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ABSTRACT OF DISSERTATION PRESENTED TO THE GRADUATE SCHOOL

OF THE UNIVERSITY OF MACERATA & THE REQUIREMENTS FOR THE
PhD DEGREEIN QUANTITATIVE METHODS FOR ECONOMIC POLICY

THE ROLE OF INFORMATION EFFICIENCY IN EXCHANGE RATE FORECASTS:
EVIDENCE FROMSURVEY DATA

By

Gianluca Valeri

2020

Forecastings a natural attitude of men and women: forecasts are made because to make
certain decisions today, we need to know how the world will be tomorrow, and therefore how
the future state of the world will influence the result adstachoices. In finance, theerm
"forecast" refers to the expectations of individuals on the future trend of the variables studied,
based on information or intuition, starting from the assumption that individuals have a good

knowledge of the system in which they operate and pdlgicanomy.

This dissertations dividedinto four chapters

In the first chapter there is an account of the existing literature that shows the

principles of behavioural finance as a solution and development to the limits of the classical

theory of whichFama was one of the major exponents, underlining the role that psychological



paradigms have, in the process that leads to the formulation of choices in the economic and
financial field. This new conception discredited in the beginning made it possibleki up
for the theoretical and empirical shortcomings that affirmed that individuals were always

rational, demonstrating on the contrary that it is irrationality that dominates choices.

In the second chapter of this dissertation we analyse the roleisiorevof the first
forecasts or other revisions already issued, to determine in percentage terms whether the
revisions are better, worse or equal. This allows us to determine the degree of efficiency of
the predictors, whose investment choices, knowrtanakure, are influenced in the short term
due to market volatility, and in the long term by the difficulty of absorbing new information in
a complete and timelyway, using them tmur advantage. It follows that the predictors
analysed in the Bloomberg tdaet available, which contains the historical series relating to
the forecasts and revisions in ewallar currency, of 120 financial institutions, in the horizon
from the first quarter of 2007 to the second quarter of 2016, show that in 15.87% aheases

revisions issued are not efficient, since the forecasts previously issued worsen.

This shows that predictors are not always able to improve their forecasts even if they get new
information in the time path that leads to the terminal date for which the forecast was issued.
Furthermore, to demonstrate that the predictors' forecasts areffrobent, we compared
whether the number of cases in which the average quarterly forecast error generated by the
120 financial institutions is greater, in terms of absolute value, than a forecast based on a
random walk model. The results, in accordanitd pre-existing literature, showed that the

percentage of cases in which the forecast errors generated by the difference between the



predictors' forecasts for each period and the spot rate is higher than the forecast errors
generated by the differencetiveen the rate spot and the real value of the exchange rate
generated at the end of each period. This shows that, in each horizon considered, the random

walk model is more efficient than the forecasts provided by a professional predictor.

In the third clapter, we wanted to check and confirm whether the forecasts and
revisions issued by each financial institution as a whole were efficient,@r the contrary,
they had demonstrated that they had a long term memory of their past forecastsnedmnesh
that the choices and forecasts issued in the past by financial institutions influence future
choices and forecasts. To do this we usedHhest statistical test, eveloped in the early
twentieth century through which it was analysed that the average of the forecasts and
revisions, for each predictor, in the horizon from the first quarter of 2007 to the second
quarterof 2016, were for the99.17% of casesot efficient, showing thathe Hurst index
valueis different fromthe threshold of 0.5. Specifically, wind that 91.67% of predictors
show that their past hasinfluence on their future. This allows us to say that predictors who

have proved inefficient in theast will tend to be inefficient in the future as well.

Finally, in the fourth chapter of this dissertation we wanted to show if among the 120
financial institutions analysed there was a cause and effect phenomenon that allowed to
demonstrate that the ferasts of one or more predictors systematically precede those of all,
demonstrating the presence of a leader of the exchange rate market-dol@araurrency.

To analyse the historical series available, we have chosen to use the Granger causality test

developed by Toda and Yamamoto in 1995. The results have shown that there is a cause and

Xl



effect phenomenon among the Top 5 World Banks for assets and equity, according to the
ranking updatedn 2007, the year the analysis started. Furthermore, we findhbadtanks

that in our analysis take on the role of market leaders, are the same that were fined by the
European Antitrust Authorityn 2019for creating a real exchange rate cartel, in 11 types of
different currencies, including the eudwllar one. Furthenore, the existence of Granger
causality among the banks that are inefficient according to the Hurst index and that have long
term memory, allow us to say that among the financial institutions analysed there is a further
trend to follow the seaalled "Flack effect”, which pushepeopleto standardize choices and

forecasts, as the judgment of others is important and influences our rationality.

Xl



INTRODUCTION

Prediction is a natural attitude of men amdmen: we make predictions because to make
certain decisions today, we need to know how our world will be tomorrow, and therefore how
the future stat®f the world will influencethe outcomeof our choices.In finance,the word
"prediction” refers tothe expectations of individuals on the future trend of the variables
studied, based on information or intuition, starting from the assumption that individuals have

a good knowledge of the systanwhich they operate and of economic polingdels.

EugeneFama in the 1970s said that markets are efficient if the prices of traded securities
reflect exacththeirfundamentavalue,correspondingo the discountedsumof expecteduture
cashflows. This theory takes into account the mere presencatmnal investors, who
evaluate their investments rationally, that is, they direct their choices towards those options
that have higher expected returns, with the aim of maximizing their wealth. Likewise, even in
the case of irrational investors, theirchanges, considered to be random, do not affect the
price level, since the market tends to cancel them. Therefore, according to the theory of
efficient markets, neither technical analysts fundamentahlnalysiscanallow aninvestorto
generata greaterprofit througharbitrage transactions, since the demand will always tend to
match the offer and the price of the securities will incorporate correctly and promptly all the

information available (perfect arbitration transactians)

In reality, changes in the price of securities are not due solely to a change in the fundamental

1 See Fama, E. F. (1970).



value. The continuous alternation of euphoric phases and depressive phases that characterize
the financial markets, have attracted the attention of a growimper of scholars who have

begun to doubt the traditional theory of expected utility proposed by von Neuman and
Morgenstern in 1947, according to which people with the same expected value, do not have
choice preferences. In fact, contrary to what was ptesly believed, investors demonstrate
different attitudes depending on whether diptions to choose from generate a chance of gain

or a risk ofloss

The psychologists Kahnemaand Tversky have developed a new concept of utility function

that takes into account the aspect related to losses. The prospect theory was based on the
personal propensitgf eachindividual to beara certainrisk in the faceof a given gain, since
eachindividual has an aversion to different losses, which may depend on the status quo, the
psychological state (happy or sad), or even just from an imaginary reference point, a sort of

fixed point beyond which we are not willing to go, known in literatas the anchdras.

Kahnemann and Tversky introduce purely psychological and social aspects in the evaluation
of economic and financial factors, demonstrating that investors, in an attempt to maximize
their expectedisefulnesshasetheir choiceson a seriesof psychologicaparadigmsknownas
heuristics, which allow to simplify the decisionaking process behind every investment
choice. These "shortcuts of thought" are therefore very useful, but at the same time they are
very dangerous, because they can generate cognitive errors or errodgroéni, because

they push investors to make decisions about the outcome of future events on the basis of

2 SeeKahnemann D., and Tversky A. (1979).



known models of the past, believing that what happened before will be repeatetutarene

Hirshleifer D. et al. (2019)hrough psychological testeave shown that the accuracy of the
predictions decreases over the course of the day as the number of predictions that the analyst
has already issued increases. This phenomenon known as decision fatigue shows that the
more predictions an analyst makese treater the likelihood that the analyst will resort to

heuristicbased decisions, which simplify the decisimaking process.

The implementation of these mechanisms derives from the fact that investors make
investment decisiona acontextof uncertairty. Heuristicsallowsyouto limit this uncertainty,

but not to make the best choice. In literature, there are many studies of psychology that
demonstrate the existenceprejudiceghatsystematiclly influenceour choices Moreover,it
hasalsobeendemonstratethe existence of a swalled "fashion” effect that is created among
investors, who push to redutiee negative effects generated by a possible loss, if such a
mistake in the choice has been reached by a plurality of individuals. That is, if everyone
makesthe wrongpredictions, it means that it is an extraordinary event that no one trawed
foresea or stopped It follows that if the investment generates posig¥ects,investorswill

tendto unfairly increaseheir predictiveskills (excessecurity),or vice versathey will blame

it on bad luck

To demonstrate the existence of these irrational trends that dominate the process that leads to
the formation of any expectation, in the economic and-emmmomic spheres, we have

concentrated owanalysis on the forecasts and revisions issued by 120 financial institutions on



the exchange rate market, in the horizon from the first quarter of 2007 to the second quarter of
2016. The time serieanalysed coming from a dataset extracted from tB®omberg
platform have allowed us to demonstrate that the forecasts and revisions issued by the
predictors are not always efficient. This implies that expectations are not always in line with
classical theory, which is based on the concept of rationalitiyon the contrary, shows that

to understand its evolutionary process it is necessary to rely on the key concepts of behavioral

finance, which violate the principles of expected utility.

We have shown that the historical series of the financial compamalysed, in addition to

not being efficient, are characterized by "long term memory", showing that the past influences
the future. This allows us to say that if the forecasts in the past were not efficesnill

not be efficient in the future andce versa. In addition, we have also shown that the forecasts
of exchange rates in eudwllar currency are characterized by the presence of leaders who
dominate the market, which allows us to affirm that the predictors are not independent,
confirming andvalidating some interesting theories that confirm the existence of superior

links between the main world banks, by volume of assets and equity.

Thework is dividedinto four chapters.

In the first chapter of this dissertation we analysed the concapadet efficiency,
showing the different classifications and the conditions necessary and sufficient for its
occurrence The efficiency is divided into three stagesveak efficiency, semstrong and

strong efficiency. In addition, we have reported an analysis of the literature that shows the



multiple applications and studies that have used the concept of efficiency as a metric for their
analyses, through the use offfeient macroeconomic variables. This first chapter also
allowed us to establish the meaning of our analysis, which aims to demonstrate how the
financial market is generally not efficient, due to the irrationality that characterizes the
majority of individuals who approach financial markets, are they are professional er non
professional. Furthermore, the growing complexity of the markets allows us to confirm once
again how individuals, both in making econoffiltancial and noreconomic decisions, base
their beliefs on a plurality of psychological paradigms that allsto lighten and speed up

the decisiormakingprocesghat rotates behind every choice, violating the theory of expected

utility, at the basis of classical theery

In the second chapter dhis dissertation, the dataset relating to the forecasts of
exchange rates in eudwllar currency, from 2007 to the second quarter of 2016, was
analysed, with the aim of demonstrating that the revisions of the initial forecasts are not
always efficient. his is because, as stated by-presting literature, predictors are unable to
absorb new information in a complete and timely manner in the path that leads to the terminal
date for which the forecast is issued. The analysis, conducted on the revisiedshgseach
predictor, with reference to the forecasts previously issued, has shown that both in the short
term due to market volatility and in the long term due to the inability to absorb new
information, there is a percentage of worsening foreeasich show that individuals are not

always rational.

The model developed in our document considers forecasting errors as parameters for

3 See Fama, E. F. (1970).



assessing investors' predictive ability. The forecast error was calculated as the difference
between the forecast oevision and the spot reference rate for each period. This comparison
allows you to measure whether the forecast error increases, decreases or remains unchanged

over time in order to evaluate the efficiency of the predictors.

This function, constantly aeatuated by uncertainty, causes an increase in forecast errors. It
follows that, in theory, exchange rates are easier to predict in adongperspective, due to

their tendency to return to their fundamental average value.

The results obtained showedaththe revisions do not systematically improve the forecasts
previously issued for the same terminal date, showing how individuals do not always make
efficient choices. This means that predictors fail to learn from their mistakes and therefore fail
to incaporate newefficient information. It was also shown that predictors would perform
better, i.e. a prediction error in a lower absolute value, using the random walk model or by

issuing a prediction equal to the spot frequency known at the time pfatietion.

In the third chapter, the Hurst statistical tesis usedo confirm that the forecasts and
the revisions, as we saw in the first chapter, are not always efficient due to the difficulty of
incorporating the new information in a complete amagety manner, in the path which leads

to the terminal date, for which the forecast itself is issued.

This statistical coefficient, that moves within a range from 0 to 1, has been used as a metric to

measure if the prediction time series, issued by eachgboe of the Bloomberg dataset you



have, are efficient. For this purpose, it is necessary that the test value for each analysed
variable has a value of H = 0.5. The results of the application of the test reported in the table
in Appendix A.3 have shown ¢hexistence of one predictor thaslavalue of H = 0.5, but,

due to the limited sample size, this resuluiseliable Therefore, it can be said that the test
results show that the forecasts of the intermediaries analysed in the long run, in lirfreewith t
existing literature, are not efficienEurthermore, using the idea used by Sukpitak et al.
(2016), it was decided to measure the average deviation of the forecasts issued by the
individual banks with respect to the efficiency value of the known Hodgxi. Secondly, the

same operation was also carried out for the average forecasts issued by the banks grouped by
continent. The calculated difference will allow us to identiiffgt which single banland then

which continent, have average forecasts claséne efficiency threshold.

In addition, we also used the test to measure whether or not the variables analysed were
characterized by "long term memory", a feature that allows us to understand whether the
forecasts made in the past influerfoture forecasts. Therefore, if the value of H>,Qlte

series has the characteristic of "long term memory". On the contrary, if Htk@.past has a
marginal influence on future forecasts. The idea is that every single prediction carries within
itself a long memory of all the events that preceded it. Recent events have a greater impact
than distant events, but the latter still have a residual influence. So, what happens today
affects the future. Where we are today is the result of where we were ygstBrda is
important. The results obtained by applying the test with this second objective have shown

with sufficient evidence (see table in Appendix A.3), that past forecasts influence future



forecasts. What happened yesterday is important to understeatdm¥ happen tomorrow,

but it does not allow predictors to reduce their forecast errors, and therefore to be efficient.

Finally, the aim of the fourth and final chapter of this dissertation was to demonstrate
whether Granger causality exists among fihancial institutions of the Bloomberg dataset
available. To do this, we used the statistical test of Toda and Yamamoto (1995), which allows
us to understand if there is a cause and effect relationship between the predictors. That is, in
other words, wewant to demonstrate whether, the behaviour of one or more variables
influences that of all the others. This would allow us to understand if there are one or more
leaders of the eurdollar exchange rate market, whose forecasts "systematically" precede

those of all the others.

This idea wasreatedthanks to the results achieved in the third chapter of this dissertation,
which prompted us to ask ourselves if the predictors, in issuing their forecasts, are
autonomous or follow a different model. The reasonthis question derives from the fact

that the forecastavailable fromthe Bloomberg datasétanksare 99.17% inefficient. This

result led us to wonder if there is a link between the inefficient predictions of all the predictors
analysed. It would be ineresting to be able to confirm the results achieved by a group of
researchers from the Federal Institute of Technology in Zurich, Switzerland, who, analysing
the transnational relationships between 43,030 multinational companies, have shown that
there arel47 companies, mainly banks, called "superentities”, which collectively hold 40% of

the total wealth of the entire network of transnational exchanges (see table Appendix A. 5).



Furthermore, it would be even more interesting to be able to confirm theredasof a link
between the banks that have been fined by the European Antitrust Authority for having
created a real cartel on exchange rates in-éallar currency and not only. The ensemble of
these motivations therefore prompted us to undertake thatysisy which with great
satisfaction proved to be positive, showing that there are banks that act as market leaders and
that systematically precede the forecasts of all the other prediEtmthiermore the most
important result was to find that the banthat act as leaders are the same ones that were

sanctioned by the European Antitrust Authority in 2019.

Therefore, the tendency to formulate inefficient forecasts is not only a direct consequence of
the inability of individual predictors to absorb newfarmation, or of the heuristics that

influence the outcome of our choices, accentuating their prediction error, but rather there is a
phenomenon of cause and effect that pushes predictors to uniform behaviour, aimed at

following one or more market leaders

10



CHAPTER |

The efficiency market hypothesis

The term efficiency is used to describe a market in which all available information is
integrated into the price of financial assets traded in a rational and timely manner (EMH).
This assumes that it is impossible for investors to achieve higher retuh@itMnaving to
bear equally high risks. According to Fama (1970) there are three conditions for an efficient
market:
A operational efficiency, which concerns the organizations and procedures through
which the market operates, which must be able to run $iyoetithout obstacles
of any kind, such as transaction costs;
A allocative efficiency occurs when all individuals act rationally pursuing the
maximization of their utility;
A information efficiency occurs if prices reflect the available informapioomptly

and correctly, and nobody is able to obtain returns above the market.

These conditions of market efficiency according to Fama (1970) show that information plays
a key role in determining the price level. These conditions are sufficient and ssagc®

have an efficient market, since it is possible to have high brokerage costs which are not
accessible to everyone, but which reflect all the information available. Similarly, if the
information is not freely accessible to all market players drhfs a different interpretation,

this does not mean that the market must be inefficient. These imperfections are only potential

sources of inefficiency and can be found, at various levels, in real markets.

11



To understand the concept of efficiency of tmamcial markets it is necessary to carry out a
triple classification, which differs according to the degree of intensity with which the new
information is incorporated in the prices. So, in detail we can talk about efficiency in weak
form, in semistrongform and in strong formThe three levels of efficiency are classified in

Fama (1991) based on the information used in defining them.

A A market is characterized by weak efficiency when the prices that are formed
gradually incorporate alhformation relating to past prices, making it impossible to
create extra profits. Furthermore, prices are said to follow a random pattern over time,
which means that prices are not temporally related

A The second definition of efficiency with which tmearket can be invested is semi
strong efficiency. This definition enriches the concept of efficiency explained above,
stating that prices promptly and completely reflect all past information and all public
information. This means that arbitrage operaticasnot be carried out on the basis of
this information, unless there are subjects able to position themselves at a privileged
level compared to other investors in the same market, since they are aware of
privileged information, which can create informat@symmetries

A Finally, the third definition of efficiency refers to those markets where the prices of
the securities traded reflect all past information, all public information and, moreover,
all inside and / or private information. Pursuant to art. 18thefTUF, this type of
information significantly affects the prices of financial instruments, to the point of

considering them as information that a reasonable investor would presumably use as

12



one of the elements on which to base his investment deci3ibesretically, a strong
market could give the illusion that the prices of the securities traded in it are always
correct. In reality, this seems to be as little as possible and the definition must be
interpreted flexibly, allowing for time intervals, whidechnically allow for price
adjustments. Furthermore, the expression "correctly” must be interpreted as meaning

"not systematically distorted".

This classification leads us to make some reflections. In the event of poor market efficiency,
professional imestors who are able to exploit public information or who have private and / or
privileged information can make an additional profit. In the case of markets characterized by
semistrong efficiency, only insiders can use privileged information to genepsations

that generate an extra return. Finally, in the case of a market with strong efficiency, no market
operator, qualified or unqualified, is able to generate a greater profit than others. It follows
that in cascade, efficiency in the strong form i@plthe semstrong form and in turn the

weak form, and the serstrong implies the weak.

In an environment where asset prices reflect all the information available, it becomes
impossible to beat the market: some investors cannot get higher returnghitran ince they

all have the same information. Prices promptly and completely reflect all the information
available to market participants. It follows that prices are correctly integrated into an efficient
market. The price at which the securities amd@d is the correct price. There are no
overvalued or undervalued securities and arbitrage operations are not feasible. Investors can

only aspire to replicate market profitabilitypased on passive managemenwot, at best, to

13



achieve greater profitabpit sporadically and always in the short term, thanks to luck or
because they have been able to take advantage of smasionainefficiencies before the

market took them into consideration

According to Andrei Schleifer (2009)three conditions are at the basis of the Efficient
Market Theory:

A rationality: the investments required to make rational investment decisions, evaluating
the securities of the market on the basis of their fundamental value;

A independent deviations of rationalitgven in the presence of neoational agents,
market efficiency can be achieved, because rational individuals are assumed to
counterbalance irrational individuals;

A arbitrage: profit is generated through the simultaneous purchase and sale of different,
mutually substitute shares. The arbitrageurs, in fact, buy an advantage because the

price is lower and resell it where it is higher, trying to get a profit in the difference

between these two.

According to M. Friedman (1953) and then E. Fama (1970), the muessf irrationality

among economic agents does not mean that the market is also inefficient. The authors argue
that rational investors (also called smart money) are able to restore the balance of the market,
cancellingthe choices of irrational agents. @refore, from a theoretical point of view, the

random transactions of irrational agents deviate the price of the securities from its

4 SeeSchleifer A. (2000).
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fundamental value causing information inefficiency: the price is no longer able to fully reflect
the information associatadlith the title. The presence of rational investors makes it possible
to eliminate this inefficiency by promptly restoring the efficiency of price information. Each
transaction (purchase) made by an irrational individual corresponds to another (sale) of a

rational individual and vice versa, which leads to keeping prices and the market unchanged.

Looking closely at the evolution of the markets, it emerges that the theoretical lines
underlying the theory of thé #icient market® are not always respected; the markets are

not always efficient and easy to predict, but on the contrary they present risks, for market
operators, professionals or less, which lead to incorrect predictions. There is a strong tendency
to make mistakes in an attempt to accuratediet the price at which the securities will be
traded. The causes can be manifold, such as the difficulty of incorporating new information in
a correct and timely manner, the impossibility for all operators to have the same information
or the mathematicadrinciples deriving from quantum physics. The mere fact that the market
determines the price of a company, in the form of an offer, also changes its intrinsic value,
directly influencing the company’'s competitive environment. These characteristics raake th

financial markets unstable and inefficient.

In literature there are numerous studies that have tried to test the efficient market hypothesis
(EMH) of Fama(1965; 1970), using various methods and contexts. These reports examined
not only whether asset prices reflect all relevant historical information, but also whether the
arrival of new information is immediately and fully incorporated into the prices @f th

securities.
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Among these we can mention the results of the autocorrelation tests conducted by Samuels
and Yacout (1981), who by testing the efficiency in the weak form of twamtysecurities
listed on the Nigerian stock exchange from 1978 to 1979, $tawen that there is no random

behaviourof the share price and that the Nigerian stock market is weak form efficient.

On the contrary, however, Fawson, Glovher, Fang and Chang (1996) conducted unit root tests
on the securities of the Taiwanese stock erge from 1967 to 1993, demonstrating the
existence of poor efficiency of the weak form. Similarly, the results of the analysis carried out
by Moustafa (2004) on the securities of the United Arab Emirates from 2001 to 2003, which
showed the absence of armal distribution, also followed. Similar results also forEgian

and Kumar (1995), who carried out serial correlation tests on the equity markets of Turkey

and Jordan showed the absence of poor efficiency of the weak form.

Another study by Barnes (1986onducted on the Kuala Lumpur stock exchange revealed the
absence of the efficiency of the weak fotdowever,the research conducted on the Shanghai
and Shenzhener exchanges, by Darrat and Zhong (2000), applying the variance ratio test and

the model comparison methodshowedthat there is no efficiency in weak form.

Another study conducted by Cooray and Wickermai¢g@®5) on the exchanges of South
Asian securities of Bangladesh, India, Pakistan, applying the unit root test and the Elliot
RothenbeiStock (ERS) test, showed that the Bangladesh stock market is not performing

weakly. Similar studies have also been eafrout by Mobarek and Keavin (2000), on the
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Dhaka stock exchange, from 1988 to 198id through the use of parametric and
nonparametric tests have demonstrated autocorrelation to different delays that reject the

existence of aveakefficiencyform.

A further study was carried out by Abraham, Seyyed arsbkian (2002) on the securities of
Kuwait, Saudi Arabia and Bahrain, which rejected the hypothesisnofom walk A similar

study was carried out by Magnusson and Wydick (2002) on the stock exchanggené,N
Ghana and Zimbabwe demonstrating significant correlations indicating the absence of

efficiency of the weak form.

Another study to test efficiency in weak form was conducted on thebBway Stock
Exchange and on the National Stock Exchange of Ji@iaBasu dan Gupta (2007), who,
taking daily data from 1991 and 2006, applied tests of unitary roots called ADF, PP and
KPSS, which have shown how the national stock exchange and the Bombay stock exchange
are not efficient in terms of weak form. Simildaudies have also been conducted by Awad
and Dartigma (2009), wth through the Augmented Dickey fuller Test, PhilliBsrron test,

unit root test, serial corrections and execution tdstsnd the absencef weak efficiency

form on the stock exchange prgef PalestineFurthermore Hossain and Uddin (2011),
through autocorrelation testhe increased Dickey Fuller test, Phillips Perr@st, ARIMA
models and GARCH models, have also tested the efficiency in weak form on the Dhaka stock
market indices, finding absence of efficiency in weak form. Finally, Siddik and Azam (2011),
Ali (2012), Alom and Raquib (2014) also demonstrated thedéeifficiency in weak form on

the valuef the Bangladesh stock exchange.
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Other studies such as those of Givoly and Lakonishok (1980), Stickel (1991), Engels et al.
(2001), Gleason and Lee (2003) and Zhang (2006a, 2006b), have shown that if a snarket i
efficient, the price of securities must reflect all available information in a complete and timely
manner, and investors can actively trade on the basis of this hypothesis, aware that prices
should respond immediately to the analysts' forecasts and shewtd be no possibility of
generating an extra profit after the revisions of the forecasts have been made public. But this

trend, as widely demonstrated, occurs rarely.

In fact, the new information is not perfectly reflected in the share price. Thiseceaused by
irrational behaviouy such as insufficient reaction (Chan et al. 1996), investor's propensity to
conservatism (Barberis et al. 1998), explanation of risk adjustment (Conrad and Kaulrl998) o
explanations from the market environmesuch astsort selling constraints (Diether, Malloy

and Scherbina 2002). Furthermore, as Kang et al (2016) say, investmgons to the
revision of analysts' forecasts also differ according to the investment horizon, since there may
be shorterm investors whodve a keen interest in the information involved in the revisions
of analysts' forecasts, and investors with lo@gn horizonswho are neutral towards such
information.Therefore if the markets appear to be inefficient, the economic agents who have
more hformation will be able to earn compared to the less informed. It should also be said
that if the mechanism by which the price is determined, in a market, is inefficient, the price of
the securities will not reflect its fundamental value, generating dsimaroblems with

reference to economic analysis.
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Another aspect that must be taken into account, when investigating the efficiency of the
financial market, are the expenses that must be incurred to investigate the precise moment in
which the news stopsyhich can be known to everyone, or only to some of the economic
agents involved. Finally, it must be taken into account that the efficiency tests that are carried

out on the financial markets can be influenced by loss of information and asymmetries.

The existence of these discrepancies between the market described by Fama (1970) and the
real performance of the financial markets, lead the academics of the time to question the
accuracy of the theoretical principles underlying the efficient market hgpisthlaying the
foundations for the development of a new branch of finance, dadlledviourafinance. This

new theory presents itself as an interdisciplinary study, capable of integrating psychology and
sociology in the study of theehaviourof economt agents, going against the paradigm of the

absolute rationality of the EMH.

The pioneering studies of the psychologist Slovic P. (4B522), represent the starting point

of numerous subsequent researches, which begamatgsethe wrong perception aisk by
subjectsThrough this visionit was demonstratethat the decisiomaking process that leads

to the maximization of utility, for each individual, is not ratiorlakvestors, in an attempt to
maximize their profits, are emotionally influenced bygexies of psychological paradigms,
known as "heuristics”, which push them to violate Bayes' law and other principles of

probability theory in making predictions in uncertain situatsons

5 Bayes' formula essentially asserts that the conditional probability of an event A, given B, also called posterior
probability of A, is proportional to the likelihood of B, if A were known, for the a priori probability of A; in
formulas: P (A/B)~P (B/A) P (A).
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According to Kahneman and Tversky (1974), these shortcuts of thought, on the one hand,
simplify the resolution of a problem, but on the other they expose the individual to errors,
known as cognitive biases. In psychology they indicate a tendency to omgie own
subjective reality, not necessarily corresponding to the evidence developed on the basis of the
interpretation of the information in possession, evaheaf/aren't logically connected to each

other This therefore leads to an error of assessmeatised by lack of objectivity of

judgment.

Kahneman e Tversky (1974), Slovic (197ajgue that the assessment of the probability with
which a given event occurs is a complex activity, which is transformed into a simple
operation through the mentalgmess of each individual, créal connections with past
events, stored in memarjHowever, this ability to store memories has a limited duration,
which tends to generate errofherefore assuming that any decision problem can be broken
down into three steps: gathering information, processing and issuing the forecast, we report
the main heurists, which characterize the process of forming a final choice, in the ecehomic

financial area:

A Availability heuristics: estimates the probability of an event based on the
information "available” in the memory, on the basis of direct or indirect
experienceand on the emotional impact that the memory generates. The problem
with this shortcut of thought, as well as the others, is that they tend to be
misleading. Availability heuristics is a cognitive strategy that individuals use to

give a satisfactory estiteto an event, in the shortest possible time and with

6 See Slovic e Lichtenstein (1971)
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minimal effort. A typical example is that afplane crash, which due to the strong
emotional impact generates stronger memories in the minds of individuals,
compared to statistics on the number ofdr@&@cidents in a given period of time.
The availability of this information in memory pushes individuals to estimate
misleading probability, which generates a distortion in the cognitive process,
leading to believe that the percentage of deaths in a ptash is higher than that

of other means of transport. However, this judgment is objectively incorrect, as

shown by the real estimates of the two phenomena;

Representative heuristicgiis occurs when individuals, in an attempt to speed up
andsimplify the analysis of a problem, estirm#ite probability of an event based

on family situations and stereotypes, associating the event with past or
preconceived experiences. Regardless of the frequency and number of examples,
the evaluation of the prability of the event depends on how similar it is to a
certain class of eventd.t y pi c al example is tRauis of a
very shy and introvertedlith little interestin people and in the real world. He has

a sweestoul andhas a passn for detail.” After this description, thadividuals are

asked to evaluate the probability that Paul is a workerofessor, oa librarian,

or if the probabilityis the same in thehteecases? Individuals will tend to indicate

that its characterigts refer to the stereotype of the librarian, basing the judgment
on similarity, representing the problem subjectively. Clearly, with this excessive
simplification, numerous errors of assessment are made, because objective factors

such as, for example, themployment rates in the professions listed should be
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analysedIn fact,Paulis more likely to be a worker, since workers are much more

numerous than librarians;

Anchoring and adjustmertteuristics:this occurs when individuals draw up an
estimate or forecast judgment based on an initial value or starting point and reach
the final answer by i mproving the forec
point can be suggested by the formulation of the probdent,can be the result of

a partial calculation. In both cases, the adjustments are "insufficient”, as the initial
value acts as an anchor and slows down subsequent adjustments. Anchoring
heuristics was first theorized by Amos Tversky and Daniel Kahngmanthere

are many examples of experiments in literature. One of the most famous is that of
a group of peoplevho wereto estimate in percentage how many of the states that
are part of the United Nations are African. To some, with a kind of wheel of
fortune rigged, the number 10 was shown, and to others the number 65. The
percentage estimated by those who saw the number 10 (on average 25%) was

always lower than that estimated by those who saw the 65 (on average 45%);

Another example used to explain thelaor heuristic is that proposed by Wilson et

al . (1995) : AParticipants were asked to
get cancer over the next 40 years. Previously, half of the participants had been
asked to copy numbers in words close to 4500tl@dther half had been asked to

write numbers irfiguresclose to 4500. Those who had copied numbefgyures

predicted an average of 3145 casehile those who had copied numbers into

words predicted an average of 1645 cases;

22



A Overconfidence: represantan excess of security in one's judgment and skills.
Individuals believe they can take advantage of all the information they know of,
overestimating that information. This leads individuals not to accept that they are
wrong, but on the contrary, pushe®r towards the search for information and
motivations that justify their wrong choices. This type of error alters the
knowledge related to one's own abilities, causing in the subject itself a sort of
overestimation of himself. In addition, overconfiden@s bbeen shown to occur
more in men than in women and at a young age, while it tends to decrease with the
passage of time, as individuals with the acquisition of more experience develop a
more objective evaluation process of one's abilifiéereforeg it is not a question
of being more or less intelligent than others, but only of a greater conviction that is
extreme and makes us think we are the best. This belief pushes individuals, faced
with a significant loss, to motivate the error as the consequeredashal causes
or bad luck Vice versa, in front of a profit, they take all the credit, increasing
confidence in their own abilities. Odean (1998) developed a theoretical model in
which he demonstrated that, in contrast to what classical theory claims, th

expected utility decreases, showing that being too informed can be dangerous;
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Figurel - Overconfidence increases over time

Cost of your mistakes

Overconfidence level

Source: Author's own

A Underconfidence:occurs when investors have an excess of distrust in their
forecasts and tend to underestimate their skills. This phenomenon tends to occur in
situations where the choice to be made is very complicated and uncertain.
Investors carry out conservative atties and showraoverly slow adjustment of
the forecasts when new information arrives. In order to better understand the
meaning of this heuristic, it should be specified that the phenomena of
overconfidence and undeonfidence are not correlated with therms of
optimism and pessimism, in fact, the excess or lack of trust in one's choices does

not necessarily imply the optimism or pessimism about the market outlook;

A Overreaction: occurs when individuals show an excessiveoaady optimistic
reaction to the availability of new information regarding certain securities on the
market. Consequently, investors will be excessively influenced by random events,

generating avariation in the prices of the securities of the period following the
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publication of the new information, which will no longer reflect the fundamental
value of the securities. According to De Bondt and Thaler (1985), the irrational
investor has an exces$ a@ptimism in the initial period, which is followed by a
turnaround in the long term which brings the price of the security back to its
correct value. Thidehaviourof investors is in contrast with the hypothesis of
efficiency of the financial markets, drcan be caused by the representativeness
mechanism that intervenes in the decigioaking process of the individual or by

the subject's overconfidence, andagouredby imitative behaviour

A Underreaction: occurs when the arrival of new information etiic security is
only partially transferred to purchases / sales, generating an -vedetion of the
investors. The prices of the securities, after the release of new information, will
tend to move slowly compared to the ordinary. This phenomenon kherger
time horizon than overreaction, even if in the long run the prices of the securities
will tend to return in parity with their fundamental value. According to Edwards
(1968), the sulveaction is due to conservative behaviour, which involves a slow

updating of expectations in the face of the arrival of new information.

Kahneman and Tversky (1979) through the publication of the "Prospect Theory" defsed
a rational theory, capabtd explaining irrational behaviour, due to the profound chargs, t
has led the way of studying decision makittgshows that individualsbehaveirrationally

everytime they are called to maximize their expected utikiythey assign a different value

to a loss or a potential gain, because they will tend to have a different attitude towards the
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associated risk.

Figure2 - Value function

Value (Utility)

$ 0,1 share loss|/ ' $ 0,1 share gain
Losses > Gains

Reference
Point

SourceKahnemanrD., and Tversky A1979.

The concept of "value function$imilar to the definition of "utility function”, but with the
addition of the part relating to losses (see Figure 2), shows a concave curve in the gain area
and a convex curve in the area of losses. This means that people will show a marginal
sensitivity to gains and losses, which will decrease as they move away from the reference
point, which can be represented by the current position or status quo. People will experience
greater pleasure for a $ 20 wage increase when wages rise from $ 20 to $ 40,dhan wh

wages rise from $ 1020 to $ 1640

Therefore contrary to the theory of expected utility, according to which an individual placed
in front of two "lotteries” with equal expected value is indifferent between choosing one

lottery or the other, they found a different type of choice in individuals dipgon whether

7 SeeKahneman D., Tversky A. (1984)
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the two options with the same expected value had as their object a possibility of gain or a risk
of loss. To better understand this concept, we give an example. To demonstrate that
individuals are risk averse we report these two situatidhs. first offers the possibility to
choose between two alternative options with the same expected value, one of which with
certainty of gain, the other random but with the possibility of greater gain:
A equal chance of winni ng=800550%+®50%=0t hi n
a 250;

A definitely win G 250.

Usually individuals choose the second option, showing a risk aversion attitude. In the second
situation, the individual has the possibility to choose between two options, always with the
sameexpectedvalue, but one with safe loss, the other random with greater risk of loss, two
options:
A equal probability of | osi nB00W50% O@* or no
50=-250 0;

A definitely lose 0 250.

In this case, contrary to the previous situattbe,individual tends to choose the first option.
Herbert Simon (1978), in his theory of "Limited Rationality", argues that individuals are not
always rational and for this reason they are not able to maximize their expected usefulness,
even if they havehie necessary knowledge and informatidhis shows what Kahneman and

Tversky (1979) said, who said that in a loss situation the individual's attitude will be risk
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takinge.

Richard Thaler, winner of the Nobel Prize for Economics in 2017, said that the intuitive
system of individualsin these cases precedes the reflective and rational system, conditioning
the maximization of the expected utility. According to thebel Prizefor individuals, the
unhappiness caused by the loss of something is double compared to the happiness due to the
gain of the same object. Furthermore, the difficulty of selling securities that are generating a
loss is due to having to admit their mistakeshemselves and othefBhe force with which

the behavioural finance theorfgas exposed and implemented the concept of irrationality,
showing that individuals are not crazy, btitat they onlyhave a different view of the same
investment option due to their personal risk aversi®rue to its ability to create a union

between theory and empirical evidence.

8 SeeKahnemann D., and Tversky A. (1979).
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CHAPTER I |

Quantitative analysis of thefirst predictions: better, worse or equal revisions?

2.1 Literature Review and hypotheses development

In the last thirty yearsbehaviouralfinance has beenthe subjectof important studiesand
applications irboththeeconomicandfinancialfields. Thetopicof rationalityhasbeenanalysed

in manyrespects thanks to the use of macroeconomic variables such as GDP, inflation and
exchange rates. The development of this line of thinking that distances itself from the classical
economy has alloweds to face issuesthat in the pastwould have beenlabelledonly as
irrational. Furthermore it is very importantto understandvhy both professionaland non
professionainvestorsshowbehaviourghat donottendto thetraditionalconcepbf rationality

in decisionmaking,introducedn literary history for the first time by Muth (1961\ccording

to Muth (1961) the expectations of economic agents with reference to an investment
opportunity should be in line with the mathematical expectations basetheoneal
probabilistic calculation,which aim to achievethe bestpossiblebestin terms of expected

utility. In order to obtain these results, however, it is necessary that the investment choices are
alwaysbasedon a completeinformationset,wherethe price of the sharegeflectsat anytime

all the useful and necessary information in order to make theplsastble choice on the

market.

According to Cavaglia et a{1993), exchange rate forecasts are not rational, as agents do not

use all available information efficiently. This analysis was carried out on a series of data
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based on exchange rate expectations taking as a reference point the differences between the
expectations on the exchange rates of the European Monetary System and the US dollar. The
results achieved by this study questions what was said years before by Frankel and Froot
(1987), who considered the rationality of expectations directly proportionaketsampling

period considered. Furthermore, Cavaglia et al. (1994) argued that through the decomposition
of the change in unexpected movements on exchange rates, a change in the perception of risk
premiums occurredcausing agreater fluctuation of the advent of news in the time path

leading to the terminal date for which the forecast is carried out

In order to analyse the ratiorgliof expectations, according to Pesaran (1987), the conditions
of impartiality and orthogonality must be verified, allowing respectively to understand
whether the expected exchange rate is a good predictor of the future spot rate and whether
agents use ailable information efficiently to forecast future exchange rates. According to
Esterwood and Nutt (1999) the orthogonality condition allonesto evaluate the existence of
forecast errors and if the distortiondsnstantlyidentified in a certaindirection.Onceagain

the contributionsof Dominguez(1986)and Frankel and Froot (1987) employ the survey data
on the expectations of professional predictors, obtaining clear empirical results in contrast
with the hypothesis of impartial forecasts. Faliog the same linesChinn and Frankel
(1994), who discovexd that for the main currencies a casual wailks in a competition
againstheprevisionsof professionaforecastersprovidearesultconsistentvith the influential

contribution of Meese andogoff (1983a, b1988).

9 SeeCavaglia, S.M.F.G., Wolff C.C.K1996)
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Further studies tend to find evidence of irrationality and no predictive ability to predict the
professional exchange rate. For example, Dominguez (1986), Frankel and Froot (1987),
Avraham andJngar(1987),Cavagliaetal. (1993),ChinnandFrankel(1994),MacDonaldand

Marsh (1994), and more recently Cavusoglu and Neveu (2015) demonstrate through a
regression of the real depreciation on expected depreciation, that expectations on exchange
rates based on polls are distortebhngen et al. (2008) affirm that the hypothesis of
impartiality is rejected in almost all currencies and forecasting horizons. Takagi (1991),
MacDonald (2000) and Jongen et al. (2008) agree that the literature on expectations based on

exchange rate surveys not rational and has limitgdedictability.

Nordhaus (1987) argues that the revision of a prediction madenfancertairfuture event

and its potential predictive error should not be correlated with the previously realized
predictions, butrather, should assumea behaviourcalled randomwalk. On the contrary,
however,the resultsof this study show that the revisions of the forecasts are correlated in
most cases with the previously published forecasts, especially if it refers to individual
professionals in the economic and financial sed@her studies document predictable errors

in analysts' forecasts, including Abarbanell and Bernard (1992), who say that forecasts
underreact to informatioan previous earninggccording toLys and Sohn (1990), forecasts

do not reacto returns Shane and Brous (200tkaim thatforecast revisions have a positive

correlation with subsequent forecast errors.

Furthermore, according to Ashiya (2006), the basic idea is that a rational expidtistethe

available information efficiently, so the forecast error should not be correlated with the
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information available at the time of the forecast and a planned revision should not be related
to the information available at the time of the previdaosecast. The first important
contributions in this sense are due to De Bondt and Thaler (1985, 1987, 1990havkey
shownthatin the psychologicafield thereis astrongcorrelationbetweerthe predictions for a

future event and what happened in gast. In particular, as far as professional analysts who
predict share prices are concerned, an overreaction to new, negative and unexpected news has
been demonstrated if the reference companies have historically put in placgtmoal

behaviour.

Theseresultsreflectthose of Ehrbeck and Waldmann (1996), Abarbanell and Bernard (1992)
and Amir and Ganzach(1998), accordingto whom analystsreactdisproportionatelyto new
information. According to Clements (1995, 1997) and Brown (2001), invesdarsot exploit

all the new informatioravailableto their advantagepecausehey cannotextractfrom the
characteristic®f the forecasanalystsall theinformationnecessaryo improvetheir forecasts.
Recentstudieshaveshown that forecasts are influenced by behavioural bias. According to
Ashiya (2002, 2003) analysing the datiathe InternationalMonetary Fund (IMF) and the
Organizationfor EconomicCooperationand Development (OECDyhows how economic
individuals oftenreact exaggeratedly to new information in the time path that leads at the
terminal date for which the revision is carried out, i.e. when the resolution of the uncertainty

occurs.

Another phenomenon known to literature thanks to the stuafids/ersky and Kahneman

(1981) andArrow (1982),Scotes€1994),Loungani(2001)andHarveyetal. (2001) regards
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thetendency of people to absorb new information, good or bad, slédwbording to these

studies the new information is not absorbed promptly, such that, forecasts do not reflect in a
positive ornegativesense the potential surprises that the market can give. Other important
studies in this sense have been dealt with by Berger and Krane (1985), whedtasethe
information effectiveness of the forecasts on the nominal and real gross national product.
Their results showed once again that revisions to these forecasts are predictable in most cases
only by examining previous forecasts, highlighting how rergcasts fail to fully incorporate

all available information.

In the wake of these results, Chien Changa, Bert de Bruijn, Philip Hans Franses and
Michael McAleerc (2013), have developed a methodology that explains the tendency to
evaluate revisionsf fixed event forecasts by analysing the gap created between a forecast at
time t1 and a revision of the same forecast at time t. However, it emerges that, as already
stated by other studies mentioned above, this condition rarely occurs, giving aselliod

or hyperreaction phenomena. The blame for these distortion effects must be attributed to
most cases in the process that governs intuition and news but is subject to shock. According to
Isiklar and Lahiri (2007), the predictors should deviate fithn anchoring behaviours that
push them to rely too much on a single piece of information when making a decision and keep
their initial forecasts for too long. Forecast variability should decrease as you approach the
final result, but this could only happ if the predictors provide increasingly accurate
estimates as new information is available, in the time path leading to the terminal date, where
take place the resolution of uncertainBruno Deschamps, Christos loannidis and Kook Ka

(2019)alsosay that the forecasts do not incorporate all the financial information received in
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equal measure, which implies the presence of information rigidities in the integration of

information on credit spreads.

In our work we will use a newly available data sétexplicit forecasts on the eudwllar
exchange ratemade by forecastingexperts,to evaluatethe efficiency of exchangerate
forecastsAn important featuref our datasetis thepresencef avery largenumberof forecast
revisions,.e. casesn which the authoof a forecashasreleasednorethanonepredictionfor

the sameterminal date. The revisionsof the forecastsare interestingbecausedhey offer the
uniqueopportunityto checkwhetherlarge banks and financial institutioniscorporate new
information efficiently by examining and adjusting their estimates of the future value of the
currency, while time progresses towards the terminal date and new information arrives
(Easterwood and Nutt, 1999Jhis dataset shows a very heigeneous set of data, both in
terms of the number of predictions, and of forecasting horizons themselves, which allow us to
explore how the forecaster behaves in the time path that leads to the terminal date, when the

resolution of the uncertainty occurs.

The model developed in our document considers forecast errors as parameters for the
evaluatiorof investors' predictive capacity. The results are in agreement with Beckmann and
Czudaj (2017)according towhom, by their nature, exchange rates have greater-siront
volatility. This feature, constantly accentuated by uncertainty, causes an increase in
forecasting errors. It follows that the exchange rates shown by Mark (1995), Taylor and Sarno
(2004) are easier to predict in the long temhe to their tendencyto return to their

fundamentahveragevalue.On the sameline of thought Rossi (2013) affirms that the degree
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of predictability of the exchange rate depends on the horizoouthency and thenodel.

We find that the predictors would have obtained a better performance, that is a forecast error
in lower absolute value, using the random walk model, or issuing a forecast equal to the spot
rate known at the time of the foreca$his once again confirms the result of Meese and
Rogoff (1983), and more recently Beckmann and Czudaj (2017), accordingpdm a

random path overcomes structural theories in forecast rates outside the sample, since the
market model®f exchangeactivities are not empirically relevant andin any case,it cannot

improverandom walkforecasts.

Kamil Kladivko and Par Osterholm (201@nalysingthe financial variables in the Prospera
survey commissioned by Sveriges Rikshaonke of Sweden's most important economic
surveys, have shown that market participants' forecasts are able to significantly outperform
random walkon a shorterm horizon However,in accordance with whawas previously

stated by Beckmann and Czudaj (2Q1li@ndom walksignificantly exceeds the market
participants in a mediudong term perspectivédnother interesting study demonstrating how
revisions tend to worsen previously issued forecasss carried out by Singleton C. et al.
(2019) on a fixed numbesf matches in the English football league (Premier Leagitey
demonstragd how predictors worsened their initial predictions as the event (the start of the

game) approaches and new information is made available.

Our contribution enriches existing litgure by focusing on review efficiency. Other studies

that used revisions as a metric to evaluate efficiency are due to Boero et al. (2008) who
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analyzed inflation and GDP growth forecasts provided by individual respondents in the Bank
of England's quartlr external forecast survey, 192005. Dong W. Cho (2002) also follows
the same line of thought, taking into account the forecasts and revisions relating to exchange

rates.

Another very important element that innovates-gxisting literature in oucontribution is

that the number of revisions released is unlimited, therefore each predictor can review his
initial forecast whenever he deems it appropriate until the final date for which the forecast is
issued. The concepts of predictive efficiency foe prediction of fixed events have been
introduced by Nordhaus (1987), according to which a sequence of predictions of fixed events
is weakly efficient if the revisions of the forecasts are independent. In this regard, Clements
(1997) has shown how the ayping of different revision sequences can overcome this
difficulty. The forecasts have been revised in response to the latest news, but it is only the
surprise news component that is relevant, because a previous forecast has already
incorporated the precliable news component, if it is efficient. This leads to the notion of high
efficiency, that forecast revisions are independent of the information used to build the
previous forecast. This is more difficult to test, as the complete set of weather informsati

not known to the researcher.

Furthermore, unlike Dong W. Cho (2002), ewtlevelops an evaluation model of expectations

based on only two observations per forecast horizon, using as a benchmark the mean or

consensus value of all participants in thevey, in our model, the benchmark is the spot rate.
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And finally, a furtherinnovationconcernghe momentof emission,which unlike the studies

known inliteratureup to now, doesnot take placesimultaneouslylt follows that the setof

datawith which we work appeargo be highly irregular,and contraryto what Capistranand

Lépez Moctezuma(2014) and Capistranand Timmermann(2009) have stated,the lack of
standardizationloes not create a gap in the data set. On the contrary, this feature allows us to
focus on an aspect that differs greatly from previous literature, since in most cases the data set
analysis is constant, i.¢he release date of the forecast or revis®rihe same for all.
Therefore, the nostandardization increases the difficulty of evaluation and for this reason
the standard econometric tools cannot be trsethe evaluationof thetime seriesandfor the
interpretationof the results,asinvestorswith a very different number of revisions cannot be

comparedlirectly.

The nonstandardization of the data set allows us to evaluate the actual process that leads to
the formation of expectations. The term "true" is justified by the fact thikeumhat happens

in laboratory experiments on expectations, the individuals analysed are not selected according
to specific characteristics and do not all have the same information sufficient and necessary
for carrying out the experiment. In fact, in riggl analysts of a financial institution do not

have all the same initial informatiothe samepredictivepotentialor theretrievalof sufficient

andnecessarynformationin order to make the beshoice.

According to Scharfsteiand Stein (1990), Lamont (2002hd Mitchel, Pearce (2007}he
trend depends on the age of the predictor, even in the case of meteorologists. Young

meteorologists tend to have a behaviour called "flock effect”, because, still felahgf
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uncertaintyabout their skills and the sector in which they operate, they adopt a behaviour that
allows them to hide behind the mass. This phenomenon is linked to the analyst's "audacity”,
as stated by Scharfstein and Stein (1990), Trueman (E8f#ong, Kubik and S8lomon
(2000). According to Hong et al. (2000), expert analysts produce audacious fovedasts
greater probabilitthan those with little experience (excess of security). According to other
studies, however, the exact opposite occilitee younger prediars tend to differentiate
themselves from the masses becatis®y don't haveanything to lose, unlike the more
experienced analysts that have more incentives to follow the "flock"”, because they do not
want to ruin their reputation earnétfoughout theyeas. According toTian J. et al. (2018),
understanding forecast revisions is critical for weather forecast users to determine the optimal

timing for their planning decisions.

All thesefactorshighlighthow irrationalthe processof forming expectationganbe. It follows

that eachfinancial institution will have diametrically different expectationsas investment
decisionsand consequently the gains or losses will be based on prakiese proxiesvill

have as their object personariables, intrinsic to each individual, such as the analyst's
precision, risk appetite, social stataducationtherole playedwithin thecreditinstitution, its
reputation.the type of institution and its size and many other aspects d¢batribute to the
analysis of expectations in the econorhed and financial sectofa much discussed and
constantly evolving sectprTo this end, this work aims to break away from the patterns that
characterize the analysis of traditional expectatishewing what could happen in a context
as close as possible to reality, thanks to the use of a strongistanmhardized and irregular

dataset
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2.2 Sample and data description

We construct our sample using the forecasts of the @unitar exdange rate issued by several
financial institutions, such as banks, research divisions of banks and research centres included
in the Bloomberg platform. The data cover a period between the first quarter of 2007 and the
second quarter of 2016. In these nyears a total of 120 predictors issued valid forecasts,
from a minimum of 2 to a maximum of 929 individual forecasts. The total number of
forecasts contained in our data set i$624, of which 1672 are revisions of predictions
existing for afuture date. For each record (forecast) of the data set, it is possible to obtain the
name of the predictor, the name of the couyndtgteand continenin which the predictors

have their headquarterghe classification for each predictor of the deveigpor developed
economy the dateand the quartesn which the forecast was formulatetthe classification of

the type of forecasts: first forecast or revision of the foretlastspot rate at the moment the

forecast is presented and the spot rate em#tie on which the revisions was made.

The dataset is organized as folloviisr each quarteevery singlepredictor was invited to

submit forecasts on the exchange rate in-gitar currency for the end of the current quarter

and the end of the followg three quarters. The number of possible contributions was not
limited, so any person could revise their estimates over the course of the quarter and present
new forecasts as the end of the quarter approached. Furthermore, the forecasts are not
presened simultaneously: a predictor can present its own on the first day of the quarter, and
another predictor can present it at the end of the same quarter or on any other day in between.

Due to the facthe predictors have no limits on the number of forecadis fwresentedindin
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the momentin which these forecasthave beenexpressed, the forecast horizon varies

depending on the date on which each institution has decided to issue the forecast.

Therefore, our data set consists of time series iwidlgular spacing. In the vast majority of
empirical literature, forecast data sets are organized in such a way that the frequency of
projections is constantgi equidistant projections, and this way of organizing the data has the
advantage of allowing the e@sof standard tools of econometrics. In this wayl the
information available in the analysspreservd. Instead of eliminating forecasts that did not
respect a specificity forecast horizon, we decided to examine how predictors revise their
estimates in the path that leads to the date for which the forecast is made. In other words, we
consideed many forecasts, with a variable forecast horizon, issued tmmmon future date,
instead of following the standard approach of considering @mgforecast for a future date.

In the time path leading to the terminal date for which the forecast was issued, the predictor's
information set cannot decrease. It folbthat, if thenformationset remains unchanged, the
forecast should also remain unchanged, while if new information reaches the predictor, this
information should be taken into account to review and improve or balance the forecasts
issued previously. Thefore, the revisions should not worsen the forecasts. If the revisions
improve the previously issued forecasts, this means that the new information has been
incorporated in a complete and timely manner, and that the prices reflect all the available

information. (Easterwood and Nutt, 1999).
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2.3Methodology: A descriptive approach to the analysis of forecasting revisions

The aim of this paragraph is to explain how the forecast error is determined, which arises as
the difference, in absolute valustween the value of each individual forecast@anievision

and the corresponding spot rate recorded for the reference period. Every forecast and every
revision are issued for a specific terminal date on a quarterly basis (31/03, 30/06, 30/09,
31/12). Redictors can decide whether to issue a revision of a forecast and a revision of a
revision, or not. If they decide to issue it, we estimate the difference between the revision and
the forecast (andf necessarybetween the revision and the revision).sTHifference, for

each predictor, is classified as better, worse or equal revibimrefore using the forecast

error, in absolute value, as a metric to evaluate the efficiency of the forecasts, we generated

the following classification:

Y Revisions of pnvariable forecasts: revisions of forecasts that have not changed
compared to the previous forecast. For example, at time t the predictor presented a
forecast of 1.31 and at time t +itlpresented a new forecast with the same value of
1.31, compared tthe same terminal date. In this case, the value of the forecast error
does not change when you move between the two consecutive forecasts. Revisions

that do not change the forecasts have been classified as equal revisions;

Y Variable forecast revisions: fecast revisions whose value has changed from the
previous forecast. In this case, it is also possible to calculate whether the forecast error

associated with the revision of the forecast is higher or lower than the error associated
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with the previous foresk Therefore, we have divided these forecast revisions into the

following two subsets:

1 Revisions that improve forecasts: revisions of the forecasts that generate a
forecast error less than the forecast error associated with the previous
forecast. This revision conveys a forecast that converges towards the future

real value of the variable;

1 Reuvisions that worsen the forecasts: revisions of the forecasts that generate
a forecast error that is greater than the forecast error associatethevith
previous forecast. This revision conveys a forecast that deviates from the

future true natural value of the variable.

In theory, whenever predictors revise their forecasts, they should at least equalize the previous
forecast issued, if not actuallgnprove it, since it is assumed that in order to do so they are in
possession of new information. But as we will see in the results section, this does not always
happenIn fact, there is a percentage of worse forecasts, which even if lower than the better
and equal revisions, shows that predictors are not always able to issue efficient forecasts. This
mechanism can be generated by the inability to absorb new information completely and
promptly, but also by the psychological factors to which we referredhanirttroductory
session and in the first chapter of this dissertation, which influence the rationality of our

choices.
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2.4Results and comment

The results achieved through the analysis of the Bloomberg dataset available, relating to the
forecasts of exchange rates in edaflar currency, with a horizon from the first quarter of 2007

to the second quarter of 2016, were very satisfactory, ameiwlth previous literature, they

allow us to agree that predictors do not always make efficient predictions. This aspect, which we
have already explored in the previous chapter, is caused by a plurality of factors, psychological

and otherwise, whichncairagepredictors not to learn from their mistakes.

In a purely financial context, where exchange rate foreasteell as other variables strictly
inherent to the secfpare certainly not achieved and issued by a single individual, but rather by
offices made up of several ulicaalified people, to speak of psychological paradigms of
individuals, due to their personal beliefs and experiences, is quite limiting. In fact, in a context
similar tothe one we are talking about, which deals with the forersasisd by banks among the
largest in the world in terms of value of assets and equity, we must focus more on
macroeconomic aspects, which can influence the efficiency of the forecasts issued by individual

financial intermediaries as a whole.

Precisely fo this reason, in the third and fourth chaptarthis dissertation, two statistical tests

are appliedwhich have the purpose of showing us if past forecasts influence future forecasts to
the point of generating systematic errortiey also reveal, among the 120 predictors analysed,

there are one or more that act as market leaders, systematically preceding the forecasts issued by
all the other predictors and generating sasimfluence that could generate the occurrence of a

so-called "flock effect! This effectpushes banks to standardize their forecasts to those of one or
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more market leaders to limit the reputation effect, since, as well as for individuals, even for large
financial and notfinancial companies, the judgment of others is importattietgoint of pushing

us tobehave irrationallandvery differentlyfrom our operating philosophy.

Below are the results obtained from the analysis of the historical series concerning the forecasts
and revisions issued by the 120 financial institutiorelable in the Bloomberg dataset, in the
horizon from the first quarter of 2007 to the second quarter of 2016. The initial situation, reported
in Table 1 shows that the total of the forecasts and quarterly reviews is made up of 24,627
observations, of wbh 8,055 are the first forecasts. The other 16,572 represent the revisions of the
first forecasts or other previous revisiods widely explained in the previous paragraph, the

revisions have been classified into better, equal and worse.

Tablel - Initial situation

Horizons
Remark 1° Quarter  2° Quarter 3° Quarter 4° Quarter Total

1° Prediction 1956 2067 2046 1986 8055
41,63% 30,33% 30,58% 30,92% 32,71%
Better 818 1326 1075 914 4133
17,41% 19,46% 16,07% 14,23% 16,78%
Equal 1569 2676 2771 2793 9809
33,40% 39.27% 41,41% 43,48% 39,83%
Worse 355 745 799 731 2630
7,56% 10,93% 11,94% 11,38% 10,68%
Total 4698 6814 6691 6424 24627
100% 100% 100% 100% 100%

This Table describes the percentage of the forecasts and the resibitise sample size
for each horizonthat characterize the dataset during the horizon considered, which ru
from the first quarter a007 until the second quarter of 2016.

Reading Table 1, we can see how the higher percentage refers to equal revisions. This means that
39.83% of theimes,the total revisions issued are the same as the previous forecasts, for the same

terminal date. The table also shows the results achieved in the individual quarters, which
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demonstrate a growing trend in the long term, as a direct consequence of thty \héttithe
exchange rate forecasts have in the short term due to the fluctuations that characterize these types
of markets Another very important feature of our dataset is. #nan if in a reduced percentage
compared to the other two categories ofsiens, we can see that in 10.68% of cases out of the
total, the revisions worsen the forecasts previously isJuresl isa symptom of the inability to

absorb new information in the time path leading to the terminal date for which the revisions and
forecasts have been issued. It should also be said that the trend of worse revisions tends to grow in
the long term, a symptom of an increase in predictive inefficiency as we approach the terminal
date for which the revisions were issugtthally, as far as thbetter revisions are concerned, we

find that in 16.78% of the cases, the revisions improve the forecasts previously issued. It should
be noted, however, that unlike what should happen in a rational and efficient context, the trend of
better revisions tends decrease in the long term, a symptom of a reduction in the efficiency of

the revisions issued.

Table2 - Forecast Error Class

Horizons
Remark 1° Quarter 2° Quarter 3° Quarter 4° Quarter Total

Better 818 1326 1075 914 4133
29.83% 27,93% 23,14% 20,59% 24,94%
Equal 1569 2676 2771 2793 9809
57,22% 56,37% 59,66% 62,93% 59,19%
Worse 355 745 799 731 2630
12,95% 15,69% 17,20% 16,47% 15,87%
Total 2742 4747 4645 4438 16572
100% 100% 100% 100% 100%

This Table describes theercentage revisions of the first predictiand the sample
size of the different type of the revisidhat characterize the dataset during tf
horizon considered, which runs fraime first quarter of 2007 until the second quart

The percentages of revisions are shown in Table 2, without showing those relating to the first

forecasts. This highlights a slight increase but not a change in the trend, which as reported in
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Table 1 shows that the equal revisions are those with the higheentage of the total, a
symptom of a tendency to remain in the position in which we are at 59.19 %, without risking that

a change could lead to a deterioration, as well as an improvement. The second percentage in order
of magnitude is represented bgtter revisions with 24.94% of the total revisions, and which
confirms as in Table lthe trend of a reduction in the efficiency of forecasts in the long term, but

as we approach the terminal date for which the revisions have been issued.

Lastly, we findthe worse revisions, which confirm that predictors are unable to absorb all the
available information and exploit it to their advantagg also in Table 2 we can see a growing
trend in the long run. This means that predictors are not always able toentipeo predictions

On the wholel5.87% of the timethe revisions worsen the forecgstsviously issued.

These first results suggest that both professional andprudessional investors exhibit
behaviours that do not always tend to the traditiooakept of rationality in the decision
making processAccording tothis concept,the expectations of economic agents with
reference to an investment opportunity should be in line with the mathematical expectations
based on the calculation of rgabbability, which aim to obtain the best possitgcomein

terms of expected utility. To obtain these results it is necessary that the investment choices
are always based on a complete series of information, in which the share price reflects at all
times all the useful and necessary information in order to make the best possible choice on
the market. This implies that there are no worse revisions, as the new information is readily

available and usable by everyone.
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Table3 - Eviderce of worsening revisions

Remark

Horizons Better Equal Worse Total

2007 19,02% 70,68% 10,30% 100%
2008 23.75% 62,92% 13,33% 100% |
2009 21,86% 60,47% 17,67% 100%
2010 22.43% 60,33% 17,24% 100%
2011 26,79% 53,39% 19,82% 100%
2012 25,53% 55,33% 19,15% 100%
2013 24,45% 60,12% 1544% 100%
2014 24,73% 59,80% 1547% 100%
2015 33,30% 51,59% 15,11% 100%
2016 28,08% 62,18% 9.74%  100%
2007-2016  24,94% 59,19% 15,87% 100%

This Table show the revisions percentage of the firs
prediction divider for each year, that characterize the dati
during the horizon considered, which runs from the fi
quarter of 2007 until the second quarter of 2016.

As a further demonstration of thiesults achieved so fan Table 3 we have reported the
annual percentages of the equal, better and worse revisions, to show hawsievisions

have increased vigorously from 2007 to 2012, years that have been characterized by the
speculative mortgagbubble subprime. This shows that in situations characterized by a high
presence of uncertaintgven professional predictors cannot cope with price fluctuations,
generatingnformation asymmetries that undermine the pillars of the traditional economy,
where individuals are always rational and systematically forecast efficient, as a direct

consequence of the ability to absorb and use new information to one's advantage.

In 2009 the worst revisions increased by 4.34 percentage points and continued tatgrow u
2012 reaching 19.15%. On the contrary, the better revisions underwent a contraction in
2009, and then started to grow again in the following years, reaching 28.08% in 2016. The

level of the worst revisions remained on averaghe level reached irhé central period of
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the crisis, showing a persistence uncertainty, to then begin a slow descent, which ended in
2016 thanks to the regulations and interventions of the respective Central Banks that have

rebalanced the situation.

Figure3 - Evidence of worse revision
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This Figure showthe different trend that characterizes the better, worse and €
revisions of the first prediction during the horizon considered, which starts frorr
first quarter of 2007 until the second quarter of 2@$6urce: personal processing)

Furthermore graphically in Figure 3 it is possible to note how the percentage of better
revisions has always remained at an average constant level, which apparently seems to have
been affected only in paby the negative effects of the financial crisis of subprime
mortgages. Predictors have managed to absorb new information, limiting information
asymmetries, and issuing efficient reviews. The occurrence of this trend occurred only
partially, due to the msence of the worse revisions, which are constantly present in a

smaller percentage,symptomthat not all financial intermediaries are able to be efficient.

Finally, to give further confirmation of the results achieved, in line with the existing
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literature (see Meese and Rogoff (1983), and more recently Beckmann and Czuda),(2017)
it was decided to compare whether the number of cases in which the error forecast obtained
with a prediction based on a casual walk model is better in absolute terms tliarethst

provided by a real professional forecaster.

The results shown in Table 4 show that the percentage of cases in which the forecast errors
generated by the difference between the predictors forecasts for each period and the spot rate
is higherthan the forecast errors generated by the difference between the spot rate and the

real value of the exchange rate generated at the end of each period, where:

-<\

A = abs(prediction- spot rate) < abport ratd real value);

-<\

B = abs(prediction- spot rde) > abqsport rate real value);

Table4 - Forecast Failure Rate

Horizons
RandomWalk 1° Quarter 2° Quarter 3° Quarter 4° Quarter Total

A 1079 2024 2104 2125 7332
39,35% 42,64% 45,3% 47,48% 44,24%
B 1663 2723 2541 2313 9240
60,65% 57,36% 54,70% 52,12% 55,76%
Total 2742 4747 4645 4438 16572
100% 100% 100% 100% 100%

This Table show that in each quarter consideredrainelomwalk model is more
efficient than the forecasts issued by professional predictors
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Figure4 - Evidence of Forecasts Failure Rate
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This Figure showthat in each quarter the difference in absolute value between
forecast error issued by the predictors and rdmelom walkmodel are always very
pronounced.gource: personal processing)

These results demonstrate that in each horzmmsideredthe random walk model is more
efficient than the forecasts issued by a professional predictor in the sector. Therefore, in the
specific case, the forecasts issued by the competent staff of the largest banks in the world by
volume of assets arehuity based on the ranking of 2007, the year of the beginning of our
investigation, are less efficient in absolute terms. Furthermore, as shown in Figure 2, the
difference in absolute value tends to decrease slightly in the long run, although to represent

an efficient result it should be able to beat the random walk model.

In Appendix A.1 in descending order, the total number of worst revisions issued by each
financial intermediary over the horizon from the first quarter 2007 to the second quarter

2016 ha been reported.
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2.5Conclusion

The survey conducted on the forecasts of exchange rates d@laocurrency, from 2007
to the second quarter of 2016, showed that predictors would have performed better, that is to
say, a forecast error in lower absolvedue, using the random walk model or by issuing a

forecast equal to the spot frequency known at the time of the forecast.

Therefore, based on the results achieved, it can be said that the reviews do not systematically
improve the initial forecasts. Théoee, both in the short term, due to market volatility, and

in the long term, due to the inability to fully and promptly absorb new information,
predictors do not always prove efficient and rational in issuing their forecasts, in the path

leading to the teninal date for which the forecast is issued (Kilian & Taylor, 2003).

To further verify the nosefficiency results achieved in this first chapter, it was decided to

use the Hurst statistical test, to further measure whether the forecasts and revisazhbyiss

the 120 financial institutions are efficient (H = 0.5). Furthermore, this statistical test will also
allow us to measure the degree of influence that past forecasts issued by each predictor have

on future forecasts, generating a redundant cycleedficient forecasts.
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Appendix A.1 - Number of worse forecasts issued by each predictor in the horizon considered.

List Bank Country State Worsening
1 Credit Suisse Group AG Zurich Switzerland 134
2 Barclays London United Kingdom 114
3 Skandinaviska Enskilda Banken Howald Luxembourg 104
4 Westpac Banking Sydney Australia 86
5 Wells Fargo Sioux Falls United States 82
6 Commerzbank Frankfurt am Main  Germany 78
7 Mitsubishi UFJ Financial Group Tokyo Japan 70
8 Danske Bank Copenhagen Denmark 70
9 Monex Europe Ltd London United Kingdom 70
10  Canadian Imperial Bank of Commerce Toronto Canada 56
11 Royal Bank of Scotland Edinburgh United Kingdom 56
12 Rabobank Utrecht Netherlands 54
13 Scotiabank Toronto Canada 53
14  Bank of America Corporation Charlotte United States 51
15  X-Trade Brokers Dom Maklerski Warsaw Poland 51
16  BNP Paribas Paris France 48
17 Citigroup New York United States 48
18  Banco Bilbao Vizcaya Argentaria Bilbao Spain 45
19  National Bank Financial Montreal Canada 45
20  Commonwealth Bank of Australia Sydney Australia 44
21  Sumitomo Mitsui Trust Bank Tokyo Japan 43
22  National Australian Bank Limited Melbourne Australia 40
23  Alpha Bank AE Athens Greece 39
24 Oversea-Chinese Banking Corp Taipei Taiwan 39
25  Standard Chartered London United Kingdom 39
26 Aletti Gestielle SGR Milan Italy 37
27 UniCredit Milan Italy 35
28  HSBC Holdings London United Kingdom 3
29  CIB Bank Budapest Hungary 33
30  JPMorgan Chase New York United States 31
31 DZ Bank Frankfurt Germany 30
32 Morgan Stanley New York United States 30
33 SJS Markets Limited Hong Kong China 28
34  ING Financial Markets New York United States 28
35  Societe Generale Paris France 28
36  Australia & New Zealand Banking Group St Docklands Australia 27
37  Lloyds Bank Commercial Banking London United Kingdom 27
38  Dresdner Bank AG Frankfurt am Main  Germany 26
39  RBC Capital Markets New York United States 26
40  Saxo Bank Hellerup Denmark 26
41  Silicon Valley Bank Santa Clara United States 26
42  Landesbank Baden-Wuerttemberg Stuttgart Germany 25
43  Standard Bank Group Lilongwe Malawi 25
44  Erste Group Bank Vienna Austria 24
45  Swedbank Sundbyberg Sweden 23
46  Nordea Bank Nordea Finland 22
47  BMO Capital Markets Toronto Canada 21
48  Credit Agricole CIB Paris France 21
49  TD Securities Toronto Canada 21
50  TMS Brokers Warsaw Poland 20
51  DNB Bank ASA Oslo Norway 19
52  Petrocommerce Bank Moscow Russian Federation 19
53  Argentex LLP London United Kingdom 14
54  Investec London United Kingdom 14
55 HDFC Bank LTD Mumbai India 13
56  Intesa Sanpaolo Turin Italy 13
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57  Nomura Bank International London United Kingdom 13
58  Vadilal Forex Ahmedabad India 13
59  Ceskoslovenska Obchodni Banka Prague Czech Republic 12
60  Emirates NBD PJSC Dubai United Arab Emirates 12
61  Macquarie Bank Sydney Australia 12
62  Mouvement Desjardins Levis Canada 12
63 UBS AG Zurich Switzerland 12
64  Prestige Economics LLC Austin United States 11
65  Swissquote Bank Zurich Switzerland 11
66  Banca Aletti & C spa Milan Italy 10
67  Norddeutsche Landesbank Hanover Germany 10
68  Redtower San Francisco United States 10
69  Bank of New Zealand Auckland New Zealand 9
70  Deutsche Bank Frankfurt am Main  Germany 9
71  Banca Monte dei Paschi di Siena S.p.A. Siena Italy 9
72 Rand Merchant Bank Sandton South Africa 9
73 ABB Ltd Zurich Switzerland 8
74  Ebury Partners UK Ltd London United Kingdom 8
75  Ageas Finance NV Utrech Netherlands 8
76  Casa De Bolsa Ve Por Mas SA de CV Mexico City Mexico 8
77  Brown Brothers Harriman New York United States T
78  Hamilton Court FX LLP London United Kingdom 7
79  Mecklai Financial Services Mumbai India 7
80 LCA Consultores Sao Paulo Brazil 6
81  Malayan Banking Berhad Kuala Lumpur Malaysia 6
82  Natixis Paris France 6
83  Alpha Bank London Ltd London United Kingdom 4
84  Cinkciarz.pl Lubusz Poland 4
85 4CAST London United Kingdom 4
86  Lehman Brothers Inc. New York United States 4
87  B. Metzler seel. Sohn & Co. Frankfurt Germany 4
88  Paradigm Wealth Management Bridgewater United States 4
89  Alior Bank Spolka Akcyjna Warsaw Poland 3
90 DAY Bank Tehran Iran 3
91 HIFX PLC Berkshire United Kingdom 3
92  ICICI Bank Mumbai India 3
93  Investment Capital Ukraine Kiev Ukraine 3
94  Banco Santander Madrid Spain 3
95 St George Bank Sydney Australia 3
96  Bayerische Landesbank Miinchen Germany 2
97  Dom Maklerski AFS Sp zoo Warsaw Poland 2
98  Goldman Sachs Group New York United States 2
99  IDEAglobal Singapore Singapore 2
100 Bank Pckao SA Warsaw Poland 2
101 Validus Risk Management Eton United Kingdom 2
102 Advanced Currency Markets Geneva Switzerland 1
103 AFEX Woodland Hills United States 1
104 Bank of New York Mellon New York United States 1
105 CIMB Group Kuala Lumpur Malaysia 0
106 HBOS Halifax United Kingdom 0
107 KBC Groep Brussels Belgium 0
108 Laurentian Bank of Canada Montreal Germany 0
109 MIG Investments Chelmsford United Kingdom 0
110  Raiffeisen Vienna Austria 0
111 Renaissance Capital Holdings Hamilton Bermuda 0
112 RHB OSK Securitics Bangkok Thailand 0
113 VTB Capital London United Kingdom 0
114 Yes Bank Mumbai India 0

This Table shows the ranking of predictors, based on the number of worsening revisions iss
descending order, over the horizon considered, ranging from the first quarter of 2007 to the
quarter of 2016. The number of banks reported is 114 out of 120, because for six predictors ther:
revisions training.



Appendix A.2 - List of banks used in the dataset
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