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Abstract

Recent developments in macroeconomics have focused on the estimation of DSGE models using a
system of loglinear expectational difference equations to approximate the equilibrium conditions.
In this paper, we use the term macroeconometric equivalence to encapsulate the idea that estimates
using aggregate data based on first-order approximations of the equilibrium conditions of a DSGE
model will not be able to distinguish between alternative underlying preferences and technologies.
We then develop the concept of microeconomic dissonance in reference to how their underlying
microeconomic differences become important when optimal steady-state inflation is analyzed in a
nonlinear setting. To illustrate these ideas we use alternative versions of a small, widely estimated,
New Keynesian model. We show how identical loglinear approximations to alternative settings
of preferences and technologies, including internal vs external habits, standard wvs risk-sensitive
preferences, and alternative price-setting specifications, may imply very different optimal steady-

state policies.
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1 Introduction

The last fifteen years have witnessed an important shift toward the use of models for monetary
policy analysis that feature nominal rigidities but are otherwise recognizable as neoclassical general
equilibrium business cycle models of the type advanced by Kydland and Prescott (1982). Taylor
(1992) noted that the latter models needed modification because “[flrom the perspective of for-
mulating monetary policy... the real business cycle model is by definition inadequate; it does not
include monetary policy, and it does not explain the strong correlation between price and output
fluctuations evident in the data.” The modern monetary policy models bridge the gap by including
both monetary policy and nominal rigidity in fully articulated business cycle models. The form of
nominal rigidity prevalent in the new-generation models is an inheritance from the pioneering work
on staggered contracts by Taylor (e.g., 1980). Several papers integrated the Calvo (1983) staggered
price contracts system into dynamic stochastic general equilibrium models with optimizing private
agents, while Calvo himself noted that his price-setting scheme was “a close relative of the staggered
contracts model... of Taylor (1979, 1980).”! This approach attempts to embed realistic effects of
monetary policy into a framework that respects the distinction between structural parameters and
policy parameters stressed by the Lucas critique.

In this paper, we use the term macroeconometric equivalence to encapsulate the idea that
macroeconometric estimates based on first-order approximations of the equilibrium conditions will
not be able to distinguish, using aggregate data, between alternative underlying preferences and
technologies. We then proceed to develop the concept of microeconomic dissonance, which refers
to how the underlying microeconomic differences bear on the optimal steady-state inflation rate.

We present alternative versions of a compact New Keynesian model exhibiting macroecono-
metric equivalence but with underlying microeconomic dissonance.? We explore the optimal pol-

icy implications of two alternative rationalizations for inflation persistence (i.e., indexation and

!Calvo (1983, p. 383). For development of staggered contracts models, see King and Wolman (1996), Rotemberg
and Woodford (1997), and Yun (1996).

?Because we use the New Keynesian model, our results have clearer relevance for monetary policy analysis than
the instances of observational equivalence highlighted by Sargent (1976), Sims (1998), and Barillas, Hansen, and
Sargent (2007).



backward-looking price setting), and different time-dependent preferences that lead to output per-
sistence (internal vs external habits). We also discuss the implications for optimal monetary policy
of two less heavily studied mechanisms that allow for real rigidities and risk-sensitive preferences.
All the versions of the New Keynesian model we consider are nested in a loglinear IS equation of
the form:

Y = oapli—1 + op By — plre — Eymiga] (1)

and in a loglinear hybrid New Keynesian Phillips curve:
T = Whi—1 + VBT 1 + kmey. (2)

Here y; is the log-deviation of output from its steady-state growth path, mc; is the log-
deviation of real marginal cost from its steady-state level, and 7; and r; respectively denote devia-
tions of quarterly inflation and the short-term nominal interest rate from their steady-state values.
The model includes as a special case the canonical New Keynesian model.? That canonical model
omits the lagged terms from equations (1) and (2). We consider two versions of the canonical
model. First, we consider a baseline sticky-price model that includes different sources of strategic
complementarities (real rigidities) in price setting. In this environment, the Phillips curve slope
can be factorized into two parameters. One captures the degree of nominal rigidities (x,), and the
parameter v reflects real rigidities which alter the reaction of prices to marginal cost. Second, we
consider a model with risk-sensitive preferences instead of standard expected-utility preferences.
We also consider cases where lagged output enters the IS equation (ap > 0), through different
forms of time-dependent preferences; and where lagged inflation enters the Phillips curve (7, > 0),
through alternative forms of price-setting behavior.*

Macroeconometric equivalence is important because these alternative specifications will not

be distinguishable by standard macroeconometric procedures, but we show that they deliver differ-

ent implications for steady-state inflation (i.e., the optimal mean inflation rate).> A straightforward

3See, for instance, Roberts (1995), Rotemberg (1987), Rotemberg and Woodford (1997), Clarida, Gali, and Gertler
(1999), King (2000), and Woodford (2003).

*Such model features have been proposed as desirable modifications of IS and Phillips curves in a number of
studies. See e.g. Fuhrer (2000), Gali and Gertler (1999), Ireland (2001), Christiano, Eichenbaum, and Evans (2005),
Smets and Wouters (2003), Steinsson (2003), and Levin, Onatski, Williams, and Williams (2005).

SThere are parallels with the discordance issues raised by Browning, Hansen, and Heckman (1999).



implication of the analysis presented in this paper is that a potential remedy for macroeconometric
equivalence may be found in econometric procedures capable of estimating versions of the model
based on higher-order approximations. But an alternative avenue that we find promising is making
use of datasets not consisting purely of macroeconomic time series. Microeconomic and financial
data offer themselves as a rich source of information about microeconomic structure. Studies by
Bils and Klenow (2004), Nakamura and Steinsson (2007), and the survey by Angeloni et al (2006)
provide examples of the potential benefits of microeconomic information in understanding inflation
dynamics and so optimal policy. And asset price analysis could provide a means of identifying
the relevant mechanisms that the existing business cycle models with nominal frictions and money
should incorporate.

This paper proceeds as follows. Section 2 describes a prototype New Keynesian model
giving the nonlinear environment that we generalize and linearize in subsequent sections. Section 3
focuses on alternative price setting models. We first show how two alternative rationalizations for
the presence of lagged inflation in the Phillips curve diverge in their implications for the optimal
steady-state inflation rate. Then we consider two real rigidities and their implications for the
slope of the Phillips curve and optimal long-run inflation. Section 4 turns the analysis toward
the IS equation, considering alternative rationalizations for the output-persistence parameter and
studying the corresponding welfare implications. Finally, we study the IS slope parameter, showing
the different welfare implications of risk-sensitive preferences compared to the standard expected-

utility case. Section 5 concludes.
2 A Prototype New Keynesian Model

Here we describe the New Keynesian model that we use as a baseline to which we add variations
in the remainder of the paper.

Representative household: A representative household seeks to maximize intertemporal

1—0o_ 1+x Miyi—v
utility Eo Y ;2 8'Ut, where Uy = % - X0 ]\1[t+x + Vg%, C; is an aggregate of the different

goods consumed, N; denotes hours worked, and %ﬁ is household holdings of real money balances.



All parameters are positive, and 8 € (0,1) is the discount factor. We allow for money in the utility
function so that, as in Khan, King and Wolman (2003), monetary frictions can be among the factors
determining the optimal steady-state inflation rate.

Intermediate producers: A continuum of monopolistically competitive firms produces
distinct intermediate goods. These goods are then combined as productive inputs to produce a
single, final consumption good. The production function for an intermediate-good producing firm
j is given by Y;(j) = AiKi(5)*Ny(5)1~ where A; is a productivity shock, K;(j) and Ny(j) are
quantities of capital and labor services hired by firm j, and o € (0,1). Intermediate firms are
assumed to set nominal prices according to the Calvo (1983) scheme. Thus, each period a measure
1 — £ of firms is allowed to reset prices, while a fraction & must keep prices unchanged.

Market characteristics and clearing: The labor market is perfectly competitive. Cap-
ital and labor are mobile across firms, so all intermediate firms have the same real marginal cost,

€—

MCy = wyNi/(1 — @)Y;. Here Y, = (fol Yi(y) = dj) 7 is final output produced by a single final

goods producer, and € > 1. (We consider an alternative aggregation technology below.) The ag-

gregate capital stock is fixed, so market clearing implies C; = Y;. Each intermediate firm faces a

demand function from the final producer of Y;(j) = Py(j) "¢, where Y;(j) = %tj), P(j) = Ptp(tj), and

1

the aggregate price index is given by P; = <f01 P(j)t dj) e

As in Khan, King and Wolman (2003), the relative price dispersion that results from Calvo
staggering can be interpreted as an inefficiency that, by misallocating resources across the inter-
mediate goods sector compared to the flexible-price scenario, depresses the equilibrium level of
aggregate output. Letting N; = fol Ny(j)dj denote aggregate labor and normalizing aggregate capi-
tal at K = 1, the same misallocation index (A;) as in Khan, King, and Wolman’s model is relevant,
being related to output as Y; = (ﬁ—fﬁ)Ntl_o‘7 while Calvo contracts imply that this distortion follows

a first-order difference equation,
Ap= (1= &))" + A1 (3)

Because all price change in any given period comes from firms given a reset signal, there is a relation



between the aggregate gross inflation rate and an index of the relative reset price:

1
e—1

- (1 =P
§

Ht == (4)

A loglinear approximation of this model yields the two equations given in Section 1. Con-
sumer behavior and market-clearing deliver an IS relation that is a special case of equation (1):
one with restrictions a; = 0, ay = 1, and p = o~1. The supply side of this model corresponds to

expression (2), where kK = k), = wﬁ

3 Inflation Dynamics

3.1 Inflation Persistence

3.1.1 Two Mechanisms: Indexation vs. Myopic Price Setters

Gali and Gertler (1999) advance a variation of Calvo contracts, proposing that a fraction of the
price-resetting firms uses a backward-looking rule. Gali and Gertler assume that of those able
to adjust prices in a given period, only a fraction 1 — w choose prices optimally, i.e., in terms
of the stream of expected marginal costs. A fraction w uses a simple rule, setting price equal
to the average of newly-adjusted prices last period, rescaled by prior inflation. That is, P} =
(PP4)" (Pr1)'*ILi_1, where PP is the price set by backward-looking firms.

The inclusion of this backward-looking element in the otherwise forward-looking price-
setting environment leads to a hybrid variant of the New Keynesian Phillips curve, repre-

sented in expression (2) above. With this specification, the parameters of (2) are given by

1-6)(1-B8)  £(1-w) _ € _ w
3 cotea o V= Peomeaa a4 W = gopea

K =

A parallel model that leads to an alternative rationalizaton for the hybrid Phillips curve
was proposed by Christiano, Eichenbaum, and Evans (2005) and Smets and Wouters (2003). This
model introduces dynamic indexation into Calvo contracts. Each firm i faces a constant probability,
1—¢, of being able to reoptimize its price, P(7). A firm refused permission to reset prices optimally
has its price changed according to some share of lagged inflation, where the parameter v denotes

the degree of indexation (i.e., 0 < v < 1). So if firm ¢ cannot reoptimize its price in period t,

®The parameter v is at its baseline value of 1.



it resets price according to the formula P;(i) = IIY ;P,_1(i) where II; is taken parametrically by
the firm. This dynamic indexation yields the loglinear Phillips curve (2), where the parameters
are now given by vy = %, Y = ﬁ, and K = Kpy, and v = ﬁ v is a decreasing function
of the degree of backward indexation: the greater the indexation to past inflation, the lower the
response of aggregate inflation to marginal cost (for a given degree of nominal rigidity). Note that
the limiting cases of w — 1 and v — 1 imply the upper bounds, v, — @ and ﬁ, respectively,
and in turn imply an upper bound for +; of 0.5.

The foregoing analysis highlights an important difference between these two macroecono-
metrically equivalent characterizations of the inflation process. These two mechanisms impact
differently on the connection between marginal cost and inflation, i.e., on the coefficient ~. If

the way of putting lagged inflation into the Phillips curve is via backward price setters, then the

£(1-w)

ol —E1=7)] tends to zero as the fraction of backward-looking firms approaches

coefficient v =
unity. The higher the fraction of backward-looking firms, the weaker the link between inflation and
the variable that matters in the forward-looking case (i.e., marginal cost and its expected future
values). But if lagged inflation appears in the Phillips curve because of dynamic indexation, then
v = ﬁ and the lower bound for this parameter is % as v — 1; that is, the marginal-cost sequence
always matters for inflation in the dynamic-indexation case.

We now turn to the use of the nonlinear representations of the models to analyze the

implications for the long-run optimal inflation rate.”

3.1.2 Implications for Steady-State Inflation

These two models have different nonlinear representations for optimal price setting. In particular,
the model with indexation is similar to the baseline case except that now the inflation rate has to be
rescaled by the indexation clause in order to characterize the optimal price contract. The presence
of myopic price setters implies that the dispersion metric depends upon the relative price at period

b
t charged by rule-of-thumb price-setters, X; = %, and the fraction of myopic price setters, w, as

"We do not consider optimal policy in the dynamic stochastic economy; see Steinsson (2003) and Woodford (2003)
for the relevant results.



Table 1: Steady-State Inflation and Inflation Persistence

Indexation Model Myopic Price Setters
- _em - (e=) | 1 - 1. 1
P :(Wlliig)lfe P =L EIE )T
A= (1_511-[:(1—u))(P*)_E A= (ﬁ)(ﬁ*)_é
1y 1-pemt-ve s, e—1\_1-BEI° [ o
MC:(EEI)%(P) MC = ( 61)11_523%(13)
C = (F&x)/ o) C = (F&x)/ o)
follows:
A= (1= (1 —w) ()™ +wX; T+ €A, (5)
The link between inflation and relative prices is given by:
L= (1 =91 —w) (P +wX] )+ e, (6)
where
X=Xy ()t (7)

Table 1 characterizes the distortion of the markup that steady-state positive inflation intro-
duces. In the Gali-Gertler case, backward-looking resetters use a rule that is identical to the optimal
reset price in its steady-state properties. This still leaves the relative price dispersion inefficiency
of the standard Calvo case. In the indexation model, complete indexation (v = 1) removes this
long-run inefliciency because price setters denied a reset signal are able to adjust to recent price
movements. In this case, the only long-run distortion is that due to monopolistic competition,
which makes MC > 1.

Parameterization. We present a quantitative illustration of the foregoing results. We use a
discount factor of 5 = 0.993, log preferences over consumption (o = 1), a Frisch labor elasticity of
(1/x) = 1, and a production function parameter of & = 0.33. We assume ¢ = 7—implying a 16%
steady-state markup. We set v, equal to 0.1 and 0.4. These choices (in line with Gali, Gertler, and

Loépez-Salido, 2001) imply values for the parameters v and w that range from 0.11 to 0.66 and 0.07



to 0.4, respectively. We calibrate the money demand parameter to v = 11.4, so as to generate an
interest elasticity of money demand of the same magnitude as in Khan, King, and Wolman (2003).

Figure 1 depicts the optimal steady-state inflation rate when the Calvo parameter, &, takes
two values: 0.6 and 0.75. With the Gali-Gertler source of inflation persistence, the optimal inflation
rate is negative, slightly less than —2.5 percent, and this remains unaffected by the presence of
backward price setters, since they do not alter the long-run relative price structure. An increase
in the degree of price stickiness induces an increase in optimal steady-state inflation, which now
moves to —0.7 percent, in line with the results of Khan, King, and Wolman (2003).

By contrast, if the source of inflation persistence is indexation, then persistence produces
appreciable departures of optimal steady-state inflation from the Friedman deflation rule. As
indexation increases, relative price dispersion dwindles, so the social planner tends to concentrate
on imperfect-competition distortions, and so increases steady-state inflation to reduce the steady-
state markup. For the parameterization where price changes once a year (£ = 0.75), less than full

price indexation generates an optimal positive steady-state inflation.®

3.2 Real Rigidities and the Slope of the NKPC

In this section we discuss two types of real rigidity whose effect is to lower firms’ incentive to
increase prices in the face of a rise in nominal demand (see e.g., Woodford, 2003, Ch. 3). The
two real rigidities are isomorphic in what they imply for loglinear dynamics, but differ in their

second-order properties and so yield different results for optimal steady-state inflation.

3.2.1 Two Mechanisms: Non-Constant Elasticity of Demand vs. Factor Specificity

Quasi-kinked demand curve The first real rigidity we consider is a quasi-kinked de-

mand curve, first applied to Calvo price-setting by Kimball (1995). We follow Dotsey and King’s

(2005) proposal for aggregating across the intermediate goods Y;(j). Continuing to let Yi(j) = Yggj)

denote the share of each intermediate in final output, the Dotsey-King aggregator is:

67 = 2 [ar oy o] - [ 1] ®)

8This result is in line with the one highlighted by Schmitt-Grohé¢ and Uribe (2004).




Table 2: Price-Setting Behavior

Prototype Model Quasi-Kinked Demand
~ ~ \ 1+e(1+v)
Za Y/ (o) Z *
Pr=g =02+ (i) 22 (P7)
e(141)— e(1+v)
Zyy = B BEII T Zi }+ Co®y Zy = B{ BEIL Y Zi }+ G

Zay = Ey{ BEILS, | Zaty1 } 4 Cr®@MCy Zoy = Ey{ BgHZS}fu’) Zopy1 }+ C’tq)t)\:(1+w)MCt

o =U,, =C;° Zy = Ey{ 5§Ht+1 Zgir1 }+ Cidy

where ¢ = (e(1+1))/(e(1 +v) — 1), and € > 1 is elasticity of demand. The profit-maximizing mix
of intermediates is selected, and the aggregator implies fol G (ENQ( j)) dj = 1.

The parameter ¢ governs the curvature of the demand for an intermediate firm’s product. It
yields the familiar Dixit-Stiglitz (1977) constant-elasticity demand function for ¢» = 0. We consider
instead the less standard case of ¥ < 0. This implies a quasi-kinked demand curve; consumer
demand essentially falls off above a certain satiation quantity, and a reduction in relative price in
this region barely stimulates demand. On the other hand, demand is highly price-elastic until the

effective upper bound on demand is reached. The relative demand for product j is given by:

1

Vi) = g (PO ORI g (9)

where again ﬁt(j) is the relative price of intermediate good j. The Lagrange multiplier in (9) is
1

defined as \; = (fo yL=e (1+%) dj) I_G(Hw}, and so collapses to unity in the Dixit-Stiglitz case of

1) = 0. The more general case of 1y < 0 implies a variable elasticity of demand for good j, denoted

17(17]-), for which the expression is:
n(¥;) =e (140 —-u¥7), (10)
so that the demand elasticity is inversely related to relative demand. Note that an intermediate-

77(~)
n(Y;)— R

good producer’s desired markup is ,u(}N/j) = this yields the special case of u(1) = p = 55

when ¢ = 0, but otherwise is a function of relative demand.



Table 2 gives optimal price-setting conditions for a firm in this environment, and allows
comparison with the baseline case regarding the optimal relative price ﬁt*, and the stochastic
variables Zy;, Zoi, and Zs;.? The representation of optimal pricing for firms adjusting prices, ﬁt*,
in Table 2 reflects the fact that, in order to make the marginal present discounted value of profits
equal to zero, firms have to take into account changes in the elasticity of demand over those future
periods in which prices are fixed (the variable \;).

As detailed in many papers, this model implies a loglinear Phillips curve:
T = 6Et{7rt+1} + YRpMCt. (11)

This is a standard New Keynesian Phillips curve (with marginal cost the driving process)
other than the factorization of the Phillips curve slope into two components. One component
governs nominal rigidity; the other, real rigidity (with no real rigidity corresponding to v = 1). K,
is a function of the frequency of price adjustment £ and the discount factor 8: k), = % The
real-rigidity parameter, v, can be expressed as v = ﬁ, where p is the prototype-model steady-
state markup defined above. The demand-curve kink condition ¥ < 0 implies that ~ is below unity,
approaching zero as v becomes more negative. Therefore, kinked demand for intermediate-firm
output diminishes the sensitivity of inflation to marginal cost variations, and so this model feature

falls within the class of strategic complementarities discussed in Woodford (2003).

Firm-specific factor inputs We now revert to the assumption of a Dixit-Stiglitz demand
structure (¢ = 0) in order to consider a different source of real rigidity. In our prototype model, the
capital stock was fixed in aggregate but not for any individual firm, which could access extra capital
services via a rental market. Let us instead consider the case of a certain amount of firm-specific
capital which cannot be augmented by recourse to the rental market,'? as well as firm-specific labor
(reflecting firm-specific human capital). Then firm-level real marginal cost can diverge from average

real marginal cost, so the ratio ]\%t( j) = MCi(j)/MCy can depart from 1.0. Intermediate firm j’s

See Levin, Lopez-Salido and Yun (2007a) for a derivation of the law of motion for the relative-price-dispersion
metric in this model environment.

19See Shordone (2002), Woodford (2003, 2005), and Altig, Christiano, Eichenbaum, and Linde (2005) for further
discussion of firm-specific capital.
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production function is now
Yi(j) = Ay K™ Ky (5)%F N N,(5) (12)

Here ayp > 0, ayr, > 0, ap > 0, ay > 0, and app + aup + ap + ayy = 1. Overbars denote
fixed factors. Therefore ay = ay + ayy, constitutes the share of input factors (capital and labor)
fixed at the firm level. Firm-specific inputs mean that equilibrium wages, and therefore marginal
cost, differ across firms. Deviations of a firm’s marginal cost from the aggregate in turn reflect
1-a
differences in firm output from average output levels. Formally, MC, (j) = }7;5(] )Tff So relatively
high production levels reduce a firm’s marginal cost compared to the economy-wide average. A
firm is deterred from raising its price by the fact that the resulting decrease in its production will
trigger higher marginal cost.

As shown in Levin, Lépez-Salido, and Yun (2007a), the profit-maximization condition in

the case of firm-specific factors (which replaces the prototype-model expression in Table 2) is:

- (13)

(15*>1+61a£f _ € ZZt
¢ e—1 th

The expressions for variables Z1; and Zo; revert to the prototype case because in this model
we are using Dixit-Stiglitz standard preferences (i.e., ©» = 0). But firm-specific factors raise the

of
1—ay

optimal price ]5: to the power 1+ ¢ . Thus, the optimal price set by adjusting firms is now a
concave function of the presented discounted flow of markups. This concavity is a manifestation of
strategic complementarity. With this concavity and the presence of positive inflation, firms setting
prices at time ¢ have incentives to adjust prices less than in the baseline model.

Like kinked demand, fixed factors deliver the New Keynesian Phillips curve (11). The ex-
pression for the nominal rigidity coefficient s, is the same as given above, but the real-rigidity

— L. This expression illustrates the strategic-complementarity char-
et

Elfaf

coefficient becomes v =

acter of fixed inputs. The higher the share of fixed inputs in production (o), the lower the

responsiveness of inflation to marginal cost.

11



3.2.2 Implications for Steady-State Inflation

Parameterization. Our criteria are to generate a Phillips curve slope (k,7) of 0.025, in line with
time series estimates of the elasticity of inflation to current real marginal cost. We fix x, so as to
keep the implied average interval between a firm’s price adjustments to about three quarters, in line
with microeconomic evidence (i.e., £ = 0.6, as before). These choices imply v = 0.1. The model-
specific parameter is fixed at a value that delivers this 7. So 1 = —8 in the case of quasi-kinked
demand; and oy = 0.58 in the case of firm-specific inputs.

Figure 2 plots the relationship between the key parameters (¢ and ay) governing each
strategic complementarity and the corresponding optimal inflation rate. These results refer to
the case of only a single strategic complementarity being present at a time, so a zero value of the
parameter corresponds to the no-real-rigidity case. With no real rigidity present, the Friedman rule
is optimal and 2.5% deflation is desirable. But, irrespective of which strategic complementarity is
considered, introducing the complementarity shifts the balance in favor of zero inflation, the more

so the greater the parameterization of the rigidity.

4 Output Dynamics

4.1 Output Persistence

In this section we turn to the analysis of how alternative assumptions about preferences, of the
type that have been used to understand output persistence, can lead to different implications for
optimal policy, even though they exhibit a kind of macroeconometric equivalence.

Specifically, by introducing time dependence in preferences, several authors have claimed
that one can improve the match of the model to the hump-shaped and persistent responses of
output to nominal and real shocks found empirically. Two different types of time-dependence—
internal and external habit formation—exhibit similarities in loglinear dynamics and empirical
fit at the aggregate level, but are associated with different optimal monetary policies. In DSGE
models used for monetary policy analysis, one can find both types of habit formation. Thus, Smets

and Wouters (2003) use external habits, while Fuhrer (2000), Amato and Laubach (2004), and

12



Christiano, Eichenbaum, and Evans (2005) favor an internal-habit specification.!!

The welfare implication is that external habits (“catching up with the Joneses”) puts an
externality into consumption patterns (Ljungqvist and Uhlig, 2000). A typical household does not
internalize the fact that its own increase in consumption will trigger higher consumption demand
by other households. This externality will, however, be taken into account by the social planner

and so will have important implications for optimal steady-state inflation.

4.1.1 Two Mechanisms: Internal vs. External Habits

We encompass internal and external habit specifications by generalizing utility to:

B étlfa -1 NtlJrX (%)171/

U; o

1—-0 X01+X

(14)

1—v
where C; = C; — #Cy_1,0 < ¢ < 1. With internal habits, the household considers its own past con-
sumption in deciding how much to consume today; so in this case Cy_1 = C;_1. This specification
corresponds to the one originally introduced by Constantinides (1990) and the setting of o = 1 was
used by Christiano, Eichenbaum, and Evans (2005). With external habits, C;_1 corresponds to the
prior aggregate consumption, taken parametrically by the representative household.

Other than their effect on consumption decisions, habits impact the aggregate supply block
of the model; see e.g. Amato and Laubach (2004) and Dennis (2005). We concentrate here on
implications for the IS equation. Define an indicator function so that 6§ = 1 implies internal habits,
and 6 = 0 external habit. Then, with Y; = (Y, the loglinear IS curve is:

vy — (14+089) i1 + 08¢ Eyxyio = — ! ; ¢ [re — Eymysi] (15)

where x; = (y — ¢y4—1) represents quasi-differenced (log) output, and we define the parameter
0 =0(1—0B¢)"L. In the case of external habits (6 = 0), the preceding expression collapses to a

second-order expectational difference equation for output, corresponding to the IS expression (1)

discussed in the introduction (with parameters o = %, af = ﬁ, and p = %)
In the case of internal habits (f# = 1), expression (15) can be written as a third-order

expectational difference equation in ¢; (being a second-order equation in x;). This involves a term

! Amato and Laubach (2004) and Fuhrer (2000) used a ratio representation—like Abel (1990)—while Christiano,
Eichenbaum, and Evans (2005) use an additive specification—as in Constantinides (1990).
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affecting the expected, at time ¢, value of consumption two periods ahead, i.e. Eicito (equivalently,
Eixiy9). This implies that the appropriate IS curve specification depends on how habit formation
is modeled, with both variants leading to the presence of a ¢;_1 term, but the external-habits
parameterization embodying an exclusion restriction on Ejcita.

Put differently, neither specification introduces new state variables relative to one another,
but each implies different restrictions on (values for) implied solution coefficients on the state
variables. But as found by Dennis (2005) from an aggregate empirical perspective, it is extremely
difficult in practice to distinguish between internal and external habits. The aggregate fit of the
two specifications seems to be too close to deliver a clear-cut superiority of either one. In that

sense, they are nearly macroeconometrically equivalent.

4.1.2 Implications for Steady-State Inflation

The case of time-dependent preferences, either from internal of external habits, does not change the
impact of inflation on the average markup and on relative price dispersion. These two distortions
only depend upon the real interest rate, the probability of changing prices, and the elasticity of
demand. This implies that the expressions for P*, A, and M C remain those displayed in the second
column of Table 1.

Habits matter for the aggregate level of consumption and therefore welfare. In particular,

with nonzero steady-state inflation, the social-planning consumption level is given by:

_ [MC(l - quﬁ)} o (16)

XoAX(1 — ¢)7

The preceding expression can be decomposed as:

[ MC 17 [1=06817% _ on <
o= load) e =oma

where C™ corresponds to the consumption level implied by the baseline model—see e.g. Table

1—and A" is an extra term implied by time-dependent preferences. In the case of internal habits,

1
P l1—0o
we have A" = [d:ﬁfa] “™ which, as f — 1, can be written as A" = (1 — ¢)7¥x. External

habits produce a welfare externality of a higher level of steady-state consumption: ie., AP =
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(1-— ¢)70%X > 1. For a given labor supply elasticity, x, this overconsumption depends positively
on the habit parameter, ¢, as well as the degree of risk aversion, o.

In Figure 3 we display optimal steady-state inflation with internal or external habits, for
different values of the habit persistence parameter ¢. Allowing for internal habits changes the
nature of the stochastic discount factor but does not introduce any new distortion to the social
planning problem. Therefore, optimal steady-state inflation depends only on the monetary and price
frictions. As can be seen from Figure 3, external habits substantially alter steady-state optimal
policy. With strong external habit formation, optimal steady-state inflation becomes close to zero
and even slightly positive, notwithstanding monetary frictions and low price stickiness, reflecting

the planner’s desire to hold down the tendency to excessive consumption and output levels.!'?

4.2 Risk-Sensitive Preferences

The Euler equation for consumption is the basis for the IS curve in New-Keynesian models. But,
as Sargent (2007, p. 50) observes, “A long list of empirical failures called puzzles come from
applying... that Euler equation. Until we succeed in getting a consumption-based asset pricing
model that works well, the New Keynesian IS curve is built on sand.” That is, this IS function
cannot account for important financial market regularities. The standard case (hereafter called
“expected utility”) cannot explain the large premium priced into risky assets and cannot explain
the high volatility of returns on long-term assets.

Recognizing the vulnerability of the expected utility specification, in this section we examine
the implications for monetary policy of Epstein-Zin (1989) (risk-sensitive) preferences; in so doing,
we demonstrate another case of macroeconometric equivalence and microeconomic dissonance. To
our knowledge, this section provides the first attempt to integrate the Epstein-Zin framework into
an otherwise standard sticky-price New Keynesian setup.

The notable feature of Epstein-Zin preferences that they admit a distinction between the

coefficient of relative risk aversion and the intertemporal elasticity of substitution in consumption.

2Chugh (2004) discusses the possibility of the suboptimality of Friedman deflation in the presence of catching-up-
with-the-Joneses preferences. But he also reports that the optimality of the Friedman deflation rule prevails in the
presence of internal habit formation.
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They therefore offer the attraction of being able to match both securities market facts—i.e., low
risk-free real interest rates—and equity market facts—i.e., the equity premium puzzle (see e.g.

Tallarini, 2000; Brevik, 2005).

Households Bringing real balances into the single period utility function, we use the
specification of preferences in Tallarini (2000), defining the representative household’s preferences

recursively as:

M.
U=V, + élog(Et[exp(aUtH)]), Vi =log Cy + polog(l — Ny) + 1y log(?tt), (17)

(1-8)(1-¢)

where o = oo

, while ¢ captures relative risk aversion attitudes. This specification assumes
that the elasticity of intertemporal substitution is 1, while ¢ governs preference for resolution of
uncertainty. In the limit of ¢ — 1, preferences coincide with the expected utility case. When
¢ > 1, the household is more risk averse relative to the expected utility case (i.e., the concavity
of exp(cU;41) increases risk aversion without affecting intertemporal substitution). In this case,
agents prefer early resolution of uncertainty, and thus will require compensation for long-run risk.
The opposite holds for ¢ < 1.

We follow Uhlig (2006) in characterizing the optimal plan for the representative household.

The plan consists of maximization from period 0 of intertemporal utility, subject to the evolution

of preferences, expression (17), and the flow-budget constraint for period ¢:

B; + M, W,
]+Mt+1=tTt+?;Nt+Dt—Tt, (18)

B
Ci + Ei[Qt 141 Pt+1
1

where B;y1 denotes a portfolio of nominal state contingent claims in the complete contingent claims
market, Q¢ ¢+1 is the stochastic discount factor for computing the real value at period ¢ of one unit
of consumption at period t 4+ 1, W; is the nominal wage rate, T} is the real lump-sum tax, and Dy

is real dividend income. The first-order conditions with respect to U, Ct, and By lead to:
Qo =1 (19)
Qt = Qt—lXUt7 for ¢ > 1 (20)
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A = QP (21)

Py Ay, B
E R =F R =1 22
[Qt,t4+1 tPt—i—l] ¢ (8 A, tPt—i—l] ) (22)
where ®; = %’ and we have defined Xj;; as the ratio:
U,
Xy = —lol) (23)

- Et,1 [exp(aUt)] ’

where €, and A; are Lagrange multipliers on constraints (17) and (18), respectively. Expression (22)
gives the optimality condition for bond holdings, where the stochastic discount factor is Q41 =

B Aj\—:l With R; the (gross) risk-free nominal short-term rate of interest, combining (20)-(22) yields:

D1 Py, B
E =1 24
t{ﬁ Q Dy RtPtH (24)

which generalizes the standard expected-utility version of the Euler equation. The Lagrange multi-
plier £; incorporates the impact of risk aversion on the marginal intertemporal rate of substitution
of consumption. To see this more clearly, note that with specification (17) the consumption opti-

mality condition (24) can be written as:

- { i) () s } -t >

The model also implies standard equations for labor supply and money demand,

L-N)' W

g, 7, (26)
-1
" (Zﬁ) — (- B, (27)

Intermediate Firms As in the prototypical model, optimal price contracts, ﬁt*, can

be written as P/ = 551%7 where the expressions for Zj; and Zs; are given by Z3; =
1t

BEE, {A;—jlng;}zm} 4 Cy, and Zoy = BEE, {A;jlng HZQM} + C,MC;. Using expressions (20),

(21), and (23), and proceeding as before, it is possible to rewrite the preceding expressions for Zu
and Z?t as: Z1y = BEL, {XUt+1H,:iZu+1} +Cy®; and Zyy = BEE; {XUt+1H§+1ZQt+1} +Ci M Cy®y;

where th = <I>t21t, and ZQt = (I)t'Zv%.
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From these expressions, it follows that Epstein-Zin preferences alter price setting in the
economy by changing the stochastic discount factor; this now incorporates the extra compensation

for long-run cash-flow risks associated with the limited scope to change prices. This is captured by

exp(oUt41)

the term Xy = Eilexp(aUss1)]"

Loglinear Approximation Under non-expected utility, a loglinear approximation
around the steady state delivers the prototypical New Keynesian equations. To see this, note
that profit maximization leads to the following loglinear conditions: 21y = £8Fy[(e — 1)f[t+1 + Z1t11;
2o = §ﬂEt[eﬂt+1 + Zop1] + (1 — ,Bf)MCt; and P = 394 — 21 = ffgﬂt. As a result, we arrive at a

standard New Keynesian Phillips curve:
T = H(C't - At) + BE;[mq1]

where k =

(1_6)(;_5’8) (XO+MC). With Y; = Cy, the loglinear IS equation is given by:

X0
Gt = B[] — (B — Ey[ftei1])

which is the same as that arising from the logarithmic-preferences, expected-utility case (i.e., it

corresponds to expression (1) in Section 1 with p =1 and oy = 0).

4.2.1 Optimal Policy

In this section we characterize optimal monetary policy under commitment. Before characterizing
the problem, it is convenient to rewrite the relevant restrictions into a more parsimonious form.
First, we assume that the production function is linear in hours, which implies that total hours, V¢,

can be written as Ny = A;hCz , where we have used the aggregate resource constraint Y; = C;. Second,

My :( voCy

. . . o p—1. .
using expression (27), we can write real balances as P =R ), where R;; = R, "~ is the inverse

of the (gross) nominal interest rate. Third, real marginal cost is given by MCy = MCy(i) = AVtV]gt
and, using labor supply expression (26), it follows that MCy = %.

Using the previous simplifications, the constraints on the social planner are:

U= (14 1) log Cy + polog(l — ACy/As) + vo log( )+ glog(Et[exp(aUtH)]), (28)

Vo
1—- R,
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exp(oUs+1)

B —2 7 o-lppt = R; c! 29
5 t[Et[exp(aUtH)] t+1 t+1] A ) ( )
~ €
Zub = Zat, (30)
e—1

exp(oUt+1) et
1t = BEE | —————+———-T1I ;1 Z 1 31
1t = B¢ t[Et[eXp(aUt+1)] 1211 + 1, (31)

exp(oUi+1) . e

Zop = BEE | ———-——-1I; { Z _— 32
2t ﬁf t[Et[eXp(UUt+1)] t+1 2t+1]+At_AtCt7 ( )

as well as (3) and (4).

Therefore, the Ramsey problem, along the lines of Uhlig (2006), is characterized by the state-
contingent maximization at period 0 by a benevolent social planner of intertemporal household
utility subject to (28)-(32), the evolution of the relative price distortion (3), and the inflation
equation (4). We give below the first-order conditions of the social planner’s problem with respect

to Ut) Ri,t7 Ct) th7 Zzt7 ]51‘/*7 Ht7 and At:

Qo =1 (33)
Qt = QtleUt; for ¢ Z 1, (34)
ApCit = (—2 )0 (35)
Ity 1_ Riyt ty

_ Q SOOCtAt SOOAtAFt
C72(ApRiy — AL X)) = =[-8 (1 B s L 36
v (AR — A1 Xuy) Ct[At_AtCt ( +Vo)]+(At_AtCt)27 (36)
AFlt(Pt*) + Ath - gAth—lngilXUt = 07 (37)

€
— 1AF1t - AF3t - é-AthlegXUh (38)
e(P)~! () 2 _
AR1t+( e—1 )AR2t+((1_£)(€_ 1))AF115 _07 (39)
A
Zt 1XUt +&(e — DI (Apy—1Z1¢ X + ARyt) + €§H§+1(AF3t71Z2tXUt + Apy,eAi—1) =0, (40)
. € 1 _ 00C't CiApyt

Ath ﬁfEt[AR2t+1Ht+l] - At _ AtCt (Qt + At _ AtC’t)’ (41)

where Qy, Are, Aryt, Aryt, Aryt, ARyt, and Ap,; represent the Lagrange multipliers associated with

constraints (28)-(32), plus (3) and (4), respectively. Under Ramsey policy, the initial value of the

Lagrange multipliers A;_;, Ap,—1, and Ap,_; are set to zero.13

13Levin, Lépez-Salido and Yun (2007b) show that optimal monetary policies under Epstein-Zin and expected utility
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Irrelevance of Recursive Preferences for Steady-State Optimal Inflation Rate
It is straightforward to show that the optimal steady-state inflation rate is the same in models with
non-expected and expected utility. Specifically, we assume that A, = 1 fort =0, 1, ---, co. With
no shocks in the economy, we have Xy = 1 fort =0, 1, - -+, co. This in turn implies that ; = 1
fort =0, 1, ---, co. In this case, the optimality conditions specified above turn out to be identical

to those obtained in a model with the corresponding expected-utility preferences.

4.2.2 Optimal Policy in the Stochastic Economy

First-Order Approximation to Optimal Policy Differences with the expected-utility

case quickly emerge when we consider loglinear dynamics under optimal policy, That is, while the
structural IS equation is equivalent to that under expected utility, the underlying welfare function
is not, and so neither are the policymaker first-order conditions that help determine aggregate
dynamics.

We loglinearize the optimality conditions of the social planner’s problem, assuming that
the steady state is distorted by the presence of monopolistic competition, and therefore does not

14" Here, we abstract from the presence of voluntary fiat-

correspond to the efficient allocation.
money holdings in order to simplify the analysis of the first-order dynamics of the optimal policy.?
It is worth noting that under this assumption, the Lagrange multiplier for the social planner’s
optimization turns out to be constant in the case of expected utility. Thus, the difference between
expected utility and Epstein-Zin preferences is that O, =0fort= 1, .-+, o0.

We use several parameter choices of Tallarini (2000), who simulated his model under a

risk-aversion parameter set, ¢: (1, 10, 25, 100).'0 We set 8 = 0.9925, ¢ = 10, and ¢y = 2.97, as

a benchmark parameterization. In addition, the logarithm of aggregate labor productivity follows

preferences are identical in the presence of a fiscal policy that offsets the monopolistic distortion. But this does not
mean that the implementation of the optimal allocation in the two economies is identical. In the stochastic economy
with an initial relative price distortion, the optimal transition path of the short term nominal interest rate will differ
across the two models.

148ee the Appendix for details.

15This implies that the optimal steady-state inflation rate is zero.

'S Tallarini (2000, Table 5) simulates with two sets of (8, ¢o): (8 = 0.9926, po = 2.9869) and (8 = 0.9995, @o =
3.3050).
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log A; = 0.95log A;_1 + €, where ¢ is i.i.d. white noise.

As Tallarini (2000) shows, the coefficient of relative risk aversion in this specification of
household preferences is (¢ 4+ ¢g)/(1 + ¢p). This means that the coefficient of relative risk-aversion
is 1 with expected utility and 3.26 with Epstein-Zin preferences, so the latter implies higher relative
risk aversion.

Figure 4 compares optimal policy under Epstein-Zin preferences with that under expected
utility in terms of dynamic responses of output and inflation to an exogenous increase in labor
productivity. These responses are more volatile with expected utility. The social planner is more
risk averse when there are Epstein-Zin preferences than when there is the corresponding expected-
utility specification, and so permits fewer fluctuations in output.

We have shown that, up to a first-order approximation, the optimal monetary policy re-
sponse to transitory technology shocks is affected by the presence of risk-sensitive preferences. But
if we had allowed for an employment subsidy that undid the steady-state monopoly distortion, then

there would be no differences, up to first order, in optimal monetary policy.

5 Conclusions

In this paper we have shown the consequences for optimal steady-state inflation of models which
exhibit macroeconometric equivalence and microeconomic dissonance. We presented alternative
versions of the standard New Keynesian model that are isomorphic in their implied linearized
macroeconomic dynamics, but whose underlying microeconomic differences return to the surface
when optimal policy is analyzed in a fully nonlinear setting. The mechanisms we contemplated
were alternative sources of inflation and output persistence. We also considered the implications
for optimal monetary policy of some more novel and relatively unexplored mechanisms involving

real rigidities and risk-sensitive preferences.
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Appendix: Characterization of Ramsey Optimal Policy Problem under

Alternative Underlying Preferences and Price Settings

1. Indexation and Myopic Price-Setters

1.1.Indexation

Intermediate firms not allowed to change prices here update their prices based on lagged
inflation. We let v denote the degree of indexation, expressed as a fraction. The Ramsey optimal
policy problem is the state-contingent maximization from period 0 by a benevolent social planner

with the following objective function:

o(l—v)

1—v

N | A Cp) X ,CO, v (1=Riy)~ v —1
SR ON L G OBy
= -0 + X 1—-v
The constraints of the social planner’s problem are
BE{C AT ] = RitCy7, (43)
~* €
th-Pt = € — 1Z2t7 (44)
70 i1, eq -0
1t = BEE[( I ) Zua] + G0, (45)
t
II
Zor = BEE(E) Zave) + 00 C A, (46)
t
. H*\1—e Ht e—1
1=(1-(F) +§(HT) ) (47)
t—1
D*\—€ Ht €
Ar= 1= OF) ™ + &7 ) Ae-1. (48)
i—1

From the previous constraints it is straightforward to obtain the expressions presented in
Table 1 of the text that characterize the steady state of the model under no monetary distortions.

First-Order Conditions for the Optimal Policy Problem

Given the characterization of the optimal policy problem specified above, we now present
its first-order conditions. The first-order conditions of the social planner’s problem with respect to

R+, Ci, Z1t, Zo, Pt*, II;, and A; can be written as follows.

1
vy o(l1—v)

A= ()0, 7 (1= Rif) 7, (19)
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! g-1 A1

ovl Cy o(AreRit — )
1— 0 L A — D) Apy =
o O e e T - D=0, (50)
% 11 e—1
AFlt(Pt ) + AFQt - gAth—l(HT) - 07 (51)
t—1
€ IT; .
AR = Ape - §AF3t71(H£1) ; (52)
(1= &)[(e = DApyt + e(PY)  Aryel + (PF) Z1Apye = 0, (53)
o, +&(e— 1)(1_[?_1) S + €§(Hf_1) Soy = S3¢ + S, (54)
II
Ar(Arot = BEEARori1 (T )T) = X0 (ArC) X+ xC T AY ARy ), (55)
¢

where Ar, Apt, Ay, Aryt, ARy, and Ap,s represent the Lagrange multipliers associated with

constraints (43)-(48); and where J;, S1¢, Sat, S3t, and Sy are defined as follows:

Jr = xo(A;TXCT™X 4 (1 4+ X)CTXAX A Ry,), (56)
S1t = Aryi—1Z14 + ARty Sot = Apgi—120t + ARyt i1, (57)

B Hi1,eq _ g1
Ssr = £Pv(e — 1) Ap By [( ) Z1i41], Sar = EPveApy Bi[(——) Zat41]- (58)

11y 11y

1.2.Myopic Price-Setters

In this economy, a fraction of firms, 1—w, behaves optimally when making price decisions,
but the remaining fraction of firms, w, use a simple, backward-looking rule of thumb when setting
their prices. The rule-of-thumb price-setters follow the same pricing rule as used in Steinsson
(2003). The difference from Steinsson is that our model does not use the yeoman-farmer setup,
while Steinsson has assumed that each household specializes in the production of one differentiated
good. Our choice means that all cases analyzed in this paper fall into the same general setup. But
the difference from Steinsson does not have any impact on the specification of the loglinearized
Phillips curve. The optimal policy problem is the state-contingent maximization at period 0 by a
benevolent social planner of utility function (42). The constraints of the social planner’s problem
are (43), (44) and

Zyy = BEBII 1 Z1ga) + CF 0, (59)
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Zoy = BEBITS 1 Zop 1] + xoC} XA, (60)

1= (1= &1 —w)(F)'7 +wX] ™ + €, (61)
Ar= (1= 1 —w)(F) ™+ wX; ]+ €A1, (62)
X=Xy (Pfy) (G /Oy, (63)

where X; is the real price at period ¢ of rule-of-thumb price-setters and w is the measure of rule-of-
thumb price-setters. From the previous constraints it is straightforward to obtain the expressions
presented in Table 1 of the text.

First-Order Conditions for the Optimal Policy Problem

Given the characterization of the optimal policy problem specified above, we now present
its first-order conditions. The first-order condition of the social planner’s problem with respect to

R+, Cy, Z1t, Zo, ]5t*, II;, and A; can be written as follows.

1
l/; o(l—v) _
An= ()0, 7 (1= Rif) 7, (64)
Ve A

(Zoyop o(AnRiy — =) BOCT L ARyt i1]
1—J+—2% — + L=+ (00— 1D)Apy = - 2 65
t (1 _ Ri’t) 1V Ct ( ) ot (Ct )6 ( )
Ape(PF) + Ay — EApy 1151 =0, (66)

€

- 1AF1t = Apye — EApy 1105, (67)

B -1 (PH)Zulpe Apgr1 (P)) T XP Ci s

Ctio-AItfl e—1 € _
T + f(e — 1)Ht (AFZt_lth + Ath) + Ggﬂt(AFg,t—lZQt -+ ARQtAt_ﬂ =0, (69)
Ay(Apyt — BEEA Ry 11 T151]) = xo{(ACH) X + xCy X AX A gy}, (70)

B Ap., XE A (P*)lwae-i-w—l C
_ 1 RstA¢ Rat+1\1¢ t Y
(€= DA+ X, A+ GR5E = St @@
where J; is defined as

Je = Xo(A;XCTX 4+ (14 ) CT X AY ARy, (72)
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2. Time-Dependent Preferences The following formulation of an optimal policy prob-
lem takes into account both external and internal habits. The optimal policy problem is the

state-contingent maximization at period 0 of a benevolent social planner with the following utility

function:
fe'e) 1—v _1l=v _1-v
(Ct — ¢Ct_1)1ia -1 (Atct)1+x 12 (I)t v (1 — R; t) v —1
E — : .
I X0t S — — L)
The constraints of the social planner’s problem are
BE(®ell ] = Rip®y, (74)
~ €
Zub = Zot, (75)
e—1
Z1y = BEEYIIS ] Zpaa] + Cy®y, (76)
Zow = BEEY Ty Zory1] + xoC; XA, (77)
L= =)+, (78)
Ap= (1= &)(B) ™ + €A, (79)
D = (Cr — ¢9Ci-1)"7 — 0BE[(Cry1 — ¢Ct) 7). (80)

®; is the shadow value of wealth for the representative household. The difference between external
and internal habits is concentrated in the specification of ®;, with 6 = 1 corresponding to internal
habit and @ = 0 external habit. With this formulation of the optimal policy problem, the difference
between habit specifications shows up in its constraints. This formulation brings out the fact that
the social planner wants to internalize the consumption externality from external habits that arises
in decentralized economies.

First-Order Conditions for Optimal Policy

The first-order condition for the social planner’s problem with respect to R;, Cy, Z1¢, Zo,

15t*, II;, A¢, and ®; can be written as follows.

AItZ(VO



Do+ Vir = xo(CLA)XAL + (X + 1) xoCr AN Ayt + Pl gy, (82)

AFlt(Pt*) + Apy — fAFQt—lﬂfl =0, (83)

“—Are = Mgy — €A gl (84)

ARy + (6(6135)11 JA Ryt + (%)Aﬂt =0, (85)

OyArp1 + (e — DI (Apyr—1Z10 + Apye) + €€T T (Apyr—1Z0 + Ay Ai—1) = 0, (86)
ARyt = BEEA Ryt 1111 41] = xoCF M AY AL + XA ), (87)

Aryt = RisAg, — A TE 4 Gl + (v f0)®; 7 (1 — Ryy)~ 5", (88)

where V4 and ®; are defined as:
Vir = 0[(Cr = ¢Ci1) TV (ARye(1 4 09%8) — 06A Ryt 1) — BOE(Crpr — ¢Cr) ™V Apgy1a]]

Oy = (Cp — ¢C1—1)" 7 — BOE[(Cyg1 — ¢Cy) 7]

3. Loglinear approximation of the optimal policy under Epstein-Zin Preferences
We present a loglinear approximation around the steady state in a model without money. This
substantially reduces the algebra since, under this assumption, the optimal inflation is equal to
zero. We first note that the Lagrange multiplier of the social planner’s utility is not constant over

time so that its evolution can be described by:
Q=1 + Xy (89)
where Qy = 0 and Xy is proportional to the utility surprise in period ¢ :
Xui = o(Uy — By [Uh)]) (90)
00 = (1~ MO)O, + MCA] + BT (o)

The Lagrange multiplier for the social planning problem is constant in the case of expected utility.
The following equations correspond to the optimality conditions that hold in the case of Epstein-Zin

preferences.

Qt = l‘ic(ét — At) + ]\th (92)
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€ o~ A § s 2
App+ el g ?2 I Xvet Ame1) =0 (93)
- A
Apy = 1 532 1 f f(XUt + €Il 4+ Apy 1) (94)
eAgr 21 A A R
#pIly + Ap, AR, + 2 1AR2t + %(Aﬂt +21¢) =0 (95)
ARyt — BEE i1 4+ Apyry1] = kr(Cr — Ap) 4+ (1 — €8)(nQ% + (1 — n)Apyy) (96)

ko Xue + Ky (31t 4 A1) 4+ ry Aryt 4+ 6l + £y (Apy—1 + 220) + KRy ARy = 0 (97)

where Ki7, K11, KFy, KR,y KFy, KR, are defined as

A A A A
kp = Ap21, KR, = ARy, kT = (Armzz + R2)7F':F3 =22 FS,F&Rz == B2 = KFy + Ky
e—1 e—1 e—1
_ €pp + MC(l + 6) o EAR, + 2z1AR, . ©o
Ko = s, kp=—7T"—""F7"—", 0= ——(—————
©o 1-¢ o+ Ap MC
(=852 —=n)(po + MC) (1= BE)(po + MC)
RRp = 5 Rz = .
$0 ®o

Having presented the loglinear version of optimal conditions, we now move onto their de-

terministic steady-state settings.

1-8(e-1)

_( _ 1
- 39 2 — 19 -
An " hn A = —ghn A = E(C ) =) (99)
MC C B € 21

The equilibrium conditions at the deterministic steady state with zero inflation can be written as

MC e—1 1 MC

=— N=C, MC= , = ——, Zy= 100
o+ MC e T TI-8 T 1B 100)
In addition, steady-state welfare is given by
1
U= T 5(logC’ + ¢p log(1 — N)). (101)
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Optimal Inflation (Annual %)

Figure 1: Comparison of Optimal Steady-State Inflation Rates:
Observationally Equivalent Mechanisms of Inflation Persistence
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Figure 2: Optimal Steady-State Inflation Rate: Alternative Sources of Real Rigidity
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Figure 3: Comparison of Optimal Steady-State Inflation Rates:
External and Internal Habits
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Figure 4: Comparison of Impulse Responses under Optimal Monetary Policies:
Epstein-Zin and Expected Utility Preferences
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