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1. Extended abstract

Public news is a relevant source of information describing events occurring in the
real world. Despite information leakages and fake news readers are often willing
to pay to gather information conveyed through the news. Fama’s (see [Fam70])
Efficient Market Hypothesis (EMH) enumerates public news as one of the three
pillars distinguishing the level of market efficiency.

In this work, we investigated the effects of micro news sentiment on the equity
market. Therefore, according to several market theories of Behavioral Finance, we
want to understand if public news is interesting for the equity market investor.
The Adaptive Market Hypothesis (AMH) (see [Lo05]) is one of these theories and
states that also if markets are efficient in general, inefficiency may affect them in
particular periods. These inefficiencies may then leave open profit opportunities for
the informed investor. For this reason, public news could have an important impact
on investor’s choices.

In the second chapter, we start by giving an introduction to Efficient Market Hy-
pothesis, Behavioral Finance, and Adaptive Market Hypothesis. After the basic
theoretical introduction, the chapter focuses on the literature review regarding avail-
able studies on the effect of the news on markets. The reported papers cover many
relevant aspects regarding how to measure the news impact on the market returns.
The main factors extracted from the news are:

e The news sentiment, that translates a news article into a numeric value re-
garding the expected news impact on the market.

e The news cumulated sentiment, that tries to reduce the noise present in the
signal also due to the presence of fake news.

o The news relevance and novelty, that are scores assigned to news articles re-
garding the assets affected and the redundancy of the information.

o The news topics and categories, that are a high-level classification of news per-
formed by most advanced news analysis tools, able to subdivide news articles
into handcrafted subsets, characterized by different expected effects (some-
times also on different market sectors).

Our study is based on a database of news sentiment extracted from public news
by Ravenpack and provided to us by Optirisk Systems Limited. The third chapter
describes the market data and news sentiment database and reports statistics about
the considered stocks. This research examines the news effects on the stock returns
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belonging to the EURO STOXX 50 market index at last once in the available con-
sidered period, between 1 January 2005 and 30 May 2018. The description of the
data reports statistics about category groups, a high-level grouping of news events in
a hierarchical taxonomy of financial-related news events developed by Ravenpack.
The chapter also describes how daily cumulated sentiment indicators time series
and news freshness weights are constructed from the original point-wide sentiment
source.

The following two chapters describe the two models that constitute the main con-
tribution of this thesis.

The fourth chapter presents news-based strategies for intraday open to close trad-
ing. The strategies are based on a naive beauty context model (see [Key36]) that
takes into account only indicators generated by firm-specific public news sentiment
or volume subdivided by category group. Three main patterns emerged from the
analysis and characterize different category groups:

o Sell on news volumes.
o Buy according to news sentiment.
o Sell according to news sentiment.

The analysis has also shown that many portfolio strategies based on category groups
are characterized by a reversal effect overnight, while few others by a continuation
trend.

The fifth chapter presents a more complex model that tries to enhance a baseline
model with the use of public news. Three baseline models are presented and the
relative results compared. The baseline models rely on three different portfolio
optimization criteria:

« Sharpe Ratio.
e Second-order Stochastic Dominance.
e Scaled Second-order Stochastic Dominance.

The stocks returns are regressed on market common trends to remove from the time
series what is supposed to be market noise. The two Second-order Stochastic Dom-
inance optimization criteria are based on enhanced indexation, where the optimal
portfolio is supposed to be the best portfolio dominating the reference market in-
dex. For each baseline model, we regress the residuals of the market common trends
separately on the principal components extracted from each category group. The
aim of the study is to understand which category groups bring useful information
for portfolio optimization. The discussion of the results is divided into two parts,
the former reports profitability and turnover results for the three baseline strategies,
while the latter reports the results for the different category groups and cumulation
periods. In the last part of the chapter a series of possible further researches, that
have appeared of interest, are proposed.
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The last chapter report conclusions about the research.

Appendix A tries to describe the events happening in the market that could be
conveyed through the news. At first, the events characterizing the value generation
process and the highly complex firms’ interconnection are described. The description
then moves on to events concerning the firms’ evaluation process, which is split into
two sections: the former about fundamental indicators evaluation and the latter
about perspectival views and ratings. The last section of the appendix reports
events regarding the ownership structure of a firm and outlines a possible path of
transmission from the news to the effects on the market.

Appendix B reports descriptive statistics about the news related indicators gener-
ated for the analysis.






2. Literature review

2.1. Introduction

In recent years, news has been widely used to predict market movements (and thus
to improve asset allocation performance), as trends and volatility may find their
drivers, or better, may be caused by real facts that could be reported in the news.

The markets, which according to classical literature should instantaneously incor-
porate every new information, as postulated by the Efficient Market Hypothesis, in
some specific situations incorporate new information more slowly, allowing informed
portfolio managers the possibility to exploit such inefficiencies. These inefficiencies
are mainly supposed to be due to biased reactions to the news by traders with
limited knowledge and bounded rationality. Due to such biases (i.e. overreaction,
underreaction, or anchoring), traders tend to miss-evaluate the real effect of the
reported events on asset prices. Such findings are coherent with the Adaptive Mar-
ket Hypothesis, one of the possible explanations emerging to reconcile the Efficient
Market Hypothesis and the more recent Behavioral Finance Theory. Under this hy-
pothesis, markets are not constantly efficient, and the degree of efficiency depends
on the composition of its participants and the available profit opportunities.

Market movement and market efficiency directly depend on investors’ investment
choices. Investors base their choices on available information that contributes to
augment their beliefs. News and thus news sources are one of the main contrib-
utors to investors’ available information and therefore these have been extensively
investigated in the literature.

Many sources have been analyzed from different approaches, starting from the more
official and authoritative, as official government board announcements, the main
newspaper articles, and web scraping, to the vast amount of the real-time but un-
reliable and informal user-generated content of the social networks, like Facebook
and Twitter.

A considerable number of tools have been developed to achieve better and better
results in this kind of analysis. Financial industry firms, such as Thomson Reuters
and RavenPack, have developed entire platforms capable of generating reports on
news articles for each related stock showing the scores for main indicators that may
reflect the effect on the market regarding relevance, novelty, coverage, and sentiment.

Different streams of research have been developed. The earlier ones statistically
analyzed the presence and number of occurrences of particular words in the article.
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More recent approaches try to disentangle more complex relationships from the
sentences present in the articles, such as particularly relevant events.

The application of information extracted from news sources mainly regards market
movements, for instance:

o Expected returns.

« Volatility.

o Liquidity.

o Volumes.

o Jumps.

o Value at risk estimates.

o Asset correlations.

e Financial community networks.

o Geopolitical risk indexes.

o Uncertainty levels in different periods.

News-related indicators can be inspected under different time frames. In regard
to considered literature, authors focusing mostly on trading algorithms, such as
machine learning, tend to analyze the effect on a short time frame, especially for
trading purposes, often also on high frequency, while authors more interested in the
theoretical aspects of the analysis tend to analyze the data on a longer time frame,
where weekly or monthly effects can be exploited.

A relevant stream of research tries to analyze the news as already pre-processed in-
formation produced by externalized platforms such as Thomson Reuters News An-
alytics, Machine Readable News Platform (TRNA-MRN), or RavenPack services.
Under this approach, for each stock, it is given a news feed containing numerical
values describing the relevance, sentiment, novelty, and coverage from many sources
for each article in the considered period. In this case, no other natural language
processing technique is needed to extract information from the news. Those re-
search papers show the potential and the limits of the news analysis where a text
pre-processing platform is already present and then demonstrate the predictive ca-
pabilities of the news but also the limits, where for example in particular cases other
information sources like the VIX could be shown to be more predictive than the pure
sentiment.

Other branches try to analyze the news articles with increasingly more complex
analysis techniques, starting from Bag of Words, going to Shallow Parsing, and
event detection that is also the technique used in the previously mentioned TRNA-
MRN platform.
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2.2. The Efficient and the Adaptive Market
Hypothesis

The most remarked and historically noteworthy theory regarding financial markets
is the Fama’s Efficient Market Hypothesis [Fam70]. Under EMH, all the information
is immediately discounted by the markets, old information has no monetary value,
and three forms of market efficiency are defined.

The first form of market efficiency is called weak. Under the weak market efficiency
assumption prices and returns are considered to be old information. The second
form of market efficiency is called semi-strong. Under semi-strong market efficiency
assumption not only prices and returns are considered to be old information but
also publicly available information is considered to be old information and should,
therefore, be immediately discounted by financial markets. The third form of market
efficiency is called strong. Under strong market efficiency assumption, also private
information is considered to be old information, has no monetary value, and should,
therefore, be immediately discounted by financial markets. Under those assump-
tions, investors cannot hope to beat the market, and no amount of analysis would
help in generating abnormal returns.

The traditional theory, EMH, is based on the concept of Homo Economicus. Such a
man should possess and base his choices on perfect rationality, perfect self-interest,
and perfect information. He should also be motivated to optimize his marginal
gains maximizing his Expected Utility Theory. Under the EMH, irrational traders
are supposed to trade randomly and cancel each other, while arbitrageurs eliminate
the remaining effects on prices.

A widely discussed alternative to the EMH is Behavioral Finance introduced by A.
Tversky, D. Kahneman, and R. Thaler, whose debate spans over 40 years. However,
as reported by [WKM12], also at the end of this debate, Behavioral Finance had
difficulty taking place, and EMH remains a reference model.

Behavioral Finance ([Cop15]) is a branch of Social Psychology in which investors are
supposed to be Normal rather than rational. A Normal investor does not possess the
same qualities of the Homo Economicus while he posses the weaker specular qual-
ities defined by Behavioral Finance. Instead of perfect rationality, he has bounded
rationality, instead of perfect self-interest, he has agency problems, and instead of
complete information, he has limited information. Due to biases in his reasonings,
instead of optimizing his marginal gains, he assigns values to gain and losses. The
investment process has been described by Behavioral Finance using a set of specu-
lar biased frameworks composed by the Prospect Theory, the Behavioral Portfolio
Theory, and the Behavioral Asset Pricing Model. In Behavioral Finance, investors
are then supposed to be biased irrational traders who have herding behaviour and
arbitrage does not always take place because it is risky and therefore limited to
profitable situations.
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Fama himself criticized the strong market efficiency assumption, saying that even if
not realistic it could be useful as a theoretical reference point. Fama also noted that
uncertainty concerning intrinsic stock value generates noise trading, which in turn
could produce bubbles. However, according to Fama, sophisticated traders will burst
the bubbles before they even have a chance to develop. De Long et al. (1990) instead
criticized the EMH, saying that it ignores the systematic risk of noise traders that
could lead to significant divergence and that arbitragers may have limited resources
needing to liquidate their positions before prices reverts. This fact could also explain
why examining pseudo-signals followed by noise traders could be profitable.

Grossman and Stiglitz also criticized EMH in 1980, bringing as an argument the
impossibility of informationally efficient markets. They argued that under the as-
sumption of perfectly efficient markets, investors do not have any incentive to acquire
costly information if markets are not inefficient, and thus, there are no profit-making
opportunities available.

The idea of markets driven by changing dynamic forces had already been postulated,
as reported by [Egild], by Minsky a post-Keynesian economist. [Min92| identified
three kinds of economic units: hedge, speculative, and Ponzi, asserted that if hedge
finance dominates, the economy is equilibrium-seeking, while in the other cases is
deviation-amplifying. He also suggested that under periods of growth, economies
tend to move away from a hedge structure.

The Adaptive Market Hypothesis, AMH ([Lo05]), is one of the possible theories that
emerged between the others and that may reconcile the Efficient Market Hypothesis
and Behavioral Finance. The AMH is a market theory that allows the co-existence
of EMH and Behavioral Finance Models under which market efficiency is related to
environmental factors characterizing market ecologies such as the number of com-
petitors in the market, the magnitude of profit opportunities available, and the
composition and adaptability of the market participants. Typical market players in
financial markets can be stereotyped in well-known classes: pension fund, retail in-
vestors, hedge managers, hedgers, speculators, arbitragers, and market makers. An
example of different markets characterized by different market environments could
be well represented by the contraposition between the highly efficient market of the
ten years US Treasury Bonds and the less efficient and liquid market of the Italian
Renaissance Oil Paintings.

The efficiency of different markets has been widely studied in recent years. The
advent of the Adaptive Market Hypothesis has shifted researchers from an all-or-
nothing approach to one where the degree of efficiency is measured as a dynamic
factor. The degree of efficiency has been measured using several linear and non-
linear statistical tests. The main aim of these tests is to falsify the Random Walk
Hypothesis or the Martingale Difference Hypothesis. If the returns are not indepen-
dent, or the expected value of the returns conditioned by the past returns is not a
constant, that means that to some extent markets are predictable and this violates
the weak-form efficient market assumptions.



2.2 The Efficient and the Adaptive Market Hypothesis

As a consequence of the emergence of AMH, researchers have analyzed the degree of
market efficiency. Many different markets have been tested, and empirical evidence
supporting the AMH has been found. [UMI16] tested the efficiency of S&P500,
FTSE100, NIKKEI225 and EURO STOXX 50 between 1990 and 2014. The authors
evaluated time-varying return predictability using linear and non-linear tests with a
two years rolling window. They also tried to find relationships between predictability
and market conditions. The results have been found consistent with the AMH.
The return predictability fluctuates over time in each market alternating periods
of predictability and non-predictability. The markets evolve differently over time,
and the predictabilities are not very correlated. The S&P500 has been identified
as the most efficient, while the EURO STOXX 50 as the least. The results suggest
that each market interacts differently with the considered market conditions, such
as bull, normal, or bear market, up or down periods, and high or low volatility.

[CDK12] analyzed the US, UK, and Japanese markets using very long-run data
applying linear and non-linear tests with a five years window. After running each
test, the authors have also classified markets in categories, such as “inefficient”,
“AMH?” or “switch to efficiency”. The results are consistent with the AMH, with the
linear tests showing periods of independence and dependence, and non-linear tests
showing strong dependence for every subsample with time-varying magnitude. The
research found very little evidence of a switch to efficiency. The non-linear tests
efficiency degree has not remarkably declined over time.

[KSL11] studied the predictability of the Dow Jones Industrial Average index from
1900 to 2009 applying linear and non-linear tests with a two years window for daily
returns and a five years window for weekly returns. The results have been found con-
sistent with the AMH, and the predictability driven by changing market conditions.
A high degree of uncertainty and high volatility have been associated with returns
predictability, as also political and economic crises with moderate uncertainty, while
market crashes have not. On the other hand, smaller predictability than in regular
periods has been found correlated to market bubbles. Also, economic fundamentals,
and in detail interest rates and inflation, have been discovered to be correlated with
predictability. Inflation makes forecasting difficult and thus lower predictability,
while the market results to be more predictable with higher interest rates. The year
1980, has been found to represent a breaking point in returns predictability results.
Before 1980, returns have a higher degree of predictability, while the market effi-
ciency has improved since then. The authors suggest that the improved efficiency
may be due to two factors. The former is that in the 1960s and 1970s the market
implemented a series of innovations that seems to have gradually taken place, for
instance, the automation of trading, new regulations, and the establishment of a
futures market. The latter is that the breaking point is also consistent with Great
Moderation a decline in the volatility of macroeconomic fundamentals in the US.

[UM14] analyzed four calendar anomalies in the Dow Jones Industrial Average in-
dex from 1900 to 2013 and found that these support the AMH. The calendar per-
formances of the Monday, January, Turn-of-the-Month, and Halloween effects have
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been found time-varying and dependent on the considered market conditions.

[HM13] studied the predictability of emerging markets from 1995 to 2011 using a
four years rolling window. The authors found evidence of long-term memory for
volatility and weak evidence in the case of returns. They divided the markets into
two groups Advanced and Secondary. Their findings constitute evidence against
weak-form EMH, are consistent with AMH, and suggest that advanced emerging
markets are subject to less memory persistence. The results also conflict with the
Grossman and Stiglitz argument that markets tend towards efficiency over time,
because the levels of the 22 considered emerging market widely fluctuates, but some
have an uptrend, while others a down one.

[CDK12] tested the exchange-rate return predictability of five independently floating
currencies relative to the US dollar from 1975 to 2009 using a two years window. The
results show that exchange rates are generally unpredictable, but episodes of pre-
dictability exist, and consistently with the AMH they are associated with changing
market conditions, that may happen during events like central bank interventions
and financial crises.

2.3. The news

2.3.1. The news impact

Many authors studied how news impacts market prices. As shown by many authors,
a well-known difference in the way news impacts the markets is that news effects are
different among the main geopolitical areas, that could be individuated as United
States, Europe, Australia, Japan, and Asia ex-Japan.

The impact of the news was also found different among different industries, as among
different sectors. Consistently with the Adaptive Market Hypothesis, these can be
characterized by different types of investors, and therefore have different reactions to
the same type of news. [SW11] studied the news effect separately for each industry
sector, using the first 2 digits of the Standard Industrial Classification (SIC). As
reported in [RLJW18], studies from Wolfe Research highlighted that Technology,
Media and Telecommunications stocks are particularly sensitive to news coverage
and, as reported in [LRWT18], that news sentiment data have additional insights
for banking stocks. [SYY17] reported different reactions after pre-IPO announce-
ments for electronics and non-electronics industries. [HGC15] found overlapping
but different results between the US and Europe and between small and large/mid-
capitalization companies.

[BFKR13] analyzed the market reaction at different levels of complexity for the in-
formation reported in the news. The authors showed that investors tend to overreact
to simple news, while, probably due to the incapacity to fully and correctly evaluate
the effect of the news, tend to underreact to complex news.

10
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Another critical factor to understand the news impact is the difference between
attention-grabbing news and low-attention news. An interesting study of the attention-
grabbing level on news was conducted by [BKLB14], who were able to analyze Yahoo
Finance Web Browsing activity data. Researchers found that web browsing activity
can anticipate stock trading volumes by two or three days. The results achieved
better performances with hourly rather than daily data. Also [RBB*14] and [RC15]
found that intraday scale browsing activity is correlated to market movements and
helps to predict future movements. Unfortunately, such data are not public and
freely available, and have to be requested directly to Yahoo Inc.. [MCAT13], in-
stead, analyzed Wikipedia usage patterns to discover traces of attempts to gather
information on stocks before trading decisions were taken and found that changes
in Wikipedia company page views volumes may contain early signals of stock mar-
ket moves and could allow gaining new insight into the information-gathering stage
of decision making. A similar analysis was carried out by [Kril3], who analyzed
search engines query volumes from Google Trends and found that stock popular-
ity as measured by search queries is correlated with stock riskiness. Following this
approach, the author found that a portfolio in which popular stocks are penalized
while less popular are brought forward dominates the benchmark and an equally
weighted portfolio. [HS16] found underreaction for low attention-grabbing news
and that positive news is less attention-grabbing, possibly due to an investor’s bias.
These announcements may be incorporated into prices around the next earnings an-
nouncement. [SW11] also reports that the low attention-grabbing effect for positive
news could also be related to the fact that firms allow positive news to leak more
easily. [BO08|] measured attention using social media activity, and found that high
levels of attention are associated with greater sensitivity of earnings-announcement
returns to earning surprises, with a stronger effect for firms beating analysts’ fore-
casts, while only firms with low levels of attention are associated with significant
post-earnings-announcement drift. The authors discovered that individual investors
are more likely to overweight attention-grabbing stocks, irrespective of any new
information, and this tends to lead to a quick reversal of price movements, while
price movements driven by new information tend to persist in the long term. In
[ADAWLS18], the authors found that social media activity - measured on Twitter
and StockTwits - has a significant impact on liquidity at the intraday level, with
negative sentiment having a much larger effect on liquidity measures than positive
sentiment. The analysis also showed that, at the intraday level, peak social-media
sentiment corresponds to the end of momentum and a return to mean reversion.

A different approach was used by [GIS17], who classified social media news from
Twitter (tweets) as local or non-local. The author considered the tweets posted
from the neighbourhood of a firm’s headquarter as local news, and found that non-
local tweets have negative return predictability, while local ones are more relevant
for international markets.

[YMAVS15] state that news is an event that moves the market in a small or in a
big way, and a novel concept is introduced: a derived measure of news impact, able

11
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to take into account the news flow and the time decay effect, cumulating the news
discounted by an exponential decay factor based on news seniority.

In [MdBBY15], the authors found an indirect relationship between news and market
microstructure (i.e. liquidity, bid-ask spread, trade size, and market depth) through
the cross dependencies of volumes and volatility. If information comes as a scheduled
announcement, market participants anticipate it, formulating conditional plans on
the contents, could react quickly and liquidity is maintained. Instead, if unantici-
pated news is revealed to the market, financial market participants need some time
to formulate appropriate actions. During the period of contemplation, traders are
unwilling to trade, and liquidity dries up.

[HGC15] report that market response is consistent with sentiment across a ten-day
period particularly for negative news events and small-capitalization stocks. Authors
also mention that impact of news on stock prices is not always straightforward and
three possible scenarios have to be expected: prices find equilibrium quickly with a
fast signal decay, prices initially underreact, leading to continuation effect, or prices
initially overshoot, leading to reversal effect.

[BFKR13] analyzed the difference between news and no news days and found that
reversal happened on no news or unidentified news days, conditional on extreme
moves, while identified news days are characterized by momentum continuation.
The authors report that a strong contemporaneous response of media coverage on
identified news days, but not in unidentified news days, could be interpreted as those
days are days on which price-relevant information arrives. The authors also note
that contemporaneous price response to identified news days is unlikely to be due to
irrational overreaction to news coverage, but that could suggest that price response
is insufficiently strong for many of the event types.

[MMDOS]| report that traditional multifactor risk models fail to update quickly as
new information becomes available. The authors updated an existing model that was
incorporating option-implied volatility to include also changing market sentiment.
The changing sentiment was calculated as the 7 days cumulated daily 15 minutes
variance of news sentiment score.

[KD12] found that consistently with the Mixture of Distribution Hypothesis (see
[DLFM17]), the variance of returns is proportional to the rate of information arrival
on the market. The authors argued that volatility clustering reflects the serial
correlation of information arrival frequencies.

[DRT12] analyzed the asymmetry of volatility under different market regimes. The
authors found that asymmetric stronger volatility for down-markets is most likely
driven by the overreaction of private investors to bad news. The authors also high-
lighted that the effect is stronger in more developed markets, probably due to the
presence of more private investors.

12
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2.3.2. The news sentiment

Every news article is composed of words, phrases, and concepts, every one of which
can be associated with a particular sentiment. Sentiment scores of the whole article
can be evaluated using statistical techniques. The sentiment, usually positive, nega-
tive, or neutral, can be relative to the common sense associated with words when it
is evaluated using a standard sentiment dictionary, more technical when evaluated
using a domain-specific sentiment dictionary, or even task-specific when for instance
it is calculated as the expected effect on some other factor. An example of a task-
specific sentiment can be the NIP sentiment calculated by RavenPack representing
the impact on stock price volatility in the two hours after the announcement.

Since earlier studies, one of the most evident properties of the sentiment effects,
studied by many authors, has been that the effects are characterized by a strong
asymmetry between positive and negative sentiment. Another important result,
highlighted by many authors, is that the cumulated effect of the news sentiment is a
significant predictor for market movements and that a longer cumulative period cor-
responds to a longer predictive effect. [HS16] and [ZHCB16] showed that negative
news has a more prominent and longer-lasting effect than positive news. In detail,
[HS16] found that daily cumulated news sentiment is correlated to market move-
ments in the following 1 or 2 days, while weekly cumulated sentiment can predict
returns up to a quarter, or 13 weeks, in case of negative sentiment, and up to one
week in case of positive sentiment. [ZHCB16] also suppose that the movement rela-
tive to the underreacted part of the positive news could be incorporated into market
prices near next-earning-announcement, as this kind of information will emerge in
this type of announcement.

[GKG*14], [GKGT15] and [KGU*15] report that on intraday scale the markets seem
to be informationally efficient in respect to news sentiment, while on a longer scale
feedback is present.

[HS16] compared the returns distributions of stocks without news, with news, and
with neutral news, and found that stocks with neutral news have better performances
than stocks without news, contradicting the proverbial phrase “No news is good
news”.

[HLGCT18b] compared different ways to aggregate daily news sentiment and intro-
duced Sum Excess Sentiment Indicator (SESI). SESI is a simple way to take into
account sentiment and volume simultaneously. It is constructed by daily cumulating
the fresh and relevant news events sentiment after subtracting the cross-sectional
daily sentiment bias per stock universe. The indicator considers only news events
highly relevant for the relative stock with no similar news in the last 90 days. The
cross-sectional sentiment bias is a daily average of news events sentiment using a
slightly different weighting for news event relevance and freshness. The authors re-
port that the indicator also naturally includes Buzz Effect, i.e. ranking by sentiment
strength. Trading strategies obtained by SESI were compared with these obtained
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by an average sentiment indicator. The results have shown that SESI overperformed
the average sentiment indicator for both annualized returns and information ratio.
The authors also inspected through a simulation the news strategy scalability. The
results showed a decrease in information ratio and annualized returns between 100
million dollars and approaching 10 billion dollars.

2.3.3. The news correlation with returns

[ES17] and [ES18b] studied the correlation between the sovereign bond yield spread
and macroeconomic news sentiment. She found that yield spread, spread change,
and spread volatility are correlated to daily macroeconomic news volume and sen-
timent. She also found that a high percentage of the rolling correlation with a
250 days window is significant and thereafter she proposes to monitor correlation
changes to recognize changing market conditions. She reports that a change in the
sign of correlation points to changes in market environments; i.e. positive and nega-
tive sentiment series correlation changes; that the strength is based on the business
cycle. The change of sign of the positive sentiment correlation is reported to be the
best indicator of a change in market conditions, and thus a regime shift. During
a bull market, positive news volumes are associated with a small spread, therefore
a negative correlation is present, while during a bear market the overall volume of
news is positively correlated with the bonds spread. The author also reported that
news sentiment is more correlated to spread volatility rather than spread difference,
and this is especially true in the case of news volumes.

[Thalb] found that in the Chinese market social blog sentiment that is normally
Granger caused by more technical newswire sentiment and its time-varying sensitiv-
ity has been one of the possible drivers for wild market swings in 2014/15 and that
this sensitivity has decreased in June 2015 leading to a more stable stock market.

[HKGM19] studied the markets’ reaction to news flow, finding a different time-
varying sensitivity of prices moves to positive and negative events in different regions.
The authors state that sensitivities represent a proxy for the underlying investor
positioning. Some postulates identified by the Deutsche Bank team to explain muted
market reactions to the news are also reported. In case of positive muted reaction
the postulates are: “Holders are at their risk limits”, “Existing stake reflects full
conviction”, “Marginal investors wary of stock being crowded, overvalued or too
consensus” and “Early investors sell into positive news”. While for negative muted
reaction the postulates are: “Skittish longs already closed out positions”, “Stock
expensive or not available to borrow”, “Existing holders believe the market has
overreacted” and “Investor fatigue to the slew of poor news”.

[HLGCT18d] report that different factors deliver disparate performance under dif-
ferent macroeconomic regimes. In the paper, the result of a framework proposed by
J.P. Morgan for factors timing in cross-asset risk premia was analyzed. The frame-
work generates views for a Black-Litterman model that are translated into tactical
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portfolio tilts. The results showed when the risk premia were generating more value.

The non-stationarity problem evidenced by those studies is in line with the Adaptive
Market Hypothesis and has, therefore, to be considered.

2.3.4. News categories and topic codes

The more advanced news analysis tools are also able to identify event types and
topics discussed in the news.

[SW11] found that events aggregated by broad topics category contain little informa-
tion about asset returns while considering news sentiment improves the predictive
power.

As already mentioned, [BFKR13] compare the performance of stocks subdividing
them into three groups. The first group is composed of stocks with no news, while
the other two are composed of stocks with news. The former for stocks where the
news event type can be clearly recognized, and the latter for stocks where the news is
without an event type. Post-announcement (on the following days) identified news
day exhibits continuation, with the largest one for the news categories: Analyst
Recommendations, Deals, Employment, and Financials.

The pre-analyzed news sentiment platforms manage the news events categorization
in different ways. Bloomberg and Thomson Reuters provide a list of topic codes
for each article, while RavenPack provides a unique event type from a taxonomy of
events types organized in a hierarchical fashion.

[Dim18] showed the existence of linear correlation among (10 minutes Pre-Opening)
Bloomberg news sentiment, and also Bloomberg Twitter feeds sentiment, and con-
temporaneous (Open to Close) returns. In the same presentation, the author also
showed that articles tagged with a wide set of multiple topic codes can be reorga-
nized using machine-learning techniques into a more useful set of factors able to
improve the impact on contemporaneous returns. As an example, the presentation
shows the case of stories carrying controversial topic codes, as reported controversial
and non-controversial news has a different impact on the returns. The author intro-
duced Pi-CA, a technique to improve the selection of topic codes subsets to extract
factors of interest.

Wolfe Research in [LRWT19] provides an extensive study on the news event cate-
gories provided by RavenPack. In the paper, it is stated that market reaction to
news and sentiment varies tremendously depending on the type of corporate event.
Investors tend to overreact to bad news as litigations and layoffs, leading to a rever-
sal post news release, and on the other side, boring news as buybacks and dividends
are overlooked, leading to a momentum effect. The analysis is focused on news with
high relevance for the asset (above 90 over 100), and on fresh news, with a novelty
above 30 days. A relevant issue highlighted by the research is the orthogonality of
the signal with respect to traditional investing factors. As highlighted, the news
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categories could allow better discrimination of the orthogonal signal because, for
example news categorized as earnings, revenues and stock prices could already be
captured by traditional factors as momentum and reversal, while underrepresented
low-frequency news, as regulatory, legal, or labor issues are normally not captured
by those factors. Equity analysts and credit opinionists are market movers, but
these are not informative, especially if there is no change in the sentiment.

By exploiting news categories, also contradictory results can be found for the already
discussed proverbial phrase “No news is good news”. The author firstly points out
that news volume factors have to be adjusted for coverage, and vary by news type,
and then reports that for Executive appointment and Merger & Acquisition “No
news is good news” while for buybacks, revenues and earnings volume is positive.

More in detail, the author found that: for Merger & Acquisition news, positive sen-
timent is associated with a significant pre-announcement movement, possibly due
to leakages or consecutive news, a rally on the announcement day, and underper-
formance of the stock post-announcement leading to mean reversal trading oppor-
tunities. Negative sentiment for Merger & Acquisition, instead, is associated with
a modest previous and same-day movement and a persisting downward movement
post-announcement, hinting momentum.

For buybacks news, the author found that independently of positive/negative senti-
ment the pre-announcement period is negative, as buybacks are normally initiated
on a short-term underperformance, while, still independently of sentiment, next-day
and same-day returns are positive.

For ownership news, the author found that the assets already rallied before the
announcement and that the sentiment is relevant because post-announcement drift
is significant and positive only for positive news.

For Rating Changes, the author found that in the case of analyst ratings there is
no pre-announcement effect because there are no or very few leakages in the highly
regulated sector of analysts. While there is an immediate reaction at the announce-
ment and a modest post-announcement reaction, slightly bigger for negative news.
Differently, for Rating Changes by Credit Analysts, probably due to the conservative
behavior of such raters that tend to endogenously react to prices, the author found
that the market reacts strongly to downgrades and negative news, overreacting to
negative news, leading to a reversal after the negative event and moreover that con-
cern on the rating can be more dangerous than an upgrade, as the investors tend to
follow the “Sell first, think later” pattern.

For Earnings Guidance and Dividends, similarly to Analyst Ratings, the author
found a strong pre-announcement effect and a post-announcement longer persistence
for positive news.

For layoffs and legal issues, which are inherently negative, the author found that, as
the companies suffer for a long time before this kind of announcement. The negative
movement is distributed over the pre-announcement period and there is negative
overreaction during announcement-day, leading to reversal post-announcement.
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For market shares and partnership, the author found abnormal same-day returns,
but limited scope for post-announcement movements.

RavenPack also provides two sector-specific categories: Bio-Pharmaceutical clinical
trials and retail same-store sales. The author found that negative news for clinical
trials has a strong same-day negative effect and no post-announcement effect, while
for positive news there is a longer period soft-effect. For same-store sales, the au-
thor supposes that information is leaked in advance, and found a strong pre-event
movement followed by a persistent positive drift post-announcement, especially for
positive news.

Peter Hafez in his presentation “Reshaping Finance with alternative data” [Haf16],
from the 4th RavenPack Annual Conference, shows the importance of the RavenPack
taxonomy to classify different event categories, allowing for a non-uniform treatment
of the sentiment. It results useful for modelling decay and for noisy event filtering.
In the presentation, a different filtering technique based on temporal event chains
is also introduced. Given an ongoing event, it is possible to expect the outcome of
one of the possible events following in the chain, but also to filter out news related
to events preceding the current event in the chain, marking those as not fresh,
subsequent releases of a past event. In the presentation, it is also suggested the
possibility to propagate the news effect through different kinds of dynamic networks
in order to increase trading opportunities and in detail supply-chain, competitive
landscape, and co-mention networks are suggested.

[HGC15] analyzed the effects of RavenPack category groups on different markets, US
and European, and also for different capitalization sizes, small-caps and large/mid-
caps. The results show a strong regional overlap for event groups between different
sizes and a strong overlap amongst important event groups across both dimensions
size and region, but also many idiosyncrasies, for instance, some event types may
have momentum in a region and reversal in another. As already reported, the market
response was found consistent with sentiment across a ten-day period.

The most relevant category groups in terms of market response have been identified
in the US market as “Insider Trading”, “Analyst Ratings”, “Revenues”, “Earnings”
and “Stock Prices” for large/mid-caps and “Acquisitions-Mergers” for small-caps.
While in the European market they have been identified as “Analyst Ratings”, “Price
Targets”, “Earnings” and the pair “Stock Prices” and “Revenues” for large/mid-caps
and the pair “Acquisitions-Mergers” and “Dividends” for small-caps. The main
differences between the two regions are that US market reacts more to “Insider
Trading”, while European market to “Price Targets”, and that in the US market a
short-term reversal effect is found for “Stock Prices”.

For large/mid-capitalization companies the following results were reported: for “An-
alyst Ratings” and “Price Targets”, a momentum effect was found, with a longer-
lasting effect for the European market. For “Stock Prices”, a reversal effect was
found for positive sentiment after large prices moves are reported, while negative
sentiment leads to continued underperformance. For “Acquisitions-Mergers”, an 8-
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10 days lagged reversal effect was found for positive news, while for negative news
a continued underperformance was found only for the European market. For neg-
ative “Earnings”, a linear continuation effect was found across most of the time
period, while positive events are not significant. For “Revenues”, negative events
were found to have a stronger impact on the US market while, oppositely, on the
European market, positive ones have a stronger impact. For “Insider Trading”, a
significant linear continuation effect was found for the US market. For “Industrial
Accidents” on average, a negative impact was found, characterized by overreaction
in US and underreaction in Europe leading respectively to reversal and momentum.
For “Technical Analysis”, a reversal signal was found, particularly after 5 days and
for bullish patterns. For “Order-imbalances”, prices were found to move consistently
with concurrent returns, while sentiment tends to be somewhat contrarian.

While for small capitalization companies the sentiment was found to have a stronger
concurrent impact and the signals are generally more persistent for small-caps, indi-
cating less market efficiency. The US market is characterized by more negative events
for “Credit ratings”, “Dividends”, “Equity Actions” and “Legal”. For “Acquisitions-
Mergers” negative sentiment was found to produce a contrary effect across all-time
horizons. In the Europen market, negative “Earnings” and “Revenues” are not sig-
nificant. “Industrial Accidents” were found to be not significant, or more likely were
under-reported. For “Technical Analysis”, a partially contrarian concurrent signal
was found. Prices move with sentiment for positive events and against sentiment
for negative ones.

[KKX20] introduced a new text mining methodology based on topic modelling. The
methodology extracts information from news articles to predict asset returns using
a three steps approach based on supervised learning. The main statistical tools
applied are correlation and maximum likelihood resulting in a white box approach
requiring minimal computing power. The sentiment scoring model extracted from
the joint behaviour of article text and stock returns is specifically adapted to the
dataset and relies on a simplified two topics model related to positive and negative
returns. A measure of sentiment novelty is also extracted using cosine similarity
between articles. The authors analyzed a reliable and actively monitored news
source, the Dow Jones Newswire, and found that information is assimilated into
prices with inefficient delay consistent with limits to arbitrage. The effect of news is
fully reflected in prices in 4 days and is stronger and longer-lasting for fresh news,
on the sell side, and for small and more volatile stocks. The resulting stock selection
strategy resulted to be profitable also when transaction costs are considered.

[HGCG™19] report a detailed study, by Empirical Research Partners, on big biotech
and pharma industries. In these two sectors, industry-related news categories, such
as patent grants, ongoing clinical trials, and FDA priority review grants, were found
to have long-term effects on excess returns. Differently from others, these effects are
strongly significant one year after the announcement.

[HLGC"18a] report a detailed study by Citigroup’s Equity Research team on CAPEX
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funds used by companies to manage physical assets. Highly reported CAPEX firms
experience poor future stock returns. This result has been related to reports as lag-
ging variables. The research suggests a strategy based on CAPEX announcements,
rather than reported CAPEX, resulting in a positive performance with a long drift
of around three months.

2.4. The uses of news

2.4.1. Univariate forecast

The news sentiment time series have a wide spectrum of applications; one of the
most discussed in literature is the prediction of univariate time series regarding
assets return. [Borl5| inspected correlation between jumps and news sentiment.
[BCP17] use the sentiment to predict outcomes exceeding value at risk. [BCP17]
found that sentiment granger causes changes in returns and volatility for commodi-
ties, in particular for gas. [BKLB14] found that browsing activity is a predictor for
volumes and changes in return and volatility. [Smal6] highlighted that VIX is a
better predictor than sentiment for the variance. [LXB18] estimated the elasticity
in the relationship of news volumes with volatility and volumes. [IKSSS16] found
that stocks emerging for a minimum period of one month of media pessimism have
a good forward one-year excess returns potential.

[YMY13] and [MdBBY15] used sentiment impact to forecast assets return, volatility,
volumes and liquidity. The possibility to forecast volumes and liquidity, where
liquidity in trading is inspected through the bid-ask spread and the market depth,
is interesting because these measures reflect and allow to monitor the conditions of
the markets, and if the signal is significant can be exploited to determine if a trade
can be executed in a given point of time or it is not valid. The news sentiment
factor results to be not substantial in AR models for return and liquidity, while it
results to be highly significant as an external factor in GARCH models for volatility
prediction, leading to superior returns in trading strategies. The news sentiment
impact score showed an increased predictive ability in respect to cumulated news
sentiment.

[ES18b] used the macroeconomic news sentiment to model bond yield spread. The
author discovered that the correlation can be used to discover early warning signs
for unexpected changes in yield or structural changes visible in yield spreads. In the
paper, an ARIMAX model is used to forecast the bonds spreads, the number of all
news results to be particularly significant, but correlation and also residual errors
change over time, as the best external variable used as predictor does. As previously
reported, the author proposes to monitor correlation changes to recognize changing
market conditions.

[ES17] analyzes the correlation between corporate bonds and country-specific macroe-
conomic news sentiment using ARIMAX models. The author found that country
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positive news is more effective in the economic recovery period, while country neg-
ative news predicts well during a recession. It is also found that both positive and
negative improve one step ahead forecast of spread. The author inspected in detail
the German parliament news sentiment, and found a strong asymmetric effect on
German corporate bonds, with positive news enhancing the prediction and negative
news having a limited effect. Central Bank news was also analyzed: the effect on
corporate bonds is reported to be mixed, but positive news predicts well during
recovery, while negative during a recession. The firm-specific news sentiment was
also tested and the negative sentiment was found to be a better predictor than the
positive one for corporate bonds.

In [GKG*14], [GKGT15] and [KGUT15] the authors developed an Ising model from
statistical mechanic, based purely on information flow, and they applied trading
strategies to the results to forecast future market index returns. They report that
on the intraday scale the market is informationally efficient, due to the competition
of intraday traders, while it becomes inefficient on longer timescales. They noticed
that when new information is released, price change quickly, but this price-change
may also be an important event that will draw media response. The original event
can thus trigger a “ripple effect” of the interlinked price-change and news release,
unfolding over an extended time period. In the original model, the price change is a
function of the investor’s sentiment and its variation. The investor’s sentiment vari-
ation, in turn, is caused by information flow, while the information flow variation is
caused by price change and exogenous news. In the most advanced model, investors
with different time horizons are modeled. The four resulting strategies selected,
calculated on the SPY index, outperformed the index and an active bench