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Abstract

Using US quarterly data (i.e., real-time data and survey data respectively) from 1969
to 2015 through two different estimation approaches (i.e., Bayesian estimation
approach and indirect inference estimation approach) to investigate the empirical
performance of the standard reduced-form New-Keynesian Dynamic Stochastic
General Equilibrium (DSGE) model under the condition without (i.e., full-information
rationality) and with inattentive features (i.e., sticky information and imperfect
information data revision), we find some consistent results. Firstly, the model of sticky
Information is detected to be the preferred model to fit the real-time data behavior.
Secondly, the model with sticky information is the only one can generate delay
response, which is matching the evidence observed in actual data and in line with
most consequences from the previous studies. Thirdly, the imperfect information data
revision model performs better when we substitute the real-time data with the survey
data, through which we can deduce that the survey data contains extra information to
help improve imperfect information data revision model’s performance. Three main
contributions are made in this thesis. The first contribution is the estimation and
comparison of different types of inattentive DSGE model (sticky information versus
imperfect information data revision) for US small-closed economy through Bayesian
approach using the US quarterly data (i.e., real-time data and survey data)
representing the main macroeconomic time series from 1969 to 2015. What the
second contribution is that through comparing different inattentive New-Keynesian
DSGE models basing on the full structure (relative to the single equations
competition), we inspect which way of inattentive expectation is closer to the way that
people form their expectation in real economy. Besides, the thesis adopts Indirect
Inference approach as the robust check methodology, which delivers a new way to
assess inattentive macroeconomic models, which is the third contribution.
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General Introduction

Background

Expectation is important for economic agents in terms of making economic decisions,
because they have to face various cases requiring such decisions in real life. For
example, how to balance their consumptions and savings and what price to set, etc.
Even now, concerning how economic agents forming their expectations, scholars do
not have a unified model to explain the process. The New-Keynesian framework,
which was characterized by full-information rationality assumption and the ‘extreme-
sticky' prices, has been proposed to solve this issue in some resent works (e.g., Calvo,
1983). It revealed the essential factors to understand the dynamics of the real world,
such as imperfect competition, price rigidities, but there were some arguments about
its fail to explain some facts observed in actual data. For instance, as Jeff Fuhrer and
George Moore (1995) argue, the monetary policy shock who has a delaying and
gradual impact on inflation cannot be explained by the original New-Keynesian type
model. Mankiw and Reis (2002) demonstrate that the postponed reaction to monetary
shock on inflation cannot be produced without any information friction (inattentive

feature) or the price indexed its counterfactual hypothesis.

Thus, two alternative expanded models based on the New-Keynesian framework
emerged in recent decades to solve the problems which cannot be explained by the
original New-Keynesian type model. Among them, the first is sticky information model
which was defined by Mankiw and Reis (2002, 2007). According to their assumption
of sticky information, there is a delay in the spreading procedure of the information of
macro-economic conditions. The lagged spreading through the population may be
caused from two aspects: the cost of re-optimized information and the cost of

requiring information.



Due to its rapid growth in recent years, this approach was successfully applied to
explain economic behavior. For instance, Reis (2006a, 2006b) asserts with the belief
of inattentive expectation hypothesis that economic agents choose to use the updated
information only when the expected benefit from the newly arrived information is
higher than the cost of it. For example, we postulate assume that in period t there is
a proportion  of the people from the supply side will absorb the current-period
information, and meanwhile the rest ( proportion) of people keeps the opinion
that they are preserving in period t-1 of period t+1’s inflation rate. Thus, different from
the full-information expectation, the current inflation depends on not only this period
t's expectations of the future inflation but also the past expectation of the future
inflation rate. The other one is the imperfect information (data revision) model
(Woodford, 2001, 2003; Aruoba, 2008; Casares and Vazquez, 2016). The imperfect
information agents refer to who constantly update their own information sets under
the premise that never can they fully observe the real state. According to this, they
form and renovate their beliefs regarding the underlying economic situations
accompanied with the problem of signal extraction (Woodford, 2001, 2003). We take
data revision as a solution of the signal extraction problem, which indicates that
imperfect information agents through two ways of using data revision process to
reduce noise and incorporating entire of the involved information to figure out the real
situation of economy to reach the same goal which is forming their expectations. Thus,
the current state not only depends on not only the final revised observations but also
the initial released observations. The details of the data revision processes will be
well stated in the Chapter 2. The way or definition of data revision process borrowing
from Casares and Vazquez (2016) and Vazquez et al. (2010, 2012) will also be well

clarified in chapter 2.

Inspired by the previous studies, three questions will be investigated in this thesis.

First question is whether the inclusion of inattentive features can help the original



New-Keynesian DSGE model to replicate some important stylized' facts better. The
second question is whether the inclusion can help to give a better overall performance.
The third question is whether the different types of inattentive feature are distinctive
in explaining the dynamics of the observed actual data. To discover the answers of
the questions above, three rivals will be selected: the model with full-information
rational expectation, the sticky information expectation model, and the imperfect
information data revision expectation model. Each of them will be evaluated through
two methodologies: Bayesian estimation method and Indirect Inference estimation

method within this thesis.

Model Evaluation Methodology

The Bayesian Estimation Approach to Evaluate the New-Keynesian DSGE type
models

Bayesian estimation has been implemented as a relatively ‘strong’ econometric
estimation method by some recent studies (Geweke, 2006; An and Schorfheide,
2007). Where it is superior to the ‘weak’ econometric estimation methods should be
the capability of embodying all the features and implications of the model in the
estimating procedure, yet the ‘weak’ ones, for instance, the calibration methods are
only can reproduce some chosen moments of the observed variables through simply

assigned values to parameters.

Bayesian estimation method is catalogued under the group of ‘strong’ interpretation.
To be more specific, through the comparison of the Bayesian estimation with the

classical maximum likelihood estimation, it is easy to conclude that in the perspective

' The persistence property of output and inflation, and the delay effect of monetary policy
shock on inflation. And such stylized facts are taken as serviceable norms what assistant to
evaluate models. The observed hump-shaped response of inflation to monetary policy shock
has been paid attention in these recent years. This is because the fact that this hump-shaped
response is not only robust but also hard to be generated in a simple model. Most notably, the
New Keynesian Phillips curve which is basing on the assumption that firms face expense to
adjust price is not able to reproduce such a response without any information rigidities
(Mankiw and Reis, 2002).



of the working step most of them are similar apart from the last few ones. To be
specific, posterior density function is obtained by using Bayesian estimation approach
given by the combination of the likelihood function and prior distributions of the
model's parameters. Then this optimization of posterior can done concerning
parameters of the model. What the most distinguished point between the two methods
is that the classical maximum likelihood misses the steps of including the additional

prior function to reweigh the likelihood function.

Two general reasons for using Bayesian estimation approach have been discussed
frequently in recent studies (Schorfheide, 2000; An and Schorfheide, 2007). The use
of prior information come from either the previous relevant studies or the reflection of
researcher’s subjective perception. So, this method directly builds a link between our
study and previous studies. Besides, the Bayesian method can evaluate misspecified
models according to the criteria of measurement which are the marginal likelihood
and the Bayes' factor. The model’s marginal likelihood which is connected to the
density function of prediction directly which can be taken as an acceptable criterion
to measure the level of overall model fit. The competing models selected by us will
be estimated by using the real-time data of US 1969Q1-2015Q4 (survey of

professional forecaster data will be used in robustness check).

Concerning the structural parameters and impulse response functions estimated
through Bayesian estimation, it shows that the set of estimates for the structural
parameters are plausible. For instance, the estimated price stickiness for US
economy is considerable, which is in accordance with many previous studies (Smets
and Wouters, 2007; Milani and Rajbhabdari, 2012). Besides, the impacts of the three
main shocks on the US economy after analyzing are consistent with the existing
studies quantitatively. For example, a positive monetary policy shock is along with a
rise of nominal interest rate, a decline in output gap, and a decrease in inflation
(Peersman and Smets, 2002). Moreover, the positive cost-push shock has positive
impacts on inflation and nominal interest rate, but impact on output gap negatively.

4



Besides, a positive demand shock has a positive effect on the output gap.

From the perspective of the overall model fit estimated through Bayesian estimation
using real-time data, the results show that the inclusion of inattentive features has
significant effects on the mode’s ability in fitting macroeconomic time series. To be
specific, the inclusion improves the model's ability to explain the real world, which is
in line with the suggestions from most of the related literatures (Mankiw and Reis,
2002, 2007; Collard et al., 2009). Apart from that, we find that the model achieves its
best fit under sticky information model through Bayesian estimation. By using diffuse
prior distribution, different specifications of Taylor rule, and different periods of lag
information in sticky information model (j=4, 6 and 8) in the robustness check, we
draw a conclusion that none of them can change the ranking among the three rivals.
Surprisingly, when we use survey of professional forecaster data instead of real-time
data to evaluate the models’ performances, although the models with inattentive still
be superior to the baseline model, the rank between the two inattentive models’

changes.

The Indirect Inference Approach to Evaluate the New-Keynesian DSGE type

models

First Stage: Calibration-based Indirect Inference Test

Current studies attempt to formalize the test method to evaluate model’s performance
in an absolute sense relying on Indirect Inference. The Indirect Inference as a testing
method utilizes that the solution of the log-linearized DSGE model is able to be
expressed by a restricted Vector-Autoregressive-Moving-Average (VARMA) model
and can be closely expressed by a Vector Autoregressive (VAR) model. Indirect
inference test can be understood as a process that through comparing the simulated-
data-based unrestricted VAR estimates with the alternative actual-data-based
unrestricted VAR estimates, after then we can confirm whether these two sets of the
auxiliary models’ estimated parameters (i.e., VAR) are ‘close enough’ (i.e., each

5



competing DSGE model is correctly specified)

While conducting Indirect Inference test, we employ Wald test on VAR estimates. In
general, Indirect Inference testing procedure contains three general steps. The first
step, to construct the errors implied by the actual data and one of the model of the
previously estimation-based and calibration-based structural models. In the second
step, the innovations of structural errors are bootstrapped to be employed to produce
the pseudo data which are based on candidate model. After that, an auxiliary model
(i.e., VAR) is fitted to each set of pseudo data and the sampling distribution of the
coefficients of the auxiliary VAR model. In the final step, the Wald statistic is calculated
to judge whether or not the functions of the parameters of the auxiliary VAR model
estimated on the actual data lie within the confidence interval allusive by the sampling
distribution. According to the results through Indirect Inference calibration-based test,
none of the three competing models can pass the test. Comparing with the previous
studies argue in the literature, the performance of the model with imperfect
information data revision is much worse than that of the baseline model, which is

contradict to the conclusion from the Bayesian approach.

Second Stage: Estimation-based Indirect Inference Test

The Indirect Inference has been long-standing applied (Gregory and Smith, 1991,
1993; Gourieroux and Monfort, 1993). As far as we concern, when Indirect Inference
is applied for evaluating model, structural model’s parameters are provided at the
beginning. However, the nature of fixed calibrated parameters leads it an overly
strong condition for testing models and contradistinguishing one model from another.
Seeing the values of parameter of the candidate model could be estimated or
calibrated within a permissible range throughout the theoretical structure of the model,
it is probable for a rejected model with the presumptive set of parameters to pass the
test when it with another set of parameters. To have a fair result of the testing, it is
necessary for investigators to find a set of ‘good’ structural parameters. Thus, we
estimate the models to get the optimal sets of parameters before the evaluating

6



process.

The general working steps of Indirect Inference estimation-based test are
summarized as follows and which are similarly and common to those mentioned in
the previous studies (Le et al., 2011, 20132, 2016; Minford and Ou, 2013; Liu and
Minford, 2014): Firstly, to select an auxiliary model (e.g., VAR) to estimate it based on
the actual data to achieve the benchmark estimates. Secondly, give presumptive
values to structural parameters which are needed to be estimated, after which the
parameters will be used to create numerous pseudo samples of simulated data with
the investigated theoretical model. Thirdly, to estimate the selected auxiliary model
derived by the simulated data obtained from step two, which is done to produce the
joint distribution of the selected estimates (from the first step) so that we can have the
mean of this distribution. In the fourth step, we compute the Wald statistics and the
transformed Wald statistics (normalized t-statistics)® to measure the distance
between the benchmark estimates achieved in the first step and the mean of the
estimates achieved in the third step. Finally, the second step to the fourth step will be

duplicated until the minimum of Wald statistic is achieved.

It is obvious that the process of the second stage through Indirect Inference is similar
to that of the first stage, apart from the last step. The reason for the distinction is the
purpose of the second stage which aims not only to gauge the gap between the to-
be-examined model and the actual data but also to narrow the gap by searching for

an optimal set of parameters under the premise of the theoretical model being true.

? One advantage of Indirect Inference over the other method in terms of testing procedure, an

alternative hypothesis suitable for testing of the specification of the model can be automatically
generated by the unrestricted VAR model based on actual data, which leads us not have to
specify different DSGE models as the alternative hypothesis. As a result, the identified VAR
derived by the DSGE model is the only factor that required in this testing procedure.

3 This function of Transformed Wald statistics (normalized t-statistic) is based on Wilson and
Hilferty 1983's method of transforming Chi-square distribution into a standard normal
distribution calculated.




After re-evaluating the three competing models through estimation-based test with
the same US real-time data through the Indirect Inference method, we find that only
the model with sticky information can pass the test meanwhile perform no worse than
the baseline model. Additionally, among three competing models, only the model with
Imperfect Information data revision fails to pass the test. However, when we use US
survey data over the same period to evaluate each model, none of them can pass the

test.

Overall, there are some consistent results through implementing two different
estimation methods. Firstly, the sticky Information model is found to be the preferred
model to fit the real-time data behavior which is examined in terms of Wald statistics
(Wald percentile) and transformed Wald statistic. Secondly, the sticky information
model is the only one can generate delay reaction to monetary policy shock and this
is matching the observing evidence in actual data. Thirdly, the imperfect information
data revision model performs better when we substitute the real-time data with the
survey data, through which we can deduce that the survey data contains extra

information to help improve imperfect information data revision model’s performance.

Contributions

The main intention in this thesis is to evaluate the available original New-Keynesian
reduced-form DSGE model with three different expectation assumptions respectively.
The three models, which are taken into consideration, can be categorized into two
groups: one is without inattentive features, the other one is including inattentive
features. Within the first group which only has one model, we take it with full-
information rationality expectation assumption to be the baseline. While in the other
one, two inattentive expectation models are contained. They are the model of sticky
information (Mankiw and Reis, 2002, 2007) and the model of imperfect information

data revision (Vazquez et al.,, 2010, 2012, and Casares and Vazquez, 2016)



respectively.*

We carry out the evaluation of the three competing models from three aspects: 1) to
assess them through estimated impulse response function; 2) to compare the model-
fit through Bayesian estimation approach, in which the relatively performance is
determined by the log marginal likelihood or the Bayes factor; and 3) to use Indirect
Inference as robust check method to see whether the candidate theoretical model
can generate data close to reality. According to this point of view, the analysis in this

thesis can be taken as the competing and selecting procedure of empirical models.

There are three main contributions of this thesis. The first contribution is the
estimation and comparison of different types of inattentive DSGE model (sticky
information versus imperfect information data revision) for US small-closed economy
through Bayesian approach using the US quarterly data (i.e., real-time data and
survey data) representing the main macroeconomic time series from 1969 to 2015.
And the reason why we choose real-time data to estimate each model as Paloviita
(2007b) asserts the significance of people’s current knowledge and belief in leading
their behavior in economic activities. As a result, in some cases, such as policy
decision, if the economic relationships can be described potentially, so we can obtain
a more precise research result. Se we use real-time data obtainable on the occasion
instead of recently. Besides, another kind of data is used in our research in robustness
check. Due to people’s deficiency in predict the economy, we introduce the Survey of
Professional Forecaster (SPF) data to simulate people’s reliance on the experts.
However, SPF data is not flawless. Its defect may be exposed when there is a big
news which is opposite or averse to some experts’ expectations, in which case
experts may have intention to avoid significant changing of their predictions for

maintaining their reputations. Overall, the two kinds of data selected lead us to find

4 We use small-closed DSGE model instead medium-scale DSGE model different from Miguel
Casares and Vazquez (2016); Vazquez et al. (2010, 2012) use the reduced-form model to
study the data revision its impact on monetary policy and leave the rest economic agents
without involving data revision issues.



the best way to describe people’s expectation formation. Through adopting these two
kinds of data to evaluate each model which may provide us more accurate guidance
to find the best way to describe people's expectation formation. What’s more, once
we find the best way to describe how people form their expectation the government
can affect real activity in ways that are correlated with that information (i.e., noisy
revision information, sticky delayed information), this should greatly increase the

credible range of conducting more stabilized policy.

The second contribution, through comparing the different inattentive New-Keynesian
DSGE models basing on the full structure (relative to the single equations
competition), we inspect which way of inattentive expectation is closer to the way that
people form their expectation in real economy. The third contribution, the thesis is
adopted Indirect Inference approach as the robust check methodology, which delivers

a new way to assess inattentive macroeconomic models.

The outline of each chapter is demonstrated as follows. In Chapter 1, we survey the
literatures on different New-Keynesian type DSGE models including the ones with
and without inattentive feature. We also discuss the main findings from previous
literatures. In Chapter 2 is the introduction of each competing model. Chapter 3 and
Chapter 4 apply the two main analyses to examine three selected competing models
respectively. In Chapter 3, we estimate reduced-form New-Keynesian type model
without and with inattentive ingredient (sticky Information and imperfect Information
data revision) through Bayesian estimation approach; Chapter 4 uses the Indirect
Inference as the robust check method to test and estimate each competing model to
re-examine the results obtained through Bayesian estimation approach. Chapter 5

contains the conclusion and discussion of further research direction.
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Chapter 1
Whether Different Inattentive Features
Matter for Economy Dynamics?
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1.1 Introduction

The role of people's expectation in determining aggregate outcomes of the macro
economy, such as inflation dynamics and the business cycle, has often been
discussed and well established. However, the study involves how people form their
expectation is relatively rare and less well studied. One recent study by Milani and
Rajbhandari (2012) compares the full-information rationality New-Keynesian type
model with the alternative models that deviate from the full-information rationality.®
However, this topic is quite important for making the most fundamental
macroeconomic decisions, such as the allocation of consumption or savings, how to
set the appropriate price and so forth, some of which are underlying macroeconomic
dynamics and driven by people's expectation of the future. In the following sections,
we survey the literature focusing on the early assumption of fully attentive expectation
or full-information rational expectation firstly and explore the weakness of this early
expectation assumption. In order to remedy the weakness of full-information rational
assumption, another assumption deviating from the full-information rationality has
been proposed, which is so-called inattentive expectation assumption. In particular,
we mainly focus on two types of inattentiveness, which are the most commonly
discussed. The first is the model with sticky information expectation, and the
assumption of sticky information is basing on the study proposed by Mankiw and Reis
(2002, 2007). The second popular inattentiveness is imperfect information data
revision (Aruoba, 2008; Vazquez et al., 2010, 2012; Casares and Vazquez, 2016).
Both inattentive assumptions mentioned above will be well stated and discussed in

later sections.

°* Those models are set as being with the allowances of ‘news’ about future shocks, near-

rational expectations, learning, and observed subjective expectations from surveys
respectively.
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1.2 Literature Survey of Classical New-Keynesian type Model
without Inattentive Feature: Full-Information Rational

Expectation

The full-information rational expectation hypothesis is the starting point of the
traditional economic theory. However, a gap between this classical New-Keynesian
full-information rational expectation (without any inattentive ingredient, i.e., Calvo,
1983) and the real world has been criticized for many economies. Simon (1989)
criticizes the "unrealistic" view of the idea of full-information rational expectations. He
argues that regarding the case of economic agents having known all of their problems,
choices and possible results, the economic agents could certainly choose the best
solution from all alternatives through some reasonable calculation. But in practice,
such 'perfect situation' cannot be existent in real world. Besides, some unavoidable
constraints always restrict economic agents from making good decisions (e.g., social
constraint stemmed from the superior authority of government in terms of legislation
or personal constraints originated from limited time and energy). Thus, economic
agents have to seek coordination from the aspects of efficiency, profits and other
factors. In other words, economic agents cannot simply reach the optimal solution but
only reaching the self-satisfied or ‘good enough' solution. As a result, the full-

information rational expectation can hardly be applied to explain economic problems.

On the other hand, the implicit hypothesis of full-information rational expectation is
that the economic agents are homogeneous. But in real world, economic agents may
form different expectations due to their different abilities in information acquisition,
absorption, and procession. In other words, not all economic agents hold full
information. To sum up, the unrealistic feature of early assumption of full information

rational expectation can be showed from two aspects as follows:
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1) The full-information rational expectation hypothesizes the economic agents
having such full information that can do their best to reach the maximum profit.
However, due to people's physical and intellectual capacity limitation, adding to
the uncertainties originated from external environment, people are capable to

understand and solve complex problems but in a restricted way.

2) Under the assumption of full information rationality, information is a kind of scarce
resource that economic agents are willing to try their best to collect all available
information to make economic decisions. Despite the desire to acquire information,
it did not take the information costs (i.e., costs of accessing required information)
into consideration. It is understandable that agents have to pay while collecting
the information required for decision making. In practice, it is impossible to get
and process information without the payment of time, money, or physical efforts.
Due to these potential costs, the number and the quality of information obtained
by the economic entities are limited, which lead to the fact that economic agents

are impossible to reach the best situation.

To sum up, under the assumption of full-information rationality, economic agents are
supposed to clear about the all relevant parameters’ value, such as the distribution of
shock, the correct structure of the economic model and so on. However, it is an
unreasonable assumption in practice because economic agents cannot hold all the
information needed to reach the equilibrium of the whole economy (Caballero, 2010).
Particularly, when an economy undergoes a big structural transformation such as
Great Recession, it will need never implanted policies (Stiglitz, 2011). The tune to full-
information rationality hypothesis is favorable according to recent empirical work.
Coibion and Gorodnichenko (2012, 2015) strongly deny the legitimacy of hypothesis
of full-information rationality. Furthermore, in their paper published in 2012, they
clarify that the reason of rejection to full-information rationality hypothesis is not the

rationality but the assumption of full information.
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1.3 Literature Survey of New-Keynesian type Model with
Inattentive Feature: Sticky Information versus Imperfect

Information Data Revision

To remedy the unrealistic aspect of the early full-information rationality assumption
and deal with the well-known empirical weaknesses (i.e., the delay effect of monetary
shock on inflation, persistent of output, and inflation observed in macro data), the
New-Keynesian type model with the features deviated from the full-information
expectation assumption appears as a modified version.® Thus, the inattentive
expectation was proposed. As inattentive expectation has different approaches, the
two most prominent of them are sticky information (Mankiw and Reis, 2007) and
imperfect information data revision (Casares and Vazquez, 2016). These two
assumptions will be applied in our research, being different from the sticky information
model from Mankiw and Reis (2007) and the imperfect information data revision
model from Casares and Vazquez (2016), we use the small-scale closed economy
DSGE model instead of medium-scale DSGE to be in line with the baseline model

selected.

Although there are weaknesses of the full-information rationality, as recent studies
suggest that there is no need to abandon its assumption of rationality or to introduce

other types of irrational behavior to help model fit data (Collard et al., 2009; Coibion

* There are also some literatures focusing on how to compensate the impractical
aspects of the full-information expectation New-Keynesian type models through
multiple ways (Rotemberg and Woodford, 1996; Gali and Gertler, 1999; Smets and
Wouter, 2003, 2007). In these papers, the most attention is received and focus on
real rigidities, such as habit persistence, capital or investment costs, capital utilization,
and backwards-looking price setting schemes for the subset of the economic agents
(Christiano et al., 2005; Collard et al., 2009). However, Dhyne et al. (2006) argues
that backwards-looking price indexation setting scheme cannot support the empirical
evidence. The European Central Bank Report pointed out that individual price
changes its movement are not consistent with the movement of aggregate inflation.
In explaining the observed situation, the idea of reducing controversy that encourages
scholars to continue making efforts to resolve this issues in the past few years.
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and Gorodnichenko, 2012). Thus, in this thesis, two major inattentive rational models,
sticky information, and imperfect information data revision models, are used and

compared, and meanwhile, rationality is assumed.

1.3.1 Literature Survey of Rational Expectation condition on Sticky

Information

After the year of 2000, the problem of how economic agents forming their
expectations of the aggregate economy begins to draw several scholars’ attention. To
address this issue, Carroll (2003), as one of the funders of this area, introduces the
idea of "epidemiological expectations”, in which the households form their inflation
expectations by receiving the news reports that reflect views of professional
forecasters, to explain the origin of the sticky information expectations. According to
his study, the slowness of information diffusing through the entire population is due to

people’s inattentiveness to the arrived information’.

Sticky information expectation which based on the idea of information slow diffuse
through entire population is recommended in many studies. Being one related study
of them, Mankiw et al. (2003) research the topic of how disagreement may appear
among different agents' expectations of inflation. Their study is distinguished from
other researches by finding the ubiquitous heterogeneity of different households’ and
professionals’ inflation expectations. The heterogeneity was derived from different
frequencies of the agents updating their information sets. Reis (2006a, 2006b)
supports sticky information inattentive assumptions due to the cost of newly arrived

information. He asserts that economic agents will only choose to obtain new arrival

7 Some recent articles have based on Carroll (2003)'s studies to study the
implications for monetary policy (Ball et al., 2005) and the dynamics of aggregate
economy (Mankiw and Reis, 2007).
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information if the expected benefit is higher than the information cost. Later, Mankiw
and Reis (2007) develops and analyzes the medium-scale general equilibrium
models for the US economy under sticky information assumption. They find that
information stickiness exists in all markets throughout the quarterly data from the
1954 Q3 to 2006Q1. Moreover, the information stickiness is especially pronounced
for consumers and workers in their study, the feature of information that being slowly
disseminated in microeconomic data on price provides more credit to sticky
information expectation (Klenow and Wills, 2007; Knotek and Edward, 2010). Mitchell
and Pearce (2015) provide direct evidence of sticky information through examining
the frequency of revision forecasts for individual professional forecasters. They find
that the forecasters do not revise their forecasts usually, which is consistent with the
sticky information hypothesis. In most cases, these literatures support sticky

information assumptions.

1.3.2 Literature Survey of Rational Expectation condition on Imperfect

Information Data Revision

Another strand about people's negligence deviates from the full-information rationality
assumption is imperfect information data revision. On the perspective of
microeconomic area, imperfect information refers to asymmetric information which is
a common characteristic of the imperfect market. However, in macroeconomic area
imperfect information means that economic agents are struggling to figure out the
actual state of economy. In detail, the definition of imperfect information in terms of
microeconomics implies that consumers can be easily fooled by the supply and price.
However, under the environment of macroeconomics, imperfect information implies
that economic agents involve signal-extraction problem (data revision issue). To be
specific, economic agents are disturbed by noises and demand to filter useful signal

or information from disturbing noises in observed actual data. The essence of the
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imperfect information is the inattentive behaviour that the economic agents can
constantly update their beliefs, but suffering from the noises, which results the fact
that the economic agents cannot fully observe the real state of economy (cannot be
fully attentive). Hence, they renew their beliefs about the fundamentals of economy

via signal extraction or data revision process to reduce noise.

Imperfect information expectation is recommended in many studies. Woodford (2001,
2003) integrates the idea of people's limited capacity in processing information,
imperfect common knowledge, and the monopoly pricing competition to explain the
persistence impulse response to real variables. Schorfheide (2005) who allow
monetary authority to hold imperfect information (imperfect common knowledge)
about the inflation target by modelling economic agent to learn and understand the
fluctuating values over time. Although the model under imperfect information catches
important periods like the early 1980s' disinflation better, the model under perfect
information fits real economic data better. Additionally, Collard et al. (2009)
demonstrate that the new Keynesian model under imperfect information environment

could produce considerable inertia on an empirically reasonable level.®

* In the study by Levine et al. (2012), regarding the fact that people may not have all
information of all state variables and all impacts on the economy, researchers
establish a complete structural DSGE model in which the economic agents need to
solve the signal-extraction problem to derive the values of state variables and
impacting shocks, but such model is mainly governed by habit formation and adaptive
learning. Therefore, the endogenous persistence impulse response generated from
the model under the assumption of imperfect information the impulse response
function generated by the model is close to the real situation. At the same time, they
showed an example of analysis of the model under the assumption of imperfect
information which fits the economic data well without introducing real rigidities (e.g.,
habit formation) or indexation price. The setup of our models does not have any
interruptions of other features (i.e., habit formation) to check how model itself can
reproduce the observed stylized facts.
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1.3.3 Differentiate Inattentive Features: Sticky Information versus

Imperfect Information Data Revision

The introduction of first inattentiveness is sticky information in Section 1.3.1 which
emphasizes the recurring cost of collecting the latest information during making
economic decisions, which may lead people updating the information reluctantly for
the expense (i.e., cost of processing information) can be higher than its interest.
Imperfect information data revision as the second inattentiveness is introduced in
Section 1.3.2. It stresses the existence of the noises that influence people’s decision
by not reflecting the real state of the economy. Therefore, people via signal-extraction
process or data revision process to reduce noises to figure out the real state of
economy. Moreover, the model of imperfect information is based on the assumption
of economic agents' limitation of information processing, so economic agents’
decisions are determined by the information merely obtained through their information

processing channel or communication channel (Sims, 2003).

It may be enquired that why we care about the inattentive feature -- imperfect
information data revision. Diebold and Rudebusch (1991) give an example as the best
answer from all analytical data revision papers. They explain that the major US
economic indicators are doing well in forecasting the recession ex-post only because
it is made to explain the past. Its tracking record in real-time, on the contrary, is very
poor. Two reasons are given to this contrast. One is that the initial announced data
may appear to be very different from the latest announced data. The other one is that
the methodology of index changes as time goes by after the real-time indicator failing
to forecast the recession. Beyond that, there is another example that easily to be
understood to demonstrate this issue. Assuming we use the simple Taylor rule as a
monetary policy to remain the level of inflation invariable, when the output gap is

negative, the interest rate should decrease. Should th[e interestxxx rate increase, the
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case would be opposite (i.e., positive output gap). Evidenced by the same token, if
the central bank holds economic growth data which is exaggerated before the
recession, it would lead to the delay in adjusting interest rate to lessen inflationary
pressure after the economic downturn. This example endorses the importance of

inattentive feature.

Although a large quantity of literature has suggested to incorporate inattentive
features into models to explain the real world, some issues still have not been well
discussed. To supplement the areas that omitted by previous papers, our research
focuses on verifying the three topics: 1). Do these two inattentive features matter in
economic dynamics response; 2) If they are, what are the distinctions between them;

3). Which one can give a better explanation.

1.4 Conclusion and Objectives

In the literatures mentioned above, there are three relevant models which can be
divided into two groups, i.e. with and without inattentive ingredients. One of them is
the classical ‘attentive' expectation model, which is New-Keynesian type model with
full-information rationality hypothesis. The second is sticky information model. The
third is imperfect information data revision model. Three objectives will be reached

through comparing the three models under different conditions.

The first objective of this thesis is to verify whether incorporating inattentive features
into the popular reduced-form New-Keynesian model can perform better in replicating
the empirical persistence found in macro-economic data than the full-information
rationality alternative. The way to measure the performance of the model is to check
its ability to generate persistent and delayed responses on output (output gap) and

inflation to monetary policy (e.g., Christiano et al., 2005). Moreover, the model
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simulations will be carried out through Dynare 4.4.3 software.®

The second objective is to compare which expectation type model explains the US
economy in the best way by using quarterly real-time data (survey of professional
forecaster data will be used in robustness check). The process is implemented
through Bayesian estimation approach. Through the comparison of Bayes Factor and
the comparison of the log marginal likelihood of three competing models, the overall
performance according to three rivals under different assumptions (i.e., fully attentive
expectation versus inattentive expectation) can be compared and ranked relatively.
The first advantage of using Bayesian estimation is that the application of priors which
provides a chance to take the previous relevant studies into consideration and it
facilitates to reduce identification issues in evaluating DSGE models.”® The second
advantage of Bayesian estimation is that Bayes factor provides an effortless way to

evaluate model's relative performance.

The third objective is to use indirect inference to re-evaluate each competing model
and make model comparison in an absolute way. Although the Bayesian factor
provides a simple way to compare the relative performance of different models, it
cannot be used to evaluate model's performance in an absolute way due to its
limitation of judging that whether a to-be-examined model itself has a satisfactory
performance that can be verified by the actual data. The method of distinguishing
indirect inference estimation (estimation-based indirect inference test) from the
Bayesian estimation method is to generate a data descriptor that indirectly evaluates

the theoretical model by using a completely independent auxiliary model, e.g. VAR.

9 From http://vermandel.fr/dsge-dynare-model-matlab-codes/, provide standard DSGE
Models Dynare code, include the simple dynamic three-equation New Keynesian Model.

10 Due to the structural interpretation of the parameters in DSGE models, sensible proper
priors are usually available. These priors may be purely subjective or could reflect data from
other sources (e.g., the estimates of structural parameters produced in macroeconometric
studies and the estimates based on training sample of macroeconomic data). As the prior
information given, Bayesian researchers do not need to worry about the identification issue.
However, if a parameter is not identified, the data-based learning about it may be absent and
its posterior only gives the reflection of prior information.
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The intention of implementing estimation-based indirect inference test is to discover
the optimal set of parameters about the actual data in the context of the model to

make a fair model comparison.
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Chapter 2
Introduction and Establishment of Three
Competing Models
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2.1 Introduction

The inclusion of inattentive features into macroeconomic model has become an active
area of recent research. Carroll (2003) finds that the public's prediction is lags behind
the prediction of professionals' through adopting survey of inflation expectation data.
The study of Mankiw et al. (2003) their study shows that the disagreement of inflation
expectations from survey data is matching the idea of sticky information. Furthermore,
regarding to the recent work proposed by Drager et al. (2013) they found that the
impact of information friction on prediction errors at the individual level which provides
support for imperfect information assumption (i.e., the economic agents suffer from

noisy disturbance).

It is worth noting that, our study is not the first one to make a comparison between
alternative expectation models and the full-information rationality type model. For
instance, Milani and Rajbhandari (2012), who evaluated the alternatives (e.g., these
alternatives include allowed "news" shocks, adaptive learning and observed survey
expectations) deviate from fully-information rationality assumption in small-scale
New-Keynesian DSGE model. Moreover, they have shown that the econometric
characteristics of the model are susceptible to the different formations of expectation.
Then our study can be understood as an analysis contributing to the selection of
empirical models, which considers inattentive expectation type model as alternatives

comparing with the baseline with full-information rationality.

2.2 The Introduction of Three Competing Models

The overview of each of the attentive and inattentive models will be specified as

follows. The derivation of each model has been shown in Support Annex and the
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Appendix B of Chapter 2. The three competing modes is a reduced-form New-
Keynesian type DSGE model for a small-scale closed economy. Three types of
agents are constituted the small-scale closed economy which are households, firms,
and monetary authorities. The baseline model has been largely applied in previous
studies (Milani and Rajbhandari, 2012) is the standard Calvo model without any
inattentive features. In terms of the two other rivals, one is the model characterized
by sticky information which has been discussed in Mankiw and Reis (2007), and the
other one is the model characterized imperfect information data revision which has
been constructed by Casares and Vazquez (2016). Being different from those two
inattentive expectation model settings we are using the small-scale DSGE model
instead of medium-sized DSGE model. Adding additional features might be a useful
step (Smets and Wouter, 2003, 2007). However, it may also cause some fundamental
issues to blur our main focus. Precisely, when each model being inserted with
inclusion of some more new features taken into account, it may potentially distract
some attention from the original focus to those new considered features, which leads
to the difficulty of assessing the differences between the two inattentiveness (i.e.,
sticky information and imperfect information data revision). As well as the differences
between the baseline model and the models with inattentive features, due to

considering so many features.

2.2.1 Reduced-Form New-Keynesian Model without Inattentive

Feature: Full-Information Rationality

The derivation of the classical small-closed New-Keynesian model is quite standard
in the literature (Woodford, 2003). Here we present a more traditional version of the

micro-foundation under the assumption of full-information rationality,’” The details of

1 The full-information rationality assumption type model applied in this thesis is chosen
without indexation to past inflation and habit formation in consumers' preference, since the
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the derivation have been presented in Supporting Annex at the end of this thesis. And

the baseline model is as follows:

IS equation : (2.1)
PC equation: _ (2.2)
Interest rate smoothed Taylor Rule: (2.3)

We have seen from the above presented baseline model, it can be indicated that the
aggregate economy under reduced-form New- Keynesian type model with full-
information rationality which can be characterized by the dynamics of three main
economic variables (i.e., output gap, inflation, and interest rate). The represents
output gap, which is a gap between actual output and potential output (i.e., is the
output under flexible price economy). The coefficient  represents the elasticity of
the intertemporal substitution. The new Keynesian Phillips Curve (PC curve) derived
under the full-Information rationality assumption is equivalent to the current inflation

driven by the expectation of future inflation , current output gap  , and the
supply shock . The coefficient  stands for the time discount factor and is the
combined parameter.' Interest rate equation that follows the simple ‘interest-rate
smoothed’ Taylor rule (1993). Monetary policy makers set the interest rate basing on
simple Taylor rule. The interestrate is driven by the current inflation and current

output gap

premise of indexation has been shown to be not consistent with the microeconomic evidence
on price set (Nakamura and Steinsson, 2008). The evidence regarding agents' habit formation
is less obvious, but it seems difficult to find supportive evidence through households'
consumption data (Dynan, 2000)

¥ Where the composite parameter =0.15 has been taken as fixed and less than
one which it implies strategic complementary, to keep it as fixed and less than 1 and in line
with the suggestion from previous literature (Woodford, 2001, 2003; Ball et al, 2005). Besides,
Woodford (2003) surveys and discusses the existing literature at length and concludes that
firms pricing decision should be strategic complements rather than strategic substitutes to
allow for potential inflation inertia. And this has been tested in some recent works, for instance,
Coibion (2006) these authors when which produce inconsistent results with the actual
data.
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2.2.2 Reduced-Form New-Keynesian Model with Inattentive Features:

Sticky Information and Imperfect Information Data Revision

Before the introduction of the selected inattentive expectation models, we need to
clarify the assumption concerning two inattentive expectations respectively.
Regarding to the assumption of sticky information, the economic agents update their
information sets infrequently due to information costs which reference to the idea
offered by Mankiw and Reis (2002, 2007). Distinguished from the conception of sticky
information, the conception of imperfect information data revision is that economic
agents suffer from the noises, thus they continuously revise their information to
extract the useful signals (Aruoba, 2008; Casares and Vazquez, 2016; Vazquez et
al., 2010, 2012). In other words, the two different inattentive features can be taken as
two distinct information arrivals. One of the principal purposes of this thesis is verifying
whether different inattentive features matter in explaining economic dynamics.
Furthermore, under the premise of confirming the determinacy of inattentive features,

we will explore which feature can explain the US economy better from 1969 to 2015'.

2.2.2.1 The Model with Sticky Information

The first inattentive feature to be introduced is the sticky information which assumes
that some of economic agents use the old information rather than the current arrived
information to make the economic decision and form their expectations. Since the
cost of previously used information has been paid, there is no extra payment required
for reusing old information, which is the way to reduce information costs. The main
idea of the sticky information model is that when making economic decisions, due to

the cost of acquiring newly arrived information as well as the cost of re-optimization,

3 In order to construct the revised data in imperfect information data revision model, the
sample period actually cover from 1969Q1 to 2016Q4.
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only a small percentage of people are willing to use current arrived information to
adjust their plans. On the other hand, the rest of people will still use the old information

and old plan. The model with sticky information is presented as follows:

IS equation: (2.4)
PC equation: —_— + (2.5)
Interest rate smoothed Taylor Rule: (2.6)

Thus, according to the model with sticky information presented above, the two
parameters 6 and A are the shares of updating households and the share of updating
firms respectively in any given period (for example if there is no information stickiness
of firms then A=1). To compare with the economic agents in the full-information
rational expectation model without inattentive feature, the economic agents are
assumed under the premise of sticky information economy update their information
sets with certainrate  and regarding households and firms respectively (Mankiw
and Reis, 2002, 2007; Reis, 2006a, 2006b, 2009). Reis (2006a, 2006b) gives more
deep-seated micro-foundations for model features sticky information. The early
classical New-Keynesian type model assumes of full-information rationality, which is
the case of a pure forward-looking-expectation Phillips curve. However, under sticky
information environment, the inclusion of inattentiveness leads to deviation from full-
information rationality. The economic agents under this circumstance use the
outdated information to form their expectation. Therefore, it yields the Philips curve
(PC curve) not only depends on the current expectation but also the past expectation
about the future, which is caused by information spreading slowly through the entire
population of the economy (Mankiw and Reis, 2002)". When looking into the previous

empirical literature, several papers are aiming at comparing Phillips curve derived

14 Being differentiated from the sticky information PC model of Mankiw and Reis (2002), the
current inflation in our New Keynesian three-equation model is determined by both the current
expectation and the past expectation of the future inflation rate. In contrast, the current inflation
in Mankiw and Reis’ model is inferred from flexible price assumption.
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under the assumption of full-information rationality and alternative under the sticky-
information assumption (Mankiw and Reis, 2002; Coibion and Gorodnichenko, 2012,
2015). However, in this thesis, regarding to the empirical evidence, we are more
interested in the simple reduced-form New-Keynesian DSGE type models, rather
than that based on single equation (Easaw, et al., 2014; Coibion and Gorodnichenko,
2015). Estimation of comprehensive DSGE models through introducing inattentive
feature exists, but there is only a small quantity of papers. The recent papers on this
aspect set a benchmark of neo-classical model with flexible prices and introduce
sticky information regarding various economic decisions (i.e., consumption balancing,
price setting, and wage setting) (Reis, 2009). To the best of our knowledge, no one
has compared DSGE models under different inattentive conditions (i.e., sticky
information assumption versus imperfect information data revision assumption).”™ So
here one of our main emphasizes is to use the model with sticky information to
compare with the alternative inattentive expectation model (i.e., the model with
imperfect information data revision) to examine which inattentive expectation model
can give the better explanation for US economy in around recent five decades

(sample period US quarterly data from 1969 to 2015).

Comparing with the baseline model, it is more challengeable to solve the model with
sticky information. Since it involves infinity lagged expectation what leads to the
question of how we can approximate the model with sticky information in the DSGE
equilibrium configuration. Firstly, from the angle of sticky-information model setting,
we can see that the proportion of lagged expectations diminish geometrically meaning
that the impact on economic agents’ expectation derived from the current state is far
greater than that of previous periods. Consequently, the expectations that are formed

very far from the present situation might not influence current inflation or output gap

5 From an empirical point of view, for instance, Smets and Wouters (2007) may consider that
a more satisfying specification may take into account some frictions. However, in this thesis,
we would like to keep it simple, since one of the main questions we would like to focus is to
differentiate different inattentive feature and to see whether different inattentive feature
matters for dynamics of the economy.
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due to the minimal weight (i.e., may approximate to zero) attached to them. Thus, we
set j=4 (which meaning the incorporation of lag information up to 4 periods) as the
benchmark, the longer period such as j=6 and 8 have been taken in robust check

section.’®

2.2.2.2 The Model with: Imperfect Information Data Revision

For the extend model with imperfect information data revision process both real-time
data and revised data has been used, the suggestion comes from the previous
studies (Casares and Vazquez,2016; Vazquez et al., 2010). Before introducing
imperfect information data revision model, firstly we need to know what is real-time
data, for example, if we analyze the economic agent's decision using the data
available to us today, we will make an incorrect inference about their economic
decision-making. If we look at the time that economic agents made their economic
decisions, we are engaging in real-time analysis or taking the data revision seriously

into consideration. The model with imperfect information data revision is presented

as follows:

IS equation: (2.7)
PC: —_— (2.8)
Interest rate smoothed Taylor Rule: (2.9)
Where — and — . Data revision is potentially

critical in both theoretically and empirically way, although many economic researchers
have made an inappropriate assumption about the data available to economic agents
at that point. The applied assumption of data is that they are available immediately,

yet the reality those data are announced with a few lags. Furthermore, the data

6 The result in Travandt (2007), by setting maximum j=19, the convergence of the recursive
equilibrium law of motion can be achieved for sticky information Phillips Curve model. However,
in our selecting sticky information model enter competition is using fewer periods j and which
is sufficient to reach convergence.
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revision, in general, has been thought either not exist or small, but in real situation
data revision may have a significant and big influence on empirical results and which
is particularly the case of some variables that are defined conceptually. For instance,
such as output gap, where the economic agents when they are making decisions,
take this kind of variables know without any doubt. In a real case, such variable as
output gap often fluctuates over time. Thus, in this imperfect information model, the
data revision has been taken into consideration to see how it has affected New-

Keynesian type macroeconomic model as well as empirical results

Moreover, what does data revision look like is followed by the suggestion from
Casares and Vazquez (2016) and has been well specified in Appendix B to Chapter
2. Apart from the point as mentioned earlier, another two points should be clarified: 1)
under imperfect information data revision hypothesis, the information of the economy
its real state matters, for instance, firms' price-setting decision depends on the
expectation of marginal revenue and the future nominal marginal costs. Thus,
depends on the future aggregate price level. 2) information friction or inattentive
feature underlined across this thesis to be taken seriously, such inattentive
assumption needs to be reasonable. Where the nominal interest rates made through
professional monetary authority are fully observable without noise disturb, and the
observation of output gap and inflation are influenced by noises, in other words, both
variables involving data revision processes. Collard and Dellas (2010), they argued
that, as the data revision process reveals, very few aggregate variables can be
observed accurate and correct. Such that, under the assumption of imperfect
information, when firms make the price-setting decision cannot fully observe its
information, on the other hand, households when to make consumption decision
cannot fully observe the state to support them to make consumption plan. Such that,
both price (inflation) and consumption (output) can only observe with some random
noises. From the above three-equation model where and have been taken as
the observed variable realized at time t they are the real-time data. And and
are the final revised variables and which are stated as followings.
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(2.10)
(2.11)

And we follow by the argument of Aruoba (2008) that many US aggregate time-series
(e.g., inflation and output) their revisions are not rational forecast errors and supposed
to be connected to their initial realised variables and . Thus, following his
argument, we presume that final revision process of US output gap and inflation are

defined as follows,

(2.12)
(2.13)

These revision processes allow for the existence of non-zero correlation between final
true variables (i.e., output gap and inflation) and their initial realised variables.
Besides, the existence of persistence revision processes. In particularly, the shocks
of revision processes, and , both are the AR (1) processes. The two data
revision processes assumed aim to offer a simple framework to approximate the ‘true’
revision processes, and to examine whether the deviation of the way we use for
assumption to the well-behaved revision processes (i.e., white noise) assumption,

influences the estimation of policy and behavioural parameters

For simplicity, we assume that revisions process is linear, following Casares and
Vazquez (2016), since our estimated model is a linearized-reduced form version of a
small-scale closed New Keynesian model. However, noteworthy, Corradi, et al. (2009)
finds the evidence which supports that there is a nonlinear relation between data
revisions and variables, which can be an interesting further research in the future. In
benchmark competing process, we assumed that the final revisions are reached after

3 quarters, namely s=3 when solving the imperfect information data revision models.
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Worth noting that, there are existing studies to contradistinguish the DSGE model
with full-information rationality with the alternative DSGE model with sticky
information. For example, Paustian and Pytlarczyk (2006) evaluates DSGE model for
euro area based on Smets and Wouter’s (2003) model through Bayesian estimation
approach, and their main finding is that, and Calvo full-information rationality type
model overwhelmingly dominants the model with sticky information regarding the
posterior odds ratio. Trabandt (2007), use the full-specified DSGE model under the
sticky-information assumption and compare it to the Calvo full-information rationality
type model, and with allowance for the dynamic inflation indexation (e.g., Christiano
et al., 2005), and found that both do equally well. Meanwhile, studies aim to compare
the full-information rationality type model with the alternative with Imperfect
Information Data Revision also existing. (Paloviita, 2007b, 2008'"; Vazquez et al.,
2010; Casare and Vazquez, 2016'8), and they provide that the employ of real-time-
data variables improves the empirical behave of the classical New-Keynesian model,
moreover relax the full-information rationality expectation tentative generates a

remarkable distinction for the parameter of the New-Keynesian model.

2.3 Conclusion

For each model with and without inattentive feature, first, it has assumed AR (1)

process for all disturbances to each structural equation to capture omitted variables.

17 Paloviita (2007b, 2008) uses the European panel data and apply GMM system estimation
to investigate the empirical performance of the standard three-equation New-Keynesian
reduced-form model under different information assumption, compare the full-information
rational expectation with measured expectation through using revised (final) data, but in their
used three-equation without no systematic error. Their estimation results provide evidence
that incorporate data revision make the significant difference for parameters, particularly for
monetary policy.

8 Vazquez et al. (2010, 2012), based on three-equation framework to incorporate data
revision issue into monetary authority, on contrary we assume monetary authority leave
without data revision issues, but economic agents (households and firms) through data
revision process to reduce noise to in order to figure out the real state of economy; Casare
and Vazquez (2016) to incorporate the data revision into Smets and Wouter’s medium-scale
type model.
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Besides, the frequency of each variable is quarterly, and each variable is demeaned
variable, detrend data will be applied. Note that these three models have different
information friction constraint, therefore having different IS and Phillips Curve (PC),
and therefore may influence monetary policy. After then, by comparing their data fit
ability (i.e., log marginal likelihood and Bayes' Factor), one should be able to say
whether the suggestion of incorporating inattentive feature from previous literature
can provide a better explanation for US economy relatively. Moreover, further explore

whether different inattentive feature matters to explain economy dynamics.

Various macro-econometric methods are applied to do model estimation and
comparison. The first applied analyzing method is Bayesian estimation approach,
which is used to evaluate each model’s performance through using US quarterly data
in Chapter 3. One of the most significant strengths of Bayesian estimation method is
that it provides a solution to find the relatively ‘best’ model, which can be done with
the assistance of a model’'s marginal likelihood which is directly relevant to the
model’s prediction ability. Thus, the models for forecasting and policy analysis can be
verified by the benchmark of the performance of prediction. Meanwhile, another
criterion to verify the relatively ‘best’ model is the Bayes factor. Different prior

distributions and different types of observations are used for robustness check.
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Appendix A to Chapter 2

Table 2A-1 Reduced form for each economy to be estimated
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Appendix B to Chapter 2

B1. Sticky Information Model Derivation

B1.1 Sticky Information Model: IS Curve

Now we assume economic agents, households under the sticky information economy
use the outdated information from all past period up to t to form their forecast, and in
aggregate level not all of them use the updated information to form their forecast,

then we have the following IS equation. Where  denotes

the share of updating households.

(B1.1)

B1.2 Sticky Information Model: Philljps Curve (PC)

Similarly, for firms, also subject to sticky information, and in aggregate level they are
using not all of them use the update information to form their forecast, firms use the
outdated information up to time t to form their forecast

then we have the following PC equation, where  denotes the share of

updating firms.

+  (B1.2)

From above we can see the current inflation thus depends on the current output gap

as well as on current and past expectation of the future inflation rate.
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B2. Imperfect Information Data Revision Model Derivation

The derivation of Imperfect Information Data Revision Model is following the deriving
procedure and assumption explanation are following by Aruoba (2008), and Vazquez
etal. (2010, 2012) and