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1. Introduction

Leading central bankers conclude that the New Keynesian inflation targeting framework developed in the last decades
has been an effective tool for macroeconomic stabilization policy before and throughout the Great Recession. One reason
often mentioned is that the framework provides guidance on how to manage expectations, which appears to be crucial for
stabilization policy.
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However policymakers also conclude that the framework is missing important features. One of the frequently demanded
extensions is to abandon the paradigm of the rational expectations hypothesis (REH) and to incorporate heterogeneous
expectations. The reason is that policymakers regard heterogeneous expectations as a potential source of business cycle
amplification (King, 2012; Carney, 2013; Yellen, 2016).

The perceived need to incorporate heterogeneous expectations into the framework is not borne out of theoretical cu-
riosity, but is grounded in the ample empirical and experimental evidence on the presence of heterogeneous expectations
in private sector (see, Branch and McGough, 2018; Hommes, 2021, and the references therein). One conclusion that can be
drawn from this evidence is that the diversity of available forecasting models in private sector is manifold. Thus, a precise
description of the expectation formation mechanism of private sector is difficult. In light of this difficulty, we presume that
policymakers are not only interested in a New Keynesian inflation targeting framework that incorporates heterogeneous ex-
pectations consistent with one specific piece of evidence. Instead, given the uncertainty surrounding the precise nature of
heterogeneous expectations, policymakers may be interested in insights on how the trade-offs faced by monetary policy in
an economy with aggregate shocks vary with the degree of expectations heterogeneity.

Based on this idea, our paper seeks to provide an understanding of the implications of heterogeneous expectations for
the inflation output variability trade-off faced by central bankers.! For this purpose we extend the approach developed in
Branch and McGough (2009) and derive a micro-founded and stochastic New Keynesian model with extrinsic heterogeneous
expectations. Households are ex-ante identical and only differ in the way they form expectations. Households with one-step
ahead model-consistent, or, rational expectations (RE) coexist with households that have adaptive expectations (AE).? In
consequence, households with RE use a correctly specified forecasting model, while households with AE use a misspecified
forecasting model.?

We use our model to show how a central bank can design and implement optimal monetary policy under heterogeneous
expectations. In this context, we argue that there are two important and novel insights. First, a time-consistent design
should incorporate heterogeneous expectations even under discretion. This is a key difference compared to optimal monetary
policy design in models with (asymptotically) model-consistent homogeneous expectations. Incorporating heterogeneous
expectations in the policy design opens a new channel for manipulating private sector expectations that is similar under
discretion and commitment, but absent under the REH. In particular, the central bank can exert influence on AE. As a
result, in response to a cost-push shock, the larger the policy induced contraction of aggregate demand on impact, the
more pessimistic are AE in the subsequent period. In consequence, the optimal contraction of aggregate demand consistent
with the central bank’s inflation target is larger than the contraction without incorporating heterogeneous expectations
and helps to counteract the model’s heterogeneous expectations amplification mechanism. Therefore, the inflation output
variability trade-off under both discretion and commitment improves. Second, recall that gains from commitment under
the REH result from manipulating model-consistent RE. We argue that this channel of manipulating RE has to lose traction
under heterogeneous expectations. The reason is that there is a smaller portion of agents with RE, whose expectations can
be manipulated. Building on these insights, we derive several novel results and implications for optimal monetary policy
that we discuss in detail below.

The key novelty of our model is that households and firms interact in decentralized markets. Hence, the heterogeneity
in expectations in our model stems ultimately from households that own the firms. Firms expectations are the average of
their owners expectations. Given their expectations, households and firms make inter-temporal decisions. The aggregation
allows to establish a mapping from these individual decisions under aggregate uncertainty to the behavior of macroeconomic
variables such as inflation and output. Admittedly the aggregate demand and supply relationships turn out to be broadly
equivalent to the ones in Branch and McGough (2009) and Massaro (2013). However, our environment is micro-founded and
stochastic with shocks to aggregate demand and supply. Thus, our model offers two advantages first, it allows for a novel
and intuitive interpretation of the transmission of aggregate shocks and monetary policy in decentralized markets. Second,
we can rank policies based on losses due to macroeconomic volatility.

In more detail, households make utility maximizing decisions on consumption, savings and labor supply given their type
of expectations. Firms set prices to maximize profits subject to a nominal rigidity a la Calvo (1983). Moreover, price setting
depends on the average of individual household inflation forecasts. As the perceived law of motion (PLM) of households
with RE accounts for the economy’s inflation persistence induced by households with AE, there is an expectations-based
amplification mechanism. For instance, consider a transitory cost-push shock and assume that policymakers fully accom-
modate the shock. Under the REH, firms raise prices on impact, but their homogeneous expectations about future inflation
are zero. Thus, inflation increases on impact and returns immediately to zero. In contrast, under heterogeneous expecta-
tions, firms raise prices by more than would be the case under the REH even on impact, because on average they expect

1 This trade-off is also often referred to as Taylor (1979) curve, as the concept was introduced therein.

2 An alternative would be to incorporate intrinsic heterogeneity. Then one would assume that agents face a cost for acquiring model-consistent expec-
tations. In addition, following the seminal work of Brock and Hommes (1997), agents may evaluate the forecasting performance of both model-consistent
expectations and AE. Then, in each period agents would compare the cost and benefits of each model of expectation formation. However, then the cost
and the intensity of choice would emerge as free parameters that pin down the distribution of model-consistent and AE.

3 We limit the analysis to RE and AE for two reasons. First, the presence of a significant share of AE in private sector is a robust finding in both empirical
and experimental work (again, see Branch and McGough, 2018, and the references therein). Second, our model nests the representative agent model under
the REH as a natural benchmark.
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future price changes due to the influence of AE. Moreover, average expectations are persistently high, which implies a per-
sistent response of aggregate inflation. As a result, the heterogeneous expectations model exhibits more price dispersion.
Impact effects and the transition toward the steady state are amplified and the inflation output variability trade-off is less
favorable.

Next, the central bank is assumed to implement the optimal policy via an expectations-based reaction function.* A
key objective of this paper is then to compare the resulting inflation output variability trade-off and the implications of
expectations-based reaction functions for the central bank’s loss function depending on the degree of expectations hetero-
geneity. However, as we are explicit about the reaction function that the central bank uses to implement the optimal mone-
tary policy, the determinacy properties of the reaction function have to be examined. Determinacy throughout the parameter
space cannot be taken for granted. The reason is that, in principle, a reaction function can be associated with possibly in-
finitely many different equilibria, including the one consistent with the optimal monetary policy (see, Woodford, 1999).
We address this ‘stability problem for optimal monetary policies’ (Evans and Honkapohja, 2003) by following Evans and Mc-
Gough (2007). We constrain the optimal interest rate rules to yield a determinate equilibrium under three commonly used
calibrations. This ensures that our results remain valid among several calibrations.

Our main results can be summarized as follows: (i) without commitment, determinacy can only be obtained in part
of the structural parameter space; (ii) relative to the REH benchmark, the amplification mechanism under heterogeneous
expectations increases central bank losses due to aggregate shocks irrespective of the particular policy; (iii) the inflation
variability trade-off moves outward in a non-monotonic manner with the share of AE; (iv) the higher the central bank’s
preference for output stabilization the larger the losses for the central bank; (v) commitment is less effective under hetero-
geneous expectations than under the RE benchmark, but still, many of the potential hazards of heterogeneous expectations
can be either eliminated or mitigated, and, most surprisingly, determinacy is guaranteed throughout the structural parame-
ter space among all calibrations. Overall our analysis confirms the conjecture by Eusepi and Preston (2018, p.52) that ‘[t]he
efficacy of monetary policy might be compromised by heterogeneous expectations... ".

We reach several policy implications from our findings. First, a policy design should incorporate expectations heterogene-
ity, because ignoring this heterogeneity is not time-consistent and inefficient. Second, the use of ad hoc loss functions under
heterogeneous expectations has many practical advantages relative to a model-consistent loss function, but the resulting
optimal policy does not guarantee determinacy. Third, obtaining credibility to be able to commit is highly important for a
benevolent central bank as discretion is outperformed by commitment along several new dimensions. Commitment has a
stabilizing effect, as it allows to manipulate RE and to counteract the heterogeneous expectations amplification mechanism
to some extent. Fourth, under discretion, it is always optimal for the central bank to hire a central banker that is more
hawkish than the central bank itself, but not overly hawkish. The latter can result in worse outcomes of the loss function
relative to not hiring such central banker. Fifth, if the central bank overestimates the share of households with RE in the de-
sign and implementation of policy, losses increase. The opposite is true if the central bank underestimates this share. Finally,
our results suggest that welfare analyses under the REH understate the true welfare losses in a world with heterogeneous
expectations.

The remainder of this paper is organized as follows. Section 2 outlines the model and discusses the amplification mecha-
nism implied by heterogeneous expectations. All considerations regarding the design and implementation of optimal mone-
tary policy are elaborated in Section 3. The main results and their policy implications are discussed in Section 4. We connect
our paper to the related literature in Section 5, while Section 6 concludes.

2. The model
2.1. Households

The economy is populated with a continuum of infinitely lived households. All households are ex ante identical except the
way they form expectations. For practical purposes, we assume that each household i € [0, 1] can be of one of the two types
y € {1, 2}. Similar to the Euler Equation approach (see Honkapohja et al., 2013), both types form one-step ahead subjective
expectations. Average expectations for the output gap, x;, and inflation, m;, are

Exeet = XElXei1 + (1= X)E2Xei1 = XEXeyr + (1 - x)0%%_;.  and (1)

Etnt+l = XE[IT’:{-H +(1- X)E[27Tt+1 = XETe1 + (1 - X)927Tt—17 (2)

with coefficient 6 > 0 and y [0, 1] is the share of agents with expectations of type y = 1. Following Branch and Mc-
Gough (2004), one can think of type y =1 as anticipatory or forward-looking behavior. In particular, these agents have
one-step ahead RE, i.e., their PLM is model-consistent. Expectations y = 2 show reflective or backward-looking behavior. The
latter may be purely adaptive/mean-reverting (0 < 6 < 1), naive (6 = 1), or extrapolative[trend-setting (6 > 1).

4 Evans and Honkapohja (2003, 2006) show that this reaction function leads to a determinate REE that is stable under adaptive learning in homogeneous
expectations models throughout the entire range of structural parameters. Moreover, Gasteiger (2014) has shown that the determinacy result carries over
to the deterministic Branch and McGough (2009) model for the commitment case.
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A household i consists of two decision makers, a worker and a consumer. The worker supplies one differentiated type
of labor, N;(i), on a perfectly competitive labor market in order to earn labor income in each period t. The consumer is
responsible for the inter-temporal decisions of the household. This involves the optimal choice of real consumption, C; (i),
and bond holdings, B;(i). Households are also the shareholders of the continuum of firms in the economy, i.e., a household
i earns nominal lump-sum profits denoted Y¢ (i) from the non-tradable share in firms.

Households have a life-time utility function of the form

EY LS UG ). Ne(i)) §.

t=0

where 8 € (0,1) is the period discount factor. As is common in the learning literature, both types of agents do not ob-
serve contemporaneous aggregate endogenous variables. They hold subjective expectations about unobserved variables and
given these expectations they choose (C: (i), B (i), Nt (i))foo to satisfy their perceived Euler equations (see, e.g., Branch and
McGough, 2009, p.1039).°> Each household’s instantaneous utility is given by

G N
(-0) (+¢)

where ¢ > 0 is the inverse of the inter-temporal elasticity of substitution of consumption and ¢ > 0 is the inverse of the
Frisch elasticity of labor supply.
C;: (i) denotes the usual Dixit and Stiglitz (1977) continuum of differentiated goods, with individual good j € [0, 1], defined

as
1 e—1 é
qmz(fo cr(i,nedj) :

where G (i, j) is real consumption of good j by household i and € > 1 is the price elasticity of demand. The corresponding
aggregate price index can be defined as

: o
ﬂz</0 ﬂ(j)“dj) ,

where P (j) is the price of good j. Likewise the demand for good j by a household i, that maximizes his consumption basket
for any given level of consumption expenditures, is (e.g., Walsh, 2017, p.321ff.)

G j) = (”flﬁtj)

In what follows, we will consider the cashless limit as in Woodford (2003a, p.31ff.), abstract from government spending,
and assume that dividends are lump-sum, i.e., Y¢(i) = Y¢. Thus, household i is constrained by the nominal flow budget
constraint

PG (i) + E[V{Qt\t+l}Bt (i) + I (D) < WeNe (@) + Be_1 (D) + Ipe (i) + Yt (4)

In real terms this is

G () + Ety{QtItJr]}

UG D). N (D)) =

)_ G, Vjelo,1]. (3)

Bi() | leed) Bi®pa | I Mo

R R Py TR TR

where I;_; ; = B/P,_; is the gross inflation rate from period t — 1 to t.

Constraint (4) suggest that household i earns income from labor, one-period bond holdings, insurance payments, Ip; (i),
and profits respectively. This income is spent on consumption, one-period bond holdings at price Q. (the nominal
stochastic discount factor), and insurance contributions, Ic(i).

In Appendix B we demonstrate that assuming complete financial markets is not sufficient for perfect risk sharing among
agents. In fact, agents face two kinds of uncertainty, aggregate shocks and the idiosyncratic labor income risk due to the
Calvo (1983) pricing assumed below. This implies that agents may have differing expectations about their expected real
income. As a consequence, the model would lose tractability. In particular, the analysis could no longer focus on two agents,
each one representative for their type y # y’. This can be avoided by introducing an insurance mechanism.®

W, .
=< tNt(l) +

t

(5)

5 An alternative modelling approach is the Infinite Horizon approach as applied in Massaro (2013). The approach assumes that agents have an infinite
horizon for forecasts and decision rules. This enables aggregation under less restrictive assumptions on higher-order beliefs of agents. Thus, the approach
in Massaro (2013) can be viewed as a generalization of the approach in Branch and McGough (2009) and herein.

6 Such insurance mechanisms are often used in sticky information models that base the derivation of the New Keynesian Phillips Curve on the assump-
tion of inattentive agents instead of sticky prices. Some remarks regarding the insurance mechanism we are going to use are provided in Mankiw and
Reis (2007). An alternative way of providing income insurance would be to assume that each household consists of infinitely many members with a similar
type of expectations and these members pool the incomes.
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We will assume that at the outset of period t = 0 the household’s consumer signs a contract with an actuarially fair
insurance agency. The contract obliges the household to contribute its dividends, i.e., Ic;(i) = Y¢. In return, the agency guar-
antees each household the average nominal income of their type y via an individual payment. This payment depends on the
individual labor income, i.e., Ip; (i) = Ptd>2’ — WiN: (i), where <1>2’ is the average real income of type y.” The latter is given
by

(g Te(yditff WeNc(ydi) (X Yot J§ WeNc()di)

7 P fory =1, and
o =
(f; T ()di+ /] W[Nf(i)di) _ (0T NG ,—2

(=x)P - =)k
It follows that aggregate nominal income can be expressed as the sum of dividends and the aggregate wage bill

X 1
ﬂd%:ﬂ(xcbé+(1—x)d>?)=n+w[</o Nt(i)di+/ N[(i)di>=P[Yt,
X

which makes use of Yy = PY; — W;N¢, i.e., nominal income stems from dividends or labor. Notice that the insurance contract
has further implications. The payment that a household’s consumer receives, given his type, is

Yo+ MERON N (i) = T+ W[<7f°x Nodi_ M(i)) for y =1. and
o/ (i) = - (6)
Y+ w WiN, (i) = Y +Wf(fx(]”j7§>f' —Nt(i)> for y = 2.
For each type in (6), the payment consists of the sum of the share in aggregate profits and the difference between type-
dependent average and individual labor income. The second term captures the key of the risk-sharing mechanism imple-
mented via the insurance contract. Thus, while (5) is the relevant constraint for the household’s worker, the relevant flow
budget constraint for the household’s consumer can be rewritten as

R )

Households are assumed to maximize their utility subject to a sequence of flow budget constraints. As we detail in
Appendix A.1, the optimal choices of a household’s consumer, C; (i) and B;(i)/P, and worker, N; (i), imply a household Euler
condition

O
y _FEY t+1 t %
E/{Qies1} = E] {ﬁ( 0 > ol t (8)
and a consumption-leisure trade-off
¥=Nr(i)"’Cr(i)", vt. 9)
t

These are the perceived optimality conditions of households from solving the utility maximization problem under subjective
expectations. These are behavioral rules and household choices also have to satisfy the subjective transversality condition

11m E/ {,3“"(} ()7 Quykfekin Btgkil) } =0, (10)
t+

and the ex-post inter-temporal household budget constraint.? Initially households have zero bond holdings, i.e., By(i) = 0
Next, around the steady state B(i) = 0,C(i) =Y = ®Y, 1 = 1, the flow budget constraint (7) can be log-linearized as

¢t (i) = b1 (i) — Bbe (D) + ¢ =],
where ¢ (i) = (G (i) —C())/Y, @] = (Cbg’ - ®Y) /Y, b (i) = ((B:(i)/P) — (B(i)/P))/Y and cg/ is consumption of type y in pe-
riod t. Thus,
=E{c/ ) — o (ic — E/ {mea} — p) for y e{1,2}. (11)

Note that, in equilibrium, (11) must be satisfied for both types of households and therefore there is no need to explicitly
consider individual bond holding (see, Branch and McGough, 2009, p.1041). Next, we can iterate (11) forward to obtain®

CE’ :Ety{c)o/o} _U_lE[)/ Z(iﬁ—k — k1 — P) (- (12)
k=0

7 Notice that one could alternatively assume that Ic (i) = Y¢ + W;N; (i) and then Ip, (i) = P ®] .

8 In contrast, in the Infinite Horizon approach in Massaro (2013), agents have infinite horizon forecasts and their decisions satisfy the inter-temporal
budget constraint ex-ante. As shown by Massaro (2013), both the Infinite Horizon and Euler Equation approach yield qualitatively similar results.

9 See Appendix A.2 for the details.
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2.2. Firms

There exists a unit continuum of firms where a typical firm i € [0, 1] consists of two decision makers, one for hiring and
one for sales. The typical firm produces a differentiated good j € [0, 1], and operates under monopolistic competition. Price
setting follows Calvo (1983). Thus, in each period ¢ a fraction of firms 1 — 6 receives a signal to reset its optimal price, P}.
The remaining fraction 6, cannot reset its price. This implies that the aggregate price level dynamics are given by

P=[6,PF + (1 —6)R <]
Each firm i operates with the identical technology and produces its output of variety j, Y; (i, j) = Y; (i), according to
Yi (i, j) = Y (i) = AN (i)'~ (13)
Multi-factor productivity, A, is assumed to follow the exogenous process
ar = Palr_1 + €F,

where a; = (A —A)/A, 0 < |pa| < 1, and €@ ~ iid(0, o).
Firms take wages as given and their cost-minimizing hiring decision is given by

W[ _ WtNt(l)
PMPN:(i) ~ P (1 — )Y (i)’

MPN; (i) = (1 — o)AeNe (i)~ is the marginal product and MC; (i) are real marginal cost.

Each household owns an equal share in each firm and a firm has to take into account each shareholders expectations ac-
cording to his share. This assumption allows us to elaborate the optimal price setting behavior of a firm i's sales department
under expectations operator E;.

A firm i receiving the random signal to reset its price, takes into account that the price will be in place for k periods.
Thus, it faces the problem of choosing the profit-maximizing price for its good P (i), level of employment N (i) and
quantity of output Y, (i) given its constraints, i.e.,

MC. (i) = where

> OKE] Qi (P () Yerre (1) — WesiNewe ()} sit.
k=0

Yt+k\t(i) = (Pt*(l)> Yt+k

Pt+k

- max . -
Neikge (D), Yesrge (1), P (i)

Yeine (D) = At+th+k\r(i)(17a)-

It follows that profit maximization in period t, given its constraints, requires that

& Cok\ ™ (P .
Et{zwep)"(g") nt;kmkt(z)( 0 - Mn[,HkMCHk.t(z))} —o, (14)
k=0

where M = €/(¢ — 1) is the desired constant mark-up and MG (i) are period t + k real marginal cost of a firm that last
reset its price in period t. Linearization of (14) yields

pi(@ —pe=(1- 59p)a{2(59p)k(77m+k + ’:”\ka\r(i)) } (15)

k=0
Note that deriving (14) and (15) involves exactly the same steps as discussed in Gali (2015, pp.56-57). Moreover, Assumption
A1 of Branch and McGough (2009) was invoked for arriving at (15), i.e., subjective expectations fix observables.

2.3. Equilibrium

In equilibrium, all decisions of households and firms need to be consistent with each other and all markets need to clear.
The goods market clearing condition is
Y =G, WVt (16)

Bond market clearing requires that all bonds issued by agents of type ¥ must be held by agents of type y’ # ¢ and vice
versa. In linearized terms, this condition is given by

xb! = —(1— x)b?* Wt.

Furthermore, in steady state, expectations of all types coincide and B!(i) = B2(i) = 0 holds. Therefore, the average real
wealth in period t can be expressed as
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xct + (1= x)ct = x(bi_y— Bbf + &)+ (1= x) (b7, — Bb} + ¢7)

=x¢! + (1= )¢ =yr. (17)
The latter allows one to show that the Dynamic IS equation is given by
Ve =Eefyenn) = 07 (ie = E{mean) - p). (18)

as outlined in Appendix A.3.
Labor market clearing in this model is known to imply
Ye=a+ (1 -a)n (19)

up to a first-order linear approximation (see, Gali, 2015, p.59).
Next, we derive the aggregate supply relationship. As we show in Appendices A.4 and A.5 the inflation equation is given

by
e = ketiice + BEc{me 1), (20)

where « = 7(1_’591(;)(1_9”) ©.

p
The model, as outlined so far, has the property of divine coincidence (see, Blanchard and Gali, 2007), as it is free of any
real rigidities. Thus, in order to introduce a trade-off between stabilizing inflation and the welfare relevant output gap, we
will assume a time-varying exogenous aggregate wage markup along the lines of Gali et al. (2007, p.46), i.e.,

pi = (Wi = pe) — mrs;.
Appendix A.5 shows that average real marginal cost in log deviations can be written as'”

n?q:mct—mc:[m((‘fjg))} L=y - ), (21)

where y! denotes the output under flexible prices. The New Keynesian Phillips Curve is therefore obtained by applying (21) to
(20), i.e.,

7t = BE{ea} + Aye — ¥ + ke (= u¥),
where A = «|o + ¥+ | Let us define x; =yr —y} as the relevant output gap for policymakers and u; = « (uf — u") as the

(1-a)
cost-push shock, which is assumed to follow

Ur = Pyll_q + €Y, (22)
where 0 < |py| < 1 and g ~ iid(0, 62). Then it follows that

T =,3Et{7Tt+l}+}~Xt+uc- (23)
Finally, using Assumption A3 and the definition from above yields

x=Efxa} -0~ (it —Et{”tﬂ}) +8& (24)

where ge=o0"1p + AE; {yﬁﬂ} can be thought of as the natural rate of interest. Given that a; is a AR(1) process, we can
assume that

8 = Pg8-1 + €L, (25)

where 0 < |pg| < 1 and &f ~ iid(0, 0 2)."!
Under an assumption for the monetary policy instrument i;, the aggregate economy summarized by Eqs. (22)-(25), (1)
to (2) states a stochastic second-order difference system

Vi = AEYi 1 + Cyi_1 + Dz, (26)

z: =Rz, + &, (27)

where y; = [, 7], 2r = [g¢, uc] & = [¢F, €', and suitable matrices A,C,D, and R. System (26) can be interpreted as an
associated RE model and then the results of Branch and McGough (2004) imply that standard solution methods for mod-
els under the REH can be applied. A minimum state variable solution to this system can be obtained by applying Klein’s
(2000) method and is given by

Ve = Qy: 1 + Az, (28)
where £ and A are the solution matrices.

10 We assume that there exists a subsidy to neutralize the distortions caused by market power. Thus, y7 is efficient and Appendix A.6 contains its
computation.

11 Notice that this economy is similar to the aggregate stochastic economy considered in Branch and Evans (2011), however their specification of expec-
tations is different.
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2.4. The private sector amplification mechanism

We have not yet specified policy, nevertheless, in order to understand the transmission of monetary policy later on, it
is instructive to describe the effect of a cost-push shock on private sector behavior in isolation, i.e., without an endogenous
response of monetary policy. In our framework, one can think of it as i = 0, which can also be interpreted as a central bank
that fully accommodates a cost-push shock.

Consider a transitory cost-push shock and its effect under the REH, y = 1. Moreover, assume that the model is locally
determinate. Because there is no persistence in the economy, and households with RE have a model-consistent PLM, it holds
that average expectations of aggregate variables are zero, i.e., Emm = E 1 =0 and Etxtﬂ =E! ¢ Xr11 = 0. The PLM is of the
form (28), but due to x =1 with =0 and C=0.

In our model the shock means a positive deviation of the exogenous wage markup, which raises marginal costs for firms.
This creates inflationary pressures, because firms that can reset their price, will raise their price, P*(i). In consequence,
inflation exhibits the same transitory increase as the cost-push shock. The output gap is unaffected.

If the central bank were to respond to the shock by raising the nominal interest rate, i;, then it would increase the real
interest rate for given expectations. This would in turn lower aggregate demand, which tends to lower marginal cost. The
result would be less inflationary pressure compared to ir = 0. As can be seen from (24), the output gap would decline on
impact. Accordingly, via (23), inflation would increase by less than the cost-push shock.

Next, consider the very same transitory cost-push shock and its effect under heterogeneous expectations, i.e., x € (0, 1).
Now, there is persistence in the economy due to the presence of households with AE. As a direct consequence, households
with RE account for this persistence due to the presence of AE in their model-consistent PLM. Now we have € # 0 due to
C#£0as x <1.

When monetary policy again fully accommodates the shock, i.e., i = 0, given the above described inflationary pressures,
inflation will definitely rise. However, on impact households with RE now expect inflation to rise also in the subsequent
period due to their PLM, ie., E/m; 4 > 0. As AE are zero on impact by assumption, we know that average inflation ex-
pectations are positive, i.e., El 7,1 = Eth] > 0. Moreover, aggregate demand will be higher as the real interest rate for
households with RE will be lower compare (24). This also implies higher expected demand, i.e., E}xtﬂ =Ext+1 >0 and
higher aggregate demand.

In sum, higher aggregate demand and higher average inflation expectations results in even more inflationary pressure,
which results in larger price increases and inflation on impact via (23). This states an amplification mechanism. Due to the
presence of AE, the model-consistent expectations of households imply larger impact effects relative to the REH benchmark
with x = 1. Only in the periods after impact AE are different from zero, affect the average expectations, and imply persistent
deviations from steady state.

Again, if the central bank were to respond to the shock by raising the nominal interest rate, i;, then it would increase
the real interest rate. The output gap would fall on impact and inflation would still rise on impact. Still average expectations
would differ from zero, i.e., Elmq = Entﬂ >0 and Elx; g = Etxtﬂ <0, and the transition would be affected by AE. The
potential effect of this policy is to mute the amplification mechanism, but due the existence of heterogeneous expectations,
policy cannot entirely shut down this mechanism.

The presence of heterogeneous expectations in our model results in an amplification mechanism absent in a homoge-
neous REH benchmark model. This mechanism creates higher price dispersion. Therefore the inflation output variability
trade-off should be less favorable. The policy issue is then to manipulate current and eventually expected future aggre-
gate demand such that the economy is stabilized around the steady state is such a heterogeneous expectation environment.
Moreover, we highlight that the inflation persistence due to expectations heterogeneity also amplifies the impact effects of
the cost-push shock. Such impact effects stand in contrast to what is known for other forms of inflation persistence such as
price indexation modeled under the REH (see, e.g., Steinsson, 2003; Woodford, 2003a, p.499ff.).

3. Robust optimal constrained monetary policy
3.1. The design of optimal monetary policy under heterogeneous expectations

For the design of optimal monetary policy, the central bank’s objective is to minimize the ad hoc loss function
- 51 2 2
Z :3 2 (ﬂH—s + CU?(xt+s) ’ (29)
s=0

where wy > 0 is the weight that a central bank assigns to output gap stabilization relative to inflation stabilization. We
interpret wy as the central bank’s exogenous preference parameter. Such loss functions are common in the literature, see,
for instance, Evans and Honkapohja (2003, 2006), Gasteiger (2014).'? Our first objective in this section is to show how the

12 An alternative would be to utilize the model-consistent loss function for our model as derived by Di Bartolomeo et al. (2016), which involves eight
additional terms. We discuss the practical advantages of our approach in Section 3.2 below.
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Fig. 1. Effect of a transitory cost-push shock under discretion with W calibration.

assumed heterogeneity in expectation formation affects the design of optimal monetary policy under both discretion and
commitment.

3.1.1. Discretion
Under discretion, as shown in Appendix C, the first-order necessary conditions are

Eemteis + ,32(1 - X)QZEIKZ\H—S-H

(30)

Eticoes

(31)

where ¢, is a Lagrange multiplier. From (30) to (31) one can eliminate the Lagrange multipliers and arrives at a specific
targeting rule
—%(Xt - B*(1 = X)O°Exe 1),

In order to satisfy (32) in response to a cost-push shock, the central bank needs to contract output sufficiently such
that both output and inflation satisfy this rule. Thus, it is not optimal for the central bank to fully accommodate cost-push
shocks.

However notice that there is an important difference compared to the case of homogeneous expectations. Optimal stabi-
lization policy under discretion means that the central bank takes expectations heterogeneity in private sector into account.

In order to clarify this point, recall the above thought experiment of a transitory cost-push shock. First, consider the
REH benchmark with x = 1. Then (32) collapses to m; = —(wx/A)x;. Inflation is allowed to rise only by (wx/(wx +A2))8§’
instead of &f on impact. The consequences of the contraction in aggregate demand are less inflationary pressures and price
dispersion on impact. Average expectations of inflation and output gap coincide with RE and remain unchanged at zero. The
thick solid line in Fig. 1 illustrates this policy."

0 = — wxEeXeys + )\EtK2|t+57

13 The simulated IRFs are for illustrative purposes. We use the W calibration. The IRFs are qualitatively similar in the MN and CGG calibration. All
calibrations are detailed in Table 1 below.
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However, in the case of heterogeneous expectations, x € (0, 1), the presence of households with AE plays an important
role as can be seen directly from (32). The central bank is still required to contract aggregate demand in response to a cost-
push shock. However, the central bank now takes into account the effect of a fall in output on impact on AE one period
ahead. The contraction will induce pessimism reflected in a decrease in average output gap expectations one period ahead.
In addition, this pessimism has consequences for the impact effects. Households with RE will account for this pessimism
one period ahead via their PLM and will be more pessimistic on impact. The expectations of households with RE imply a
reduction in inflationary pressures and expected future average inflation on impact.

We can show this formally by considering a solution for inflation of the form!*

T = Q271 + Aol (33)

As we show in Appendix C, for u; serially uncorrelated, i.e., p, = 0, from (33) follows that (32) implies

A
X = —<wx[1 —B2(1 - X)9292,2]>7Tf~ (34)

Two remarks regarding (34) are in order. First, our discussion that lead up to (34) does not imply that optimal stabiliza-
tion policy under heterogeneous expectations yields a more favorable inflation output variability trade-off compared to the
REH benchmark. In contrast, under heterogeneous expectations the above described amplification mechanism is in place and
the trade-off is worse than under the REH. Fig. 1 illustrates the amplification mechanism yielding to larger impact effects
and more persistent deviations from steady state.

Second, (34) suggests that optimal policy under heterogeneous expectations needs to explicitly account for expectations
heterogeneity. In face of the amplification mechanism, as long as [1 —-B2(1 - X)QZQM] < 1, stabilizing inflation requires
a larger contraction in output compared to the case where expectations heterogeneity is ignored in the policy design, i.e.,
Xt = —(A/wy)m:. A benevolent central bank has an incentive to incorporate expectations heterogeneity in order to face an
improved trade-off under heterogeneous expectations. As monetary policy affects current output and inflation, the central
bank has also an effect on AE in the subsequent period. The central bank can manipulate AE and it should do so. This seems
natural as otherwise an issue of time-inconsistency would emerge. The central bank would have to credibly ignore structural
information that it could exploit in the current period to reduce losses by affecting future behavior.!?

In the main analysis below, we consider implementation of the central bank’s specific targeting rule by an expectations-
based reaction function as the existing literature on implementation strategies in homogeneous and heterogeneous expec-
tations models has shown that this reaction function has many desirable properties.'®

The reaction function under discretion is given by

it = 8xEeXey1 + 8 Eemtert + 83 Xe_1 + Suw et + Sulle + 88t (35)

where 8y = o[ x —(wy/(wx +22))(1 = x)(80)?].87 = [1+ (ko /(wx + A2)B]x.8%, =0 (1 = x)02.817 = [1+ (Ao /(wx +A?))
B1(1 — x)02.8, =[or/(wx+A?)], and g = 0.7

3.1.2. Commitment

Next, before we characterize the model’s inflation output variability trade-off in greater detail, we examine the potential
implications of heterogeneous expectations for the commitment case. Given that the central bank can credibly commit to
its optimality conditions from a timeless perspective to overcome the problem of time-inconsistency, the first-order necessary
conditions are

Eckopers = — EtTteys + X Eekopers—1 + B2 (1 — X)O?Eckajeisin (36)

0 = — wxEexe4s + )LEtK2|t+57 (37)

for each date s> 0 and initial condition ky_; = 0.'® Gasteiger (2014) derives the specific targeting rule under commitment
from a timeless perspective in this model via (36) and (37) as
Wy

T = _T(Xt — XXt-1 — ,32(1 - X)GZEtXt+1)~ (38)

4 We detail the solution of the model in Appendix D below. The subscripts of coefficients £, and A, denote rows and columns of their position in
the respective matrices £ and A.

15 Ideally, one would now turn to a comparison of outcomes under (32) relative to iy = 0 in order to assess effectiveness of optimal policy. However,
this is not feasible as i; = 0 does not generate determinacy for x e (0, 1] for standard calibrations (see, e.g., Branch and McGough, 2009; Gasteiger, 2011).
Nevertheless, we compare optimal policy and alternatives below in Section 4.3.3.

16 An alternative would be to consider implementation via fundamentals-based reaction functions. For instance, Gasteiger (2014) has shown that the latter
do not generate determinacy in this model for a large share of the parameters space under commitment. The same can be shown for the case of discretion.

17 Branch and Evans (2011, p.388ff.) derive this reaction function in the context of a model with heterogeneous expectations, where both types of expec-
tations are misspecified.

18 See Appendix C.
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Fig. 2. Effect of a transitory cost-push shock under commitment with W calibration.

A comparison of (32) to (38) shows the additional implication of commitment via the additional term involving x;_;. For
the sake of clarity, let us first consider the REH benchmark with x = 1. Then (38) collapses to m; = —(wx/A) (Xt — X¢_1). The
fact that the targeting rule has inertia in the output gap introduces persistence in the economy.

Consider the thought experiment of a transitory cost-push shock. Under discretion, the economy does not have any
kind of persistence and inflation and output gap just deviate on impact in order to satisfy (32). RE of households remain
unaffected by the cost-push shock. However, under (38) the central bank induces persistence due to the inertia in the
output gap. As a consequence, under the REH, model-consistent expectations of households incorporate this persistence
and deviate from zero. In particular, in response to a cost-push shock, the central bank will contract aggregate demand in
order to mitigate inflationary pressures. Inflation will rise on impact. However, the persistence induced by the central bank
will render expectations about future inflation and output gap pessimistic. Thus, one can think of this as the manipulation
of RE. The commitment can be thought of as a credible threat by the central bank to contract output in the subsequent
periods until inflation reaches its target. The pessimism in expectations feeds back into household responses on impact.
Firms perceive less inflationary pressure compared to the case of discretion and therefore inflation will rise by less. Thus,
the deviations of inflation and the output gap on impact are smaller compared to discretionary policy and both variables
remain off target for an extended period of time. The thick solid line in Fig. 2 illustrates optimal monetary policy under the
REH.' In sum, this policy is known to improve the inflation output variability trade-off under the REH.

How do heterogeneous expectations, i.e., x € (0, 1), affect the inflation output variability trade-off under commitment?
First, heterogeneous expectations imply the amplification mechanism described above. Therefore one can expect a deteri-
oration of the inflation output variability trade-off compared to the REH benchmark. Second, notice the term in (38) that
captures the central bank’s commitment is multiplied by y. Therefore, the lower the share of households with RE, the less
households RE can be manipulated and in consequence the effect of commitment on average expectations shrinks. Thus,
heterogeneous expectations reduce the central bank’s ability to manipulate average expectations via this channel. Third,
(38) calls for the incorporation of expectations heterogeneity in the same way as under discretion, as the central bank can
and should manipulate AE as discussed above. Ignoring expectations heterogeneity does again yield larger losses.

19 Depending on wy and A, commitment can have such a strong negative effect on E!7r;,; that the nominal interest rate is in fact lowered.
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In sum, we conclude that optimal stabilization policy under heterogeneous expectations in the commitment case is more
effective in stabilizing the economy compared to the case of discretion. However, again, this does not imply that the re-
sulting inflation output variability trade-off is more favorable compared to the REH benchmark due to the heterogeneous
expectations amplification mechanism. The simulations in Fig. 2 support this conclusion. Under heterogeneous expectations,
the impact effects are amplified relative to the REH benchmark. Moreover, the impulse response functions converge faster
than in the REH benchmark. Both observations are consistent with the view that expectations heterogeneity curbs the cen-
tral banks ability to manipulate expectations in the sense that it can manipulate less households with RE and therefore
commitment has less effect on average expectations. The effects of the cost-push shock under commitment are more sim-
ilar to the ones under discretion. In particular, notice that the price level may change permanently and that there is no
under-shooting of the steady state. This observation is typical for models with inflation persistence (see, Woodford, 2003a,
p.499ft.).

Finally, similar to the case of discretion, in the subsequent analyis we will assume that optimal monetary policy is im-
plemented via an expectations-based reaction function, i.e.,

it = OxEeXps1 4 On EemTeiq + SpxXe—1 + Spx o1 + Sulle + 8481, (39)

where §j, = a[(l — X)02 — (wy/(wx + Az))x] and coefficients 8x, x, 8.7, 8y, and g are the same as under discretion.
3.2. A practical perspective on the loss function

This section argues that the optimal monetary analysis based on the ad hoc loss function (29) is of high practical rel-
evance. Such an ad hoc loss function involving only output gap and inflation deviations can be justified as a reasonable
approximation of a second-order approximation of a standard utility function in the homogeneous expectations benchmark.

Compared to this benchmark, the model-consistent loss function for our model has two additional components (see
Di Bartolomeo et al., 2016). One component is due to the higher price dispersion caused by adaptive agents, similar to a
model with price indexation (see Steinsson, 2003). The second component is due to the dispersion in consumption. The
two components imply eight additional terms with two types of agents as in our model. In case of three or more types of
expectation formation, the number of terms in such a model-consistent loss function grows further. Therefore such a loss
function raises several practical issues.

First, as with any welfare-based loss function, the conduct of fully optimal policy requires that the relative weights cannot
be freely chosen, but rather should be the result of the estimation of the structural parameters. This stands in contrast with
policymakers that frequently interpret the trade-off as a policy menu in practice.

Second, effectively communicating a loss function with a total of ten different terms involving aggregate and average
consumption levels for different types of agents is certainly challenging. In case of ineffective communication, there is a
risk of in-transparency with regard to the loss function. Moreover, in the Branch and McGough (2009) model, one of the
underlying axioms structures higher-order beliefs. It is assumed that agents are not explicitly aware of the presence of het-
erogeneous expectations. Thus, a central bank that communicates a loss function that explicitly depends on heterogeneous
expectations undermines the consistency of the axiom within the context of this model.

Third, the extent to which this loss function is operational is unknown. Assume that a specific targeting rule can be
derived. This will most likely depend on average consumption levels for different types of agents. Paralleling the debate on
reliable measures of aggregate variables, the issue is whether reliable measures of these dis-aggregate consumption levels
are available, or, can be obtained in the near future. The same concern applies to potential implementation strategies. Sup-
pose that such a strategy next to private sector expectations on aggregate variables also conditions on private sector expec-
tations on dis-aggregate consumption. The issue is then, to what extent these private-sector expectations on dis-aggregate
consumption can be tracked by the central bank.

Fourth, while the loss function obtained by Di Bartolomeo et al. (2016) is consistent with the Branch and Mc-
Gough (2009) model, it is not consistent with any other model of the economy. This point applies to any model-specific
loss function. In the presence of model uncertainty, this point raises the issue of whether such a loss function remains to
have favorable properties in extended versions of the same model, or, in distinct models.

Thus, we conjecture that most of the applied policy considerations may be centered around an ad hoc loss function. This
view is consistent with a central bank thinking of the inflation output variability trade-off as a policy menu, where the
relative weights reflect the preferences of the central bank. However, in light of the findings of Di Bartolomeo et al. (2016),
an ad hoc loss function will understate the model-consistent welfare losses. To what extent this understatement matters is
ultimately an empirical question: are the coefficients on the eight additional terms in the model-consistent loss function of
Di Bartolomeo et al. (2016) significantly different from zero?

3.3. Definition of robust monetary policy and measures of loss

As our analysis also takes a stand on the implementation of optimal policy, the determinacy properties of the considered
reaction function have to be examined. The reason is that, in principle, a reaction function can be associated with possibly
infinitely many different equilibria, including the one consistent with the optimal monetary policy (see, Woodford, 1999).

For instance, there may exist policy preferences wy that lead to indeterminacy or explosiveness. Furthering on this point,
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general conditions for determinacy in this set-up are not available. Thus, we rely on numerical methods, which require a
calibration. Moreover, the use of numerical methods is also required for a more detailed characterization of the inflation
output variability trade-off.

However, a numerical analysis is generically subject to robustness concerns. One peculiar concern is structural parameter
uncertainty and the implications for determinacy raised in Evans and McGough (2007). A policy preference wyx may yield
determinacy and rather low losses under one particular combination of A and o, whereas the very same policy prefer-
ence may yield indeterminacy or explosiveness and therefore rather high losses for different values. Thus, as suggested by
Evans and McGough (2007) we constrain the implementation strategies in the sense that we analyze them only for the pol-
icy preferences wy that generate determinacy across the widely used calibrations of Woodford (2003b), Clarida et al. (2000),
McCallum and Nelson (1999), henceforth W, MN, CGG, for (A, o). In our context, uncertainty regarding A is particularly
important. A measures the degree of price stickiness and therefore the degree to which the central bank can influence infla-
tion and inflation expectations via affecting aggregate demand. In short, A is crucial for characterizing the inflation output
variability trade-off faced by the central bank.

Another particular concern may be the uncertainty regarding expectations heterogeneity. It seems fairly unlikely that
a central bank is able to exactly measure x and 6, even if our model would perfectly approximate the true structure
of expectations heterogeneity. We address this concern, by computing the different measures of loss in our analysis for
different degrees of expectations heterogeneity. Later on, when discussing the policy implications of our main results, we
will elaborate the consequences of expectations mismeasurement.

Consistent with (29), the long-run losses are computed as

L), 0,wx) = (1 —B) '[Var(r) + weVar(x)] (40)

for each reference model (or calibration) ¢ € {W, MN, CGG}, where Var(-) denotes the unconditional long-run variance of a
variable. A robust optimal constrained monetary policy under heterogeneous expectations is then defined as a policy that
yields determinacy across reference models for given x and 6.

As an alternative for accounting for parameter uncertainty, we also compute the Bayesian loss as done in Evans and
McGough (2007) and Levin and Williams (2003). This implies that the central bank has a prior, i.e., a subjective probability
distribution over reference models ¢ € {W, MN, CGG} and compute a weighted average of the losses in the three reference
models, i.e.,

L (%0, 0x) = ow 2" (X, 0, 0) + oun L™ (X, 0, 0x) + wcee. L (X, 0, @x). (41)
For simplicity, we assume that w, = 1/3 for ¢ € {W, MN, CGG}.

4. Main results
4.1. The case of discretion

For now, the central bank designs optimal monetary policy under discretion and implements it via reaction function (35).
The reduced form matrices in (26) are given by

wO-0@0r iy 0 AB0-e 0 __4 o 0

_ | 3 _ X _ 7 _|Pe

A=l S0ger oy | €=y wslipe |- D [o G, ]a“dR_ [0 p } (42)
Wx+A2 wWxFA? wWxFAZ x+A? u

Notice that we have relegated all further details regarding the reduced form and the solution of the model to Appendix D.

Our calibration is detailed in Table 1. Inspection of the matrices in (42) makes clear that the matrices are independent
of o. Thus, all else equal, differences in results among the three reference models W, MN, and CGG are related to the choice
of A and therefore related to the degree of price stickiness. Comparing the values for A in the W, MN, and CGG calibration,
we observe that the degree of price rigidity in the W and CGG calibration is much higher than in the MN calibration, as
A is much larger in the latter case. The larger A, the more flexible are prices, the lower is the potential for relative price
dispersion for a given cost-push shock. Thus, we expect a more favorable inflation output variability trade-off in the MN
calibration.

Next, the properties of the exogenous shocks are taken from Evans and Honkapohja (2003, p.1059). The range for the
expectations set-up, y and 6, includes the values used in Branch and McGough (2009, p.1046ff.), Di Bartolomeo et al. (2016),
or, Gasteiger (2014), and is arguably large. Finally, while we vary wy € (0, 2], the tables below report solely results within
an empirically relevant range, wy € (0, 0.05] (see, e.g., Dennis, 2006; Givens, 2012) due to space constraints. The empirical
literature, overall, appears to support small values for wx. Moreover, the range of micro-founded weights as discussed in
Woodford (2003a, p.401) is usually also close to zero.

Our main results hold among the three reference models W, MN, and CGG unless stated otherwise. Comparisons be-
tween the REH benchmark and heterogeneous expectations are constrained by the requirement that both economies are
determinate. The results can be summarized as follows.

RESULT 1. For discretionary optimal monetary policy under heterogeneous expectations, implemented via expectations-
based reaction function (35), we find that:
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x = 0.6

(a) EBRF1D (b) EBRF1C

Fig. 3. Region of determinacy across the W, MN, and CGG calibrations for the Expectations-Based Reaction Function in the wy — 6-space for x = 0.6.

Table 1

Calibrations used in the numerical analyses, quarterly frequency.
Parameter Description Value
X Share of agents with RE e {1.00,..., 0.10}
% Forecasting coefficient of type y =2 agents® € {0.10,...,2.00}
B Period discount factor 0.99
(pg. Pu) Coefficients of exogenous shocks? (0.40, 0.40)
(0g. 0u) Standard deviations of exogenous shocks ? (1.00,0.50)

w MN CGG

A Parameter relating to the degree of price stickiness® 0.024 0.300 0.075
o Inverse of the inter-temporal elasticity of substitution® 0.157 1/0.164 1/4

9The range includes the values used in Branch and McGough (2009, p.1046ff.) and is arguably large. ®Taken from Evans and Honkapohja (2003, p.1059).
‘Taken from W = Woodford (2003b), MN = McCallum and Nelson (1999), CGG = Clarida et al. (2000).

1.1 when AE are purely adaptive and naive, 0 < 1, the model is determinate. When AE are extrapolative, 6 > 1, the model is
indeterminate or explosive for a large share of the parameter space;

2.2 Losses are strictly larger compared to the REH benchmark for the W and CGG calibration as well as the Bayesian case;

3.3 The inflation output variability trade-off shifts out in non-monotonic way, depending on the share of AE;

4.4 A higher preference for output stabilization, wy, implies higher losses.

Result 1.1 is based on Fig. 3a. One can see that determinacy prevails for the entire parameters space considered for wy
close to zero. When AE are purely adaptive and naive expectations, i.e., @ < 1 this result generalizes to wyx € (0, 2]. In contrast,
when AE are extrapolative, i.e., & > 1, but not too large, then indeterminacy and explosiveness is possible for a wide range
of wy € (0, 2]; this finding is robust for x € (0,1). An intuitive explanation for this result is that the central bank faces
a dilemma due to its preference wy. In response to a cost-push shock, given wy, the contraction in aggregate demand
on impact consistent with the targeting rule (32) is not large enough to mitigate the acceleration mechanism described in
Section 2.4 sufficiently to ensure determinacy. Put differently, a contraction in output sufficiently large to ensure determinacy
would violate the targeting rule for given wy.2°

Result 1.2 follows from Table 3. All else equal, the losses #‘(x, 0, wx) defined in (40) are the lowest under the REH
in the reference models ¢ € {W,CGG} and for Bayesian model averaging .#8(yx, 0, wy) defined in (41). This result is due to
the amplification mechanism implied by heterogeneous expectations and confirms that heterogeneous expectations imply a
deterioration of the inflation output variability trade-off resulting in higher losses.

Result 1.3 stems from Figs. 4 and 5 as well as Table 3.2! Conditional on determinacy, the relationship between the loss
Z'(x,0,wy) and the share of AE (1 — x) is non-monotonic Vi € {W, MN, CGG, B}. #*(x, 6, wx) peaks when x =~ [0.4,0.6].
In order to gain some intuition for the result, focus on Panel 4a. With an increase in the share of AE, i.e., declining yx,
the amplification mechanism is gaining strength. Compared to the REH benchmark, this implies higher inflationary pressure
and higher price dispersion. The trade-off shifts outward. Consistent with the nature of the amplification mechanism, the

20 Table 2 compares our determinacy findings to the literature. We also verified numerically that our results hold if we assume that agents with RE are
instead behaving like econometricians. For this verification we use the E-stability conditions from Evans and Honkapohja (2006).
21 Notice that the horizontal axes in Fig. 5a depicts 1 — x from the left to the right.
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Table 2
Overview on results.

Journal of Economic Behavior and Organization 190 (2021) 287-325

Policy Implementation
and Calibration

Expectations Set-Up

El =E El =E;
x=1 x <1 x=1 x <1

(35) EH2003¢ This Paper EH2003 This Paper

0<1 0>1 0<1 0>1
WP MN, CGG D¢ D D/I/E E-stable E-stable if D
(39) EH2006 This Paper EH2006 This Paper

0<1 0>1 0<1 0>1
W, MN, CGG D D D E-stable E-stable if D

@ EH2003 = Evans and Honkapohja (2003), EH2006 = Evans and Honkapohja (2006). ® W = Woodford (2003b), MN = McCallum and Nelson (1999), CGG
= Clarida et al. (2000). ¢ D = determinate, | = indeterminate, or, E = explosive.

Fig. 4. Taylor (1979) curves for the W, MN, and CGG calibrations for the Expectations-Based Reaction Function under discretion. We depict wy € (0, 2] as
smaller values imply a very large Var(x). The x on the curve indicates w, = 0.05, smaller (larger) values of wy are to the left (right) along the curve.
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Table 3

Results for the Expectations-Based Reaction Function under discretion.

Central Bank Expectations
preferences parameters ZLY(x,0, wy) evaluated in w; and £'(x, 6, wy|w;) evaluated in BAL (X, 0, wx|w}) evaluated in
[N % X W MN CGG B W MN CGG B W MN CGG B
0.01 1 71.91 3.23 34.18 36.44 0.01 7191 0.01 3.23 0.01 34.18 36.44 0 0 0 0
0.9 0.8 101.81 3.21 37.28 47.43 0.01 101.81 0.01 3.21 0.01 37.28 47.43 0 0 0 0
0.6 139.17 3.19 38.65 60.34 0.01 139.17 0.01 3.19 0.01 38.65 60.34 0 0 0 0
0.4 152.52 3.18 37.86 64.52 0.01 152.52 0.01 3.18 0.01 37.86 64.52 0 0 0 0
0.2 131.85 3.16 35.8 56.94 0.01 131.85 0.01 3.16 0.01 35.8 56.94 0 0 0 0
1 0.8 123.49 3.22 39.42 55.38 0.01 123.49 0.01 3.22 0.01 39.42 55.38 0 0 0 0
0.6 235.84 3.21 42.55 93.87 0.01 235.84 0.01 3.21 0.01 42.55 93.87 0 0 0 0
0.4 306.34 3.2 42.31 117.28 0.01 306.34 0.01 3.2 0.01 42.31 117.28 0 0 0 0
0.2 245.94 3.19 40.28 96.47 0.01 245.94 0.01 3.19 0.01 40.28 96.47 0 0 0 0
1.1 0.8 160.39 3.23 42 68.54 0.01 160.39 0.01 3.23 0.01 42 68.54 0 0 0 0
0.6 728.63 3.22 47.19 259.68 0.01 728.63 0.01 3.22 0.01 47.19 259.68 0 0 0 0
0.4 926.91 3.22 47.06 325.73 0.01 926.91 0.01 3.22 0.01 47.06 325.73 0 0 0 0
0.2 428.35 3.22 44.75 158.77 0.01 428.35 0.01 3.22 0.01 4475 158.77 0 0 0 0
0.03 1 78.1 9.17 56.41 47.89 0.02 77.53 0.02 8.85 0.02 54 46.8 -0.73 -3.4 -4.28 -2.29
0.9 0.8 116.75 9.14 70.72 65.54 0.02 114.5 0.02 8.87 0.02 65.04 62.8 -1.92 -2.96 -8.04 -4.17
0.6 175.46 9.06 82.55 89.02 0.01 162.55 0.02 8.86 0.01 73.61 81.67 -7.36 -2.18 -10.83 -8.26
8 0.4 206.65 8.96 83.37 99.66 0.01 189.56 0.02 8.85 0.02 75.43 91.28 -8.27 -1.16 -9.52 -8.41
~ 0.2 176.44 8.84 75.01 86.76 0.02 171.08 0.02 8.84 0.02 71.98 83.97 -3.04 -0.02 -4.04 -3.22
1 0.8 146.67 9.22 80.05 78.65 0.01 140.23 0.02 8.93 0.01 71.65 73.6 -4.39 -3.13 -10.5 -6.41
0.6 381.71 9.21 106.35 165.76 0.01 283.59 0.02 8.98 0.01 83.79 125.45 -25.7 -2.41 -21.22 -24.31
0.4 729.93 9.15 111.7 283.59 0.01 417.29 0.02 9.02 0.01 91.82 172.71 -42.83 -1.37 -17.8 -39.1
0.2 549.89 9.07 99.15 219.37 0.01 415.61 0.02 9.05 0.02 92.83 172.49 -24.42 -0.24 -6.38 -21.37
11 0.8 - - - - 0.01 183.68 0.02 9 0.01 77.49 90.06 - - - -
0.6 - - - - 0.01 929.92 0.01 9.25 0.01 96.8 345.32 - - - -
0.4 - - - - 0.01 1538.42 0.01 9.34 0.01 109.17 552.31 - - - -
0.2 2015.81 9.3 125.99 717.03 0.01 998.86 0.02 9.26 0.01 115.87 374.66 -50.45 -0.41 -8.03 -47.75
0.05 1 79.46 14.42 64.5 52.79 0.03 79.08 0.03 13.75 0.03 62.35 51.73 -0.47 -4.66 -3.32 -2.01
0.9 0.8 120.26 14.52 85.93 73.57 0.02 118.25 0.03 13.86 0.03 79.29 70.47 -1.67 -4.55 -7.72 -4.22
0.6 185.2 14.44 107.72 102.45 0.02 175.61 0.03 13.92 0.02 92.79 94.11 -5.18 -3.58 -13.86 -8.14
0.4 222.97 14.21 112.26 116.48 0.02 208.47 0.03 13.93 0.02 99.09 107.17 -6.5 -1.9 -11.73 -7.99
0.2 190.11 13.91 98.92 100.98 0.03 185.52 0.04 13.82 0.03 94.39 97.91 -2.42 -0.68 -4.58 -3.04
1 0.8 152.35 14.76 100.55 89.22 0.02 147.51 0.03 14.03 0.02 88.45 83.33 -3.18 -4.99 -12.03 -6.6
0.6 438.65 14.85 154.87 202.79 0.01 331.35 0.03 14.23 0.02 115.13 153.57 -24.46 -4.17 -25.66 -24.27
0.4 1045.79 14.72 173.89 411.47 0.01 528.24 0.03 14.36 0.02 130.56 224.39 -49.49 -2.45 -24.92 -45.47
0.2 787.26 14.51 147.88 316.55 0.02 563.03 0.04 14.4 0.03 134.1 237.18 -28.48 -0.77 -9.32 -25.07
1.1 0.8 - - - - 0.02 201.22 0.02 14.36 0.02 100.58 105.39 - - - -
0.6 - - - - 0.01 1131.2 0.01 15.27 0.01 146.4 430.96 - - - -
0.4 - - - - 0.01 2149.93 0.01 15.47 0.01 171.29 7789 - - - -
0.2 7100.56 15.1 208.75 244147 0.01 1569.37 0.04 14.98 0.02 180.6 588.32 -77.9 -0.8 -13.48 -75.9
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Table 4

Results for the Expectations-Based Reaction Function under commitment.

Central Bank

Expectations

preferences parameters ZL(x,0, wy) evaluated in ;i and £ (X, 6, wy|w;) evaluated in AL (1,0, wx|w;) evaluated in
Wy 0 X w MN CGG B w MN CGG B w MN CGG B
0.01 1 50.28 2.94 22 25.08 0.01 50.28 0.01 2.94 0.01 22 25.08 0 0 0 0
0.9 0.8 71.65 3.02 26.17 33.61 0.01 71.65 0.01 3.02 0.01 26.17 33.61 0 0 0 0
0.6 102.09 3.09 30.43 45.2 0.01 102.09 0.01 3.09 0.01 30.43 45.2 0 0 0 0
0.4 126.66 3.13 33.61 54.47 0.01 126.66 0.01 3.13 0.01 33.61 54.47 0 0 0 0
0.2 124.86 3.15 34.69 54.23 0.01 124.86 0.01 3.15 0.01 34.69 54.23 0 0 0 0
1 0.8 77.29 3.03 26.84 35.72 0.01 77.29 0.01 3.03 0.01 26.84 35.72 0 0 0 0
0.6 128.59 3.1 32.23 54.64 0.01 128.59 0.01 3.1 0.01 32.23 54.64 0 0 0 0
0.4 189.8 3.15 36.68 76.55 0.01 189.8 0.01 3.15 0.01 36.68 76.55 0 0 0 0
0.2 208.96 3.18 38.78 83.64 0.01 208.96 0.01 3.18 0.01 38.78 83.64 0 0 0 0
1.1 0.8 83.52 3.04 27.58 38.04 0.01 83.52 0.01 3.04 0.01 27.58 38.04 0 0 0 0
0.6 162.86 3.11 34.2 66.72 0.01 162.86 0.01 3.11 0.01 34.2 66.72 0 0 0 0
0.4 276.12 3.17 39.92 106.4 0.01 276.12 0.01 3.17 0.01 39.92 106.4 0 0 0 0
0.2 325.85 3.21 42.93 123.99 0.01 325.85 0.01 3.21 0.01 42.93 123.99 0 0 0 0
0.03 1 61.53 7.41 35.62 34.85 0.03 61.53 0.03 7.41 0.03 35.62 34.85 0 0 0 0
0.9 0.8 93.14 7.9 46.41 49.15 0.03 93.14 0.03 7.9 0.03 46.41 49.15 0 0 0 0
0.6 143.17 8.32 59.41 70.3 0.03 143.17 0.03 8.32 0.03 59.41 70.3 0 0 0 0
w 0.4 182.49 8.61 69.61 86.9 0.03 182.49 0.03 8.61 0.03 69.61 86.9 0 0 0 0
o 0.2 170.1 8.76 71.32 83.39 0.03 170.1 0.03 8.76 0.03 71.32 83.39 0 0 0 0
1 0.8 103.53 7.95 48.63 53.37 0.03 103.53 0.03 7.95 0.03 48.63 53.37 0 0 0 0
0.6 208.15 8.43 67.05 94.54 0.03 208.15 0.03 8.43 0.03 67.05 94.54 0 0 0 0
0.4 372.55 8.79 84.57 155.3 0.03 372.55 0.03 8.79 0.03 84.57 155.3 0 0 0 0
0.2 413.41 8.98 91.5 171.3 0.03 413.41 0.03 8.98 0.03 91.5 1713 0 0 0 0
1.1 0.8 114.35 8.01 51.12 57.83 0.03 114.35 0.03 8.01 0.03 51.12 57.83 0 0 0 0
0.6 303.27 8.55 75.94 129.25 0.03 303.27 0.03 8.55 0.03 75.94 129.25 0 0 0 0
0.4 723.64 8.96 101.62 278.07 0.03 723.64 0.03 8.96 0.03 101.62 278.07 0 0 0 0
0.2 895.81 9.21 113.93 339.65 0.03 895.81 0.03 9.21 0.03 113.93 339.65 0 0 0 0
0.05 1 65.69 10.81 42.16 39.55 0.05 65.69 0.05 10.81 0.05 42.16 39.55 0 0 0 0
0.9 0.8 101.35 11.84 57.22 56.81 0.05 101.35 0.05 11.84 0.05 57.22 56.81 0 0 0 0
0.6 159.3 12.76 76.84 82.96 0.05 159.3 0.05 12.76 0.05 76.84 82.96 0 0 0 0
0.4 203.55 13.41 92.49 103.15 0.05 203.55 0.05 13.41 0.05 92.49 103.15 0 0 0 0
0.2 185.12 13.71 93.58 97.47 0.05 185.12 0.05 13.71 0.05 93.58 97.47 0 0 0 0
1 0.8 114.31 11.97 60.7 62.32 0.05 114.31 0.05 11.97 0.05 60.7 62.32 0 0 0 0
0.6 250.32 13.04 90.43 117.93 0.05 250.32 0.05 13.04 0.05 90.43 117.93 0 0 0 0
0.4 497.33 13.85 121.33 210.84 0.05 497.33 0.05 13.85 0.05 121.33 210.84 0 0 0 0
0.2 552.77 14.29 132.41 233.16 0.05 552.77 0.05 14.29 0.05 132.41 233.16 0 0 0 0
1.1 0.8 127.18 121 64.57 67.95 0.05 127.18 0.05 121 0.05 64.57 67.95 0 0 0 0
0.6 391.38 13.34 106.89 170.54 0.05 391.38 0.05 13.34 0.05 106.89 170.54 0 0 0 0
0.4 143 156.33 441.2 0.05 0.05 143 0.05 156.33 441.2 0 0 0 0

1152.96 1152.96

0.2 1454.4 14.86 179.08 549.45 0.04 14544 0.05 14.86 0.05 179.08 549.45 0 0 0 0
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Fig. 5. Losses for the W, MN, and CGG calibrations for the Expectations-Based Reaction Function under discretion.

increase in Var(mr) is larger than the increase in Var(x). Recall that at the heart of the mechanism are households with RE
amplifying the impact effects of a cost-push shock because of the persistence induced by households with AE. For some
X, the share of households with RE is so low that the amplification mechanism must lose strength. Therefore the trade-off
shifts back inward to some extent.

Result 1.4 can be seen from Fig. 6 and Table 3. #*(x, 0, wx) and wy, Vi € {W, MN, CGG, B}, are positively related to each
other, i.e., the higher wy, the larger Z'(x, 6, wx). This is intuitive as a higher wx gives more potential to the amplifica-
tion mechanism due to heterogeneous expectations resulting in a worse volatility outcome. While the reduction in output
volatility due to a higher wy is relatively small, there is a relatively large increase in inflation volatility. However, this inter-
pretation can be questioned on the grounds of the normalisation of weights in loss function (40). In particular, for a given
inflation and output volatility, a higher wx has to result in a larger loss. Therefore, in order to corroborate our interpretation
of results, we have carried out an additional exercise. We fix the relative weight in the loss function at a particular value
wyx € (0, 2]. Then we take the variances generated by any wx € [wy, 2] used in the policy implementation and compute the
losses 2 (x. 0, wx|wx)VL € {W, MN, CGG}. The results of this exercise in Fig. 10 show that, for a given central bank preference
wy used to compare losses, implementing policy with a higher @y leads to a larger loss. This confirms Result 1.4.22

22 We are grateful to an anonymous referee for highlighting this issue and suggesting the additional exercise.
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Fig. 6. Losses for the W, MN, and CGG calibrations for the Expectations-Based Reaction Function under discretion.
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4.2. Gains from commitment

Commitment from a timeless perspective is known to generate determinacy throughout the parameter space and smaller
losses in homogeneous expectations models. Thus, it is straight-forward to ask, to what extent this finding carries over to
the heterogeneous expectations model?

Recall from our discussion in Section 3.1.2 that commitment introduces persistence in the output gap. This can be seen
in the targeting rule (38) and the related implementation (39). As a consequence, the dynamics of the economy can be
described by reduced form (26), where all system matrices are as in the case of discretion except for

oxx _AB(-x)0?
_ | oxtA? wx+A2
C= a;xkx wxﬂ(i(—x)ez (43)
wx+A2 wx+A2

Matrix (43) allows two observations. First, the reduced form is again independent of ¢ and potential differences among
reference models must again stem from A. Second, consistent with the specific targeting rule under commitment (38), there
is persistence in output that depends on x. The first column in matrix C is now different from zero. Moreover, as it is
multiplied by x, one can see that heterogeneous expectations curb the potential gains from commitment.

Consistent with these observations, our findings are as follows.

RESULT 2. For optimal monetary policy with commitment from a timeless perspective under heterogeneous expectations,
implemented via expectations-based reaction function (39), we find that:

2.1 the model is determinate throughout the parameter space;

2.2 Losses are strictly higher compared to the REH benchmark, but strictly lower compared to the case of discretion;
2.3 The inflation output variability trade-off shifts out in non-monotonic way, depending on the share of AE;

2.4 A higher preference for output stabilization, wy, implies higher losses.

Result 2.1 is based on Fig. 3b and generalizes this finding of Gasteiger (2014) in the sense that it holds among several
reference models. Consistent with our arguments in Section 3.1, commitment enables the central bank to manipulate RE. In
response to a cost-push shock, this ability to manipulate RE provides scope for the central bank to satisfy the targeting rule
and to mitigate the acceleration mechanism in price setting due to heterogeneous expectations at any preference for output
stabilization.?®

Result 2.2 can be seen from Table 4 and extends our result 1.2 for discretion. All else equal, the losses Z*(x, 0, wx)
defined in (40) are the lowest under the REH in all reference models V: € {W, MN, CGG} and for Bayesian model averaging
ZB(x,0, wy) defined in (41). The explanation is again the amplification mechanism introduced by heterogeneous expecta-
tions. However, the effect of commitment is worthwhile. Commitment lowers losses as the amplification mechanism can
always be mitigated to some extent via manipulating RE. This explains, why losses are lower compared to the case of dis-
cretion. However, the gains from commitment in terms of losses are lower, when the share of agents with RE, y, is lower.
We illustrate this in Table 5. This shows that expectations heterogeneity can curb the central bank’s ability to manipulate
average expectations.

Result 2.3 can be seen from Figs. 7 and 8 as well as Table 4. Conditionally on determinacy, the relationship between
the loss #*(x.0, wx) and the share of AE (1 — x) is non-monotonous V¢ € {W,CGG, B} if 0 < 1. £'(x. 0, wx) peaks when
X ~ 0.2. Compared to discretion, the peak is at a lower level, consistent with the beneficial effect of commitment.

For an intuition, focus on Panel 7a. With a declining share of households with RE, yx, the amplification mechanism
is strengthened as in the case of discretion, which raises both Var(s) and Var(x), therefore the trade-off shifts outward.
However, there is now an additional effect. A decline in x also implies that the central bank’s ability to manipulate RE is
reduced, which implies that Var(x) increases at a faster rate compared to the case of discretion. At some share of AE, (1 —
X ), the amplification mechanism then becomes weaker, as the share of households with RE is getting lower. In consequence,
the trade-off shifts back toward to the origin.

Next, when AE are extrapolative, then #*(x, 6, wx) increases monotonically when y declines. The latter is consistent
with destabilizing properties of extrapolative expectations in backward-looking models.

Result 2.4 stems from Fig. 9 and Table 4 and extends result 1.4 to the case of commitment. .Z'(x, 6, wx) and wx, Vi €
{W, MN, CGG, B}, are positively related to each other, i.e., the higher the central bank’s preference wy, the larger losses
2 (x, 0, wyx). Again, this is due to the fact that more weight on output stabilization strengthens the amplification effect is
initiated by inflationary pressures.?

4.3. Policy implications
We now turn to the policy implications of heterogeneous expectations. We will first elaborate the implications of a more

hawkish monetary policy. Next, we examine the implications of mismeasuring expectations in the design and implementa-
tion of monetary policy. Finally, we discuss straightforward implications emerging from our results above. The former two

23 Again compare Table 2: our results are plausible from an adaptive learning viewpoint.
24 We have done a similar exercise as related to Result 1.4 to corroborate our interpretation of results, see Fig. 11.
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Table 5

Gains from commitment for the Expectations-Based Reaction Function.

Central Bank

Expectations

preferences parameters LY (x.0,wx) LYN(x. 0, wy) LCC (1,0, wx) LB(%.0, wy)
Wy 0 X Discr. Comm. %A Discr. Comm. %A Discr. Comm. %A Discr. Comm. %A
0.01 1 71.91 50.28 -30.08 3.23 2.94 -8.79 34.18 22 -35.61 36.44 25.08 -31.18
0.9 0.8 101.81 71.65 -29.63 3.21 3.02 -5.85 37.28 26.17 -29.79 47.43 33.61 -29.13
0.6 139.17 102.09 -26.65 3.19 3.09 -3.39 38.65 30.43 -21.27 60.34 45.2 -25.09
0.4 152.52 126.66 -16.96 3.18 3.13 -1.53 37.86 33.61 -11.22 64.52 54.47 -15.58
0.2 131.85 124.86 -5.31 3.16 3.15 -0.39 35.8 34.69 -3.1 56.94 54.23 -4.75
1 0.8 123.49 77.29 -37.41 3.22 3.03 -5.88 39.42 26.84 -31.92 55.38 35.72 -35.49
0.6 235.84 128.59 -45.47 3.21 3.1 -3.41 42.55 32.23 -24.25 93.87 54.64 -41.79
0.4 306.34 189.8 -38.04 3.2 3.15 -1.55 42.31 36.68 -13.29 117.28 76.55 -34.73
0.2 245.94 208.96 -15.04 3.19 3.18 -0.39 40.28 38.78 -3.71 96.47 83.64 -13.3
1.1 0.8 160.39 83.52 -47.92 3.23 3.04 -5.91 42 27.58 -34.35 68.54 38.04 -44.49
0.6 728.63 162.86 -77.65 3.22 3.11 -3.44 47.19 34.2 -27.53 259.68 66.72 -74.31
0.4 926.91 276.12 -70.21 3.22 3.17 -1.56 47.06 39.92 -15.17 325.73 106.4 -67.33
0.2 428.35 325.85 -23.93 3.22 3.21 -0.39 44.75 42.93 -4.07 158.77 123.99 -21.9
0.03 1 781 61.53 -21.22 9.17 7.41 -19.14 56.41 35.62 -36.86 47.89 34.85 -27.23
0.9 0.8 116.75 93.14 -20.22 9.14 7.9 -135 70.72 46.41 -34.38 65.54 49.15 -25
0.6 175.46 143.17 -18.4 9.06 8.32 -8.19 82.55 59.41 -28.03 89.02 70.3 -21.03
s 0.4 206.65 182.49 -11.69 8.96 8.61 -3.83 83.37 69.61 -16.51 99.66 86.9 -12.8
~ 0.2 176.44 170.1 -3.6 8.84 8.76 -0.98 75.01 71.32 -4.91 86.76 83.39 -3.89
1 0.8 146.67 103.53 -29.41 9.22 7.95 -13.72 80.05 48.63 -39.25 78.65 53.37 -32.14
0.6 381.71 208.15 -45.47 9.21 8.43 -8.42 106.35 67.05 -36.96 165.76 94.54 -42.96
0.4 729.93 372.55 -48.96 9.15 8.79 -3.95 111.7 84.57 -24.29 283.59 155.3 -45.24
0.2 549.89 413.41 -24.82 9.07 8.98 -1.01 99.15 91.5 -7.72 219.37 171.3 -21.92
1.1 0.8 - 114.35 - - 8.01 - - 51.12 - - 57.83 -
0.6 - 303.27 - - 8.55 - - 75.94 - - 129.25 -
0.4 - 723.64 - - 8.96 - - 101.62 - - 278.07 -
0.2 2015.81 895.81 -55.56 9.3 9.21 -1.03 125.99 113.93 -9.57 717.03 339.65 -52.63
0.05 1 79.46 65.69 -17.32 14.42 10.81 -25.02 64.5 42.16 -34.64 52.79 39.55 -25.08
0.9 0.8 120.26 101.35 -15.72 14.52 11.84 -18.44 85.93 57.22 -33.41 73.57 56.81 -22.79
0.6 185.2 159.3 -13.99 14.44 12.76 -11.62 107.72 76.84 -28.67 102.45 82.96 -19.02
0.4 22297 203.55 -8.71 14.21 13.41 -5.58 112.26 92.49 -17.61 116.48 103.15 -11.44
0.2 190.11 185.12 -2.62 13.91 13.71 -1.45 98.92 93.58 -5.4 100.98 97.47 -3.48
1 0.8 152.35 114.31 -24.97 14.76 11.97 -18.95 100.55 60.7 -39.63 89.22 62.32 -30.15
0.6 438.65 250.32 -42.93 14.85 13.04 -12.18 154.87 90.43 -41.61 202.79 117.93 -41.85
0.4 1045.79 497.33 -52.44 14.72 13.85 -5.9 173.89 121.33 -30.23 411.47 210.84 -48.76
0.2 787.26 552.77 -29.79 14.51 14.29 -1.54 147.88 132.41 -10.46 316.55 233.16 -26.34
1.1 0.8 - 127.18 - - 121 - - 64.57 - - 67.95 -
0.6 - 391.38 - - 13.34 - - 106.89 - - 170.54 -
0.4 - 1152.96 - - 14.3 - - 156.33 - - 441.2 -
0.2 7100.56 1454.4 -79.52 15.1 14.86 -1.58 208.75 179.08 -14.21 244147 549.45 -77.5
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Fig. 7. Taylor (1979) curves for the W, MN, and CGG calibrations for the Expectations-Based Reaction Function under commitment. The * on the curve
indicates wy = 0.05, smaller (larger) values of wy are to the left (right) along the curve.

exercises can be motivated by inspecting (32). All else equal, either a lower wx or a lower x imply that the contraction in
output required to satisfy (32) is relatively larger. This can imply a better exploitation of the novel channel described in
Section 3.1 to counteract the heterogeneous expectations amplification mechanism and therefore can have important conse-
quences for central bank losses.

4.3.1. A more hawkish monetary policy

Point of departure is the finding that losses increase with the preference of the central bank for output gap stabiliza-
tion, wy. As the central bank’s preference is given, one may wonder whether there exists an incentive for the central bank
with preference wy to hire a more ‘conservative’ central banker that implements w; < wy. This question is also addressed in
Orphanides and Williams (2008). We compute the losses for this scenario as

LY. 0, wx|lwt) = (1 — B) [ Var(w|w}) + wxVar (x|w})]. (44)

An incentive for the central bank to hire a more ‘conservative’ central banker then exists if

KAL (X, 0, xlw]) = [(W) - 1] <100 < 0.
B ’ X
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Fig. 8. Losses for the W, MN, and CGG calibrations for the Expectations-Based Reaction Function under commitment.

One can find (44) by (1.) taking the variances from Tables 8 (or 9 in case of commitment) and interpreting them as the
outcome of a candidate central banker; (2.) computing losses for wy € (0, 2] for each pair of variances resulting from a
candidate central banker; (3.) running a grid search over all losses to find £*(x, 0, wx|w}) and w§.>

The results for discretion and commitment in the empirical plausible range of wy are displayed in the last four columns
of Tables 3 and 4 respectively. A negative sign suggests that in this particular case the central bank has an incentive to
hire a more ‘conservative’ central banker. Our computations show that under discretion this incentive is present throughout,
but is not present in the case of commitment. Inspecting the values of w} in Table 3 also shows that it is not optimal
to have a central banker that is too conservative. As wy — 0, the right-hand side in (32) (or (C.4) for serially correlated
shocks) approaches —oo. Thus, the variance of the output gap and losses become potentially infinitely large. This mechanism
counteracts the reduction of the inflation variance and losses due to a smaller wy that also exploits the novel channel to
manipulate heterogeneous expectations.

We conclude that under heterogeneous expectations and discretionary policy, it is always optimal for the central bank to
hire a central banker that is more hawkish than the central bank itself. However, hiring an overly hawkish central banker
can result in worse outcomes of the loss function relative to not hiring such central banker.?° Finally, when the central

25 In a previous version of this paper, we just considered one particular ‘conservative’ central banker with preference wj = 0.01. We are grateful to an
anonymous referee for suggesting the improved exercise.

26 We have found this in the previous version of this paper, when we only examined the case of w; = 0.01.
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Fig. 9. Losses for the W, MN, and CGG calibrations for the Expectations-Based Reaction Function under commitment.

bank has a very large preference for output stabilization, wyx and AE are extrapolative, but not too large, there is always an

incentive to hire a very ‘conservative’ central banker, as otherwise the economy is indeterminate or explosive (recall Panel
3a).

4.3.2. Mismeasuring expectations

So far the analysis has assumed that policymakers can perfectly measure heterogeneous expectations. However, in prac-
tice there may be mismeasurement of expectations. Such mismeasurement affects both the design and implementation of
optimal monetary policy. As can be seen from (32), the central bank’s measure of x affects size of the output gap contrac-
tion in response to a cost-push shock and therefore also the extent to which the central bank exploits the novel channel to
manipulate heterogeneous expectations. At least under discretion it is therefore natural to ask what the losses and policy
implications of a mismeasurement of x are??” We address the mismeasurement issue by computing

2.0, 0l %) = (1= By "[Var(rw| X) + wVar(x| )]

for ¢ € {W, MN, CGG}. x denotes the share of households with RE as measured by the central bank. Table 6 has results for
the case of 8 = 0.9 and wx = 0.05 and considers situations where both ¥ and x < {0.2,0.4, 0.6, 0.8}. For instance, when the
central bank measures ¥ = 0.6 and the true share is x = 0.8, it underestimates y. For prices sufficiently sticky, i.e., in case

27 In contrast, under commitment mismeasurement would imply that policy is time-inconsistent (see Gasteiger, 2014, p.1548) and cannot lead to an
equilibrium.
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Fig. 11. Losses for the W, MN, and CGG calibrations for the Expectations-Based Reaction Function under commitment in the wy — @y-space for x = {0.6, 1}
and 6 = 0.9.
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Table 6
Mismeasuring expectations.
LY (x,0 =0.9, wx =0.05%) £B(x,0 =09, w,=0.05%)
X X
0.8 0.6 0.4 0.2
0.8 120.26 206.98 243.92 203.23 193.60
0.6 115.11 185.20 236.12 200.06 184.12
0.4 118.21 171.93 22297 195.41 17713
0.2 126.08 170.88 209.60 190.11 17417
LMN(x,0 =09, wx =0.05] 1) £LB(x,0 =09, w,=0.05%)
X X
0.8 0.6 0.4 0.2
0.8 14.52 14.16 15.36 17.02 15.27
0.6 16.17 14.44 14.22 15.50 15.08
0.4 17.64 15.79 14.21 14.19 15.46
0.2 18.64 17.12 15.20 13.91 16.22
LCCC(x,0 =09, wy =0.05|%) £B(x,0 =09, w,=0.05%)
X X
0.8 0.6 0.4 0.2
0.8 85.93 120.34 123.13 105.59 108.75
0.6 77.56 107.72 120.40 104.86 102.63
0.4 74.41 96.12 112.26 103.02 96.45
0.2 74.13 90.68 102.77 98.92 91.63

of the W and CGG calibration, the consequence is that losses are mostly lower than in the case of correct measurement.
Exceptions can be explained with the strength of the amplification mechanism that peaks around x = 0.4. In contrast, in
case of overestimating x, the opposite is true. Thus, the policy implication is that overestimating the share of households
with RE is costly in terms of losses. Notice that the last column contains the loss from a Bayesian perspective, where the
policymaker assigns equal probability to x € {0.2,0.4,0.6,0.8}, but designs and implements policy based on a particular x.
One can observe that when prices are sufficiently sticky, the Bayesian loss tends to be lower than the loss if x = x were
true unless y is rather high.

Intuitively, as xy — 1, the right-hand side in (32) (or (C.4) for serially correlated shocks) becomes more similar to the
optimal policy under homogeneous RE. This implies that a central bank that overestimates the share of RE makes less use
of the novel channel to manipulate heterogeneous expectations as it actually should. Relative to x = x, a smaller output
gap and larger inflation variance translate into a larger central bank loss. Contrary, a central bank that underestimates the
share of RE makes more use of the novel channel to manipulate heterogeneous expectations. Similar to a more hawkish
policy in Section 4.3.1, this can generate the opposite effect: a larger output gap and smaller inflation variance translate into
a lower central bank loss.?

4.3.3. Implications emerging from our main results

There are a couple of further novel implications for our results in Sections 4.1 and 4.2. One is that an alternative way
of rendering the economy determinate is to obtain the ability to commit, as we have found that commitment always yields
determinacy throughout the parameter space for all considered calibrations. Therefore commitment is even more desirable,
when concerns of robustness with regard to the calibration of structural parameters are taken seriously and the nature of
heterogeneity is unknown, because commitment allows the central bank to obtain determinacy irrespective of the reference
model. Moreover, commitment also outperforms discretion on the grounds of generating lower losses.

Next, following the arguments in Sections 3.1 regarding the design and implementation of optimal monetary policy under
heterogeneous expectations, ignoring expectations heterogeneity in the design of discretionary optimal monetary policy is
not time consistent and raises losses. Thus, policymakers should take heterogeneous expectations into account in the design
of discretionary optimal monetary policy. The same is true under commitment. In order to support our claims, we consider
the ignorance case x; = —(A/wx)m; as an example of inappropriate policy for a comparison with (32) regarding outcomes
under discretion. Table 7 presents the results, which show that policy design that accounts for expectations heterogeneity
generates outcomes that are closer to the RE benchmark relative to the ignorance case. Depending on ¥, the difference in
losses can become substantial.

Finally, there are more policy implications that follow directly from the results in the above Sections 4.1 and 4.2. First,
our results support the view that welfare analyses under the REH, as carried out by many modern central banks, understate
the true losses. Second, optimal policy design and implementation based on an ad hoc loss function has several practical

28 Equivalently, consider the coefficients of reaction function (35). If the central bank overestimates x, then the feedback to RE (AE) in (35), 8 (817 ), is
larger (lower) than it should actually be. So the central bank is leaning too much against the less relevant type of inflation expectations.
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Table 7

Gains from incorporating expectations heterogeneity in policy design under discretion.

Central Bank

Expectations

preferences parameters LW (.0, wy) LMN(x,0, wx) LCCC(x, 0, wy) L8(x.,0,wy)
Design with Design with Design with Design with
wy 0 X x=1 x <1 %A x=1 x <1 %A x=1 x =1 %A x=1 x =1 %A
0.01 1 7191 71.91 0 3.23 3.23 0 34.18 34.18 0 36.44 36.44 0
0.9 0.8 102.79 101.81 -0.96 3.22 3.21 -0.45 38.17 37.28 -2.34 48.06 47.43 -1.31
0.6 145.64 139.17 -4.44 3.22 3.19 -0.82 41.29 38.65 -6.39 63.38 60.34 -4.81
0.4 170.77 152.52 -10.69 3.21 3.18 -1.11 42.59 37.86 -11.09 72.19 64.52 -10.62
0.2 154.14 131.85 -14.46 3.2 3.16 -1.26 41.72 35.8 -14.18 66.35 56.94 -14.19
1 0.8 125.57 123.49 -1.66 3.24 3.22 -0.57 40.81 39.42 -3.4 56.54 55.38 -2.05
0.6 270.66 235.84 -12.86 3.24 3.21 -1.1 47.55 42.55 -10.53 107.15 93.87 -12.4
0.4 511.35 306.34 -40.09 3.25 3.2 -1.55 52.54 42.31 -19.48 189.05 117.28 -37.96
0.2 554.43 24594 -55.64 3.25 3.19 -1.87 54.39 40.28 -25.94 204.02 96.47 -52.72
11 0.8 165.42 160.39 -3.05 3.25 3.23 -0.72 4417 42 -4.91 70.95 68.54 -3.4
0.6 - 728.63 - - 3.22 - - 47.19 - - 259.68 -
0.4 - 926.91 - - 3.22 - - 47.06 - - 325.73 -
0.2 - 428.35 - - 3.22 - - 44.75 - - 158.77 -
0.03 1 78.1 78.1 0 9.17 9.17 0 56.41 56.41 0 47.89 47.89 0
0.9 0.8 117.2 116.75 -0.38 9.24 9.14 -1.11 72.13 70.72 -1.96 66.19 65.54 -0.99
w 0.6 179.06 175.46 -2.01 9.27 9.06 -2.25 88.76 82.55 -7 92.36 89.02 -3.62
» 0.4 218.51 206.65 -5.43 9.26 8.96 -3.26 97.1 83.37 -14.15 108.29 99.66 -7.97
0.2 190.83 176.44 -7.54 9.2 8.84 -3.9 92.11 75.01 -18.57 97.38 86.76 -10.9
1 0.8 147.67 146.67 -0.68 9.36 9.22 -1.46 82.62 80.05 -3.11 79.88 78.65 -1.55
0.6 41517 381.71 -8.06 9.51 9.21 -3.16 124.09 106.35 -14.29 182.92 165.76 -9.39
0.4 1213.61 729.93 -39.85 9.61 9.15 -4.82 164.25 111.7 -31.99 462.49 283.59 -38.68
0.2 1331.07 549.89 -58.69 9.66 9.07 -6.1 174.59 99.15 -43.21 505.11 219.37 -56.57
11 0.8 - - - - - - - - - - - -
0.6 - - - - - - - - - - - -
0.4 - - - - - - - - - - - -
0.2 - 2015.81 - - 9.3 - - 125.99 - - 717.03 -
0.05 1 79.46 79.46 0 14.42 14.42 0 64.5 64.5 0 52.79 52.79 0
0.9 0.8 120.55 120.26 -0.24 14.75 14.52 -1.55 87.25 85.93 -1.52 74.18 73.57 -0.82
0.6 187.63 185.2 -1.29 14.94 14.44 -3.39 114.74 107.72 -6.12 105.77 102.45 -3.14
0.4 231.32 22297 -3.61 14.98 14.21 -5.14 129.6 112.26 -13.38 1253 116.48 -7.04
0.2 200.23 190.11 -5.06 14.85 13.91 -6.31 120.32 98.92 -17.78 111.8 100.98 -9.68
1 0.8 153 152.35 -0.43 15.08 14.76 -2.09 103.13 100.55 -2.51 90.41 89.22 -1.31
0.6 465.73 438.65 -5.82 15.61 14.85 -4.92 180.91 154.87 -14.39 220.75 202.79 -8.14
0.4 1654.4 1045.79 -36.79 15.98 14.72 -7.89 273.53 173.89 -36.43 647.97 411.47 -36.5
0.2 1821.04 787.26 -56.77 16.16 14.51 -10.21 293.62 147.88 -49.64 710.27 316.55 -55.43
11 0.8 - - - - - - - - - - - -
0.6 - - - - - - - - - - - -
0.4 - - - - - - - - - - - -
0.2 - 7100.56 - - 15.1 - - 208.75 - - 2441.47 -
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Table 8
Details for Table 3.
Central Bank Expectations
preferences parameters Unconditional Variances under Calibration
w MN CGG
Wy 0 X Xt T Xt T Xt T
0.01 1 3.916 0.68 2.904 0.003 12.303 0.219
0.9 0.8 6.54 0.953 2.926 0.003 14.815 0.225
0.6 11.691 1.275 2.948 0.002 17.479 0.212
0.4 18.522 1.34 2.97 0.002 19.836 0.18
0.2 24.659 1.072 2.991 0.002 21.769 0.14
1 0.8 8.372 1.151 2.942 0.003 16.112 0.233
0.6 23.876 2.12 2.979 0.002 20.62 0.219
0.4 55.475 2.509 3.014 0.002 24.757 0.175
0.2 84.834 1.611 3.048 0.001 28.113 0.122
1.1 0.8 11.646 1.487 2.96 0.003 17.744 0.243
0.6 100.644 6.28 3.013 0.002 24.803 0.224
0.4 305.754 6.212 3.061 0.002 31.059 0.16
0.2 285.256 1.431 3.104 0.001 35.559 0.092
0.03 1 0.49 0.766 2.291 0.023 2.969 0.475
0.9 0.8 0.873 1.141 2.362 0.02 4.285 0.579
0.6 1.76 1.702 2.429 0.018 6.164 0.641
0.4 3.166 1.972 2.49 0.015 8.096 0.591
0.2 4.536 1.628 2.545 0.012 9.694 0.459
1 0.8 1.162 1.432 2.404 0.02 5.065 0.649
0.6 4.796 3.673 2.51 0.017 9.012 0.793
0.4 19.409 6.717 2.607 0.013 13.653 0.707
0.2 36.268 4.411 2.693 0.01 17.474 0.467
1.1 0.8 - - - - - -
0.6 - - - - - -
0.4 - - - - - -
0.2 462.342 6.288 2.843 0.008 29.926 0.362
0.05 1 0.181 0.786 1.854 0.051 1.304 0.58
0.9 0.8 0.327 1.186 1.962 0.047 2.027 0.758
0.6 0.679 1.818 2.064 0.041 3.227 0.916
0.4 1.266 2.166 2.154 0.034 4.604 0.892
0.2 1.853 1.808 2.233 0.027 5.776 0.7
1 0.8 0.439 1.502 2.021 0.047 2.49 0.881
0.6 2.038 4.285 2.182 0.039 5.413 1.278
0.4 10.9 9.913 2.325 0.031 9.63 1.257
0.2 22.557 6.745 2.448 0.023 13.237 0.817
1.1 0.8 - - - - - -
0.6 - - - - - -
0.4 - - - - - -
0.2 1025.123 19.749 2.671 0.017 28.598 0.658

advantages, but bears a risk of destabilizing the economy as it does not necessarily guarantee determinacy under discretion.
This finding stands in contrast to the findings for discretionary optimal policy either based on an ad hoc loss function in
related homogeneous expectations models (see Evans and Honkapohja, 2003, p.814) or based on a model-consistent loss
function in this model (see Di Bartolomeo et al., 2016), where determinacy prevails throughout the parameter space.

5. Related literature

Our findings regarding the inflation output variability trade-off are broadly consistent with the ones for the imperfect
knowledge case in Orphanides and Williams (2005, 2008) or Gaspar et al. (2006), which has become a standard result in
the literature on bounded rationality (Eusepi and Preston, 2018): the optimal response of the central bank to a cost-push
shock is to put more weight on inflation stabilization than under the REH. Moreover, Orphanides and Williams (2005) show
that the trade-off can shift out in a non-monotonic fashion under imperfect knowledge. However, the mechanism generating
their results is that a temporary rise in inflation makes homogeneous agents conclude from their regression model that
inflation will be higher in the long-run. In contrast, in our model the mechanism is based on agents with heterogeneous
expectations, which is favored by the data.

[labaca and Milani (2021) estimate the model developed herein with a rolling-window approach. They show that the
data favours the heterogeneous expectations version over homogeneous RE. This may be explained by the heterogeneous
expectations amplification mechanism discussed herein. They also find that the expectations coefficients x and 6 are time
varying which reinforces the arguments in favor of a robustness approach pursued herein. Another important aspect of their
work is that they carry out a test of a novel and testable asymmetry hypothesis emerging from our model as discussed
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Table 9
Details for Table 4.
Central Bank Expectations
preferences parameters Unconditional Variances under Calibration
w MN CGG
Wy 0 X Xt T Xt T Xt T
0.01 1 11.651 0.386 2.635 0.003 11.42 0.106
0.9 0.8 21.395 0.503 2.777 0.002 15.682 0.105
0.6 38.936 0.632 2.892 0.002 20.642 0.098
0.4 52.911 0.737 2.972 0.002 24.472 0.091
0.2 46.019 0.788 3.013 0.001 25.33 0.094
1 0.8 25.002 0.523 2.79 0.002 16.515 0.103
0.6 63.27 0.653 2919 0.002 23.231 0.09
0.4 122.474 0.673 3.013 0.001 29.221 0.075
0.2 136.08 0.729 3.066 0.001 31.724 0.071
1.1 0.8 28.759 0.548 2.803 0.002 17.442 0.101
0.6 98.018 0.648 2.947 0.002 26.145 0.081
0.4 235.984 0.401 3.054 0.001 34.365 0.056
0.2 292.773 0.331 3.12 0.001 38.415 0.045
0.03 1 3.016 0.525 1.912 0.017 4.303 0.227
0.9 0.8 5918 0.754 2.163 0.014 6.882 0.258
0.6 11.53 1.086 2.386 0.012 10.652 0.275
0.4 15.136 1.371 2.546 0.01 13.725 0.284
0.2 11.036 1.37 2.617 0.009 13.573 0.306
1 0.8 7.491 0.811 2.193 0.014 7.565 0.259
0.6 26.756 1.279 2.455 0.011 13.644 0.261
0.4 71.741 1.573 2.653 0.008 20.344 0.235
0.2 78.993 1.764 2.758 0.007 22.513 0.24
1.1 0.8 8.785 0.88 2.226 0.013 8.327 0.261
0.6 52.084 1.47 2.528 0.01 17.325 0.24
0.4 216.497 0.741 2.763 0.007 28.489 0.161
0.2 279.717 0.567 2.897 0.005 33.46 0.135
0.05 1 1.552 0.579 1.514 0.032 2.535 0.295
0.9 0.8 3.042 0.861 1.8 0.028 4.329 0.356
0.6 5.851 13 2.07 0.024 7.228 0.407
0.4 7.346 1.668 2.268 0.021 9.609 0.444
0.2 4.948 1.604 2.347 0.02 9.086 0.482
1 0.8 4.059 0.94 1.839 0.028 4.876 0.363
0.6 16.955 1.655 2.167 0.022 10.109 0.399
0.4 54.365 2.255 2.424 0.017 16.695 0.379
0.2 59.429 2.556 2.553 0.015 18.546 0.397
1.1 0.8 4.73 1.035 1.883 0.027 5.476 0.372
0.6 36.395 2.094 2.271 0.02 13.869 0.375
0.4 212.443 0.907 2.585 0.014 26.33 0.247
0.2 277.611 0.663 2.758 0.011 31.673 0.207

right below. Next, Elias (2020) estimates a heterogeneous expectations model under the assumption of adaptive learning
and coexistence of correctly and misspecified PLMs. He also finds that the data favors heterogeneous expectations over
(asymptotically) model-consistent homogeneous expectations.

Our modelling approach builds on Branch and McGough (2009) and is also related to Massaro (2013). It is an alternative
way of obtaining similar aggregate demand and supply relations.?? However, our model is a novelty as it is a stochastic
and decentralized markets version of the Branch and McGough (2009) model with distinct households and firms. Together
with the introduction of aggregate uncertainty, the approach states a stark contrast to the widely used yeoman farmer
model. An advantage of the approach is that household labor income is dependent on household effort and there is no
free-rider problem as in the yeoman farmer model that requires fully enforceable contracts. Furthermore, the separation
between households and firms implies that the expectations heterogeneity is related to the households. The latter own the
firms. Therefore firms have average expectations that depend on the distribution of households among RE and AE. Thus, the
model also implies a novel and testable hypothesis: there is a general asymmetry between expectation formation between
households and firms. Ilabaca and Milani’s (2021) results support this hypothesis. Moreover, this asymmetry is a potential
narrative to explain the differing forecasting behavior of households and firms documented in Fuhrer (2015).3

29 Notice that we use an insurance mechanism to keep the model tractable. This route was suggested by Branch and McGough (2009, p.1041), but not
pursued therein.

30 Notice that the coexistence of RE and AE in our model is also consistent with Fuhrer’s (2015) conclusion that {... ] individuals who do not possess full
information about the economy link their own expectations to previous aggregate expectations|... |.’

316



E. Gasteiger Journal of Economic Behavior and Organization 190 (2021) 287-325

This paper is also connected to the literature that examines the design and implementation of optimal monetary policy in
a representative agent framework under the REH (e.g., Clarida et al., 1999) or under adaptive learning (Evans and Honkapo-
hja, 2003; 2006; Duffy and Xiao, 2007). A key conclusion from this literature is that expectations-based reaction functions
generate determinacy under both discretion and commitment throughout the parameter space. Gasteiger (2014) has shown
that this finding extends to the deterministic Branch and McGough (2009) model of heterogeneous expectations when the
central bank considers an ad hoc loss function and is able to commit. Moreover, Gasteiger (2014) shows that the central
bank should take heterogeneous expectations into account when designing and implementing optimal monetary policy
under commitment. This paper extends Gasteiger (2014) in several directions. First, the model herein is a micro-founded
stochastic decentralized economy that addresses several modelling shortcomings of a yeoman farmer model and allows for
a more intuitive interpretation of results based on individual behavior. Second, considering a stochastic set-up gives scope
to richer policy implications. Without stochastic shocks the losses converge to zero asymptotically, and the central bank’s
problem is just to bring about determinacy and it is impossible to rank the performance of any two equilibria due to dif-
ferent preferences of the policymaker with regard to losses. Third, this paper elaborates the design and implementation of
optimal monetary policy under discretion and contrasts this with the findings under commitment. The case of discretion
is important as not all central banks may have the ability to commit, but undoubtedly central banks conduct policy under
heterogeneous expectations.

This paper is also related to Di Bartolomeo et al. (2016) who focus on how to obtain the fully optimal policy from a
second-order approximation to household utility in the Branch and McGough (2009) yeoman farmer model, which precludes
an intuitive explanation of results based on the interaction of households and firms on decentralized markets. Di Bartolomeo
et al. (2016) append a shock to the aggregate Phillips curve and numerically analyse the case of discretion and commitment
under this model-consistent loss function and also report that, in both the case of discretion and commitment, determi-
nacy prevails throughout the parameter space. However, these findings are obtained without elaborating implementation
strategies. In consequence, the determinacy properties of implementation strategies under discretion in a model with het-
erogeneous expectations are unknown. Therefore, in light of the reasoning in Woodford (1999), our examination of the
determinacy properties of the expectations-based reaction function as a possible implementation strategy of optimal pol-
icy under discretion addresses a concern of high interest for policymakers. It turns out that our determinacy results for
discretionary policy contrast (Di Bartolomeo et al., 2016) results. Determinacy does not prevail throughout the parameter
space.

A further important difference to Di Bartolomeo et al. (2016) is that we use an ad hoc loss function for practical
reasons that we have discussed above. On the one hand this choice most likely implies that our analysis understates
the true losses due to heterogeneous expectations. This is illustrated in Di Bartolomeo et al. (2016) or Hagenhoff (2018).
Hagenhoff (2018) also shows that, depending on the share of AE, (1 — x), these losses can become substantial. On the other
hand, we are able to show how to implement optimal monetary policy under heterogeneous expectations. More generally,
we think that the case of ad hoc loss functions is important as in practice policymakers may use large models with many
different features, which makes the use of model-consistent loss functions infeasible. Thus, policymakers may actually use
an ad hoc loss function.

As regards our findings more generally, we are confident that most of them are robust to the use of the model-consistent
loss function. When calibrating the structural parameters, Hagenhoff (2018) finds that the term with the relative weight on
inflation deviations is much larger in the model-consistent loss function than the corresponding term in the ad hoc loss
function. Also the weights on the additional inflation terms are larger. In turn, the relative weight on the output gap devia-
tions are relatively smaller. The model-consistent loss function then yields lower losses relative to the ad hoc loss function.
Overall, this is consistent with our finding that a more hawkish stance toward inflation, e.g., because of a conservative cen-
tral banker (w} < wy) or an underestimated share of RE (X < x), reduces central bank losses, because in such cases the
central bank exploits the novel channel to manipulate heterogeneous expectations to a further extent.

Finally, it is important to emphasize that our model of heterogeneous expectations introduces macroeconomic persis-
tence. However, it should not be confused with models that incorporate widely used ‘bells and whistles’ in order to improve
the fit to certain features of the data. Examples are rule-of-thumb households (see, e.g., Gali et al., 2004), rule-of-thumb
firms with price indexation (see, e.g., Steinsson, 2003), or, households with external additive habit formation in consump-
tion (see, e.g., Smets and Wouters, 2003). For instance, the design of optimal monetary policy based on an ad hoc loss
function is not affected by the existence of rule-of-thumb households or habit formation. Next, the implications for the
design of optimal monetary policy emerging from firms with price indexation are different to the ones emerging from het-
erogeneous expectations. Moreover, there is another crucial difference compared to rule-of-thumb consumers and firms. The
nominal interest rate has no direct effect on the inter-temporal decisions of such rule-of-thumb households or firms as they
do not make inter-temporal decisions. In contrast, in our model all agents take monetary policy into account and make
inter-temporal decisions. In fact, each type of household faces a distinct ex ante real interest rate, which is a crucial part of
the unique amplification mechanism mentioned above. Thus, the presumption that the heterogeneous expectations model
developed herein is equivalent to a homogeneous model with ‘bells and whistles’ and therefore exhibits similar properties
and yields similar policy implications is misleading.
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6. Conclusions

This paper develops a stochastic version of the New Keynesian model with heterogeneous expectations. The novelty is
that it can be used to analyze the transmission of aggregate shocks and monetary policy on households and firms that
interact in decentralized markets.

Our analysis calls for the incorporation of heterogeneous expectations in both the design and implementation of optimal
monetary policy to manipulate expectations via a novel channel. Naive policy design that does not incorporate heteroge-
neous expectations leads to inefficient outcomes. The reason is that heterogeneous expectations also imply an amplification
mechanism absent in homogeneous expectations models. This amplification mechanism poses several challenges for poli-
cymakers. Under discretion, determinacy only prevails in part of the structural parameter space. Relative to the benchmark
of the rational expectations hypothesis, the mechanism also raises losses and implies that the inflation output variability
trad-off shifts out in a non-monotonic way with the share of adaptive expectations. The potential pitfalls of a high prefer-
ence for output stabilization are exacerbated under heterogeneous expectations. A more hawkish monetary policy can lower
central bank losses, but an overly hawkish policy does not. Moreover, overestimating the share of rational expectations in
the design and implementation of monetary policy increases losses. In sum, our findings render a central banks’ ability to
commit highly desirable as optimal monetary policy under commitment can eliminate or alleviate many of the ramifications
of heterogeneous expectations.

Our results also raise questions on the implications of interest rate stabilization in the loss function or simple monetary
policy rules with interest rate smoothing. For instance, our findings suggest that in order to render the economy determinate
under expectations heterogeneity, a larger contraction of aggregate demand is necessary in response to a cost-push shock.
However, a preference for interest rate stabilization or interest rate smoothing then clearly seems counterproductive and
leads to the conjecture that a preference for interest rate stabilization or interest rate smoothing implies unnecessary losses
under heterogeneous expectations. We take up such considerations in future research.
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Appendix A. Model derivations
Assumptions Al to A7 are taken from Branch and McGough (2009).
Al. Household Lagrangian

The household’s problem can be solved by the Lagrangian

. > Cox(D1= N ()1te . B; i (1)
L) =E'{Y ,BHk|: ek — I — M G @) + Qi —=E
k=0

(1-0) +¢) Pk
o) Wik o Bree1() g (@) Y
+ £ — Dk () — 2 . - 1
Pk Pk (D) t+k—1 EHk-1, ek Pk Pk
where kﬁk is the Lagrange multiplier. This yields the first-order necessary conditions
8£(-, l) ! y t+k o — H !
) 0 SE/ {B*[Conr() = AL, ]} =0, (A11)
AL(. 1) LO{:}EV{IB”"[—)\H Q; ]+ﬁ[+k+1 [)»H ! ]} LO (A1.2)
3(Br+k(i)) = t tk K|k t+k+1" Mtk t+k+11 ) — s
Pt+k
AL(-, 1) . W, !
2 20 E B =N ()2 — AR SR Lo, Al
M) {’3 [ S v | (A13)

Combining (A.1.1) and (A.1.2) yields (8), likewise (A.1.1) and (A.1.3) yield (9). Moreover, (A.1.1) and (A.1.2) also imply the
subjective transversality condition (10).

Log-linearization of (8) and (9) around a steady state, together with definitions p = —In(8), i; = — ln(Eg’{Qt‘Hl}), (i) =
(Gt (i) — C(i))/Y, where C(i) =Y, and m; = (I1; — IT)/I1 yields

¢t (i) = E {cea (D) — o071 (ic — EV {mrea} — p).  and
Wy — pr = one (i) + o ¢ (i) = mrs (i),

318



E. Gasteiger Journal of Economic Behavior and Organization 190 (2021) 287-325

i.e., the real wage equals the marginal rate of substitution, mrs;(i). Furthermore, w; = (W; — W)/W, p; = (B — P)/P, and

ne (i) = (N (i) — N(@))/N.
A2. Forward iteration of household wealth

Eq. (11) one period ahead is

[+1{C +1} = t+1{ t4+2 0'71 (it+1 — TTry2 — p)}v

which by Assumptions Al and A3 is

t+1 = Ety_H { H—Z} _1 (it+l - EtV_H {nt+2} - 10) (AZ])
Combining (11) with (A.2.1) and applying Assumptions A1 and A3 again yields
Ct - Ey {Et+1 { t+2}} (Ey{ltﬂ} Ey {EH.] {7Tt+2}} - p) - (7_1 (it - E[y {7Tt+1} - )0),

which, by using Assumptions A5 can be rewritten as

Ey{ t+2 71 ZE {(lt+k — k1 — 10)}
k=0

Using Assumptions A4 and A5 as well as repeating the steps outlined above yields
o = lll‘l‘l E/{c! +k+1} _]Ety{Z(in_ﬂt-*—k-;—l —,0)}.
k=0

Finally, defining limy_, . E} {c t+k+1} =E}{ck} yields (12).
A3. Equilibrium derivation of dynamic IS curve

On the goods market, each firm i will supply sufficient goods to meet demand for its variety j, i.e.,
Y (j) =G(j). Vvt (A3.1)

Moreover, demand (3) and the definition of aggregate output,

1 =1
Y, = (/0 w)‘edj) :

imply the goods market clearing condition (16).
Given (17), we can use (12) to get

Yo = xEMcl) + (1 - OEHE) -0 'R HZ (itk = Teski1 = P) ] (A3.2)
k=0
One period ahead this is
Eefyei} = xEHcL} + (1 — Y)OEHcA} - o@{z (Hek = 1 — p)}, (A33)
k=1

where we rule out terms of higher order beliefs by Assumption A6 of Branch and McGough (2009). Finally, subtracting
(A.3.3) from (A.3.2) and applying Assumptions A6 and A7 of Branch and McGough (2009) yields (18).

A4. Equilibrium labor market and marginal costs
Next, we consider labor market clearing. Aggregate employment is defined as
Ne = /0 "Ne(iydi
Together with technology (13), condition (A.3.1) and demand (3), employment is given by

YT RO\ T
Nt‘(/T[) /o(P[ di

A first-order linear approximation to the latter expression is given by (19), (see, Gali, 2015, p.59). Next, average real marginal
costs in logs are

mce = (We — pr) —mpny
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= (Wt — pr) — (ar — an; — log(1 — a)), (A41)
where (A.4.1) follows from (13) and
mpn; = a; — on; +log(1 — o).
Labor market clearing condition (19) and rearranging terms yields

1
+ %y —log(1-a).

mee = (We — pr) — a _a)a[ a—a)

Next, we combine

MCe ke (1) = Wik — Pesk) + MPNe e

Ary i + Yerk +log(1 — @)

1 o
= Wik = Peric) — (1-a) 1-a)
gy W =)

(643 .
= MCryk — m(p?(l) = Pesk)-

In terms of log deviations from steady state mc we have

MCpy gy (1) = meppye (i) — me

= MCryy — %(ﬁ; (i) = Prsk)- (A.4.2)

A5. Equilibrium forward iteration of the Firm’s FOC, wage markup and marginal cost

Using (15) together with (A.4.2) yields

i)~ pi = (1= B6y)E, { iww (o@, + G’f%mw) } (A51)
where © = % < 1. By Assumption Al, (A.5.1) can be written as

E(pi()—pe) = (1= BOpE: { 5 (86, [On?ck + s 7Tt+k+1j| } (A52)

k=0

One period ahead, (A.5.2) is given by

B [P () — per) = (1 — BB {i(ﬁ%)" [@rmm " U’f%mﬂ} } (A53)
or 7

(BODE1 {plr () — Pt} = (1~ BOEur {ﬁ;w@p)’“l [@rﬁcmﬂ ¥ Olf%ﬂwkﬂ} } (A54)

=

Evaluation of (A.5.4) with E{-} and invoking Assumption A5 of Branch and McGough (2009) yields

(BODE[piy ) — por) = (1 — BONE, {ﬁ(ﬁemk*l [@r’n‘w ¥ U’B%MH} } (A5.5)

=

Subtracting (A.5.5) from (A.5.3) and applying Assumption A4 of Branch and McGough (2009) allows us to arrive at
() — pe= (1— BoEN | o, + - P% AT
Pi(i) = pe= (1= PO | OMC + gt | [ + B0y e{ P () = Pesa }-
—PY%

Finally, Assumptions A1 and A3 of Branch and McGough (2009) yield
pi () = pe = (1 = BOR)OMC, + POLE(Tes1} + BOE| Pioy (i) — Pest ).

Recall that all firms make similar decisions, thus

P — pe = (1= BO)OMC; + BOEAes1} + BOE Py — Pest )
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Moreover, from (Calvo, 1983) aggregate price stetting assumption follows that linearized around the steady state

* 91’
Dt — Pt = @ﬂp
Therefore
o= (1 BO)OME + PO (i1} + POy Fimiia),
(1 _Hp) p p + IJ(] —Gp) +

which can be simplified to the inflation Eq. (20).
Assuming an efficient consumption-leisure choice (9), we can express average marginal cost in the economy as
mce = (We — pr) — mpn,
= (u +mrs;) — (ar —an +log(1 —a))
=u + (pns +oc¢) — (ar — an; + log(1 — a))
=u+oc+ (¢ +o)n —ar —log(1 — ).
Imposing labor market clearing (19), goods market clearing (16), and collecting terms yields

1
mee = pi + [o + (((ffz))}yt - [El J_rz;]at —log(1—a),

Likewise, in steady state it holds that

(e+a) |, | (A+9)
(1-o) " [(-a)

mc:uw+|:a+ i|at—log(l—a),

where y}! is the natural level of output, ie. the level in absence of nominal rigidities under a constant price and wage
markup.

AG. Flexible price equilibrium

The profit maximization problem of a monopolistically competitive firm i facing given aggregate price, wage, and constant
wage markup can be solved by the Lagrangian

L(, 1) =P ()Y (i) = MYWeNe (i) = A5 [Ye (D) — AcNe (D) ]

=y [m(o - (”f}f”) YI},

where kf_t and Ag_t are the Lagrange multipliers and MY is the constant aggregate wage markup. This yields the first-order
necessary conditions

—e-1
ALC.D 1 Y. PO 1, | 1
P 0 & Y()—Ay|—(—€) P Ftyt =0, (A.6.1)
aL(,i) . F FooL
P () =0 & Y()-Aj—A, =0,
%f\l(t(zl)) 10 o —M"W; — Af,[[—At(l —a)N; (i)—“] Lo (A6.2)
Conditions (A.6.1)-(A.6.2) can be summarized by
= MM (- AN, (A63)

where we also impose symmetry among the firms and we defined M~! = (e — 1)/€ as the constant markup over the price
of consumption goods. A linear approximation to (A.6.3) is

(W — pr) = ar —ang.

Imposing goods market clearing (16) and labor market clearing (19) yields the natural level of output

n_ (1+¢) o
o= [[U(l —a)+(a+<ﬂ)]:|at = Vil
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Appendix B. Risk sharing

In this section, we closely follow Ljungqvist and Sargent (2012, ch.8.8, p.268ff.) and consider sequential-trading of
Arrow (1964) securities. The household’s problem is to choose C; (i, st), N¢ (i, st), B¢ (i), and {A;1 (i, S¢1, ")}, where the latter
is a vector of claims on time t + 1 units of the numeraire, i.e., currency. Hereby st = [sq, 51, ..., S¢] is the history of real-
ized states and potential realizations in period ¢t + 1 are denoted by s, € S. Furthermore, q;(s;,1[s') is the price of one
unit of the numeraire in t + 1, contingent on history s’ the realization of state s, ;. 7r¢ (i, s*) is the unconditional subjective
probability which agent i assumes for the realization of history s'.

The problem can be solved by the Lagrangian

LG =YY {BUGH ), Ne(i, s"))7e (i, s')
t=0 st

Hos We o T As) | Bei(i)

+A¢ (4, st) <P[Nt(l’ st — B + B + P

) A1, Sprq, S B (i
—Ce(i,s) = D qe(sealsh) i Pm !k, [P())}
t t

St+1
The first-order conditions with respect to G (i, st), N¢ (i, st), B¢ (i), and A1 (i, S¢,1, s¢) are given by

B'Uc (i, s)me (i, s') — Al (i,s') = 0, or

B e (i s (1,51 — A (1, 571) =0, (B.1)
Bile(i.s)m(i.s) + 41,55 =0, (8.2)
A SO[=RePT 4+ AL (1 s" D[P "D =0, (B.3)
A (1 SO [=qe (St [sOPT] + AL (1 s D[P 7D =0, (B4)

which have to hold Vt,s!,and s;,1 €.
Next, define the subjective probability of agent i for the realization of state s;; conditional on the realized history s’ as
¢ (i, Se118Y) = 71 (i, s71) /7e (i, s') and combine (B.4) and (B.1) to derive

i ot+1 t+1 -1
qt(5t+1|5t) = ﬁ(UC&-gltg’ zt) ))(PH—]S )> N[(i, 5t+1|5t)‘ (BS)

Defining Q: (1, S¢1115%) = qt (St4115°) /7e (i, S¢41|st) and summing over all potential states leads to

i ot+1 e+1y\ 7!
S atsnls) = Dp( L5 ) (B ) st

St41 St41

ot e41y\ 7!
Zm(i,sm|sf)@<i,st+1|sf>=Zﬂ<”"5jtg’;)))<”f+1]§f )> el se s,

St41 St41

. ) ot e41y )\ 1
E‘{Qr(st+1|st)|s‘}:E’{IB(UC&;E;’;) )>(Pt+1g )) |st}'

For notational convenience, we define

E;{Qtlrﬂ} = Ei{Qt(StH |5t)|5t}

ol Ut O\ (PN ) ] o f Ucern s\ (P 5D
Ef{ﬁ< uc,t(i>>(1>t) }=E{ﬁ< Uce (7,50 )( B ) '5}'

Thus, we can derive a general Euler condition

i g Ucer1 () ) (Pec1\
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Furthermore, (B.1) and (B.2) imply
Uis) _ W
Une(ist) P
and from (B.3) to (B.4) it follows that
A (i sHPIR, = M-IH @i, st )13[11] (st*1),
AL (1 SOP e (SeaalsY) = AL (G SR (5T,

ZRt = Z qe (s ls) ™

St+1 St+1

Re = EH{ Qe }-
Next, for two agents i # j Eq. (B.5) implies

Uce (i) Ucer (i s (i S|
U (G st)  Ucepr (U, ST (G Sega [st)
Vt,st, seeq €S,
Under the REH, it holds that subjective and objective probabilities coincide, i.e., ¢ (i, S¢4115") = 7t (j, Se1115%) = 76 (Sep1Ist)
and iterating backwards yields

Uce(i.s")  Uco(i,s%)
Uce(j ) Uco(l,s%)

It follows, that, if initial wealth is the same for all agents and s is observed, i.e., 7y(sg) = 1, we have Cy(i) = Gy (j) = Co,
which in turn implies that G (i) = G (j) = G, Vt. This result means that all agents can plan current and future consumption
optimally across time and state by fully insuring themselves via trading state-contingent claims, i.e., perfect risk-sharing.

However, in the present paper subjective probabilities differ among types of agents, i.e., 7w¢ (i, Sg,1|SY) # 7t (J, Se41/st), thus
the general (B.6) holds Vt, s, s, € S. Summing over all 5,1 € S results in

UCt(i’St) ] t s ot
—_— 2 e, S sHU, ’S+1 .
UC,[ (_], St) g [(J t+1| ) C.t+1 (] )

(B.6)

Z e (i, Sepa 1)U (1,871 =

St+1

The latter implies that
E;'{Uc.tﬂ ) _ U (i, s")
El{Ucen ()} Ueelis)

Thus, given a complete market for state-contingent claims, there is imperfect risk-sharing due to heterogeneity in expecta-
tions.

Appendix C. The optimal monetary policy problem
The Lagrangian of this problem is given by
it 1
L(-) =E; { Z B° [E (T[t2+s + wxx?Jrs) + K2|t+s[7Tr+s —Bxmesi1 — B - X)927TH54 — MXpps — Ut+s]] }
s=0

The related first-order necessary conditions are given by

9L()

g =0 & BBl o]+ B [k al=Bx1] + B [larsial =B - 00?]} < 0 (1)
%fis) 10 o Ec{ B[ @xxess + kajers[-A]]} Lo, (C2)

for each date s> 0 and initial conditions «;_; =0, given that the central bank employs a commitment to its optimality
conditions from a timeless perspective to overcome the problem of time-inconsistency. We can equivalently express (C.1)-
(C2) as
Eikyjes = — EtTteqs + X Eekoeqs—1 + (1 - X)ezEtK2|t+s+1
0=- CU)(Etxt+s + )\EtKZ\t+sa
which corresponds to (30) and (31) in the paper. Notice that (30) follows from setting Eticy|r,s_1 to zero. In our set-up this is

equivalent to choosing the loss-minimizing policy at a generic time t, where the central bank accounts for the equilibrium
response of endogenous variables in period t + 1 under the optimal policy.
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In order to examine the consequences of optimal monetary policy design under discretion, one can iterate (30) forward
and obtains
S
s S+1
Ko ==Y [B*(1 = x)O?| Eerters + [ B2 (1 = DO Eckyjrisia-
s=0
Using (31) and considering the limit of S — oo and assuming |B2(1 — x)62| < 1, which is true for 0 < < 1, but not neces-
sarily true for 6 > 1, one obtains

oo

%Xt =— Z [,32(1 - X)QZ]SENTH-s
s=0
Dxe == Y [BA(1 = 00 Eetess. (€3)
s=1

Then from (33) follows

= - s : S—T T - s p“(pf'_QSZZ)
ZEIT[PrS = Z Qz,zﬂt + Z Qz P Aoapfur = Z Qz,zﬂt + === Aol
s=1 s=1 =1 ' s=1 (pu - Q2,2)

and in consequence, we can write (C.3) as

w. S s ,Ou(,Oﬂ—Qiyz)
TXX[ =T — ; [52(1 - x)@z] 527t + mAnut
o __[[1=-F0—00a]m+ B0 - )0 Az
AT [1-82(1 - )02p][1 - B2(1 = X)022]
1-B2(1- x)6? 2(1 = )0%A
<i>x[=—)L [1-B2(1 = )02 pu]7e + B2 (1 = X)O2 Az 2 pue ca

| [1=B2(1 - )P pull1 - B2(1 - 0)F?R5]
Assume that u; is serially uncorrelated, i.e., oy = 0. Then (C.4) collapses to (34).

Appendix D. Model solution and long-run variance

Combining (27) and (28) yields

2] [ M) []-

More compact this is
Y: = GY;_1 + Ke;

where G is (m+n) x (m+n), and K is (m+n) x n. Finally, in the long-run we assume that Var(Y;) = E[Y;Y;] = E and
Var(e;) = E[&;&[] = XVt. Moreover E is (m+n) x (m+n) and X is n x n. It follows that

E =GEG +KIK
vec(E) = [I- (6® G)] 'vec(KEK'), (D.1)

where vec(E) is (m + n)2 x (m + n)2. The long-run variances for the variables of interest can then be found in the respective
entry in this vector (D.1).

References

Arrow, K., 1964. The role of securities in the optimal allocation of risk-bearing. Rev. Econ. Stud. 31 (2), 91-96.

Blanchard, 0., Gali, ., 2007. Real wage rigidities and the new Keynesian model. ]. Money Credit Bank. 39 (1), 35-65.

Branch, W.A.,, Evans, G.W., 2011. Monetary policy and heterogeneous expectations. Econ. Theory 47 (2-3), 365-393.

Branch, W.A., McGough, B., 2004. Multiple equilibria in heterogeneous expectations models. Contrib. Macroecon. 4 (1), 1-16.

Branch, W.A., McGough, B., 2009. A new Keynesian model with heterogeneous expectations. J. Econ. Dyn. Control 33 (5), 1036-1051.

Branch, W.A., McGough, B., 2018. Heterogeneous expectations and micro-foundations in macroeconomics. In: Hommes, C.H., LeBaron, B. (Eds.), Handbook
of Computational Economics, Vol. 4. North Holland, Amsterdam.

Brock, W.A., Hommes, C.H., 1997. A rational route to randomness. Econometrica 65 (5), 1059-1095.

Calvo, G.A., 1983. Staggered prices in a utility-maximizing framework. ]. Monet. Econ. 12 (3), 383-398.

Carney, M.J., 2013. Monetary Policy After the Fall. Eric J. Hanson Memorial Lecture. Bank of Canada.

Clarida, R.H., Gali, J., Gertler, M., 1999. The science of monetary policy a new Keynesian perspective. ]. Econ. Lit. 37 (4), 1661-1707.

Clarida, R.H., Gali, J., Gertler, M., 2000. Monetary policy rules and macroeconomic stability evidence and some theory. Q. J. Econ. 115 (1), 147-180.

Dennis, R., 2006. The policy preferences of the US federal reserve. ]J. Appl. Econom. 21 (1), 55-77.

324


http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0001
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0001
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0002
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0002
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0002
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0003
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0003
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0003
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0004
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0004
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0004
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0005
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0005
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0005
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0006
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0006
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0006
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0007
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0007
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0007
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0008
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0008
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0009
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0009
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0010
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0010
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0010
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0010
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0011
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0011
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0011
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0011
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0012
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0012

E. Gasteiger Journal of Economic Behavior and Organization 190 (2021) 287-325

Di Bartolomeo, G., Di Pietro, M., Giannini, B., 2016. Optimal monetary policy in a new Keynesian model with heterogeneous expectations. J. Econ. Dyn.
Control 73 (C), 373-387.

Dixit, A.K., Stiglitz, ].E., 1977. Monopolistic competition and optimum product diversity. Am. Econ. Rev. 67 (3), 297-308.

Duffy, ]., Xiao, W., 2007. The value of interest rate stabilization policies when agents are learning. ]. Money Credit Bank. 39 (8), 2041-2056.

Elias, CJ., 2020. Bayesian estimation of a small-Scale new Keynesian model with heterogeneous expectations. Macroecon. Dyn. forthcoming.

Eusepi, S., Preston, B., 2018. The science of monetary policy an imperfect knowledge perspective. J. Econ. Lit. 56 (1), 3-59.

Evans, G.W., Honkapohja, S., 2003. Adaptive learning and monetary policy design. ]. Money Credit Bank. 35 (6), 1045-1072.

Evans, G.W., Honkapohja, S., 2003. Expectations and the stability problem for optimal monetary policies. Rev. Econ. Stud. 70 (4), 807-824.

Evans, G.W., Honkapohja, S., 2006. Monetary policy, expectations and commitment. Scand. J. Econ. 108 (1), 15-38.

Evans, G.W., McGough, B., 2007. Optimal constrained interest-Rate rules. J. Money Credit Bank. 39 (6), 1335-1356.

Fuhrer, J., 2015. Expectations as a Source of Macroeconomic Persistence An Exploration of Firms’ and Households’ Expectation Formation. Working Paper
15-5. Federal Reserve Bank of Boston.

Gali, J., 2015. Monetary Policy, Inflation, and the Business cycle an Introduction to the New Keynesian Framework and its Applications, Second Princeton
University Press, Princeton, NJ.

Gali, J., Gertler, M., Lépez-Salido, ].D., 2007. Markups, gaps, and the welfare costs of business fluctuations. Rev. Econ. Stat. 89 (1), 44-59.

Gali, ]., Lopez-Salido, ].D., Vallés, ]., 2004. Rule-of-thumb consumers and the design of interest rate rules. ]. Money Credit Bank. 36 (4), 739-763.

Gaspar, V., Vestin, D., Smets, F., 2006. Adaptive learning, persistence, and optimal monetary policy. J. Eur. Econ. Assoc. 4 (2-3), 376-385.

Gasteiger, E., 2011. Heterogeneous Expectations, Taylor Rules and the Merit of Monetary Policy Inertia. MPRA Paper, 31004.

Gasteiger, E., 2014. Heterogeneous expectations, optimal monetary policy, and the merit of policy inertia. J. Money Credit Bank. 46 (7), 1535-1554.

Givens, G.E., 2012. Estimating central bank preferences under commitment and discretion. J. Money Credit Bank. 44 (6), 1033-1061.

Hagenhoff, T,, 2018. An Aggregate Welfare Optimizing Interest Rate Rule under Heterogeneous Expectations. BERG Working Paper Series, 139.

Hommes, C.H., 2021. Behavioral and experimental macroeconomics and policy analysis a complex systems approach. J. Econ. Lit. 59 (1), 149-219.

Honkapohja, S., Mitra, K., Evans, G.W., 2013. Notes on agents’ behavioral rules under adaptive learning and studies of monetary policy. In: Sargent, TJ.,
Vilmunen, J. (Eds.), Macroeconomics at the Service of Public Policy. Oxford University Press, Oxford, UK.

llabaca, F.,, Milani, F,, 2021. Heterogeneous expectations, indeterminacy, and postwar US business cycles. ]. Macroecon. 48, 103307.

King, M., 2012. Twenty years of inflation targeting. The Stamp Memorial Lecture. Bank of England.

Klein, P.,, 2000. Using the generalized Schur form to solve a multivariate linear rational expectations model. J. Econ. Dyn. Control 24 (10), 1405-1423.

Levin, A.T., Williams, J.C., 2003. Robust monetary policy with competing reference models. J. Monet. Econ. 50 (5), 945-975.

Ljungquvist, L., Sargent, T.J., 2012. Recursive Macroeconomic Theory, Third MIT Press, Cambridge, MA.

Mankiw, N.G., Reis, R., 2007. Sticky information in general equilibrium. J. Eur. Econ. Assoc. 5 (2-3), 603-613.

Massaro, D., 2013. Heterogeneous expectations in monetary DSGE models. J. Econ. Dyn. Control 37 (3), 680-692.

McCallum, B.T., Nelson, E., 1999. Performance of operational policy rules in an estimated semiclassical structural model. In: Taylor, ].B. (Ed.), Monetary Policy
Rules. University of Chicago Press, Chicago, pp. 15-56.

Orphanides, A., Williams, J.C., 2005. Imperfect knowledge, inflation expectations, and monetary policy. In: Bernanke, B.S., Woodford, M. (Eds.), The Infla-
tion-Targeting Debate. In: Studies in Business Cycles, Vol. 32. The University of Chicago Press, Chicago and London, pp. 201-234.

Orphanides, A., Williams, ].C., 2008. Learning, expectations formation, and the pitfalls of optimal control monetary policy. J. Monet. Econ. 55, S80-S96.

Smets, F., Wouters, R., 2003. An estimated dynamic stochastic general equilibrium model of the euro area. ]. Eur. Econ. Assoc. 1 (5), 1207-1238.

Steinsson, J., 2003. Optimal monetary policy in an economy with inflation persistence. ]. Monet. Econ. 50 (7), 1425-1456.

Taylor, ].B., 1979. Estimation and control of a macroeconomic model with rational expectations. Econometrica 47 (5), 1267-1286.

Walsh, C.E., 2017. Monetary Theory and Policy, 4th The MIT Press.

Woodford, M., 1999. Optimal Monetary Policy Inertia, 67. The Manchester School, pp. 1-35.

Woodford, M., 2003a. Interest and Prices Foundations of a Theory of Monetary Policy. Princeton University Press, Princeton, NJ.

Woodford, M., 2003b. Optimal interest-rate smoothing. Rev. Econ. Stud. 70 (4), 861-886.

Yellen, J. L., 2016. Macroeconomic research after the crisis. Remarks at the 60th Annual Economic Conference Sponsored by the Federal Reserve Bank of
Boston. Board of Governors of the Federal Reserve System.

325


http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0013
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0013
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0013
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0013
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0014
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0014
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0014
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0015
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0015
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0015
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0016
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0016
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0017
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0017
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0017
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0018
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0018
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0018
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0019
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0019
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0019
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0020
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0020
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0020
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0021
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0021
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0021
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0022
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0022
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0023
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0023
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0024
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0024
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0024
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0024
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0025
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0025
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0025
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0025
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0026
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0026
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0026
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0026
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0027
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0027
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0028
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0028
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0029
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0029
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0030
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0030
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0031
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0031
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0032
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0032
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0032
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0032
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0033
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0033
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0033
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0034
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0034
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0035
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0035
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0036
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0036
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0036
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0037
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0037
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0037
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0038
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0038
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0038
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0039
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0039
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0040
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0040
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0040
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0041
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0041
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0041
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0042
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0042
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0042
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0043
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0043
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0043
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0044
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0044
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0045
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0045
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0046
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0046
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0047
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0047
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0048
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0048
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0049
http://refhub.elsevier.com/S0167-2681(21)00308-5/sbref0049

	Optimal constrained interest-rate rules under heterogeneous expectations
	1 Introduction
	2 The model
	2.1 Households
	2.2 Firms
	2.3 Equilibrium
	2.4 The private sector amplification mechanism

	3 Robust optimal constrained monetary policy
	3.1 The design of optimal monetary policy under heterogeneous expectations
	3.1.1 Discretion
	3.1.2 Commitment

	3.2 A practical perspective on the loss function
	3.3 Definition of robust monetary policy and measures of loss

	4 Main results
	4.1 The case of discretion
	4.2 Gains from commitment
	4.3 Policy implications
	4.3.1 A more hawkish monetary policy
	4.3.2 Mismeasuring expectations
	4.3.3 Implications emerging from our main results


	5 Related literature
	6 Conclusions
	Declaration of Competing Interest
	Appendix A Model derivations
	A1 Household Lagrangian
	A2 Forward iteration of household wealth
	A3 Equilibrium derivation of dynamic IS curve
	A4 Equilibrium labor market and marginal costs
	A5 Equilibrium forward iteration of the Firm’s FOC, wage markup and marginal cost
	A6 Flexible price equilibrium

	Appendix B Risk sharing
	Appendix C The optimal monetary policy problem
	Appendix D Model solution and long-run variance
	References


