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Chapter 1
Introduction
Expectations matter. How much to consume or save, what price to set, and
whether to hire or fire workers are just some of the fundamental decisions
underlying macroeconomic dynamics that hinge upon agents’ expectations of
the future.
– Coibion and Gorodnichenko (2015)

Introduction
The above quote is neither very old nor are its originators famous historical figures, not
yet at least. However, this quote very precisely summarizes the reasoning behind the
recent explosion of literature in the field of macroeconomic expectations. In essence,
expectations are thought to be causal for the dynamic behavior of the economy because
individual decisions depend on these expectations. The reason is that economic decisions, in general, have an intertemporal dimension where the future - which economic
actors will form expectations about - is inherently uncertain. Whether to buy a car,
build a house, invest in new machines or start an entire new firm, and that perhaps
by taking a loan, crucially depends on the personal economic outlook. This personal
economic outlook then depends, besides idiosyncratic factors, also on how the economy
as a whole is expected to perform. Some questions that one may ask oneself are: Will
I be employed ‘tomorrow’ (how high is the unemployment rate going to be) and what
will my income be? Is the economy going to grow and by how much? How will my
profits develop? What will the inflation rate and, therefore, my real interest rate be?
It becomes obvious that economic decisions may drastically vary with respect to the
potential answers to such questions. Also, these answers may depend on government
policy and the announced trajectory thereof. Once individual actors decide on their
1
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actions, these actions will aggregate into macroeconomic outcomes. Understanding
expectations will, therefore, provide a better assessment of how economic actors will
change their behavior in response to certain policies or unexpected events. In the end,
this will help to explain the dynamics of the economy at the aggregate level.
Already in 1933, Irving Fisher proposed that a sudden change in expectations might
have been the starting point of the Great Depression initializing what he calls a debtdeflation (Fisher, 1933). In the same year of Fisher’s publication, the unemployment
rate in the US rose to a staggering 24.9%. Around 70 years later, over-optimistic
price expectations fueled the price boom of real estate and asset-backed securities with
questionable underlyings, especially in the US. The financial crisis began when a dramatic revision of expectations in the light of new information led to a sharp drop in
those asset prices as investors shortened their positions, turning markets from bullish
to strongly bearish. This asset revaluation shock propagated through the network
of balance sheets causing widespread liquidity and solvency problems which, consequently, brought financial systems across the world to the verge of collapse. Today
the COVID-19 pandemic causes unprecedented economic turmoil, for instance, in the
US where its GDP dropped by an annualized 31.7% in quarter two of 2020. Additionally, the unemployment rate peaked at 14.7% in April of 2020 in the US. In light
of such extreme figures, expectations may very well have a detrimental effect on the
economic development as this crisis progresses while economic uncertainty is high. Indeed, it was measured that household expectations react quite strongly in response to
the lockdown measures: Coibion et al. (2020) find that households that experienced
lockdowns earlier than others also expected significantly higher unemployment rates,
lower inflation and reported higher uncertainty. I should emphasize that I do not seek
to explain certain historical events or the current crisis with this dissertation. However,
such events surely highlight the importance of understanding expectations and their
effects on macroeconomic outcomes.
Since the early 1980s, most dynamic macroeconomic models are derived from individual intertemporal decision problems (see for instance Kydland and Prescott, 1982).
Hence, expectations have been central to macroeconomic modeling for quite some time
now. The predominant assumption on expectations has been (and still seems to be,
although this can be debated) the rational expectations hypothesis, first discussed by
Muth (1961). This hypothesis assumes that all agents populating the economy know
the underlying structural equations including the probability distributions of random
disturbances. Further, agents endowed with rational expectations can solve the structural equations and use the solution to make unbiased forecasts about all relevant
economic variables. The beauty of this assumption lies in its simplicity: it requires
2

no additional free parameters and the value that an expectation will take is unambiguous. Of course, rational expectations cannot be true literally but the hope was
that it is good enough as an approximation - today we know almost certainly that it
is not. However, deviating from rational expectations is not an easy task as there are
numerous possible ways in which expectations can be non-rational.
As I will discuss evidence against (homogeneous) rational expectations and proposed alternatives several times throughout this dissertation, I will give only a very
brief and selective overview here. Already Lovell (1986, p.122) states:
“[...] it seems to me that the weight of empirical evidence is sufficiently
strong to compel us to suspend belief in the hypothesis of rational expectations [...]”.
Somewhat later, Ehrbeck and Waldmann (1996) find that deviations from rational
expectations among professional forecasters are not merely because of strategic concerns but consistent with certain behavioral explanations. Today, one strand of the
literature finds that expectations inefficiently react to new incoming information, both
at the aggregate level (Coibion and Gorodnichenko, 2015) and at the individual level
(Bordalo et al., 2018a; Fuhrer, 2018). This can be explained by certain biases and/or
informational frictions. However, the search for the answer to how exactly expectations react to news is ongoing. One recurrent finding is that survey expectations are
inherently persistent, making typical modeling devices such as price indexation and
investment adjustment costs to generate observed macroeconomic persistence obsolete
(Fuhrer, 2017).
Further, the literature on ‘learning’ proposes that expectations are to some extent
backward-looking, i.e. expectations are based on past realizations of economic variables. In the case of homogeneous adaptive learning, agents behave as econometricians
that update the parameters of their perceived law of motion when realizations become
observable with a lag (Evans and Honkapohja, 2012). Therefore, adaptive learning
is entirely backward-looking, introducing persistence in expectations but leaving little
room for news to play a role. Another strand of the literature proposes that different
economic actors may follow different expectations rules (for an overview, see Branch
and McGough, 2018). Mankiw et al. (2003) were one of the first to highlight the
disagreement in expectations about future inflation, both among professional forecasters and consumers. One of the many heterogeneous expectations models assumes that
there is a certain fraction of the population that has rational expectations while the rest
extrapolates the last realization of the variable being forecast into the future (Branch
and McGough, 2009). While such a model may be very stylized, it intuitively leads
3

CHAPTER 1. INTRODUCTION
to aggregate expectations that are persistent and also allows for news to play a role
via the rational expectations component. Additionally, this model introduces disagreement of expectations, and thereby allows for the analysis of dispersion effects, and also
facilitates analytical tractability due to its simplicity. Some empirical evidence shows
that a heterogeneous expectations model, including a certain fraction of relatively sophisticated actors while the rest uses a simple backward-looking heuristic, explains
expectations data well (Branch, 2004; Kryvtsov and Petersen, 2019; Cornea-Madeira
et al., 2019). For these reasons, this model of heterogeneous expectations will be basis
for the theoretical consideration in Chapters 2, 3 and 4.
Monetary policy must take into account and also actively manage private-sector
expectations. In an economic downturn, a discretionary one-time drop of the nominal
interest rate may not induce much reaction if economic actors’ expectations do not
change. If, however, the interest-rate-setting behavior of the central bank is rule-based
and shows some persistence, forward-looking actors will expect the interest rate to be
lower for some time. Alternatively, the central bank may actively announce to keep
interest rates below or equal to a specific value for at least a certain period of time, socalled forward guidance. These policies tend to flatten the yield curve so that actual
financing costs are lower and saving less attractive. This may increase production
through higher demand for consumption and investment goods, leading to an even
more favorable outlook that reinforces the recovery. In the end, this will help the
central bank to reach its inflation target.
Having emphasized the importance of expectations in the transmission of monetary
policy, it becomes apparent that the design of the policy depends on how expectations
are formed. Thus, the first two chapters seek to contribute to the field of monetary
policy under heterogeneous, and to some degree, boundedly rational expectations (and
boundedly rational decision making in the case of Chapter 3). In particular, Chapter
2 focuses on how to set interest rates to achieve the highest possible welfare given a
stylized model of heterogeneous expectations. Chapter 3 further deals with the effects
of monetary policy on the boundedly rational biases and the associated dispersion
effects under heterogeneity.
Moreover, news articles about the economy give the impression that certain figures are more important to readers than others. When it comes to workers, who
are undoubtedly the majority of “agents” in any actual economy, the unemployment
rate or the labor market, in general, seems to be of utmost importance - “Will I be
employed ‘tomorrow’ (how high is the unemployment rate going to be) and what will
my income be?”. Several factors determine the unemployment rate. Besides general
macroeconomic conditions, wages are one of these factors. Real-world wages are usu4

ally negotiated between workers (or unions) and firms rather than “dictated” by the
market, as very simple models of the labor market suggest. Such negotiations involve
expectations about the future: what does a worker (or union) believe a firm will gain by
employing and keeping this worker for some time, and vice versa? These beliefs depend
on future expected productivity, labor market and also macroeconomic conditions. The
negotiation outcomes then feed into the unemployment rate and overall macroeconomic
performance. Therefore, Chapter 4 introduces the aforementioned model of heterogeneous (household) expectations not only to the consumption decisions of households
but also to the wage negotiations on the labor market. This chapter deals with the
implications of heterogeneous household expectations for labor market outcomes, dispersion effects and macroeconomic dynamics.
A model of heterogeneous expectations with a certain degree of backward-lookingness
undoubtedly improves the fit to the data by introducing persistence. It also gives valuable insights into the interaction between expectations, government policies and the
macroeconomy. However, it might be that such a model is too stylized to be interpreted literally and that it rather represents a neat device to explain some important
regularities of economic dynamics, such as persistence, in a more plausible and intuitive
way. Some deeper questions about expectations are: are expectations extrinsically or
intrinsically persistent and how can this persistence be squared with some findings of
individual over-reaction, as for instance in Bordalo et al. (2018a)? If any attempt of
building an own rational expectation fails, what can be a smart way to deal with it?
Therefore, Chapter 5 presents a deeper dive into expectation formation itself and the
underlying biases by looking at data of the Survey of Professional Forecasters and the
Livingston Survey.

Overview
Having introduced the aim of this dissertation and having outlined the basic questions
discussed in each of the four chapters, I now want to provide a brief and slightly more
technical overview of the findings presented in these chapters.
In Chapter 2, I discuss the implications of a simple model of heterogeneous expectations for the conduct of monetary policy. In particular, I implement optimal rule-based
monetary policy under heterogeneous expectations by deriving an explicit interest rate
rule. This implementation requires a more detailed discussion of the consumption decisions of the agents populating the model world. I find that the agents usually defined
as “rational” in this specific environment are not sophisticated enough to have modelconsistent individual consumption expectations, as assumed in Di Bartolomeo et al.
5
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(2016), even though they forecast aggregate variables correctly on average. This result
stems from a particular assumption on higher-order beliefs introduced by Branch and
McGough (2009). Further, I show that the optimal interest rate rule yields substantial welfare gains compared to a rule that is derived from a conventional inflationtargeting objective as in Gasteiger (2014). The implementation of the non-optimal
inflation-targeting rule already results in welfare losses equivalent to a 14.5 percent
loss of steady-state consumption relative to the optimal interest rate rule when only
ten percent of the population form (naive) backward-looking expectations. Moreover,
the presence of heterogeneous expectations requires the central bank to be extraordinarily hawkish with respect to inflation to achieve optimality. However, consumption
dispersion increases with the central bank’s aggressiveness towards inflation.
In Chapter 3, Joep Lustenhouwer and I analyze the differences in consumption and
wealth in a New Keynesian model with rational households and households that are
less sophisticated in more detail. In contrast to Chapter 2, rational households are
indeed rational in the conventional sense. Therefore, we can define the rationality bias
of boundedly rational households as a deviation from the fully rational benchmark.
The goal is to provide a model with a rational benchmark even when other, nonrational households are present. The rationality bias of boundedly rational households
systematically explains the emergence of consumption and wealth heterogeneity. This
rationality bias can be decomposed into three individual components: the consumption
expectation bias, the real interest rate bias and the preference shock expectation bias.
For certain specifications of monetary policy, these different components exactly offset
each other, so that the rationality bias is eliminated. This might, however, not be
desirable from a welfare perspective, since eliminating the rationality bias comes along
with high inflation volatility.
In Chapter 4, I build a stylized macroeconomic model with heterogeneous household
expectations and labor market frictions. This combination allows diverse expectations
to have first-order effects on wages and other labor market variables, in contrast to heterogeneous expectations models that assume frictionless labor markets. Productivity
shocks produce persistent hump-shaped responses of relevant labor market variables,
pro-cyclical labor market tightness as well as a Beveridge curve. As households of
different types adjust their expectations differently in response to shocks, the model
predicts distributional consequences through the channel of heterogeneous expectations. The aggregate volatility and cross-sectional dispersion of wages, unemployment
and job-finding rates, thereby, depend on the “fluidity” of the labor market.
Finally, in Chapter 5, Joep Lustenhouwer and I utilize data on expectations provided by the Survey of Professional Forecasters and the Livingiston survey. We propose
6

a simple model of expectation formation with three distinct deviations from fully rational expectations. In particular, forecasters’ expectations are sticky (intrinsically
persistent), extrapolate the most recent news about the current period, and depend on
the lagged consensus forecast about the period being forecast. We find that all three
biases are present in the data, and that their magnitudes depend on the forecasting
horizon. Moreover, in an over-identified econometric specification, we find that the
restriction on coefficients implied by our model is always close to being satisfied and in
most cases not rejected. We also stress the point that using the past consensus forecast
to form expectations is a rather smart thing to do if cognitive limitations and biases
cause any attempt to build an own fully rational forecast to fail.

7

Chapter 2
Optimal monetary policy,
heterogeneous expectations and
consumption dispersion
2.1

Introduction

The New Keynesian model emphasizes the ability of monetary policy to stabilize the
macroeconomy by managing agents’ expectations. Usually, optimal monetary policy is
studied within a framework that assumes all agents to form their expectations rationally
(Clarida et al., 1999; Woodford, 1999; McCallum, 1999). However, econometric studies
based on inflation expectation surveys show that the data favors heterogeneous expectations with a certain degree of bounded rationality (Branch, 2004, 2007; Pfajfar and
Santoro, 2010; Cornea-Madeira et al., 2019). For instance, Branch (2004) and CorneaMadeira et al. (2019) find evidence for the existence of more sophisticated agents that
employ a VAR-heuristic alongside agents that form (naive) backward-looking expectations. Further, Cole and Milani (2019) show that cross-equation restrictions imposed
by New Keynesian models are heavily rejected under the assumption of homogeneous
rational expectations when trying to match actual survey expectation data. However,
these restrictions prove valuable under heterogeneous expectations, indicating that the
main source of misspecification in New Keynesian models stems from misspecified (rational) expectations. Additionally, heterogeneity in forecasting schemes is confirmed
by examining the expectation formation of actual human subjects in a series of laboratory experiments (Hommes, 2011; Assenza et al., 2019; Pfajfar and Žakelj, 2018).
Starting from these observations, several New Keynesian models were designed that
include heterogeneous expectations (Branch and McGough, 2009, 2010; De Grauwe,
9
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2011; Massaro, 2013; Hommes and Lustenhouwer, 2019).1
What are the implications of heterogeneous expectations for monetary policy and,
in particular, how should central banks set interest rates optimally given this knowledge? To answer this question I derive an optimal interest rate rule under timeless
commitment2 based on the Branch and McGough (2009) framework and a modelconsistent welfare criterion following Di Bartolomeo et al. (2016). One feature of this
interest rate rule is that it is extraordinarily hawkish with respect to inflation. This
theoretical finding underpins the experimental finding of Assenza et al. (2019), where
a central bank that is quite aggressive with respect to inflation yields more desirable
aggregate outcomes in a world with heterogeneous expectations. However, this chapter additionally suggests that there may be undesirable distributional consequences as
consumption dispersion increases with the aggressiveness of monetary policy towards
inflation.
To describe the micro level explicitly, I derive consumption Euler equations that adequately account for the assumption of Branch and McGough (2009) about higher-order
beliefs. More specifically, the underlying model of this chapter incorporates two types
of agents. The more sophisticated agents, that I call “rational forecasters”, are able
to forecast aggregate variables consistent with the model predictions but are not smart
enough to understand the micro level fully. In contrast, boundedly rational forecasters
use a simple backward-looking heuristic instead for forecasting. Such backward-looking
heuristics are broadly consistent with evidence from laboratory experiments (Hommes,
2011; Pfajfar and Žakelj, 2018; Assenza et al., 2019).
While optimal monetary policy under homogeneous rational expectations is well
known and extensively studied, the strand of literature dealing with monetary policy
under heterogeneous expectations is rather new. Recent advances in the literature
are made by Gasteiger (2014, 2018), Di Bartolomeo et al. (2016) and Beqiraj et al.
(2019). Beqiraj et al. (2019) investigate optimal discretionary monetary policy under
heterogeneous expectations based on the framework developed in Massaro (2013) that
includes agents that forecast over all future periods up to infinity. On the other hand,
Gasteiger (2014), Gasteiger (2018) and Di Bartolomeo et al. (2016) follow the Eulerequation-learning approach of Branch and McGough (2009). Gasteiger (2014) and
Gasteiger (2018) explore interest rate rules derived from an ad-hoc inflation-targeting
1

Another model with heterogeneous expectations can be found in Chapter 3.
The timeless commitment approach assumes that the optimal commitment policy was implemented in the distant past so as to omit the first period’s optimality condition that is the same as
under discretion (see for instance Woodford (2003) and Woodford (2010)). The problem of the latter is that it renders the policy time-inconsistent. Hence, the drop of the initial period’s optimality
condition solves this problem.
2
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objective while Di Bartolomeo et al. (2016) provide an extension based on a modelconsistent central bank objective.
Although Di Bartolomeo et al. (2016)’s solution algorithm implies that the central
bank employs expectations-based interest rate rules, they do not derive them analytically. Thus, the literature has so far not provided an optimal interest rate rule under
heterogeneous expectations based on the Branch and McGough (2009) model. (Optimal) Interest rate rules are useful as they allow, in comprehensible way, to identify
which variables determine the interest rate and to which degree, especially with varying degrees of heterogeneity in expectations, they should do so. In this chapter, I will
focus on the case where the central bank is able to commit to its policy from timeless
perspective (Blake et al., 2001; Woodford, 2003) as it elegantly addresses the issue of
time-inconsistency under commitment and further allows the central bank to efficiently
target private sector (rational) expectations.
Additionally, I explore the role of the higher-order beliefs assumption of Branch and
McGough (2009) for agents’ individual consumption decisions. The authors impose this
assumption as it is necessary for aggregation, i.e. to arrive at the same functional forms
as in the canonical New Keynesian model but where the rational expectations operator is simply replaced by a weighted sum different expectation operators. Further,
consumption decisions have to be made explicit as the central bank’s objective function introduced by Di Bartolomeo et al. (2016) depends on consumption dispersion.
This approach allows me to clarify the properties of the expectations operator, EtR ,
of “rational” forecasters in Branch and McGough (2009). It is assumed that rational
forecasters, by using EtR , predict aggregate variables consistent with the model predictions which can, however, not be the case for expectations about the distribution
of individual consumption. This is a straightforward consequence of the higher-order
beliefs assumption which puts a particular (non-rational) structure on an agent’s belief about other agents’ individual expectations. In particular, all agents believe that
all other agents form the same expectations about their individual consumption as
they themselves do. Hence, even “rational forecasters” are not smart enough to sophisticatedly forecast individual consumption. The final consumption equations only
depend on aggregate variables and can, therefore, be used to substitute for individual
consumption in the optimal interest rate rule.
However, if an Euler equation with model-consistent individual consumption expectations as in Di Bartolomeo et al. (2016) is applied, the first-order conditions of
the central bank problem under commitment can only be reduced to a second-order
difference equation in one of the Lagrange-multipliers to which the solution is fairly
complicated and exponentially depends on time. Consequently, an interpretable in11
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terest rate rule under commitment in this case cannot be derived. Further, it would
not be possible to substitute for individual consumption so that practical implementation would require consumption of rational and boundedly rational forecasters to be
observable. However, applying the consumption equation that appropriately accounts
for the higher-order beliefs assumption makes the derivation of a meaningful interest
rate rule under commitment possible.
Moreover, I compare the optimal interest rate rule to a micro-founded version of
the policy rule in Gasteiger (2014). As already indicated, the author derives an interest
rate rule under timeless commitment that recognizes the heterogeneity in expectations
in the private sector equations but is optimized under a conventional ad-hoc inflationtargeting objective. The resulting interest rate rule is sub-optimal but also much
simpler than the rule derived in this chapter. While it is straight-forward that the
optimal rule must yield lower welfare losses than the non-optimal rule derived from the
inflation-targeting objective, it is not clear by how much.
The welfare analysis shows that the optimal interest rate rule generates substantial
welfare gains, given a non-autocorrelated one-standard-deviation cost-push shock. In
that case, the implementation of the non-optimal inflation-targeting rule already requires an increase of 14.5 percent of steady-state consumption to compensate for the
higher welfare losses relative to the optimal interest rate rule when only ten percent
of the population form (naive) backward-looking expectations. The welfare gains of
the optimal interest rate rule crucially depend on the relative fraction of agent types.
The optimal interest rate rule performs relatively better the higher the fraction of
boundedly rational forecasters.
Finally, I find that consumption dispersion is not necessarily lower under the optimal rule compared the non-optimal inflation-targeting rule, even though the former
explicitly incorporates consumption heterogeneity as opposed to the latter. This is
because consumption dispersion increases with the central bank’s aggressiveness towards inflation, as rational and boundedly rational forecasters’ consumption decisions
become more unequal for stronger reactions of the policy rate. As a consequence, there
is also a (local) trade-off between minimizing welfare losses and reducing consumption
dispersion.
The remainder of the chapter is organized as follows. The underlying model including the modified consumption rules are presented in Section 2.2. The optimal
interest rate rule under heterogeneous expectations is derived in the subsequent section. Section 2.4 shows the impulse responses under optimal monetary policy with
an emphasis on the different consumption paths of rational and boundedly rational
forecasters, followed by the welfare analysis in Section 2.5. Section 2.6 concludes.
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2.2. Model

2.2

Model

In this section, I introduce the underlying model and derive individual consumption
decisions that incorporate the higher-order beliefs assumption of Branch and McGough
(2009). The economy is assumed to be populated by an exogenous fraction α of rational
forecasters (R) which have rational (model-consistent) expectations with respect to
aggregate variables and a fraction 1 − α of boundedly rational forecasters (B) that
employ a simple backward-looking heuristic. The general forecasting rule of boundedly
rational forecasters takes the form of EtB xt+1 = θ2 xt−1 for some variable x while rational
forecasters simply use the expected value, EtR = Et , for forecasting aggregate variables.
Backward-looking expectations for θ < 1 are called steady-state-reverting, for θ =
1 naive and for θ > 1 trend-setting. Steady-state-reverting expectations constitute
a stabilizing force while trend-setting expectations imply a further amplification of
macroeconomic variables.
Assuming perfect consumption insurance within each of the two agent groups the
model can be expressed in terms of two representative agents (RA). This approach,
therefore, abstracts from further individual characteristics in order to isolate the effects
of heterogeneous expectations on individual consumption (dispersion) and aggregate
variables, as well as their implications for monetary policy. Both RA’s aim at maxP
t
imizing their individual expected discounted lifetime utility E0τ ∞
t=0 β Ut given their
subjective expectations E0τ with τ ∈ {R, B}. However, as in Branch and McGough
(2009) agents follow Euler-equation learning, i.e. they disregard their intertemporal
budget constraint as an optimality condition and solely base their consumption decision
on the variational intuition of the consumption Euler equation.
The period utility function is of CES-form and is given by
1

Utτ

(Y τ )1+η
(C τ )1− σ
= t 1 − t
1+η
1− σ

(2.1)

with Ctτ being consumption of the RA of type τ , Ytτ the output that each type-τ RA
produces, σ1 the coefficient of relative risk aversion and η the elasticity of marginal
dis-utility of producing output. Agents must satisfy their real budget constraint
Ctτ + Btτ =

1 + it−1 τ
Bt−1 + Ψτt
Πt

(2.2)

with Btτ being real bond holdings, it−1 the nominal interest rate in t − 1, Πt gross
inflation and Ψτt real income of agent τ .
All agents in this economy are assumed to believe that all other agents will form the
13
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same expectations as they themselves do. Branch and McGough (2009) explicitly emphasize that this assumption is necessary for aggregation. I explicitly show below that
this assumption implies that “rational” forecasters are not fully rational in the conventional sense and, therefore, cannot have model-consistent individual consumption
expectations. Assuming rational forecasters to possess rational individual consumption expectation, as in Di Bartolomeo et al. (2016), implies too much rationality to
be consistent with the necessary higher-order beliefs assumption. Incorporating the
higher-order beliefs assumption into the consumption decisions of agents is, further,
crucial as an interpretable interest rate rule under timeless commitment cannot be
derived otherwise (see Appendix 2.C).
I will show later on that the central bank’s welfare criterion can be re-written using
market clearing in a way that it only depends on the consumption decision of rational
forecasters. Hence, for now I focus on the consumption Euler equation for τ = R which
is given by


R
R − σ1 1 + it
R − σ1
.
(2.3)
(Ct ) = βEt (Ct+1 )
Πt+1
Log-linearizing (2.3) gives
R R
R
cR
t = Et ct+1 − σ(it − Et πt+1 )

(2.4)

where lower case letters indicate log-deviations from the zero-inflation steady state.
Forward iteration yields
R R
cR
t = E t c∞ − σ

∞
X

(it+k − EtR πt+k+1 ).

(2.5)

k=0

Rational forecasters assume that the Euler equation of boundedly rational forecasters
B
will also be satisfied and that market clearing yt = αcR
t + (1 − α)ct holds. Writing
market clearing one period forward and inserting equation (2.5), and equivalently the
forward-iterated consumption Euler equation for boundedly rational forecasters, yields
EtR yt+1

=

EtR

h

α(EtR cR
∞

−

R
σEt+1

∞
X

(it+k − πt+k+1 ))

k=1
∞
X

B
+ (1 − α)(EtB cB
∞ − σEt+1

i
(it+k − πt+k+1 )) .

(2.6)

k=1

Note that (2.6) contains higher-order beliefs, i.e. beliefs of rational forecasters EtR about
B
the beliefs of boundedly rational forecasters EtB and Et+1
. In order to arrive at the IS
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curve that has the same functional form as in the model under homogeneous rational
expectations, Branch and McGough (2009) impose a specific (non-rational) structure
on higher-order beliefs. In the context of this chapter, the assumption states that
agents’ believe that all other agents will forecast their individual consumption in the
same way they themselves do. Mathematically and in the case of rational forecasters:
B
ct+l = EtR ct+l with l > k. Hence, boundedly rational expectations just drop
EtR Et+k
out under this assumption. Further, note that making an alternative assumption, e.g.
allowing rational forecasters to be fully rational, would result in a different system of
aggregate equations (see Chapter 3).
Using the higher-order beliefs assumption and the law of iterated expectations at
the individual level yields
EtR yt+1 = EtR y∞ − σ

∞
X

(it+k − EtR πt+k+1 ).

(2.7)

k=1

It becomes obvious that (2.7) cannot hold under conventional rational expectations,
B
, would
i.e. when EtR = Et would hold, as boundedly rational expectations, EtB and Et+1
B
not drop out and thus show up in (2.7). Mathematically written: Et Et = EtB and
B
B
Et Et+1
= Et+1
, which would contradict the higher-order beliefs assumption of Branch
and McGough (2009). Equation (2.7) would only hold under conventional rational
expectations when boundedly rational forecasters were absent, i.e. under homogeneous
rational expectations. In this case (2.6) would collapse to (2.7) without any further
assumption.
The main crucial point that follows from this consideration is that rational forecasters in this model are not smart enough to have model-consistent expectations with
respect to the distribution of individual consumption when there is heterogeneity. Thus,
assuming model-consistent individual consumption expectations in the Euler equation
of rational forecasters, as in Di Bartolomeo et al. (2016), is inconsistent with the underlying framework.
Using (2.7) to replace the infinite sum in (2.5), one obtains
R R
R
R
cR
t = Et yt+1 + Et (c∞ − y∞ ) − σ(it − Et πt+1 )

(2.8)

which is the true consumption decision of rational forecasters satisfying the higher-order
beliefs assumption from above.
Equation (2.8) could have been derived for the general case of agent τ as the
assumption on higher-order beliefs holds for both agent types. In the general case
15
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(2.8) reads
cτt = Etτ yt+1 + Etτ (cτ∞ − y∞ ) − σ(it − Etτ πt+1 ).

(2.9)

To be consistent with Branch and McGough (2009), I assume that agents believe
to be back in steady state in the long-run.3 In this case Etτ (cτ∞ − y∞ ) = 0 holds and,
thus, (2.9) becomes
(2.10)
cτt = Etτ yt+1 − σ(it − Etτ πt+1 ).
From (2.10) one can infer that agents only forecast aggregate variables when making
consumption decisions. Note that, as rational forecasters have rational expectations
with respect to aggregate variables, EtR can be replaced by Et in the consumption
decision of rational forecasters.
Using goods market clearing and (2.10) the IS curve is given by
yt = αEt yt+1 + (1 − α)θ2 yt−1 − σ(it − αEt πt+1 − (1 − α)θ2 πt−1 ).

(2.11)

Further, output is produced under monopolistic competition. Calvo pricing is assumed where a fixed fraction ξp of yeoman farmers cannot reset their prices in a given
period (Calvo, 1983). Price dispersion arises because, first, optimal prices are different
between expectation types since they depend on expected future marginal costs and,
second, they differ within each type due to the fact that only a fraction of firms can
reset prices. Thus, the Phillips-curve can be derived as
πt = αβEt πt+1 + (1 − α)βθ2 πt−1 + κyt + et

(2.12)

)
p )(η+σ
with κ = (1−ξp )(1−βξ
where  is the price elasticity of demand for a differentiated
ξp (1+η)
good.4 As in Di Bartolomeo et al. (2016) the Phillips curve is augmented with a random
cost-push shock et .5
−1

Note that inflation and output exhibit some degree of persistence due to the presence
of backward-looking expectations. The degree of persistence depends on the fraction of
boundedly rational forecasters 1 − α and their forecasting coefficient θ. The higher the
3

Branch and McGough (2009) assume that agents agree on expected differences in expected limiting
consumption, so that long-run expectations drop out when aggregating the individual consumption
decisions. As the authors are interested only in aggregate dynamics, there is no need to explicitly
specify what these expectations actually are. However, this model differs because optimal monetary
policy depends on consumption dispersion. Branch and McGough (2009, p.1041) mention that one
assumption, consistent with their own, would be to assume that agents believe to be back in the
steady state in the long-run which I employ here.
4
For the derivation of the Phillips curve (2.12) please refer to Branch and McGough (2009).
5
This shock can, for instance, be micro-founded by assuming an exogenous time-varying wage
mark-up as in Galí (2015).
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two parameters the higher the degree of persistence. This persistence is also recognized
by rational forecasters which feeds back into the aggregate equations (2.11) and (2.12)
via rational expectations. Hence, the interaction between rational and boundedly rational expectations leads, ceteris paribus, to an amplification of shocks as identified
by Gasteiger (2018). However, the central bank’s ability to manipulate (rational) expectations by setting interest rates accordingly is a powerful tool to counteract this
amplification effect.
The model is calibrated as in Di Bartolomeo et al. (2016) for the US economy
following Rotemberg and Woodford (1997) with the time unit being one quarter.
α = 0.7

θ=1

β = 0.99

σ = 6.25

 = 7.84

η = 0.47

ξp = 0.66

Table 2.1: Baseline calibration

2.3

An optimal interest rate rule from a timeless
perspective

In this section I derive, first, an optimal timeless interest rate rule from a modelconsistent welfare criterion and, second, a non-optimal rule under a conventional inflationtargeting objective as in Gasteiger (2014).

2.3.1

Loss functions

As in Gasteiger (2014, 2018) and Di Bartolomeo et al. (2016) the central bank aims at
maximizing social welfare. I follow the approach of Di Bartolomeo et al. (2016) where
the central bank exploits its detailed knowledge about the heterogeneity in expectations
and minimizes a social welfare loss that is a second-order approximation of household
utility (2.1). The intertemporal second-order approximated aggregate welfare loss can
be derived as
∞
C̄UC X t
W=−
β Lt + t.i.p.
(2.13)
2 t=0
with


Lt =

1
η+
σ



yt2 + (2 η)vari (pt (i)) +

1
vari (ct (i)).
σ

(2.14)
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and
vari (pt (i)) =

δπt2


2
cB
δξp (1 − α)
t + ησyt
2
πt − βθ πt−1 − κ
+
α
1 + ησ

(2.15)
(2.16)

B 2
vari (ct (i)) = α(1 − α)(cR
t − ct ) .

p
where δ = (1−βξpξ)(1−ξ
is a measure of price stickiness and t.i.p. are the terms indepenp)
dent of policy.

Using market clearing to eliminate cB
t as well as (2.15) and (2.16), loss function
(2.14) can be rewritten as
2
2
+ Γ4 (cR
Lt =Γ1 yt2 + Γ2 πt2 + Γ3 πt−1
t )

(2.17)

R
R
+Γ5 yt cR
t + Γ6 πt ct + Γ7 πt−1 ct + Γ8 πt πt−1 + Γ9 πt yt + Γ10 πt−1 yt

where the Γx -coefficients are given in the Appendix 2.B.1.
Under homogeneous rational expectations, i.e for α = 1, price dispersion reduces
to vari (pt (i)) = δπt2 and vari (ct (i)) to zero. Hence, in this case (3.34) reduces to
Lα=1
t


=

1
η+
σ



yt2 + 2 ηδπt2 .

(2.18)

Equation (3.34) can be called the model-consistent loss function, i.e. it is consistently
microfounded under heterogeneous expectations as assumed in this chapter, and (2.18)
the conventional6 inflation-targeting loss function.
In general, agents dislike volatility of consumption and, therefore, output due to the
concave nature of their utility function. However, the weight that is placed on inflation
in second-order approximated utility functions in the canonical New Keynesian model
such as (2.18) is usually considerably higher compared to the weight on output (see
Woodford, 2003 or Galí, 2015). This reflects that price dispersion, due to inflation
and sticky prices, is the source of inefficiency in the baseline model, quickly resulting
in relatively large welfare losses. In case of the conventional inflation-targeting loss
(2.18), the weight on inflation is roughly 160 times the weight on output under baseline
calibration.7
However, when producers have heterogeneous expectations, price dispersion arises
not only due to sticky prices but also because they have different expectations regarding
6

It is conventional in the sense that it can be derived from the conventional three-equation NK
model under homogeneous rational expectations.
7
The fact that the weight on inflation is high relative to the weight on output is general and robust
with respect to the calibration.
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future inflation and marginal costs, as reflected by (2.15). The weight on contemporaneous inflation in the model-consistent loss function (2.17) is roughly 230 times of the
weight on contemporaneous output under baseline calibration with a 70 percent of rational forecasters, and increases to 270 times of the weight on contemporaneous output
for 50 percent of rational forecasters. Additionally, the weights on lagged inflation and
on the interaction between contemporaneous and lagged inflation are non-negligible.
Hence, inflation results in even higher welfare losses through the price dispersion channel under heterogeneous expectations. However, even though inflation explains most
of the results in the the welfare analysis in Section 2.5, there is still a trade-off between
inflation and output (and consumption dispersion) under a cost-push shock that can
be important in some cases.
Further, an interesting novelty of (2.14) is the appearance of consumption dispersion, i.e. the cross-sectional variance in consumption vari (ct (i)). This is due to the
fact that the central bank recognizes that each individual agent dislikes volatility in
her own individual consumption. Under homogeneity volatility in aggregate consumption would be equally distributed across agents and it would, therefore, be sufficient
for the central bank to stabilize aggregate consumption (or output in this context).
Thus, if consumption decisions are heterogeneous, the central bank additionally needs
to minimize consumption dispersion. It should be noted, however, that the weight on
consumption dispersion in (2.14) is even smaller compared to the weight on output.
This indicates that agents might accept a certain degree of heterogeneity when the
economy is relatively stable instead (see also Chapter 3). This finding is also in line
with Debortoli and Galí (2017) who derive a model-consistent loss function in a Two
Agent New Keynesian (TANK) model and show that it depends on a measure of heterogeneity but where the corresponding weight relative to inflation and output is also
very low.

2.3.2

An optimal interest rate rule under timeless commitment

The central bank is assumed to set its interest rate so as to minimize (2.13) with Lt
given by the model-consistent loss function (2.17) or, respectively, the conventional
inflation-targeting objective (2.18) subject to the private sector equations
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yt = αEt yt+1 + (1 − α)θ2 yt−1 − σ[it − αEt πt+1 − (1 − α)θ2 πt−1 ]

(2.19)

πt = αβEt πt+1 + (1 − α)βθ2 πt−1 + κyt + et

(2.20)

cR
t = Et yt+1 − σ(it − Et πt+1 ).

(2.21)

Minimizing (2.13), with the period loss function given by the conventional inflationtargeting objective (2.18), subject to the Phillips curve (2.20) gives
it = γ1 yt−1 + γ2 Et yt+1 + γ3 πt−1 + γ4 Et πt+1 + γ5 et

(2.22)

with
δ2 ηκ2
(1 − α)θ − α
+α
σ
1 + ησ + δ2 ηκ2 σ


1 (1 − α)
β 2 θ2 (1 + ησ)
=α −
σ
σ
1 + ησ + δ2 ηκ2 σ

 2
θ (1 + η(σ + δ2 κ(β + κσ)))
= (1 − α)
1 + ησ + δ2 ηκ2 σ


βδ2 ηκ
=α 1+
1 + ησ + δ2 ηκ2 σ
δ2 ηκ
.
=
1 + ησ + δ2 ηκ2 σ

γ1 =

(2.23)

γ2

(2.24)

γ3
γ4
γ5

(2.25)
(2.26)
(2.27)

Equation (2.22) is similar to the rule derived by Gasteiger (2018) and Gasteiger (2014).8
Note that timeless commitment introduces persistence even in the absence of boundedly
δ2 ηκ2
1
rational forecasters, i.e. γ1 reduces to 1+ησ+δ
2 ηκ2 σ − σ and does not vanish for for α = 1.
The optimal interest rate rule under timeless commitment can be obtained by minimizing (2.13), with the period loss function given by (2.17), subject to the private
sector equation (2.19), (2.20) and (2.21) as
it =Ω1 Et πt+1 + Ω2 Et πt+2 + Ω3 πt−3 + Ω4 πt−2 + Ω5 πt−1 + Ω6 Et yt+1 + Ω7 Et yt+2 (2.28)
R
R
R
+Ω8 yt−2 + Ω9 yt−1 + Ω10 Et cR
t+1 + Ω11 Et ct+2 + Ω12 ct−2 + Ω13 ct−1 + Ω14 et

where the reaction coefficients Ωx and derivations are given in the Appendix 2.B.2. A
first inspection of (2.28) shows that the central bank reacts to output and inflation as
usual but also to individual consumption of rational forecasters due to the consumption
8

The author uses a non-micro-founded version of (2.18), i.e. Lt = 12 (πt2 + ωyt2 ). Setting ω =
and calculating through the optimization problem yields the interest rate rule (2.22).
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dispersion dimension. However, a more striking observation is that the central bank
finds it optimal to react to lags and leads of all variables ranging from t − 2 to t + 2
(and additionally t − 3 for inflation). This will be clarified below. Note that under homogeneous rational expectations, α = 1, all coefficients associated with heterogeneous
expectations vanish as well as the additional coefficients due to commitment, except
for yt−1 which can be seen in table (2.5) in the Appendix 2.B.4.
Further, efficiently controlling private sector rational expectations requires the central bank to induce substantial persistence by including terms with timing t − 2 and
t − 3 in the optimal rule (2.28). This becomes clear when one would construct a hypothetical case in which the central bank observes and reacts to expectations but neglects
the endogenous nature of rational expectations with respect to its policy.9 In such a
hypothetical case, the interest rate rule would be given by10
it =Ω∗1 yt−1 + Ω∗2 Et yt+1 + Ω∗3 Et yt+2 + Ω∗4 πt−1 + Ω∗5 Et πt+1 + Ω∗6 Et πt+2
(2.29)

∗
R
∗
+ Ω∗7 Et cR
t+1 + Ω8 Et ct+2 + Ω9 et

where all terms with timing t − 2 and t − 3 drop out.
rational
boundedly rational

Inflation expectations
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Figure 2.1: Individual inflation expectations in percentage deviation from steady state following a single, non-autocorrelated one-percent cost-push shock with monetary
policy given by interest rate rule (2.28).

Moreover, to understand the appearance of the t + 2 terms consider Figure (2.1)
which displays the reaction of the inflation expectations of both agent types following
9

Such a behavior would, for instance, be consistent with a boundedly rational central bank that
operates under some sort of “limited” commitment. However, I use this only for the sake of exposition.
10
The reaction coefficients are given in the Appendix 2.B.2
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a one standard deviation i.i.d. cost-push shock under the policy rule (2.28). Since all
subsequent shock realizations are zero and rational forecasters know the true aggregate
equations, they have de facto perfect foresight. Thus, rational forecasters’ expectations
in t = 1 about inflation in t + 1 will be correct, i.e. Et πt+1 = πt+1 . However, the
backward-looking expectations of boundedly rational forecasters in t about inflation in
t + 1 will be zero, i.e. EtB πt+1 = πt−1 = 0 (where θ = 1 for simplicity). In period t + 1
boundedly rational forecasters will expect inflation to increase drastically in t + 2 as
B
their expectations are based on the period where the shock hits, i.e. Et+1
πt+2 = πt . On
the contrary, rational forecasters correctly expect inflation to decrease further as the
central bank increases the nominal interest rate a second time (see impulse responses in
Figure 2.2 in Section 2.4). Thus, the central bank induces the different expectations in
t + 1 about t + 2 to diverge transitorily. Consequently, rational expectations counteract
boundedly rational ones which stabilizes inflation. However, as price dispersion is
additionally caused by differences in expectations about inflation and marginal costs,
the central bank includes terms with t + 2 timing into its interest rate rule to prevent
sub-optimally high dispersion in expectations.
Moreover, it seems, at first glance, that for practical implementation the optimal
interest rate rule (2.28) requires to observe individual consumption of rational forecasters which is, however, not observable in reality. As already indicated, an advantage
of the consumption decision (2.10) is that it only depends on aggregate variables as a
result of the explicit incorporation of the higher-order beliefs assumption. Therefore,
it is possible to substitute for individual consumption so that the optimal interest rate
rule is merely a function of several leads and lags of aggregate variables.
I do not discuss determinacy issues as the model is determinate for all considered
parameter constellations. There are two reasons for this. First, an expectations-based
interest rate rule is derived, i.e. it properly accounts for private sector expectations
which are known to perform exceptionally well as opposed to fundamentals-based reaction functions (Evans and Honkapohja, 2006). Second, the interest rate rule is derived
from the model-consistent loss function and is, therefore, optimal.11

2.4

Impulse Responses

This section briefly describes the simulation outcomes under baseline calibration given
in Table 1. The impulse responses of a one percent i.i.d cost-push shock with monetary
policy given by (2.28) are depicted in Figure 2.2. The aggregate behavior of the model
11

22

Given the restrictions imposed by the timeless commitment assumption.
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is straightforward: taking into account subjective expectations, the real interest rates
of both agent types, rtτ = it − Etτ πt+1 , increase due to an increase of the nominal rate
by the central bank. Hence, both agent types cut their individual consumption which
leads to a quite severe recession which counteracts the cost-push shock to some extent.
Consequently, inflation increases by less than one percent. Thus, the central bank finds
it optimal to be extraordinarily hawkish with respect to inflation which comes at the
cost of a significant recession.
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Figure 2.2: Impulse responses in %-deviations from steady state following a single, nonautocorrelated cost-push shock.

On the individual level, the disparity between the consumption adjustment paths
of both agent types becomes obvious. While boundedly rational forecasters cut their
consumption by approximately three percent on impact, rational forecasters decrease
consumption by almost ten percent. This is, first, because of substantially negative
rational output gap expectations and, second, due to a slightly higher subjective real
interest rate. On the other hand, as boundedly rational forecasters are backwardlooking, their output gap expectations are zero on impact and, therefore, cut their
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consumption because of the increase in the subjective real interest rate only. This
results in a consumption cut that is far smaller compared to rational forecasters and
thereby in significant differences in individual consumption on impact.12
Thus, boundedly rational forecasters seem to be better off than rational ones at
first. However, boundedly rational forecasters make less smart decisions than rational
forecasters by definition. This becomes clear when looking at the following periods
where boundedly rational forecasters have to pay for their initially higher consumption
by giving up a lot of future consumption. Specifically, one can observe that boundedly rational output gap expectations in the second period (t + 1) drop drastically to
B
Et+1
yt+2 = yt which is approximately minus 8 percent, resulting in a further cut of
consumption. This is the case even though the subjective real interest rate of boundedly rational forecasters becomes negative which is due to the jump of their inflation
B
πt+2 = πt . At the same time, output gap expectations of rational
expectations to Et+1
forecasters increase as the output gap recovers. From this period onwards rational
forecasters are able to consume more than boundedly rational ones for a prolonged
time.

2.5

Welfare evaluation

This section provides a comparison between the optimal interest rate rule (2.28) and
the non-optimal inflation-targeting rule (2.22) in terms of welfare and a brief discussion
on consumption dispersion. In particular, I analyze the welfare consequences of these
rules following a one-percent i.i.d. cost-push shock as before. It should be noted that
shocks to inflation directly (and, hence, to price dispersion) induce high welfare losses.
The reason is, first, that price dispersion leads to dispersion in imperfectly substitutable
individual production and, therefore, to losses in the final consumption bundle and,
second, that output itself needs to be contracted in order to bring down inflation.
Further, I will restrict the analysis in this Section to the case of naive expectations, i.e.
θ = 1, of boundedly rational forecasters for simplicity.

2.5.1

Optimal vs. inflation-targeting rule

In the following, I show to what extent the optimal interest rate rule (2.28) yields lower
welfare losses compared to rule (2.22) depending on the fraction of rational forecasters.
To that end, I compute consumption equivalent welfare losses following Ravenna and
12

In this context, I simply define a weighted difference between consumption of rational and boundB
edly rational agents as αcR
t − (1 − α)ct .
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Walsh (2011). Let
∞

C̄Uc
C̄Uc X t O
W =−
E
β Lt + t.i.p. = −
LO + t.i.p.
2
2(1
−
β)
t=0

(2.30)

O

be the welfare loss under the optimal commitment policy (2.28), and
∞

W IT = −

C̄Uc
C̄Uc X t IT
E
β Lt + t.i.p. = −
LIT + t.i.p.
2
2(1
−
β)
t=0

(2.31)

be the welfare loss under the non-optimal inflation-targeting objective (2.22), where
instantaneous losses are measured by (2.17) in both cases. The welfare loss of implementing policy (2.22) instead of (2.28) can be measured as the percentage increase of
steady state consumption, CE, satisfying
U (C̄)
U ((1 + CE) × C̄)
+ W IT =
+ W O.
1−β
1−β
1− 1

(2.32)

Inserting consumption utility U (C̄) = C̄1− 1σ ,(2.30), (2.31) and Uc = C̄ − σ , and solving
σ
for CE gives13

 σ
 σ−1
σ−1 O
IT
CE = 1 −
− 1.
(2.33)
L −L
2σ
1

Table 2.2 shows absolute losses LO and LIT (second and third column) as well as
the consumption equivalent welfare costs, CE, (fifth column) for different fractions of
rational agents, α. The other columns of Table 2.2 are discussed further below.
A first, more trivial, observation is that absolute welfare losses increase with the
fraction of boundedly rational forecasters for both interest rate rules. The higher the
fraction of naive forecasters, the more persistent the deviations of variables from steady
state and, therefore, the higher the long-run variances. Further, welfare losses are naturally lowest under the optimal interest rate rule (2.28). Deriving the interest rate rule
from the conventional inflation-targeting (IT) objective (2.18) is costly in terms of consumption equivalents, CE. The implementation of the non-optimal inflation-targeting
rule (2.22) already requires an increase of 14.5 percent of steady-state consumption to
compensate for the higher welfare losses relative to the optimal interest rate rule (2.28)
when only ten percent of the population form (naive) backward-looking expectations.
Welfare costs become substantially higher for higher fractions of boundedly rational
forecasters (lower α). Hence, the optimal interest rate rule (2.28) yields considerable
13

Note that the terms independent of policy (t.i.p.) are the same for both W IT and W O and,
therefore, drop out.
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Table 2.2: Absolute welfare losses and consumption equivalent welfare costs

α

LT ∗

LO

LIT

LIT ∗

CE

CE ∗

0.95

161.65

127.077

127.138

127.08

0.030

0.006

0.9

183.82

144.988

145.274

144.99

0.145

0.034

0.7

277.56

243.455

246.632

244.02

1.744

0.286

0.5

400.36

394.547

402.428

395.45

4.693

0.47

Column 2-4 show absolute welfare losses for numerically optimized simple Taylor rule (T ∗ ), the
optimal (O) interest rate rule (2.28), the inflation-targeting (IT ) rule (2.22) and the inflationtargeting rule where the all reaction coefficients are numerically optimized (IT ∗ ). Column 5-6
depict consumption equivalent welfare costs of implementing the non-optimal inflation-targeting
(IT) interest rate rule (2.22) relative to the optimal (O) commitment policy (2.28) in percent, CE,
and also for the numerically optimized inflation-targeting (IT ∗ ) rule relative to the optimal rule,
CE ∗ . All shown values are calculated for different fractions of rational agents, α.

welfare gains when the underlying economy features high degree of bounded rationality.
The difference between the two rules can be explained by their relative ability to
stabilize inflation. The first two rows in Table 2.3 depict the variances of inflation
and output for different values of rational forecasters, α, for both interest rate rules.
In general, the optimal interest rate rule (first row) yields lower inflation but higher
output volatility across all fractions of rational forecasters, α. This is a straightforward
implication of the relatively higher weights on inflation in the model-consistent loss
function (2.17) compared to the conventional inflation-targeting objective (2.18), as
discussed in Section 2.3.1. While the differences in output and inflation volatility are
relatively low for α = 0.95, they become substantial for higher fractions of boundedly
rational forecasters, resulting in quite extreme consumption equivalents.
Further, as discussed in Section 2.3.2, the optimal interest rate rule (2.28) depends
on much more leads and lags of all variables compared to the non-optimal inflationtargeting rule (2.22). This raises the question whether it is the absence of these leads
and lags that makes (2.22) sub-optimal or if it is rather an issue of weighting the
different variables in the interest rate rule, or both. To answer this question, I numerically optimize the reaction coefficients in (2.22) with respect to welfare (2.17). The
corresponding absolute welfare losses, LIT ∗ , and consumption equivalent welfare costs
relative to the optimal commitment policy, CE ∗ , can be found in columns four and six
in Table 2.2, respectively. Consumption-equivalent welfare costs, CE ∗ , substantially
decrease relative to the consumption-equivalent welfare costs, CE. This indicates that
the inflation-targeting interest rate rule (2.22) is sub-optimal especially because of the
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sub-optimal weighting of its different terms.14 However, for α = 0.7 and α = 0.5 the
welfare gains of the optimal interest rate rule (2.28) are still non-negligible, suggesting that its additional leads and lags are, at least to some extent, important when
heterogeneity increases.
V ar(y)

V ar(π)

rule

α = 0.95

α = 0.9

α = 0.7

α = 0.5

α = 0.95

α = 0.9

α = 0.7

α = 0.5

Optimal

41.23

50.66

115.17

231.69

0.58

0.60

0.66

0.67

IT

38.62

44.80

88.98

179.89

0.59

0.62

0.75

0.83

IT ∗

41.37

50.93

116.82

232.55

0.58

0.60

0.66

0.66

T∗

42.00

59.98

149.45

240.37

0.78

0.78

0.70

0.65

Table 2.3: Theoretical variances of inflation and output under the optimal (O) rule (2.28),
the inflation-targeting (IT) objective (2.22), the numerically optimized inflationtargeting (IT ∗ ) rule and the numerically optimized simple Taylor rule (T ∗ ) for
different values of rational forecasters α.

Finally, for the sake of comparison, I add a numerically optimized simple Taylor rule
with contemporaneous inflation and output to the analysis. Absolute welfare losses,
LT ∗ , are shown in the first column of Table 2.2 and the corresponding variances of
inflation and output can be found in the last row of Table 2.3. For a fraction of 70
percent of rational forecasters, or higher, the numerically optimized simple Taylor rule
is the worst performing among all alternatives. However, interestingly, for 50 percent
of rational forecasters it trumps the analytically derived inflation-targeting rule (2.22).
Note that the Taylor rule is numerically optimized under the model-consistent loss
function (2.17) which, in particular, recognizes the complex nature of price dispersion
which is highest around α = 0.5. On the other hand, the inflation-targeting rule
is derived from the conventional inflation-targeting objective (2.18) which abstracts
from the complex nature of price dispersion.15 Further, in the case of α = 0.5, the
numerically optimized Taylor rule generates lower inflation volatility than the optimal
14

I started by optimizing the coefficients on inflation (expectations) and the cost-push shock while
“fixing” the coefficients on output to the analytically derived ones, (2.23) and (2.24). The resulting
absolute welfare losses and consumption equivalents are nearly the same as in Table 2.2, indicating
that the sub-optimal weighting in the analytically derived inflation-targeting rule (2.22) is mainly
because of sub-optimal weighting of inflation expectations and the shock.
15
For α 6= 0.5 (where the case of α < 0.5 is not explicitly shown here) the numerically optimized
Taylor rule performs relatively worse as it does not react to rational and boundedly rational expectations (and the shock) while the inflation-targeting rule (2.22) does. Hence, it seems that reacting to
the contemporaneous values of aggregate variables works relatively well only when fractions are equal.
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commitment policy. This is, however, not welfare maximizing as the Taylor rule implies
the highest output volatility among all interest rate rules and for all α. This indicates
that, although inflation is the most important driver of welfare, there is still a welfarerelevant trade-off between inflation and output.

2.5.2

Inflation and welfare vs. consumption dispersion

In this section, I briefly discuss the issue of distribution, measured by the cross-sectional
variance in consumption (2.16), and monetary policy. It should be noted, however,
that welfare losses due to consumption dispersion are in general very low under the
model-consistent loss function (2.17), where individual utilities are weighted equally
and simply summed up. Of course, different conclusions may be reached when a social
planer would attach higher weights to consumption dispersion.
Table 2.4 shows consumption dispersion (CD) and the variance of inflation for both
the optimal interest rate rule (O) and inflation-targeting rule (IT ) for different fractions of rational forecasters, α. Interestingly, consumption dispersion is higher under
the optimal interest rate rule (2.28) compared to the (analytically derived) inflationtargeting rule (2.22) for all α. This is the case even though the former explicitly
incorporates consumption heterogeneity as opposed to the latter. At the same time,
the optimal interest rate rule yields lower inflation volatility, as discussed in the previous section. This indicates that the model additionally implies a trade-off between
stabilizing inflation and consumption heterogeneity.
α

CDO

CDIT

var(π)O

var(π)IT

0.95

1.904

1.104

0.580

0.590

0.9

4.071

2.567

0.597

0.618

0.7

17.805

12.700

0.664

0.750

0.5

39.071

25.812

0.670

0.833

Table 2.4: Consumption dispersion (CD) vari (ct (i)) under the optimal (O) interest rate
rule (2.28) and the non-optimal inflation-targeting (IT) rule (2.22) for different
fractions of rational forecasters α.

The trade-off between stabilizing inflation and consumption dispersion in this model
becomes more evident when considering Figure 2.3. Figure 2.3 depicts consumption
dispersion, the inflation variance and absolute welfare losses in case of a simple Taylor
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Consumption dispersion
Variance of Inflation

rule against different values of the coefficient on inflation. The higher the coefficient on
inflation, the lower inflation volatility and the higher consumption dispersion. Therefore, it is not surprising that this also implies a local trade-off between minimizing
welfare losses and reducing consumption dispersion.16 Minimizing welfare losses requires the central bank to get a tight grip on inflation causing a substantial drop of
individual consumption over time. As both agents react quite differently to the increase
in the policy rate, as discussed in Section 2.4, consumption dispersion increases with
the central bank’s aggressiveness towards inflation.

0

Figure 2.3: Trade-off between minimizing welfare, inflation and consumption dispersion
under a simple Taylor rule and 70% of rational agents.

Another observation worth mentioning is that consumption dispersion is minimized
when the coefficient on inflation in the Taylor rule is one, i.e. when it = πt holds. This
will analytically be shown in Chapter 3 using a model with fully rational agents and
boundedly rational agents similar to this chapter. Thus, the appearance of the same
finding in this model serves as a robustness check for the findings in Chapter 3.
16

On the left side of the minimum, welfare losses decrease because of decreasing inflation. At the
same time, consumption dispersion increases. At some point, however, welfare losses increase again
as output volatility (not shown in Figure 2.3) becomes substantially higher as the central bank needs
to contract output further to achieve further reductions in inflation. Therefore, the trade-off between
welfare and consumption dispersion arises only locally, i.e. on the left side of the minimum where
welfare losses and inflation decrease simultaneously.
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2.6

Conclusion

In this chapter, I propose an optimal interest rate rule under heterogeneous expectations where the central bank commits to its policy from a timeless perspective. This rule
incorporates the more complex nature of price dispersion and consumption dispersion
under heterogeneous expectations as identified by Di Bartolomeo et al. (2016). Further,
this rules performs considerably better than a microfounded version of the interest rate
rule as in Gasteiger (2014). The implementation of the non-optimal inflation-targeting
rule already requires an increase of 14.5 percent of steady-state consumption to compensate for the higher welfare losses relative to the optimal interest rate rule when only
ten percent of the population form (naive) backward-looking expectations.
I additionally explore the properties of the expectations operator of “rational”
agents in the Branch and McGough (2009) framework and find that the consumption
Euler equation that includes model-consistent individual consumption expectations as
in Di Bartolomeo et al. (2016) is inconsistent with the higher-order beliefs assumption of
Branch and McGough (2009). This assumption puts a specific (non-rational) structure
on higher-order beliefs which implies that not even “rational forecasters” understand
the micro level fully. Therefore, I derive consumption decisions that account for this
particular assumption which makes it the implementation of the optimal commitment
policy by an interest rate rule possible in the first place.
Finally, I illustrate that the model implies a local trade-off between maximizing
welfare and reducing consumption dispersion. The reason is that consumption dispersion increases with the central bank’s aggressiveness towards inflation, as rational and
boundedly rational forecasters’ consumption decisions become more unequal with more
aggressive inflation-targeting. Because inflation is the most important determinant of
welfare, the central bank has to allow for a certain heterogeneity in consumption to
maximize welfare.
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Appendix 2.A

Implementation under the conventional inflation-targeting objective

The policy problem under commitment and the conventional inflation-targeting objective is given by
L = Et

∞
X

β

s=0

s1

2



1
η+
σ



2
yt+s

+

2

2
ηδπt+s



(2.34)

+ λt+s [πt+s − αβEt πt+s+1 − (1 − α)βθ2 πt+s−1 − κyt+s − et+s ]
The first order conditions are


∂L
λt+s
λt+s−1 !
2 2 λt+s+1
2
: Et  ηδπt+s +
− (1 − α)β θ
−α
=0
∂πt+s
2
2
2
 


∂L
κ
1
!
s
: Et β
yt+s − λt+s = 0.
η+
∂yt+s
σ
2

(2.35)
(2.36)

Combining and solving for inflation gives
πt = −

1 + ησ
[yt − αyt−1 − (1 − α)β 2 θ2 Et yt+1 ]
σ2 ηδκ

(2.37)

where the index s was dropped as the central bank commits from timeless perspective.
Combining with the Phillips and IS curve yields (2.22).

Appendix 2.B
2.B.1

Optimal monetary policy

Rewriting the model-consistent loss function

The period loss function Lt is given by
2
ση + 1 2 α(yt − cR
t )
yt +
(2.38)
σ
(1 − α)σ
(

2 )
R
ξ
(1
−
α)
ακ(y
−
c
)
p
t
t
+ 2 ηδ πt2 +
πt − βθ2 πt−1 − κyt −
.
α
(1 + ησ)(1 − α)

Lt =

where market clearing has been used to eliminate cB
t .
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By multiplying out, we get
2
2
Lt =Γ1 yt2 + Γ2 πt2 + Γ3 πt−1
+ Γ4 (cR
t )

(2.39)

R
R
+Γ5 yt cR
t + Γ6 πt ct + Γ7 πt−1 ct + Γ8 πt πt−1 + Γ9 πt yt + Γ10 πt−1 yt

with
((α − 1)ησ − 1)(α(η 2 σ 2 (δ2 κ2 ξp − 1) − 1 − 2ησ) − δ2 ηκ2 ξp σ(1 + ησ))
(1 − α)ασ(1 + ησ)2
δ2 η(α + ξp − αξp )
=
α
(1 − α)β 2 δ2 ηθ4 ξp
=
α
α(1 + ησ(2 + δ2 κ2 ξp ) + η 2 σ 2 )
=
(1 − α)σ(1 + ησ)2
2(α + 2αησ + αη 2 σ 2 (1 − δ2 κ2 ξp ) + δ2 ηκ2 ξp σ(1 + ησ))
=
(α − 1)σ(1 + ησ)2
2δ2 ηκξp
=
1 + ησ
2βδ2 ηθ2 κξp
=−
1 + ησ
2(α − 1)βδ2 ηθ2 ξp
=
α
2
2δ ηκξp ((α − 1)ησ − 1)
=
α + αησ
2
2
2βδ ηθ κξp (1 + ησ(1 − α))
=
.
α + αησ

Γ1 =

(2.40)

Γ2

(2.41)

Γ3
Γ4
Γ5
Γ6
Γ7
Γ8
Γ9
Γ10

2.B.2

(2.42)
(2.43)
(2.44)
(2.45)
(2.46)
(2.47)
(2.48)
(2.49)

Optimal interest rate rule

The policy problem under commitment takes the following form:
L = Et

∞
X

"
2
2
2
2
β s Γ1 yt+s
+ Γ2 πt+s
+ Γ3 πt+s−1
+ Γ4 (cR
t+s )

(2.50)

s=0
R
R
+ Γ5 yt+s cR
t+s + Γ6 πt+s ct+s + Γ7 πt+s−1 ct+s + Γ8 πt+s πt+s−1 + Γ9 πt+s yt+s + Γ10 πt+s−1 yt+s

+ λ1,t+s [yt+s − αEt yt+s+1 − (1 − α)θ2 yt+s−1 + σ[it+s − αEt πt+s+1 − (1 − α)θ2 πt+s−1 ]]
+ λ2,t+s [πt+s − αβEt πt+s+1 − (1 − α)βθ2 πt+s−1 − κyt+s − et+s ]
#
+ λ3,t+s [cR
t+s − Et yt+s+1 + σ(it+s − Et πt+s+1 )] .
32

2.B. Optimal monetary policy
The first order conditions are

∂L
: Et β s [2Γ1 yt+s + Γ5 cR
t+s + Γ9 πt+s + Γ10 πt+s−1 + λ1,t+s − κλ2,t+s ]
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2
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(2.51)
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s
: Et β σλ1,t+s + β σλ3,t+s = 0.
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(2.54)

Again, the index s can be dropped assuming commitment from a timeless perspective. Using λ3,t = −λ1,t the FOCs can equivalently be written as
2
2Γ1 yt + Γ5 cR
t + Γ9 πt + Γ10 πt−1 + λ1,t − κλ2,t − (1 − α)βθ λ1,t+1 −

(2.55)

!

β −1 (α − 1)λ1,t−1 = 0
2Γ2 πt + Γ6 cR
t + Γ8 πt−1 + Γ9 yt + λ2,t
+ 2Γ3 βπt + Γ7 βct+1 + Γ8 βπt+1 + Γ10 βyt+1 − (1 − α)βθ2 σλ1,t+1

(2.56)

!

− (1 − α)β 2 θ2 λ2,t+1 + β −1 (1 − α)σλ1,t−1 − αλ2,t−1 = 0
!

2Γ4 cR
t + Γ5 yt + Γ6 πt + Γ7 πt−1 − λ1,t = 0.

(2.57)

Eliminating the Lagrange multipliers yields the reduced-form FOC
∆c1 πt + ∆c2 πt+1 + ∆c3 πt+2 + ∆c4 πt−3 + ∆c5 πt−2 + ∆c6 πt−1 + ∆7 yt + ∆c8 yt+1

(2.58)
!

c R
c R
c R
c R
+∆c9 yt+2 + ∆c10 yt−2 + ∆c11 yt−1 + ∆12 cR
t + ∆13 ct+1 + ∆14 ct+2 + ∆15 ct−2 + ∆16 ct−1 = 0
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with
∆1 = Γ6 + Γ9 + (1 − α)(−1 + 2α)βΓ6 θ2 + 2Γ2 κ + 2βΓ3 κ
+ (α − 1)βθ 2 (Γ7 + β(Γ10 + Γ7 ) + Γ7 κσ)

(2.59)
(2.60)

∆2 = β(Γ8 κ + (α − 1)θ2 (β(Γ9 + (α − 1)βΓ7 θ2 ) + Γ6 (1 + β + κσ)))

(2.61)

∆3 = (α − 1)2 β 3 Γ6 θ4

(2.62)
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β
2
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(2.65)
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∆7 = 2Γ1 + Γ5 + (1 − α)(2α − 1)βΓ5 θ2 + Γ9 κ

(2.67)

∆8 = β(Γ10 κ + (α − 1)θ2 (Γ5 + β(2Γ1 + Γ5 ) + Γ5 κσ)

(2.68)

∆9 = (α − 1)2 β 3 Γ5 θ4

(2.69)

∆10 =

(2.70)

∆11

(α − 1)αΓ5
β
Γ5 + Γ5 κσ − α(Γ5 + β(2Γ1 + Γ5 ) + Γ5 κσ)
=
β

(2.71)

∆12 = 2Γ4 + Γ5 − 2(α − 1)(2α − 1)βΓ4 θ2 + Γ6 κ)

(2.72)

∆13 = β(Γ7 κ + (α − 1)θ2 (βΓ5 + 2Γ4 (1 + β + κσ))

(2.73)

∆14 = 2(α − 1)2 β 3 Γ4 θ4

(2.74)

2(α − 1)αΓ4
β
2Γ4 (−1 + α + αβ + (α − 1)κσ)
= −αΓ5 −
.
β

∆15 =

(2.75)

∆16

(2.76)

Solving (2.58) for πt and setting it equal to the NK Phillips curve yields
yt = −

1
((αβ∆1 + ∆2 )πt+1 + ∆3 πt+2 + ∆4 πt−3 + ∆5 πt−2
∆7 + ∆1 κ

+ (∆6 + (1 − α)βθ2 ∆1 )πt−1 + ∆8 yt+1 + ∆9 yt+2 + ∆10 yt−2 + ∆11 yt−1

(2.77)

R
R
R
+ ∆13 cR
t+1 + ∆14 ct+2 + ∆15 ct−2 + ∆16 ct−1 )

Setting (2.77) equal to the New IS curve, substituting cR
t for consumption demand and
solving for it gives the central bank’s reaction function under timeless commitment
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(2.28):
it =Ω1 Et πt+1 + Ω2 Et πt+2 + Ω3 πt−3 + Ω4 πt−2 + Ω5 πt−1 + Ω6 Et yt+1 + Ω7 Et yt+2 (2.78)
R
R
R
+Ω8 yt−2 + Ω9 yt−1 + Ω10 Et cR
t+1 + Ω11 Et ct+2 + Ω12 ct−2 + Ω13 ct−1 + Ω14 et

with
Ω1 =
Ω2 =
Ω3 =
Ω4 =
Ω5 =
Ω6 =
Ω7 =
Ω8 =
Ω9 =
Ω10 =
Ω11 =
Ω12 =
Ω13 =
Ω14 =

αβ∆1 + ∆2 + σ∆12 + ασ(∆7 + ∆1 κ)
σ(∆7 + ∆12 + ∆1 κ)
∆3
σ(∆7 + ∆12 + ∆1 κ)
∆4
σ(∆7 + ∆12 + ∆1 κ)
∆5
σ(∆7 + ∆12 + ∆1 κ)
∆6 + (1 − α)θ2 (β∆1 + σ(∆7 + ∆1 κ))
σ(∆7 + ∆12 + ∆1 κ)
∆12 + α∆7 + ∆8 + ακ∆1
σ(∆7 + ∆12 + ∆1 κ)
∆9
σ(∆7 + ∆12 + ∆1 κ)
∆10
σ(∆7 + ∆12 + ∆1 κ)
∆11 + (1 − α)θ2 (∆7 + ∆1 κ)
σ(∆7 + ∆12 + ∆1 κ)
∆13
σ(∆7 + ∆12 + ∆1 κ)
∆14
σ(∆7 + ∆12 + ∆1 κ)
∆15
σ(∆7 + ∆12 + ∆1 κ)
∆16
σ(∆7 + ∆12 + ∆1 κ)
∆1
.
σ(∆7 + ∆12 + ∆1 κ)

(2.79)
(2.80)
(2.81)
(2.82)
(2.83)
(2.84)
(2.85)
(2.86)
(2.87)
(2.88)
(2.89)
(2.90)
(2.91)
(2.92)
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2.B.3

Taking rational expectations as given

Defining ft+s = Et yt+s+1 , gt+s = Et πt+s+1 and ht+s = Et cR
t+s+1 , the policy problem is
L = Et

∞
X

"
2
2
2
2
+ Γ4 (cR
+ Γ3 πt+s−1
+ Γ2 πt+s
β s Γ1 yt+s
t+s )

(2.93)

s=0
R
R
+ Γ5 yt+s cR
t+s + Γ6 πt+s ct+s + Γ7 πt+s−1 ct+s + Γ8 πt+s πt+s−1 + Γ9 πt+s yt+s + Γ10 πt+s−1 yt+s

+ λ1,t+s [yt+s − αft+s − (1 − α)θ2 yt+s−1 + σ[it+s − αgt+s − (1 − α)θ2 πt+s−1 ]]
+ λ2,t+s [πt+s − αβgt+s − (1 − α)βθ2 πt+s−1 − κyt+s − et+s ]
#
+ λ3,t+s [cR
t+s − ht+s + σ(it+s − gt+s )] .
The first order conditions are

∂L
: Et β s [2Γ1 yt+s + Γ5 cR
t+s + Γ9 πt+s + Γ10 πt+s−1 + λ1,t+s − κλ2,t+s ]
∂yt+s

!
s+1
2
− β (1 − α)θ λ1,t+s+1 = 0

(2.94)


∂L
: Et β s [2Γ2 πt+s + Γ6 cR
t+s + Γ8 πt+s−1 + Γ9 yt+s + λ2,t+s ]
∂πt+s
+ β s+1 [2Γ3 πt+s + Γ7 ct+s+1 + Γ8 πt+s+1 + Γ10 yt+s+1 − (1 − α)θ2 σλ1,t+s+1
(2.95)


!
− (1 − α)βθ λ2,t+s+1 ] = 0
2
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∂L
!
s
R
: Et β [2Γ4 ct+s + Γ5 yt+s + Γ6 πt+s + Γ7 πt+s−1 + λ3,t+s ] = 0
R
∂ct+s

(2.96)



∂L
!
s
s
: Et β σλ1,t+s + β σλ3,t+s = 0.
∂it+s

(2.97)

2.B. Optimal monetary policy
Since the central bank acts under timeless commitment, the index s can be dropped.
Using λ3,t = −λ1,t the FOCs can equivalently be written as
2
2Γ1 yt + Γ5 cR
t + Γ9 πt + Γ10 πt−1 + λ1,t − κλ2,t − (1 − α)βθ Et λ1,t+1 = 0

(2.98)

R
2Γ2 πt + Γ6 cR
t + Γ8 πt−1 + Γ9 yt + λ2,t + 2Γ3 βπt + Γ7 βEt ct+1 + Γ8 βEt πt+1

(2.99)

!

!

+ Γ10 βEt yt+1 − (1 − α)βθ2 σEt λ1,t+1 − (1 − α)β 2 θ2 Et λ2,t+1 = 0
!

2Γ4 cR
t + Γ5 yt + Γ6 πt + Γ7 πt−1 − λ1,t = 0.

(2.100)

Eliminating the Lagrange multipliers yields the reduced-form FOC
∆1 πt + ∆2 Et πt+1 + ∆3 Et πt+2 + ∆4 πt−1 + ∆5 yt + ∆6 Et yt+1 + ∆7 Et yt+2
!

R
R
+ ∆ 8 cR
t + ∆9 Et ct+1 + ∆10 Et ct+2 = 0

(2.101)

with
Γ6 + Γ9 + 2Γ2 κ + 2βΓ3 κ − (1 − α)βθ2 (Γ7 + β(Γ10 + Γ7 ) + Γ7 κσ)
κ
(1 − α)βθ2 (β(Γ9 − (1 − α)βΓ7 θ2 ) + Γ6 (1 + β + κσ))
=
− βΓ8
κ
(α − 1)2 β 3 θ4 Γ6
=−
κ
Γ10 + Γ7 + Γ8 κ
=−
κ
2Γ1 + Γ5 + Γ9 κ
=−
κ
β((α − 1)β(2Γ1 + Γ5 )θ2 + Γ10 κ + (α − 1)Γ5 θ2 (1 + κσ))
=−
κ
(α − 1)2 β 3 θ4 Γ5
=−
κ
2Γ4 + Γ5 + Γ6 κ
=−
κ
β((α − 1)βΓ5 θ2 + Γ7 κ + 2(α − 1)Γ4 θ2 (1 + β + κσ))
=−
κ
2(α − 1)2 β 3 θ4 Γ4
=−
.
κ

∆1 = −

(2.102)

∆2

(2.103)

∆3
∆4
∆5
∆6
∆7
∆8
∆9
∆10

(2.104)
(2.105)
(2.106)
(2.107)
(2.108)
(2.109)
(2.110)
(2.111)
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Solving (2.101) for πt and setting it equal to the NK Phillips curve yields
yt = −

1
(∆6 yt+1 + ∆7 yt+2 + (∆2 + αβ∆1 )πt+1 + ∆3 πt+2 + (∆4 + (1 − α)βθ2 ∆1 )πt−1
∆5 + ∆1 κ

R
R
+ ∆ 8 cR
t + ∆9 ct+1 + ∆10 ct+2 + ∆1 et ).

(2.112)

Setting (2.112) equal to the New IS curve, substituting cR
t for consumption demand
and solving for it gives the reaction function under the assumption that the central
bank takes rational expectations as given
it =Ω∗1 yt−1 + Ω∗2 Et yt+1 + Ω∗3 Et yt+2 + Ω∗4 πt−1 + Ω∗5 Et πt+1 + Ω∗6 Et πt+2

(2.113)

∗
R
∗
+ Ω∗7 Et cR
t+1 + Ω8 Et ct+2 + Ω9 et

with
Ω∗1 =
Ω∗2 =
Ω∗3 =
Ω∗4 =
Ω∗5 =
Ω∗6 =
Ω∗7 =
Ω∗8 =
Ω∗9 =

2.B.4

(1 − α)θ2 (∆5 + ∆1 κ)
σ(∆5 + ∆8 + ∆1 κ)
∆6 + ∆8 + α(∆5 + ∆1 κ)
σ(∆5 + ∆8 + ∆1 κ)
∆7
σ(∆5 + ∆8 + ∆1 κ)
∆4 + (1 − α)θ2 (β∆1 + σ(∆5 + ∆1 κ))
σ(∆5 + ∆8 + ∆1 κ)
αβ∆1 + ∆2 + σ∆8 + ασ(∆5 + ∆1 κ)
σ(∆5 + ∆8 + ∆1 κ)
∆3
σ(∆5 + ∆8 + ∆1 κ)
∆9
σ(∆5 + ∆8 + ∆1 κ)
∆10
σ(∆5 + ∆8 + ∆1 κ)
∆1
.
σ(∆5 + ∆8 + ∆1 κ)

(2.114)
(2.115)
(2.116)
(2.117)
(2.118)
(2.119)
(2.120)
(2.121)
(2.122)

Tables

Table 2.5 shows the reaction coefficients in interest rate rule (2.28) computed under baseline calibration but with varying α. It can be seen that the central bank
puts relatively high weights on inflation (expectations) and the shock. In general,
the weights that are placed on lagged inflation increase in absolute value when the
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fraction of rational forecasters, α, decreases as the central bank puts a higher weight
on backward-looking expectations. The opposite holds true for the one-period ahead
rational expectations. For the homogeneous rational expectations case, α = 1, all
reaction coefficients associated with heterogeneous expectations vanish.
Ωx

α = 0.1

α = 0.3

α = 0.5

α = 0.7

α = 0.9

α = 1 (RE)

yt−2
yt−1
Et yt+1
Et yt+2
πt−3
πt−2
πt−1
Et πt+1
Et πt+2
E t cR
t−2
E t cR
t−1
E t cR
t+1
E t cR
t+2
et

0.001
0.115
-0.08
-0.005
0.012
-0.609
2.747
-0.482
0.103
0
0.004
-0.004
0.003
1.275

0.004
0.052
-0.02
-0.008
0.028
-0.502
2.082
0.115
0.064
-0.003
0.013
-0.012
0.007
1.227

0.01
-0.016
0.045
-0.009
0.034
-0.38
1.420
0.697
0.033
-0.009
0.022
-0.021
0.008
1.154

0.018
-0.085
0.111
-0.007
0.029
-0.241
0.792
1.229
0.012
-0.017
0.031
-0.031
0.007
1.056

0.029
-0.153
0.175
-0.003
0.013
-0.085
0.238
1.639
0.001
-0.029
0.041
-0.040
0.003
0.932

0
-0.139
0.160
0
0
0
0
1.851
0
0
0
0
0
0.859

Table 2.5: Values of reaction coefficients Ωx in the interest rate rule (2.28) for different
values of the share of rational forecasters α.
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Appendix 2.C

Implementation with model-consistent
individual consumption expectations

The policy problem under commitment and the conventional Euler equation with
model-consistent individual consumption expectations takes the following form:
L = Et

∞
X

"
2
2
2
2
+ Γ4 (cR
+ Γ3 πt+s−1
+ Γ2 πt+s
β s Γ1 yt+s
t+s )

(2.123)

s=0
R
R
+ Γ5 yt+s cR
t+s + Γ6 πt+s ct+s + Γ7 πt+s−1 ct+s + Γ8 πt+s πt+s−1 + Γ9 πt+s yt+s + Γ10 πt+s−1 yt+s

+ λ1,t+s [yt+s − αEt yt+s+1 − (1 − α)θ2 yt+s−1 + σ[it+s − αEt πt+s+1 − (1 − α)θ2 πt+s−1 ]]
+ λ2,t+s [πt+s − αβEt πt+s+1 − (1 − α)βθ2 πt+s−1 − κyt+s − et+s ]
#
R
+ λ3,t+s [cR
t+s − Et ct+s+1 + σ(it+s − Et πt+s+1 )] .

The first order conditions are

∂L
: Et β s [2Γ1 yt+s + Γ5 cR
t+s + Γ9 πt+s + Γ10 πt+s−1 + λ1,t+s − κλ2,t+s ]
∂yt+s

!
s+1
2
s−1
− β (1 − α)θ λ1,t+s+1 − β αλ1,t+s−1 = 0

(2.124)


∂L
: Et β s [2Γ2 πt+s + Γ6 cR
t+s + Γ8 πt+s−1 + Γ9 yt+s + λ2,t+s ]
∂πt+s
+ β s+1 [2Γ3 πt+s + Γ7 ct+s+1 + Γ8 πt+s+1 + Γ10 yt+s+1 − (1 − α)θ2 σλ1,t+s+1

!
2
s−1
− (1 − α)βθ λ2,t+s+1 ] − β [ασλ1,t+s−1 + αβλ2,t+s−1 + σλ3,t+s−1 ] = 0
(2.125)
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∂L
: Et β s [2Γ4 cR
t+s + Γ5 yt+s + Γ6 πt+s + Γ7 πt+s−1
∂cR
t+s

!
s−1
+ λ3,t+s ] − β λ3,t+s−1 = 0

(2.126)



∂L
!
s
s
: Et β σλ1,t+s + β σλ3,t+s = 0.
∂it+s

(2.127)

2.C. Implementation with model-consistent individual consumption expectations
Again, the index s can be dropped assuming commitment from a timeless perspective. Using λ3,t = −λ1,t the FOCs can equivalently be written as
2
2Γ1 yt + Γ5 cR
t + Γ9 πt + Γ10 πt−1 + λ1,t − κλ2,t − (1 − α)βθ λ1,t+1 −

(2.128)

!

β −1 αλ1,t−1 = 0
2Γ2 πt + Γ6 cR
t + Γ8 πt−1 + Γ9 yt + λ2,t
+ 2Γ3 βπt + Γ7 βct+1 + Γ8 βπt+1 + Γ10 βyt+1 − (1 − α)βθ2 σλ1,t+1

(2.129)

!

− (1 − α)β 2 θ2 λ2,t+1 + β −1 (1 − α)σλ1,t−1 − αλ2,t−1 = 0
!

−1
λ1,t−1 = 0..
2Γ4 cR
t + Γ5 yt + Γ6 πt + Γ7 πt−1 − λ1,t + β

(2.130)

(2.130) can be used to replace λ1,t−1 and λ1,t+1 with λ1,t in (2.55). Then, solving
(2.55) for λ1,t and inserting in (2.129) yields a second-order difference equation in
λ2,t . A solution to this equation can in principle be substituted back into the difference
equation, which would give a targeting rule. However, this solution is fairly complicated
in which some parameter terms exponentially depend on time. The solution is available
upon request. The resulting targeting rule and, hence, a reaction function would
also be of such a complicated form where parameters exponentially depend on time.
Consequently, no interpretable interest rate rule under commitment can be derived in
this case.
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Chapter 3
The Rationality Bias
Co-authored by Joep Lustenhouwer

3.1

Introduction

There is a growing consensus that models with homogeneous rational expectations cannot adequately approximate actual human behavior at the microeconomic or macroeconomic level. Even though there may be some highly sophisticated and well informed
economic actors, a non-negligible fraction of the population might not be nearly as
rational as assumed in theoretical models. The presence of agents with different levels
of cognitive ability may lead to non-trivial interactions. An unforeseen economic shock
will, for example, affect the expectations and, therefore, the economic decisions of
different actors differently. Well-informed and sophisticated actors revise their expectations instantly and act according to these in an appropriate manner. However, less
sophisticated actors may only observe the effects of the shock with a delay and make
mistakes accordingly. Finally, the sophisticated actors may internalize the behavior
of less sophisticated actors and change their own behavior accordingly. These differences and interactions between agents will have distributional as well as macroeconomic
implications.
In response to a growing need for models that take account of cognitive imperfections, different strands of literature that incorporate bounded rationality have gained
popularity (see, e.g. Evans and Honkapohja, 2012 and Gabaix, 2020). One of these
strands of literature incorporates heterogeneous, possibly non-rational expectations in
macro models (see, e.g. Branch and McGough, 2018). However, papers in this tradition have focused on aggregate dynamics, largely ignoring dynamics at the individual
level. We want to fill this gap in the literature and explicitly consider how differences in
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cognitive ability lead to differences in consumption and wealth, and how the magnitude
of these differences is determined.
For this purpose, we set up a micro-founded model where a given fraction of agents
is fully rational in the conventional sense (Muth, 1961), while the other fraction is
boundedly rational as we will explain in detail below. Further, we keep track of the
individual bond holdings of both groups. We identify the “rationality bias” of boundedly rational agents, defined as the deviation from the fully rational benchmark, as the
driver of consumption and wealth heterogeneity. Moreover, we find a strong interaction
between the size of the rationality bias and monetary policy.
Empirical evidence based on US inflation survey data suggests that, in the real
world, expectations are indeed heterogeneous. Moreover, a sizable fraction of the population seems to follow simple backward-looking heuristics. For instance, Branch (2004)
finds evidence of the presence of different expectation types in the Michigan Survey
of Consumer Attitudes and Behavior. In particular, both naive expectations, where
the last observed value of a variable is used as a best guess for the future, and a more
sophisticated VAR heuristic are present in the data. Cornea-Madeira et al. (2019),
further, find that a model with naive agents and agents that use a VAR approach to
predict inflation based on its forward-looking relation with marginal costs fits actual
inflation data well. Moreover, simple backward-looking heuristics are consistent with
evidence from laboratory experiments (Assenza et al., 2019; Pfajfar and Žakelj, 2018),
where a large degree of heterogeneity is found. Also, Fuhrer (2017) identifies slowmoving expectations as a source of macroeconomic persistence. He finds that ad-hoc
assumptions like indexation and habit-formation to generate observed persistence become obsolete when survey expectations are incorporated into an otherwise standard
DSGE model.
In our model, boundedly rational households form their expectations in a naive
manner, consistent with Branch (2004) and Cornea-Madeira et al. (2019), and following
earlier literature on heterogeneous expectations (Branch and McGough, 2009, 2010;
De Grauwe, 2011; Gasteiger, 2014; Hommes and Lustenhouwer, 2019). The great
advantage of the naive rule compared to more sophisticated backward-looking heuristics
is that it allows for analytical tractability. Moreover, naive expectations perform well
when the variable being forecast is highly persistent and are optimal when the variable
follows a random walk.
Our boundedly rational households, further, base their consumption decision only
on the variational intuition of the consumption Euler equation (Euler-equation learning), following Branch and McGough (2009). Boundedly rational households, hence,
do not make decisions according to the infinite horizon learning approach of Preston
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(2005) and Massaro (2013). Infinite horizon learning would require boundedly rational
households to form expectations about all variables over an infinite horizon, and make
optimal decisions based on these expectations. We believe that this would require too
much cognitive ability of boundedly rational households.
The other fraction of households, on the other hand, is fully rational in the conventional sense. These households are fully aware of the presence of boundedly rational
households. Further, rational households choose the optimal intertemporal allocation
of consumption, labor supply and bonds based on all their optimality conditions, including their intertemporal budget constraint. Thus, we combine the Euler-equation
learning approach of Branch and McGough (2009) and Honkapohja et al. (2011) for
boundedly rational households with full rationality, in the conventional sense, for rational households. To the best of our knowledge, this is the first research project to
do so. With this approach, we can contrast boundedly rational households that have
considerable limitations in their cognitive ability with fully rational households. The
presence of rational households, further, allows us to construct an intuitive measure of
the “rationality bias” of boundedly rational households, as the deviation from the fully
rational benchmark.
We find that considerable consumption and wealth heterogeneity arises when the
economy is hit by shocks. The reason is that boundedly rational households respond
differently with their consumption decision to shocks than rational households. In
particular, the rationality bias of boundedly rational agents leads them to make nonoptimal choices.
Moreover, it turns out that the rationality bias can be decomposed into three different components. One component, the consumption expectation bias, reflects a bias
in expectations about an household’s own future consumption. A second component,
the real interest rate bias, captures the differences in the subjective real interest rates.
Finally, the third component, the preference shock expectation bias, arises whenever
boundedly rational households have biased expectations about future realizations of the
preference shock. We, further, find that the consumption expectation bias is mainly
driven by boundedly rational household’s expectations about future aggregate output.
The real interest rate bias, in turn, appears solely due to biased expectations about
future inflation.
Each of the three biases leads boundedly rational households to deviate from the
rational consumption decision. However, depending on the shocks that have hit the
economy, the different biases may also work in opposite directions and counteract each
other.
Next, we are interested in the magnitude of the rationality bias and consider how
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the mistakes of boundedly rational households can be reduced. We show that the rationality bias completely disappears when the percentage deviation from steady state of
the nominal interest rate and the inflation rate are equal in every period. This requires
that the economy was initialized without consumption and wealth heterogeneity (as in
steady state). In this case, the three components of the rationality biases exactly offset
each other no matter what the realizations of shocks are.
However, eliminating the rationality bias comes along with high inflation volatility.
From a welfare perspective, it might, therefore, not be desirable to completely eliminate the rationality bias. Even though consumption heterogeneity enters the utilitarian
welfare loss of this model, the weight on inflation suggests that the households populating this economy prefer stable prices over homogeneous consumption (and output
stability) by far.
As previously indicated, the literature on heterogeneous expectations (see for instance Branch and McGough (2018)) mainly focuses on aggregate dynamics and does
not explicitly consider differences in consumption and wealth of the different agent
types. Recent exceptions are Beqiraj et al. (2019) and Annicchiarico et al. (2019).
The former calculate a measure of consumption inequality in their economy. The latter present differences in bond holdings that arise between some of their agents. The
main interest of these studies, however, remains aggregate dynamics. To the best of
our knowledge, there is no research project in this tradition that focuses on individual
agent’s decisions in a macro-setting.
The remainder of this chapter is organized as follows. The model is introduced
in Section 3.2 where we put emphasis on the assumptions on bounded rationality. In
Section 3.3, we study in detail the different components that comprise the rationality
bias. Finally, in Section 3.4 we show that the rationality bias can be eliminated with
certain monetary policy and briefly consider the welfare implications of such a policy.
Section 3.5 concludes.

3.2

Model

In this section, we introduce heterogeneous rationality into a standard New Keynesian
model. In particular, we assume a unit-mass continuum of households i ∈ [0, 1] and
firms j ∈ [0, 1] as well as a monetary and fiscal authority. The population of households
splits into two groups with a fixed size: rational households, who make up a fraction α
of the population, and boundedly rational households, making up the remaining 1 − α
of the population.
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There is an ongoing discussion in the literature (see e.g. Honkapohja et al., 2011)
whether boundedly rational agents should be assumed to follow Euler-equation learning or rather infinite horizon learning. In the former case boundedly rational agents
base their consumption decision only on the variational intuition of the consumption
Euler equation. The latter case assumes boundedly rational agents to make optimal
decisions based on their subjective forecasts of the entire future paths of all variables.
Since we study differences in consumption and wealth that arise due to heterogeneity
in cognitive ability, we let our two types of agents differ considerably in their degrees of
rationality. For this reason, we stick with the less cognitive demanding Euler-equation
learning approach for our boundedly rational agents. Rational agents are modelled as
being fully rational instead. Thus, we do not follow Branch and McGough (2009) and
the related literature on heterogeneous expectations by letting agents with rational
expectations also use Euler-equation learning. Instead, we combine the Euler-equation
learning of boundedly rational agents with fully rational optimization in the conventional sense of rational agents. Detailed descriptions of both household types, including
their individual expectation formation schemes, are included in Sections 3.2.2 and 3.2.3.
Further, we assume perfect consumption insurance within the groups, so that the
two types of households can be interpreted as two different representative agents. In
order to focus on heterogeneity in households only, we assume that all firms are run by
rational managers.

3.2.1

The non-linear model

First, we introduce the basic model elements in non-linear form. The log-linearized
version, including a specification of each household type and policy rules, is given in a
subsequent subsection.
Households
Households of type i with i ∈ {R, B} optimize their expected lifetime utility Eti
subject to their real flow budget constraint
Cti + Ȳ bit ≤ Wt Hti + Ȳ

It−1 i
b + Dt − Tt ,
Πt t−1

P∞

t=0

β t Υt Uti

(3.1)

where Eti is the type-specific expectations operator, β < 1 the subjective discount
factor, Uti period-utility of type i and Υt is a preference shock. Cti denotes individual
consumption, Tt is a lump-sum tax and Wt the real wage rate, which are equal across
groups.
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bit = Bti /(Pt Ȳ ) are the real bond holdings of household i as a fraction of steady
state output, where Ȳ is the steady state of output, Yt . Bti refer to nominal government
bonds, which are the only asset in the economy. Both rational and boundedly rational
households can hold positive and negative positions of these bonds and can trade them
with each other as well as directly with the government. Note that the price of the the
nominal government bonds is given by the inverse of the gross nominal interest rate,
It , which is controlled by the central bank.
Further, Hti denotes individual hours, Πt = Pt /Pt−1 the inflation rate where Pt
is the aggregate price level in period t and Dt dividends that households obtain as
shareholders of the firms.
Period utility is of CES-form and given by
Uti =

(Cti )1−σ (Hti )1+γ
−
,
1−σ
1+γ

(3.2)

where σ is the coefficient of relative risk aversion and γ the labor supply elasticity.
Firms
We assume that firms are run by rational managers that are appointed by households
(who are the shareholders of firms). In the end, this assumption allows us to isolate the effect of heterogeneous rationality of households on differences in consumption
and wealth. The assumption that all firm managers are rational can be justified by
the fact that rational managers will always perform better than boundedly rational
ones. Therefore, if given the chance, all firm owners would prefer to appoint rational
managers.
Our further assumptions about the firm side of this model are entirely standard. We
assume that production is linear in labor and that total factor productivity is constant
over time and equal to one. We, further, introduce Calvo pricing where a firm j is able
to re-set its price only with a given probability of 1 − ω in each period. Thus, each
firm j maximizes its current and future discounted flow of profits by setting its price
Pt (j)∗ subject to the demand of differentiated goods. We present the derivation of the
Phillips curve in the Appendix 3.A.4 and give the log-linear version in the next section.
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Government and market clearing
The government is assumed to finance its spending via government debt and collecting
lump-sum taxes. The real government budget constraint reads
bt = g t −

Tt
Ht
It−1
bt−1 ,
+ s Wt +
Πt
Ȳ
Ȳ

(3.3)

where gt = Gt /Ȳ is government spending relative to steady state output. Further,
s = 1/η is a subsidy provided to firms (as in Galí, 2015) that makes the steady state
of our model efficient. We provide the description of the evolution of government
spending, taxes and the nominal interest rate in the log-linear version of the economy.
Goods and bond markets clear according to

3.2.2

Yt = (αCtR + (1 − α)CtB ) + Ȳ gt ,

(3.4)

B
bt = αbR
t + (1 − α)bt .

(3.5)

Expectations

As indicated above, our two types of households employ different forecasting rules.
Rational households are sophisticated enough to compute an optimal linear forecast,
i.e. they use the expected value EtR xt+1 = Et xt+1 . Boundedly rational households, on
the other hand, use the last observed value (xt−1 ) of a variable as their best guess for
the future with the following naive heuristic: EtB xt+1 = xt−1 .

3.2.3

The log-linear economy

For our policy analysis, we use a log-linear version of the model that is obtained by
approximating around a non-stochastic zero-inflation steady state.
Individual consumption, labor and bonds
Households first-order conditions, implied by the optimization problem outlined in
Section 3.2.1, are given in log-linearized terms by
1
(it − Eti πt+1 − υt + Eti υt+1 ),
σ
i
i
wt =γht + σct ,

(3.6)

cit =Eti cit+1 −

b̂it =hit + wt + β −1 b̂it−1 + b̄β −1 (it−1 − πt ) + η −1 dt − (1 − ḡ)cit −

(3.7)
T̄
τt ,
Ȳ

(3.8)
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where lower-case letter indicate a log-deviation from steady state (and τt indicates
log-deviation of taxes from steady state). Further, we denote b̂it = bit − b̄ and use
D̄ = Ȳ − (1 − s)W̄ H̄ = η −1 Ȳ where W̄ = 1. All steady state values are derived in
Appendix 3.A.5.
Equation (3.6) determines the households’ optimal consumption path depending
on its subjective real interest rate and preference shock (expectations). The optimal
labor supply is pinned down by the optimality condition (3.7). Equation (3.8) shows
the household’s log-linear budget constraint.
For rational households the budget constraint (3.8) is given by
−1 R
R
b̂t−1 + b̄β −1 (it−1 − πt ) + η −1 dt − (1 − ḡ)cR
b̂R
t −
t = ht + w t + β

T̄
τt .
Ȳ

(3.9)

Iterating (3.9) until infinity, substituting for all choice variables and plugging in expectations, EtR = Et , gives the consumption decision of rational agents:
R
cR
t = ζ b̂t−1 + ζ b̄(it−1 − πt ) + ζβEt

∞
X

β s−t [Γy ys − Γg ĝs − Γτ τs ]

s=t

(1 − ζ b̄σ)β
Et
−
σ

∞
X
s=t

∞

β

s−t

β X s−t
(is − πs+1 ) + Et
β (υs − υs+1 )
σ s=t

(3.10)

where composite parameters ζ, Γy , Γg , Γτ and the derivation of (3.10) are given in
Appendix 3.A.1. Thus, fully rational households make predictions over the entire
paths of output, government spending, taxes, real interest rates and preference shocks
until infinity. Further, rational households make optimal consumption decisions based
on these predictions.
For boundedly rational households, we consider such an approach to require too
much cognitive load. Therefore, our boundedly rational agents follow Euler-equation
learning and believe that all other agents will form the same beliefs as they do (higherorder beliefs assumption) as in Branch and McGough (2009). This implies that boundedly rational agents will neglect their intertemporal budget constraint as an optimality
condition. Boundedly rational agents are, further, assumed to know that market clearing holds. Also, we assume that boundedly rational agents believe that all other agents
will satisfy the consumption Euler equation in the same way they themselves do. Finally, we require boundedly rational agents to be able to iterate their consumption
Euler equation until an arbitrary period N which they consider to be the “long-run”.
The horizon N could in principle be infinite but it can also be finite. This will not
change the result.
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In Appendix 3.A.2 it is shown that under the above assumptions the consumption
decision of boundedly rational agents is given by
cB
t =

1
1
1
B
B
EtB yt+1 +EtB (cB
E B ĝt+1 . (3.11)
N −cN )− [it −Et πt+1 −υt +Et υt+1 ]−
1 − ḡ
σ
1 − ḡ t

Further, we assume that when boundedly rational agents have more current (beginningof-period) wealth than the average, they will expect to able to consume more than the
B
average in the “long-run” N . In mathematical terms: EtB (cB
N − cN ) = ψ(b̂t−1 − b̂t−1 ).
This assumption ensures that we can rule out equilibria in which the bond holdings
of individual households are explosive. Put differently, households are not able to
roll over their debt until infinity. This approach is similar to including bonds in the
utility function as in Kurz et al. (2013) and to quadratic adjustment costs of bonds in
the budget constraint as proposed by Schmitt-Grohé and Uribe (2003). Further, this
assumption re-introduces concerns for the intertemporal life-time budget constraint
and a transversality condition to the decision making procedure of boundedly rational
agents but in a rather behavioral manner. We choose the parameter ψ to be high
enough to rule out explosiveness but also low enough to have a small impact on shortrun dynamics.
Plugging in expectations, EtB xt+1 = xt−1 , and the assumption about “long-run”
beliefs gives
cB
t =

1
1
1
yt−1 + ψ(b̂B
[it − πt−1 − υt + υt−1 ] −
ĝt−1 .
t−1 − b̂t−1 ) −
1 − ḡ
σ
1 − ḡ

(3.12)

Comparing (3.12) with (3.10) shows that we impose far less cognitive load on boundedly
rational households than on rational households as discussed above. While boundedly
rational households are forward looking in the sense that they forecast one-periodahead (and the “long-run”), they become ultimately backward-looking due to their
behavioral heuristics.
Bond holdings of rational and boundedly rational agents are given by (3.8), where
we substitute for hours and wages. This gives
b̂it = β −1 b̂it−1 − Γc cit + Γy yt + b̄β −1 (it−1 − πt ) − Γg ĝt − Γτ τt

(3.13)

where the composite parameter Γc is given in the Appendix 3.A.1.
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Aggregate equations
Inserting (3.10) and (3.12) into the log-linearized goods market clearing equation, yt =
B
(1 − ḡ)(αcR
t + (1 − α)ct ) + ĝt , and writing this equation recursively yields aggregate
output:
yt = Φ1 Et yt+1 + Φ2 yt−1 + Φ3 Et πt+1 − Φ4 πt + Φ5 πt−1 + Φ6 it−1 − Φ7 it
R
+ Φ8 Et it+1 − Φ9 b̂R
t−1 + Φ10 bt − Φ11 ĝt−1 + Φ12 ĝt − Φ13 Et ĝt+1

− Φ14 τt + Φ15 b̂t−1 − Φ16 b̂t + Φ17 υt − Φ18 Et υt+1 − Φ5 υt−1

(3.14)

where coefficients and the derivation of (3.14) are given in the Appendix 3.A.3.
Note that (3.14) depends on individual bonds of rational households and on aggregate bonds. This stems from the fact that both the consumption decision of rational households (3.10) and the consumption decision of boundedly rational households
(3.12) depend on individual bonds. Bond holdings of boundedly rational households
are eliminated in (3.14) using bond market clearing (3.5). All other lagged terms in
Equation (3.14) are due to the backward-looking expectations of boundedly rational
households. Forward-looking terms are in turn rational expectations of rational households.
Since all firm managers are rational, inflation follows a standard forward-looking
Phillips-curve. As shown in Appendix 3.A.4, this implies
πt =δ(γ +

σ
)yt − δσ(1 − ḡ)−1 ĝt + βEt [πt+1 ] + µt ,
1 − ḡ

(3.15)

where δ = ((1 − ωβ)(1 − ω))/ω and µt being a cost-push shock.
The log-linearized government budget constraint is given by
b̂t = ĝt − Γτ τt + s(wt + ht ) + b̄β −1 (it−1 − πt ) + β −1 b̂t−1 .

(3.16)

For simplicity, we assume that government spending remains at its steady state
level (ĝt = 0). Further, the costs of the subsidy, s(wt + ht ), are directly financed by
lump-sum taxes. Additionally, taxes are assumed to respond to beginning-of-period
debt. Lump-sum taxes, therefore, evolve as
s
τt = φb,τ b̂t−1 +
Γτ



σ
1+γ+
1 − ḡ


yt .

where we used ht = yt and wt = (γ + σ/(1 − ḡ)) yt (since ĝt = 0).
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3.3. The components of the rationality bias
The evolution of aggregate debt can, thus, be written as

b̂t = β −1 − Γτ φb,τ b̂t−1 + b̄β −1 (it−1 − πt ).

(3.18)

Moreover, log-linearizing the bond market clearing equation gives
B
b̂t = αb̂R
t + (1 − α)b̂t .

(3.19)

For central bank policy we assume a standard Taylor rule based on contemporaneous
output and inflation, i.e.
it = φ π π t + φ y y t .
(3.20)
The preference shock and cost push-shock in the linearized model are assumed to
follow AR(1) processes:
υt = ρυ υt−1 + υ,t
(3.21)
µt = ρµ µt−1 + µ,t

(3.22)

where µ,t and υ,t are uncorrelated IID shocks.

3.3

The components of the rationality bias

In this section, we analyze differences in consumption and wealth that arise due to
different degrees of rationality. Differences in wealth between boundedly rational and
rational households arise as a consequences of differences in their consumption. We,
hence, focus on the latter.
The difference in individual consumption arises because boundedly rational households follow Euler-equation learning, believe that all other households form the same
expectations as they themselves do, and use a simple naive forecast heuristic to form
these expectations. If a boundedly rational household would not have these limitaR
tions, it would act as a rational household. Hence, the difference ∆i cit = cB
t − ct can
be interpreted as the bias of a boundedly rational household. We, therefore, label this
difference the Rationality bias.
We first decompose the rational bias into three different components, in Section
3.3.1. Next, in Section 3.3.2, we study the different components in some detail. In
Section 3.3.3, we use impulse response functions to provide further intuition into the
rationality bias and its components.
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3.3.1

Decomposing the rationality bias

Using the individual consumption Euler equation, (3.6), of both household types we
can write
1 B
1 B
R
B B
R
∆i cit = cB
t − ct = (Et ct+1 − Et ct+1 ) − (rrt − rrt ) − (Et υt+1 − Et υt+1 ) .
|
{z
} |σ
{z
} |σ
{z
}
consumption exp. bias

real int. bias

(3.23)

preference shock exp. bias

Equation (3.23) shows that we are able to decompose this bias into three individual
sources: the consumption expectation bias, the real interest rate bias and the preference
shock expectation bias.
The consumption expectation bias arises whenever the expectations of boundedly
rational households about their own future consumption deviate from the rational
expectation about future rational consumption. A positive consumption expectation
bias leads, in isolation, to higher consumption of boundedly rational households relative
to the consumption of rational households.
The real interest rate bias emerges whenever the subjective (ex-ante) real interest
rate of boundedly rational households, rrtB , is different from the objective (ex-ante)
real interest rate. The latter coincides with the subjective real interest rate of rational
households. When the real interest rate bias is positive, the consumption of boundedly
rational households, ceteris paribus, will be lower compared to the consumption of
rational households.
Finally, the preference shock expectation bias arises when boundedly rational households expect the next periods’ preference shock to be different from the rational expectations about this shock. A positive preference shock expectation bias induces boundedly rational households, ceteris paribus, to lower their own consumption relative to
the consumption of rational households.
To summarize: the rationality bias ∆i cit depends positively on the consumption expectation bias, negatively on the real interest rate bias and negatively on the preference
shock expectation bias.

3.3.2

Individual components

Now that we know how the rationality bias depends on its individual components, we
can further study the individual components themselves. In order to do so, we need to
clarify what, for instance, boundedly rational consumption expectations actually are.
In Section 3.2.3 we derived the consumption decision of boundedly rational agents
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(3.12) that can be rearranged as
cB
t =

1
1
1
(yt−1 − ĝt−1 ) + ψ(b̂B
t−1 − b̂t−1 ) − [it − πt−1 ] + [υt − υt−1 ].
|{z}
1 − ḡ
σ | {z } σ
|
{z
}
=E B υt+1
=rr B
t

=EtB cB
t+1

(3.24)

t

Comparing Equation (3.24) with the Euler equation of boundedly rational agents (3.6)
shows explicitly that their consumption expectations, their subjective real interest rate
and their preference shock expectations are given by
EtB cB
t+1 =

1
(yt−1 − ĝt−1 ) +ψ(b̂B
t−1 − b̂t−1 )
1 − ḡ
|
{z
}

(3.25)

=ct−1

rrtB

(3.26)

= it − πt−1

(3.27)

EtB υt+1 = υt−1 .

These equations generally reflect that expectations of boundedly rational households
are equal to the last observed value of the variable being forecast. Moreover, equation
(3.25) shows that when boundedly rational households expect aggregate consumption
next period to be high, they also expect their own individual consumption to be high in
the next period. Additionally, when boundedly rational households own more wealth
than the average, they expect to be able to consume more in the future, as discussed
in Section 3.2.3. Note, however, that the main component of boundedly rational consumption expectations (3.25) is boundedly rational expectations about output, yt−1 .
The reason is that as ψ will assumed to be small and that ĝt = 0 holds for all periods.
Inserting (3.25)-(3.27) into (3.23) yields
R
∆i cit = cB
t − ct =


 1
R
(yt−1 − ĝt−1 ) + ψ(b̂B
−
b̂
)
−
E
c
t−1
t t+1
t−1
1 − ḡ
{z
}
|

(3.28)

consumption exp. bias

1
1
+ (πt−1 − Et πt+1 ) − (υt−1 − Et υt+1 ) .
| σ
{z
}
|σ
{z
}
neg. real int. bias

preference shock exp. bias

The second term in (3.28) reveals that a negative real interest rate bias merely is a
positive inflation expectation bias. Whenever the inflation expectations of boundedly
rational households are above the corresponding rational expectations, the subjective
real interest rate of boundedly rational households will be lower than the real interest rate of rational households. As a consequence, consumption of boundedly rational households will increase compared to consumption of rational households, ceteris
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paribus.
In principle, the individual biases can amplify or counteract each other, which we
describe in detail in Section 3.3.3. In Section 3.4, we will show that these biases exactly
off-set each other when the percentage deviations from steady state of the inflation rate
and the nominal interest rate are equal and when the economy was initialized without
heterogeneity (as in steady state).

3.3.3

Illustrating the components of the Rationality Bias

In order to get further insight into the rationality bias, we numerically study impulse
responses of our model. In particular, we study in detail the different components of the
rationality bias of boundedly rational agents in a dynamic setting. We, further, study
the consequences of the rationality bias for consumption and wealth heterogeneity and
aggregate dynamics.
Parameterization
For this exercise, we parameterize the model as shown in Table 3.1. We emphasize,
however, that this parameterization only serves the purpose of illustration, and that
our main results are derived analytically without parameterizing the model. We choose
most of the parameter values for our calibration to be in line with standard literature.
Micro parameter

β = 0.99

σ=2

Expectations

α = 0.5

ψ = 0.05

Policy parameter

φy = 0.2

Shock parameters

ρµ = 0.85

η = 7.84

γ=2

ω = 0.75

φπ = 1.5

φb,τ = 1

ḡ = 0.21

τ̄ = 0.375

ρυ = 0.85

sd(µ,t ) = 0.025

sd(υ,t ) = 0.025

Table 3.1: Baseline parameterization

As indicated in Section 3.2.3, we pick a small number for the responsiveness of
boundedly rational consumption with respect to the difference of individual and aggregate wealth ψ, i.e., ψ = 0.05. This value of ψ is high enough to rule out explosive
equilibria but also low enough to have a small impact on the short-run dynamics.
In the baseline calibration, we assume a fraction of 0.5 of rational and boundedly
rational agents. In Appendix 3.B, we show that the results described in this section
are robust to the calibration of α (the fraction of rational agents in the economy). In
particular, we find that, although the size of the rationality bias and differences in
bond holdings depend on α, the general patterns described below always emerge.
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Figure 3.1: Impulse responses of aggregate variables to a persistent 2.5% cost-push-shock
under the baseline calibration. The gray-dotted curve in each panel shows
the homogeneous rational benchmark, i.e., α = 1. The green curves show the
aggregate dynamics under heterogeneity, for α = 0.5.

Impulse responses to a cost-push shock
Figure 3.1 depicts the impulse responses of aggregate variables following a persistent 2.5
percent (one standard deviation) cost-push under this parameterization. The impulse
responses show that the cost-push shock raises inflation substantially more than onefor-one under both homogeneous rational expectations (dotted gray) and heterogeneous
rationality (solid green). This is due to the persistence of the shock.
The central bank reacts to the shock by increasing the nominal interest rate. This
reduces output, but limits the increase in inflation. Note that, in the initial period,
output is not as low in the model with heterogeneous rationality as under homogeneous rational expectations. This is because boundedly rational households consume
considerably more than rational households in that period, as will be discussed below.
Now, lets turn in detail to the different components of the rationality bias. In the
impulse responses to a cost push shock, there is no preference shock, and, hence, the
preference shock expectation bias is zero. Thus, we need to consider only two different
components of the rationality bias: first, the real interest rate bias and, second, the
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Figure 3.2: Impulse responses of individual variables to a persistent 2.5% cost-push-shock
under the baseline calibration with α = 0.5. The green curves depict the
individual variables of rational agents and the red-dashed curve the individual
variables of boundedly rational agents.

consumption expectation bias. In order to see these biases at work, we need to consider
the individual consumption expectations and subjective real interest rates of boundedly
rational and rational households. Figure 3.2 plots these variables, as well as individual
consumption and bond holdings.
Starting with the top right panel, it can be seen that the subjective real interest
rate of boundedly rational households differs considerably from that of rational households. While the rational households’ real interest rate (solid green) increases by less
than three percent on impact, the subjective real interest rate of boundedly rational
households (dashed red) initially increases by six percent. This is because boundedly
rational households base their inflation expectations on the previous period and have
not observed the effects of the shock yet when they form expectations in the beginning
of the shock period. Thus, they do not anticipate an increase in future inflation in
that period. The subjective real interest rate of boundedly rational households, hence,
increases as much as the nominal interest rate.
Rational households, on the other hand, already anticipate future inflation in the
shock period, which reduces their real interest rate. We can conclude that the real
interest rate bias is positive in the first period.
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However, from period two onward, inflation is falling. As a consequence, boundedly
rational households consistently overestimate future inflation. This results in a subjective real interest rate that is persistently below the real rate of rational households,
and, hence, a negative real interest rate bias in these periods. Eventually, inflation
expectations align when model variables approach the steady state, which results also
in an alignment of the subjective real interest rates.
These difference in subjective real interest rates partly explain the differences in
consumption and bond holdings observed in the bottom two panels of Figure 3.2.
But, to fully explain the consumption and bond dynamics, we need to consider the
consumption expectation bias of boundedly rational households as well.
The top left panel of Figure 3.2 plots the expectations of rational and boundedly
rational households about their own future consumption. In the shock period, rational
households already expect lower future own consumption. This is because they correctly anticipate positive future real interest rates due to the shock persistence and the
response of the central bank. Boundedly rational households, on the other hand, do not
expect any deviations from steady state yet and, hence, expect zero future consumption. Boundedly rational households, hence, have a positive consumption expectation
bias in the initial period.
It turns out that this positive consumption expectation bias outweighs the positive
real interest rate bias of boundedly rational households in the first period. As a consequence, boundedly rational households consume more than rational agents in that
period (see bottom-left panel). For this reason, boundedly rational households lose
more bonds than rational households (see bottom-right panel).17
In the next period, boundedly rational households observe the recession caused
by the shock and expect low future output and consumption. In fact, boundedly
rational households now have a negative consumption expectation bias. However, in
the period after the shock, the negative real interest rate bias is larger than the negative
consumption expectation bias. Therefore, boundedly rational households still consume
more than rational households.
This is different in later periods. From period three onward, the negative consumption expectation bias is larger than the negative real interest rate bias, and boundedly rational households consume less than rational households. In the medium-run,
boundedly rational households are, therefore, accumulating more bonds than rational
households.
It follows that wealth differences in the short-run arise because rational households
17

Even though households cut consumption, initially their real bond holdings go down due to high
inflation.
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Figure 3.3: Impulse responses for a persistent 2.5% preference shock under baseline calibration. The gray-dotted curve in each panel shows the homogeneous rational
benchmark, i.e. α = 1. The green curves in the upper and lower row show
the aggregate dynamics under heterogeneity, for α = 0.5. The green curves in
the middle row depict the individual variables of rational households and the
red-dashed curve the individual variables of boundedly rational households for
α = 0.5.

own more bonds, while in the medium-run boundedly rational households are more
wealthy. The latter allows boundedly rational households to consume out of wealth in
the medium-run so that their consumption can pick up again. Note, though, that since
rational households are fully optimizing using optimal linear forecasts, the consumption
utility losses of boundedly rational households over the life-cycle are higher than that
of rational agents by definition.18

18

As one can see, individual related variables behave quite differently between household types to the
cost-push shock. Yet, differences between the homogeneous rational benchmark and the heterogeneous
rationality model at the aggregate level seem to be somewhat less pronounced. The reason is that the
shock hits firms directly which have homogeneous rational expectations while household are affected
more indirectly. The preference shock further below which hit households directly and, therefore,
aggregate demand, one can observe a more distinct initial reaction of output, for instance, between
the homogeneous rational benchmark and the heterogeneous rationality model.
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Impulse responses to a preference shock
Next, we consider the impulse responses to a persistent preference shock. Figure 3.3
plots the responses of aggregate variables. The shock shifts the preferences of both
household types such that they want to consume more and save less in the current
period. This increases aggregate output and puts upward pressure on inflation and the
nominal interest rate.
Note that in the initial period, output and inflation increase considerably more
under heterogeneous rationality (solid green) then under homogeneous rational expectations (dotted gray). This is because of the rationality bias of boundedly rational
households, which is discussed in detail below.
As can be seen in Equation (3.6), households’ consumption does not only depend
on today’s shock realization but also on their expectations about future preference
shock realizations. Rational households expect a lower but still substantial shock realization tomorrow due to the shock persistence. On the other hand, the expectations
of boundedly rational households are not yet affected by the shock in the first period.
Thus, boundedly rational households expect a zero future shock realization and have a
considerable negative preference shock expectation bias in the shock period. This puts
upward pressure on their consumption.
From period two onward, boundedly rational households consistently overestimate
the future shock realization. Boundedly rational households then have a negative preference shock expectations bias, which puts downward pressure on their consumption
in these periods.
However, the actual difference in consumption between rational and boundedly
rational households also depends on the real interest rate bias and the consumption
expectation bias. Figure 3.4 plots the individual real interest rate and consumption
expectations of both household types, as well as their individual consumption and bond
holdings.
As can be seen in the top right panel of Figure 3.4, the subjective real interest
rate of boundedly rational households increases substantially more than the objective
(rational) one in the first period. This is so because boundedly rational households
expect next period’s inflation to be zero, just as in the previous section.
Similarly, output expectations of boundedly rational households are zero as well in
the initial period and thus below rational expectations (top left panel). Hence, both
the real interest rate bias and consumption expectations bias counteract the preference
shock expectation bias. The net effect of all three biases on consumption of boundedly
rational households is, however, still substantially positive, as can be seen in the bottom
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Figure 3.4: Impulse responses for a persistent 2.5% preference shock under baseline calibration. The gray-dotted curve in each panel shows the homogeneous rational
benchmark, i.e. α = 1. The green curves in the upper and lower row show
the aggregate dynamics under heterogeneity, for α = 0.5. The green curves in
the middle row depict the individual variables of rational households and the
red-dashed curve the individual variables of boundedly rational households for
α = 0.5.

left panel of Figure 3.4.
Further, from period two onward, the subjective real interest rate of boundedly rational households is lower than that of rational households. The reason is that boundedly rational agents overestimate inflation consistently as it falls. Additionally, output
expectations of boundedly rational households, and, therefore, their own consumption
expectations, are biased upwards as output falls. Both the real interest rate bias and
the consumption expectations bias, thus, put upward pressure on consumption in these
periods, again counteracting the preference shock expectation bias. However, also in
these periods, the preference shock expectation bias dominates so that consumption of
boundedly rational households is lower than that of rational households.
This consumption pattern has similar implications for individual bonds as under
the cost-push shock, as can be seen in the bottom right panel of Figure 3.4. Also after a
preference shock, boundedly rational households have less wealth than rational households in the short run, but more bond holdings in the medium-run. Boundedly rational
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households are then able to consume their savings later on so that their consumption
eventually slightly overshoots the consumption of rational households. However, note
again that boundedly rational households must loose relatively more utility compared
to rational households over the life-cycle.

3.4

The magnitude of the rationality bias

So far, we have decomposed the rationality bias in three individual components, and
have analyzed the effects of these biases on the micro and macro dynamics. In this
section, we study how the magnitude of the rationality bias interacts with monetary
policy.

3.4.1

Eliminating the rationality bias

In turns out that the magnitude of the rationality bias directly depends on monetary
policy. In particular, depending on monetary policy, the rationality bias can completely
be eliminated. This is stated in Proposition 3.1.
Proposition 3.1. If the log-deviations from steady state of the nominal interest rate
B
B
and the inflation rate are equal in every period, then cR
t−1 = ct−1 and bt−1 = bt−1 imply
R
B
that cB
t+s = ct+s and bt+s−1 = bt+s−1 , s > 0. That is, shocks to the economy do not lead
to a rationality bias for any parameterization of the model.
Proof. When the nominal interest rate equals inflation in every period, we can write
the Euler equation, (3.6), of rational agents as
1
1
R
R
cR
t = Et ct+1 − (πt −Et πt+1 −υt +Et υt+1 ) = Et ct+s − (πt −Et πt+s −υt +Et υt+s ), s > 0,
σ
σ
(3.29)
where the second equality follows from iterating this equation forward until period s.
Taking the limit s → ∞, and using that lims→∞ Et cR
t+s = lims→∞ Et πt+s = lims→∞ Et υt+s =
0, it follows that
1
cR
(3.30)
t = − (πt − υt ) .
σ
For boundedly rational consumption, we use (3.12). When πt = it , and assuming
B
B
cR
t−1 = ct−1 and bt−1 = bt−1 , we can write this as
cB
t =

1
1
(yt−1 − ĝt−1 ) − [πt − πt−1 − υt + υt−1 ].
1 − ḡ
σ

(3.31)
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−1
R
(πt−1 − υt−1 ), it follows from market
Since it is assumed that cB
t−1 = ct−1 = −σ
clearing that yt−1 = −σ −1 (1 − ḡ) (πt−1 − υt−1 ) + ĝt−1 . Therefore, (3.31) reduces to

1
cB
t = − (πt − υt ) .
σ

(3.32)

B
B
R
B
This implies that when cR
t−1 = ct−1 and bt−1 = bt−1 , it holds that ct = ct , so that
boundedly rational and rational agents make identical decisions and also bB
t = bt . That
is, no differences in consumption and wealth in period t − 1 imply no consumption and
wealth differences in period t. This then holds for all periods s ≥ t, which proves the
proposition.

To understand the intuition of Proposition 3.1, recall the different components
of the rationality bias depicted in Equation (3.28). As derived in the proof of the
−1
proposition, the rational consumption expectation is Et cR
t+1 = −σ Et (πt+1 − υt+1 ).
Also, using that initially there were no consumption and wealth heterogeneity, market
clearing and Equation (3.30) imply yt−1 = −σ −1 (1 − ḡ) (πt−1 − υt−1 ) + ĝt−1 . Equation
(3.28) then reduces to

1
R
∆i cit = cB
−
c
=
−
π
−
υ
−
E
(π
−
υ
)
t−1
t−1
t
t+1
t+1
t
t
| σ
{z
}

(3.33)

consumption exp. bias

1
1
+ (πt−1 − Et πt+1 ) − (υt−1 − Et υt+1 ) = 0.
{z
}
{z
}
| σ
|σ
neg. real int. bias

preference shock exp. bias

In Equation (3.33) it can be seen that the consumption expectation bias, the real interest rate bias and the preference shock expectation bias exactly off-set each other, even
though they are different from zero individually. Hence, the above proposition implies
that boundedly rational agents act as if they were rational, so that the difference ∆i cit
is zero, but that they do so for different reasons than rational agents. Moreover, this
holds for any fraction of rational agents, α.
Note, that the assumption that the model is initialized with no consumption and
wealth heterogeneity is not as restrictive as it may seem. In particular, when the wellknown Taylor principle is satisfied, our model is stable and determinate. Heterogeneity
would, in the absence of shocks, then always disappear over time as the model converges
to steady state. Moreover, Proposition 3.1 states that, when its conditions are satisfied,
shocks do not lead to a rationality bias. It is, therefore, intuitive that, also in the
presence of shocks, consumption and wealth heterogeneity would disappear over time
when it = πt in every period.
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We find that this is indeed the case. When we initialize simulations of the model
with wealth and consumption heterogeneity and shock the model in every period,
differences in consumption and bond holdings between the two household types quickly
go to zero.

3.4.2

Minimizing the rationality bias and welfare

A possible implementation of Proposition 3.1 is setting φπ = 1 and φy = 0 in the
Taylor rule.19 This would, however, imply that the model is infinitely close to being
indeterminate. Indeterminacy issues can be solved by setting φπ slightly bigger than
1 or φy slightly bigger than 0, which would still approximately implement Proposition
3.1.
Note, though, that such a weak response of monetary policy implies increased
aggregate volatility in the economy. It may, therefore, not be desirable for a central
bank to implement a policy where the bias is completely eliminated.
In Appendix 3.C we show that, under the assumption that individual preferences
can be aggregated by simply summing up their utilities, the second-order approximated
aggregate utility loss is given by
R
Lt ' a1 var(yt ) + a2 var(πt ) + a3 var(cB
t − ct )

(3.34)

σ i
a1 = γ +
(1 − ḡ)
η
a2 =
δ
h
σ2 i
a3 = α(1 − α) (1 − ḡ)σ +
.
γ

(3.35)

with
h

(3.36)
(3.37)

Under the parameterization of Section 3.3.3, the weight a3 on the variance of the
rationality bias is approximately three percent of the weight on inflation volatility.20
This reflects a very strong distaste of agents in this economy for inflation volatility
and a rather minor distaste for consumption heterogeneity (and output volatility).
Thus, even though the third term in Equation (3.34) disappears when Proposition
19

It can be shown that when the linear model in this chapter is hit by only one type of shock, it
is also possible to implement a Taylor rule that results in an interest rate equal to the inflation rate
with different combinations of φπ and φy . Results are available on request. This, however, no longer
works in medium scale DSGE models and in the presence of multiple shocks.
20
the weight on output volatility, a1 , is approximately five percent of that on inflation volatility
under the benchmark calibration.
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3.1 is implemented, the corresponding increase in inflation volatility will lead to a
considerably higher welfare loss. Hence, based on (3.34), agents in this economy will
accept a certain magnitude of the rationality bias and thus a certain heterogeneity in
consumption (and wealth) if this comes with a policy that achieves price stability. Note
that the strong dislike for inflation volatility is model-inherent and robust with respect
to the parameterization.21 Our findings regarding welfare are very much in line with
the results in Debortoli and Galí (2017), who consider a two-agent New Keynesian
(TANK) model where the weight in the central bank’s micro-founded loss function on
a certain heterogeneity index is equivalently low.
Of course, if a social planer believes that reducing the rationality bias and, therefore,
consumption and wealth heterogeneity is more important than is reflected in the utility
functions of the households populating the economy, a different conclusion may be
reached. While we consider the analysis of welfare under alternative loss functions to
be interesting, it is beyond the scope of this chapter.

3.5

Conclusion

We build a macroeconomic model with different degrees of rationality. While rational
households are indeed fully rational, boundedly rational households are assumed to be
considerably less sophisticated. Boundedly rational households follow the less cognitive
demanding Euler-equation learning and use a simple naive forecast heuristic to form
expectations.
Because both household types make different decisions, substantial consumption
and wealth heterogeneity arises when the economy is hit by shocks. We show that
the rationality bias of boundedly rational households is the driver of consumption and
wealth heterogeneity and can be decomposed into three different components: the
consumption expectation bias, the real interest rate bias and the preference shock
expectation bias. Further, we show that certain monetary policy can eliminate the
rationality bias independent of the shocks that hit the economy. In this case the
components of the rationality bias exactly offset each other while they are non-zero
individually.
However, it might not be desirable from a welfare perspective to completely eliminate the rationality bias and, therefore, consumption and wealth heterogeneity, as this
comes along with high inflation volatility.
21

See e.g. Galí (2015), Woodford (2003), Di Bartolomeo et al. (2016) and Debortoli and Galí (2017)
for loss functions in similar models.
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Appendix 3.A
3.A.1

Microfoundations

Consumption of rational households

Recall the log-linearized budget constraint of rational households
R
−1 R
b̂R
b̂t−1 + b̄β −1 (it−1 − πt ) + η −1 dt − (1 − ḡ)cR
t = ht + wt + β
t −

T̄
τt .
Ȳ

(3.38)

Iterating until infinity and rearranging gives
EtR

∞
X

−1 R
β s−t cR
s = (β(1 − ḡ)) b̂t−1

s=t

+

EtR

∞
X

β

s−t

(1 − ḡ)

−1

h

hR
s

+ ws + b̄β

−1

s=t

T̄ i
(is−1 − πs ) + η ds − τs .
Ȳ
−1

(3.39)

R
−1
(wt − σcR
Using hR
t ) and solving for cs yields
t = γ

h γ + σ(1 − ḡ)−1 i
γ
+

∞
X

β s−t (1 − ḡ)−1

∞
X

−1 R
β s−t cR
s = (β(1 − ḡ)) b̂t−1

s=t

hγ + 1

s=t

EtR

γ

ws + b̄β −1 (is−1 − πs ) + η −1 ds −

T̄ i
τs .
Ȳ

(3.40)

For now we are focusing on the left-hand side of (3.40) which can be written as
h γ + σ(1 − ḡ)−1 i
γ

cR
t

+

h γ + σ(1 − ḡ)−1 i
γ

EtR

∞
X

β s−t cR
s.

(3.41)

s=t+1

Then we can iterate the Euler equation until period s
s−1

R
EtR cR
s = ct +

1 RX
E
(ik − πk+1 − υk + υk+1 ).
σ t k=t

(3.42)

Using this, we can write
h γ + σ(1 − ḡ)−1 i
γ
+

h γ + σ(1 − ḡ)−1 i
γσ

EtR

EtR

∞
X

β s−t cR
s

s=t
∞
s−1
X X

=

h γ + σ(1 − ḡ)−1 i
(1 − β)γ

cR
t

β s−t (ik − πk+1 − υk + υk+1 ).

(3.43)

s=t+1 k=t
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Simplifying the double sum yields
h γ + σ(1 − ḡ)−1 i
γ
+

h γ + σ(1 − ḡ)−1 i β
γσ
1−

EtR

∞
X

β s−t cR
s

=

s=t
∞
X
EtR
β s−t (is
β
s=t

h γ + σ(1 − ḡ)−1 i
(1 − β)γ

cR
t

− πs+1 − υs + υs+1 ).

(3.44)

Inserting into (3.40) and solving for cR
t gives
(3.45)

R
cR
t =ζ b̂t−1 + ζ b̄(it−1 − πt )
∞
X
γ+1
T̄
R
+ ζβEt
β s−t [
ws + η −1 ds − τs ]
γ
Ȳ
s=t
∞

∞

X
β
(1 − ζ b̄σ)β R X s−t
Et
β (is − πs+1 ) + EtR
β s−t (υs − υs+1 )
−
σ
σ
s=t
s=t
with ζ = (1−β)γ/((γ(1− ḡ)+σ)β). Taking wt = γhit +σcit , integrating over agent types
and using yt = ht and ct = yt /(1−ḡ)−ĝt /(1−ḡ) gives wt = (γ+σ/(1−ḡ))yt −σĝt /(1−ḡ).
Further, total dividends are defined as Dt = Yt − (1 − s)Wt Ht . Log-Linearizing and
using yt = ht gives
dt =

Ȳ
[(1 − (1 − s)W̄ )yt − (1 − s)W̄ wt ].
D̄

(3.46)

Using wt = (γ + σ/(1 − ḡ))yt − σĝt /(1 − ḡ), (1 − s)W̄ = 1 − η −1 and D̄ = Ȳ η −1 yields
dt = [1 − (η − 1)(γ +

σ
ĝt
)]yt + (η − 1)σ
.
1 − ḡ
1 − ḡ

(3.47)

Using the expression for dt and wt and inserting into (3.45) gives
cR
t

=

ζ b̂R
t−1

+ ζ b̄(it−1 − πt ) +

ζβEtR

∞
X

β s−t [Γy ys − Γg ĝs − Γτ τs ]

s=t

−

68

(1 − ζ b̄σ)β R
Et
σ

∞
X
s=t

∞

β s−t (is − πs+1 ) +

β R X s−t
E
β (υs − υs+1 )
σ t s=t

(3.48)
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with
(γ + η)σ
1+γ
+1+
η
γη(1 − ḡ)
(γ + η)σ
Γg =
(1 − ḡ)γη
T̄
Γτ = .
Ȳ
Γy =

(3.49)
(3.50)
(3.51)

Further, Equation (3.38) can be rewritten as
−1 R
−1
b̂R
b̂t−1 − Γc cR
(it−1 − πt ) − Γg ĝt − Γτ τ̂t
t = β
t + Γy yt + b̄β

(3.52)

with Γc = (1 − ḡ) + (σ/γ). Equation (3.52) can equivalently be obtained for boundedly
rational households.

3.A.2

Consumption of boundedly rational households

The consumption Euler equation for boundedly rational households reads
B B
cB
t = Et ct+1 −

1
(it − EtB πt+1 − υt + υt+1 ).
σ

(3.53)

Iterated forward until period N which is far enough in the future for the boundedly
rational households to consider it as“long-run” (which can, in principle, also be infinity)
and using the law of iterated expectations (LIE) gives
B B
cB
t = E t cN −

N
1X B
E [it+k − πt+k+1 − υt+k + υt+k+1 ].
σ k=0 t

(3.54)

Also, agents are assumed to know about market clearing yt = (1 − ḡ)ct + gˆt which can
be written one period ahead from the point of view of boundedly rational households
as
B
B
EtB yt+1 = (1 − ḡ)EtB (αcR
t+1 + (1 − α)ct+1 ) + Et ĝt+1 .

(3.55)

Further, we assume that boundedly rational households believe that all other households will satisfy the consumption Euler equation in the same way they themselves do,
including the iteration of the consumption Euler equation until period N . Inserting
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both forward-iterated individual consumption Euler equations yields
EtB yt+1

= (1 −

ḡ)EtB



R
cR
α(Et+1
N

B
cB
(1 − α)(Et+1
N −

N
1X R
−
E [it+k − πt+k+1 − υt+k + υt+k+1 ])+
σ k=1 t+1

N

1X B
Et+1 [it+k − πt+k+1 − υt+k + υt+k+1 ] + EtB ĝt+1 . (3.56)
σ k=1

This can be written using Branch and McGough (2009)’s assumptions on higher-order
beliefs as
N

EtB

X
yt+1
ĝt+1
1
− EtB cN − EtB
= − EtB
[it+k − πt+k+1 − υt+k + υt+k+1 ].
1 − ḡ
1 − ḡ
σ
k=1

(3.57)

Further, writing (3.54) as
N

1
1 BX
B B
B
cB
[it+k −πt+k+1 −υt+k +υt+k+1 ] (3.58)
t −Et cN + [it −Et πt+1 −υt +υt+1 ] = − Et
σ
σ
k=1
and equating (3.57) and (3.58) gives
cB
t =

1
1
1
B
B
EtB yt+1 +EtB (cB
E B ĝt+1 . (3.59)
N −cN )− [it −Et πt+1 −υt +Et υt+1 ]−
1 − ḡ
σ
1 − ḡ t

Assuming that, when boundedly rational households have more wealth than the average, they will be able to consume more than the average in the long-run, i.e. EtB (cB
N −
cN ) = ψ(b̂B
t−1 − b̂t−1 ), yields
cB
t =
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1
1
1
B
EtB yt+1 + ψ(b̂B
EtB ĝt+1 . (3.60)
t−1 − b̂t−1 ) − [it − Et πt+1 − υt + υt+1 ] −
1 − ḡ
σ
1 − ḡ
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3.A.3

Aggregation of individual consumption decisions

Plugging individual consumption decisions (3.11) and (3.48) into market clearing yt =
B
R
B
(1 − ḡ)(αcR
t + (1 − α)ct ) + gˆt and using Et = Et and Et xt+1 = xt−1 gives
yt = (1 − ḡ)
−



αζ b̂R
t−1

(1 − ζ b̄σ)αβ
Et
σ

+ αζ b̄(it−1 − πt ) + ζαβEt
∞
X

β s−t (is − πs+1 ) +

s=t

−1

+ (1 − α)(1 − ḡ) yt−1 + (1 −
−

α)ψ(b̂B
t−1

∞
X

β s−t [Γy ys − Γg ĝs − Γτ τs ]

s=t
∞
X

αβ
Et
σ

β s−t (υs − υs+1 )

s=t

− b̂t−1 )


(1 − α)
[it − πt−1 − υt + υt−1 ] − (1 − α)(1 − ḡ)−1 ĝt−1 + gˆt .
σ

(3.61)

Writing (3.61) one period ahead (from the point of view of rational households) and
multiplying by β and substracting the resulting equation from (3.61) gives after collecting terms and solving for yt
yt = Φ1 Et yt+1 + Φ2 yt−1 + Φ3 Et πt+1 − Φ4 πt + Φ5 πt−1 + Φ6 it−1 − Φ7 it
R
+ Φ8 Et it+1 − Φ9 b̂R
t−1 + Φ10 bt − Φ11 ĝt−1 + Φ12 ĝt − Φ13 Et ĝt+1

− Φ14 τt + Φ15 b̂t−1 − Φ16 b̂t + Φ17 υt − Φ18 Et υt+1 − Φ5 υt−1

(3.62)

with
Φ1 =
Φ2 =
Φ3 =
Φ4 =
Φ5 =
Φ6 =
Φ7 =
Φ8 =

β
1 − (1 − ḡ)αβΓy ζ + (1 − α)β
(1 − α)
1 − (1 − ḡ)αβΓy ζ + (1 − α)β
(1 − ḡ)αβ
(1 − (1 − ḡ)αβΓy ζ + (1 − α)β)σ
(1 − ḡ)((1 − α)β + b̄αζσ)
(1 − (1 − ḡ)αβΓy ζ + (1 − α)β)σ
(1 − ḡ)(1 − α)
(1 − (1 − ḡ)αβΓy ζ + (1 − α)β)σ
(1 − ḡ)αζ b̄
1 − (1 − ḡ)αβΓy ζ + (1 − α)β
(1 − ḡ)(1 − α(1 − β))
(1 − (1 − ḡ)αβΓy ζ + (1 − α)β)σ
(1 − ḡ)(1 − α)β
(1 − (1 − ḡ)αβΓy ζ + (1 − α)β)σ

(3.63)
(3.64)
(3.65)
(3.66)
(3.67)
(3.68)
(3.69)
(3.70)
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Φ9 =
Φ10 =
Φ11 =
Φ12 =
Φ13 =
Φ14 =
Φ15 =
Φ16 =
Φ17 =
Φ18 =

3.A.4

(1 − ḡ)α(ψ − ζ)
1 − (1 − ḡ)αβΓy ζ + (1 − α)β
(1 − ḡ)αβ(ψ − ζ)
1 − (1 − ḡ)αβΓy ζ + (1 − α)β
(1 − α)
1 − (1 − ḡ)αβΓy ζ + (1 − α)β
1 − (1 − ḡ)αβΓg ζ + (1 − α)β
1 − (1 − ḡ)αβΓy ζ + (1 − α)β
β
1 − (1 − ḡ)αβΓy ζ + (1 − α)β
(1 − ḡ)αβζΓτ
1 − (1 − ḡ)αβΓy ζ + (1 − α)β
(1 − ḡ)αψ
1 − (1 − ḡ)αβΓy ζ + (1 − α)β
(1 − ḡ)αψβ
1 − (1 − ḡ)αβΓy ζ + (1 − α)β
(1 − ḡ)((1 − α)(1 + β) + αβ)
(1 − (1 − ḡ)αβΓy ζ + (1 − α)β)σ
(1 − ḡ)β
.
(1 − (1 − ḡ)αβΓy ζ + (1 − α)β)σ

(3.71)
(3.72)
(3.73)
(3.74)
(3.75)
(3.76)
(3.77)
(3.78)
(3.79)
(3.80)

Phillips-Curve

The production function is linear an given by
Yt (j) = Ht (j)

(3.81)

where Ht (j) is labor supply for good j.
Firms maximize their profits by choosing their individual price Pt (j)∗ according to
max Et

Pt (j)∗

∞
X

ω s Qt|t+s [Pt (j)∗ Yt+s (j) − Yt+s (j)Pt+s M Ct+s ]

(3.82)

s=0

s.t.
Yt+s (j) =

 P (j)∗ −η
t

Pt+s

where
Qst|t+s

=β

s Υt+s

Υt

(3.83)

Yt+s

−σ P
t
Ct
Pt+s

C

t+s

is the stochastic discount factor with Ct being aggregate consumption.
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The optimization procedure gives firm j’s first-order condition
P̃t (j)Et

∞
X

s s

ω β

−σ
Υt+s Ct+s

P

s=0

t+s

η−1

Pt

∞

Yt+s


η
X
η
s s
−σ Pt+s
Et
ω β Υt+s Ct+s
=
Yt+s M Ct+s .
η − 1 s=0
Pt
(3.85)

where P̃t (j) = Pt (j)∗ /Pt .
Log-linearizing firms optimality condition (3.85) around the zero-inflation steady
state gives
p̃t = (1 − ωβ)mct + ωβEt [p̃t+1 + πt+1 ]
(3.86)
where marginal costs are given by
mct = wt = (γ +

ĝt
σ
)yt − σ
+ µt
1 − ḡ
1 − ḡ

(3.87)

and where µt is a time varying exogenous wage markup (as in Galí, 2015), which we
refer to as a cost-push shock. Plugging in marginal costs in (3.86) and combining with
the log-linearized evolution of aggregate prices πt = ((1 − ω)/ω)p̃t yields the PhillipsCurve given by (3.15).

3.A.5

Steady state

In this section, we derive the steady state around which the model is log-linearized,
where gross inflation equals 1.
Evaluating (3.85) at the zero inflation steady state gives
η−1
M¯C =
.
η

(3.88)

From the first order conditions of the households it follows that in this steady state
we must have
1
1 + ī = .
(3.89)
β
Furthermore, it follows from Equation 3.81 that
H̄ = Ȳ .

(3.90)

Next, we solve the steady state aggregate resource constraint for consumption, and
write
C̄ = Ȳ (1 − ḡ).
(3.91)
Plugging in these steady state labor and consumption levels in the non-linear optimality
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condition for labor supply, Wt = (Hti )γ (Cti )σ , and using s = 1/η gives
W̄ = Ȳ γ (Ȳ (1 − ḡ))σ = Ȳ γ+σ (1 − ḡ)σ =

1
M¯C = 1
(1 − s)

(3.92)

where the last equality follows from M¯C = (1 − s)W̄ and (3.88). We can thus write
σ
 1  γ+σ
.
Ȳ =
1 − ḡ

(3.93)

Then we turn to the government budget constraint. In steady state, (3.3) reduces
to

ḡ − ȲT̄ + η −1
b̄ =
1 − β −1

(3.94)

where we use s = 1/η and substitute for the interest rate using (3.89).

Appendix 3.B

Impulse responses for different fractions of rational agents

In this appendix, we study the robustness of the impulse responses and the effects of
the rationality bias to the calibration of the fraction of rational households (α). All
other parameters are parameterized as in Section 3.3.3. The first two column in Figure
3.5 show the impulse responses of individual consumption and bond holdings to a costpush shock, as well as the difference between individual consumption (the rationality
bias) and bond holdings of boundedly rational households and rational households. The
right column of Figure 3.5 show the impulse responses of aggregate inflation, output
and the nominal interest rate. The black-dotted curves correspond to the benchmark
case of α = 0.5. The yellow-solid curves depict the case of more boundedly rational
households (α = 0.25), while the blue-dashed curves plot the case of more rational
households (α = 0.75).
In the figure, it can be seen that for lower α (yellow-solid) inflation initially responds
stronger to the cost-push shock, and then falls more steeply during periods 2-5. This
causes boundedly rational households to overestimate future inflation more during these
periods, resulting in a more negative real interest rate bias. Moreover, aggregate output
is flatter than for higher values of α so that the consumption expectation bias becomes
less negative. Both these effects lead to less negative consumption of boundedly rational
households in periods 2-5.
However, the general findings of Section 3.3.3 remain valid for different values of
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Figure 3.5: Impulse responses in case of a 2.5% autocorrelated cost-push shock for α = 0.25
(yellow-solid), α = 0.5 (black-dotted) and α = 0.75 (blue-dashed).

α. In particular, after a cost-push shock, the real interest rate bias and consumption
expectations bias lead boundedly rational households to first consume more than rational households. After one or two periods this reverses and the rationality bias becomes
positive. Boundedly rational households, therefore, first have less wealth than rational
households, but accumulate more bond holdings in the medium run. Note, however,
that the level of wealth that both households accumulate depends on the fractions of
agents in the economy (i.e. on α), through bonds market clearing.
In a similar manner, Figure 3.6 depicts impulse responses to a preference shock
for three different values of α. Here it can be seen that the general results of Section
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Figure 3.6: Impulse responses in case of a 2.5% autocorrelated preference shock for α = 0.25
(yellow-solid), α = 0.5 (black-dotted) and α = 0.75 (blue-dashed).

3.3.3 are robust to the calibration of α, also under the preference shock. Moreover,
the rationality bias and differences in bond holdings of boundedly rational and rational
households are affected by the value of α in the same way as in Figure 3.5.
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Appendix 3.C

Derivation of second-order approximated utilitarian welfare loss

Household utility is given by
Υt Uti = U (Cti , Υt ) − V (Hti , Υt ) =

Υt (Cti )1−σ Υt (Hti )1+γ
−
1−σ
1+γ

(3.95)

Therefore, UC = (C̄)−σ , C̄UCC = −σUC , UCΥ = UC and VH = (Ȳ )η , Ȳ VHH = ηVH ,
VHΥ = VH . Further, we will use UC = W̄ VH (labor-leisure condition) where W̄ = 1
due to a subsidy to marginal costs to firms so that the steady state is efficient. Thus,
UC = VH . As before, lower case letter indicated a log-deviation from steady state. We
will frequently use the fact that
1
Xt − X̄
= xt + x2t
2
X̄

(3.96)

holds up to second-order for any variable X. Hence, the second-order approximated
goods market clearing condition in terms of log-deviations from steady state becomes
yt + (1/2)yt2 = (1 − ḡ)(ct + (1/2)c2t ) where we already assume that government spending
will not deviate from its steady state value. Taking squares, the latter can be written
as yt2 = (1− ḡ)2 c2t +O(3). Plugging back in yields yt = (1− ḡ)ct +(1/2)ḡ(1− ḡ)c2t +O(3)
which can be rewritten as
(1 − ḡ)ct = yt −

1 ḡ
y 2 + O(3).
2 (1 − ḡ) t

(3.97)

Now, we turn to approximating the utility function (3.95) using the results above.
The consumption utility part in (3.95) can be approximated as (see Woodford, 2003
or Di Bartolomeo et al., 2016)
U (·) = C̄UC




1−σ
σ
i
2
(ct ) + υt ct + t.i.p. + O(3)
ct − vari (ct ) +
2
2

(3.98)

where we used that ct = Ei cit + (1/2)vari (cit ) holds up to a second order and where
t.i.p. contains steady state values and shock terms that are not interacting with policy
dependent variables.
Using market clearing, Equation (3.98) can be written as


1 ḡ
σ
1−σ
U (·) = Ȳ UC yt −
yt2 − (1 − ḡ) vari (cit ) +
(yt )2 + υt yt + t.i.p. + O(3).
2 (1 − ḡ)
2
2(1 − ḡ)
(3.99)
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which can be rewritten as
U (·) = Ȳ UC



σ

1 − (1−ḡ)
σ
i
yt2 + υt yt + t.i.p. + O(3).
yt − (1 − ḡ) vari (ct ) +
2
2

(3.100)

Now, we turn to the approximation of the labor-utility term which is analogously given
by


γ
1+γ 2
V (·) = Ȳ VH ht + vari (hit ) +
ht + υt ht + t.i.p. + O(3).
(3.101)
2
2
Now, our goal is to write aggregate labor in terms of aggregate output and price
R1
dispersion. To that end, we follow Galí (2015) where we use Ht = 0 Ht (j)dj =
R1
Y (j)dj which is equal to
0 t
1

Z
H t = Yt
0

 P (j) −η
t

Pt

(3.102)

dj.

Making a second-order approximation and using that (η/2)vari (pt (i)) = log
(Lemma 1 in Appendix A in Chapter 4 of Galí, 2015) yields
η
ht = yt + varj (pt (j)).
2

R

1
(Pt (j)/Pt )−η dj
0

(3.103)

Inserting gives


η
γ
1+γ
v(·) = Ȳ VH yt + varj (pt (j)) + vari (hit ) +
(yt )2 + υt yt + t.i.p. + O(3). (3.104)
2
2
2
Now, using the linear labor-leisure condition (which we can do as we insert it into a variance which is already second-order) we can write (γ/2)vari (hit ) = (σ 2 /(2γ))vari (cit ).22
Hence, (3.104) becomes (also using Vh = Uc from above)


σ2
η
1+γ
(yt )2 +υt yt +t.i.p.+O(3). (3.105)
V (·) = Ȳ UH yt + varj (pt (j))+ vari (cit )+
2
2γ
2
Inserting (3.100) and (3.105) into (3.95) gives
σ


1 − (1−ḡ)
σ
Ȳ UC yt − (1 − ḡ) vari (cit ) +
(yt )2 + υt yt
(3.106)
2
2
h

i
η
σ2
1+γ
− Ȳ UC yt + varj (pt (j)) + vari (cit ) +
(yt )2 + υt yt + t.i.p. + O(3)
2
2γ
2

22
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vari ( γ1 wt − σγ cit ) = vari ( γ1 wt ) + vari ( σγ cit ) − 2Covi ( γ1 wt , σγ cit ) =

σ2
i
γ 2 vari (ct ).
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and combining
−

i
Ȳ UC h
a1 (yt )2 + ã2 varj (pt (j)) + ã3 vari (cit ) + t.i.p. + O(3)
2

(3.107)

where a1 = [γ +(σ/(1− ḡ))], ã2 = η and ã3 = [(1− ḡ)σ +(σ 2 /γ)]. Further, varj (pt (j)) =
δ −1 πt2 with δ = ((1 − ω)(1 − ωβ))/ω (see Woodford, 2003, Chapter 6) and vari (cit ) =
R 2
α(1 − α)(cB
t − ct ) . Thus, the aggregated intertemporal utility can be can written as
∞
Ȳ UC X t
R 2
W=−
β [a1 (yt )2 + a2 πt2 + a3 (cB
t − ct ) + t.i.p. + O(3)].
2 t=0

where a2 =
yields
W≡−

η
δ

(3.108)

and a3 = α(1 − α)[(1 − ḡ)σ + (σ 2 /γ)]. Taking unconditional expectations

Ȳ UC
R
[a1 var(yt ) + a2 var(πt ) + a3 var(cB
t − ct ) + t.i.p. + O(3)].
2(1 − β)

(3.109)

Hence, the approximated utility loss is given by
R
L ' a1 var(yt ) + a2 var(πt ) + a3 var(cB
t − ct ).

(3.110)
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Chapter 4
A New Keynesian model with
heterogeneous household
expectations and labor market
frictions
4.1

Introduction

The standard New Keynesian model abstracts from realistic features along several
dimensions. Movements in employment, for instance, are the result of voluntary adjustments in hours worked. Therefore, the basic model is not useful to analyze labor
market variables albeit their obvious importance for the business cycle. By now, there
has emerged a vast literature on incorporating labor market frictions into the New
Keynesian model, greatly enhancing the models’ empirical performance.23
Another crucial abstraction is the assumption of homogeneous rational expectations. This assumption is at odds with empirical literature on (heterogeneous) expectations and, therefore, denies to importance of possibly non-rational expectations
for individual decisions and macroeconomic outcomes. Evidence for heterogeneous
expectations based on survey expectations can be found in Branch (2004) and CorneaMadeira et al. (2019). Also, laboratory experiments show that expectation formation is
heterogeneous (Kryvtsov and Petersen, 2019; Pfajfar and Žakelj, 2018; Assenza et al.,
2019). One general finding of this literature is that a certain fraction of forecasters is
quite sophisticated while the rest follows simple backward-looking heuristics. Several
23

Some notable examples are Gertler et al. (2008), Gertler and Trigari (2009), Trigari (2009) and
Christiano et al. (2016).
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strands of the literature have developed models to accommodate this shortcoming as
well. Some models incorporating heterogeneous expectations can be found in Branch
and McGough (2009), De Grauwe (2011), Kurz et al. (2013), Gasteiger (2014), Hommes
and Lustenhouwer (2019) and in Chapter 3.
However, these models assume frictionless labor markets where wages are not explicitly negotiated but are dictated by the market, and where involuntary unemployment
is not possible. Therefore, in these models heterogeneous expectations only have indirect equilibrium effects on wages and employment. Allowing for labor market frictions
results in first-order effects of expectations on labor market variables.
The danger of increasing a models’ realism is that it may become far more complex,
potentially reducing the benefit of the additional explanatory power. Therefore, I build
a macroeconomic model with labor market frictions that is highly stylized but, as soon
as augmented with an equally stylized model of heterogeneous household expectations,
generates qualitatively realistic responses of relevant labor market variables. It, further,
predicts distributional consequences through the channel of heterogeneous expectations
along the business cycle. The degree of cross-sectional dispersion, thereby, depends on
the “fluidity” of the labor market. To the best of my knowledge, this research project is
the first to combine heterogeneous expectations and labor market frictions in a macrosetting.
The central idea for modeling the labor market is that hiring of workers is costly,
as in Blanchard and Galí (2010). Therefore, as in the real world, firms have to spend
resources to find workers that produce their goods. The tighter the labor market, i.e.
the larger the hiring activity relative to the size of the unemployment pool, the larger
the cost. Thus, this approach shares the same basic feature with usual search-andmatching models á la Mortensen and Pissarides (1994): the cost of hiring is increasing
in labor-market-tightness. However, this model abstracts from an explicit matching
technology on the grounds of simplicity.24
For every job that continues in the future, firms save hiring costs. The fact that
hiring is costly will result in unemployment of workers that are willing to work. As
a result, existing jobs inhere surpluses for both workers and employers. The whole
“pie” of surpluses is then split between workers and firms through wage negotiations.
Therefore, the negotiated wages do not merely equal the marginal revenue of workers as
in the frictionless case but more realistically also depend on expected future surpluses.
Firms may hire workers that differ by expectation type. As expectations enter the
wage negotiations, wages itself will be a function of type-specific expectations. The
24
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4.1. Introduction
reason is that the expected surpluses of a job continuation differs between expectationtypes which is naturally absent under homogeneous rational expectations. Consequently, unemployment and job-finding rates will differ between workers of different expectation types, too. This is the case even if workers are equally productive
and, therefore, have the same marginal revenue, an assumption that I shall maintain
throughout this chapter.
I derive the model under the possibility that there may be an arbitrary amount
of different expectation types. I will, however, illustrate the model using two types
of expectations only, i.e. rational and naive expectations. The latter model of expectations assumes that when boundedly rational households (or its individual workers)
form expectations at the beginning of the period, they rely on the last observed value
to forecast future values. There is already some evidence that expectations may well be
described by such a model (Branch, 2004; Cornea-Madeira et al., 2019; Kryvtsov and
Petersen, 2019). In particular, Kryvtsov and Petersen (2019) find that expectations
of participants in a learning-to-forecast experiment can well be described by a fixed
fraction of conventional rational and naive agents, both making up half of the population. Thus, aggregate expectations exhibit a certain degree of persistence affecting the
model’s dynamics.
At the aggregate level, the persistence in expectations leads to qualitatively realistic
dynamics of relevant labor market variables, especially hump-shaped impulse responses
of hiring, unemployment rates and labor market tightness. This feature is not generated
by the homogeneous rational expectations version of this model. Admittedly, there are
more complex rational expectations models that generate observed empirical patterns
through different mechanisms (see for instance Christiano et al. 2016). Therefore,
heterogeneous expectations with a certain degree of persistence should be seen as an
alternative, or additional, explanation for some labor market stylized facts.
Moreover, a model of heterogeneous expectations can give insights in the dispersion
effects of shocks on type-specific wages, unemployment and job-finding rates along the
business cycle. In a “fluid” labor market with a low level of unemployment and high jobfinding rates, hiring is relatively more costly. The reason is that the unemployment
pool from which firms can hire is small. Therefore, firms have a higher value from
continuing the employment relationship as this saves future hiring costs, ceteris paribus.
The latter information is exploited by the workers in the wage negotiations. Thus,
expectations about future hiring costs are more important the higher the level of hiring
costs are. This then leads to more wage dispersion between different expectation types.
In contrast, a more “sclerotic” labor market with a higher level of unemployment implies
lower hiring costs for firms. Hence, expectations about future hiring costs matter less,
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leading to less wage dispersion.
As all workers are remunerated equally for the same marginal revenue, wage dispersion in this framework is relatively low, and approaches zero the more “sclerotic”
the labor market is. However, as the model of heterogeneous expectations implies persistent dynamics, already small wage differences may lead to significant and persistent
differences in type-specific unemployment and job-finding rates. Further, a more “sclerotic” labor market facilitates larger volatility and persistence of aggregate activity.
The chapter is organized as follows. Section 4.2 derives the model, putting an
emphasis on the labor market frictions, the assumptions on heterogeneous expectations
and the wage bargaining. Subsequently, Section 4.3 illustrates the model using a simple
model of heterogeneous expectations for “fluid” and “sclerotic” calibrations of the labor
market. Section 4.4 concludes.

4.2

Model

In this section, I introduce a New Keynesian model where households may differ in
the way they form expectations comparable to Kurz et al. (2013) and Branch and
McGough (2009). However, I simplify the analysis by assuming that firms will be
rational throughout. Moreover, the model will be subject to labor market frictions by
assuming that hiring is costly, as in Blanchard and Galí (2010).

4.2.1

Households

Households of different type τ have different expectation operators.25 The fraction of a
P
specific type-τ household is aτ where τ aτ = 1. Each household consumes a fraction
R1
P

−1
of the aggregate consumption basket, i.e. ct = τ aτ cτt = 0 [(ci,t )  di] −1 , where cτt is
type-specific consumption, ci,t is the differentiated good that firm i produces and  is
the elasticity of substitution. The corresponding optimal (aggregate) expenditure on
 −
p
the differentiated good ci,t is ci,t = pi,tt
ct where pi,t is the retail price of ci,t and
ct is aggregate demand. Further, each representative household of type τ inelastically
25

Following Merz (1995), the demand side of this economy is composed of consumers (workers)
that are uniformly distributed over [0,1]. Consumers (workers) of type τ are grouped in large family
households. Every member of a specific household engages in perfect consumption insurance within
the type-τ family household. This assumption allows a group of type τ consumers (workers) to be
modeled as a representative agent of type τ .
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supplies a fraction aτ of the total unit measure of labor to labor market.26
The real budget constraint of a type-τ household reads
cτt + bτt ≤ nτt wtτ +

it−1 τ
b + dt .
πt t−1

(4.1)

bτt is type-specific real bond holdings, nτt is the fraction of the household that is employed27 and wtτ is the wage that employed workers of the household receive. Further,
pt
is inflation and dt
it is the nominal interest rate set by the central bank, πt = pt−1
are real dividends that households obtain as shareholders of the firms. Further, bond
P
market clearing 0 = τ aτ bτt has to hold, implying that aggregate bonds are in zero
net supply.
Households are assumed to maximize
"
#
∞
τ 1−σ
X
(c
)
ψ̃
t
E0τ
βt
− (bτt )2 ,
1
−
σ
2
t=0

(4.2)

where E0τ is the type-specific expectations operator. Moreover, β is the subjective
discount factor and σ the coefficient of relative risk aversion that are both equal across
types. Households also derive quadratic dis-utility from holding bonds which is scaled
by the parameter ψ̃ ≥ 0.
I borrow the latter assumption from Kurz et al. (2013) as it elegantly enforces
a transversality condition on individual borrowing. It is convenient to do so as I will
apply the Euler approach, discussed in detail in Honkapohja et al. (2011), where agents
use Euler equations as usual but with subjective expectations to make decisions. I will
chose the value of the parameter ψ̃ to be small, but sufficiently high to rule out unstable
borrowing and equilibria with unrealistic high volatility.
All expectations operators satisfy assumptions A1-A5 of Branch and McGough
(2009). That is, the expectations operators fix observables while the expectation in
steady state of some variable is the steady state value of that variable itself. The latter
assumption implies that households of different expectation types are observationally
equivalent in steady state. Further, usual linearity assumptions apply and the law of
26

This assumption is a prominent one in the literature on labor market frictions, see for instance
Christiano et al. (2016), Krause and Lubik (2007), Faia (2008) and Gertler and Trigari (2009). Yet,
the literature does not seem to have settled on whether to allow for dis-utility out of labor or not.
For instance, in Blanchard and Galí (2010) and Thomas (2008) the wage does also depends on the
marginal rate of substitution (labor-leisure condition) due to dis-utility out of working. However,
as discussed in Blanchard and Galí (2010), this assumption aggravates the Shimer Puzzle (Shimer,
2005) by causing wages to be even more pro-cyclical. Also, assuming dis-utility out of labor is not a
necessary condition for the existence of the household’s value function for labor (4.8).
27
Thus, the fraction of type-τ workers of the total unit measure of labor that is employed is aτ nτt .
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iterated expectations needs to hold at the individual level. If Etτ 6= Et , i.e. Etτ is
boundedly rational, I assume that these type of agents believe that all other agents
form the same beliefs as they themselves do.
Denoting the Lagrange-multiplier on (4.1) as λτt and maximizing (4.2) subject to
(4.1) gives the consumption Euler equation
"
(cτt )−σ + ψ̃bτt = βEtτ (cτt+1 )−σ

it

#

πt+1

(4.3)

of type-τ household and λτt = (cτt )−σ .
Employment of a type-τ household evolves according to
nτt = (1 − δ)nτt−1 + hτt

(4.4)

where δ denotes the exogenous separation rate, and where hτt is the amount of hiring of
type-τ worker in that period.28 Further, the beginning-of-period unemployment pool
of type-τ worker available for hiring is given by
uτt = 1 − (1 − δ)nτt−1 .

(4.5)

Moreover, the probability of an individual type-τ worker of finding a job in period t is
defined as the ratio between hiring and the corresponding unemployment pool,
xτt =

hτt
.
uτt

(4.6)

Definition (4.6) can, from the point of view of a firm, be interpreted as the type-specific
labor-market-tightness index. Using (4.6) and (4.5), equation (4.4) can be rewritten as
nτt = (1 − δ)nτt−1 + xτt (1 − (1 − δ)nτt−1 ).

(4.7)

Equation (4.7) states that the fraction of a type-τ household that is currently employed
is equal to the non-separated fraction of the previous period, plus the fraction of the
specific unemployment pool that finds a job in the current period.
Let γtτ be the Lagrange-Multiplier on (4.7). The value of a marginal job to the
type-τ household is then given by
τ
γtτ = λτt wtτ + β(1 − δ)Etτ (1 − xτt+1 )γt+1
.
28

(4.8)

Equation (4.4) highlights an important property of the steady state equilibrium: in steady state,
hiring is equal to job destruction, i.e. h = δn.
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Thus, the value of a marginal job to a specific household is equal to the wage, in terms
of marginal consumption utility, and the subjectively expected continuation value.
Equation (4.8) will play an important role in the wage negotiations later on.

4.2.2

Production

The production side of the economy consists of a continuum of individual firms i that
are uniformly distributed over [0, 1]. All households are shareholders of each individual
firm.
The production function of each firm is given by fi,t = zt ni,t where zt is productivity,
which is a mean-one AR(1)-process with persistence ρz , and ni,t is labor input of firm i.
P
Each firm hires workers of different expectation-types, i.e. ni,t = τ aτ nτi,t . Aggregate
R1
P
employment is, therefore, given by nt = τ aτ nτt = 0 ni,t di.
As indicated earlier, hiring is assumed to be costly as in Blanchard and Galí (2010).
The cost per individual hire is given by
gtτ = zt B(xτt )ϕ

(4.9)

where ϕ ≥ 0 and where B is a positive constant.29 This approach shares the same
basic feature with usual search-and-matching models á la Mortensen and Pissarides
(1994): the cost of hiring is increasing is labor-market-tightness. Further, hiring costs
are taken as given by each individual firm. One implication of this approach is that
firms fill newly created vacancies immediately, i.e. in that same quarter, by paying
the hiring-costs. Therefore, the model does not rely on the typical assumption that a
formed match becomes productive only in the subsequent quarter to generate observed
persistence. Christiano et al. (2016) already pointed out that such a long delay between
a match and start of employment is rather unrealistic.
For the purpose of exposition, I will make a distinction between the wholesale
and retail branch of each firm i. The wholesale branch (W B) produces the differentiated good, hires workers and makes zero profits (perfect competition). The retail
branch (RB), in turn, prices the differentiated good under monopolistic competition
pW B
B
and quadratic price adjustment costs. The real price p̃W
= i,t
of the wholesale
i,t
pt
branch is thereby the marginal cost of the retail branch.
29

I follow Blanchard and Galí (2010) in assuming the dependence of (4.9) on productivity to avoid
effects of productivity shocks on the cost of production versus the cost of hiring.
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Wholesale Branch
τ
B
The wholesale branch of firm i chooses {nτi,t , hτi,t } ∀τ taking as given {wi,t
, p̃W
i,t } ∀τ to
maximize the current and future discounted flow of real profits30

B
ΠW
i,t = E0

∞
X
t=0

"
#
X
X
X
λ
t
τ τ
βt
p̃W B zt
aτ nτi,t −
aτ wi,t
ni,t −
aτ gtτ hτi,t
λ0 i,t
τ
τ
τ

(4.10)

subject to
(4.11)

nτi,t = (1 − δ)nτi,t−1 + hτi,t .

Let µτt be the Lagrange-multiplier on (4.11). All firms will make identical choices.
Hence, the first-order conditions, for all τ , are given by
nτt :

B
µτt = zt p̃W
− wtτ + (1 − δ)βEt
t

hτt :

µτt = gtτ

λt+1 τ
µ
λt t+1

(4.12)
(4.13)

for all τ . Equation (4.12) shows that the value of a marginal job to a firm is the marginal
revenue less the wage plus the expected continuation value. Moreover, Equation (4.13)
is an arbitrage condition on hiring: firms will hire type τ workers until the marginal
value of a job is equal to the hiring costs.
B
is equal to the marginal
Combining (4.12) and (4.13), and recognizing that p̃W
t
costs mct of the retail branch, yields

mct = g̃tτ − (1 − δ)βEt

wτ
λt+1 zt+1 τ
g̃t+1 + t
λt z t
zt

∀τ

(4.14)

where g̃tτ = B(xτt )ϕ . Marginal costs are, thus, hiring costs of type τ net of savings
in hiring costs in the future plus the wage (scaled by productivity). Note that, in
equilibrium, firms will at the margin be indifferent between hiring workers of different
type as marginal costs are equal across types.
Retail Branch
The retail branch of firm i prices the differentiated good yi,t subject to the demand
curve of households. The retail branch, further, pays quadratic price adjustment costs
which depend on aggregate activity (Rotemberg, 1982). Hence, taking marginal costs
30
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Where λt =

P

τ

aτ λτt .
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as given, retailer i chooses pi,t to maximize real profits
ΠRB
i,t = E0

∞
X
t=0

"
!2 #
p
χ
p
λ
i,t
i,t
t
yi,t − mct yi,t −
− 1 yt
βt
λ0 p t
2 pi,t−1

subject to
yi,t =

 p −
i,t

pt

(4.15)

(4.16)

yt .

Equation (4.16) assumes that market clearing, ct = yt , holds. Recognizing that all
firms make identical choices, the optimality condition for pricing is given by
"
#
yt+1
λt+1
χ(πt+1 − 1)πt+1
1 − χ(πt − 1)πt + βEt
λt
yt
(4.17)

= (1 − mct ).

In linearized form, (4.17) gives the standard New Keynesian Phillips curve which coincides with the Phillips curve under Calvo pricing for particular values of the scaling
parameter χ, see Section 4.2.5.

4.2.3

Wage Bargaining

The wage that workers receive is an outcome of bargaining process between workers
and firms that splits the joint surplus of an existing employment relationship.
Let StF,τ = µt denote the firms’ surplus from an existing employment relationship
with a type-τ worker. Hence,
B
StF,τ = zt p̃W
− wtτ + (1 − δ)βEt
t

Further, let StH,τ =
of type τ , so

γtτ
λτt

λt+1 F,τ
S .
λt t+1

(4.18)

be the surplus, in terms of the consumption basket, for household

StH,τ = wtτ + β(1 − δ)Etτ (1 − xτt+1 )

λτt+1 H,τ
S .
λτt t+1

(4.19)

I assume that there exists a union for each type τ of workers that negotiates the typespecific wage with the firms on behalf of their members. However, in the special case
where one type has rational expectations, the strategic interaction with the firms can
equivalently be characterized by bilateral (generalized) Nash bargaining.
From now on, I distinct between rational (R) and boundedly rational (B) types of
workers, i.e. τ ∈ {R, B}. In the case of rational expectations, the wage will be given
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by the maximizing argument of weighted product of the respective surpluses
!ζ
wtR

= argmax

StH,R

!1−ζ

(4.20)

StF,R

where ζ measures the bargaining power of workers. Equation (4.20) implies the Nash
sharing rule ζ(StH,R + StF,R ) = StH,R , i.e. the rational household gets a share ζ of the
whole “pie” (StH,R + StF,R ). The implied wage, in turn, is given by
"
B
R
wtR = ζ zt p̃W
+ (1 − δ)βEt gt+1
t

λR
λt+1
t+1
− (1 − xR
)
t+1
λt
λR
t

!#
.

(4.21)

B
, and a
Thus, the wage that a rational worker receives is a share of real revenues, zt p̃W
t
share of expected savings in tomorrows hiring costs, weighted by the difference in the
expected marginal rates of substitution between the shareholders of the firm and the
rational workers. Recognizing that the real price of the wholesale branch equals the
B
marginal costs of retailer, p̃W
= mct , the wage becomes
t

"
R
wtR = ζ zt mct + (1 − δ)βEt gt+1

λR
λt+1
t+1
− (1 − xR
)
t+1
λt
λR
t

!#
.

(4.22)

In the case of boundedly rational workers, I assume that the union of boundedly
rational workers knows the value function (4.18) of firms. Further, the union also
understands that a firms’ surplus from an existing employment relationship next period
is equal to the hiring costs that it saves. In other words, the union knows that the
firms’ surplus from hiring a boundedly rational worker is equal to the marginal revenue
and expected next period’s savings in hiring costs less the wage. Therefore, the union
evaluates the following equation:
B
StF,B = zt p̃W
− wtB + (1 − δ)βEt
t

λt+1 B
g .
λt t+1

(4.23)

In doing so, the union needs to forecast the third term in equation (4.23), i.e.31
"
(1 − δ)βEtB

#
λt+1 B
Et
g
.
λt t+1

(4.24)

In this case, I follow Branch and McGough (2009) and the associated literature in as31

Here it is implicit that the expectation formation of the union is equal to the expectations of its
members.
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suming that boundedly rational agents believe that all other agents will form the same
expectations they themselves do. Therefore, the union’s boundedly rational forecast
B
gt+1
. Further, the union
of the expected surplus of firms next period is (1 − δ)βEtB λλt+1
t
knows how productive its members currently are and what the associated marginal
revenue is. This assumption ensures that differences in wages between types are ultimately due to expectations about the future only. Hence, the union’s boundedly rational
perception of the firms’ current surplus is
B
− wtB + (1 − δ)βEtB
EtB StF,B = zt p̃W
t

λt+1 B
g .
λt t+1

(4.25)

Moreover, the union believes to engage in a Nash bargain with the firms. As a result,
the ex-ante perceived Nash sharing rule of the union is
(4.26)

ζEtB (StH,B + StF,B ) = StH,B .

Thus, the union demands a share ζ of its own boundedly rational perception of the
whole “pie” of surpluses. The wage on which the union insists is, therefore,
"
B
B
wtB = ζ zt p̃W
+ (1 − δ)βEtB gt+1
t

λB
λt+1
t+1
− (1 − xB
)
t+1
λt
λB
t

!#

(4.27)

B
is equal to zt mct .32 As the union will quit negotiations otherwise (“take it
where zt p̃W
t
or leave it”), the firms will accept as long as their share of the whole “pie” of surpluses
is positive
Et (StH,B + StF,B ) − ζEtB (StH,B + StF,B ) = StF,B > 0.
(4.28)

As the arbitrage condition (4.13) states, the firms’ surplus must equal the hiring cost
in equilibrium. Hence, for condition (4.28) to be satisfied, hiring (and productivity)
must be positive. Given that hiring is positive in steady state, condition (4.28) will
be satisfied for small enough productivity shocks. I shall assume the latter to be true
throughout the analysis. Under this assumption, the ex-ante perceived sharing rule
(4.26) is equal to the ex-post realized one. Also, requiring shocks to be small rules
out scenarios where wage demands of the union of boundedly rational households are
unrealistically extreme relative to the prevailing economic conditions.
Moreover, Shimer (2005) famously pointed out that real wages are too pro-cyclical
32

Equation (4.27) can alternatively be seen as a wage contract, that is written after the union forms
its expectations in the beginning of a period, and where that contract is contingent on the marginal
revenue that will realize later that period. In other words, the wage implied by (4.27) conditions on
the “job performance” in any given period.
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to be consistent with business cycle data. Therefore, I allow for real wage rigidity by
assuming a weighted sum of the Nash-bargained wage and a wage norm (Hall, 2005).
As in Krause and Lubik (2007) and Faia (2008), I assume the wage norm to be steady
state of the Nash-bargained wage w. Hence, the individual wage becomes
"
τ
wtτ =γζ zt mct + (1 − δ)βEtτ gt+1

+ (1 − γ)w

λτ
λt+1
− (1 − xτt+1 ) t+1
λt
λτt

!#

(4.29)

∀τ

where γ ∈ [0, 1] is the weight attached to the Nash wage.

4.2.4

Monetary Policy and Resource Constraint

I assume monetary policy to aim at stabilizing inflation according to
ln

πt
it
= φπ ln .
i
π

(4.30)

where φπ > 1. The aggregate resource constraint is given by
X

aτ cτt = zt

τ

4.2.5

X

aτ nτt −

τ

X
τ

aτ gtτ hτt −

χ
(πt − 1)2 yt .
2

(4.31)

The Linearized Model

To proceed with an analysis of the dynamic behavior of the model, I linearize it around
the zero-inflation steady state. Variables with a hat present log-deviations from steady
state, except for the unemployment rate which is presented as a an absolute deviation
from steady state.
Linearizing equation (4.17) gives the standard Phillips-Curve
π̂t = βEt π̂t+1 +

−1
m̂ct .
χ

(4.32)

depending on the price-adjustment-cost parameter χ. Using g̃ˆtτ = ϕx̂τt and λ̂t = −σĉt ,
marginal costs can be obtained from equation (4.14),
m̂ct =

mw τ
(ŵt − ẑt ) + mg̃ϕ(x̂τt − β(1 − δ)Et x̂τt+1 )
z
− mg̃(1 − δ)β[(σĉt − ẑt ) − Et (σĉt+1 − ẑt+1 )].

(4.33)

Further, the individual labor market tightness/job-finding rate follows from linearizing
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(4.6),
(4.34)

δx̂τt = n̂τt − (1 − δ)(1 − x)n̂τt−1 .

Using ĝtτ = ẑt + ϕx̂τt , λ̂t = −σĉt and λ̂τt = −σĉτt , the individual wage (4.29) in log-linear
form is given by
ŵtτ =

where Γ =

w
ζ

γζ h z
(ẑt + m̂ct ) + ΓEtτ [ẑt+1 + (1 + ϕ)x̂τt+1 ]
w m
i
+ (1 − δ)βgσ[(ĉt − Etτ ĉt+1 ) − (1 − x)(ĉτt − Etτ ĉτt+1 )]

(4.35)

− mz > 0. From equation (4.4) I obtain an expression for individual hiring
ĥτt = δ −1 n̂τt −

1−δ τ
n̂t−1
δ

(4.36)

while individual end-of-period unemployment rate, uτt = 1 − nτt , in terms of deviations
from steady state is given by
ûτt = −nn̂τt .
(4.37)
Moreover, the linearized individual consumption Euler equation reads
ĉτt = Etτ ĉτt+1 −

1
[ît − Etτ π̂t+1 ] + ψbτt
σ

(4.38)

where ψ = cψ̃. From the individual budget constraint (4.1), I get an expression for the
evolution of individual bonds
(4.39)

bτt = wn(ŵtτ + n̂τt ) + ddˆt + β −1 bτt−1 − cĉτt
where dividends are given by
ddˆt =zn(1 − δg̃)ẑt − wn

X

aτ ŵtτ − ϕgnδ

X

τ

+ (z − w − g)n

X
τ

aτ n̂τt

aτ x̂τt

(4.40)

τ

+ gn(1 − δ)

X

aτ n̂τt−1 .

τ

Finally, linearizing the aggregate resource constraint (4.31) yields
X
τ

1 − g̃ X
aτ n̂τt
1 − δg̃ τ
(1 − δ)g̃ X
ϕg̃δ X
+
aτ n̂τt−1 −
aτ x̂τt .
1 − δg̃ τ
1 − δg̃ τ

aτ ĉτt =ẑt +

(4.41)
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Monetary policy is given by (4.30) and productivity follows ẑt = ρz ẑt−1 + z,t .

4.3

Results

I illustrate the dynamics of the model by assuming two types of expectations: conventional rational expectations and naive expectations. In the latter case, boundedly
rational agents use the last observed value of any variable vt+1 being forecast, i.e.
EtB vt+1 = vt−1 . Hence, when boundedly rational agents form expectations in the
beginning of period t, contemporaneous variables are generally not included in their
information set. This assumption is typical in the adaptive learning literature, and it is
convenient as it avoids the simultaneous determination of boundedly rational forecasts
and endogenous variables.
Moreover, empirical evidence from several studies support the fragmentation of
the population into more sophisticated expectations, where I view rational expectations as an appropriate approximation, and naive backward-looking expectations
(Branch, 2004; Cornea-Madeira et al., 2019; Kryvtsov and Petersen, 2019). In particular, Kryvtsov and Petersen (2019) find that expectations of participants in a learningto-forecast experiment can well be described by a fixed fraction of conventional rational
and naive agents, both making up half of the population. I employ the latter specification to simulate the model at hand.
The baseline calibration underlying the simulation exercises in the next sections
is shown in Table 4.1. I borrow parameter values related to the labor market form
Blanchard and Galí (2010). These describe a relatively “fluid” labor market which is
characterized by a low unemployment rate, relatively high separations and, implied by
that, a high job-finding rate.33 Later on I will contrast this by a calibration that tries
to capture a more “sclerotic” labor market with higher steady-state unemployment
and lower job-finding rates. Further, the fraction of rational households, α, is chosen
to be one half, in accordance to Kryvtsov and Petersen (2019). As there is no hard
evidence on the transversality parameter, ψ̃, I pick a number that rules out unstable
borrowing and equilibria with unrealistic high volatility. At the same time, ψ̃ should
be low enough to have a small impact on short run dynamics. Finally, all remaining
parameter values are in line with standard literature.
33

The quarterly job-finding-rate under baseline calibration is 70%, consistent with US Data, which
follows from the steady state relation (4.43) in Appendix 4.A.
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Table 4.1: Baseline calibration
Parameter
β
σ

χ
δ
n
B
ζ
ϕ
γ
α
ψ̃
φπ
ρz
ρm

4.3.1

Description
subjective discount factor
coef. of rel. risk aversion
price elasticity (diff. goods)
price adjustment costs
separation rate
steady state employment
hiring cost parameter
workers bargaining power
elasticity of hiring cost
real wage rigidity
fraction of rational households
transversality parameter
inflation coef. in Taylor
persistence of tech. shock
persistence of mon. shock

Value
0.99
1
10
40
0.12
0.95
0.12
0.5
1
0.5
0.5
0.05
1.5
0.9
0.5

Reference
standard
standard
standard
standard
Blanchard and Galí (2010)
Blanchard and Galí (2010)
Blanchard and Galí (2010)
Blanchard and Galí (2010)
Blanchard and Galí (2010)
Blanchard and Galí (2010)
Kryvtsov and Petersen (2019)
no hard evidence
standard
standard
standard

Model Dynamics

Figures 4.1 and 4.3 display impulse responses of aggregate and individual variables in
the case of heterogeneous expectations to an adverse, one-percent productivity shock,
respectively.
Marginal costs increase as labor is less productive. Therefore, inflation increases
while the increase is limited by contractionary monetary policy. The drop in consumption indicates a decrease in aggregate activity. As a consequence, firms hire less workers
and unemployment increases.
In the context of this model, vacancy creation by firms is equal to hiring since
firms immediately hire workers by paying the hiring cost. Hence, the lower-left panel
of Figure 4.1 shows the models ability to generate a Beveridge curve. Also, the model
generates persistent hump-shaped responses of labor market variables as well as procyclical labor market tightness, consistent with empirical evidence. Especially, the
former stylized fact seems to be less well replicated by a homogeneous rational expectations version of the model, as can seen in Figure 4.2. In that case, labor market
variables seem to be less inherently persistent but rather display the persistence of the
AR(1)-shock process.
The model also implies differences in the responses of type-related variables, as can
be seen in Figure 4.3. These differences stem from differences in household expectations
entirely. As unemployment increases, individual job-finding rates drop. The job finding
rate of boundedly rational workers will keep decreasing for ten quarters. As long as a
variable being forecast decreases, boundedly rational workers will systematically expect
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Figure 4.1: Aggregate Dynamics (Baseline) following a one percent aggregate productivity
shock.

the next period’s realization to be higher than it will actually turn out to be. The reason
is that boundedly rational workers will always project the last observed value into the
future. This leads them to be less pessimistic relative to rational workers with respect
to their own job finding rate, and thus also to the firms’ hiring costs. As the union
of boundedly rational workers overestimates the firms’ saving in future hiring costs,
it will demand a higher wage relative to rational workers (although in absolute terms
wage demands decrease for both expectation-types in response to the shock). As the
firms will accept this wage by assumption, boundedly rational workers receive higher
wages relative to rational workers for that time span. Even though firms accept to pay
the relatively higher wage, they will, at the same time, hire less boundedly rational
workers relative to rational workers. This results in a higher unemployment rate and
lower job-finding rate relative to rational workers for some time. These effects then
reverse after approximately ten periods.
A similar pattern can be observed for individual consumption. Boundedly rational
households will initially be overly optimistic as they do not anticipate the effect of
the shock instantaneously but only recognize that the central bank increases their policy rate. This, however, changes when their own individual consumption expectations
become pessimistic while the nominal interest rate is still elevated. Then, for some
time, boundedly rational households consume considerably less than rational house96
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Figure 4.2: Rational Expectations Dynamics (Baseline) following a one percent aggregate
productivity shock.
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Figure 4.3: Micro-Dynamics (Baseline) following a one percent aggregate productivity
shock.

holds leading them to accumulate savings.
The model with heterogeneous expectations generates empirically plausible move97
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ments in aggregate variables in response to a productivity shock. Further, it predicts
distributional consequences of shocks through the channel of heterogeneous expectations, even when workers of different expectation types are equally productive.

4.3.2

Comparison with a more “sclerotic” labor market

In this section, I compare the dynamic properties of the model under baseline calibration with a calibration that captures a more “sclerotic” labor market, i.e. a labor
market with a higher stead-state unemployment rate and a lower job-finding rate.
As in Blanchard and Galí (2010), I assume the steady state end-of-period unemployment rate to be ten percent, i.e. n = 0.9, the separation rate to be four percent
and, implied by that, a relatively lower quarterly job-finding rate of approximately
26%. The remaining parameters are unchanged.
A lower quarterly separation rate implies a higher expected lifetime of a job. Therefore, given some shock, reactions in the hiring decision of firms and, consequently,
movements in the unemployment rate will be stronger and more persistent. This can
be seen in the lower-left panel of Figure 4.4. Moreover, a relatively stronger and persistent response of hiring leads to to an approximately four times more volatile aggregate
labor market tightness, see table 4.2.
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Figure 4.4: Aggregate Dynamics following a one percent aggregate productivity shock with
“sclerotic” calibration.
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An interesting and at first sight counter-intuitive picture emerges when looking at
individual wages in the upper-right panel of Figure 4.5. First, wages do not seem to
react much stronger relative to the fluid labor market. Second, the difference in wages
between the two types seems to be very small. The first three rows of Table 4.2 show
the theoretical cross-sectional standard deviations, sdτ (·), of wages, unemployment and
job-finding rates. The cross-sectional standard deviation of wages indicates that wage
dispersion has indeed dropped substantially relative to the fluid labor market. One
might assume that, given a higher lifetime of a job, expectations of future hiring costs
might matter more and, thereby, lead to more and not less wage dispersion. However, by assumption, the level of labor market tightness decreases substantially and,
therefore, the hiring costs of the firms decrease accordingly. Albeit higher volatility,
this effect counteracts the higher expected lifetime of a job, leading expectations to
be less important for wage determination. Hence, individual wages are almost fully
determined by the marginal revenue of workers which is the same across expectation
types. Thus, as the behavior of marginal costs is not significantly different than under
the more fluid labor market and the process of productivity and the shock is the same,
the initial reaction in wages is not that different as well. Still, the small remaining
wage dispersion leads to persistent and, in terms of the cross-sectional standard deviation, also relatively higher absolute dispersion in unemployment and job-finding rates.
Relative to aggregate volatility, however, dispersion generally decreases.
While the initial response of wages is not that different from before and the sharp
drop in hiring takes some time to fully transmit into unemployment, the initial drop
of consumption is also similar to the fluid version of the labor market. However,
consumption is depressed more persistently as unemployment is persistently elevated.
This exercise suggests that if the institutional design affecting the labor market is
such that it is more “sclerotic”, an adverse productivity shock might cause less wage
dispersion, a less persistent and a similar initial drop in wages relative to a more “fluid”
labor market. This property of the model is largely robust with respect to varying
degrees of labor market “fluidity” and also to alternative calibrations of the remaining
parameters. While this effect in isolation may be desirable, it might also facilitate
larger volatility and persistence in other labor market measures as unemployment and
job-finding rates, translating into a more persistent decline in aggregate activity.
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Figure 4.5: Micro-Dynamics following a one percent aggregate productivity shock with
“sclerotic” calibration.

sdτ (wtτ )
sdτ (uτt )
sdτ (xτt )
sd(wt )
sd(ut )
sd(xt )
corr(wt , wt−5 )
corr(ut , ut−5 )
corr(xt , xt−5 )

Fluid
0.1
0.33
2.16
1.05
18.3
5.9
0.84
0.83
0.81

Sclerotic
0.03
0.42
3.59
1.02
30.43
25.47
0.75
0.93
0.91

Table 4.2: Labor Mark: Fluid vs. Sclerotic (Some theoretical Moments)

4.4

Conclusion

I develop a macroeconomic model with labor market frictions and heterogeneous expectations. The central idea of modeling the labor market is that hiring is costly which
gives rise to involuntary unemployment. I, further, employ a simple model of heterogeneous expectations where a fixed fraction of households has rational expectations while
the rest follows a naive heuristic. This implies persistence of aggregate expectations
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which generate hump-shaped responses of relevant labor market variables. In contrast,
a rational expectations version of the model does not deliver the latter stylized fact
but rather follows the persistence of the AR(1) shock process.
Moreover, as expectations enter the wage negotiations, the model implies dispersion of wages, unemployment and job-finding rates following some shock. Given the
model’s persistent dynamics, already small differences in wages lead to a pro-longed
dispersion in type-specific unemployment and job-finding rates. A more “fluid” labor
market, thereby, implies that differences in expectations lead to more wage dispersion.
The reason is that a generally low level of unemployment require higher future hiring
costs which workers form expectations about. Thus, while a more “sclerotic” labor
market entails less wage dispersion, it facilitates larger volatility and persistence in
other labor market measures as unemployment and job-finding rates, translating into
a more persistent response of aggregate activity.
In contrast to earlier models with heterogeneous expectations, assuming labor market frictions allows for first-order effects of heterogeneity in expectations on wages and
other labor market variables, not just through equilibrium. This was achieved by an
axiomatic approach of modeling the wage bargain between the union of boundedly rational workers and rational firms. This approach requires firms to accept the boundedly
rational wage demand as long as the firms’ share of the surplus is non-zero. This might
not be too unrealistic in the case of small shocks, as assumed in this chapter, but is not
easily extended too cases with larger disturbances. Future research could, therefore,
develop a model of bargaining between rational players and players with boundedly
expectations that needs less ad hoc assumptions and at the same time is simple enough
to fit in a macro model.
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Appendix 4.A

Steady State Values

This appendix presents relevant steady state values:
z=1
x=

δn
1 − (1 − δ)n

g̃ = g = zBxϕ

m=
−1
c = (1 − g̃δ)zn
"
#
z
w=ζ
+ (1 − δ)βgx .
m
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Chapter 5
The role of stickiness, extrapolation
and past consensus forecasts in
macroeconomic expectations
Co-authored by Joep Lustenhouwer

5.1

Introduction

How are macroeconomic expectations formed? There is ample evidence that forecasters
do not make fully efficient forecasts and have systematic biases.34 That is, real-world
expectations deviate (at least to some extent) from the fully rational, model consistent benchmark. The question of how exactly they deviate from full rationality is
less easily answered. Answering this question is, however, crucial for judging the validity of macroeconomic models and their policy implications. First of all, because
most macroeconomic models rely on the assumption that all agents form fully rational
expectations, and secondly because empirical evidence for models that deviate from
full-information rational expectations are often not fully convincing, especially when
one considers expectations data of individual forecasters.
In this paper, we propose a simple model of expectation formation that allows for
three distinct deviations from full rationality. We then confront this model with survey
expectations to test whether our model is in line with the data, and to investigate to
what extent the three proposed biases are present in survey data. We mainly focus
on data from the US Survey of Professional Forecasters (SPF) which has become the
34

See e.g. Lovell (1986); Ehrbeck and Waldmann (1996); Loungani (2001); Fildes and Stekler (2002);
Coibion and Gorodnichenko (2015).

103

CHAPTER 5. BIASES IN SURVEY EXPECTATIONS
benchmark data source to test models against expectations data.35 However, we also
consider extensions with the Livingston survey (Carlson, 1977).
The first two biases that we allow for are stickiness in expectations and the extrapolation of recent news about the current period. A combination of stickiness
(under-reaction) and extrapolation (over-reaction) can explain why different studies
have found conflicting evidence as to whether forecasters under-react or over-react to
news. In particular, Coibion and Gorodnichenko (2015) find clear under-reaction at
the aggregate level by showing that aggregate forecast errors are positively correlated
with aggregate forecast revisions. Bordalo et al. (2018a), with a similar regression at the
individual level, find negative relation between forecast errors and revisions, pointing
toward over-reaction. Fuhrer (2018), on the other hand, finds evidence of expectations
smoothing and stickiness also at the individual level. If individual forecasters have
sticky expectations but also extrapolate recent news about the current period, then
one can indeed find either under-reaction or over-reaction, depending on the methodology and the data used. In fact, whether forecasts over-react or under-react to a
particular piece of news will then depend on which quarter is affected the most by the
news. Due to extrapolation, forecasts about future periods will overreact to news that
has a large impact on the current period. On the other hand, when the news has little
effect on the current period and mainly concerns future periods, extrapolation will be
weak. In this case, under-reaction to news due to stickiness in expectations will arise.
Furthermore, in a laboratory experiment where subjects form expectations about a
simple AR(1) process, Landier et al. (2019) find that an expectations rule that combines stickiness and extrapolation fits well to their experimental data and outperforms
other expectations rules. The estimated coefficients in this expectation rule are robust
to the autocorrelation coefficient in the AR(1) process that is being forecast and to
other parameters of the model, as well as to the framing of the experiment (e.g. as
forecasts about a macroeconomic process).
An important difference between the experimental setup of Landier et al. (2019) and
the real world is that, in the experiment, subjects have no information at all about what
others in the economy have been forecasting. In the real world, there are many sources
of information on what experts have recently been forecasting about future periods. For
example, the consensus forecast of the survey of professional forecasters is published
on the website of the Federal Reserve Bank of Philadelphia each quarter. Also, the
35

The advantages of using the SPF include the long time span of data availability at a quarterly
frequency and the fact that one can observe forecasts made at different time points for different
forecasting horizons for the same individual forecaster. The latter is necessary to calculate revisions
and to investigate stickiness in expectations.

104

5.1. Introduction
SPF has a large audience: the Philadelphia’s FED external webpages counted more
than 45.000 unique hits because of the SPF in 2018 (Croushore et al., 2019). Further,
numerous (economic) institutions frequently publish their forecasts which also find their
way into newspapers and, therefore, to the large public. A lagged consensus forecast
may, thus, be seen as a public signal that forecasters observe and could base their
current expectations on. Fuhrer (2018) finds that there, indeed, is a strong dependence
of current individual forecasts on the lagged consensus forecast, in the SPF and the
Livingston survey as well as in the Michigan survey of consumer expectations.
For this reason, we allow for a further deviation of rational expectations. In addition to stickiness to past individual expectations and extrapolation of current news,
expectations may further deviate from the fully rational benchmark by partly being
based on the most recently observed consensus forecast about the period that is being
forecast. Such a bias can be interpreted as meaning that individual forecasters do not
have the skills or the time to efficiently use all available pieces of information to come
up with a fully rational forecast all by themselves. Therefore, they instead only partly
base their forecast on new information and form only part of the rational expectations
solution. For the other part, they make use of the “wisdom of the crowd” and turn to
an easy to use piece of information: the most recently observed consensus forecast.
When we fit our model, we find evidence that all three deviations from rationality
are present in the SPF data. Moreover, larger forecasting horizons turn out to imply
more sticky expectations. All in all, we find (across different macroeconomic variables)
estimates of stickiness in forecasts that lie between 0.41 and 0.76. Furthermore, estimates of the extrapolation parameter of current news lie between 0.18 and 0.91, with
larger forecasting horizons implying smaller estimates for most variables. Finally, expectations are for a significant part formed based on the most recent past consensus
forecast about the period being forecast. In particular, forecasters are found to put
weights between 0.23 and 0.83 on the most recently observed consensus forecast rather
than on a rational expectations forecast that they would have to build by themselves.
This indicates that individual forecasters have a hard time processing all available
(new) information and building an own rational expectations forecast.
Interestingly, we further show that 20-50% of the forecasters in the survey would
have been better off in terms of forecasting performance if they would have abandoned
all attempts to build their own forecast and instead blindly submitted the most recently
observed consensus forecast in every period. Basing a forecast on the lagged consensus
can, hence, be seen as a reasonable thing to do. We further document that individual
forecasts of the SPF can equivalently be modeled as depending on the lagged consensus
forecast of the Livingston survey rather than the lagged consensus of their own survey.
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This supports the hypothesis that forecasters base their forecasts on a more general
consensus forecast that can be obtained from different sources and that can reach a
large audience.
Moreover, our results are not a specific artifact of the forecasting behavior of the
SPF. We find qualitatively similar estimates when we perform our regression for the
individual forecasts of the Livingston survey. The stickiness estimates are, however,
lower than for the SPF. This can be explained by the semi-annual structure of the
Livingston survey compared to the quarterly structure of the SPF. For instance, a
forecaster may regard her last individual forecast, which is half a year old, as less
informative compared to an individual forecast that would have been only three months
old. This then results in lower estimates of the stickiness bias.
In addition to fitting our model of expectation formation to survey data, we also
test a restriction on the coefficients of an over-identified econometric specification of
our model. In particular, the sum of three of the coefficients in that regression should
be equal to 1 according to the theoretical formulation of the model. We can, hence,
estimate this over-identified specification and see whether the restriction holds. We find
for all our selected variables and forecasting horizons that the sum of the coefficients is
very close to what the restriction implies. Statistically, the restriction is not rejected
for most of the cases. We, therefore, conclude that our proposed model of expectation
formation is not rejected by the data.
Many alternative models of expectations that deviate from full rationality have been
proposed. A considerable body of literature assumes that expectations are formed in
a purely backward-looking manner, either by all or by a fraction of agents in the
economy. That is, (some) households and firms consider past realizations of macroeconomic variables and base their expectations about future variables solely on this.
The most well-known example of such expectations is found in the adaptive learning
literature (Evans and Honkapohja, 2012), where agents use statistical learning based
on past realizations to learn the relations between economic variables. Further, in the
heterogeneous expectations literature, backward-looking expectations take the form of
a simple adaptive or extrapolative heuristic, where past realizations of a particular
variable are used to predict future realizations of that variable (see e.g. Branch and
McGough, 2010; De Grauwe, 2012; Hommes and Lustenhouwer, 2019).
A disadvantage of modeling expectations as purely backward-looking is that there
can be little to no role for news and for announcements about the future. Backwardlooking expectations can, hence, not meaningfully contribute to, e.g., the question
of whether forecasts over-react or under-react to news. Moreover, the literature on
empirical validation of backward-looking expectation formation is not large and not
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fully convincing. Backward-looking expectations generate persistence in expectations
and in the macroeconomic model. This type of expectation is, hence, a potential
explanation for the larger persistence that is found in survey data compared to rational
expectations. This explains why expectation models that include backward-looking
components improve the fit with the data (Branch, 2004; Milani, 2007; Slobodyan
and Wouters, 2012; Cornea-Madeira et al., 2019). However, there is no convincing
evidence that backward-lookingness is the correct explanation for higher persistence
in survey expectations and that expectations are actually formed by considering past
observations.
In fact, when we add to our model a potential fourth bias, where forecasters partly
use the lagged realization of the variable being forecast to form expectations, the estimated magnitude of this backward-looking bias is small and almost always statistically
insignificant. This is a clear indication that the persistence found in survey data is not
caused by agents basing their expectations on past observations, but instead by other
biases such as stickiness. Similar conclusions are drawn by Fuhrer (2018) from survey
data and by Landier et al. (2019) in a laboratory experiment.
Other deviations from full-information rational expectations that have been proposed include models with sticky information or noisy information and rational inattention (Mankiw and Reis, 2002; Woodford, 2001; Sims, 2003; Mackowiak and Wiederholt,
2009). Moreover, Gabaix (2020) proposes a framework of sparsity to model deviations
from fully rational expectations. These theoretical frameworks may offer partial explanations for e.g. why expectations are sticky. These explanations are, however,
not always in line with survey data of individual expectations (Bordalo et al., 2018a;
Fuhrer, 2018).
In this paper, we do not focus on why forecasters have certain deviations from full
rationality. Instead, we seek to converge on a model of expectation formation that
combines different higher-level individual biases and that can explain actual expectations from survey data. Such a model of expectation formation can, in future research,
be used as a building block to improve the realism of the assumptions made on expectations in macroeconomic modeling. In particular, our findings stress the importance
of modeling the interaction between expectations of individual agents in the economy
and of explicitly modeling (over-)reaction to news. We believe that deriving policy
implications from models where expectation formation is more in line with individual
expectation data can greatly help the field forward.
The rest of the paper is organized as follows. In Section 5.2, we outline our proposed
model of expectations formation. In Section 5.3, we derive two empirical formulations
of the model, and our main estimation results are presented in Section 5.4. Next, we
107

CHAPTER 5. BIASES IN SURVEY EXPECTATIONS
discuss some extensions that contribute to the interpretation and robustness of results
in Section 5.5. Section 5.6 presents a discussion on the role of the lagged consensus
forecast and Section 5.7 concludes.

5.2

A behavioral model of expectation formation

We first discuss three behavioral deviations from fully rational expectations that have
already found some empirical support. We then combine these three biases into a
behavioral model of expectation formation. In later sections, we will confront this
model with data from survey expectations to see whether the proposed biases are
present in the data.

5.2.1

Stickiness

Fuhrer (2017) replaces, in a macroeconomic model, rational expectations with actual
expectations from survey data. He shows that this makes usual modeling elements
to generate macroeconomic persistence such as habit formation and price indexation
obsolete. Moreover, Coibion et al. (2012) and Angeletos et al. (2020) show that expectations initially under-react to economic shocks. Also, Coibion and Gorodnichenko
(2015) document that forecast errors of aggregate expectations in survey data are forecastable by aggregate revisions. This implies under-reaction to new information and
considerable persistence in expectations.
There is also empirical evidence of sticky expectations at the individual level in
the case of financial analysts (Bouchaud et al., 2019), firm managers (Ma et al., 2018)
and participants in laboratory experiments (Landier et al., 2019). Furthermore, Fuhrer
(2018) finds that individual forecasts are intrinsically persistent, supporting his early
findings on the macroeconomic level.
Stickiness in individual expectations implies that expectations of individuals depend
on their most recent own past forecast about the same period. From a rational perspective, there is no reason why this should be the case.36 When an individual i forms
expectations with stickiness as the only deviation from rationality, her expectations h
36

A psychological explanation for why forecasts may be formed in such a way could e.g. be a
confirmation bias (Nickerson, 1998). See also the discussion at the end of Section 5.5.2. As mentioned
in the introduction, our focus does, however, not lie on explaining why certain biases arise. Instead,
we aim to come up with a higher-level model of expectation formation that is in line with individual
survey data.
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periods ahead about some variable x can be written as
Fi,t xt+h = λFi,t−1 xt+h + (1 − λ)Et xt+h .

(5.1)

where Fi,t denotes individual, possibly non-rational, expectations, and where Et is the
rational expectations operator. This is the first behavioral bias that we allow for and
will let the data speak to.

5.2.2

Forward-looking extrapolation

The second bias we consider is forward-looking extrapolation. This is a variation of
diagnostic expectations (Bordalo et al., 2018b). In both cases, individual expectations
contain a “kernel of truth” as they depend one-for-one on the associated rational expectations forecast. However, additionally, agents overreact to recent news. In the case
of diagnostic expectations, this news is taken to be the most recent rational expectations revision about the period being forecast. Landier et al. (2019) find, however,
that extrapolation of news about the current period better and more robustly fits their
experimental data.
The motivation for such a behavioral bias is that people may be particularly affected
by surprises and news that concern the current state of affairs. This explanation fits
well with the notion of “representativeness” of Kahneman and Tversky (1973) where
some new information that is regarded as representative is extrapolated when making
a prediction. That is, news about today may be viewed as more “representative”
about both current and future economic conditions than news that only concerns the
future. Thus, if forecasters are surprised by a higher realization of a variable today than
they were expecting before, they extrapolate this surprise also into the future. As a
consequence, forecasters then adjust their expectations about the future upward, more
than would be rational. Further evidence for this can be found in the randomized
control survey experiment of Coibion et al. (2019). In this study, when households
are presented with news about current interest rates, their expectations about future
interest rates are considerably more affected than when they are presented with news
about future interest rates.
When extrapolation is the only behavioral bias, expectations are given by
Fi,t xt+h = Et xt+h + γN ewst,t ,

(5.2)

where N ewst,t represents news arriving in period t that concerns realizations in period
t.
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If the current period would be fully observed, as it is in the experiment of Landier
et al. (2019), this news term would take the form
N ewst,t = xt − Et−1 xt .

(5.3)

In practice, however, current values are not fully observed at the time that forecasts are
made. To be consistent with the empirical data, we, therefore, do not assume actual
realizations in period t to be observable in period t in our model of expectations. Consequently, current news about the current period is equal to today’s rational nowcast
minus the previous rational forecast about today:
N ewst,t = Et xt − Et−1 xt .

(5.4)

Plugging this in into (5.2) gives
Fi,t xt+h = Et xt+h + γ(Et xt − Et−1 xt ).

5.2.3

(5.5)

Consensus forecast

The above two biases assume that forecasters, in principle, are able to build something
like fully rational expectations, but that they systematically deviate from the rational
forecast because of a behavioral bias.
Forming rational expectations, in a world were the true model and its parameterization are unknown and may vary over time is, however, not an easy task for an
individual forecaster. In particular, it may be infeasible for an individual forecaster
to try to combine all information on all relevant factors and variables in the economy
in a rational way. Instead of trying to construct a fully rational expectations forecast
all by herself, an individual forecaster may, therefore, also consider information on
expectations of other forecasters when forming her own forecasts.
A consensus forecast of a large group of (professional) forecasters can be seen as a
very valuable source of information for an individual forecaster. In particular, this is
an example of the well known “wisdom of the crowd” (Surowiecki, 2004; Davis-Stober
et al., 2014). As a consequence, we find that mean squared forecast errors of consensus
forecasts are considerably lower than those of individual forecasters.
In real-time, a typical forecaster has only very little information available about
what other forecasters are expecting and a general consensus forecast cannot be derived
from this. However, with a time lag, there are plenty of direct and indirect sources of
information that reflect a consensus forecast. For example, the consensus forecast of
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the survey of professional forecasters is published on the website of the Federal Reserve
Bank of Philadelphia each quarter. Further, numerous institutions frequently publish
their forecasts which also find their way into newspapers and blogs and, thus, to the
larger public.
When forecasters partly base their forecasts on a lagged consensus forecast, they
do not fully take into account all information that is available now but was not yet
available in the previous period. We find, however, that even a lagged consensus forecast
can still be seen as a useful piece of information for many forecasters. We will discuss
this in detail in Section 5.6. Moreover, Fuhrer (2018) finds evidence that forecasters
indeed base their forecasts significantly on a lagged consensus forecast. This holds for
the Survey of Professional Forecasters and the Livingston survey, as well as for the
Michigan survey of consumer expectations.
When forecasters only partially are able to form rational expectations themselves,
and for the other part base their expectations on a lagged consensus forecast, their
expectations become
Fi,t xt+h = (1 − δ)Et xt+h + δCt−1 xt+h ,

(5.6)

where Ct−1 is a lagged consensus forecast (e.g. the median of the expectations of all
expert forecasters).

5.2.4

Combining the three behavioral biases

Next, we will combine the three biases introduced above into a behavioral model of
expectation formation. Suppose that when agents form expectations, they are only
partially able to do this rationally by themselves. For the other part, they chose to
base their expectations on a lagged consensus forecast, as in (5.6). Suppose further
that they also have the stickiness bias of Section 5.2.1, so that they anchor their newly
formed expectations to their previously formed own expectations. Expectations would
then become
Fi,t xt+h = λFi,t−1 xt+h + (1 − λ) [(1 − δ)Et xt+h + δCt−1 xt+h ] .

(5.7)

Next, assume that forecasters also are subject to the forward-looking extrapolation
bias of Section 5.2.2. That is, agents base their expectations on (5.7) and then deviate
from this by extrapolating the most recent news. Replacing Et xt+h in (5.5) with the
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RHS of (5.7) gives our final model of behavioral expectations,
Fi,t xt+h =λFi,t−1 xt+h + (1 − λ) [(1 − δ)Et xt+h + δCt−1 xt+h ]
+ γ(Et xt − Et−1 xt ) + µi,t ,

(5.8)

where we have added an idiosyncratic white noise term, µi,t , to allow for additional
heterogeneity among forecasters.
Under this model of expectation formation, there can be both over-reaction and
under-reaction to news. The deciding factor, here, is whether the piece of news only
concerns the period that is being forecast (t + h) or that the news also considerably
impacts realizations in the current period (t). If the news is only relevant for period
t + h, then forecasters will under-react to it. This is because the news then only
shows up in the term Et xt+h , to which forecasters respond in a dampened manner with
coefficient (1 − λ)(1 − δ).
In general, however, one expects there to be a correlation between current news
about t+h (N ewst,t+h ) and current news about t (N ewst,t ). In that case, there can also
be over-reaction to news. This is because the news will now also affect Et xt − Et−1 xt (=
N ewst,t ). Forecasters will then, on the one hand, respond to the news in a dampened
manner, but at the same time over-react to the news with coefficient γ. This can result
in a net over-reaction to the news if N ewst,t is enough affected relative to N ewst,t+h .
Note, further, that even though expectations are no longer one-for-one based on
rational expectations, rational expectations still are a component of “base” expectations
(5.7). Therefore, (although a smaller one) the behavioral expectations in (5.8) still
contain a “kernel of truth”. Moreover, since we will estimate the parameters of our
model using survey data, we are not assuming that any of the above biases must be
present. Instead, we will let the data decide which bias is present and with what
magnitude. If it turns out that λ = γ = δ = 0, then (in the absence of idiosyncratic
noise) fully rational expectations are obtained in (5.8).

5.3

Empirical model and estimation method

Before we can confront the model of expectation formation derived in the previous
section with survey data, we need to rewrite it somewhat. This is because rational
expectations and the news term in Equation (5.8) are not directly observable.
As mentioned in Section 5.2.3, the consensus forecasts of the SPF are considerably
better than the individual forecasts. This indicated that, for our purposes, it might
be possible to approximate the news variable, Et xt − Et−1 xt , with the revision in the
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consensus forecast about the current period, Ct xt − Ct−1 xt . Here, Ct xt is the consensus
nowcast and Ct−1 xt the lagged consensus forecast about today.
Coibion and Gorodnichenko (2015) find, however, that for a longer forecasting
horizon, there is a systematic bias in the consensus forecast that is reflected in a
dependence of forecast errors on forecast revisions. We should, therefore, check whether
this is also the case for consensus nowcast revisions and possibly control for this when
approximating news.
In particular, modifying the steps of Coibion and Gorodnichenko (2015) to the case
of nowcasts, we have the following: whereas nowcast errors under rational expectations
are given by
xt − Et xt = εt,t ,
(5.9)
nowcast errors of the consensus might be given by
xt − Ct xt = ψ(Ct xt − Ct−1 xt ) + εt,t ,

(5.10)

for some value of ψ. Here, εt,t is the rational expectations nowcast error that reflects
information about period t that is not yet available when forecasts in period t are
made.
Combining (5.9) and (5.10), we can write
Et xt = Ct xt + ψ(Ct xt − Ct−1 xt ).

(5.11)

Taking the same equation in terms of expectations formed one period earlier and subtracting it from (5.11) gives, after rearranging,
N ewst,t = Et xt − Et−1 xt = (1 + ψ)(Ct xt − Ct−1 xt ) − ψ(Ct−1 xt − Ct−2 xt ).

(5.12)

That is, we obtain an expression for news in terms of the observable consensus forecasts
that is valid even when consensus revisions are inefficient.37
The estimation results of (5.10) are presented in Appendix 5.B. It turns out that
for inflation and nominal GDP the resulting estimated value of ψ is small and not statistically different from zero. For these variables, we therefore set ψ = 0 in (5.12) which
37

Note that we have implicitly assumed that the value of ψ obtained from the nowcast regression,
(5.10), is also valid for one-period-ahead forecasts. For inflation and nominal GDP, the estimates
of ψ in both the nowcast regressions and an analogue one-period-ahead forecast regression are not
statistically significantly different from zero. Here, it is, therefore, sensible to stick with ψ = 0.
For real GDP and unemployment, it cannot be rejected that the estimates in the one-period-ahead
forecast regressions are equal to values of ψ that are obtained from the respective nowcast regressions.
Therefore, we choose to stick with the estimates from the nowcast regressions for these two variables.
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then reduces to N ewst,t = Ct xt − Ct−1 xt . However, for real GDP and unemployment
we find statistically significant values of ψ so that N ewst,t depends on the current as
well as on the lagged nowcast revision for these two variables.
Next, we need to replace Et xt+h in Equation (5.8) with an observable. Taking the
consensus forecast about period t + h would not be a good enough approximation here.
However, similar to Clarida et al. (1998) and Galı and Gertler (1999) and others, we
can use the analog of (5.9) for h-period ahead rational expectations,
xt+h = Et xt+h + εt,t+h ,

(5.13)

where εt,t+h is the current rational expectations error regarding period t+h. Again, this
term reflects information about period t + h that is not yet available when forecasts
are made in period t. Moreover, to be as close as possible to the information set
of forecasters, we use the first vintage realizations of the actuals in t + h. When
considering actual realizations in this literature, using first vintages has become a
standard procedure (see Bordalo et al. (2018a) and Coibion and Gorodnichenko (2015)).
However, we also provide robustness in Appendix 5.C.1 where we use final vintages.
Further, a detailed description of our variables is given in Appendix 5.A.
Using (5.13) and (5.12), we can write (5.8) as
Fi,t xt+h =λFi,t−1 xt+h + (1 − λ) [(1 − δ)xt+h + δCt−1 xt+h ] + γN ewst,t
− (1 − λ)(1 − δ)εt,t+h + µi,t ,

(5.14)

which can be estimated with empirical data. Note that the rational expectations error
term εt,t+h is orthogonal to all information dated t and earlier by definition. Therefore,
this term does not correlate with the variables on the RHS of (5.14), except for the
term xt+h .
Hence, in the empirical formulation of (5.14),
Fi,t xt+h =β1 Fi,t−1 xt+h + β2 xt+h + β3 Ct−1 xt+h + β4 N ewst,t + ei,t ,

(5.15)

we follow the approach of Clarida et al. (1998) and Galı and Gertler (1999) and instrument for xt+h using a GMM estimation. As instruments we take four lags of actual
inflation, unemployment, the T-Bill rate and a measure of GDP.38 As these instruments
are in forecasters’ time-t information set, they are, by definition, not correlated with
38

In the estimations where x is inflation, unemployment or real GDP, we use real GDP as the
relevant GDP measure, whereas in the estimations where x is nominal GDP we use nominal GDP
instead.
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the current rational expectations error. Moreover, as all our actual variables are highly
persistent, these lagged terms explain xt+h well.39 Further, we allow for clustering
across individuals and time periods (two-way clustering) when calculating standard
errors and when calculating the GMM weighting matrix.40
Another specification of the model can be obtained by subtracting Fi,t−1 xt+h from
both sides of (5.14). We can then write
Fi,t xt+h − Fi,t−1 xt+h =(1 − λ) [(1 − δ)(xt+h − Fi,t−1 xt+h ) + δ(Ct−1 xt+h − Fi,t−1 xt+h )]
+ γN ewst,t − (1 − λ)(1 − δ)εt,t+h + µi,t .

(5.16)

Here, the revision in forecaster’s i forecast about period t + h depends on how the actual realization deviates from the individuals’ lagged forecast. This term indicates how
the forecast is revised (rationally) because of news about t + h in period t, which was
not yet available in period t − 1 (when the previous forecast was made). However, this
rational updating to news is only partial, and, for another part, the revision depends on
how the most recently observed consensus forecast deviates from the forecaster’s own
previous forecast. Forecasters, hence, partly update their forecasts towards the consensus. Stickiness causes adjustments to be even more partial (i.e. smaller revisions),
as can be seen from the scaling with 1 − λ. Finally, there still is the extrapolation
term, just as in (5.14), that leads to larger forecast revisions when there is positive
news about the current period.
The empirical version of (5.16) is
Fi,t xt+h − Fi,t−1 xt+h =a1 (xt+h − Fi,t−1 xt+h ) + a2 (Ct−1 xt+h − Fi,t−1 xt+h )
+ a3 N ewst,t + ei,t .

(5.17)

Analogue to (5.15), we estimate this equation using IV-GMM to instrument for (xt+h −
Fi,t−1 xt+h ). We adjust the above mentioned instruments accordingly by subtracting
Fi,t−1 xt+h from each of them.
39

The R2 in regressions of xt+h on the instruments always lie above 0.9.
Note that our empirical formulation does not contain an individual constant. The reason is that
there is, to the best of our knowledge, no evidence in the literature suggesting an individual timeinvariant bias. Therefore, our estimations do not involve first difference (FD) or fixed-effects (FE)
transformations of the data. Also, employing FD or FE would lead to serious practical problems here.
In particular, FE creates a dependence of the error term with the past, so that no valid instruments
would be available. Further, FD would introduce the last periods’ rational expectations error, which
is not orthogonal to period t information, and, thus, correlates with the news term. Hence, FD would
create an additional endogeneity problem.
40

115

CHAPTER 5. BIASES IN SURVEY EXPECTATIONS

5.4

Confronting the model with survey expectations

For our main results, we utilize expectations provided by the Survey of Professional
Forecasters (SPF). The SPF is a quarterly survey published first in the fourth quarter
of 1968 by the National Bureau of Economic Research and since 1990 published by the
Federal Reserve Bank of Philadelphia. Around 40 participants provide forecasts about
a variety of variables in the current and next four quarters.41 The survey is conducted
at the end of the second month in each given quarter. Hence, forecasters know the
realizations of quarterly data up to quarter t − 1 and for unemployment up to the
previous month. In our sample, forecasters stay in the survey for about 41 quarters on
average.
As can be seen in Table 5.1, we calculate expectations about inflation, growth rates
for nominal and real GDP, and the unemployment rate.42 As the consensus forecast, we
take the median forecast of all forecasters in the panel. Further, for actual realizations
of variables, we use the Real-Time Data Set for Macroeconomists of the Philadelphia
FED. A detailed description of our variable construction is given in Appendix 5.A.
Finally, we follow Angeletos et al. (2020) by trimming outliers where forecast revisions
lie more than 4 times the inter-quartile range from the median revision. Here, the interquartile range and median of revisions are calculated over the entire sample underlying
the respective regression.
Table 5.1: Expectation data based on SPF
Variable

Period

Inflation

1970:Q1 - 2019:Q3

Nominal GDP Growth Rate

1970:Q1 - 2019:Q3

Real GDP Growth Rate

1970:Q1 - 2019:Q3

Unemployment Rate

1970:Q1 - 2019:Q4

Note: The period covered for each variable may
slightly vary with the forecasting horizon.

Using this data, we fit both forecast revisions based on Equation (5.17) (in Section
5.4.1) and individual forecasts as in Equation (5.15) (in Section 5.4.2). Note that the
41

For some years, around the time where the Philadelphia FED took over, the SPF had exceptionally few respondents. However, this only amounts to roughly 170 observations of more than 5000.
Excluding these observations does not significantly affect our results.
42
We chose to calculate inflation expectations from expectations about the GDP price index as it
covers the same time period as the rest of our variables. Expectations about the CPI inflation rate
are available from 1981:Q3 only which we, therefore, do not consider.
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coefficients in equation (5.17) identify the underlying theoretical model parameters
exactly. This is equivalent to imposing a restriction on the estimation of Equation
(5.15), which we subsequently test.
We start with presenting the results for one-period-ahead forecasts (h = 1) and
show result for h = 2 and h = 3 in Section 5.4.3. For a forecasting horizon of h = 4, no
lagged individual forecasts about the same period are available, so we cannot perform
our estimations for that case.

5.4.1

Fitting forecasting revisions

In Table 5.2, we presents the results of the revisions regression, (5.17), for the SPF for
the four different macroeconomic variables introduced above for the case of h = 1.
Table 5.2: Regression of Equation (5.17) with h = 1 based on SPF
Dependent Var.: Fi,t xt+1 − Fi,t−1 xt+1
Inflation

Nominal GDP

Real GDP

Unemp. Rate

0.095***

0.155***

0.235***

0.184***

(0.024)

(0.054)

(0.055)

(0.060)

0.453***

0.417***

0.311***

0.407***

(0.035)

(0.056)

(0.060)

(0.059)

0.908***

0.840***

0.630***

0.634****

(0.045)

(0.073)

(0.076)

(0.086)

R2

0.66

0.70

0.66

0.70

n

5581

5613

5682

5850

xt+1 − Fi,t−1 xt+1

Ct−1 xt+1 − Fi,t−1 xt+1

N ewst,t

Note: *** p<0.01, ** p<0.05, * p<0.1. Estimates are rounded to the third digit after the
comma.

In the table, we see that all included regressors significantly influence the individual
revisions. Not surprisingly, and in line with earlier literature, this shows that the
rational expectations hypothesis, i.e. in our case λ = γ = δ = 0, is clearly rejected.
Further, these results substantiate our proposed alternative: SPF forecasters indeed
anchor their forecasts to their previous own forecast, extrapolate news about the current
period into the future and make use of the lagged consensus forecast when forming their
own expectations.
117

CHAPTER 5. BIASES IN SURVEY EXPECTATIONS
Next, we want to obtain estimates of λ, δ and γ. By comparing Equation (5.17)
2
and γ = a3 . For each variable,
with (5.14) it follows that λ = 1 − a1 − a2 , δ = a1a+a
2
an estimate of λ, δ and γ can so be obtained. We find estimates of stickiness (λ)
lying between 0.41 and 0.45. The estimates of the extent to which individuals are not
able to form their own rational expectations but instead use the most recent consensus
forecast (δ) vary from 0.57 to 0.83. Finally, the estimated extrapolation parameter (γ)
lies between 0.63 and 0.91. More detailed results are presented in Table 5.4 which will
be discussed in Section 5.4.3.

5.4.2

Performing a test

Next, we turn to the regression based on Equation (5.15). This specification is overidentified, as, according to our theoretical model, β1 + β2 + β3 = λ + (1 − λ)δ + (1 −
λ)(1 − δ) = 1. Hence, this specification provides a good opportunity to test the validity
of the restriction that our model of expectation formation implies. When the sum of
these three coefficients in this regression is close to 1, this indicates that expectation
formation in the data is, at least to some extent, in line with our model.
The estimation results are presented in Table 5.3. Also, the sums of these three
coefficients, β1 + β2 + β3 , are shown at the bottom of the table. Interestingly, these
sums are surprisingly close to 1 across all variables and range from 0.997 to 1.007.
Further, to conduct a formal test, we use a Wald test to test whether β1 +β2 +β3 = 1
can be rejected. As can be seen there, this restriction cannot be rejected by the data
at the 5% significance level for inflation, Nominal GDP and real GDP. Given the large
amount of observations (over 5500 for these three variables), this is a strong indication
that the restriction seems to have some validity, and that our model captures some
important features of the data.43
In the case of unemployment, the Wald test does reject the restriction that β1 +β2 +
β3 = 1. Still, the sum of the three coefficients is quite close to 1 here (1.007). Therefore,
the rejection reflects even smaller standard errors rather than a clear economically
significant misspecification of the model.
It can further be seen in Table 5.3 that the estimated values of β2 , β3 and β4 are
close to the estimates of α1 , α2 and α3 in Table 5.2. This is further indication that
the theoretical model is not rejected by the data, as these coefficients are equal to
respectively (1 − λ)(1 − δ), (1 − λ)δ and γ in both Equation (5.14) and Equation (5.16).
43

Using a (robust) F-Test for the validity of the restriction gives identical results, which is not
surprising given a large number of observations and the asymptotic equivalence with the (robust)
Wald-test in this case.
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Table 5.3: Regression of Equation (5.17) with h = 1 based on SPF
Dependent Var.: Fi,t xt+1

β1 (Fi,t−1 xt+1 )

β2 (xt+1 )

β3 (Ct−1 xt+1 )

β4 (N ewst,t )

Inflation

Nominal GDP

Real GDP

Unemp. Rate

0.444***

0.427***

0.458***

0.414***

(0.027)

(0.019)

(0.019)

(0.012)

0.111***

0.162***

0.226***

0.270***

(0.022)

(0.042)

(0.051)

(0.057)

0.447***

0.408***

0.323***

0.323****

(0.036)

(0.045)

(0.057)

(0.056)

0.878***

0.831***

0.637***

0.535****

(0.040)

(0.062)

(0.074)

(0.083)

Wald-Test on restriction β1 + β2 + β3 = 1
β1 + β2 + β3 =

1.002

0.997

1.007

1.007

p-value

0.505

0.227

0.142

0.000

R2

0.991

0.992

0.975

0.999

n

5581

5613

5682

5850

Note: *** p<0.01, ** p<0.05, * p<0.1. Estimates are rounded to the third digit after the
comma. The R2 are extremely high because Fi,t−1 xt+1 explains a very large portion of
Fi,t xt+1 . This is because period-to-period changes in expectations about a particular period
are much smaller than period-to-period changes in the variable being forecast. Hence, the
high R2 are here not an indication of spurious correlations. This is confirmed by the fact that
the estimates of β1 , β2 and β3 are very close to the estimates of the revision regression in
Table 5.2. Moreover, the results even become equivalent when we estimate an ’over-identified’
version of the revision regression by adding the lagged individual forecast as an additional
regressor.

5.4.3

Forecasting horizon

Now, we consider results for different forecasting horizons. That is, we first estimate
Equation (5.17) for h = 2 and for h = 3. The estimation results can be found in Tables
5.15 and 5.16, respectively, in Appendix 5.D.
From the estimated coefficients, which are all statistically significant at the 1%-level,
we again calculate estimates of the parameters λ, δ and γ, as described in Section 5.4.1.
These are presented in Table 5.4 for the three different forecasting horizons.
In Table 5.4, it can be seen that the results for h = 2 and h = 3 are qualitatively in
line with those discussed in Section 5.4.1. However, there are quantitative differences
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Table 5.4: Estimates of behavioral parameters for different forecasting horizons.
SPF

λ

δ

γ

h=1

h=2

h=3

h=1

h=2

h=3

h=1

h=2

h=3

Inflation

0.45

0.52

0.76

0.83

0.71

0.29

0.91

0.76

0.22

NGDP

0.43

0.54

0.72

0.73

0.40

0.23

0.84

0.73

0.31

RGDP

0.45

0.58

0.74

0.57

0.36

0.49

0.63

0.54

0.18

Unemployment

0.41

0.54

0.60

0.69

0.56

0.69

0.63

0.56

0.64

Average

0.44

0.55

0.71

0.71

0.51

0.43

0.75

0.65

0.34

in the estimates of λ, δ and γ. In fact, there seems to be a clear pattern, where the
estimates of λ become higher the larger the forecasting horizon, and the estimates
of γ become lower the larger the forecasting horizon. The latter, however, with the
exception of unemployment. Although, individual estimates of δ fluctuate considerably,
there does not seem to be a clear pattern that holds for all variables there.
It is intuitive that boundedly rational extrapolation of current news into future
periods becomes weaker the further these periods lie in the future. That is, a forecaster
may be considerably biased in her one-quarter-ahead forecast when she is surprised by
a shock or news in the current period, but her three-quarter-ahead forecast may be
considerably less distorted by what is currently happening in the economy. A lower
value of the extrapolation parameter γ for larger forecasting horizons is, therefore,
understandable.
The finding that expectations become more sticky (λ higher) as the forecasting
horizons increases might be explained by a corresponding increase in forecasting uncertainty. In particular, there may be less (accurate) new information available about
periods that lie further in the future than about periods that lie less far in the future.
Forecasters have, therefore, less reason to revise their three-period-ahead forecast than
they have to revise their forecast about the next quarter. As a consequence, they may
respond to this by updating even less than would be rational and have a higher stickiness parameter for larger forecasting horizons. We obtain estimates of λ that range
from 0.41 and 0.76 across variables and horizons. The literature on stickiness and
expectation smoothing finds values between 0.16 and 0.65 across different measures,
forecasting horizons and data sources (Fuhrer, 2018; Ma et al., 2018; Bouchaud et al.,
2019; Landier et al., 2019).
These results are qualitatively robust to using final vintages instead of first vintages
for actual realizations in Equation (5.17), as well as to limiting the sample to post-1984
(i.e. where the Great Moderation started) or to the Great Moderation period (1984120
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2006). This is shown in, respectively, Appendix 5.C.1 and Appendix 5.C.2. However,
individual estimates do quantitatively differ. Generally, the estimates of λ tend to be
a little bit lower in the more stable time-subsamples, whereas the estimates of γ tend
to be somewhat larger when final vintages are used.
Additionally, we run the unrestricted regression in Equation (5.15) for h = 2 and
h = 3. We present the sum of the estimated coefficients β1 , β2 and β3 as well as
the p-values of the Wald test on the restriction β1 + β2 + β3 = 1 in Table 5.5. For
comparison, we also summarize the results for h = 1 here again.
Table 5.5: Wald-Test on restriction β1 + β2 + β3 = 1
Inflation

Nominal GDP

Real GDP

Unemp. Rate

h=1 (SPF)
β1 + β2 + β3 =

1.002

0.997

1.007

1.007

p-value

0.505

0.227

0.142

0.000

h=2 (SPF)
β1 + β2 + β3 =

0.992

0.990

0.993

1.008

p-value

0.028

0.025

0.329

0.000

h=3 (SPF)
β1 + β2 + β3 =

1.001

0.993

0.989

1.008

p-value

0.851

0.134

0.133

0.000

Note: Robust Wald-Test on the restriction β1 + β2 + β3 = 1 in equation (5.15) for
h = 1, 2, 3 (SPF). Test statistics are based on two-way clustered standard errors.
Values are rounded to the third digit after the comma.

The results for h = 2 and h = 3 are generally in line with those of h = 1. The
sums of coefficients are again close to 1, also for unemployment where the Wald test
rejects an exact equality to 1. It can be seen in Table 5.5, though, that, for h = 2, the
restriction β1 + β2 + β3 = 1 is rejected at the 5%-level for inflation and nominal GDP
(but not at the 1%-level). However, also here, the sums are quite close to 1.

5.5

Extensions

Below, we consider several extensions of the main estimations of the previous section.
These help to provide more intuition and robustness. In Section 5.5.1, we study how
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we can interpret forecasters using the past consensus. In particular, we investigate
whether this finding is limited to forecasters considering the consensus of the survey
that they are participating in, or that, instead, our results indicate that forecasters
may use a more general consensus in the economy. That is, we consider whether the
consensus that forecasters base their expectations on might also have been obtained
from other sources such as a different survey. Subsequently, we study the robustness of
our results by using data of individual forecasts from the Livingston survey in Section
5.5.2. Finally, in Section 5.5.3, we consider an extension of the model of expectation
formation where forecasts are also partly based on lagged observations of the variables
being forecast (learning).

5.5.1

Consensus forecast from Livingston survey

In Section 5.4, it was assumed that the lagged consensus forecasts that the SPF forecasters base their expectations on is the median of the lagged individual forecasts of
the SPF. It is, therefore, not clear whether the result that forecasters use this lagged
median forecast should be interpreted as participants of the survey checking the latest
publications of the survey that they are participating in, or that it can be interpreted
more broadly. In this section, we investigate whether similar results would be obtained
if the lagged consensus forecast is not obtained from the same survey that forecasters
are participating in.
In particular, we perform similar estimations as in Section 5.4, but we let the lagged
consensus forecast about the period being forecast, Ct−1 xt+h , no longer be equal to the
lagged median forecast of the SPF. Instead, we set it equal to the median forecast of
a different survey: the Livingston survey.
The Livingston survey was launched in June 1946 and is today published by the
Federal Reserve Bank of Philadelphia twice a year. Forecasts relevant to this paper are
made in June and December. Thus, only forecasts made in Q2 and in Q4 are available.
This means we can only use the Livingston consensus as a lagged consensus forecast in
the SPF estimations if we restrict ourselves to SPF individual forecasts made in Q1 and
Q3. Moreover, forecasters in the Livingston survey are only asked to make predictions
about two quarters and four quarters ahead. We can, hence, use the two-quarter-ahead
consensus estimate in the SPF regression of h = 1 and the four-quarter-ahead consensus
forecast for the SPF regression of h = 3 (since a lagged forecast in the regression must
always have a horizon that is one period longer than the current individual forecast).
For the h = 2 regressions, on the other hand, no suitable lagged consensus forecast is
available from the Livingston survey.
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A further restriction of data availability is that nowcasts are only reported from
1992 onward in the Livingston survey. For the two quarter ahead forecasts used in
the h = 1 regression this is of no concern. However, for the h = 3 regressions we
need to limit the sample to start in 1992, since no meaningful yearly growth rates can
be calculated from a four-quarter-ahead index forecast without having a nowcast (see
Appendix 5.A for further details on how we calculate growth rates). Finally, we focus
on nominal GDP, real GDP and unemployment only, as forecasts about the GDP price
index are not available.
To see directly the effect of replacing the lagged consensus forecast of the SPF with
the lagged consensus forecast of the Livingston survey, we first re-estimate the SPF
model under the same restrictions on the sample. That is, we throw out all observations
with forecasts made in Q2 and Q4 and additionally limit the sample to post-1992 for
h = 3. Next, we replace the consensus forecast with that of the Livingston survey and
estimate the model with exactly the same samples.
We then calculate the values of λ, δ and γ that are implied by these estimations. In
Tables 5.6 and 5.7 we present the results, comparing the estimates of the SPF consensus
specification with the estimates of the Livingston consensus specification. Table 5.6
corresponds to the case of h = 1, whereas Table 5.7 corresponds to the case of h = 3.
In the tables, it can immediately be seen that the estimates of δ for the Livingston
consensus specification are still quite large, ranging from 0.41 to 0.96. If anything,
these estimates are larger than in the corresponding SPF specification, and, in most
cases, both estimates lie quite close to each other. This implies that replacing the
SPF lagged consensus forecast with the lagged consensus forecast from the Livingston
survey does not overturn the result that individual SPF forecasters, for a considerable
part, use a lagged consensus rather than their own rational expectations.
Moreover, when making pairwise comparisons of the λ and γ estimates in case of
SPF consensus and Livingston consensus for h = 1, it can be seen in Table 5.6 that the
estimates of λ are very close to each other, but that the estimates of γ are somewhat
more affected. However, qualitatively this does not change much. Finally, Table 5.7
shows that, for h = 3, the estimates of both λ and δ are robust to the choice of
consensus forecast.
All in all, it can, hence, be concluded that our estimation is quite robust to replacing
the SPF consensus with the Livingston consensus. This is a clear indication that
forecasters in the SPF are not responding to the lagged consensus from their own
survey per se, but rather to a more general consensus among economic experts across
the whole economy. Individual forecasters can obtain this general consensus from the
lagged consensus of the SPF, but they might just as well obtain it from other sources.
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Table 5.6: Estimates of behavioral parameters for different lagged consensus forecasts for
h=1.
h=1

λ

δ

γ

(Q1 & Q3)

SPF cons.

Liv. cons.

SPF cons.

Liv. cons.

SPF cons.

Liv. cons.

NGDP

0.46

0.47

0.70

0.74

0.89

0.83

RGDP

0.46

0.46

0.58

0.54

0.75

0.70

Unemployment

0.41

0.44

0.61

0.96

0.53

0.70

Average

0.44

0.46

0.63

0.75

0.72

0.74

Table 5.7: Estimates of behavioral parameters for different lagged consensus forecasts for
h=3.
h=3

λ

δ

γ

(Q1 & Q3)

SPF cons.

Liv. cons.

SPF cons.

Liv. cons.

SPF cons.

Liv. cons.

NGDP

0.69

0.68

0.80

0.81

0.61

0.57

RGDP

0.75

0.74

0.40

0.41

0.32

0.32

Unemployment

0.59

0.61

0.68

0.76

0.59

0.63

Average

0.68

0.68

0.63

0.66

0.51

0.51

5.5.2

Forecasts from Livingston survey

To further study the robustness of the results of Section 5.4, we next perform our
estimations for the individual forecasts of the Livingston survey. As mentioned in
the previous section, the survey is semi-annual, so that we only have observations
of forecasts made in the second and fourth quarter. This also implies that the most
recent lagged individual forecast was made two quarters ago rather than in the previous
quarter. Equation (5.17), hence, becomes
Fi,t xt+h − Fi,t−2 xt+h =a1 (xt+h − Fi,t−2 xt+h ) + a2 (Ct−1 xt+h − Fi,t−2 xt+h )

(5.18)

+ a3 N ewst,t + ei,t .
As we have shown in the previous section, the estimations are quite robust to whether
we use the lagged consensus forecast of the SPF or of the Livingston survey. We,
therefore, use the SPF lagged consensus in the above estimation equation, rather than
the 2-quarter lagged consensus of the Livingston survey.44 We also still proxy news
with the SPF consensus revision rather than a Livingston consensus revisions, since
44

The later would bias the estimation because the consensus forecast in the estimation would then
not be the most recent consensus forecast available to individual forecasters.
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the latter would be a revision over two quarters and would, hence, include old news in
addition to current news.
Data for (5.18) are in the Livingston survey only available for h=2 and only from
1992 onward.45 In order to be able to make a fair comparison between estimations
based on individual forecasts of the Livingston survey with those based on individual
forecasts of the SPF, we, therefore, first estimate (5.17) with SPF individual data for a
similar sample. That is, we keep only observations form the second and fourth quarter
and limit the sample to post-1992. Again, we focus on nominal GDP, real GDP and
the unemployment rate, as forecasts about the GDP price index are not available.
Table 5.8: Estimates of behavioral parameters for individual expectations
in SPF and Livingston survey.
h=2

λ

δ

γ

(Q2 & Q4)

SPF

Livingston

SPF

Livingston

SPF

Livingston

NGDP

0.50

0.32

0.47

0.50

0.70

0.69

RGDP

0.53

0.31

0.54

0.75

0.58

0.74

Unemployment

0.52

0.31

0.67

0.83

0.69

0.79

Average

0.52

0.31

0.56

0.69

0.66

0.74

In Table 5.8, we compare the resulting estimates of λ, δ, and γ. Here, it can be seen
that the estimates of δ and γ, if anything, are even somewhat larger in the Livingston
survey than in the SPF. That is, also in the Livingston survey, forecasters considerably
use the lagged consensus forecast and extrapolate current news.
If we turn to the estimates of λ, a different picture arises. For all three variables,
the extent to which forecasters in the Livingston survey anchor to their own lagged
forecast seems to be around 40% smaller than for the SPF forecasters. A reasonable
explanation for this could lie in the fact that participants in the Livingston survey made
their previous forecast two quarters ago rather than one quarter ago. This, first of all,
makes their previous forecasts more outdated and less relevant, and forecasters may
realize this. Secondly, if stickiness in expectations is partly caused by a confirmation
bias (Nickerson, 1998), then this bias is likely to be weaker when the previous forecast
was formed a longer time ago. This is because a forecaster may be more inclined
to defend, and stick with, a previously formed opinion or forecast (i.e., may have a
stronger confirmation bias) if she formed this opinion/forecast in the more recent past.
45

To be able to compute the lagged expected yearly growth rate for h = 2 implied by the level
forecast of GDP, we need individual nowcasts. See also Appendix 5.A. These nowcasts are available
from 1992 only.
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Along these lines, Zhu et al. (2012) find, for example, that subjects in their laboratory
experiment were more likely the revise their opinion in response to new information
when more time had past between the moment of the possible revision and the moment
that the original opinion was formed.

5.5.3

An alternative deviation from rationality

As a final extension, we consider adding an additional bias to our model of expectation
formation. In addition to stickiness, extrapolation and the dependence of expectations
on lagged consensus forecasts, one could imagine that forecasters also partly base their
expectations on the most recent observation of the variable being forecast.
Such behavior in expectation formation is found in laboratory experiments in
macroeconomic settings by, e.g., Pfajfar and Žakelj (2018) and Assenza et al. (2019).
Moreover, when forecasters were using adaptive learning as in Evans and Honkapohja
(2012), one would also expect to find that forecasts depend on, a.o., the lag of the
variable being forecast.46
Furthermore, these different kinds of ‘backward-looking’ expectation formation processes can make expectations more persistent. Therefore, macroeconomic models that
include some form of backward-looking expectation formation can improve the fit to
the data compared to a specification with fully rational expectation (Branch, 2004;
Milani, 2007; Slobodyan and Wouters, 2012; Cornea-Madeira et al., 2019). Based on
these findings, it might be the case that basing forecasts on lagged observations is also
an important deviation from full rationality that can explain forecasting behavior in
survey data.
We, therefore, could consider a possible extension of the model, where forecasters
may also partly base their forecast on the most recent observation of the variable that
is being forecast. Modeling this in a similar way as the use of the lagged consensus
forecast, (5.16) would become

Fi,t xt+h − Fi,t−1 xt+h = (1 − λ) (1 − δ1 − δ2 )(xt+h − Fi,t−1 xt+h ) + δ1 (Ct−1 xt+h − Fi,t−1 xt+h )

+ δ2 (xt−1 − Fi,t−1 xt+h ) + γN ewst,t
(5.19)
− (1 − λ)(1 − δ)εt,t+h + µi,t ,
where we now denote the original δ as δ1 , and where δ2 is the extent to which fore46

Additionally, forecasts might then also depend on observations further in the past than the most
recent lag and on lags of other variables. We have also checked for this. When adding other lags to our
regressions, estimated coefficients on these lags are always very small and in most cases statistically
insignificant.
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5.5. Extensions
casters form their forecast based on the most recent observation of the variable that
is being forecast. If forecasters base their decisions on this variable in addition to the
components of our proposed model of expectation formation, this should be reflected
in the coefficient on the additional regressor, a4 , in the following extension of (5.17):
Fi,t xt+h − Fi,t−1 xt+h =a1 (xt+h − Fi,t−1 xt+h ) + a2 (Ct−1 xt+h − Fi,t−1 xt+h )
+ a3 N ewst,t + a4 (xt−1 − Fi,t−1 xt+h ) + ei,t .

(5.20)

Table 5.9: Estimates of a4 (the coefficient on xt−1 − Fi,t−1 xt+h ) in (5.20) for different
forecasting horizons.
h=1

h=2

h=3

Inflation

0.011 (0.508)

-0.016 (0.364)

0.011 (0.617)

NGDP

0.007 (0.501)

0.002 (0.905)

0.016 (0.251)

RGDP

0.020 (0.174)

0.028 (0.112)

0.014 (0.312)

Unemployment

-0.019 (0.597)

0.050 (0.229)

0.066 (0.032)

Note: P-values are in brackets.

In Table 5.9 we present the estimates of a4 , together with the corresponding P-value
in brackets. From the latter, it can be seen that for 11 of the 12 cases, the estimated
coefficient is not statistically significant at the 5%-level (or even at the 10%-level).
Moreover, the point estimates of a4 are always small in size and even take on negative
values in two cases. This confirms the findings of Fuhrer (2018) that stickiness in
expectations (or expectations smoothing) can better explain the persistence found in
survey expectations than backward-looking adaptive expectations or adaptive learning.
Landier et al. (2019) draw similar conclusions from the expectations data of their
laboratory experiment. Based on the above exercise, we see no convincing reason to
extend our baseline model of expectation formation with an additional (backwardlooking) bias.
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5.6

Discussion: the (ir)rationality of using the lagged
consensus forecast

In the previous sections, we found that individual forecasters, to a large extent, are not
able to build their own rational expectations and, instead, partly base their forecasts
on the lagged consensus forecast. This raises the question of how useful the lagged
consensus forecast is as a source of information for individual forecasters.
Of course, the lagged consensus forecast might contain some important new information that agents should rationally take into account. Given that not all agents in
the economy have rational expectations, expectations of other economic participants
are an important determinant of what will happen to economic variables.
However, this does not explain the positive (and relatively large) values of δ that
we have found in our estimations. If an individual forecaster was building rational
expectations based on all information, including the lagged consensus, then her value
of δ would be zero. After all, the rational expectation forecast efficiently incorporates
all information, including the lagged consensus forecast and the lagged consensus would
not show up as an additional determinant of the individual forecast. A positive value
of δ, hence, means that instead of forming rational expectations, a forecaster is partly
basing her forecast on what the most recent consensus forecast is.
To get some insight into the extent to which this is a reasonable thing to do,
we compare mean squared forecast error (MSFE) of the individual forecasters in the
surveys with the corresponding MSFE of the lagged consensus forecast. Thus, for each
individual i we take the MSFE, Mean(Fi,t xt+h − xt+h )2 , over all periods (t) for which
she was in the panel. We then compare this with the MFSE of the lagged consensus
forecast, Mean(Ct−1 xt+h − xt+h )2 , about the same periods. This gives an indication of
how well the individual performed relative to the lagged consensus forecast.
In particular, when the MSFE of the individual is larger than that of the lagged
consensus forecast, then the individual was outperformed by the lagged consensus. In
the top rows of the different panels of Table 5.10 we summarize, for different forecasting
horizons, for how many forecasters in the sample this was the case.
By looking at the table as a whole, it immediately stands out that the percentage of
individuals that was outperformed by the lagged consensus forecast lies between 18%
and 50%. This is strikingly high, as the individuals can observe this lagged consensus
forecast when making their forecast. Hence, they obviously have the opportunity to use
this forecast when making their own forecast. Moreover, in the previous sections, we
found evidence that they indeed, for a considerable part, do base their forecasts on the
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Table 5.10: Percentage of forecasters outperformed by lagged consensus forecast
Infl.

Nom. GDP

Real GDP

Unemp.

h=1 (SPF)
Outperformed by Ct−1 xt+h

30%

29%

29%

21%

Mean (Fi,t xt+h − xt+h )

0.6

1.4

1.29

0.18

2

h=2 (SPF)
Outperformed by Ct−1 xt+h

34%

37%

30%

25%

Mean (Fi,t xt+h − xt+h )

1.23

2.70

2.58

0.39

2

h=3 (SPF)
Outperformed by Ct−1 xt+h

44%

50%0

43%0

33%

Mean (Fi,t xt+h − xt+h )

2.11

4.4

4.2

0.68

2

h=2 (LIV)
Outperformed by Ct−1 xt+h

50%

35%

18%

Mean (Fi,t xt+h − xt+h )

1.76

1.18

0.38

2

Note: A 0 indicates that individual forecasts are on average (across individuals and
time) outperformed by the lagged consensus forecast.

past consensus forecast. However, many forecasters are apparently still outperformed
by this forecast.
The strong performance of the lagged consensus forecast relative to individual forecasts first of all confirms that using the consensus forecast as an alternative to rational
expectations is a good choice for an individual that is not able to fully build a rational
expectations forecast all by herself. The cognitive bias of Section 5.2.3 should, therefore, really be interpreted in this way, and not as irrational overweighting of the past
consensus forecast.
This becomes even more clear when we consider the following. For many individuals, the lagged consensus forecast has a better forecasting performance than the
individual forecasts that are made one period later. If such an “outperformed” forecaster would have decided to abandon all attempts to build her own forecast and instead
always blindly submitted the observed past consensus forecast (for example from the
SPF website), then her forecasting performance would on average have been better!
Considering the top three panels of Table 5.10 in some more detail, it can be seen
that the larger the forecasting horizon, the more individuals of the SPF would have
been better off by always blindly copying the lagged consensus forecast. This indicates
that the more difficult the forecasting task, the larger individual errors might become
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and the worse the performance of individuals relative to the lagged consensus forecast.
The bottom rows of the first three panels confirm that the MSFE across individuals
and time periods indeed increases considerably as the forecasting horizon increases.
This holds for all variables. While the MSFE of the consensus forecast also increases
as the horizons increases, it does so to a lesser extent, so that more individuals are
outperformed by the lagged consensus forecast for larger forecasting horizons.
Moreover, for nominal GDP and real GDP, for a forecasting horizon of three periods
(marked with a 0 ), we even find that, when we compare the MSFE of all individuals and
all time periods with the MSFE of the corresponding lagged consensus forecasts, the
individual forecasts are, on average, outperformed by the lagged consensus forecasts.
Finally, turn to the bottom panel of Table 5.10 that displays the results for the
Livingston survey for a forecasting horizon of h = 2. The MSFE in the Livingston
survey (bottom row) are smaller than those of the SPF (bottom row of the second
panel). This is because the sample starts in 1992 where all variables were generally
more stable and better forecastable. However, even in these more stable times, even
more forecasters of the Livingston survey would have been better off by always copying
the lagged (SPF) consensus nominal and real GDP forecasts than the forecasters in
the SPF for the same forecasting horizon.

5.7

Conclusion

We have constructed a theoretical model of expectation formation and confronted it
with survey expectations. We consider forecasting data of four important macroeconomics variables: inflation, nominal GDP, real GDP and the unemployment rate. We
confirm that forecasters in the Survey of Professional Forecasters and the Livingston
survey have stickiness in their expectations in the sense that their forecasts are biased
toward their own past forecast. Moreover, we find that forecasters overly extrapolate
news (surprises) about the current period into the future, which further biases their
forecasts.
Also, we find that forecasters are not able to come up with their own rational
forecasts but, instead, partly rely on the most recent consensus forecast about the
period that they are forecasting. They can observe this consensus of economic experts
from the website of their survey, but could also get it from other sources. In particular,
we have shown that they are not basing their forecast on the survey that they are
participating in per se, but that the past consensus forecast rather is a more general
public signal that can also be obtained from, e.g., a different survey.
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5.7. Conclusion
According to our proposed model of expectation formation, the sum of the coefficients in front of an individual’s lagged own forecast, the lagged consensus forecast
and the lagged realization of the variable being forecast should be equal to 1. When
we estimate an over-identified specification of our model, the sum of these coefficients
always lies very close to 1. Moreover, the null hypothesis that the sum is equal to 1
can, in most cases, not be rejected. This gives support to the validity of the proposed
model.
We also obtained estimates of the behavioral parameters in our model with a revision regression that is not over-identified. For the SPF, we find stickiness estimates between 0.41 and 0.76, depending on the forecasting horizon. Larger forecasting horizons
seem to imply more stickiness in expectations. Meanwhile, estimates of the extrapolation parameter of current news lie between 0.18 and 0.91, with larger forecasting
horizons implying smaller estimates for most variables.
Regarding the lagged consensus forecast, we find that forecasters put weights between 0.23 and 0.83 on the most recently observed consensus forecast rather than on a
rational expectations forecast that they would have to build themselves. It, therefore,
seems that individual forecasters have a hard time processing all available information
and news and building a rational expectations forecast. We find, however, that using
the lagged consensus forecast to form expectations then is a reasonable thing to do.
In fact, depending on the forecasting horizon and the variable being forecast, up to
50% of the forecasters in the survey would have been better of in terms of forecasting
performance if they would have abandoned all attempts to build their own forecast
and instead blindly submitted the most recently observed consensus forecast in every
period.
In the individual forecasts of the Livingston survey, all three baises are also present.
However, the estimates of the stickiness parameter lie here between 0.30 and 0.32 which
is considerably smaller than the stickiness found in the SPF for the same forecasting
horizon. This can be explained by the fact that the survey is semi-annual so that the
previous forecast that a forecaster made was half a year ago rather than one quarter ago.
This could make this previous forecast more outdated and could reduce the magnitude
of a confirmation bias.
Finally, we find that lagged realizations of variables being forecast have little to no
explanatory power and are often statistically insignificant when added to our model.
This indicates that the biases in our proposed model can better explain individual
survey expectations than alternative, backward-looking biases.
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Appendix 5.A

Variable Construction

For the price deflator, nominal GDP and real GDP, the data is about levels (indexes),
and we turn these into growth rates. To construct yearly growth rates of actual realizations, we take the first vintages of the level and divide it by the corresponding lag (four
quarters earlier) of the same vintage. For individual forecasts, we divide the forecast
by the actual realization four quarters before the period that is being forecast. Here,
we use the most up-to-date vintage at the time the forecast was made, to be as close
as possible to the information sets of forecasters. For four-quarter-ahead forecasts, the
actual realization of the corresponding lag is not available yet at the time the forecast
was made. For that case, we divide the individual’s forecast by her nowcast. Below,
we give detailed formulas for all cases.

5.A.1

SPF

• Constructing growth rates x for y ∈ {Price Deflator, Nominal GDP, Real GDP},
where ya|b denotes vintage b data about the period a realization of y.
– actual realizations in t + h for h = −1, 1, 2, 3: xt+h =
– individual forecast in t for h = 1, 2, 3: Fi,t xt+h =

Fi,t yt+h
yt+h−4|t

– individual forecast in t − 1 for h = 1, 2: Fi,t−1 xt+h =
– individual forecast in t − 1 for h = 3: Fi,t−1 xt+3 =

– consensus nowcast: Ct xt =

C t yt
yt−4|t

−1

−1

Fi,t−1 yt+h
yt+h−4|t−1

Fi,t−1 yt+3
Fi,t−1 yt−1

– consensus forecast in t − 1 for h = 1, 2: Ct−1 xt+h =
– consensus forecast in t − 1 for h = 3: Ct−1 xt+3 =

yt+h|t+h+1
yt+h−4|t+h+1

−1

Ct−1 yt+h
yt+h−4|t−1

Ct−1 yt+3
Ct−1 yt−1

−1

−1

−1

−1

– consensus forecast in t − 1 about t: Ct−1 xt =

Ct−1 yt
yt−4|t−1

−1

– consensus forecast in t − 2 about t (used for Real GDP only): Ct−2 xt =
Ct−2 yt
−1
yt−4|t−2
• Unemployment
– actuals in t + h for h = −1, 1, 2, 3: xt+h|t+h+1
– for h = 1, 2, 3: Fi,t xt+h , Fi,t−1 xt+h , Ct−1 xt+h
– consensus nowcast and forecasts about t: Ct xt , Ct−1 xt , Ct−2 xt
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5.A.2

Livingston

• Constructing growth rates x for y ∈ {Nominal GDP, Real GDP}
– actuals: xt+2 =

yt+2|t+3
yt−2|t+3

−1

– individual forecast in t: Fi,t xt+2 =

Fi,t yt+2
yt−2|t

– individual forecast in t − 2: Fi,t−2 xt+2 =

−1
Fi,t−2 yt+2
Fi,t−2 yt−2

−1

– consensus forecasts in t−1 used in regressions with individual SPF forecasts:
LIV y
C LIV yt+1
Ct−1
t+3
LIV
LIV
Ct−1
xt+1 = yt−1
−
1,
C
x
=
−1
t+3
LIV
t−1
C
yt−1
t−3|t−1
t−1

• Unemployment
– actuals: xt+2|t+3
– individual forecasts: Fi,t xt+2 , Fi,t−1 xt+2
LIV
– consensus forecasts used in regressions with individual SPF forecasts: Ct−1
xt+1 ,
LIV
Ct−1 xt+3

Appendix 5.B

News and Consensus Nowcast Regressions

In order to approximate N ewst,t , we estimate (5.10), the results of which are given in
Table 5.11. For inflation and nominal GDP, the estimation shows that the consensus
nowcast is unbiased. For real GDP and unemployment there is a bias. The magnitude
of this bias is, however, relatively small compared to the estimates of Coibion and
Gorodnichenko (2015) for the three quarter ahead consensus forecast which range from
1.02 to 1.23 for inflation. Nonetheless, we correct for the bias in the consensus nowcast
revisions of real GDP and unemployment by using equation (5.12), with ψ taken from
Table 5.11.

Appendix 5.C
5.C.1

Robustness checks

Final vintages

In this appendix, we consider the robustness of our results if the actual realization
of the respective variable in (5.17) is based on final vintages instead of first vintages.
Correspondingly, we also take final vintages of the lagged actual realizations that are
used as instruments in the IV-GMM estimations. Even though most of the literature
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Table 5.11: SPF Consensus Nowcast Regressions
Dependent Var.: xt − Ct xt
Inflation

Nominal GDP

Real GDP

Unemp. Rate

0.000

0.000

0.000

-0.034***

(0.000)

(0.000)

(0.000)

(0.009)

0.056

0.030

0.165**

0.23***

(0.098)

(0.083)

(0.074)

(0.031)

R2

0.006

0.002

0.046

0.17

n

204

204

204

205

constant

Ct xt − Ct−1 xt

Note: OLS estimation of equation (5.10) including a constant. Newey-West standard
errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Estimates are rounded to the
third decimal.

so far uses first vintages, it can be argued that the econometrician should use final
vintages of the actual data that agents are trying to forecast (Angeletos et al., 2020).

Table 5.12: Estimates of behavioral parameters for different forecasting horizons (final
vintage actual).
SPF

λ

δ

γ

h=1

h=2

h=3

h=1

h=2

h=3

h=1

h=2

h=3

Inflation

0.46

0.52

0.73

0.89

0.79

0.36

0.98

0.85

0.25

NGDP

0.44

0.55

0.73

0.85

0.65

0.21

0.93

0.86

0.36

RGDP

0.47

0.58

0.75

0.96

0.54

0.48

0.85

0.68

0.20

Unemployment

0.41

0.54

0.61

0.67

0.63

0.63

0.62

0.62

0.62

Average

0.45

0.55

0.71

0.84

0.65

0.42

0.85

0.75

0.36

Table 5.12 provides the resulting estimates of λ, δ and γ. Comparing the results
in Table 5.12 with the results in Table 5.4, it can be seen that the estimates of λ are
very much the same. The estimates for δ and γ are quantitatively somewhat different,
but no general pattern arises that holds for all variables and forecasting horizons. If
anything, estimates of γ are somewhat larger when final vintages are used. In any case,
the qualitative differences between forecasting horizons of Table 5.4 remain when we
use final vintages.
134

5.C. Robustness checks

5.C.2

Time subsamples

In this appendix, we consider robustness with respect to different time subsamples. In
particular, we are interested in answering the question of whether behavioral biases in
expectation formation are different in a more stable economic environment. Therefore,
we investigate whether the estimates of our model parameters are different if we limit
the sample to the post-1984 (exclusion of pre - Great Moderation period) and, secondly,
to 1984-2006 (Great Moderation).
Tables 5.13 and 5.14 present the estimates of λ, δ and γ when we limit the sample
to start at 1984Q1 and to the Great Moderation, respectively.
Table 5.13: Estimates of behavioral parameters for different forecasting horizons
(post-1984).
SPF

λ

δ

γ

h=1

h=2

h=3

h=1

h=2

h=3

h=1

h=2

h=3

Inflation

0.40

0.50

0.71

0.86

0.67

0.49

0.92

0.84

0.28

NGDP

0.40

0.48

0.68

0.77

0.37

0.29

0.95

0.69

0.32

RGDP

0.43

0.53

0.70

0.64

0.32

0.31

0.72

0.53

0.18

Unemployment

0.40

0.51

0.60

0.62

0.65

0.66

0.59

0.65

0.65

Average

0.41

0.51

0.67

0.72

0.50

0.44

0.80

0.68

0.36

Table 5.14: Estimates of behavioral parameters for different forecasting horizons (Great
Moderation, 1984-2006).
SPF

λ

δ

γ

h=1

h=2

h=3

h=1

h=2

h=3

h=1

h=2

h=3

Inflation

0.36

0.49

0.67

0.85

0.72

0.57

0.93

0.87

0.31

NGDP

0.42

0.48

0.64

0.84

0.69

0.36

0.98

0.77

0.19

RGDP

0.41

0.54

0.69

0.81

0.63

0.60

0.78

0.59

0.17

Unemployment

0.42

0.52

0.59

0.70

0.71

0.74

0.62

0.65

0.64

Average

0.40

0.51

0.65

0.80

0.69

0.57

0.83

0.72

0.33

In the tables, it can be seen that the individual estimates quantitatively differ from
those of the full sample in Table 5.4. Generally, the estimates of λ tend to be a little bit
lower in the more stable time-subsamples. However the estimates of the three model
parameters remain of a similar order of magnitude, and the dependence of λ and γ on
the forecasting horizon that was discussed in Section 5.4.3 remains.
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Appendix 5.D

Additional Tables

Table 5.15: Regression of Equation (5.17) with h = 2 based on SPF
Dependent Var.: Fi,t xt+2 − Fi,t−1 xt+2
Inflation

Nominal GDP

Real GDP

Unemp. Rate

0.137***

0.276***

0.270***

0.204***

(0.021)

(0.065)

(0.062)

(0.048)

0.342***

0.181***

0.151***

0.258***

(0.035)

(0.069)

(0.064)

(0.049)

0.755***

0.726***

0.543***

0.561****

(0.051)

(0.083)

(0.077)

(0.082)

R2

0.57

0.56

0.49

0.59

n

5545

5560

5566

5869

xt+2 − Fi,t−1 xt+2

Ct−1 xt+2 − Fi,t−1 xt+2

N ewst,t

Note: *** p<0.01, ** p<0.05, * p<0.1. Estimates are rounded to the third digit after the
comma.
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Table 5.16: Regression of Equation (5.17) with h = 3 based on SPF
Dependent Var.: Fi,t xt+3 − Fi,t−1 xt+3
Inflation

Nominal GDP

Real GDP

Unemp. Rate

0.175***

0.211***

0.133***

0.126***

(0.019)

(0.043)

(0.033)

(0.032)

0.070***

0.064***

0.126***

0.274***

(0.031)

(0.047)

(0.041)

(0.034)

0.223***

0.307***

0.176***

0.643****

(0.045)

(0.073)

(0.046)

(0.062)

R2

0.28

0.24

0.23

0.52

n

5301

5327

5268

5558

xt+3 − Fi,t−1 xt+3

Ct−1 xt+3 − Fi,t−1 xt+3

N ewst,t

Note: *** p<0.01, ** p<0.05, * p<0.1. Estimates are rounded to the third digit after the
comma.
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