferences

(compared with table 3). Second, for the same value of gz (here 930), figures 7 to 10
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‘ Tt Wt Rt Y;g Ct Lt OGt It
tech. | 0.0545 1.7893 0.5442 2.4280 2.2571 0.6213 0.2203 6.7430
tech. | 0.0429 1.8989 0.6374 2.5435 2.3429 0.5691 0.1321 7.0602
pref. | 0.0009 0.0433 1.5381 0.1760 0.4761 0.1590 0.0027 1.0773
pref. | 0.0059 0.0305 1.5134 0.1931 0.4940 0.1769 0.0387 0.9826
lab. | 0.0012 0.0624 0.0813 0.5279 0.5724 0.3976 0.0074 1.0833
lab. | 0.0068 0.0772 0.1116 0.5575 0.5953 0.4184 0.0521 1.1646
price | 0.0381 1.4326 0.4189 0.8365 0.6879 0.4625 0.8365 2.2009
price | 0.0458 1.3970 0.4557 0.8103 0.6665 0.4465 0.8103 2.1322

Table 5: Volatility under optimal policy with a distorted steady state. The Epstein-Zin
parameter is set to 930 (in italic). Dixit-Stiglitz aggregators.

compared with figures 1 to 10 show that the sign of the Epstein-Zin effect may depend
on the degree of real rigidities. For example, regarding the productivity shock, the re-
action of inflation is amplified when quasi-kinked demands are assumed whereas it is
lessened when Dixit-Stiglitz aggregators are considered. Similar features hold for the
other macroeconomic aggregates and the other shocks. Unlike the Kimball case, we also
notice that the effect is in general concentrated on the initial periods. This is especially
the case for the price markup shock which leads to much less persistence responses than
in section 4.123.

We can draw an important conclusion from this empirical evidence. For a given
value of apyz, the results presented in section 4 are not robust to a change in the spec-
ification of real rigidities. This underscores the very strong non-linear implications of
real rigidities. Although they have identical implications for the first order dynamic of
macroeconomic aggregates in both expected utility and Epstein-Zin worlds, they induce
markedly different optimal policy for a given value of the Epstein-Zin parameter. We
therefore generalize the message of Levin et al. (2008): in an Epstein-Zin world, the mi-
croeconomic dissonance of real rigidities have considerable implications on the welfare.
As a consequence, such dissonance is also non-neutral with respect to the term premium.
In an expected utility world, quasi-kinked demands imply slightly — a few basis points
— higher term premia. In an Epstein-Zin world, this difference is sharpened, especially
when the steady state is distorted (see table 6).

23 This feature is also noticed by Levin et al. (2008).
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Steady State ‘ Aggregators \ agz =0 agz =930

Efficient Qs. Kinked 29 282
Dixit Stiglitz 27 264
Distorted Qs. Kinked 34 381
Dixit Stiglitz 28 273

Table 6: Influence of quasi-kinked demands on term premium (mean, in bp)

5.2 Capital, wage rigidities and the Epstein-Zin mechanics

In this subsection we detail how Epstein-Zin preferences operate under optimal
policy within our medium-scale model. In this respect we perform a sensitivity analysis
by focusing on capital, price and wage rigitities. Here we consider only Dixit Stiglitz
aggregators in order to make our results comparable with those of Levin et al. (2008).
Since many papers dealing with optimal policy in a New Keynesian framework do not
allow for capital accumulation — Benigno and Woodford (2005), Levin et al. (2008),
for example — the first restriction we impose pertains to capital. Starting from the full
model, we find that dropping capital accumulation leads to qualitative differences in
the reactions to shocks. As shown in figures 11 and 12, regarding the technology and
labour supply shocks, the sign of the shift due to Epstein-Zin preferences depends on
the presence of capital. However, this phenomenon does not happen for preference and

price markup shocks.

We now argue that this difference results from the fact that, with Dixit-Stiglitz
aggregators, Epstein-Zin preferences amplify the policy tradeoff due to price rigidities
while this amplification tends to be weakened by wage rigidities. To see this, we conduct
an analysis of the Epstein-Zin impact using submodels. For brevety, we focus on the
response of inflation to a positive technology shock, but a similar analysis would also
apply to other shocks and variables. We naturally study the case of a distorted steady
state. Let us first consider a submodel including only price rigidities?*. In the expected
utility world, the policymaker faces a tradeoff and cannot stabilize inflation and welfare-
relevant output gap. Following a positive technology shock, inflation reacts negatively
under optimal policy. With Epstein-Zin preferences, this impact is amplified as shown in
chart 13 (left side). Now, adding endogenous capital accumulation leads to the opposite
reaction. Even in the expected utility world, inflation positively react to the same
technology shock. This is fully in line with the results obtained by Faia (2008). In

2 From the full model, we drop capital accumulation, wages rigidities and subsidies.
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this case again, we note that Epstein-Zin preferences tend to amplify the reactions (see
chart 13, right side). We note that the degree of price rigidities does not significantly
affect the Epstein-Zin impact. Finally, progressively allowing for wage rigidities — and
therefore returning to the full model with Dixit-Stiglitz aggregators — we observe i) a
downward shift of the response of inflation in both expected utility and Epstein-Zin
cases, along with ii) a gradual decrease in the Epstein-Zin effect. This decrease also
occurs in absence of capital. This can be seen in chart 14. This shows that price and
nominal wage rigidities do not have the same impact on the policymaker’s tradeoff. As
a conclusion, we have shown that, in presence of Dixit-Stiglitz aggregators, with price
rigidities only, the optimal reaction is amplified, be it with capital or not. Adding wage

rigidities tend to reduce this amplification?®.

6 Conclusion

In this paper, through the use of Epstein-Zin preferences in a Smets and Wouters
(2007) framework, we provide an empirical benchmark in which we are able to generate a
ten-year term premium of 100 bp on average. We show that the calibration of agz needed
to match such a level mainly depends on the intertemporal elasticity of substitution
and the deterministic discount factor associated with the use of detrended variables.
As a theoretical matter, Epstein-Zin preferences as well as real rigidities in the form
of quasi-kinked demands do not have any impact on the first order dynamic of the
macro-model and the implied term premium, on average, is linear as a function of the
Epstein-Zin parameter. Against this background, we perform numerical simulations in
order to analyse the optimal monetary policy implied by such a benchmark and how
Epstein-Zin preferences distort the optimal allocation. Our results highlight several
effects. First, within medium-scale DSGE frameworks, Epstein-Zin preferences do have
a significant impact on the first order dynamics of optimal policy — especially inflation,
output gap and real wage. Second, our simulations show that this effect strongly depends
on the presence of quasi-kinked demands which, in our benchmark, alter the sign of
the Epstein-Zin effects and the volatility. Third, our numerical approach allows us to
span many submodels relatively easily: expliciting the first order approximation of the
Ramsey problem by hand would be impossible in the full model and very cumbersome

in small submodels. In addition, in any case, such an approach would not deliver more

25 As a check of robustness, we have verified that the results presented in section 5.2 are valid for any
value of agz lying between 0 and 930.
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transparency on the way Epstein-Zin preferences operate. We are then able to provide
an analysis on how sensitive the Epstein-Zin effect is to assumptions pertaining to capital
accumulation, price and wage rigidities. Finally, an important novelty of this paper is
the investigation of the term premium under optimal policy. We have shown that, in
general, Epstein-Zin preferences as well as other forms of microeconomic dissonance such
as quasi-kinked demand have a non-linear impact on the term premium. Overall, the
message delivered by our analysis is clear: non time-separable preferences are in general
not neutral with respect to the (first order) macroeconomic dynamics of DSGE models
as well as the implied term premium, as could have been thought in considering Taylor
rules. To a large extent, Epstein-Zin preferences in conjunction with specific rigidities
or underlying microfoundations, affect the optimal macroeconomic allocation and the

implied risk premia.

If the aim of this paper is to shed light on the use of Epstein-Zin preferences within
a structural framework, our approach calls for further investigations. First, we have
focused on one value of the Epstein-Zin parameter which allows us to generate a term
premium of 100 bp on average in a attempt at solving the bond premium puzzle. It would
be interesting to explore how other financial assets — such as real bonds or equity — would
be affected by Epstein-Zin preferences and optimal policy. Second, our methodology
could be applied to models including other types of real rigidities (firm specific capital,
for example) and more generally to richer models including financial frictions or several

countries.
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A Equilibrium conditions

We define

XWt=< Wi ) (18)
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A.1 Households’ programme

The first order conditions of the households ’ programme can be written in the form:
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A.2 Unions’ programme

In the following, given that the steady state model features a balanced growth path, all
variables are appropriately deflated to be stationary in the stochastic equilibrium. The
first order condition of the union’s program for the re-optimized wage w; can be written

recursively as follows:

* Hw(l + ww) Hl t ww #\ 140, (1+1,,) H3t
= Ly w(ltd,) 181 24
T Bt ) )y (B 1) ) Ho (24)
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The aggregate wage dynamics could also be expressed as
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The previous equations include a dispersion index A, ; which is related to the re-

optimizing wage and the aggregate wage through the following conditions

B 1 1/(1-0.,(14+,)) Yy
R T 1Y g (29)
~1
wy Wi Ue
Apie = (1—aw) (Y8) + ay Apis
wh (1~ )<wt> i (wt—l wfﬁl[ﬂ*]l_g“’) e )

The market clearing condition linking total labor demand of intermediate firms and

total labor supply of households includes a wage dispersion index given by

1 0., (144,,)/(1-0,, (1+4,,)) Yoy
Appt = ——ANpyi+ A w wh g Tw 1
k.t T AN + T+, (31)
with
* _Qw(1+¢w) gw(1+wm)
w Wy Tt
Ayt = (1= ay t) + Ay ie 32
= )<’wt Wi—1 ﬂfﬁl[ﬂ*]l_fw A (32)

A.3 Intermediate firms’ programme

The first order condition of the intermediate firms profit maximization leads to

. Op(1+9)  Ziy Y 146, (144) 23t
= oy p(11) 25 33
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Aggregate price dynamics can then be written as

- (141p)
Apra = (1= a) ()"0 4 a ( T ) Apre1 (37)
[

The dispersion index A,y ; is given by
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The market clearing conditions in the goods market also involves a price dispersion

index given by
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B Derivation of the optimal policy

The derivation of the optimal policy involves the differentiation of the constraints (20),
(21), (22), (25), (26), (27), (34), (35) and (36) with respect to W;. In the Lagrangian,

all these constraints can be written in the form:

Ei 1 [Xyedy]
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Denoting Wkp; = Fr— [X%?EZ] '—epz it can be easily seen that

0
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and
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This allows to derive the non-linear optimal policy.
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Tt Wt Rt Y; Ct Lt OGt It
ur 1 02570 0.8168  0.0777 0.0838 0.6345 0.2460 0.1012
1 -0.9400 0.7976  -0.9450  -0.9840 0.7218  0.9157  -0.8943
Wy 1 -0.2971  0.9579 0.9802  -0.1554  0.8350 0.9247
1 -0.5881  0.9684  0.9786  -0.5080  -0.8719  0.9418
R, 1 -0.4507  -0.4307  0.7332  -0.2057  -0.4299
1 -0.6868  -0.6846  0.8562 0.6176  -0.6532
Y, 1 0.9618  -0.1261  0.9165 0.9892
1 0.9599  -0.4940 -0.7833  0.9896
Cy 1 -0.2710  0.8050 0.9129
1 -0.6180  -0.9208  0.9116
Ly 1 0.266 -0.0433
1 0.7479  -0.4147
0G, 1 0.9445
1 -0.6968
I 1
1

Table 7: Technology shock. Correlations under optimal policy with a distorted steady

state. The Epstein-Zin parameter is set to 930 (in italic)

Tt W Ry Y; Cy Ly OG} I
e 1 -0.6096 0.4088  0.2986  0.5513  0.4859  -0.4870  -0.7500
1 0.9598 -0.1972 0.2251 -0.2028 -0.1762 0.9899 0.6638
Wi 1 -0.0828  0.0663 -0.1174 -0.2501 0.3178 0.4300
1 -0.0275  0.4145  0.0654  0.0078 0.9491 0.4290
Ry 1 0.9017  0.7895  0.9064  -0.0065 -0.5202
1 0.8198 0.7840 0.9162 -0.0988  -0.4872
Y; 1 0.8845 0.9490 -0.0992  -0.5578
1 0.8137 0.9130 0.5094  -0.2992
Cy 1 0.8859 -0.5378  -0.8719
1 0.8574 -0.1660 -0.7918
L; 1 -0.1721 -0.6625
1 -0.0798 -0.5104
OG, 1 0.8267
1 0.6739
I; 1
1

Table 8: Preferences shock. Correlations under optimal policy with a distorted steady

state. The Epstein-Zin parameter is set to 930 (in italic)
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Tt Wt Rt Y;g Ct Lt OGt It
Ty 1 -0.0503 -0.5365 0.5119  0.3607  0.6251  0.8987 0.6010
1 0.8641 0.7513 -0.9863 -0.9491 -0.9971 0.9798  -0.9953
Wi 1 -0.1480  0.8107  0.9043  0.7183  0.3720 0.7213
1 0.5135 -0.8049 -0.7132 -0.8605  0.8402  -0.8751
Ry 1 -0.2982  -0.2739 -0.3253 -0.4515  -0.2841
1 -0.6894  -0.6476 -0.7137  0.6365 -0.6599
Y; 1 0.9829  0.9895  0.8319 0.9893
1 0.9864  0.9912 -0.9930  0.9905
Cy 1 0.9464  0.7247 0.9466
1 0.9560 -0.9788  0.9554
L 1 0.9004 0.9980
1 -0.9840  0.9988
OG, 1 0.8851
1 -0.9586
I 1
1

Table 9: Labour supply shock. Correlations under optimal policy with a distorted steady
state. The Epstein-Zin parameter is set to 930 (in italic)

Tt W Ry Y; Cy Ly OG} I
e 1 -0.0792 0.0236  0.1198 0.3045 0.0991 0.1198 0.0270
1 0.9896 0.2800 0.9737 0.9946 0.8942 0.9737 0.9356
Wi 1 0.0051 0.9737 0.9103 0.9392 0.9737 0.9797
1 0.2766  0.9943 0.9768 0.9463 0.9943 0.9762
Ry 1 -0.0836 -0.0481 -0.1909 -0.0836 -0.0804
1 0.2485 0.2461 0.2149 0.24,85 0.2478
Y: 1 0.9648 0.9799 1.0000 0.9898
1 0.9645 0.9725 1.0000 0.9595
Cy 1 0.9107 0.9648 0.9183
1 0.8790 0.9643 0.9165
L 1 0.9799  0.9872
1 0.9725  0.9923
OG, 1 0.9872
1 0.9895
I 1
1

Table 10: Price Markup shock. Correlations under optimal policy with a distorted steady
state. The Epstein-Zin parameter is set to 930 (in italic)
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Figure 5: Impulse response functions of the term premium, distorted steady state. Taylor
rule expected utility (thin blue lines), Taylor rule Epstein-Zin preferences, agz = 930
(large red lines).
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Figure 6: Impulse response functions of the term premium, distorted steady state. Ram-
sey expected utility (thin blue lines), Ramsey Epstein-Zin preferences apz = 930 (large
red lines).
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Figure 7: Technology shock, Dixit-Stiglitz aggregators, distorted steady state. Ramsey
expected utility (thin blue lines), Ramsey Epstein-Zin preferences (large red lines).
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Figure 8: Preference shock, Dixit-Stiglitz aggregators, distorted steady state. Ramsey
expected utility (thin blue lines), Ramsey Epstein-Zin preferences (large red lines).
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Figure 9: Labour supply shock, Dixit-Stiglitz aggregators, distorted steady state. Ram-
sey expected utility (thin blue lines), Ramsey Epstein-Zin preferences (large red lines).
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Figure 10: Price markup shock, Dixit-Stiglitz aggregators, distorted steady state. Ram-
sey expected utility (thin blue lines), Ramsey Epstein-Zin preferences (large red lines).
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Figure 11: Optimal policy in models with capital and without capital. Response to
a technology shock. Ramsey expected utility (blue thin lines), Ramsey Epstein-Zin

preferences (red large lines).
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Figure 12: Optimal policy in models with capital and without capital. Response to a
labour supply shock. Ramsey expected utility (blue thin lines), Ramsey Epstein-Zin

preferences (red large lines).
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Figure 13: Inflation impulse response to a positive technology shock. Optimal policy
with a distorted steady state: apz = 930 (red bold line) and agz = 0 (blue thin line).
Dixit-Stiglitz aggregators.
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Figure 14: Inflation impulse response to a positive technology shock. Optimal policy
with a distorted steady state: apz = 930 (red bold line) and agz = 0 (blue thin line).
Dixit-Stiglitz aggregators.

ECB
Working Paper Series No 1209
June 2010







	Epstein-Zin preferences and their use in macro-finance models: implications for optimal monetary policy
	Contents
	Abstract
	Non-Technical Summary
	1 Introduction
	2 The DSGE model
	2.1 Summary ot the theoretical model
	2.2 Calibration
	2.3 The term premium

	3 What calibration for the Epstein-Zin parameter?
	4 Optimal policy with Epstein-Zin preferences
	4.1 Optimal macroeconomic allocations
	4.2 Application to the term premium

	5 What drives the Epstein-Zin effects in the optimal allocation?
	5.1 The role of quasi-kinked demands
	5.2 Capital, wage rigidities and the Epstein-Zin mechanics

	6 Conclusion
	References
	Appendices


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 96
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 96
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 96
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (ISO Coated v2 300% \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[WP_EZB_WEB]'] [Based on 'IC__ISO_COATED'] [Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 300% \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName (MONTHLY_EZB)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


