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Introduction

Since the mid-1980s, volatility in real gross domestic product and different measures
of inflation has decreased substantially across a wide range of developed countries; a phe-
nomenon called the Great Moderation (see Figure 1, or Summers et al., 2005, for a more
elaborated analysis). The proposed reasons for this observed moderation in business cycle
volatility include structural changes in the economy, good luck, and good policy. Ar-
guably, structural changes in the economy, such as the shift from industrial production to
services, have made the economy less prone to oil price shocks and thus contributed to a
more stable economic development. Stock and Watson (2012), on the other hand, argue it
was simply a reduction in the size of shocks and hence good luck that caused the modera-
tion. However, the residual variance governing the shock size is endogenous to structural
change and good policy, as countered by Sims (2012). Indeed, most economists agree
that recent developments in the conduct of monetary policy have contributed positively to
macroeconomic stability (Bernanke, 2004). These developments include a stronger focus
on price stability (often institutionalized by the adoption of an inflation targeting strat-
egy), but also increased transparency and better communication regarding the monetary
policy goals and actions.

Buttressed by the Great Moderation, economists in the early-2000s believed they
had things under control, with Robert Lucas (2003) declaring the “central problem of
depression-prevention has been solved”. The Great Financial crisis of 2008-09, however,
taught us different and acted as an epiphany: the economy cannot always be fine-tuned
by simply adjusting the short term interest rate as believed by many. Krugman (2009)
went on to conclude that

“[Economists] turned a blind eye to the limitations of human rationality that often lead
to bubbles and busts; to the problems of institutions that run amok; to the imperfections of
markets−especially financial markets−that can cause the economy’s operating system to
undergo sudden, unpredictable crashes; and to the dangers created when regulators don’t
believe in regulation.”
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Figure 1: Real GDP growth and Inflation across developed countries

Note: The figure shows real GDP growth (left panel) and CPI inflation (right panel) for the United
States, the United Kingdom, Japan, Germany and France. All series are quarterly, seasonally adjusted,
year-on-year growth rates downloaded from FRED.

And indeed, notwithstanding any of the improvements in the conduct of monetary
policy mentioned above, monetary policy still faces several formidable challenges today. A
(necessarily) incomplete list includes different types of financial frictions such as debt over-
hang and fragmentation in the banking sector, the effective lower bound (ELB) constraint
on nominal interest rates, the missing inflation puzzle and, looking ahead, the low natural
rate of interest. Moreover, challenges specific to the euro area include the incompleteness
of the currency area as highlighted by the Sovereign debt crisis in Europe. Therefore,
economics did not get boring.

This thesis aims to make a step in the direction of identifying and better understanding
four such modern challenges to monetary policy. The first challenge, identified in Chap-
ter 1, is particular to monetary unions and arises if economic agents largely base their
expectations on domestic variables, and less so on foreign variables.1 This home-bias in
expectations represents an informational friction that is absent in the workhorse models
with rational expectations widely used for policy analysis. Yet in Chapter 1, we show
that such a home bias in expectations can have important implications for policy. Specifi-
cally, such a home bias creates cross-country heterogeneity in expectations and may cause
country-specific disturbances to generate larger and more prolonged macroeconomic imbal-
ances by strengthening a pro-cyclical real interest rate channel while, contemporaneously,
weakening a counter-cyclical real exchange rate channel.

The second challenge, which is central to Chapter 2, concerns the effect of central bank

1 This chapter is based on joint work with Dennis Bonam, which is published in the Journal of Economic
Dynamics and Control, Volume 103, June 2019, pp. 25-42.
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communication of expected future monetary policy, so-called forward guidance, once the
central bank is constrained by the ELB on nominal interest rates.2 Different from the
common literature, this chapter explicitly allows for imperfect and endogenous central
bank credibility when studying the effects of forward guidance by assuming that private
agents are boundedly rational. The basic idea is that economic agents choose between
being either backward- or forward-looking in their expectation formation, with only the
latter strategy incorporating central bank announcements into the process. As a result,
the effects of central bank communication at the ELB becomes state-dependent, which
turns out crucial for the effectiveness of such policies.

The third challenge lies in the vulnerability of open economies to sudden shifts in
cross-border capital flows. Historically, periods of sustained capital inflows have been
associated with sharp credit expansions, while sudden reversals of such flows have often
been the culprit of financial and economic crises. The recent experience of the euro
area sovereign debt crisis highlighted that these risk premium shocks can be important
drivers of the business cycle, not only in emerging market economies but also in developed
economies. In Chapter 3, we confirm this finding by showing novel empirical evidence from
a Bayesian Panel Vector-Autoregression that risk premium shocks are more contractionary
under monetary union than under flexible exchange rates.3 We then turn to a structural
model in order to find a normative answer to the question of whether capital controls
can help to mitigate these negative effects. Our results show that welfare implication of
capital controls generally hinge on the nature of the shock and the prevailing exchange
rate regime.

The fourth challenge to monetary policy discussed in this thesis arises from the pro-
tracted decline in interest rates across developed economies since the 1980s to historically
low levels today, with the consequence of a higher likelihood of monetary policy being
constrained by the ELB in the future. This secular trend in interest rates is largely driven
by lower trend growth, demographic developments and increased risk aversion and has
often been associated with a decline in the natural (or neutral) real interest rate, an un-
observed and difficult-to-estimate variable. Against this background, Chapter 4 makes
two contributions.4 First, it closes the benchmark semi-structural model of Laubach and
Williams with a dynamic term structure model, and hence uses the entire yield curve in
the estimation of the natural rate. Second, it takes into account these secular macroeco-

2 This chapter is based on joint work with Cars Hommes and Kostas Mavromatis, which is available as
DNB working paper No. 614, December 2018.

3 This chapter is based on joint work with Dennis Bonam and Emmanuel de Veirman.
4 This chapter is based on joint work with Claus Brand and Wolfgang Lemke.
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nomic trends when calculating the term premium. As a result, we find that the decline
in yields observed since the 1980s appears more due to a fall in equilibrium interest rates
and less to a decline in term premia than typically reported. In fact, our term premia
estimates exhibit stationary and cyclical behavior over the business cycle.

4



Chapter 1

Home Biased Expectations and
Macroeconomic Imbalances in a
Monetary Union

1.1 Introduction

Ever since its formation, the euro area bore large and persistent external trade im-
balances across its member states. While ‘core countries’, such as Germany, the Nether-
lands and Finland, have been running large trade surpluses, ‘periphery countries’, such as
Greece, Portugal and Spain, faced consecutive trade deficits. Although one might expect
such macroeconomic imbalances to arise naturally under monetary union, e.g. through
some process of catching up, it is not entirely clear what underlies the persistence of these
imbalances. In this chapter, we argue that a departure from rational expectations and
cross-country heterogeneity in expectations potentially obstruct macroeconomic adjust-
ment in a monetary union.1

Figure 1.1 offers some suggestive evidence in favor of this argument. It shows the
regional dispersion in 1-year ahead inflation expectations and trade balance ratios, both
measured by the cross-country standard deviation, across a group of euro area countries.
The data covers the period 1997Q1-2007Q4 and thereby omits the crisis years during which
the euro area faced large common shocks to the financial sector. In the left-hand side panel,
inflation expectations are based on qualitative responses to the European Commission
1 Of course, there may be other factors that hinder the reversal of macroeconomic imbalances, such as
limited labor mobility across member states, imperfect financial integration and nominal rigidities (see
e.g. Blanchard, 2007). Here, we focus only on regional dispersion in expectations as a possible novel
source of the persistence in macroeconomic imbalances in a monetary union.
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Chapter 1. Home Biased Expectation

Figure 1.1: Regional dispersion in inflation expectations and trade balance ratios in the euro area,
1997Q1-2007Q4

Notes: The figure shows the standard deviation of 1-year ahead inflation expectations (horizontal axis)
and the trade balance ratio (vertical axis) across Belgium, Germany, Ireland, Spain, France, Italy, the
Netherlands, Austria, Portugal and Finland over the period 1997Q1-2007Q4. Inflation expectations were
extracted from the European Commission Business and Consumer Survey (see Appendix 1.F for more
details) and Consensus Forecasts. The trade balance ratio measures the difference between exports and
imports of goods and services as a share of GDP. Source: European Commission Business and Consumer
Survey, Consensus Forecasts, OECD Quarterly National Accounts and own calculations.

Business and Consumer Survey. Since quantification of these responses is based on a
set of assumptions (laid out in the Appendix 1.F) we also consider inflation expectations
from Consensus Forecasts in the right-hand side panel as a robustness check. The figure
suggests that greater regional dispersion in both measures of inflation expectations are
associated with greater trade imbalances within the euro area.2 The aim of this chapter is
to develop a model that can explain both the observed regional dispersion in expectations
and its positive relationship with macroeconomic imbalances in a monetary union.

2 A similar observation is reported by Hoffmann et al. (2017), who show that US current account dynamics
are strongly correlated with changes in survey expectations of long-run growth for the US relative to
growth expectations for the rest of the world. Although Hoffmann et al. focus on growth expectations,
rather than on inflation expectations, their analysis also implies that movements in expectations of
domestic variables relative to foreign variables in general can trigger large swings in cross-border capital
flows.
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1.1. Introduction

Our starting point is a standard New Keynesian model for a two-country monetary
union along the lines of Benigno (2004). Expectations, however, are backward-looking and
updated periodically using a recursive least squares algorithm, as in Evans and Honkapohja
(2001).3 Our main contribution is that we allow expectations to be home biased. In
particular, we assume that agents, while acquiring information, focus more strongly on
domestic variables than on foreign variables. Since the home bias in expectations may arise
for many different reasons, we assume it to be exogenous and model it parsimoniously as
a parameter that weighs down foreign variables in agents’ information set. It is because
of this home bias that expectations may differ across the two countries in our model. We
show that the stronger is the degree of home bias in expectations, the more amplified
are country-specific disturbances and the larger and more prolonged are macroeconomic
imbalances within the monetary union.

This result arises from a tug-of-war between a pro-cyclical real interest rate channel and
a counter-cyclical real exchange rate channel that jointly determine the size and duration of
macroeconomic imbalances in a monetary union. For instance, when a country experiences
a positive, country-specific demand shock, inflation rises causing the domestic ex-ante real
interest rate to be relatively low. Through the real interest rate channel, consumption then
rises which pushes up aggregate demand and inflation, and lowers the real interest rate
further. This pro-cyclical process leads to a deepening of the external trade deficit. At the
same time, higher domestic prices cause the real exchange rate to appreciate and prompt
a shift of consumption towards foreign goods. Through the real exchange rate channel,
domestic firms lower their prices to regain competitiveness, which lowers inflation, raises
the real interest rate and improves the trade balance. This process continues until the real
interest rate and the trade balance are returned to steady state.

The relative strengths of the two channels depends, inter alia, on how expectations are
formed. The backward-looking nature of expectations assumed in our model reinforces
the feedback between inflation and inflation expectations, thereby strengthening the real
interest rate channel. Moreover, as expectations are home biased, agents do not (fully) in-
corporate the relative change in domestic versus foreign prices and thereby underestimate
changes in the real exchange rate. Therefore, the home bias in expectations weakens the
real exchange rate channel and slows down the process of macroeconomic realignment. As
a consequence, country-specific disturbances generate larger and more prolonged macroe-

3 There is broad empirical evidence that supports the notion of sluggish adjustment of expectations, in
particular inflation expectations (e.g. Carroll, 2003, Orphanides and Williams, 2005b, Orphanides and
Williams, 2005a, and Coibion and Gorodnichenko, 2012). Milani (2007) and Slobodyan and Wouters
(2012) show that allowing for adaptive expectations also increases a model’s fit to the data.

7



Chapter 1. Home Biased Expectation

conomic imbalances if expectations are home biased than if expectations are rational. Our
theoretical results thereby offer a possible explanation for the observed co-movement be-
tween the regional dispersion in inflation expectations and trade imbalances in the euro
area, as shown in Figure 1.1.

By examining the model’s stability conditions, we find that a higher degree of home
bias in expectations reduces the likelihood that expectations converge to a fixed point.4

We show that E-stability may not be guaranteed if expectations are home biased, even
in parameter regions where monetary policy yields a determinate rational expectations
equilibrium. Intuitively, since the home bias strengthens the real interest rate channel,
inflation expectations are more likely to become unanchored. To guarantee an E-stable
equilibrium, the central bank must adopt a more aggressive monetary stance with regards
to inflation, beyond what is suggested by the Taylor-principle.

The issue of internal adjustment under monetary union has been studied, among oth-
ers, by Angeloni and Ehrmann (2007), Deroose et al. (2008) and Allsopp and Vines (2010).
Angeloni and Ehrmann (2007) confirm the pro-cyclical and counter-cyclical effects of, re-
spectively, the real interest rate and real exchange rate on inflation differentials in the
euro area. Interestingly, the authors mention the possibility of “a strong ‘home bias’ in
the mechanism driving inflationary expectations in the national economies” that could am-
plify inflation differentials (Angeloni and Ehrmann, 2007, p. 8). Deroose et al. (2008) and
Allsopp and Vines (2010) focus on national policies and reforms that help increase mar-
ket flexibility and strengthen the real exchange rate channel. Sources of macroeconomic
imbalances are studied, among others, by Blanchard (2007), who investigates the role of
nominal rigidities and financial constraints, Siena (2014), who argues that anticipated re-
ductions in external borrowing costs have been the main driver of euro area imbalances,
and Jaccard and Smets (2017), who show that cross-country differences in financial struc-
tures can result in long-term financial imbalances between regions of a monetary union.
Whereas these studies assume expectations to be rational, we introduce an alternative
distortion arising from non-rational expectations.

There exists a large body of work on non-rational heterogeneous expectations and
their implications for policy (see e.g. Hommes, 2011, for an overview). Many of the
theoretical models in this field assume heterogeneity arises from differences in forecasting

4 Because we model the home bias in expectations as permanent, beliefs do not settle down to the rational
expectations equilibrium and so we define stability in expectations as convergence towards a so-called
Restricted Perception Equilibrium or RPE (see Evans and Honkapohja, 2001, Chapters 3.6 and 13).
Significant contributions on the stability properties of RPE models are Branch and Evans (2006a),
Berardi (2007), Berardi and Duffy (2007) and Branch and Evans (2011).
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heuristics. For instance, Branch and McGough (2009), Massaro (2013) and Gasteiger
(2014) assume that only a fraction of the population have rational expectations, while
others are boundedly rational. In Honkapohja and Mitra (2006), agents use different
forecasting methods that yield dispersed predictions about future economic outcomes,
while Mankiw and Reis (2002) develop a model of sticky information where expectations
are updated infrequently by a random, yet constant, fraction of the population. Only a few
papers relate the issue of heterogeneous expectations to the stability of monetary unions.
Toroj (2010) and Bertasiute et al. (2018), for example, find macroeconomic volatility
in a monetary union to be higher when agents use different forecasting rules than when
expectations are rational, while Carlin (2013) shows that countries with non-rational wage
setters are more vulnerable to pro-cyclical real interest rate effects than countries with
rational agents.

A key difference between these studies and the present chapter is that we allow learning
methods to be symmetric across countries, since it is not a priori clear why these should be
asymmetric. If expectations were to differ across countries, we believe a more natural and
straightforward explanation would be that agents use different information sets, simply
because agents are more likely to notice changes in local rather than foreign variables.
In this regard, our paper is related to the literature on rational inattention (Sims, 2003)
and the vast and expanding literature on bounded rationality.5 For instance, in Gabaix
(2014) agents’ inattention is source-dependent, meaning that some information is ignored
if it is deemed unnecessary for the optimization problem at hand. Rather than building
the micro-foundations that can explain the sources of inattention, which can be many, the
primary goal of this chapter is to study the interaction between home bias in expectations
and macroeconomic imbalances in a monetary union. We provide a simple framework in
which the role of this home bias can be easily studied.

The rest of the chapter is structured as follows. In the next section, we describe how
expectations in our model are formed and how they are subjected to home bias, and
present the main building blocks of the model. We study the dynamics of the model in
Section 1.3, while the E-stability analysis is performed in Section 1.4. Finally, Section 1.5
concludes.

5 See for instance Evans and Honkapohja (2001) for a seminal treatment on adaptive learning and Hommes
(2018) for an extensive survey on heterogeneous expectations.
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Chapter 1. Home Biased Expectation

1.2 A model with home biased expectations

The main contribution of this chapter is to allow for home bias in expectations in an
otherwise standard multi-country dynamic general equilibrium model. The idea is that
agents, as they acquire information, focus more strongly on news about domestic variables
than about foreign variables. Such home bias in the formation of expectations may arise
due to limitations in the capacity to acquire and process information (see e.g. Simon, 1984,
Sims, 2003, Gabaix, 2014 and Coibion et al., 2018). This may be especially relevant with
regards to foreign information due to language barriers, unfamiliarity with certain data
sources, uncertainty about data quality, etc. It might therefore be optimal to deliberately
ignore some of the information available.

The idea of home bias in expectations has been studied most prominently in the fi-
nance literature, typically in connection to the observed home bias in asset portfolios
(French and Poterba, 1991). Gehrig (1993), for instance, shows that a model in which
domestic investors observe signals on domestic firms’ returns with higher precision than
foreign investors can explain why equity investments are tilted more towards domestic
assets, over and beyond what can be explained by other factors such as capital market
restrictions. Moreover, Van Nieuwerburgh and Veldkamp (2009) show that investors may
want to magnify this particular informational advantage and learn more about domestic
assets in order to achieve higher excess returns. Tille and van Wincoop (2014) study a
related issue in a two-country general equilibrium model, in which agents receive private
signals about future productivity shocks and where signals about domestic shocks are
more precise. They show that the dispersion in information and expectations that results
from these private signals greatly impacts cross-border capital flows. The informational
advantage of locals with regards to domestic assets has also been documented empiri-
cally, for instance by Portes and Rey (2005), Bae et al. (2008) and Leuz et al. (2008).
Furthermore, Mondria et al. (2010) show that investors are generally more attentive to
news about familiar countries and that home bias in equity holdings could be reduced
substantially if attention was allocated equally across countries. Similarly, Huang (2015)
shows that investors tend to underreact to foreign news and to information from more lin-
guistically and culturally distant countries. Finally, Beneish and Yohn (2008) show that
investor home bias persists, even when information processing costs are reduced through
adoption of international reporting standards. This finding suggests that the attention
bias of investors is likely to be highly rigid and invariant to policy changes. In this section,
we present an adaptive learning model that features a similar type of attention bias with
regards to foreign information.
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1.2. A model with home biased expectations

1.2.1 An adaptive learning model

We consider a New Keynesian model for a monetary union that consists of two coun-
tries, Home (H) and Foreign (F ), along the lines of Benigno (2004). Letting xt be a vector
of the model’s endogenous variables and vt a vector of exogenous variables, the dynamics
of a linearized version of the model can be summarized in canonical form by the following
two equations:

Axt =
∑

i={H,F}
BiẼi

txt+1 + Cxt−1 +Dvt, (1.1)

vt = %vt−1 + εt, (1.2)

where A, Bi, C andD are coefficient matrices of appropriate sizes, % a diagonal matrix with
all eigenvalues inside the unit circle, and εt a vector of i.i.d. normal shocks with mean zero
and variance σ2. Ẽi

t is the expectations operator used by residents of country i = {H,F}.
In what follows, we assume that expectations are the same across agents within the same
country, yet may differ across countries. Moreover, the expectations operator satisfies the
assumptions specified in Branch and McGough (2009), which facilitates aggregation and
requires that the law of iterated expectations holds both at the individual and country
level.

The Rational Expectations Equilibrium (REE) of the model above has the following
form:

xt = Λ1xt−1 + Λ2vt. (1.3)

Under the adaptive learning approach considered here, agents do not know the true co-
efficients matrices, Λ1 and Λ2, yet must obtain estimates using past data on domestic
and non-domestic variables (see Evans and Honkapohja, 2001).6 We capture home bias
in expectations parsimoniously by a single parameter that weighs down the non-domestic
variables in agents’ information sets.

Specifically, let xd,t denote a subset of xt containing only domestic endogenous variables
and xn,t a subset containing non-domestic endogenous variables. The data vector can then
be partitioned as xt = [xd,t, xn,t]′. Likewise, the exogenous variables can be partitioned as
vt = [vd,t, vn,t]′. Using this transformation, we can write the household’s Perceived Law

6 In this chapter, we follow the so-called ‘Euler equation learning’ approach, which assumes agents make
consumption decisions to satisfy one-period ahead perceived Euler equations. Consequently, agents do
not take into account future revisions of their beliefs when forming expectations. See also Evans and
Honkapohja (2001) and Bullard and Mitra (2002).
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of Motion (PLM) as follows:

xt = Λi
0,t−1 + Λi

1,t−1

 I 0

0 Iω

 xd,t−1

xn,t−1

+ Λi
2,t−1

 I 0

0 Iω

  vd,t

vn,t

 , (1.4)

with 0 the zero matrix of conformable size, and where ω ∈ [0, 1] denotes the home bias
parameter.7 The PLM is used to make forecasts of xt, i.e. Ẽi

txt+1, which feed back
into (1.1). The home bias parameter determines how much of the non-domestic informa-
tion, {xn,t, vn,t}, is observed when performing these forecasts. In fact, since the model is
linearized, xt collects the percentage deviations of the endogenous variables from their re-
spective steady states. Hence, ω captures the degree of variation in non-domestic variables
that is observed by agents when forming expectations. Importantly, agents are not aware
of the fact that the data they use to generate their forecasts may be biased. To make this
more clear, we can rewrite Equation (1.4) and express the PLM as perceived by the agent
from country i as follows:

xt = Λi
0,t−1 + Λi

1,t−1x̃
i
t−1 + Λi

2,t−1ṽ
i
t,

where the tildes above the data vectors, x̃it ≡ [xd,t, ωxn,t]′ and ṽit ≡ [vd,t, ωvn,t]′, reflect the
fact that these are the observed versions of the actual data. Agents thus unknowingly con-
dition their forecasts on these observed, and potentially biased, data to make predictions
about xt.

We interpret the home bias parameter as a parsimonious modeling alternative to more
elaborate micro-founded theories, such as the concept of rational inattention of Sims (2003)
or the sparse maximization approach of Gabaix (2014) in which the degree of inattention is
chosen optimally for a given parameterized attention cost. As with these attention costs,
we take the home bias parameter as given and remain agnostic with regards its sources,
which can be many.8 Importantly, we assume ω to be exogenous and time-invariant.

7 This approach of modeling home bias in expectations can be generalized by allowing for different home
bias parameters (distinguishing between e.g. endogenous and exogenous variables, or even different
individual variables) and by making the home bias parameter time dependent. However, we choose a
single and time-invariant home bias parameter for expositional simplicity.

8 One could, for instance, interpret the home bias parameter ω as the proportion of agents that focus solely
on domestic variables while forming expectations. These agents may, for instance, earn their income
from the production of non-tradable goods only, leaving them less concerned about foreign economic
developments. In that case, the aggregate data vector observed in country i is simply a weighted average
of the information sets stemming from the tradable sector, xiT,t, and the non-tradable sector, xiNT,t, i.e.

x̃it = ωxi
′

T,t + (1− ω)xi
′

NT,t
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1.2. A model with home biased expectations

Although one could imagine attention allocation to change endogenously over time, the
finance literature discussed above suggests that home bias is rooted deeply in investors’
expectations and persists even as technological advancements and reporting standards
substantially reduce information frictions. Moreover, the constancy of the expectations
bias is likely to be stronger for households and firms (who populate our model) than for
investors, as the latter have more to gain financially from being fully informed about
international economic events. Nevertheless, we stress here that we shall analyze the
model dynamics only under ‘normal times’, i.e. when facing sufficiently small shocks,
during which the inattention bias is most likely to remain constant.

Denote Λi
t ≡

[
Λi

0,t, Λi
1,t, Λi

2,t

]
and zt ≡ [1, xt−1, vt]′ . Whenever new data becomes

available, agents update their estimates for Λi
t using the following updating equations:

Λi
t = Λi

t−1 + γt
(
M i

t

)−1
z̃it
(
x̃it − Λi

t−1z̃
i
t

)′
, (1.5)

M i
t = M i

t−1 + γt

(
z̃it
(
z̃it
)′
−M i

t−1

)
. (1.6)

Equation (1.5) shows that the extent by which the coefficients are updated depends on
the size of the forecast error, x̃it − Λi

t−1z̃
i
t. The weight on the forecast error is determined

by M i
t , i.e. the moment matrix of z̃it, and the gain parameter γt, which controls the speed

with which agents learn. In what follows, we assume a constant gain, i.e. γt = γ for all t,
such that agents discount old data (with geometrically declining weights) and assign more
weight to new information.9

By limiting the amount of data used, the home bias parameter ω affects the moment
matrix of the data, M i

t , which in turn alters the way agents update their estimates of Λi
t

by (1.5) and (1.6). Hence, agents’ beliefs with regards economic dynamics are shaped by
the degree of home bias in expectations. Moreover, due to the self-referential nature of the
system, in which realized variables and expectations affect each other, the regressors in the

= ω

[
xd,t−1
xn,t−1

]′
+ (1− ω)

[
xd,t−1

0

]′
=
[
I 0
0 Iω

] [
xd,t−1
xn,t−1

]
.

9 Many papers that study macroeconomic dynamics using adaptive learning models adopt the constant
gain assumption (e.g. Orphanides and Williams, 2005a, Milani, 2007, Branch et al., 2014, and Lubik
and Matthes, 2016), as it tends to improve the empirical fit relative to models featuring a time-varying
gain, which in turn are typically used to study asymptotic properties and convergence. Moreover,
Malmendier and Nagel (2015) show empirically that a constant gain learning algorithm approximates
quite closely the average learning-from-experience forecasts in a model with heterogeneous beliefs in
which individuals follow a decreasing gain learning algorithm. Nakov and Nuño (2015) derive a similar
result using a theoretical asset pricing model with overlapping generations.
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PLM (1.4) are endogenous and so the Frisch-Waugh-Lovell theorem does not apply here.
Hence, one cannot simply rewrite the updating equations (1.5)-(1.6) in such a way that
the effect of the home bias parameter on the estimated coefficients is nullified. However,
if the home bias would pertain only to the non-domestic exogenous variables vn,t, and not
to the endogenous variables xn,t, then the Frisch-Waugh-Lovell theorem applies and the
home bias parameter has no effect on the learning dynamics.10

1.2.2 Building blocks of the model

Each member state of the monetary union is populated by a continuum of households
and firms. Home firms are indexed by h ∈ [0, s) while Foreign firms are indexed by
f ∈ [s, 1], with s ∈ [0, 1] measuring the relative size of Home. A supranational central
bank sets monetary policy and targets union-wide aggregates.11

1.2.2.1 Households

A representative household living in country i chooses consumption, cit, and labor
supply, nit, to maximize expected life-time utility:

Ẽi
t

∞∑
t=0

βtziD,t

(cit)
1−σ

1− σ −
(nit)

1+ϕ

1 + ϕ

 , (1.7)

with β ∈ (0, 1) the discount factor, σ > 0 the coefficient of relative risk aversion and ϕ > 0
the inverse Frisch elasticity of labor supply. Labor is supplied only to domestic firms. ziD,t
is a demand shock that evolves according to a stationary AR(1) process that is known
to all agents. Consumption is a composite of domestically produced final goods, cii,t, and
imported final goods, cij,t, with j = {H,F} and i 6= j:

cit ≡
[(

1− αi
) 1
η
(
cii,t
) η−1

η +
(
αi
) 1
η
(
cij,t
) η−1

η

] η
η−1

, (1.8)

where η ≥ 1 denotes the trade elasticity and αi determines the degree of country openness.
Specifically, αH ≡ (1− s)α and αF ≡ sα, with α ∈ (0, 1) the import share in consumption.

The household earns a nominal wage W i
t for each unit of labor supplied and domes-

tic firm profits P it . Furthermore, households have access to a complete set of one-period
10 In Appendix 1.E, we use a simple model to illustrate under which conditions the home bias parameter
affects the learning process in this setup.

11A more detailed description of the model is provided in Appendix 1.A.
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1.2. A model with home biased expectations

Arrow-Debreu securities, Bi
t (ξt+1), each unit of which pays out one unit of currency con-

ditional on state ξt+1 occurring. The flow budget constraint faced by the household for
every event ξt at any time t is given by

P i
t c
i
t +

∑
ξt+1

Qt (ξt+1|·)Bi
t (ξt+1) = W i

tn
i
t +Bi

t−1 + P i
i,tP it , (1.9)

with P i
i,t the producer price index (PPI), P i

t the consumer price index (CPI) and Qt (ξt+1|·)
the price of an Arrow-Debreu security. We assume initial wealth to be identical across
agents, i.e. Bi

−1 = B ∀ i. Subject to (1.9) and the transversality condition limT→∞Qt,TB
i
T =

0, the household maximizes the objective function (1.7) which yields the optimal labor
supply condition: (

nit
)ϕ

= wit
(
cit
)−σ

, (1.10)

and the optimal intertemporal allocation of wealth between consumption and savings:

1 = βẼi
t

 Rt

πit+1

(
cit+1
cit

)−σ ziD,t+1

ziD,t

 , (1.11)

with wit ≡ W i
t /P

i
t the real wage rate, πit ≡ P i

t /P
i
t−1 gross CPI inflation and Rt the gross

nominal interest rate set by the central bank, satisfying 1/Rt = ∑
ξt+1 Qt (ξt+1).

Combining (1.11) for both countries yields the ‘imperfect international risk-sharing
condition’:12

zHD,t
zFD,t

(
cHt
cFt

)−σ
= 1
qt


ẼH
t

[
zHD,t+1

(
cHt+1

)−σ
/PH

t+1

]
ẼF
t

[
zFD,t+1 (cFt+1)−σ /P F

t+1

]
 , (1.12)

with the real exchange rate, qt, defined as the ratio between the Foreign and Home CPI,
i.e.

qt ≡
P F
t

PH
t

. (1.13)

The term in curly brackets on the right-hand side of (1.12) reflects the relative expected
marginal utility of consumption across the two countries. If expectations are homogeneous,
i.e. ẼH

t = ẼF
t , then due to the assumption of complete asset markets and symmetric initial

conditions, this term equals unity and perfect risk sharing is ensured through appropriate
adjustments in the real exchange rate. However, under heterogeneous expectations, the
expected marginal utility of consumption may differ across countries and perfect risk
sharing breaks down. The greater is the degree of heterogeneity in expectations, the more

12See Appendix 1.B for a full derivation.
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distorted is the risk sharing condition.
In contrast to other models featuring heterogeneous expectations, we assume that

agents adopt the same learning algorithm given by Equations (1.5) and (1.6). What may
cause beliefs to differ across Home and Foreign agents is the inattention to non-domestic
variables, as discussed in Section 1.2.1. Because learning algorithms are symmetric across
agents, and because Home and Foreign shocks share the same distributional properties,
neither the Home nor Foreign agent possesses a superior learning model. It thus follows
that both type of agents make under- or overpredictions equally often (i.e. forecast errors
are of equal magnitude) and, over time, no agent will take an infinite position in the
Arrow-Debreu securities (see Xiong and Yan, 2009).13

1.2.2.2 Firms and price setting

Differentiated goods yit (z) are produced by monopolistic wholesale firms, indexed by
z = {h, f}, using the constant returns to scale production function yit (z) = nit (z). Follow-
ing Calvo (1983), firms can change their price only with probability 1−θ. With probability
θ ∈ (0, 1), prices are kept fixed at last period’s PPI. Firms set their price to maximize
expected discounted profits, subject to a demand schedule, the production function and a
condition that pins down the optimal demand for labor, i.e. mcit =

(
P i
t /P

i
i,t

)
wit, with mcit

denoting real marginal costs. The resulting optimal price, P i

t, is determined by

P
i

t = ε

ε− 1
Ẽi
t

∑∞
k=0 θ

kQt+k (ξt+k+1|·)
(
P i
i,t+k

)1+ε
yit+kmc

i
t+k

Ẽi
t

∑∞
k=0 θ

kQt+k (ξt+k+1|·)
(
P i
i,t+k

)ε
yit+k

, (1.14)

where ε > 1 measures the elasticity of substitution between goods.

1.2.2.3 The central bank and monetary policy

A common central bank sets the gross nominal interest rate according to the following
rule:

Rt

R
=
(
πMU,t

πMU

)φπ (yMU,t

yMU

)φy
, (1.15)

where union-wide aggregates are weighted by country size, i.e. xMU,t ≡ sxHt +(1− s)xFt for
x = {π, y}, and variables without a t subscript denote steady-state values. The monetary
13 Infinite positions could occur if, for instance, agents were to follow different learning algorithms, causing
some agents to be more or less confident or optimistic about their beliefs. In this case, and under
complete asset markets, wealth dynamics diverge across agents such that borrowing limits become
binding (see Cogley et al., 2014, and Santoro, 2017).
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policy rule (1.15) is known to all agents.

1.2.2.4 Market clearing

Assuming the Law of One Price holds for all goods and using appropriate aggregators
for national output, we can derive the goods market clearing condition for Home:

yHt =
(
PH,t
PH
t

)−η [(
1− αH

)
cHt + 1− s

s
αF qηt c

F
t

]
, (1.16)

and Foreign:

yFt =
(
PF,t
P F
t

)−η [(
1− αF

)
cFt + s

1− sα
Hq−ηt cHt

]
. (1.17)

It is assumed that agents take prices as given and know that the goods market clearing
conditions (1.16) and (1.17) need to be satisfied in equilibrium. Labor market clearing
satisfies nit = yitDit, where Dit is a measure of price dispersion. Finally, we define Home’s
trade balance as the difference between exports and imports:

tbH,t = αF qηt

(
PH,t
PH
t

)−η
cFt − αHq

−η
t

(
PF,t
P F
t

)−η
cHt . (1.18)

In what follows, we use tbH,t as a proxy for macroeconomic imbalances within the monetary
union.

From the perspective of Home (Foreign) agents, all variables with a superscript H (F )
are considered domestic and therefore enter xd,t in the PLM given by (1.4). On the other
hand, variables with a superscript F (H) are considered non-domestic by Home (Foreign)
agents, and so these enter xn,t. This implies that, for instance, the real exchange rate,
whose dynamics are driven by both Home and Foreign prices, is imperfectly observed to
the extent expectations are home biased.

1.2.3 Monetary union and the persistence of country-specific
shocks

Before we study the implications of home bias in expectations for macroeconomic
imbalances under monetary union, which is the main focus of the chapter, we first discuss
how being in a monetary union may cause country-specific shocks be more amplified, even
under rational expectations.

According to Equation (1.15), the central bank only targets union-wide aggregates.
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Therefore, country-specific shocks may not always prompt a sufficiently strong monetary
response insofar as union-wide aggregates remain largely unchanged. This might be the
case, for instance, if shocks are negatively correlated across countries or borne from rel-
atively small regions within the union. It is this inability to tailor monetary policy to
country-specific disturbances that allows temporary shocks to have long-lasting effects.

To better understand the peculiar nature of the propagation of shocks under monetary
union, consider the linearized Home Euler equation:14

σĉHt = σẼH
t ĉ

H
t+1 −

(
R̂t − ẼH

t π̂
H
t+1

)
+ (1− ρD) ẑHD,t, (1.19)

where variables with a hat denote percentage deviations from steady state. The parameter
ρD ∈ (0, 1) measures the persistence of the Home demand shock ẑHD,t. A temporary rise
in ẑHD,t raises consumption, ĉHt , and thereby aggregate output in Home, ŷHt . Consequently,
producer price inflation, π̂HH,t ≡ P̂H,t/P̂H,t−1, rises by the firm’s linearized price-setting
condition:

π̂HH,t = βẼH
t π̂

H
H,t+1 + κ

(
ϕŷHt + σĉHt + α̂H q̂t

)
, (1.20)

with α̂H ≡ αH/
(
1− αH − αF

)
≥ 0 and κ ≡ (1− θ) (1− βθ) /θ > 0. CPI inflation then

rises as well by the condition π̂Ht = π̂HH,t + α̂H (q̂t − q̂t−1) which in turn leads to an increase
in expected inflation and a fall in the ex-ante real interest rate, R̂t − ẼH

t π̂
H
H,t+1. The

lower real interest rate induces a further rise in household consumption, firm production,
inflation and so on. We refer to this pro-cyclical channel as the real interest rate channel.
Under monetary union, this channel is strengthened by the fact that the central bank does
not adjust the nominal interest rate, R̂t, to stabilize inflation in a specific region of the
union. Rather, the central bank is concerned only with inflation at the union-wide level.
Therefore, even if short-lived, country-specific shocks can have strong and persistent effects
on the economy, even under rational expectations. With backward-looking expectations,
the link between realized and expected inflation is tightened which further strengthens the
real interest rate channel.

Once inflation rises, the real exchange rate appreciates, i.e. q̂t falls. Since a stronger
exchange rate lowers exports to Foreign, firm production in Home falls which leads to
decline in producer price inflation by (1.20). In turn, the real interest rate rises which
reduces consumption and, hence, inflation. This counter-cyclical channel is referred to as
the real exchange rate channel and it ensures that the real interest rate is adjusted back

14The model is linearized around a non-stochastic, zero-inflation steady state. Appendix 1.C lays out the
complete set of linear equations.
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1.3. Macroeconomic imbalances in the monetary union

to steady state. The strength of the real exchange rate channel is influenced by the degree
of country openness, determined by α, and price stickiness, which is governed by θ. The
more open the economy is to foreign trade, i.e. the higher is α, the more sensitive are
price-setting decisions to changes in the real exchange rate, and hence the stronger is the
real exchange rate channel. Equivalently, the more flexible are prices, i.e. the lower is θ,
the faster do prices adjust for a given change in the real exchange rate. In both cases,
macroeconomic convergence results more rapidly following the country-specific demand
shock.

Note that the strength of the real interest rate channel relative to the real exchange
rate channel also depends on the degree of home bias in expectations. If the home bias is
strong, expectations do not respond much to changes in the real exchange rate, since real
exchange rate dynamics are in part determined by foreign variables and agents ignore such
variables. As a consequence, agents do not fully internalize real exchange rate fluctuations
when making price-setting and consumption decisions, which weakens the real exchange
rate channel. Thus, by strengthening the real interest rate channel relative to the real
exchange rate channel, the home bias in expectations has the potential to amplify country-
specific disturbances, over and above the amplification that arises from the central bank’s
mandate of targeting union-wide aggregates.

1.3 Macroeconomic imbalances in the monetary union

We simulate macroeconomic imbalances in the monetary union by means of an asym-
metric demand shock that raises consumption in Home and lowers consumption in Foreign.
We assume that the shocks are perfectly negatively correlated and that the countries are
of equal size, i.e. s = 0.5. These assumptions imply that union-wide aggregates and the
monetary policy stance remain unchanged. Since monetary policy is essentially passive,
the asymmetric demand shock has a persistent effect through the channels described in
Section 1.2.3, thereby generating large and prolonged macroeconomic imbalances.15

15The assumption of a perfectly negatively correlated demand shock is adopted here for illustrative pur-
poses only as it allows us to neutralize the role of monetary policy, which is the empirically relevant case
for member states of a monetary union that face country-specific shocks. Nevertheless, all our results go
through if demand shocks are uncorrelated or even imperfectly positively correlated. However, different
results are obtained when shocks are perfectly positively correlated, as this transforms the model into
a single closed economy in which home bias in expectations has no effect.
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Chapter 1. Home Biased Expectation

1.3.1 Strategy and calibration

We compute the impulse responses to the asymmetric demand shock using the method
suggested by Eusepi and Preston (2011). In particular, we simulate the model twice, each
round exposing the economy to a series of small uncorrelated shocks, randomly drawn
from a normal distribution, for T periods. During each simulation round, agents update
their beliefs periodically according to the learning algorithm described in Section 1.2. We
initialize agents’ beliefs at the RPE.16 In one of the two rounds, the economy is hit by the
asymmetric demand shock at time T −K, where K is the impulse response horizon. The
impulse responses are then computed as the difference between the two simulation rounds
from time T −K to T . This approach allows us to track the response of the economy to
the shock while agents are still updating their beliefs. We set T = 500 and K = 40.

The main parameter of interest is the home bias parameter, denoted by ω ∈ [0, 1].
Since the literature does not provide a reasonable estimate of ω, we set the home bias
parameter at 0.1 as a baseline. We do, however, consider a wide range of alternative
values for ω as a robustness and to illustrate the effects of home bias in expectations on
macroeconomic dynamics. With regards the gain parameter, we set γ equal to 0.01.17 This
value lies between existing empirical findings, with somewhat higher estimates reported
for professional forecasters (Branch and Evans, 2006b) and lower estimates for households
(Pfajfar and Santoro, 2010). For robustness, we also consider alternative values for γ.

The remaining model parameters are calibrated at a quarterly frequency. An overview
of the benchmark calibration can be found in Table 1.1. Many parameters are assigned
values that are common in the literature. As discussed in Section 1.2.3, the parameters
that govern the probability of non-price adjustment and country openness, i.e. θ and α

respectively, have a strong influence on the relative strengths of the real interest rate and
real exchange rate channels. We set θ equal to the conventional value of 0.75, implying an
average fixed-price duration of 1 year, while α is set to 0.25, which matches the average
import-to-output ratio of bigger euro area countries like France, Italy and Spain in pre-
crisis years.

16As we discuss below, there may be multiple (stable) RPE’s. We therefore use decreasing gain learning
as a selection mechanism and simulate the model for a total of 100,000 periods. The resulting RPE is
then used to initialize agents’ beliefs.

17Using, instead, a decreasing gain of γ = 1/t does no qualitative harm to our results.
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1.3. Macroeconomic imbalances in the monetary union

Table 1.1: Benchmark calibration

β Household discount factor 0.99
ϕ Inverse Frisch elasticity of labor supply 1
σ Coefficient of relative risk aversion 1
α Import-share of consumption 0.25
θ Probability of non-price adjustment 0.75
η Trade elasticity 1
φπ Monetary response to inflation 1.5
φy Monetary response to output 0.25
s Relative size of Home 0.5
ρD AR(1) coefficient of the demand shock 0.9

1.3.2 Impulse response functions

The responses of the endogenous variables to the asymmetric demand shock are dis-
played in Figure 1.2. The solid lines are the responses under rational expectations, the
dashed lines the responses under adaptive expectations without home bias (homogeneous
expectations), and the dotted lines the responses under home biased expectations. Recall
that the demand shock is positive in Home and negative in Foreign. Therefore, consump-
tion rises in Home, which leads to an increase in Home CPI inflation and the Home trade
deficit, whereas Foreign consumption and inflation fall.

Since the shock has opposing effects across countries, union-wide inflation and output
remain unchanged and so the nominal interest rate set by the central bank does not
respond to the shock. Consequently, the real interest rate falls in Home, which further
stimulates Home consumption and inflation. As discussed in Section 1.2.3, this pro-cyclical
real interest rate channel arises from the household’s Euler equation that links expected
consumption growth to the ex-ante real interest rate. In Foreign, the opposite occurs and
economic activity is suppressed by a fall in Foreign inflation (expectations) and an increase
in the real interest rate. Thus, even under rational expectations, the asymmetric demand
shock generates persistent macroeconomic imbalances within the monetary union, due to
the real interest rate channel.

Meanwhile, the rise in Home inflation leads to an appreciation of the real exchange
rate, which dampens the economic boom through a contraction in aggregate demand,
thereby improving the trade balance. Conversely, the real exchange rate depreciates from
the perspective of Foreign, which helps recover economic activity. Hence, the destabilizing
real interest rate channel is offset, endogenously, through a stabilizing real exchange rate
channel that aids in restoring the trade imbalance within the monetary union.
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Chapter 1. Home Biased Expectation

Figure 1.2: Responses to an asymmetric demand shock

Note: Responses are expressed in percentage deviations from steady state. The demand shock is perfectly
negatively correlated across the two countries, with Home (Foreign) experiencing a positive (negative)
shock.
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1.3. Macroeconomic imbalances in the monetary union

Under home biased expectations, the responses of the endogenous variables are more
pronounced and more persistent than under rational and unbiased expectations. In gener-
ating the impulse responses under home biased expectations, we set ω equal to 0.1. Other
values for ω are considered below. Due to the home bias, agents do not fully internalize the
relative change in domestic versus foreign prices and, as a consequence, underestimate the
effects of the real exchange rate on the domestic economy. The home bias in expectations
thus weakens the real exchange rate channel. Moreover, as agents focus more on domestic
economic conditions, inflation expectations in Home (Foreign) remain high (low), and the
real interest rate low (high), for a much longer period than in the absence of home bias
in expectations, which strengthens the real interest rate channel. Due to the shift in the
relative strengths of the two channels, the demand shock has a more amplified effect under
home biased expectations than if expectations were rational or free from home bias. This
is reflected by a sharper adjustment of the real exchange rate and larger macroeconomic
imbalances following the demand shock.

The main message conveyed by these impulse response functions is that real interest
rate differentials across member states of a monetary union can lead to larger and more
prolonged macroeconomic imbalances if agents, while forming their expectations, rely
more on information inferred from domestic variables, while ignoring foreign and union-
wide variables. The amplification of the effects of real interest rate differentials is due
to a pro-cyclical real interest rate channel that undercuts a stabilizing real exchange rate
channel. To overcome the home bias in agents’ expectations, a more extreme adjustment
in nominal prices is required, given that, under monetary union, the nominal exchange
rate is fixed and monetary policy tools are inefficient in the face of asymmetric shocks.

In the left-hand side panel of Figure 1.3, we analyze further the implications of home
bias in expectations for macroeconomic imbalances. We continue to use Home’s trade
balance as a measure of macroeconomic imbalance and focus on its response to the asym-
metric demand shock under alternative values for the home bias parameter ω. The results
suggest that, for a greater degree of home bias in expectations, macroeconomic imbalances
are larger and macroeconomic adjustment is slower. The intuition follows our discussion
above: the home bias causes agents to ignore relative international price changes and un-
derestimate the impact of the real exchange rate on economic dynamics, which weakens
the real exchange rate channel and strengthens the real interest rate channel.

In the panel in the middle of Figure 1.3 we plot the response of Home’s trade balance to
an asymmetric demand shock for different values of the gain parameter, γ, while keeping
the home bias parameter fixed at ω = 0.1. As is evident from the figure, the larger
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Chapter 1. Home Biased Expectation

Figure 1.3: Response of Home’s trade balance to an asymmetric demand shock

Note: Figure shows percentage deviation from steady state of Home’s trade balance in response to a 1%
asymmetric demand shock for different calibrations. ω ∈ [0, 1] measures the home bias in expectations,
γ > 0 is the gain parameter in Equations (1.5) and (1.6), and α ∈ [0, 1] determines the import-share in
household consumption.

is the gain parameter, the greater is the resulting macroeconomic imbalance within the
monetary union for a given asymmetric demand shock. In particular, a higher gain implies
that agents assign a greater weight to current forecast errors when updating their beliefs.
Because forecast errors tend to be larger when beliefs are home biased, shocks are amplified
the higher is γ. At the same time, however, a higher gain also implies that agents infer
more quickly the stabilizing role of the real exchange rate, thus inducing a more rapid
macroeconomic adjustment in the medium to long run.

In the right-hand side panel of Figure 1.3, the response of Home’s trade balance to
the asymmetric demand shock is generated under different assumptions about country
openness, which is governed by the import share in household consumption α, while again
keeping the home bias parameter constant at ω = 0.1. The results from this figure convey
the following message: the more the economy is exposed to foreign trade, i.e. the higher
is α, the stronger is the effect of the real exchange rate on economic conditions and
therefore the quicker are agents to discover the counteracting forces of the real exchange
rate. This result can also be interpreted differently by noting that consumer prices are
a weighted average of both domestic and foreign producer prices. Evidently, the greater
is α, the more CPI inflation contains information on foreign price developments. Thus,
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1.3. Macroeconomic imbalances in the monetary union

Figure 1.4: Regional dispersion in inflation expectations and trade (im)balances

Note: The horizontal axis measures the difference between the Home agent’s inflation expectations,
ẼHt π

H
t+1, and the Foreign agent’s inflation expectations, ẼFt πFt+1, at period t. The sign of the Home

trade balance is flipped so as to make this figure more comparable to Figure 1.1.

even if foreign prices are largely ignored directly by agents, they are indirectly inferred
through changes in CPI inflation, and more so the more open is the economy to foreign
trade. Consequently, despite the presence of home bias in expectations, large and prolonged
macroeconomic imbalances following an asymmetric demand shock can be avoided if home
bias in consumption is limited.

The connection between, on the one hand, regional dispersion in expectations and,
on the other hand, macroeconomic imbalances in a monetary union was alluded to in
Figure 1.1 in the Introduction, where we plotted regional dispersion in survey measures for
inflation expectations against the dispersion in trade balance ratios across a group of euro
area countries. We now use our model to see if we can recover this empirical observation.
Particularly, we simulate the model for T periods, again subjecting the economy to a
series of randomly drawn, uncorrelated normal shocks. From the simulation, we save the
difference in inflation expectations between Home and Foreign agents as well as Home’s
trade balance for each period t = 1, 2, ..., T and plot the two series against each other.

In the left-hand side panel of Figure 1.4, we show the results from the simulation
without home bias in expectations. In this case, the cross-country dispersion in inflation
expectations and the (negative) trade balance seem virtually unrelated. However, when
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Chapter 1. Home Biased Expectation

allowing for home bias in expectations, as we do in the panel on the right, we see that more
dispersed expectations are associated with greater trade imbalances, consistent with what
is observed in the data. This exercise illustrates that it is the home bias in expectations
that amplifies macroeconomic imbalances, and not solely the cross-country dispersion in
expectations.

1.4 Stability and implications for monetary policy

In this section, which consists of two parts, we investigate how home bias in expecta-
tions affects the ability of the central bank to deliver a stable and determinate equilibrium
in the monetary union. In the first part, we derive the conditions for E-stability of the
model. We focus on the notion of strong E-stability in which agents, when making their
forecasts, include both state and control variables in the data vector xt and, therefore, are
likely to over-parameterize their forecasting model. Furthermore, we use the concept of
decreasing (rather than constant) gain learning, as it allows us to consider the possibility
of convergent beliefs. In the second part, we perform numerical simulations to illustrate
how the requirements for monetary policy to guarantee E-stability change under different
degrees of home bias in expectations. We use the insights from the stability analysis to
illustrate how monetary policy can mitigate the pro-cyclical effects of the real interest rate
channel and promote macroeconomic stability.

1.4.1 The Restricted Perception Equilibrium

To derive the requirements for E-stability, we start by inserting agents’ PLM (1.4),
iterated one period ahead, into the state-space representation of the model, given by
(1.1), after multiplying by A−1 from the left, to find the Actual Law of Motion (ALM):
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with F i ≡ A−1Bi, G ≡ A−1C, H ≡ A−1D, and where Ωi
k, with k = {x, v}, are diagonal

matrices of conformable sizes with either ones or ω’s on the diagonal. These matrices
determine by how much non-domestic variables and shocks are weighted down in agents’
PLM. Note that the location of the home bias parameter ω in Ωi

k differs depending on
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whether expectations from Home or Foreign agents are considered as they perceive different
variables as non-domestic.

The assumption of a potential home bias in agents’ expectations features a crucial
departure from the standard adaptive learning literature, namely that agents in country i
observe only an imperfect version of the ALM, which is equal to Equation (1.21) multiplied
by Ωi

x. Accordingly, agents face the following mapping from their PLM to their observed
ALM:
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If domestic and non-domestic variables are weighted differently in agents’ information
sets, i.e. if ω < 1, then the coefficients of the PLMs across countries are mapped into
different observed ALMs, which implies that, in general, ΛH 6= ΛF . As a result, expecta-
tions differ across countries in steady state which prevents the economy from converging
towards the REE. Instead, the economy settles on an RPE. A necessary condition for the
existence of such an RPE is that the mapping function, T i (Λi), has a fixed point, i.e.
Λ̂i =

[
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Because Equation (1.24) includes a quadratic matrix expression, multiple solutions for Λ̂i
1

may exist. On the other hand, Λ̂i
2 is uniquely pinned down by Equation (1.25) for any

given Λ̂i
1. Further, note that the only solution for Λ̂i

0 is the zero vector.

The relevant ordinary differential equations that govern the E-stability properties of
any RPE are derived in Appendix 1.D and given by
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with

Ωi ≡


I 0 0

0 Ωi
x 0

0 0 Ωi
v

 ,
and where $i is defined as the asymptotic speed of adjustment in the learning algorithm,
as described in Honkapohja and Mitra (2006). Since we assume agents in each country
apply the same type of learning algorithm, we have $H = $F = $. Further, denote any
possible RPE that satisfies the conditions (1.23)-(1.25) by

(
Λ̂H , Λ̂F

)
. Then, by linearizing

around the RPE and vectorizing the right-hand side of the differential equations (1.26),
one obtains  dvec(ΛH)
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where τ expresses ‘notional time’ as in Evans and Honkapohja (2001) and Ξ is given by
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It follows that, under home biased expectations, E-stability of the RPE requires all eigen-
values of Ξ have negative real parts (Evans and Honkapohja, 2001). Next, we investigate
the ability of monetary policy to deliver E-stability of the RPE under different degrees of
home bias in expectations.

1.4.2 Monetary requirements for (E-)stability

Figure 1.5 shows the conditions for E-stability discussed earlier as a function of the
monetary policy parameters φπ ∈ [0, 3], which governs the monetary response to inflation,
and φy ∈ [0, 3], which governs the monetary response to output. In the white area,
monetary policy yields stable and unique rational expectations equilibria. These equilibria
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are also E-stable, i.e. learnable, RPEs. In the dark gray area, equilibrium is indeterminate,
yet the RPE is E-stable. In the light gray area, the REE is determinate, whereas the RPE
is not E-stable. Finally, the black region indicates the parameter space in which monetary
policy is unable to deliver a determinate REE nor an E-stable RPE.

In the upper-left panel of Figure 1.5, expectations are free from home bias. In this
case, we find that the Taylor-principle is a sufficient condition for both determinacy and
E-stability. In other words, the central bank must respond to increases (decreases) in
inflation by raising (lowering) the nominal interest rate by more than one for one, which
requires φπ > 1. When the monetary policy response to output is sufficiently strong, φπ
can even be set slightly below unity (see e.g. Clarida et al., 1999).

The remaining panels of Figure 1.5 show that the E-stability requirements for monetary
policy change when expectations are home biased. In fact, the greater is the degree of home
bias in expectations, the higher is the likelihood of ending up in regions characterized by
E-unstable RPEs. This is reflected by the expansion of the light-gray region as the home
bias in expectations increases (i.e. as ω falls). To guarantee an E-stable equilibrium under
home biased expectations, the central bank must respond more aggressively to changes in
inflation or output (or both). Thus, the monetary policy trade-off between inflation and
output stabilization worsens under home biased expectations.

These results are closely related to the Walters critique (Walters, 1994). Alan Wal-
ters, in his plea against UK membership of the European Monetary System, argued that
monetary unions are inherently unstable due to the inability of member states to, unilat-
erally, offset country-specific shocks through an adjustment in the nominal interest rate
or nominal exchange rate. Accordingly, countries belonging to a monetary union would
be more susceptible to self-strengthening inflationary or deflationary cycles than countries
operating under flexible exchange rates. Those who challenge the Walters critique point
to the stabilizing effects of the real exchange rate channel that, at least in the long run,
dominate the pro-cyclical effects of the real interest rate channel. The impulse responses
shown in Section 1.3 indicate that both channels are relevant for macroeconomic stability
and that the relative strengths of the two channels depend on the degree of home bias in
expectations.

The results from the E-stability analysis suggest that monetary unions may indeed be
more likely to be unstable, thereby supporting the Walters critique, yet only insofar as
expectations are home biased. If the home bias in expectations does not exist, we find
that the stability and determinacy requirements for monetary policy are not that different
from those pertaining to economies outside monetary union. Yet, if expectations are
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Figure 1.5: Determinacy and E-stability for different degrees of home bias in expectations

Note: The figure shows the conditions for E-stability and determinacy as a function of the monetary
policy parameters φπ and φy, and conditional on different degrees of home bias in expectations. White =
determinate Rational Expectations Equilibrium (REE) and E-stable Restricted Perception Equilibrium
(RPE); dark gray = indeterminate REE and E-stable RPE; light gray = determinate REE and E-unstable
RPE; black = indeterminate REE and E-unstable RPE.
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Figure 1.6: Response of Home’s trade balance to an asymmetric demand shock and the role of monetary
policy

Note: Responses are generated under home biased expectations, with ω = 0.1. Although we used a
learning algorithm with decreasing gain, the results are nearly identical under a constant gain of γ = 0.01,
which was used in Section 1.3.

subject to home bias, stability of the union is threatened. In that case, to avoid unstable
macroeconomic outcomes, the central bank must adopt a more aggressive stance towards
inflation and output.

To see whether a more aggressive monetary policy stance helps mitigate macroeconomic
imbalances under home biased expectations, we again examine the effects of an asymmetric
demand shock on Home’s trade balance for ω = 0.1 and different values of the monetary
policy parameters φπ and φy. The results are shown in Figure 1.6.

According to the figure, a more aggressive response of the central bank to changes in
either inflation (i.e. higher values for φπ, see panel on the left) or output (higher values
for φy, panel on the right) reduces the trade balance’s response to the asymmetric demand
shock. Recall that, following the shock, the nominal interest rate is left unchanged as
union-wide aggregates remain constant. However, different monetary policy stances still
can deliver different macroeconomic dynamics, even without changing the nominal interest
rate following the shock, due to their effect on agents’ expectations before the shock hits the
economy. For instance, following an increase in aggregate demand, inflation expectations
will remain closer to the inflation target if agents experienced a central bank that, in the
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past, was more hawkish rather than dovish. Therefore, a more aggressive monetary policy
stance helps weaken the feedback between inflation expectations and the real interest rate,
thereby also weakening the real interest rate channel and allowing the real exchange rate
to stabilize economic conditions more promptly.

Although the benefits of having anchored inflation expectations, in terms of promoting
macroeconomic stability, are well understood, the results shown here provide an additional
argument in favor of tightly anchored inflation expectations that applies particularly to
monetary unions: not only does a credible inflation target prevent expectations from
drifting too far from steady state, it also helps prevent expectations from diverging too
far across regions within the union following country-specific shocks.

1.5 Conclusion

Although the importance of expectations for policy design and evaluation is broadly
acknowledged in the literature, attention is often focused on (rational) expectations at
the aggregate level, thereby ignoring potentially important differences in expectations
across agents. This approach does not seem appropriate when studying asymmetric shocks
under monetary union, where forces that provoke divergences in economic dynamics and
expectations across agents from different member countries are likely to be strong.

In this chapter, we examined the implications of home bias in expectations for the
size and duration of macroeconomic imbalances following an asymmetric demand shock
in a two-country monetary union. We found that home bias in expectations aggravates
pro-cyclical real interest rate effects, causing macroeconomic imbalances to be more pro-
nounced. In particular, the expectations bias shifts agents’ attention from international
price changes to domestic real interest rates, which hampers macroeconomic adjustment
through the real exchange rate channel. We further showed that, for a higher degree of
home bias in expectations, monetary policy must take a more aggressive stance towards
inflation and output to anchor inflation expectations.

It is well established that cross-country inflation differentials under monetary union
may reflect, at least in part, the endogenous response of the real exchange rate to asym-
metric shocks. In fact, such a self-correcting mechanism forms an integral part of the
smooth functioning of monetary unions. Hence, it is not always clear whether policy-
makers should care about dispersion in inflation rates across member countries. However,
the results presented in this chapter point towards a potential risk embedded in diver-
gent inflationary dynamics under monetary union that is related to the way agents form
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expectations. To distinguish between regional economic disparities that are either tempo-
rary, and part of a necessary adjustment process, or structural, and potentially unstable,
policymakers should monitor expectations at both the aggregate and national level. In-
ternalizing inter-regional dispersion into the monetary policy strategy, then, is warranted
insofar expectations are highly sensitive to past domestic economic conditions and igno-
rant of international spillover effects. Alternatively, fiscal policy could be employed to
offset the bias in expectations at the national level, for instance by changing import tariffs
or export subsidies to replicate the required real exchange rate adjustment. Whether such
policies are able to fully undo the effects of the home bias in expectations is a question we
leave for future research.
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Appendix 1.A A two-country monetary union

In this section, we provide a full description of the New Keynesian model used in the
chapter.

1.A.1 Household preferences

The model economy consists of two countries, Home (H) and Foreign (F ), which form
a monetary union. Each member state of the monetary union is populated by a continuum
of households. Households that live in Home are indexed by h ∈ [0, s), while those that
live in Foreign are indexed by f ∈ [s, 1]. The parameter s measures the relative size of
Home.

A representative household living in country i = {H,F} chooses consumption, cit, and
labor supply, nit, while aiming to maximize expected life-time utility:

Ẽi
t

∞∑
t=0

βtziD,t

(cit)
1−σ

1− σ −
(nit)

1+ϕ

1 + ϕ

 , (1.29)

where β ∈ (0, 1) denotes the household’s discount factor, σ > 0 the coefficient of relative
risk aversion and ϕ > 0 the inverse Frisch elasticity of labor supply. Labor is supplied only
to domestic firms. ziD,t is a demand shock that evolves according to a stationary AR(1)
process. Importantly, demand shocks are allowed to be correlated across countries.

The household receives labor income, W i
tn

i
t where W i

t denotes the nominal wage rate,
and firm profits from domestic intermediate goods firms, P it . Further, households have
access to a complete set of one-period Arrow-Debreu securities, Bi

t (ξt+1), each unit of
which pays out one unit of currency when state ξt+1 occurs.

Let P i
i,t denote the aggregate producer price index (PPI) of country i, P i

t the consumer
price index (CPI) and Qt (ξt+1|·) the price of an Arrow-Debreu security. The flow budget
constraint faced by the household for every event ξt at any time t is then given by

P i
t c
i
t +

∑
ξt+1

Qt (ξt+1|·)Bi
t (ξt+1) = W i

tn
i
t +Bi

t−1 + P i
i,tP it . (1.30)

We assume initial wealth to be identical across agents, i.e. Bi
−1 = B for all i.

Maximizing the objective function (1.29), subject to the budget constraint (1.30) and
the transversality condition limT→∞Qt,TB

i
T = 0, and taking prices, the wage rate, asset

prices, and initial asset holdings as given, yields the conditions that pin down the optimal
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1.A. A two-country monetary union

supply of labor: (
nit
)ϕ

= wit
(
cit
)−σ

, (1.31)

and the optimal intertemporal allocation of wealth between consumption and savings:

1 = βẼi
t

 Rt

πit+1

ziD,t+1

ziD,t

(
cit+1
cit

)−σ , (1.32)

where wit ≡ W i
t /P

i
t denotes the real wage rate, πit ≡ P i

t /P
i
t−1 gross CPI inflation, and

Rt is the risk-free nominal interest rate, set by the central bank, satisfying 1/Rt =∑
ξt+1 Qt (ξt+1).
Combining Equation (1.32) for both countries yields the ‘imperfect international risk-

sharing condition’:18

zHD,t
(
cHt
)−σ

zFD,t (cFt )−σ
= q−1

t


ẼH
t

[
zHD,t+1

(
cHt+1

)−σ
/PH

t+1

]
ẼF
t

[
zFD,t+1 (cFt+1)−σ /P F

t+1

]
 , (1.33)

where qt ≡ P F
t /P

H
t denotes the real exchange rate. The term in curly brackets on the

right-hand side of (1.33) reflects the relative expected marginal utility with respect to con-
sumption across the two countries. If expectations are homogeneous across countries, i.e.
ẼH
t = ẼF

t , then due to the assumption of complete asset markets and symmetric initial
conditions, this term equals unity and perfect risk sharing is ensured through appropri-
ate adjustments in the real exchange rate. However, under heterogeneous expectations,
expected marginal utility, and hence the stochastic discount factor, may differ across coun-
tries. The additional term in curly brackets in (1.33) accounts for this difference. Note
that, the stronger is the degree of home bias in expectations, the more dispersed are the
stochastic discount factors and the more distorted is the risk sharing condition.

Consumption, cit, consists of bundles of domestically produced final goods, cii,t, and
imported final goods, cij,t, with i, j = {H,F} and i 6= j. These bundles are aggregated
according to the following technology:

cit ≡
[(

1− αi
) 1
η
(
cii,t
) η−1

η +
(
αi
) 1
η
(
cij,t
) η−1

η

] η
η−1

, i 6= j, (1.34)

where η ≥ 1 denotes the trade elasticity and αi determines the degree of country openness.
Specifically, αH ≡ (1− s)α and αF ≡ sα, with α ∈ (0, 1). Maximizing cit, subject

18See Appendix 1.B for a brief derivation.
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to appropriate expenditure constraints and taking prices as given, yields the following
demand schedules:

cii,t =
(
1− αi

)(P i
i,t

P i
t

)−η
cit, cij,t = αi

(
P i
j,t

P i
t

)−η
cit, i 6= j, (1.35)

and consumer price indices:

P i
t =

[(
1− αi

) (
P i
i,t

)1−η
+ αi

(
P i
j,t

)1−η
] 1

1−η
, i 6= j. (1.36)

In turn, final goods consist of bundles of differentiated intermediate goods, ciH,t (h) and
ciF,t (f), which are assembled using the following aggregators:

ciH,t ≡
[(1
s

) 1
ε
∫ s

0
ciH,t (h)

ε−1
ε dh

] ε
ε−1

, ciF,t ≡
[( 1

1− s

) 1
ε
∫ 1

s
ciF,t (f)

ε−1
ε df

] ε
ε−1

. (1.37)

Maximizing these bundles yields the following optimal demand conditions:

ciH,t (h) = 1
s

(
P i
t (h)
P i
H,t

)−ε
ciH,t, ciF,t (f) = 1

1− s

(
P i
t (f)
P i
F,t

)−ε
ciF,t, (1.38)

and producer price indices:

P i
H,t =

(1
s

∫ s

0
P i
t (h)1−ε dh

) 1
1−ε

, P i
F,t =

( 1
1− s

∫ 1

s
P i
t (f)1−ε df

) 1
1−ε

. (1.39)

1.A.2 Firm production and price setting

Differentiated intermediate goods yit (z) are produced by monopolistic wholesale firms,
indexed by z = {h, f}, using the constant returns to scale production function yit (z) =
nit (z). Following Calvo (1983), wholesale firms can change their price only with fixed
probability 1− θ ∈ (0, 1). Firms that can change their price do so to maximize expected
discounted profits, subject to a demand schedule, the production function and a condition
that pins down equilibrium demand for labor, i.e. mcit =

(
P i
t /P

i
i,t

)
wit, where mcit denotes

real marginal costs. The resulting optimal price, P i
t, is given by

P
i
t = ε

ε− 1
Ẽi
t

∑∞
k=0 θ

kQt+k (ξt+k+1|·)
(
P i
i,t+k

)1+ε
yit+kmc

i
t+k

Ẽi
t

∑∞
k=0 θ

kQt+k (ξt+k+1|·)
(
P i
i,t+k

)ε
yit+k

, (1.40)
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where ε > 0 measures the elasticity of substitution between intermediate goods. Firms
that are unable to change their price keep prices fixed at last period’s PPI.

1.A.3 The central bank and monetary policy

A common central bank sets the gross nominal interest rate according to the following
rule:

Rt

R
=
(
πMU,t

πMU

)φπ (yMU,t

yMU

)φy
, (1.41)

where union-wide aggregates are weighted by country size, i.e. πMU,t ≡ sπHt + (1− s) πFt
and yMU,t ≡ syHt + (1− s) yFt , and variables without a t subscript denote steady-state
values.

1.A.4 Market clearing

Assuming the law of one price holds for all goods, we have PH
H,t = P F

H,t = PH,t and
PH
F,t = P F

F,t = PF,t. Using the demand schedules in (1.38) and appropriate aggregators for
national output, we can derive the goods market clearing conditions for Home:

yHt =
(
PH,t
PH
t

)−η [(
1− αH

)
cHt + 1− s

s
αF qηt c

F
t

]
, (1.42)

and Foreign:

yFt =
(
PF,t
P F
t

)−η [(
1− αF

)
cFt + s

1− sα
Hq−ηt cHt

]
. (1.43)

Finally, labor market clearing satisfies

nit = yitDit, (1.44)

where Dit is a measure of price dispersion.

Appendix 1.B International risk sharing

The derivation presented here closely follows Wang (2008). Subject to the budget
constraint (1.30), the household aims to maximize utility (1.29), which we denote here
as U i

t

(
cit, n

i
t, z

i
D,t

)
. Let µi (ξt+1|·) be the probability that event ξt+1 occurs at t + 1 as

perceived by agents from country i = {H,F}. The household then solves the following
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Lagrangian:

L =
∞∑
t=0

∑
ξt+1

βtµi (ξt+1|·)

U i
t

(
cit, n

i
t, z

i
D,t

)
+

λt

W i
tn

i
t +Bi

t−1 + P i
i,tψ

i
t −

∑
ξt+1

Qt (ξt+1|·)Bi
t (ξt+1)− P i

t c
i
t

. (1.45)

Combine the first-order conditions with respect to cit and Bi
t (ξt+1) to obtain

U i
c,tQt (ξt+1|·)

P i
t

= βµi (ξt+1|·)
U i
c,t+1 (ξt+1)
P i
t+1 (ξt+1) ,

with U i
c,t the marginal utility of consumption. Since this condition holds for all i, we can

write
P F
t

PH
t

UH
c,t

UF
c,t

=
µH (ξt+1|·)UH

c,t+1 (ξt+1)
(
PH
t+1 (ξt+1)

)−1

µF (ξt+1|·)UF
c,t+1 (ξt+1) (P F

t+1 (ξt+1))−1 , (1.46)

which implies

P F
t

PH
t

UH
c,t

UF
c,t

=
µH (ξ1,t+1|·)UH

c,t+1 (ξ1,t+1)
(
PH
t+1 (ξ1,t+1)

)−1

µF (ξ1,t+1|·)UF
c,t+1 (ξ1,t+1) (P F

t+1 (ξ1,t+1))−1

=
µH (ξ2,t+1|·)UH

c,t+1 (ξ2,t+1)
(
PH
t+1 (ξ2,t+1)

)−1

µF (ξ2,t+1|·)UF
c,t+1 (ξ2,t+1) (P F

t+1 (ξ2,t+1))−1

= . . .

=
µH (ξm,t+1|·)UH

c,t+1 (ξm,t+1)
(
PH
t+1 (ξm,t+1)

)−1

µF (ξm,t+1|·)UF
c,t+1 (ξm,t+1) (P F

t+1 (ξm,t+1))−1 .

In other words, relative expected marginal utilities across countries must be equal for all
m possible events occurring at time t+ 1. Denote P F

t U
H
c,t/

(
PH
t U

F
c,t

)
= X, such that (1.46)

implies

µH (ξt+1|·)UH
c,t+1 (ξt+1)

(
PH
t+1 (ξ1,t+1)

)−1
= X · µF (ξ1,t+1|·)UF

c,t+1 (ξ1,t+1)
(
P F
t+1 (ξ1,t+1)

)−1
,

. . . = . . .

µH (ξm,t+1|·)UH
c,t+1 (ξm,t+1)

(
PH
t+1 (ξm,t+1)

)−1
= X · µF (ξm,t+1|·)UF

c,t+1 (ξm,t+1)
(
P F
t+1 (ξm,t+1)

)−1
.

Aggregating over all events, we then have
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EH
t

[
UHc,t+1
PHt+1

]
EF
t

[
UFc,t+1
PFt+1

]

=
∑
ξt+1 µ

H (ξt+1|·)UH
c,t+1 (ξt+1)

(
PH
t+1 (ξt+1)

)−1

∑
ξt+1 µ

F (ξt+1|·)UF
c,t+1 (ξt+1) (P F

t+1 (ξt+1))−1

=
µH (ξ1,t+1|·)UH

c,t+1 (ξ1,t+1)
(
PH
t+1 (ξ1,t+1)

)−1
+ ...+ µH (ξm,t+1|·)UH

c,t+1 (ξm,t+1)
(
PH
t+1 (ξm,t+1)

)−1

µF (ξ1,t+1|·)UF
c,t+1 (ξ1,t+1) (P F

t+1 (ξ1,t+1))−1 + ...+ µF (ξm,t+1|·)UF
c,t+1 (ξm,t+1) (P F

t+1 (ξm,t+1))−1

=
X ·

[
µF (ξ1,t+1|·)UF

c,t+1 (ξ1,t+1)
(
P F
t+1 (ξ1,t+1)

)−1
+ ...+ µF (ξm,t+1|·)UF

c,t+1 (ξm,t+1)
(
P F
t+1 (ξm,t+1)

)−1
]

µF (ξ1,t+1|·)UF
c,t+1 (ξ1,t+1) (P F

t+1 (ξ1,t+1))−1 + ...+ µF (ξm,t+1|·)UF
c,t+1 (ξm,t+1) (P F

t+1 (ξm,t+1))−1

= X

= P F
t

PH
t

UH
c,t

UF
c,t

,

which implies the following imperfect international risk sharing condition:

UH
c,t

UF
c,t

=
EH
t

[
UH
c,t+1

PHt
PHt+1

]
EF
t

[
UF
c,t+1

PFt
PFt+1

] .

This equation is similar to Equation (11) in Santoro (2017). Finally, using Equation (1.29),
we obtain Equation (1.33).

Appendix 1.C The linear model

In this section, we present the linear version of the model. The model is linearized
around a deterministic, zero-inflation steady state. Let variables with a hat denote the
percentage deviation of the corresponding variable from its steady-state value, i.e. x̂t =
(xt − x) /x for any generic variable xt. A scaled-down version of the linear model then
consists of the following equations.

First, the Euler equation for the Home country and the imperfect international risk
sharing condition:

σĉHt = σẼH
t ĉ

H
t+1 −

(
R̂t − ẼH

t π̂
H
t+1

)
+ (1− ρD) ẑHD,t, (1.47)

39



Chapter 1. Home Biased Expectation

σ
(
ĉFt − ĉHt

)
= σ

(
ẼF
t ĉ

F
t+1 − ẼH

t ĉ
H
t+1

)
+ ẼF

t π̂
F
t+1 − ẼH

t π̂
H
t+1 + (1− ρD)

(
ẑFD,t − ẑHD,t

)
, (1.48)

where the demand shock, ẑiD,t, evolves according to

ẑiD,t = ρDẑ
i
D,t−1 + εiD,t, (1.49)

with i = {H,F}, ρD ∈ [0, 1] and εiD,t ∼ N (0, σ2).
Second, the resource constraints of Home and Foreign:

ŷHt =
(
1− αH

) cH
yH

ĉHt + 1− s
s

αF
cF

yH
ĉFt + ΘH q̂t, (1.50)

ŷFt =
(
1− αF

) cF
yF
ĉFt + s

1− sα
H c

H

yF
ĉHt −ΘF q̂t, (1.51)

with

ΘH ≡ η
α̂H

αH

[
αH

(
1− αH

) cH
yH

+
(
1− αF

) 1− s
s

αF
cF

yH

]
,

ΘF ≡ η
α̂F

αF

[
αF

(
1− αF

) cF
yF

+
(
1− αH

) s

1− sα
H c

H

yF

]
,

and α̂i ≡ αi/
(
1− αH − αF

)
.

Third, the conditions for Home and Foreign CPI inflation and a condition that governs
real exchange rate dynamics:

π̂Ht = π̂HH,t + α̂H (q̂t − q̂t−1) , (1.52)

π̂Ft = π̂FF,t − α̂F (q̂t − q̂t−1) , (1.53)

q̂t = q̂t−1 + π̂Ft − π̂Ht . (1.54)

Fourth, the Home and Foreign New Keynesian Phillips curves:

π̂HH,t = βẼH
t π̂

H
H,t+1 + κ

(
ϕŷHt + σĉHt + α̂H q̂t

)
, (1.55)

π̂FF,t = βẼF
t π̂

F
F,t+1 + κ

(
ϕŷFt + σĉFt − α̂F q̂t

)
. (1.56)

And finally, the monetary policy rule of the central bank:

R̂t = φπ
[
sπ̂Ht + (1− s) π̂Ft

]
+ φy

[
sŷHt + (1− s) ŷFt

]
, (1.57)

which is perfectly observed by all agents in the monetary union.
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1.D. Derivation of Equation (1.26)

After substituting (1.57) in (1.47), the state-space representation of the model is
given by Equations (1.1) and (1.2) in Section 1.2.1, with xt ≡

[
xHt , x

F
t , q̂t

]′
, xit ≡[

ŷit, ĉ
i
t, π̂

i
t, π̂

i
i,t

]′
and vt ≡

[
ẑHD,t, ẑ

F
D,t

]′
. From the perspective of Home, xHt enters the

domestic subset xd,t, while xFt and q̂t enter the non-domestic subset xn,t (see Equation
[1.4]). From the perspective of Foreign, xFt enters xd,t, while xHt and q̂t enter xn,t.

Appendix 1.D Derivation of Equation (1.26)

To derive the ordinary differential equation (1.26), first consider (1.5) and substitute
in for x̃it by multiplying (1.21) by Ωi

x to find

Λi
t = Λi

t−1 + γt
(
M i

t

)−1
z̃it
[
Ωi
xT
(
ΛH
t−1,ΛF

t−1

)
zt − Λi

t−1z̃
i
t

]′
= Λi

t−1 + γt
(
M i

t

)−1
Ωizt

[
Ωi
xT
(
ΛH
t−1,ΛF

t−1

)
zt − Λi

t−1Ωizt
]′

= Λi
t−1 + γt

(
M i

t

)−1
Ωizt

{[
Ωi
xT
(
ΛH
t−1,ΛF

t−1

)
− Λi

t−1Ωi
]
zt
}′

= Λi
t−1 + γt

(
M i

t

)−1
Ωiztz

′
t

[
Ωi
xT
(
ΛH
t−1,ΛF

t−1

)
− Λi

t−1Ωi
]′
.

Note that

E

(M i
t

)−1
Ωiztz

′
t


{

Ωi
x

[∑
i={H,F} F

i (I + Λi
1Ωi

x) Λi
0

]
− Λi

0

}′{
Ωi
x

[∑
i={H,F} F

i (Λi
1Ωi

x)
2 +G

]
− Ωi

xΛi
1

}′{
Ωi
x

[∑
i={H,F} F

i (Λi
1Ωi

xΛi
2 + Λi

2%) Ωi
v +H

]
− Ωi

vΛi
2

}′

 .

Let E [zz′] ≡ limtE [ztz′t]. Then, we obtain the following ODEs:

dΛi

dτ
= $i

(
M i

t

)−1
ΩiE [zz′]

[
Ωi
xT
(
ΛH
t−1,ΛF

t−1

)
− Λi

t−1Ωi
]′
, (1.58)

dM i

dτ
= $i

[
ΩiE [zz′]−M i

]
. (1.59)

From Equation (1.59), it is evident that M i → ΩiE [zz′], which implies that Equation
(1.58) reduces to Equation (1.26).
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Appendix 1.E The effects of biased perceptions un-
der learning

Consider a simple stochastic univariate forward-looking model in which the dynamics
of prices, pt, depend on expected future prices, past prices, and some exogenous variable,
vt:

pt = aẼtpt+1 + bpt−1 + cvt, (1.60)

with a, b and c parameters, and where vt evolves according to vt = ρvt−1 + εt, with
εt ∼ N (0, σ2) and |ρ| ∈ [0, 1]. Suppose agents use the following forecasting equation as
their Perceived Law of Motion (PLM):

pt = αp̃t−1 + βṽt, (1.61)

with unknown coefficients α and β, and where variables with a tilde denote the fact that
these are perceived, rather than actual, variables.19 Hence, agents generate forecasts for
pt, Ẽtpt+1, using the observed, and potentially biased, data. Importantly, agents are not
aware of the fact that the data they use to generate their forecasts may be biased. Hence,
agents hold a PLM in p̃t−1 and ṽt, rather than in pt−1 and vt.

We now solve for the estimated coefficients in equilibrium under four different cases:
(i) variables are perceived without bias, (ii), only the exogenous variable, vt, is perceived
with bias, (iii) only the endogenous variable, pt, is perceived with bias, and (iv) both the
endogenous and exogenous variables are perceived with bias.

1.E.1 Case I: Unbiased perception of variables

In this case, variables are perceived without bias, hence p̃t−1 = pt−1 and ṽt = vt.
Updating the PLM (1.61) by one period and substituting the result for Etpt+1 into (1.60)
yields the following Actual Law of Motion (ALM):

pt =
(
aα2 + b

)
pt−1 + [aβ (α + ρ) + c] vt.

The function T (·) that maps the PLM to the ALM is given by

T

 α

β

 =
 aα2 + b

aβ (α + ρ) + c

 ,
19Without loss of generality, we assume the persistence parameter ρ to be known.
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and it’s fixed point,
(
αREE, βREE

)
, constitutes the (stable) Rational Expectations Equi-

librium (REE):

αREE = 1−
√

1− 4ab
2a , βREE = c

1− a (αREE + ρ) .

1.E.2 Case II: Biased perception of the exogenous variable

Now assume that the exogenous variable is perceived with some bias, the degree of the
latter being determined by the parameter ω, such that ṽt = ωvt. Further, assume that the
endogenous variable remains to be perceived without bias, i.e. p̃t−1 = pt−1. The PLM is
now given by

pt = αp̃t−1 + βṽt = αpt−1 + βωvt.

Hence, the ALM becomes

pt =
(
aα2 + b

)
pt−1 + [aβω (α + ρ) + c] vt,

and the corresponding mapping function is given by

T

 α

βω

 =
 aα2 + b

aβω (α + ρ) + c

 .
Note that the bias parameter ω now appears in the mapping function. The fixed point of
this mapping is given by

αRPE1 = 1−
√

1− 4ab
2a , βRPE1 = ω−1c

1− a (αRPE1 + ρ) .

Because the bias in the perception of the exogenous variable is permanent, beliefs will
settle down to an RPE. However, note that αRPE1 = αREE and βRPE1 = ω−1βREE.
Hence, the solution for α is the same as the REE solution as derived under Case I, while
the solution for β is simply a scaled-up version of the REE solution. By substituting this
solution back into the PLM, the bias parameter drops out. Therefore, agents’ beliefs about
the dynamics of the endogenous variable in equilibrium are unaffected by the bias, and
so the RPE equals the REE. Intuitively, because the bias applies only to the exogenous
variable, agents will, over time, learn to correct for the bias that causes them to misperceive
vt. This result relates to the Frisch-Waugh-Lovell Theorem, which states that re-scaling
independent variables by a factor ω in a regression will simply lead to a re-scaling of the
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estimated coefficients by ω−1.

1.E.3 Case III: Biased perception of the endogenous variable

Now consider the case where only the endogenous variable is perceived with some bias,
i.e. p̃t−1 = ωpt−1, while ṽt = vt. In that case, the PLM is given by

pt = αωpt−1 + βvt,

and the ALM becomes

pt =
[
a (αω)2 + b

]
pt−1 + [aβ (αω + ρ) + c] vt.

When agents evaluate their forecast errors, they observe p̃t and hence the corresponding
mapping function will be

T

 αω

β

 = ω

 a (αω)2 + b

aβ (αω + ρ) + c

 ,
with the fixed point given by

αRPE2 = 1−
√

1− 4abω2

2aω2 , βRPE2 = ωc

1− a (αRPE2ω + ρ) .

The bias parameter now affects the estimated coefficients in a non-trivial way, since ω does
not drop out when plugging the solutions for α and β into the PLM. Hence, for ω 6= 1,
the system does not converge towards the REE. The intuition behind this result lies in
the fact that the system is self-referential and the bias applies to the endogenous variable:
expectations are affected by realized values of the endogenous variable, and the latter are
in turn affected by expectations. Insofar as the perception of the endogenous variable is
biased, agents will not be able to recover the dynamics of the system that would obtain
under the REE. Note that, even if b = 0 (i.e. the model does not contain any endogenous
state variables and αRPE2 = αREE), the backward-looking nature of expectations creates
a source of inertia that causes beliefs to converge only slowly, which is even slower under
home biased expectation.
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1.E.4 Case IV: Biased perception of all variables

Lastly, consider the case where both the endogenous and exogenous variables are per-
ceived with some bias, such that the PLM is given by

pt = αωpt−1 + βωvt,

which implies the following ALM:

pt =
[
a (αω)2 + b

]
pt−1 + [aβω (αω + ρ) + c] vt,

and the corresponding mapping function:

T

 αω

βω

 = ω

 a (αω)2 + b

aβω (αω + ρ) + c

 ,
with the fixed point being given by

αRPE3 = 1−
√

1− 4abω2

2aω2 , βRPE3 = c

1− aω (αRPE3ω + ρ) .

Again, because of the self-referential nature of the system and because it is the endogenous
variable that is perceived with some bias, both the system’s dynamics and equilibrium will
depart from rational expectations.

Appendix 1.F Quantifying inflation expectations from
survey data

In the chapter, we used data on inflation expectations that were extracted from the
European Commission Business and Consumer Survey. In this qualitative survey, agents
are asked to answer questions about their views on economic and financial conditions. Our
focus is on the survey aimed at consumers, which is conducted on a monthly basis since
1985 and covers more than 41,000 consumers across the EU.

Questions 5 and 6 of the survey are about recent and future price developments. Ques-
tion 5 asks how consumers have perceived price developments over the past twelve months.
The survey offers six possible answers: “They have (1) risen a lot, (2) risen moderately,
(3) risen slightly, (4) stayed about the same, (5) fallen, or (6) don’t know”. Questions 6
asks how consumers expect prices to develop in the next twelve months as compared to
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the past twelve months. Again, six possible answers are offered: “They will (1) increase
more rapidly, (2) increase at the same rate, (3) increase at a slower rate, (4) stay about
the same, (5) fall, or (6) don’t know”.

Following Batchelor and Orr (1988), Berk (1999) and Dias et al. (2010), we use the
probability approach to quantify these qualitative survey responses, which consists of three
steps. In the first step, we calculate actual inflation, πi,t, for each country i as the annual
growth rate of the Harmonized Index of Consumer Prices, taken from Eurostat. In the
second step, we transform the series of actual inflation into perceived inflation, πPi,t, using
the shares Sm,t of the responses to Question 5 belonging to answer m = 1, 2, .... We use
the Hodrick-Prescott filter to obtain the trend component of πi,t, i.e. πHPi,t , where we set
the smoothing parameter equal to 14,400. Then, we calculate perceived inflation as

πPi,t = −Z3,t − Z4,t

Z1,t + Z2,t − Z3,t − Z4,t
πHPi,t , (1.62)

where the thresholds Zm,t are defined as

Z1,t = F−1
t (1− S1,t) , (1.63)

Z2,t = F−1
t (1− S1,t − S2,t) , (1.64)

Z3,t = F−1
t (1− S1,t − S2,t − S3,t) , (1.65)

Z4,t = F−1
t (S5,t) , (1.66)

and where F denotes the cumulative Normal standard distribution function. Finally, in
the third step, we calculate expected inflation over the next twelve months, conditional on
information available at month t, i.e. πei,t+12|t, as

πei,t+12|t = −Z3,t − Z4,t

Z1,t + Z2,t − Z3,t − Z4,t
πPi,t, (1.67)

where the thresholds Zm,t are again defined by Equations (1.63)-(1.66), yet are now cal-
culated using the statistical distribution of the responses to Question 6.
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Chapter 2

Forward Guidance and the Role of
Central Bank Credibility under
Heterogeneous Beliefs

2.1 Introduction

With policy rates in most developed economies being constrained by the effective lower
bound (ELB), several central banks made use of unconventional policy tools, such as large
scale asset purchases, long-term liquidity provisions and forward guidance. The latter can
be seen as an additional tool for policy makers to influence the public’s expectations−which
play a crucial role in the transmission mechanism of monetary policy−especially once the
policy rate hits the ELB.

The effectiveness of forward guidance is, however, not a priori clear, because it depends
on how agents interpret the announcement: “is it a signal of additional monetary stimulus,
or rather a sign that the central bank’s economic outlook became worse?” (see De Graeve
et al., 2014, p.3). Empirical evidence finds that forward guidance has a considerably impact
on private sector expectations, yet also reveals that the public moves its expectations only
partially in the direction of the announcement (Ferrero and Secchi, 2009; Hubert, 2014,
2015a,b).1 Clearly, a model with perfect information and a fully credible central bank
cannot address this question.

The main contribution of this chapter is to analyze forward guidance under bounded
1 For instance Ferrero and Secchi (2009) show that market expectations of the short term interest rate
respond in a significant and consistent way to the unexpected component of the published path of the
Reserve Bank of New Zealand’s (RBNZ) interest rate projections, even though the adjustment is not
complete.
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rationality, where we link the effectiveness of forward guidance to the central bank’s credi-
bility in a heterogeneous expectation framework. To this end, we depart from the standard
New Keynesian model in four more realistic ways. First, credibility is endogenous. Second,
expectations of household-firms are heterogeneous, with agents’ beliefs switching endoge-
nously between two rules (adaptive expectations and credibility believers). Third, we use
N -step ahead Euler equation learning enabling us to study the effects of forward guidance
announcements and fourth, the central bank cannot observe contemporaneous inflation
and output, but instead uses a vector autoregression (VAR) model, which is miss-specified
because of time variation in the distribution of aggregate expectations. Combining these
four novelties leads to a more realistic behavioral New Keynesian framework to study the
role of forward guidance.

The first two novelties are closely related. We use a heterogeneous expectations heuris-
tics switching model with two types, as in Hommes and Lustenhouwer (2019), with one
type believing in the targets of the central bank (the credibility believers) and another
type using a simple backward looking adaptive expectations rule. We extend the model
to allow for two types of forward guidance: Delphic and Odyssean guidance (see Camp-
bell et al., 2012). Under Delphic forward guidance the central bank communicates to
the public its forecasts of the economic outlook and the expected monetary policy action
consistent with this outlook. Contrary, Odyssean forward guidance can be interpreted
as a “lower-for-long” policy (Eggertson and Woodford, 2003; Haberis et al., 2014), i.e.
the central bank’s commitment to temporarily deviate from its policy rule and not re-
spond to rising inflation and growth, but instead keep rates close to zero for a longer
period.2 The dynamics under the heuristic switching model have been widely studied (see
e.g. Brock and Hommes (1997); Branch (2004) and more recently Hommes and Lusten-
houwer (2019)) and the two-types version that we use is empirically appealing and closely
resembles the recently estimated switching model with fundamentalists versus naive ex-
pectations in Cornea-Madeira et al. (2019).3 This two-types heterogeneous expectations

2 Some argue that central banks do not commit to the future path of interest rates and stress the
conditionality of these statements (see e.g. Moessner et al., 2017), however, we considered it a relevant
theoretical distinction and do not consider the time-inconsistency in the central bank’s action.

3 The empirical evidence in favor of the heuristics switching model is compelling. For instance, Branch
(2004, 2007) finds that survey data on inflation expectations are consistent with a dynamic choice
between statistical predictor functions. Further, Anufriev and Hommes (2012a,b) fit the heuristics
switching model to the data of asset pricing learning-to-forecast experiments (see Hommes, 2011, for
a survey of laboratory experiments) and find that already four simple heuristics explain most of the
observations. Also, Hommes et al. (2005) argue that laboratory experiments with human subjects are
well suited to discipline the class of individual heuristics that boundedly rational subjects may use in
their decision making process. Lastly, Assenza et al. (2013) use the same heuristics switching model as in
Anufriev and Hommes (2012a,b) and find that the simple heterogeneous expectations switching model
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switching model allows us to study the role of endogenous credibility and the implications
for central bank communication policies.

Ultimately, the fraction of households adjusting their own forecasts in response to for-
ward guidance will depend on how close past inflation was to the central bank’s target.
It is therefore, that this fraction of households can be seen as an endogenous (and thus
time-varying) measure of central bank credibility. In fact, a credible policy regime will be
characterized by a disconnect between inflation dynamics and inflation expectation similar
to Demertzis et al. (2008), as high levels of credibility in our model imply that inflation
expectations are centered around the inflation target. Similarly, Bernanke et al. (2001)
discuss how the behavior of survey forecasts relative to the central banks’s inflation target
provides information about credibility. Hence, our approach offers a natural way to relax
the ad hoc assumption of exogenous credibility and endogenizes the central bank’s credi-
bility in a heterogeneous expectations framework with time-varying fractions. Eventually,
this assumption leads to heterogeneity in private sector expectations with a time-varying
distribution.4

The third novelty−to use N -step ahead Euler equation learning−is needed to imple-
ment forward guidance under bounded rationality, because this approach ensures that
expected future interest rates matter for households’ and firms’ optimal decisions. The
learning literature proposed two generalizations of the standard Euler equation learning
approach by Evans and Honkapohja (2001), namely N -step Euler equation learning (Fer-
rero and Secchi, 2011; Branch et al., 2012) and infinite horizon learning (see e.g. Sargent,
1999; Eusepi, 2005; Eusepi and Preston, 2018). Despite being attractive, we show in Ap-
pendix 2.J that the infinite horizon approach together with the heuristic switching model
does not satisfy asymptotic stationarity properties. Therefore, we focus on the N -step
ahead Euler equation concept and provide robustness checks showing that the policy im-
plications do not hinge on the specific value of the forward-looking horizon N , as long as
N is not too large.5

Arguably, measuring the forward-looking horizon is a challenging task. Thus, we rely

also fits individual learning and aggregate outcomes in the standard New Keynesian macroeconomic
setting.

4 There is plenty of empirical evidence of heterogeneity in expectations. To name a few, Carroll (2003),
Mankiw et al. (2003), Pfajfar (2009) and Pfajfar and Santoro (2010) provide empirical support for
heterogeneity in expectations using survey data on inflation expectations. Furthermore, Hommes et al.
(2005), Adam (2007), Hommes (2011), Pfajfar and Žakelj (2018) and Assenza et al. (2013) find evidence
for heterogeneity in learning-to-forecast laboratory experiments with human subjects. Importantly, also
the distribution of heterogeneity evolves over time in response to economic volatility (see Mankiw et al.,
2003) a feature well captured by our heuristic switching model.

5 We discuss the modeling implications in detail in Appendix 2.D, 2.G.1, 2.G.2 and 2.I.2.
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on self-reported financial planning horizons from survey data. For instance, according to
the Survey of Consumer Finances (SCF) or the Health and Retirement Study (HRS) 60-
70% of US households indicate to have planning horizons ranging from a few month to less
than five years, while 40% even indicated horizons of no more than one year, when asked
directly about their financial planning horizon in (see Dow Jr and Jin, 2013; Rodriguez de
Rubio, 2015). Obviously, there might be several reasons for these relatively short planning
horizons, including cognitive limitations, the educational level in general, other household
characteristics such as age, but also financial frictions, such as credit constraints, that
prevent households from smoothing consumption over longer horizons. In this chapter,
we focus more on the bounded rationality reason to finite planning horizons, while e.g.
McKay et al. (2016) focus on the financial friction dimension.

The fourth novelty–learning of the Central Bank–is introduced for two reasons. First,
it is more realistic to assume that the central bank cannot observe current state variables,
as has been argued in the literature (see Orphanides, 2001; Aoki and Nikolov, 2006; Lubik
and Matthes, 2016). The second reason is tractability. Solving the stochastic model with
the central bank having rational expectations under both heuristic switching of boundedly
rational households and an additional nonlinearity through the ELB constraint is a highly
complex problem and non-tractable. It is important to note that under forward guidance,
the central bank’s multiple period ahead expectations appear in the model in a nonlinear
fashion through the heuristic switching and the ELB constraint. With our assumption
of central bank learning, the problem becomes tractable and moreover fits within our
bounded rationality framework.

In this bounded rationality framework, we analyze the effectiveness of both Delphic
and Odyssean forward guidance. Both policies are of particular interest as the central
bank’s credibility evolves endogenously in our model. Firstly, we find that both policies
jointly enlarge the basin of attraction of the targeted steady state and thus increase the
likelihood of recovery from a liquidity trap. Different from rational expectations, however,
recovery is not ensured and depends on the credibility of the central bank. Monte Carlo
simulations support this theoretical result, and moreover, suggest that the lower-for-long
policy alone, that is without the publication of the central bank’s forecasts, might be even
more effective in inducing recovery, yet at the cost of increased average macroeconomic
volatility (and thus lower welfare). We attribute this result to what Melosi (2017) calls
the signaling channel of monetary policy.6 In our model, some households downward-

6 In Melosi (2017), the policy rate signals non-redundant information to firms and hence directly influences
their beliefs about macroeconomic developments. Here, this information extraction is not needed,
because the central bank provides its forecasts through the Delphic guidance announcements. However,
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adjust their inflation and output expectations, if the central bank’s outlook is worse than
their own. On the other hand, expectations for the nominal interest rate become more
expansionary.7 Ultimately, if the fraction of households doing so (which is our measure of
credibility) is still large, the beneficial effects of forward guidance will be dampened.

The chapter continues as follows. Section 2.2 briefly discusses the related literature.
In section 2.3, we present the ingredients of our behavioral New Keynesian DSGE model
followed by an analysis of the dynamics under learning in section 2.4. In section 2.5, we
introduce the ELB constraint and discuss the model with and without forward guidance
announcements. Our numerical results are illustrated in section 2.6. First, we focus on the
implications of central bank learning in sections 2.6.2.1 and 2.6.2.2. Second, we turn to
the impulse responses of our model to forward guidance announcements in section, which
we compare with those from the rational expectation benchmark, and the results from
Monte-Carlo simulations in section 2.6.2.3. Finally, section 2.7 concludes.

2.2 Related literature

This chapter contributes to a growing literature evaluating the role of communication
policies when agents have incomplete information about the economy and when central
banks have imperfect credibility. Eusepi (2010); Eusepi and Preston (2010); Honkapohja
and Mitra (2014, 2015) consider communication policies when the effective lower bound
on nominal interest rates is a relevant constraint. For example Eusepi and Preston (2010)
show that a transparent central bank, which gives full information about its policy rule,
enhances the predictability of the nominal interest rate and thus stabilizes expectations.
Similar conclusions are found in Eusepi (2010), but in a nonlinear framework. Eusepi
(2005); Orphanides andWilliams (2005a); Faust and Leeper (2005); Preston (2006); Eusepi
and Preston (2010) all study announcements about monetary policy which are Delphic in
flavor. Contrary to those papers, however, we allow the central bank to publish its forecasts

the channel remains the same: If the central bank, for instance, lowers the policy rate it might be
interpreted as a pessimistic signal, leading to a downward adjustment of households’ expectations.
Similarly, in our model, credibility believers are too optimistic in a recession, hence adopting the central
bank’s realistic but lower expectations leads to lower aggregate inflation expectations.

7 This effect of forward guidance is broadly in line with empirical evidence, that shows forward guidance
to have a considerably impact on private sector expectations (Ferrero and Secchi, 2009; Hubert, 2014,
2015a,b), Also Campbell et al. (2016) show that the private information content of FOMC’s statements
(i.e. what the authors interpret as Delphic guidance) influences markets’ expectations of short-run
interest rates and induces substantial revision of markets’ forecasts. Lastly, Arifovic and Petersen
(2015) and Ahrens et al. (2018) find strong evidence that a central bank publishing its own projections
fosters expectational coordination in laboratory experiments with human subjects.
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and to commit to a future path for the nominal interest rate, while the functional form of
the policy rule is known.

Although the channel through which forward guidance operates is well understood,
this does not hold for its effectiveness. In fact, the canonical NKM highly overestimates
the effects of forward guidance (Carlstrom et al., 2015), which became known as the
forward guidance puzzle (Del Negro et al., 2012). A vast empirical literature, on the
other hand, concludes forward guidance to have stimulative and non-trivial, yet not huge
effects (see e.g. Raskin, 2013; Kiley, 2016; Del Negro et al., 2012). Eventually, several
attempts have been made to solve the puzzle. For instance, McKay et al. (2016) and
Caballero and Farhi (2013) use an incomplete market approach. Andrade et al. (2018)
argue that it is uncertainty in the nature of the policy, which causes the muted response.
Contrary, Cochrane (2017) argues that it is the failure of the New Keynesian theory that
causes this result, while García-Schmidt and Woodford (2015) and Gabaix (2016) attribute
it to the assumption of perfect foresight or rational expectations (RE). García-Schmidt
and Woodford (2015), for instance, allow for different levels of reflection and find that
maintaining a low nominal interest rate for longer always has an expansionary effect, but
the effect under low levels of reflection is considerably smaller than that under prefect
foresight. Similarly, Gabaix (2016) proposes a behavioral New Keynesian model in which
myopic agents do not fully understand future policies and their impact. Lastly, Ferrero
and Secchi (2011); Cole (2015) and Honkapohja and Mitra (2015) study the effects of
forward guidance under adaptive learning in a representative household framework. We
add to this growing literature of bounded rationality by studying the effectiveness of not
only Odyssean, but also Delphic guidance in a heterogeneous expectations framework.

Most closely, our paper relates to Ferrero and Secchi (2011), Haberis et al. (2014);
Busetti et al. (2017) and Honkapohja and Mitra (2015). Busetti et al. (2017) consider
imperfect credibility for stabilization policy after the crisis using the heuristic switching
model, in which credibility is measured by how well long-term inflation expectations are
anchored (instead of the distribution of current inflation expectations). While this defi-
nition is arguably more realistic, it comes at the cost of being less tractable analytically,
yet conceptually not too different as credibility in our model is measured by the fraction
of households whose inflation expectations are anchored at the target. Also, Busetti et al.
(2017) do not consider how forward guidance affects expectations and thus recovery.

Although Haberis et al. (2014) and arguably Ferrero and Secchi (2011) also consider
the case with imperfect credibility, these papers together with Honkapohja and Mitra
(2015) treat central bank credibility as exogenous. More specifically, Ferrero and Secchi
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(2011) study the effects that central bank publication of macroeconomic projections have
on the dynamic properties of an economy in which agents are learning. Similar to our
approach, Ferrero and Secchi (2011) also iterate the New Keynesian IS and Philips curve
to implement forward guidance, however, their approach differs in multiple dimensions.
In particular, a representative household uses recursive least squares learning, but no
such informational constraint is imposed on the side of the central bank. Under forward
guidance, the agent uses a weighted average of own and central bank predictions with
fixed weights. Contrary, our chapter uses the heuristic switching model to endogenize
the fraction of agents who believe the policy announcements (which can alternatively be
interpreted as a weight attached to competing models). Lastly, the authors ignore the ELB
constraint on nominal interest rates, which we believe to be an important nonlinearity in
the context of forward guidance.

In a similar vein, Honkapohja and Mitra (2015) examine the global dynamics of a New
Keynesian model under learning, when the central bank targets either price level or nom-
inal GDP. The fact that both policy regimes make monetary policy history-dependent al-
lows the authors to implement forward guidance announcements into their model. Honkapo-
hja and Mitra (2015) show that when the policy announcements are incorporated into the
private agents’ learning, the phase diagram of the targeted steady state under price level
targeting increases substantially, as compared to inflation targeting. However, the extreme
effects found by Honkapohja and Mitra (2015) seem to be (at least partly) driven by the ad
hoc assumption that the central bank is perfectly credible in achieving either its nominal
GDP or price level target.

A different approach is taken by Haberis et al. (2014), who show that the macroeco-
nomic effects of a transient interest rate peg can be significantly dampened once the peg
is believed to be only imperfectly credible. In fact, the authors assume that the central
bank reneges on its announcement of keeping nominal interest rates at zero for a finite
number of periods. This decision of when to renege on the promise or not is not modeled
explicitly, but stochastically with exogenous probability. Ultimately, the private sector’s
expectations of endogenous variables are a convex combination of the endogenous vari-
ables resulting from no peg and those which are consistent with the interest rate peg, both
under RE. Quite intuitively, as the likelihood of reneging decreases, the effects of forward
guidance tends to imitate those backward-explosive dynamics outlined by Carlstrom et al.
(2015), while as the likelihood of reneging increases the effects of the peg tend to disappear.
Although, our model also allows for imperfect credibility, we endogenize the households’
perceived credibility of the central bank, while assuming that the central bank honors its

53



Chapter 2. Forward Guidance and Central Bank Credibility

promise as long as expected inflation does not exceed the target by too much. Moreover,
we consider the effects of Delphic guidance, besides Odyssean guidance. Lastly, we deviate
from the RE hypothesis and also allow for heterogeneity in expectations.

Therefore, the main contribution of our chapter is to shed more light on the effectiveness
of forward guidance when the central bank’s credibility itself is endogenous and agents are
heterogeneous and boundedly rational. From a more methodological view point, we are−to
the best of our knowledge−the first to combine N -step Euler equation learning and the
heuristic switching model and use the model to study the role of forward guidance.

2.3 The Model

2.3.1 New Keynesian framework

The model features a continuum of heterogeneous household-firms that differ in the
way expectations are formed. Since households are boundedly rational, they are not
able to fully optimize over an infinite horizon. Instead, we follow Branch et al. (2012)
and assume that our boundedly rational households use N -step Euler equation learning,
implying that households use the marginal costs versus marginal benefits trade-off of the
Euler equation to make decisions given their budget constraint, and given their subjective
forecasts of aggregate variables. Further, the model features monopolistic competition in
the goods market as well as sticky prices due to price adjustment costs á la Rotemberg
(1982). Log-linearizing around a deterministic steady state, the model can be summarized
by the following two equations8

xt = Ẽtxt+N −
1
σ
Ẽt

N−1∑
j=0

(
it+j − πt+j+1 − r̄

)
+ et, (2.1)

πt = βN Ẽtπt+N + Ẽt
N−1∑
j=0

βjκxt+j + ut, (2.2)

where Ẽt denotes the heterogeneous expectations operator to be specified below. The
IS curve (2.1) and the Philips curve (2.2) pin down output xt and inflation πt, given
a nominal interest rate it. The term r̄ is the steady state real interest rate, given by
r̄ = 1

β
− 1. The variables et and ut represent iid. demand (or real interest rate) and

cost-push shocks with variances σ2
x and σ2

π, respectively. The parameters β and σ are the
households’ discount factor and the inverse intertemporal elasticity of substitution, while
8 See Appendix 2.A for derivation.
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κ is a composite parameter of price rigidity indicating the slope of the Philips curve.
To close the model, we follow Orphanides (2001) and assume the central bank sets the

nominal interest rate according to a simple expected contemporaneous Taylor-type rule to
capture the informational problem faced by the central bank. In particular, Orphanides
(2001) shows that there is substantial uncertainty around real-time measures of current
endogenous variables, such that the central bank in fact reacts to its inflation nowcasts.
Denote the nominal interest rate implied by this reaction function as impt , which might
differ from the nominal interest rate ultimately set by the central bank, it, due to the ELB
constraint and forward guidance. Formally the reaction function is given by

impt = max{0, r̄ + π̄ + φ(πe,cbt|t − π̄)}, (2.3)

where the max-term represents the ELB constraint and πe,cbt|t denotes the central bank’s
real-time inflation projection, made at the beginning of period t, that is, before endogenous
aggregate outcomes are realized. Lastly, π̄ denotes the central bank’s inflation target.

For the unconventional policy, we equip the central bank with two additional policy
tools. Firstly, the central bank can publish its own j-periods ahead projections for inflation,
the nominal interest rate and output (denoted as πe,cbt+j|t, i

e,cb
t+j|t and xe,cbt+j|t, respectively),

which we interpret as Delphic forward guidance. Secondly, the central bank can announce
a future path for the nominal interest rate it+j, which we regard as Odyssean forward
guidance. In other words, Odyssean guidance is the conditional promise (or commitment)
of the central bank to keep nominal interest rates at zero for a prolonged period of time
(here qO periods), as long as the central bank’s own projections of next period’s inflation
do not exceed its target π̄ too much.9 Therefore, let π̃ be a threshold level of inflation
with π̃ > π̄, for which it holds that if πe,cbt|t > π̃, then the central bank will revert back to
its usual reaction function given by Equation (2.3).10 Formally, the interest rate policy

9 This assumption is in line with the Fed’s announcement from December 12, 2012. The relevant part
reads: "[T]he Committee decided to keep the target range for the federal funds rate at 0 to 1/4 percent
and currently anticipates that this exceptionally low range for the federal funds rate will be appropriate
at least as long as ... inflation between one and two years ahead is projected to be no more than a half
percentage point above the Committee’s 2 percent longer-run goal, and longer-term inflation expectations
continue to be well anchored".
While short term inflation expectations of the credibility believers can be influenced through Delphic
guidance statements, their longer term inflation expectations are anchored at the target in our model
as long as N exceeds the Delphic guidance horizon qD.

10Generally, it is possible to micro-found this threshold inflation level π̃ by formulating the central bank’s
trade-off between the loss of credibility when continuing the lower-for-long policy due to higher inflation
versus the loss of credibility from reneging from the previous promise. King (2010), for instance, shows
that both inflation and output gap are optimally higher under commitment, when the economy exits
the ELB.
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under Odyssean forward guidance is

it+j =

i
mp
t+j if impt−j > 0, ∀j = 1, . . . , qO or πe,cbt+j|t+j > π̃

0 else
, (2.4)

with qO denoting the horizon of Odyssean forward guidance. Note that the interest rate
policy (2.4) is written in a backward-looking fashion, stating that if the ELB was not
binding in the last qO periods, or it was, but period-t+ j inflation nowcast πe,cbt+j|t+j exceeds
the tolerance level π̃, then set it+j = impt+j in any period t + j, while if the ELB is or was
binding less than qO periods ago, then continue with the lower-for-long policy. Regarding
the frequency of announcements, we assume that the central bank only once announces
its Delphic and/or Odyssean guidance for qD and qO periods, respectively, in the period
it is first constrained by the ELB. It then chooses the guidance horizons according to

qf =

q if πe,cbt|t ≤ π̄ − φ−1(r̄ + π̄) but πe,cbt−j|t−j > π̄ − φ−1(r̄ + π̄), ∀j = 1, · · · , q

0 else
,

for f = O,D. Announcements can be renewed if the economy still has not recovered after
q periods.

2.3.2 Private sector expectations

At this point, we have to specify how private households’ expectations are formed. As
mentioned above, our assumption on the timing of expectation formation is that private
agents as well as the central bank do not observe current aggregate outcomes (i.e. endoge-
nous variables), but only lagged realizations and form their expectations at the beginning
of each period. Also, shocks are not observed. Thus, private agents and the central bank
share the same information set.

Private households are assumed to use simple forecasting heuristics to form their ex-
pectations about key macroeconomic variables. Further, we let the private agents choose
these heuristics endogenously out of a set of forecasting heuristics according to their rel-
ative performance in recent past. This idea goes back to Simon (1984) who proposed to
model human decision making as a rational choice between simple forecasting heuristics
and has been formalized in the heuristic switching model (HSM) of Brock and Hommes
(1997). Let us denote the fraction of agents using a specific forecasting heuristic h out of
the set of forecasting heuristic H at time t by nh,t, which follows a logistic distribution of
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the form

nh,t = exp(bUh,t−1)∑
h exp(bUh,t−1) for h ∈ H, (2.5)

Uh,t−1 = −
∑
z∈Z

(
zt−1 − Ẽh,t−2zt−1

)2
with Z = {x, π, i}, (2.6)

where Uh,t is the performance measure here defined as the negative sum of squared forecast
errors. The parameter b ∈ [0,∞) is called the intensity of choice and it governs the
sensitivity towards forecast errors, i.e. how fast agents switch to the optimal forecasting
heuristic. In the special case b = 0 agents never switch their strategy such that all fractions
will be constant and equal to 1

|H| . Contrary, in the other extreme case of b→∞, all agents
will use the same optimal strategy in each period. The latter case is sometimes referred
to as neoclassical limit, because it represents the highest degree of rationality. Aggregate
expectations are then given by the weighted average of individual expectations

Ẽtzt+j =
∑
h∈H

nh,tẼh,tzt+j for zt+j ∈ {xt+j, πt+j, it+j},

In the rest of the chapter we will confine ourselves to the case with |H| = 2. Precisely, we
assume two types of agents, namely adaptive learners and credibility believers, which can
well explain survey data on inflation expectations of professional forecasters in the United
States (Cornea-Madeira et al., 2019). Adaptive learners form their expectations for all
variables (output, inflation and the nominal interest rate) using an adaptive expectations
rule. In fact, this rule can be derived from agents using steady state learning with a
constant gain parameter when the exogenous shocks are iid.11 In other words, adaptive
learners treat all variables as iid processes with an unknown mean, which they try to
estimate by least squares. On the other hand, credibility believers fully believe in the
central bank’s ability to achieve its target of price stability, that is inflation to be at target
π̄, which coincides with the rational expectation equilibrium (REE)12. Likewise, credibility
believers expect output and nominal interest rate to equal their REE steady state levels x̄
and ī, respectively. However−and this is a key novelty of our paper−credibility believers
adopt the central bank’s projections of these variables in case of forward guidance.

In the following, we formally describe private households’ forecasting heuristics. Let
the expectations of all households using forecasting heuristic h for variable zt+j = xt+j, πt+j

with j ≥ 1 at time t be denoted as Ẽh,tzt+j. We then have a credibility believer’s (h = 1)

11See Evans et al. (2008) for a more detailed discussion.
12See Section 2.B in the Appendix for detailed calculations.
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expectations given by

Ẽ1,tzt+j =

z
e,cb
t+j|t, ∀j = 0, . . . , qD

z̄, ∀j = qD + 1, . . . , N
, (2.7)

and those of the adaptive learner (h = 2)

Ẽ2,tzt+j = Ẽ2,t−1zt + ω
(
zt−1 − Ẽ2,t−1zt

)
, ∀j = 1, . . . , N, (2.8)

respectively, where the first row in Equation (2.7) corresponds to the central bank’s Delphic
guidance, i.e. the announcement of its own projections ze,cbt+j|t for the next qD periods. How
the central bank obtains its projections will be specified below. Moreover, note that in the
absence of Delphic forward guidance (qD = 0) or at longer horizons (j > qD) credibility
believers expectations are anchored at the target, i.e. the REE value. The parameter
ω ∈ (0, 1] in the adaptive expectations rule (2.8) is the gain parameter, which governs the
speed with which forecasts are updated. For ω = 1 these expectations reduce to what is
generally called naive expectations.

Next, recognize that, due to the assumption of N -step Euler equation learning, ex-
pectations about the nominal interest rate show up explicitly in the IS curve (2.1). For
tractability, we assume that households are aware of the ELB constraint and, moreover,
know the functional form of the central bank’s reaction function (2.3). Using their own
inflation expectations, private households then determine the nominal interest rate that
is consistent with their beliefs.13 Formally, the nominal interest rate expectations of cred-
ibility believers Ẽ1,tit+j for j ≥ 1 are given by

Ẽ1,tit+j =

i
e,cb
t+j|t = max{0, r̄ + π̄ + φ(πe,cbt+j|t − π̄)}, ∀j = 0 . . . , qD

π̄ + r̄, ∀j = qD + 1, . . . , N
, (2.9)

under Delphic guidance only, while they become

Ẽ1,tit+j =

0 ∀j = 0 . . . , qO

π̄ + r̄, ∀j = qO + 1, . . . , N
, (2.10)

13This assumption, which only affects the expectations of the adaptive learners, is made to limit the size
of the state space and thus keep the model analytically tractable. We provide some robustness checks
in Appendix 2.I.3 to convince the reader, that our results are qualitatively robust to this assumption,
and, moreover, confirm earlier work by e.g. Eusepi (2005); Eusepi and Preston (2010) that knowing the
policy rule of the central bank has a stabilizing effect.
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if the central bank announces a lower-for-long policy (i.e. either Odyssean guidance only or
both). That is, if the central bank commits to temporarily deviate from its policy rule by
keeping interest rates at zero, credibility believers will fully incorporate this announcement
about future interest rates in their expectation formation. Hence, credibility believers’
expectations need not to be consistent with their own inflation and/or output expectations
due to the central bank’s explicit commitment under Odyssean guidance. In the absence
of any such policies (i.e. qO = qD = 0) or at longer horizons, credibility believers expect
the nominal interest rate to be at its target r̄ + π̄.

Contrary, the expectations of adaptive learners are given by

Ẽ2,tit+j = max{0, r̄ + π̄ + φ(Ẽ2,tπt+j − π̄)}, ∀j = 1, . . . , N. (2.11)

2.3.3 Central bank learning

Lastly, we specify how the central bank forms its forecasts. It seems to be a reasonable
assumption that the central bank has the most sophisticated forecasting model, as central
banks generally devote large amounts of resources on forecasting. For this reason, we
assume that the central bank uses a parsimonious first-order bivariate VAR model, whose
coefficients are updated each period, to estimate future inflation and output. Formally,
the central bank estimates the following VAR model

xe,cbt|t = a10 + a11xt−1 + a12πt−1,

πe,cbt|t = a20 + a21xt−1 + a22πt−1,

which can be simplified to
ye,cbt|t = A′wt−1, (2.12)

where ye,cbt,t = [xe,cbt|t , π
e,cb
t|t ]′ and wt−1 = [1, xt−1, πt−1]′. In the learning literature Equation

(2.12) is also called the Perceived Law of Motion (PLM). Note that this model is correctly
specified in the absence of heuristic switching, while it is miss-specified under switching.
The matrix A is the corresponding 3 × 2 coefficient matrix, whose elements are updated
each period using the following recursive least squares (RLS) algorithm

At =At−1 + γtR
−1
t wt−1

(
yt − A′t−1wt−1

)′
, (2.13)

Rt =Rt−1 + γt
(
wt−1w

′
t−1 −Rt−1

)
, (2.14)

59



Chapter 2. Forward Guidance and Central Bank Credibility

where Rt is a moment matrix and γt is the gain parameter, which is set γt = 1
t
under

recursive least squares. We follow the literature and assume anticipated utility behavior
of the central bank. That is, the central bank believes that the parameter estimates will
remain unchanged in the future and does not take into account the fact that it is likely to
revise them subsequently. Hence, the central bank’s behavior deviates from full rationality
as the bank does not take into account the effects its decisions have on future learning
and it ignores the period-by-period model misspecification (Sargent, 1999). Moreover, the
heterogeneity in private sector’s expectations creates time-variation in the coefficients of
the economic model which the central bank ignores by using a time-invariant PLM.14 In
doing so, the central bank effectively assumes homogeneity in agent expectations. Thus,
the misspecified PLM can only converge to its REE, if the fractions of households converge.

To specify the central bank’s own projections, we split the coefficient matrix A into a
vector of constants A0 and a 2× 2 matrix A1. Then, under the assumptions made above,
the central bank’s j-periods ahead forecasts made in the beginning of period t can be
summarized by

ye,cbt+j|t =
(
I + A1,t−1 + A2

1,t−1 + . . .+ Aj−1
1,t−1

)
A0,t−1 + Aj1,t−1yt−1, (2.15)

where I denotes a 2× 2 identity matrix. These forecasts can be published by the central
bank to influence private households’ expectations. However, the fact that the central bank
has imperfect knowledge about the structure of the economy−i.e. uses a misspecified VAR
model plus the imprecision in its parameter estimates−may lead to policy mistakes that
affect the performance of the central bank as well as its credibility (Aoki and Nikolov,
2006). In our framework, the central bank may publish its forecasts only once the ELB is
reached, but not in normal times.

2.4 Dynamics under learning

2.4.1 Existence of a steady state

Before turning to the E-stability analysis of the central bank’s VAR learning, we will
briefly state the stochastic dynamic system and discuss its deterministic steady state(s).
14We restrict the PLM to be time-invariant, assuming the central bank is not aware of the time-variation
in the distribution of private sector expectations. We relax this assumption in Section 2.6.2.2, however,
such that the matrix At in Equation (2.12) is allowed to vary over time. This is, for instance, captured
by constant gain learning under which agents assign a higher weight to the most recent information by
discounting past data, or by Kalman filtering.
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For this purpose, it is helpful to first define the difference in fractions as mt+1 ≡ n1,t+1 −
n2,t+1. Evidently, the term mt+1 equals 1 when all households are credibility believers,
and −1 when all households are adaptive learners. Similar to the fraction of credibility
believers, we can interpret this expression as an endogenous measure of the central bank’s
credibility, because a higher mt+1 indicates higher confidence of the population in the
central bank achieving its targets. Henceforth, we will use the term fractions and difference
in fractions interchangeably for mt+1.

To simplify the E-stability analysis of the central bank’s VAR model we set the gain
parameter ω in the adaptive learner’s forecasting heuristic to ω = 1. Hence, we consider
the case with naive households. Note, that this assumption does not alter the steady
state of the system, but significantly facilitates the analysis. Under this assumption, the
stochastic dynamic system described by Equations (2.1) - (2.12) in normal times (i.e.
without binding ELB constraint and without forward guidance announcements) can be
written as

xt =
[

1− β
κ

(1 +mt

2
)

+ (N − 1)φ−N
σ

(1−mt

2
)

+ φ

σ

]
π̄

+
(1−mt

2
)
xt−1 −

[
(N − 1)φ−N

σ

(1−mt

2
)]
πt−1 −

φ

σ
πe,cbt|t , (2.16)

πt =
[

1 +mt

2 +
κ
[
(N − 1)φ−N

]
σ

(1−mt

2
)

+ κφ

σ

]
π̄ (2.17)

+ κ

(
1− βN
1− β

)
1−mt

2 xt−1 +
[(
βN −

κ
[
(N − 1)φ−N

]
σ

)
1−mt

2

]
πt−1 −

κφ

σ
πe,cbt|t ,

after substituting for the policy rule it and private sector expectations Ẽt+j, where we
omitted the random disturbance terms for simplicity. This can be done without loss of
generality, because shocks are assumed to be stationary (or even iid) and not observed
by agents and therefore do not affect the mapping. Note that the central bank’s inflation
expectation πe,cbt|t enter the dynamic model only indirectly through the nominal interest
rate rule. Writing the above system compactly in matrix notation, we get

yt ≡

xt
πt

 = Λ0(mt) + Λ1(mt)yt−1 + Λ2y
e,cb
t|t , (2.18)
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where the matrices Λ0(·),Λ1(·) and Λ2 are given by

Λ0(mt) =


[

1−β
κ

(
1+mt

2

)
+ (N−1)φ−N

σ

(
1−mt

2

)
+ φ

σ

]
π̄[

1+mt
2 +

κ

[
(N−1)φ−N

]
σ

(
1−mt

2

)
+ κφ

σ

]
π̄

 ,

Λ1(mt) =


1−mt

2 − (N−1)φ−N
σ

(
1−mt

2

)
κ

(
1−βN
1−β

)
1−mt

2

(
βN −

κ

[
(N−1)φ−N

]
σ

)
1−mt

2

 and Λ2 =
0 −φ

σ

0 −κφ
σ

 .

Regarding the steady states of the system, we can postulate the following result.

Proposition 1 (Target steady state). The dynamic system in Equation (2.18) has a
steady state with π∗ = π̄, x∗ = x̄, i∗ = r̄ + π̄ and m∗ = 0.

The proof is given in Appendix 2.C. In the following we refer to this as the “target"
steady state. Other steady states as well as (quasi) period cycles may exist in certain
parameter regions, however, the analysis of this exceeds the scope of this chapter, as we
are primarily interested in the dynamics that arise due to the ELB constraint and forward
guidance.15

The target steady state depends on two interacting learning dynamics, the HSM and
central bank learning. Abstracting from the nonlinearity that arises from central bank
learning, the law of motion of the model economy without binding ELB constraint, i.e.
equation (2.18), is a convex combination of the constant predictors stemming from the
credibility believers and a system of first order difference equations stemming from naive
households, with the specific weight attached to each of them being governed by the
different fractions. Therefore, the lower m the larger will be the impact of the lagged
variables and hence the larger will be the likelihood of the economic system to be unstable.
This observation follows from an eigenvalue analysis of the dynamic system. Four of
the six eigenvalues of the Jacobian are zero, when evaluated at the target steady state.
The remaining two eigenvalues of the reduced form Jacobian are also zero, if all private
households are credibility believers and the system becomes degenerate. However, the
eigenvalues increase (in absolute value) in the fraction of naive households. See Appendix
2.D for detailed calculations.

In the following section, we discuss the expectational stability properties of the central
bank’s learning. To anticipate the results, we will see that, if the fraction of private
15See Hommes and Lustenhouwer (2019) for a detailed analysis of possible steady states in a model with
Euler equation learning, i.e. N = 1.
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households in the economy using a specific heuristic is fixed, the system under learning is
stable. However, allowing the fraction to be time-varying may prevent the coefficients to
converge.

2.4.2 Expectational stability

In this section, we derive the modified E-stability conditions for the central bank’s
VAR learning.16 We start by substituting the central bank’s PLM (2.12) into (2.18) to
find the Actual Law of Motion (ALM):

yt =Λ0(mt) + Λ1(mt)yt−1 + Λ2
[
A0 + A1yt−1

]
=Λ0(mt) + Λ2A0 +

[
Λ1(mt) + Λ2A1

]
yt−1, (2.19)

The ALM can be seen as describing the stochastic process followed by the economy if the
central bank’s forecasts are made under the fixed rule given by the PLM (2.12). In other
words, given both the central bank’s forecasts and those of the private sector, the economy
attains a temporary equilibrium. The mapping, T, from the PLM to the ALM is given by

T

A0

A1

 =
Λ0 + Λ2A0

Λ1 + Λ2A1

 , (2.20)

which has a unique fixed point for any given value of the difference in fractions mt ≡ m

A∗0 = (I − Λ2)−1Λ0(m), (2.21)

A∗1 = (I − Λ2)−1Λ1(m), (2.22)

This result is summarized in the following Proposition.

Proposition 2 (Fixed point of the T-map). The mapping, T, from the PLM (2.12)
to the ALM (2.19) has a unique fixed point that depends on the difference in fractions
m ∈ [−1, 1].

Whether the estimated coefficients converge to their respective fixed point is deter-
mined by the following set of ordinary differential equations

dA0

dτ
≡ T0(A0)− A0 = Λ0 + Λ2A0 − A0,

16Appendix 2.E provides a more detailed analysis.
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Figure 2.1: Convergence of the central bank’s learning algorithm
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Note: The figure suggests the convergence of the central bank’s estimated VAR(1) coefficients given by
(2.12) under constant and equal fractions. The red line depicts the corresponding fixed point in equations
(2.21) and (2.22) for m = 0, while the blue line gives it’s time-t estimate of the coefficients following from
(2.13) and (2.14).

and
dA1

dτ
≡ T1(A1)− A1 = Λ1 + Λ2A1 − A1,

According to the E-stability principle (see Evans and Honkapohja, 2001, p. 39), conver-
gence under least squares learning requires the eigenvalues of Λ2− I to have negative real
parts. Since the eigenvalues are −1 and −(1 + κφ/σ), with both κ, σ > 0, this is indeed
the case. Thus, under fixed fractions, Equations (2.21) and (2.22) depict a unique and
(asymptotically) E-stable fixed point of the T-map. This E-stability result is summarized
in Proposition 3.

Proposition 3 (E-stability). Assume the fractions of households are constant, i.e. mt =
m, and that the ELB is not binding, then the central bank learns the true model given in
(2.19).

Assuming the difference in fractionsmt is constant and equal to zero, i.e. m = 0, Figure
2.1 illustrates the convergence of the VAR coefficients to their respective fixed points, where
we use our benchmark calibration as outlined in Table 2.1. Under time-varying fractions,
however, the true model features time-varying coefficients and therefore, convergence of
the central bank’s estimated coefficients may not occur. However, asymptotically, a so-
called restricted perception equilibrium (RPE) can be attained, in which the central bank’s
beliefs are confirmed. We discuss the implications of the RPE below in Section 2.6.2.1.
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2.5 The ELB and the role of forward guidance

Given our specification of the interest rate rule (2.3), the central bank will lower the
nominal interest rate once its inflation nowcast πe,cbt|t is lower than the inflation target
π̄. Moreover, if the central bank expects inflation to be lower than π̄ − φ−1(π̄ + r̄), the
ELB constraint will be binding and the central bank’s conventional policy measures to
stimulate the economy are exhausted. In this section, we therefore analyze the effects of
the central bank’s unconventional policy, in particular the commitment to a lower-for-long
policy and the publication of macroeconomic projections, to lift the economy out of the
liquidity trap. Especially the first policy tool leads to mixed theoretical results. When
agents have perfect foresight, the effects of forward guidance are highly overestimated (see
e.g. Carlstrom et al., 2015; McKay et al., 2016)−named the “forward guidance puzzle” by
Del Negro et al. (2012)−which can be partly attributed to the fact that the central bank
is assumed to enjoy perfect credibility as well as perfect foresight (Haberis et al., 2014;
García-Schmidt and Woodford, 2015). Contrary, when agents are learning (and thus are
purely backward-looking) the central bank has no credibility and announcement of such
policies should have no immediate effects at the time of the announcement. Thus, both
assumptions on how agents form their expectation can be interpreted as limiting cases. To
fill this gap, this section proposes a model in which agents are forward-looking for a finite
number of periods, and in which central bank credibility evolves endogenously depending
on how well the central bank performed in achieving price stability.

2.5.1 The model without forward guidance

As mentioned above the ELB constraint on nominal interest rates will be binding if
the central bank’s expectations for current inflation are pessimistic enough, i.e. satisfy

πe,cbt|t ≤ π̄ − φ−1(r̄ + π̄), (2.23)

In the following we will refer to all (xt−1, πt−1) combinations for which πe,cbt|t satisfies (2.23)
as the "effective lower bound region" or simply "ELB region". Consequently, the nominal
interest rate it will be set to zero. To derive the economic model in the ELB region without
forward guidance, however, we further have to distinguish between two cases that depend
on what households using the naive heuristic expect. To be precise, the naive households’
expectation rule (2.11) states that naive agents either expect the ELB to be binding in the
next N periods, or they expect the economy leaving the ELB already by the next period.
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Which of the two scenarios takes place crucially depends on period t− 1 inflation. In fact,
if πt−1 is sufficiently low, i.e. satisfies

πt−1 ≤ π̄ − φ−1(π̄ + r̄), (2.24)

then naive agents expect the ELB to be binding for the next N periods. It is important
to see that condition (2.24)−other than (2.23)−solely depends on period t − 1 inflation.
The economic model in the ELB region without forward guidance is then given by

xt =
[(

1− β
κ

+ 1
σ

)
1 +mt

2 + (N − 1)(φ− 1)1n
σ

(1−mt

2
)]
π̄ +

(1−mt

2
)
xt−1 (2.25)

−
[

(N − 1)1nφ−N
σ

(1−mt

2
)]
πt−1 + 1nr̄

σ
+ (1− 1n)r̄

σ

[
N − (N − 1)(1 +mt)

2
]
,

πt =
[(

1 + κ

σ

)
1 +mt

2 + κ(N − 1)(φ− 1)1n
σ

(1−mt

2
)]
π̄ + κ

(
1− βN
1− β

)
1−mt

2 xt−1

(2.26)

+
[(
βN −

κ
[
(N − 1)1nφ−N

]
σ

)
1−mt

2

]
πt−1 + κ1nr̄

φ
+ (1− 1n)r̄

σ

[
N − (N − 1)(1 +mt)

2
]
,

with 1n being an indicator function taking on value 0 if (2.24) holds and 1 otherwise.
Equations (2.25) and (2.26) illustrate that−conditional on (2.23) to hold−the central

bank’s own forecasts do not enter the model equations, and hence there will also be no
feedback from the central bank’s forecasts to the true realizations. It is therefore that
we are not able to discuss E-stability properties in this particular case. In fact, as long
as inflation satisfies (2.23), equations (2.25) and (2.26) represent an independent data
generating process that is estimated by the central bank through RLS. However, given
time-varying fractions, the central bank’s model misspecification persists.

Next, we consider the steady states of the dynamic system in the ELB region. To clarify
the role of the HSM, we will distinguish between constant fractions, i.e. mt = m,∀t and
time-varying fractions. The crucial difference is that, while under time-varying fractions
the steady state difference in fractions m∗ cannot exceed zero, this is not a necessary
condition under fixed fractions. To see this, recognize that adaptive learners (and thus
naive households) always predict correctly in the steady state and since, under time-
varying fractions, households choose the better performing heuristic(s), it must be that
m∗ ≤ 0. In the Appendix 2.F, we derive the steady state values of output and inflation
(x∗zlb, π∗zlb) under the ELB, given any fixed fractionm. Intuitively, the fraction of credibility
believers must be sufficiently small for the steady state to lie inside the ELB region, because
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credibility believers push the system out of the ELB region. Under time-varying fractions,
this upper threshold level for the difference in fractions m translates into a lower threshold
for the intensity of choice b. Again, the intuition is that, given a large intensity of choice,
households switch to the better performing heuristic, that is adaptive (or naive). Thus, if
b is too low, the steady state fraction of credibility believers will be too large to support
a ELB steady state. Lastly, we find that a sufficient condition for the ELB steady state
to exist is φ > 1 (see also Benhabib et al., 2001a,b). These results are collected in the
following Proposition. Its proof is given in the Appendix 2.F.

Proposition 4 (ELB steady state). Suppose φ > 1. Then a ELB steady state exists

i. for constant fractions, if the fraction of naive agents is sufficiently large, i.e. m ∈
[−1, m̃1], where m̃1 is given by

m̃1 =
−α2 +

√
α2

2 − 4α1α3

2α1

and steady state values (x∗, π∗, i∗) = (x∗zlb, π∗zlb, 0), with α1, α2, α3 and (x∗zlb, π∗zlb) given
in Appendix 2.F.

ii. for time-varying fractions, if the intensity of choice is high enough, i.e. b ∈ (b,∞)
where b is given by

b = 2
∆U∗ tanh−1(m̃1).

Steady state values are then given by (x∗, π∗, i∗,m∗) = (x∗zlb, π∗zlb, 0,m∗zlb).

In the Appendix 2.G.1 we derive an expression for the eigenvalues of the ELB steady
state under switching. Unfortunately, the expression is too involved to provide analytical
insights, even after some simplifying assumptions. However, a numerical analysis shows
that, for our baseline calibration of Table 2.1, at least one of the two eigenvalue is outside
the unit circle, so that the ELB steady state is a saddle point. Thus, the ELB creates
the possibilities of deflationary spirals due to the backward-looking expectations as in
Friedman (1968).

2.5.2 The model with forward guidance

In this section, we allow the central bank to publish its own forecasts for inflation
and output and to commit to a future interest rate path. Specifically, for the latter
policy, we consider the commitment to keep nominal interest rates at zero for a prolonged
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period of time. Let the horizon for both policies be qO = qD = q periods. However,
both these communication measures are only picked up by the credibility believers.17

To illustrate the role of central bank Delphic forward guidance in our behavioral model,
consider the stochastic time series simulation presented in Figure 2.2. In period 93 inflation
was significantly below the central bank’s target π̄, such that the central bank’s one-
period ahead inflation projections demand low nominal interest rates. Since, however, the
central bank is constraint by the ELB, it cannot lower rates sufficiently to provide the
needed stimulus, i.e. condition (2.23) holds. In this particular scenario, backward-looking
households, that is those with adaptive (dash-dotted) or naive expectations (dotted), are
pessimistic about the future development of inflation. On the other hand, credibility
believers (solid with crosses) expect monetary policy to quickly lift inflation back to the
central bank’s target. While the latter arguably appears overly optimistic, the expectations
of purely backward-looking households might be too pessimistic. However, if the fractions
of adaptive learners is large enough, their deflationary expectations can potentially be self-
fulfilling by depressing current economic outcomes and thus giving further momentum to
adaptive learner’s beliefs under the dynamics of the heuristic switching model. Ultimately,
this can induce a liquidity trap due to the ELB constraint faced by the central bank. To
prevent this possibility, the central bank can try to influence the public’s expectations
by publishing its own forecasts. In particular, the mechanism goes via the beliefs of the
credibility believers, who adopt the central bank’s forecasts in case of Delphic guidance.
Contrary to the credibility believers, the central bank expects inflation to slowly mean-
revert to its long-run equilibrium (red-dashed); a path for inflation which is arguably
more reasonable.18 Ultimately, if the central bank’s projections turn out to the best ex
post, trust in the central bank will increase, thereby stabilizing the system, as households
switch away from the destabilizing adaptive expectations rule. If, on the other hand,
credibility was initially high, adopting the central bank’s projections as own forecasts de
facto deterioration in aggregate expectations, thus potentially prolonging the recessionary
state.

For simplicity, assume that the forward guidance horizon equals the forward-looking

17We abstract from any noise in the communication channel of the central bank and leave this discussion
for future research. There is no doubt that including both sender as well as receiver noise into the
framework could generate interesting insights. See Myatt and Wallace (2014) as an example.

18Looking at the relative root mean squared nowcast (forecast) errors of the central bank versus adaptive

learners, i.e. RMSEcb/(RMSEcb + RMSEAL) where RMSEj =
√∑

i
(Etzt−zt)2

n , in a total of 10,000
Monte Carlo simulation, we find the relative root mean squared nowcast error to be 33.5% (39.67%)
for output (inflation), thus indicating that the central bank’s VAR leads to smaller nowcast errors (on
average). Similarly, for one period ahead forecasts the numbers are 43.43% and 46.02%, respectively.
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Figure 2.2: The role of Delphic forward guidance
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Note: The figure shows the paths of the conditional inflation expectations (annualized) for the different
economic agents after hitting the ELB in a stochastic time series simulation. We use the benchmark
calibration of Table 2.1. Adaptive and naive expectations imply pessimistic beliefs about the future path
of inflation, while those of credibility believers in the absence of forward guidance are overly optimistic
in that they expect inflation to be back at the target by next period. By publishing its own, arguably
superior, inflation projections the central bank can coordinate public inflation expectations on the most
likely outcome.

horizon of the agents, i.e. q = N .19 Then, the economic system in the ELB region and
with forward guidance is formally given by
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which is conditional on the ELB constraint (2.23) to be binding. Moreover, the condition
(2.24) for naive households’ expectations is again given by the indicator function 1n.
Rewriting equations (2.27) and (2.28) in matrix notation, we get the following expectation-

19We relax this assumption in Appendix 2.I.2.
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feedback system

yt = Λ0(mt) + Λ1(mt)
xt−1
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+ Λ2(mt)
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 . . .+ ΛN+1(mt)
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 (2.29)

Hence, Delphic guidance extends the system (2.25)-(2.26) under no guidance by N − 1
additional terms. The coefficient matrices Λj are given below. Note, that these matrices
generally depend on the difference in fractions mt.
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Similar as in the exercise above we find that the matrices Λj are bounded given that mt

is bounded. In fact, all matrices Λj for j > 1 reduce to the null matrix if all private
households are naive (i.e. mt = −1) and we are back in the case of Section 2.5.1 without
forward guidance. Intuitively, the strength of the central bank’s communication channel
ultimately depends on the fraction of credibility believers: if no household believes the
central bank’s announcements, the effects of forward guidance are nil.

Next, let us iterate the central bank’s PLM (2.12) forward and rewrite it as

ye,cbt+j|t = Ā0 + Aj+1
1 (yt−1 − Ā0), j = 0, . . . q with Ā0 = (I − A1)−1A0 (2.30)

where Ā0 denotes a vector collecting the unconditional means. Substituting the central
bank’s forecasts into (2.29) we find the ALM in the ELB region under forward guidance
to be

yt = Λ0(mt) + Λ1(mt)yt−1 + Λ2(mt)
[
Ā0 + A2

1(yt−1 − Ā0)
]
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+ Λ3(mt)
[
Ā0 + A3

1(yt−1 − Ā0)
]

(2.31)
...

+ ΛN+1(mt)
[
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]

or simply
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]
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1

]
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Steady states Let us briefly analyze the steady states of the system (2.29). To this
end, we distinguish again between constant and time-varying fractions as in Section 2.5.
It turns out that under the forward guidance announcements the ELB steady state is
consistent with all fractions m ∈ [−1, 1] if N ≤ q. To see this, recognize that for N ≤ q

the expectations of credibility believers in the ELB region coincide with those of the central
bank. Therefore, the equilibrium with (π∗fg, x∗fg, i∗fg) = (−r̄,− (1−β)r̄

κ
, 0) can be supported

by all values of m. Under switching, equilibrium fractions are equal, given that both
naive and credibility believers make no forecast errors in the steady state. This result is
summarized in the following Proposition with a formal proof given in Appendix 2.H.

Proposition 5 (ELB steady state under forward guidance). Suppose φ > 1. Then,
given N ≤ q, the ELB steady state under forward guidance exists

i. under constant fractions, for all m ∈ [−1, 1]

ii. under time-varying fractions for m∗fg = 0

In both cases, steady state levels of inflation, output and the nominal interest rate are
given (π∗fg, x∗fg, i∗fg) = (−r̄,− (1−β)r̄

κ
, 0). If N > q, the results of Proposition 4 apply.

Stability and basin of attraction The stability of the ELB steady state under forward
guidance with time-varying fractions (m∗ = 0) is governed by the eigenvalues of the matrix
Λ1(m∗)+∑N

j=1 Λj+1(m∗)(A∗1)j+1. In particular, if both eigenvalues lie inside the unit circle,
the steady state is locally stable. A more detailed analysis is done in Appendix 2.G.2 which
concludes that for the baseline calibration the steady state remains a saddle point as in
the case without forward guidance.

We conclude the theoretical discussion by looking at how forward guidance affects the
basin of attraction of the target steady state. That is, to evaluate the robustness of the
forward guidance policies, we look at all initial conditions in the (πt−1, xt−1)-space for
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which either recovery or a deflationary spiral occurs under forward guidance relative to
the no guidance case. In a similar vein, Honkapohja and Mitra (2015) examine the global
dynamics of a New Keynesian model under learning, when the central bank targets either
price level or nominal GDP. The fact that both policy regimes make monetary policy
history-dependent allows the authors to implement forward guidance announcements into
their model, even though households are purely backward-looking. Honkapohja and Mitra
(2015) show that when the policy announcements are incorporated into the private agents’
learning, the basin of attraction of the targeted steady state increases substantially, as
compared to inflation targeting (the no guidance case in their specification). However,
these extreme effects seem to be at least partly driven by the fact that the central bank
is considered to be perfectly credible. In fact, we find that the increase in the basin of
attraction of the target steady state due to the forward guidance crucially depend on the
central bank’s credibility. In other words, the success of forward guidance depends on the
credibility of the central bank.

Figure 2.3: Basin of attraction of the target steady state
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(b) Scenario II: Equal fractions in t and t+1
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Note: The figure shows the basin of attraction of the target steady state. For scenario I (left panel), we
assume all households to be naive in periods t and t + 1, while for Scenario II (right panel), fractions
are assumed to be equal. In each panel, the target steady state is denoted by the (right) black dot at
(π∗, x∗) = (π̄, x̄)), while the (left) black dot at (π∗, x∗) = (−r̄,− 1−β

κ r̄) indicates the ELB saddle point.
The black line with crosses is the ELB condition (2.23), to the left of which initial conditions are such
that the ELB binds in period t. The solid red line is the stable manifold corresponding to the ELB
saddle point in the case without forward guidance. The region above this line can be interpreted as the
immediate recovery region. Under forward guidance, this line becomes flatter and the blue-dashed line
results. Forward guidance thus has an effect on the immediate recovery region. Assuming that b = ∞,
households switch from naive to credibility believers heuristic in period t+2 for all initial conditions above
the blue-dotted (forward guidance) and red-dash-dotted (no forward guidance) line, respectively, therefore
inducing also convergence back to the target steady state. Forward guidance successfully increases this
region for which households become credibility believers in period t + 2 (indicated by the gray-shaded
area), if the credibility of central bank was high enough in the previous periods.
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In both panels of Figure 2.3, the black dots represent the target and ELB steady
states, respectively. If the central bank’s learning algorithm has already converged to the
fixed point described by (2.21) and (2.22) with m∗ = 0, then the central bank will see
itself constraint by the ELB for all initial conditions to the left of the crossed black line.
Furthermore, the blue-dashed and red-solid lines depict the stable manifold of the ELB
saddle point with and without forward guidance. All initial conditions that fall into the
ELB region (i.e. the region left of the crossed black line), but remain above the stable
manifold will ultimately leave the ELB region and converge to the target steady state.
Contrary, those initial conditions that lie inside the ELB region but below the stable
manifold will diverge and a deflationary spiral may occur. However, there is another
important nonlinearity that crucially affects the dynamics, namely the heuristic switching.
Therefore, we calculated all initial conditions for which, given an infinite intensity of choice,
naive households switch to the credibility believers heuristic in period t+ 2 and thus also
induces a recovery. This boundary between recovery and deflationary spiral is given by
the red-dash-dotted (no forward guidance) or blue-dotted (forward guidance) line. In
Figure 2.3, this threshold is the same with and without guidance in scenario I (all naive),
while in scenario II (equal fractions) and III (65% credibility believers) the threshold that
separates the recovery from the deflationary spiral region under forward guidance shifts
stronger downwards than under no guidance. This increase in the basin of attraction of the
target steady state is indicated by the gray-shaded area. As both panels make clear, the
effectiveness of forward guidance announcements hinges on the central bank’s credibility
(the fraction of credibility believers). Hence, the effectiveness of forward guidance can be
summarized as follows:

Result (Effectiveness of forward guidance). Forward guidance increases the likelihood
of recovery from a liquidity trap, because the basin of attraction of the target steady state
is larger than without guidance. How large the impact of forward guidance is, depends on
the fractions of credibility believers at the moment of the announcement. The larger the
fraction of credibility believers, the more effective is forward guidance.

2.6 Numerical Results

2.6.1 Calibration

We calibrate the model at a quarterly frequency using values common in the monetary
policy literature. In particular, we set the discount factor equal to β = 0.997−a value often
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found in estimated DSGE models (see, e.g. Slobodyan and Wouters, 2012)−which implies
an annualized steady state real interest rate of about 1.2%. Further, we follow Galí (2009)
and references therein and set the inverse elasticity of intertemporal substitution σ = 1
and a Frisch elasticity of ϕ = 1. On the supply side, we set the elasticity of substitution
between differentiated goods ε = 6, which corresponds to a steady state mark-up of 20%.
Further, we set ψ such that the slope of the Philips curve becomes κ = 0.0561 as in Galí
(2009) and very close to the calibration in e.g. Eusepi and Preston (2010). The calibration
of the interest rate rule follows Taylor (1993), so we set φ = 1.5, and we assume a positive
inflation target π̄ of 2% annualized. Moreover, we begin with a forward guidance horizon of
one year, so that q = 4, which is broadly in line with Hanson and Stein (2015) and Swanson
and Williams (2014), who argue that the Fed’s forward guidance strategy operates with a
roughly one-to-two year horizon.

For our behavioral parameters, however, there is less consensus about the calibration.
For this reason, Section 2.I in the Appendix provides a robustness analysis with respect
to the crucial parameters. We choose a forward-looking horizon of the private households
of N = 4, which corresponds to a one year planning horizon. When asked to report
their (financial) planning horizons, roughly 60-70% of survey respondents in the Survey
of Consumer Finances or the Health and Retirement Study (HRS) in the US indicated to
have planning horizons ranging from a few month up to a few years (see e.g. Rodriguez de
Rubio, 2015; Dow Jr and Jin, 2013).20 Further, we set the intensity of choice b = 2500.21

With regards the gain parameter ω in the adaptive expectations rule, we follow Anufriev
and Hommes (2012a,b) and set it equal to 0.65. This coefficient was found to predict
individual forecasting behavior in learning-to-forecast experiments reasonably well.

Concerning the demand and supply shock, we first follow De Grauwe (2012) and set
the persistence in both processes to zero, i.e. ρx = ρπ = 0 and standard deviations equal
to σx = σπ = 0.005. This calibration is used in Sections 2.6.2.1 and 2.6.2.2. In fact, the
model produces reasonable degrees of persistence in key macro-variables without the need
of highly persistent shocks (see De Grauwe, 2012). However, to bring the model to the

20Figure 2.9 shows the eigenvalues of the model as a function of N , indicating that for too large values
the canonical NKM considered here becomes unstable under N -step Euler equation learning.

21Note that the calibration of the intensity of choice crucially depends on both the definition and the unit
of measurement of the fitness measure. In our simulations a 1% deviation of inflation from steady state
is measured as 0.01, which corresponds a squared forecast error of 0.0001. For instance De Grauwe
(2011) sets b = 1, which corresponds to b = 10, 000 in our framework. Similarly, Anufriev and Hommes
(2012a) set b = 0.4, but in an asset pricing environment. Hommes and Lustenhouwer (2019) therefore
argue that an intensity of choice of 40,000 should not be considered as exceptionally large. Since we,
however, define the fitness measure as the sum of squared forecast errors resulting from output, inflation
and interest rate expectations, a lower value of b results in a similar degree of sensitivity.
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ELB, large disturbance terms are needed. To circumvent such an assumption, we instead
assume autocorrelated shocks with ρx = ρπ = 0.5 and reduce the standard deviations to
σx = σπ = 0.003 in Section 2.6.2.3, which presents our main results.

The benchmark calibration of the main model parameters is summarized in Table 2.1.
If the calibration differs from the benchmark case it will be made explicit. The simulations
below are chosen to illustrate our key findings.

Table 2.1: Parameter calibration

Parameter Value Description Source
β .997 Discount factor Slobodyan and Wouters (2012)
N 4 Forward-looking horizon of private households

1/σ 1 Elasticity of intertemporal substitution Galí (2009)
ϕ 1 Frisch elasticity of labor supply Galí (2009)
ε 6 Elasticity of substitution between differentiated goods Galí (2009)
κ .0561 Slope of the NKPC Galí (2009)
φ 1.5 Central bank’s inflation response Taylor (1993)
π̄ .02 Inflation target (annualized)
π̃ .08 Inflation tolerance (annualized)
q 4 Forward guidance horizon Swanson and Williams (2014)
b 2500 Intensity of choice
ω .65 Gain parameter of adaptive learners Anufriev and Hommes (2012a,b)
ρx 0 or .5 Persistence parameter in demand shock De Grauwe (2012)
ρπ 0 or .5 Persistence parameter in supply shock De Grauwe (2012)
σx .003 or .005 Std. deviation in demand shock De Grauwe (2012)
σπ .003 or .005 Std. deviation in supply shock De Grauwe (2012)

2.6.2 Simulation-based policy analysis

In this section, we illustrate our findings of the numerical analysis. The presented
behavioral macro model allows for a rich set of dynamics, so we only present the main
numerical results. In a nutshell, our model predicts the following. First, the combina-
tion of real-time learning, model misspecification and imperfect credibility of the central
bank gives rise to policy mistakes that can result in periods of high inflation. Second,
forward guidance announcements are effective in preventing the economy from entering a
deflationary spiral. Notably, those announcements of the Odyssean type can decrease the
probability of deflationary spirals by around 18 percentage points.

2.6.2.1 Model misspecification and policy mistakes

Before going to the analysis of forward guidance, we want to clarify the role of the
central bank’s model misspecification. It turns out that this informational friction can
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create−or at least amplify−booms and busts. In particular, if the central bank (sys-
tematically) underestimates inflation over several quarters, it will pursue an interest rate
policy that is not anti-inflationary enough, and vice versa. Figure 2.4 illustrates such a
scenario, in which the economy overheats due to an inflationary interest rate policy. The
upper panels depict time series for inflation and output (both solid blue lines), respec-
tively, together with the central bank’s real time estimates (red-dashed). Evident from
the upper-left panel, the central bank underestimates inflation (the red-dashed line is per-
manently below the blue-solid line) and thus inadvertently pursues an interest rate policy
that is not anti-inflationary enough. The latter can be seen in the lower-left panel, which
plots both the interest rate actually set by the central bank that is consistent with its
expectations (blue-solid line), as well as the nominal interest rate that would have been
set if the central bank had observed current inflation (red dotted). This full-information
benchmark is equivalent to rational expectations.

Arguably, these policy mistakes can occur for two reasons. Either the central bank finds
itself in an early stage of learning (i.e. the central bank’s VAR coefficients have not yet
converged) and therefore its forecasts may be inaccurate or, secondly, more households
coordinate on adaptive expectations, which is not realized by the central bank due to
model misspecification. In both cases the drift of inflation and/or output induced by
the initial policy mistake leads to further coordination away from the credibility believer
heuristic, which leads to self-fulfilling expectations that amplify the drift. That is, these
periods with a too weak response on inflation (due to underestimation of inflation, but not
due to a too small response coefficient φ) are characterized by a decline in central bank
credibility (see lower-right panel in Figure 2.4).22 This result is in line with Lubik and
Matthes (2016) who study the Fed’s interest rate policy during the high-inflation period of
1970s (also known as the Great Inflation). Using Bayesian estimation methods the authors
calibrate a stylized New Keynesian model to argue that the Great Inflation is the result
of equilibrium indeterminacy, inadvertently arising from an optimizing central bank that
was constrained by uncertainty about the structure of the economy and measurement
error in real-time data. Both these constraints are also present in our paper, although
we interpret the structural uncertainty as the central bank not being aware of the time-
variation in aggregate expectations. The latter is broadly in line with Mankiw et al.

22 In longer stochastic time series simulations, we find that these booms and busts can also occur if the
central bank’s VAR coefficients seemed to have nearly converged. In other words, the model misspeci-
fication of the central bank due to the presence of heterogeneous households allows for policy mistakes
at any point in time. However, the simulations also suggest that a larger autocorrelation in shocks
increases the forecast performance and accuracy of the central bank’s VAR model, as does a lower
standard deviation in disturbance terms.
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Figure 2.4: Model misspecification and policy mistakes
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Note: The figure shows that when the central bank underestimates inflation (true inflation given by the
blue line versus central bank’s inflation nowcast red-dashed in the upper left panel), it inadvertently
pursues an interest rate policy that is not anti-inflationary enough. The latter can be seen by comparing
the nominal interest rate that results from the central bank’s real-time nowcasts (blue solid line) versus
the nominal interest rate set under full information, i.e. rational expectations, given by the red dotted
line in the left lower panel. During this period, the central bank’s credibility decreases (bottom right
panel), which leads to a period of rising output and inflation. Shocks are assumed to be iid with zero
autocorrelation.

(2003), who document substantial disagreement in inflation expectations over time.

2.6.2.2 Constant gain learning preventing policy mistakes

In this subsection we aim to answer the question of how important the central bank’s
model misspecification is in driving the policy mistakes. First, recall that this misspecifi-
cation is coming from the fact that the central bank believes the aggregate law of motion
to have time-invariant coefficients. In other words, the central bank assumes that the
economy is not subject to time switches in the sentiment of economic agents, here mod-
eled by the time-variation in the distribution of aggregate expectations of inflation, output
and nominal interest rate. To relax this assumption, we allow the central bank to estimate
its VAR model using time-varying parameters (i.e. a constant gain learning (CGL) algo-
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rithm).23 In this case, the central bank is potentially able to recognize drifts in inflation
earlier than under decreasing gain learning (DGL), and thus might pursue policies which
are more anti-inflationary.

In what follows, we present a counter-factual analysis to the simulation presented in
Figure 2.4. Using the same random seed and holding everything else equal, we change the
gain coefficient from the decreasing gain γt = 1

t
to a constant gain of γt = γ. The resulting

time series under CGL are presented in Figure 2.5. For better comparison, we also plot
the simulation results under DGL in lighter colors, again with dashed lines representing
the central bank’s real-time estimates. Evident from Figure 2.5, the central bank predicts
slightly higher inflation around and after period 177 under CGL, better capturing the drift
of inflation away from its target level due to a larger fraction of adaptive learners. The
resulting (slightly) higher nominal interest rates are then putting a halt on inflation and
output from further increasing, which boosts the central bank’s credibility and prevents
further households from switching to the adaptive expectations rule. Therefore, we con-
clude that CGL−by putting more weight on recent observations−reduces the chance of
the aforementioned policy mistakes.

2.6.2.3 Effectiveness of forward guidance

This section returns to our main research question: What are the effects of forward
guidance if households are heterogeneous and boundedly rational? To anticipate the re-
sults, we find that allowing for endogenous credibility and bounded rationality reduces the
effects of forward guidance relative to the rational expectations benchmark. We show this
by first studying impulse responses of our behavioral model to forward guidance announce-
ments, and second using time series simulations to gauge how often forward guidance can
help to induce recovery from a liquidity trap.

Figure 2.6 shows the impulse responses of our behavioral model to Odyssean forward
guidance announcements with length of qO = 1, ..., 4 quarters and compares them to the
rational expectation benchmark. A few observations can be made. First, and not surpris-
ingly, the higher the share of credibility believers at the moment of the announcement,
the higher are the effects on impact with rows one to three showing the effects of 0%, 50%
and 100% of credibility believers, respectively. Comparing the third and fourth row (i.e.
full credibility versus rational expectations), we observe a high degree of consistency in
23Constant gain learning is similar to a rolling window estimation, since past observations receive a
geometrically declining weight. In our numerical simulations we set γ = 0.02, however, the results are
robust to different choices of the constant gain parameter, which still can be considered reasonable (see,
e.g. Branch and Evans, 2006b).
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Figure 2.5: Constant vs. decreasing gain in the central bank’s learning algorithm
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Note: The figure shows the counter-factual to Figure 2.4 by assuming that the monetary authority uses
a constant gain (stronger colors) instead of a decreasing gain (lighter colors) in its updating equation,
thereby allowing for time-variation in its PLM. It is therefore able to better detect time-variation in
aggregate expectations which improves the nowcasting performance and reduces policy mistakes.

the peak impulse responses. Second, the presence of backward-looking agents can create a
hump-shaped response in output if the fraction of credibility believers is not too high, with
the peak response being potentially substantially above the initial impact. For inflation,
we always observe such a hump-shaped response contrary to the rational expectations
model, in which inflation simply reflects the discounted sum of future output gaps. Note,
however, that our benchmark rational expectations model has no intrinsic inertia, and
adding e.g. indexation would yield a similar hump-shaped response. Figure 2.7 shows
that these observations are robust to an increase in N and/or qD. In fact, the compress-
ing effects of endogenous central bank credibility on the impulse responses to Odyssean
guidance shocks becomes even clearer for announcements farther into the future.

Next, we focus on the effectiveness of forward guidance in stabilizing the economy
once the ELB has been reached. For illustration, Figure 2.8 compares two stochastic
time series simulation in which we allow for forward guidance (blue) or not (red). In
the simulation without forward guidance (red) the economy enters a deflationary spiral,
while under forward guidance the economy is able to recover (blue). The crucial point
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Figure 2.6: Impulse response functions with N = 4
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Note: The figure shows impulse responses of our behavioral model with N = 4 to an announced 20 basis
points decline in the policy rate for 1 up until 8 quarter (i.e. qO = 1, .., 4 while qD = 0). Vertical axes are
in annualized percentages. The first, second and third row correspond to 0%, 50% or 100% of credibility
believers at the moment of the announcement. The last row shows the same responses derived under
perfect foresight (i.e. without any informational frictions or cognitive limitations).

is the pronounced increase in central bank credibility shortly after the forward guidance
announcement (see bottom-right panel of Figure 2.8). The reason is twofold. First, the
publication of the central bank’s own projections for inflation and output turned out to be
more accurate than the private sector’s own (adaptive) beliefs, which increases the bank’s
credibility ex post. This switching away from the adaptive expectations heuristic puts a
halt to the diverging and self-fulfilling process in deflation and falling output. In fact,
if successful, Delphic guidance induces a self-fulfilling recovery. Second, the announced
lower-for-long policy additionally lowers the aggregate expected future real interest rate
and thus increases aggregate demand. Lastly, the trust in the central bank also increases
ex post once households observe that the bank sticked to the announced lower-for-long
policy.

To quantitatively assess the role of both Delphic and/or Odyssean forward guidance
in preventing deflationary spirals, we run a total of 10,000 Monte Carlo simulations with
a length of 30 years (120 quarters) and compute the likelihood of a deflationary spiral
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Figure 2.7: Impulse response functions with N = 8
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Note: The figure shows impulse responses of our behavioral model with N = 8 to an announced 20 basis
points decline in the policy rate for 1 up until 4 quarter (i.e. qO = 1, .., 8 while qD = 0). Vertical axes
are in annualized percentages. The first row, second and third row correspond to 0%, 50% or 100% of
credibility believers at the moment of the announcement. The last row shows the same responses derived
under perfect foresight (i.e. without any informational frictions or cognitive limitations).

under four different scenarios: no guidance, both types of guidance, only Delphic or only
Odyssean guidance. Additionally, an initialization period for the central bank’s learning
algorithm of 10 years (40 quarters) is simulated.24 A deflationary spiral is then defined as
a liquidity trap with diverging inflation and/or output with values in excess of -20 percent
quarterly. Results are both qualitatively and quantitatively robust to other values. We
also present moments for the US economy over the last 30 years (i.e. from 1988Q1 until
2017Q4), because our calibration assumes an inflation target of 2% and a relatively low
level for the steady state real rate ( 1

β
− 1).

Besides looking at the likelihood of deflationary spiral, we also conduct a welfare analy-
sis based on an ad hoc loss function, that is quadratic in deviations of output and inflation
from their steady state levels, following Evans and Honkapohja (2003, 2006) and Gasteiger

24 In the initialization period, the central bank is assumed to have full information, i.e. central bank
perfectly observes current period inflation.

81



Chapter 2. Forward Guidance and Central Bank Credibility

Figure 2.8: Deflationary spirals and the power of forward guidance
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Note: The figure shows stochastic time series simulations in which the ELB starts binding from period
199 and the economy enters a deflationary spiral in case of no forward guidance (red), while under Delphic
and Odyssean forward guidance the economy can escape the liquidity trap (blue).
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(2014, 2017). Formally, this quadratic loss function L is given by

L = −
[
(πt − π̄)2 + αx(xt − x̄)2

]
, (2.33)

where αx = κ
ε
.25 Since we do not consider optimal forward guidance policy, and therefore,

are not interested in minimizing expected future welfare losses, we instead consider ex post
welfare that resulted from a given policy. Thus, we take the non-discounted sum over the
simulation horizon of T periods to find the following welfare criterion

W = −
T∑
t=1

[
(πt − π)2 + αx(xt − x)2

]
. (2.34)

The results are summarized in Table 2.2. It shows that Delphic and Odyssean forward
guidance in combination can decrease the likelihood of deflationary spirals from 19.91 to
9.04 percent, i.e. a reduction of roughly 11 percentage points.26 In comparison, the U.S.
federal funds rate has been pinned close to zero for more than one-fifth of the last 30
years. However, Table 2.2 also reveals a lower-for-long policy alone might be even more
effective by reducing the likelihood even further to 8.48 percent. Looking at the variation
in both output and inflation, forward guidance clearly stabilizing effect. While Odyssean
guidance appears to reduce the standard deviation of both variables the least, Delphic
guidance seems to be crucial in lowering the variation. This observation translates one-
to-one into implications for average welfare. The combination of Delphic and Odyssean
guidance ranks first, followed by Delphic and only then by Odyssean guidance in welfare-
terms under our benchmark calibration.

In our model, forward guidance is acting through two channels. First, Delphic guid-
ance can help to coordinate aggregate expectations if the central bank’s own projections
are more accurate than those of the adaptive learners. The idea is that, once the central

25This quadratic loss function can be derived from a second-order Taylor approximation to the level
of expected utility of the representative household in an equilibrium with a given monetary policy.
See Rotemberg and Woodford (1999) and Woodford (1999) for more details. Such an ad hoc welfare
function might understate the true welfare losses due to heterogeneity in expectations, and an alternative
therefore would be to utilize a model-consistent loss function as derived by Di Bartolomeo et al. (2016).
However, Gasteiger (2017) discusses practical reasons in favor of such an ad hoc loss function used here
in Chapter 3.2.

26The qualitative results are robust to other threshold values. For instance, imposing a threshold level of
either -25%, -10% or -5%, we find the likelihood of a deflationary spiral under both types of guidance
to change from 9.04% to 8.99%, 9.21% or 10.55%, respectively. Evidently, a lower threshold leads to a
marginally higher likelihood. The same holds true if you look at the policies separately. Decreasing the
threshold level to e.g. -5% increases the likelihood of a spiral under Odyssean guidance only by a mere
2 basis points to 9.06%.
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Table 2.2: Forward guidance and the likelihood of deflationary spirals

US Data without Delphic Odyssean Both
1988Q1 - 2017Q4 forward guidance guidance guidance

Likelihood (in %) 23.33 19.91 10.48 8.48 9.04
avg. SD xt (in %) 1.93 2.41 1.71 1.81 1.77
avg. SD πt (in %) 0.87 0.92 0.68 0.69 0.66

avg. Welfare W · 100 -0.3686 -0.3522 -0.3562 -0.3515

Note: In row one, the table presents the relative share of 10,000 Monte Carlo simulations in which a
deflationary spiral occurred under different policies. The lower the probability, the less likely it is for the
economy to be locked in a liquidity trap. The second and third rows present the average standard
deviations of output and inflation, while the last row shows the average of our measure of ex post
welfare, with averages taken over all simulations. The calibration is given in Table 2.1. With regards the
data, we use output gap data from the Congressional Budget Office (CBO), while data for the federal
funds rate to calculate the % of ELB periods and PCE inflation are taken from the Federal Reserve
Economic Data (FRED).

bank publishes its (potentially more accurate) projections, households observe these fore-
casts, which can ex post increase its credibility and more households coordinate on the
credibility believers rule. However, if credibility was already large at the moment of the
announcement, this channel can also lower aggregate inflation expectations, given that in
a recession credibility believers forecasts are somewhat more optimistic than those of the
central bank. This channel relates to the signaling channel of monetary policy in Melosi
(2017) in that households adjust their expectation in the direction of new information.
Second, Odyssean guidance can reduce the expected real interest rates of the credibil-
ity believers, thereby increasing demand through the standard Euler equation channel.
However, the effectiveness of guidance depends crucially on the central bank’s credibility.

To further sharpen this result, we looked at the effectiveness of an interest rate peg,
i.e. a lower-for-long policy, without the explicit forward guidance announcement. In this
case, the likelihood of a deflationary spiral even increases to 26.58%, suggesting that the
announcement of such a policy is crucial.27

2.7 Conclusion

In this chapter, we provide a model with N -step horizon Euler equation learning and
endogenous central bank credibility to study the effectiveness of forward guidance under
both heterogeneous and boundedly rational expectations. In particular, we model het-

27We also looked at the effectiveness of Delphic guidance when only a subset of forecasts are published.
Intuitively, Delphic guidance becomes less powerful when only inflation and nominal interest rate pro-
jections are communicated with the likelihood of spirals increasing from 10.48% to 12.62%.
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erogeneity in expectations across households, but also with respect to the central bank.
Private households switch between an adaptive expectations rule and a credibility believer
heuristic. The central bank, on the other hand, estimates a VAR model, which it updates
recursively.

In our baseline model, the central bank uses recursive least squares with a decreasing
gain, thereby neglecting the time-variation in aggregate expectations. As a result of this
model misspecification, the central bank learns the true model only if the fractions of
households using a specific forecasting heuristic converge, i.e. the distribution of aggregate
expectations becomes time-invariant. Otherwise, the economy settles down in a restricted
perception equilibrium with time-varying heterogeneous beliefs.

Our results suggest that the combination of real-time learning, model misspecification
and imperfect credibility of the central bank gives rise to policy mistakes that can result in
periods of high inflation, potentially explaining periods such as the Great inflation in the
1980s in the United States. These policy mistakes are, however, not because of too weak (or
too strong) responses to inflation, but due to the aforementioned combination of reasons.
Under constant gain learning (CGL), however, the central bank allows for time-varying
parameters and thus better accounts for the time-variation in aggregate expectations,
which ultimately reduces policy mistakes.

The key novelty of our chapter is that we make the effectiveness of forward guidance
depending on the central bank’s credibility, which itself is endogenously determined by
how well the central bank performed in achieving its target in the recent past. That
is, an endogenous fraction of private households incorporate the central bank’s guidance
announcements into their expectation formation, while the rest of the population forms
expectations in an adaptive fashion.

Forward guidance is then acting through two channels. First, Delphic guidance can
help to coordinate aggregate expectations if the central bank’s own projections are more
accurate than those of the adaptive learners. The idea is that, once the central bank
publishes its (potentially more accurate) projections, households observe the forecasts of
the central bank, which can ex post increase its credibility and more households coordinate
on the stabilizing credibility believers rule. However, if credibility was still large, this
effect can also lower aggregate inflation expectations, given that in a recession credibility
believers forecasts are somewhat more optimistic than those of the central bank. Second,
both Delphic and Odyssean guidance policies can reduce the expected real interest rates of
the credibility believers, thereby increasing demand through the standard Euler equation
channel. However, the effectiveness of guidance depends crucially on the central bank’s
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credibility.
Using Monte Carlo simulations, we find that both Delphic and Odyssean forward guid-

ance are effective in lowering the likelihood of deflationary spirals. Specifically, Delphic
and Odyssean forward guidance jointly decrease the likelihood of a deflationary spiral by
11 percentage points. Notably, a Odyssean-style lower-for-long policy alone can decrease
the probability of a deflationary spiral even more, however at the cost of increased macroe-
conomic volatility and thus lower welfare. Delphic guidance alone, on the other hand, can
reduce the probability by only ca. 9.5 percentage points, yet is crucial in reducing inflation
and output volatility, making the a mix of both preferred in welfare-terms. We leave the
assessment of the optimal forward guidance mix and length for future research.
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Appendix 2.A Microfoundations

2.A.1 Households

The model features a continuum of infinitely lived households that differ only in the
way they form expectations. In particular, households can either follow a backward-
looking adaptive expectation rule (so called adaptive learners) or they can follow the
central bank’s announcements (the so-called credibility believers). In each period, house-
hold i ∈ [0, 1] solves an intratemporal problem, by choosing consumption over a continuum
of differentiated goods j ∈ [0, 1] with price Pt(j) to minimize expenditures. The elasticity
of substitution between different goods is ε, so that households choose

Ci
t(j) =

(
Pt(j)
Pt

)−ε
Ci
t

with aggregate price level Pt

Pt =
(∫ 1

0
Pt(j)1−εdj

) 1
1−ε

,

and total consumption of the household Ci
t

Ci
t =

(∫ 1

0
(Ci

t(j))
1−ε
ε dj

) ε
1−ε

.

Then, household i maximizes her utility function of the following form

Ẽt
∞∑
s=t

βs
[

(Ci
s)1−σ

1− σ −
(H i

s)1+ϕ

1 + ϕ

]
,

subject to a flow-budget constraint

PtC
i
t +Bi

t ≤ WtH
i
t + (1 + it−1)Bi

t−1 + Pt

∫ 1

0
Ξ(j)dj),

by choosing consumption Ci
t , labor H i

t and nominal bonds Bi
t, which yields, besides a

labor supply trade-off, the standard equation

Wt

Pt
= (H i

t)ϕ(Ci
t)−σ, (2.35)
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(Ci
t)−σ = βẼt

[
(1 + it)(Ci

t+1)−σ
Πt+1

]
, (2.36)

where Wt is the nominal wage rate,
∫ 1

0 Ξ(j)dj are aggregate real profits and Πt = Pt
Pt−1

is
gross inflation. Log-linearization of individual i’s Euler equation (2.36) yields

cit = Ẽi
t [cit+1]− 1

σ

(
it − Ẽi

tπt+1 − r̄
)
, (2.37)

where small letters indicate percentage deviations from the steady state, i.e. yt = Yt−Y
Y
≈

log(Yt/Y ). Since households are boundedly rational, they are not able to fully optimize
over an infinite horizon. Instead, we follow Branch et al. (2012) and assume that our
boundedly rational households use N-step Euler equation learning, implying that house-
holds use the marginal costs versus marginal benefits trade-off of the Euler equation (2.36)
to make decisions given their budget constraint, and given their subjective forecasts of ag-
gregate variables. Assuming that the law of iterated expectations holds at the individual
level, we can iterate (2.37) forward to express household i’s consumption decision as

cit = Ẽi
t [ci∞]− 1

σ
Ẽi
t

∞∑
j=0

(
it+j − Ẽi

tπt+j+1 − r̄
)

Next, we make the following assumptions. First, households know that market clearing
must hold, i.e. that xt = ct =

∫
cltdl, where xt denotes total production and we index the

continuum of households l ∈ [0, 1] to distinguish from a particular household i. Second,
households expect markets to also clear at the end of some horizon N , i.e. Ẽi

txt+N =
Ẽi
tct+N = Ẽi

t

∫
clt+Ndl. Third, we assume agents to know that other agents’ consumption

satisfies their individual Euler equations. Then, we can write the last equation as

Ẽi
txt+N = Ẽi

t

∫
Ẽl
t+1c

l
∞dl − Ẽi

t

∫
Ẽl
t+1

1
σ

∞∑
j=N

(
it+j − Ẽi

tπt+j+1 − r̄
)

As in Branch and McGough (2009), we assume that the law of iterated expectations also
holds at the aggregate level, i.e. that Ei

tE
l
t+kyt+k = Ei

tyt+k for any variable yt. Then, the
above expression reduces to

Ẽi
txt+N = Ẽi

t

∫
Ẽl
t+1c

l
∞dl − Ẽi

t

1
σ

∞∑
j=N

(
it+j − Ẽi

tπt+j+1 − r̄
)
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Households use this relation to form expectations about the sum of future real interest
rates past their horizon N . Using the above, we can rewrite iterated Euler equation as

cit =Ẽi
t [ci∞]− 1

σ
Ẽi
t

∞∑
j=0

(
it+j − Ẽi

tπt+j+1 − r̄
)

=Ẽi
t [ci∞]− 1

σ
Ẽi
t

N−1∑
j=0

(
it+j − Ẽi

tπt+j+1 − r̄
)
− 1
σ
Ẽi
t

∞∑
j=N

(
it+j − Ẽi

tπt+j+1 − r̄
)

=Ẽi
t [ci∞]− Ẽi

t

∫
Ẽl
t+1c

l
∞dl + Ẽi

txt+N −
1
σ
Ẽi
t

N−1∑
k=0

(
it+j − Ẽi

tπt+j+1 − r̄
)

Aggregating the consumption decision over all households i gives

ct = Ẽi
t [ci∞]− Ẽt

∫
Ẽl
t+1c

l
∞dl + Ẽtxt+N −

1
σ
Ẽt

N−1∑
j=0

(
it+j − πt+j+1 − r̄

)
,

where Ẽtyt+1 =
∫
Ẽi
t [yt+1] = n1,tẼ1,t[yt+1] + (1− n1,t)Ẽ2,t[yt+1]. Finally, we follow Branch

and McGough (2009) and assume that agents agree on terminal wealth and consumption,
such that Ẽi

t [ci∞] − Ẽt
∫
Ẽl
t+1c

l
∞dl = 0. Using market clearing we then find the aggregate

IS curve
xt = Ẽtyt+N −

1
σ
Ẽt

N−1∑
j=0

(
it+j − πt+j+1 − r̄

)
+ et,

which resembles equation (2.1) in the chapter.

2.A.2 Firms

The model features a continuum of monopolistic competitive firms that produce final
differentiated goods. Each firm is run by a household and therefore follows the same
heuristic for predicting future variables as the particular household. We assume nominal
price rigidities, following Rotemberg (1982), such that each monopolistic firm j faces a
quadratic cost of adjusting nominal prices, measured in terms of the final good, and given
by

ψ

2

(
Pt(j)
Pt−1(j) − 1

)2

Xt,

where ψ measures the degree of nominal price rigidity. Moreover, each firm has a linear
production technology of the form

Xt(j) = AtHt(j),
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where At captures aggregate productivity following a stationary AR(1) process (potentially
with zero auto-correlation). Cost-minimization implies that real marginal cost is MCt =
wt
At
, where wt = Wt/Pt is the real wage, common to all firms. Nominal flow profit for

producer j is given by:

Φt = Pt(j)Xt(j)−MCtXt(j)−
ψ

2

(
Pt(j)
Pt−1(j) − 1

)2

Xt.

The problem of firm j involves maximizing future discounted profits

max
∞∑
s=0

Qj
t,t+sΦt+s,

subject to the demand constraint

Xt+s(j) =
(
Pt(j)
Pt+s

)−ε
Ct+s,

where Qj
t,t+s = βs

(
Cjt+s
Cjt

)−σ
Pt
Pt+s

is the stochastic discount factor of the household that runs

firm j. After substituting the constraint, the first order condition is

(ε− 1)Xt(j) + ψ
Pt

Pt−1(j)
(
Πt(j)− 1

)
Xt

= εMCtXt(j)
Pt
Pt(j)

+ ψẼj
t

[
Qj
t,t+1Xt+1

Pt+1

Pt(j)
Πt+1(j)

(
Πt+1(j)− 1

)]
,

where Πt(j) is gross-inflation of the good produced by firm j. Multiplying by Pt(j)
PtXt

and
substituting for firm j’s stochastic discount factor, yields

(ε− 1)Pt(j)Xt(j)
PtXt

+ ψΠt(j)
(
Πt(j)− 1

)
= εMCt

Xt(j)
Xt

+ ψβẼj
t

[(
Cj
t+1

Cj
t

)−σ
Xt+1

Xt

Πt+1(j)
(
Πt+1(j)− 1

)]
.

Log-linearization around a zero-inflation steady state leaves us with

πt(j) = ε− 1
ψ

[
pt − pt(j) +mct + βψ

εmc
Ẽj
t πt+1(j)

]
. (2.38)
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As above, households (and thus firms) are assumed to form expectations only for N
periods. Therefore, iterating the above expression N times (assuming−as above−that the
law of iterated expectations holds at the individual level), we can express current price
inflation of the good produced by firm j as

πt(j) = Ẽj
t πt(j) + κẼj

t

N−1∑
s=0

βs
[
pt+s − pt+s(j) +mct+s

]
, (2.39)

where we defined κ ≡ ε−1
ψ

and used the fact that steady state marginal costs mc = ε−1
ε
.

Finally, aggregating over all firms j, we assume that agents are aware of the switching and
assign equal probabilities to both heuristics in the future such that

∫ 1
0 Ẽ

j
t πt+s(j)dj = Ẽtπt+s

for s = 1, . . . , N . Then, using the definition of the aggregate price level pt =
∫ 1
0 pt(j)dj

and substituting for the marginal cost term mct, we find

πt =
∫ 1

0
πt(j)dj = βN Ẽtπt+N + κẼt

N−1∑
s=0

βsxt+s,

which yields the N -step ahead Philips curve (2.2).

Appendix 2.B Rational expectations equilibrium

In the absence of autocorrelated shocks the model under rational expectations of both
private agents and the central bank coincides with the model under perfect foresight (at
least under determinacy). Therefore, we substitute Etzt+j = zt = z∗ for z ∈ {x, π, i} and
j = 1, . . . N into the model described by (2.1) and (2.2), as well as πe,cb = π∗ into the
central bank’s policy rule to find


x∗ = x∗ − N

σ

(
i∗ − π∗ − r̄

)
π∗ = βNπ∗ + 1−βN

1−β κx
∗

i∗ = r̄ + π̄ + φ(π∗ − π̄)

⇔


x∗ = 1−β

κ
π̄

π∗ = π̄

i∗ = π̄ + r̄

(2.40)

That is, the rational expectations equilibrium is characterized by inflation at target π̄,
nominal interest rates at π̄ + r̄ and output being positive, but small, under standard
calibration.
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Appendix 2.C Proof of Proposition 1

Proof. Evaluate (2.18) in steady state to find that any steady state must satisfy
1 + κ[(N − 1)φ−N ]

σ

(
1− βN
1− β

)
(1−m)2

1 +m
+ κφ

σ

(
1− βN
1− β

)(
1−m
1 +m

)

+κφ
σ
−
(
βN − κ[(N − 1)φ−N ]

σ

)
1−m

2


[
π∗ − π̄

]
= 0 (2.41)

Evidently, one solution to this equation is π∗ = π̄ with x∗ = 1−β
κ
π̄, which holds for any

m ∈ [−1, 1]. Since both heuristics, predict equally well in this steady state, i.e. both
make no prediction error, only m∗ = 0 is consistent with the heuristic switching model.
However, other steady states may exist if the term in the curly brackets equals zero.

Appendix 2.D Asymptotic stationarity: Eigenvalues
of the dynamic system in normal times

In this section, we derive the eigenvalues of the system in normal times, described
by (2.19), as a function of the steady state level of the difference in fractions m∗. The
corresponding reduced-form Jacobian matrix evaluated in the target steady state (i.e. with
π∗ = π̄, i∗ = r̄ + π̄ and x∗ = 1−β

κ
) but with general fractions (instead of m∗ = 0) is given

by

J =


1−m∗

2 − φa∗
21
σ

− (N−1)φ−N
σ

(
1−m∗

2

)
− φa∗

22
σ

κ
(

1−βN
1−β

)
1−m∗

2 − κφa∗
21

σ

(
βN − κ[(N−1)φ−N ]

σ

)
1−m∗

2 − κφa∗
22

σ


Using equations (2.48) and (2.49), we find the characteristic equation

λ2 − 1−m∗
2 (1 + µ1 − µ2)λ+

(
1−m∗

2

)2

[µ1 + µ3] = 0

where

µ1 = σ

σ + κφ

(
βN − κ[(N − 1)φ−N ]

σ

)

µ2 = κφ

σ + κφ

(
1− βN
1− β

)
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Figure 2.9: Absolute eigenvalue |λ1| as a function of N and m.
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Note: This figure shows the absolute eigenvalue of dynamic system (2.19) as a function of the difference in
fractions mt and the forward-looking horizon of private households N . For a larger fraction of backward
looking households (i.e. decreasing mt), but also for larger forward-looking horizon N , the eigenvalues
increase in absolute value, possibly crossing the unit circle for too large values.

µ3 =
(
βN − κ[(N − 1)φ−N ]

σ

)[
1 +

( κφ

σ + κφ

)2
]

+ σ

σ + κφ

(
1− βN
1− β

)
κ[(N − 1)φ−N ]

σ

Then, we eigenvalues as a function of the difference in fractions mt immediately follow

λ1/2(m∗) = 1
2
(1−m∗

2
)[

(1 + µ1 − µ2)±
√(

1 + µ1 − µ2
)2
− 4µ3

]
(2.42)

Clearly, if all agents are credibility believers (m∗ = 1) both eigenvalues are zero and the
system becomes degenerate. However, for an increasing fraction of naive agents (decreasing
m∗) the eigenvalues will increase in absolute value and potentially cross the unit circle.
In the target steady state we have m∗ = 0 (i.e. both heuristics perform equally well), so
that−for N not too large−both eigenvalues remain inside the unit circle. This is illustrated
in Figure 2.9, where we plot the absolute eigenvalue for N ∈ {1, . . . , 12} and m ∈ (−1, 1).

Appendix 2.E E-stability in more detail

In this section, we derive the results of Propositions 2 and 3 in more detail. To begin,
let us stag both columns of the coefficient matrix A on top of each other to form a 6× 1
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vector denoted by a (formally vecA = a) and define the T-map as the mapping from the
PLM to the ALM, which describes the evolution of the RLS estimator a. This mapping
can be written as

T (a) = T



a10

a11

a12

a20

a21

a22


=



(
1−β
κ

(
1+mt

2

)
+ (N−1)φ−N

σ

(
1−mt

2

)
+ φ

σ

)
π̄ − φa20

σ

1−mt
2 − φa21

σ

− (N−1)φ−N
σ

(
1−mt

2

)
− φa22

σ(
1+mt

2 +
κ

[
(N−1)φ−N

]
σ

(
1−mt

2

)
+ κφ

σ

)
π̄ − κφa20

σ

κ

(
1−βN
1−β

)
1−mt

2 − κφa21
σ(

βN −
κ

[
(N−1)φ−N

]
σ

)
1−mt

2 − κφa22
σ



(2.43)

After straight forward algebra we find the fixed point to this mapping that satisfies T (a∗) =
a∗ to be dependent on the difference in fraction m and given by

a∗10(m) =
(

1− β
κ

(1 +m

2
)

+ (N − 1)φ−N
σ

(1−m
2

)
+ φ

σ

)
π̄ − φa∗20

σ
(2.44)

a∗11(m) =1−m
2 − φa∗21

σ
(2.45)

a∗12(m) =− (N − 1)φ−N
σ

(
1−m

2

)
− φa∗22

σ
(2.46)

a∗20(m) = σ

σ + κφ

(
1 +m

2 +
κ
[
(N − 1)φ−N

]
σ

(1−m
2

)
+ κφ

σ

)
π̄ (2.47)

a∗21(m) = κσ

σ + κφ

(
1− βN
1− β

)
1−m

2 (2.48)

a∗22(m) = σ

σ + κφ

(
βN −

κ
[
(N − 1)φ−N

]
σ

)
1−m

2 (2.49)

where the fixed points for a∗10, a
∗
11 and a∗12 depend on those of a∗20, a

∗
21 and a∗22, respectively,

which are defined by (2.47)-(2.49). Thus, we have a unique fixed point of the T-map
depending on the difference in fractions m ∈ [−1, 1], which leads to Propositions 2.

To determine whether the estimated coefficients converge to their respective fixed point
for any of the given steady states, consider the following differential equation

d

dτ
(a) = T (a)− a (2.50)
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where τ describes notional or artificial time. Component-by-component we get

da10

dτ
=
(

1− β
κ

(1 +m

2
)

+ (N − 1)φ−N
σ

(1−m
2

)
+ φ

σ

)
π̄ − φa20

σ
− a10 (2.51)

da11

dτ
=1−m

2 − φa21

σ
− a11 (2.52)

da12

dτ
=−

[
(N − 1)φ−N

]
σ

1−m
2 − φa22

σ
− a12 (2.53)

da20

dτ
=
(

1 +m

2 +
κ
[
(N − 1)φ−N

]
σ

(1−m
2

)
+ κφ

σ

)
π̄ −

(
1 + κφ

σ

)
a20 (2.54)

da21

dτ
=
(

1− βN
1− β

)
1−m

2 −
(

1 + κφ

σ

)
a21 (2.55)

da22

dτ
=
(
βN −

κ
[
(N − 1)φ−N

]
σ

)
1−m

2 −
(

1 + κφ

σ

)
a22 (2.56)

Now, note that the system described by (2.51)-(2.56) is linear and the equations for
(a10, a20), (a11, a21) and (a12, a22) are independent. We rewrite (2.50) to get d

dτ
(a) =

M0 +M1a with M1 being a corresponding 6× 6 matrix given by28

M1 =



−1 0 0 −φ
σ

0 0
0 −1 0 0 −φ

σ
0

0 0 −1 0 0 −φ
σ

0 0 0 −
(
1 + κφ

σ

)
0 0

0 0 0 0 −
(
1 + κφ

σ

)
0

0 0 0 0 0 −
(
1 + κφ

σ

)


The 6× 1 vector M0 depends in general on the variable mt and is therefore time-varying.
Yet, since mt is bounded, so will M0. Further, the matrix M1 is independent of mt with
three eigenvalues taking on the value −1 and the other three being equal to −(1 + κφ

σ
).

Since all parameters are positive, all eigenvalues are negative and thus the differential
equation is locally stable. This is summarized in Propositions 3.

28Alternatively, we can look at the stability of the three subsystems (a10, a20), (a11, a21) and (a12, a22) as
in Honkapohja and Mitra (2005), using the results of Honkapohja and Mitra (2006).
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Appendix 2.F Proof of Proposition 4

Proof. We begin with assuming constant fractions, i.e. mt = m. with m ∈ (−1, 1). Under
this assumption and condition (2.23), which implies that 1n = 0 in steady state, the
dynamic system in (2.25) and (2.26) evaluated in steady state reduces to

x∗ =
(

1− β
κ

+ 1
σ

)
π̄ + N

σ

(
1−m
1 +m

)
π∗ +

[
2N

1 +m
− (N − 1)

]
r̄

σ

π∗ = 1 +m

2

(
1 + κ

σ

)
π̄ + κ

(
1− βN
1− β

)
1−m

2 x∗ + 1−m
2

(
βN + κN

σ

)
π∗ + κ

σ

[
N − (N − 1)(1 +m)

2

]
r̄

from which we can derive the following steady state expression for inflation π∗zlb and output
x∗zlb, respectively, given any constant fractions m ∈ (−1, 1)

π∗zlb =
(1 +m)2

(
1 + κ

σ

)
+ (1− βN)

(
1 + κ

σ(1−β)

)
(1−m2)

2(1 +m)− κN
σ

(
1−βN
1−β

)
(1−m)2 −

(
βN + κN

σ

)
(1−m2)

π̄

+
κ
σ

[
2N − (N − 1)(1 +m)2 + (1−m2)

(
1−βN
1−β

)(
1 + 2N

1+m −N
)]

2(1 +m)− κN
σ

(
1−βN
1−β

)
(1−m)2 −

(
βN + κN

σ

)
(1−m2)

π̄ (2.57)

x∗zlb =
(

1− β
κ

+ 1
σ

)
π̄ +

[
2N

1 +m
− (N − 1)

]
r̄

σ
+ N

σ

(
1−m
1 +m

)
π∗zlb (2.58)

and for which π∗zlb has a vertical asymptote at

m̃1 =
−α2 +

√
α2

2 − 4α1α3

2α1

where

α1 = βN − κN

σ

(β − βN
1− β

)
≷ 0

α2 = 2
[
1 + κN

σ

(1− βN
1− β

)]
> 0

α3 = 2− βN − κN

σ

(2− β − βN
1− β

)
≷ 0

and m̃2 6∈ [−1, 1]. Next, recognize that the numerator of (2.57) is always positive. The
denominator, however, is negative form ∈ (−1, m̃1) and π∗zlb approaches −∞ form→ m̃−1 ,
while it is positive for m ∈ (m̃1, 1) and π∗zlb approaches ∞ for m → m̃+

1 . The latter is in
contradiction with condition (2.23), since π∗zlb needs to be smaller than zero for the ELB
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2.F. Proof of Proposition 4

steady state to exist, given any positive fraction of credibility believers. If m = −1, then
the steady state satisfies π∗zlb = −r̄, i∗zlb = 0 and x∗zlb = −(1−β)r̄

κ
, while for m = 1, the system

is again degenerate and not consistent with the ELB condition. Hence, we conclude that
a steady state with π∗zlb ∈ (−∞, 0] in the ELB region exists for m ∈ [−1, m̃1).

Lastly, consider the case of time-varying fractions. As in the case of fixed fractions, we
have a unique ELB steady state under the HSM. However, the interval for m translates
into an interval for the intensity of choice b, because m itself is endogenous. To see this,
rewrite the difference in fractions as

mt = n1,t − n2,t = exp bU1,t−1 − exp bU2,t−1

exp bU1,t−1 + exp bU2,t−1
= tanh

(
b

2∆Ut−1

)

Evaluating this equation at the ELB steady state and noting that naive agents do not
make any forecast errors, we find

m∗ = tanh( b2∆U∗) (2.59)

with

∆U∗ = −(π∗zlb − π̄)2 − (x∗zlb − x̄)2 − (−r̄ − π̄)2 < 0

Solving (2.59) for the intensity of choice, and recognizing that tanh−1 is a strictly increasing
function on the interval (−1, 1), the upper bound m̃1 translates into a lower bound b on
the intensity of choice

b = 2
∆U∗ tanh−1(m̃1)

In other words, for too low values of the intensity of choice, i.e. b → 0, the fractions
become constant and ELB steady exists only if m ∈ [−1, m̃1). Contrary, if b → ∞, then
m̃1 → −1 and there is a unique ELB steady state with all agents being naive. Lastly, note
that if m̃1 ≥ 0 (which is the case for our baseline calibration) the lower bound will satisfy
b ≤ 0 such that the the ELB steady state always exists.

Finally, for the this candidate steady state to be consistent with the ELB region, we
must additionally have that the ELB constraint is binding, i.e. equation (2.23) must hold.
Therefore, suppose b = ∞ (or equivalently m∗− = 1). Then, π∗zlb = −r̄ and the ELB
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condition reduces to
−r̄ ≤ π̄ − φ−1(r̄ + π̄) ⇔ φ > 1

That is, for the ELB steady state to exist in the all-naive case, we need the Taylor principle
to hold. Next, recognize that ∂π∗

zlb

∂m
< 0 so that for b <∞ (and equivalently m∗ > −1), the

ELB condition will be satisfied in steady state if the Taylor principle holds.

Appendix 2.G Eigenvalues of the dynamic system in
the ELB region

2.G.1 Eigenvalues of the dynamic system without forward guid-
ance

In this section, we derive the eigenvalues of the system in the ELB region. In the
absence of forward guidance, the model is described by (2.25) and (2.26). For analytical
purpose, we assume an infinite intensity of choice b =∞, which implies that all households
immediately switch to the best performing heuristic. Under this assumption, four eigen-
values are equal to zero and the corresponding reduced-form Jacobian matrix evaluated
in the ELB steady state (π∗zlb, x∗zlb, i∗zlb) with m∗ = −1 is given by

J =

 1 N
σ

κ
(

1−βN
1−β

)
βN − κN ]

σ


with the corresponding eigenvalues

λ1/2 = 1
2

(
1 + βN + κN

σ

)
± 1

2

√√√√(1 + βN + κN

σ

)2

− 4
(
βN − κN

σ

(
β − βN
1− β

))
(2.60)

Figure 2.10 illustrates that for our baseline calibration of Table 2.1, at least one eigenvalue
remains outside the unit circle, so that the ELB steady state is a saddle point. Moreover,
for large enough N , the ELB steady state even becomes an unstable node.

2.G.2 Eigenvalues of the dynamic system with forward guidance

A crucial question is, how does the eigenvalues change if we allow for forward guidance
policy? As mentioned earlier, asymptotic stationarity of the system now depends on the
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2.H. Proof of Proposition 5

Figure 2.10: Largest eigenvalues λ1 and λ2 of the ELB steady state (m = −1) as a function of N .
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Note: This figure shows both eigenvalues of the reduced form Jacobian of the dynamic system in the ELB
region, with (right panel) or without forward guidance (left panel) for different values of the forward-
looking parameter N . Other parameter values taken from the benchmark calibration in Table 2.1. Evident
from the Figure, at least one of the two eigenvalues is outside the unit circle, implying that the underlying
steady state is a saddle point. However, for N being too large, both eigenvalues turn negative and the
steady state becomes a source. Forward guidance reduces the slope with which they increase in N , yet
does not change asymptotic stationarity properties of the model.

eigenvalues of the term Λ1(m∗) + ∑N
j=1 Λj+1(m∗)(A∗1)j+1. No analytical expression could

be derived. The right panel of Figure 2.10 therefore presents the numerical results given
our benchmark calibration. Forward guidance reduces the slope with which they increase
in N , yet does not change asymptotic stationarity properties of the model.

Appendix 2.H Proof of Proposition 5

Proof. As in the proof to Proposition 4, we begin with assuming fixed fractions m ∈
[−1, 1]. Further, imposing steady state and assuming condition (2.23) is satisfied, the
unique solution to the dynamic system (2.27) and (2.28) is given by (π∗fg, x∗fg, i∗fg) =
(−r̄,− (1−β)r̄

κ
, 0). That is, for N ≤ q the ELB steady state under constant fractions exists

independent of the share of credibility believers. Formally, we have

x∗ = 1−m

2 x∗ + N
σ

(
1−m

2

)
π∗ + 1+m

2 x∗ + N
σ

(
1+m

2

)
π + Nr̄

σ

π∗ = κ

(
1−βN
1−β

)(
1−m

2

)
x∗ +

(
βN + N

σ

)(
1−m

2

)
π∗ + κ(2−βN−β)

1−β

(
1+m

2

)
x∗ + κNr̄

σ

⇔

π
∗
fg = −r̄

x∗fg = − (1−β)r̄
κ
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Under time-varying fractions, the steady state necessarily features m∗ = 0. The reason is
that, through the forward guidance announcements, even the credibility believers predict
correctly in the ELB steady state. Thus, if both types of heuristics perform equally well,
fractions must be equal for any b > 0.

As before, condition (2.23) needs to be satisfied, which now implies φ > 1 for all b > 0
or m∗ ∈ [−1, 1]. However, given the feedback of central bank expectations to the real
economy, we additionally need a fix point of the T-map to exist. Formally, we need A0

and A1 to satisfy

A0 = Λ0(m∗) +
N∑
j=1

Λj+1(m∗)
(
I − Aj+1

1

)
(I − A1)−1A0

A1 = Λ1(m∗) +
N∑
j=1

Λj+1(m∗)(A∗1)j+1

Appendix 2.I Robustness Analysis

In this section, we change some of the coefficients which are either crucial for our
results, or for which no common values exist. Specifically, we discuss the effects of dif-
ferent calibrations for the forward-looking horizons N and the intensities of choice b in
Section 2.I.1. We show that our main result is robust to different length of the forward
guidance horizon q or forward-looking horizons N in Section 2.I.2. Finally, we relax the
assumption that households know the functional form and parameterization of the policy
function in the Section 2.I.3. We then redo our Monte Carlo simulations from Table 2.2
and show that forward guidance remains effective. However, given the limited information,
Odyssean guidance appears to increase volatility even more, while Delphic guidance be-
comes more powerful and thus welfare maximizing. As discussed earlier, this assumption
ultimately only affects the expectations of the adaptive learners, as credibility believers
expect variables to be at their target and otherwise adopt the central bank’s forecasts.

2.I.1 Different parameterization

One of our main assumptions is that private households have a longer, but finite horizon
for which they form explicit expectations as proposed by Branch et al. (2012). Generally,
the stability of the dynamic system in normal times depends crucially on N . As shown
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in Appendix 2.D for the special case with ω = 1, an increase in N will, de facto, lead to
an increase in the eigenvalues of the system. Nearly self-fulfilling expectations and slow
convergence to the target steady state would be the result. Below we vary N and show
that (i) deflationary spirals become more likely when N is larger, but also (ii) forward
guidance with longer horizons becomes much more powerful (see Table 2.4). The other
results remain qualitatively the same. In Appendix 2.J, we show that infinite horizon
learning does not satisfy asymptotic stationarity and that, therefore, we have to rely on
N-step Euler equation learning.

Also the intensity of choice is a parameter for which no consensus among behavioral
economists exists. As already discussed in Footnote 21, the calibration of b crucially
depends on both the definition and the unit of measurement of the fitness measure Ut.
However, the model dynamics depend on the size of the intensity of choice in a non-trivial
way. Indeed, we can think of two opposing effects resulting from an increase in the intensity
of choice. Firstly, a lower intensity of choice enlarges the region of initial values for which
recovery occurs, because when output and inflation are very low for some periods, there
will still be a significant fraction of private households who believe in the central bank’s
ability to move the economy back into the target steady state and thereby exercise an
upward pressure on both inflation and output. Contrary, a lower intensity of choice can
be destabilizing, if the economy is in a liquidity trap, with inflation and output falling.
Then, even when at some point adaptive expectations perform worse, a lower intensity
of choice will lead to the central bank credibility rising very slowly and thus potentially
preventing the system to converge back to the target steady state.

2.I.2 Different forward guidance horizons and the role of N

Above we assumed that the forward guidance horizon of the central bank q equals
the forward-looking horizon of the agents N . In this section, we will show that changing
forward guidance horizons has implications for the steady states, but not for the learn-
ability results. Note, that forward guidance announcements too far in the future−those
that exceed the private households’ forward-looking horizon−are not taken into account.
Therefore, we focus on those cases in which q < N . Equation (2.29) becomes

yt ≡

xt
πt

 = Λ̃0(mt) + Λ1(mt)
xt−1

πt−1

+ Λ2(mt)
xe,cbt+1|t

πe,cbt+1|t

+ . . .+ Λq+1(mt)
xe,cbt+q|t

πe,cbt+q|t

 (2.61)

where matrices Λ1(mt), . . . ,Λq(mt) remain unchanged, but the vector Λ̃0(mt) becomes
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Λ̃0(mt) =


[(

1−β
κ

+ σ−1
)(

1+mt
2

)
+ 1n(N−1)(φ−1)

σ

]
π̄ +

[(
1−mt

2

)
[1n − (1− 1n)N ]−

(
1+mt

2

)
(q + 1)

]
r̄
σ[(

1 + βq+1 − β + κ
σ

)(
1+mt

2

)
+ κ1n[(N−1)(φ−1)]

σ

]
π̄ +

[(
1−mt

2

)
[1n − (1− 1n)N ]−

(
1+mt

2

)
(q + 1)

]
κr̄
σ


Therefore, the ALM is

yt =
[
Λ̃0 +

q∑
j=1

Λj+1
(
I − Aj+1

1

)
Ā0

]
+
[
Λ1 +

q∑
j=1

Λj+1A
j+1
1

]
yt−1 (2.62)

The system’s local stability properties are again determined by the matrix expression in
the latter square brackets and Proposition 4 applies.

In the simulations, we find that the length of the guidance horizon is crucial. In
particular, we do the same experiment as in Table 2.2, but use a guidance horizon of
q = 2 instead of q = 4 and otherwise baseline calibration. The results are presented in
Table 2.3, which indicate that guidance with a longer horizon leads to a lower likelihood
of a deflationary spiral. Otherwise, the qualitative results are similar to those found with
q = 4. The same applies when changing the forward-lookingness parameter N . Table 2.4
shows the results for N = 6 and q = 2, 4 or 6.

Table 2.3: Likelihood of deflationary spirals for different guidance horizon q = 2

US Data without Delphic Odyssean Both
1988Q1 - 2017Q4 forward guidance guidance guidance

Likelihood (in %) 23.33 19.91 12.22 11.41 11.78
avg. SD xt (in %) 1.93 2.41 1.69 1.82 1.69
avg. SD πt (in %) 0.87 0.92 0.69 0.73 0.68

avg. Welfare W · 100 -0.3689 -0.3458 -0.359 -0.3454

Note: The table presents the relative share of 10,000 Monte Carlo simulations in which a deflationary
spiral occurred under different policies. The forward-looking parameter N is unchanged, but the forward
guidance horizon is reduced to q = 2. The lower the likelihood, the less likely it is for the economy to be
locked in a liquidity trap. The second and third rows present the average standard deviations of output
and inflation, while the last row shows the average of our measure of ex post welfare, with averages taken
over all simulations. All other parameters are calibrated as in Table 2.1. With regards the data, we use
output gap data from the Congressional Budget Office (CBO), while data for the federal funds rate to
calculate the % of ELB periods and PCE inflation are taken from the Federal Reserve Economic Data
(FRED).

Although we do not want to take a stance on the optimal horizon of forward guid-
ance in this chapter, the results suggest that longer guidance horizons generally decrease
the likelihood of deflationary spirals, yet with increasing macroeconomic volatility under
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Odyssean guidance.29

Table 2.4: Guidance and the likelihood of deflationary spirals: N = 6 and various q

Guidance US Data without Delphic Odyssean Both
horizon 1988Q1 - 2017Q4 forward guidance guidance guidance

Likelihood (in %) 23.33 26.00 19.3 13.45 18.35
avg. SD xt (in %) q = 2 1.93 3.24 2.56 2.14 2.5
avg. SD πt (in %) 0.87 1.13 0.92 0.79 0.9

avg. Welfare W · 100 -0.4033 -0.3827 -0.3806 -0.3818
Likelihood (in %) 12.61 8.67 11.05
avg. SD xt (in %) q = 4 2.09 1.92 2.11
avg. SD πt (in %) 0.77 0.71 0.75

avg. Welfare W · 100 -0.3793 -0.3719 -0.3782
Likelihood (in %) 10.51 6.5 7.15
avg. SD xt (in %) q = 6 1.92 1.9 2.04
avg. SD πt (in %) 0.7 0.73 0.74

avg. Welfare W · 100 -0.3784 -0.3682 -0.3772

Note: The table presents the likelihood of deflationary spirals in 10,000 Monte Carlo simulations under
different policies. The forward-looking parameter N = 6, and we vary the forward guidance horizon
from q = 2 to q = 6. The lower the likelihood, the less likely it is for the economy to be locked in a
liquidity trap. The table also presents the average standard deviations of output and inflation as well as
the average ex post welfare (with averages taken over all simulations) for each policy and guidance
horizon. All other parameters are calibrated as in Table 2.1. With regards the data, we use output gap
data from the Congressional Budget Office (CBO), while data for the federal funds rate to calculate the
% of ELB periods and PCE inflation are taken from the Federal Reserve Economic Data (FRED).

2.I.3 Assumption on policy rule is known

In the main model, households know the functional form and the parameters of the
central bank’s policy rule. This allows us to derive some analytical expressions and stability
conditions of the model due to a reduced state space. Although this seems to be a stark
assumption, we argue that in fact only the expectations of the adaptive learners are affected
and that quantitatively this assumption does not play a significant role. To show this, we
redo our Monte Carlo simulations presented in Table 2.2 under the following specification
for adaptive learners interest rate expectations

Ẽ2,tit+j = Ẽ2,t−1it + ω(it−1 − Ẽ2,t−1it).

The counterfactual is presented in Table 2.5. The results confirm that forward guidance
can reduce the likelihood of deflationary spirals considerably. Moreover, the results also
confirm earlier studies indicating that knowing the policy rule of the central bank has a
29For a discussion on optimal forward guidance horizon see, e.g. Bilbiie (2019).
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stabilizing effect (see e.g. Eusepi, 2005; Eusepi and Preston, 2010). Moreover, it appears
that if the policy rule is unknown to agents, Delphic guidance is more effective in re-
ducing the likelihood of deflationary spirals, without increasing macroeconomic volatility.
Intuitively, when the policy rule is unknown to agents, providing conditional forecasts for
inflation, output and especially the nominal interest rates is even more stabilizing.

Table 2.5: The likelihood of deflationary spirals if policy function unknown

US Data without Delphic Odyssean Both
1988Q1 - 2017Q4 forward guidance guidance guidance

Likelihood (in %) 23.33 30.97 12.38 30.37 14.15
avg. SD xt (in %) 1.93 3.61 2.03 5.04 3.14
avg. SD πt (in %) 0.87 1.37 0.87 2.04 1.29

avg. Welfare W · 100 -0.4048 -0.722 -0.4348 -0.385

Note: The table presents the relative share of 10,000 Monte Carlo simulations in which a deflationary spiral
occurred for different policies under the assumption that the central bank’s policy function is unknown
to the households. That is, households neither know its functional form nor its parameterization. The
calibration is given in Table 2.1. The lower the likelihood, the less likely it is for the economy to be locked
in a liquidity trap. The second and third rows present the average standard deviations of output and
inflation, while the last row shows the average of our measure of ex post welfare, with averages taken over
all simulations. With regards the data, we use output gap data from the Congressional Budget Office
(CBO), while data for the federal funds rate to calculate the % of ELB periods and PCE inflation are
taken from the Federal Reserve Economic Data (FRED).

Appendix 2.J Infinite horizon learning version

In the model presented in this chapter, households make consumption decisions to
satisfy their N -step ahead perceived Euler equations following Branch et al. (2012). Re-
garding the choice of the parameter N , we provide a detailed analysis of the implications
for stability and show that our qualitative results remain robust to different calibrations.
In this section, we illustrate that the alternative expectation formation process, i.e. the
infinite horizon approach of Eusepi and Preston (2018), is not asymptotically stationary
when combined with the heuristic switching model.30 Consider the following aggregate
demand and supply equation under arbitrary beliefs31

xt =Ẽt
∞∑
T=t

βT−t[(1− β)xT+1 − σ−1(it − πT+1 − r̄)] + et,

30Asymptotic stationarity here means that when the central bank’s forecasting model has converged to
its fixed point and private households make no forecast errors in the deterministic steady state.

31The model resembles the one presented in Eusepi and Preston (2010) with Rotemberg pricing, but for
general intertemporal elasiticty of substitution σ. The detailed derivations are omitted here but can be
requested from the authors.
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πt =1− γ1

γ1
Ẽt

∞∑
T=t

(γ1β)T−t[(1− γ1β)xT + γ1βπT+1] + ut,

where γ1 is a composite parameter defined as γ1 = 1
2

(
1+κ+β−

√
(1 + κ+ β)2 − 4β

)
. All

other variables and parameters are defined the same way as in the main model. Substi-
tuting private household expectations and considering the case with a non-binding ELB
constraint, the model becomes

xt =
(

1−mt
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σ
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)
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πt =
[(
κ+ (1− γ1)β

)
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2 − κφ

σ
a21

]
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[
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)]}

π̄

− κφ

σ
a20 (2.64)

To consider asymptotic stationarity, evaluate the Jacobian at the target steady state and
recognize that the Jacobian reduces to the following 2× 2 matrix

J =
 1

2 −
φ
σ
a∗21 − φβ−1

2σ(1−β) −
φ
σ
a∗22

κ+(1−γ1)β
2 − κφ

σ
a∗21

1
2

(
γ1β

1−βγ1
− κ(βφ−1)

σ(1−β)

)
− φκ

σ
a∗22

 , (2.65)

where

a∗21 = σ[κ+ (1− γ1)β]
2(σ + κφ) , and a∗22 = σ

2(σ + κφ)

[
γ1β

1− γ1β
− κ(βφ− 1)

σ(1− β)

]
.

Unfortunately, the analytical expression of the eigenvalues does not allow for any mean-
ingful interpretation. It is therefore that we again have to compute the eigenvalues nu-
merically. In Figure 2.11 we vary several key parameters and show the absolute value of
the largest eigenvalues for different values for the inflation response φ = {1, 1.25, 1.5, 2}.
Other parameters follow from the baseline calibration Table 2.1.

It is evident from the Figure 2.11 that only for low values of β and φ the system is
asymptotically stable. This calibration, however, implies steady state real interest rates in
the area of 4-5%, which is far away from the mid-point estimates of the steady state real
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interest rates in the recent years.32 We find that varying these other parameters, in the
range that is considered empirically plausible, does not affect stationarity considerably and
usually implies an asymptotically non-stationary model. Figure 2.11 also plots the absolute
value of the largest eigenvalue for different values of the price adjustment parameter ψ
or the inverse elasticity of substitution σ. Generally, all three exercises indicate that for
standard values for the inflation response φ and a discount factor consistent with a low
steady state real interest rate, the model with heuristic switching under infinite horizon
learning is not asymptotically stable.

32For instance, Laubach and Williams (2016) indicate the natural rate in the United States fell to close
to zero during the crisis and has remained there into 2016.
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Figure 2.11: Largest eigenvalues λ1 and λ2 of the infinite horizon learning model
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Note: The Figure shows the absolute value of the largest eigenvalue of the reduced form Jacobian (2.65)
given different inflation response coefficients φ. In panel (a) we vary the discount factor β, in panel (b) we
vary the price adjustment parameter ψ and finally in panel (c) we vary the inverse elasticity of substitution
σ.
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Chapter 3

Country Risk Premium Shocks and
Capital Controls across Exchange
Rate Regimes

3.1 Introduction

It has long been acknowledged that open economies are vulnerable to sudden shifts
in cross-border capital flows. Historically, periods of sustained capital inflows have been
associated with sharp credit expansions, while sudden reversals of such flows have often
been the culprit of financial and economic crises (Aliber and Kindleberger, 2017). In fact,
empirical evidence suggests that risk premium shocks are important drivers of business
cycles fluctuations in emerging market economies (EMEs) (see e.g. Neumeyer and Perri,
2005; Uribe and Yue, 2006; Garcia-Cicco et al., 2010). For instance, Magud et al. (2014)
find evidence that EMEs with less flexible exchange rate regimes may benefit most from
regulatory policies that reduce banks’ incentives to tap external markets and lend or
borrow in foreign currency. Exchange rate flexibility may be instrumental in curving the
effects of capital inflows on domestic credit. But are these phenomena and corresponding
policy implications restricted to EMEs?

The recent experience of the euro area sovereign debt crisis taught us differently. A
preview of our empirical results shown in Table 3.1 shows that, for developed economies,
the average historical contribution to output variability of country risk premium shocks
(measured by the long-term sovereign bond yield differential vis-à-vis either the US or
Germany) is about 9%. While these risk premium shocks may not be the main driver
of economic activity, they can hardly be dismissed as negligible. The importance of risk
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premium shocks in these countries becomes even more palpable when focusing on crisis
times. For instance, in Sweden, 69.2% of output variability could be explained by risk
premium shocks in July 2002, the epicenter of the 2001-03 recession, while in Portugal
this number was a staggering 79.7% during the height of the sovereign debt crisis in April
2013.

Table 3.1: The importance of risk premium shocks: historical decomposition (1999M1-2016M12)

Output Inflation Interest rate REER Risk premium
AU 0.049 0.113 0.070 0.052 0.309
JP 0.113 0.143 0.360 0.094 0.597
NZ 0.043 0.120 0.159 0.060 0.338
SW 0.116 0.112 0.157 0.086 0.428
UK 0.122 0.127 0.077 0.089 0.480
Mean 0.089 0.123 0.165 0.076 0.430
AT 0.051 0.031 0.043 0.042 0.481
BE 0.059 0.033 0.057 0.054 0.489
FI 0.014 0.017 0.016 0.009 0.225
FR 0.039 0.022 0.031 0.030 0.387
IR 0.117 0.055 0.137 0.125 0.661
IT 0.119 0.049 0.104 0.105 0.653
NL 0.019 0.016 0.021 0.016 0.279
PT 0.204 0.097 0.193 0.194 0.780
ES 0.124 0.039 0.110 0.111 0.583
Mean 0.083 0.040 0.079 0.076 0.504

Note: The table reports the average contribution (over time) of country risk premium shocks in explaining
the variability of the endogenous variables in our Bayesian PVAR (see Section 3.3 for more details). We
measure the risk premium as the sovereign spread vis-à-vis either the US (for countries with a floating
exchange rate and independent monetary policy, i.e. AU, JP, NZ, SW and UK, upper panel) or Germany
(for countries belonging to the euro area, lower panel). Output is proxied by deviations of the Purchasing
Managers Index from its HP-trend. ‘Inflation’ refers to deviations of the Consumer Price Index from its
HP-trend, ‘Interest rate’ to the short-term money market interest rate and ‘REER’ to deviations of the
real effective exchange rate from its trend.

Given the significance of risk premium shocks in the developed world, a natural question
to ask is how these shocks are transmitted to the real economy. Moreover, does it matter
whether countries facing risk premium shocks operate under a floating exchange rate
regime with independent monetary policies (such as Sweden) or belong to a monetary union
(such as Portugal)? And finally, could capital controls be used to attenuate the (adverse)
effects of risk premium shocks? What would be the welfare implications of imposing such
controls across different exchange rate regimes and in the presence of different shocks?

In this chapter, we attempt to answer these questions. For the first question, we use
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monthly data, covering 1999M1 to 2016M12, and a Bayesian Panel Vector Autoregression
(BPVAR) model to estimate the effects of country risk premium shocks on main macroe-
conomic aggregates. We focus on two groups of developed economies: those with floating
exchange rates and independent monetary policies, and those that belong to a monetary
union in which monetary autonomy is lost. In estimating the BPVAR model for these
two panels, we allow for cross-subsectional heterogeneity, as we do not impose the coeffi-
cients to be same, yet assume they are drawn from the same posterior distribution. We
present a novel empirical result that risk premium shocks are contractionary, but only un-
der monetary union. Under floating exchange rates, an increase in the long-term sovereign
bond spread does not reduce output. If anything, the median estimates suggest that a
higher risk premium raises output, although the response is not significant (in Bayesian
terms). Although this result is robust to using a range of alternative model specifications,
the transmission mechanism is more difficult to infer from the BPVAR model alone. We
therefore use a typical two-country New Keynesian model to study in greater detail the
effects of risk premium shocks across different exchange rate regimes. We confirm our
empirical findings of risk premium shocks being contractionary under monetary union
(and also under a fixed exchange rate) and expansionary under a floating exchange rate.
Although the real exchange rate depreciates across all regimes following a rise in the risk
premium, the response is much more pronounced under the floating exchange rate regime
which, through the international trade channel, can explain the expansionary effects of
the risk premium shock. Indeed, a reduction in the degree of country openness (measured
as the import share of consumption) weakens the trade channel and thereby reduces the
expansionary effects under the floating regime, while enhancing the contractionary effects
under monetary union. To the best of our knowledge, we are the first to tie these theoret-
ical predictions from a baseline DSGE model with empirical results from a BPVAR model
on the effects of country risk premium shocks across exchange rate regimes.

We use the theoretical model also to address the second question, i.e. how capital
controls affect macroeconomic stability and welfare across exchange rate regimes. We
model capital controls as a dynamic and counter-cyclical tax on a country’s external
debt, as in Schmitt-Grohé and Uribe (2017), among others. Consistent with other key
contributions to this literature, such as Bianchi and Mendoza (2010), Bianchi (2011) and
Farhi and Werning (2014), we find that such a debt tax substantially attenuates the
(adverse) effects of risk premium shocks across all exchange rate regimes. It thereby follows
that the welfare gain of imposing the debt tax is positive and increases monotonically
with the counter-cyclical bent of the tax (i.e. the tax elasticity with respect to external
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indebtedness). We also show that the welfare gain is greatest under a fixed exchange rate
and lowest under a floating exchange rate. The reason is that the debt tax can limit cross-
border capital outflows following a risk premium shock by turning into a subsidy, which
thereby also mutes the depreciation of the real exchange rate. However, the tax does not
change the size of the depreciation of the nominal exchange rate. Under a fixed exchange
rate regime, this means that the central bank needs to raise the interest rate as much as it
would have in the absence of the debt tax to protect the peg. Hence, the onus of stabilizing
the macro-economy lies entirely on the debt tax. In contrast, under floating exchange rates
and monetary union, the debt tax allows monetary policy to be more accommodative such
that stabilization is shared between the two policy instruments. Whether or not the welfare
gain of imposing a tax on external debt is positive thus depends on the extent to which
the tax supports or undermines monetary policy in achieving macroeconomic stability.
We make this point clear by investigating the interaction between capital controls and
monetary policy in the face of other shocks. We find that, in the face of demand or
productivity shocks, the debt tax is welfare enhancing under a fixed exchange rate and
monetary union, yet welfare reducing under a floating exchange rate.

The remainder of this chapter is structured as follows. In the following section, we
briefly provide an overview of the relevant literature. In Section 3.3, we perform the
empirical analysis and estimate the effects of risk premium shocks across exchange rate
regimes. In Section 3.4, we present the two-country New Keynesian model, while in Section
3.5 we further investigate the transmission mechanism of risk premium shocks and study
the role of capital controls. Finally, Section 3.6 concludes.

3.2 Related literature

Our chapter relates to a growing literature assessing the role of capital controls and
macro-prudential policies to curb violent cross-border capital flows and reduce the severity
of financial crises. One important strand of this literature focuses on capital controls and
macro-prudential policies to limit over-borrowing arising from a pecuniary externality that
works through changes in relative prices that affect the borrowing constraint. For instance,
Mendoza (2010), Bianchi and Mendoza (2010) and Bianchi (2011) make the case for macro-
prudential regulation geared towards asset price movements that trigger vicious feedback
loops, often in the form of a Fisherian debt deflation channel. Bianchi and Mendoza
(2010) and Bianchi (2011) show that the pecuniary externality leads to over-borrowing
relative to the first best allocation. Bianchi (2011) further shows that state-contingent
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capital controls can improve welfare by reducing the incentives to borrow. The Bianchi
model has, by now, been widely studied: Benigno et al. (2013) add physical capital and
an endogenous production sector, thereby creating scope for ex-ante and ex-post policy
intervention, while Benigno et al. (2016) add alternative policy instruments to achieve the
first best allocation. Finally, Schmitt-Grohé and Uribe (2017) solve the Ramsey problem
and show that optimal dynamic capital controls are on average positive, yet pro-cyclical
(i.e. are loosened during booms and tightened during recessions)–a finding which is at
odds with the conventional view. Their argument is that the Ramsey planner delays a
tightening of capital controls to ensure the economy enters a recession with sound financial
fundamentals.

Another related strand of the literature emphasizes the role of financial frictions, such
as domestic and international collateral constraints, that create inefficiencies and, thereby,
a potential role for policy intervention (see, for instance, Caballero and Krishnamurthy,
2001, 2004). Relatedly, Schmitt-Grohé and Uribe (2016) argue in favor of prudential and
counter-cyclical capital controls to offset inefficiencies arising from fixed exchange rates,
free capital mobility and downward nominal wage rigidities. Contrary to these papers, our
model does not feature such collateral constraints or pecuniary externalities. Instead, the
key frictions in our model are producer price rigidities and an endogenous risk premium
that rises with a country’s external indebtedness.

The paper most closely related to ours is Farhi and Werning (2012), who also study
the macroeconomic stabilization and welfare implications of capital controls in an open
economy model, and in the face of different types of shocks. We differ by focusing on three
types of exchange rate regimes (floating, fixed and monetary union) in the two-country
(rather than small open economy) case, and by tying our results to fresh empirical evidence
on the effects of risk premium shocks.1

Lastly, our chapter also relates to the vast literature on macro-prudential policies. For
instance, Farhi and Werning (2016) show that aggregate demand externalities in the pres-
ence of nominal rigidities create an independent rationale for macro-prudential policies
even under complete asset markets. Several others focused on macro-prudential policies
when financial markets are incomplete and subject to financial frictions. Notably, Mendi-
cino and Punzi (2014) show that optimal monetary policy in a two-country model responds
to credit growth. In Medina and Roldós (2018), counter-cyclical capital requirements can,
in a small open economy, improve welfare in response to global interest rate shocks, beyond

1 In a related paper, Farhi and Werning (2014) study the Ramsey problem of optimal capital controls,
but only in the face of risk premium shocks.
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what can be achieved by monetary policy alone. Although we do not consider optimal
monetary policy in this chapter, we also find that counter-cyclical capital controls can
increase welfare as long as they support monetary policy in stabilizing inflation. Finally,
Clancy and Merola (2017) show that counter-cyclical minimum capital requirements can
attenuate boom-bust cycles in a small open economy that belongs to a monetary union.
In their model, counter-cyclical capital requirements, inspired by the Basel-III rules, can
promote financial and macroeconomic stability by reducing the pro-cyclicality of the finan-
cial system (i.e. the fact that banks impose tighter financial conditions during recessions,
which is precisely when the real economy would benefit from more lenient lending policies).

3.3 The effects of risk premium shocks: empirical ev-
idence

In this section, we estimate the effects of risk premium shocks on main macroeconomic
aggregates in a group of advanced economies. We split this group into countries with
floating exchange rates and independent monetary policies, and countries belonging to a
monetary union, specifically the euro area. A Bayesian Panel Vectorautoregression is used
with an hierarchical (or ‘exchangeable’) prior, which postulates that the parameters of the
model for the individual countries within each panel are similar. The resulting posterior
resulting from this prior pools information across countries belonging to the same exchange
rate regime, thereby ensuring an efficient use of the data (Jarociński, 2010).2 Different
from standard PVAR models, we therefore allow for cross-subsectional heterogeneity (as
in the case of country-by-country regressions). Next, we briefly describe the data and
methodology, and then discuss the results of our baseline model.

3.3.1 Data

We use monthly data for 17 countries in the period covering 1999M1 to 2016M12.3

Included in our baseline BPVAR model are the composite Purchasing Managers Index
(PMI), which we use as a measure for real economic activity, the Consumer Price Index
(CPI), the short-term interest rate and the real effective exchange rate (REER). The PMI,
2 Studies using exchangeable priors include, among others, Zellner and Hong (1989), Canova (2005) and
Ciccarelli and Rebucci (2006).

3 Our data set includes the following countries: Australia, Austria, Belgium, Denmark, Finland, France,
Germany, Ireland, Italy, Japan, the Netherlands, New Zealand, Portugal, Spain, Sweden, the United
Kingdom and the United States.
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CPI and REER series enter the model in deviations from an HP-filtered trend, whereas
the short-term interest rate is expressed in levels. More details about the data series, their
sources and transformations are given in Appendix 3.A.

To identify risk premium shocks, we also include a measure of the country risk premium.
Following Bernoth et al. (2012), Beetsma et al. (2013) and Beirne and Fratzscher (2013),
among others, we proxy the country risk premium by the spread between a country’s long-
term sovereign bond yield and the long-term interest rate of a base country. The choice
of the base country may, of course, differ per country. Here, we follow Davis and Zlate
(2019) and use either the US or Germany for all the countries. If a country serves as a
base country, then it is removed from the corresponding panel (as its risk premium would
be zero). Like the short-term interest rate, the country risk premium enters the model in
levels. To control for foreign-induced movements in the risk premium, we further include
lagged measures of the base country’s real economic activity, inflation, the real exchange
rate and, if the US is the base country, the short-term interest rate (in line with, e.g. Davis
and Zlate, 2019). Finally, we include the VIX volatility index to control for global risk
(De Santis, 2012) and the oil price to capture global supply-side shocks, both in deviations
from their corresponding HP-filtered trends.

As mentioned before, we split the countries into two groups. The composition of each
of the two panels is based on the de facto exchange rate regime classification of Reinhart
and Rogoff (2011), extended until 2016M12, given in Table 3.2. In what follows, we refer
to the two panels as floats (13-15) and monetary union (1-12).

3.3.2 Methodology

We estimate a random effects model for our two panels using Bayesian techniques and
an hierarchical prior as developed by Jarociński (2010).4 Formally, denoting yj,t a vector
of endogenous variables and xt a vector of exogenous controls for country j, we estimate
the following model with p lags

yj,t =
p∑
i=1

Aijyj,t−i + Cjxt + εj,t, with εj,t ∼ N
(
0,Σj

)
(3.1)

and where Aij and Cj are coefficient matrices of conformable size. Stacking over T time
periods gives Yj = XjBj + Ej, with Xj = [yj,t−1, . . . , yj,t−p, xt] and Bj =

[
A1
j , . . . , A

p
j , C

]
’

4 Other studies using an hierarchical prior include Canova (2005) and Ciccarelli and Rebucci (2006). See
Appendix 3.B for more details on the Gibbs sampler algorithm used for estimation.

115



Chapter 3. Risk Premium Shocks and Capital Controls

Table 3.2: Exchange rate regime classification

Aggregate class Reinhart and Rogoff (2011) classification

Fixed (1) No separate legal tender
(2) Pre announced peg or currency board arrangement
(3) Pre announced horizontal band that is narrower than or equal to +/-2%
(4) De facto peg
(5) Pre announced crawling peg
(6) Pre announced crawling band that is narrower than or equal to +/-2%
(7) De factor crawling peg
(8) De facto crawling band that is narrower than or equal to +/-2%
(9) Pre announced crawling band that is wider than or equal to +/-2%
(10) De facto crawling band that is narrower than or equal to +/-5%
(11) Moving band that is narrower than or equal to +/-2%
(12) Managed floating Float

Flexible (13) Freely floating
(14) Freely falling
(15) Dual market in which parallel market data is missing

and, finally, vectorizing yields the following expression:

yj = Xjβj + εj, (3.2)

with yj = vec (Yj), Xj = (I ⊗Xj), βj = vec (Bj) and εj = vec (Ej). The random effects
model assumes that, for each country j, βj can be expressed as βj = b + bj with bj ∼
N (0,Σb) or, similarly, βj ∼ N (b,Σb). That is, our empirical estimation assumes that
the VAR coefficients of each country share a common (panel-specific) posterior mean.
Intuitively, countries of one group are ‘similar’ in the underlying economic model and,
hence, the posterior distribution pools information across countries ensuring an efficient
use of the data. We follow Jarociński (2010) and assume a diffuse prior for b (such that
p (b) ∝ 1) and a prior for Σb that replicates the VAR coefficient covariance matrix of the
Minnesota prior.5

The matrix Yj consists of our output measure, ỹj, CPI inflation, π̃j, the short-term
interest rate, Rj, the real effective exchange rate, q̃j, and the country risk premium, ξj, in

5 Ultimately, Σb = (λ1 ⊗ Iq) Ωb, where q denotes the number of coefficients to be estimated per unit i
and Ωb is a q × q diagonal covariance matrix governed by the hyper-parameters λ2, λ3 and λ4 (with
notation and interpretation as in the Minnesota prior). λ1, on the other hand, is drawn from an inverse
Gamma distribution with scale v0/2 and shape s0/2. We set λ2 = 1, λ3 = 1, λ4 = 10, as suggested by
Dieppe et al. (2016), implying a relatively uninformed prior, yet choose a weakly informative prior for
λ1 by setting s0 = v0 = 0.001, as advocated by Jarociński (2010) and Dieppe et al. (2016).
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that order:
Yj =

[
ỹj, π̃j, Rj, q̃j, ξj

]
. (3.3)

Tildes refer to the fact that the corresponding variable is expressed in deviation from its
trend. We include constants in all equations.

Finally, to identify risk premium shocks, we assume a triangular structure for the
structural variance-covariance matrix with the ordering of the variables as described in
(3.3).6 In other words, we assume that risk premium shocks have no immediate impact
(i.e. within the same month) on output, inflation, monetary policy and the real effective
exchange rate.

3.3.3 Results

Figure 3.1 shows the impulse responses of each panel’s mean estimate of the coefficients
b to a 100 basis point increase in the risk premium vis-à-vis Germany (panel a) and the
US (panel b).7 In each figure, the first row shows the mean response of the floats, while
the second shows the mean response of the monetary union.

The most striking result is that the positive risk premium shock leads to a fall in the
PMI, yet only under monetary union. For the floats, the PMI does not fall following the
shock; if anything, the median estimate points to an increase in economic activity, yet the
response is not significant (in Bayesian terms). Moreover, when looking at the standard
deviation of the risk premium shock, it appears that floats generally face smaller shocks
than countries belonging to a monetary union. Specifically, when Germany (the US) is
used as the base country, the standard deviation is 12bps (14bps) for floats and 20bps
(22bps) for monetary union.

For some variables, the responses are ambiguous as they tend to depend on the base
country used to calculate the country risk premium. Because of this, it is difficult to infer,
from these results alone, the transmission mechanism that accounts for the differential
response of economic activity to the risk premium shock across exchange rate regimes. To
shed more light on the transmission, we resort to a standard New Keynesian model in the
next section.

6 Gertler and Karadi (2015) find that this identification scheme delivers very similar responses to monetary
policy shocks than a high-frequency identification approach. The results also remain robust to different
orderings as reported in Appendix 3.C.

7 In Appendix 3.C, we show that the results are robust to several other specifications, including the choice
of the base country and data treatment.
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Figure 3.1: Impulse responses to a positive risk premium shock
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Note: The figures show the posterior median impulse response functions of the mean model to a 100 basis
points increase in the long-term sovereign bond spread vis-à-vis either Germany (top panel) or the US
(lower panel). In each figure, the top row shows the responses for the floats, while the bottom row shows
the responses for monetary union. The shaded area reflects the 5%-95% credibility intervals.
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3.4. A two-country New Keynesian model

3.4 A two-country New Keynesian model

To study the effects of country risk premium shocks and dynamic capital controls
across exchange rate arrangements, we use a relatively standard New Keynesian model
for a two-country economy à-la Benigno (2004). We label the two countries Home (H)
and Foreign (F ), and denote by s ∈ [0, 1] the relative size of Home. Different from the
empirical analysis, we now consider three exchange rate regimes: (1) a floating exchange
rate regime, (2) a pegged exchange rate regime, and (3) a monetary union. The two
countries interact on international goods and asset markets. The latter are, however,
incomplete and feature financial frictions that affect the effective return on internationally
traded bonds. Following Turnovsky (1985), we interpret risk premium shocks as shocks to
this financial friction. Capital controls are modeled as a counter-cyclical tax on external
debt, as in Costinot et al. (2014), Davis and Presno (2017) and Schmitt-Grohé and Uribe
(2017), among others. In this section, we briefly outline the main building blocks of the
model.

3.4.1 Households

Each country j = {H,F} is populated by an infinitely-lived, forward-looking represen-
tative household. In each period t, the household decides on how much to consume, cjt ,
how many hours to work, njt , how much to invest in physical capital, kjt , and how many
one-period nominal domestic bonds, Bj

t , and internationally traded bonds (denominated
in Foreign currency), Dt, to hold. Domestic bonds earn a gross nominal return Rj

t , set by
the (supra)national central bank, while the return on (or carrying cost of) internationally
traded bonds is given by Rd,t. We interpret Home as the debtor country that borrows from
Foreign investors, such that Dt > 0 represents a surplus (deficit) on the capital account of
Home (Foreign). Households supply labor and rent out capital to domestic firms, which
they own, against the nominal wage rate W j

t and rental rate Rj
k,t. Firm profits, Pjt , are

distributed to the households as lump-sum dividends.
The period budget constraint facing Home households is given by

PH
t c

H
t + PH

t i
H
t +BH

t + (1 + τt−1) etRd,t−1Dt−1

= WH
t n

H
t + PH

H,tPHt +RH
k,tk

H
t−1 +RH

t−1B
H
t−1 + etDt + PH

t Tt, (3.4)

where ijt denotes investment in physical capital, P j
t (P j

j,t) the consumer (producer) price
index of country j, and et the nominal exchange rate, defined as the Home currency price
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of one unit of Foreign currency. Foreign households face a similar such budget constraint.
The law of motion for capital is given by

kjt = (1− δk) kjt−1 +
1− γ

2

(
ijt

ijt−1
− 1

)2 ijt , (3.5)

where δk ∈ [0, 1] denotes the depreciation rate of capital and γ ≥ 0 controls the investment-
adjustment costs.

The interest rate on external debt is determined by the risk-free Foreign interest rate,
RF
t , and a country-specific risk premium, ξt:

Rd,t = RF
t + ξt. (3.6)

The risk premium is an increasing function of the degree of Home’s external indebtedness:

ξt = χet
Dt

PH
t yH

+ zξ,t − 1, (3.7)

where χ ≥ 0 denotes the risk premium elasticity, yj the steady-state level of aggregate
output, and zξ,t a risk premium shock that evolves according to a stationary AR(1) process.
The risk premium can be interpreted as the additionally required return, over and above
the risk-free interest rate, that compensates Foreign investors for bearing elevated (credit)
risks associated with higher levels of external debt. Innovations to the risk premium, zξ,t,
can be thought of as sudden changes in investor sentiment or risk aversion that drive
surges in cross-border capital flows.8

τt is a dynamic tax on external debt and is proportional to the external debt position
of Home:

τt = ψet
Dt

PH
t yH

. (3.8)

An increase in external indebtedness is met by a rise in τt, the counter-cyclical bent of
which is determined by the tax elasticity ψ ≥ 0. The tax is thus meant to discourage
an all too large build-up of external debt and thereby prevent financial imbalances from
becoming unsustainable. Conversely, shocks that trigger sharp capital outflows from Home
to Foreign result in a decline in τt that support the demand for external debt. The proceeds
of the debt tax, i.e. Tt = τt−1etRd,t−1Dt−1, are rebated to Home households in a lump-
sum manner. Our objective is to examine the macroeconomic and welfare implications of

8 Others interpret risk premium shocks as departures from the uncovered interest rate parity condition
(Kollmann, 2002) or as financial transaction costs (Benigno, 2009).
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imposing this debt tax across different exchange rate regimes.

Subject to (3.4) and (3.5), and an appropriate transversality condition, households
maximize expected lifetime utility, given by

E0

∞∑
k=0

βkzjD,t+k


(
cjt+k − ωc

j
t+k−1

)1−σ

1− σ −

(
njt+k

)1+ϕ

1 + ϕ

 , (3.9)

where E0 denotes the rational expectations operator, zjD,t a demand shock, β ∈ (0, 1) the
discount factor, ω ≥ 0 the external habit formation coefficient, σ > 0 the risk aversion co-
efficient, and ϕ > 0 the inverse Frisch elasticity of labor supply. The first-order conditions
common across countries are given by

λjt = zjD,t
(
cjt − ωcjt−1

)−σ
− βEt

[
zjD,t+1ω

(
cjt+1 − ωc

j
t

)−σ]
, (3.10)

wjt =
zjD,t

(
njt
)ϕ

λjt
, (3.11)

λjt = βEt

[
λjt+1

Rj
t

πjt+1

]
, (3.12)

µjt =
1− βEt

[
λjt+1
λjt
µjt+1γ

(
ijt+1
ijt
− 1

)(
ijt+1
ijt

)2
]

1− γ
2

(
ijt
ijt−1
− 1

)2
− γ

(
ijt
ijt−1
− 1

)
ijt
ijt−1

, (3.13)

µjt = βEt

{
λjt+1

λjt

[
rjk,t+1 + µjt+1 (1− δk)

]}
, (3.14)

where wjt ≡ W j
t /P

j
t is the real wage rate, πjt ≡ P j

t /P
j
t−1 CPI inflation, and rjk,t ≡ Rj

k,t/P
j
t

the real rental rate. µjt can be defined as Tobin’s Q and measures the ratio between
the Lagrange multipliers corresponding to the capital law of motion and the household’s
budget constraint.

Home’s decision to borrow abroad is governed by the following Euler equation:

λHt = βEt

[
λHt+1 (1 + τt)

qt+1

qt

Rd,t

πFt+1

]
, (3.15)

where the real exchange rate is defined as the relative consumer price index, expressed in
Home currency:

qt ≡
etP

F
t

PH
t

. (3.16)
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By combining the two Euler equations for the domestic and internationally traded bonds,
we obtain (up to first order) a utility-based uncovered interest rate parity (UIP) condition:

Et

[
RH
t

πHt+1

]
= Et

[
Rd,t

πFt+1
(1 + τt)

qt+1

qt

]
. (3.17)

3.4.2 Monetary policy

Naturally, monetary policy is designed differently across the three exchange rate regimes
we consider. However, in each regime, we can describe monetary policy by an interest rate
rule that relates the nominal risk-free interest rate to some target variable(s).

Under either a floating or fixed exchange rate regime, the following interest rate rule
governs the behavior of each national central bank:

Rj
t

Rj
=
(
Rj
t−1
Rj

)ρjR (πjt
πj

)φjπ (
yjt
yj

)φjy (
et
e

)φje
1−ρjR

, (3.18)

with ρjR ∈ [0, 1] and where variables without a t subscript represent steady-state values.
When the nominal exchange rate is allowed to float, monetary policy in both countries
is geared towards closing the domestic inflation and output gaps. In that case, φjπ > 1,
φjy ≥ 0 and φje = 0 for all j. In contrast, under a regime of fixed exchange rates, in
which Foreign embodies the base country, monetary policy in Home is fully committed to
keep the exchange rate fixed, i.e. et = e. In that case, we set φHπ = φHy = 0 and φHe to
some large number (see e.g. Adolfson et al., 2008, for a similar approach). The Foreign
monetary policy stance is the same under fixed and floating exchange rate regimes.

When the two countries form a monetary union, a supranational central bank sets
the union-wide interest rate RMU

t

(
= RH

t = RF
t

)
to close union-wide inflation and output

gaps:
RMU
t

RMU
=
(
RMU
t−1

RMU

)ρR (πMU
t

πMU

)φπ (yMU
t

yMU

)φy1−ρR

, (3.19)

with ρR ∈ [0, 1], φπ > 1 and φy ≥ 0, and where xMU
t =

(
xHt
)s (

xFt
)1−s

for x = {π, y}.
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3.4.3 Consumption, production and price setting

Total household consumption and investment expenditures, denoted F j
t = cjt + ijt ,

consist of expenditures on domestically produced goods, Ajt , and imported goods, Bj
t :

F j
t =

[(
1− αj

) 1
η
(
Ajt
) η−1

η +
(
αj
) 1
η
(
Bj
t

) η−1
η

] η
η−1

,

where αH = (1− s)α and αF = sα, with α ∈ [0, 1] denoting the degree of country
openness, and where η > 1 measures the trade elasticity. Assuming the Law of One Price
holds and using standard CES aggregators for Ajt and Bj

t (detailed in Appendix 3.D), the
following market clearing conditions can be derived:

yjt = γ−ηj,t
[(

1− αj
)
F j
t + Ωj,tF

i
t

]
, (3.20)

for i = {H,F} and i 6= j, and where γj,t ≡ Pj,t/P
j
t , ΩH,t ≡ (1− s)αF qηt and ΩF,t ≡

sαHq−ηt .

Each differentiated intermediate Home (Foreign) good, yjt (z), is produced by a mo-
nopolistic Home (Foreign) firm, indexed by h ∈ [0, s) (f = [s, 1]), using the following
Cobb-Douglas production function:

yjt (z) = zjA,tk
j
t−1 (z)φ njt (z)1−φ , (3.21)

where z = h (z = f ) if j = H (j = F ) and φ ∈ [0, 1], and where zjA,t is an aggregate pro-
ductivity shock. kjt−1 (z) and njt (z) are firm-specific input factors whose demand schedules
are derived from a cost-minimization problem where the firm takes factor prices as given:

rjk,tk
j
t−1 (z) = φmcjty

j
t (z) , wjtn

j
t (z) = (1− φ)mcjtyjt (z) . (3.22)

Aggregate real marginal costs, mcjt , are given by

mcjt = γ−1
j,t

(
zjA,t

)−1 (
rjk,t

)φ (
wjt
)1−φ

Φ, (3.23)

with Φ ≡ φ−φ (1− φ)−(1−φ). Firms set prices at a mark-up over marginal costs, yet
are subject to a price-setting friction à-la Calvo (1983). Firms that are unable to reset
their price in a given period index their current price to lagged aggregate inflation. The
optimal reset price, P j,t, is symmetric across firms belonging to country j and is derived
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by maximizing firm profits subject to (3.20) and (3.21):

P j,t = ε

ε− 1

Et

[∑∞
k=0 (θβ)k λjt+k

(
P j
t+k

)−1
yjt+kP

1+ε
j,t+kmc

j
t+k

(
Pj,t+k−1
Pj,t−1

)−ιε]
Et

[∑∞
k=0 (θβ)k λjt+k

(
P j
t+k

)−1
yjt+k

(
Pj,t+k−1
Pj,t−1

)ι(1−ε)
P ε
j,t+k

] (3.24)

with ι ∈ [0, 1] the degree of price indexation, ε > 1 the elasticity of substitution between
intermediate goods, θ ∈ (0, 1) the constant probability of non-price adjustment in a given
period and Qjt,t+k the stochastic discount factor of households living in country j.

3.4.4 Steady state and calibration

To solve the model, we either take a first- or second-order approximation around the
model’s non-stochastic steady state, depending on whether we analyze impulse response
functions or welfare. With regards the steady state, we assume prices are fully flexible
(θ → 0) and Home has a zero net external debt position (D = 0). Although our focus
is on the effects of risk premium shocks and the role of the dynamic debt tax, we also
consider the results under demand and productivity shocks to show that the introduction
of the debt tax may not always be complementary to monetary policy. These shocks evolve
according to stationary AR(1) processes:

ln zξ,t = ρξ ln zξ,t−1 + εξ,t, (3.25)

ln zjD,t = ρD ln zjD,t−1 + εjD,t, (3.26)

ln zjA,t = ρA ln zjA,t−1 + εjA,t, (3.27)

with {ρξ, ρD, ρA} ∈ [0, 1], εξ,t ∼ N
(
0, σ2

ξ

)
, εjD,t ∼ N (0, σ2

D) and εjA,t ∼ N (0, σ2
A).

We calibrate the model parameters based on a quarterly frequency for t. The baseline
calibration, shown in Table 3.3, is based on commonly used values in the macroeconomics
literature. The impulse responses from the Bayesian PVAR help us evaluate whether the
model, although highly stylized, can generate dynamics which are empirically plausible.
Nevertheless, we do discuss to which parameters our results are most sensitive. The
elasticity of the debt tax with respect to external indebtedness, ψ, is varied throughout
the analysis between 0 and 0.1.
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Table 3.3: Benchmark calibration

Parameter Description Value
χ Risk premium elasticity 0.005
δk Capital depreciation rate 0.025
γ Investment adjustment cost parameter 6
ψ Debt tax elasticity [0, 0.1]
ω Habit persistence parameter 0.3
σ Risk aversion coefficient 2
ϕ Inverse Frisch elasticity 3
β Discount factor 0.995
ι Price-indexation parameter 0.4
φ Output elasticity with respect to capital 1/3
ε Elasticity of substitution between intermediate goods 11
θ Probability of non-price adjustment 0.75
η Trade elasticity 2
s Relative size of Home 0.5
α Import share of consumption 0.4

ρξ, ρD, ρA Auto-correlation coefficients 0.9
ρR Interest rate smoothing 0.8

φjπ, φπ Monetary policy response to inflation 1.5
φjy, φy Monetary policy response to output 0.5/4
φHe , φFe Monetary policy response to the nominal exchange rate 0 or 100, 0

3.5 Risk premium shocks and capital controls

3.5.1 The effects of a risk premium shock

Before examining the role of the dynamic capital control tax introduced in the previous
section, we first discuss the effects of country risk premium shocks across exchange rate
regimes in the absence of the debt tax (i.e. for ψ = 0).

Figure 3.2 shows the impulse responses under our baseline calibration of selected Home
variables to a positive risk premium shock. The shock leads to an increase in the effective
interest rate on external debt for Home households. Consequently, households wish to
borrow less, which is reflected in a marked decline in consumption and a reduction in the
external debt position (i.e. Dt falls). The positive real interest rate differential induces
a depreciation of the real exchange rate by the UIP condition. These responses of con-
sumption, cross-border capital flows and the real exchange rate to the risk premium shock
are similar across exchange rate regimes. Monetary policy, however, responds differently
across regimes, for different reasons.
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Figure 3.2: Impulse responses to a risk premium shock

Note: Responses are in percentage deviations from steady state.

Under a regime of floating exchange rates, and given our benchmark calibration, the
central bank in Home raises the policy interest rate. It does so because the depreciation
of the exchange rate puts upward pressure on CPI inflation, due to inflated import prices
and an increase in exports that supports output growth.9 In fact, the response of output
is actually positive, a finding which may seem surprising yet which is not necessarily
inconsistent with our empirical results. Also, Krugman (2014) shows that sudden losses
of confidence that trigger large capital outflows can be expansionary, provided countries
operate under floating exchange rates and can borrow in their own currency. Hence,
despite the steep decline in Home consumption, the overall response of inflation to the risk
premium shock is positive, which prompts the central bank to tighten monetary conditions
through an increase in the interest rate. The higher interest rate discourages consumption,
over and above the effects of the higher risk premium. The more open is the economy to
international trade, i.e. the larger is αj, the stronger is the effect of the real exchange rate
on inflation and so the more contractionary is the monetary policy response. Conversely, if
the economy is more closed, inflation is less sensitive to exchange rate fluctuations, which
allows monetary policy to take a less restrictive stance following the risk premium shock.

9 The inflationary effects of the exchange rate can also be inferred from the linearized condition for Home
CPI, which is given by π̂Ht = π̂H,t + α̂

H∆q̂t, where x̂t = (xt − x) /x for any generic variable xt and
α̂
H ≡ αH/

(
1− αF − αH

)
≥ 0.
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In fact, when αj is close to zero, such that the economy is effectively closed, monetary
policy is able to fully offset the risk premium shock and stabilize consumption, output
and inflation, by keeping the interest rate constant. In general, however, the monetary
policy response to a risk premium shock under a float fails to stabilize the economy as the
central bank raises the interest rate to counter the inflationary effects of the real exchange
rate depreciation, thereby enhancing the adverse effects of the risk premium shock on
consumption.

A similar inability to stabilize macroeconomic conditions is observed under a regime
of fixed exchange rates, yet for different reasons. In particular, with the exchange rate
depreciating as capital flows out, the central bank responds by raising the interest rate in
order to maintain the exchange rate peg. The stronger is the central bank’s commitment to
maintain a fixed exchange rate (i.e. the higher is φHe ), the more restrictive is the monetary
policy response to the exchange rate depreciation and the greater the overall decline in
output and inflation.

Under monetary union, in which the supranational central bank targets union-wide
inflation and output, the interest rate is lowered in response to the risk premium shock.
However, because the central bank weights its interest rate decision by the relative size
of the Home country, i.e. by s, the monetary policy accommodation is less than what it
would have been if Home were a more closed economy. If, on the other hand, s is close to
one, such that Home makes up a relatively large share of the monetary union and thereby
carries a large weight in the central bank’s interest rate rule, we would observe a much
stronger monetary expansion following the risk premium shock and, consequently, a less
steep decline in consumption.

The results shown in Figure 3.2 are broadly in line with our empirical estimates of the
effects of sovereign bond spreads in countries with floating exchange rates and countries
that belong to the euro area. These estimates confirm that the effects of risk premium
shocks are contractionary in a currency union, and significantly so, while domestic pro-
duction in floating regimes is much less vulnerable to such shocks. However, the sharp
real exchange rate depreciation under a float as predicted by the theoretical model is not
supported by the empirical evidence, which instead suggests a negligible response of the
real exchange rate. The responses of the euro area panel are, in that regard, much more
in line with our theoretical predictions.

In sum, the impulse response functions suggest that risk premium shocks discourage
private consumption as they raise the cost of external borrowing. The corresponding
outflow of capital results in a real exchange rate depreciation which, in itself, is inflationary.
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Figure 3.3: Impulse responses to a risk premium shock under a debt tax

Note: Responses are in percentage deviations from steady state.

The monetary policy response to the risk premium shock is either too restrictive or not
sufficiently accommodative to stabilize consumption: under a float, the central bank raises
the interest rate to offset the inflationary effects of the real exchange rate; under a peg,
the interest rate is raised to counter the weakening of the nominal exchange rate; and
under monetary union, monetary policy is accommodative, yet insufficiently so due to the
common central bank’s focus on union-wide, rather than regional, economic conditions.
In all three cases, therefore, there may be scope for capital controls to support monetary
policy in stabilizing economic conditions when faced with risk premium shocks.

3.5.2 The effects of a dynamic tax on external debt

We now investigate the effects of risk premium shocks when ψ > 0. Figure 3.3 again
shows the responses of Home variables to a positive risk premium shock, yet now under
different calibrations of the debt tax elasticity. The figure shows that imposing a tax on
external debt mutes the impulse responses under all exchange rate regimes. Because of its
counter-cyclical design, the tax falls and turns into a subsidy the moment the economy is
hit by the risk premium shock and capital starts flowing out. The stronger the counter-
cyclical bent of the tax, i.e. the higher is ψ, the more responsive the tax is to a given risk
premium shock. The (negative) tax thereby attenuates the adverse effects of a higher risk
premium on consumption and the willingness to borrow abroad.

Furthermore, the fall in the tax generates downward pressure on the real exchange rate,

128



3.5. Risk premium shocks and capital controls

Figure 3.4: Welfare gain of tax on external debt, conditional on risk premium shocks

Note: Welfare units are measured in consumption perpetuities. Welfare gain derived by comparing welfare
outcomes against the baseline at which ψ = 0.

causing the response of the real exchange rate to also be more attenuated. Technically,
this result arises from the UIP condition, which is repeated here for convenience:

Et

[
RH
t

πHt+1

]
= Et

[
Rd,t

πFt+1
(1 + τt)

qt+1

qt

]
.

For a given monetary policy stance, reductions in τt bow down on qt in order to satisfy this
condition which therefore reduces the overall inflationary effect of the real exchange rate.
Under a floating exchange rate regime, this allows for a less contractionary monetary policy
response needed to curtail inflation back towards the inflation target. Under monetary
union, the required accommodation of monetary policy is reduced as the negative tax on
external debt substantially diminishes the fall in consumption by limiting the rise in the
effective interest rate on external debt. Under an exchange rate peg, the central bank’s
response to the risk premium shock does not change markedly with the introduction of
the debt tax. This is because the shock still elicits a depreciation of the nominal exchange
rate and hence requires the central bank to tighten monetary policy. Nevertheless, the
tax does allow for a more modest decline in consumption, despite the equally constrained
monetary conditions. Hence, across all three regimes, the debt tax supports the central
bank in stabilizing macroeconomic conditions when faced with a positive risk premium
shock. These results, at least those under the floating and fixed exchange rate regimes,
are in line with earlier findings of Farhi and Werning (2014).
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Compared to the baseline case, in which the tax is absent, it therefore follows that
imposing a counter-cyclical tax on external debt (conditional on facing only risk premium
shocks) is welfare enhancing in both floating and pegged exchange rate regimes, and
under monetary union, as shown in Figure 3.4. However, the magnitude of the welfare
gain differs across regimes and turns out to be greatest under a peg and smallest under
a float. This reflects the trade-offs faced by monetary policy in the face of risk premium
shocks, which in turn depends on different characteristics of the economy. For instance,
if the economy would be very closed to international trade, the inflationary effects of the
real exchange rate are reduced. A central bank operating under a floating exchange rate
regime would then be free to stabilize economic conditions when faced with risk premium
shocks. In fact, the welfare gain from introducing a tax on external debt is virtually zero
under a float when αj is set close to zero (see Farhi and Werning, 2014, for a similar
result). Under an exchange rate peg, the welfare gain of the debt tax in a very closed
economy is still positive and monotonically increasing in the counter-cyclical bent of the
tax. Again, this is because, regardless of the openness of the economy, changes in the
risk premium cause a depreciation of the nominal exchange rate, which in turn prompt a
monetary tightening that further reduces household consumption. The external debt tax,
by turning into a subsidy, reduces the need for such a contractionary monetary response
and thereby enhances welfare. Under monetary union, the welfare benefits of the debt tax
diminishes as the Home country makes up a larger share of the monetary union. As s→ 1,
and Home behaves more like a closed economy, the welfare benefits of the tax vanish.

3.5.3 A dynamic tax on external debt in the face of other shocks

Although imposing a tax on external debt proves welfare enhancing when the Home
economy only faces risk premium shocks, the welfare implications may be different when
faced with other shocks. The welfare gain may even be negative if the debt tax does not
support, but instead undermines, monetary policy.

Consider, for example, the responses to a positive demand shock in Home, shown in
Figure 3.5. This shock leads to an increase in Home consumption, financed by a buildup
of external debt, which leads to an increase in inflation and, consequently, an appreciation
of the real exchange rate. Output rises on impact, yet falls thereafter due to the reduction
in exports that suffer from the real exchange rate appreciation (the more sticky are prices,
the less exchange rate changes feed into producer prices and so the more persistent is
the positive output response). These responses are similar across exchange rate regimes.
Monetary policy tightens in all regimes, yet in varying degrees: under a float, the tightening
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Figure 3.5: Impulse responses to a demand shock

Note: Responses are in percentage deviations from steady state.

is strongest, as the central bank aims to counteract the rise in inflation; under a peg, the
tightening is weakest, because of an initial appreciation of the nominal exchange rate which
the central bank aims to undo; under monetary union, the central bank also raises the
interest rate to curtail inflation, yet the monetary contraction is less than what it would
have been if Home was a closed economy because the central bank targets union-wide,
rather than regional, inflation.

Introducing a dynamic tax on external debt when facing demand shocks is welfare
enhancing under a fixed exchange rate regime and under monetary union, yet reduces
welfare under flexible exchange rates given our benchmark calibration (see Figure 3.6, left
panel). In contrast to the case in which the economy is hit by a risk premium shock, a
demand shock leads to a rise in the level of external debt which results in a tightening of
the dynamic debt tax. The higher tax puts upward pressure on the exchange rate, which
in turn raises inflation. Under a float, the tax thereby goes against the grains of monetary
policy: by depreciating the exchange rate, and thereby aggravating the inflation response,
the higher debt tax makes it more difficult for the central bank to stabilize inflation, and
monetary policy is required to be more restrictive than it would have been in the absence
of the tax. This is why, in the face of demand shocks, the tax is welfare reducing under a
float compared to the baseline case without the tax.

Under a peg, instead, the real exchange rate depreciation triggered by the tax prompts
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Figure 3.6: Welfare gain of tax on external debt,
conditional on demand and productivity shocks

Note: Welfare units are measured in consumption perpetuities. Welfare gain derived by comparing welfare
outcomes against the baseline at which ψ = 0.

the central bank to raise the interest rate by more than it would have in the absence of the
shock, which helps offset the initial rise in inflation caused by the demand shock. Recall
that, in the absence of the tax, the monetary tightening in response to the demand shock
is weak in order to prevent the exchange rate from appreciating further. Such a weak
monetary response, however, aggravates the inflation and output response to the demand
shock. Imposing a tax, therefore, is welfare enhancing under a peg as it ‘corrects’ the
monetary policy stance in a way that promotes inflation stability.

Under monetary union, the rise in the debt tax also makes up for the insufficient
monetary contraction in response to the demand shock. If Home carries a larger weight
in the common central bank’s interest rate rule, and/or the supranational central bank
adopted a more aggressive monetary policy (i.e. by assuming a higher value for φπ), the
monetary contraction becomes more ‘appropriate’ and, consequently, the welfare benefits
of the tax are lower.

Now assume the Home economy faces only productivity shocks. A positive productiv-
ity shock raises Home output, which in turn induces households to raise consumption, see
Figure 3.7. Meanwhile, as marginal costs fall, monopolistic firms lower their prices causing
inflation to fall as well, which leads to a real exchange rate depreciation. These responses
are similar across exchange rate regimes, yet again the monetary policy response differs in
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Figure 3.7: Impulse responses to a productivity shock

Note: Responses are in percentage deviations from steady state.

terms of magnitude: under a float, the interest rate is reduced the most to ward-off defla-
tion; under a peg, the interest rate is reduced much less to prevent the nominal exchange
rate from depreciating further; under monetary union, the supranational central bank also
battles deflation by lowering the interest rate, yet does so by less than it would have if
Home were a closed economy. The response of the external debt position is ambiguous
and depends on the structural parameters of the model. Under our baseline calibration,
we find that external debt falls which reflects a negative output response in Foreign that
makes Home households want to lend to Foreign households. Nevertheless, we shall also
discuss the implications of the debt tax if, instead, we would have observed a rise in the
external debt position.

The welfare implications of the dynamic tax on external debt when facing productivity
shocks that generate capital outflows are the same as those when facing only demand
shocks: a more counter-cyclical tax on external debt enhances welfare under a peg and
under monetary union, yet reduces welfare under a float (see Figure 3.6, right panel).

With capital flowing out, the debt tax falls, i.e. turns into a subsidy, and, by the UIP
condition, thereby puts downward pressure on the real exchange rate. This thereby further
lowers inflation. However, under a peg, the real exchange rate appreciation prompts the
central bank to lower the interest rate, which helps counteract the fall in inflation. Hence,
compared to the baseline case without the tax, the welfare gain of introducing a tax is
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positive as it causes monetary policy to behave in a way that better stabilizes inflation.
Under a float, on the other hand, the tax produces welfare losses as it makes it more
difficult for monetary policy to contain inflation. Under monetary union, the downward
pressure on inflation induces a more expansionary monetary policy stance, which partly
overcomes the lack of monetary accommodation that would otherwise fall in the absence
of the tax.

If the productivity shock would have led to an inflow of capital, then the welfare
implications of the external debt tax are reversed, with positive welfare gains under a
floating exchange rate regime, and welfare losses under a pegged regime and monetary
union. With a rise in the external debt position of Home, the tax rises. This now puts
upward pressure on the exchange rate, which thereby helps stabilize inflation. However,
under a pegged regime, the depreciation of the exchange rate also prompts a contraction
in monetary policy as the central bank aims to maintain the peg. In fact, the greater
is the response of the tax to external debt, the higher and more sustained the positive
interest rate response to the productivity shock, despite the fact that inflation actually
falls. Hence, imposing a tax on external debt in the face of productivity shocks can cause
monetary policy to behave perversely under a peg, thereby making the tax welfare reducing
compared to the baseline case in which the tax is absent.

Under a float, no such perverse monetary policy reaction is needed and, instead, the
central bank is free to lower the interest rate in response to the fall in inflation. In this
case, therefore, the tax on external debt is supportive of monetary policy in stabilizing
inflation, as it manipulates the dynamics of the real exchange rate, which is why imposing
such a tax is welfare enhancing.

Under monetary union and in the absence of the tax, the central bank lowers the
interest rate in response to the productivity shock in order to counter the fall in inflation.
As mentioned earlier, this monetary policy response is less than what it would have been
if Home would make up the whole monetary union. In the presence of the tax, and the
associated upward pressure on the exchange rate and inflation, the monetary expansion
is even less, which is why the tax is welfare reducing. If, on the other hand, Home would
behave more like a closed economy, then the negative welfare effects of the tax vanish.

3.5.4 Summary

In sum: the welfare implications of imposing a tax on external debt depends on whether
that tax supports or undermines monetary policy in stabilizing inflation. The latter, in
turn, depends on (1) the exchange rate regime and (2) the nature of the shock. Table 3.4
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Table 3.4: Summary of the welfare implications of a dynamic tax on external debt

Risk premium shocks Demand shocks Productivity shocks
Float Supports MP Undermines MP Undermines MP
Peg Supports MP Supports MP Supports MP
MU Supports MP Supports MP Supports MP

summarizes these results.
Risk premium shocks that generate lower inflation and an outflow of capital result

in a fall in the tax on external debt. By the UIP condition, the lower tax leads to an
appreciation of the real exchange rate, which in turn lowers inflation. The real exchange
rate response induces monetary policy to lower the interest rate by more than it would
have in the absence of the tax, thus displaying more effort to stabilize inflation. Although
this result holds under both flexible and fixed exchange rate regimes, and under monetary
union, the welfare gain of the tax is largest under a peg. This is because, in the absence
of the tax, the central bank would actually raise the interest rate in response to a risk
premium shock in order to maintain the peg.

Demand shocks that generate higher inflation and capital inflows prompt an increase
in the tax on external debt and thereby a depreciation of the real exchange rate. This
depreciation, in turn, leads to even higher inflation. Under a float, the tax on external
debt therefore weakens the ability of monetary policy to stabilize inflation and is welfare
reducing compared to the baseline without the tax. Under a peg, the tax actually changes
monetary policy for the better: by depreciating the exchange rate, it prompts the central
bank to raise the interest rate, which helps stabilize inflation and raises welfare, rather than
lower the interest rate which would occur in the absence of the tax in order to maintain
the peg. Under monetary union, the rise in the tax induces a stronger contractionary
response of monetary policy that would otherwise have been lacking in the absence of
the tax because of the central bank’s focus on union-wide, rather than regional, inflation
dynamics.

Productivity shocks that lower inflation and household indebtedness reduce the tax on
external debt. The resulting exchange rate appreciation lowers inflation by more. Under
a float, the tax therefore undermines monetary policy in stabilizing inflation and reduces
welfare compared to the baseline. Under a peg, instead, the tax is supportive of monetary
policy and raises welfare: by appreciating the exchange rate, the tax prompts a reduction
in the interest rate which counters the decline in inflation. Under monetary union, the
downward pressure on inflation induces a more accommodative monetary policy than it
would have in the absence of the tax, which also facilitates inflation stabilization in Home.
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Figure 3.8: Welfare gain of tax on external debt, conditional on all three shocks

Note: Welfare units are measured in consumption perpetuities. Welfare gain derived by comparing welfare
outcomes against the baseline at which ψ = 0. The variance of the shocks are based on the results from
the BPVAR model described in Section 3.3.

In order to gauge the unconditional welfare implications of the capital control tax, we
calculate the welfare gain as a function of ψ while considering all three shocks simulta-
neously, rather than separately as we have done before. To ensure empirically plausible
shock sizes, we calibrate the variances of the shocks using the empirical estimates from the
BPVAR model in Section 3.3 (we set the shock sizes under the fixed exchange rate regime
equal to those under monetary union). The results, shown in Figure 3.8, show that the
capital control tax remains welfare enhancing under a fixed exchange rate and monetary
union. This is not surprising, as we observed earlier that the tax has positive welfare
effects under all shocks, except under productivity shocks if the shock is associated with
an inflow of capital. The potentially negative welfare effects under productivity shocks,
however, are dominated by the positive effects under risk premium and demand shocks.
Under a floating exchange rate, we find that the unconditional welfare effects are positive
for sufficiently low levels of ψ. Beyond a certain threshold, the welfare effects become neg-
ative. This follows from the tax being welfare reducing under demand and productivity
shocks that, at a certain point, start to dominate the positive welfare effects under risk
premium shocks.
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3.6 Conclusion

The recent sovereign debt crisis in Europe proved that, like emerging market economies,
also advanced economies are not impervious to sudden reversals in cross-border capital
flows and associated surges in country risk premia. In this chapter, we provide empirical
evidence on the adverse effects of risk premium shocks for a panel of euro area countries
using a monthly Bayesian Panel Vectorautoregression model and an hierarchical prior that
allows for cross-subsectional heterogeneity. We also apply the model to a panel of countries
that operate under flexible exchange rates and independent monetary policies, and show
that these are much less vulnerable to risk premium shocks, and may even experience an
increase in economic activity following such shocks. These results are strongly robust to
a range of alternative model specifications and assumptions.

To better understand the propagation mechanism of risk premium shocks across ex-
change rate regimes, we employ a standard two-country New Keynesian model with in-
complete asset markets. The model predictions confirm our empirical results and show
that risk premium shocks are contractionary under monetary union, and fixed exchange
rates, yet expansionary under flexible exchange rates. The latter result arises from a corre-
sponding depreciation of the real exchange rate that supports output growth through the
international trade channel. This, in turn, renders the risk premium shock inflationary,
thus forcing the central bank to tighten monetary conditions despite the contraction in
household consumption following the rise in the risk premium. It thereby follows that,
for all three exchange rate regimes considered, there may be scope for capital controls to
support monetary policy in stabilizing macro-economic conditions.

We show that whether the welfare gain of imposing a counter-cyclical tax on external
debt is positive or negative depends on the type of exchange rate regime and the nature of
the shock hitting the economy. For monetary unions and fixed exchange rate regimes, the
tax is generally welfare improving. In fact, using the results from the BPVAR model to
calibrate the variances of the shocks shows that the unconditional welfare gain is monoton-
ically increasing in the counter-cyclical bent of the tax. For flexible exchange rate regimes,
however, the unconditional welfare gain is negative if the tax elasticity is too high. This is
because, when facing either demand or productivity shocks, the tax undermines monetary
policy in stabilizing inflation.

Our results provide a rationale for imposing capital controls in countries that either
belong to a monetary union or a fixed exchange rate regime. A counter-cyclical tax on
external debt is found to make up for the loss in monetary autonomy and to have an
unconditional enhancing effect on welfare. Whether this holds for other types of capital
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controls as well is a question we leave for future research.

138



3.A. Data sources and treatment

Appendix 3.A Data sources and treatment

We use PMI data from the Directorate General for Economic and Financial Affairs
(DG-Ecfin) from the European Commission for the European countries and Markit oth-
erwise.10 To ensure comparability of these indexes, we re-scale them. The data for the
overnight money market rates, consumer price index and the real effective exchange rate
(based on CPI) are taken from the IMF’s IFS database, while long-term interest rates
(# LTINT) are taken from the OECD’s Economic Outlook database.11 The VIX (#
VXOCLS) and the oil price (#DCOILBRENTEU) are taken from the FRED database.
Finally, data for the VSTOXX index (the European equivalent of the VIX) was taken
from Bloomberg (BBG000V9J5H5). If the data was not already seasonally adjusted, we
used the multiplicative X-13 procedure for seasonal adjustment. Descriptive statistics are
summarized in Table 3.5.

Table 3.5: Descriptive statistics

US as benchmark GER as benchmark
Floats Mean Std Min Max Mean Std Min Max
ỹt 0.002 2.592 -16.637 10.208 0.004 2.46 -16.637 10.208
π̃t -0.001 0.103 -0.336 0.480 -0.001 0.109 -0.336 0.610
Rt 2.815 2.348 -0.632 8.330 2.663 2.334 -0.632 8.33
q̃t 0.002 0.862 -3.910 2.652 0.001 0.821 -3.91 2.652
ξt 0.026 1.61 -4.969 2.85 0.599 1.49 -3.849 3.31

US as benchmark GER as benchmark
Monetary union Mean Std Min Max Mean Std Min Max

ỹt 0.024 1.44 -7.376 3.817 0.025 1.437 -7.376 3.817
π̃t -0.001 0.126 -0.543 0.81 -0.001 0.13 -0.543 0.81
Rt 1.872 1.633 -0.373 5.113 1.876 1.634 -0.373 5.113
q̃t -0.012 0.318 -1.332 1.178 -0.012 0.313 -1.332 1.178
ξt 0.121 1.501 -2.24 11.879 0.776 1.408 -1.8 12.029

10Exemptions are Australia, Japan, New Zealand and the United States, where we use data from the
Australian Industry group, Tankan, the Australian and New Zealand Banking Group Limited (ANZ)
and the Institute for Supply Management, respectively.

11For Austria, Belgium, France, Germany, Italy and Portugal, we used the EONIA rates from the ECB’s
Statistical Data Warehouse as a measure for the short-term interest rate. Inflation data for Australia
and New Zealand were taken from their respective central banks and interpolated using cubic splines.
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Appendix 3.B The Gibbs sampler algorithm for the
hierarchical prior

The algorithm is based on Jarociński (2010) and Dieppe et al. (2016), and briefly
outlined here for completeness. For more details, we refer the reader to Dieppe et al.
(2016). The algorithm can be described as follows:

1. Define initial values for β, b, Σb and Σ. For β, use OLS estimates β(0) =
{
β̂1, β̂1, . . . , β̂N

}
,

where β̂j denotes the OLS estimate for βj. For b, set b(0) = N−1∑N
j=1 β̂j. For Σb, set

λ0
1 = 0.01, which implies

√
λ0

1 = 0.1, such that Σ(0)
b corresponds to the Ω0 matrix from

the Minnesota prior. Finally, for Σ, also use the OLS values Σ(0) =
{

Σ̂1, Σ̂2, . . . , Σ̂N

}
,

with Σ̂j defined as Σ̂j = (T − k − 1)−1 (Ê j)′Ê j, where Ê j are the OLS residuals from
country j.

2. At iteration n, draw b(n) from a multivariate normal distribution:

b(n) ∼ N
(
β(n−1)
m ,

1
N

Σ(n−1)
b

)
,

with
βn−1
m = 1

N

N∑
j=1

β
(n−1)
j .

3. At iteration n, draw Σ(n)
b . To do so, draw λ

(n)
1 from an inverse Gamma distribution:

λ
(n)
1 ∼ IG

(
s̃

2 ,
ṽ

2

)
,

with s̃ = h+ s0 and

ṽ = v0 +
N∑
j=1

[(
β

(n−1)
j − b(n)

)′ (
Ω−1
b

) (
β

(n−1)
j − b(n)

)]
.

Then, obtain Σn
b from Σn

b = (λn1 ⊗ Iq) Ωb.

4. At iteration n, draw β(n) =
{
β

(n)
1 , β

(n)
2 . . . , β

(n)
N

}
from a multivariate normal distri-

bution
β

(n)
j ∼ N

(
βj,Ωj

)
,

with
Ωj =

[(
Σ(n−1)
j

)−1
⊗X ′jXj +

(
Σ(n)
b

)−1
]
,
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and
βj = Ωj

[((
Σn−1
j

)−1
⊗X ′j

)
yj +

(
Σ(n)
b

)−1
b(n)

]
.

5. At iteration n, draw Σ(n) =
{

Σ(n)
1 ,Σ(n)

2 , . . . ,Σ(n)
N

}
from an inverse Wishart distribu-

tion:
Σ(n)
j ∼ IW

(
S̃j, T

)
,

with
S̃j =

(
Yj −XjB

(n)
j

)′ (
Yj −XjB

(n)
j

)
.

This concludes the algorithm.

Appendix 3.C Robustness of the empirical results

In the main text, we presented evidence suggesting that risk premium shocks are
more contractionary for member countries of a monetary union than for countries with a
floating exchange rate and independent monetary policy. This section verifies that this
conclusion remains intact, even if we (i) change the ordering of the endogenous variables,
(ii) include the first three principal components for each panel as additional controls, (iii)
use alternative data transformations (i.e. entering some variables in growth rates or log
levels), or (iv) choose a smaller time period that excludes the Great Recession and the
sovereign debt crisis in the euro area. Finally, (v) we also discuss the effects of our main
hyper-parameters, s0/2 and v0/2, that govern the shape of the inverse Gamma distribution
from which λ1 is drawn, and therefore govern the degree of shrinkage.

First, we change the order of the variables in the model. In Figure 3.9, panel a, we
place the risk premium fourth, rather than last as in the baseline, and the REER last,
while we keep the−arguably less controversial−order for output, inflation and the short-
term interest rate unaltered. For the floats, we use the US as a base country to calculate
the risk premium, whereas for monetary union we use Germany as a base country. The
impulse responses for the floats are shown in the top row, and those for monetary union
are shown in the bottom row. For floats, the only notable difference is that now the REER
appreciation is significant, whereas for the monetary union panel, the REER appreciation
is not significant on impact any longer, but only in the long run, despite the fact that
inflation falls significantly in response to the risk premium shock. These conclusions are
only strengthened if we order the spread third, allowing both the short-term interest rate
and the REER respond immediately to a risk premium shock. In that case, the short-term
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interest rate increases under floats (although insignificantly), but falls under monetary
union (see panel b), which is consistent with our theoretical predictions.

Figure 3.9: Impulse responses to a risk premium shock: different ordering of variables

a Ordering: ỹt, π̃t, Rt, ξt and q̃t
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b Ordering: ỹt, π̃t, ξt, Rt and q̃t
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Note: The figures show posterior median impulse response functions of the mean model to a 100 basis
points increase in the long-term sovereign bond spread vis-à-vis the US (top row) or Germany (bottom
row). In each figure, the top row shows the responses for the floats, while the bottom row shows the
responses for monetary union. The shaded area reflects the 5%-95% credibility intervals.

To ensure we are really identifying a country’s idiosyncratic movements in the risk
premium, we now include the first three lagged principal components of all countries’ en-
dogenous variables to capture the global economic cycle, as inspired by Amendola et al.
(2019). The results in Figure 3.10 suggest that controlling for the base country’s macroeco-
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nomic aggregates, as well as the VIX and oil prices, is sufficient to extract country-specific
shocks to the risk premium. Moreover, we now find that the expansionary effect of the
risk premium shock under floats is significant.

Figure 3.10: Impulse responses to a risk premium shock: including additional controls
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Note: The figure shows the posterior median impulse response functions of the mean model to a 100 basis
points increase in the long-term sovereign bond spread vis-à-vis the US (top row) or Germany (bottom
row). In each figure, the top row shows the responses for the floats, while the bottom row shows the
responses for monetary union. The first three principle components of all endogenous variables in the
panel are added as additional controls. The shaded area reflects the 5%-95% credibility intervals.

Next, in Figure 3.11, we show that the results are robust to alternative data transfor-
mations, in particular using either (annual) growth rates (panel a) or log levels for output,
inflation and the REER (panel b).

One may wonder whether our results are solely driven by the recent crisis episodes
during which risk premia were above average. Figure 3.12, therefore, shows the impulse
responses when the model is estimated using data excluding the Great Recession and the
subsequent sovereign debt crisis. We chose October 2008 as a cutoff date, as it symbolizes
the beginning of the Great Recession.12

Lastly, Figures 3.13 and 3.14 show the impulse responses of the two extreme cases of our
model. In particular, Figure 3.13 plots the responses of a homogeneous panel, i.e. λ1 = 0,
while Figure 3.14 plots the mean responses of country-by-country regressions. Comparing
both figures illustrates the power of the hierarchical prior: while the credibility bands are
very dispersed for the country-by-country regressions, fully pooling the data yields much
sharper results. The latter, however, comes at the cost of loosing the cross-subsectional
12Due to the smaller sample size, we reduced the lag length from 6 to 3, thereby reducing the number of
coefficients to estimate per country by 75.
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Figure 3.11: Impulse responses to a risk premium shock: alternative data transformations

a Variables in growth rates
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Note: The figures show the posterior median impulse response functions of the mean model to a 100 basis
points increase in the long-term sovereign bond spread vis-à-vis the US (top row) or Germany (bottom
row). In each figure, the top row shows the responses for the floats, while the bottom row shows the
responses for monetary union. In panel a, the results are obtained using the PMI and REER in (annual)
growth rates, interest rates in levels and inflation calculated as the annual change in the CPI. In panel b,
all variables in log levels, except interest rate and spread. The shaded area reflects the 5%-95% credibility
intervals.

heterogeneity. Also, note the differences in size of the credibility bands across panels in
Figure 3.13, which are arguably driven by the fact that coefficients (and hence dynamics)
across euro area countries are more similar than those in our float countries.
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Figure 3.12: Impulse responses to a risk premium shock: shorter sample, excluding the Great Recession
and sovereign debt crisis
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Note: The figure shows the posterior median impulse response functions of the mean model to a 100 basis
points increase in the long-term sovereign bond spread vis-à-vis the US (top row) or Germany (bottom
row). In each figure, the top row shows the responses for the floats, while the bottom row shows the
responses for monetary union. Estimation sample is 1999M1-2008M10 and lag length is 3. The shaded
area reflects the 5%-95% credibility intervals.

Figure 3.13: IRFs to a risk premium shock: Fully pooled model (homogeneous panel)
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Note: The figure shows the posterior median impulse response functions of the mean model to a 100 basis
points increase in the long-term sovereign bond spread vis-à-vis the US (top row) or Germany (bottom
row). In each figure, the top row shows the responses for the floats, while the bottom row shows the
responses for monetary union. For estimation, we set s0/2 = v0/2 = 0.000001, implying λ1 → 0 and
hence resulting in a full pooling of the panel. The shaded area reflects the 5%-95% credibility intervals.
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Figure 3.14: IRFs to a risk premium shock: Mean response of country-by-country regressions
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Note: The figure shows the posterior median impulse response functions of the mean model to a 100 basis
points increase in the long-term sovereign bond spread vis-à-vis the US (top row) or Germany (bottom
row). In each figure, the top row shows the responses for the floats, while the bottom row shows the
responses for monetary union. For estimation, we set s0/2 = v0/2 = 1, implying λ1 → 1 and hence
resulting in country-by-country regressions. The shaded area reflects the 5%-95% credibility intervals.

Appendix 3.D Demand schedules and price indices

In this section, we present the conditions that pin down optimal household demand
for Home and Foreign goods, and the consumer and producer price indices. As described
in the main text, total household expenditure on consumption and investment goods,
F j
t = cjt + ijt , consists of domestically produced goods, Ajt , and imported goods, Bj

t :

F j
t =

[(
1− αj

) 1
η
(
Ajt
) η−1

η +
(
αj
) 1
η
(
Bj
t

) η−1
η

] η
η−1

,

where Ajt and Bj
t are aggregated according to the following functions:

AHt =
[(1
s

) 1
ε
∫ s

0
AHt (h)

ε−1
ε dh

] ε
ε−1

, BH
t =

[( 1
1− s

) 1
ε
∫ 1

s
BH
t (f)

ε−1
ε df

] ε
ε−1

,

AFt =
[( 1

1− s

) 1
ε
∫ 1

s
AFt (f)

ε−1
ε df

] ε
ε−1

, BF
t =

[(1
s

) 1
ε
∫ s

0
BF
t (h)

ε−1
ε dh

] ε
ε−1

.

Assuming households face standard expenditure constraints and take prices as given,
we can derive the following demand schedules:

AHt =
(
1− αH

)
γ−ηH,tF

H
t , BH

t = αH (TtγH,t)−η FH
t ,

146



3.D. Demand schedules and price indices

AFt =
(
1− αF

)
γ−ηF,tF

F
t , BF

t = αF
(
T−1
t γF,t

)−η
F F
t ,

where γj,t ≡ Pj,t/P
j
t and Tt ≡ PF,t/PH,t denotes the terms of trade. Furthermore, optimal

demand schedules for intermediate goods are given by

AHt (h) = 1
s

(
PH,t (h)
PH,t

)−ε
AHt , BH

t (f) = 1
1− s

(
PF,t (f)
PF,t

)−ε
BH
t ,

AFt (f) = 1
1− s

(
PF,t (f)
PF,t

)−ε
AFt , BF

t (h) = 1
s

(
PH,t (h)
PH,t

)−ε
BF
t .

Finally, the consumer price index is given by

P j
t =

[(
1− αj

)
P 1−η
j,t + αjP 1−η

i,t

] 1
1−ηj ,

while the producer price indices are given by

P i
H,t =

(1
s

∫ s

0
P i
H,t (h)1−ε dh

) 1
1−ε

, P i
F,t =

( 1
1− s

∫ 1

s
P i
F,t (f)1−ε df

) 1
1−ε

.
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Chapter 4

Natural Rate Chimera and Bond
Pricing Reality

“Central bankers should give up the search for the neutral real interest rate [. . . ] In my
view, r-star is not a beacon in the sky but a chimera in the eye. The idea of a “neutral” rate
is a useful fiction. It makes for an interesting academic thought experiment. In practice,
though, it’s unobservable, unpredictable, imprecise and highly variable. That makes it a
poor guide for policy makers.” (Warsh, 2018)

“In thinking about how we should set the federal funds rate, many policymakers and
economists find the concept of the neutral rate of interest to be a useful figure of reference.
So, what does the neutral rate mean? Intuitively, I think of the nominal neutral interest
rate as the level of the federal funds rate that keeps output growing around its potential
rate in an environment of full employment and stable inflation.”(Brainard, 2018)

4.1 Introduction and Overview

Since the 1980s, bond yields have exhibited a protracted downward trend and slumped
further in the wake of the global financial crisis (see Figure 4.1). Market participants
appear to have failed to anticipate these secular developments which have often been
associated with a decline in the natural or neutral or equilibrium rate of interest (r∗).

r∗ is commonly defined as the rate of interest consistent with the economy operating
at its potential level (in the absence of transitory shocks) or its natural level (in the
absence of nominal frictions). Inspired by Wicksell (1898), Woodford (2003) established its
central role in today’s widely used New-Keynesian modeling framework. This prominence
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in modern monetary theory and the present exceptionality of observed macroeconomic
trends, exemplified by central bank interest rates having been constrained by their effective
lower bound−a situation precedented only during the Great Depression−has spawned a
burgeoning literature trying to capture and understand these trends.1 The literature
broadly agrees on a general downward trend in r∗, its fall to levels around zero in the
wake of the financial crisis (as far as advanced economies are concerned), and the tepid
pace in its recovery since then. The literature generally points to lower productivity and
potential output growth, aging, safe-asset scarcity, and possibly rising inequality and firm
profits as underlying causes.2

Given the ineluctable nature of these economic drivers r∗ should play a central role
in monetary policy considerations. In fact, any assessment of the monetary policy stance
should start from a judgment about the level of r∗. Yet, there is a host of measurement
problems and model specification choices to be understood and addressed when estimating
r∗ for quantitative policy analysis, implying measurable differences in r∗ estimates, their
stabilizing properties, and their underlying drivers (Brand et al., 2018). Policy makers have
accordingly characterized r∗ as a poor guide for policy, as exemplified in the introductory
quote by former FOMC member Kevin Warsh saying “r-star is not a beacon in the sky
but a chimera in the eye”.

In this chapter, we beg to differ. We show that the decline in r∗ is very much a
reality that needs to be taken into account in modeling bond price developments over
the past decades. We show this by incorporating a dynamic term-structure model into
a small semi-structural macro-model (as in Laubach and Williams, 2003) and exploit
cross-sectional information in yields to jointly estimate potential output growth, output
gaps, core inflation, real equilibrium interest rates, and term premia (for the US and
the euro area). Consistent with Bauer and Rudebusch (2019), we find that, taking into
account the secular fall in equilibrium rates, term premia exhibit cyclical behavior over
the business cycle, rather than a trend decline. We choose a joint modeling approach and
use a Bayesian approach to estimate the model simultaneously for both the US and the
euro area, allowing us to make joint statistical inference on natural rate uncertainty and

1 Econometric approaches typically focus on backing out low-frequency components in yields from macroe-
conomic times series, as e.g. in Laubach and Williams (2003, 2016); Del Negro et al. (2017, 2019);
Fiorentini et al. (2018). Structural estimates yielding a contemporaneous stabilization of output gaps
from DSGE models have been provided by Edge et al. (2008); Barsky et al. (2014); Cúrdia et al. (2015),
and Gerali and Neri (2019). For a review of estimates and drivers at global level see Rachel and Smith
(2015) and in the euro area and the US, see Brand et al. (2018).

2 See e.g. Rachel and Smith (2015); Bielecki et al. (2018); Papetti (2019); Rannenberg (2018); Caballero
et al. (2017); Marx et al. (2017); Gomme et al. (2011) amongst a wide range of studies.
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Figure 4.1: 2 and 10-year bond yield with common term premia estimates

Note: The figure shows the 2-year (left) and 10-year (right) yields in black, together with term premium
estimates derived from the Adrian et al. (2013) model, denoted ACM, and a Dynamic Nelson Siegel
(DNS) model (both own calculations) as well as from Kim and Wright (2005), denoted KW, which are
taken from FRED.

term premia estimates.
The macro-finance literature has not yet fully endorsed the notion that changing equi-

librium rates and low frequency macroeconomic trends (like potential output growth or
central bank credibility) have important implications for asset pricing. Commonly used
term structure approaches model yields as being stationary around some unconditional
mean.3 As a consequence, the hump-shaped pattern in yields is by-and-large explained by
a hump-shaped development in term premia (see Figure 4.1). Criticism that term premia
are left to capture any trends in yields in dynamic term structure models with stationary
factors goes back at least to Cochrane (2007). There are, however, some notable excep-
tions. Bauer and Rudebusch (2019); Christensen and Rudebusch (2019); Ajevskis (2018),
and Dewachter et al. (2014) have previously illustrated how secular macroeconomic trends
and changes in equilibrium interest rates affect measures of interest rate expectations and
term premia embedded in bond prices.

Although we heavily draw on Bauer and Rudebusch (2019) who take low frequency
trends in inflation and the natural rate of interest into account as determinants of the yield

3 Finance models, including those that rely on yield curve information (Dai and Singleton, 2000; Cochrane
and Piazzesi, 2005; Diebold and Li, 2006; Adrian et al., 2013) and those incorporating macroeconomic
variables (Ang and Piazzesi, 2003; Gürkaynak and Wright, 2012; Wright, 2011; Crump et al., 2018), but
also structural macro models, such as Kliem and Meyer-Gohde (2017) and references therein, typically
do not take trends in equilibrium rates into account.
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curve, we estimate macro-trends and the term structure model in one coherent framework.
This allows us to exploit cross-sectional information in yields when estimating r∗. By
contrast, Bauer and Rudebusch (2019) use off-the-shelf or model-independent estimates
of r∗ and π∗ to detrend yields before estimating an arbitrage-free dynamic Nelson-Siegel
(AFNS) term structure model. This approach is disadvantageous because macroeconomic
trends and yield curve dynamics are estimated independently of each other. Accordingly,
important information in the cross-section of yields for estimating r∗ is lost and joint
statistical inference on natural rate uncertainty and term premia estimates is not possible.

Ultimately, our modeling framework gives rise to a specification for the natural yield
curve. While we are not the first to model a natural yield curve, we are − to the best of our
knowledge − the first to estimate both the semi-structural macro and the term structure
model jointly. We thus contribute to the literature by simultaneously estimating macroe-
conomic trends and yield curve dynamics. For instance, Brzoza-Brzezina and Kotłowski
(2014); Imakubo et al. (2018); Kopp and Williams (2018); Dufrénot et al. (2019) all follow
a multi-step approach in which yield curve factors are treated as observables. Moreover,
Brzoza-Brzezina and Kotłowski (2014); Imakubo et al. (2018) and Dufrénot et al. (2019)
do not look at term premia. The paper most closely related to our work is Kopp and
Williams (2018), yet their approach differs in several dimensions. Firstly, the authors
choose a model specification in which they replace output and its gap measure with un-
employment. Consequently, the real rate trend is not linked to potential output growth,
as in Laubach and Williams (2003), but instead follows a simple I(1) process. Thirdly,
crucial macroeconomic trends, such as the natural rate of unemployment and core infla-
tion, are treated as observables instead of extracting them from the data. Finally, we also
present estimation results for the euro area.

In Section 4.2, we show how to incorporate a dynamic Nelson-Siegel (DNS) term struc-
ture model into the semi-structural macro-model of the natural rate of interest. Specifi-
cally, Section 4.2.1 presents a version of the unobserved components model by Laubach and
Williams (2003) allowing for an endogenous drift in core inflation. Further, Section 4.2.2
shows how to incorporate resulting low-frequency estimates of real rates and inflation into
the frequently used DNS model. This baseline model is further extended in Section 4.2.3
to include survey measures.

To be able to estimate both components of the modeling approach jointly, we employ
a Bayesian estimation approach. Section 4.3 provides details on the data, as well as on
the sampler, priors, and posterior densities, and compares parameter estimates of the
semi-structural macro-model with those obtained in Holston et al. (2017).
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Our main finding is that the decline in yields observed in both the US and the EA,
appears more due to a fall in equilibrium interest rates and less to a decline in term premia
than typically reported. In Section 4.4, we document a secular decline in the natural
nominal interest rate, denoted i∗t , for both the US and EA, that drives the observed decline
in yields. As a consequence, term premia are no longer left to account for this decline, as
typically reported (Kim and Wright, 2005; Adrian et al., 2013; Holston et al., 2017): they
become stationary and exhibit the cyclical dynamics over the business cycle predicted by
theory. In this context, we also show that our model-based output gap estimates line up
well with institutional numbers.

Closing the model by Laubach and Williams (2016) by term-structure equations helps
to ensure that the interest rate gap r̃t ≡ rt − r∗t – for which there is no equation in
Laubach and Williams (2003) − is a stationary variable. As a consequence, we find that
r∗ moves much more closely in line with the model-specific real interest rate than the
ones reported by Laubach and Williams (2016). Our r∗ estimates are therefore close to
zero during the early 1970s and in the wake of the global financial crisis, implying an
expected interest rate path that quite recently has diverged from consensus estimates. We
therefore also incorporate survey information in estimating the model for the US and the
euro area−which can contribute to lift equilibrium rate estimates in recent years by a
margin.

In concluding (Section 4.5), we discuss implications for yield curve modeling and policy.
Importantly, we validate evidence of a decline in the natural rate of interest and show that
the trend in core inflation measures reflect Great Inflation and its conquest to the current
environment of low and stable inflation. Both these trends have as a consequence a higher
risk of monetary policy becoming constrained by the effective lower bound. As for term
premia estimates, we show that taking into account the secular fall in the natural rate
of interest, the decline in yields is more due to a fall in equilibrium rates and less to a
decline in term premia as recorded when using term structure models with a constant
steady state.

4.2 The Model

In this section, we present the main building blocks of our semi-structural dynamic
term structure model. While the semi-structural model for the macro economy in Sec-
tion 4.2.1 builds to a large extent on the Laubach and Williams (2003) model, we use a
Dynamic Nelson-Siegel model following Diebold and Li (2006) to model the term structure
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of interest rates described in Section 4.2.2. Finally, in Section 4.2.3, we extend the model
to incorporate survey information to inform the stochastic end point in long-term yields
too. All model components and latent factors are estimated jointly.

4.2.1 A semi-structural macro model

The approach by Laubach and Williams (2003) originates from the unobserved com-
ponents model by Clark (1987), decomposing macro-economic variables into random-walk
trends and stationary cycles. This approach stipulates that the real rate cycle, the output
gap and inflation interact through backward-looking IS and Philips curves. Let the IS
curve be given by

x̃t = a1x̃t−1 + a2x̃t−2 + a3

2
(
r̃t−1 + r̃t−2

)
+ εx̃t , (4.1)

where x̃t denotes the output gap, defined as x̃t = xt − x∗t , with x∗t being the log potential
output and r̃t = rt − r∗t denoting the real rate gap. Potential output x∗t satisfies

x∗t = x∗t−1 + gt−1 + εx
∗

t , (4.2)

with gt reflecting the trend growth of potential output. The real natural rate r∗t is the
sum of potential growth and a “catch-all” non-growth component, denoted zt, i.e.

r∗t = 4gt + zt, (4.3)

with both gt and zt following a random walk

gt = gt−1 + εgt , and zt = zt−1 + εzt . (4.4)

zt constitutes a non-growth component capturing effects such as saving-investment imbal-
ances arising from longer retirement periods (see Brand et al., 2018), as well as increased
demand for safe assets, usually measured by an increase in the convenience yield (Del Ne-
gro et al., 2017, 2019), or other financial frictions. While Laubach and Williams (2003)
use a trailing average of inflation to approximate inflation expectations and construct ex
ante real rates, we define the ex ante real rate rt as

rt = it − Etπt+1, (4.5)
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where it denotes the nominal short-term interest rate. Inflation expectation Etπt+1 are
formed model-consistent.4 Our second main equation, the Philips curve, is given by

π̃t = b1π̃t−1 + b2x̃t−1 + επt , (4.6)

where π̃t = πt − π∗t , represents the inflation gap, i.e. the difference of inflation from its
trend. The latter is also assumed to follow a random walk

π∗t = π∗t−1 + επ
∗

t . (4.7)

Hence the real rate gap r̃t affects the high-frequency component of inflation π̃t around its
low-frequency trend π∗. Although Laubach and Williams (2003) impose a unit root on
inflation, they eschew an explicit expression for the stochastic trend in inflation; yet r∗

estimates need to be interpreted in relation to the level and direction of this trend π∗.
Overall, this semi-structural model is a rather restrictive approach to identifying a

Phillips curve or an IS curve. All latent factor shocks are strictly orthogonal: apart
from direct inflation shocks, all cyclical movements in inflation come from demand-side
movements in the output gap, such that there is no room for supply-side effects on potential
output y∗t to act on the cyclical component and affect inflation (see the discussion in
Brand and Mazelis, 2019). In addition, shocks in both curves are homoscedastic. As a
consequence, this framework appears too restrictive to identify Phillips and IS curves when
using data that are largely characterized by inflation movements being mainly driven by
oil-price shocks triggering recessions. We see this shortcoming as the root cause of the
feature that the very weak loading coefficients of the real rate gap and the output gap in
these equations as typically reported in the literature give rise to a staggering degree of
r∗ filtering uncertainty as highlighted in Fiorentini et al. (2018). Overcoming this feature
would require a richer setting that allows for a better identification of shocks and for the
variance of latent factors shocks to be time varying. For the time being, we leave these
extensions to be pursued in separate research.

4.2.2 The Dynamic Nelson Siegel model

We close the semi-structural model by Laubach and Williams (2003) using a dynamic
Nelson-Siegel (DNS) model for the term structure of interest rates, as originating from
Diebold and Li (2006) and thereby allow macroeconomic trends to influence the yields.

4 For more details, see Appendix 4.A.
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The continuously-compounded nominal yield yt(τ) on a risk-free zero-coupon bond with
maturity τ is approximated by the parsimonious three-factor exponential model of Siegel
and Nelson (1988). These factors are level Lt, slope St and curvature Ct:

yt(τ) = Lt + θs(τ)St + θc(τ)Ct + ετt , (4.8)

where θs(τ) = 1−exp(−λτ)
λτ

and θc(τ) = 1−exp(−λτ)
λτ

−exp(−λτ).5 The parameter λ governs the
exponential decay rate and thus also where the curvature achieves its maximum. We use
the 3-month rate of the DNS model as short-term rate in the macro-model, i.e. it ≡ yt(1).

We postulate a natural yield curve of the form

y∗t (τ) = L∗t + θs(τ)S∗t + θc(τ)C∗t , (4.9)

where we assume slope and curvature of the natural yield curve to be constant, i.e. S∗t = S̄

and C∗t = C̄. Accordingly, for τ = 1, we have that the nominal natural short rate i∗t
satisfies

y∗t (1) ≡ i∗t = L∗t + θs(1)S̄ + θc(1)C̄. (4.10)

Together with the long-run Fisher equation i∗t = π∗t + r∗t , this implies that L∗t is given by

L∗t = r∗t + π∗t − θs(1)S̄ − θc(1)C̄. (4.11)

Rewriting (4.8), we have

yt(τ) = L̃t + r∗t + π∗t − θs(1)S̄ − θc(1)C̄︸ ︷︷ ︸
≡L∗

t

+θs(τ)St + θc(τ)Ct + ετt , (4.12)

where L̃t captures deviations of the level factor from its natural level, which are assumed
to follow a stationary AR(1) such that

L̃t = aLL̃t−1 + εlct ,

with |aL| < 1. Finally, slope St and curvature Ct are assumed to follow a bivariate VAR

5 In the estimation, we set ε1t = 0,∀t.
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that includes the inflation and output gap.6

St = a10 + a11St−1 + a12Ct−1 + a13π̃t−1 + a14x̃t−1 + εSt ,

Ct = a20 + a21St−1 + a22Ct−1 + a23π̃t−1 + a24x̃t−1 + εCt .

This approach is very similar in spirit to Bauer and Rudebusch (2019), yet yields a joint
estimation of term-structure factors and low-frequency trends in real rates and inflation
from both yields and macroeconomic developments, as opposed to subtracting indepen-
dently estimated measures of r∗ and survey data on π∗ from yields across maturities before
estimating a DNS model.

Finally, the state-space form of the model is presented in Appendix 4.A.

4.2.3 Model extension using survey data

Closing the semi-structural macro-model with a short-term rate equation ensures that
the real rate gap r̃t = rt−r∗t is stationary and that real equilibrium yields across maturities
track real interest rates quite closely. During specific periods, this feature can give rise to
rather persistent deviations of equilibrium yields from long-run survey expectations of the
long-term yield. To attenuate this effect, we also work with a model version incorporating
long-run Consensus expectations of the 10-year yield, denoted Etyt(40), to inform the
estimation of the natural level factor L∗t . This approach is motivated by the level factor
in the DNS framework being a proxy for the long-term rate, i.e. for τ →∞. Therefore, as
t→∞, yields with longer maturities will converge to the equilibrium level factor L∗t given
in Equation (4.11). Accordingly, the model version featuring survey-expectations includes
an additional observation equation of the form

Etyt(40) = L∗t + εet = i∗t − θs(1)S̄ − θc(1)C̄ + εet , (4.13)

where εet denotes the measurement error associated with the survey expectations.

4.3 Estimation

We estimate the resulting state space model using Bayesian techniques. We use largely
uninformative priors, but their choice rules out the “pile-up” problem (Stock and Watson,
6 There is an exhaustive literature that links factors with macro variables (see e.g. Diebold et al., 2006;
Dewachter et al., 2014).
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1998) emerging from estimating this model simultaneously using Maximum Likelihood,
with the likelihood function peaking at zero for at least one of the variances of the latent
factor shocks. A Bayesian approach allows simultaneous estimation of all model param-
eters and thereby eschews the usual multi-step Maximum-Likelihood approach by Stock
and Watson (1998)−a method that can become increasingly unwieldy as more equations
are added.

As common in Bayesian estimation of unobserved components models (Carter and
Kohn, 1994), we use conjugate priors, the Gibbs sampler and the Durbin and Koopman
(2002) simulation smoother with 100,000 draws (of which 95,000 are burn-in draws) to
jointly estimate potential output growth, output gaps, core inflation, real equilibrium
interest rates, and term premia for the US and the euro area. The Kalman filter is
initialized using the HP-Filter for trends and OLS regressions for the parameters. Finally,
we calibrate λ, i.e. the parameter governing the maturity at which curvature is maximized,
by estimating a yields-only DNS model using the Kalman filter for maximum likelihood.

Including survey data creates two econometric challenges. First, the sample of survey
data is shorter than the original data sample in case of the US, with survey data starting
only in 1989Q3. Second, for both the US and the euro area, survey data is initially
only available biannually. For this reason, we adapt the Durbin and Koopman simulation
smoother to allow for mixed frequencies and treat missing values as unobserved variables.

4.3.1 Prior specification

We use conjugate priors for all model parameters and variances, i.e. prior distributions
are either normal inverse gamma or normal inverse Wishart. All priors are uninformative
with the exception of the variance of potential growth σ2

g . Here, we choose shape and scale
parameters of the inverse gamma distribution such that the mean equals to 0.0015, which
implies that, a priori, the expected change in the potential output growth over one century
only equals 0.6%. Also, for the variance of the core inflation σ2

π∗ , we choose somewhat
conservative shape and scale parameters, such that the a priori mean and variance of the
disturbance term equals 1

7 and 1
180 , respectively.

We use rejection sampling to ensure correct signs of the loadings of the real rate gap
and the output gap in the IS curve and the Phillips curve, to ensure local stability of
individual equations and global stability of the system.

Table 4.1 summarizes the priors of the main structural parameters, followed by their
posterior mean, median as well 5% and 95% credibility bands for each jurisdiction. Finally,
we also compare our parameter estimates to those obtained by Holston et al. (2017).
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Table 4.1: Prior and posterior densities of parameter estimates

Prior US posterior EA posterior
Distr. Param. 1 Param. 2 Mean Median 5% 95% HLW Mean Median 5% 95% HLW

a1 N 1.5 0.5 1.54 1.54 1.42 1.65 1.53 1.58 1.58 1.46 1.69 1.67
a2 N -0.60 0.5 -0.62 -0.62 -0.72 -0.50 -0.59 -0.64 -0.65 -0.76 -0.53 -0.73
a3
2 N -0.1 0.05 -0.01 -0.01 -0.03 -0.00 -0.07 -0.02 -0.01 -0.04 -0.00 -0.04
b1 N 0.9 1 0.85 0.85 0.76 0.93 0.67 0.6 0.61 0.42 0.78 0.71
b2 N 0.15 0.1 0.15 0.15 0.09 0.22 0.08 0.17 0.17 0.08 0.27 0.07
aL N 0.75 1 0.66 0.68 0.23 0.97 0.88 0.89 0.72 0.99
σLc Γ−1 4 2 0.42 0.42 0.33 0.51 0.30 0.30 0.25 0.36
σS W−1 10 10 · I2 0.90 0.90 0.81 1.01 0.50 0.50 0.44 0.58
σC W−1 10 10 · I2 2.13 2.13 1.95 2.35 0.94 0.94 0.80 1.10
σπ∗ Γ−1 8 1 0.29 0.29 0.25 0.35 0.21 0.21 0.16 0.26
σx∗ Γ−1 4 2 0.56 0.56 0.47 0.64 0.33 0.33 0.33 0.27 0.41 0.4
σg Γ−1 14 0.02 0.04 0.04 0.03 0.05 0.001 0.03 0.03 0.03 0.04 0.05
σz Γ−1 4 2 0.39 0.39 0.32 0.48 0.023 0.32 0.31 0.26 0.38 0.33
σπ̃ Γ−1 4 2 0.38 0.38 0.33 0.44 0.62 0.33 0.32 0.27 0.38 1
σx̃ Γ−1 4 2 0.43 0.42 0.35 0.52 0.13 0.38 0.37 0.31 0.44 0.29

Note: The table shows prior and posterior moments of the structural model parameters, based on 100,000
iterations of the Gibbs sampler of which we discarded the first 95,000 draws. The first (second) prior
parameter equals the mean (variance) of the distribution, in case of the Normal distribution N , while it
represents the shape (scale) in case of the inverse gamma Γ−1 or inverse Wishart W−1 distribution. HLW
refers to the published estimates from Holston et al. (2017).

4.3.2 Data

For the US, we use zero coupon yield data constructed by Gürkaynak et al. (2007).
The data is based on fitted Nelson-Siegel-Svenson curves, the parameters of which are
published along with the estimated zero coupon curve. We use these parameters to back
out the cross section of yields for maturities 1,2,...,8 and 12,16,...,40 quarters. Hence, we
include 16 yields.7 Both macro series are taken from FRED with mnemonics in parenthesis.
We take the log of quarterly real GDP (#GDPC1) and compute annual inflation from the
PCE index (#PCECTPI). Both series are seasonally adjusted. The data sample spans
from 1961Q2 until 2018Q1. For the model extension with survey-data, we use the 6-10
year interest rate expectations from Consensus, starting in 1989Q2.

For the euro area, we use OIS rates for maturities of 1,2,4,8,...40 quarters (totaling
13 yields) from 1995Q1 until 2018Q3. Quarterly real GDP and HICP inflation are taken
from the ECB. For interest rate expectations, we use the Consensus 6-10 year interest
rate expectations of the long-term economic forecasts, which is available over the whole
sample.

7 Data is available on https://www.federalreserve.gov/pubs/feds/2006/200628/200628abs.html. We also
include yields on the short end from Gürkaynak et al. despite its drawbacks due to the fact that Federal
Reserve’s H.15 data is only available after 1982.
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4.4 Results

Table 4.1 above compares posterior means of parameter estimates from the macro-block
of the model with those published by Holston et al. (2017). These estimates are broadly
consistent. The loading coefficients of the real rate gap in the IS equation and of the
output gap in the Phillips curve are as low as previously published estimates, thereby likely
causing large filtering uncertainty around r∗ estimates (Fiorentini et al., 2018, illustrate
that once these loading coefficients fall below 0.1 in absolute terms, filtering uncertainty
rises dramatically). The variance of innovations to the Phillips curve is estimated to
be smaller, likely reflecting our explicit decomposition of inflation dynamics into a low-
frequency stochastic trend and a stationary component. The variance of shocks to the
non-growth component z is estimated to be much higher (in case of the US). We think
that closing the model makes r∗ track the real rate of interest more closely during the
Great Inflation period and accordingly the non-growth component needs to capture a
larger share of the persistent wedge between potential growth and the trend in real rates.

To anticipate the results, we estimate r∗t to be around 0% at the end of sample for the
US−and negative in the EA. Including survey expectations can increase these estimates
by around three quarters of a percentage point.

In comparison to the benchmark Laubach and Williams, we find that exploiting cross-
sectional information in yields and closing the original macro-model with a short-term rate
equation can increase the precision of natural rate estimates. In particular, for the euro
area the average width of the 5-95% credibility bands is dramatically reduced from 9.2
percentage points to 3.5 percentage points (ppts), despite using a much shorter estimation
sample (i.e. 1995Q2 - 2018Q3, instead of 1972Q3-2018Q1, for the estimation without
yields). When we include survey information, this effect is even stronger, reducing the
average size of 5-95 ppts credibility band further to around 3.3 ppts. For the US, however,
the result is more ambiguous. We find the width of the average credibility band to actually
increase slightly to around 4 ppts, while additionally including surveys shrinks them by
0.25 ppts to 2.95 ppts, suggesting that for the US, the inclusion of survey data is crucial
if it comes to the gain in precision of the estimation.

Finally, we find that for both jurisdictions, taking into account secular macroeconomic
trends, the observed decline in yields appears more due to a fall in equilibrium interest
rates i∗t and less to a decline in term premia than typically reported.
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4.4. Results

4.4.1 United States

For the United States, Figure 4.2 and Figure 4.3 display latent factor estimates of
the macroeconomic trends and cycles. Figure 4.2 illustrates the trends in inflation π∗t ,
potential output x∗t as well as the nominal and real natural rate i∗t and r∗t , respectively.

As argued earlier on closing the standard Laubach and Williams model with an equa-
tion for the short-term rate, the estimate of the natural rate r∗t follows the real rate process
much closer than in the benchmark Laubach and Williams model. This can be seen in the
lower right panel of Figure 4.2. Moreover, our results suggest that potential trend growth
fell over the sample from 1.1% to around 0.4% in 2010 and stayed low ever since. Figures
4.3 and 4.4 plot the latent macro variables and the DNS yield curve factors, respectively,
together with their 5-95% credibility bands. As expected on the basis of the discussion of
the root causes of filtering uncertainty in Fiorentini et al. (2018), the zt component (lower
left panel in Figure 4.3) of the natural rate is the least precisely estimated−exhibiting
confidence bands of several percentage points. Conversely, the yield curve factors are es-
timated with a remarkable degree of statistical precision, suggesting that especially the
trend level factor L∗t helps in the identification of the natural nominal rate, i∗t (see Fig-
ure 4.4).

Further, the lower middle and right panels in Figure 4.3 present inflation and output
gap estimates together with NBER recessions. The cycles in these estimates match official
recession dates rather well. Appendix 4.B also illustrates broad consistency in our model-
based output gap estimates with those from several institutions.

Exploiting cross-sectional information in yields and closing the original macro-model
with a short-rate equation can lead to a modest increase the precision of natural rate
estimates, at least when also survey data is included, with the average width of the 5-
95% credibility band declining by -0.25 ppts to 2.95 ppts in comparison to the benchmark
Laubach and Williams model.

The inclusion of surveys on long-run interest rate expectations (starting in 1989Q2)
has little impact on r∗t estimates before the financial crisis. But subsequently, we observe
a persistent deviation in the two measures, with our r∗t end-of-sample estimates standing
at 0.8% in case survey information is employed, while it is as low as 0.0% otherwise.

Finally, Figure 4.6 displays decompositions of the 2 and 10 year yields into the expec-
tations component and the term premium.8 As expected by theory, term premia move in
a cyclical fashion by increasing in recessions and subsequently falling during recoveries.

8 Term premia are calculated as the difference of forward rates from model-consistent predictions of the
short-term rate at corresponding maturity horizons.
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Figure 4.2: US macroeconomic observables and trends

Note: The figure shows the estimated trends (in blue) and the observed macro-variables (in red). Black
dots represent maturity-adjusted consensus expectations.

Most importantly, Figure 4.6 illustrates that term premia are de facto stationary and do
not feature any secular downward trend as typically reported in the literature (see, among
others, Kim and Wright, 2005; Adrian et al., 2013). This is evident from comparing our
term premia estimates with several estimates from the models featuring stationary steady
states in risk-free yields (see Figure 4.7). While the cyclical movements in the estimates
still coincide to a large extent, the 2-year term premium appears to be more volatile, in line
with a larger volatility of interest rates at the shorter end in general. The term premium
for the 10-year rate is substantially less volatile and does not show a prolonged downward
trend since the 1980s.

4.4.2 Euro area

For the euro area, macroeconomic observables and their trends are shown in Figure 4.8.
Similar as for the US, the r∗t estimate closely tracks a proxy for the real rate, as can be seen
in the lower right panel of Figure 4.8. The macroeconomic states of the estimated model
for the euro area are illustrated in Figure 4.9. Uncertainty around these states appears
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4.4. Results

Figure 4.3: US latent macro variables

Note: The figure shows the estimated latent states of the model in blue together with their 5% and 95%
credibility bands in red-dashed. Shaded areas represent NBER recessions.

Figure 4.4: US yield curve factors

Note: The figure shows the yield curve factors in blue with respective 5% and 95% credibility bands in
red. For comparison, standard DNS model factors estimated using a Kalman filter are shown in black.

somewhat higher than for the US, yet given the significantly shorter estimation sample,
this comes at no surprise. The results suggest that potential trend growth has fallen from
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Figure 4.5: US natural rate estimates

Note: The figure shows the natural rate estimate in black with 5% and 95% confidence bands depicted
by the blue-shaded area. The red line depicts our r∗t estimate when including surveys. For comparison,
the Laubach and Williams (2003) estimate is in blue with 5% and 95% credibility bands given by the
light-blue-shaded area.

Figure 4.6: Decomposition of US yields

Note: The figure shows the decomposition of the 2y (left) and 10y (right) yields in blue into expectation
component (red) and the term premium (yellow). Own calculations. NBER recessions in gray.
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4.4. Results

Figure 4.7: Comparing US term premia

Note: The figure compares our term premia estimates, denoted DNS∗ and DNS∗surv, for the 2y (left)
and 10y (right) bonds in black, or black-dashed when including surveys, with those from Kim and
Wright (2005) in blue (taken from FRED) and those from Adrian et al. (2013) in red and a standard
DNS model in green (both own calculations).

around 0.6% in the mid 1990s to ca 0.2% in 2010, from which it slightly recovered during
the last decade to 0.3%. Both the inflation and output gap show a consistent cyclical
pattern and align well with the official OECD recession dates.

Similar as for the US, the yield curve factors are very precisely estimated, although,
unsurprisingly, the level factor is associated with slightly larger uncertainty due to its I(1)
nature. Nonetheless, if we compare our median estimates with those from a Maximum
likelihood estimation of a standard yields-only DNS model (the black lines in Figures 4.4
and 4.10), we can see that the model is able to identify all three factors.

Term-structure estimates of r∗ exhibit a trend that is broadly comparable to those
from the benchmark Laubach and Williams model. As a result of our estimates following
the real rate process more closely r∗t is estimated to have fallen from around 4% in the mid
1990s into negative territory recently. Similar to the US, we again observe a widening gap
between these estimates and those that include survey information starting around 2005.
Including survey measures, r∗t at the sample end in 2018Q3 is estimated to be somewhat
less negative (around −1%).

Incorporating cross-sectional information of yields reduces uncertainty of r∗ estimates
by dramatic proportions. While the average width of credibility bands under the bench-
mark Laubach and Williams model is a staggering 12.6%, the average width falls to merely
3.5% in our model. This may be surprising, given that the estimation sample of the latter
model is substantially smaller, covering only 1995Q2-2018Q3 instead of 1972Q3-2018Q1.
To be sure, the differences in r∗ uncertainty are not exclusively due to the inclusion of
cross-section information in yields. They also reflect the impact of changes in parameter
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Figure 4.8: EA macroeconomic observables and trends

Note: The figure shows the estimated trends (in blue) and the observed macro-variables (in red). Black
dots represent maturity-adjusted consensus expectations.

estimates, in particular in the cyclical interaction of the macro-economic gap measures. As
we estimate the IS and the Phillips curve to be measurably steeper for the euro area than
in Holston et al. (2017) model- or parameter-specific filtering uncertainty will be smaller.

Figure (4.13) illustrates the impact of accounting for secular macroeconomic trends on
term premia estimates for the euro area relative to commonly used approaches. These
estimates exhibit stronger business-cycle characteristics than those obtained from term
structure models featuring a stationary steady state for risk-free yields. Our term premium
estimates appear more volatile (especially at the short-end, illustrated here using the 2
year rate in the left panel of Figure 4.13); they do not show the secular trends exhibited
by term premia estimates from Geiger and Schupp (2018), the yields-only DNS model,
or Adrian et al. (2013), but share similar cyclical dynamics (especially with those from
Adrian et al.).
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4.4. Results

Figure 4.9: EA latent macro variables

Note: The figure shows the estimated latent states of the model in blue together with their 5% and 95%
credibility bands in red. Shaded areas represent CEPR recessions.

Figure 4.10: EA yield curve factors

Note: The figure shows the yield curve factors in blue with respective 5% and 95% credibility bands in
red. For comparison, standard DNS model factors estimated using a Kalman filter are shown in black.
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Figure 4.11: EA natural rate estimates

Note: The figure shows the natural rate estimate in black with 5% and 95% credibility bands depicted
by the blue-shaded area. The red-dashed line is our r∗t estimate when including surveys. For
comparison, the Laubach and Williams (2003) estimate is in blue with 5% and 95% credibility bands
given by the light-blue-shaded area. Our estimates are based on the sample 1995Q2-2018Q3, while
Holston et al. (2017) are based on 1972Q3-2018Q1.

Figure 4.12: Decomposition of EA yields

Note: The figure shows the decomposition of the 2-year (left) and 10-year (right) yields in blue into
expectation component (red) and the term premium (yellow). Own calculations. OECD recessions in
gray.

4.5 Conclusion

We have illustrated implications for bond pricing and decomposing yields into interest
rate expectations and term premia when taking into account widely documented evidence
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Figure 4.13: Comparing EA term premia

Note: The figure compares our term premia estimates, denoted DNS∗ and DNS∗surv, for the 2-year and
10-year bonds in black, or black-dashed when including surveys, with those from Geiger and Schupp
(2018) in blue (provided by the authors) and estimates from Adrian et al. (2013) in red and a standard
DNS model in green (both own estimates).

of a decline in the natural rate of interest. Importantly, we validate evidence of decline in
natural rate of interest and show that the trend in core inflation measures reflect Great
Inflation and its conquest to the current environment of low and stable inflation. As also
estimates of underlying inflation having remained low, this “low-stars-environment” will
imply a higher risk of monetary policy becoming constrained by the effective lower bound.
Consistent with Bauer and Rudebusch (2019) we find that, taking into account the secular
fall in equilibrium rates, term premia exhibit cyclical behaviour over the business cycle,
rather than the trend decline reported when using term structure models with a constant
steady state.

We use a Bayesian approach to estimate the term-structure and the macroeconomic
modeling components simultaneously and illustrate that exploiting cross-sectional infor-
mation in yields and closing the original macro-model with a short-rate equation can
increase the precision of natural rate estimates.

Although our approach does not explicitly take the effective lower bound constraint
into account, we argue that the effects on our term premium estimates are confined. First,
for the euro area, the ELB constraint is less of an issue as policy rates have been negative.
Second, we found the dynamics of the term premia to remain robust when re-estimating
the model using only maturities of 2 to 10 years, following suggestions by Swanson and
Williams (2014) that yields with maturities of above 2 years were actually not constrained
by the ELB. A more rigorous treatment of the ELB constraint in a nonlinear estimation
is outside of the scope of this chapter and left for future research.
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Appendix 4.A The state space model

4.A.1 The baseline model without surveys

The observation equations are given by:

yt(τ) =L̃t + L∗t + θs(τ)St + θc(τ)Ct + ετt ,

xt =x∗t + x̃t,

πt =π∗t + π̃t,

where θs(τ) and θc(τ) are defined in the main text and L∗t = r∗t + πt ∗ −θs(1)S̄ − θc(1)C̄.
Also we set ε1t = 0,∀t.

The state equations are given by:

L̃t = a0L̃t−1 + εlct ,

St = a10 + a11St−1 + a12Ct−1 + a13π̃t−1 + a14x̃t−1 + εSt ,

Ct = a20 + a21St−1 + a22Ct−1 + a23π̃t−1 + a24x̃t−1 + εCt ,

π∗t = π∗t−1 + επ
∗

t ,

x∗t = x∗t−1 + gt−1 + εx
∗

t

gt = gt−1 + εgt ,

zt = zt−1 + εzt ,

π̃t = b1π̃t−1 + b2x̃t−1 + επt

x̃t = a1x̃t−1 + a2x̃t−2 + a3

2
(
r̃t−1 + r̃t−2

)
+ εx̃t .

Given that both the inflation π̃t and output gap ỹt are mean-zero by construction, we
have S̄

C̄

 =
(

I2 −

a11 a12

a21 a22

)−1
a10

a20

 .
In order to calculate the real rate, rt = it − Etπt+1, we assume expectations to be

model-consistent. Taking conditional expectations of (4.6) gives

Etπt+1 = Et[π∗t+1 + π̃t+1] = π∗t + b1π̃t + b2x̃t.
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Substituting yields

rt ≡ it − Etπt+1 = yt(1)− π∗t − b1π̃t − b2x̃t,

and, accordingly, the real rate gap is given by

r̃t =rt − r∗t ,

=yt(1)− π∗t − b1π̃t − b2x̃t − r∗t ,

=r∗t + π∗t + Lct + θs(1)[St − S̄] + θc(1)[Ct − C̄]− π∗t − b1π̃t − b2x̃t − r∗t ,

=L̃t + θs(1)[St − S̄] + θc(1)[Ct − C̄]− b1π̃t − b2x̃t.

Finally, substituting the latter equation into the IS curve, we have

x̃t =a1x̃t−1 + a2x̃t−2 + a3

2
(
r̃t−1 + r̃t−2

)
+ εx̃t ,

=a1x̃t−1 + a2x̃t−2 + a3

2
(
L̃t−1 + θs(1)[St−1 − S̄] + θc(1)[Ct−1 − C̄]− b1π̃t−1 − b2x̃t−1

)
+ a3

2
(
L̃t−2 + θs(1)[St−2 − S̄] + θc(1)[Ct−2 − C̄]− b1π̃t−2 − b2x̃t−2

)
+ εx̃t

=
(
a1 −

a3b2

2
)
x̃t−1 +

(
a1 −

a3b2

2
)
x̃t−2

+ a3

2
(
L̃t−1 + θs(1)[St−1 − S̄] + θc(1)[Ct−1 − C̄]− b1π̃t−1

)
+ a3

2
(
L̃t−2 + θs(1)[St−2 − S̄] + θc(1)[Ct−2 − C̄]− b1π̃t−2

)
+ εx̃t .

In state space representation, the model can be written as

ζt = γ + Cξt +Dut (4.14)

ξt = µ+ Aξt−1 +Bet , (4.15)

where
ζt =

(
yt(τ) . . . yt(τ̄) xt πt

)′
,

and

ξt =
(
Lct St Ct π∗t x∗t gt zt π̃t x̃t Lct−1 St−1 Ct−1 π̃t−1 x̃t−1

)′
.
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The corresponding matrices of the state space model are

C =



1 1−exp(−λ)
λ

1−exp(−λ)
λ

− exp(−λ) 1 0 4 1
... ... ... ... ... ... ... 0|τ |×7

1 1−exp(−λτ̄)
λτ̄

1−exp(−λτ̄)
λτ̄

− exp(−λτ̄) 1 0 4 1
0 0 0 0 1 0 0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 1 0 0 0 0 0 0


and

A =



aL 0 0 0 0 0 0 0 0
0 a11 a12 0 0 0 0 a13 a14 03×5

0 a21 a22 0 0 0 0 a23 a24

1 0 0 0
04×3 0 1 1 0 04×7

0 0 1 0
0 0 0 1

0 0 0 0 0 0 0 b1 b2 0 0 0 0 0
a3
2

a3
2 θs

a3
2 θc 0 0 0 0 −a3b1

2 a1 − a3b2
2

a3
2

a3
2 θs

a3
2 θc −

a3b1
2 a2 − a3b2

2

I3×3 03×6

05×5

02×7 I2×2



.

The matrices B and D are assumed to be diagonal with standard deviations of state and
measurement innovations on their diagonal. Lastly, the column vectors for the constants
γ and µ, are given by

γ =
(
−θs(1)S̄ − θc(1)C̄ . . . −θs(1)S̄ − θc(1)C̄ 0 0

)′
,

and

µ =
(
0 a10 a20 0 0 0 0 0 −a3[θs(1)S̄ + θc(1)C̄] 0 0 0 0 0

)′
,

respectively.
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4.A.2 Model extension using survey data

The model featuring survey-expectations needs to be expanded. We incorporate long-
term Consensus expectations of the average short rate 6-10 years in the future, denoted
yt(40)e, to inform estimation of L∗t . For large maturities and long-time horizons yields will
converge to an equilibrium L∗t = it ∗ −θS(1)S̄ − θC(1)C̄.

Accordingly, the vector of observables changes to

ζt =
(
yt(τ) . . . yt(τ̄) xt πt yet (40)

)′
,

with the intercept in the observation equation becoming

γ =
(
−θs(1)S̄ − θc(1)C̄ . . . −θs(1)S̄ − θc(1)C̄ 0 0 −θs(1)S̄ − θc(1)C̄

)′
,

and the matrix that maps states into observables

C =



1 1−exp(−λ)
λ

1−exp(−λ)
λ

− exp(−λ) 1 0 4 1
... ... ... ... ... ... ... 0|τ |×7

1 1−exp(−λτ̄)
λτ̄

1−exp(−λτ̄)
λτ̄

− exp(−λτ̄) 1 0 4 1
0 0 0 0 1 0 0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 1 0 0 0 0 0 0
1 0 0 1 0 4 0 1 0 0 0 0 0 0


.

Finally, the state vector ξt and the transition equation remain unchanged.

Appendix 4.B Additional figures

4.B.1 Comparison with institutional output gap estimates

Figures 4.14 and 4.15 plot model-specific output gaps against those from several in-
stitutions. Generally, the model-specific estimates co-move with institutional ones and,
by and large, there is a high degree of consistency in the timing of business cycle turning
points. While our model-based estimate for the US lies mostly between the estimates from
the IMF and CBO, there is a stark difference in the aftermath of the Great Financial crisis
(2008-09), where slack is more swiftly absorbed in our model-based estimate than in the
official estimates. For the euro area, our output gap estimate appears to lie above those
estimated by the IMF or the European Commission from around 2004 onwards.
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Figure 4.14: Output gaps in the US: Comparison to official estimates

Note: The figure shows institutional output gap measures for the US from the Congressional Budget
Office (CBO) and the IMF against our model-based estimates. NBER recessions in gray.

Figure 4.15: Output gaps in the EA: Comparison to official estimates

Note: The figure shows institutional output gap measures for the euro area from the European
Commission (EC) and the IMF against our model-based estimates. OECD recessions in gray.



Summary

This thesis aims to identify and better understand four of today’s challenges to mon-
etary policy. Each chapter focuses on one particular such challenge and analyzes its
implications for monetary policy.

In Chapter 1, we document a positive co-movement between the regional dispersion in
inflation expectations and trade imbalances in the euro area. To reconcile this observation,
we propose a Dynamic Stochastic General Equilibrium model in which agents’ expecta-
tions are largely based on domestic variables, and less so on foreign variables. This infor-
mational friction gives rise to cross-country heterogeneity in expectations. We find that
if expectations are home biased, country-specific disturbances generate larger and more
prolonged macroeconomic imbalances than if expectations are rational. This result arises
from a tug-of-war between a pro-cyclical real interest rate channel and a counter-cyclical
real exchange rate channel that jointly determine the size and duration of macroeconomic
imbalances in a monetary union. The relative strength of the two channels depends, inter
alia, on how expectations are formed. The backward-looking nature of expectations as-
sumed in our model reinforces the feedback between inflation and inflation expectations,
thereby strengthening the real interest rate channel. Moreover, as expectations are home
biased, agents do not (fully) incorporate the relative change in domestic versus foreign
prices and thereby underestimate changes in the real exchange rate. Therefore, the home
bias in expectations weakens the real exchange rate channel and slows down the process of
macroeconomic realignment. Finally, we show that more aggressive monetary policy can
help to anchor inflation expectations, thereby reducing the destabilizing effects of a home
bias in expectations.

Chapter 2, studies the macroeconomic effects of central bank forward guidance when
central bank credibility is endogenous. To this extent, we develop a stylized New Keynesian
model with an occasionally binding effective lower bound constraint on nominal interest
rates and heterogeneous and boundedly rational households. The latter are assumed to
form their expectations based on simple heuristics between which they switch endoge-
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nously depending on their respective forecasting performance. While the first heuristic
incorporates central bank announcements in the expectation formation process, the sec-
ond does not, ultimately giving rise to a time-varying measure of central bank credibility.
In this model, the central bank forecasts do not take the time-variation in the distribution
of aggregate expectations into account. In this framework, we extend the central bank’s
toolkit to allow for the publication of its own forecasts (Delphic guidance) and the com-
mitment to a future path of the nominal interest rate (Odyssean guidance). We find that
both Delphic and Odyssean forward guidance increase the likelihood of recovery from a
liquidity trap. Even though Odyssean guidance alone appears more powerful in inducing
recovery, we find it to increase ex post macroeconomic volatility and thus reduce welfare.

Chapter 3 shows that−as highlighted by the euro area sovereign debt crisis−country
risk premium shocks have adverse economic effects, not only in emerging economies, but
also advanced economies. Using a Bayesian Panel Vector Autoregression model for a
panel of advanced economies, we find that increases in the risk premium lower output
under monetary union, yet not in countries with flexible exchange rates and independent
monetary policies. While risk premium shocks may not be the main driver of economic
activity in developed economies, a historical decomposition illustrates that these shocks
can hardly be neglected either. We then turn to a two-country New Keynesian model to
study the transmission mechanism of risk premium shocks and show that capital controls
can substantially attenuate their effects. In a subsequent welfare analysis, we answer the
normative question of whether imposing capital controls can be welfare enhancing across
exchange rate regimes and subject to different shocks. While all regimes benefit from
capital controls when hit by a risk premium shocks (with countries in a monetary unions
benefiting most and countries with flexible exchange rates least), the welfare implication
generally hinge on the nature of the shock and the prevailing exchange rate regime.

Finally, in Chapter 4, we incorporate a dynamic term-structure model into a small
semi-structural macro-model (as in Laubach and Williams, 2003) to jointly estimate po-
tential output growth, output gaps, core inflation, real equilibrium interest rates, and
term premia for the US and the euro area. We illustrate that exploiting cross-sectional
information in yields and closing the original macro-model with a short-rate equation in-
creases the precision of natural rate estimates. We use a Bayesian approach to estimate
all model components simultaneously. Ultimately, we find that taking into account secular
macroeconomic trends, the decline in yields observed since the 1980s appears more due
to a fall in equilibrium interest rates and less to a decline in term premia than typically
reported. Consistent with Bauer and Rudebusch (2019), we find that term premia, in fact,
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exhibit cyclical behavior over the business cycle instead of a secular trend. Looking ahead,
the protracted downward trend in our natural rate estimates indicates elevated risks of
monetary policy becoming constrained by the lower bound on nominal interest rates in
the future.
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Samenvatting

Dit proefschrift heeft als doel om vier hedendaagse uitdagingen voor monetair beleid
te identificeren en beter te begrijpen. Elk hoofdstuk richt zich op een specifieke uitdaging
en analyseert de implicaties voor monetair beleid.

In Hoofdstuk 1 laten wij zien dat er een positieve relatie is tussen, enerzijds, de inter-
nationale spreiding in inflatieverwachtingen en, anderzijds, onevenwichtigheden in de han-
delsbalansen van lidstaten binnen het eurogebied. Deze observatie, en de implicaties voor
monetair beleid, onderzoeken wij aan de hand van een zogenaamd dynamisch stochastisch
algemeen evenwichtsmodel voor een monetaire unie, waarin de verwachtingen van agenten
grotendeels zijn gebaseerd op binnenlandse variabelen en minder op buitenlandse vari-
abelen. Deze ‘home bias’ geeft aanleiding tot verschillen in verwachtingen tussen lid-
staten. Wij tonen aan dat de home bias in verwachtingen ertoe leidt dat land-specifieke
schokken grotere en persistentere handelsbalansonevenwichtigheden veroorzaken dan wan-
neer verwachtingen geen bias hebben. De omvang en duur van deze onevenwichtigheden
wordt doorgaans bepaalt door twee tegenstrijdige kanalen: een procyclisch (destabilis-
erend) reële rentekanaal en een anticyclisch (stabiliserend) reële wisselkoerskanaal. In
ons model wordt het eerste kanaal versterkt omdat verwachtingen ‘terugkijkend’ zijn,
waardoor gebeurtenissen uit het verleden een grote invloed hebben op huidige verwachtin-
gen. Tegelijkertijd wordt het laatste kanaal verzwakt door de home bias in verwachtingen
die maakt dat agenten buitenlandse prijsontwikkelingen (deels) negeren waardoor zij ook
veranderingen in de reële wisselkoers negeren. Een zwakker reële wisselkoerskanaal im-
pliceert een trager economisch herstel na een land-specifieke schok. Een centrale bank
die zich agressiever inzet op prijsstabilisatie, en daarmee inflatieverwachtingen beter ver-
ankerd, kan de destabiliserende consequenties van de home bias in verwachtingen beperken.

In Hoofdstuk 2 kijken wij naar de opties voor monetair beleid wanneer de economie in een
‘liquiditeitsval’ geraakt en verwachtingen van agenten slechts beperkt rationeel zijn. Spec-
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ifiek kijken wij naar de effectiviteit van forward guidance van de centrale bank, waarbij ex-
pliciet wordt gecommuniceerd over het toekomstige pad van de beleidsrente. Wij gebruiken
hiervoor een Nieuw Keynesiaans model waarin de (nominale) beleidsrente niet onder een
bepaalde effectieve ondergrens kan zakken en agenten verschillende verwachtingen over de
economie kunnen vormen. Verondersteld wordt dat deze verwachtingen worden gevormd
op basis van twee eenvoudige voorspelmodellen en dat agenten van model kunnen wisse-
len, afhankelijk van de voorspelprestaties van de modellen. In het eerste voorspelmodel
wordt rekening gehouden met mededelingen van de centrale bank, terwijl het tweede model
dit niet doet. Hierdoor varieert de geloofwaardigheid van de centrale bank over de tijd
heen. De centrale bank gebruikt zelf ook een voorspelmodel welke geen rekening houdt
met deze (endogene) tijdsvariatie in de verdeling van geaggregeerde verwachtingen. Wij
onderzoeken vervolgens de effecten van verschillende vormen van forward guidance. Bij
Delphic guidance deelt de centrale bank haar eigen voorspellingen met het publiek, terwijl
bij Odyssean guidance de centrale bank zich committeert aan een toekomstig pad voor
de beleidsrente. Wij tonen aan dat zowel Delphic als Odyssean forward guidance de kans
vergroten dat een economie zich uit een liquiditeitsval weet te halen. Alhoewel Odyssean
guidance tot een krachtiger herstel leidt, leidt het ook tot grotere macro-economische
volatiliteit en dus tot een vermindering van de welvaart.

Hoofdstuk 3 analyseert de effecten van een plotselinge toename in de land-specifieke risi-
copremie (i.e. het verschil tussen de rente die een land moet betalen op haar schuld en een
‘risico-vrije’ rente, zoals de rente op Duitse staatsschuld). De Europese staatsschulden-
crisis heeft aangetoond dat, naast opkomende economieën, ook geavanceerde economieën
gevoelig kunnen zijn voor zulke schokken. Met behulp van een Bayesiaanse Panel Vec-
tor Autoregressief Model voor een groep geavanceerde economieën laten wij zien dat een
risicopremieschok leidt tot een daling in de binnenlandse productie als landen lid zijn van
een monetaire unie. De risicopremieschok heeft daarentegen geen (of zelfs een positief)
effect op de binnenlandse productie als landen niet lid zijn van een monetaire unie, maar
opereren onder flexibele wisselkoersen met een onafhankelijk monetair beleid. Hoewel risi-
copremieschokken niet de belangrijkste determinanten zijn van economische activiteit in
geavanceerde economieën blijkt (op basis van een historische decompositie) dat het belang
van deze schokken niet verwaarloosd kan worden, vooral in landen die lid zijn van een
monetaire unie. Vervolgens wenden wij ons tot een Nieuw Keynesiaans model om het
transmissiekanaal van risicopremieschokken nader te bestuderen. Ook gebruiken wij het
model om te onderzoeken in hoeverre risicopremieschokken kunnen worden tegengegaan
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door een anticyclische belasting op grensoverschrijdend kapitaal (i.e. beleggingen in het
buitenland of schuld in handen van buitenlandse beleggers). Het blijkt dat een dergeli-
jke kapitaalbelasting de nadelige effecten van risicopremieschokken kan dempen en dus
welvaartsverhogend is, maar dat de omvang van de welvaartsbaten afhankelijk is van het
type monetaire regime waaronder een land opereert (monetaire unie vs. flexibele wis-
selkoersen met onafhankelijk monetair beleid). Daarnaast kunnen de welvaartseffecten
negatief zijn als de economie wordt getroffen door andere schokken, zoals productiviteits-
of vraagschokken, wat wederom afhangt van het type monetaire regime.

Ten slotte nemen wij in Hoofdstuk 4 een dynamisch termijnstructuur model op in een
klein semi-structureel macro-economisch model (zoals in Laubach and Williams, 2003) om
gezamenlijk de potentiële productie(groei), kerninflatie, natuurlijke rente (i.e. de reële
evenwichtsrente) en termijnpremie te schatten voor de VS en het eurogebied. Het ter-
mijnstructuur model beschrijft hoe rentestanden van verschillende looptijden van elkaar
verschillen. Wij illustreren dat het benutten van informatie van de hele termijnstruc-
tuur en het sluiten van het oorspronkelijke macro-economische model van Laubach and
Williams (2003) met een vergelijking voor de korte-termijn rente de nauwkeurigheid van
schattingen voor de natuurlijke rente verhoogt. Wij gebruiken een Bayesiaanse benadering
om alle modelcomponenten simultaan te schatten. Wij vinden dat, rekening houdend met
seculiere macro-economische trends, de sinds de jaren tachtig waargenomen daling van de
rendementen meer toe te schrijven is aan een daling van de evenwichtsrente en minder aan
een daling van de termijnpremies, zoals doorgaans wordt vermeld. In overeenstemming
met Bauer and Rudebusch (2019) vinden wij dat termijnpremies cyclisch gedrag vertonen
gedurende de conjunctuurcyclus in plaats van een seculiere trend. Vooruitkijkend wijst
de langdurige neerwaartse trend in onze natuurlijke renteschattingen op een verhoogde
risico’s dat de monetair beleidsrente in de toekomst beperkt wordt door de ondergrens
voor nominale rentetarieven.
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The decade following the Financial Crisis of 2008-09 has illustrated that mone-
tary policy faces several challenges. This thesis aims to make a step in the direc-
tion of identifying and better understanding four such modern challenges to 
monetary policy. The first challenge, identified in Chapter 1, is particular to 
monetary unions and arises if economic agents largely base their expectations 
on domestic variables, and less so on foreign variables. We show that such a 
home bias creates cross-country heterogeneity in expectations and may cause 
country-specific disturbances to generate larger and more prolonged macroeco-
nomic imbalances. The second challenge, which is central to Chapter 2, concerns 
the effects of central bank communication of expected future monetary policy, 
so-called forward guidance. Different from the common literature, this chapter 
explicitly allows for imperfect and endogenous central bank credibility when 
studying the effects of forward guidance by assuming that private agents are 
boundedly rational. The third challenge lies in the vulnerability of open econo-
mies to sudden shifts in cross-border capital flows as highlighted by the recent 
experience of the euro area sovereign debt crisis. In Chapter 3, we show novel 
empirical evidence of the transmission of such country-risk premium shocks 
and then turn to a structural model in order to find a normative answer to the 
question of whether capital controls can help to mitigate the negative effects 
of these shocks. The fourth challenge to monetary policy discussed in this thesis 
arises from the protracted decline in interest rates across developed economies 
since the 1980s.In Chapter 4, we show that the observed decline in yields appe-
ars more due to a fall in equilibrium interest rates and less to a decline in term 
premia than typically reported. 
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