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Executive Summary

Herd behaviour is a cognitive bias that has many alternative definitions, we have chosen the following as
the most relevant and broadest in our opinion: the tendency to imitate the actions of others. This behaviour
can be seen as rational or irrational. We use two methods to analyse the potential herding behaviour on the
financial market. We have chosen the US market and the European market and the result of our analysis is that
there is no evidence of herd behaviour using the methods we have selected over the period 1 January 2006 to
31 December 2020. The results are in line with previous work done on this subject. We decided to analyse
this behaviour because if there is evidence of herding it is challenging the rationality of agents on the financial
market. Therefore it could question the relevance of modern financial theories by for example impacting the
benefits of portfolio diversification. It can also be a cause for bubbles and crisis. According to our work both
the European and the US market seems to be efficient, at least in terms of the herding behaviour. Nevertheless
we also pointed out that the methods used were possibly not the best suited to detect this kind of psychological
behaviour and where focusing on the local herding behaviour and do not have an international perspective.
From our result we also noticed that as the empirical evidence suggested, the metric used to detect herding are
more important during the down market and less present for larger companies. We conclude that if there is
herding on the market, it has a limited impact on the European and US markets and do not affect the rationality
of the agents who are acting on these markets.
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1 Introduction

The financial market is the market that should be the most efficient. As Thaler (2016) explained, the
reasons are that it has the following features: low transaction costs, high stakes, lots of competition and the
ability to sell short1. Therefore it should be harder to find evidence of misbehaving on this market. We decided
to test the relevance of this statement by analysing the potential existence of herd behaviour on the financial
markets.

The following work is presented as follows: first we will developed some important theories from modern
finance. We will focus on the efficient market hypothesis, modern portfolio theory, the capital asset pricing
model and the Fama-French three-factor model and we will review them briefly. Then we will have a short
section about the economic and financial crisis that the world has faced. Then we will introduce behavioural
economics, behavioural finance and two biases, namely overconfidence and loss aversion. After that we will
examine the main subject of this work, herding behaviour. In this section we will describe this bias using the
literature around this phenomenon and the main research and findings done in the field. Next, we will conduct
an analysis using two methods from the literature we have chosen, with our work focusing on European and
US financial markets from 1st January 2006 to 31st December 2020. We will end this work with a robustness
test, a discussion and a conclusion.

The preliminary work we have done before choosing herding behaviour as our bias of interest can be
summarise in table 17 in the appendix. We found that it was one of the most important biases in terms of
the literature. Then, in term of type of data needed to make an analysis, they are easier to access and more
numerous than the one for others biases that might need access to personal data from banks or make surveys to
professionals in the financial field.

2 Theoretical framework

We will begin the theoretical framework by looking at modern finance theories, first the Efficient market
theory (EMH). Then, we will look at Modern Portfolio Theory (MPT). After that, we will treat the Capital-asset
pricing model (CAPM) to finally end with the Fama-French Three-Factor model. To continue with the theoret-
ical framework, we will discuss the financial and economic crises. Finally, the last topic we will address will
be behavioural economics with a focus on behavioural finance. We will first review the founding papers of this
“new” field of economic science, then we will review three types of behavioural biases, namely overconfidence,
loss aversion and the bias we are most interested in, herding behaviour.

2.1 The main theories of modern theory

Given that the following theories are not the main subject of this work we will only treat them in a relatively
simple way, we will not analyse these theories in depth. In spite of this, it is important to treat them and to
understand the basis of modern theory of finance. We will see in the following review that they are based
on assumption of the rationality of agents. This assumption will be challenged in the part about behavioural
economics and finance. Scharfstein and Stein (1990) describe the rationality of the agents as follows “decisions
that are made using all available information in an efficient manner” (David S. Scharfstein and Jeremy C. Stein,
1990, p. 465), saying it is a tenet of the classical economic theory. This is the same as to say that investors
are perfectly rational. In the following paragraphs, we will review some scientific papers dealing with the
Efficient market hypothesis, Modern portfolio theory, capital-asset pricing model and the Fama-French three-
factor model.

1Short selling allows that even if most investors are “fools”, the activities of “smart money” arbitrageurs can assure that markets
behave “as if” everyone were smart (Thaler, 2016, p.1587)
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2.1.1 Efficient market hypothesis

We start with the theory that is seen by many as the foundation of modern finance. It was first developed
by Eugene Fama in 1970 in his work Efficient Capital Markets: A Review of Theory and Empirical Work. The
main point of the theory is that all available information are fully reflected in the prices on the market (at least
in the strong form). Another important assumption, is that the equilibrium on the market “can be stated in
terms of expected returns” (Fama, 1970, p.384). That means in short that the equilibrium price of a security
on the market is linked to the risk of this particular security. One of the effect of these assumptions is that it
implies that it is impossible for someone on the market to receive profits exceeding the equilibrium expected
profit. It is therefore impossible, according to the efficient market theory to get above average returns on the
market using private or public information. To be efficient, a market need three sufficient conditions, which are
the followings (Fama, 1970, p.387):

• No transaction costs,
• Information that are available and cost-less,
• Everyone on the market agree on the implications of current information for current price and distribution

of future prices of each security.

These conditions are of course not a representation of the reality. Fortunately, for this theory, they are
sufficient but not necessary conditions for market efficiency. There is one important statement from Eugene
Fama in this particular work, he wrote the following sentence : “The results of tests based on this assumption2

depend to some extent on its validity as well as on the efficiency of the market”(Fama, 1970, p.384). He also
stressed that there are other possible measures for the distribution of returns and that the expected returns are
only one of them. Eugene Fama also developed in his work three levels for the Efficient Market Hypothesis :

• The weak form, where only historical prices are reflected in the price.
• The semi-strong form, where all the publicly available information are reflected in the price.
• The strong form, where all information public and private are reflected in the price.

This theory can be summarise by two components first there is non “free lunch” meaning that it is not
possible to beat the market without taking additional risks and second, price on the market reflect fully all
information. This point is the one that behavioural economists found the most difficult to agree with, as in
Graham (1965) or Thaler (2016), by taking the example of closed-end-fund that were not always well priced.
There is a lot of work that was done that match the findings of this theory, despite all there is also some
evidence against the theory. We can think of investor that consistently get returns above the market average
such as Warren Buffet, this is against the EMH because an investor should not be able to earn above average
returns using fundamental or technical analysis. We can also points out the bubbles and others extreme events
on the market, which are not consistent with the EMH. One of the reasons behind the fact that the EMH might
not always be in line with the reality of the financial market might come from the fact that the market is not
efficient at any point in time. That is one point brought forward by behavioural economists.

2.1.2 Modern Portfolio Theory

The second theory we will analyse is Modern portfolio theory (MPT) from Harry Markowitz3. He started
to develop it in 1952 in his work Portfolio Selection (Markowitz, 1952). The theory states that diversification
is key to decrease the risk and maximise the returns, having different assets and assets type that are as less
correlated as possible is the best way to decrease the exposure to the unsystematic risk, which is the risk
specific to particular securities. There is in this theory two main concepts :

1. Investors are rational and their goal is to maximise return.
2. Risk can be reduced by diversifying using assets that are not too much correlated.

2He means the expected returns assumption.
3He received the Nobel Price of economics for his work in 1990.
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Risk is divided in two types, systematic risk which can be seen as the risk that can not be diversified (i.e.
The market risk) and unsystematic risk which is related to each individual securities (e.g. Business risk, Finan-
cial risk, Operational risk,..). Markovitz proved with the Modern Portfolio Theory that a diversified portfolio
is less volatile than the sum of its individual securities volatility (See figure 21). An additional development
linked to Modern Portfolio Theory, is the efficient frontier, which is “representing the boundary of the set of
feasible portfolios that have the maximum return for a given level of risk4” and is often represented by the
following graph :

Figure 1: Efficient frontier (Source : E.J. SMITH (2019))

We might want to know the number of stocks that is needed to attain the “best” level of diversification.
This question was answered by Evans and Archer in 1968 and they found that according to their research a
portfolio of more than ten stocks does not have have an economic justification. In 1987 a behavioural economist,
Meir Statman challenged the findings of Evans and Archer. He explained that diversification is used as a risk
reduction and therefore we should continue to add stocks as long as the marginal benefits exceed the marginal
costs. And according to his findings, the number of stocks needed to achieve the greatest level of diversification
should be between 30 to 40 depending on the position of the investors (i.e. if he is borrowing or lending). Jacob
(1974) explained that some improvement could be made to the MPT if the selection of stocks was done by
choosing stocks wisely, because as Jacob said “Existing evidence on the benefits of diversification as a function
of the number of securities held has been based on random selection” (Jacob, 1974, p.847) and therefore that
investors could reduce unsystematic risk by investing in a few securities if the they chose their stocks wisely.
Moreover as explained in Statman (1987) : there is no evidence that investors follow the suggested rules on
optimal diversification with few securities(Statman, 1987, p.361). It was even shown by Blume and Friend
that individual investors often have lower diversification than they should. The summary of their research is
as follow : “The empirical results show, however, that many investors, particularly those of limited means, do
not hold well-diversified portfolios. The analysis of the returns realized by them confirms that these investors
have exposed themselves to far greater risks than necessary” (Blume and Friend, 1978, p.58). In addition to
the research from Blume and Friend about the diversification by individual investors, King and Leape also have
done a empirical review of the diversification of individual investors with their whole portfolio of assets (e.g.
Bonds, real estate, stocks, funds) and found that even when taking into account all their assets the individual
investors did not diversify as implied by the theory from Markowitz. This can be seen as an evidence that
investors are in the real world not totally rational.

4From the website NASDAQ.
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To summarise, according to this theory, a rational investor who wants to maximise his returns should
diversify her portfolio since the volatility of the portfolio will be less than than the sum of the volatility of
each of the components of this portfolio. Empirical analysis was also made to find the best number of assets to
achieve the best level of diversification. This number, for which it seems their is no more interest to increase
the number of stocks, is still argued but we can say it is commonly agreed to be between ten and thirty different
stocks.

2.1.3 Capital-asset pricing model

We have seen with the work of Markowitz on Modern Portfolio Theory that it is preferable for an investor
to diversify his portfolio, because the volatility, which can be seen as the proxy for the risk, of a portfolio of
multiple assets will be lower than the sum of the volatility of each individual component. The theory that will
be analysing in this section, the Capital-asset pricing model (CAPM), is for its part focusing on the returns
an investor should receive based on the risk they are taking for individual assets. It was mainly developed by
four economists, namely Jack L. Treynor (1961, 1962), William F. Sharpe (1964), John Lintner (1965) et Jan
Mossin (1966). The CAPM is seen as an extension of the work of Markowitz. We will focus on the work of
John Lintner and William F. Sharpe5. The CAPM can be summarised by the following equation :

ERi = R f +βi(ERm−R f )

Where we have ERi as the expected returns for the equity i, R f the risk free rate, βi the Beta of the equity
i, ERm the expected returns of the market. The beta is a measure of the volatility of an individual security
compared to the market, it is therefore measuring the systematic risk. It is described by the equation below :

β =
Cov(Ri,Rm)

Var(Rm)

What the equation tells us is that the returns for a single security will be equal to the return of the risk free
asset plus the market risk premium, which is the difference between the expected returns of the market and the
return for the risk free asset, multiplied by the Beta of the security i. The beta being a measure of the volatility
of the security compared to the market portfolio. All of this gives us an estimate of the expected returns of an
individual asset. In this framework, the only way for an investor to get more returns is to increase the risk.

In his work, Capital asset prices : A theory of market equilibrium under conditions of risk (Sharpe, 1964)
started with a sentence that is interesting. He said “in equilibrium, capital asset prices have adjusted so that the
investor, if he follows rational procedures (primarily diversification), is able to attain any desired point along
a capital market line6”(Sharpe, 1964, p.425) The implication of this sentence is that the CAPM assumes that
investors are rational.

2.1.4 The Fama-French Three-Factor model

In the continuity of the Capital-Asset pricing model, Eugene F. Fama and Kenneth French developed a
model called the Fama-French Three-Factor model. It is an extension of the Arbitrage Pricing Theory developed
by Stephen Ross in 1976. The APT allows to build multi-factor model. In this model, they included three
factors, the first one is the market risk, which was analysed in the CAPM, they also added the size and the
value risks (Fama and French, 1992). The factor on size effect was mainly motivated by the research done by
Banz (1981). In this papers he highlights the size effect after having done an empirical study in which he finds
that: “smaller firms have had higher risk adjusted returns, on average, than larger firms” (Banz, 1981, p.3). In
addition to this risk, Fama and French added a factor to take the value risk into consideration. It was found by

5He received a nobel price for the development of his “Sharpe Ratio” which is used to measure the return of an investment compared
to its risk.

6The capital market line (CML) represents portfolios that optimally combine risk and return.

9



Rosenberg et al. and Stattman that the returns of US stock was positively related to their book to market value.
The equation is therefore the following :

Rit −R f t = αit +β1(RMt −R f t)+β2SMBt +β3HMLt + eit

The left side of the equation is the premium investors received in exchange for the risk they are taking
by buying risky assets. On the right side we have first RMt −R f t that is representing the excess returns from
the market portfolio, then SMBt (Small minus Big) which is representing the size risk, the premium small
companies received on the market compare to bigger companies. Finally HMLt (High minus Low) represents
the premium that value stocks are receiving compared to growth stock on the market.

Fama-French also worked on a 5 factors model in A five-factor asset pricing model (Fama and French,
2015) where they added two additional factors to their three factor model, namely investment factor and prof-
itability. The investment factor, is taking into account that stocks of companies with a high total asset growth
have lower average returns and the profitability is taking into account that companies with high profitability
perform better in the market in general.

2.1.5 Conclusion for the section on modern financial theories

The first point we have to highlight is that the theories we treated in the previous pages are all based on
the assumption that investors on the market are rational and that the market is efficient. These assumptions are
of course too restrictive to describe the reality we are confronted to on the market but are a good foundation
to understand the financial market. All this modern finance theory is still the most important in the literature,
nevertheless there is some increase in interest by academics about the psychological, cognitive importance that
can impact the efficiency on the market and rationality of the agents. There is an increase in papers that tried to
take into account that market agents are subject to cognitive, emotional and imitation errors that will affect the
efficiency of the market that is used as the basis of most on modern theories. Therefore in the following section
we will look at the birth and the main findings made by behavioural economists.
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2.2 Financial and Economical crisis

Now that we have reviewed modern financial theories we will take a look at crisis. There were an important
number of crisis throughout the history. Moreover, crisis on the financial market is seen by many economists
as a result of herding behaviour. Due to the fact that, in time of crisis on the market, investors tend to put aside
their own belief and follow the herd. Financial crisis are sometime preceded by bubbles, which can be described
as : “A situation in which news of price increases spurs investor enthusiasm which spreads by psychological
contagion from person to person, in the process amplifying stories that might justify the price increases and
bringing in a larger and larger class of investors, who, despite doubts about the real value of an investment,
are drawn to it partly through envy of others’ successes and partly through a gambler’s excitement.” (Shiller,
2014, p.1487). Here is some of the three examples of important financial crisis : the Tulip Mania in 1637, Stock
Crash of 1929 and the 2007-2008 Global financial crisis. The Tulip Mania is seen as the first bubble on the
financial market and took place in the Dutch Republic. During this crisis, the price, as its name suggests, the
Tulip bulbs price increased to derisory levels, as the figure 2.

Figure 2: Price of Gouda Tulip Bulbs from Elliott Wave International

In the following lines we will have a look at two crisis that are the most interesting for out work, the
2007-2008 Global financial crisis and the more recent economic crisis linked to the Covid-19 pandemic known
as the “The Covid-19 recession”. The reason of this interest is that they are both included in the time frame of
the analysis that will follow. The financial crisis of 2008 found its foundation in the subprime crisis in the US
and became an international financial crisis later. We will focus on the financial impact of both crisis and do
not analyse the economical effects. Just below we have a graphic on figure 3, with the effect on the financial
market for the 2008 crisis.7

Figure 3: Index value for the S&P500, Eurostoxx 50 and the MSCI World from January 2005 to December
2009; retrieved from CapitalIQ

7A graph from 2005 to 2021 can be found in the appendix on figure 18.
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We can see that the crisis spans on a quite long period of time and took time to recover. It took about 4
years to recover from this crisis. Now if we compare it with the graph for the Covid-19 related crisis we have
the following graph:

Figure 4: Index value for the S&P500, Eurostoxx 50 and the MSCI World from January 2019 to Mai 2021;
retrieved from CapitalIQ

What we can see is that the 2020 stock crash8 was more brutal, the decrease lasted for about two months
and was relatively strong. The recovery for itself took approximately 6 months to recover from this stock crash.
Both crisis seems to be irrational in terms of changes in price of equities. We might wonder if there were some
rational new information on the market leading to the drop in prices or if there is some phenomenon that might
have affect the financial markets. We will try to answer to this question partially. We will try to find if there is
evidence of herding behaviour during this two periods of extreme volatility.

2.3 Behavioural Economics

To begin this section here is a citation of Meir Statman from the book A random walk down Wall Street
(Malkiel, 1999, p.225) :

“Behavioral finance is not a branch of standard finance: it is its replacement with a better model of humanity -
Meir Statman”

This statement might be a bit exaggerated but behavioural economics (finance) is a field of economics that
is adding a psychological aspect to traditional economics. Richard H. Thaler9 described behavioural economics
by what he called a mixture of economics and psychology, and added the following sentence : “utilizing a
psychologically realistic depiction of the representative agent” (Thaler, 2016, p.1577). In classical economics
we are facing three main assumptions about the agents. They are the following (Thaler, 2016, p.1578):

1. Agents have well-defined preferences and unbiased beliefs and expectations.
2. They make optimal choices based on these beliefs and preferences.
3. Their primary motivation is self-interest.

These assumptions are what defined the Homo Economicus. On the other hand, behavioural economics
introduced (or at least tried) Humans in their models. Unlike what we could expect, because of the recent
development of behavioural economics, we could go back in time and find traces of behavioural concepts in
the work of for example Adam Smith. He treated, even shortly, some crucial concept as overconfidence, loss
aversion or self control. For loss aversion for example we have this phrase from Smith: “Pain is, in almost all
cases, a more pungent sensation than the opposite and correspondent pleasure” (Smith, 1759, III, ii, 176 –177).
There is other examples of economist that had some behavioural point of view. We can cite again Keynes10,
Fisher or Pigou. As Thaler explained many economists from the past were already thinking that psychology

8Linked to the Covid-19 recession.
9He was awarded the Nobel Memorial Prize in Economic Sciences for his contributions to behavioral economics.

10Some examples will be given in the following pages.
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should have an impact on economics. He cited an example from another economist, John Maurice Clark which
is the following: “The economist may attempt to ignore psychology, but it is sheer impossibility for him to ignore
human nature. If the economist borrows his conception of man from the psychologist, his constructive work
may have some chance of remaining purely economic in character. But if he does not, he will not thereby avoid
psychology. Rather, he will force himself to make his own, and it will be bad psychology” (Clark, 1918, p.4).
That can be a summary of what behavioural economists are trying to do, include psychology in economics. We
could ask ourselves the question, why behavioral economics is not more used by economists. One of the reasons
is that the economic field after World War II was more focused on mathematical explanation and therefore using
Econs instead of Humans in mathematical models was more convenient. The models based on rational thinking
were therefore a good cornerstone for the field of economics to grow on a strong base. As Richard H.Thaler, said
as an example in Behavioral Economics: Past, Present, and Future “One begins learning physics by studying
the behavior of objects in a vacuum; atmosphere can be added later. But physicists never denied the existence
or importance of air; instead they worked harder and built more complicated models” (Thaler, 2016, p.1579).
What he means is that traditional economics theory considered that everyone is able to solve problem whether
it is a simple problems or an absolutely difficult one. Then we have Milton Friedman11 who had an another
position on the fact that humans are not perfectly competent in resolving problem. He came in his essays Essays
in positive economics with the example of professional billiard player : “excellent predictions would be yielded
by the hypothesis that the billiard player made his shots as if he knew the complicated mathematical formulas
that would give the optimum directions of travel, could estimate by eye the angles, etc., describing the location
of the balls, could make lightening calculations from the formulas, and could then make the balls travel in the
direction indicated by the formulas. Our confidence in this hypothesis is not based on the belief that billiard
players, even expert ones, can or do go through the process described; it derives rather from the belief that,
unless in some way or other they were capable of reaching essentially the same result, they would not in fact be
expert billiard players.” (Friedman and Friedman, 1953, p.21). We can see that even within economists, their
is no common agreement on the relevance of the cornerstone assumption that we are facing Humans or Econs
in the theory. Richard Thaler made two comments about the example given by Friedman, first he said that he
is speaking of an expert and in economy the theory is used to solve problems for “normal” peoples and second,
even experts have difficulties to solve really difficult problems.

The birth of behavioural economics is seen by many to have started by papers written by two psychol-
ogists, Daniel Kahneman and Amos Tversky. There is mainly two works that had an important influence on
the increase interest on the field. First in terms of publication date we have Judgement under Uncertainty:
Heuristics and Biases (Tversky and Kahneman, 1974), in this paper, they proved using experiments that when
humans make judgements they are systematically biased. They spoke about judgemental heuristics, which are
mental processes used to form judgement quickly. Heuristics can be seen as explanations of the cognitive biases
humans are subject to. In the first papers by Kahneman and Tversky, they talked about three heuristics, adjust-
ment and anchoring, availability and representativeness. Adjustement and anchoring is a phenomenon when
“People make estimates by starting from an initial value that is adjusted to yield the final answer” (Tversky
and Kahneman, 1974, p.1128), and that this starting point affects the estimation of the agents.12 Then avail-
ability, this heuristic can be represented by the graph 5 below. As we can see, when humans need to form an
opinion about something they tend to overweight recent, negative, frequent information and that lead to a bi-
ases judgement. Finally, representativeness is when people overweight the outcome of an event because of the
similarity with an other event or object. There are other heuristics or rules of thumbs that humans are subject to.
What we wanted to show is the founding of the cognitive biases that are in the centre of behavioural economics.

11He received the 1976 Nobel Memorial Prize in Economic Sciences for his research on consumption analysis, monetary history and
theory and the complexity of stabilization policy.

12An example of an experiment done by Kahneman and Tversky about anchoring can be found in figure 20.
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Figure 5: Representation of the availability heuristic from the web site : kenthendricks.com

In the second paper published in 1974, and called Prospect theory : An analysis of decision under risk
(Kahneman and Tversky, 1979) they developed an alternative model from the one used in Economics to describe
utility, they called their model Prospect theory. This model is an alternative model of decision making under
uncertainty. The expected utility theory is a standard in modeling in economics and is used to characterize how
a rational agent should react under uncertainty. Frank Ramsey and Leonard Jimmie Savage were the first to
work on this theory and the model was afterwards improved by Morgenstern and Von Neumann (1953). They
created axioms that are assumed to be used by people when they are taking decisions under risk. In Prospect
theory, Kahneman and Tversky were able to find choices between prospects (i.e. gambles, choice between
two problems) that were not in accordance with expected utility theory and that violated the rationality of the
agents13. They used laboratory experiments to prove their point. For example, traditional theory assumed that
for agents a loss of a certain amount would have the same inverse impact on their utility as for a gain. During
their research, Daniel Kahneman and Amos Tversky showed that it was not the case for most people, based on
their findings a bias was developed, namely Loss aversion that we will talk about later. The fact that investors
are not rational is one of the main principle developed in the behavioural theory. In this field of economy, they
recognised the fact that in the real world the agents are not what we call in economics “Econs” but “Humans”
and that they can be subject to psychological biases. These cognitive differences between “Humans” and
“Econs” make the “Humans” less efficient and less rational in their decision than “Econs”, who are always
doing the right choice. That leads us to go to a sub-field of behavioural economics, behavioural finance where
the rationality of agents is a main assumption as we have seen with the EMH, MPT or the CAPM.

2.3.1 Behavioural finance

In his paper called Behavioral Economics: Past, Present, and Future (Thaler, 2016) has a section dedicated
to behavioral finance. Behavioural finance is a part of finance that is adding the psychological and sentimental
impact in the field. Traditional theory often forgot or did not have the capacity to use psychological aspects in
the mathematical and theoretical theories. The behaviour of the agents on the market is often difficult to prove
by mathematical formula, and it is the way academics find the most trustworthy. We will in the following pages
review three main categories of biases, in this paper we will have a focus on only a few of them. As we have
seen with (Fama and French, 1992), they explain the difference in returns between value and growth stocks by
a difference in risk while De Bondt and Thaler (1985) for their part argue that it is coming from mispricing.
That is an example of the conflict of explanation between the traditional and behavioural finance.

2.3.2 Main behavioural biases

We will discuss three important biases that humans are subject to. We will first talk about overconfidence,
and loss aversion. These two biases will be treated quickly, because they are not the main subject of this work.
Either way, we believe it is interesting to have a basic understanding of these biases before going to the main

13An example from these prospects could be seen inf figure 19.
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bias we will analyse : herding behaviour. There are of course other behavioral biases which we will not deal
with here, for example framing, anchoring bias, confirmation bias and others.

2.3.2.1 Overconfidence

We first start with overconfidence as our first bias analysed. This cognitive bias can be explained as said in
the books Thinking Fast and Slow by the tendency human have to place too much faith in there intuition and is
due “to the tendency humans have to construct and believe coherent narratives of the past makes it difficult for
them [us] to accept the limits of our forecasting ability” (Kahneman, 2012). For De Bondt and Thaler (1995)
overconfidence is the bias that have the more robust finding in psychology. The example often used for this bias
using real life example is the one presented by Svenson (1981) which is about a survey in Sweden about the
feeling of drivers about their capacity compared to others and the results were that 90% of drivers thought they
were above average drivers, which is mathematically impossible and a good example of overconfidence. On the
financial market, which is the subject we are most interested in, overconfidence was found to push investors to
trade more aggressively therefore reducing the welfare (Odean, 1998). It also has an impact on diversification
because it is pushing investor to “bet” on individual stocks, reducing the amount of assets in their portfolio.
However as Hirshleifer (2015) explained overconfidence can also have a positive impact by reducing home
bias14.

2.3.2.2 Loss aversion

Loss aversion is a bias that was also part of the work done by Kahneman and Tversky in “Prospect Theory”.
They explained it using the following words : losses loom larger than gain and means that according to their
experiments the pain of losing is psychologically twice as powerful as the pleasure of winning. It can be
represented by the function we have below : We see that the function for losses is steeper and convex compared

Figure 6: Figure representing a hypothetical value function from Kahneman and Tversky (1979)

to a flatter and concave function for gains. The implication of such a behaviour could result in a change of the
attitude of investors in relation to risk. The loss aversion can induce disposition effects which are the tendency
to sell stocks that have performed better and keeping the less performing in hope they will recover and could
also explain why some individuals do not want to invest in the stock market.

14It is a bias that induced investors to mainly invest in the domestic market leaving other foreign markets aside.
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3 Literature review

Now that we have dealt with the two previous biases, we still need to treat the bias we are the more
interested in, herding behaviour. In the following section we will treat the most interesting papers, in our
opinion, about herding behaviour. Papers that describe herding, explain some particularity, and effects of this
behaviour. We will also look at empirical analysis done on this subject and describe the methods used to detect
herding behaviour and the results they found and in addition compare them. Then in the next section we will
do our own analysis for the European and the US market, during a period of 14 years starting the 1st January
2006 and ending the 31st December 2020, using methods developed by two papers we will describe shortly.

3.1 Herding behaviour

3.1.1 Introduction

We begin this section with an introductory example from (Caparrelli et al., 2004, p.222) :

“One evening we decided to go to Restaurant A, which had been recommended by a very reliable guidebook.
When we arrived, we noticed that Restaurant B nearby was very busy, while Restaurant A had only a few

customers. So we changed our minds and ate at Restaurant B”.

This illustration can summarise what is a herding behaviour with a real life example. The fact that we tend
to imitate others is not a new development in psychology, it is a basic human instinct. Despite this we might
think that the discovery of this bias should be something new that comes with the development of behavioural
economics, yet we can already read about herding behaviour in the writings of John Maynard Keynes in 1936.
In his book The general theory of employment, interest and money he spoke about the irrationality of the
market links to herding which was fairly well summarised by the following sentence : “the stock market was
mostly a beauty contest in which judges picked who they thought other judges would pick, rather than who
they considered to be the most beautiful” or as another example more focused on the behaviour of financial
professionals, “it is better for reputation to fail conventionally than to succeed unconventionally” (Keynes,
1936). Keynes was also sceptical about the ability of investors to go against the trends of the market (i.e.
Herding behaviour). Herding can be commonly described as “the tendency to mimic the actions of others”
(Chang et al., 2000, p.1652). Devenow and Welch (1996), p.604, described herding as “a notion that leads
to systematic erroneous decision making by entire populations”. In a more broader way herding can also be
defined as a “behaviour patterns that are correlated across individuals” (Devenow and Welch, 1996, p.604)
but this definition could also be linked to correlated information. Which could lead for example investors to buy
the same stock because of positive information. Finally Hwang and Salmon (2004) said herding on the financial
market is “when investors imitate the investment decisions of others without reference to fundamentals”.

An additional important remark is that herding need a coordination mechanism which can be either a
widely spread rule based on a signal (e.g. a price movement) or this mechanism can be the ability to observe
the decision of others (Devenow and Welch, 1996).

In the academic literature we have two distinctive types of empirical investigations, as said by Chiang and
Zheng (2010) the first one is focusing on co-movement behaviour based on the measure of dynamic correlation.
The second one is the type of empirical analysis we will test later in our analysis and is focusing on cross-
sectional correlation dispersion in stock returns in response to changes in market conditions.

3.1.2 Rational and irrational herding

The herding behaviour is commonly separated in two forms in the literature, rational and irrational. The
irrational view is the herding that happened when “investors with insufficient information and inadequate risk
evaluation disregard their prior beliefs and blindly follow other investors’ actions” (Lin et al., 2013, p.756)
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putting aside rational analysis and following blindly others. On the other hand, rational herding is “center on
externalities, optimal decisions-making being distorted by information difficulties or incentive issues”. (De-
venow and Welch, 1996, p.604).

The rational herding analysis done in the literature leads to three main models explaining them (Devenow
and Welch, 1996):15

1. Payoff externalities model
2. Principal-agent model
3. Informational cascade model

Concerning the payoff model, in this herding behaviour theory it was shown that the payoffs increase
with the number of people adopting the same behaviour. We can see examples of this theory on bank runs
as developed by Diamond and Dybvig (1983). Devenow and Welch (1996) divided the payoff externalities
model in three separated categories, bank runs, liquidity in markets and information acquisition. The basis of
the model on bank runs is that agents are able to first, have the information on when others are running to the
bank. Then, secondly, the bank could potentially have a shortage of funds. This means that the last person
who might want their money back could end up empty-handed. In this context, herding behaviour might leads
to bank runs. For the liquidity in markets category, work was done that found out that due to economies of
scale or when inform trading could imposes an externality on uniformed trading that would leads investors16 to
benefit from the markets that are most liquid and might leads investors to be subject to home bias and trade only
on one market. Finally, the information acquisition part for the payoff externalities model, in this model they
found that under certain circumstances there is herding on information for certain stock. Therefore increasing
the number of investors gathering on the same information and as a consequence lacking on others.

The principal-agent model, or also called reputation model, is a model that takes into account the fact
that professional investors are compared based on relative not absolute performance (Morck et al., 1989) which
means a manager might prefer to follow his fellow managers rather than take an “unconventional” decision.
The reason behind this is as already cited “it is better for reputation to fail conventionally than to succeed
unconventionally” (Keynes, 1936, p.138). Because the manager prefers to cover his back in case of bad/non
satisfying returns on his investments and he might reject private information he has on some specific investments
and therefore chooses to mimic other managers (David S. Scharfstein and Jeremy C. Stein, 1990). Trueman
(1994) has done research on the effect of herding on empirical research using security analysts earnings forecast.
Trueman found that analyst have a tendency to report forecasts that are similar to the ones already released by
other analysts, therefore herding. This has the effect of impacting the calculation of a consensus and makes it
inappropriate.

Informational externalities or informational cascades is seen by many as the main explanation of herding.
Two similar models were developed by Banerjee (1992) and Bikhchandani et al. (1992). We will describe the
essence of the models by an example from Banerjee in 1992. Banerjee sets up the model to study the rational
behind this behaviour and the potential effect. They found that the reduction of informativeness could impact
negatively the welfare under this kind of behaviour. They also used an example of restaurant as we have done
in the introduction but more elaborated. Here is the example : we are facing a population of 100 people and
two restaurants (A and B). The probabilities for restaurant A to be the best is 51% and 49% for B. The people
arrive in sequence and they observe the choice of prior participants before making their own choice and each
person received a signal (before they make their choice) saying which restaurant is the best.17 As said in the
example given by Banerjee (1992), we suppose that 99 people received a signal that B is better but one person
that A is best and this person is the first to choose. Under these conditions, the first person will go to A, the
second having a signal for B but seeing that the first person is going to A and because their signal is both the

15Some model are a combination of two or the three types.
16Informed and uninformed.
17The signal could be wrong and the signals received from each person is the same quality.
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same quality they will cancel each other and therefore the rational choice for the second person is to go to A.
The situation is the same for all the following participants and every one of the 100 person ends up in restaurant
A despite the fact if we look at the aggregate information we are practically certain that B is the best choice
of the 2. From (Shilller, 1995, p.181) with that setting “a bad equilibrium arises from a ”herd externality,”
of imitating others and thereby concealing one’s own information”. After that Banerjee explained that if the
second person was someone that was always following its own signal it would have provided information to all
the others and therefore avoid negative externality.

The non-rational or irrational herding, also called non-informational based herding18, is the part of the
herding bias that could result in market inefficiencies, make the prices of asset diverge from fundamental values
and therefore lead to a mispricing of assets. As Hwang and Salmon (2004) explained herding leads to bias view
of expected returns and risks.

There is also an intermediate view which can be seen as a mix between the two preceding types of herding.
In this framework agents are near rational and are using heuristics on information processing to gain time. And
these heuristics cannot be eliminated. (Devenow and Welch, 1996)

3.1.3 Main methods

In this section, we will take an in-depth look at the scientific papers related to herding on the financial
market and the analysis of its presence as well as the possible repercussions of this behaviour. When we look
at the literature about the detection of herding behaviour we can bring to light two important contributions that
developed models to detect such behaviour. First, Following the pied piper: Do individual returns herd around
the market? (Christie and Huang, 1995) and second, An examination of herd behaviour in equity markets: An
international perspective. (Chang et al., 2000).

The first papers from Christie and Huang, can be seen as the cornerstone of the herding detection. They
developed their model, as we will see, around extreme market event. They belief that it is the period of time
where we have the better chances to face this behaviour. They motivate their model by the fact that, according
to rational asset pricing that dispersion will increase with the absolute value of the market returns due to the
fact investors should be trading using their own private information19. Then in case of extreme market events,
they motivated that investors will herd and therefore the returns for individual stocks would be closer to the one
of the overall market. In their paper they used the cross-sectional standard deviation (CSSD) of returns as the
metrics in their model to describe the return dispersion. The CSSD is described by figure 7.

Figure 7: CSSD formula from Christie and Huang (1995)

Where Rit is the returns at time t for stock i, Rmt the returns of the market at time t. N the number of stocks
in the sample. They then use this metrics in a model of linear regression to have the following form :

CSSDt = α +βLDL
t +βU DU

t + et (1)

Where DL
t is the dummy variable equal to 1 when the returns of the market lies on the lower tail of the

dispersion and 0 otherwise and DU
t is also a dummy variable equal to 1 when the returns of the market lies on

the upper tail of the market return dispersion20. α can be translated as the average dispersion of the sample

18Where the fact that investors put aside their own belief is not linked to fundamentals movements.
19Which are all different.
20They use a 1% and a 5% criterion in their work.
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that are not covered by the two dummy variables. They explained their thinking as that when investors are
herding, the dispersion, here calculated by the CSSD, should be low. They motivate their point by the fact that
investors that are herding would put aside their owns beliefs about the market and choose to follow the market
sentiment and therefore they would be close to the market returns. CSSD of returns is “an intuitive measure
of dispersion” (Christie and Huang, 1995). They also added that they were willing to focus on periods when
it was more likely to find presence of herding, which is during periods of market stress (they used one and
five percent of the observations in the upper and lower tail as extreme market period). Therefore according to
the work of Christie and Huang, p.32 we would face herding when “dispersion are significantly lower than
average during periods of extreme market movements”. This means that, according to the model in equation
1, we would have presence of herding when the betas of the equation are negative and significant. They also
made a link with the Capital Asset Pricing model. In the CAPM theory we would see the opposite, there would
be an increase in the dispersion due to the fact that assets have different sensitivities to the market return. As a
result, if there is evidence of herding on the market the CAPM predictions would be challenged but if there is
no evidence of herding on the market, we would have predictions that are in line with the Capital Asset Pricing
Model. Their model allows for an analysis of both the bear and the bull market, βL for the bear market and
βU for the bull market. The rules can be described as follows, if the beta is significant and negative we face
evidence of herding, if it is positive and significant we are in line with the CAPM.

The findings from their analysis can be summarised as follows, they found no evidence of herding on the
market they analysed, the US market, from 1962 to 1988. Their analysis was split in two, first an analysis in the
market as a whole and the other part with an analysis by industry. They found dispersion that was higher than
average during extreme periods which is the opposite of what herding would predict. An additional comment
about this paper, as we have seen the model is developed to analyse herding in case of extreme events therefore
it could be possible that herding happened during periods of normal time which would not be detected here.

The second important papers is called An examination of herd behaviour in equity markets: An interna-
tional perspective (Chang et al., 2000). In this paper, they used an alternative model to the one from Christie
and Huang, designed to detect herding in all market conditions. One of the reasons to use an alternative model
is that both methods do not always have the same results. They used the cross-sectional absolute deviation
(CSAD) of returns as their metrics and not the CSSD. The authors saw their work as an improvement of the

Figure 8: CSAD formula from Chang et al. (2000)

method used by Christie and Huang because they found using the Black CAPM21, that the CAPM predicts a
relation between dispersion and the market returns should be increasing but also linear, which was not present
in the method of Christie and Huang. In their model they used a linear terms to detect this relationship. As a
consequence if investors ignore their own belief and herd during periods of market stress there would not be
such a linear and increasing relationship between dispersion and market return and could become non-linearly
increasing or decreasing. This is the reason why they added in their model the non-linear term, R2

m,t (see figure
below). The model they developed is used to describe the relation between the CSAD and the market return
and therefore detect herding and is the following :

CSADt = α + γ1|Rm,t |+ γ2(R2
m,t)+ εt

21See figure 22.
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They also decided to split the model in two to take into account the possible asymmetry of herding between
up and down markets. The models are the following :

CSADUP
t = α + γ

UP
1 |RUP

m,t |+ γ
UP
2 (RUP

m,t )
2 + εt

CSADDOWN
t = α + γ

DOWN
1 |RDOWN

m,t |+ γ
DOWN
2 (RDOWN

m,t )2 + εt

The |RUP
m,t | is used to be able to compare both equations. For these equations we would be facing evidence

of non-linearity if γ2 in significant and negative. We have with this model two factors to analyse the first one
is γ1 which is there to give us the linear relation between CSAD and the market returns. An γ2 that is here to
analyse the non-linearity. To be facing herding behaviour we need the non-linear relation between CSAD and
the market returns to be negative and significant which means a negative and significant γ2. We can also face
herding if the model is non linear, meaning that γ1 is non significant. In addition to the analysis based on their
model they also used the model developed by Christie and Huang by adapting it by substituting the CSSD by
CSAD.

The findings of Chang et al. are that, for the five markets22 they analysed between 1963 to 1997, they found
evidence of herding on the South Korean and Taiwanese markets, partial evidence of herding for Japan and no
herding on the US and the Hong-Kong markets. They made a comment about the fact that the scarcity of rapid
and accurate information specific to firms in emerging markets23 could be a reason to find herding, investors
might in this context focus more on macroeconomic information and consequently herd with the market.

3.1.4 Additional work

Chiang and Zheng (2010) made a study in 2010 on 1824 different markets that they split in three groups,
advanced, Asian and Latin American and found evidence of herding on the advanced markets (except the US)
and in Asian market. The method they used is in some ways different from the ones used in the two others
papers we have treated previously. They have done their analysis using a wider set of data compared to others
studies. Furthermore the way they have done their work, leads them to add additional variables to take into
account absolute domestic stock returns, excess domestic market conditions, and foreign market influences.
We can also see that they analysed more countries than the other papers. An additional finding they made is
that most of the markets they analysed tend to herd around the US market and found evidence that herding tend
to be more important during crisis time. If we compare their results to the ones of other study, we can see that
their results are in contrast with the ones we reviewed in Chang et al. (2000) where they found no evidence
of herding in advanced markets contrary from the evidence Chiang and Zheng (2010) found. It seems that the
difference mainly comes from the fact that in their work Chiang and Zheng used a model that is investigating
for herding in the global market and not only on the domestic market.25

Demirer and Kutan (2006) have done an analysis on the Chinese market and found no significant evidence
of herding on this market between January 1999 and December 2002. Despite their result they nevertheless
found that stocks seem to behave more similarly during periods of down market than compare to the up market.
They used in their analysis both firm and sector level data from the Shanghai and Shenzhen Stock Exchanges
to capture the potential herding on the Chinese market. In Demirer et al. (2010) they worked on the Taiwanese
market and found evidence of herding using the methods from Chang et al. (2000). Another analysis was done
for the Chinese market by Yao et al. (2014), they found evidence of herding for both the Shanghai and Shenzhen
B-share market and no evidence for the two A-share market.

22US, Hong Kong, Japan, South Korea, and Taiwan.
23Which are South Korea and Taiwan in their analysis.
24Australia, France, Germany, Hong Kong, Japan, the United Kingdom, the United States, Argentina, Brazil, Chile, Mexico, China,

Indonesia, Malaysia, Singapore, South Korea, Taiwan, Thailand.
25One of the model they used can be seen in figure 33.
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Caparrelli et al. (2004) made an analysis on the Italian market and found evidence of herding on this
market during the period of September 1988 to January 2001. According to their work, the results done on the
market, using the model of Christie and Huang, is that herding is present on the Italian market during periods
of extreme market event. They also have done an analysis using a metrics developed by Hwang and Salmon
(2001) that is supposed to evaluate the degree of herding (see figure 35). Using this metrics they discovered
that in the Italian market the H, used to find the degree of herding, is smaller for small-caps than for large-caps
meaning that herding is more present for these kind of stocks. Economou et al. (2011) conduct a test on four
European markets, Portugal, Italy, Greece and Spain for the period of January 1998 to December 2008, and
they found evidence of herding on Greek and Italian markets,26 mixed evidence in Portugal and no evidence
in Spain. They also found asymmetric findings between rising and falling markets. They found an important
degree of co-movement in the cross-sectional dispersion of returns on these markets, impacting the potential
benefit of diversification within these markets. Lastly they noticed that the degree of herding has not increased
during the global financial crisis.

We also think that it is interesting to check papers treating the herding behaviour in other markets than
the stock market. We summarise the work on the crypto-currency market from Bouri et al. (2019) and the two
papers from Gleason et al. analysing the market of ETFs27 and the market of futures. An interesting research
was done recently on the crypto-currency market by Bouri, Gupta and Roubaud in 2019, they found that there
is some evidence of herding on this specific market. They add that herding “appears to be time-varying and
mostly driven by economic policy uncertainty” (Bouri et al., 2019, p.217). They used cross-sectional absolute
standard deviation (CSAD) as their testing method and were inspired by the work of Chang et al.. Finally, in
their works Gleason et al. (2003) and Gleason et al. (2004) they treated, in the first papers the used the method
from Christie and Huang (1995) to analyse the futures market on three European exchanges. The results from
their work is that there is no evidence of herding for these three markets. The second papers is about the ETFs
market. One of the specificity of this work is that they used intraday data which might allow them to detect
herding that are short-lived. They found no evidence of herding, but they found asymmetric reaction to news.

We made a table summarising the papers we have discussed (See figure 9), and as we can see the results
can be divergent, even though we can find some consistency. First the US market seems to be the one that is
confronted the less with local herding, second the emerging or less developed markets28 are subject to more
herding probably due to the fact that information is less efficiently transmitted. Finally small-caps seem to face
more herding than large-caps. Nevertheless, we can question whether the way in which the analysis is done,
which model it used, affect the results. Chiang and Zheng (2010) found results that are not in line with others
due to their different way of doing their analysis.

We also want to make an additional remark, a parenthesis, regarding recent event in the market. A phe-
nomena that can be assimilate to herding. Starting from a post on the web site Reddit relative to a short position
taken by a hedgefund on a stock of a video-game’s store company, people wanted to produce a short squeeze
on the stock. This has lead to an important increase on long position on the stock leading to an impressive
increase in the price as we can see on figure 34. Similar actions have be done for different stocks in the line
of the one on Gamestop. These movements have all the characteristics from a herding behaviour, people are
pushing aside their own belief to follow the crowd leading to a mispricing of assets. We have with this case an
example of herding behaviour on the financial market even though they are isolated events that affected only a
small number of stocks.

26Which is in line with the work of Caparrelli et al. (2004).
27Exchange traded funds.
28At least in terms of financial market.
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Figure 9: Table with the summarised results of the work on herd behaviour that we have analysed.

3.1.5 Impact of herding

There are two main effects that may be derived from herding, either it will affect the profit of diversification
or the second is that it will lead the asset price to deviate from the intrinsic value. In Chang et al. (2000) they
made the important statement about the implication of herding on the financial market, if “market participants
tend to herd around the aggregate market consensus”(Chang et al., 2000, p.1653), investors will need more
equities in their portfolio to achieve the same level of diversification. For their work it would be the case for
the two emerging markets, South Korea and Taiwan, that they analysed. This is an important effect of herding
on the financial market, if investors are mainly investing in one market, which can often happen for domestic
investors, due to the home bias29, it might increase the impact on the benefits of diversification. Chiang and
Zheng (2010) cited in their papers An empirical analysis of herd behaviour in global stock markets, because
herding cause correlated behaviour of individual it leads to erroneous decision making by entire populations.
Therefore it will reduce the benefits of portfolio diversification, which means a larger amount of assets will
be needed to achieve the same level of diversification. As Economou et al. said in their papers Cross-country
effects in herding behaviour: Evidence from four south European markets, “For investors, an increase in the
degree of co-movement among asset returns reduces the benefits of portfolio diversification” (Economou et al.,
2011, p.444).

The second effect is that it could induce that markets are not efficient, resulting in mispricing in assets. It
is also argued by some researchers that herding could be a reason of important crisis and bubbles(Avery and
Zemsky, 1998) (e.g. Tulipomania, South Sea Bubbles, or more recently the Sub-Prime crisis). Hwang and
Salmon (2004) point out that the mispricing due in part by herding could be one of the reasons of the creation
of extreme market events as bubbles and the subsequent crashes. As Hwang and Salmon (2004) explained in
their papers in 2004, herding leads to bias view of expected returns and risks and therefore impact the results
that we have seen from the Capital Asset Pricing Model. This is due to the fact that if investors herd on the
market, they will tend to herd to the market and therefore affect one important component of the CAPM which
is the beta that will be biased from their equilibrium value (Hwang and Salmon, 2004, p.589). Additionally, as
explained in the work of Bouri et al. (2019) on herding in the crypto-currency market, herding could be one of
the explanation of the trends and high volatility this market in particular is facing.

29Which also have an impact on diversification (French and Poterba, 1991).
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4 Analysis

For the analysis we will follow the two methods described in the previous section. The first section is about
the data that will be used in the analysis. We will then start with the first model from the work of Christie and
Huang (1995), then we will carry on with the model of Chang et al. (2000). The data needed for both models
are the following: daily data about the markets, as a proxy for the market we will use two indexes. The second
type of data required are about individual stocks. Starting from these data set, we will be able to compute the
metrics for the two models. As we are following the methodology of Christie and Huang (1995), an additional
information we need is to distinguish between “normal” and the extreme time periods. As stated in their papers,
during these periods of extreme market movement, the individuals will use the market consensus as their own
belief an herd based on this consensus. The common rule used as a indicator for market stress is when the
returns of the markets are in the upper or lower tail of the distribution with a percentage of 1% and 5%. We will
therefore also use the same percentage in our analysis.

4.1 Data

The analysis that will be done in the following pages is about the European and US market, we will there-
fore use two different indexes as proxies for these two markets, these proxies will be used to detect extreme
market movements and compute the returns of the market during the period analysed. For the European market
our choice is on the Stoxx Europe 600 and for the US we choose the S&P 500. Both of them have the same
methods of weighting the assets which are based on the market capitalisation and their respective market rep-
resentation in percentage of capitalisation is also relatively close (about 90% for the Stoxx 600 and about 80%
for the S&P 500). For the Stoxx Europe 600, there are 600 stocks included in the index, 505 for the S&P500.
17 countries are represented30 in the Stoxx Europe 600 and one, the US for the S&P500. We can see more
information about these index on figure 26 and 25, which gives us information about the allocation in term of
sectors, countries and also give some information on the historical performances. The two indexes are used to
detect extreme periods on the two markets and therefore allow us to create the dummy variables used in the
method from Christie and Huang (1995).

We decided to use the daily returns to have more precise estimators. In terms of period analysed, we will
start with data from the first of January 2006 to 31 December 2020, which gives us a time period of 14 years to
analyse, within which we have two important financial crisis, namely the financial crisis of 2007–2008 and the
2020 stock market crash linked to the Covid-19 pandemic.

Now that we have set the context we will have to detect the extreme market moment as Christie and
Huang (1995) have done in their analysis. To find the “extreme market events” we used the Value-at-risk
(VAR) approach for two levels (1%, 5%). We use the formula following formula to get our indicators of an
extreme market event.

Var(x%) = Mean+/− z− score(x%) con f idence interval ∗ standard deviation

In the table 10 we have the details for the European index. The first columns show the level of confidence
the value are referring to. The two columns under “VAR” refer to the values at which we start to consider the
returns as an extreme event for each tail. The two next columns are a count of how many of these extreme
market events we face on each of the tail of the distribution during the period analysed. We also have the mean
and the standard deviation for the Stoxx Europe 600 over the period analysed. To see the same table for the
S&P 500 see figure 28 in the appendix. Using the indicators we were able to get the dummy variables we
needed.

30Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy, Luxembourg, the Netherlands, Norway, Poland, Portugal,
Spain, Sweden, Switzerland and the United Kingdom.
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Figure 10: Own calculation based on data from Refinitiv Eikon using excel formulas

Next we need a sample of individual stocks, we decided to take all the components (current and former) of
two main indexes representing large-cap in both markets. This will allow us to have a focus on large caps and
then compare the finding to one sample of small caps for the European market in the Robustness check section.
We used the Eurostoxx 50 for Europe and the Dow Jones Industrial average for the US market. The Eurostoxx
50 has components from eleven countries from the Eurozone31. We can also look at the percentage of each
individual country in the index for the European market. The data of March 31, 2020 tells us that 38,7% of
the weight in the index come from French companies and 32,2% from Germany meaning that even if we are
using an European index we will have a focus on these two countries. The third biggest country represented
in the index are the Netherlands with 12%. Now if we take a look at the “supersectors” in both indexes, they
both have as the first sector, technology, the US index has a weighting of 21,3% in this sector, compared to
12,6% for the European index, the second and third components are respectively Personal and household goods
(12,4%) and Healthcare (11%) for Europe and Industrial (17,1%) and Healthcare (17%) for the US (See figure
23 and 24). Using an add-in from Refinitiv Eikon, we created a list of all the stocks that are or went through
the indexes during the period, which is the list in figure 29. We have 90 stocks in our sample for Europe and
46 for the US. We then needed to retrieve the returns for each stock for each day between the 1st January 2006
and 31st December 202032. With all the data, we have everything needed to compute the two metrics required,
the CSSD and the CSAD. As a reminder here are the two formulas :

Figure 11: CSSD formula from Christie and Huang (1995) and CSAD formula from Chang et al. (2000)

4.2 The first model

The computation was done on excel and then imported on GRETL to do the regression. The results for a
5% criterion33 are shown in the following tables. The results for a 1% criterion are in figure 30 for the Euro-
pean market and figure 31. The following results are in the line of the work done by Christie and Huang (1995)
for the first part (with the dependant variable being CSSD) and the second part is the alternative method from
Chang et al. (2000) using the dependent variable CSAD.34

31Austria, Belgium, Finland, France, Germany, Ireland, Italy, Luxembourg, the Netherlands, Portugal and Spain.
32We also used the add-in from Refinitiv Eikon to retrieved these data.
335% used to be the proxy of extreme market event.
34It should be noted that Christie and Huang (1995) also used the CSAD as a robustness test for their results.
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Figure 12: Results from the regression done with a criterion of 5% for the European market (Data retrieved
from Eikon)

Figure 13: Results from the regression done with a criterion of 5% for the US market (Data retrieved from
Eikon)

To have evidence of herding on the market we are analysing, we need the coefficient for DL (Ddown) and
DU (Dup) to be negative and significant which is not the case here. The results we got using this first model are
therefore comforting the idea that there is no herding behaviour on the developed markets. The coefficient we
got from using either the CSSD and the CSAD are giving us the same results. It is consistent with the results
of most empirical research done in the past for the US. The fact that we got the same results for the European
market is not surprising, given that both markets have the same level of economic development. Moreover
because we used the most important stocks in terms of capitalisation it might lead us to miss stocks from less
developed markets included in the Eurozone. We will test later with small stocks to verify if with this type of
stocks we find different results.

4.3 The second model

For our analysis to be more concrete and interesting, we will also use the model of Chang et al. (2000)
as a second analysis. We will use the equation they used to find possible asymmetric results between the up
and down markets. To be able to do that, we will first need to split the data set in two, one for the period of
up market and the other for the period of down market. Then, as we can see on the figure below, we need to
compute for both data sets |Rm,t |, which is the absolute value of returns of the market portfolio for each day
of the period we analysed. The other metrics we need is R2

m,t , which is simply the square of the returns of the
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market for the day t. We used formulas on Excel to do the previous computations and the two formulas to detect
herding behaviour are the following:

Figure 14: Equation retrieved from Chang et al. (2000)

The two tables below are the results we got from GRETL for the US market. Figure 32 shows the results
for the European market.

Figure 15: Results from the regression inspired by Chang et al. (2000) for the US market (Data retrieved from
Eikon)

In the table we see that γ1 (coefficient for Rabs in the tables) is positive and significant for both the up and
down market. The second metrics γ2 (coefficient for R2 in the tables) are for the US not significant. For us to
have evidence of herding in this analysis, we need to have either a non linear model, which is not the case here.
The γ1 coefficient is positive and statistically significant. Or we need to have a γ2 coefficient to be negative and
significant, which is also not the case in our analysis. These results are consistent with the one from Chang
et al. (2000) in the US market with no evidence of herding during the period analysed. The same conclusion
can be drawn for the European market.

The results we have for both types of analysis and both markets can be summarised by the following
sentence: there is no evidence of herding on the European and the US markets even during periods of crisis as
the financial crisis of 2008 or the crisis on the stock market due to the Covid-19 crisis in 2020. These results
are consistent with the ones of Chang et al. (2000), Christie and Huang (1995) or Demirer and Kutan (2006) in
their findings that there is no evidence on herding in advanced markets. An additional point that is worth to be
noticed is that the coefficient in up market is wider compare to the down coefficient. It is in line with the work
done by McQueen et al. (1996) supporting an asymmetric reaction to bad compare to good macroeconomic
news.
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5 Robustness checks

5.1 Additional analysis

Chang et al. (2000) explained that in their case their result could be impacted by small caps because they
were using equally-weighted measures. In our case, we also have an equally-weighted measure but we made an
analysis based on large caps. Therefore our analysis is biased because we do not have small caps in our sample.
Therefore our analysis is only detecting herding for a part of the market, even though our sample of individual
stocks represents an important part of their respective market. However McQueen et al. (1996) found that
smaller stocks take time to respond to news which means that there could be extra dispersion in model using
this kind of stocks in their analysis. In spite of everything, Chang et al. argued that only a coefficient supporting
no evidence of herding for large stocks would be sufficient to support the results of an analysis of herding on
the financial market. Nevertheless, we decided to improve the reliability of our results by doing an additional
study on the small caps in the European market. Due to the difficulties to get all the data we needed, using
the database and technique we used, we decided to focus on stocks that have the biggest capitalisation in their
respective markets. To add more value to our work, we will do the same analysis we have done previously but
using small-caps stocks for the European market. We made a random selection using the list of constituents
of the index from MSCI the MSCI Europe Small Caps35 and we selected 50 individual stocks considered as
small. Then we computed the same metrics as before. For the first model, using the dummies variables to detect
herding during extreme market periods, we achieved to get the results we can see in figure 16 (for a criterion of
5%):

Figure 16: Results from our own computation for small caps - top table CSAD and bottom table CSSD (using
the 5% criterion)

By comparing these results with the same model and the same market we have done in the analysis section
(see figure 12), we can notice first that there is no evidence of herding. In addition the coefficient for both the up
and the down markets are lower for this analysis compared to the large cap, which is consistent with the work
done previously. The fact that the up coefficient is larger than the down coefficient is consistent with the work
of McQueen et al. (1996), where they found asymmetric reactions to the up and down markets for small stocks.
This being due to the fact that the small stocks are reacting more slowly to good compared to bad economics
news.

35There is 972 stocks in the index at the time we retrieved the selection (24/05/2021).
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In addition we use the model developed by Chang et al. (2000), using the whole model which is the
following :

CSADt = α + γ1|Rm,t |+ γ2(R2
m,t)+ εt

The results we got using this model can be seen in figure 36 in the appendix. The results are still consistent
with the ones we got previously. We do not have any evidence of herding behaviour on the European market
either with large caps or small caps, which is an additional proof of the relevance of our work.

5.2 Additional comments

The fact that we used two different metrics and two different models that are recognised in the literature
in addition to the fact that both models come to the same conclusion is an additional value to our work. In their
work, Chang et al. (2000) used the CSSD in addition to their CSAD as an additional robustness check. That is
therefore increasing the trustworthiness of our results. The same was done by Christie and Huang (1995). They
used the CSAD in addition to the CSSD in their work to check the validity of their work. An additional point
linked to the use of both models is that, because the second model checks for the presence of herding for every
periods of the period analysed. Using both model allows us to achieve a better analysis compare to an analysis
using only one method. We also used an option on the GRETL software to get rid of heteroscedasticity and
auto-correlation problems. The software uses the method developed by Newey and West (1987) to get errors of
the estimated regressions coefficients that are adjusted for heteroscedasticity and auto-correlation.

6 Discussion

In their work Christie and Huang (1995) assume that herding only (or at least mainly) occurs during
periods of market stress, when market participants put aside their own belief and tend to replicate the market.
Therefore the model they developed is based on this assumption and does not allow to detect the potential
presence of herding in “normal” time. But we arrived to the same conclusions using the model from Chang
et al. (2000) therefore this possible problem can be pushed aside.

As Chiang and Zheng (2010) explained in their work, the type of tests we have done36 is focusing on
finding evidence of herding on the market analysed and not in an international context. Therefore they can miss
potential information. In their work, Chiang and Zeng have done something different by analysing the market
as a whole going from a domestic market analysis to a global market analysis. They found that the methods
used could, by excluding foreign markets, produce biased estimates. They found using their technique herding
on most markets analysed. And moreover, that most investors herd with the US market in addition to their
own. As a consequence, the results we got for the US and the European markets are that there is no evidence of
herding in a local scale but we can not exclude that the results would be different with an analysis taking into
account the market globally.

We also agree with the comment from the conclusion of Devenow and Welch (1996). They argue that
the models used by analysing the dispersion of prices to detect herding, as the one we have used, are maybe
insufficient and it could be interesting to develop models that use data which give information on how investors
communicate between them. Some additional work on this point could be interesting but we also think that
this kind of information can be difficult to get and quantify. Moreover Avery and Zemsky (1998) explained, the
fact that the models developed to detect herding are based on price mechanism could affect the results because
“price is a single-dimensional instrument and it only assures that the economy learns about a single dimension
of uncertainty at one time” (Avery and Zemsky, 1998, p.740). This opinion can also apply to our model that is
only focusing on the price and as said before not others dimensions of the complexity of the financial market.

36From Chang et al. (2000) and Christie and Huang (1995).
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7 Conclusion

The fact that people tend to follow each other is a phenomenon that was proven to exist in psychology.
We can easily find examples for our day to day life (e.g. Restaurant choice). There is also evidence of herding
in political choices or riots, in addition to findings of herding by financial professionals. Nevertheless, finding
evidence of this behaviour on the financial market is more complex than it might seem. There have been
many analyses in the past, we have review a number of them previously and we have seen that results are not
always consistent. A possible reason from that could come from the different models used. In spite of these
differences in the results, we can draw a number of conclusions. First, it seems that less developed markets are
more subject to herding behaviour as seen in Chang et al. (2000), Economou et al. (2011) or Caparrelli et al.
(2004). This implies that the more developed markets on the other hand are less prone to this type of behaviour
which is the result we got from our analysis. Another point that needs to be addressed, is that we have done
an analysis on the European Union as if it was a single financial market, which is of course not the case. Each
and every country from the area has its own stock market. What we found is that there are no traces of herding
in the European market as a whole. It is likely that some of the local markets are less efficient and are facing
herding and others not. As seen in the work of Caparrelli et al. (2004) they found evidence of herding on the
Italian market, which can be seen as less developed compared to other European financial markets. We also
have evidence from Economou et al. (2011) for the Italian and the Greek markets. The impact of these weaker
markets could be compensated by more developed markets as for example France or Germany and influence our
results. The results we managed to get for the United States on the other hand are consistent to most previous
analysis done in the literature.

The final conclusion we want to make for this work is that, using two methods, we found no evidence
of herding behaviour on these two markets. However, we ask ourselves about the potential weakness of these
methods we have used: first about the models themselves and second about the data we used and the sampling
we made. For the first point we belief that even if the models are not perfect, they capture an important part
of the potential herding behaviour. And for the second point, we decided to make an additional analysis to
check whether or not the fact that we have selected only large-caps in our European sample had an effect on
the results. Since we did not find evidence of herding using small caps either, this is not the case. Furthermore,
our evidence is going against the presence of herding during the 2008 Financial crisis and the stock. The
implication of our findings is a supporting evidence in the favour of the rationality of the market in the areas
analysed. The consequences is that there is no negative impact on the benefits of diversification or a mispricing
of assets coming from the herding behaviour bias. However we can not state that the financial market is efficient
and that the agents acting on it are rational. We only analysed the presence on two specific market for herding
behaviour and we did not analyse other behavioural biases such as overconfidence, the home bias, or other
cognitive biases. These phenomena can lead to irregularities in the financial markets as brought forward by
behavioural finance.
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9 Appendix

Figure 17: Preliminary work done before the start of the writing of this work
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Figure 18: Graph for indexes prices (S&P500, Eurostoxx 50 and MSCI World) from January 2005 to Mai 2021
; retrieved from CapitalIQ
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Figure 19: Example of prospects from Kahneman and Tversky (1979)

Figure 20: Explanation of the experiment done by Tversky and Kahneman (1974)

Figure 21: Graphical representation of relation between risk and numbers of stocks in a portfolio (Source :
Corporate Finance Institute)

Figure 22: Equation for the CAPM in Chang et al. (2000) from Black (1972)
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Figure 23: Fact sheet for the Eurostoxx 50, retrieved from Stoxx website

Figure 24: Fact sheet for the DJI, retrieved from S&P website
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Figure 25: Factsheet for the S&P 500, retrieved from S&P website

Figure 26: Information about the Stoxx 600 index retrieved from Stoxx website

Figure 27: Equation adapted from Christie and Huang (1995) by Chang et al. (2000)
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Figure 28: Own calculation based on data from Eikon using excel formulas

Figure 29: List of index constituents (former and current) between 1st January 2006 to 31st December 2020 -
Data from Eikon
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Figure 30: Results from the regression done with a criterion of 1% for the European market - Data from Eikon

Figure 31: Results from the regression done with a criterion of 1% for the US market - Data from Eikon
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Figure 32: Results for the regression of the European Market with the model inspired by Chang et al. (2000) -
Data from Eikon

Figure 33: One of the model used in Chiang and Zheng (2010)

Figure 34: Gamestop stock price retrieved on Google finance
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Figure 35: Formula of the metrics developed by Hwang and Salmon (2001) in the work of Caparrelli et al.
(2004)

Figure 36: Results from the regression using the complete model from Chang et al. (2000) - Data from Eikon
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