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Abstract

Modern monetary policy focuses on credibility and shaping inflation expectations. In keeping
with the concept of inflation forecast targeting, the inflation forecasts published by central
banks play a crucial role in the instrument rate decision-making process and may be treated as
a specific intermediate target. This study proposes+an_inflation forecast credibility index, the
scope of which is narrowed to non-specialists’ approach to inflation forecasts. The credibility
of the forecast is defined as the ability to.shape consumers’ inflation expectations. This ability
iIs measured as the absolute difference between the central paths of inflation forecasts (the
mode values) in the one-year forecast harizon and one-year consumers’ inflation expectations.
The inflation forecast is representediin the study as a function of forecast attributes (accuracy,
similarity, and deviation fromythe inflation target). The credibility function of the forecast is
derived from belief function theory, normally distributed, and determined by the linear
function of the chosen“forecast attributes. The importance of these attributes depends on
whether monetary poliey was conducted before or after reaching the zero lower bound on the
policy rate. The“credibility index is calculated for the inflation forecasts published by the
central banks of the'United Kingdom and Sweden. The main conclusion of the study is that
the deviations, of the forecast in the last year of the forecast horizon and similarity between
consecutive forecasts are important forecast attributes for shaping the inflation expectations of
consumers=before and after reaching the zero lower bound on the policy rate, and may
determine the inflation forecast’s credibility. However, the similarity to consecutive forecasts
affects'the forecast’s credibility in opposite ways before and after reaching the zero lower
bound on the policy rate.

JEL classification codes: E58, E52, E47

Keywords: inflation forecast targeting, inflation forecast, credibility index, inflation
expectations
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Introduction

Almost every central bank that implements an inflation targeting regime publishes
inflation forecasts. According to Svensson (1997), inflation forecasts play a crucial role in
modern forward-looking monetary policy. Firstly, inflation forecasts shape consumers’
inflation expectations (CIE) and, in the long term, anchor them to the inflation target. These
forecasts are the foundation of the transparency strategy of central banks and should increase
their credibility (Szyszko, 2017). Inflation targeting may take the form of inflation forecast
targeting (IFT). Svensson (1997) created the concept of IFT under which the inflation-forecast
plays the role of an intermediate target of monetary policy and becomes the basis for the
instrument rate decisions made by central banks.

Studies of the inflation forecasts published by central banks and CIE can be divided
into three types. Studies of the first type involve an analysis of the accuracy ofithe forecasts.
The Bank of England (BoE) publishes density forecasts for each-quarter (mean, standard
deviation, and skewness). For external researchers, such transparency facilitates the conduct
of studies. Inflation forecast errors were analysed by Wallis' (2003) and Dowd (2007),
although these studies were limited to inflation forecasts assuming_ a constant instrument rate
(CIR) during the entire forecast horizon. Inflation forecasts assuming market expectations of
future interest rates (ME) were examined by Knuppel~and*Schultefrankenfeld (2008). The
accuracy of inflation forecasts based on the assumptions of CIR and ME and published by the
BoE are yet to be compared. Inflation forecasts based on'the assumption of CIR and published
by Sveriges Riksbank (SR) and the BoE, were also analysed by Dowd (2004), who
demonstrated that the inflation forecasts.by SR'were more accurate than those published by
the BoE.

In studies of the second type, inflation forecasts are analysed from the point of view of
IFT. In this process, the direct impact of the inflation forecasts published by central banks on
CIE is analysed using correlation ‘coefficients and models that capture causality (e.g.
structural VAR, VECM, etc.). This type of study has been performed by Szyszko (2017) for
Czech Republic, Hungary, Poland, and Sweden, by Hubert (2014, 2015a, 2015b) for Canada,
Japan, Sweden, Switzerland, the United Kingdom, and the United States, and by Lyziak and
Paloviita (2017a).forthe Euro area. The studies confirm the influence of inflation forecasts on
CIE. Studiessanalysing the effect of the communication of central banks (understood as a set
of communication, /tools, of which the inflation forecast is one) on CIE were examined by
Binder (2017),for the Federal Reserve, who found that anchoring the expectations of more
infarmed eonsumers increased more than anchoring those of less informed consumers.

The third type of study assumes the analysis of CIE as an outcome of individual
inflation perceptions. This approach has highlighted the cognitive sources of reactions to news
in forming inflation expectations. It is assumed that expectations are highly heterogeneous
and that consumers use different models, data sets, and sources to shape their expectations
and have varying ability to process the information (Pfajfar, 2013). Expectations are also
heterogeneous because of consumers’ socioeconomic and demographic factors (Pfajfar &
Santoro, 2009), financial situation, and purchasing attitudes (Ehrmann et al., 2015). Studies of
the formation of CIE have included revising the expectations and learning-to-forecast models
in monetary policy (Anufriev & Hommes, 2012; Bernasconi & Kirchkamp, 2000; Hommes,
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2011; Hommes et al., 2005; Marimon & Sunder, 1994). The most recent research was
performed by Pfajfar and Zakelj (2016), who analysed the monetary policy rules
(contemporaneous and forward-looking rules) in comparison to the formation of CIE.

In this study, we analyse the main features of the inflation forecasts published by
central banks and their ability to shape CIE, measured as the absolute difference between the
forecast and expectation. As consumers are non-specialists, we seek to identify the unique
cognitive features of forecasts that have influenced the human brain and directed the
expectations of consumers. These assumed features include the accuracy of previous forecasts
as well as the similarity between consecutive forecasts and the absolute deviations of the
forecast from the inflation target. The linear function of these attributes determines the
credibility function of the inflation forecast. We propose an index that may be used to
measure consumers’ attitudes towards the credibility of the inflation forecasts by central
banks. According to linear belief function theory, the credibility function has a normal
distribution, with the variance derived from the residuals of the estimated linear attribute
function. In this study, three types of models are estimated: models with forecasts assuming
CIR, models with forecasts assuming ME, and models/ with“ferecasts assuming an
endogenous rate. In line with these models, we derive different credibility functions.

The aim of the study is thus to analyse (1) whether,the inflation forecasts published by
the central banks of the United Kingdom and Sweden-are credible for consumers, and (2)
whether their credibility changed after reaching the zero lower bound (ZLB) on the policy
rate. We hypothesise that the inflation forecasts published by the central banks of the United
Kingdom and Sweden were credible before and after reaching the ZLB on the policy rate.

The study examines the forecasts published-by two central banks: SR and the BoE. The
reference periods for the individual banks are 1999-2016 for SR and 1993-2016 for the BoE,
and the starting point in each case corresponds to the publication of the first forecast. The
choice of central banks was based on two main factors. First, SR is the only central bank that
implements an inflation targeting yregime and has published all three types of inflation
forecasts associated with.the three”assumptions: CIR, ME, and an endogenous rate. Second,
the BOE is the only central bank that implements an inflation targeting regime and publishes
CIR-based forecasts in;tandem with ME-based inflation forecasts. Moreover, the two central
banks selected here officially declare the use of IFT procedures and have already published at
least 50 forecasts.

Theapaper concludes in several directions; however, the main conclusion is that
deviations of the forecast in the last year of the forecast horizon from the inflation target and
the similarity between consecutive forecasts are important forecast attributes in shaping CIE.
The deviations of the forecast from the inflation target affected the forecast’s credibility in the
same direction before and after reaching the ZLB on the policy rate, whereas the similarity to
consecutive forecasts affected it in opposite ways. This study is, to the best of our knowledge,
the first complex analysis of consumers’ attitudes towards the credibility of inflation
forecasts.

The article consists of five sections: a description of the role of inflation forecasts under
the IFT framework, methodology, the estimation and the empirical results of the credibility of
the forecasts of the chosen central banks, and conclusions.
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1. The role of inflation forecasts under the IFT framework

In this study, we rely upon several theoretical statements derived from Svensson’s IFT
framework. The first has its origins in Svensson’s initial IFT concept, under which an
inflation forecast published by a central bank may be treated as a specific intermediate target
for monetary policy and in this sense may be perceived (or should be perceived) by central
bankers and consumers® as the main determinant of inflation expectations. Following
Svensson (1997), such an inflation forecast is easier to steer towards the inflation target than
is inflation, is correlated with inflation, is controllable and observable by central bankers, and
improves communication with the public.

Inflation forecasts can be based on three instrument rate assumptions: CIR,"ME, and
an endogenous rate (Svensson & Tetlow, 2005). These assumptions are directly related to the
decision-making procedure of the Monetary Policy Committee (MPC). If aniinflation forecast
assumes a CIR, it follows the initial version of the IFT concept and-may bertreated as an
intermediate target in the procedure known as the rule of thumb. The procedure enters the
algorithm in which the instrument rate decision depends only on whether the inflation forecast
in the medium term is below or above (or at the same level as) the inflation target (Svensson,
1997). In the case of strict IFT (which does not exist in practice), the inflation forecast is the
only variable in the central bank loss function, and the role of the central bank is to adjust the
repo rate such that the inflation forecast at the end of the.forecast horizon equals the inflation
target (Svensson, 1997). The strict IFT evolved “in practice to become a flexible IFT
framework, which includes the publication of inflation forecasts as well as forecasts of the
output gap (or GDP). In this case, the central ‘bank’s loss function also includes output
stabilisation and ‘implies a gradual adjustment of the inflation forecasts towards the inflation
target’ (Svensson, 1997, p. 3). Further, it assumes the use of longer horizon forecasts (usually
three years), which may not always reach the inflation target (in favour of output
stabilisation).

The theoretical framework of the initial IFT concept was established under the
conviction that inflation expectations correspond or react to the deviations of central banks’
inflation forecasts fromthe previously set inflation target. From a strategic perspective, under
the initial IFT framewark, central banks tend to treat the inflation forecast as an intermediate
target, which they are willing to become the main determinant of inflation expectations. To
accomplish this, central banks should preserve transparency in the forecast creation process,
model specifications, and MPC’s decision-making procedures, which are tied to the use of
communication tools. The model used should be as well as possible and should incorporate all
central bankers’ information on the state of the economy (Svensson, 1997, 1999). In this
sense, therinflation forecast is an outcome of the model and all available data sets along with
the best information about the future state of the economy.

From the economic agent’s perspective, the public may monitor the forecast’s
deviations from the inflation target. As shown by Svensson (1997), under the assumption that
economic agents share the same information from the model (forecasts and model

! In this study, we focus only on CIE and do not analyse market expectations or the expectations of professional
forecasters.


http://mostwiedzy.pl

specification) as the central bankers, ‘the public can spot deviations of the inflation forecasts
from the explicit inflation target, and by criticizing the central bank for such deviations reduce
or even eliminate such deviations’ (Svensson, 1997, p. 11). With the use of this criticism, ‘the
public can enforce that the central bank’s forecast is close to the explicit inflation target’
(Svensson, 1997, p. 12), which makes them a stimulative tool of monetary policy. In the face
of this theoretical discussion, we assume that central banks implementing the IFT concept
publish inflation forecasts to manage and steer inflation expectations, tending to anchor such
expectations on the inflation target via these inflation forecasts. Inflation forecasts based on
the CIR assumption have been published by the BoE since 1993 and by SR in 1999-2005,
taking the form of fan charts with expressly marked inflation targets and a two-yearhorizon.
The alternative to forecasts based on the CIR assumption are forecasts<using the ME
assumption, which are represented by the forward interest rates implied by. thewyield curve.
Bernanke and Woodford (1997) criticised this assumption, indicating thatthe role of a central
bank is to influence, not to follow, market expectations (Svensson, 2005). Forecasts based on
the ME assumption have been published by the BoE since 1998 and by SR‘in 2005-2006.

The IFT concept has evaluated (e.g. Svensson & Woodford, 2003) forecast targeting.
Forecast targeting includes publishing an interest rate forecast and forecasting the target
variables included in the central bank’s intertemporal loss function. The forecasts of target
variables are consistent with the forecasted policy rate (Svensson, 2014), and thus the
forecasted instrument rate is the assumed instrument rate in the inflation forecast and the
output of the same central bank’s model. This coneept states that the forecasts of inflation and
resource utilisation should ‘look good’ and, present a compromise between inflation and
resource utilisation stability (Svensson,.2009).-According to Svensson (2009), a ‘good-
looking” inflation forecast is congruent with the inflation target (or approaching it) and the
forecast of resource utilisation is at'the'normal level (or approaching it).

An inflation forecast based, on' the assumption of an endogenous instrument rate
requires the implementation“ef anjoptimal monetary policy path, one in which the MPC
decides on the instrument rate” by following the published instrument rate forecast
(Svensson & Woodfordy2003).-Such a forecast implies a longer (three-year) forecast horizon.
According to Svensson-and Tetlow (2005), at the end of this horizon, the inflation forecast
should be equal-or close'to the inflation target. This portrays the forecasts as a promise that
the central bank is setting the instrument rate such that inflation will reach the target during
the longer:horizon, Thus, inflation and instrument rate forecasts may be treated together as the
main determinants of inflation expectations. The question as to whether they represent one or
two_information sources is discussed in Section 2.2. Such an optimal monetary policy plan
has been‘published by SR since 2007.

To check empirically the impact of the inflation and instrument rate forecasts by the
BoE and SR on CIE, we performed a correlational analysis. The resulting correlation
coefficients indicate the significant impact of the inflation and instrument rate forecasts of the
selected central banks on CIE. The correlation between inflation forecasts and instrument rate
forecasts is also large and significant (see the Appendix for the results). A number of factors
from the financial sphere and economic architecture influence CIE (Cerisola & Gelos, 2009;
Ciccarelli & Garcia, 2009; Geberding, 2001; Lyziak, 2013). Despite this, we intentionally did
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not consider them in our study, instead choosing to focus directly on shaping consumers’
expectations by the central bank forecasts.

2. Methodology
2.1. Theoretical model and main assumptions

The idea of an inflation forecast credibility index is based on several assumptions
derived from the macro-theory of inflation expectations and cognitive concepts. The first and
main assumption is as follows:

Assumption No. 1. Consumers rely on simplifications to develop their inflation expectations.
The inflation forecasts published by central banks can be regarded as such simplifications and
these shape inflation expectations.

This view is connected to the concept of bounded rationality proposed by Simon
(1978) and Radner (1975), which assumes that individuals make decisions on- the basis of
cognitive simplifications (Singh, 1986) and that these decisions are narrowed by the cognitive
limitations of their minds. It is also in line with the rational inattention concept proposed by
Sims (2003, 2010), where consumers, to save time when setting their-inflation expectations,
may follow such simplifications. This basic idea has also been adopted in the field of
mathematics as the simplicity principle (Li & Vitanyi, 1997), where it is argued that
compared with the long code, ‘the shortest code can“be used for prediction, with a high
probability of “‘convergence” on largely correct predictions™ (Chater & Vitanyi, 2003b, p. 20).
In our case, the long code is equivalent to all thesinformation about the state of the economy
available to consumers; the short code corrésponds to a forecast, which implements all the
most important information; and the predictioniis CIE. Gardner-Medwin and Barlow (2001)
suggested that the human brain uses redundant'neural codes and shortcuts for perceptual input
(Chater & Vitanyi, 2003b). In this.sensg, a forecast can serve as a simplification of large data
sets, thus becoming an adequate.instrument that can shape inflation expectations.

The process of how<CIE-is formed can be divided into two steps. The first step
involves identifying the source @f'the information used, which, in our case, is an inflation
forecast. The second step consists of defining the rules and processes used to transform the
information containédhin the forecast into a decision expressed as an expectation®. Specific
features of forecasts to which consumers react are known as forecast attributes, and numerous
studies confirm"thesimpact of inflation forecasts on inflation expectations® (Szyszko, 2017)
and on modern forward-looking monetary policy theory (Svensson, 1997, 2003, 2005;
Woodford, 2003). We examine the impact of inflation forecasts at the one-year horizon on
one-year-ahead inflation expectations and assume the one-year monetary policy transmission
mechanism. The inflation forecasts published by central banks incorporate inputs from the
largest data sets and information about the state of the economy (backward-looking as well as

> This view is common in the risky decision-making approach (Payne & Braunstein, 1971; Slovic &
Lichtenstein, 1968).

% In our analysis, the Pearson product-moment correlation coefficient between inflation forecasts at the one-year
horizon and one-year inflation expectations was 0.51 at the significance level of 0.05.
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forward-looking variables®). In this sense, they can be regarded as the best tool to shape
inflation expectations (i.e. the best simplification). Under these theoretical assumptions,
forecasts serve as simplifications of the state of the economy and consumers form inflation
expectations based on these forecasts. In other words, consumers want to follow the inflation
forecasts when shaping their inflation expectations. However, they follow this forecast only
when they believe in it and feel it is credible for them. The degree to which inflation forecasts
can effectively guide inflation expectations is defined in this study as the absolute difference
between the value of an inflation forecast at the one-year horizon and one-year inflation
expectations.

However, which forecast attributes affect consumers’ perception of the credibility of
inflation forecasts? For the purposes of this study, forecast credibility iscdefined by its
capacity to shape CIE. It is difficult to determine how consumers develop their inflation
expectations and which factors are truly important for non-specialists;/thus, we searched for
patterns that could be linked to inflation forecasts and cognitive.concepts. In cognitive
science, pattern recognition is understood as a process that connects cerntain visual attributes
of a stimulus with information stored in the memory (Eysenck’& Keane, 2003), and a pattern
is recognised as a specific feature derived and extracted from.the stimulus (Eysenck & Keane,
2003). Research on signals, corresponding perceptual®stimuli, and the representation of
responses was initiated by Shepard (1987). To this end, we~adopted the approach used by
Chater and Vitanyi (2003a), who focused on representations, stimuli, and responses.

In this case, forecast y;.12 is the stimulus;:the perceptual stimulus is represented as a

function connecting a certain attribute of forecast'f (4, S, D), and the corresponding response
is inflation expectation Em,,,. In other werds, mflation forecasts are stimuli characterised by
certain attributes. In cognitive science, the_choice of attributes depends on the degree of
stimuli data compression they provide (Chater & Vitanyi, 2003a). Here, we chose three
forecast attributes, namely, accuracy (A), similarity (S), and deviations from the inflation
target (D), as these are storeduin” consumers’ memory. The degree of accuracy is determined
by the accuracy of previous forecasts, the degree of similarity depends on the difference
between the present and previous forecasts, and deviations from the inflation target depend on
the previous inflation target set by the central bank.

The mastiobvious attribute of prediction is its accuracy (Einhorn, 1986; Rehm &
Gadenne, 2013). However, consumers may check the forecast’s accuracy sometime after its
publication: Hence, they form their expectations based on inflation forecasts and thus need the
initial values—+the previous forecasts’ accuracy. The accuracy of previous forecasts might
determine the degree of their beliefs in the present forecast. Our concept might therefore be
perceived as similar to models of learning in forming inflation expectations [constant gain
learning by Orphanides and Williams (2005), Milani (2007); the recursive least squares with
infinite memory learning by Evans and Honkapohja (2001); learning from experience by
Malmendier and Nagel (2015)]. In the present study, we also state that consumers form their
expectations about the accuracy of their previous predictions. What mainly distinguishes our

* The modern forecasting models used by central banks incorporate backward-looking as well as forward-
looking variables and can be described as consensus forecasts (Alessi et al., 2014).
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research is that we are not studying the learning of consumers from their previous mistakes
(differences between inflation and expectation) but investigating whether consumers in
forming their expectations consider central banks’ previous forecast mistakes (accuracy) and
learn from them.

However, when specifying the attributes of inflation forecasts, accuracy is insufficient.
An economic forecast judged only on its accuracy might be distorted by sudden economic
shocks and unexpected events, or (in the opposite way) might become a self-fulfilling
prophecy (Einhorn, 1986). These arguments necessitate the incorporation of an attribute of
inflation forecasts that compares the outcomes of present forecasts with that of*previous
forecasts. Kahneman and Tversky researched cognitive structures and processes under
prediction and created the heuristic concept, which consists of inter alia®.availability and
anchoring (see Rehm & Gadenne, 2013). Availability covers familiarity, drama, recency, and
relevance. Familiarity and drama are personal and emotional individual characteristics and
cannot be incorporated into the model. However, relevance is.the similarity of the
circumstances under which the previous forecasts were publishedto the circumstances under
which the present forecast is published (or the relevant causal“belief system). As the
circumstances are disputable, we measure the similarity between consecutive forecasts.

The importance of comparing present with previous forecasts has already been
recognised by central bankers who publish the comparative*fan chart presenting the central
paths of present and previous inflation forecasts(e.g. SR, Norges Bank). The use of
deviations of inflation forecasts from the inflation‘targetas a forecast’s attribute is justified by
the implementation of Svensson’s IFT concept. ‘Additionally, Cornand and M’baye (2018)
confirmed, using a laboratory experiment, that'agents under a flexible IFT regime consider
and follow the inflation target. We therefore assume that consumers form their inflation
expectations based on these three attributes. Figure 1 depicts the whole process.

All information about the state of economy

Subset of data Forecast

A :
9 f{A,5,D) Expectation

Attributes Signal Response

Stimuli

Simplifications

Figure 1. Transformation of the inflation forecast into an inflation expectation.

> The heuristic concept consists of availability, representativeness, anchoring, and adjustment (Rehm &
Gadenne, 2013).
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According to this, we measure the extent to which the three chosen isolated
components of the inflation forecasts published by the central banks (accuracy, similarity, and
deviation from the inflation target) are optimally considered by consumers in the process of
forming the inflation expectation to minimise the absolute distance between the expectation
and forecast. Thus, the objective function is as follows:
min|yt+12|i-E7rt+2|=f(A,S,D)

1)

where A is accuracy, S is similarity, D is the deviations of the forecast from the_inflation
target, Y12 is the central bank’s inflation forecast at the one-year horizontunder the
assumption of the i; instrument rate, and Ew, is one-year-ahead CIE (lagged by two
months®). This means that under a credible inflation forecast, to form thein.éxpectations,
consumers combine accuracy, similarity, and deviations from the inflation target such that the
function of these three attributes equals zero.

To analyse the way consumers develop their inflation expectations based on the
inflation forecasts published by central banks, we compare the impact of selected forecast
attributes on the absolute deviations of expectations from inflatienforecasts. To determine the
impact of forecast similarity, accuracy, and deviations from the ‘inflation target on forecasts’
capacity to shape inflation expectations, we estimate three types of multiple regression
models: one for forecasts based on the CIR assumption;one for forecasts based on the ME
assumption, and one for forecasts based on the endogenous rate assumption. These models are
used to predict the absolute deviations of inflation forecasts’ central paths at the one-year
horizon from one-year inflation expectations:

Let y;,1, denote the central path™of an inflation forecast at the one-year horizon,
Em,,, indicate one-year inflation expectations lagged by two months, and f(A,S,D) be the
function of the attributes of the forecast., A represents forecast accuracy, S forecast similarity,
and D the forecast deviation fromthe inflation target; a,, as, ap, @4 are the regression
coefficients. The theoretical equation is as follows:

f(A,S,D) =ay+ asS+apD+ a,A+ = |yt+12_5nt+z|

()

Accuracy, similarity, and deviations from the inflation target as the estimated coefficients are
used in our further analysis to determine and derive the inflation forecast credibility function.

Assumption Ne=2: CIE is shaped by the previous, present, and future predictions of inflation.

Singh.(1986) analysed theories that people use to develop their inflation expectations.
He emphasised the cognitive rationality of these theories, distinguishing two types: adaptive
and paosterior rationality. The adaptive rationality of inflation expectations can be explained as
‘learning from experience in an environment of stable preferences’ (Singh, 1986, p. 198) and
involves learning based on previous outcomes. The learning process also implies making
comparisons and is associated with perceptual learning (Edelman & Intrator, 2002). In this
sense, consumers both judge the outcome of the present forecast based on the outcomes of

% Such a lag is considered in most research covering the least qualified group of economic agents, namely,
consumers (Dréger, 2015; Geberding, 2001).
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previous ones and compare previous forecasts with the present one, and learn from these
comparisons (Nosofsky, 1986). When consumers rely on posterior rationality, their
predictions are based on their motivations and intentions. In our study, this was connected
with the forward-looking attitude towards monetary policy and inflation targeting. From this
perspective, consumers make decisions based on how close the inflation forecast is to the
previously set goal (March, 1973), which is the inflation target in our study.

The forecast credibility index we propose thus combines three forecast attributes that
can affect CIE, namely, accuracy, similarity, and deviations from the inflation target. In
addition, we assume consumers are guided by adaptive rationality and rely on perceptual
similarity, as well as that their inflation expectations are formed by a backward-looking
attitude (included in Assumptions No. 3 and No. 4). Posterior rationality<and a forward-
looking attitude are also represented by the fourth and fifth assumptions.

Assumption No. 3. The accuracy of previous inflation forecasts affects consumers’
assessment of the accuracy of the present forecast.

According to Grundberg and Modigliani (1954), predictions are accurate when they
come true. If they are not accurate, consumers learn how tosmprove the accuracy of their
predictions. It can be assumed that if a consumer follows -an inaccurate forecast, the
expectation will also be inaccurate. Next time, the consumer will not follow the forecast. As
consumers make their decisions based on presentrand.previous inflation forecasts, at the
moment of making a decision, they may not be able to assess how accurate the present
forecast is. For this reason, consumers analyse previous forecasts and remember if they were
inaccurate. In other words, consumers believe thatithe present inflation forecast is accurate if
the previous ones were also accurate. This isswhy the first forecast attribute in our study is the
degree of the accuracy of previous.forecasts. In this stage, we can only assume that the
capacity of the present forecast‘to shape inflation expectations decreases when previous
forecasts were inaccurate.

The next factor that'needs to be determined is which previous forecasts are examined
in regard to accuracy. Ta answer this question, we refer to insights from research on midbrain
dopaminergic neurons, reinforcement learning, and the reward prediction error hypothesis.
Following Glimcher, (2011), much of human and animal behaviour can be explained by
reinforcement learning mechanisms. On the basis of reinforcement and extinction theory
proposed by/Bush and Mosteller (1951) and Rescorla (1971), we can argue that the impact of
the accuracy of-previous forecasts on the accuracy of the present forecast is subject to
extinction and decreases exponentially over time. Let us assume that the degree of the
accuraey. of each forecast is a discrete variable y,,, Vn—1, Yn-2,---» Yn-i, k € K, k — oo and can
be perceived as a reward. The accuracy of the present forecast y,, is affected to the greatest
extent by the accuracy of the immediately preceding forecast y,,_,, is slightly less affected by
the accuracy of forecast y,,_,, and so on; in other words, the impact of previous forecasts
gradually decreases with the increasing temporal distance from y,_,. Consequently, the
weights that determine the effect of the accuracy of previous forecasts on the accuracy of the
current forecast decline as an exponential function of time (t has discrete values of successive
forecast publications, understood as trials). Let MAEyndenote the accuracy of forecast y,, and

£ Dbe the weight of the forecast accuracy. The resulting accuracy equation is as follows:
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A, = B'MAE,  + B*MAE, , +B3*MAE, . +--+B*MAE,
3)

Yz BF =1, limy o f¥ =0

The accuracy of the inflation forecast in our study was measured in the following manner. We
assume that consumers update their expectations on average every 12 months and analyse
only the impact of accuracy of the forecasts published in the previous year. This assumption is
in line with the estimates obtained by Carroll (2003) and Khan and Zhu (2002), indicating a
12-month update period, and Mankiw et al. (2003), indicating a 12.5-month update period.
We assume that the accuracy of the present forecast published by a central bank is affected by
the accuracy of the forecasts published a year earlier. Central banks publish inflation forecasts
three or four times a year. If inflation forecasts are published three times a year, the accuracy
of the present inflation forecast is a function of the accuracy of the two previous forecasts, and
if inflation forecasts are published four times a year, the accuracy of the present forecast is a
function of the accuracy of the three previous forecasts. The weights used to determine the
effect of the accuracy of previous forecasts were set by analogy to the decay function. Let k
denote the inflation forecast horizon (quarters), n the number of inflation forecasts, y,the
inflation forecast, and A, the accuracy of the inflation forecast. The absolute error of the
inflation forecast is measured as the absolute difference between the inflation forecast and
inflation rate. Following the previous assumptions based on extinction theory (where the
weights imposed on the accuracy of previous forecasts on the accuracy of the present forecast
decrease exponentially over time), we assign the weights 0.6 and 0.4 to forecasts published
three times per year and 0.6, 0.36, and 0.04 to forecasts published four times per year. These
weights have not been checked in the learning-to-forecast laboratory experiment on humans
but assigned theoretically. The down-weighted past data that affect CIE are assumed in the
constant gain learning model (Orphanides & Williams, 2005), learning-from-experience
model (Malmendier & Nagel, 2016), and recursive least squares with infinite memory
learning model (Evans & Honkpohja, 2001). Dovern et al. (2012) examined the forecast and
its impact on expectations using fixed-horizon forecasts approximated as a weighted average
of fixed-event forecasts (where the closest forecast has the largest weights, which were
assigned by their share of the forecasting horizon). Our study assumes the exponential decay
weights assigned to the previous forecasts and a one-year update period. It follows that £ in
equation (3) with three previous inflation forecasts should be approximately 0.54
(B+p°+f°=1, p=0.54, f?=0.29, £°=0.16) and that B with two previous inflation forecasts
should be approximately 0.62 (8+4°=1, f=0.62, f°=0.38). However, we also state that the
closest previous forecast should have the same weight in both cases, as recency [understood
as the time interval between the last instance and the prediction (Rehm & Gadenne, 2013)] is
similar in both cases. Hence, assigning such different weights to the closest forecast might
distort the results. We thus assign to the closest previous forecast the same weight (5=0.6) for
both cases. According to this, the approximated [32 and ,83 in the equation with three previous
inflation forecasts should be 0.36 and 0.04, respectively, and the approximated /)’2 with two
previous inflation forecasts should be 0.4. Additionally, robustness checks (see equation (2))
covering different combinations of the three decay weights in the accuracy index were
performed. In each combination, the sign and significance of each forecast attribute (A,S,D)

k
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remain similar to the main estimation results described in Section 4 (see the Appendix for the
robustness check results).

The general idea of the accuracy index for forecast A, (the value of the accuracy
index for the y,, forecast) when the central bank publishes inflation forecasts three and four
times per year is A, = 0.64,  +0.44,  and A, =0.64,  + 0364, , +0.044, .,
respectively. Here, y,, is the present forecast (number of forecasts = n), y,_1, ¥n—2, Vn—3 IS the
previous forecasts, q is the first quarter in the present forecast horizon, m, is the inflation rate
in quarter g, y, 4 is the value of the n-th forecast in the q (quarter) horizon, and y,_y 4_1Iis the
value of the (n-1) forecast in the (g-1) forecast horizon. For a central bank publishing inflation
forecasts three times per year, the equation for the similarity of the inflation-forecast is as
follows:

Ay, = (0.6]yn-14-1 = mg-1]) + 0.4(|yn_2'q_1_"q‘1|+|3’n—2.q—2—”q—z|).

2
(4)
For a central bank publishing inflation forecasts four times per ‘year,/the equation for the
similarity of the inflation forecast is as follows:

Ay =

n

(06l — )+ 036 (s Tenbs oy
+O.O4(|Yn—3,q—1_”q—1|+|Yn—3,q—2_777q—2|+|Yn—3,q—3_77—'q—3 |) (5)

3

Assumption No. 4. The degree of similarity. between the present inflation forecast and
previous ones affects consumers’ assessment.of the present forecast.

Consumers judge the accuracy of the present forecast by comparing it with previous ones.
Chater and Vitanyi (2003a) described similarity as a type of simplicity function. The impact
of similarity on judgements in decision making was underlined by Kahneman and Tversky
(1979), Kahneman and Shane (2002), and Nosofsky (1986). When making a decision, the
consumer compares previous forecasts with the present one, an attribute of the forecast known
as perceptual similarity. Consequently, the second forecast attribute taken into consideration
in our study is the degree of similarity between the present forecast and previous ones. In this
stage, we can only assume that consumers are aware of economic disturbances and the
changing environment. We also hypothesise that when consecutive inflation forecasts differ
significantly from each other, consumers are likely to believe that forecasters react to
economic changes, draw on their expertise, and exercise their forecasting ability. In other
words, a current inflation forecast may and even should differ from previous ones. On the
basis of reinforcement and extinction theory, we can state that the impact of similarity
between consecutive forecasts decays exponentially with time lags. Imagine that the similarity
of each forecast is a discrete variable y,, Vn—1, Yn-2,-++» Vn-io k € K,k = o and may be
perceived as a reward. For the present forecast y,, similarity, the largest impact is its similarity
to forecast y,,_;; the smaller its similarity to forecast y,,_,, and its similarity to forecast y,,_
far in the past means only a weak impact. According to this theory, the weights determining
the effects of the similarity of the present forecast to the previous ones decline as an
exponential function of time (n has discrete values of successive forecast publication,
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understood as trials). We denote S,, as the similarity of forecast y,, and y as the weight of the

forecast similarity. The accuracy equation is as follows:
Sy =V Sy FV2Sy, + V38, + o+ VESy,
(6)

Zlio=1 yk =1, limy_e yk =0

The structure of the index of the similarity of inflation forecasts also depends on the
frequency with which forecasts are published. We assume that consumers review forecasts
published over the past year’ for the one-year forecast horizon. If the central bank makes
inflation forecasts three times a year, the inflation forecast is compared with the two previous
forecasts. If the inflation forecasts are made four times per year, then the inflation forecast is
compared with the three previous forecasts. The similarity of the forecast is measured at the
middle of the forecast horizon, which includes the one-year forecast horizon. The idea is as
follows: for the inflation forecasts published three times per year (e.g. in March, July, and
November), the present forecast (published in November) in the one-year forecast horizon is
compared with the outcome of the previous forecast (published in July) in the one-year
forecast horizon, where the assumed horizon starts from November (without the first
months/quarters of the forecast) and with the previous forecast (published in March) in the
one-year forecast horizon, where the assumed horizon starts in November (without the first
months/quarters of the forecast). In this case, the weights conferred to the previous forecast
are similar to the exponential function and decrease with time from the publication of the
present forecast. The justification of the assigned weights is the same as for the accuracy
index. The general expression of the similarity index for forecasts (S, is the value of the
similarity index for the y, forecast) when a central bank publishes forecasts three and four
times per year is S, =0.6S, +04S, _and S, =0.6S, +0.365,  +0.04S, _,
respectively. Here, 1y, 1is the present forecast (number of forecasts = n),
Yn-1, Vn-2, Yn—3 fepresents the previous forecasts, q is the first quarter in the present forecast
horizon, y, , is the value of the n-th forecast in the q (quarter) horizon, and y,_; 4, is the
value of the (n-1) forecast in the (g-1) forecast horizon. For a central bank publishing inflation
forecasts three times per year, the equation for the similarity of the inflation forecast is as
follows:

Syn = [(0-6|yn,q+1 - yn—l,q+1| + 0-4|yn,q+1 - }’n—z,q+1|) +

+(0-6|yn,q+2 - yn—l,q+2| + O-4|yn,q+2 - yn—Z,q+2|) +

+(0-6|yn,q+3 — Yn—1,q+3| + 0-4|yn,q+3 - yn—Z,q+3|) +

+(0.6|Yng+4 — Yn-1,g+4| + 0.4|Ynqsa — Yn-2q+4])]/4 (7)

For a central bank publishing inflation forecasts four times per year, the equation for the
similarity of the inflation forecast is as follows:

" The forecast horizon is approximately two to three years. Consumers may examine the previous forecast
outcome for the one-year horizon (the backward-looking approach) along with the future values for the present
and previous inflation forecasts (forward-looking approach). We assume the one-year forecast horizon as a
reference period, as consumers refer to this horizon when forming their one-year expectations.
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Sy, = [(0-6|yn,q+1 - yn—l,q+1| + 0-36|yn,q+1 - yn—Z,q+1| + 0-04|Yn,q+1 - yn—3,q+1|) +
+(0-6|Yn,q+2 - Yn—l,q+2| + 0-36|Yn,q+2 - yn—Z,q+2| + 0-04’|yn,q+2 - Yn—3,q+2|) +
+(0-6|Yn,q+3 - :Vn—l,q+3| + 0-36|yn,q+3 - yn—Z,q+3| + 0-04‘|yn,q+3 - yn—3,q+3|) +
+(0-6|Yn,q+4 — Yn—1,q+4| + 0-4|yn,q+4 - yn—Z,q+4| + 0-04|)’n,q+1 - yn—3,q+4|)]/4 (8)
The values of the similarity index are in the range S €< 0, +0). If the similarity index of the
forecast is close to 0, S, — 0, the forecasts may be perceived as perfectly similar to the

previous ones. The larger the value of the similarity index, the more the present forecast
differs from the previous ones.

Assumption No. 5. Inflation forecasts at the end of the forecast horizon should be‘equal or
close to the inflation target.

In modern monetary policy theory, the focus is on the inflation target. According to
Svensson’s concept of IFT, inflation forecasts at the end of the forecast horizon should be
equal or close to the inflation target. Only then may inflation forecasts, guide CIE to the
inflation target. Thus, anchoring inflation expectations on the inflation target is the most
important aim of inflation targeting by central banks, as the difference between the inflation
expectations and inflation target may be viewed as a measure-of-the central bank’s credibility
as a whole. If we assume that inflation forecasts should anchor inflation expectations on the
inflation target and are the intermediate target of.monetary policy, the inflation forecast
should attain the inflation target at the end of the forecast horizon. There may be some short-
term uncertainty; however, over time consumers should feel confident about anchoring
expectations on the inflation target. They should also be aware that the central bank is going
to achieve its main aim, and this mativation should be well documented. This view
emphasises the forward-looking attitude of shaping inflation expectations.

The deviations of forecasts from the inflation target may also be perceived as
interventions by central banks< Theideal situation occurs when the forecast at the end of the
horizon reaches the inflation target,and consumers’ beliefs as well as follows the forecast in
shaping their expectations (in this case, the difference between the forecast and expectation is
equal to zero). In theCase of the ZLB on the policy rate, when the central bank uses forward
guidance, even if the inflation forecast overshoots the inflation target, consumers may still
believe that the inflation target will be reached in the longer term and therefore follow this
forecast in shaping their expectations. In this case, the forecast might also be perceived by
consumers asucredible, leading them to minimise the difference between the forecast and
inflation. In this sense, consumers react to the deviations of the forecasts from the inflation
target,,and this reaction may determine the forecast’s credibility. Equation (2) shows whether
consumers consider a forecast to be credible to achieve the inflation target or whether they
accept that in certain circumstances (e.g. the ZLB on the policy rate), forecasts deviate from
the inflation target.

For the index of forecast deviation from the inflation target, we calculate the absolute®
deviations of the inflation forecast in the last year (last four quarters), first year of the forecast

8 In this study, we used the absolute difference among expectations and forecasts. We remain aware of the
existence of asymmetry in consumers’ beliefs and that consumers may react differently to negative and positive
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horizon, and whole forecast horizon from the inflation target. In this stage, we suppose that
the forecast’s ability to shape CIE decreases with the absolute forecast deviations from the
inflation target at the end of the forecast horizon. In this sense, small deviations from the
inflation target at the end of the forecast horizon may signal to consumers that the forecasts
are reliable and consistent with the central bank’s strategy and willingness to achieve the goal.
The absolute deviations of the inflation forecast from the inflation target are measured
in three ways. The first assumes that consumers react to deviations of the forecasts from the
inflation target in the first year of the forecast horizon. This view may be more suitable for
forecasts based on the CIR assumption (this concept concurs with the rule of thumb). Here,
7 = is the inflation target, D,, is the index of the deviations of the y/ inflation foreecast from
the inflation target, g is the chosen quarter in forecast horizon q={1,2,3,4,5,6;7,8,9,10,11,12},
k={8,12}, and y, , is the value of the n forecast in the q quarter forecast horizon. The first
equation for the deviation of the inflation forecast from the inflation target is as follows:

4
D _ Zq=1|J’n,q —TT*
First,yn — 4

9)

The second view assumes that consumers react to deviations-offorecasts from the inflation
target in the last year of the forecast horizon. This view may.be more suitable for forecasts
based on the endogenous rate assumption (this viewsgoneurs with Svensson’s monetary policy
path concept). The second equation for the deviation of the inflation forecast from the
inflation target is as follows:

k-1
_ Zq:k—4|3’n,q —TT*
DLast,yn - 4

(10)
The third view assumes that consumers respond to deviations of forecasts from the inflation

target in the whole forecast<horizon.” The third equation for the deviation of the inflation
forecast from the inflationdarget is-as follows:

_ Z§=1|J’n,q —TT¥
Dany, =——F —

(11)
Assumption /No. 6. The credibility of inflation forecasts can be described as a normal
distribution-function.

In inflation targeting, the central bank credibility issue involves minimising the difference
between expectations and perceived inflation. Under the assumption of inflation forecasts,
anchoring inflation expectations, the difference between the inflation expectations and
forecasts of the central banks, may also be minimised. To this end, we denote consumers’
beliefs in inflation forecasts by |yt+12|it - Ent+2| — 0, where i; is the instrument assumption

deviations of the forecast from the inflation target. As noted by Bagaee (2015), there is asymmetry in how
households form their inflation expectations. Consumers overweight inflationary news and underweight
deflationary news connected to the increase and decrease in their purchasing power. A similar result was
obtained by Pfajfar and Santoro (2013).
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in the forecast. Under the assumption of shaping inflation expectations by forecasts and
narrowed rationality, we argue that consumers tend to converge to the forecasts of central
banks and are characterised by a perfect level of belief in perceived information signals and a
close-to-zero level of data perceptivity.

Loyelt and Gurov (2010) presented an approach to analyse economic agents’ inflation
expectations on the basis of the belief function. They derived the assumption function from
actual inflation and inflation forecasts and described the expected deviation as a normally
distributed random variable with mean m, and variance ¢&. In this way, they defined the
distribution function of beliefs for agents with a zero level of information perception. This
view has its origins in the function of belief described by Shafer (1992) and Dempster. (2001),
and has been used in finance by Liu et al. (2006) in relation to stock market portfolio analysis.
Here we refer to the absolute difference between inflation expectations and forecasts.

|Yt+12|it - E”t+2|e~N(0102)-

In our theoretical model, the expected absolute deviations ,of inflation forecasts from
expectations should be minimised and close to O, |yt+12|it - Ent+2| — 0. Under accuracy,
similarity, and deviations from the inflation target assumptions;-the linear logical function of
shaping CIE is f(4,S,D) = ag + asS + apD + a,A,. To derive the weights conferred on the
chosen features of the inflation forecasts, we estimate three groups of linear regression
models: |Yet12-gm,_,| =¥ = @0 + asS + apD + dzAy . Linear belief function theory
offers us a guide on how to transpose the logicalequation into the normal probability outcome
of beliefs: ‘“The essence of the concept of belief functions is limited divisibility of beliefs: a
belief function is made of indivisible atomic subsets, called focal elements, and indivisible
probability mass numbers. A linear modelis a belief function” (Liu et al., 2006, p. 15). In our
case, the linear equation is f(4,5, D)=y = a, + asS + apD + a4 A, and the truth is on the
hyperplane C (referred to as the credibility (C) hyperplane). Drawing upon the linear belief
function, we state that the credibility of inflation forecasts may be measured by a normal
distribution density function of‘a linear combination of accuracy, similarity, and deviations.
We assume that the ability ofiinflation forecasts to shape CIE is described by the normal error
model y = a, + agS+.apD + ayA, + E, where A, S, and D are independent variables, y is
the dependent variable, and E represents the residuals. Our belief function has a frame of
discernment ¥/ = {(y,5,d,a,¢):y,s,d,a, € € R}, and certainty credibility hyperplane C is
described and, represented by the linear equation y = ag + asS + apD + a4A,,. Residuals E
have a normal distribution and may be described by E =Y — (ag + asS + apD + a,A,).

Aceording to the linear belief function concept described by Liu (1996), our credibility
function may be perceived as a belief function that represents the knowledge of consumers
about 'the accuracy (A), similarity (S), deviations (D), and error (E) of the forecasts in the
following way. The real values of y, A, S, D, and E may fulfil y = ay + asS + apD +
asAy, + e and (y,s,d,a, ) € C. Such a belief is described by the normal distribution function
with the variance of the residuals o2 (for more details, see Dempster, 2001; Liu, 1996; Liu et
al., 2006). In this stage, we construct the belief function of consumers based on the attributes

of inflation forecasts. As |)’t+12|it - Ent+2|e — 0, the forecasts’ attribute function has an
assumed mean equal to 0. According to the above, our credibility function is a new area of
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consumers’ belief in forecasts and is defined by the credibility function, which has a normal
distribution C~(0, 0z2) and is described by the following equation:

2
C = V% * e_y7~N(0, 0g%);y = ag + asS + apD + a4,
(12)

In our study, the credibility point is the point above (below) which the forecast may be
perceived as credible (not credible) by consumers. It is the point of inflection of the credibility
function C. Above this point, we assume that each decrease in the expression a, + asS +
apD + ayA, causes a faster decrease in the credibility index and leads to inflation forecasts
being considered to be credible. Below this point, we assume that each decrease,in the
expression a, + asS + apD + a,A,, leads to a lower decrease in the credibility index (i.e.
inflation forecasts are considered to be not credible). Figure 2 shows the theoretical credibility
function.

Forecast-is-credible

Credibility Point

Forecast-is-not-credible

Figure 2. Credibility function

2.2. Measuring the credibility of‘the inflation forecasts under the ZLB on the policy rate

The empirical analysis,of how.consumers develop their inflation expectations based on
the inflation forecasts published by the central banks of the United Kingdom and Sweden
might be more elaborate”and important because of the ZLB on the policy rate under which
‘the policy effectivenéss is more than usually dependent on the ability of the central bank to
influence the inflation expectations, because raising these expectations is the only way to
reduce the real,interest rates’ (Clinton et al., 2015, p. 51). This raises several concerns about
determining (the features of inflation forecasts that affect consumers’ capacity to shape
inflation expectations.

The analysis of the inflation forecasts published by the BoE and SR covers the periods
19932016 and 1999-2016, respectively. However, since 2009, both central banks have
experienced a ZLB on the policy rate, a low inflation environment, and increased economic
uncertainty. Lyziak and Paloviita (2017b) found that consumers may act differently when
shaping their inflation expectations before and after reaching the ZLB on the policy rate.
Therefore, we presume that the impact of forecast similarity, accuracy, and deviations from
the inflation target on forecasts’ capacity to shape inflation expectations may differ before and
after reaching the ZLB on the policy rate. The credibility of central banks has risen gradually
since the adoption of an inflation targeting regime. However, whether it has deteriorated
rapidly since the ZLB was reached is unclear (Lyziak & Paloviita, 2017b). Under an
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instrument rate close to zero, the MPC cannot decrease the interest rate any further and may
tend to affect inflation expectations directly via inflation and instrument rate forecasts (natural
forward guidance). In such cases, the central bank may keep the forecast of the instrument
rate close to zero and publish the inflation forecasts used as stimulative devices for the
economy, which may even intentionally overshoot the inflation target at the end of the
forecast horizon (Clinton et al., 2015).

To address this issue, we re-estimate the regression functions of forming inflation
expectations based on a forecast’s attributes (equation (2):
aotSos+Dap+Aoa+E=|y12-Emo|) for forecasts based on the CIR and ME assumptions
(separately) for two major subsamples: before and after reaching the ZLB on the policy rate.
In each case, the estimated function determines the specific credibility function with the
related characteristics and statistics. We perform the Chow test on equation(2) to test for the
presence of a structural break in the time series in the first quarter of 2009 (when the ZLB on
the policy rate was reached by the central banks of the United Kingdom and Sweden). The
test results are shown in Section 4.1. More precisely, we re-estimate equation (2) for the
inflation forecasts based on the CIR and ME assumptions (separately)-published up to the end
of 2008 and in 2009-2016. The estimation results are presented in Section 4.2. Such an
approach may capture whether—under the ZLB on the policy rate—consumers perceived the
inflation forecasts as credible even if the forecasts at the end of the horizon overshot the
inflation target, and whether consumers’ expectations.were in line with these forecasts.

Since 2007, SR has published a set of macreeconomic forecasts, including forecasts of
target variables and of the interest rate path, known as its monetary policy path (Svensson,
2009). However, the question remains, whether we should treat the forecasts of target
variables and the policy rate as different information sets when shaping CIE, or use only the
inflation forecasts assuming that-they, already incorporate information on the policy rate
forecast. On one hand, the inflation forecast is still a forecast of the main target variable,
strictly connected to the “inflation target. Indeed, inflation forecasts affect inflation
expectations in a more direct way,-since policy rate forecasts ‘affect [the] market expectations
of future policy rates and thereby the yield curve and longer market rates that have an impact
on economic agents’ decisions’ (Svensson, 2014, p. 4). The impact of inflation forecasts on
inflation expectations was analysed by Hubert (2015b) and Szyszko (2017). On the other
hand, Svensson (2009, 2014) notes the need to publish forecasts for policy rates. Hence,
whether the ‘interest rate forecast should be incorporated into equation (2) as an additional
factor that influences the capacity to shape CIE before reaching the ZLB on the policy rate is
debatable:

However, under the ZLB on the policy rate, when the forecast of the instrument rate
becomes a natural forward guidance (see Svensson, 2014), there is no doubt from a theoretical
perspective that this forecast should be included as an additional information set. Under the
ZLB on the policy rate, the nominal rate cannot be lowered by a central bank to stimulate the
economy. In this case, the central bank implements forward guidance to commit consumers to
keep the policy rate at the ZLB for an extended period, which may raise inflation expectations
and reduce real interest rates. In such cases, as emphasised by Clinton et al. (2015), the central
bank might show a °‘stimulative’ forecast in which, over the medium term, inflation
overshoots before returning to the long-run target.
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Based on this discussion, we twice estimate the function of inflation forecasts’
capacity to shape inflation expectations. In the case of forecast targeting after reaching the
ZLB on the policy rate, we re-estimate two types of models: one containing only certain
inflation forecast features and one combining certain inflation forecast features and instrument
rate forecasts. As we presume that the interest rate forecast should be strictly consistent with
the inflation forecasts reaching (or tending to reach in an even longer horizon) the inflation
target, the first function includes only the forecast attributes A, S and D\, While the second
function consists of A, S, and the one-year-ahead instrument rate forecast (F). For the forecast
based on the assumption of an endogenous rate and published by SR in 2009-2016, the
following equation is assumed:

[Ves12 = ETeyz| = ag + 1A + @3S + auDpgst

(13)

With the additional factor (i.e. the instrument rate forecast), the equation’becomes:

[Ve412 = ETega| = ag + 4 A + @3S + a4 Friqz

(14)

The estimation results are presented in Section 4.3. The estimation of-equation (14) may help
determine whether the inflation forecast deviations in the last-year horizon from the inflation
target capture the variability of the instrument rate forecast.)Moreover, the ability of the
inflation forecast to shape inflation expectations is measured as the absolute difference
between the inflation forecast and expectations. Hence, even if the inflation forecast is treated
as a stimulative tool and overshoots the inflation_target, consumers (thanks to forward
guidance) may perceive it as credible and follow their expectations of the forecast.

3. Data

The one-year CIE in Sweden and the United Kingdom was downloaded separately
from the European Commission Business and Consumers Surveys and quantified using the
Carlson—Parkin method adjusted‘to five questions (Bachelor & Orr, 1988; Carlson & Parkin,
1975; Lyziak, 2003, 2010).. The data on expectations are collected on a monthly basis. As the
BoE in 1993-2004 usedithe RPIX measure in inflation forecasts in tandem with the inflation
target, the scaling facter in the quantification of expectations in the United Kingdom during
this period was-the/RPIX index. In the rest of the sample (including Sweden), the scaling
factor was the national CPI index. Expectations were lagged by two months. This means that
the forecasts published in March, June, September, and December were compared with the
expectations published in May, August, November, and February. The correlation among
expectations-and forecasts indicate the largest impact of a forecast on the CIE collected two
months after the forecast’s publication. A similar view was noted by Dréger (2015),
Geberding, (2001), and Lyziak (2010).

The inflation forecasts by the central banks implementing the inflation targeting
regime are presented in the form of fan charts, which consist of the central path and
uncertainty intervals. Owing to the assumption of neglect theory, the inflation forecast
credibility index was calculated only for the inflation forecasts’ central paths (the mode
values) and does not take into account the surrounding intervals. This theory states that
consumers disregard probability when making decisions under uncertainty (Baron, 2000).
This study calculated the credibility index of the central paths of inflation published by the
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central banks of the United Kingdom and Sweden. For each central bank, a separate analysis
was conducted. The time horizon was chosen based on the available data. The inflation
forecasts by the selected central banks differ in their horizon, instrument rate assumptions,
and measure of inflation. Table 1 describes the data.

Table 1: Description of the data

Instrument rate Measure of inflation | Forecast horizon Frequency of publishing inflation
. . forecasts (per year)
assumption in the forecast (quarters)
Central
bank . . . Forecast .
Assumption T'”?e Measure T'”?e Forgcast T'”?e Frequency | publication T'”?e
horizon horizon horizon horizon horizon
schedule
02.1993- 02.1993- March,
RPIX 1 0p2004 |/ 111993 June,
CIR 02.1993- 8 02.1994— September,
2016 CPI 05.2004— 05.1993 December
2016 9 08.1993-
BoE 2016 4 02.1993—
RPIX 02.1998— 2016
05.2004
02.1998— 02.1998-
ME 2016 CPI 11.2004—- 13 05.2016
2016
March,
CIR 03.1999- 9 03.1999-. 4 June, 1999-
01.2005 02:2005 September, | 2005
December
02.2005- 03.1999- 03.2005- February,
SR ME 03.2006 CPI 2016 13 03.2006 3% June,
01.2007- October 01.2006—
Endogenous 01.2007—- 14 03.2014 2016
9 2016 012015~ | .,
03.2016

*In 2013-2014, SR published three official-inflation forecasts in February, July, and October and three upgrades.
We did not take into consideration the forecast upgrades.

**To maintain consistency with the previous,forecasts and their upgrades, we analysed the forecasts published in
February, July, and October. We assumed that the other three forecasts were upgrades of the previous ones, as in
2013-2014.

The BoE produced its ewn macroeconomic forecasts in February 1993, which served
as the starting point-forithis sample. Inflation forecasts can be divided into four data sets. The
first consists of the” forecasts measured by RPIX and based on the CIR assumption. The
second consists of the forecasts measured by RPIX and based on the ME assumption. The
third involvesithe forecasts measured by CPI and based on the CIR assumption, while the last
is made up of the forecasts measured by CPI and based on the ME assumption. The inflation
forecast measure corresponds to the measure of the inflation target. Since 1998, the BoE has
published two types of forecasts in parallel based on the CIR and ME assumptions, allowing
for a comparison of their credibility. The inflation forecasts’ central paths published by the
BoE were studied for the forecasts from 1993 to 2016. Because the BoE publishes inflation
forecasts in February, May, August, and November, we analysed the values of the forecasts in
those months (explained in the equations as the values at the end of the first, second, third,
and fourth quarters). We compared the forecast values from February, May, August, and
November with the monthly expectations for April, July, October, and January. The first
forecast was published in February 1993; however, to calculate the similarity and accuracy
indices, two or three previous forecasts are needed. Thus, we started each analysis from the
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third or fourth forecast published. The BoE changed the measure of inflation target and
inflation forecasts in 2004, meaning that we could not calculate the indices for the forecasts
published in May and August 2004. The quantification of CIE is consistent with the inflation
measure used in the forecast, meaning that the expectations in the United Kingdom in 1993-
2004 were quantified based on the RPIX rate and those after 2005 by the CPI rate.

The inflation forecasts published by SR can be divided into three data sets. The first
consists of the inflation forecasts based on the CIR assumption, the second, those based on the
ME assumption, and the third, those based on the endogenous rate assumption. The study of
the inflation forecast central paths published by the BoE was conducted for forecasts from
1999 to 2016. In Sweden, the forecasts were published until 2006 in March, June; September,
and December. As expectations were published on a monthly basis, we compared the forecast
values from March, June, September, and December with the expectations-frem May, August,
November, and February. Since 2006, the main forecasts have been published in February,
June, and October, and thus these forecast values were compared with the expectations from
April, August, and December. Because the forecast data were published for each month of the
forecast horizon, we analysed the values in March, June, September, and December (the
values at the end of the first, second, third, and fourth quarters).

4. Estimation results
4.1. Estimation results for the entire sample of forecasts based on the CIR and ME
assumptions

This study estimated three main groups of models. The first group consists of the
forecasts based on the CIR assumption during the entire forecast horizon published by both
central banks: SR (22 forecasts) and the BeE (91 forecasts). Table 2 shows the dependencies
among the calculated values of the aceuracy index, similarity index, and deviation index as
well as the absolute difference between the expectations (lagged by two months) and
forecasts. The dependencies“were measured using the Pearson product-moment correlation
coefficient (R).

Table 2. The dependencies among the attributes of the forecasts based on the CIR assumption
and CIE

N (ObS) S A Dlast Dfirst Da"

R | 111 047 | 0.03,{ 0.38*** | 0.19* | 0.21*

*significant at the 0.05/level, ** significant at the 0.01 level, *** significant at the 0.001 level

Not all the chosen attributes of the forecasts based on the CIR assumption are significant for
shaping comsumers’ expectations. Based on the calculations, we may state that the most
important and statistically significant are the deviations of the forecast from the inflation
target. Taking into the consideration the rule-of-thumb algorithm, the results seem logical and
consistent with the monetary policy rule. When we compared the dependencies of the three
types of deviations, we saw that the largest influence on consumers’ expectations was the
deviations of the forecasts from the inflation target in the last year of the forecast horizon.
According to this, the estimated function of the attributes of the forecast is as follows (the
coefficient standard errors are in parentheses):

21


http://mostwiedzy.pl

|Ves12 — ETpan] = 0.47 + 0.73D, 45 +/—0.41
(15)

[0.06] [0.16]

p=0.00000 p=0.00003

R? =0.15, p < 0.0003, F = 18.95, 62 = 0.17, N(obs.) = 111

The second group of models estimated consisted of the forecasts based on the ME
assumption during the entire forecast horizon published by both central banks in 2000: SR
(three forecasts) and the BoE (67 forecasts). Table 3 presents the dependencies among the
attributes of the function of the forecast and absolute differences between the forecasts and
expectations, showing that the most important attributes of the forecasts are deviations from
the inflation target for the whole forecast horizon and the similarity of the forecast.

Table 3. The dependencies among the attributes of the function of the forecast based on the
ME assumption and absolute differences between the forecasts and expectations

N(ObS) S A Dlast Dfirst Dall

R| 70 0.3* | 0.09 | 0.54*** | 0.38** | 0.56***

*significant at the 0.05 level, ** significant at the 0.01 level, *** significant-at-the:0.001 level

The credibility function of the forecast may depend on the deviations of the forecasts from the
inflation target for the whole forecast horizon and similarity ‘of the current forecast to the
previous ones. The estimated attribute function of the ferecasts is as follows (the coefficient
standard errors are in parentheses):

|yt+12 - ET[t+2| = 029 - 0315 + 143DAll +/_0.46
(16)

[0.09] [0.22]  [0.29]
p=0.00513 p=0.17222 p=0.00007

R? =0.33, p < 0.0007, F = 16.48p0% =0.2, N(obs.) =70

However, the analysed forecasts were published by central banks before and after
reaching the ZLB on the policy rate. The results of the performed Chow test confirm our
previous presumption of the existence of a structural break in the estimated regressions in the
first quarter of 2009.. According to this, we re-estimated equation (2) for our subsamples,
finding that these re-estimated functions determined the forecasts’ credibility functions. The
results of the Chow test,are presented in the Appendix.

4.2. Estimation results for forecasts based on the CIR and ME assumptions before and
after reaching the ZLB on the policy rate

The.first subsample consists of the 81 forecasts based on the CIR assumption and
publishedrto the end of 2008. Here, the estimated function of the attributes of the forecast is as
follows (the coefficient standard errors are in parentheses):

|Ves12 — ETpyn] = 0.36 + 0.31S + 0.55D, 5, +/—0.37
17)

[0.07] [0.15]  [0.19]

p=0.000 p=0.045  p=0.0071

R? =0.15, p < 0.002, F = 6.7, 02 =0.13, N(obs.) = 81 The above estimation results
determined the credibility function for the forecasts based on the CIR assumption and
published before the end of 2008. The credibility function of the forecast depends on the
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deviations of the forecasts from the inflation target in the last year of the forecast horizon and

the similarity of the forecasts, as follows:
2

C = \/% * e‘y7~N(0,0.13); y =0.36 + 0.31S + 0.55D; 4 ;-
(18)
In this case, the function of the attributes of the forecast is always positive and the minimum
is 0.36. If the absolute deviation of the inflation forecast from the inflation target in the last
year of the forecast horizon increases, the absolute difference between the inflation forecast
and expectation also increases. If the values of the similarity index increase (if the.absolute
differences between the consecutive forecasts increase), the absolute difference between the
inflation forecast and expectation also increases. Thus, the values of the credibility function
are in the range (0, 1.11), the maximum value of the credibility function is.4.11,7and the point
of inflection (credibility point) is 0.67. The equation also shows that even if the forecasts in
the last year of the forecast horizon are perfectly aligned with the inflation target and are
perfectly similar, the expectations differ from the forecast.

The second subsample consists of the 32 forecasts basedwon/the CIR assumption
during the entire forecast horizon and published in 2009-2016. The estimated function of the
attributes of the forecast is as follows (the coefficient standard errors are in parentheses):

[Vesr12 = EMeyz| = 0.8 — 0.39S + 0.78D g5 +/—0.47
(19)

[0.19] [0.22] [0.37]

p=0.0003 p=0.1014 p=0.0451

R? =0.16, p < 0.077, F = 2.8, g2 = 0.21,2N(obs.) = 32

The above estimation results determine the _credibility function for the forecasts based on the
CIR assumption and published between 2009 and 2016. The credibility function of the
forecast depends on the deviations'of the forecasts from the inflation target in the last year of
the forecast horizon and the similarity of the forecasts. This can be represented as follows:

2
C = \/% * e‘yT~N(0,0.21); y =0.8—-0.395 + 0.78D;4;-
(20)
In this case, the functionwof the attributes of the forecast may be positive or negative. There is
a positive correlation between the values of the absolute deviation of the inflation forecast
from the inflation target in the last year of the forecast horizon and the absolute difference
betweencthe inflation forecast and expectation, while there is a negative correlation between
the value of the absolute difference between the consecutive forecasts and the absolute
difference between the inflation forecast and CIE. Here, the values of the credibility function
are inrange (0, 0.87) and the point of inflection (credibility point) is 0.52. The equation shows
that even if the forecasts are perfectly similar and shaped on the inflation target, inflation
expectations differ from them.

The second group of models estimated consists of the forecasts based on the ME
assumption during the entire forecast horizon. The first subsample involves those forecasts
published by the BoE in 1998-2008. The credibility function of the forecast depends on the
deviations of the forecasts in the last year of the forecast horizon and similarity of the current

23


http://mostwiedzy.pl

forecast to the previous ones. The estimated attribute function of the forecasts is as follows
(the coefficient standard errors are in parentheses):

|:)7t+12 - Eﬂt+2| = 0.37 + 0.315 + 0-51DLast +/_0.3
(21)

[0.08] [0.17]  [0.29]

p=0.0000 p=0.0915 p=0.0925

R? =0.18, p < 0.03, F = 3.84, g7 = 0.09, N(obs.) = 38
From the above estimation results, the credibility function for the forecasts based on the ME
assumption is as follows:

2

C = % * e‘yT~N(0,0.09); y =0.37+0.31S + 0.51D; 4 ;-

(22)

In this case, the function of the attributes of the forecast is always positiveiand its minimum is
0.37. If the absolute deviation of the inflation forecast from the inflationitarget in the last year
of the forecast horizon increases, the absolute difference between the inflation forecast and
expectation also increases. If the values of the similarity index increase (if the absolute
differences between the consecutive forecasts increase), the absolute difference between the
inflation forecast and expectation also increases. Thus, the values of the credibility function
are within the range (0, 1.37), the maximum value of the credibility function is 1.37, and the
point of inflection (credibility point) is 0.71. The equation also shows that even if the
forecasts in the last year of the forecast horizonvare perfectly aligned with the inflation target
and are perfectly similar, the expectations exceed the forecast.

The second subsample involves those farecasts published by the BoE between 2009
and 2016. The credibility function of the*forecast depends on the deviations of the forecasts
from the inflation target in the lastyear of the forecast horizon and similarity of the current
forecast to the previous ones. Thewestimated attribute function of the forecasts is as follows
(the coefficient standard errors are-in parentheses):

|:)7t+12 - Eﬂt+2| = 0.59 o 0.395 + 2-12DLast +/_0.55
(23)

[029] [04]  [0.49]
p=0.0043" p=0.2055 p=0.0002

R? = 0.39, p< 00007, F =9.32, 0% =0.28, N(obs.) = 32
From the above estimation results, the credibility function for the forecasts based on the ME

assumption is as follows:
2

C == x e 7 ~N(0,028); y=0.59 - 0.395 + 212D,

(24)

In this case, the function of the attributes of the forecast may be positive or negative. There is
a positive correlation between the values of the absolute deviation of the inflation forecast
from the inflation target in the last year of the forecast horizon and the absolute difference
between the inflation forecast and expectation, while there is a negative correlation between
the value of the absolute difference between the consecutive forecasts and the absolute
difference between the inflation forecast and CIE. Here, the values of the credibility function
are in the range (0, 0.75) and the point of inflection (credibility point) is 0.44. The equation
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demonstrates that even if the forecasts are perfectly similar and shaped to the inflation target,
inflation expectations are not congruent with them.

4.3. Estimation results for the forecasts based on the endogenous rate assumption

The third group of models estimated consists of the forecasts based on the assumption
of an endogenous rate during the entire forecast horizon published by SR (30 forecasts). As
depicted in Table 4, there are dependencies among the attributes of the forecasts and absolute
deviations between the forecasts and expectations.

Table 4. Dependencies between the attributes of the forecasts and absolute deviations between
the forecasts based on the endogenous rate assumption and expectations

N (0 bS) S A Dlast Dfirst I:)all

R 130 -0.26* | 0.12 | 0.66*** | 0.29* | 0.54**

*significant at the 0.05 level, ** significant at the 0.01 level, *** significant at the 0.001level

In this case, we estimated two models. The first one is described by equation (14) with the
additional factor of the one-year-ahead interest rate forecast and standard model based on
equation (2). As depicted in Table 5, there are dependencies ameng’the attributes of the
forecasts and one-year-ahead interest rate forecasts. Thedarge and significant correlation
between the deviation of the forecasts from the inflationdarget\in the last year of the forecast
horizon and one-year-ahead instrument rate forecasts is not.surprising, since the monetary
policy path implemented in Sweden assumes the consistency of the instrument rate forecasts
with the inflation forecasts reaching the inflation:target at the end of the forecast horizon. For
comparison purposes, we separately estimated the"model with the deviations and the model
with the interest rate forecasts.

Table 5. Dependencies between the attributes of the forecasts and one-year-ahead interest rate
forecasts

S | A (D last| D all4D first| F Rate (t+12)
S 1.00-0.19| 0.20 | 0.43 |0.57** 0.07
A 1.00| 0.34 | 0.18 | -0.14 -0.15
D last 1.00 (0.83** 0.51 -0.54**
Dall 1.00 (0.88** -0.41
D first 1.00 -0.28
Repo F (t+12) 1.00

*significant at the 0.05)level, ** significant at the 0.01 level

The estimated attribute function (14) of the forecasts is as follows (the coefficient standard
errors areiin parentheses):

1Vsdw— Epry| = 1.33 — 0.31S — 0.21Fpgqe +/—0.49
(25)

[0.18] [0.17]  [0.1]
p=0.0040 p=0.0006 p=0.0548

R?=0.2, p <0.0363, F =3.8981, 0% = 0.22, N(obs.) = 24

The estimated attribute function (13) of the forecasts is as follows (the coefficient standard
errors are in parentheses):

V412 — EMprz| = 0.37 — 0.46S + 0.91D, 45, +/—0.55
(26)
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[0.23] [0.14]  [0.21]
p=0.1243 p=0.0042 p=0.0003

R? = 0.53, p < 0.0003, F = 11.972, oZ = 0.14, N(obs.) = 24

Considering the above models, we found that model (26) fits the data better and that
the deviations of the forecasts from the inflation target in the last year of the forecast horizon
capture the variability and impact of the interest rate forecasts. To examine the credibility of
the inflation forecasts, we employed the second (26) estimated model. The credibility function
of the forecast depends on the deviations of the forecasts from the inflation target in the last
year of the forecast horizon and the similarity of the current forecast to the previeus ones.
From the above estimation results, the credibility function for those forecasts based on the
endogenous rate assumption is

2

1 -
C==+e 7~N(0,0.14); y =037 — 0465 + 0.91D4q.

(27)
The results in this case are similar to those obtained for the forecasts based on the CIR and
ME assumptions after reaching the ZLB on the policy rate. The. function of the attributes of
the forecast may also be positive or negative. As the absolute deviation of the inflation
forecast from the inflation target in the last year of the forecastrhorizon rises, the absolute
difference between the inflation forecast and expectation also rises. The increases in the value
of the absolute difference between the consecutive-forecasts are associated with decreases in
the absolute difference between the inflation forecast and CIE. The values of the credibility
function are in the range (0, 1.07) and the point of inflection (credibility point) is 0.63.
Looking at the equation, it is clear that even if the forecasts are perfectly similar and based on
the inflation target, the inflation expectations.differ. If the value of the mean absolute forecast
error increases, the absolute difference between the inflation forecast and CIE also increases.
Similarly, if the absolute deviation,of the inflation forecast from the inflation target grows, the
absolute difference between the inflation forecast and CIE also grows. However, there is an
inverse correlation between-the, value of the absolute difference between the consecutive
forecasts and the absolute difference between the inflation forecast and CIE.
4.4. Summary of the'estimation results

The estimation results for all the models produce six main conclusions. First, there is
asymmetry in.consumer beliefs in the inflation forecasts, as consumers tend to overestimate
the inflation| forecasts’ outcome®. Even if the forecasts are perfectly accurate, similar, and
shaped on thewinflation target, inflation expectations differ. Second, consumers rely on
forecasts’ deviation from the inflation target in the last year of the forecast horizon rather than
the first.year or the entire forecast horizon. Third, the accuracy of previous forecasts does not
influence consumers when shaping their inflation expectations. Fourth, the most important
attributes of the forecast in shaping consumers’ expectations are the deviation from the
inflation target and similarity of consecutive inflation forecasts. Fifth, the strength and
direction of the impact of the chosen forecast attributes on a forecast’s capacity to shape CIE
change after reaching the ZLB. The strength of the impact of the forecasts’ deviations from

® This result is similar to the Muthian one, which states that ‘reported expectations generally underestimate the
extent of changes that actually take place’ (Muth, 1961, p. 316).
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the inflation target increase after reaching the ZLB on the policy rate, but their direction
remains unchanged. The converse is true for similarity, as the strength of the impact of the
forecasts’ similarity remains similar after reaching the ZLB on the policy rate, but their
direction changes. This finding suggests that consumers rely on similar forecasts before
reaching the ZLB on the policy rate. However, thereafter, they become aware of economic
turbulence and the accompanying uncertainty, and then they follow the forecast that responds
to these changes and is not similar to the previous ones. This finding also indicates that the
credibility of central banks’ inflation forecasts should always be analysed in connection with
the economic conditions. Sixth, as the importance of the chosen main attributes“does not
differ among the forecasts based on the CIR, ME, and endogenous rate assumptions under
similar conditions, consumers do not take into consideration the type of<instrument rate
assumed in the forecasts. Table 6 summarises the forecasts’ attribute functions and credibility
functions. In the analysis of the credibility of the forecasts published by the-banks in the
United Kingdom and Sweden, we followed these models.

Table 6. Comparison of the forecasts’ attribute functions and credibility functions

Assumption | Before/after | Forecasts’ attributes Variance.of | Credibility Credibility
reaching the [ A S Dast Dan | Drirst | reSiduals index range | point™®
ZLB on the
policy rate

CIR Before - 1031 0.55 - - 0.13 (0,1.11) 0.67
After - | -0.39 0.78 - - 0.21 (0,0.87) 0.52

ME Before - 1031 0.51 - - 0.09 (0,1.37) 0.71
After - | -0.39 2.12 - - 0.28 (0,0.75) 0.44

Endogenous | After - | -0.46 0.91 - - 0.14 (0,1.07) 0.63

rate

The normality tests of the residuals are shown in the Appendix.

5. Empirical results: The'cases of the BoE and SR

In this section, we separately (1) analyse the specific movements and tendencies of the
BoE and SR forecasts’attributes (accuracy, similarity, and deviation indices) and forecast
credibility before.and-after reaching the ZLB, and (2) evaluate the credibility of the inflation
forecasts of the chosen central banks using the credibility index proposed herein. We focus
not only on Whether the credibility index has changed over time, but also on which opponents
were changing, and connect these movements with interesting historical episodes (ZLB) in
these countries that would justify the changes. More importantly, we show that these
measuresy(accuracy, similarity, deviation, and credibility indices) might correlate with future
events:to show their usefulness.

As previously mentioned, we define the period before reaching the ZLB on the policy
rate as the years until 2008 and the time thereafter as 2009-2016. The analysis of the
previously assumed features of the forecasts indicates that the accuracy index of the forecasts
remains unchanged, whereas the similarity and deviation indices increase after reaching the

0 For the normal distribution, the point of inflection is derived from the formula my +/- 6. In our case, this is
ot+/-0l.
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ZLB on the policy rate and are more sensitive to financial turbulence (Table 7). Thus, after
reaching the ZLB, the forecasts deviate more from the inflation target and are more dissimilar
(the chosen features of the forecasts published by each central bank are presented in the
figures in the Appendix). This result does not depend on the rate assumption used in the
forecast.

Table 7. Features of inflation forecasts: Comparison of the periods before and after reaching
the ZLB

BoE CIR BoE ME SR CIR
Period Features of the forecast | (1993-2008) | (1998-2008) | (2000—2005)
A Average 0.21 0.22 0.25
Variance 0.02 0.03 0.01
s Average 0.32 0.29 0.39
Variance 0.08 0.08 0.07
Before reaching the ZLB | D last Average 0.22 0.18 2
Variance 0.06 0.03 0.01
D first Average 0.42 0.44 0.79
Variance 0.17 0.24 0.21
D all Average 0.32 0428 0.49
Variance 0.07 0.05 0.06
BoE CIR BoE ME SR Endog.
(2009-2016),] (2009-2016) | (2009-2016)
A Average 0.24 0.24 0.31
Variance 0.01 0.01 0.05
s Average 0.62 0.59 0.74
Variance 0.15 0.14 0.33
After reaching the ZLB | D last Average 0.42 0.28 0.99
Variance 0.06 0.05 0.15
D first Average 0.95 0.97 1.22
Variance 0.36 0.38 0.33
D all Average 0.63 0.55 0.87
Variance 0.09 0.06 0.09

Figures 3‘and 4present the values of the credibility index calculated for the inflation
forecasts based on the CIR and ME assumptions and published by the BoE. The forecasts
based on _the CIR ;assumption were mainly credible despite the early implementation of the
inflation forecasts (1993-1995) and during 2008-2009 (when the repo rate reached the ZLB).
The_forecasts based on the ME assumption up to 2008 were mostly credible, whereas the
credibility of forecasts varied over time thereafter. These forecasts seem to be less credible
than the CIR-based ones.
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Figure 3: Credibility of the inflation forecasts based on the CIR assumption by the BoE.
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Figure 4: Credibility of,the inflation forecasts based on the ME assumption by the BoE.

The analysis of the inflation forecasts published by SR covers the forecasts based on
the CIR assumption in 2000-2005 and on the endogenous rate in 2009-2016. The forecasts
published“in“2006-2008 were intentionally excluded from the analysis, since in 2006 SR
published only three forecasts based on the ME assumption and only six forecasts based on
the endogenous rate in 2007-2008. In SR, most (except solitary forecasts in 2001 and 2004
and two’ in 2005) of the inflation forecasts published in 2000-2005 were credible.
Nonetheless, the largest fall in credibility occurred for the forecasts published in 20009.
Thereafter, the credibility of forecasts varied over time, with none credible after 2013. Figure
5 presents the values of the credibility index calculated for the inflation forecasts published by
SR.
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Figure 5: Credibility of the inflation forecasts by SR.

Our results show that the majority of the inflation forecasts published by the selected
central banks before reaching the ZLB on the policy rate were credible. However, a decline in
credibility was noticeable from 2008, which may be connected to both the disturbances in the
financial market and on the path to reaching the ZLB: Thereafter, forecast credibility was
more variable, and the forecasts based on the endogenous rate assumption in Sweden were
generally not credible. After reaching the ZLBwon_the policy rate, the credibility of the
inflation forecasts published by the BoE, depended upon the chosen instrument rate
assumption. By comparison, the forecasts based on the CIR assumption might be more
resistant to the ZLB on the policy rate than those based on ME. Table 8 shows the mean
values of the inflation forecast credibility index calculated by the selected central banks.

Table 8. Mean values of the credibility index of the selected central banks

Before reaching the ZLB on the policy rate
Period Instrument rate | Credibility index Interpretation
Central bank assumption Variance Average
BoE 1993-2008 CIR 0.07 0.68 | Forecasts are credible
BoE 1998-2008 CIR 0.04 0.95| Forecasts are credible
BoE 1998-2008 ME 0.07 1.09| Forecasts are credible
SR 2000-2005 CIR 0.02 0.87 | Forecasts are credible
Central bank After reaching the ZLB on the policy rate
Period Instrument rate | Credibility index Interpretation
assumption Variance Average
BoE 2009-2016 CIR 0.01 0.79 | Forecasts are credible
BoE 2009-2016 ME 0.06 0.55| Forecasts are credible
SR 2009-2016 Endogenous 0.11 Forecasts are not
rate 0.45 credible

The forecasts’ similarity, accuracy, deviation, and credibility indices for the selected central
banks are included in the Appendix.

Conclusion
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Our results offer several conclusions. (1) Consumers seem to be aware of the changing
economic conditions and uncertainty around monetary policy under the ZLB on the policy
rate and may consider this when shaping their inflation expectations via inflation forecasts.
(2) The impact of the similarity index and deviation of the forecast from the inflation target in
the last year of the forecast horizon on shaping CIE via inflation forecasts does not depend on
the forecast assumption (CIR, ME, and endogenous rate). When setting expectations,
consumers seem to consider the economic conditions over the interest rate assumed in the
forecasts and connect it to the forecast rules (rule of thumb or monetary policy path).
(3) Forecast accuracy does not matter for consumers when shaping theirinflation
expectations. Furthermore, it does not change after reaching the ZLB on the policysrate. (4)
The deviation of the forecast from the inflation target in the last year of the forecast horizon is
an important feature for all types of forecasts (CIR, ME, and endogenous,rate). in shaping
CIE. Consumers seem to demand from their central bank a ‘promise’ thatiinflation will reach
or be around the inflation target, or at least a plan that the target will*be reached in the future.
(5) The similarity to previous forecasts is also an important feature for all types of forecasts
(CIR, ME, and endogenous rate) in shaping CIE. However, the'direction of its impact depends
on the state of the economy. If the forecast was published, after reaching the ZLB on the
policy rate, consumers seem to be aware that between the publication of consecutive
forecasts, economic conditions may change and consecutive-forecasts may and even should
differ from each other. If the forecast was published.before reaching the ZLB on the policy
rate, consumers tend to expect that consecutive forecasts should not differ from one another.
(6) The similarity and deviation indices are sensitive to changing economic conditions. (7)
The forecasts published by the BoE in,.1993-2016 were mostly credible; however, those
assuming a CIR seem to be more resistant\to the ZLB on the policy rate than those based on
ME. (8) The forecasts published by SR in 2000-2005 were mostly credible, followed by a
drop in credibility after reaching.the.ZLB on the policy rate in 2009.

Despite the detailed“results, above, the main conclusion of the study is that the
deviations of the forecast.in the-last year of the forecast horizon and similarity between
consecutive forecasts are important forecasting attributes for shaping CIE before and after
reaching the ZLB on the’policy rate, and may determine the inflation forecast’s credibility and
capacity to shape. inflation expectations. Still, the similarity to consecutive forecasts affects
the forecast’s” credibility before and after reaching the ZLB on the policy rate in opposite
ways.
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APPENDIX

Table 1A. Correlation analysis

Correlations among one-year ahead inflation expectations of consumers (CIE) (t+2) and the inflation forecasts
published by the chosen central banks in the one-year horizon

Interest rate
Central bank | assumption Period N | R Pearson |R Spearman y T
1993-2017 | 91|0.61*** 0.65*** 0.5*** 0.5%**
CIR 1993-2008 | 59| 0.52*** 0.54*** 0.42*** | 0.42***
BOE 2009-2016 | 32|0.66*** 0.7%** 0.54*** | 0.54***
1998-2016 | 70| 0.39*** 0.48*** 0.37*** /10.37***
ME 1998-2008 | 38|0.58*** 0.67*** 0.5*** 0.49***
2009-2016 | 32]0.32* 0.47** 0.33** 0.33**
All 2000-2016 | 52| 0.65*** 0.58*** 0.43***, | 0.43***
SR CIR, ME 2000-2006 | 22|0.77*** 0.74*** 0.56*** | 0.56***
Endogenous 2007-2016 | 30| 0.7*** 0.57*** 0.42** 0.42**

Correlations among one-year-ahead CIE (t+2) and forecasts of the instrument rate published by the chosen
central banks in the one-year horizon

Interest rate
Central bank | assumption Period N |RPearson |R.Spearman y T
SR Endogenous 2007-2016 | 30|0.82*%* 0.72%** 0.55*** | (.54***

Correlations

among the inflation forecasts and forecasts of the instrument rate published by the chosen central

banks in the one-year horizon

Central bank

Interest rate
assumption

Period

N

R Pearson

R Spearman y

T

SR

Endogenous

2007-2016

30

0166***

0.51** 0.35**

0.35**

*Significant at the 0.1 level, ** Significant at the:0.01 level;***Significant at the 0.001 level.

Table 2A. The Chow test for the presence of.a structural break in the first quarter of 2009

Instrument rate assumption in the forecast | Chow test
N F p
CIR 111 | 6.36 | 0.0006
ME 70 | 4.99 | 0.0035
Table 3A. Normality tests of the residuals
Instrument rate Forecast sample Doornik— | Shapiro- Lilliefors Jarque—
assumption in the Hansen Wilk test Test Bera test
inflation forecast test
2 |p W P D p B [P
CIR All, N=111 5.67 | 0.06 | 0.976 | 0.04 | 0.06 | 0.36 | 447 | 0.11
Until the end of 2008, 5.06 | 0.08 | 0.967 | 0.037 | 0.08 | 0.23 | 6.69 | 0.04
N=81
2009-2016, N=32 1.03 0590977072 |0.1 051|121 ]0.54
ME All, N=70 4321012 | 0977|023 | 0.075|04 | 4.81 ]| 0.09
1998-2008, N=38 18104 (0954|011 |0.13 |0.13 | 1.66 | 0.43
2009-2016, N=32 0.71 107 | 0966|041 |0.11 | 0.36 | 0.95 | 0.62
Endogenous rate 2009-2016, N=24 22 1033|097 |074 |0.08 |0.93]|0.23]0.89
The equation with the instrument rate forecast
Endogenous rate | 20092016, N=24 | 205]0.36]095 [03 [0.16 [0.09]0.09]0.95
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Figure 1A: Deviations from the inflation target of inflation forecasts in the first year of the
forecast horizon (D first), deviations from the inflation target of-inflation forecasts in the last
year of the forecast horizon (D last), Deviations from the inflation target of inflation forecasts
for the whole forecast horizon (D all), made by Bank of<England"(BoE) (constant instrument
rate, or CIR, assumption)
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Figure 1B: Similarity (S), accuracy (A), and deviations (D last) from the inflation target of the
inflation‘forecasts by the BoE (CIR assumption)
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Figure 2A: Deviations from the inflation target of inflation forecasts in the first year of the
forecast horizon (D first), Deviations from the inflation target of-inflation forecasts in the last
year of the forecast horizon (D last), Deviations from the inflation target of inflation forecasts
for the whole forecast horizon (D all), by the BoE (market ‘expectations of future interest
rates, or ME, assumption)
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Figure 2B: Similarity (S), accuracy (A), and deviations (D all) from the inflation target of the
inflation forecasts by the BoE (ME assumption)
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Figure 3A: Deviations from the inflation target of inflation forecasts_in the first year of the
forecast horizon (D first), Deviations from the inflation target of inflation forecasts in the last
year of the forecast horizon (D last), Deviations from thednflation‘target of inflation forecasts
for the whole forecast horizon (D all), by Sveriges Riksbank:(SR)
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Figure 3B: Similarity (S), accuracy (A), and deviations (D last) from the inflation target of the
inflation forecasts by SR
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Table 4A: Robustness check results

Instrument | Weight combination | Before reaching the ZLB on the policy After reaching the ZLB on the
rate in the accuracy rate policy rate
assumption index A S Dlast A S Dlast
A(05030.2) 056) | (2005 | (9=003) | "2 0=09)| 137 | 2005)
ClR-based | “\(0-6:0:36.0.04) (p-Bbt.)?SS) (pgbz.csm) (p:06.301) (pfb(.)gl) (p;%.giz) (pgggm
reest | Ap7.0200) (pgi%g) (pgbz.gS) (pgégZ) (pfbc.)sss) (pfcffz) (pgégS)
A(0.8,0.15,0.05) (p()ég(.)gs) (pgbz.gS) (pgégZ) (pfbc.)gs) (pf(.)?EZ) (pgggs)
A(050.3,0.2) (pgé).gg) (pgbz.??:) (pgﬁs) (pf(.)%516) (p;%.zsz) (pgégl)
ME-besec A(06,0.36,0.04) (pgb().gl) (pg'oz.zz) (pg'ozis) (p-g(.)%Szl) (pf(.)%i;;Z) (pg';.gz)
e A070201) (Sé%f.s?) (pgﬂz) (pgbzis) (pf(ij) (pfdggz) (pgégZ)
A(08,0.15,0.05) (p&%?) (pg'cie,) (pgbz.in (p-ftj.)%jB) (pf(')%z?g) (pgégZ)
The estimation details are available upon request.
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