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Abstract

We explore the consequences of losing confidence in the price-stability objective of central banks
by quantifying the inflation and deflationary biases in inflation expectations. In a model with
an occasionally binding zero-lower-bound constraint, we show that an inflation bias as well as a
deflationary bias exist as a steady-state outcome. We assess the predictions of this model using
unique individual-level inflation expectations data across nine countries that allow for a direct
identification of these biases. Both inflation and deflationary biases are present (and sizable)
in inflation expectations of these individuals. Among the euro-area countries in our sample, we
can document significant differences in perceptions of the European Central Bank’s objectives,
despite having a common monetary policy.

Keywords: inflation bias, deflationary bias, confidence in central banks, trust, ZLB, inflation
expectations, microdata.
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1. Introduction

The potential existence of inflation bias has structurally shaped central bank policies for the past
three decades. More recently, the deflationary bias has also attracted a lot of attention, as the central
banks faced a limitation for traditional policy interventions due to the presence of the effective lower
bound on interest rates. For central banks, the management of expectations has become essential
in achieving their policies. If economic agents lose confidence in the monetary authority pursuing
its price stability objective, their inflation expectations may start deviating from the announced
medium-term goals. This was formalized by Barro and Gordon (1983a, 1983b) and Kydland and
Prescott (1977) for the case of higher inflation expectations (inflation bias) and, more recently,
for the case of lower inflation expectations when the economy operates at the zero lower bound
(ZLB) (Krugman, 1998; Eggertsson, 2006). Nakov (2008) and Nakata and Schmidt (2018) show
that deflationary bias can also occur away from the ZLB in the presence of an occasionally binding
7Z1.B constraint.

In this paper we empirically assess the existence of inflation and deflationary biases as a conse-
quence of losing confidence in a central bank’s ability to achieve price stability. We develop a model
that shows that both inflation and deflationary biases can occur when the monetary authority is
subject to an occasionally binding ZLB constraint and when the perceptions of the monetary au-
thority’s objective functions—in particular regarding the cyclical position of the economy—do not
coincide with the optimal policy. We show that the deflationary bias exists as long as the economic
agents attach a positive probability to either a demand or a supply shock, pushing the economy to
the ZLB. One particularly appealing interpretation of such a shock is a trust shock that acts as a
demand shock (Bursian and Faia, 2018) but, in general, could be any adverse demand or supply
shock. In this simple environment, we formally prove that, as long as households attach a positive
probability that such a shock materializes, deflationary bias will exist—that is, inflation expecta-
tions are below the target level. Conversely, when the perception of the target level for output gap is
positive, inflation expectations will be above the target level, conditional on the agents’ perception

L Fur-

of the relative preferences of the central bank between inflation and output stabilization.
thermore, we also explore whether conservative (Rogoff, 1985) or inflation-targeting central banks
reduce the magnitude of inflation and deflationary biases.

Research using survey inflation expectations has shown that there are significant biases in infla-
tion expectations, but current survey designs did not allow for the identification of how much of this
bias could be attributed to the inflation or deflationary bias. Utilizing a unique survey conducted
by YouGov in nine different countries across the world allows us to show that both inflation and
deflationary biases are present and significant in households’ inflation expectations. Inflation bias is
large in most countries in our sample: particularly large for medium-run inflation expectations and
somewhat smaller for short-run inflation expectations. Specifically, losing confidence in achieving
the price objective increases inflation expectations in the medium-run on average 1 percentage point

and in the short-run about 1/3 percentage point. Furthermore, we can document the existence of

! Alternatively, they could perceive asymmetric preferences of the central bank over the business cycle. The effect
would be isomorphic. See Ruge-Murcia (2003), Gerlach (2003), and Cukierman and Gerlach (2003).



a deflationary bias. We find a significant deflationary bias of on average -2/3 percentage point for
medium-run expectations and -1/3 percentage point for short-run expectations. For a comparison,
Hills et al. (2016) quantifies the deflationary bias within a calibrated DSGE model that matches
some of the key features of the U.S. economy up to 45 basis points. In addition, considering the
implications of inflation targeting, we observe that countries who pursue inflation targeting expe-
rience lower inflation expectations and lower dispersion of inflation expectations at the same time.
However, we do not find evidence that inflation and deflationary biases are mitigated. The defla-
tionary bias may even become larger when the central bank pursues inflation targeting and price
stability is the primary objective.

Furthermore, using this survey data and the identification provided to us by the model, we can
identify the average differences in the perception of the European Central Bank’s (ECB) objective
function across euro-area countries in our sample. In our time sample, all European Economic
and Monetary Union (EMU) countries share the exact same experience with the ECB’s monetary
policy. The empirical results suggest that Germany, Austria, and France have both inflation and
deflationary biases, Spain only has the deflationary bias, and Italy only has the inflation bias. Our
model suggests that these differences can be either due to different perception of the target level of
the output gap or a different relative weight attached to output and inflation in the perception of
the ECB’s loss function. Our results indicate that the perception of the target level of the output
gap is the highest in Italy, while the differences among other countries are driven by the different
relative weights attached to output and inflation. The perception of the weight on the output gap is
the highest in Germany and Austria, followed by France, and is the lowest in Spain. Furthermore,
our results allow us to indirectly observe the perceived inflation target in these countries, where
most of them range between 2 and 3 percent in the medium term.

The possibility of inflation bias has triggered a lot of attention in economic literature in the past
three decades. It has been formalized with the time inconsistency and rules versus discretion debates
initiated by Barro and Gordon (1983a, 1983b) and Kydland and Prescott (1977). Backus and Driffill
(1985) extend the analysis of Barro and Gordon (1983a, 1983b) to the case where the public does not
know the relative preferences of the central bank between inflation and output stabilization. Since
these seminal papers, there has been some effort to empirically test the predictions of these papers.
However, most of these tests rely on indirect testing of some implications of the time inconsistency
debate using either the U.S. time series data or a cross-country panel. Romer (1993) tests an “open-
economy” implication of this debate: whether more open economies have lower average inflation, as
unexpected monetary expansion leads to real exchange depreciation that mitigates more of the effects
of monetary expansion. He finds a strong evidence of the link between openness and inflation and,
therefore, concludes in support of the time inconsistency models. Ireland (1999) also finds support of
the implications of these models, as there exists a cointegrating relationship between unemployment
and inflation in the United States: The magnitude of inflation bias becomes higher when the natural
rate of unemployment rises. He claims that the theory explains the long-run behavior of the two
variables but not the short-run behavior. Also using the U.S. time series data, Ruge-Murcia (2003)

empirically compares different models that result in an inflation bias. His empirical test suggests that



the data prefer the restrictions from the model with asymmetric preferences over those arising from
the standard Barro-Gordon model.? Ruge-Murcia (2004) performs a cross-country evaluation of
the asymmetric preference models by evaluating whether the bias is proportional to the conditional
variance of the unemployment rate, and finds supporting evidence for the United States and France.
Surico (2008) also presents evidence that the inflation bias was positive and significant in the 1960s
and ’70s, while it was not significant in the subsequent period. Recently, there has also been
some interest in empirically evaluating the existence of deflationary bias. Mertens and Williams
(2018) study the effects of the ZLB on the distribution of inflation expectations and interest rates
using options data. They evaluate whether the decrease in the natural rate of interest leads to
a model-consistent effects on forecast densities. While they find support for the model-consistent
effect on the densities for interest rates, the effect on the densities of inflation expectations is more
modest. In this paper, we provide evidence of both inflation and deflationary biases based on a
direct identification of both biases using survey data across nine different countries.

Literature on survey inflation expectations commonly identifies the bias in inflation expectations,
and several sociodemographic characteristics and macroeconomic conditions have been identified to
explain part of this bias (see, for example, Ehrmann et al., 2017 or Souleles, 2004). In this paper,
we control for sociodemographic characteristics and macroeconomic conditions, and we are still able
to identify both inflation and deflationary biases.

Our analysis also relates to the literature on trust in central banks. Despite the relevance of trust
for economic development and particularly for central banks, there are very few papers that address
this issue.®> Especially in a situation in which nonstandard monetary policy tools are in place, a
substantial loss in confidence in central banks’ strategy might have substantive and potentially long-
lasting consequences on expectations. Additionally, such a development may make central banks
vulnerable to political pressure (Ehrmann and Fratzscher, 2011).

Several papers indirectly study trust in central banks in terms of anchored expectations. If
economic agents trust central banks, their inflation expectations should be anchored and not deviate
from the announced target or to transitory inflation shocks. See, for instance, Easaw et al. (2013)
or Driger and Lamla (2018).

While there are a few papers that investigate the determinants of trust like Ehrmann et al.
(2013) or Hayo and Neumeier (2017) there is little evidence on the implications of losing trust for
inflation expectations. Ehrmann et al. (2013) note that, “If low public trust in central banks is
associated with higher household inflation expectations, then swings in public trust in the ECB
also directly affect its ability to deliver on its mandate, although the empirical relevance of this

proposition has yet to be tested.”

2For a comparison of these models, see also, for example, Gerlach (2003) and Cukierman and Gerlach (2003).

3There is a widespread agreement that trust and confidence have significant implications for economic outcomes.
It has been shown that trust affects long-term economic growth by influencing the development of financial markets,
facilitating financial transactions, increasing spending, and improving the efficiency of public institutions. See, for
example, Knack and Keefer (1997), Guiso et al. (2004), Georgarakos and Pasini (2011) and Putnam et al. (1993).
For an overview of these effects, see also Algan and Cahuc (2014). Above that, trust in public institutions is a
well-established research field in the political science body of literature.



Recently, researchers started working on this research gap, although their design did not allow
them to identify the inflation and deflationary biases. Christelis et al. (2016) use one wave from
the Dutch CentERpanel to examine the effect of trust on inflation expectations and show that trust
increases inflation expectations on average. Mellina and Schmidt (2018) study the interplay between
trust in the ECB, public knowledge about the ECB’s objectives, and inflation expectations using the
German data. Bursian and Faia (2018) explore the interaction between trust and macroeconomic
outcomes by endogenizing the level of trust within a DSGE model. They test the validity of their
model in a vector autoregression setting using aggregate data and conclude that trust affects inflation
expectations.

Our paper is structured as follows: Section 2 presents the model and discusses the analytical
results. Section 3 details the empirical strategy and hypotheses and section 4 describes the data.
Results are presented in section 5, while section 6 evaluates several robustness checks. Section 7

concludes.

2. Stylized model

This section presents the stylized model and the policy problem of the central bank. After defining
the equilibrium, we present some analytical results that serve as a basis for the hypotheses that we

outline in the next section.

2.1. Private Sector

The private sector of the economy has the standard New Keynesian structure formulated, as pre-
sented in detail in Woodford (2003) and Gali (2008). A representative, infinitely-living household
supplies labor in a perfectly competitive labor market and consumes a basket of differentiated goods
produced by firms. Firms maximize profits subject to nominal friction, as in Calvo (1983). To de-
rive closed-form results, we put all model equations except the ZLB constraint in semi-loglinear
form. In the case where the central bank has no incentives to deviate from the zero output gap
objective, our specification is similar to Nakata and Schmidt (2018). The equilibrium conditions of
the private sector are represented by the New Keynesian Phillips curve eq. (1) and the consumption

Euler equation eq. (2):

T = Ky + BEm41, (1)

and

yt = By — o(iy — By — r) + 7, (2)

where 7 is the inflation rate in ¢, y; denotes the output gap, and i; is the level of the nominal
interest rate. 7y is an exogenous shock that is detailed in the following text. The natural real rate
of interest, r¢, equals r* + %Tt. o > 0 is the intertemporal elasticity of substitution in consumption,
B € (0,1) is the subjective discount factor, and the deterministic steady state of the natural real

rate, ¥, is % — 1. The slope of the New Keynesian Phillips curve, k, equals:
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where « € (0, 1) is the share of firms in a given period that cannot re-optimize their price, § > 1
denotes the price elasticity of demand for differentiated goods, and n > 0 is the inverse Frisch
elasticity of labor supply.

In principle, any demand shock, like 7;, or any supply shock that would push the equilibrium to
the ZLB would be sufficient for our results to survive.* Thus, the agents in the economy can have
potentially different perceptions of which shock causes the central bank to be pushed to the ZLB.
One alternative formulation of the shock that delivers the existence of deflationary bias, is the trust
shock that materializes when there is a lack of trust between monetary authority and economic
agents.5’6

We implement the demand shock, 74, as a two-state Markov process. These processes are
commonly used in the effective lower bound literature—for example, Eggertsson and Woodford
(2003) and Nakata and Schmidt (2018)—to intuitively describe the underlying mechanisms and
transmission processes of the shocks. We assume that 74 takes the value of either 7y or 77, where,
for simplicity, we refer to 7y > —or* as the high state and 7, < —or* as the low state. The

transition probabilities are given by

Prob(t41 = 11|17 = TH) = PH, (4)

and

Prob(te41 = 1|1 = 71) = pL. (5)

pg represents the likelihood of switching to the low state in the next period when the economy is
in a current high state and will be referred to as the frequency of the low state. p; denotes the
likelihood of staying in the low state when the economy is in a current low state and will be referred

to as the persistence of the low state.

2.2. Society’s Objective and the Central Bank’s Problem

Society’s welfare at time ¢ is represented by the expected discounted sum of future utility flows,

Vi = w(me, ye) + BEViga, (6)

4In the remainder of the paper, we focus on a demand shock. The equilibrium in the case of supply shock is
available upon request.

5Note that it is important to clarify the difference between credibility, reputation, confidence, and trust in the
context of this discussion. See appendix A for exact definitions.

5Trust between households and the central bank can be introduced in the model following Bursian and Faia (2018).
In their model trust emerges endogenously as an equilibrium of a strategic interaction game featuring moral hazard
and uncertainty on policy actions. In this game, households are betrayal averse, and policy makers have incentives to
deviate. We can implement a simplified version of this mechanism via an exogenous demand shock, where the main
channel through which trust affects macroeconomic dynamics is preserved. We refer to the appendix where we derive
the full version of the model with endogenous trust, but our results are not dependent on the exact definition of the
shock.




where society’s contemporaneous utility function, u(m, y¢), is given by the standard quadratic func-
tion of inflation and the output gap augmented for the possibility that the central bank may be

inclined to push the output gap below the natural level,

u(my) = =5 (7 + A®)*). (7)

As shown by Woodford (2003), this objective function can be derived using a second-order ap-

proximation to the household’s preferences. In this case we can further set the X\ to be equal to

K

g-

The form of the central bank’s objective function is similar to society’s but potentially has
important differences—as advocated by the time inconsistency and rules versus discretion debates
initiated by Barro and Gordon (1983a, 1983b) and Kydland and Prescott (1977). In this paper, we

focus on two potential departures,

VP = uP () + BEVSY, (8)

where the central bank’s contemporaneous utility, u“? (m, y;), is of the following form:

uOB(m,y) =~ (@ + My — y")?) 0

Although the central bank’s objective function resembles the private sector’s function, there are
potentially two differences. First, y* > 0 represents the central bank’s desired level of the output
gap, which, if positive, can lead to inflation bias, as proven in proposition 2.7 Second, the relative
weight that the central bank assigns to the stabilization of the output gap, A > 0, may potentially
differ from X. Also, the central bank is subject to the ZLB constraint,®

i > 0. (10)

We assume that the central bank behaves discretionary and the commitment option is not
available. The central bank chooses the output gap, inflation rate, and the nominal interest rate in
each period ¢ to maximize its objective function, subject to the behavioral constraints of the private
sector, while considering the policy functions at time ¢ + 1 taken as a given. Therefore, the central

bank is maximizing the following objective:

VOB (dr) = max u“P(mp, yr) + BEVST (diga). (11)

Yyt

subject to the ZLB constrain in eq. (10) and the private-sector equilibrium conditions detailed in
egs. (1) and (2).

"There are alternatives, and possibly empirically more plausible formulations of inflation bias that build on asym-
metric preferences of the central bank or recession aversion. See, for example, Gerlach (2003), Cukierman and Gerlach
(2003), and Ruge-Murcia (2003).

8For simplicity we consider a ZLB instead of an effective lower bound that is lower than zero. Results in this paper
remain unchanged if we would consider a lower bound ; < 0.



We define the Markov perfect equilibrium as a set of time-invariant value and policy functions
{VEB(),y(-),n(-),i(-)} that solves the central bank’s problem described in the preceding text, to-
gether with society’s value function V'(-) that is consistent with y(-) and 7(:). Armenter (2017),
Nakata (2018), and Nakata and Schmidt (2018) point out that there are potentially four Markov
perfect equilibria in this economy. The equilibrium that is the most relevant to our current study
is the standard Markov perfect equilibrium. The standard Markov perfect equilibrium fluctuates
around a positive nominal interest rate and zero inflation and output. The other potentially in-
teresting equilibrium is the deflationary Markov perfect equilibrium that fluctuates around a zero
nominal interest rate and negative inflation and output.

The standard Markov perfect equilibrium is given by a vector yg, 7g, g, Yy, 7L, iz that solves

the following system of linear equations:

ya = (1 —pu)ye + puyr] + o (1 — pu)mu + pamr —ig + 77| + 7, (12)
gy = kya + B[(1 —pu)mw + puTL), (13)
0=Nyng —¥y") + k7, (14)
yr = [(1 —pr)yg +pryr) + o [(1 — pr)my + prog —ip + %) + 71, (15)
7, = kyr + B(1 —pr)mu + pr7i), (16)
and
i =0, (17)

and satisfies the non-negativity of the nominal interest rate in the high state and non-positivity of

the Lagrange multiplier on the ZLB constraint in the low state:

i > 0, (18)

and

Ayr + wrp <0, (19)
xj, denotes the value of variable z in the k state where k € {H, L}.

Proposition 1. The standard Markov perfect equilibrium exists if and only if

pr < PL(O (1))

and

P < Pu(Opy))



where i) for any parameter x, ©_,) denotes the set of parameter values excluding x, and i) the

cutoff values p7 (0 (_p,)) and py (O (_p,,)) are given in appendiz B.1.
Proof. See appendix B.1. O

The two conditions guarantee the non-positivity of the Lagrange multiplier in the low state and
the non-negativity of the nominal interest rate in the high state. When the frequency of the low
state, pg, is high, the central bank reduces the nominal interest rate aggressively to mitigate the
deflationary bias. Thus, for the policy rate to be positive in the high state, py must be sufficiently
low. With py, > pz(@(,m)), inflation and output in the low state are positive when they satisfy the
consumption Euler equation and the Phillips curve: When the persistence of the low state, py, is
high, inflation and output in a current low state are largely dependent on private-sector expectations
of output and inflation in the next period’s low state. Thus, positive inflation and output in the low
state can be self fulfilling. However, such positive inflation and output cannot be an equilibrium
because the central bank would have incentives to raise the nominal interest rate from zero in the
low state. This incentive manifests itself in the positive Lagrange multiplier in the low state when
inflation and output are positive.

As shown in Nakata and Schmidt (2018), there are potentially three other Markov perfect
equilibria in this framework: the deflationary Markov perfect equilibrium, which is briefly discussed
in the preceding text; the ZLB-free Markov perfect equilibrium, where the ZLB constraint does
not bind in either state, and the topsy-turvy Markov perfect equilibrium, where the ZLB binds in
the high state but not in the low state. The latter two equilibria are less likely to occur. For the
purpose of this paper, we do not consider these three equilibria. We focus on the standard Markov
perfect equilibrium, as this one seems more relevant for the set of countries that we consider in
the empirical part of this paper. All these economies have positive long-run inflation expectations
and most surveys indicate that economic agents expect the central bank to eventually raise interest
rates. Furthermore, all countries have lowered the interest rate after the end of 2015, which marks
the end of the time sample for our empirical analysis. Mertens and Williams (2018) also find
empirical support in the United States for this type of equilibrium over the deflationary (liquidity

trap) equilibrium.

2.3. Analytical results

When the conditions for the existence of the equilibrium hold, it is possible to show that depending
on the values of y*, we can observe either inflation or deflationary bias. Conditional on y*, the signs

of the endogenous variables can be determined.

Proposition 2. When the conditions for the existence of the equilibrium hold, we can observe either

inflation or deflationary bias depending on the values of y*.

(a) For any X\ >0 and y* > 0.

9We use the following definitions in this proposition: B = k? + (1 — (1 —px)), C = %(1 — BpL + Bpu) — pL,
and D =—-1-C.



o m <0 iff y* <y* and mg > 0 otherwise, where y* = —Bpury(kC)~!
o T <0 iff y* <y* and 71, > 0 otherwise, where y* = Brp(Dr))™!
e yy >0

yr <0 iff y* < y* and yr > 0 otherwise, where y* = (1 — Bpr)k® + (1 — B)(1 + Bpy —
BPLAN=A[(1 = B)C + (1 = Bpr) k) ~'rp

(b) For any A >0 and y* =0: 7y <0, yg >0, ig <rg, nr, <0, and yr, <O0.
(c) With A=0: m = 0.
Proof. See appendix B.2. O

In this proposition we can observe the interaction between the shock and the perceived target
for the output gap, y*. As long as y* < mingf",?, we observe that output and inflation are below
target values in the low state, as the ZLB constraint is binding and monetary policy cannot offset
the shock. However, higher y* reduces these effects, and if y* > y*, inflation becomes positive. In
the high state, firms lower prices because of a positive probability of 77, (low state) that leads to a
reduction in the expected marginal costs of production. This raises the expected real interest rate
that incentivizes households to postpone their consumption plans. These anticipation effects are
mitigated by the central banks’ lowering of nominal rates. In the literature, this effect is usually
referred to as deflationary bias and alone causes inflation in the high state to be negative. With
y* > 0 we have an additional effect that, in equilibrium, raises inflation and leads to inflation bias
if y* > y*. As the central bank would like to stabilize the output around y*, this raises inflation
because of a tradeoff between inflation and output gap stabilization. Output in the high state is
positive, irrespective of the value of y*. To be precise, both effects of y* and r; lead to higher
output (see propositions 4 and 5). These mechanisms are consistent with those described in the
inflation bias and deflationary bias literature. As described in the last part of proposition 2, when
setting A = 0 or in other words appointing a conservative central banker (Rogoff, 1985) there are
no inflation or deflationary biases.

We now further establish several results on how the degree of conservatism affects endogenous

variables in both states.

Proposition 3. How the degree of conservatism affects endogenous variables depends on the values

of y*. Higher conservatism (lower \) reduces the absolute distance of inflation from 0 irrespective
of y*.

(a) Forany)\ZOcmdy*ggf‘:%—fﬁo,%g(),%ﬁ(), cmdaay—f<0.

(b) Forany)\ZOandy*>y~*:%r—f>0,‘95r—f>0,%L/\L>0, andag—f>0.

Proof. See appendix B.3. O

This proposition states that, as the central bank cares relatively more about inflation, both

inflation and deflationary biases that can occur in the high state will be lower, and inflation will



move closer to zero in the high state. When deflationary bias prevails (y* < yN*) and inflation in
the high state is negative, then a lower value of A increases inflation. However, when inflation bias
prevails (y* > yN*) and inflation in the high state is positive, then a lower value of A decreases
inflation in this state.

Proposition 4 details the effect of the y* on expectations:

Proposition 4. For any y* > 0: %7;’3 >0, %Z’i >0, %@;’Z >0, and gZ{: > 0.

Proof. See appendix B.4. O

Higher y* increases expectations of inflation in both states. This is a standard result in the
inflation bias literature. Note that, in the case where deflationary bias is present, an increase in
y* means that the deflationary bias is reduced or even that expectations are now in the region of

inflation bias.

Proposition 5. For any 7r,: %”T’L{ >0, g% >0, %yTIZ <0, and g% > 0.

Proof. See appendix B.5. O

The effects of the size of the shock, 77, on expectations is described in proposition 5. The
increase in 77, would increase inflation expectations in both states, while it would decrease output
in the high state and increase the output in the low state.

Next, we turn out attention to pg. In the next proposition, we focus on the effect on w7, which

is the main object of the empirical part of our study.

Proposition 6. For any pg that satisfies conditions for existence of equilibrium gg—g < 0 and for

any pr, that satisfies the existence conditions %ﬂT’Z < 0.

Proof. See appendix B.6 O

As we can see in proposition 6, the effect of py on inflation expectations is always negative.
Thus, when there is a higher probability of the shock, which would push the economy to the ZLB,
the inflation expectations are lower and the deflationary bias is higher.

We show that the effects of pr and py on 7y are very similar, as the effect of pr is negative
for mg. A higher value of pr will increase deflationary bias (or decrease inflation bias) in both the
high and low state. As discussed in the preceding text, even in the high state, firms are aware that
there is a possibility of having a bad shock and falling into a low state. When firms know that
the low state will last even longer, they are likely to further lower prices, given the expected fall
in marginal costs of production will persist for a longer duration. The central bank will then have
to mitigate the anticipation effects by further lowering the nominal interest rate. This would lead
to more deflationary bias. In the low state, an increase in the persistence will require a stronger
response from the central bank to stabilize the economy. We would expect lower nominal interest
rates and would expect inflation to fall in the low state. Thus, increasing the persistence of the low
state would lead to further deflationary bias.

Corollary 1 summarizes the results for pr:
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Corollary 1. We can observe the following effects on wg depending on the level of y*:

(a) Foranyy*ggf‘:7rH§Oand’g’;—g<0and%<0and%—f§0and%ﬁ’ > 0.

(b) Forcmyy*>gfk:7rH>0and%—ﬂ<0and%<0and%>0and%@i’ > 0.

Proof. See proofs of the propositions in the preceding text. O

This corollary states that there are two regions of y*. In the first region, when y* < y*, 7y is
nonpositive. Collorary 1 shows that this will also be coupled with a negative effect of py. Thus,
in this case, we have a deflationary bias and higher py that further increases the deflationary bias.
For this case, we also have that higher conservatism and higher y* decreases the inflation bias, as
formulated in propositions 3 and 4. When y* is larger than y*, we have the case where inflation
bias exists and a higher py and higher degree of conservatism decrease the amount of inflation bias,

while higher y* increases the inflation bias.

3. Hypotheses and Empirical Strategy

This section details the hypotheses that will be tested using survey data and explains the empirical
strategy. The first hypothesis states that both inflation and deflationary biases can occur when
economic agents assign either a positive probability of hitting the ZLB constraint (deflationary bias)
or when they perceive y* to be positive (inflation bias). As monetary authorities in all countries in
the sample decreased the interest rates after the end of the sample, we consider that our sample is
best described by a standard Markov perfect equilibrium in a high state, given that, in the low state,
the equilibrium features interest rates at the effective lower bound. We assume that households that
take part in this survey use the above model to forecast inflation and that they know the correct
structural parameters, but they form their own perceptions of the four non-structural parameters
that influence inflation expectations and could lead to lower confidence in the central bank achieving
its inflation target. The four non-structural parameters are the (perceived) probability of entering
the low steady state (pr), the probability of staying in the low steady state (pr), the degree of
conservatism (), and the output gap target level (y*). This will guarantee that the heterogeneity
of their responses can be explained using differences in perceptions of these parameters.

The survey asks “How confident, if at all, are you that the central bank is currently pursuing the
correct policies in order to meet its target of price stability (that is, inflation around [target]) over
the medium term (that is, the next 3 - 5 years)?” We assume that there are two possibilities, within
the model, that lead the economic agents to reply that they are not confident that the central bank
is pursuing the right policies to meet its inflation target. The first possibility is due to the perception
of y* being positive. In cases where economic agents believe that y* > 0, they would expect higher
than target inflation, which actually leads to higher inflation. Thus, the central bank would not
be pursuing the right policies to achieve the inflation objective. The second possibility is when the
agents expect that there is a positive probability of the shock, (pgr), that could push the economy

to the ZLB. As we saw in the theoretical model, this leads to inflation expectations that are lower
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than the inflation target, which causes the actual inflation to be below the target.! Once again, in
this case, the central bank is not pursuing the right policies to meet its inflation objective—inflation
is too low—and thus they should answer that they are not confident that the central bank will
achieve its inflation objective.!! The exact size of these effects will also depend on the perceptions
of (pr) and (A). For simplicity of the analysis in the empirical part of this paper, we will assume
that p;, and py are fixed and known and that all consumers will have the correct perceptions of the
probability and average duration at the ZLB, as it is not possible to distinguish the effects between
all non-structural parameters. Thus, we will explain the heterogeneity of inflation expectations with
A and y*. This choice is supported by the fact that we control for the macroeconomic conditions in

respective countries, which at least partially controls for py, and pg."

Hypothesis 1. Depending on y*, for \,pg > 0 there exists either deflationary or inflation bias, as

described in proposition 2.

Testing this hypothesis entails examining whether households with low confidence have inflation
expectations either lower or higher than their inflation objective, depending on their perceptions of
y*. As the structural parameters have differential effects on 7, we can furthermore test the effects
of y* and A.

The Hypotheses 2 and 3 test the difference of inflation expectations within the monetary union,
and study the differential effects of A, and y*. Households within the European Monetary Union
have been experiencing common monetary policy since the establishment of the ECB in 1999. There
are two potential sources of the difference in inflation expectations within a monetary union: \ and

*

y*. The model suggests a clear distinction between these two effects, as they imply a differential

effect on deflationary bias when the level of confidence decreases.

Hypothesis 2. Within a monetary union, differences in inflation expectations, could be explained by

the perception of y*. Within a monetary union, the perception of X\ is the same across all countries.

A cross-country comparison of inflation expectations, given the level of confidence, implies that
an increase in A reduces both inflation and deflation bias, while an increase in y* reduces deflationary
bias and increases the inflation bias. Therefore, when a country is compared to a reference country,
given the level of confidence (pgr), a country with lower inflation bias does not necessarily also have

lower deflation bias.

Hypothesis 3. Level of confidence varies across EMU countries: Countries with higher confidence

have lower variance of inflation expectations.

10Tn practice and in the model that we outlined, it could also be the combination of both factors. In this case the
resulting inflation expectations will exhibit the net effect.

HThere were several proposals in the literature and policy circles on how to alleviate this concern. Among others,
one proposal suggested that (temporary) price level targeting could alleviate these concerns. In fact, a simple way to
achieve the target would be to set A = 0. See Nakata and Schmidt (2018).

!2Note that in a more realistic model, pyr would depend on the distance of interest rate from the ZLB (see Nakata,
2017), so it is reasonable to expect that this probability is state(time)-dependent, although our model assumes that
it is a constant.
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Testing this hypothesis involves testing whether unconditional variance of inflation expectations
(disagreement of inflation expectations around the target level) is lower in countries, where the level
of confidence is higher (lower pgr). This examines the relevance of inflation and deflationary bias

for the distribution of inflation expectations.

4. Data

Our main dataset consists of individual level data across nine countries from 11 survey waves from
the end of 2013 to the end of 2015 with a total of 84,735 observations.'® To analyze the data, we
combine countries and survey waves to form a panel of data across individuals, countries, and time.
The microdata we use in this paper is collected by YouGov, an online research center focusing on
the perceptions and opinions of individuals across the world.'

The survey has information on inflation expectations, confidence in central bank, trust in the
government, and general characteristics of the individual. To measure inflation expectations, the
survey asks the participants to provide their short-run inflation expectations,(what they expect
inflation to be 12 months from the date of the survey) and their medium-run inflation expectations,
(what they expect inflation to be five years from the date of the survey). To measure central bank
confidence, the survey asks the following question: “How confident, if at all, are you that the central
bank is currently pursuing the correct policies in order to meet its target of price stability (i.e.,
inflation around [target]) over the medium term (i.e., the next 3 - 5 years)?” The individual then
chooses between “Not at all,” “Not very,” “Fairly confident,” or “Very confident.” To measure trust
in the government, the survey asks the individual the following question: “To what extent do you
agree or disagree with the following statement? ‘I think that the government is currently following
the right economic policies for [Country]’.” The participants then choose between the following
answers: “Strongly disagree,” “Tend to Disagree,” “Neither agree nor disagree,” “Tend to Agree,”
and “Strongly agree.” General characteristics that YouGov surveys include general characteristics,
including the participants gender, age, and region in which they are currently living.

The macroeconomic variables we use are annualized CPI inflation rate, short-run interest rate,
real GDP growth, and the unemployment rate. We collect these variables from the ECB for all
European Union (EU) countries and from the central bank websites for all countries outside of the

European Union except Singapore, whose data come from the Singapore Government Department

3More specifically, our country sample includes individuals living in Austria, France, Germany, Hong Kong, Italy,
Singapore, Spain, Switzerland, and the United Kingdom.

“YouGov conducts surveys using Active Sampling: It predetermines who is allowed to participate in the survey in
order to maximize the representativeness of the sample. Each survey is anonymous and takes under 10 minutes to
complete and YouGov provides a monetary incentive for completing the survey. After surveys are conducted, the data
is statistically weighted to correspond to the national population profile of all adults over the age of 18. These weights
are calculated based on Census data, large-scale random probability surveys, election results, and national statistic
agencies. YouGov, specifically, weights based on age, gender, social class, region, party identity, and the readership
of individual newspapers. YouGov’s results have been shown to be comparable in accuracy to other major polling
entities and have a high predictive accuracy for actual outcomes in national and regional elections. YouGov operates
in France, Germany, and the United Kingdom. They use a partner to conduct surveys in Austria, Hong Kong, Italy,
Singapore, Spain, and Switzerland. YouGov’s public opinion research is conducted according to the Market Research
Society guidelines.
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of Statistics. We classify a country as inflation targeting based on the central bank mission, as
stated on the country’s central bank website. Those countries who state a specific number as their

inflation target are labeled as inflation targeting in our sample.?

4.1. Summary Statistics

In the following text, we introduce our confidence measure and provide first evidence on the link
between confidence and inflation expectation.

Roughly 60 percent of the survey population is not confident with respect to the central bank
in their country meeting the inflation close to their target level.'® This is not unexpected, as this
period is dominated by very low inflation rates in Europe which dominates the sample. Furthermore,
the values are comparable to the EU Eurobarometer survey. The Eurobarometer survey asks “For
each of the following institutions, please tell me if you tend to trust it or tend not to trust it or
don’t know?”. During that period roughly 30 percent of the respondents trusted the ECB which
is very close to the average of 28 percent we report. Interestingly, we can observe that we have
some country heterogeneity. While in most of the EMU countries, the majority is not confident, in
countries like United Kingdom and Switzerland, the majority is confident that the central bank will
meet their promise.

For both short- and medium-run inflation expectations, the means differ across the range of
confidence in the central bank. Using a t-test to compare the mean inflation rate and a Kruskal-
Wallis equality of populations rank test to compare the median inflation rate across confidence level,
we find that, for each confidence level, the mean and median inflation expectation in both short-
and medium-run are statistically significant at the 99 percent confidence level when compared
to the remaining levels of confidence.!” We furthermore observe that individuals that are not
confident have, on average, a 1 percent higher short-run inflation expectation and almost a 1.5
percent higher medium-run inflation expectation. From these observations, so far, we can only infer
that the majority tend to have higher inflation expectations when confidence is lost. However, our
model predicts that losing confidence, under certain assumptions, may also lead to lower inflation
expectations.

To gain some insight into this potential pattern, we present two graphs. First, we look at the
share of “not confident” individuals across the spectrum of inflation expectations, and second, we
compare how the distribution of inflation expectations changes depending on whether people are
confident or not.

For the first approach, we calculate the share of people that are confident for intervals of inflation
expectations. If we plot the share of confidence across different bins of inflation expectations and

there is no deflation bias, we should expect a rising share of people being not confident with rising

15We also classify the ECB as an inflation targeting central bank.

16Gee Table A.2 for details. It contains the shares of consumers that are confident for overall and specific charac-
teristics (age, gender, etc.), countries and over time.

17Tn Table A.1, we compare the means for short-run inflation expectations and medium-run inflation expectations
by the range of confidence in the central bank and compare these means across political orientation, inflation targeting
countries, trust in government, countries, gender, age, and survey wave.
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inflation expectations. However, if a deflation bias exists, we should expect a u-shape relationship.
Close to the target inflation rate, the confident shares should be very high. If we move away from
this area there should be fewer people who are confident. Most people who have no confidence could
expect either very high inflation or very low inflation. Figure 1 shows the resulting distribution for
the share of people who are not confident across different levels of inflation expectations for short-
and medium-run inflation expectations. We can clearly observe the u-shaped pattern. Most people
that are confident have inflation expectations around 1.0 percent to 2.0 percent. Hence losing
confidence leads to having high expectations >2.5 percent or very low expectations <0 percent
which clearly indicates the potential of generating both inflation as well as deflation bias.

Figure 2 shows the distribution of expectations of confident and not confident individuals for
short- and medium-run expectations. Not-confident individuals are presented in pink columns. We
can observe that losing confidence moves the distribution substantially to the right and causes
the well-documented inflation bias. However, on closer inspection, we can observe that there is a
movement to lower inflation expectations as well. This movement is clearly visible for medium-run
inflation expectations at the bracket 0-1 percent.

In both graphs we observe that there is a substantial inflation bias of “not-confident” individuals
as there is a higher amount of people with higher expectations. However, of particular interest and
in line with our model predictions, we also observe an increasing amount of individuals who have
lower inflation expectations as a response to losing confidence and hence have a deflationary bias.

This deflationary bias is particularly strong for medium-term inflation expectations.

Figure 1. Confidence Level Shares By Distance from Inflation Target For Not Confident Sample
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Figure 2. Distribution of Short- and Medium-run Inflation Expectations of Confident and Non-
Confident Individuals
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Notes: The black outlined clear bars show the distribution of confident individuals’ inflation expectations, while the
pink bars show the distribution of expectations of not-confident individuals.

5. Results

In this section we use econometric means to test our hypothesis derived from our theoretical model.
As already indicated in the previous section there seems to be support for the conjecture that lack
of confidence is linked to both, an inflation as well as a deflationary bias.

To test hypotheses 1 and 2 we use the following equation and adjust the set of explanatory variables
as necessary:

e,r

& W4t

t = o+ ﬁNCZ'J’t + 6337_[_2,]%1‘/ + &, NQ»M + FZi,j,t +uitveteijne e H, L;

g,
where the subscripts ¢, j,t denote individual i, country 7, and time ¢. 7° represents medium-term
expectations (3-5 years ahead) or short-term expectations (1-year ahead) in some of the robustness
checks. NC (not confident) captures whether the individual is confident in the central bank achieving
inflation close to 2 percent. 772 th and ﬂf]Lt represent the above and below thresholds that are
explained in the following text. The vector Z contains several control variables including individual
characteristics as well as macroeconomic control variables. p and v are region and year fixed effects
and ¢ is the i.i.d error term. For the errors we use two-way clustering in region and time.

We control for socioeconomic characteristics, such as gender and age; the macroeconomic situa-
tion in the country proxied by the short-term interest rate; economic growth; and the inflation rate.
Finally, we control for trust in the government. As there might be a lack of trust in institutions in
general, we need to make sure that we only identify the lack of confidence in central banks and do
not confuse it with attitudes toward other policy making bodies.

As one-year-ahead expectations may be strongly influenced by transitory shocks, we opt to
focus on medium-run expectations that are not prone to such short-term movements and may
reflect longer-run effects such as changes in policy strategy or objectives. Results for short-run

expectations are presented in the robustness section.
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Table 1: Medium-Run Expectations

(1) (2) (3) (4)

Not Confident  1.107%%*  1.102%%* _0.401%%* -0.526%**
(0.0519)  (0.0518)  (0.0345)  (0.135)
Gov. Mistrust ~ 0.231%%%  0.274%%%  Q.157%%%  (.156%%*
(0.0534)  (0.0538)  (0.0484)  (0.0485)

Inflation Target -1.781**F  (0.425%* 0.152
(0.192) (0.193) (0.197)
Below -1.357FF% 1. 175%K*
(0.0270) (0.0667)
Below_nc -0.120%**  _(0.122%**
(0.0352) (0.0351)
Above 3.456%F*  4.119%**
(0.0847) (0.0866)
Above_nc 1.500%**  1.533%**
(0.0764) (0.0782)
Nec_it 0.131
(0.142)
Below_it -0.202%**
(0.0688)
Above_it -0.744%%*
(0.105)
Observations 46,785 46,785 46,785 46,785
R-squared 0.073 0.074 0.278 0.278
MacroVar Yes Yes Yes Yes
Socio Yes Yes Yes Yes
Region FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes

Two-way (region time) clustered standard errors in parentheses. “Above” rep-
resents dummy variable denoting a threshold of 2.5 percent and “Below” a
threshold of 1.5 percent respectively. Medium-run expectations are 3-5 years
ahead. All regressions include regional and year fixed effects. Errors are
two-way clustered over time and region. “Below_nc” and “Above_nc” repre-
sent interaction terms between “Not Confident” and the “Above” or “Below”
threshold. “Nc_it” denotes the interaction term between “Inflation Target” and
“Not Confident”. “Above_it” and “Below_it” are the interaction terms between
“Inflation Targeting” and the “Above” and “Below” threshold variables. “FE”
denotes fixed effects. “Socio” stands for control variables on socioeconomic
characteristics and “MacroVar” for macroeconomic control variables.

*k p<0.01

** p<0.05

* p<0.1
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In table 1, we test hypothesis 1. Hypothesis 1 is tested by adding the not-confident indicator
dummy and by interacting this indicator with thresholds for inflation expectations below 1.5 percent
and above 2.5 percent. Therefore, we consider expectations between 1.5 percent and 2.5 percent to be
the reference level region to which we will compare expectations in the other two regions. In effect, we
calculate the average effects of not confident in three regions of inflation expectations. Notably this
is an ad-hoc threshold indicating a moderate deviation of expectations from the inflation target. We
report a number of robustness checks and alternative definitions of these thresholds, among others,
we re-estimate the same equation with thresholds of 1 percent and 3 percent.'® As our model
predicts the possibility of both inflation and deflationary biases, we expect the above interaction
term to be positive (adding to the inflation bias) and the below interaction term to be negative
(adding to the deflationary bias). This hypothesis would be rejected if the below interaction term is
positive or insignificant indicating that a loss in confidence results in an inflation bias independent
the probability of the low state. In such a case, this result would confirm the standard inflation bias
prediction. Notably, being able to identify and quantify the inflation bias as such would still be a
substantial contribution. Similarly, if the above interaction term is not significant or negative this
outcome would imply a rejection of the hypothesis about inflation bias.

In column (1) of table 1, we include, aside from the control variables and the time and region
fixed effects, the main variable of interest, but we do not include the interaction terms for different
regions of distribution. As such, these results represent the average results for the whole distribution
of inflation expectations. We can show that the coeflicient estimate of being not confident in the
central bank is statistically highly significant and has a positive sign. Losing confidence in a central
bank on average generates the classical result of an inflation bias. Notably, we not only provide
empirical evidence of this result, but are now in a position to exactly quantify inflation bias as
resulting in a 1.1 percent higher medium-run inflation expectations. Given that inflation targets
are around 2 percent in our country sample this number reflects a substantial bias. However, our
analysis below confirms that there is a significant heterogeneity in inflation expectations and that
not all households exhibit inflation bias.

In column (2) we add a dummy variable for inflation-targeting countries. Our main variable of
interest remains highly significant. Looking at the relevance of inflation targeting, the corresponding
coeflicient estimate is negative implying that inflation targeting reduces medium-run expectations
by 1.8 percent. Hence, we can re-confirm the effect of inflation targeting of reducing inflation
expectations and bringing them closer to the target level.

In column (3) we dig deeper and test hypothesis 1 that is, the simultaneous existence of an

¢

inflation and deflationary bias. Therefore, as described above, we add the dummy variables ”*above™
and "*below”” and the corresponding interaction terms of above and below with being not confident
(denoted as above_nc and below_nc). Those interaction terms are of particular interest here.

The first important observation regarding this estimation setup is the sharp increase in the

explanatory power of the specification. While in the previous columns the R? was approximately

18Results are reported in the robustness section in table 4.
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0.07, when we account for deflationary and inflation bias, the R? increases to 0.33. Hence, accounting
for this non-linearity improves the quality of this estimation substantially.

Looking at the estimation results (for 1.5 percent and 2.5 percent as thresholds), we observe
that the coefficient estimates of above_nc and below_nc are statistically significant and have opposite
signs. The estimate for above_nc is positive, implying that having inflation expectations above 2.5
percent and being not confident leads to an inflation bias for medium-term expectations of 1.5-
0.4=1.1 percent. To the contrary, the coefficient estimate of below_nc is negative implying that
individuals having inflation expectations below 1.5 percent, losing confidence leads to even lower
inflation expectations and a deflationary bias (for medium-term expectations: -0.12-0.40=-0.52
percent). With these results, we can provide first-time evidence of the simultaneous existence of
inflation and deflationary bias and quantify it.

In column (4), we explore how controlling for inflation targeting affects the results for inflation
and deflationary biases. For this purpose we interact inflation targeting with our threshold variables.
As inflation targeting should reduce the variability of inflation expectations, we expect that the

interaction term with

above” should be negative and the interaction term with "*below” should
be positive.

We can observe that there is little change in the coefficient estimates of our main variables of
interest. This estimation leads to very similar results for both inflation and deflationary biases: 1
percent and 2/3 percent, respectively. We observe that inflation targeting shifts the whole distribu-
tion of inflation expectations to the left, as both coefficient estimates of "‘above_it”” and "*below_it"’
are negative and significant. Especially, the coefficient on the interaction with above is quite large.
This means that the dispersion of inflation expectations is lower in the inflation targeting countries.
Here we have to note that our sample has only two central banks that are not pursuing inflation
targeting, so these results may be affected by the selection of countries in our sample.

Hypothesis 2 is tested running the same regression for hypothesis 1 column (3) but for the EMU
countries only. Furthermore, to explore the different perception of y*, we estimate the specification
of each country separately. With that setup, we can analyze country specific inflation and deflation
bias effects of losing confident.

Table 2 contains the estimation results. In the first column we replicate the specification of
Table 1 column (3) for the EMU countries in our sample. The other columns replicate the same
specification for the individual member country.

Column (1), which replicates previous results for the EMU sub-sample, confirms the simul-
taneous existence of inflation and deflationary biases for the EMU countries. The coefficients of
above_nc and below_nc are positive and negative respectively and confirm together with the "not
confident” coefficient estimate the existence of inflation and deflationary biases (-0.15+0.92=0.77
and -0.14-0.23=-0.37). These estimates are a touch smaller than for our full sample of countries. In
columns (2)-(6), we replicate the same specification for each EMU member state individually. We
observe that Germany, France, and Austria have inflation bias as well as deflationary bias. Spain
only has a deflationary bias, while Italy only has an inflation bias. In terms of size, Italy has the

strongest response of losing confidence in the price stability objective resulting in a high inflation

19



Table 2: EMU Medium-Run Expectations

(1) (2) (3) (4) (5) (6)
EMU Germany  Austria France Spain Italy
Not Confident -0.150%** -0.266***  -0.0245 0.0115 -0.0397 -0.0891
(0.0355) (0.0615) (0.0768) (0.0626) (0.0812) (0.0823)
Gov. Mistrust  -0.0156  -0.286*** 0.0229 -0.0268 0.0459 0.129%*
(0.0297) (0.0616) (0.103) (0.0529) (0.0544) (0.0598)
Below -1.285%F*  _0.940%*F*F  _1.149%**  _1.062%¥**  -1.204%*F* _1.264***
(0.0313) (0.0510) (0.129) (0.0538) (0.0668) (0.0519)
Below_nc -0.232%FF*  _0.334**F*F  _0.607F**  -0.384%*F*  _0.192** 0.00548
(0.0397) (0.0760) (0.190) (0.0723) (0.0839) (0.0746)
Above 4.202F**  3.356%F*  3.396***F  4.805F**  5.413%F*  4.367F**
(0.104) (0.160) (0.228) (0.284) (0.218) (0.189)
Above_nc 0.919%%*  1.078%**  (0.916%**  0.804** -0.360 1.577H**
(0.113) (0.187) (0.247) (0.315) (0.259) (0.228)
Observations 26,194 6,534 2,820 4,208 6,205 6,427
R-squared 0.292 0.238 0.235 0.349 0.332 0.308
Macro Yes Yes Yes Yes Yes Yes
Socio Yes Yes Yes Yes Yes Yes
Region FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes

Two-way (region-time) clustered standard errors are in parentheses. “Above” represents a dummy variable
denoting a threshold of 2.5 percent and “Below” a threshold of 1.5 percent respectively. Medium-run
expectations are 3-5 years ahead. All regressions include region and time fixed effects. “Below_nc” and
“Above_nc” represent interaction terms between “Not Confident” and the “Above” or “Below” threshold.

“FE” denotes fixed effects.
“MacroVar” for macroeconomic control variables.

k120,01
# p<0.05
* p<0.1
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bias followed by Germany, Austria, and France. Regarding the deflationary bias Germany and Aus-
tria have the highest coefficient estimate, followed by France and Spain. Overall, it is remarkable
how different the responses to losing confidence in terms of size and propensity for inflation and
deflationary biases are across the member countries of the monetary union, despite having the same
experience with the ECB. That said, our model allows us to identify the drivers of this observed
heterogeneity.

From our model, given the form of the objective function in eq. (9), the differences in the
perceptions can be either due to A or y*. Our theoretical framework allows us to compare country
pairs and determine if the differences in the perceptions are due to A or y*, as the two have different
effects on inflation and deflationary biases. Most strikingly, we can say that perceptions of y* in Italy
are significantly higher than in any other EMU country in the sample. Thus, in Italy, deflationary
bias is not present, while there is a high inflation bias due to perceptions that the ECB is targeting a
positive output gap. Differences in perceptions among other countries are mostly guided by different
perceptions of the weight that is associated to the output gap in the ECB’s objective function (A).
The perceptions of A are highest in Austria and Germany, followed by France, and the lowest in
Spain, where inflation bias is not significant. Thus, we can argue that, in Austria and Germany,
households are worried most about the ECB not pursuing a clear hierarchical mandate, where
inflation objective is the primary goal.

There is one additional possibility regarding differences in the perceptions of the ECB’s objective
function that is not explicitly modeled in eq. (9): differences with respect to the perceptions of the
inflation target. Although the ECB has clearly stated that the objective is to keep inflation “close,
but below 2 percent inflation”, Paloviita et al. (2017) has shown that in practice, this means the
inflation is around 1.7 percent. To see how different the perception is across the member states in
our sample, we use the following approach to investigate whether the perceived inflation target is
within the 1.5 percent and 2.5 percent range that we specify: We use our main regression, as in table
2, with one small adjustment that introduces an additional dummy variable for expectations above
bpercent to investigate which range for inflation target maximizes the fit of the model. We run a grid
search with a constant spread between the lower bound and the upper bound (That is, 1 percentage
point) that maximizes the overall fit of the model, for each country separately. We find that for
the medium-run expectations the best fit for all countries is roughly a range between 2 percent and
3 percent (see figure A.1). Thus, it is considerably above the ECB’s inflation objective, although
the absolute differences in fit are particularly small for Spain and France, while they are larger in
particular for Austria and Germany. This has a clear implication regarding anchoring of inflation
expectations, suggesting that ECB still faces a challenge convincing households of the medium-run
inflation objective.!” These results thus complement results in the previous paragraph, where we
observed that the perception in Germany and Austria are in line with the ECB not putting enough

weight on inflation developments (relative to output gap) in its utility function. In Germany and

9The more striking difference among countries actually emerges if we repeat the same exercise using short-run
expectations. In that case, the fit for Spain, Italy, and France is maximized for the 1.5percent to 2.5 percent range—in
line with ECB’s objective. While for Germany and Austria, it is maximized in the 2 percent to 3 percent range,
similar to the medium-run expectations.
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Table 3: Confidence and Dispersion

(1) (2) (3) (4) (5) (6)
Short-Run Medium-Run Short-Run Medium-Run Short-Run Medium-Run

IQR IQR Region Region
Not Confident 2.931%** 2.746%** 0.663* 1.939%** 2.095%** 1.828%**
(0.648) (0.658) (0.364) (0.559) (0.441) (0.421)
Constant 2.443%** 3.3917%** 1.440%%* 2.289%** 2.839%** 3.685%***
(0.442) (0.457) (0.248) (0.351) (0.286) (0.276)
Observations 97 97 97 97 1,025 1,021
R-squared 0.189 0.201 0.033 0.114 0.027 0.022

Robust standard errors are in parenthesis. The dependent variable is the variance of inflation expectations within
a country per time. “Not_confident” is the share of population within a country that indicated being not confident.
kokk

p<0.01
** p<0.05
* p<0.1

Austria it is believed that the inflation target that ECB is pursuing is slightly larger, both in the
short-run and in the medium-run, compared to the publicly stated objective.

Hypothesis 3 can be tested by comparing the variance and dispersion of inflation expectations
against the share of people that are confident across countries and time. Our model predicts that
with more people being not confident, inflation and deflationary biases are increasing, implying a
positive correlation. Table 3 shows a simple bi-variate ordinary least squares regression between the
variance of short- and medium-run inflation expectations (across countries and time) against the
share of people being not confident. We provide evidence of that for both horizons of expectations
of a higher share of the not confident population increases the dispersion of beliefs. Again the
medium-run effect is stronger and exerts a higher level of statistical significance. This result is
robust to using alternative robust measures of dispersion such as the interquartile range (that is,
the difference between the 25th and 75th quartiles), as we can see in columns (3) and (4). We
further check the validity of these conclusions by computing the variance by region instead of by
country. These results are reported in columns (5) and (6) and confirm our baseline estimation

results using country-level variance.

6. Robustness

In this section we conduct several types of robustness checks to solidify our results. Specifically, we
check the robustness of the specification in table 1 column (3). Table 4 contains all the different
robustness exercises we executed. For ease of reading, column (1) of table 4 is our benchmark

estimation result of column (3) of table 1.

6.1. Short-run Effects

Our main results focus on medium-run expectations. Nevertheless, it is interesting to check how

the short-run (one-year ahead) effect of losing confidence is and whether we can already observe the
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same asymmetry already in the short-run. One would expect that, in the short run, the deflationary
and inflation biases are smaller. Column (2) of table 4 contains the estimation results for this time
horizon. Overall, we observe qualitatively identical results. We provide evidence for inflation and
deflationary biases. In terms of size, the effects are lower than in the medium run, as we would have
expected. Losing confidence increases one year ahead expectations by approximately 0.65 percent
compared to 1.1 percent for the medium run. This is not unexpected as one year ahead is a shorter

horizon were the effect of losing confidence should not fully materialize.

6.2. Government Trust

One could argue that consumers may state that they are not confident in the central bank-mnot
necessarily because of inflation alone but because of a general lack of trust of government policy.
Usually this is hard to tackle, as one must compare the opinion toward other government bodies
or entities with the opinion regarding the central bank. To account for this possibility we decided
to exclude all respondents that distrust the government. With this, we exclude everybody that
distrusts the government and also has no confidence in the central bank, thereby we account for a
potential general negative attitude toward public bodies. Estimation results are presented in column
(3) of table 4. Again, our results hold, and we confirm, even in this substantially reduced sample,
the inflation and deflationary biases. While the inflation bias is about 0.8 percent, the deflationary

bias is about 0.4 percent.

6.3. Higher Order Fixed Effects

While we include a set of variables to control for macroeconomic events one might argue that
we might miss some relevant variation in the data. To control for that we estimate region times
time fixed effects accounting for any variation at one quarter within one region (most countries in
the sample are comprised of several regions) that could drive our results. Estimation results are

presented in column (4) of table 4 and again are qualitatively identical.

6.4. Bootstrap Standard Errors

Our standard errors are clustered at time times regional level and therefore account for joint variation
of regions at one point in time. But of course, one could argue that we are not accounting for the
possibility that the errors follow a different pattern. To capture this concern we decided to bootstrap
our error at this level of our clustered standard errors. Results are presented in column (5) of table

4. Again our main results remain unaffected.

6.5. Heckman Selection Bias

Another issue to check is a potential selection bias. To account for that we use a Heckman selection
approach. In the selection equation we use the same set of variables plus two additional variables
one capturing the fear of inflation and the second inferring expected income change. Results are

presented in column (6) of table 4. Again our results remain qualitatively identical. Results suggest
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that the size of the inflation and deflationary biases may be partially influenced by the selection
bias, as the size of deflationary bias increases and the size of inflation bias decreases. This may
be because responders who are more likely to report inflation bias more often do not answer the

questions regarding long-run expectations.

6.6. Alternative Threshold of 1 Percent to 3 Percent

As already mentioned in the main text the threshold we chose was ad hoc, and results might hinge
upon that. To counter this argument, we re-estimated the main table for an alternative threshold
of 1 percent to 3 percent. Results are presented in column (7) of table 4. Comparing this table to
the main table we can observe that we have qualitative identical results as well as quantitatively
very similar results. The overall bias is 1.107 in Table 1 and has exactly the same value in column
(7) of table 4. The above_nc and below_nc coefficients are both slightly smaller. Hence, changing
the threshold does not affect our results.

An additional check for the thresholds is to utilize another question in the survey that asks to the
tendency to agree with the following statement: “Rising inflation is giving me and my family cause
for concern at the moment.” As for the not confident questions, the answers range from strongly
agree to strongly disagree. Table 5 shows the categories of being concerned about rising inflation
against the corresponding average short and medium run inflation expectations in this category.
As can be seen, the average responses of those who agree and disagree are broadly in line with the

thresholds that we considered that is, 1.5 percent and 2.5 percent.

Table 5: Inflation Concern and Short
and Medium-Run Inflation Expecta-
tions

Concern 7

Strongly disagree

Tend to disagree 1.5 2.4

Neither agree nor disagree 2 3
Tend to agree 2.5 3.5

Strongly agree 3 4

—_
[\

s denotes averaged short-run expectations
while 7, represents averaged medium-run
expectations in the corresponding ‘concern’
category.

6.7. Full Measure of Confidence

For ease of exposition we decided to work with a 0/1 measure of confidence. Our survey, however,
captures confidence in an ordinal scale. To see whether this simplification might affect our results
we re-estimate the main table with this full (ordinal) measure. Results are reported in column (8)
of table 4. Again, the results remain qualitatively identical. Given that this variable is not 0 and 1

but ranges between -2 and 2, we cannot directly compare the coefficient estimate.
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6.8. Inflation Targeting and Inflation/Deflation Bias

In this section we test the implications of central bank design on inflation expectations. One
reason for the introduction of inflation targeting was to control inflation also via the inflation
expectations. Our sample consists of both inflation and non-inflation targeting countries, although
only two out of nine countries are not inflation targeting countries. We have already shown that the
dispersion of inflation expectations is lower in inflation targeting countries than in other countries
in our sample. Here we also test implications to the inflation and deflationary biases in these two
groups of countries.

We test the difference in sizes of these biases by implementing a triple interaction term between
above (below), non-confident and inflation targeting. As inflation targeting, according to our model,
should reduce both biases we expect a negative coefficient for the above interaction and a positive
coefficient for the below interaction term.

Table 6 presents the results. Column (1) provides the estimation of our main table for com-
parison. In column (2) we observe that the results for our standard thresholds are the same in all
countries. These results suggest that there is no statistical difference in inflation and deflationary
biases among inflation and non-inflation targeting central banks, although we confirm the results
from Table 1 that the dispersion of inflation expectations is smaller in inflation targeting countries
in our sample.

However, in column (3) of table 6 we perform an additional check—that is also potentially an
interesting robustness check for our results overall-where we assign a country-specific threshold for
the reference group. Our goal is to find a county-specific threshold, where the reference group
will have no inflation and no deflation bias. As you can see in column (2) of table 6, there is a
deflationary bias in the reference group, as the coefficient on not confident is significantly negative.
That means that at least in some countries the reference group thresholds are potentially too low. To
study this we implement a country-specific regressions with a fixed reference group width (difference
between above and below). We find that at least for Singapore and Honk Kong the reference group
is potentially set too low.?’ After adjusting the reference group in column (3) of table 6, we do
not find a significant difference in the inflation bias among these two groups of countries (about
1.25 percent), however the deflationary bias is twice as large among inflation targeting countries,
0.75percent, compared to other countries in our sample.

Overall, while we find evidence that inflation targeting reduces inflation bias, we provide evidence
that it increases deflationary bias. Notably, we face the same empirical limitations other studies
have in analyzing the implications of inflation targeting. We have only a few countries that are not
inflation targeting countries in our sample and consequently they might not be seen as an optimal

comparison group.

20Tn specific, we set the reference group width to 3-4 percent for Hong Kong; 2-3 percent for Singapore; 1-2 percent
for Switzerland; 2-3 percent for Germany, UK, and Italy; and 1.5-2.5 percent for the remaining countries.
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Table 6: Inflation Targeting and Confidence

(1) 2) 3)
Country Specific
Gov. Mistrust 0.231***  (0.156*** 0.111%**
(0.0534)  (0.0485) (0.0473)
Not Confident 1.107%F*  -0.389*** -0.377F**
(0.0519)  (0.0707) (0.0914)
Above 4.188%H* 3.983***
(0.110) (0.128)
Not Confident xabove 1.374%%* 1.266%**
(0.160) (0.162)
Inflation Target 0.213 0.0551
(0.192) (0.189)
Not Confident x Inflation Target -0.0153 0.0522
(0.0777) (0.0965)
above xInflation Target -0.822%** -0.611%**
(0.144) (0.161)
Not Confident xabovexInflation Target 0.175 0.220
(0.181) (0.184)
Below -1.224%%* -1.165%**
(0.0752) (0.0695)
Not Confident xbelow -0.0309 0.0529
(0.143) (0.0893)
Below xInflation Target -0.152* 0.149**
(0.0795) (0.0737)
Not Confident x below xInflation Target -0.0923 -0.375%**
(0.147) (0.0947)
Observations 46,785 46,785 46,785
R-squared 0.073 0.278 0.300
MacroVar Yes Yes Yes
Socio Yes Yes Yes
Region FE Yes Yes Yes
Time FE Yes Yes Yes

Robust standard errors in parentheses. “Above” represents dummy variable denoting a threshold of
2.5 percent and “Below” a threshold of 1.5 percent respectively. Medium-run expectations are 3-5
years ahead. All regressions include region and time fixed effects. “FE” denotes fixed effects. “Socio”
stands for control variables on socioeconomic characteristics and “MacroVar” for macroeconomic
control variables.

K p<0.01

** p<0.05

* p<0.1
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7. Conclusion

In this paper, we investigate implications of losing confidence in the price objective of the central
bank for households’ inflation expectations. We first build a model with an occasionally binding
zero-lower-bound constraint and a central bank’s loss function that is potentially different from the
optimal one. We show that in this environment inflation expectations can either have inflation or
deflationary bias. Second, we test several hypotheses derived from the model using individual-level
data on inflation expectations and confidence in a central bank’s ability to achieve the specified
inflation objective for nine countries. This novel survey design allows us to directly test for inflation
and deflationary biases.

Our results suggest that both inflation and deflationary biases are present in the survey data.
They are also sizable: Losing confidence implies an inflation bias of about 1 percentage point and a
deflationary bias of -2/3 percentage point for the medium-run inflation expectations. inflation and
deflationary biases are somewhat smaller for the short-run inflation expectations, but still significant
and relevant for policy makers. This result shows that communication strategies (management of
expectations) are critical for central banks to achieve the inflation objective. For our sample of
countries, we also find that countries who pursue inflation targeting have lower inflation expectations
and lower dispersion of inflation expectations as well. However, no support is found that inflation
and deflationary biases are mitigated: Our results indicate that in our sample the deflationary bias
may even become larger under an inflation targeting regime.

Furthermore, our model allows us to identify the average differences in the perceptions of Euro-
pean Central Bank’s objective function across euro-area countries in our sample. This is particularly
interesting as the EMU countries share the exact same experience in terms of the ECB’s monetary
policy. The empirical results show quite remarkable differences: Germany, Austria, and France
have both inflation and deflationary biases, Spain has a deflationary bias only, and Italy has only an
inflation bias. Our model allows us to dissect these differences and interpret them as either a result
of different perceptions of the target level of the output gap or different relative weights attached to
output and inflation in the perception of the ECB’s loss function. We can show that the perception
of the target level of the output gap is the highest in Italy among these countries. The differences
among other countries are mostly driven by the different relative weights attached to output and
inflation. These results indicate that the ECB faces an ongoing challenge in convincing households
of their objectives.

Overall, our results highlight the importance of communication and the relevance of a sound
central bank reputation, particularly when the economy is operating close to the zero lower bound

and using nonstandard monetary policy tools.
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Appendix A. Model with Endogenous Trust

When discussing inflation or deflationary bias often several descriptions of the relationship be-
tween the central bank and economic agents are put forward. Note that it is important to clarify
the difference between credibility, reputation, confidence, and trust in the context of this discussion.
While all these concepts are inherently related, the game theoretic literature distinguishes between
them. To clarify the objective of the question asked in the survey, it relates to the public confidence
that the central bank is currently pursuing appropriate policies to achieve price stability over the
medium term. The main difference among credibility (reputation), trust, and confidence is that
credibility (reputation) consists of the characteristics of the institution or individual (one-sided),
while trust and confidence are inherently two-sided relationships, as they are characterized by the
preferences of both agents involved in this game (relationship).?! In economic terms, trust can be
defined as “the belief or perception by one party (for example, a principal) that the other party (for
example, an agent) to a particular transaction will not cheat” (Knack, 2001). It is more difficult
to disentangle the difference between trust and confidence as they are strongly related. Potentially,
trust could be a broader concept than confidence, as one could argue that confidence is based on
trust, or that it is a perception of trust. In a game theoretic setup, a trust game embeds moral haz-
ard due to uncertainty of which action will be implemented, while a reputation game is characterized

by asymmetric information on the type of agent.

A.1. The Marginal Utility with Respect to Consumption

U (Cy, e, ¢1) = a1 (14, 1) — diz (1) e OC"
where a1 (73, $t) = a1 + a7t — ag (¢1) 77

and  da (1t) = a1 + a7

So U4 (Ct,Tt, ¢t) becomes
U (Ct,7e,¢1) = a1 + cae — as () 77 — (01 + apry) e ¢t

where 7 = 1 ¢ (1 — 6750t> +ef

Taking the derivative of the utility function with respect to consumption we have:

21Credibility and reputation depend solely on the actions and characteristics of the institution or individual. Repu-
tation involves learning based on past experience; in other words, repeated credible actions and achieved targets lead
to a certain reputation and uncertainty regarding the type of agents slowly dissipates. Generally, trust in institutions
and policy making is a wider concept than reputation, as it is the nexus of both preferences of the trustee and the
trustor (see, Bursian and Faia, 2018).
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A
%Ct =2 —agt — 203 (1) T Tt + a16e79Ct 4 an <7Tt56_5ct 4 e9C Tt )

aC 9Ct
Tt —sC
here —~ = § ¢
where ac, P1,te
. . Tt
Pl for — =
ugging in for ac,
A
50, = 02¥rede 0t = 205 (60) ¥ 860 + 2a5 (90) ¥ 1T — 203 (¢1) Y ee G
t

+ ay6e9Ct - angtée*‘sCt + agbe 200t _ age[(Sef‘sC‘ + angt&e*%Cf

Which simplifies to:
U&= [—2as (¢1) Y1,0 — oz] et 0e ™2 + (o1 — 2003 (¢1) 7 ;] e 0C"
+ 203 (¢¢) Y1,t + a2) wl,t687260t + ape29Ct

The steady state for the marginal utility with respect to consumption is:

UG = [—203 () Y1 — az]£76e™°% + [a1 — 203 (¢) %7 ] de ¢
+ [2a3 (¢) Y1 + 2] P16 29C 4 apde™20¢

A.2. The Log-Linearized Marginal Utility with Respect to Consumption

UAUS, = [-203(9)e78e7C — dag(@)pr6e ™07 + dag(9)urde™2C + azde™2C ] puyn
+[— (—203(¢)1 — a) e™6%e 7 — (a1 — 203(¢)¥7) 6%e°C
—2(203(P)h1 + ) 1627 20C — 209826~ 2C1CC,y
+ [(—2a3(p)p1 — az) be e}

Cleaning up the log-linearization:

U‘CqU:é,t = [—2&3(¢)ET¢1(56760 4 a2e”8e79C — e 9C + a18e7%C — @y 6e %€
— 203(9)970e°C — 2a3(9)9p7de°C + 2a3(d) Y7 5e T + 2a3(p)ypise ¢
4 O6266—266‘ _ a26€—260 + 042’1/)156726C]¢'i,t
= 0[(—2as(¢)¢1 — a2)e76e 0 + (a1 — 2a3(0)¥]) e + (2a3(P) Y1 + ag) 167 2C
+ (2as(®)Y1 + a2) w1626_25c + a252e—2§c n a262e_25c]CC't
+ [(—2a3(¢)91 — an) e~ 0C)eTe]
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Using the definition of the steady state of marginal utility with respect to consumption:

2 U8 — 6 [(a2e™ + a1 + 2a3(8)9?) 5e79C + (a2 — 2003()p1) e 25C] } R
UC,t - UA "bl,t
c
UZ + 6 [(2a3(¢)ip1 4 a2) 1 + 200] e=20C |
—sc | =< U é,
[203(¢)Y1 + ] eTdeC |
_ oA &
A 8 [(a2e™ + a1 + 2a3(9)¢7) 6e™°F + (az — 2a3(P)p1) e >°¢] | -
UC,t = 1= UA wl,t
c

5 [(2a3(d)¥1 + a2) b1 + 2a] e=29¢
vé

. {[mgwwl +a] efée-“] o

A t
UC

—sC |1+ Cy

A.3. Log-Linearizing the Euler Equation

1+
A A

Uty =BEUE 41—
Tt4+1

When we log-linearize we get:

BUE - BUEA+D) . B+ s
- Mt+ 7r2 7r7rt+1+TUCUé,t+l

ApA
UcUg, =

This simplifies to:

7 S| G s B (G Py
s ™ ™

Cit C,t+1

Appendix B. Proof of Propositions

B.1. Proof of Proposition 1

The standard Markov perfect equilibrium is given by a vector yr, 7,5, Y, 7L, %, that solves the following system of

linear equations:

ya = (1 —pm)yg +pryc] +o (1 —pu)mg +parr —ig + 7]+ 7H, (20)
g = rkyg + B[(1 —pa)7mH +pE7L], (21)
0= Xy —vy*) + rkmH, (22)
yr = [(1 —pL)yn +pryc] + o[ —pr)mm +prmp —ip + 7] + 71, (23)
nr = wyr + B[(1 —pr)mH +pr7r], (24)
and

i, =0, (25)

and satisfies the non-negativity of the nominal interest rate in the high state
ig >0, (26)
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¢, denotes the Lagrange multiplier on the ZLB constraint in the low state:

oL = AyL + K7L

(27)

‘We will prove the four preliminary propositions (proposition 1.A-1.D), and use these propositions to prove the main propo-

sition (proposition 1) on the necessary and sufficient conditions for the existence of the standard Markov perfect equilibrium.

Let
A(X) == =B pH,
B(\) =%+ A1 - B(1 - pw)),
C:= M(l — Bpr + Bpu) — pr,
OR
D:= _(1—71%)(1 = BpL +Bpu) —(1—pL)=-1-C,
OKR
and

E(\) :== AN)D — B(\)C.

Assumption 1.A: E(\) #0.
Throughout the rest of this proof, we will assume that Assumption 1.A holds.
Proposition 1.A: There exists a vector yy,7mg,ig,Yyr, 7L, that solves (20)-(25).

We can rearrange the system of equations (20)-(25) and eliminate yy and yr..
Using (22) we have:

We substitute this value for yp into equation (21):

mg = kyg + B[(1 —pu)mH +paTL]

=kly" — ;ﬂH} +B[(1 —pu)mH +paTL]

2
. K
BpaTL + KY :WH‘FTWH_B(I_Z’H)WH

if we multiply this expression by A:

(K2 + A1 — B — pur))ma — BAprmL = KAY*

When we solve for yg in equation 21 and yy, in equation 24 we have:

1 1
YH = —TH — ;5[(1 — PH)TH +DPHTL]

1 1
yL = 7L - ;5[(1 —pL)TH +pLmL]

‘We substitute these values for yz and yy, into equation 23:

(1—pr) [%WL - %5[(1 —pL)TH +PL7FL}] =(1-pL) EWH - %B[(l — PH)TH +pH7TL]]

+ol(l —pr)mg +prrr + 1]+ 711

{(l—pL) (l_pL)(

(1—-8pL + Bpu) _UPL:| T — { 14 Bpg — Bpr) +o(1 _PL)j| g =or’ + 1L
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(30)

(31)

(32)

(33)

(34)

(35)
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Therefore we have two unknowns, 7z and 77, and two equations:

C D

A(N) B(A)} [m} _ |:/$)\y*

TH TL
ST 1 D —B\)| [rkAy*
7|  AMND - B\C |-C AN rL
where r;, = r* + %TL.
Therefore, we have:
A(N) C
= — — kM
EEN T ENTY
and
—B(X) D
— Ay
RN T EN Y

This gives us the following Phillips curves in both states:

p— * K
Ya =Y —XTFH
. RTAWN c .,
vH =Y ’X[Ew”*m“y}

_IBNPH c 2 *
YH = ) ry + (1+ E(A)K )y

YL = % [z = BI(1 —pr)mH +pr7L]]

(1= Bpr)w® + (1= B)( + Bpr — ﬁpL)ATL

yL = "BV - X1 -8C+ (1-58pL)]

Proposition 1.B: Suppose (20)-(25) are satisfied. Then ¢ < 0 if and only if E(\) <0

Proof: Notice that

¢L = AyL + K7L

. [_ (1= Ppr)s?® + (1= B)(A + fprr — Bpr)A
kE(N)

—A[(1—6)0+(1—6m)]%

e [Z20,, 4 Doy

E()\) 7"L+ml’i)\

Group terms:

o1 == [2 [ = o) + (1= 90+ 8 = )]+ 8B )| T

£ WD = A= B)C + (1 - Bpu)] %

Now simplify the y* term:
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(38)

(39)

(40)

(41)



*

Ay

= [s2D = A[(1 = B)C + (1 — Bpp)]] B

(42)
Putting all the terms together we have:
61 = = |2 10 = Bpu)e® + (L= )1+ Bom = )] + kB )|
) {W R “]} %
(43)

_ 2 .
Thus (1 - pr) [A22H20(1— Bpp + Bpa) + 62 + X < 0if pr < 1.
We have that 77, < 0, (1 — Bpr)x? > 0,(1 — B)(1+ Bpr — Bpr)) > 0, and kB(\) > 0. Also, if E(\) < 0, then ¢1, < 0.

However, if y* > 0, given that:

A (A= AB + K2)
OR

b [(1 = Bpr)r® + (1 — B)A + Bpu — BrL)A] + kBN | rr > (pr — 1) (1 - Bpr + Bru) + (K2 + A) | Ay*

then we come to the same conclusion as above that if ¢;, < 0, then E(\) < 0 and also if E(A) < 0, then ¢, < 0.

Proposition 1.C: E()) < 0 if and only if p} < (0_,)
Proof: Let E(-) be a function of py and py, for this purpose.

E(pu,pr) =A(pH,pr)D — B(pu,pL)C (44)
=—Bpur(-1-C) = [k2+2(1 - B(1 -pu))]C

=BpuX — [+ X (1 - B)] % (1 - Bpr + Bprm) —pL

(45)
Let I'= k2 4+ A (1 — B).
E(pu,pL) =
=BpgA—T [w (1 —BpL + Bpu) —pL}
OR
—TH—p2 4T [i<1+/3+ﬁpm+1] pr + BApr — T— (1+ Bpr)
oK OR OR
=q2p}, + q1pL + o (46)

‘Where we have that:
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qo :=BApH — r L (1+ Bpu) (47)
OR
q =T L (1+ 8+ Bpu)+1 (48)
oK

q2 = — I“Bi (49)
OR

The function, E(-,-), has the following two properties:
Property 1: E(pg,1) >0 for any 0 <pgy < 1.

Blpr,pe) == TB—— +T [~ (14 5+ o) + 1] + B3prr — T (1+ Bpm)

=T+ BApy >0 (50)

Property 2: E(pg,pr) is maximized at pr, > 1 for any 0 <pg < 1.

OE(pm,pL) —2gept 4 g1 = 0
opr
“pl, =— %
T [ (1+8+8pu)+1]
N 2rp L
L (2 1— 1
:[M(B+( /31)+BpH)+}>1 (51)
281
(52)

Property 1 and property 2 imply together that i) one root of E(-,pr) is below 1 and ii) E(-,pr) < 0 below this root. We
will call this root p} (©—p; )

pL(OL )= —a1 — /43 — 44240 (53)
e 22 '
Based on the properties outlined above, if E(\) < 0, then pr, < p}(©-p, ). Likewise, if pr < p} (©—p, ), then E(X) < 0.
This completes the proof of proposition 1.C. Proposition 1.C. holds regardless of whether the system of linear equations (20)-(25)
is satisfied or not.
Proposition 1.D: Suppose (20)-(25) are satisfied and E(\) < 0. Then iy > 0 if and only if py < p§;(©—p;).
Proof: iy comes from rearranging ygy

ya = [(1 —pr)yn +puyr] + o[l —pu)my +pa7mL —ig + 7]+ 7H (54)
We multiply by %:

1 L1 1
iH = (A —pm)yg +pryr) + 1 —pg)my +parn +1r° + ~TH = —YH

1
- [—puryH +prYyL] + (1 —pa)7"H + pHTL +TH

where rp =r* + %TH.
We have that ip is equal to the following:
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. 1
in = [-puyn +pryr] + (1 —pu)ry +pumL +7H

where rg = r* + é‘rH.

Now we plug in for yg, yr, 7g, and 7p:

_ —pH [ BrpH
(on

Ly = 1
" Y ’"”( *

)"

+

o KE(X)

A(N) c }

rp — ———KA\

+ = pa) {Em BV
)

—B(A D .,
By T BN Y ] T

+PH{

Now we group the ry, and y* terms:

pH {7 (1= Bpr)r* + (1 = B)(1 + Bpm — ﬁpL)ATL

—[A=-8C+ (1-BpL)]

*

Ay
E(N)

i = [ ([ (14 55 ) 10 )+ 0= 90 75

(1—Bpr)s* + X1 — B)(1 — BpL + Bpu)

o

+ [ pn ([ oou +

K

Now we look at the y* term and simplify it:

First we pull out ﬁ of the expression and group with the y* term:

p + A(X) + B(N)

_ CAk _ D)\n) _ CAk
E(N)  EMN)

|:—pH ([(E(A) +k2C) +[(1 - Bpr) + (1 — B)C]A] é — CAk — Dm) - cm}

First, we will look at the term multiplied by %:

1

[

[(EQ) +#2C) +[(1 = Bpr) + (1 = B)CIA]

[~BAps D — 5% + A(1 — B(1 — pr))IC + K2C + [(1 — Bpr) + (1 — BYC] A] ~

g

BApsr + A1 — Bpy)] -

[

Then we look at the term multiplied by —pg

—PH

So our y* term is:
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(B30 + A= fpr)] = + An)

— PH ([BApH +A(1 - Bpr)] % — CXk — Dm)
(

)]

E(N)

(55)

(56)

(57)



*

1 Y
— A A1 — — 4+ Ak | —CA
[ PH ([5 pr + A(1 = Bpr)] -t "i) H} BV
1 *
{(—BAP?{ —Apx + ABprpr — (1 —pr)A(1 — Bpr) — (1 — pL)A\Bpm) ~ = PuAR+pLAR Ey()\)
(58)
Now we group our y* term by power of pgy:
—BA 1 A1 — 1-— *
izﬁ; + (= BrLA = A= A1 —pL)B] — Ax ) pur — (1= pe)( = Bpr) +pLAR| -
o o o E(N)
(59)
So our full simplified y* term is:
—BA 1+8(1—-2 1-— 1-— *
B T AL —2p) i — A (1 —pr)( BpL)—an Yy
o o o E(N)
Next, we group the terms of r;, terms and simplify the expression:
1— 2+A1-801 - 1
Y R — (1= Bpr)k (1-8)Q1—8pL +Bpu)] L FAN) + BOY) + A(y] £
K o E(N)
2401 - 1-
[ (L2200 + 0000 o)) — ] 2%
Ko E(X)
(60)
We know that T' = k2 + (1 — 3), so we have:
r +(1— T
A et /) S Y +puAB) — BApH | —=
ko E(X)
T[Bpy + (1 — BpL)] 2 } L
- — —pgA
|: PH o PHK PH E()\)
(61)
Now we group our ry, term by the power of pg:
T8 4 '(1-B8pL) | o ) } L
—py — | —————= A —
[ ko TH ( Ko tREEA P E(\)
(62)
With the simplification of the y* term and ry term, our full expression for iz becomes:
= [y (LB LY (Ui ] v
o o o E(\)
-TB 4 '(1-P8pL) | o ) } L
- —== A
+[ ko TH ( Ko tRIEA )P E()\)JFTH
(63)
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The final expression for iz grouped by the power of py:

Z.H:[;B)\ y* T8 TL}2
o E(\) ko EQ))
_ {)\(1+5(10 szuH) Ey(;)+(1“(1;0,3m)+’{2+)\) T&Jm

+rg

We want to show that i > 0 when E(X) < 0:
We will multiply the expression by —E(\):

[BA _,,_ETL} v+ {A (1+5(1*2PL) +H) vt (F(l ;UBPL) +H2_‘_>\) TL} I ((1*pL)(1*BPL) —pLH) v — EQ)rg > 0

g (2

|:ﬂ>‘ +£7’L:| %+|}\(M+ ) *+(M+K2+)\)7‘L—T‘Hﬁ>\+’r‘}[rﬁl_ L

p }
pH
o o Ko o

+>\<—( —pr)(1 ~ Fpe) PL H)y +rHF( )(1*,6’pL)*pL)>0

o

Now we divide by I and —rp,:

o . 81, T R L
(B 8] [ (LB Y . .
ol'ry, KO o I'rp, KO N
_ Fi ((1 —pr)(1 - Bpr) —pLH) g T ((1 —PL)(l —~ Bpr) —pL) S0
TL [ea TL KO
Let
P(pu) = 203 + d1pm + do (64)
where
A _ _ _
$o = Ty (—(1 pL)le Prr) —pLH) y* - %I (7(1 R:L) (1-8pL) —pL> (65)
TH TH
. (@=BpL)+(Q—-pr)B— K2+A1-8—)
¢1 = | (M +Iﬁ2) Fy + TLp + - TL (66)
o rr KO
b= | - 2] (67)
ol'ry, KO
(68)
Property 1: ¢o >0
P {;5)\ y* T8 rgp }
=176 EQ) ko E(N
1+ﬁ172pL) (1-8pL) | o L
*[A( - ) ( e " “)E(A)]p”
(1-pr)( - BpL) y*
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If we have that py = 0, then the expression reduces to:

*

o (1-pr)(d - Bpr) Yy
ig=—A\ (——py—s) m—i—m{ (69)

g

A ((1—PL)21—/3PL) (1—PL)§71—/3PL) —prk > 0, when py, < PZ(@Q )=

When py = 0 we have iy = — —pu@)%—&-m{. 2oL

Bro+1—+/(Bro+1)2—43
28 :

This completes the proof of property 1.
Property 2: ¢2 <0

In order for ¢2 < 0, we must have that:

ELREApY
ol'ry, Ko

—BA

ol'ry, Ko

We will multiply by —rj, since we have by assumption that r;, <0

oy —

Y L
24+ 01— A

y* < _TLM rn < —y* i

KA K2+ A(1—B) (70)

As long as r;, < —y* then ¢2 < 0. This completes the proof of Property 2.

KA
Property 1 and property 2, ¢o > 0 and ¢2 < 0, imply that one root of (64) is non-negative and iy > 0 if and only if pgy is

below this non-negative root, given by

—¢1 — \/ 2 — ddod2 )

2¢2

p;[(@—PH) =
This completes the proof of proposition 1.D.

With these four preliminary propositions (1.A -1.D), we have what we need to prove proposition 1.

Proposition 1: There exists a vector {yy,7y,8y,yr,7L,ir} that solves the system of linear equations (20)-
(25) and satisfies ¢;, < 0 and iy > 0 if and only if p; < p}(©_p,) and py < p};(©—p, ), where p} (©_p,) =
min{p} (O, ),p},(62, )22

Proof of “if” part: Suppose that pr, < p} (©—p,) and pg < p3;(©—p, ). According to proposition 1.A there exists a vector
{yw, 7, 8m,yL,7L,i0} that solves the system of linear equations (20)-(25). According to proposition 1.B and 1.C, E(X\) < 0
and ¢ < 0. According to proposition 1.D and the fact that E(\) < 0, iz > 0. This completes the “if” part of the proof.

Proof of “only if” part: Suppose that ¢;, < 0and iy > 0. According to proposition 1.A there exists a vector {yg, 7g, 8y, yr, 7r,ir}
that solves the system of linear equations (20)-(25). According to proposition 1.B and 1.C, E(A) < 0 and pr < p}(©—p,).
According to proposition 1.D and the fact that E(A\) <0, pg < p};(©—p, ). This completes the “only if” part of the proof.

21t is straightforward to show that the sufficient (but not necessary) condition for ©', ) < p;(©2,,) is that
ko < 2/pB.
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B.2. Proof of proposition 2

We characterize the sign of inflation and output depending on whether it is low or high state. We will use the restriction
regarding rj, that guarantees us the existence and E(A) < 0, the inequalities on A(X), A(A\) < 0; B(\), B(A) > 0; C and D.
Namely that when E(A) <0, C >0 and D < 0.

When y* = 0, we get, as in Nakata and Schmidt (2018), that 7y < 0, 7, < 0, yg > 0 and yz, < 0.

However, when y* does not equal zero, our equations are augmented.

A(N) C
TH = rp — ——kAY"
T EN"T BN
Given that fim)\y* is a positive number, it is possible under certain conditions for 7wy to be positive. Whenever,

B
y* > % then 7z > 0. Under the assumption that restrictions for the existence of equilibrium are satisfied (proposition 1)
we can conclude that:

- 28\;7'14 - —E?A) rAy* <0, iff y* < _L:él rrL
=
%TL - %/\)H)\y* > 0, iff otherwise
Note that —%TL = Ag‘g;L.
—B(\) D
= 2\ Ayt
TR TR
Given that %n)\y* > 0, it is possible under certain conditions for 7 to be positive. Whenever y* > %, then
g > 0.
;EB(E\?) rp + T(D)\) rAY* <0, iffy* < B(DAK):L
T =
%@TL + %m\y* >0, iff otherwise
Brpu ( C 2) X
= 14—
YH EO rp+ |1+ E(/\)K y
yg > 0 as long as B};‘ggrL + (1 —+ %K2) y* >0
We will multiply by —E(\):
— Brpurr + (—E(X) — Cn2) y* >0
— Brparr > A (Bpa — (1 - B)C)y*
(72)
If (Bpa — (1 — B)C) < 0, then we have:
—BrpH X
<
NG — (1-p)0) F Y
(73)

, mm‘ < 0. y* > 0, therefore,
this equality will always hold. Thus, yg > 0 when Bpy — (1 — 8)C < 0. Solving this inequality leads us to the condition

Since both the numerator and denominator are negative, and given that r;, <0

pr < p’i(@:ipL). Now we can straightforwardly show that p’l‘l(@ipL) > py, (GEPL) from the proposition 1 (existence of the

equilibria), and thus for all values of py, that satisfy the existence conditions we have that yg > 0.23

(1—Bpr)s®+ (1 — B)(1+ Bpy — Bpr)A y*
- "BV rp = A[(1=B)C+ (1 - BpL)] BV

yL =

. * 3
), one can easily show that p7 (02,

2By comparing p} (G)ipL) and pj} (0!

. ) > pz(@l_pL) as long as —k2Bpy < 0,
which is always true.
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Given that —A[(1 — 8)C + (1 — BpL)] % > 0, it is possible under certain conditions for y; to be positive. If y* >

(1=Bpr)r?+(1—B)(A+Bpr—BpL)A
—A[(1-B)C+(1—Bpr)lr

rr,, then yr, is positive.

(1—=Bpp)s®+(1—B)(14+8pH —BrL)A e w _ (1=Bpr)r?+(1—B8)(1+Bpu —Bp AL
gy _ | IR A, — A (1= BC+ (1= Bpu)] gy <0, il yT < USRS e
_(-Bpr)k +(1;EB()A<)1+BPH*BPL)/\TL —A[(1=-B)C+(1— BPL)] y 2 0, iff otherwise

B.3. Proof of Proposition 3

In this proposition we characterize how A affects inflation and output in the low and high state. We will use the restriction
that E(A) < 0, rr, < 0 and the inequalities on A(X), A(A) < 0; B(A), B(A) > 0; C and D. Namely, when E(A) < 0, C > 0 and
D <0.

omn _AWEQ) — ANE'Q) - BQ) - AB'()

A E(\)? "L oy O
A [FAQ) — ANC = BNC] = AN [-A'(A) = A/ (N C = B'(\)C]
E(\)? =
[-A(N) — ANC — B(NC] = A[-A'(\) — A'/(\)C — B'(\)C] Cru*
- E(\)? ™
_ —BpuA (1 — B+ Bpu) + Bpu (k> + (1 — B+ Bpu) \) or
- E())2 E
[8Apr + BApHC — [* + A (1 = B(1 — pu))] O] = ABpr + BpuC — (1 = BA—pn)) O] ,_ .
- B(V)? i
76]7}[/62 K2C N
=Bz T By O (74)
(75)
or,  —B'(NEQX) + E'(N)B(M) EQ)=AB'Q) .
o E(\)? L E(\)? w
A (N)B(X) — A(N)B'()) K2C N
= ENE Dryp — 7E(/\)2 Dry
Bpuk? K2C N
=— B2 T — 7E(/\)2 Dry (76)
oyu _—EX) E(\) x
o T B2 rPHTL b E(\)?2 COx’y
—[Bpa — (1 = B)C —[Bpa — (1-8)C
0900, 080,
= 7[ﬁpHEi(S; Aic] [Brpurr + CK?y*]

As shown in proposition 2, (8pg — (1 — 8)C) < 0 for any plausible value of pr that satisfy the existence of equilibria
(proposition 1) then 8yH > 0 iff y* > ’BpH rr, and ayH <0iff y* < ﬁpH rL.

44



Oy _ (1= B~ Bpr + Bp) Q) — (1= Bpr)s® + (1= B)(1L — Bpr + Bpu)) E'(N)
oax KE(N)2 r
E(\) — AE' (A .
2O (- o+ (- ey

_ [(1 —B)(1 = Bpr + Bpu) [AN)D — B(A)C]

RE(N)?2 =
_ K2 _ _ I =Y &
[((1 BrL)s? + (1= B)( KB];D(LA;ﬁpH)A) [AWD-BW| *1;&?2 (= B)C + (1— fpr)] "
_BRPH 3 gye (1 el + 2oC (- BYC + (- )]y (77)
=E0n? Al ToVE D))y

B.4. Proof of Proposition 4

In this proposition we characterize how y* affects inflation and output in the low and high state. We will use the restrictions

that E(A) < 0, rr, < 0 and the inequalities on A(X), A(A) < 0; B(A), B(A) > 0; C and D. Namely, when E(A) < 0, C > 0 and
D <0.

ory C
= A>0
oy BT
ory, D
= A>0
gy BN
Oy ( C 2)
=(1
oy T EN"
=—E(\) —Cr?

=— [Bapu — (v* + A[1 = B))C] — Ck?
=—BApy + (1 - B)C
=—XBpua + (1 —B)C)

Since we’ve imposed in our earlier propositions that (8pmg + (1 — 8)C) < 0, then we have that 9yy

Oyr _ZAA=p)+ A =Bl _
Ay* E(\)

B.5. Proof Proposition 5

In this proposition we characterize how 7, affects inflation and output in the low and high state.

that E(A) < 0, rr, < 0 and the inequalities on A(X), A(A) < 0; B(A), B(A) > 0; C and D. Namely, when E(A) < 0, C' > 0 and
D <0.

‘We will use the restrictions

ory AN 1
orr, EN) o

orp, —B(A)1
orr, E(N) o
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Oyu _ Brpm 1

or, By o
dyr (1 =Bpr)r* + (1 = B)(1+ B — Bpr)A >0
dy* E(M\)k

B.6. Proof Proposition 6

In this proposition we first characterize how py affects inflation and output in the low and high state. We will use the
restriction that E(\) < 0, r, < 0 and the inequalities on A(X), A(\) < 0; B(\), B(A) > 0; C and D. Namely, when E(\) < 0,
C>0and D <0.

E(\) == B [-1 - O] = [* + A1 - B(1 —pn))] C

BO) =83 — | L (= Bpr + Bpm) — pr | [+ + 20— 9)

dE(N) 1 0C _1-py g 0A

—PL 2
=B\ — A1 -8)]— = = —BA
Opy A oK Bl + A Al Opy oK Opy A
DA(N OE (X aC OE (X
Ori _ B PN AN BEEON O
Opu E())? E())?
87TH 1-— PL [112 + )\(1 — ﬂ)] AK *:|
e _ 1— - -
Opn ( —— (1= Bpr) pL) B [ B T EEY (78)
If we want to examine when g:—g <0:
oy 1—pp (k2 + 21— B)] Ak *}
ZIH (8L - A - 0 79
oo ( p— (1 - BpL) PL) B [ V2 "L Eo)EY < (79)

We thus need to show that (%(1 — BpL) — pL> BA[[K% + A1 = B)]rr — Aky*] <0
We know that SA > 0 and that (1_“ (1-pBpL) — pL> > 0, as the negative root of this equation is equivalent to p*L(Osz)

OK
that is needed for the existence of the equilibria. Thus, our expression becomes:

(5220 ) — 1) B3 (162 + X1 = B — Aw] <0 (50)
[[n2 + A1 =B)rr — Aky*] <0 (81)
My > (K2 + A1 - B)]rL (82)

This expression will always hold since y* > 0 and r;, < 0.

In the second part of this proposition we characterize how py, affects inflation and output in the low and high state. We
will use the restriction that E(\) < 0, r, < 0 and the inequalities on A(\), A(N\) < 0; B(A), B(A) > 0; C and D. Namely, when
E(MA) <0,C>0and D <O0.

DE(N)
dpr

= (4 B0 21+ p)) + DK + A1 - )]
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Note that

oy
Ipr,

< 0.

oc 7(—(1 + B0 —2pr, +pH))+1)

8pL oK
o4 _
OpL
BA(>\) (N) aC _ 9E)
_ 9L B — A()\) opr r— WEO‘) c 9L, kAy*
E(XN)? E(X)?
_Bvu (&1 + B —2pL 4+ pr)) + D[k + (1 — 5)]) (83)
E(X)?
(G480 =2pr +pr) +1) EQ) + C (G5 (1 + B0 = 2p1 +pm)) + DIF> + A0 =B)))
KAY (84)
E( )?
(85)
BE(A) <0 and < 0,as —2pp +pg > — %‘H — 1 for any 0 < pr,pg < 1. Thus, it is always the case that
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Appendix C.

Summary Statistics

Table A.1: Summary Statistics for Expected Inflation For Combined Confidence Measure

Political Orientation Inflation Targeting Gov. Trust Country

No. Obs. Total  Right Left No Yes Trust Distrust Austria France Germany Hong Kong Italy  Singapore Spain  Switzerland UK
Short-Run Inflation
Not Confident, 29,233 3.84%* 3740 3.84% 5.08%* 356" 3.83"*  3.85"*  3.39"  3.09"* 353" 5.37*¢ 4.68**  4.59™*  3.65°° 3.52% 2,754
Confident 21,246 281 2.75 3.04 4.39 2.51 291 2.45 2.84 2.62 2.44 5.06 3.30 4.00 3.69 1.99 1.98
Medium-Run Inflation
Not Confident, 27,204 5.34%* 513" 5.08*+* 7.29*** 4.88%* 5.24%* 539" 5.09"*  4.66** 5.21%+* 7.82%** 5.41%* 6.40*** 4.48%° 5.39*** 4.29%**
Confident 19,928 3.84 4.06 3.65 5.71 3.92 3.53 3.59 3.62 3.47 6.56 3.69 5.22 4.36 3.33 3.07

Gender Age Survey

No. Obs.  Male Female Young Middle Old 3 4 5 6 7 8 9 10 11 12 13
Short Run Inflation
Not Confident, 29,233 3.33% 44T 4.59*** 3.99*+* 3.37* 4.37F4.07 3.997 410" 3.80%* 3.84%* 3.78** 3.45%* 3.57* 3.66*** 3.64%*
Confident 21,246 2.53 3.31 3.82 3.11 2.26 3.58 3.22 3.28 2.92 3.18 2.80 2.79 2.53 2.39 2.56 2.41
Medium Run Inflation
Not Confident 27,204 495" 582" 611+ DAST 484M* 568" 5.52°% 5.64™% 559" 5447 5,18 5.20%% 5147 5117 5.08** 5,12
Confident 19,928 3.55 4.35 4.81 4.03 3.32 4.40 4.14 4.19 4.19 3.94 3.79 3.85 3.58 3.61 3.64 3.49

Notes: The mean (median) of each group variable is compares between confident and not confident. For example, when testing Austria we are comparing the mean (median) of Not Confident to the mean (median) of Confident within Austria. %,
* %% denote significance at the 10, 5, and 1 percent, respectively, for the two sample t test. 0,00, 0 oo denote significance at the 10, 5, and 1 percent, respectively, for the Kruskal-Wallis equality of populations rank test

Table A.2: Share of Confidence Combined Confidence Measure

Political Orientation Inflation Targeting Gov. Trust Country
Total Right Left No Yes Trust  Distrust Austria  France Germany  Ttaly Spain EU Hong Kong  Singapore Switzerland UK
Not Confident 61.98* 57.35"**  71.58**  60.78"** 62.19"** 83.26™*  73.55™*  TT.54M* 66.54™%  65.88"**  T7T.37 TLITH T2.54** 48.55%* 37024 40.29*
Confident 38.02 42.65 28.42 39.22 37.81 56.35 16.74 26.45 22.46 33.46 34.12 22.63 28.23 27.46 51.45 62.98 59.71
Gender Age Survey
Total Male Young  Middle Old 3 4 5 6 7 8 9 10 11 13
Not Confident 61.98**  56.86*** 62.55™*  63.11%**  61.32***  69.67***  65.28"**  69.24™**  65.40"**  61.62*** 61.04™* 61.54™* 5771 58.16™* 57.17
Confident 38.02 43.14 37.45 36.89 38.68 30.33 34.72 30.76 34.60 38.38 38.96 38.46 42.29 41.84 40.77 42.83

Notes:The median of each group variable is compares between confident and not confident. For example, when testing Austria we are comparing the median of Not Confident to the median of Confident within Austria.

at the 10, 5, and 1 pere

at, respectively, for a one-sample test of proportion.
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Figure A.1. Perception of ECB’s inflation target
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in different euro-area countries.
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